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XapbKOBCKUIT HallMOHAIbHBIN yHUBepcuteT uMeHu B. H. Kapasuna, XapbkoB

ITPOCTPAHCTBEHHO-BPEMEHHAA ITNHAMUNKA
MEPEMEIIAIOIIMXCSA MOHOC®EPHBIX BO3MYIIIEHUN

Pazpabomana nonyamnupuueckas modenv nepemeuwjaroujuxcs uonocgheprvix eosmyujenuii (IIUB), onucviearowas npocmpancm-
BEHHO-BPEMEHHYI0 OUHAMUKY ux napamempos. Kpynnomacuumaobmuie u cpeonemacumadmuvie ITHUB seasromes 6 Hell paznuuHbiMu
cmaouamu pazeumus eOUHo20 804H06020 npoyecca. Modeaw basupyemces na npednoaodcenuu o mom, umo ITHUB nopoxcoaiomes 6
X00e pacnpocmpanerus aKyCmuKo-2pasumayUOHHbIX 60AH U MO 6ce (pazmeHmbl RPOCMPAHCIMBEHHO20 Uy2a ammoCcHepHo2o 0ae-
JAeHUSI nepemMeuiaromest Om A0KAAbHO20 UCIMOYHUKA 8 GUOe amMOCHEPHLIX BOAH, UMEHOUUX NOCMOSHHbIE OMHOCUMENbHbIE AMAAU-
myobl U NOCMOSIHHbIE 20PU3OHMANbHBIE CKOPOCMU, U YMO 8EAUMUHA CKOPOCMU 1100020 (hpazmenma yyaa onpeoensiemcst 3a0epiucKoli
€20 NosBAeHUS OMHOCUMENbHO HaYara 6o3myuenus. TIposepika mooenu GbinoAHeHa NO B03MYUEHUAM NOPONCOCHHBIM: HAZEMHBIMU
U BbICOMHBIMU 0EPHBIMU B3DbIGAMU, U3BEPICCHUAMU 8VAKAHOB, 3eMAeMPICEHUEM, BbICOINAHUAMU dHEePeUHHbIX NPOMOHO8 8 Mae-
HumocgepHblii kKacn cesepro2o noayuwapus 3emau. Tecmuposanue modeau no OAHHbIM, 83AMbIM U3 AUMEPAMYPHBIX UCMOYHUKOE,
NOKA3an0, 4Mo NO2PEUHOCMb NPOCHO3A NPOCMPAHCMBEHHbIX U 6DEMEHHbIX Nepuodos ozmyueruil He npegviuiaem 12 %.

Karouesnie caoea: nosysmnupuueckas mooens, nepemenjarouiiecst UOHOCHEepHble B03MYUEHUS, AKYCMUKO-2DAGUMAUUOHHbIC 0AHbL,
Uye 03MYUCHUS AMMOCHEPHO20 0ABAeHUSL, SOCPHDBLIL 83PbIE, UBEPICCHUE BVAKAHA, 3eMACMPACEHUE, BbICLINAHUEC IHEPLUUHBIX NPO-

MOH08, MACHUMOCHepHbLiL Kach.

1. BBEJEHUE

Ilepemernamoniyecsi MoHOC(hEpHbIE BO3MYILEHUS
(IT1UB) saBnstoTcs peaxkimeil moHochepbl Ha pac-
MPOCTpaHeHWEe B Hell aKyCTMKO-TpaBUTAIIMOHHBIX
BojiH (AI'B). B pesynbrate Takoro oTKJvKa IMpo-
HUCXOIUT TIPOCTPAHCTBEHHAS MOMAYJSLMUS DJIEKT-
POHHOI KOHIIEHTpALMKU N: BBICOTHAs MOMYJISLIMS
U KBasurepuonuyeckass MOLyJIKs BIOJb IMOBEP-
XHOCTH 3emyin. DTO IMPUBOIUT K CYILIECTBEHHOMY
W3MEHEHUIO MapaMeTpoB PaIUOBOJIH MPAKTUUYECKU
BCEX JMAMa30HOB Ha Tpaccax, Nepecekarolnx yrno-
MSIHYTBI KBazurapmMoHudeckuii mieiicd N. [Toato-
My JUIS IPUKJIAIHBIX LIEJIEH LieJiecoo0pa3Ho pa3pa-
0oTaTh aganTUPYEMyl0 MPOTHOCTUYECKYIO MOIENb
N ¢ yuétoMm I1MB (KoppeKTupyeMylo I10 TeKYIIeMy
MOHMTOPHUHIY IlapaMeTpOB MOHOCMEPHI), MPUTOI-
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HYI0 J1J1s1 9(PpPeKTUBHON KOMITIEHCAIlMU, HATIpUMeED,
MOHOC(EPHBIX OIIMOOK HABUTALIMOHHBIX U3MeEpe-
HUI WIK IJIS1 IPOTHO3a YCJIOBUI paluOCBA3U B 3a-
JTAaHHOM MHTepBaJie BpeMeHU. Takyto Mojiesib MOXKHO
Ha3BaTb MoJieiblo N peaibHoro BpemeHu. [llarom K
€e CO3/IaHUI0 SIBJISTFOTCS Pe3yJIbTaThl UCCAEA0BAHUI
[31], rme BmOepBble omucaHa TMOJYy3MIIUpUYECKas
rjio0anbHasi KOppeKTUpyeMasli TMHaMU4ecKask Mo-
JIeNIb 3apoxXneHus: u pacrnpoctpaHeHusi AI'B-TTB
(manee B Tekcte — moaenb Ukraine-2013), u ¢axk-
TUYECKU ObLI MPEUIOKEH MEePBbI MPOTOTUIT MOJIE-
Ju N peajlbHOTO BpeMeHU. DTa MOe/b MO3BOJISIET
paccUMTHIBATL KaK peryjsipHble mapaMeTpbl N, Tak
U Tekyiuue xapaktepuctuku [T B-Bo3mylieHMit.
PaHee uccienoBaTessMy CTOJIb MacllTaOHast 3a1a4a
Jaxe He CTaBUJIach BBUAY OTCYTCTBUS eanHol (KM
u CM) mopnenu ITUB.

Mogenb Ukraine-2013 ocHoBbIBaeTcsi Ha 3KcC-
MEepUMEHTAIbHBIX M TEOPETUUYECKUX pe3yJibTaTax,
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MMOJTYIeHHBIX MHOTUMHM MCCIIeOBATEeIIMU Ha TIPO-
TSDKEHUW HECKOJBKUX MecATUeTnii. HekoTophie 13
3TUX PE3YJBTATOB OKAa3aJIUCh CTOJIb HEOOBIYHBIMH,
YTO 70 HACTOSIILEr0 BPEeMEHM He MCITOJb30BAIUCH
B MoJieJMpoBaHuu. BMecTe ¢ TeM UMEHHO 3TU J1aH-
HBbIE SIBJISTIOTCSI OCHOBHBIM CTEPXKHEM 00CyKaaeMOi
mojeu. [To MHEHUMIO aBTOPOB, MPEIOKEHHAS MO-
JeJib BMecTe co cnpaBouHoi Mojaesbio IRI (Interna-
tional Reference Ionosphere) MOXeT OBITH UCIIOJIb-
30BaHa U TIOCTPOCHUS MEXITyHAPOIHON MO
peanbHoro BpemeHu IRI-RT (Real Time Interna-
tional Reference lonosphere). Jlnst moctukeHwust
3TOM LIeJIM MOXHO PEKOMEHI0BaTh peaHMUPOBATh
HU3KOOPOUTAJIbHYIO HABUTAIlMOHHYIO CITyTHUKO-
BYIO cUCTeMY « TpaH3UT».

Hacrosginass pabora mocBsiilieHa BCECTOPOHHEH
SKCITepUMEHTAIBHOM MPOBEpKe aaeKBaTHOCTU MO-
gemn Ukraine-2013 mpu pa3nuyHBbIX Teroreodu-
3MYECKUX YCJIOBUSIX. B Xone vcciienoBaHuii Ha oc-
HOBE YIOMSIHYTOI MOJEJIM HaM yIajocCh BIIEPBbIC
Mo pe3yjbraTaM paauoNpoCBEeYMBAHUSI MOHOC(hE-
pbl ¢ 6opra MC3, BBIMOJHSIEMOTO JIUIIL B OJHOM
Ha3eMHOM ITyHKTE, BBISIBUTb U MHTEPIIPETUPOBAThH
MPOCTPAHCTBEHHO-BpeMEHHYI0 auHamMuKy Al'B-
IIMB. D10 o0Kazanoch BO3MOXHBIM B pe3yJbTare
WCTIONIB30BaHMST PAa3BUTOTO aBTOPAaMM HACTOSIIEH
CTaThbM METOIa TPAaHCHMOHOC(HEPHOTO 30HIMPOBA-
Hus ¢ Hu3KoopoutanbHbix MC3. B xome paguonpo-
CBEUMBaHUSI MOHOC(EPHl 0Ka3aJoCh BO3MOXHBIM
KCCJIEeIOBaTh HE TOJbKO MPOCTPAHCTBEHHbIE MIEPUO-
nel ATB-TTMB, HO Takke TOJIIIMHY CJIOSI C HEOJ-
HOPOIHOCTSIMU W BBICOTY TIPOJOJILHOM OCH €108, B
KOTOPOM PACIOJIarafoTcsl MCCIemyeMble BO3MYIIE-
HUS, ONpPEnesaTh CKOPOCTh M HaIlpaBJieHUE IBU-
xkeHust AI'B-TTMB, HakioH ¢hpoHTa BO3MYILIEHUIT B
BEPTUKAJIbHOW TUIOCKOCTU. PaHee cTosib MUpoKuii
CIIEKTp MapaMeTpOB MO MHTErpaJbHBIM JaHHBIM pa-
JuorpocBeynBaHusl noHocdepnl ¢ 6opra MC3 He
onpenensiiacsa. Ilockonbky auHamuka AI'B-TIMB
u3ydanach Ha ocHoBe moaenu Ukraine-2013, To njs
SICHOCTA M IIEJIOCTHOCTM W3JIOXEHUs Marepuaia
CHavaja TIPUBOIUTCS TiepepabOTaHHOE M JIOIOJ-
HEHHOE OMUCaHNe 3TON MOJIEHU.

EctectBeHHble AI'B urpawot posb 3¢ dekTuBHO-
ro TPaHCIOPTHOTO CPEACTBA PETYJISIPHOTO MepeHoca
SHEPruy U UMITyJbca B aTMocdepe 3eMIu: ¢ BbICO-
KUX IIUPOT B CPEAHUE U HU3KUE LIIUPOTHI NIPU BbI-
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CHIMMAHMSIX SHEPIUYHBIX YACTHUI] COJIHEUHOIO BeTpa
B MarHuTocdepHble Kacmbl [42, 56]; ¢ mpUIKBATO-
pUATBHBIX IIIMPOT B 00JIee BHICOKUE IIIMPOTHI B CITY-
yae Tpornmyeckux mropmos [61]. Benenctsue sToro
HacTosIas padoTa, IMOCBIIIEHHAS MCCISI0BAHUIO
AI'B u I1MB kxak enmHOro BOJHOBOIO IIpoliecca B
atMocdepe 3eMJiM, TakKe HallpaBjieHa U Ha OoJiee
r1yOboKoe TMOHMMaHWEe MeXaHU3MOB TIJI00AJTbHOTO
nepepacnpenejeHus 3Hepruu B atmocdepe.

B craTbe Hapsiny ¢ abopeBuatypamu AI'B u ITM1B
ucnosab3yeTcs couetaHue abopesuatyp AI'B-TTNB,
BBIOOp orpenelisieTcs KoHTeKcToM. Kak yxxe oTMe-
yanock Beiie, AI'B n [I1MB — 310 eIl BoJTHO-
BOI TIpollecc, TO €CTh 3TO CBA3aHHBIE, MPOTEKAIO-
1IMe OJHOBPEMEHHO SIBJICHMSI, MMeIolIMe oO0lIne
XapaKTepUCTUKU: TPOCTPAHCTBEHHBIN MacilTao,
CKOPOCTb pacrnpoCTpaHEHUsI, HarpaBlieHue (a3u-
MYT) pacripoCTpaHEeHM s, IEPUOI, HAKJIOH (ha30BOro
¢dpoHTa, NOSBAIEMOCTb 1 Ap. DTU apaMeTPhl yI00-
HO paccMaTpuBaTh B paMKax COBMECTHOM MOIECIIH.
ITosToMy (clieiaysi MHOTOYMCJIEHHBIM JIMTEpaTyp-
HBIM MCTOYHMKAM) TaM, TJIe MIOET pedb 00 yIToMs-
HYTBIX XapaKTepHUCTUKaX WK O B3auMocBsizu AI'B u
[TNB (xorma paccmaTpuBaeTcs SIBIEHHE B LIEJIOM),
IJIST TAKOHUYHOCTU M3JIOXKEHMSI, a TaKXKe JJ1s1 TOTO,
YTOOBI MOAYEPKHYTh TOT (haKT, YTO pacrpocTpaHe-
Hue AI'B B nonocoepe u nosisnexnue I[NUB ato enn-
HBIIA IIpoLIecC, UCMHOIb3YeTCs coueTaHue abOpeBua-
Typ AI'B-TTNB.

Hcmopusa omxpeimus. DKcieprMeHTHI 110 OOHa-
PYXEHHIO TOPU30HTAIbLHBIX IBVKeHUI B o0tacTtu F2
noHocpepsl BriepBblie MpoBeaeHbl B 1942 u 1943 rr
[24]. B 1946—1948 T. BiepBbIe 3aperucTPUPOBAHEI
SIPKO BBIPAKEHHbIC, «KJIACCUYECKUE» TOPU30HTAIIb-
Ho niepemelatomuecs [TWB [49], BeickazaHo npe-
MMOJIOKEHUE O TOM, YTO TaKue MOHOC(hEepHBIe HEOI -
HOPOIHOCTH BBI3BIBAIOTCSI BOJHON aTMOC(epHOTO
napneHus. [lepBbie perncTpaly BO3MYIICHUI 10~
Hocdephl, OBICTPO ABMXKYIIUXCS B BEPTHKAIBHOM
HarpayieHuM (ckopocTh a0 2000 m/c) 1 mopoxaa-
IOIIX TOPU3OHTaIbHO Tepemernatomuecs [TMB,
OIlyOJUKOBaHbI B paboTe [64]. DT BO3MYILIECHUS,
HaOJIrogaBIIMecs B MepuoJ MarHUTHOM Oypu 25—
26 mapra 1946 ., GbUIM BbI3BaHbI BHICHIITAHKEM YaC-
THI] COJTHEYHOTO BeTpa B MarHUTOCGEPHBIN KacTl.
IlepBast opurMHaIbHAs TIOMBITKA TEOPETUIECKOM
WHTEpIIpeTaliii TOPU30HTAIbHO TepeMellatonX-
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csa [IMB npennpunsTa B padote [48]. Teopus AI'B
st oobsicHenus [1MB BriepBble Obl1a mpuBjIcdYeHA
B MicciiemoBaHuu [36].

Buovt nepemewarowuxcsa uonocghepnvix eozmyuie-
Huil. YcnosHo AI'B u TTUB pensit Ha KM u CM.
Knaccudukaunsi OCHOBBIBAETCS HAa 3HAYEHUSX MX
TOPU3OHTAJIBHOTO TPOCTPAHCTBEHHOIO Ieproaa
L: K KpymHOMAacCIITaOHbIM OTHOCSIT BO3MYILIEHUSI C
pasmepamu L > 1000 kM, 11s1 KOTOPBIX XapaKTEPHBI
ckopocTu nepemenienus V= 0.4...1 kM/c U BpeMeH-
Hele nepuonsl 7= 0.5...4 u [37, 56]. 3a 65-neTHMI
MepUuoJl KCIEPUMEHTaIbHBIX UCCIEIOBAaHUN yCTa-
HOBJIeHO, 4yTo mnosiBasgeMocTb KM-ITMB cymect-
BeHHO MeHblle, yemMm CM-ITUB, nepemelnaroTcs
OHHU, 32 PENKUM UCKIIOUEHUEM, OT MOJISIPHBIX 00-
JlacTeil K 9KBaTopy, yaille HabIoaaloTcs Mocie aB-
POpPaTbHBIX BO3MYIIIEHHU I BO BpeMsI MATHUTHBIX OYPh
[37]. CpennemacmitabubiMu AI'B u TTMB o0braHO
MMEHYIOT HEOTHOPOIHOCTH ¢ pazMepamu L = 100...
600 kM, V' < 0.25 km/c, T = 0.25...1 4. TTokazaHo
TeopeTndecku [33] 1 Joka3aHO SKCIEPUMEHTATIBHO
[13, 15], uTo MUHUMAaTbHBIE HAOJIOJaEMble 3HAYE-
Husgs L B CM-TIMB npesbimarot 150...200 kM npu
PaCCTOSTHUSIX 10 UCTOUHMKA 0KoJio 500 KM.

Ectb Muenmne, uto KM- u CM-AI'B-TITMB nwme-
10T pa3TMYIHYIO TIPUPOAY 3aposkaeHus. Hampumep,
B TOAABJISIIOIIEM OOJIBILIMHCTBE MCCIENOBaHUM OT-
MeuaeTcsi, 4YTO KpYIMHOMAacCIITaOHble HEOIHOPO-
HOCTM 4acTO HaOJIIOIal0TCs Toc/ie Hayajga MarHuT-
HBIX Oypb, 2 HEOJTHOPOAHOCTH CPEIHUX MACIITa0OB
PErUCTPUPYIOTCA B XOLE SANEPHBIX IKCIIEPUMEHTOB,
B3PBIBOB BYJKAHOB, BBICHITIAHMST SHEPTMYHBIX Yac-
TUL B MarHuTocgepHbie Kacnbel 1 Ap. OgHako u3
MHOTOJICTHUX 3KCIIEPMMEHTAIBHBIX ~ MCCIIeI0Ba-
HUIA, BBIMOJHEHHbBIX aBTOpPaMU C MCIOJIb30BaHUEM
TPAaHCUOHOC(EPHOTO PAIMONPOCBEUMBAHUSI UOHO-
cdepsl ¢ 6opra HU3KoopoMTanbHEIX MC3, cienyer,
yto npupoja AI'B-ITB ob6oux MaciitaboB eanHa,
a KM- u CM-Buasbl SBISIIOTCS pa3IWyHBIMU MPO-
CTPAHCTBEHHO-BPEMEHHBIMU CTAAUSIMU (dTarlaMu)
IUHAMUKU OTHOTO M TOTO K& HMCXOTHOTO BO3MY-
IIEHNSI, BO30YXKIaeMOTO JIOKATbHBIM HMCTOUHUKOM
(sHepreTuyeckuM ToaukoM). CoracHo Halleit Mo-
nean ucTouHuk Bo3oyxaeHust AI'B-TTM B npencras-
JISIET CO00# HEKOTOPHKI 00BbEM B aTMOC(hepe 3emiiu,
B KOTOPOM Ha MPOTSIKEHUU OKOJIO Yyaca MpOUCXOAsIT
KoJIeOaHUsI AaBJICHUS BO3AyXa C MOJYTePHUOAOM I10-
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psiiKa 4eThbIpeX MUHYT. AMIUIATYJa TaKUX KojeoOa-
HUIA 3aTyXaeT ¢ MOBBIIICHUEM HOMEpPa 3KCTpeMyMa.
Hanpumep, aMruinTyna sKCTpeMyMOB ¢ HOMepaMu
6osee 16 OTHOCUTETLHO MAKCUMAJIBHOTO (TPETHETO)
BKCTpeMyMa cocTtaBisieT MmeHee 20 %. 3amep:KKu mo-
SIBJICHUSI 9KCTPEMYMOB C HOMepaMHu GoJiee 16 OTHO-
CHUTEJIbHO Havajla BO3MYyIleHUs (Hayaia KojeoaHui
B oyare Bo3MylleHuUs1) — Oosee yaca. Eciu Havanb-
HBIII 9KCTpEeMyM IMOPOXKIAEeT BOJHY, paclpocTpa-
HSIOILIYIOCSI CO CKOpOCThIo Oojiee 11 xM/c, To 15-i1
9KCTPEMYM BO30OYKIAET BOJIHY CO CKOPOCTBIO BCEro
Juirb okosio 70 M/c. Hambosee cuiibHO yObIBatOT
CKOPOCTU pacipoOCTpaHEHHUsI HauadIbHbIX 9KCTPEMY-
MOB, UTO MTPUBOAUT K PE3KOMY YMEHbBIIECHUIO TTPO-
CTPAHCTBEHHbIX IJIMH BOJH JUAUPYIOIIUX IIEPUOIOB
myra AI'B-TIIMB. Bhavane or ouyara BO3MYILEHUS
PaACIIPOCTPAHSIOTCS KPYITHOMACIITAOHbIE HEOTHO-
POIHOCTH, TPOCTPAHCTBEHHBIC pa3Mephl KOTOPBIX
JUISI KaXJIOro CJEeIyIOIIero 3KCTpeMyMa yMeHblla-
10TCs (MO YCTaHOBJIEHHOMY HaMU 3aKOHY), BIUIOTb
JI0 cpeaHeMacIlTaOHbIX. [OpU30HTaIbHBIE pa3Mephl
cpenHemaciuTadOHbIx AI'B-TIMB Takke ymeHbla-
IOTCSI C MOSIBJICHUEM KaXKIO0TO HOBOT'O 3KCTPEeMyMa,
OIHAKO 3TO YMEHBIIECHUE IMTPOUCXOIUT HE TaK Pe3KO,
KaK B ClIydyae ¢ KpyImHOMACIITAOHBIMU HEOTHOPOI -
HOCTSIMM. M3-3a pa3numsi CKOpOCTEi CMEKHBIX 9KC-
TPEMYMOB C yaajieHueM cpemHeMmaciuTaOHbIX Al'B-
[IMB oT uctoyHMKa UX 3apOKACHUSI MTPOUCXOIUT
«BBITSITMBaHUE» HEOJHOPOAHOCTE, OHU CTAaHOBSIT-
cs KpynmHoMaciuTabHeIMU. Ha paccrosiHusix OoJiee
BOCbMU THICSIY KMJIOMETPOB OT Ovyara BO3MYILCHMSI
Bce AI'B-IIMB saBisitoTcsi KpyIHOMACIITAaOHBIMU.
Takoit cueHapuii AMHAMMKUA TIPOCTPAHCTBEHHBIX
MacimTaboB OAWHAKOB JJISI UCTOUHMKOB BO3MYIIE-
HUIA BceX TUIIOB (B3PbIBbI BYJKAHOB, sIIE€PHbIE IKC-
MEepPUMEHTHI, BBICHITTAHWS YACTUIL, TTaJIeHUE KPYTTHBIX
METEOPUTOB U Ap.). MITak, OIMH U TOT K& UCTOYHUK
nopoxaaeT Kak KM-, Tak 1 CM-Bo3MyIlleHUsI, TPO-
HWCXOJIUT 3TO C pa3HBIMU 3aePXKKaMU OTHOCUTEILHO
Hayvaja Bo30yxXaeHus Kojiebanuii. Takum obGpaszom,
HaMHM MpeajIoXeHa MOJIelIb, OIMMCHIBAOIIasl reHepa-
o AI'B-TTM B Bcex maciTaboB, — enmHas MOIETb
AI'B-TTMB. DxcniepuMeHTaTOphl 13-3a OrpaHUYeH-
HBIX BO3MOXHOCTE MPUMEHSEMbIX UMU METOIOB
HaOJoAcHUST OOHApyXXMBAlOT JUIIb OMNpeaeIeH-
HYIO 4acTb CIIEKTpa TMHAMUKU MMPOCTPAHCTBEHHOTO
pa3smepa ITMB. BmecTte ¢ TeM, HECMOTpPSI Ha TO YTO

5



0. @. Toipros, 10. I1. Pedopenro, B. JI. Jlopoxos

obcyxxgaeMasi MOJEJb SIBISIETCSI BCeMAacCIITaOHOIM,
JUTST yTOOCTBa M3JIOKEHMST Pe3yIbTaTOB MCCIIeI0Ba-
HUi 1 ganee Oyaem npuaepxuBaTbess KM- u CM-
TEPMUHOJIOTUU.

Ilapamempvt ATB-ITHB. bosbliive 3Ha4YeHUs TO-
pu3oHTanbHbIX MaciiTaboB KM-AI'B-TIMB o0yc-
JIaBJIMBAIOT UX PacrpocTpaHeHUe TOJIbKO B BOJHO-
Bojie 3eMJisi — MoHocdepa. 31ech UMEeTCs HEKOTO-
past aHAJIOTHS C PacIIpOCTPaHEHUEM CBEPXIJTMHHBIX
pagmoBosH. Cpenu WccieaoBaTeNieil TaAKUX HEOJI-
HOPOIHOCTEW HET eAMHOTO CYKIECHUS JUIIb OTHO-
CHUTEJILHO TOJIIIMHBLI 3TOTO BOJIHOBOJA (IOApoOHee
cM. pazzaen 5). Bmecre ¢ tem CM-AI'B-ITMB mo-
TYT MepeMelaThCsl BIOJIb MOBEPXHOCTU 3eMJIM KakK
BOJIHOBOJIHBIM cITocOOOM [4], TaK U B BUjie CBOOO/I -
HO PacIpoCTPaHSIONINXCS BOJH (ITyTEM OTPaXKeHUs
W3HAYaJIbHO CHEPUISCKUX WIM HUIMHIPUYECKUX
BOJIH OT moBepxHocTu 3emin) [32]. B Hacrosiee
BpeMsI HET OOILIEIPUHSITOrO0 MHeHHUsS 00 3ddek-
TUBHOMI TOJIIIIMHE MOHOC(HEPHOTO CJI0sI, B KOTOPOM
Haomogarorcs CM-ITMB. Hamnpumep, commacHo
[40, 57] ero TonmmHa BapeupyeT B quara3one 100...
120 XM, MBI XK€ B CBOMX 3KCIIEPUMEHTAIbHBIX MC-
CIeIOBaHMSIX MOKA3aJIM, YTO B MOJABIISIONIEM YK C-
Jie CTy9aeB TOJIIIMHA COCTABIISIET BCETO JTUIITb OKOJIO
50 KM, ¥ TOJIbKO MHOTAA HaOJII0JA0TCsS 3HAYCHUS
nopsiaka 100 km [7, 13—15, 17].

CrycTs ceMb JecITUIeTUI Toc/ie MEPBbIX IKCIIe-
PUMEHTOB, B KOTOPBIX OOHAPYKWJIU paccMaTprBae-
mbie Bo3myleHust [49], Teopusi ATB-TIMB nanexka
JIO TIOJTHOTO 3aBepIleHUsI, BaKHbIE €€ TMOJOXEeHUS
e1e He TOJTYIUIIU 9KCTIEPUMEHTAIbHOTO TTOATBEPXK-
JIeHWS W 10 KOHIIa He OCMBICIEHBI. B yacTHOCTH,
AKCITepUMEHTAIBHO He 00HApY:KEeHO yBenudeHne L
B uyre (wiu nakete) AI'B-TTUB ¢ ero ynaneHueM ot
MCTOYHMKA Bo3MylleHUs. OmHako Takoil 3¢ ¢eKT
cenyeT U3 TeopeTuueckux moaesneit [27, 32]. Ipu
YBEJIMUEHUN PACCTOSIHUSI OT MCTOYHUKA BO3MYILIE-
HUI 1O TeOPEeTUUYECKUM MoaokeHusIM B 1yre [TMB
OTHOCHTEJIbHAs aMILIUTya A ; BosmyieHus N Tak-
K€ YBeJIMUMBAeTC. B aKCriepuMeHTaIbHBIX MCCIIe-
noBaHusAx [59] Takoe yBennueHue A, oOGHapykeHo,
OJIHAKO TMoJlarajioch HeoObsICHUMBIM. JlJisi paspe-
LLIEHUST 3TUX CIIOPHBIX BOMIPOCOB B HACTOSIIIEN pa-
0oTe yaensieTcsl 00IbIIoe BHUMAHUE dKCIIEPUMEH-
TaJbHOMY HCCJIEJOBAaHUIO TMPOCTPAHCTBEHHO-BPE-
MEHHOM TUHaMUKKU L 1 A ;.

6

Hamu BbISIBJIEHO, UTO U3-3a OrPAHUYEHHON TOY-
HOCTU M3MEPEHUI B psiie DKCIEPUMEHTATbHbBIX
uccnemoBanuii [30, 44, 51, 52, 58—60] mosyueHsI
OLIMOOYHbBIC BBIBOJIBI OTHOCHUTEJIBHO CYTOUHON U
ce3oHHOi TosiBasiemoctd [IWMB (moapobHee cM.
pazgen 5). Mbl ycTaHOBWIN, YTO HET HU MUHUMY-
MOB, HU MaKCUMYMOB TosiBasseMoctu ITMB B Teue-
HUE CYTOK U CE30HOB rojia, OJIHAKO BbISIBJIEHO 3Ha-
YHMO€ yBEJIMYEHUE CPEAHErol0BOM MOsSBISIEMOCTU
B 23-1eTHeM mepuoie Hammx HaoOmoxeHuii. Ilpu
9TOM YBeJMUeHME TOSIBISIEMOCTU HE CBSI3aHO C U3-
MEHEHHMEeM YKCJla COTHEYHBIX TSITEH.

[TocTOSIHCTBO CKOPOCTU pacipoOCTpaHEHUsl dKC-
TpemymoB liyra AI'B-TIIMB cienyer He TOJIbBKO M3
OOLIETTPUHSATBHIX TEOPUI, HO AABHO TMOATBEPXKIECHO
B Xolle¢ MccenoBaHUsI MOHOCGhEPHBIX 3P PeKTOB,
Ha0J1I01aeMbIX TTOCJIE SIIEPHBIX UCTTBITAHWI U MOIIT-
HBIX B3PBIBOB-M3BEPXEHUI ByJIKaHOB [23, 26, 39,
41, 46, 53—55]. OgHaKO COMIACUTLCS C TEM, UTO
Ha paccTosiHusIX BruioTh a0 14000 kM ckopocTu
9KCTPEMYMOB 1Iyra MpakTUYeCKU He U3MEHSIIOTCS,
BecbMa TpyJaHO. BeposiTHO, UMEHHO TTO3TOMY B Ha-
CTOSII1IEE BPEMS DTOMY SIBJICHUIO €11I€ HET TOKHOM
uHTepnperau. Bmecte ¢ Tem Hamu 3TOT 3¢ heKT
MOJIOXXEH B OCHOBY MPU MOCTPOEHUU €AMHOKN MOo-
nysmrmpudeckoit moaenu AI'B-TTMB (equnoii miis
CM- u KM-AT'B-ITMB). Kak oTMeuanoch Bbillie,
OrpaHUYEHHbIE BO3MOXHOCTU TMPUMEHSIEMbIX Me-
ToJ0B nuarHoctuku mapametpoB [IMB He Bcerma
YUUTBIBAIUCH 3KCIIEPMMEHTATOpaMU TpU aHalIu3e
pe3yJbTaTOB U3MEPEHUU. DTO MHOIIA MPUBOAUIO
K HEBEPHBIM BbIBOJIAM U JIOXHBIM 3aBUCUMOCTSIM,
00CyXIIaeMbIM B HACTOSIIIEI padoTe.

Teopemuueckue modeau ITHB. Criycts 20 neT rnoc-
nre ooHapyxenus [IMB B 1946 1. 1 mepBoii TyGmKka-
muu [49], roe puBeneHBl 3TU HaOMIOAeHUs, OblIa
pa3pabortaHa Teopetndeckas moaeab AI'B-TIVB [4,
27,29, 32,45, 55, 66]. Dta Mozmenb (BepHee CKa3ath,
Pa3HOBUIHOCTU OJHOM M TOH K€ MOIEIM) — pe-
3yJIbTaT PelleHMsT YpaBHEHUI reoprU3nIecKomn Irui-
POAMHAMUKU, BBIMOJHEHHOIO 4acTO HE3aBMCHMMO
JIPYT OT JIpyra psiioM aBTOPOB.

DTO penieHue MoJiyyeHo ¢ UCMOJIb30BaHWEeM He-
CKOJIBKMX BaxKHbIX MpuOAuXeHuit. B yacTtHoCTH,
MpUMEHSIJIach JIMHeapu3alus MCXOAHBIX YpaBHe-
HUIl TUAPOAWHAMUKM, TPEHEOperajsoch Mpolec-
caMu Jucculanuu, arMocdepa rojarajiach H30-
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TEPMUYECKOM, a UCTOYHUK BO3MYIIIEHMS CUUTAIICS
TOYEYHBIM. YUET BETPOB OCYIICCTBIISUICS TOJBKO B
MOJIeJT BOJTHOBOIHOTO CITOCO0a pacripoCcTpaHeHUS
BO3MyllleHUT [4] mpu NTpeoOpa3oBaHUM BCEHAIIpaB-
JICHHBIX BOJIH B BOJJHOBOJIHYI0 Moay AI'B. OnHako
YIOMSIHYTBIC BBIIIE JOMYILIEHUsI TTPU BO30YKICHUN
U pacrnipoctpaHeHun AI'B mpakTuuecku Bcerna Ha-
pymatorcs. Hampumep, mpu siaepHBIX UCITBITAHUSX,
MOIITHBIX B3PBIBaX-N3BEPKEHUSX BYJIKAHOB, 3eMJIC-
TpsiceHUsIX TabapuThl ICTOYHUKOB AI'B cocTaBisiior
OT €IWHMUIL IO JAeCITKOB KMJIOMETPOB. [1py BBICHI-
MaHMSIX XK€ IHEPTUYHbBIX TPOTOHOB B MarHUTOC(hEP-
HBI Kacl Ha MarHUTHOM mupote 60° JyIvMHa T1aB-
HOTO MOHOC(HEPHOro MpoBaja B IIMPOTHOM pacmpe-
JeJeHUU DJCeKTPOHHONW KOHILEHTPALIMU COCTaBIsIeT
8000...10000 xM: Kacmm B HOUHOM CEKTOPE€ BBITSIHYT
BIOJb L-000m0uku npuMepHo Ha 10...12 4yacoBBIX
nosicoB [3]. IloaToMy HeyauUBUTEIBHO, YTO (PPOHT
1B, mopoxXaeHHBIX BBICOKOIIMPOTHLIM MCTOY-
HUKOM BJ10JIb Mapajuiejiv (B 30HaJIbHOM HarpasJie-
HUU) BBITSIHYT He MeHee yeM Ha 2000 km [12, 44, 52,
58—60]. J10BOJIBHO CMEJBIM SIBJISIETCS M allpuop-
HOE MPEATOJIOXKEeHNE O TOM, YTO B MEPEUNCAECHHBIX
oyarax JJOKaJbHOTO DHEPTOBBIAEICHUs Ha PaccTo-
STHUSIX B COTHU U THICSYU KUJIOMETPOB OT HUX OT-
HOCHUTEJIbHBIE M3MEHEHUS TUIOTHOCTH aTMOCHhEPHI
(MoHOChepbl U IPYruX MapamMeTpoB B BOJIHAX) MHO-
ro MeHblle eauHullbl. O HemMPaBOMEPHOCTU TaKOIO
MPUOJIMXKEHUST CBUETEIbCTBYIOT MHOTOUKCICHHbBIE
SKCIMEPUMEHTHI, B KOTOPBIX, HAIIPUMED, 3HAUCHUE
A, B TINB pasHbIx MacutaboB MOXET COCTABIISATH
OT JECITU O HECKOJbKUX NECSITKOB IPOIICHTOB,
a Hepenko mocturaet 70...80 % Ha pacCTOSHMSX B
HECKOJIBKO THICSY KMJIOMETPOB OT UCTOYHUKOB X
Bo30Oyxknmenud [2, 10, 11, 15—17, 22, 23, 26, 41, 46].
YrnoMmsiHyThle TTPUOIMKEHWST ObLIM BITOJIHE ONMpaB-
JAHHBIMU JIMIIb Ha MEePBBIX Tarax U3y4yeHus 3Toro
SIBJICHUSI.

OmHako B XOnIe TMOYTU CEMUIECATUIIETHEIrO Tie-
pYoa MCCeNOBaHN 0Ka3aloCh, YTO TaKas yrIpo-
meHHas Mmoaeiib AI'B-TITMB (ocHoBaHHast Ha CTOJIb
HEBBITIOJTHSIEMBIX JOMYIICHUSIX) JTOBOJBLHO TOYHO
OITMCHIBaET OOJIBIIMHCTBO PE3YJIBTaTOB KCIIEPH-
MEHTaJbHbIX HaOMIOAeHUN. DTOT (hakT SIBJSIETCS
BecbMa YIMBUTEJbHBIM. BMecTe ¢ TeM Lesblit psin
MPOTHO30B YIPOILIEHHONH MOACAU 3KCIIepUMEH-
TaJbHO €lle He BBISIBICH (HAmpUMeEp MPOCTPAHCT-
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BEHHO-BpeMEHHasl OWHAMHUKa TIapaMeTpoB IIyra
AT'B-TIMB), HekoTOpble Xe KIIOUeBbIE pe3yJibTa-
THI, BBITEKAIOIINE U3 MOJAEIN M HAmeXHO OOHapy-
JKeHHbIE DKCIIEPUMEHTAIbHO, KaK y>Ke 0TMe4ayioCh,
MPOCTO UTHOPUPYIOTCSI UCCIIeI0BATEISIMU, BUAUMO
BBUY HEOOBIUYHOCTHU TaKUX PE3YJIETATOB.

B yactHOCTH, HUKEM TTOAPOOHO HE aHATU3UPY-
I0TCS YIIOMSTHYTBIE BBIIIIE (DAKTHI TPOCTPAaHCTBEHHO-
BPEMEHHOTO MOCTOSTHCTBA CKOPOCTEl pacipocTpa-
HeHus 9kcTpemyMoB 1iyra AI'B-TITMB n npomnopiu-
OHAJIbHOCTU aMIUTUTYH 3KCTPEMYMOB CKOPOCTSIM
pacrnipoctpaHeHusi. Ot cBoiictBa AI'B-TIMB, no
HalleMy MHEHMIO, O4YeHb OJIM3KM K CBOWCTBaAM
YEAWHEHHBIX BOJIH, POXIEHHBIX CYyry0O HEJIUHEei-
HbIMU TIpolieccamu [28, 47]. JlelicTBUTEIbHO, eCr
yeIMHEHHasT BOJTHA MMeEET €IMHCTBEHHBI MaKCH-
MYM, ABWXXYLIMICS C MOCTOSHHOM CKOPOCTBIO, TO
AT'B-TIVMB nipucymia cepust 3KCTpeMyMOB, IiepeMe-
LIAIOIIMXCS C CYLIECTBEHHO pa3HbIMU CKOPOCTSIMM,
O/IHAKO HEU3MEHHBIMU ISl KaXJ0T0o 3KCTpeMyMa.
AT'B-TIMB, xak u yenuHeHHasl BOJIHA, pacIlipo-
CTPAHSIIOTCSl Ha OOJIbIIME PACCTOSIHUS O€3 CYyIIeCT-
BEHHOT'O M3MEHEHUsT (OpMbI Y YMEHbBIIICHUS aMII-
nutynsl. MI3BecTeH ciayyail, Korma aHaJOTUIHO CO-
JutoHaM onHo ITMB-Bo3mylieHune Impoiuio yepes
JIpyroe, Ipu4eM o0a OCTaauch HEM3MeHHbIMU [35].
[ToaToMy MbI MoJlaraeM, 4TO TEOPUS 3aPOXKIECHUS U
pacnipoctpanenusi AI'B-IIMIB moxeT BKJto4aTh B
cebs1 uaeu, MpUMEHEHHbIE JUISl aHalu3a YeIUuHEeH-
HbIX BOJIH.

B uesnom cienyeTt 3akiIIOYUTh, YTO B HACTOSIIEE
BpeMst nosiHoi Teopun AI'B-TIIMB Her. MmeroTcs
JIUIIb JIBE€ OY€Hb MPaBAOMNOA00HbIE TUMIOTE3bI, UC-
MOJIb30BaHNE KOTOPBIX U OOBSICHEHUSI KOHKPET-
HbIX HaOmoneHuit [T B He Bcerna 6e3ympedHo.

Tunomesvt mexanuzmoe pacnpocmpanenus AIB-
ITHUB. PaccmotpuM runotesy [32]. Ununuupyolee
BO3MYLIEHUE HAXOAUTCs Ha BhIcoTe Z;, = 40...120 km
HaJl MoBepXHOCThIO 3emin (cM. puc. 1). Jlyauu CM-
ATI'B magalor Ha MOBEPXHOCTh IO pPa3HbIMU yTJja-
MM, OTPaXKArOTCS OT Hee U JOCTUTAIOT MOHOCHEPHBIX
BBICOT. DTOT MeXaHW3M Ha3bIBaeTCI MEXaHM3MOM
BCEeHaNpaBJIeHHOTO (CBOOOMHOI0) pacrpocTpaHe-
Hust AI'B, HuKe oH Takske Oy/1eT UMEHOBAThCSI CKav-
KOBBIM MeXxaHu3MoM. C yBeJMYeHUEM PacCTOSTHUS
TOYKM OTpaxkeHus (CKayka) OT MEeCTOIOJOXEHMS
VMCXOAHOTO BO3MYIIEHUST YBEJIUUYMBAETCS Yroa &,
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Jlyau ATB

N

Wcrounuk
AT'B ‘%é
R

> R

Puc. 1. Nnmoctpanidsi yBeJIMUEHUST yryla HakJOHA Jiyden
AI'B c yBetmueHMEM yaaieHUS TOYKH UX OTPAKEHUS OT MeC-
Ta PACIONIOXEHU UCTOYHUKA: &, &,, &; — HAKIOH (poHTa
AI'B, R — paccTrosiHUe OT UCTOYHUMKA (110 TOPU3OHTAIM) 10
TOYKM oTpaxkeHus iyda AI'B

00pa3oBaHHbIN TydoMm AI'B 1 BepTuKajblo K MoBep-
XHOCTHU 3eMJiu (TTpu MajJieHuU U oTpaxkeHuun). B 06-
CY>XIaEMOM MEXaHM3Me yIaJIeHUEe CKauyka OT UCTOY-
HUKa SBJISeTCS OCHOBHOM, OMHAKO HE €IMHCTBEH-
HOI TIPUYMHOM YBEJIMYEHUS yIjla HaKJIoHa (ppoHTa
AI'B B BepTUKaIbHOI IIJIOCKOCTH (TTOAPOOHEE 3TOT
BOIMIPOC 00CyKaaeTcsl B pazaene 2).

Haub6onbiive Bo3aMyiieHust N IpakTUUECKU BCer-
J1a HaOJTIOIAIOTCA B OKPECTHOCTSIX BBICOTHI Z,, MaK-
cumyma N, 3JI€KTPOHHON KOHLeHTpauuu F2-06-
Jlact noHocdepnl. ChepruecKnii BLICOTHBIN CITOM
obHapyxeHus ITMB obycioBieH BpeMeHeM XU3HU
BO3MyllleHUIA: B oOnactu F2 oHO MOXeT cocTaB-
JISITh 1mecTh U Ooiiee yacos [11, 32], a Hmxke 150...
200 kM — Bcero sub okosio 20 muH [32]. CornacHo
paccMaTpuBaeMoii TUTIOTe3e TIPY YBEJIMUEHUU pac-
CTOSIHUSI R OT MCTOYHMKA BO3MYIIEHUI 10 U3MEpU-
teabHoro nyHkTa (MIT) Baoab moBepxHocTH 3eMiu
nepuon L yBeIn4rMBaeTCs 1Mo JUHEHHOMY 3aKOHY.

ITo BTopoit Tumorese (cM. [4]) MHULMUpPYIOLIEE
BO3MYLICHHE PACIIOJOXEHO BOJM3U BBICOTHI Z,,,
a BOJIHA pacHpoCTpaHseTCs] BIOJb IOBEPXHOCTHU
3emsin B cheprueckoM BoIHOBoAE. Takolt crnocob
pacmipoctpanHenust AI'B mMeHyeTcs BOJTHOBOIHBIM.
[opu3oHTaNIbHBIE TPAaHULIBI BOJTHOBOIA OOYCJIOBJIEe-
HbI BBICOTHBIM pacrpeie/ieHueM TeMIlepaTyphl aT-
mocdepbl. Bo30oyxkaeHue BoaHoBonHoit AI'B mpo-
WCXOMUT, KOTJa TOPU3OHTaJIbHAs COCTaBJSIONIAs
(azoBoii ckopoctu AI'B ckaukoBoro TuIia coBma-
JIaeT CO CKOPOCThbIO HelTpaibHoro Betpa. ITo Bce-
MYy TTyTU PacrpoOCTpaHEeHUsI HAKJIOH (PPOHTA BOJHbI
B BEPTUKAJIbHOM TJIOCKOCTU COBIaIaeT ¢ MECTHOM
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BepTukaiblo. I[lepuon L He U3MEHSIETCSI B XOJ€ IIe-
pemenieHusi AI'B-TTB Biojb npoaosibHOK ocu
BOJTHOBOJIA.

Ilpupooa peeyaapno naoarodaemoix ITUB 6vicoko-
WUPOMHO20 eCMeCMBeHH020 NPOUCXONCOCHUS OKOH-
yaTeJbHO HE BbISICHEHA. B pa3Hbie roabl MpoBOAM-
JINCh MAacIUTaOHble B3KCIEPUMEHTHI MO OJHOBpE-
MeHHoMYy HaOmoneHuto ITMB B BeICOKMX, CpeaHuX
M HU3KMX IIMPOTAaX B O0OMX MOJyIIApUSX BCEMU
M3BECTHBIMU cpencTBamMu auarHoctuku [37]. 3a
TOJBI UCCIIEIOBAHWIA MpeIIaraliuch pa3IndHbIe Me-
XaHU3Mbl BO30YXIEHMSI TJ100aIbHO HaOJII0daeMbIX
I[TMB. Ham nipencrasisieTcst, yTo B 0030pe 1982 1.
[38] mpomeMOHCTpUpPOBAHO Jyylllee ITOHMMaHMeE
3TOrO SIBJIEHUs, YeM B 0030pe 3a CJAeAYIOIIUiA ABaI -
uatuiaeTHuit nepuona 1982—1995 rr. [37]. Bmecte ¢
TeM CJIelyeT MPU3HATh, YTO MOPMOIIOrMYecKre 1uc-
cienoBaHud nocienHux 15—20 jeT, BBITTOJTHEHHbBIE
C TIpUMEHEHWEM W3BECTHBIX paHee M C ITOMOIIBIO
HOBBIX pagino(U3NIECKUX METOA0B, CYIIECTBEHHO
CMOCOOCTBOBAJIM YCTAHOBJICHUIO UCTOYHUKOB 3TUX
BO3MylleHuil. B pabGote [56], HarpuMep, yKa3biBa-
eTcsl TUIIb HAa OAWH HauboJjiee BEPOSITHBIM MCTOY-
HUK — BBICHIIIAaHWE DHEPIUYHBIX YACTUIL B KAaCII.
ITpu aTOM ClleayeT OTMETUTD, YTO JIKOYJIEB HArpeB,
HaOJIIoIaeMbIii B pe3yJibTaTe BBICHIITAHUSI YACTHUII,
VIIOMUHAJICA MHOTOKPAaTHO WCCICIOBAaTEISIMUA U
paHee. [lepBbIii 3KCIIEpUMEHT IO UCCIEA0BaHUIO
BO3MYIIIEHUIT MOHOC(hEPHI B XOA€ BbICHIIIAHUS Yac-
TULL COJIHEYHOI'O BETpa IPUBOIUTCS B padore [64].
B paGore [42] cooOiaeTcsi 0 pacrnoyiokeHHOM B
obiactu kacna uctounuke KM-ITUB (3apeructpu-
POBaHHBIX Pa3JIMYHBIMU METOJAMU B X0Ie Cy00ypu
17 deBpains 1998 1.). Mbl TakKe NMPUIILIA K 3aKJTIO-
YEeHHWIO O TOM, YTO TJTo0aibHO Haomomaembie [TB
B OOJIBLIMHCTBE CJIy4yaeB MOPOXKIEHbBI BbIChITTAHUEM
9HEPrUYHBIX TPOTOHOB B MArHUTOC(EPHbIE KACIIbI.
BmecTe ¢ TeM B HemaBHUX 3KCIEPUMEHTAIbHBIX
KCCIenoBaHUAX [62] yTBepKIaeTcs, YTO UCTOUHUK
Habmogaembix [TB ocTaeTcst HEBbISCHEHHBIM.

Hcxoonvie oannvte, ucnoav3oeanuvie 041 nocm-
poenus modeau. bonee NByX necATUIETUN Mbl MIPO-
BOJMJIM B paiioHe T. XapbkKoBa TPpaHCUOHOC(hEpPHOE
paauonpocBeYMBaHue ¢ OopTa HaBUTALIMOHHBIX
HU3KOOPOUTAJIbHBIX CITYyTHUKOB. 1o MoHOChepHoit
COCTaBJISIIOILEH MOIMIEPOBCKOIO CMEIIeHHUsT 4acTo-
Thl MPUHSITOIO CUTHAja ObUIa 3aMedyeHa BBICOKas
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noBTropsieMocTh HabmomaeMbix ITMB-a¢hdexToB.
Kak mnokazanu oleHKMu, KJIIoueBble IapaMeTpbl
oTuX 3(hGheKToB 00yCIaBIUBAIOTCS PACCTOSIHUEM
OT Hallleil o6cepBaTOpPUM 10 ouyara BO3MYILEHUS U
BpeMeHeM, TpOLIEAIIMM OT Hauyajla BO3MYILCHMUSI.
B GoJsibIIMHCTBE CllyyaeB pacCTOSIHUE 1O UCTOYHU-
ka [T B usMeHsioch He3HaUUTENbHO. [Toe3HbIMU
MPU 3TOM OKA3IUCh U CBEIEHUS W3 JIUTEPATYPHbIX
HWCTOYHUKOB 10 MOHOC(EPHOMY MTPOSIBIIEHUIO SIAEP-
HbIX UCTIBITAHUI U B3PHIBOB BYJIKAHOB.

Huxe nmoapo6HO m3iaraloTcsi BO3MOXHOCTU pas-
BUTOTO HAMUM METOJa PaIMONPOCBEYMBAHUSI NOHO-
cepbl ¢ HU3koopouTabHbIX MC3 Tuna «Ilapyc» u
«llukaga», MOCKOJbKY OH MCITOJb30BaH ISl MOCT-
poeHus u guarHoctTuku moaenu Ukraine-2013.

B aHanmuTMueckoM 0030pe Mbl CO3HATEJIbHO HE
paccMaTpuBaJIM METO/Ibl, B KOTOPbIX UCITOJb3YIOT-
Csl CUTHAJIbl CPEIHEOPOUTATLHBIX HABUTAIIMOHHbIX
MC3 tuna GPS (Global Position System), Tak Kak
OHU MaJIONIPUTOIHBI JIs1 ONIepaTUBHOTO CKAaHUPOBa-
HUsI MOHOC(EPHBIX BO3MYILIEHU I, BBICOKOCKOPOCT-
HBIX JTMHAMUYECKUX MPOLIECCOB, KAKUMU SBJSIOTCS
AT'B-TIMB (co ckopocTsiMU JIMAMPYIOLIEH YacTh
myra 1...11 km/c). B To ke Bpems GPS-naHHbIe BO3-
MOXHO TMPUMEHUTDH JIJII MPOBEPKU aleKBaTHOCTU
monenu Ukraine-2013.

ITpennaraemasi Mofie/ib OOBEAMHSIET XOPOILIO U3-
BECTHbIE TTapaMeTpbl U 3aBUCUMOCTH (BBISIBJIEHHbBIE
3a BeCh JOJTUI MyThb MCCIEAOBAHUI1), CBSI3bIBACT
pPa3po3HEHHBIE PE3YJbTAaThl TEOPETUYECKUX U IKC-
nepuMeHTalbHbIX padoT. C ee MCMOJIb30BaHUEM
OKa3bIBAETCS BO3MOXHbBIM IPOTHO3MPOBATH IPO-
CTPAHCTBEHHO-BPEMEHHYIO TMHAMUKY MTapaMeTpOB
AT'B-T1MB B rmo6anbHOM MaciiTade.

B naHHoli paboTe sKcnepuMeHTalIbHO BbISIBIEHA
MPOCTPAHCTBEHHO-BPEMEHHAsl TMHAMUKA KIIHOYe-
BbIX napameTpoB I[1MB, B vactHoctu IIMB ecrect-
BEHHOTO BBICOKOIIIMPOTHOTO MTPOUCXOXIAEHMS, MO-
Ka3aHO, 4YTO pa3paboTaHHas IMOJy3dMIIUpUYEcKast
moaesb AI'B-TTM B no3BosisieT ocyiiecTBISITh 11MHA-
MUYECKMIA TPOCTPAHCTBEHHO-BPEMEHHOM MPOTHO3
BO3MYILIEHUI 2JIEKTPOHHON KOHUEHTpalluM UOHO-
cepbl, onpeaesisiTb MECTOIIOI0XKEHE UICTOUHUKOB
BO3MYILIEHUH, a TAKXKe MOXET ObITh MCMOJIb30BaHa
JIJIS1 OTIepaTMBHOTO MOHUTOPUHTA UCTOYHUKOB BO3-
MYIIEHUI DPa3IUYHON TPUPOABI (3EMJIETPSICEHUS,
SIIEPHBIE B3PbIBbI, U3BEPXKEHUS BYJKAHOB U [Ip).

B pabote onucbiBaeTcsl MOAEb, pa3bsCHIETCS
1 000CHOBBIBAETCS BHIOOP €€ TTapaMeTPOB, JTaeTCs
JeTajabHasl MPoBEpPKa MOAEIU T10 IKCIIEPUMEHTAb-
HbIM IaHHBIM, B3SThIM U3 JIUTEPATyPHBIX UCTOYHU-
KOB, a TaKXe IO 3KCIEePMMEHTaIbHBIM UCCIeI0Ba-
HUSIM aBTOPOB C MCIIOJIb30BAHMEM METOMIa TpaHC-
HMOHOCGhEPHOT0 30HANPOBAHUS; YKAa3bIBAIOTCS MMyTH
JTaJTbHENIIero COBEPIIEHCTBOBAHUS MOIEIIH.

2. OITMCAHUE MOJEJN 3APOXITEHUA
N PACITPOCTPAHEHWA ATB-IINB

[MomysmMnupuueckass MoIesb IMTOCTPOSHA Ha ClIeIy-
FOIIX OCHOBHBIX TTOJIOXKEHUSIX:

* TI0C/ie UHULIMUPYIOLLETr0 BO3AEUCTBUSI B o4are
BO3MYIIEHUSI MPOUCXOANIT KoyieOaHUs TIJIOTHOCTHU
aTMocGephbl;

* BpEMEHHOI MHTePBaJl MEXIY CMEXKHBIMU 9KCT-
peMyMaMm KoJieOaHWMl SIBJISIETCs IOCTOSIHHOI Be-
JIMYMHOM;

* KaXIBIii DKCTpEeMyM JaBJieHUsI Ha MOHOChep-
HBIX BBICOTaX PacIpOCTpaHSIETCs OT UCTOYHUKA B
BUJIE BOJHBI C MOCTOSIHHOW TOPU3OHTAIbHOU CKO-
pOCTBIO, He M3MeHsomeiics BIioTh 10 14000 xm;
CKOPOCTb BCEX 3KCTPEMYMOB Y TOBEPXHOCTU 3eMJIU
OIMHAKOBAa U 0JIM3Ka K CKOPOCTH 3BYKa;

* CKOPOCTh KaXXIOTO 3KCTpeMyMa OIpeaessaeTcs
€ro HOMEpPOM B 1Iyre MepeMeniaierocss B MOHO-
cepe BO3MYILEHMS,

* BpEMEHHOIl MHTEepBaJl MEXIY CMEXHBIMU
(¢parMeHTaMu 11yra KojaeOaHUi1 JaBIeHUS BO3ayXa,
MMEIOIIMX OAMHAKOBYIO a3y, paBeH YIBOEHHO-
MY MHTEpBaJly MeXIy BO3HUKHOBEHMEM CMEXHBIX
BKCcTpeMyMoOB. Bce dparMeHTbl BpeMEeHHOro 1iyra
pacIpoCTpaHsSIIOTCA OT UCTOUYHUKA C pa3HbIMU CKO-
pPOCTSIMU, OTIPEACIISIEMBIMU UX 3a1€PKKON OTHOCU-
TeJIbHO Hayajla BO3MYILIECHUS.

Ilapamempovr ucmounuxa. PaccmaTpuBatoTcs 1Ba
BUJA UCTOYHUKOB Bo30yxneHust AI'B: mapoo6pa3s-
HBIN (SIepHBIA B3PbIB, B3pbIB ByJIKaHa) U AYroo0-
pa3Hblii (BBICHITAHKME YACTUIL B Kact). JluameTp 1ma-
po0O0pPa3HOro NCTOYHMKA TJ100aTbHO HA0II01aeMbIX
AI'B — okoJjio 5 kM. I1pu BeICBITAaHUN SHEPTUYHBIX
MPOTOHOB B MAarHUTOC(MEPHBIA Kaci oOpasyeTcs
BBITSIHYTBII BIOJIb MATHUTHOM IIMPOTHI B AUaria-
30He WHPOT 60...75° MPOTKEHHBII UCTOYHUK KC-
XOJHOTO BO3MYIIIEHMSI; OH PACMoJIOKEH Ha BbICOTE
100...200 kM, ero moOIEepeYHbIil pa3Mep — OKOJIO
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. V., km/c
AP/AD, 01 01
\p/ Piwoland / 0.68
1 'i 530 0.36
M ,, V, xm/c
K 014
r 011
0 , t
onset _: 009
0 12
11.3 0.16
i KM/C
1 0.28
1150 10.47
121, |
>

Puc. 2. ®parmeHT BpeMmeHHoro uyra AI'B mig ero nuam-
PYIOIINX CEMM MEePUOIOB: onset — MOMEHT Havajla BO3MY-
LIEHUsA C OTHOCUTENbHBIM 3HAYE€HUEM aAMIUIUTYAbl A, =
= Ap/AD o = 0.48, Ap = p — py, p ¥ py — TEKylllee U He-
BO3MYILEHHOE (POHOBOE 3HAYECHHUE AaBJICHUS aTMOC(HEpHI,
AP, .v» — 3HaueHUe Ap Bo BTOpoM MakcumyMe Lyra. [epuon
KoJiebaHui paBeH 21, = 7.9 MuH

Tabauya 1. 3aBucumocts V; u A; 0T HOMEpA IKCTPeMyMma i

DKCTpEMyM i A, V., kmc™!
Min 0 0.48 11.3155
Max 1 0.83 3.0000
Min 2 0.97 1.1539
Max 3 1.00 0.6820
Min 4 0.95 0.4688
Max 5 0.88 0.3571
Min 6 0.8 0.2809
Max 7 0.7 0.2381
Min 8 0.65 0.2000
Max 9 0.55 0.1754
Min 10 0.49 0.1585
Max 11 0.41 0.1415
Min 12 0.35 0.1245
Max 13 0.29 0.1076
Min 14 0.25 0.0906
Max 15 0.22 0.0736

5 kM. OpOHT BOJIHBI B TOPU3OHTATBLHOM TIOCKOC-
TH TS IIapoo0pa3HBIX UCTOYHUKOB IPEACTABIISICT
c000I OKPY:KHOCTb, a TIPU BBICBIIIAHUM YACTUII B
KacIl MCXOAHBIM (DPOHTOM MOXHO MPUOJIMKEHHO
CUMTATh JIMHUIO YT MarHUTHOMW Tapajjieiiu, COB-
MagaloNyio ¢ IPOAOJBLHOM OChIO Kacra.

10

B pesynbrare 10KaabHOTO BEHICBOOOXKIECHUS S9HEP-
MU U UMMYJIbCa B 00beMHOM MCTOUHUKE MPOUCXO-
IST KoJiebaHust aTMocepHoro nasieHus. [eHepa-
1Ms KOJieOaHUii HAaUMHAETCsl C CUJIbHOTO TTOHUXe-
HUSI AaBJEHUSI OTHOCUTEJIbHO (POHOBBIX 3HAYEHUIA.
CMeXHble MUHUMYMbl M MaKCUMYMBI J1aBICHUS
CJEAYIOT 4Yepe3 IOCTOSHHBIA WHTEpBaJl BpEMEHU
Ty = 3.95 MMH, KOTODBIiA SBISETCS TONYIEPUOIOM
TaKOTo KoJjiebaTejabHOro mpoiecca. Kaxabiii 9KcT-
pPeMyM C HOMEPOM i OPOXKIAAET aTMOCHEPHYIO BOJI-
HY AaBJIEHUSI, PACIPOCTPaHSIIOLIYIOCS BIOJIb [TOBEP-
XHOCTH 3€MJIM CO CKOPOCTBIO V.

[Tpu pa3paboTKe MoOAEIM MBI HE YYUTHIBAIA
BJIMSIHME BETPOB, perMOHaIbHbIe HEOJHOPOAHOCTU
TeMIlepaTyphl 1 AaBjieHus (3TU (aKTOphl OyIyT yu-
TEHBbI B XOJIE COBEPIIIEHCTBOBAHUS MOJIE/N).

Ha puc. 2 nokasaH ¢parMeHT BpeMEHHOTO 1Iyra
ATI'B mist ero mepBBIX CEMU IIEPUOAOB, MOCIEA0BA-
TeJIbHO 3apOXIAIIMXCSl HajJ O4YaroM MCXOJHOTO
Bo3myiieHus. Llyr nmpencraBisieT co0oii KojieOaHMs
naBjeHus aTMocdepbl, HAUMHAIOIIMECS B MOMEHT
onset ¢ MMHUMyMa C OTHOCUTEIbHBIM 3HAYCHM-
eM Ay = Ap/Ap .., = 0.48. 3nece Ap =p — p,, p 1
Py — TEKylllee U HEBO3MYIIEHHOE (POHOBOE 3HaYeE-
HU€ JaBIeHUst aTMOCheEphI, Ap, . » — 3HAYEHUE Ap
BO BTOPOM MakcuMyMe 11yra. OTHOCUTeIbHAs aMIl-
JINTyla TIPOU3BOJIBHOTO 3KCTpeMyMa B Liyre jajee
o6o3HaueHa Kak A;. B Tabu. 1 ykasaHbl 3HaY€HUsI
MepBbIX IECTHAALIATH SKCTPEMYMOB aTMOC(EPHOTO
nasnenus A; uyra AI'B u ckopoctu V; pacripoctpa-
HEHMSsI 3TUX (PParMeHTOB 1iyra B TOPU3OHTAILHOM
HarnpanjieHUU (i — TOPSIAKOBBIM HOMEP DKCTPEMY-
Ma, YETHbIE 3HAYEHUSI  COOTBETCTBYIOT MUHUMYMaM
11yra, a HeyeTHble — ero Mmakcumymam). Ha pucyHke
MPUBOLIATCS TAKXKE CKOPOCTH ¥V, 4TO 1103BOJIAET 60-
Jiee HarJIsITHO TIPEICTaBUTh IMHAMUKY 11yra rpu ero
yaajieHuu ot ucroynuka. Iocrymupyercs, uro 4; u
V; He u3aMeHs0TCS B X0/ie pacnipoctpaHeHust AI'B.

Ilapamempot AT'B-IIUB noaysmnupuueckoii mo-
deau. Kak mokazanu sKCIepMMEHTaJIbHbIE HCCe-
JIOBaHUS U TEOPETUUYECKUI aHaIM3, BCe mapaMeTphl
ATI'B He 3aBUCAT OT T€OMarHUTHOTO IT0JIsI, OQHAKO
amriutyna [TMB (Ha BbiOpaHHOM ydyacTke ¢hpoHTa
AT'B) onpenesisitoTcst yrjioM MeX1y BOJTHOBBIM BeK-
TOPOM U BEKTOPOM I'€OMAarHUTHOTO TOJIsl B paccMart-
puBaemoii obiactu. AI'B ocraBiisier B MoHochepe
HaubOosee 3ametHbit [IMB-cnen nuiubs B ciaydae,
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KOIJIa €€ BOJTHOBOM BEKTOP COCTABJISIET HEOOJIBIION
YTOJI C BEKTOPOM T€OMAarHUTHOTO TTOJIS.

B yactHOCTH, B McclienoBaHusX [23, 46], BbITION-
HEHHBIX B OKPECTHOCTM MArHMTHOTIO 3KBaTopa B
JIrarna3oHe reorpaduyecKux UPOT MPUOIU3UTE b-
Ho oT 25°N 10 25°S, okazajochk, yto B [IMB Benuun-
Ha ¥ 3HAaK OTKJIOHEHUS N, OT (hOHOBBIX 3HAYEHMUIA
OIpenesIsieTCs] OpMEeHTalMell BOJHOBOTO BEKTOpPA
AT'B-TIMB oTHOCUTENbHO BEKTOpa HAMNPSLKEHHOC-
TH T€OMarHUTHOTO TTOJIS.

Ecnu uctouHuk Bo3mylleHUs (SIAEpHbIN B3pbIB)
HaXOJIMUTCSI B CEBEPHOM reorpaduueckomM MoJryiia-
pUM, U paccMaTpUBaeTCsl BO3MYIIIEHUE, TTepeMela-
follieecs] C ceBepa Ha 10T, TO 3HaK OTKJIOHeHUsI AN oT
(boHOBBIX 3HaYeHUH N, (MUHUMYM UM MaKCUMYyM
B [IMB) onpenensieTcs 3HaKOM dMITMPUYECKOI 3a-
BucuMocTu [23]:

J = sin (20) cos (o) T 0.1 sin? (), (1)

rae 6 — yroja MarHUTHOTO HAaKJOHEHUS, SIBISIIO-
LIUIACS TIOJOXUTEIbHBIM B CEBEPHOM Teorpacdu-
YECKOM MOJIyLIapUU U OTPULIATEIbHBIM — B I0XKHOM
HOJIYIIAPUH, Qg — YTOJI MEXIY TOPU3OHTAIBHOIA
MpoeKuuel BoaHoBoro Bekropa AI'B u HampaBie-
HHEM Ha CeBEepHBbIIA MAarHUTHBIN MOJIOC B BHIOpaH-
HOU TouKe HaOM0AeHUsT (M3MEHSIETCS B TMara3oHe
ot 0 1o 2m). [onoxurenbHble 3HAYEHUS J,  TIPO-
nopunoHanbHbl oTHOWEHUI0 AN/N, . Tlpu otpu-
LaTelbHbIX 3HAYeHUsAX J, \, Bemauna (AN/N,, + 1)
nponopuroHanbHa exp(J, y). Kak u panee, AN —
abCcomM0THOE 3HaUeHNE OTKJIOHEHUS N OoT (DOHOBBIX
3HaueHuii. [To HaIKMM olLleHKaM 3aBUCUMOCTb JIs1
J\y TIONIy4eHa ULl 9KCTPEMYMOB € TPETHETO 10 IS~
ToIil (cM. Tabi. 1). B uccnenmoBanuu [23] mpenmo-
Jarajioch, yto AI'B siBsieTcst monepeyHoil BOJIHOM,
U MO3TOMY KoJieOaHUsI BO3ayXa MPOUCXOMSIT BAOJb
MECTHOI BepTMKaJu, a BOJIHOBOI BEKTOp HaIlpaB-
JIeH Topu3oHTalbHO. [To mpemiaraeMoii HaMu MoO-
Ienr yKa3aHHBIE 3KCTpeMyMmbl TopoxkaaioT KM-
I11B, nostomy wucrojib3oBaHHOe B [23] mpubiu-
KEeHMe CIpaBelINBO (IIOAPOOHEe 3TO YTBEPXKICHUE
pa3bsICHsIETCSI HUXe). B ymoMsSIHYTbIX SKCIEPUMEH -
Tax BOJM3M MAarHMTHOTO 3KBaTOpa CUJIOBas JIMHMS
MOYTH OPTOTOHATbHA K KOJIeOaHUSIM BO3/lyXa B BOJI-
He. Bunumo, nuinb nu3-3a 00JIbLIUX SHEPTUN SIAeP-
HBIX B3PbBIBOB M OTHOCUTEJIbHO HEOOJBIIUX pac-
crostHU# 10 HUX (1o 4500 kM) cocTaBisitoliast TOKa
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BIIOJIb CWJIOBOW JIMHUY 0KAa3aJ1ach TOCTATOYHOM TSI
BO3HUKHOBEHUS 3aperucTpupoBaHHbIx [TMB.

AKYCTHUKO-TpaBUTALIMOHHbBIE BOJHBI, MOPOXKACH-
HbI€ MOIIIHBIMU UCTOYHMKAMU, MOTYT HAOJIOAATh-
csl IO BCEMY 3€MHOMY 11apy, a ux 3(p(PeKTUBHBIN
[T B-oTKIMK B MOHOC(hEpe 3aBUCUT OT B3AUMHOTO
pacnonoxkeHust BoJJHoBoro Bekropa AI'B 1 BekTopa
HAIpPSKEHHOCTU TeoMarHuTHoro nosisd. Ilpu atom
T[T B-peakuus noHocdepsl Ha nipoxoxaeHue AI'B
He SIBJIIETCSI MTHOBEHHOM, a 3aBUCUT OT COCTOSIHMSI
COJTHEYHOU aKTUBHOCTH (cM. paznen 5). Mopdoso-
rus cBsi3u AI'B-TIMB okoHuarenbHO elie He ycTa-
HOBJICHA.

Jnsa BBIOpaHHOTO PacCTOSHUSI R OT MCTOYHUKA
BO3MYLLIEHWSI BDEMEHHOI UHTEPBaJ tl.’l. 1 =Ly — 8
MEXJy COCETHUMM DKCTPEMYMaMHU 1iyra (ajee Bpe-
MEHHOM TIOJTy[IePHOJL T;,) PACCUYMTBHIBACTCA TIO JIK-
HEWHOU 3aBUCUMOCTHU

Gt =t PRV = 1Y), @)

I[paduku t;(R) 1151 EPBBIX YETHIPHAALATH T, (OTCYET
HauyMHAeTCsl OT MEePBOro DKCTpeMyMa) MPUBEACHbI
Ha puc. 3, a. CymMa ABYX CMEXHBIX ITOJYIEPUOI0B
T, ¥ T, IPEACTABIAET COOOM BPEMEHHOM KBa3uIIe-
puox T;. bosbiie BCero Ipyr OT Apyra OTIMYalOTCSa
3aBucuMOoCTd T(R) mwia 11...14-ro mosynepuonos.
OHU MOPOXAEHbl HU3KOCKOPOCTHBIMU 3KCTPEMY-
MaMu A; B KoHeuHo#i yactu 1yra AI'B-TITUB. Ilep-
BbI€ JECAThH IMOJIYIIEPUONOB T, PA3HATCSA HE CTOJb
CWJIbHO, U3MEHEHUE UX 3HAYEHUIl B 3aBUCUMOCTH
OT HOMepa i He BCeraa MOHOTOHHO (puc. 3, 0).

Ha puc. 4 moka3aHbl pacyeTHbIE BpEMEHHBIE 3a-
BUCUMOCTU T{(f) Uil Pa3IMYHBIX PACCTOSIHUIA Ry
MeXay ucTouyHukoM Bo3myineHust 1 MI1 (B nnama-
30He 500...4000 km). 3aech 3HauUeHus1 T onpeaesisi-
JINCh KaK pa3HOCTb BpemeH mpuxona Ha UIT cmex-
HbIX MAKCUMYMOB U CMEXHBIX MUHUMYMOB 11yra, a
BpeMsl f OTCUMTBIBAJIOCH OT Hayasla BO3MYIIIEHUS (OT
HYJIEBOTO JKCTpEMyMa) JO CEpelrH YIOMSIHYTBIX
nepuonoB. [Ipu 3TOM yUyUTBIBAIOCH, YTO CMEXHbBIE
MaKCUMYMBbI (MJI1 MUHUMYMBI) TTOPOXKIAIOTCS C 3a-
nepxkoit 21, Kak okasanoch, HU3KOCKOPOCTHbIE
aKcTpeMyMblI 1yra (¢ 11-ro no 15-i1) oOycnaBiuBa-
IOT KOHEYHBIN JIMHEWHO BO3pACTAIOLIMI y4aCTOK
rpaduka 7(7). [lpu pasindHbIX Ry U3 yKasaHHO-
ro nuamna3oHa 3HadyeHust 7 = 0.2...1.7 4 MOTyT OBITh
00YCJIOBJIEHBI KaK BBICOKOCKOPOCTHBIMU KM -AI'B-

11



0. @. Toipros, 10. I1. Pedopenro, B. JI. Jlopoxos

T,, MUH
-
i=14."
300} -
e
,//
e 13
e -7
e -7
2001 - T,

100

80
60Ff .-

"//,/’*_—( ‘\\\/ . \K\\‘/ 3.000KM
40t :/’.//4__.—” ST T 72000 kv
N '/,/—/\./‘\’\./‘

0 2 4 6'6 8 1b i

Puc. 3. MonenbHbIe 3aBUCUMOCTH BPEeMEHHBIX TIOJTYTIEPHO-
JIOB T @ — OT JaIbHOCTU R 10 uctounuka s i = 1...14,
6 — ot HoMepa i B1yre ATBmssi=1...10

Tabauya 2. Munamanbable 3Havenus ;u L,

Iior;ili no;?;);::[m, L, kM Howep L, L, xm
AI'B MWUH B uyre

1 3.95 711
2 7.9 273.5 1 984.5
3 11.85 161.6
4 15.8 111.1 2 272.7
5 19.75 84.6
6 23.7 66.6 3 151.2
7 27.65 56.4
8 31.6 47.4 4 103.8
9 35.55 41.6
10 39.5 37.6 5 79.1
11 43.45 33.5
12 47.4 29.5 6 63.1
13 51.35 25.5
14 55.3 21.5 7 47
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Puc. 4. PacueTHble 3aBUCUMOCTU KBasurepuona I’ OT Bpe-
MEHM, Tpolueaiiero nocie Bo3oyxneHus [NMUB. Yucna y
KPUBBIX — PACCTOSIHUSI OT UCTOUYHUKA 10 U3MEPUTEIBHOTO
MyHKTa

II1B, Ttak 1 Hu3kockopoctHeiMu CM-AI'B-T1MB.
Bwmecre ¢ tem 3Hauenna T = 0.2...1.4 4, oTHOCSI-
muecss K HavdaJbHBIM yJacTKaM rpadukoB, oOyc-
JIOBJIEHbI MCKJIIOYUTEIBHO BbICOKOCKOPOCTHBIMU
KM-ATI'B-TIMB co cKOpoCTSIMU 3KCTPEMYMOB OT
11 go 0.5 km/c. OmHAKO COMTACHO YCTaHOBUBIIIECH -
cs1 mpakTuKe moJjaraetcs, 4yro gigd KM-AT'B-TTMB
T=0.5...44, ama CM-AI'B-TIUB T'=0.25...1 4
(cM. paznen 1). 3agacTyio (110 aHAJIOTUU C CUCTeMa-
TH3almei mo L) Mayble BpeMeHHBIE TIEPUOIBI Ol -
6ouHo otHocIaT K CM-AI'B-TIMB. Takoe 3a0imyx-
IIeHMe, cKopee Bcero, cBsg3aHo TeM, uto Ha UII (B
MOJABJISIIOLLIEM YUCIE CYyYaeB) BBITIOTHSUIUCH TOTb-
KO u3MepeHus1 T, a MpUHAAIEKHOCTh U3MEPEHHOTO
gHayeHus 7'k KM- unu CM-AI'B-IIMB moxHO
OTPENEeUTh TOJBKO B 3KCIIEPUMEHTE, B KOTOPOM
Hal PETMOHOM B KOHKPETHBIN IepHuon BpeMEHH
U3MEPSTIOTCS BpeMEHHBIE W TIPOCTPAHCTBEHHBIE Xa-
pakrtepuctuku [T B Bcex macmitaboB. Takoit skc-
MEePUMEHT BBITTOJIHEH HAMU, €r0 Pe3yJbTaThl MpU-
BelIeHBbI B pasjelie 5 U MOJHOCTBIO TOATBEPXKIAIOT
aJleKBaTHOCTh NpeajioxkeHHoi Monenu AI'B-TTNB.
Bosoyxnenue yra AI'B HaunHaeTcsa ¢ MUHUMY-
Ma (HyJIEBOi 9KCTPEMYM) C aMILIUTY10i A, = 0.484,
U CKOPOCTHIO, TIpeBhIIIatonieii 11 km/c (cM. puc. 2 u
TabJ1. 2). [T0CKOIBKY 3TOT 3KCTPEMYM UMEET Masylo
aMIUIMTYIy U OOJIbIIIYI0 CKOPOCTh pacnpocTpaHe-
HUSsI, €70 TPYAHO 3KCIIePUMEHTAIbHO 3apErucTpUPO-
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BaTh. DTO HaYaJbHOE BO3MYILEHUE (1ajiee — onset)
COOTBETCTBYET CUJIbHOMY ITOHUXXEHUIO JaBJICHMS
BO3J1yXa, IOCJIe YeTo B psijie cllyyaeB, B YaCTHOCTH B
roJibl MAaKCUMyMa COJIHEUHON aKTMBHOCTHU, TMOCJe-
JYIOLIME SKCTPEMYMbI, UMEIOIIE OOJIbILINE aMILI-
Tyabl (10 IBYX pa3) MacKUPYIOT CJieJ BO3MYILICHUSI,
Mpou3BeeHHbIX onset-oM. [ToaToMy B Haleil Mmo-
JleJId HavyaJlo 11yra OTCUMTBIBAETCS OT BO3OYXIEHUS
IEPBOro 3KCTpeMyMa (MakKCUMyM) C aMILUIMTYIOM
A, = 0.834; 1 ckopoctbio V| = 3 km/c. OnHaKO BO3-
MyIlIeHUEe HAaYMHAEeT MPOSIBAATHCS 3a 3.95 MUH 10
atoro coobiTus. Ilocie 3apoxaeHusi BTOpOro aKc-
TpeMyMma (MUHHMMYMa) OT UICTOYHMKA BO3MYIIECHUI
yaaaseTcsl MepBblii MPOCTPAHCTBEHHBIN MOJYEepU-
on AI'B. C nosiBjieHreM TPEThEeTo 9KCTpeMyMa (BTO-
poro makcumyMma) yr AI'B mpeacrasisier coOoit
MMOJIHBIM KBa3UIIEPUOA TOPU30HTAIBHOM BOJHEI. 3a-
pOXJIeHHE YETBEPTOro U MITOro 3KCTPEMYMOB CO-
3/1aeT 1LyT U3 IBYX MTOJTHBIX TPOCTPAHCTBEHHBIX KBa-
3urnepuonoB. Bo3HUKHOBEHME KaxXI0l MOC/eay0-
LLIEH Mapbl 9KCTPEMYMOB YBEJIMYMBAET HA €IMHUILY
YUCJIO KBa3UMEPUOIOB 11yra (BOJHOBOTO MaKeTa).

TopuzoHTaIbHOE PaCcCTOSTHUE MEXITY CMEXHBIMU
(i m i+ 1) axctpemymamu 1yra AI'B uim nmpoctpaH-
CTBEHHBI TOPU3OHTAJILHBIA MOJYyNEpUOa 1iyra
o6o3Haunm /. Torma cyMmMa CMEXHBIX TIOJIyTEPH-
OloB /; W [, ABJSAETCS MPOCTPAHCTBEHHBIM KBa-
sunepuogoM L, CornacHo JOMYLIEHUIO O MpO-
CTPAHCTBEHHO-BPEMEHHOM TMOCTOSIHCTBE KaXKIIOTO
BLIODAHHOTO 3HAY€HUs V; M YMEHBIIEHUIO MX 3Ha-
YEHUH C YBEIMYEHUEM [, TIONYTIEPUOL /; yBeTMIMBa-
eTCcs C TEeYeHUEM BPEMEHU:

AT G)

e 1’ = f — it. 3mech BpeM4 £ (Tak Xe, Kak M paHee)
OTCUMTHIBAETCSI OT MOMEHTA 3apOKACHUST TIEPBOIO
sKcTpemyMa (Makcumyma). B MomeHT ¢’ = 0 3apox-
JaeTcs BBIOpaHHbIii mosynepuon /;. Ha puc. 5 noka-
3aHbl 3aBUCMMOCTHU /;(f) [/l TIEPBBIX YETHIPHAALATH
KBa3UIMEPUOJOB, paCCUUTAaHHBIX IO opmyie (3) u
NaHHBIM U3 Ta0. 1.

MuunumainbHag JUinHa l,. u Ll. HaOJII0HaeTcs B MO-
MEHT ux 3apoxaeHusi. CraproBble (HayajabHbIE)
3HauYeHUs MepBbIX 14 MoayreproaoB U CEMU KBa3K-
MepUOI0B ITpUBeIeHBI B Ta0. 2. HanpuMep, niIThIi
KBasunepuo yra c L = 79.1 KM 3apoxxaaeTcs Mpu-
Om3uTenbHO Ha 40-if MUH MOCJIe BOBHUKHOBEHMS
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Puc. 5. MozenbHble 3aBUCUMOCTH /; OT BPEMEHHU £, IIPOLIE/-
ILIETO ITOCJIe Havajla BO3MYIIEHUs

Tabauya 3. 3uavenus ;u L; ina R,= 1500 km

Howmep /; ! Howmep L; I
B LIyTe i» KM B LIyTe i» KM
1 1196.5
2 285.7 1 1482.3

Tabauya 4. 3navenus I u L; s R, = 3000 km

Howmep /; I K Howmep L; L
B LIyTe L4 B LIyre [
1 2119.6
2 521.7 1 2641.3
3 223.3
4 116.9 2 340.2

MepBOro AKCTpeMyMa, a ceabMmoil ¢ L =47 kM — Ha
55-1 muH. [lanee npu aHajlM3e MOACIbHBIX 3aBUCH-
MOCTE} TTPOCTPAHCTBEHHBIM 1IyToM OyIeM CUMUTaTh
LYT, COCTOSIIIMI M3 TEPBBIX YEThIPHAALATUA IIOJIY-
nepuonoB. C TeuyeHUEM BpEMEHM IpU yAaJeHUU
uyra AI'B oT ucTouHMKa BO3MYIIEHUI €ro Ipo-
CTPaHCTBEHHBIE MOJIYNEPUOMBI /; U KBA3UIIEPHOIbI
L; TMHEHHO yBEINYMBAIOTCS OT MUHUMAJIbHbBIX 3Ha-
YyeHMI, HaOM0JaeMbIX ITPpU UX 3apoxkaeHnun. O003-
HayuM R, pacCTOsHME MEXIy UCTOYHUKOM BO3MY-
LIeHUs 1 ITIEPBBIM 3KCTpeMyMoM B 11yre AI'B. 3Haue-
HYA [; M L; Ipy ynaneHusx nepBoro 9KCTpeMyma or
MCTOYHMKa Ha pacctostiue R, = 1500 1 3000 kM n-
JIIOCTPUPYIOTCS Ta0M. 3 1 4. YIIOMSIHYTBIC 3HAYCHUST
R, Hab/II0AI0TCSA COOTBETCTBEHHO CIYCTA £ = 8.3 1
16.7 MUH ocJie BO30YKIEHUS ITIEPBOro SKCTPEMyMa
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Puc. 6. ITpocTpaHCTBEeHHO-BpeMeHHast nnHamuka 1yra AI'B,
cocrosiero u3 14 monyrnepuoaoB: a — CKaHbI IIyTOB JUISI
JWCKPETHBIX 3HAY€HNUH ¢}, 6 — HU3KOCKOPOCTHAsl 4acTh CKa-
HOB 11YTOB JUISl TUCKPETHBIX 3HAYEHUIA 7|

(H1>Xe — Hayvaja Bo3MyllleHMs ). BeiOpaHHbIe 3HA-
4eHUs R, SABISIOTCS XapaKTEPHBIMU YAAIEHUSIMU
ncroyHuka ot MUII B skcneprMeHTaIbHBIX HAOJII0-
neHusx (cM. pasaenst 4 u 5). Kak BunHo, ipu R =
= 1500 1 3000 xM nepBBIil IEPUO IIyTra OTHOCUTCS K
KM, a nocneayroinue — Kk CM-TT1MB. HaumeHbliiee
3HaYeHue L,; IpU TaKKX YIaJI€HUSAX IEPBOrO 9KCTpe-
MyMa OT UICTOYHUKA cocTaBisieT 6osee 300 kM.

Ilpocmpancmeennvie ckaunvt noaynepuodos. Pac-
CTOSIHUE R; MEXIY BO3MYIIAIOUIAM UCTOYHUKOM U
Onvkaiinedt K HeMy TpaHWLEW KBasureprona /; B
myre AI'B mst 3aganHoro 3HadeHust R | OTIMCBIBAET-
sl BBIpaKeHUEeM

i
R=R-Y1, 4)
i=1

=Vitg+ V=V 1
t=t — iy, 1, =R,/V,.

Ha puc. 6 mokasaHa MpoOCTPaHCTBEHHO-BPEMEH-
Hasl JMHAMMKA TONYNEePUONOB /; JUIl Pa3lIM4HbIX
BPEMEH 1, T/ie MOJI0XEHNEe IPaHULL MONYNePUOI0B

14

[; M IepBOTO 9KCTpeMyMa R| OTMEYEHBI MapKepaMu
Ha TOPU30HTAILHBIX OTpe3Kax (puc. 6, a). [Nonyme-
puojIbl /; paccumtaHbl 1o dopmysie (3). s kaxmo-
0 BBIOPaHHOTO 3HAYEHMUS ¢ PEATU3YETCSI CBOI CKaH
[(R). Habop peanusaiuii CKaHOB JUIsl CEpUU 3HaYe-
HWIi 7, IPEJCTABJIEH Ha YIIOMSAHYTOM PUCYHKE.

Takyto CTpYKTYpy MOXKHO OOHAPYKUTh SKCIIEPHU-
MEHTAJIbHO B pe3yjbTaTe MPOCTPAaHCTBEHHOTO CKa-
HUpOBaHUS (ITPOCBEYMBAHMS) MOHOC(EPHI, BHIMOI-
HEHHOTO BAOJb NpogosbHoil ocu AI'B. Ha puc. 6,
a HarjsIHO BUJHO CWIbHOE pa3jinuue 3HayeHU
[; IEPBBIX YETHIPEX TOJIYNIEPHOIOB IIyra, KOTOPbIE
00YCJIOBJICHBI MMEPBLIMU TISITbIO BHICOKOCKOPOCTHBI-
MU 3KCTpEMyMaMu A; (HalloMUHaeM, 4YTO B pacye-
Tax He YYUTBIBACTCS onset, pacpOCTPAHSIONIUIACS
co ckopocthbio V). Ha puc. 6, 6 uimoctpupyrorcs
TIOJIYTIEPUOIBI /;, TOPOXKAEHHBIE HU3KOCKOPOCTHbI-
My sKcTpeMymamu 1yra. Cnycrs ¢, = 0.93 4 popmu-
pytoTcs Bce 14 mosyneproaos 1yra u rnoJynepuo],
MOPOXAEHHBIN TocaenHuM (14-il monyrnepuon),
HauyMHAaeT yAaJsIThCS OT UCTOUHMKA BO3OYKIACHMSI.
Bce mpeaiecTBytole MOJyNepuoabl 1yra B 3TOT
MOMEHT OTCTOSIT Ha Pa3HbIX PACCTOSIHUSIX OT UCTOU-
HUKa 1 YK€ YBEJTUIWIN CBOIO TMHY OTHOCUTEIHHO
CTapTOBBIX (HAYaJIbHBIX) 3HAYEHUI. 3aMETUM, YTO
CMEXHbBIE 3HAYEHUs /; B HU3KOCKOPOCTHOM 4acTh
TaKoro 11yra pa3HsTCsl 3HaUUTEJbHO MEHbIIIe, YeM B
BbICOKOCKOPOCTHOM €ro 4acTH.

Ha puc. 7 moka3zana 3aBucumoctb L(R) mist pac-
crosinuii R; = 1500 ... 8000 xm. 3xech R — paccro-
sSIHME OT MCTOYHHUKA O CepelUHBbI KaXI0ro KBa3u-
nepuoaa. Ha BcTaBke maHenu 6 HaOI01aeTCs TIpU-
OJIM3UTENIbHO JMHEWHbIN 3aKOoH m3MeHeHus L(R)
g CM-TTUB.

C 1ebplo M3y4eHUsl MpOCTPaHCTBEHHO-BPEMEH-
HOW JMHAMUKU TPOCTPAHCTBEHHBIX KBa3WUIMEepUO-
noB AI'B mpuberHeM K Moie/IbHOMY SKCIIEPUMEHTY.
BBeaeM rurnoreTryeckoro HaboaTes s, uMetole-
IO BO3MOXHOCTb U3MEPSITh pa3Mepbl MPOCTPAHCT-
BEHHBIX KBaszunepruoaoB AI'B, koTopble OH BUIUT
Haja co0oii B BIOpaHHBIE MOMEHTHI BpemMeHu. Ha-
OomaTeNlb  TTOCIIeIOBATEIBHO pacIioiaraeTcsl Ha
WII, ynaneHHbIX OT UCTOYHMKA Ha 3alaHHbIX pac-
CTOSHUAX Ry;pp. [Ipy 5TOM, Kak TOJIbKO Ovkaiimast
K MCTOYHUMKY IpaHMlla KBa3ulieproaa Iepecekaer
BepTUKaIb HaOIOAAaTENsl, HAlll UCCleaoBaTe/b Ha-
YUHAET MPOU3BOIUTH U3MEPEHUS yKe CIEeAYIONIEro
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KBa3uIleproa 11yra, KOTOPHIi pacTioNoXeH OIKe
K UICTOYHUKY, YeM TTPEIIICCTBYIOIIN I KBa3UTIEPUOI.
JJ1st Toro 4ToOBI HAOIIOAATEIb MOT «IIPOU3BOJUTDL»
CBOM M3MEPEHMS, Mbl paccuuTaiu ckaHbl L(R) —
CeMelCTBO 1IyroB KBa3UIEPUOA0B sl Habopa 3Ha-
YEHMI 7, aHAJIOTUYHbIE CKaHaMm [(R), mpuBeneH-
HBIM Ha puc. 6.

Ha puc. 8 mokazansl rpadpuku L(f) ¢ IpocTpaHCT-
BEHHOM [IMCKPETHOCTBIO ARy = 500 KM [1st jna-
nazoHa Ry;; = 500...3500 kM. CoryacHO OLEHKaM B
HaIlIUX M3MEPEHUSIX B TAKOM JHMAra30He HAXOMUTCS
paccrostiue ot kacna 1o WIT (cm. pasmen 5). Ha niep-
BBII B3IJISII, CTOJIb HEOOBIYHOE TMWJIOOOpa3HOE W3-
MeHeHUe L ¢ TedyeHHeM BPEeMEHMU ¢ CBUAETEIbCTBYET
JIMIIIb O HeasieKBaTHOCTU Mozeau. Ha camom xe nene
TaKoe MOBEACHUE 3aBUCUMOCTH L(f) 1OIKHO HAOIIIO-
JAThCS TIPYU TTIOUTU HETIPEPBIBHBIX U3MEPEHMSIX TIPO-
crpancTBeHHOro nepuona AI'B nan UIT (mpu pa3HbIx
yIaJICHUSIX OT HETO NCTOYHMKA BO3MYIIICHUIA).

Hnsa nosicHeHuii 3¢h¢eKToB, KOTOpble OOHapy-
>KMBaeT HabJI0aTe b Ha Pa3IMUHbIX PACCTOSTHUSIX
Ry;1;, BHaYaJe IpOaHATM3UPYEM IMHAMUKY L(f) juist
Ry = 500 xm (puc. 8, a). IlepBoe 3Hauenue L =
= 1482 kM Ha rpaduke COOTBETCTBYET 3adcpKKe
0.138 u (8.3 MuH) OT BO30YKIEHUS MEPBOTO IKCT-
pemyMma (majgee — Havaja Bo3myiieHus ). [1pu aToit
3alIepKKe MEePBBIM IKCTPEMYM TTePEMECTUTCS OT MC-
TOYHMKa Ha paccTosiHue 1500 KM, a epBblil KBa3u-
nepuoj OyAeT BKIIOYaTh B Ce0s1 MEPBBIA U BTOPOW
noaynepuoabl. CoOrjlacHO W3MEpPeHUsIM Hallero
TMIIOTETUYECKOTO HabstoaaTes sl Mo Mepe MpOIBU-
KeHus TepBoro kBasunepuonaa Han WIT ero anuHa,
Kak M JUIMHA CJIEAYIOIIeTo 3a HUM KBa3MIIEpUOa,
JIMHEHHO yBeNIW4YMBaeTcsd. DTa ¢aza Tepemerre-
Hust AI'B Han UIT cooTBeTcTBYeT repBoMy JIMHEH-
HO Bo3pacTrawuieMy GparMeHTy 3aBUCUMOCTU L (1)
(Brutoth 10 3027 kM nipu ¢ = 0.324 4). Kak ToJabKO
Han MIT nmokaxeTcst HaYaabHasi 4acTh BTOPOT'O KBa-
3unepuona (Oavkaiiiass K MICTOYHUKY JeBasl rpa-
HMIIA TTIEPBOTO KBa3WIepHoaa OKaxKeTCs 3a BEPTH-
KaJIblo HaOIIoAaTesIs1), U3MEPsIeMbIil Tiepuon OyneT
COCTOSITh M3 BTOPOTO M TPETHETO ITOIYIIEPUOIOB,
KaXXIbI! 13 KOTOPBHIX 3HAYUTEIIHFHO KOPOYE MEPBOTO
MOJIyIIeproa, NepBbIM IpocienoBaBmmuM Hag MIT.
B pesyabrate 3TOT nepuoj (COCTOSIIUI U3 BTOPO-
IO U TETHETO TMOJYIEepUOI0B) 3HAYUTEbHO KOpOoUe
nepBoro HabJrogaeMoro rnepuona. B HameM mpu-
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Puc. 7. 3aBucumMocTb L oT paccTosiHUSI R 10 UICTOYHMKA BO3-
MYLIEHUI TIpY PasIn4HbIX yaaneHusax R: a — R; = 1500...
3500 km, 6 — R, = 4500...7500 xm

Mepe ero IJiMHa cocTaBisieT okoyio 973 km. [lanee
C TeYeHUEM BpPEMEHU STOT HOBBLIM MEepPUONa TaK-
K€ JIMHEWHO YBEJMYMBAeTCsl BILJIOTh A0 3HAYEHUs
1200 KM M CKauykKOM 3aMEHSIETCS] 3HAaYUTEeIbHO
MEHBIIUM KBa3UIEPUOJOM, COCTOSIINM U3 TPETh-
€r0 M YETBEPTOTO MOJIYIEPUOIOB U PaBHBIM OKOJIO
611 kM. C TeueHrEM BpEMEHU B XO/I€ IEPEMEILIEHUST
ATI'B nag MII naGaiomaemblii KBa3UIIEpUOA M €ro
BPEMEHHO I'paJilieHT B KaXKI0M IocJieaytoliem 3yoe
MWIbl HAa 3aBUCUMOCTU L (f) CTAHOBSITCS BCE MEHb-
1lIe U MEHbIIIEe, TOCKOJIbKY YMEHbIIIaeTCsl pa3indue
MEXIY CMEXHBIMU 3HAYEHUAMHU V; B Lyre. DTOT
MPOoLIECC MPOIOXKAETCS BIUIOTh O JOCTUXEHMS
MUHMMaNbHOro KBasunepuona L. = 200 km. [la-
Jilee HabOIIOmaeTcs TPaKTUIeCKM MOHOTOHHOE yBe-
JdyeHue L(f), MOCKOIbKY pa3iddus MEXIy CMeXK-
HBIMM 3a4€HUSAME V; TS 5KCTPEMYMOB € HOMEpaMu
i > 8 oKa3bIBalOTCS MPAKTUYECKU TOCTOSIHHBIMU.
DKcrepuMeHTalIbHble HaOMoaeHUS 3 heKTa MUIbI
WIIOCTPUPYIOTCS B paszene 5.
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Puc. 8. 3aBucuMocTb KBazunepuoaa L oT BpeMeHHU #, MPOLIEAIIEro Mocjae Hayajaa BO3MYILIEHMS, JUIsl pa3IMYHbIX YAaJIeHUM
U3MEPUTENLHOTO TyHKTa Ry OT uctouHuka AI'B
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Bpewms, npu koropom umMeeT Mecto L ..., 0603Ha-
4KMM Kak 7. . 3aBucumoctu L. (Ryp) ut . (Ryp)
nokasanbl Ha puc. 9. [Tpu Ry = 500...3500 kM 3Ha-
yeHue L . W ¢ . JMHEHHO YBEIMYMBAKOTCS COOT-
BeTcTBeHHO B MHTepBajiax 200...747 kmu 1.3...7.7 4.
C ucnojb3oBaHUEM TaKMX Tpa(UKOB MO 3KCIEPH-
MEHTAJIbHBIM 3aBUCUMOCTSIM L(f) MOXHO OLIEHUTh
3HaueHue Ry

Boicoma pacnoaoxcenus u moawuna caon. Kak
YK€ OTMeYasloCh, BHaYaje BO30YX/1at0TCsl BbICOKO-
ckopoctHbie KM-AT'B, Bcien 3a HUMU reHepupy-
1otcst Hu3KockopoctHbie CM-AT'B. Tlpu Gosbiiux
paccrossHussX oT uctouHnka CM-AI'B «BbITsirMBa-
oTcss» B KM-Bo3MyllieHUsT, OHAKO OHM TPOHOJI-
JKAIOT PAacIPOCTPAHATLCS C MaJIBIMU CKOPOCTSMU,
MPUCYLIMMU XBOCTOBOW yactu 1yra. [Tpu eauHCT-
BeHHOM [IMB-ucrounuke CM-Bo3MylleHUSI HE
MoryT gorHaTte KM-Bo3MyllieHUSs], TeHEpUpyeMblie
B HavajbHOU (paze KosiebaHUit McTouHuKa. Haso-
KeHue (cyneprosunus) KM- u CM-Bo3myllieHUt
MOXET MPOUCXOAUTH B clydyasiX, Koraa, Halipumep,
MMeeTCs JBa MCTOYHUKA (Mau OoJiee), pacroso-
KEHHBIX B OJHOM 1 TOH XK€ WJIM B MPUOJU3UTETBHO
COBMNAAAIONINX 00JIACTIX MPOCTPAHCTBA, U BKIIIOUE-
HUe (3alyCK) TaKMX MCTOYHMKOB OCYIIECTBIISIETCS
B pa3Hble MOMEHTHI BpeMeHHU (C 3alepKKoi Oosiee
yaca). AHaJIM3 3KCIepuMeHTaTbHbIX JaHHBIX TPAHC-
MOHOC(EPHOro 30HAUPOBAHUS MoKazaja, yro KM-
[T B HaGitomaroTcsi B BOJIHOBOAE 3eMJIsi — MOHO-
chepa ¢ apdexTuBHOM ToMILMHOMK 2H = 160 KM 1 €
MaKCUMYMOM aMILIUTYbl Ha BbicoTe Z,,. CM-AI'B
SIBJISIOTCS CBOOOJHO PaCHpOCTPAHSIONIMMUCS 10
BCEM HalpaBJeHUsIM OT UCTOUYHMKA BoJiHaMmu. [Toc-
Jie OTpaXeHUsI OT MOBEPXHOCTHU 3eMJIM OTU BOJIHBI
Ha MoHocdepHbIX BbicoTax nopoxaator CM-TTHUB.
CorjlacHO HalllUM 3KCIepUMEHTAIbHBIM UCCIIEN0-
BaHUSIM TaKUe BO3MYILIEHUS TIPOSIBISIFOTCS B CJIOE C
apdexkTnBHONI ToMIMHOM 2H = 50 KM ¥ IpoaoJib-
HOM OCbIO, PacCrONIOKEHHON Ha BbICOTE 7, (KaK W
B ciyyae KM-TIMB). Yron nageHus u oTpaxkeHust
9TUX BOJIH TeM 00JIbllIE, YeM Jajble OTCTOUT TOUKA
OTpaXxeHus (CKauka) OT MCTOUHMKA BO3MYILIEHUA.

Yeon naxaona gpponma AI'B 6 éepmuraavhoii naoc-
xocmu. ®poutr AI'B-TIMB B BepTHUKaIBHOM TUTIOC-
KOCTHM MMeeT HAaKJOH B CTOPOHY CBOEro pacrpo-
CTpaHEHMUS MPU JOOOM MeXaHU3Me paclpoCcTpaHe-
HUS BO3MYULIEHUIA: BOJTHOBOJHOM JINOO CKAYKOBOM.
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Puc. 9. 3aBUCUMOCTH OT PACCTOSIHUSI 1O U3MEPUTEbHO-
TO TyHKTA Ry;p: @ — MUHUMAJIbHbBIX 3HaYeHW# L. TIpo-
ctpaHcTBeHHOro nepuona [N B, 6 — BpeMeHHOI 3aaepKKU

tmin OT Havala UICXOOAHOI0 BO3MYLICHUA, MTPpU KOTOpOfI Ha-

omonarorea L

Tonpko B mocieaHeM ciaydae, KaKk OyaeT pas3bsic-
HEHO HMXe, 3TOT HAKJIOH 3HAUYMUTEJbHO OOJblIe.
Bbilie oTMevanoch, Kak reoMeTpusi 9KCIeprUMeH-
Ta MPU CKAYKOBOM PACIIPOCTPAHEHUU TPUBOIUT K
yBeJMueHuo HakJIoHa Al'B-sryya npu ynajaeHuu ero
TOYKHM OTPAKEHUSI OT UCTOUYHMKA BO3MYILIEHUS (CM.
puc. 1). ITepexon ot AI'B-BosiHbl K AI'B-j1ydam uc-
MOJIb30BaH JIMILIb JJIS ICHOCTU UHTEePIPETALUU.

Ha puc. 10, a mokaszaH «<MrHOBEHHBII CHUMOK»,
XapaKTepu3ywlIMii pacnpocTpaHeHue ¢parMeHTa
uyra CM-AI'B B BeIOpaHHBIII MOMEHT BpPEMEHMU.
31ech MUHUMYMbI U MAKCUMYMbI BO3MYILIEHUST 1aB-
JIGHUSI BO3/lyXa B BOJIHE TIOCJIE €€ OTPaXKeHMUsI OT TO-
BEPXHOCTHM MOXHO WMHTeprnpeTupoBaTh Al B-myda-
MU. DTU JIydu (Iy9u-min 1 Jy4u-max), JOCTUTHYB
MOHOC(MEPHBIX BHICOT, TPOMU3BEIYT TaM MOAYJISLIUIO
3JIEKTPOHHOW KOHLIEHTPALlUU BOJb MOBEPXHOCTU
3emun. [Ipenmnonaraercsi, 4To Mocjie OTpaxKeHUsl OT
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Cocrapnsionime
KosnebaHuii B AI'B

DpoHT MaKCUMaJILHOTO
JaBJIeHUs

Ocb
BOJIHOBOJIA

HcTtounuk
ATB

&, rpan I
80 | /]/,f,’—f‘—"'::'_—_—
70 //2
60 4
/2
50+ 7
wl b

®ponrt [T B B BepTUKaTbHOM
TJIOCKOCTH HAaKJIOHEH
OTHOCHUTETBHO MECTHOM
BEPTUKAIN

AN<O AN >0

MOBEPXHOCTU CUTHAJIbI PACIPOCTPAHSIIOTCS MIHO-
BEHHO, 0€3 KaKHUX-JI100 3a/1ep>KeK, CBSI3aHHBIX C OT-
paHUYEHHBIMU CKOPOCTSIMU WX paclpoCTpaHeHMUs.
DTO MO3BOJISIET YIIPOCTUTH PUCYHOK 1 O0JIee HATJISII-
HO MTPOMJUTIOCTPUPOBATH CYTh ITpoLiecca MOAYJISILIUY
noHocdepsl. B peasbHOM cityyae BIOJIb HAKJIOHHO-
ro AI'B-nyya ¢ TeueHrueM BpeMeHU MPOUCXOIST He-
3aBUCHUMbIE KOJIEOAHUS BO3/yXa KaK 10 BEPTUKAJIH,
TaK W BIOJIb JIy4a, BO3MYILEHWE SBJISIETCS MPOI0Jb-
HO-BEPTUKAJIbHOM BOJIHOU (BEPTUKAIbHbBII KOMIIO-
HEHT KoJyiebaHuii uMeeT aBe cocTapistomue). [1pu
3TOM BJIOJIb HampaBJeHUs PaclpoOCTPaHEHUST BOJI-
HbI KoJIeOaHUSI MMPOUCXOSIT MOYTH TaK Xe, KaK U B
3BYKOBO#1 BoyiHe. He3aBrucuMble BepTUKAIbHbIE KO-
JiebaHus1 O0YyCJIOBJIEHBI NEMCTBMEM CHMJIbI TpaBUTa-
MU B CTpaTU(ULIMPOBAHHON aTMocdepe: BOo3Bpa-
1IAIOIIMMU CUJIAMU SIBJISIIOTCS CUJIbI BBITAJTIKUBAHMS
(TIpy BCIUIBITUN) U TSDKECTU (IIPU ITOTPYKEHNM ).

B Bo/JIHOBOZHOM MexaHM3Me paclpOCTpaHEeHMsI
KM- u CM-ATB siBisitoTCS 1onepeuyHbIMI BOJTHA-
MU: pacIpoCTpaHeHNEe MPOUCXOIUT BIOJb MOBEPX-
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Puc. 10: a — nyun AI'B npu ckaukoBOM Mexa-
HU3ME PacIpOCTPaHEeHUsI, 6 — 3aBUCUMOCTD
yrja HakJIoHa & oT pacctosiHusl R. Kpusble /,
2 — CM-IIMB, BbIcOTa pacIoONOXKEHUS UC-
TOYHMKA HaJl IIOBEPXHOCThIO 3emin z, = 100
u 200 xkm; kpuBas 3 — KM-ITMUB, ¢ — reo-
metpust paauonyda MC3 — UII u ¢pponTa
TIMB B BepTUKAIbHOI MJIOCKOCTU HA pa3iny-
HBIX y4JacTKaX TPaHCHMOHOC(HEPHOTO 30HIM-
poBaHUS

HOCTH 3eMJiu, a KoJieOaHUs BO3yxa — BIOJb MECT-
HOIi BepTHKaau (KaK B rpaBUTALIMOHHBIX BOJIHAX). B
CKauKOBOM MexaHMu3Me pacnpoctpaHeHuss CM-AI'B
SIBJISIIOTCSI  TIPOJIOJILHO-TIONEPEYHBIMU  BOJIHAMM:
Kos1e0aHUST BAOJb HAMpaBAeHUsT PacpOCTpaHEHUS
(BmoJb Jyya) MPOUCXOIAT Kak B 3BYKOBOI1 BOJIHE, a
KoJIe0aHMS BOOJIb MECTHOM BepTUKAIN — KakK B Ipa-
BUTALIMOHHOW BOJIHE.

Haxiion ¢poHTa B BOJIHOBOZHOM MEXaHMU3ME
repeaadyd BO3MYIIEHUST OIpeAelisIeTcsl pa3HOCTHIO
¢azoBeix ckopocteii AI'B (kaxk CM-, tak u KM-
AT'B) Ha BBICOTHBIX TpaHHUIIAX CJI0SI/BOJTHOBOJA:
Ha BEpXHEil TrpaHMILE CJI0sI/BOJHOBOJA CKOPOCTH
0oJibllle, YeM Ha €ro HIXKHEH rpaHulle. YIOMSIHY-
Thle ckopocTu AI'B 3aBUCST OT CKOPOCTU 3ByKa Ha
BBICOTHBIX T'paHHUIIAX C(HEepPUIECKOTO CJI0sI/BOTHO-
Boma. Kak oTMe4anoch, 3TH TPaHUIIBI OTCTOSIT IPYT
oT apyra npuMepHo Ha 160 km st KM- 1 Ha 50 kM
s CM-AI'B-TIWB. M3BecTtHO, 4TO y 3eMHOI TO-
BEpPXHOCTU M Ha BbicoTe OoKoyio 100 KM CKOpOCTb
3ByKa coctaisieT 0.34 xm/c, a Ha BbicoTax 300...
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400 kM — oHa Jexut B nuamnasone 0.9...1 km/c [5,
66]. [MosToMy pasznuume CKOpOCTeil 3ByKa Ha Tpa-
Hunax BosiHoBonaa it KM-AI'B MmoxeT cocTaBiIsATh
okoJio 0.2 km/c. B pe3ynbrare HakJIOH (ppoHTa BOJI-
HOBOJIHBIX AI'B (Kak 1 CKauKOBBIX) YBEJIUYNBACTCS
MPpU UX YIAJCHUU OT UCTOYHUKA. DTO MPOUCXOAUT
MOTOMY, YTO B XOJI€ PACIIPOCTPAHEHUS TaKUX BOJH
YBEJIMYMBAETCSl Pa3HOCTb (Da30BbIX IMyTEH, MPOXO-
JUMBIX UMW Ha BepXHEW M HUKHEH TpaHulie cios/
BoJiHOBosa. [TomOOHBIM MeXxaHU3M yBeIUYeHUs &
10 YKa3aHHOU NMpUYrHe padoTaeT U MpU CKAYKOBOM
crnocobe pacnpoctpaHeHust AI'B. OqHako ero Bkjian
B UTOTOBBI HaKJOH (DpOHTA HEBEJIMK, MOCKOJIbKY
BBICOTHasl Pa3HOCTb BEPXHENH M HWXKHEW TpaHUII
AI'B-nyya 3HaQUMUTENbHO MEHBIIE, YEM BBICOTHBIX
rpaHull BosHoBona st KM- u cinos st CM-AI'B-
II1B. 3nmecy cienyeT OTMETUTh, UTO B Ipeaarae-
MO TIOIySMIIMPUUECKOU MOMeIU TojiaraeTcs, 4To
AT'B-TTNB oboux BUIOB pacnpoCTpaHsIIOTCs BAOIb
MOBEPXHOCTU 3€MJIM CO CKOPOCTSIMU MX IKCTpe-
MYMOB, yKa3aHHbIMU B Ta0ia. 1. [Ipu aTOM HaKIOH
BOJTHOBOT'O BeKTopa pacrnpoctpaHeHusi CM-Bo3my-
LLEHUM HE YUUTHIBAETCS.

Moaynb yrina HakjioHa & (B paadaHax) ¢ppoHTa
CM- u KM-AI'B-IIMB B BepTUKaIbHOI IIJIOCKOC-
TU OTIPEJENSIeTCS COOTBETCTBEHHO 3aBUCUMOCTSIMU

€ = arctg (R/(z,,+ 2y (Rp + 2,)/ (Rpt 29))), (5)
£=2.110"* R, (6)
rae R, — panuyc 3eMiu, Z, — BbICOTa PACIIOIOXKe-
HUS MCTOYHMKA HaJ TMOBEPXHOCTbIO 3€MJIM, pac-
CTosiHUst R M R 0 MCTOYHWKA BO3MYLICHHsI OT-
CYMTHIBAIOTCS COOTBETCTBEHHO Ha BBICOTE Z,, U TIO
nopepxHocth 3emid. Bemmuwna R, usmepsiercst B
kusioMerpax. Ha puc. 10, 6 mpuBeneHbl 3aBUCHMOC-
1 E(R) 1U1st 000MX MEXaHU3MOB PACIIPOCTPAHEHUS
AI'B. YBenuueHue yria HakioHa & s iydeit CM-
AI'B ¢ yBennuyeHUeM pacCTOSIHUSI TOYKU UX OTpazke-
HUS OT MECTa PaCIOJ0XEHUSI UCTOYHUKA WILTIOCT-
pupyetcs Ha puc. 1 u puc. 10, a.

ITpu pacuerax £(R) B CKAaUKOBOM MeXaHU3ME He
YUUTBIBAIACh pedpakuusi, MpUHUMaIach BO BHU-
MaHue chepUUHOCTb IMTOBEPXHOCTH 3eMJIM, ToJiara-
JIOCh, YTO TIPOAOJIbHASI OChb CJIOsI, B KOTOPOM OOHa-
pyxusatorcsa CM-ITMB, Haxonurcst Ha BBICOTE Z,, =
= 300 XM, a UICTOYHUK BO3MYIICHUSI PACIIOJIOXEH
Ha BbicoTax z, = 100 1 200 KM (COOTBETCTBEHHO

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2016. T. 22. No 5

kpuBble I u 2Ha puc. 10, 6). BenuunHa R OTCYUTHI-
BajlaCh OT MCTOYHHUKA BO3MYIIIEHHUS BIOJb TTOBEPX-
HOCTU 3eMJIM Ha BBICOTE 2, = 300 kM. 3aBUCUMOCTD
(5) BbITEKAET U3 FTeOMETPUU CKAUKOBOT'O MEXaHU3Ma
pacnipoctpaHenust CM-AI'B-TTUB.

st nonydenust £(R) B BOJHOBOAHOM CITOcO0e
pacnpoctpaHenusi AI'B-IIMB (kpuBas 3) ucnosb-
30BaHa JIMHelHas skcrpanonsiuus (or 1650 mo
5000 kM) pe3yabTaTOB pacueTra BO3MYILEHUs TOpU-
30HTaJIbHOI cKOpocTu Bo3ayxa B AI'B, mpuBeneH-
HbIX B pabote [8]. B aToii paboTe ¢ mpuMeHeHUEM
YUCJIGHHOTO aJlfOpUTMa PellieHUs] ypaBHEHUM reo-
(buzrueckoi ruAPOAMHAMUKY YUYUTHIBAIUCH BIUSI-
HUE TYpOYJIEHTHOI BSI3KOCTU U MOHHOE TOPMOXKE-
HME, KOTOPbIE aBTOPhI CUMTAIM Haubosee CylecT-
BEHHBIMU UCTOYHUKAMU JUccUnaiu sHepruu AI'B.

ITpu R = 2500 kM oTHOLIEHUE YIJIOB & B CKayu-
KOBOM 1 BOJTHOBOJTHOM MEXaHM3MaX paBHO 2.5 ms
= 100 xm. Ha paccrossHusIX oT ucToyHuKa R =
= 5000 kM 3TO OTHOIIIeHUE YMeHbluaeTcs a0 1.4. B
3TUX OLIEHKaX MpeHeOperajicsl yroMsIHYThIi BbILIE
JOTOJHUTENbHBIN TOBOPOT ¢poHTa CM-AI'B. B
ckaukoBoM MexaHusme miast R = 2500...5000 kM
3HayeHue & npu z, = 100 KM U3MeHsIETCS JIMIIb Ha
6.7°, uto cocTaBnseT 8.2 % OoT cpeaHero 3HaYeHus &
B yHOMSIHYTOM auara3zoHe R. B ciaydae, korma R =
= 0...2000 kM, yroy HakJioHa & pe3KO yBeJUYUBa-
€TCs MO0 TTOYTH JIMHEMHOMY 3aKOHY OT 5 1o 75° (cMm.
kpuBble / 1 2 Ha puc. 10, 6). [1pn aHanu3e JaHHBIX
TPaHCUOHOC(HEPHOTO 30HAUPOBAHMUS (CM. pa3aen )
SKCIepUMEHTaIbHBIE 3HAUeHUsT & Ha CeBEpPHON U
IOKHOW TpaHWIaX PamdoNpOCBEYMBAHUS HUCIIOb-
30BaHbI TSI OLIEHKM PACCTOSHUM 3THX TPaHUIL OT
MECTOTIOJIOXKEHUSI KacIa.

Ha puc. 10, 6 mokazaH MeXaHU3M TOAaBICHMS
BausiHust [TMB Ha Toii yactu perucTpaiii MOHO-
cepHOl coCTaBSIONICH MOMIePOBCKOro CMelle-
Hus yactoThl, rae pannonydy MC3 — UIT nepecekaer
JBe (1au 6osiee) MpoTUBOGa3HbIe HEOJHOPOIHOCTU
N (neBast yacth nposieta MC3, 6amxaiiiinast K MCTOY-
HUKY BO3MYILIeHUIT ). BMecTe ¢ TeM HEOTHOPOAHOCTHU
N HamboJee CUITbHO MPOSBIISIIOTCS Ha SKCITEpUMEH -
TaJbHOU 3aBUCUMOCTH B TOM cCJlyyae, KOrjaa HakJoH
pannonyda MC3 — UII coBmamaet, 1160 0IM30K K
HakJIoHY (¢poHTa [TMB B BepTUKaIbHOI TMI0CKOC-
T (npaBas yacth npojeta MC3). Takasa cutyauust
BO3HUMKaeET B ciayyae, korna AI'B-TTMUB ynansiorcs
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ot UII. DT10T 3hheKT ncrnonb30BaH HAMU B Ka4eCT-
Be MHIMKATOpa HarpasieHus nepemeineHus [1MB
10 JAaHHBIM TPAaHCUOHOC(EPHOTO 30HIUPOBAHUS:
BO3MYILIEHUST IBUXKYTCSI C CeBepa Ha 1or JIM0Oo B 00-
paTHOM HanpasjieHuu. BriepBbie Ha Hero oOpaTUIn
BHUMaHue B padote [30]. [TogpobHee o BIuUsIHUY &
Ha pe3yJIbTaThl PamuoNpOCBEYMBaHUS MOHOCHEPHI
U3JI0KEeHO B padoTe [15].

Ilpocmpancmeennoe pacnpedenenue 34eKmpon-
Holl Konuenmpauuu. B 3agaHHBIII MOMEHT BpeMeHU
npoctpaHcTBeHHast monyasiuusi N Hag UTT (Han pe-
TMOHOM C TOPU30HTAJIbHBIM paaunycoM a0 1500 km)
OIMMCHIBACTCS BEIPAXKECHUSIMU

N =N, [1+4, FR)F, (¢, W], (7)

(z-2,)
F(z)=exp _T >

Fi(p, %) =sin[m, (¢ — Ag) +m, (A — AL) + @],

—Z 1—Z
AQ=+—"5m tof AN =t M toF
® Rite, e R, T g&

m
2
m :Tn(RE +2,,)cosc, m :%(RE +2,,)sina,

®
§=S)— (9 — ) ke,
rae ¢, A —reorpaduueckue LMpoTa U A0JIroTa Bbl-
OpaHHOI TOUKM MOBEPXHOCTU COOTBETCTBEHHO,
¢, — tmpora MII, oo — a3umMyT BOJIHOBOTO BEKTO-
pa AI'B-TIMB (oTrcuuTtbiBaeTCsl OT HallpaBJIeHUs Ha
ceBep), &, — Yros HaKJIOHa IpU ¢ = ¢, ¢, — reo-
rpacpuyeckas mupora NI, A, = Ay, — (¢ — ¢k 44
N, — HCBO3MYH_IGHHOEE IIPOCTPAaHCTBEHHOE pacnpe:
JIeJICHNE 3JIEKTPOHHON KOHIIEHTPALMK B 3aJaHHBII
MOMEHT BpPeMEHH, pacCUMTaHHOE MO TJI00aJIbHOM
aIanTUPOBAaHHON MOHOC(HEPHOI Mozenn; A, — OT-
HocurenbHas amruiatyaa [IUB nipu ¢ = ¢y, ® — Ha-
YaJIbHBIA CABUT (pa3bl BLIOPAHHOIO TapMOHUYECKO-
ro BO3MyLIeHUs, Kk ,, U lgg — KO3(PULIMEHTHI MPO-
MOPLUMOHAILHOCTH, Z — BbICOTA HaJl IOBEPXHOCTHIO
3emau. 3HakK B popmynax it A¢ U AA BbiOUpaeTcs
B 3aBUCUMOCTH OT OTHOCUTEILHOTO ITOJIOKEHMSI IC-
tounuka AI'B-TIIMB u UII. Ecniu ncroyHuk Haxo-
IuTcs ceBepHee mau 3amagHee MII, To BeiOMpaer-
csl 3HaK MUHYC. B mpoTuBHOM ciyyae BbIOMpaeTcs
3HaK 1oc. Pyukunun F(z) u Fi(e, 1) onpenendaior
n3MeHeHus: aMrauTynbl U da3el [IMB B 3aBucu-
MOCTHU OT Z, ¢ U A. [J106asibHass Mozesib MOHOCHEPHI
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JOJKHA KOPPEKTUPOBATHCS C UCITOIB30BAHUEM KO-
TePEHTHBIX CUTHAJIOB HU3KOOPOMTAIBHBIX HaBUTA-
LIMOHHBIX CITyTHUKOB [11].

3. BBIBOP [TAPAMETPOB MOJEJIN

Moneb OCHOBBIBAETCS Ha CJIEMYIOIIMX MOCTY/1aTax:

* IEPUOJUYHOCTD MOSIBJIEHUSI 9KCTPEMYMOB;

* IPOCTPAHCTBEHHO-BPEMEHHOE MOCTOSIHCTBO
uA;

* HEM3MEHHOCTb T, B TPOLIECCE BCETO BPEMEHU
BO30yxaeHUs 16 akcTpemyMoB 1ryra AI'B.

KotoueBbIMU TTapaMeTpaMy MOJIEIIN SIBJISTIOTCS:

* 3HAYEHUS CKOPOCTEH 3KCTPEMYMOB V5

* 3HAYEHUSI OTHOCHUTEIbHBIX aMIUIMTYI 3KCTpe-
MYyMOB Liyra A,

* ONyTepUon T, (uykryauuii armMochepHOro
JABJICHUS B BO30YKAAIOIIEeM UCTOUHUKE.

M3-3a o4yeHb OOJIBLIMX CKOpPOCTEH V; mepBbix
DKCTpeMYyMOB (cM. Tabia. 1) Hambosee TOYHBIE MX
SKCIIEpUMEHTAIbHbBIE 3HAYECHUS yIaeTCs MOIYIUTh
TOJBKO B CJIy4yae HEINpepbIBHOW TMArHOCTUKM Ma-
pamMeTpoB MOHOChEPDI, B yacTHoCTU Ny uiu N, .
Takoe ycioBue peaan30BaHO B MCCIEAOBaHUAX [53,
54]. B nepBoii n3 3TUX pabOT OCYILIECTBIISIICI MO-
HUTOPUHT N, 10 U3MEPEHUSAM YIJIa TIOBOPOTA JIU-
HeiHo nossipu3oBaHHbIX OBY Hecylux cUrHaaoB
teneMmeTpun (3ddekr Dapamest), U3IYUEHHBIX C
0opTa reocTallMOHApHOTO CITyTHUKA. B xome sKc-
MepuMeHTa yIaJloCh 3aperucTpUpoBaTh BO3MYIIIE-
HUSI, MHULMHUPOBAHHbIE B3PbIBOM-U3BEPXKEHUEM
ByikaHa Cenr-Xenenc 16 mast 1980 1. 1o oueHKaM
BYJIKAHOJIOTOB B3KBHUBaJeHTHasi 3Hepruss @, BbI-
CBOOOIMBIIASICA B XO[E B3pPbIBA, COCTABJIsIIa OKO-
Jgo 10 Mt THT. DTu maHHbIe MCHOJIb30BaHbI JJIs
ajanTaluy MOJEIU BO3MYILIEHMUSI M30TepMUUEC-
KO aTMocdephl TOUEUHBIM UCTOUYHUKOM [45, 66].
B pesynbrate ObUIM BBIYMCIEHBI TTapaMeTphbl IJIO-
0aJIbHOM YMPOILIEHHOM 3KBUBAJIEHTHOMN N30TEPMU-
yecKoil aTMocdepbl, B YaCTHOCTU CKOPOCTb 3BYKa
C = 486 M/c, OTHOIIIEHUE YAETBbHBIX TEIJI0EMKOC-
Teil aTMocepHOro rasa Ipu MOCTOSIHHOM JaBJic-
HUH ¥ TIOCTOSTHHOM 00beMe v, = 1.38. ITonaranocs,
YTO MPUBEACHHAs BBICOTA aTMOC(HEPhI COCTABISIET
H = 18.4 xM, ipogoiabHasi OCh CJIOSI PACIIOIOXE-
Ha Ha BbIcoTe 350 KM; B BBICOTHOM MHTEpBaJie
0...350 kM cpenHee 3HAYEHUE YCKOPEHMsS CBOOOI-
HOTO MajieHus cocTaBisieT g = 9.33 m/c2.
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Puc. 11. 3aBucumocTu ckopocTeit akcTpemyMoB B 1yre ITMB ot ux HoMepa: a, 6, 6 — 151 Ha3eMHBIX SIZIEPHBIX B3PLIBOB IPU
MUHHMMYME COJTHEYHOI aKTUBHOCTH, 2 — JUISl B3PbIBA BYJKaHa IIPU MAKCUMYME COJTHEYHOM aKTUBHOCTH (V; — CKOPOCTh 9KCT-
peMyMa; i — HOMep KCTpeMyMa B Iiyre (HeYeTHBIE YKCIa COOTBETCTBYIOT MAaKCMMyMaM, YeTHbIE — MUHUMYMaM); 6 — JUIS
BBICOTHBIX SIIEPHBIX B3PBIBOB, TTOJydeHHbIC TIPU MUHUMYME COJTHEUHOM aKTUBHOCTH

VYroMsiHyTast BbIle afanTUPOBaHHASI SKBUBAJICH -
THast MOJIEJIb U30TEPMUYECKOI aTMOCdepbl, Kak OHa
Ha3BaHa B pabote [53], ycrenHo npoBepeHa B padboTe
[54] Ha aKcriepyMeHTaIbHBIX JaHHBIX, MOJYYeHHbBIX
nociyie B3pbiBa ByidkaHa CeHT-XesjeHc. B Heit mis
JIMArHOCTUKU BO3MYILIEHUI MCITOIb30BaiCs 3P deKT
®apanes curHama myiabcapa PSR 0329+54, kotophrit
PETUCTPUPOBAJICSI BHICOKOYYBCTBUTEBHBIM DPaaNO-
UHTepGhEPOMETPOM C OUE€HB OOJIBIIION 0a301A.

[To maHHbIM [54] MBI paccuMTaIM 3HAYECHUS V; 1151
i=1...11. 3nayeHus V; 1is 3KCTpEMyMOB ¢ 12-ro 1o
15-i1 COOTBETCTBYIOT JMHEHHON 3KCTpaIosauun
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3HadeHuit Vi 9...11-ro skcTpemymoB. V| sinisier-
Csl BKCTpaIoJsIeil perpeccuu AeBSITOTO MopsiaKa
sHaveHwid V; st i = 1...11. danee sHayenus V; mis
0...15-ro sKcTpeMyMOB OyzieM Ha3bIBaTh MOZIEIBIO V;
(crutomHast tuHus Ha puc. 11). ITonydyeHHbIe TaKUM
00pasoM 3HaueHus V; npuseneHsl B Tab. 1. Ipo-
CTPAaHCTBEHHO-BPEMEHHOE ITOCTOSTHCTBO 3HAYCHUIA
V; 9KCIIepMMEHTAIbHO YCTAHOBJIEHO B paboTax [23,
26, 39, 41, 46, 53—55] I pacCTOTHUIT 10 UCTOY-
HUKa Bo3MyleHuit BIioTh 10 14000 kM. 3HaueHUs
A; 3aMMCTBOBaHbI U3 paboThl [27], OHM paccyuTa-
HbI 1715 3a1epkKu 3.333 4 oT Hauaja BO30YKACHMSI
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AT'B. Dra 3agepkka 011M3Ka K CpeAHUM 3HAaYeHUSIM
3amepXKeK UIST WCTIONb30BAaHHBIX HAMU 3IKCIIEpH-
MEHTAJIbHBIX TaHHBIX.

HewnsmeHHOCTD 1) B X0O/I€ FeHepaliy IeCTHa A~
TH 9KcTpemMyMoB AI'B Hamu noctynupyetcst. Cienyst
pabote [23], 115 BIYUCIEHUS T() Mbl UCTIOJIb30BAIU
3aBUCUMOCTb T, = 2nC/(y, g) [55]. 3HayeHus napa-
METPOB IIJIST TOI 3aBUCUMOCTH MBI B3SUIM U3 YIIPO-
IIEHHOM 3KBUBAJIEHTHOU Momen atMocdepsnl [53].
B pesysbrare okazanocs, 4to 1, = 3.95 MuH.

BeIpaxkeHusi, ommchIBaoOIIMe HAKJIOH (GpoHTa
B BEPTUKAJIbHOI IUIOCKOCTU I CKayKoBOro (5)
W BOJTHOBOIHOTO (6) CITOCOOOB pacIipocTpaHEeHUs
AT'B-TIMB, 3aumcrBoBaHbl 13 padoThl [15]. Coort-
HouieHue (5) BBIBEJACHO MJisI CKauKOBOIO Criocoda
pacnpoctpaHenusi CM-AI'B-TIMB B cdepuuec-
Kn-cuMMeTpudHoi cpene. CBssb (6), cripaBemin-
Bas TSI BOJTHOBOIHOTO CTI0CO0a pacIipoCTpaHeHUs
ATI'B-TINB, nosiyueHa Ha OCHOBE pacueTHBIX JaH-
HbIX [8].

3nauenust 2H anss CM- u KM-TTHUB, BbicoThI
nponojibHOU ocu BojiHOBoaa 111 KM-TTUB u cios,
B KoTopoM oOHapyxkusarotcs CM-TTUB, 6butn yc-
TaHOBJIEHBI TPAHCUOHOCKHEPHBIM PaTUONPOCBEYM -
BaHVEM (C WCITOJIb30BAaHUEM CHUTHAJIOB HU3KOOP-
ouranbHbIX HaBuraumoHHbIX MC3 Poccun cepum
«Uwnkanma» n «L{nkaga-M») 1 METOIOM HEKOTEPEHT-
Horo paccestHust [13—17].

4. IPOBEPKA AITIEKBATHOCTHI
MOJEJIN 110 JAHHBIM
N3 JIUTEPATYPHBIX ICTOYHUKOB

Cropocmu 3xcmpemymos. DKCTIEPUMEHTAIbHO 13-
MEpEeHHOE 3HaueHUe CKOPOCTHU onset MPUBEACHO B
pa6ote [10]: V,~ 10 xm/c (B Momenu V= 11.3 xm/c).
Takoe 3HaueHue V|, HabIIOAAIOCH 11O JaHHBIM He-
KOTEPEHTHOTO pacCessHUs Ha PacCTOSHUM TTOPSIIKa
3500 kM OT UCTOYHMKA HA3€MHOTO B3pbIBa, IIPOU3-
BeneHHoro B CCCP 28 Hos6pst 1981 1 B 02:31 UT
(akcnepuMeHT «Macca») ¢ 3KBUBaJICHTHOM 3HEPru-
eii Q = 0.24 Mt THT. Kak ormeuanoch BbIllIe, 3Ha-
4yeHHe V|, SKCIIEPUMEHTAILHO TPYAHO OINpelessie-
MO, TIOOTOMY HMXE paccMaTpHUBAIOTCS JIMIIIb IOC-
JIEAICTBUST pACIIPOCTPAHEHUS 3TOTO AKCTpeMyMa, 1
OTCYET CKOpOCTel V; HaunHaeTces ¢ V).

Ha puc. 11, a snauenns V; g i = 1...15 (cm.
Tabj1. 1) comocTaBlieHbl CO 3HAYCHUSIMU, BBIYMC-
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JICHHBIMA HaMHM Ha OCHOBE 3KCIIEPUMEHTATbHBIX
nmaHHbIX 13 [1]. B aT0i1 paboTe naroTcs ycpenHeHHbIE
pe3yJBTaTHl, TTOydeHHBIE ITocie 27 SAepHBIX B3PhI-
BoB B atMocepe c Q=5...10m 20...30 Mt THT. Ha
PUMCYHKE MCITOJIb30BaHbI TOJbKO AaHHBIE IJIsI TTOC-
JieagHero auamnazoHa Q. Bce B3pbIBbI MPOU3BEACHBI
Ha HoBoiil 3emsie B epruon MacCoBOTO UCTIBLITAHUS
saepHoro opyxus B CCCP. BeicoTa B3pbIBOB B pa-
6ote He npuBoaAUTCs. OIHAKO MbI ITOJIaraeM, 4YTo OHa
HE TIPEeBBIIIACT 5 KM. YCpeTHEHNE OCYIIECTBIAIOChH
MeTomoM HajioXeHus 3moX. C HCcHojb30BaHUEM
MOHO30HI0B 151 Ry = 1000 11 4000 kM perrcTpupo-
BaJIaCh KpuTHyecKas yacrora cnost F2 (f)F2) ¢ nuc-
KPETHOCThIO 15 MMH, HAUMHAas OT MOMEHTA B3phIBa.
BpemeHa nmpuxofa mepBbIX TPEX IKCTPEMYMOB IS
MOHO30HIOB ¢ Ry; = 1000 kM, coracHo Haluei
Moznenu V), COCTaBJIsiii COOTBETCTBEHHO 5.6, 14.4
u 24.4 muH. Ha a1oii ctanium 15-MuH BpeMeHHast
MHUCKPETHOCTh HE TTO3BOJIMJIA OOHAPYKUTH BO3MY-
1IeHUsT MOHOC(Depbl yKa3aHHBIMU 3KCTpEMyMaMu U
OIpeJeTUTb CKOPOCTH UX pacipocTpaHeHus. Bmec-
T€ C TEM CKOPOCTH V; [Is yIIOMAHYTBIX SKCTPEMYMOB
yJIaJ10Ch ONPeNeUTh Ha 60Jiee YIAIeHHOM CTaHIIuU
¢ Ry = 4000 xm. g 10...15-ro sKkeTpeMymMoB
3HAYEHMSA V; onpenesieHbl Mo AaHHBIM CTAaHLUK C
Ry = 1000 kM. 3HaueHust CKOPOCTEH ISl SKCTpe-
MYMOB OT YeTBEPTOTO ITO IEBATHIH MOTy4EHBI YCPeI-
HEHUEM COOTBETCTBYIOILMX 3HAYCHUI V; Jutst Ry =
= 1000 1 4000 k™.

JaHHbIe MJISI TIEPBBIX TSITU BBICOKOCKOPOCTHBIX
9KCTPEMYMOB MMEIOT HAWOOJbIIYIO MOTPEITHOCTh
n3MepeHuii. JloBepuTeabHbIe MHTEPBAIbI BCEX CPEI-
HUX 3HA4YeHWUI V; ObUIM TMOMyYeHBl Ha OCHOBE 15-
MWH UHTEPBAIOB U3MepeHwuii f,F2. JloBeputebHbie
UHTEpBaJIbI 181 1...3-T0 3KCTPEMYMOB pacCUMTaHbI
Wit Ry = 4000 kM, a Juist BCEX OCTaIbHBIX — JUIst
Ry = 1000 kM. Bpemst usMepeHuil MOHO30HIA
O0OBIYHO COCTaBJISIET OKOJIO 1 MUH, JaHHBIE CHSITHI C
rpaduka, SIBISIONIErOCcs Pe3yabTaTOM yCpeaHEeHUs
TMAHHBIX JJ1S HEU3BECTHOT'O YKcia B3phIBOB. Kak oT-
MeYajoCh, BCEro Mpor3BeneHo 27 B3pbIBOB, OMHAKO
Kakasl 4aCTh M3 HUX OTHOCHUTCS K MCTIOJIb30BaHHOMY
Hamu auanaszony 20...30 MT, B paboTte He yKa3biBa-
ercs. [To oTMeUeHHBIM MPUYMHAM pacCUUTaHHbBIE
JIOBEpUTEJIbHbIE UHTEPBAJbI, BUAUMO, COCTABJISIOT
JIMIIb YaCTh UICTUHHOTO MPOMEXYTKa HEOTpeAeIeH -
HocTu. [lorpenHocTs 2KCHepUMEHTATbHbBIX JaH-
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HBIX OTHOCUTEJIbHO MOMEIbHBIX 3HAYeHUI COCTaB-
nsget 25.8 %, 4To B 1IEJIOM MOATBEPKAAET CIIpaBe]l-
JIMBOCTb MoJeNu V.

Hapuc. 11, ¢ nepBble oiMHHAALIATH 3KCTPEMYMOB
MOJIENN V; CONOCTaBIEHbI C IAHHBIMU, TIOJTy4€HHbI-
Mu 1iocie sinepHoro ucnbitanuss CCCP Ha Hosoid
3emite, nmpousBeaeHHoro 30 okTsaops 1961 . B 08:33
UT Ha BbIcOTE Zoxpl = 3.7xkmc Q=58 Mt THT [55].
HWcrnonbzoBanmice usmepenust f,F2 (derpipe pasa
B Yac), MOHO30HIBl HAXOIMUJIMCHh Ha PACCTOSHUSIX
1250...4400 kM oT MecTa B3pbiBa. HecMoTpsi Ha Ko-
JIOCCAJIbHYI0 DHEPTUIO B3pbIBa, 15-MUH IMCKpET-
HOCTh M3MEPEHUI MO3BOJIMJIa 3aperucTPUpOBaTh
JINIIb 3KCTPEMYMBI C YETBEPTOTO IO OAMHHAILA-
ThIii. CKOPOCTH DKCTPEMYMOB ¢ HOMepaMu 6, 8 u 10
(MUHUMYMBI 11yTa), OTIPeaeIeHbl MHTEPIOJISIIUEH ¢
HCTIOJIb30BaHUEM perpeccuu 9-ro nopsiaka. O npu-
YUHE TPOITyCKa MEePBBIX TPEX SKCTPEMYMOB CBHIIE-
TEJIbCTBYIOT CJIeYIOII1Ee BIYMCIEHUS.

Ha nepBbix, Haubosee OJM3KMX K MCTOUYHUKY
noHosonnax (Kupyna, Ry = 1250 km u Jlukcerne,
Ry = 1650 kM), 3amep>KKH IJIsI TIEPBOTO 9KCTPEMY-
Ma COCTaBJISUIM COOTBETCTBEHHO BCEro Jiniib 6.9 u
9.2 MUH, a HAYaJIbHOE UBMEPEHME HA CTAHIIMSIX BEP-
TUKAJTbHOTO 30HANPOBAHMS OCYIIECTBIISIIOCH JINIITh
Ha 12 MuH 1ociie B3pbiBa. M3-3a BpeMeHHOI Auc-
KPETHOCTH B YETBEPTh Yaca MPOITYIIEHBI U ITOCTIe-
JyIOLIMe 1Ba 9KCTpeMyMa (JUIUTEJIbHOCTb UX XKU3HU
Han UII, Bugumo, cocrtaBisger MeHee 1 muH). Io-
5TOMY HauyaJlbHOE 3aperCTPUPOBAHHOE BO3MYIIIE-
HUE Ha CaMOM JieJie SIBJISIETCSl YeTBEPThIM IKCTpe-
MyMoM (MUHUMYMOM). C y4yeToM TaKoOi ITompaB-
KM TIOTPEIIHOCTb 3KCIEPUMEHTAJIbHOM KPUBOW B
cpenHeM coctabiseT 13.9 %. be3 ucroab30BaHHOIM
TTOTIPABKH OTINYNE SKCTIEPUMEHTATBHBIX U PACUET-
HBIX 3HAYEHUI V; HEBO3BMOXHO OObSICHUTD TPUBJIE-
YyeHUEeM KaKoW-TM00 Moaeiand aTMocdepbl 3eMIIu.
JloBepuTebHble MHTEPBaIbl PACCUUTHIBAIUCDH MJIsI
pacCTOsIHUST OT MeCTa B3phbIBa 10 CTAHLIUM YTIcana
(R = 2123 kM), SBIASIOLIMMCS TPUOIU3UTETHHO
CPEIHUM PACCTOSTHUEM A0 NCTOYHMKA BCEX 3aMeCT-
BOBaHHBIX CTAHIINIA.

Ha puc. 11, 6 wunoctpupyrorest nanubie V;(i),
MOJy4YEeHHbIE MPU TTOMOILU CETU HAa3eMHBIX MOHO-
30H0B I0OCJe METaTOHHOTO SIIEPHOTO WCIBITAHUS
CIHIA, nmpousBeaeHHOTO HA HU3KKX BBICOTAX B OK-
pectHOCTH ocTpoBa JIxkoHcToHa 30 okTsi6pst 1962 1.

B 16:02 UT [23]. Cranuuu HaGmoaeHust (MOHO30H-
IIbI) pacriojiarajanuch Ha ocTpoBax THXoro okeaHa Ha
paccrosgHamsax 1000...6500 kM OoT MecTa B3phIBa.

B sTOoM 3kcnepumeHTe OBLIO 3aperuCTPUPOBAHO
BO3MYIIIEHWE, HAayajlo KOTOPOTO COOTBETCTBOBAJIO
nepexony yepes Hyjab Lyra AI'B niepea BTopbIM MO-
JeJIbHBIM MaKCUMYMOM (TPETbUM 3KCTPEMYMOM).
CorylacHO HallleMy aHaJIiu3y MPOIMYCK MEPBBIX ABYX
SKCTPEMYMOB B 3TOM 3KCIIEpUMEHTE, CKOopee BCe-
ro, OOYCIIOBJIeH HE BPEMEHHOHN IMCKPETHOCTHIO
U3MepeHuil (OHa paBHsLJIach 5 MUH), a FeOMeTpUueit
BOJTHOBOTO BeKTOpa NepBoii 1moJyBojiHbl AI'B oTHO-
CUTEJIbHO FTeOMarHUTHBIX IMHUI B MyHKTax HaOJIt0-
neHust. Kak oTMeuanoch Bblllle, TIEPBBI MOIyIIe-
puon otHocutcsd K KM-AI'B, 1x BoJIHOBOI BEKTOp
rnapaJsuiesieH IMOBEPXHOCTU 3eMJIU, KojebaHusl BO3-
JyXa TIPOMCXOMSIT B OCHOBHOM BIOJIb MECTHOM Bep-
THUKaJIU. B aKBaTOpUM UCTIBITAHUS YTOJI MATHUTHOTO
HaKJIOHEHMS Ha CTAHIIWSAX HAOIIOMEHUS COCTABIISIT
b 30...40°, T03TOMYy BepTUKaJIbHBIE KOJIeOaHUs
BO3/1yXa B BOJIHE POUCXOIMIIU TTOUYTH MOMNEPEK Mar-
HUTHBIX CUJIOBBIX JUHUI. [lociaenyroline skcTpe-
MYMBI 11yTa (HaurHasl ¢ YeTBEPTOr0) pacHpoCcTpaHsi-
JIUCh CKAYKOBBIM CITOCOOOM, BOJIHA SIBJISIIACH BEp-
TMKaJbHO-TIPOAOJbHON. B 3TOM ciyuae KoynebaHus
BO3IyXa MPOUCXOMAT KaK BIOJb MECTHOM BepTHKa-
JIA, TaK W BIOJb PacIpocTpaHeHMs (TIOI YIJIIOM K
rnoBepxHocTHU 3emiin). B pesysbrare cyneprno3uiuu
3TUX KOJeOaHUI UMEeeTCsl COCTaBIISIIONIAsI, BHI3bIBA-
Iollasi KojiebaHusI Ma3Mbl B BOJHE BIOJIb CUJIOBOM
JuHuu. Ilocse yrmoMsHyThIX KOPPEKTUPOBOK Cpei-
HSIsI TIOTPEIIHOCTh AKCIIePUMEHTAIBHBIX 3HAYSHUI
V;cocrasnser 5.3 %.

[Mo m3noxkeHHBIM COOOPaXKeHUSM TIePBLI MaK-
CUMYM, 3aperucTpUpoBaHHbIA 15 wmioHs 1991 r
BOJIM3M SnmoHuu mociie B3phiBa ByjkaHa [TnHaty0o
[39] mna Ry = 3000 KM, COOTBETCTBYET CEABMOMY
BKCTpeMyMy. B cBsI3U ¢ TeM, UTO CKOPOCTHU 3TOTO U
MOCEAYIOMNX IKCTPEMYMOB YK€ HEBETUKHU (CM.
Tabj. 1), 15-MUH IMCKPETHOCTb M3MEPEHUM Kaxy-
IIEWCS BBICOTBI OTpaxeHus f,F2 mossonuia mosy-
YUTh JaHHbIE, KOTOPBIE OTJIMYAIOTCA OT Moxeu V;
Ha4.4 % (cm. puc. 11, 2).

Conocrapienue Mojeau V; ¢ JaHHBIMU, MOJY-
YEHHBIMM MOCJIC TISITU BHICOTHBIX (zexp |~ NECATKUA —
400 kM) simepHbix B3pbiBOB CIIIA Hang ocTpoBOM
IxoHcToHa B 1962 1., mpuBeneHo Ha puc. 11, 0—u.
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B skcnepumeHTe 3ameiicTBOBaHO 0OoJiee IIECTHUIIE-
CATH MOHOC(EPHBIX CTAHIINM, PACITOIOKEHHBIX Ha
paccrosinusix 1000...14000 kM oT MecTa B3pblIBa.

Ha puc. 11, 0, ac, u nist oqHUX M TeX Xe suep-
HBIX B3PBIBOB COBMEIIEHBI JaHHBIE [26, 46|, momy-
YeHHbIE COOTBETCTBEHHO C YacCOBOW M MUWHYTHON
JUcKpeTHOCThIo pu pacctosgHusgx 1000...5000 km n
4000...14000 kM ot MecTa B3pbiBa. Pa3Hoil BpeMeH-
HOM AUCKPETHOCTHIO OOBSICHIETCS OOJIBIIIOE PA3IM-
e TOBEPUTEIBHBIX MHTEPBAJIOB TS 3TUX TaHHBIX.
B uzmepenusx [26, 46] moBepuTeIbHBIC THATIa30HbBI
OLIGHMBAJIUCh COOTBETCTBEHHO JUJIsSI PaCCTOSIHUI
2000 kM u 8000 kM. BbiOpaHHbIE 3HAYEHUSI TIPU-
OJIMBUTEILHO COOTBETCTBYIOT CPEIHUM YAAJICHUSIM
CTAHLIUI, UCTTOJIb30BAHHbBIX B KAXIO0M M3 YIIOMSIHY-
THIX Pa0oT.

PesynbraThl, mokazaHHbele Ha puc. 11, d, oTHO-
cATCI K B3PBIBY, Ipon3BeaeHHOMY 9 mroms 1962 .
B 09:00 UT ¢ Q = 1.4 Mt THT Ha BwICcOTE Zoxpl =
= 399 km. [lorpemrHocTM JaHHBIX ¢ MMHYTHOU U
4aCcOBOM JTUCKPETHOCTbIO COOTBETCTBEHHO COCTaB-
10T 34 u 79 %, MaKCUMallbHOE PACCTOSTHHUE 10
MecTa B3pbiBa — okoJio 14000 kM. Pe3ynbraThl 11
HUCIbITAHUIA, BbINOJHEHHbIX 20 OKTS0pst 1962 . B
08:30 UT mpu Q = 0.02 Mt THT Ha BbIcOTE ZLoxpl =
= 147 xM, wumiocTpupyeT puc. 11, xc. 3mech yrmomsi-
HYTBIE BBIIIE TTOTPEITHOCTU COCTABIsUIA 14 1 56 %.
3aBUCUMOCTb CKOPOCTHU PaclpoOCTpaHEHMST IKCTpe-
MyMa ot ero HoMepa B 1yre [ B mis sinepHoro uc-
mbiTaHust 1 Hostopst 1962 1., mpom3BeneHHoro B 12:10
UT npu Q = 0.41 Mt THT n Loxpl = 97.5 XM, Tipu-
BonsTCs Ha puc. 11, u. 31ech MOrpeHOCTY JTaHHbBIX
coctaBisuin 25 u 34 %. B nByx mocjiemHUX 3KCIIe-
pUMeHTaX MaKCUMaJIbHOE PacCTOSTHUE CTaHIIMHI 0
MecTa B3pbiBa cocTaniisio 12500 kM.

Ha puc. 11, e, 3 naHbl pe3ysbTraThbl, BHIYUCIECH-
HBIE TOJILKO TT0 paboTe [26] I siIepHBIX B3PbIBOB
26 okTsi6pst 1962 1. B 10:00 UT u 4 Hos16pst 1962 1.
B 07:30 UT. OHu npou3sBeneHbl Ha BbICOTE B He-
CKOJIBKO JIECSITKOB KUJIOMETPOB, SHEPTHUM B3PHIBOB
COOTBETCTBEHHO cocTaBigdioT O =~ 0.2...1 u MeHee
0.02 Mt THT. IlorpemHocT 3KcnepuMeHTalb-
HBIX pe3yJIbTaTOB IS 3TUX B3PBIBOB COCTABIISIOT
28 u 20 %, moBepuTeIbHBIE WHTEPBAILI PACCUM-
THIBAJIMCh JIJIsI PACCTOSIHUSI CTAHLIMU OT MCTOYHM-
ka B 8000 KM, MakcuMaJibHOE yaaJleHUe CTaHLMIA
12500 xm.
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TTorpeiHOCTH 3KCMEPUMEHTATbHBIX 3HAYEHU
V; (OTHOCHUTENILHO MOMENbHbIX) U Ha3eMHBIX W
BBICOTHBIX SIIEPHBIX B3PbIBOB MPUOIM3UTETBHO
0IMHAaKOBBI. Takoit BBIBOJ MbI CAead, UCKIIOUUB
W3 aHaIu3a MOrPelIHOCTH, TTOJyYeHHbIE MO JaHHBIM
paboThl [26], MOCKOJLKY UX OOJIbIIAS BEJIMYMHA B
OCHOBHOM OOYCJIOBJIEHa 4YaCOBBIMM WHTEpBajiaMu
u3MepeHui. B 11eJ10M MOXHO 3aKJII0YUTh, UYTO pe-
3yJIbTaThl AKCMIEPUMEHTOB MOJATBEPXKAAIOT aJeKBaT-
HOCTb TIPOBEPSEMO¥A MozieNH V.

Ilpocmpancmeennasa ounamuka 20pu30HMAALHBIX
Kkeasunoaynepuodos. B padote [23] mpuBoauTCs Mnpo-
CTPaHCTBEHHOE TIOJIOKEeHUEe 1iyra (OTHOCUTEbHO
MECTOMOJIOKEHUSI UICTOYHUKA), COCTOSIILIETO 13 Ye-
TBHIPEX TOPUZOHTAIBHBIX MOJYNEPUOAOB, U3MEPEH-
HBIX 10 HYJIEBBIM 3HAYEHUSIM BO3MYIlIeHU . Bo3my-
LIEHWS TOPOXIEHbI MEraTOHHBIM SIIEPHBIM B3pbI-
BoM, npousBeneHHbIM CIIIA BOIM3M ITOBEPXHOCTU
3emiu 30 okTa6ps 1962 . MBI UCITOTB30BaIN 3TH
JIaHHbIE JUISl TIPOBEPKU aIeKBATHOCTU MOJIEJbHOTO
OIKMCcaHusl TPOCTPAHCTBEHHBIX KBa3ureproaos. Ha
puc. 12 nmokazaHO MPOCTPAHCTBEHHOE IOJOXEHUE
9KCIEPUMEHTAIBHOTO (@) Y MOACIbHOIO (0) 1IyTOB
TOPU3OHTAJIBHBIX TOJynepronoB. Kak ormeyanoch
BbIllIE€, B 9TOM UCITbITAHWU MEPBbIE 1Ba 9KCTpEeMyMa
ObLUIM TIPOIYIIEHbI, aHalW3 M3MEPEeHUU HauuHa-
€TCsl C HYJIEBOTO BO3MYILIEHUS (BTOPOTO B MOJIENb-
HOM 1IyTe), pacrojoXeHHOM Tiepel TPETbUM KC-
TpeMyMOM (BTOpbIM MakcUMyMoM). B pesynbrare
YIOMSIHYTBIX MPOITYCKOB 3KCIIEPUMEHTAIbHBIN 1IyT
00HApY>XMBAETCS HAYMHAS CO BTOPOTO MOJYNEPUO-
Ia. 3HaYEHUS CKOPOCTEH V|); HyJIEBbIX BO3MYILIEHUIA
1yra rpuBeeHbI B Ta0. 5. Pacuer /; ocymecTsisics
o dopmyiie (3), e BMECTO CKOPOCTEU DKCTpEeMY-
MOB V; UCTIOJIb30BAIMCh CKOPOCTH V.

Bropoit u Tperuii MojenbHbIE TOJYNEPUOIbI
MPaKTUYECKU COBMAAAIOT MO 3HAYEHUSIM U MECTO-
MOJIOXKEHUSIM C COOTBETCTBYIOLLIMMHU 3KCIIEPUMEH-
TaJbHBIMU TOJyniepuoaamMu. OTcYeT MoJTynepuoaoB
OCYILIECTBIISIETCS CIIpaBa HAJIEBO MO MOJIETbHBIM MO~
JIyriepuoaaM, OTMeYeHHBIM Lugpamu 1...7 B Bepx-
Hel 4yactu puc. 12. DKcrneprMeHTaJIbHO HaOJIo-
naemble B pabote [23] HyJieBble BO3MYILIEHUS 1yra
COEJIMHEHbl KBa3MBEPTUKAIBbHBIMU IITPUXOBBIMU
JIMHUSIMU C MOJeJbHbIMU 3HaYeHUsiMu. Ha akcrne-
PUMEHTAJbHBIX BPEMEHHBIX 3aBUCUMOCTIX AN/N(1)
YEeTKO BbIPA>KE€HBI TOJBKO MEPBbIE TPU IKCTPEMYyMa.
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Puc. 12. Ckansl nonynepuonos 1yroB AI'B: a — sxcriepu-
MEHTaJIbHbIC 3HaUeHU [23], 6 — MoaeIbHbIC 3HAYCHUS

Tabauya 5. 3aBUCUMOCTDb CKOPOCTH V; OT HOMEDA i

iy Vi » kmc™! i Voi » kmc™!
0 7.500 8 0.1858

1 1.7500 9 0.1660
2 0.8540 10 0.1513
3 0.5618 11 0.1328
4 0.4041 12 0.1148
5 0.3137 13 0.1017
6 0.2593 14 0.0820
7 0.2176

OHU COOTBETCTBYIOT TPETHEMY, YETBEPTOMY U TISTO-
MY MOJEJIbHBIM 3KCTpeMyMaM, UMEIOT aMILIUTYLy
A;=50...100 %. IMocnenyroune KCTPEMYMbI TIPH-
MepHO B 15 pa3 MeHbllIe U OJIM3KU K €CTECTBEHHBIM
¢oHoBBIM (pirykTyanusiM. [ToaTomy 1ocTOBEpHBIMU
SBJISIIOTCS TOJILKO BTOPOM M TPETUM 3KCIIEPUMEH-
TaJlbHbl€ TIPOCTPAHCTBEHHbIE TMoJyrnepuoabl. Ilo-
JlaraeM, 4TO TOCJIEIHUE JBa IKCIIEPUMEHTATIbHBIX
KBasuIepuoa, okadaHHble Ha puc. 12, Ha caMoM
JieJie SIBJISIIOTCS KOMOMHAIMSIMU COOTBETCTBEHHO
YETBEPTOIO U TISITOTO, IIECTOr0 M CeAbMOTrO TOJy-
nepuonos. IlocaeagHuii 3KcnepuMeHTalbHBINA IO-
JIYNIEPUO/, MOXET ObITh TakKXXe CyMMOI I11€CTOro,
CeJIbMOTO M BOCBMOTO MOJIYIIEPUOAOB, MOCKOIbKY
BOCbMOI MOJIeJIbHBI MOJIyNIEPUO OYeHb MaJl U Ha
PUCYHKE CpaBHUM C pazMepoM Mapkepa. B mosib3y
3TOr0 TMPEATOJ0XEHUSI CBUIETEIbCTBYIOT pa3Me-
pPbl U TIPOCTPAHCTBEHHbBIC TOJIOXEHUE YKa3aHHbBIX
[T B-pparMeHTOB OTHOCUTEIBHO UCTOYHUKA.

DTU TPEaIoaoKeHUS MOATBEPKAAIOTCS JaHHbI-
MU puc. 13, rae npuBOAATCS DKCIIEpUMEHTAIbHAS
(kpuBas [) u moaeabHasl (KpuBas 2) 3aBUCUMOCTH
JUTMHBI MOJIyTIEproAa OT PACCTOSIHUS 10 UICTOYHUKA
BO3MYIIIEHUSI. DKCIIEpUMEHTaIbHbIE U MOJEIbHbIC
3HAYEHUsl JJIs BTOPOTO U TPEThEro IMoJyrnepuoaoB
MPakKTUYEeCKU COBIIAJalOT, a YeTBEPTbIA U MSTHIN
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Puc. 13. Jinvna [, monynepuona B 3aBUCMMOCTH OT PacCTos-
HUSI €T0 CEPEeVHBI 10 UCTOYHUKA: | — dKCIIepUMEHTaTbHbIE
3HaueHus [23], 2 — 3HayeHUs, pacCCUMTAaHHBIE 110 MOJIEIN
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Puc. 14. 3aBucumMocTb BpeMeHHOro nepuoaa 1" ot paccTosi-
HUS R 10 UICTOYHUKA: [ — 3HAUYEHUSsI, pACCUYMTaHHbIE TIO MO-
JIeu, 2 —dKCNnepuMeHTaIbHble 3HaUeHus [23]

6000 R, kM

SKCIIepUMEHTAIbHBIE TIONYIIepUOAbl M3-3a POCTa
SKCIIEPUMEHTABHBIX TIOTPEITHOCTE IO MEeCTO-
TTOJIOKEHUSIM M 3HAYCHUSIM JIUIID OJIM3KU K COOT-
BETCTBYIOIIIMM MOJEIbHbIM nepuoaam. Eciu orpa-
HUYUTHCS TOJBKO HAIEKHOUM YacThlO 3KCIMEPUMEH-
TaJbHBIX JAHHBIX (COOTBETCTBYIOIIMX MOACIbHBIM
BTOPOMY U TPETbeMy MOJyIepruoaam), TO Morpeni-
HOCTb MOJIEJIM COCTaBJISIET 0KOJI0 6.5 %.
3asucumocmy épemennozo nepuoda ITUB om pac-
cmosinua do ucmounuxa. B pabote [23] BbIsBIeHA
TakXKe SKCIepUMeHTaIbHass 3aBUCHUMOCTH II€PBO-
ro 3aperMcTpMpOBaHHOIO BPEMEHHOTO TMepuoja OT
pacCTOSIHUSI 10 ouara SiIepHOTO UCIBbITAHUS, OCY-
mectBiaeHHoro CIIA 30 okTsa6ps 1962 1. (cM. Kpu-
Bylo 2 Ha puc. 14). Kak ormeuanoch, B 3TOM 3KC-
nepuMeHTe ObUIM TIPOMYIIEHBbI IMEePBbIi U BTOPOM
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Puc. 15. 3aBUCUMOCTHN BPEMEHHBIX TPETHETO (@) U YETBEPTO-
ro (6) MOJYTIIepruoaoB OT paccTossHUs R mo uctounuka [T B:
1 — 3HayeHus, pacCYMTAHHbIE MO MOJEIHU, 2 — IKCIIEPU-
MEHTaJIbHbIE 3HAYEHUSI
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Puc. 16. 3aBuCUMOCTb BpeMEHHOTO Teprona 7' oT AaJbHOCTU
R 110 uctouHMKa BO3MYIIEHUIA: [ — MOJeNb, 2 — 9KCIEepU-
MEHTaJIbHbIe 3HaUeHUsI [55], 3 — aKcrnepuMeHTaIbHbIe 3HA-
yeHwus [53]

SKCTPEMYMBI, B PE3YJIbTATE YETO MEePBbIA 3apeTUCT-
PUPOBAHHBIN MEPUOT SIBJISIETCSI CYMMOM TPETHETO U
YETBEPTOIro BpEeMEHHBIX MOoJyrepuoaoB. Bee momny-
Mepuoabl U3MEPSIMCH IO MepexolaM WM3MeHEHUI

26

AN, (¢) yepe3 Hyib. [1epBbIii 9KCTIEPUMEHTATbHBI
TTOJTYTIEPUON OTCUMTHIBAJICS OT TIepexofa depes
HYJb AN, (f), KOTOPBIA HaXOAUTCA MEXIY BTOPBIM
U TPETbUM MOJIeJIbHBIMU 3KcTpeMymaMu. [TosaTomy
9KCIEPUMEHTAIbHON TPOCTPAHCTBEHHON 3aBUCU-
MOCTH MBI COIMOCTAaBUJIM MOJCIbHYIO 3aBUCUMOCTD
(xpuBasi /) CyMMBI TPETbEro U 4YeTBEPTOTO BPEMEH-
HBIX MOJIynepruoaoB oT pacctosiiusg UIT 1o ncrou-
HukKa Bo30yxneHusi AI'B. CpenHsisa MOrpenrHocTb
MOJIEJIEHOM 3aBUCMMOCTH He TIpeBhITaceT 3.6 %.

JJ1st 3TOTO XKe SIAepHOro MCHBITAaHUS Ha puc. 15
COMOCTaBJIEHbI MOJIe/IbHbIE (KPUBbIE /) U 3KCTIEPU-
MEHTaJIbHbIe (KpUBbIE 2) MPOCTPAHCTBEHHbIE 3a-
BUCUMOCTH JJISI TPEThETo (MaHeb a) U YeTBEPTOro
(TmaHesb 6) BpeMEHHBIX TTOJIYIIePUOA0B. DKCIIepu-
MEHTaJIbHBIE 3aBUCUMOCTH TIPEACTaBISIOT COOOI
perpeccuu IepBoro MopsIaKa SKCIepUMEHTaTbHBIX
3HAYeHU, YKa3aHHBIX Ha Tpaduke KBaapaTHBIMU
Mapkepamu. CpelHWE ITOTPEITHOCTA Perpeccuia
9KCIIEPUMEHTAJIbHBIX 3HAUCHUUN [JI TPEThero u
YETBEPTOTO MOJIYIIePUOA0B OTHOCUTEbHO MOEb-
HBIX 3aBUCUMOCTE COCTaBJISIIOT COOTBETCTBEHHO
Tul2 %.

DKcrnepuMeHTaIbHbIE 3aBUCMMOCTH BpDEMEHHOTO
nepuoaa ITMB ot paccrosiHusSI 1O MCTOYHMKA BO3-
MYIIIEHUS TIOJTyJeHBI TTOCHe SIIEPHOTO MCTIBITAHUS
Ha HoBoii 3emie 30 okTsiopsa 1961 . (Q = 58 MT
THT) [55] u usBepxeHusi ByjkaHa CeHT-XeJeHC
18 mast 1980 . (Q ~ 10 M1 THT) [53]. B aTx pa6o-
Tax 1 Kaxaoro UIT npuBeneHo cpenHee 3HaYeHUE
9KCMEPUMEHTATBHBIX BPEMEHHBIX MIEPUOIOB B IIyTe
ITI1B. I1pu aTOM Ha KaX/10M U3 IIPOCTPAHCTBEHHO-
pasHeceHnHbix MI1 3aperucrpupoBano okoio 10 mo-
JIynieproaoB B myre. [1o3TOMy 71T OJYyIeHUS pac-
YETHOTO 3HAYCHUS CPETHETO BPEMEHHOTO Ieproaa
(711 BBIOPAaHHOTO PACCTOSIHUSI 1O UCTOYHUKA) MBI
YIBOWIM CpeHee 3HAaUCHNE MOJEIbHBIX BDEMEHHbBIX
TTOJIYIIEPUOIOB ¢ TIepBOTro Mo AecsaThlil. Ha puc. 16
COITOCTABJISIIOTCS] YIIOMSIHYThIC BbIIIE pacYETHBIE U
9KCIIEpUMEHTa/IbHbIE JaHHbIe. 3aech KpuBasg I —
pacy€THasI MPOCTPAHCTBEHHAsI 3aBUCHMOCTH Bpe-
MEHHOTO Tieproa, KpuBbie 21 3 — JIMHEWHBIC peT-
peccum 3KCIEePUMEHTATbHBIX TPOCTPAaHCTBEHHBIX
3aBUCHMOCTE BpEMEHHBIX MIEPUOAO0B, 3aPETUCTPU-
POBaHHBIX COOTBETCTBEHHO ITOCJIE SIAEPHOTO B3Pbl-
Ba 1 B3pbIBa-u3BepKeHUsT ByakaHa CeHT-XeeHcC.
CpenHsisl MOTpelIHOCTh 9KCIEPUMEHTATbHbBIX 3a-
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BUCUMOCTEN (KpuBbIe 2 1 3) OTHOCUTEIbHO MOAEIN
(xpuBas I) cocrasiser 10 %.

Dphexm nonuxncenus 1eKmpoHHOlU KOHUEeHMpa-
yuu neped IKCNEPUMEHMAALHO HAOA00AeMbIM UY20M
IIHB. B pabore [46] Ha OCHOBE aHaJIM3a MMOCIEICT-
BMI1 TpeX BBICOTHBIX SIIEPHBIX UCIBITAHUI OOHAPY-
KeH addexT, mpuposa KOTOporo JI0JIro ocTaBajaach
HeBbIsicHeHHOU. CylHocTb addekTa 3akaoyanach
B SIPKO BBIPAXXEHHOM YMEHBIIIEHUH 3JICKTPOHHOMU
KOHIIEHTPAILIMU MOHOCMEPHI TTO BCEMY ITyTH PaCIIpo-
crpanenus uyra [1MB BHyTpu pernoHa ¢ pagnycom
2500...3000 xm. ITpu >TOM TIOHMXKEHME 3HAYCHUI
N Habmofanoch mepel pacrnpocTpaHeHUEM IIyra,
OHO 3apervuCTPUPOBAHO CTAHIIUSIMU BEPTUKAIbHO-
o M HAKJIOHHOTO 30HAMPOBaHUS, PabOTAIOIIMMU
C MUHYTHOW JHUCKPETHOCTbIO. MUHYTHBIN pexum
paboTHI CTAHIIMIA CYIIECTBEHHO TOBBIMIAT HAIEX-
HOCTb JaHHBIX, BENb M0 3TUX SKCIIEPUMEHTOB IS
JMUAarHOCTUKU TIOCJIEACTBUN SIMEPHBIX WCITBITAHUI
B HMOHOC(dEpe MCIOIb30BAIM U3MEPEHUST C 4aco-
BOW W TMSATHAOLUATUMUHYTHOM (peIKO MTUMHUHYT-
HOIi) TUCKPETHOCThIO. Beamumna N, mmomydeHHast
MpY TTOMOIIM CIYTHUKOBBIX PaANOMAasKOB CITyCTSI
12 u 15 4 mocjie B3pbiBa, OKa3ajaCh YMEHbIIIECH-
Hoii ipuMepHO Ha 30 % OTHOCHUTEIHLHO 3HAYEHMH,
M3MEPEHHBIX B TIPEIIISCTBYOMMI AeHb. McrbiTa-
HUST IPOBOIMIINCH B HOYHOE BpeMs 9 mionst 1962 1.
(Q = 1.4 Mr THT, z, = 399 km), 20 oxTsa6ps 1962 r.
(Q=10.02 M1 THT, z, = 147 xm) u 1 HOs16ps1 1962 I.
(Q=0.41 M1 THT, z, = 97.5 xm). B nepuron ucrbi-
TaHUI HaOJOAAICI MUHUMYM COJIHEUHOW aKTHB-
Hoctu (CA), W=11...28.

OOBSICHUM MPUYKUHY 3TOTO «HEIIOHSTHOro» 3(h-
¢ekra. CornacHo tectupyemoit monenu AI'B-TTMB
HavyaJbHBIN HYJIEBOM 3KCTpEeMyM IIyra (MUHUMYM)
pacmpocTpaHsieTcsl co CKopocThio 6osee 11.3 km/c,
ero amruiutyga coctasisieT 0.48 oT MaKCUMaJIbHO-
ro sKcTpemMyma (Broporo Makcumyma). [losTomy
yKe yepe3 5 MUH mocJie B3pbiBa B 00JIaCTU C paau-
ycoM 3390 kM, Mo BceMy NMYTWM paclpoCTpaHEHMsI
onset, maBjieHHe arMochepbl OYAEeT CYIIECTBEHHO
HIDKe TIepBOHAYaIbHOTO (DOHOBOTO 3HAUeHMs. Bpe-
Ml KHM3HU Bo3MyllleHU#t B F-o0iacTu noHocdepsl
MOXeT cocTaBliaTh O6oyiee 10 u [11], moaTomy Han
pernoHoMm ¢ maciutabom okojo 7000 kM B ceBep-
HOM TIOJIyIIapUM (COTJIACHO MOJIENIH) TTOSIBUTCS
JOJITOXKMBYIIIAsl 00JaCTh YMEHBIIIEHHOTO 3HAYEHUSI
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koHueHTpauuu (OYK), B auTepaTypHbIX UCTOUHU-
Kax ee Ha3bIBaIOT TaKXe «IbIpoit» [63]. B pasmeie
5 yCTaHOBJIEHO, 4TO JUIsl yciaoBUil MuHuUMyMa CA
Bpemsi xku3Hu KM-TTHUB coctasasier 5...11 4. Kak
OTMEYaoCh BbIlIe, BTOPOI BKCTPEMYM C aMILIUTY-
goii 0.83 oT MakcMMaIbHOTO (MEePBbI MAKCUMYM),
pacIpOoCTPaHSIOMIMICA CO CKOPOCThIO 3 KM/C, B
3TUX ONbITAX HE ObLI 3aPErMCTPUPOBAH BBUAY OpP-
TOTOHAJILHOCTU HaIlpaBJieHUs KoJebaHUl BO3ayxa
B BOJIHE CWJIOBBIM JIMHUSIM MarHUTHOTO ToJist (00-
Jiee MpaBUJIbHO CKa3aThb: «OJM3KOMY K OPTOTOHAJb-
Homy»). [Ipu u3BepkeHuu ByiakaHa CeHT-XejleHe
[53] Hakyon cunoBwix auHMii Hag MIT Obur Oosee
OnaronpusTHBIM 111 TopoxxaeHus [T B. TToatomy
TEePBBII IKCTPEMYM, a TAKXKE Onset U nmocyieayonme
SKCTPEMyMBbl ObUIM 3aperucrpupoBaHbl. OIHAKO
ponroxusyiass OYVK He Oblia oOHapykeHa, moc-
KOJIbKY U3MEPEHMUS BBITTOJIHSIMCH TP MaKCUMYyMe
CA (W = 215). Ilpu Ttakux ycjioBusiX HaOJtonaeT-
Csl MUHMMAJIbHOE BpeMSI XKM3HU BO3MYILIEHUN (CM.
pasnen 5). Ha Ham B3rjisin, 60Jbl10e BpeMsl XKU3HU
Bo3MyLIeHUI pu MUHUMYMe CA B X0/1€ BBICOTHBIX
SIEPHBIX UCTIBITAHUI B 1962 . [46] sABJISIETCSI OCHOB-
HOM NPUYMHOM TOTO, UTO BTOPOI SKCTPEMYM B 3TUX
BKCIIEpUMEHTaX He ObL1 oOHapyxeH. OpueHTanus
CWJIOBOM JIMHUM OTHOCUTEIHLHO BOJTHOBOTO BEKTOpa
ATI'B sBisieTcs BTOPOCTEIIEHHOM MPUYMHOIA.
BepHeMcst BHOBB K pe3yJibTaTaM BBICOTHBIX siiep-
HBIX MCIbITAaHUH. PacnpocTpaHeHue NUANpPYIOLIei
yacTtu nyra AI'B npuBoaut K Moayassuuu noHocde-
pbl BIoJb MoBepxHocTH 3emiu B Buge KM-TTMB.
IlepBbiM B 11yre sBjsieTcsl onset, MPUBOASIIMIA K
YMEHBIIEHUIO TUIOTHOCTH aTMOcdepbl U N, mouTn
B JiBa pa3a OTHOCUTEJbHO HEBO3MYILEHHbBIX YCJI0-
Buii. Eciiv Bpemsi XX1U3HU 00J1aCTU C MOHWXKEHHBIMU
3HaYeHUAMHU N, , BOSHUKIIEH MOCIIEe POXOXKIEHUA
onset, COCTaBUT HECKOJILKO YacoB, TO paclpocTpa-
HEHUE B HEW XBOCTOBOM HU3KOCKOPOCTHOW YacTU
uyra AI'B npuBogut K Bo3HukHoBeHuto CM-ITUB.
IToaromy B nuanazone ot 1000 mo 5000 kM uzme-
psieMbiit 3 hEKT SIBISIETCS CYIePIO3UIIUeid T10JIro-
JKUBYILEH (a3bl BO3MYILEHWS U KoJieObaHUii ¢ Bpe-
MeHHbIM niepuoaom oT 30 1o 120 muH (cM. puc. 14).
Mpbl mojiaraeM, 4To paccMaTpuBaeMblii 3KCIEpH-
MEHTaJIbHbIN 3(D(DEKT MOPOXKIACHUS TOATOXKUBYIIECH
OVYK cBuueTeabCcTByeT 0 MPOXOXKIASHUU onset B yc-
sioBusix HU3koi CA. OopasoBanue OYK mnpoucxo-
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AT TaKXKe TTOCJIe BBICBITIAHUS 9HEPTUYHBIX TIPOTO-
HOB COJTHEYHOTO BeTpa B MarHUTOC(EpHBIE KaCIThI
(cM. paznen 5), Mpu BHE3alTHOM Havajle MarHUTHOM
oypu [18—21]. 3nech BaXHO OTMETUTh, YTO onset
(MoHUXKEeHME JaBJIeHUs BO3yXa) B CEBEPHOM IOJTy-
IapUu TIPUBOIMI K TMOPOXKICHUIO MUHUMATbHBIX
sHaueHuit N B [IMB (OYK). Takast 3aBUCUMOCTD
OIUCBIBACTCSI TPEMIATAEMON TOTYIMITUPUUECKON
mojenbio AIB-TINB.

OctaHoBuMcsl OoJiee MOApoOHO Ha MOHOCchEep-
HbIX 9deKkrax, Haba0JaeMbIX B MEPUOI CUIbHBIX
MarHUTOMOHOC(HEPHBIX Oyph C BHE3AITHBIM HauaJIOM
(SC). YacTuiibl COJITHEYHOTO BeTpa B MarHutocdepe
3eMJin 00pasyoT MJIaHeTapHbIi KOJIbLIEBOH TOK (CM.
[34]), npu 5TOM cyllIeCTBEHHAs YaCTh HEPTUYHbBIX
YacCTHUI] COJIHEYHOIO BETPa BBICBHINIAETCS B MarHu-
TocepHbie Kacibl. [TopoxkaeHne KoIbleBOro ToKa
TIPUBOIUT K BHE3aITHOMY Havajly MarHUTHOU OypH,
KOTOPYIO OTOXIECTBIISIIOT C UICTOUHWKOM TOC/IeNy-
IOIIMX MOHOC(HEPHBIX BO3MYILIEHU. MBI ke 1mona-
raeM, 4TO OCHOBHBIM TaKUM MCTOUHUKOM SIBJISIET-
csl DHEeprus, BbICBOOOXKAAIONIAsICS 3a HEOOJIbIION
MPOMEXYTOK BPEMEHU TMPU BBICHIITAHUU YaCTUIL B
kactbl. [1pr 5ToM 3Heprust BICHINAHUS TTPUBOIUT
K oOpazoBanuto OYK u mocienymommuMm Koiebda-
HUSIM aTMOC(EPHOTO NaBIeHMS, BO30YKIAIOITM
AT'B, pacnpocTpaHsolIMMcs 10 BCeM HarpabJie-
HUSIM BJIOJIb TTOBEPXHOCTH 3€MJIM CO CKOPOCTSIMMU,
KOTOpbI€ 3aBUCST OT HOMepa 3KCTpeMyMa B IIyre
BO3MYylLLIEeHUs. AHajorMyHble 3(p¢eKThl HadI0aa-
I0TCS TIPU SIACPHBIX MCIIBITAHUSIX, 3eMJIETPSICEHU -
sIX, B3pbIBaX BYJIKAHOB, a TAKXKe APYTUX JIOKATBHBIX
BBIICJICHUSIX DHEPTUM M UMITyJbca. [lo Hammm
OlleHKaM (OCHOBaHHBIM Ha CpaBHEHWHU aMILIUATYI
[11B, HaGmogaeMbIX 1OC/Ee SIAEPHBIX MCIIBITAHUMI
¥ MarHUTOMOHOC(EPHBIX OYpb) DHEPIUsi, BbICBO-
OoxmaeMasi B Kacliax B XOJe MarHMTOMOHOc(ep-
HbIX OYpb, B IECITKMU pa3 OoJbliie, YeM MpHU siaep-
HbIX UcnbITaHusIX. B ronsl MuHuMyMa CA cUJIbHOE
HavyaJgbHOE TIOHMKEHME JaBJICHUsS BO3Myxa B ouare
BO3MYIIIEHHST MOXET MPUBECTU K TOMY, YTO TOCTIE-
nylomue Konebanus (mmocie ob6paszoBanusi OYK)
B OOJIBIIIMHCTBE CJyvyaeB YaCTUYHO IOAABISIOTCS
JIMOO BOBCE HE HAOII0AAIOTCS U3-32 HU3KOTO 10JIr0-
>XKUBYIIEero ()OHOBOTO JAaBlieHUsI aTMocdepbl. Takue
9¢bdEKTb ¢ MEHbILIEH aMILTUTYIOM MPOSIBISIIOTCS U
npu makcumyme CA, nockonbky OYK npu aTux yc-
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JIOBMSIX TaK3Ke 00pa3yeTcsl, TOJBKO BpeMsI ee XKU3HU
B HECKOJIBKO pa3 MeHbIIe. B monTBepXueHne 3Tux
MIPEATIONIOKEHUI PACCMOTPUM CIIEAYIOIINE IKCIIe-
PUMEHTaJIbHbIE pe3y/IbTaThl.

M30aMHUKM paBHBIX 3aJepXeK Havaja HOHOC-
(epHbIX BO3MYLICHUI, MOJYYEHHbIE MOCAE Mar-
HUTHOI Oypu C BHE3alHBIM HavyaloM, SIBJISIOTCS
MMOYTH TTOJYOKPYXKHOCTSIMU, TMapaieIbHBIMUA T€O0-
rpacdudeckumM 1muporam [19]. BoamyiueHus nua-
THOCTHPOBAJICH B TPOCTPAHCTBEHHO Pa3HECECHHBIX
Ha3eMHBIX ITyHKTaX IO KPUBBIM BPEMEHHOTO XOAa
KPUTHIECKOI YacToThl /) F2 u neiicTByronieii Boico-
Thl Z'F2 1 3akio4ajnch B TOM, YTO B BHIOpaHHOM
NyHKTe Ha KpuBo#i f)F2 Habmromanacy BnaamHa, a
Ha KpuBoii 7'F2 — Bo3BblllIeHUE (IMTUK). 3aJepKKU
Hayaja TaKhxX BO3MYIIEHWH OTHOCUTENbHO Havajia
SC UCIOAb30BANUCh [JI1 MOCTPOSHUST M30JUHUIMA.
DKCIIepUMEHT BBITIOJIHEH 15 uioHg 1959 1. B iepu-
OJI BEICOKOI COJTHEUHOM aKTMBHOCTU Ha OCBEIICH-
HOI CTOpPOHE CEBEpHOTO TojaylIapus. YCTaHOBJE-
HO, YTO MCTOYHUK HaxoauJcs npuMepHo Ha 70 °N
MarHuTHOM MpoThl. [IpocTpaHCTBEHHBIN (BAOJb
MmepuaraHa) mnepuon coctasisger 1330 kM, Beau-
YUHA 3aJepXKKU YBEJIUYMBAETCSI C YMEHbBIICHUEM
IIMPOTHI (IIPU yaaJeHUW OT UCTOUYHMKA): B MOCKBe
(55.75°N, 37.62 °E) u CBepmioBcke (HbiHe — Eka-
TepuHOYpT, 56.83 °N, 60.58 °E) oHa cocTaBIsIeT 0KO-
j0 14, a B Annma-Ate (43.26 °N, 76.93 °E) u SImarate
(38.24°N, 140.36 °E) — 1.5 4.

[Toce pe3koro BbICBOOOXIEHWSI 9HEPTUM B Kac-
ne atMocdepa, pacroJioKeHHasl BbIlIe 0071acTH, Iie
YaCTUILIBI OTHAIOT CBOIO DHEPTHUIO, BHITAJKUBACTCS
BBepx (IIpM 3TOM AaBJIEHWE BO3IyXa B OYare BO3-
MYIIIEHUs TIOHIKaeTcs ). AHAIIOTMYHBIN TIpoliecc,
B YaCTHOCTH, HAOJIOIAJICS M TIPU B3phIBaX SACPHBIX
60m0. TIpu sToM N, F2 yacto pe3ko yMeHbIIaeTcs,
az, F2 — yBenuunBaercs, BMecTe ¢ TeM N, ocTaeTcs
HeusMeHHbIM [20, 21]. «Bnanuna» 8 N, F2 1 Bo3BbI-
uieHue B 7, F2 UMEIOT T1o0aibHbIiA XapakTep, OHU
HayMHAOTCI TPUOJU3UTEBHO CITYCTsI 1 4 T1ociie
Havasia SC. CKopoCThb NepeMelieHUsT BO3MYIIEHUS
BIOJIb MEpHIMAaHA B CPEIHEM IJIST THEBHBIX 9acOB
coctasisieT 0.74 km/c st Bbicokoit CA u 0.35 km/c
nnsa Huskorr CA [20, 21]. TIpomoskuteabHOCTh
JKU3HU «BITaJUHbI» B 3JIEKTPOHHOU KOHIIEHTpALIUU
IUIST CPEAHEITUPOTHBIX CTAHIMI — OKojio 60 MUH
B roabl Boicokoil CA n 40 MUH — B rOabl HU3KOM

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2016. T. 22. No 5



IIpocmpancmeento-epemennas OuHamMuKa nepemeusarouuxcs UOHOCHEPHbIX G03MYU4CHULL

CA. Hounblo Xe JIMTEIbHOCTh 3TOro addekra co-
crasiseT 2.5...3 4. Pacnipoctpansiercst OYK B 060ux
MTOJTYIIapHAX OT TTOTIOCOB K 3KBATOPY CO CpeaHEN
ckopocThio 1 kM/c [21]. AMmauTyna M3MeHEeHU
N, F2 v z, F2 B roabl BBICOKOI aKTUBHOCTH rOPAsio
OoJiblile, UeM B roJbl HU3KOM akTUBHOCTH [18, 21].

YKazaHHbIE BbIIIE CKOPOCTU PACIPOCTPaHEHUS
OYK He mnpoTtuBopedaT oOCyxXIaeMOl MOJIEIu:
B3aumoneiictsue AI'B ¢ noHocgepoii mporucxoaur
He MrHoBeHHO. Kpome Toro, Hayaso BO3MYILIEHUS
He coBmamaeT ¢ HayajaoMm SC, a eTo XOI 3aBHCHUT OT
COCTOSTHUSI COJIHEUHOW aKTUBHOCTU (10 KOHLIA HE
WCCIEeIOBaHHbBIN AaXxe JIsi MarHUTHBIX Oypb). B
MOATBEPXKACHNWE BBIMOJHUM CIEAYIOIINE OLECHKHU.
[IpenanonoxuM, 4To MoOCHe BBICHITAHUS YaCTUIL
(Hayayo BbICHIMAHUSI TPUOIU3UTEBHO COBIIAIAET
¢ HavyajoM SC), MOMEHT pa3BUTUSI KoJieOATeIbHO-
ro npoiuecca 3anepxubaercs Ha 10—20 MuH (MBI He
VYUTHIBAEM JUTUTEIHLHOCTh CAMOTO BBICHIITAHUS U
CKOPOCTb ITpolieccoB B aTMocdepe). Tormaa ckopocThb
nepemerieHuss OYK, nanpumep B 1 kMm/c, HabJ0-
JaeMasl Ha pacCTOSTHUSX OT uctouyHuka B 2000 kM,
coctaBuT yxe 1.4...2.5 xm/c. B o0cyXmaeMbIx HUC-
CJIEIOBAHUSIX WCMOJIb30BUIUCH |5-MUHYTHBIE U
YacoBbI€ MEPUOABI PETUCTPALIMI MOHOTPAMM, UTO
TakXXe MOTJIO TIPUBOAUTH K CYIIECTBEHHOMY 3aHU-
JKEHUIO SKCIIEPUMEHTATbHBIX 3HAUCHUI CKOPOCTH
nepeMelieHs BO3MYILCHUA.

AHaJIOTUYHBIN ClieHapUii TIPOSIBICHUSI KPYITHO-
MacmradbHoii OYK nHaOmomasicsl mocie siIepHOro
B3pbiBa Ha HoBoit 3emie 30 oktsiops 1961 . (Q =
= 58 Mr THT, z, = 3.7 xm, 74 °N, 56 °E), npowus-
BEJCHHOTO B OKOJIOMOJYIeHHOEe Bpems mpu W =
= 9. B pabote [1] nmpuBoasiTCS BpeMEHHbIE 3aBU-
cumoctu f,F2, nonyyennsie B mepuon 27.09.1961—
05.10.1961 rr. Ha cremylOIIMX WOHOCHEPHBIX
CTAHLMSIX: CpPeAHEIIMPOTHas CTaHLus Ajma-Ara
(CCCP, Ry = 3500 km, 43.26 °N, 76.93 °E), cTan-
LIMU I03KHOTO Mojymapusi — MyHgapuHr (ABcTpa-
s, Ry = 12000 xm, 31.98 °S, 116.2 °E) u BbI-
COKOILIMPOTHAsl cTaHuMsi MuUpHbIii (AHTapkTHaa,
Ry = 16000 xm, 66.56 °S, 93.00 “E). Msmepenns
HaunHaauch 3a 100 u (4.2 cyT) 10 B3pbIBa M IIPO-
noxkanuck B teueHue 200 4 (8.3 cyT) mociie B3pbIBa.
Kputnyeckas yacrora f)F2 Han Anma-Artoit ocra-
Bajiach TTOHIKeHHOM B TeueHue 44 9 (1.8 cyr), na-
Jiee TPOSIBJISLIOCh HE3HAYUTEIbHOE €€ MOBBIILIEHUE.

Han ctaHmus MM 105XKHOTO MOJyIIapysl BHavalle Ha-
OmoaoCh MOBBIILICHNUE, a 3aTeM TIOHXKeHue f,F2.
Kaxnplii morynepro s mpomoJrKaics okojio 50 4 Haf
craHLueit MyHIapuHT 1 0KOJIO 59 4 Hax cTaHIUei
Mupnsiii. Hanbonbemag ammiutyna (okoso 50 %)
BTOM JIMHHOTMEPUOAMWYECKON BOJHBI OKa3ajiach
Hapn craHuueil MyHaapuHr. IpuBeaeHHbBIE B CTaTbe
JAHHBIE HE TTO3BOJISIIOT BBIYUCIUTL CKOPOCTh 3TOM
BOJTHBI, OTHAKO BUIHO, 4TO Haa AnMa-AToi TOHU-
JKeHUe HauMHaeTcd ciycTs 17 4, a Hall CTAaHIUSIMU
MyHaapuHT U MUpPHBIA TOBBIIIEHNE KOHIICHT-
panumu BO3HUKAET cItycTs 21 m 35 9 1ociie B3phiBa
COOTBETCTBEHHO. MBI TojaraeM, 4To OINMUCAaHHbIE
CTOJIb TIPOAOJIKUTEbHBIE O BpeMeHU 3(PdeKThI
MOSIBUJIMCH B PE3YJIBTAaTe TOTO, YTO UCIIBITAHUE TTPO-
u3BeaeHo npu MuHumyme CA. Ilo npuBeneHHBIM
JAHHBIM B 000MX MOJIYIIAPUSX TTIPOUCXOIUT YBEIU-
YeHHUE BPEMEHHBIX MOJYIIEPUOIOB U JJINTEIHbHOCTU
3aIEP>KKU MX Hauyaja ¢ yJajJleHUEeM OT MeCTa B3phIBa.
O1n 3PEKTH CBUACTEILCTBYIOT B IIOJIL3Y aleKBaT-
HOCTU MOJIeJIM Ha YIaJIeHUSIX OT UCTOYHUKA BIUIOTh
10 16000 kM.

CorjacHO MPUBEACHHBIM BHILLIE 3KCIIEPUMEH-
TaJlbHBIM JAHHBIM TIEPBBIM IMOJIYIIEPUOA BO3MY-
LIEHUSI B CEBEPHOM MOJIYLIAPUU PACTIPOCTPAHSIICS
(ot mecTta B3pbeiBa Ha HoBoit 3emie) ¢ ceBepa Ha
tor B Bujie OYK, a B 103kHOM TOJyllIapuu, I0XHee
35 °S (cranuuss MyHpmapuHTr), — B BUAE 00JacTH
noBbilieHHON KoHueHTpauuu (OITK). DtoT yau-
BUTEJIbHBIN 3KCIepUMEHTabHBIN (aKT corjacy-
eTcsl ¢ OMIUPUYECKOi 3aBUcuMocTbIO (1), momy-
YeHHOI M3 aHaJiu3a MOHOC(EPHbIX MOCIEACTBUIA
SIIEPHBIX B3PBIBOB B Auaria3oHe mupoT 25 °S. B
3TOM (hopMyJie TI0 3HAKY MATHUTHOTO HAKJIOHEHMUS
0 orpenesieTcs 3HaK OTKIOHEHUSI AN OT (POHOBBIX
3HaueHuit N,,. [ToCKOJIbKY 3HaKM O B CEBEPHOM U
I02KHOM TMOJIyLIApUSIX TPOTUBOTIOIOXKHbI, TO MOJTY-
NepUo ¢ MUHUMYMOM N, B CEBEPHOM IIOJYILAPUM
MpU PacopoOCTPAaHEHUM 3TOTrO XKe BO3MYIICHUS B
I0KHOM TTOJIyIIapuu OyIeT MOoJynepuogoM ¢ MaK-
CUMYMOM N, .

TakuMm 00pa3oM, 3MOUpUYECKas 3aBUCUMOCTD
(1), moslyyeHHasi Mo 3KCIEPUMEHTAIbHBIM TaHHBIM
JIJIs1 Tana3oHa mupot 25 °S, okasajack cripaBe/-
JINBOI U B OOJIBILIEM IMAIIa30HE IIIMPOT, B YaCTHOCTU
oT 43 °N (Anma-ATa) 1o 67 °S (cranuuss MUpHBIiA,
AHTapKTHIA).
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To6aavnoe nabarooenue AI'B u IIHB. Bo3myiiie-
HUs, TTOPOXIECHHBIE SIACPHBIMA MCTIBITAHUSIMU Ha
Hosoii 3emie 23 okTs16pst 1961 1. (Q =25 M1 THT)
n 30 oxTsa6ps 1961 1. (Q = 58 Mt THT, z, = 3.7 km),
SIBJISIIOTCSI HanboJiee ucclieOBaHHBIMU B I100a/b-
HOM MacIlTade, MOCKOJIbKY BOJHBI aTMOC(HEPHOT0
JlaBJIeHUsI OOHapYKMBaeMbIX aMIUIUTYI HaOIt00a-
JIUCH TMOYTH IO BCEMY 3eMHOMY 11apy. 17151 BToporo
COOBITHST BO3MYIIIEHUS MaBICHUSI OTMEYAINCh Ha
BCEX Ha3eMHBIX CTAaHIMAX. M3ommHWM BpeMeHM
3anas/ibiBaHUsI BO3MYILEHUSI B 0OOUX MOJyILIapU-
SIX ObLIM OJU3KMMM K KOHLUEHTPUUECKUM OKPYX-
HOCTSIM C LIEHTPOM B MecTe B3pbiBa [65]. 1o ka-
YEeCTBEHHBIM MHUKpOOaporpamMmam, IOJy4eHHbBIM
B Bawmnrrone s Ry = 7000 xm [65], Mbl pac-
CYMTAIM CKOPOCTH BOJIH IaBJICHUS y TTOBEPXHOC-
™ 3emuu. 1 yKa3aHHBIX COOBITUII OHM OKa3a-
Jmch paBHBIMU cooTBeTcTBeHHO 0.33 1 0.31 xMm/c.
CpenHsist CKOPOCTh (110 BCEMY 36MHOMY 1l1apy) ISt
BTOPOTO cOOBITUSI cornacHo [50, 65] cocraBuiia
0.31 xm/c.

BMmecTte ¢ TeM noHochepHbIe BO3MYIIIEHUST OOHA-
PYXXMBAJMCh HE Ha BCEX CTAHLMIX BEPTUKAIbHOTO
30HIMpoBaHMs. Tak, 00a COOBITHSI BbI3BAJIM BO3MY-
1eHus1 B MoHocdepe Ha cTaHUMsIX EBporibl, A3uu,
Nunuu u Oro-BoctouHoit A3uun. Mable OTKJIO-
HeHMs1 oT (oHa HaOMOAIUCH B ANMOHUU, OYEHb
He3HaYuTeJbHbIe BapualluM WJIM TIOJHOE MX OT-
cyrcTBHE ycTaHoBieHbI B CeBepHoil AMepuke [50],
HECMOTpSI Ha TO, 4TO yAaneHue craHuuii CeBepHOi
AMepuKM OBIJIO CpaBHUMBIM C yIaJIeHHMEM €BpO-
MNEMCKUX CTaHUMIA. YIOMSIHYTble MEPTBbIE 30HbI
IUTST MOHOC(EPHBIX BO3MYIICHUN TOATBEPXKIAIOT
CIIpaBeNIMBOCTH TTpeTaraeMOoif MOJICNIH, B KOTOPOU
noHocpepHoe MNposiBjieHue aTMOoCc(hepHOl BOJHbI
OrpeaesieTcsl yrIOM MEXIy BOJTHOBBIM BEKTOPOM
AI'B M mI0CKOCTBIO T€OMAarHMTHOTO MepuaraHa
(bakTnyecky MpoeKLUei CKOPOCTU MepeMelleHUs
MOHU3VMPOBAHHOUN COCTABJISIIONIENA B BOJIHE HA BEK-
TOp TeOMarHuTHoOro noJist). Ilpu aToMm cienyer yuu-
THIBaTh BO3MOXHBIE MCKPUBIIEHMS (DPOHTA pacIIpo-
crpaneHust AI'B, o0ycioBieHHbBIE pernoHaJIbHBIMU
CKOPOCTSIMU BeTpa, HEOJAHOPOJHOCTSIMU JaBICHMS
U TeMIiepaTypbl Bo3ayxa, HabJ01aeMbIMU, HAMPU-
Mep, B uccienoBanuu [65]. Kak okaszanoch, B Ips-
MOIi BOJIHE UCKPUMBJIEHUs (DPOHTA MOTYT AOCTUTaTh
oKoJ10 40°.

30

5. ITPOBEPKA JOCTOBEPHOCTU MOJEJIN
110 JAHHBIM, ITOJIYYEHHBIM B XOJIE
PAIIOITPOCBEYMBAHUSA NOHOCOEPDI
KOT'EPEHTHBIMU CUTHAJTAMNI
HU3KOOPBUTAJIBHBIX NC3

Memoduxa npoeedenus uccaedoganuil. [lpoctpaHct-
BEHHOE pacIripeJeieHrue 3JeKTPOHHOM KOHIIEHT-
paluy KUCCIeA0BaIOCh C UCIOJIb30BAHEM CUTHA-
JIOB, U3JTy4aeMbIX HABUTAIIMOHHBIMU CITyTHUKAMU
«ukama» u «llukaga-M» (Poccust) ¢ BbICOTOI
opouthl okosio 1000 KM 1 HaKJIOHEHHEM ee TJI0C-
KocTu Ha 83°. bopToBoIi mepeaaTunMK HeMpepbIBHO
U3JlydaeT KOTepEeHTHbIE paJMOCUTHAJbl C 4YacTO-
Tamu okoso 150 u 400 MIu. Hazemuniii MIT pac-
noJjilaraeTcs Ha paguodu3ndeckoil odbcepBaTOpun
XapbKOBCKOTO HALlMOHAJIbHOTO YHUBEPCUTETA
umenu B. H. Kapa3una c reorpaguyeckumMu Koop-
muHataMu ¢ = 49.63 °N, A = 36.32 °E, npuHnMaet
U3TYyYeHHBIC CUTHAJIBI M U3MepsieT HOHOCHEPHYIO
COCTAaBJISIIOILYIO TOTIEPOBCKOTO CMEILIEHUS 4YacTO-
bl Of; B TeueHue 12...16 muH Kaxapie 1.5...2 4 c amn-
napaTypHoii norpeirHoctbio of = 0.005 I11. Peruc-
Tpauuu 8f(f) ABNAIOTCA UHAMKATOPAMU COCTOSHUS
noHOoCc(hEPHI, TO3BOJISIIOT UCCIIEI0BATh PETYJISIPHbIC
1 BO3MYIICHHBIC IMapamMeTphbl MPOCTPAHCTBEHHO-
ro pacmnpeeieHus 3JIEKTPOHHON KOHICHTpaLWU
HaJ peTMOHOM B IMana3zoHe mupoT 33...66 °N, uTo
COOTBETCTBYET MPOTSIKEHHOCTU MO TTOBEPXHOC-
™ 3emau 1o 3600 kM. B xoae oTaenbHOro mpose-
Ta MC3 noHocdepHbie IMapaMeTpbl UCCIIEAYIOTCS
B IIMPOTHOM [auana3oHe B 24° (4TO cCOCTaBisieT
2700 xm). ITonpoOHOCTU 3TOM METOAUKU OMKUCAHBI
B paborax [11, 15, 16].

Ilossassemocms ITUB. B pabote aHAIM3UPYIOTCS
3aBUCUMOCTH Of(f), 3aperUCTPUPOBaHHbBIE B 1987 —
2010 rr Opu XapaKTEepHBIX TreJauoreousnueckKux
YCIOBUSAX. AMIUIMTYIA BapHallvii, TPOSIBIISIONINX-
cs Ha Of{(f) B pesynbrare BausiHus [TUB, B necatku
U COTHM pa3 Oosblie 3HaueHus df. CTojb BhICOKAs
anrapaTypHasl TOYHOCTb PErucTpaluii U OOJIbIION
MAaCCHUB JaHHBIX, HAKOILJICHHBII 3a JIBa LIUKJA COJI-
HEYHOI aKTUBHOCTHU, MO3BOJILIIN CKOPPEKTUPOBATH
BBIBOIBI psifia SKCIIEPUMEHTOB C HCIOJb30BaHUEM
MMPAKTUYECKHN TaKUX Xe HU3KOOPOUTAIBHBIX HaBU-
raunoHHbIX UC3 cepuu NNSS («Tpansur», CIIA),
OJIHAKO C HEAOCTATOYHOI TOUHOCTBHIO U3MEPEHUIA.
Tak, coriacHO HalIUM HAOJIOJCHUSIM OOIICTIPU-
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HSTOE B HACTOSIIEEe BPeMsI 3aKII0USHNE O HATMINU
ILAPOTHOM, CE30HHOU U CYTOYHOM 3aBUCUMOCTEN
B nosipyisieMoctu CM-TTUB Henb3st cuurath cripa-
BEIJIVBBIM.

Hanpumep, B pabdotax [30, 51] yrBepxmaercs,
yTo B HouHOe Bpemsi CM-TTUB HabaonatoTces 3Ha-
YUTEJIbHO PeXe, a JISTOM UMEETCS MUHUMYM UX T0-
sBsieMOCTU. [10CKOMBKY IO aHaau3y Halllux daH-
HBIX 5T 3((HEKThI He HaOJII01aI0TCS, MBI IIEPECMOT-
penu  pe3yabTaThl M3MepeHMi, TpUBeACHHBIC B
YIOMSIHYTBIX pad0Tax, U YCTAaHOBUJIU, UTO BbIBOJIbI
aBTOPOB OOYCJIOBJIEHBI TOJILKO HEIOCTaTOYHOI ar-
MapaTypHOil TOYHOCThIO U3MEPEHUI1: TTOPOT 3HaUe-
HUii N, He MO3BOJISA IPOBOAMTH UCCIIENOBAHUS Pe-
TYJSIPHBIX W BO3MYILIEHHBIX MapaMeTpOB MOHU3a-
. Cienyer OTMETUTh, UTO TAKOE MPEATION0XEHNE
B 00enx paborax BbICKa3biBaJioch. OmMHAKO cUMTa-
j1ock [30], 9yTo 3TOT 3 (HEKT BIMSLI IUIIL HA aMILII-
Tyay OOHapy>KeHHBIX 3aBUCUMOCTEHl M HE CKa3bl-
BaJICSl Ha WX JOCTOBEPHOCTU. B mpuBeaeHHBIX HC-
CJIeIOBAaHUSIX U3MEPEHUs TTPOBOAUIUCH B Pa3HbIX
MOJIyLIapusixX, MO3TOMY Koraa B padote [30] 3umoii
HabJogancss MakcumMyM, To B [51] B 3T0 ke BpeMs
ObLI0 JIETO, M OOHAPYXUBAJICS MUHUMYM. CorjlacHO
Hauiei runotese 6osbnHCTBO [TUB ecrecTBeHHO-
TO TIPOMCXOXIECHUS TTOPOXKIAIOTCS BBICHIITAHUEM
SHEPIUYHBIX YaCTULL B MarHUTOC(HEpHbIE KACIIbl, a
3TO COOBITME HMKAK HE CBSI3aHO C Ce30HaMU roja.
bojiee Toro, maxe eNMHUYHBIA aKT BO3OYXIACHMS
AT'B mopoxnaer [1MB, HabiogaeMble mpakTUYeC-
KU1 KPYTJIbIe CYTKU (C YMEHBIIAIOLIMMUCS CO BpeMe-
HEeM TIPOCTPAHCTBEHHBIM TEPHOIOM U aAMILIUTY-
noit). IToaToMy MaKCUMyMBbl WM MUHUMYMBbI B CY-
TOYHOM M CE30HHOI 3aBUCUMOCTSIX TTOSIBIISICMOCTH
[T B OynyT HabI10IaThCS TOJBKO IIPU HETOCTaTOU-
HOUW TOYHOCTU U3MEPEHU.

B pa6Gorax [44, 52, 58—60, 62], BBITTOJHEHHBIX
CIYCTSI TIOUTU TPU JECITUIICTHUSI TOCIE UCCIeloBa-
Huii [30, 51], Takke BBIIBISICTCS CYyTOUHAasl U ce-
30HHAsI 3aBUCHUMOCTD MOsIBIsieMOCTH. OgHAKO T0-
JIydeHHbBIE 3aBUCHMOCTHU TIPOTHBOpPEYAT APYT APYTY
1 TIpEAIIECTBYIOIINM pe3yasraTaM. Hampumep, B
pabore [60] HabOmIOmAICA MUHUMYM ITOSIBISIEMOC-
i JletoM 2006 1., a B pabote [62] perucTpupoBaics
MakcuMyM B ieTHUe riepuoabl 2007—2008 rr. Bmec-
Te ¢ TeM B paboTe [62] clenaHbl BBIBOIBI, KOTOPbIE
COBITAJAIOT C HAITMMM 3aKJTIOYSHUSIMU: OTCYTCTBYET

ce30HHas1 3aBUCUMOCTb amiuiuryabsl ITMB; CM-
[IB He oOHapyXuBalOTCSI B OKOJIOIIOJIYHOUYHBIE
gachl. OIMOOYHBIE BEIBOABI OTHOCUTEIBHO CYTOU-
HOM 1 CE30HHOI 3aBUCUMOCTEN MOSIBISIEMOCTH, KaK
u B padotax [30, 51], 00ycJIOB/IEHbBI TOTPEIIHOCTHIO
n3MepeHuit mapametrpoB IN1MB u Hanuunem poHO-
BbIX (QJIyKTyaluii, MPEersITCTBYIOLIUX BBISIBICHUIO
MajibiX 3HayeHud A, Takue NpeanonoxeHuss o
BO3MOXXHOM HETOCTOBEPHOCTH ITOJYYEHHBIX IKC-
TTepUMEHTAIBHBIX 3aBUCUMOCTE TIOSIBIISIEMOCTH
BBICKA3BIBAIOTC Takke B paboTe [62]. PaHee ¢ mc-
MOJIb30BaHWEM HU3KOOPOUTATbHOTO CITYyTHUKOBOIO
pPaaroIpOCBeUMBaHUSI UCCIEA0OBATEIM MOTJIU BbI-
aBigTh auib CM-TTMB. Takue HeoqHOPOIHOCTU
nosiBasiIoTcsl ToJbKO mociie KM-ITMB, o6bsryHO
HaOJII0JaeMbIX B HOYHOE M YTpeHHee BpeMs (CM.
Huxe). [Toatomy CM-IIMB 1 He perucTpupyrorcs
B 9TU NEPUOAbI (OHU ellI€ He MOPoxXaeHbl). OmHaKO
5T0 He o3Havaer orcyrcTtBue I1MB, Bens ectb KM-
I B, nmarHocTrKa KOTOPKIX OblJIa BHE aIllapaTyp-
HbIX BOBMOXKHOCTE! YITOMSIHYTBIX MCClIeIoBaTeIei.

Hama mnpuemo-peructpupyolias anmnaparypa
MO3BOJISIET TMPOBOAUTH AUATHOCTUKY HMOHOCHEPHI
KPYIJIOCYTOYHO, BBIIBISATH IIB 6cex maciiTaboB.
YCTaHOBJIEHO, YTO MOSIBISIEMOCTb BO3MYIICHUI He
3aBHCHUT OT BpeMEHM CyTOK. B Tabi. 6 mpuBomsaTcs
IaHHBIE O ce30HHOI nogsiageMoctu [IMB B roaer
cpenneit (1997—1999 rr.) n Huskoii (2009—2010 rr)
coiHeyHoil aktuBHOcTU. Crenys padore [30], K
3UMe, JIETY U paBHOJACHCTBUIO Mbl OTHOCWJIU U3MeE-
pPEHMSI, BBITIOJIHEHHBIE COOTBETCTBEHHO B MEPUOIbI
¢ 27 okTs10ps 1o 4 ¢espans, ¢ 30 anpens no 2 aB-
rycra, ¢ 5 ¢peBpays no 29 anpenst u ¢ 3 aBrycra mno
26 OKTSODS.

Ha puc. 17 g 1987—2010 rr. mmokasaHBI: 3a-
BUCUMOCTb CpeaHerogoBoil mosiisiemoctn [TUB
(KpyXKu) U ee JIMHeiHast perpeccust (Kpusasi [);
3aBUCUMOCTb CPEIHErOJOBOrO 3HAYEHUS YHCEeI
COJIHEYHBIX MSATeH (KpuBas 2) U 3aBUCUMOCTb CpeJi-
HEroJIoBOM IOSIB/ISIEMOCTU 0Oe3 JIMHEHHOIo TpeHaa
(kpuBas 3).

Ha ocHoOBe mpuBemeHHOTO aHaIM3a MOXHO 3a-
KJIIOYWTb, YTO B 23-JIETHUI TepUOJ UCCIeAOBAHUI
nosipisieMocts [IMB He 3aBrUCHT OT ce30Ha 1 Yucia
coiHeuHbIX msATeH. [lossageMmocts [T B yBenunun-
Bajiach oT 50 % B 1987 . 1o 98 % B 2010 1., B cpen-
HeM oHa coctaBisuia 87 %. BeiBox 00 yBeIMueHU
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Puc. 17. Tossnsgemocts p ITWMB u uynucno W coaHeyHbIX
0.4 1 LS nsateH B 1987...2010 rr.: / — snuHeliHast perpeccus p.. IMo-
~ BonHoBox f \ /\ : r 1o
L , sapissemoctu [TUB; 2 — cpenHerogoBoe uuciao Bonwda W,
5 ~ - ) -—_ 3 — noasnsiemoctsb [MB 6€3 muneiinoro Tpenna (p — p,); 4,
| ~ [ 5 — TMOSIBJIIEMOCTb CKQaUKOBOTO U BOJTHOBOJHOTO BUAOB pac-
0 . . . . . npoctpaHeHust [T B u ux nuHeliHbIe perpeccuu 1mo u3mMepe-
1985 1990 1995 2000 2005  Tompl Husm 1987...2010 rr
R
Tabauya 6. Iosisasiemocts ITB
VpoBeHb Ob1ee 3uma Jleto PaBHOneHCTBHE
COTMHCUHOU \meio pe- Yucno MMosBisie- Yucno TosiBnsie- Yucno TMosiBnsie-
AKTUBHOCTU TUCTpallun o o o
perucrpauumn MOCTb perucTpauuvu MOCTH perucrpauvmn MOCTbH
1997—1999 rr.
CpEIHSISI aKTUBHOCTh 647 158 0.89 185 0.86 304 0.79
2009—2010 rr.
HU3Kasi aKTUBHOCTb 604 79 0.98 235 0.97 290 0.98
Tabauya 7. Ce3onnas nossiasemocts ITVB
C BOJIHOBOHBIM ¥ CKAYKOBBIM MEXAHM3MAMM PACTIPOCTPAHEHUS
Yucno 3uma Jleto PaBHOICHCTBUE
YpoBeHb perucr-
COJIHEYHOM pauui Bon- | Cxa- Ckayok/ | Yucio Bon- | Cxa- Ckayok/ | Yucio Bor- | Cra- Ckauok/ | Ywucio
AKTUBHOCTU 3a HoBOL 4oK BonwHo- | peruct- HoBOIL qoK BonwHo- | peruct- HoBOIL qoK BonHo- | peruct-
MepHo. BOI pauuit BOIL pauuit BOL pauuit
1997—1999 rr.
CpelHsIs aKTUBHOCTh 351 0.05 095 175 74 0.18 0.74 2.8 115 0.18 0.81 4.6 162
2009—2010 rr.
HHU3Kasi aKTUBHOCTb 185 0.21  0.79 3.7 42 0.9 0.1 0.1 20 0.26 0.74 2.8 123
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MOSIBJIIEMOCTH B JIBa pa3a 3a yKa3aHHbII JBaLIaTU-
JIETHUI TIepUOI OOBSICHSIET pa30poc 3HAYCHUIA 3TOM
BEJIMUMHBI, MPUBEJACHHBIX B MCCJENOBAHMSIX pas-
HBIX JIET B TeueHue 60-JeTHero nepuoaa. Bmecte ¢
TEM MBI 10 JAaHHBIM 9KCITIEPUMEHTOB MOATBEPXKIaeM
3aKJII0UEHME TOJABJSIONICr0 Yuciaa McciaenoBaTe-
JIeil 0 ToM, 4to nosBigemMocts CM-ITUB He 3aBu-
CUT OT MarHuTHoi aktTuBHoctu [11, 30, 37, 51, 59].
B roasl MMHMMYyMa COJTHEUHO aKTUBHOCTH OKOJIO
70 % KM-TTMB Hab6momatoTest B OKOJIOIOIYHOYHOE
u 30 % — B yTpeHHee BpeMsl.

Kpome Toro, ¢ npuieyeHreM pe3yabraToB YKC-
JICHHBIX 9KCIIEPUMEHTOB HaM YIaJI0Ch HAZIEXKHO BbI-
SICHUTDb TTPUYUHY JIOXKHOH IIUPOTHOM 3aBUCUMOCTHU
MOSIBJISIEMOCTH, U B YACTHOCTU, OOBSICHUTH YacCTO
HaOmogaemble ciaydau, korna CM-ITMB onHoBpe-
MEHHO OOHapyXXMBAlOTCS KaK Ha CEBEPHbIX, TaK U
Ha I0XHbIX BETBSIX perucTpanuii 8f(f). OxkasbiBaeT-
cs, yto 1B, kak npaBujio, CyilecTBYIOT BO BCEi
00J1acTu paaIrONpPOCBEYMBAHMS, a OOHAPYKUBAIOT-
Csl Ha OJIHOM U3 BETBEM &f(f) MM Ha 00euX ee BeT-
BSIX B 3aBUCHMOCTM OT yIjIa HaKJIoHa (ppoHTa BO3-
MYLIEHUSI B BEPTUKaAJIbHOM IuIocKocTH [15]. DTOT
anrapaTypHO-MeToAnYeCKuii 3¢hheKT, CBsI3aHHBIN
C reoMeTpuei paauornpocBeurBaHus, Oosiee Moa-
POOHO OTIMCHIBAETCSI HUXKE.

Ceiiuac JulIb OTMETUM, YTO HAMU OH HCIOJIb-
3oBajics s coptupoBku [TMB mo mexaHusmy ux
pacripoCTpaHEeHMS: BOTHOBOAHBIN WJIM CKAYKOBBII.
CornacHo Hallleit MojieJId BOJTHOBOJHBIN MEXaHU3M
npucy; KM-TTMB, ognako CM-ITHUB moryT pac-
MPOCTPaHAThLCSI obouMM criocodamu. Ecam mpo-
CTPAHCTBEHHBII TOPU3OHTANbHBIN mnepuons CM-
I[11B He u3MeHsieTcs ¢ IMPOTOU (MU N3MEHSIETCS
HEe3HAYUTEIbHO), TO MbI TTOJIarajiu, 4YTo peaan3yeTcs
BOJIHOBOJIHBINT MeXaHM3M pacripoctpaHeHus. Ecnu
ke CM-IIMB HaOmomanuch TOJBKO Ha CEBEPHOI
WIY I0XHOM 4acTu perucrpaunu Of(¢), ambo mx
aMIUIMTYyAa npeobagaia Ha OJHOM U3 yIOMSIHYTbIX
yacTeid, TorJa MoJjlarajioch, YTO UMEET MECTO CKay-
KOBBIII MexaHu3M pacnpoctpanenus IIMB. Ilpu
MOMOIIIM 3TUX KPUTEPUEB MCCIIEI0BAIOCh pacipe-
nenenue [T B no mexaHu3My X paclipoCTpaHeHUsI.
PesynbraThl Takoro aHajauM3a NMpyBeAeHbI B Tadd. 7,
B Hell BOJIHOBOAHBIM MEXaHU3M PacnpoCTpaHEHMUSI
ITMB n1st KpaTKOCTH Ha3BaH BOJIHOBOJOM, a CKay-
KOBBIN — CKaYKOM.
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Pacripenenenue mo BMIaM MexaHM3Ma pacipo-
CTpaHEHUSI OCYIIECTBIISIOCH IO TIPeobIagaloemMy
BIMSIHUIO Toro miau mHoro Buaa IIMB Ha perucr-
paumio 6f,(). IToatomy, eciti Ha peructpaunu of (7)
yeTko npociexuBarorcess CM-TTUB n umeercs KM-
TN B, xoTopast IuIlb HE3HAYUTENbHO Ae(hopMUpy-
€T PervucTpaluio OTHOCUTEIbHO HEBO3MYIIECHHBIX
YCJIOBUI, TO PErucTpalnus COOTBETCTBYET CKAuKO-
BOMY MexaHM3My. B TakoM aHaju3e HCIOJIb30Ba-
JIMCh TOJIBKO T€ perucTpanuu o6f,(f), B KOTOPhIX yIIo-
MsiHyTOe pacnpeneneHue [TMB no ux Bumy MOXHO
HaJle>)KHO MAeHTUdULIMpoBaTh. B aHain3e He pac-
CMaTpUBAINCh (HE YYUTHIBAJIMCH) PETUCTPALIUHU,
rJe UBMEPEHUS TTPOBEACHBI JIUIIIb Ha YaCTHU MpoJieTa
MC3, mosToMy M3-3a HEIOCTATOYHBIX IPOJOJIKU-
TEJILHOCTE! PETUCTPALIMIA 3aTPYIHUTEIBHO YCTAHO-
BUTb UX MIPUHAJIEXXHOCTb K TOMY WJIU JIPYTOMY Me-
xaHu3My pacnpocrtpaneHus [1MB. B pesynbrate Ta-
KO OTOpaKOBKM JAHHBIX B Tieproabl 1997—1999 rr
1 2009—2010 rr. gyist aHanm3a ObLJIO 0TOOPAHO COOT-
BETCTBEHHO TOJLKO 50 11 30 % UMeIoLIXCST PETUCT-
paLuii.

Kak BugHO, 3HaUeHHWE OTHOLIEHUSI CKauOK,/BOJI-
HOBOJl HaXOAUTCS B Auana3oHe 3...18. Oto cBuje-
TeJbCTBYET 0 ToM, uTo IIMB co ckaukoBBIM Mexa-
HU3MOM pacnpocTpaHeHus (toabko CM-ITMB)
umeroT B 3...18 pa3 0oJiblilyl0 MOSIBISIEMOCTh, YeEM
C BOJIHOBOJHBbIM MeXaHu3MoM (B ocHOBHOM KM-
[TMB). B 3TOM BbIBOJIE HE YUYUTHIBAIOTCS JETHUE
JaHHble 3a nepuon 2009—2010 rr., Korma oTHOIIe-
HUE CKayoK/BoJHOBOA paBHsIoch 0.1 (B apyrux
cllydasix 3TO OTHOIlleHue coctanisuio 3...18). Ilpu-
YHA TAKOTO pe3y/ibrata TpeOyeT JOIOTHUTEIbHO-
ro usydeHus, 3¢G@eKT UMeeT SIBHO aHOMAaJIbHBIN
XapakTep OTHOCUTEJIbHO MeXaHW3Ma paclpocTpa-
Henus [TMB ecrecTtBenHoli ipuponasl. Bo3aMoxkHO,
STOT aHOMAaJbHbBII pe3yJbTaT OOYCJIOBJIEH Masoi
CTaTUCTUKON 3a BbIOpaHHBIN mepuoa. OmHako B
11€JIOM MPOBENEHHbIE MCCIEIOBAHNS MOATBEPXKIa-
JOT M3BECTHBIN BBIBOL O ToM, uTo KM-ITMB Ha-
OmopaloTcs cyliecTBeHHO pexke, yem CM-ITKMB.
Takoit pesynbraT HaOMIOAEHUIT OOYCIOBIEH TEM
00CTOSITETLCTBOM, UTO CKOPOCTh PaCIpOCTPaHEHMSI
KM-ITMB B HECKOJIbKO OECSTKOB pa3 MPEBHILLIACT
ckopocTb pacnpoctpaHeHuss CM-IIMB, uro 3a-
TPYIHsIET OOHapyKeHue KpynmHoMaciuTadHbix [T B
U OJIarOTIPUSITCTBYET BBISIBJICHUIO CpeIHEMACIITa0-

33



0. @. Toipros, 10. I1. Pedopenro, B. JI. Jlopoxos

HBIX HeogHopoaHocTel. Hike OyaeT mokaszaHo, 4To
BpeMst xku3Hu KM-IIMB cocraBisgeT HECKOJIBKO
9acoB, ¥ Ha (hoHEe MX MOHOC(HEPHOTO OTIIeYaTKa MO-
ryT nepememiatbcsi CM-TTMB pa3Hbix MaciiTaboB.
[TosrydeHHBIE BBIBOJIBI COTJIACYIOTCS C HAIIIEH Mojie-
JIbIO, U3 KOTOPOM CJIEAYeT, YTO UCXOIHOE BO3MYIIIE-
HMe Bo30yxnaeT BbicokockopocTHbie KM-TTUB, 3a
KOTOPBIMU B CYILIECTBEHHO 0oJjiee JUIMTEIbHBIN Tie-
puon cinenyior CM-ITMB, uMeroiue 3Ha4NTETLHO
MEHBIIINE CKOPOCTH TTIepEMEIIICHMST.

Ha puc. 17, 6 npuBeneHbI 3aBUCUMOCTH ITOSIBIISIC-
MocCTel ckauka (KpuBasi 4) U BOJIHOBoIa (KpUBasi J)
W UX JIUHEWHbIe perpeccuu B nepuoa 1997—2010 rr.
3aBUCUMOCTb OT YMCJIa COJIHEUHBIX TSITEH He 00-
HapyxeHa. PerpeccuoHHbIe TIpsIMble MPAKTUYECKU
TOPU30HTAIBHBI, YTO CBUIETEIBCTBYET 00 OTCYTC-
TBUM BpPEMEHHON 3aBUCMMOCTH. [lo maHHBIM 3a
YKa3aHHBIN TTepUO MCCIeTOBAHNI 0Ka3aloCh, YTO
MOSIBJISIEMOCTb CKauKa U BOJJHOBOJIA COCTABJISIET CO-
OTBETCTBeHHO 76 % 1 24 % W3 yuciia Bcex Haboaa-
eMbix [TMB. OTHOILIEHME 3THX TTOSIBJISIEMOCTE paB-
HO 3.2. PakTUYECKM TaKasl CTaTUCTUKA OTpakaeT
BpeMs HaOmoaeHuss CM- u KM-ITMB: CM-TT1B
HabI01a0Tes B TpU pasa vaiile, yeM KM-TTHB.

Munumanvhole 3Ha4eHUs 20PU3OHMAALHO20 MAC-
wmaba ITHUB. Kak ycTaHOBJIEHO BbILLIE, IPU Ry =
= 500...3500 kM MozenbHbIE 3HaYEHUS L, M3Me-
HstoTcs B auarnasone 200...747 kM. B Hammx skc-
MepuMeHTax paauoIpoCBeUMBaHe OOBIYHO HAuM-
HaeTcs Ha paccTtostHUusIX R ~ 500 kM oT Kacma. DTo
3HaYeHHUE R BBIUMCIECHO C UCITOJb30BAHUEM MOJE-
neii kacra [6, 43]. [ToaToMy MUHUMAaJILHOE MOJIEITb-
Hoe 3HayeHus L pns Hamero MIT He moikHO mpe-
oimath 200 kM. ITo namepenusim 1997—2010 rr. B
Tex peakux ciaydasix, korna R < 500 kM, 3HaueHue
L, ymenbinaercs o 100...150 km.

Boisacuum temeps L, tipu R ~ 500 kM apyrum
crmocoboM. HamoMuHaem, 4YTO cOIJIacHO Halei
MOJIEJN TIPU CBOEM 3aPOXIEHUU MPOCTPAHCTBEH-
Hble TOpu30HTalIbHbIe KBaszumnepuoasl AI'B-TIMB
WMEIOT MUHUMAaJIbHBbIE 3HAYeHWSI, YMEHbBIIIAIOIIH -
ecs ¢ yBeIMYEHNEM HOMepa KBasuIlepruona B IIyTe
TTUB (cM. Tab. 2). PaccMoTpuM Te KBa3UTIEpUO/IbI,
KOTOpBIe Ipu yKazaHHOM R nmopoxnaior CM-AI'B-
[T B. CrapToBoe 3HaYeHUE, HAIIPUMEDP, CEIbMOTO
KBasuIepuoa cocrapisiet Ly, .= 47 KM, TIpu CBOEM
yIaJIeHUur OT MecTa BO30YKIEeHUSI ITTMHA 3TOTO KBa-
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3unepuoaa (Kak 1 J1000ro Ipyroro) yBeandnuBaeTcs
1o JruHelHOMY 3akoHy. Hanpumep, Ha paccTosiHuu
oT uctouyHnka R = 480 KM ero 3HaUeHME COCTABIISI-
et L = 245 kM, a Ha paccTtosiHuM R = 1022 KM OHO
yBeanuuBaetcs 10 L = 412 km. I1pu 3ToM nepBblii
9KCTPEMYM YIATUTCS OT UCTOYHUKA COOTBETCTBEH-
HO Ha R, = 1200 1 20000 km. [l1s1 4eTBEPTOrO KBa-
3UINEPUONIa, KOTOPbIA 3HAYUTEJBbHO Yallle PErucT-
pUpyeTCcs B HAIMX 9KcnepumenTax, Ly, .= 104 ku,
npu R = 512 xm u R; = 7000 KM 110 MOJIENbHBIM
pacuyetam L = 438 km. lna R = 1006 xm u R, =
= 11000 kM MozeJIbHbIE 3HAYEHUSI ITOTO KBa3uIIe-
puomaa coctaBisioT L = 689 km. PaccmoTpum puc. 7,
0, Te mpuBeIeHbI 3aBUCUMOCTU L(R) 1Jisl 1IyToB, y
KOTOPBIX TEPBbI DKCTPEMYM yIATUIICH OT UCTOY-
Huka Ha paccrosHue R, = 4500...8000 kM. D1u n1aH-
HbIE COOTBETCTBYIOT BpeMeHHU 25...44 MUH, IPOIIEe-
1ieMy Iocjie Hadaja Bo3mylleHusi. M3 rpadukon
BUIHO, 4TO Ha pacctossHuM R = 500 kM 3HaueHus L
IUTsl YKa3aHHOTO IMana3oHa R; HaXoATCs B quara-
30He 400...800 kM. TakuM 0Opazom, Ipu IUPOTHOM
paarocKaHMpoBaHUM MoHOCdephl, Korna Ham MII
rocnioactByior CM-TIWB, Ha perucrpauusx &f;(7)
He I10JKHBI oOHapyxkuBathes ITUB co 3HaueHusiMu
L <100...150 xm. Takue 3HayeHus: L Moryt oOHa-
PYXMBATbCSl TOJBKO B T€X PEIKUX Clydasix, Korjaa
pacniosnioxxeHust MIT u HazeMHOI TTpoeKMU Kacra
OYeHb OJIM3KU JIPYT K IPYTY.

[Tepeitnem Tenepb K JaHHBIM HaAOJIONEHUIA, TO-
JIy4eHHBIM HaMU MPU XapaKTEPHbIX reJIMoreodusu-
YecKuX ycJoBUsIX. B pesynbrare ux aHajiu3a okasa-
JIOCh, YTO MUHUMaJIbHbIE HaOJI0aeMble 3HAUYEHUS
L nipeBbimarot 150...200 KM. AHaJTOTMYHbBIE BHIBOIBI
ObUIM TIOJyYeHBI B paboTax [13, 15, 33]. Dkcnepu-
MEHTaJbHOE TMOJATBEPXKACHUE HaIUYUs HIKHEN
rpaHullbl 3HaueHui L ~ 200 KM CBUAECTEIbCTBYET B
MOJIb3y aIeKBAaTHOCTU TECTUPYEMOM MOJIEIIN.

Buicoinanue snepeuvnbix wacmuy coaHe4H020 6em-
pa 6 maznumocgephsii kacn. Mpbl monaraeM, 4To
WCTOYHUKOM TOAABJISIONIEr0 OOJIbIIIMHCTBA OOHA-
PY>XEHHbIX HAMU BO3MYILIEHUH 3a BECh MePUOJT IKC-
MepPUMEHTATbHbBIX UCCIIEIOBAHUN SIBISIIOTCSI COObI-
TUSI, CBSI3aHHbBIE C BBICHITTAHWEM SHEPTMYHBIX Yac-
TUI COJTHEYHOTO BeTpa B MarHUTOCGEpHbI KacI
ceBepHoro mnoaymapus. IToaTomy B ckaHUpyeMOM
uHTtepBaje mupot [TMB nepemeniarorcst B 10°KHOM
HarpaBJIEHUMU.
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8f, Tt 14.01.1999 A—101, t, = 12:23:44, y,= 11.2°, N, = 6.4-10" M, 7, = 218.5 km

Lr A,=0.07, L =250 xm, H=25xkM,

£ =43...59°

0 -
1+ L, xm
2t 400 [

q=10.99
3t 300
A,=0.23, L=415xm, H=25xMm, & = 59°
_4 L. 1 1 1 1 1 1 200 1 !
60 56 52 48 44 40 36 46 44 42 ¢, rpan
a 0

23.07.1999 A—101, 7, = 14:30:49, y,= 4.5°, N, =7.2-10" M, z, = 321.5 kM

A4,=0.07, L =250 kn, H=25 K,
£=75°

L, xMm

400

300

A,=0.13, L=415km, H=25kmM, £ = 75° 300

_4 C, ) ) ) ) ) )
60 56 52 48 44 40 36 44 42 40, rpan
6 2l
09.11.2004 A—102, 1, = 10:44:47, v, = 27.9°, N, = 5.5-10" m~, z, = 198 km
Lr A,=017,L=250km, H=25 kM, (o0 |
£ =42..59°
0 -
500 f
-1t W=52,Kp=>5
400 -
_2 -
300
_3 -
A,=0.5, L =600 km, H=25kMm, § =59° 200 -
4} , , , , , , 't , , , ,
60 56 52 48 44 40 36 48 46 44 4 409, rpan
J e

Puc. 18. lllupotHbie 3aBucumocty &f; (9) u L(¢), nonydennsie 1is CM-TTUB B okonononynenHoe Bpems npu & = 42...75°,
TpU CpeAHEN COJTHEYHON aKTMBHOCTHM M CpPelHEil MarHUTHOW aKTMBHOCTHU. [lapameTpbl caMoii F0XKHOI HEOTHOPOIHOCTH
MPUBOISITCS B HUXKHEM YacTu NaHeNel a, 6, d; mapaMeTpbl OCTaJIbHBIX HEOTHOPOAHOCTEN — B BepXHeil. OTpe3KaMU MPSIMbIX
Ha MaHeJsIX 0, ¢, e U300pakeHbl IMHEIHbIE PErPECCUU SKCITEPUMEHTAbHBIX 3aBUCUMOCTEN L(@)
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&f,, T 11.07.2009 A—105, 1, =22:34:45,v,=28.5°, N, = 2-10" M73, Z,=271.5xm
0.4
L, xm
[ ]
0 500
400
—0.4
300
A,;=0.08, L =425xm, H= 50 km
[ ]
200
_08 1 1 1 1 1 1 1 1 hd ° 1 1 1 1
60 56 52 48 44 40 36 56 52 48 44 40 ¢, rpan
a 0
Puc. 19. lnupoTHble 3aBucuMOCcTH Sf(@) 1 L(¢), nonydeHnsie mist [ITMB B okonononyHouHoe Bpems mist & = —50...—62°.

I[aHHLIe TIOJIYYCHBI ITpU MUHUMAJIBHONW COJTHEYHOW aKTUBHOCTU U cpem—[eﬁ MarHUTHOW aKTUBHOCTH

B mojb3y 3TOro BBICOKOIIMPOTHOIO MCTOYHU-
Ka CBUIETEJIbCTBYIOT CJEAYIOIIME 3SKCIEPUMEH-
TaJIbHbIEe pe3ysbTraThl. [Opu3OHTAILHBIN pa3Mep L,
aMmIunryna A, v Moaynb yriia & HakjIoHa (poHTa
I1MB B BepTuKaIbHON IIOCKOCTUA YBEIUUYMBAIOTCS
C yMeHblIEHUEM reorpadguyeckoii upotsl @. [Toc-
KOJIbKY 9KCIIEPUMEHTAbHbIE 3HAUCHUS & SIBISIIOTCS
OoTpulIaTeJIbHBIMU, (DPOHT BO3MYILIEHUI B BEepTU-
KaJIbHOM MJIOCKOCTU HAaKJIOHEH B CTOPOHY YMEHb-
1IEHUS @, T. €. B CTOPOHY pacrpoctpaHeHusi AI'B.
TlpuBeneM oOTiAENIbHBIE WUIIOCTPALUU, TOATBEPXK-
JAo1IMe Hallle 3aKJII0YeHUE.

Ha puc. 18 moka3aHbl IIMPOTHBIE 3aBUCUMOCTH,
MoJlydeHHbIE 3UMMO, JIETOM U OCEHbIO TIPU CpelHel
COJIHEYHOU aKTUBHOCTU U CPEIHEN MAarHUTHOM aK-
tuBHoctn (W = 52...97, Kp = 3—...5+) B okoJj01m0-
JIyIeHHOEe BpeMsl. DKcepuMeHTalbHble 3HAaYeHUs
L (s BBICOTHI Z,) 31€Ch M HUXKE ONPEIENISINCh
MO0 W3MEPEHUSM LIMPOTHOTO PACCTOSTHUS MEXIY
CMEXHBIMU MMHUMYMaMU W CMEXHbIMU MaKCH-
MyMaMu Ha perucrpaumsx of,(¢). Ilosromy umncio
SKCMEPUMEHTAIbHbIX 3HaUeHUI L MOUTH B JiBa pa3a
npeBbllIaeT yuciao kpasurnepuonos [TWUB, nposis-
JAoIMXCA Ha perucTpanmsx of(¢). Ha rpadukax

36

yKa3blBaeTCsl Jara TpOBedeHUsI BKCIEPUMEHTA,
Bpems 7, TpaBep3a MC3, sennTHbIi yron y, UC3
Ha TpaBep3e, a TAKXKe BEJIMYMHBI L, A, €, HEBO3MY-
ieHHbIe 3HayeHus N, u z,, Hax WII B nepuos mpo-
BElIEHUS] U3MEPEHUI. 31eCh U HUXE UCMOJIb3YeTCs
MOCKOBCKOe neKkpeTHoe Bpems (MIB).
VYrnoMmsiHyThle TTapaMeTpbl BO3MYIIEHUI MoJTyde-
HBI B IPEATIONOKEHUM, YTO BOJTHOBOI BeKTOp Al'B-
[T B HampasieH BAOJb reorpapuyeckoro Mepuiam-
aHa. Ha 3aBUCUMOCTSIX 6f(@) YETKO BUIHBI TIPOSAB-
nenuss CM-ITMB. 3aeck ciieayeT OTMETUTD, UYTO IIPU
MaJibiX 3HaYeHUAX v, = 0...20° u3-3a reomMeTpuu pa-
JNIMOTIPOCBEYMBAHUSI TIPY HEU3MEHHOUW aMILIUTY/e
I[TNB A, BO Bceit 06/1aCTH PalTMONPOCBEYNBAHMSI
amriutyna nposisieHust [TMUB Ha peructpanmsix
8f(®) B OKPECTHOCTSX TPaBEP3a paroyya CylIecT-
BeHHO yMeHblIaetcs [7, 15]. [ToaTtoMy B 3TUX 00-
JIACTSIX TPAHCUOHOC(EPHOTO 30HAMPOBAHUS UC-
MOJIb30BAaHHAS METOJMKA MEHEee MPUroAHa s
BoisiBaeHus [TMB. Kpome Toro, nmpu 60ablImnx 3Ha-
yeHusx & (>40°) npossienus [TMB HabmonaroTcs
TOJIBKO Ha TOM Y4acCTKe 3aBUCUMOCTH &f, () (110 miin
rnocJie TpaBep3a), KOTopasi Jajibllie OTCTOUT OT MC-
ToyHMKa [7, 15]. DTOT 3heKT yKa3biBaeT HarpaB-
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nenue nepemeineHust AIB-TTMB (Ha 1or uiu ceBep)
U NPpUOIM3UTEILHOE MECTOTOJIOKEHEe UCTOYHUKA
(MCTOYHMK HaxoAuTCs 0XKHee uiau cesepHee UIT).

B ykazaHHBIX BKcHepuMeHTax TOJyLIMpUHA
ciosi, B KoTopoM obHapyxwuBatorcst [TMB, coctas-
nsiet H =25 kM. Hamu yctaHOBJIEHO, UTO 17151 00JIb-
IIMHCTBA HeopHopoaHoctei 4, = 0.07..0.17, L =
=250 kM, § =42...75°. Camble 10XKHbIE HEOAHOPO/I-
Hoctu 1yra umesn A, = 0.13...0.5, L= 415...600 kM,
§ = 59...75°. Jlnsg BblUMCIEHUS YINOMSIHYTBIX Ta-
pameTtpoB IIMB wucrnons3oBaHo BbipaxeHue (7),
OIMCHIBAIOIIEE MOJIE]Ib BOZMYILIEHHOTO MPOCTPaHC-
TBeHHOTO pacnpeneiaeHus N. [TapameTpbl HEBO3MY-
LIEHHOM MOJeN TPOCTPAaHCTBEHHOTO pacIpe/eie-
Hus N, (B yactHocTH N, 1 Z,) 31€Ch U HUXKE OIpe-
nensuiich no metonuke [11]. Ha Bcex peructpanmsix
&f(¢), npuBeneHHbIX Ha puc. 18, ITUB Gonbiieii
aMIUTUTYAbl U MPOCTPAHCTBEHHOIO Iepuoja Ha-
OomaloTes 0XHee UPOTH TpaBep3a (49.63 °N),
YTO OJHO3HAYHO CBMJIETEJBCTBYET O TOM, UTO MC-
TOYHMK BO3MYIIEHUII B 3TUX LIMKJIaX paiuoONpoOCBe-
yuBaHUs pacnoiaraics cesepHee MII.

KoadoduumeHTs KOppeasuuu JUHEWHON per-
peccun L(¢) coctasnsiau g = 0.78...0.99. Ha puc. 7,
0 JU1s1 yIlaJleHUid TIepBOro 3KCTpeMyMa B 1Mara3oHe
R, =4500...8000 KM IPUBOAATCS MOJEIbHBIE 3aBU-
cuMOCTH KBazumnepuona L ot pacctossHust R (pac-
CTOSTHUSI OT UCTOUHMKA BO3MYILEHUS 10 CEPEAUHbI
kBaszunepuoja B iyre [1MB). Ha aTom prucyHnke Bui-
Ha MOYTH JMHeHas1 3aBUCUMOCTb it R < 1500 kM
(cM. BcTaBKy puc. 7, 6). ToT ¢akT, 4To 3KCIIeprMeH-
TaJlbHasl U pacu€THas 3aBUCUMOCTU L(p) SABISAIOTCS
JIMHEUHBIMU, CBUJIETEBCTBYET B MOJIb3Y Ipe/iara-
€MOU MOJIC/IN.

Ha puc. 19 npencraBieHbl 1aHHbIE, TOJIyYeHHbIE
JIETOM B OKOJIOITOJTYHOUHOE BpeMsl TPy MUHUMAaJIb-
HOW COJIHEYHOW aKTUBHOCTU U MAJIOM MAarHUTHOW
aktuBHocTu (W= 0, Kp = 3). HaGnronaincs ciyuaii,
korna CM-ITMB Oblin 0OHapyXKeHbI B CJI0E C I10-
aytonmHon H = 50 kM. B Haimx HaOI0neHUSIX
takue 3HadeHus H pna CM-HeogHOpOOHOCTEM
BCTPEYAlOTCSI 3HAYUTENIbHO pexe, yeM H = 25 xm.
Metoaom nepedopa (B mpeanoyiokeHu Mepuano-
HaJIbHOTO HarlpaBjieHUs1 BoJHOBoro BekTopa [TMB)
YCTaHOBJIEHO, 4YTO noMmuHaHTHoe [IMB wumeno
MPOCTPAHCTBEHHbIN nepuoa L = 425 KM 1 OTHOCU-
TenbHylo ammutyay A, = 0.08. Kak u B npeamrect-
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BYIOLLIMX 9KCIIEPUMEHTAX, 3HaUeHUue & ObLIO OTpU-
LaTeJbHbIM, 3aBUCUMOCTb L(() anmnpoKCUMUpOBa-
Jlach JIMHe#HoM perpeccueit (¢ = 0.63), 3HAYCHUS
L yBeIUMYUMBAJIUCH C yMEHbIIIEHWEM IIUPOTHI, Ha
peructpauuu 6f,(¢) Haubonee nuHreHcuBHbie [TMB
HabJoganuch oxHee pacrnonoxkeHus WUII. Bee ato
CBUJIETEJIbCTBYET O BHICOKOLIMPOTHOM PACIIOIOXe-
HUW WMCTOYHMKA BO3OYXIEHUS 3aperucTpUpOBaH-
Heix [T B.

B tabs. 8 mpuBeneHbI OLIEHKN paccTosIHUS R mc-
touHuKa ot WIT mwist paccMOTpEeHHBIX BbIlIE 3KCTe-
puMeHTOB. OHU BBITIOJTHEHBI MO CPEIHUM IS TIPO-
Jileta 3HaYeHUsIM & ¢ MCMOJIb30BaHUEM 3aBUCHUMOC-
T (5) B MPEAINOJI0XEHUU, YTO OCHOBHASI SHEPIUsI
yacTUIl BbIcBOOOXIaeTcss Ha BbicoTe 200 kM (cM.
takke puc. 10, 6). Kak BUgHO, B IpUBEIEHHbBIX K-
cnepumenTax MII pacroaranacs oT MCTOYHMKA Ha
paccrostHusIX 650...1900 kM.

s mpoBepKU aieKBaTHOCTU PE3YJIBTAaTOB 3TUX
BBIYMCJICHUI OLIEHUM pacCTOsIHWE 10 MCTOYHUKA
BO3MYLIEHU €€ 1 npyruM nytéM. CormacHo Mo-
nenu B uyre AI'B-TIMB 3HaueHust KBa3uIepruoaoB
YBEJIMYMBAIOTCS C UX YAAJIEHUEM OT MECTOIOJIOXE-
HUS UCTOYHMKA. 11 BBIOpAHHBIX 3HaYe€HUI R Ha-
OsitolaeTcsl XapakTepHasi peaau3aliusl MpocTpaHC-
TBEHHOTO pacrpele/ieHust 3HaueHWi MpocTpaHc-
TBEHHBIX KBa3uIepuoaos B 1yre (puc. 7). [Toaromy
BKCMEPUMEHTAIbHO HaOII0AaeMYyI0 TPOCTPAHCT-
BEHHYIO peaju3alMio KBa3UIEepHUOA0B MOXKHO arl-
MPOKCUMHUPOBATh MOJEIbHOM peanu3auueii L(R)
11t BBIOpaHHoro 3HadeHus R|. [To L(R) onpenelis-
€TCs PacCTOSIHUE KaX/IOoro KBa3uIepuojaa OT Mec-
TOTOJIOXEHUSI UCTOUHUKA U BPeMsI, MIPOLIEAIIEE OT
MOMEHTa Hauaja Bo3MmylleHus. [I1s ntoctpauuu
TaKMX pacuyeToB BbIOEpPEeM TpU 3HAUEHUSI KBa3uIe-
puonoB L, moka3aHHBIX Ha puc. 18, 6, TIOCKOJIbKY U3

Tabauya 8. Yaanenusi AICTOYHAKOB BO30YKIEHHUST
CM-IIUB ot UII nns1 peructpanuii 5f(t),
NpUBEIEHHBIX HA puc. 18 u 19

aTa npoBeaeHUs

U3MEPEHUI & rpan R, kM
14.01.1999 —43...-59 650
23.07.1999 =75 1900
09.11.2004 —42...-59 600
11.07.2009 —50...—62 750
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L, xm
14.01.1999, 1, = 12:23:44, .
400 - R, =20500 km, #, =194
300 |
=
200 . . .
0 800 900 1000 R, xm

Puc. 20. DxcniepuMeHTaTbHAs M MOJETbHAST 3aBUCUMOCTH
L(R): I — sKcIeprMeHTalIbHAsI 3aBUCUMOCTD, TTOJTyUYeHHAs
14 suBaps 1999 1. B okosomnonyaeHHoe Bpemsi, 2 — 3aBUCH-
MOCTb, BBIYMCJIEHHAsI 110 MOJIe/IU (Takasi MOJieIbHasI 3aBUCH -
MOCTb peanusyeTcs cIiycTs 1.9 4 rmocyie mopoxaeHus NepBo-
ro Makcumyma iyra AI'B)

BCEX MPUBEACHHBIX TaHHBIX OHU MMEIOT HauOOJIb-
i KoaPUIIMEHT KOppesiun JMHEWMHON mpo-
CTPAHCTBEHHOM perpeccuu. Pe3ynsraTsl anmpokcn-
MaIluy YIIOMSHYTHIX TaHHBIX TToKa3aHb! Ha puc. 20.
[lar quckpeTU3anny 3HaY€HUI R TIpU TTIOKCKE arl-
npokcuManuu L(R) coctaisi 500 km. CorjacHo
TaKMM pacyeTaM IocJie Havyaaa BO3MYILIEHUs TPo-
o 1.9 4. IMorpemHocTh MOAEIbHOM 3aBUCUMOC-
TH OTHOCHUTEJBHO OKCIEPUMEHTAIBHBIX JaHHBIX
okasajiach paBHoii 5.8 %. U3 puc. 18, a, 6 cienyer,
yT0 G1mke Beero K mupote UIT (49.63°N) pacmoso-
>KeHO HanMeHbIIIee 3HaUeHNe KBa3umepuoaa L (oHO
pacrnionoxeHo Ha mupote ¢ = 44.4°N). Kaxk BugHO
u3 puc. 20, cepearHa 3TOTO KBa3uIepuoaa yaajieHa
oT ucrouHuka Ha 750 kM. [TocKoJbKy paccmaTpuBa-
eMbIii KBasunepuoa HaxoauTcs oxHee UIT Ha 5.2°
(577 xM), MO3TOMY OT BBICOKOIIIMPOTHOTO MCTOY-
HUKa JI0 U3MEPUTEJIbHOTO MyHKTa — 0K0JI0 200 KM.
MBEI ncnoab30BaIM MPUOIMKEHHBIE BBIYMCICHUS,
ITO3TOMY WX Pe3yJIbTaT He TIPOTUBOPEIUT PACCTOS -
HUIO B 650 KM, OLIECHEHHOMY I10 CpeIHEMY UIS TTPO-
neta UC3 3Hauenuto & (cM. Taba. §).
3emaempsacenue na FOxucnoii Cymampe. Ha puc. 21
MpeACTaBIeHbl IKCIIEPUMEHTAIbHbIE 3aBUCUMOCTH
of(¢) u L(¢p), monyyennsie 30 ceHtssops u 1 ok-
T16psi 2009 T. B OKOJIONOJYHOUHOE BPEMS B MIEPUO]I
HMU3KOM COJIHEUHOM aKTUBHOCTM M HMU3KOM Mar-
HUTHOU akTuBHOCTU (W=7, Kp = 1+...2—). Bpems
HaOJIIOIeHNSI, MaTHUTHAs aKTUBHOCTb W COJIHEY-
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Hasi aKTUBHOCTb OJIM3KM K T€M, UTO U B IKCIEPU-
MEHTEe, pe3yJibTaTbl KOTOPOro noka3aHbl Ha puc. 19.
OnHako, B OTJMYME OT ITUX IKCIIEPUMEHTATbHbIX
JNIaHHBIX W JaHHBIX, MPOWIIOCTPUPOBAHHBIX Ha
puc. 18, nuHeiiHble perpeccuu L(@) He yBeaU4u-
BalOTCH, 2 YMEHbIIAIOTCS ¢ YMeHbllleHueM ¢, [T1B
MPOSIBJISIOTCS HauboJjiee CUJIbHO HE Ha IOXHBIX, a
Ha CEeBEPHBIX YacTsAx perucrpauunii of(¢). Cornac-
HO Hallleil MO/IeJIN 3TO CBUJETEIBCTBYET O TOM, YTO
MCTOYHMK 3aperucrpupoBaHHbix [TMB Haxomurtcs
[OXHEee I03KHOIM rpaHuLbl pagroBuauMocTtu (35°N)
M YTO BO3MYILIEHHUSI TIEpEMeILIaloTCsl ¢ Iora Ha ceBep,
a He C ceBepa Ha 10T, KaK B MPelIeCTBYIOIIUX 9KC-
nepuMeHTaXx.

Pacnipoctpanenue I1MB c 1ora Ha ceBep MbI 00-
HapyXXMBaJIU B IMKJIAX U3MEPEHU, B XO1€ KOTOPbIX
Ha0JII01AJTUCh OYEHb CUJIbHbIE T€OMAaTHUTHbBIE BO3-
MyILIeHUST (MarHUTHBIE Oypu). B aTux ciydasx mec-
TOIOJIOXKEHUE MarHUToc(epHoro Kacra (Tae npo-
WCXOJIUT BBICHITIAHWE SHEPTUUHBIX MPOTOHOB, BO3-
oyxnatomux AI'B) naxommnocsk 1oxxHee UIT (1 Han
NIT). Takue BbIBOABI CAEOYIOT U3 pacyeTOB MECTO-
ITOJIOXKEHUST Kacra 1o 3MIIMPUYECKIM MOJICIISM [6,
43], onuchIBAIOIIMX €TI0 TOJIOXEHWS B 3aBUCUMOCTHU
OT BpeMeHU HaOJII0JIeHUsI U T€OMarHUTHOW aKTHB-
HOCTU. DKCIepUMEHTAJIbHbIE JTaHHbIE, MPUBEICH-
Hble Ha puc. 21, COOTBETCTBYIOT HU3KOI MarHUTHOM
aKTUBHOCTH, TTIOATOMY YIIOMSIHYTasi TMIOTe3a OTHO-
cuTesibHO uctouHuka AI'B Oblia oTBepruyTa.

BMmecTte ¢ TeM Mbl IPUHSIIM BO BHUMaHKUE TO 00-
CTOSITEJIbCTBO, YTO YKa3aHHbIE PErMCTPallMUd BbI-
noyJiHeHbl mocje 3emueTrpsicenuss Ha FOxHoit Cy-
matpe (MHpoHe3us ). 3emieTpsiceHre IIPOMU30IILIO
30 centsiops 2009 . B 13:16:08.6 MJIB (10:16:08.6
UT) (marautyna 7...7.5; riryouna 90 kMm; KoopauHa-
1ol 31tnueHTpa 0.84° S, 99.8° E), a3uMyT anmieHTpa
Ha WII £ = 111.3°, paccrosinue anuiieHTpa ot UII
COCTABIANO R h, = 8200 xM (a3UMyT OTCUHUTHI-
BaeTCs OT HampaBjieHUs Ha ceBep). s mpoBepKu
MPUYACTHOCTU ITOTO 3EMJIETPSICEHUS] K BO3MYIIE-
HUSM, OOHAPYXXEHHBIM Ha YIOMSIHYTBIX pErucTpa-
ustx Of (), MPUMEHKUM CJIEAYIOLIYIO TIPOLIEYPY.

* OueHUM CKOpOCTb IepeaHero (poHTa Iyra
AT'B, orBetcTBeHHOro 3a mnposiiaeHusi KM-TTUB
Ha 6f(9).

* C uCroJjib30BaHUEM 3TOI OLIEHKHU BBISIBUM HO-
Mepa MoCAeA0BATENbHbBIX TPEX MOJEIbHbBIX IKCTPE-
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30.09.2009 A—103, 7, = 22:36:48, v, =2.7°, N,, = 1.2:10" m ", z,, = 263.5 km

of;, Ty L, xm
0.4 °
® ¢=0.02
600 °
T
0r 200 o °
[ J
40 36 60 56 52 48 44 40 36
a 0

30.09.2009 A—104, 7, = 23:06:12, y,=10.7°, N,, = 1.2:10" m ", z,, = 261 ku
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1 1 1 1 1 1 1 1 1 1 1 1 1 ‘ 1 1
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8 e
01.10.2009 A—105, #, = 01:54:00, y, = 3.7°, N,, = 0.93" 10" M73, Z,, = 249 km
04 r
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0+ 800
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64 60 56 52 48 44 40 36 60 56 52 48 44 ¢, Tpaj
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Puc. 21. llupotHble 3aBUcUMOCTH Of(@) U L(9), moayyeHHbIe TOoCHe 3eMuerpsacenns Ha fOxnoit Cymarpe 30 ceHTAOpPs
2009 r. JlaHHBIe MOJYYeHbI TPU MUHUMAJIbLHOM COJHEYHOU aKTMBHOCTH M CPeIHEH MarHUTHOM aKTUBHOCTHM B OKOJIOMOJIY-
HOYHOE BpEeMsI
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myMmoB 1yra AI'B, dopmupylomuyx HabmogaeMyo
KM-TIMB.

* [Io cKOpOCTH TIEpPBOTO M3 3TUX SKCTPEMyMOB
OLIEHUM PacCTOSIHUE JI0 SMULIEHTPA 3eMJIETPSICEHUSL.

e JI7151 TOTy4eHHOTO PACCTOSTHUSI BBIUMCIUM KBa-
sunepuon ITMUB.

e BrisicHuMm, oOOHapyXuBaeTCs JIM yKa3aHHBIN
KBa3UIIEPUO/L HA PETUCTPALMSX §f ().

[Mpn mepemerieHUM CIyTHMKA C fora Ha cCeBep
CEBEPHYIO I'DaHUIly PErucTpauuu ¢ f, = 22:36:48
(cM. puc. 21, a) paguonydy MC3 nepecék B 22:45
(crycts 9.481 49 1ociie TOJIUKA). DTO COOTBETCTBY-
eT ckopoctu dpoHTa 0.24 kM/c. Takoe 3HaueHue
CKOPOCTU (DpOHTA MO3BOJISAECT MPEATOI0XKUTh, YTO
HabJIogaeMble BO3MYIIEHUST TTOPOXKIEHBI TepemMe-
LIEHUSIMU CEIbMOT0, BOCBMOTO 1 IEBSITOTO 9KCTPE-
MYMOB 11yra IaBjeHust aTMochephnl (CO 3HAUCHUSIMU
ckopocreit V; = 0.2381 xm/c, Vg = 0.2 xm/c, Vy =
= 0.1754 xm/c (cM. Tabia. 1)), BbI3BAaHHOTO 3eMJie-
TpsiceHueM. PacueT npocTpaHCTBEHHBIX MOJYIEPU-
onoB 1o dopmye (3) nan sHayeHus [, = 1293.6 km,
lg = 840.4 kM. CymMa 5THX MOJTYIIEPUOAOB (POPMHU-
pyet kBaszunepuon ¢ L = 2134 xm. Eciin Mmozaensb 3a-
poxaenust AI'B-TIMB BepHa, U UCXOAHBIM MCTOY-
HUKOM BO3MYIIIEHUN SIBJISIETCST YIIOMSHYTOE 3eMJIe-
Tpsicenue, To KM-IIMB ¢ Takum KBa3umnepuogoMm
JIOJDKHA MTPOSIBUTLCS HAa peructpauuu of(e) ¢ f, =
=22:36:48.

PaccuntaemM MojeabHOE 3HauyeHUE un ake mod
YAAJIeHUs! CEIbMOTO SKCTpeMyMa Ha MOMEHT [, =
= 22:45 — BpeMeHU OKOHYaHWsl PeruCTpaumu of (f)
Cct,=22:36:48:

R = Vo=t 17)s 1= T,

quake mod ~—

TJ€ 1,4, — BPEMsI TOUKA 3eMIICTPSICEHNS, 7 — MO-
JeTbHOE BPEMSI 3apOXKICHHMS CEIbMOTO 9KCTpEMyMa,
OTCUMTHIBAEMOE OT IMTOPOKIECHUSI TTEPBOr0 DKCTPE-
myMma. HamomuHaeM, 4ToO 10 MOJAENIN SKCTPEMYMbI
1yra oopasyloTcs He OMHOBPEMEHHO, a TOoCIe0Ba-
TEJIHO MOPOXIAIOTCS € 3a1epXKKoit 1. CormacHo
pacyeTaM 0Ka3aJloCh, YTO unake mod = 1732 KM. D10
3HAYCHNE, C YUETOM MCITOTH30BAHHBIX TTPUOJIMIKE-
HUI, JOCTaTOYHO 0113KO0 K R uake = 8200 xm.

Ha puc. 22 noka3zanbl Tpacchl z,, ISl TPEX yKa-
3aHHBIX BbIIe mpojetroB MC3. Bce oHM BBITSIHY-
Thl B nuamna3oHe mupot 39...66°N. PacrionoxeHue
WII o6o3HaueHO YepHBIM KpyxXKoM. Iloa Tpaccoit
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Z,, TOIpa3syMeBaeM COBOKYITHOCTb TPOEKLMUI Ha
MOBEPXHOCTh 3e€MJIM TOUEK TepeceueHus paanuony-
4a co cdepoii paquycoM Ry + z, (¢, A), BeTMUMHA
Z,,(®, A) pacCYMTHIBAETCSA 110 aIaTUPOBAHHOM TJ10-
OaJibHOW TMPOCTPAHCTBEHHO-BPEMEHHOM MoJeaun
N, B pernoHe paauonpocseyrBaHus. Mecromo-
JIOKEHWE TAaKOU TOUKM TepecevyeHUs U3MEHSIETCS
B xone mnepemMeleHus: paguoaydya MC3 — UII ot
Havasia 10 KOHIIa Kax10# perucrpanunu of(7). 3mech
t — Texyulee Bpems perucrpauuu. Monuzanus at-
Mochepbl HauOOJIbINNI BKTal B Of{(f) OKasbIBaeT
Ha BbICOT€ MaKCMMyMa BbICOTHOTO pacnpeneeHusI
QJIEKTPOHHOM KOHIeHTpaumu. [TosTomy Tpacca z,,
11st kKaxaoro mpojieta MC3 mo3BosisieT onpeneanThb
TOT y4acCTOK MOBEPXHOCTU 3eMJIM, MoHOChepa Hax
KOTOpBbIM HauboJiee CyILIeCTBEHHO BJIMSIET Ha (pop-
MUpoBaHue 3HaYeHMiA §f(7). Tpaccel z,, TIO3BONAIOT
TakXe TpUOIU3UTESIbHO MPUBSI3aTh HEOAHOPOI-
HOCTH, OOHapyXKeHHble Ha perucrpaumu §f(f), K
KOHKPETHOI 00JIacTM Ha MOBEPXHOCTU, HaJl KOTO-
POt OHU PACMOJOXEHBI.

Kak BugHo u3 puc. 22, aist Becex nposietoB MC3
TPACChI Z,, TIPAKTUYECKU COBIAAIOT APYT C JPYIOM,
a clIeoBaTeIbHO, B pa3Hble MHTEPBaIbl BpPEMEHU
PaaroIIpOCBEUMBAHUIO MOJIBEprajiach OJIHA U Ta Xe
o0J1acTh NpocTpaHcTBa. BMecTe ¢ TeM asuMyT anu-
eHTpa 3emerpsiceHust Ha WITT (u apyrux yyacrtkax
Tpace z,,) COCTABIAET C TpaccaMu Z,, Yroj, Omus-
kuit k 90°. Ecnu ke BonHoBo# BekTop AI'B-TTMB
OKaXeTcsl HampaBJeHHbIM BIOJb 3TOrO a3UMyTa,
TO PalUOIPOCBEYUBAHUE OyAET OCYLLECTBIISITbCS B
00J1aCTU TTOYTH MOCTOSIHHOM (ha3bl BO3MYILEHUI, U
1B He OyayT npon3BOAUTH KBAa3UTAPMOHUYECKYIO
Monyssiuuio  Of; (7). OmHaKo 3SKCIEepUMEHTAbHBIE
3aBUCUMOCTH Of;(f) MUMEIOT YETKO BHIPAXEHHYIO KBa-
3UrapMOHUYECKYl0 Moaysituio. [ToaToMy Mbl TO-
naraem, yto [TV B, mopoxxneHHast 3eMIeTpsSICEHUEM,
B XOJIE CBOETO MepeMelleHUs K 001aCTU paauonpo-
CBEUMBAHUSI U3MEHWJIA a3UMYT CBOETO JIBMIKEHMSI.
DTO MO0 NPOU30MUTU, HAITPUMED, €l11l€ Ha PacCTO-
sausgx 1000...2000 kM OT smUlIeHTpa MPU OTpaxkKe-
HUM cBOOOIHO pacmpocTtpansomeiica CM-AI'B ot
MOBEPXHOCTU 3eMJiu (IPU peaiu3aliiid CKauKOBOTO
MEXaHU3Ma PaclpoCTPaHEHMUs) U3-3a HAKIIOHA T10-
BEPXHOCTU B MeCTe OTpaxkeHUsI (OT BO3BBIILIEHHOCTU
unu ropel). B Touke ckauka AI'B enie otHocunach
K CM-BO3MYIIEHUIO, a 3aTEM B XOJE€ CBOETO Jasib-
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HeMIIero pacnpocTpaHeHus TpaHc(hopMHUpoBaIach
(cormacHo Hamei Moaean) B KM-Bo3myliieHue.
Bo3MOXHBIMM HMCTOUHMKAMHM W3MEHEHMS a3u-
MyTa SIBJISIIOTCSl TakKe pervoHajbHble Bapualuu
JIaBJICHUSI, TeMIlepaTypbl aTMOc(epbl, BEIUYUHBI U
HampaBjieHusi BeTpoB. CoriacHO MPOM3BEACHHBIM
OLIEHKaM MbI ToJlaraeM, 4To HauOoJjee BEepOsSTHOM
TIPUYMHON M3MEHEHUST a3uMyTa SIBJISICTCS TOCTe-
HUM MCTOYHUK. AHAJIOTMYHbIE M3MEHEHUs (bpOHTA
aTMoc(epHOI BOJHBI 3apETUCTPUPOBAHBI SKCITEPH-
MeHTaJIbHO. Tak, nocJie sipepHoro ucnbitanust Ha Ho-
Boit 3emure 30 okTsI0pst 1961 T. Ha PaCCTOSTHUSIX OKO-
J0 8000 KM OT oyara B3pbIBa IpsiMasi arMocepHast
BOJIHA BO MHOTMX PerMOHAX U3MEHsIIa HallpaBJeHUe
CBOEro pacnpocTpaHeHUsl OT paaualbHOro Oosee
yem Ha 40° [64]. B pesynbrare ppoHT Ha 3TUX ydac-
TKaX CYIIECTBEHHO OTJINJAJICS OT KOHIIEHTPUIECKHUX
OKPYXKHOCTEI C IIEHTPOM B ouare B3pbiBa. BmecTte
¢ TeM (PpOHT OOpaTHOM BOJHBI B TeX K¢ PErMOHax
(crryctst mpuMepHO 1 cyT) ObUI 3HAYUTEIBHO OJIKE K
KOHLIEHTPUUYECKHUM OKPYXXHOCTSIM. DTO MOXHO 00b-
SICHUTb T€M, UTO B OOpaTHOI BOJIHE BeTEP YaCTUUHO
KOMIIEHCUPOBAJI T€ U3MEHEHUsT (hPpoHTa BOJIHBI, KO-
TOpbIE OH BHEC TPH TPOXOXKICHUU TPSMOM BOJTHBI
(TIpM YCJIOBMM, YTO BEKTOP CKOPOCTH CYIIIECTBEHHO
He n3meHucs). [Tosropsiem, ecu 061 AI'B pacmpo-
CTpaHsLJIach CTPOTO BAOJb a3UMYTa Ha SMULIEHTP, TO
NPU YIIOMSIHYTBIX Tpaccax Z,, BO3MYLIEHUSI OT 3eM-
JIETPSICEHMSI HA pErucTpauusix of,(f) He MPOsSBUINCH
OBl B BUJIe KBa3UrapMOHUYECKOM Moaystiuu. OnHa-
Ko xapaktepHble KM-Bo3myllieHUsT HAOIIOOAINCh U
ObUTM B OOJIBILION CTENIEHN ITOXOKUMU APYT HA Apyra
BO BCEX TPEX BPEMEHHBIX MHTEePBaJIaX PaaruoIPOCBe-
yuBaHUs (B IIEpUOJ OKOJIO 3.5 4) OMHOI M TOU Xe
MIPOCTPAHCTBEHHOI 00J1aCTH, BBITSIHYTOIN BIOJIb Me-
punuana 6ojee yeM Ha 2890 km (39...65°N).
[ToaToMmy mipu BbIsIBIeHMM TtapameTrpoB [IMB B
HCIIOIb30BAaHHON MOJEIM Mbl METOAOM mepedopa
M3MEHSJIM a3uMYT Npuxoja Bo3MmylieHus ot 180 no
111.3° curarom 5...10°. ITpu 3TOM 0Ka3ajIoCh, YTO IS
azumyta 180° Hanbosiee nHTeHcuBHBIE [TV B nmenn
HanOobmuii mepuon L = 2800 kM ¢ aMIUIMTYI0M
A,;=0.7. C ymeHbIIEHHEM a3UMyTa BILIOTH 10 150°
3HaYeHue Tepruoja MOHOTOHHO YMEHbIIAIOCh /0
L = 2134 km ipu A; = 0.6. DTO CTONIB TOYHOE 3HA-
yeHue [ ObUIO YMBIIUIEHHO WCIIOJb30BAHO ISt
MPOBEPKU MPAaBUJIBHOCTU BEIOOPA HOMEPOB 9KCTPE-

Puc. 22. Tpaccol 7, ast pe- ¢ TPalt

ructpauuii of; (f), momy4eH- g5 | y:
HBIX MOCJIE 3€MJICTPSICEHUSI :
Ha IOxnoit Cymarpe 30
ceHtsa6pa 2009 ©: 1 — 1, =
22:36:48; 2 — 1, = 23:06:12; 6o
3 — 1 okra6psa 2009 ., 7, =
01:54:00; 4 — asumyt HOx-

Hoit CyMarpsbl; 5 — Harpasn-
sneHue nepemeteHust [TMB 55

50

45

40+

35 40 A, rpan

MYMOB (CM. BbIlI€), (POPMUPYIOIINX BO3MYILIECHUS
obcyxmaemont peructpaiu  Of(¢). besyciosHo,
abCoJTIOTHAs! MOTPELIHOCTh PellleHUs] OOpaTHOM 3a-
Jlauy MPU TaKUX OOJIbIIMX 3HAYEHUSIX L cOCTaBIIsSIET
JECSITKU KUIoMeTpoB. [lafibHeiillee yMeHbIlIEHUE
azuMyTa MPUBOAWIO K BBIPOXKICHUIO MPOSIBICHUIA
IIMB Ha pacueTHBIX 3aBMCHMMOCTSIX M HX IMpak-
TUYECKU TIOJTHOMY MCYE3HOBEHHUIO. BhIpoxkmeHwue
3aKJII0YaIOCh B M3MEHEHUM (DOPMBI MOICIBHBIX
BO3MYILIEHUI, CYILIECTBEHHO OTIMYalolIecs OT Ha-
osronaemoii B akcriepumMeHTe. CyJis IO pacrioioxe-
HUIO ¥ (HOPME TPACChl Z,,, YMEHBIIEHUE 3HAYCHUS
L ¢ TOBOpPOTOM BOJIHOBOTO BEKTOpa MOJEJbHOIO
Bo3MmyieHust N ot 180 mo 150° cBUOETEILCTBYET B
MOJIb3y aAeKBATHOCTU HAMIEHHOTO HampaBJICHUS
npuxoma Bo3mylleHMi. [lpu a3umMyTe BOJHOBOTO
BekTopa AI'B-TIMB B 150° yroi @pp MEXIy HUM
1 HaTlpaBJIeHWEeM MarHUTHOTO MepuauaHa Hamx UTT
cocrapiisieT 17.84° (yron MarHMTHOTO CKJIOHEHMSI
Hag WIT paBen 6 = —16.16°). CornacHO Hauiei
Mozenn (CM. pasien 2) NpU TaKOM Qg AMIUIH-
tyna [IMB 6iu3ka K MakKCMMaJbHOM, MOCKOJBKY
cos Oy = 0.95 (em. (1)).

Ha puc. 23 npencrasnennl perucrpaumu Of(7),
TTOJTyJYeHHBIE TIOC]Ie 3eMJIETPSICEHUST M MX aIllpOK-
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&, I'n

0.4 130.09.2009 A—103, W=7, Kp =2+
7, =264xm, N, =1.2- 10" M

L,=2134xm, A,=0.7, & =80°, H=80 km, @ = 70°

L,=350km, A,=0.2, £ = 80°, H= 50 kM
[y, =270, 1,=22:36:48

22:32 36 40 44 46

0.4 [30.09.2009 A—104, W=2, Kp =2—
2, =261 km, N,,=12-10" ">

22:32 36 40 44 46

L,=2134xm, A,=0.6,&=80°, H=80 km, @ =70°

- L, =500 kv, A,= 0.2, & = 80°, H= 50 km
v, =10.7°, 1, =23:06:12

23:00 04 08 12

01.10.2009 A—105, W=7, Kp= 1+
0.4 1 2 =249km, N, =0.93-10" M

—0.4

23:00 04 08 12 16

L,=2134xm, A,;= 0.6, &£ =80°, H=80 km, ® = 70°

L, =500km, A,=0.3,&=80°, H=>50xm, @®=60°
Yo =3.7°, 1,=01:54:00

01:48 52 56 02:00
0

01:48 52 56
e

02:00 ¢, MuH

Puc. 23. Peructpauuu df; (f), nony4eHHsle nocne semerpsicenus Ha FOxnoit Cymarpe 30 cenraopsa 2009 r., u ux MmonebHbIe
anmnmpoKCUManuu. / — 3KCIepUMMeHTaIbHbIe 3HaUeHUs; 2, 3 — 3HAYCHMsI, PACCYMTAHHBIC TI0 MOIEJISIM TSI HEBO3MYIIEHHBIX

nu B03MyH_[éHHBIX YCJTOBI/Iﬁ COOTBETCTBEHHO

CUMallMM MOJEJIbHBIMU 3aBUCUMOCTSIMU B HEBO3-
MYIIEHHBIX U BO3MYILIEHHBIX YCJIOBUSX. 3HAUSHMSI
N, ¥ z,, yKa3aHHbIE HA PUCYHKE, PACCYUTAHBI 10
CKOPPEKTUPOBaHHOW Mozenu N, Uit KOOpIUHAT
UII. IlpuseneHHble Ha pucyHke napameTpsl [1M1B
YCTaHOBJIEHBI B XOJI€ PEIIEHUSI OOpaTHON 3a1a4U 1y-
TEeM Moa0opa UX 3HAYEHUI U3 TOMYCTUMOTIO Auana-
30Ha, BBISIBJIEHHOTO MPU PEIIeHUM NIPSIMOI 3a1auu.
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I1pu 3TOM 3A€CH M HUKE MBI HE BCEra J0OUBaINCh
TOYHBIX COBIIQAEHMI PACYCTHBIX U SKCIEPUMEH-
TaJIbHBIX 3aBUCUMOCTeil. OCHOBHOI Halllelt 3agadeii
SIBJISITIOCH OTIpeAc/ICHME aMIUIMTYI M IIPOCTPaHC-
TBEHHBIX MaclITabOB HanbOoJjiee MHTCHCUBHBIX He-
onHoponHocteil. O6o3HaveHus &y, v, W, Kp — 1e
Ke, 4To M Ha puc. 18. Ha aToM U mociemyromnmx
pUCYHKaX YKa3bIBaeTCsl HaIllpaBJIeHHUE IepeMelle-
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Hus UC3: «Bocx» (BOCXOASIINIT) — CITyTHUK JIETUT
C I0Ta Ha ceBep; «HUCX» (HUCXOASIINI) — CITyTHUK
JIBIKETCSI C ceBepa Ha IoT.

Kak BMIHO, BO Bcex Tpex MHTepBajax paauo-
NPOCBEYMBaHUsA HanOOIbIIyI0 amrtyny A, = 0.6
nmesa KM-TIWB ¢ L = 2134 kM. Bce ee mapamer-
pbol — L, A;, H, &£ 1 @ — He U3MEHSINCH B TEYEHUE
3.3 4 u 6osee. B roapl, 6JiM3KMEe K MUHUMYMY COJI-
HEYHOM aKTMBHOCTH, BPeMs XXM3HU cliefia B MOHO-
cdepe ot npoxoxaeHuss KM-AI'B moxeTr cocraB-
JISITh OoJiee 5 4 (cM. Huke). [Toatomy peructpaymn
df(#) Ha puc. 23, 6—e CBUAETEIBCTBYIOT O TOM, YTO
B 3TOM B3KCIEPHUMEHTE COCTaBISIIONINE CKOPOCTU
BETPOB BIOJb BOJIHOBOro BekTopa AI'B B moHO-
chepe Hal perioHOM PaavoIPOCBEUMBAHUST OBLIU
HE3HAYUTEIbHbIMU, OHU HE AeOPMUPOBATIN U HE
CMEeCTUJIV 3aMOPOKEHHBIN OTIIEYaTOK BRIOPAHHOTO
¢parmenTa myra AI'B. Ilocinenyiommue ¢pparMeHTbI
Lyra CyIeCTBEHHO HE CKa3bIBAIMCh Ha Of;(7) B CBA3M
C MaJIBIMU 3HAYEHUSI UX SKCTPEMYMOB (cM. Tao.1).

3nauenue & 11 [1M B Bcex macitaboB coctaBuiio
80°. TTomoXUTeNbHBIN 3HAK & U CTOJIb OOJIBIIIOE €T0
3HAYeHHE CBUAETEJLCTBYIOT O TOM, YTO MCTOYHMK
HaXOJUTCSI Ha PAacCTOSTHUM HE MeHee HECKOJbKUX
TBICSTY KIoMeTpoB 1oxxHee WIT. Boiiie Mbl uaeHTH -
¢uumrpoBaan UCTOYHUK, nopoauBimii KM-TTHUB.
Paccmorpum tenepp CM-IIMB ¢ L = 350 xm u
A,;= 0.2 (puc. 23, 6). AMILTATY1a STOW HEOTHOPOJI-
HOCTU OCTaBaJlaCch IOCTOSIHHOU B T€YEHUE OKOJIO
30 MMH, B TO Xe BpeMsl nepuo L yBeauvusics 10
500 xm (puc. 23, 2). 3ateM ee MaclITadb He U3MEHSLII-
cs B TedyeHMe 2.8 4, OlHAKO aMIUIMTYyJa YBEIUYU-
Jach 1o A, = 0.3. Hecomuento, uro ata CM-I11B
TakKe TMOpOXIeHa FOXXKHBIM MCTOYHMKOM, OTHAKO
K pacCMOTPEHHOMY 3eMJIETPSICEHMIO OHa, Ha Halll
B3IUISII, OTHOILIEHUSI He uMeeT. Takoe Mpearnoso-
>)KeHUe OOYCJOBJIEHO TeM, YTO MEHEe CKOPOCTHbIC
sKcTpeMyMbl, (opmupyromue CM-TTUB, noykHbI
HabJogaThCs MO3XKe, a He ogHOBpeMeHHO ¢ KM-
IT1B. IloatoMy [jid pacCMOTPEHMSI BO3MOXKHOTO
MexaHu3Ma TnosiBiieHus Haomomaembix CM-TTUB,
MbI yuin, uyTo 30 ceHTssops 2009 T. 1o aHAIU3UPY-
€MOTO 3eMJIETPSICEHUS TTPOM30IIUTA TIeIasi Cepus U3
IIECTHU 3eMJICTPSICEHUI ¢ MAaTHUTYIOM 6...7.5 Gaa,
Onukaiiive M3 HUX MO0 BPEMEHU MMEIU MeCTO B
08:25:46 MIB (05:25:46 UT) u 11:24:57 (08:24:57).
IlepBoe coOBITHME TIPOU3OLILIO B paiiloHE OCTPO-
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BoB Tonra (15.56° S, 173.49° W, unake = 15368 kM,
C = 134°), a Bropoe — BOM3M octpoBa Camoa
(16.72° S, 172.87° W, unake ==15513 kM, { = 134°).
HMcTouHnku 3emiieTpsiceHuid HaXOIUIMCh Ha TTyOu-
He 10 KM, MX MarHUTy/a COCTaBJIsLIa COOTBETCTBEHHO
7.51 6.5 6anna. ABUMYT SITULIEHTPOB 3¢ MJIETPSICEHUIA
NPUOIU3UTEIBLHO paBeH HaliaeHHOMY a3uMyTy AI'B
ot 3emyeTrpsiceHus Ha FOxHoit CymaTpe, Bpems TOJI-
YKOB TIPEIIIIECTBOBAIIO STOMY 3eMJICTPSICEHUIO Ha 2
1 5 4. CynepIto3uIms 3KCTPEeMyMOB, TIOPOKIEHHBIX
STUMU 3eMIIETPSICEHUSIMH, MOTJIA TIPUBECTH K TTOSIB-
Jenuto CM-TTUB Hani permoHOM paarorpocBeyrBa-
Hus1. CorjlacHO HalllMM OLIEHKaM, SKCTPEMYMbI Kax-
JIOTO OTIEIBLHOTO U3 YIOMSIHYTBIX 3eMJIETPSCeHU
npu 3anepxkkax B 11.5 u 14.5 y nag UI1 nopoxaior
toiapko KM-ITMUB. Hanpumep, mist 11-ro u 13-ro
BSKCTPEMYMOB (MaKCHMMYMOB), OOBIYHO 3aBepIlaio-
mux HabmomaeMble Lyru 1B, mpocrpaHcTBeH-
HBII niepuon Bo3MyieHuit 6osee 1500 km. YnaneHue
snuueHTpoB 3emiietpsicenuit ot MIT Ha 15000 kM He
MPOTUBOPEUUT ITOM T'MIIOTE3e, MOCKOJIbKY Ha aHa-
JIOTUUHBIX PACCTOSTHUSIX HAOTI0AAIMCH BO3MYILICHUS
OT BBICOTHBIX SIIEPHBIX B3PBIBOB C HEPIUEil OKOJIO
0.02...1.4 KT THT (cM. pasnen 4).

Bpemennasa ounamura L u A;. Ha puc. 24 nipuo-
JUTCA TIPUMEDP MPOSIBICHUST Ha PETUCTpALMuU Of (7)
CM-HEOmHOPOMHOCTEN ¢ OYeHb MaJIbIMU aMIUIH-
tynamu nipu § = 0° u 2H = 50 kM. B aTom 3kcne-
pumeHTe Habmonanch 3HaueHust A ;= 0.015 1 0.05
cootBeTcTBeHHO st L = 200 u 400 kM. Xopoiias
annpoKCcMMalus peructpauuu of,(f) MoaeIbHOM 3a-
BUCHUMOCTbIO JUISl BO3MYILIEHHBIX YCIOBUIA (pUc. 24,
0) CBUIETEILCTBYET 00 a/lleKBAaTHOCTU MPUMEHEH-
HOIl MoIenu M TOoJydeHHBIX mapameTpoB I[IMB.
CroJib Masible 3HaYeHUsI A, B OKCTIEpUMEHTAX OOHa-
PYXMBAIOTCSl YPE3BbIUATHO PEIKO, MOJHOE OTCYTC-
tBue [TUB-monynsauuit Ha 8f(f) Hamu He HabJo1a-
JIOCh Ha MpOTsLKeHUU 23 et uccienoBanuii. ITos-
TOMY TIPUBEACHHYIO PETMCTPALIMIO MOXHO CUMTATh
COOTBETCTBYIOIIECH MPAKTUYECKN HEBO3MYIIICHHBIM
ycioBusM. OHa nonydeHa 31 uronsg 2002 ©. B 0KoO-
JIOTIOJTYICHHOE BPEeMSI TIPHM BEICOKOM COJTHEYHOM aK-
TUBHOCTH M HU3KOW MarHUTHOW aKTUBHOCTH.

Perucrpanumu 6f,(7) ¢ nposiBienneM Ha Hux CM-
[TNB ¢ 6onbmmu ammutyaamu (A, = 0.1...0.95)
rmokasaHbl Ha puc. 25. Bce oOHapyKeHHbIE BO3MY-
LIEHUST TIepeMelaINCh C CeBepa Ha IoT, OT Kacra
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of, ITn
Lo L n=304
N,=7.810"n",
Z,, =296.5 km
0 -

W=148, Kp=2

—-1.0 r

1,=12:23:26, Bocx

L =400 xm
[&=0°,4,=0.05

L =200 km
£=0°4,=0.015

12:20 24 28
a

12:20 24 28
0

t, MUH

Puc. 24. Perucrpaunsa CM-TINB nipu & = 0° ¢ A;= 0.05 mna L =400 km u A, = 0.015 qia L = 200 kM. JlaHnbie noayyeHst 31 uiost
2002 r. mpy MaKCUMaJIbHOI COJTHEYHOM aKTUBHOCTU 1 HU3KOM MAarHUTHOIM aKTUBHOCTU B OKOJIOIMOIYAEHHOE BpeMsl: I — IKCIepu-
MEHTaJIbHbIE 3HAYeHUST; 2, 3 — 3HAYCHUsI, PACCUYMTAHHBIC TI0 MOJIEJISIM JUIST HEBO3MYIIEHHBIX M BO3MYIIEHHBIX YCIIOBUIA COOTBETC-

TBEHHO

K 9kBaTtopy. HampapieHue repemMelieHus] OJHO-
3HAYHO OMpeaeIsIoch Mo 3HaKy &. B mpoBepsiemMoii
Mmozemu [T B 3HaueHust ckopocteii V; HadaabHbIX
BKCTPEMYMOB 1LIyTa CUJIbHO Pa3HSITCS IPYT OT ApPY-
ra. B pesyabrare gaxke cMeXHbIC HauyaJlbHbIE ITPO-
CTPAHCTBEHHBIC TOJYIIEPUOALI CYIIECTBEHHO OT-
JINYAIOTCS 10 BeIMYrHe. DTOT 3((PEKT HaMU BCeT-
J1a oOHapyXMBaeTcsl B TIepBbIe Yachl MOCjie Havaia
BO3MYILIEHUSI, YETKO HAOIIOAaeTCs OH U Ha puc. 25.
[Toxxanyii, BliepBble HAa HEr0 0OPaTUIM BHUMaHUE B
pabore [23] B xone uccienosanus 1B, BbI3BaH-
HOTO sIepHbIM B3pbiBoM. CoOrJIacHO Hallleil Moje-
qu [T B, npospisomuecs Ha puc. 25, a—e, Obliu
MOPOKAEHBI COOTBETCTBEHHO 0KO0J10 19:00 1 21:00.
ITo HammMM olleHKaM, MECTOIOIOXEHUS UCTOYHU-
KOB M UX 9HEPrusi B 000MX COOBITUSIX TPAKTUUYECKU
coBnananu. Takue 3aKOUeHUs] OCHOBBIBAIOTCS Ha
OYEHb TMOXOXKMX 2B HEKTAX UX TPOABIECHUS Ha Of(F)
U OIMHAKOBOM 3a7ep>KKe OT MOMEHTa BO30YKACHMS
(0K0JI0 IBYX 4acoB).

Bpemsa zapoxnaenusi IIMB ycraHoBieHo 1o pe-
rucTpauuaM  Of(f), ABISIOUIMMCS  XapaKTePHBIM
WHIWKATOPOM COOBITHSI, CBI3aHHOTO C BBICHIIIAEM
BbICOKO9HEPIUYHbBIX TPOTOHOB B MATHUTOC(HEPHBII
kact. «ITopTpeT» Takoro sIBIeHUsI Ha PETUCTPaLIUsIX
of(f), KaK TpaBWIO, BBITJIAIUT B BUIE WHTCHCUB-
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HBIX MEPLAHUI YaCTOThI HA YaCTU WJIM B XOJI€ BCETO
npojieta MC3. AHajoruuHble MepLiaHUsI MOTYT Ha-
OmonaTtbes Ha Of(f) NpU HaIMYUU WHTEHCUBHOTO
F-spread Ha noHorpamMmMax BepTUKaJbHOTO 30HAU-
poBanus. I1pu atom Hag UIT perucrpupyercs KM-
[THB ¢ GosibliMM 3HaYE€HUEM A ;, CYLIECTBEHHO M3~
MEHSIOIIUM BUJ, 3aBUCUMOCTU Sfi(t) OTHOCUTEJIbHO
HEBO3MYIIEHHBIX YCIOBHIA. JIJIsT yMEHBIIEHUS YHC-
Jla pPUCYHKOB OTpaHUYMMCSI JIMIIb OTHUM ITPUMEPOM
TaKOro MHIMKATOPa BBICHITIAHUIA, MpeCcTaBIeHHbIM
Ha puc. 26, a, 6. DTa 3KCnepMMeHTaIbHAasI 3aBUCH-
MOCTb Of(f) MOJIydyeHa IPU HU3KOW COJIHEYHOH U
MarHUTHOM aKTUBHOCTSIX B TIEPUOJ PABHOIECHCTBUS
B OKOJIOIOJyHOUYHOE BpeMsi. KM-HeomHOPOIHOCTh
¢ L =1300 xm u 4, = 0.3 mepemernianach ¢ ceBepa
Ha 1or. Boamyienus tuna F-spread nposiBisitoTcst
B MOHOC(epe OJHUMMU U3 MEPBBIX (OTMEYaroTCs Kak
onset), 4acTo HaOJIOAAIOTCS TOCe aTMOC(EPHbIX
SIIEPHBIX B3PHIBOB M BBICHITIAHUI YaCTHUII COTHEY-
HOTO BETpa B IMOJSIPHBIX 00JacTsIX (MarHUTOChep-
HBIX Oypb), CKOPOCTh UX PACIpPOCTPAHEHUSI MOXET
npesbimath 1700 m/c [25].

OOpatuMcst BHOBbB K puc. 25, a—e. Ha Hux ooHa-
PYXMBAETCsl CYLIECTBEHHOE YBeMueHue L u A, npu
yIaJeHUU BO3MYIIEHMUSI OT MecTa BO30YXKIEHMUs.
DTtoT 3(pPekT Hambojee 3aMeTHO IIPOSIBIISICTCS B
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Puc. 25. Peructpauns CM-TIMB ¢ A4,;=0.18...0.95 u & = —60...—80°. [lannbie nosty4ensl 31 nrond u 1 asrycra 2002 &. npu MakcumMyme
COJIHEYHOI aKTMBHOCTH U HU3KOI MAarHUTHOM aKTUBHOCTH B OKOJIOTIOJYIEHHOE BpeMsi: ] — SKCIiepUMEHTalIbHbIe 3HaUeHusl; 2, 3 —
3HAYEHUsI, PACCYUTAHHBIE TIO MOJIEJISIM JIJTST HEBO3MYIIIEHHBIX U BOBMYIIIEHHBIX YCIIOBUI COOTBETCTBEHHO
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Puc. 26. [Tpumepbl HAOTIOIEHMS BHICBITTAHUIT 9HEPTUYHBIX IPOTOHOB B OKOJIOMOJYHOUHOE BpeMmsi (a, 0), npeodnananus KM-TTHUB
¢ L =4000 km u A;= 1 B HOUHOE Bpems (6, &), OnHOBpeMeHHOTO cyuiectBoBaHus KM- u CM-TTUB B okostononynenHoe Bpems (0,
e, Jic, 3). JlaHHbIe TTOTy4YeHbI B Iepuo paBHOAeHCTBUS S MapTa 2010 . mpu MUHUMAaIbHOM COTHEYHOM aKTUBHOCTU U MMHUMAJIbHOMN
MarHUTHOW aKTUBHOCTU: [ — 9KCIIEPUMEHTAIbHbIE 3HAUSHUST; 2, 3 — 3HAYEHUSI, PACCUMTAHHBIE 10 MOJIEJISIM ISl HEBO3MYILEHHbBIX U
BO3MYIIEHHBIX YCJIOBUI COOTBETCTBEHHO



IIpocmpancmeento-epemennas OuHamMuKa nepemeusarouuxcs UOHOCHEPHbIX G03MYU4CHULL

of;, I 31.07.2002, y,= 74.2°
0.8 - W=148, Kp=2
i 1
0 -
_ aall o -3 _
_os | N,=36'10 ™M ,z,=333km

L =2800 kM, & =+60°,4,=0.5, H=25km

1, = 22:49:49, Hucx

22:48 52 56
a

22:48 52
0

f, MUH

Puc. 27. Tpumep npeobnananus CM-TTUB ¢ L = 800 km u A, = 0.5 nerom 2002 1. B OKOJIOTOJYHOYHOE BPEMSI ITPU MAKCUMAIbHOM
COJIHEYHOW aKTUBHOCTU M HU3KOM MarHUTHOM aKTUBHOCTU: | — 9KCMEpUMEHTaIbHbIC 3HaUeHUs; 2, 3 — 3HAYCHUSsI, paCCUMTAaHHbIE
10 MOJIEJISIM JIJIsl HEBO3MYILUEHHBIX U BO3MYLLEHHBIX YCJIOBUI COOTBETCTBEHHO

nepBble yachl nocie reHepanuu AI'B. Cinenyet ot-
METHUTb, UTO B paboTe [59] Takske ObLT 3KCIIepUMEH-
TaJIbHO OOHApyXeH 3(P(eKT yBeJIUYeHUsI aMILIUTY-
nbl [TUB nipu ynaneHun BO3MyLIEHUS OT UCTOYHU-
Ka, HO aBTOPBI HE CMOTJIM OOBSICHUTD ero. OmHaKo
TaKOM POCT aMIUTUTYIBI U TIEPHOA TIPOTHO3UPYETCSI
npejjaraeMoil MOJIe/iblo, PeryjsipHO HaOJomaeT-
cs B HAIlIMX 9KCIIEPUMEHTATbHBIX UCCIEIOBAHMSIX.
B vactHocTH, Ha puc. 25, a—e BUIHO, YTO TMEepUO-
bl yBeanuuBalores ot 400 mo 800 xm u ot 320 1o
1000 xm (yBenuuuBaloTcs B 2...3 paza) Ha BTOPOM
yace Iocjie Havajaa Bo3MylleHus. Bmecte ¢ Tem Ha
SKCIIEpUMEHTAIBHON 3aBUCUMOCTH, 3aperucTpH-
poBaHHOU crniycTsl 14 4 mociie BKJIOUeHUsI BO30YXK-
JIAlOIIEr0 MCTOYHMKA, U MPeICTaBJIeHHON Ha puC.
25, 0, e, UMeeTCsI HECKOJILKO MEHbIIIEe YBEJIMYeHNE
— ot 400 1o 650 xm (B 1.6 pasza). Takoii xapakTep
M3MEHEeHU L MOoATBEepXkKIaeT, YTO 3TU BO3MYILEHUS
TMOPOXACHBI MTOCIESAYIOIINMU, MEHEE CKOPOCTHBIMU
KkBazunepuogamu iyra AI'B, paziauume CMeXHBIX
3Ha4YeHUH V; B KOTOPBIX, COIJIACHO MOJIENH, 3HAYM-
TeJIbHO MeHbIle. Bospacranue L u A, ipu niepeme-
mweHuu [TMB B cropoHy 3kBaTopa (Ham perioHOM C
XapakKTepHbIM MaciuiTabom okosio 3000 kM) moroJ-
HUTEJIbHO CBHIETEIILCTBYET O TOM, YTO MCTOYHMK
9TUX HEOTHOPOMHOCTEN HAXOMUTCS B CEBEPHBIX
mupotax. B pabore [13] 1o GosblIOMYy MacCHUBY
JMAHHBIX OBLIO YCTAHOBJIEHO, YTO C TTOHWKEHHEM
IIMPOTHI 3HAYEHUST L B CpeTHEM YBETUMINBAIOTCS.
Ha puc. 24 ¢ ymeHblIeHHEM IIUPOTHI TAKXKe Ha-
omopaercst Bo3pactanue L ot 200 mo 400 xm, 4dto
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TOBOPUT O BBICOKOIIMPOTHOM MCTOUYHUKE U ITUX
[TNB. 3nauenue & = 0 CBUAETENBCTBYET O TOM, UTO
AT'B-TIMB B aTOM 3KcHeprMMEHTE pacIpOCTpaHsI-
JINCh, CKOPEE BCEro, He CKAYKOBBIM, KaK Ha puc. 25,
a BOJIHOBOIHBIM cmocoboM, mpu 3toM MII Haxo-
auicst Hegajaeko oT ucrounuka [MB (kacma), mos-
TOMY pa3HOCTh HaberoB (a3 Ha HUXKHEU U BepxHel
rpaHuIaX CJ0SI C HEOJHOPOAHOCTSIMU OKa3aiach
HeOoJblol. HarmoMHMM, 4TO B CKAUKOBOM Mexa-
HU3Me pacnipocTpaHeHus & > 30...40°.

ITposisnenue CM-ITMB ¢ GoybIIMMU aMIUIUTY-
JIaMM Ha CEBEPHOM WJIM F0>KHOM YaCTIX perucTpali
9f,(7) e ozHavaet, uro [1M B 06pasyiorcst TOJbKO Hal
yKazaHHbIMU pernoHaMu. Amriutyna [TMUB-mony-
JISILMK perucTpanuii 8f(f) oGycioBieHa BO MHOTOM
reoMeTpueii paaronpocBeuuBaHus. Mbl mojaraem,
yto nocie npoxoxnaeHuss AI'B Bcst moHochepHas
00J1aCTh paaMoONpPOCBEYMBAHUS TMOABEPTHYTA KBa-
3UrapMOHMYECKON MONYJSILMU. AMIUIMTYIA IPO-
SIBJICHUSI paccMaTpUBAeMbIX HEOTHOPOIHOCTE Ha
3aBUCUMOCTSIX 8f(f) CYLIECTBEHHO 3aBMCHUT OT yIJjia
HakJioHa ¢poHTa [TV B B BepTUKaIbHOM MJIOCKOCTH
u 3eHuTHoro yria MC3. AnekBaTHoe onpeesieHre
L v A; 0Ka3bIBa€TCA BO3SMOXKHBIM TOJILKO B PE3YJIb-
Tare pelieHus] o0paTHOM 3aJauu ¢ MPUMEHEHUEM
Moaean (7) U ydeTe reoMeTpuu paauosyda B XOJe
BCero KoHKpeTHoro mnpoJjera MC3.

Kak nokasbiBatoT Hallli MHOTOUYMCJIEHHbIE HA0JT10-
NeHYsI, B BRIOpAHHOM MHTepBaJie BPeMEeHH PeIKo Ha-
omomarorcs [TY B ToipKo ogHOTO MaciTabda, 00bIYHO
HEOIHOPOIHOCTHU pa3HbIX MacIlITAOOB HAOIIOAAIOTCS
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Puc. 28. Tpumepsl npeodnaganua KM-TIUB ¢ L = 1800 km, A, = 0.5 B okononoayHo4Hoe BpeMs (a, 6) u ¢ L = 2500 km,
A; = 0.6...0.75 B OKOJIONONYHOUYHOE U yTpeHHee BpeMs (6—3). JlaHHbIe MOyuYeHbl B MEPHO PABHOAEHCTBUA 3 U 4 MapTa
2010 . mpy MaKCUMAaJIBHOM COJTHEUHOM aKTUBHOCTU ¥ HU3KO MAarHUTHOW aKTUBHOCTH: [ — BKCIIEpUMEHTAIbHBIC 3HAUCHMS,
2, 3 — 3Ha4YeHUsI, paCCYUTAHHBIE 110 MOIEJISIM JUISI HEBO3MYIUEHHBIX K BO3MYIIEHHBIX YCJIOBUI COOTBETCTBEHHO

Han UTT ogHoBpemeHHO. OiHaKO MOHOMAcCIITaOHbIe  BpeMsl ITPU BbICOKOI COJTHEYHOI aKTUBHOCTU U HU3-
noHochepHbie oTriedyaTku AI'B Ham pernoHOM OKO-  KOI MarHWTHOM akTUBHOCTU. HabutonatoTes Takke u
J10 1000 kM Bce ke peructpupylorces. [IpuMmep BoisB-  MoHomaciutadbHbie KM-TTVB. B cepum n3smepeHuii,
snenust CM-TIMB TosbKO OJHOrO JOMUHUPYIOIIETO  IMOKa3aHHBIX HAa pHUC. 26, peobi1analoT HEOIHOPOI-
maciitaba ¢ L = 800 kv n A, = 0.5 npupoaurcs Ha  HocTH ¢ MacwTaboM L = 1300 kM, A, = 0.3 (puc. 26,
puc. 27. JlaHHbIE TOJIyYeHBI B OKOJIOMOJNYHOUHOe —a—o0); L = 4000 km, A, = 1 (puc. 26, 6—e). Heonno-
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Puc. 29. lpumeps! npeobaananns KM-TIMB ¢ L = 1700 km, A, = 0.6 u L = 5000 km, A, = 0.9 netom 2002 . B 0KosI01I0TY-
HOUYHOE BpeMsi. JlaHHBIE MOJIyYeHBI MPU BBICOKOUN COTHEYHOW aKTUBHOCTU M HU3KOW MArHUTHOW aKTUBHOCTU: [ — 3KcIIe-
pPUMEHTaJIbHbIC 3HAUeHUsT; 2, 3 — 3HAaYeHMsI, PACCUUTAHHBIE 11O MOAEISIM ISl HEBO3MYIUEHHBIX U BO3MYLIEHHBIX YCJIOBUIA

L =250km™m, §=—-60°,4,=0.07, H=25xm

1, = 11:16:46, Hucx
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a
vo=42.6°
08 | N,=6310" v, z,=232k

W=24,Kp=2

11:12

L =280 km, &=—70° A,=0.025, H=25 kM
L= 5000 ku, & =—60°, A,=0.32, H=80 km
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2

Puc. 30. Tpumepnl onHoBpemeHHoro cymectBobanuss KM-TIMB ¢ L = 5000 km, 4, = 0.32...0.7 u CM-IIMB ¢ L = 250...
280 km, A; = 0.025...0.07. [laHHbI€ MOMYYEHBI B THEBHOE BPEMS B MEPUO/ PABHOAECHCTBYS PY MUHMMAIbHO# COJHEYHOM

aKTUBHOCTM U HU3KOI MarHUTHOI akTuBHOCTHU 2 MapTa 2010 T.:

1 — sKcTiepuMeHTaIbHbIC 3HaYeHUS; 2, 3 — 3HAYCHUSI, pac-

CYUTAHHBIC 110 MOACTIAM 1A HeBOSMyLLléHHle n BO3MyLLléHHbIX YCJIOBUI COOTBETCTBEHHO

POMHOCTU 3apETUCTPUPOBAHBI B HOYHOE BPEMSI TIPU
OYEHb HU3KOM MArHUTHOU AKTUBHOCTU U HU3KOW
COJIHEYHO akTuBHOCTU. Ha puc. 28 BUAHO JTOMUHM-
poBaHUe B BBIOpAHHBIN MTepro HAOTIONEHUN TaKxKe
TOJILKO onHoro macmraba: L = 1800 km, A; = 0.5
(puc. 28, a, 6); L =2500 xm, A ;= 0.5...0.75 (puc. 28,
0—3). WccrenoBaHus mpoBeAeHbI PU HU3KOM COJI-
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HEYHOM AaKTMBHOCTM M HU3KOW MarHUTHOW aKTUB-
HocTu. Ilo maHHBIM, MpeaCTaBIIEHHBIM Ha puc. 29,
BBISIBJICHO OJHOBPEMEHHOE CYILECTBOBAHUE BYX
KM-TIMUB ¢ L = 1700 xkm, A; = 0.6 u L = 5000 xm,
A;=0.9. 3mepeHust BBITTOJHEHbBI B OKOJIOTOIYHOY-
HOE BPEMS IIPU BBICOKOM COJIHEYHOIM aKTUBHOCTU U
HU3KOM MarHUTHOI aKTUBHOCTHU.
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Puc. 31. Ilpumepsl oxHoBpeMeHHOrO cymectBoBanuss KM-ITUB ¢ L = 5000 xm, 4, = 0.7...1; ¢ L = 10000 km , 4, = 0.4 u
CM-IIMB ¢ L = 200...350 km, 4, = 0.04...0.09. laHHbIe TIOJTyYeHbI B OKOJIOIIOJYJACHHOE U BEYEPHEE BPEMsI B TIEPUOL] PaB-
HOJCHCTBMS TP MUHUMAJIBHOM COTHEYHON aKTMBHOCTU M HU3KOI MarHUTHOM akTuBHOCTH 3 MapTa 2010 r: / — sKcme-
PUMEHTaJIbHBIC 3HAUYCHUS; 2, 3 — 3HAYCHUS, pACCYMTAHHBIC TTO MOICIISIM JUISI HEBO3MYIIEHHBIX M BO3MYIIEHHBIX YCIIOBUIA

COOTBETCTBEHHO

OdveHb YacTO OOHAPYXHMBAIOTCSI OTHOBPEMEHHO
KM- u CM-ITUB. TTpumepsl TaKUX COOBITHI TTPU-
BeJIeHbI Ha puc. 26, 0—3 u Ha puc. 30—32. JlaHHEbIe,
MPUBEJIEHHbIE HAa 3TUX PUCYHKaX, MOJy4YeHbI MpuU
HU3KOW COJIHEYHOM aKTUBHOCTU U HU3KOW MarHUT-
HOI aKTUBHOCTHU B 1epuon ¢ 1 nmo 5 mapra 2010 .
B npencraBnennbix npumepax miss KM-TIMB L =

50

= 5000...35000 xm, 4, = 0.32...1, mapamerpsr CM-
TTNB usmensaucek B nnana3oHax L = 150...350 km,
A;=0.02...0.1.

Ha puc. 31, 6, e nmpuBongTcs npospiaenns KM-
[TNB u CM-IT1B cootBeTcTBeHHO ¢ L = 10000 KM,
A;=0.4u L=300xkm, A;=0.04. Ha puc. 30 n 31
noka3aHo mnposieieHne KM-TTUB ¢ L = 5000 km,
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Puc. 32. lpumepsr onHoBpeMeHHoro cymectBoBanuss KM-TTUB ¢ L = 5000 km, 4, = 0.53...1 (a, 6, 0—3); ¢ L = 35000 km,
A;=0.67 (6, 2) u CM-TIMB ¢ L = 150...320 km, A, = 0.08...0.1. laHHbl€ N0JIy4eHbl B IHEBHOE U BEYEPHEE BPEMsl B IIEPHOL
PaBHOJEHCTBUSI TPU MUHUMAJIBHOM COJIHEUHOU aKTUBHOCTU WM HU3KOW MarHUTHOM aKTUBHOCTU 4 MapTa 2010 r.: / — aKc-
TepuMeHTaIbHbIC 3HaUeHUsI; 2, 3 — 3HaYeHUsT, PACCIUTAHHBIC TI0 MOJEIISIM JIJIST HEBO3MYIIIEHHBIX M BO3MYIIEHHBIX YCIIOBHIA
COOTBETCTBEHHO
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A;=0.32...1 u CM-IIMB ¢ L = 200...350 km, A, =
=0.025...0.12. Ha puc. 26, 0—3 u puc. 32, 6, 2 BUsi-
Ho Hamnmuue KM-TIWB ¢ cambiMu OoJbIIMMU 3a-
perucTpupoBaHHBIMU HaMUW TMPOCTPAHCTBEHHBIMU
nepuogamu L = 30000...35000 xm (4, = 0.67...1).
OnHoBpeMmeHHO ¢ TakumMu KM-TTW B nHa6monarores
u CM-IIMB ¢ L = 150...240 xm (4, = 0.02...0.1).

B BbllllenpyBeNeHHOU cepuM M3MEPEHUI KITIO-
yeBble napameTpbl IIMB n3aMmeHsnch B nuamna3oHe
L =150...35000 km, 4, = 0.02...1. [Tpn aTOM CTONIB
MaclTabHasi JMHaMUKa TlapaMeTpoB TOoJydyeHa
JIUIITb C UCTIOJIb30BaHUEM €MHOTO METOIa — Paaro-
MpOCBeUYnBaHUsI MOHOC(HEPHLI ¢ GOpTa HU3KOOPOM-
tabHbIX MC3. PaHee 3HaueHus L B CTOJIb IIMPOKOM
JMana3oHe He OOHAPYKUBAIU JaXe C TPUMEHEHUEM
COBOKYMHOCTHU UCCIEA0BATEICKMUX METOJIOB, OJTHO-
BPEMEHHO 3a/IeMICTBOBAHHBIX B BBICOKMX, CPEIHUX
U HU3KKX 1MpoTax. bosee Toro, o cyliecTBOBaHUN
TTUB ¢ L = 30000...35000 kM ucclieqoBaTean axe
He MoJ03peBaiu, MOCKOJIbKY He ObLIIO MHCTPYMEH-
Tapusl BBISIBJICHUSI CTOJIb KPYITHBIX HEOAHOPOIHOC-
Tei N. JIist moATBepXAeHUs aleKBaTHOCTH HAIIUX
JAHHBIX JUISl Pa3IUYHbIX reMoreou3nyecKux yc-
JIOBUI IPUBENEHBI pErUcTpauuu of;(f) 1 ux anrmpok-
CUMalIuH, TTIOJYYEeHHbIE B X0/Ie pellleHrs] 00paTHOM
3agauu (rpu pa3Hbix macmrabax [TMB). ITpu sTtom
JlaHHbIE Ha PUCYHKax COOTBETCTBYIOT XPOHOJIOTH-
YeCKOMY TTOPSIIIKY, UTO JIETKO BbIKA3bIBAET XOPOIIIYIO
MOBTOPSIEMOCTh BUIa CMEXHBIX IO BpEMEHU PErUC-
Tpauuii U AEMOHCTPUPYIOT JOCTATOYHO IIJIABHYIO
BpeMeHHYI0 f1MHamMuKy apametrpoB ITUB. Tak, Ha
puc 32, 0—3 peructpaunu f;(f) COOTBETCTBYIOT pa-
JUOIIPOCBEYNBAHUIO (PAaKTUYECKM OJHOM M TOM Xe
MPOCTPAHCTBEHHOM 00JIaCTH C TIOUTH JIByX4aCOBbIM
BpeMeHHbIM MHTepBajoM. [Ipu 3TOM perucrpanuu
OYeHb TMOXOXHU, HAOIIOAAIOTCS XOpolllee COBMaje-
HUE BKCMEepPUMEHTaIbHOU U MoaeabHoM (st KM-
[T1B) 3aBucumocreit &f;(7), napamerpsl KM-TT1B
nojiHocThio coBnamaoT: L = 5000 km, A; =1, & =
= 60°. AHaJIOTMYHas MPEEMCTBEHHOCTD BIIa CMEX-
HBIX peructpanuii u napamerpon [T B Habmonaet-
cs Ha puc. 26, 0, e, u ac, 3 Kak 111 KM, tak u st
CM-TIMB. D1t skcnepMMeHTalIbHble 3aBUCUMOC-
T Of;(f), BBIIOJIHEHHBIE C MOJYyTOPAYaCOBbIM WH-
TepBaJIoM, Takxke BecbMa moxoxu, ajass KM-TTHUB
3HaueHus napaMmeTpoB coBnaaatoT (L = 30000 km,
A;=1), a uia CM-TTMB oyensb 6msku L = 188 u
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233 xkm, A; = 0.04 u 0.02; yron & st CM- u KM-
HEOTHOPOIHOCTEH, OOHAPYXXEHHBIX Ha O0OEUX pe-
TUCTPALIUSIX, OAUHAKOB (COOTBETCTBEHHO & = —45°
n —60°). [ToydyeHHBIC 3HAYEHUS TTapaMeTPOB HEOI -
HOPOJHOCTEM 1 UX IMHAMMKA XOPOIIIO COTJIaCyHOTCS
¢ npeajoxeHHoi Mmoaenbio AI'B-TTHB.

ITo coBokymHoCTM perucTpaumii §f(f) ycraHOB-
JIEHO, YTO HaOJirogaeTcs ob1ias sipKko BbhIpaskeHHast
3aKOHOMEPHOCTh: 4YeM Oosbllie 3HaueHue L, TeM
3HAYUTEbHEE OTHOCUTENbHAs aMmmuuTyna A, Jlnsa
CM- u KM-Bo3mylieHuit pasinuue B A, COCTaBJis-
er 10 10 pa3. DTa 3aKOHOMEPHOCTb MPOTHO3UPYETCS
00CyX1aeMOii MOJIEJIbIO U peaiu3yeTcsl B MOJaBJIsi-
[oleM OOJILIIMHCTBE HaIMX HaOmoaeHui. Takas
JKe CBsI3b ObljIa ycTaHOBJIeHA B padote [13] rpu cra-
TUCTUYECKOM 00padoTke rmapamerpoB CM-ITUB.

B xayecTBe MOMOJTHUTEIHLHOTO MOATBEPXKICHUS
9THUX 3aKII0ueHUi Ha puc. 33 u 34 nmpuBeneHbl de-
THIPE CYTOYHbIE 3aBMCMMOCTH NapaMeTpoB L u A,
(a rakxe sHaueHuit N, u z, Han WUIT) wis yenoswii
Huskoii CA (W = 18...25). YnomsHyTble 3aBUCH-
MOCTH TIOJIy4eHbI B Tieprof co 2 no 5 maprta 2010 .
10 perucTpauusam of;(f) METOIOM, NPEATOKEHHBIM B
pa6ore [11] 1 pa3ButbiM B pabotax [13, 16, 17]. Me-
Toa mo3BosisieT BoiiBUTh IIMB ¢ pazmepamu 200...
35000 kM 1 OTHOCUTENBLHBIMU aMILIUTYAaMu oT (.02
1o 1 Hag pernoHoM ¢ paauycom okosto 1500 km. TTpu
3TOM B OJJHOM U TOM XK€ MPOCTPaHCTBEHHOI obJiac-
TU PaanoIIPOCBEeYMBAHNSI MOTYT OMTHOBPEMEHHO CY-
mectBoBaTh [TV B cyiiecTBeHHO pa3HBIX pa3MEPOB.
Ipaduxu L(7), A, (r) nna CM-TITUB u KM-IIWB na
puc. 33 u 34 nokaszaHbl Ha OTHEJIbHBIX MaHeasIx. B
TeX CIydJasix, KOTma Ha I0XKHBIX U CeBEPHBIX KOHIIAX
peructpauuu Habmoganuchs CM-TIWB ¢ otinyaro-
IUMUCS 3HaYeHUSIMU L, Ha TpadrKax yKa3bIBaJIoCh
UX CpeJiHee 3HaUeHue.

[Tpossenenue IIMB Ha oOTAEAbHBIX 3KCHEpPU-
MEHTAJIbHBIX 3aBUCUMOCTAX &f(f) I yCIOBUiA
HU3KOU COTHEYHOI aKTUBHOCTU WJITIOCTPUPYETCS
Ha puc. 26, 28, 30—32. CornacHO IPUBEIEHHBIM
nanHabIM a1 KM-TIMB ¢ L = 1500...35000 kM
aMILUIUTyaa Ad Haxoamiachk B nuarazone 0.4...1, a
g CM-IIUB ¢ L = 150...800 kM — B amuarmnaso-
He A;~ 0.02...0.5. MsI nonaraem, uro KM-TTHB,
KJIIOUeBbIe MTapaMeTpbl KOTOPBIX MpeACTaBICHbI Ha
puc. 33, 3apoxXIanch, KaK IpaBujio, MpUOIM3n-
TEJbHO B OKOJIONOJYHOUHOE BpeMsi. CorjlacHO 1aH-
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L,xm  02.03.2010, W=24, Kp=0...2 A,
30000 1 1.5
20000 ~ 1.0
10000 0.5
a
600 | 1 0.1
400 0.06
CM-IIMUB
200 + 0.02
0 1 1 1 1
6
20 KM N, 10"m"
240
160
80

03.03.2010, W= 23, Kp = 01+...3— A,

0.1

- 1 0.08
o 1 0.06
0.04
1 0.02

Zps KM

Puc. 33. Cyrounble 3aBucumoctu L, Ay, z,,u N, jna 2—3 mapra 2010 T.

HBIM 2KcIiepuMeHTa ciycts § 4 mociie KM-Bo3my-
menuii cieayior CM-IIMB; nmpocrpaHCTBEHHBINM
nepuon u amiumrtyna KM- u CM-IIMB ¢ Teue-
HUEM BPEeMEHU U3MEHSIIOTCSI HEMOHOTOHHO. CM-
[TNB nosiBasitoTcs Ha (OHE yxKe CYIIECTBYIOIINX
KM-HeonHopoaHocteii. [TUB Bcex maciitadboB B
YIOMSIHYTBIX DKCTIEPUMEHTAX MepeMeIIUCh C Ce-
Bepa Ha 10T, YIoJl HaKJIOHa & OT HOYHOTO 10 OKOJIO-
MMOJYAEHHOTO BpeEMEHU OOBIYHO cocTaBisii —60°,
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nanee BILTOTh 10 20:00 yroj u3MeHsUICS B Ipeaesiax
—15...—45°. IIunoo6pa3Hoe uaMmeHeHue L(f) BbI-
3BaHO CUJIbHBIM OTJUYMEM CMEXHBIX MPOCTPaHC-
TBEHHBIX MEPUOJOB JUAMPYIOLIel (HaYyaabHOM)
yactu uyra [IMB. Takoe moBeneHue rpadukon L(7)
OIMUCHIBAETCS MPEIIOXKEHHOMN MOTYIMITMPUIECKOM
MOJIENBIO.

ITo nammm HabmogeHusM ITHUB 3apoxnarorcs,
KaK IIpaBWJIO, €XeIHEBHO B 00J1aCTU MarHUTOCHEp-
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L, kM 04.03.2010, W=25,Kp=1-...3

05.03.2010, W= 18, Kp =0+ ... 1+

Ad Ad
30000 4115 + KMIIMB 1.5
20000 [ - 1.0
10000 - 0.5
1000 - i 10.2
CM 1B CM 1B
800 0.16 I H0.16
600 - 0.12 + 40.12
400 0.08 ] — 0.08
;N\
2 - -
00 0.04 J B 0.04
1 1 1 1 1 1 1 0
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160 - / \\ 14t N 14
Nﬂ \ /
n /
80 / N ) - / 12
4 8 12 16 20 4 8 12 tu

0

Puc. 34. Cyrounsie 3aBucumoctu L, A4, z,, u N, mia 4—5 mapra 2010 ©.

HOTO Kacra B OKOJIOMOJyHO4YHoe BpeMs. OaHaKo
HepeaKU ciydyad, KOrma 3TO COObITHE MPOMCXOAUT
JIMIIb OJMH pa3 B TeueHue 2-3 CyT, MHOTJA BO3-
OyxxaeHue (BBICHIIIAHUE SHEPIrUYHBLIX ITPOTOHOB)
npoucxonut 2-3 pa3a B cyTku (cM. puc. 25). B moc-
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nenHeM ciydae L v A, Han UIT He ycrieBaloT yMeHb-
LIUThCSI 10 3HAUYCHU, OOBIYHO HaOJIOJaeMbIX B
KOHIIE CYTOK MPU OTHOKPATHOM MCTOYHUKE UCXO/I-
HOTIO BO3MYyIIeHUs (CM., HatIp. puc. 33, a s 2 Map-
Tta 2010 1.). DTO MPOUCXOIUT BCIAEACTBUE TOTO, YTO
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CYIIIECTBOBABIIIAs Peaiu3alisl MPOCTPAHCTBEHHOTO
cnena AI'B B nonocdepe (ITMB) B pesynbrare moB-
TOPHOTO SHEPreTUYECKOro TOIUKA B TEKYIIINE CYTKU
3aMEHSIETCSl HOBBIM CJIEIOM C OOJIBILIUMU aMILIUTY-
JIO U KBa3UMEPUOAOM, YEM MPEIIIEeCTBYIOIIME 3HA-
YeHUsl YIMOMSIHYTHIX mapamMeTpoB. Eciu ke mexmy
MOMEHTaMH1 BO30YXKIEHUSI MPOXOIUT 0oJiee CyTOK,
TO 3HaUYeHUS L yMEHBIIAIOTCS 10 MUHUMATbHO Ha-
omomaembix B 150...200 kM, a A; yMEHBLIAIOTCS 10
HECKOJIBKUX IPOIIEHTOB.

M3 aHanuza rpacdukoB puc. 33, 34 MOXHO 3a-
KJIIOYWTh, YTO 3HAYEHUsI L U A, B TEYEHUE 5 4 MOTYT
U3MEHSITbCSI OYeHb HE3HAUMTEJbHO. DTOT 3(deKT
OMUCHIBAETCS HALLIEW MOJAEJbIO, COTJIACHO KOTOPO
TOJIbKO TIEPBbIE NATh 3HauyeHuil V; u A, uyra AI'B
pPE3KO YMEHbIIAIOTCS, MOCASHYIOmNe UX 3HAYCHUS
YMEHBIIIAIOTCS CO BPEMEHEM ITOCTaTOYHO TUTaBHO.
W3-3a ymeHbIIAIOIMXCSA CKOPOCTEN V; 3KCTpeMyMOB
1IyTa COOTBETCTBYIOIIIME BEIMUMHbBI [ TaKXKe YMEHb-
11al0TCSl, BHaYaJle pe3Ko, a 3aTeM He3HauuTeJIbHO. B
pe3yJibTaTe CUIbHOTO YMEHBIIEHUSI OTHOCUTEbHBIX
aMIUTUTYJ A; TPETUI, YETBEPTBIA M MOCIEAYIOLINE
nepuonsl 1yra AI'B He MoryT moracuth npeaiiecT-
BYIOLLIMM JOJTOXUBYIIUU noHOChepHbIi ciien AI'B
1 3aMECTHUTB €TI0 CJISIOM C MEHBIIMMM 3HAYCHUSIMU
L n A;. 1105TOMY TMTaHTCKHiA MO TIPOCTPAHCTBEH-
Homy pasmepy u amruiutyae [T B-cnen ocraercs B
HoHochepe B TeUeHHE BCEro BPEMEHM €ro >XKU3HMU,
KOTOpOE HEe YMEHbIIAETCsl C TIOSIBJICHUEM TOC/Iey-
fonux a3 [TV B, 1 ToJIBKO TT03XXe, HAIIPUMeED I10CJIe
¢ Gy3HOro yMEeHbIICHUST €ro aMIUTUTYIbI, TTOCIe-
JYIOIIIe KBAa3UIIEPHUOIbI IIyra CIIOCOOHBI 1aTh Hava-
J10 B noHocepe HoBol peanusanuu [TWB ¢ cymec-
TBEHHO MEHBIIMMU 3HAYEHUAMU BETUYMH L 1 A ;.

ITpu onpeneneHHbIX YCIOBUSIX TIO CYIIECTBYIO-
memy poiaroxuyiiemy KM-TTMB nepemeniaercs
nocienyromas Jactb uyra AI'B ¢ cyliecTBeHHO
MEHBLIMMU 3HAYEHUAMY BeNMYKH L u A, B pe3yib-
TaTe MPOUCXOAUT MOIYJISLMSA IEPBOHAYAIBHOTO
KM-cnena npoctpanctBeHHoii CM-KBa3urapMo-
HUKOI ¢ HeOOJbIIMM KO3(h(GUIMEHTOM MOMYIsSI-
mu: rocienytomee CM-Bo3MyIlieHe HaKJIaabIBa-
eTcs Ha HemmoaBKHBIN KM-¢hoH 1 TakuM 00pa3oM
CO3MAET CBOU cpeHEMACIITA0OHBINM KBa3UTIEPUOIN-
yeckuil oTnevyaTok. Peanuzaiumn Takux COOBITUI
MOKa3aHbl, HampuMmep, Ha puc. 26, 0—3, 30—32.
31ech OMHOBPEMEHHO B OJHOM M TOW ke 00JlacTh

npoctpaHcTBa cyiecTByioT CM-u KM-TTMB. Eciu
BO30YX/IAIOLIMI NCTOUYHUK BKJIIOUUJICSI B OKOJIOMO-
JIYHOYHOE BpeMsI, TO TaKasl CyNepIIo3UIIns HaOJro-
IaeTcs B cepeauHe IHS okojio 12...15 4, ecau oH
3apaboTaJll Mo3Xe Ha HECKOJIbKO YacoB, TO HaJlOXe-
Hue pa3HbIX MaciTadboB [TV B nmpoucxoaut omke K
Beuepy Wi Aaxe K moayHouu. CM-Bo3MylleHUs
uyra gocturaiot UIT cnycrs 10...12 4 nocne npuxo-
na KM-Boamyuienuii. ITostomy CM- u KM-TTUB
He mocym HaOIoIaThCS OTHOBPEMEHHO paHee yKa-
3aHHOM BpeMEHHO 3alIeP>KKHU, TTOCKOJIBKY 0 3TOTO
BpemeHu CM-TTUB emg He 3apoananch Uiu e Ha-
xonsTcs Tojibko B iyt K UII. Ina UII, pacnono-
>KEHHBIX Jajiee OT Kacra, yeM Pamnodusuyeckas
obcepBaTOpUs XapbKOBCKOT0 HALIMOHAJIBHOTO YHU -
BepcUTeTa, 3aIep>KKa JOJKHA YBeTMIMBaThes. Ecim
K€ ITyHKT HaOIoaeHus OyIeT HaXOOUThCs OIMKe K
KacITy, YeM YIIOMSHYTast 00cepBaToOpusI, TO 3TO TIPH-
BEIET K YMEHBIIEHUIO 3aIePKKH.

BaxxHO OTMETUTDH, YTO CyNepro3uLIMsT OOJIbIINX
un cpegHux macirtabos [TMB Gosnee BeposiTHa mpu
muHuMyme CA, 4yeM npu ee MakKCUMyMe. DTO Tpo-
HUCXOIUT B CBSA3M C TeM, 4TO mpu Makcumyme CA
BpeMsl XKM3HU HEOMHOPOMHOCTEW B HECKOJBKO pa3
MeHb1Ie (cM. ganee). [Toatomy ¢ mpuxomom Ha UI1
CM-AI'B KM-IIMB, xak npaBuio, yke HeT.

Ha puc. 35 mig roga Beicokoit CA B mepuop ¢
31 uronsg 2002 . (W = 148) no 01 aBrycta 2002 .
(W = 137) nokazaHa BpeMeHHas IMHAMHKa TeX
K€ BeJIMYMH, 4YTO M Ha puc. 33, 34. EnuHcTBeHHas
KM-HeomHopoaHoCTh B udMepeHusix 31 uroms 2002
. Obuta 3apeructpupoBaHa Juuib B 19:30. Ee napa-
METpPbI OKa3anuch paBHbIMU L = 5000 kM, A, = 0.9.
Hust 1 aBrycta 2002 1. rpaduKy 3aBUCHMOCTEN T1a-
paMeTpoB BO3MYIIEHWI TIPUBEACHBI OTHEIBHO IS
KM-u CM-ITUB.

N3meHeHue L co BpeMeHeM HaOII0JaeTcsl Kak
MpU MUHUMYMe, Tak 1 pu Makcumyme CA. OaHako
posiBIsieTCs 3TOT 3(pdeKT rmo-pazHomy. [1pu MuHm-
myMe CA MakcuMaJsbHbIE 3HaYeHUsI L B TEUEHUE Cy-
TouHBIX HaOmoaeHu# gocturaau 30000...35000 kM,
a npu Makcumyme CA — Bcero iumb 3200...4000 kM.
[Moutn gecsATUKpaTHOE YMEHBIIIEHWE MaKCHUMallhb-
HBIX 3HaYeHuit L, 1ipu Mmakcumyme CA oObsICHS -
eTCsl, Ha Halll B3IJIsI, CYIIIECTBEHHBIM YMEHbBIIIEHU -
€M BPEMEHM KM3HU BO3MYIIEHUI B 3TOT MEPUO/,
B pe3yjbTaTe 4yero Mpu AUCKPETHOCTU M3MEPEHUIA
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L,xm 31.07.2002, W= 148, Kp=1-..2 A,
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L,xm 01.08.2002, W= 137, Kp = 1—...5+
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Puc. 35. lnnamuka napametpos L, Ay, z,,u N, ana 31 miona u 1 asrycra 2002 .

1.5...2 4 He ymanoch 3aperucTpupoBaTh HamboJjee
BBICOKOCKOPOCTHBIE M KpyIHoMaciuTabHbele KM-
I[IUB. OTtMeTuM, 4YTO YaCTUYHO CTOJb OOJIBIIOE
pasnuuue B L, Tpu MUHUMYMe U Makcumyme CA
00BsICHSIETCSI TeM, UTo Ha puc. 35 (Makcumym CA)
U3MEPEHUSI Hayaluch Juilb okoyio 11 4, moarto-
My 3KcTpeMasibHO Oosbiine KM-TTMB Moriu yxe
HWCYE3HYTb.

Junamura obaacmeti nOHUNCEHHOU U NOBbLUEHHOT
aaexmponnoii konuenmpauuu. Ha puc. 30, 31, a, o,
0, e, 32, 0, e MOJIENIbHBIE 3HAYEHUA Of(f) IUIA HEBO3-
MYIIEHHOI Cpelbl Ha CEeBEPHBIX WMJIM (M) HOXKHBIX
gacTsax Tpojieta MC3 cyliecTBEeHHO NPEBBLIIIAIOT
SKCMEPUMEHTAbHbIE BEJIMYMHBI. Takue paziuyusi
ooycnoienbl HammyueM [TUB ¢ L =5000 kmu 4 ;=
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=0.3...1. OgHako 3TU pa3aIu4urs MOXKHO MHTEPIIpe-
TpoBaTh U Kak Haymmune OYK oTHOCUTEIbHO He-
BO3MYILIEHHBIX YCIOBUI. Benb Hag 3TUM pernoHoM
B pe3yJIbTaTe MepeMelleHNsT KBa3UTapMOHUYECKOTO
BO3MYLIEHMsI BEIMYMHA N, YMEHBIIAETCA OTHOCH-
TeJbHO (OHOBBIX 3HaueHuit. Ha puc. 26, 6—e, 28,
32, 8, e yIOMsIHyTble 00JIaCTU HAOJI0IAI0TCS B pe-
gyaprate ABvxkeHuss KM-ITMB cooTBeTCTBEHHO ¢
L = 4000, 30000, 1800, 2500 u 35000 xm u A, =
=0.4...1. Bce nmpuBeneHHbIe BEIIIE JaHHBIC ITOJTyYe-
HbI ITPY HU3KOM COJITHEYHOU aKTMBHOCTU U HU3KOU
MarHUTHOW aKTUBHOCTHU.

Ha puc. 29 B pe3yabTaTe OIHOBPEMEHHOTO HAJIM -
Yusl KPYIMHOMACIITaOHbIX HEOJHOPOAHOCTEl ¢ L =
= 1700 1 5000 xm (coorBeTcTBEHHO NpU A, = 0.6 1
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L =300 xm, § =—60°
A,=0.035, H=25xm

L =2000 km
A,=0.3, H=80 xm

L =350 xm, § =—60°
A,=0.05, H=25km

Y= 54.8°

W=137,Kp=4

N,=7.610"m",z, =271 km

12:24 28 32

L =150 km, & = —45°
A,;=0.025, H=25km

L=2000xkm, A,=0.2, H=80 km

12:48 52 56
6

12:48 52 t, MUH
2

Puc. 36. [Tpumepsl onHoBpeMenHoro cymectsoBanus KM-ITUB ¢ L = 2000 km, 4,= 0.2...0.3 u CM-IIMB ¢ L = 150...350 kM,
A, = 0.025...0.05 netom 1 aBrycra 2002 r. laHHbIE TIOJyY€EHbI B OKOJIOTIOJIYIEHHOE BPEMS IIPY MAaKCUMAJIbHOM COTHEYHOM
AKTUBHOCTH M CPEIHE MarHUTHOM aKTUBHOCTHU: [ — 3KCIIEpPUMEHTAIbHBIC 3HAUCHUS; 2, 3 — 3HAUYCHUs, PACCUUTAHHEBIC TI0
MOJEJISIM JUTSI HEBO3MYIIEHHBIX M BO3MYILIEHHBIX YCIOBUI COOTBETCTBEHHO

0.9) Ha r0XXHOM YacTh peructpaunu of,(f) 3HaueHHe
MOJIEJbHOM KPUBO /11 HEBO3MYIICHHbBIX YCIOBUIA
CYIIIECTBEHHO MEHbIIIE SKCIIEPUMEHTATbHBIX BEIM-
yyH. Takue COOBITUSI MOXKHO MHTEPIPETUPOBATH
Kak pamuonpocBeunBanue Hag OITK. Ha puc. 36

TakKe sl IOKHBIX YacTeil perucTpauuii of(f) mo-
KazaHbl nposiBiieHus odiiacteir OITK B pe3syibrare
npoxoxnaeHus: ITMUB ¢ L = 2000, 3000 u 4000 xkm
(4,;=0.2...0.7). ManHbie, IpUBEACHHBIE Ha puC. 29,
36 u 37, COOTBETCTBYIOT BBICOKOI COJIHEUHOI aK-
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Puc. 37. Tlpumepsl onHoBpeMenHoro cyuiectsoBannss KM-TIMB ¢ L = 3000...4000 km, A; = 0.2...0.3 u CM-IIUB ¢ L =
= 300...400 km, 4, = 0.02...0.09 netom 1 asrycra 2002 r. B aHeBHOE BpeMs. JIaHHBIC MOTYYEHBI B OKOJIOTIONYAEHHOE BPEMsI
NPy MaKCUMaJIbHOM COJTHEYHOM aKTMBHOCTHU U CpeIHEell MarHUTHON aKTUBHOCTU: I — 3KCIepUMEHTaJbHbIe 3HAYEHUsI; 2,
3 — 3HAUEHUS!, PACCUYMTAHHBIC TI0 MOJIEJISIM [JIsI HEBO3MYLIEHHBIX M BO3MYLIEHHBIX YCIIOBHIT COOTBETCTBEHHO

TUBHOCTH (COOTBETCTBEHHO HW3KOM MAarHUTHON
AKTMBHOCTM W CpeIHE MarHUTHONM aKTUBHOCTH).
YyacTKy MMOHMXKEHHOM Y MOBBIILIEHHOW MOHU3ALIMNI
HaJ, TTOBEPXHOCTBIO 3eMJIM 00pa3yloTcsl B pe3yibTa-
T€ MPOXOXICHUSI COOTBETCTBEHHO OTPULIATEILHOM
win nojioxkutenbHoit a3 KM-AI'B. Ilon orpuiia-
TeJbHOU (ha30il moapasyMeBaeTCsl CTaaus IMPOXOXK-
nenust AI'B, BciencTBue KOTOpoil maBjieHUE aTMO-
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cepbl MO MyTU pacnpoCTpaHEHUsT BOJTHBI YMEHb-
11aeTCsl OTHOCUTEbHO (DOHOBBIX, HEBO3MYILIEHHBIX
ycioBuid. I1pu monoxuTeabHOM (paze MpoXokACHUS
AI'B naBneHue Bo3nyxa yBeJuuyuBaeTcsl. B Hamimx
9KCINEepUMEHTaXx (JUIsi CEBEPHOTO MOJYIIApUs U pac-
npoctpaHeHuss AI'B ¢ ceBepa Ha 10r) MOHMXEHUE
(ToBbIllIeHNE) JaBJIeHWS] BO3/lyXa COOTBETCTBYET
yMeHblIeHUIO (YBennueHuto) N, . OTHOCHUTEIbHbIE
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Puc. 38. Cyrounnie 3aBucumMoctu A_ (kpuBbie 1) u ¢_ (KpuBbIe 2), TIOTyYeHHBIE TP MUHUMYME COJTHEYHOU aKTUBHOCTH B
nepuon paBHoaeHcTBUs 2—5 MapTa 2010 . Ctpenkoii Ha rpaduke st 4 mapta 2010 . 0603HaYeHO TPUOIU3UTEIBHOE BpEMS

TTOBTOPHOTI'O BbICBINIAHUSA SHEPIUYHBIX ITIPOTOHOB

AMIUTATY/IbI TIOBBILIEHWS W TIOHXeHusT N, yKasa-
HBI Ha PUCYHKAaX COOTBETCTBEHHO CUMBOJIaMU A 1
A_. 3necb A, = AN,/N,, A_= AN_/N,, tne AN,
AN_ — abcomoTHoe u3MeHeHue N, COOTBETCTBEH-
Ho B OIIK 1 OYK, N, — HEeBO3MYILIEHHBIE MOJIE/Ib-
Hple 3HayeHus N, , nonydeHHble Han MIT mocne
ajanrtaiuu riodaipbHoil momenu N. OlleHUBaHuUe
A, ¥ A_ IpOBOIMIIOCH TOJIBKO JUTSt U3SMEHEH U Of (1),
00ycJIoBJIeHHbIX pacrnpocTpaHeHueM KM-ATB.
Bdpdexter CM-TTMUB, ecnu onn HabmOmanIMCh Ha
perucTpauusx 6f;(f), KOMIEHCUPOBAIUCH METOAOM
CKoJIb3sIILero ycpenHeHus. [lonaranock, 4To B BO3-
MYILIEHHOW ¥ HEBO3MYLIIEHHOM cpejie BeanyrHa N,
NPONOPIMOHAIbHA aMILTUTYIE Baprauuii 8f;(7).

Ha puc. 38 wutroctpupyeTcs cyTouHasi IUHAMU-
kKa A_ (xpusble /) 1 reorpaduyecKoii IUPOTHL ¢_ B
ueHtpe OYK (kpuBble 2), BbISIBJIEHHBIE TIO PETHUC-
TpauuaM Jdf;(f), MOJYJEHHBIM B EPUO 2—5 MapTa
2010 r. mpu Hu3Koit CA.

ITpu Huskoit CA B Hauaje BO3MYILEHUS BCeraa
noseisitorcs: KM-ITMUB ¢ oTpuuareabHoil (a3oii,
TIPOMCXOINT CYIIECTBEHHOE YMEHBIIIEHUE /N OTHO-
CHUTETHbHO (POHOBBIX HEBO3MYIIICHHBIX 3HAYCHUI.
OrHocuTenbHad aMmIunTyna A_ moHwkeHus N, B
9TOM 0bJlacTU paBHA WM Oiu3Kka K eauHuie. Co-
[JIACHO TIPEUIOKEHHOM MOJAEJM OCUWIISLIUU B
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oyare BO3MYIIIEHUS HAYMHAIOTCS C TIOHMKEHUS aT-
Moc(epHOTo JaBjieHus A0 ABYX pa3 (cMm. Tadi. 1).
DTa 001acTh YMEHBIIEHHOTO IAaBJICHUS BO3IyXa
pacrpoCTpaHsIeTCsl BAOJb MOBEPXHOCTU 3eMJIU BO
BCE CTOPOHBI B BUJE BOJHBI ¢ (ha30BOil CKOPOCTHIO
6ouee 11 km/c. B onmrcaHHOM 3KCIIepUMEHTE repe-
MellleHre 00JIaCTU YMEHBIIEHHOTO aTMOC(HEpHOTO
JIaBJICHUS TIPOCIIEXUBANIACh TTI0 MOHUTOPUHTY Be-
anuuHd N, . llupora ¢_ MUHMMalbHBIX 3HAYEHWI
N,, uentpa Takoil obiactv nepememianach ot 60
10 40° N, a oTHOCUTe/IbHASI aMILIUTYyAa AbIpbl A B
5TOM JMarna3oHe IKUPoT B TeyeHue 16...20 4 yMeHb-
1majgach (He Bcerma MOHOTOHHO) oT 1 1o 0.3. Takum
obpasom, ripu Hu3koii CA (W = 18...25) B TeueHue
CYTOK ((paKTUIECKH OT OMHOTO BBICHITTAHUS YaCTHUII
0 JpPYroro) AWArHOCTHPOBAJIOCH CYIIECTBEHHOE
yMeHbleHre HOHOBBIX 3HaueHuid N,. Kak orme-
yajioch B pasaeiie 4, mpu Huskoii CA (W= 11...28)
Takxke OOHApyKEHO CYIIECTBEHHOE YMEHbIIIEHUE
N,, B XOJie IIEPHBIX IKCIIEPUMEHTOB.

BDddeKT OT HOBOrO BBIChIIIAHMS YAaCTULL B KacIl Ha
(boHe TIPOSABIEHMS TEKYIIIETO BBICHITIAHUS, BIUSHUE
KOTOPOTO Ha TTPOCTPAHCTBEHHOE pacripeneieHue N
el He 3aKOHYMJIOCh, MJLTIOCTpUpYeT puc. 38. 3aech
Ha naHenu s 4 mapta 2010 r. mpubaM3UTENBLHOE
BpeMs HOBOTO BhIChITaHus (13:46) oTMeueHO Bep-
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Puc. 39. CyrouHble Bapualuu: a — BeJUYMH A, (KpuBas
1) n ¢, (xkpuBas 2), IOJyYEHHBIX IIPU MAKCUMAJIbHOMI COJI-
HeuHoit aktuBHOCTH 1 aBrycra 2002 1., 6 — BenuuuHbl 7(7),
nosydyeHHoit 1 aBrycta 2002 . (KpyXKU — 3KCIIEpUMEH-
TaJIbHbIE 3aBUCUMOCTH, TMpsIMasi — JIMHEWHasi Perpeccust ¢
koadunuentom koppesiuuu r = 0.92, 6 — pacy€THBIX U
3KCIEepUMEHTaNIbHBIX 3aBUcuMocTeit 7(f). Bpems Hauana k-
CIIEPUMEHTAILHON 3aBUCHMOCTH YMEHbBILIEHO Ha 6 4 /sl ee
COBMEILEHUS C MOJICJIbHOM 3aBUCHUMOCTBIO, paCCUMTAHHOU
11 Ry = 4000 kv
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TUKAJbHOU CTpenKoil. B pesynbrate 3HaueHue A
noBeicriIoch OT 0.5 mo 1 B TeueHmne okomo 4 4. Jlna
yKa3aHHOTO MOMEHTa BPEMEHU Ha 3aBUCUMOCTH
L(¢) nnmocTpupyeTtcs nosiBieHue 3yoa Mmuibl ¢ MakK-
cumyMoM L = 35000 xm (cm. puc. 34). Takue 60Jb-
e 3HayeHus L XapaKTepHbI IJIsT HadaJbHBIX Tie-
puopnos uyra AI'B, 4To 1onoaHUTETbHO MOATBEPXK-
JaeT Hallle MPEeAIoJoXKeHe O HOBOM BBICHITIAHUU.
B 11eom 111 mpuBeIeHHOM ceprM SKCIIEPUMEHTOB
CYTOYHBIC U3MEHEHUS A_ M ¢_ OYeHb ITOXOXKHU, OHU
XapakTepu3yloT BpeMeHHyo nuHamMuky OYK, mo-
POXIEHHYIO  OKOJIOMOJYHOUHBIM  BBICHITITAaHUEM
SHEPTUYHBIX IPOTOHOB B KACIT.

[Mpu MoHUTOpHMHTE MOHOCGhEPHI B MEPUOMA BbI-
cokoit CA oka3zaynoch, yTo OYK mnpakTuyecku He
HaOmoganuch. OgHAKO B XOAE€ BCEro Irepuoja us-
MmepeHuit obHapyxubainack OITK. Ha puc. 39, «a
ITOKA3aHbl BpEMEHHbIE 3aBUCUMOCTU A, (kpuBas /)
n ¢, (xkpusasg 2) B unTepsaie ot 11:00 xo 20:00 4
s 1 aerycta 2002 . OTHOcUTeNIbHAS aMILIMTYda
A, u3MeHanach B TedeHue 6osee 10 4 1o kBasurap-
MOHMYECKOMY 3aKOoHY B auamna3zoHe A, = 0.25...0.6.
IupoTa cepearHbl 3TOi obsacTu (GJIyKTyupoBaia
okoJ10 3HauyeHus 45° N ¢ amrutyaoi 3...5° B mpo-
TuBodase ¢ kojaebanuamu A . I1pu stom nepuon T’
Takux KoJjiebaHuii (cMm. puc. 39, 6) yBeauuuBajcs
MOYTH 10 JuHelHoMY 3akoHy oT 100 10 200 MuH B
nHTepBaje 13:15...16:30. Ha rpacduke Bpemst OTHO-
CUTCSI K HaOJIIOIEHUIO CepeMHbl OOHApYy>KEHHbIX
nepuonoB. KoadduimeHT Koppensiiuu ¢ JIUHei-
HoI1 perpeccum okasajics paBHbIM 0.92. JIuHeiiHoe
YBEJIMUEHUE KaXXIOTOo BPEMEHHOTO Tepuona Iryra
AT'B nnporHo3upytorcst o0CyKaaeMoii MOJIeJIbIO, TT0-
3TOMY TIOJTydYeHHBIC PE3YJIBTaThl CBUACTEILCTBYIOT B
ITOJTb3Y €€ aIeKBATHOCTH.

BrisiBiIeHHYI0 3aBUCUMOCTD 1(f) IPUMEHUM JIJIst
oueHku paccrossHust MIT 1o ncrouHuka Bo3Mylie-
Huii. JIJIsT 5TOro Mcnoyib3yeM MOJEJbHbIC PACUYEThI
1(1), nonyyennpie 1 Ry = 500...4000 kM (cMm.
puc. 4). Kak ycTaHOBJIEHO B pasfese 2, KOHeYHas
JIMHEHO BO3pacTalolasl 4acTh 3aBUCHUMOCTU 1(f)
00yCIOBJIEHA pPacIpoCTpaHEeHNEM HU3KOCKOPOC-
THBIX 3KcTpeMymoB ¢ 11 mo 15. Ha paccrosiHusix
Ry = 500...1000 KM 5T 9KCTPEMYMbI TIOPOXKIAIOT
CM-IIMB, anipu Ry;; = 2000...4000 kM rmpocTpaHc-
TBEHHBII MacIITad BO3MYIICHUS YBSIMUYNBACTCS 10
pasmepoB KM-ITMB. C yBenndyeHUueM pacCTOSTHUS
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JI0 UICTOYHHMKA 3aMETHO YMEHBIIIAeTCsl HaKJIOH KO-
HEYHOTO JIMHEMHOro ydacTtka 3aBucumocTtu 71(7).
[ToaToMmy U151 BBIOPaHHOTO 3HAYEHUS Ry MMeeTCs
CBOI HAaKJIOH W Auana3oH WU3MEHEHMSs JIMHEWHbIX
yuacTtkoB 7(f). DTu cBoiicTBa MOJEIbHBIX 3aBUCU-
MOCTEM MCTIOJb30BaHbI /Il OUEHKM 3HAYEHUS Ry
M0 3KCIIepUMEHTaJbHOU 3aBUCUMOCTU T(f), mpen-
cTaBJieHHOM Ha puc. 39, 6. [Ins1 onpeneeHust 3Haue-
HUsA Ry TeKyliee BpeMsl U3MEPEHUI 9KCIIEPUMEH-
TaJbHOM 3aBUCUMOCTHU MBI U3MEHSUTH (YMEHBIIIAIN )
JIO €€ COBITaJIcHNS C OMHOW M3 PaCYETHBIX KPUBBIX.
Ha puc. 39, ¢ moka3zaHo, 4To pacyeTHas M 9KCIIEPU-
MEHTaJbHasl KpUBasi MPaKTUYECKU COBIIAAAIOT IS
Ry = 4000 KM, eciv OJIOXKUTh, 4TO Havyaso ( 13:20
M/IB) akcnepuMeHTaIbHO 3aBUCUMOCTDL T(f) co-
OTBETCTBYET CEIbMOMY Yacy Mocjie BOSHUKHOBEHUS
Bo3MmyIeHns. VI3 aTOTO CliefyeT, YTO BO3MYIIIEHHE
umesno mecto B 6:20 MJIB. Takum o6pa3om, MOKHO
3aKJIIOYMUTh, YTO Ry PACIOIOKEH HA PACCTOSAHUU
4000 xm ot ucrounuka AI'B, HaOmoneHus Hauda-
JINCh Ha CeIbMOM 4Yace Iocjie BOSHUKHOBEHUST BO3-
Myl1ieHus B 6:20 M/1B.

Ocobennocmu obnapyycenus KM-ITHB. O6Hapy-
KeHue HeonHopoaHoctei ¢ L =320...1000kmu 4,=
= (.1...0.95 nnmocrtpupyetcs Ha puc. 25. HeoaHo-
POIHOCTH YKa3aHHBIX MacIITaOOB Ha PETUCTPAITUSIX
of;(f) TPOSIBIAIOTCA B BUIE KBa3MIapMOHMYECKOI
MOJYJISILMU, cocTosiei u3 3...10 KBa3urnepuoaon
(Hag perrnoHoM ¢ Maciutabom okoisio 3000 km). B
5TOM CJIyvyae XapaKTepHble U3MEHEHUST MOACIbHBIX
3aBUCUMOCTEIi Of;(7), obycnosnennbie [TMB ¢ taku-
MU 3HaUYeHUSIMU L (TTaHeu 0, 2, e) U peryasspHbIMU
3HaueHusIMU N (ImaHenu a, 8, d), CyIIeCTBEHHO OT-
mmyatoTcs apyr ot apyra. [Tosromy ITWB ¢ L <1000
KM TIPUBOMST K OXWIAeMOM, JIETKO BBISBISIEMOM
KBa3UTapMOHWYECKOW MOIYJSILIMU  perucTpaiuii
8f;(7). Tlo mepuony 1 aMILTUTYe STOM MOIYJIALUK
Bbiuncisiiores L u A, ucenenyembix ITAB.

Bwmecte ¢ Tem TTUB co 3HaunTenbHO OOIBIIMMUA
MaciitabamMu L cyliecTBEeHHO MHaye IMPOSIBIISIOTCS
Ha &f;(7). B aTOM City4ae nepuo1 mpocTpaHCTBEHHO
TOPM3OHTAIBHOM MOy AU N cpaBHUM, OOJIbIIE,
MO0 CYIIECTBEHHO OOJbIIe MacinTaba pernoHa,
HaJl KOTOPbIM MOHOC(EPa MoABepraeTcs paaruomnpo-
cBeunBaHuio ¢ bopra MC3. [TosroMy Ha perucrpa-
uusx Of;(f) Takue MpOrHO3UPYEMbIE U MHTYUTUBHO
MOHSATHBIC Bapualuu (Kak, HalpuMmep, Ha puc. 24 u
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25) o0HapyXuTh Helib3sl. OgHAKO HAIllKM MOJEIbHbIE
pacyueTsl (peleHne MPSIMBIX 3a/1a4) CBUACTEIbCTBY-
10T O TOM, YTO TIPY TOPMU3OHTAIIBHOM (BIOJIb TTOBEPX-
HoctU 3emsin) KM-monynsuuu N Ha 3aBUCUMOCTSIX
of;(f) nmosiBsArOTCA Apyrue 3(PMEKThI, OIHO3HAYHO
nokasbiBarliye Hannune KM-TTMB B noHocpepe
HaJ peruoHoM paauornpocBeurBaHus. Ilogdoupas
3Hauenus L, &, A, u ® (ananoruyHo CM-I1KMB) B
XO/Ie pelIeHUs] OOpPaTHOM 3a1aud yaaeTcs Mo 3TUM
addexTaM BBIIBUTH TOCTOBEPHBIEC 3HAYEHMS YITO-
MSIHYTBIX KJTtoueBbIx apameTpoB u KM-TTUB. Kak
yXe OTMeyvaJloCh, HAMU 3KCIIEPUMEHTAIbHO OOHAa-
pyxennl [IMB ¢ nepuogamu ot 150 no 35000 kM.
HanéxHomy BBISIBIEHHIO HEOTHOpPOAHOCTEl ¢ L >
> 1000 KM cylIeCTBEHHO CIIOCOOCTBYET TO 0OCTOSI-
TEJIbCTBO, 4TO 3HauYeHus A, B8 KM-IIMB, kak npa-
BUJIO, JOocTaTouHO Oosbinue (6osee 0.5) [16, 22].
[Tosromy KM-adekrbi Ha df;(7), BbI3BAaHHbIE MIPO-
CTPaHCTBEHHOUN Momymsamueit N, 0OBITHO XOPOIIIO
BbIpaxkeHbl. Tak, M3MEHEHHWE HavyaJbHOTO CABUTa
daszpl ® BozmyleHus (cM. (7)) SKBUBAJIEHTHO Tie-
peMenieHnio KM-Moayasiiuu BAOJIb TTOBEPXHOC-
T 3eMJIM, YTO NPUBOAUT K TosiBaeHuo OITK (cM.
puc. 29, 36, a), 160 OYK (cM. puc. 30, 31). B npu-
BeleHHbIX IpuMepax L nias KM-TTUB cocrasnsinu
1700, 5000, 2000 1 10000 xm ipu 4 ;= 0.3....1.
KM-ITUB ¢ macumrabamu 1o 2000 kM 1 11 OII-
peneneHHBIX 3HaYeHUT O Tipu L < 2500 KM TIpuBO-
ST K TOSIBJICHUIO BOJIM3M FOXKHOM OO ceBepHOM
rpaHuibl (MM OJHOBPEMEHHO Ha JIBYX I'paHUIIAX)
perucTpalmru XapakTepHOTrO PEe3KOro HM3MEHEHUs
3HaueHui &f{(f), «cTeHKu» (cM. puc. 23, 28, 38). Dtn
«CTeHKW» HM OfHA TJI00abHas peryasipHas MOJETb
N, naxe ¢ CUILHO HealeKBATHBIMU TTAPAMETPAMH,
ornucaTh He MOXeT. «CTeHKH» yKa3bIBalOT Ha HaJIU-
yre KM-TTWUB, mapameTpbl KOTOPBIX yIaeTcs oTpe-
JeJUTh MepedopoM JOIMYCTUMBIX 3HAYECHUI KJTIoue-
BbIX TapameTpoB L, 4 ;, Eu @. OTIK, OYK, «cTeHkn»
Ha perucTpauusx &f;(f) Hamu BCerja HabMoIaITCs
MpY HavyaJbHBIX CTaAusX pacrpocTpaHeHus KM-
ATI'B (B xonme mepemeleHus: JUAUPYIOIINX TIE€PUO-
nos 1yra). I1pu atom Beerna A, ~ 1. Ymaercs 3ape-
TUCTPUPOBATh YNOMSIHYTble 3(deKThl Onaroaapsi
TOMY, 4TO BpeMsi >Xu3Hu KM-Bo3mylieHuit mnpu
MuHUMAabHO CA — He MeHee HECKOJIbKMX YacoB.
[ToaTOMY BpeMeHHast IMCKpeTHOCTb npoJietoB MC3
B 1.5...2 4 10o3BOJISET B XOJ€ IMPOCTPAHCTBEHHOIO
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CKaHMPOBaHUS MOHOCGhEPHl HAl PETMOHOM OKOJO
3000 kM OOHapyXXWTh Ha peTHCTpaLUsX df;(f) yrmo-
msiHyThle TiposiBieHusi AI'B-TTB. KoneuHno, 3T0
MOXHO OCYIIECTBUTh JaJeKo He BO BCEX BKCIe-
pumeHTtax. Kak yxe ormevasnioch, mpu Huskoir CA
nepBbIMU Bcerna oOHapyxkubatorcss OYK. Hamu
OLIEHOYHBIE pacyeThl CBUACTEIbCTBYIOT O TOM, YTO
BOMM3n MoMeHTa 3apoxzaeHusa I[IWMB monoxenue
OVK npubam3uTenbHO COBHAAAeT ¢ 9KBAaTOPHUAJb-
HOI1 rpaHUIIeit MarHUTOChepHOTO Kacma. B mepuon
Boicokoil CA Bce nepeuncieHHbie 3P (eKThl TaKxKe
MOTyT Haboaatbesl. OHAKO BEPOSITHOCTh UX 00-
HapyXXeHMsI CYIIECTBEHHO YMEHBILIACTCSI B CBSI3U C
HEOOJIbILIMM BpEeMEHEM YKU3HM TaKUX HEOTHOPOI-
HOCT€i OTHOCHUTEJIbHO BPEMEHHOM AMCKPETHOCTU
MPOJIETOB CITyTHUKOB.

Ilpocmpancmeennas 3asucumocms yeaa HaKAoHa &.
Kak yxe oTMeyasoch, COTJIacCHO HAIlUM HaOJIo-
JEHUSIM a0COJIIOTHOE 3HaueHue & yBeIMYMBAETCS
MpU YBEJUYEHUU PACCTOSIHUS MEXIY UCTOUHUKOM
BO30YXK/IEHUS U TEKYIIIUM MECTOIOJIOXEHUEM TTPO-
cTpaHCTBeHHOro kBasunepuoga I[IMB. ®usuka
3TOTO SIBJIEHUST MOAPOOHO paccMOTpeHa B pasferie
2. O1oT 2deKT HarIsIAHO BUACH Ha puc. 25, 6—e
u B Taba. 9. Takum oOpa3om, MpU pacnpocTpaHe-
HUY JTUAMPYIOIINX TEPUOIOB Iyra ImapaMeTpsl L,
A, 1 abComMoTHOE 3HAYEHME § 3aMETHO yBEJIMYMBA-
1otcs npu ypanennu AIB-TTMB ot ncroyHuka mx
Bo3oyxaeHus. ®pout CM-ITMB B BepTHKaIIbHOM
mtockocT B 90 % Haimx HaOOAeHUI HAKITOHEH
B CTOPOHY pacCIpOCTpaHEHHUs] BO3MYILEHUS. DTa
TeHAeHUMs crpaBeniuBa Takke u a1 KM-TTHUB.
Onnako mast L > 900...1000 kM 3HaueHue & MOX-
HO OIIPeNeIMTh C IOrpelHOoCThIo He MeHee 30°. Bo
MHOTHX CJTy4asix yIaeTcsl ONPEACUTh JHUILIb 3HAK &
U NOATBEPAUTD, YTO BeJMYMHA & HAXOIUTCS B OXKU-

Tabauya 9. Ceasb Eu L naa [IUB,
MOKA3aHHbIX Ha rpadukax puc. 25

Yactb
Howmep
3aBUCUMOCTU L, xm &, rpan

pUCYHKA 37(1)
Puc. 25,86, ¢ ceBepHast 320 —45
JOXKHasT 1000 —60
Puc. 25,0, e ceBepHas 400 —60
JOXKHas 650 -80
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naeMoM muamaszone [16]. dast L > 2000...3000 kM
abCOJIIOTHOE 3HAYeHHWE 3TOTO yIJIa B HEKOTOPBIX
CJTy4asix MOXHO OTIPENIETUTh C TIOTPEITHOCTHIO O& =
= 50...70°. Takue orpaHU4YeHUST OOYCIOBJICHHI T€0-
MeTpUell paauoIpoCcBeUrBaHusI TTpU OOIBIINX 3HA-
YyeHwusIx L.

BriBOabl OTHOCUTENBHO yBeJlMUeHUS L u ab-
COJIIOTHOTO 3HaueHus & Mpu yaaJeHUM Iyra OT
MCTOYHMKA (C yMEHbIIEHMEM Teorpauieckoi
IMUPOTHI) CIAEAYIOT TaKKe M U3 aHaIM3a JaHHBIX
mist CM-IIWUB, npuBenenHbix Ha puc. 31, 0, e
(Monynb & yBenuuuBaeTcs B 2 pa3a, a L — B 1.75
pasa), puc. 37, ¢, ¢ (MoayJib  yBeanuuBaercs B 1.4
pasa, a L — B 1.3 pa3a). Ha puc. 32, a—e noka-
3aHbI cllydyau, koraa 3HayeHust L (mist CM-TTHUB)
Ha I0XHOM YacT peructpaunu of,(f) 6oblie, 4em
Ha ceBepHoii B 1.5...1.6 pa3, a & ocTaquch HEU3-
MEHHBIMH, COOTBEeTCTBeHHO —15° m —35°. IlocTo-
SIHCTBO 3HAYE€HUN & HAa CEBEPHOM M I0JKHOW BETBSIX
8f (1) 0ObsICHSAETCA METOIMYECKOM TTOIPEUTHOCTHIO
O& =5° 3HaueHui &.

Onpeoeaenue ckopocmu nepemeuienus ITHB. Ha
puc. 40 npuBeneHbl peructpaunu of(f), BbIIOJ-
HeHHbIe ¢ uHTepBajioM Af = 40 muH. Ha kaxnoii u3
HUX oOHapyxuBaioTcs mnposisieHus: [IMB ¢ macii-
tabamu 1550 u oxkoso 800 kM. [Janee paccMoTpum
TOJIbKO HEOJHOPOAHOCTh ¢ L = 1550 kM, KoTopas
B KaXXJIOM MHTepBajie PallMONpOCBEYMBaAHUSI UMeJia
JNOMUHAHTHYIO amruiutyny A, = 0.4. Otmedaem, 4To
B MepUOabl HAOJIIOIEHW, BBIMOJHEHHBIE CO CABU-
rom B 40 MUH TpaKTUYECKW HAll OMHUM U TEM XKe pe-
ruoHoM, ooHapyxeHbsl KM-TIMB ¢ onnHakoBbIMU
3HayeHUSAMU L u A ;. OnMHaKO HavyaIbHBIN CABUT (a3
@ nposiBnennii s1oii I[TUB Ha peructpaumsax of(7)
pa3HUTCsa Ha 21°. DT0 MOXHO OOBSICHUTH IepeMe-
LIEHWeM BJOJIb MOBEPXHOCTU 3eMJIM MPOCTpPaHC-
TBEHHOU MOIYJISIIMU N, MOPOXKIEHHON MTPOXOXKIE-
Huem KM-AI'B ykazanHoro maciurab6a. ITpubau-
3UTEJIbHO 3a YeThIpe 4yaca J0 MepBO perucTpauuu
(puc. 40, a) paccmatpuBaemas KM-HeonHopo-
HOCTb MMeJia OOJIbIIIe 3HAaUYEeHUST CBOMX TTapaMeT-
pos: L =1800 km u 4,= 0.5 (puc. 28, a, 6). Bo Bcex
VIOMSTHYTBIX BKcrepuMeHTax KM-Bo3MmyIeHUsI
rnepeMelaarch C ceBepa Ha 1or (HalpaBlieHHe repe-
MeEILIEHUSs OMpeNessiIoch 1o 3Haky &). Peructpaiius
OJIMHAKOBBIX 3HAUeHUH L yepe3 MHTepBaJl BpeMEeHU
At TIO3BOJISIET 110 Pa3HOCTH HaYaIbHBIX ha3 AD BbI-
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Puc. 40. TTpumep nadmonenus KM-TTUB ¢ L = 1550 km, A; = 0.4 c unTepBanom 40 MUH B EPUO/ PABHOJEHCTBUS 3 MapTa
2010 . B yrpeHHee BpeMs. JlaHHBIE MOTyYeHBl TIPU MUHUMAIBHON COJTHEYHOW aKTUBHOCTM M MUHUMAIBHOW MarHUTHOM
aKTUBHOCTU: | — SKCMEpUMEHTabHbIe 3HaYeHUsI; 2, 3 — 3HAYeHUsI, PACCUNTAHHBIE TT0 MOJEJSIM U HEBO3MYILEHHBIX 1

BO3MYLLIEHHBIX YCIOBUI COOTBETCTBEHHO

YUCIUTh CKOpOCTh nepeMerneHus [T B:
V=Ad L/(360 A1),

rae AD u3mepsieTcs B rpagycax.

Jns ykazaHHOTO ciydasli okaszajaoch, uto V =
= —0.037 xM/c (BeKTOp CKOPOCTH HaIlpaBJieH C ce-
Bepa Ha 1or). Ilo HalMM olleHKaM (CM. HIDKE) pe-
ructpauu 6f,(f), Ha KOTOPBIX MPOSIBIISIMCH YIIOMSI-
Hytbie [TMB-Monynsauuy N, ObUIM TTOJTy4YEHBI CITyC-
T4 dt ~ 5 9 mocjie ”HUIIMUPYIOIIETO BO3MEUCTBUS 1
Mo3Xe HernocpencTBeHHOTro rmnpoxoxaeHusi AIB.
MBI Toj1araeM, 4YTo BBIYMCIEHHAs] CKOPOCTh SIBJISI-
eTcsl JINIIb CKOPOCThIO YTpeHHero apeiida, a He
ckopocTthio AI'B. Takoe mpenmnosioxeHnue OCHOBBI-
BaeTcs Ha TOM, YTO JJIg yKa3aHHOTO 3HauYeHus dt
(cormacHo Halieit mojaenn) ckopoctb AI'B ¢ yrmomsi-
HYTBIM 3HaueHWEeM L ITOJDKHA COCTaBJISITb OKOJIO
0.24 xM/c. PacueTbl BBIMOJHSINUCH B MPEAITOI0XKE-
HUU, YTO OOHaApYKeHHOe 3HaUeHUue L 0OyCIOBIEHO
MPOXOXAEHUEM IIIECTOro, CEAbMOr0 M BOCHBMOIO
9KCTPEMYMOB €O cKopoctamu Ve, V, u Vg (cm.
Tabn. 1). B atom cnywae L = dt (Vi — V) = 1456 km;

®)
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Viug = (Vg + V3)/2 = V5 = 0.24 km/c. TTonyyennoe
3HayeHue L 0im3ko K 1550 kM, paccunTaHHOMY 10
perucTpaunu §f(f), nokasaHHoi Ha puc. 40. 3a-
JepXKa dtf, BBIMUCIEHHAs C UCMOJIb30BaHUEM 3KC-
neprMMeHTaIbHOTO 3HaYeHust L = 1550 kM, paBHa
dt=L/(Vg— Vg) = 5.3 4. DTOT pe3ybTaT MOATBEPXK-
JaeT TMPaBUIBLHOCTb TPUHSITBHIX IPEAIONOXKEHUH.
MpeI nonaraeM, uto AI'B u I1MB aBuxyTcst mpakTi-
yecku cuHpazHo. [Tocae npoxoxnenuss Al B-IIMB B
noHocdepe ocTaéTcs (MKCUPOBAHHBIN ClIelI, KOTO-
pHIit apeticyeT BMecTe ¢ BeTpoM. Bpems, crrycTs Ko-
topoe [TV B ctaHoBUTCS «3aMOpPOXEHHBIM», T. €. Ha-
YUHAeT MepeMellaThcsi CO CKOPOCThIO BeTpa, BUAM-
MO, COCTaBJIsSIET HECKOJIbKO MUHYT. PaccTosiHue 1o
KacIia MOXHO BBIMUC/IUTD 110 (opmyie R = Vo (df —
—1y7). IlockombKy df = 5.3 4 u1 1, = 3.95 MuH, TO pac-
CTOSIHHME O MCTOYHMKA BO3MYyILIEeHUsI R~ 4180 kM.

Ha caenytommit neHb Ipu OIM3KKUX YCIIOBHSX Ha-
OsrofieHUs OOHapyXXeHbl aHaJOTMYHbIE 3(DDEKTHI.
Tak, Ha puc. 28, 6—3 BuaHbI nposiBieHust [TWB ¢
MOCTOSIHHBIM 3HaueHueM L = 2500 KM u cpaBHU-
MbiMM amrumtygamu (A, = 0.6...0.75). Ha puc. 28,
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68—e DKCIIepPMMEHTAJIbHBIC TAHHBIC TTOTYYEHBI C MH-
TepBajoM 4.5 4, a Ha puc. 28, 0—3 — ¢ MHTePBaJIOM
43 muH. OTpULIaTEeNbHbIN 3HAK & CBUAETEIBbCTBYET O
TOM, YTO BO3MYILIEHUS TIepeMellaiich ¢ ceBepa Ha
tor. OIHaKO, COTJIACHO BBIYMCIECHUSIM T10 (hopmyie
(8), mist mepBOro MHTEpBaja BpeMEHU 0OKa3ajloCh
V'=-0.002 km/c (rmepeMelieHE C ceBepa Ha 1or), a
Jutst BToporo — V'=0.16 kM/c (niepemelieHue ¢ ora
Ha ceBep). Bunumo, u B aToM ciiyyae AI'B mpocie-
JIoBajla paHee aKTOB PaJMONpPOCBEYMBAHUS, OCTa-
BUB CBOI Cllell, CTIOCOOHBIN TTepeMeIIaThCs JINIITh
UCKJIIOUUTENbHO OJyiaronapsi apeiidy HMOHU3aLUU
cpefibl, B KOTOPO COXpaHWJICSI OTIEYaTOK BOJIHbI
HelTpaabHOU atMochepbl. [103TOMY BBIUMCIEHHbBIE
3HAUYEeHUs V ABISIOTCS CKOPOCTSIMU HOYHOTO U YT-
peHHero japeiidos, a He ckopocThio AT'B. Benb cko-
poctb AI'B (riposiBuBIIYIOCS Ha pUC. 28, 8, ) 10K~
Ha cocTaByaTh okoyo 0.8 KkM/c (pacyeT oCyllecT-
Bisicst o L = 2500 km v df = 1 9): L = dt (V, —
— V,) = 2466 xm; Vi =~ (V, + V,)/2 = 0.81 km/c.
Paccroanue no kacna wist df = 1y u V3= 1.15 km/c
no gopmyse R = V;(df —3 1)) = 4140 km. Kak Bun-
HO, 3HaUYeHUe R JUIs1 CMEXHBIX CYTOUHBIX MCCIIENO0-
BaHuii [IMB npakTryecky cOBIaaaoT.

[ns moctoBepHOro ompenenaeHus ckopoctu AI'B
M3MepeHNe ITUAarHOCTMYECKOTO TTapaMeTpa JTOJKHO
IPOBOIUTECS TIPAKTHUECKU HETIPEPhIBHO, a HE C UH-
TepBajioM B 1.5...2 4, KaK 3TO OCYIIECTBJISIETCSI B Me-
Toje paavornpocBeurBaHusl. [Toatomy ¢ ucnosb3oBa-
HUEM JAHHOTO METOJa IMarHOCTUKW BpeMsl MPOoCcBe-
YUBAHUS HE BCETIa MOXET ObITh OJIM3KUM K BpEMEHU
pacnpoctpaHeHust AI'B, kak, Hanpumep, B 9KCIepu-
MEHTaX, IpeacTaBieHHbIX Ha puc. 25. Kpome toro,
JUIS1 OTIPE/IEIEHMS] HANEXKHBIX 3HAYEHUH Vg CTIEMYET
VYUTBIBATh CKOPOCTh BETPpa Hall PETUIOHOM PaTroIIpO-
CBeYMBaHMA (Ha BbICOTE Z,,F2), uTo naseko He Beerna
OKa3bIBaeTCsl BO3MOXKHBIM. B riepByto ouepeanb 3To Ka-
caetcst CM-TTMB, ckopocTh KOTOPBIX CYIIECTBEHHO
meHbiie KM-TTMB u yacTo cpaBHMMa CO CKOPOCTBIO
BeTpa Mo IyTy pacaopoctpaHeHus: AI'B.

6. ObCYXJIEHUE
N 3AK/TIIOYUTENDbHBIE 3BAMEYAHUA

IInoTHOCT, HeWTpaabHOI aTMoc(epbl 3eMJIM Ha
BeicoTax HaOmogeHus AI'B momsepraercss He3Ha-
YUTEIbHBIM CYTOYHBIM M CE30HHBIM M3MEHEHUSIM.
MMeHHO TT03TOMY 0Ka3aJIoCh BO3MOXKHBIM 0e3 yde-
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Ta CYTOYHBIX U CE30HHBIX (PAKTOPOB pa3padoTaTh
VIIPOILIEHHYIO IOJIy3MIIMpUUYecKylo Moneiab AI'B-
TT1UB, npuronHyto st AOCTATOYHO TOYHBIX OIepa-
TUBHBIX MPOTHO30B aMILIUTYIHO-(ha30BbIX BO3MY-
LIEHW BJIEKTPOHHOM KOHLIEHTpaLuK HOHOC(hEPHI B
m1obasibHOM MaciuTabe. BHavajie Mbl 0OHapyKUIu
OTMEUYEHHBIN BbIlIE (PAKT MO BU3YaTbHOMY KayecT-
BEHHOMY aHaJIM3y PErucTpaumii 6f,(f), Moay4eHHbIX
MPU XapaKTEPHbIX TeIMOreoU3nUYecKux yCIOBUSIX
Ha TIPOTSIKEHU U ABYX AECATKOB JiET. [ToBTOpsieMOCTb
MPOCTPAHCTBEHHO-BPEMEHHOU TMHAMUKU 3P dek-
TOB BO3MYIIIEHUSI Ha BTUX 3aBUCUMOCTSIX ObLla XO-
polo 3aMeTHOU. BhISIBUTH TIPOSIBIEHHWE MCKOMOI
MOJIEIN MOHOC(EPHBIX BO3MYIIEHUII HAM yIaloch
Takxe OJylaromapss TOYHOCTU SKCIEPUMEHTATbHBIX
JIAHHBIX, KOTOPbIE (PAKTUUYECKN HE OBbLITU NCKAXKEHbI
annapaTypHOM MOTrpeIIHOCThIO.

OcHoOBOI pa3pabOTaHHOW MOJEIU  SBJSIIOTCS
MPEeIOoJ0XEHUS, 3aMMCTBOBAaHHbIE HAMU U3 padoT
[53, 54]. MBI TaksKe TIPEAIIOJIOXKIIN, YTO HEUTPAITh-
HYIO peryjsipHyto atMochepy B IJ100aIbHOM MacIli-
Tabe MOXHO 3aMEHUTh YIIPOILIEHHO 3((PEeKTUBHOM
MOJIEIBIO. AIalTUPOBATh 3Ty MOJEIb K KOHKPET-
HBIM YCJIOBUSIM aBTOpPaM YIOMSIHYTBIX MCCJIEI0Ba-
HUM yIajaoCch B pe3yJibTaTe BBICOKOM TOUHOCTU U3-
MEpPEeHUU, BBITTOJTHEHHbIX MOC/Ie 1eCITUMETaTOHHO-
ro B3pbiBa ByJikaHa CeHT-XeJieHcC.

Cssi3u AI'B-TIMB wuccienoBaHbl ellle HepocTa-
ToyHO TMojiHO. CorylacHO HalllMM HaOJIoACHUSIM
OHU TIPOSIBJISIETCSl MO-Pa3HOMY MPU MUHUMYyME U
MaKCHUMYME COJIHEUHOW aKTUBHOCTH. Tak Xke, Kak
U TIPU MCCJIEIOBAaHMY MarHUTOMOHOC(HEPHBIX OYpPb,
MOXHO 3aKJIIOUUTh: MOP(HOJOTMYECKUX JTaHHbIX
04YeHb MHOTO, OJIHAKO OKOHYATeJbHOW SICHOCTU B
MOHUMaHUU SIBJeHUS ele HeT [34].

Ilymu cosepwencmeosanusa modeau. /1151 noBbI-
LIEHUSI TOYHOCTH MTPOTHO3a BO3MYILEHU I TIJIaHUPY-
€TCs [IPOBECTU CJIENYIOLINE UCCIIEI0BaHNS.

* OTKa3aTbCs OT IMHeapU3allMyi ypaBHEHUI reo-
GU3MYEeCKON TMAPOAMHAMUKU U PELIEHUST CaMOCO-
[JIaCOBAaHHOM 3aa4u. YUCIEHHBIM METOIOM IOy~
YUTh PELIEHUS 110 BO30YXXIEHUIO U pacipocTpaHe-
Huto AI'B-nyueii qist Habopa 3apaHee BbIOpaHHbBIX
TPAeKTOPUM B IUCCUTIATUBHOM HEU3O0TEPMUYECKON
atMocdepe. PacueTbl ocyllecTBUTh AJisl AUCKPET-
HBIX 3HAYEHUI B ILIUPOKOM [MATNA30HE IHEPTUid
BO3MYIIAIOIIEro UCTOYHHUKA.
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* BoigBUTH annmpoKCUMUPYIOLIKE 3aBUCUMOCTHU
BO3MYIIICHUI TTapaMeTPOB CPeabl BIOJIb YIIOMSHY-
ThIX TIyTel pacrpoctpaHeHusi AI'B-iyueit mist pas-
HBIX BpEMEH CYTOK, BCEX CE30HOB I'0jia U pa3IMyHbIX
YPOBHEI COJTHEYHOI aKTUBHOCTH.

* U3yuuTh 3aBUCUMOCTb BPEMEHHBIX WHTEpBa-
JIOB MEX/y CMEXHBIMU JKCTpeMyMaMU OT HOMepa
9KCTpeMyMa JIJ1s1 XapaKTepHbIX pa3MepoB oyara Bo3-
MYIIIEHUSI.

7. BBIBOJbI

1. KpynHo- u cpenHeMacITaOHbIe IIepeMelIaroI-
ecsT MoHOC(hepHBIe BO3MYIIEHUSI TIPEICTABISIIOT CO-
00if pa3IMYHBIC CTAIUKA HAYaJbHOTO BO3MYILICHWS,
MTOPOKICHHOTO eIMHBIM MCTOYHHMKOM. [lpocTpaHc-
TBEHHO-BpPEMEHHasl TMHAMUKa MapameTpoB BO3MY-
ILIEHUIA MOXET MPOrHO3UPOBATHCI MNPEATOKEHHOMN
TOJTyaMIIUpUYecKoii Mozpennio. IlpoBepka momenu
BBITIOJTHEHA TT0 BO3MYIIEHUSIM, TTOPOKICHHBIM: Ha-
3eMHBIMH 1 BBICOTHBIMHM SIICPHBIMU B3PBIBAMM, U3-
BePXKEHMSIMHU BYJTKAHOB, 3eMJICTPSICEHUEM; BBICHITIA-
HHUSIMA SHEPTUYIHBIX TIPOTOHOB B MarHUTOCHEPHBINA
KacIl ceBepHOTo nojyirapus 3emin. [IpoBepka anek-
BaTHOCTU MOJIEJIU M0 SKCIIEPUMEHTATbHBIM JaHHbBIM,
B3STBIM M3 JINTEPATYPHBIX MCTOYHMUKOB, IMOKa3ala,
YTO TIOTPELTHOCTh MPOTHO3a MPOCTPAHCTBEHHBIX U
BpEMEHHBIX ITIEPUOI0B He TipeBbIiaet 12 %.

2. B mogasistonieM 4nciie 3KCIEPUMEHTOB TIPO-
CTPaHCTBEHHBIN IMePUO, aMIUTMTYIA W YTOJI HAKJTO-
Ha (ODpOHTa B BEpTUKAIHHON IIOCKOCTH B IIyTe TIc-
peMelIaloMMUXCcsT MOHOC(EPHBIX BO3MYIIEHUH yBe-
JIMYMBAIOTCS ¢ MOHUKEHUEM IIIMPOTHI B AUAINAa30HE
reorpadmyeckux mupor 33...66°N. DTo CBUAECTENb-
CTBYET O TOM, UTO MOHOC(hEPHbIE BO3MYIIEHUS €C-
TECTBEHHOI TTPUPOIBI Yallle BCETO BO30YKIAIOTCS B
BBICOKUX IIMMPOTAX.

3. BeIgBieHa MmpsiMO TIPOTIOPITMOHAIbHAST 3aBUCH -
MOCTb aMITUTUTYABI M TPOCTPAHCTBEHHOTO TOPM30H-
TAJIGHOTO MacIITaba MOHOC(EePHBIX BO3MYILIECHUI TIPU
MUHMMYME U MaKCUMYyME COJTHEUHON aKTHBHOCTHU.

4. ITogiBNsIEeMOCTb TIepeMEIIaOLIMXCSI MOHOChED-
HBIX BO3MYIIICHUI HE U3MEHSIETCS B TeUCHUE CYTOK 1
HE 3aBUCUT OT CE30HOB roja, OIHAKO HabaoaaeTcs
yBenueHue nosapiseMoct oT 50 % B 1987 . 1o 98 %
B 2010 r. [ToaTBep:xaaeTcst OTCYyTCTBUE 3aBUCUMOCTH
TTOSIBIISIEMOCTH BO3MYIIEHHWI OT YMCIIa COTHEYHBIX
MISITeH ¥ MAarHUTHOIM aKTUBHOCTH.
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5. Bnepuon 1987 — 2010 rr. mosiBasieMOCTb CKau-
KOBOT'O MEXaHM3Ma pacIpOCTPaHEHNS BO3MYILEHUI
cocraBiisieT 76 %, a BoimHOBOoAHOTO — 24 %.

6. MUHMMAaJIBHBIN TOPU30HTAIBHBIN PO, TTe-
peMealomMUXCcsl MOHOCMEPHBIX BO3MYIICHUI He
npesbimaeT 200 KM.

Aemopbr 6aaeo00apubl peyeHzenmy u pedkoaneeuu
JHCYPHANA 30 3AMEUAHUS U NONCCAAHUS, KOMOPble CNO-
€00CMB08aAU NOGLIUEHUID ACHOCMU U NOAHOME U310~
JHCCHUSL.
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XapKiBCbKHU HalliOHAJbHUN YHIBEpCUTET
imeni B. H. Kapasina, Xapkis

[MTPOCTOPOBO-YACOBA IUHAMIKA
IOHOC®EPHUMX 36YPEHD, 11O MEPEMIIIYIOTbCA

Po3pobsieHo HamiBeMmipuuyHy Mofesib ioHOC(epHux 30y-
peHb, o nepeMimatotbes (13I1). Monenb onucye mpocTo-
poBo-4yacoBy auHamiKy napameTpiB I13I1. BearukomaciTadxi
Ta cepeanbomaciuTadHi 1311 € B Hili pi3HUMU cTaiIMU pPO3-

BUTKY €IMHOTO XBUJILOBOTO Tpoliecy. Mosenb 6a3yeThcsl Ha
npuIylieHHi mpo te, 1o 1311 mopomKyoThes y X041 MOLIK-
PEHHSI aKyCTMKO-TpaBiTaLliiHUX XBWJIb i 1110 BCi (PparMeHTH
MPOCTOPOBOTO IIYTY aTMOC(EPHOTOo TUCKY MePeMilllaloThCs
BiJl JIOKQJILHOTO JIKepeJia y BUIJISIi aTMOC(HEPHIX XBUITb, III0
MaloTh TOCTiiHI BiTHOCHI aMIUTITYIM i TOCTiiiHi TOPU30H-
TaJIbHi IBUAKOCTI, i 110 IIBUIKICTH OyIb-SIKOTO (hparMeHTa
LIyTY BU3HAYA€EThCS 3aTPUMKOIO MOTO TMOSIBU BiTHOCHO I1O-
yatky 30ypeHHs1. [lepeBipky Momesi BUKOHAHO 3a 30ypeH-
HSIMMU, III0 TTOPOKEHi: HA3eMHUMH Ta BUCOTHUMMU SIIEP-
HUMU BHOYXaMU; BUBEPKEHHSIMU BYJKaHIB; 3eMJIETPYCOM;
BUCUITAHHSIM €HEPTiiHUX MTPOTOHIB y MarHirocgpepHuii Kacr
miBHiYHOI TiBKyJi 3emui. TecTyBaHHS Mogenmi 3a JTaHUMU,
V3ITUMM 3 JITEepaTypHUX JIKepes, MoKas3ajao, 110 MoXxubdka
MPOTHO3Y MPOCTOPOBUX i YACOBUX TEPiOAiB 30ypeHb HE Ie-
pesuye 12 %.

KiouoBi ciioBa: HamiBeMmIipyuHa MoJiesb, ioHochepHi 30y-
PEHHS, 110 MEePEeMillyIOThCS; aKyCTUKO-TpaBiTaliiiHi XBUIIi,
LyT 30ypeHHs1 aTMOC(epHOro TUCKY, IAepHUI BUOYX, BUBEP-
>KEHHSI ByJIKaHa, 3eMJIETPYC, BACUTIAHHSI EHePTillHUX MPOTO-
HiB, Mar”iTocepHuii Kacr.

O. F. Tyrnov, Y. P. Fedorenko, V. L. Dorohov
V. N. Karazin Kharkiv National University

SPATIO-TEMPORAL DYNAMICS
OF TRAVELING IONOSPHERIC DISTURBANCES

We describe a semi-empirical model to determine parameters
of traveling ionospheric disturbances (TIDs), which has been
developed by authors. The model deals with spatial and tem-
poral dynamics of TIDs. Large- and medium-scale (LS and
MS) TIDs are presented in the model as different stages of
a single wave process. The model is based on the assumption
that the TIDs are induced by propagation of acoustic gravity
waves (AGW), and that all parts of the temporal and spatial
train of atmospheric pressure waves propagate from a local
source with constant horizontal velocity and relative ampli-
tude. The value of the velocity is determined by the delay of
the any TID train part with respect to the perturbation onset.
Model validation was conducted using perturbations gener-
ated by the following sources: ground and high-altitude nu-
clear explosions, volcanic eruptions-explosions, earthquake,
and precipitation of energetic protons into the magnetosphere
cusp of the northern hemisphere. The verification of the mod-
el with the data from the published sources has resulted that
the prediction error of the spatial and time periods of the TIDs
does not exceed 12 %.

Key words: semi-empirical model, traveling ionospheric dis-
turbances, acoustic-gravity waves, train disturbances of at-
mospheric pressure, nuclear explosion, volcano eruption,
earthquake, energetic proton precipitation, magnetospheric
cusp.
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