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B pab6ote /1/ pa3Buta Mojenb BBIHYKJACHHOW HyTallMd, OCHOBAaHHAas Ha

THIIOTC3C 0 CymcCTBOBAaHNHA

I'paBUTAlOHHOI'O

MexaHu3smMa oOMeHa

MexaHnyeckuM MoMeHTOM B CoitHeuyHou cucrteme. Ha ocHoBe monenu /1/ Obuia

cleiaHa  OlEHKa MOMEHTa CWi, OOYCIOBJIEHHOIO  T'PaBUTAIMOHHBIM
BO3/ICHCTBHEM HEOECHBIX TEI Ha Hally miaHeTy B nepuos ¢ 1963 mo 1980 rr /2/.
ITokazano, uro Connue, Jlyna, FOnurep, Catypn, Ypan u HenrtyH BHOCAT
CYIIIECTBEHHBIN BKJIAJ B JUHAMUKY JBUKEHUSI MOJFOCOB.

B mHacrosmeli pabGore ciaenaHa oOIleHKa YIJIOBOTO MOMEHTa CHJI,
JIEHUCTBYIOIIETO CO CTOPOHBI HEOECHBIX Tea Ha 3emutro B mepuoxa ¢ 1990 r mo
2007 r. OO6cyxmaercss TEXHOJIOTHS MOJICTUPOBAHMS W TMPOTHO3UPOBAHUS
NBYYKEHUS IIOJIFOCA 3EMIIH.

[Ipu co3ganum mojeneil B HacTosiied paboTe ObUIM HCMIOJIb30BaHbI

JaHHBIE MO0 KOOpAMHATaM reorpaduueckoro mnomoca — X, Y /3/, gaHHbIe MO
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WHIYKIMM MarHuTHOro mnosst 3emiid /4/, a Takxke JaHHbIE MO CEMCMUYECKUM
coObITHsIM /5/.

B kauecTBe acTpOHOMMUYECKUX ITapaMeTPOB ObLIN UCIOIb30BaHbI 1OJITr0Ta
(LON), mmupora (LAT) u paccrosiuue — R, oT 3emiu 10 AeBATH HEOSCHBIX TEJT —
Connua, Jlynsl, Mapca, Mepkypus, Benepsl, FOnutepa, Carypna, Ypana u
HenrtyHa. ACTpOHOMHYECKHE NapameTpbl BBIUMCISUINCh HA KaXAbld JIEHb B
(UKCUPOBAHHOM TOYKE C reorpapuueckuMu koopauHaramu ['puneuya B 12:00
GMT B TOmoOLEHTpUUYECKOW cHcTeMe KoopauHaT. OTMETHM, 4TO BBIOOp 3TOMU

TOYKH HE ABJIACTCA CYIICCTBCHHBLIM JId pCIIACMOT'O KilacCa 3a1a4.

Mopeab ABH:KeHUA MOT0ca 3eMin

CranmapTHas MOJEh ABM)KCHUS TOTOCa 3€MJITM MOXKET OBITh BBIBEJCHA
U3 ypaBHEHHWI DJiliepa ¢ MepeMEeHHBIM TEH30pOM HHepiuu /6-8/. B kauecTBe
OCHOBBI HCITOJIB3yE€TCSl YpaBHEHHE W3MEHEHHS MEXaHUYeCKOr0 MOMEHTa BO

BPAILAIOIIEHCS CUCTEME KOOPANHAT
dL
“t|o,x L= K (1)
dt

3necs ®,,L,K — Bexroper yrmosoii ckopoctu Bpamenus 3emin,

YIJI0BOTO MOMCHT M YIJIOBOI'O MOMCHT CHJI COOTBCTCTBCHHO. YT710BOM MOMEHT

CBSI3aH C YIJIOBOM CKOPOCTHIO M TEH30POM HMHEPIIUHU 10 hopMyIie

L=1,0,+0L (2)

I'ne 5Ll. — OTHOCHUTENBHBIM YIJIOBOM MOMEHT, OOYCIOBICHHBIN
MEPEMENICHUEM TEKYUUX CPEJ OTHOCUTEIIBHO IIEHTPA Mace

szIpthMV (3)

[Ipoeunpys ypaBHenus (1) Ha TJIaBHbBIE OCH MHEPIUHU, HAXOJAUM CHCTEMY

ypaBHeHH B hopme Ditnepa:
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AQ  +(C- B0, = K,
B) ,+(4- 0N Q,=K, 4)
CQ,+(B-4A0Q,Q,:*

~

3nech Kl. — 3¢ ()EeKTUBHBIN YIIOBOM MOMEHT CHJI C YY4E€TOM Bapualuid

YIJI0BOTO MOMCHTAa M TCH30pa MHCPLHU. I'maBHBIE MOMEHTHI HHEPpUIHN 3emin

npuBeeHsbl B Ta0aune 1. [onaras B mepBoM U BTOPOM ypaBHEHUSAX CUCTEMBI (4)

Q ;= W, = const, nomy4yuM JNUHEHHYIO MOACHCTEMY, COOCTBEHHAs 4acTOTa

KOTOPOM OIPEIETAETCS B BUIE

W, =0,J(C- A(C- B)/AB (5)

Hcnons3ys naHHble, IPUBEICHHBIE B TaONMUIlE 2, HAXOJUM, YTO MEPUOJ]
KoJie0aHU, COOTBETCTBYIOMIUM yacTtoTe (5), coctaBisier 304,57 cumepuyeckux
cyTok. B aTOoM ciyuae cucrema (4) onuchIBaeT HyTaluwo JWjepa, T.€. ABMKEHHUE
nosoca Henedopmupyemort 3emnu. PeanbHOo ke 3emiii UMEET CIIOKHOE
CTpO€HHE, BKIIOYAIOIIee MaHTHIO W sA1apo. B ciydae Bsizkoymnpyroit monenu
3emui 4acTOTa COOCTBEHHBIX KOJICOAHUM CUCTEMBI (4) OTIMYAETCS OT YaCTOTHI
HyTanuu Jiiepa (5), a nmepuon konebanuii mo naHHeM /9/ coctaBusier 433,1
COJIHEUHBIX CYTOK (cM. Tabmuiy 1), mo ganueiM /10/ - 415-490 conHeuHbIX
cytok (manubie 11 FCN), mo manapM ke /11/ qnana3oH U3MEHEHHS COCTABIISCT
270,9-628,7 nueii. B TeopeTnueckux MoJeNsAX TEpuoja KoJieOaHHM OOBIYHO
MPUHUMAETCS TOCTOSAHHBIM /7, 12/.

Takoit pazOpoc GdyHIaAMEHTAIBHBIX IMapaMETPOB CBHUJIETEILCTBYET O
CJIOHOM SIBJICHHH, KOTOPOE MOJIENUpyeTcs MpocToi cuctemoit (4). Bo3nukaer
TaK)Ke BOIIPOC O MEXaHW3Me BO30YKICHHs KOJICOAHUN OCH BpAIEHUS 3EMIIH H
X CBSI3M C celicMuyeckod akTuBHOCTBIO /8, 11, 13, 21-23/. TlockoabKy yxke
YCTaHOBJICHA CBSI3b BHICOKOUYACTOTHBIX KOJICOAHUI MOJI0Ca ¢ OKEAHUYECKUMU U

aTMoc(epHbpIMU TIpuiuBaMu /14-21/, ciemyeT mpeanosioXuTh, 9TO TOIUYIHBIC,
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YaHJJICPOBCKUEC U APYTHC HU3KOYACTOTHBIC COCTABJIAIOIINC KoJIcOaHMUH TTOoJIIoca

3eMIIH TaKkKe 06YCJIOBJ'ICHI>I JABUKCHHEM HeOECHBIX TCJI, BBI3BIBAIOINNX ITPHJIMBLI

/1-2,6-8, 11, 23/.

Tabnuna 1. ['maBHbIE MOMEHTBI HHEPLIMU, KOHCTAHTHI BPAIICHUS 3eMIIH U

MHUPOBBIC KOHCTAHTHI 110 JJAHHBIM /3/

Huxe nana oreHka MOMEHTOB CHJI B IpaBOM yacTu cucTembl (4) Ha
OCHOBE JaHHBIX /3/ W THUNOTE3bl O TPABUTAIMOHHOM MEXaHHW3ME OOMEHa
yIJI0BbIM MOMEeHTOM B CoJiHeyHoM cucteme /1/.

OueHKa yriioBbIX MOMEHTOB CHJI

3anuieM rnepBbie ABa ypaBHEHUs MOJIeiu (4) B BUJIE:
AX = AaY + K,

) L (6)

BY = Ba,X + K,

OcHoBHas 1npo0iemMa, CBA3aHHAs C UCCIEJOBAaHHEM YIJIOBBIX MOMEHTOB
cul B cucteMe (6), 3aKIO4YaeTcs B HEPEryJIPHOM MOBEIEHUU BTOPOU
MIPOM3BOJHON MapaMETPOB IBUKEHHS IMOJIOCA, BOZHUKAIOIIEH MPU YUCIECHHOM

nuddepeHIUPOBAaHUN SKCIIEPUMEHTANIBHBIX JaHHBIX /3/ WM TOOBIX APYTHUX,

http://chaosandcorrelation.org/Chaos/CR12_2010.pdf
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JOCTYMHBIX B HacTosilee BpeMs. YToObl 000HTH 3Ty TpyJHOCTH B padbortax /1-2/
OblJIa TTOCTPOCHA MOJIENIb JIMHEWHOM perpeccuu, 3ameniaroiias cucteMy (6), ¢
UCIIOJb30BaHWEeM 27  KOMOMHAIMid  acTPOHOMHYECKHMX  IMapaMeTpoOB,

XAPAKTCPU3YIOIIHUX BJIIMAHUC KAXKIOI'O HeOCCHOro Tena:

sin LAT,  cos?,

il Rl- Rl-
P -k cos LAT,sin LON, sind,
Ri Ri (7)
LAT, cos LON,
P=k COS chos ON,

1

k, = sind ,cos LAT, sin LON, + cosd ,sin LAT,, i=12,..9

- 0 o
3IIGCI) l9e - 23,439291 - yYIroJl HaKJIOHa 3C€MHOH OCH OTHOCHTCIIBHO

HOpPMaJIM K OpOUTaIbHOM MIoCKOCTU. CTPYKTypa KOMILIEKCOB (7) BBITETaeT U3
aHAJIOTHH DJIEKTPOMArHUTHBIX M TpaBUTOdeKTpoMarauTHoIX (GEM) sBrnennii /
24/. OtMeTuM, 4YTO JaHHBIE JJISI PACCTOSHHM OT 3eMJIM 0 HEOECHBIX Tell
BBIUMCIIAIOTCS B QopMmynax (7) B acCTpOHOMHYECKMX enuHHMIax. Mopens /2/

MOJKHO 3aIlucaTtb B BUAC

x(n)= a,y(n)t b, + Z cyPy(n), 1sn< N
Tk

®)
y(n) = ax(n)+ by+ ) d,P,(n), 1<ns N
Jok

Kak u3BectHo, Ha npoTsukeHun 100 jet HabmtogaeTcst Aperd momroca co
CpeaHell CKpOCThI0 OKOJO 3,9 Mc/ron B HampaBieHuu 65,7°W /8/ (mo apyrum
JaHHBIM CKOPOCTH Jperda coctarmsieT 3,5 Mc/ron B HampasiaeHuu 75°W /19/).
JIJIst ydera 3Toro sIBJICHHS B MPABON YacTH ypaBHEHHH (8) BBEICHBI KOHCTAHTHI

CKOPOCTH.
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CpaBHuBas (6) u (8), HaXOAMM, YTO UHTETPAJIBI 10 BPEMEHU OT YTJIOBBIX
MOMEHTOB MPEACTABIISIOTCS B BUAE PAAOB, YUUTHIBAIOIIUX BIUSHUE HEOECHBIX
ten. Ha puc. 1-2 npencraBnensl gaHHbie /3/ i yrIIOBOH CKOPOCTU JBUYKEHUS
MOJIF0Ca BMECTE C PaCYETHBIMU JIAaHHBIMU TTO0 MOJIENH (8).

VY4uuThiBasi HEIUIOXO€ COIJIACUE HKCIIEPUMEHTAJIbHBIX W PacyETHBIX
JTAHHBIX, MIOJYYEHHOE Ha OCHOBE Mojenu (8), 3amecTuM mMojelb (6) Ha MOJIEIb
JMHENHOMN perpeccuu, UCIOb3ys TaJKue (PYHKIUH, IPEICTABICHHbIE HAa PHUC.

1-2, umeem

Ai(n)= Aa,Y(n)+ 2 cyPy(n), 1< ns N
Tk

©)
Bj(n) = Ba,X(n)+ Y d,Py(n), 1$ns N
Tk

OtMetnm, 4TO MOZEIb (9) MO3BOJISIET IPSIMO OLEHUTh BETMYUHY YTJIOBBIX
MOMEHTOB CHJI OTJEJbHBIX HEOECHBIX Tell N0 Ko3(ppuuueHTaM JIHHEHHOU
perpeccun. Ha puc. 3 mpencraBiieHbl aOCONIOTHBIC 3HaYeHUS KOA(P(OUITMESHTOB
KOppEJSILIMA YTJIOBBIX MOMEHTOB CHJI C KoMmiuiekcamu (7). OTu JaHHbBIE
noka3piBatoT, 4to Connue, Jlyna m mmanersl rurantel — HOmnurep, CarypH,

VYpan, HentyH, BHOCAT ONpeeistomni BKJIaJl B IUHAMUKY MOJKOCA 3EMIIN.

Puc. 1. YrnoBas CKOpPOCTb ABWXeHUA nonrca 3emnu Baonb MepuanaHa rpI/IHBVI‘-I

0,006

S 0,004 , 1
bl
2N AW
>‘ —
§ 0 X1/3/
>< —x1
3 -0,002 |
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5 -0,004 t 1
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Puc. 2. YrnoBasi ckopocTb ABUXeHUs1 nontoca 3eMnu BAONb MepuavaHa 90°W

0,006
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0,002 ‘ k
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—
<
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o
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Ha pwuc. 4-9. mnpencraBieHbl OIEHKA YIJIOBBIX MOMEHTOB CHII,
JNEHCTBYIOUIMX Ha 3eMJII0 CO CTOpOHbI HeOecHbIX Tenl CONHEYHOH CUCTEMBI.
AMIIIUTY1a yIJIOBOTO MOMEHTa cuibl TpaButanmu CoOJHIIA COCTaBIISET
npubnmsuTensHo 6*10" ke m’/c’. AMIMTy1a MOMEHTA CHJI TpaBuTanuy JIyHbI
B HEKOTOpble mepuonabl B 1,5 pa3a Oomblie, yeM aMIUIUTyJa MOMEHTa CHII
rpaBuTaiuu CojHIIa, a BHEKOTOpPbIE MEPUObI COBIAJAET C HUM — puc. 5 (u3-3a
BBICOKOW YacTOTHI KOJIeOaHUI Ha pHC. 5 MPOCMATPUBACTCS TOJBKO OTHOaromiast
MOMEHTOB CHJI). AMIUIMTYJJa MOMEHTa CHJI TpaBuTanuu ot Mapca u Benepsl Ha
MOpsAZ0K MeHbIle, yeM OoT CoiHIa, aMIUTUTYJa MOMEHTa CHWJIBI TpaBUTAIUH
Mepkypus B OTeIbHBIC IEPHOIBI HA 1BA MOPSAIKA MEHbIIE, ueM y JIyHbI — pHC.
6. OrmernM, 4YTO BIUsHUE BeHepsl Ha [BIXKEHHE TIOJIOCa paHee ObLIO
oOHapy»xeHo B paboTte /11/ Ha OCHOBE CHIEKTPaILHOIO aHAJIU3A.

VYroBbie MOMEHTHI CHITBI TpaBuTanuu ot FOnurepa n CaTypHa comepxar
CUHOJMYECKYI0O M CHJIEPHUUYECKYIO COCTaBJISIOLINE, CBA3aHHBIE C MEPHOIOM
oOpamenust miuaHeT Bokpyr ConHioa - puc. 7. AMIUIMTYJa CHAEPUYECKON
COCTaBJISIONIEH MOMEHTa CHiIbl TpaBuTaiu CaTypHa Ha MOPSAOK MEHbIIE, YeM
aMIUIATy/1a MOMEHTa CHUJIbI TpaBUTaluu JIyHBI, cuaepuueckas COCTABIISIOIIAS
MOMEHTa cujbl TpaButanuu Omurepa B Tpu pasa MmeHsle, yem ot CarypHa

(xotst macca FOnutepa B 3,35 paza npeBocxoaut mMaccy CaTypHa). AMIUIATY b

http://chaosandcorrelation.org/Chaos/CR12_2010.pdf
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CUHOJAMYECKOM M CHACPUYECKON COCTaBISIONIEH YIJIOBOTO MOMEHTA CHJIbI

rpaButanuu FOnurepa cousmMepuMbl MEKIY COOOM

Puc. 3. AGcontoTHble 3Ha4YeHUs1 K03 (b MLLUEHTOB KOppenALMM YCKOPEHU Nonca BAONb
mepuauaHa MpuHBuY 1 90°W ¢ komnnekcamm P ik
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Puc. 4. YrnoBon MOMeHT cunbl rpaButaumm ConHua
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Puc. 5. YrnoBo MoMeHT cunbl rpaButaumm JlyHbl
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Puc. 6. YrnoBon MoMeHT cunbl rpaButaumm ot Mepkypusi, BeHepbl n Mapca
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AMIUTUTY 12 KOJIeOaHUH YTII0BOrO MOMEHTA CUJIbl TPABUTALIMH OT YpaHa U

HGHTYHa HpI/IGJII/ISI/ITGJII)HO cCoBIIagacT C aMHHHTy,HOﬁ YITIOBOI'O MOMCHTA CHJIBI

rpaButanuu CosHia u JIyHbI COOTBETCTBEHHO - puUC. 8.

Koppeasinus ceiicMuyeckux cOObITHI M MHAYKIUH MATHUTHOTO TOJIsI

3emuin ¢ YIJ10BbIM MOMEHTOM CHJI TPaBUTAlIlMHA HeOeCHBIX TeJl

3ameTHOe BiusHME YpaHa u HenTyHa Ha JBMKEeHHE ToJfoca Tpedyer

nosicieHusi. Bo-nepBbix, Kak ObLIO YCTaHOBJIEHO B padote /23/, Ypan u Hentyn

OKa3bIBAIOT CTOJIb K€ CHJIbHOE BIMSHHME W HAa MarHuTHoe Ioje 3emiu. Bo-

BTOPBIX,

KaKk ObUIO TI0OKa3zaHo B pabore /1/,

http://chaosandcorrelation.org/Chaos/CR12_2010.pdf
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KOA(PUIIMEHTBI KOPPEALMU CPEIHUX MapaMeTPOB CEHCMUUYECKON aKTUBHOCTHU

¢ komrnekcamu P, Vpana u Henryna. Clie/loBaTeNbHO, CHIBHOE BO3/IeiCTBHE

Ypana u HenryHa Ha JIBWKEHHE IIOJIOCA, CEUCMHYECKYIO AKTUBHOCTb M
MarHuTHOE 1oJie 3eMIu 00yCJIOBJICHO OOIIUM MEXaHU3MOM, KOTOPBIA, BUJIUMO,

UMeEET PEJIATUBUCTCKYIO pupoy /1/.

Puc. 7. YrnoBon MOMeHT cunbl rpaButauum ot FOnutepa n CarypHa
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Puc. 8. YrnoBow MOMeHT cunbl rpaButauum ot YpaHa u HentyHa
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JIeCTBUTEIIBHO, BO BpAlAIOIICUCA CHUCTEME KOOPJAWHAT, B KOTOPOU
crpaBenuBo ypaBHeHue (1), HenryH nBmkercs ¢ CyOCBETOBON CKOPOCTHIO
(cm. /1/— puc. 4). B cBoro odepens, BO BpallaroOIICcs CHCTEME KOOPIWHAT,

CBSI3aHHOMU ¢ YpaHOM, 3eMJIsl IBIXKETCS ¢ CyOCBETOBOM CKOPOCTHIO (cM. /1/ - puc

http://chaosandcorrelation.org/Chaos/CR12_2010.pdf
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8). 1 xoTs B 3TUX cCiyuyasx BbIOpaHHBIE CHUCTEMbl KOOPIWHAT HE SBJISIIOTCS
WHEPIMAJIbHBIMK, TEM HE MEHEE, CKOPOCTh CBE€Ta OCTA€TCS BaXXHBIM
[1apaMeTpoOM, XapaKTEPU3YIOLIMM IPUYMHHBIE CBS3U, KaK B I'PABUTALMOHHOM,
TaK U B AJIEKTPOMAarHUTHOM B3aUMOJICHCTBUMU.

PaccMoTpum BOIIpoc 0 KOppesIuu mapaMeTpoB CEHCMUYECKUX COOBITUN
C YIJIOBBIM MOMEHTOM CHJI TpaBUTalMM HeOecHbIX Ten. B tabmumax 2-3

npuBeAeHbl  KOA(QOUIMEHTHl  KOPpESIUU  [apaMeTpoB  CEUCMHYECKOU

AKTUBHOCTH, BBIYHCICHHBIX IIO JaHHBIM /5/, C KOMINICKCAMH I)ik 151

KOMITOHEHTaMH YIJIOBOTO MOMEHTa COOTBETCTBEHHO. B cCuiy CIIOXKHBIIMXCA
HAyYHBIX TIPEACTABICHUA O MEXaHU3ME 3EeMIICTPSCEHUM, OO0YCIOBICHHOM
MEXaHUYECKUMU HAIMPSHKEHUSIMU B TOPHBIX MMOPOJAAaX, MOXHO ObUIO Obl

MMpCANOJIOXUTb, YTO er10130171 MOMEHT CHJI SABJISICTCS Oojiee 3HAYMMBIM

mapaMeTpoM s CeHCMHYeCKUX cOOBITHH, Hexenn kommuiekcel B (7). B

JCHCTBUTEIHHOCTH, OIHAKO, KOI(PDUIIMEHTH KOPPESIUU CPEIHUX 33 CYTKH

MapamMeTpoB CEUCMHUYECKUX COOBITUH C KOMILJIEKCAMH Pl-k VYpana u Hentyna

3HAYMTEIIPHO TPEBOCXOMAT 1O  aOCOMIOTHOM  BEIMYMHE  aHaJOTHYHBIC
KO3 PUITMEHTBI KOPPETAUA ¢ KOMIIOHCHAMH YTJIOBOTO MOMEHTA CHJI — CM.
Ta0aULEI 2-3.

B tabnumax 4-5 npuBeacHsl KOADPUITMESHTHI KOPPEISIUA BEPTUKATLHON

KOMIIOHCHTBI MHAYKIOHUHW MArHMuTHOIO Ha BOCbMH CTAaHOUAX I10 JAHHBIM 14/ ¢

KOMIIJICKCaMH Pik N KOMIIOHCHTAMHM YIJIOBOI'O MOMCHTAa COOTBETCTBCHHO. B

TOM Cily4ae, Kak ¥ B CIly4ae CEHUCMUYECKUX COOBITUH, KO3((DUIHEHTHI

Koppensiuu ¢ kommiekcamu P, Ypana u HenTyHa 3HAaYHTENbHO MPEBOCXOAAT

no aOCOJMIOTHON BENWYMHE aHAJOTHYHBIC KOIPODUIIMEHTH KOPPEISUUd C

KOMIIOHEHaMH yTJIOBOI'O MOMEHTA CHUJI — CM. TaOJuIIbI 4-5.
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[TomyyeHHBIC PE3yJIBTATHl O3HAYAIOT, YTO MEXAHW3M BJIMSHUE YpaHa |
Henrtyna Ha celicMuyeckue COOBITHS U MarHUTHOE MoJie 3eMJIH, YCTaHOBIECHHOE
B pabotax /1, 23/, oTnuyaeTcs OT MEXaHU3Ma BIUSHHS dTUX HEOECHBIX Tel Ha
IBW)KCHHE TIOJTF0Cca 3eMITH.

Tabmuuma 2. KodpduiueHTsl  Koppeisuu

CpeIHUX TMapaMeTPOB

CEHCMUYECKON aKTUBHOCTU C KOMIUIEKCAMHU Pik CarypHa, Ypana u HenrtyHna Ha

npotsbkeHun 6009 gueit: SUM, SUM M, SUM E, SUM V — exenHeBHOE

YHCIIO, CyMMapHas MarHuTyj]la, CyMMapHas JHEprus M CyMMapHbI 00beM
3CMIICTPSICCHHI C MAarHutygod M, 2 4, AVR M, AVR E, AVR V —

Cp€aAHNC 3HAUCHUA MAarHuTyAbl, DHCPTHUH U o0Bema.

SATURNI | SATURNZ | SATURN3 | URANUS! | URANUS? | URANUS3 | NEPTUNE! | NEPTLNEZ | NEPTLNE3
SUM -0,194 0,0703 0,0513 0,127 -0,419 -0,201 0,0279 -0,421 -0,401
SUM M -0,184 0,0685 0,0358 0,115 -0,389 -0,179 0,0256 -0,391 -0,37
SUM_E -0,136 0,0817 -0,031 0,061 -0,268 -0,0813 0,00564 -0,272 -0,241
SUM_V -0,135 0,0474 0,106 0,0482 -0,277 -0,187 -0,026 -0,272 -0,283
AVR M 0,258 0,0241 -0,425 -0,211 0,632 0,569 -0,0157 0,615 0,697
AVR_E 0,244 -0,008 -0,271 -0,14 0,518 0,416 0,00801 0,508 0,555
AVR V 0,231 -0,0128 -0,25 -0,135 0,492 0,386 0,0045 0,483 0,523
Tabmuma 3. KodphunueHTbl KOppensimue CpPeIHHX MapaMeTpoB

CEHCMHMYECKON aKTUBHOCTHU C YTJIOBBIM MOMEHTOM CHJI rpaBuTanuu ot CatypHa,
VYpana u Henrtyna Ha nporsbkenun 6009 nueit: SUM, SUM M, SUM E,

SUM _V — exegHEeBHOE YMCIIO, CYMMAapHasi MarHUTyJa, CyMMapHasi SHEprus u

CyMMapHEIHi 00beM  3emieTpsceHmii ¢ marmmtygoit M, 2 4; AVR M,

AVR E, AVR V — cpennue 3naueHuss MarHUTY1bl, SHEPTHH U 00BEeMa.

Kx(SATURN) | Ky(SATURN) | Kx(URANUS) | Ky(LRANUS) Kx(NEPTUNE) | Ky(NEPTLINE)
SUM -0,126 -0,0147 -0,0421 0,0136 0,0279 -0,0279
SUM_M -0,109 | -0,00073 -0,0365 0,00998 0,0256 -0,0256
SUM_E -0,038 0,061 | -0,00438 -0,0139 0,00564 -0,00564
SUM_V -0,147 -0,0816 0,00602 -0,0247 -0,026 0,026
AVR_M 0,446 0,392 0,0964 -0,0537 -0,0157 0,0157
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AVR_E 0,317 0,236 0,0424 -0,00739 0,00801 -0,00801
AVR V 0,296 0,216 0,042 -0,00876 0,0045 -0,0045

Tabnuua 4. Kosdduimentsl Koppeisiuu BEPTUKAILHOW KOMIIOHEHTHI

MHJIYKIIMM MAarHUTHOTO TIOJISI 3€MJIM MO JaHHbIM /4/ C KOMILIEKCAMHU P,

CarypHa, Ypana u Henryna na npotsxkenun 6009 nueil.

station | SATURNI | SATURNZ | SATURN3 | URANUS! | URANUS? | URANUS3 | NEPTUNE! | NEPTUNEZ | NEPTUNE3

GNA -0,294 0494 | -0,103 0,187 | -0,941 0119 | -0,0156 -0,956 -0,806
GUA -0,438 0,233 0,43 0272 | -0965| -0649 | 0,00239 -0,946 -0,984
IRT 0429 | 0,0404 0,538 0282 | -0887| -0781 0,0224 -0,86 -0,971
KAK 0,436 | 0,0292 0,55 028 | -0882| -0793 0,0195 -0,855 -0,97
MMB -0437 | 0,0749 0,503 0,281 -0,911 -0,754 0,0196 -0,887 -0,979
RES 0344 | 0109 | -0344 | -0124 0,879 0,612 0,141 0,871 0,911
THL 0,136 0,21 -0,408 0,117 0,413 0,584 0,309 04 0,542
DRV -0,393 0,278 0,252 0378 | 0932 | -0481 0,151 -0,927 -0,893

Tabmuua 5. KoadduuuenTsl koppensiuuu BEpTUKAIBHONW KOMIIOHEHTHI
MHIYKIMUA MAarHUTHOTO MOJISl 3€MJIM O JIaHHBIM /4/ C YyIJI0BBIM MOMEHTOM CHII

rpasutannu ot CatypHa, Ypana u Henrtyna Ha npotsbkenun 6009 nHei.

Station | Kx(SATLRN) Ky(SATLRN) Kx(LRANLS) Ky(URANUS) Kx(NEFTLINE) Ky(NEFTLNE)

GNA -0,114 0,208 0,0168 -0,0793 -0,0156 0,0156
GUA -0,564 -0,339 -0,0836 0,0177 0,00239 -0,00239
IRT -0,617 -0,474 -0,119 0,0588 0,0224 -0,0224
KAK -0,625 -0,485 -0,119 0,0591 0,0195 -0,0195
MMB -0,594 -0,433 -0,112 0,0504 0,0196 -0,0196
RES 0,434 0,283 -0,0472 0,106 0,141 -0,141
THL 0,353 0,416 -0,189 0,216 0,309 -0,309
DRV -0,405 -0,162 -0,196 0,133 0,151 -0,151

MOXHO npeanonoXuTh, 4ro YpaH W HenrTyH BIMSAIOT Ha 3€MHBIC
MIPOIIECCHI Yepe3 MOCPEACTBO KaK IPaBUTALIMOHHOTO, TaK U AJIEKTPOMArHUTHOTO
nonst. [Ipu 3TOM OCHOBHOM BKJIa]l B UBMEHEHUE MEXAHUYECKOTO MOMEHTa 3EMJIU
BHOcAT komiuiekckl URANUS]1 u NEPTUNEI, a B u3MeHeHUHM MarHuTHOTO
MoMeHTa 3emau garoT Bkaag koMmiiekcbl URANUS2, URANUS3 wu
NEPTUNE2, NEPTUNE3. CnemoBareabHO, aHAJIOTHS MATrHUTHBIX M
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IPaBUTOMAarHUTHBIX CHUJI HE SBJSETCS MOJHOW. OTO HapylleHUe, BUAMMO,
CBSI3aHO C TE€M, YTO MAarHUTHOE MoJie 3eMJIN He MOJ00HO €€ TPaBUTOMAarHUTHOMY
1or0. JIeMCTBUTENIBHO, JJIEKTPUYECKUM 3apsl 3€MJIM B 3HAUYUTEIBHOU Mepe
AKpaHupyeTcs HoHoc(hepoil, Torga Kak Il TPaBUTAIMOHHOM MacChl HET
AHAJIOTUYHOTO SIBJICHUS 3KPaHUPOBAHUSI ACCUMETPUS] MArHUTHOTO MOJsi 3eMIn
MPOSIBIISIETCSI KaK B OTKJIOHEHUMM BEKTOpPA MAarHUTHOTO MOMEHTa OT BEKTOpa
MEXaHUYECKOTO MOMEHTAa, TaK M B 3HAUYMTEJbHBIX MECTHBIX BapHALMIX,
HaMHOT'O TPEBOCXOASAIINX aHAJIOTUYHbIE TPABUTOMATHUTHBIE BapHALIMH.

B To xe BpeMsa mexaHusM BiausiHusi CaTypHa Ha ceiCMHUYECKHe COObITHS,
MarHUTHOE MOJI€ U ABMKEHUE MOJII0ca 3eMJIU, BUJIUMO, SIBIISIETCS OJHOTUITHBIM,
YTO CIEJYeT U3 CPaBHEHHUS COOTBETCTBYIOMUX KOA(DOUIIMEHTOB KOPPEISAIUU B
tabmumax 2-5. Jlns cpaBHeHust ykaxem, urto Connue u JlyHa BIusilOT Ha
ceificMMueckre COOBITUSI PEeUMyIecTBEHHO Yepe3 kKoMmiuiekesl SUN3, MOON3
COOTBETCTBEHHO. MOXHO HpEeAnoiaokuTh, 4yro CarypH BIUsAE€T Ha 3E€MHBIC
MIPOLIECCHl KAaK Yepe3 I'PaBUTALMOHHOE I0JIe, TaK M Yepe3 3JIEKTPOMArHUTHOE
nosie. OTMeTHM Takke, 4yTo Kosblia CaTypHa CBUIETENBCTBYIOT O HAJIU4YHE
OO0JIBIIOrO JIEKTPUUECKOTO 3apsia y STOU IIIaHETHI.

Panee Obuto ycranoBieHo /10-11/, yto ocHOBHas 4dacTtoTa KoJI€OaHMI
cuctemsbl (4), ompeneneHHas Ha Pa3HBIX MPOMEXKYTKaX BPEMEHHU, HE SBISETCS
MOCTOSIHHOM. JJ1s1 HAX0XK/IEHUSI YacTOT, CUCTeMa YpaBHEeHHH (9) 3anuchIBaeTCs ¢

y4eTOM BSI3KOCTH B Buje /1/

X(n)= a, X(n)+ a,X(n)+ b, + z ¢yPy(n), 1<n< N
7.k

(10)

y(n) azY(n)+ a21Y(n)+ b2 u z djkij(n), 1< ns N
Tk

Breruncnennpie mo naHHbIM /3/ 4acTOThl M KOA((PUIMEHTHI BSI3KOCTH

3aBUCST OT UCCIIEyeMOTO UHTEpBaia — cM. Tabiuity 6. [lepuon yaHIepoBCKuX
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KoJiebaHui, onpeseneHHbIi B untepBaie 1990-2006 rr 6J1M30K MO BEJIMYUHE K
crangapty IERS — 4331 cpenHux coigHeYHBIX CyTOK (cM. Tabmuiyy 1). B
untepBan 1963-1980 mepuonbl KojebaHwii MO ABYM OCSIM, OMpEEICHHBIC
cornacHo (10), He coBmagaioT. B 3TOM cinydae mpumensercs Oosee clioKHas
MoIeIb /1/, TO3BOJIAONIAs] YCPETHUTD MEPUOIbI KojieOaHui B mHTepBasie 1963-
2006 rr. IlomyueHHblli B pe3yiibrare nepuoa — 428,9 cpegHux COITHEYHBIX
CYTOK, OJIM30K IO BEJIMYMHE K nepuoay 428 aHeil, KoTOpblid BIEPBbIE yCTAHOBUII
B 1891 r amepuxanckuii actpoHom Cer Kapno Hanmiep. BsskocTs cucremsl B
JIBYX W3 TPEX HCCIIEJAOBAaHHBIX WHTEPBaJiaXx BPEMEHHU MPOSBISCTCS JHUIIL MPU
JIBMO>KEHUHM TIOJ0ca BAOJb Mepuanana 90°W, torma kak npu JIBUKEHHUHU BIOJIb
mepuanana ['punsud B 1963-1980 u B 1990-2006 rr HaOII01AT0Ch yCUIICHHE
aMIUTUTY bl KOJIEOaHU .

Tabnmumna 6. Ilepron daHIIEpOBCKUX KOJeOaHW (CPETHUX COTHEYHBIX
CyTOK) M TlapaMeTp Bs3KOCTH (1l/cpenHue CONMHEYHBbIE CYTKH), ONpEICIICHHBIC

cornacHo (10) Ha pa3nUYHBIX UHTEPBaAIaX BPEMEHU 10 JaHHbIM /3/

WHTepBan 1963-1980 1963-1980 1963-2006 1963-2006 1990-2006 1990-2006
KoopanHaTta X Y XN/ Y /1 X Y
Mepuopg
YaHANepOBCKUX
KonebaHuin 405,5779 | 455,8302 | 428,9089 | 428,9089 433,581 433,581
MapameTp
BSI3KOCTHU 0,000373 | -0,00295 -0,0003 -0,00023 0,000306 -0,00022

Hakomner, 3ameTum, 4To COBpeMeHHasi METOJMKA BEIYUCIICHUS KOOPIUHAT
noitoca /25/ MeHsieTcss 10 Mepe pPa3BUTHS aACTPOHOMHUYECKHX METOJIOB
n3MepeHusi. Tak, HampuMmep, TOYHOCTb OMNPEACIICHUS KOOPAMHAT MOJII0Cca
BO3pocia Ha Tpu nopsaka ¢ 1963 mo 2006 rr. CiaegoBaTenbHO, psiabl JaHHBIX /3/
B HccienoBaHHOM nepuoge 1963-2006 rr. ABIsSIOTCS pasHOPOIHBIMHU, XOTSI OHH
Y OTHOCSITCSI K OJHUM M TEM K€ KOOpAMHATaM.

JIeHCcTBUTENBHO, YTIIOBOE YCKOPEHHE TOJIF0Ca 3€MJIM, BBIYMCICHHOE 10

JOaHHBIM /3/, COOEPKUT CIYyYalHYyI0 COCTaBIISIONIY0. YBEJIMYEHUE TOYHOCTHU
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M3MEpPEHMSI KOOPJIMHAT HA TPU MOPSIAKA MPUBEIIO K pOCTY HAa MOPSA0K BEIUYHUHBI
aMILUTUTY bl CIy4alHOM COCTAaBIISIONICH B yCcKopeHuH - puc. 9. Takoi pa3dpoc
JAHHBIX 3HAYUTEIBHO YCIIOKHSET 3aJady OIpPEACIICHUs MOMEHTa CHII,

BJIMATOIICTO HA IMHAMUKY BPAIICHUA HaIlICH MJIaHETHI.

Puc. 9. YrnoBoe yckopeHue nontoca 3eMmnu Baonb mepuanada Npunsuy B 1962-2010 rr.

0,005
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0,003 -
0,002 -
0,001 -

0 .
-0,001
-0,002 -
-0,003 -
-0,004
-0,005 w \ \ \

37665 39665 41665 43665 45665 47665 49665 51665 53665 55665

MJD

2

YrnoBbIx CeKyHA/CYyTKU

B coBpeMeHHOM TeopuM ciydaiiHas COCTABIISIONIAs B YCKOPEHUH OJIIOCA
OOBsICHAETCS BIMSHUEM aTMOCHEpPHBIX M OKeaHW4ecKux Teuenuit /14-21/.
HmeroTcss TOMBITKH OOBSICHUTHh YaHAJICPOBCKHUE KOJNEOaHUS (QIIyKTyarusiMu
JABJICHUS B CTPATU(PUIIMPOBAHHOM MPHUIOHHOM CIIO€ OKEaHa - CM. HampuMep,

http://www.jpl.nasa.gov/news/releases/2000/chandlerwobble.html. Onnako

peaNbHO MEXaHU3M BO30YXICHUS YaHIJIEPOBCKUX KOJIEOAHUM, BUIUMO, HEIIb3S
OO0BSCHUTH TOJBKO reouznueckuMu mpoueccamu /7/. IlpenioxkeHHas ke BbIllie
MOJie]Ib, B KOTOPOM YaHAJIEPOBCKHE KOJIEOAHUS OMHUCHIBAIOTCS COBOKYITHBIM
BIMSIHUEM HEOECHBIX TeJ, HYXKIaeTca B JaibHeWmeMm pa3BuTuu. Hinke
MIPEIIOKEH MEXaHW3M BIMsIHUS YpaHa u HenTyHa Ha celicMMUeCKHe COOBITHS,
MAarHuTHOE 1oJie 3eMJIM U Ha JIBU’KEHUE TMOJII0CA.

I'paBuTOMarLeTusm

Cormacho  OTO, wmerpuueckue  KOI(PPUIMEHTHI W HMHTEpBAI
(IpoCTpaHCTBEHHBIM U 4-X MEPHBIN) B C1a0OM rpaBUTALMOHHOM TOJIE 3aBUCAT

OT BEJIMYMHBI TPABUTAIMOHHOTO MOTeHInana /24, 26-27/:

http://chaosandcorrelation.org/Chaos/CR12_2010.pdf
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2 - 20
=1+ , g - ]- .
8oo .2 Eup 5 g

di* =y, dx" dx’

ds? = g, dx"dx’ + 2g,, dx°dx" + g, (dx’)’ (12)
Veg = ~8ap T 80084 85
g, = -5%

&oo

B cranmoHapHOM TrpaBUTAallMOHHOM TI0JI€ CuWJIa, JCWUCTBYIOIIAsh Ha

MAaCCHBHYIO YacCTHILy, ONIpeenseTcs B Buae /26/

mc

f = 01 + t 13
/—1_ 2 E n\/goo \/gOOH_rO gH% (13)

[Tpu Masioi CKOPOCTH IBMKEHUS TeJa, u<<c, OTCI0Ja HaXOdUM

[Ta []
f= - + t 14
m% ¢ EErO ga% (14)

Beipaxxenrne (14) MOXHO CpaBHUTH C H3BECTHBIM B KIACCUYECKOH
AJIEKTPOJMHAMUKE BBIpAXKEHUEM CHibl JlopeHla, AEHCTBYIOIIEH Ha 3apsja B

IMOCTOAHHOM J3JICKTPUUCCKOM U MAarHUTHOM II0JIC:

[Ju []
f= -Jo + tA
00t A "

3,IICCB {p ) A - CKaﬂﬂpHBIﬁ )41 BCKTOpHBIﬁ IIOTCHOMAJI COOTBCTCTBCHHO. Kak

HN3BCCTHO, IIapa IMOTCHIUAJIOB (p,A OIMUCBIBACT JJICKTPOMAIrHUTHOC II0JIC.
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AHaJIOTUYHO TIapa MOTEHIIUAJIOB 0,8 OnpeJieNiIeT TPABUTOAIEKTPOMArHUTHOE
nosne (GEM).Otmerum, uto ypaBHeHuss GEM moiisi aHaJIOTMYHBI YpaBHEHUSIM
Makcpemna /24, 27/. Kommiuekcsl, 3aaaBaemble ypaBHeHUsMU (7), Obuin
BBIOpaHbl JI1 MOJICIMPOBAHMSI  BapuallMii MArHUTHOTO TMOJS U JIBUXKCHUS
MoJIt0ca 3eMJIU C YYETOM 3TON aHAJIOTHH.

JlelictButenbHO, 3akoH KynoHa i moTeHIuana 3apsjaa sBISEeTCS
aHAJOTUYHBIM 3aKOHY HpIOTOHA /ISl MOTEHIMalla MacCUBHOro Tena. Bpamu ot

Bpaaromerocsa MaCCUBHOI'O TCJIa CIIPABCIIIMBO BBIPAKCHUC

2G
g= = [r] (16)

3necs L. — BeKTOp MOJHOIO MOMEHTA BpallleHHs Tejla. AHAJIOTHUYHOE
BBIPAKEHHUE CHPABEMJIMBO JUIs BEKTOPHOTO MOTEHI[MANA Tela, 00JIaJarolero

MAarHuTHBIM AUIIOJIEM
1
A= — [rM] (17)
r

3necb M — BEKTOp MarHuTHOTO MOMEHTA TeJa.

BosBpamiasich k 3aade 0 B3aUMOJCWCTBUN HEOECHBIX TeJ, 00JIaJaroInX
MarHUTHBIMH W TPAaBUTOMATHUTHBIMHU TIOJSIMH, OTMETHM, YTO OTMEUEHHAas
HETIOJTHAS aHAaJIOTHSl TPABUTAIMOHHBIX M JJIEKTPOMATHUTHBIX CHJI HAXOIUT
oOBsICHEHHEe B OCOOEHHOCTH, NPHCYIICH BpaICHUIO CHCTEMBl KOOpPJHHAT.
CornacHo /26/ BO BpaIarmIIencsi CUCTEME KOOPIMHAT BOSHUKAET CTAllMOHAPHOE
IPaBUTAIIMOHHOE T10J€, KOTOpOE TMPUBOAUT K M3MEHEHHIO METPUKH
npocTpaHcTBa. J[ns wWHTEpBama BO BpAaILIAIOUICHCS CHUCTEME KOOpIMHAT

CIpaBeITMBO BhIpaxkeHue (cM. /26/, ctp. 329):
ds® = (c* - Q°r*)dt” - 2Q ridydt - dz*° - r’dy > - dr* (18)
U3 3TOro BBIpaXEHHS CIEMYeT, 4To B ciydae () 7 » ¢ MeTpUdecKuii
TEH30p HMMEET OCOOEHHOCTh, oy O, uro npuBoaMT K YyCHICHHIO
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IPaBUTOMAarHUTHBIX 3(QQEKTOB, COIJACHO MocienHeMy ypaBHeHUIo (12) wu
ypaBHeHwuto (13).

B knaccuyeckor Teopur MoJisi B3aMMOJICHCTBUE TPABUTALIMOHHOTO MOJIS U
AJIEKTPOMArHUTHOTO MOJISi BO3MOYKHO JaK€ B IIyCTOM IIPOCTPAaHCTBE 3a CYET
W3MEHEHUS] MHTEpBaJla. YPaBHEHUs JJIEKTpOAMHAMUKM MakcBemia B

IPaBUTAIIMOHHOM I10JIe UMEIOT BUJ (cM. /26/, cTp 333):

D-E/ gOO - [gH], B:= H/.\/g, * |gE]

rotE = - \FB divD = 4mp

cft

rotH = fD+—J, divB=0 (19)

cf 4
0 .
Waﬁp tdivj=

pdx" /dt, a =1,2,3.

3,IICCB HUCIIOJIB30BAHbI  CTAHAAPTHBIC 0003HaUYCHUS oJI1 BCKTOPOB
HAIIpsHKCHHOCTHU 3JICKTPUYCCKOIO U MArHMTHOI'O ITOJIA, JJIA BHGKTpI/I‘{eCKOﬁ u
MarHUTHOM HHAYKOHUH, INIOTHOCTH JJICKTPUICCKOI'O 3apsia U TOKA.

Kak cnemyer w3 mepBeix aAByX ypaBHenuit (19), ycuienue

I'PaBUTOMAIrdUTHOI'O IIOJIA IIPH YCIOBHH gOO - O IIPpUBOAUT K YCHICHHIO

ayieKTpoMarHuTHoro moiyisa. OpHako 3TH 3¢ ¢eKThl He MNOJO0OHBI, TaK Kak,
HaIpumep, BO3MYLIEHUWE  HMHAYKIMM  MAarHUTHOrO  MOJs  3eMIIH
IIPONOPLIMOHAIBHO BEKTOPHOMY IIPOU3BEAECHUIO HaIPsHKEHHOCTH
IPABUTOMArHUTHOIO TMOJS M 3JIEKTpHYeckoro mons 3emund. ClienoBaTenbHO,
BO3MYLIEHUSI MHIYKUWW MArHUTHOTO MOJsI 3€MJIM U €€ TPaBUTOMArHUTHOIO
[OJII OpPTOTOHAJIBHBI B 3TOM Clly4ae, T.€. IPEACTaBIEHbl pPa3IMYHBIMU

KoMroHeHTaMu Bektopa (7). Ho ator sddext Habmomaercss TONBKO MNpuU
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B3aumojencTeuu 3emin ¢ Ypanom u Hentynom (cm. /1/), uro nmoaTBepkaaeTcs
JAHHBIMU, TIPUBEICHHBIMU B Ta0iuIax 2-5.

IIporno3 paBM:KeHMsT moJdOca 3eMid, KJIUMATa, NapaMeTPoOB
CeMCMUYECKON AKTUBHOCTH M COLMAIBHO-DKOHOMHYECKUX KAaTeropuu

beuio  ycraHoBieHO, 4YTO KoyieOaHWS TONMIOCa 3€MJIH  CBSI3aHBI  C
CHUHOIITUYECKMMH IpolieccaMu B aTtMocdepe, ClIeA0BaTeIbHO, HCIONb3Ys
IPOTHO3 JUJIsl BapualWid YIJIOBOKM CKOPOCTH BpallEHUs, MOXHO NpeacKa3aTh
cuHontuueckue mporeccol /20-21/. B ykazannbix paborax Obulia BBICKa3aHa
rUrnoTe3a, 4Yro KoseOaHus mojioca 3eMIM  MOXKHO HCIOJIb30BaTh A
NpeCKa3aHusl CEHCMUYECKOW W BYJKAHWYECKOW aKTHBHOCTH, a TaKXke
SIUJIEMUN U COLIMAJIBHO-OIKOHOMUYECKUX KAaTErOpPUHM.

OpHako MPOrHO3 JIBMXKEHMSI MOJII0ca 3eMIIH SIBIISIETCS CIIOKHOM 3a/1aueH,
KOTOpas HE Hamula ene  OKOHYATEeNhHOTO  pemieHus.  bmaromaps
CUCTEMAaTUYECKUM  HAOJIOJEHUSM 32  TOJIOKEHHEM  BHETaJaKTUYECKHUX
PAaIMOMCTOYHUKOB HA OCHOBE CETH CTaHLHU VLBI, Obula peanuzoBaHa
Mexnynaponnas nebecHas cucrema koopauHat ICRS, Tounocts onpeaenenus
oceil kotopoii cocrasister 107 yrimosoii cekynanl (IERS, 2009). Ctonb BbICOKas
CTENEHb TOYHOCTH OTPEJEIICHHs MapaMeTPOB BpallEHUs HAIlleW TUIAHETHI cTaja
JIOCTYITHA JIMIIIb B MOCJIETHEE BPEMSI.

OtMeTnM, 4TO coBpeMeHHas Mojenb /25/ comepxkut 80380 mapameTpoB
(cBognpie TaOimmmel 5.2a, 5.2b, 5.2¢, 5.3a, 5.3b, 5.4 u3 pasgena 5 c caiira
ftp.maia.usno.navy.mil), oTpakarIKX, B TOM YHCIIe, MPUIUBHOE BO3JICUCTBHUE
HEOECHBIX TE€J C YYE€TOM B3aUMHOIO OTHOCHUTEIBHOTO IBUXKEHUS aTMOcC(ephl,
OKE€aHa U KOpPBI.

JlanHble, npuBejeHHbIE B Tabnunax 2-5 u B padorax /1-2, 23, 28-30/
CBUJICTEILCTBYIOT, UYTO TPOTHO3 CEHCMUYECKOW aKTHBHOCTH, BapHaIlHid
MAarHuTHOTO TIOJISI U JABWKEHHUS TOJI0ca 3€MJIM  MOXHO OCYIIECTBIIATH Ha

OCHOBC AaACTPOHOMHUHYCCKUX I1apaMCTPOB HeOECHBIX H, B TOM YHCIC, C
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HUCIIOJIB30BaHUEM KOMIIJIICKCOB l)ik , OTpaXXarouux HOJIO6I/IC IpaBUTAIIUOHHOI'O 1

ANEKTpOMArHuTHOro B3ammozeiictBus B ConHeuHoil cucteme. Kpome toro, B
paborax /31-33/ u gpyrux OBUIO TOKa3aHO, YTO IO AaCTPOHOMHUYECKUM
napaMeTpaM HEOECHBIX TeJ MOXHO MPOTHO3MPOBATH COIMATbHBIE KaTErOpHUU,
UCIIOJIB3YsI CUCTEMY UCKYCCTBEHHOTO MHTEIJIeKTa /34/. B padotax /35-36/ Obuin
Pa3BUTHI MOJIENIM TPOTHO3UPOBAHUS KYpPCOB BaltOT U (DOHIOBOTrO MHJEKca S&P
500 Ha OCHOBE CHUCTEM U aIrOpUTMOB /31-34/.

Takum oOpazoMm, rTHUIOTE3a O BCceoOlIeH B3aUMOCBSI3U IIPOLIECCOB,
MPOTEKAIOIIMX HA HAIlleW IJIAaHETe M OXBATBHIBAIOIIMX pa3inyHble chepbl —
Hoochepy, MarHutocepy, arMocdepy, 3eMHYIO KOPY, SAPO U T.II., HAXOIUT
CBOE IIOJTBEPIKJIECHUE B IEPEUMCICHHBIX HcchenoBanusx /1-2, 23, 28-36/ u
npyrux paborax. OJHAKO UCTOYHUKOM BO3MYIIEHUM B ATUX chepax sBIsIETCS
HE JBWKCHUE OCH BpaIlleHUs 3eMJIH caMo 10 cebe, a ABMKEHUE HEOSCHBIX Tell
ConHeyHON cuCTeMbl OTHOCUTEIBHO HAIIeH TUIAHEThl U, BUAMMO, JBH)KCHUE
camoii COJHEYHOM CHCTEMBI OTHOCUTEIBHO LieHTpa ['anakTWKyM M CKOIUIEHUS

rajakTuK B co3Be3auu JleBwl /37/.
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