JMHAMUKA IBKEHUA TTOJIFOCA U JOJIT'OITEPUOJUYECKHUE BAPUALIN
CKOPOCTH BPAILIEHMA 3EMJIN

B. JI. 'opmikxos, M.B. BopoTkos

Tlposeoén uucnennvlil SKCnepumerm Oisi OYeHKU 803MONCHOCIU 8030VHCOeHUSL CBOOOOHOU HYyma-
yuu 3emau ce30HHbIMU 8apUayUsIMu O8UINICEHUs noloca. B kauecmee napamempa mooenu ucnonb306a-
JIOCb 2UNOMEMU4ecKoe HeluHelHoe mpenue Mexicoy crosmu 3emiu, npossnsoueecs Ha 4acmomax
OIUBKUX K 200y U peyiupyioujee cyenjieHue cioée 8 3asUCUMoCmu Om COOMHOWEHUs. BEKIMOPO8 Ce-
30HHO020 U CBOOOOH020 KONEDAHUSL NOTIOCA.

Ha ocnose oanuvix |ERS o0 napamempax opuenmayuu 3emnu 6 pamxax npednosicennol mooenu
UCCNIeD08ANACH CB513b OOHAPYICEHHBIX 00N20NEPUOOUECKUX KEBAZULAPMOHUYECKUX 8APUAYULL 8 CKOPO-
cmu spawenus 3emau (LOD) u ounamuku osudicenus noaocd.

BBenenune

Bospociime TOYHOCTH M TUIOTHOCTH PSZOB MOHMTOPWHIA BEKTOpa BpAIICHHS 3eMIIU
MPUBETH K OYpHBIM HCCIIEOBAaHUSAM B OOJIACTH BHYTPH M OKOJIO CYTOYHBIX €r0 BapHAaIlHi.
Onnako B 001acTH HU3KOYACTOTHBIX BapHallMil JBMKEHUS IOJIFOCA U HEPAaBHOMEPHOCTH
BpameHus: 3eMJIM TaK U OCTAJNCh HEpelIeHHBIE BOMPOCHI: KAKOB MEXaHU3M BO30YKICHUS
cBOOOTHOM HyTaIuu 3eMin (Y4aHIePOBCKOM COCTaBIsIOINIEH B ABWKeHHH motoca — YJITT),
KaKoBa €ro 3aBUCHUMOCTh OT Pa3JIMYHBIX re0PH3NYecKiX (PakTOpPOB M, HAKOHEI, KaK «JI0Ts-
HYTh» TEOPETHUYCCKHI TEepro CBOOOTHON HyTaluu ympyro-aedhopmupyemoit 3emiau (404
cyToK) g0 Habmogaemoro (435 cyrok). [IpeanaraeTcs MUPOKHIA CIIEKTP BO3MOXKHBIX MeXa-
HU3MOB B0O30yxaeHust Y1 BIUTOTh 10 OTpHUIIaHKS €r0 PUPOIbI KaK CBOOOJHBIX KOJIeOaHUH
(ABcrok, 1996):

- BO30yXIeHHe okeaHnueckumH TeueHusMu (Cumopenkos, 1997 — ot Dnb-Hunbo, Chao,

Zhou, 1999 — ot CeBepo-ATIaHTUYECKOTO TCUCHHS),

- armocdepHOe Bo30OyKAeHUE ¢ yueToM Bkiana Betpa (Brzezinski, Petrov, 1995; Furuya

at a., 1996),

- Bo30yxnerue Y/l o coBMECTHOTO BIMSHUS OKEAHUYECKUX TEYCHUH U aTMOC(HEPHBIX

narpy3ok (Celayaat al., 1999).

B paborax (Kypbacosa u np., 2001, 2002) oObsicHeHUE YTMHEHHS TIEPUOJa CBOOO/I-
Hoit Hyranuu (Y/II1) 1 u3MeHeHHsI ero aMILUTUTYIbl MIETCS B paMKaX B3aHMHOTO BIIUSHHS
KosiebaHui BHYTpH cucTeMbl 3emisi-JIyna. B aTom ciydae mosiBisiercs: oTiimune coOCTBEH-
HBIX YacCTOT TeJI OT UX COOCTBEHHBIX YAaCTOT B CHUCTEME CBS3aHHBIX OCHUJUIATOPOB, /i€ B
cirydae 3eMITd TIOSIBIISIETCS «HE0O0XO0 UMb repro B 434 Z[HSIl.

Yro kacaeTcsi TOAMYHOTO KOMIIOHEHTA B JBIDKEHHUHU I0JIFOCA, TO €r0 BO30YyXKIeHHE aTMO-
cdepubiM yriaoBeiM MomeHTOM (EAAM) He BbI3bIBaeT COMHEHHMI. B mocnennee Bpems nos-
BUJIOCH HECKOJIBKO PadOT, MOCBAIIEHHBIX BIMSHUIO Ha BO30YXKJI€HUE TOJUYHOTO KOMIIOHEH-
Ta BojHOro Oananca atmocdepsl u okeana (Jochmann, 1999; Wunsch, 2000). Otot komro-
HEHT, OyJly4d HE CTPOTO MEPHOJUYHBIM U HE MOBTOPSIOUIMMCS 110 aMIUIUTY/IE TOJ OT TOAa,

! Emé B paGore (Dahlen, 1976) ynomsnyTsiit Beime nepuox B 404 nus yBenuunBaercs Ha 1.5
JIHS 33 CUET KUIKOTO sijipa ¥ Ha 27.5 Hs 3a CUéT OKeaHMYECKUX MPUJIMBOB, TaK YTO HECOBMAJICHUC
C HaOJIOIaeMbIM TIEPUOJIOM HAXOIUTCS B Mpezenax omuOoK. Hamuio aBe BecbMa pa3Hbie MOACIH,
OJIMHAKOBO XOPOIIIO COBMAAIOIINE ¢ HAOIIOICHUSIMH, SBJICHHE JOBOJILHO Y4acTOe B Teousuke.
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MOXET B CBOIO OUEPE]lb CIYKHUTh BO30YXKIAOIMUM (PaKTOPOM JIJIsi CBOOOTHOM HyTAIlMH 3eM-
nu. Ha s1o oOparun Buumanue enié /Hreddpuc (1960), ykaza Ha «603M0HCHOCHb 8030)0iC-
OeHus c60O00HOU HyMayuu HeJUHetHbIM OMKIUKOM HA He20 HYMPeHHUX c10é8 3emau». Bap
(Wahr, 1984) ouenunn Bkiaa 3Toro ce3oHHOro BimsiHus B 25-30%. B pabore (Mank, 1964)
paccMmarpuBangach BO3MOXHOCTh Bo3OyxkaeHust Y/II1 cezonubiME KosieOanusMu. [Ipu 3Tom
no6poTHoCTh 3emin (Q), Kak OCIHHUIMPYIOIIEH CUCTEMBbI, J0JDKHA OBITh B TPH pa3a 00Jib-
e, 4eM onpenenénHoe B To Bpems 3HaueHne Q=30. CoBpeMeHHbIE JaHHBIE TAI0T OleHKY Q
» 150 (Brzezinski, Petrov, 1995), onnako npobiema Bo30yxaenus Y/l u nmepeMeHHOCTh
€ro aMILTUTY/Ibl TIPOJIOIDKAET AUCKYTHPOBATHCS.

B oGiacTu HEpaBHOMEPHOCTH BpallleHHs 3eMIIM CaMble MOIIHBIC MPOIIECCHI, UMEIOIIUE
KBa3HPETYISIPHBIA XapaKTep C XapaKTEPHBIM BPEMEHEM IMOPSIKA JECATKOB JieT (TaK Ha3bl-
BaeMbIC JICKA/IHbIC BAPHAIUK), TAKXKE HE UMCIOT OJJHO3HAYHOTO Te0(PH3HYECKOr0 00bICHE-
HUs. JIUCKYTUPYIOTCS B OCHOBHOM JJIEKTPOMAarHUTHOE M KOHBEKTHBHOE B3aWMOJICHCTBHE
MaHTHH U sijipa Ui UX o0bscHeHus. OJJHAKO TOMHUMO JIOBOJIBHO MOIIHBIX MPUJIMBHBIX Ba-
pHaIMil U JAEKaJHBIX BapHAIMi BO BpAIlEHHMH 3€MJIM TPUCYTCTBYIOT KBa3UpETyJspHbIC Ba-
pHaIUK C XapaKTePHbIM BPEMEHEM TOPSIIKAa HECKOJIBKUX JIET, KOTOPBIE BOOOIIE BHITIAIAIOT
U3 TIOJISI 3PCHUS UCCIIEIOBATEIICH .

B nmanHO#1 cTaThe clenaHa MOMbITKAa KOHKPETH3UPOBaTh mpennoioxkenue Jxeddpuca o
BO3MOYKHOCTH BO30YKJICHUsI CBOOOTHOM HyTaI[i CE30HHBIMU BapHAIlMU JBHKCHUS TIOJIFOCA
Ha OCHOBE MOJICJH C HEJIMHEHHBIM TPeHUEM MexIy ciosMu 3emun. Kpome Toro, oOHapy-
’KCHHBIC KBa3UTaPMOHHYECKUE JOITONEPUOINICCKUE BapUAIlMK BO BPAILICHUS 3EMIIM TAKKe
MOTYT OBITh BO30Y)KIa€Mbl B3aWMOJICHCTBHEM BHYTPEHHUX 000JI04eK 3eMid, HETHHEWHO
pearupyromux Ha ()a30Bble COOTHOIICHHUS CE30HHBIX U YaHUIEPOBCKUX KOJICOAHUH MOJTIOCA.

I'eopusuyeckne npeanocbIIKM MOAECTH

IIo naHHBIM COBPEMEHHBIX I'€0JIOTMYECKUX, CEHCMUUYECKUX U T'€OJIMHAMUYECKUX HCCIIe-
JOBAHUI MOKHO BBIJIEJIUTH HECKOJIBKO CIOEB, HA TPAHUIIE KOTOPBIX BO3MOKHBI B3aUMO/IEH-
CTBHsI C HeNuHEWHbIM TpeHueM (XawuH, Jlomuse, 1995). Bo-nepBbix, 3T0 rpaHulia KOpbl U
MaHTHH, 0003HAYEHHAs! PEe3KUM CKauKOM CKOPOCTH CEHCMHYECKHX BOJH M KOTOpasi, CIeN0-
BaTEJIbHO, PA3AEIIAET Cpebl C Pa3HON IIIOTHOCTBIO.

Bo-BTOpBIX, 3TO TpaHuIa TUTOC(EPH U acCTEHOCHEPHI, MPOJIEraias Ha pa3HbIX IITyou-
Hax 1moj okeanamu (rHOT/AA Beero 3-4) kM u noj koHTuHeHTamu (10 350 km). OTiinune 3Tux
Cpell B IUIACTUYHOCTH acTeHOc(epsl (HaIMuMe paciuiaBa WM XOTs Obl amop(du3aiuy Bere-
CTBA) MO CPAaBHEHHIO C XPYIKOW JUTOCHEPOi, MPeICTaBICHHOW MHOTOYHUCICHHBIMU TUTATA-
MU. B mpuHATON cefiyac KOHIENINH TEKTOHUKH JIMTOCQPEPHBIX IUTUT MPEATOIAraeTcs Jaxe
HAJIMYUE B3aMMHOTO BpalIeHUs! JTUToc(Hepbl OTHOCUTEIBHO acTeHocdeps! (Smith, Lewis 1998;
Shahabpour, Trurnit, 2001), oTpakeHHEM Yero SBJISAETCS MEPEMEIICHUE «TOPSYUX TOUEK 10
noBepxHocTy 3emiu. [Ipu 3ToM nuTocdepa kak Obl OTCTAET BO BPAIIEHUHU OT acTEHOC(EPHI,
TO €CTh cMelaeTcs K 3anany. CylecTBOBaHUE JBM)KEHHS CPETHETO MOJIF0Ca KOCBEHHO TakK-
e MMOATBEPKIAET BO3MOKHOCTh OTHOCHTEIIBHOTO JABMKEHUS TUTOC(HEPHI U acTeHOChepHI.

Emé nBe rpaHuibl pacnoJIoKeHbl MEXKILY BEpXHEW MAHTHEH, IEPEXOJHONU 30HOW U HUXK-
Hell MmanTuel. OHU pa3/eNAIoT BEIIECTBO MAHTUH, HAXOAs1Ieecs B pa3HOM (pa3oBOM cOCTOS-
HuH. Cy/st IO TaHHBIM CeHiCMHUYECKOW TOMOTpaduu, B KaKIOM M3 3TUX CIOEB MOXKHO TMpe-
MoJlaraTh HaJIM4ue COOCTBEHHBIX KOHBEKTHBHBIX SYEEK, KOTOPBIE COMPUKACAIOTCS HA TPaHH-
L1ax pasjena H, CIeI0BaTelIbHO, UMEIOT IIPOTUBOIIOJIOKHOE BpAIllCHUE.

I'panniia MaHTHM M JKMJIKOTO sJIpa TAaKKE€ MOXKET JaBaTh BKJIAJ B IlepeJady MOMEHTA 3a
CuéT CIIOKHOU ToTmOrpaduu ATOM TpaHUIBl U HETMHEHHOTO TPEHUS HAa TPaHMIIEe C HUKHEH
MaHTHel. KpoMe Toro, B 3T0i 30HE BO3MOKHBI IIEPUOJIUYECKUE BO3MYILECHHUS JABJICHUS CO
CTOPOHBI KUJKOTO SApa Ha HIKHIOK MAHTHIO, YTO B IPSIMYIO IPUBOJUT K HEJTMHEHHOCTH B
nepenade MoMeHTa Mexy Humu ([oxoepr u ap., 1995).
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B reodusudeckoit mureparype oOCYXKIAaeTCsl TakkKe CYIIECTBOBAHHE CBEPXBPAIICHUS
BHYTPEHHETO s/[pa OTHOCUTEIHHO BHEITHETO KUIKOTO si/ipa (M0 CEeHCMUYECKUM JaHHBIM JI0
5 rpan/ron). Takum oOpazom, B Heapax 3emiid 0ojiee YeM J0CTATOUYHO B3aUMHOIIOIBHKHBIX
000JI04YeK, Ha TPAaHUIIAX KOTOPBIX MOTYT BO3HMKATh HEIMHEHHBIE MEXaHU3MBI ITepeladui MO-
MEHTA.

PaccmoTpuM Ha MOJENM OJMH W3 BO3MOKHBIX HEJTMHEWHBIX MEXaHM3MOB TPEHUs, HE
KOHKPETU3UPYS, MEXTYy KaKUMH UMEHHO CIOSIMH 3eMJIM OH MOKeT Bo3HUKaTh. CyTh pac-
CMOTPEHHOTO HIKE YHCIECHHOTO SKCIEPUMEHTA B OI[EHKE BO3MOYKHOCTH BO30YKJCHHUS CBO-
00aHOI HyTaMK 3eMJIU TMOYTH TOJUYHBIMU BapUalMsIMH JBIOKEHUS moioca. [Ipu sTom He
MCTIOJIH30BAITICh KOHKPETHBIE XapaKTEPUCTUKU cI0€B 3emin. B kauecTBe mapameTpa Moe-
JIM UCTIOJIH30BAJIOCH TUTIOTETHYECKOE HETMHEHHOE TPEHUE MEXKIY CIIOSIMH, MPOSBIISIONIEECS
Ha OJIM3KHX K TOJly 4acToTax. DToT napametp S (Selectivity) 3anaér crenenp HelMMHEHHOCTH
(“u3bupaTenbHOCTH”) Tepenaud BO30YXKIAIOIIET0 MOMEHTa M BBOJUTCS Kak MepeMeHHas
no6aBka k ¢yHkimu Bo30yxaeHus Y +dY . Ero posip B MOJENH COCTOUT B PETyIUPOBAHHU
CIIETITICHHS CIIOEB 3€MJIM B 3aBUCHMOCTH OT COCTOSIHUS BEIIECTBA B 30HE UX KOHTAKTA.

Bonee neranpHOE paccMOTpEHHE STOTO MEXaHW3Ma OCHOBAHO Ha MPEATOJIOKEHUH CyIIie-
CTBOBaHHUSI B TIEPEXOJHBIX CIOSIX MEXKIY 000JOYKaMH 3eMIJIM BEIIECTBa, HAXOJIIIErocs B
aMOp(pHOM COCTOSIHUH. MOTYT CYIIECTBOBAThH JBE «KOHKYPHPYIOLIHE» CUTYAIHH, OIpeie-
JsIeMbIE arperaTHbIM COCTOSIHUEM BelllecTBa (KOTOpOE 3aBHCUT B TEPBYIO OYepelb OT TEM-
neparypsl). B ciiyuae ¢ HU3KO#M TeMreparypoi Mpu MaJIbIX OTHOCUTEIIBHBIX CKOPOCTSAX MOXKET
HPOSIBIISITHCS MEKMOJICKYIISIPHOE CIICTUICHHE (KTPEHHE IMOKOS»), HAMHOTO OOJIbIIIee, YeM KH-
HEMaTU4YeCKOe TPEHHE, COOTBETCTBYIOIIEEe 0oJiee BEICOKUM CKOPOCTsM cMmemeHus. C pocToM
TEeMIepaTypbl «TPEHUE IMOKOS» YMEHBIIIAETCs, U HAUWHAECT JOMUHUPOBAThH BSI3KOE TPEHUE TEM
Oosblee, YeM OO0JIbIIe OTHOCHTEIBHBIE CKOPOCTH CIOEB. B cilyyae BCTPEYHOTO JBIKEHUS C
YBEIMYEHUEM CKOPOCTH B BS3KOU cpejie OyAeT BO3pacTaTh U TPEHHE, YTO YBEIUYHUT BO30YXK-
Jaromuii MOMeHT. [Ipr MonmyTHOM e IBWKEHUU TPEHUE OcIa0HeT U MepeaaBacMblil OT KOPHI
MOMEHT yMEHbIIUTCS. Takum oOpa3om mapameTp S sBisieTcst GyHKIMeH Temreparypbl — OH
MOJIOKUTEIIEH MTPH CPABHUTEIILHO HU3KOM U OTpHLIATENeH MPH 00Jiee BHICOKOM.

[Ipenmonaraemass acuMMeTpUsl Tepelayd UMIYJIbCa OT BHEIIHUX 000JI0ueK 3eMin K
BHYTPEHHUM O0ECIIEUHMBACT <II0JIKAYKy» SHEPTHH IBYMEPHOTO MasTHUKA 3€MJIM C COOCT-
BeHHO# yacroroir W, (UAIT) mpu S > 0 u HA06OPOT, OKA3BIBAET TOPMO3SIIEE BO3IACHCTBUE
npu S < 0. @aykTyanuu TeMIeparypsl, OKa3bIBaIOIIKE BIMSIHNAE HA TTapaMeTp S, BHI3BIBAIOT-
Csl IEPEeMEHHBIMU TIOTOKAMH SHJIOTEHHOTO TEIUIA.

Hano 3aMeTuTs, 4TO B MEPBYIO OYEpeab ATOT HEIMHEHHBII MEXaHU3M MOXKET (QYHKITHO-
HUPOBATh B MEPEXOIHOM CIIO€ MEXIYy JuTochepoir M acTeHoc(hepoil, Tie Mo HEeKOTOPHIM
OIICHKaM CYIIECTBYET 3amajHblid apeid murocdepsl mo acteHocdepe co ckopocThio g0 20
cM/ToJ1 Ha SKBATOPE U MCYE3AONIUI B paiioHe momocoB. [ToMuMo 3Toro, 60JbIas BSI3KOCTh
3TOTO CJIOs MO/ KOHTHHEHTAMH, YeM 10J1 okeaHamu (B 6-8 pa3), nemaet emé Gosiee HEOIHO-
POJIHBIM TI0JIE CKOPOCTEH, YTO C HEU30EKHOCTHIO MPHUBOJUT K BOSHUKHOBEHHIO CHUTYalUd
cOpoca HaKOTUIEHHOW MOTEHIMAIbHON sHeprun. Takum oOpa3oM, mapameTp S MOXKET B Te-
YEeHHE OUYEHb HENPOI0JDKUTEIHHOTO BPEMEHH CMEHUTH 3HAK.

Ecnmu paccmoTpeHHBIN MeXaHU3M BO30YXKICHHSI COOCTBEHHBIX KOJIeOaHU 3eMITn JeicT-
BUTENIBHO CYIIECTBYET, TO B moBefeHnn Y11 nomkHbI HaOM0aaThCst 0COOCHHOCTH, CBSI3aH-
HBIE CO CPAaBHHUTEJIBHO PE3KUMH TOPMOKEHUSMHU U packaukoil. K coxanenuro, 1iauHa psaoB
Habmronenuii [1B3 HemocTaTouHa /7151 JOCTOBEPHOTO TIOATBEPIKICHHS 3TOr0. TeM He MeHee,
ocobennoctu Y/II1 B 1860 1 1930 rr. MOTYT OBITH MHTEPIIPETUPOBAHBI C TOW TOYKH 3PEHUSL.

Jlnist MpoBeZIeHUsT MOJIETTUPOBAaHUSI HEOOXOAMMO UMETh TPE/ICTABICHUE O PEaTbHBIX B3a-
MMHBIX JIBKEHHSX TTOJIOCA - TOJUYHOTO M YaHaiepoBckoro. Ha Bepxuem puc. 1 npezacras-
JICHA KapTHHA MX B3aMMHBIX JBIKEHUI B TedeHne X X Beka (an-ch). 3T KOMIIOHEHTHI ObLIN
Beiienienbl w3 psaga EOP(IERS)CO1 (http://hpiers.obspm.fr/) ¢ momomipio CHHTYISIPHOTO
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criektpanbHoro aHanmmza SSA (http://vega.math.spbu.ru/) B padore (Boporkos u ap, 2002).
BumHO, 94TO CKOPOCTh B3aMMHBIX JIBUKCHHI B TCUCHUE I'0JIa CHHYCOUIAIIBHO MEHSETCS, a B
TEUCHHE KBA3WUIIECTHIIETHETO TEPUO/Ia aMIUTHTY/Ia dTOTO JIBIXKEHUS MEHSETCS OT HECKOJIb-
KHX METPOB JIO JIECATKOB METPOB B roJi, Kak B 50-x romax XX cToyieTusl.
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MopeaupoBaHue Bo30Yy:KIeHUs YAH/JIEPOBCKOr0 ABUKEHUSI MOTI0CA

Llenpt0 MOAETMPOBAHUS SIBISETCS TOJTYYEHHE OILICHKU IapaMeTpa HEeIWHEHHOCTH S,
o0ecrieunBaroIIeil BO3MOXKHOCTh BO30YXKI€HHsI CBOOOJHOTO KOJICOAHHs CHCTEMBI (C MepHo-
oM 1.2 roja) 10 aMILUTMTY/IbI, TIPEBOCXOISINEH aMILIUTYTy BO30YXKTaloux Koyiebanui (¢
nepuojioMm 1 rox) B 1Ba paza (Ka=Ac/Ain=2), 1 UCCleT0BaHHE W3MECHCHHUI aMILTUTY/IbI Ha
94acToTe CBOOOTHBIX KOJIeOaHHIi B 3aBUCUMOCTH OT S.

[Tpu MopenupoBaHUU BO3OYKICHHSI CBOOOTHOM HyTaIlMK 3eMJTH 3aTPYAHUTEIHHO CTPO-
ro 000CHOBaTh HMCIIOJB30BAHHUE MMapaMETPOB YIPYTOCTH M BSI3KOCTH JUIS PA3IUYHBIX CIOEB
3eMiI BBUY UX HEU3BECTHOM 3aBUCHUMOCTH OT JUTMTEILHOCTH W CHJIBI HANPSIKEHUS, UX KO-
HEYHOe comnpoTuBieHHe U T.1. COBpeMEHHbIE 3HAUCHHs BSI3KOCTH JUISI PA3IMYHBIX CIOEB
MaHTHH, HAIIPAMEP, oleHmBatoTcs B npeenax ot 107 0 107 nyas, a Boo6Ie FKCIIepHMEH-
TaJbHBIN pa3opoc koddduineHTa Bsi3kocTu coctabisieT 12 mopsakos (["ox6epr u ap., 1995).
B sTOM CcMEBICIIE pe3ynbTaThl MOJCTUPOBAHUS «He Ccledyem NPUHUMAMb CAUUKOM 8CEPbE3»
(Mank, 1964). Oxnako ucnois3oBanue guccunarusaoil Gyrkuun Q =(1/2p)dE/E, onpexe-
JIAIOUIEA OTHOCUTENBHOE PACCESIHUE YHEPTUU OCLHWIIMPYIOUIEH CUCTEMOM 3a LIMKJ, 3HAYU-
TeNbHO obyerdaeT moaenupoBaHue. [Ipy 5ToM HE MPOUCXOAUT MOTEPU 3HAYNMOCTH TIOITY-
YaeMbIX Pe3yJbTaTOB BBUIY TOTrO, uTo Q (0OpOTHOCTB) MOXKET OBITH BBIpaXKEHA Yepe3 CO-
OTBETCTBYIOIINE MapaMeTPbl CUCTEMBI (KECTKOCTh, BSI3KOCTh M IUIOTHOCTB). DKCIIEPUMEH-
TaJbHbIE OIIEHKH JOOPOTHOCTH JJs Becel 3emin B 1esioM Ha yactore Y/ BapbupyroTcs B
npepenax 35 < Q < 400 (Anderson at al., 1978), npu stom B BepxHeid mantuu Q » 110, B
HxHel maatun Q » 400.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://vega.math.spbu.ru/
http://www.pdffactory.com

[Tycts BekTOp BpamieHus 3emmn W= Wo + dw, rae Wo = [0,0,W], a dw = [my,my,mg].
3neck Mi(t) - KOMIOHEHTH MrHOBEeHHO# ocu Bpamenus 3emin ([103), a W - mocrosiHHas yr-
JIOBasi CKOPOCTh BpaileHus 3emin. Torna ypaBHEHHs, ONMUCHIBAIOIINE BYKCHHS MIHOBCH-
HOTO IOJIF0ca 3eMIIH TI0JT ICHCTBHEM Oe3pa3MepHOit B3Oy aaromiei pyHKuu Y [Y 1,y 2,y 3] |
umerot By (Mank, 1964):

(Ywg) dmy/dt + mp = Y,
(Uwe) dmp/dt - mp = -Yq

B uncieHHOM SKCTieprMEHTe Ha OCHOBE TIPUBEIEHHBIX YPaBHEHHH C IIIArOM UHTETPHPO-
Banusi 200 Touek Ha roJl MCCIeN0BAaCh BO3MOXKHOCTH BO30YKICHHS T'OJUYHBIMH BapHa-
[USIMU JIBUKEHUSI OCH BPAILECHUs CBOOOHOW HYTAIMH SJUTUIICOMIA BPALIEHUS C JT0OPOTHO-
ctbio cucteMbl 30<Q<150 u meprosoM coOCTBeHHBIX Kosebanuit 1/w, = 1.2 roma. AmIiuiu-

Tylla Ce30HHBIX KOJIEOAHUI TIOOCa COCTABIISIET OKOJIO TOJOBUHBI aMrutuTyasl Y11, moaro-
My B KayecTBE BO30YXIArOmMX (PYHKIIMH HCIOIB30BAIHUCH TOJMYHBIC OCHUIUISINY, HOPMH-
poBaHHbIe B HaOmoaaemMoi npornopuuu K ammumryne YT (Ka=2).

Kak cienyer u3 mpeaplayniero pasena, o0mmii BUa Bo30yxaaromeil GyHKInu B Mo/Ie-
au Y +dY =(1+S*Cov)Y , rae ¢pyukuus Cov = an™ch’, a an’, ch’ - npousBoiHbIC O BpeMeH!

ot an u ch. Ha nwxkHem puc. 1 1ist mpumepa nokasan Buj GyHknuu Cov JUis KaKI0H U3 KO-
OpAMHAT U €€ TPEHI0BAsI COCTABIISFONIAS.

B mocnenyronmx pucyHKax IMpeICTaBlIeHbl Pe3yNbTaThl MOJCTHUPOBAHHUS MPU HEKOTO-
PBIX 3HaYCHHAX mapaMeTpoB S, Q u Bo30yxnaroment pynkuuu Y . [ KaK10r0 MOJIEIIEHOTO
psizia BBIYMCIICH aMIUTUTYIHBIN crieKTp. Ha pucyHkax nmpuBeIeHBI Pe3ylIbTaThl MOCIE BBIXO/A
CHCTEMBI Ha CTAI[MOHAPHBIA PEXUM KOJeOaHWH M TOJBKO MO OJHOM koopaunare. [Ipu S=0
MOJIENTb CBOJMTCS K OOBIYHOM yIpyro-Bsi3koi Mojenu. Ha puc. 2 mis neyx 3nauenuii Q (50
u 120) u S=0 npuBeaEHBI pe3ynbTaThl OTKIMKA MOJICITH HA BO30Y)KICHUE HOPMHPOBAHHOI,
HO peaJIbHOM TOAMYHOM cocTaBisitomiei Y =an. Buano, uro npu S=0 cucrema ciabo 3aBUCUT
oT no6potHOCTH Q. AMIUIUTYAHBIA CHEKTP MOKa3bIBACT HE3HAYHUTEIILHOE YBEIMYCHUE aM-
TUTATYABI COOCTBEHHBIX KOJICOAHMI CUCTEMBI Jiisi OoJibiiero Q mo CpaBHEHHIO ¢ BO30YXK-
HaomuM  kosnebanueM. llpum uWcmonb30BaHUM B KadyecTBE BO30yKIaromed (yHKIUN
Y =sin(2pt) mpu Tex xe Q u S =0 coOCTBEHHBIX KOJIEOaHUIT CHCTEMBI HE BOSHHUKAET BOOOIIIE.
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Bennuuna S onpenensieT 1uamna3oH W3MEHEHHH MapaMeTpa CHCTEMBI, OTBEUYAIOIIETro 3a
nepenady Bo3neicteus (B qanpHedmux npumepax -0.2 < S < 0.2). ITonoxuTenbHbIC 3HAYC-
HUS TIapamMeTpa S «pacKkayuBaroT» CHCTEMY, OTPHUIIATENIbHbIE — TOpMO3aT. Ha puc. 3 mpu uc-
noJsib30oBanuu Y =SiN(2pt) u S=0.2 (Q=50) mosyuaeTcs Takoe *xe xopoiiee (1 gaxe U30bI-
tounoe Kg > 2) BO30yKAcHHE coOcTBeHHON Mombl, kak ¥ npu S=0.1 (Q=120). Oxnako
¢bykryarun ammutyasl Y11, conmoctaBuMeie ¢ peanbHBIMU, HE HAOTIOIAIOTCS.

Lo @ =50,5=0 2, Y=sin pt)
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7Q=120, S=0.1, Y=sin(2 pt)
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Puc. 3

Ha puc. 4 nokazana peakuusi Mojielnu Ha cryrnen4aroe nosenaenue S (Q=120). Buano,
9yTOo OJM3Kas K peaJlbHOMY IMOBEJCHUIO AMHAMHUKA aMIUTUTYAbI CBOOOTHOTO KoJiebaHus, a
TaKKe COOTHOIICHHE aMIUTUTY/ BO30YXIAIOMIEro U CBOOOJHOTO KOJIEOAaHUH MOXKET OBbITh
JOCTUTHYTHl M3MEHEHHEM TOJBKO mapamerpa S. Okas3anoch Takke, 4TO MPHU OJUHAKOBBIX
Moaylsix S TopMmokeHue 3¢ dekTuBHEe BO30YXKIACHHS. BbIOOp ONTUMANIBHOTO ITOBEICHHS
napameTpa S ¢ TOUYKH 3peHHs 1M0100MsI MOJICIBHOTO M PEATBHOTO PSJIOB JOJDKEH OCYIIECTB-
JSThCS, UCXOJ U3 HE3aBUCHMBIX T'€OJMHAMHYCCKUX, T€O(MU3MUCCKUX WM MHBIX JAHHBIX.
OnuH 13 BO3MOXKHBIX KaHAWAATOB HA TAKOW YIPABJISIIOUIMN MMapaMeTp pacCMOTPEH B clie-
TYIOIIEM pasJiene.
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JloJronepuoauyeckre BApualuu CKOPOCTH BpaleHust 3eMiu

B pa6ote (I'opmikos, lep6akosa, 2002) B psaax EOP(IERS)C04 (1962-2001 rr.) Obuin
OOHapy>KeHbI M UCCIe0BaHbl MeToZIoM SSA nosronepuoruueckue (KBa3HIIECTHICTHUE) Ba-
puanuu ckopoctu BpamieHus 3emun (LOD). DTu Bapuaiuu 3aMETHO KOPPETHPYIOT ¢ ¢a3o-
BBIMH COOTHOIICHUSIMH T'OJIOBOTO M YaH]UIEPOBCKOTO JIBUKEHHS MOJIOCA, KOTOPBIE paccMar-
pPUBAIKCH BBIIIE Kak MoJienb Bo3Oyxkaaromas YJII1. Okazanock, 4To B MEePUOJIBI UX CHH(pA3-
HOcTH (KOoTJa TpeHaoBas cocraBiisitoinas COV TOJIOKUTENbHA) MPAKTUYeCKHu 0e3 (a3oBbIX
CMEIEeHN HaOJII0JaeTCsl TakKe M POCT MPOJOJDKUTEIBLHOCTH CYTOK. B mpoTuBodazHom ux
JBMKEHUH — BpallieHne 3eMIIH YCKOPSETCs. DTO BIIOJHE COOTBETCTBYET PACCMOTPEHHOM BbI-
e Mozenu. I[lpu «momyTHOM» JBHMKEHUH (CHH(A3HOCTh MepeMenieHrs 000JI0YKH OTHOCH-
TEJIbHO MaHTHH) BHYTPCHHEE TPEHHE YCHIIMBACTCS, CLCIUICHUE CIIOEB YBEIMYMUBACTCS U 3EM-
JI5, €CTECTBEHHBIM 00pa3oM, 3aMeyisieT cBoé BparieHnue. [Ipu npoTuBogazHOM JBHKEHUH OC-
nabeBaeT TpeHue, TUTocdepa Kak Obl MPOCKAIB3BIBACT U 3eMJIsl YCKOPSIET BpaIlCHHE.

Jlnst mpoBepku 3Toro (hakTa, HACKOJIBKO HAM M3BECTHO, €UI€ HUKEM HE MCCIEIOBAHHOTO,
)KeJaTeIbHO COMOCTaBUTh C HMMEIOIIMMUCS psgaMu koopamHat mnoiroca EOP(IERS)CO1
(1846-2001) Gosee mpOIOILKUTEIBHBIC PSIbl BapUalMid MPOIODKUTEIbHOCTH cyTok LOD.
IMomumo nmanubix |ERS cymectByet psg LOD ¢ 1623 mo 1995 roxsr (Stephenson, Morrison,
1984) u psn LOD ¢ 1832 no 1997 roawr (Gross, http://hpiers.obspm.fr/), ocHoBanubIie 10
1949 rona Ha HaOMIOICHUSX MOKPBITUS 3BE31 JIyHOI. TOYHOCTD M TIOTHOCTH (OHO 3HAYCHUE
B I'OJI) 3TUX PSJIOB CYIIECTBEHHO HM)KE JAHHBIX CIYXKO JBIKEHHS MOJIFOCA M BPAICHHS 3eM-
71, GYHKIIMOHUPOBABIIHX B XX BeKe, HO JIOJTOTIEPHOANICCKUE BAPUAIIMH MOYKHO TOTIBITATh-
cst BeIsIBUTH. O0a psfa B mpejenax omuO0OK COBMANAOT, OJHAKO JIUIIb C MOMEHTA CO3IaHuUs
aToMHoOI 1miKasbl BpemeHu (1956 rox) ypoBeHb ommbOok B HUX cTai MeHbie 0.1 Mcek.

— L Morrison —— V.Gross

-2 —— Dec LOD —— LOD

1840 1860 1880 1900 1920 1940 1960 1980 2000
Puc.5

Ha Bepxnem puc. 5 npusenensr ucxoansie paasl LOD ¢ ommbkamu. Ha cpeanem pucys-
ke MeToZioM SSA ¢ ucnosib30BaHueM 24-JeTHEro jiara 1o MepBbiM 6 rIaBHBIM KOMIIOHEHTaM
(99,3% moIHOCTH psijia) BBIACICHBI TaK Ha3bIBAGMbIC JICKaJHbIC BapHAllUH, OOBIYHO OOBsIC-
HSIEMbIC B3aUMOJICHCTBUEM sJjpa U MaHTHU. Ha HMKHEM pUCYHKE — OCTaTOK, B KOTOPOM OT-

4ETIIMBO BHJIHBI JOJITOTIEPHUOINYECKUE Bapualuy, copnaaatomnue mociie 1960 rona ¢ o6Hapy-
xenubiMi B EOP(IERS)CO04.
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3ametrHo, uro mocie 1986 roma, korma Kiaccwueckas acTpPOONTHYECKAas IOJCHCTEMa

(AO) onpenenenus [103 nepecraiia yIUTHIBAThCS B PEIICHUH, XapaKTep KPUBOM CHUIIBHO W3-

MEHHJICS U MPHOOPEN BUJI CiydaiiHOTO Tiporiecca. [Ipu aHamu3e 6oJiee OPOOHBIX U TOUHBIX

nanubix LOD u3 pemenuss EOP(IERS)C04 suano (Iopuikos, Illepdakosa, 2002), uro Bapua-

IIUU COXPAHUIIMCh, HO X aMILTUTY/Ia PE3KO YMEHBIIHUIACh. ITO MOXKET OBITH O0YCIOBIICHO:

- ciuyuaiiHeIM coBmazenneM - B 1860 romy HaOromanack mogo00HOE Ke «3aTyXaHUue»;

- MepexoJI0M Ha «KOCMHUYECKHe» cpejcTBa omnpenenenus [103, T.e. OTHOCUTEIBLHO IICHTPa
Macc 3eMJid, a He OTHOCHTENIbHO oTBecHBIX JuHUM kak B AO [103. Ho torma cnenyer
MPU3HATH, YTO KAKUE-TO PEAYKIMH, HATPUMEP HEKOTOPhIC HYTAIIMOHHbBIE YJICHBI, HE BBO-
JIMJTUCH PaHbIIIC WU HE IPUHUMAIOTCS B pacuéT ceidac, TO €CTh PsiJi He OJTHOPO/ICH;

- kxakuMmu-To ommbkamu HaOmoneHui AO I103 i cioco6oM 00paboOTKK JaHHBIX.

0,05
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Puc.6

Ha puc.6 mpuBenéH aMImmuTyIHBIA CIIEKTP JaHHBIX M3 HUXKHETO rpaduka puc.5. BumaHo,
9TO BCSI IEPUOJIMKA TIpoIlecca cocpeioToueHa B mHTepBaie ot 5.1 no 8.5 roga ¢ Mmakcumymom
Ha 7.1 roJa ¥ OTAEIBLHO CTOAIINM ITUKOM Ha 2.4 roa.

Jlnst conocraienus: ¢ LOD ucnons3oBanucek nanasie EOP(IERS)COL o nBmxenun mo-
aroca (X, Y), ceépuytsie B Bune penykimii red = (Xsinl +Ycod )tgj /15 s koopauuat [Tys-
koBa. Jist 0603HaueHUsT (a30BBIX COOTHOIIEHUH T'OJIOBOTO M YaH/JIEPOBCKOTO JIBIIKEHHS
MOJIFOCA HCTIONIb30BaNIach Ta ke QyHKius COV, HaHec€HHas IMocie MaciuTaOupoBaHUS H
CTJI&KUBAHUS Ha PUC. 7 MyHKTHpHOU nuHUel. [Tpu cuHda3zHOM IBMKEHUN KOMIIOHEHT (hyHK-
st COV MosioKUTeNbHA, B Cilydae MPOTHBO(A3HOTO UX JIBUKEHUS — OTpULlaTeNbHa. Mcnoms-
30BaHHME BMECTO PEAYKIIHUNA FOJUYHOTO U YaHAJEPOBCKOIO KOMIIOHEHTA KOOPIMHAT IBUKEHUS
MOJIFOCA, HE MEHSET XapakTep HU3K04YacTOTHOH (OoJiee roaa) cocrasisitorieii Cov.

18438 1872 1896 1920 1944 19638 1992

Puc. 7
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Bunno, 4to ocHOBHO# Xapaktep uccienyembix Bapuanmii LOD coxpaHsuics U B Tpo-
[IJIOM, HO MMEJIH MECTO 3HAYMTEJbHbIE KOJIECOAHUS! aMIUTUTYIbl 3TUX BapHalluii U HEOIHO-
KpatHbIi cOoif ¢assl. M3 cpaBaenus kpuBbix LOD u COV BuAHO, 4TO BBIBOJ, CICTAaHHBIN Ha
OCHOBAHMH JIMIIIb COBPeMEHHBIX AaHHbIX u3 pemieHus EOP(IERS)CO04 (Topmikos, Iepbako-
Ba, 2002) o cundaznoctu Bapuanuii LOD ¢ (ha30BbIME COOTHONICHUSIMH T'OJIOBOTO M YaH]JIe-
POBCKOTO JIBUKEHHUS TIOJIFOCA, HE PACIIPOCTPAHSIETCS Ha BECh UCCIIEYEeMbIii HHTEPBa.

B wactHOCTH, O0mBIIyIO wacTh X1 X Beka mporiecc qoironeproauieckux koxedanuii LOD
o611 B ipoTHBO(daze ¢ pynkuueit Cov. OqHako Bo BpeMsi H3BECTHOTO 3aTyXaHUs U c00st (pa3bl
YJIIT B koH1e 20-X TO0B MPOILIOTO CTOJIETHS IMPOM30IIIIA CHHXPOHU3AIUS 3TUX TIPOIECCOB.
JIr060TBITHO, YTO 3TOMY IMpeaecTBoBaO B Havyane 20-X rojax pe3Koe yBeIWYeHHE aMILIU-
TynbI godronepuoandeckux koyiebannii LOD u ux yuarienue 1o 5 jieTHero nepuoja myibca-
LIU{A, a 3aTeM M 3arTyXxaHue aHajgornyHoe 3aryxanutro YJ/[II. MoXHO NpenmnosoKuTh, 4TO
MMEHHO B 3TOT MEPHO/] MPOUCXOAMI MPOIECC CMEHbI MEXaHW3Ma TPeHUs, T.e. mapamerp S B
Hamie Mojaenu cMeHu 3Hak. OJJHaKo TOYHOCTH JaHHBIX B nepuoj XX Hauanma XX Beka He
MO3BOJISIET JIENIaTh YBEPEHHBIE BHIBOJBI. MOKHO TOBOPUTH TOJIBKO O HAIWYHH HCCIIEAYEMbIX
kosebanuii LOD u Hanmuuuu o0oux KoJeOaHUH MONIoca, B HEKOTOPBIX MHTEpBajiaX 3TH JaH-
HBIE UHTEPIIOJIMPOBAHBI, @ MECTAMHU MTPOCTO OTCYTCTBYIOT.

BrIBOBI

1. Hcnonbp3oBaHHE MOJENTH C HEIMHEHHBIM TPEHHEM Ha TpaHUIAX paszena cpel BHYTPH
3eMiIH MoKa3ayio, YTO TOJOBOM KOMIIOHEHT MOXKET SIBJIATHCS BO30YXTAIOIIMM CBOOOI-
HYIO HyTaIuoo ¢akTtopoM. boyiee TOro, MOKHO OOBSCHUTH U MHOTHE OCOOCHHOCTH B
noseeHun aMimtyael Y11

2. OOHapy)XeHHbIE KBa3HUTapMOHHYECKHE JOJTOTEPHOAMYECKHE BapHallMM BO BpAIICHUS
3eMiIi MOTYT ObITh BO30YKJa€Mbl B3aUMO/ICHCTBHEM BHYTPEHHHUX 000JI0UeK 3eMiu, He-
JMHEWHO pearupyromux Ha (a3oBble COOTHOLICHUS CE30HHBIX M YaHIJIEPOBCKUX KOJIe-
6anuii momoca. OJHAKO YpOBEHb OMIMOOK B MPOILIOM OTPAHMYMBAET BO3MOXKHOCTH yT-
BEP)KJATh 3TO YBEPEHHO.

3. Oonapyxennbie Bapuanuu LOD uMeroT XapakTepHble 0COOCHHOCTH (3aTyXaHHe, TTOTeps
¢a3bl) B 1IEJIOM COBIAAIOIINE BO BPEMEHH C aHAJIOTUYHBIMU OCOOCHHOCTSIMU B JIMHAMU-
K€ JIBKEHHS TI0JIF0CA, YTO KOCBEHHO CBUETENBCTBYET O B3aUMOCBS3H ATHUX MPOIECCOB
WA O HATWYHUH OOIIeH TPUIMHBI UX MOTYJISIIIHH.

4. Oo6Hnapyxennsie Bapuauu LOD nmpakTHUecKu HCUe3aroT MOocle Mepexo/ia Ha «KOCMHYe-
ckue» cpezctBa onpenaenerus [103 (1986 r.). DTo MOXKET CBUIECTENBCTBOBATH O TOM, YTO
KaKue-TO PeAYKIMH HE BBOJMINCH PAaHbIIE WIM HE MPUHUMAIOTCSA B pacu€T ceifyac, T.e.
psaabl |ERS He oqHOpOIHELL
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DYNAMICS OF POLAR MOTION AND LONGPERIODIC EARTH ROTATION
VARIATIONS

V. Gorshkov, M. Vorotkov

SUMMARY

The numerical experiment for estimation of the Earth free nutation excitation by seasonal varia-
tions of the polar motion was made. Hypothetic nonlinear friction between the Earth’s interior layers
was used as model parameter. This parameter regulates the dependence of the layers coupling from
the vector correlation of seasonal and free oscillations of the polar motion.

Interaction of the long variations of the Earth rotation and polar motion dynamics were re-
searched by proposed model on the base of the Earth orientation data from IERS,
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