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BBenenne

Boponxamu uspvimoie noss

He noszabyov u oeaanuce 6o 2nese

Ho wnac, 6aazocrosennan 3eman

IIpocmu 3a mo, 4wmo poemca 60 upese
B. Buicourui

[Tranera 3emist  sBJsieTcst OOBEKTOM MCCJIEIOBAHUST MHOTHX HAYK:
reou3uKU, reoje3un, reorpadur U JPYyrux, Ha3BaHUS BCEX ITUX HAyK
"1 Ho Ttombko ojHa

HAyKa, Ha3BaHHEe KOTODOIl IPOMCXOAUT OT JIATHHCKOro cjoBa “Astrum’?,

OepyT Ha4JaJ o OT JpeBHerpedeckoro cioBa “‘['ea

T.e. ACTPOHOMHSI PaACCMATPUBAET JeMJII0 KaK-Obl W3BHE, TIJI00AJBHO WU
IIeJIOCTHO, KaK OJHy W3 IutaHeT BO Beesemmoit. B mame Bpewmsi, xkoTopoe
IPUHATO HMEHOBATH ‘HAYAJOM TPETHEro ThICAUYeJeTHs , HEPEJKO MOXKHO
Berperuth  uccseposareneit  maner Cosneunoii  cucrembr  [1],[2])[3] u
MX CIYTHUKOB [4], a Takyke BHECOJHEUYHBIX IJIAHET U PEJsITUBUCTCKUX
00beKTOB — TysbcapoB [5],[6], koTopwie ucmob3yoOT TEOpHH, CO3TAHHBIE
B XOJIe HCCJIeJIOBaHUS J3eMJId, IIpolIejine OeCKOMIPOMUCCHBI OTOOpD u
MOJITBEPKIeHHbIe HaO oeHrusIMu. VIMEeHHO Takue TeOpuu MOTYT CJIy?KHUTh
HaJIE2KHOM OIIOPO# IIPU KCCJICJOBAHUU €11le HEeU3BECTHOIO U TauHCTBEHHOI'O
B IpHpOJE, B Mepy OOIHOCTH ee 3aKOoHOB. CBOM IpEJCTABICHUS O MHUPE
YeJI0BEeK MPUoOpeTaeT cHadasa B CBOEH KOJIBbIOEN, 3aTeM BO JBOPE, Ha CBOEI
Pojune, wa cBoeit Semuie. U juiiih MCX0/is U3 HUX, OTTAJKUBASICh OT 3E€MJIN
OH MOXKeT nepeiitn K uccaenopanusaM Heba. Iloka uemoBedecTBo He OKaxKeTCs
HEeIIOCPEJCTBEHHO Yy JPYIUX 3BE3J, JHUIIb pe3yabTaThbl HCCIeTOBAHUI

Tea — Bemas (rpeu.)
2Astrum — 3Be3na (nat.), Takwxe stella



B ConHeuHOWl cHucTeMe U SKCIEPUMEHTHI, [OCTaBJICHHBbIE Ha 3eMJe,
MOTYT OKOHYATEJHHO TOJTBEPJAUTH WU OINPOBEPIHYTH MPEJCTABICHUS O
HEJIOCTYITHOM JijIst “TIPsAMOTO KOoHTaKTa BceeseHnHoil.

[Tpejmerom  Halero wucciaejoBanusi OyJieT BpalleHue O3eMJid, UMbl
nocTapaeMcsl TIOKa3aTh, YTO U B dTOH 00JACTH BMeCTe C HCIOJb30BaHUEM
OoTaTOrO HACEIWST, OCTABITIENOCST HAM OT HAITUX MPEINNEeCTBEHHNKOR, MOYKHO
C yYCIIEXOM HCIOJIb30BATh METO/bI, Pa3BUBAIOIIMECS B HaIlle BpeMs WU
OTKPBIBAIOIINE HOBBIE 3aMeYATETbHbIE MEPCIEKTUBBI.

Bpamenve 3emau  oTpakaeT  MHOXKECTBO  aCTPOHOMUYECKUX |
reopu3NIeCcKuX SBICHUN, TMPOMCXOAAININX Ha TMOBEPXHOCTH 3€MJId, B
ee Hejpax, B armocdepe M OKeaHax, a Takxke B OsmkhHem Kocmoce.
Tak wav wHaYe, Bce SBJIEHUs, NPUBOJAIINE K ITIePepaclpesie/IeHUI0 Macce
000J109eK 3eMJIM U MOMEHTa, UMITYJIhCa MEXKy HUMW, BJIUSIIOT Ha BPaIEeHUe
Semsn. Cpe HUX — BapUalliy IPUJIXBHOIO MOTEHIMAJIA, 00YCIOBIEHHOIO
neificTBreM HEOECHBIX TeJ, U3MEHEHUsT MOMEHTa MMITYJIhCa BETPOB, TEUCHHUIA,
TasgHue JIEJIHUKOB, BJWAHWE TOJIOBOTO IUKJA BO30YXKJEHU:A aTMOChepHI,
yparanuoro sipjieaust El Nino, nporecchl B MaHTUM U sijipe, 3eMJICTPSICEHUS
u muoroe jpyroe |7],[8],[9],[10].

Paszpurne cpejcrs nabmonenuit B XX Beke: pajguornHTepdEpOMETpUn Co
cepxyinnabiMu O6azamu (PCIB) |11], nazepnoii jokanum uCKyCCTBEHHBIX
cnyrankoB (JIJIC) u Jlynwr (JIJIJI) [12],[13], cnyrHukoBbix cucrem GPS
u [monacc [14], — mpuBeso K cuTyanuu, KOrja TOYHOCTH HaOJIOICHUI
OBICTPBIMU TEMIIAMY YIILJIa BIEPEJ] U ONEepeia TOYHOCTh MOJETUPOBAHUS.
Bosankia HEOOXOAMMOCTH COBEPIIEHCTBOBaHWS Teopuit. MopennpoBanue
HEPABHOMEPHOCTEH BpaIleHusT 3eMJIM BO MHOI'OM 3aBUCHT OT YPOBHS
IpeJCTABJICHNUI O BBIINIE TIEPEUYNCIEHHBIX TPOIeccax, OT COCTOSHUS
UX MOHHUTOpDUHTA, a TakKXKe OT pe3YJbTaTUBHOCTU  HCIOJIH3YEMbIX
MaTeMaTHIeCKnX MeTo0B. st opranusanuu uccieoBaHuil, IaHnPOBAHWST
HaOJIIOJleHnii U cucremarusaiuun  MerojoB B 1985 1. yupexjieHa
Mex yrapouas ciyx6a spamenust Semsu (MCB3)[15].

PazBuTne wmareMaTHIecKWX METOJ0B W BBIYUCIUTEIBHBIX CPEJCTB,
ITPONCXOJISAIIEE CTPEMHUTEbHBIMIA TEMITAMHU, MO3BOJISIET TO-HOBOMY TIOJIOWTH
K aHaJu3y W MoJeJupoBaHuio. Te Imarm, KOTOpble TPEAIPUHATH B



nocnenaue  20-30 Jsier B obiacTax cmekTpadbHOro amasmsa  [16],[17],
nesmnedinoro mMojesuposanus [18],[19], ontumuzaruu [20],[21], mossossior
IPUMEHWUTH COBEPIIEHHO HOBBIE [OJXOJbl K HCCJEJOBAHUIO BpAIeHUsI
Semuin, Hexkesn 30-50 jier Hazajy. BaxkHbiM QakKTOPOM SIBJISIETCS TO, 9TO
HAOJTIOIATEILHBI MaTepHaJl 10 BPAMIEHUIO 3eMJIN HAKOIJICH 3a JOCTATOTHO
JUINTENILHBI WHTEPBaJ BPEMEHW, oxBaThiBalolmii Oosiee Beka. (Ocoberno
MHTEPECHBIM B CBSI3KM C 9TUM [IDEJICTABISIETCS CDABHEHUE HOBBIX I10/IX0JIOB
C TIPUMEHSBIITIMICS DaHee.

B3as ma BoopyxeHme MeTO/BI BeiiBieT-amasausa |22],|23],[24],[16],
CHHTYJISIDHOIO  CIIEKTPaJIbHOrO aHajdu3a [25], weiiponnbie cern [26], wmbr
HOIBITAEMCs  TI0JIyYUTh HOBBIE DPE3YJIbTaThbl KaK OTHOCHTEJLHO BpAIlCHUst
3emsin, TaK ¥ WCIOJBL30BAHUA STUX METOJOB, & TaKXKe COMOCTABHUTD
WX ¢ KiaaccudeckuMu Merogamn  Dypre-ananuza  [27],[28], swHeitHbIME
perpeccMoHHbIME  MeTojiamu  oneHkr  napamerpos  [30],[29], merogamu
cratucTudeckoro [31],[32] u auramumaeckoro momenuposanus [33],[34].

B nocienue necaTuieTns K TOYHOCTH aCTPOMETPHICCKUX HAOJIOCHHI,
KOCMHUYECKOI HaBUTaInK u cucreM riobaibroro nosurmonuposatus (CITT),
IPEJIHABHAYEHHDBIX JIJIs  ONPEJICJCHUsT MECTOIOJIOKEeH!sT Ha 3emyie U B
Kocmoce, TperbsaBiasgioTcss OvYeHb BBICOKHE TPeOOBAHUsA, KOTOpBIE HE
MOTJIE OBl OBITH Y/IOBJIETBOPEHLI B OTCYTCTBHE BBICOKOTOUHLIX METO/IOB
npeobpazoBannii Mexly (QyHJIAMEHTATBHBIME CHCTEMaMU KoopjauHatr [35].
B wmarpumnbsl npeobpaszoBaHmii MexKJy 3eMHOH U HeOecHO cucremMaMu
KOODJIMHAT BXOJAT mapamerpbl Bpamenns 3emun (IIB3) [36]. B cpasu c
ITUM, MOJICJIMPOBAHUE W MTPOIHO3UPOBAHKE BapUaliii BO BPAIEHUH 3EMJIH
nprobperaeT HelMOCPEJCTBEHHYIO IPAKTUIECKYIO IIEHHOCTD.

Ienn uccaemoBaHms

B jmccepranuoHHOit paboTe MPEeIIpUHATO MCCJEJIOBaHUE BpaIleHUsI
3eMJiH, IIpU 3TOM OCHOBHOE BHMMAHME YJ/EJEHO BOIIPOCaM IIPOIHO3MPOBAHMSI
BpAIlleHUsT  3eMJIK W BBIYUCJACHUsT  BO30YXKJaomuX  (DyHKOWA 110
HaOsoennsaM. CTaBUIUCH CASIYIONIe OCHOBHBIE TIEJIH:



1. AHasm3  BBICOKOYACTOTHBIX  (CYTOUHBIX W BHYTPUCYTOUHBIX)
COCTABJIAIONINX ~ M3MEHEHHil  CKOPOCTH  BpallleHWsA  IJIAHETBI 1
noJjioxkeHusi noJitoca ¢ ucnosbzopannem PCJIB n GPS wnabsronenwii,
obecrieunBaioux Heobxoaumoe paspernerue. CpaBHEHUE MOy I€HHBIX
STUMHU HE3aBUCUMBIMU CPEJICTBAMU JIAHHBIX C IEJIbI0  BBISBJICHUS
JIOCTOBEPHBIX 3(PPEKTOB.

2. CnekTpaJibHbII U CTPYKTYPHBIH aHaJIN3 OTKJIOHEHUI TeOpHil Ipereccun
n mayramnn MAC2000 u ZP2003 or PCIB wnabmoxenuit. Onenka

SMIIMPUYCCKUX MOIIPABOK K IapamMerpaM 3TUX TEOPUil.

3. Onenka addekra, KOTOPHII OKa3aJO Ha  BpalleHUHEe  3eMJIn
zemiierpsicenue, npousomnejinee 26 gexkadbps 2004 r. B Mupuitckom
perrone. Anaan3 HabJIIOJEHUI B 1eJIsax odbHapyKeHus 3Toro aphdexra.

4. Anajim3 BpeMEHHbIE DsiJIOB JIBUXKEHUs [TOJIIOCA, U CKOPOCTU BPAICHUSI
3eMJI ¢ UCIIOJTH30BAHNEM PA3JUIHBIX METOJIOB, BBISBJICHUE UX CXOJICTB
W pas3anauii, BLIOOD ONMTUMaIHLHOTO MeTO/a s aHagn3a [1B3.

5. CpaBHeHHE ¥ YCOBEpIIEHCTBOBAHUE METOJIOB IIPOIHO3a JIBUXKEHUSI
MOJII0CA 3eMJIM ¥ CKOPOCTH €€ BPAIIEHHsI.

6. Pemmrenne 3ajaum  BOCCTAHOBJEHWS BO30YXKJAMOMeEl (QYHKIUA 1O
HAOJIIOJIEHUsIM  C  WCIOJIb30BAHWEM  KOPPEKTUPYIOMIUX  [POIEJLYP.
[Tosrydyenue 1poruo3oB  BO30Oy»kJlaIONUX (DYHKIME U TPOrHO30B
TPaeKTOPUHN JIBUYKEHUS TIOJIOCA C UCIIOJIb30BaHneM (huibrpa Kanivana.

[TepeiijieM K paccMOTPEHHUIO COJIEPXKAHUS JIUCCEPTAllMOHHON  pabOThI,
clelaeM  KpaTKuii 0030p IJlaB B TOM IOPSJIKE, B KAaKOM OHH OyJIyT
MpeJICTaBJIEHbI.

B nepBom pasjesie 1epBoii IjiaBbl Mbl [IOCTaBUJIM Tepej; coboit 3ajiady
MO3HAKOMUTHL YUTATEssI C WMCTOPUEil pPa3BUTHUA B3IVIAJIOB Ha BpallleHue
Semsin. Brauajie Mbl obpaliaeMcs K JIPEeBHEHIINM IIpe/ICTaBJIeHIIM, Ha UTO
nccJIeI0BaTe/Ib COBPEMEHHOCTU MOXKET BO3PA3UTh, YTO ITO BCE HUCKOJIHKO
HEMHTEPECHO U He CJieJlyeT TPaTuTh BPEMEHU Ha W3JIOKEHUe OIlndOK
IIPOIILIOro, MO0 CerojiHg, B SI0XY HAYIHOT'O IPOrpecca, Mbl 3HAEM BCe



BepHeit. TpyiHO CIOPUTDH ¢ YOEXKIEHHBIMI B 3TOM. HacTpoeHHBIX O 00HBIM
0bpa30M HUKTO He yAep:KUBaeT OT Mepexojia K ciaeayomum riasam. Oinaxo,
HAM KarkKeTCsl MOJIE3HBIM M, B HEKOTOPOH CTENeHu, HPaBOYUNTEIHHBIM OTThIT
upomioro. C 0jHOH CTOPOHBI, OH JIEMOHCTPUPYET, CKOJIb CBOHCTBEHHO
YeJJOBEKY 3a0JIyKJIAThCs, OTBICKMBAsA TPOIY B HEM3BECTHOW eMy OOJIACTH.
C npyroit ¢TOPOHBI, YAMBATEIHLHO HAOJIOAATH, KAK CBET pasyMa, KOTOPHIM
HaJleJIeHbl HEKOTOPbIE IPEJICTaBUTEJIM YEJI0BEYECTBa 110 BOJIE HPOBUJICHUSI,
TIO3BOJIIET UM JIBUTAThCA MO BepHOMY TyTH. [loyduThcsd TOMy, KaK OHU 3TO
JIeJaloT, Bcerja moJjie3Ho. K ToMy »Ke MbI HaJIleeMCs, UTO B3bICKATETbHBII
YUTATEh, BUIS, 9TO W MPU3HAHHBIE YMbI HE OBLIN OrParkJeHbI OT OIMUOOK,
Oyjier 6oJiee CHUCXOJUTEJIEH K HAIIIMM CKPOMHBIM PE3YJIbTaTaM.

B mpojo/KeHun TepBOil YacTW IMepBOM TJIaBbI MBI paccMaTpUBaeM
HUCTOPHUIO  CJIY>KO HaOMIONEeHnii 3a BpallleHrneM 3eMJIH, KOTOPbIe ObLIn
HEIIOCPEICTBEHHBIMU TIPEJIIIIeCTBeHHNKaMu HbiHe jefictyiomeir MCB3. O
JeATeTbHOCTU TOCTeHeH TaKKe Mo IpOOHO PACcCKa3bIBACTCA.

Bo BrOpoii 4YacTW TepBOW TIJaBbl MMOACHSETCS, KaKue IapaMerphbl
npunsaTel MCB3 u Mex gynapoabiv acrponomudeckim corozoM (MAC) st
OIMCAHWST BPAIEHUs] 3€MJIM, U KaK BBIMOJHSIIOTCS 11PE0OPA30BAHUS MEXK/LY
byHIaAMEHTATLHBIME CUCTEMAaMU KOOPJIUHAT.

Bo BTopoil T/1aBe mpejicTaBieHbl OCHOBHBIE MCIIOJIb3yeMble O IX0abl. OHn
CUCTEMaTU3UPOBaHbl B IEPBOM paz/ieJie.

Bo BTOpOM pazjiese u3J10XKeHbl METOJIbl CIIEKTPaTLHOTO aHa u3a. [Tomumo
KJaaccudeckoro QDypbe-aHain3a W HEKOTOPHIX HCTOPUYECKUX MOsICHEHUIT
K HEMy, [OpPEeJCTaBJICHBI BEWBJICT-QHAJN3 W CUHTYASPHBIA CIEKTPAJIbHBIN
aHaJIu3.

B TperbeMm pasjenie W3M0XKEHBI JIMHEHHBIE PErpecCUOHHBIC MOJIEIH,
cpeii KOTOPBIX — JIMHEfHasd perpeccuss U MeTOJl CPeJIHEKBaIpaTUIecKOil
KOJIJIOKAIMKM, aKTHBHO Pa3BUBAEMBbIil HammMmu KoJuieramu u3 l[lerepOypra
134],[43].

Tam  Ke  TpeJcTaBJeHbl  HEKOTOpbIe  TOJXOAbI  HEJWHEHHOTO
MOJICJTAPOBAHNSI, CPEIN HUX — HEJMHEHHbIe Perpeccuu W HEeHpPOHHBIE CETH.
Henuneitabie 110/1x0/1bl aKTUBHO PA3BUBAIOTCsT B HAINIE BPEMSsI T.K. MO3BOJISIIOT
JIydIIie TpuOJIMKATh PEaibHOCTD.



YerBepToIil pazies MOCBANEH TUHAMITIECKOMY MOJIeTUPOBanmio. Bmecte
C HEKOTOPBIMHU pe3yJbTaTaMU TeOpUu JUHEHHBIX Juddepennuaabubix
ypaBHEHWI  TPUBOAWTCS  JWHAMUYECKAs MOJEJ]b  BpAIlEeHUs]  3eMJIN.
Paccmarpusaercst duibrpamnus Kajvana. Kparko wuzjiaralorcs OCHOBbI
perennsi 0OpaTHBIX, HEKOPPEKTHO MOCTABIEHHBIX 3aJ1a4.

Bee pasjenbl BTOpo#t 4acTu cjy»KaTr i O3HAKOMJICHUs] UUTATENs C
OCHOBHBIMHU T10J[X0/IaM1, UCITOJIb30BAHHBIMU B UCCJIEJIOBAHUSX, OIIMCAHUE XO/1a
1 Pe3yIbTaTOB KOTOPBIX BBHIHECEHBI B TPETHIO TJIABY.

B nepBoMm pazjiesie TpeTbheil Ty1aBbl TPUBOJIATC PE3YILTATHI UCCIIEIOBAHN ST
BpAIeHNsT 3eMJIM BO BHYTPUCYTOTHOM Juarnazone 1actor. ComocTaBsiioTes
psgbl PCIIB u GPS Bbicokoro paspemienusi. Ormedalorcsi HEKOTOPHIE
apTedaKThl U TPUBOJIUTCS WX BO3ZMOYKHOE 00'bsICHEHUE.

Bo Bropom pasjiesie Mbl KacaeMmcst TEOpWil Tperneccuu W HyTaluu.
[TpoBojuTcst aHaJiM3 OTKJIOHEHUI STUX Teopuit oT HabOJIIOJeHUil, OCHOBHASs
JaCcTh KOTOPBIX OOYCJIOBJIEHA CBOOOJHON HyTaluei sjpa. Bbrauciasiorces
MOTIPABKHU K IMapaMeTpaM MOjesei.

B Tperbem pazjene paccMaTpUMBAETCS  CBsI3h  BPAIEHWS — 3EeMJIN
¢ ceiicmuanoctbio.  OnenuBaercss  3ddekT, BO  BpalleHUUn  3eMJIH
or 3emsierpsgcenns B Mupmitckom permone 26 nekabps 2004 1.,
IPEJIIPUHIMAIOTCS OIBITKY O0HAPYKeHUsA 3TOro 3 deKTa B HaOJIIO/ICHUIX.

B derBeproMm pa3zjiesie Tperbheil TyIaBbl IPEJICTaBJCHbI CIIEKTPaJIbHbIC
UCCJIeIOBaHusT BpeMeHHbIX psnoB [IB3 m mpoBopuTcss cpaBHEHHME MeETOJIOB
X TpPOTHO3UMpOBaHUs. M3 HECKOJBKUX METOJIOB BBIJESIETCS OCHOBAHHDIN
Ha MCIOJIb30BaHNN HEHPOHHBIX ceTeil, JaBIiuil Hanbojiee TOUHBIE TPOrHO3bI.
3/1ech Ke PacCMaTpUBAETCS BO3MOXKHOCTH COBMECTHOI'O MCIOJIB30BAHUIO
CUHTYJISIPHOTO CIEKTPAJLHOTO aHaJn3a, BelBJeT-aHaan3a W HeHPOHHBIX
ceTel /)i TPOrHO3UPOBAHUS BPEMEHHBIX PsJIOB.

B ugdrom pazjiesie, Ha OCHOBE JIMHAMWUYECKOW MOJIE/IM BpallleHUsi
SemMJin, IPeJIIPUHIUMAIOTCs TONBITKN OLEHUBAHKST CUTHAJIA, BO30Y K 1AIOIIEr0
JBIKeHne moJrroca. [Ipu 3ToM paccMaTpuBaeTcs BOIPOC TEepeBoja 3a adu
U3 KJIacCa HEKOPPEKTHBIX B KJACC JIOCTYIHBIX JIJIsi  PEIIeHUsT WJIN
YCJIOBHO-KOPPEKTHBHIX 3aJiad. [lojiyueHHble pe3ysibTaThl UCHOJb3YIOTCS s
POrHO3UpPOBaHUS (hUIbTpoM KasmaHa.



Pesynbrarel  00600Imal0Tcsd B 3aKJIOUATENbHONW  dacTh. Tam ke
MEePEInCaAI0TCA HEKOTOpPbIe BOIMPOCHI, BO3HUKIIMHUE B XOJI€ HCCTIETOBaHUS
n ocrapmnecss 6e3 orBera. OHU MOT'YT CIyKHUTh MPEIMETOM JTAJIbHEHTITNX
U3bICKAHUA.
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I'1aBa 1

O3HakKOMUTEJIbHAd YaCTh

H ¢ nenonsammot b6vicmpomoro
Bnusy epawaemcsa 3eman

Ha nouv co cmpawmoti memmomoro
H ceemawiii noadennv kpye dens.

U mope nenot soan odemo

U 6 kammu nenoti bvem npuboti

U xamnu ¢ mopem muum niarema
Ilo xpyey seuno 3a coboti.

"@aycm T'eme, nep. Ilacmepraxa

1.1 HWcrTopuueckuii 0630p

1.1.1 HWcropusa pa3BuTus B3TJIAJI0B Ha BpallleHue 3eMJIn

Ha mnporsoKenun ThicadeseTnii dejioBeueK HabJroa CyTOUYHBIR U
roJloBo# 1mKJ sBjaennii, asuxkenne Cognna, JIyHbl, MIamer n BpalleHue
Hebecnoit cepnl. Ilpencrapienust 0 BpalleHun 3eMJIM CJIOXKUJINCHh HE CPa3y.
[Ipocieaum pasBuTHe B3IVISAOB HA OCHOBE PACCMOTPEHUs IIPEJICTAaBJICHU
acTpOHOMOB U GustocodoB mporwioro [44].

Cunraercst, 9TO MIE O MAPOOOPA3ZHOCTH 3EMJIM BIEPBbIE BHICKA3AJI
IIudparop B VI B. 10 #.5. Ha ueM oH OCHOBBIBAJICS HEU3BECTHO, HO BIIOJIHE
BEPOSATHO, UTO OH IOHUMAJ NPUIUHY CMeHbl (a3 JIyHbl M 3aK/IH04aj o
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IIIaPOOOPA3HOCTH 3eMJIA 110 aHAJOIUN.

Mpicab 0 JIBM2KEHHM 3eMJIM BbICKazaJ B V B. JI0 H. 3. Tmudaropeerr
Quonaii. Ero nocropertune ObLIO JJOBOJIBLHO NCKYCCTBEHHBIM. OH CIUTA, UTO
Semuisi, Costnne, Jlyna u mianerbl 00paiaroTcs BOKPYT HEHTPAJBLHOTO OI'HS,
KOTOPLI HeBU UM 13 ['pernun m3-3a TOro, 4To ero 3aropakKuBaeT aHTU3EMJIS.
Dta rumnoresa Oblta orBepruyTa B IV B. 70 H.9. Ha OCHOBAHUN CBUJIETEIHLCTB
Iy TeIIeCTBeHHUKOB, ITPOHUKINNX Ha 3amaje jajgee ['mbpairapckoro mpoJimBa,
a Ha Boctoke jgocrurimux Wumnn. Mcropuk u reorpad npesnoctu I'epogor
(ok. 480-425 1. 10 H.3.) ONMCLIBAET U3BECTHLIE K TOMY BPEMEHH CTDAHDI
CPEJIM3EMHOMODPhST W MPUUIEPHOMOPhs, a TaKxXKe COoODIaeT MHOYKECTBO
cKa304IHbIX ncropuit 06 Uupaun n Apapuu.

IlepBasi momnbITKA OOBICHUTHL CyTOUYHOE JIBHXKEHHE HeODecHO# cdepbl
BpaIlleHneM 3eMJIM BOKPYT OCH, MPOXOJISINei depes ee meHTp, Oblia caeaana,
npejcTaBuTe MU U aropeiickoit  mkosbl  Ixkdanrom u  [epakimgom
[TonTuitckum (388-315 1. 0 H.9.). [lozmueiimme aBTOPHI yIOMUHAIOT TaKKe
['mmeruss Cupakys3ckKoro, BepHUBIIEro BO Bpalmenume 3emin. Hekoropbie
MCCIeI0BaTes Il HaxXosT B auasorax [lnarona (428-347 r. jio H.9.) HaMeKW Ha
spaienue 3emiu. [liyrapx [45], cebuiasics na Teodpacra, coobiaer, Oyiro
B cTapoctu [lnaron mpumen K MHEHHIO, 9TO 3eMJisl He MOKOWTCS B IIEHTPE
Bceenennoii.

TouHO W3BECTHO, YTO WJECIO O BPAINEHWHM 3EMJIU BOCIPUHSI ACTPOHOM
nucparopeiickoii mkosbr Apucrapx Camocckuit (310-230 1. 1o 1.3.). VM xe
ObLIa MpeJIoYKEeHa, IIepBas TeIMOIEeHTpUIecKast cucreMa Mmupa. o nac gomnmo
JuIh oo counnenne Apucrapxa “O Benmumne m paccrosinusix CosrHIa u
Jlyuwi”. Umeercs ynomunanue o nem Apxumena (287-212 r. o 1.9.)[47]:

Apucmapz onybaurosan knuey, codeprcauyro 060CHOBAHHBLE 2UNOTNE3DL,
U3 KOMOPLIT, Kk Ccaedcmeue cIeAaHHuT JOnYywenut, 6uMmeKaem, 4mo
Beeaennas 60 mMHo20 pas 6oavuwie mot, o Komopot ynomsnymo [umerowet
paduyc, pasnol paduycy opbumo, Semaul. Cymov e20 2unomes 3akA04GEMCH
6 mom, umo 36e3dv. u Coanuye Henodeusicnol. 3emad 00pawaemcsa 60KpYe2
Coanua no oxpysHcHocmu.

[To Bceit BujuMocTu, Takux e Bo33penuit Bo 11 B. jio H.3. npujiep:kuBaJics
CeneBk. OJIHAKO TUNOTE3bl 3TH ObLIN CJAUIIKOM JIAJEKH OT WHTYUTHBHOTO
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BOCIIPUSITHSI, U OOJIBIIMHCTBO PAa3JIe/siio IPEICTaBICHHUsI, U3JIOXKEHHBIE B
counnenusx Apwucrorens (384-322 1. o m.3.) [46]. Apucroresnn orBeprad
BO3MOYKHOCTH JIBUXKEHUST 3€MJIM Ha TOM OCHOBAHWU, UTO STO TTPUBOINAJIO ObI
K nepemenienuio 3se3). (Takoe nepemerienue Ob10 0OHAPYXKEHO Jinllb 23
BeKa CIyCTs.) 3BE3Jbl OH CYNTAJ BKPAIJICHHBIMU B XPYyCTaJbHYIO cdepy,
COBEPITTAIOIILYI0 CYTOUHOE [BUXKEHWE, TJIaHeTaM TaKyKe COOTBETCTBOBAJIN
paBHOMepHO Bpammaionmecs cdepol. Hebecubie tesna n 3emiio Apucroresnb
CYUTAJ IIapPOOOPA3HBIMHU, B J0KA3aTEJILCTBO Yero IMIPUBOAUI B JIyHBI
B pasubix dasax (apryment [ludaropa), kpyriayio dopMy Tenun ot
3eMyin BO BpeMsi JIVHHBIX 3aTMEHHWil, a TakyKe OMUPAJICs Ha PaCCKa3bl
Iy TEIIECTBEHHUKOB, HAOJTIOABIINX U3MEHEHUsI TOJIOYKEHUST TI0JIsIPHO 3BE3/1bI
u co3pe3uit. ¥Y:xe B IV B j10 H.3. MoperiaBaTesb [Tudeit onpeesist mupoTh
roposioB ATJaHTHIecKoro 1mobepekbs n BennkoOpuTanuu 1Mo 1MOJI0KEHHUTO
CBETHLI.

[TomobHBIEe HAOIIOMEHHUST TO3BOJUIN CIEIATh IIEePBbIe OINEHKH paJnyca
Semsin. Omenka Apucrorenst NIPEBLICHIA M3BECTHOE HBIHE 3HAUCHHE
npumepro Ha 60%. Haubosee rounoit canraercs onernka Dparocdena (¢ 276
110 194-196 1. j10 1. 9.). OH u3mepu nosioxkenue noJyennoro Cositia B JIeHb
JIETHEro coJHiectosnnst B Asekcanapun u Cuere u ONEHWJ JJINHY 3€MHOI
okpyxkuOCcTH B 250000 crammit. llockonbKy nemsBecTHO, Kakoil crajueil o
MOJIL30BAJICs, a CyIIeCTBOBaJINW cTajun jjanaoir or 148 go 210 M, umerorcs
pasHble MHEHHS O €ero pesyjbTare. Kcaum OH MOJIb30BAJICS OJUMIIUNACKOM
crajueil B 185.2 M, ero omenka OTKJIOHsIeTCs oT peajbnoil Ha 20%, eciu xe
eruTeTCKON cTajmel JUmHoM 157.5 M, TO pe3yJIbTaT, OKa3bIBAIOIIUHC paBHBIM
39375 KM, OTKJIOHSETCS OT peaJibHON Besmuunbl Menee yeM Ha 1%. Kpowme
OIIpeJiesIeHUsI pa3MepoB 3eMJId, JpaTocheH U3MEpPUJ HAKIOH SKIUINTUKU K
9KBATOPY C IOI'PEIIHOCTHI0 0KOJIO 7’ u Hanucaj Tpyj “Teorpadus’ B Tpex
KHHUTaX, KOTOPBIH He coxparuscs. OaHako, Bejudaiiinuii reorpad JpeBHOCTH
Crapbon (65 1. 10 H3 - 2 1. H.9.) HOAPOOHO €COODIIAET O COjlepKAHUK
9TOr0 TpyJa. B mepBoii KHHMIe jaBajuch reorpaduyeckKue OINUCAHUs 110
CJIOBaM TyTENEeCTBEHHNKOB JIPDEBHEHTITNX BPEMEH, PACCKA3HIBAJIOCH O TIEPBHIX
reorpadguaeckux Kaprax, HOCTPOCHHBIX Anakcumanjpom u I'ekarmem. Bo
BTOpPOil KHHUIe IdpaToceH MPUBOIUI JTOKA3ZATEJHCTBA IIapOOOPA3HOCTH
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SeMan U CBOM H3MepeHHs. B Tperbeil KHUre OH Jajl KOMMEHTapHH K
kapre OfKyMeHbI, CUMTaBIIEHCs OCTPOBOM, OKPYKEHHBIM OKeaHoM. Tam
’Ke BIIEPBbIE BBICKA3bIBAJIOCH MHEHHE O BO3MOXKHOCTU JIOCTHYb VHjnwu,
mibiBs Ha 3anaj. Cam Crapbon nanucas “Teorpadmuio” B 17 KHurax, B
KOTOPOIi omuchiBaoTcss EBpoma, A3us nu Adpuka, a TakKe 3eMJIETPSICEHUSI,
M3BEPIKEHUsT BYJIKAHOB, TEYEHMs PEK W KJANMAT Pa3JIMIHBIX TI0sICOB TIO
OITMCAHUSIM I1yTEIIECTBEHHUKOB 1 MOPSIKOB.

[unmapx (ox. 180-125 . 10 H.3.) TONB30BAJICS U3MEPEHUIMEI JpaTochena,
OJIHAKO, OH HAallKCcaJl KHUI'Y, B KOTOPOIl KPUTUKOBAJ €ro IOJXOJ[ K
MOCTPOCHUIO KAPT 3€MHOM 1MOBEPXHOCTU TOJHKO Ha OCHOBAHUU CBUJICTEIHCTB
Iy TEHIECTBEHHUKOB, 0€3 TOYHOI0 aCTPOHOMUYECKOI'O OIIPE/Ie/IeHUs] IUPOT U
jgoaror. OH IepBLIM BBEJ B YIOTPeOJIeHNE CeTKY MEpPUINaHOB U MapaJiiesei
JIIsl COCTaBJICHUST KaPT.

[wnmapx  —  Benmuaiimunii  actporoMm  npornuioro. OH  3HAYUTETHLHO
YCOBEPIIIEHCTBOBAJ TPUTOHOMETPUIO Ha cdepe U UCIOJIb30BaJ s
nocrpoennss teopuit jgBuxkenusi Cosnna u JIyHBI cucTeMy SKCIEHTPOB
U SIANWKJIOB, NPWAYMAHHBIX MaTeMaTukoMm Amnojuionuem wu3 Ileprn.
Cuauraercst, 9T0 NMOsIBJACHUE HOBOH 3Be3Jibl B co3pesaun Ckopruona B 134 r.
JIO H. 3. HATOJKHYJ0 ['Mmmapxa Ha MBICJIb O HEOOXOJUMOCTH COCTABJICHUU
3Be3JIHOr0 KaTaJiora. OH BBeJl CUCTEMY 3BE3JIHBIX BEJMYUH U OIPEJICJIHI,
CO BCEW JIOCTYHHOW TOT/Ia TOYHOCTDLIO, MOJIOXKEHUS OKOJIO TBICAYN 3BE3/I.
CpaBuup cBom HaOIOAeHns ¢ HabmonennsaMu Apuctniaa u Tumoxapuca,
CJIeJITAaHHBIMKM Ha IIOJITOPA BeKa paHblle, ['MImapx Hallej, 4YTO y 3Be3
BO3PACTAIOT SKJIUTITUIECKUE JIOJIOThI, B TO BPEMsi KaK IHPOTHI OCTAITCS
Hen3MeHHbIME. [JaHHoe siBjieHne ObLIO Ha3BaHO IIPEJJIBEPUEM PABHOCHCTBUIM
win npereccueii. [To wabmogenusy 3se3apr Crivku (aVir) Munmapx nosyan,
aro 3a 169 jer mepemerenue mo jgosrore cocrasusio 2° (43”7 B rom). B
counaernu “O JUIMTEJBHOCTH T0jia” OH IMHCAJI, 9TO BEJUYWHA MPEIeCCUn
[0 JIOJINOTE COCTaBJISIeT, 110 MeHbIneir mepe, 367 B 1oji. DTy HUNKHIO
I'DAHUITY BEJUUMHBI IIPEIECCHU HCIOJIb30BaJ B CBOMX pacderax Kiapamii
[Tronemeit (ok. 100-165 1.), 910 NMpUBEJO €ro K OmmbKaM B ONpeeIeHn]
KOOP/IMHAT 3BE3/1, IPUBEJIEHHBIX UM B KaTaJore, U 103BOJINJIO COBPEMEHHbBIM
HCCIeI0BATENISIM MPUITH K BBIBOJY, 4TOo caM lITosjemeit nabionaresniem He
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obLT [48].

Kiapnuit  IlTonemeii Obl1  BeJMYaiilinM MaTEeMATUKOM K T[E€OMETPOM
apeBaocTu. OH OTKPBLI 9BEKINIO, CO3/AJ TEOPHUIO JIBUYKEHWS ILJIaHeT
C WCIOJIb30BAHUEM SIUNUKJIOB U JuddEpPeHToB, YUCJACHHAs TOYHOCTD
KOTOPOII OCTaBaJiach HeNpeB30iijienHoil 10 smoxu Tuxo Bpare m Kemnepa.
B cBoem Tpyne “Asbmarect” [49|, mHOTMe Beka siBJIsIBIIEMCsI HauboJiee
MOJIHBIM ~ PYKOBOJICTBOM 10  acTpoHOMUH, [lTosiemeill W3JI0KUI — CBOM
OTKPBITHSI ¥ YBEKOBEUHJI YCIIEXU JIpeBHEIPedYecKoil acTponoMun. Biarogaps
“Anpmarecty” 0 Hac oHLIH uaen ['MImapxa u ero 3Be3HbIA KaTaJor.

[Tronemeit canran 3emitto HenoaBXKHON. HTEpec mpepcraBiisier TO, Kak
OH 310 000CHOBBIBAJ: “Eeau v, 3eman umena xaxoe-aubo dsusicenue, ona ool
CMEULANACH CO CB0E20 UECHMPANLHO20 Nosoxcerun’ — tpupogut I[ITonemeit
MEePBLIIT  apryMEHT, BHO TMPOTUBOPEYAINNIA OCHOBAM TEOIEHTPUIECKOTO
npejcTaBjieHnsi 0 MUpe. BepTukaJbHOe CBODOIHOE TajeHUe TeJl CJIYXKUT
BTOPBIM apryMeHToM: “Bce meaa cmpemamca % uewmpy, u, nockoAvbKy
oMU Nadarom GEPMUKANGHO 6HU3 HA BCET UWUPOMAT IeMAU, 3HAYUI, OHA
u ecmv amom uewmp’. B mosieMuke €O CTOPOHHMUKAMU BpaIlaTeJIbHOTO
nprkerust 3emusn Iltosiemeil BbiCKasbIBaeT ciepyiommii apryment: “Ownu
doaoicHv, donycmumsb, 4mo epawamenvroe dsucenue 3emat doarncHo bvims
CAMBLM OBLEMPOIM U3 6CET 06UNCEHUT, CBA3ANHBIL ¢ Hel. 6 Pe3ysvmame
6ce npedmemovt JoANCHDL KA3AMBCA COBEPULANOULUMY MAKOE dHCe DBUNCEHUE 6
0bpammom nanpasienuu; Hu 0baaka, Hu dpyzue obsexmovl Hukozda ve 6ydym
6UAUMDL JBUNCYWUMUCA HA BOCMOK, NOCKOALKY deuscenue Semau bydem
sceeda omobpacvieamsd uxr”. T apryMeHThl CUNTAJINCH YOeIUTEeJIHLHBIMIA Ha,
npotsizkennu 14 BEKOB.

B jokazarenbcTBO Imapoobpasnoctn  3emsn  [ITonmemeit  mpuBoauT
apryMeHTbI, HU3BECTHbIE B €ro BpeMsl, OCTaBJjisgd B CTOPOHE JIUIIb
JI0OKa3aTeIbCTBO ApHCTOTE/IsI, OCHOBAHHOE Ha 3aTMEHHWsX, OT cebs OH
jobapssier TOT (paKT, YTO IOPUBOHT YJIAJseTcs IIPU 1OJbeMe Ha OOoJibliine
BBICOTBI. B ¢BaA3M ¢ STUM, He JHUIIHUM OyJeT VIOMSHYTb eIlle OJ[HO
JI0OKa3aTeNIhCTBO  ITapoobpasHocTn  3emin, BeTpedatomeecss vy ILauaus
(23-79 r.) m ocHOBaHHOE Ha TOM, YTO TIOCJIE OTIUIBITUS KOpabJisi, MadThl
OCTAIOTCsl BUJMMBI eIlle HEKOTOpPOe BpeMs, IOCJe TOrO KaK KOPIYC CKPBLICS
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1101 TOpU30HT. [IToNemeit npuBoIUT ONEeHKY OoKpy:KHOCTH 3emsu B 180000
crajuii. Bo3aMOXKHO, OH HOJB30BaJICSd OTHOM M3 JABYX OIEHOK, CJIeJaHHON 10
merory 6smskoMy K spacrodenosckomy [ocuponnenm (ok. 135-50 r. ji0 H.3.).

Kpome “Asnbmarecra” Ilrtonemeit nanucajs padoTbl 110 ONTHKE, MY3bIKE,
acTpoJioruu u reorpaduu. B cBoem BochbMuTOMHOM TpyJe “Teorpaduueckoe
PYKOBOJICTBO OH OITHCAJI U3BECTHBIE CTPaHbl U TOPOJIa, MPUBEJ KOO IMHATHI
8000 HacesieHHBIX TTYHKTOB, 26 KapT PErnOHOB W KapTy Mupa ArarajieMOHA.
[Tronemeit ncmob30Ba METOJT TIOCTPOCHUST TTPAMOYTOJIBHBIX MPOEKINMA JIJIsT
KapT ¥ OTCUMUTBLIBAJ BCE JOJTOTHI OT OJHOrO W3 KaHapCcKuX OCTPOBOB, IO
NPEJIJIOXKEHNUIO CBOErO TpejiiniecTBeHnrnKa, reorpada Mapuuna Twupckoro.
Hecmorpsi Ha MHOrouucjieHHble OHIMOKM B U300payKEHUU HEKOTOPHIX
reorpadgpuIecKux peruoHoB, Tpyd IlTomemes coxpaHsaa 3HAYUMOCTD MTOYTH J10
XVII B. nTepecHo orMeTuTh, 4TO OJIHUM W3 u3jaresei aToro Tpyjaa B 1533
r. B Bazesne Ob1 9pasm Porreppamckmii.

Hcropust rpedeckoit acTpOHOMHUM TpaKTHUeCKU KoHYaeTcs IITomemeem.
BexamMu ymajika aJieKCaAHJIPUUCKON TITKOJbI MOXKHO CYHTATh 3BEPCKOE
ybouiictBo B 415 1. ovuepu Teona, ['unaTum, Takke rnucapiieir 06 aCTPOHOMUH,
BapBapCKOe yHUUITOXKEHNE Oub/IMoTeKN 1 3aBoeBanue apabamu AJiekcaHpuu
B 640 r.

B smoxy cpeJineBeKOBbsl, KaK W3BECTHO, MpeJicTaBieHus o 3emye u Mupe
He TIpeTepIiein KOPEHHBIX n3MeHeHnil. MoXKHO yHOMSIHYTh U3MEpeHusT YacTu
MepHUIrata, CJeJaHHble JJIs TPOBEPKH yKazaHHOTO [ITomemeeMm 3HaUYEHUS
B IX B. mox pykoBojcTtBOM Xasnda Anb-Mamyna, yTouHeHHsST HaKJIOHA
SKJUTITHKN K 9KBATOPY M BEJIMIWHBI TTPEIECCHT, BhITTIONHEHHBIE ATh-BaTranu
(850-929).

[Tombem Jayxa B STOXY BO3POXKJIEHUS 3aTPOHYJ U acTpoHOMUIO. Benmnkmnii
pedopmarop Hukomaii Komepuuk (1473-1543) BbI3BaJ K HOBOW KU3HU
3a0bIThIe nen epakiuia n Apucrapxa, pa3suii cucremy Mupa, OCHOBaHHYTO
Ha BpalleHuun 3emin u JBrkeHun ee  BOKpyr Cosnna. OO0cyxjjas
BO3MOXKHOCTH  JIBMDKEHHs] 3€MJM B CBOEM COUYMHEHUHU, [OJIYIUBIIEM
naspanne ‘00 obpalennn HebecHbIX chep’, OH MPUIEPKUBACTCS TPUHITUTIA
OTHOCUTEJIbHOCTH, TPOBO3IJIANIEHHOrO emnie ApucroreseM. Paccmarpuas
noBoji [ITosemMess o TOM, UTO TIpUM JBUXKEHUM 3€MJisd IMOJBEPrajach Obl
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PUCKY Pa3JIeTEThCs B KYCKH, a BCE MPEJIMEThl Ha IOBEPXHOCTHA OCTAJHICH ObI
11o3a,/u, KonepHuK 3ak/ifodaer, YTO TakKoe JBH2KEHMe ObLI0 Obl elle oracHee
JIUIst HeDecHOM cdepbl, KOTOPasi BCJIEJCTBUE I'POMAJHBIX Pa3MepOB JIOJIYKHA,
OblLita, Obl JIBUIATHCST HECpaBHEHHO Obicrpee 3emuin. KOEepHUKY He YIaI0Ch
IIOCTPOUTH CUCTEMY, YHCJEHHOE COIJIaChe KOTOPOH ¢ HAOIIOACHUSIMU ObLIO
Obl Jiyuriie, yem y cucrembl [lTosemes. Ho necmorpst Ha 3710, busnyeckas
UCTHUHA, JIeXKaBIllas B OCHOBE cucTeMbl KolepHuKa MpuBesia K ee TOPXKECTBY.

JlmuTesibHas S10Xa OIMMO0THBIX IIPEICTABICHII, KOTOPYIO MOXKHO CBSI3ATh
KaK ¢ HeJ0CTaTKOM TOYHBIX HAOIOJACHUI, TaK #M C eCTeCTBEHHbIMU
3aKOHOMEPHOCTSIMU Pa3BUTHUs IUBUJIN3AIMN, CMEHUJIUCH STMOXO0N, KO/ OJ[HO
34 JIPYTUM TOCIE0BAJIN JIOKA3ATEIHLCTBA, BPAIATEILHOTO JIBUXKEHUsT 3EMJIN.

UccnepoBanue ImajieHnsl TeJ U OOHAPYXKEHME UX CMEIeHHsT K BOCTOKY,
JeMoHcTpalns  MmasdTHuka @DPyko B Ilapwke, obHapy»keHue jeiicTBuUs
KOPUOJIMCOBBIX CHUJI, CMEIAIONUX JIBUXKYIIMECS TeJia BIIPABO B CEBEPHOM
MOJIVIIAPUU U BJIEBO B IOXKHOM, B 3aBepIlleHHe — HaOJIOJeHHS U3 KOCMOCA
B XX B., HaBcerjia pa3BeHYajid HAUBHYIO, HO [I0-CBOEMY IIPEKPACHYIO HUJICIO O
TOM, YTO BECh MWD CO3JaH JIJIs HAC, BPAIAETCs BOKPYT HAC.

B XVII B. Tamuieo Tamwmieit (1564-1642), cosparesb resieckona, B
coux “Imamorax” [50| paccyxgaer o Masoii TpaBIOMOOOHOCTH BpAIIEHUS
I'POMaJIHOI cpepbl 3Be3J1, CKJIOHssACh Ha cTopony Komnephuka. IIpuaarh sty
TOUYKYy 3peHus [aJjiniero momorim ero HabJIIOJICHUST JIBUXKEHUsT CIyTHUKOB
FOnurepa, a Tak»ke OINBITHI, KaCAOIUECS IIPUHIUIOB OTHOCUTEJHLHOCTH,
UHEPIMKU U 3aKOHOB JiBuKeHusi Tejl. OTKpbhITOe UM 110 HaOJIIOJIeHUsIM
nsired Bparierre COJHIA TaKyKe MOTJIO CIY>KATh apryMEHTOM B TOJIb3Y
BpaleHnsi 3eMJin, XoTst HU ['ajiusiel, Hu ero y9eHnKr TaKuM apryMEeHTOM He
0JIL30BAJINCE. [asuiieil pazpaboTaJ Teopuio KojaedbaHuit MasgTHIKA, KOTOPas
JIerjia B OCHOBY SKCIEDHUMEHTa, 3aCTAaBUBIIEIO IPEJIIOJOKUTh OTJIMIHE
dburypsr 3emin or mapa.

Jxosanu Kaccunu (1625-1712) u ero yueHuku, 1noJarasicb Ha HEKOTOPbIE
U3MepeHus JyI MepennaHa, BbinojsHeHHble B XVII B., cuntanu, uro 3emiisd
VJUIMHEHA 110 HAMPABJIECHUIO K MOJIIOCAM.

B 1671 . o pekomenjannu 2Kana Iukapa (1620-1682) n Kaccuuu 6biia
coznana skrcnenunus 2Kana Pumie (7-1696), oauM 13 pe3ysbTaToB KOTOPOi
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ObLIO OobHapy:keHue B 1672 I. TOro, 4To MasITHUK OJHON M TO# »Ke JIJINHBI
kauaercsd B [lapuke OpicTpee, ueM B 5° ceBepHee B KaiieHHe, OTKYy/1a CJie10BaJI
BBIBOJI 00 YMEHBITIEHUN CHUJIbI TSKECTH K IKBATOPY.

Pasmbiiisiss o durype 3emun, Hpioron (1643-1727) nokasasu, 410
B3aMMHOE IPUTSKEHUE COCTABJISIONIUNX 3EMJII0 YACTHUIL ¥ BpaIlleHUe JIOJI>KHbI
MPUBOANTH K OTKJIOHEHWIO ee (hOPMBI OT TapoBugHoi. OH OLEHMJ CoKaThe
Bemsin Besmunnoit 1/230. D10 1103BOJIUMIO 00bACHUTH TIPUPOJLY [PELECCUr
neiicrBueM JIyaol u CoJiHIla Ha SKBATOPUAJILHBINA BBICTYI. BbluncienHas
Hbioronom BejmunHa Ipeneccuy oKasaJach OJIM3Ko# K Habsrogaemoit. Ilpu
paccmorpenun npeteccnn B “Hauasnax”!, on mucast 0 BO3MOXKHOM KauaHul OCH
3eMJin BCJIEJICTBUE HEOIMHAKOBOTO jieficTBusi COJTHIA B PA3HBIX TOJIOKEHUSIX.
Kpowme Toro HeioToH BrepBbie Jiaj BepHOE 00bsiCHEHNE MPUJIMBAM U OIEHUJI
Maccy 3eMJI, Hafis ee MIOTHOCTh B H-6 pas MpeBOCXOAAIEi TIOTHOCTH
BoJibl. [lo3/HEE Macca U TJIOTHOCTH 3eMJin ObLIM YTOUHEHBI 10 U3MEPEHUSTM
ykionerust orseca Mackemaitnom n erromom (1737-1823) um B ombiTe C
mapamu, npugymanaom Jx. Mwuraemmom (1724-1793) u mocraBiieeHbIM
Tenpu Kogenummenm (1731-1810).

Anrsmiicknii acrponom Jlkeiime Bpajyieit (1693-1762) nocrasuit 1esibio
OIIpEJIC/INThL, He ODHApY»KUBAeT JIM KaKas-HHOy/Ib 3Be3jla IepeMelleHus
B TedeHue rojia Ha ¢one Jpyrux 3Be3ji. Habmionas 3Besmy v Dra, on
OTKPBLJI €e TOJI0OBOE TepeMelieHue 1o sjumicy u B 1728 rojgy um ObLIO
00bsICHEHO siBeHue abepparuu. Bmecre ¢ stum Bpajieit obHapy» K11 MaJjbie
U3MEHEHUs] CKJIOHEHHUI JPyruxX 3Be3j W IIPHUIIe] K OTKPBITUIO HyTaIud —
HEPABHOMEPHOCTH, HAKJIAJIbIBAIOIIEHCs Ha IPEIeCCUOHHOE JIBUXKEHUE OCH
3eMJin, 0 BO3MOXKHOM CyIIECTBOBaHMsi KOTOpoit ynomuHaa Hpeioron. Ilo
OKOHYAHWH IIePHO/Ia, TOHAJOOMBIIErOCs JJisI IIPOBEpPKU Teopuu, Bpajeil B
1748 1. mpejcraBul 00IIECTBEHHOCTH CBOM pesyibrar. OH IOHMMAJ, YTO
HyTallMsi, B OCHOBHOM, BbI3BaHa BJMsiHWEM JIyHBI, MOJIOXKEHWE KOTOPOif
MEHSIETCs CJIOYKHBIM 00Pa30M, TEOPETUUYECKUE UCCJIEI0BAHUS OH [1PEJIOCTaABUIIL
bojiee MCKYCHBIM MaTeMaThKaM. TpyJ ¢ MareMaTudecKuM O0bsiCHEHHeM
npereccun W HyTaiuu onyosukoBasg B 1749 1. Tamambep (1717-1783).
BaumaHue 3TuM BOmpocaM yJIeauan Takxke Jdisiep u Kiepo.

l“MaremaTnieckne HauaIa HATYpATbHOM (iTocodun’ — OCHOBOMOMATAOMIH Tpya HboToHA
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Kiepo (1713-1765) Boimyctus B 1743 1. kjaccudeckuii Tpyn o durype
3eMJyi, B KOTOPOM OH ropasjio moJjiHee, deM HbiOTOH paccMoTpes BOIPOC
O TeJax BpallleHus. 3a JeCsITh JeT 0 3Toro Kiepo ObLI yIaCcTHUKOM
skcneuiun Moreprion, u3MepuBIiei Jiyry MepujuaHa BOJU3U IOJSIPHOTO
Kpyra. IlpumepHo B TO 2Ke BpeMsi, ObLI IIOJIyUeH pPe3yJbTaT HU3MEpeHUs
ayru Mepuanana B [lepy. Obe sxcreanimm Obin Hanpapiaerbl OpaHIry3cKoif
akaJleMueil ¢ TesIbIo paspernenust Borpoca o ¢urype 3emsn. 3mepenwus
oKa3aJii, 9TO Jyra MepujuaHa yBeJUUINBACTCS C BO3pPACTaHUEM IIUPOTHI,
u npap ObL1 Hbroron, a ne Kaccunu. MHOXKeCTBO Ipa/lyCHBIX HU3MEpPEHMUi
ob1o ipoBesieno B XVIIT n XIX . Cpeau mpounx, mpoBepKOil rpaIyCHBIX
uzmepenuit B 1738-1740 r. 3anumasics posecuuk Kiepo, Jlyu ne Jlakaitib
(1713-1761). rorom Oblia OleHKa SJTHITHIHOCTH 3eMin B 1/292.

Jleonapy Ditnep (1707-1783) nocesiTuii 4acTh CBOMX PabOT BPAIIEHHIO
3eMJin, OH BHEC OCHOBOIMOJIATAIOIIMI BKJAJ B TMOHUMaHUE KUHEMATHKH W
JMHAMUKY 9TOTO siBJieHus1 [55]. Ditiep paceMoTpes BOMpoc 00 W3MEHEHUH
IIOJIOXKEHHSI OCU BpaIlleHus TeJia [0/, JefiCTBIeM BHEIIHUX CHUJI, IIPU 3TOM OH
MCIIOJIb30BAJI TIOHATHE O TJIABHBIX OCSIX WHEPIMH, BIIEPBBIE MPEII0KEHHOE
Cernepom B 1755 1. Ditjiep BBeJ HPUHIMUIT JUHEHHOCTH MOMEHTa W YIJIb
JIJIsl OIIMCAHUS TIOBOPOTOB, MOJIYUUBIIIKIE €0 UMsI, IEPBBIM PELINJI YPABHEHUSI
BpaIlaTeJIbHOI'O JIBH2KEHUS TeJjia, U3 KOTOPBIX BLITEKAJIO sSBJICHHE CBOOOHOM
HYTAIlMNA OCH BPAIIEHHSI.

Mewmyapsl Ditaepa 1751 u 1752 rr. MOCBSITEHBI UCCJIEIOBAHUIO TPEIIECCUN
1 HyTalluy 3¢MHOI ocu. B HUX OH IIpUBEJI BhIpaXKeHHE JIjIsi MOMEHTa, HHEPIINK
OTHOCHTEJILHO OCH Bpalllenns: chepruueckoit 3emin, 0000Imennoe Ha CIydaii
HAJIMYIWs SJIpa, PACCMOTPEN BOIPOC O TOM, KaK BJIMSIOT BHEIHUE CHJIbI Ha,
MOJIOYKEHUE OCH BPAINEHUS, BBITUCIUI IPEIECCHIO ¥ HYTaIUi0 OCH TBEPIOii
Semsn 1ojt jieiicrBueM nputsxkenus JIyaer u Cousnna. IIpum srom Diisep
npusHaJ nepBeHcTBo lasambepa B T€OPETHIECKOM OMUCAHUU TIPEIECCUN U
HY TALH,

B memyape 1765 r. (mammcan B 1758 r.) “Remarques generales sur le
movement diurne des planetes” Ditgep paccMOoTpes BONPOC O TOM, Kak
JIBUXKETCSI OCh BPAINAIOIIErocsi Teja B IPOCTPAHCTBE, W KaK MEHsIeTCs
I0JIOYKEHHE TI0JIF0COB, Uepe3 KOTOPBIE IPOXOJIUT 9Ta OCh, OTHOCUTEIHLHO TOUEK
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Ha MOBepXHOCTU Tesa. OH MOIYUU pelleHne, ONUChIBAoINee JIBUXKEHUE OCH
BpAIlCHUsI TeJIla, OTHOCUTEJbHO OCH HMHEPIHH, U3 KOTOPOI'O CJIEJI0BAJIO, UTO
OCh BpAIEHNsT TBEPJIOH 3eMJIM MOXKET COBEPIaTh KPYTOBBIE JIBUKEHUS C
nepuoioM 0koJio 304 cyrok. Pesysbrars: Obliu 000011eHbI Ditjiepom B paboTe
1766 r. (mamucana B 1759 1.), B KOTOPOil OH BHOBb MOJUEPKHYJ TO, UTO OCh
burypnr 3emin OTIIMIaeTCs OT OCH BPAIIEHUsI, W MPEIJIOKII MEXaHUIECKOe
YCTPORCTBO JIJIsT MILTIOCTPAIAN STOTO.

Sanuch ypaBHeHuit itjgepa B 0Oojiee TPUBLIYHOM JIJId HAC BUJE B
1788 r. mpoussen Jlarpamx (1736-1813). [eomerputeckyio uHTEpIPETAIHIO
JIBVXKEHUIO OCH CBOOOJIHO BPAIAIOIIErOCs Tejia B BUJIE CHCTEMbI KOHYCOB JIaJl
B 1834 1. Ilyanco (1777-1859). Obiee uHTErpaibHOE pElICHUE yPaBHEHMUIT
Diiepa ¢ ucnosb3oBanueM teta-byHKIM BhiBesa B 1850 1. Arobu (1804-
1851).

B xonme XVIII B. Teopueit dburypsr 3emun sanumasics [Irbep Cumon
Jlammac (1749-1827). OH yTOYHUI BeTHUUHY CKATHST 3EMITH TT0 HAOTIOIECHUSM
3a jBuxkenueM JIynol. B Gojiee obmieit ¢opwme, nHexenn Kiepo, permm
Boripoc o durype 3emsn. [opazjgo mnoanee, uem Jlasmambep paccMoTpest
npereccuio n mHyTanuio. Cosjia JMHAMUIECKYIO TEOPUIO TTPUJIUBOB, UCIIPABUB
U IIepecTpoOUB paHee CcyIlecTBOBaBIIyio. Jlamimac oTBepr BO3MOXKHOCTD
KaTacTpOPUIECKHX H3MEHEHUN B IIOJOXKEHUU OCH BpallleHUsS J3eMJId U
JUIATEIbHOCTH  CYyTOK, PaccMOTpeB Teoperudecku 3tor Bompoc [51],[52].
Opnnako, B “Hebecnoit mexanuke’ on nHanucaa: “Ouwesudno, wmo mauvumas
¢ Tunnapzxa, npodosscumenrvrocms OHA HE USMEHUAACH HU  HAG  O0OHY
comyro cexyndy. FEeau 6vi no kKaKum-nubydo u3GECMHLIM  NPUNUHAM
2MaA NPOAONHCUMENDHOCTD UCTLIMBIBANG KAKYIO-HUOYDD “YECMEUMEALHYIO
nepemeny, 2mo ckadanocv 0v. Ha deusicenuu Jynvi, nabarodenus wad
Komopot, camu no cebe BecbMma NoAe3Hble, NPUObpemaom 66udy IMmu
coobpastcenuti nosoe sancrnoe anavenue”. Tem He menee, Jlamiac He camras
CBOE 3aKJIIOUEHUE OKOHYATEJIbHbIM [53].

[Ipemus DBepambckoit akajgemMum HayK, yUpexXjaeHHasd B 1752 T.
MornepTion 3a perienre BOMpoca O TOM, TPOUCXOIUIO JIM BpalleHne
SeMJin Bcerjia € OJMHAKOBOW CKOPOCTHIO MW KAKHMU CIIOCODAMU MOYKHO
B 9TOM yOeauTbcs, ObLaa BpydeHa mnatepy Ppusu. OJHAKO, HACTOSIIASL
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saciayra npunaiexut M. Kanry (1724-1804), korTopblil, HECOMHEHHO,
IEPBLIM BBICKA3aJ IIPEJIIOJOKEHAE O BO3MOXKHOM 3aMeJIeHUH CKOPOCTH
BpaIlleHNsT TIAHETHl 10 jeficTBueM mnpuianBHOTO Tpenusi. CiiencTBuem
TOI'0  3aMEJIJIEHUs  SIBJISIIOTCH  BEKOBble ycKopeHusi JIyHbl W IJIaHET,
0oOpaTHO HpOIOPIMOHAJbHBIE BejnduHe ux opout. [larke Jlamnac HeBepHO
MHTEPITPETUPOBAJI 3TU YCKOPEHUsT, UX 3ara/jika Obljia perieHa JInTib 0oJiee BeKa
CILyCTsl C UCIOJIb30BAHUEM JIPEBHUX aCTPOHOMUYECKUX HAOJIIO/ICHUH.

B 1814 r. Beccennp (1784-1846) B mmcbme Ouspbepcy coobimaer, €To
OH pa3paboTaJl TEOPHUIO BpallleHUs 3eMJId, U3 KOTOPO CJieJlyeT, UYTO OCh
BPAIEHUsT 3eMJIM JIBUXKETCsI BOKPYT OCU MHEPIUK ¢ 11eproiom 335 cyTok [56].
Hecmorpst Ha nanuume B 6ubsimoreke Beccensi crareit Ditnepa, Jlarpamxka,
Jlamnaca u Iloiicona on ObLI, 110 BCeil BUJMMOCTH, C HIMU HE 3HAKOM M CO3aJI
TEOPUIO CAMOCTOSITEJILHO. beccesib TPEJNPUHSJ  TIONBITKY OOHAPY>KUTH
Bapualny MupoThl, nposes Habsroaerns B 1820 r. B Kenurcbepre. Oinaxo,
ODHAPYKUTH ITU BapHUAINU €My He YIaJ0Ch.

K cepequne XVIII B TOYHOCTL METOJI0B HAOJIOAEHUN IMOBBLICHIACD.
Mepuunannubie 1 BepTUKaJbHbIE KPYrH, a Takxke requomerp PpayHrodepa
¢ 1840 r. crasm JiaBaTh MNOI'PENIHOCTH HE BBIIMIE JIECATHIX JI0Jieil YTJIOBOM
cekyuapl. B 1834 r. amepukanckuii kanmutan /[»xon TasbkoTT paspaboras
METOJI, 3aKJIUYaBIINicsd B HaOJIOJEHUN 3Be3Jl, KYJbMUHHUDPYIOIMX [TOYTH
OJIHOBPEMEHHO 110 Pa3Hble CTOPOHbI OT 3€HUTA HA OJIHOM M TOM K€ 3€HUTHOM
PACCTOSIHUM, KOTOPBII IMO3BOJISIT M30ABUTHCA OT BAMAHHUS pedpaknun. B
1841 r. Beccesib BHOBbL Havaj HAOJIOJEHUsST HAa HOBOM MEpHJIMAHHOM Kpyre
B Kenurcbepre, ojiHaKO COCTOSTHUE €ro 3J0pOBbs HE TI03BOJISIJIO BECTH
ux nocrossHHo. Tem He Menee, on 3amerws, 4ro ¢ 1820 1. ¢ mMpoOTOI
yro-To mpouzonuio. B 1839 r. OnL1a orkpeita IlyakoBckass obcepBaTopus.
Yuenuk DBeccena, Ilerepc, Hadan nHabJirojieHUs Ha HeEil ¢ TO# 2Ke IEJIbIO
B 1942 1. On 3HaAKOMWJI y4UTE/ls CO CBOMMH pe3ysibraramMu. B nucbme
['ymbosbry (1769-1859) ot 1844 1. Beccesib nuier o rom, 4ro ¢ 1842 1. um
0obHApPY2KeHO m3MeHeHue MmupoThl BesumuuHoi 0.3 cek. CTo/Ib 3HAYUTE/IHHAS
BEJIMYUNHA B JIEHCTBUTEILHOCTA W3 €ro JaHHbIX He ciepoBasia. Comeprkanue
ero MuchbMa MOXKEeT UMETh pasHbie 00bsicHeHus. Bo3moxkno, bBeccesib moriest
Ha CIIEKYJISINIO, UMes OIBIT OOPLOLI 3a MepBeHCTBO ¢ XeHiepcenom u CTpyse
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B OTKPBLITHHU TIapaJiIaKCOB U Kejasi ObIThb MEPBBIM B OTKPBITUHM HIAPOTHI.
Bo3M0XKHO, OH KCIIOJIb30BaJ OIIMOOYHYIO OIEHKY BJIMSHHUS IIEPEHOCA MaCC
Semsin Ha Togiokerue mogroca. Caemyer orMeruTh, uTto bBeccenb 0wl
OJIHAUM M3 MEPBbIX, KTO IbITAJICA OOHAPYXKUTH BapUallMK [IHPOTHI, DU
5TOM OH HE HaXOJMJICS 10/ BJHMSHUEM IapajurMbl Jitiepa. To, dTO
MHOTHe ucciaegoparesnn, Takue kak Maxkcsesur, Ilerepc, Hupen, nwrrammcn
O0HAPYKUTH UMEHHO JIECATUMECSIHbBII TIEPUO/] B JIBUXKEHNHN MOJIFOCOB 3EMJIH,
IpeJICKa3aHHbIi DiTJIepoM, YBeJIO UX B CTOPOHY OT OTKPBITHS.

Hewmernguit acrponom Kapn @puapux Kiocraep (1856-1936) yrounsin
MOCTOSTHHYIO abeppaluyi MCIOJAb3ysi MeTOJ| TaJibKoTTa, 4TO, OJarojaps
sKcrepuMenTy MaitkesibCcoHa, O3BOJISIIIO YTOYHUTH PasMepbl COJIHEYHOI
cucreMbl. Ilpu srom KrocTHep oOHapy»Ku/a M3MEHEHHE IMUPOThl BepiuHa
Ha (.27 ¢ 1884 mno 1885 1., Ha MOPsAJIOK MPEBOCXOJMBINEE TOIPEITHOCTH
uzmepenunii. Tor dakT, 4TO 3TO M3MEHEHUE IPOU30IILJIO POBHO 3a IO,
HCKJIIOUAJ BIUSHUE aDeppalui, mapajiiakca U MeTeoPOJOrHIecKOro MmuKJa.
KrocTHep He IbITaJICsd yCTaHOBUTD [IEPUOJI, BAPUAIIMH, OJJHAKO cuuTaj, 910 10-
MECSTIHBII TTepro 1 JInbO He CyIIecTByeT, JIN00 MACKUPOBAH JIPYTUMU ITUKIAMA
58].

B 1891-1892 rr. o, pyKOBOACTBOM JUPEKTOpa OepJIMHCKOI obcepBaTOpun
@epcrepa ObLIM OpPraHM30BaHbLI OJIHOBPEMEHHbIE HabJIOJeHUs B DBepiube
n lonosyny, mokasaBiine, 9TO IMHUPOTHI MEHSAIOTCS B NMPOTHBOGAa3e. ITo
OKOHYATEJbHO TOATBEP/INJIO CYIECTBOBAHNE BapUallUil IITUPOTHI.

[lepBeHCTBO OTKPBITUSI BapHalldii IMUPOTHI, €CJIM I10JI 3TUM IIOHUMATh He
TOJILKO aMIUIUTY/Ly, HO U Tiepuojt Kosiebanuii, npuraexur Yanmiepy (1846-
1913). Hanjyiep pomuics B Bocrone, CIIA, B nocsenauii rog obyueHus
B IKOJIe paboraj y MaremMaTuka IIbepce, KOTOPBI pPEKOMEHI0BaJ €ro
nomoimHuKoM Benbsmuny I'yijy Ha obcepBaTopuio KoJjuiejika B [apsapje.
Cam 'y yaniics B EBporre, Ob11 crygenTom [aycca u mocse BO3BpalieHusl B
1849 r. B CHIA yupemusn Acrponomudeckuii xypuas. C 1884 1. Hanjiep
yunIcs paboTaTh Ha 3€HUT-TEJECKOIe, HO IIOCJE XKEHUTLObI Ieperes Ha,
paboTy SKOHOMHUCTA, OCTABASICEH TIPU 3TOM DOJIBITTUM JI0OUTEIEM ACTPOHOMNIMN.
On He ObLT YJIOBJETBOPEH PabOTON 3EHUT-TEJIECKONa, ¥ IMPHUAyMaJl CBO
COOCTBEHHBII TPUOOp, TECTUPYsT KOTOPBI, OOHAPYKUJI CUCTEMATHIECKHEe
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u3MeHeHns MUPoThl [apBapga B 1885 1. O3HAKOMUBIIHCH € PabOTOI
Krocraepa, Boime/eit B 1888 1., Yan iep 00HaApYKIUJI COOTBETCTBUE MEXK Y
n3menenusivu B bepsinae n B Kembpupke. B 1891 on onybsinkosaJ crarbio,
B KOTOPO#l 1ucaJI:

“Coomeememeue 00HAPYAHCUBAEMCA 6 NPEINOAOHCEHUL, IO NOACAECHUN
nexomopot 3adarnnoti aszve 6 Kembpudotce npedwecmsyem ee noasieHue 6
Bepaune panvuie na odny wemsepms nepuoda 6 427 cymox.”

Tax OBLT OTKPBLIT TEPHUOJl, KOTOPOMY BIIOCJEJCTBUKM OBLIO IIPUCBOEHO
umsa Yangnepa. Cuoycrsa rox Yawjuiep cooOnma 06 OTKPBITUKM T'OJ0BOI
KOMIIOHEHTBHI B u3MeHennu mmpoT. CBOM BBIBOJLI OH IOJIY4HJI, 0OpaboTaB
okoJi0 33000 nabsirosenuit 17 obcepBaropuil, cjiejlaHHbIX Ha MHCTPYMEHTAX
pa3HoOro KauecTnBa B pa3uble rojpl XIX B. [1o 3TuM JaHHBIM UM OIIpeIe/IAIuCh
MePUOJILI, AMILIUTYIBI, (a3hl U HATPABICHUST MEPUOJINIECKIX KOMITOHEHT BO
ppamennn 3emusin. B 1901 1. Yanjep oObsiBua 00 OTKPHITHE KOMITOHEHTHI
¢ nepuogoM 436 CyTOK M aMIJIUTYJION, 3HAUUTEJIHHO MeHbIIel aMIJIuTY/ bl
paHee OTKPBITBIX cocTaBisomux. OH cumrayg, 4dro Ouenue 427 u 436
CYyTOYHBIX KOMITOHEHT MPUBOAUT K SO-JeTHEeMY MUKy W3MeHeHusi (ha3bl u
AMILJINTY/IbI UTOrOBOro KoJjiebanusi. Ecjim OH mpaB, odepeHoil MUHUMYM
nosken mponsoiitu B 2010 1. [59)].

Crarpag Yanmiepa mnogBuiaach B ACTPOHOMHUYECKOM KypHajae 23
HOsiOpst 1891 1. PoBHO Mecsl, crycrsi, Bblnia crarbs Hblokomba, B
KOTOPOI YaHJIJIePOBCKUI TIepuo i ObLT AeHTU(UIINPOBAH KaK SiJIepOBCKMIA,
JUINTEJILHOCTh KOTOPOI'o Ha 4 MecsIia OoJibllle IIpecKa3aHHON, BCJIEeICTBHE
neynpyroctu 3emin. [lo obbsicrennio Hprokomba, jeiicTBre meHTpodekHOif
CUJIbI IPUBOJIMT K BO3HUKHOBEHUIO BHYTPEHHUX HAIPSIPKEHU, ITPUBOISIIIX
K CMeIEeHWIO [JIABHOM OCH WHEpIMH OT TOJIOXKeHus [y, KOTOpoe OHA
3aHuMaJia Obl, Oyab 3emJjsd abCOJIIOTHO TBEPJOii. DMJIEPOBCKUI IEPUOJ
COOTBETCTBYET W3MEHEHWIO TMOJIOXKEHUsT OCH BPAIIEHUST OTHOCHTEHLHO
MI'HOBEHHOI OCH MHEPIUH, TIEPHUO/], 2KE OTHOCUTEJIHLHO MTOJTIOCA TBEPIOi 3eMiin
Iy, KOTOpbIii JIaf0T acTPOHOMHYECKHE HAOJIOJEHUsI, OKA3bIBaeTCs JIJINHHEE
[60]. Unrepnperanuio Huiokomba obsiek B anajutuueckyo dpopmy Xod
(1870-1923) B pabore 1896 r. st onmcanusi CBOHCTB acTUIHOCTH 3eMiin
Jlas (1863-1940) BBenr B 1909 r. jgBa mapamerpa: k, XapaKTepu3yOIIuii
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OTKJIMK MOBEPXHOCTH Ha MPUJUBHYIO CHJIY, ¥ h, ONUCHIBAIOIIN M3MEHEHHEe
HOTEHIMAJA TIXKECTU H3-33 I[EePEeCTPOMKM BEIeCTBa BHYTPH J3EMJIHU IO
jeiictBreM npuinBa. duncia JIsgBa 10 cux 1MOp MCHOJIB3YIOTCs 71T OTTHCAHUST
Jgedopmalinn ¢hepruIecKoro Tesa 3eMIIM.

I[To ymommuanuio Jlopga Kenbsuna (1824-1907) yxe B 1839 r. Xomkumc
(1793-1866) BbICKA3aJI WJEIO O TOM, YTO M3yUEHUE BPAIIEHHUST 3EMJIH MOXKET
IPOJINTh CBET Ha €€ BHYyTPEHHee CTpoeHue. Y2Ke BO BTOPOi mosiopuHe XIX
B. M3 TEOJIOTHYECKUX COOOparkKeHuil: M3MepeHuil rpajueHTa TeMIepaTypbl
B IIaxTaX u (PeHOMeHa BYyJKaHU3Ma, — IOABUJIACH T'MIIOTE3a MaCCHBHOIO
JKUJIKOTO siJIpa, PacroIOKeHHOro BHYyTpH TOHKON Kopbl 3emuin. Cam Jlopa
KenbBuH BO3paXkasi MPOTUB 3ITOH T'MIIOTE3bl HA TOM OCHOBAHUHU, YTO
IPUJIMBHBIE JeOpMaIuy MaJibl U aMIIUTY/bI IPEIeCcCud U HyTaIuu, OyITo
Obl, Takxke eit nporuBopedar. [lociejanuit aprymeHT ObLI OMPOBEPrHYT
Henone u Hbiokombom. Eciin Ob1 chepudeckoe sijipo, JIMIIIEHHOE BIA3KOCTH,
HAXOJIMJIOCH BHYTPH TBepJIoil 000J0UKM, DilJIepOB IepHoji OKa3aJjcsa Obl He
JUInHHEee, a Kopoue. OJIHaKO ¢ IeJIbIo JI0Ka3aTh CBOIO TOUKY 3peHus KeibBuH
emme B 1876 1. mpuBoama “ybemuresibHOE  A0Ka3aTeJbCTBO Hajauuns 10-
MECSTIHOI'O 11epHOo/ia CBOOOHON HyTallMi, KOTOPbIH Oy110-0bl OOHAPYKMJI 110
ero pocsbe Hpiokomb Ha ocHoBe ananusa madsofennit 1862-1865 rr. [10].

Bpailtenuio TBepjioii 3eMJid IIOCBAINEHbI IJIaBbl BToporo ToMa “HebecHoit
mexanuku”’, BbimymerHoro B 1890 1. Tuccepanom (1845-1896). Ewmy
IPUHAJJIEIKUAT UJIes] PACCMOTPEHNUsI ypaBHeHnit ditjaepa-JInyBuiig B cucreme
KOODJIMHAT, MHHUMU3UpYIOIeih auddepennuanbioe ppaienue. B XXVI
raBe 'TwccepaH BbIBEJ Majble TMOYTHUCYTOUHBIE WJIEHBI B JIBHXKEHUH
II0JIFOCOB, KOTOpbIE erie paubiie Bbrancaui Onmosbiep (1841-1886). Iiasb
XXIX n XXX, mammcanable Pamo, cojepkaju pe3yabTaThl XOIMKUHCA,
KaCaoIecs BAMAHUA Ha IIPEIECCUio U HYTalMIo »KUJIKOIO sjipa C IJIa KO
SJLTUTICONIAJILHON TPAHUIIEH, PACITOIOKEHHOT0 BHYTPH TBEP10# Kopbl. Pay
[PUBEJI TAKXKE YPABHEHHUS CYTOYHBIX U MOJYCYTOYHBIX KOMIIOHEHT HYTAIUU
u HekoTopble pedynbrarbl lapsuna u Jloppa KenbBuna. VMM ke Oblin
ClleJIaHbl BBIYHWCJICHNUsST BO3MOYKHBIX W3MEHEHWH TMOJIOXKEHUsT OCH WHEPIUH
BCJIEJICTBHE IIEpepacipeieieHrst MacC Ha TTOBepxHOCTH 3emJiu. Jjist orcanust
Takoro poga spienuit Ckuanapesin (1835-1910) BmepBbie BBeJ TepMUH
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['eopunamuka.

JIBU2KEHUIO B XKUJIKOM sijipe HocBsIeHbl paboTbl Xoda u Ciyiackoro 1895
r. Permatonuit Bkaias npunagyieskur Aupu [lyankape (1854-1912). B pabore
1910 r. on paccmorpen BpallleHUuE KHUJKOI'O CJIOS JIMIIEHHOI'O BSA3KOCTH,
He3aBHUCHAIee OT BpallleHus O000JIOUKU M He IIPOHUKAoIee B 00JaCThb
sHyTpertero sijipa [54]. Paborsr [pamiaras 1904 1. no3sosmau paccMoTperhb
BpaIlleHre C yIeTOM B3aumMoJieiicTBrs Ha, rpanuie nosgaee. OOIMM BBIBOIOM
0Ka3aJI0Ch CYINeCTBOBAHUE, IIOMUMO YaH/JIEPOBCKOTO KOJEOAHUsI, CYTOTHOIO
KoJiebaHUs Ui CBOOOHOM HYTAIlUU SIJ[pa ¢ PacueTHBIM IepuojioM 392 cyT.

[To muenuto II. Menbxuopa nepednciieHHbIE HAMU aBTOPbI 3aJI0XKUJIN
dyngamenT Teopun BpameHusi 3emuin. JasbHeitee pazsuTue Teopwuit
Hbiokombom, JIsiBom, Bapom, Monogenckum, JIxeddpucom wu jp.
OCHOBBIBAJIOCH ~ Ha,  TIOCTOSTHHBIX  OKCIEPUMEHTAIbHBIX  OTKPBITHSIX,
SIBJISIBIIUXCsT CJIGJICTBUEM YJIydIIeHWsT METO/I0B HabJIioIeHnil 1 00paboTKu B

XX B.

1.1.2 Pa3zButne ciry>k0 Habm0/1eHuit B XX BeEKe

B nocneanne gecarunernss XIX Beka BO3HHUK BOIPOC O HEOOXOIUMOCTHU
HaOJIIOEHNI 38, U3MEHEHUSIMU IIUPOT — CJIEJICTBUEM OTKJIOHEHU TI0JI0YKEHU S
LOJIFOCA BPAIEHUsT 3EMJIM OT [OJII0C UHEPIUH.

[Ipemyioxkenne  opraHu3oBaThb  CJAOy2KOy, KOoTopas HpOBOJIMJIA  Obl
HAOJIIOJIeH NS 38 U3MEHEHUSIMU TIUPOT, BIEPBbIe BHEC IManyd1h Peprosia Ha
koHpepeniun  MexxyHapoHOrO reojie3ndeckoro obdbmiecta B 1883 1
B Puwme [63]. [ung wabmiomenuii  OBLIO  MPEIJIOKEHO HUCIOJIH30BATH
BepTHUKaJIbHbIE MEpUIMaHHbIe HHCTPYMEHThI 00CepBaTOPHil, paCIIOJIOKEHHBIX
Ha OJIMHAKOBBIX IMHpoTax. Kommccust noj pykoBojacrBoM Ckuamapesin
paccmotrpesia 1pejiokenne Peprosibl, 1 pe30JIoiusi, OCHOBAHHAsI Ha HEM,
ObLTa mpuHsTa MetyHapoaHoii reofesudeckoii acconmarnuein (MT'A). Ha
caejyronieil KondepeHIun BbIACHUIOCh, YTO M3 HECKOJbKHUX 0bcepBaTopuii
TOJIbKO JIB€ BBbIPA3U/IM 3aMHTEPECOBAHHOCTbH B I[POIrPAMME IIHUPOTHBIX
Habsmogennii. B 1878 1. Ha BecTpede OpraHm3alMOHHOTO KOMUTETa ObLI
KOHCTATUPOBAH TOT (PaKT, UTO IPOEKT IO PE30JIIOINK, IpUHSTOR B Pume,
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HAXOJIUTCA Ha Tpanu mnposaja. Ilo mpegnoxennio Pepcrepa co3maan
HOBBII KoMHTeT, B KoTopblii Bomumm Pepcrep, Tuccepan, Bakxeiizen,
XesibmepT u Beiic. Bl cocrapiien ordeT, B KOTOPOM TOJIMEPKHYTa BayKHOCTh
HAOJTIO/ICHNT 38 U3MEHEHUSIMK IUPOT Jiisd reoje3nn u acrponomun. Order
paccmoTpenn Ha accambiee MI'A 1888 r. u Boimenuan cymmy B 4000 Mapox
Ha pa3paboTKy NnporpaMMmbl HAOJIOJEHWH 1 MEeTOI0B 00pabOTKM. XeJIbMepT
HavaJl HabOJIIOJeHNs 110 MeToly Xopboy-TajsbKoTTa Ha TPaH3UT-TEJIECKOIAX
B Bepnune n Ilorcmame B 1889 1. 1o mpenoxkennio AnnOpexTa HabJII0ICHUS
Hauamch Tak ke B Ctpacoypre u [Ipare. Ha accambisiee MI'A ocernnio 1889 1.
M 3acejlaHnK OpraHu3alnroHHoro komurera B 1890 1. ObLIM HpesCcTaB/IEHbI
pe3yJibTaThl, 1IOKa3aBIINe HEKOTOPbIe U3MEHEHUsI KOOP/MHAT 00cepBaTOpuii,
MeTo, TasbKoTTa IPU3HAIN HAKIYYIIUM JIJIs 110 I00HBIX HabJroneHunit. bolia
npusHaHa HeoOXoIMMOCTh TiepecmoTpa npejioxkenuit Geprosibt u Depcrepa,
Kacaloluxcss BblOOpa o0bcepBaTOPHMii, PpaCHPEIEJEeHHbIX 110 IOBEPXHOCTU
Semsn. st aToro ObLIa co3/MaHa HOBas clenuabHas KoMmuccusa. Komurer
IPU3HAJ BaXXHOCTH IOJIYUEHHBIX Ha 4YeThIpeX 0OCepBaTOpPUAX PE3YJIbTaToB,
BbiHEC perieHne o Bbigejenun 15000 mMapok Ha OpraHu3alvio CTAHIUU
HaOJojennii Ha [apaiisix, nopyumn @eprosie n Cruamapeyin COCTaBUTH
3a5BKYy Ha OCHOBE IIPEJIJIOXKEHUI, clieaHHbIX B PuMme, ¢ yueroMm (prHaAHCOBBIX
BosmoxkaocTeir MI'A. Torma ke BO3HHK/IA HEsS O TOM, UTO, MOCKOJIBKY
aCTPOHOMbBI HE MEHee 3aMHTEPEcOBaHbl B pe3yJbrarax HaOJIIoJIeHni, deM
I'e0JIe3UCTDI, YACTh PACXOJ0B OHM MOIVIM Obl IPUHSITH Ha ceOsl.

QuHaHCOBBIE TPYJAHOCTH He ObLM mpeogosienbl u B 1891 1. Ha
koudepenmmn 1892 1. Xembmeprom u AbOPEXTOM OBLIN TTPEICTABICHDI
pesyJibrarhl HabJitosiennit B Bepiinne, [Torciame, [pare u T'onostyity, koropbie
YETKO IOKA3bIBaJIA, UTO OCHOBHOI BKJIAJ, B U3MEHEHHUsI IITUPOTHI 00YCJIOBJICH
MMEHHO HU3MEHEHHEM IIOJIOXKEeHHsI ocu BpalneHusd J3emyn. O0CyKa/10Ch
orkpeiTHe Yansgiepa, caemannoe B 1891 1 Ckwmanmapenm HacTauBaJ
Ha HEOOXOJIMMOCTU HavyaTh HAOJIOJEHUs] Ha 4YeTbipex obcepBaTOpUsX,
pacIo/IoxKeHHbIX Ha ofHoi mupore. Oxnako MI'O He ObLIO B COCTOSIHUM HX
PO UHAHCUPOBATD.

B 1893 r. ObL1 OTMeYeH poCT UHTEPECa aCTPOHOMOB K BOIIPOCY U3MEHEHU s
IMUPOT ¥ pe3yJbTaTy, mojydennomy Yamgaigepom. OJHaKO K CleayOIei
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BCTpede IeperoBopbl ¢ MesKIyHapOHBIM aCTPOHOMHYECKOM OOIIECTBOM
(MAO) rak u He 6bn TpoBejieHbl. CKUATAPEJTE BHOBb apTyMEHTHPOBAHHO
HAaCTaWBaJ Ha HEOOXOIMMOCTH OPraHW30BaTh HADJIOMEHWST Ha UETHIPEX
obceparopusix cusiamu MI'O. TosiocoBanuem Obliia BbiOpaHa KOMUCCHS,
KOTOPO# ObLIX IMOPYYEHLI IePeroBopbl ¢ ACTPOHOMUYECKHM OOITECTBOM.
B ee cocraB BomumM JBa JAWPEKTOpPA aCTPOHOMUUECKUX 0bCepBaTOpWMii
Cxkuamapesin  u  ®Pepcrep a takxke Tuccepan. B 1894 1. 0ObL10
COCTABJICHO MUCLMO, oTnpasientoe npenceaareaio MAO I'nnbaeny. Yienor
MAQO nposgBunum uHTEpeC K HAYIHBIM pe3yJbTaraM HaOJIIOJEHAN 34
U3MEHEHWSIMU  [TUPOT, COTJIACUJIUCH TIPUHATH y9acThe B  COCTABJICHUU
IJ1aHa HAOJIIOJICHNH, OJHAKO OTKA3a/MCh HMPUHUMATH yYacTHE B ITPOBEPKE,
BBIUMCJICHUSIX ¥ IyOJuKaluy —pe3yiabraToB. Bakxeitzen u  Tuccepan
BBICKA3AJIM TIPEJINMOJIOKEHNE O TOM, 9YTO AaCTPOHOMBI, BO3MOXKHO, JarKe
bosiee 3aMHTEPECOBAHBI B pe3ysbTarax, deMm reojue3uctbl. OHako BO3jararh
Hagexkapl  Ha  MAQO, eIMHCTBEHHYIO OpraHu3alidio, I[IpPeICTABJISIBIIYIO
MHTEPEChl BCEro aCTPOHOMUYECKOI'O COODINECTBa, Ha ILJIeYd KOTOPOI
JIO>KMJINCH 331291 KOOPAMHUPOBAHUST BBITTOJHSIBIITUXCS B TO BPEMsI TPOEKTOR
o cocrapjiennio Kaprbl neba n 30HAJBHOIO KaTaJora, ¢ HPaKTHIECKOI
TOUYKHU 3PeHusi ObLIO Hepa3yMHbBIM.

Ha xondepenrnuu B DbBepiaune B 1895 1., BOlpek:u BO3parKeHUSIM
HEKOTOPBIX 4jieHOB, cauTapimx 910 MI'O mo/kHO orpaHnIuBaThHCS B CBOEI
JIeSITeIbHOCTU TIPU3BIBAMU K MEXKJYHAPOIHOMY COTPYIHUYECTBY, OKa3aHIEM
IOJIJIEP’KKKM B IPOBEJICHUM BBIUMCJICHUNE ¥ IIyOJMKaIueil pe3y/abTaros,
YJIAJI0CH yBeIUInTh 1010B0# OtomKker MI'O ¢ 20 1o 75 Thicsta (hpaHKOB, B TOM
qucie, ¢ 1esbio opradusanun Mex ryrnapojHoit cayk0bi mmuporsi (MCII).

Ha accambiiee MI'O 1898 r. ObLu mpejicTaBiaeHbI Pe3yIbTaThl IOATOTOBKI
K paboTe, CHHCOK CTaHIUi — KauHaugaToB Ha BkJoodenne B MCIL.
Hawnyuammvu  KauaugaraMn  ObLIM NPU3HAHBI CTAHINN, PACIIOJIOKEHHBIE
Ha mupore 39,8° C.II. B cumcok ObLinm BrJOYeHbl craHiumu Muiysasa
(Anonus), Kapadopre (Uramus), Hosep uiu Teitrepcoypr (Bocrox CIIA),
FOxaiist (3amay CIITA), Hunnunartu (nenrp CHIA), Yappkyit (Poccust). Bee
CTaHIMK ObLIM TIOCTABJIEHBI Ha MOJHOE (DUHAHCUPOBAHKE, 38 HCKJIOYCHUEM
MOCJIETHUX JIBYX, (PUHAHCHUPOBAHME KOTOPBIX OBLIO YACTUUHBIM. DBbLIO
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IPUHATO peIleHne IPOBOJNTL HAOJIIOIEHNS Ha 3€HUT-TEJEeCKOaxX 110 METOIY
TasbkorTa. YeTbIpe cTAHIUMU OCHACTUJIN 3€HUT-TEJECKOIIaMU C allepTypoii
108 MM u okycubiM paccrosinvem 130 ¢M, CKOHCTPYUPOBaHHBIMEU (HDUPMOit
Banmadr B Bepaune. Cranmuu Yapjpkyit n Hunnuaarra  nosydunsin
TeJIECKOIIbI TOM »Ke (pUpMbI ¢ anepTypoit 68 MM U (POKaJIbHBIM PACCTOSTHUEM
87 cM.

Ocenpbio 1899 r., BO MHOTOM OJ1aroapst ycusinsiMm Xeabmepra u ApdOpexra,
MCIII magaJia padbory. Habmonenus nadaanch B Lunnuaartu 1 ceHTsoOps,
B Yap;rkye 10 centsaops, B [eiirepcOypre 2 okrsabps, B FOkaite 11 okTsa0ps,
B Kapiodopre 24 oxkrsadbpsi u Muiyssae 16 nexabps. o konma 1900 r.
HabJiojienust tpoBojmsin 1ipod. Kumypa u jap. Hakano B Muiysase,
neiirenanT-noakoBHuK Ocunop B Hapmkye, npod. Huckaro u jap. buanku
B Kapsnodopre, 9asnn Cvut B [eitrepcdypre, nmpod. [Toprep B Unanurarre
u ap. Hliesunrep B FOkaita. Henrpaasnoe 6ropo MCIII 6b110 pasmerieno B
reojie3nvdeckoM nncruryre B IloTcaame, moct gupekTopa 3aHsi1 XeJabMepT.

Poccniickas cranmuss MCII B Yapjpkye npunajexasa TalrkeHTCKOR
aCTPOHOMUUIECKOI obcepBaTOpum, co3panHoi B 1873 1. Jyisi onpejeaeHns
reorpadguaeckux KoopauHar ropoj1os nearpaabioin Azun. C 1890 mo 1900 r.
JupekTopoM obcepBaropun ObL1 ['egeonoB. B 1893 1. ObL1 mosiyueH 3eHUT-
Tejieckorr  Banmadra. Bosiblinyio 3aMHTEpPECOBAHHOCTH B HabOJIIOJICHUSIX
PACIIOJIOKEHHOR  JIaJIeKO  OT  eBPOIEHCKMX  IOpPoJioB  TalllKeHTCKO
obcepBaTOpUN  3a HU3MEHEHUsIMH MMUpPOT npogBuan CKuamapeim u
nyakoBckre acrponombl. B 1898 1. B 3 kM or Oepera Awmy-/lapbu ObLia
MOCTPOEHA, CTaHIMs HaOIoeHUit Hap/Kyii, Ha KOTOPYIO YCTAHOBUJIN 3€HUT-
tejeckon u3 Bepsauna. Crannumst nposena 35000 onpejesieHuit mmupoThI
B pamkax ciayx0bp MCII mo 1919 1., Korjma ObLIO HNPHUHSITO peIIeHHe O
IepeBojie CTaHIMKU B pailoH ropoja Kurad B Y3bekucrane. CraHius Hadaja
pabory B 1930 r. Ona mnosyumia HOBBIH mMHCTPpyMeHT. Bo Bpemsi BTOpOIi
MUPOBOIT BoitHbI B Kurab Oblia sBakyupoBana obcepBaropusi Cemensa, a
B Tamkent — IlynkoBckas obcepaTopus. Ilocie mpekpalnenus padOTHI
MCIII cranmuss Knrab Oblia ocHamena obopynosannem DORIS, GPS, un
POJIOJK U PAbOTY Ha COBpeMeHHOM yposHe [61].

B 1919 r. 6611 oOpasoBan MexXyHApOIHBI COBET HAYyYHBIX COIO30B, B
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COCTaB KOTOPOT'O, CPeJIU MPOUUX BOILIN MexKIyHapoIHbI aCTPOHOMUYECKU
coio3 (MAC) u Mexmaynapomuniii coio3 reogesnn u reodusuku (MCIT).
HBa mocaeHux €OM03a yUPEAUSU KOMUCCHIO MO JIBUXKEHHWIO TIOJIIOCOB,
HPE3UJEHTOM KOTOPO# Obli HasHauen Kumypa [62]. On Obli HasHauen
takke jgupekTopom MCII, nenrpaJjibHOE OIOPO KOTOPOi OBLIO IIEpeBeIeHO
B MumysaBy mno pemenuto meproii accambien MAC B Pume B 1922 1
Opnako B MCIII ckiajpiBajgach KpUTHYECKasi CUTyalldsi B CBSI3W C TEM,
YTO TMPEKpPaTUi pabOTy HEKOTOPhIE CTAHIIMN: ITepecTasia paboTaTh CTAHIINS
[{uHnuHATTH, U3-3a HEOOXOJIUMOCTH IIepeHOca Ha 0oJiee YCTOMUIUBYIO MOUYBY
B 1919 r. npepsajia pabory craHims dapipKyil, npepsaja padboTy TaKxKe
cranus LeiirepcOypr. B 1928 1. 66110 HPpUHSITO pelieHne HadaThb HabJII0eHM s
Ha CTAHIINAX, PACIIOJOXKEHHBIX Ha, OJIHOI IIUPOTE B I0XKHOM IOJIyIIApUKA — B
Agnenange B Asrcrpanuu u Jla Ilnare B Aprentune. Kumypa npemgiosknit
Hadarh Habusojenust rakxke B Barasum (VHjoHe3us1), 0J[HAKO, MOCKOJIBKY
9Ta CTaHIMs ObLIa €IMHCTBEHHON Ha CBoeil ImmpoTe, oOpabOTKa JAHHBIX
0Ka3aJ/1ach 3aTPYIHUTEILHOIA.

Tewm Bpemenem, Bce bobire #e Bxosiiunx B MCIII cranmmit ocymecTsisin
HaOJIIOJIeHUsT 33, U3MeHeHusiMu 1upoT. Yxke K 1950 1. BO3HUMK BOIIPOC O
npeodbpazoanun MCIII ¢ npuBeuenneM JaHHBIX HAOJIIOIEHN HE3aBUCUMbBIX
crannuii. bosibmyio posib B 00cyxkgennu u mianuposanuu oymyrero MCIL
coirpai Eprennit [Masnosuu ®emopos (1909-1986) koropwiii ¢ 1955 10
1961 r. opu1 npesupenTom Komuccnu No 19 MAC mocusmeit o 1967 r.
HasBaHue “Bapuamuum mupor’, a B IOCJEJICTBUU IIEPEUMEHOBAHHON BO
“Bpamenne 3emun”. Accambiess MAC, cozBannast B8 MockBe NpesnieHTOM
@esopoBbiM B 1958 1. crana pematomeit B cyapbe MCII. Ha weit
00CY XK TAJICh TIePCIEKTUBLI ee pechopmupoBanus. PeopoB ObLIT PeJaAKTOPOM
cobpanus crarei, nocssiieHnbix pasputuio MCII, Beimemiero B Mockse
B 1960 r. B Hem cBoe MHEHHE 110 9TOMY BOIPOCY BbICKA3aJIUd TaKKe
yaenbie Kak Crnencep [Ixxonc m Menbxuop, Xarropu u DejibKeHIITEiH,
Myuk u Bucenre, Cekuryun, Anr, Pejopos, Topao, Croiiko. Ha 1960 r.
ObILT HAa3HAYEH CIEIUAJIBHBI CHMIIO3UYM, PE3YIbTATOM pPabOTHI KOTOPOTO
craJia peoprauuzarust MCII B HoByto Mex iyHapoiHyI0 Cyiy>K0y JIBUKEHUSI
nosiioca (MCJ/IIT). Ha MCJ/II Bosmaramucs 3ajgadu cbopa u 0OpabOTKH
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nabogennii Kak ¢ opBmnx craniuii MCII, Tak 1 He3aBUCUMBIX CTAHITHIA.
Ha XI accambiee MAC Obuta yrBepxkaena crpykrypa MCIII, mo
npeioxkennio Pejroposa, 1eHTpabHOE 0I0PO ObLIO pa3merieHo B Muiysase,
jgupekTopoM HasHaden Xaropu. C 1962 r. MCIAII npucrynumia K pabdbore.
Hupexropom MCII 8 1963 1. crasn FOmu, a B 1980 r. ero cmenun Voxosima.

Omnpegenernst xkoopamuar crannnii MCII mocay»xwiam  ocHoBoit  jist
YCTaHOBJICHWST MEK Iy HAPO/IHOI'O KOHBEHIIMOHHOTO HAaYaJ 18 U 3eMHON CHCTEMBbI
koopauHat B 1964 r.

BoJsibiioe 3HaveHue ompejejeHue IOJIOXKEHUs II0JIF0Ca  ChIIpaJio  JIJist
cayxk6b1  Bpemenu. Mexynapognoe 6wopo Bpemenu (MBB) Bosnukio
npu Ilapmxkckoit  obcepsaropum B 1912 1. Odunmanbubiit  craryc
oHo mojyumygio B 1919 1. Korma Ha Hero ObLIa BO3JIOXKEHA 331243
ciaexkeHns 3a yHUPUIUPOBAHHON 1IKajaoil Bcemuproro spemenun UT n
pajiorepeiada CUTHAJIOB TOYHOTO BPEMEHHW. Takue CHUIHAJIbl TO3BOJISLIN
CUHXPOHU30BAThL yAaJeHHble dYachl ¢ TodHocThio okojo 0.01 ¢, B
JajbHeiimeM gopefeHHoit g0 1 Mc. Ha mnpoTsKeHuum Bcero BpeMeHH
ceoero cymecrBoBanuss MBB Bejo Takke wuccienoBaHusi B 00J1ACTSX,
CBSI3QHHDBIX C TEXHUIECKUM COBEPIIEHCTBOBAHUEM YaCOB, PACIPOCTPAHECHUEM
CUTHAJIOB, YHH((pUKAIUEH 00T, COBEPIIEHCTBOBAHUEM KaTajoroB 3Be3I
U METOJIOB HaOJIOJICHU, [POBOIUINCH TaKKe HCCJCIOBaHUS BapHallnii
koopjuHar mnoJiroca. MBB  cosnanio cobcrBennyio ciy»kOy BpemeHu B
[Tapurkckoit obcepBaTopun, KOTOpas J0JIOe BpeMs BOCIPHUHUMAJIACH KaK
MeXK/ IyHapo/IHasI olopHas cayxKkba Bpemenu. /1o 1929 r. puis onpenenenuss UT
MBB ucniosinzonaga nabdsogenns [lapuxkckoit obcepsaropun. B nannaeiiem
CTaJIM KCIIOJIb30BaTh IIPUBEJIEHHBIE K IIKaJe ‘cpejneit obcepsaropun’” UT0
pesyabraThl m3Mmepenuit UT; na 6 obcepparopusx. B 1931 r. GroJiereHnb
MBB npuobpes Buj, coxpansipiuiics jo 1966 r. OH cojiepkaJi exkeiHEBHbIE
suadenunst UT, HOMWHAIBHOE BpEMsI CHTHAJIOB TOYHOI'O BPEMEHUW W BpeMs
ux svuccun. C 1939 1. B OroJuiereHe Takxke IyOJIMKOBAJIACH IIONPABKaA 34
M3MEHEHUs MOJIOXKEHUsI TI0JII0Ca, TeM CAMBIM, IO3BOJISAS BBIYUCIUTH BpPEMH,
Briocjejicreun nosyunsiiee Hazpanue UT1. Mwuporasi BoiiHa OC/IOXHUIIA
ycsioust paborsl MBB, BbraucsieHus 1o Mex, 1y HapO/{HbIM JIAHHBIM ITPUIILIOCH
npepsarb. K 1965 1. ObL1a co3mana OblcTpasi ciiy:Kba JIBHXKEHHS IOJIOCA,
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obecrieunBIast BOIMOXKHOCTH Tyoukanuu mkaJjbl UT1 B 6roterensx MBB.

B 1955 r. mayaju paboTarb IEpBbIE IE3MEBbIE YaChl. 3a JIECATHJICTHE
MOSIBUJIOCH HECKOJIbKO YacoB, COOPaHHBIX B ClENHUaJbHBIX JIabopaTOpUsix
U HavaJiCsd MX WMHJyCTpUaJbHbIE Bbillyck, B MDB Hauaju pabory Haj
ATOMHBIMU ITKAJaMW BPEMEHH, OJHAKO, paJMOCUTHAJbI He ITO3BOJISIN
CUHXPOHM30BATh YacChl C JOCTATOYHOW TouHOoCThIO. B 1968 r. mosBuiach
cucrema LORAN-C u ¢ 1969 r. mikaJsia Bpemenn MBB crana onpejenstbes
KaK cpejinee Tpex aToMHBIX mKaJl. Ona OnL1a pekomengosana MAC. C 1971 r.
aToMHas IKaJa, nosydusiinee Hazpanue TAl, crana BEIMUCAITHCS HA OCHOBE
JIAHHBIX MHOKECTBa aTOMHBLIX 4acoB U mkaJs 1'A;. B 1973 r. ucnoJib3oBajinch
jannbie 68 yacos 10 staboparopuit 8 crpan. B 1987 1. 91u uucia BbIpoc/iu
o 223, 36 u 24 coorBercTBenHo. [lIKaa BCeMUPHOIO KOOPIMHUPOBAHHOIO
Bpemenn UTC, peanmsytorast ¢Bsi3b aromuoro spemenn TAI u UT1, Onira
ornpejiesieta B 1965 1, xoTst ujiesi BO3HUKJIA MHOT'O panblIie. /o cerojinsiinero
st pernenns 1o mkajge TAI naxomstes B Begenmun MBB, a pemmennst mo
nobaBouHoit cekyHjie npununmaer MCB3.

Qunancosast noepkka MBB co croponsr MAC u MCIT 6nuia
HE3HAUUTEIbHOM, BIOCIeACTBIU OoAAepKKY okasbiBaao KOHECKO, MCIIII
1 HEKOTOpbIe Jpyrue opranuzamnuu. OgHAKO, OCHOBHON (DUHAHCOBBIN BKJIAI
Ha TpOTsxKeHmu wucropun cymecrBoBanugd MDBB Bnocuna [lapukckas
obcepsaropusi. Takxke ¢ 1928 1no 1965 r. dpakruveckum jupekropom MBB
oot gupekTop Ilapmxkckoit obcepBaTopuu. B cBasu ¢ stum MBB uacto
I0JIBeprajach KPUTHKE KaK OPraHU3allsl, 3aBUCAINAA OT aJIMUHUCTPAIIAN
obcepBaTOpUN.

B 70-x rojax XX B. €TajO siCHO, YTO IIOSBUBIIUECH HOBbIE METO/Ibl
HAOJTIOICHNH T MOTYT OBITH HMCIOJIB30BAHBI JIJII ONpPeJieJIeHns] TTapaMeTpoB,
OTpaxKarolux BpallleHne 3eMJIH, [IPU 9TOM UX Ka4eCTBO MOXKET 3HAUUTEJHLHO
NPEB30iTH KavyecTBO onTuveckux HabJiojenuit. B 1978 r. Obur 3ajyman
[POEKT 110 MOHUTOPHUHIY BpAIEHUsT O3eMJI ¥ CPaBHEHUIO METO/IOB,
BriocjecTeun  noayuuBmuit Haszpanune MERIT. Yepnopoii mpoekT ObLI
paccmotper B 1979 1. Ha Accambiiee MAC B Monpeaste. Tlociie HekoTophIx
IOIIPABOK B TOM 2Ke TOJy OH ObL1 mnpejcrapien Ha accambiee MCIT.
OKo0JIO COTHM OpraHu3allnii BRIPA3UJIO COTJIACHE IPUHATH yYacTHe B TPOEKTe.

31



H.HaHI/IpOBaJIOCb HCIIOJIb30BaTh MIECTH Pa3JIMYHbIX METOJJ0B Ha6JIIOILeHI/IfI.

1.

Ontuyeckasi acCTpOMETPHsI - KJIACCUUECKas METOJMKa, OCHOBAaHHAsI Ha,
BU3yaJbHBIX U (poTorpahniaecKkux HaOJIIOACHNSIX BPEMEHU U 3€HUTHOIO
PACCTOSIHUSI TPAH3UTA, Yepe3 MepuinaH M30paHHbIX, OJUM3KUX K 3CHUTY
3BE3I.

. JommnepoBckoe ciiexkenne 3a CIyTHHKaMHu. V3Mepenue momimepoBcKoro

CABATA  PaJMOCUTHAJIA, MW3Jy4aeMOro CHUCTEMON  MCKYCCTBEHHBIX
CITyTHUKOB, CO3/IaHHBIX JIJIsi HABUTAIUU BOeHHO-MOpcKoro (tora CIITA,
W CpaBHEHHWE C BBIYUCJICHHBIMU OpPOWTAMU, IO3BOJIAET ONPEICTUTD
KOOPJIMHATDI I10JIIOCA.

. Jlazeprast jokanmsi CryTHUKOB. AHaJIM3 BPEMEHW PaCIPOCTPAHEHWST

NMITYJIbCOB Jia3€pa JO CIIYTHHUKa 1 O6paTHO IIOCJIE OTPaAXKECHU A 1103BOJIACT
I[IOJIYIUTDb JaHHbIE O IIOJIOKEHUU SeMuin.

Jlazepnas jokanus JIyaer. Orpakarenn #a JIyHe Mo3BOJAIOT yTOIHATD
B3aWMHOE TIOJIOKeHne 3em/in U JIyHbI, Jinib HEMHOTHE 00cepBaTOPUN
00J1aJ1aJ11  JIOCTATOUYHBIMU CPEJACTBAMU JIJIsi PEryJjisipHbIX HaOJITO/IeHU
TaKOTO poJia.

. Pajgmounrepdepomerpusi. HabiojieHns yaaJeHHbIX PaJIMOMCTOIHUKOB

MUHAMYM JIBYMSI PaJINOTEIECKOIaMI, CUTHAJ OT KOTOPBIX CBOJUTCSI IO
KabeJsIro Ha KOpPEeIATop, paboTaroIiil B peaJbHOM BPEMEHH.

. Pagumonnrepdepomerpus co ceepxunnoii 6aszoii (PCAB). Curnasb

aHTEHH, Pa3HECEHHbIX Ha 3HaAYNTEJIbHbIE PACCTOAHWSA, 3allMChIBAIOTCA Ha
MaIl'HUTHBIEC JICHTBI 1 OTBO3ATCA Ha KOPPEJIATOP IAJIA aHAJIN3a.

[Ipu mnojroroske K 3KciiepuMeHTy ObLiM BbipaboTaHbl ClElUabHbIE

CTAHIAPTHI, IIPUHSITHI METOJIbI PEJYKIUN U 00pabOTKHU JaHHBIX. KoJtokanms,

UM PACIOJIOXKEHUEe PAa3JIMIHbIX CPEJCTB HaOJIIOJIeHUT B OJHOM MecTe,

IMO3BOJIAJIa TPOBECTHU HEITOCPEICTBEHHOEC CPAaBHEHUE Ka9e€CTBa pa,6OTbI Pa3HbIX

meronoB. C 1 aBrycra mo 31 okTsOpsa 1980 r. OblLia BBITOJHEHA KOPOTKAS

cepus Habmonennii. Koopannanmonnwlit menrp Haxomuiacs B MBB. Ilo

KaXkJOMy M3 MeTOJ0B paboTaji OJMH WM JiBa KOOPJAMHAIMOHHBIX IEHTPA
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JIOTIOJIHUTEIbHO. B anaauze npuHUMa n ydactue okoJo 20 opranusaruii. 1o
pe3yJbTraraM KOPOTKO# cepuy OBbLIN UCIPaBJIeHbl HEJIOCTATKU, U 1 ceHTsA0ps
1983 r. mauajach ocHOBHasi cepusi nHabsogenuit 1o npoexkty MERIT,
KOTOPasi 1POJ0JKaJIaCh j10 OKTs0psi 1984 1. [TapasiiesibHO HPOBOIMIIKCH JIBE
MHTEHCUBHbIE KaMIIaHUM HAOJIIOJCHUN T'PYIIbLI 10 3eMHOI KOHBEHI[MOHHO
cucreme orcaera COTES. Vuyumenune kagecTBa n3Mepenuii o pesyibraram
nazepuoit jokaimu u PCJIB ObLim Ha CTOABKO OYEBHJHBI, 9TO KOTJIA,
CPOK SKCIIEPUMEHTa, UCTEK, OBLIO PeIIeHo MOJIep:KUBATH aKTUBHOCTD STHX
CPEeJICTB Ha IpexKHeM U Jaxke OoJjiee MHTEHCHMBHOM YypoBHe. Pesyibrarsi,
IpejcTaBJIeHHbIE Ha Pa3/IndHbIX coBerannsix u accambsee MAC B 1985 1.
[PUBEIM K BHECEHUIO PEKOMEHJalnii 110 (POPMUPOBAHUIO HOBBIX 3E€MHOI
u HeDEeCHOHl cucreM OTcYeTa M 10 CO3JaHuI0 MeKIyHapoIHOi CJ1y»KObI
ppariennst 3eman (MCB3). Pabora 1o skcnepumenty MERIT-COTES
poIoJIKaIach 10 KoHa 1987 r. OubIT MeXKyHapOSHOIO COTPYIHUIECTBA
oKazaJics oueHb IoJie3ubiM npu dopmupoBanun MCB3. HcnonnzoBanue
Jla3epHOil  JioKaruyu ObLIO MIPU3HAHO HEOOXOJMMBIM I  ODEeCIeueHMsI
PeryiIsipHOCTH JTaHHBIX, OJHAKO, TTPEJJIOYKEHNE MOJOXKHUTh B OCHOBY JIAHHBIE
PCJIB ne nauwio nojep:xkku 6osbinuncrsa [64].

1.1.3 HeaTreabHocTh MeX TyHApPOAHO CIIy>KObI BpallleHus 3eMJI

MexayHapomHas cjay»Kba —BpallleHHsT 3eMJid  Oblla OKOHYATEJIbHO
yrepxkaena MAC u MCI'T B 1987 . w nmpuctynuia k padore 1 ssuBapst 1988 1.
Ona craja HacjeHUIEH HAKOIICHHDBIX 38 JeCATUICTHUS IIeHHbIX JAHHBIX O
BpallleHnu 1aaHeTbl. Ha Hee ObLIM BO3IOXKEHDI CJIeIYOITHEe OCHOBHBIE 3a,aUN:

o [lojyieprkka  MexXJIyHApO/HOW HEDECHOI CHCTEMbl OTCUeTa U ee
peaJin3aluu.

o [lojyieprkka  MEXKJyHAPOJHONH 3€MHOW CHUCTEMbl OTCUYeTa U ee
peaJin3aliuu.

e Boruncienue mnapamMerpoB OpHEHTALMK 3€MJIM, HEOOXOJMMbBIX JIJIsi
U3ydeHUsl Bapualliyd BpAIleHUusT 3eMJIH U JJIsi IIPeo0dPas30BaHuil MEXK Iy
3eMHOIT 1 HeDECHON cucTeMaMu OTCUYeTA.
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e COop reodpusnueckux JaHHBIX, HEOOXOJMMBIX JJisi UHTEPIPETAIud U
MOJIeJINPOBAHUs Bapyualldii BpallleHuss 3eMJIM U U3MEHEHHI 10JI0XKEeHUSI
TOYEK 3EMHOI CHCTEMBI OTCUYETa, OTHOCUTEILHO HEOECHOA.

e Pazpaborka craHjaproB, KOHBEHIMOHHbIX MOJIEJICH, YTBEPXKICHKUE
3HAQUYEHU KOHCTAHT.

OcnoBupiMu nensaMu  Jedareabnocru MCB3  gaBigiorca uccienoBanue u
MOHUTOPHUHT BPAIIEHUS IJIAHETDI, 8 TaK»Ke [MOCTPOCHUE U YLy IIIeHIe CUCTEeM
orcyera, B ¢BA3u ¢ yeM, B 2003 1. ObLJIO IPUHSITO pellieHre, CONJIACHO KOTOPOMY
MCB3 moxkno pacmmdpoBbiBaTh Kak MexXayHapoaHas cjiyxKkKba BpalleHust
3eMJIn 1 CHCTEM OTCUeTa.

Paccmorpum nojipobHee jiesiTesibHOCTh 9Toit opranuzanuu [15].

B nepsyto ouepenr MCB3 ocymiectsisier coop HabJ01aTe/IbHBIX JTaHHbBIX,

JIJIST TOrO B ee cocTaB BxoaiaT Texuudeckue nenTpol PCAB, JIJIC, JIJLJI, GPS
u DORIS.

o Mexynapojnasi ciayxba PCJIB. HWcnonssosars PCAB st
OIIpeJieJIeHHsT IOJIOXKEHUsT 3eMJi B IpocTpaHcTBe Hadaau B 1980 r.
[65]. Tounocts pajgunomnTepdEPOMETPUN 3ABUCUT OT JJIUHBL Oa3bI
M ee OpPHUEHTAIMW OTHOCUTEJIHLHO HADJIIOMaeMOr0 PaJINOUNCTOIHNKA.
Merojiuka, COBEPIIEHHO HEYYBCTBUTEIbHA K M3MEHEHUsIM IOJIOXKEHUsI
TeOIeHTPa, 3aTO IO3BOJISAET CJIeJaTh OUYeHb TOYHBbIE H3MEpPEHUs BCEX
KOMIOHeHT opuenTannn 3emsn. Mwupossie cetn PCJIB Brirowator
6osiee 1000 anTeHH, OJIHAKO CIEKTP peliaeMblXx WMMHU 3aJlad CTOJIb
IMIUPOK, 9TO Ha reodu3ndeckne HaOJJIONEHUsT B CPEJIHEM BbIJIEISICTCS
HECKOJTbKO 9acoB B Hejesio. CyIiecTBYIOT MPOrpaMMbl exKeHe e TbHbIX
cyrounbix Habogennii CORE (nynrenbhbie Habutojenusi BpalleHus
Bemuin NASA), NEOS (Hanumonasbraasi ciyxba opueHranyuum 3emi,
NASA, USNO, NOAA), exeJHEBHBIX JIByXUaCOBBIX HHTEHCHBHBIX
Habsojiennii Ha 06aze Wetzrll-Kokee, a Takxke exeMecauHbIX WU
JPYyTUX CchenuajbHbix Kamnauuii. Tak, VLBA Bbigessier 1mrecthb
HaOJTIOIATE/IbHBIX JHeH B TOJY JJIs Iejieil acTPOMETPUU W T'eOJIe3WH,
eBpoIleiicKasi CeTb, KOOpJMHHpPYeMas DOHHCKMM YHHBEpPCUTETOM,
TaK»Ke BBIJEIsSeT HECKOJbKO CyTOK B roay. Bpemsi or Bpemenw,
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JUIsT  JIEMOHCTPAIIKA ITOTEHIMAJbHO BO3MOXKHOTO YPOBHSI TOYHOCTHU
IPOBOJATCA JUIMTEJIbHBIE CECCUU Ha HpOTsiKeHuu 1-2  HeJielb.
[Mocnennsisi rakasi cepust CONTO02 nposommmack B okTsidbpe 2002 .
st uzBjiedenust uHdOpMalum UCHOJIb3YIOTCs  KoppeJisitopbl  Mark
IV u Mark V obcepsaropun Haystack, USNO u umncruryra Maxca
[Inanka. [anable mpeoCTaBISAIOTCS HE cpa3y, a CIYCTsd HECKOJIHKO
CYTOK 10CJie HAOJIOJICHUI, HO MX TOYHOCTH BHE KOHKYDPEHIIMHU, KaK U
noporoBusHa. IlepcrneKTUBHBIM BUIUTCS PAa3BUTHE MOOUJILHBIX CHCTEM
PCJ/IB, nposejienne KOppeJisliiy ¢ KCIIOJb30BAaHUEM CBEPXCKOPOCTHBIX
kaHaJjioB Internet [66].

nTepecHo  OTMETHTBH, UYTO HCHOJb30BaHuWe uddepeHIuaIbHol
PC/IBb-meToiukn B Xojie TaliMUHTa IYJbCAPOB IO3BOJIET TOJYYaTh
BBICOKOTOUHYIO HWHGOPMAIMIO O JIBUYKEHUM 3JKBATOPA, SKJIUMNTUKH,
0a30BBIX TOUEK HEOECHOH cHucTeMbl OTcYeTa. DBpallleHue MyabcapoB
MOYKET CJIY?KUTh OCHOBOI JIJIsT TTOCTPOEHUST CTAOUIbHOM Ha JIJTUTETHHBIX
MHTEPBAJIAX aCTPOHOMUYECKON MKaJibl Bpemenu [67].

Mexynapoguaas cayxba GPS (IGS). I'mobaibhble HaBUTAIMOHHBIE
ciytaukoBbie cucrembl GPS  w  [iomacc mO3BOISIOT MOy 9HUTH
nHGOPMAIIMIO O BPAIIEHUN ILJIAHETbI BBICOKOI'O IIPOCTPAHCTBEHHOI'O M
BPEMEHHOTO PAa3pEIIeHNs, & PA3BUTAS CETh Ha3eMHbIX cTanIwil (puc. 1.1)
CJY2KUT OCHOBOU NMPAaKTUIECCKON peasn3alliud 3¢MHOI CUCTEMbl OTCYETA.
OCHOBHBIM JJOCTOMHCTBOM CITYTHUKOBOW CHCTEMBI sIBJISIETCSI TOCTOSIHHASI
JIOCTYIIHOCTb M3 JII00OI TOYKUM 3eMJIM M BBICOKAsl OINEPATUBHOCTH
nosiyaenuss JaHHbiX. Cpend HEJOCTATKOB — Hajudue OOJILIIOTO
KoJInaecTBa  (PaKTOPOB, BO3MYINAOIIAX OPOUTY CIYTHUKOB M, KakK
CJIeJICTBHUE, BHOCSIIIIMX UCKAXKEHUE B JIAHHBIE 110 OPUEHTAIIMU U CKOPOCTH
Bparienus 3emsu. To, uro Bapumanum UT He MOryT onpeessiThCs
abCOJIIOTHO, CBdA3aHO C TeM, YTO OHHM IIPIMO KOPPEJHUPOBAHBI C
MOJIOYKEHHEM BOCXOJSINEro y3jia OPOUTHI CIYTHUKA, 3TO OTHOCHTCSI
KO BCEM CIIyTHHKOBBIM MeTojaM. Bceerja HEOOXOAUMMbI 3TAJIOHHDBIE
orcyeThbl, Koropble obecreunBaer PCAB. Cpean npukiaj HbX 3ajad,
KOTOPBIE MOT'YT PEIaThCs ¢ WCIOJb30BAHUEM HaBUTAIIMOHHBIX CHCTEM
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- MPOTHO3 MOTO/bI, MOHUTOPUHT MOHOCHEPHOH IMOTO/bI, CIYTHUKOBASI
U Ha3eMHas HaBUTallusd, MOHUTOPUHI BYJKAHOB U 3€MJIETPICEHMUI,
MO3UIMOHWPOBAHUE CTPYKTYP, TAWMWUHT W MOHUTOPWHT BpAICHUS
IJIAHEThl B peaJibHOM BpeMeHrn. IPMEKTUBHOCTH pabOThI  CJIyKObI
3aBUCUT OT [POI'PAMMHOIO obecriedeHrusi W UHQPACTPYKTYPHI.
[Lnanupyercst yayuamenue rexuojornn npuema GPS/TJIOHACC wu
pazsurue cucrembl GALILEO [68].
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Puc. 1.1: Cers crannmii IGS B 2003 r.

e Mexynapospnas ciyxb6a Jaseproit sokanuu (CJLJI) koopauHupyer
JIA3EPHYIO JIOKAIMIO WCKYCCTBEHHBIX criyTHUKOB Jemusn, JIJIC, wu
ecrectBegHoro - Jlynser, JIJIJI. IlepBbiM chnyTHEUKOM, Ja3epHasd
JIOKalldsi KoToporo ObLaa mpousseseHa B 1964 1., cran Beacon-
B. Ha cerojmsi exXerogHo BBIIOJHSIOTCS COTHU ThICsiY HAOJIIONCHUIA,
OCHOBHBIMHU OO'bEKTAMHU KOTOPBIX siBJisitoTcsi JiBa criyrHuka LAGEOS
u gBa coytHuka FEtalon. PesyiabraTbl HaOJOJEHUN HCIOJB3YIOTCS
MCB3 i1 yijaoTHeHHsI psijioB HaOJIIOAEHUI 3a BpallleHHeM 3eMJIH.
Bee crnyTHHKOBBIE METOJbI YYBCTBUTEJBHBI K IOJIOXKEHHWIO HadaJIa,
KOOPJIMHAT CHUCTEMbI OTCUeTa, MOITOMY, IOMHMO JAHHBIX O BpAICHUU
Semsn, CJLJI mpejpocrapiger JaHHbIE O IIOJIOXKEHMH I'€OLEHTPa U
JIMHaAMUKE SKJIUITAKKA. JIOKAIMsT CIyTHUKOB IO3BOJISIET WMCCJIEI0BATH
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rpapuTainuontoe 1moJie. HemasoBaxkuyio pousib cbirpaa  CJLIT g
HOJIJIEPKKK PA0OThI HU3KOOPOUTAJIBLHBIX IPABUMETPUIECKUX CIIYTHUKOB
GRACE, zanymennnix B 2002 1. Cieayer ckasarh, 49TO Ja3epHasl
JIOKAIMsi HEOOXO/IMM TaKKe Jijisi paDOThl HABUTAIMOHHBIX CIIyTHUKOBBIX
cereit, onmnako IGS BbIIONHSET ee cBOMMH cujiaMu. K coKaJIeHHIO,
cay»K0a JiazepHoil JIOKAIMKW OrPaHUYeHa B BO3MOXKHOCTSIX W JIAHHBIE,
Pe0CTaBIsIeMbIe €10, He CTOJIb ONEPATUBHBI, KaK JgaHHbie CayKObl [GS
u 6osee pejkn. g nosbimenus 3uaunmoctn Jannbix CJLJI neobxonmmo
yBeJIMUEHUE YHCJIa CTAHIUUA U CIYTHUKOB, IIPEJIOCTABJICHUE CJIyKO0i
€XKeCy TOUHbBIX JIaHHbIX [12].

e MexryHapojiHast ciyxkba JOIIIEPOBCKOIl opOuTorpadun 1 ClexKeHust
3a  cuyraukamu  DORIS.  CnyraukoBasi  rpynnuposka  DORIS
HACUUTBIBAET OKOJIO JIECATKA CIYTHUKOB, CETh HACYUTHIBAET OKOJIO
50 cranmmit. CoBpeMeHHOE O000OPYJOBaHUE CIIYTHUKOB IMO3BOJISIET
BBIUKCJIATH OPOUTY Ha ODOPTY W MPOBOJUTH HAOJIIOJEHUSI B HECKOJIHBKUX
kanajax. Ilo pesyiabratam nabmogenuit  onpegensiiores [IB3  wu
nojiokeHue reoreHTpa. Ciy:kba HaXOJUTHCA Ha  UCHBITATETHHOM
CpPOKe, W eCTh HaJleXKJla Ha TO, YTO OHa OyJIeT B IOCTOSIHHOM COCTaBe
rexunueckux ciay>x6 MCB3 [13].

Takum 0Opa3oM, JIaHHBIE O BpaIlleHUU 3EMJIM [TOCTYIAIT OT HECKOJbKHUX
HAJIEKHBIX TEXHUIECKUX CJIY>KO, OJHAKO, WX Pa3HOPOJIHOCTH, KaK IO
TOYHOCTH, TaK U BO BpDEMEHH JIeJIaeT HEIPOCTO 3a,/1a1y UX KOMOMHUPOBAHNUS.
DTa 3ajiaua peraercs cy>K00ii KOMOMHUPOBAHUSI ITIOCPEICTBOM BbIUNCJICHUS
BECOB Ha OCHOBE aHajn3a Juciepcuii Ajrana, XapaKTepusyolnnx KaueCTBO
psijos [14],]69].

Kombunanunonnsle neatpsl MCB3 pemaior 3aj1a4y co3paHus METOIOB U
paspaborku [1O jy1s aHa 38 U BEIYUCIEHUsST KOMOMHIPOBAHHBIX IIPOJLYKTOB.
[Ipr sTOM O00OIasi MeTOIMKa TAKOBA: AHAJUBUPYIOTCS W HUCCIEAYIOTCS B
PA3JIMYHBIX ACIHEKTaxX WHJMBUJYAJIbHbIE DelleHns, (pOPMUDPYETCsI CUCTEMA
HOPMAJILHBIX YpaBHEHMII 0e3 orpaHMYeHMl, MHJIMBUIYAJbHbIE peIIeHUs
00pabaThIBAIOTCs, WCKJIIOYAIOTCS BBIOPOCHI, It W30eXKaHUsl CMEIIeHn
OIIPEJIENIAIOTCS TapaMeTphbl Xajibmepa. [lociie cpaBHEHUsT ¢ UCIIOJIb30BaHUEM
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BeCOB (POPMUPYETCsi KOMOMHUPOBAHHBIN MTPOIYKT.
Paccmorpum, kakue npoaykKrsl MCB3 jocrynabl M Kakue IEeHTpPbl HUX
BbIpaOATHIBAIOT

e Ompenenenust u  KoncrauTol. Komennmonuwiit  1menrp MCB3
paspabarhiBaeT O0IIUE ONpeJIe/ICHUsT U YUCIEHHbIe CTaHIapThl. B Kpyr
€ro BOIIPOCOB BXOJISIT KOHBEHIIMOHHBIE HEOECHbIE U 3eMHbBIE CHCTEMbI
orcuera, NOpeoOpPa30BaHMS MEXKJIYy HUME, MOJEIN TeOMOTeHITHAA,
JIBUZKEHUsT TOYEK HAOJIONEHN, IPUJIMBHLIX BapHaIldil BO BpaICHUH
Bemsn, mojenn Tpornocdepnl, mojaeab OTO st BpeMenn u KoopauHar,
ypPaBHEHHUsI JIBVXKEHHMSI M PACIPOCTPAHEHMS CBeTa. lIpejjioykeHHble
meHTpoM  crapgapThl  yrBepxkaaorcas MAC u  Mexaynapomnoii
acconuanueit reogesun (MATL).

e OObsIBIIEHNST O  PACXOXKICHUSIX  MEXKJy  T'PaXKJaHCKUM U
acTpoHomMuueckuM BpeMeneM. OObsBJIeHUsT O BBeJIeHUM J100ABOYHOI
CeKYHJIBI JIEJIAlOTCS B criennaabibix Otosmerensx MCB3.

e Mexnynaponnas nebecnas cucrema orcaera (MHCO). MAC mopyunn
MCB3 ycranaBiuBarh TEKYIIYIO peaJu3aliuio HeOECHONH CHUCTEeMbI
orcUuera, CJEINTh 3a Heil n obecneunBaTh ¢Bsidb ¢ aApyrumu CO. s
9TOI'0 CO3JIaH LEHTP 110 HEDEeCHbIM cucTeMaM orcuera. Heppalaromiasics
uHeplyajgbHas cucreMa ¢ HadajoM B Oapunentpe CoJiHeUHOI
CUCTEMbI peain30BaHa HADOPOM TOUYHBIX KOOPJIMHAT BHETAJAKTUICCKUX
PAJIMONCTOUYHUKOB, Pa3/IeIeHHbIX Ha TPU I'PYIIILI: TOYHBIEC, KAHUIATHI,
npyrue. IlepBasg rTpynma Bkaoo4aeT 212 HCTOYHWKOB, JIIUTEILHBIC
HAOJIIOJIEHUs 38 CTPYKTYPOIil, IOJIOXKEHHEM U COOCTBEHHBIM JIBUKCHHEM
KOTOpBhIX mo3Bosmian  onpegeants MHCO ¢ rounocThio  BbINIE
0.01 mmummcexkysaabl  ayru. OcrajgbHble HCTOYHUKKM BKJIIOYEHBI B
pPaCIIMpEHHBI KaTaJor, cojepxkaiuii 667 obbekToB. CXOJHbIE 10
TouHOCTH cucTeMbl mocrpoennl B VIIIA, B Bonne, B nenrpe l'ognapa.
B nepcrekTuBe 0XKUJAQETCH YBEJUUYEHUE YUCIa OINOPHBIX KBa3apos,
0COOEHHO B [OXKHOI Mojycdepe, yToOUHEeHHe COOCTBEHHOTO JIBUYKEHUSI
U CTPYKTYPbI OINOPHBIX MCTOYHUKOB PACIIMPEHHOIO  KaTaJiora.
Onruueckast peasmsainmst MHCO ma 06aze karasora [mmmapxoc,
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coJlepzKallero acTpoMerpudeckue mapaMerpbl 117955 3Besm jgo 9™,
nMeeT TOYHOCTbL OKOJIO MWJIJIMCEKYHJbI. MccnmemoBanusa BemyTed JJid
karasora 2MASS n UCAC o630pa. Oxwumaercs, aro mpoektbl GA-
IA, (FAME, DIVA) noBblcsT TOYHOCTH ONTHYECKOH CUCTEMbI JIO
50 MKc s 3Be3jHol BenumumHbl 9" 3a 5 Jer paborbl. IIpusska
PaJIMOCHCTEMBI K ONTUIECKO# oueHb BaykHa. OHAKO, sSIPKOCTH OTTOPHBIX
PaJIMOMCTOYHUKOB B ONTHUYECKOM juanazone He Bbime 13™. Csasb
yCTAHOBJIEHA Ha TeKymmii MomeHT 1o 170 oObekTaM Ha ypOBHE
rounoctu 80 mc ayru. Imnamndeckas peasusaius MHCO ocnoBana

Ha uucjeHHbix 3gemepuax DE405, paszpaborannbix JPL, n jayHHBIX
apemepuiax LE405.

Mex gynapojnasi 3emuast cucrema orcuera (M3CO). Bpamaormasics
¢ 3emJjeil cucTeMa KOOPJUHAT OIpPEJeseTcs IOJOXKEHHEM IeoleHTpa,
Bceil 3eMJi BMeECTe ¢ OKeaHOM M aTMOochepoil, IIKaJoi, 3aBUCIIIeil oT
MOTEeHIMAIa Tsi>KecTu, u opuentanneit oceit. Knnemarnaecku M3CO
peaJin3oBaHa Ha 0a3e TOUEK Ha ee MOBEPXHOCTH ¢ TOYHO OlPeIeJIeHHbIMI
KoopauHaTaMu. ITu Touku BKJoudaoT cranmuu PCIDB, CJLI, IGS u
DORIS. MobusibHble cpejicTBa OIpeeeHus IOJ0KEHUs IT03BOJISIOT
BKJIIOYATH M JPYTH€ TMYHKTHI, TaKKWEe KaK METEOPOJOTHICCKUE CTAHIINN
W CTQHIIMK ONTUYECKOH acTpoMerpuu. Haubosiee TOIHO ONpeessroTcst
KOODPJIMHATHI  KOJIJIOKAIIMOHHBIX TOYEK, Ha KOTOPBIX OJHOBPEMEHHO
hYHKIIMOHWDYIOT CpeiCTBA HAOIOAEHWH PA3HBIX TEXHUIECKUX ITEHTPOB.
ITpunsitasi na cerojus cucrema M3CO2000 srirogaer okoso 500
craumuit u 101 KOJIJIOKAIIMOHHYIO TOYKY, HAOIIOAEHUS Ha KOTOPBIX
IPOXOJIMJIK HE MEeHe 3 JIeT, CKOPOCTHU IIepEeMeIeHI KOTOPbIX N3BECTHBI
¢ TouHOCTBHIO He xyxke 3 wmMm/r. Ilpu pabore ¢ KuHemMaTHueCKON
peasmzanueir M3CO npunumaror B pacder 3¢hdeKTbl TBEPOTETHLHOTO
3emHoro npuinsa, apdexrol OTO, naMeHeHus: MOJIOKEHHS T€OIEeHTPA,
Mojiesb  siBrmkenust jintocdepubix mwmt NUVEL-1A  (puc. 1.2) wu
ap. Jmnamudeckasi cucreMa peasin30BaHa Ha, OCHOBE KOCMHUYECKOIf
CIYTHUKOBO# reomesnn. (OJHAKO uU3-3a TOTO, UTO CIIYTHUKOBLIE
METO/IbI UYBCTBHUTEJbHBI HE KO BceM ImapamerpaM, 3ajgatomum M3CO,
npuberarT K CHelNuaJbHbIM orpanudeHusiM. [Ipu 3Tom Heobxojum
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yuer mojenn reomorennuaja u ddgdekros OTO. Pazpaborka M3CO
HAXOJUTCS B KOMIIETEHITUH TIEHTPA 110 3eMHOI CHCTEMe OTCUETA.

£ mmder - S— o o e Face of the Earth ™

Puc. 1.2: Monens apmxkenns: aurocdepubix mint NUVELL-1A NNR.

e ludopmarus o BpallleHUd 3emMJid Ha OOJIbIIMX HMHTEPBaJaX BPEMEHHU.
B 6roserene CO1 mybmkyroTest KoopJauHaThl moJoca marom 0.1 roja
¢ 1846 1., marom 0.05 roma ¢ 1890 r. C 1900 r. B HeM NIPUBOIATCS
JlaHHBIE O TOIpaBKaxX K Iperieccuu U HyTtanuu u ¢ 1962 r. — gannbie 1o
UT1-UTC. Hnst obpaborku mauubix g0 1899 1. MCmosinb30BaHO perienve
@enopoBa, u jp. Onrumueckme HaOuogennss ¢ 1900 1. obpaboTaHbl
meronoM Bonjipaka Ha ocHOBe omopHOil cucreMbl I'mmmapkoc. OpHum
u3 npojiykros MCB3 sgapisercs OroJuiereHb, cojeprkalliuii  cpejiHee
noJjioxkernne mosioca. OTmMedeHo, UTO B CpelHEM TOJIoC Jpeiidyer B
HalpaBjeHun 75° 3alaJiHON JOJTOThI CO CKOPOCTBIO OKOJIO 3 MC JIyI'u
B 1o/ (puc. 1.3).

e [lapamerper  Bpamenust  3emsm  ([IB3),  neoOxopumble  jjist
1peodpa3oBaHusl MEXKJly 3eMHOI M HeOecHO#l cucTeMaMy KOOD/IUHAT.
Mecstarbie 1aHHBIE O BpPAIIEHWW W OPUEHTAIMH 3EMJIA, €XKeCyTOUHbIe
onenkn [IB3 B pexume peajbHOrO BpEeMEHH, IIPEJIOCTABISIOTCS B
OIOJIIeTEeHsIX B BHUJE JIOJTOIEPHOIUICCKOIO €XKECYTOUHOI'O PeIleHusI
C04, nopmajbHoro usgrujHeBHoro permrenus C02 u  eKecyTOIHOro
pemennsi C03, a Tak>ke CIVIaXKEHHOTO periennsi B Omosuierene B.
IIpu BbrumciaeHun pemenuii 110 HopMaJibHbiM Toukam C02 u CO03
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Puc. 1.3: [lepememenne cpenero mosroca.

UCIOJIB3YIOTCsT  [IOJIHAS  KOPPEJISIIMOHHAS MATPUIla, U yCTONYMBas
npornenypa onenku M-Huber. Bosbimoe sammanme MCB3 ynenser
onennBanunio I1B3 B cooTBeTCTBUU ¢ NPUHSATHIMKA CHCTEMAMHU OTCUETA.
Hemaercst  Bce  BO3MOXKHOE JIJIsl  IIOBBIIMIEHWST TOYHOCTH, OJHAKO
BEPOSITHOCTh BO3HUKHOBEHUST CMEIEHN W OTKJIOHEHHWH MOJHOCTHIO
HCKJIIOUUTL HeJib3sl. IIpoBojsiTes uccienoBannst JOJrOIEPUOIUIECKAX
OTKJIOHEHU U CUCTEMATHUK.

IIporunossr IIB3. IlenTp mnporuozoB paboraer B USNO wu JPL.
[Tpornos USNO mnybusmkyercst B Orosuterene A. Ilpornos mpeneccun
M HyTallM¥ BbBINOJHSETCST Ha OCHOBE YTBEPXKJEHHBIX MOJIEJIE.
[TompaBku NpOrHO3UPYIOTCsS Ha OCHOBE KOHBeHInit, B orcyTcrBue PCJIB
HAOJTIOIEHWI JIJTMHA TPOTHO3a, COKPAIIAETC.

Hnsg owbictporo ompejenenust I11B3 mo wabaomaTe/lbHBIM JAHHBIM
UCIIOJIL3YIOTCST B3BEIIEHHbIE KYOMUIecKHWe CIJIAHBl CO CIUIaXKMBAHUEM.
Beca mnonboupatorcs oOpaTHO TPOIOPIMOHAIBHBIMI KBaJIPaTaM OIEHOK
TOYHOCTH UCIOJIb3yeMbIX MeTO10B. CritaliHbl JIjist 9KCTPAIIOJISAIN PSII0B
noJIbUpaloTcd Ha OCHOBe HabJoJieHuit U BecoB TodeK. CyOCyTOUYHBIE
Bapwallid  [peJIBAPUTENbHO  HCKJodalored. [ wx  mpormosa
ucnoJibayercs Mmojieib Pesi. KoopjiuHaTbl 10JIOCa  [TPOrHO3UPYIOTCS
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MOCPEJICTBOM 3KCTPAIOJAIUN TOMOBONH U TaH/JIEPOBCKOM KOMIIOHEHT,
OIlEHEHHBIX Ha MPEJIIECTBYIONEM UHTEPBaJe BPEMEH! C TpPUMeHeHneM
aproperpeccrnonnoro ¢uiabrpa. I[Ipu mpornoze UT1-UTC 6osbimmit
Bec npujaercs ganabiM [GS. Bee wmsBecrnbie 3ddekTh, Takne Kak
nobaBouHas CeKyHJla, 30HaJbHbIE [PUJIWB, CE30HHBIE BapUaIUH
peIBapuTebHO  MCKJIIOUAlOTCd  u3  Habjwojennit. logoBbie n
10JIYT'0JIOBbIe KoJieDaHust 1ojoupatorcs 1o npejpiayinmum 403 cyrkam
U SKCTPANOJUPYIOTCA Ha HECKOJIbKO MecANeB Brepen. PasnocThb
MEXKJTy TMOCJeIHUM HaOJIOJeHNeM W SKCTPAIOJUPOBAHHON KpPUBOM
UCTIOJIB3YeTCs  JIjIst  JIOOABJIEHUsI TIONPABOK, a0COJIIOTHBIE 3HAYCHUS
KOTOPbIX YMEHbIIAIOTCs C YJJIMHEHUEM CPOKa [1POI'HO3A.

st mporuosa n Oyayniux 3HAUEHUH CrJIaXKeHHas 10 1. IPeJbLIyIITIM
SHAUEHUSIM BEJIMUMHA BHIUUTAETCsI U3 noceinero nabmoaenus (UT1g—

TAI).
(UT1 —TAI), =2(UT1y — TAI)g— < UT1p — TAI >_,

Crenenb criaXXuBaHusl 3aBUCAT OT JJIMHBI IIporHosa. Ilocye 3Toro
npubaByssioTcss  u3BecTHble 3¢ dekThl. Ilporecc mnopropsieTcs s
Kaxkj1oro st nporuosa. Camoe Om3koe 1o Bpemenu 3nadenne UT1-
UTC cuabno zaucut or omnenok UT, serauciasiembix USNO 1o
npmxKennsaM 1aockocreit opour GPS. Onenku mpomo/KUTeIbLHOCTH
cyrok (IIC) xombumupyrorcs ¢ UT omenkamu jyis orpannvenns
Besinundbl  u3MmeHenuss UT1 3a  jgenb. Jjasg ndaru  nepBbix  jiHeid
LPUBJIEKAIOTCSA  HPOIHO3bI  aTMOChDEPHBIX  YIVIOBBIX  MOMEHTOB
Bosmyitenuit, piusionux Ha [IC. Ilociemnee yiydieHue IporHosa
UT1-UTC c¢Bszano ¢ jgobaBjieHreM JaHHBIX 00 armocdepHOM
BO3MYIIAMONMEM MoOMeHTe, Bbrauciasiemom B 1enrpe NCEP s
70 npmeit. st KOPOTKOIEPUOJMYECKHX IPOTHO30B  HCIIOJIb3YEeTCs
aBTOperpeccuoHublii  GuiabTp. Mmuorosernuit nporuno3z UTI1-UTC
CIIy>KUT JIJIsT ONPejeieHrusl MOMEHTa BBeJIeHUsT JOOABOIHON CEKYHJIbI.
Haznex bl B 1nenrpe nporuozop MCB3 BozjaraiorT Ha, CHHIYJISPHBIA
CHEeKTPAJIbHDBIN aHaJIn3 U HEHPOHHbIE CETH.

e /lanHble, cBA3aHHbBIE C TeOPUBNICCKUMI (DIIIOUJIAMU 1 PacIpeieJieHueM
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yTJI0BOTO MOMeHTa. LleHTp riobajbHBIX reopU3UIeCKUX BO3MYICHUIT
MCB3 orBeuaer 3a nojjepxKanue cjiayK0O MOHHTOPHUHIA U IIPOBEJICHHUE
WCCJIEIOBAHMI 110 BCEMY MHUDY B ODJIACTSIX, CBSIBAHHBIX C BapHAlASIMU
BpAIEHNs] 3eMJIM, U3MEHEHUsIMU I'PABUTAIIMOHHOIO TTOJISI ¥ TTOJIOYKEHMST
TeOIeHTPa, BBI3BAHHBIX IEPEMEIICHUSIME MAacC B TeO(pU3NIECKUX
duronjiax, a Takxke ¢ 3PdekroMm Harpy3ku. B pamkax 1eHTpa
dyuknmronupyoT 8 610po: armocdepbl, OKeaHa, I'MJIPOJIOIUH, TTPUJIUBOB,
MaHTHUH, <Jipa, HAIPY3KM W TPABUTAIMOHHOIO TOJdA, & TaK¥kKe
6opo reomnenTpa. Jasg Bcex reodusnyUecKHX IPOIECCOB Ha OCHOBE
11002/ ThbHBIX HAOJIOACHWH BBIUUCISIIOTCST TaKUe XapaKTEePUCTUKU, Kak
YTJIOBO# MOMEHT, T€UEHUST, FPABUTAIIMOHHBIE KOI(D(DUIUEHTbI, CMEICHUE
TeOIeHTpa U ToJid JedopMalii TOBEpXHOCTHON Harpysku. LleHTpom
Bburon 0B BRIpAbATHIBAIOTCS  CTAHIAPTHI, PA3MEINATCst JaHHble B
ryiobaJibHOM cetu MHTepHeT.

— Bropo armocdepnr. B cogeiicreun ¢ USNO u NOAA mposenen

peaHasm3 MOMEHTa UMITYJIbca aTMocdepHoro BosOyxkaenus (MIA)
¢ 1948 r. HoBble gaHHBIC TOCTYIAIOT B PEXKUME PEaJTbHOINO BDEMEHH,
BBIIIOJIHAETCs aHAJMU3 U IIPOrHO3. MecsuHble apXUBbI JOCTYIIHBI 110
FTP [70].
MUA obyciosnen Berpamu u japienneM. Ha ckopocTh BpaleHust
SeMJin  BJIMSIET OCEBOH MOMEHT T.e. Berpa u Tedenusi. Ha
JIBU2KEHHE TIOJIFOCOB BJIUSIIOT U3MEHEHUsT SKBATOPUAJILHOIO MOMEHTA,
CBsI3aHHbIE ¢ H3MeHeHmeM japjienud. llpum Borumcnenmsx MIUA
UCIOJIB3YETCsl TUIoTe3a 0bpaTHoro OapoMerpa, COrJiacHO KOTOPOit
dutykryanuu armocepHbIX Macc U JIaBJEHUs  OKa3bIBAIOTCs
JACTUIHO CKOMIIEHCHPOBAaHbLI ~M3MEHEHHEM YPOBHSI BOJbLI B
3ajlaHHOM paiftone. Ilepejaua mMomeHTa 3aBUCHT OT TONOrpadun,
CYIIIECTBEHHO BJIMSIHUE CTPECCOB U I'PABUTAIMOHHBIX TEUYCHUI.
Nmeercss ceTka JOKaJbHBIX cocTapisgomux MMA mo cexTopawm.
JlaHHBIE IIpeJCTaBJIEHbl BHUJIE pa3JoyKeHUsi, Habopa CTOKCOBBIX
KO DUIMEHTOB.

- BIOpO okeaHoB. (OKeaHbl OKa3bIBAIOT OCHOBHOE BJHAHUE Ha
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ryiobajibHble  TeodU3UUEcKrue IpoIecchl  Ha  3emye.  BwLio
[I0Ka3aHO, YTO OJHUM U3 OCHOBHBIX (PaKTOPOB, BJIUSAIOINIAX Ha
JIBV2KEHNE TIOJIIOCA SIBJISTIOTCS OKeaHMIeCKNe TeUeHUsT U M3MEHEHMUsI
HPUIIOBEPXHOCTHOIO  JlaBjieHusi.  VI3MeHeHusi  pacupejiesieHusi
OKEAHUYIECKUX MaCC IPUBOJIT K H3MEHEHHSM I'DABUTAIIMOHHOIO
MOJIsT, CMEIEHWIO IeHTpa Macc okeaHa u Bceit Semusm. I[lpm srom
TaK>Ke MEHSIETCST HarPy3Ka Ha OKEAHUIECKYI0 KOPY, 9TO MPUBOIAT K
M3MEHEHUSAM KOOPIMHAT CTAaHIMI HAOJIOMEHU, pACIIOJIOKEHHBIX Ha,
OCTPOBaX B OKeaHe WJIK Ha obepexkbe. BIopo 0keaHOB OTBETCTBEHHO
3a cOOp, BBITUCJICHWST, aHAJIN3, ADXUBUPOBAHNE U PACITPOCTPAHEHWE
JIAHHBIX O HENPUJIMBHBIX MPOIECCaX B OKEaHaX, BJIMSIONINAX HA
BpallleHue 3eMJIN, IPUBOJISIIUX K AedopMaIiusaM I'PaBUTAIIMOHHOIO
MoJisi W CMelleHusiM  reoredTpa. JlocTymHbl  Psiibl  KOMITOHEHT
MoMmeHTa uMItyJibca okeana (MUO) ¢ 1985 no 1996 r. marom usith
cyTok 1 ¢ 1988 mo 1997 r. marom Tpoe CyTOK, PAJbI TOJOXKEHU
oKeaHm4decKoro 1enTpa mMacc ¢ 1992 no 1994 r. ¢ TpexcyTouHbIMU
nHTEepBaIaMu. LIUpKyIsSIIus n KJIuMaT OKEaHOB XapaKTepU3yTCsi
unjekcom ECCO. Psijibl npuoBepxHOCTHOIO JiaBJIeHUsT JIAHBI €
paspemenneM B 12 uacoB. Mmerorcss mporpaMMbl BbIYUCIEHUSI
YIJIOBOI'O MOMEHTA, IIOJIOXKEHHSI IIEHTPa MaCC U PHUIIOBEPXHOCTHOI'O
JIABJICHUST 110 MOJEJISIM TJI00ATbHON ITUPKYJISTITIH.

Bropo mnpuiaupop. IlpoBomuT cOOp JIAHHBIX, CBA3AHHBIX C
BJIVSTHUEM MPUJIMBOB Ha BpalleHne 3eMJIM U JBUKEHWE TeOIeHTPa.
Mojenupyiorcss npuinBbl B okeanax. COBEPIIEHCTBYIOTCS MOJIEJIH
CYTOYHBIX U MOJYCYTOUYHBIX COCTaBJSOMUX. [IpuanBHbIE yriioBBIE
MOMEHTBI BBIUUCJIAIOTCA 110 MOJIEsIM aTMOC(EPHOR UPKYIISIUN.
3aMeueHo JiaroBoe OTKJIOHEHWE MexkJy ATJIaHTHIEeCKAM U
Tuxum  okeanamu. [anabie 00 armocepHbIX — HPUIMBAX
MOJy4YeHbl W3  JAHHBIX ~ HECKOJBKHX  METEOPOJIOTHIECKHX
1eaTpoB. C MCMOAb30BaHMEM CO3JAaHHBIX MOJEsei TIaHupyeTcs
[IPOTHO3UPOBATH BPAIIEHUE 3eMJIN.

Bropo ruaposorun. Ilpenocrapiser faHHbIE O BOJHBIX XPAHUJIAIIAX
1 Bapuallisgx HAIPY30K JIJIsT BCeX TePPUTOpPuii ¢y B mupe. Mojienn
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T'UJIPOJIOTUYECKON TUPKYJANNE CBA3aHBI € KJIUMATUIECKUMHU U
arMocdepHbIME TIporieccaMu. MopcKoii JieJi, KaK 4acTh OKeaHOB, He
CYIIIECTBEHEH B I'€0/Ie3MYECKOM CMbIC/IE, OJIHAKO CYIIECTBEHHbBI JIb bl
cymm. Mojgean NCEP 1o3Bo/inin BbIYMCIUTH MECSIIHBIE CETKU
3aII0JIHEHHOCTH BOJHBIX pe3epByapoB. C 1979 mo 1993 r. jocTynHb
nanabie ECMWF. Ananusupyiorest manasie NASA.

Bropo wmanTun. KpynHomacmiTabHble IepeMerieHuss B MaHTUU
BJIMAIOT Ha BpallleHre 3eMJIU, I'PaBUTAIlMOHHOE TI0JIe U TOJIOXKEHNe
reotienTpa. Ko-ceiicmnueckne apdexror (KymysisTuBabie 3 deKTh
3eMJICTDSICEHUI ) BJAMSIOT HA EOJMHAMUYCCKUE [apaMeTphl, TaKue
KaK I'paBuTaIuoHHbie KoddduimenTbl CTOKCA HU3KOIO IMOPSIIKA,
IIB3 u momenT unepiuu. JlaHHble Ui BCEX 3eMJICTPSICEHUI BbILIE
5 6asuios myosnkyiorcs B karajsore CMT Tapsappa [71]. B Begenun
OI0OPO MAHTHUN HAXOJIUTCS TAKXKe MOCJe/IeTHUKOBOE BOCCTAHOBJICHNE
. JlaHHbBIE O pa3JIOKEHUN I'eOIIOTEHINAJA, OCHOBAHHbIE HA MOJIEJISIX
BSIBKOCTH MAHTHUHW, BBIYUCIEHBI ¢ 1marom 12°. TexkTonwmdeckne
JIBV2KEHUsT MAHTUU ¥ BbI3BAHHBIE UMU TeoinHaMudeckue 3 Qe
HA IeOJIOTUYECKOi IKaJie BpeMEeHHU TIHIATEIbHO U3y IatoTCs.

Bropo spa. Ilorokum B KHJKOM BHEITHEM sjipe U JIBUXKEHUE
BHYTPEHHEI'O  sijipa,  OTHOCUTEJIbHO  BHEIIHErO IPUBOJSLT K
pasMIHBIM ~ reojie3udeckuM  dddexraM,  HaOJIOJAEMBIM €
nopepxHocTH 3emyin W u3 Kocmoca. DTO Bapuamuu BpaIIeHUsi
U OpUEHTAIMy 3eMJIM, W3MEeHeHUsI TIPaBATAIMOHHOTO  I10JIsi
HA  I[OBEPXHOCTH  3eMJyH, JjedopMaiuid  IOBEPXHOCTH U
Bapualuy IOJIOXKEHHMsI reoleHTpa. 10, YTO STU Bapualuu
MaJIbl,  JIeJaeT  BO3MOXHBIM WX  HaOJOJeHWe  JINIIh ¢
UCIIOJIb30BAHMEM [PENU3UOHHON TexHuKu. HejpocrymHocrs sjpa
IpsSIMOMY HaOJIIOJIEHUIO JIeJIaeT IOCTYIHAIOIYyI0 K HaM TaKUM
obpazoM wuHQOpMalldi0 YHUKaJbHOH. DBropo sjpa cobupaer u
pacrIpocTpatsier JaHHbIE U KOOPAUHUPYET MCCICJOBAHUS IO DTOM
teme. Ha caiiTe 610po mpejicTaBIeHO HECKOJBKO PSIJIOB MOJEIbHBIX
JJAHHBIX O IIOTOKaX B «Jipe M YIVIOBOM MOMeHTe. B Mojessx
UCIOJIB3YIOTCST  HAOJIOAEHUsT  TPABUTAIMOHHOIO  MOTEHI[HAJIA,
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IPeJIIoJIOXKeH!sT 1 (pU3nIecKue coobpaxkenus. Bapuanun yrioBoro
MOMEHTa sJipa OYEeHb XOPOIIO COIVIACYIOTCA €  JIeKAIHBIMU
BapUaIUsIMI  IPOJOJIKUTEILHOCTA CYTOK. Ba)XHO mnoHMManne
LPOIECCOB KOHBEKIUU B sjIpe, HOTOKOB B HEM, I'€OMalHETH3MA,
BO3MYIIEHUII Ha TIpaHule sApo-MaHTHs, JuddepeHIuabHOro
BpAIlleHUsT BHYTPEHHErO sijipa W BO3MOXKHBIX  HaDJIIOLAEMbBIX
3P HeKTOB, CBSI3aHHBIX C HUMHU.

— Biopo rpapuramuum u reonenrpa. B 2002 1. Obr  3amyiineH
cnytink GRACE. Bropo mnpegocraBmio JocTyn K JJaHHBIM 110
I'PABUTAIMOHHOIO TOJIIO ¢ 3Toro ciyTHuka 1 u 2 yposusi. Cospan
dopym 1mo dpopmaraM JAHHLIX U UX HCIHOJb30BaHui0. CBejleHus O
reopU3NIECKUX OCOOCHHOCTSIX, HEOOXOJMMBIX JIJIsI MHTEpIpeTaIun
I'PABUTAIMOHHBIX JAHHBIX, OTKPBITHI JIJIs JOCTYyIa. [eHepupyorcs
PsIbI BPEMEHHBIX BapHalliii IMOJIsI, BBI3BAHHBIX aTMOCQEPHBIMH,
HEIPUJIMBHBIMKA ~ OKEAHMYECKHMMHU  IIepepacipejie/IeHusiMi  Mace
n okeaHWdecKuMu npuiauBaMu. OHU OTIMYAIOTCS OT JIAHHBIX
Jipyrux 010po ciiy)0bl reodpuszndeckux ¢Jionios. Kpurnueckas
poJIb  TOJIOXKEHHUSI ~ TeOIeHTpa  JIJIsi  OIpPEeJeseHusT  CHCTeM
KOODJIMHAT yBeJIMUUIa HUHTEPEC OOIIECTBEHHOCTH K JIesATeJIbHOCTU
JlanHoro Oropo. IIperusuonubie CBEPXIPOBOJIAIINE TPABUMETDDI,
YCTaHOBJICHHBIE B HECKOJIbKUX TOYKAX MHPa, 00eCrneduBaroT
OIIOPHYIO CUCTEMY JIJIs CIIyTHHKOB.

— Bropo  narpysku. [uiobaJibHble  jlanHble O JedopMalun
MOBEPXHOCTH, BapUalllsaX IOJOKEHNS TEOleHTpa U HU3MEHEHUSIX
I'PABUTAIMOHHOIO CHI'HaJia, OOYCJIOBJEHHBIE IMOBEPXHOCTHBLIMU
HATPY30YHBIMI [IPOIECCAMH, BKJIIOYAIOTCS B PsijIbl  PEaabHOIO
BPEMEHH, [PEJIOCTaB/IsieMble CJ1y»K00ii. TodHOCTH COOTBETCTBYET
COBPEMEHHLIM  TI'PABUMETPUYECKHM  MeTOoJdaM U TOYHOCTU
KocMuaeckoit reojie3un. Mcnonbaytores nannbie NCEP u ECMWE.

e MCB3 nybaukyeT To/i0BOil OTYET, KOHBEHIIUU U TEXHUUIECKUE 3aMETKH
110 pPa3HbIM BOIPOCAM, KOTOPbIE O00CY»XJIal0TCs Ha KOH(MEPEHIHUSIX U
CHUMIIO3MYMaX.
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Ha cerogusa crpykrypa MCB3 Bkiogaer

o Ceru TeXHUYCCKUX CTAHIINM.

LlenTpbl HAyIHOTO aHAJIM3a U OIEPAIMOHHDLIE TEHTPHI.

KoopuHalmonHbie MEHTPHI JJIsi KaXXKJ0i M3 METOJMK M IEeHTP IO
MOHHTOPHUHIY IJI0OAJbHBIX I'e0U3UICCKUX (DJIIOUIOB.

[enrpaJjibHOE OI0OPO U €ro 1oAOIPO.
e JlupekIuio.

TouHOCTH JAHHBIX ODECIEYUBAECT PEIICHNE TEXHUICCKUX U HayJIHBIX 33121
o OyHjIaMEHTAIBLHONW ACTPOMETPHUH U T'€0e3NIEeCKUX CUCTEM OTCUeTa.
e MonuTopuHra u MOJIeJIMPOBAHUS BPAIEHUsI U OPUEHTAIUNA 3EMJIN.

MonuToputra u MojempoBanus jgedopmalnii TBep o 3emJin.

Mounutopunra Bapuaiuit Macc B reopusndeckux QJronjiax, BKIHOYAs
armocdepy u rujipocdepy.

OHpeﬂeﬂeHI/IH Op6I/IT NCKYCCTBEHHDBIX CIIYTHHKOB.

[eopmsnueckumx  u  aTMOC(EpHBIX  HUCCACNOBAHUN,  HU3YUCHUs
JUHAMIIECKOTO BO3/IEHCTBUS (DJIIOUIOB Ha TBEPAYIO IIOBEPXHOCTD
SeMJin.

e KocMuueckoil HaBUTAIIAMN.

1.2 Ilapamerpsbl BpallieHus 3eMJin

[lonoxkenune 1enTpa Macc Tejla B HHEPIUAJbHON CHCTEMe KOODJIMHAT
MOKeT ObITh 3aJ1aHO TPEMSI lapaMeTpaMy — KOMIIOHEHTaMU PaJinyCa-BEKTOPA.
VckiiroauM U3 pacCMOTPEHHSI JIBUXKEHNE 3eMJIN BOKPYT OAPHUIEHTPA, CUCTEMbI
Semisst-JIyna u jBukenue 3Toii cucreMbl BOKpyr CoJiHIla, OrpaHUYMMCH
paccMOTpEeHWeM JIMITh BpalleHns 3eMJn. byjaem mojarath, 9TO HAYaJIO0
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WHEPIUATBHON CHCTEMbI OTCUETA PACTIOJOXKEHO B IEHTpe Mace 3emJyin (B
reorieaTpe). Hecmorpst Ha TO, 9TO MTHOBEHHOE MOJIOKEHHUE TEOMEHTPA
MEHSIETCsI, er0 YCPEJIHEHHOe MOJIOYKEHNEe MOYKeT OBbITh BBhIOPAHO HaTaJIOM
reotieHTpuUeckoil Hebecroit cucrembr koopauuar (I'HCK).

OpueHTalusg TBEpJOro Tejia B MHEPIHaJbHON cucrteme KoopauHat XY Z
MOKeT OBITh 3aJlaHa C WCIOJIh30BAHNEM TPEX MapaMeTpoB, HATPUMED YTJIOB
Qitsepa.

CBsizkeM € TBEPABLIM TEJIOM CHCTEMY KOOPJUHAT TYZz, HadaJo KOTOPOI,
KaK ¥ Hadajo cucreMbl XY Z pacmojiokeHo B IEeHTpe Macc Teja u
OpMEHTAIWs, JJIsT ONPEIEJeHHOCTH TpaBasi, ODOWX CHCTEM COBIAJIAET.
i npeobpasoBanust KOODJAMHAT TOYKM B CUCTEME OTCHeTa Tejla Tiy, K
KOOpJMHATAM B MHEPIHMAJbHOI CHCTEME T'xyz, MOXKHO BOCIOJIb30BAThCS
MOBOPOTAMU BOKPYT oceit. Marpuibl npaBOCTOPOHHUX TOBOPOTOB, T.€.
TPONCXOJIATINX TPOTUB 9aCOBOI CTPEJIKHU, €CJIM CMOTPETD C TIOJIOXKUTETHHOTO
HAIIPABJIEHHUS OCH, BOKPYT KOTOPOii TOT TOBOPOT OCYIECTBIISCTCS, 3a1al0TCs
dopmynamu

1 0 0
Ri(0) =Rx(0)= |0 cosf sinf

0 —sinf cosd

cosfd 0 —sind
Ry(0) = Ry (0) = 0 1 0
sinf 0 cos6f

cos sinf 0
Rs(0) = Rz(0) = | —sinf@ cosf 0
0 0 1

[Tepsbiit moBopoT Ha yroJi ¢ OyjeM npoBoAUTh BOKpyr ocu OZ 0 Tex 1op,
IOKa OCh 02 He oKaxKeTcs B miaockoctu OZY . Ilpu sToMm TouKa nepecedenms
miaockocreit OXY u oxy, HasbiBaeMas y3JIOM, OKaXKeTCs JIexKalleil Ha
ocn OX. Yroj 1 Ha3bIBAETCs YIJIOM TMPENECCUU W BBITIOJHEHHBIH TTOBOPOT
sajiaercs marpuneit Rg(¢) Bropoii nosopor OyjieM BbILOJIHATH BOKPYI' OCH
OX ma yrou €, 10 Tex mop, moka ochb 0z B miockoctu OZY He COBHAJET C
ochio OZ. Yron 6 HaszwpiBaeTcst yrjoM HYTAIMW W BBITTOJHEHHBIH TTOBOPOT
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sajaercst Marpureit Ro(6). Ilocaemumit moBopor, cuoBa BOkpyr ocu OZ,
Oy/ieM BBIIOJIHATD, JI0 TeX IIOp, IIOKa 0ch 0x B m1ockoctu OXY He coBmajer
¢ OX. BakIIOunTeNbHbI TTOBOPOT Ha yroJ ¢ ONUCHLIBACTCS MATPHUIEH
R3(¢). Takum obpaszom, Tpu yruia Ditepa (1,0, ©) NOJHOCTHIO OLPEJEIISIOT
peobpazoBaHue

rxyz = R3(¢)R2(9)R3(¢)Txyz — Rresrmyz-

Pesynabrupytomias MaTpuiia 1oBopora  [..s Ha3blBaeTcs  MaTpuUIlei
HAIIPABJISIONMX ~ KOCHHYCcOB. Kak Jobast  Marpuiia IOBOPOTa  OHA
oproronasbia R™1 = RT ee croabipl OnpepesioT HAIPABIIIONINE
KOCHUHYCBI OCeil CUCTEeMBbI TeJla TYZ B MHEPIHaJbHO#i cucteMe XY Z, cTrpokn
- HaIpaBJIAIONIME KOCUHYChI OCEeil HHEpPIUaJbHON CHUCTEMbl B CHCTEME
KOODJIMHAT TeJIa.

OpHako, JJsI ONMCAHUS OPUEHTAIMM J3eMJIM HPUHATO KCIOJb30BATH
BMECTO Tpex, MATh mapamerpoB Bpaiienust 3emsin (I1B3). Yribr npereccun
v HyTarmun A (JIoroTa BOCXOJAIIEro y3ia IKJANnTukr) At (HakjoHeHue
SKJIUIITUKHI) ONMPEJENSIIOT OPUEHTAIMIO CPEJIHEfi OCH BpalleHUust 3eMJI B
nHepruaabHoit cucreme orcuera MHCO, yrosn 0, ma KoTOpbIit MOBEpHYJIACH
Semitst, ompejensercsa pasHocTbio mkajg Bpemenun UT1-UTC, xoopjuHaATHI
MOJIIOCA Tp, Yp 3JAIOT IMOJIOXKCHHE MIHOBEHHOW OCH BpAIEHUS B CHUCTEME
oTcueTa, CBsI3aHHOI ¢ 3emieit. [lapamerpnl BpaleHns 3eMJIN CIyXKaT JIJIs
1peodpa3oBaHusl MEXKJy 3eMHOI U HEeDECHOH cucTeMaMHu OTCUYeTa, KOTOpOe
BBITIOJIHSIETCsT 110 (POPMYJIe

Fers = PN () R(EW (£)reys, (1.1)

IJI€ T'yrs - PAJUYC-BEKTOP TOYKU B 3EMHOI CHCTEME, KOTOPBIA YMHOXKAETCS
Ha Marpuilbl 1oBopora: W — obycioBieHHO#i aBuxkenuem 1oJocos, PN
— Ipereccueit u HyTtamueit, R — yrjoBeiM BparieHueM 3emsu. OueBujiHO,
YTO KCIOJIb30BAHME IISITH IAapaMEeTpPOB IIPEIoJaraeT HaJuIne HEKOTOPOIi
IIPOMEXKYTOUHON CHCTEMBl KOOpJMHAT. PaHbllle Takas cucremMa 3a/aBajiach
C HWCIOJL30BAHUEM CpeJHell OCH BpaIleHns 3eMJIH, IPOXOIIneil depes
Mexynaposabiii adgemepunnbiii momoc (MIII). [Monoxkenue sroit ocu B
MHCO onuceiBajgoch Teopueil Npeneccuu W HyTallud W HE COJEPIKAJIO
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KOMIIOHEHT C IepuojioM MeHee 2 cyToK. CoryiacHO Pe30JIIONUsIM, TPUHSITHIM
na XXIV accambmee MAC B 2000 1. ® BeTynuBmmM B cuiay 1
supapst 2003 1. [36], Mexaynapogubiit sdbemepupnbiii nostoc (MIIT),
KOTOPbIH JIO 3TOI'0 OLPEJIE/IsiJl 110JIOXKEHUE YCPEJIHEHHON OCU BpallleHust
Bemsn, 3ameHeH HeOecHbIM mpoMexxkyTounbiM  HadasoMm (HITH), wmm
nojitocom  cpejiHeit  ocu  Tuccepana. Takum 00pasoM, TTPOMEKYTOTHON
cucTemMoii Tenepb siBysiercst  cucrema  Tuccepana. B 'HCO wn M3CO
BBEJICHbI TOUKHU, JIEXKAIUe Ha HKBATOPE MPOMEXKYTOUHON CUCTEMBI OTCUETA,
nazBanubie coorBercrBenno Hebecubim ademepuanpiv  magamom (HOH)
v 3eMubIM ademepriabiM Hadagom (39H). Obe stu ToukM sABJISOTCS,
TaK HasbiBaeMbiMK, HeppalaomuMucs Hadasamu (HH). YoM spaienust
Bemsu (YB3) mnpunsaTo cumrarh yros € Mexjay STUMH JIBYMsI TOUKAMU,
M3MEPEHHBI M0 9HKBATOPY MPOMEXYTOUHOW CHCTEMBI OTcYeTa T.e. B
IIJIOCKOCTH, THEPIeHInKYIspHoit ocu, npoxojsiieit yepes HITH u reonentp.
Ismxkenne HIIH B mebecnoit cucreme oTcuera HE COMEPKUT KOMIIOHEHT C
nepuogaMu Meree 2 cyTok (dactorsl or -0.5 70 0.5 IUKJIOB 3a 3BE3IHBIE
CyTKVM WCKJIIOYEHbI), W ONpEJeJsieTcss TeopHeil TMpereccun W HyTaluu
MAC2000 ¢ Tounocrbio He xyxe (0.2 MC Jyrd, HOIPABKU OIPEEJISIIOTCs
u3 Habsaonenuit. Bo Bpammalomeiics 3eMHOI cucTeMe OTcYeTa W3MeHeHue
nosioxkernss HIIH npoumcxomur ¢ dacroramu, JiexKaligMyd BHE 0OpaTHOIO
cyTo4dHOro jmanaszona (gacrorsl or -1.5 10 -0.5 1UKIOB B 3BE3JHBIE CYyTKH
VCKJTIOUEHBI) U ONPEJIEeIAeTCs KOOPANHATAME HOJII0CA Xy U Yp. KOOpAHHATHI
IIOJIFOCA, OIIPEJIEJISIOTCS B IIPsIMOYTOJILHOM cHcTeMe, IEHTP KOTOPOil CBsi3aH
¢ norocom M3CO, och X mamnpapiena B1oih MexyHapoaHOTO OTTOPHOTO
mepugnana (MOM) (nmpoxojsinero npuMepHo B €Ta MeTpax OT OTMETKH
['punBuveckoit obceparopuu), och Y — 1O HampaieHnuto Mmepuanana 90°
3al1a/IHOM  J1oJroThl. JIBMXKEHME II0JIF0Ca, B OCHOBHOM, OIIPEJIENIACTCA U3
HAOJTIOIEHM, T.K. JIOCTATOIHO TOTHYIO TEOPUIO JBUYKEHUS TIOJII0CA TIOJIYIUTh
[IOKa HE y/IaJI0Ch. Te0pusi CTPOUTCS Ha OCHOBE YPaBHEHMsI

—

d - ,
i< H =L, (1.2)

rne H = [wW + h — yryioBoit MomenT, I — TeH30p HHEPIUH, W — BEKTOP
YTJIOBO# CKOPOCTH BpaIlleHusT 3eMJin, h — OTHOCUTEILHBII yTJIOBO# MOMEHT,
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u L — yrioBoii MoMmMeHT cuwi. Eciam gy mnpereccuu M HyTaldd MOMEHT
cusi co croponbl CoJiHna, JIyHbI ¥ IJIaHET B OCHOBHOM M3BECTEH, TO CHJIbI,
o0yCIaBIMBAIOIINE JBUXKEHUE TOJIFOCa W3BECTHBI He Bcerja. B pazjene 3.4,
MOCBSIITIEHHOM CIIEKTPaJIbHOMY aHaJIu3y, Oy1eT OoJiee o IpoOHO PACCMOTPEHbI
CIIEKTPaJIbHbIE COCTABJISIONIUE JBUXKEHU OJIIOCA.

Corstacno kKoHBeHIMsIM [36], 3HaUeHWMsT MApAMETPOB JIBUKEHHUsT TIOJIOCA
CKJIQ/IbIBAIOTCS U3 TPEX COCTABJISIONINX

(xpa yp) = (I’, y)IERS + (AI, Ay)tidal + (A*/Ea Ay)nutationa

vie  (z,Y)iprs - KoopauHarhl nojitoca, 1ybsukyembie MCB3 1o
HAOJIIOJICHISIM, BTOPOE CIAraeMOe — CYTOUYHbBIE U IIOJIYCYTOUHLIE KOMIIOHEHTHI,
TPETbe — BBICOKOUACTOTHLIE HYTAIMOHHLIE KOMIIOHEHTHI. B amamason
JIBUYKEHUST T10JII0CA OKA3BLIBAIOTCH IEPEHECEeHbl HYTAIUMOHHBIE KOMIIOHEHTDI
C 1IEpUOJAMU MEHbILE JIBYX CyTOK B HebecHoil cucreme orcuera. Cyrodnble
IpsIMble HYTAIIMOHHBIE KOMIIOHEHTLI COOTBETCTBYIOT JOJINONEPUOITIECKAM
IPSAMBIM ¥ OOPATHBIM COCTABJISIIONMM B JIBUXKEHUU TOJIIOCA, TOJIYCYTOIHbIE
UpsIMbI€  HyTal@W — UPSIMbIM ~ CyTOUHBLIM —BapualUsiM B JIBUXKEHUK
nosiioca.  Jloaronepuogndeckue KOMIIOHEHTHI  BKJIIOUEHbI B (T, Y)IERS,
npoune Tpebdyercs jodaBiATb. TakuMm oOpas3om, 00yCJOBJEHHBIE Pa3HBIMU
IPUUMHAMU OTKJIOHEHKsSI BO BPAILEHUKM 3EMJIM, OKAa3bIBAIOTCs BKJIIOUEHBI B
ojHy rpyiiy. Pazjenenune mMexiy kKomnonentamn (zp,Yp) u (€,1) caenato
He [0 IPUIKNHE, 0OYCIaBINBAIONIEH BJIEHUs, a 10 YACTOTHOMY JIHAIIa30HY.

Pacemorpum  mogpobree  cocrapssiione  Bhipaxkenust  (1.1).  C
MCIIOJIb30BAHMEM MATPHUIL BPAIIECHUsI BOKPYT' KOOPJAMHATHBLIX OCEel MaTpuILy
JUIST JIBUYKEHUST TOJIOCOB MOXKHO MPEJICTABUTL B BUJIE

W(t) = Rs(—s") Ra(xp) B1 (1),

rJle BBEJEH Iapamerp, ompejensionuit nosokenne 39H na sKBaTope
ITPOMEXKYTOUHON CHCTEMbI
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Matpumna yrioBoro BpallleHusA MPEJACTABIICTCI B BHIE

R(t) = R3(—#0),
3J1eCh 0 - yroJ BpalieHust 3eMJIn.
0(T,) = 2m(0.7790572732640 + 1.00273781191135448T,,),

e T, = JDUT1 — 2451545.0, a JD UT1 onpejensiercs n3 pa3sHOCTH HIKAJI
pemenu UT1 =UTC + (UT1 - UTC).

Marpuily nperneccuu-nyTanun MOXKHO 3alliCaTh B BUAJIE
PN(t) = R3(—E)Ro(—d) R3(E) Rs(s),
ryie B u d - yrabl, onpenensioriue koopaunatsl HIIH B 'HCO
X =sindcos F, Y =sindsin F, Z = cosd,
paHee He MCIOJIb30BABIIAACS BEJIMUIMHA, § BBIYUCIISCTCs 110 (hopMyJie

(XY (t) = X(1)Y (1))
5:—/ T 200 dt — (o9No — 2o Np),

to
e 0g — nojoxkenre HOH, Ny — nosioxkeHne BOCXOISINEro y3J/1a 9KBaTopa, 2
— x-navgayio 'HCO na snoxy J2000.0. MaTpuiy npereccuu-uyTalud MOXKHO
HepernucaThb B BUJIE

1—aX? —aXY X
PN(t)=| —aXY 1-aY? Y Rs(s).
-X -Y 1—-a(X?+7Y?)

Besmunnbr X, Y Beraucssiores 1o teopun MAC2000 ¢ jobabienuem
nonpasok (0.X,0Y"), nybauxkyembix MCB3 1o pesynbraram nabJmojenuii

(X,Y) = (X,Y)rav2000 + (60X, 0Y)

Ucxopst uz aroro, marpuily npeneccuu-uyraiuun PN MOXKHO 9KBUBaJIEHTHO
peJCTABUTh B BUJIE

1 0 00X
PN(t) = 0 1 0Y | PNy,
—0X —o0Y 1

52



rine PNy — MaTpuia npeneccun-nyTamnun, ocnopanias ma mogean IAU2000.

Teopusi npeneccun u myrtanun MAC2000 3aMenHnia TEOPHUIO HYTAIUH
MAC1980 u mozmens nperneccun MAC1976. Ona cosjiana Ha OCHOBE TEOPUN
nyraiuu TBepioi Semyu Cymim u jpyrux [72] u uepejarounoit GyHkiuu
Merbioca [41]. Teopust 6bl1a MONyUeHA YTOTHEHHEM TI0 HAOTIONECHUSM CeMU
apaMeTpoB, BO3HUKAIOIMIMX MPU PEIIeHNN JIMHEAPU30BAHHBIX ypPaBHEHMI
Bpalaoreiicss 3emun. M3HadajJbHO MOJIEJIb HETBEPJIOTEIbHON HYTallUN
rnocusa nHaspanme MHB2000. Ha XIV accambiee MAC ona momyunia
nazpanne MAC2000. Ilpumsaro nBa Bapmanta Teopun: MAC2000A c
MOTPENTHOCTHIO He BhIe (.2 Mc, BKIo9aomasa 678 JyHHo-coiHedHbix u 687
IJIaHeTHbIX KoMmIoHeHT, n cokpainennass MAC2000B, jparomast Tounocts 1
Mmc. HecmoTpst Ha TO, 9TO OblLIa TaKXKe MOCTPOCHA, IIpeBapuTebHasT MOJIEb
cobosinoii myTaiun sijpa (CHS), ona He Gblia NpUHSTA K HCITOJH30BAHUIO
¥ B BBIYMCJICHUS HE BKJIIOYaeTCs. J[Jisi BLIYMCICHUS MAJIbIX BEJUYMH S U S
MCB3 npejocrapisieT crenuajbHble ITPOrpaMMBbl.

Wrak, mojo)KeHue OCH BpallleHWs B Tejie J3eMJIM 3aJaeTcd  JIByMsi
MPSMOYTOJBHBIME KOODJMHATAMU T, U Y,. OcCb & HapaBiIeHa BJOJb
['puHBrYeCKOro Mepuinata, och Yy — B Hanpasjennn 90° 3amaiHOR JOJITOTHI.
Ocb, npoxojsias depe3 HITH, coBepiaer mperieccuonnble 1 HYTAIIMOHHbBIE
KoJiebaHUs B MHEPIHAJbHOM IIPOCTPAHCTBE.

Nzobperenre aTOMHBIX 4YacoB BO BTOpoil  nosiopuHe XX — Beka
MO3BOJINJIO HAYaTh PEryJASpHLIA U TOYHLIH MOHUTOPUHI OTKJIOHEHUH B
CKOpOCTH Bpalenus IaHeTbl. CindeHue aToMHONI IKaJbl BceemupHOro
koopauauposanroro Bpemenn UTC ¢ moaydaemoit M3 aCcTPOHOMUYECKHUX
HAOJIIOJICHNIT U CBSI3QHHOW ¢ BpallleHneM J3emyin  IKaJjoit BceemuprOro
Bpemenn UT1 mo3BoJisieT 0TCIEKUBATH 9TH OTKJIOHEHUS 8 TaK»Ke BHIUUCIATD
npojioJKuTebHOCTh cyToK. MCB3 mybsinkyer OrosijieTeHu, cojeprkaliie
paznoctb UT1-UTC w Benmumny mpojosnkuTesbHoctu cytok. Cioemyer
ckazarb, 4ro BpemeHHoit psiyy UT1-UTC orpakaer HOMUMO CKOPOCTH
BpallleHusT 3eMJId, BCe M3MEHEeHHsI, KOoTopble mpereprieBaJia IkaJja UTC.
Benencrre 3amemyenust Bpamennst 3emun, mkajga UT1 orcraer or
UTC. HIkama UTC wucrnonab3yercsi MOBCEMECTHO W BpPEMsi OT BpPEMEHU
MOJIBOIUTCS JIJIsT coryiacoBanus ¢ Bpamenuem 3emin. o 1972 r. x UTC,
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Ipyd HEOOXOJMMOCTH, KaKJiblii pa3 jgobaBisiiach 0.1 cekyHa, Tak UTOOLI
paccoryiacopanue He mpesbiiago 0.1 c. OjnHako cToJib YacTble MMONPABKU
okazaJinch Heyjooubl. B 1972 rojy ObLIO TPUHATO pelieHue O TOM, YTO
Baocuth u3meHenust B UTC Hy»kHO pexe, u jobapiisaTh 10 1 cekyHje Jiis
Toro, utobnl paccoryiacopanne ¢ UT1 me mpesbicuio 0.7 c. Ilocnennss
Takasi CeKyHja ObLaa jgobaBieHa K rocienneit cexkynge 1998 roma wm ¢
T€X TOp, 10 TPUIMHE YCKOPEHWsI BPAIEHUsI 3eMJiu, He J100aBJIsiIach.
[To HOBBLIM corJIallleHusAM CJeyiomas OyaeT nodbaBjieHa JIMIIL TOMA, KOIJA
paccoriacoBanue mpubsmsuTcs K 0.9 ¢, 0JiHaKo 3TOT BOIPOC JIUCKYTUPYETC.
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I'1aBa 2

OnmcaHue OCHOBHBIX MoJeJieit

Iloka 3eman ewe sepmumcs, noka ewe APox ceem,
Tocnodu, dati oce Toi wascdomy, wezo y vezo vem:
Mydpomy dati 2on06y, mpycausomy dati Ko,

Hati cuacmaueomy denee... M e 3a6ydv npo mens.
B. Oxyodorcasa

2.1 Iloaxojapl K MOAEJIMPOBAHUIO

[Tocsie Toro, Kak 1e/b UCCJEIOBaHWS TIOCTaBJICHA W 3aja4a onpejiesieHa,
npeXxje, deM MPUCTYIUTh K €€ PeIeHuio, HeoOXOJMMO BbhIOpaTh METOJI,
KOTOPBIH MOr OBl JIaTh HaWJIydIlIne pe3yabraTbl. Heobxommmo mpoBecTu
CpaBHEHHE, IIPU HSTOM JIOJKEH ObITh HaliJIcH KOMIIPOMHUCC MEXKJY
MPOJLyKTUBHOCTHIO METOJIa W €ro CJIOXKHOCTBHIO, B CJIydae HEOOXOIMMOCTH,
paspaboran coOCTBEHHbBIH 110/1X0/. MHOroobpasue nMeronmxcss MeToI0B TaK
BEJINKO, UTO eCJW Obl Mbl MOCTABUJIM 33Jady OMUCAaTh W UCIPOOOBATH BCE,
HAM He XBaTujo Obl HU BpemeHu, HU Mecra. OjHAKO OoJiee TMMHUPOKMI
B3IUIs1JT TTO3BOJISIET YBUIETH OOIIHOCTH MHOTHX TTOX0/I0B, BBIJIEJIUTH OCHOBHBIE
HAIIpaBJEHUsI, 0 KOTOPHLIM MOXKHO JBUTraThes. IlosTomy mpeskie, uem
nepeiTu K JIeTaaIbHOMY ONMUCAHUIO UCIOJIB30BAHHBIX HAMU METOJIOB, CUATAEM
HY>XKHBIM KPAaTKO, B OOIUX YepTax pPacCMOTPETh TOIXOAbl K aHaJIUu3y |
MO/IEJTMPOBAHMUIO, CJIOXKHUBIINECS K HAIIEMY BPEMEHHU.

OJHUM M3 OCHOBHBIX (DAKTOB, JEJNAIONIUX BO3MOXKHBIM HM3y4YEeHUE TOTO
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UM WHOTO TpeJIMeTa WIN dABJEHWS B TPHUPOJE MOXKHO CYUTATH TO, YTO
9TOT MPEJIMET YJIaeTCs Pa3jIoKUTh Ha COCTaBHBbIE dacTH. Tak, yx)e EBmokc
Knujckuit  (406-355 1. j1o H.3.), Da3jiOKUBIIMAN JIBUXKEHHE I[JITaHET Ha
COCTABJISIIOIIIE BJIOJIb ¥ OIEPEK IKJIMIITUKHI, UCIIOJTH30BAJI OJIHY U3 OCHOBHbBIX
CTpaTeruii, KOTOPYI0 MOXKHO chOPMYJUPOBATHL TaK: pa3OUTH 3a/ady Ha JiBe
COCTABJIAIOININE, OJIHA, W3 KOTOPHIX MOYKET ObITh IPOMO3JKON, HO TIPOCTOIA,
a BrOpasi — HeOoJbIION 1o ob0beMmy, HO cJjoxHOW. Ha mnepBom 3tarie
MCCJIEIOBAHUIT BTOPOIi 4acThio HY>KHO TpeHebpedsn [47].

[Ipumepom Takoii cTpaTerum MOXKET CJIYKWUTh JnHeapu3alusd. VMenno
CBOWCTBO JIMHEHHOCTH MO3BOJIAET PA3JIEIATh PElieHne Ha COCTaBHBbIE YaCTH,
UCIIOJIb3YsT TPUHIMIT cynepro3uiini. Eciu 3ajiada HeJinHeliHA, 1 HEN3BECTHO,
YTO ee pelleHre MPeJICTAaBIAeTCd HEKOTOPO KOoMOMHAIMeH OoJiee POCThIX
COCTABJISTIOIIX, TO MPOBOJAT JINOO PA3JIOKEHUE B PSiJl W OTPAHUINBAIOTCS
MEePBbIMU  9JIEHAMHU JI0 HEKOTOPOTO MOPsijika MaJjocTh, JubO, B MEPBOM
MpUOJIVKEHUH, 3aJIady pelialoT KakK JIMHEHHYIO, a 3aTeM HaXoJdT, Kak
MEHSIOTCS TapaMeTphl pellieHus Mo/ ieiicTBueM Bo3MyIieHuil. B Harre Bpems
BEJIyTCST aKTUBHBIE TIONCKN HOBBIX TTOXO/IOB K PEIEHUIO HEJIMHEHHBIX 33184
[19].

[lenbio MATEMATUIECKOTO MOJCTUPOBAHUS MOXKHO CUMTATH YCTAHOBJICHHUE
MaTeMaTHIecKoro 3aKoHa, Haubojee TOYHO OINUCHLIBAIOIIETO —sBJICHHE.
MaremaTnueckasi MOIE/Ib JOJPKHA XOPOIO alIPOKCUMUPOBATH NMEIOIINECs
HAOJTIOICHNS, OHA MOXKET COJIEPXKATh OOJIBITIOE YHCJIO TapaMeTpPOB, OJTHAKO
AMMIPOKCUMAITMOHHAS MOJIEJTb HE BCErJla XOPOINO SKCTPANOJUPYeTCsd Ha
Oynymee.

Ecaun ke craBuTcs 3a/1a49a MPOHUKHOBEHWST B CyTh ITPUPOJIHOTO SIBJICHUSI,
HAXOXKJICHUS €r0 MPUYMH W IOCTPOEHUs TEOPUU TO TaKOW TIOJXOM MBI
Ha30BeM (pU3NUECKUM MOJeJUPOBaHUEM. Xopolias (pu3ndeckas MOJIeNb,
KOHEYHO, TOYXKE WMMeeT MaTeMaTHIeCKOe IPeICTaBIeHne, KOTOPOE MOXKET
COJIEP2KATh MEHbIIIEE YNC/I0 TTaPAMETPOB B CPABHEHUH C alllIPOKCUMAIMOHHOI
MaTeMaTHIeCKOl MOJe/bIo, HO WMeTh Oojiee CJIOXKHBIM BHUJ, OHA JIOJIYKHA
obiagarh TpejcKazaresbHol  cuyioit. OueBMIHBIM TPUMEPOM  Pa3IUIHil
MaTeMaTHIECKOrO 1 (PU3NIECKOr0 MOJIX0/1a CIIYKAT cucreMbl Mupa, [lTosemest
n Konepuuka.
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Yenexu wHebecHoit Mmexanwkuw B XVII B. cmibHO yKpenuwam Bepy B
BO3MOXKHOCTH OIMCAHUS sIBJICHUI MaTeMaTudecKMMHU 3akKoHamu. Ho yke
TOT/Ia MOHWMAJIA, 9TO HEBO3MOXKHBI HAOJIIOJEHUST, KOTOPhIE HE MCKAXKAJWChH
Obl BJIMSIHUEM Pa3JIMIHbIX (PAKTOPOB, MPUYMHBI KOTOPbIX HEU3BECTHBI.
HeobxouMOCTh  yMEHBINCHUST BJIUSHUS TaKUX (HPaKTOPOB, TTPUBOISIITIX
K OomuOKaM HaOJIOJAEHWH, KOTOPbhle HelIh3sT WCKIIOIUTH, TPUBEIa K
u30bperennto Hezapucumo Jlexanpom (1752-1833) u Tayccom (1777-1855)
MeTosia HanMeHbIuxX KBaaparos (MHK).

[Tosnnee  crajo  sdcHO, YTO  ONMWCAaHWE  HEKOTOPLIX  sBJICHWUIA
JIETEPMUHUPOBAHHBIMK 3aKOHAMHU BOOOIIE HEBO3MOXKHO. ToJIbKO Ojiarojaps
Pa3BUTHUIO TEOPUHU BEPOSITHOCTEH W CTATUCTUKU yJIAJOCh TOACTYITHThCS
K 3aJladaM, IOCTOSHHO BO3HUKAIOIMUM B OWOJIOTHH, SKOHOMHUKE, HayKax
o0 olIiecTBe, TJie COBMeCTHOE jeficTBue O0JbIIoro uncia (hakToOpOB,
nH@OPMaIs O KOTOPHIX HEMOJIHA, MMO3BOJISIET MaTEeMATHIECKH OIKMCHIBATH
SBJICHUSI JTUIITH C UCTIOJb30BAHUEM BEPOSTHOCTHBIX 3aKOHOB.

[Toaxoapl K MojenupoBanuio B XX Beke oOpesn HOBOE JIUIO OJsiaromapsi
pPas3BUTHIO KUOEpHETUKH, TnoHepoM KoTopoit obl1 HopbepT Bunep, coznanuio
[Ilennonom Teopun wunHdoOpMaluu, pa3pabOTKe TEOpUU OITUMUBAIUN U
TEOPUHM CHUCTEM BMECTE€ CO 3HAUYUTEJIbHBIM IPOTPECCOM BBITHCIUTETHHBIX
CPEJICTB M YHCJIEHHBIX METOJIOB.

Hosbie wmaremarndeckme ujew  BCerja  BO3HUKAIOT B AKTHUBHO
pasBUBalONIUXCca obnacTax Hayku. B konern XX B 0cOOEHHO MHOI'O METOJIOB
JtaJia, OMOJIOT .

st onmcaHWsi HEKOTOPBHIX CJIOXKHBIX, CUJIBHO 3alllyMJEHHBIX CHCTEM
OKa3aJIuCh YI00HBIMU AIIIPOKCUMAIMOHHbBIE MOJIEJIH “4epPHOTO siiuka’. Takue
MOJIEJTU XOTs U HE JIAI0T MPEJICTABICHUS O 3aKOHAX Pa3BUTHS SIBJICHU, TEM He
MeHee, XOpOIIIO yCBauBalOT OCHOBHBIE MX 0COOEHHOCTHU. B mporecce o0y denms
OHW TIPUCITOCAOJIMBAIOTCS U € YCIEXOM UCIIOJIb3YIOTCsT JJIsT BOCCO3/IaAHUST WJTHU
UMUTAIME [TOBEJICHUST CUCTEM.

C mosumuii  mocTaBJAEHHOW — 3aJadd  aHaJn3a  HaOJMIOJeHHil |
MTPOTHO3WPOBAHWST BpAIEHWsT 3EeMJIM, W3 BCEX METOJ0B Hac OyayT 0cobo
MHTEPECOBATH METOJIbl 00pabOTKM JIAHHBIX, CUT'HAJIOB, aHAJIN3a BPEMEHHDBIX
PSAJIOB, JIMHAMUYECKOTO MOJICTUPOBAHMUS, PeIIeHnsT HEeKOPPEKTHBIX 3ajad,
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ONTUMU3AINN U OOy ICHUSI.

[Tog BpeMEHHBIM pSJIOM dallle BCErO MOHUMAETCs Cepus HaOJIOeHMUI,
CJIGJIAHHBIX  TIOCJIEJIOBATEJIbHO BO  BpeMmenu. HabJsojlaemasi  BeJIMIUHA
MoxkeT ObiTh BeKTOpHOW. Ha uHTepBasibl BpeMeHun Mexly HaOJIIoJeHUusiMu
U WX KOJHUYECTBO He HAKJIAJbIBAETCI OTpaHUYEHUI, OJIHAKO yI00Hee
obpabaThiBaTh HaOJIIOJIEHUs, CJleJIaHHbIE 4Yepe3 pPaBHbIE TPOMEXKYTKU
BpeMeHn. AHaju3 BPEMEHHBIX PsJIOB  MPOBOJNTCS  JIJIST  BBISIBJICHUS
CXOJICTBA WJIM PAa3JIMIMs MEXKJIy PsJIaMU, BBIJCJCHUS TPEHJIa, OTbICKAHUS
NePUOAUIHOCTE, BEPOATHOCTHOT'O OIUCAHUSA CIYIANHON COCTABJIAIONIECH,
OTBHICKaHUsI 3aKOHOMEPHOCTEH U MPOrHO3UPOBAHUS.

st perieHusi 9TuX 3aJiad aKTUBHO HUCIOJIL3YIOTCH KOPPEJISIIUOHHBIN 1
CTIeKTPaJIbHBIH aHaIN3, (PUIBTPAIUS, PEIPECCUOHHBIE METOJIbI, TPUBJIEKAETCS
TEOPUs CJydalHbIX mpoleccoB. 3BecTHo, 4TO 0OOJIBIIAs YacTh METOJIOB
paspaborana U 000CHOBaHA JIJIsI CTAIMOHAPHBIX MIPOIECCOB, XapaKTEPUCTUKN
KOTOPBIX TOCTOSHHBI BO BpeMeHHU. [l mporeccoB, mapaMeTpbl KOTOPBIX
MEHSIOTCS BO BpPEMEHH, HMeIOTCd aJIalTUBHBIE MeTojbl.  OrleHuBaTh
U3MEHSIOIINECs MapaMeTpbl 10 BPEMEHHOMY Psijly, €CTECTBEHHO, CJIOXKHee
4eM OCTalOIIMecss HEM3MEHHBIMU, UX OLIEHKM MeHee JlocToBepHbl. K aHnajuzy
HEKOTOPBIX HEJTMHEHHBIX W HECTAIMOHAPHBIX BPEMEHHBIX PSJIOB B MOC/IETHEE
BpeMs TIPUBJIEKAIOTC PE3YIbTAThl TEOPUH Xaoca 1 (ppaKTaJoB.

Muorue MeTojibl MOYXKHO 00OOIIUTH Ha CJy4ail psijloB, BEKTOPHbIE OTCUYETbI
KOTOPBIX, YIOPAJOYEHLI 1O HEKOTOPON MepeMeHHoi, BO3MOXKHO BEKTOPHOIA.
OTa IepeMeHHas MOXKeT He ObITh BpeMeHeM BOOOINe a IIKaJja IepeMeHHO
MOXKeT OBITh HepaBHOMepHOi. K mnpumepy, B OMOJIOrMKM YaCTO BO3HUKAIOT
3aJla4u, IJIe OKa3bIBAETCs YJA00HBIM MCIOJIb30BaTh OMOJIOIMYECKOe BpeMs,
Tekylee HepaBHOMepHO. [lomxonsmuii  BBIOOp MepeMeHHO-apTyMeHTa,
MIO3BOJIIET OOHAPYKUBATH B3AUMOCBSI3b U KOPPEJAIUI MEXKTy MPOTeCCaMH,
KOTOPbIE HE BBISBJISIOTCH B JAPYTUX KOOP/MHATAX.

[Toyi, curuajiom 0ObIYHO 110/Ipa3yMEBAETCs HEIPEPbIBHBIN UJIN JIMCKPETHbIi
IIPOIIECC, UMEIOITNI UCKYCCTBEHHOE MTPOUCXOXKIeHne. Tak, CUrHAJIOM MOYKHO
Ha3BaTh TeJEePOHHBINA, CITYTHUKOBBI CHUIHAJ, 3BYKOBOI CHUTHAJ W JlaXke
MY3bIKY, OJIHAKO JIJisi BPEMEHHOI'O psijla POXKJIAEMOCTH WJIM CMEPTHOCTU
MOHSATHE CUTHAJa [OpuMeHuMo ¢ TpyaoM. C  00paboOTKoO#l CHUI'HAJIOB
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CBsI3aH BOIIPOC O Bbljesenuu mH@opMaluu. Korga obpabaTbiBarh CUTHAJ
HEOOXOJIMMO B peajibHOM BPEMEHH, [0 Mepe IOCTYILICHHS HH(OpMaIuu, K
aJITOPpUTMaM 00PADOTKU MPEIbsIBJISIOTCS 0COObIE TPEOOBAHUSI.

Uszmenenne cocrosinus (pusnieckoro oo'bekTa, BbI3BaHHOE JlefcTBUEM TOM
UM WHOM NPUYMHBI U €ro CBOMCTBa MOI'YT M3ydaTbCdA C KCIOJb30BaHUEM
JIMHAMWIECKOTO MOJeIMPOBaHust n Teoprn cucreM. [lox cocrosinrem B Teopun
CHCTEM TIOJ[Pa3yMEeBaeTCss HEKOTOPBI HabOp XapaKTEePUCTUK O0beKTa,
OIIPEJICJIAIONINX ero HAOJI0aeMble XapaKTePUCTHUKU B TEKYIIHA MOMEHT
U BJIUAOMKE Ha ero Oyayiee. Bremrnsss, He mojyiexkainas 00bsiCHEHUIO
B paMKaxX MOJIEJIN TPWINHA Ha3bIBAETCST BXOJHBIM BO3EHCTBAEM WU
IIPOIIECCOM, €ro JIEHCTBUE TPUBOJINAT K BBIXOJHOMY HAbOPY XapaKTepUCTHK
cucTeMbl B (PAa30BOM IIPOCTPAHCTBE, K JIBUXKEHUIO OOBEKTa I10 HEKOTOPOii
TpaeTkopun. Kcim B HadaJdbHBIE MOMEHT fj CUCTeMa HaxOAWJIach B
OIpPEJICJIEHHOM HaJaJbHOM COCTOSTHMM, TO ee Oyaylias TPaeKTOPHUs WJIu
BBIXOJI B MOMEHT t MOJHOCTBIO OIpEJeNsIeTcs HadaJbHBIM COCTOSIHHEM B
MOMEHT ty ¥ TeM, KaKoe BO3JIeiiCTBHE IIOCTYIaJO Ha BXOJI Ha HHTEpBAaJIe
[to,t]. Obiriee noHsiTHe JUHAMUIECKON CHCTEMbI JIOBOJILHO CJIOXKHO, OCHOBHOE
ero Ha3HAuYeHUE — OIHUCAHUE “NOMOKE NPUYUHHO-CACICNEENNLIT CBA3ET U3
npownozo 6 bydywee” |73]. Tlpum 3TOM BBOASTCS MHOMXKECTBA JIOMYCTHMbIX
BXOJIHBIX M BBIXOJHBIX BEJIMYUH, BO3MOXKHBIX COCTOSHHUI, OIIpPEJIe/saeTCs
CTPYKTypa 00beKTa, mapaMeTpbl ero Mojeju u Jap. B c¢Bs3u ¢ 3rum
MOTYT CTaBUTbCA 33Ul YCTONUMBOCTH, VIIPaBJIEHUs, HICHTU(MUKAIIN,
ONTUMM3AIUN, SKBUBAJEHTHOCTU, CTPYKTYDPBI, JEKOMIIO3UIMU, CHHTE3A.
Tak, 3agada WACHTUGUKAINA CHCTEM 3aKJII0YAeTCsI B MOCTPOCHUU
MaTeMaTHIeCKOl MOJIeJIn  JIMHAMUYIECKOH CHCTEMbl 10 HabJII0[aeMbiM
JJAHHBIM ¥ OIEHMBAHWKM IIapaMeTpPOB. 3ajiada OIEeHUBAHUS COCTOSHUSI
CBs3aHa C OIIPeJeJICHUEM TPAEeKTOpUHM OObEKTa, IPU ITOM OOBEKT JIOJIXKEH
OBITH HAOJIIOTAEMBIM.

Hacto ecrecTBeHHBIM 00PA30M MOHSATHO IJie IPUIKHA & rjie ciepcrsue. Ho
MHOT/Ia, pa3Jiuine MeXKJIy BXOJIOM M BBIXOJIOM He O4eBHJIHO. B aToMm ciiyuae
BKJIFOUEHNE HADJIOMAEMbIX KOMITOHEHT COBMECTHO B BEKTODP BXO/a W BHIXOJIA,
1I03BOJISIET MOJICJIM CAMOW “OnpeJie/iuTh , JEHCTBUTEJbHO JIM Ta WJIK WHAas
1epeMeHHasl SIBJISIeTCsl BXOJIOM, a TaKxKe MMeeT JIM MeCTO oOpaTHasl CBS3b,
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KOTJIa BBIXOJ BHOBBL IOCTyIaeT Ha BXOJ. IIpm sTom Barkueiimeil 3amadeii
SIBJISICTCS aJlallTalus MOJIe/IH K JInHaMuKe peHoMeHa. Eciu npejrosiaraercs,
4TO JIMHAMKUYECKast MOJIEb O0beKTa HEe OCTAeTCsl HEM3MEHHOM, UCTIOJIh3YeTCs
aJlallTuBHasl ujieHTU(UKaIUs, OLIEHKU 11apaMeTPOB MOJIEJIM UBMEHSAIOTCS 110/1
JleiCTBUEM HOBBIX JAHHDBIX.

BxojiHoit 11poriecc, KOTOPhIM MOXKHO YIPaBJIsITh HA3bIBACTCA KOHTPOJIEM
WJIM yIIPpaBJIEHUEM. 3a/lada TeOPUN yIIPABJICHUS 3aKIF0IAETCS B TOM, ITOOBI
HAWTU TaKO# yIIpaBJISIONIHi IPOIece, KOTOPBIil IpUBeIeT 00HEKT B 3aJaHHYIO
TOUYKY (Pa30BOI0 IPOCTPAHCTBA B HYKHBI MOMEHT HJIM 3aCTABUT OOBHEKT
JIBUTQThCS 110 KejaeMoil TpaekTopuu. Heynpapiisiemass 49acTh BXOJHOIO
[POIECCa HA3BIBACTCSI BO3MYIIECHHEM. DTOT TEPMUH ObLJI BIIEPBbIE BBEJIECH B
HebecHO MexaHuKe, U B JlajbHEHIIeM IOJYyInI HIHPOKOe PaciIpocTpaHeHue.
Tak, npw JBUXKEHUU CYJIHA, YIPaBJICHUE OCYIIECTBIISACTCA TOCPEICTBOM
JIBUTaTeJIel, a BO3MYINAONUMIA (PaKTOPaMU BHICTYIHAIOT BOJHEHUE, CHOC OT
BeTpa 1 mpouee [33].

Muorme wu3 3aja4, CBA3aHHLIX C JUHAMHYECKAMHU CHCTEMaMH, MOTLYT
CTABUTCS JIMIIb B OTHOIIEHUU OOBEKTOB, KOTOPHIMU MOXKHO YIPaBJIATh.
DTO onpejiessieT TO, YTO JIMIIb OIPAHUYEHHOE KOJUYIECTBO METO/0B TEOPUN
JIMHAMAYECKUX CHCTeM IpPUMEHMMO B TaKHUX HayKaxX, Kak l[eodusmka u
AcTpoHOMUS, SIBJISIIONUXCSI, B OCHOBHOM, HAOJIIOATE/IbHBIMHE.

Yacro BCcTpedaercss B 9TUX HayKaxX I[MOCTAHOBKa BOIPOCA O TOM, KaKOBO
BXOJIHOE BO3JIEIiCTBUE, MPUBOJIsAIIEe K HAOIIOLAEMOMY TOBEJICHUI0 00HEKTA,
MOJIeJIb KOTOPOro B OOJIbIIEHl WM MEHbIIel cTeleHr u3pecTHa. IIocKoIbKy
329aCTyI0 K OJHOH ¥ TOi >Ke TpaeKTopuu (MOBEJCHNI0) OObLEKTa MOryT
[IPUBOJIUTH Pa3JiIMuHble BXOJIHbIE BO3JEHCTBUS, TaKast oOparHas 3a/a4a
SABJIIETCS HEKOPPEKTHO MOCTABJIEHHOIA.

B magame XX B. Agamap cdopMmyanpoBaJ KPUTEPUU KOPPEKTHOCTH
3aJladM, a WMEHHO 1) pelleHne JIOJKHO —CYIIeCTBOBaTh, 2) pelleHue
¢JIMHCTBEHHO; 3) DPEIICHUE HEIPEPbIBHO 3aBUCHT OT MCXOJHBIX JIAHHBIX.
Muorme rojgnpl pemieHme 3a7ad, He YIOBJIETBOPAONIUX STUM KpPHUTEPUIM
CIMTAJIOCh HEBOBMOXKHBIM U (pusmaeckn dbecembicaernubiM. Orako, B 1943 1.
TuxoHoBbIM Obljla JlOKa3aHa TEOpeMa, CMbICJ KOTOPOW CBOJIUTCH K TOMY,
YTO CyKasgd MHOXKECTBO JOMYCTUMBIX HCXOJHBIX JAHHBIX JIO 3aMKHYTOT'O
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MHOYKECTBa  KOPPEKTHOCTH, JIJII  HEIPEPBIBHOTO  B3aUMOOTHO3ZHAYHOTO
peodpa30BaHus YAAeTCsd IMOCTPOUTH HeNpepbiBHOE 00paTHOe W PEeNIuTh
HEKOppeKTHYI0 3a1a4y. [Tocsie 3Toro HekoppekTHbIe 3a/a491 CTaJIu CIUTATHCS
He crojib OesnajiexkubiMu. Clieyer 3aMeTuTb, YTO HPAKTHYECKH BCSIKOE
BOCCTaHOBJICHHE TIPUIUHBI ABJCHUS MO HAOJTIOTAEMOMY CJIEICTBUIO SBJISAETCS
HEKOPPEKTHOM 3a1a1ueit 1o A gamapy. Ha ocHOBe HEKOTOPBIX MTPEJIITOI0KEH N
O KJIacCe€ BO3MOXKHbBIX IPUYMH, TAKyIO 3aja4dy MOYXHO CJeJaTh YCJOBHO-
KOPPEKTHO# 1Mo THUXOHOBY, U JIaTh €if pa3yMHYIO HHTEPIPETAIHIO.

Metospl 00pabOTKM JAHHBIX CTAJIM aKTUBHO PA3BUBATLCSA C MOsIBJICHUEM
OOJIBIIIOIO YUCJIa KOMITBIOTEPOB, JEKTPOHHBIX XPAHUJIUI WH(MOPMAIUU, C
passutuem ceru Mnrepuer. BaxkHeiliyio pojib B 910 00J1aCcTH CTaJIM UT'PATH
AJITOPUTMBI ONTUMAJIHLHOTO TIOUCKA U KJIACCU(DUKAIUN JIAHHBIX, SKCIEPTHHIE
CUCTEMbl W CHCTEMbl HCKYCCTBEHHOI'O WHTEJIJIEKTA. YCIEeXu CO3JaHus
10CJIEJIHUX BO MHOI'OM CBSI3aHbl C pasBUTHEM Teopun o0ydeHusi. BarkHbiMu
TOHATHSMHU B TEOPUU OOYUCHUS SBJAIOTCS TaMsTh, CTUMYJIbI U (DYHKIUSI
MOJIE3HOCTH,  CYIIEeCTBEHHOE BHUMAHWE YJEJdeTcsd  ITPOTHO3UPOBAHUIO.
[Tpobsiemy oOydeHUMsST MOXKHO MareMaTudecku cOpMYJIUpOBaTH B BHJIE
3aJla4u, KOTOpas 3aKJ/I0YaeTcs B HAXOXJIEHUMU TaKOi (pyHKIUU U 110j00pe
ee TapaMeTpoB TIO HMEIOIUMCS JAHHBIM, KOTOpas obecrednBasia Obl
paBUJIbHOE OTOXKJECTBJIEHNE JIAHHBLIX, CpaBHEHWe, TPOTHO3UPOBAHUE U
obJiajiaa Obl JIOCTATOUYHBIMUA ODOOIIAIONMMEI CBORCTBAME, MO3BOJISIIOIIMMU
MPaBUJIBLHO KJIACCUMDUIIMPOBATH JIAaHHBIE JlayKe TIPW HAJUYAUA ITyMOB WU
nckKaxkennii. Takoro poja 3ajauu JIETKO peIialoTcs 9eJOBeYeCKUM MO3TOM,
U JIeJIAlOTCS JIMIIL TIepBbIe IMard Jijist pelieHus UX € WCIOJIb30BaHUEM
KOMITBIOTEPOB. DTO BCeJsSIeT HaJeXkKJbl Ha TO, 9TO B OyIyIIEM Iepej
YeJIOBEUECTBOM OTKPOIOTCS HOBBIE TEPCHEKTUBBI. MBI Ke BOCIOTIB3yeMCs
METO/IaMU, UMEIOIUMEC B HAIIEM PaCIOPIKEeHUH.
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2.2 AmBaJm3 BpeMEeHHBIX PHAJI0B

2.2.1 ChekTpaJbHbIl aHAJIN3

OCHOBHBIM METOJIOM CHEKTPAJBLHOIO aHAJN3a, CUTHAJIOB JIOJINOE BPEMs ObLI
DOypoe-ananns. [ToCKOIbLKY 9TOT KIACCHYECKUIT METOJ| 4aCTO HCIOJIb3YeTCs
B HalleM HMCCICJO0BAHUKM M CJIY2KHT OCHOBAHUEM, HAa KOTOPOM 0OasuUpylOTCs
VHBIC METOJIbI, Mbl CUMTAEM HYKHBIM PACCMOTPEThL €ro HOAPOOHO BKJIIOYAsT
WCTOPHUIO €r0 CTAHOBJICHHUsI, BCJIE] 3a aBTOPOM | 74].

B 1807 r. Mozsed Dypne (1768-1830) mpescraBui pemienne ypapHeHHs
TEIIONPOBOHOCTH:

00 0’0

ot 0%’
rie ©(z,t) — remneparypa B MOMEHT ¢ B TOUKe T OECKOHEUHOrO CTepXKHs, k
— KO3 purmenT reronposojiHocTu. B Mmoment t = 0

O(z,0) = f(x).

Dypbe paccMOTpes CrepxKeHb JinHbl 27 nosiarasi, uro f(x) u O(z,t) — 27
nepruoanvHbl. [IpejcraBuB HauaJbHOE paclpejie/ieHue B BUJIE PsiJia

f(.T) _ cheimx
nez

pelieHre ObLIO BBIBEJICHO KM IIpU  OOINEM IPEJNOJOXKEHUHM, YTO BCe
nepuogndeckue (PyHKIUNA HTPEJCTABUMbBI TPUTOHOMETPUICCKUMK PSIJIAMU C
Ko puInmenTamn

2m
1 .
Cp = %/f(x)e_mxdx.
0

CrenuaJibHble CIydad TPUIOHOMETPUUICCKUX PSAJIOB ObLIN yXKe M3BECTHBI K
Tomy BpeMmenu. K mpumepy, Jleonapn dityiep jan popmyy

1 1 1
gt = sin(z) — 5 sin(2z) + 3 sin(3z) + ...

HecMmoTpsi Ha TO, 9TO MaTeMaTWKH OTHECJUCH CKENTHYEeCKH K ODODITEHUIO
Oypre, B 1811 1. emy npucyauian npusz DPpaHIy3cKOil akajleMUU HaykK
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3a ero wMemyap. Pesynbrar @ypbe ObLT mpaBujieH, IpH HaYaJbHOM
pacipejie/iIeHul TeMIIepaTyp pelleHue IIPEJICTAB/IAeTCS B BHJE KOHEUYHOI
TPUTOHOMETPUYIECKOW CyMMBI. 3a OJIHO JIUITh 3TO OH ObLI OBl JOCTOWH
LpEMUM, OJIHAKO, B €ro JI0Ka3aTejbCrBE HUCIOJb30BaJUCh  [IPABUJIA
nuddepeHnupoBais W CBEPTKHU-IIPOU3BEJICHHSI, OOYCJIOBUBIIUE  CHJIY
dypbe-anaanza.

Tem ne menee, maTeMaTuiecKkue IpodJIEMbl OCTAJIUCh. [TPoIiIo HECKOJIBLKO
qet, mpexae dem [lutep I'yeraB Iupuxie nokazan B 1829 r. 10cTOBEPHOCTD
oTKpbITHs Dypbe g OOJBIIOrO KJjacca mnepuojudeckux ¢ynknuit. C
TeX MOp aHaJJIu3 IIOIIeJI O TPOIe, IMPOJIOXKEHHON TIeHUaJbHOW WHTYUIUEH
DOypue. Kitaccuueckoit 3110xoit psijioB Pypbe MOKHO Ha3BaTh BPEMsi, KOIJIA
MaTeMaTUKK IOCTaBUJIM BOIPOC O TOM, KaKOBBI (DYHKIINH, IPEJICTABIIsIEMbIe
psaamu @Oypoe. [dwobya-Paitmony nan B 1873 1. npumep HenpepbiBHOM
nepuojuiaeckoit gpynknnn, psijg Oypbe KOTOPOH pacxouiics B Hyse. DTOT
pe3yabTaT BUTAJ UEepHOW TeHbIO HaJ Teopueil COTHIO JieT. bbuim u
no3uTHBHBIE pe3ynbraThl. B 1880 1. Jlanm mokazaj, dro Pypbe psijibl
MPEJICTABIISIIOT JIOKAJILHO JIunmmuiesyto, B dacTHOCTH I hepeHnupyemyio,
dyuknuio. B 1881 r. Kamwuib 2Kopjan jiokaszaj, 4To 310 BEpPHO jiist
GyHKIMI ¢ orpaHMUYEHHON JIOKaJbHO Bapuanueii. B KoHIle KOHIIOB B
1904 1. Jleonosb Qeitep mokaszaJji, 4To 1o Koadduimenram Pypbe MOKHO
BOCCTAHOBHUTDH JIIOOYIO HENPEPHIBHYIO MEPUOANIECKYI0 (DYHKINIO. DTOTO
0Ka3aJI0Ch JOCTATOYHO JIJIsI IPUMEHEHUsT Pe3yIbTaToB K 00paboTKe CUTHAJIOB.

Ho npuBep:keHIbl YUCTOI MaTeMaTHKH He YI0BJIETBOPUINCE. [losgBiisiioch
Bce OOJIbINIEe TTPUMEPOB HEMPEPHIBHBIX (PYHKIMH ¢ PACXOAAIIMMUCT XOTs-ObI
B ojHoii Touke Dypne-psjgamu. C jppyroit croponbr, Deitep jokazas, 9ITo
HeIpepbIBHBIE TePUOInIecKre (DYHKIINKT U UX PSIIbI CXOIATCA B JII00O0H TOUKe
B cMbIcye Llezapo.

B objiacTii BHE HENPEPbIBHOCTU BCE HAJIEXKJbl HA TEOPHUIO IOJHOCTHIO
passesisi  Anjpeit  Hukonaesuu  Kosmoropos, jokazas B 1926 1.
CYIIIECTBOBAHUE IEPHOJUIECCKUX JIOKAJbHO MHTErpupyeMbix 1o Jlebery
dyuknuit, Oypbe-psijbl KOTOPHIX PACXOAATCS BO BCEX TOUYKaX. BO3HUKJIN
[pEeJIUyBCTBUSI, 4YTO W B paMKaX HEINPEPbIBHOCTU TAUTCHd  HEUTO
naTojorudeckn mioxoe. B 1966 r. 2Kan IIbep Kaxan n Mnxak Karsnenbcon
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TIOKAa3aJI, 9TO JIJ1s1 JII0O0TO Habopa ToYeK HyJieBoil Mephl Jlebera cyriecTByer
HelpepbiBHas Mepuojindeckasi (PpyHKINUA ¢ PACXOJAIUMUCA B 3TUX TOYKAX
psagamu Oypoe. Curyanmsi ¢ HenmpepbIBHBIME (QYHKINsIMKA ObLIa HesiCHa,
Korjila B TOM ke rojy Jlennap KapJjiecon oiyO/iMKOBaJ HEOXKU/QHHbI
Pe3yIbTAT: BCsKasl JIOKAJbHO WHTETPUPYyeMast ¢ KBaJIPATOM IEPUOINIeCKas
dbyukimst umeer psig Dyphe, CXOASMMACT TOUTH BCIOAY. DTO Oojiee dem
o0IIUil pe3ysibTaT MPEeB30Ie)l BCE ONTUMUCTUYECKUE OXKUJQHWUS U, BMECTe
¢ pesyabraTom Kaxama m KarT3HeabcoHa, OKOHYATETBHO 3aKPBLI BOIMPOC
OTHOCUTEJILHO TIepUOIMIECKUX HeNpepbIiBHBIX (yHKIWH. Takum obpazoM,
pe3yJibTaT OKa3aJiCsl He CTOJIb ILJIOX, KakK npejckasbiBag B 1873 1. [iobya-
Peiimon,.

HesgBHoe ncnosib3oBaHue pasjioyKeHWsT B TPUTOHOMETPUUYECKHE PSJIbI, Ha,
HAI B3TJISJI, MOYKHO BUETH y»Ke B moctpoennsx lltomemest m Komeprnka.
Opnako, ¢usudeckne OCHOBBI — CHEKTPAJHHOTO aHaJn3a 0e3yCJIOBHO
BO3HUKJIM, KOTJIa CTaJa MOHSITHA BOJHOBas MPUPOJa ¢BeTa u 3ByKa. B XIX n
XX BB. OBLIO CO3JITaHO MHOXKECTBO METOJIOB PYYHOI'O BBIYHMCJIEHUST aMILJIATY/T
Oypre 10 3HaveHusiM (DYHKIWH € WCTOJL30BAHWEM DPA3IUIHBIX TPUEMOB
u TabJinil, a TakyKe MEXaHUYEeCKUX YCTPONCTB JIJisi BBIIOJHEHUS aHaJIn3a
3aBUCUMOCTE, 3a1aHHbIX Tpadudeckn |75]. C nosiBIeHreM BHIYUCIUTETbHOI
TEXHUKU HEeOOXOJMMOCTh B 3THX YCTPOHCTBAX OTIMaJa, HO eIlle JI0Jroe
BpeMsi CIIEKTPaJbHbII aHaJm3 OOJIbIINX PsijIoB OblLI Oolepalmeii, Tpya0eMKOi
B BBIYUCIUTEJBHOM cMbicyie. Curyalumss W3MEHHWJIach € HU300peTeHueM
aJiropuTMa ObicTporo mnpeodopazoBanus Oyprne.

Ceromusi, B Bek 1mudpoBbix Texunosgoruii, @Dypre-mpeodbpasoBanue
JINCKPETHDBIX CHUTHAJIOB TMO-TIPEXKHEMY HCIOJIb3YETCsT BO MHOTHX 00JIACTSIX,
TaKUX KaK (PUHAHCOBBIM aHAJN3, PaJINOCBA3b, TeopU3nKa W JIp., HO
MIOCTENEeHHO BIEpeJ BBIXOJAT MeTOJbl YacTOTHO-BPEMEHHOTO aHaJIu3a,
Takne Kak BeiiBjier-ananan3. Ilpusegem Hekortopbie ocHOBbI  Dyphe-
aHAJIM3a, HEIPEPHIBHBIX M JIMCKPETHBIX CHUI'HAJIOB, NPEXKJe 4YeM epeirTu
K PAaCCMOTPEHUIO JIDYTUX METOOB.

Psjiom @yphbe 110 oproroHaibHoil cucreme pyHKIMI ¢ () HenpepbiBHBIX
Ha orpeske |a,b] HazbiBaercs upejcrasienue yuxiyn f(x), HenpepbIBHOl
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Ha [a, b, B BUjE CXOIAIIErocs psaja

oo

f@)=>" argr(x). (2.1)

k=1

B kauectBe cucreMbl ¢p(x) wame Bcero 6Gepercs TPUIOHOMETPHYECKAast

CUCTEMA
1 7rx 1 . mx 1 nrx 1 . nmx
\/_ \/_ — 78111 B ..,WCOST,WSIHT,...,
oproronopmupoBantas Ha orpeske [—[,[]. Ecmu psax (2.1) cxogures

PaBHOMEPHO Ha [a, b], TO KO3 DUIMEHTDI JAI0TCsl BhIPpaXKeHUeM

| F(@)on(a)da

ap = — it n € N.
f¢n(x)2dx

Tpuronomerpuueckuii psiyi Dypoe va orpeske [—1, ] 3anucbiBaercst B BUjie

- k k
f(z) = %—f—; (akcos%x +bksin%x) ,

l l

1 k 1 k
an=7/f( )cos%xda: bn=7/f(x)sin%mda:.
—1 —1
Vcnonb3yst popmyibl ditaepa
ikx —ikx ikx _ —ikx
coskr = %, sinkr = —, (2.3)
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psit (2.2) MOXKHO MPEJICTABATD B KOMILIEKCHOM BHJIE
O

f(x): Z Ckeikx7

k=—o00
1 I (2.4)
_ —ikx
k= 2l/f(:lc)e dx.
-1

SanucaHHble PsiJibl  cojiepyKaT OEeCKOHEYHOE YHCI0 wjieHOB. Mpbr He
OyneM TPUBOJIUTHL BCE PE3yJbTAaThbl OTHOCUTEIHHO CXOJUMOCTH TUX PAJIOB,
CKajKeM JIMIIb, 4TO JUIA CXOJUMOCTH psijia Pypbe B TOUKE K 3HAUCHUIO
dbyuxiuu - f(xg) B 910l TOUKE HEOOXOMUMO, UTOObI (DyHKIMs ObLIa
HEPUOJUIECKOH, abCOJIFOTHO MHTErPUPYEMON U YJIOBJETBOPSJIA  YCJIOBHUIO
[enbyepa, ¢OpMYIUPOBKA KOTOPOTO TaKOBa: CYIIECTBYIOT KOHEUHbIE
oJlHOCTOpOHHKE Tpejiebl dyHkiuun B Touke f(xg £ 0) u umcna § > 0,

€ (0,1], ¢o > 0 rakue, uro just Beex u € (0,9) BbIIOJIHEHO:

| f(zo+u) — f(x0 + 0)] < cou”, |f(zo —u) — f(z, — 0)] < cou®.

st npubsimzkenusi PyHKIMU MOXKHO UCIIOJIb30BATh YaCTUUHYIO CYMMY Psijia,

Dypbe
k
Sp(x) + E <akCOSTx+bk81n$>,

KOTOPYIO MOXKHO MEPEIncaTh ¢ UCHoJb30BaHneM siapa Jupuxie
: 1
sin(n + 5)u

2sin ¥

1
D, (u) = 5 + cos(u) + ... + cos(nu) =
2

u, 110JI0KUB [ = T, B popme

_ %/ﬂf(x — w) Dy (u)du.

IIpexxie uem mepeiiTu K paccMorpennio  Dypbe-mpeodpas3oBaHus,
BBEJIEM IIOHSATHE O T'HJAbOEPTOBOM IpOCTpaHCTBEe H 1M HEKOTOPBIE JIpYyIue
oIpejie/IeHNsI, KOTOPhIe MOHAI00sITCS B JTaJibHERTIIEM.
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B nuHeiiHOM KOMILIEKCHO3HATHOM MpocTpancTBe C' Olpe iesieHbl Ollepalny
CJIOKCHHST HJICMEHTOB U yMHOXKCHHsI 9JICMEHTOB Ha KOMIUIEKCHBIE dncyia. B
HOPMUPOBAHHOM TIPOCTPAHCTBE ONPEJIEJIEHbI JIJTUHBI BEKTOPOB, T.€. KaXKJIOMY
9JIEMEHTY COLOCTABJIEHO HEOTPUIATEJIbHOE 4ducao ||z||, siBisiomeecs ero
HOPMOIi U yJIOBJIETBOPSIIOIIee akcuoMaM HOpMbl. OJTHAKO, B HODMUPOBAHHOM
IIPOCTPAHCTBE eIlle HeT CKaJISIPHOTO TPOU3BE/ICHUSI.

JIuHeiiHOe NPOCTPAHCTBO HA3bIBAETCS YHUTAPHBIM, €CJHHM JIJIs KaXKI0i
Mapbl 9JIEMEHTOB B HEM OIPEJIEJICHO KOMILIEKCHOE YHCJIO — UX CKAJsIpHOE
pou3BesieHne < T,y >.

ToBopsit, 4TO yHUTApHOE (HOPMUPOBAHHOE, METPHYECKOE) MPOCTPAHCTBO
OJIHO,  ecsin  Jitobast  (DyHJ@MEHTaJbHAS  [OCJIEJI0BATEJIbHOCTD — TOUEK
9TOrO TPOCTPAHCTBA CXOJUTCS K MPEJETbHON TOUKe, NpPUHAJJIEKAIEH
sromy mpocrpancTtBy. HamoMmuum, urto yHJIAMEHTAJLHON HA3BIBAETCS
10CJIEJI0BATEbHOCT {X;,} Takas, 4ro Jyist joboro € > 0 Haifyiercss Takoii
womep N, aro mis Bcex m,m > N BBINOJHEHO ||z, — x,|| < . [omHoe
HOPMEPOBAHHOE MPOCTPAHCTBO Ha3bIBaeTcst OaHaxoBbiM. [losHoe yHUTApHOE
OECKOHETHOMEDPHOE MTPOCTPAHCTBO HA3BIBAETCSI THIILOEPTOBBIM.

Mbi Oyjiem paccmarpuBaTh ceniapabdesibHble I'MJIbOEPTOBbI IIPOCTPAHCTBA,
H, B KOTOpBIX CYIECTBYIOT CUYETHBIE OPTOrOHOPMHUPOBAHHBIE OA3UCHI, T.€
CYIIECTBYIOT TaKUe CeMelicTBa BEKTOPOB e, € H, 110

< €p, by >= 5n7m7

rjie crpasa cTouT cuMBosl Kpomnekepa (0p, ., = 1 it n = m unade 9, , = 0),
1 J11000# 3JIeMeHT IPeJICTaBUM B BUJIE

lo]lP = | <aen > %

n

TunuuabiMEM  HpUMepaMu  I'HJIbOEPTOBBIX  IPOCTPAHCTB  SIBJISIIOTCS
IPOCTPANCTBO WHTEIPHPYEMBIX ¢ KBajapatoM dbyuxnuii L?(R), B KoTopoM

< fog>= / f(2)g(x)d.
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U MHOXKECTBO BCEX CYMMHUPYEMBIX € KBaJpaToOM TOCJeI0BATEJIbHOCTE
KOMILJIEKCHDBIX YHCeJI ¢ IeJIbIMA WHIeKCaMu 12(Z ), T

(0.]
<ed>= ) <cudy >

n=—oo

Ipocrpancrso WZ(R), conepxainee see byukiun uz L?(R), umeronue see
IPOM3BOAHLIE 0 k-TIOpsAIKa BKIIOUATENLHO, Tpunaaitexkanme L2(R), mocut
Ha3BaHue npocrpancrsa Cobosiena.

st opTOoroHOpMUPOBAHHOIO 0Oas3uca B yHUTAPHOM TpocTpaHcTBe H
crpaBeinBO paBeHcTBO [lapceBasis

o0
||37H2:Z|$i|2, T, =< T,€6; > .
i=1

st venpepbiBHOTO TpeoOpazoBanus Dypbe MbI OyJieM HUCHOJIH30BATH
obozHavYeHne

~

F@) = (FD@) = FU@) = o= [ e pwie, (25)

e w = 27TV - nMKJrYeckasi dacrora. Kpajpar Mojysst mpeodpa3oBaHus
Oypbe 9acTo HA3BIBAIOT CIEKTPOM CHUTHAJIA.

BoccranoByenune (GyHKIMNA BLIMOJHAETCS ¢ UCIOJb30BaHHEM OOpPATHOTO
npeodbpasoBanusi Pypbe

~

@) = (P Pa) = F(fw) = == [ e=fiepe

Baxkneiimue cpoiicrBa @ypbe-ipeobpa3oBaHus  JAlOTCI  TEOPeMoil o
[IPOU3BOTHOMN

F (dif) = (Ww)(Ff)() (2.6)
1 TEOPEMOI O CBEpPTKe
F(f % h) = F(f) - F(h), (2.7)
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rJie TOUKO# 0003HAUEHO MIPOU3BEICHIE, CUMBOJIOM * — CBEPTKA

feh= / F(a)h(E — x)de = / F(€ — 2)h(x)dz.

Ecin dyuknust auckpernzoBana ¢ marom Az, [OCIEI0BATEJLHOCTL €e
OTCYETOB MOXKHO IIPEJICTaBUTL Kak npoussejenne dynkuuu f(z) u
9KBUJIMCTAHTHBIX Jiejbra-dyukiuit Tupaka 6(x). [Ipeobpasosanne Oypoe or
STOr0 IPOUBBEJICHUSA MOXKHO 3aIMCATh B BUJE JIMCKPETHOIO IPEOOPA30OBAHMUSE
Pypbe

f(w) = / i f(2)6(t —nAz)Ax| e ™ = Ax i e AT,

n=—oo
—0o0

st Tpuronomerpudeckux psijio Pypwe Beprno papencrso Cumona Jlenuca
[Tyaccona, gapisromieecss OJHAM U3 KPACUBEUITNX PE3YTbTATOB TEOPUN:

nez nez

CrexTp (pyHKIMH, 3aJIaHHOI JINCKPETHO JIE?XKUT B OIPpaHUYEHHOI I0JI0Ce
4aCTOT

—1/(2Az) < f < 1/(2Ax), (2.8)

qacrora 1/(2Az) mocur maspanue uacrorbl Hailiksucra. Ecim f(x) us
L*(R) sBnsercs dbyHKIWeH ¢ OrpaHWYeHHOfl MOIOCOH HaCTOT, T.e. ee
npeobpasosanue Oyphe uMeeT KOMIakTHbi nocurens f(z) = 0 s |z > Q,
T0 110 Teopeme Korenbuukosa-IllenHoHa €6 MOXKHO TTOJHOCTHIO BOCCTAHOBUTH
10 OTCUYETaM, B3SATHIME C HHTEPBAJIAME

Q _ [supp(f)]

)
T 21

Ax =

A

e depes |supp(f)| obosnadaercss mepa Jlebera MHOXKeCTBA, sBJISIONIETOCS
nocureseM [ (HOcHTeseM Ha3blBaeTCs 0OJACTH YACTOT C MOJOKUTETHHOMN
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CIIEKTPaJIbHOM TJIOTHOCTBIO). Boccranosienune MIPOU3BOIUTCS C
UCII0JIb30BAHIEM (DOPMYJIbI

f(a) = Zf <ng) sin w(Qx —mr)'

Qx —nm

B ciydae, ecim dacToTa JIMCKPETHU3AIMH OKAXKETCS BBIIE TpeOyeMoii,
JIJIsT BOCCTAHOBJIEHWsI CHUTHAJa MOXKHO OyJleT HCIOJIb30BaTh (DYHKITHIO,
ybobiBatoiyto Obicrpee udem sin(z)/xz. Ecinm gacrora BHIOOPKEM OKaxKeTCst
MEHBIIE, HEKOTOPbIE BBICOKHE YaCTOTHI MOTYT OOHAPYKHUThCS B OOJIACTSIX
HU3KUX YACTOT U MOSABUTCA 3PPEKT HAJTOKEHU CIEKTPOB WM YTEUKH.

Dypbe-pasjiokenne BPEMEHHOTO  pPsijla  PABHO3HAYHO  BLIYUCJIEHUIO
napaMerpoB rapmonuueckoit mojiesin Merojom MHK. Mojens cocrour
U3 TapMOHUK 3aJJaHHBIX TEPHUOJOB, KPATHLIX JIJIMHE pPsijia, OINEHUBAIOTCS
AMIIATYJbI W has3bl, HOpMaJbHasg MaTpHUIla JUaroHaJbHa BCJIEJICTBUE
OPTOrOHOPMHUPOBAHHOCTH ~KOMTOHEHT. Kciam  curnas HerapMOHUYECKUd,
kodppunuentol  Dypbe-pasjiokeHust MOIyT OblTb HHTEPHPETUPOBAHDI
KaK KO3(PUIUEHTHl KOPPEJANUA TapMOHUYECKONH KOMIIOHEHTHI 3aJIaHHOil
JacTOTHl ¢ aHaju3upyembiM curaajom. @Dypbe-anann3 He TO3BOJSET
aJIEKBATHO CYJINTH O HECTAI[MOHAPHOM CUT'HAJIE.

2.2.2 BeiiBaer-anaans

Ecsin criekTpaJibHbI COCTAaB CUI'HAJIA MEHSIETCsl U HY>KHO HPOCJIEIUTD €0
U3MeHeHre, MOXKHO HCI0JIb30BaTh OKoHHOe Dyphe-ipeobpaszoBaHue

T f(w, 1) =< f, g >= / f(@)g(x — t)e v da

rie g9t = g(x — t)e”™* a g(x) - BpeMennoe okHo, JoKamusyiomee f(z)
no aprymenrty. K npumepy, Juisi npeobpaszoBanusi ['300pa ucrosb3yercs
2

x

dbyukiust Taycca g(z) = e of. Illupuna okua AT xapaxkrepusyercs
mapamMeTpoM «, U OMpeJeisieT Mepy BPEMEHHOrO paspelleHus. JacToTHoe
pazpertenre onpejenser Aw. I3 cooTHomenns Heonpeie/IeHHOCTe

1

Aw ~ ——
YAT
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CXOJTHOTO ¢ CcOOTHoIeHueM l'eiizenbepra B KBaHTOBOW MeXaHUKe, CJIEJIyer,
YTO CTPEMJIEHUE MOBLICUTH BpEMEHHOe pa3pellenre MPUBOJNUT K CHUKEHHIO
paspernatolieit criocoonocTu B obsactu dactor. Ilpu arom mupuna okHa He
aJlallTUPOBaHa K TOMY, 4TOObI BBIABJIATH OCOOCHHOCTH CHUI'HAJIA, HA Pa3HbBIX
qacrorax. U xord e 11060ro ¢ u3 L? MOXKHO 3almcaTh

//Tw”df (w, )T ) (o Ot = 27][g|2 < fi, fo >, (2.9)

rJie 9epToii 0003HAUEHO COIPSKEHUe, a 3HAUUT, BOCCTAHOBUTH (PYHKIIHIO IO

(T ) (w, )
f=xllg|l*) 1//Tw"df (w, t) g dwdt,

BMECTO OKOHHOT'O IIpeobpas3oBaHus OoJiee 1eecoobpa3Ho  HUCIOJIH30BATD
BeiiBJIeT-TIpeobpasoBaHie

TV f(a,b) =< f," >= [a] /2 / fa (w‘b)da«,

rie (x) — MarepumcKas BeiiBner-gynkima, >’ = \a|_1/2w(%b), a
- MacmTabHbiit dakTop, b - mapamerp cjBura. YcCJOBHE JOIYCTHUMOCTH

BelBJIET-(PYHKIIUN 3aIIUCHIBACTCS B BUJIE

]

Cy =2 / PO < oo (2.10)

Haunoe yeosue g ¢ € L(R) Beimosneno, eciu ) HelPEpbIBHO, 1 1&(0) =0

nJjn
00

/ Y(z)dr = 0. (2.11)
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Boinosinenne  ycioBusl  HEOOXOJMMO — Jjisd  obOecleueHus BO3MOXKHOCTH

BOCCTaHOBJICHHsI (DYHKIUU 110 BeliBjeTr-nipeobpaszopanuio. Obmas dpopmyiia,
anaJsior (2.9), nmeer Buj

/ / dng(T“’wfl)(a,b)(Twwf2)(@7b) =0y < fi, f2 >,

OTKYyIa cienyer (popMysia oOpalieHust

a?

0 [ee]
dadb
~1 b
f=cit [ [ SR a . (2.12)
-0 —OQ
B kadecrBe 1 Juisi  HENPEPHIBHOTO —BeBJET-TIPEOOpPa3oBaHUsT  MOIYT
UCIIOJIb30BAThCsI BelBieT-QyHKIMK, HIpejcTaBjieHtbie B Tadsuie 2.1.

Hazsanue Bun Bo BpemenHnoit obactu Buy B wactornoit obyractu
Gauss™ () —re” 7 iwy2me™ T
Gauss?(z) (MHAT) (1—a%)e 2 (iw)?\/2me™"T
Gauss™(z) (—21)";76_72 (—1)”(iw)2"\/§7re_7
DOG (Diff. of gaussians) e”2 —0.5e” s V2r(e= T — e )
. 1 . e w<|f <m
LP(Littlewood&Paley) (mt) = (sin(27t) — sin(nt))
0 B IIPOTUBHOM CJIy4ae
Morlet eoteT s o(w)V2re~ T
Paul (n+ 1)(1_;% o(w)V2rwhe
1 0<t<y
HAAR -1 i<t<i s Sl
0 t<0,t>1
-1 t] < %
FHAT -1 L)< et
0t > 1

Tabsiuna 2.1: Hacro ucnojibsyembie BeiiBjieT-hyHKIUN

PaccMoTpuM MeToJT TOCTpOEHMs BeiiBJIeTa 1) Ha OCHOBE MacIITabupyIoIei
dyuknuu ¢. s sroro Ham norpedyercsi MOHsTHE O KPaTHOMACIITAOHOM
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anammse (KMA). JTio6oit BeiiBier nopoxaer pasioxenue L?(R) B mpamyio
cyMMy nojupocrpancTs. Jna kaxjgoro j € Z obosnauum uepes W
3aMbIKaHUE JIMHEHHON 000JIOUKHU, TOPOXKJICHHON BeiB/IeT-(DYHKIUSIMUA OJTHOTO
maciirabda

Wj = ClOSLz(R)(@L'j’k ke Z),
31€Cb HUCITOJIB30BaHO obo3Hagenmne

rT—]

Torna L*(R) = Y ., Wj. Dra cymMa opToroHasbua Jiisi OPTOTOHATBHOTO

Beiipjera. PaccMOTpuM — 3aMKHYTBIE  [MOJIPOCTPAHCTBA,  BKJIIOUYAIOIIHME
000JIOUKH BCEX MACIITAbOB MEHBIIE 3aIaHHOTO

‘/j:...—‘_Wj_Q‘i_Wj_l, ]EZ
Onu 06J1aJ1af0T CJICYIONUMU CBORCTBAMMU:

(1) .cWhhcVvicWw eV, cVyC...,

20 [(\V;={0}  dospn | |JVi]| =L*R),

jE€Z JjEZ
3) feVie f(21) e,
(4) feVhe f(-—n) €V,

CroiictBo  (3) TOBOPHT O TOM, 9YTO BCe TIPOCTPAHCTBA  SIBJISIOTCS
MACIITAOMPOBAHHLIMI BEPCHAME OJHOTO U TOro xke. JIrobas f moxker OLITH
CKOJIb YTOJIHO TOYHO TpubJIM>KeHa cBoMMM npoeknusimu Projy. f na V.
IIpn j — —oo upoekuust Projy,f cojepxur Bce Memblie Kojebanuii,
KOTOPBIE CPE3al0TCs B IMOPAJIKE YBEJTUYCHHUS YacCTOT W OTKJIAJbIBAIOTCS B
npocrpancrsax W;. Eciau cymecrsyer ¢ € Vp Takad, 4TO ceMeilcTBO
bon(r) = ¢(xr — n) obpazyer oproroHopmupoBaHHbIi 6azuc B V), TO
¢ Ha3bIBACTCs MacIITadupyfomeid (QpyHKIueid u 1m0 Hefl MOXKHO ITOCTPOUTDH
BeiiBjieT 1o popmyJie

Y(x) =Y (=)"an16(2z —n),

n
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e Gy = \/§ < ¢7 ¢—1,n >

[Tonsstue o KMA 0cob0 BaxkKHO B cilydae JIUCKPETHONO BeiBjier-
npeoOpa3oBaHus, Korja o0a IapaMeTpa, CXKaTUs U CJABUrA, NPUHUMAIOT
TOJILKO JIUCKPETHBbIe 3HadeHus. B sTom cioydae, B o0IeM, He CyIIeCTByeT
dbopmyJibl obpaitiennst anasgorndnoii (2.12). Boccranossenne jesaercs ¢
HCIIOJIb30BAHUEM JIBOMCTBEHHBIX (peiimoB. CII0XKHOCTL CBsI3aHa C TEM,
YTO HEOPTOIOHAJBLHOCTHL 0a3uca BeiBJIETOB B YaCTOTHOH MJIM BpEMEHHOI
00JaCTSIX TPUBOJAUT K W3OBITOTHOCTH, KOTOPYIO TIPU BOCCTAHOBJICHUU
HEOOX0/IMMO  ycTpaHuTh. He BjlaBasicb B 110J[pOOHOCTH, OTMETUM, YTO
JINCKPETHBIE aJITOPUTMBI OBICTPOIO BEHBJIET-PA3JIOXKEHHUSI OCHOBBIBAIOTCS Ha,
MCTTOJIb30BAHNY KaCKaIHBIX 3ePKaIbHBIX (GuabTpoB. [Ipm sTmOoM mexoHbIit
CUT'HAJI TIpeJicTaB/isiercss Ko duimeHTaMmu mpubJInKeHus: 1epBOro ypOBHS
Ay m jJerammzanyy MEpBOrO ypoBHS [y, NpuOIMXKeHue MepBOTO YPOBHS
MOXKHO pa3/eJIUTh Ha HpUOIUKEeHue BTOPOro ypoBHs As u nmeranu Ry u
T.;1. Bocecranosiienne pazinoykeHHoro Ha K ypoBHEil cuTHAA OCYIECTBIISETCS
B obOparHoM mnopsyjike, HaumHas ¢ Ax um Rig ¢ HCHOJb30BaHUEM
K jeranmsupyronmx CcocTaB/sgomux. B ciydae JByMepHOro curHaja,
HAIIPUMEp II0Jisi HaJ[ IJIOCKOCTbIO, BBINOJHAIOTCA Pa3JIOXKEHUSA BJIOJIb,
MOTIEPEK ¥ 110 JINATrOHAJIN TOJIS.

Orobpaxenne f(z) — (T""f)(a,b) craBur B coorBeTCTBHE (DYHKIUN
OJIHOII TlepeMeHHOIl (QYHKIHMIO JBYX II€PEMEHHBIX, 3HAUYCHHS KOTOPOIi
CcUILHO KoppesupoBaubl. OHO TpeacTaBiser co0Ooi TacTOTHO-BPEMEHHOE
peJCTaBJIeHNe CHUTHAJA, IOJYIEeHHOE C IMOMOIILI0 MacCHITabMpOBaHUS U
cBUrOB 0a30BOii  BeiiBjieT-(DYHKIMKA, KOTOpasi MEHsIeT CBOIO IIHPUHY,
aJIalTUPYsICh K pPa3HbIM dYacToTaM. BbICOKHME YacTOThl paccMaTpPUBAIOTCH
C MaJIbIMK MaciirabamMu, HU3KHE - ¢ OOJBIIUMU. IDTO ONPaBJbIBACT
Ha3BaHMe “‘MaTeMaTUIeCKui MUKPOCKOII , lapyeMoe BeiiBjieraM B HEKOTOPBIX
caydasx. BeiiBjierbl T€CHO CBsA3aHBI C MOHATUAMHU KBaHTOBOI MexaHuUKH. VX
MOYKHO WHTEPIPETHUPOBATH KaK KBAHTHI WJIM TaCTOTHO-BPEMEHHBIE OJIOKM,
Ha KOTOpble pasjieisercs curhaj. Kak nokasano B [23], ycrpoiicrso
YeJIOBEUECKOr0 yXa TaKOBO, UTO 3BYKOBOW CHUI'HAJI, IOCTyIas B Hero,
pasjiesideTcsd Ha COCTABJIAIONIME 110 IPHUHIMUILY, CXOJHOMY C BeiBJIeT-
pasjioyKeHneM, 3aTeM 00pabOTKY BBIIIOJIHSIET MO3T.
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Beiipner-aHajn3 IIUPOKO MPUMEHSIETCSI B Hallle BpeMsl JJIs aHaJHI3a,
CUI'HAJIOB, 00pabOTKU uHQPOpMAIUKM, CXKaTusd u300pakKeuuit. Xoporio
uzBecrer popmar MPEG4, cosmannniii Ha 0ase BeiiBjeT-npeodpa3soBaHus.
Pazjioxkenue curnajia 10 0a3uCHbIM (DYHKIMUAM-BCILJIECKAM  [103BOJISIET
HCCJIeJI0OBATh YaCTOTHO-BPEMEHHOE IIOBEJICHHE CUTHAJa, JIOKAJU30BATh
O0COOEHHOCTH, Pa3pPbIBbI, BBIIEASITH CHTHAJI W3 TyMOB, 3(MQEKTUBHO
HPEJICTABIIATH CUTI'HAJ HADOPOM KO3 uiineHToB pasiioxKenus. [losgBupiiuiics
B 80-x romax XX Beka BeliBjieT-aHaJM3 OLICTPO HAIIE] IPUMEHeHKe B 00JIacTh
Computer Science u ObLI aJalITUPOBAH K JIMCKPETHBIM BbIYUCICHUSIM.

2.2.3 Cunryngapusblii cnekrpaabubiii anaau3 (CCA)

OpHuM ¥3 TOAXOJOB K HCCJIEJIOBAHWIO COCTaBa CUTHAJA  STBJISIETCS
CUHI'YJISIPHBIN CIIEKTPAJIbHBIN aHAJIM3 MJIK, KAK €0 MHOIVIA, Ha3bIBAIOT, METO/I
“rycerurpi-CCA”. Pacemorpum ero mogpobree, onupasics Ha [25],[76].

[TycTth curnan mpejcraBieH BpeMeHHbIM psijioMm F', cojepxaium [N
OTCYETOB. AJITOPUTM COCTOUT U3 CJIEJYIOIIMX YEThIPEX IMAroB:

1) Beibupaercst aucsio L u popMupyeTcst TpaeKTOpHas MATPHUIIA, CTOJIOIBI
koropoit {X;} mnpejcrapisgior coboil 110CTEA0BATEBHO BLIOpAHHDbIE U3
BPEMEHHOTO Psijla BEKTOpa pasmMepHocTn L

fo fi o fr

X =[X1, Xy, .., Xg] = le ]LZQ o fic

B fo e fa

B rpaekropuoit marpue L crpok u K = N — L 4 1 cTosib110B, OHa siBJIsIeTCs
TeHKEJIeBO#, TaK KaK M0 OOKOBBIM JIUATOHAJISIM CTOST OJTHU U T€ YKe JIeMEHTHI.
Omnepanus Ha3bIBAETCS BJIOXKEHUEM.

2) BolnosiHsiercst CUHTYIISIPHOE Pa3JioyKeHne TpaeKTopHoil Marpuipl SVD.

X =USsVvT,

rae S — Marpuia, 1Mo TJIABHOHW JuaroHaji KOTOPOH B TMOpsiike yObIBaHUS
PaCIOJIOKEHbl  COOCTBEHHDbIE YHCIa +/A;, Marpuiia V COJIEPKUT JieBble
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cOOCTBEHHBIE BEKTOpa obpasyionme 0a3uc JUHEHHOrO IIPOCTPAHCTBA,
OpPOXKJIEHHOrO cTpokKamu X, wmarpuna U COAep:KAT IIpaBble BEKTOpPA,
obpaszytoie 0a3uc MPOCTPAHCTBA, MOPOXKJAEHHOrO crosidnamu X. Ecin
mMarpuna S copepKkUT d OJOKUTEIbHbIX COOCTBEHHBIX YHCE]T +/Aj, TO
rank(X) = d u Kax0My COOCTBEHHOMY YHCJIy MOXKHO CONMOCTABUTH TPOWKY
(v Ai, Ui, Vi) m xommonenty pasnoxkenns X; = /AU VI

3) CrpynuupoBaB HEKOTOPBIM  CIEIUAJbHBIM — 00Pa3oM  TPOWKH,
MOJIYUeHHBIE IIPU CHHTYJISIPHOM Pa3JI0yKEHUU, MOXKHO IIPEJICTAaBUTh UCXOIHYIO
MATPHILY B BHJE

X:X]1+...—|—X]m,

rpe Xp, = X, + ...+ X, - rpynua, cojepkaiiast KOMIOHEHTbI ¢ MHJIEKCAMU
I = {i1,...,ip}. O MeTomax TpymImupoBKH OyIeT CKa3aHo MO3KeE.

4) Eciu Mbl yJadHO CrpYNOMPOBAJIA CUTHAJ, KayKjas KOMIOHEHTA
X, Oyzner npeacTaBisATh CO0OH HEKOTOPYIO aJINTUBHYIO KOMIOHEHTY [
Marpuna Xy, O6yner 6smska k 'enkeseBoii. 3BiedemM KOMIIOHEHTY curHAJIA
G, cosiepzKarntyiocs B MaTpiie X, ycpeHeHneM 3JIEMEHTOB BJI0JTh MOOOTYHbBIX
nmaronaseii. Tlepeobosnauns X, =Y, L* = min(L, K), K* = max(L, K)
HOJIYYUM OTCUEThI g KOMIIOHEHTHI [} 110 popmysiam

(

k+1
1
T 2 Ynmp—mez 0<k<L'—1
m=1
L*
1
9= 2 Ynkmyz L—1<k<K
=1
1m N—-K*+1
N—K Z y%k—m+2 K~ S k <N
m=k—K*+2

\

Omnepaiust HOCUT Ha3BaHNE TEHKEJIM3AINN.

OrmeruMm, 4To cocraBHOil Bpemennoir psiyy F' = Fy} 4+ F ne Bcerjya
yJlaeTcs pasjiesuTbh Ha cocraBisomue. CoOCTBEHHBbIE YHCJIa MOIYT He
pasaennTbes. I[lpu Hammuup OOJIBIIOTO YHCJa KOMIIOHEHT IIpaBHJIbHA
I'PYHIIMPOBKA sBJIsieTcss HedopMam3yeMoii onepanueil. Bosibioe 3nauenne
UMeeT TONXOmAIuil BbIOOp L. BbImessior MOHATHS CUALHOK 1 cyraboii
pasnenumoctu. (Cjabasg pas3jeIMMOCTh HMEeT MeCTO B Cjydae, KOrJa
KOMIIOHEHTBI, COCTaBJIAIONIAE BPEMEHHOW pdJl OpTaroHalibHbI, T.e., IIPHU
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BJIOXKCHHH B TPAEKTOPHYIO Marpuily, F; u Fb mopoxkaioT OpTOroHaJbHBIE
ApYr Apyry 6asucel JuHeHHbIX noanpocrpancrs LPIED? yp LETLIEE?
Ecin npum nHekoropoMm BbIOOpPe L MHOXKECTBO cOOCTBEHHBIX unces Fp u
F5 ne nepecekaercsi, ropopsT 0 CUJIbHON pasjenumocru. Mmeercs cepus
Pe3yJIbTaTOB, KACANIAsCs MOHATH ¢/1a00# 1 CUILHOI pa3/Ie/IMMOCTH PsiJIOB.
YKarkeM 3/1eCh JIMIITh Ha, TO, 9TO ITPH TIOJIXOISAIIEM BbIOOpe drcya L BO3MOXKHO
pasjie/ieHre rapMOHUIECKIUX KOMIIOHEHT C PA3HbIMU 4aCTOTaMK, B TOM YHCJIE,
MOJIYJIMPOBAHHBIX JKCIOHEHTAMH, OTJEJeHHEe TpeH/a, (DUAbLTPAIUS IIyMa.
MoxXHO, B 9aCTHOCTH, II0Ka3aTh, 9TO Pa3JEeJUMOCTH MOYXKHO JIOOMTbCs JIJisi
JIByX KOMITOHEHT, HocuTen Pyphe-CleKTPOB KOTOPhIX HE IePeceKaloTCs.
Bsejiem cucremy BecoB, 3aBUCsILYIO0 OT L

1 1< < L
w={ L* L <1< K*
N —1 Kr<i<N
Jlanable Beca MPOMOPIUMOHAJLHBI UUCIY BXOXKJIEHHH ¢-TO OTCYeTa B
TpaeKTOPHYyI0 Marpuily. HazoBem B3BeIEHHO w-KOppeJIsdiueil BeJImInny

N
(Fy.Fho=> wiflf].
=1

Hynesas w-xoppenamusa (F1, F?), = 0 obecrnednsaeT pasieanMOCTD
komronent Fr u F2.

MoxkHO 1OKa3aTh, 410 ecjin padr psyjia d = rank(F') koneden, Mmarpuna
S Oyner comepxkaTh He 0ojee d OTIUIHLIX OT HYJsI COOCTBEHHDBIX UMUCE, IIPH
9TOM BPEMEHHOM psiji MOXKEeT OBITH IIPEJICTaB/IeH PEKYypPEeHTHOI (hopmyJioit

d

fira = arfira

k=1

JaHHBIT pe3yJsibTaT UCHOJIB3YETCs TPU TPOTHO3UPOBAHUN BPEMEHHBIX PsiJIOB
¢ ucronn3oBannem CCA|25].

B zak/iouenue 3Toro pasjesa oopaTuMcs K MOHATHUIO CIIEKTPa OlepaTopa,
KOTOpOe Takyke Oyher mojesHbiM B pajbHeiimmem. Ilycrs A — HekoTOpPbBIi
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JIMHEWHBI oepaTop B I'MJibOEpTOBOM IpocTpaHcTBe H
A(/\lxl + /\2.%2) = )\1ACL’1 + )\214.172.

Omneparop wHenpepbiBeH, ecan st Jjoboro € > 0 wHaiigercs § Takoe,
aro npu ||u — v|| < § 6yger sbimosnsThes ||Au — Av|| < e. Ecum
st goboro v € H, v # 0 orwomenune |[Avl||/||v|| orpannueno,
orepaTop orpanudes. JIr000i HenpepbIBHBII onepaTop orpanunder. Omeparop
HA3bIBACTCS M30METPUUIECKUM, €CJIM OH MepPeBOINT 3jieMeHThl n3 Hi B Ho,
coxpaHsist cKaJisipaoe npoussejenune < Au, Av >=< u,v >. Eciuu upu srom
y KaxkJIoro 3jieMeHTa vo € Hy cymmecrByer mpoobpas vy € Hi, Takoit, 4To
vy = Awy, TO oneparop Ha3bIBAETCS YHUTAPHBIM. YHUTAPHBIM SIBJISIETCS
J1I000it  onepaTop, 0TOOParkaloiiuil OPTOrOHOPMUPOBAHHBIN 0a31MC OJIHOIO
IIPOCTPAHCTBA, B OPTONOHOPMUPOBAHHLIA 0Oasuc npyroro. COmpsKEHHBIM K
orpanndennomy omeparopy A uz Hy B Ho aBisercsa oneparop A* us Hy B
H, raxoit, aro
< V1, A*Ug >=< AUl,?)Q >

It Becex vy € Hy u vy € Hy. Jlerko npoBepuTh, 4TO
A" = [|All,  [JA*A]l = ||A]]*.

Ecmn A orobpaxaer H B cedss u A* = A 710 omneparop HOCHT
Ha3BaHME CaMOCOIPsiKeHHOTO. (CaMOCOIPSIKEHHBIH OllepaTop Ha3bIBACTCS
HOJIOXKUATENbHBIM, eciin < Av,v >> 0. CaMOCONpszKeHHDII OIepaTop MOXKeT
OBITH JIMArOHAJIM30BAH. ZlIePHBIM OTIePATOPOM HA3BIBAETCS TAKOM oneparop,

Z < Ae,, e, >,
n

Ha3bIBaeMas CJIEJIOM, KOHEYHA IS BCEX OPTONOHOPMUPOBAHHBLIX 0a3MCOB.
[TonoxkuTebHBIM OollepaTop, CJeJl KOTOPOro KOHEUEH XOTs Obl JIjIsi OJIHOI'O

4TO CyMMa

OPTOrOHOPMHUPOBAHHOIO Oa3uca, SBJIACTCA sAJIepHBIM. JIMHEHbIe OllepaTOpbI
u3 H B C' Ha3wiBaoTCs JUHEHHBIMU (DYHKITHOHAJAMU.

Cnektp o(A) oneparopa u3 H B cebst coctout u3 Beex A € C') TakKux 4TO
A — A\, He umeer orpanudeHHOro obpaTHoro (I 0603HATACT TOXKICCTBEHHDII
oneparop [v = v). B koneunomepHom rusnbeprosom mnpocrpancTe o(A)
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COCTOUT u3 coOCTBeHHBIX 3HaudeHuit A. B OeckonedHOMEpHOM, B CIIEKTD
BXOJIAT BCe COOCTBEHHDIE 3HAUCHUS, 00PA3YIONIUi TOUCTHBIN CIIEKTD, & TaKXKe
A HEIPEPHIBHOTO CIIEKTPA.

2.3 PerpeccnoHHoe MoO/ieJIMPOBaHNE U HEMPOHHbIE CETHU

2.3.1 ABToperpeccuoHHasi MOJIeJIb

Jlist  BBISIBIIEHUST 3aBHCHMOCTEH MEXKJy —CJIydaiiHBIME — BEJWIHHAMU
qacTo MCHOJIB3YeTcst perpeccronubiii anamus [27],[77],[78],[31]. Jluneiinbie
PErPECCHOHHBIN aHAIM3 CJIYXKUT JIJis HAXOXKJICHWs [apaMeTpoB JIMHUH |
TUTIEPIUIOCKOCTEH, MO KOTOPBIM TPYMIITUPYIOTCSA CIy9IailHble BeIUIUHBI. B
cIydae BPEMEHHBIX DsijIoB, HAbOp u3 P moc/ae0BaTebHBIX OTCUETOB Psijia
MOXKeT ObITh WHTEPIPETHPOBAH Kak CJiydaiiHbiii BekTop. Perpeccuonnas
MOJI€JIb, UMEET BUJL

p
i =Y Bk + i,
k=1

rae n; — ciaydajinas BenuwumHa, [ — KO3(DQUIMEHTHI pPErpeccuu.
JIns1 cTanmonapHoro proJudeckoro npomnecca Ko3hOUIMEenTh TOCTOSHHDL.
Agroperpeccronnasi mojiesib (AP) samuceiaercst B Bujie

p
T, = — Z QT + ;. (2.13)
k=1

Bajlaua HaXOXKJIEHUsI [TapaMeTpPOB IIPHU STOM CBOJUTCSI K OIPEICTICHUIO
TAKOW THUIIEPIJIOCKOCTH, PAaCCTOAHAE OT KOTOPOM 10 CJIEAYIOIIEro OTCYeTa
xr; MuHEMajabHO. B AP-mojgenn 3Havenwe BPEeMEHHOTO psijia B MOMEHT
t upejcraBiisdeTcs JUMHEHHOW KOMOMHAIMER I[IPeJIIecTBYIONMX 3HaUYCeHM
¥ orcuera Iryma. B wmomenn ckosbssmiero  cpegnero  (CC),  orcuer
MPEJICTABISIETCS B BHUJE KOMOMHAIMKA TEKYIIero W IPeIecTBYONINX
3HQUYEHUN CJIydallHON BEJIMYUHDL N;

q
T = Bnip (2.14)
k=0
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OObeinHeHHas MOJIeIb 3aliChIBACTCI B BUJIE

p q
Ti=— T+ Y Benick (2.15)
k=1 k=0

¥ HOCHT Ha3BaHMe aBroperpeccuut co ckousbssiium  cpepnum  (APCC).
ABToperpeccronnast 4acTh CJIeBa MOXKET OBbITH 3ajaHa z-IpeodpasoBaHueM

p
A(z) = Z amz ",
m=1

qacTh, CBsA3aHHas co ckoub3siimm cpeganm (CC), — z-npeobpazoBanuem

q
B(z) = Z Bz ™
m=1

Hnst APCC mponecca nepegarounast (pyHKIHsT
B(z)
A(z)

H(z) =

SIBJISIETCSI paIMOHAJIBHOM (DYHKITHEHA.

OnenuBanne  mapamerpoB  AP-momesnm  MOXHO — OpOBOIUTL IO
aprokoBapuaionuoil  gynkiun  (AKD®)  R,.(T) ¢ wucnosbzoBaHuem
ypasuennii FOma-Yoxkepa

p
— S Rk —1) k>0
me(k) — =1

p
— Y Ry (=) +0* k>0
i=1

3/1ech 02 — JIICIEPCHs caydaiHoil BesuumHbI n,;. OIlEHKa IapaMeTpoB

AP-monenmn mo AK® cunbno 3asucur or KadecrBa oreHku camoil AKO.
Pekomenjyercst ucnob3oBarh Hecmernennyio onenky AK®, koropast st
PrOJAMIECKOrO 1polecca Bulurcasgercs 110 N orcueraM psijia 10 GpopmyJie

1 N-m-1
Ry (m) Z TptmTo .. (2.16)

" N-m
m n=0
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Cwmemennas onenka AK® Boruncisiercs mo ¢popmyite

| Vo
Rya(m) = > Tpim (2.17)
n=0

PekypcuBnbiit  anropurm JleBuncona-/lepbuna 103BOJIsIeT BbIYUCISITH
apaMeTPhI IMOCJIEI0BATEILHO YBEIUINBAA MOPSIOK Mojgean p. s mepBoro
nopsifika (k= 1)

11 = _RII<]—)/R$I(O)7
2 2
op = (1 — |oa1|*) Rez (0),

nagee, it k= 2,3..p
k—1
Akl = — Rxx(k) + Z Ofk—l,leac(k - l) /0_]%—17
=1

Qki = Ojp—1;4 T Oék,ka;tq,k—ia
op = (1 — |agk*)oi_y.

[Tapamerpsr  AP-mozesin MoOryT OIEHMBATHCS  HEOCPEICTBEHHO 110
oTcyeTaM BPEMEHHOI'O PsAJia, UCXO/d W3 NPUHIMIA MUHUMU3AIUA CYMMbl
KBa/IpaTOB OTKJIOHCHUH IIPOTHO30B BIIEpe)T U Ha3al.

N-1 N-1
Ly, = Z |€pn|2 + Z |bpn‘2'
n=p n=p

Ormmubka MPOrHO3a 3HAYEHUST X, BIIEPE]] ONMPEJIETISIETCs BhIpaXKeHneM

p p
€Epn = T + § Apklpn—f = E QpkLn—k,
k=1 k=0

rae oy = 1. Omubka HPOrHO3a 3HAYCHUSA Ty, HA33J[ OIPEJIENIACTC
BbIpakeHueM

b p
* *
bpn = Tp—p + § Qppln—pt+k = § Oy Tn—p+k;

k=1 k=0
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e Qo = 1, 3Be370UKOil 0003HAUEHO KOMILIEKCHOE comnpskenne. B 1967 .
Beprom mnpejiiozken ajaropuTM MUHEMHU3AIUKH [, 110 METOJy HauMEHBIINX
KBa/J[PATOB ¢ OrPAHMYEHUEM, 33/laBaeMbIM ypaBHeHneM JIeBuHcoHa

*

bpk = ap-1% + AppQp 1 p—k>

B IIPEJITOJIOXKEHNUN O TOM, UTO TIOJIIOCA, TIePeJaTOIHON (DYHKIINK PACTIOJIOXKEHBI
BHYTPU €JUHUIHONO Kpyra, 4UTO SBJSIETCs] HEOOXOIMMbBIM  YCJIOBUEM
yeroitunBocTn guckpernoro AP-dbunbrpa, nm ObLta moaydena (hopmyia

N-1
*
-2 > bi—l,k—1ei—1,k
k=i

N-1

> (bim1p—1* + lei—1k[?)
k=i

Qi =

[unaronanbibie KOI(MMUIMEHTH @;; HOCAT Ha3BaHWe KOIPDUIIMEHTOR
orpaxkenus. st 3Hamenaresss AHJIEPCOHOM IOJYYEHO PEKYPPEHTHOE

COOTHOIIIEHTE
N-1

znam(i) = Z(|bi—1,k—1‘2 + |€i—1,k‘2) =
k=i

znam(i — 1) - (1 = |ai—1;-1]%) = [bicin—i* — lei—14]”

Teopema jpexkoMo3uiuyn YoJijia, ycraHaBauBaiomas ¢Bsa3b Mexjy AP,
CC u APCC mponeccamu, riacut, 9to Ji0b60it crannonapunit APCC mm
CC mporecc MOXKHO mpecTaBuTh AP mpormeccoMm, BO3MOXKHO O€CKOHETHOTO
nopsinika. Haobopor, mioboit APCC mim AP mtporecc MoXKHO mpeicTaBuTh
CC nporeccoM HEKOTOPOro, BO3MOXKHO OECKOHEYHOI'O MHMOPsjiKa. 3a9acTyio
APCC mpomnece ymaercs upeacraButh AP mpomeccom 0ojiee  BBICOKOTO
HOPSIJIKA, YINTBIBasl CPABHUTE/BHYO IpocToTy oneruBanusa AP mapamerpos
no cpapaennio ¢ APCC, amum 9acTo mosib3yroTes.

O BoIOOpe TOpsIIKA MOJEIM MOXKHO CKA3aTh CJEAVIONee: YBeIUICHHe
NOpsI/IKA  MOJIC/IM  YMEHBIIAET JIMCIEPCHI0 0%, BBIXOJ JIMCIEPCHH  Ha

CTaOUJIbHBII YPOBEHb TOBOPUT O TOM, YTO HYKHBIN MOPsAJIOK JOCTUTHYT. B
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00IIIeM, He HMeeT CMBIC/IA BBIOUPAThH MOPSIOK Mojien Gobinuii N/2, roe N
— 9HCJIO OTCYETOB Psijia.

[IpuBejem  eme  HECKOJBKO — KPUTEPUEB,  KOTOPBIMH  MOXKHO
PYKOBOJICTBOBATLCsI 1IPU  BbIOOpe 1opsijika Mojean. OxkoHedHas OIMOKa
IpeJICKa3aHUsl OIIPE/IEJIIeTCs BhIPasKEeHUEM

N+p+1)

OOPp — Ep <N——p—1

Undopmamnumonnbiit  kpurepnii  Axkanke, TpPUMEHsSIEMbI B Ccjaydae, ecin
IIPOIECC UMEET I'ayCCOBbI CTATUCTUKU OIIPE/IEJISIeTCsT KaK

IKA,=In(E,) +2(p+1)/N. (2.18)

IIpennoxennas: IlapsenHom aBroperpeccuonHasi IepejaTodHasi QyHKINs
KPUTEPHUS] UMEET BHUJI

1 1 1
APFE, = | =Y — | - =,
N j=1 L Ly
e Ej = (N/(N —j)) E;. Bce BbluenepedncieHtble KpUTEPUE BBIXOJST

HA CTAOUJILHDBIH YPOBEHD TIPU JOCTUXKEHUHI TTOJIXOJAIIEr0 MOPSIIKA MOJEN 1
IePeCcTalOT YMEHbIIATHCs (yBEeJIMIMBATHCs ). B 3aK/II0UEHUE JIAHHOTO Pas/iesa
npusegem Gopmyiy crnekTpaiabHoii  momuoctu  AP-nponecca, koropasi
noHa0burcs Ham B pasjesie (3.3)
2
par) = [H(E)Ppy(e) = ——5 T
1+ > (ape™ ka0
k=1

3iech At — WHTEpBaAJ BPEMEHN MEXKJ1y PABHOOTCTOSIIUMEI OTCIETaAMHU.

Onucanabple MOJENW MOYXKHO VCIOXKHATH. Ecim B Mojenb J00aBUTH
HEKOTOPYIO JIMHEHHYI0 KOMOWHAIMIO BHEIIHEro curnaJja u, nojgyanm APCC
¢ BrermHuME Komorertamu (ARMAX)

w(t) = = ogatig) + Y Benltioe) + Y weultior). (2.19)
k=1 k=0 k=0
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st onmcaHus HECTAITMOHAPHBIX BPEMEHHBIX PSIIOB MOXKHO HCIIOJIb30BaTh
MOJICJIN C M3MEHSIONMMUCSI BO BpemeHu kKoddduimenrtamu. K mpumepy
mojiesib APCC ¢ BHEMIHMME KOMIIOHEHTaAMU U M3MEHSIOIIUMUCS BO BPEMEHN
koo dunpenramn (VARMAX) moxkHO 3anucars B Bujie
p q q
w(t) ==Y aplt)r(tiog) + Y Beltin(tize) + > y(t:)eultior). (2.20)
k=1 k=0 k=0
Bce st Mojiein TUHEHHBI IO TTapaMeTpaM.
SHAYUTEJILHO CJIOXKHEe MOJIeJIMpOBaHuEe HEJUHEHHBIX II0 IapaMeTpam
3aBUCUMOCTEH. st sroro MOX>KHO  HCIIOJIb30BaThb HEJIMHEHHYIO
PErpecCMOHHYIO MOJIEb BHJIA

[E(?fz) = f([l?(ti_1>, Qj(ti_g), ce ,x(ti_n)) + n(tﬁ,

rne [ — HenwHedHast QyHKIMs apryMeHToB. Tak, MOXXHO BBOJIUTH MOJIEJIH
HAP, HAPCC, HAPCC c Buemnumu komnonenramu (NARMAX) u jpyrue
[19].

Bunonsmenennnie mogenn APCC, B KOTOpbIX OeJiblil IyM 3aMeHeH Ha,
I[BETHO, TaKyKe UMEIOT HeJIMHEeHbIe CBOMCTBa. Perpeccronnbie MoJie/n TeCHO
CBsi3aHbl C JIMCKPETHBIMU JIMHAMUYECKUMU CUCTEMAMMU.

2.3.2 Cpenusasa kBagpaTuieckKas KOJJIOKAIAA

TepMun KoJuTOKalWsl M3HAYAJIBHO ObLI CBsi3aH ¢ JuddepeHinajibHbIMI
ypPaBHEHUSIMK. 3aTeM KOJIJIOKAIWs HCIO0Jb30BaIaCh JIJIsi KOMOMHUPOBAHUSI
PA3IMIHLIX BUJIOB W3MEPEHUil, ¢ TMEeJbI0 MOJYIeHUs YKeJTaeMOro CHUTHAJA,
HAllpUMep aHOMaJiuu CHUJIbl TsKecTr. CpeHeKBaJipaTuiecKas KOJJIOKAIus,
SIBJISTIOIIASICS JINHEHHBIM PErPECCUOHHBIM METOJIOM, 1103BOJIIeT 00padaThiBaTh
HaOJIIOJIeHUs] B TeX Cjydasx, KOIJla 2KeJaeMblil CUI'HaJ CBsI3aH C
HaOJTIIOJICHUSIMU He JIeTePMEHNPOBaHHO, a croxactudecku |34]. Takast cBsi3b
MOYXKeT ObITh 3aJlaHa KOBAapUAIIMOHHLIMU (DYHKIUAMEU WM MaTPHUIAMU.
JIuneitnasi HecMmerenHnas OIEHKA KeJaeMOT0 CUTHaJa S Pa3MEpPHOCTH P C
MUHUMAJBHOW JUCTepcueil uimeTcs 1no HaosojaeHusM | pasmepHoctd N B
BU/JIE



rne H - mekoropas Marpuna. ECay mpu 5TOM M3BECTHBI KOBAPUAIMOHHLIC
Mmarpuibl Qss = E(ss'), Qu = E(ll'), Qg = E(sl'), nocrapiennas 3aja4a
HaXOJUT pellenne B BUjle

H= Qleﬁla

C aIIOCTEPUOPHON KOBapUAIIMOHHON MaTpUIlCH

Dy = st - Qsl@l_llle-

[Tog kejtaeMbIM — CATHaJIOM  3JIeCb W B JaJbHEHIIeM  MOXKHO
MOHUMATL CUTHAJ OJIHOW W3 CJHCAYIONUX KaTeropuii: CriaaKeHHblii,
MHTEPIOJUPOBAHHbBINA, NIPOrHO3HBIA. B ciyuae dunbrparuu, ecin
HaOJIIOIEHNsT OTSTYIEHbI IITyMaM# T

l=t+r,

BbljlesieHre curHajbHOi  dactu t meronoMm CKK, B npenmnosioxenun
HEKOPPEJNPOBAHHOCTU CUT'HAJIA W IIIyMa, OCYIIECTBIIsIeTCs 110 (hopMmyJie

7 -1

t= QttQu .
3Has KOBapPUAIMOHHYIO MATPHUILY 1TyMa MOYKHO BBIUYUCIUTEH KOBAPUAIMOHHYIO
MaTPHUILy 2KeJaeMOro CUTI'HAJIa

Qtt = Qll - er-

Jlns Hekoppemmposanuoro 6esoro myma Q.. = o321, rae I - egunuunas
MATPHIA, 02 — JUCIEPCHs LIy Ma.

Onenka Marpuilbl () MOXKeT OBITH ¢jesaHa 1o Habmogenusm. CHadgasa
nyzxuo oneants AK® no dopmyse (2.16) mwiu (2.17). 3arem suadenns AKD
3aHOCSATCS B CUMMETPUUYECKYIO KOBAPUAIMOHHYIO MaTpHUIly )iy, TaK dUTO
{ais} = R(li — jl).

Ecnn dunbprpaims mpoBoaUTCs B TEX K€ TOYKAX, 9TO M HaOJIOIEHNs,
TO WHTEPIOJISINS TTO3BOJISIET OIEHNTH CUTHAJ U B JPYTUX, TIPOMEKYTOTHBIX
TOUKaX Ha MHTEpBaJie HADJIIOIeHMI.

[IpornosupoBanune curnana f ©Ha P Touek BIepe TaK»Ke MOXKeET
obiTh BbImosHeHo MerojgomM CKK mpum Hamumumm orenok N + P rouexk

KOBapUaImoHHOW (PYHKIMU 110 POpMYJie
f=QnQy', (2.21)

85



e Qg pasmepuoctn [P x N| — jeBas HIKHSAS 9aCTh YBEJIHUCHHO!
KOBAPUAIMOHHON MAaTPUILI CUTHAJA, PACIOJOXKEHHAd 0] MaTpuueil (Qy
pasmeprocTbio [N X N]. Anocrepuoprasi KoBapraluOHHAs MATPHUIIA, JIAeTCs

dopmyJioit

Dy = Qrs — QpQy ' Qiy-

2.3.3 Heitpounsie cetun (HC)

s nenwHEHHOT0 MOJEINpPOBAHUS MOYXKHO WCIOJbL30BATH HEHPOHHBIE
cetu. PaccMorpuM HEKOTOpbIe TEOpPeTHYeCKHe OCHOBBI, TaK dYTOObI He
OCTAHABJIMBATHCA Ha HUX [PU UBJIOKEHUU [PAKTUUYECKUX PE3YJIbTaTOB
HUCIOJIL30BAHNA HEUPOHHLIX CETEH.

MckyccTBeHHBIE HEHPOHHbIE CETH BO3HUKJIHM OJarojiapsi MCCJIEIOBAHUIO
mozra. Yemoseuecknit mosr cogepxkut 10Y  meitporos, cBasp  Mexy
KOTOpbIMU ~ ObecriednBaior  oxkosio 10" cumamncos.  Yerpoiicrso  Mosra,
TIO3BOJIAIONIEe OBICTPO peliaTh 3aJadd OIPOMHON CJIOXKHOCTH, TaWT B cede
HemaJio Taitn. Ho make mepBble TMONBITKH peaju3aliui 0a30BbIX TPUHITUIIOB
ero (PyHKIMOHUPOBAHUS, MPEJIPUHSATHIE BO BTOPON 1oJjioBune XX B. C
npuBJiedeHneM CckopocTHbix DBM, nokazasm orymuanbie Bozmoxkuoctun HC
Py DPeleHny 3a7ad WHTEPIOJANNd U AllpOKCUMAIUN, PaClO3HABAHUS
1 KjaccuuKaluu, MPOrHO3UPOBAHUS, CXKATHUSA JIAHHBIX, WJICHTUDUKAINN
cucTeM, ynpasJieHus, accorparmu u jip. [26],[20].

B cepennne XX B. MOABUJINCH ITepBble MOJie N HeifipoHa. VcKyccTBeHHBII
HEIpOH — 3TO cucTeMa, IIpeodpasyrolas BXOJHOI BeKTOP X B BBIXOIHOI
CUT'HAJI Y TIO0 NIPABUILY

y=fWX" +b),

e W — BEeKTOp BeCOBBIX KO3(DPUIUEHTOB, XapaKTepHU3YIOIIHNi CTerneHb
peakIuu HeipoHa Ha pPasjIndHble KOMIIOHEHTHI BXOJHOTO CHUTHaJa, b —
cMeleHne uian nojsipusanysi, [ — yHKIUsT aKTUBAIMK, WK [1€PeIaTOIHAs
dyHKIMSA HEpOHA.
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YacTo ucnoab3yeMoit MoIeIbio HeiipoHa, ABJIAeTC rmepcenTpon. OyHKITMs
aKTHUBaIUsl TAKOI'O HefipoHa — cTyneHYaras (PyHKIMs XeBHUcaiia

1 >0
flu) = . (2.22)
0 u<0
Jpyroit 4acTto WuCHOJB3YyeMOW HeNpepbIiBHON (QYyHKIMEH aKTuBaluu
sIBJISIETCSE CUI'MOUJlaJibHast PyHKIMs. Pazjimyaor yHUIOJSpHY IO

1
fw) =17 (2.23)
1 OUTIOJISIPHY IO
f(u) = tanh(Pu) (2.24)

curmoujaiaeie ¢yukmun. Ilpp f — oo obe curmonganabHble QyHKITUH
crpemsTest K pynknun Xepucaiijga. dacto ucrnosb3yercs JuHeiiHast (pyHKIus
akruanuu f(u) = u.

OtyiesibHbIE HEHPOHBI O0bEIUHSIOT B HeifiporHbIe ceTu. C1oeM Ha3bIBaeTCst
I'PYIIIIa HEPOHOB € OJIMHAKOBBIMU (DYHKIMAMU aKTHBaIuu. Ha BXxo1 KaxK10ro
HEfipoHa CJIOsi MOCTYINAET OJIMH M TOT YK€ BXOJIHOW BEKTOP, a Ha BBHIXOJE
cJ10si (POPMUPYETCsE BEKTOPHbBIHN CUI'HAJI, COJIEPKAIIMI B KAUeCTBE KOMIIOHEHT
BBIXOJIbI KasKJIOrO M3 HEHpOHOB cJjios. PasMepHOCTh TaKoOro BBIXOJIHOIO
BEKTOpa PaBHa YMC/Iy HEIPOHOB B cjioe. MHOrocioiiHas cerh pyHKITMOHUDPYET
110 CJIEJIYIONIEMY [PUHIUITY: BXOJIHONH BEKTOP IOCTYIAET Ha, BXOJ[ KaXJ0I'0
13 HEUPOHOB BXOJHOIO CJIOSI, €r0 BBIXOJHON BEKTOpP CTAHOBHUTCS BXOIOM
IPOMEXKYTOYHOTO CJiosi. [IpOMEXKYTOUHBIX CJIOEB MOXKET ObIThb HECKOJILKO.
[Tpoitjisi 0OpaboTKy TaKMM KacKaJiOM BEKTOP IMOCTYITAeT Ha BHIXOJ(HOM CJION,
YUCJI0 HEHPOHOB B KOTOPOM OIIPEJIEJISIET Pa3MEPHOCTh Pe3yJibTUPYIONIEro
BBIXOJIHOI'O BeKTOpa, HeiiponHoii cetn. Popmysa npeobpa3oBaHKs BXOTHOIO
BeKTOpa X B BBIXOJIHON BEKTODP Y JIjIs 9acTO HUCIOJb3YyEeMON TPEeXCJIOMHOM
APXUTEKTYPhI CETU MOXKET OBbITH 3alucaHa B BUJIE.

Y = Fy (WsF) (WoF [ (Wi X" + By) + By) + Bs),

e W; - marpuna BecoB, B; - BeKTOop cMmernennii, F; - BeKTopHas (pyHKIH
aKTUBAIMN 1-CJI0sT. MOXKHO 1MOKa3aTh, 9TO CeTh € JIIOOBIM YMCJIOM JIMHEHHBIX
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CJIOEB (Bce (YHKIIMM aKTHBAIUN HHHeﬁHbl) CBOJIUTCA K OJHOCJIONHON
JIMHEMHON HEeIpPOHHON CeTH.
[Iepernuiiem popMysry BBIXOJHOI'O CUI'HAJIA 1-I'0 HEHpOHA B BUJIE

N N
yi = f(u;) = f szj«%j +wio | = f sz‘j%’ :
j=1 =0

yie N — pasMepHOCTb BXOJIHOI'O BEKTOPa, a JIONOJHUTE/ILHbI UjleH Ty =
1 coorBercTByer mnosspuzanuu. O4UeBHIHO, UYTO ecau [ - CTyIeHdaTas
pyHKIMSA, TO HEHPOH OCYIIECTBJSCT KJIACCU(PUKAINIO BXOJHOIO BEKTOPA

r € RY no upuHImny ero HPUHAJJIEKHOCTH K TOMY WJIH HHOMY
N

[IOJIy IPOCTPAHCTBY, Ha KOTOPbIE TMIEPIIOCKOCTL Y w;ir; = 0 pasbusaer
J=0
RN
MOKHO BBIYMCIATH apryMeHT (DYHKIMH aKTHBAIMK KaK DPaCCTOSHUe
ME2KJly BEKTOPOM BECOB UM BXOJHBIM BEKTOpPOM. HeftpoH, (pyHKIMOHUPY IO

110 HpaBI/IJIy

yi = f(ui) = f(]|X = Wi]),
Ha3bIBa€TCA pa,[LI/IaJIbeIM n MO2KEeT K.HaCCI/I(i)I/ILLI/IpOBaTb BXOILHOP‘I BeKTOp 110
HpI/IHHI/IHy HpI/IHaILJIe}KHOCTI/I K C(bepﬂquKOﬁ OerCTHOCTI/I TOYKU B RN ,ZL.HH

paJinaJbHbIX HEHPOHOB B KadecTBe (PYHKIUU aKTUBAIUU YACTO NPUMEHSIOT
dyuknuio Taycca

u

yi = flu;) = e 22 (2.25)

Wnu, ¢ yaerom Macmrabupyionieit MaTpuiib! (), GyHKIIIO OoJee 00IIero BuIa
—uTOTOu,
yi = fu) = e @ = eap (—||X = W|[TQTQIIX — Wil]) .

Taxum oOpa3oM, HEPOHHAS CeTh MOXKET UCIOJIL30BATHCS JIJIsI pa30ueHms
MHOTOMEPHOI'0 IIPOCTPAHCTBA, T'UIEPIIOCKOCTIME U cdepaMyu Ha KOHEIHOEe
qucjao obsgacreit mo st Kiaaccudukanun BekTopoB B HeMm. CeTh Moxker
UCIIOJIL30BATHCS TaKXKe JiJis alpokcumaliuu Jjiroboit dpyukiuu. [Ipu srom
BXOJIHOI CHTHAJI 9acTO YJ00HO OBbIBAET OTMACIITAOMPOBATH TaK, UTOOBLI €ro
SHAUEHUsI JIeXKaJu B juanasone [—1, 1]

88



BakaefiimuM STamoM TpH  CO3JaHUU HEUPOHHONW CEeTH SABJIAETCI ee
obydenue, T.e. 1mojAbOP HmapaMerpoB Bcex HeiipoHon. CyiecTByeT JiBa THIIA
obyuenusi ceru — ¢ yaurejiem u 6e3. [Ipu obydenun 6e3 yunress napamerpbi
1010MPAIOTCs JINOO Ha OCHOBE KOPPEJISIUKA MEXK,/y BXOJHBIMU ¥ BBIXOHBIMU
nanubIME (0Oydenne mo Xeb0y), aubo Ha OCHOBE KOHKYDEHIUH HEefipOHOB
Mex Iy coboii. [Tpu obydennn ¢ yanrenem nveercst HADOP TECTOBBIX BXOHBIX
X W OXKHUJIAEMbIX BBIXOJHBIX curHajoB [). C HUCIOIb30BaHWEM METOJOB
ONTUMM3AINHN, IIYTEM ITOBTOPEHUS ITUKJIOB OOyUeHUs, TapaMeTphbl HEPOHOB
CeTH IOJ0UpAIOTCs TaK, YTOObI 3aJ@aHHbIC BXOJHBLIC CUI'HAJIbI IPUBOJMIN K
OTKJIMKAM, KaK MOXKHO OoJjiee OJIM3KKUM K OxKujtaeMbiM. HadajibHble 3HaUeHMS
apaMeTpoB CETH MOTI'YT HOJ0UPATHCs caydaiino. VIx 3HaYeHUsT yTOIHSIOTCS
UCXOJ/ls W3 CpPaBHEHHUs IOJYYEHHBIX BBIXOJHBIX CUTHAJOB C CUIHAJIAMU
cpaHeHusi. [IpuBejieM HEKOTOpBIE TPUMEPHI 00y IEHHsI.

[TepcenTponnast cerh 00y4aercsi MO TECTOBHIM JAHHBIM 10 TPABUILY

Bunpoy-Xodda
wij(t + 1) = ww(t) + Awij,

2.26
Awij = Clij(dz — yz) ( )

Bnech w;j(t) - BecoBoit koddbduUIMEHT i-HEHPOHA, CBA3AHHBIH € J-
KOMIIOHEHTOIl BXOJIHOIO BeKTopa X Ha k-urepanuu oOydeHus. BbIxomgHoii
cUrHaJ HefipoHa ¥; ¥ OXKUJIaeMoe 3HaueHne d; JJisd IepCenTpoHa IIPUHIMAIOT
TOJILKO JiBOMYHBbIe 3Ha4dennst 0 u 1.

Ob0ydeHue MOBTOPSIETCsI MHOTOKPATHO I MUHUMHU3AIUK  (DYHKIUN
norperuocty (tesneBoit hyukiwn) E, daiie Bcero uMeroreii Bu/g

1 1 G, B 8
R Sy 3

k=1 k=1 1=1

rjie p O3HA4YAeT KOJUUECTBO IPE/IbsBJIsSEMbIX OOyUaronux BbIOOpPOK, M —
YUCJIO0 HEHPOHOB BBIXOJIHOTO CJIOSI.

st cereit, BKJIIOUAIONIUX HEHPOHBI C HEIIPEPBIBHOM (DYHKIMEH aKTUBAIIUN
MOYKHO HCIOJb30BATh T'PAJIMEHTHBIE METOJbl ONTUMU3AIuH. [losTomy
dynkiuio akTuBarmuu XeBucaiijla 9acTo allpPOKCUMUPYIOT CUIMOWIAJIbLHOI
dbyukuueit (2.23) win (2.24) ¢ gocraTouHO GOJIBITMM 3HAYEHHEM [TapaMeTpa
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B. llng mombopa mapaMeTpoB w U MHUHAMM3AIWHU IEJEeBOH  (DYHKITUH
E(w) ucnonb3yor aaropur™ 06paTHOro pacupocrpatenus omuoku. Cuanras
dbyskiuio  E(w) HenpepbiBHOW JIEMKO BBIYUCJIUTHL [ONPABKU K BecaM
BBIXOJIHOI'O CJIOSI CeTH

W(t+1) = W(t) + AW,

AW — nP(W), (2.27)

riae 1 - koadpduiment obyuenusi, P(W) - nanpasjiienue B MHOrOMEPHOM
npocrpancrse. K npumMepy, B KJaCCUUYECKOM METOJIe HAUCKOPEHIIIero Ciiycka
9TO HAIIpaBJieHHe OOPATHO TPAJUEHTY IeJIeBOi (DYHKITUH

Jns ompejenennsa MOMPaBOK K IapaMeTpaM MPEAbIIYIIEro CJIOS MOXKHO
BOCIIOJIb30BATbCS TaKoil 2Ke ((POpMYJIOi, IIpeJBapUTEbHO OIPEJCUB
IOT'PEITHOCTh Ha  BbIXOJE 3TOro cjosi. llepeBectn 1morpemHocTb Ha
HPEJbLIYIIUIA yPOBEHb MOXKHO, 110JaB Ha, ObIBIIMI BbIXOJI, KMCIIOJIb3yEeMblii
Telepb KakK BXOJ], OTKJIOHEHUE BBIXOJHOI'O CUTHaJIa CeTU OT OXKUJIaeMOoro, u
3aMeHNB (DYHKIIMN aKTHUBAIIMN WX [TPOU3BOJHBIMKA. PaccMOTpUM B KadecTBe
npuMepa JIBYXCJIOMHYIO CeTh B CJy4Yae OJ{HOI'0 TECTOBOI'O CUTHAJIA, BBIXO/]
KOTOPO#l omnpenesaeTcsd BblpaKeHuem

K K N
o= Y wive | = £ wdf Y wyey
i=0 i=0 =0

[esieBast (pyHKIMST 3alIMCHIBAETCsI B BU/IE

| M LM K o)
o 2 _ 2) ) _ .
E_§Z(yk_dk) _52 f ZwkiVZ dz

k=1 k=1 i=0
Fpa;(ZLI/IeHT COrZLep}KI/IT KOMIIOHEHTbI
OF df (ul?) )
= (yp — dip)———Vi = 0, 'V,
6w,(j) du,(f) g
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e ul? = ZK w'P v onpeneiser nonpaBKi K napaMerpam w.>) BRIXOIHOIO
pil ko =0 Ykj i pe b p p ki 2
(1)

cinosi. IlonmpaBku K mapamerpam W;;" TEPBOTrO  CJIOA  ONPEJEJIAIOTCS ¢

HCIIOJIb3OBAHUEM BbIPa2KEH:A

M (2) (1)
OF df (u,”) (@ df (u;"’) (1)
— = (yx — di) W, Xy = 0; @,
aull 2 g g = 0

e ul(-l) = Z;-V:O wg)ajj.

Takum  obpazom, JiIsi  MCIOJB30BaHUs  ajropuTMa  00paTHOIO
PACIPOCTPAHEHNS] OMIMOKM BaXKHBIM OKa3bIBACTCS BLIYUCICHUE I'PAJUEHTA
Ha KaxXJ0M ypoBHe. Jlas 3TOro okaspiBaeTCs YI0OHLIM HCIOJIL30BATDH
colpspKeHHble TIpadbl CeTH, HANPABICHUS JIyr B KOTOPBIX H3MEHEHBI
Ha OOpaTHble K WCXOAHBIM HAIPABJICHUSIM CETH, W WM COIOCTaBJICHbI
KOO DUIMEHTH — TPOM3BOJHBIE (DYHKIUNA aKTHUBAIUU IO BXOJHBIM
curHasiaM. Teopusi rpadoB paer mpocrbie (OPMYJIbl JIJI BbIUKUCJICHUS
rpajerToB.  HeognokparHoe omnpejesienre TMONPaBOK K IapaMerpaM
CeTH MPUBOJUT K YMEHBIIEHUIO OTKJIOHEHUS BBIXOAHBIX CHI'HAJIOB OT
TecTOBBIX. OOBIUHO OOyUeHHe MPEeKpPaIlaeTcs NP JIOCTUXKEHUH HEKOTOPOIro
3aJIaHHOI0 ypoBHs morpemHocTu. OjHaKO, OHO MOXKET 3aHsTh JJIUTEIHLHOEe
BPEMSI, W MOI'YT BO3HUKATH CJIOXKHOCTH C OTBICKAHHEM TJI00AJIbHOIO
MUHAMYMa I1eJeBOil (DYHKIIUKM NPKU HAJUIUU OOJBIIONO YHCIA JIOKAJbHBIX
MUHAMYMOB. 11 ycKOpeHnusi o0ydennst 1 MpeJOoTBPAIeHns] 3aCTPEBAHUS B
JIOKAJIbHBIX MUHUMYMaX MCIIOJIB3YIOTCS CIIeIHaJIbHbIE aJITOPUTMbBI, HAIPUME]D
HOILYJISIIIMOHHBIE AJrOPUTMbL onrtuMusaiuu [20].

Mo»XXHO pa3jIoKUTh 11eJIeBYI0 (DYHKIIUIO B i/l

B(w +p) = B(w) +¢'(w)p+ 3o Hwp + .

rie g(w) = VE — Bekrop rpajuenta, a H(w) — marpuia ecce npousBojiHbix
BTOPOTO MOPSIJIKA.

B anropurMme HauCKOpeimiero cmycka ¢ MOMEHTOM IIONPABKH K
napamMerpaM OIPEIessiioTCs MOINMUITMPOBAHHON (hOpMYJIOit

AW, = 77kPk —+ oz(Wk — Wk71)>
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rae k — HoMmep ureparuu, a Kod(MPUIMEHT MOMEHTa « IOJ0UPAETCS B
unrepsaje [0, 1] Tak, 9To0Obl B ciydae IONAJAHUA B JIOKAJbHDIA MUHUMYM,
korga P = 0, y1aj1och 3 Hero BeIOPAThCs, MPU 3TOM IMPOIECC ODYICHUST He
JIOJIZKEH OKA3aThCsl PACXO/SIIITUMCS.

Anropur™M mepeMeHHO# METPHKM OCHOBAH Ha PA3JIOXKEHHH IeJIeBOii
GYHKIMH JI0 9IEHOB BTOPOTO MOpsijka. [IpupaBHuBanre HyJIIO TPOU3BOIHOM
JlaeT BbIparkKeHue

p=—-H"g,

JlexKalee B OCHOBE HBIOTOHOBCKOI'O aJirOpuTMa ontuMusanuu. Ilpumenenne
9TOTO  AJTOPUTMA TPEOYyeT MOJOXKUTEILHON —ONPEIeJeHHOCTH TeCChaHa
Ha KaXKJOM Imare. B ajropurMe BMECTO IeCCHaHa HCIOIb3YeTCs €ero
npubauxkenne G. ObO3HAUMB IPUPOCT TpajJiueHTa Ha k 1mare 1y = gr — Jr_1,
nV, = G,;l MOXKHO 3aIiCATh YI00HBIE HTEPAIMOHHBIE (POPMYIILI

T T T T
r.Vi_ri | Sks Spr Vi_17S
Vi =Vioi+ |1+ 2= i L,

T T
STk STk STk
100 . S
SkSy. V]€_17“k7“k kal
Vie= Vi1 + T T .
51Tk T Vi1
[Ipn mauagpnom smadenmu Vy = 1 MOXKHO 0O0ECHEUNTDH IMOJOKUTEILHYIO

OIpPEJIEJIEHHOCTD ~ AlIPOKCUMAITMOHHOM MAaTpHIlbl T'eccuafa W OBICTPYIO
CXOJMMOCTH AJITOPUTMA.

B asropurme Jlesenbepra-Mapksapjira reccuaH allllpOKCUMUDPYETCS, C
UCIIOJIb30BAHUEM COJlepKalleiicds B TpajineHTe WHEMOPMAIUKU, ¢ yIETOM
peryngpusanuonnoro daxropa. Obosnauus €; = y; — d; u

Oe;  Oey dey
€1 dw;  Owy T dw,
es Oey ey ey
e = L J = Ow;  Ows own, 7 (2.28)
Oen Oem Oem
€M ow; Owy °°° Ow,

I[IOJIYIUMM BbIpaxK€HHus JJId TI'paJMeHTa | a,HHpOKCI/IMI/Ipy}OHLefI recCuat
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MaTpPHUIIbI

g=J'e,
T (2.29)
G=J"J+R,
e R - KOMIIOHEHTHI TeccraHa 0oJiee BBICOKOI'O TOPsijiKa, KOTOPhIE
3aMEHSIOTCs peryssipudaluoHubiM ¢gakropom R = v -1 — napamerpom

Jlepenbepra-MapkBap/Ta v/, JOMHOXKEHHOM Ha MATPUILY U3 €IUHUIl. DTOMY
napaMeTrpy B HadaJie aJrOpuTMa IIPUIAETCA 3HadeHue, MHOTO OoJibliee
COOCTBEHHOIO 3HAueHWs MATpPUIbl J!.J, MUHMUMM3ALUS BBIIOJIHSACTCS B
Hanpapienuun —g/v. 3arem ero 3HaueHMe YMEHbUIaeTCsi M Bce Dosiee
CYIIIECTBEHHYIO POJIb HAUYMHAET UI'PaTh IepBoe cjaraemoe B (popMmyJie JJis
(G, Ha omnpese/IeHHOM 3Tare aJropPUTM TpeBpaliaeTcs B ajaroputM laycca-
HrroTona ¢ KBaJpaTuaHON CXOJMMOCTHIO K ONTUMAJBHOMY PEIICHUIO.

[Tonbop KoadpuimenTa odyUeHUsT UIpaeT BaXKHYIO POJIb B aJIOPUTMAaX
obpaTHOro pacupocrpaHeHus omubku. CJIMIIKOM — MaJioe  3HadYeHHe
HPUBOJIUT K JIINTEJILHOMY O00Oy4eHut0, OoJibilioe — K “TiepernpbiriBaHUI0’
MUHUMYyMa U HEOOXOJMMOCTH BO3BpaTa. BO3MOXKHO aJlallTUBHOE N3MEHEHHUE
KodddunrenTa B 1mporecce obydeHus. K mnpumepy, eciim IOIPEHIHOCTD
ei = +/E; na i mare obydeHnsi OKasKeTCs OOJbINeil, 4YeM ky&i 1,
e ky - KO3(DPUIMEHT JAOMyCTUMOTO IPUPOCTA  MOTPENTHOCTH, MOXKHO
BOCIIOJIL30BATHCSI BhIPaXKEHIEM

Ni+1 = NiPd,

r7ie pg — KO3 DUIMEHT YMeHbIeHus 7). Kcin ke morperHocTb He MPEeBLICUT
kwEi_1, MOYXKHO KCIIOJIb30BAThH BbIPparXKeHHE

Ni+1 = NiPi,

rjie pg — KodduiueHT ypegaundenus 1. MoXKHO MCIIOIb30BaTh JIJIsi KaXK0r0

CJI0s1 CeTH 3HAYCHUE
1

n<min | — |,
n;

rJie N; — KOJIMIECTBO BXOJOB ¢ HeipoHa B cjioe. OIHO3HATHOTO MTOIX0/1a 3/eCh

HEe CYIIIEeCTBYeET.
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Bosbiioe BinMgHME Ha KAdecTBO pEIIeHUs] 3aJiadd OKAa3bIBaeT UHUCJIO
CJI0eB HEHPOHHOH ceTu U 4ucjo HeiipoHoB B Hux. (OJHO3HAYHOIO
npaBuia  mojbopa  3jech Takyke He cymecrByer. OgHako, ciegyer
YUUTBIBATD TO, YTO HEJOCTATOUYHOE KOJUICCTBO HEHPOHOB CETU HE IIO3BOJIAT
JIOCTUYb JIOCTATOYHOW cTermeHn o00O0OIeHUsT JiJIsi  CJIOXKHOTO —CHI'HAJIA.
CrutkoM OOJIBITIOE YUCI0 HEHPOHOB, HA00OPOT, MPUBEJET K aJlalTaluid K
mymam. [lorpemiHocrs oOydeHus CeTH Ha TECTOBBIX JAHHBIX OIPEJIE/Isier
MOTPEITHOCTL 0000IeHNsT Ha PAb0UYNX JTaHHbIX. KpoMe 3TOro, CuuTaeTcs, 9To
IIOTPEIIHOCTHL O0OOITEHUSI 3aBUCUT OT OTHOIIEHUsI KOJMYECTBA 00y UAIOITUX
BBIOOPOK P K 3HAYEHWIO HEKOTOPOTO IMapaMerpa 1), OTParkafolinero Mepy
CJIOYKHOCTU CETH, ¥ TECHO CBSI3aHHOI'O ¢ YUCJIOM CBsizeil B Heil. IIpejoxkeno
OIIPEJIe/IATh BEPXHIOI M HUXKHIO YaCTh 3TON Mepbl 10 (hopMyJie

K
2|5 | V<0< 2N, (1+1gN,),

rje KBaJpaTHbIMKU CKOOKamMy obOo3HadeHa Iiejasi vacTh duciaa, N —
Pa3MEpPHOCTh BXOJHOIO BeKTOpa, K — 4KrCI0 HEHPOHOB CKPBLITOrO Cjiost, N,
— obmiee umcsgo Heiiponos ceru, , N, — YHCI0 BecoB ceTu. Buano, 4To
HIPKHEee 3HaYeHre TPUOJIN3UTEHLHO PABHO KOJUIECTBY BECOB, CBI3BIBAIONTNX
BXO/IHOM ¥ CKPBITBIN CJIOM, a BepXHdsd TPaHUIla [PEBLINIAET YIBOCHHOE
KOJIMYECTBO BECOB B ceTU. B KauecTBe Mepbl CJI0KHOCTUA MOXKHO UCIIOJIL30BATH
YUCJO BECOB CETH, XOpOIllee KadecTBO ODOOIIEHUs JIOCTUTAETCS, KOTJIa,
KOJINYECTBO O00OydYalolux BbIOOPOK B HECKOJIBKO Pa3 IPEBbIIAET 3Ty
BesinuurHy. HelipoHHble ceTu 4acTo MMEIOT TPU CJI0si, 1PU TOM IIPUMEHEHUE
TeopeMbl KosiMOTOpOBa 0 HEMpepbIBHOW (DYHKIINU, TpaHchopMupyrorei V-
MepHOe MHOYKECTBO BXOJIHBIX JAHHLIX B M -MepHBIN BBIXOJTHON BEKTOD, JaeT
JJIsl CKPBITOIO CJIOsi ONTUMaJibHOe qucjo Heifponos (2N + 1), e N —
YUCJI0 HEWPOHOB BXOJIHOI'O cJjiosl. Jljisi 110j100pa apXUuTeKTypbl CeTH MOIYT
HCTIOJTE30BATHCS CIIeNUAJbHbIE MEeTOJIbl HAPAIUBAHUS, WJIN PEIYKIINNA CETH.
Kpowme sToro, ciiejiyeT y9uThIBATH TOT (PAKT, ITO JJIUTETHHOE O0yIeHne, XOTs
U TPUBOJIAT 4Yallle BCEro K HEIPEPHIBHOMY YMEHbBIIEHUIO 11eJIeBOM (DYHKIINHU,
MOYKET BECTH K YXVAIIEHHIO ODODIIAIONINX CBONCTB CETH, ee aJlalTalluid K
Ty MaM.

Takum obpazom, MHOTOE IPHU CO3JlaHWE HEHPOHHOW CeTH He TOJJIAaeTCs
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dopmanuzanuu. OHAKO, NPOAYMAHHBIA MOAXOJ K CO3MAHUI0O U OOyUEHUIO
CeTH dYallle BCEro OINPAaB/IbIBACTCS OTJMYHBIMU pe3ysbraTaMmu. Paccmorpum
eIre HeCKOJILKO MTPUMEPOB.

CurMoniaJibHbIe  CeTH COCTOAT K3 HEHPOHOB € COOTBETCTBYIOIIMMU
byaknuamn aktuBanun (2.23) nm (2.24).

Pajmanbabie HEHPOHHBIE CETH COCTOSAT M3 OJHOTO CJIOsT paJaabHBIX
HEHPOHOB ¥ JIMHEHHOTO BBIXOHOTO ¢Jj10s. IIporecc nx o0yuennst 3aKII0IaeTCs
B 110JI00pE MEHTPOB PaiiajbHbIX HEPOHOB M BECOB BLIXOIHOIO cjios. [IepBas
3aJlada JacTO PEeLIAeTCs C UCIOJIb30BAHHEM aJIOPUTMOB KJaCTePH3alUK C
YTOUYHEHHUEM ITOJIOXKEHHUsI IIEHTPOB 110 BXOAHBIM JaHHbIM. [Tocie gero Bropast
3314498 MOXKeT ObITh PEIleHa ¢ MCIOJb30BAHUEM ICEBIO00PAIICHIS MATPHI]
[lenpoy3za. OOyuenue pajuajbHBIX ceTeil OOBIYHO MeHee TPYI0EMKO, UeM
CUTMOWMJAJIHHBIX ceTeii. AJIropuTMbI 0OPATHOTO PACIPOCTPAHEHUsT OTTHOKN
TAKXKE HaXOJAT 3JIeCh IIPUMEHEHMEe, OJIHAKO BEPOSITHOCTL IONAJaHus B
JIOKAJIbHBIE MUHUMYMbI 3HAUUTEJIBHO BBIIIE, UeM JIJIsi CUTMOUIAJbHBIX CeTell.

Cetb Bosbreppu npeobpasyer BXOJHON CUIHAJ IO pOpMYIIe

L L L
= E Tp—i |W; + E Tn—j | Wij + E In,k(wi]’k + .. ) ,
1=0 7=0 k=0

IJle Kakjlas CyMMa COOTBETCTBYET (DUJIbTPAIMU BXOJIHOI'O CHUI'HAJIA T U3
L KOMIIOHEHT JIMHEHHBIM (PUJIBTPOM TEPBOTO MOPSJIKA € WMITYJIbCHOM
XapaKTepUCTUKON, KOTOpPYIO 3ajaeT (PUILTD CJEIYIONero ypoBHSA W.T.]I.
DopwmyJsia MoxkeT ObITH HIEepernucana B BUje pasJjioxkenus BoJibreppu

§ W;Tp— z+§ § WijTp—iLp— ]"’E § E WijkXp—iln—jLn— [

=1 j=0 z-lgOkO

+ E e E Wi iig..ipyTr—iy « + » Tn—iy-

=1 ip=1
[TonobHast cerb MoxKeT ObITh KCIOJIL30BAHA JIJisd MJIEHTU(MUKAIUU J1I000I0
HEeJIMHERHOTr0 00beKTa, (PUIBTPAIUH IIIYMOB, IPOIrHO3UPOBAHNS CUTHAJIA, 1 JIP.

Pabora peKyppeHTHBIX ceTeil OCHOBaHa Ha I0Jlade BBIXOJIHOTO CUTHAJIA,
CeTH C 3aJIePXKKON Ha BXOJl. XOTsd, 110 BCEHl BUJIMMOCTH, TaKOTO POJIA
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CeTH He BCTPEYaloTCs B IIPHUPOJIE, UX MCIOJb30BaHUE IOCje OOyUeHUs IO
CIIeIUAJIbHBIM aJrOpUTMaM OKa3bIBAeTCs I0JIe3HbIM. B 4acTHOCTH, € HX
MIOMOIIBIO MOYKHO OIIPEJEJUTh MATPHUIBI JIUCKPETU30BAHHONW JUHAMUYIECKO
cucTeMbl 110 HabJIIOJIeHUsIM CPOPMUPOBAHHOIO €10 CUI'HAJIa B PEabHOM
BPEMEHN.

[To Bceit BUAMMOCTH, B €CTECTBEHHBIX HEHPOHHBIX CETSIX CBA3M MEXKIY
HEHPOHAMK YCHJIUBAIOTCs IIPU MX OJIHOBPEMEHHONW aKTUBU3AINKA. DTO HAILIO
OTpaxkeHrne B Mojean Xe00a, KOTOPBLIN MPeIJIOXKMJ IIPABUIO O0YyUeHHUs,
B KOTOPOM Beca HefipoHa M3MEHSIOTCS IPOIOPIMOHAJIBHO BXOJHOMY W
BBIXOJIHOMY CHTHAJIY

Aw;; = nyy;.

Nuaye MOXKHO 3aIIUCATD
AW =nyX =nXTWX =CW,

rie C' - KOpeIanuoHHas MaTPHUIA BXOIHOTO cHTHaja. st crabuimsarum
o0y 4eHHsI HY?>KHO UCII0JIb30BaTh KOI(DUIMEHT 3a0bIBAHUS Y 1 HOPMUPOBATD
BECOBO# BEKTOD Ha KaXKJIOM Iiare, tak 4rodsl ||w|| =1 u

wij(t + 1) = wij () (1 —y) + Awy;

XebboBcKkMe, WM KOPEJISIMOHHBIE CEeTH HaXOJSAT MIMPOKOE IPUMEHEHUE
[PU PEIIeHnn 3aJia9 aHaJM3a TJIABHBIX KOMIIOHEHT CHUTHAJIA W Pas3Jie/IeHus
CUT'HAJIa Ha HE3aBUCUMble KOMIIOHEHTHI.

Obyuenune 6e3 y4uTesisi NpUMEHsAETCS JIJIsT CceTeil ¢ caMOOpraHu3aImeit
Ha OCHOBe KOHKypeHimu. Takme ceru COCTOSAT U3 OOJBINIOTO HHCIIa,
00pabaTHIBAIONINX BXOJIHON CUTHAJ HEHPOHOB CO CAyUYAHHBIMU HAYAJIbHBIMU
napamerpamu  W;. Heifipon, jyst koroporo paccrostuue ||[X — Wil| B
CMBICJIE BBIODAHHONW METPUKH OKa3hiBAETCS MUHUMAJIbHBIM, CTAHOBUTCS
nobejiuresiem. OH  mojBepraercss OOydYEHWIO BMeCTe € HeHpoHaAMU U3
HEKOTOPOi ero okpectnocTu. B anropurme Koxonena obyuenue i meiipona
IIPOBOJIUTCS 110 MTPABUJTY

Wi(k +1) = Wi(k) +n:(k)G (i, X)[X — Wi(k)],
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rine G(i, X) - Mepa cocejicrBa, HanpumMep [ayccoBckas
: 4
G(i,X) =e 7,
3JIeCh A - YPOBEHBb COCEJCTBa, a d - PacCTosiHue OT HelpoHa-1modenTes,

KOTOPOE MOXKET BbIOMPATHCS IO KapTe ceTu. B ajaropurme HEPOHHOTO rasa
bosiee appekTuBHOM, UeM ajgroputMm Koxanena, cocenctBo BosbiimMaHoBCKoOe

G(i,X) = e %,
a d; 3aBucut ot BesuuauHbl paccrosuus || X —W;||. Cern ¢ camoopranusarmeii
IPUMEHAIOTCS JIJIsi  KOJAMpOBaHWs u3o0paxKkenwuii. Eie 0Oosiee ya00HbIMU
OKa3bIBAIOTCs CAaMOOPraHU3yIOIUecss HeHPOHHBIC CeTH, TIOCTPOCHHbIEC Ha Hase
TEOPUM HEYETKMX MHOXKECTB, KOTOPbIE MOI'YT € HPOU3BOJBLHOH TOYHOCTHIO
AIIIPOKCUMUPOBATL JIIO0YI0 HEeJMHEHHYI0 (DYHKIUIO MHOIMX IEPEMEHHDIX,
perarh 3aja91 KJaaccupUKaIlum U CKaTus JaHabix [26].

2.4 JIlmHaMuYeckoe MOJdeJNPOBaHUE

2.4.1 JIuddepeHnmnabHbIEe YyPAaBHEHUS N ANHAMNYIECKNE CUCTEMBI

[Ipuseem HEKOTOPbIE OCHOBHbIE CBEJICHUS] u3 TEOPUN
muddepeHnnaabblX  YpaBHEeHHH U JAMHAMUYECKHX CHCTEM, IIOBEJEHUe
KOTOPBIX — ONuUChiBaercst  rumu  ypasaenusivu  [80],[21],[33].  Haunem
paccMoTpeHue ¢ HpocTeiiero Juueinoro judQepennmnajibHoro ypaBHeHust
IIEPBOrO TOPSJIKA, UMEIOIIEro BUJ

dx

- Tpt)e = f(2). (2.30)

Byjem cuurars p(z) u f(t) venpepbiBabiMu dyHKIUsIM t B TOH 0bsiacT,
B KOTOpOil Tpebyercss NpOMHTErpupoBaTh yKasaHHOe ypaBHenue. Ecim
f(t) =0, ypaBuenue (2.30) Ha3BIBAETCS JIMHEHHBIM OJTHOPOIHBIM. JIuHEHHOE
yPaBHEHHE MMEET PeleHue

x = ce” I PO c # 0.
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Pemmenme neogHOPOTHOTO YpaBHEHWS MOYXKHO MOJYIUTH METOJOM BapHUallln
nocroguHoi. OHO Oy/eT CKIaJbIBATHCSI U3 HEKOTOPOI'O YacTHOIO pelleHus
HEOITHOPOJIHOTO ypaBHEeHUs U OOIIEro perenns: 0JIHOPOJIHOTO, JOMHOXKEHHOTO
HA KOHCTAHTY C1

I / Ft)ed PO gy 4 ¢ e Tpar

Takum oOpasoM, oDiee pelienue, OHKUCbIBaloNee TpaekToputo  x(t)
JMHAMAYECKOl CHCTEMBI TepBOTO  TOpsJKA B OJHOMEPHOM  (pa30BOM
IIPOCTPAHCTBE, Ha BXOJ KOTOPOii nocrymnaer Bosjeiictsue f(t), sanmiiercs
B BUJIC

o) =o(®) + [ O - ).
0

st acuMITOTHYECKH yCTORYMBON  JMHAMUYIECKON CUCTEMbl BJIUsIHHE
HAYAJbHBIX YCJIOBHI ¢ TEUeHHEM BPEMEHU OYJeT yMEeHbIIAThCS

lim o (t) = 0,

W YCTAHOBUBIIIASCA TPAEKTOPHs OY/IET OMUCHIBATHCS YACTHBIM pelleHueM U
MHTErPaJIOM-CBEPTKOM

t

2(t) = / B(E)f(t — €)d.
—
riae h(§) - umnyabcHas xapakTepucTuKa uin BecoBast (GyHKius. Huxxuuii
pejie/l MHTErPUPOBaHUST B3sIT PABHBIM HYJIIO, IIOTOMY 9TO JIJist (PU3UIECKN
peajin3yeMbIX WJIM Kay3ajbHbix cucreM h(&) OTIMYHA OT HyJs JIMIIb IS

TOJIOKUTEJILHOTO 3HAUCHWS apryMEHTa, T.e. Ha TPACKTOPUIO OOLEKTa He
OKasblBAIOT Biusinue 3uavenusi f(t) B Oyjyiiem

0 £E<0,&E>1
h() 0<t<&
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JInneitnoe muddepeHimaabHOe ypaBHEHNE N-T0 MOPSAJIKa 3aIIUChIBACTCS B
BU/IE

ao(t)z'™ + a ()Y + .+ An—1)(t)T + an(t)r = u(t), (2.31)

Eciu caurars & = x1,2 = xg,...,x(”*l) = X,_1 HEU3BECTHbLIMU

dbyuximsivu, (2.31) cBOaUTCSA K CHCTEMe 1 yPaBHEHHI MEPBOTO MOPSIKA

p

T = I
jfl = X9
j:n—l = f(taxaxla <. 7xn—1)

HepenﬂmeM (2 31) B BUIE
pr0)z" Y 4 py (D + palt)e = f(2), (2.32)

Ecmun  f(t) = 0, ypaBuenme OyaeT OJHOPOIHBIM. JIMHEHHBIM
nuddepennuajbHbBIM OlIepaTOpOM Ha30BEeM

Liz) = 2™ + pi(0)2" ™V + . 4 py(D)F + pa(t)z.
On obJiajlaer CBORCTBOM JIMHEHHOCTU
Llaz + By] = aLlz] + BL[x],

rjie & U 3 — KOHCTAHTHI.
PermennemM oJJHOpOIHOIO ypaBHEHUsI

Liz] =0

C HeNpepbiBHLIMU Ha |a,b] xoaddunuentamu p;(t) Oymer Jjuneiinas
n

KOMOMHAIMST & = Y C;r; U3 N JUHEHHO HE3aBUCUMBIX HA ITOM OTPE3Ke
i=1
peIeHnii T; ¢ MTPON3BOJLHBIMYA MOCTOSHHBIMU KO3 (UIMEHTaMN.
Eciu Bce koapduipenror p;(t),7 = 1,2,...,n HOCTOsIHHBI, YaCTHBIE
PEIICHUS OJHOPOIHOTO YPABHEHUS MOTYT 6bITb Hafiensl B Buge * = et

rie k — nocrognnas. IlogcTaHOBKa JJaeT XapaKTePUCTHICCKOE YPABHEHNe
ao(t)k(") + al(t)k(n_l) + ...+ a(n_l)(t)k: + a,(t) =0,
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13 KOTOPOTO, MPH YCJIOBUH 9TO Bee KOpHU pi(t),i = 1,2,... n pasJndHbl,
HaXO/SITCs N JIMHEHHO He3aBUCUMBIX pernennii. Tora obiree pelreHue nmeer
BU/J

Tr = cleklt + 026k2t +...4+ cnek”t.

Ecnu ke xopenb k; OyJeT uMeTb KpaTHOCTh v, €eMy OyJieT COOTBETCTBOBATH
KOMOUMHAIMs PereHuit

Oéi—l
, 92 AN ks
E Cjinlt = (C()z‘ +cit Feot” + ...+ Caifltal )ek‘t.
J=0

Perienem HeoIHOPOJIHOIO ypaBHEHU I
Lly] = f(t)

OyjieT cymMMa €ero HEKOTOPOI'0 YacTHOI'O pellleHust T U ODIIEero perieHust

OOHOPOJHOI'O YpaBHCHM A
n
i=1

Pemenne T MOXHO 10J00paTh, BOCHOJL30BATHCS METOJOM  BapUALMN
ocTosHHO min Metogom Kommm. Tlocieaunit 3aK104aeTcst B TOM, UTO €CJIH
M3BECTHO 3aBUCAIIEE OT OJIHOTO IIAPAMETPa PEIICHNE OJHOPOJAHOIO YPABHEHIS
K(t,s), yJl0BJI€TBOPSIIOIIEE YCJIOBUSIM

K(s,s)=K(s,s)=...= K" 3(s,5) =0, K" (s 5) =1,

TO B 9TOM CJIy4da€ YaCTHBIM pemeHuneM HCEOJHOPOJHOI'O YPaBHEHUWSA 6y,[LeT

YAOBJIETBOPAIOIIECE HaYaJIbHBIM YCJIOBHUAM
x(ﬁo) = x(to) = ...= x(”_l)(to) =0.

Dusnueckas uarepnperanus Gyaxiyun K (¢, §) MoxKeT ObITh TAKOBA: IIyCTh JI0
MOMEHTa BPEMEHU S JUHAMUYIECKas] CHCTEMa HaXOAUJIACh B COCTOSTHUN TIOKOS,
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a ee CMeIeHne OKA3aJ0Ch BBI3BAHO CHJION f(t) OTJMIHON OT HYJIS JIMIIb B
IPOMEXKYTKe § < ¢t < § + €, IpU4eM UMILYJIbC 3TOI CUJbl paBen 1

/S - f(r)dr = 1.

Torna, ipu € — 0, B npeanooxkennn, 9ro f.(t) — modas 3HAKOTOCTOSHHAS
QYHKIIMS, MOYKHO TTOKa3aTh, 9TO

S+¢€

lir% r(t) = lir% K(t,7)f(r)dr = K(t,s). (2.33)
e— e—

S
Takas HYHKINA HOCUT HA3BAHNE NMIYJILCHON XapaKTepUCTUKN. IIpeacraBus
dbyuxmuio f(t) B Buge cymmbl Gyukimii fi(t), OTIMIHBIX OT HyJsl JIMAIIb
Ha MaJIbIX TpoMeskKyTKax At;, MOXKHO paccMaTpuBaTh BIAUAHUE HEIPEPbIBHO

JEHCTBYIONIEH CUJIbI, KAaK HAJIOXKEHUE BJAUAHUN MIHOBEHHBIX MUMILYJIHCOB

N

x(t) = / K(t,s)f(s)ds =Y K(t,s;)f(s:).

1=1

[Tockosibky ypashenue (2.32) 3ajaeT JUHEHHYIO JIHHAMUIECKYIO CUCTEMY
1OpsiJiIKa, 7T, CTallMOHApHasl TPAEKTOPUs Kay3aJibHOI'O, aCCUMITOTUYECKU
YCTORYINBOTO 00ObEKTa BHOBH OMUCHIBACTCS WHTEIPAJIOM-CBEPTKOMN

w@%z/h@ﬁ@—fwé

Baskuble XapaKTepUCTUKN JAUHAMUYECKONH CHCTEMBI MOJYYaloTCs IpU
HOCTYIJIEHUM Ha, BXOJ| HEKOTOPLIX TecToBbIX dyukumii. Tax, ecan ma BXOJ
nocrynaer f(t) = 0(t) — d-dynkius Iupaka, mnojaydaem UMIYJIbCHYO
XapaKTePUCTUKY CUCTEMbl, aHaJornaHyio (2.33)

o) = [ ()5t - €)d€ = ).
0
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[Tocrymnenue Ha BxOJ dyHKIMK Xeucaiina (2.22) maeT XapaKTepUCTUKY

CUCTEMDbI
4

o) = [ W) H(E - €)d = Hp(t),
0
Ha3bIBaeMyto mepexojinoit (yukimeit. [locTyniaenune Ha BXOJ KOMILIEKCHOI
skcronenThl f(t) = eP! naer ma BHIXOJIE TY YKe 9KCIHOHEHTY, JOMHOKEHHYIO
Ha 11epeJIaTOYHYI0 (PYHKIMIO CUCTEMbI

o) = [ me)er g =W (g

IIpu pabore c¢ muddepeHIUaILHBIME yPaBHEHUSME ObIBAET YI00HO
MCIIOJIBL30BATH OMEPATOPHBIA moaxom. Ob03HATNM

dkx
dtk’

Toryia ypasHerue (2.31) MoxkeT ObITh 3aNUCAHO B BHJIE

DFy =

(ao(t)D<”> +ar(t) D"V + .+ () D + an(t)) z = F(D)z = u(t),
B KOTOPOM BblIpazKeHHUE
F(D) = ay(t)D™ + a1 (t)D" ™V + ... + a1 (t) D + an(t)

Ha3bIBa€TCA OIIE€PaTOPHBIM MHOI'OYJIEHOM. MozkHo 3aME€TUTb, 9TO

F(D)JH = F(a)
F(D?*)sinat = sin atF(—a?),
F(D?)cosat = cosatF(—a?),
F(DY)eku(t) = e F(D + B)ot)

(2.34)

PesynbpraTom peiicTBusi omneparopa F(p) HA HETPEPBLIBHYIO u(t) sBasgeTcs

pelleHne ypaBHeHUsd




Pesynbrarom Bosneiictust F'(D) Ha o sBisiercs

Kak ormedasioch Bblille, €Cju Ha BXOJ JMHAMUYECKON CUCTEMbI HOJALTCs
skcronenTa u(t) = e, To MOXKHO 3ammucaTh

1 1

= 557" = 7 D)epf = W (D)e",

rie W(D) — nepejarouanast GyHKIMs CUCTEMbL. 3alUChIBas YaCTHOE PeleHne
4epe3 CBEPTKY OJLyYUM

4 t

£(t) = / h(E)eM g = o / h(E)ePede = PLIA(E))

0 0

rie L[f] — omrocroponnee npeobpasosanue Jlammaca. Orcioga MOXKHO
3aKJIIOYUTH, YTO IepejlaTouHas (byHKIUsS JMHAMUYECKON CUCTeMbI

HEIOCPEJICTBEHHO CBsi3aHa, depe3 InpeobpaszoBanue Jlamimaca ¢ UMITyJIbCHOI
XapaKTepUCTUKON cucrembl. llpu BbIBOIEe 5TOro pesyibrara IIapaMerp
p 3aMeHsercss Ha omeparop [ a TakXKe IpPEANnojaraercs, 4To a; =
1, cmcrema acMMITOTHYECKM YCTOWUMBA W SABJSIETCS Kay3aJbHOH. Kcim
CHUCTEMa, He sIBJISIETCS Kay3aJbHOH, TPeOyeTcsi BbIIOJHSTHL JIBYXCTOPOHHEE
npeobpasoBanue Jlamiaca

Lolf] = LIf(8), p] + LLf (=), —p].

XapakTepucTuKaMu  JUHAMHYECKON  CHUCTEMbl  dABJAECTCAI  TaKxXKe
KOMILJIEKCHAsl 4acTOTHasi Xxapakrepucruka W (iw), pasjensiomascs Ha
aMiinTyHyio A u das3oByio 1 yacToTHbIE XapaKTEPUCTUKK

Alw) = [W(iw)|,  ¥(w) = arg[W (iw)].
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Ecin Ha BXOJ JMHAMUYECKON CUCTEMbI MOCTYIAET MAPMOHUYECKHUET CUTHAJ
u(t) = acos(wt + @), To oTKIUKOM OyjIeT

z(t) = aA(w) cos(wt + ¢ + Y (w)),

OTKYyJZla BHUJHO, YTO €CJIM Ha BXOJ[ JIMHEHHON IUHAMUYECCKON CHUCTEMDI
IOCTYIIA€T CHUTHAJ CO CIEKTPOM S (w), CIICKTD BBIXOJIHOI'O CUI'HAaJa Oyjer
umerhb B W(w)S(w), Ipr 9ToM y KaxK JI0# COCTaBIISIONIEH MOXKET HOSTBUTHCST
daz0B0OE UCKAXKEHUE ¥ U3MEHUTHCS aMILIUTY/IA.

2.4.2 JIunamudecKad MOJeJIb BpamleHnsd 3eMJIn

Teopusi BpalieHus 3eMJU BOKPYT IEHTPa MacC CTPOUTCS Ha OCHOBE
ypaBaerust (1.2), KOTOpoe MOXKeT OBbITh MEPENuCcaHo MOKOMIIOHEHTHO ¢
TOYHOCTHIO JIO COCTABJISIIONINX MTEPBOTO TOPSIKA B BUE ypaBHEeHUT Ditaepa-
JInyBuius,

AQiing + (C — A)Q%my + Qérg — DPegs + hy — Qhy = Ly,
AQing — (C' — A)Q%*my + Qéag — Q2ers + ho 4+ Qhy = Lo, (2.35)
CQrng + Q693 + hy = Ls,
B KoTOpbix = 7.292 - 107° paj/c — cxkopocrb Bpamenus 3emn, C —

0CeBOii, A — 3KBATOPUAILHLI MOMEHTHI MHEPIUH 3E€MJIN, MAJIbIE BeTUINHDI
™M; 3aJa10T TIOMPABKU K BEKTOPY YIVIOBOI CKOPOCTHU

w1 = le, W = ng, w3 = Q(l + mg)

KowmmonenTs! ¢; onpeaensaior Bo3Myienns Al Tensopa WHEpIUN

I = f(y2 + 22)pdV Iy = — [ xypdV Ly = — [ zzpdV
= 121 = 112 IQQ = f(Z2 + l'Q)pdV 123 = — fyZpdV
I3 = I3 I3y = I3 Iz = [(2* 4+ y?)pdV
Benuunna OTHOCHTE/JHHOIO MOMEHTa, KOJUUECTBA, JIBUXKEHUS OIIPeesIsieTcs
Kak

h:/}hxﬂMf
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B npaBoit yactu ypaBHeHMi# 2.35 CTOAT KOMIIOHEHTHI BHEIIHUX CUJI L.
YpaBuenust iisiepa-JInyBuist MOTyT OBITH IIEPEIUCaHbl B BHJIE

m
O'_ +m = @,

¢ 2.
dmg  dps (2:36)
dt — dt’

3JIeCh 0. — YaHJJIEpOBa, 4aCTOTa, M = My + M9, & B IPABOI YaCTH CTOAT
BO30OY K 1atolme (PyHKINKT, © = 1 + 12,
1 dcy dhs

(pl:m(QClg—i—th +Qh1+E—L2>
1 dClg dhl
72 = o — Ay e — Qg Qe = E L), (2.37)
t
1

Y3 = Q2C(—Q2633 — th + Q/L3dt

0

[Ipu BxosHOM BozJieiicTBuY ¢ KommoHnerTamu ¢(t), ¢, (t) perenuns nepBoro u
BTOPOT'O ypaBHeHuil 2.36 nMeioT BU/I
t
m(t) = e 7" | my — ioyg / e(T)e”"77dr |,

—0o0

(2.38)

m3(t) = s3(t) + mao,
rjie Moy U Mgy - HEKOTOPbIe KOHCTAHTBI, OIPEJIEsIONInecs HadaJbHbBIMU
yesaoBusiMu.  Takum  00pa30M, CKOPOCTH BpAIIEHWST 3eMJIN CBsA3aHa ¢
KOMIIOHEHTOH BO30OYKjieHust p3(t) oueBujiHbIM 00pPA30M, KakK Clejyer u3
BTOpOro ypashenus (2.38). Pemienue s ABUXKEHUST TOMIOCA PACCMOTPHM
6oJiee 1mopodHO. OHO MOXKET ObIThH IEePEIUCAHO B BHUJIE

t
m(t) = e"'my — ioy / ap(T)eiUO(t_T)dT,
—0o0
BJINFHNAEC HAYAJbHLIX YCJIOBUM JJIsT YCTOMYMBOM CHUCTEMBI CO BpeMeHeM
CXOJIMT Ha HeT, U BCE OlpeJiejdeTcd 4YaCTHBIM pelleHrueM HeOHOPOHOM
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CUCTEMDbI, UMEIOIIMM B NHTEI'PaJla-CBEPTKU. an,Z[.HepOBCKaH qaCTOTa 9aCTO
npeacTaBJigdeTCsa B BUJIC

0'0227Tf0 1—|—L ,

2Q
e fo — uwacrora kosebanwuii, () — jobporHocrh. CoriacHo OIEHKaM,
cnemanubiM B [81] fo = 0.843 mwkna B rom, Q = 175. Opma us

OCHOBHBIX 3aJ1ad, BO3HUKAIONIUX IPU HCCJIEIOBAHUM BpPAIEHUS 3eMJIU —
OlleHKa, BO30YXKJIAIOIIUX (DYHKIUIA.
[Tepegarounoit pyHKImen Jijist ypaBHEHUST JIBUXKEHUs TTOJIIOCOB SIBJISICTCS

Oc
WD) = ——— 2.39
(D)= 5o (2:30)
AMITYJIbCHON XapaKTePUCTUKOM
h(t) = —io.e. (2.40)

2.4.3 Puabtp Kasmana

Kanmanom u DbBbroccu pazpaboranbl MeTOJbl JiJisi OLIEHKH BEKTOPa,
cocTosHus  amHaMudeckoit  cucrembr  [21],  [34].  @Puaptp  Kammama
IO3BOJISIET PEKKYPEHTHO, Ha OCHOBE AlPHOPHBIX JIAHHBIX O DACIPE/IeTeHuN
CJAYIAFHBIX BEJUIMH, YTOUHATH MO HAOJIIOJCHUSIM COCTOSTHAE MHOTOMEDHOT
JMHAMIYIECKOH CHCTEMBI. YCJIOBUSIMHU TPUMEHUMOCTH METO/IA  SIBJISTIOTCS
HAOJTIOAEMOCTD  JMHAMIYIECKOI CHCTEMBI, HEKOPEJUINMPOBAHOCTL CHIHAJA
¥ TIyMOB, MapKOBOCTh. MeToji OIEHKH JKeJaeMoro CHrHaja OCHOBAaH
Ha DEeIIeHNH YDPAaBHEHUs DPErPECCUr MEXKJy CJIydaiHOi [MOrpernHocTbio
OTICHUBAHUS JKEJIAEMOrO CHTHAJA W HeBs3kamu Habmogennit. Ilycrs
JIMHAMIYIECKAs CHCTeMa 33/[aHa B MATPHIHO-BEKTOPHOM BHJIE

#(t) = G(t)z(t) + F(t)(t),
rie v(t) — BXOJHON curHAaJ, Jarie Beero myM. Habmonaemast Besmanma,

2(t) = C(t)z(t) + r(t)

106



orardena norpemuoctsMu (). TlojgokuM  HabMOEHUST MOCTYHAIOT B
JIUCKpETHbIe MOMEHTBI Bpemenu j = 1N. Jlnd AWCKPEeTHON CHCTEMBI
dopmupyromuit GuibTp MOXKET ObITH 3aJlaH B BU/IE

2(j +1) = A@G)x(5) + B()v(),

JIIsT HETTPEPBIBHON OH MOYKeT OBITH JINCKPETU30BAH
tj+1
x(j+1) = ®(tjr,t;)z(j) + / O(tjy1, 7)F(T)v(T)drT,
tj

siech @(t;,t;) — dyHgaMeHTATBHAS MATPHUIA CHCTEMBI.

SHasi KOBapHAlMOHHYIO MaTpuIily InymMoB R =< rrl > u umes

B HEKOTOPbI# MOMEHT BPEMEHH AalpUOPHBIC OIEHKH COCTOSHUSA L, U

KOBAapUAIIMOHHON MATPUIIBl MOTPENTHOCTH [P, yKejlaeMblil CUTHAJT MOYKHO
OIIEHUTH TI0 CXEMEe

at(ty) = a7 (t;) + K(t;)(2(t;) — O(t)x~ ( )),
K(t;) = P; (t;)C (t;)[C(t)) Py (t;)C
Pr(t;) = P~ (t;) — K(t;)C(t;) P, (t5),
v (L) = (1, ) (t)).

Marpuna K (t;) HOCHT HAZBAHUE MATPUIbI YCUJICHUSI.

~—~
~~
.
SN—
/‘\
<~
.
SN——
—
I
—

3amnuiieM JUHAMUYIECKYIO0 MOJIeJIb Bpallarolieiics 3eMau B MaTpPUIHO-
BEKTOPHOM BHJI€ B TEpPMUHAX MPOCTPAHCTBA COCTOSTHUI

m = Gm + Fy, (2.42)
“(n) 2= ()
e m = X = , & MATPUI[BI JIETKO [OJIyIUThb B BUJIE
ma X2

_ (=B —oo) _ _
F= () )=

rjie oy u 3 — neiicrBATeIbHAsT M MHUMas 9aCTH JYaH [JIEPOBCKOM JaCTOThHI
7rF

—Uo—l—lﬁ
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Pemenne ypasuennss |AI — G| = 0 jgaer XapakTepHCTHUECKHE YTUCTA
cucrembl (2.42)
)\1’2 = —5 + iUO.

OyHIaMeHTaJIbHAS MATPHUIA CUCTEMbI MOXKET ObITh HaiijleHa B BU/IE
-1
O(t,tg) = O(1)O  (to),

rie O(t) = Hp(t)e. Tlycrs koncranra ¢—1, roryia Marpuna coOCTBEHHbIX
BEKTOPOB MOYKET ObITH TIOJIyUeHA B BUJIE

a MaTpuna ¢(t) uMeer BHJI

eMt

Borauciienust jgator juist PyHIaMEHTAJIbHONR MaTPHUIIbI (2.42) BbIpakKeHUE

_ ,—B(t—to) COS Uo(t - t()) — sin Jo(t - t())
Ot to) =€ (Sin oo(t —tg) cosop(t —tg) )

Teniepn, ¢ wucnosnbzoBannem Gopmyn (2.41), cxemy Kanmanosckoit
buiIbTpaIMKY ¢ yUYeTOM BXOJAHOIO BO30YXKJCHUST MOXKHO 3allUCATh B BUJIE

m*(t;) =m”(t;) + K(t;
K(t;) = B, (t;))C*(t))[C
Pr(t;) = P~ (t;) — K(t;)C

S~
N
—
~~
.
~—
—~
4~
.
~—
|
—~
4~
<
~—

£, (2.43)

M (tje1) = Bltyon, ) () + F [ €t ()

[Ipu sToM Jiuisi HAOJIIO/IEHNI HCIIOJIb30BaJIACh MOJIE/Ib
z=Cm+r,

rie C' — HEeBLIPOXKIEHHAS JUArOHaJbLHAs MaTpUIa, T - IIyM HaOJII0IeHTi
¢ KoBapuanuonnoit marpuneii R(t). OueBujno, cucrema HabJIIOJaeMa T.K.
HaOJIIOIAIOTCS 00€ COCTABJISIONINE JIBUYKEHUS TTOJIIOCA.
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2.4.4 Peryngapusanud

[Ipu obpaborke HaOJIOJATEIBHBIX JIAHHBIX  HEPEJIKO  BO3HUKAIOT
3aJ1a9M, IIOCTaBJEHHbIE HEKOppeKTHO. Takme 3amadm OO0 HEYCTONIMBLI
OTHOCHUTEJIbHO OIIMOOK HabJIIO/IeHIT, MO0 UMEIOT HeeMHCTBEHHOE PellleHIe,
MHBIMK CJIOBaMM, OHM HE YJIOBJETBOPSIOT VCJIOBUSIM KOPPEKTHOCTH 10
Ajtamapy: 1) perienue JIOJZKHO CyIIECTBOBATH; 2) PEIeHUe eIMHCTBEHHO; 3)
pelenne HellPEPbIBHO 3aBUCUAT OT MCXOIHBIX JAHHDBIX.

Hosroe Bpemsi 10j00HBIE 3ajadd  He Haxoauau perenns. B 40-
X rojax XX B. Juig pemenns Takux 3agad AH. TuxoHoBbIM ObLI
npeJioyKer Metos perysspusanuu [82],[83],[84]. Ou mpurogen st perenus
3aJ1a4, JUIT KOTOPBIX H3BECTHO, UYTO PEIIeHHe MPUHAJIEKAT HEKOTOPOMY
3aMKHYTOMY MHOXKeCTBY. Takume 3aJaul MOI'YyT OBITh OTHECEHBI K KJIACCY
YCJOBHO-KOPPEKTHBIX 110 TuxoHOBY 3aja4. [Iycrb npeodbpasoBanue 3a/aeTcst
JuHetHbIM onepaTopom A !

x = Au.

HekoppekTHast 3ajiada  BOCCTAHOBJIEHHsI U  MOXKET OBITh  peEIIeHA
MUHUMM3aIKReH (PyHKIIMOHAJIA,

@ = || — Aul> + allu — % (2.44)

3/16Chb U, - AIPHOPHbIE MPEJNOJOXKEH ST OTHOCUTEJLHO DEIIeHust, o —
napaMerp peryisipusanuu. Jannpiit GyHKIMOHAS OTIMYAETCS OT KPUTEPUST
laycca-Jlarpamka MUHAMU3AIMH  KBaJpaTa HEBA3KH HAJUUMEM UJICHA,
XapaKTepPU3yIIero anpUuOpHbIE TPEJTIOJIOKEH!sT 00 KCKOMOM pPEIleHWH,
YMHOXKEHHOTO Ha MapaMeTp peryjaspusanuu. ANpHOPHBIE MPEINON0KEHNsT
O PEIIEHUH MOUYT CBOJMTBLCS K IPEJIIONOKEHUAM O Kjacce (QyHkumif, K
KOTOPOMY OHO HpMHA/JIE:KUT. Tak, MOUCK mpuHajexamero L* permemnus,
MMEIOIIEro MUHUMAJIbHYIO HOPMY, CIIOCOOHOIO MPUBECTH K HABJIIOJICHUSIM
T, TPMBOAMT K wieHy B npasoil wactnm (2.44) wuma of|ul[*. Tomck
pelenus, npuHajeskamero W2 ¢ MUHUMAJIbLHON HOPMOf IIPUBOAMT K
crabunuzaropy af||u||? + |[4]|?). Pemenue naxopurcs myrem MUHAMHU3AIUT
(2.44) B mporecce wWrepalyii ¢ yMEHBINAKIIAMC 3HAYEHUEM MapaMerpa,
peryJisipu3aium, CorJiacoBaHHbIM ¢ 0DODIIEHHON HEBSI3KOI.

Lo IMHEHHBIX OlepaTopax W KIaccax dyukuumit cm. pazmg. 2.2.1, 2.2.3

109



st omepaTopa, 3agannoro npubamkerno marpureit C, u nabdoaennii [
C TOT'PEITHOCTIMHA € U 0 COOTBETCTBEHHO, IIOUCK COITOCTABUMOIO II0 TOUYHOCTH
peIeHnst 2 BEeJIeTCs 110 UTEPAIMOHHON cXeme

2= (CTC + o)~ 'C',

rje 2% — pelrenne, COOTBETCTBYIONIEE 3HAYCHUIO apaMeTpa, peryasapu3alin
Q¢ U3 YMEHbIIAIOIIEHC MOCAe0BATEIbHOCTH. 3HAUYCHHEe (v IIOJI0MPaAeTCs B
COOTBETCTBUU C KpUTEpPHEM ODOOIIEHHON HEBSI3KHU

|l — Cz%| =6 +€]|z]].

HexkoppekTnast omnepanust gudpepeHIimpoBanns TaK»Ke MOKeT ObITh
peryasipuzoBana. [lycth A — wHTErpasbiblii oneparop, ¢ sapom K

b
szu:/K(ﬁ—s)u(S)dSZK*u.

IIpu noucke pernenns u3 L? Kpurepuii MHHUMU3ALNN

dd
2 -0
du
PUBOJIUT K OTIEPATOPHOMY BBIPAXKEHUIO
Ay
AA+« g
3JleCb ITpUXOM 0003Ha4deHo coupsizkenue, Wi, - perynapusupylomniui

oreparop. B gacToTHOi 00J1aCTH pellleHre 3alNChIBACTCS B BU/IE

. K'#
U=————=F(Wyy)F(z),
K'K+ «a
rie F'(f) nin f - Dypoe-npeobpazoBaue (2.5). ITpu noucke pemtenus uz W
KPUTEPUIl MUHUMU3AIUN IPUOOPETACT BUJ

)
%:(A'A—I—Q)U—A'x—l—ad:(),
u
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¥ B 9aCTOTHOI OOJIACTU DEIleHre 3aliChIBAETCS B BUJIE
K'z
K'K + a(u)(1 + w?)

U=

[lepexos B 9acTOTHYIO 06JACTH W 0OPATHO € WCTIOIH30BAHUEM TEOPEMBbI
o ceprke (2.7), mosydaem

U= F Y FWyey)F(u)) = F Y {FWyey)) % u = Koy % u,

OTKYJIa BUJHO, UYTO pEIIeHNe MOYXKET ObITh MOJIyUYeHO CBEPTKON HaOJ 0 eHuit
C PEeryJaspU3NPYIONINM SIPOM, KOTOpPOe IS CJIydas MoucKa permenuii n3 L2
HaXOJIUTCs 110 (popmy.Jie:

K 1 [~ K .
Kreg(f) = F_l -~ | = — ?elwfdw,
K'K+ « 21 ) K'K + «
a JUls colydas HoucKa pemtennit us Wi — mo dopuyie:
1 [ K’ .
Kreg(f) =F! (Wreg) = _/ L e“tdw.
21 Jooo K'K + (1 4+ w?)

[TapameTp pery/spusaiui BHOBb UTEPAIMOHHO MOAOUPAETCST COIJIACOBAHHO
¢ 0000IIIEHHON HEBA3KOM

p(a) = |[Aug = || = 6 = [|uall,

rjie 0 — HOrPeIIHOCTL HAOJIOeHU, h — IOrPeIIHOCTD 33 IaHusl OIePATOPA.
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I'taBa 3

PezyiibTaTnl ncciiejoBaHuii

Jobaro soavor — 3abasy demcemea.
FEz0 epauwienva wapodeticmeo.
He commesancy nwu na domy,
B dsustcenve dyman a, srcusem om.
Bce, sce ouenn npocmo.
Beweno, beuweno, beweno Kpyscum 0A40%k.
Imo cama npupoda, nazisdnoil daem yporx,
Kpymumeca sonvox.
Pox-2pynna “Kpyus”

3.1 BrnIicokodacTOoTHBIE Bapualnuy BO BpamleHNN 3eMJIn
nmo PC/IBb u GPS nmabiogeangam

3.1.1 HabmawoagareabHble ganabie GPS

Bapuaruu Bo BpallleHMH 3eMJIM C MEePUOJOM CYTKH W MeHee CBSI3aHbI,
B OCHOBHOM, C OOMEHOM MOMEHTOM HMIIYJIbCa MEXKJly TBEpIOi 3eMJieii,
okeaHoM u armocdepoit. CyTounbie U TOJYCYTOUHBIE BAPUAINKA BBHI3BAHDI
JIYyHHO-COJTHEUHbIMKM TpunBaMu. VICIIOJb30BaHWe HE3aBUCUMbBIX METOJOB
Habsoennii, takux kak PCIB u GPS, B oTHOIIEHHN BHICOKOYACTOTHBIX
[IB3 naer BO3MOXKHOCTH CpaBHEHHUsI W BbIJICJICHUS €llle He HCCJIeOBAHHBIX
3pdeKkTOB BO BpallleHWM 3eMJIA, [PUA YCJOBUKM yUeTa [MOTPEITHOCTel

112



n3Mepenns u oopaborku. OJUH U3 ceMHU HMEHTPOB IeopU3UIECCKOr0 aHAIN3a
Mexynaposuoit ciyx6er GPS mo reopunamuke (IGS) — Espomneiickuii
nentp onpegesenusi opour (CODE) B 1996 rojy Havas BBIIOJHITH OIEHKY
apaMeTpoB BpallleHUsi 3eMJIN C JIBYX1aCOBbIM pasperienneM. B nocsieicrsuu
ObLI 0OpaboTaHbl JaHHBIE ¢ HadaJa 1995 roja, paspelieHue MOJIyIeHHBIX
psiioB coctaBmyio ofguH dac. CpenHsisi TOUYHOCTH ONPEIENeHUsT KOOPINHAT
noJitoca cocrapusia okosio b0 mMkce jyru, Bequwaun orkygoHeruss UT1-UTC -
6 Mxc Bpemenn [37] [85].

Bour Boinosinen anasu3 psagop CODE onenok IIB3 na wuHTepBaJie
¢ 02.01.1995 no 14.02.1998 1. maurenbHocTbio 1140 gneii. IIpeamerom
MHTEpPEeCca ObLIM BHICOKOYACTOTHBIE COCTABJISIIONIUE C TIEPUOJOM OKOJIO CYyTOK
n Menee. TpeHj M HU3KOYACTOTHLIE COCTABJIAIONINAE ObLIN (DUILTPAIUEil
MCKJIFOUEHbl W3 HaAOJIOIEeHWH, Npu 3TOM WucnoJb3oBajics ¢uiabtp [aycca.
BricokouacroTubie Bapuaruu KoopjuHathl X nogtoca u  UT1-UTC,
nojiyuaennble u3 ganabix nenrpa CODE npencrasiens: Ha pucynke 3.1.

Crannmuu cern nHabmogenuit IGS  dopMmupyror pacipejiejleHHY0 110
3eMHOMY TITapy cTabMJIBbHYIO CHCTEMY OTCUYEeTa, ¢ HEKOTOPHIM TPeodIaaHneM
B EBponie n Cepeproit Amepuke. Ha pucynke 1.1 npejcraBieHo coCTOsTHUE
ceru Ha 2003 r. Yucno cranmuit nabdmogennit Medstsioch ot 40 B 1995 10 90 B
1998 r. 37|, 9Tn n3MeHeHnsT HAIIUIE OTPaYKeHUe B ONMOKax HabJoeHuii (puc.
3.1 Buuzy). Tak, Ha obiiem dboHe cHUXKeHMst OMMMOOK, HAOIIOMAIOTCH CKATKH.
Bribpoc B cenrsiope 1997 roga (MJD 50700), xoporo 3amersbrit B8 psae UT1-
UTC u B omunbKkax HAOJIIO/IEHNI, 110 BCEil BUIUMOCTH, CBS3aH C YMEHbIICHUEeM
gucsiaa craHimmit. Kpome 3TOro, MeHsIoch TakKyKe 9HCJIO CIyTHUKOB, 34,
KOTOPBIME BEJINCH HAOJIIOICHNS, & TAKXKe MOJIEIN BEIYUCACHUs CIIYTHUKOBBIX
opbut (Ha puc. 3.1 mojesu 0OO3HAUEHBI JATHHCKUMU OyKBamMu oT A 0
E). Paspr onenok, takum obpa3oM, OKa3bIBAOTCs HEOTHOPOAHBbIME. OIHAKO
00beM JIAHHBIX, HEOOXOIMMBIA JIJIsi WX MEPEBLIYUCICHUN, U TPYJIOEMKOCTD
910#t onepanun He nossossior nearpy CODE ocymecrButh ee Ha JaHHOM
srare |37]. Cretyer ynoMsiHyTh TakKe O TOM, ITO MapaMeTPhl CIIY THHKOBBIX
OpOUT UCHBITHIBAIOT BO3MYINEHUS, O0YCJIOBJIEHHBIE BO3IEACTBUEM JIaBJICHUST
pajarnu, OCODEHHOCTEH TI'PABUTAIMOHHOINO TIOJsI W JPYyIuX (HhaKTOPOB.
Herounocrn MogennpoBannst OpOUT SIBJISIIOTCST OCHOBHBIM OIPAHIIHBAIOIIAM
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dakTopom KauecTBa reodpusndeckux gaHHbIX [GS, ogHAKO, IPU 3TOM, OHU
OCTalOTCsl YHUKAJIbHBIM.

0.002 —

0.001 —

X-POLE cex ayrn
L
UT1-UTC cek

50000 50400 50800

UT1-UTC mcek
|

X-POLE mcek aytn
1

49800 —
£0200 —
050300 — —
50400 —-
49900 - —
50300 — _
50400
50500 —

2 2 g g 9 o o o o o o o 9o o

a & & a o S o & & S S 6 a o

N @ & @ 9 I~ @ 8 = o @ -~ @ O

S & o a o o O e o Q Q9 9o Q Q

H ® ® W ® L n ® O [ro B - B - R
M MJD

Puc. 3.1: Bricokouactorubie Bapuanuu X-koopaumuarThl nostoca (caesa) u UT1-UTC
(cpaBa) ¢ XapaKTepHBIMH PACIIPe/IeIeHnSME OMUOOK Ha HHTepBaJie Hab o eHuil (BHI3Y )
mo ganaeiM CODE.

CuexTpbl  psiJioB  ObLIM  [OJYyYEHbl ¢ HCIOJb30BAHUEM  OBICTPOIO
npeobpasoBanus Oypwe (BIID) (puc. 3.2). Kak yxe ynoMuHagoch, OCHOBHOI
BKJIAJI B BHICOKOUACTOTHBIE BapUaIlui OOYCJIOBJIEH JIYHHBIMUA U COJTHETHBIMA
HPUJIKBAME, OJHAKO, IOMUMO 9TOr0, HAOJIIOMAIOTCS TAPMOHUKN C IEPUOIAMI
3,4,5,6,7,8,9,10,11 1nMUKJIOB B CyTKH, aMILUIUTyJla KOTOPBLIX yOBIBAET ¢
yBeJIMUeHrueM 4JacTorbl. [Ipupojga sroro “mumiaoobpasznoro’  sdgdekra
MAJIONIOHSITHA, BEPOSITHO, 3TO CJEJCTBHE HETOUYHOCTEH MOJIEJMPOBAHMS
OpoUT WK MaTeMaThuecKoit 0opaborku [86].
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Puc. 3.2: Cmektp Bapuanuii X-koopamHarsl nosoca (Beepxy) u pasuoctu UT1-UTC
(BHUZY).

3.1.2 Mogens npuanBHBIX Bapuarnuii Pes

Pazmmaubivn - uccenosaressimu  [87],[88],[89]  Opit0  mokaszamo,  4To
CYTOYHBIE W MOJyCYTOUYHBIE KOMIIOHEHTHI ~OKEaHWJIEeCKUX  TPUJINBOB
OOBbSICHSIIOT BBICOKOYACTOTHBLIC Bapualyii BO Bpallenun 3emau Ha 60%
g gpmkenua nomoca n 90% gna UT1. Bouio takske mokasano, d9TO
arMocepHble MPUJIUBBI BHOCAT BKJAJl B 9T BapHallid, HO B MEHbIIEN
creniern [90] [91]. OcHoBHbBIE TPUJIMBHBIE COCTABJSIIONINE IEPEUUCIEHBI B
rabsuie 3.1 (nogpobuee cm. 7], [92]).

st BBIYUC/IEHNsT CYTOUYHBIX U TOJYCYTOUYHBIX BapUAlUii B OPHEHTAIHH
ocm wm ckopoctu Bpamennn Semsm  MCB3  pekomenjoBajia Mojenb
okeanmueckux npumiuBoB P.  Pes, copepxkainyio 71 cocraBisioniyio
TPUTOHOMETPUUIECKOTO  PA3JMOKEHUsI, [JIsi BBIUUCICHUNH pPEKOMEHIOBAHO
HCIIOJIb30BaTh mporpammy P. Duca [36], B cooTBercTBUM ¢ KOTOPOH U ObLI
npoussejien pacder. Ha prc. 3.3 npejcrapier crieKTpaabHbIi COCTaB MOIEIN

Pesi.
CpaphHenue wmojienn u HaOgoAeHuit, obpabdborannbix 1meaTpom CODE,
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Tabmuna 3.1: OCHOBHBIE COCTABISAIONIIE TPUIUBOB (S - COTHEUHAS TapMOHUKA, L - TyHHAsT )

Tun npuimBoB Tun BosiH Ob6ozuauenune | [lepuosn
JToaronepuouydeckue L, sauncongaibHas M., 27.55 cyT
30HAJbHBIE TTPUIUBBI L, nexnunarmuonnasi My 13,66 cyT

Cyrounbie L, rnaBuas 01 254 49m
TeccepasbHbIe L-S, mekImHAIIMOHHAS K1 234 H56m
MIPUJINBBI S, ryiaBHasd P1 2449 04m
[TostycyTounbie L ocHOoBHAs M2 129 25m
CeKTOPHUATIbHBIE S, ocHOBHas S2 129 00Mm
IIPUJINBLI L, ocHOBHAS SIATICOUTATHHA N2 129 39m
El uz 06 — uz
1 X-POLE | UT1-UTC
o2 —
2 — 21
- K1
1 om —
1 - K1 :=] T -
i r [ I o A L
"1 .
I e e s st e e e e e s
LT O O0E ¢ 14 1% 43 44 1E 10 4T 1k 18 3 24 T T LT O BB 7 44 12 43 14 1E 4B 4T 4N 1B 3 2 22 =N

f. UUKNOB B CTYKU f. LUKMOE B CTYKMW

Puc. 3.3: Cuextp npususuoit Mogenu Pes g X-KoopAuHATH HOTOCA (C1eBa) i PA3HOCTH
UT1-UTC (cupasa).

IIOKA3bIBAET MX ODIIYIO COIIacOBAHHOCTH B mpejiesiax 100 MKC BpeMeHu Jijist
UT1-UTC, ognako, B OCTATOYHBIX PA3HOCTSIX UMEIOTCS OT/IEIbHbIE BHIOPOCHI
aMILTUTYI0M J10 1560 MKC BpeMeHH, K IIpUMepy, BOJIU3HU Y2Ke YIOMSIHYTO JIaThl
MJD 50700 B cerrsibpe 1997 1. B criekpax ocrarounbix pasHocreii (puc. 3.4),
IIOMUMO YK€ YIOMUHABIIUXCS IaPMOHUK C 11€PUOJIOM OoJiee Tpex HUKJIOB B
CYTKH, HaAOJIOJAETCA OCTaTOUYHAs MOIIHOCTL FAPMOHMK C IepuojaMu 12 u
24 yaca, KOoTOpasi MOXKET OBITH O0yCJIOBJIEHa, OPOUTAJILHBIMU PE30HAHCAMU
[93]. Pesonanchl MOryT mposiBJisiThCsl 3/1€Ch BCJIEJCTBUE TOIO, YTO HEPHUO/
obparmenus cnytaunkoB GPS cocrasager 11 w 58 mun [14].
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Puc. 3.4: CnekTp ocTaTovHBIX pasHocTeil X-koopauHarsl moswoca (Beepxy) u UT1-UTC
(BHUZY ).

3.1.3 Habamomareababie nanabie PCJ DB

st cpaBaenus co cryTHUKOBBIMU GPS-anubiMu Ob1JIO pEeIeHo NpuBJIedh
onenkn [1B3, nosyuennnsie n3 pagnonHTEpdEPOMETPUICCKUX HAOJIOICHMIA.
Kaxk ynomunagoch B pazjene 1.1.3, PCJIB sBasercs yHuKaabHON METOTUKOIA,
TIO3BOJIAIONIEH OTC/IEXKUBATH MMOJIOYKEHNe 3eMJIM B MPOCTPAHCTBE OJiaroaps
HAJIMYUIO HEIOCPEJICTBEHHOTO JIOCTYIa K 3eMHON u HebecHO# cucremam
orcuera. TouHocTh W BpemeHHoe paspenierue orenok [IB3; momydaembix
cpeacreamu PCJIB, BeposTHO, MOXKHO CUYUTATL Ha CETOJHsI HAUIYUIIUMU,
opnako PCJIb-nabsonenuss B TeodU3UYECKUX TIEJISIX OCYIIEeCTBJISAIOTCS
JIOCTATOTHO PEJIKO W3-33 JOPOTOBU3HBI METOJMKN ¥ OOJIBINON 3aHSITOCTH
TEJIECKOIIOB B acTpopu3MIecKux uccieoBannsx. B pesynbrare psy [1B3
UMeeT PAa3pbIBbl U sBJSIETCS HEOJHOPOJIHBIM. VICK/IIOUeHneM SIBJISIIOTCS
creruasbiuble jumTenbabie dkcnepumenthl CONT94, CONTI95, CONTI6,
CONTO02, mnpoesenre KOTOPHIX B 3HAYUTENBHON CTENEHH CIIOCOOCTBYET
M3y UIEeHIIO BHICOKOIACTOTHBIX Bapualyii Bo Bparennu 3emin [94].

HcnonbsoBanuch exxenejenbubie nabsonenns cereit NEOS-A, NEOS-
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B, SGP. Onenku I[IB3 BbicOKOro paspelieHusi ObLIU MOJYUIEHBI METOIOM
CKK ¢ momomnipio makera OCCAM 5.0 [95], |94]. Hnst cepuiinoit 0b6paborkn
HaOJII0/IeHnii ncnoIb3oBagach obosouka co3mannas C.JI. ITaceiakoMm B cpeje
C++ Builder 5.0. Ha puc. 3.5 upepcrapiennt rpadukn onenok UT1-
UTC B cpaBuenun ¢ mojennio Pes nu PCJIB-unabmonenusvu. Pacxox penns
IKCIIEPUMEHTAIBHBIX W TEOPETUUECKUX 3aBUCUMOCTEH B  CpegHeM He
npesbimaor 100 mkxe Bpemenn. B PCJ/IB-gannbix He 00HapyKUBaIOTCS
BBIOpOCHI, o100HbIe nMeommuMcsa B nanubix CODE. CnekTpabHblil aHa ms

ae0m —

omis — . —code | "N ----- WLBI
————— tidal model
code-tides

tidal model

¥-FOLE cek

Puc. 3.5: UT1-UTC no GPS nabmoieHusiM B CpAaBHEHIH ¢ MOJIEIBIO TPHIHBOB Pest (ciieBa)
u PCJIB (cmpasa).

psios Habsionennit PCIIB npejicrapisercsa ¢ TPYJIOM OCYIIECTBUMbBIM U3~
38 WX HEOJHOPOJHOCTH ¥ Pa3pbiBHOCTU. (OJIHAKO BBIMOJHEHHE OKOHHOI'O
npeobpaszoBannss Pypbe (cM. 2.2.2) MO3BOJsIET MPUATH K 3aKJIOUEHHIO 00
oTcyTCTBIE “000pasuoro” addekra, nmeotnierocs B ganubix CODE (cwm.
npuioxkenue A).

3.1.4 06 omgHoM 3pPeKTe MHTEPHOJIAIAN

Bonpocom npoucxoxjenust rapmonuk B crekrpe CODE-onenok ¢
nepuogamu  3,4,5,6,7,8,9,10,11 muKIOB B CYTKH HHTEPECOBAJIUCH MHOTHE
nccaenosarenu [86], [37], [96]. Bouto cuenano 3akiiodenue, 0 TOM, 9TO 3TO
— apredakT, MPOUCXOXKICHNE KOTOPOIO MOXKET ObITh CBSI3aHO C METO/JaMU
obpabotku, npumensiBmmmucsa meatTpom CODE umm sdpdexTom yreukun.
[TocKOJIbKY OJIHMM M3 OCHOBHBIX 3TalloB 00pabOTKM, ObLiIa HUHTEPIIOJIAINS
opOUT, MBI TPEANOJOXKUIK, UTO apredakT MOr ObITh ee CJIeJICTBUEM.
CrienmaJjibHO TIPOBEJIEHHOE KCCJIEJOBAHNE 1M0KA3aJ10, 9TO MHTEPIIOJSIUS C
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maroM At JaHHBIX, M3HAYAJILHO 3aJaHubix ¢ 1marom AT > At, B
KOTOPBIX IPHUCYTCTBYET TapMOHMUYECKAs COCTaBJIAMONAI C Iepuojom 1
[PUBOJUT K MPOCAUNBAHUIO SHEPIMU HTOH TMAPMOHMKH Ha YaCTOTax Uk,
JeXKAIMX B UHTEPBAJe MEXJly dacroramu Haiikucra (2.8) MCXOJHOIO U
IPOMHTEPIIOJNPOBAHHOTO Psjia. JacTOThI Iy 3a/1al0TCsl COOTHOIIECHUEM

1 AT 1+ AT

Vi - k T ’
rje k TpUHUMAET HATypasbHble 3HadeHus. ITorT sbderr (cMm puc. 3.6)
BO3HUKAET IIPH KCIIOJb30BAHNN PA3JIUIHBIX BUJIOB HHTEPIOJIAIIHI, HECKOJIBKO
yMEHBbINAsICh B cjaydae ciain-marepnossiun. OH obOpaTeH H3BECTHOMY
s dexty yreuxu (M. pazzgen 2.2.1), KOTOPbIA BOSHUKAET IIPU TPUMEHEHUH K
CUTHAJLY, COJIEPXKAIIEMY SHEPTHUIO B CIIEKTPE Ha BHICOKUX YaCTOTAX, OTePAIlAN
YBEJIMICHUSI MHTEPBAJIa, MEXK Ly OTCUCTAMMU.

0000

(‘ OcHoBHast
| rapMoHuka

100 ’\

1000 —|

ObnacTtb Mexay
‘ yacToTaMu HalikBucTa

s

0.0001 0.001 0.01
’ lg(f)

Puc. 3.6: 9ddekT obpaTHOl yTeUKH, BOSHUKAIONIUNA DU WHTEPIIOJISIUN.

3.2 Amnanu3 orkJjioHeHuii Teopuii HyTtanum ZP2003 u
MAC2000 or PC/Ib mabaoaeHmii
3.2.1 O Teopusax HyTanuu

[Tonoxkenue ocu BpallleHUs O3eMJd B HHEPIUAJbHOM IIPOCTPAHCTBE
MEHSIeTCS  T10J1  JIeCTBUEM IPUJMBHOIO IOTEHIMaa HeODECHBIX — Tell.
DTO sIBJICHME HOCUT Ha3BaHUE [PEINECCUM W HyTallud 3EeMHOI  OCH.
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[TapameTpsbl, omnpejenseMble TeOpUEil TPEneccuu W HYTaIUH, HEOOXOIMMBI
JUUIsl TIpeoOpa30oBaHus OT cpejiHeil HebeCHO# cucTeMbl KOOPIMHAT K UCTUHHOI
na snoxy nabmogennii (em. 1.2). Teopuss MHB2000 [41] 6buia npunsita
MAC na XXIV accam0biiee B KadecrBe Hopoii Teopun mytanuun MAC2000
BMecto Teopuu HyTarumun MAC1980, u Berynuia B cuity ¢ 1 saBaps 2003 .
[36]. K coBpemeHHBIM TEOpUSIM TIPENEeCCUd ¥ HYTAlUHU TIPEJbsBJISIETCSI
TpeboBaHUE: OTKJIOHEHUST TEOPUN OT HAOJIOACHWH JIOJIKHBI ObITh Ha yPOBHE
JECATBIX JIOJIel MUJITUCEKYHIbI yru. K Kjaaccy Takux Teopuilt OTHOCHUTCS
cosnannas B Poccun Teopuss ZP2003 |97],|98]. Drta Teopus ornmuaercs ot
MAC2000 criocobom ydera armocdepbl W BIWSHWUS >KUJIKOTO s/Ipa 3EMJIN.
Kpome Toro, B rteopun ZP2003 3aKOHbI COXpaHEHHMSI SHEPIMM M MOMEHTA
UMITYJIbCA YUUTBIBAIOTCS TPU OIPEJICJIEHUN HEJOCTATOYHO TOTHO U3BECTHBIX
13 HaOJIIOJEHIT TapaMeTpPoB BHYTPEHHErO CTPOEHUST 3eMJIN.

[Tonoxkenne Touku Ha HebecHOW cdepe, Uepe3 KOTOPYIO IPOXOJUT
WUCTUHHAS OCh BpAIeHWS 3eMJU, MOXKET HECKOJbKO OTJUYAThCS OT
npecKa3aHHOro Teopueil mojokenus. OTKJIOHEHUs] ONPEJesIOTC U3
HabJIIOIeHnii W omuchiBaoTcst  JByMst napamerpamu: de  (mompaBka K
Hyraluu B HakjoHe) u d¢p (nonpaBka K Hyranuu B joJrore). Anasjms
U MOJICTUPOBAHUE OTKJIOHEHWI COBPEMEHHBIX TEOPWi HYTAIMW HEyIpyToil
3eMmsin OT HAOJIIOJIEHNIT HEeOOXOMUM JIJisd JIaJbHEHIIero yaydileHus TEeOpUu
HYTAIlMd W BBIXOJA COBPEMEHHOW acTPOMETPUU Ha MHUKPOCEKYHHBI
ypoBeHb. JlaHHBIH pas3jies TOCBANIEH CHEKTPAJTHLHOMY W CTPYKTYPHOMY
AHAJIN3Y TUX OTKJIOHEHU it Teopuit HyTaruu ZP2003 u MAC2000.

[Tepeauncianm OCHOBHBIE TIEJTH, KOTOPHIE TTPECJIEIOBAJINCH:

1. OnpeneTh OTKJIOHEHWs HaOJIIOJIAeMbIX HYTAIlMOHHBIX YIJIOB OT
3HAYEHU I, BEIaucIsieMbix 1o TeopusiM ZP2003 v MAC2000.

2. YcraHoBuThb, TpeOyeT JiM YTOYHEHUs JUHEHas dYacThb ypaBHEHUi
momeHTOB B Teopusix ZP2003 u MAC2000 B wacToTHON 00IaCTH.

3. Ilposectn BeiiByier-ananu3 orkjonennit reopuit ZP2003 1 MAC2000 or
HaOJII0/ICHUIA.

4. OnpejeuTh IMIUPUYIECKHAE TIONMPABKU K HYTAIIMOHHBIM aMILIUTY/IaM,
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KOTOPBIE MOV ObI OBITH TOJIE3HBI JIJIsT TPOTHO3UPOBAHUS OCTATOUHBIX
orkjionenus: Teopuit ZP2003 1 MAC2000 ot nabmiogenuii B Oyayime.

st aHam3a MCIOTB30BAJINCH PSJIbl OTKJIOHEHUS 9THX TEOpUl HYyTaIlun
oT HabJ/IOJeHuil, moJsiyueHHble mmyTem obpaborku PCJB nabmtojeHuii Ha
npomexyrke ¢ 1984 no 2003 rog ¢ nomompio nakera OCCAM 5.0 [99].
['pyOble BBIOpOCHI, mpeBbimaomue 10 Mc JAyTM W HEJIOCTATOYHO TOYHBIC
HAOJTIO/IEHNsT ¢ MOTPEITHOCTSIMHU, MPEBBIMNAIIUME 1 MC JIyTH, OTOPOIIEHBI.
B pesyabrare moJiyueHbl psijibl oTKJoHeHui de u dib, copep:kariyue OKoJio
2000 Touek. BaBeliennbie cpejiHEKBaJIPATUICCKUE OTKJIOHEHUSI TEOPUM OT
nabsoennii cocrapmy o nuM st ZP2003 235 (de) u 829 (dy) mke ayrm,
st MAC2000 - 199 u 480 MKC JTyT COOTBETCTBEHHO.

3.2.2 CrTpyKTypHbI€ UCCJIeIOBAHUSA

CoBpeMeHHbIE  MOJIEJIM  HyTalWk  HEYNpyroi  3eMJid  sIBJISTFOTCS
MOJTYAHAJUTUIECKAMY, T.e. JacTh MapaMeTpoOB 3TUX TEOPUl ONpeeseTcs
U3 HAWIYYIIero coryiacus Teopuu u Hadsoaenuit. [losromy ecth ocHOBaHUA
noJjiaraTh, 4TO OTKJIOHEHUsI TUX MoOjeseil or HabJojieHnii He MOryT ObITh
YMEHbBIIIECHDbI 38 CHEeT YJIYUYIICHUs] JIUHEUHBIX dacTeil MOJIeJICH.

Opnako, 0Oojiee JleTaJbHOE pPaCCMOTPEHUE IIOKA3bIBAET, UYTO STOT
dakT HyxKmaercs B mpoepke. Jleso B TOM, UTO YaCTh IapaMeTPOB
MojieJiell BapbUPYIOTCS HE ITPOU3BOJILHBIM 00pPa3oM, a B COOTBETCTBUU C
OTIpeJIEIEHHBIMU YCJIOBUSIMU, OTPAHUUNBAIOTIIMHI JTHATTA30H UX BO3ZMOXKHBIX
SHaYCHU.

st Takoit TpoBepKU HEOOXOAMMO OIPEJIC/IUTh TTONPABKY K HYTallMOHHbIM
aMILIUTY/laM, @& 3aTeM [0 HUM IOJIyUYUTh [OIPaBKU K IlapamMerpam
PE30HAHCHOW  (POPMYJIBI  pellieHus  HYTallMOHHBIX — ypaBHeHuit. Ecimu
nobaBJIeHre MOMPABOK K MapaMeTrpaM Pe30HAHCHON (hOpMYyJIbl HE YTy dIInT
corjiacue ¢ HabJIIOJACHUSIMU, TO MOXKHO 3aKJIIOUUTH, YTO OTKJIOHEHUSI MOJIEJIN
OT HADJIIOJIEHUI HE MOIYT ObITh yJIyUllleHbl 3a cuer Jl0DaBJIeHUs HOIPABOK K
napaMeTpaM BHYTPEHHETO CTPOEHUsT 3EeMJIN.

Ha miepBoM 3rane BBIYUCISAJNCH TMOMPABKU K aMIJIUTYJaM OCHOBHBIX
HYTAIIMOHHBIX M'APMOHUK. B KOMILJIEKCHOM BHJIe MOJIe/Ib UMeeT BUJL:
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N
n=—> [(A+ AgyT)e 7 4 (Ag; + Ay T)e™® 7],

Jj=1

rje KaxJyilo j rapMonuky onpejessior 4 ammauryist Agj. [onpasku

K 9TUM aMIUIMTYJIaM BbIYUCIUIUCH Juist 1epBbix 300 rapMOHUK MeTOJI0M
HANMEHBINX KBajapaToB mo anroputmy SVD [100] (cm. takke pasmer
2.2.3). Puc. 3.7 wumocrpupyer, 9TO Pp#Jl, BBIYUCJICHHBI HAa OCHOBE

OIPaBOK K amimryjgam Apj, xopomo npubjmkaer psiji OTKJIOHEHUH
teopuit or Haboaennii. CpelHNi YpOBEHDb MOIPABOK COCTABJISIET JIECSITKN

MUKpPOCeKyHJ1 Jiyru st Ay; u Ag; n Ha mopanok menbite st As; u Ayj.

TeopHA-Habn
MHKE-moaene

BN CEK Oy T

FNAKMCER Oy T

TeopuA-Habn
MHK-mogene

Taopua-Hatn
MWHK-monens

MANNK CaK Oy

MM TN CEK QYT

48000

0000 52000

bt 1T

— — — b — TeopuA-Hatn

—:— MWHE-mogene

52000

46000

52000

Puc. 3.7: Orksonennst de (cesa) u di (cupasa) Teopuit MAC2000 (BBepxy) u ZP2003

(BHH3Y) u pe3ynbrarel MHK.

Ha BTOpoM 3Tale BLIUYHCASINCH MONPaBKU K IIapaMeTpaM IepeaTOqHOR

Kaxjpas wu3

dyHKINN.

AMITJIATY/T
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IIOCPEJICTBOM YMHOXKEHUS COOTBETCTBYIONMIEH AaMILIUTYIbI TEOPUU HYTAIlUN
TBEPJOTEJbHON 3emMJin  Ha IepejarodHylo (QyHKIMIO U [IpubaB/IeHUsd
J100aBOYHBIX YJICHOB:

n(o) = q(o)mr(o) + Y dn(o)

Hns reopun ZP2003 nepenarounas (byHKuHH UMeeT BUJI:

q(0) = Ry + Ry(1+0) +Z (3.1)

g — 0;
=1 ¢

rJie 0 - 9aCTOTa IapMOHUKM, 3HAYEHHUs] HapaMeTpoB R; u 0; NPUBEJEHbI B
TabJ. 3.2.

Tabsmma 3.2: [Tapamerpsr nepegarounoit pyukiuu teopun ZP2003

7 Rz g;

Real Imag Real Imag
1 1.05142675334988 -3.53932806447103 -10~° 0.00253124376931779 9.96122648808202 -10~°
2 -0.280451410052684 -6.32517757688398 -10~1° -1.0023305400605 -1.97141971460492 -10~°
3 -0.000579966291835117 7.6698132768425 -10~° 0.000329920033796224 | -7.30700160251175 -10~°
4 -0.00012076676113611 -9.78449258085784 10~ -0.9964961311824 8.53007679536603 -10~°
5 | -2.13155865226023 -10~3 1.5217615523954 -10~3 -0.0117549209821753 0.013134656100408
6 | 6.45018411946077 -10—7 4.14268265555711 -10~° -0.973722013017465 -0.0131346623086699
7 | -5.94852097573844 -10~° 1.53555349866495 - 105
8 | 5.20787299579148 -10~% -2.80143023629512 -10~ %

st reopum MAC2000 mepegarounas pyHKINAS IMEET BU/I:

_(GR—O') o 1 Nz
20) = oy M |1+ + );—O_Oi , (3.2)

rie er—0.003284507, a sHauenus napaMeTposn IN; 1 0; IpUBEJIEHbI B Ta0JI. 3.3.
[Tepeparounas dynkius (3.2) Moxer ObiTh TpeobpazoBana K Buiy (3.1),
C 4ETBIPbMS CJAIAEMbIMK 110/l 3HAKOM CyMMbl 110 (hOPMYyJ1aM:

(er — 0y)
(1 + €R)

Rl_NO+Z 142:02—
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Tabmuma 3.3: [Tapamerpsl nepegarounoii dbyukmuu Teopun MAC2000

1 ]\/vZ g;

Real Imag Real Imag
0 1.0000099 -3.7652854 1077
1 -0.79952969 0.043796154 0.002594 -0.0001438546
2 0.048964919 0.0016332679 -1.00231861 2.578 -107°
3| 0.00029445472 | -8.2328898 -107° | -0.998957 0.000687
4 | -1.5139223 -107° | -1.1248592 -107° | -0.000413499 2.8 1077

Riio

Ry(14+e€,)=—R; — E —,

—~ (e — 0;)

1

e e = 0.0032845479 — jumHammueckoe Karwe J3emsn. Jlannoe
1peodpa3oBaHue BBIIOJIHEHO JIJIS TOTO, YTOOBI JAJ bHENRIINe BEIYUCICHUST JIJIs
teopuit ZP2003 u MAC2000 cranu ogHoTunHbIMA. B mpeamosoxennn, 9To
MONPABKU K aMILUINTYJaM OCHOBHBIX TapMOHWK, BBIYUCIEHHLIE Ha MEPBOM
9Talle, MOI'YT ObITH OOYCJIOBJIEHBI HETOUHOCTSIMU MAPAMETPOB MEPEJIATOTHOM
dyuknun R; u 0;, NpEeJIpPUHSITA IOIBITKA BBIUMUCJIECHUSA IONPABOK K 3TUM
apaMeTrpaM M, T€M CaMbIM, MOJICJIMPOBaHUs OTKJOHEHHI Teopuil HyTalluu

ot HabsoeHuit. uddepeniimpoBanue npuBesio K JMHEHHONW MO/

N 4R N doR
d _ d d 1 142 1L ly4+2
q(o) = dRy + dRs( +0)+ZZ_1:—0'_01'+;—(0—U¢)2

dn(o) = nr(o)dg(o),
e N pasuo 6 st ZP2003 u 4 st MAC2000. TlonpaBku onpeessiinch mo
asiropurmy SVD MHK.

PesyiabraTbl MOJIEJIMPOBAHUS IIOKA3BIBAIOT, YTO IOIBITKA HPUOJIUBUTH
notpaBku  ammiutyy Agj, Aoy, As; u o Ay4j BapbUpOBaHHEM IIapaMETPOB
nepeaToIHoil (PyHKIMU HE MHPUBOJAUT K YCIEeXy. IJTO CBA3aHO € TEM,
9TO  AMIUIATYJIBI  TBEPAOTENbHOM HyTarmun 1ng(c) KpyTo yObBIBalOT ¢
POCTOM HOMEpa FapMOHUKH, & KOMIIEHCHPOBATL 9TO IOA00OPOM MTapaMeTpOB
nepeaToOIHON (DYHKIUN He YIaeTCsl.
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DTOT Pe3ysIbTaT CBUACTEILCTBYET O TOM, UTO JUHEHHBIC YacTH ypaBHEHM
momenToB Mmozesneir MAC2000 u ZP2003 mocTaTo9HO TOYHBI, U yMEHBIICHIE
OTKJIOHEHUI 3TUX Teopuit oT HaADJIOJEHNUN BO3MOXKHO TOJBKO 3a CYeT
COBEPIIEHCTBOBaHUs MOjiesiell HeJinHelHbIX 3¢ deKToB.

3.2.3 CrhekTpaJibHBIE UCCJIEOBAHMUS

Psanbl orkionennit de m di) cryiaxkeHbl ¢ CyTOUHBIM IIArOM (DUILTPOM
[Tanreneesa (wy—0.03) [101]:

wWo _woltl wot . wolt
v2 | cOS —= + sin ||

v =505 NI

[Tonydenubie psiibl OTKJIOHEHWI TEOPUU OT HaOJIIOJEHWUH TTPEJICTABIECHbI

(3.3)

Ha puc. 3.8. CHeKTPbl CIVIAXKEHHBIX PsiJIOB BBIYUCIEHBI ¢ KCIIOJIb30BAHUEM
Oypne-ipeodpazoBanus 1o 4096 ToukaMm M IpejicTaBjeHbl Ha puc. 3.9.

08 — 2 —

MAC2000 -
[ ZP2003

T h MAC2000

————— ZP2003

MUNNUCEK Ay
MUNNUCEK Ay

08 — o

46000 48000 50000 52000 46000 48000 50000 52000

Puc. 3.8: CpaBuenne crirazkeHHbIX oTKI0HeHH de(caeBa) n di (cnpasa) Teopuit MAC2000
u ZP2003 or PCJIB nabaioaenmuii.

s ©Gonee  mOAPOOHOIO — MCCAEIOBAHUSI  CIEKTPAJLHOTO  COCTaBa,
PSJIOB  BBITIONIHEH BeiiBieT-anamu3 (cm. 2.2.2). VemosnbzoBasicss BeiiBier
Mopute [23],[22] ¢ mapamerpom a=10. [Tosiyuenbr TpexMepHbIE CKAJIOIPAMMBbI
(puc.  3.10-3.11),  WUIIOCTPUPYIOIME  IBOJIONUIO  [IEPUOJMIECKUX
COCTABJIAIONINX BO BPEMEHH (HAIOMHUM, YTO CKAJOrPAMMOl HA3BIBAIOT
TpexMepHblii TpaduK KBajpaTa BeHBJIET-aMILIUTY/IbI), & TAKIKE CKEJETOHbI
(puc. 3.12-3.13), orpaxkaroliue mojokKeHust “XpedToB” CKaJIOrpaMm.
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MAC2000
ZP2003

MAC2000
ZP2003

Puc. 3.9: Cuekrpsl orknonenuii de(caesa) u dy (cupasa) Teopuit MAC2000 u ZP2003 or
PC/IBb nabmwoaenuii. [To ocu abermuce — 4acTorhl (IUCI0 KOJIeOaHuii 3a roj).

Buino, aro orkjionenust reopun ZP2003 or PCIIB nabuiojienuit cosepkar
OOJIbIlIe MOIIHOCTU Ha, HU3KUX YaCTOTaX, HEXKEJU OTKJIOHEHUs TEOpUU
MAC2000. Bmecre ¢ atum B pasunoctsax ZP2003 mabiromaroTcs KOMIOHEHTI
Ha YaCTOTe JIBa KOJIeDAHWs 3a TOJ[, KOTOPbIE OTCYTCTBYIOT B Pa3HOCTSIX
MAC2000. I'maBmass 4acThb OTKJIOHEHHH 00EMX TeOpHil OT HAOJIIOMCHMI
obycJioBJIeHa ¢BOOOIHOM HyTalluell sijipa, KOTopas HYKJIaeTcs B JlaJbHeiemM
U3y9eHUH ¥ MOHUTOPWHTE.

0.5 1 1.5 2 25 3 0.5 1 15 2 25 3

Puc. 3.10: Ckasnorpammbr orkionennii de mus rteopuit MAC2000 (ciesa) m ZP2003
(cupaBa). Ilo ropusoHTaNbHON oOCH — dYacTOThl (4mcsa0 KoJgebaHuii 3a rom), Mo
BePTHKAJIBHON — Toanl ¢ 1984 1.
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Puc. 3.11: Ckamorpamwmbl orkiaonenuit dip gjst reopuit MAC2000 (caeBa) n ZP2003
(cipaBa). Tlo ropu3oHTaNBHONW oOcM — w[acToThl (4mcjao KomebaHwit 3a rom), MO
BePTHKAJIBHON — Toabl ¢ 1984 1.

>
i
T
>
|
—_
-

ly

Puc. 3.12: Ckeneronnt ork/ionenuii de st reopuit MAC2000 (coiesa) u ZP2003 (cupasa).

[To ropusoHTaNBHOIT OcH — YacTOThl (Yncs0 KosebaHuil 3a 10J1), M0 BEPTUKAJILHON — TOJbI
c 1984 1.
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0.5 1 15 2 25 3 05 1 15 2 25 3

Puc. 3.13: Ckesteronnt orkaonennit di st reopuit MAC2000 (caeBa) n ZP2003 (cnipasa).
[To ropu30HTAIBHOI OCH — 9acTOTHI (YucI0 KoebaHuil 3a T0j1), M0 BePTUKAILHON — TOIbI
c 1984 r.

3.2.4 O6cyxaeHne pacxoXKJIeHUi

[TonpaBka Ha rJ1aBHOW HyTallMOHHOM rapmonuke nepuojom 18.6 roja
MOXKeT OBITh O0yCJIOBJIEHa IpobJieMaMyi pPa3pelieHns] OJIU3KO JIeXKAIINX
rapMOHUK Ha COCTaBJISIOIINE.

[Ipoucxorkienue 1onpaBKu Ha, I0JIyIOJ0BO# dacrore Tpebyer 0OoJjiee
netaabHoro oocy:kaenns. Jleso B Tom, uro B reopun MAC2000 monpaska 3a
aTMochepy Ha 9TOi dacToTe BOOOIIE He J00aBIsIach U He onpeessiach [41].
Opnako, Kak MOXKHO Bujerh Ha pwuc. 3.10-3.13, okazayjoch dTO 3Ta
[OINpaBKa OTCyTCTByeT B HabjojeHusix. B wrore asropsi MAC2000
BBICKA3aJId IIPEJIIIOJOKEHNe O TOM, UTO BJIMAHHE aTMOC(epbl Ha 3TOi
YacToTe KOMIIEHCUDPYETCS KaKWM-TO JIPYI'MM HEU3BECTHBLIM Tporieccom. B
reopun ZP2003 armocdepa yuurbiBasach B ypaBHEHUSX MOMEHTOB, HO
HE YUYUTBHIBAJIOCH HHUKAKOIO HEM3BECTHOTO IIPOIECCa, KOTOPBINA JTOJIXKEH
OblI ObI €€ KOMIIeHCHpOBaTh Ha 3Toil dactore. [losToMmy, ecium Takoii
IPOIECC CYIIECTBYET, TO €ro OTCYTCTBHE B MOJEIN W JIOJIXKHO ObI OBLIO
LPOABUTBHCs B BUJIE 1IOSABJIEHU [IMKA Ha 110JIYT'0JIOBOM YacToTe Ha puc. 3.10—
3.13. Taxum obpa3oM, CIEKTpaJbHOE UCCISTOBAHKE MTOATBEPXK IaeT HAJIuIne
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HEM3BECTHOTO IIPOTIECCa, KOTOPBI KOMIICHCUPYET BJUSHUE aTMOchepbl Ha,
IIOJIYT'OJOBOY JaCTOTeE.

Cormracue Teopun 7ZP2003 ¢ HabIOJEHUSIMUA MOYKHO VIIyUIINTh, €CJIH
JIOOABUTH MOLPABKKM HA MAPMOHMKAX ¢ Hepuojgamu 18.6 jier u mojrojga. Jru
nonpaBky ObLTH Berducsensl ¢ momornsio SVD MHK (tabir. 3.4). Iloce yuera
norpaBok coryiacue ZP2003 ¢ HabJoleHusIMU yJIydInIOCh, W B3BEIIEHHOE
cpejiHeKBapaTraHoe oTKIoHeHHe cocraBuiio 207 (de) n 808 (dy) mMkc myru.
Ha puc. 3.14 npencraBieHbl sl CpaBHEHUS CIEKTPhI OTKJIOHEHUH TeOpun
ZP2003 or mHabjrojieHuii J10 ¥ IOCJEe ydeTa IIONpPaBOK K JIBYM OCHOBHBIM
rapMOHUKAM.

25 —

77777 ZP2003 c nonpaskamu

77777 ZP2003 ¢ nonpaexamn
ZP2003 De3 nonpasok

ZP2003 fe3 nonpasok

R

Lo
g ' \ T I \
2

1inet

2
1inet

Puc. 3.14: Cnekrpnl orkiaonennii de (caesa) u dip (cnpasa) Teopun ZP2003 or PCJIB
HaOJIIOIEHNI 0 U IIOCIe BBEICHH IIONPABOK K IBYM IVIABHBIM YaCTOTAM.

Tabnauna 3.4: IlonpaBku K aMILTUTY1aM IVIABHBIX rapMoHuK ZP2003

J | £, 1/ner | |Aqj], mcex | |Agj], mcex | |Asj], mcex | |Ayjl, mcek
110.053726 | 0.150329 0.061415 0.007118 0.003692
2 1 2.000043 | 0.157420 0.081102 0.007450 0.003811

brina Tak:ke BBIIOJHEHa OTeHKa monpaBoK K 300 mepBbIM rapMOHUKAM.
ITocne
pasHocreit Mexy Teopuei n nabsogenusimu cocrapusio 146 (de) u 345 (dy)

yd€Ta IIOIIpaBOK B3BEHICHHOE CpPE€JIHEKBaJApPaTUYIHOE OTKJIOHEHUE

MKC Jyru. s cpaBHEHHUsI, CIIEKTPLI OTKJIOHEHUN TeOopur OT HAOJIOIeHn
IpeJIcTaB/IeHbl Ha pHC. 3.15, pomMOMKaMu 00OO3HAUEHBI YAaCTOThI 'ApMOHHUK,
JIJIST KOTOPBIX BBIYHCJSIJINCH TTOIMTPABKH.
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————— ZP2003 ¢ nonpagkamu — — — — — ZP2003 ¢ nonpaekanm
ZP2003 He3 nonpasok

ZP2003 He3 nonpaeok

Puc. 3.15: Cnekrpsl orkionenuii de(ciesa) u dip (cupasa) Teopun ZP2003 or PCJIB
HaOJIIOIeHNiT 10 U Moc/Ie BBegeHus monpaBokK K 300 rIaBHBIM YaCTOTAM.

OueBniHO, 9TO BBEJEHNWE SMIUPUICCKUX MOTPABOK YIIYUIIAET COTJIACHE C
HAOJIIOICHUSIME, OJTHAKO 9TO MOXKET MCKaXKaTh (PU3MUYECKKE OCHOBBI TEOPHH,
MIO9TOMY JIaHHBIE MMOIPABKKM aBTOPHI HE CTAJW BBOJUTH, a TPUHSIN pelleHue
MCIIOJIb30BATh JIjIs TTPOTHO3WPOBAHWS OTKJIOHEHWH MEXKJy TEeOPUsIMU |
HAOJIIOJIEHUSAMY B Oy LY IIEM.

3.3 Bpamenne 3emin u ceficMIIHOCTH

3.3.1 ConocraBjieHnEe ceiiCMUYEeCKINX JAHHBIX M BpalieHus 3eMJIn

Muorumu uccyeoBaTeNs MU TOJHUMAJICA BOIPOC O CBS3U BpaIlEHHS
Bemsin u  ceilcmudeckoit  akrusroct. Tak, B [102],[]103] upuBogsiTcs
pPe3yJILTAThl BBIYUCICHUN BJIMSAHUS 3eMJIETPICEHUN Ha CKOPOCTb BpalleHUst
Bemsnm w mosoxkenue mosmocoB. B paborax [104],[105] ykasbiBaeTca
Ha HaJu4dhe KOppeJsaluit  MexXJy IpPOJOJKUTEIbHOCTHIO CYTOK |
ceiicMrYecKoil aKTUBHOCTBIO. Y Ka3hIBAETCsI TAKYKE Ha CBSI3b ¢ BYJIKAHUIECKOI
JeSITEJIbHOCTBIO U jiBuKenueM Jirocdeptbix it [106]. lpejnpunumaliucs
IOIIBITKY BbIJICJICHHST ceiicMuiecKnX 3(p(eKToB B BbICOKOYACTOTHLIX IIB3
|96|, He mpuBemmue mpapga K ycuexy. B ocHoBomosararorreit MoHorpaduu
[10] paccmarpuBaercst BOIPOC O BJIMSIHUM 3€MJIETPSICEHUI, JI€1a€TCsT BbIBOJ]
O YPE3BbIYAWHON MAJIOCTA HSHEPruil 3eMJICTPSACEHUil, 10 CpaBHEHUIO C
SHEPIreTUKoil Bapuanuii BpaieHus 3emyun. U jeiicTBUTEIbHO, KaK ITOKA3aHO
B [107], MomHOCT Bapuanyii Bo Bpamennn 3emn cocrasiser 1014 —101° Br,
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[Ipu 5TOM OIleHKM 3HEPTETUKHU IPOIECCOB, KOTOPbIE BIUSIOT Ha €€ BpallleHue
COCTOBJISAIOT JIst aTMocdepHbIX japmxkenuit — 2 - 10° Br, oxkeanmdeckux
Teuenuii — nopsiyika 10 Br, norokos rera n3 neap 3emun — 101 Br, s
B3aUMOJIEMCTBUS MEXKILJIQHETHOI'O MAI'HUTHOI'O 110Jisi M COJIHEYHOI'O BETPa
¢ maraurocdepoil 3eman — menee 10 Br, reomarmmtabix 6yps 102 Br,
w tosnbko 2 - 101 Br gus semmerpsicenwit w 101 Br nas Bysikanmdeckoit
JeATEILHOCTH, 4YTO CPABHUMO C SHEPIETHKON 1OJApHBIX cusinnii — 101
Br. Tem He MeHee, yuMTbIBasi TOUYHOCTH COBPEMEHHBLIX HAOJIOJIEHUM, He
HCKJIIOUEHA, BO3MOXKHOCTb ODHapy:KeHusi ceiicMuiIecKux 3(P@GeKToB BO
Bparmennn 3emyin. OTKPBITBIM OCTAETCS BOIMPOC O BO3MOYKHOM BJIUSTHUU
pekuMa BpallleHusi IJIaHeThl Ha pexxuM ceificmuunoctu. Ha puc. 3.16
peJicTaBjieH I'paduK CIJIaXKeHHO! MAarHuTyIbl CeCMHYECKON COOBITHi ¢
1700 r., BeIUMCIeHHBI Ha ocHOBe marHbix KaTagora NOAA ¢ ncrnosrh3oBannem
okna [lanreseeBa (3.3), B CONOCTABIEHUM C IPOJOJKUTEIBLHOCTHIO CYTOK
u criaaxkenno#t mnpousBonnoit I1C. Koppensanusa HaOmogaeTcs ¢ TPYJIOM.
CuniestyeT NpUHATH BO BHUMaHUE OOJIBIIYIO MOTPENTHOCTD JAHHBIX O CKOPOCTH
BpallleHUs TJIaHeThl 00Jie YeM BEKOBO# JIaBHOCTH, TO K€ OTHOCUTCS W
K ceficmuueckuM janubiM. [lo Hamemy MHeHuio, 1ouck 3¢pekToB BO
BpAIlleHUN 3eMJId, CBA3aHHBIX C CEeCMHUYHOCTBIO, MOXKEeT OBbITH 0OoJee
pPe3yIbTATUBEH TIPY aHAJN3e BO3OYKIAIOMMNX (PYHKITUI.

nc

- npounzsogHas MNC
————— 3emMneTpaceHns

I I | I I |
1700 1800 1900 2000 1700 1800 1900 2000
roge! rog!

Puc. 3.16: Cpasuenne [IC (cieBa), nmpoussoanoii [1C (crmpaBa) ¢ 9HEproBbiaejeHneM
zemyerpacenunit ¢ 1700 r.
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3.3.2 Bpamenne 3emun u 3emiierpsacenne B IHaAuiicKoMm permoHe
26 mekabpsa 2004 r.

Morroe 3emierpsicenne, npousorediiee y OeperoB Cymarpnl 26
nekabpst 2004 r., mOBJIEKJIO KaTacTpoduiecKoe IyHaMHU, BbI3BaJIO OOJIbLIION
OOIIECTBEHHBIM PE3OHAHC ¥ IPUBJIEKJIO BHUMAHUE HAYy4YHOI'O COODIIECTRBA.
3emjieTpsiceHre, MarHuTy ia KOTOPOro oleHnBaeTcs B 9 0aJ110B, CTaJI0 sIThIM
no cuiae ¢ 1900 r. u mepBbIM mocie AJSICKMHCKOTO 3emierpscennst 1964
r. Onenka BIWSHAST 9TOTO 3eMJIETPSICEHMsT Ha BpAIlleHWe TIAHETHI, Cpasy
xKe cuenantas crnenuagncramu NASA [108],[102], cocrasuia jyist KoopuHar
nostoca 1mo X: -0.670 mc, mo Y: 0.475 Mc, 119 n3MeHeHus MTPOIOKATETHbHOCTH
cyTok: -2.676 Mkc. Lenpio manHoro pasjenia Oyjer nojgydenre coOOCTBEHHDBIX
OIIEHOK, WX CPaBHEHNE C MPEJCTABJICHHBIMI BBITIE W ¢ HADJIIOJIEHUSIMU.

CraJisIpHbIi CeiCMMIECKU MOMEHT 3eMJIETPsICeHUsT, Tpou3orieinero 26
nexabps 2004 r., mo xarajgory CMT cocrasun My = 3.95 - 10*2 H/m, uro
coorercrByeT Maruutyne M, = 9.0, cornacuo dopmyiie

2
M, = g(lg(Mo) —16.1).
CeiicMuaecknit MOMEHT ompejiesisieTcst (popMyIoi
MO = /’LSh7

re [t — MOIyJib CABHUTa, S — TJIOIAIh TJIOCKOCTH pPa3phbiBa, h — cpejHsis
nojBrkka B odare. [To gamabim NASA jymba paspbeiBa L cocTaBmia OKOJIO
1200 kM, BenuumHa cMmernenus h — B cpepHeM 15 M. st Toro, 4ToOBI
OIIPEJICJIUTD IIOIEePEUHbIl pa3Mep T'UIOTEeTHYECKOH IIJIOCKOCTU Pa3pbiBa MbI
B3ssM  xapakrepnoe 3uaudenne i = 3 - 10'0 Ila. ITonepeunsiii pasmep
HOJIYUMJICS pPaBHBIM 73 KM. Jljisi OLEHKM BJIMSIHUSL 3€MJIETPSICCHUST Ha
BpallieHne 3eMJu, ObLIO ¢ieaHo Ipyodoe IMpeIIoJIoXKeHe O CMEIeHuN OJI0KA,
¢ pasmepamu 1200 x 70 x 10 kM (mocsesiHsisi BEJMIHHA COOTBETCTBYET
XapaKTEePHO! TOJIIMHE OKeAHWHecKo# KOphl) M MJIOTHOCTBIO p = 3.2 1/cm?
(cpesHsist TWIOTHOCTH KOpBI). BBujy 6mM30CTH paiioHa 3eMJIETPSCEHUsT K
9KBATOPY, /I pacuera ObLiIa KCIOJb30BaHa cdepuuecKas MOJeIb 3eMJIH,
HAYAJIHHOE TTOJIOYKEeHNe OJIOKA CINTAI0Ch YIAJEHHBIM OT IEHTPa MaCC 3eMJIH
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Ha BEJIMUMHY SKBaTOpuajbHOro pajauyca Ry = 6378137 M, pasmepnl 0JI0Ka
10 CPABHEHUIO C ATON BEJUUNHON CUNTAIUCH IPEHEOPEKUMO MAJIBIM.

lsmenenne  pexkuMma — BpallleHWsT  IJIAHETHI  TIPA  3eMJIETPSICEHUN
OlIpeJIesIsieTCsl  M3MEHEHMEeM TEH30pa MHEPLUUMU 3eMJM W BEeJMIUHOMN
OTHOCHUTEJILHOIO MOMEHTa KOJUUIeCTBa, JBKeHus. OIEHUB 9TH BEJIUINHBI,
MOXKHO BBIYHMCJINTH BO3Oy»Kjatomme dbyrkinn 1o dpopmyiam (2.37). Boum
NpUHATH 3Hauenns §) = 7.292 - 107 paj/c — g CKOPOCTH BpaIlCHHUs
Bemsn, C = 8.037 - 103" kr-m? — g oceoro, A = 8.010 - 1037 xr-m?
— JIJIsT 3KBATOPUAJILHOIO MOMEHTOB HHEpPIMH 3eMju. B paccmarpuBaemoit
MOJIEJIM BHEITHWE CHUJIbI, CO3Jalolie MOMEeHT [ He NMPpUHUMAIOTCS K yUery,
U3MeHeHre pasMmepa nepemernaionierocss 0joka dAl,, He HpenoaaraeTcs.
TakuM 00pa3oM, 4YacTh cjaraeMbiX B MpaBoil wactu (2.37) OKa3bIBAETCs
paBHOI HYJIIO, MPU PaJUAJIbHOM TIEPEMEIIEHNN OKA3hIBAETCS PABEH HYJIIO
¥ OTHOCHTEJIbHBIE MOMEHT mMitysibca h. JleiicTBre 3eMIeTpsiceHust MOXKHO
IPEeJCTABUTL B BUJIE JBYX COCTABJSIONIUX: CTYIEHUYATOW W WMITYJILCHOM.
MomenT nnepnun 3eMJId, U3MEHUBIINCH, OCTAETCS TAKAM U BIIOCJIEICTBUN
(KOMTIeH IS TPOUCXOJUT 32 BEKA), YTO MOYKHO MPEJICTABUTH CTYTEHIATOMH
dbyukuueii p; = JH(t — ty), tme H(t — tg) - dynkuusa Xesucaiiya
(2.22) co ckadKOM B MOMEHT 3emierpsicenusi. OTHOCHTENBHDBIH MOMEHT
UMITYJIbCa h OTJIMYEH OT HyJsl JIUIIb Ha HPOTSKEHUU BPEMEHH JBUXKEHUSI
osioka [to, t1] (pu pajimasbHOM CMEIeHI OH paBeH HyJIto Bee Bpemst ). Takoe
BO3MYIIEHHE MOXKHO TIPEJICTABUTH B BUJIE (PN = (tTNtO)(H(t_tO) —H(t—ty)).
st mepBoro ypasrenust (2.36) MOXKHO, Mepeiijisi K Mpejiesy, UCIoJb30BaTh
sanuch oy = NO(t — tg), rie 0(t — tg) — dbyuxnus Jupaka co cKaukoM B t.
st Broporo ypashenusi (2.36) aroro jiejiarh HeJIb3sl.

Kak nokazano B [10], ecsin ipeobpazoBaTh CUCTEMbI KOOPJMHAT TaK, 4TOObI
tp ¥ KOHCTaHTLI HHTEIPUPOBAHUS OBLIM PABHLI HYJIIO, BBIIIECONHCAHHLIM
BO3MYIIEHUIM Oy/IyT COOTBETCTBOBATDL M3MEHEHUSI IIOJIOXKEHHS MOJTFOCA

my=J(1—¢e")  t>0,
my = —iogNe'7! t>0,
1 CKOPOCTH BpAIlleHUs 3eMJIK

myjg = JH(t—to),

133



N
(t1 —to)

Ha IIEpBOM 3Talle ObLIIM BBIYMCJICHBI U3MEHEHUs BO BpallleHUU I1JIaHETbI

m.,N — (H(t—to)—H(t—tl)).

IIpU paJinajbHOM IepeMelreHuu 0Joka. s KoopauHaT MoIoca OTKJIOHEHKS
coctapusin 1o X: -1.6 Mkc, mo Y: 21.6 MK, /i1 IPOAOIKUATETLHOCTH CYTOK: -
0.55 MKC (3HAK 3aBUCHT OT HAIIPABJIEHUST, OTPUIATEJHHbIN DU EPEMeleHnr
K TeHTpy 3emyu). 3aTeM OIEHKa Oblia C/eJlaHa B IIPEJIIOJIOKEHUN
MepeMeITeHns: co CKopocThbio 2.5 cM/cek (15 merpos 3a 10 MuH) BBepx MO
yraom 10° (yros cy6uykuumn WHAMECKON TIMTHI M0j MUKpomuTy Bupwma)
B HAllpaBJIeHUK 3alaji-foro-3ana)| (Hanapsienue 1o janabiM NASA). s
KOOPJIMHAT ITOJIFOCA OTKJIOHEHUSI cocTaBun 1mo X: -2.3 mc, o Y: 0.136 mc, aia
IPOIOJIKUTEILHOCTH CyTOK: -D5.26 MKC BpeMmeHu. Mcxomsd u3 3Toro, MOXKHO
¢JlesiaTh BBIBOJL O CUJILHOUM 3aBUCHMOCTH OIIEHOK OT I€OMETPHUU IOJIBUYKKU
B odare, Koropasi uzsecrna 1oxo. Onenka, cjesannast B8 NASA I'poccom u
Yao, 3aBUCAT OT ONEHKY TeH30pa MoMeHTa 3emiierpsicers |[102]. Ero onenku,
nosiyuaerrbie B earpax USGS nw CMT pasnmaaiorcst Ha TTOPSIIOK.

3.3.3 Amnajgu3s HabJI0JATEIbHBIX JaHHBIX

Kak ormeudajiocb B  pazjgene 1.1.3, HaburojeHusi 3a BpallleHUEM
3eMJI MPOBOJSTCS B HACTOAIIEE BpPeMsi C HUCIOJH30BAHHMEM HA3EMHBIX WU
KOCMHUYECKHX cpejicTB Habusrojenuit, tTakux kKak PC/AB, JIJIC wu JIJLJI,
GPS u DORIS. Ha ocHoBe HaOJIOeHWI, BBIMOJHEHHBIX PA3JIMIHBIMA
mearpaMun  MCB3  dopumupyer KOMOMHUPOBAHHOE CIJIaXKEHHOE peIleHHe
[IB3 C04 ¢ cyTouyHbIM Iarom, KoJjebaHWs ¢ TepuojaMu MeHee 2 CyTOK
B HemM He yuurhiBatorcs. C 1997 1. sasisiennast Tounocts [IB3 C04
cocrapiger 200 MKC Jyru Juisg KOOpAMHAT 1ojioca n 20 MKC JijIsd [HIKaJIbl
Bpemern UT1, cBs3aHHO#I €O CKOpPOCTBIO BpallleHHsl 3eMJid. PacxokjieHus
MEXK/JIy PELICHUsIME PA3JIMIHBbIX IEHTPOB HAOJIOJICHNN MOI'YT IIPEBOCXOJIUTH
yKazaHHble Bbillle Bejuunbbl. Ha puc. 3.17-3.18 mupejcranienbl rpaduku
U3MEHEHUST MPOJIOJIKUTETbHOCTH CYTOK M KOOPJMHAT MOJIIOCA 110 JIAaHHBIM
cayk0b1 GPS u ciyk0b1 J1a3epHoit jokaruu, Ha ¢gone perrerus C04.

Uz-3a orcyrcrBusi  ceancoB reomesmdeckux PCJAB  nabmojgenuit B
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Puc. 3.17: lI3menenust 1pojioJIZKUTEILHOCTH CYyTOK (CJieBa) u KOOPAMHAT HoJtoca (cripasa)
B KoHIle 2004 1. (moc/e yaaseHusi HepHouIeCKUX COCTABIISIIONINX. )
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Puc. 3.18: 3menenus xkoopauuar nomoca X (ciaesa) n Y (cupasa) B Konre 2004 r. (mocse
VJIAJIeHAS] EPUOUIECKUX COCTABJISAIONINX.)

BOCKpecHble jiHu nocie Poxjecrsa, uHrepdepoMerprudecKue JIaHHbIe Ha
JIATy 3eMJIETPSICCHHSI He IpeJicTaBjeHbl. D(P(EKT 30HaAJbHBIX IPUINBOB
IPEJIBAPUTEJILHO BBIUTEH U3 PsJIOB  IIPOJIOJKUTEJLHOCTA CYTOK. Psjibl
KOODJIMHAT TOJIFOCA, OCBODOXKIEHBI OT TPEHJa, T'OJI0OBOW ¥ YaH JIEPOBCKOIL
HEePUOIMIECKIX COCTABJISIONINX, IapaMeTpbl KOTOPBLIX IOA00PAHBI IO
HAOJIIOJIEHUsM 3a IIOCJIeIHIE IIeCThb JieT. BujiHO, YTO HEKOTOpble NU3MEHEHUs
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B MOMEHT 3eMJIETPSACEHUS UMEIOTCs, HO OHU COOTBETCTBYIOT YPOBHIO IIIYMOB
i HemojieupyeMbix 3ddexTon. Obpalaer Ha cebs BHUMaHHE TOT (DakT,
YTO Ha JIEHb 3eMJIETPSICEHUsI BEJIMKHM MOI'PEITHOCTH HAOJIIOJAEHUN J1a3epHO
CJ1y>KObI, TaK 4TO JlaxkKe HauboJsiee 3aMETHOE OTKJIOHEHUE 110 Y-KOOp/uHaTe
II0JIFOCA, COCTABJIAIOINIEE IIOPSJIKA MUJIMCEKYHJIbI JIyI'M, HE BBIXOJUT 34
rpanuily 30.

26 siexabpst 2004 r. (MJD 53365) npunuioch Ha MOJHONYHHE, KOIJA
IPUJIMBHBIE BO3MYIIEHUsI JIOBOJIbLHO Beauku. Ha pwuc. B mpejgcrapiena
TPaeKTOPHUs JIBUXKEHUS 1OJI0ca 3emiin 26 jgeKkabps u aMILIUTY 1 KoJieOaHnii
[OJIIOCA, TIOJ], JIEHCTBUEM CYTOUYHBIX M BHYTPUCYTOYHBIX KOMIIOHEHT MPUJIABA
coryiacHo mMojiesu Pest [36].

0

53364.88
\ 08 —

5336475 B

53385.75
068 —

HCe KAy M

0 L B L L B
53340 53350 53360 53370 53380 53390 53400
MJID

Puc. 3.19: V3menenne moJsioxkenus mooca 3eman 26 jekabps (cjesa) mom jeiicTBrem
HpUJINBA U aAMILTATY/Ia MPUINBHBIX Kosiebanuit B konre 2004 r. mo mozaesn Pes.

B 0:59 UTC & touke ¢ koopaunaramu 3.09° C.II. 94.26° B./I.(momenT u
KOOD/IMHATbHI 3eMJieTpsicenust) porest 1 1 10 mun ¢ Momenra Bocxoja Coltnia
u 1 145 MuH ¢ MOMEHTa 3aXo/1a JIYHBI, 1 CBETHJIA BBICTPOUIUCEH BJOJb JUHAK
MpeJInojgaraeMoro pasJjoma. Bo3MOXKHO, TPUJIMBHOE BO3JEHCTBUE CTAJIO
dakTOpPOM, CIIPOBOIUMPOBABIINM 3eMiieTpsicenne. Takoro poja 3hdeKThb
n3BecTHBI [109)].
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3.4 CuekTpaJjbHble nccjaegoBanng n mporuos3 11B3

YacToTHBIH cOCTaB Hpeleccud W HyTallud, KakK IO0Ka3aHo B pasJiese
3.2, ONpeeasaeTcss JYHHBIMA, COJHEYHBIMH M TJIAHETHBIMU TapMOHUKAMY,
qTo Jesaer Oosiee yj00HBIM IOCTPOEHKME TEOPUM B 4YaCTOTHON 0bJacTu.
CHeKkTpaJbHBI Ke COCTaB JIBUXKEHHS TIOJIIOCOB OIPEJIENISIeTCsl COCTABOM
BO30Y 2K JIEHUsT, KOTOPOE 3a4acTyIO He sIBJISeTCs rapMOHUYECKKUM, KPOME TOTO,
BO30Y K 1eHune TpancdopMupyercst nepejgarounoil gpyukiumeir Semsu [110].
Bapuanun ckopocTu BpalleHuss 3eMJIM, KaK BUJAHO U3 BTOPOIO yPaBHEHUS
(2.38), HAIpPSIMYIO CBSI3aHBI C AKCHAJBHOW COCTABJISIONIECH BO30YXKICHMUS,
COCTaB KOTOPOIO TaKKe JOBOJLHO CJIOKEH U OOYCJOBJEH, B OCHOBHOM,
aTMOC(hEpPHBIMU  NIPOIECCaMu.  IIpOrHo3upoBanue, KOTOPOMY — HMOCBSIIICH
JAHHBIA paszen, TpebyeT ydera BCeX 3aKOHOMEPHOCTEH WCCIIeyeMbIX
IIPOLIECCOB, CTATHCTUYECKUX CBOMCTB CIydYaiHBIX cocTapjsiomux. [losTomy
CHavaJa TPOBEJEM aHAJIU3 BPEMEHHBIX PSJIOB, B KOTOPOM Oy/IeM OIMPAThCs
TaK>Ke Ha paHee PoBOjMBIIKecs uccaegoBanus [111], [112], [113],[114],[115].

3.4.1 CrhexkTpaJibHBIE UCCJIEIOBAHMUS

B kauecTBe mCXOMHDBIX JAHHBIX HCIOJb30BaJHuCch Oosuterenn EOPCO01 u
EOPC04 MCB3 (cwm. pazgen 1.1.3). JlaHHble 0 CKOPOCTH BPAIIEHUST 3eMJIH
umeiores ¢ 1962 1. Broserens EOPCO04, comepkut napameTpbl BpalleHust
Semn ¢ 1962 © mo HacTosIee BpeMsl C IAroOM OJHKU CYTKH. BiojiereHnb
EOPCO01 comepxxkut koopanHarsl nojoca ¢ 1846 mo 1889 r. ¢ marom 0.1 roza
u ¢ 1890 r. ¢ marom 0.5 roya. Ha puc. 3.20 npejicrapien rpadpuk naMeHeHus
koopjuHar tnosioca ¢ 1900 1., suHueit ormeuven Tpen)i. Ha puc. 3.21
npejcrasien Bpementnoit psajx UT1-UTC, ckauku obOycaoBjeHbI BBeJeHUEM
nobaBounoit cekyH bl (cM. 1.2). I'pacduku 3aBHCHMOCTH HOTPEITHOCTH OT
STMOXYW HADJIOJEHNH MJLTIOCTPUPYIOT KOJOCCAJbHBIM TTPOrPecc B TOYHOCTH
HaOJTIOICHU.

Haunem paccmorpenue ¢ jrosromnepuojudeckux 3p@exToB. BbliensdoT
BEKOBOE JIBUKEHHE TOJTI0CA CO CKOPOCTHIO OKOJIO 3.5 MC/T0J| B HAIIPABJIEHUN
npuMepHo 75° 3anajHoO#  JI0JroThl (B CTOPOHY 3alaiHOro  1M00EpekKbsi
Cesepnoit Amepuku) [111]. Ha puc. 1.3 mpencraBieHo u3MeHeHuEe CPEHErO
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Puc. 3.20: Mamenenus koopauHat nooca ¢ 1900 roa (ciesa) u MOrpemHocTd u3MepeHnit
(cupasa).
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Puc. 3.21: Pacxoxaenue mkan spemenn UT1-UTC (cieBa) u HOrpentHocTH u3MepeHwuit
(cupaBa).

nojiokenusi noJioca. o ganabiv MCB3. Ha pwuce. 3.22 npejcraniieHbl
Bapuallid KOOPJAMHAT ToJfoca X W Y U BBIJIECJCHHBIH TPEHJ TepBOro
nopsjka. I[lo HammM oOIeHKaM TMOJIIOC TepeMeCTH/ICS 3a IOCTeHUe
100 Jsier co cpejneit ckopoctbio 3.9 wMmc/roj B Hanpasienun 65.7°
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3aMlaJHOM  JTOJTOTHI.

IIpupona BekoBoro peiida ocraercs 10 KOHIA HE
BblsicHeHHOI. CunTaercs, 4To OOJiblllasg dYacTh O0ycJOBJeHa 3S(PdeKToM
10CJIEJIeJIHUKOBOIO  Boccranosenus. CorsiacHo pacderam  [113],

KOTOPOIr'o nMermunec:d H&6.HIOIL€HI/IH CJIMIIIKOM KPaTKOCPOYHBI.
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Puc. 3.22: Tpenx xoopauuar noaoca X (creBa) u Y (cmpasa).

st usydenus jrosronepuojudeckux 3p@eKToB B CKOPOCTU BpaIlEHUs
Semuin u3 Bpemennoro psijia UT1-UTC Oblin npejiBapuTe/ibHO yCTPAHEHbI BCE
nobaBounbie ceKyH bl (cM. 1.2), BBemenubie ¢ 1972 r. Jluneiinbiit Tpem ObLT
BBIUKCJIEH 0€3 NCITOIL30BAHUSI BECOB, OH IpeJicTaBieH Ha puc. 3.23. OCHOBHOI
BKJIQJ B BEKOBOE 3aMeJlJIEHUe BpalleHus IJIaHETH

TOPMOKEHHE.

HakJion Tpenjia MeHsiercsi B 3aBUCMMOCTH OT JIJIMHBI 0230BOI0 yUacTKa, Psijia,
0 KOTOPOMY OH MOJIETUPYETCs. DTO CYIIECTBEHHO OCJIOXKHSET €ro MPOTrHO3
1 3a0J1ar0OBpEMEHHOE OTpejie/IeHe BPEMEHU BBeJIeHUs JI0DaBOYHON CEKYH b
Crnpasa na puc. 3.23 TpeH |, BbIYUCICH 10 6-JeTHEMY WHTEPBAJY
BPEMEHHU, TaM »Ke MpeJCcTaBJeH ero mporuHo3. M3 rpaduka BUIHO, YTO

[116].
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BHOCHUT IIPUJINBHOE
C 2000 r. wnabuomaercs yCKOpeHHE BpalleHUsl ILJIAHETHI,
noooro Habsomasmemycs B 80-x rr. XX B. (Bropas mpomsBogmas UT1-
UTC nonoxkuresnbha). Cuiia, BbI3IBAOIIAS ITO SBJIEHUE TIOKA HE U3BECTHA.

MMEHHO
TadHWMe CHEKHbLIX IIOKPOBOB JOJI2KHO IIPUBOJUTL K CMCIICHHIO IIOJIIOCA B
YKa3aHHOM HallpaBJICHUH. BOSMO}KHO, BEKOBasd COCTABJIAIOIAA ABJACTCA
YaCTbhIO AOJITOIIEPUOJNYTIECKOTO CMEIIEHHWA, JId OlpeacJIeHndA IapaMeTPOB



oxkuyarh cekynaaoro pacxoxjaenns UT1-UTC moxno B 2006 r.
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Puc. 3.23: Tpeun UT1-UTC, Beraucaenusiii o 34 rogam (ciesa) u mo 6 rogam (crupasa).

[Tocsie  w3BjedeHusi  TpeHja  ObLIM  BBINOJHEHBI  CHEKTPAJbHBIC
uccaenoBanus psijoB Koopaunar momoca X 1 Y ¢ 1900 r. u UT1-UTC ¢ 1972
r. Beimosnneno @ypre-tnipeobpazosanne psiyioB (eM. 2.2.1), crnekTporpaMMbl
koopmuat nosoca u UT1-UTC npejcrapienst Ha puc. 3.24.
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Puc. 3.24: Cnekrporpammvel Koopauuar mooca X u Y (caesa) u UT1-UTC (cmpasa).

Kpome @ypbe-anajnza JJjisd KOODJMHAT IOJIOCA ObLIa BBLIIOJHEHA,
IapaMeTpuiecKas OIleHKa CIeKTpa € HCIOJb30BaHueM aBToperpeccun 50-
ro MOpsiJIKa, MapaMeTpbl BBIYMCJsINCL 10 airoputmy Bepra (cm. 2.3.1).
CrexTporpaMMmbl TIPeJICTaBICHbI HA pucC. 3.25.

B crnekrpe UT1-UTC na puc. 3.24 3amernnl 18.6-jieTHsist, rojioBas u
OJIyrojioBast cocrapiistomnye. CoOTBETCTBYIONIAE UM M3MEHEHWST CKOPOCTH
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Puc. 3.25: Ilapamerpudeckne AP-crekTporpaMMbl KOOPIHHAT IIOJFOCA.

BpAIEHUsT 3€MJIM CBSI3aHbl ¢ arMOC(EPHbIMK SIBJCHUSIMA U IPUJIMBHBIMA
appexkramu. Cocrapisioniye, CBsI3aHHbIE C 30HAJbHBIMU IIPUJIUBAMU C
nmepuojiaMu OT o cyToK Jio 18.6 JjieT, XOpoIIO OIMCHIBAIOTCS MOJIEJbIO
Hedpeiirna u Cmura [36]. Ocnoshble cocrasiisiiomnue, obycsosienubie JIyHoit,
umetor mepuog 9.1, 13.7 u 27.3 cyrok (cM. taba. 3.1), obycioBiieHHBIE
Cogmnrem — 0.5 u 1 rog [112]. Tuccepasibabie MPUIMBLI Ha CKOPOCTH BPAIIEHUS
IJIAHEThl HEe BJIMAIOT. DBBICOKOYACTOTHBIC Bapuallny, OOYCJIOBJEHHbIE B
OCHOBHOM aTMOC(EPHbIMU U OKEAHUYECKUMU HPUJIMBAMU, HAOJIIOJIAIOTCH U
MOJIEJTUPYIOTCST, KaK TOKa3aHo B pasese 3.1, mojennio Pes [117].

B JIBUKEHHH IIOJIIOCA,  BBIJIEIAIOT  KBa3UIEPUOJMYECKHE Bapualun
¢ mnepuogamu ot 7 jo 90 Jjer, KoTOpble MOryT ObITH OOYCJIOBJICHBI
nepepacipejiesiesneM Mace B armocdepe, rujpocdepe u kpuocdepe 3emiin,
1epepacipe/ieieHieM BOJI B BOJIHBIX XPaHUJIUINAX, BOSMOXKHO, UX BBI3bIBAIOT
reOMarHuTHBIE B3aWMOJIEHCTBUS — siipa W MaHTHHU, TONOrpaduIecKme
BO3MYIIEHUSI Ha, PPAHUIIE SJIPO-MaHTHS, JIBUXKEHISI BHY TPEHHETO sJIpa 3eMJIN.
OjiHaKO, HEKOTOpbIe aBTOPBI CUMTAIOT JEKaJHbIe U JIOJIOIePUOINIEeCKUe
Bapuaruu zHegoctosepubivu |118]. uckytupyercst BOIpoc o CyIecTBOBaHUN
kostebanns Mapkosuiia ¢ nepuogom 30 ser [119].

B criekTpe jBuKeHUs 110JI0Ca XOPOIO 3aMETHbI IUPOKUI YaH/IJIEPOBCK U
UK ¥ MeHee INMPOKUt T100Boi. OHU HABJSIOTCS OCHOBHBIMH IO
MOIIIHOCTH TI'apMOHUYECKMMHU COCTABJIAIOIMIUMU B JIBUXKEHHUU  IIOJIIOCA.
AmMimuryia rogoBoro KoJebanust coctapisier B cpejgaem 0.1 cex ayru, ero
ePUOJ] MPAKTUICCKH Hem3MeHeH. AMIIATYAa TaHJIePOBCKOTO KOJIEOAHUSI
coctapasger B cpeaneM (0.2 cek jayru, ero cpejinuii nepuoji — 435 CyTOK,
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OJTHAKO, TIEPUOJT AMILIATY/AA U (bas3a IaH JIEPOBCKOrO KOJeOaHUsT He OCTA0TCs
noctostHabIMA [40).

Eciu romoBoii 1K B IBUXKEHUH MOJIOCOB Ha TPU YETBEPTH OObACHSIETCS
arMOC(EPHBIMA M OKEaHMYECKUMHU  sIBJICHUSIMM & TAKXKE CEe30HHBIM
mepepacipesie;ieHieM TO36MHBIX  BOJI, TO IIPOIECC, MOJIeP:KUBAIOIINN
PEe30HAHCHOE dYaHJJIePOBCKOE KoJjiebaHne, He COBCEM W3BECTeH. DBin3ocTh
JaCTOT T'OJOBOIO M YaH/JIEPOBCKOIO KOJIeOaHMs JIaJl0 OCHOBAHHUE IOJIararTh,
YTO OHHU TOJJIEPKUBAIOTCS OJHUM U TeM Ke aTMOC(hepHBIM BO3OYKICHIEM
[120]. Oxmako, 6pI0 OKA3aHO, ITO aTMOcdepHOe BO30YKICHUE HE MOXKET
MOJHOCTHIO  OObsICHUTH  YaHyiepoBekoe  Kosebanne [110]. BosmoxkubiMu
JIOTIOJIHUTEJIbHBIMYA ~ [IPUYMHAMKM ~ MOI'YT  ObITh  IOXKHOE  KoJiebaHwue,
OKeaHUJIEeCKUe IMPOIECChl, TPOIECChl B spe W MaHTUH, [epepacipe/ieaeHns
MOA3EMHBIX BOJ, CeficMuuHoCTh. [TOCKONBKY OOIBIMTUHCTBO IUKJINIECKIX
SIBJIGHUH, TIPOUCXOJISAIINX HAa 3eMJIe, B OCHOBHOM 00YCJIOBJIEHBI OPOUTAJIHLHBIM
JIBUKeHNeM cucTeMbl 3emiisa-JIyaa B CoHeTHON crcTeMe, [T pa3pelenns
BOIIPOCA O YaH/IJIEPOBCKOM JIBUXKEHHH, MOJIE3HBIM MOYKET OKa3aThCsi OoJiee
MOJPOOHOE  PACCMOTPEHNE BCEX ACMEKTOB B3aWMMOJEHCTBUS TJIAHETHI C
OKPY2KaIOIMMU ee HeDECHBIMKM TeJlaMu, Hapsjly ¢ yTOYHEHHUsSIMU MOJeJei
camoii 3emsn [121].

Bpemsi  3aryxaHusi — 9aHJJIEPOBCKOTO  KoJiebaHWsi B OTCYyTCTBHE
BO30Y XK ICHWST OMPEJIEssIeTcs JOOPOTHOCTHIO 3eMJIn Ha, IAHHON 9acToTe U, 110
pPa3HBIM OTIEHKAM, JIEXKHUT B HHTEPBAJIE OT HECKOJBKHUX JIECSITKOB /10 COTEH JIET
(mobpotroCcTh OT 25 10 1000) [40]. OCobo mHTEpecHO nCCTeOBaAHNE BOTPOCa,
00 M3MEHEHMsIX TTePHUoJIa, aMIJINTYIbI 1 (pa3bl TaHJIEPOBCKOTO KOJIEOAHWST 1TO
nabsogennsm. st aroro Mmoxkuo ucnosbzoarh CCA (em. 2.2.3), u MeTojibl
JaCTOTHO-BPEMEHHOTO aHaJIn3a, TaKue Kak oKoHHoe mpeobpasopanne Oypne
u BeiiBier-ananus (cM. 2.2.2).

K psnmam koopauaat mosroca, omybnnkoBanubiM B Orosterene EOPCO1,
obur  npumenen wmeroy, CCA. Tlopobpannoe 3HaYeHHE UUCIA  CTPOK
TpaekTopHoit Martpunbl L = 200 1m03BOJMIO pa3jeuTh BpPEMEHHOI
PsiJi KOOPJAWHAT TIOJIOCA Ha COCTABJISIIONINE, COOTBETCTBYIOIINE TPEH/LY,
YaH/IJIEPOBCKOMY ¥ T'OJIOBOMY KOJIEOAHUIO, KOTOPHIE MPEJACTABJICHBI Ha PUC.
3.26. Kpome aToro, ynasoch OTIE/UTh HI3KOAMILIUTYIHBIE COCTABIISIONINE 1
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IIyM HaOJIOJCHWH, 3HAYNTETHLHO YMEHBIAIOMNNACT K KOHITy XX B.
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Puc. 3.26: KomnonenTsl TpeHjia, YaH/1JIePOBCKOTO U I'OJOBOTO KOJIeDaHUsT X-KOOPIMHATHI
nosifoca, Bhigesennbie Merogom CCA (caeBa), w mose w-kKoppessnuii st nepsoix 10
CODCTBEHHBIX 3HAYEHUIT TPACKTOPHOIT MaTpuIbl (cmpasa).

BeiiBeT-peobpasoBanue ObILJIO BBITIOJHEHO C WCIOJb30BAHUEM BeiiBJIeTa,
Mopiie ¢ nmapamerpom o = 100. Tpexmepnbie ckajiorpammbl Ha puc. 3.27
UJLTIOCTPUPYIOT — BOJIIONKMIO  TEPUOAMIECKUX  COCTABJISIIONUX  KOOP/IMHAT
MOJII0CA BO BpeMeHu. BuiHO, KaK CHJIBHO YMEHBITUINCH TEPUOJT U AMILTUTY/ 14,
yaH jIepockoro kosebanus B 30-e rognp XX Beka.

B kauecTBe BeiiBieT-hyHKIMNU MOYKHO UCIIOJIb30BaTh MOJIU(UIMPOBAHHOE
okHo [Tanreseena (3.3) Buja

v(t) = 3¢ (cos(at) — sin(alt]))

rie a = wy/2 — napamerp. B gacToTHON 00J1ACTH OHO HMEET BUJL

2,.,2
~ o wOw
Plw) = wi + wt’

[anHoe OKHO yJIOBJIETBOpsET HEOOXOAMMBIM CBOWUCTBaM BelBJIET-(DYHKITUHI
(2.10) m umeer HysieBOH TepBbIii MOMeHT B cuiy dernocru. Ha puc. 3.28
peCTaBJIeHbl I'paOUKU BapuaIil aMIJIUTYIbI ¥ MepUojia JaH IJIEPOBCKOIL
KOMIIOHEHTHI, BbIjieeHHOi MeTogomM CCA. mosiydeHHbIe ¢ HCIOJIb30BAHUEM
okoHHOTrO 1peodbpazoBanus Oypwe u Beitpiera [lanresneena.
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Puc. 3.27: Ckasorpammbl Koopaunaar nontoca X (ciesa) u Y (cupasa). Ilo ropusonrann
— 9acTOThl (YMCI0 KoslebaHuil B roj1), M0 BEPTHKAJIN — TOJIbI.
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Puc. 3.28: Bapuanun aMILUTUTYIbI YaHI€POBCKOTO MEPHOAA IOJYUYEHHBIE ¢ OKOHHBIM
Dypre-nipeobpazoBannem (ciaeBa) u ¢ Beiipaerom [lanresneeBa (cupasa). Ilo ropusonTanun
— 9acTOTHl (YuCsI0 Kostebanuii B T0j), 3a IIOCKOCTh PHCYHKA — rofsl ¢ 1900 r.

Ha moJioxkenne ocu Bpaliiennst 3eMJIM He OKa3bIBAIOT BJINSHUS 30HAJIbHDIE
HPUJINBbI, OJIHAKO CYTOYHBIE TUCCEPATbHBIE U MOJYCYTOUHbIE CEKTOPHUAIbHBIE
[PUJIMBBI IPUBOJAT K MOSIBJCHUIO COOTBETCTBYIOIIUX BapUaluil B JBUXKEHUN
I0JTFOCA, 110 AMILIUTY/Ie He npeBbimaonux 0.4 Mcek jayru. Teoperndyecku oHu
ObLTH mpejickazanbl eme B Koure XIX B. (cm. 1.1), HO TOJMBKO B HOC/TETHUE
JIECATUIIETUS] CTaJIM JIOCTYITHBI HabJirojiennio. Kak rokazano B pasjelie 3.1,
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JaHHBIEC IIO HUM BCE €Ile I-IpGSBbI‘IaI‘/)IHO 3alllyMJIEHBI.

3.4.2 MeroauKa IIporao3a

Onupasich Ha JaHHbIE O COCTaBE BPEMEHHBIX PsIJIOB, Mbl BOCIIOJIB30BAJIACDH
Pa3/JMIHBIMIA METOJAMHU JIJIsT WX MPOTHO3UPOBaHusi. [Ipn 5TOM yauThIBAIMCH
PEKOMeH/laluu, ciejantbie B paborax [122],[123],[124],[125],[126],[43].

JBYXMeCIIHBI# TPOrHO3 CTPOUJICS 1O G-JIeTHEMY Oa30BOMY OTPE3KY psijia.
Ha mepBom 3rmarie BBITOJIHSIOCH MoOjeaupoBanue Tperja. s koopaunar
noJiroca X 1 Y UCHOJIb30BaJIach JinHelHas Mojiesib. 113 Bpemennoro psijia UT1-
UTC npenBapuTesibHO YCTPAHANNCH CKAdKW, OOYCJIOBJIEHHbIE BBEJICHUEM
JIOTIOJTHUTEJIbHON  CeKYH/JIbI, 3aTeM BBIJIeJIAICS TPEHJ BTOPOIro TOpsIIKA.
[Tapamerpsl Tpenia onpeesnstanc, MHK u on mpornosuposadsicsi Ha 60 Touex
srepes; (puc. 3.29).

03 — 04 —

| ,
02 — 02 —

cex aym
|
cer
|

B B e e I I L
51200 51600 52000 52400 52300 53200 53600 51200 51600 52000 52400 52800 53200 53600
MDD MJD

Puc. 3.29: Mogenuposanue tpenga koopanuar nooca (ciaesa) n UT1-UTC (cnpasa).

Cnenyer ormeruthb, uro upu nporaosupoBanun UT1-UTC ynobduee
HCII0JIb30BATh HE CAM BPEMEHHOI psiJl, a IEePBYIO PA3HOCTh. JlaHHas BEJIMINHA
MeHee TYBCTBUTEhHA K MOTPENTHOCTSIM ONpeeseHnsl TPeHIa. JTOT CIIoco0
ObLJI UCITOJIB30BAH U OKA3AJICs ITPEJITOUTUTETHHBIM.

Bropoit sTam - MojueJupoBaHue TapMOHUYECKUX COCTABJIAIONIMX PsiJIOB,
0CBOOOXKJIEHHBIX OT TpeH ia. Ha 6a30BoM oTpe3Ke, 110 KOTOPOMY BBIIOJIHSIJICS
IPOrHO3 KOOpJAMHAT X WU Y, [apaMerpbl T'OJOBOW W YaH/JIEPOBCKOIf
rapMoHuK nojgbupasuch HenuHeitnbiM MHK. Ilepuonndeckue cocroBiisgiorime
UT1-UTC, obycnoBieHHble 30HAJbHBIMU HPUJIMBAMU, BBIYUTAJIUCH C
UCIIOJIb30BaHUEeM Mojiesin, pekomenjosannoit MCB3 [36].
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[ToBenenue COCTABJISTIONINX BPEMEHHBIX PSIOB, OCTaBIIUXCS
ocje  W3BJEUYEeHHS IOJUHOMHAJBLHOIO U TapMOHHYECKOIO  TPEH/IOB,
paccMaTpuBaJOCh KakK Cclydaiinoe, uW Ha TPeTheM 3JTarne JJIsd WX
MOJIEJINPOBAHUS UCIIOJIb30BAJIUCH craTucTudeckue merojibl. Vcnosib3oBadcs
merosr AP mozpenuposanus (cm. pasgen 2.3.1). [lapameTpbl BbIYHCISICEH
no ajroputmy bepra. Ilopsijok wmogesn N Obun npusaaT paBHbiM D0,
JIAHHBIN TOPSJIOK MTPUBOJIAT K JIOCTATOYHO XOPOIIUM 3HAYEHUSIM OCTATOIHOM
nucniepcun, WHQOPMAIMOHHOTO  Kpurepusi Akaumke (2.18) wu  BrosHe
y/I0BJIEeTBOPUTEIbHBIM Tpornozam  [30], [29].
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Puc. 3.30: MogemmpoBanne rapMOHHYECKUX COCTABILIONIAX PAI0B KOODAWHAT IOJIIOCA
(cmeBa) u UT1-UTC (cmpaBa) mocJie BBIYUTAHUS TOJIXHOMHATBHOTO TPEH/IA.

Meron, CKK mnosBosisier mporHo3upoBaTh OTCYEThI BPEMEHHOI'O Psijia
C TIpUBJIEUYEHHEM CTaTHCTHUIeCKO# wuHbopMmanun, 3akmodernoiit B AKO
(em. 2.3.2). Ilo Bpemennomy psay 1o dopmyne (2.16) BbrUnCIATACH
necmerennas onenka AK®. IlockosbKy MeTos OdYeHb UyBCTBUTENIEH K
KageCTBY 3TOW OIEHKM, OHA BBINOJHSIACH 110 20-JeTHEMY OTPE3Ky psijia.
Hanee dopmupoBasach cuMMeTpudecKass KOBapuUalMOHHAs MaTpuia (..
[TporHos BeimostHsiercst o dopmyde (2.21).

Hust nporuosuposanusi [IB3 6buin  ucnonbzosanst HC  (em. 2.3.3).
Ha nauajgbHOM 3Tame ObLIa MOCTpOEHA MOJEIb “amMeObl’, COCTOSINAS W3
OJIHOIO HelpoHa ¢ JIMHUEeHl 3ajep:KKu Ha Bxojge. (Cxema Takoil MoJjenn
npejcrasiena Ha puc. 3.31. Orcuersl Bpemenuoro psijia p(i) mocrynaoT Ha
BxOJ JimHuu 3ajiep:kku D pasmeprnoctbio N = 100, ¢ JjinHUM 3aJ€pPrKKU
Ha Ha k-mare Bekrtop pd(k) mocrynmaer Ha HeHpOH, Iyie B3BEIIUBACTCS
¢ Becamu w(i) u cMmemaerca Ha Bejumuuny b, Ilocse mpoxoxjeHust
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pe3yJILTUPYIOIEro curuaa n(k) depes JUHEHHYIO TepegaToInyo (byHKIHIO
dbopmupyerca Boixos a(k), upejacrapiagionmii coboil B Hamei Mojiesn
POTrHO3 Oyjiyliero 3HadeHus psj@a. Lakum obpazom, N 1pebIyImuX
3HAYEHUI MCIOJIB3YIOTCS JIjIs POIrHO3a Oy/ylIero 3HavYeHust, KOTOPOe B
CBOIO O4YepeJib MOXKeT ObITb BHOBbL HCIIOJL30BAHO Ha BXOje. Becopbie
KO3 PUIMEHTH HEefipOHA aJalTUPYIOTCS JJIS PENIeHnsT 3aJa9 C TOMOIIbIO
TpennpoBku. CUrHas HEOJHOKPATHO MPOIYCKAETCST 1ePe3 CeTh, U TPOTHO3HOE
3HAUEHNE CPABHUBAETCSI C KOHTPOJILHBIM. K Mojenn “ameba’” MOXKHO IIPUBECTH
HEHPOHHYIO CETh, COJIEPKAIIYI0 JIF0O0e KOJUIECTBO JIMHEHHBIX CJIOEB U OJINH
HEVPOH BBIXOIHOI'O CJIOSI.

plk) » L
plk-1) I%
e/

N

Puc. 3.31: CrpykrypHas cxema HeiipouHoii ceTu "ameba'.

AnpobupoBa/nch Tak:Ke TPexcjoiHas ceThb. BXoaHol HeJMHEeHHbINH CJIoi
cojiepKaJt 7 HefipOHOB ¢ rnepejaTounoi dyHkimeil (2.24), npoMexKyTOUHbIil
JUHEHHbIH — TakxXe 7 HEHPOHOB, BBIXOJHON CJIOH COCTOST W3 OJIHOTO
nuneitnoro wmHelipona. Ilo cra BXOAHBIM OTCYETaM ITPOTHO3UPOBAJIC
caenytomuit orcuer. st peasmsannu ucnosb3oBasicst Matlab 6.5, Neural
Network Toolbox. ITporuossl, 1oJiyuentbie pa3jiuiHbIMU METOIaMU HA OJIHOM
U3 y4acTKOB, MPeJICTaBIeHbl Ha puc. 3.32.

st BbIYUCTEHUS CpeJHuX OTKJOHEHUN TPOrHO3HBIX 3HAYEHUN OT
HabJ1IojleHnit ObLI0 cjesano 20 MPOrHO30B JIjIst Pa3HbIX SMOX B MPOIILIOM
M BBIIOJIHEHO WX CPaBHEHWE C peaJibHbIMU JIaHHbIMU. Pesybrarhl
npejcTaBieHbl B Taba. 3.5. TaM »Ke TNpeJicTaBIeHbl CPeJIHUE MOTPENTHOCTH
nporuozos MCB3 [15]. Bbuin Bblunciienbl Tak:ke MakCHMaJjbHbe ONUOKN
poruo3oB 1o BbiOOpke. OHuU mpejcrapierbl B Taba. 3.6. Kpome Toro,
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Puc. 3.32: JIByXMecsiuHBIN TPOTHO3 psijia KoOpauHAT mostoca X (ciesa), Y (cmpasa) u
UTI1-UTC (Buu3y).

B COOTBETCTBUUM C PEKOMEHJIAIUSIME, CJeJaHHbIMU B pabore [127], Obuia
BBIUKCJICHA, CTATUCTHKA JJIs CJIydasi, KOrJa K TPeM IOCIEJHUM OTCUeTaM
nobasisinck 0.5, 1 m 1.0 MKc ayru coorBercTBeHHO. [Ipenmosiaraercs,
YTO 9TO YBEJUUWBAET JOCTOBEPHOCTH OIEHOK TOYHOCTH OINEPATUBHBIX
IIPOTHO30B, 0asUpyOmMMXcss Ha mocjaepaaux omnenkax [IB3, mybiaukyembix B
oronerensix MCB3, koTopble 3a4acTyio He SIBJIAIOTCSI OKOHUYATEJIbHBIMU
U YTOUHAIOTCSI C TedyeHHeM BpemMeHu. Pe3yinbrarbl BbIUHCICHUS TaKOi
CTATUCTUKY IPUHIAITAAIBHO HE M3MEHUJIN CJI0XKUBIIYIOCS KAPTUHY.

Tabmuna 3.5: CpaBHeHHE cpejiHeil TOYHOCTH MPOrHO30B, MOJIYUYeHHBIX PA3HBIMH METOTAMU
JIJIS1 PA3HBIX MHTEPBAJIOB BPEMEHU

TopuzonT IIporaoz MCB3 AP-nporuos HC-nporuos CKK-mporuos
CYTOK X,Y | UT1-UTC | X, Y | UT1-UTC | X, Y | UT1-UTC | X, Y | UT1-UTC
Buepen | 0.001” | 0.001 cex | 0.001” | 0.001 cex | 0.001” | 0.001 cex | 0.001” | 0.001 cex

1 0.15 0.02 0.15 0.02 0.14 0.034 0.27 0.032
5 3 1.5 1.0 0.4 0.78 0.39 1.8 0.43
10 6 2.1 24 1.1 3.3 0.96 4.0 1.07
30 12 3.5 11.7 7.2 10.6 9.7 13.4 6.0
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['paduku morpemnocTeii npejicrapiaeHbl Ha puc. 3.33. MoxKHO BUIeTh, UTO
nporuo3 HC okazaJicsa nanboJiee ajieKBaTHbIM U3 Beex. Ha nporsizkeHuun JIByX
MECSIIIEB €I0 TOYHOCTH JIJIsi KOOPJIMHAT I0JII0CA OKA3aJiach JIydIlle TOYHOCTH
MCB3. AP u CKK nporuossr npesbiiaior 1o Tounoctu mporaos MCB3
Ha uHTepBasax 1o 15 cyrok i UT1-UTC u go 30 cyTok Jijisi KOOpiuHAT
mosoca X u Y.

Tabuna 3.6: Makcumasibuast ommOKa POrHO30B, MOJTYYEHHBIX PA3HBIMU METOJIaMU JIJIsT
pPa3HbIX WHTEPBAJIOB BPEMEHU

TopuzonT AP-tiporuos HC-uporuos CKK-nporuos
cyrok | X,Y | UTI-UTC | X, Y | UTI-UTC | X, Y | UTI-UTC
epen | 0.001” | 0.001 cex | 0.0017 | 0.001 cex | 0.001” | 0.001 cex
1 0.4 0.04 0.4 0.095 0.89 0.07
5 2.1 0.97 1.7 0.88 2.7 1.06
10 5.3 3.0 9.4 1.78 75 1.90
30 30.2 13.4 19.8 11.3 26.3 14.6
Metojibl  MCHOJIB30BAHBI  JIJIsi  JIBYXMECAYHbIX  [POI'HO30B, HO HUX
MOYKHO PACIpOCTPaHUTh W Ha 0Oojiee JIIUTETBHbIE WHTEPBAJbI BPEMEHH.
Pesynprarel  nporuoza [IB3  gocTynmHbl B MHTEpHETE 10 aJipecy

http://Infm1.sai.msu.ru/ . tempus/pvz/prediction /index.html.
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Puc. 3.33: Cpeauue onmmbku nporuo3os koopaunuar nosoca (ciesa) u UT1-UTC (cnpasa)
B cpaBuenun ¢ nporuozavu MCB3.

3.4.3 Meron CCA u BeiiBier-mporaosa c¢ ucnojib3oBannem HC

st mporHo3mpoBaHus Oblja HUCIHOJb30BaHa METOJNKA pa3jiesleHns
curraja Ha KommouenThl Merogom CCA, ¢ moc/iey oM MOKOMITOHEHTHBIM
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npornosupoBannem HC. Pazmenenme xkommoment wmeromom CCA, kax
II0Ka3aHO B pazjene 2.2.3 Tpedyer BBIIOJHEHUS psijla  CleluaJIbHbIX
yCJIOBUil, B 4YaCTHOCTH, KOHEYHOMEPHOCTH JIMHEHHOI'O IIPOCTPAHCTBA,
HOPOXKJIAEMOT0  OT/IEJIsIeMOI KOMIIOHEHTHON CUTI'HAJIa, €€ OPTOIOHAJbHOCTU
JIDYTUM  KOMIIOHEHTaM. JTO YCJIOBUE MOJAPA3YMEBAET IIPEJICTABUMOCTD
AP-monenpio, Ha YeM W OCHOBAHO MPOTHO3WPOBAHWE METOIOM ‘TYCEHUIIbI-
CCA” [25]. OueBujiHo, CJIOKHBIE HECTAIMOHAPHBIE — HIyMbl  MOI'YT
HEY/IOBJECTBOPATH STUM  YCJOBUSAM, TIIO9TOMY JJIsi  HMPOTHO3UPOBAHUA
1esiecoobpas3to ucnosb3oBaTh Hesquueinyio HC. Ha puc. 3.34 npejcrasiien
pesyabrar AP-nipornosuposanust 200-ro mopsijika BeigesaerHoi merogom CCA
YaH/IJIEPOBCKOM KOMIIOHEHTHI Ha 1O JieT Bliepej], U3 KOTOPOIro CJeJlyer, 4To
B 2010-2020 1. MOXKHO OXKHUJIaTh YMEHDLIEHU aMIIUTY/Ibl YaH JIEPOBCKOTO
koJiebanus. [Ipu mojiydeHnn ©ToroBoro mMporuo3a, MpeJIcTaBJIeHHOI0 Ha, PHUC.
3.35, HEKOTOpbIE HECTAIIMOHAPHBIE COCTaB/Isifomnne nporaosuposanch HC.
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Puc. 3.34: IIporHo3 4Yan/jiepOBCKON KOMIOHEHTBHI KOOpAMHAT moJjioca X (cieBa) u Y
(cupaBa) memom AP.

Kak ykazano B [15] B ciayx6e npornozos MCB3 Bosziarator Hajiex bl
Ha coBMecrHoe wucnosb3opanne CCA u HC. Opmako, HamM BUIATCH
bonee mesmecoobpasnoit mcnonnsoBanne Bmecto CCA  BeiiBieT-anaimsa,
[O3BOJISIONIEr0  pa3/iejisiTh CHTHAJ Ha  YAaCTOTHO-BPEMEHHBIE — OJIOKH.
[Ipemraraercst  caeyiomasi METOJINKa: € WCIOJb30BAHUEM JUCKPETHOIO
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Puc. 3.35: TIpornos koopamnar nosmoca X (caeBa) u Y (cmpasa) memom CCA ¢
HACHOJIb30BAHUEM HEHPOHHBIX CETEH.

BeliBjieT-1ipeobpa3oBanusi, Halpumep, ¢ BeiBjer-pyunkiueit  loberu-
2, dopMmupyercss wuepapxusi AanlpOKCUMHUPYIONIUX ¥ JIETAJU3UPYIONIIX
peitpsier-koadduimentos  (eM.  2.2.2), koropbie nporuosupytores HC,
IIPOIHO3 MCXOJHOTO CUTHAJIA TTOJIy aeTCsl BeliBer-poccranosiennem. Meroy,
copMernaonmii Beitner-anaans 1 HC HamoMuHaeT 10 IPUHIAIAM CBOETO
(DYHKIIMOHUPOBAHUS €CTECTBEHHYIO OMOJIOIMIECKYIO CHCTEMY YXO-MOST.

3.5 JIlmHaMm4ieckoe MOJeJIMPOBaHNIE

3.5.1 BoccranoBjenmne BO30YKIAIOITNX byt 1o
HaOJII0IeHIAM

Mess B pacropsi>KeHUNM JUHAMHUUIECKYIO MOJEIb Bpallaiomeics 3eMiin
(eM. pasmen 2.5) m HaOJIOJEHWs, PA3yMHO 3aJaThCsd BOIPOCOM: KAKOBO
BXOJIHOE BO30YKJIEHUE, TTPUBOJISAIIEE K CMEIEeHNIO MOJI0COB 110 HabJII0aeMOoif
rpaekTopun? 3Hasi BO30YKIAIONYI0 (DYHKIMIO, CJIEJIaB €€ MPOrHO3 MOXKHO
OBLIIO OBI CIIPOrHO3UPOBATH JIBUXKEHHUE TOJII0CA, OCHOBBIBasICh Ha (DU3NUIECKOI
Mojiesin gBjieHns. OJIHAKO, 3a/ia4a BOCCTAHOBJICHUS BXOHOIO BO30Y2KICHMS
MPUHAJIEXKAT K KJIACCYy HEKOPPEKTHO MMOCTAaBJIEHHBIX OOpaTHBIX 3a/ad.
[TocKoMbKY pas3iaudHble BXOIHbBIE BO30Y K IEHUsI CIIOCOOHDBI BLI3BATH IBUYKEHNE
1o HabJIIoJlaeMOii  TPAeKTOpHH, HEOOXOJUMO 33JaThCsd  alpPUOPHLIMU
npeJjnosoxkenusimu. Kpome Ttoro, omubku HabJIIOJIEHN, KOTOPBIE, XOTs
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U SBJSIOTCA Ha CErOJIHA HE3HAYUTEJbHBIMH, B TPOIIJIOM OBLIH JIOBOJHHO
CYIIECTBEHHBIMHU, OHU MOTYT CTaTh MNPUUUHON CHJIBHBIX OTKJIOHEHUIT
BBIUNCJIEHHOTO BO3MYINEHUsT OT peaJibHoro. [loatomy mipu pererun 3agaqu
JKeJIATEJIbHO MCIOJIb30BaTh KOPPEKTUpYIolue npoieaypbl. B pasmiene 2.4.4
PacCMOTPEHBI METOJIbl peIIeHusT HEeKOPPEKTHBIX 3aJad ¢ HCIOJb30BaHUEM
perysusipuzanun. MoXKHO HCIOJIB30BaThH Tak)Ke npejioxkennubiit  BLJI.
[Tanresieesbim [33] Mero) KOppekTUPYIOLIEH (puibTpaiuy.

Bompoc 0 Toucke ONTUMAJbHOTO  (UIBTPA  JJId  BBIYUCTCHUS
BO30OYyK1atoell (PYHKIUU 110 T'eOJe3MIECKUM HaOJIOJICHUSAM TPAECKTOPUL
noJiroca Obut ocrassen Txkedpdpucom [120],[129]. Kak nokazano B pasjese
3.0, JIBUKEHHUE 110JIIOCA OIIUCHIBAECTCs ypaBHEHUEM

i dm(t)
e t) = x(t 3.4
rie o, = 2nF.(1 4+ i/2Q). Byaem wucnosnzosarh npejjioxennbie B [81]

snavdenust F. = 0.843 nukia B rog u (Q = 175. Hacrornasi xapakrepucruka
CUCTEMbI 33JIa€TCsI BbIPaXKEHHEM

Ll(f) -

O-C
o.—2nf’

Ha puc. 3.36 mupencrapiena amimrynno-dacrornast (AUX) wu dasoso-

(3.5)

qacrorHas (OUX) xapakrepucruku cucrembl, 3ajasaeMbie (3.5). Oruersinpo
BUJICH PE30OHAHC Ha YAHJJICPOBCKON dactore. Ilpm mepexome BO3OY¥KJeHUS
13 OJIHOY YaCTOTHOM IIOJIYIJIOCKOCTH B JIPYI'YVIO, pa3rpaHUuYeHHYI0 9aCTOTOU
0./2T pasa JBUKEHUS MOJTFOCA MEHSIETCST HA T

B paborax [128],[110] Busiconom upejioxken dpuiibrp
Z'e—iTchAt
X0 ==K

riae At — HWHTEpBaJI BpEMEHM MEXKJ]y pPaBHOOTCTOAIIMMHKU OTCUYETaMWH

[mHAQt — ewcmmtf% : (3.6)

HabJojieHnii. Jlanubiiit (PUIBTP MOXKET OBITH BbIBEJIEH U3 OOIINEro perieHust
(2.38) ypaBhenusi (3.4) HpM HWCIOJB30BAHUM [PHUOJMIKEHHOH (HOPMYJIbI
YUCJICHHOTO WHTEIPUPOBAHUS TpATICInii

to+At
[ rwde= 5 () + 0+ a0, (3.7)
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Puc. 3.36: AUX (caesa) u @UX (cmpaBa) THHAMHYIECKONH CHCTEMBI BPAIIAIOMIEHCS 3EMJIHL.

C YCPeJIHeHUEM JIBYX COCEJIHUX OTCUETOB BO3OYIKICHUSI.

Obpamenne nepejparodnoit  dynknuu duabrpa Buicona  moxker
ObITh mostydeHo w3 (3.6) ¢ wuCrHoJb30BaHUEM Z-IPEOOpPA30BAHMUS, OHO
arnnpokcumupyer (3.5) u umeer BuJ

—io AteimFe—f)At
L2(f) - 1 — eiloc—2mf)At

(3.8)

Boccranosienne Bo30yXKJeHusT ¢ UCHOJb30BaHueM (3.6) BBIOJHEHO B
unreppaJsie ¢ 1900 mo 2005 r. u upexcrapiaeno Ha pucynke 3.37. Bujno,
410 710 60-X 1ojIoB OCHOBHOIW cocTaB “BO30YKJEHUS OIPEJESIOT I1yMbl.
[Tocsie Toro, Kak KauecTBO HAOJIOIEHUN YIYUNIAIOCH U TOSBUIUCH JTAHHBIC
peanasunza NCEP /NCAR, craso sicio, 9T0 cocraB BO30YKI€HUS B OCHOBHOM
OIpeJIe/ISIeTCsT aTMOC(EPHBIMU TTPOIIECCAMU.

Boccranoisienue ObLIO BbIIOJIHEHO TakKe jinddepeHiimpoBaHueM 1o Tpem
TOYKAM C HUCIOJIB30BAaHUEM (DOPMYITBI

1
ity + 20¢) = = (3mlto + 2A) — dm(ty + At) + mlto)).

U 110 ISITH TOYKaM, C UCIOJb30BaHUEM (POPMYJIbI

1 t 4

2
4m(t0 + 3At> + gm(to + 4At)).
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Puc. 3.37: Bozoy:xnatonme ¢GpyHKIINN, BOCCTaHOBIeHHBIE (bUIbTpoM Buicona.

Pesyabrar oKazaJicss HE3HAUUTEJIHLHO OTJMYAIOININUMCSA OT IPEJCTaBICHHOIO
Ha puc. 3.37. Jlng cpaBHeHHsI OBLJIO BBIIOJHEHO TaKXKe BOCCTAHOBJICHHE
BO3OYXKamomeit  (pyHKINKM JIeJIeHUEeM Ha, TepeJaTOuHyi0 (DYHKIMIO B
4acTOTHOM obJiacTu

~

—1/ —1 m
x=F"(x)=F i) )
rie W onpenenserca dopmyioit (2.39). Pesysnbrar BHOBb 0UYeHb MOXOXK HA
n300paXkeHHbiit Ha puc. 3.37, ¢ TeM OTJUYINEM, YTO UMEJICA KpaeBoil apdekT
Ha FPAHUIEAX HHTEPBaJIA.

MzBecTHo, uTo onepatus guddeperiupoBanus 1 Pypbe-1ipeodpasoBaHusi
JAHHBIX ¢ IIymMamu  HekoppekTHbl, @uiabrp Buicona rmakxke e
110/Ipa3yMeBaeT KOPPEKTUPYIOIIEH olepalun, ecjiu He CUUTATh YCPEeJIHeHUs
0 JIByM oTcueraM. B TO ke BpeMmsi, HCIOJb30BaHHE KOPPEKTUPYIOIIEro
CIJIayKMBaHMsA KpaiiHe »KeJlaTeJIbHO [IPH pelleHnr 0OpaTHBIX 3a/1ad.

Perysisipuzupyitoiiiee siapo jijisi BOCCTaHOBJIEHUsT BO30Y XK 1afoiieil (DyHKITUN
B 1IPOCTEMIIEM HPEJIIOJNI0KEHUH, YTO BXOJHON CUIHa/ npuHauiesknt L2, Kak

1oKa3aHo B pazjesie 2.4.4 onpejensercs (hopMyJioit
K’

Kreg — F_l -~ ~_

K'K+ «
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Bepsi B kauectBe K wuMIysnbcHyo xapakrepuctuky (2.40), aHAJIATHIECKH
HOJIyIaeM JIJIsi JJAHHOIO CJIydasi peryssspu3upyoIy0 BeCOBYIO (DYHKIIMIO

1 t
Ryeqg(t, ) = —e ™ 7 cos : 3.9
olti0) = e oos (39
rjge « — [apaMerp peryispusaiud, T =  1/0. — [OCTOsIHHAs

BpeMmeHu cucrembl. Vcrosb3oBanue JIaHHOIO OKHA BO BpeMEHHO# obJiacTu
3aTpy/iHUTE/IbHO.  Perysisipusupytonias  onepaiiust  Obljia  BbIIIOJHEHA B
JaCTOTHOI 00JIaCTH, Pe3ysIbTaT, MOJYUYEHHDIH [TOC/Ie TTepexojia BO BpeMEeHHYTO
00J1aCTh, TPEJICTaB/IEeH Ha puC. 3.38 JJIs pa3HbIX 3HAUYEHWI MapaMerpa
peryJisipu3alum o.

015 — 015 —

B X-POLE ] X-POLE
duneTp BuncoHa duneTp BuncoHa
Perynsipusayus 01 — Perynapunsayus

i

0.1 —

005 —

i H“" "'M “"H
WHM l \M H’ |

0.05 —
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0 |\

-0.05

-01 -0.1
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rofbl rofsl

Puc. 3.38: X-koMmmnonenTa Bo30yzKaaolIeil (byHKIUN, BOCCTAHOBICHHAs peryJisapu3alnei
(cmeBa o = 0.1, cpaBa o = 1) u duabrpom Buicona.

DBbLI0  BBIIOJHEHO BOCCTAHOBJICHHE COCTABJISIONIAX — BO30YKJIAIONINX
dyHKIMI  JJIsi pasHbIX  KOMIIOHEHT, BBIJICJIEHHBIX U3 HAOJIIOJIeHUI
merogjom CCA (L = 200) wo orgensnocru (cm. paspgen 3.4). Ha
pucynkax 3.39, 3.40, 3.41 mnpejcraBieHbl TOJOBasg, YaHJJIEPOBCKasd, WU
HeperyJsipHasi (COOTBETCTBYIOIMAs COOCTBEHHBIM dquciaM ¢ 6-ro mo 10)
COCTABJISTIONTE X -KOOPJAMHATHI  1OJIoca, pasgesennbie  merogom CCA
BMECTE C BOCCTAHOBJICHHBIME C HCHOJb30BaHueM (3.6) BO30OYXKIaromumu
dyHKIMAMU, UM coorBercTByOImMMU. He mnpusejen rpaduk TpeHja u
COOTBETCTBYIOIIEIO €My BO30YXJIEHUsI, KOTOPOE€ C HUM HPAKTUYECKU
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copnajiaer (st Y uHBepTUpyeTcs 3HAK), a Takxke rpaduk IIyMOBOi
KOMIIOHEHTBI, KOTOpasi OMPEJIE/IACT OOJIBIITY 0 YaCTh AUCIEPCUE BO30Y XK ICHUS
Ha puc. (3.37) u pesko ymenbinaercst ¢ 1970 r.

0.15 004
0.1

005

cek Aym
B

cek Aym
B

-0.05

-0.02

-01

Puc. 3.39: Tonooe kosebanne X-KOOPMHATHI MOJIIOCA (CJI€BA) M COOTBETCTBYIOIIAST €MY
BO30Y K qaromias GbyHKIMs (cripasa).

03 004 —

02

002 —

0.1

cek Aym
-
cek ayr
°
|

-01

-002 —

-02

-03

1900 1920 1940 1960 1980 2000 1900 1920 1940 1960 1980 2000
rogel roabl

Puc. 3.40: Yamgmeposckoe Kosiebanume — X-KOOpAMHATHI — mosmoca  (caeBa) u
COOTBETCTBYIOMIAs eMy BO30Y:Kpaomast (pyHKIms (Cupasa).

[Tocie Toro, kak BO30OYy»XJIeHUE BOCCTAHOBJIEHO, HY>KHO IOIBITATHCS
OTBICKATH MPOIECChl, € KOTOPbIME OHO Obl KoOppesuposajo. Ha puc.
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Puc. 3.41: Heperymsipaoe (COOTBeTCTBYIOIIEe COOCTBEHHBIM uncaaM ¢ 6 mo 10) korebanne
X-KoopauHATHI MOJIOCa (CjIeBa) W COOTBETCTBYIOIIAsi eMy BO30yzKuaomas (yHKIs
(cpasa).

3.42 BOCCTaHOBJIEHHBbIE KOMIIOHEHTHI BO30YKJIEHUsI COMOCTABJIEHBI  CO
CIJIaYKEHHBIMM JIAHHBIMU O 3E€MJICTPSICEHUSX, BBIYMCJIEHHBIX IO KATAJOrY
USGS ¢ ucnonbzosanuem duiabrpa Ilanreneesa (3.3). Togooe kosebanue,
KaK M3BECTHO, 00ycsioBsieHo aTmocdepubiMu mporeccamu [130],[131], oxo He
KOPPeJInupyer ¢ ceiicMruaHoCThIO. KoppeJisius KOMIIOHEHThI BO30Y XK 1aiomeit
DyHKIMK, COOTBETCTBYIOIIEH YaHJIEPOBCKOMY KOJICOAHMIO ¢ CEHCMUIHOCTHIO
Ha rpaduke BUAHA OTYETAUBO. MOXKHO 3aKIIOUUTHL, YTO IMPUIUHA
JaHJIJIEPOBCKOrO  KoJIeOaHKsi, BEPOSITHO, TaKyKe OKA3blBAeT BJIMSHUE HAa
pexKUM ceffcMuaHOCTH 3eMii (CM. Takxke pasjen 3.3).

3.5.2 IIporHo3mpoBaHue BO30yxKaa0NX (yHKITI

Ha ciesyroriem srame ObLI BBIIOJHEH IPOrHO3 BO30Y K IA0IIeH DYHKITUH.
[Tockonbky Bkaax B mHee BHOcAT AMU, OMMUM, wusmenennmsi ypoBHS
KOHTHHEHTAJLHBIX BOJ U JPYToe, XKejgareyaeH yaer 3tux ¢pakTopos. OgHako,
B HAllleM PACHOPSKEHUM ITUX [POTHO30B HE OKA3aJoCh (MX HE yJajioch
OOHADY’KUTb B OTKPBITOM JIOCTYIIE), U MPOIHO3MPOBAHUE BBIMTOJHIIOCH
meromom CCA u HC, mpegnoxennniM B paszgene 3.4. Pesynbrars
npeJicTaBenbl Ha, puc. 3.43.
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Puc. 3.42: ConocraBienne X-KOMIIOHEHT BO30yKaaforeil (DyHKINK, U 3eMJIeTPSICEHHII.
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Puc. 3.43: [Iporuo3 Bo30y:KaeHus JiJis X-KOOPIAUHATHL (C1eBa), n Y-KOOPAUHATHI MOTHOCA,
(cupasa) merogom CCA u HC.

3.5.3 IIporuno3upoBanue aBmKeHud mnoJjiroca puiabrpom KaamanHa

Boccranosus Bo30y K jatontyto GyHkIwmio X (t) u cieyas ee Iporuos MoxKHO
BOCIIOJIB30BATLCST  3AIMCHIO JIUHAMUYECKOW MOJeN Bpalnaioleics 3emiin
B TEPMUHAX MPOCTPAHCTBA COCTOsiHUT (2.42) ¥ BBIYKCIUTH TPACKTOPUIO
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Puc. 3.44: [Tporuos X-koopaunatsi (cjeBa), 1 Y-KOOPAHHATHI TTOJI0CA (crpaBa) (buabTrpomM
Kanmvamna.

JIBU>KEHUS TIOJII0Ca, ¢ Kcnosib3oBanneMm ¢uiabrpa Kaamana. IIpu srom s
ydera Bo30yKJIeHUst BOCIOJIb3yeMCst (POPMYJION YMCIEHHOI'O MHTEI'PUPOBAHUS
(3.7) mnu Cummcona

to+AL

[ 50t = 500 + 450+ 5/2) + Fito + B0).

Pe3ysbTaTbl mATHIETHETO IPOTHO3a IpeJCcTaBJeHbl Ha pucynke 3.44. B
caydae, KOIjia BO30YXKJIEHUE W3BECTHO, B TOJCTPOWKE 10 HabJIIO/IeHNs
HET HEOOXOJAMMOCTH M MOXKHO IIOJOXKUTH MaTpuily ycuienus B (2.41)
paBHoOi#t Hysf0. TeM caMbIM, IO CYyTH, UCIOJb3YeTCs JHUIIL (DOPMUPYIOMINL
busbrp (2.42). Ograko, MOCKOJIBKY MPOrHO3bI BO30YXKpatorieil (yHKImn
HE O4YeHb TOYHBI, MOXeT ObITh 3ajleficTBOBaHA IPOIE/ypa (UIbTPAlUN
HAOJII0/IeHNIA. Y TOUHEHNE TPAEKTOPUU MOYKET IIPOBOJUTHCS MO UMEIOIIIMCS
B pAacCIOps2KEHUU JITAaHHBIM, KOPPEJUPOBAHHLIM € HCKOMBIM ITPOTHO3HBIM
CUTHAJIOM.

159



SaKJ/JII0YeHue

Om cuacmoa 00a.40€6, MOCKYA UAU CCOPACD,
B 0dun u3 padoswvix, 06vikHosennvr dnet
Bosvmume xapandaw u nanuwume: “Cosecmn”,
H scnomnume, xoeda 6vr dymanu o Het.
Loporo cmpawmro marx, wmo cepdue 3amupaem,
Ho cnosa denv 3a dnem mo karocn, mo epeusy.
Ha dydoure xpueot s snaro, kmo uepaem,
H sce-maxu naswy, nod dydoury naauy.
2Kumw nado evicoxo, dyworo 36e30 Kacasco,
Iockorvry amom mup Auws snu3od 6 cydvoe.
W3 nponacmu semmnoti, 20e npasum a02co Koca,
Bosomu mena, Tocnods, éozvmu mens x Cebel
Ha wmo, na wmo, na wmo mol epemsa mpamum?
Kyda, xyda, xyda mo. muumcs, xax 6 opedy?

C mensa dosoavno. Hadoeno, xeamum!
Ocmanosume 3emnro, 4 cotidy.

Jeonud /lepbenes

HepaBHoMepHOCTH B CKOPOCTH BPAIEHUST 3EMJIM 1 U3MEHEHUS TTOJIOKEHMST
ocu BpalleHus: ObL 0OHapy»KeHbl B KoHIle XIX - Hauase XX B., Gyiarojgaps
MOSIBJIEHNIO DOJIee TOYHBIX MeTonoB Habmoaeruit. C Tex 1mop 3Th STBIEHUS
[PUBJIEKAIOT BHUMaHUE aCTPOHOMOB M T1eo(pU3MKOB, IMOCKOJIbKY HECYyT B
cebe mHpOpMANMIO O IIPOIECCax, MPOUCKOAANMUX B OmmKkHeM Kocmoce, B
armocdepe, OKeaHaxX U HeJIpax 3eMJIH, SIBJISIOTCS YHUKAJbHBIM CBOJIHBIM
WHJEKCOM STHUX TPOIECCOB ¥ TO3BOJISIIOT CyJINTh O CBOHCTBAX 3EMJIH.
CutejicrBUeM ODHAPYKEHMST HEPABHOMEPHOCTHU IIKAJIbI BPEMEHU, CBSI3aHHOM
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C BpallleHueM 3eMJIM CTaJIO TO, UTO 3aJlaua U3MepeHusl U XpaHeHWs TOYHOTO
BpEMEHH, C JIPEBHOCTH JIeXKaBIllasg B PyCJe acTPOHOMHUH, IMEpeILia B PycJio
sjeproit dpusuku. Hajexjia Ha ee BO3BpallleHME MOYXKET ObITh CBs3aHa C
CO3JIAHUEM LIKaJIbl 11YJIbCAPHOIO Bpemenu [132].

CoBpeMenHast acTpOMeTpHsI W Teojie3usi TaKyKe He MOryT oDoiTH
BHUMaHUEM TPOOJIEM, CBSI3aHHBIX C OCODEHHOCTSIMU BPAIECHUST 3eMJIH,
nockosibKy IIB3  BeicTynator mnapamerpamu  1npeoOpasoBaHWil  MEXKLY
byHIaAMEHTATLHBIME CUCTEMaMH KOOPJMHAT, a TOYHOCTb, HEOOXOIUMas TPH
IPOBEJICHUN ACTPOMETPUIECKUX U3MEPEeHWH, B KOCMUYECKOW HaBUTAIUU U
1J100aJIbHOM TIO3UIIMOHUPOBAHUHU, OYeHb BbiCOKa. Pazpurne B XX B. TaKuXx
cpejcrs nabuonennit, kak PCIB, JIJLJI, JIJIC, GPS, DORIS BeiBeso
TOYHOCTH HAOJIOJICHMI 3a BpalleHneM 3eMJIM Ha MUJJTUMETPOBBIN YPOBEHbD,
BO3HUKJIA HEOOXOJMMOCTH B COBEPINEHCTBOBAHUU TEOPUIl.

B 1poBejiecHHOM HCC/IEI0BAHUN ObLJIM PACCMOTPEHbI TOHKUE 3PEEKTHI,
JIeXKalime Ha Ipejese TOYHOCTH COBPEMEHHBIX CPEJCTB  HaOJIIoJIeHUit
3a CKOPOCTBIO BpallleHus IJIAaHeTbl, W JIBUXKEHUEM TIOJIIOCOB, KOTOpbIE
He BCerja VIAaeTcs MOJEJNpPOBATh COBPEMEHHBbIME TeopusmMu. (OCHOBHOE
BHUMaAHKE COCPEJIOTOUYEHO Ha MEeTOJ[aX [IPOIHO3UPOBAHUS U BOCCTAHOBJICHUS
BO30YKIAONUX (DYHKIMHA 110 HAOJIOJEHUSIM, IIPH 9TOM BHUMAaHUE YJIEJEHO
TaK>Ke TTOUCKY MPUYNH YaH JIEPOBCKOIO KOJEeOAHUS MOJTIOCA.

MaremaTuvueckne MeTO/bI, PA3BUBAIOIIUECH CTPEMUTEJILHBIMU TEMIIaAMU
BMECTE C PA3BUTUEM BBIUMCIUTEBHON TEXHUKHU, OTKPBIBAIOT YAUBUTEIHHBIC
MePCIIEKTUBDI TIepeJT UCCeIoBaTe/sIMI. Pa3BuTre MEeTO/I0B BeliBJIeT-aHa 134,
CUHTYJIIDHOT'O  CIIEKTPAJBLHOIO aHaJIu3a, HEJWHEHHOro MOJIeJIMPOBAHMS,
HEHPOHHBLIX ceTel, IOIYJISIMOHHBIX MEeTOJOB OINTUMU3AIUNA  [103BOJISIOT
MO-HOBOMY  TOJIONTH K WCCIEJOBAHUIO BpAIIEHUS 3EeMJIH, TOJYUIUTh
HOBBIE PE3yJbTAaThl W CPaBHUTH WX C MOJYYEHHBIMUA KJACCUICCKUMU
merogamu Pypbe-aHaJinza, PerpecCUOHHLIMU CTATUCTUYECKUMU METOJIaMHU,
METO/JaMK  JIMHAMUYECKOIO MojleJiupoBatus. B pabore  1pejiipuHsiThi
TONBITKA CPABHEHUs PA3JIMIHBIX METOJIOB B acleKTe WX MPUMEHUMOCTH K
aHaju3y u nporuo3y psijaos I1B3, cienanbl mpeioykennst o nX COBMECTHOMY
UCIIOJIb30BAHUIO.

Ocoboe BHUMaHWE yJIEJEHO JUHAMUIECKOMY MOJICTUPOBAHUIO, KOTOPOE
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CIAYXKUT JUIA  “0nucanus  nomokos NPUMUHHO-CACICMBEHHBLT — CBA3ET
u3 npownozo 6 Oydywee” [73|. Bamaum BoccTaHOBICHWS BO3jEHCTBUS,
HPUBOJISAIIETIO K HabJII0/laeMOil TPaeKTOpUn OObeKTa 3a9acTyi0 HE MMEIOT
OJIHO3HAYHOI'O PEIIEHUs U SIBJISIFOTCS HEKOPPEKTHO 1ocTaBjieHHbiMu. K aromy
KJIACCY OTHOCHUTCA U 3aJlada BOCCTAHOBJIEHUs BO30Y:KJIAONUX (DYHKIINHA IO
HAOJIIOJIEHNSIM, PACCMOTPEHNIO KOTOPOIt TIOCBSIIEH pasjest 3.5. [IpeanpunsTs
ITOIIBITKY MCIOJIB30BaHUS KOPPEKTUPYIOMINUX CIVIAXKUBAIOIIUX IIPOLEC/LYD [
perienus ITO 3aa4un.

B xome wuccienoBanmsa Imepeji HaIlUM B30POM IPECTAJO0 MHOXKECTBO
BOIIPOCOB, PeIIeHre KOTOPHIX MPEJICTaBISeTCS NHTEPecHbIM B Oy ayiieM. Tak,
0c000 MHTEPECHbIM MOYXKET ObITh IPUMEHEHUE HEJIMHEWHBIX PEerpecCUuOHHBIX
MeTOJIOB aHaju3a K psaigaM [IB3, ucnosb3oBanue MeTOIOB JUHAMIIECKOTO
MOJICTTUPOBAHNST HEJTMHEHHBIX OOBEKTOB I W3YyUEHWsT BPAIIEHUsT 3EeMJIN,
JlaJibHelas pa3paboTka KOPPEKTUPYIONINX CIUIaXKUBAIOIIUX POy s
perieHnss OOpaTHBIX 3ajad ¢ MPUMEHEHHEeM MeTOJOB BeiiBjIeT-aHaIu3a.
Boznaraerca Hajexjga Ha HOBble TOYHBIE JIaHHbIE, KOTOpPbIE MOIYT
CYIIECTBEHHO IIOMOYb PeIIeHnIo BOIpoca O MPUPOoJe YaHJIEPOBCKOIO
KoJieDaHUs,  YTOYHEHUIO  MOJIEJIell  BbICOKOYACTOTHBIX  COCTABJIAIOIIMX
Bapualliii CKOPOCTH BpAIEHUs 3eMJIM U JBUXKEHUS IOJIOCA, TOCTPOCHHIO
MojieJiell cBODOIHOM HyTallUU s1/[pa U MHOI'OI'O JIPYIOro.

OcHOBHBIE Pe3yJbTAThI PAOOTHI

B pe3yJjbTaTe BLIITOJIHEHHBIX I/ICCJIG,ZLOBaHI/IIU/I Y1aJ10Ch YCTaHOBUTD

e Hajnune apredakToOB B ONEHKAX CYTOYHBIX W TTOJYCYTOUHBIX
cocrapJstionux Bapuanuii [IB3, nonydennnix mo GPS naboaenusiv;

® HeresiecooOpa3HOCTh — BBEJEHUST — AMIUPWIECKHX  TIONMPABOK B
nepejiarodnbie  pyHKimu Teopuit Hyramuun ZP2003 uw MAC2000 c
EJTBIO YIYUIIeHusT UX COTJIACUs C HAOJIOCHUSMU;

® HEBO3MOXKHOCTH € JIOCTOBEPHOCTBLIO  Jiydllle 30  BbIIBUTH 110
UMEIOIUMCs HaOJoieHusIM 3(P@PEeKT BO BpallleHUU 3eMJIH, BbI3BAHHbII
zemjierpsicennem 24 jexkadbpst 2004 r. B UnjguiickoMm peruowe;
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BbIABUHYTbBI IPEAIIOJIO2KEHN A

e 0 1pupojie apredakToOB B BbICOKOUACTOTHOW 00JIACTU CIIEKTPa PsiJIOB

GPS-onenox I1B3;

e 0 ToM, uTO 3emiierpsicenuem 24 nekabps 2004 r. B Unjuitckom peruvone
obL10 cripoBolpoBaHo JIyHHO-COMTHETHBIM TPUJIUBHBIM BO3/ICHCTBUEM;

IpeJIO2KEHO HUCIIOJIb30BATb

® METOJ[ JiJid [POrHO3UPOBAHUA BPEMEHHbIX PAJIOB, OCHOBAHHbLIA Ha
COBMECTHOM MCIIOJB30BAHUYN CUHTYJIAPHOTO CIIEKTPAJILHOTO aHAJIN3a NN
BeiiBjeT-anaan3a U HePOHHDbIX CEeTeil;

e okHO, paspaborannoe B.JI. IlanrTeseeBbiM, objajaioiiee CBORCTBAMU
BeliBJIeT-(PYHKITUH, JJIs HEIIPEPLIBHOI'O BeliBJIeT-aHAJIN3a;

® BO3MO2KHOCTH YE€JIOBEYECKOI'O YXa II0 aHaJHM3y 3BYKOBOI'O CHI'HaJla,
Hpeo6pa3yﬂ BPEMCHHbIE DAJbI B 3BYKOBBLIEC CHUI'HAJIbI, HaXOIAIMUECA B
JAnalla30HE€ BOCIIPUATUA

cJieJlaHbl BBIBOJIbI

® O Ba)KHOUW pOJIHM JIJIsT M3yUYeHUs BHYTpUCYyTOUHBIX Bapuanuii [IB3 GPS-
nabsronennii, wapsay ¢ PCJIB-wnabmronennsivn, yBeJIWdeHne YnCIa
KOTOPBIX KpaiHe »KejaTe/IbHO;

® 0 HEOOXOJIMMOCTH COBEPIIEHCTBOBAHUS MOJIeJiell HeJIMHEHHbIX 3(DEeKTOB
B TEOPHUsX IPEHECCUN U HYTAIUKU C 1EJIbIO YJIYUIIEeHUs] UX COIJIaChusi C
HAOJTIO/IEHUSMU;

® 0 JKeJIATEJbHOCTH HUCIOJIL30BAHUS KOPPEKTUPYIOIMIUX CLJIaXKUBAIOIINX
HIpOIeayp IPU  BOCCTAHOBJEHUU  BO3OYKJaOMMUX  (PYHKIUNA 110
HAOJIIOJICHUSIM BPAIICHUSA 3EMJIN;
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B pa60Te TaK2>Ke I10JIYICHbI

® [IDOI'HO3bI  JIBUXKEHUsI  1I0JIFOCA M CKOPOCTH €€  BpallleHust ¢
ncnonan3oBannem AP, CKK, HC, mpemioxkennoro meroma mpor{osa u
dpusnbrpa Kamvana, ucxojig u3 KOTOPLIX CJIeAYeT OXKUIATH JTOCTUKEHUS
CEKYH/IHOTO paccoryiacoBanust mMex iy mkajamu spemerun UT1 n UTC
B 2006 T. ¥ yMEHBINIEHUs AMILTUTY/IBl YaH/IEPOBCKOIO KojeOaHus B

2010-2020 1.

Mue xorenoch Obl  1nobJiarojapuTh CBOMX —yuMTeJel, 1podeccopa
[Tanreneea B.JI., [laceinka C.JI., nayunoro pykosomurens 2Kaposa B.E.
Orpomuoe crnacubo MOHM JIPY3bsM M JIOPOIOi MaMe 3a IOMOIb WU

MOJIJIEPAKKY.
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IIpunoxxenune A

AHaJIN3 CUTHAJO0B C MCIOJb30BAaHIEM
ayIno-IIporpamMm

s aHajm3a BpeMeHHBLIX psijioB, Hampumep psgos IIB3, wmoxkmHO
HCIIOJIb30BATH IIPOrPaMMbl KOMIILIOTEPHON 00pabOTKKM 3BYKOBOI'O CHI'HAJIA &
TaK»Ke BO3MOXKHOCTU Y€JIOBEYECKOI'O yXa, €r0 YHUKaJbHbIE JIMHAMUYIECKHE
CIIOCOOHOCTH BOCHPUATHUSI YACTOTHOTO COCTaBa CHUTHAJA, MEHSIOIIErocs BO
Bpemenu. st 3TOro BHaUaJje BpeMEHHbIE Pl JIOJXKHbBI ObITh IIPUBEJICHDI
K BUJIY C PABHOOTCTOSIIMMU OTCUETAMM, JIJIsi 9TOTO MOXKHO HMCIOJIb30BAThH
MHTEPIHOJISIINUIO, 3aTeM CUI'HAJ Lpeodpasyercsi B CTaHJIAPTHBIA 3BYKOBOI
daitn dopmara wav, comepxKariuii Habop orcueTon, cpexcrBamu MAT-
LAB wmu cnemuasbHOii mporpammoii. [locie wero MoxKHO HCIOIB30BaTh
BO3MOXXKHOCTH IMPOIPAMMHBIX [AKEeTOB O00pabOTKM 3ByKa, TaKMX KaK
Adobe Auditione (CoolEdit). DTor maker MO3BOJTET CTPOUTH MOTHBII
U CKOJB3dAMuil crnekTp Ha ocHoBe DII®, omenmBaTh cTaTUCTUUECKHE
CBOICTBA CUTIHAJIA, OCYIIECTRIATH (puyibTpaluio Ha ocHore BIID, duibTpos
Barrepsopra 5o 40 nopsijka, CTPOUTH OIMOAIONLYIO, YIAJISTH [IyM U T.II.
KoneuHno, He Bce BO3MOXKHOCTHU IIPOrpaMM, paspaboTaHHbIe it 00paboTKH
3BYKa, MOI'YT ObITh IIOJIE3HBI JIJIsi MCCJIEJIOBAHUA, HO JIaKe IPOC/IYIINBAHKIE
CUIHAJIa MOXKeT ObITh OYeHb pe3yJbTaTUBHBIM. Jljisi 3TOro HeoOXOIMMO
YJIQUHO 1IEPEJIOXKUTH CUIHAJ HA BOCIHPUHUMAEMbIE Y€JIOBEKOM YaCTOTHI.
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Puc. A.1: Ckonp3gmuii cuexkTp, moaydennsiii B nporpamme CoolEdit Ha ocuoe BIID
st UT1-UTC (caeBa) n X-KOOpAUHATHI MOJTIOCA (cpaBa), mostydenubix nearpom CODE
(BBepxy), m UT1-UTC mo PC/B uaGmomennam (Buu3y). Ilo ropu3oHTaIBHON ocH —
OTCYeThbl BpEeMEHHU, 110 BepTI/IKaJIbHOﬁ — 9aCTOTHI.
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Ilpunoxenne B

Vcnmonb3oBaHHBIE COKpalleHms1

AK® — AsrokoBapuanmontas QyHKIINsI

AP — Asroperpeccust

APCC — ABroperpeccust co CKOIBL3SIIIIM CPEIHAM
AYUX — AMIIUTYIHO-9ACTOTHAS XapaKTPENCTHKA,
BHCO — Bapuriearpuueckasi HebecHast cucTeMa 0TcIeTa
BII® — Brictpoe npeobpazosanune Oypne

['HCK — T'eonienTpudeckas HeOecHas CUCTEMa KOOP/IMHAT
['HCO — T'eonenTpuyeckasi HebecHast CHCTEMa, OTCUETa
HOPUC — [domnneposckast opouTorpadpuieckasi CucTema
39H — 3Bemnoe sademepuHoe HATAIO

JIJLJT — Jlazepuas sokarust JIyHb

JIJIC — JlazepHasi JioKalnsi CITyTHUKOB

MATI — Mexaynaponast acCOIuaIns Te0Ie3un

MAQO — MexayHapoaHoe acTPOHOMUUIECKOE ODIECTBO
MAC — MexiyHapoablii acCTPOHOMUIECKIH COI03
MBB — Mex iynapo,inoe 0I0po BpeMenu

MTI'A — Mexaynapo/inas reofie3niecKast acCOINaIms
M3CO — MexiyHapojHas 3eMHasi CUCTEMa OTCUeTa,
MHCO - MexaynapojiHas HebecHasi CCTeMa OTCUeTa,
MUA — MowmenTt nMmmnynbca arMocdepbl

MHIO — MoMeHT uMITyJIbCca OKeaHa,

MHK — Meto HanMeHbIMX KBaJIpaToOB

MOM — Mex1yHapO/iHbI# OTIOPHBIA MepunaH
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MCB3 — MexayHapojiHast cjiy>K0a BpallleHnusl 3eMJIn
MCI'T — Mex1yHapo/iHblil CO03 reojie3un U reopu3uKu
MC/IIT — MexgynapojHasi ciiy»k0a JBUKEHUST MOJIOCA,
MCIHI — Mex iynapojiHasi ¢iy»K0a mupoTh

MOSIT — Mex1yHapo bl 3 eMepUIHbII TOJIFOC

HH - Hespamarorieecsi HauaJjio

HITH — Hebecnoe npome:kyTrounoe HavyaJio

HC - Heitpocunast ceThb

H9H - Hebecnoe acdhemepuiaoe Havuaio

OTO — Ob6imast Teopusi OTHOCUTETHLHOCTH

IIB3 — [Tapamerpsl BpalleHus 3eMJIu

I1C — ITpo/1Io/mKUTETHHOCTD CYyTOK

PCB — PagnornmrepdepoMerpust co CBEPXIMHHON 0a30if
CI'IT — Cucrema riobaJibHOTO MO3UITMOHUPOBAHUS
CKK — Cpesist KBaJipaTuiecKkas KOJJIOKAIUS

CJIJI — Cnyx6a Jia3epHoii JIOKAIUK

CH{ — Csobonnast HyTanmst sijipa

CO — Cucrema orcuera,

CC — Ckonbaginee cpejmee

YB3 — Yrou Bpalenusi 3emjiu

OYUX — DazoBo-gacToTHAS XapaKTPEUCTHKA,
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