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BBenenue

IIpeamer cepmueckoii acTpoHOMUN

Pazzen actpoHOMUM, B KOTOPOM HM3Y4YalOTCs MHOIHE sIBJIEHUsI Ha HEOGECHON cdpepe, SIBJISIIOIINECS CJIeICTBUSIMU
JIBUZKEHUS 3eMJIH, MOJIy4Yus HasBaHue chepudecKoil acTpoHoMur. IIpu yCTAHOBJIEHUHM KOJMYECTBEHHBIX COOT-
HOIEHUH, OIUCHIBAIONINX U3MEHEHNE YCIOBU HaO/IOeHNs CBETUI B JIIOOOM MecTe 3eMJid U B JII000H MOMEHT
BPEMEHH, UCIIONIb3yeTCsA MaTEeMaTHIeCKuil anmapaTr chepruIecKoil TPUTOHOMETPHN.

IIpn wmsyuennn cdepudeckoii acTPOHOMUU PACCMATPHBAIOTCS OCHOBBI KOODJAMHATHO-BPEMEHHBIX CBSI3€il
(KBC) — Baxkueiimieil 1pobieMsl JAHHOTO IIPEAMETA.

B 3TOM Kypce CTYIeHTHl 3HAKOMATCHA ¢ ACTPOHOMHYECKONH TEPMHUHOJIOTUEH, MHOXKECTBOM HOBBIX (DYHIAMEH-
TaJIbHBIX MIOHATHIA, 6€3 KOTOPBIX HEBOZMOXKHO BHUKHYTD B CYIIHOCTH HAOIIOIaeMbIX Ha HeOecHOi cdepe sBeHuit,
MIOJIy9al0T HABBIKA IPAMOTHOTO UCIOJb30BAHUS CHENUNAIbLHON MH(MOPMAIINT, TMEIONIEHCS B 3BE3/THBIX KATAJIOTaxX
W €KEroJIHIKAaX.

Cdepudeckast acCTPOHOMUS, TI0 CyTH, sIBJISIETCS BBEJIEHUEM KO BCEM Pas3JieiaM HabI0aTeIbHOM aCTPOHOMUM.
TTosTomy Kypc chepudecKoil acTPOHOMUM IMPE/IIECTBYET U3yUEHUIO TAKUX PA3JE/]0B ACTPOHOMUH KAK aCTPO-
MeTpus, HebecHas MeXaHuKa, a TaKKe JAPYTUX JUCIUILINH, CBI3aHHBIX ¢ aCTPOHOMUYIECKUMY HADJIIONEHUIMA U
usydenrem 3emiin (reofuHaAMUKA, TEOJIE3Us ).

B nepsyio ouepenn, comep:kanme mpeamera chEpUIECKOil aCTPOHOMUHU SIBJISIETCST OCHOBOW W BBEJIEHHEM K
KypCy acTpoMeTpun. ACTPOMETpHUst 3TO HayKa 06 U3MEPEHNN KOOPIUHAT HEGECHBIX OOBEKTOB KaK JIJIs CO3IAHMIS
ONOPHBIX ceTell Ha HeGecHON cdepe (KaTamoKHblEe PAGOTHI), TAK W JJIsl ONPEJEJEHUs] KOOPJNHAT IIYHKTOB HA
3eMHOI MOBEPXHOCTH (aCTPOHOMO-Teo/e3ndecKue paborhl). KoMIuleKcHOe u3ydeHne pobieMbl KOOPJANHATHO-
BPEMEHHBIX CB#A3€il JIEXKUT B OCHOBE UCCJIECIOBAHUN CTPOeHUs! BCEeIeHHON U IuHAMMKY OJIMKHErO M JIAJILHErO
Kocwmoca.

Baxkneiimuvn Bonpocamn Kypca chepruaecKoil aCTPOHOMAU SIBJISTIOTCS:

1. ObocHOBaHWE BayKHEWITNX ACTPOHOMWYECKM 3HAYMMBIX HAIpABJIEHUI Ha 3eMjie W B IPOCTPAHCTBE W WX
CBSI3b C JIBUKEHUSIME 3E€MJIN;

2. Uzyyenne cucreMm acCTPOHOMUYECKUX KOOPIAMHAT M 3aBUCAMOCTEIN MEXKy HIMHU HA OCHOBE MAaTEMATUIECKO-
ro ammapaTta chepruaecKoit TpPUTOHOMETPHH;

3. IlpenBeraucienue ycjioBuil HAOIOAEHNUS CBETUJI B 3aBUCHMOCTH OT UX KOODJIMHAT, IIUPOTHI MECTa U Bpe-
MeHU HaDJIIO/IeHUs, KOTOPbIe 00YCIOBJIEHBI CyTOYHBIM U TOAUYHBIM JIBUYKEHUSIMY HAIIEH I1JIaHETHI;

4. HSy‘IeHI/Ie cucreM aCTPOHOMHYECKOI'O BpeMeHU 1 B3aUMOCBA3€EN MeXK/1ly HUMU, CO3JaHNe MIKaJI paBHOMED-
HOI'0O BpEM€HU, UCIIOJIb3YEMbIX B HAYKEe U B HOBCe,ZLHeBHOfI 2KU3HU,

5. B zak/ounTesIbHBIX pa3jiesiax Kypca usydaercs psif, dhaxTopos (pedpakims, mapasakc, adeppanud,
LPEIeCCcusl, HyTallus), KOTOPbIe BHOCIT OIPEJICJICHHbIE U3MEHEHHs B PE3YJIbTaThl HA3EMHBIX U3MEDPEHUil
KoopauHaT. Vcxonss U3 COBPEMEHHOM TOYHOCTU OIpPEIEIeHNs KOODAUHAT, YIET BIUSHUS 3TUX (PAKTOPOB
HEOOXO M.

[Ipu wu3/02K€HUU TEOPETUYIECKUX BOIPOCOB INMUPOKO HCIOJIb3YETCH CACTEMHBIA aHAJIN3 U [eOMETPUYECKUI
METOJ, IIPEJICTABJIEHNS JAHHBIX, YTO CBA3aHO CO CHEIU@UKOil rpe/iMera cdepudeckoil actporoMun. B mocobun
BHECEHO 3HAYHUTEJIBHOE KOJMYECTBO JIONOJHEHUI ONICATEIBHOIO XapaKTepa, YCUJIEHA HILIIOCTPATHBHOCTE II0
cpaBrenuio ¢ uMerormumcs yaebaukom K. A. Kynmkosa [3], koropsiii yzxe craa 6ubimuorpadudeckoil peaikoCcThbio.






I'maBa 1

Hebecnaga cdepa mianersl 3emJid.
ObocHOBaHMEe OCHOBHBLIX HaIIpaBJIEHUI 1
IIJIOCKOCTeE

1.1 Boobpaxkaemasi HeOecHasi cepa. IIponnioe nu HacTosIEe

Heb6ecnas cdepa — 310 TOT BEKOBOI 00pa3, KOTOPHIl XPAHUTCS B TAMSITH Y€JIOBEUECTBA C HE3aIIaMATHBIX BPEMEH,
9TO TO IepBoe Bledatsienue, Korja desosek (Homo Sapiens) sagymbiBaeTcs 0 MUPO3IaHUM.

[TapamokcoM BOCIIpUSATHS Y€JIOBEKOM SIBJIECHII OKPY2KAIOIIEr0 MUPA U KOCMIYECKOTO IIPOCTPAHCTBA SIBJISIETCS
TOT (QAKT, 9TO OH He OCO3HAET cebsl HAXOJSIIUMCS BMecTe ¢ 3eMJeil B HeIPEPLIBHOM JIBUXKEHUH, TO €CTh IO-
CTOSIHHO M3MEHSIIOIIIM CBOE ITOJIOXKEHUE B IpocTpaHcTBe. HeCOMHEHHO U TO, YTO I'PaHIMO3HOCTD IPOCTPAHCTBA,
KOTOpasi PACKPBIBAETCS [T€PEJ] HAMU, TPY/IHO YKJIAIBIBAETCS B OOBIYHBIE ITOHSITHUSI.

Cdeprteckasi aCTPOHOMESI OTHOCUTCH, MOKAJIYil, K HanOosee JPeBHEMY KJIACCHIECKOMY Pa3/esly acTPOHO-
MUM, KOT/[a HAYMHAJIUCH TIePBbIe PEryJIsspHbIe, XOTS U MAJIOTOYHbIE M3MePeHns Ha HeOecHOl cdepe — 3a MHOTO-
MHOI'O ThIcsgdesieTuil 10 Haiero spemenu (Basumion, Eruner, Kuraii). Ho y2Kke Torma yzanocs yCcraHOBUTH psil
[UKJINYECKUX, ITIOBTOPSIOIINXCSA BPEMsI OT BPEMEHU HeOECHBIX SIBJIEHUI, HA OCHOBE KOTODPBIX ObLIN IIOJIYYEHBI
pocTeiilire HaBBIKA B OPUEHTUPOBAHUY HA MECTHOCTH ¥ OIPEeJIeJIeHbl TAKUEe eIUHUIIBI BDEMEHU KaK I'0Jl, MeCsIII,
CyTKU. DTU 3HAHUSI OBLIA CBSI3aHBI C YIVIOBBIMHU M3MEPEHUsIMA BUAMMBIX mojioxkenuit Jlyubr, CosHIa, sipkux
IUTaHeT Ha (DOHE TOTJA «HEU3MEHHOIO KapKacay 3Be3]I.

Wamepenust na nebecHoit cdepe CrrocobCTBOBAIN PA3BUTUIO MATEMATHIECKUX 00Pa30B cephbl — IMOsIBIICHUIO
ceputeckoil TPUTOHOMETPHUH.

Ocobblit BKJIaJ, B CTaHOBJIEHHE cepuvdecKoil acTpoHOMun BHecau acTpoHoMbl /pesmeit I'pertun. Ha ocwo-
Be UX HAOJIIOJEHMIT 32 HEOECHBIMU CBETHJIAMU ObLIM CPOPMUPOBAHBI Takue (DYHIAMEHTAJbHbIE ITOHATUS KakK
MIPOCTPAHCTBO M BPEMsi, YCTAHOBJIEH BasKHBII (haKT M30JIMPOBAHHOIO IIOJIOXKEHHUsT 3eMJIM B IIPOCTPAHCTBE W Ha,
OCHOBE TIPOCTEUIINX YIVIOBBIX M3MEPEHUN TOTA y¥Ke YIAJIOCH ONPEIeuTh (DOPMY U pa3Mephbl 3eMJIH.

o cux mop MBI HE MOXKEM He BOCXHUINATHCS Pe3yJbTaTaMi MHOTOYMCJIEHHBIX HAOJIONCHWI W OTKPBITHUA,
BBIIIOJIHEHHBIX BBIIAIONIMMC JipeBHerpedeckuM acrponomoM ['mnmapxom (II B. 1o H. 9.), mocrpousimm obcep-
BaTopuio Ha 0. Pomoc. Im 6buia ycranoBiieHa HepaBHOMepHOCTH nBuzkenus: JIyuor u Cosnia #Ha ¢doHe 3Be3I,
JIBUKEHME JIMHUU JIYVHHBIX y3JI0B, OIIPEJIeJIEHO PACCTOsIHME 10 JIyHBI 110 HaOJIIOJIEHUIO JIVHHBIX 3aTMeHuil. M
2Ke OBbLJT MOJIyYeH IEPBbII 3BE3IHBII KaTaJIor U BBEJIEHA IIKaJa JJIs OIEHKH BuauMoro Osecka 3se3j. Ocoboe
gnavenue pabor ['unmapxa OOBIYHO CBS3BIBAIOT C OTKPBITUEM MPEIBAPEHUST PABHOJEHCTBUSI. A 3TO B CBOIO OdYe-
pelb YKa3bIBaeT HA TO, ITO ACTPOHOMBI TOI'O BPEMEHN BHUMATEIHHO OTHOCHINCH K HADJIIOIEHUSIM U U3MEPEHUSIM
Ha HebecHoi cdepe, BHIIIOJTHEHHBIM €IIE paHee B mponuioM. 1Ipn TakoM ypoBHE aCTPOHOMUYECKUX 3HAHUN yde-
uble JpeBHeil DJiabl 6€3 0coboro Tpyda perraan MHOrue, 6a3upyIoNuecs: Ha HAOJIONEHUAX 3a/1a91l, KOTOPbIE
BBIJ[BUTaJIa [IOBCE/IHEBHAS JKU3HB JIIOJeil (MoperiaBaHue, 3eMJIeJeJie u T. J1.).

DHIUKJIONEINEll aHTUIHON aCTPOHOMUU SBJISIETCS TPUHAIIATHTOMHBIN TPYJ, BEJUYAMIIEr0o acTPOHOMAa U
reomerpa Kmapnuga ITtonemes (II B. m. 3.) «Anbmarecrs wim «Benukoe mocTpoeHues, B KOTOPOM OOOOIIEHBI
U TpeJCTABJIEHBl JAaHHBIE O PE3yJIbTaTaxX aCTPOHOMUYIECKUX HCCJIeNOBAHUI MpeablIyInuXx 3mox. Jloaroe Bpems
(dbakTudecku oKoJIO UATHAAIATH CTOJIETHIT) 10T TPy [ITONeMes He OblLI epeBeieH ¢ IPEeUecKoro Ha eBpOIeii-
ckue s13biku. OH OKa3aJICsd JOCTOSTHIEM 3allafHbIX IIUBIJIM3AINI TOJIBKO B cepenute XV B. U ChIIPAJl OIPOMHOE
3HAYEHNE B JAJbHENIIEM PA3BUTUN aCTPOHOMHUHU. B HaCTOsIIIEM TOCOOUU CUYNTAI0 HYKHBIM IIPUBECTUA HEKOTOPHIE
cBeJieHUsI U3 3TOro Tpyaa. Hesb3st He corytacuTbes ¢ Beicka3biBarueM mpodeccopa MIY, acrporoma 1. B. Iler-
JIOB&, UTO JayKe depe3 THICATY JIeT OJHO OIJIABJIEHHE «AJIbMArecras 3aCTaB/IseT TPEIeTaTb CepAlle KasKIoro
acTpoHOMa [5].

[IpuBenem HeKOTOpBIE U3 HUX:



e B IIEPBOIi KHUI'e JAHO onucanue HebGecHOi cdepbl, ee Haubosee yIOTPeOUTEIbHBIX KPYTOB (TOPU30HT, K-
JIMIITUKA, 9KBATOD), OlcaHa chepudecKas TPUTOHOMETPHsI M UCIIOJIb30BaHUE TP BCEX PacdeTax, CBs3aH-
HBIX C U3MEPEHMSIME ITOJIOXKEHUI CBETHII Ha cdepe;

® BO BTOPOIi KHHUI€ NPEICTABJIEHO JejeHrne 3eMJIM Ha 30HBI 110 HPOJOJIKUTEHLHOCTH AHS U HOYM, a TaKrKe
OIIMCaHBI CIIOCOOBI M PE3YJILTATHI OIpejiesIeHUsl o Iy aeHHbIX BbicOT COJIHIA U MX W3MEHEHUil B TedeHue
rosia (¢ IpuMeHeHneM 2Homonal);

® B TPETbeﬁ u quBepTOﬁ KHUT'aX JaHO OIIMCaHuE IIPOJOJIZKUTE/IbHOCTH T'OJla U MeECAIla U UX IIPUMEHEHUE
B JIETOMCYMCJICHUHU. B 1mecroil KHUre ornmcaHbl IIPOTUBOCTOAHN A HyHbI u COHHLL& 1 UX MCIIOJIB30BaHUE B
IpeaBbIYUCJICHUN 3aTMEHUN.

B «Aunbmarecre» moapoOHO M3JI0XKEHBI HabJomeHust ['HImmapxa, ero 3Be3IHbIH KaTaJor, JIOIOJHEHHbLIA Ha-
6monenusivMu IlTosemest, 1 OTKPBITHE sIBJIEHUS IIPEIBAPEHUS PABHOIEHCTBHUs, KOTOpoe ['Minapx yCTaHOBUII 110
CMEIEHNIO0 TOYKH BECEHHEr0 PABHOJIEHCTBUSI CPEJU 3Be3] 30/[UAKAJIbHBIX CO3BE3/Uil B HaIlpaBJIeHUM, 00paT-
HOM BujauMoMmy npmkennto CostHia. 371ech Ke MPUBOIUTCS IIKAJIa, 3BE3IHBIX BEJIUYNH, BBeIeHHAs | UIIIIapxoM,
[IPUHIIATIBI KOTOPO# MCIIOIB3YIOTCS U 110 ceil eHb. OcraabHble KHUTH TOCBSAIIEHB MHOTOBEKOBBIM HAOJIIOICHUSIM
SIPKUX IUIAHET U ME€OIEHTPUYIECKON MO MUAPA C CHCTEMOIl SMUINKIIOB U 1eepPEeHTOB.

Xots ¢ pU3nIecKoit TOUYKN 3PEHUsi 3T MOJEJDb sBJISETCS HEBEPHOI M CJIOKHOM, B Hell BIepBble HA OCHO-
Be NeOMETPUYECKHUX IMOCTPOEHUIl M MaTeMaTWYeCKUX PacdeToB, OA3MPYIONUXCS Ha HaADJIIOJIEHUSX, ObLIO JAHO
00'bsICHEHUE OIHOU U3 BeJIMYaiiiimX HEOECHBIX 3araIOK TONO BPEMEHU — IMETIC00PA3HOMY JIBUXKEHUIO IIIAHET.

I'mybokoe m3ydenne n anaam3 0COOEHHOCTEH TeoMeTpuIecKoil mojenn IlTosemess 1 OrpOMHOTO KOJMIECTBA,
HaOJIIO/IeHN I, KaK IIPOIIJIOr0, TAK U HOBOI'O BPEMEHU, CHIIPAJIM OIPDOMHOE 3HAYEHHE B PA3BUTHH ACTPOHOMUU B
310Xy 103/Hero PeHeccanca u co3jganuu, B KoHedHOM cdere, Hukosiaem KomepHUKOM rejimoneHTpUYecKoil cu-
creMbl Mupa. ToJIbKO Toraa 3eMJis cTaja IJIAHETON COJTHETHOM CUCTEMBI U 00peJia 1Ba BAXKHEUIINX JIBUYKEHIS —
CyTOYHOE U opOuTaIBHOE (I0JI0BOE).

CoBpeMeHHOe TIOHUMAaHUe HeOeCHOU cepbl COBEPIIEHHO WHOE, 9eM 3TO ObIJI0 MHOTO TBHICSUEJeTUHN U J1arKe
CTOJICTUII TOMY Ha3aJl.

Hebecnast cdepa ucmonb3yercst HaMu KakK BCIIOMOTraTesibHasi cpepruieckast MOBEPXHOCTb HEOIPEIEIEHHOTO
pajmyca, Ha BHYTPEHHIOIO MOBEPXHOCTH KOTOPOH IPOEIUPYIOTCS MPOCTPAHCTBEHHDBIE MOJIOXKEHUST PAIMIHBIX
00bekTOB BceemenHoit — cpaBHUTENIBHO OMM3KNUX, JAJTEKAX W CAMBIX Jajekux. LleHTpoMm 3Toit BoOOpazKaemoii
cdepsl BIsIETCS HADIIOIATEIb, KOTOPBII BMECTE ¢ 3eMJleil y9IacTByeT B HECKOJBKUX JIBMKeHUsAX. [Ipu mpoerny-
pOBaHMM, T. €., OTHECEHUU IOJIOXKEHUsI 00beKTa K HeOECHOI cepe, HEMAJIOBAXKHO COIIOCTABJISITH IIEPEMeIleHne
HaOJTIOIATEN I B IPOCTPAHCTBE C PACCTOSTHUSIMU JIO TE€X WJIM WHBIX KOCMUYECKUX OOBEKTOB.

B kypce obmeit acTpoHOMUE BBI MO3HAKOMIJIMCH CO CTPOEHHEM DBCesleHHOM, PACCTOSHUSME JI0 3BE3J, I0-
soxkerneMm Coutaednoit cucrembl B [amaktuke. Tak paccTosiHusT 10 3B€3, HACTOJBKO BEJUKH 110 CPABHEHUIO C
pa3sMepamMu 3eMJId, 9TO JlajeKuil (pOH 3Be3.1 U BUJ CO3BE3IUIl OCTAETCs JJIsl HAC HEM3MEHHBIM Ha IIPOTSYKEHUU
OTPOMHBIX IIEPUO0OB BPEMEHHU, CPABHUMBIX C KU3HBIO MHOI'MX-MHOT'MX ITOKOJIEHUI. XapaKTepHO# 0COOEHHOCTHIO
HeOECHO cephl SABJISETCS TO, UTO PAIUYC €€ HACTOJBKO OTPOMEH, YTO €r0 YaCTO HA3BIBAIOT OECKOHEUHBIM, U
9TO MBI BCE/Ia MOXKEM B3sTh €r0 3aBeIOMO OOJIbIIE JIIOOOr0 M3BECTHOIO HAM PACCTOSHHUSA JO CAMOTO JIAJIEKO-
ro obbekTa BeemenHoit. DTOT painyc MOXKHO HPOJJIATH JI0 TaK HA3BIBAEMOTO «KOCMOJIOTHYIECKOTO TOPH30HTA Y,
CBOero poja rpanunsl Habsogaemoil Beeslennoil, oTKy/ia perucTpupyiorcs Hanbosiee yiaajeHHble TaJaKTHKH U
KBas3apbl. B HacTosiIiee BpeMsi MBI [IOJIy9aeM acTpopU3NIeCcKy0 HH(MOPMAIIUIO JIUIIb O JAJEKOM IIPOILIOM STUX
00'BEKTOB, TIOCKOJIBKY CBETOBBIE BOJIHBI OT HUX IIPUXOMST K HAM C OY€Hb OOJIBINTUM OMO3JAHUEM B MUJLIAAD/IBI
JIeT.

Tosbko omryrenne riayOMHBI KOCMUYECKOI'O IIPOCTPAHCTBA II03BOJISET IIOHATH, IIOYEMY OTDOMHBIE 3BE3JbI
[IPEJICTABJISIIOTCSI HAM Ha HEHECHOI cpepe HUITOXKHO MaJIBIMUA TOYKAME, KOTJIA JayKe C IIOMOIIBI0 CAMBIX KPYITHBIX
TeJIECKOIIOB He YJIaeTCsl U3MEPUTh MX yIJIOBbIE pa3Mephbl. KakuMu Torga MoryT ObITh YIJIOBbIE pa3Mepbl HAIIEH
IUTAHETHI C PACCTOSTHUS JIaXKe caMbIX OJIM3KuX 3Be31! BcieacTBue 3TOro, B3amMHOE DPACIOJIOXKEHUE 3BE3[ B
CO3Be3/INAX HE 3aBUCHT OT MECTOIOJIOKEHUS HAOJIIOIATE HA 3eMJIe.

OpHako, Kak U3BECTHO, KAPTUHA HAOJIIOaeMO 001acTu HebOa HEeIPEPBIBHO U3MEHSIETCS 3a CYeT CYTOTHOI'O
npukenns. OHa OyeT Tak»Ke Pas/IMIHON NpU HAOJIIOIEHUSX, CIIEJAHHBIX HA PA3HBIX MIAPOTAX, MOCKOJBKY B
OJIVH U TOT K€ MOMEHT BPEMEHU HaM PaCKpPBIBAIOTCs JApyrue obiactu BcereHHOI.

[Tostoxkenue r0060r0 cBeTHIA Ha HEOECHON cdepe MpU HEMOCPEICTBEHHBIX HAOIIOACHUIX U3 JIIOOOT0 MyHKTa,
Ha 3eMiie HA3BIBAIOT BUJINMBIM, B OTJIMYHE OT €r0 JEeHCTBUTEIHLHOIO IIPOCTPAHCTBEHHOIO MOJIOXKeHus. Beie-
CcTBUE HEOOBIYAITHON MaJIOCTH pa3MePOB 3eMJIM B CPABHEHUU C PACCTOSIHUSIMU JI0 3BE3] MX II0JIOXKEHUsI OOBITHO
HA3BIBAIOT MEOEHTPUIECKUMH, IIOCKOJILKY IEHTP BOOOpazkaeMoil HebGecHoit cdepbl (mosiozkeHne HabI0IaTeIs)
MOKHO 6€3 OImubKN 0TOXKIECTBUTD € IIEHTPOM 3eMyin. Takum 00pa3oM, Ipu M3MEPEHNN [TOJI0KEHU 3Be3] BEIOOD
[EHTPA IPOEKITUU HE 3aBUCUT OT TeorpaduIecKuX KOOPAUHAT MeCTa HaOJIIOIEHUS.

I T'rHOMOHOM (mpocTefmM) HA3BIBAETCS BEPTUKAJBHBIN IIECT, KOTOPBI IPUMEHSJICS JJIsl ODHEHTUPOBAHMUS, ONIPE/ICJICHHS] BpEMe-
uu 1 Bbicor CoOJIHITA IO TEHU.
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Jpyroe meJio, KOTJa U3 Pa3jIddHbIX IIYHKTOB IIOBEPXHOCTH 3€MJIU HaOJIIOIAI0TCS OOBEKTHI COJIHEUHON CH-
creMbl. VIX BUIMMBIE IIOJIOYKEHHSI CPEIU 3BE3J IIPU 3TOM OIIPEJIEJISIIOTCS TI0-PA3HOMY. DTO 0COOEHHO OTYETIUBO
MOYXKHO BHJIETh Ha cHUMKax JIyHbl m Mapca, MOJIyIeHHBIX B OJHO U TOXKE€ BPEMsl U3 Pa3HbIX 00cepBaTOpwUii,
yIaJeHHBIX HA THICSYN KUJIOMETPOB. DTU W3MEHEHUsI BBI3BAHBI TEM, UTO PACCTOSHUS N0 YKA3aHHBIX OOBEKTOB
yKe CpPaBHUMBI C PaJUyCcoM 3eMJIN: TaK, HAIIPUMEp, PacCTOdHME 10 JIyHBI B CpeaHeM COCTaBJAeT TOILKO 60
pPaJInyCcoB 3eMJIH.

[Tosoxkerust 6IU3KUX CBETUJI, 3ABUCHIIIE OT MECTOIIOJIOKEHUS IIyHKTOB HAOJIIOIEHNUsI, [TOJIYIi/Id HA3BAHUS
TOTOIEHTPUIECKNX. B 9TOM ciIydae [IJIs oIy IeHnsT KOOPANHAT STUX 00HEKTOB, HE3aBUCAIINX OT MECTOITOJIOMKE-
HUS IyHKTOB HaOJIIOIEHNUs, IPUOETraoT K YCJIOBHOMY LEHTPY chepbl — IEHTPY 3eMJIU U TEOPETUYIECKH OIIPee-
JISIIOT TaK Ha3bIBa€Mble MeOIEHTPUYECKHE KOOPAMHATHI cBeTuIa. OHU MPUBOIATCI B aCTPOHOMUYECKUX €3KEroJI-
Hukax. B mebecHoit MmexaHuke TPy U3yIE€HUN TUHAMUKA T€JT COTHEIHON CUCTEMBI U TTAPAMETPOB X OPOUT, IIEHTP
HebecHoit cdeppl (T. €. HAYAIO0 KOODAMHAT) OTHOCAT K OAPUIEHTPY CHCTEMbI «3emjist-Jlyna» — T. e. ofuiemy
IIEHTPY MAaCC 9TOW CHCTEMBI.

Ecyin npu cyTo9HOM JBHKeHUN 3eMJIH [OJI0KEHHUE IEHTPA IIPOEKIUH N3MEHSIETC HE3HAYUTE/ILHO (OHO MEHb-
nre pajuyca 3eMJIr), TO IIPU TOJOBOM JIBUKEHUU HAIIEH ILJIAHETHI 110 OPOUTE, IIPOCTPAHCTBEHHOE OJIOKEHNE Ha-
6Jr0/IaTesIs U3MEHAETC JI0 JIBYX acTpoHoMudeckux enuuur (1 a. e. pasua 149.6- 108 KM). DTO U3MEHEHHE [IEHTPA
HebecHOl cdepbl (IIPU IPOEKTUPOBAHUN) CKA3BIBAETCsl, XOTS ¥ HE3HAUUTEIbHO, HA BHIUMBIX IIOJIOKEHUAX OJIH-
JKafmmx 38e3/1. 1Torga reoreHTpudIecKne KOOPAMHATHI 3BE3/T UCIIBITHIBAIOT HEOOJIBITHE U3MEHEHUS C TOMMIHBIM
neprozioM. IIpy BBICOKOTOUHBIX OIPEJIEJIEHUSIX UX [OJI0YKEeHNH (B 0COGEHHOCTH, €CJIM PACCTOSIHUE JI0 HUX MEHbIITe
100 nK) HEOBXOMMO [OJTyYaTh, TaK HA3BIBAEMbIE, TJINOIIEHTPHIECKNE KOOP/IMHATHI, T. €. oTHeceHHbIe K COJIHILy.

BaxkaocTh ipuBeieHns KOOPAMHAT HAOJIIOIAeMbIX 00BEKTOB K TOMY WJIU WHOMY <IIEHTPY CEphl» CBA3AHO C
HEOOXOIMMOCTBIO yUeTa JBUKEHUsI 3eMJIH, T. €. I0JIyIeHUH KOOPIUHAT, CBOOOIHBIX OT JBUXKEHUsI HAOJIIOaTe)Isl.
s 6onbmmHCTBA 00BEKTOB Hatmeil ['ajakTukm, a TeM 60Jiee BHETAJAKTHIECKNX O0bEKTOB, YKA3aHHBIE [IEHTPHI
MIPOEKIINI COBMEIIAIOTCS, TTIOCKOIBKY He TOJIBKO pasMephbl 3eMJIN, HO U €€ OPOUTHI CTAHOBATCS HITITOXKHO MaJIBIMKI
110 CPABHEHUIO C PACCTOSHUSIME JI0 HUX.

Bompocst

1. Kakyto posib urpaer nebecHast cdepa npu HAOIIOJACHUN U M3MEPEHUN TOJIOXKEHUN CBeTHI?
2. B gem cocroutr crnenuduka vHebecHoit cdepbr?

3. B gem oTimume BUAMMBIX TOMOIEHTPUIECKHUX, T€OIMEHTPUIECCKAX U TeJIHOIEHTPUIECKIX IOJTOXKEHMH Hebec-
HBIX O0BLEKTOB?

4. Breipazure 1 a. e. B pagmycax 3eMiin.

5. Omnpenenuts yrioBoit nuamerp CoJIHIIA, BUAUMBIA C TIJIAHETHI Y DaH.

1.2 BaxkHeiinme acCTPOHOMUYECKN 3HAYNMbIEe HAIPaBJI€HU U MJIOCKO-
CTHU, UX IIPOCTPAHCTBEHHOE OPUEHTUPOBAHNE OTHOCUTEJIBHO 3BE3/I.
CBa3p ¢ 3emiieii u ee JBUKEHUEM

ConepxkanmeM JaHHOrO naparpada siBJISeTCsi paCCMOTPEHNe ITPOEKTUBHOIO COOTBETCTBHS MEXKIY JIMHUSIMUA U
ILTOCKOCTSIMU, CBSI3AHHBIMU C 3eMJIeil U ee IBIKEHUsIMU, U TEMU OPUEHTUPAaMU Ha, HeOeCHOI cdepe, KOTOphIE UC-
TOJIB3YIOTCSA B C(DEPUIECKONM aCTPOHOMUU [IPU U3YIEHUH IJIABHON TPOOJIEMBI — KOODJIMHATHO-BPEMEHHBIX CBA3€i
(KBC).

Cremyer momuepkHyTh, 9TO Ha HeOeCHOU cdepe MMeercs Psifi TOYEK, JIMHUN U ILJIOCKOCTEH, TOJIOKEHUST KO-
TOPBIX UMEIOT NAGHEMaPHLl Tapaxmep, TO eCTb OHI COXPAHSAIOT CBOIO IIPOCTPAHCTBEHHYIO OPHUEHTAITUIO OTHO-
CUTEJILHO 3B€3]] B T€UYEHUE OY€Hb JIOJITMX [EPUOOB BPEMEHU U HE 3aBUCAT OT MECTOIIOJIOXKEHUsT HAOJIIOIATEIIs;
Jpyrue »Ke — HOCAT A0KAADHIL Tapakmep, ITOCKOJIbKY UX IPOCTPAHCTBEHHAas OPUEHTAINs OTHOCUTEJHLHO 3Be3]
3aBUCUT HE TOJIHBKO OT KOOPJUHAT MeCTa HAOJIOJEHUs, HO U OT BPeMeH! HAOJIIO/ICHUSI.

TpynmHocTh MOHMMAHUS B3aUMOCBSI3€ll MEXKIy 3€MHBIMUA U HEOECHBIMHI OPHEHTHPAMHU COCTOUT IJIABHBIM 00-
pPa3oM B HEOOXOIUMOCTH BOCIPUSITUSI HEOECHBIX sIBJIEHUI C YI€TOM JBHXKEHHIT 36MJIM — CYTOYHOTO, TOJUIHOTO,
a Tak Ke MOHNMAHWS CIEeNUMUKN ITPOEIUPOBAHUsI COOTBETCTBYIOIIMX HAIIPABJIEHU Ha HeOeCHYIO cdepy.

1.2.1 Ocpb mupa, HEOECHBII KBATOP, IKJIUIITUKA, JUHUS PABHOJAEHCTBUA

Efuaeiv HampasieHneM B mpOCTpPAHCTBE, OOIIMM JJIsi BCEX MECT HA 3€MJIe, sIBJIS€TCS HAIPABJIEHUE OCH €€ Cy-
TOYHOI'O BpAIlleHU.



Puc. 1.1: Ocp Bpamenuns 3emyn u och Mupa

Benencrsue kpaitHe MaJibIx pa3mMepoB 3eMiid, IO CPABHEHUIO C PACCTOSIHUSIMU JI0 3BE3], OCh CYTOYHOIO
BpAIIEHUST HE3aBUCHMO OT TreorpadudecKuX KOOPAWHAT IIyHKTOB HaOJIONEHHWsI COXPAHsSeT CBOE HaIlpaBJICHHE
B IPOCTPAHCTBE HEM3MEHHBIM. TOYHO TaK YK€ COXPAHSIOTCS B MIPOCTPAHCTBE MOJOYKEHNST MHOMKECTBA IIJTOCKO-
CTeil, IepIeHINKYJISPHBIX OCH 3eMJIM U IIPOBEIEHHBIX B Ipelesax 3emiau. Takum obpas3om, Jiobast IJI0CKOCTh
reorpaduveckoil napaJiesn Ha 3emiie o0pasyeT B IPOCTPAHCTBE €IMHYIO ILJIOCKOCTh — NMA0CKOCMb Hebecho20
2K68aMOPA.

B mamry smoxy 3Ty IJI0CKOCTH IPU CyTOYHOM JIBU2KEHUN 3€MJIM OMHCHIBAET TPOiiKa 3Be3 «mosica OpuoHas.
Takyio e 1wiockocThb onuceiBaer auck Cosnia B gauu pasaogencrsuit (21.03 u 23.09).

Oco Mupa, ABJISISICH OCHOBHBIM OIIOPHBIM HAIIPABJIEHUEM, [T03BOJISET YCTAHOBUTH OPUEHTAINIO OCU BPAIEHUST
Hareil maHeThl B IPOCTPAHCTBE OTHOCUTEIHLHO 3Be3/. B pe3ysbrare 3TOro Ha HEOECHON cdepe MOKHO HATH
TOYKY, JIE?KAIIYIO HA TPOJIOJIKEHUN 3EMHOM OCU — NOAOC MUPQ, KOTOpas HE YIaCTBYEeT B BUJIUMOM CYTOTHOM
BpaleHnn HeOecHOU cdepbl, B TO BpeMs KaK BCe 3BE3bl OIUCHLIBAIOT BOKPYT HEE CBOW CYTOYHBIE ITapaJLIeIH.
Nrak, B mr000M MecTe Ha 3eMite Mbl HAOTIOAAEM CyTOTHOE BpallieHne HebeCHO cephl ¢ 6ocmoka Ha 3anad 80KpYe2
npAMot, NAPALLEsdbHOT OCU 8PAUWLEHUA 3eMAU, B TO BpeMs KaK JIeHCTBUTEIbHOE BpAIIEHUE HAIIEH IIJIAHETHI
[IPOKMCXOJUT B IIPOTUBOIIOJIOXKHOM HAIPaB/IeHUU (C 3ala/ia Ha BOCTOK) HJIM IIPOTUB XOJa 9acoBOil crpesku. B
9TOM 2Ke HAIIPABJIEHUU BPAIAIOTCA BOKPYT cBoux oceil CoJiHile u OOJIBIIMHCTBO OObEKTOB COJIHEYHOM CUCTEMBI.

B coBpemenHy0 310Xy, CEBEPHbI IOJIOC MUPa HAXOAUTCA BOJIM3M CPABHUTEIHLHO SIPKOI 3Be3xbl v Mauroit
Mensenunpt (U M?7), KOTOPYIO JOBOJIBHO IPOCTO HAXOIAT 110 3Be3xaM « u [ Bosbmoit Meapenunpt. Ha ocuo-
BAHWHU MHOTOBEKOBBLIX HAOJIIOIEHNH YCTAHOBIEHO CMEIEHHE TIOII0Ca MUPA CPEIN 3BE3/, ITO CBUIETEIHLCTBYET 00
U3MEHEHUN B IMIPOCTPAHCTBE MOJIOYKEHHUs 36MHOM OCH.

ILL. OpOUTBL
3emiu

Puc. 1.2: BekoBoe naMeHeHne TOJIOXKEHUS 36MHOM OCH, OOYCJIOBJICHHOE TIPeIeccueii

BekoBoe n3menenme ocu Bpalnenusi HAIIEH ILUTAHETHI HA3BAHO ABAECHUEM NPEUECCUU, KOTOPOE COCTOUT B CJIe-
JIIOIIEM: 3eMHasI OCh, Oy ly9H HAKJIOHEHHOH K IIJIOCKOCTH OPOUTLI oL yryioM 66°34’, onuchIBaeT B IPOCTPAHCTBE
KOHYC BOKPYT IE€PIEHIUKYJ/ISIPA K ILJIOCKOCTUA OPOUTHI.

Ha puc. 1.2 cxemaTu4dHO mOKa3aHO 3TO JBuzkeHue ocu, riae OL — meprneHauKy/sip K IJIOCKOCTH 3€MHOIA
opbutsl, a OP — oHO 13 mostoXKeHnit 3eMHOIT OcH B OIipeieieHHy o 310xy. Touky L HebecHoit cdepsl, gexareit Ha
[IPOJIOI?KEHNH TIEPIIEHIUKYJISIPA K IUIOCKOCTU 3eMHON OPOUTHI, HA3BIBAIOT MOJIIOCOM SKJIANTUKH. [1pn nameneHnn
[IOJIOZKEHUsl 3€MHOI OCH, XOTsI M OYeHb MEJJIEHHOM, IIPOMCXOJIUT TaKKe IIOBOPOT IIJIOCKOCTU 3eMHOI0 (HeGeCHOro)
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Puc. 1.3: Hebecnast «TpaeKTopus» CEBEPHOTO TOJIOCA MUPA CPEIN 3BE3]T

9KBaTOpa CPeIH 3Be3].

Ha puc. 1.3 nmokazana «HebecHast TPAEKTOPHUS» BUIMMOIO CMEIIEHUS ITOJIIOCa, MUPA 33 IEPHUOJ, IIPEIeCCH
(~26 000 ster). ITosroc KIUNTUKE, BOKPYD KOTOPOIO «BPAIIAETCsI» IIOJIOC MUPA, HAXOAUTCS HPAKTUIECKU B
HEU3MEHHOM TIOJIOYKEeHUU BOIM3M 3Be31bl ¢ pakona. OCHOBHAsT YaCTh 3TON «TPAECKTOPUU» ITOJIyIEHA TEOPETH-
geckn. TOUHBIME HAOJIIOJIEHUSIMI OXBAYeH IEPUOJT BPEMEHN! JIUINb OKOJIO HECKOJIbKUX croseTuil. Tem He menee,
oJIOZKeHusl 1oJifoca Mupa OTHOCHTENIBHO 3Be3/] B HAllle BPeMs IOJIydaloT ¢ 6ojiee BBICOKO# TouHOCTbIO. Ha
«HebeCHO TPAEKTOPUM» BHUIUMOIO CMENICHHsI CEBEPHOIO IMOJIIOCA CPEI 3Be3, HeCKOJIbKHUX co3Besiuii (Ipa-
kona, Majoit Measenuupl, Iedes) Toukamu u nudpamu oTMedeHbl MOJI0KeHUs oJ0ca Mupa B pas3jindHbie
KOCMUYECKIE SII0XU — depe3 JBe Toicsan jieT. Kak suano (puc.1.3), B anTnanoe Bpems (~ 3000 <+ 2000 et 1o
H. 3.) ocb 3emun Gbuta ycTpemisieHa K 3Be3zie « Jpakona. B mamy smoxy (~2000 sier H. 9. ) MBI HabuomaeMm
ceBepubiit omoc Mupa B6sm3u « Masoit MeaBeuiie, koropast orctouT oT Hero npumepno Ha 0°.5. Takoit
yriioBoit nuamerp umeer juck CosHia Ha HameMm HebOCBOJE.

OKJIMIITUKA

Puc. 1.4: OroGpaxkeHne T0JI0BOrO JIBUXKEeHUsI 3eMi Ha HeGecHoW cdepe (sxmmnruka); IT — nepuresmnii, A —
acenmit

B 6mmxkaitmue necarmirerns XXI B. yriioBoe paccrosinne mexay nosocom Mupa u Ilonsproit Oyner ymMeHb-
IATHCH, a 3aTE€M MeJJIEHHO BO3pacTaTh. TOIBKO Yepe3 JiBa ThICSIYeseTHs, TIOJII0C MUPA OKAXKETCs BOIM3U 3BE3/1bI
v Hedesi. B roxxkHOM HEOGECHOM MOIYITAPUH TOJIIOC MUPa HAXOAUuTCs B co3Be3auu Okranrta. Bimxkaiimieit Kk nemy
3Be3/I0M ABIsgeTcs cuabast 3Be3ma 0 OKTaHTa, TOITOMY MOMCK I0?KHOTO TIOJIIOCA MUPA TaM IPOBOJAT IO JPYTHM
APKUM 3Be3/aM, HampuMmep 1o 3Be3gam IOxuoro Kpecra.

Urak, ocb Mupa, MeJJIEHHO N3MEHSIONIAas CBOe HAIIPABJIEHUE B IIPOCTPAHCTBE OTHOCUTEIHHO 3BE3/I, Olpejie-
JIsIeT OPHEHTAIINIO 36MHOU OCH U IIOCKOCTU 36MHOI'0 9KBATOPA B TY WJIA HHYIO KOCMUYECKYIO SIIOXY.

PaccmorpuM fasiee BOIpoc 0 B3aMMHOW OPHUEHTAIMH B IPOCTPAHCTBE OCH BPAIIEHUS 3€MJIN U IIJIOCKOCTH €€
9KBATOPa OTHOCUTEJIHHO INIOCKOCTU 3€MHON opOuTHI. Jljist 9TOro HaM ciie/iyer XoTst Obl KpaTKO OCTAHOBUTHCSI Ha,
roJI0BOM JBH2KeHnn 3emuir BOKpyT CoJiHIIA.



MuoroBekoBble HaAOIONEHUST 33 BUANMBIM jBrkeHneM CouiHila Ha HeGecHOl cdepe MO3BOJIIIN ONPEE/INTh
psLT, TapaMeTpoB 3eMHOi opouThl. [Ipexk e Bcero, Jlerko mokasarh, 9To BuguMoe Hamu cMmernenne CoJtHIa cpe-
I 3Be3l (K BOCTOKY) SIBJISIETCSI OTPAyKEHHEM TOJIOBOTO JIBUKEHUsI 3eMJIM, KOTOPOE MOXKHO PacCMOTPeTh Ha
npocreitiiem puc. 1.4.

31ech MOKa3aHa 3eMHAasi OpOUTA W HECKOJIBKO ITOJIOXKEHU! TtaHeThl Ha opbure: 1, 2, 3 u T. x. [Ipu npoeru-
poearnu CoJiHila Ha HeOeCHYIO chepy JIerko BUJAETh, 9TO KarXKJIOMY HOJIOYKEHUIO0 3eMJIH HA OpOUTe OJTHOZHATHO
COOTBETCTBYET ornpeenennoe noyoxenne Cosama wa nedecnoit cdepe: 17, 2, 3" u . .

Tak MBI HOJIydaeM eJUHYI0 ¢ OpOHTONH 3eMJIM ILUIOCKOCTb, KOTOPYIO HA3BIBAIOT skAunmukol. IlnockocTsb
SKJIUIITUKY, KAK BUJHO, OIIPEIEsIsieT COOO0M IOJI02KEHNE IIOCKOCTH 36MHOIT OPOUTHI B IIPOCTPAHCTBE OTHOCUTEILHO
3BE3/I.

U3 pucynka cireqyer, aro Buaumoe nprzkerre COJTHITA 10 SKJIUNITHKE COBIAJIAET [0 HAIIPABJIEHUIO C JIeHCTBU-
TeJIbHBIM JIBIZKEHUEM 3eMJIM 110 opOuTe — MPOTUB XO/a 9acoBoil crpesiku (K BOCTOKY). Bosee Toro, yriosoit
[IOBOPOT PaJInyc-BeKTOpa 3eMJin paBeH yriioBomy repemerrennio Cosana na nebecnoii cepe. Cossesust, pac-
[TOJIOYKEHHBIE BJOJIb IKJIUITUKH, C JIPEBHUX BPEMEH MOJIYIMId HA3BAHUSA 300uakasvHuir. 11o cMene mepnoioB ux
BUJIUMOCTH, €Il JI0 MOSIBJICHUST KaJIeHIapeil, JIOAU ONpeIe/siii BpeMeHa TO/IA.

IIJIOCKOCTh ’ TIIIOCKOCTh
3€MHOI'0 / SKJIUIITUKHA
d
OKBaropa \ / a
/

3.c§ N J.C.

D
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Puc. 1.5: Opuenranus miockocreil skBaropa u 3eMHuoi opbursl. Jlunug pasuogencrsuit (T — ). Jlunus coun-
mecrosHuit (3. ¢. — JL. C.)

Kak Bam mzBectHo, BuguMblii nyth Cosnia (9kaunTuka) obpasyer ¢ HEOECHBIM 9KBATOPOM yroJ B 23°26,
T. €. TAK OPUEHTUPOBAHBI B IPOCTPAHCTBE IJIOCKOCTH 9KBATOPa 3eMJin U ee OpOouThI. JIMHUIO mepecedeHnss STUX
IJIOCKOCTEH HAa3BIBAIOT AUNHUET PABHOOEHCMEUA. DTO OJUH W3 BaXKHBIX POCTPAHCTBEHHBIX OPUEHTUPOB IIPU
OIIpeJIe/IEHNN KOOP/IMHAT HEOECHBIX 0ObHEKTOB.

Ha puc. 1.5 nokazana B3auMHasi OpUEHTAINS 9TUX IJI0CKocTel, riie OL — HampasiieHne K IOJIIOCY SKJIUITUKY,
a OP — namnpassienne 3eMHO# OCH B COOTBETCTBYIOILYIO IOXY, & TaK K€ 3/[eCh [T0Ka3aHa JIMHIS PABHOIEHCTBUS —
T — ~. 2KupHoit simHueil BbIIeIeHa Ta 9aCTh ILUIOCKOCTH 9KBATOPA, KOTOPAs BO3BBLIMIAETCS HAJI MJIOCKOCTHIO
3eMHOI opbuThl. COJTHIE B 9TOM CJIydae JIjisl JKUTeJIell CeBepHOTO TOIYIIAPHUST SIBJISETCS CBETIIOM I0XKHOTO Heba
(SKJIMIITHKA TIPU 3TOM DACIOJIOXKEHA, 0JKHEe SKBATODA).

B miockocTu SKJIMITHKY, KPOME JINHUU PABHOJCHCTBUS, TIOKA3AHA AUHUA COAHUECTOAHUT (3UMHEro — 3. C.
U JIETHETO — JI. C.), KOTOpas NePIEHIUKYJISIPHA JIUHAU PAaBHOIEHCTBUA. Kak ObLI0 yKa3aHo paHee, JMHUA PaB-
HOJIEHCTBUS BCJIEJICTBUAE IPEIECCHU 3eMHON OCH HEIPEPBIBHO, XOTS M OYeHb MEIJIEHHO, M3MEHSIeT CBOE II0JIO-
JKeHre B TIPOCTPAHCTBE M CMEINAETCsI 110 SKJIUIITHKE K 3aI1a/ly — HABCTPEUy BHAUMOTO JiBrkenust COTHIIA, 9TO
[IPUBOJIUT K TaK Ha3bIBAEMOMY npedsaperuto pasnodercmeus. B pesysbraTe 3TOr0, COOTBETCTBYIOINIEE PABHO-
JIGHCTBUE, HAIIPUMED BECEHHEe, HACTYIIAeT HECKOJbKO PAaHBIIe, YeM 3eMJis BO3BPAIAETCS B TY YK€ TOUKY CBOEH
opbutsl. Ilepuos Bpemenu, o ucretdernnn Koroporo CostHIle BO3BPAIAETCS B TOUKY PABHOIECHCTBUS, HA3BIBAIOT
MPONUYECKUM 2000M, TIPOAOJIKATEIBHOCTH KOTOPOTO cocTaisgeT 365.24220 cyTOK, UTO NMPUMEPHO DAaBHSIETCS
36590548 46°.

B anTuvHOE BpeMsi TOUKH IE€pecevIeHns] SKJINUITUKN C SKBATOPOM HAXOMJINCH B 30/IHAKAJILHBIX CO3BE3IUAX
Osen u Becnl. 3ouakajibHble 3HaKU, 0003Havaomue 3tu co3esqust (10 U =2-), COXpaHeHbl 110 TPAJUIUNA U J0
HACTOsIEro BpeMenu. B cospemennbiii nepuog, Cosnne naxogurcs B co3Besguu Poib () B JieHb BeceHHEro
pasaogencTBus u B co3se3auu esor (1)) — B genb ocennero. B 1o ke camoe BpeMs HPOHUCXOIUT IIOBOPOT
B IPOCTPAHCTBE JINHAW COJIHIIECTOSHUA. 1aK, B AHTUYIHOE BPEMsI TOYKA JIETHETO COJIHIIECTOSTHUS HAXOIUJIACh B
cozsesaun Paka (©9), a sumuero — Koszepora (-6). B HacTosiIee BpeMst TOUKa JIETHETO COJTHIIECTOSTHYST HAXOIUTCS
y rpaHuipl cospesauii Bamsaenos (I1) u Teabra (3).

BekoBoe cMmernenne TOUKM PaBHOJIEHCTBUS CPEJIN 3B€3J] BCJIEJCTBUE IIPEIECCUU, KOTOPOE MbI IIOJPOOHO pac-
CMOTPUM B NaJbHEHIIEM, BIUAET HA KOOPAUHATHI 3BE3M. DTO OCOOEHHO BAXKHO, KOTI/IA MEXKy HaOJIIOIeHUSIMI
MMeeTCsl JOCTATOYHO OOJIBINAsi PA3HOCTD SIO0X. B 3BE3MHBIX KATAJIOTaX BCErya JAeTCs II0Xa PABHOIEHCTBUs, K
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KOTOPO# OTHECEHBI KOOPAMHATHI. B HacTosiIee BpeMsl OCHOBHOM SIIOXO0i MTOC/IETHNX HOBEHIITIX KATAJIOTOB SBJIsI-
ercs snoxa 2000.0.

Bompocsi

1. Tlouemy HampaBjieHHe OCH BpAIEHUs] 3EMJIU ¥ ILJIOCKOCTH 9KBATOPa B IPOCTPAHCTBE HE 3aBUCST OT I10JIO-
JKEeHMsT HaOIIOAATE ST Ha 3eMHOM Iape?

2. Toyemy m3MeHsieTCsI TIOJIOXKEHUE 3eMHOI OCH B IIPOCTPAHCTBE OTHOCUTEIBLHO 3Be311. KakoB XapakTep 3Toro
JIBUKEHUSA !

3. Kak y3Ha/m 0 mpocTpaHCTBEHHOM ITOJIOXKEHUU IIJIOCKOCTH 3eMHOU OpOUTHI?
4. YTo Takoe KJIUNTUKA U B KAKOM HaIlpaBJeHNN HabJIroaeTcst BuauMoe jprkenune CojHIa 110 Heii?

5. Yro Takoe JsuHUs paBHOjeHCTBUsA? [loueMy M3MEHSIETCsI CO BpEMEHEM ee TIOJIOYKEeHNe OTHOCUTEIBHO 3Be3/1!
K xaxoMy 301HaKaJbHOMY CO3BE3IUIO GYIET CMEIAThCS TOUKa 1 B MOCAEAYIOIIHEe CTOJETHs (ThICSIesIe-
Tus)?

1.2.2 OTBecHasi IMHUS, IIJIOCKOCTU TOPU30HTAa 1 HeOecHOTO MepuauaHa. [lomynen-
Hadg JuHudg. KyapMuHanmm cBeTusI

B mannOM maparpade paccMoTpuM BOIIPOC O TOM, KaK U3MEHSIETCS IIPU CyTOYHOM JIBUYKEHUU 3EMJIU IPOCTPAH-
CTBEHHAsI OPUEHTAINS OTHOCUTEIBHO 3BE3]I TeX HAIPABJICHUI U IJI0CKOCTEH, TOJIOXKEHNS KOTOPBIX B IIPOCTPAH-
CTBE 3aBUCAT HE TOJHKO OT KOODJMHAT MYHKTA Ha 3eMJjie, HO U BPEMEHU HaOJIIO/ICHMS.

st 9TOr0 HaM CJIeIyeT HATIOMHUTH O TeorpadUIecKux KOOpAWHATAX ITYyHKTa HAOIIOAEHN HA 3eMHOM cde-
ponjie. Ha prc.6 mokasas HEKOTODBIi TPOU3BOJIBLHO U3OPaHHbIH Mepuduak, dos2oma KOTOPOro (\) onpeessercs
JIBYTPAHHBIM YIJIOM MEXKJY ILIOCKOCTSIMU NAaHHOrO (Mepuauana Todku A) u madagbHoro mepuguana A = 0. Ha
JIAHHOM MepUJIMaHe [HOKA3aH HEKOTOPBIA IyHKT (Touka A), acmponomuveckas wupoma KOTOPOro U3MepPserTcs
YIVIOM B IIOCKOCTH JAaHHOTO MEpHINaHa, KOTOPBI 00pa3yeT 37eCh 0meecHasA AUHUA C IJIOCKOCTHIO 3€MHOTO
9KBATOPA.

B nynkre A nokaszaHo HallpaBJieHHE Ha IIOJIIOC MHUPA, [OJIOYKEHHE KOTOPOr'0 OTHOCUTE/bHO 3Be3]I, KaK MbI
3HaeM, He 3aBUCUT HU OT MECTa IIO0JIOXKEeHNsI HabJIIoIaTeis, HI OT CyTOYHOTO BpalieHus: 3emau. OIHAKO yC/IOBUS
HaOJIIOJIEHNST CBETUJI B IAHHOM MeCTe 3eMJIU CYIIECTBEHHO 3aBUCSAT OT IIPOCTPAHCTBEHHOTO TIOJIOXKEHUS OTBECHOM
JINHUW OTHOCUTEJIHHO 3BE3/], B MOMEHT HAOJIIOICHMUS.

Omeecras aunus, OyIyIn BaXKHBIM OPHEHTHPOM TP HADJIIOJICHUSIX CBETHII, sIBJISIETCsI PABHOJIEHCTBYOMIEit
JIBYX CHJI — CHJIBI TSTOTEHUS U IIEHTPOOEIKHON CUJIBI.

K) N Py

Puc. 1.6: Teorpaduveckue xoopauaarsl Mecta nHabmogenust: T. A(p, A); LACq = ¢; LACq = L/PAN = ¢ —
ACTPOHOMUYIECKAS! IITUPOTA

[Ipu pemrennu GOJBIMIMHCTBA ACTPOHOMUYECKUX 33149, 3EMJIIO B TIEPBOM IPUOJIMZKEHUN MOXKHO CIUTATD Ila-
POM, TIEHTP KOTOPOTO COBIAJIAET C IEHTPOM MACC, T. €. STUM IIEHTPOM SBJISIETCS TOUYKA [T€PeceIeHrs] MHOYKECTBA
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OTBECHBIX JIMHWIA, TIPOBEJIEHHBIX M3 PAa3HBIX IIYHKTOB Bpamaormieiics 3emin. OTBecHas JUHUS [IEPECEKAETCS €
nebecHol cdepoit, KaK M3BECTHO, B TOYKAX 3€HUTA U HAIAUPA.

[TirockocTh, IEPIEeHINKYISIPHAS OTBECHOM JIMHUU B IIYHKTE HAOJIIOJICHNST, HAZBIBAETCS NAOCKOCTIBIO MAMEMA-
muveckozo 20pu3onma. e Jerko mpeicTaBUTh B BHJIE KACATEIHHON IIOCKOCTH K 3eMHOMY C(hepony Uil ypo-
BEHHOIi IIOBEPXHOCTH B TyHKTE Habonenns. [opu3oHT u Hanpasienne B 3enum (Z) sIBJISTIOTCS TEMU TIOHSITUSIMHU,
KOTODBIE PEAsIbHO BOCIHPHHUMAIOTCS HabsojareseM. Haji ropu30oHTOM B SICHYIO IOTO/Ly HaM PACKPBIBAETCS Ta
qacTb BcesleHHOI, KOTOPYIO MOXKHO HAOJIIOIATE U3 JAHHOTO MECTa 3eMJIM B COOTBETCTBYIOIIUI MOMEHT BPEMEHHU.
Komeuno, kapTuna BuamMoil HaJ TOPU30HTOM ObJiacTu BeestleHHOI 0YeHb CHUIBHO 3aBUCUT OT reorpaduaecKoit
ITUPOTHI.

KaxkoB ke yroj B JAHHOM IyHKTEe 3eMJI MEXKJIy HAIPABICHUSIMU HA 3€HUT U mojiioc mupa? W3 mpocreitmmx
reoMeTpudecKux mnocrpoenuit (cM. puc. 1.6) cieiyer, 4To eciiu OTBECHAsl JIMHHs C 9KBATOPOM 0Opasyer yrod,
DPABHBII IIIMPOTE MECTA, TO U BHLCOMA NOANOCA MUPAE HAO 20pu30oHmOoM bydem pagna smomy yeay. Takum obpasom,
/ZACq = ZPAN = . DTOT yros Ha3bIBAIOT ACMPOHOMUMECKOT WUPOMOTE MECTNG HAOAO0EHUA, TIOCKOJIbKY ee
MOXKHO OIPEJEe/IUTh U3 HEITOCPEICTBEHHBIX HabJroaeHnii. [Ipu 9TOM HETPYIHO BUIETH, YTO YIJIOBOE PACCTOSIHUE
Ha HebecHoil cpepe MexKLy TOIIOCOM U 3eHUTOM cocTanisier yrou (90 — ). Tak, nanpumep, s Exkarepuubypra
(¢ = 56°49') 3Be3/1BI, yIaJeHHBIE OT II0JIOCA MUPa HA yIJIoBoe paccroguue B 33°11', npu cyTouHOM JBUZKEHUU
3eMJin B OTIpE/IeIeHHbIE MOMEHTHI BPEMEHU IIPOXOJIAT HAI 3€HUT.

N3menenue yria MexKLy HAPABICHUSIMU HA [TOJIIOC U 3€HUT W, COOTBETCTBEHHO, MEXK, Iy TIJIOCKOCTSIMU Hebec-
HOT'O 9KBATOPA U MOPU3OHTA B PA3HBIX MYHKTAX HEMOCPEJICTBEHHO CKA3BIBAIOTCS HA YCJOBUIX HADJIOJEHUS pa3-
JIMIHBIX obJiacTeil HeOa HA TEX WM MHBIX MHUPOTax. deMm OGOoJIbIe MUPOTa, TeM MEHBIE yTroJ MEXKIY STUMHI
[LJIOCKOCTSIMH.

Ochb CyTOYHOTO BpAINEHUST ¢ OTBECHOI JIMHUEH SIBJISIIOTCS TEMU TVIABHBIMY HAIIPABJIEHUSIMU, KOTOPbIE OIIpe-
JIEJISIIOT TIOJIOYKEHUE B IIPOCTPAHCTBE OUEHb BaXKHOU IIJIOCKOCTH — MA0CKOCTMU Hebechozo mepuduana. eiicTBu-
TEJIbHO TJIOCKOCTH HEeGECHOrO, & TakKe M 3eMHOTO (reorpadrueckoro) MEpUMAHOB COJEPIKAT KAK OTBECHBIE
JINHUW, TIPUHAJIEXKAIIE BCEM IIyHKTaM JAHHOIO 3eMHOI'O0 MEPHUIMAaHA, TAK U HAIIPABJIEHUs K HOJIoCcy Mupa. 1lo-
9TOMY MYHKTHI Ha 3eMJie, MPUHAJJIEXKAIINE JAHHOMY TeorpaduaecKOMy MEPUIMaHy, UMEIOT ODIIYI0 MJI0CKOCTh
HEOECHOTO MepuInata. Ima eduHas NAOCKOCTD NEPECEKALMCA ¢ 8000pasicaemots nebechol chepotls no 6oabULOMY
KpYyey, NPoToAUEMY HePe3 NOAIOC U 3EHUM MECTA HAOA00eHUs U paddeasem HebecHylo chepy Ha 80CouHOoe
U 3aNAOHOE NOAYUAPUA.

[Ipu cyroumnom aBurkeHun J1000# 3eMHON MepUIHaH, a Tak:Ke W HeOECHBIH, KOTOpbIE JIeXKaT B OJHON TLIOC-
KOCTH, HEIIPEPBIBHO U3MEHSIOT CBOE IOJIOXKEHHUE B IIPOCTPAHCTBE OTHOCUTEIHHO 3BE3/T CO CKOPOCTHIO CYTOTHOI'O
Bpamienust 3emin (15°/4gac).

Momernm spemenu, K020a NA0CKOCMb daHHO020 MEPUIUAHA OKA3BIBAETNCA HANPABAEHHOT HA KAKOE-MO CBEMU-
A0, HA3BIBAIOT «8epTHEl Kysvmunayueds (6. x.) smozo ceemusa. OGBIYHO, B ACTPOHOMUYECKON JIMTEpaType,
[IpY OTIMCAHUU BUJIUMOI'O CyTOYHOI'O JBUXKEHUSI CBETUJI, KOT/[A HAOJIIOAATE/b CANTACTCS HEIIOABUKHBIM, ITOT MO-
MEHT HA3ZBIBAIOT <«NPOTONCOCHUEM CEEMUAG> “ePe3 Mmepuduar. B 9TOT MOMEHT BPEMEHU CBETUJIO U3 BOCTOYHOMN
mostycepbl MEPEXOUT B 3AMMaIHYIO.

Bce mepuduarive na Semae pasronpasko.. Ilosromy B s11060# dbusntdecknil MOMEHT Ha Bpalaloleiics 3emiie
00513aTeJIbHO HARJIETCST MEPUIUAH C OIPEJIEJIEHHO JTOITOTOM, IIOCKOCTh KOTOPOro HAIIPABJIEHA HA TO WU WHOE
cBeTmiio. Ha 9TOM Mepuinane MpOMCXOUT BEPXHSIS KYJIbMUHAINS KAKOIO-TO CBETHIA.

Hab6usromast BK ro6oro cBermia, Mbl (hbUKCHPYEM MOJIO2KEHUE TJIOCKOCTH JAHHOTO TeorpadUIecKOro MepHu -
aHa B MPOCTPAHCTBE OTHOCUTEJIHLHO 3Be3/1. Bojiee Toro, bUKCUPyst MOMEHT BepXHEH KyJIbMUHAINH JIIOOBIX CBETHIT
B JIAHHOM MeCTe 3eMJIH, MOXKHO OIIPEJIC/INTh HAIIPABJIEHUE reorpadUaecKoro MepUINaHa B IyHKTE HAOJIIOICHNUS.
Tak, HanpuMep, orMedasi MOMEHT BepxHeil KysibMuHamnyuu COJIHIIA B HEKOTOPOM IIyHKTE — €0 Ha3bIBAIOT NO0AY-
JHeMm — JIErKO OIPeJIe/INTh HAIIpaBJIeHne MepUuaHa. TakuM oOpa30M, IOJIJIEHD sIBJISETCsT YI0OHBIM MOMEHTOM
qutst opuenTupoBanus 1o Cosmiy. OpueHTHPOM Ha MECTHOCTHU IIPH 9TOM ABJISAETCS noaydennas surus. OHa
ABJIAETCH AuHueld nepecevenus naockocmets mepuduana u 2opudonma (cm. puc. 1.6).

[Tocsie BepxHeil KyJIbMUHAIUN OIIPEJIEIEHHOIO CBETUIA B JIAHHOM IIYHKTE IJIOCKOCTD HAIIErO0 MEPUIAAHA CMe-
IAETCS OTHOCUTEILHO 3BE3]T K BOCTOKY, B PE3yJIbTaTe 4ero CBeTUJIA, paHee HAOJIIONABIINECT B MEPUIUAHE, OKa-
JKYTCsT PACIIOJIOXKEHHBIME 3alla IHee ITOH TIJI0CKOCTH. B TO JKe caMoe BpeMsi CBeTHJIA, paHee BUIUMbIE BOCTOTHEE
IJTOCKOCTHU JAHHOTO MEePHUINaHa, OKAXKyTCs JTUOO O/IMKe K HeMy, OO OyIyT B IJIOCKOCTH HAIIETO MEPUIMAHA.

N3 kypca obImeit acTpOHOMUU BbI Y3HAJIU, YTO YCJIOBUs HADJIOJIEHUs] CBETU B MOMEHTBI UX KyJIbMUHAIIIT
3aBUCAT OT MMUPOTHI MecTa. [Ipr 3TOM BecbMa 3aMETHO MEHSIETCSI BUINMAsT KAPTHHA, CyTOYHOTO JIBUYKEHUST CBETUIT
B IIYHKTAX C PA3JIMYHBIMU MmupoTamu. JIJis KaxK 101 MupoThl XapaKTepHa OlpejieJieHHasT «KPYTU3HA» CYTOTHBIX
IyTell CBETUJI OTHOCUTEILHO NrOpr30HTa. MHOIrME U3 BAC yMEIOT BBIYUC/IUTE BBICOTY 3BE3/IbI B MOMEHT €€ BepXHeil
KyJIbMUHAIIMY B IIyHKTE C U3BECTHON MIUPOTOIA.

fcHo Jin BRI IpejicTaBIsieTe, IOYEMY Ha PA3HBIX IUPOTAX «CBOU 3€HUTHBIE 3BE3JIBI», YEM OIPEIeJIseTCs 1M0-
CTOsIHHAsI PA3HOCTDb BBICOT 3BE€3J[ B MOMEHTHI UX KyJbMUHAIINA Ha HaHHOU mupore? OmpemesisionuM (pakTopoM
[IPU 9TOM SBJISETCs PA3JIMIHAS IPOCTPAHCTBEHHAS] OPUEHTAINS B JAHHOM IIYHKTE OTBECHOH JIMHUU U IJIOCKOCTH
TOPU30HTA OTHOCUTEJIHLHO HAIIPABJICHUST HA TIOJIIOC MUPa. B MOMEHTHI KyJIbMUHAINH, KAK W3BECTHO, HAIIPABJIEHUSI
HA TIOJIIOC MUPA, 3¢HUT W CBETUJIO JIEJKAT B OJIHOW IJIOCKOCTH. JIJIsT BBISICHEHUST 9TUX BOIIPOCOB BOCIIOJIH3YEMCsI
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PHUCYHKOM 3eMHOro mapa (puc. 1.7), ¢ IOMOIIBI0 KOTOPOro MOXKHO HAIVISIAHO IIPOMJLIIOCTPUPOBATL TAKOIO POJIA
U3MEHEeHH.

Pg

Puc. 1.7: I3amenenne mosiokeHus OTBECHOMN JINHUN U IJIOCKOCTUA TOPU30HTA B IIPOCTPAHCTBE OTHOCUTEIBHO 3BE3]]
[PU CYTOYHOM BDAIEHNN 3eMJIH, HabJI0[aeMoe B Ha3eMHOM IIyHKTe A; 1) mosoxenune mepumana B MomeHT BK
3BE3/bl; 2) MOJIOXKEHUe TOro ke Mepuauana B MoMeHT HK 3Be31pl

ITycrs crpaBa ot ocu Bpaienust (1) MOKa3aHO TMOJIOXKEHHE HEKOTOPOrO MEPUJIMAHA, KOTJA B OJHOM U3 €ro
[[yHKTOB, PACIIOJOXKEHHOM B 0BJIACTH CPEHUX IIUPOT CEBEPHOIO TOJIyInapust (T. A) NPOUCXOIUT BEPXHSIS KYilb-
MUHAIUS HEKOTOPOro ceermia. CieBa or ocu BpaiieHus (2) MOKA3aHO MOJIOXKEHUE TOIO YKe MEPUIUAHA, KOTOPOEe
OH 3aiiMeT B IIPOCTPAHCTBE dYepe3 MOIyo0opoT 3eMJid BOKPYT OCH, TOTJA B 9TOM IIYHKTE OyIeT HaOJII0IaTbCs
HIKHeAS KYJbMUHAINS JAHHOTO CBETUJIA. 10YeqHON JIMHIeH Ha 9TOM PUCYHKEe [TOKAa3aHbl HAIIPABJIEHNS HA CBe-
THJIO. 3Be3/Ibl HACTOJIHKO JIAJIEKH OT HAC, YTO B Pa3HbIe IYHKTHI IIAHETHI CBETOBOI MOTOK, TPUXOJANIUN K HAM
OT TOTO WJI WHOTO CBETHJIA, 00pa3yeT OJIMH U TOT Ke yToJl C IUIOCKOCTBIO 3eMHOI0 9KBaTopa. B masbHefinem
MBI OyJieM HA3bIBATH 9TOT YIOJ CKAOHEHUEM CEBEMUAG.

Ha puc. 1.7 nya xaxkgoro nosoxkenus mepuauana (1, 2) B mynkre HabirofieHusl A IIOKa3aHBI IJIOCKOCTH
FOPU30HTA, OTBECHON JIMHUM M HANPABJEHUE K IMOJIIOCY MUpa. B IUIOCKOCTH ropu3oHTa miis cayvaes (1) u (2)
TaK»Ke TOKA3aHbl JIMHUU [ePecedeHns] IIJIOCKOCTH TOPU30HTA C IIOCKOCTHIO MEPUIUAHA, T. €. NOAYIEHHbIE NUHUL
(NS).

[Ipoananu3upyeMm u yToIHNM, Kak OyJeT HaOJIIOATHCS JTAHHOE CBETUJIO B T. A B MOMEHTBI KyJbMUHAIAN 1
HACKOJIBKO M3MEHSITCSL BBICOTHI BCeX 3Be3Jl (He3aBUCUMO OT UX CKJIOHEHUs) Yepe3 IIOJIOBUHY CYTOK Ha M3OPaHHOI
HaMU IIAPOTE.

[Tocrapaiirech yBUIETH TOT IYHKT HAa JaHHOM MEpUINaHe, IJe 9TO CBeTU/IO KyJIbMUHUpYeT B 3eHuTe. Ha aToM
JKe PUCYHKE HETPYIHO YBUIETH, YTO HA KAXKJOW IMUPOTE CBETOBOM JIYY OT JAHHON 3BE3bI OY/IeT 3aPErUCTPUPO-
BaH B MOMEHTHI KyJIbMUHAIUI 10/ PA3HBIMU YIJIAMA OTHOCHUTEIBHO IJIOCKOCTEH TOPU30HTOB MECT HADJIIOIEHNUS.
B nanHOM ciiydae B3sTO CBETHIIO, KOTOpOe B Touke A Habuomaercs BO/M3M 3eHUTa (K IOy OT HEro) U BBICOTA
ero HaJi ropu3oHTOM B MoMeHT BK 3HauuTesbHA.

B MoMmeHT HMXKHEH KyJIbMUHAIMH, KOTJIAa MepUIUaH T. A 3afiMeT OTHOCUTENBHO 3BE3JI TMOJIOXKEHUE 2, TO
CBETOBOI ITOTOK OT HUX IPUHUMAETCsI CEBEPHO CTOPOHOI ropu3onTa. MHOrME cBeTHIa Mpu 3TOM HAOIIOMAIOTCS
HU3KO HaJ ropu3onToM. Ha puc. 1.7 mokasaHo CBETHJIO, CBETOBOI Jiyd OT KOTOPOrO B IIYHKTE HAOJIIOIEHUS
BCeTpevaeTcss ¢ (PU3NIECKON MOBEPXHOCTHIO 3emuind. Torya 9TO CBETMJIO OKA3bIBAETCS 3/I€Ch HUKE IJIOCKOCTH
TOPHU30HTA, T. €. sIBJITETCs] HEBUIUMBIM JIJIsE HAC. B 9TOM Cjiydyae BBICOTAM CBETHJI IIPUIIACHIBAIOT 3HAK «MUHYC>.

[Ipu cyToanom BpameHnn 3eMJIn NI OCh MUPA HE M3MEHSIET CBOET'0 HAIIPABJICHHUS OTHOCUTEIBHO 3BE3I, B TO
BpeMsI KAK OTBECHAs JINHUS U, COOTBETCTBEHHO, IIJIOCKOCTh TOPU30HTA HEITPEPHIBHO M3MEHSIOT CBOIO OPUEHTAITIIO
B mpocrpaHcTBe. CIIeJICTBUEM STOTO SIBJISIETCS HEMPEPBIBHOE M3MEHEHUE BBICOT CBETUJI, KOTOPBIE JOCTUTAIOT
CBOMX IEJIEJIbHBIX 3HaueHni (HanboJsblneil n HanMeHbIel) B MOMEHTHI KyJabMuHanuii. Kax BUIHO, oTBecHast
JINHUSI, IPA CyTOYHOM BpPAIeHUH 3eMJIA B JIIOOOM MeCTe ILJIAHEThI OIUCHIBAET B IPOCTPAHCTBE KOHYC BOKPYT OCH
MUDA, & TOYKA 3eHUuTa (Z) — OKPYKHOCTH C IEHTPOM B MOJIIOCE MHUPA, YTO TAKXKe MOXKHO BUIETh HA puc. 1.7.

B kpaiinux nosoxenusx (1, 2) orBecuasi JUHUS, &, CJIEIOBATEILHO, U [IJIOCKOCTh FOPU30HTA U3MEHSIIOT CBOE
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[IOJIO’KEHHE B IIPOCTPAHCTBE HA JABOMHON yrosi Mexkjy HalpaBJIeHUsAME Ha HOJIOC U 3eHuT: [2 - (90° — )], uro
COCTaBJISIET PA3HOCTDH BBHICOT JIIOOOrO CBETUJIA B JAHHOM MecTe 3eMJIM B MOMEHTBHI UX BEPXHeH W HUXKHEH KyJjib-
MUHaIUI:

Ah:hBK—hHK :2-(900 —90).

Takum 00pazoMm, Iy KaxKI0il MUPOTHI, B 3aBUCHMOCTHU OT yTJIa MEXKJIy OTBECHOI JIMHUel B IyHKTe HaDJIIO-
JIEHUSI ¥ OChIO BparieHust 3eMu Oy/IeT CBOsI Pa3HOCTh BBICOT CBETHJI B MOMEHTBI UX KyJabMuHarumit. Ot 310ro
BaBUCUT U «KPYTU3HA CyTOYHBIX IIyTeil» CBETUJ OTHOCUTEIHHO MOpU30HTa MecTa Habsonenns. Kak BujaHO, dem
GoJIblIle IUPOTA MECTa, TeM MeHbIe OyIyT pa3/indarbcs BbICOThI cBeTil B obenx Kysnbmunanuax (BK u HK).

I/ITaK, B 9TOM Iy1aBe Mbl HO3HAKOMUIJIUCH C BaXKHBIMU 3€MHbIMI OpueHTUupaMu, KOTOpPbI€ CBA3aHbl C ITIOJIO2KEHU-
eM HabJIro1aTe st Ha 3eMJIe U ee JIBIKEHUEM. DTH OPUEHTHUPHI Oy/IyT MCIIOIb30BATHCA HAMU JIJIs IIPEICTaBIEHUS
BUJIMMBIX ITOJIOXKEHUI CBETUJI Ha HeGecHoi cdepe.

Bompocst

1. TTouemy cBODOIHO A TAIOIIEE C BHICOKOI OAITHU TEJIO yIaIeT K BOCTOKY OT OCHOBAHWs OAITHU?!
2. Yro Takoe acTpOHOMUYECKAs] MUPOTAT

3. YTo Takoe ILJIOCKOCTh TOPU30HTA U IIOJIY/€HHAs JIMHUSI B JAHHOM TOYKe 3eMHOrO cdepona’

4. Yro Takoe KyJbMUHAIIAS CBETUJI!

5. IToyeMmy mpu CyTOYHOM BpPAIEHUH 3EMJIU IIPOUCXOAUT U3MEHEHUE BBICOT CBETUJIT

6. ITouemy pasHOCTb BBLICOT CBETHJI B MOMEHTBHI OOOMX KYJIbMUHAIMI 3aBUCAT TOJILKO OT IIMPOTHI MECTa
HaOJIIONCHUA !

7. Ha kakoil mmpore mpu CyTOYHOM BPAIEHUN HAIed MJIAHETHI HE MPOUCXOAUT U3MEHEHUH BBICOT CBETHLI
HaJ TOPU30HTOM?

8. OmpeseuTh Pa3HOCTh BHICOT CBETUJI B MOMEHTHI BEPXHEH 1 HUKHEN KyJIbMUHAIMN JIJTs yHKTOB C IIIHPO-

Tamu 56°49" u 46°28'.

1.3 Hebecnas cepa B myHKTE HAOJIIO/IeHNS, €€ OCHOBHbIE TOYKU, JIN-
HUU, IJIOCKOCTH

TTocse paccmoTpenust CHCTEMBI 3eMHBIX OPHEHTUPYIOIIUX [TaPAMETPOB OTHOCATEIHHO 3BE3]T IIepeiiieM K UX 0T00-
PaXKEeHWIO Ha BCIIOMOTaTEeIHLHON MOBEPXHOCTH BOODparKaeMoil nebechotl cghepor. B mmpokoM mOHUMAHUHN «HeGec-
Hast cdepay UCIOIB3YeTCsl KakK IIOBEPXHOCTD, HA KOTOPYIO U3 IIEHTPA MPOEKITUH, CBSI3AHHOM C IIOJIOXKEHIEM 3eMJTI
(n HAGITIONATEIIST), MOXKHO TIOJYIUTh BUMMOE MIOJIOKEHNE CBETUIIA B TOH MJIM MHOM CHCTeMe KOOD/MHAT.

Kaxxmomy HampapjieHUIO U3 IeHTpa Chepbl OTBeYaeT TOYKA, KaXKJIOW IJIOCKOCTH — OOJIBIION Kpyr 3TOi
cdepol. Ha uebecHol cdepe cTporo coxpaHsieTcsi IPOEKTUBHOE COOTBETCTBUE MEXKJYy BCEMU HAIPABJICHUSIMU U
ILUTOCKOCTSIMU, CBA3AHHBIMU C 3€MJIEH.

BcemmomorarembHyio MOBepXHOCTDL HEOECHOH chepbl B ACTPOHOMHUU CBSI3BIBAIOT C IOHSATHEM <«(OHa 3BE31y,
T. €. TOrO OIIOPHOI'O KapKaca, KOTOPBIN HCIIOIb3yeTCsl KAK IPU BHICOKOTOYHOM OIpeJIeJIeHIH TPOCTPAHCTBEHHBIX
[TOJIOYKEHUIT 3Be3/I, TaK W IIPU YTOYHEHUU II0JIOXKEHUN OCHOBHBIX 3€MHBIX OPHEHTHPOB, KOTOPbIe 0OECIIEUNBAIOT
CO3/IaHNe CAMOIl CHCTeMbl 3eMHBIX KOOD/IMHAT.

C momompio HeOeCcHO# cdepbl MOXKHO MPEICTABUTH W MOKA3aTh JII0ODOE TOJIOXKEHUE CBETH/IA B IYHKTE Ha-
6soieHnsT B JII000 MOMEHT BPEMEHH OTHOCHUTEIHBHO M30PAHHBIX IJIOCKOCTEH C y9IeTOM BUIUMOIO CYTOUHOTO
Bpalenus HebecHoi cdepbl, B TO BpeMs KaK HAOJIOIATENb CANTAET Ce0sT HETTOABUKHBIM M HaXOIUTCS B TIEHTPE
3TOM cephl.

ITpu u3yueHnr MUPOKOrO KPyTa 3a/1ad 1o pobieme KoopauHaTHO-BpeMeHHbIX cBsizell (KBC) ncnosnbsyrorest
pa3/IMIHbIE KOMOMHAIIUU TIJIOCKOCTEl ¥ HAIIPABJIEHUN.

PaccmoTpum HIXKE Te IJIOCKOCTH U HAIIPABJIEHUS, KOTOPhIE IPUMEHSIOTCS DU U3YIE€HUN SBJICHUIT, 00YCIOB-
JIEHHBIX CyTOYHBIM BpatnenuneMm 3emin. Oun nokaszanel Ha puc. 1.8. Ha arom pucynke mpuseeHbl 0003HAYEHUST
OCHOBHBIX JIMHUI (HampassieHuit) u mwiockocreit. 3nece PP’ — ock mmpa, ZZ' — oTBecHasi JIMHUS B IIyHKTE
Habmronenust, Q' — miIockocTh HeGecHoro akpaTopa U N ESW — mnockocTs ropusonTa. s JaHHOI IIHPOTHI
cJielyer sICHO MPEeJCTaB/IATh B3aUMHOE OPUEHTHPOBaHNE TJIABHBIX HAlpaB/eHuil u miockocreii: ZPON = ¢, Tie
(0 COOTBETCTBYET BBICOTE IIOJII0CA MUPA HaJ ropu3oHTOM, a ZPOZ = 90° — ¢ gBjsIeTcs yIIoM MeXK 1y HallpaBJie-
HUSIMU Ha, TIOJIIOC U 3€HUT. TaKuM 2Ke [0 BeJIMINHE SBJISETCH YTOJI MEXKTy IIOCKOCTBIO TOPU30HTA U IIJIOCKOCTHIO
HeOECHOTO PKBATOPA.
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Puc. 1.8: Hebecnas cdepa s myukra ¢ dburcupoBanHoil muporoit. OCHOBHBIE TOYKH, JIMHUHU, ILIOCKOCTH.

/NOP = ¢

[Ipu ommcanuu CyTOYHOrO JBUKEHUS CBETUJ HEOOXOIUMO SICHO BOCHPUHUMATH TAKYI0 BAYKHYIO TJIOCKOCTH
KaK HnebecHvii mepuduan. as Habmogaresis, KOTOPBIl canTaeT cebs B JAHHOM CJIydae HEIOJBUYKHBIM M Ha-
XOIUTC B TieHTpe cdepbl, HeOECHBINT MEepUIUAaH MIPOINE BCETO MPEJICTABUTH B BHJIE BEPTHUKAJIBHON IJIOCKOCTH,
npoxojsiieit yepe3 mosioc mupa. C momomnipio HeGecHO# cdephl JIErKO MOKa3aTh J0H0e MOJIOKEHNe CBETHUJIA,
OTHOCUTEJIbHO TOPU30HTA ¥ MEPHUINAHA B 3aJIAHHBIII MOMEHT BPEMEHU, OIMCATh BUJAUMYIO KAPTUHY CYTOYHOTO
JBUYKEHNS] CBETHJIA W UCIIOJIB30BaTh MaTEMaTUIEeCKUI annapar cpepuIecKoil TPUrOHOMETPHH.

B zaBucumocTu or TOro, Kak BbI m300pakaeTe HA PUCYHKE OCb MUPa OTHOCHATEJHLHO OTBECHON JIMHUM — B
JIEBOII WM NIpaBOil OpueHTAIuu — yZ00HO OIHMCATH BUIUMOE CYTOYHOE JIBUXKEHUE CBETUJI HA BOCTOYHOM (10
BK) nu 3anazanoit nosycdepe (nocie BK). Ha nannom pucynke (puc. 1.8) nokazana «JjieBasi OpUEHTAIUSI» OCH
mupa (PP), Torga oxHas cropoHa HebecHoro Mepumana (PZ(QS) pacnosnaraercst cipasa, a K HAOIIOIATENO
obpailieHa 3araHasi moJycdepa.

[Ipu onmcanum CyTOYHOrO JBUXKEHUSI CBETHUJI CJIEyeT O3HAKOMUTHCS C TAKUMU ILJIOCKOCTSIMU KaK SEPMUKAL
U Kpye cKaonenus ceemuaa. BosbMmeM Hanpasienue u3 neaTpa cdepbl Ha 3eaut (Z) u ceerusio (o). B pesyib-
TaTe MOJIYIUM BEPTUKAJIBHYIO IJIOCKOCTh, MPOXOAILYI0 Yepe3 9TH TOYKHU. e Ha3BhIBAIOT BEPTUKAJIOM CBETHIIA.
Eciin ke Bo3bMeM HalpaBiieHHsI Ha HOJIOC Mupa U ¢BeTuiio (Oc), TO HOJLyYuM IIIOCKOCTD, [EPHEeHANKYISAPHYIO
9KBATOPY U IPOXOJSILYIO Yepe3 MOJIOC MAPA U CBETHJIO, KOTOPYIO HA3BIBAIOT KPYroM CKJoHeHwus . [losooicenus
YKA3AHHBLT NAOCKOCTET HENPEPHIGHO USMEHAIOMCA OMHOCUMEADHO HEOECH020 MEPUIUGHE C CYMOWHBIM NEPUO-
dom.

HebGecupblii Mepuuad mepecekaeTcst ¢ III0CKOCThIO TOPU30HTA BAOJIb noaydernnot sunuu (N S), koropas yka-
3bIBAET HAINPABJICHUE MepHJIMaHa B JJAHHOM IyHKTe. HebecHbI 9KBATOD MEpeceKaeTrcss ¢ TOPU3OHTOM BJIOJIb
JIMHUW «BOCTOK—3araji». TakuMm o0pa3oM, B IJIOCKOCTH TOPU30HTA PACIIOJIOXKEHBI IJIABHBIE TOYKHM TOPH30HTA,
ABJISIONINECS OopueHTUpaMu Ha MmectHoctu. Jluamsa EW ma 3emHOM cdepounse sBiseTcs KacaTeabHOW K Teo-
rpaduvecKoil mapaJjuiesin B IIyHKTe HabrojgeHus, a juausg OF onpejessieT HallpaB/IeHHE BEKTOPa CKOPOCTHU
cyTouHoro Bpamenus 3emyn (u Habmogaress). Touky F B aCTPOHOMEUU OOBIYHO HA3BIBAIOT ANEKCOM CYMOHHOZ0
deuoiceru.

MbI HEOTHOKPATHO YKA3BIBAJIN, KAK HA MECTHOCTH MOXKHO HANTH HAIpaBJeHUE TOJIYACHHON JuHNH. JIuHIIO
EW MOXKHO 3pHUTENIbHO TIPEJICTABUTDH B JJAHHOM MeCTe 3eMJIH JIUIIb B JIHA PABHOJICHCTBUS, B MOMEHTBI BOCXOJIA
nau 3axona CosHna.

B oTmesbHBIX cilydasix BMECTO IIOJIHOIO PUCYHKa HeOeCHO# cdepbl JOCTATOYHO II0JIb30BATHCS OrPAHUYEH-
HBIMU y4YacTKaMu HeGecHOI cephl, KOra BakKHO BBIIEIUTD IMOJIOYKEHNE CBETHUJIA OTHOCUTEIBHO TOM MM WHOM
iockocTu (Hampumep, miockocru Mepuzuana). Huxke npusogum pucynku 1.9a, 1.96 st n3bpanubix obiacreit
Heba, KOrga HeoOXOINMO MOKA3aTh IOJIOYKEHIE CBeTU/IA BOJIM3U ILIOCKOCTH HEDECHOTO0 MEPUIMAHA B MOMEHTHI,
GJiM3KKMe K BepXHell win HIKHeHl KyJabMuHaImsaM. B mepBom ciaydae (puc. 1.9a) CBETHJIO «II€PEXOAUT» U3 BO-
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cTovHON yacTu HebecHOl cdepbl B 3anajHyio, Bo BropoM (puc. 1.96)) — u3 3anaiHoil B BOCTOYHYIO.
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Puc. 1.9: Cyrounoe nBurkenue 3Be3j BOJN3U MepuauaHa (Buz U3HYTpH cdepbl, HADJIIOIATEIb PACIOIOKEH B
CPEJIHMX IMPOTAaX CEBEPHOTO TOJYIIIAPHsT 3EMJIH): &) I0XKHasi CTOPOHA; 6) ceBepHasi CTOPOHA

1.3.1 Cdepuyeckuii TPeyroJbHUK U €ro 3JIeMEHTbI

Pemenne GompIimumHCTBA 33189, U3ydaeMbIX B Kypce CPEpPUIECKONl ACTPOHOMHUU, CBOJUTCH K HCIOJb30BAHUIIO
dopmyn chepudeckoit Tpuronomerpun. M3-3a HemocTarka JIEKIIMOHHOIO BPEMEHH BbLIBOJ, OCHOBHBIX (DOPMYJI
BBIHOCUTCSI HA CAMOCTOSITEILHOE U3YIeHUeE.

B

Puc. 1.10: Cdepuuecknit Tpeyroabauk. Ero smemenTs

Dtotr Bompoc noapobHo n3aokeH B «lIpuioxkenun Ne 1s: «OcuoBbl cdepudeckoit Tpuronomerpuuns. [lpu
n3ydeHun CHepudIecKoil TPUTOHOMETPUU HEOOXOIMMO PACCMOTPETh CBSI3U MEXKJY JIEMEHTAMU CHepuIecKoro
TPEyroJIbHUKA, OCBOUTH BBIBOJ (DOPMYJI M CJIOBECHBIE (DOPMYIUPOBKH, 00ECIIEUNBAIOIIIE COCTABIEHIE HEOOXO M-
MBIX 3aBUCHMOCTEN MEXKy CTOPOHAME U yIJIaMU CPEPUIECKUX TPEYTOJTHHUKOB.

Cpepuneckum mpeyzosvrurom Ha HebecHol cdepe saBisieTcs purypa, 00pa3oBaHHAs JIyTaAMU TPeX OOJIBITNX
kpyros. Takoit Tpeyroapauk ABC' (¢ BepmmHoii B nieHTpe cdepsr, B Touke O) nokasan Ha puc. 1.10. CTopons
U YTJIBI B 3TUX TPEYrOJIbHIUKAX BbIPAXKAIOTCS B IPALyCax.

Vrisl chepraeckoro TpeyroJibHUKa TPUHATO 0003HAaYATh 3ariaBubiMu OykBamu A, B, C', a CTOPOHBI MaJIBIMU
OyKBaMU B CJIEYIONIEM MOPsJIKE: TPOTUB yria A JIeXKUT CTOPOHA @, TPOTUB yryia B — JiexKut cropona b u 1. 1.
D10 ciieyeT TOMHUTH TPU BBIBOMIE (GOPMYJT cHEPUIECKOrO TPEyTroIbLHUKA.

B cdeputeckom TpeyroabHUKe, CTOPOHBI U3MEPSIIOTCS IEHTPAJIBHBIMUA YIJIAMEA MEXK/Iy COOTBETCTBYIOIUMUI
pamycaMu, a yrjibl — JABYIPAHHBIMU YIJIAMH MEXKJLY IIJIOCKOCTSIMUA COOTBETCTBYIOIIMUX OOJbIUX Kpyros. Ha mo-
BEPXHOCTH C(PEPBI 3TU yIJIBI U3MEPSIIOT IJIOCKUMU yTJIAMU [IPU BepIIuHE C(PEPUIECKOI0 TPEYroJIbHUKA, KOTOPHIE
00pazoBaHbl KACATEJBHBIMU K ero croponaM. Tak, nanpumep, yroa A pasen yruy LAK, tne AL u AK — kaca-
TesibHbIE K cToponam AB u AC. B acrpoHOMEUE paccMaTpUBAIOT CJIyUail, KOTJa yIJIbl U CTOPOHBI ChHePUIECKOrO
TpeyrosbHuKa MeHbIe 180°.
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Chepuneckum npamoy20ibHbLM MPEY2OALHUKOM SABJISETCS TOT, B KOTOPOM OJMH U3 YIJIOB, HAIIPUMEP, YIOJI
A =90°. Torya cTOPOHY @ HA3BIBAIOT TMIIOTEHY30i, a CTOPOHBI b U ¢ — KaTeTaMu.

[Ipu u3ydeHUM CyTOYHOrO JBUYKEHUS CBETUJ OYEHDL YACTO HCIIOJIB3YETCS NAPAAAGKMUYNECKUT MPEY20NbHUK
Ha HebeCcHOH cdepe, KOTOPBIN 00pa30BaH IJIOCKOCTIME HEOECHOTO MEpPHUINaHa, BEPTUKAJIA U KPYyra CKJIOHEHUS.
Bepiuramu 3T0ro TpeyrobHuKa ABIAIOTCS IIOJIIOC MUPa—3€HUT—3Be3/1a». [Ipu cyToYHOM BparieHun Hebec-
HOI1 cepbl JIBé CTOPOHBI ITOrO TPEYTOJLHUKA OCTAIOTCS HEU3MEHHBIMU (YIJIOBOE PACCTOSTHHUE MEXKY [IOJIOCOM
U 3€HUTOM B IIyHKTE HADJIIO/EHNUsI, & TaKKe YIVIOBOE PACCTOSHIE 3BE3/bl OT [OJII0CA MHUPA), HO IIPU 9TOM Helipe-
PBIBHO U3MEHSIETCS BO BPEMEHH yTJIOBOE PACCTOSHUE 3BE3JbI OT 3€HUTA. DBoJjiee CIOXKHO M3MEHAIOTCS YIJIBI B
9TOM TPEYrOJbHUKE: YrOJ MEXKJY IJIOCKOCTHIO MEPUIMAHA U BEPTUKAJIOM, a TAK¥Ke YIOJ MEXKJy MEPHUIMaHOM
U KPYroM CKJIOHEHUsI JIAHHOIO CBeTuja. JIUIib TOJBKO TpU HAOJIOJEHUN CBETHJI B MEPHUIMAHE UCKIII0YaeTCs
HCIIOJIb30BaHue chepruIecKoro TpeyroJbHuKa.

[Ipu usy4yeHUn cucreM acCTPOHOMHMYECKUX KOODIUHAT W B3AUMOCBA3EH MEXKIy HUMHM HaM HIPUIETCS B JAJIb-
HEMIIeM pacCMaTpUBATh JApyrHue chepudecKre TPeyroJbHUKY.

Bompocst

1. Yro Takoe cdhepudecknii TpeyroabHuK! OMUIMIATE €ro JTeMEHTHI.

2. Kaxkoit cdhepudecknii TpeyroJabHUK CIYUTAIOT TPSMOYTOIbHBIM! Kakne mpaBmjia MCIOIB3YIOTCS IPU CO-
crassieanu ero ¢popmys?! [IpuBegure mpumepsr.
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I's1aBa 2

OcCHOBBI BEKTOPHOII aCTpOHOMUN

2.1 Cdepuieckasa cucreMa KOOPJAUTHAT

Jljis pemennst MHOTHX 3a/1a9 OKa3bIBAETCS yI00HEE BMECTO JIEKAPTOBON CHUCTEMbI MCIOJIL30BATh KPUBOJIMHEH-
HbIE CHCTEMBbI KoopjauHat. B obmiem ciydae ucnonbsyiores tpu byuxiuu f1(x,y, 2), f2(z,y,2), f3(x,y,z) nia
OIIPEJICJICHUS TIOJIO?KEHNS TeJIa B IIPOCTPAHCTBE. KOOpAMHATHAA CETKA COCTOMT U3 IEPECEKAIOMNXCH KPHBBIX
fi(z,y,z) = const, i = 1,2,3 BMecTo ceTKu UPAMBIX JUHUI T = const, y = const, z = const B 1eKapTOBOIl
cucreme. Ecim byHKIMM BLIOpAHBI MOAXOASAIIMM 0OpPa3oM, TO IMOJIOYKEHHE OOHEeKTa MOXKET ObITh OJHO3HAYHO
OIIPEJIEJIEHO € OMOIIBIO KPUBOJIMHEHHBIX KoopauHat (f1, fa, f3) BMECTO IeKapTOBBIX KOODJIMHAT (X,Y, Z).

K Takum cucremam oTHOCUTCH M cepudecKass CHCTEMa KOODPIWHAT, IMUPOKO UCIOJb3yeMasl HE TOJBKO B
acTpoHomMun, HO U Japyrux Haykax. Cdepudeckue koopiuuarel (cM. puc. 2.1): r — paauyc-BeKTOp 00beKTa,
6 — moasSpHOE PACCTOSIHUE, KOTOPOE MHOI/IA HA3BIBAIOT KOMIUPOTOH, U A — JOJIr0Ta CBA3AHBI C JIEKAPTOBBIMU
KOOpJIMHATAMU T, Y, 2 yPABHEHUSIMU:

rsin 6 cos \

rsin @ sin A
z = rcosé. (2.1)

[Tonsiproe paccrosiine u3mensiercss ot 0° mo 180°, moarora — ot 0° mo 360°.

N

Puc. 2.1: Onpenenenne cepudecKknx KOOPIUHAT TOUKH

Cucrema ypasrennii (2.1) upezcrasisier npeobpasoBanue Mexy cepuiecKkoil U JIeKapTOBO CHCTeMaMu
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koopaunar. Crenosarensho, dyukuuu (f1, fa, f3) paBHbL:

fio= =ty 22

z
fo = 60 =arcctan————, 0< 0 <7

arctanZ, 0 <A< Z, >0,y >0
f3 = A= 7T+arctan%,%<)\<37“,x<0 . (2.2)
2m + arctan £, %’TS)\< m, x>0, y<0

Bepuemcst ¥ puc. 2.1. Hepes npousBosibHO Bbibpannbie Touku A u C' mposejgeM 6osbinoit kpyr. ITosrocst
obosnaunm Kak P u N. IIpoBesiem renepb depe3 HOOCH U TOYKY A GOJIbIION KPYr (aHAJOMMYHO IPOBEIEM
Goabmoit Kpyr yepes Touky C'). O6o3HauMM uepes 6 MEeHTPATIBHBIN yroJ MexK/ly HallpaBJeHHeM Ha TOYKy P u
HaIlpaBJIeHHeM Ha IIPOU3BOJILHYI0 TouKy A, nexkayto Ha cdepe B mockoctn Goabinoro kpyra PAN. Ilposenem
4epe3 104Ky A’ miockocTsb, mapaiensbuyio tobimomy Kpyry OAC. TlojyueHHas MIOCKOCTD ABJISETCS MAJIBIM
Kpyrom, n pajamyc okpyxkuoctu O’ A’ = p pagen, ecom OA’ = R:

p=0A"sinf = Rsinb. (2.3)

Beemem mexaproBy cmcremMy KOODJMHAT: OCh T HALPABHM BJIOJTb PA/iyca OC, ocb z — BIOJb pajmyca
OP. Obo3HaunM eMHUYIHBIE BEKTOPHI oceil * m z kKak 1 um k, coorBercrBenno. Hampagiienne ocu y 3amamaum
—
€JIMHUYHBIM BEKTOPOM j COIJIACHO YpPaBHEHUIO:

—

— —
j=kxi. (2.4)
— -

Bekropuoe npousseenue (2.4) Bekropos k u i onpezesnser npasyio 1eKapToBy cucremy KoopauHar Ozryz.

O6o3HaunM depe3 A AByrpaHHbIi yros mexy mockoctsmu PCN u PAN. Yucna R, 6, A\ HasbiBaroTCs
cepraeckumn koopaunaramu Toukn A’. IIpm R = 1 mocTarodno 3HATH JBe KOOPAMHATHI 6, A mis onpesesre-
HUs TTOJIOXKeHnsT TOUku Ha cdepe. B caemyromeit rmaBe OyayT OnpeiesieHbl PA3InIHbIe CUCTEMbI ChHEePUIeCKuX
KoOp/JMHAT. B KaxKmo#t n3 HuX KOOpAMHATHI §, A\ MMEIOT pa3Hble HA3BaHWs U MOLYT ODO3HAYATHCS JPYTUMU
OyKBaMU.

ITycts Touka C’ nexxut Ha cdepe U ABJIAETCS TOUKOI nepecedenust 6ouabmoro kpyra PCN n Maaoro Kpyra
A’O'C’ (puc. 2.1). Haitnem myuny pyru NA'C’. Tak kak unenrpasbubiii yroa A'O'C’ pasen A, o

NA'C"' = O0'A"- X\ = RAsin6. (2.5)

Paccmorpum Gostee mompobHO BOpoc Tpeodbpa30BaHus KOOPAINHAT BEKTOPa B KPUBOJUHEHHBIX KOODINHATAX.
B kpuBosmHeiinoit crucTeMe KOOPJAMHAT B OTJINYIHE OT JIEKapTOBOH BO3ZMOXKHBI JIBa CIIOCODa BHIOOpaA Oa3mcHO
TPONKHU BEKTOPOB:

1. GasucHble BEKTODBI SIBJIAIOTCS KAcATeJbHBIMU B TOUYKE (Z0, Yo, 20) K KpuBbIM f1 (g, y = const, z = const),
fa(x = const, yg, z = const), fs(x = const,y = const, zp); 0603HAINM UX KaK €1, €2, €3 (AHAJIOT 3a7aHUS
ocefl B IEKapTOBOIi CHCTEME KOOD/MHAT);

2. GasuCHBIE BEKTODPBI IEPIEHIMKYISIPHBI B TOUKe (X, Yo, 20) K IIOBEPXHOCTSM, 3aaBAEMbIM (DYHKIUSIMU

(f1, f2, f3), T e. fi(xo,y0,20) = const, fa(xo,yo,20) = const, f3(xo,yo,20) = const; 0603HAINM UX KaK
1

e, 827 83 (SaﬂaHI/Ie 63AUMHDIT TPEABIAYIIIEMY CJIYY9alO oceﬁ; B3aMMHbBIC OCH OIIPEIC/IAIOTCA COOTHOIICHHUEM

e;e’ = 6F, . e. BeKTOPBI €' OPTOTOHATLHEI K TIOITPOCTPAHCTBAM, 00Pa3yeMBIM COOTBETCTBYIOTTIMHA By MST
BEKTOPAMU €;, U UX JJIMHBL K TOMY 2Ke OIIPEJIeJIeHHbIM 00pa30M HOPMHUPOBaHbI [4]).

Eme ogauM oTamaueM OT JIE€KapTOBOR CHCTEMBI SIBJISIETCS TO, UTO HAITPABJICHUE, 8 TaKyKe JJTAHA Oa3UCHDBIX
BEKTOPOB MOXKET PA3JIMYIATHCS B PA3HBIX TOYKAX MPOCTPAHCTBA.

B ciyuae ceprueckux KOOpAMHAT TIOBEPXHOCTD, 33/laBaeMasi ypaBHeHHeM f1 = const, ecTb cdepa pajmyca
r, ypaBHeHue fo = 6 = const oupenensier Masblii Kpyr (npu 3adUKCUPOBAHHOM 3HaueHHH f1), a f3 = A =
const — MJIOCKOCTb MepuauaHa. llepecedenus 9TUX IUIOCKOCTEH €O chepoil SBISIOTCA OKPYKHOCTAMU. Tak
kak Kpusble f1(xo,y = const,z = const), fo(x = const,yo,z = const), fs(x = const,y = const,zy) Takxke
SAIBJIAIOTCHA OKPY2KHOCTSIMU, TO B Ciiydae chepuIecKux KOOPAUHAT 00e Oa3uCHble TPOWKM COBIAIAIOT. B obrem
citydae (KOCOyroJibHasl CUCTEMA) 9TO He TaK.

JIBa BBIOOPA GA3UCHBIX TPOEK JAIOT BO3MOMKHOCTD HANHTH IIPOCKINN BEKTOPA A KAK Ha OCH €1, €, €3, TaK 1
Ha ocu el, €2, e3:
3 =a'e; + d’es + a’es. (2.6)
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Ucnonb3yst mpeyioskeHHoe DUHINITERHOM MTPABUIJIO CYMMUPOBAHMUSI, COIVIACHO KOTOPOMY B BBIPAYKEHUU CYM-
MUPOBAHUE BBIOJIHSETCS IO TIAPe TIOBTOPSIIONIUXCST NHEKCOB (3HAK CyMMBI TIPH 9TOM OITYCKAETCs ), PA3JIOKEHIEe
BEKTOpA 10 6A3UCHBIM TPOWKAM 3aIUCHIBACTCS B BUJIE:

a =ae’, a =adve, (2.7)

WHIEKChI CyMMHIPOBAHUS MOTYT 0003HATATHCS JIIOOBIMU OyKBaMH.

Yucna a', a?, a® nazpisaiores xonmpasapuarmmoimu (TapasiiebHble TPOEKINH BEKTOPa Ha KOOD/IMHATHbIE
ocu), a ai, az, az — Kosapuarmubimu (IapasIIe/IbHbIE TPOEKIMU BEKTOPA Ha B3aMMHBIE OCH, U3MEPEHHBIE B
eJIMHAIAX MACIITaba, COOTBETCTBYIONIMX STHM OCSM) IIPOCKIUSMI BEKTODa, A .

J1y1s1 6a3UCHBIX BEKTOPOB €;, e¥ CIIpaBe/INBEl, KaK yKe yKa3bIBAJIOCh BBIIIE, COOTHOIICHHS:

1l,ecimi =k

eie =9; 0,ecm i #k (2:8)

Cumsoit 0F maspBaercs cumeonom Kponexepa.
CKaJISIPHOE NIPOU3BEJIEHNE B KPUBOJIMHERHBIX KOODJAMHATAX 3AIUCHIBAETCS B BUJIE

M iy — (0 i (ih ST i
ab =(a'e;)(bje’) = (a'bj)e;e’ = (a'b;)d; = a'b;. (2.9)

CKaJIsIpHOE TIPOM3BE/EHIE MOYKHO BBIYHCINTD, €CJIM M3BECTHbI KOBADHAHTHBIE IIPOEKI[UI BEKTOPA A ¥ KOH-
TpaBapUaHTHDLIE TTPOEKITUN BEKTOPA E: TIPW 3TOM E)E) = a'b; = a;b’.

Jljist TOro, 9TO0BI IOJYYUTH SIBHOE BbIPayKEHNE KOBAPUAHTHBIX M KOHTPaBAPHAHTHBIX KOOPJMHAT BEKTOPA,
YMHOJKAM CKaJIIPHO TIepBoe U3 ypasHenuit (2.7) Ha e, a BTopoe — Ha e'. Yanursisas onpesenenue (2.8), Haiiem:

ae;, = aile'e;) = aiéjv =a,
ae = dl(eje’) = ajéj- =ad'. (2.10)
3HAYUT,
a; = ae; a' = ae'’. (2.11)

Ucnounb3yst dopmysst (2.11), nepenumem (2.7) B Buje:
a = (ae)e’, a = (ae)e;. (2.12)

— —
CooTHollleHus COPABEJIUBLL Jisl JII060ro Bekropa a . Eciau BMecto @ B (2.12) noacraBurh 6a3ucHbIE BeK-
TOPBI, TO IIOJIYIUM:

e, = (ere;)e’, e = (efee;. (2.13)
Bgonag obo3nauenms
gri = (ere;), g"' = (e*e), (2.14)
nepenuineM coorrorrerns (2.13) rakum obpazom:
er = gri€e', eF = gFle;. (2.15)

st mocTpoeHnst 6a3UCHOM TPOUKM €, 10 BEKTOpaM €' HeOOXOMMO 3HATH MATPUILY C JIEMEHTaMHU [(k;]; U,

Ha00bOPOT, JJIsd MOCTPOEHNUs ba3uca ef o 0asucy e; — MATPUILy C dJIEeMEHTaAMU [gk’}. OTH MaTPUIBl B3aUMHO
OOpaTHBI, T. €.

1

; ,ecmun j =k
9" gij = 0§ = 0 !

,ecin j # k (2.16)

Besmraumnt g* 1 g;; Ha3BIBAIOTCS KOMIIOHEHTAME 06a2cOb, KOWMPAGAPUGHMHO20 U KOGAPUAHMHO0 METRPU-
4ecKk020 MeH30pa, COOTBETCTBEHHO.

Yro npesmcrasisier coboit TeHzop B Maremaruke? Kax Mbl Bujen, 3ajaHue OA3UCHON TPONRKHU OIPeesIser
CHUCTEMY KOOPJIMHAT, B KOTOPOI MOXKHO HANTH KOOPJIUHATHI IIPOU3BOJIBHBIX BEKTOPOB, T. €. WX IMPOEKIMH Ha
GasucHble BeKTOPbl. HO Tak Kak Ipu 1mepexoje B JAPYryio TOYKY IIPOCTPAHCTBA HAIIPABJIEHNE U BeJIMUYNHA Oa3uC-
HBIX BEKTOPOB MOYKET MEHSIThCsl, TO HEOOXOIMMO PENIUuTh 3a/1a9y O MPeoOpPA30BAHNN IIPOEKITUI TPOU3BOJIBHBIX
BEKTOPOB U3 OJIHOM OA3UCHON TPOUKM B APYTYIO. DTa 33/1a9a PEMaeTCss METOIaMU TeH30PHOIO aHaan3a. 1eH30-
PBI TIPEJICTABIISIIOT COOOM CHCTEMY BEJIMYUH, TPeoOPasyIONIXCs 0 JIMHEHOMY 3aKOHY IPU TEePeXojie OT OHOM
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CHUCTEMbBI KOODAMHAT K Jpyroit. COOTHOIIEHNSs, 3allUCaHHble B TEH30PHOM (hOpMe, COXPAHSIOT CBOIO (hopMy B
JII000H KOOPIMHATHOM CUCTEME.
Haiizem tenepb paccrosinue dr MexKiy JByMsl GECKOHEYHO OJIM3KUMU TOYKAMH IIPOCTpaHCTBa. /leKapToBbI
—
KOODJMHATHI BeKTopa d ¥ paBHbl dx, dy, dz. s sroro, cauras x, y, z B hopmyrax (2.1) byHkimamu nepemen-
HBIX T, 0, A Haiinem muddepennmanst dx, dy, dz. [lo npaBuny Berauciaerus auddepeHnnaioB QyHKIIMH MHOTAX
[IepEeMEHHBIX, CHavYaja (bUKCUpyeM HepeMeHHble §, A u HaxouuMm u3MeHeHue DYHKIUU (YACTHYIO [IPOM3BOIHYIO
0/0r) B 3aBUCUMOCTHU OT LIpUpAIieHus dr, 3aTeM (PUKCUPYEM IIePEeMEeHHbIe ' U A U HAXOJIUM U3MeHeHue QyHKIUHI
B 3aBUCAMOCTH OT IpupalneHust dfl, n HAKOHeI| IIPU MOCTOSIHHBIX 7 U § HAXOJUM JaCTHYIO TPOU3BOIHYIO O /0.
B pesyssrare nmosmyanwm:
oz oz or
dr = —dr+ —df+ ——d\
or 00 o\
dy dy y
dy = ar+ g+ Lax
or 00 oA
0z 0z 0z
dz = —dr+ —df+ —dX\. (2.17)
or 00 oA
ITo omnpeeseHno YacTHBIE IPOU3BOHbIe Ox/Jr, Oz /00 U Np. SABISIOTCS KacaTeIbHBIMU K (QYHKIMAM T, Y,
Z, T. €. IPEJICTABJISAIOT CO0O0M KOMITOHEHTHI OA3UCHBIX BEKTOPOB €1, €2, €3 BIOJIb HAIIpABJIEHUN 1, 6, A:

Ox/Or Ox /00 Ox /O
ee=| 9Oy/or |, e=| Oy/00 |, ex=| Oy/or |. (2.18)
0z/0r 0z/00 0z/0\

D10 o3HAUAET, UTO HpHpalienus dr, df, d\ SBISIOTCS KOHMPABAPUGHIMHbLMU TPOEKIUIMU BEKTOPa d T B
cdepuvecknx KoopanHaTaX; ypasHeHus (2.17), mosroMy, IpeCcTaBiIsiioT IPeobpasoBaHue KOHMPA8aPUAHMHO20
BEKTOpA.

CaenoBarenbHo, Juddeperuyuan Gynryuu A6AAEMCA KOHMPABAPUGHMHKbIM eexmopom. 1lepeobosradans Hec-
KOHEYHO MaJjible mpupamienns: kak dz! = dx, dz? = dy, dx® = dz, HaiineM KBaapaT paccTosHES ds’ MeKIy
JIByMs1 OECKOHETHO OJIM3KUMU TOYKAMHU, KOTOPBIN PABHSIETCs B JIEKAPTOBOI CHCTEMe KOODHMHAT

ds* = (dz)* + (dz?)* + (dz®)>. (2.19)

B 6oJtee O6H_[eM BUJ€ C y4€TOM IIpaBHJIa CyMMUPOBaHUA BBbIDaKCHHUE JIJIs1 KBaJIpaTa PACCTOSHUA MEXKIY
JABYMAd TOYKAMU ITPOCTPAHCTBA 3allUChIBACTCA B BUJE:

ds® = dT? = da'dz" (ejer,) = gipda'da®, (2.20)

rje § — MeTpuYecKuil TeH30p. 3aKOH BbluncieHus paccroduus (2.20) Ha3bIBa€TC MEMPUKOT NPOCMPAHCMEA.

Bri06op Toit miti MHOM CHCTEMBI KOOPJIMHAT JaeT BO3MOXKHOCTD OIIPEJEIUTD II0JIOZKEHIE TeJIa B IIPOCTPAHCTBE
U YIPOCTUTH YPABHEHUSsI JBUXKEHUS TEJIa, HO He OIIpelelisieT CBOWCTBA CAMOIr0 MPOCTPAHCTBA. 3adaHue MEMPUKY
COBMECTIVHO C ONPEIEAEHUEM CUCTEMDL KOOPOUHATN, TOAHOCTDIO ONUCHIBGEM NPOCMPAHCINE0. ITO O3HAUAET, UTO,
3HAs METPUYECKUI TEH30D, MOXKHO BBIUUC/IUTH PACCTOSHUE MEXKIY JABYMs TOUYKaMU. B ciaydae eskaudosa npo-
CMPAHCmMBa, KOTOPOe HA3BIBACTCH NAOCKUM, PACCTOAHNE HAaXomuTes 1o dbopmyste (2.19) u Merpudeckuii TeH30p
paBeH

(2.21)

Na)Y

|
O O =
o = O
= o O

B ciygae miockoro mpocTpaHCTBa METPUYECKUI TEH30D § SBJISIETCST IUATOHATBHBIM U CHMMETPUIHBIM: (i) =
Jki- B obrmeM cirydae T€H30p § MOXKET UMETh HeJMATOHAJBHBIE JIEMEHTHI, KOTOPbIE 3aBUCAT OT KOOP/MHAT, HO
TEH30D § BCErJa siBJIAETCS CUMMETPUIHBIM, TaK KaK BEJUUYUHBI OIPEJIEISIOTCa u3 cuMMerpuanoil dhopmbr (2.20).

Eciu mpocTpaHCTBO He SIBJISIETCS TJIOCKUM, TO JJIsi BBIYUCJIEHUs] PACCTOSTHHI yKe HEeJb3sl HCIIOJIb30BATH
sakon ITudaropa (2.19). B wacrHOCTH, IpN BBIUHC/IEHNsAX Ha cdepe (B KPUBOM IIPOCTPAHCTBE) JJIMHA JyTU
MezKJLy JIByMsl TOUKAMU He PaBHA JUIMHE XOPJIbl (PACCTOSHUIO B IUIOCKOM IIPOCTPAHCTBE).

Ksanpar snementa JuHBI B chepuveckoil cucreMe KOOPANHAT JIEMKO HANTH, BBIYMC/INB YACTHBIE TPOM3-
Boguble 0x/0r, 0x/00 u 1. a. n moacraBuB ux B (2.19). Ucnonssys ypasuenus (2.1), Haxomum, uro Ox/Jr =
sin@ cos \, 0z/00 = r cosf cos A u 1. 1. B pesysbrare mocie npuBeeHus MOJOOHBIX IEHOB IIOJIYYUM, YTO

ds® = dr? + r?df* + r? sin? 0d\2. (2.22)
Merputeckuil TEH30D, CIEL0BATEILHO, PABEH
1 0 0
g=1 0 0 . (2.23)
0 0 r2sin®6



Tens30p He COAEPKUT HEJIUATOHAJIBHBIX WICHOB. DTO FOBOPUT O TOM, UTO CPHEPUMECKUE KOOPOUHAIDL OPMO-
2onanvror: cdepa ¢ paguycoM r = const, KOHyC ¢ yIJIOM 6 = const ¥ MEPUANOHAJIbHAA IIJIOCKOCTb A = const
[IEPECEKAIOTCS TIOJL IPSIMBIMU YIVIAMH JIPYT K JIPYTY.

Takum 06pa3oM, CBOHCTBA T€OMETPHUY B KPUBOJIMHEHHOI CHCTEMEe KOODIAMHAT OIPEIEIIIIOTC KOMIIOHEHTAMU
gik METPHYECKOrO TeH30pa. B 4eThIpeXMePHOM IPOCTPAHCTBE-BPEMEHN UMEETCsI, CJIEJOBATEJILHO, 16 KOMIIOHEHT
TEH30pa, U3 HUX TOJIBKO 10 pasIMYHBI N3-32 CUMMETPUYIHOCTH TeH30pa (YeThIpe ¢ OJMHAKOBBIMU MHIEKCAMI U
12/2 = 6 ¢ pasIUIHBIMU UHJEKCAMH).

2.2 OcHoBHbIe popMyJibl chepuieckoii TeoMeTpun

Pacemorpum cepudeckuit Tpeyronsauk ABC na mHebecHoil cdepe, mpuueM Todka A SIBISETCs TIOJIOCOM, a
rTouka B sexur B wiockoctu Ozxz (puc. 2.2).

Puc. 2.2: K BbIBOsy (hOpPMYJT CHHYCOB U KOCHHYCOB

— — — —
JlekapToBbl KOOPAMHATLI €IMHUYHBIX BEKTOPOB T 4, T g, T ¢ Olpenestorcd coriacuo (2.1) npu || = 1:

?A = (0707 1)
Tp = (sinc0,cosc)
Tc = (sinbcosA,sinbsin A, cosb). (2.24)

— —
ITo ompejiesieHNIO CKAJISPHOI'O IPOU3BEIEHIS UMEEM I g+ I' ¢ = COS (. DTO YKe IPOU3BEJIEHNE B JEKAPTOBBIX
KOOp/AMHATAX UMeeT BU/IL:

Tp-Tc=sincsinbcos A+ cosccosb. (2.25)

[Iepemuriem 3t HOpMyYJIBbI B CIIEAYIONIEM BUJIE:
cosa = cosbcosc + sinbsin c cos A. (2.26)

Mper mokazasm teopemy: «Kocunyc cmoponst chepurueckozo mpeyzoivHuka paseHn npoudeedeHuro
KOCUHYCO8 08YT dpYyauL €20 CMOPOH NAIOC NPOU3BEIEHUE CUHYCO8 IMUL CMOPOH HA KOCUHYC Yaaa
meancdy numuy. O6bruno coorHomenue (2.26) HazbBAIOT Hopmy.aol Kocunycos. C MOMOIIBIO MUKJIXIECKOH
[I€EPECTAHOBKY MOYKHO HAIUCATH (POPMYJIBI KOCUHYCOB JIJIsI JIBYX JPYTUX CTOPOH:

cosb = cosacosc—+ sinasinccos B
cosc = cosacosb+sinasinbcosC. (2.27)
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— —
Tenepsb BLIMUCTUM BEKTOPHOE MpOU3BeJieHNe I' ¢ X T p. COMIACHO OIpPE/IeTIeHNI0 BEKTOPHOTO [TPOU3BEICHUS
MIOJIyYUM:

— — .
|T¢ x T g| =sina. (2.28)
— —
Homyernm, 9To BEKTOp T ¢ X T g HampasJeH B Touky D (puc. 2.2), To ecTb
— — — .
r'cX rp= rpsina, (2.29)

- ,
T p — eIMHUYHBIH BeKTOD. VICHoNb3yst IpejicTaB/IeHne BEKTOPHOTO IPOU3BEIeHNs] YePe3 KOOPIMHATHI, 3aIHIIeM
JeByio Jactb (2.29) B BujE:

- - -
i j k
— — . . .
reXrp = sinbcos A sinbsin A cosb =
sin ¢ 0 cosc

— — —
= (sinbsin Acosc)i + (cosbsinc —sinbcosAcosc) j + (—sinbsinesinA) k. (2.30)

[pasyio uactb (2. 29) B CHITy TOTO, tITo JIF000 BEKTOP B €BKJIMJIOBOM TPEXMEPHOM IIPOCTPAHCTBE MOXKET
—

OBLITH TIPEJICTABIECH KaK a=a 1 + as J + a3 k , MOKHO 3amucaTh B BUIE:
rpsinag = (sinADcos BAD i +sin ADsin BAD j + cos AD k)sina. (2.31)

B ABAD cropora BD = 90°, u miockocte OBD L miockoctn OBC(£DBC = 90°). Ilosromy LABD =
90° + B. Ilo dopmysie KOCHHYCOB IMeeM

cos AD = cos 90° cos ¢ + sin 90° sin ¢ cos(90° + B) (2.32)
i
cos AD = —sincsin B. (2.33)

ITpupasuuBas z-kommoHenTsl B dhopmynax (2.30) u (2.31), mosydanm:

—sinbsincsin A = —sinasincsin B (2.34)
i
sin b sina
= . 2.35
sinB  sinA ( )
[To ananorun 3 ACAD mnosryaum:
cos AD = —sinbsin C, (2.36)
YTO MPUBOJUT K BBIPAYKEHUIO:
—sinbsincsin A = —sinasinbsin C. (2.37)
B pesysbraTre MBI MOXKEM 3aIICaTh, ITO
sina sin b sin ¢

sinA sinB sinC

DTU COOTHONIEHUS U3BECTHBI KaK hopmyav, curycos. CHopMyIupyeM Moy IeHHBIH Pe3ysibTaT Kak TeopeMy:
«B chepurneckom mpeyzoavHuKe OMHOUWEHUE CUHYCA CTNOPOHDL K CUHYCY NPOMUBOAEHCAULE20 Y210
ecmb 8eAUNUHA TLOCTNOAHHASY .

st BBIBOZIA CJIEIYIOIIEH TPYIITbI COOTHOIIEHUH MEXKJy CTOPOHAME U yriiaMu c(hepUIeCKOro TPEYroJIbHUKA
zanumeM Gpopmyiy cuHycoB st ANABD:

sin AD sin 90°
= 2.
sin(90° + B)  sin BAD’ (2:39)
uin: cos B = sin AD sin BAD. CpaBauBas y-KOMIOOHEHTHI B ypasHenusx (2.30) u (2.31), mosaygum:
sina cos B = cosbsinc — sin b cos c cos A. (2.40)
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Cdopmysupyem cireyrornyio teopemy: «IIpouseedenue cuHyca cmopons. chepusecko2o mpeyzonv-
HUKAG HE KOCUHYC NPUAEHCAULE20 Y240 PABHO NPOU3BEIEHUIO KOCUHYCA NPOMUBOAEHCAULET YoaYy
CMOPOHDBL HA CUHYC MPEMDBET CTMOPOHBL MUHYC NPOU3BEIEHUE CUHYCA HA KOCUHYC IMUT IHCE CMO-
POH, YMHOHCEHHOE HA KOCUHYC Y2Aaa MEHCOY HUMUY.

Ucnonb3yst MUKINIECKYIO TIEPECTAHOBKY CTOPOH W YIJIOB, MOXKHO IOJIy9IUTh CJIEIYIOIINE YPABHEHUS:

sinacos B = cosbsinc —sinbcosccos A
sinacosC = coscsinb— sinccosbcos A
sinbcosA = cosasinc— sinacosccos B
sinbcosC = coscsina — sinccosacos B
sinccosA = cosasinb — sinacosbcos C'

sinccos B = cosbsina —sinbcosacos C. (2.41)

Dopmyset (2.40) u (2.41) u3BeCTHBL KaK BOPMYALL NAMU INEMEHMOE WIH HOPMYADL NOJOGUA.

Ha ocnoBe opmyst cuHycOB, KOCHHYCOB U (DOPMYJI ITOI00UsT MOYKHO IIOJIyIUTh Psijl APYTUX yPABHEHUI, CBsi-
3BIBAIOIIUX YIJIbI U CTOPOHBI CheprdecKoro TpeyrobHuKa. C BBIBOJOM 3TUX YPABHEHUN MOXKHO O3HAKOMUTHCS
B COOTBETCTBYIOIMMX ydeOHHKax. Tak Kak B aCTPOHOMHUHU HAMOOJIEE IACTO HCIIOIB3YIOTCH (DOPMYJIIbI CHHYCOB,
KOCHHYCOB U I0JI00WsI, Ha BBIBOJIE JAPYIUX YPABHEHUN MBI He OY/I€M OCTaHABINBATHCS.

st ycBoeHUST OCHOBHBIX (POPMYJ chepriecKoil TPUTOHOMETPUY PACCMOTPHUM PEIIeHUe CJIETYIONINX 3a,at.

3amadva 1. Berauciauth Kpardaiiliiee paccTosiHre Mexk 1y Toukamu A m B Ha MOBEPXHOCTH 3eMJIu, KOOP/Iu-
HaTBI KOTOPBIX PABHBL 1, A\] U P2, A, COOTBETCTBEHHO. 3EeMJII0 CIUTaTh cdepoit paauyca R.

Pemrenune. Tak kak KpardafimmmM paccTosHueM Ha cdepe SBIISeTcs 1yra OKPYKHOCTH OOJIBIIIOTO KPYTa,
HCIIOJIB3YEM JIJIsI PelreHus 3aa9u (hopMyJIly KOcuHycoB. PaccmorpuM ceprudeckuil TpEyroJbHUK ¢ BEpITHHAMEI
A, B, C, B koropom Touka C' saBjsteTca cesepabiM nomocoM. Torpa NAC paena 3 — 1, NBC pasHa 5 — ¢2,
NAB = Ay — Ay (Gyzem canrarh, 9to Ao > A1). Ecim Ay = A1, TO, 09eBHIHO, PACCTOSIHYE B yIJIOBOH Mepe PABHO
|1 — 2|, B uHeltHON Mepe R|p1 — @2|(¢1, Y2 BbIpaXKeHBI B PAJMAHAX ).

Corytacio GopMyJIbl KOCUHYCOB HOJydnM: cos AB = sin o1 sin ¢ + cos ¢1 cos o2 cos(Aa — A1).

B stuneiinoit Mepe paccrosinue MexKJIy JByMsI TOYKaMU paBHO R arccoscos AB.

[Ipu Beruncienusx Ha HebecHON cdhepe 3apaHee, KaK MPABUIO, HEM3BECTHO, KAKOW MOXKET OBITH JIJIMHA TYTH.
TTosToMy, 00sI3aTEIBHO OJJHOBPEMEHHO C HCIIOJIb30BaHUEM (OPMYJIbI KOCHHYCOB HEOOXOJMMO HAXOJUTh CHHYC
nyru (mam yriia). B 9ToM ciiydae BeJIMYIUHBI CHHYCA M KOCHHYCA OJHO3HAYHO OIPEJEJISIOT BeJINInHy Iyru (yria).

3amaya 2. BeraucmTb KOOPIUHATEL (0, A CaMOii CEBEPHOM TOUKHU JIyT'H OOJIBIIIOTO KPyTa, ITPOXOISIIEro Yepes3
Touku A, B Ha MOBEPXHOCTU 3eMJIA C KOODJUHATAMU (Y1, A1 U P2, Az, COOTBETCTBEHHO.

Pemenne. Paccmorpum cdepudecknit Tpeyronbauk ABC, B KoropoM Touka C' SIBJISIETCS CEBEPHBIM TOJTIO-
com. OmpesiesiuM CeBepHBIN TOTIOC KaK TOYKY, C KOTOPOil BpallleHHe TPOUCXOJINUT [IPOTHB YaCOBON CTPEJIKH.

O603HAYNM CaMyIO CEBEPHYIO TOUKY YTy OOJIBIIOrO Kpyra, Ipoxojsirero depe3 Touku A, B, yepes D. IIpo-
BejieM Yepe3 TOUKY D IJIOCKOCTD, EPIEHIUKY/ISIPHY IO OCH, COeIUHSIIOINIEN MOTIOChL. 'TaKast IIOCKOCTD Iepeceder
cdepy Mo OKpYKHOCTH, HAa3bIBaeMoi napaJuiesbio. OdeBuano, uro NAB GoJbimoro Kpyra Kacaercs B Touke D
napaJuiesia, u, caejosaresbio, Mepriuan C'D nepecekaer NAB tof mupsimbim yriiom. 3uaunt LZCDA, Z/CDB
pasubt 90°, NAC u NBC paBHbI § — 1, 5 — P2 COOTBETCTBEHHO, 1 10 hopmyie cunycos g ACAD nomyanm:

sinC'D sin 5 — o1

= 2.42
sin/CAD sin/ZCDA’ (242)
niu sin CD = cos g1 sin ZCOAD.
ITo dopmyne cunycor mis AABC naiijgem:
si.n fC’AD _ sin(.)\g - )\1). (2.43)
sin 5 — 2 sin AB
Tax xak jymua NC'D pasna 5 — ¢ u sin ZCAD = sin ZCAB, To nomyanm:
Sin()\g — )\1)
S = COS —_— 2.44
COS (P = COS (P1 COS P2 — = — (2.44)

Cunyc NAB JIerkKo BBIYUCIUTH, UCTOIB3Ysl PEIIeHne peIblIyIneil 3a1aqm.

Kak msBectno, sin AB = ++/1 — cos? AB. Hyxublil 3HaK BbIOMpaeTcsa U3 ycaoBus cos > 0, Tak Kak Tpe-
OyeTcst HATU CAMYIO CEBEPHYIO TOUKY JIyTH OOJIBIIOTO KPyTa.

Hoarory Touku D Haiiiem u3 cieayromux coobpazkenuil. Vcmonb3yio dpopmyiry 1momodust st IpsiMOYToJIib-
woro ACAD, noxyamm:

sin AD cos ZCDA = cos(g — 1) sin(ﬁ — ) — sin(g — 1) cos(g — @) cos(A — A1) (2.45)
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nJIn:

cos(A — A1) = tan p;ctgp. (2.46)

Onpeiesienne JTOJTOTH CTAHOBUTCA HEBOZMOXKHBLIM B JIBYX CJIydasx: ecu Touku A u B jexkar Ha sKBaTOpe
(B aroMm ciygae @1 = ps = 0; sin AB = sin(Ay — \1); u3 (2.44) caenyer, aro ¢ = 0; 3aaqur cos(A — A1) = 0 00)
u ecu TouKH A 1 B J1ezkaT Ha OJHOM MepHAHaHe (B 9TOM CIydae A\p = Ay WM A\| = Ao+ 7T U ¢ = T, T. €. Jyra
LPOXOJIUT Yepe3 HOJIIOC).
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I'maBa 3

CucreMbl aCTPOHOMNYECKNX KOOPAWHAT,
B3alMOCBLA3b MexkJIy HuMu. lIlpakTtudeckoe
N CIIOJIb30BaHUE

3.1 Ilpunnunbel co3maHnsa cpepudecKnx OPTOTOHAJBHBIX CHUCTEM KO-
opAuHAaT

B acTrponomum ucrosib3yercss HECKOJIBKO CHCTeM CHEPUIECKUX OPTOTOHAIBHBIX KOODMHAT, [TO3BOJIAIONIIX O/I-
HO3HAYHO YCTAHOBUTH HAIPABJICHUE HA UCTOYHUK WM 3aDUKCHPOBATDH YIOJI IPUXOJIA CUTHAJA OT KOCMIIECKOTO
00beKTa OTHOCUTENHHO JBYX M30pAHHBIX B3aWMHO MEPHEHINKYISPHBIX ITockocTeit. Ha mebecHoit cdepe Ta-
KIU€ IIJIOCKOCTH OTODParKaroTCsl JyraMu 00JIbIuX KpyroB. Odna us udOpaHHHT naockocmetl sce2da codepicum
HANPABAEHUE HA UCCALIYEMBLT 00BEKM.

Kaxknast u3 cucreM KOOpIAMHAT CBI3aHA C BEIDOPOM TVIABHBIX HAIIPABJIEHUIA U IJIOCKOCTEH, CBA3aHHBIX C 3€M-
seit. Tak, 6 20pus3onmasvHol cucmeme TIABHBIM OPUEHTUPYIONUM HAIPABICHUEM SIBJISIETCS OMGEECHAA AUHUA
6 nynrme nabarodenus, a TIABHON IJIOCKOCTBIO — MA0CKOCTL 20pu3onma, et meplenIuKyaspHas. [lomocom
ropusonra Ha HebecHOil cdepe sBisieTcs ToUKa 3eHuTa (7).

B axeamopuanrvrol cucmeme xkoopduram TIIABHBIM HAIPABIECHUEM SIBJISETCS NPOCMPAHCMEEHHAA OPUCH-
MAYUA 3eMHOT OCU OMHOCUMEALHO 36€30 U NEPIEHIUKYIAPHAS K 9TOMY HAIIPABJIEHUIO NAOCKOCTD HEOECH020
axeamopa. Tlomocom Toro Kpyra Ha Hebecuoit cdepe apigercs nomoc mupa (P). B nanty smoxy o HaxoguTcst
BOm3u 3Be31bl aU M (Iloasiproit).

B skaunmuueckoli cucmeme TIaBHBIM HAIPABIEHHEM B IIPOCTPAHCTBE SIBISETCS NEPNEeHOUKYAAD K NAOC-
KoCcmu 3emnoti opoumol, KOTOPBI Ha HeGecHOU cdepe OmpejessieT MOJIOKEHne NnoA0ca sksunmuky. [IaBHoi
IIJIOCKOCTBIO TIPU 9TOM SIBJISIETCSI NAOCKOCTG IKAUNMUKY, B KOTOPOI PACIIOJIOXKEHa 3eMHasi OpOUTA.

Bce npumensiemble cuCTEMbI KOOPJUHAT, KAK BUJIHO, HEIIOCPEJICTBEHHO CBS3AHDI ¢ 3eMJIel U ee JBUKEHUSIMHU.
B cBoro ouepenp aBmkeHus 3eMiind MO-pa3sHOMY CKA3BIBAIOTCH HA KOODAWHATAX HEOECHBIX OOBEKTOB B TOM WJIH
WHOU CHCTEME HUCIOJIb3YEeMbIX KOOP/UHAT.

B nacrosiiiiee BpeMst, B pe3yJsibTaTe BBINOJHEHUSI BBICOKOTOYHBIX OIIPEJIEJIEHUI KOOPINHAT OOJIBIIOrO IUCIIa
3Be3/1 Halleil [ajJlaKTUKu U psijila BHEIAJAKTUIECKUX OOBEKTOB C IIOMOIIBI0 KOCMUYECKUX TEJIECKOIIOB IOsIBJIs-
IOTCsI YCJIOBUS JIJIsl CO3JIAHUSI «HEIMOBUYKHON» CUCTEMbI KOOP/UHAT, YTO JIOCTUTAETCS IIyTEM MPUBA3KHU 3eMHOMN
CHUCTEMbI KOOPJIMHAT K KBazapaM. lerepb Ha COBEPIIEHHO WHOM YPOBHE TOYHOCTH MOYKHO OVJ/IET HE TOJBKO
OTIPEJIENIATH TIOJIOXKEHUsT 00beKTOB Beesiennoit, Ho u 6oJiee TOYHO U3y4IaTh Te M3MEHEHHs] KOODJMHAT, KOTOPhIe
[OJIYYAI0T METOJAMU HA3eMHOU aCTPOHOMUU C ABHXKYIIeiics 3emin. HecoMHEeHHO, TpU 9TOM, 9TO U CaM¥ Hapa-
MeTPbI CJIOXKHOT'O JIBUXKEHUsI 3eMJIM U B [I€JIOM CUCTeMbI «3eMJisi-J[yHa» MOXKHO OyieT usydars ¢ 60jiee BBICOKOI
TOYHOCTBIO.

3.2 Topu3oHTaJibHas cucTeMa KOOpJAuHAT

O1HOM U3 TPOCTERIINX CUCTEM KOOPIMHAT, OMUCHIBAIOIINX ITOJIOXKEHIE CBETUII Ha HeOEeCHOI cdhepe OTHOCUTETHHO
dakTruecku oIryIaeMblx HaOJIIOIATEIEM ILJIOCKOCTe! U HalpaBjieHUil (FOPU30HT, OTBECHAs JIMHUs, HeOGECHBIi
MepuaH, juHus N S), siBjsieTcsi TOPU3OHTAJIbHAS CHCTeMa KOOpAuHAT. Kakwe Obl CHCTEMBI KOODJIUHAT He
OPUMEHsUINCh (J1aXke B Oy/IyIIeM) MOPU30OHTAJbHAsl CHCTeMa OCTAHEeTCsl BasKHEHIed Jjis desioBedecTBa. Bejb
TOJIBKO IIOCPEJICTBOM 3TOU CHCTEMbBI MBI OIPEIE/IsieM peajbHbIE YCJIOBUsI HAOJIOICHUS TON WM WHON dacTu
BcestenHo#t 1 KOHKPETHOTO CBETUJIA OTHOCATEIHHO JIBYX JBU2KYIIIUXCS B IPOCTPAHCTBE IJIOCKOCTEN — TOPU30HTA
U MEpUINaHa MecTa HaOJIIOIEHUS.
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B ropuzonranbnoil cucremMe KOOPINHAT HAIIPABJIEHNE HA OOBEKT OIPEIEIIeTCs OTHOCUTEIHHO IBYX BayKHEIl-
IIUX B3aUMHO IE€PIEHIUKYIISPHBIX IIJIOCKOCTEH — IJIOCKOCTU TOPU30HTA U IIJIOCKOCTH HEDECHOrO MepuInaHa.
IMonoxenne ceermsia (o) B 9TON cUCTEME KOODJIMHAT MPEJICTABIEHO Ha puc. 3.1.

7

|
b

Puc. 3.1: TopusonranbHas cucreMa KoopauHar: NZo = z, NKo = h, NSK

Ha srom pucynke 1yisg nyHkTa HabsrogeHust ¢ uszsectHoil mmporoit (ZNOP = NNP = ) nokasaHbl 1o-
pu30HT, HeOECHBI MepuIuaH, HEOECHBIH SKBATOP M CyTOYHAs IapaJljieslb CBETUJIA, KOTOPOe B (PUKCHPOBAHHBII
MOMEHT BPEMEHU YK€ IIPOIIJIO0 BEPXHIOK KYJIbMUHAIMIO.

Yepes ceeruiio (Hanpasierne Oo) u orBecHyto Junu0 OZ NPOBEJIeHA IIOCKOCTh, KOTOPast TIePIIEH UK YJIsP-
Ha TOPU30HTY, €€ Ha3bIBAIOT NAOCKOCTbIO 8EPMUKAAL, a DOJBINON Kpyr HebecHoil cdeprsl ZoK — sepmukasom
ceemuna. Y KarXKI0ro CBETUJIa B MOMEHT HAaDOJIIOIEHUs CBOM BEPTUKAJI, COEPKAIINI OTBECHYIO JIMHAIO U HAIIPAB-
JIeHr€e Ha CBETUJIO.

[Tonoxkenne cBeTHIa OTHOCHUTEIHLHO T'OPU30HTA HJIM 3€HUTA U3MEPSETCH YIVIAMU B IJIOCKOCTA BEPTUKAJIA:
BEHUMHBLM paccmosnuem, 310 z = LZ0Ooc = NZo, tne Oo — HalpaBjleHHe Ha CBETUJIO, JINOO YIJIOM MEXKILy
IJIOCKOCTBIO Topu3oHTa 1 O0, KOTOPBIH sBJIsIeTCsT 8bi.comoti céemuna h.

Urak, ZKOo =NKo = h, z+ h = 90°.

3enunTHOE paccrosinue u3Mepsiercs ot 0 10 180° B HAIIpABIEHNHN OT 36HUTA, K HAJIAPY. BBICOTHI OTCIUTHIBAIOTCS
OT TIJIOCKOCTH TOpu30HTa, coorBeTcTBeHHO OT 0 10 +90° kK 3eHuTy m ot 0 10 —90° K HaIUDY.

Bropoit koopauHaTO# B 9TOI CHCTEMe SBJISIETCS G3UMYM CEEMUAG, KOTOPBINA OMPEIEsISeT OJI0KEHNE BePTU-
KaJla B MOMEHT HaOJIIO/ICHHs CBETHJIA OTHOCHTEIBHO IIJIOCKOCTH HebecHoro Mepuanana (PZQSP1).

AzmmyToMm, TakuM 06pa30M, SIBJISIETCS JBYTPAHHBINA YIOJI MEXKJIY STUMHU IJIOCKOCTSIMU HJIA OOJIBINIAMA KPY-
ramu HeGecHOH cdepbl (BePTUKAIOM U MEPHIMAHOM ), KOTOPbIA MOYKHO U3MepHUTh Jjiyroii ropusonTa SK. Wrax,
/SOK =NSK = A — a3uMyT JAHHOIO CBETUJIA.

AcTpoHOMEUYECKHE a3UMYThI OTCIUTHIBAIOTCS OT I0KHON CTOPOHBI HEGECHOTO MepPUIUaHa MK TOYKH fora (S)
U BO3PACTAIOT B HAIPABJIEHUU UX BUIUMOIO CyTOYHOrO JBuxkenus (K 3amauy) or 0 mo 360°. B momentT Bepxueit
KYJIbMUHAIIUYN CBETHII, HAOAI00GEMbIT K 102y OM 3€HUMG, UX ACTPOHOMUYECKHUE a3UMyThl paBHbl Hymo (A = 0°).

CoJtHIle TPOXOJUT MEPUIUAH HaJ TOYKOM 0ra B MOMEHT UCTHHHOI'O MOJIY/IHSI U HAXOAUTCS TOTJIA HA MAKCH-
MaJIbHOH B JIAHHYIO ATy BBICOTE.

B sT0ii cucreme orcyera asuMyTOB TouKa 3amaza umeer A = 90°, rouka ceBepa — A = 180°, a Touka
BocToKa — A = 270°.

Oanako Jjig BOCTOUHON mosrycdepbl (TaM CBeTHJIA HAOJIIONAIOTCS [0 BepXHedl KyJIbMUHAIMU) 9acTO HPHU-
MEHSIIOTCsT OTPUIIATE/IbHbIE a3UMyThl: UX u3MepsioT or 0 10 —180° B HAmpaB/IeHHHM OT TOYKHU IOTa K BOCTOKY
(Agp = —90°).

lopuszonTanbayo cucTeMy KOODIWHAT BOCIIPOM3BOJAT TaKHe YIVIOMEDHbIE MHCTPYMEHTBI, KAK TEOJOJIUT U
YHEBEpPCAJI. JTa CHCTEMa KOODJMHAT OY€Hb yI00HA DU OPUEHTUPOBAHUE HA MECTHOCTU B IIyHKTE HAOJIIOIEHNS,
[OKCKE HY?KHBIX 00bEKTOB (B 0COGEHHOCTH cJIabbIX) IPU MX HAOJIIOAEHNN U M3MepeHnn KoopauHat (z, A), KoTo-
pblé B CBOIO OY€pElb, UCIOJIB3YIOTCS MIPU PEIeHNH PsiJia aCTPOHOMO-Teoje3ndeckux 3a1a4. Ilpu srom bepyres
orcuersl ropusonTaibioro (I'K) u seprukanbaoro kpyros (BK) uncrpymenTa B TOT MOMEHT, KOTJa 3BE3/a Ha-
XOJIUTCS Ha IepeKkpecTnu ceTku uureit. Kak BaM MOIKHO OBITH M3BECTHO, BO BCEX IEOJE3MIECKAX HHCTPYMEHTAX
nenenns Ha 'K Bo3pacTaioT 1o 4acoBoii cTpesike, T. €. B HAIPABJIEHUN BUIUMOTO CyTOYHOI'O [BUYKEHUS CBETIII.
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3.3 ODkBaTopmaJIbHble CUCTEMbI KOOPAMHAT

Kakue s1Be B3amMHO TIE€PIIEHIUKYJ/ISIPHBIE TIJIOCKOCTU HCIOJIB3YIOTCS B 9TOM CJIyYae MPU OIPEJICICHUHN MTOJI0ZKe-
Hust ceetmwiia? Qo — MO-TIpeKHEMY HAIIPABJIEHUE HA CBETHUJIO. | JIABHBIM OPUEHTUPYIOIMINM HAIIPABJIEHUEM 37eCh
SABJISAETCS HANPABAEHUE HA NOAOC MUPG, & OCHOBHON IJIOCKOCTBIO — HebeCHbIl IK6amop.

3.3.1 IlepBag skBaTopuajibHasA CUCTeMa KOOPAWHAT

BosbMeM HanpabiieHns Ha [IOJIIOC MEPa ¥ CBETHJIO M3 ITyHKTa HaOJIOJEHNUsI, OHH 06pa3yIoT IJIOCKOCTh, KOTOPas
¢ Boobpaxkaemoit HebecHOH cdepoil mepecekaeTcs 1Mo GOJBIIOMY KPYTY, NPOXOMSIIEMY 4epe3 IIOJIOC MUpa U
ceetmo. Ero nazeisaror xpyzom cxaonenus. O R — JIAHUS Iepecevdennst 3TOMH MIOCKOCTU ¢ HeGECHBIM 9KBATOPOM
(cm. 3.2). Or sxBaropa (QRQ)’) B HApaBIeHUU K CEBEPHOMY IIOJIOCY OTCYUTHIBAIOT CKJIOHEHUs (0) CO 3HAKOM
wioc (or 0 1o +90°), U, COOTBETCTBEHHO, K I0XKHOMY IOJII0CY co 3HaKoM Mutyc (ot 0 mo —90°).

p

Puc. 3.2: TlepBasg skBaropuaiabHasi cucreMa Koopaunat: NRo =40, NQR =t

Urak, ZROo = NRo = § — ckionenue ceeruia (6 > 0). duist 38e311, 6IM3KUX K [IOJIOCY, YACTO UCIIOJIB3YIOT
nosisipHoe paccrosiaue: p = (90° — ) = LPOo = NPo.

CKJIOHEeHUsI 3BEe3]T 09€Hb MEJ[JIEHHO M3MEHSIOTCS CO BPEMEHEM, U OHU OJHO3HAYHO XapaKTEPU3YIOT YIJIOBOE
PACCTOsSIHIE CBETUJI OTHOCUTEIHHO 3kBaTopa. CyTOUYHbBIE IIyTH 3Be3/ MapasjiesibHbl HeOECHOMY 9KBATODY.

B nmepBoit sKkBaTOPUAIBHON CHCTEME TTOJIOYKEHIE TAHHOTO KPYTa CKJIOHEHUS OIIPEJIEJISAI0T OTHOCUTEIBHO ILI0C-
kocTtu HeGecHoro Mepunnana (PZQSP'), pasnensomero HeGecHy o cepy Ha BOCTOTHOE U 3aIla/IHOe MOy Iapue.
Ha pucynke k Habmo1aTesio o6parieHo 3amafHoe moIyapue, TaKIM 00pa3oM, B MOMEHT HaOJIOIEHUST TAHHOTO
CBETHJIA €r0 KPYT CKIoHeHus: (PoRP’) paciosioXeH K 3allajly OT MEPH/MAHA, & CBETHIIO K STOMY BPEMEHH yKe
[POIIJIO CBOIO BEPXHIOK KysbMuHanuio (touka M).

Bropoit KoopArHATOMN SIBISIETCS 4aCc0680U Y204 C6emMUAG, KOTOPBII N3MEPSeTCs JBYTPAHHBIM YIJIOM, 00pa30-
BAHHBIM ILIOCKOCTBIO KPYTra CKJIOHEHUSI CBETUJIA U ILJIOCKOCTHIO HEOECHOTO MepuInaHa. FMy COOTBETCTBYeT yroJj
B mwiockocTu 3kBaTopa ZQOR = NQ R = t — 1acoBoil yroJ cBeTuIa, KOTOPBI OIIpeesIsieT yroJ MOBOPOTa Kpyra
CKJIOHEHUS CBETUJIA OTHOCUTEIHHO INIOCKOCTH HEOECHOTO MEPUIMAHA.

[Ipu cyTo9HOM ABUKEHWM YACOBBIE YIJIbI CBETHJI PABHOMEPHO MU3MEHSIIOTCs BO BPEMEHU B COOTBETCTBUU C
YIJIOBOiI CKOPOCTBIO BPAIEHUsT 3€MJIA. DTO CBOMCTBO YACOBBIX YTJIOB M UCIOJIb3YETCs IIPU OIPEIe/IEHNN BPEMEHN.
B MoMenHT BepxHeil KyJIbMUHAIMN CBETHI UX 9acoBoit yroi t = 07(0°). B Teuenue cyToK YacoBbIe yIJIbl CBETHII
n3Mensercsa or 0 g0 360°.

[To yncenHOMy 3HAYEHUIO YACOBOTO YIJIA, BBIPAXKEHHOMY B I'PaJlyCcaX, MO2KHO Y3HATDH IPOMEXKYTOK BPEMEHH,
[IPOTEKIIIII C MOMEHTa BEPXHE! KyJIbMUHAIMK JTaHHOrO cBeTmsa: 15° coorBercTByer 1 wacy, 1° — 4 muHyTaM,
15" — omHOM MMHYTE BpEMEHU U T. 1.

Ecim, manpumep, t = 52°, o csoio BK 3Be3ma mponuia 3728™ rtomy masam. B momenr HK csetun ux
qacoBoit yros t = 12R00™. Ckaonerue u wacosoti yzoa A6AAOMCA KOOPOUHAMAMU NEPEOT IKEAMOPUANLHOT
cucmemoi.

3.3.2 Bropas skBaTopuajibHasi CUICTeMa KOOPAMHAT

IIpu cocraBseHnn 3BE3MHBIX KAPT, ATIACOB, IPU 3aIUCH HH(MOPMAIMK O IOJOXKEHUSX CBETUJI B 3BE3/IHBIE Ka-
TAJIOTH U €KETOIHUKY, HeoOX0IMMa TaKasl CICTeMa OTCYeTa KOOPJAMHAT, B KOTOPO# 00e KOOPIMHATHI HE TOJIHKO
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COXPAaHSIOT CBOM 3HAUYEHUs Ha JJIUTEIFHOM WHTEPBaJle BPEMEHH, HO M NMPAKTHIECKN HE 3aBUCAT OT CYTOYHOI'O
nprkenns 3emin. CKIOHEHNE CBETHIIA, KAK Mbl TOJIHKO UTO OTMETHIIN, YIOBJIETBOPSIET 3TOMY YCJIOBHIO.

[Tostygenune BTOpPOIt KOOPJWHATHI, YAOBJIETBOPAIONICH JAHHOMY YCJOBHUIO, YJAJOCHh JIOCTUTHYTH IIyTE€M OT-
HECEHUs TIOJIOKEHUII KPYTOB CKJIOHEHUsI CBETIJI K TAKOMY KPYTY WJIH TJIOCKOCTU, KOTOpas BMECTE CO BCEMHU
CBETIWJIAMH YIaCTBYeT B BUJUMOM CYTOYHOM JIBUZKEHUM.

Ha Bpamaroreiicss 3emiie moJo0HYIO POJIb UIDAET HAYAJIbHBINA (TPUHBUUCKUN) MEPUIUAH.

3a HauaALHLl KpY2e CKAOHEHUSA BO BTOPO 9KBATOPUAJILHOM CUCTEME TIPUHSIT KPYT, IIPOXOISAINIUI Yepe3 BaxK-
HYIO TOYKY HEeDECHOI'O 9KBaTOpPa, KOTOPYIO IIEHTP COJHEYHOIO JIMCKA IIePeceKaeT B JEHb BECEHHErO PaBHOJEH-
crust (A~ 21 mMapTa), €0 sBJSIETCS TOUKA BeCeHHEro pasHOJeHCTBUs. B AE Ha KaxKIpIil T0j] MOXKHO y3HATH
TOYHBII MOMEHT IIPOXOXKIeHust eHTpa aucka CoJHIa Yepes3 3Ty TOUKY Heba, KOTopasl JIEXKUT Ha ITPOJOJIKEHUN
JINHUU TIepecedeHns III0CKOCTEN 3eMHO opouThl 1 3eMHOT0 3kBaropa. B 2003 r. aTo mpousonuio 21 mapra B MO-
ment 0759™, 7 BcemupHOro Bpemenw. JIMHIS PABHOICHCTBII — BazKHBIH IIPOCTPAHCTBEHHEIH OpHeHTHD. BHIGOD
9TOM TOUKH TIO3BOJIMJI PEAJN30BATH CBSI3b SIBJIEHUI CYTOYHOIO M TOAMYHOTO JIBUYKEHUN 3eMIIH.

Takum 06pa3zoM, TOUKA BECEHHETO PABHOJIEHCTBUS SIBJISIETCS HYJIb-ITyHKTOM OTCYETA KPYTOB CKJIOHEHUS BCEX
HEOECHBIX OOBEKTOB.

JIByrpaHHBIN yroJI MEXK/Iy ILIOCKOCTBIO KPyTra CKJIOHEHWS CBETUJIA U IIOCKOCTHIO HAYAJIBHOTO KPyTra CKJIO-
HEHUs TOYKH BECEHHErO PABHOJICHCTBHs U3MEPSIeT IPIMO€e BOCXOXKJEHHEe CBeTUI (), 9TO MOKa3aHo Ha puc. 3.3.

Urax, ZyOR = "yR = a.

DKBaTOPHAJIBLHBIE KOOpAMHATHI Toukn v: « = 07(0°), § = 0°. Taxumu ke ABJIAIOTCA B JIEHb BECEHHETo
PaBHO/IEHCTBHSI SKBaTOPHUAJIbHBIE KOOpauHATHI CoJIHITA.

[IpsiMbre BOCXOKI€HUS CBETUJI BO3PACTAIOT B HAIIPABJIEHUN BUIMMOTO TOI0BOTO Bukennst COTHIIA K BOCTOKY,
[IPOTHUB XOJIa 9aCcoBOil cTpesiku. Korma Mbl rOBOpUM O KOOPJWHATAX 3BE3I, TO MOAPA3yMEBAEM UX SKBATOPHUAJb-
HbIE KOOD/MHATHI BTOPOii cucreMsbl ().

P

Puc. 3.3: Bropast sxBaropuaibHas cucreMa koopauaar: YR = «, NRo =6

TouKa BECEeHHEro PaBHOJCHCTBUsA, YIaCTByeT B CyTOYHOM JIBUYKEHHH, ONUCHIBasi HeGecHbINl akBaTop. EcTe-
CTBEHHO [PU 9TOM U3MEHSIETCS €€ IIO0JIOKEHUE OTHOCUTE/LHO HEOECHOIO MEpUIMaHa, T. €. YaCOBOH yroJi 3Toit
ToukH (t). Ho ckOIbKO GBI HE IIPOIIJIO BPEMEHH, YACOBBIE YIVILI 3B€3/1 M TOUKH Y H3MEHSIIOTCS Ha OJIHY U Ty JKe
BEJIMYHHY, TIOCKOJIbKY IIPU 3TOM COXPAHAECTCA IIOJIO?KEHNE KPYTa, CKJIOHEHUS 3BE3/IbI OTHOCUTEILHO HAYATIBHOIO
KPYyTa CKJIOHEHUS, TIPOXOIAIIETO 9ePes3 7.

O6parumcs K puc. 3.2 u puc. 3.3, TJe IpeJcTaBIeHbl IapaMeTPbl 00eHX CHCTeM 3KBaTOPUAIbLHBIX KOOPIUHAT
ceermia: (t,0) n (o, 0), a TaK»Ke IACOBOII yroJl TOUYKH BECEHHEro paBHOJEHCTBHS — QO = NQY = t,.

Toduka BECEHHEro PaBHOACHCTBUS IPOXOAUT B MOMEHT CBOell BepXHell KyJbMUHAIUH IOXKHYI0 TOYKY 3KBa-
topa (T. ), Torma ee wacosoit yroa t = 0"(0°). HemocpescTBenHO W3 HaBIIONEHMIt OMPEIETNTh 9aCOBOH yTOT
9TOI TOYKM HEeBO3MOXKHO. OHaKO B J1060H (pU3nIecKuit MOMEHT €ro MOXKHO IPEJCTABUTL KAK CyMMY IPSMOTIO
BOCXOK/IeHUsI HEKOTOpoii 3Be3/bl (NYR = oy ) 1 ee gacosoro yraa (NQR = t,). HeficTBuresnsHO, 9acoBoii yrou
TOYKH BECEHHETO PaBHOJCHCTBUA M@y paBeH:

ty=a,+t, =85 (3.1)

IMocpencreom dopmynst (3.1) cBs3aHbl 06e CUCTEMBI KBATOPUAJIBHBIX KOODJMHAT. JTO yPABHEHWE HMEeT
OYEHb BaXKHOE ITPAKTUIECKOE 3HAUCHUE.

YacoBoit yroa TOUKM Y HA3BIBAIOT 36€30HbiM epemerem. MOMEHT BepxHell KyJIbMUHAIIMA TOYKA Y COOTBET-
CTBYeT HAYAJIy 3BE3/HBIX CyTOK Ha JaHHOM Mepuauane, Torga S = 070™. Touka paBHonencrsus B 6" 3e3aHOrO
BpeMeHHI MpoXoauT Touky 3amaja (W), a B 12" naxomurcs B HIZKHel Ky/TbMUHAIIAY.
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B MoMmenT BepxHe# KyJIbMUHAIME 3BE3/IbI C U3BECTHBIM IMPSIMBIM BOCXOKICHHEM €€ 9acOBOM yroJr t = Oh(OO),
TOIJIa 3BE3/HOE BPEMsI PABHO IIPSIMOMY BOCXOXKJIEHHUIO 3TON 3BE3MIBL: S = Q.

Bonee Toro, ecim HaM M3BECTHO MECTHOE 3BE3/THOE BPEMs B IIYHKTE HAOJIOICHHUsI, TO MBI MOYKEM JIET'KO OIpe-
JIEJIATH BUJ[ 3BE3IHOTO Heba M YCTAHOBUTH PACIOJIOXKEHHE 3Be3. (C PA3JIMIHBIMU (¢) OTHOCUTEJLHO MEPHINAHA.
TTocko/IbKY IpsIMbIe BOCXOXK/IEHUsI BO3PACTAIOT K BOCTOKY, TO, HAIIPUMEDP, B MOMEHT S = 5" 3Be3IbI ¢ HOIBIIIME
« HADJIFOTAOTCS. K BOCTOKY OT ILJIOCKOCTH MEPHJIMaHa, & C MEHBIINMHU — K 3aIaJry.

[Ipoxoxkmenue 3Be31 Yepe3 MEPUJIMAH UCIIOIb3YeTCs JIJI ONPEJIeJICHsT 3B€3IHOTO BPEMEHN U U3YUeHUs KO-
JiebaHusi CKOPOCTH CYyTOYHOI'O BpAIeHNsT 3eMJIM, & TaKYKe IIPU PEIIeHUH Psijia AaCTPOHOMO-TE€0/IE3UIECKIX 3a,1a4.

Bompocst

1. Mecrnoe 3Be3anoe Bpems S = 10", Haxomures mm Torma Touka v Hag ropuzonToM? Kakme 38e315I B 9TOT
MOMEHT HAXOISTCS B BepXHEHN KyJIbMUHALINN !

2. B MoMeHT MecTHOTO 3Be3;HOrO BpeMenn S = 15" ma pucynke meGecnoit cdepbl st mmpoTsl ¢ = 60°
TOKa3aTh IOJIOKEHNEe TOYKNA BECEHHETO PABHOIEHCTBUsI U OIPEJIEIUTh IKBATOPUAJIbHBIE KOOPAUHATHL (v, )
criepyronmux Touek nebecuoii cdepnl (N, S, Z, E,W). Kakue uaMenenus KOOpAUHAT ITUX TOUEK IIPOU30W-
JyT 4depe3 Tpu daca’

3. Kakue TOUKHN 3KJIMNOTHKE OyJIyT Ha MepuauaHe MecTa Habmofenus (BK) B MOMEHTHI 3B€3JHOTO BPEMEHU
S; = 6" u Sy = 18". Kak 6ymer Torjma pacroyoykeHa SKJIHITHKA H IMOJIOC SKIHITHKH OTHOCHTETIHLHO
TOPU30HTA, €CJIN MupoTa Mecta ¢ = 60°.

3.4 B3zaumMocBs3b TOPU30HTAJBHOI U KBaTopuaJibHOIi cuctem. Ila-
PAJUIAKTUYECKU TPEYTrOJbHUK U €ero pelleHue
Tpu 60abmIUX Kpyra HEOECHOI chephl WK TPU BayKHEHIINX [JIOCKOCTH: HEOECHBI MepUINaH, KPYT CKJIOHEHUS U

BePTHUKAJI CBETUIa 00pa3yoT Ha HebecHO cdepe cdhepudecKnii TPEyroJbHIK, BEPITHHAMI KOTOPOI'O SBJISIIOTCS
[IOJTIOC MUPAa, 3eHUT, 3BE3/1a.

N

P

N

VA

Puc. 3.4: Topuzonraibiag u skBaTopuabias (4, t) cucrembl koopaunar. O6pazosanue chepuIecKoro Tpeyrob-
HUKA <«II0JIIOC-3€HUT-CBETHUIIO

DTOT TPEYroJbHUK HAZBIBAIOT NAPAAAGKMUYEcKkuMm. TaK Ha3BIBAIOT TakKe yroi 1upu cseruse (£ PoZ) mex-
Jly HAIIpaBJEHUSIME Ha ITIOJIOC W 3€HUT. B mapa/iakTHIecKOM C(hepuIecKOM TPEYTOJbHUKE CTOPOHBI U YTJIBI
BBIPAXKAIOTCH [OCPEJICTBOM KOODAMHAT IOPU30HTAIBHON (2, A) 1 sxBaTOpuaibHoii (¢, ) cucrem. CTOPOHBI U yI-
JIBI 9TOTO TPEYTOJbHUKA NIPENICTaBIeHbl Ha puc. 3.4: nyra mepuanana NPZ = 90° — ¢, ayra Kpyra CKJIOHEHUs
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NPo = 90° — §, nyra Beprukaga NZo = z. YTOJ IPU TOJIOCE MEXKy HEOECHBIM MEPUIUAHOM U KPYIOM CKJIO-
HEHUS U3MepsieT IacoBOW yToJI CBeTWJIa t, & BHYTPEHHUN YroJI IPU 3€HUTE MEXK/[y MEPUIUAHOM U BEPTUKAJIOM
pasen 180° — A.

[MapasutakTraeckuii TPEYyroabHUK HEIOCPEICTBEHHO O0ECIIEUNBAET CBA3b MEXK/Iy TOPU30HTAJIHHON U TEePBOi
9KBATOPUAJBHON CHCTEMAMHU, KOTOPBIE MPEJCTABJISIOT JBE CUCTEMBI ChHEPUIECKUX KOOPIUHAT, OCHOBHBIE OCH
KOTODBIX (HAIIpaBJIeHUEe Ha TIOJIOC 1 3€HUT) 00pa3yoT yroa 90° — . Takum ke 06pa3soM OpHEHTHPOBAHBI MEK LY
€000Iii IJIOCKOCTH MOPU30HTA U HEGECHOI0 9KBaTOPa. B 9THX cucTeMax 4acoBble YIVIbl U A3UMYThl OTCIYUTHIBAIOTCS
OT OJHOW W TOH Ke IJIOCKOCTH — ILJIOCKOCTH HEeOGECHOro MepuiauaHa (T. €. MOMEHTA BEpXHEH Ky/JIbMUHAIMU
CBETHIIA).

HawubGosiee BaxkHOI W THNUYHON 3ajadeil IPU ACTPOHOMHYECKUX HAOJIONEHUSX SIBJISIETCS OIPEJIeIeHUe To-
PU3B0HTAJIBHBIX KOOPIMHAT CBETHJIA B COOTBETCTBYIOIINE MOMEHTHI 3BE3HOI'0 BPDEMEHHU B IIYHKTE C M3BECTHOI
mupotToit. Maremarndeckuit annapar cdhepudeckoil TPUTOHOMETPUHU TTO3BOJISIET YCTAHOBUTH CBSI3U MEXK]IYy KO-
Op/IMHATAMY CBETHUJIA B ITUX CHCTEMAX.

st ycraHOBJICHHST B3aNMOCBSA3€il MEXK/Iy KOOD/MHATAMU MOPU30HTAJIBHON U 9KBATOPHAIHHON CHCTEM, HAM
cJleslyeT Terepb 00paTUThCST K 3JIeMEeHTaM [MapaJulakTHIECKOT0 TPEYTroJbHUKa (puc. 3.5).

V4
P

180° —4

90° -4

Puc. 3.5: Ilapannakrudeckuii Tpeyrojbauk «Ilosoc-3eHur-3Be31a» U €ro 3JeMeHThI

MaTtemaTn4ecKyo 3a/1a4y TaKOro BHJa HAa3bIBAIOT 3aJat4eil mpeobpa3oBanus koopaunat. [Ipu sTom paccmar-
PHUBAIOT JIBA CJIydast:

1. Ilepexox or koopauuar (o, 6):(t,4):(z, A), eciu B MyHKTe ¢ U3BECTHON MIUPOTOi 33/ [aH MOMEHT 3BE3/IHOIO
BpeMenu. Takyro 3ajady, KaK OPABUJIO, NPUXOJUTCS PEIIATh [PH BBIIOJHEHUN BCEX ACTPOHOMHYECKUX
HabJIIO e HHIA;

2. Tlepexon OT U3MEPEHHBIX FOPU3OHTAIBHBIX KOOpAUHAT cBeTHaa (2, A) B IIyHKTE ¢ U3BECTHOI MUPOTOH 1
B COOTBETCTBYIOIIUI MOMEHT 3BE3IHOIO BPEMEHU K 9KBATOPHAJBLHBIM KoopauHaraMm («, §) HabomaeMoro
cBerTmiIa, T. €. pelmuTh 3a1ady nepexona: (z, A):(t,0):(«, d).

IIepBoe mpeobpazoBamme OOBITHO HA3BIBAIOT NPAMOU 3adaueti, a BTOpoe — 06pammot.

PaccmorpuMm BHadgaste perenne npsiMoit 3agagu. Mtak, mycTb HEKOTOPOE CBETHIIO 33/1aHO IOCPEICTBOM €0
koopymHAT (o, d). TIocKOIBbKY 3a/1aH MOMEHT 3BE3JIHONO BPEMEHH, TO JIETKO OIPENEeJUTh YacoBOH yIroJ 5TOro
CBETHJIA ¢, BOCIOIB30BABIINCH 3ABUCHMOCTBIO S = t, = v, + 14, t, = S — a,. ObpaTnTe BHIMaHWEe Ha 3HAK 3TOI
pasuocru. [Ipu 9TOM HAO SICHO TPEJICTABIISITH, B KAKOM CTOpOHE HEOeCHOH ¢hephbl HAXOIUTCS CBETUIO B MOMEHT
HabJII0/IeHIsI OTHOCUTEILHO HEHECHOro MepHauaHa (10 WU [Ooc/e BepXHel KyJIbMUHAINN ).

ITockoJIbKY HaM M3BECTHA IINPOTA, CKIOHEHUE CBETUJIA U 4acoBOi yroi (tx 7# 0) B MOMeHT HabJIIo/IeHusl, TO
3E€HUTHOE PACCTOSHIE STOTO CBETUJIA MOJIydaeM o (hOpMyJie KOCHHYCOB:

cosz = ¢o0s(90° — ) cos(90° — §) + sin(90° — ¢) sin(90° — ) cost
cosz = sinpsind + cospcosd cost. (3.2)
AsumyT cBeTHIIA B 9TOT K€ MOMEHT BPEMEHH [PH YK€ U3BECTHOM 2, MOXKHO IOJIYIUTh 10 GOPMyJIe CHHYCOB:
sinz _ sin(90° —0)
sint  sin(180° — A)

sin zsin A = cos d sint. (3.3)
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VHHUBEPCAJIBHYIO CBA3b MEXKy KOODIMHATAME TOPHU30HTAJIBHON M IKBATOPHAJIBLHON CHUCTEM IIPECTABIISLET
dopmysta AT 37IEMEHTOB. B mpuMeHnennu K MapajIakKTUIeCcKOMY TPeyroabHuky PZo sTa dopmyia mMeer
BUJIL:

sin z cos(180° — A) sin(90° — ) cos(90° — §) — cos(90° — ¢) sin(90° — §) cost

sinzcos A = —sindcosp + cosdsinpcost. (3.4)

D1y GopMyIy 4acTO UCHOJIB3YIOT JJIsi KOHTPOJIS BBIYUCIEHNUs a3UMyTOB 110 (bOPMyJle CHHYCOB.

Urak, upu perreHud npsiMoil 3a7a49u Mbl Oy IHIU 3€HATHOE PACCTOAHUE M a3UMYT CBETWJIA B IIyHKTE Ha-
GJIIOZIEHNS B COOTBETCTBYIONIAN MOMEHT BDEMEHN.

B acrpoHoMHYeCKOH IpaKTHKe, XOTd M PEIKO, MPUXOJUTCA DelarTh 1 o0parHyo 3amady. g sroro B
nyHKTe HabJroeHus ([UpoTa U3BECTHA) B COOTBETCTBYOMIUI MOMEHT 3BE3/IHOIO BPEMEHH IPOM3BOIATCS U3Me-
penust z u A ceetmia. Ha 0OCHOBAHWH MOy I€HHBIX H3MEPEHNIT BHAUAJE HAXOJSAT CKJIOHEHNE CBETUJIA, UCIIONb3YsT
dopmyity kocunyca croponst (90° — 0):

cos(90° —0) = cos(90° — @) cos z + sin(90° — @) sin z cos(180° — A)

sind = sinycosz — cossin zcos A. (3.5)

ITo dopmysie cunycos, win 10 GopMyse AT JEMEHTOB (IIpH M3BECTHBIX z U A 3Be3bl) Olpeesisior
YacOBOI YT'OJI 3BE3/Ibl:

sint = w (3.6)
cosd

[TocKoJIbKY HaM M3BECTEH MOMEHT 3BE3HOTO BPEMEHH S, TO MPSAMOE BOCXOXKICHUE ONPEIE/IAeMOr0 CBeTHIIIa
a, =8 —t,.

Curesryer 3amMeTuTh, 910 (hopmyiry (3.5) MOKHO MCIIOJIB30BATD [JIsl OIIPEJIEJIeHNs] a3UMyTa CBETUJIA C U3BECT-
HBIM CKJIOHEHWEM, €CJTU B IYHKTE C JAHHOW MUPOTOH ¢ ObLIO M3MEPEHO €r0 3€HUTHOE PACCTOSTHHE.

DopMyJIbI MAPAUIAKTHIECKOIO TPEYTOJIbHIKA, PACCMOTPEHHEIE BEIIIE, MATEMATHIECKH OTOOPArKAIOT KOODIH-
HaTHO-BpeMeHHbIe cBs3u (KBC), 06yciioBIeHHbIE CYyTOYHBIM BpPAIIEHHEeM 3eMiIr. DT (hOPMYJIIbl UCTIOTB3YIOTCS
[IPU PellleHNN Pa3HoOOpa3HbIX 3a/a4 HAOJII0JATe/IbHON aCTPOHOMMY — KaK IIPHU IOJATOTOBKE ACTPOMETPHICCKIAX
porpaMM, Tak U Ipu 00paboTKe Pe3yIbTaTOB U3MEPEHUIA.

3.5 Dkamnruydeckas cucreMa kKoopamHaT. CBs3b C 3KBaTOPUAJILHOMN
(o, ). AcTpoHOMUYECKUiT TPEYTOJTbHUK

IIpuHIMI HOoCTPpOEHNS FKIUITAIECKON CHCTEMBI KOOPIMHAT AHAJIOTUYEH IIOCTPOEHHIO SKBATOPUAIHHON CUCTEMBI.
OCHOBHBM OPUEHMUPYIOUSUM HANPABACHUEM NPU IMOM ABAALTNCA HanpasaeHue K noatocy sxaunmuky (L),
a 0CHOBHOT MAOCKOCTDBIO — NAOCKOCD IKAUNMUKY, 6 KOmopol pacnosodicena opbuma 3emau. ITomoxenne
cBermyIa Ha HEOECHOU cdepe, a, CIeI0BaTEILHO, HAIPABJIeHNE HA OODBEKT, OMPEeIEsIseTCs IByMsi C(hepUIeCKIMU
OPTOTOHAJIBHBIMY KOODJAMHATAMEI — IKAUNMUYECKOT WUupomot u 00a20mot.

Kak u3BecTHO, IJIOCKOCTH SKJINNTUKKA HAKJIOHEHA K IJIOCKOCTH HEOECHOrO 3KBATOpa MOJ yrioMm & = 23°26/,
ITOCKOJIBbKY TAKOI yroJ B TPOCTPAHCTBE 00pa3yeT MePHEHIUKY/ISP K IJIOCKOCTH SKIUITAKA C HAITPABICHUEM Ha,
IIOJTIOC MUDA.

Ha puc. 3.6 mnockoctu (PyP’) u (PoP') — Kpyru CKJIOHEHHs! TOYKH 7 U HEKOTOPOI'O CBETHJIA, & JAyru Ro
u YR u3MepsAOT CKJIOHEHWE U MPSIMOE BOCXOXKJIEHHE TAHHOIO CBeTHja. HeTpyaHo BHUIETb, YTO B ILIOCKOCTH
yepTeKa Ha 3TOM K€ PUCYHKe IOoKasaHbl och mMupa PP’ u och axkmuntuku LL', Ho3TOMYy B TOYKAX SKJIMOTUKH
E n E’ 6ynyT COOTBETCTBEHHO HAXOIUTHCA TOYKHU JIETHETO M 3UMHETO COJIHIIECTOSHUS.

[TiockocTb, MpoOXOsInas Yepe3 MOJIOC SKJIUINTUKN U CBETUJIO, HA3BIBAETCH KPY2oM WUPOMb, — ITO OO
moit kpyr HeGecHol cdeprr (Lo K L'), nepnenaukynspubiii skaunruke (EyE’). Yriosoe paccrosiaue cBeTnia ot
skumnTuku ZKOo = NKo = § — skAunmudeckas wupoma.

Iraunmuveckan 00A20Ma ONPEJIESTETCs JyTroi SKJINUITUKA OT TOYKH BECEHHETO PABHOJEHCTBUSI 110 KPyra
mupoThl ceetmia. Urak, /yOK = NyK = . DriunTudyecKasl J10JroTa U3MepsieTcst B Ipajlycax U M3MeHseTCs
or 0 10 360° x BocTOKY (B Hanpasjienun jsukenus Cosmia u JIyHbr).

[TirockocTH, copepzKaliye 0Cb MUPa U OCh IKJIUNTUKHU, B KOTOPBIX COJIHIE JJOCTUTAET IKCTPEMAJIBHBIX CKJIO-
HeHM +23°26’ (MMU SIBJISIFOTCSI TOYKHU JIETHEIO U 3MMHErO COJIHIIECTOSHNUI ), HA3BIBAIOT KOAIOPAMU COAHUECTNO-
anuti — coorBercTBenHo JjietHero (E) u sumuero (E'). Herpyauo npeacraBuTh IJIOCKOCTH, IIPOXOJSIIUE I€Pe3
[OJTIOC SKJIUITUKY U JUHUIO paBHojencTsuii: LyL' u L L', ux HaspiBaor koaropamu pasnodercmeud. Komopst
COJIHIIECTOSTHUI U PABHOJEHCTBU B3ANMHO MIEPIEHINKYISPHBI, KAK U KPYTU CKJIOHEHUS ITUX YKe TOUEK HeDeCHOM
cepbl — COTHITECTOSTHUIT U PABHOIEHCTBUIM.
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Puc. 3.6: Qxumnrudeckas cucrema koopaunar (A, §): ZPLy = 90°; LZLPy =90°;, NyK = X\; NKo = 8; "WR =
a; NRo = §. Ha sToM prucyHKe MOKa3aHO TOJI0KEHNE CBETHIA B JIBYX CUCTEMaX KOOPJMHAT — SKJIAIITHUIECKON U
3KBATOPUAJILHON

Hast ycranosienust cBsisu cucreM KoopausHat (A, §) u (a, ) obparmmcsi K chepruuecKoMy TpeyToJIbHUKY
LPo, xoropslii Ha3piBAIOT acmporomuyeckum (puc. 3.6 u 3.7). Bepmunamu 3TOro TpeyroJbHUKA ABJIAIOTCS
nostoc sxunTuky (L), nomoc mupa (P) u cetmiio (o), a cTopoHaMu — Jiyra KoJIropa cosHnectositust NLP = e,
jyra kpyra muporel NLo = 90° — § u ayra Kpyra ckjioHenus cBeruia NPo = 90° — 4.

Puc. 3.7: Acrponomudeckuit rpeyroisauk PLo u ero snements: /P Ly = 90°; ZLP~ = 90°

OrnpezesinM BHYTPEHHUE YTJIbI B 9TOM TPEYTOJbHUKE: MMHU ABJIAIOTCS YIOJI IIPU TIOJIIOCE IKJIUITUKA U YIOJI
npu nosioce Mupa. Y autbiBas, 4to LP 1Ly nu LP1 Py, moxy4duM, 9TO Yyroj MKy KOJIOPOM COJIHIIECTOSTHUS
(LP) u xpyrom mmporsl ceermwia (ZPLo) pasen 90° — A, a yros MexkJy KOJIIOPOM COJIHIIECTOSHHS M KPYI'OM
ckJloHenus ceeruia ZLPo pasen 90° + « (cMm. puc. 3.7).

[Monb3ysich uzBecTHbIMU (hopMyIaMu chEePUIECKONl TPUTOHOMETPHUH, 3AIMIIIEM OCHOBHbIE (DOPMYJIbI, OIKCHI-
BalOIIUe B3auMOCBsI3b Koopauuar (A, §) u («, §) mia namuoro csermwia. I1o srum dbopmysiaM ya06HO BEIYUCIATE
SKJIMTITUIECKIE KOOPAUHATHI 00HEKTa HA OCHOBAHUHU €T0 U3BECTHBIX SKBATOPUATBLHBIX KOOPIMHAT.

cos(90° — B) = cosecos(90° — §) + sinesin(90° — §) cos(90° + )
sinff = cosesind —sine cosdsinw (3.7
cosBcosA = cosdcosa (3.8)

sin(90° — B) cos(90° — \) = sinecos(90° — §) — sin(90° — §) cos e cos(90° + )
cosfBsinA = sindsine 4 cosd cosesin a. (3.9)

Dtu GopMyJIBI OYIYT UCIOIB30BATHCA HAME B [TOCJIEIYIONINX [VIABaX [PU M3YIE€HUN M3MEHEHUN IKIUITHIE-
CKHUX U 9KBATOPUAJIBHBIX KOODJIMHAT 3BE3]] BCJIEJCTBUE NOJUIHOTO U IPEIECCHOHHOTO JIBUYKEHUS 3EMJIN.

3.6 TlamakTmyeckasi cucreMa KOOPIMHAT

Ere oHoIt, 9acTo MCHOIB3yeMOit, 0COOEHHO B 3BE3/THON JMHAMUKE, CUCTEMON KOOPJUHAT SIBJISETCS TaJIaKTU e~
CKag CHCTeMaA.

Hama Tamakruka, mwan Mieunsrit [lyts, knaccudurmpyercst kak cnmpasibHas rajgaktuka. OCHOBHBIMU CO-
cTaBAOMUMI [aJlaKTHKN SBJISIOTC TIockuit quck guamerpom 6osee 100000 cB. jet, siapo u raso. Bosbimas
9aCTh 3BE3/T U ra30IbLIEBBIX 0OJAKOB COCPEOTOUYEHBI B raJIaKTUIecKoM jiucke. CTPYKTYpa JUCKa HEOTHOPOIHA;
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U3BECTHBI HECKOJIBKO CIIUPAJIBHBIX PYKABOB, B KOTOPBIX IJIOTHOCTH 3BE3J U ra3a 3HAYMTEJIHLHO BBIIIE CPeJIHEl.
3HaunTeNbHAS YACTH 3Be3/[ KOHIIEHTPUPYETCS K MEHTPAJIBHON YacTH, WA K TaJaKTHIeCKOMY sIpy, U 0bpa3y-
er B neHTpe lajnakTuku yrosmenue. Vl, HakoHell, TpeTbeil cocTaBiisoneil ['aJakTUKU SIBJISIETCS TAJI0, KOTOPOE
COCTOUT U3 CTapbIX 3BE3]] U MAPOBBIX CKOILIeHUi. ['aj0 nMeer mpakTudecku chepuiecky GhopMmy.

Counne naxonurcs Ha nepudepun Lamakruku (Ha pacCTOSHUM IPUMEPHO 8.5 KIIK OT ee NEHTPA) U sBJISeTCs
OJTHOW U3 3Be3]], COCTABJISIONUX ee JUCK. Tak Kak Mbl CMOTpUM Ha ['aJaKTHKY U3HYTPH, HAXOJSACH B €€ JIUCKE, TO
TIOCJIETHUM TIPOEITUPYETCs Ha HeOECHYIO cdepy Kak moJsioca 38e3.1, uan Miaegnsrit [lyts. Bmecte ¢ bmmxaiimmmvu
K HeMy 3Be3iamu COJTHIIE JIBUYKETCST CO CKOPOCTBIO TpuMepHO 250 KM/ B HanpaBjeHnu co3sesus Jlebeas. 1o
JIBUYKeHNe OObSICHSIETCsI BpAIleHHEM TajiakTudeckoro jucka. CoJiHIle Jie1aeT MOJIHBI 060pOT BOKPYT IEHTPaA
TlayrakTuku 3a nepuom ~ 200 MJIH. JIET.

s uzydenus JBUKeHUs 3Be3]] B ['ajlakTHKe 38 OCHOBHYIO IJIOCKOCTH TAJIAKTHIECKON CHCTEMBI KOODIMHAT
€CTECTBEHHO TIPUHSATH IIJIOCKOCTh JUCKa. [10JI02KeHrne OCHOBHO MIJIOCKOCTH B 9KBATOPUAJILHON CHCTEME 33J1aeTCsI
KOOP/IMHATAMU OJHOTO U3 IOJIIOCOB IAJIAKTUYIECKOW CHCTEMBI.

[Ipu obpaborke pesysbraros npoekra HIPPARCOS rajakrudeckasi cucreMa KOOPAUHAT ObLIa OIIPejiesieHa
cieaytormuM obpazom. O603HAYNM TOUKY, S9KBATOPUAIbLHBIE KOOPIAUHATHI KOTOPOoil Ha 310Xy J2000.0 paBHBI

(67

4]

129°.85948,
27°.12825, (3.10)

kaK Gy 1 HA30BEM €€ CeBEPHBIM IAJIAKTHYECKUM IIOJIIOCOM, 8 JTUaMETPAJIbHO IPOTHUBOIIOJOKHYIO TOUKY — HO0XK-
HBIM. BOJIBIOl KpyT, NEPIEeHMKYIISPHBIN JTUHAH, COETUHSTIONIEN MOJTIOCH], HA30BEM 2aAUKMUYECKUM IKEAMOPOM
(puc. 3.8).

Puc. 3.8: laakTnyeckast cucrema KOOpPJIUHAT

Boubmoit kpyr, npoxomsiuii depe3 3Be3/y ¢ U MOJIOCH [AJIaKTUKW, HA3BIBAETCH KPY20M 2aAGKMU%ECKOU
WUPOMDL.

Eciin Touka A siBjisiercsi TOUYKOI IIepeceveHusl Kpyra IUPOTHI M IaJIAKTUIECKOIO 3KBATOpa, TO jayra NAc
Ha3bIBAETCS 2a.4aKMudeckols wupomot 36e3dv: NAc = b. l'ajakTudeckue MUPOTHI TOJIOKUATEIBHBI B CEBEDHOM
7 oTpunare/bHbl B 102kHOM nosryrmapun: —90° < b < 90°. Panbire rajakTudeckne J0JTOTHI OTCIUTHIBAINACH OT
BOCXO/ISIIETO y3J1a § ), TO €CTh TOYKH [I€PeCeIeHns TAJIAKTHIeCKOr0 U HeDECHOTO SKBATOPOB, IPSIMOE BOCXOKIEHUE
KOTOpOit pasrsiock ~ 18740™ . Ceiivac HagaIo OTCUCTA JTOITOT (rouka C' Ha puc. 3.8 — HapaBjIleHUE HA LEHTD
TlajakTukm) onpejessiercss raJakTUYIeCKON JI0JrOTON BOCXOZMAIIEro y3ia §), KoTopas paBHA ng = 32°.93192.
TasrakTuaeckue joyrorbl orcunTbiBatroTcsd oT 0 10 360° IpOTHUB YAaCOBOIl CTPEJIKHU, €CJIU CMOTPETH ¢ CEBEPHOIO
rosioca, asrakTuky. _

Euamanerit BeKTOp B HaIIpaBJIeHNN ceBepHoro nomoca lamakTtnkn oboznadnM kak kK 4, a BeKTOp, Hampas-

-

=

JIEHHBIN B LeHTP lanaktukn — kak i 4. Ock O rajJakTHY9eCKON CHCTEMBbl HAIIPABUM BJIOJIb BeKTOpa iy, ocp
—- — —

Oz — BHOH k . Ocp Oy ompefensercs eAMHIIHBIM BEKTOPOM j g, KOTOPEIil paBeH j o = k4 X T g

AHaJIOFI/IqHLIM obpazomM (3aJaHreM TPOHKHU GABUCHBIX BEKTOPOB) MOIYT ObITh OLPEEJIeHbI JIOObIE JIPYIHe
CHUCTEeMBbI KOODJIMHAT.
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Tabsmna 3.1: CpaBHUTEIFHBIE XaPAKTEPUCTUKU CUCTEM KOOD/IMHAT

HaumenoBanue Qusnyeckast Ocuosnoit kpyr Bropoii kpyr Hauasio CuMBOJIBI
CHUCTEMBI OCHOBa, CUCTEMBbI
Topuzonrtanmsuasa | Hampasienue Wctunmbrit Beprukau FOxHast Touka h,z, A
CUJIBI TSAKECTHU TOPU30HT rOPHU30HTA,
OxkBaropuasibhas | Bpamenne Semusin;  HebecHbrii Kpyr KOxHast Touka o, t
l-as HAIIPABJIEHUE OCH  SKBATOP CKJIOHEHU I 9KBaTOPA
BpAIeHAA
DKBaTOpUATHLHAS Touka Becennero 6, «
2-as PaBHOJIEHCTBUS
OKINNTUIECKAST Ob6parnenne OKIINNITHKA Kpyr Touka Becennero 3, A
Semn UPOT PaBHO/IEHCTBUS
Bokpyr CoutHiia;
ILIOCKOCTH
3eMHO OpOUTHI
TanakTuaeckast ILtockocTh Tanaktuaecknit  Kpyr Hampanenue b, 1
lamakTukn 9KBATOP UPOT Ha [EHTP
TlanaxkTukm

3.7 IIpeobpa3oBanue KOOpAWHAT U3 OJIHOI CUCTEMBI B APYTyI0 METO-
JaM1 BEKTOPHOI aJiredpbl

- = —
Passioxkenune BekTopa 1o rpoiike 6asucubix BekTopos (i, j, k) sanuceiBaercs B BujE:
— — —
— . .
r=zi+yj +zk, (3.11)
— - 3
rje T, Y, 2 — IPOEKINU BEeKTOpa I Ha BeKTOpbl i, j, k, coorBercrBenno. Vcromb3yst MaTpudabie 0003HAME-
HUsI, 9TO BBIPAYKEHUE MOYKHO 3AINCATH B BHJIE:
——— x
— o .
r=(ijk)|l v |, (3.12)
z

i i
rpe 3amuch (1 j k) obosnagaer Bekrop-crpoky. Ocrasum obosHadenue (i j k) juist 6asucHoit Tpoitku BeKTO-
POB 9KBATOPUAJBHON cHCTeMbI. Ba3ncHble TPOWKN BEKTOPOB SKJIMIITHYECKON U rajJaKTUYeCKOl CHCTEMbl KOOpP-
PR e
ic joke) m (igj,ky), coorsercrsenno.
Pasyioxxum pajimyc-BeKTOp OIHOIO U TOrO K€ HEOEeCHOr0 0ObeKTa M0 GA3UCHBIM TPOMKAM SKBATOPHUAIBHOIM,
SKJIUIITUIECKON U rajiakTudeckoii cucreM. s aroro ucnosbsyem dopmyiy (2.1), B koropoit koopauaaTst §, A

3aMeHSIOTC Ha «v, 0, wiu (3, A, uiu b, [, u 3anuinem marpudnoe paBeHcTBo (3.12) B BHE:

JUHAT 0003HAYMM Kak (

cos d cos a cos 3 cos A cosbcosl
(i jk)| cosésina | =(icj.ke) | cosfsinA | =(igj k) | cosbsinl (3.13)
sin § sin 3 sinb

Yrob6b! HaiTH Tpeobpa3oBaHUe OT OJHON CHCTEMbI KOOPJIWHAT K JIPYTOM, HAJIO HANTH MATPUILY ITOBOPOTA OT
onHOI bazmcHO Tpoitku K Apyroii. Hanmpumep, Halizem mpeobpa3oBaHue OT 9KBATOPUATIBLHON K IKIUITHIECCKON
cucreme. Torma

cos d cos & cos (3 cos A
- ) o .
(ijk)| cososina | =(icj.ke) | cosfsinA (3.14)
sin § sin 8
-2
YmuoxkuM obe yactu ypasHeHus Ha BeKTop-croiber; (1 j k)' cuesa, rue ungekc «T'» ob6o3Havaer TpaHc-
—
e [ E
nonuposanue, T. e. (1 j k)* = j |- B pesynbrare mosyaum
—
k
iy iy
1 cos d cos o 1 cos 3 cos A
— - . — ——— .
j | (ijk)| cosdsina | =] j (icjoke) | cosfsinA (3.15)
x sin & X sin 3
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ITo ompesenennio CKaJsIPHOTO IPOM3BEIECHNUS U IPABIILY YMHOXKEHUS MATPHUI] HMEEM:

ry

i 1 0 O

— ——— o

j (ijk)=I=|10 1 0 |, (3.16)
X 0 0 1

e | — equHUIHAST MATPUIIA.
Takum 06pa3zom mpeobpazoBaHUE OT SKJIUMTUIECKON K IKBATOPUATHHON CHCTEME MOXKHO 3AINCATD CJIEIYTO-
M 00Pa30M:

cos d cos o A cos 3 cos A
cosdsina | = A. | cosfBsinA |, (3.17)
sin § sin 8
rje
—
i — = —
A= T | G.5X0. (3.18)
X

<v

X, X

Y

Puc. 3.9: Bzaumnoe PacroJiozKeHue U OpueHTalud oceit SKBaTOpI/IaJIbHOfI U SKJIAIITUYECKON CHUCTEM KOOpAuHAT

B obeunx cucremax och Ox HalpaBjieHa B TOUYKY BeceHHero papHojencTsusi 1. IlosTomy HampasiieHue Bek-
- -
TopoB i m i. coBmamaer. Ocu Oz n Oz’ HANPABJIEHb COOTBETCTBEHHO B IIOJTIOC MUpa PN 11 TI0JIIOC SKJTHIITHKH

Ly . CnenoBaresibHO yroJl MeXKIy BEKTOpaMu k u k ¢ PaBeH €. YTOJI MEXKJIy BEKTOPAMU J u J ¢ TaKXKe paBeH
€. Ucmomp3yst onpesienierne CKaasipHOTO TPOM3BEICHUS, TTOJLY IUM:

- T T
[ B i LK Lo g ) cone
Ae=| jiec jje ke |=(0 cose cos(90°+¢) | =] 0 cose —sine |. (3.19)
?-i)g E’Te i’fe 0 cos(90° —¢) cos e 0 sine cose

Vpasuenus (3.17) u (3.18) 0AHO3HAUHO OIPEIEJISIOT CBA3b MEXK/Ly IBYMs CUCTEMAMU KOODAUHAT, U yIOGHDI
pU BBIYKMCJIEHUU Ha KoMIbiorepe. Tem He Menee npuseseM peobpasosanue (3.17) B siBHOM BujIE:

cosdcosa = cosfBcos ), (3.20)
cosdsina = cosfsinAcose — sin3sine, (3.21)
sind = cosfsinAsine +sinfcose. (3.22)

HUcnonb3ys marpuynyio 3anuck (3.17) jerko naiitu obparHoe npeofpa3oBaHue OT SKBATOPUAILHOM K IKJIHII-
TUYeCKOil cucremMe KoopauHaT. st aroro ymHOKuM ypaBrenue (3.17) ciesa ma marpuily, obparnyio A., T. e.
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o

R €os d cos & cos Fcos A\
A7l | cosésina | = | cosBsin\ |. (3.23)
sin § sin 8

_ Marpuna A, obmagaer cnennansabiMu coficrBamu. Herpyano nposepurs, wuro ATA, = A AT =1, 1 e.
AT = AZ! Tlomo6mubie MATPHIIB HASBIBAIOTCS 0pMo2oHasvibmu. IIpeobpasosamnme (3.23) mveeT, TakimM o6pazoM,
BUJIL:

cos B cos A €0oS d Cos a 1 0 0 cos § cos &
cosfBsin\ | = AT | cosdsina | = | 0 cose sine cosdsina | . (3.24)
sin 8 sin § 0 —sine cose sin §

Marpura Al ommceiBaeT mpeobpasoBaHme OT 3KBATOPHAIBHON CHCTEMBbI K SKJHITHICCKON. Bpalienue Ha
yrout € miis copmerennus oceit Oy u Oz ¢ ocamu Oy’ u Oz', cOOTBETCTBEHHO, HA3BIBAETCS IIPABBIM, TaK KaK IPH

3TOM JIBHYKeHHe BOOGPAasKaeMOro TIPaBOro BUHTA COBNasaer ¢ Hampasienuem ocu Oz. Marpuna AT mostowmy,
OIIMCHIBAET MPAaBOE BpallleHHe OTHOCUTEIbHO ocu Ox.
B sBHOM Bnze u3 (3.24) nmomydnm:
cosffcosA = cosdcosa, (3.25)
cosfsin\A = cosdsinacose + sindsine, (3.26)
sin = —cosdsinasine 4+ sindcose. (3.27)

AHAJIOTUYHO MOTYT OBITH MOJIYYEHBI MATPUILI BpAIleHWi oTHOCUTEbHO oceit Oy u Oz. st coxpanenust
OOIIHOCTY U3JIOXKEHUs 0DO3HAYMM MaTPUIIBl IOBOPOTOB oTHOCcUTesbHO oceit Ox, Oy, Oz ua yroa ¢ kax Ri(¢),
R2(¢), R3(¢) coOTBETCTBEHHO, IpHYEM

R 1 0 0 . cos¢p 0 —sing . cos¢ sing O
Ri(¢)=1| 0 cos¢ sing |; Ra(d)= 0 1 0 ; R3(¢p)=| —sing cos¢p 0 |.(3.28)
0 —sing coso¢ sing 0 cos¢ 0 0 1

Marpuna A, (3.19) pasna, ciaenosaresibno, Ry (—¢), T. e. 1Jisl Iepexo/a OT SIKJUNTHIECKON K IKBATOPUAIBLHOI
cuCTeMe HeOOXOMUMO TIOBEPHYTH OCH SKJIUMITHIECKOH cucTeMbl oTHOCHTENbHO ocu Oz (Ox') ma yrom —e.

C nomommsio MaTpur (3.28) MOXKHO BBIMHCIATH JIIOOYI0 MATPHILY, ONUCHIBAIONLYIO BPAIIEHUE B TPEXMEPHOM
IPOCTPAHCTBE.

Pacemorpum jiBe JiekapToBbl cuctembl kKoopauHar: Oxyz u Ox'y’'z" (puc. 3.10).

X

Puc. 3.10: Oupenenenne yrios Ditnepa

Haiinem maTpumy npeobpasosanust R koopauaaT BekTopa n3 cucrembl Oxyz K cucreme Ox'y'2'. s sToro
cHavaJsia nosepueM cucremy Oxyz orHocuresbuo ocu Oz Ha yroa ¥ (mo coBmernenus ocu Ox ¢ JuHHEH y3710B
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0Of?). Bparenue 0THOCHTEIBHO JIMHUY y3JI0B (KOTOpas Telepb coBnaigaer ¢ ocbio Ox) Ha yroa © mnpuseier K
cosmeriennio ocu Oz ¢ oceio Oz'. U, nakoner, moBopot oTHOocUTenbHO ocu Oz wa yron ® nepesogur och Ox B
nosoxkernne Ox’ (Oy B Oy’ coorsercTBeHHO). Bee MOBOPOTHI — MOJIOKUTENBHBI.

Vroer U, O, ¢ nazeBatorcs yesamu Jdsepa. Tpu yria Distepa OJHO3HATHO ONPENEIISIOT TOBOPOT OHOMN
CUCTEMBI KOOPJUHAT OTHOCUTEIHLHO JApyTroii. B Teopernmyueckoli MexaHWKe W aCTPOHOMMU TH YIJIHI UMEIOT COO-
cTBeHHbIe HazBauusl. Fcmn ocn Oz, Oy jexkar B IJIOCKOCTH SKJIUIITUKH, TO YTo U HA3BIBAECTCS Y2A0M NPEUECCUL.
Yron © ectb yeon nymayuu, a yron $ Ha3BIBAETCA y2.a0M COBCMEENHH020 GPAUELHIU.

Marpuia Bpatenns K paBHA IPOM3BEIEHIIO TPEX MATPHULL (obpaTuTe BHUMAHNE Ha IIOPSIJIOK IEPEMHOKEHNUST
MATPHUIL U [I0CJIEJ0BATEILHOCTD BpAIleHuii):

R X . R cos® sind 0 1 0 0 cosV sin¥ 0
R=R3(®)R1(O)R3(¥)=| —sin® cos® 0 0 cos® sin®© —sin¥ cosV¥ 0 (3.29)
0 0 1 0 —sin® cos® 0 0 1
A
. cos® cos ¥ — sin ® cos © sin ¥ cosPsinV¥ +sin®cosOcos¥  sin ®sin ©
R=| —sin®cosV¥ —cos®cosOsin¥ —sin®sinW¥+cos®cos@cos¥ cosPsin® |. (3.30)
sin © sin ¥ —sin © cos ¥ cos ©

C 1OMOIIBI0 MATPUYHOTO METOJIA JIEFKO HANTH MAaTPHILY IIPeo0pa30BaHusl 9KBATOPUAIBHBIX KOOPAUHAT (v, 0)
B rajakrudeckue koopauuarsl (I, b) (puc. 3.8).
N3 ypasuenust (3.13 u 3.14) nmeem:

_
cosbcosl 1,4 cos d cos o
cosbsinl | = j, [(ijk)]| cosdsina [. (3.31)
sinb X sin §
g
-
Hamomanm, 910 opT 1 HAIIPABJIEH B TOYKY BECEHHETO PABHOJCHCTBHUS J — B TOUKY C TIPSMBIM BOCXOXK-
nenueM, pasHbiM 90°, 1 g ceBepHbIil osroc Mupa. COrIacHoO OIpeIeNeHnIO BeKTOP T ¢ HAIIPABJIEH B LIEHTP
—
lamakruku, k ; — B ceBepHslit osmoc Gy .
Matpuria
iy
lg
- N -
o= 7, |GT% (3.32)
—
kg

SIBJISIETCsT ICKOMOU MaTpuIleil mpeobpa3oBaHmsl.
- - o -

J0BObHO TPYAHO BBIYUCIUTEL CKaJIAPHBIE mpomssefennsd i,1i, i,j m T 1. memocpenacrsenno. IlosTomy
BbluncauM Marpuily (3.32), COOTBETCTBYIOUIYIO IIEPEXOILY OT aKBaTopI/IaanOH CHCTEeMBI K IaJJaKTUYeCKOil ciie-

JIyronmM o6pasoM (cMm. puc. 3.8): BBIIOJIHAM II€PBOE BPAIIEHUE OTHOCUTEJIHHO OCH MUDPA Ha yroJl ag (mpsimoe
BOCXOXKJIEHUE TOYKU §}), T. €. BBIYUCIIAEM MATPUILY Rg(OéQ), 3aTeM BBLITIOJIHAEM BpaIlleHue OTHOCUTEIHLHO JIMTHUN

y3710B Ha yroa 90° — dg, u BbrancasieMm Marpuny R;(90° — g, ), e dg, — CKJIOHEHHEe CEBEPHOTO IaJIaKTHIe-
ckoro noJiroca. TpeTunit MOBOPOT — 3TO MOBOPOT OTHOCUTEIBHO OCH, COEIMHSIONIEN CEBEPHBIN U I0XKHBII ITOJIIOCA
lanakTrkm, Ha yromu _ZQ' B pesynbrare marpuiia Ag 3aUChIBACTCST B BUJIE:

Ag = Ry(—10) R1(90° — 66 ) Rs(agq)- (3.33)

3amMerum, 9TO ag = agy + 90°, ag, — IPAMOE BOCXOXKIEHHE CEBEPHOIO IaJIAKTUYECKOI'O IOJIOCA. IDTO

CJIEJTyeT M3 TOTO, UTO JAByTrpaHHbIi yroa Gy Py§) paser 90°. 3amensst cumsost ¢ B (3.28) Ha COOTBETCTBYOIINE
YTJIBI, TIOJIY9HM:

cos IQ —sin ZSZ 0 1 0 0 cos oy sin a0 0
Ag=| sin lg cosle 0 0 sindg, cosdgy —sinag cosag 0 ). (3.34)
0 1 0 —cosdgy sindgy, 0 0

HO,ZLCT&BI/IB 3Ha4Y€eHUd YyIVIOB U BbIYUC/IUB IIPOU3BEACHNE MAaTPUIL, IIOJIyIUM:

. —0.0548755601367195 —0.8734370902532698 —0.4838350155472244
Ag = | +0.4941094280132430 —0.4448296298016944 +0.7469822445004389 | . (3.35)
—0.8676661489582886 —0.1980753737056720 +0.4559837761713720
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O6parHoe npeobpasoBanue (0T raJlaAKTUIECKOIl K 9KBATOPUAJIBHON CHCTEME KOODIUHAT) BBIPAXKAETCs MaT-
PUYHBIM ypaBHEHUEM:

€os 0 CoS av A cosbcosl
cosésina | = Ag' [ cosbsinl |. (3.36)
sin & sinb

Tak Kak mMarpuia Ag — oproroHambHast, TO Aal = AL,

B 3ak/iouenne UCHoOIb3yeM MATPUYHBIA METOJ JIs BBIYMCJICHAS MATPHUIBI MPEOOPA30BaHUA OT TOPU3OH-
TasbHOH (2, A) K sKBaTOpHaIbHON cucreme koopauuar (¢, §) (puc. 3.4). ljist 3TOr0 JOCTATOYHO BBIIOJHUTH
OJIMH TI0OBOPOT: OTHOCUTENHHO ocu Oy (0be cucrembl KoopauHAT — JieBble) Ha yroa —(90° — @), tae ¢ — act-
poHoMmYecKas mupoTa. ClieoBaTeIbHO MATPUYHOE yPaBHEHHE IIPeoOpa3oBaHms KOOPAUHAT MOMKHO 3AIACATH
KaK

cosd cost A cos zcos A
cososint | = Ra(p —90°) | coszsinA | . (3.37)
sin & sin z

Jlerko npoBepuThb, U4TO 3TA CUCTEMA COBIAJAAET ¢ ypaBHeHusMmu (3.5, 3.6).

Ucnonb3yem moJrydeHHble (OPMyYJIbl IIPeOOPA30BAHUsT KOOPAUHAT JIJIsl PEleHUs] CJIEAYIONNX 3aad.

3amaqa 1. Haiitn reomerpuieckoe MeCTo ToUeK Ha HeOeCHOI cdepe, y KOTOPBIX CKJIOHEHHE d PaBHO SKJINII-
TUYIECKOi mupore (3.

Pemenne. [Ipeobpaszosanme KOOPAUHAT TOYKH M3 3KBATOPHAJBHONW B SKJIUNTHIECKYIO CHCTEMY 3aJ4€TCs
ypasuenusimu (3.25, 3.26, 3.27):

cosfBcos\ = cosdcosa,
cosfBsin\ = cosdsinacose + sindsine,
sin@ = —cosdsinasine + sindcose. (3.38)

W3 nepBoro ypaBHEHUsT TOJIYIHM: COS A = COS (v. Kcim U3 BTOPOTO ypaBHEHUsT BBIPA3UTD SiN (v ¥ TIOICTABUTH
B TpeThbe, TO HaligeM, 9To sin A = — sin «. Permerimem 310t cucremnr Oymer o = — .

OueBHIHO, YTO B TOYKE BeCeHHero pasHojeHcTBUsA § = = 0, Tak:ke o = A = 0; B TOUKE OCEHHEr0 PaBHO-
nerncrBusi 0 = 3 =0, a = A = 180°. 'eomerpuyeckum MecToM Ha cepe, YI0BJIETBOPSIONIUM yCJIOBU § = 0 = K
(kK — HEKOTOpOE YUCIIO), ABJSIETCA TOYKA C(DEepUIECKOro TPEYrOJIbHUKA, OJHON M3 CTOPOH KOTOPOIO SIBJISIETCS
Jyra MeXKJIy IOJIIOCOM MUPA U IIOJIIOCOM SKJIMITUKU W PaBHAs €, AByMs ApyruMu — mnyru ¢ mmaoil 90° — k.
IIpu yBesmuenun k 10 90° TPeyroJbHUK BBIPOXKIAETCS B YTy, a TOYKA ITOJHUMAETCS II0 Jyre OKPY2KHOCTH,
MIPOXOJISIIEH MocepeInHe MEXK/Ty MOJTI0OCOM MUPA U TOJIOCOM SKJIMITUKH.

Takum 06pa3oM, reOMeTPUYECKUM MECTOM TOYeK Ha HebecHOil cdepe OyIeT OKpPYKHOCTh — IlepecedeHure
GOJILIIOrO KPyTa, HAKJIOHEHHOTO K 3KBATOPY 1m0, yriioM 90° 4+ £/2 u mpoxoasiero 4epes TOYKU PABHOIEHCTBYS,
¢ HebecHoit cdepoii.

3amaua 2. Haiitu reomerpuaeckoe MeCTO TOUEK Ha HeOecHO# cdepe, y KOTOPBIX MPSMOE BOCXOXKICHUE
PaBHO IKJIUTITUIECKON TOJITOTE .

3amada 3. KakoBo mpsiMoe BOCXOXKJIEHUE U CKJIOHEHUE CEBEPHOI'O U HOXKHOIO I0JIFOCA SKJIUIITHKH !

3amaya 4. B kakux ToYKax 3eMJIM IKJUNTHKA MOXKET COBIAJIATH C IIEPBBIM BEPTUKAJIOM ]
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I's1aBa 4

[IpenBolunciienne 1MoJ0XKEeHU CBeTIJI B
3aBHCHMOCTH OT UX KOOPJAWHAT, IITNPOThHI
MecTa U BpeMeHU HabJIIOAeHI’s

4.1 MHWcmnoab3oBaHue HebecHO cdepbl IPpU ONNCAHUN CYyTOYHOT'O JIBU-
>KEeHUS CBETUJI

Hawuboutee 3ameTHoe m3MeHeHNE B BUAUMOE Ha HeOeCcHOM cdepe MOJI0KEHUE CBETU BHOCHT CyTOYHOE BPAICHUE
Semmn. JocrarouHo mpocsieauTsb 3a HEOECHBIM OOBEKTOM B TE€UEHHE OJHOI0-JBYX YaCOB, 9TOOBI CO BCeil orpe-
JIEJIEHHOCTBIO YCTAHOBUTH M3MEHEHNE €r0 FOPU30HTAJIBHBIX KOOpAuHAT. [Ipu 9TOM KaxK/I0My MOMEHTY BPEMEHU
COOTBETCTBYET OIIPEJICJIEHHOE TIOJIOXKEHIE CBETUJIA OTHOCUTEIHLHO TOPU30HTa U HEOECHOTO MEPUIHAHA.

WsMmeHeHne BBICOT CBETUJI, KaK OBLJIO OTMEYEHO paHee, 00YCI0BJIEHO M3MEHEHUEM B IIPOCTPAHCTBE IIOJIOYKEHUST
OTBECHO JIMHWI OTHOCUTEIHLHO 3BE3]1 I COOTBETCTBEHHO ILJIOCKOCTH TOPU30HTA B IIyHKTE HaOronenusi. Torma »xe
OBLT PACCMOTPEH BOIIPOC, ITOYEMY M HACKOJIBKO Pa3JITIAlOTCsl BHICOTHI CBETUJI B MOMEHTHI UX BEPXHUX U HUKHUX
KYJbMUHAIAN B MYHKTAX C PA3JIMYHBIME IMUPOTaMU. BepxHeil KyJIbMUHAIMH OTBEYAET MOMEHT, KOTJIA JTAHHBII
reorpaduvecKuii MepuMaH HallpaBjieH Ha onpejejaerHoe ceetuiio. Jlas CosHIla TAKMM MOMEHTOM SIBJISIETCSI
UCTUHHBINA I0JIJIEHb.

Huxe paccMoTpuM npumep, Kak ¢ U3MEHEHHeM KOODIMHAT CBeTHJa (B YACTHOCTH CKJIOHEHUs) B IyHKTE C
GbUKCUPOBAHHOM MUPOTOH OYIYT MEHATHCS YCIOBUA UX HADJ0eHUA. [/ 9TOTO 0OpaTnMCcst K PUCYHKY HeOECHOH

cdephl.

¢ =40°.m.
- — phnpm
S= ly= 4720

7

Puc. 4.1: Cyrounble JBUKEHUS CBETUJI C PA3HBIMU CKJIOHEHUSIMU

Yroan NOP coorsercTByer mupoTe Mecta Habmoaerns. [Ltockoctn (NPZQS ...) u (Q'EQW ...) npencras-
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JIIIOT COOTBETCTBEHHO HEOECHBII MEPUINAH U HEOECHBIN SKBATOP.

3/ech TOKa3aHBI MOJIOKEHUs IBYX sApkux 3Be3/ (Cupnyca m Apkrypa) B myHKTE ¢ mUpoToii ¢ = 40° c. m.
B 4"20™ MecTHOTO 3BE3HOrO BpeMeHn. 3almieM uX 3KBaTopHaibHble KoopauaaTe: Cupnyc (o = 6740™, § =
—17°), Apkryp (a = 14"15™, § = +20°). Ha 3TOM pHCYHKe TakK»e OTMEHYEHO IOJIOKEHHe TOYKH BEeCEHHEro
pasroziencteus (1) B yKazaHHBII MOMEHT 3Be3/HOrO Bpemenn (s = top = NQT). B Bepxmeil Ky/abMIHAIIT
Torya 6y1yT HAXOIUTHCH CBETHIA C IPAMBIM BOCXOXKIeHHeM o = 4720™,

Paccmorpum 0COGEHHOCTH DPACIOJIOKEHHs CyTOYHBIX IIyTeill (HnapaJuiesieii) JaHHBIX CBETUJI OTHOCHTEIHHO
MepUIMaHa U TOPU30HTA B IIYHKTE HAOJIIOAeHNs. BO-1IepBBIX, Cpa3y BHUJIHO, YTO BpeMsi IPEeObIBAHUS ITHX CBETHUJI
HaJ[ FTOPU30HTOM, a TaK2Ke IOJIOKEHUSI TOUEK UX BOCXO/IA U 3aX0/Ia, KAK U BBICOT 3BE3/l B MOMEHTHI KYJIbMUHAIINI
CYIIECTBEHHO 3aBUCAT OT CKJIOHEHUSI CBETUJI.

Taxk, B wacTnoct, CHPHYC B TOT MOMEHT BPEMEHH HAXOIUTCS B IOFO-BOCTOUYHOI uacTu Heba, uepes 2720™
[IPOUBOUJIET €ro BepxXHss KyJabMuHAIMA. UT0 KacaeTcss APKTypa, TO B JJAHHBIIT MOMEHT 3B€3JIHOTO BPEMEHH ITa,
3Be3/1a HaXOJUTCs 101, ropu30HTOM. OKOJIO JIBYX YaCOB TOMY Ha3aJ APKTYD HAXOJUJICS B HUYKHEH KYJIbMUHAIIH.

B ykazaHHBII MOMEHT 3BE3HOI'O BPEMEHH OYECHb CHJIBHO PA3JUIAIOTCS dacoBble yribl 3Be3j. Obparture
BHUMAaHME Ha a3MMYyThl TOYEK BOCXO/a M 3aX0J[a CBETWJI, T. €. TeX TOYEK, B KOTOPBIX CYTOUHBIE MapaJsiien
CBETUJI TIepecekaroTcs ¢ ropusonToM: st Cupuyca NSK; < 90°, mas Apkrypa NSK > 90°.

Kaxxmomy actponoMudeckoMy HAOIOIEHUIO, KAaK IIPABUJIO, IIPEJIIECTBYET IIPEIBBIUNUCIEHNE yCJIOBUN Ha-
OJtr0/IeHNsT M30PAHHOTO 0ObEKTa B M3BECTHOM IIyHKTE 3eMin. [Ipu 9ToM BaskKHO 3HATH, KAKMUMHE OyJIyT 3€HUTHOE
PACCTOsIHAE W a3UMYT CBETIJIA B JIAHHOM IIyHKTE B DEaJbHbIH MOMEHT BPeMeHU (3BE3HOIO MJIM COJHETHOIO).
Pacuer HeoOXOMMMBIX TapaMeTPOB IPOBOUTCS Ha OCHOBE (HOPMYJ CPePHIECKUX TPEYTOJIbHUKOB.

B nmocienyromux pasienax 9TOi IIaBbl paCCMATPUBAIOTCH HE TOJIBKO BOIIPOCHI, CBSI3AHHBIE C IIPEIBBIUNCIIE-
HUEeM yCJIoBuit HabJioennit 38e31, Ho u CoJtHIIa, KOTOpbIE 00YCJIOBICHBI U CYTOYHBIM, W TOIUIHBIM JBUYKEHUEM
Semutn. [Tpu 5TOM BarKHO MOy IUTH SICHOE TIPEJICTABJIEHUE O TOM, KAK U3MEHSIOTCS yeJIoBus Habsoernst CostHiia
Ha Pa3/IMIHbIX HIUPOTaX, a TaKzKe OCBEIICHHOCTDH Halllell mIaHeThbl B TeUeHne rojia.

4.2 KyabMuHanmm cBeTUJI. YCJOBUSA HAOJIIOJEHUS CBETUJI HA PA3ZHBIX
M poTaX

Kaxkaprit 06opor 3emiin BOKPYT OCH COTPOBOXKIAETCST MOMEHMAMU GEPTHET U HUHCHET, KYALMUHAUUT TOTO TITH
unoro ceerwia (nasnee B rekcre BK u HK coorBercTBenHO), KOra Mbl HaG/II01aeM CBETUIIO HAa HEHECHOM MepH-
JMaHe, T. €. B HauboJjiee BBICOKOM WJIM HarboJiee HU3KOM IIOJIOXKEHUN OTHOCUTEILHO ropu3oHTa. Ocoboe 3HaueHMe
UMEeOT HabJIIO/IEHUs] BEPXHUX KyJIbMUHAIMI. B 9TOT MOMEHT IJIOCKOCTBH JAHHOI'O TeorpaduiecKoro MepuIuaHa
OKa3bIBaeTCsl OOpAIeHHON K CcBeTw/Iy. Perucrpalius MOMEHTOB BEPXHUX KyJIbMUHAIMI CBETUJI C M3BECTHBIMU
9KBATOPUAIBHBIME KOOpIUHATAMEU (v, §) MCIIOJB3YeTCs PU OPUEHTUPOBAHUU YIVIOMEPHBIX MHCTPYMEHTOB IO
a3MMyTy, ONpeIeeHNN IMUPOT U BpeMeHu. bojee TOro, HAOIIOAEHNST KOCMUIECKIX 00HEKTOB B MEPUOIBLI Bpe-
MeHHU, OJIM3KME K BEPXHEeHl KyJIbMHHAIIUU, UCIIOJIb3YIOTCS IIPHU IPOBEJEHUH CAMBIX PA3JIMYHBIX HAOJIIOIEHUN U
MCCJIEJOBAHUI, B TOM YHCJI€ U aCTPOPU3UIECKUX.

P M, Z

Ml'

P

7

Puc. 4.2: Tlonoxxenne 3B€3/1 B MOMEHTBHI BEpXHEl U HUKHEH KyJIHbMIHAIIAN

Ha npuBenensoM pucyHke moka3aHa IUIOCKOCTb HEDECHOTO MepHInaHa, B KOTOPOU PACIIOJIOXKEHBI OCh MUDA,
OTBeCHAsl JINHUS MecTa HaOJIIOJEHNs, & TaKKe JIMHUU [IePecedeHnsl CYyTOYHBIX MapaJsiiiesieil CBeTUI, UMEONIINX
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pas3Hble CKJIOHEHUs ¢ ILIOCKOCThI0 Mepuanana. ZNOP = ZQ0Z = .

31ech oTMeueHbI TTONOXKeHnsT ABYX 3Be371 (M u Mp) B MOMEHT WX BepXHeH W HUXKHell KyJabMuHAImi (co-
orsercTero M’ m M]). B MOMeHT BepxHeil Ky/JbMUHAIMM CBeTHJI WX Yacosoit yroa t = 07(0°), a mectHoe
3Be3THOE BpeMsi S = . B 3aBUCHMOCTH OT CKJIOHEHUsI CBETUJIA €r0 MTPOXOXKIEHNE Yepe3 MEPHUIUAH TO-PAZHOMY
HAOJIIOIAeTCSI OTHOCUTEJIBHO 3€HUTA B IIYHKTE HAOJIONEHUS — K IOTY WU CEBepy, YTO CKA3bIBAETCS Ha 3HAYe-
HUU ACTPOHOMHUYECKOTO as3uMmyTa cBeTmiaa. B mepBom ciaydae A = 0°; a Bo Bropom — A = 180°. Paccmorpum
PA3JINIHbIE CJIydan HAOJIOMEHUST CBETUI B MEPUIMAHE.

1. Bepxusis KyjabmuHanus K ory ot Z (cserwio M). Kak Bugno, ero ckionenue § < . Torma 3enuTHoe
paccTosiHie CBeTUJIa 2K = ¢ — 0, a BbicoTa B MoMenT BK:

hpr = 90° — ¢+,
Ak = 0°. (4.1)

2. Bepxusisa kysnbmuHanus cBeruia (M;) k ceBepy or Z. Ckjonenue Takoro cserusia 0 > ¢. B arom
caydae zgg = 0 — ¢, a BBICOTA B MOMEHT BepXHEH KyJIbMUHAIIH

hpr = 9OO+<p—(5,
Apg = 180°. (4.2)

3. BepxHada KyJIbMUHAIUsA B 3€HUTE [IPOUCXOINUT HA JTAHHON IIMPOTE Y T€X CBETUJI, CKJIOHEHIE KOTOPBIX
0 = . DT cBeTWIA B JAHHBI MOMEHT BpeMeHH (t = ok, S = (vy) HE SIBJISIIOTCSI YKA3aTesIMA a3UMYTa.

4. B umxknei kyabmunarun (t, = 120™ u A = 180°) cern/io 3aHUMaeT caMoe HU3KOE TOJIOYKEHNe Ha,l
TOPU30HTOM HJIA CKPBIBAETCS 38 TOPU3OHT.

2k = NZM' =NPZ+NPM = (90° — @)+ (90° — &) = 180° — (¢ + 0),
hux = NNP—NPM = —(90° —§) = (¢ +6) — 90°,
Apx = 180°. (4.3)

ITo xapakTepy CyTOYHOrO IBUXKEHUS B IIyHKTE C M3BECTHOMN IIMPOTOI CBETNJIA MOXKHO Pa3/e€JIUTh Ha HECKOJIb-
KO THIIOB:

1. HezaxoogumimMmy CYUTAIOTCS Te€ CBETUJIA, Y KOTOPBIX 00€ KyJIbMUHAIUU ITPOUCXOISIT HaJ TOPHU30HTOM.
Ipegenbayio (rpanndnyio) napaJjuiesb Takux cserui (NK) ONUCBIBAIOT CBETUJIA, Yy KOTOPBIX HUXKHSS
KyJIbMUHAIUS OPOUCXOIUT B TOUKe cesepa (IN). BoicoTa Takux CBETUJI B MOMEHT HUYKHEH KyJbMUHAIUH
hgrx = 0°, a ux ckinonenne 6 = 90° — . Ha ceBepHOM moJiioce 3eMJid BCe CBETHIIA CEBEPHOTO TOJIYIIAPUST
SIBJISIIOTCST HE3AXOANIIMHE, & UX BBICOTHI HAJl TOPU30HTOM OIPEEJISIIOTCS UX CKJIOHEHUEM;

2. HeBoCXOOdAIIMHY HA3BIBAIOTCS T€ CBETHIIA, Y KOTOPBIX JlaXKe BEPXHUE KYJIbMUHAIMN HE YIAETCS HADJIIO-
JaTh Ha JaHHOIl mupore. ['pannunas napaiuienas takux cserus (ST') npoxomuT depes TOUKy ora S

3. Bocxogsimumu (3axoasinumMu) OyIyT Te CBETHJIA, CYTOYHbBIE IIYTH KOTOPBIX [EPECEKAIOTCs C TOPU30H-
TOM, & UX BpeMs [peObIBaHUs HaJl TOPU30OHTOM, OIIPEJIEIsIEMOe IIOCPEJICTBOM YACOBBIX YIVIOB B MOMEHT
BOCXOJIOB M 3aXOJ[0B, 3aBUCUT OT UX CKJIOHEHWSI.

Yro Kacaercs 3eMHOroO 3kBaTopa (p = 0°) — TaMm Bce cBeTHsIa BCeJEHHON SIBIAIOTCA BOCXOISIIMHA U 3a-
XOISIMUME C OJUHAKOBBIM BPEMEHEM IIPEObIBAHUS HAJl TOPU30HTOM, IIOCKOJIBKY CYTOYHBIE IIyTH 3Be3[ B 9TOM
cIy4ae IePIeHIUKY/ISPHBI FOPU30HTY U JeJiaTcd UM noroyiaM. CBeTHIa CeBEpHOIO LOJyIIapHs 3J€eCh IIepece-
KalOT MEPHIUAH K CeBepy OT 3€HUTA, a I0XKHOTO K IOTY.

Bormpocsi

1. Onpenenuth 3eHUTHBIE PACCTOSTHUSI, A3UMYTHI U 3BE3/IHOE BpeMsI B MOMEHTBI BepxHeil KyJabMmunanun /le-
Heba 1 Asbraupa B IIyHKTaxX C MHPOTOR @1 = 56°49" u gy = 40°20’. dxkBaTopuaabHble KOOPJAUHATHI 3TUX
3Be3/[ B3sITh U3 IPUJIOXKeHusT No 2.

2. Ha xakux muporax BK Cupuyca n Kanejuibsr Habiogaercss B 3erure. Kakass u3 3Be3] KyJIbMUHUPYET
paHbIIe U HACKOJIBKO?

3. Ykasarb nepuoj; Bpemenn, korga Ha o. [HnunGepren (¢ = 79° c. m.) CoJHIe sIBJISIETCST HE3AXOSIIM
CBETHJIOM, T. €. TaM HaOJIIOJaeTcd IOJSpPHBIA JeHb. B Kakux mnpemenax m3Mensercd sbicora ConHna B
[IEPUOJL IIOJISPHOrO JHS B MOMEHTBI BEPXHMX M HIKHHUX KyJIbMUHAIUA B 9TOM IIyHKTe? YKAXKHUTE JaThl
HAYaJa U KOHIA IIOJISIPHOIO JHs Ha 3Toif mupore. (Cum. Tabu. «Counne» B AE).
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4. Ha xaxoii mupotre B JIeHb JieTHero coJinnecrosuusa CoJiHie HabJ/IIomaeTcsa B I0JIeHb B 3eHuTe?

5. Ha xakoii mupore o Bosbmoit Measemuupr (y6xe) onmcbiBaeT rpaHUYHYIO HapaJjulesb He3aXOMIAIIX
cBerusi? CpaBHUTE BBICOTHI CBETHUJI B 00€UX KYJIBMUHAIMSAX JIJIsI [TOJIy9€HHOM IUPOTHI.

4.3 IIpenBerunciienne Bocxoga m 3axozaa 3Be3a u CouiHIa

XapaKkTepHbIMU MMOJIOKEHUSIMU IIPU CYTOYHOM JIBUKEHUU CBETHUJI, CKJIOHEHHE KOTOPHIX 0 < 90° — o, ABJISIIOTCS
MOMEHTHI BPEMEHU, KOT/[a UX CYTOYHBIN IIyTh EPECEKAETCS C TOPU3OHTOM. 3€HUTHOE PACCTOSHNE CBETUJIA IIPU
atoMm z = NZK = NZK' = 90°.

Ha npusegennom pucynke Touku ropusonta K u K’ gBJSIOTCS COOTBETCTBEHHO TOYKAMHU 3aX0Ja U BOC-
XOJ[a TAKOIO0 CBETHWJIA. B 3THM MOMEHTHI BPEMEHHU CBETHJIO 3aHUMAET CUMMETPUIHOE IT0JIOYKEHHE OTHOCUTEIBHO
mepuanana: NSK =NSK' = A, s, a "MK = MK’ =t,.

Yem 6Gurmzke CBETUIIO K HEOECHOMY 9KBaTODY, TeM MeHbiie Touku K u K’ (Touku 3ax0/1a 1 BOCXO/IA) CMEIEHbI
ot simanu EW . Ecin ckionenue ceetusia § > 0, TO UX AaCTPOHOMUYECKUE a3UMYThI U YACOBBIE YIJIBI OyIyT HOJIbIITe
90°. st cBermy, umeromux § < 0, a3MMyThI U YACOBBIE YIVIbI ITUX K€ TOYeK MeHbie 90°.
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Puc. 4.3: K onpezeenuio 4acoBoro yria U asuMyTa CBETUJIa B MOMEHT 3axoia (Bocxoma): NSK = NSK' =
ArsisPMK =NMK' =t, ;NZK =NZK' = 90°

Ha puc. 4.3 nokazansl kpyr ckjiaonenus PK u Beprukan ZK i MOMEHTa 3aX0/ia CBETUJIA.

ITpenpbruncierne Bocxosa (3axo/ia) CBETHUIIA ¢ U3BECTHBIM § HA JAHHON ImupoTe (@ — M3BECTHA) COCTOUT
B OLPEJIEJIEHUN a3MMYTOB U YaCOBBIX YIVIOB TOYEK Bocxoja (3axoma). st aroro paccMorpum ceprudecKuit
TPEyroJIbHUK, 00pa30BaHHBIN mOJOcOM P, 3eHnToM Z m TOuYkoi K, KOTOPYIO HPOXOAWT CBETHJIO B MOMEHT
3ax0Jia. DJIEMEHTAMH 3TOr0 TpeyroJbHuKa saBjsaiorcs NPZ = 90° — p, NPK = 90° — 6, NZK = z = 90°.

Yroa upu nomioce /ZPK = tgs. Emy cooTBeTcTBYyeT jIyra cyTounoil mapasieau NM K| nuamepsrornias mpomMe-
JKYTOK BPEMEHU OT KYJIbMUHAIUU JI0 3axoja. Yroj npu 3eaure L/ PZK = 180° — A, rne Ay = NSK.

Yro6bl BeIYuCINTh azumyT Todek K u K’ Bocmosbdyemcs u3BecTHOH (boOpMysiol KocuHyca CTOPOHBI (B
naaaoM ciydae (90° — 0)) B cdepudeckom rtpeyrosbuuke PZo ajis ciydasi, korga z = 90°:

cos(90° — 9) c0s(90° — ) cos z + sin(90° — ¢) sin z cos(180° — A),
cosA,s = —sind/cose. (4.4)

O6paTuTe BHIMaHNE Ha 3HAK MHUHYC B 3Toil dopmyse. Ecim § < 0, To n asumyT A, ; < 90° , T. e. cBeTHIIO
BOCXOJIUT B IOIO-BOCTOYHOIM UM 3aXOIWUT B IOr0-3allaHON 4YacTh ropu3oHTa. Eciam ke § > 0, TO, KaK XOPOIIO
BUJIHO HA PUCYHKE, TAHHOMY YPaBHEHUIO Oy1€T YIOBJIETBOPSATH YTOJI, HA3bIBAEMBIN ACTPOHOMUYIECKUM a3UMYTOM,
BesimIrHa KoToporo Gosibine 90° u pasaa (180° — a), re a — reose3anvecKuii a3uMyT, OTCUUTHIBAEMbBIA OT TOYKU
cesepa (N).

st onpejiesieHrsi 9acOBbIX YIJIOB B MOMEHT BOCXOHa (3axoza) BocHosibdyeMcss (GOpMyJIoif Jisi KOCHHYca
CTOPOHBI Z:

cosz = ¢co0s(90° — ) cos(90° — §) + sin(90° — ) sin(90° — &) cost = 0,
cost,s = —tanyptand. (4.5)
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Eciu 6 > 0, To 1acosoii yrosn touek K u K', usMmepsiomuil IpoMexKyTOK BpeMeHH OT BOCXO0Ja CBeTHJIa 10
BepXHeH KyJIbMUHAIIMN U COOTBETCTBEHHO OT BepXHEl KyJbMUHAIIUM JIO 3aX0Jla CBETHUA, OYIeT OOJIbIe 6" n
MenbIe 18".

Ecim nHaM m3BeCcTHBI YacoBbIE YTJIbI, TO JIJIST MOMEHTA BOCXOJIA U 3aX0/Ia CBETUJIA, JIETKO BBIYUCIUTD 3BE3/THOE
WIM COJTHEYHOE BpPEMs JJIsT STUX MOMEHTOB, 8 TaKxKe OIPEICIUTH MPOIOKATEILHOCTh MPEOLIBAHUS TAHHOTO
CBETMJIa HaJ| TOPU3OHTOM MECTa, HADJIIOICHNUST.

3Be3/(HOe BpeMsi B MOMEHT BOCX0/a (3aX0/a) CBETHJIA OILIPEIEJISIeTCsl CyMMOM PSIMOTO BOCXOXKIEHUS U 9aco-
BOT'O yTIJIa 3BE3/IbI.

Ss =, +ts,
S, = ayt+t,=aoa, —ts. (4.6)

[Tpu mosryaennn 3tux GOpMysI He YHUmbvlea.s0Chy BIUSHIE aTMOChHEpHON pedpaKiiny Ha 3eHUTHOE PACCTOSHUE
CBeTHUJIa, KOTOpoe B TOPU30HTE COCTaBJisseT BeJIMuuHy okoJio 0°35'.

[Tpu ompeesiennn YacOBBIX yTJIOB Bocxoaa u 3axojia CourHiia u JIyHBI cile/iyeT yIuThIBATH HE TOJIBKO BJIUSTHIE
pedpakiuu, HO U yIJIOBbIE pa3Mepsb! 3TuX cBeTwl. s JIyHbI KpoMe 3TOro He0OXOIMMO YIUTHIBAT €€ CYTOYHBII
napaJuiakc.

OcTaHoBUMCsT Ha TPEIBBIYUCIEHNN 9acOBbIX yryioB COJIHIIA B MOMEHTBI €ro 3aXO/la U BOCXONA B JIAHHOM
nyHkTe 3emun ¢ u3BecTHOH mmporoit. Ckionerne CosHna (MEHTpa IUCKA) HA JaTy HaOJIOJeHWs] HAXOIUM B
AE.

Besiesicrue GoabIoii spKOCTH COJIHETHOIO JIUCKA, M 3HAUUTENBHBIX ero pasmepos (0.5%) momenmom eocroda
(3azx0da) Coanua NpuHAMO CHUMAMb MOM MOMEHM, K020a TOMs Obt 00HA MOUKA €20 JUCKG HATOOUAACH Had
20pusonmom (¢ yuemom pedparuuu).

BOCXOJ / \ 3ax011
@ TOPH30HT @

Puc. 4.4: Bunumoe nostoxkenne COJIHIIA OTHOCHTEIHLHO TOPU30HTA B MOMEHT (bUKCAINK BOCXO/[a (3aX0/1a) CBETHIIA

Pacuer yacosbix yrsios Cosnila 11t Bocxoza (3aX0/1a) B IyHKTe HaOJIOIEHUsI B COOTBETCTBYOIIMI JI€Hb O/Ia
IIPOBOJIAT € yIETOM TOr'0, 9TO 3eHUTHOE paccrosare CoHIIAa B YKa3aHHbIE MOMEHTHI BpeMeHH 2z = 90°+Rao+p =
90° + 16" + 35" = 90°51’ (rme R = 16, pedpaxius B ropusonTe p = 357).

IMoxacrasissa B hbopMysly KOCHHYCa 3¢HUTHOTO PACCTOAHUA 3HadeHue 2o = 90°51’, wacosoit yros Cosmia jis
MOMEHTOB BOCX07a (3aX0/1a) OIIPEJeJISIoT 110 caemyonieil popmyie:
cos 90°51" — sin ¢ sin &

cost

)
COS (¢ coS 0

cost = —tanptand — 0.0148sec psecd. (4.7

B AE narorcst Tabsinisl BocxooB 1 3ax0108 CostHna u JIyHbI JJIsl pa3/INYHbIX IIUPOT 0 MECTHOMY CPEJIHEMY
Bpemenn. Ha mpakTrke BO3ZHHKAET 3aJa4a MEPexXoaa OT MECTHOTO CPEIHEro COJHETHOTO BPEMEHHM K TOMY BHILY
BPEMEHHU, KOTOPOE [IPUMEHETCS B HOBCEAHEBHON KU3HHU (KOTOPBIM MBI C BAME IIOJIb3YEMCs ).

4.3.1 Cymepkn

Tlocne 3axona, kak u mepes BocxogaoMm CoJiHITa, MBI He HaOJIIOJIaeM PE3KOTO M3MEHEHUsI OCBEIeHHOCTH Heba u
[MOBEPXHOCTHU 3eMJIu B MecTe Habroennst. [11aBHbIil mepexo oT JHEBHOTO K HOYHOMY IIEPUO/Ly BPEMEHU pa3Je-
JISIIOT CyMEPKU, CBSI3aHHBIE C PACCETHNEM COJIHETHOTO CBeTa B arMocdepe 3emiin. S pKOCTh CyMepedIHOTO OCBEITe-
HUsI 36MHOI aTMOChEPBI 3aBUCUT OT TUIyOUHBI «mmorpy»Kerust» CoJtHIa 1Mo/ TOpu30HT. Hanbobimit naTepec miist
JKUTEsIel Halllell TIaHeThl TPEJICTABIAIOT TaK Ha3bIBaeMbIe 2PadciaHCckue, a IJisl aCTPOHOMOB-HAOJIOIaTe el —
ACMPOHOMUYECKUE CYMEPKU.

Bo Bpems rpaxkimanckux cymepek mnorpyxkenue CoJIHITA 0] TOPU3OHT He IpeBbIimaer 6 + 7°, 910 cooTBeT-
CTBYeT 2o = 96 + 97°.

B sterHee Bpems Ha ceBepHBIX mmpoTax (¢ > 60°) HenpepbIBHbIE TPAXKIAHCKUE CyMEPKU MOI'YT HabJI0aThCs
B TedeHMe BCel HOUM, UX HA3BIBAIOT «OeJIbIMU» HOYaMU, KOIJA JlaXkKe B MOMEHT HUKHeil KysibMuHamuu CoJiHia
hgK < -6+ -T7°.

AcrpoHOMEYECKHE CyMEPKH HACTYIIAIOT B TOT MOMEHT BPEMEHH, KOI/ia HeOO CTAaHOBUTCS HACTOJIBKO TEMHBIM,
910 Ha ero (oue pu sicioMm Hebe Oe3 JIyHBI MOXKHO BHIETh HEBOOPYKEHHBIM TJIa30M Hambojee crabble 3BE3/Ibl,
4YTO COOTBETCTBYET yriy norpyzkenus CosHna o ropusont 1o 18° (zg = 108°). Ilpu nasbheiineM yBesudeHun
3eHUTHOTO paccrosiaust COJTHIA OCBEIEHHOCTh HOYHOTO Heba yKe MPaKTUIECKH He M3MEHSIeTCS.
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Ormpepestenne 1acoBbix yriaoB CoJHITA Jisi TeX U JAPYIUX CYMEPEK, a TaKKe BPEMEHU WX HACTYIJICHUs B
COOTBETCTBYIOIIME JATHI HA JAHHOW MIMPOTE TPOBOJIUTCS € YIETOM YKA3aHHBIX 36HUTHBIX paccrosanii CosrHia.

Bompocsi

1. Oupenenurs dacoBble yribl U asumyTbl CoJlHIIA B MOMEHTBI €ro BocxoJa (3ax0/ia), OKOHYAHUS DAk IaH-
CKUX U HACTYILIEHUs] aCTPOHOMHUYECKUX CyMepeK B IIYHKTE C IMUPOTOi (¢ = 57° Ha 25 aBrycra.

2. Hacrymaror nn acrponomudeckue cymMepku 10 Mast B IyHKTE, NIAPOTa KOTOpOro ¢ = 60°7

3. Ha momsapuom kpyre (¢ = 66°34') B MoMeHT MecTHOTO 3Be3mHOTO Bpemenu S = 18", skymmTuka exxecy-
TOYHO COBIIAJIAET C TOPU3OHTOM, & ITOJIIOC KJIUITUHKHU IIPOXOIUT depe3 3eHnT. B KaKnx a3uMyTax U B KAKOe
BpeMsl CyTOK TaMm Oyjer Habsonarbes CosiHIle Ha ropusoHTe B ciemymomue jgarsi: 21.03, 22.06, 23.09 u
22.127

4.4 IlpoxoxkjeHue cBetuJ1 depe3d I BepTukaa

Ilepsovim 6epMUKANOM HASBIBAIOT ILIOCKOCTD, ITEPICHIUKYIAPHYIO0 MEPUJIMAHY, KOTOPas MPOXOJIUT Y€pPe3 TOUKU
BOCTOKA U 3aIlaja. 3aMETHM, UTO CKOPOCTh M3MEHEHUS 3€HUTHBIX PACCTOSHUI CBETHUJI B OKPECTHOCTHU IIEPBOTO
BEPTHUKAJA MAKCUMaJbHA. ABUMYTBHI CBETUJI B TIEPBOM BepTuKaJje paBubl +£90°, MHBIMU CJIOBAMU, CBETUJIO B 9TH
MOMEHTBI BPEMEHH HAXOIUTCS HAJ[ TOYKON BocTOKa (F) sinbo B IPYroM MPOXOXKIEHUU — HAJ TOYKON 3amaja

(W).
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Puc. 4.5: Tlpoxoxgenne 3Be3/b! yepe3 | BepTukal

Buadasie paccMoTpuM, Kakue CBETIJIA HA JAHHON MIMPOTE MPOXOJST 3Ty IJIOCKOCTH. V3 pucyHka ciemyer,
YTO B IIEPBOM BEpPTHKAJE HAJ[ TOPU30HTOM Oy/IyT HABIIONATHCS CBETHJIA CEeBEPHOro mosymapus (ux § > 0) u
KOHEUYHO Te, KOTOPbIE KyJIbMUHUPYIOT K IOTy OT 3eHuTa (X 0 < ).

[TockoJibKy a3UMyT CBETWJI B HEPBOM BepPTHKAJeE MU3BECTEH, TO 3aJ/ia9a MPEeJBBIYNCIEHIS COCTOUT B OIIpe-
JIeJIEHUY 3€HUTHOIO PACCTOSIHUS JINOO BBICOTHI CBETHUJIA B 3TOT MOMEHT, & TAKXKe€ BPEMEHU TOIO WJIA JIPYTOro
POXOXKJIeHUsI, 9TO TpeOyeT 3HAHUSI YACOBOIO yIJIa CBETUJIA B IIEPBOM BepTukase (tr).

[Ipu IpOXOXKAEHNN TIEPBOTO BEPTHKAJIA CBETUJIO 3aHUMAET CHMMETPUYHOE TIOJIOKEHHE OTHOCUTEIHLHO MepHU-
JuaHa. JacoBoil yroJi mpy 3aliaJHOM [TPOXOXKJIEHUHN M3MePsIieT IIPOMEXKYTOK BPEMEHH, IIPOTEKIINi TI0C/Ie BEpXHEe
KysabMuHanuu. Haji TOYKON BOCTOKA CBETHIIO IIPOXOJUT PaHblle KyJbMUHAIUKU Ha t; (9acos). B sroMm ciydae
9acoBOil yros yo0HO B3ATh CO 3HAKOM MUHYC WJIM JOMOJHUTH ero 70 24 4acoB. UTOOBI BBIYUC/IUTH 3€HUTHOE
pPAaCCTOSIHIE U YacOBOIl yroJl B IIEPBOM BEPTHKAJE, HAM CJEAyeT OOPATUTHCS K IPAMOYTOJIBHOMY CHEPUIeCKOMY
TpeyroabHuKky PZo.

Ucnionbzyem dopMyity mTH 3JIEMEHTOB JJIsi CTOPOHBI Z U CMEXKHOr0 ¢ Helt yria PZo:

c0s(90° — 4) sin(90° — ) — sin(90° — §) cos(90° — ) cos t,
tand/ tan ¢. (4.8)
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Puc. 4.6: IIpsamoyrosbabiit ceputdecKnil TPEYroJbHUK JJIsl ONPEJEJIEHUs 3eHUTHOIO PACCTOSHUS U IaCOBOIO
yria ceetusna B I BepTukaste

ﬂJ’IH BBIYUCJICHUA 3€HUTHOTO PACCTOAHULA BOCIIOIB3YyEMCA (bOpl\ly.HOfI KOCUHYCOB JIJigd CTOPOHDBI Z:

cosz = ¢co0s(90° — ) cos(90° — §) + sin(90° — ) sin(90° — §) cos t,
2
cosz = sinpsind + ﬂ sin 6,
sin ¢
<3 6 3 6
cosz = oo (sin® o + cos® p) = ik (4.9)
sin ¢ sin ¢

Bompocsi

1. Ha kakoii reorpaduyeckoil mmupore He HADJIOMAIOTCS IIPOXOXKIEHUsI 3BE3]1 Yepe3 MEePBbIil BEPTUKAJI !
2. C kakoif MI0CKOCTHIO COBIIAIACT MEPBLI BEPTUKAJ Ha 36MHOM SKBATOpPE?!

3. Beramcsmrs 3eHUTHOE PACCTOSIHIE U 3BE3/IHOE BPEMS B MOMEHT IIPOXOK/IEHUS IIEPBOTO BEPTUKAJIA 3BE3/I0M
aBoo (ApkTyp) B myHKTE ¢ ¢ = 56°49’. DkBaTOPUATBHBIE KOODIWHATHI 3BE3bI B3ATD U3 «IIpuiioskerns 25,
mwim u3 AE.

4.5 DJoHranum OJIM3IIOJIIOCHBIX 3Be3I

DJIOHrAnUsAMA TAKUX 3BE3J HA3BIBAIOT MOMEHTBI, KOIJIA BEPTHKAJBI CBETHJIA MAKCUMAJBHO OTKJIOHSIOTCA OT
cesepHotli CTOPOHLI MepHMaHa. B soHranuy Ha JaHHON IIMpoTe HABIIONAIOTCS 3BE3/bl, BEPXHAE Ky/IbMUHAIIIN
KOTOPBIX IIPOUCXOJIAT K CEBEPY OT Z: UX CKJIOHEHHUE § > (.

VY MHOruIX GJIMBHOIOCHBIX 3BE3/] BEPTHKAJIbI HE3HAYUTEILHO CMEIAIOTC 0T ToUKH cesepa (N ), u moIToMy
JIJIST 9TUX 3Be3]1 yJ100Hee MMoJIb30BaThCs reojesndeckuMu azumyramu: a = A + 180°.

O6parure BHUMaHUE Ha pUC. 4.7, HA KOTOPOM IIOKA3aHO CyTOYHOE J(BHZKEHHE GJIM3IIONIOCHON 3BE3/bL. 3/1eCh
B IUIOCKOCTHU Y€PTeXkKa PACIIOoKeH nepsbiii Beprukai (EW). Ilinockocts Hebecnoro mepunnana (N PZS) noka-
3aHa B MHOM pakypce. Ha 3Tom pucynke mudpamu 1, 2, 3, 4 oTMeUeHBI XapaKTEPHBIE MOJIOKEHUs! GJIM3IOTIOCHOI
3BE3/IBL:

® TOYKe «1» COOTBETCTBYET MOMEHT BerHeﬁ KYJIbMUHaIIUHN;
® TOYKE «2» — MOMEHT SaHa,ZLHOI';I SJIOHTAIINU;

® TOYKe «3» — MOMEHT HHUXKHeil KyJIbMUHAIIUN, I0CJIe KOTOPOU CBETHJIO JIBUXKETCSI K TOUYKE «4» — MOMEHTY
BOCTOYHOI 3JIOHTAITUN.

B mepuo Mmexk ity mostozkeHusIMEU «1» — «2», CBETHJIO HAXOMUTCS B 3aIIa IHOM MOJIycdepe U OIyCKAeTCsl K T0-
PHU30HTY, & MEXKIy MOJOKEHUAMHA «3» — «4», B BOCTOUHOI mosIycdepe 1 MOTHUMAETCsI K BepXHeil Ky/IbMUHAIIAN.

B obenx KyabMUHAIUSX Teoie3ndecKuii asuMyT cBetusa pased 0°. ACTpOHOMUYECKUI a3UMyT B MOMEHT
zamaapoit snorranma NSW K < 180°, B MomenT Bocrounoit — NSW K’ > 180°.

HaumeHnbinmit yroa ssioHranuu cpeju sipkux 3se37 y Honsproii (U M7). HabmoneHus 91oii 3Be3/16l OUeHb
9aCTO UCIOJIB3YIOT IIPU OIPEIEJICHIH IITMPOTHI MECTA, A3WMYTOB HAIIPABJIEHUI U IPU OpUEHTUPOBAaHWN. B cBsi3u
¢ atum B AE narorcsa cruenuasnbabie Tabiuns (adgemepuinl [osspHoit), H03BoJIsONIHE JEMKO OIPEIeIUTh He
TOJIBKO MOMEHTBI, OJIM3KHUE K JIOHTAIINAM, HO HANTH BBICOTY U a3UMYT 9TOH 3BE3/IbI B JIIOOOH MOMEHT 3BE3THOTO
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Puc. 4.7: Duiorranyy 6JIM3I0IIOCHON 3BE3IbI

BPeMeHH B IyHKTe Habmoaerns. Asumy Tl [oIsapHON B MOMEHTBI SI0HTAIuil CyIIECTBEHHO 3aBUCAT OT IIMPOTHI
MecTa. Yem GosibIle IMUpoTa, TeM CHIbHEE OTKJIOHSIIOTCS BEPTUKAJBI [10IspHOI OT MepuuaHa.

ITpesBbruncrenne 3I0HrANM N36PAHHON 3Be3/bI (KOOPAMHATHI GIN3HOIIOCHBIX 3Be3) JaHbl B AE) B myHkTe
Habo/ieHust (¢ W3BECTHA) COCTOUT B OLPEJIEJICHHH 3€HUTHOTO PACCTOSIHUS HJIM BBICOTHI 3BE3JbI M a3UMyTa B
MOMEHT COOTBETCTBYIOIIEH SJIOHTAINH, & TAKZKEe YACOBOTO YIJIA 3BE3/bl B 9TU MOMEHTBI, HA OCHOBAHHHU KOTOPOTO
OLPEIETIAETCs 3BE3/IHOE BPEMSL.

Yron ¢ npu cBeTHiIe MEXK/y HAIDPABICHHAMA HA IIOJIOC U 3€HAT HA3LIBACTCHA NAPGAAGKIMUNECKUM Y2AOM.
TTocKOJIbKY B MOMEHTBI JIOHTaluii BEPTHKAJ CBETUJIA KACAETCsl CYTOYHOH Hapasulesd — IapajulaKTHIeCKuit
yroz q paser 90°. Takum o6pazom, cepudecKnii TPEyroabHIK «IIOIIOC—3CHUT—3Be3/[a» B MOMEHT JIOHIAI[HN
SIBJISIETCS IPAMOYTOJIBHBIM (£ PoZ = 90°).

Ha ciiestytomem pucyske (puc. 4.8) IOKa3aHbI 9JIEMEHTBL JIAHHOTO TPEYTOJBHUKA.

Z

K N

Puc. 4.8: Tlapannakrudecknii TpeyroJbHUK JIJIsi MOMEHTOB dJIOHranuu. Buj usnyTpu chepbl

Wckomblie mapameTpbl z, @, t. 3aluimeM 3JIEMEHThI C(DEPUYECKOrO TpeyroJibHuKa PZo: jayra mMepujauaHa
PZ =90° — ¢; ayra Beprukaja Zo = z; jyra Kpyra ckjioneaus Po = 90° — §; yros upu 3eautre 0 ZP = a —
reo/IeBUYeCKuil a3uMyT; yroJ Ipu nojoce ZPo = tg g w.p — 4YacoBO# yroj 3Be3[bl B MOMEHT BOCTOYHON M
3ama HON JIOHTAIN, COOTBETCTBEHHO. VICKOMBbIE BEJIMYUHBI @, 2, ¢ B MOMEHTBHI JIOHTAIWI OMPEIEISAIOTC B
3aBUCHUMOCTHU OT IIMPOTHI MECTa W CKJIOHEHUS 3BE3/IbI.
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st ompejiesieHnsT 9aCOBOTO yIJIa TOYEK JIOHTAINH, 3aruiineM (hOPMYJLy MSITH JIEMEHTOB JIJIsi CTOPOHBI Z W
[IpUJIEKAIIETO K Hell yria Zo P, koropsiit pasen 90°:

sinzcos90° = co0s(90° — ¢)sin(90° — §) — sin(90° — ¢) cos(90° — J) cost,
costp.pw.E = tang/tand. (4.10)

Kak n3BecTHO, B MOMEHT BepxHeil KyJIbMUHAIINN 3BE3/IHOE BpeMs S = (vy. 3allaHasi JIOHTAIMS ITPOUCXOINT
110CcJIe BepXHeil KyJIbMUHAIINN Yepe3 th, BOCTOYHAS IIPEJIIIIECTBYET MOMEHTY KYJIbMUHAIIAN Ha, th. CenoBaressHO

Swe = a.+twe,
Sp.e. = o.+igr, Sep =a, —twEe. (4.11)

3enuTHOE pacCTodHue 3BE€3/Ibl B 9JIOHTI'allUAX HUCIIOJIB3YyEeM CbOpMyJIy KOCHHYCOB JIJI1s1 CTOPOHBI 2t

cosz = ¢0s(90° — ) cos(90° — §) + sin(90° — ) sin(90° — §) cos t,
. . cos?§ |
cosz = sinpsind + ——sin,
sin §
sing, . o 9 sin
= — ) 0) = . 4.12
oS 2 s (sin” 0 + cos” §) s (4.12)

FeOILeSI/IquKI/Iﬁ A3UMYT TOYEK IJIOHT'allU MOZKET OBITh BBIYMCJIEH C UCIOJIb30BAHUEM (bOpMyﬂbI CHUHYCOB:

sin(90° — ) sin(90° — ¢)
sina o sin90° '
50
sinagp.pw.Ee = cos . (4.13)
oS

AcTponoMuueckuii a3uMyT B MOMEHT 3araiHol sonranuu Ay, g, = 180° — a, Bocrounoit Ag g, = 180° + a.
Orciona caemyer, uro orcder ropusontanbuoro kpyra (I'K) ma rouky cesepa N 1pu HabsrofeHun 3amaiHoi
aJtoHTaIMK OyAeT OOJIbIlle, YeM Ha 3BE3Iy.

B momenT 3s10HTAIMil 3BE37a B MOJIe 3pEHUs] yIJIOMEPHOI'O WHCTPYMEHTA JBUXKETCS BJOJIb BEPTUKAJIHHOM
HuTH (BBEpX JIMOO BHU3 B 3aBUCUMOCTH OT TOT'O, KAKAasl JIOHIAlUs HADJIIONAETCS ).

Eciin BaM ynasiock B3siTh OTCYET IO TOPU3OHTAJIBLHOMY KPYI'y MHCTPYMEHTa Ha 3BE3/y B MOMEHT, COOTBET-
CTBYIOIINH 3JIOHTAIINN, TO OUYE€Hb IIPOCTO IO U3BECTHOMY a3UMYTY 3BE3bI MOJYyINTh OTCIYET HA TOUKY ceBepa N
U OPUEHTHUPOBATH NOPU3OHTAJBHBIN KPYT MO Mepuanany. Bo Bcex yrioMepHBIX mHCTpyMeHTax ommdposka ['K
07IHOOOPa3HA (JIeJIeHNsT BOSPACTAOT TI0 TaCOBOM CTDPEJIKE).

4.6 N3meHenue ycjoBuii HaOJIO/IeHUSI 1 OCBEMIEHHOCTU 3€MHOI'0 MIapa
CoJutHIlEM B 3aBUCHMOCTH OT IIIAPOTHI M1 BPEMEHU rojia

Ha cpennux mumporax, riae CosHile B TeUeHne Tofa sIBJISIETCs, KAK U3BECTHO, BOCXOMSANIMM U 3aXO/ISIIAM CBe-
THJIOM, M3MEHSIeTCsI €ro IOJIyJeHHasl BbICOTA, MIPOJIOJIXKUTE/IbHOCTD JHSI U IIOJIOXKEHUE TeX TOYEK NOPU30HTA, B
KOTOPBIX HAOJIIOAIOTCST BOCXOMBI M 3aXO/bl JHEBHOIO CBETHJIA. BeCh KOMILIEKC sIBJIEHUI TAKOTO POJia OOBITHO
CBSI3BIBAIOT CO CMEHOI BPEMEH T'OJIA.

[Ipu cymiecTBeHHOM U3MEHEHWUH IMUPOTHI MeCTa, ycjioBusi Habsrogenns CotHIa Oy T CUJIBHO Pa3/InIaThCs.
Tak, B TponmdeckoM mosice Harmeil mianeTbl noJryaennoe CoJiHIIE MOXKHO HaO/IIONaTh B 3eHuTe. KOHTpacToM
ABJIAIOTC ycaoBus Habimogennst COJHIA B IPUIIOJSIPHBIX 30HAX, OMPAHUYEHHBIX II0JspHbIMU Kpyramu (|¢| >
66°.5)

[Toio6HbIe sIBJIEHMST O0YCIOBIEHBI HAKJIOHOM OCH CyTOYHOTO BpAIeHUsT 3eMJIN K TIJIOCKOCTH ee OpOuThI. AcT-
POHOMUYECKHUM CJICJCTBUEM 3TOI'O fABJISeTCs MOAMYHLIN IMUKJ u3MeHenus: ckjonenns Counna ot 0 g0 £23°26/,
T. €. TOTO yIJIa, II0J] KOTOPBIM IIPUHUMAETCS B Pa3HbIE JHU I'0JIa ITIOTOK COJIHEYHBIX JIy4ell IJI0CKOCTHIO 3€MHOTO
9KBaTOPA.

[Tockosibky Harra mwrasera ¢ paccrostaust or Cosania B 1 a. e. HabII01a/1ach ObI KAK TEJIO € YIVIOBBIME pa3-
Mepamu okoJsio 17 — 18", To moeepxnocThio 3emum npunuMaerca or CouHila cj1abo pacxoasinuiicss IOTOK ero
uzydenus. /leiicTBuTEIbHO, KpaiiHe MaJl TOT TEJECHBINA YTOJI, B KOTOPOM <«II€PEXBATHIBAETCS> 3eMJIeil n3Jryde-
Hue, uciyckaemoe COJTHIIEM B KOCMIYECKOE ITPOCTPAHCTBO.

[T1ockocTb, epIeHIuKY/IsipHAasl K HAIPABJIECHUIO PACIPOCTpaHeHusl u3rydenus, uiayinero or CoJiHia, obpa-
3yer Ha 3eMHOI IOBEPXHOCTU JUHUIO (KPYr), KOTOPBIA pasienser nHesHoe (ocsemennoe CoOJHIEM) U HOYHOE
MIOJIYMIAPUS. DTy JIMHUIO MbI Oy/IeM HA3BIBATD 2PAHUUEY 0CEEULHHOCTNU. DTY JINHUIO TAKKe HA3BIBAIOT AUHUEL
MEPMUHAMOPA, OCODEHHO YACTO TO HA3ZBAHUE HUCIIOIH3YETCs IMPUMEHUTEIBHO K APYTUM ILIAHETAM.
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Ta IJI0CKOCTh HEIPEPHIBHO U3MEHSIET CBOE II0JIOXKEHNE Ha 3eMile B IIEPBYIO OYepeIb BCIEACTBAE CYyTOYHOIO
Bpamenus. Kpome Toro, n3-3a HaK/JI0Ha 3€MHON OCH K TIOCKOCTU OPOUTHI, TPAHUIA OCBEIIEHHOCTH UCIIHITHIBAET
MeJJICHHBII TTOBOPOT, CMEIAsICh OTHOCUTEILHO OCH BPAIIECHUS U IOJIOCOB 3EeMJIN.

TosibKO B JHU PaBHOJEHCTBUIl I'DAHUIA OCBEIIEHHOCTH ITPOXOIUT YEPe3 IOJIIOCHI, TOCKOJIBKY TOJBKO B 9TH
JIHU COJIHEYHBIE JIy9U HAIIPABJIEHBI BIOJIb JIMHUN [I€PECEUEHNUs] IBYX IIOCKOCTEl — 9KBATOPA U OPOUTHI 3E€MJIA.
Torna, kak u3sectHo, ckiaonenune Cosria paBao 0° 1 MbI HAOIIOZAEM €ro B TOYKAX PABHOIEHCTBUSI.

C yBenmuenuneM ckyioHernst COJIHIIA [IOCJIE JIHsI BECEHHET'O PABHOIEHCTBUS OCBEIEHHOCTh CEBEPHOIO IIOJIyIIIa-
pusi TIOCTENeHHO Bo3pacTaet. [Ipu 9ToM orpeieieHHbIe 00JIaCTH HAIIEH IJIAHETHI Y CEBEPHOI'O TIOJIOCA CTAHOBSITCSI
Teppuropusamu, rae CosHIle CTAHOBUTCS HE3aXOASAIIMM CBETHUIOM. B 3TO »Ke BpeMsl OCBEIEHHOCTD [0XKHOIO I10-
JIyIIapusi YMEHbBIIAETCS, 8 ¥ I0KHOTO MTOJIIOCA TOSBJISIIOTCsT 00/1acTH, KOTOphIe JinmatoTrces cBera CostHIla — TaM
HAYNHAETCS TOJISIPHAST HOYb.

I'paHuIa OCBEIIEHHOCTH 3€MJIU JIOCTUrAET CBOErO IIPEIe/IbHOIO0 OTKJIOHEHUS OT IIOJIIOCOB B JHU COJIHIIECTOSI-
HUN — JIETHErO U 3UMHETO.

[Tepuopuyueckoe usMeHeHNe OCBeIeHHOCTH 3eMHOTO Iapa COJIHIEM B Te4YeHHe T'OJAMYHOrO IUKJIa, 00YCIIOB-
JIEHHOE HAKJIOHOM 3€MHOM OCH K IIJIOCKOCTH OpOHTHI, HA3BIBAIOT CMEHOI BpeMeH roja. B ¢pusndaeckoM moHnMa-
HHUH 9TO SIBJICHHE COCTOUT B IMEPUOINIECKOM TIEPEPACTIPEICTCHNN KOJINIeCTBA TPUHIMAEMON COTHETHOI SHEPTAn
MEXK/IY IOJIyIIapUIMU 3EeMJIN.

[11aBHBIN TOBOPOT I'PAHUIIBI OCBEIEHHOCTH OTHOCHTEIBLHO OCH 3€MJIA IIPU PA3JIMYHBIX €€ IOJIOXKEHUSIX Ha
opbuTe NPUBOJUT K M3MEHEHHMIO KaK reorpadUyecKuX I'PAHUIl, TaK U JJIUTEILHOCTH TeX IIEePUOJIOB BPEMEHH,
B TeYeHHe KOTOPBIX B YKA3aHHBIX 30HaX 3eMHOro mapa CoJHIle SBJISeTcs He3aXOIsIIUM JIT00 HEBOCXOISIIIIM
CBETHUJIOM.

C rogu4yHbIM HEPUOIOM H3MEHSIIOTCA TakzKe reorpaduyuecKue IMMpPOThl Tex mecr, rue CoJiHIEe B IOJIIEHD
HaAOJIIOIAETCA B 3€HUTE.

[Tposeiem Goutee 110APOOHBIN aHa M3 ycaoBuil HabJroeHust CoJIHITA U OCBEIIEHHOCTH 3eMHOIO IIapa B TeYeHHe
rojia, UCHoib3ys puc. 4.9:

Puc. 4.9: Ocsemennocts 3emuoro rmapa CosnHieM B jierHuil nepuog, (dg > 0°)

3/1ech MOKa3aHa MPAHUIA OCBEIIEHHOCTH JJIsl JIETHErO [EPUOJIa BPEMEHU B CeBEPHOM moJryinapuu (0o > 0°).
Kak 06bu10 panee ykasaHo, €10 SIBJISETCS IJIOCKOCTD, [TE€PIIEH/IUKY/ISPHAS HAIPABICHUIO PACIPOCTPAHEHUS COJI-
HEYHBIX Jiydeit. C MOBEPXHOCTHIO 3eMJIH OHA TIEPECEKAETCS TI0 KPyry, obo3HadeHHOMY 311ech OykBamu A LBK.
CwMelnenue 9T0ii IIIOCKOCTH OT OCH BpallleHHsi 3eMiin (ee II0JIIOCOB) 3aBUCUT OT cKjoHeHust CoJHIA, T. €. yIjia
qC M, 110/1 KOTOPBIM CBETOBOI MOTOK MPUHUMAETCsI 3eMHBIM 3KBaTOpoM. JIuuus C'M 1mpoxomuT depes MeHTPHI
Semutn u CoJIHIIA ¥ TIO9TOMY OHA IEPIeHUKYy/spHa 11ockoctu A1 LBK.

Ha ocu moroka Jrydeit HaxoauTcst B JaHHBIIE MOMEHT BPEMEHU HEKOTOpasi Touka M, mupoTa KOTOPOil paBHA
cxionenuto Cosnna (o = dg) B bukcupoBannyio gary. 3uech B nosenb CostHile HabIOaeTCs B 3eHUTE.

B sToT %)Ke MOMEHT BpeMeHu Oy/1eT MPOUCXOINTh BepxXHsisa KyabMuHarust Cosaiia Ha Bcem mepugnane AT M qB,
JI0JI'OTa KOTOPOrO paBHa Aosirore Touku M (IIOBCIO/LY Ha 9TOM MepHaHe noJeHs). Jlumb B nyukre B Cosnie
B IIOJIJIeHb OKAsKEeTCs HA TOPU30HTE.

IIpn mauuom ckionenun CoJiHIIA OHO OyJIET HE3AXOIAIIMM CBETUJIOM B ODJIACTH, CMEIIEHHON OT CEeBEpHO-
ro TOJIIOCa K 0Ty HAa YIJIOBOE PACCTOsSIHWE, PABHOE ero CKJIoHeHnio. Ha pucyHke mokazana Ta reorpaduyaeckas
napasuiesib (AA;), HauuHas ¢ KOTOPOii B (DUKCUPOBAHHYIO JIATY K CeBepy, HAOJIIOIAeTCs HOJISPHBIHA 1eHb. [eo-
rpadudeckas mupora 3Toit mapasuiean ¢ = 90° — dg. 3amernM, 9T0 B ToUke Aj 9TO XKe mapaJsuresn, pacuoso-
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JKEHHOH Ha IIPOTHBOIIOJIOXKHOM MEPHUIUAHE, B 3TOT MOMEHT IIPOUCXOAUT HUXKHAA KyJbMuHamnusa COJIHIIA U OHO
HaOJTIOMAETCST Ha TOPU3OHTE.

V 10KHOIO TOJIIOCA TIOKa3aHa TpaHUuYHasi reorpadudeckasi napaJjuiesib BBy, HaunHas ¢ KOTOPOil B Ty Ke
Jary HabJIoaeTcs noagpHas Houb. [1pu Bospacranunu ckionenus Cosaia (1o 22.06) ykazaHHbIE IPAHUIILL OyyT
pUOIMKATHCS K MOJISPHBIM KpyraM. depes3 mMoJIrofa yCaoBus OCBEIEHHOCTH IIPUTIOISPHBIX 30H TOMEHSIIOTCS.

B paccmaTpuBaeMbIit MOMEHT BpeMeHH BO BCEX MYHKTAX 3€MHOI MTOBEPXHOCTHU, PACIIOIOKEHHBIX HA TPAHUIIE
ocsemennoctu (kpyr A1 LBK), Counie nabirofaercsa na ropusonre: Ha jgunun A; K B 1ipu Bocxojie, HA JIMHAN
A, LB — upu 3axoje, a B Toukax A; u B B MmoMmeHThl KysibMuHanmii H K 1 BK cOOTBETCTBEHHO.

Bce myHKTBI 3eMHO# MOBEPXHOCTH, HAXOAIIUEcs BocTouHee juHun A1 LB, «yXonsiTs B HOYHOE IOJIyIlIapue,
B TO BpeMsl Kak co croponbl jguann A; K B, BO BceX MyHKTaX, PACIOJOKEHHBIX 3anajiHee 3TON JuHuu, GyIyT
MIOCTENEHHO HabIIoAaThCsT Bocxoabl CostHIa.

B JerHuii niepuoJi BpeMeHU IIPOJOJIKUTEIbHOCTD JHe (HOYU) CUJIBHO 3aBHCUT OT IIMPOTHI MECTa, B OCO-
OEeHHOCTH Ha CeBepHBIX mmupoTax. Ha jgaHHOM pHCyHKe MOoKa3aHa reorpadutdeckas mapasienb 1717 B obacTu
CpeJIHUX IUPOT. JIerko BUIeTh, 4TO BpeMsl IpeObIBaHUSI TAKUX MECT Ha JJHEBHOU CTOPOHE 3aMETHO OOJIbIIe, YeM
Ha HOYHO.

O6parum BuuMmanue Ha Touku K u L, KoTopble pacnosiozKeHbl Ha 3eMHOM dKBaTope (¢ = 0°). B nynkre K B
JIAHHBIA MOMEHT IIPOUCXOIUT BOCXO, & B IIyHKTe L 3kBaropa — 3axox Cosnna. Ilpu cyTounom asrkennn 3eMiin
UX JI0JITOTa HETPEPBHIBHO M3MEHSIETCSI CO CKOPOCTBIO CyTOUHOrO BpammeHus (15°/49ac), HO 9TH IyHKTBI 3eMHOTO
9KBaTOpa BCerjga OyIyT HAXOIUThCs Ha paccrosHuu +90° or TOro MepujuaHa, Tle B JaHHBIN (U3nIecKuii
MOMEHT ITPOUCXOJUT BepxHsisi KysnbMuHanus Cosana. [Ipu Bpamennn 3emyim K BOCTOKY, Touku K u L, Kak u
«IOJTYJIEHHBIA MEPUIUAH», CMEIIAIOTCS K 3aIlary.

IToce npoBemeHHOrO aHAJIM3a JIETKO IMOHSTH, 4TO ycjoBus HabmoneHus CoIHIA B pas3IddHble IHUA IO
TeCHEHIUM 0Opa30M CBS3aHbI HE TOJIBKO C CYTOYHBIM, HO M I'OJUYHBIM JIBUKEHHEM 3eMJIM U, eCTECTBEHHO, C
ycsioBusiMu ocBereHHoCTH 3emiu CostHIeM.

CiyTHUKaMU TIOJISIDHOTO JIHSI SIBJISIIOTCsT «Oesible Houny. OHM HAOJIIOIAI0TCS Ha CEBEPHBIX IUPOTaX, KOrJa B
[IepUO/T KOPOTKO# JIeTHE!l HOYM JlaXKe B IMOJIHOYL TiiyOuHa morpyzkenns COJHIA 1107 TOPU30HT HE MPEBBINIAET
6 + 7°, T. e. ero BBICOTA B MOMEHT HIKHEH KyJabMuHAINT hyrx > —6 =+ 7°.

ITpu sroM mazke B IOJHOYBL 3eMHasi arMocdepa HaJ| OlpeleJieHHbIME mupoTaMu (¢ > 59 + 60°) cusbhO
nosiceeunBaercss CosiHnieM. TakuMyu TEPPUTOPUSIMU SIBJIAIOTCS MECTa, PACIIOJIOYKEHHbIE K IOI'Y OT I'DAHUIIBI I10-
asipHOro JHs (B cpeaaeM Ha 600+ 700 kum). Kak usBecTHO, «6esible HOUM» HABIIONAIOTCS HA YKA3AHHBIX MIUPOTAX
B [I€pUOJIbI, OJIU3KUE K JIETHEMY COJTHIIECTOSIHUIO.

Yro kacaeTcs Tex obaacTeil, riae HaOIIOMAIOTCS MOJASPHBIE THU, TO TaM CYIIECTBYIOT ABa MEPHOIa «OeIbrx
HOUEl» — HEOCPEICTBEHHO TepeT NX HACTYIJIEHHEM U TOCJIEe 3aBEPIIEHNs TOISIPHBIX JTHE.

Puc. 4.10: TTosoxKeHre TpaHUIpBl OCBEIEHHOCTH B 33jaHHble MOMeHT Bpemenu UT u nary (Buzg ¢ CesepHoro
OJTIOCA)

Kax BBI X0pOIII0 3HAeTe, HanboJIee GBICTPO MOJIOYKEHIE TPAHUIIBI OCBEIIEHHOCTH [IOBEPXHOCTU 3€MJIU U3MeHsI-
€TCsl BCJIEJICTBHE ee CyTOYHOro BpamieHus. CMelneHre 3Toil TPaHUIb OTHOCUTENIBHO TIOJIOCOB IUIAHETH, B CBI3U
¢ u3MeHeHneM ckJIOHeHHst COJIHIIA, TPOUCXOJUT B TEUIEHUH I'OJ@ JIOBOJIBHO Me IeHHO. s Toro, 4robbl ompe-
JICJIATH TY 9acTh 3€MHOI MOBEPXHOCTH, KOTOpasi OCBEIleHa B JaHHBI MoMmeHT COJHIEM, CilefyeT 3HATH s
JIQHHOI JaThl HE TOJBKO €ro CKJIOHEHHe, HO 1 MOMeHT BpeMenu cyTok (mo UT) (em. puc. 4.9, 4.10).
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Hwuke npuBosuM npuMep, WILTIOCTPUPYIONIUI YCIOBUsT OCBEIIIEHHOCTH MOBEPXHOCTH 36MJIU B IYHKTAX C KOH-
KPETHBIME KOOPJMHATAMH B 33J[@HHBIE ATy U MOMEHT BpeMeHu. Ha 3TOM prcyHKe 30HAa IOJISPHOTO JIHS HOKa-
3aHa OKPY2KHOCTBIO pasmyca 90° — §. Suast momenT UT, jierko orpejiesinTh, Ha KAaKUX MEPUIAAHAX [TPOUCXO/UT
BepxHsisl U HUXKHsisI KysbMuHarmu CoJtHia.

I'panura ocserennoctu Ha 1y jgary B MomenT UT nokasana quaueir K Ay L. B touke M B mosngens Coutrie
nabsofaerca B 3enure. [IoCKOIBKY B TOYKAX KBATOpA JEeHb Beerja paseH Houu, To Touku K (Bocxon) u L
(3axox) Connia orcrogr 1o goiarore Ha 90° K BOCTOKY U 3alajly, COOTBETCTBEHHO, OT HOJLYIEHHOI'O MEPHIHAHA.

Jano: 1 mast 6, = +15°06" u mycrs 3aman Mmoment UT = 3712™, 1. e. cTOMBKO BpeMeHH IIPOIILIO ¢ MOMEHTA,
HrkHeR KyabMmuHarun CoJTHIa Ha HAYAJIBHOM MEpUINaHe.

Pewrenue:

1.
2.

30HA, MMOJIAPHOTO JIHA OYJIEeT paclosoXkKeHa Ha MmupoTax ¢ > 74°54" c. mr;

B ykazauubiii MoMeHT UT Hmxugas kKyabmuHanust CostHIa OyIeT IpOUCXoIuTh Ha MEPUIUAHE C JOJTOTOMN
A =48° 3. ;1. A B mynkTe A; ¢ xoopauHaTamu @ = 74°54’ ¢. m. m A = 48° 3. 1. — Couane mabmomaercs
Ha FOPHU30HTE;

BepxHsisa KyJabMmuHainsg COJIHIZ B 3TOT MOMEHT IIPOMCXOAUT Ha Mepuiauane ¢ A = 132° B. a. Ilpuuem B
nyuakre M ¢ ¢ = §o = +15°06’, A = 132° B. ;1. CostHIe B HOJJIEHb HAXOAUTCS B 3¢HUTE. TOr/a Ke B ITyHKTE
B c ¢ = 74°54" 10. m1.,, A = 132° B. 1. ConHne B noJieHb HaO/IOJaeTcss Ha ropu3oHTe. Leorpadudeckas
rmapaJiieb TOYKN B sIBJsieTCsl TPaHuIiei MOoIsipHOil Houn Ha 1 Mast;

Toukn K m L sKBaTtopa, B KOTOPBIX B JaHHBIA MOMEHT BpeMeHH HabogaeTcs Bocxon u 3axon CoHia,
HMEIOT CJIeIyIONiHe KOOPAUHATEL: @r,;, = 0°, a ux monrorsl — Ag = 42° B. 1., A\ = 222° B. 1. (oM.
puc. 4.10).

Bompocsi

1.

YKakuTe JaThl HACTYIUIEHAS U OKOHYAHMsI TOAsApHON Houn B MypMmarcke (¢ = 69° c. m1.). 31ech u jgasee
BocnoJib3yiiteck Tabsmamu Costaia B AE.

B kaknx obsactsx Ha 3emie HabIIIONAETC MAKCUMAJIbHOE M3MEeHEeHHe [IPOJI0JIKUTENLHOCTH JiHs (HOun)?
Ilo kakmM reorpaduiIecKuM IapaJlIesIsIM IIPOXOIUT IPpaHUIla HoJagpHoro maus 10 Mast u 22 uroHs?

Ha pucynke mebecnoit cdepnr mist ¢ = 80° c. 1I. pacCMOTPUTE U3MEHEHUE IOJIYJIEeHHOW U OJIyHOYIHOM
BeicoT CosHIla B iepuoy, moJigspHoro jaHsi. CKOJIBKO JHEH OH TaM mpojo/rKkaercs! Kak m3aMeHsieTcs reorpa-
dudeckas mupoTa TEX MECT Ha 3eMiie, T7e B 9TOT nepuos Bpemenn CoOJIHIIE B MTOJIIEHb MOXKHO HAOJIIONATH
B 3eHuTE?

Omnpenenure reorpadudecKue JOJITOTHI IIYHKTOB, IJ1e TTPOUCXOJIAT BEPXHsIs U HUKHsisI KyJbMuHarmu CotH-
1a B 4"20™ 10 BceMupHOMY BpeMeHH. B KaKiX TOYKaX 3¢MHOTO SKBATOPA TOTJA BOCXOIAT (zaxomut) Comn-
ne? YKa3aTh ¢ U A TOYKHM 3€MHOI IOBEPXHOCTH, B KOTOPOii B 3TOT Ke MoMeHT Bpemenu 10 masi CoJiHie
Habuoaercst B 3enure. UT = 4720™.
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I'maBa 5

3mepenue BpeMeHn B aCTPOHOMMUMN.
CBg3b IMKaJI BpeMeHn

5.1 IIpobGsiema koopauHaTHo-BpemenHoro obeciieyenusi (KBO) na py-
oexke XX — XXI Bekos

Bpewms, Kak u IPOCTPAHCTBO, SABIAIOTCH DYyHIAMEHTAILHBIMA (hopMaMu cyInecTBoBanns Marepun. Ilocpeacrom
BPEMEHU U3yYAIOTCS JMHAMIIECKIE U IBOIONMOHHDBIE XaPAKTEPUCTUKN MATEPUATLHOTO MUPA, U 9TO HEBO3MOXK-
HO 6€3 yCTAHOBJICHUS] TOYHON INMKAJIbI BDEMEHH.

V3mepenne BpeMeHH, KaK M3BECTHO, OA3NPYETCS HA CYTOYHOM BPAIEHUN 3eMJIA. DTO JABHKEHUE ABJISAETCS
TEM eCTECTBEHHBIM PETyJISPHBIM IPOIECCOM, KOTOPBI Ha MPOTSKEHNN BCeil 0003pUMOIl HCTOPHUU YeJIOBEYECTBA
ObLJI HAMJIYYIINM BPEMEHHBIM 9TAJIOHOM. Ba)KHO 1IPU 9TOM 3aMETUTD, YTO CaMa YeJI0BEUeCKas XKU3Hb Ha 3eMJie
TECHO CBSI3aHA C 9TUM KOCMHYECKUM PHUTMOM.

Wrak, rinaBHOM enuHuUIE!l BpEMEHN SBJSIOTCS CYTKH, B TeUeHWE KOTOPBIX HAIA IIAHETa COBEPIIAET II0JI-
HBIIl 000POT BOKPYT CBOEI OCH OTHOCHTEIBHO KaKOW-TnO0 (DUKCHPOBAHHOI TOUKM HA HeOecHO cdepe: 3To Jmbo
3Be€3/1a, 00 MEHTP BUIUMOIO COJHEYHOrO JINCKA, JIMOO HEKOTOpas MaTeMaTHIecKas TOYKA C U3BECTHBIMH KO-
op/iuHaTaMu. B 3aBUCHMOCTH OT BBIOODA HYJIb-IIyHKTa OTCYETa CyTKH OBIBAIOT 3BE€3HBIMU U COTHEeYHbIME. [Ipn
ACTPOHOMIYIECKUX HAOIIONEHNSX YKBUBAJIEHTOM TE€X U APYTUX CYTOK SBIISETCS NPOMENCYMOK SPEMEHU MEIHCIY
08YMA NOCAEIOBAMENVHOMU OOHOUMEHHDIMU KYADMUHAUUAMU USOPAHHLLL Mouek Hebechol chepvl na darHom
mepuduare. Mepotll epemeru, npomexweso nocie KYAbMUHAGUUL, ABAAECMCA “ACO80T Y20 USOPAHHOT MOUKY
Heba.

Ha mpakTuke mpoIe BCEro BOCIOIB30BATHCA 3BE3/ION € OYEHb MAJBIM COOCTBEHHBIM JBIKEHHMEM, N, Ha-
upuMmep, KkBazapom. OHaKO, TOUKa BeceHHero pasHojeHcTBus (1) TPaAMIMOHHO COXPAHSIETCS B JIAHHON 3a/1a4e,
ITOCKOJIBKY €€ BEKOBOEe JIBUKEHUE CPEeJH 3Be3/l, 00YCIOBJICHHOE TIPEIeccneil, M3y 9IeHo ¢ BBICOKONW TOYHOCThIO. Bo-
Jiee TOTO, 9Ta TOYKA SABJIAETCS HYJIb-IIyHKTOM OTCUETa IIPIMBIX BOCXOYKJICHUN.

[Ipocreiimum BUIOM BpeMEHH, KOTOPOE MOXKHO OINPEIENTh HEIOCPEJICTBEHHO N3 HAOIOIEHU, ABJIAeTC
36€30H0€ BPEMA, USMEPAEMOE “HACOBBIM Yeaom mowkyu . B MOMEHT BepxHell KyJIbMHHAIIME STONH TOYKH, KOT/IA
MepHUaH MecTa HaOJIIOIeHUsT HAIIPABJIEH HA 3Ty TOYKY, 3BE€3/IHOE BPEMSI, U3MEPsieMOe ee JaCOBBIM YIJIOM, S =
0"0™0%. DTOT MOMEHT SIBJISICTCS HAYAIOM 3BE3IHBIX CYTOK.

B 060t MOMEHT 3BE3IHBIX CYTOK 3BE3MHOE BPEMs MOXKHO OIPENEIUTH KaK 49acoBoit yros ', COIIacHoO
M3BECTHON 3aBUCUMOCTU:

tp =S = a, +t, (5.1)

rae t, — 4Y9acOBOI yIOJI 3B€3/Ibl C JAHHBIM (ly.
B MOMeHT BepxHeil Ky/JIbMUHAINE H30paHHOil 3Be3/pI ee t, = 0"0™, Torma

tp =S = a,. (5.2)

Urak, dukcupys ¢ BBICOKON TOYHOCTBHIO TOCIEI0BATE/bHbIE KYJIbMUHAIUN 3BE3] C U3BECTHBIMU IIPSMBIMU
BOCXOK/IEHUSIMU, MBI OIPEIEIsieM HE TOJBKO IMPOIOIXKUTEIbHOCTDb 3BE3/IHBIX CYTOK, HO U HAXOIUM 3BE3IIHOE
MECTHOE BPEMsi B COOTBETCTBYIOINIUIT MOMEHT TUX CYTOK.

B nacrosiee BpeMsi TOYHOCTb PETHCTPAIII MOMEHTOB Ky/IbMUHAIMI 3Be3,1 0BOJIbHO Bhicoka (1074+107° ¢).
Takyro TOYHOCTB ymaeTcss 0O0ECIEYNTh HE TOJBKO 38 CYET BBICOKOW TOYHOCTH PETUCTPAIUU MOMEHTOB ITPOXOXK-
JeHUs 3Be3]1 Yepe3 MEePUIMaH, HO U UCIOJIb30BAHUS [IPU ITOM BBICOKOTOYHBIX COBPEMEHHBIX STAJIOHOB BPEMEHU.
BBenenne B mpakTuKy HaOIIOAEHUIT ATOMHBIX 9TAJOHOB ITO3BOJIMAJIO, C OHON CTOPOHBI TTOIYIUTh B KOHITE XX B.
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HE3aBUCUMYIO OT BPAIEHUs] 3eMJIN KAy PABHOMEPHOTO BPEMEHH, a C JIpYroil — OOHAPYXKUTh U U3YUUTh Pa3-
JINYHOTO DO/ IEePHOAMYECKNEe U HEIEPUOIUYECKIe BapUAINA CYTOYHOIO BpaleHus Harreil mianersl. [IIxkasa
aromMHoro epemenu AT 3ajaeTcsi COBOKYITHOCTBIO Psijia @TOMHBIX STAJIOHOB. B OCHOBE aTOMHBIX CTaHJIAPTOB
UCIIOJIB3YETCsl EPUOJT COOCTBEHHBIX KoJiebanuii atoma resus (Cs133).

[ITkamna 3TOr0 BpeMeHN OKa3ajiach Hanbosee CTaOMIBLHON, JIETKO BOCIIPOU3BOUMON U ITO3BOJISIONIEH OCyIIie-
CTBUTH HaJIE’KHBIN KOHTPOJIL U coriacoBanue BpeMenu. Illkana AT me 3aBucuT OT acTPOHOMUYECKUX HABJIIO-
JIeHWIT U JIBU2KEHUsT HEOECHBIX TeJI, MOITOMY 9TO BPEMsI CJIy?KUT OCHOBOW IjIs M3YUEHUs IUHAMUKHA HEOECHBIX
TeJI, a TaKyKe HEePABHOMEDHOCTU BpallleHWs 3eMJid. B pe3yiibrare MPOBEJEHUS B TEUEHWE PSAJA JI€CSITUICTHI
OIIPeIeJIEHNUS] IPOJIOJIPKUTEIBHOCTH 3BE3/IHBIX CYTOK C MCIIOJIb30BAHNEM BBICOKOCTAOMIBHBIX STAJIOHOB ATOMHOTO
BpeMeHM ObLIN yCTaHOBJIEHBI MHOI'OYMC/IEHHBIE BAPHAIIUU CYyTOYHOI'O BpAIleHUs 3eMJIA KAaK CJIOXKHON (pU3UKO-
MEXaHUIECKOW CUCTEMBI.

CropocTh BpallleHUsi 3eMJIM 3aBUCUAT OT MHOIUX (DAKTOPOB Pa3/IMYHON IpUpobl. B HacTosiiliee BpeMsi OHU
CTaJIH [IPEJIMETOM CEePhe3HOr0 N3yUeHus: B 00J1aCTH BRICOKOTOTHON acTpOMETpUN, HEOECHOW MEXaHUKHU M MO IUHA~
MuKH. B psifie caMbIX TOHKIX 9KCIIEPUMEHTOB B HAYKe U TEXHUKE, B 0OCOOEHHOCTH IIPU HAOJIIOIEHUAX, CBI3AHHBIX
C JIa3epHO M PaIMOOKAIIMOHHON CBeTOMaIbHOMETpHEH U paguonHTepdepomMeTpueil, TpedyeTcs coriacoBaHme
BPEMEHHBIX 3TAJOHOB ¢ TounocTsavu mopaaka 1076 = 10712 ¢ u menee. Takyio TOUHOCTH 06ECIIEUHBAIOT TOIBKO
aTOMHBIE CTAHIAPTHI BPEMEHHU.

B Hare BpeMsi pasBUTHE KOCMHYECKHX METOJIOB M3YUYEHUsI 3eMJIM W BBEJEHUE IIKaJbl aTOMHOIO BpPEMeHU
JTaJId BO3MOXKHOCTB IIOJHSITH Ha 00Jiee BBICOKMII YPOBEHBb COCTOSIHUE OIIOPHBIX HA3EMHBIX CeTeil, 1 B TOM JHCJIe
[TOBBICUTHb TOYHOCTH OIIPEJIEJIEHNUsI TOJIOKEHINIT KOCMUIECKIX 00bEKTOB. DTO CO3IAJI0 B ACTPOHOMUYIECKON HAyKe
€JIMHYIO U NEJbHYIO IpobJieMy KoopAauHaTHO-BpeMennoro obecnedenus (KBO).

5.2 SBGB,Z[HI)IG n CoJIHEYHbIe CYTKMH. BBGBAHOG n COJIHEYHOE BpeMAda

IIpu msydeHun Tembl BpeMeHH OyeM IoJiaraTh, YTO BpAIEHHE 3eMJIM BOKPYT OCH IIPOUCXOJUT JOCTATOUYHO
PaBHOMEPHO, TOCKOJBKY Ceifl4ac C BBICOKOW TOYHOCTHIO MOYKHO OIPEJIE/IUTh YUCTEHHOE 3HAUEHUE TeX TOIPABOK,
KOTOPBIE TIO3BOJIAIOT HCIPABUTHY TE€UEHUE ITOIO TPUPOTHOTO IIPOIIECCA.

3Be3HOE BPEMs SIBJIIETCS YUCTO aCTPOHOMHUYIECKUM BpeMeHeM. OHO UrpaeT BayKHEHIIIYI0 POJIb IIPU ITPOBE-
JEHNN ACTPOHOMUYECKUX HAOIONeHM. 3Has 3BE3HOE BpPEMsi, MBI JIETKO OIpee/isieM BUJ 3BE3IHOTO Heba u
[TOJIO’KEHWE TOTO MM WHOTO OO'bEKTAa OTHOCUTEIHLHO MEPUINaHa. 3BE3JIHbIE CYTKU, KAK yXKe OTMEYaJIoCh, obec-
[IEYUBAIOT OIIpeJIeJIEHUe PeabHOrO IIepUo/ia U CKOPOCTU BPAIIEHUST 3€MJIA CO BCEMU MX KOJIEOAHUSIMU.

B nayke u B IOBCe/IHEBHOI KM3HU HCIOJIB3YETCS COJTHEYHOE BPEMs:, T€YEHHe KOTOPOI'O CBA3AHO CO CMEHOI
JTHS ¥ HOYU U, HECOMHEHHO, C OCHOBHBIM YKU3HEHHBIM PUTMOM BCETO UEIOBEYECTBA — COJTHEIHBIMU CYTKAMU.

B dem ke mpuumHa pazimuds STUX JABYX BUJIOB BpeMeHH Ha 3emiie? 3Be3JHbIe CYyTKH CBSA3AHBI JIMIIb C
cyTodHBIM ObpatneHreM 3emiir BOKpYT ocu. CoJIHEUHBIE CYTKHU IIOMUMO CYTOYHOI'0, KAK OCHOBHOI'O, BKJIIOUAIOT
B ceDst erlle HEKOTOPYIO 0JII0 rooBoro obpatenust 3emym Bokpyr Cosana. Kak uzsectro, 06a jqBukeHns: 3emMin
[IPOKCXOJEAT B OJIHOM HAIPABJIEHUN — IIPOTUB XOJa YACOBO CTPEJIKH UJIM C 3alajja Ha BOCTOK (€CJIU CMOTPETD ¢
CEeBEPHOI'0 M0JII0CA ILUIaHeThl). Bropoe nBuKeHHe IPOsBIIercd B TOM, 9TO BuauMoe noJoxkenue CouHua cpein
3Be3/I €2KECYTOYHO N3MEHSIETCS: OHO OKAaYKeTCs BOCTOYHEE CBOErO IOJIOXKEHUs B MPEBIIYIIIE CYyTKUA IIPUMEPHO
Ha 1°.

Urak, mis nacrymienns: odepeaaoil KyiabMuHaimu ComHita 3eMite HEOOXOIUMO «JIOBEPHYTHCs» TPHOIH3U-
TeJbHO Ha 1° 10 CpaBHEHUIO C ITOBTOPHOM KyJabMuHarmeit 3se3/. Ilo 9Toit npudune coTHEYHbIE CYTKH TPOJIOJ-
JKUTeJIbHEee 3BE3/HBIX B CPeJHEM Ha 4 MUHYTBI, KOTOpbIe TpeOyoTcs 3emie jijist ToBopoTa Ha 1°.

B mponuueckom 200y, KOTOpBIil Urpaer IEPBOCTEIEHHYIO POJb B HUCYUCJEHUM BPEMEHHU, COJEPXKUTCS
365.2422 ... T. H. CPEIHAX COJTHEYHBIX CYTOK M COOTBETCTBEHHO 366.2422 ... 3Be3HBIX CYTOK.

ITo »T0it mpuyumHe, YUCIO0 KYJIBMUHAIMI TOYKA BECEHHEIO PABHOJEHCTBUS B IOy HA €IUHUILY OOJIbIIE, YeM
kyapmuHarmit CosHia.

3Be3Hble cyTKEU He nMeioT Aat. CoJIHeUHbIE CyTKU CBA3aHBI CO CMEHOM 1aThl. X y/mo0Hee MEHITh B MOMEHT
HrkHel KyapmuHarun COHIA, T. €. B MOJHOYb.

rax, Kaskas eIUHUIA 3BE3IHOI0 BPEMEHH Kopode coyHeunoil. [lonesno 3anomuuts, uto 1" cpeanero co-
HEYHOro BpeMeHH IpojoJnKuTenbree 17 3sesnanoro spemenn na 9°.856 . . .. [losTOMY 3Be3/HBIC YACHI HIYT OLICT-
pee commednbix: 3a 10" cosmednoro BpeMenu oHE OGrOHAT COJTHeUHBbIE Yackl mpumMepHo Ha 100 cexym!!!

Paznuuane 1mkaa 3BE3HOIO M COJTHEYHOIO BPEMEHHM OYEHb 3aMETHO CKA3bIBAETCS Ha BUJE 3BE3/IHOIO Heba
B pa3Hble CE30HBI rojia. FCm BBl B ONPEJIEIEHHBIN JIeHh 3aMETHJIN 110 CBOMM COJHEUHBIM dacaM (HAIPUMED, B
20— 22h) TI0JIOZKEHUSI U3BECTHBIX 3B€3]] I CO3BE3/ 1 OTHOCUTEJIBHO MepH/IaHa, TO yKe depe3 HeCKOJIbKO HeJleb,
a TeM 0oJiee MECSIIEB, 9TH 3BE3/bI IIPOKYJIbMUHUPYIOT 3aMETHO PAHBINE M MbI UX HAiieM B 3TO YKe BpPEMs I10
HAIM 9acaM 3alajiHee MEePUIUaHa.

PaccmoTpum Bompoc 0 pacxoxKIeHUH MKaJI 3BE€3/IHOTO U COJTHEYHOTO BPEMEHH B TedeHue roja. Tak, 21 mapTa
(menp Becenuero pasuogencrsus) obe kyiabmunanuu (BK u HK) npoumcxomsT npakTudecku OJHOBPEMEHHO C
Temu ke KynbMmuHarusmu Cosara. Ho yike depe3 HeCKOJIbKO cyTOK KyiabMuHarun COJIHIIA [0 CPABHEHUIO C
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KYJAbMUHAIIASIME HAYTHYT 3ala3/IbIBATh, MOCKOJIbKY OHO CMENIAeTCsd K BOCTOKY OTHOCHUTE/IBHO 3BE3[I, MPUIEM
Pa3HOCTb MEXKY UX KYJIbMUHAIMSIMI OYIeT BO3PACTATh B COOTBETCTBUN C BO3PACTAHUEM IIPSIMOTO BOCXOKIEHUS
CounHIla, a OHO €3KeCyTOYHO BO3pacTaer B cpeaHeM Ha 4 MuHYTHI (Gosiee ToHO Ha 37'56%.5).

3amuinem B Tabjuie KBaTOpUaIbHbIe KoOopauHAaThl COJHIIA B XapaKTepPHBIE JTHU T'0JIa U COOTBETCTBYIOIIIIE
3HaYEeHUsT 3BE3IHOTO BPEMEHN B MOMEHT BepxHeil Kynbmunarmn CoTHIA I 9TUX JaT.

Tabauna 5.1: DxkBaTopuaabuble KoopAuHaThl COJIHIIA U 3BE3/IHE BPEMsI B MOMEHT BepxHeil KysibMmuHaryu CoJtHIa,
B XapaKTepHbIe JTHU TO/Ia

Jarsr ag o 3Be3/iHOE BpeMsi Yacosoit yrou te, B 0"
B monzenp (to = 0")  sBesnmoro Bpemenn (tp = 0")

21.03; B.P. | 0" 0° S =tp=0" te = 0" (mommenn)
22.06; JI. C. | 6"  423°26' S =ty =6" te = —6" (yrpo)
23.09; O. P. | 12" 0° S =ty =12" to = 12" (moamoun)
22.12; 3. C. | 18" —23°26' S =tp =18" te = 6" (Bewep)

N3 rabaunpl ciaeyer, 9TO HAUAJIO 3Be3JHBIX CyTOK (T. . BK TOUKM BeceHHero paBHOJIEHCTBHsI) B Pa3HbIe
JIHU TOJ]a IPUXOAUTCS Ha, PA3JINYHBIC YaChl COJTHEYHBIX CyTOK. [ockoavky coanenmvie cymru npodosstcumenvree
36€30MBLT, O 8 MeUeHUE KAAHCOBLT COANEUHBLT CYMOK HENPEMENHO NPOUCTOOUM KYALMUHAUUA MOYKY 6ECEHHE20
pasHodencmeus. Bosee Toro, st KaxKI0il 3B€3/1bl, B 3aBUCHMOCTH OT €€ IIPSIMOIO BOCXOZKJIEHMsI, MOYKHO HaiTn
JlaTy, KOT/la B OIpe/ieJIeHHbIe COTTHEYHbIC CYyTKU IIPOUCXOIAT JIBe BepXHUE KYIbMIHAIIUI 3Be3/Ibl: OHA B IIOJIHOYb,
JIpyras — HEe3aJI0JITO JI0 ciefyiomleil noayno4un. Takyio maTy Juist 9TOH 3Be3/bl HA3BIBAIOT KPUmMu4eckol, OHa
ykasana B AE (cMm. Tabus. «BuauMble MecTa 3Be371» ).

Ha ocroBanum npuBefeHHON BbIIIe TabI. 5.1 Jerko onpeneInTh MIPUOIMKEHHOEe 3BE3JHOE BpeMs B IOJIICHD
aub0 B MOJIHOYB JJId JIO0OI JaThl, U y3HATh, KaKHe 3BE3/bl IIPOXOAAT HAIl MEPUAWAH B 9TH MOMEHTBHI CYTOK.
3Be3/1HOE BpeMst, Oy/Iy<IH YNCTO ACTPOHOMHYECKHM, SIBJISIETCSI T€M BasKHBIM IAPaMEeTPOM, KOTODPbIi OIpeessierT
BUJI 3BE3/JHOrO HeOa B JIIOOYIO ATy U TOT Yac, KOIJIa B ONTHUMAJIBHBIX yCJIOBUSAX (OOBIYHO BOJIM3M MepHInaHa)
VIAETC OCYIIECTBUTH HY>KHYIO IIDOI'DAMMY HAOJIIOIEHUl.

IIpuMmep: BocnoOIB3yeMcA NAHHBIME 3TOH TabJIUIBI U HafieM IPHOIMKEHHOEe 3Be3JHOE BpeMd B IIOTHOYD
10-ro umrons.

Bikaiiimeii xapakrepHoit garoit s npusasku (tabm. 5.1) seaserca 22 mons (JIC), korma ag = 6"
Besnoe spems B nomnous (HKq) B aty mary: S = ag +te = 6" + 12R0™ = 18"0™. C 22 uions no 10 urons
npoxouT 18 cyToK. 3a 3TOT Iepuo o, Bo3pacraer Ha 4™-18 = 72 = 1"12™. CieosarensHo, 38€3HOE BpeMs
B noHous B MomenT HK g ma 16 moms, xorma ag = 7"12™, cocrasut: Suk, = 7h12m 4 12h0™ = 19h12™.
3Be3/IbI ¢ TAKUM IPSIMBIM BOCKOXK/IEHHEM OyIyT HPOXOAWUTH HAII MEPUANAH B IIOJHOYb 10-ro mroJst.

Hrak, BCJIEICTBHIE MOJOBOTO JIBUKEHNsT 3EMJIN, COIIPOBOXKIAIOIIETOCs BUAUMBIM jBrrkeHneM CoJHIA 110 9K-
JINITHUKE U BO3PACTAHUEM (i), IPOUCXOIUT HEIPEPBIBHOE U3MEHEHNE BU/IA 3BE3HOrO Heba B TeUeHUE Iofa.

Bompocsi

1. Oupenenure npub/MKEeHHOE 3HAYEeHUE IPAMOro Bocxoxkiaerust Cosaia #Ha 1 aBrycra m 10 HOsiOpsi, BOC-
ITOJTb30BABIINCH JTAHHBIMY, IPUBEICHHBIMA B BBIIECYKA3AHHONW TaO/IHUIIE.

2. Kakumu OyayT 3Be37HOE BpeMs B IOJIEHbL U B IOJHOYL B 3TU Aarbl! Kakue spkue 3Be31bl OyAyT Ha-
XOJIUThCs BOJU3M MepHnaHa MecTa HabJIOJeHns B 5T0 BpeMsi! Bocronb3yiiTech 3BE3IHON KapTOil Miin
ATIIACOM.

5.3 CoJsHedHOE BpeMs — UCTUHHOE W CcpejiHee. Y paBHeHUEe BpeMeHH

WcTurmoe conHeTHOE BpeMst, TTO00HO 3BE3IHOMY, MOXKHO OIIPEIETUTh U3 aCTPOHOMUIECKUX HAOJIIONEHMI, XOTS 1
¢ MeHblIeil TouHOoCTBIO. [lj1st 9TOr0 HaIO OLPEeUTh YacoBoil yroi nenrpa aucka Cosna (tg) B MOMEHT HAOJIIO-
Jenusi. AcmutHble COAHEWHDbIE CYMKU ABAAOMCH NPOMEHCYMKOM BPEMEHU MEHCIY 08YMA NOCAEO0EATMEALHDIMU
BEPTHUMU KYNOMUHAYUAMY ITNOT MOYKY COAMEUH020 JUCKA (M. H. UCTIUHHbLMYU NOAYOHAMU). DTOT MOMEHT
COOTBETCTBYET CTPOTOMY MOJIOYKeHHIO TleHTpa mucka ComHia Ha HebecHOM Mepmanane, Koraa te = 00700, azu-
Myt Cosana Ag = 0° u Boicora CostHIla HAJ TOPU30HTOM MecTa HabJroeHus (HaJ, TOYKON 0ra) MAaKCHMAJIbHA:
Bnoon = 90° — ¢ + 0.
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Kak 6but0 y2ke OTMEYeHO, 32 MOMEHT HAdYaja COJHEYHBIX CyTOK MPUHAT MOMEHT HUXKHEH KYJIbMUHAIINN
Connna. ITosToMy HCTHHHOE coiHedHOe Bpems B mosaens T, = 12700™. B mo6oit 1pyroii MOMEHT BpeMeHH
STHX CyTOK 9acOBOH YIOJI SIBJISIETCS MEpOi MCTHHHOIO COJIHeuHOro Bpemenn: Tn = 12 +tq.

CoJstHeuHBIE CYyTKH, OyIydn MPOIOJKUTE/IbHEE 3BE3/IHBIX, HE YIOBJIETBOPSIOT OJHOMY W3 TJIABHBIX CBOMCTB
BPEMEHHOI'O STAJIOHA — OHU HE COXPAHSIIOT CBOErO MOCTOSHCTBA, IMOCKOJBKY IMTPOMEXKYTKH BPEMEHU MEXKIY Pe-
AJIbHBIMI HUCTUHHBIMU TOJIYIHIMI B Pa3HbIE JIHA 1oJla HEOMUHAKOBbI. OJHAKO BpsiJ JIU Y 3€MJISH IMOSIBATCS
cepbe3Hble OCHOBAHMS OTKA3aThCsl OT COJIHEYHOI'O BPEMEHH eIl ¥ TOTOMY, UTO CeHvIac CO3/[aHbl UCKYCCTBEHHBIE
CTaHIAPTHI BPEMEHHU, KOTOPBIE C OYEHDb BBICOKOW TOYHOCTHIO BOCIHPOU3BOIAT UX CPEIHION ITPOIOJIKATETHHOCTD.

B dem ke npuunHa HEPABHOMEPHOI'O X018 KICTUHHOI'O COJTHEYHOrO BpeMmeHn! Takumu hbakTOpaMu sBJISTFOTCS:

1. HepaBHOMEpPHOCTH OPOUTAIBHOIO JABUXKEHUS 3E€MJIU BCJIEACTBUAE SJIIUITAIHOCTH OPOUTHI.
2. Haxksion 3eMHOro 9KBaTOpa K IJIOCKOCTU OPOUTHI (IKJIUITHKE).

BesencrBre nepBoii IpUYMHLI HEPABHOMEPHO BO3DACTAIOT IKjuITHUecKue nosrorbl CosHIA, TaK KAk UX
U3MEHEHUE OJIHO3HAYHO CBA3aHO C MOBOPOTOM DPaJIMyC-BEKTODA 3€MHOMl OPOUTBI B COOTBETCTBHU C 3aKOHAMU
Kemutepa (cm. Dmasy 3). CoieicTBIEM 3TOrO SBJISIETCS TAKZKE HEPABHOMEPHOE M3MEHEHHE MPAMBIX BOCXOXK ICHHIA
CoaIIA.

Bosee cioxnoe BinsiHue Ha XOJ, H3MEHEHUs IPIMBIX BOCXOXKJCHUH JHEBHOIO CBETHJIA OKA3BIBAET HAKJIOH
SKJIMITUKY K 9KBATOPY, Aazke ecyiu 661 CoJIHIe pABHOMEPHO CMEIIAJIOCH BJIOJIb IKJIMITHKY. B yactHoCTH, BO/M3H
JlHEH PABHOJICHCTBUS CyTOYHBIE ITPUPAINECHHS NPSAMbBIX BOCXOXKJICHUI OKA3BIBAIOTCH MEHBINE CyTOYHBIX IPHpa-
IeHn# SKINITHIeCKUX 1oroT (Aag < Adg), a BOmM3u cosHnecTosHuil onn Gosbiie (Aag > Adg) (puc. 5.1).

SKIANTHED  ®
oxmnTHka e

KOJIIOP CONHLECTOSHUSI

9KBATOP OKBaTop
& oo Ao
V\i\(w«\ (Y)
B
Ahe>Aag Alhs<Aag

Puc. 5.1: Biugnue HakJIOHA IJIOCKOCTU SKJ/IUITAKHU K IIJIOCKOCTH HEOECHOTO 9KBaTOpa Ha U3MEHEHHNE SKJIAIITU-
YECKHUX M 3IKBATOPHUAJBbHBIX KOODANHAT COJIHIJ;&

ITockonbKy npsimbie BocxoxkaeHuss CoOJTHITA BCJIEJICTBUE YKA3AHHBIX NMPUYNH U3MEHSIOTCS BECbMa HEPABHO-
MEpHO, TO 9aCOBbIE YIJIbI IeHTpa aucka CoJIHIA H3MEHAIOTCA TakKe HepaBHOMEpHO. Takum 06pa3oM, HCTUHHOE
COJIHEYHOE BpeMs He 00ecleuuBaeT COo3JaHie PABHOMEPHOI IIKaJIbl BPEMEeHN.

[Tosryunm MaTeMaTHIECKYIO 3aBUCHMOCTD, KOTOpasi OIIACBIBAET X0/ M3MEHEHH IIPSIMOTo Bocxozk aenus Courn-
a2 ¢ yY9eTOM JBYX YKA3aHHBIX (DAKTOPOB.

Iyt 3TOro 06parnMcsa K ¢cpepruaecKoMy IPAMOYTOJLHOMY TPEYTOJbHHUKY, 00pa30BaHHOMY JTyTaMH SKJIAITH-
KU, 9KBaTOopa u Kpyrom ckjionenus Cosnna (puc. 5.2).

Puc. 5.2: CBsa3bp MexKIy IKIUNTUIECCKIMHI U SKBATOPHAJIbHBIME KoopauaaTavmu CoJtHITa

Ucnonb3yst (hopMyity MSTH 3JIEMEHTOB JIJIsi CTOPOHBI § U MPSMOro yria R, moaydnm

sindgp cos90° = cos g sinag — sin A\g cos ag cose,
tanag = tanAgcose. (5.3)
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B srom ypaBHeHnn He3aBHCHMOIl IEPEMEHHOI SIBJII€TCS BPeMS t, & 3aBUCHUMBIMU — A U Q.
[IponuddepentupyemM 3T0 COOTHOITEHNE TTO0 BPEMEHM:
dCK@ d)\@

= COSE. 0.4
cos?ag  cos? g (54)

N3 Toro ke cdeputieckoro TpeyrojabHuKa 110 TeOpeMe KOCHHYCOB JJISi CTOPOHBI A\@ HMeEEeM:

COS A@ = COS A €OS 0. (5.5)
Uckmouns B (5.4) cos? \g, HOTyTnM:

dag = dhg sec? b cose. (5.6)

Dra GpopMyJia KaK pa3 U IO3BOJISIET OIPEIe/IMTh X0 U3MEHEHUsI IIPSIMOT0o BoCcxoxKieHusi COJIHIIA Ha JIIOOY IO
JIaTy IIPU U3BECTHOM U3MEHEHWM JIOJITOTHI U CKJIoHeHust COJIHIIA.

s mostyvueHns paBHOMEPHOTO COJIHEYHOIO BPEMEHU BBEJEHO TaK Ha3bIBAEMOE CpedHee IKGAMOPUALLHOE
Coanye. 1o BooOparkaemMasi MaTeMaTUIeCKas TOUKa, PABHOMEDPHO JIBUXKYIIASCS 110 9KBATOPY C IEPHOIOM, PaB-
HBIM TPOIUYECKOMY TOLY.

Tak Kak B TeueHHEe TPOIMYIECKOrO Iojla MpsiMoe BOCXoxXKdeHne cpeaaero CoJtHila m3MeHsiercst Ha 24 daca, To
38 OJ[HU CPEIHUE CYTKU OHO COCTaBUT Ay, = 3™56°.555, a 3a onun cpepuuii 9ac — Aqy, = 9°.856. .. (= 10°).

[Ipsimoe Bocxozkaenue cpeanero CoJIHIA MOXKHO BBIYUCIUTH C JIIOOOH 3aJaHHON TOYHOCTHIO Ha JIFOOOM JIeHb
roia. Byksoit m 6ymem 0603HaYATh B JAIbHEHINEM TTOJIOXKEHIE ITOH MATEeMATHIeCKON TOUKHU Ha HeOeCHOM cdepe.

Mowment Bepxueii Kysnbmunaiuu cpeguero Coana (T. €. TOUKU m Ha puc. 5.3) HA3BIBAIOT CPEOHUM NOAYOHEM,
a 110 ero 4acoBOMY YLy t,, HAXOIAT cpednee coanewnoe epemsa: Ty, = 1200™ + t,,.

Io anasoruu ¢ nctunnbM nosyaaem (T = 12700™) B cpeammit nonens T),, = 12"00™, 1o, Kak NpaBuyIo, STH
d)I/I3I/ILIeCKI/Ie MOMEHTBI HE COBIIa/IaIOT. STO CBA3aHO C pa3JII/I‘{I/Iel\/I HpHMbIX BOCXO)K):LQHI/IIZ NCTHUHHOI'O (peaﬂbHOFO)
Conrna u cpegaero (Maremarndeckoro) CosiHIAa B 3aJaHHBI GU3MIECKUiT MOMEHT U JIaTy.

B BuaumMoMm romoBoM JBmzkeHun cpeipee (Maremaruyeckoe) u uctunHoe COJIHIE CMEIaiTcd B OJHOM Ha-
[IpaBJEHUN — K BOCTOKY. VX IpsiMble BOCXOXKJIEHUsI BO3PACTAlOT, HO MO-pa3HOMy. B 3aBrcuMocTH OT IAHS TOja
MOI'YT OBITH JIBa CJIy4asi, KOTTA e > Qyy, JIH00 p < Q.

B nepsom cityuae Kpyr ckionenusi uctuHHOTO COJIHIIA PACIOJIOZKEH BOCTOYHEE KPYyTa, CKJIOHEHUS CPEJIHEro
Comura. Torga kynbmunarmsa uctuaaoro CoOJTHIA 3ama3/IbIBaeT M0 CPABHEHUIO CO CPEIHUM.

Bo BTopom ciydae Kpyr ckJioHeHHs: ucTUHHOrO COJIHIIA PACIIOJIOXKEH 3allajHee Kpyra CKJIOHEHUs CPeHero
Coutrna. Torga B cyrounoMm JiBrKeHnn uctuaHoe COJTHIE IPUXOIUT Ha MEPHJIMAaH PaHbIIE, & PASHOCTb UCTUHHOTO
U CPeJIHEr0 BPEMEH PaBHA PA3HOCTU MX YACOBBIX YTJIOB. DTY Pa3HOCTb HA3BIBAIOT YPAGHEHUEM SDEMEHU:

T@—Tm:t@—tm:am—a@:n. (57)

Orciona T,, = T — 1. Takum obpa3oM, IpU OLPENEJEHII CPEJIHETO COJIHETHOIO BPEMEHU HA OCHOBAHUH
UCTUHHOTO, HEOOXOIMMO yIUTHIBATD yPABHEHNE BPEMEHN.

VpaBHeHnEe BpeMeHH MOXKeT ObITh KaK ITOJIOYKUTEJbHBIM, TAK U OTPHUIATE]bHBIM. Ero 3HadeHne npuBouTcs
B AE (tabmn. «Cosnnes»). B AE 3Hak ypasHeHust BpeMeHu paccMarpuBaetcs Kak 1o — T, U3 (5.7) caenyer, uro
€CJIM 9Ta, PA3HOCTH OOJIbINE HYJIS, TO Qg < iy, T. €. HCTHHHBII [TOJIJIEHb HACTYIIAET PAHbIIE CPEJIHErO.

Ucruanoe cosHedHOe BpeMs MOXKET OBITh BIEPEIN WX 1033/ PABHOMEDHOTO CPEIHEr0 BPEMEHU B 3aBU-
CHMOCTH OT JaThl HabJoneHus. demwipe pasa 6 200y (14 anpeas, 1 urons, 1 cenwmsabps, 24 dexabps)
YPABHEHUE BPEMEHU PABHO HYAt0. TOrma MOMEHT UCTUHHOIO M CPEIHErO IOJIYIHEN COBIIAIA0T.

CpeiHee cOJTHETHOE BpeMsl SBJISIETCs ceiiyac OCHOBHBIM BPEMEHEM, KaK B ACTPOHOMUM, TaK U B IIOBCEIHEBHON
xku3Hu. Ero Xom BOCIpPOU3BOAUTCS C MOMOIIBIO BRICOKOTOYHBIX TAJTOHOB BPEMEHU — ATOMHBIX JACOB.

B acrpoHOMuYecKoil IpakTHKe HAM YacTO HeOOXOAMMO 3HATH TOUHOE CpeliHee BpeMs, (T. . IOKa3aHue Cpell-
HUX 9aCOB, KOTOPBIMH MBI TI0JIb3yEMCsI IIOBCEIHEBHO) B MOMEHT MCTHHHOTO IOJIY/HSI, T. €., Korga juck CosHna
(ero 1eHTP) MPOXOAUT MEPUIUAH MECTa HADJIOICHUS.

Paccmorpum 910 Ha cieayromeM 9uc/I0BOM IPUMeEpPe, COIPOBOXKIast €r0 CXeMOH I0XKHON JacTu HeOecHO cde-
pot (puc. 5.3), rie moKa3aHbl HEOECHBIH MePHIUAH, YaCTh TOPU30HTA B OKPECTHOCTU TOYKH [OT'a, AYI'U SKIUITHKA
u cyrounoro mytu CoJiHIa Ha 1Ty HAOJIIOCHMS.

Bosbmem maty 6.04.2000, o = 1700™.8, 65 = +6°29’. Cormacno AE B 9Ty IaTy BepXHASA KyJIbMUHAIIMS
CoumHIia 10 cpejiHeMy BpeMeHn Ipoucxogut B 12702™.5.

Urax, T, = 12"00™00%, T,, = 12"02™.5. 3Besmnoe Bpems B mosens 6 ampens: S = aq = 1700™.8.

Ha pucyHke oTMedeH MOMEHT ncTuHHOTO Hoyaus (teo = 0"). Toukoit m 0603HAMEHO TIOJIOKEHHE CPEIHEro
COJTHIIA B 9TOT MOMeHT. Kak BU/IHO, B 9Ty JaTy CpeJIHUIl MOJIJIEHh HACTYMAaeT paHbIlle UCTHHHOrO Ha 2™.5. B
cpenmit ongens (T, = 1200™00%) uctunroe Cosmme emme HAXOAUIOCH BOCTOYHEee Mepummana (ag > Q).
Taxkum obpasom 6.04.2000 ypasuenue Bpemenu (1 = T — T,,,) aBisieTcss oTpuiiaTesbubiM: 17 = —02™.5.
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S IIJI. TOPU30HTA

Puc. 5.3: ITomoxenne cpeanero CoJiHIA B MCTUHHBINA MOJII€HD. IBOMHBIMI CTPEIKAMU OKA3aHbI HAIPABJICHUS
TOMYHOTO TEepPEeMEIeHnsT UCTHHHOrO u cpeanero CoutHia,

ITockoabKy HamMu B3AT JeHb roja, Korja cpeiHee u uctuaHoe COJIHIE ellle HaXOUATCS HEJAJIEKO OT TOYKH
BECEHHET'O PABHOJEHCTBUS, TO HA 3TOM PUCYHKE JIETKO YBUJETH T€ JyT'M SKBATOPA, KOTOPBIE OIPEJEITIOT X
MpsIMbIe BOCXOXKJICHUSI U YACOBOI YroJl TOYKU BECEHHETO PABHOJCHCTBUSA B moJiyieHb 6.04. /IBoitHo#l cTpeskoii
3/1eCh MTOKA3aHO HAIIPABJICHIE BUIAMOTO TOJOBOTO JIBUKeHUs TOro u apyroro CoJtHIa, 33 CIeT 9ero BO3pacTaioT
UX IPAMBIE BOCXOXKICHUSI.

Bonpocsr

1. KaKOl\ly TUIIOTETUYIECKOMY 3aKOHY JABH2KCHU A Semian BOKDYT COJIHI_[a oTBeYaJio Obl BUJIUMOE JIBH>KCHUE
COJIHLLa B COOTBETCTBHUU C BOO6pa)KaelVIbIl\l BU/JUMBIM JIBU2KEHUEM CPEIHEro CO.HH]_[a?

2. Cormacuo AE 10-ro MapTa HCTHHHBLH HOJIeHb Ipoucxoaut B 12710™25%, a 28-ro okrabps B 11750™30°
cpennero Bpemenn. CpaBHUTH VIt 3TUX JIAT Qg U Oly, YKA3aTh 3HAUEHUs] YPABHEHNN BPEMEHH B 9TU JIATHI
7 UX 3HAK.

5.4 MecTtHOe BpeMd U J0JTIOTa

B acrponomuu mecmivim epemerem (CpeIHUM WU 3BE3/IHBIM) HA3BIBAIOT 8PeMst 04HHO020 2€02Paduieckozo me-
puduana. HamoManM, 9T0 OHO OIpeJIesisieTcst 9acoBBIM yriioM cpegaero CoJTHIa W TOYKU BECEHHETO PABHOECH-
CTBUS B IIyHKTE HAOJIO/eHUsI. Pa3HOCTh MECTHBIX BpPEeMEH Ha JBYX MEPHUIHAHAX B OJUH U TOT 2Ke (DU3UIECKUI
MOMEHT PaBHA PA3HOCTHU IeorpadUIecKux JOJIIrOT STUX MepuanaHos. Tax, eciu mo u mp (COOTBETCTBEHHO So
U $1) — MECTHBIE CPEJHUE U 3BE3/HbIE BPEMEHA, TO:

m27m1:52751:/\27)\1:A)\. (58)

Eciin ynaercss B oqus pusnyeckuii MOMEHT CPaBHUTH MECTHBIE BPEMEHA JJIsi 2-X IIYHKTOB, TO MbI HAXOIUM
Pa3HOCTh WX JOJTOT. KCjum 2Ke JI0/IroTa OJHOrO M3 IIyHKTOB, HAIIPUMED A1, W3BECTHA, TO JIETKO OIPEIETUTh
JOIrOTY JApyroro myHKTa: Ao = A1 + AN, Ha npakTuke 9T0 JOCTUrAETCS MOABKO AUUD CPASHEHUEM MECTVHBIL
36€30HVIT BPEMEH O 06YT USOPAHHVIT MEPUIUAHOE.

OnpesiesieHre MECTHOIO BpeMeHHu (KaK MPaBUJIO, 3BE3IHOI0), COCTABJIAET BECHMA CJOXKHYIO, TPYJAOEMKYIO
3ajady npakTtuieckoil acrpomerpun. Eme B XIX B., g4 onpejesieHnss pa3HOCTH JOJATOT ITPOBOJIMIOCH HEIO-
CPEJICTBEHHOE CPABHEHNE MECTHBIX 3BE3IHBIX BPEMEH, IS 9eTr0 CO3/ABAJNCH CIEeIUAIbHBIE XPOHOMETPUIECKHE
srcmeaunyn. [IpruMepoM KIaccuiecKoro permeHus Mo 00H0 3a/1a9u SBUIOCEH ITEPBOE orpeieseHue 1oroTh! [Tyi-
KOBCKOT'0 Mepuauana’.

CpaBHeHME MECTHBIX BPEMEH B HACTOSIIEE BPEMs IMPOBOANUTCA IIyTEM IIPHEMa PAINOCUTHAJIOB BPEMEHH, & B
TTOCTIETHNE JIECSITUIETUST JJIsT STOTO MUCIOIB3YIOT CHCTEMbBI CITYTHUKOBOM CBSI3M.

5.4.1 CucreMbl cpeJHEro COJIHEYHOTO BpEMEHU — WCII0JIb30BaHME B HAayKe U II0-
BCeIHEBHOMI >KU3HU

Comnegnoe BpeMsA, HE3aBUCUMO OT TOIYHOCTH €ro OIIpeAeIECHUA B PA3JIMTHLBIC UCTOPUYICCKUE IIIOXU, ABJIAJIOCH U
ABJIACTCA PEeryjadTOpPpOM 2KU3HEIeATeJIbHOCTU O6HI€CTB3.. Ono nmeer IIepBOCTEIIEHHOE 3Ha'1eHEe B Hallleil moBce-

!TTeproit dynmaMenTantbHON paboTOil TIO ONpPe/e/IeHHIO PA3HOCTH JIOJTOT, BBINOIHeHHOH B IlyskoBckoit obcepsatopun B 1843-
44 rr nox pykosoacrsoM B. f. Ctpyse, 66110 Onpese/ienne JOJIrOThl IYJIKOBCKOTO MEPHUINAHA, KAK HYJIb-IIYHKTa [P IIPOBEIEHUN
reoJe3nIeCKuxX u KapTOFpa(bI/I‘IeCKHX pa6OT B POCCI/II/I. ,ZLHH 9TOr'0 HUCIIOJIB30BaJICA METO T. H. «II€PEBO3KHN XPOHOMETPOB», XPaHUB-
IIUX IIyJIKOBCKOE 3BE3[JHOE BPEMsl, JUUIsl HEIOCPEJCTBEHHOIO CPABHEHUsI TOIO BPEMEHU C MECTHBIM 3BE3JHBIM BPEMEHEM B JIPYTHX
obcepBaropusix. B 1925 1. Takas »ke pabora ObLIa IPOBEIEHA ISl OIpeiesieHnst pa3HocTu 1oaror «IlynkoBo—I'puHBuys», HO yxKe C
HCIIOJIb30BAHNEM IIPHEMA PAJHOCUIHAJIOB TOYHOro Bpemenu. (cMm. [1], [2])
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JHEBHOI »Xu3Hu. Ha MpOTs:KeHnN MOCTEIHNX MTOyTOPa CTOJETHH B ACTPOHOMUHN ITPOUCXOIUIO COBEPIIEHCTBO-
BaHMe METOJ/IOB U3MEPEHUsI U XPAHEHUsT BPEMEHN.

IIporpecc B psne obnacreit nayku B 60—70-e rr XX cTOJIeTHS TIPUBET K CO3MAHUIO (PUBUIECKUX ITAJTIOHOB
ATOMHOI'O BpeMeHH. 3a CYeT MX HCIIOJIb30BaHUs YJIAJOCh BO MHOIO Pa3 MOBBICUTH TOYHOCTH OIIPEJIEJIEHUs] Bpe-
MEHU, OTKPBITh HEPABHOMEDPHOCTDb BPAIEHUS 3eMJIU KaK IMPUPOTHOTO TAJOHA, COIVIACOBATH CHCTEMY CPEIHErO
BpPEMEHU C AaTOMHBIM BPEMEHEM, YCTAHOBUTH PABHOMEPHYIO KAy BPEMEHHN U YTOYHUTD MTOHSITHAS CPETHETO Bpe-
MEHHU HAa4YaJIbHOrO (IPUHBUYCKOrO) MepUuaHa. TaKuM BpeMeHEM siBJISETCs TaK HA3bIBAEMOE CO2AACOBGHHOE UAU
Koopduruposartoe ecemuproe epems UTC, KoTopoe 1epeaercs: 10 TEJIeBUIIEHNUI0 U PaJIUO.

Kak 6b1710 yKa3aHO panee, KaXKI0MY MEPUINAHY B (DUKCUPOBAHHBI (DU3MIECKUN MOMEHT COOTBETCTBYET CBOE
MecTHOE BpeMsi. OIHAKO TaKUX BPEMEH Ha 3€MHOM Iape OeCKOHETHOe MHOXKeCTBO. Heymo0cTBO nCIo/ib30BaHus
B peaJIbHOI KM3HU MECTHBIX BPEMEH KaK W eIMHOro BpeMenu odeBuaHo. B komie XIX B. Bo3HHKJIA HEOOXO-
JIAMOCTD YIIOPSIIOYEHNST CHCTEMBI CUeTa CPETHEr0 BPEMEHH, B OCOOEHHOCTH JJisi TOCYJAPCTB CO 3HATUTE/IHLHOM
MIPOTSKEHHOCTHIO IO JIOJITOTE.

HaunygimuM BapuaHTOM sIBUJIOCH BBEIEHUE OIPEJIEJIEHHBIX JIMCKPETHBIX BPEMEH JjIs PAa3JInIHBbIX 30H Ha
Bemste. TakuM BpeMeHeM SBHIOCH noachoe epems (T )?. Jljist 9Toi 1esn 3eMHoi map ObLI pas3/ieeH Ha JacoBbIe
10sICa, B KOTOPBIX MCIIOJb3YETCs JIUIIL CpeaHee BpeMsi OCHOBHOTO WM OCEBOIO MEpPHIUAHa JAHHOTO YACOBOTO
nosica ¢ momepom N(0,1,2,...,23). Hysesoit uacoBoil 1mosic pacrosioked Ha 7.5° K BOCTOKY M K 3allajly OT
HAYaJIbHOTO Mepuamana. Cpedree coaAHewHoe 8pems 9mo20 mepuduana rasvisatom ecemuproim (UT).

JloJIrOTBI OCHOBHBIX MEpPUIUAHOB KpaTHbl 15° : Ay = N - 15°. Orcroga ciieilyer mpocrasi CBsi3b MEXKLy
MTOSICHBIM BPEMEHEM JTF000TO 9aCcOBOI0O TOSICA ¥ BCEMUPHBIM:

Ty =UT+N=m—A+N. (5.9)

Ecin Bamm 4acekl B JAHHOM IIYHKTE MOKA3BIBAIOT TOYHOE IOSICHOE BpeMst 1, TO JIETKO y3HATH B 9TOT ¥Ke
MOMEHT CpeJIHee BPeMsl Ha HAYAIBLHOM MEPHIUAHE.

Pasunocts Ty — UT cocraBiisier Bcerja Iejioe 9nucio YacoB, 8 MUHYTHI U CEKYHJIBI B JIIOOOM MeCTe Ha 3eMJie
JIOJKHBI OBITH TAKUMHM 2K€, KaK Ha TOYHBIX YacaX | puHBHUCKOi obcepBaTopuu.

[MosicHoe BpeMs, ABJISIACH CPEJHUM BPEMEHEM OCHOBHOIO (OCEBOI0) MEPHIMAHA JAHHOIO YACOBOIO MOsCA,
HCIIONBb3yeTC B MOBCEIHEBHON KU3HU HA TEPPUTOPUE BCETO TI0SICA B KAYECTBE eMHOr0 BpeMenn. O4UeHsb 1acTo
TAKOe BPEMs B OOBIJIEHHON YKU3HU HA3LIBAIOT «MECTHBIM>.

OyHKIMOHAIBHOCTb BBEJIEHUsI ITOSICHOTO BPEMEHU OUeBU/IHA. TOJBKO Ha TPAHUIAX YACOBBIX IOSICOB TPOUC-
XOJIUT IIePeBOJl BpEMEeHN Ha OJMH 4Yac, B 3aBUCHMOCTH OT HallpaBJIeHMsl Balllero ABUYKEHHUs 10 JI0JITOTe.

B npemenax wacoBoro mosica, IOCKOJBKY OCEBOIl MEpUIMAH PACIOJIOXKEH B €ro CepejHe, Pa3HOCTb MEXKLy
ACTPOHOMUYECKUM MECTHBIM U IIOSICHBIM BPEMEHEM, T. €. CDEJHUM BPEMEHEM OCHOBHOIO (OCEBOI0) MepujuaHa,
HE MPEBBIIIAET IOy Iaca.

Yem Gumzke JAHHBIA IYHKT (110 Z0JINOTE) K OCEBOMY MEpHJMaHy, TeM MeHbIle 3Ta pasHocTb (my — Tn).
O/ 1HaKO MOMEHT HACTYILIEHUS MOJIY/IHS 110 ITOSICHOMY W MECTHOMY CP€JIHEMY BpeMeHH Oy/ieT 3aBUCETh OT TOTO,
KaK PACIIOJIOKEH IIyHKT HAOJIIOIEHUS B 9ACOBOM II0SICE OTHOCUTEJILHO CBOETO OCHOBHOTO MEpHIUaHa (B BOCTOYHOM
WJIN 3aI8JHOM €ro MOJIOBHHE).

Paccmorpum npumep (cm. puc. 5.4):

90°

| |
| |
! i
i e i
| |
| |
| |
|

i
5"30™ N=6 6"30"

RS

Puc. 5.4: K OIIpeICJICHNIO HaCTYIIJICHUSA ITOJIY/HS 110 ITOJACHOMY M MECTHOMY BPEMEHU B IITYHKTE A

IlycTh HEKOTOPBIH HACEJCHHBIH IYHKT HMeeT JI0JroTy A = 5P48™.

Buauane ciemxyer onmpeneuTs HOMEP YacoBOro mogca. Kak BUIHO Ha cxeMe, MEPUJIMAH C JAHHOU JIOJTOTO
PACITOJIOXKEH B 3alajHON YacTu 6-T0 TMosica. 3aTeM ONPEJIe/INM MOsICHOe BpeMs B IyHKTe A, KOrja Tam Ipouc-
XOIUT cpenuuii mosieHb. CTPeTKOi oKa3aHO BO3pACTAHUE JOJITOT K BOCTOKY. st mynkTa A pasHocTb MexX Ly

2CucreMy HOSICHOTO BpeMeHHU IPeIJIoKI B 1879 r. kanajckuil umkenep OIIeMUHT 1JIsl TPAHCAMEPUKAHCKOMN KEJIE3HOi JJOPOTHL.
Buepsble qacoBbiMu mosicamu cTasn mosib3oBarbes B CIITA ¢ 1884 r. B magasme XX B. mosicHOe BpeMsi CTaJIi IOCTEIIEHHO BBOOUTH B
eBporneiickux rocyapcrsax. B Poccun, naunnasi ¢ 1918 r., nosicnoe Bpemsi BBesin Ha dJiore, a ¢ 1919 — moBcemecTHO.
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MECTHBIM U ITOsICHBIM BpeMeHeM cocTaBisgeT 12 muH. B To Bpems, Kora Ha JaHHOM MEPHUIHAHE CPEIHUI [TOJIIeHb
(m= 12h00m), TO HA OCEBOM MepHUJINaHe MOJIJIEHD y2Ke Iporrea 12 mun. Tomy Hazasr. CiieoBaTesIbHO, CPeTHIN
[IOJIJIeHb B IIyHKTEe A IIPOUCXOJUT B 12"12™ 1o MOsICHOMY BPEMEHU.

Jlexpemmoe epems sIBJIIETCS aHAJIOIOM IIOSICHOI'O BPEMEHH, ero 4acTo Ha3bIBaioT ce30HHBIM. B 1930 r. B
Coserckom Coroze JeKpeToM IPaBUTEIbLCTBA OBLIO BBEJIEHO TaK HA3BIBAEMOE JIEKPDETHOE BPEMSI CO CIABUTOM
Ha OJWH Yac BIEpeJl OTHOCUTETHLHO BBEIEHHOIO paHee MOsSCHOro BpemeHu. Harma crpana oTHOCHTCS K CEeBEPHBIM
CTpaHaM, TJIe TTPO/IO/IKATETBHOCTh CBETOBOTO [HSA B JTeTHHI mepro | BpemMent Bemmka (15-+18"). Taxum o6pason,
Ha 9TUX IIAPOTaX CO3TAIOTCS YCJIOBHUSI CMEIIEHNs TPYIOBOH /e TeIbHOCTH Ha CBETJIOe YTPEHHEe BPeMsI C IeJIbIO
SKOHOMUH 3JIEKTPOIHEPIUH HA HYKJIbI OCBEIeHNs BedepoM. JleKpeTHOe BpeMsl, KOTOPBIM Ha TEPPUTOPHUH HaIei
CTpaHBI MBI OGBIYHO HOJB3yeMcsI, omnpesenserca kKak Ty = T + 1%, u B HacTosiIIiee BpeMsi OHO UCIIOJIB3YeTCsI
KaK 3uMmHee 8pema.

C 1981 r. B Poccun mbr osib3yemcst erre oJlHUM BHIOM JEKPETHOTO BPEMEHHU, & UMEHHO AETMHUM 0eKDETMHbIM
epemerem, KOTOPOEe COOTBETCTBYET CPETHEMY BPEMEHH OCEBOI'O MEPHU/IMAHA, PACIIOIOKEHHOIO BOCTOUHEE HAIIIETO
9acoBOTO Mosca yxke Ha apa yaca. Urax, Ty = Ty + 2", Torma UT = M = Tyq — (N + 27).

[Ipu ncrronb30BaHUN STUX BPEMEH MOJIJIEHb B OCEHHE-3UMHMIT IEPUO/T HACTYIIAeT OKOJIO 13 4acoB, & B BeCeHHe-
JleTHUN — OKoJIO 14 JacoB.

Ha Bceit Teppuropun Poccun B psizie obacteit (TpaHCIOPT, CBSA3b U IP.) UCIOIB3YETCs] MOCKOBCKOE BPEMSI.
VM siBIIsIeTCSI COOTBETCTBYIONIEE JEKPETHOE BpeMst Broporo dacosoro nosica (N = 2), v.e. Ty = UT+(N+ 1h) —
B sumnee spems u T5; = UT + (N + 2") — B jietnee Bpems.

C yrouHeHmEM MMOHSATUS BCEMUPHOIO BPEMEHU U CBSI3U €r0 C ATOMHBIM BpPEMEHEM, TOSICHOE U JIeKPEeTHOEe
BpeMsI CTaJi BBICOKOTOYHBIM BPEMEHEM, WCIIOJb3yeMbIM HAMW B IIOBCEIHEBHON Ku3HU. B HacTosIee BpeMmst
COTJIACOBAHIE CPEIHIX BPeMeH Ha 3emJIe JJOCTHTIIO O4eHb Bhicokoit Toamoctn (1072 + 10712 cek).

5.5 CBa3b IMIKaJ cpeaHero m 3B€3JHOIro BpeMeHnu

OiHOUMEHHBIE TIPOMEXKYTKU BPEMEHU, OTHECEHHBIE K PA3/JIUYHBIM MIKAJaM BPEMeHU (3BE3/IHON UM CPEIHECOI-
HEYHOl1), HEOJAMHAKOBBI. DTO CBA3aHO C HEPABEHCTBOM OJHOMMEHHBIX €IUHUIL BpeMenu. Kpome Toro, mkajia
3BE€3/IHOT0 BpEMEHU HeNPEPbIBHO CMeIaeTcsd OTHOCUTEIBHO MIKAJIbl COJITHEYHOI'O BpEMEHH, BCJIeJICTBUE 3TOTO Ha-
9aJjI0 3BE3/HBIX CyTOK (S = top = OhOm) B pa3Hble JHU I'0Jla IPUXOJUTCS Ha Pa3jIndHble MOMEHTHI COJIHEYHbIX
CYTOK.

Kak ocyiecTBiisieTcsi ¢Bsi3b M€Ky OCHOBHBIMH CHCTEMaMU BpeMeHU — cpejiHeil u 3Be3nHoil? Mcexons us
JEeHCTBUTEIBHOIO YHUCJIa 3BE3/IHBIX M CPEJHUX COJIHEYHBIX CYTOK B TPOIHMYECKOM IOy, MOXKHO OIPEJIETUTDH CO-
OTHOIIIEHNE MEXK/Iy €JIMHUIIAMU 3BE3JHOI'0 U CPEJHEr0 BPEMEHM:

365.2422.. cpepumx cyTok = 366.2422.. 3Be3OHNX CYTOK. (5.10)

366.2422...
Taxum 06pa3oM, B €IUHUIE CPEJIHEr0 BpeMeHH (CyTKHU, Yac, MUHYTa, CeKYHJA) COUEPIKUTCS 565 9400 COOT-

BETCTBYIOIIUX €IMHII] 3Be3IHOI'0 BPEMEHU, WJIK, B OoJiee 00IIell (hopMyJIMPOBKE: B JIIOOOM ITPOU3BOJIBHOM IIPO-
MEXKYTKE BPEMEHU, U3MEPEHHOM B CPEJIHUX €IUHUIAX, COAEPKUTCS B %ﬁgg: pa3 boJIbIIe 3BE3/IHBIX €JIMHUII.
CoOTBETCTBEHHO, B JIIOOOM POU3BOJIHLHOM IIPOMEXKYTKE BPEMEHU, M3MEPEHHOM B 3BE3IHBIX €IUHUIAX, COIEP-
JKUTCS B % pa3 MeHbIlle CpeIHNX eauHuil. [IpuBenennbe paccyKAeHNs TO3BOJISIIOT OCYIIECTBUTD IEPEBO/T
NPOMENCYMKOS BPEMEHU, BRIPAXKEHHBIX B OJHUX €JIMHUIAX, B ME dfce MPOMEXKYTKH BPEMEHHU, HO BbIPAYKEHHBIE
B JIDYTUX €MHUTAX.

TOJ'H)KO 9TO MbI PaCCMOTPEJIN CBA3b ME2K/1y €IMHUIIaMU 3BE€3IHOI'0 U CPEIHEr'O BpEMEHU. A Ternepb HaM Ha/10
y3HATh, KAK YCTAHABJIMBAETCS CBSI3b MEXKJy OCHOBHBIMU CHCTeMaMU BpeMeHu. Hysib-IlyHKTHI IIIKaJI 3B€3JHOTO U
CpeJIHero BpeMeHu (Hadajia COOTBETCTBYIOMIMX CYTOK) ABJISIIOTCH «CKOJL3AMUMEUY — OHU HEIPEPBIBHO CMEIa-
I0TCsI JIDYT OTHOCHUTEJILHO JIpyTa B TedeHue roja. JJjist cB3u MKaJl 3Be3THOT0 U CPeJHero BpeMenu B AcTpoHo-
MuaeckoM ErKeroHuke Ha Kayk/yio ATy IPUBOISTCS 3HAYEHHS 3Be3HOr0 BpeMent B 07 BCeMIPHOTO BpeMeHT,
T. €. B MOMEHT HIDKHEH KyJbMUHAIIMHA CPEJIHEro COJHIIA Ha HadaabHOM MepuiauaHe. OGO3HAUNM 3Ty BEJIUIHHY
gepes Sy = s(M = 0"), KOTOpEIfi XapaKTepu3yeT Y4acoBOl YTOJI TOYKH BECEHHETO DABHOJCHCTBHS B YKASAHHbIIL
dusuaeckuit MmomeHT. JIJIs CBsI3U IIKaJI BOCIIOIB3YEMCs CXeMOU, n300pazKeHHO Ha, puc. 5.5, IpeIcTaBIIsoneit
CBOeOOpa3HyI0 BPEMEHHYIO OCh.

Puc. 5.5: CBsa3pb mKaJI 3Be3JHONO U CPEIHETO BPEMEHN
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[Iycrs o BepxHeil uHelKe TeUET CpeaHee BpeMsI, a 10 HUKHEH — 3Be3Hoe BpeMs. 2KupHoit naueil 3mech
BblIesIeHbl cpegnue cyTku. Ilo cpeemMy BpemMeH: MbI OTMeYaeM He TOJBKO BPEMsl, HO U MeHsieM J[aThl (Halpu-
Mep, JlaTa n, a TaK¥kKe JBe JApyrue, cMexkHble ¢ 3agaHHoil — (n — 1) u (n + 1)). BepTuKaabHBIMA MITPUXAMU HA
cxeme oTMedensl MomenThl M = 0" marer n m mocnemytomeit garsr (n + 1); Ig KaskI0ro U3 3THX MOMEHTOB
yKa3aHo 3Be3/HOe BpeMs So 1 S B CPeJHIO I'PHHBHYUCKYIO HOHOYB (cM. Tabia. AE «3Be3nHoe Bpemsi» ).

Ha npakTuke mpuxouTcsi periarh JBa B 3aJa4 [0 IEePeXo/ly OT OJHOI IIKAJIBI BpeMeHu K JApyroii. Pe-
meHne 000MX BUJIOB 331 IIPOIIE OCYIECTBUTD TP IMOMOIIY PEAYKINHA HA HAYATHHBIN MepUIaH.

HepBI)IM n HaI/I6OJIee JaCTO BCTPEYAIOIUMCA Ha IIPpaKTHUKE BUIOM 3a/lav ABJIACTCA 3a/lava BbIYUCJICHUA
3BE3/IHOTO BPEMEHN $ B ILyHKTE C JIOJINOTOH A B (DPUKCUPOBAHHBIA MOMEHT J€KPETHOIO (IOSICHOTO) COJHEYHOTO
Bpemenu Ty(Tx) B 33JaHHYIO JIATY.

Perttenune 3a72a91 0CyIECTBIISIETCS B CJEAYIONEM TOPSIJIKE:

1. OcymiecTBuUTh NIEPEXOJ] OT AEKPETHOTO (3UMHEr0 WJIU JIETHEr0) BPEMEHH K IIOSCHOMY BPEMEHH:

Ty = T.q—2" ona nerrero IEeKpPeTHOTO BpEMeHHN,

Ty = Tya— 1" ona sumzero LEeKpPeTHOTO BpPEMEHH. (5.11)

2. Ilepeiitu or nosicHoro Bpemenu 1y K BCEMUPHOMY BpeMeHH (CpeIHEMy COJIHEYHOMY BPEMEHU HAYaJIbHOIO

mepuuana) UT(M):

UT =Ty — N. (5.12)

3. Beemupnoe Bpemst UT' cyTh mpoMeXyToK Bpemenu A M, mporeaiuii ¢ MOMEHTa CpejiHeil TPUHBAYIECKON
TOJTHOY N 10 MOMeHTa BpeMenu UT', M3MepeHHbIN B CPEJIHUX COTHEYHBIX einHunax. Ilepesomum sTor mpome-
2KYTOK BPEMEHHU B 3BE€3/HBIE €IUHHUIIBI U MIOJIYYNM ITPOMEXKYTOK BPEMEHH, ITPOIIEINN C MOMEHTA CpeTHeN
rpuaBayeckoit nosHoun (UT = 0", M = 0"), B 3Be3aHBIX epuHuIax As:

366.2422... 366.2422...

3 365.2422... v 365.2422...

(5.13)

4. 3BessHOE BpeMs B CPEeIHIOI0 TpuHBHYecKyio noanous s(M = 0") = Sy momydaem ns AE ma 3amanmyio
nary (obpaTure BHUMAHUE HA BO3MOXKHYIO CMEHY JIATHI Ha ['pUHBAYE DU HEPEXOJIe OT IOsICHOIO BPEMEHHU
K IpuHBUYeCKOMY Bpemenn). Vcromb3ys panee nosydenHoe 3uadenue /s, BEIYUCIIEM 3B€3/[HOE BpEMsl Ha
I'punBuye B 3a/1aHHBIIT MOMEHT BceMupHOTo Bpemenu UT":

S =Sy + As. (5.14)

5. OcytmecTBisieM 0OpATHBIN IT€PEXO, OT HAYAJILHOTO MEPUINAHA K IIYHKTY C 3aaHHOM TOJIrOTOM \ U, UCITO/Ih-
3yd IIPaBUJIO «PAa3HOCTb BPEMEH €CTh PA3HOCTD JIOJITOT», II0JIyvaeM UCKOMOe 3HaUYeHIue MECTHOI'O 3B€3/JHOT'O
BpPEMEHH S:

s =S+ )\ gna OyHKTOB BOCTO4YHee [puHBHUA. (5.15)

PaccmoTpennast mocieoBaTEIBHOCTD OIEPAIAil MOYKET ObITH BBIPAYKEHA KAK

366.2422...
s(A,Tw) —So+(TN N)365.2422... + A, (5.16)
rie TN JOJIKHO OBITH ONMPEJIENIEHO TI0 3UMHEMY WJIU JIETHEMY JIEKPETHOMY BPEMEHW (€CJIM BBIMHUCJICHUST TIPOBO-
Jarcst st repputopun Pocenn).

BTOprM BHUOOM 33034 ABJIACTCA OIIpeaeJIieHNe MECTHOI'O CpeIHET0 BpEeMEHHU UJIX ITIOACHOTO BpEMEHU 110 3BE3I-
HOMY BPEMEHH S B IIyHKTE HaOJIOIEHUs ¢ 10aroToit A. Tak, Mo cyTH Jiesa, HaXOAAT CPEIHee BPEeMs, IIOCKOIbKY
OHO HeIoCpeICTBeHHO U3 HabJIIo/IeHHii He onpeesgercs. TaKyio 3a/a4dy pellaloT B IIyHKTaX ¢ XOPOIIO H3BeCTHOM
JIOJITOTOl (MMU SIBJIAIOTCH aCTPOHOMHYECKHE 0GCEPBATOPUHN) MOCPEICTBOM HAOJIIOCHU T Ky IbMUHAIMH 3BE3.1 C
BbBICOKOTOYHBIMU 3HAYCHUAMU UX ITPAMBIX BOCXO}I(ILGHI/IP’I.

Perenue 3a1a491 OCYIIECTBISCTCSA B CCIYIONIEM IIOPAIKE:

1. IIpon3BouM PEIYKITUIO MECTHOTO 3BE3/IHOO BPEMEHHM S HA HAYAJIBHBIA MEPUIUAH UCIHOJIL3YS ITPABUJIO
«Pa3HOCTb BPEMEH €CTh PA3HOCTB JOJITOT» W MOJIydaeM 3Be3nHoe BpeMs Ha ['puuBude S:

S = s — )\ gna OyHKTOB BOCTO4YHee I'puHBHYA. (5.17)
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2. Pasnoctb MexKJIy 3BE3IHBIM BpeMeHeM Ha ['puHBude S U 3BE3IHBIM BPEMEHEM B CPEJIHIOI IPUHBUYIECKYTO
[IOJTHOYb S CyTh WHTEPBAJ BPEMEHHW, IIPOIIE/IIEr0 ¢ MOMEHTa CPEJIHell I'PUHBUYECKON MOJHOYH, BhIPA-
JKEHHBIH B 3BE3JIHBIX €IMHUIAX BpeMenu. [lepeBojis ero B cpe/iHre eIuHUIIBI BPEMEHH, IOy IUM HHTEPBaJ
BPEMEHU, TPOIIEIINIEr0 ¢ MOMEHTA CPEeJIHENl TPUHBUYECKON IMOJTHOYN, BBHIPAYKEHHBIN B CPEJIHUX CIUHUIIAX
Bpemenu AM wim Bcemupuoe Bpems UT:

365.2422...
AM =UT = (S — Sp) 220 5.1
UT = (S = S) 3655199 (5.18)
3. Ilo BcemupuoMy Bpemenu UT mosydaeM HOSICHOE M COOTBETCTBYIOIIEE JIEKPETHOE BPEMs:
Ty = UT+ N,
Twa = Tn+1",
T = Tn+2M (5.19)

4. MecrHoe cpe/iHnee COJITHETHOE BpeMsd 1 OlIpeIeIdeTCd UCIIOIb3Yyd IPaBUJIO «Pa3HOCTH BpEMEH €CTh Pa3HOCTb
J0JIT0OT» II0 BCEMUPDHOMY BPEMEHU UT u n3BecTHOIT J0JIr0Te 3a/IaHHOI'O IIYHKTa A

m = UT + )\ gus IyHKTOB BOCTO4YHee [pHHBHYA. (5.20)

PaccmoTpennas mocsieoBaTeIbHOCTD OIlepalinii MOKeT ObITH BhIPayKeHa KakK

365.2422...
T, = (8= A=S)geem ootV
v (s, ) (s=A=So)gee o, T
de = TN+1}L7
Tsd == TN+2hv
365.2422...

m(s,A\) = (s—X—.25p) (5.21)

366.2422... A

Bonpocsr

1. BuIYmcImTh MecTHOE 3Be3/IHOe BpeMs B IIyHKTe ¢ A = 4"02™32° (Exarepun6ypr) na 10 aprycra B 21742 30°
JEKPETHOTO JIETHETO BPEMEHU.

2. OmpenesuTh JeTHee BpeMs B IyHKTe ¢ A = 6708™40° B. 1. B MOMeHT Bepxmeill KyiabMmuHauu oOpia
(Anbraup) 10 asrycra. IIpsmoe BocxoxkeHue 3Be31bl B3dTh u3 Tabuui AcrpoHoMudeckoro Exkeromuuka
«CpemHue Mecra 3Be311».
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I'mtaBa 6

Yder (pakTOpPOB, U3MEHIIOMINX BUJIUMOE
IIOJIO?KEHNE CBETUJI

6.1 AcrtpoHomuveckasi pedbpakmnus. Ee yder

B kypce o01ieit acTpoHOMHM BBI IIO3HAKOMUJIMCH C 3THM (DU3NYECKUM SIBJIEHHEM, KOTOPOE CKa3bIBAETCS IJIaB-
HBIM 00pa30M Ha pe3y/ibraTax M3MepPeHUil 3eHUTHBIX PacCTOsHU HebeCcHbIX 00bekToB. IIpesiomieHne cBeTOBBIX
Jiyaeil B 3eMHOI arMocdepe MPOUCXOIUT Ha IPAHUIAX CJI0EB ¢ 3aMETHBIM pa3jimdueM ILIoTHocrei. Eciu cBe-
TOBOM JIy', IIPEoIoJeBast TPAHUILY pasjeaa ABYX Cpel, MEPEXOAUT W3 CPeIbl C MEHBINEH IJIOTHOCTHIO B CPEIy
¢ 6OJIbIIIEl IJIOTHOCTHIO M COOTBETCTBEHHO C PA3HBIMU [IOKA3ATEJIAME IPEeJIOMJICHUs (HALpUMED M > 1), TO
YTOJI TIPEJIOMJIEHHS 7" OKAXKeTCsI MEHbIIe yrya majenus ¢. [[omoOubIi caydait mMeeT MeCcTO, KOTr/Ia MPOBOIATCS
ACTPOHOMUIECKUE HADIOIEHNsT KOCMIIeCKX 00bekToB. HanbosibItee rpeioMieHne Jiyael IpoOuCcXoiuT B DoJiee
IUIOTHBIX IIPU3EMHBIX CJI0sTX aTMocdepsbl. CoryiacHO 3aKOHAM (DU3UKY, JIYIX MAIAIONII U IIPEJIOMJICHHBIN JIEXKAT
B OJIHOI IJIOCKOCTH.

I m

Puc. 6.1: IIpetomstenne Jsryueil Ha rpaHUIe IByX CPE/I

Bemeacrsuie ctoxKHOTO CTpOEHUsT 3eMHOIT aTMOCGEPBI U €€ HeCTAOUILHOCTH aCTPOHOMIYECKast pedPaKITis He
TIOJTIE’KUT aOCOTIOTHO TOYHOMY y4eTy. B Hacrosimee BpeMs 60/bITOe 3HAUEHNE B YTOYHEHUH Teopuii pedpak-
U UMEIT JIAHHBIE 4IPOA02UL — HAYKU O CTPOEHUU U JIMHAMUKE aTMOCQepbl, Oa3upyoInuecs Ha Pas3/IMIHBIX
COBPEMEHHBIX MEeTOaX 30HIUPOBAHUsI aTMOCGEpHI, BKJIIOYas 30HIMPOBAHUE C ITOMOIIBI KOCMHYECKUX Alllla-
paroB. B acTrpoHOMHYECKOIl NMpaKTHUKE IOJIAraioT, 9TO €CJU HaM YJAJOCh C JIOCTATOYHOW TOYHOCTBIO Y4UeCTh
BusHEE pedPAKIINU, TO HAINYN M3MEPEHNs BBIBEJICHBI 33 IPEIEsIbl 3eMHON aTMocdepsl. Tak BOZHHKAET ITOHATHE
00 UCTUHHOM (BHEAMMOCPHEPHOM) BEHUTNHOM PACCTNOAHUL.

Haunnas ¢ konma XIX B. 6bLIM CO3JaHBI HECKOJIBLKO MOJEJEH CTpoeHusT aTMOC(epPhbl, KOTOPLIE TO3BOJIMIN
paspaborarh Teopuio pedpakiuu. MHOTIE U3 HUX JOBOJIBHO CJIOKHBI. Bl MOXKeTe 03HAKOMUTHCS C HEKOTOPBIMU
u3 HUX B [3].

Ob6paTuMcst K IPOCTERTIIeN MOJMIETN, COMJIACHO KOTOPOi CJIonm aTrMocdepbl HaJI IIYHKTOM HaOJIIOIEHUS TPe/I-
CTaBJIEHBI B BHJIE MapaJUIeJIbHBIX JPYT JAPYrYy U MOBEPXHOCTU 3E€MJIM CJIOEB C OIPEJIEJeHHBIMU I'PaINEHTAMI
roKa3areJieil IIPeJIOMJIEHNUsI, T. €. Pa300beM TOJIILY aTMOC(epbl Ha MHOXKECTBO CJIOEB C XapPaKTEPHBIMU IIOKA3a-
TeJIAME peJIoMJIeHrs. [IpenoaoKumM, 4To Ha IpaHuie 3eMHO arMocdepsl (cioit k) moka3aresb IpeJoMIeHus
n, = 1. Y 3eMHOIi II0OBEPXHOCTH [OKA3aTEJb IIPEJIOMJIEHNs CaMblil 6ouibioii (ny > 1). Bausaaue pedpakuuu Ha
rpaHUIAX CJIOEB B TEOpUU pedpakinuu OOBIYHO Ha3bIBAIOT dugdeperuyuarvhoti pedparyueti 1 0003HAYAIOT ee
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Ap;, TOT/Ia TTOJIHYIO pedPAKIIUI0 MOXKHO MPEJICTABATDH TaK:

k
p= ZAPi~ (6.1)
i=1

3aMeTuM, 9TO TaKOi YKe TEPMUH IPUMEHSTIOT IIPU OITPEIEJIEHII TOYHBIX TIOJIOKEHUN HEDECHBIX 0OOHLEKTOB ITPU
doTorpaduteckoM MeTOEe: OTHOCUTE/IHHOE TIOJIOXKEHIE 3Be3/T Ha, CHUMKAaX MOXKeT ObITh MCcKakeHO juddepen-
UajbHOM pedpakimeil BCieCTBUE pa3/Indus 3¢HUTHBIX PACCTOSIHUI 3Be3I, IOJIYYEeHHBIX HA JAHHOM CHIMKE.

Ha puc. 6.2 upejcraBiieHa ypoIleHHasi MOe/ib 3eMHO# arMocdepbl. HopMaJibio K TpaHUIaM pas3jiesa IByX
CMEKHBIX CD€/l sIBJIsIeTCsI HallpaBjieHue OTBecHOi jmann AZ, T. A — IyHKT HabJIO/IeHns. 37eCh CBETOBOM JIyd
OT CBETWJIA TPUHUMAETCSI 110 HAIPABJIEHUIO0 A0, UCKayKeHHOMY pedpakiueii.

Yron LZAc = zpup Ha3bIBACTCH SUOUMBIM 3EHUMHBIM PACCTNOAKUEM.

Vron /ZMo' obpa3zoBaH HeMCKasKeHHBIM HAIlpaBJIEHHEM CBETOBOIO JIyda W HallpaBJeHHeM Ha 3eHHT. Ero
HA3bIBAIOT UCTNMUHHbBLM 3EHUMHBIM PACCTNOAHUEM.

Kak BugHO, 2uct > #BuUn U ZmcT = BHn + P, Ta€ p = LAKM.

Wrak, pedpakips nsmepsieTcss yriIoM MexKy HemcKaxkeHHbIM Mo’ u nckaxennbiM Ao B aTrmocdepe Ha-
[IpaBJIEHUSIMU CBETOBBIX JIydeil. Pedpakiiusi yMeHbIIaeT M3MepsieMOe 3eHUTHOE PACCTOSHIE, TIOHUMAST CBETIIIO
Ha1 ropu3onToM. Haiisem 3nadenue yria pedpakiiuu B pacCMaTPUBAEMOIl YIIPOIIEHHON MO, DTO 3HAYCHUE
OOBITHO PACCMATPUBAIOT B KAYUECTBE TIEPBOTO MPUOINKEHNS BO BCEX TEOPUIX pedpakIinm.

Z

-
(e}

!

© -
k -
/ I/ nK=1
// /‘ Ny

Y np

Puc. 6.2: Xoz cBeroBoro ayda B armocdepe 3emin

Jlyist 97010 BOCIIOJIL3YEeMCsl U3BECTHBIM 3aKOHOM (husnku (3akonoM CHesumyca), OIUCHIBAIOIIUM CBA3b MEXKIY
CHHYCAMU YIJIOB MMAJIEHUsI U MPEJIOMJICHIS Ha TPAHUIE JIBYX CPEJI. ITO U3BECTHOE WHBAPUAHTHOE COOTHOIIEHNUE:

nsing = ny sinr. (6.2)

B mamreit 3agate BBemeM i 0003HAYEHMS YIJIOB MAJEHUsT U MPEJTOMJICHUS OMHY OYKBY «i», MOOABJIsIs K
Heil JIMIIb COOTBETCTBYIONINE MHIEKCHI CMEXKHBIX CJIOEB (HAIIPUMED: & — Gk—1, ik—1 — ik—2 U T. 1.). Takne xe
WHJIEKChI BBEJIEM U y ITOKa3aTeJieil IPeIOMJIEHNS.

Cioii «k» Ha HallleM pHUCYyHKe DPAacCIIOJIO’KeH Ha T'PaHUIle 36MHOI aTMocdephl, TJie M0Ka3aTe b IPeIOMIIEHMST
ng = 1.

B maunOoil Mojienn 0aA cOCEOHUT CAOES Y204 NPEAOMAEHUA 6 NPEILIOYULEM CAOE PABEH Y2aY NAJEHUs 8 NOCAe-
dyrousem caoe.

sindg  __ Mk—1

sinik,1 ng

sinig_1 _ np_o

sinig_o ng_1 (63)
sinis _ ng
sin 41 no

[TosTomy 1pu EpeMHOYXKEHNN JIEBBIX U IIPABBIX YacTeil ITUX ypPaBHEHU «JIefiCTBAE» IIPOMEXKYTOUHDBIX CJIOEB
UCKJTIOUaeTcs. B pe3ysibrare mepeMHOXKEHUS TTOJTY TUM:

sin 1y ni

— (6.4)
sini;  ng
OtTHOIIEHUE 11 /M) HABBIBAIOT OMHOCUMEALHbM NOKA3ATNEAEM NPEAOMACHUS 3EMHOT, AMMOCPHEPDL Y NOGEPT-
HOCU 3emau. DTO OJIHA U3 BaXKHBIX XapPAKTEPUCTUK 36MHOTO BO3JLyXAa.
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Ilepeiinem oT aOCTPAKTHBIX YIVIOB «i» K 3€HUTHBIM DACCTOSHHSIM: i = ZycT, 91 = Zpux. 1locse wero (6.4)
MOKHO 3aIllCaTh B BUJIE

sin(zsug + p)

sin ZBUL

=n. (6.5)

Orcroa Haiifiem 3HaUeHue yria pedpakiui p B 3aBUCHMOCTH OT HAOJIIOIA€MOT0 B JJAHHOM MeCTe 3eHUTHOI'O
PaACCTOSTHUST CBETHJIA.

sin z cos p 4 cos z sin p
=n

6.6
sin z (6.6)
Pedpaxmust — Masbiii yroJr, mosromy cosp = 1, sin p = praq, wma p' = preq - 206264.8, Torma:

1+ pragcot z =mn. (6.7)

W3 uccimenoBannii ONTUYECKUX CBOWCTB 3€MHOU aTMOCHEPHI YCTAHOBJIEHO, YTO IOKA3ATEb IPETOMJIIEHUS
3eMHOT0 Bozayxa n = v/ 1 + 2kd, rie 6 — ero mwiorHocts. OHa IPUHUMAETCs 38 CTAHIAPTHYIO IIPU TeMIIepaType
t =10 °C u naBnenun 760 MM pryrHOro crosiba. Tormga napamerp k = 0.0002825.

B nepsom npubsmxkenun n = 1+ k = 1,0002825. Ioxcrasum 310 3uauenue B (6.7):

Pradcot z =k =0.0002825,
p" = 0.0002825 - 206264.8 - tan z = 58.3" - tan 2. (6.8)

Ucnionp3ys mokasare b MpesioMIeHus Bo3ayxa v moBepxuoctu 3emun ipu ¢ = 0 °C' 1 HOpMAaJIbHOM JaBJICHIT
(n =1,000292), nonayyum 3HaueHue yria pedpakiiuu ¢ HECKOJIbKO UHBIM Ko3bdunuenTom pu tan z.

p’ =60.2" tanz. (6.9)

Pedpakimio, oTHeCEHHYIO K HOPMAJIBHBIM YCJIOBUASIM YKA3aHHBIM BBIIIE, YACTO HA3BIBAIOT cpedueli pedipak-
yued. JIyst mostytennss ICTUHHOTO 3HadeHusl pedpakiind Ha JAHHOM 3€HUTHOM PACCTOSHUU, HO IIPHU JPYTUX
aTMOC(EPHBIX YCIOBUSX YYUTHIBAIOT MOIPABKM 3a TEMIIEpATypy U JaBjeHue. 1akue TaOJUIbl IPUBOJISITC B
AE.

ITpusenennsie Gopmymsr (6.7, 6.9) mosBoIsIOT TTpoBecTH yueT pedpaknuu ¢ TOYHOCTHIO A0 +1” mpm Ha-
OJIIOIEHNSAX CBETHJI € 3€HUTHBIM paccrosinmeM z < 45°. Ho yxxe Ha 3eHHTHBIX paccrodnusx z > 70 — 80°
peasnbHOE 3HaUeHNe pedPaKIMU MOXKET OTIANIATHCS OT 3HaueHUs! pedppakImu, 1oydeHHoro 1o dhopmyse (6.9),
Ha HeCKOJIbKO MuHyT (2 — 3'). Suauenue pedpaxiuu BOIM3M rOPU30OHTA TOJIYUEHO U3 HEMOCPEICTBEHHBIX U3Me-
penuii (p & 35"). U3-3a rpyanocreii yuera pedpakimu Ha z > 70°, Kak IPaBUIO, HE IPOBOJIATCS BHICOKOTOUHbIE
ACTPOHOMUYECKIE U3MEPEHMUS.

DKCIEPUMEHTAJbHBIE ONpejiesieHusT peddPaKIK IIPOBOJISITCS Ha T€X 00CePBATOPHUSIX, KOTOPBIE 3aHSITHI BBICO-
KOTOYHBIMU OIIPEJIEJIEHUSMU KOODJAMHAT 3Be3/I U II0JIyYeHUeM 3BE3/IHBIX KaTaJIOrOB.

JLy1st 9TOI 1esi B pa3Hble Ce30HBI I0Jia MPOBOJISITCS ClIeNUaIbHbIE UCCIe0oBanus pedpakiuu. [lepBocrenen-
HOe 3HAYEHUE MPU STOM MMEIOT HAOJIIOJIeHUs] He3aXOMANUX i JAHHON 0OCepBaTOPUU 3BE3[l, BEPXHUE KYJIb-
MUHAIUE KOTOPBIX [MPOUCXOJAAT BOJIM3U 3eHUTA (M3MEPEHUs 3eHUTHBIX DACCTOSHUN TUX 3BE37, HE MCKAYKEHBI
pedpakiueii), a HUXKHHE KyJIbMUHAIMA HA 3HAYUTEJILHBIX 3EHUTHBIX paccTosuusX. CpaBHEHHs U3MEPEHHbLIX
7 BBIYUCJIEHHBIX BBICOT, IIPH MCIOJIB30BAHUHU TOH myin MHON Teopuu pedpPaKInU, IIO3BOIAIOT HANTH peasbHbIE
(6sm3KMe K MCTUHHBIM) 3HaUeHns: pedpakinuu. 3amernM, ato Ilynkosekue Tabaumnpl pedpakiyn, oIy YeHHbIe
B Hadajie XX B, CUNTAIOTCS U ceiiuac HamboJiee COBEPIIIEHHBIMIU.

6.2 CyTouyHBIIl Mapa/lylakKC W €ro BJIMSHNE Ha KOOPAWHATHI TeJI COJI-
HEYHOIl CUCTEeMBbI

B ciyuae 6eckoHEUHO HOJIBINIAX 3BE3/IHBIX PACCTOSTHUN MOYKHO ITpeHebpednh pa3mepamu 3emuin. Mbl He pas moj-
YEepPKUBAJIHN, 9TO U3MEDPEHHbBIE JayKe C CaMON BBICOKOW TOYHOCTBHIO KOODJMHATHI 3BE3J] HE 3aBUCAT OT Teorpa-
(dUYECKUX KOOPJUHAT IIyHKTOB HabOJIIOJIEHUs, T. €. NX KOOP/IMHATHI OKa3bIBAIOTCS MeOIEHTPUYECKUME. Fcim ke
PACCTOAHUS JI0 CBETUJI CPABHUMBI C PA3MEPOM 3eMJIH (€€ PAIUyCcoM), TO MPOEKIMU TAKUX 00HEKTOB HA BCIIOMO-
rarejpbHyI0 HebecHyIo cdepy U3 Pa3IMIHbIX [IYHKTOB IJIAHETHI OKayKyTCs HeOMHAKOBLIMEU. OcobeHno 6osibInme
pA3INYus MOJIOKEeHMH nMeioT MecTo it JIyupl. OQuensb 3ameTHbl cMernenust MmereopoB u VIC3 na done 3Be3,
HaOJTIOMAEMBIX C PA3HBIX MYHKTOB. HabsroqaeMble cMeENTeHns 3aBUCAT OT PACCTOSIHUS 10 JAHHOTO OObhEKTa.
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6.2.1 TomnomeHTpuYecKne U reoeHTpudeckne KoopanHaTtbl. VX mcoojib30BaHIe

Henocpeacrsenno HabmogaeMble KOOPAUHATLI CBETHIIA, HOIyYeHHbIe 13 U3MEePeHHii ¢ HOBePXHOCTH 3eMIM WJIN
IIyHKTa C M3BECTHBIMU TeorpaduyecKUMU KOOPAMHATAMHU, HA3LIBAIOT MONOUEHMpUieckumy. Bojee Toro, mosry-
YEeHHBbIEC U3 HB,6JIIO):L6HI/II7I TOHOILeHTpI/I‘{eCKI/Ie KOOp}:LI/IHaTbI CﬂeﬂyeT HpI/IBO)II/ITb K IIeHpr 361\/1.]_[1/17 T. €. Iloﬂyanb nx
2eouenmpuueckue nososicerus. s JIyHbI 1 IIaHeT TaKue KOOPAUHATH Ha (PUKCHPOBAHHBIE MOMEHTLI BpeMeHH
npuBogsaTca B AE. Paznuuus MexKIy TONOIEHTPUYECKAME U TeOIEHTPHYECKUME HOJIOKEeHUAMI J1jist JIyHBI Mo-
I'yT JIOCTUTATH IOPAAKa I'Pajyca, a s IJIaHeT U aCTePOH OB JIUIIL JIECATKOB YIVIOBBIX ceKyH, Tak, Halpumep,
1715t BeHepsl B HUKHEM COEIMHEHNN (MaKCUMAIBHOE COJMKEHNE ¢ 3eMJIel) STH MOJIOKEHUST MOTYT PA3IHIATHCST
Ha 30 — 31”; nya Mapca (B6im3u Besmkux nportusocTosianii) mo 10 — 207 u 1. 1. B psine nHabmomaTesbHbIX
3a71a49 HEOOXOIUMO OT T'eOIEeHTPHYECKUX KOOPAUHAT CBETUIA, IOJIyUYeHHBIX JJIs HY>KHBLIX MOMEHTOB BPEeMEHH U3
scdemepun, AE, onpenensiTh X TONONEHTPUYCCKHE KOOPIUHATHI JJIs COOTBETCTBYIOIINX MECT HaOJIIOJCHUS Ha,
Semue.

HazoseM Hambosiee U3BECTHBIE 33,]a41 TAKOTO pojia. TOIbKO TONOHEHTPHUYECKHE KOOPAMHATEI HCIIOIb3YOTCS
B TEOPUH COJIHEYHBIX 3aTMEHMi. JIUIIL TOrJa MOXKHO HAJIEXKHO PACCYMTATL TPACCY IIOJHOTO COJHEYHOTO 3a-
TMEHHUS U OIIpeJeUTh II0JIOXKEeHHe NeHTPAJILHON JMHUU 3aTMEHHsd, KOTOPYIO Ha 3eMjle «IpodepdyuBaeT» OCh
KOHyCa JIYHHOII TeHU, IpeIBbIYUCINThL MOMEHTHI KOHTAKTOB U IIPOJ0JIXKUATEIHLHOCTD OIHOM (basbl JJIs1 COOTBET-
crBytomux MecT. [lofmo6HbBIe 3a/1a4n pernaoT TakKe [IPpU pacdeTax yCJIOBUN MOKPBITUS 3Be3J U Iianer JIyHOIL.
IIpu npeABBLIYUCACHAN ITUX ABJCHUI OIpeaesIsioT He TOJIBKO MOMEHTBI HaOJII0aeMbIX HOKPBITHH W OTKPLITHIA
B IYHKTaX HaO/IOJEHHUS, HO U TaK HA3bIBAEMble IIO3UIUOHHBLIE YIUIBI TeX TOYEK JIyHHOIO JIUMOa, B KOTOPBLIX
OKHJIAETCSI TO U JAPYToe sIBJICHHE.

BLICOKOTOYHBIC HAGIIONCHHS 3TUX ABJICHUN HMEIOT O9eHb BarKHOE 3HAYCHHE B YTOUYHEHHN TEOPUH JIBUKEHIUSI
JIyHbl 1 ee apeMepu/l, U3yYeHUU KPaeBbIX 30H JIYHbI, TEOPUU JIyHHBIX JUOPAIHil, a TaKyKe BEKOBBIX yCKOPEHHI
Jlyapl. PacueT TonoleHTpUYecKHX II0JIoyKeHuil BeHepbl odeHb BaykKeH IPU IPEIBLIYUCICHUH TAaKOI'O PEIKOro
ABJIeHus] Kak npoxoxkjenue Benepnl no jucky Cosnna. Cnenuduka nabmromenust Tes CoJiHEUHOH cHCTeMbI
COCTOUT B TOM, YTO BHJIUMBIE IIOJIOXKEHHUSI ITUX OOBLEKTOB CYIIECTBEHHO 3aBHCAT OT TOTO, U3 KAKUX ITYHKTOB
Halleil IIJIAHETH! IIPOBOJIATCA U3MEPEHHUs UX KOOPJ/IMHAT.

6.2.2 CyTOYHBIl ¥ TOPU30HTAIBHBIN MapaJJIaKChl

IIpoekiun 6ymKaitmmx K 3emjie Tejl COJIHEYHOH cucTeMbl Ha HeOecHOl cdepe, Kak ObLIO YKa3aHO, 3aBUCAT
OT TOrO, W3 KAKON TOYKHU B3dATO HAIPABJEHUE HA CBETWIO. Pasjimyme TONONEHTPUYECKUX U TEOINEHTPUIECKIX
KOODJMHAT TUX OOBEKTOB OIHMCHIBAIOT ITOCPE/ICTBOM SIBJIEHUSI, IOy IUBIIIETO HA3BAHUE CYMOUH020 NAPAAAGKCG.
Mepoii cyTOYHOrO mapaJjIaKkca siBJISE€TCS yrOJl IIPU CBETUJIE, IIOJ KOTOPBIM HAOJIOMAETCS COOTBETCTBYIOIIUI
paguyc 3eMiin B IIyHKTE HAOJIOJEHUs. DTOT YroJI YIAETCS OIPEJIEJNTh U3 CPABHEHUI TOMOIEHTPUIECKOTO U
PEOIEHTPUIECKOTO TOJIOXKEHUsI CBETUJIa Ha HeDecHO cdepe, 4TO MoKa3aHO Ha puc. 6.3.

Heo. chepa

Puc. 6.3: CyTounblit © rOpU30OHTAIBHBIN TAPAJITIAKCHI

Ha 3eMmHOII mOBEpXHOCTH HOKa3aH IyHKT Habmomenus (Todka A), U3 KOTOPOrO MOJIydYeHbI HAIPABJICHUS
Ha cBeTwio L m 3eHuT B myHKTe Habuomenus. Touke 1 Ha HebecHOI cdepe COOTBETCTBYET TOIOIEHTPUIECKOE
MOJIOYKEHUE, a TOUYKEe 2 — ero reoreHTpudeckoe nojoxkenne. Kak suano us pucynka ZALC = /112 = p — ectb
cymounvll napaarakc céemuna L 6 momenm nabarodenus.
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U3 puc. 6.3 ciemyer, 9TO CyTOYHBIN MAPAIIAKC MOXKHO IPEICTABATH KAK PA3HOCTH TOIOIEHTPUIECKOTIO U
TEONEHTPUIECKOTO 3eHUTHOTO PACCTOSTHUSI IIPU HAOJIOIEHUH CBETUJIA B IIyHKTE A.

3necw LZAL =z, a LZCL = zy, torna ZALC = p = z; — zg, IpudeM, Kak BUIHO, 2; > 2o. LakuM 00pa3oM,
CYyTOYHBIH MapPAJLUIAKC €CTh PA3HOCTH TOIOIEHTPUIECKOTO M T'€OIEHTPUIECKOTO 3eHUTHBIX PACCTOSHUN CBETHIIA
B MoMmeHT HabuiofieHns. Hanbosbiiee 3Ha4enre CyTOYHOrO apaJjIaKca UMeeT MECTO IIPH IIOJIO2KEHUU CBETHJIA B
miockocTu ropusonTta. Utak, npu z; = 90° cyTOUHDIN Mapa/IakC HA3BIBAIOT 20PU30HMAALHbIM: HA puc. 6.3 UM
apasiercss ZAL1C = pg.

U3 npsimoyrossHOro Tpeyrosbanka AC Ly cireyer, 94To ecyii B3BeCTeH TOPU30HTAJIBHBIN TAPAJIJIAKC, TO MOXK-
HO OIIPEJIEJIUTh PACCTOSIHIE JI0 CBETHJIA B pajuycax 3eMJIU WM B KHJIoMeTpax. B Hacrosiee Bpemsi TOPH30H-
TaJbHBIE IAPAJIAKCHI st JIYHBI 1 OOJIBININX TIJIAHET COJIHEYHOM cucTeMbl IpuBosiTcs B AE. VX 06b19HO OTHOCAT
K 9KBATOPUAJBLHOMY paguycy 3emiin, (6oJbInoii nojyocu 3eMHoro cdepousa). Lopusonranbabiii mapasiakce Jly-
HBI 3aMETHO MEHSIETCS BCJIEJCTBUE SJIIUITHUIHOCTH JIYHHOI opouThl. Kro cpeHee 3HaUeHNE TOCTATOTHO BEJIMKO
(po = 57'), B TOo Bpems Kak B nepuree o paseH 61.5', a B amoree — 53.9’.

U3 puc. 6.3 jierko HAWTH CBsI3b MEXKy TOPU30HTAJIBHBIM U CyTOYHBIM IapaJjuiakcoM. [ljist aroro paccMorpum
naBa Tpeyroabuuka ACL u ACL.

sinp

R . R
A TP X T Gn(180° — 2,) (6.10)

[Tocste TpocTHIX TPEOOPA3OBAHMIA TTOJTY INM:

sinp = sinpgsin z,

p = posinz. (6.11)

Urak, mjs onpenesieHns MapauIaKTUIeCKOro cMerenusi JIyHbl Jinb0 MIaHeThl COTHETHON CHCTEMBI CIIEyeT
3HATD Py U 3eHUTHOE PACCTOsIHNE CBETUJIA B JAHHOM IIYHKTE B MOMEHT HAOJIIOIeHNs. JIerKo BUIETh — 4eM MEeHbIIEe
3€HUTHOE PACCTOsIHNE, TEM MEHBIIE BeJIMYNHA [apasjlaKTHYecKoro cMmerenus p. Hike npuBogum dhopMysis, o
KOTOPBIM MOXKHO TIEPEUTU OT TOTIONEHTPUYIECKOTO K T€OIEHTPUIECKOMY 3€HUTHOMY PACCTOSHUIO U HAODOPOT:

Ze = 2o+ Do Sinzt,
Zo = 2z — posin z. (6.12)

Takum 06pa3om, eciiu 13 HAOJIIOIEHII ITOJIyYeHO z¢, a 13 AE omnpeiesieH ropru30HTAIBHBIH [TapaJlIaKC CBETUIIA
Po, TO JIETKO OIPEJETUTH €TI0 TEOIEHTPUIECKOE 3€HUTHOE PACCTOTHUE 2.

6.2.3 BuiusgHMe cyTOYHOro napajijilakca Ha dKBaTOpUaJibHble KOOPANHATHI CBETUJI

Tlokaxkem, Kak BJIMSET CYTOYHDIN MapajiakC Ha SKBATOPHAJILHBIE KOOPIUHATHI CBETHMJI. PaccMoTpuMm oOIImii
cJlydail — IIPOU3BOJIBHOE TIOJIOYKEHHNE CBETUIIA OTHOCUTEJIBHO Mepuauana: t # 0°. B MoMeHT BepxHeil KyJIbMUHA-
OUA IMapaJi;ilakKCOM HCKazKaeTCd JINIIb CKJIOHEHUE. HHH IIOJIydIeHU A HeO6XO,HI/IMbIX (bOpI\/Iy.H O6paTI/IMCH K PUCYHKY
HebGecHol cdepsl (cM. puc. 6.4).

At-cosd
K o

Ad Posinz

! ~
| HeOeCHbII 2KBaTOP

4
%

Puc. 6.4: lIaMeHenne 93KBATOPUAIBHBIX KOOPJIUHAT BCJIEJICTBHE CYTOYHOTO MAPAJLIAKCA
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31ech MOKa3aH BEPTUKAJ Z0(g0 W KPyI'W CKJIOHeHust Po, Pog jjis TONOLEHTPUYECKOINO 0 U I'eOlEeHTpUYe-
CKOTO 0 TIOJIOXKEHHUS CBETUJIA, & TaKXKe TEeOLEHTPUYECKuil 9acoBoit yroma tg. Orpesox VMM, asiaserca mxy-
roii 9KBATOPa, U3MEPSIONIEl NeOIEHTPUIECKOE TIPSIMOE BOCXOKICHNE CBETUJIA (. HebosbInas ayra BepTUKaa
Noog = po Sin z; — NapaJulaKTHIECKOoe cMelenne ceermwia. [Iposegem jyry majoro kpyra Ko, napajuieabHyio
sksaropy. Torna axyru NMoyog = g, NMo = § — COOTBETCTBYIOIINE CKIOHEHUS JIJI TE€OLEHTPUICCKOIO U TOIO-
LEHTPUIECKOrO IIOJIOKEHUH cBeTm/Ia. 13 MaIoro npsaMoyroJbHONO TPEYrOJIbHUKA MMEEM: Pa3HOCTh CKJIOHEHUI
NKo = AJ, tue A6 = dg — §;, a NK oy = Atcosd. I3 91010 2Ke TPEyroabHUKa UMEEM:

Ko = Ad=009cosq= pgsin z; cosq,

Koy = Atcosd = oogsing = pgsin z; sin gq. (6.13)

31ech, yros pu CBeTUJIE ¢, 00pPa30BAHHBIN HAITPABICHUSIMHI HA TTOJIIOC U 3€HUT SIBJISETCS MAPAIIAKTHIECKAM
YIJIOM.

3HaueHus IPOU3BEIEHUIA sin z; cos ¢ U sin z; sin ¢ B (6.13) onpegesum u3 OCHOBHOTO ¢(HePHUIECKOr0 TPEyroJib-
nnka PZo, ncnonb3ys BHadase GOPMYITy MHSATH SJIEMEHTOB, a 3aTeM (POPMYJIYy CHHYCOB.

sinz;cosq = sin(90° — §) cos(90° — ) — cos(90° — §) sin(90° — ) cost,

sinz;sing = sintcosp. (6.14)

3HaueHre MapaJUIAKTUIECKOrO yIia ¢ JIerKo HoayduTh u3 ¢opmyi (6.14), nogenus Bropoe ypaBHEHUE HA
1epBoe:

sint cos ¢

tang = (6.15)

sin ¢ cos § — cos psindcost’

N3 dopmyn (6.13) u (6.14) moaydunm BeIpazkeHHUsl, O3BOJISIONIHE OIPE/IEIUTh U3MEHEHUs acoBOro yria At
U ckJIoOHEHUsT A CyTOYHBIM MAPAJLIAKCOM:

At = pgsinzsingsecd = pgsint cos psecd,

A§ = ppsinzcosq = po(sinpcosd — cos@sind cost). (6.16)

C nomompio dbopmya (6.16) ocyiecTBiisieTcst TIpUBEIEHNE TONOIEHTPUIECKUX YACOBOTO YIJIA W CKJIOHEHHsI
K reorneaTpudeckuM. Kak BugHO u3 puc. 6.4, reOleHTPUIeCKHl 9acoBON yroJ ty MEHbBIIE TOHOIEHTPUIECKOIO
t. Ilpsimoe Bocxoxkienue Oy/eT OOJIbIe TeOIEHTPUIECKOrO, IIOCKOJIBKY HPSIMbIE BOCXOXKJICHNSI M YaCOBBIE YIJIbI
CBETWIa OTCUUTBHIBAIOTCA B PasHbIX Hanpasiaenuax (NTMy > NTM).

ITpu BBICOKOTOYHOM ydeTe MOIPABOK B 9KBATOPUAJbHbBIE KOOpAUHATEL corsiacHo (6.16), B ocobenHocTH m11st
JIynbl, HEOOXOAUMO B 3TUX (DOPMYJIaX HCIOIHL30BATH I'€OIEHTPUYIECKYIO mupotry. [ljs mepexona oT acTpOHOMMU-
YeCKOI K TeOlEeHTPUIECKO MIIPOTe CIYKUAT POpMYyIIa:

(p— oy = 202008 o 2y Gnay, (6.17)

2

rae f — sxBaropmanbHoe cxkarne 3emumn (f &~ 0.003). Haunbosmpmas pasuocts (¢ — ') mocruraer Ha mmpote
¢ = 45° u cocraByser Ha 3eMHOM cdepounne Bemauny 11.57.

Bonpocsr

1. B yeM npuumMHBI pa3/IMIKs TOIOINEHTPUIECKUX U T'eOIEHTPUIECKUX KOOPJINHAT OObEKTOB COJTHEYHON CH-
CTeMbI?

2. TeoneHTpHYecKOe CKJIOHEHHE JIyHbI B HEKOTOPDIH MOMEHT BpeMenu 6b11o +15°16.5". Oupenennre reoren-
TPpUYECKHE 3€HUTHBbIE PaccTosHus JIyHbBI B MOMEHTBHI ee KyJbMHUHAIWN B IYHKTAX C IMUPOTOH 1 = 60°
u @9 = 40°. IlyHKTBI pacrosiozkeHbl Ha ogHOM Mepuauane. OmpeesnTe pasHOCTb TOMOINEHTPUIECKUX U
TeOIEHTPUYECKUX 3€HUTHBIX paccTosiuuil JIyHbI Jijist yKasaHHBIX IIyHKTOB. [Ipu pacderax ncoib30BaTh
cpefHuil TOPU3OHTAIbHBI napaake JIyast (pg = 57.67).

3. Onumnre By 3emim Ha HebOe JIYHBI B IMOJTHO3EMJINU, UCXOJIS U3 ONPEIEJIEHUS TOPU30HTAIBHOIO HapaJi-
sakca JIyHBI.

4. TopusoHTaMBHBI cyTouHbIH napautake Commna py = 8.80”. ITogcHrTe 3TOT MPUMEDP PUCYHKOM.
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6.3 T'oamunblii MapaJyIaKC 1 ero BJANgHNE Ha KOOPANHATHI OJIMKANIIImX
3Be3/1

SBJeHIEe TOMMYIHOrO MapaJLIaKCa, sIBJISIETCS OJHUM U3 JIOKA3ATEIbCTB TOMMIHOIO JIBUYKEHN 3eMJIA U YKA3aHIEM
TOI'0, HACKOJIBKO PACCTOSIHNUS J10 3Be3/1, Jarke Hanbosree 6sin3kux K COJTHILY, OPOMHBI IO CPABHEHHIO C pa3MepaMu
3eMHO opbuThl. Biinskoit k CosHity Oymer 3Be3a, 71 KOTOPOil HaM YIaJI0Ch OMIPEIEeIUTDb YTOJI IPU 3BE3/IE, O]
KOTODPBIM € Hee BHUIHA Oosiblias 10s1yoch opoursl 3emin (1 a. e.). IIpu 9170M 00BIYHO paccMaTPUBAIOT KpaiiHe
Y3Kuil IPOCTPAHCTBEHHBIH TpeyroabHuK «CotHiie—3eMiIsi—3Be3/1a» 1 3allMCBIBAIOT COOTHOIIEHNE: sin = a//A\,
rjie a — 6oJIbIIast IOJYyOCh OPOUTHI 3eMiin, /A — PAaCCTOsSTHUE JI0 3BE3/IbI, WA

= 206264.8%. (6.18)

C yIuBHUTENBbHON MAJIOCTHIO MOAMYHBIX [TAPAJIJIAKCOB CBI3aH TOT (PAKT, UTO UX II€PBbIe M3MEPEHUs YIAI0Ch
ocymiecTBUTh JuIltb B 30-e roger XIX B. ViKe nepBble n3MepeHns FOIUYHbBIX apaJIaKCOB UMEJIN UCKIIOYNTETBHO
BasKHOE 3HAYCHHUE B HCCJIeIOBaHNN 3Be31HOI BcesenHOI.

W3 n3mepennit TpUroHOMETPUYECKUX [TAPAJJIAKCOB YCTAHOBJIEHA €/IMHUIA 3BE3/IHBIX PACCTOAHUNR — Napcex.
Oroit MaciTabHON eJMHUIE OTBEUAET NAPAJUIAKC B OJHY yIVIOBYIO cekyHuy. U3 (6.18) ciemyer, uro 1 nk =
206264.8 a. e. = 3 - 1013 xwm.

Paccrosinue J10 3B€3/1bl B ITapCeKaX JIETKO IIOJIYyIUTh U3 COOTHOIICHUA:

A= (6.19)
0

Tpuronomerputieckue, HEIOCPEACTBEHHO N3MEPEHHbIE APAJIIAKCHL 3BE3/I, JIE?KAT B OCHOBE ITKAJIBI PACCTO-
aunit Bo Beenennoit. Hanbostee Touroe ux onpejenenne peasusyercs 1o 3uadennii nopsizka 1000 nk. B actpo-
HOMUHM TITKAJIa PACCTOSTHUM OKa3aJiach MHOTOCTYIIeHUYAaTON. Ee yimamoch mpoinTh BrIyOb MPOCTPAHCTBA IIyTeM
WCITOJIb30BAHUSI JIPYTUX, IJIABHBIM 00pa3oM, acTpOMU3MIECKUX METOJI0B, KOTOPbIE TECHO YBS3aHBI C TPUI'OHO-
METPUYECKIMU MapaJLIaKCAMHU.

To4YHOCTH COBPEMEHHBLIX YTJIOBLIX M3MepeHMii jgocraToduno Bbicoka: +0.001 + 0.005”. Tem ne menee, u B
HaIlle BpeMsl OIpeJeJIeHHe TPUTOHOMETPUIECKNX HApaJIJIAKCOB 3Be3/] COCTABJISIET OJHY U3 HambOJee CIIOKHBIX
HaOJTIOIATETFHBIX 33189, TPEOYIOMMUX TPUMEHEHNS CAMBIX KPYITHBIX TEJIECKOIOB U, KaK IIPABUJIO, JJINTEILHOTO
BpeMeHH HaOJIIOJCHNUS JIAHHOM 3Be3/bl (B CpejiHeM He MeHee 2—3 JieT).

6.3.1 IlapanmakTuyeckoe cMelieHue

B uzpeanbaoM ciryuae Jiobag 3Be3/a B TeueHue roja (BepHee ee IPOeKIus Ha HeOecHOi cdepe) Konupyer JBu-
xerne 3emutn, obpammarorieiics Bokpyr Couana. HazoBem mosioxkenne 3Be31bI Ha HebecHO cdepe mpu ee mpo-
erupoBanny n3 COJHIA 2eAU0UEHMPUYECKUM, & N3 (PUKCUPOBAHHOIO IMOJIOXKEHWsI 3eMJIM Ha OpOuTe B JaTy
HAOJIIOJIEHUST — 2€0UEHMPUYECKUM.

Puc. 6.5: JIsmkenne 3emuin 110 OpOUTE U MAPATIAKTAYECKAN SJIUIC 3Be3/1bl Ha HEOeCHOi cdepe

Ha puc. 6.5 nmokazana opbura 3eMJyin U HECKOJIBKO HaIlpaBjeHWil Ha 3Be3xy M u3 pa3HbIX TOYEK 3€MHOM
opbursr. [lomoxkenusm 3emin ua opoure 11, 1o, T3, ... OMHO3HAYIHO COOTBETCTBYIOT BUINMBIE TE€OIIEHTPUIECKUE
[IOJIOXKEeHUs JTAHHO 3Be3/1bl Ha HebecHoit cdepe 1, 2, 3, ..., cCMelleHHbIE OTHOCUTEIBHO €€ TeJINOIEHTPUIECKOTO

69



nosioxkernst B T. O. VIHBIMEU €JI0BaMU CBETOBOH JIyd OT 3Be3/bI IIPUHUMAETCS B Pa3HBIX TOYKAX 3eMHOIl opOwu-
THI B IJIOCKOCTH, TIpoxosiieit depes CoJiHIle, MOIOXKeHNe 3eMJId Ha OPOUTE W TeJIMOTIEHTPUIECKOE MOJIOYKEHTE
3Be3/Ibl Ha HeOecHOI cdepe. DTa MIIOCKOCTh U3MEHSIET CBOE IIOJIOXKEHUE B IIPOCTPAHCTBE C TOJUYHBIM [IEPUOJIOM,
a 3Be3/la «HCIBITHIBAET» IapaJlyIaKTUIeCKOe CMEIeHNe, ONUChIBas KpaiiHe MaJiblil IMapaLIaKTUYeCKUil JIIUIIC
OTHOCHUTEJILHO CBOEr'O TeJIMOIEHTPUIECKOro mojtoKenusi. Urtak, muansg «3emusg—CouHIE», T. €. paauyc-BEKTOD
3emiin Ha OpOHUTE, a TaKyKe IeJINO- W DeONEHTPUIEeCKOe HAIPABJICHWUsST HA 3BE3Jy HAXOATCS BCETJA B OJIHOM
IIJIOCKOCTHU, KOTOpas BpalllaeTcs B IIPOCTPAHCTBeE.

DKIIMNTHKA

Puc. 6.6: [lapajiakTudeckoe cMeleHue B 1aTy HAOJIIOIEHUsT

Bougenum opny u3 Takux miockocreil (em. puc. 6.6): oHa IpOXOmUT Yepe3 IPOJOJIKEHHDBIH PaIrnyCc-BEeKTOD
Semutn (S'ST), rue S — npoeknusa CosiHIla HA SKIUITUKE B ATy HAOJIOJEHUsI, & TAKXKE IeJIHOIEHTPUIECKOE
HoJI0sKeHre 3Toi 3Be3abI O U ee TeoleHTPHYIEcKoe Mooxkenre M’ CMENeHHOH mapaJlIakCcoM.

[TapasakTuaeckoe cMmemenne npu 3ToM namepsiercs yraom ZOMM' = ZSMT = Q = NOM' na nebecuoii
chepe, T. €. UM SBJISIETCS YTOJI IIPU 3BE3JIE, 110/ KOTOPBIM BUJIHA GOJIBIIAST TTOJIYOCh 36MHOI OPOUTHI C PACCTOSHUS
A B nary HabmoneHusi. B ob1mem ciaydae paccMaTpUBaeTCsl 3BE3/1a, KOTOPas HAXOAUTCSI MEXKJLy IKJIMITUKON 1
[IOJIIOCOM IKJIMIITUKH, JPYTUME CJIOBAMHU, €€ IKJIUITHIECKas mupora (3 # 90°.

st onpesiesieHnst MapaJlsIakK THIECKOrO CMEIEHNsT TaKxKe HeoOXomuMo 3HaTh yroa npu 3emise (1) mexiy
HanpasiieHusiMu Ha 3Be3y M u Courne (S'), onpeesIsionmit yriioBoe pacCTosiHAE 3TON 3BE3/bI OTHOCHTEIBHO
Conmna B gary mabmozaenus. O6osznaaum stot yroa S'TM = . OH, B CBOIO 0OY€pe/lb, HECKOJILKO U3MEHSETCH
¢ TOIMUYIHBIM TIEPUOJIOM JIJIST KaXKI0H 3Be3pl BeaenacTere apuxkennss CoHna nmo skaunTuke. 3 TpeyromsHuka
«Conane—3eMs—3Be3/1a» UMEEM:

sinQ  siny
a A
Q= (206264.8%) siny = 7’ sin 7. (6.20)

BrijiesieHHYI0 B CKOOKaX COCTABJISIOILYIO B IIOCJIEIHEM BBIPAXKEHUU OOBITHO HA3BIBAIOT NOCMOAHHOU 200UM-
H020 mapassarca danHotll 36e30v, 0DO3HAYAIOT ee OYKBOW 7 M UCHOJIB3YIOT JJisi OIPEJEJIEHUs] PACCTOSHUS IO
3Be31bl. TakuM 00pa3oM, B 00IEM CIydae MapalaKTHIecKoe CMeleHne 38e3/bl () B 1aTy HaOJIIoIeHus

Q =msin~y. (6.21)

6.3.2 IlapammakTuyeckuii sJuiuic Ha HebecHoii cdepe. IIpuBenenue KoopaumHaT
3Be3bl K CoJtHILy

BekTop napasiakTudeckoro cMenieHns 3Be3/bI B TEUEHNE I'0/Ia MEHsIET CBOKO OPUEHTAINIO Ha HebecHOU cdepe B
zaBucumocTu ot nosioxkenuss CosiHIa HA IKaMITUKE (ero JoJsrora usMensercsd zHa 360°), npu 5TOM U3MeHsIeTCd
Tak ke 1 yroi . Ilapamerpsl napasak THIeCKOro JIINIICA IIPOIIE BCETO IPEACTABUTE B SKJIUITUIECKON CHCTEME
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KoopauHAT. [Ij1s1 9T0r0 paccMOTPUM, KaK N3MEHSIOTCS KJINIITHIECKE KOOPAUHATHI JaHHoii 3Be31bl: AJ = — [
u AN = X\ — Ag. Buech By, A\g — rejmorieHTpudeckue, orHecenHble K CoiHily, a 0 U A — HabJ0gaeMble IIUPOTa
U JI0JITOTA 3BE3JIbI.

O 0

AB

c
L Al-cosf3

Puc. 6.7: Oupejiesienne nmapamMerpoB MapayIaKTUIECKOTO SJUIATICA

Ha puc. 6.7 nokasana HebecHast cpepa B SKJIUNTUIECKON cucTeMe KOOpauHaT. 3/1ech L — I0JIF0C SKJIUIITHKY.
B mockocTu 9KJIMITHKE OTMeYeHa TOYKA BECEHHErO0 PaBHOJEHCTBUS |- U BUamMOe moJioxkenne CoJIHIA Ha, K-
sunruke S'. B ganbreiimem skimntudeckyio gosrory Cosana Oyzem o6o3nadars Kak L. [lapajuiakruaeckoe
cmMerenue 38e37bl (Noo() IMPOUCKOAUT B IJIOCKOCTH, [IPOXOJIAINEl 4epe3 reJUONeHTPUIECKOe MECTO 3BE3JIbl 0
n Bugnmoe nosoxkerne Comana (S’) B mary HabmioneHws.

Besmmuuna cMelneHusi, KaK paHee IOKa3aHO, U3MePSIeTCsl JyTroil Noog = 7 sin 7.

Hyra skyunruku NTS" = Lg — sximnrudeckas jgoiarora Cosnna. Ha arom ke pucynke nokasausl NLR
u NLR — Kpyru mMupOT 3BE3bI JJI €€ TeJIN0- U TeOIeHTPUIECKOrO MOJIOYKEHNsT COOTBETCTBEHHO. Torma jyra
srumnruku NRRy = AX =X g — A, a gyra NS'R~NS'Ry = X — Le.

[Iposemem myry No K, mapasienbHyio SKaunTuke. i mosydeHns mapamMeTpoB MapPaIAKTHIECKOTO IJI-
JIUIICA PaccMOTpuM cdepudeckuii TpeyroJbHuK S'cgRy W MOIydeHHbI MaJblii TpeyroabHUK ook, KoTopble
SIBJISTFOTCS IIPSIMOYTOJIBHBIME. ¥ HUX OOIIHil yroJi (), 00pa30BaHHbI KPYroM IMUPOTH 3Be3/1bl Log Ry 1 110CcKo-
CTBIO MapaJlIaKTUIeCKOro cMemienus 3ee3apl K Connmy 0o(S’. Ha puc. 6.7 mokazaHbl TakzKe 3J€MEHTBI MaJIOTO
TpeyroyibHUKA. JIJIs TpeesibHO MaJIOro TPEeyTroJabHUKA 00K MOKHO TPUMEHUTH (DOPMYJIBI IJIOCKOTO TPEYTOJIb-
HUKA:

oK = oo0psin@ = wsinysin@Q = A\cosf,
oK oogcos Q) = wsinycosQ = ApS. (6.22)

Vrous v ma HebecHoit cdepe mpeacrasien xyroit oo’ .

[Tpoussenenus sin vy cos Q u sin -y sin Q nosryanm u3 cepuaeckoro Tpeyroabauka S’ oo Ry, B koTopom Nog Ry =
Bo = (3, nyra skymnruku NS’ Ry — eCTh pasHOCTb IKJIUNTHICCKUX J0TOT 38376l u CoJHIla Ha JaTy HabJIIoIe-
uud, a ayra S'cq = /7.

sinycos@Q = sinfcos(A— Lp) — no dbopMmysie naTH 3JEMEHTOB,
sinysin@Q = sin(A—Lg) — no dopmyse cuaycos. (6.23)
U3 dopmya (6.23), mosry9nM KOMIIOHEHTBI IApAJIAKTHIecKoro sjumica AJ u A cos § 4epes sKJIUITUIeCKue
koopyuHaThl 38e316l u Cosana. NTax,
AB = mwsinfBcos(A — Lg),
AXcos = msin(A— Lg). (6.24)
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Dopmyibl (6.24) onUCHIBAIOT YpABHEHKE JUIAIICA B IAPAMETPUYECKOM BHIE, IIPUIEM OOJIbIIIAs II0JLYOCh ITOIO
JIINIICA TTaPAJLIeSIbHA SKIIUIITHKE, & MaJas PACIOIOXKeHa BJIOJIb Kpyra IMHpPOThL. 13 sTux dopmyir ciieryer, 1To
6oJIbINast MOJIyOCh 3aBUCUT OT PACCTOSHUS JI0 3BE3/IbI, & MaJias IIOJIYyOCh — OT SKJIUIITHYECKOH IITUPOTHI 3BE3/IbI
(~ sin B), T. e. yeMm GuimKe 3Be3/a K IKJIUNTUKE, TEM IJLIUIC CTAHOBUTCS 0OJIe CKATHIM.

W3 nostyaeHHbIX OPMYIT CIEyeT:

1. HaubGosblilee M3MeHEHNE SKJMIITHYECKON MUPOTHI MMEET MeCTO, KOIJIa JIOJANOTa 3BE3Jbl PaBHa JIOJINOTe
Connna (coenuuenne), mu6o J1oaroTa 38e3/6l paBHa Le + 180° (mporusocrosiane 38e3/61 ¢ ComHIEM).

2. HawmbGospiiee m3menenne mo A0arore A\ HaCTyIaeT, KOTJIa Pa3HOCTh mouroT 38e3abl u Coumra A — L =
4+90°. Takwue mosioxkeHust 3Be3/bl OTHOCUTENHHO COJHIIA HA3BIBAIOT KEAIPAMYPAMU. DTU TEPHOMIBI J10-
BOJILHO CTPOr0 YYUTBHIBAIOTCSA IPU COCTABJICHUH IPOTPAMMBI HAOIIOMEHUS 3BE3bI, MAPAJJIAKC KOTOPOH
TOJIJIEZKUT OIpeieieHnIo. VICK/IFoUeHreM U3 9TOTO sIBJISFOTCS JIUIID 3BE3/IbI, HAXOISIIIIeCs: BOJIN3M [OJII0Ca,
SKJTUIITUKH.

VzMeHnenne 3KJIMINITHYECKUX KOOPAUHAT JAHHON 3BEe3/bl TOAMYHBLIM APAJIIAKCOM COIPOBOXKIACTCA B CBOIO
odepelib HEOOIBIINMN U3MEHEHUSIMU €€ TeOleHTPUUYECKUX IKBATOPHUAJILHBIX KoopauHaT. B AcTpoHOoMmYecKOM
€KETrOIHUKE IIPUBOIASATCS POPMYJIbI, C IIOMOIIBI0 KOTOPBIX OLPEIEISIOTCS TeJIMOIEHTPUYIECKIE SKBATOPUAIbLHBIE
KOODJIMHATHI 3B€3/IbI C M3BECTHBIM HapaJjutakcoM. Heobxomumble monpaBku Adr = Oreony — Oremmon X Do =
Qlreon, — Oresmon, OOBIMHO YUUTBIBAIOT [IPU BHICOKOTOYHBIX OLpeeIeHIsAX Hanbosee OJIM3KUX 3B€3/1, JJisi KOTOPBIX
napaiake © > 0.1 + 0.05”. Haubonpmue nonpaeku, o0yCJIOBIEHHBIE TOANIHBIM MAPAJIIAKCOM, IMEET CaMast
6imsKast K HaM 3Be3a aCen (ee m = 0.76").

XoTs M3MeHEHUsI KBATOPUAJIBHBIX KOODAUHAT 3Be3J M'OJUYHBLIM [1apaJLIaKCOM HEBEJIMKH, HO IIPU BBICOKO-
TOYHBIX OIIPEJIEJIEHUSIX UX ITOJIOXKEHUIi, B 0COOEHHOCTH TeX, 110 KOTOPBIM CO3/IAeTCs OIIOPHAasi CUCTeMa HeOeCHBIX
KOOD/IUHAT, HEOOXOIUMO IIPOU3BOAUTD YUET ITUX IIOIPABOK.

Vuer roguyHOro mapasiiakca B 9KBATOPUAILHBIX KOOPJAMHATAX 3BE3J HA3BIBAIOT npusedenuem x Coanyy.

Bompocst

1. Korja u kem ObLIN BIEPBbIE U3MEPEHBI NOJIUIHBIE MAPAJIIAKCHl HEKOTOPBIX 3BE3J1!
2. B Kakoil TJIOCKOCTH TIPOUCXOJIAT MApPAJIAKTHIECKOE CMEIeHNe 3Be3/Ibl B JaTy HaOJII0IeHus !
3. Kak opuentupoBana 60JbIIas MOJYyOCh MAPAJUIAKTHIECKOTO JIIUICA Ha HebecHol cdepe?

4. Kak nzmensiercs «popMay TapaaaKTHIECKOr0 SJIIUICA B 3aBUCHMOCTH OT YTJIOBOTO PACCTOSHUS 3BE3bI
OT IJIOCKOCTHU KJIUITHKH !

6.4 Aoleppaius cBera. BimsiHne Ha KOOPAMHATHI CBETHIJI

Opanm n3 haxkTOPOB, KOTOPBIN OKA3BIBAET 3aMETHOE BIINSHUE HA BUIUMBIE TIOJOKEHUS CBETUJI, sIBJISETCsI, HECO-
MHEHHO, abeppalysi CBeTa, KOTopasi 00yCJIOBJIeHa NBIXKeHusiMUu 3emuin. KpaiiHe majioe u3MeHeHue KOODJIMHAT
BHOCUT CyTOUYHOE JIBUKeHNe Habmonarens (cyroanast abepparust). HanGosbiee Biusiane Ha HaGIIOIaeMble KO-
OP/IMHATHI BCEX CBETHJI OKA3BIBAET I'OAUYHAasi abeppallusi.

BBuy 3HaunTEIBHON BEJIUYUHBI 9TOTO MEPUOJAMIECKOT0 U3MEHEHUsI KOOPNHAT TOAuYHasi abepparius ObLIa
oOHApY2KEHA 3aJ0JIT0 JI0 TEPBBIX M3MEPEHM TOANIHBIX HapastakcoB. OTKpbITHE abeppaliuy IPUHAJIEKUT M3~
BecTHOMY aHTJIMiickoMy actpornomy JIxkeiimcy Bpamreo. C 1einbio 06HAPYKEHUS TOAMIHBIX MAapAJLUIAKCOB UM
OBLJI UCIOJIB30BAH CIIEIUAJIBHBIN TEJIECKOI JJIsi PECUCTPAIUH [TOJIOXKEHUH 3BE3/bI B 1I0JIe 3PEHUsl ITOr0 TeJle-
CKOITa, [IPEJICTABJISBIIEr0 CUCTEMY KOOPIMHAT, HEIIOJBUKHO CBSA3aHHYIO ¢ 3emJeil. VM HabJI0a/Iuch B TeUeHUe
HECKOJIBKHX JIET 3Be3/Ibl B 00JIaCTH HoJIoca IKIunTuku. Hanbosibinee dnciio HabJIIOAEHNH OBLIO IIPOBEJIEHO U1t
3Be31bl YDra. D1a 3Be3/1a, KaK U APYTUe 3BE3/bl B 00/IACTH TOJIIOCA SKJIUITUKA, 3aMETHO M3MEHSIA B TEICHUE
roJia CBOE IIOJIOYKEHUE B IT0JI€ 3PEHUs «HEIIOIBUKHOI0» TEJIECKOIA, OIHAKO HAIIPABJIEHUAS CMEIEHUl CyIeCTBeH-
HO OTJIMYAJIUCH OT OXKUJIAEMBIX MapPAJIAKTHICCKUX.

6.4.1 AOeppanusi Kak SIBJI€HUE

Ve B 1728 1. Bpasyteit nan obbscHenne 0OHAPYKEHHBIX UM U3MEHEHHUI [TOJI0XKEHUIT 3B€3]], C TOAUMIHBIM [I€PUO-
JioM. ByiaronpusiTHBIME 0OCTOSITEILCTBAMHY JIJIsi OObSICHEHUsI JJAHHOI'O SIBJIEHUSI CIIOCOOCTBOBAJIM IIOJIyY€HHBIE B
konre XVIII B. pe3y/brarhl NEepBbIX ONPEIE/IeHU ACTPOHOMUIECKOH equuuibl u ckopoctu csera (Kaccunu u
Pume B mepuon 1671—1673 rr. mpoBesn mepBoe OIpeJiesieHne aCTPOHOMIYECKON equHunbl, a Pemep B 1696 .
BBIIIOJIHWI [IEPBOE OlpeziesieHne ckopocru csera). Pusnueckum 0OOCHOBAHUEM sIBJIEHHs TOIUYHON abepparun
SABJIAIOTCS CJeayionme MGaKkToOpbI:
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1. ckopocts apmxkenus 3emun 1o opbure (Vg = 30 KM/c) cpaBHEMAa CO CKOPOCTBIO CBeTa (MX OTHOIIECHHE

V@/C ~ 10_4) .
2. CKOPOCTBH CB€Ta B€JIMYNHA KOHEYHAaI.

CyTb B TOM, UTO €CJIH TEJECKOI HEIOABUKHO CBA3aH C 3eMJleil, OH OyIeT IPeICTaBIATh OO0 MBUKYIILYIOCS
B [IPOCTPAHCTBE BMeCTe ¢ 3eMJiell CHCTeMY, OOECIIETNBAIONLYI0 HEOJMHAKOBYIO PETHCTPAIINIO0 CBETOBOTO JIyda OT
JIAHHOTO CBETWJIA B pa3jndHble JHU rofga. 1losromy, mpu Hab/0MeHNN HEOECHBIX O0HEKTOB MMEET MECTO TaK
Ha3bIBAEMBIIl [TOBOPOT CBETOBOIO Jiyda B JIBHXKYINEHCsI CACTEME KOOPIMHAT BCJIEJICTBUE CJIOXKEHUsI CKOPOCTHU
Semstn u ckopoctu cBera. Obparumcs K puc. 6.8.

Ve

A, A K arekcy

Puc. 6.8: AGeppaloHHBIN TOBOPOT CBETOBOTO JIy4a

IIyctb AO — HampaBJieHHe ONITUYECKOI OCH TeJIeCKOIla, HAllPABJIEHHON Ha 3BE3Jly B IIPEJIIOJIaraeMoil Hero-
JIBIDKHOM CHCTeMe KOOPAMHAT (TaKMM HAIIPABJIEHUEM MOXKET ObITh TeJIMOIEHTPUIECKOe HAIIPABJIEHNE Ha CBETUJIO,
He3aBHUCHMOe OT JIBUYKEeHUs HabJroiaTesst). V13-3a KOHEUHOl CKOPOCTH CBeTa HAbJII0IaeMblii HaMu 00beKT He Oy-
JIeT 3apErucTPUPOBAH HA IEPEKPECTUU CEeTKU HUTEH TeJecKoIla, a CMEIIeH BJIEBO, MIOKA CBETOBOIl JIyd Mmpoiijaer
IIyTh OT OOBEKTUBA [0 OKYJISPHON YaCTU TEJIECKOIA.

HabuitoieHue 3Be3/1bl, KAK U3BECTHO, 3aBEPIIAETCS YCTAHOBKOW 3BE3JIbI HA IIEPEKPECTUN CETKU HUTEeH. DTo
JIOCTUTAETCsT HEOOJIBIINM CMEIEHIEeM OIITHYECKOM OCH OTHOCHUTEJILHO HabJIF0IaeMOro 00beKTa B HAIIPABJIEHUN,
0bpaTHOM JBHXKeHUIO 3emiin (HabJIoaTe s ), IOKA3aHHOro cTpekoi. Ha 9ToM pucyHKe IOKa3aHO TaKOro poja
u3MeHeHrne onTuydeckoii ocu resneckona (OAj), OKy/sgpHas YacThb KOTOPOrO Kak Obl OTBEEHA HEMHOIO Ha3a]l
Ha MaJioe paccrosHue A A, paBHOe TOMY IIyTH, Ha KOTOPOE CMEINAeTCs Halla ILIAHETa 3a TO MAaJjoe BpPeMsd,
KOTOpOe TpebyeTcsi CBETOBOMY JIy4y Jisl [IPOXOXKJEHWs IIyTH BHYTDHU Halleil omrudeckoil cucremsl (A1 A =
Vg AT, tie AT # 0 — 9T0 TO BpeMsl, 38 KOTOPOe CBeToBOi yd npoxoaut myTh O A B ontrueckoii cucreme). raxk,
OA; — nanpasjieHne Ha 3Be3]ly, HCKayKeHHoe abepparmeit. Yros mex iy Hampaienusivmu OA u O A HasbIBaOT
abepparuoOHHbLM NOGOPOMOM UAY abeppayuontbim cmeuenuem. Ha puc. 6.8 um apagerca LA1OA = ZLoOo' =
(v — OIpeJIEIIONnit abeppPAImOHHOE CMEITeHre 3Be3/Ibl Ha HebecHOl cdepe. AbeppallmoHHOE CMEITeHre CBEeTHIa,
KaK BUJIHO, IIPOUCXOINT B IIOCKOCTH, IIPOXOSINel 4epe3 CBETUIO U BEKTOP CKOPOCTH ABUKEHUST HAOJIIOAATE/Is.
Takum obpaszom, Ipu HAOJIIOJEHUN CBETHII C JBUXKYIIENCS 3eMJIM PErUCTPUPYETCH UX TIOJIOYKEHNE, CMEIEHHOE K
alekcy, T. e. K ToOuke HeDeCcHOil cdepbl, K KOTOPOil HallpaBJjieH BEKTOP CKOPOCTH JBUXKEHUsI HAOJIFOIaTE IS

6.4.2 AOGeppanuoHHOe cMmellleHne, anekchbl. [locTossHHasg roaguvyHoi abeppanumn

OrmpesiesiuM BHaYAJE KOOPIUHATHI TOW TOYKU HeOECHOH cepbl, B KOTOPYIO HAIIPABJIEH BEKTOP TOJUIHOIO JBU-
xennst 3emun. 3 puc. 6.9 Jilerko BHJIETH, 9TO 3TOT BEKTOD JIEXKUT B IJIOCKOCTH SKJIUITUKH U HAIPABJIEH B
TOYKY, KOTOPYIO HA3bIBAIOT ANEKCOM 3eMAl.

[Ipenebperasi 3JUIUIITUIHOCTHIO 3eMHON OPOUTHI, JIETKO HANTH KOODAWHATHI AlEKCAa 3EMJIU, T. €. TOW TOUYKH
Heba, B KOTOPYIO HAITPABJIEH BEKTOP OPOUTAIBLHOTO JIBM2KEHNUsT 3eMJIu B fary Haburoaenns. Kak BumgHO, Hampas-
nenne na Commne (S’) u anekc cocrapmsor yros 90° myst mo60ro mosozkenns 3emsn Ha opouTe.

Arnekc 3emiin HaxOJMTCS B TAKON TOUYKE SKJIMIITHKHU, KOTOpasl JIEXKAT K 3aI1ajy OT BUIUMOTO IIOJIOKEHUS
Conura B naty Habsojenus. Vrak, sximnruaeckas joirora amnekca Ly = Lg — 90°. B reuenne roma jronrora
amekca m3mensiercss or 0 mo 360°. Tak, manpumep, B JeHb JIETHEO COJIHIIECTOSIHUSI AIIEKC HAXOJUTCS B Ha-
[IPaBJIEHUU TOYKN BECEHHErO PABHOJIEHCTBHS, TOI/IA €r0 JOJI'0TA PABHA HYJIIO, B JI€Hb OCEHHETO PABHOJIECHCTBUS
Lpa=90°um o
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Vo

Puc. 6.9: Oupenesnenne JOITOTHL aleKkca 3eMIIH

Bepuemcst BHOBB K puc. 6.8, rjie mokasaHbl yroJ abeppanoHHOrO CMEIEHNs (v, & TAKYKE BEJIMINHBI OTPE3KOB
A1A = Vg1, u OA; ~ OA = cA7. O6o3HAYNM yroa MeKJy HAIpPaBIeHHEM Ha CBETHJIO U BEKTOP CKOPOCTH
nBuKenus Habsomarens depe3 6. Haiizem Beaudauny abeppanuoHHOrO cMemeHus (II0BOPOTa CBETOBOIO JIyda),
00yCJIOBJIEHHOTO JIBI2KeHHEM Habsrromaresist BOKpyr CosHIa.

N3 tpeyrombanka AOA; nmeem:

sina  sin(180° — 6)

y Y oy (6.25)

3eck yrou § xapakrepusyer yIVIOBOE DACCTOsSIHUE 3Be3bl oT amekca. Ilojgcrapiss snavenns AA, = Vg AT
u OA; = cAt, tne A1 # 0, mosydnm:

. Vo .
sina = —=sinb,
c

v
o 206264.8%9 sin 6. (6.26)

ITocsie o/icTAaHOBKY YHCJIEHHBIX 3HAYeHUil Vg U ¢ — CKOPOCTH CBeTa, IOJIyYHUM, YTO abeppaIjiOHHOe CMeTe-
HUE K anekcy cocrasiser o = ksinf = 20.49” sin 6.

IMapamerp k = 20.49"” B 310i1 dopMyse HA3BIBAIOT NocmMoanHol 200uHol abeppayu.

Biustame cyrounoit abeppanum, anekcoM KOTOPOU sIBJIS€TCST TOYKA BOCTOKA, HA BHUMMOE IOJIOXKEHUE 3BE3]
HEBEJINKO. e yunuThIBaIOT TOJLKO MPU BBICOKOTOYHBIX ACTPOMETPHYECKUX HAOJIONEHUSX. DTO YIKe CBI3aHO C
MaJIoil CKOPOCTBHIO CYyTOYHOTO JIBUKEHUS Habmonaresd. [loctosunas cyrounoit abepparuu k = 0.32".

Wrak, camoe CyllecTBeHHOE BJIUSIHUE Ha BUIUMOE IIOJIOXKEHUE JTF0O0T0 HeOECHOIo 00beKTa, KakK OJIM3KOro,
TaK U JIAJIEKOr0, OKa3bIBaeT IOJUvHas abeppariys, NCKaXKaiollas KaK SKJIUITHIECKHe, TaK U SKBATOPUAIbLHBIE
KOOPJAMHATHI HAOIIOTAEMBIX 00HEKTOB.

6.4.3 AOeppallMOHHBII JJIJIUIC B CUCTEME SKJIUNTUIECKUX KOOP/IUHAT

Pacemorpum, uro coboit ipecTaBisieT abeppaoHHbIN SJUIUIIC, KOTOPBIH «OIMUChIBAET» JTr0bast 3Be3/1a Ha Hebec-
HOIl chepe OTHOCHUTEIHLHO CBOErO IeJIMOIEHTPUIECKOro mojoykenus. s sroro obparumcs K puc. 6.10. 3mech
B 9KJIMITUYECKON CHUCTEMEe KOOPAMHAT IIOKA3aHO CMELIEHHOE K alleKCy o W He CMEINEHHOE 0( IIOJIOXKEHHUE 3BE3-
el Haiinem pasnocrn skaunTrueckux koopauHar AF, AN i BUAMMOIO U MeJIUOLEHTPUIECKOrO [TOJI0KEHMIA.
3nech jyra ooy — abeppaluonHoe cMmenienne, NAc =~ NAoy = 6 — yrjIoBoe paccTOsiHUE 3Be3JIbl OT alleKca
(rouka A), "T'A — nosrora anekca, pasHast Ay = Lg —90°, By, Ag — reJMOIeHTpUIeCcKIe KOOPUHATHL, 5, A —
BUJIUMBIE SKJIUNTHIECKIE KOOPIMHATHI CBETUIIA.

IIposenem nyry Ko — cdepudeckuil neprnenukysisap K kKpyry mmporsl. Torma NogK = Bg — B, Bo > 5,
NoK = (Ao — A) cos 3, 3amerum, 9410 cos [y = cos 3.

Orpesku g K = Af u 0K = AXcos — B3aUMHO TEPIEHIUKYJISIPHBIE COCTABJISIONINE abepPAIOHHOIO
sstniica. I3 masioro cepudeckoro TpeyroibHuKa oo MOXKHO 3ammcaTh:

AB = 09K =0cogcos@ = ksinfcosQ,
AXcosf3 = oK =oogsin@Q = ksinfsin Q. (6.27)

U3 cdepuaeckoro rpeyronbauka AcgRg (ToxkKe IpsiMOYroJIbHOrO), B KOTOpoM ayra ARy 2 A —Ag = A —
(L —90°), anumem:

sinfcos@ = sinfsin(Lg —A) — 0o dopMmyne UsTH 3J€MEHTOB,
sinfsin@Q = cos(Lg —\) — no dopmyse CHHYCOB. (6.28)
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OKJIMIITUKA

Puc. 6.10: Onpenenenne mapaMerpoB abepparmoHHOIO JJLINIICA

Urak, cormacuo (6.27) nmeeM:

AB = ksinfsin(Lg — A),
AdcosfS = kcos(Lg — \N). (6.29)

[Tonygyennbrie cOOTHOIIEHNST XaPAKTEPUIYIOT ITapaMeTpPhbl a0ePPAIMOHHOIO JJUIAIICA, €r0 OOJIBIIYIO0 U MAaJIYIO
TIOJIyOCH.

1. AB =0, eciu L = A, Torma AXcos S = k — MOCTOSHHON TOAMYHON abeppanuu, T. €. OOJIbINas MOJIyoCh
abepPAaIMOHHOTO JITUICA MAPAJIIEIbHA SKIUITHKE.

2. AXcosf3 =0, ectm Lg — A = £90°.

Mautas mosryoch abeppanuoHHOrO SJIIUICA OPUEHTUPOBAHA BIOJIb KPyra IIAPOTHI 3Be31bl U paBHa ksin 3,
T. €. abepPPAIMOHHBIN SJUINIIC, KAK U HaPAJIAKTUIeCKuil (/i1 GJU3KHUX 3B€3][) TeM CHJIbHee CXKaT, YeM OJImzKe
3Be3/1a K IKJIUAIITUKE, XOTs ITPOCTPAHCTBEHHAS] OPUEHTAIINS UX OCell pasyinvHA.

6.4.4 BuimsaMe rognYHOI abeppanum Ha SKBATOPUAJIbHbIE KOOPANHATHI 3Be3/. Bu-
AUMbIe MecTa 3Be3]] Ha JIaTy HaOJJI0aeHUs!

IMockosbKy abepparus cBeTa BHOCUT HamboJsiee 3HAYUTE/LHbIE M3MEHEHHsT B HAOIIONAEMBIE TIOJIOKEHUS 3BE3L C
FOJIMIHBIM [AKJIOM, TI0STOMY IIPH BCEX ACTPOMETPHYIECKHX HAGJIOIEHUX TIPUXOIATCS OIB30BATHCS BHAMBIMU
KOOD/IMHATAMH, KCTIOJIb3Ysl MJIM yIUTHIBAS T€ HOMPABKA B 9KBATOPHAIBHBIX KOODIMHATAX, KOTOPBIE O0YCIIOBJICHBI
TOIUIHON abeppaliueii.

st onpeiesieHnst BeIMIMHBI BHOCUMBIX abepparueil monpaBok B « 1 § 331 06PATHMCs K 9KBATOPUAIBHOI
cucreme koopauHar (puc. 6.11).

OKJIMIITUKA

IKBATOP

\ M M
Puc. 6.11: Bausuue rognaroii abeppaliuy Ha 9KBATOPHUAJIbHBIE KOOPIUHATHI 3BE3/T
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Ha stom pucynke og(g, 0p) — HecMeleHHble abeppalieil KoOpAuHaThl 3Be3bl, o (v, §) — BUIAUMOE [I0JI0ZKe-
HEe 3Be3/bl, Nooy — abeppanuoHnoe cMerienue K anekcy (1. A), nosirora koroporo NTA = Lo — 90°.

OmpeenuM 3HAYEHUS TONPABOK A = (g — Qppy B AF = dg — Ipuy.

31ech ag, §g — OyIeM Ha3bIBAThL CPEJIHUMU KOOPIUHATAMU, CBOOOJHBIMEI OT BJIMSIHUSA TOJMYHON abeppaliuu.
OO6BIYHO UMM ABJIAIOTCA KOOPAMHATHI 3BE3/IbI HA, IATY HAOIIOAEHNUST, B KOTOPBIX YITEHA IPENECCHs I COOCTBEHHBIE
JIBUZKEHMUSI.

[Iposenem ayry Nol', mapauieabHyo HeOECHOMY SKBATOPY MK COEPUIECKUIT TEPIIEHIUKYIISIP K KPYTY CKJIO-
HEHUS 3Be31bl. PaccMarpuBas Masblil cepudecKuil TpeyroabHuK oogl’, MOXKHO 3alliCaTh:

ool = Ad=o0c0pcos@) = ksinfcosQ,
ol = Aacosd=o0psin@Q = ksinfsinQ. (6.30)

s packpbITHs IpousBeaenuii sin 6 cos @ u sin 6 sin QQ o6paTtumMcst K chepruIecKOMY TPEYTOJbHUKY «3BE3/1a—
anekc—rtouka My sKkBaTopay:

sinfcos@ = cos AMysinogMy — sin AMy cos oo My cos AMyog — 10 dhopMmyse It 3JIeMEHTOB,
sinfsin(Q = sin AMysin AMyoy — 1o dpopMyJie CHHYCOB. (6.31)
3xecs NogMy = dy.

Hasee, nyis onpenenenus apyrux seauuud B (6.31) obparumcs x cdepudeckomy tpeyrosibauky 1AM,
3JIEMEHTaMU KOTOporo sipisitorcss N1 A = Ay — mosrora anekca, NT My = ag — IpsiMOe BOCXOXKIEHIE 3BE3.IbI
U U3BECTHBIA YroJI € — yroJl MEXKJLY SKJIUITUKON U 3KBATOPOM.

3amernm, uro LogMyT = 90°, T. K. KpyT CKJIOHEHUSI 3B€3/1bI IIEPIEH UK YJISIPEH 3KBATOPY. JTOT YIOJ COCTOUT
u3 jiByx yrios: ZAMoog u ZAMyT. Tlostomy

cos AMoog = sin AMyT,
sin AMyog = cos AMyT — 1o dhopMmyiaM TpUBEIEHUS. (6.32)

3uaueHust psifia BeJIMYMH B IIPaBoil acTu coorrourenunit (6.31) naiinem u3 tpeyronabauka T AMy ucnonb3ys
ypasuenus (6.32) no ¢popmysiaM KOCUHYCOB, CUHYCOB M IISITH 3JIEMEHTOB COOTBETCTBEHHO.

cos AMy = cos Ay cosag+sin Ay sinagcose = sin Lg cos ag + cos L sin ag cos g,
sin AMg cos AMpog = sin AMysin AMyT = sin A4 sine = cos L sine,
sin AMysin AMpog = sin AMgcos AMyT = sinagcosAg — coSagsin Ay cose =
= sinagsin Ly — cosagcos L cose. (6.33)

ITocsie BHECeHUsI Beex TOIyUeHHBIX B (6.33) BeamanH B dhopmysl (6.30) u (6.31) mosydnm 3HAUEHUST HCKOMBIX
passnocreit Aa u AJ.
OKOHYATEIBHO ITOJIY IUM:

Aacosd = k(sinagsin Lg — cos o cos L cose),

Ad = k(cos Lgsindg cos ag + cos L cose(tan e cos g — sin ag sindy)) . (6.34)

ITpu BBIBOKE 3TUX (DOPMYJI MBI IIOJIy YU BhIPAXKEHUs [JIs pasHocreil (g — «), (69 —J), rue «, § — BuauMbIE
KOOD/IMHATHI 3BE3/IbI, M3MEHEHHBIE TOIUYHON abeppanyeii.

B AE pasnoctu Aa, Ad paccmarpuBaeTcst B embiciie (o — o) u (§ — dp), TOra 3HAK B 9TUX COOTHOIIEHUSIX
U3MEHUTCs Ha OOPATHBIIA.

PaccmoTpuM cTpyKTypy 1Oy 9eHHbIX (hopMyIL. 31eCh YI00HO BBIAEIUTH JBa TUIA [APAMETPOB: II€PBbIE U3-
MEHSIIOTCSl CO BDEMEHEM B TeUeHUe rojia (OHU CBI3aHbI C JIOJINOTON alleKca), HO B 33JIAHHYIO ATy OHU OJMHAKOBBI
JIJTST BCEX 3BE3JT; BTOPBIE — 3aBUCAT TOJBKO OT SKBATOPUAJIBHBIX (OOBITHO CPETHNX) KOOPIWHAT 3BE3.IbI, BUIMOE
MECTO KOTOPOH CJIEILyeT OPEIE/IUTD.

ITepsbie npunaTO 0603HaYATH 3aruaBabiMu OykBamu (C, D), BTOpble — MaJIbIMUA OYKBAMU, PA3IEJIbHO JIJIs
OpsIMBIX BocxoxAeHuit (¢, d) n ckionennii (¢, d').

c
D

kcos L cose,
ksin Lg. (6.35)

Majyibivu 6yKBaMu 0OO3HAYMEHBI CJIEITYTOIIE BEJIUNINHBL:

¢ = cosagsecd,

sin ag sec dy,

¢ = tanecosdy — sin g sindg,

d = cosagsindp. (6.36)
76



VKazaHHbIE BEJNINHBI BXOAAT B (DOPMYILY I HAXOXKJEHUS [TOIPABKH HA a0ePPAIUIO B IIPSIMOM BOCXOXK/Ie-
HUM U CKJIOHeHuW. Pazsenenne 3Tux mapamMeTpoB OBLTO BBEJIEHO BliepBble beccesieMm, n hopMysibl B TAKOM BU/JIE
oy Hazsauue gpopmyn Becces.

[TockoJIbKY TTOTIPABKH B IPsIMOE BOCXOXKJECHUE OIPEJIEIAIOT BO BpDEMEHHBIX €JIMHUIAX, TO B IapaMeTpax ¢, d
BBOJAUTCS MHOXKHUTENb 1/15.

Uraxk,

Cec+ Dd,
ccd + Dd'. (6.37)

a —
0 — do

Saruiasuble 6yksol C, D B (6.37) HA3BIBAIOT PEAYKIMOHHBIMU BEJIMIMHAMY, UX 3HAYECHU HA ATy HAO/IOIEHUsI
nmetorcs B AE. Tonuunyto abeppaliuio 0ObIYHO YUUTHIBAIOT C IIPEIeCCueil, HyTamueil 1 COOCTBEHHBIM JBUYKEHUEM
3BE3/1.

s Gosibioro ducia 38e31 B AE npusoauTces Tabiinia uX «BUAUMBIX MecT» depe3 10 KyJabMuHamil Ha Ha-
YaJbHOM MepujuaHe. J1a aheMepuia Mo3BOJIeT 663 UCII0Ib30BaHNs PEAYKIUOHHBIX Beandud u dopmyd (6.37)
OIIPENIEJIATh TOYHBIE BAIAMBIE KOODINHATHI 3B€3/IbI HA, MOMEHT ee HaDOJIIOIeHNs Ha KOHKPETHOM MEpUINAHE.

Bompocsi

1. Kakue dusnyeckne pakTOphI JIEXKAT B OCHOBE sIBJIEHUS abeppalun’
2. Yro Takoe MOCTOsIHHASI MOJIUYHOMN abepparuu?

Onuiure XapakKTepuCTUKU abePPAIMOHHOIO SJLIUIICA.

L

Yro 3HaunT IIOJIYIUTb BUIUMOE MeCTO 3B€3,[Lbl?

5. IloueMmy B 3BE3HBIX KATaJOraX IIPUBOISATCS JIMIIb TOYHBIE CPEIHUE KOOPIUHATHI 3BE3JI JIJI 33 aHHOIM
snoxu’
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I'maBa 7

V3meneHnune koopamHaT 3BE3/I,
00ycCJIOBJIEHHOE N3MeHeHIeM CaMoii
CCTeMbI OTCYeTa KOOPJAMHAT

7.1 BekoBoe m mnepuoamyecKoe M3MeHeHNe KOOPIMHAT 3Be3]I BCJIe-
CTBHUE MNpeleccu U HyTalnuu

T'ytaBHBIM coflep2KaHIEM 3TOM TVIABBI ABJISETCH BOIIPOC O TOM, KAKHE U3MEHEHNS B KOOPIUHATHI 3B€3]] BHOCUT TOT
dakT, 9TO CO BpeMeHEeM He COXPAHSETCS B IIPOCTPAHCTBE MOJIOYKEHNE TeX IJIOCKOCTeH U HAIPABJICHU, KOTOPbHIE
UCITOJIB3YIOTCA TIPU ONPEEIeHNH CAMUX KOODJIUHAT HEOECHBIX 0OBHEKTOB.

B namem Kypce He pa3 yIIOMHHAIOChH, YTO OCh CyTOYHOTO BPAIIEHUsT 3eMJIH HE COXPAHSIET CBOETO MOJIOYKEHNUSI
OTHOCHUTEJIFHO 3Be3/l. JIUIb TOJILKO Ha OYEeHb MAaJbIX IPOMEXKYTKAX BPEMEHN MOYKHO CUHTATDb, 9TO OCh 3eMJIN
ocTaeTcs NapaJlJIeIbHON caMoii cebe, BCIEICTBIE Yero MOJII0C MAPa HE3HAUUTEIHLHO CMeNaeTcst cpeiu 38e31. 11o
MCTEYEHUN JECSITKOB, COTEH U DOJIee JIeT N3MEHEHUsI CTAHOBSATCH JIETKO OOHapyKuMbiMu. [losroc Mupa, Kak Mbl
3HAEM, SIBJISETCS TVIABHOUW TOYKON IIPU CO3AHUHN SKBATOPHAIHLHON CHCTEMBI KOODIMHAT.

[lepBBiM yKa3aJ Ha U3MeHEHHE KOODAMHAT 3BE3]1 CO BpeMeHeM Besindaiiimmit acrponom /Ipesuero mupa [Mum-
napx (II B. 1o 1. 3.). Pacnosaras HabIi0eHAsIMY IOJIOXKEHUIT SIPKUX 3B€371 30AUaKaJIbHOIO 110s1Ca B G0JIee PAHHYE
smoxu (IV B. 10 H. 3.) U cpaBHHUBasi UX € COOCTBEHHBIMU HAOIIOMEHUSIME TIOJIOXKEHU STUX Ke 3Be3J1, [uimapx
YCTAHOBUJI, YTO SKJIUNTHYECKUE JOJTOTHI 3TUX 3Be3[] YBEJINUUBAIOTCH, TOLAa KaK IMIHUPOTHI UX OCTAIOTCS HEM3-
MEHHBIMU.

[TockonbKy B TO BpeMsi aCTPOHOMBI CUUTAJIN CAM <«3BE3/IHDII KapKacy HA HeOe HEM3MEHHBIM, TO ObLI C/IeIaH
BBIBOJI, YTO HA TAKYIO BEJIMUNHY CMECTUIJIACH OTHOCUTEIHLHO 3B€3/] TOUKA BECEHHET'O PABHO/IEHCTBUS, sIBJIAIONIASICS
C JIDEBHUX BPEMEH HYJIBIIYHKTOM OTCYeTa KOOPAWHAT. I'MIImapx onpee/n He TOJIbKO HAIIPaBJIEHNE CIBUTA ITOM
TOYKH, HO ¥ IPUOJIMKEHHYIO BEJIMUNHY CMEIIECHUSI.

Cwmerrienne TOYKH BECEHHEI'O PABHOJIEHCTBUS K 3aI1a 1y, HABCTPEUIY BUIUMOMY rojoBoMy JBuzkennio CosHia
10 9KJIMITHKE, ObLIO HAa3BaHO ['mmmapxom npedsapenuem pasHodenHCcmMEUs, KOTOPOE BIIOCIEICTBAN IIOJIYIIIIO
JIATUHCKOE HA3BAHUE NPEUECCUL.

IlepBoe oObsicHeHUE sIBJIEHUS NPENECCHH KaK OJHOIO M3 CJIEJICTBUI TEOPHH I'PABUTAIAU NPe IOk Hbro-
TOH. Doultee JleTasibHOE pa3BUTHE TEOPUU IIPEIECCHM KaK (PU3NYECKOI'O sIBJIEHHd IMOJIy4mHyIo B Tpynax Jlamraca,
ocHoBareJ sl HEOECHOI MEXaHWKH, a B IoCaeACTBUHN B Tpyaax Jlamambepa u JI. Ditnepa.

Urak, mpereccueil Ha3bIBAIOT BEKOBOE M3MEHEHNE HAIIPABJICHWS 3€MHOIl OCH B IPOCTPAHCTBE, BBI3BAHHOE
BO3MYIIIAKOIIM rpaBATAMOHHBIM feticTrBueM Jlyuer u CosHila Ha u30BITOYHBIE MACCHl 3€MJIHA, COCPEIOTOYECH-
Hbl€ B 9KBATOPUAJIBHON IIOCKOCTU 3eMHOr0 dJjutniicona. [Ipu sToMm Bo3HMKaeT mapa Cuii, KOTOpas CTPEMUTCS
[IOBEPHYTH ILJIOCKOCTH 3€MHOI'O SKBATOPa OKOJIO JIMHUU PABHOJEHCTBUS M COBMECTHUTH IIJIOCKOCTH KBaTOPa U
SKJIUIITUKH.

O/HaKO COOCTBEHHBIN MEXaHUYECKUI MOMEHT CYTOYHOI'O BDAIIEHUST 3eMJIN HACTOJIBKO BEJIHK, UTO Ta I1a-
pa CWJI BHOCHUT JIMIIb HeGOJIbIIOE JONOjHeHue Bpamiennio 3emin. OrpoMHOCTH [epuoja Iperneccur (OKOJIO
26000 JieT) IPUBOAUT K MEJJIEHHOMY CMEILEHUIO 36MHOM OCH, &, CJIEI0OBATEIHHO, U HEGOJIBIIOMY CMEIIEHUIO [II0C-
KOCTH 9KBaTOPa U JIMHUY PABHOJEHCTBHUS B IIPOCTPAHCTBE. TakuM o0pa3oM, n3MeHeHnEe KOOPIMHAT BCJIE/ICTBUE
[IPETeCCHy HOCUT BEKOBOM xapakTep. OOIree siBJIeHIE BPAIIATEIHHOTO JIBUKEHNsI 3eMJIN BOKPYT €€ IEHTPa MacC
SIBJISIETCS KapINHAJIBHBIM BOIIPOCOM aCTPOHOMUIYECKONH HAYKH, BBI3BIBAIONINM KUBOW MHTEPEC KaK ITPAKTHKOB —
ACTPOHOMOB U T€0JIE3UCTOB, TAK U TEOPETUKOB.

MrHoBeHHas ocb 3eMJid ONpEe/isseT B IIPOCTPAHCTBE OYEHb BAaXKHOE HAIPABJIEHNE, K KOTOPOMY OTHOCST
[TOJIOYKEHUs CBETMJI Ha HeOecHO! cdepe 1 MOJI0KEHNE IIyHKTOB HA 3€MHOI ITOBEPXHOCTH.
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Ha npuBeieHHBIX HM2KE PUCYHKAX [TOKA3aHO IIPOCTPAHCTBEHHOE JBU2KEHUE 3€MHON OCH U JIMHUU PABHOIEH-
CTBUsI M OTOOpasKeHHOe Ha HebecHOi cdepe MemeHHOe (BEeKOBOe) cMerenue nosoca mMupa (P, Pa, ..., By)
CpeJii 3Be3]] OTHOCUTEIBLHO TOJIIOCA SKJIUIITUKNA, OOYCJIOBIEHHBIE KaK IIPeleccueil, Tak 1 HyTaluei.

[naHoe BO3MyIIatomiee Jeiictere Ha 3eMitro okasbiBaroT JIlyna u CostHile. 9TO caMoe KpYITHOe BEKOBOE BO3-
MYIIIeHre 3eMHOI OCH, TTOJIyIUJI0 Ha3BaHUe JIyHHO-COTHETHO mperieccnu. [Ipn aToM 3emMHas och, KaK U3BECTHO,
ONMCHIBAET OTHOCUTEJHHO MEPIIEHANKYIISAPa K INIOCKOCTH SKJIUITAKN KOHIIECKYIO IIOBEPXHOCTH C TEJIECHBIM yT-
JIOM B 2¢€.

Bosmymiatoriee jeiictBue JIyubr u CosiHia Ha 3eMJII0 TIPOSIBJISIETCS JIBOSIKO M C Pa3HBIME Itepuojamu. x
paccMaTpUBAOT pa3jiesibHO. Teopust JIyHHO-COJIHEYHOM MIPENecCuy pa3paboTaHa B IIPeJIIIOJIOKEHIH, YTO opbuTa,
JIyHBI B IEpBOM NPUOINKEHNN COXPAHSIET CBOE IIOJIOXKEHUE OTHOCUTEIHHO 36MHOI'0 SKBATOPa HEM3MEHHO.

OHaKo Ha JAHHOE BEKOBOE BO3MYIIEHNE HAKJIAIBIBAETCS, YTO OBLIO YCTAHOBJIEHO W3 HAOJIIOJEHUMH, Ipyroe,
CPABHUTEJIBHO KOPOTKOIEPHUOINIECKOe BO3MYyIeHne, Koropoe Buocut Jlyma. B pesymbrare sToro och 3emin
COBEPIIIAET OKOJIO CBOErO CPEJHErO IIOJIOYKEHUsI PA3JINYHbIE MEJIKHe KOJIeOaHMs, KOTOPBbIE HA3BIBAIOT HYMaUU-
eti. ['1aBHOe HyTalmoHHOE KoJiebaHue 3eMHOI ocu nmeer mepuoj B 18.6 1. 3a 970 BpeMsi IPOUCXOIUT IOJIHBIMA
[TOBOPOT JIMHWUM JIYHHBIX y3JI0B B IpocTpaHcTBe. CJie/ICTBIEM STOTO SIBJISIETCS CYIECTBEHHOE M3MEHEHUE ILJIOCKO-
CTH JIYHHOI OPOUTHI OTHOCUTEJBHO 36MHOIO SKBATOPA, B PE3YJIHTATE U€r0 C YKA3AHHBIM ITEPUOIOM M3MEHSETCS
ckironenne JIyupl. TakuM 00pa3oMm, BEKTOD JIYHHOTO BO3MYIIEHUS UCIBITHIBAET MOBOPOT B IPOCTPAHCTBE OTHO-
CUTEJILHO 36MHOTO 9KBATOPA, IJe PACIOJIOKEHBI N30BITOYHBIE MACCHI 3EMJIN.

IImockocTh
SKJIUNTUKN

/
Yo 3.c. /

(Y‘)

Puc. 7.1: IBukenune 3eMHOI OCH BCJIEJICTBUE TIPENIECCUN U HY TAITUU

Tak, B 4aCTHOCTH, B I'OJIbI, KOIJIa BOCXOJIAIIUI y3€e/I JIYHHON OpOUTHI COBIIAJIAET C TOYKOW BECEHHET'O PABHO-
JIEHCTBUS (J0JINOTa BOCXOAIIETO y3/1a A 0= 0°) siynHag opbuTa COCTABJISIET MAKCUMAJILHBIA YTOJI C 9KBATOPOM.
Ckitonenne JIyHBI TOMIa MOXKET JOCTHYDb 3HAUCHUSI:

8y = +(23°26' +5°09') ~ +28°. (7.1)

Yepes 9 Jier B TOUKY BECEHHETO PABHOJAEHCTBUS NPUXOIAUT HUCXOMASIIUIL y3es (J0Irora BOCXOILIIEro y3Jia
)‘SZ = 180°). B arom ciiyuae siyHHAsT OpOUTA OKAXKETCs [OJL SKJIUITUKON, CKJIOHEHUE JIYHbI B 9TH I'OJ(bl MUHU-
MaJIbHO:

8y ==£(23°26" — 5°09') ~ +18°. (7.2)

Ha puc. 7.1 nokazano coBMecTHOE I€HCTBHE HA 3EMHYIO OCh JIyHHO-COJTHEYHON IIPEIeCCUU U HYyTAIIAMN.

SIBjIeHNe HyTAIUW, CBA3AHHOE C TIEPUOJNIECKUME KoslebaHnsIMu KoopamHatT 38e37, (18.6 sier), 6b110 06HADY-
KeHno u3 Habsonennit bpagmeem B 1747 r. Im ObLIn Tak»Ke OmpeeeHbl TapaMeTPhl HYTAIIMOHHOTO JIIUIICA
(9.2"”; 6.9”) u opuenTanus ero oceii: GOJbIIAs OJAYOCh HYTAIMOHHOIO 3JUIUICA PACIIOJNOXKEHA BJOJIb KOJIOPA
costHIIeCTOSTHMIT. BcesiepcTBrue HyTanmuum HECKOJIBKO M3MEHSIeTCS HAKJIOHEHHE 9KBATOPA K IKJIMIITUKE U J0JIrOTa
TOYKU BECEHHErO PABHOJIEHCTBHS 10 OTHOIIEHUIO K €€ CPEIHEMY IIOJIOKEHHUIO, OOYCIOBJIEHHOMY IIPEIECCHEN.

B nacrosiiee BpeMsi yCTaHOBJIEHBI IPYTIHe MeHEe 3HAYUTEJbHBIE 110 BEJININHE KOJIeOaHus 3€MHOM 0CcH, KOTO-
pble CBsI3aHbI C HEOOBIYANHO CJIOXKHBIM JiBHKeHneM JIyHbl. OHEM Tak»Ke MOJIy /I Ha3BaHue HyTamuil. [J1aBHbIM
rmapaMeTpoM IIPU MX Pacyere sBJISIeTCS JI0JI'0Ta BOCXOISIIEro y3JIa.

THonooicenusn noaroca mupa, Hebecho20 IKEAMOPA U MOYKU BECEHHE20 PABHOJEHCMEUSA, KOTOPYLE 00YCAOBAEHDL
BEKOBHIM BAUAHUEM AYHHO-CONHEYHOT NPEUECCUL, HA3BLEAIOM CPEJHUMU, G UL COOMBEMCMBYIOULEE NOAOIICEHUE,
0byca08aeHHOE HYMAUUET, HA3DIBAIOM UCTNUHHBLMU.
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Puc. 7.2: ITonoxkenne cpeHEro ¥ UCTUHHOTO MOJIIOCOB Ha MHTepBaJjie BpeMeHu 18.6 roja

Ha puc. 7.2 cunycounaibHOI JTUHUEH MIOKA3aHO JIBUYKEHIE HCTUHHOI'O II0JIFOCA, IITPUXAMU Ha CILJIONIHON JIyTe
[TOKA3aHBI TIOJIOKEHUS P1, P2, - - ., Py, CPEIHIX MIOJIOCOB B PA3JINIHBIE SIIOXH, a 3arjlaBHbBIMU OykBamu P,, — TOYKH,
0003HATAIONINE PA3IUIHBIE TTOJIOKEHNST ICTUHHOTO TOJIOCA OTHOCUTEILHO CPETHEro Uepe3 UeTBEPTH TIABHOTO
nepuona wyrtanuu (18.6 roma). Orcioga BugHo, uTo B Toukax P, P, P, ckasbiBaercsd HanbOJIbINAs HYTAIs
[0 HAKJIOHHOCTH, & B JPyTUe TOJbl MAaKCHMAJIBHO NPOsBIsAeTcsa HyTaiws 1o goarore (P, P3). CoBmecTHOe
BJIMSTHYE Ha BPAIAONLYIOCT 3eMJIIO IIPEIEeCCU U HyTAIIMK ITPUBOIUAT K TOMY, UTO ITOJIFOC MUPa — BaXKHasi TOYKA,
B CO3JAHUU 3KBATOPUAJILHON CHUCTEMBI KOOPAMHAT, MEIJIEHHO CMEIasiCh CPEIN 3BE3]I, IBUXKETCS IO CJIOXKHOM
KPUBOIA.

7.2 N3meHeHUe CcpeJIHUX KOOPJAMHAT 3Be3]l JIyHHO-COJTHEYHOI Iperiec-
cueii. IlocTossHHBIE Ipenieccun

Paccmorpum BiusiHEE JIYHHO-COJIHEYHOM MPEIECCHE Ha, SKBATOPUAJIbHBIE KOOPJAWHATHI 3B€3]] (v, §, KOTOPbIE II0-
JIYIIJIN HA3BAHUE CPEJHUX. DTH M3MEHEHUsl, KaK ObLIO YK€ yKa3aHO, OOYCIOBJIEHBI U3MEHEHUSIMU TIOJIOXKEHUSI
[OJTIOCA MUPa, HeGECHOTO SKBATOPA U TOYKH BECEHHEIO PABHOJEHCTBUS, CMEIIAIONIEHCs K 3ama/ry, YTO CKa3biBa-
€TCsI HEIIOCPEJICTBEHHO Ha BEKOBOM BO3PACTAHWH SKJIUIITHIECCKHUX JIOJTOT 3BE3].

st onpeiesienus usMenennii cpeqaux koopauaar (Acw, AJ) 3a HEKOTOPBIi I€PUO, BpEMEHH T, 00yCIOBJIEH-
HBIX JIYHHO-COJIHEYHOI! Iperieccueit, obparuMcs K pucyHky HebecHoil cdepol (puc. 7.3), Ha KOTOPOM HOKA3AHBI
OCHOBHbIE JINHUU U HAIIPABJIEHUs], CBSI3aHHbBIE C SKJIUITHIECKON U 9KBATOPUAJIBHON cucTeMaMu KoopauHat. st
HAXO0KJIEHUSI 9TUX IOMPABOK HEOOXOIMMO CPABHUTD 9KBATOPUAJIBHBIE KOOPIUHATHI 3BE3/IbI B JIBE IMOXU — HEKO-
Topyto dukcuposantyio smoxy (Tp) u Apyryto, orcrosinyio or nepsoii Ha T — Ty = 7 ser. Ha sToM pucyHke
[TOKA3aHO Pa3HOE MOJIOXKEHNE IKBATOPA M TOUYKM BECEHHEIO PABHOJIEHCTBUS B yKa3aHHBIE SMOXU. B Ipeap Iy Iy o
snoxy Tj TOJIOC MUPa Ha HAIEM PUCYHKE HAXOIUTCS BHE YepTeKa, a 9KBATOP PACIOJIOXKeH Bhime. Ha aToM xke
PHUCYHKE TTOKAa3aHbl KOJIOPBI COJHIIECTOSTHAN U PABHOJIEHCTBUSI B 310Xy 1', KpyT mupoThl 3Be31161 Lo K u Kpyr
ckyionennst PoM B snoxy T

3nech To u T — MOJIOKEHUsT TOYEK BeCEHHEro paBHOeHcTBU B 3moxy To u T'. dyra 1T uamepsier Bemanny
[TOJTHOM TIPEIeCCHU TI0 JIOJTOTe 38 yKa3aHHBIN mepuon BpemeHn 1 — Tj. DTO CMeleHne TOYKNH PABHOJIEHCTBUS
CKa3bIBAECTCs HA yBEJIMIEHUU SKIUITUIECKUX JOJITOT 3BE3/I.

OKJIMIITUKA

Puc. 7.3: BekoBoe nsmeHeHne 5KBaTOPUAJIBHBIX KOOP/IMHAT 3BE3/IbI IIpeIeccuei

TaK, €CJIM B 30X KJIAIITHYECKAS JIOJI0Ta 3BE3/1bI ObLI TO B 30X JIPOTA 3BE3IbI T .
Uraxk, ec snoxy 1o 3 ecKasl JIOJITOTa 3Be3JIbI ObLIA \g, TO B 310Xy 1’ HOJITOTa 3BE3.IbI OyAeT Ao+
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ITupora 3Be3npl (NoK) ocranack npexHeil. BekoBoe cMelenne TOYKU BECEHHETO PABHOJECHCTBHs U 9KBATOPA,
Kak OBLIO yKe OTMEYEHO, BHOCUT HEOOJIBINNE N3MEHEHUsT 9KBATOPUAIBHBIX KoOpAuHAT Aa, AJ cO BpeMeHeM.
TlosToMy mX m3MeHEHUsT MOYKHO IPEJICTABUTH B BUJE MOHOTOHHO YOBIBAIOIIETO MATEMATUIECKOTO PSIIA, KAKUM
MoxKeT ObITh psim Teitaopa.

Urax, ecin «vg, §g — cpesiHue KOOPJUHATHI 3Be3/] Ha 310Xy 1), TO UX 3HAYEHUsI JJIst STOXU 1 MOXKHO TpeJi-
CTaBUTh Yepe3 IIPOU3BOJIHBIE ITUX KOOP/JUHAT 110 BDEMEHH B BHJIE:

da (T —Tp)? &«

A5 (T —Tp)? 25
6y = (T-T)2 10/ a0 :
0~ ( gt ae (7.3)

Tosibko TIpU GOJIBIION PA3HOCTH 30X CJIEAYeT yIUTHIBATH IMPOU3BOJHBIE 00Jiee BBICOKHMX IMOPSIKOB. Fcym
pasuoctb 3n0x (T — Tp) < 10 jer, TO NpU HAXOXKJIEHUW 3HAYEHUI CPENHUX KOODJMHAT 3Be31 Ha 3moxy T
(oTHOCHTENBHO MX 3HAYEHMI B (PUKCHPOBAHHYIO 310Xy 1)), 663 CHUMKEHUS TOYHOCTH UX ONPEJIEJICHUs MOYKHO
OI'DAHUYUTHCH [EPBLIMU POU3BoAHbIMU: da/dt u dd/dt.

JlJisi orpejiesieHusT TEPBBIX TPOM3BOIHBIX 0OpATUMCS K aCTPOHOMHYECKOMY C(EPUIECKOMY TPEYTOJbHUKY
LPo u dbopmynaM CBa3U 9KBATOPUAILHBIX M IKJIMITUIECKUX KOOpauHAT (cM. riiaBy 3, paszzen 3.5). Ha npuse-
JEHHBIX PUCYHKAX ITOKA3aHBI JIEMEHTHI STOI0 TPEYTOJIbHUKA — CTOPOHLI U yIvibl. 1Ipu 9TOM Hem3MeHHBIME BO
BPEMEHU, T. €. HE3aBUCUMBIMU OT JIYHHO-COJIHETHOW TPENECCuH, SIBJIAIOTCS SJIEMEHTHI: 3, Ag, U €.

Puc. 7.4: Acrponomudeckuii Tpeyroibauk L Po

[TepemeHHBIMU TTApAMETPAME SIBJISTFOTCS UCKOMBIE KOODIWHATHL 3B€3 (v, 0 Ha 310Xy 1, "3MEHEeHNe KOTOPBIX
00yCJIOBJIEHO TIOJTHOM IMIPEIECCHeil Mo JOJIT0Te P, NeHCTBYIONel Ha nHTepBaje Bpemenn 1 — Ty, paBHBII T JeT.
3anmuireM OCHOBHBIE (DOPMYJIBI ACTPOHOMUYECKOIO TPEYTOJbHUKA B BHUJIE:

sind = sinfcose + cosGsinesin(Ag + p),
—cosdsina = sinfsine — cosfcosesin(Ag + p),
cosdcosa = cosfcos(Ag + p). (7.4)

Brauaste mostyunmM 3HadeHne MEPBOIl TPOU3BOIHON CKJIOHEHUS 110 BPEMEHH, UCIIOJIb3Ysl MEPBYI0 (DOPMYIIYy B
rpyue dopmya (7.4):
ds dp
cos 6 — = cos B sin e cos(A —. 7.5
dt s (Ao +p) dt (7.5)
IMoxcraBus B 9T0 BBIpasKeHNE TpeThio (opMmyny u3 rpymnsl dopmyr (7.4) (mpoussesenue cos (3 cos(Ag + p)),
[TOJTY 9UM

do . D
— =sinecosa—. (7.6)
dt dt

U3 370it GOPMYIIBI CIEyeT, ITO BeININHA U 3HAK U3MEHEHUs! CKJIOHEHUI 3aBUCHT OT TPSIMBIX BOCXOZKICHUI
3Be3.. JIETKO MOHSATH, HATPEMED, B KAKO 9acTn Heba CKIOHEHUS 3BE3]] BO3PACTAIOT WA YOBIBAIOT CO BPEMEHEM,
TO €CTh IKBATOP OTHOCUTEIHLHO 3BE3]L OIYCKAGTCS MJIH TO[HUMAETCS.
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Hamee Haiimem IepByIO MPOU3BOIHYIO MIPAMOTO BOCXOXKIEHUsT OT Tpereccun mo Bpemenu. Js atoro mudde-
PeHIUpyeM BTOPOe ypaBHEHHUE, MCIOJb3ysl JJIsl 3aMeHbI TPEThe ypaBHeHHe u3 rpymmsl (7.4) u 3HavYeHWe MOJTy-
YEeHHON MPOU3BOJIHOM CKJIOHeHHUs 110 BpeMeHn (7.6) mosrydmm:

da . . dp
o —tanéblnasms—i-cosea. (7.7)

Otcrona cirefryer, IT0 M3MEHEHUs NPAMBIX BOCXOXKJICHHII BCJIEACTBUE IPEIECCHU CYINECTBEHHO 3aBHUCAT He
TOJIHKO OT NPSIMBIX BOCXOXKJICHUI, HO M OT CKJIOHEHWUiT 3B€3/1, B OCOGEHHOCTHU GJINBIIONIOCHBIX.

B dopmynax (7.6) u (7.7) Bmecro dt BosbMeM (DUKCHPOBAHHBII HHTEPBAJI BPEMEHH, PABHBINA DAZHOCTH 3MOX
AT =T —T,.

IIycrs (T —Tp) = 1 rox, Torma cMerenne TOYKH BeceHHero pasaogeHcTBust (N0 = p) Ha3BIBAIOT 200U4HOU
npeyeccuet no doazome (cM. puc. 7.5). Ee snauenne npuseaeno B AE: 50.29” (2000 r). Kommnonenramu 910
NPEIEeCCHU SABJIAIOTCA TOJAUYHAs NPENECCHsl 10 CKJIOHEHHWIO U NPAMOMY BOCXOXKJEGHHIO: D§ U Po. OBBIYHO HX
HA3BIBAIOT TOCTOSHHBIMU JIyHHO-COJTHEYHON TIPENECCUH TI0 TPAMOMY BOCXOXKJECHUIO M CKJIOHEHUIO. 3HAUECHHUSI
aTux noctosHHbX B AE npusesennr B ciremyomux 0003HAMEHUSAX: Py, = M, Ps = N.

Yo

A% Pa
Puc. 7.5: TlocTosinable TOAUTHON IPENECCUA P: Do U P§

W3 puc. 7.5 caenyer:
Do = PCOSE =1m,
ps = psine =n. (7.8)

Cornacro AE (smoxa 2000): m = 46.1245" = 3.074%; n = 20.043" = 1.33°.

ITapameTpsl m U n BO BpPEMEHHBIX €IMHATIAX UCIOIB3YIOTCS IIPU OIIPEIETICHIH IPSIMOTO BOCXOXKIEHU S 3BE3IBI
Ha s1oxy 1.

Wrak, m3MeHenusi CpeHUX KOODJMHAT 3BE3/IbI, OOYCJIOBJIEHHBIE BJIMSTHUEM JIyHHO-COJTHEYHON IIPEIECCHH,
MOYKHO 3aIliCaTh depe3 3TH KOHCTAHTL: U3 puc. 7.5 ciaemayer:

a—ay = (m+nsinatand)(T —Tp),
0—0p = mncosa(T —Tp). (7.9)

Kak u3BecTHO, KaxKk/1ast 3Be3/1a UMeeT CBOe COOCTBEHHOE JBUXKEHUE, B Pe3yJibTaTe Yero Ha OOJIbITUX IIpoMe-
JKyTKaX BpeMeHH (B COTHU U TBICAYU JIeT) IPOUCXOJUT U3MEHEHHE KOH(MUIYDAIUH 3B€3J[ B CO3BE3UAX, B TO
BpeMs KaK TPEIeCcCus He BINeT Ha B3aWMHOE PACIIOIOXKEHMe 3Be3 Ha nebecHoit cdepe. [loaromy B dpopmymax
(7.9) K UperecCHOHHBIM U3MEHEHHUAM KOODAMHAT JI0DABJISIOT MX M3MEHEHUsI 33 CYeT COOCTBEHHBIX JIBUZKEHUIT
(cM. puc. 7.6).

Ha puc. 7.6 p = NMM; — cmemnienue 3Be3/bl Ha HeOECHOI chepe OTHECEHHOEe K IIPOMEXKYTKY BPEMEHU B
1 rox. ITapameTpsl, yanThIBAOINE N3MEHEHNE CPEIHAX KOOPAMHAT 3BE3/T 32 'O OT IPEIecCud U COOCTBEHHOIO
JIBUPKEHUS B KazKJ0# KOOpAUHATE (Liq U fi5), HA3BAHBI UX MOAUIHBIM U3MEHEHUEM, KOTOpbIe pejicTaBjieHsl B AE
Ju1st 6outbiioro gucsa 3se3f (cM. tabauiy «CpenHue MecTa 3Be3.» ). Yder u3MeHEHHH KOODAMHAT BCJIEJICTBUE
npeneccun u CO6CTBeHHbIX )]‘BI/I)KGHI/IfI 3Be€3/1 Ha3bIBalOT IIPUBEJICHUEM K SaﬂaHHOﬁ 9IIOXE MJIM PaBHOIAEHCTBUIO.

B 3Be3mHBIX KaTajorax MPUBOISTCA CPEJIHME KOOPIUHATHI 3BE3J] — MX OTHOCAT K CTPOro (pUKCHPOBAHHOM
SII0Xe WU PaBHOIAEHCTBUIO. PUKCHPOBAHHON 3TOXOM sIBJIsieTCsT OOBIYHO HAYAJO TAK HA3BIBAEMOIO 0ECCEnesq
200a, Korja skjunTudeckas jgojrora Counna umeer onpezesennoe 3uadenue (Lg = 280°00'). Dror MomenT
TPOIMYECKOrO Iojla HAXOAUTCs Ha pPyOerke CTaporo M HOBOrO KaJsieHnapHoro roga (31 mexabps — 1 sinBapsi).
Karasorn npaanaroro crojerusi ObLIM OTHECEHBI K s10xe paHOmeHCTBUst 1950. CoBpeMeHHbIE KaTajoru yyKe
nosry4eHnsl Jid snoxu 2000.

7.3 BuauMmble KOOpAMHATHI 3Be3/ Ha MOMEHT HaOJIIOIeHUs

Kak 6b110 panee ykazaHO, peajibHO HAOJIOJAEMBIMA SBJISIOTCS BAIAMBIE KOODJIMHATHI HEOECHBIX OOBEKTOB Ha
nary HabJroieHns. B HUX yIuTHIBAIOT BIMSHIE MHOTUX (DAKTOPOB — FOIUIHON abepparnu, IPerecCuu u Hy TAITUN
3a HEOOXOMMBINT MHTEPBAJ BPeMeHH. BuuMble KOOPAMHATHI BHIYUCISIIOTCS HAa OCHOBE CPEIHUX KOOD/INHAT.
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Puc. 7.6: KoMmoneHTBI COOCTBEHHOTO JIBUYKEHUS 3BE3/L: [ho U [b§

JIJist 3HAYUTELHOTO YUC/Ia 3B€3/], KOTOPBIE MIMPOKO UCIOJIL3YIOTCSA IPU ACTPOMETPUIECKUX HAOJIONCHUSIX,
BHAYEHUS UX Olpyn U Oppy HA JIATY HAOGIIIOJIEHUSI C yUETOM YKA3AHHBIX MOIPABOK MOYKHO IIOJYIUTh HA OCHOBAHUU
coorBercrByomux ddevepus; AE. Dru 3nadenus mganbt depes 10 KyabMuHAnmil 38€3/bl st (PUKCUPOBAHHOIO
MOMEHTa — BEpXHEeIl KyJbMHHAIMU 3Be3/bl Ha HadaabHOM Mepuiuane (cM. tabiuny AE «Bumumbie mecras).
TaMm ke yKasaHa JaTa, KOTJIa y JAHHON 3Be3/IbI HAOJIIONAIOTCS JIBe KyJIbMUHAIMNA B TEUEHUE COJHETHBIX CYyTOK
(kpuTHUeCKast 1aTa).

C obpaTHOl omepanueil IPUXOIUTHCA MUMETh Je/10, KOTJa OT BUJUMBIX, HOJIyYE€HHBIX HEMOCPEICTBEHHO U3
HAOJIIOJIEHUH KOOPAUHAT, CJIELYET MOJIYIUTh CPEJHUE KOOPAUHATHI 3Be3/] Jjid (DUKCUPOBAHHOIO PABHOJCHCTBUSI
BHOBb CO3/IaBA€MOI0 Ha 00CEPBATOPUH KATAJIOTA.

Bompocsi

1. B gem cocrour siBjieHue openeccun u HyTalnuu 3eMHOII ocu?
2. Kakas u3 KOOpZIMHAT 3BE3/1 UCIIbIThIBACT HEIIOCPEJCTBEHHOE USMEHEHNE BCJICICTBUE HpeL[eCCI/II/I?

Yem BbI3BaHA, JOJITOTIEpUOINIeCKasd HyTallusd 3emHOIt ocu?

LN

KaKI/Ie KOOP/JIMHATBI 3BE€3/1 IMOJIyIUJIN Ha3BaHUA Cpe)lHI/IX?
5. Kax yuurbiBatoTcst cCOOCTBEHHbBIE JBUYKEHUSI 3Be3]17

6. Kakune koop/mHATHI 3Be3/] IIyOJIUKYIOTCS B 3BE3/IHBIX KaTajorax! UTo Takoe smoxa Karasora?
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