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BBenenue

Vuebro-MeToauueckoe mocobue «YuebHas IPaKTHKA II0 aCTPOMETPUU» IPEeIHAZHAYCHO IJIS CTY-
JIEHTOB, MIPOXOIAMINX YIeOHYIO MPAKTHUKY 110 aCTPOMETPUU U Te0Ie3UIECKON aCTPOHOMUMU.

VYyebHasi MpaKTUKa 0 aCTPOMETPUN U I'€0e3NIECKONl aCTPOHOMUHM IIPEIHA3HAYEHA, Il [IPaKTHIe-
CKOT'0 3aKpeIjieHns 3HaHUI 1 HapaOOTKM HABLIKOB M YMEHUI 110 KypcaMm o0Ieil u cpepudeckoit acTpo-
HOMHUHN U acTpoMeTpuu. Ha npakTuke cTymIeHTbI JOJKHBI OCBOUTDH KJIACCHYECKHE METO/IbI OIIPEIeICHIST
ACTPOHOMUYECKUX KOOPJWHAT IIYHKTa HAOJOIEHNST U ACTPOHOMUIECKOI0 a3uMyTa HallpaBieHus. Bask-
HOIl 9acThIO MPAKTUKU SABJISIETCsI O3HAKOMJIEHHE C IMPAKTUYECKMM KCIIOJH30BAHUEM Pa3INYHbBIX IIKAJI
BPEMEHU U MO/IyIeHNe HATAJbHBIX HABLIKOB PAOOTHI C CUCTEMAMHU IIO0AIBLHOTO MO3UITMOHNPOBAHNS Ha
upumepe ['NIOHACC (Poccust) u NavStar (CILA).

Baxkneitreit 3agateit acTpOHOMO-TEOIE3NIECKUX OMPEISTICHI SIBISIETCS JOCTUXKEHNE MAaKCHMAJIb-
HO BO3MOKHOI B KOHKPETHBIX YCJIOBUSAX TOYHOCTH OIPeIeseHrsI HCKOMBIX IIapaMeTpoB U obecledeHne
CcTaOMJIBHOCTHU TIO/IYYIAE€MBIX PEe3y/bTaToB. MeToanKy MpoBeIeHus aCTPOHOMO-Te0Ie3NIeCKIX OIpeIe-
JIeHU# 1 uX 00pabOTKHU HAPabATHIBAIUCH 1 (DOPMUPOBAINCEH HA IMPOTSIKEHUN HE MEHEe UeM JIBYyXCOT JIET.
Jl1st rapaHTHPOBAHHOIO ObeciedeHns TpedyeMOil TOYHOCTH M HAIEXKHOCTH IOJIYy9aeMbIX pPe3yJIbTaToB,
METO/IbI T€0Ie3MIECKONl aCTPOHOMUU SIBJISIIOTCS CTPOTO CTAHIAPTH30BAHHBIME, CIIOCOOBLI ITPOBEICHIUS
HabJIIoNeHi 1 00pabOTKHM UX JAHHBIX YKECTKO (pOPMaIN30BaHbl B OPUIMAILHBIX NHCTPYKIIAAX U IIO-
noxkerusix [1-5]. Oxnoit u3 aydmmx monorpaduwmii mo reme sipistercst kaura A. H. Kysuerosa «Ieomesn-
JecKasi acCTpOHOMUsT» [6], OJIHAKO, B HACTOsIIEE BPEMSI, OHA SIBJISIETCsT OMOINOrpadUIeCcKOil PEIKOCTHIO.
[Tocobus [7-9], uznanuble B cBoe BpeMsi B Y paJIbCKOM rocyapcrsenroM yHusepcurere um. A. M. Topb-
KOT0, ceifdac TakxKe MMPaKTHYECKH HEeJOCTYIHBI CTyJIeHTaM, HECMOTPS Ha TO, 9TO HEKOTOPbIE M3 HUX
(cm., nanpumep, nocobue 3. H. Hlykcrosoii [7]) 10 cUX MOp COXPAHWIN CBOIO aKTyaJbHOCTb U HOJIE3-
Hocthb. C JIpyroil CTOpOHBI, YKa3aHHBIE BBIINIE MWHCTPYKIMU, MOHOIpadUH M ITOCOOHUSI OPUEHTHPOBAHDI
Ha WCIOJIH30BAHNAE MPHU HADIIOAEHUSIX KJIACCUIECKUX BBICOKOTOUHBIX ACTPOMETPUIECKUX HUHCTPYMEH-
TOB, KOTOPBIE B HACTOSIIEE BPEMS HOYTHU MTOJHOCTHIO BBIBEJICHBI U3 SKCILIyaTAIIUN U HEJOCTYITHBI ISt
obyuenns cryaeHToB. IIpuMenenre COBpeMEHHBIX I'€OJe3UIECKUX MHCTPYMEHTOB C 9JIEKTPOHHBIMHU CH-
creMaMu (HUKCAINA U3MEPEHUI U HMCIOJIb30BAHNE BO3MOXKHOCTEH CHCTeM TI00AIbHOIO CIIy THHKOBOI'O
[TO3UITNOHNPOBAHKSI IIPH PEATU3AIMHI CJIY>KObI BpeMeH! TpeOYyIOT aJalTalliid KIaCCHIECKUX AJrOpUT-
MOB HalJIIO/IeHns 1 00pabOTKN Pe3yJIbTATOB. B JaHHOM y1IeOHO-METOINYIECKOM MOCOOMU ClesaHa Io-
IIBITKA MAKCHMaJbHO COXPaHUTH CTaHIAPTHBIE PEKOMEHIyeMble METOIbI IIPOBeJAeHUs] HaOJIIONeHNA U
00paboTKu uX AaHHBIX. [Ipr 3TOM METOIUKHU MPUBEIEHBI B COOTBETCTBUE C JOCTYITHON MHCTPYMEHTA Ib-
HOIl 6a30if 1 IpeICTaB/JIeHbl IPEAEIbHO MOIAPOOHO MJIsT TOrO, YTOOBI UX OBLIO BO3MOXKHO HCIIOJIHL30BATD
B LEeJIsIX 00yUIeHHUsI CTYAEHTOB MJIAJIIINX KYPCOB.

ABTOp 6aromapuT COTPYIHUKOB KadeIpbl aCTPOHOMHUHU K IeoIe3uu Y PajabCKoro denepaabHoro
yHuBepcurera uM. nepsoro Ilpesmmenra Poccum B. H. Enpnmnaa E. A. Assakymony, 9. /1. Kysne-
mosa, T. W. Jlepurckyto, II. B. Ckpunuuuenko, H. B. ®@posory, 3. H. IllykcToBy 3a mI0M0TBOPHBIE
00CY>KIEHNS W PEKOMEH ALV,






OnpeesieHne NIMPOTHI, IIONPABKNI
XPOHOMETPA, aCTPOHOMMUYECKOTIO a3UMYTa
HaIlpaBJICHUS

1.1 3eHuTajabHble METOAbI ONpeaeIeHNsI ACTPOHOMMYECKOI INMNPOTHI
MecTa. BriromHeiimme yciioBus HaOJIIOdeHUIA

B senuTasibHBIX criocobax MUpoTa U BpeMsl (JI0JIrOTa) ONPEJIESAIOTCs 0 M3MEPEHHBIM 3eHUTHBIM
PACCTOSTHUSIM CBETHJI, WJIU 110 PA3HOCTSM 3€HUTHBIX PACCTOSHUN CBETWJI, WM U3 HAOIIOMEHUN TPYIII
3Be3/1 Ha, OJIMHAKOBOM 3€HUTHOM PACCTOSTHUU.

PI/IcyHOK 1.1 HapaJIJIaKTI/I‘IeCKI/IfI TPEeYroJIbHUK 1 €T0 9JIEMEHTDI JIJIsd 3a/1a9 FeO,ILe?;H‘IeCKOfI ACTPOHOMUUN

B reosesndeckoii acTpOHOMUN MOPU30HTAJIBHBIE KOOPAUHATHI CBETUI (A, Zy) CUNTAIOTCS U3MEPsi-
eMbIMU, 9KBATOPUAJIbHBIE KOOPAUHATHI CBeTUII (v, §) — U3BECTHBIMHU, a reorpaduvecKue KOOPAUHATHI
[yHKTa HAOJIIO/IEHNsT 1 a3uMyT Hanpasienus (¢, A) — onpegensembivu. CBsI3b MEXKJY OIPEIE/ISIeMbl-
MU, U3BECTHBIMU U U3MepPdAEeMBbIMU BeJIMYUHAMU OCYILIECTBJISETCA 4Yepe3 pelleHHe [1apaIaKTHIecKOro
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TpeyrosibHUKa (CM.pucyHOK 1.1). Boipazkenue
COS 2z, = Sin @ sin o + cos ¢ cos d cost (1.1)

cyTh (GOPMyJIa CBSI3U 3€HUTAJBHBIX CLHOCOOOB acTpOHOMHUUYECKUX onpesesnenuii. B dopmyse (1.1) daco-
Boit yros ectb t =T + u — «, rime T — MOMEHT HaOJIIOJIEHUsI, U — IOIPABKa JaCOB.

Coornorenre (1.1) ucnosb3yem jijist OIEHKU OMUOKH U3MEPEHUs] 3¢HUTHOTO PDACCTOSIHUST B PA3JIMY-
HBIX yCaoBuaAx Habmogenus. [Lycrs mst senuann T, u, @, «, 6 m3BecTHbI ux norpentaoctu AT, Au, Ay,
Aa, Ad. B cuty 9T0r0, 36HUTHOE PACCTOSIHUE Z,, KOTOPOE SABJISIETCsT (PYHKIIMEH BBIMIEIIEPEINCIeHHBIX
BeJIMYKH, OyIEeT comepKaTh COOTBETCTBYIONyI0 omubKy Az. Torma

cos (2o + Az) = sin (p + Agp) sin (6 + Ad) + cos (¢ + Ap) cos (6 + Ad) cos (t + At) . (1.2)

JleByio u npaByto dacTu Bbipazkenus (1.2) passoxum B psj Teisiopa 1o masbiM napamerpam A,
A0, At = AT + Au — Aq. pasioKeHne BeJIeTCS JI0 YJEHOB TIEPBOTO MOPsIKa MaJoCTh. B pesyibrare
OJTY 9UM

(—sinz) Az = (—cospcosdsint) (AT + Au — Aa) + (cos psind — sing cos d cost) Ap +
+ (sin g cos & — cos psind cost) AJ. (1.3)

HpI/IMeHHH K IIapa/lJIaKTUIECKOMY TPEYTIOJILHUKY CbOpMy.HbI CUHYCOB U IIATH 3JIEMEHTOB, IIOJIYYUM

sin z, sin A, = cosdsint,
—sin z, cos A, = cos wsind — sinwcosd cost,

sin z, cos ¢ = sin p cos § — coswsind cost.

IMoncrasisist mostydenuble Beipazkenus B (1.3) u pasgenus obe ero 4acTu Ha HEHYJIEBOE 3HAUCHHE
sin z, (HaburogeHns BOIM3M 3€HUTA B JAHHBIX IIPOrpaMMax He IIPEJIOJIAraloTCss U He HPOBOJIATCS),
HOJTyYMM BBIPazkKeHUe JJIsl OIIpeJIeJIeHNsT ONIMOKI N3MEPEHHOIO 3€HUTHOI'O PAcCTOSHUSA CBeTHIa Az

Az =cos psin Ay (AT + Au— Aa) + cos A, Ap — cosq AJ. (1.7)

U3 soipazkenns (1.7) mosyuanm dbopmysty st olipe/iesieHusl OMMOKH IIUPOTHI MeCTa HaOIIOIeHNUs:

A
SELL Y ) (1.8)

Ap = — tg Ay (AT + Au— A
14 cos ptg Ao ( tAau a)—l—cosAU cos A,

Haumenblnee BinsiHEE HOTPEIIHOCTEl HaA ONpe/leieHre MUPOThl MecTa coryiacHo (1.8) mocruraercs
B ciaydae, korma A, = 0, 180°, T. e. npu Habarodenusaxr 8 mepuduare.

1.1.1 IIpubam>keHHOe orpeneseHne HmpotThbl 1o lloasgapHoii 3Be3ae

[IpubaurkeHHOE OIpese/ieHre MIUPOTHI 110 3€HUTHBIM PAcCTOsTHUSIM 110JIsIpHOI 3Be3/1bI BBIIOJIHSIET-
cd IIepe]], IIPOBEIEHNEM BCeX APYIuX mporpamm Habsromenuii. [lomydennoe mpubirmKeHHOe 3HAYEHHE
IIAPOTHI JTajlee UCIOJIb3YETCs B MPOYMX IIpOrpaMMax HaOJIIOIeHN KaK HadaIbHOE 3HAYUEHHE.

st onpemenieHnsI MUPOTHI 110 HabromeHusiM [1oJISIpHOI 3Be3/IBI M3MePSIIOTCST 3€HUTHOE PACCTOSI-
nue [lossspHOIt ¥ COOTBETCTBYIOINIT N3MEPEHUIO 3€HUTHOIO PACCTOSIHUSI MOMEHT BpeMeHu. s ydera
BausiHus pedPaKIu BO BpeMs HabJoIeHnil (puKCcupyeTcss TeMiepaTrypa u JaB/IeHre aTMOCKEPHI.

Kaxk npasuio, nabsonenus [losipaoit 06pabaThIBaIOTCsI ¢ IOMOIIBIO CIEIUAIA3TPOBAHHBIX TAOJINII
ACTPOHOMHYECKOIO €XKeroJHnKa « TabauIbl it OlpeIe/IeHs] IMUPOTHI 110 Hab oaeHusaM lorsapHoiis.
Huzke npusesieno 060CHOBaHUE METOJA M OMHUCAH CIoco6 (hOPMUPOBAHUsI yIIOMSIHYTHIX Tab/uil [6).

Sataga ompeeseHus IMMUPOTHl MECTa PEIIAeTCs C UCIOJIb30BAHUEM IMapaIaKTUIECKOIO TPEYTOIb-
unka PZo (cm. pucynok 1.2). [Ipumensist K mapa/uilaKTHI€CKOMY TPEYTOILHUKY (DOPMYJTY ISITH SJIe-
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180° — A,

900_(p P

Pucynok 1.2 TlapammakTtudeckuit TpeyroapbHuk PZo g 3amadu MpUOJIMKEHHOTO OIpPeIesIeHnsT IITh-
POTBI 110 3eHUTHOMY paccrogauio [loyspHOi, Tae ¢ — ucKoMasi IMUPOTa; z — U3MEPEHHOE 3EHUTHOE
paccTosiHe CBeTWIIA; t — M3MEePEHHLIN JacoBOi yroJ cBeTuIa; A, — acCTPOHOMUYECKUI a3UMYT CBETH-
ga; p = 90° — § — MoJISIpHOE PACCTOSIHUE CBETUJIA

MEHTOB, IIOJIyYUM

sinp cost = sin(90° — ¢) cos z — cos(90° — ¢) sin z cos(180° — A,),

180°— A
sinp cost = sin(90° — ¢) cos z — cos(90° — ¢) sin z <1 — 2sin? #) ,
. . . . . L, 180°— A,
sinp cost = (sin(90° — ¢) cos z — cos(90° — ) sin z) + 2 cos(90° — ) sin z sin —
180° — A,

sinp cost = sin(90° — ¢ — z) + 2sin psin z sin’ 5

(1.9)
Ilyra 90° — ¢ cOOTBETCTBYET 3€HUTHOMY DPACCTOSHUIO ITOJTIOCA MUPa. FKciu iy HabJIIOIeHU CIIOIb3Y-
ercd [lonapnas 3Be3na, To yros 90° — ¢ — 2 ABJISETCH MAJIBIM YIJIOM, [IOCKOJIBKY 3€HUTHOE PACCTOSTHUE
[MonstpHOit MaJIO OTJIMYAETCST OT 36HUTHOI'O PACCTOSIHUSI CEBEPHOrO MoJioca Mupa. [Ipu Hab/romeHnsx
B CPEIHUX TIHPOTAX CEBEPHOTO IMOJTYIIAPHS, MAJIBIM YoM siBystercss yroa 180° — A,. Taxske mMambiM
VIJIOM $IBJISIeTCS U TOJISTPHOE PACCTOSHUE P.

Takum obpasom, B coorHorennu (1.9) MOXKHO Pas3jIoKUTh B CTEIEHHON PsiJl C yJepKAHUEM EePBBIX

YIEHOB Pa3JIoXKeHusi ciejyromue pyHKimu: sinp, sin(90° — ¢ — z), sin %. Torma mosryanm
180° — A,)?
pcost:90°—<p—z+%sintpsinz, (1.10)

rie o’ = 206264.8 — uncyi0 yIJIOBBIX CeKyHJI B pajuaHe.
[TpuMenus K TpeyroibHuKy PZo hopMy/y CHHYCOB 1 Jlajiee Pa3/IoKUB B Psij (DYHKIUH OT MAJIBIX
YIJIOB, HAXOIUM COOTHOINEHHE /s asuMyTa llomsapHoit

sinp __sinz
sin180° — A,  sint’
int
180° — A, = p 2% (1.11)
Sin z

[Mosnyuennoe Boipazkerue (1.11) mogcrasum B coorrommenune (1.10). Takzke mpu 9TOM ydTeM, 9TO
90° — z = h, tie h — BoicoTa [lossiproil; sin ¢ ~ sin h; sin z = cos h. Torga moryanm

2 .2
pe . sin“t
cost = h — —— sin hcos h——— 1.12
P v 20" cos?2h’ ( )
YTO B UTOTE AT CJACAYIONLYI0 POPMYJLy AJis OLpeae/eHus MUPOTH 110 Iloxsaproit
p2 2
gpzh—pcost—i—wsin ttgh. (1.13)

IIpu cocraBiiennn TabauIl ACTPOHOMHUYECKOTO €KEIOJHUKA, OXBATHIBAIOIIMX [IEPHO BPEMEHH PaB-
HBII o1y, HanboJIee YIO0OHBIM OKA3bIBAETCsI IIPEJICTABIEHIE U3MEHSIIONIIXC OT BpeMeHH BesinauH (),
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p(d) u camux v, § B Bujie HEKOTOPOI'O HAYAJIBLHOTO [OCTOSHHOIO 3HAYEHMsI ILIFOC 3aBUCSAIIAsI OT BDEMEHH
nonpaska: o« = ag + Aa, § = dp + Ad u anasnorununo p(d), t(«). Torma, pasnokus p cost B psif 10
EPBLIX WICHOB H 3aMEHUB p° Ha Pi 1OIydIuM

to = s — ag, po = 90° — 4o,

15
p cost =p cos(s — a) = po cos(s — ap) + — posin(s — ag)Aa — cos(s — o) AJ, (1.14)
@
5 2 15
w="h—pg costy + 57 sin“tg tgh — — posintoAa + costpAd, (1.15)
% %
i
¢ =h+Ap1+ Ap2+ Aps, (1.16)
e
Agp1 = —pg costy, (1.17)
Aps =+ 28 gin?4o teh 1.18
‘102—4‘@51“ otgh, (1.18)
15 .
Apz = —? po sintgAa + costgAd . (1.19)

Tabmibl AcTpOHOMUYECKOTO eXKeroHuKa, « TabJIuIb JJIst OIpeIeIeHus IMUPOTHI TT0 HAGJIIOIEHUSTM
[TonsipHOit» comeprKaT MONPABKA K N3MEPEHHOMY 3HadeHuio BbIcOTHI [lomsaproit B cmbicse (1.16). s
JIOCTUKEHWST 3asiBJIEHHON TOYHOCTH METOJa MOIPaBKa XPOHOMETPA JIOJKHA OBITH U3BECTHA C TOYHO-
CTBIO He XyxKe 1.

1.1.2 Onpe,ueﬂeHI/Ie MIMPOTHI ITO 3€EHUTHBIM PACCTOAHMUAM H02KHBIX 1 CEBEPHbIX 3B€3/,
n3MEepeHHbIM IIp1 OJHOM IIOJIO2KEHUHN Kpyra

Croco6 onpeie/ieHns IMUPOTHI 10 3€HUTHLIM PACCTOAHUSM I0KHBIX U CEBEPHBIX 3BE3/I, N3MEPEHHLIM
B MepHIMaHe IPU OJHOM IIOJIOXKEHHU Kpyra, IPHUMEHsIeTCsS Ha acTPOHOMHYECKHX IyHKTaxX 1 Kjacca.
OrnpeieieHne MIPOTH 9TUM CIIOCOOOM MOXKET ObITH BBIIIOJIHEHO U3 HAOJIIOJIEHUST SIDKUX 3BE3]1, II09TOMY
OH HAXOJUT IIPUMEHEHNE B BBICOKMX IIUPOTaX, Ile HAOJIONEHUS YacTO IPUXOAUTCH BBLINOJHATL IIPU
cBersioM (boHe Heba U JaxKke npu He3axomgdaieMm CoJiHie.

JL71st onpeesieHnst MUPOTHI YKA3aHHBIM CIIOCOOOM HCIIOIB3YIOTCS aCTPOHOMUYIECKIE HHCTPYMEHTHI C
BEPTUKAJIbLHBIMU KPYTaMU OJHO- HJIU ABYXCEKYHIHOI TouHOCTH. ITonpaBka XxpoHoMeTpa doaotcHa ObITh
n3BecTHa ¢ omubKoit He 6osee 0.1°.

Ecmn 23,

CTOSTHIE I0ZKHOI 3BE3IBI CO CKJIOHEHIEM 0% | TO IMIIPOTA MeCTa, HAGIIONCHIS (g MOKET GBITE OIIPe/IeIeHa,
o opmyiie

— U3MEpPEHHOE 8 MepuduaHe U UCIPABIEHHOE TOMPABKON 3a pedpaKIUo 3eHUTHOE Pac-

05 =0+ 25, (1.20)
HpI/I Ha6JIIO,ILeHI/II/I ceBepHoﬁ 3BE3Abl MEXKJ1y 3€EHUTOM H IIOJIIOCOM

oy =" — 2z (1.21)

m>

a [Ipu Ha6JIIO,ILeHI/II/I ee B HUKHel KYJIbMUHAITUNA
on = 180" — (6™ + ). (1.22)

JL71sT TIOBBIIIIEHUST TOYHOCTH PE3YJIBTATOB KaXKIyI0 3Be3/1y HaOJIIOJAI0T MHOIOKPATHO M U3MEPSIIOT ee
3€HUTHOE PACCTOSIHIE KaK B CAMOM MepHIHaHe, TaK U BOIM3HW Hero. V3aMepeHne 3eHUTHOIO PacCTOSTHIST
3BE3/IbI BEJYTCS MOALKO 80AU3YU UeHMPasvhol (cpedueld) sepmukaivrol Humu CeTKu HUTell TPyOb
nHcTpyMeHnTa. HabmoneHust Ha OOKOBBIX HUTSIX HE NPOU3BOIAMCA.

Yrobb! 0c1abuTh U JarKe MOJHOCTHIO UCKJIIOYUTD BJIUSHUE Ha IMHPOTY OIMMUOKHU ITOIPABKUA XPOHO-
MeTpa, HyXKHO 3eHHUTHBIE PACCTOSIHUA KaXKIOW 3BE3/bl M3MEPSTH 0 U IIOCJIE IPOXOXKJICHHUS €€ Jepe3
MEPUAUAH IIPU CUMMETPUYHOM IOJIOKEHUU €€ OTHOCUTEILHO MEpUIUaHa.
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Ommbka mupoTst A, , BRI3BaHHAS ONMUOKON 36HUTHOTO PACCTOSTHUS 3Be3/1bI Az, BBIparXKaeTcst (Hhop-
MYyJION

Az
Ap, =
14 cos A

(1.23)

U MUHUMAJIbHA [IPU HADJIIOJICHUSIX BOIM3U MEPUINAHA.

Ha6umonast B Mepunase napy 3se3j; (F02KHYIO U CEBEPHYIO), MOXKHO OCTIa0UTh BJIUSHIE HA PE3YJIbTAT
OTIPEJIEJIEHNUS] TMUPOTHI OIHUX U TEX K€ CUCTEMATUIECKUX OIMMOOK M3MEPEHHBIX 3€HUTHBIX PACCTOSHUN
9THUX 3Be31. B sToM ciytdae

Az Az
A S _ A N __
Yz = Cos Ag’ Yz = Cos Ay’
Ap, = L (A% Az )y, (1.24)

Tak Kak cos Ag u cos Ay UMeoT pasHble 3HAKH.

BimsiHue Ha IUPOTY, ONPEETCHHY IO OMHUCHIBAEMBIM CIIOCOOOM, HEKOTOPBIX CUCTEMATHYECKUX OIITH-
60K (BBI3BAHHBIX, HAIIPHMED, THYyTHEM TPYObI) 3aBHCHT OT PA3HOCTU 3€HUTHBIX paccTosHuil 38e31. [To-
5TOMY, 4TOOBI B HAUOOJIbIIEH Mepe UCKIIFOUUTD BJIUSHIE TUX OMIUOOK, PA3HOCTH 3eHUTHBIX PACCTOSTHIN
3Be3J1, BXOASAIINX B KAXK/IYIO IMapy, He JOIMycKaoT 6osbire 6°.

PaccmarpuBaeMblii ¢rioco6 ompe/ie/ieHnst MUPOTHl OCHOBAH Ha M3MEPEHHUH B MEPUINAHE 3€HUTHBIX
paccrosiHuii MoJOOPAHHBIX B DBl I0XKHBIX U CEBEPHBIX 3BE3[| IIPU OJHOM IIOJIOKEHUN BEPTUKAIBLHOTO
KpyTa HHCTPYMEHTA.

Ha ocnosanun seipazkennii (1.20)—(1.22), mupora 1o pesyJbraram HaOJIIOIEHNs Tapbl 38e371 (0XK-
HOM U CEBEPHOIT), OLpeIesIseTcsl 10 CJIeYIomuM (hOPMyIIaM.

1 1 1
¥=3 (pn + ps) =90° — 3 ((5N - 55) + 3 (z;i — z%) , Ha ceBepe — HIDKHSA KyJIbMUHAITHS.
(1.25)
1 Loon Loy s N
v=73 (N + vs) = 3 (5 +0 ) + 3 (zm - zm) , Ha ceBepe — BEPXHsAs KyJIbMUHAIMSA. (1.26)

1.2 OcHOBBI omnpeeJjieHnd aCTPOHOMMNYIECKOI'O a3dnmMyTa HallpaBJICHUA

AcTpoHOMHUYECKHUIT a3UMYT HAIIPABJIEHUsT OIIPeIeIsieTCsl KakK JIBYTPAHHBIA yTO MEXKIY IIJIOCKOCTHIO
ACTPOHOMMYECKOI'O0 MEpUMaHa U ILJIOCKOCTHIO BepTHKaJa HU30paHHOIO HalpaBjeHHs. AcCTpoHOMHYE-
CKUl a3UMyT OTCUUTHIBAETCS B INIOCKOCTU UCTHHHOTO TOPU30HTA OT TOUKH Iora S K 3alaly B JUAITA30HE
or 0 mo 360°.

Busyasnbabie ompeneeHnst asuMyTa BBIIOJIHSIOT 110 MHOTOKPATHBIM HAOJIIOACHUSIM SIPKUX 3Be3[
BOJIM3K MepHIuaHa; 110 HAO/II0IEHUIO 3Be3] B MepUIuaHe WK 1o dacoBomy yriy [lomspuoii. Ilepsere 18a
crrocoba, KOTOpbIe MPUMEHUMBI IPAKTUIECK B JIIOOOH TOYKE 3eMHOIO Iapa, HO3BOJIAIOT OIPEIesATh
KaK Te0/Ie3UIECKHi, TaK U aCTPOHOMHUYECKHIT a3UMyT HallpaBjeHus. KpoMe MOEBBIX a3MMyTaabHBIX
M3MEpPEHUi OHU BKJIIOYAIOT B cebsl oIpeaeIeHne a3uMy TaJIbHON JIMIHO-UHCTPYMEHTAILHON Pa3HOCTH Ha,
OCHOBHBIX JIOJITOTHBIX IIyHKTAX.

Crocob ompesiesieHnsT a3uMyTa 1Mo 9acoBoMy yrury IloJstpHOi IPUrofeH K MPUMEHEHUIO JIUIIh B Ce-
BEPHOM IIOJIyIIapHH, B mHTepBaJe mupoT or +10 g0 +60°. Ero mcnonb3oBanne B paiioHax ceBepHee
60-it mapaJiiesin IPUBOANT, KaK IOKa3a/ia MPaKTUKa, K 3HAUUTEIbHBIM MCKAYKEHUSIM a3UMYTOB CHCTE-
MaTHYECKIMU MHCTPYMEHTAJIHLHBIME ITOTPEITHOCTIMHY, JTOCTUTAIOIIMMUI JJIsi BBICOKOTOYHBIX TEOI0IUTOB
U acTPOHOMHMYECKHX yHuBepcasos seanuun 1”7 un Gosee. Creyer OTMETUTE, 9YTO 9TUM CHOCOOOM MOZKHO
OIPEIEINTD JIUIIb aCTPOHOMUYECKUN a3UMyT HAIIPABJICHUS, & sl [IEPEX01a K reole3nIeCKOMY a3uMy-
Ty HEOOXOIMMO BBIIIOJIHUTD €IIle JOJTOTHBIE ACTPOHOMUYECKNE HAOJIIONEHNST Ha ITyHKTE.

OrnpeiesieHre aCTPOHOMIYIECKOIO a3UMYyTa B IIyHKTE C M3BECTHOM IMMPOTO (0 OCHOBAHO HA M3Mepe-
HUM B HEKOTOPBI M3BECTHBI MOMEHT BPEMEHH FOPU30HTAJIHLHOIO yIJIa MEXKIY CBETHJIOM C KOOpIWHA-
TaMd @ U 0 ¥ 36MHBIM IIPEIMETOM.
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CeeTuno

Mg ©

3emMHon M
npegmer

Pucynok 1.3 K onpenenennio azumyTta 3eMHoro npeamera. N'S' — uHCTpyMeHTAIbLHBIH MEpUAMaH, J1JIs
KOTOPOTO OTCYET 110 TOPU30HTAIBHOMY KpyTy Ha ToukKy S’ pasen 0° (nHCTpyMeHTasbHBI for). NS —
UCTUHHBIA MepuanaH. Mg — oTcuer 1o rOPU30HTAJBHOMY KPYry Ha TOUKy tora S. My — orcuer 1o
TOPU30HTAJIBHOMY KDPYTY Ha TOYKY ceBepa N. M — oTcYeT 10 TOPU3OHTAJILHOMY KDYy Ha 3€MHOI
npeamer. M, — oTcUeT Mo TOPU30HTAILHOMY KPYTy Ha CBETHJIO 0. A — aCTPOHOMUYECKUIl a3WMyT
3EeMHOTO TIpeiMeTa. A, — ACTPOHOMHUYECKUH a3MMyT CBeTHIa. () — MPOEKITHS HA TOPUBOHT YTUIa MEKITY
BEPTUKAJIAMHU CBETHUJIA U 3€MHOI'O IIPEJIMETA

IIpu HAOIIOMEHUAX USMEPAEMBIMY GEAUMUHAMY SIBISIIOTCSI OTCYETHI 10 NOPU30HTAJILHOMY KPyTy
na cBetwio M, u Hazemuoil mpemmer M, a Takke MOMEHT BPEMEHU IIPOXOXKIEHUsI CBETHUJIA Uepe3
BepTUKaa ¢ orcuyeToM M,. AcTpoHoMudecKnii asuMyT A, CBETHMIA ¢ U3BECTHLIMU 3KBATOPUAJILHLIMUI
KOOPJMHATAME MOXKET ObITh BBIUKC/ICH 110 pe3y ibTaraM Habsonenuii. Torma, acTpOHOMUYIECKAM a3UMyT
HAIIPABJICHUsT Ha 3eMHOI IIPEJIMET OlpejiessieTcs: cieayonmMu dhopMmytamu (M. pucyHoK 1.3):

Q:MO'_M7
A=Ay —Q=Ay — (My — M) =M — (M, — A,), (1.27)

B KOTOPBIX A — aCTPOHOMHUYECKU a3MMyT HAIpaBJIEHUsI Ha 3eMHOI mpeamer; () — TOpU30HTAIBHBII
YIOJI MEXKIY CBETIJIOM M 3€MHBIM IIPEIMETOM.
Beenem obosznagenne

Mg = M, — A,, (1.28)
TOr /1A
A= M — Ms. (1.29)

Mg HA3BIBAETCS MECTMOM 1020, U SIBJISIETCS OTCIETOM IO TOPU30HTAIBHOMY KPYTY, KOrga TpyOa WH-
CTPpYMEHTa HallpaBJjeHa B TOUKY Iora S. Bemuunnanr M, u () ©3MeHSIIOTCS P HAOIIOACHUN Pa3/IMIHbIX
3Be3] U B pa3Hble MOMEHTHI BpeMeH!. B To 2Ke BpeMsi, MeCTO I0ra He M3MEHSIETCs TP HADJIIOeHUN Pas3-
JIMIHBIX 3BE3JI B PA3HbIe MOMEHTHI BPEMEHU ITPHU 3aJIaHHON U HEM3MEHHOU yCTaHOBKEe WHCTpyMeHTa. Mg
OTSTOIIEHO JIUIIb CJIYYafHBIMU U CUCTEMATUIECKUMU (HAIIPUMED, HEPABEHCTBO TAII(D) MOIPENTHOCTSIMU
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HaOTIOJICHII. DTO JIes1aeT OIpeiesIeHIe a3UMyTa ¢ UCIIOIb30BaHneM BhIpaykenus (1.29) mpeamoaruresis-
HBIM, TIOCKOJIbKY TI03BOJISIET KOHTPOJIMPOBATH TOYHOCTH HAOJIIOeHU 110 3HaueHussM Mg, TIOJIy IeHHBIM
B Pa3JIMYHBIX IpUEMax HAOJIIONEHU IPU OJHON yCTAHOBKE MHCTPYMEHTA.

Yro6bl BEIYUCIUTD MeCcTO fora Mg, Hy»KHO omnpenesinTh asumyT ceetmia A,. [Ipumenss k mapas-
JIAKTUYECKOMY TpeyroibHuKy PZo (cum. pucynok 1.1) Teopemy cuHycoB u (OPMyJly HSTH SJIEMEHTOB,
[IOJIY YUM

sin zsin A, = sint cosd ,

—sinzcos A, = cos psind — sinpcosd cost. (1.30)

Paznesns nepsoe paBeHCTBO HOWIEHHO Ha Bropoe (mosaras, uro z # (), mosmydaum Gopmysty st
BBIYMCJIEHHST A3UMYTa CBeTUIIa (MCIOIBL30BaHO 0bo3HadeHne A | TOCKOIBKY TaK BBIYUCIEHHOE 3HAYMEHUE
a3UMyTa He sIBJISIETCsI OKOHYATEIbHBIM )

cosdsint
tg A =

cos psind — sinpcosd cost ’ (131)
rme t =T + u — «; T — 3Be3mHOE BpeMsi MPOXOXKIEHUs CBEeTWJIOM Beptukasa ¢ orcaerom 'K M, na
MOMEHT HAOJIIOJICHUS 110 YacaM; U — MOMPABKa YacoB ([P MCIIOJIb30BAHUN BPEMEHU CIIy THUKOBBIX Ha-
BUTAIMOHHBIX CUCTEM TIPUHUMAETCS paBHOit Hyo). [Ipn menocpencreennom Borancaernn Al mo (1.31)
HEe0OXOIUMO KOHTPOJIMPOBATL KBAJAPAHT, KOTOPOMY IPHUHAIJIEXKHUT A3UMYT 0 U3BECTHOMY 3HAYCHUIO
YacoOBOIO yIJia M 3HaKaM sin A, u cos A,, nosydernbiM 110 dopmysnam (1.30) (mpu HaGIIOIEHUSIX 3HAK
sin z 3aBEIOMO TIOJIOXKUTENBHBIN, a npu Habmoaennu [lomsproit sin z ~ 1).

OkoHuaTeILHOE 3HAYECHHE ACTPOHOMUYECKOTO a3UMyTa CBETWIA A, BLIYHC/ILETCS C YIeTOM IIO-
[IPABOK 3a CYyTOYHYIO abeppalyio, 3a YCKOPEHHEe 3Be3Jbl 110 a3UMYTY U 38 KOJJIMMAIMOHHYIO OIIHOKY
(asumyT AL, nosyuenusiii 10 dopmyie (1.31), He COMEPKUT YHOMSIHYTHIX HONPABOK U SIBJISETCST TAKUM
00pa30M HMPOMEXKYTOYHBIM 3HAYCHIEM a3uMyTa 3Be3bl). [lonpaBka 3a yecKOpeHne 3BE37bI 110 a3UMYyTY
YUUTBIBACTCS, €CJIM IPU BLIYUCJICHAAX UCIOIL3YeTC sl He HAOIIOAEeHHLI MOMEHT IIPOXOXKICHUs 3Be3 1011
3aJaHHOT0 BEPTHUKAJA, 8 YCPEIHEHHbIN, HarpuMep 1o HabsromenusaM 3se3ab! pu KIT u KJI.

Buas T, u, ¢, @ u 0 u noyb3ysicb dhopmysoii (1.31) u yursi yKasaHHbIE BbIIIE MOMPABKH, MOYXKHO
BBIYUCIIUTE a3uMmyT cBetmwia A,. Haiins asumyr ceeruna A,, moxkHO 110 dopmysie (1.28) BbraucnThb
MecTo tora Mg, a 3aTeM U a3uMyT HAlIpaBJIeHHs HA 3eMHOM mnpeamer a 1o (1.29).

To4HbBIH TOMArOBLIA AJIrOPUTM BLIYUCICHUS aCTPOHOMIYECKOTO a3UMyTa HAIIPABJICHUAS PACCMOTPEH
B pasuese (5.2).

1.2.1 BeirogHeiiinmme ycjoBus onpeaelieHusl a3UMyTa CBETUJIA

[TpuMensist K HapajuIaKTHYECKOMY TPeyroibHuky PZo (cm. pucynok 1.1) dbopmyiy KoTaHIeHCOB
(A.4), osyaum

ctg A, sint —singpcost +tgdcosp =0. (1.32)

D10 BBIpaykKeHUE WCIOJIb3YEeM JIJIsi PACCMOTPEHMsI BBITOIHENIINX YCAOBUN OIPeIeIeHIsT a3uMyTa
CBeTWJIa M3 a3UMyTaJbHBIX Hab/ojgenuii. AsumyT cetusia A, sBiasgerca dyHKIUed M3MEpEeHHbIX U
JaHubix BesmauH: t = T 4+ u — a, ¢ u §. [Homoxkum, 9To ¢, ¢ U § ColMepKAT MaJjble MOrPENTHOCTH
At = AT+ Au—Aa, Ap u Ad, BHI3BIBAIONINE B a3UMyTe CBeTHIa A, HEKOTOPYIO MAJTYIO TIOIPEITHOCTD
AA. Ypasuenne (1.32) npumer ciieayromnuii BT

ctg(Ay + AA)sin(t + At) — sin(p + Ap) cos(t + At) + tg(d + Ad) cos(p + Agp) = 0. (1.33)
Paznoxkum dyuknun B psiy Teilziopa 1 orpaHUYUMCs YJIeHAMU [IEPBOTO HOPSIKA MAJIOCTHU, Oy IUM
ctg Ay sint — sinpcost +tgd cos o —
_sijlg% AA, + (ctg Ay cost + sinpsint) At —

—(tg&sing@—l—cosgpcost)A(p—i—ﬁA(S:O. (1.34)
cos?
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Berunrast u3 (1.34) Boipazkenue (1.32), Haitgem

(cot A, cost + sin psint) sin? A,

AA, = : At —
sint
B (tan d sin ¢ + c?s @cost)sin? A, Ay + cos sin‘2 Ay Ny (1.35)
sin t cos? § sint
ITockonbky
(cot A, cost +sinpsint)sin® A,  cosdcosq dA
sint © sinz  dt’
(sin § sin ¢ + cos @ cos 6 cos t) sin? A, sin A,
: = - , (1.36)
cosdsint tan z

cospsin? A,  sing

cos? dsint sin 2’
rje ¢ — napajulakKTHYecKuil yroJl, TO HOIYYHM CJIeTyIONLyIo 3aBHCHMOCTL ommbku AA, asuMyTa cBe-
THJa OT OIMUOOK M3MEPEHHBIX W JAHHBIX BEJINIHH

A, = B0 AT L Ay~ Aa) +

sin z

in A, .
M0 A+ T A, (1.37)
tan z sin z

e AT — omwmbka momenta T mHabmonenus csetusa; Au — OMMOKA W3BECTHON MOMPABKU XPOHO-
Merpa U (IPU UCHOJIb30BAHUKM BPEMEHHU CIIyTHUKOBBIX HABUIAIIMOHHBIX CHCTEM MPUHUMAETCsI PABHOIL
HyJ0); Ap — omubKa U3BECTHOIO 3HAUEHUs IUPOTHL ©; Aa 1 AJ — OIMOKU IPSIMOIO BOCXOKJICHYSI
U CKJIOHEHUST CBETUJIA.
Brusiane ommbkn gacoBoro yriaa At = AT+ Au— Aa Ha pe3yIbTAT OMPeIeIeHNsT A3NMYTa CBETHIA
A, TeM MeHbIIle, YeM MeHbIIe KO3(hUIUEeHT
dA,  cosdcosq

= 1.
dt sinz (1.38)

T. €. YeM MEHbIIIe CKOPOCTh JBHXKEHUsI CBETHJIA 0 asuMyTy. lIpousBoguas dA,/dt ymeHbIIaeTcs 110
Mepe yBeJIMUeHUsl CKJIOHEHUsl CBEeTWJIAa M obpainaercss B Hyab, Korga § = 90°. Kpowme toro, dA, /dt
YMEHBIIAETCA [I0 Mepe NPUOIMKEHUs CBeTUJIa K SJIOHTAIllud U OOpaIlaercs B HyJb, KOLIa CBETLIIO
HaxouTes B ssoHranuu (cos ¢ = 0). Bangaue onmmbku yacoBoro yria At yMeHbIIAETCsI ¢ YBEJINIeHUEM
3E€HUTHOTO PACCTOSHUS CBETUJIA.

Ommubra A mmpoThl MecTa HaboaeHus u ommbka AJ CKJIOHEHHsT 3Be3/bl OYIYT TEM MeEHBIIEe
BJIMATDL Ha PE3YJILTAT OLUpPEeNesIeHNs] a3UMyTa CBETUJIa, YeM OJIMXKe CBETUJIO HAXOOUTCS K MEPUIUAHY U
yeM OOJIbIIE ero 3eHUTHOE paccTodHne. B Mepuanane BAUSHEE 3TUX OMUOOK OyIeT paBHO HYJIIO.

CaMBIM BBITOJHBIM STBUJIOCH OBI CBETIJIO, PACIIOJIOYKEHHOE B ITOJIFOCE MUPA, T. €. IMEIOIee CKJIOHEHHE,
pasuoe 90°. s onpenenennss acCTpOHOMUYECKOIO a3UMyTa HAIPABJICHHUS 10 pe3y/IbraTaM HaOJIome-
HUsI TAKOTO CBETMJIA He TPebOBaoch Obl 3HATH IOMPABKY XPOHOMETPa U IMUPOTY MeCTa HabJIFOIeHUs.
IocraTouno 0bLIO OBl B 11060 MOMEHT M3MEPUTH TOPU3OHTAJLHBIA yIoJI MEXKAY TAKUM CBETHJIOM W
3eMHBIM IIPEIMETOM; M3MEPEHHBIN yIroJl 10 BEJUYHHE MPEICTAaBJsI Obl MCKOMBIA aCTPOHOMUYECKUI
asuMyT. OQHAKO U3 IPKHUX 3BE3J HET HU OMHOI, KoTopas Obl B HACTOAIIEE BPeMs 3aHHUMAJIa TAKOe IIO-
Jiokenue Ha nHebecHol cepe. N3 6Iu3M0TIOCHBIX 3831, HanboJiee BHITOIHON TSt OIPeIeIeHNsT a3UMyTa
n30paHHOro HalpaBieHus sapjsgercd [losapuas 3se3ma, KoTopas Ojarogapst CBoeii SpKOCTH yI00HA, I
HaOJIIOJECHUN HOYDIO M JHEM.

st onpeneneHns a3UMyTa CBETHJIO BBIPOJHO TaKxKe HAOJ/IIONAThL B MOMEHT €ro 3JoHramuu. Ecin
HabJII0NATh CBETUJIO B BOCTOYHON U 3allaHON SJIOHIAIULX, TO B CPEIHEM U3 Pe3yJILTaTOB HAOJIOICHUS
OyyT MOYTH MOJIHOCTBIO MCKJItOUeHbl omubru Ap, Ao, Ad u Au.

Kak Buamo us 1mory4eHHoro Boipaxkenus Ajs AA,, BIUSHUE BCeX OMUOOK M3MEPEHHBLIX U JAHHBIX
BEJINYMH YMEHBIIAETCsT ¢ YBEJIMIeHNeM 3€HUTHOTO PACCTOsTHIST Hab roaaeMoro ceermiia. Ilosromy ¢ yBe-
JIMUEHUEM IIAPOTHI X YMEHDIIEHNEeM 3eHUTHBIX PACCTOSHUN OJIU3IIONIOCHBIX 3BE3]] a3UMYyT STUX CBETHJI
OyIeT olpeaesaThCsl MeHee TOTHO.

st pernennst BOIpoca O BLITOAHEHIINX YCAOBUAX ONPEIEICHUS aCTPOHOMUYECKOTO a3UMyTa Ha-
[IpaBJIeHUsI Ha 3eMHON MpeaMeT HeOoOXOAUMO BBITOMHENINEe YCJIOBUs ONpEeIeeHsT a3suMyTa CBETHIIA
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COIVIACOBATh C BBIMOAHEHINNMY YCJIOBUSIMUA U3MEPEHMs TOPU30HTAJIBHOTO YIJIa MEXKIY 3€MHBIM IIPE/I-
METOM M cBeTHjIOM. llpu ompeeneHny acTpOHOMUYECKOIO a3MMyTa HaIlpaBJIEHHS Ha 3eMHOM IpeaMer
110 YacoBoMy yriay llossipHoii ommbKa n3MepeHust TOPU30OHTAIBHOTO yIyia Mexk 1y llo/sipHoil 1 3eMHBIM
[IPEIMETOM SIBJISIETCsT HAMOOJIBIIEH 13 BCEX COCTABJISIONINX OIMMNOOK a3UMyTa HAIlPpaBJIEHHSI BCJIEICTBHE
3HAYUTEJIBHOIO BJIUSIHUS WHCTPYMEHTAJIBHBIX OIMUOOK: HEIPaBHJIBHOCTEH Ialid TOPU30HTAIBHON OCH,
OOKOBOIO THYTHSA TPYObI, OIIMOOK HAKJIOHHOCTH TOPU30HTAJILHON ocu. BimsHue yKa3aHHBIX OIIHOOK
BO3pacTaeT C YBeJIMYeHNEeM Pa3HOCTU 3€HUTHBIX paccTostHui IloJisipHOI 3Be3/Ibl U 36MHOIO IIPEIMETA.
[TosToMy B 6wbicokuT wupomax Onpeie/IeHre aCTPOHOMUYECKOT0 a3uMyTa, 110 JacoBomy yrury IlosspHoii
HeJIb3sl IPU3HATh HanboJjiee BBINOIHBIM.

Taxum 06pa3oM, HAMBBINOIHEHIIIM YCJIOBHUSM OILIPEIC/IEHAS a3UMYyTa, B CPEIHUX IMIPOTAX CEBEPHOIO
MOJIyIIapusl COOTBETCTBYIOT Habsomenust [lossproit 3Be3abl. C IEIbI0 JTOCTHXKEHUsST MAKCHMAJILHOM
TOYHOCTH W3MEPEeHuil, kejaareabno nabmonars [lomspayo BOM3KM 3JI0HTAIININ.

1.3 Metoa paBHBIX BBICOT JJis OIIpe/ieJieHnus MONPaBKU XPOHOMETPA

OrnpeiesieHrie MECTHOI'O BPEMEHH IIPH OIIPeJIe/IEHNN KOOPAWHAT ITyHKTOB U3 aCTPOHOMHUYECKUX Ha-
OJIIOIEHUI TPON3BOIATCS IIPEUMYIIIECTBEHHO 110 crioco0y LlnHrepa. DToT MeTO IO CBOUM JOCTOMHCTBAM
[TOJIY IMJT BCeoOIIee MpU3HaHNEe KaK BEChbMa TOYHBII U BMECTE C TEM IIPOCTOM MPHU IKCIEAUIMOHHBIX Pa-
boTax.

B 1874 1. agbroukT-actponom Ilynkosckoit obcepsaropun Hukonait fdxosnesua LHurarep omy6uko-
BaJI cBOIO paboTy «O6 olpe/ie/ieHn BpeMeHH [0 COOTBETCTBYIOIIUM BBICOTAM Pa3/InYHbIX 3837 [10], B
KOTOPOIi JIaJI pelreHne CaeAyoleil 3a1adn: «3Hasl MUPOTY MECTa, ONPedesums 36e30H0e 8pems, KOraa
JBe 3Be311bl 01 (v, 01) 1 02(g, 02) JOCTUTAIOT OJMHAKOBOI BBICOTHI; HANTH TAK¥KEe a3UMYThI 3TUX 3BE3/I
1 UX BBICOTY B 3TOT MOMEHT>.

Jlerko mokaszarhb, 4rTo K perrenuio 3amaun H. f. Ilunrepa cBomsTcs Bce 3ajia4n, CBSI3aHHBIE C OIIPe-
JIeJIEHHEM BPEMEHU 110 COOTBETCTBYIONIMM BBICOTAM JBYX 3BE3[l, KOTJIA M3BECTHBI IMIUPOTA MECTa W
MHTepBaJ BpeMeHn As MeXKy MOMEHTaMU, B KOTOpbIe KayKjas U3 3BE3J, JOCTUraeT HEKOTOPOil obmieit
JJIsI HUX BBICOTHI.

B camom zesie, mycTh $1, U So — JIBa MOMEHTA, 110 3BE3HOMY BPEMEHU CJIEAYIOIINe OJWH 38 JPyTIM
yepe3 HeKOTOPLIA MHTepBaJl BpeMeHn AS, B KOTOPbIe, COOTBETCTBEHHO, 3BE34bl 01 U 09 HAXOIATCS Ha,
OJIHOI W TOii 2Ke BbIcoTe. Ecau «i, U (ip — IPsIMBbIe BOCXOXKIEHMST 3TUX 3BE3JI, TO UX YACOBBIE YIVIbI B
MOMEHTBI 9THX HEOJIHOBPEMEHHBIX SIBJIEHWI OyIyT, COOTBETCTBEHHO,

tl =851 —0Q7, t2=82—0¢2. (1.39)
Bripaxkenne st to MOXKHO HAIIUCATH TaK:
to =51 —ao + (82 — 81) =81 — (012 — AS) . (1.40)

IlocremHee paBeHCTBO HOKA3BIBAET, UTO JTOCTATOYHO YMEHBIIUTE IIPSIMOE BOCXOXKIEHIE BTOPOIi 3BE3-
bl Ha PasHOCTb BpeMeH AS, 4To0bl MOXKHO ObLIO TOBOPUTL 00 OJHOBPEMEHHOCTH HaOJIIOAEHUI 0benx
3Be3J. DTOT IpUEM IpPUBEICHUsI PA3HOBPEMEHHBIX HaOJIIONEHMI K OJHOMY MOMEHTY OBLI yKa3aH elle
layccom.

1.3.1 OmpeneneHne NMorpaBKN XPOHOMETPA CIIOCOO0OM PaBHBIX BBICOT

MeTo/1 paBHBIX BBICOT OCHOBaH Ha HAOJIIOJIEHUAX 3BE3/I HA OJHOM U TOM K€ aJibMyKaHTapaTe, T. €.
B T€ MOMEHTBI, KOT/Ia 3Be3/IbI IPOTPAMMBI JIOCTUTAIOT ITOCJIEIOBATEIHFHO HEKOTOPOI 0bIIell BHICOTHI HaT
ropusorToMm. Haubostee 1esiecoobpasHbl TaKuE METO/BI PABHBIX BBICOT, IIPU KOTOPBIX W3 HAOJIIOJICHUIT
HY2KHO II0JIy4aTb JIUIIb MOMEHTBI IIPOXOXKJEHUsI 3Be3]l 4yepe3 3TOT ajbMyKaHTapaT, a caMO 3HadeHue
BBICOTHI WJIN 3€HUTHOTO PACCTOSHUS TOJJIEKUT UCK/IIOUEHUIO WU YTOYHEHHWIO ONATh-TaKU 1O HADJIIO-
JIEHHBIM MOMEHTaM. TakuMm o0pa3oM, OTHaJIaeT HEOOXOIUMOCTh B U3MEPEHUHN BEPTUKAJILHBIX YIVIOB U
TeM CaMbIM HADJIIOJIEHUsT OCBODOXKIAIOTCSI OT OIIHOOK, CBSI3aHHBIX C OTCUYETAMHU PAa3eJIEHHOTO Kpyra.
OiHAKO CYTTECTBEHHBIM JIJTsT BCEX CIIOCOOOB PABHBIX BBICOT SIBJISIETCST KOHTPOJIb 38 MTOCTOSTHCTBOM BBICO-
ThI BUBUPHOI JinHUU TPYObI. MeTos paBHBIX BBICOT IPE/IIOIAraeT CHMMETPUIHOCTD BJIMSHUST Pedpak-
M1 OTHOCUTEJIbHO 3enuTa. HanMmenbiieili KoMOuHaIneil HAOIIOMAEMbIX 3BE3/1 ABJISIIOTCS JIBE 3BE3JIbI.
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[IpenmosoKuM cHavasIa, ITO IPY IOMOIIM HHCTPYMEHTa HaOJII01aeM MOMEHTHI ITPOXOXK AEHIST KAKOi-
Ji0OO 3BE3/IbI JI0 U MOC/IE €€ KyJIbMUHAIME Yepe3 OUH U TOT Ke aJbMyKaHTapar, He 3a00TsICh O TOYHOM
U3MEPEHUN €€ BBICOTHI. 1lycTh KoopauHaThl 3Be31bl o U 0, a T u Ty, — MOMEHTBI IO 3BE3HOMY XPO-
HOMETPY, KOTIa 3Be3la HaXOIUTCS Ha OJUHAKOBOM 3€HUTHOM PACCTOSHUU HA BOCTOK U HA 3aIajl OT
MepUINaHa, Ue U Uy — IMOIPABKH XPOHOMETPA B 3TU MOMEHTHI. Jlomyckast, 9To pedppakiius Ipu 000uxX
HabJIIONEHISIX OAMHAKOBA U YTO U3MEHEHUSIMU < ¥ 38 BpeMs oT 1, u T, MOXKHO IIpeHedpedb, 3aK/Ii09a-
€M, 9TO He TOJIbKO HaOJIIOIeHHbIE, HO U UCTHHHBIE, T. €. CBOOOIHBIE OT BJIUSIHUS pedpaKIiy, 3¢HUTHBIE
paccTossHus B 00a MOMEHTa OIMHAKOBBI, a CJIEI0BATEIbHO, PABHBI M YACOBBIE YIJIBI, CUMTAEMbIE OT
MepHuaIuaHa B 00e CTOPOHBI, T. €.

a— (T, +ue) = (Ty +uy) — a, (1.41)
OTKY/Ia TIOJIy4aeM

1 1

§(ue—|—uw):a—§(Te—|—Tw). (1.42)

HOCKOJIbe X0, XpoHOMETPpa MO2KHO CHUTATh PaBHOMEPDHBLIM, TO IIOJIyCYyMMa

(te + Un)

N | —

paBHa HOMPABKE XPOHOMETPA B MOMEHT

3 T+ To)
1, CJIeIOBATEIbHO, €6 MOYKHO BBIYHCJIATE IO IOJIYIEeHHOU (hopMyJIe.

910, O Uaee, OYeHb MIPOCTOI cocob Olpee/IeHrs MOMPaBKU JacoB, TaK KaK OH He TpedyeT M3-
MEpPEHHsI BBICOTHI M, CJIEI0BATE/ILHO, OTCYeTa KPyra, HO OH OYeHb HEIKOHOMHYEH B CMBICIE 3aTPAThI
BpeMeHH. 3Be3/y HyKHO HaOJIIOJATh JaJibllle OT MEPUINAHA, KOIa CKOPOCTb M3MEHEHUSI €€ BBICOTHI
JOCTATOYHO BEJIMKA, JIy4Ille BCEro, KaK M IIPHU OIpedeeHHI BPEeMEHU 110 abCOIIOTHBIM BBICOTaM, OJin3
IepBOro BepruKaJja. Ilosromy MexXay nByMs HAOJIIOIEHUSIMU JTOJIXKHO IIPOTEKATH HECKOJIBKO UaCOB, U
[IPY HEYCTONYMBOI siCHOCTH HeDa eCTh PUCK, YTO BTOPOE HADJIOIEHNE HE COCTOUTCS.

MozxHO caenaTsh crocob ompeaeeHusT MOIPABKNA TacOB IO HAOJIIOIEHNSAM PABHBIX BBICOT JABYX 3BE3/I
boJiee IPaKTUIHBIM, €CJIM HalTH Ha Hebe TaKylo Iapy 3Be3l, Y KOTOPOI CKJIOHEHMsSI 0DOenX 3Be3. OBbLIN
OBl paBHBI, a PA3HOCTH MPSIMBIX BOCXOXKIEHMI ObLIa ObI TAKOBa, YTOOBI OHU IPOXOININ Yepe3 OTHO U
TO K€ 3eHHUTHOE pacCcTosiHre, BOJIM3M IEpPBOro BepTHKAaJa, OfHA Ha BOCTOKE, JApyras Ha 3alaje, OIHa
ocJie Apyroi.

HeobxoaumocTs mpoBoanTh HabJIIOAeHNS BOJIU3K IEPBOI0 BEPTUKAJIA 0OOOCHOBBIBAETCS CJICYIOIITIM
obpazom. IIpupaBHSIB KOCHHYCBI 3€HUTHBIX PACCTOSIHUI, OIpee/isieMble 110 POPMYIaM KOCHHYCOB IJIsI
MapaIaKTUIECKUX TPEYTOJbHIUKOB 3BE3JI, TOJIYIIM

sin p sin 1 + cos p cos 61 cos(Th + u — 1) = sin @ sin dy + cos @ cos Iy cos(Te + u — az) (1.43)

rae o n 01 — KOOPAMHATHI NEPBON 3BE3MABI, & Qg W 0y — KOOPAMHATHI BTOPOW 3Be3apl; 17 m T —
MOMEHTBI, KOTJIa Ta U APyras JOCTUralOT HEKOTOPOi, B TOYHOCTH HEN3BECTHOH, HO ONMHAKOBON BHICO-
TBI; # — IOIpaBKa XPOHOMETpa B cpeannii MoMeHT. CyTOUYHBLIA X0J XPOHOMETPa BCErIa JO0CTATOTHO
XOPOIIO U3BECTEH WM TAaK MAaJj, 9TO MOYKHO IPEHeOPedYb MM 32 HECKOJILKO MUHYT; 3& 3TO BPEMS N3-
MeHeHue pedpakiul TOXKE MOXKET OLITH JIAIIL HE3HAUNUTEILHBIM. eI MCTOYHUKOM BPEMEHU CJIYZKAT
CIIy THUKOBBIE HABUTAIMOHHBIE CHCTEMBI, TO XOJIOM TAKMX 9aCOB MOYKHO ITpeHeOpedDb. PealbHbIM UCTOY-
HUKOM CHCTEMATUIeCKOil ommubku 4acoB (HOMPABKU XPOHOMETPA 1), B 9TOM CJIydae, OyJeT sBJISThCs
HETOYHOCTH 3HAHUS JOJTOTHI ITyHKTa HAOJIONEHUS, NCIOAb3YyEeMON B BHIYUCJIEHIN MECTHOTO BPEMEHH.

Jist onipeiesieHnst HAUBBITOJIHEHIINX YCJIOBUIT HABJIIOIeHNT, pas3yioKuM Bbipazkerue (1.43) B psijg o
majbeiM mapamerpaMm AT, Au, Ay, Aa, Ad, TpakTys UX KaK OIIMOKH U3MEpPeHUii, THOO HeolpeIe/IeH-
HOCTH 3HAHMsI COOTBETCTBYIOMUX Besnuut. Vcnonb3ys seipaxkenust (1.3) u (1.4) moaydaum

cos A1 Ap + cos psin Ay (AT) + Au— Aay) — cos g Ady =
= cos Ay Ap + cos psin Ao (AT + Au — Aag) — cos g2 Ads . (1.44)
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[Tocste mpeobpaszoBanust (1.44), mosydnM BbIpazKeHHE JJIsi TOTPEIIHOCTH OIPE/ICJICHUsT TOIPABKU XPO-
HOMETPa B 3aBUCHMOCTH OT OT OIIMOOK IIPOYMX M3MEPSIEMbBIX BEJIUYNH M UCXOIHBIX JAHHBIX:

A — sin Ao ATy — sin A; AT} N (cos Ag — cos A1) Agp B
N sin A7 — sin As (sin Ay — sin Ag) cos ¢

_sin Ag Ay — sin A1 Aoy  Cosgo Ady — cos q1 Ady (1.45)
sin A; — sin Ay (sin A — sin Ag) cosp '

Anamusupyst Boipazkenne (1.45), MOXKHO cJieJaTh BBIBOJ, YTO HAUJIYYIINE YCJIOBUSL JJIsl OLPEIeJeHUs
IIONIPABKNA XPOHOMETPA, JOCTUTAIOTCS TPU HAOJIOJEHUM B IIEPBOM BEePTHKAaJe, KOTJA OJIHA M3 3BE3/I
HaOJII0/IaeTCsl HA BOCTOKE, a Jpyrasi — Ha 3anaje. Boipazkenune (1.45) npumer Buj

Au = —% (AT, + AT,) + % (Aay + Aae) + % (coS qu Ady, — cos ge Ade) sec p. (1.46)
Omubky u3MepeHnsi MOMEHTOB BPEMEHH IIPOXOrKIEHIS 3BE3]I depe3 aMyKaHTapaT B IEPBOM BEPTHUKAJIE
B TAKOM CJIydae MUHUMHU3HPYIOTCS, a BJIUSHEE OMIUOKM IMMPOTHI IOJHOCTBIO HCKJoUaeTcs. Ommb-
Ka IMUPOTHI TAK¥KE MCKJIIOYAETCs IIPY CUMMETPUYHOM OTHOCHTEILHO IIEPBOTIO BEPTUKAJIA HAOJIIOICHII
IPOXOK IEHUs 3B€3[T Yepe3 anbpMyKanTapar (A, = 360°— A.), HO moIHAast KOMIEHCAINST ONTHOKN IIPOUC-
XOIIUT TOJIBKO IIPY PABEHCTBE CKJIOHEHUI BOCTOYHON 1 3ana Hoi 38e31,. Ha npakTuke HaiiTu mapbl 3Be3.1
C PABHBIMU CKJIOHEHUSIMU HEBO3MOYKHO; UCIIOJIB3YIOTCS Hapbl 3B€3/1 ¢ Majioii (|d,, — d.| < 5°) pasHocTbio
cksionennii. [Ipu sToM momoHUTEIbHAS TOTPENTHOCTD OIPE/IE/IEHNs TIOPABKH YaCcOB He IIPEBBIIIAeT
TBICSYHBIX JI0JIefl BpeMeHHON CeKyHIbI [6].

IIpu paBeHCTBE CKJIOHEHUI 3BE3/T UX YACOBBIE yIJVIbI, OTCIUTLIBAEMbIE OT MEPUINAHA K BOCTOKY U K
3ama/ly, JOJKHBI OBITH PaBHBI B MOMEHTBI HaOJIIOIEHNI 1, CJIeJ0BaTEIbLHO,

e — (Te +u) = (Ty +u) — u, (1.47)

OTKY/la IIOJIydaeM

u = (aw—l—ae)—% (T +Te) . (1.48)

N =

OpHaKo mmap 3B€3JL ¢ COBEPIIEHHO OJUHAKOBBLIMU CKJIOHEHUSIMU Ha, Hebe HEeT, HO 3aT0 MOXKHO HaiTh
JIOCTATOYHO TAKUX IAp 3BE3], Y KOTOPLIX Pa3HUIlA CKJIOHEHUN HEBeJWKA U KOTOPhIE, B TO K€ BpeMsI,
10 ITOJIOXKEHUIO Ha Hebe BIIOJIHE YIOOHBI [JjIsi HabJIIOJeHMsI Ha BOCTOKE U 3alajie, He OYeHb JAJIEKO OT
IIEPBOr0 BEPTUKAJA IIPHU 3aJaHHOM IIMPOTE MeCcTa HabIoaeHnsI. ICHO, 9TO IpH MaJioil pa3sHOCTH CKJIO-
HEHMIT 3Be3]1 B TAKOH Iape BbIparKeHHEe ITOIPABKU YaCOB OYIET OTJIMYATHCS OT MOCJIETHETO BhIPaXKEHMSI
JINIIb HA HEOOJIBIIYIO BEJTUIUHY T
(Qw + ae) —

u= (T +Te) +, (1.49)

1
2

N =

npudeM 7 TeM OJMKe K HyJII0, YeM MeHblle PasHOCTh cKioHeHuit (1.46), mortomy 4ro mpu de = dy,
nmeem 7 = 0.

Bripazkenue (1.49) nmokasbiBaeT, 4TO BBIYUCICHHUE MIOMPABKU XPOHOMETPA CBOJIUTCS K HAXOXKICHUIO
BEJINYMHBI T, HA3bIBAEMOI npusedenuem, W pedykuyuet, Kak QYHKINE KOOPJAUHAT 3Be3]] 1 MOMEHTOB
[IPOXOXKICHUIT 3BE3/1, dYepe3 HEKOTOPBIi ajabMyKaHTapar. [IpakTudecknii criocob onpeeieHust peLyKIinn
MIpUBeJeH B pasmaese 5.3, MOCBSIIEHHOM KaMepaJbHOI 00paboTKe HAOJIIIOIeHMI.
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2

DdemMmepuIHble BbIYNCIEeHU

Ddemepuabl — TabJINIEI, coaepKaliie Kak PYHKIUIO BpeMeHN HaOIIOACHUNA CBEIEHUsT O IIOJIOXKE-
HUU HeDEeCHBIX CBETHJI Ha HeDe, CKOPOCTSX HUX IBUKEHMS, 3BE3JIHBIX BeJIMIMHAX W JIpYyrUe JaHHBIE,
HEeOOXOMUMBIE [IJI IIPOBEICHMS aCTPOHOMUYECKUX HabOJIIomeHuil. DdeMepuabl COCTaBIAIOTC st Oy-
JIYIIIX MOMEHTOB BpPEMEHH II0 PEe3y/IbTaTaM BBIIOJHEHHBIX paHee HADJ/IONEHUN U UX TEOPETHIECKOTO
agagu3a. [Ipu BeramcaeHnu 3deMepui UCIOJIb3YI0TCs TEOPUHM ABUXKEHNSA HEOECHBIX CBETHJI, 3aKOHBI
u3MeHeHusl ux 6jiecka (HAlpuMep, y MepeMeHHbIX 3Be3J1) U T. II.

st 5pbeMepuaHBIX BBIYUCIEHUH UCIOJIL3YIOTCs MPUOJINKEHHbIE 3HAYEHNA KOOPIUHAT 0ObEKTOB U
IpuOJIM2KEHHbIe 3HaYeHUsI reorpaduIecKux KOOpPAWHAT MyHKTa Habsmomenns. HeobxomuMmast TOIHOCTD
BBIYUCJICHUsT 3(PEeMEPUL OIIPEIEIAETCA, KaK IIPABUIIO II0JIEM 3PEHUsT HHCTPYMEHTa U IOTPEITHOCTHIO €ro
OpHeHTUpOBaHusl. VHCTpYMEHTHI, IpUMeHsIeMble Ha yIeOHON IMpaKTHKe UMEIOT II0JIe 3PEHHsT HOPSIIKa
1°; TOYHOCTH OpHEHTHUPOBaHUsI MHCTpyMeHTa 1o [loJsipHOil 3Be31e — HECKOJbKO YIVIOBBIX MUHYT. Mc-
XOIHBIME JTaHHBIME IIPH BBIYUCIECHUHN 3(eMEPHT sIBJISIOTCS SKBATOPUAIBHbBIE KOOPAMHATHE 00bEKTOB 1
MOMEHT 3BE3HOI'0 BPEMEHU. Y UNThIBasi OIPAHUYIEHUsI, IIPY BBIYUCIEHAN 3(heMEPH] UCXOIHbIE TaHHbBIE
OepyTcst n3 ACTPOHOMHYECKOI'O €XKEIOJIHMKA CO CJASAYIONIEl TOYHOCTBIO IO MPSIMOMY BOCXOXKIEHUIO U
CKJIOHEHUIO:

Aa = £0.1™,
AS = +1'. (2.1)

B uactHOM ciydae nabsofenuit Ha YuebHO obcepBaTopun KadeIpbl acCTPOHOMUU U TE0I€3UU
UCIOJIB3YIOTCH CJIeyIoIne TPUOJINKeHHbIe reorpaduyecKre KOOPAUHATHI MeCTa HAOJIOIEHUS:

© ~ 4+56°50,
~ B. 1. .
A ~ 04hp2™ 2.2

Koneunbimu pesysbraraMu Ipu 3heMepHIHBIX BBIYUCICHUSIX SIBISAIOTCS 36HUTHOE PACCTOsTHUE (BbI-
coTa) W a3uMyT OOBEKTa Ha HEKOTOPBI MOMEHT BpeMeHH. TouHOCTh BRIMUCACHUT z 1 A mosKHA CO-
cTaBiaTh 1. MoMeHT BpeMeHn B adeMepuax yKasblBaeTcs ¢ TOYHOCTbIo 41",

IIpeBoimaTh yKazaHHYI0 TOTHOCTD He HYKHO, ITOCKOJIBKY 9TO IMPUBEIET K YCIOXKHEHHIO TPOIIELY Dbl
HabJIIONEHNI, HO HE IOBBICUT HX TOYHOCTH. TakK»Ke OYEBUIHO, UYTO IPOMEXKYTOYHBIE OIEpaIldd IIPU
BBIYUCICHUN dPEeMEPU CIeIyeT IPOU3BOAUTD C TOYHOCTHIO Ha MOPSIOK 00Jiee BBICOKOI.

2.1 Pacder npoao/iKUTEJILHOCTA BPeMeH! HaOJII0JIeHMit

2.1.1 Cuenunduka acrpomerpudeckux Habmonennii. Cymepkn

Cymepru — amo neperod om OHe6Ho20 K HOwHOMY (Uuiu Haobopom) nepuody oceeweHHocmu 1eoba.
CymMmepedHoe ocBeleHne o0bsacHsaeTca paccessuueM cBera CoJlHIa KOMIOHEHTaMH aTMOCdepbl — rasa-
MU, HapaMi, ¥ a3PO30JIAMEU PA3JIMIHOIO IIPOUCXOXKICHAS — 3eMHOI0 U KocMuieckoro. CuibHee BCero
paccemBaloOT cBeT HauboJiee IJIOTHBIE IPU3EMHBIE CJION. VI3 HaOJIIOIeHnii CIeayeT, 9TO IPHU OIPY KEHIH
CoJtHIa o[ TOPU30HT Ha 5—6° TpaHUIa 3eMHON TEHH HaJl IIyHKTOM IIPOXOAUT BhicoTe 30—35 KM.
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ITo crenenn sipkocTu Heba mocsie 3axoza (nepen BocxogoM) CoJlHIIa pa3IMYaloT TPU TUIIA CYyMePeK:
rpaxkIaHCcKHe, HAaBUTAIMOHHBIE U aCTPOHOMUYECKHE.

I'pasicdancrue cymepru — IyIaTcst ¢ MoMeHTa 3axoa CoJIHIIA 10 ero MOrpy»KeHnsT 0 TOPU30HT Ha
6—7°. Ilpu sicnom Ge3obiadHoM HebOe BO BpeMsl TAKHX CYMepeK He TpebyeTcsl YIUIHOE OCBEIIECHHE.

Hasuzayuonmnvie cymepru — IIATCI TPU U3MEHEHUN yTJia TMOrpyzkeHust ot 7 10 12°. B 310 Bpems B
[IOpPTaX BKJIIOYAIOT MAIKH.

Acmponomuveckue cymepry — SIBISIOTCS MPOIOJIXKEHNEM HABHUTAIIMOHHBIX CyMEPeK U IJISITCS JI0
norpyxxkenust Conna Ha yroJ 18°. TosibKo Torma HacTyllaeT MaKCHMaJibHas TEMHOTa M B obcepBaTo-
PHUSIX C IOMOIIBIO MOIIHBIX TEJIECKOIIOB MIPOBOISITCS HanboJiee TOUHBIE acTPOPU3NIeCKIe HADJIIOIEHUST
c1a0bbIX KOCMUYECKNX 00beKTOB. Ilpn masbHeiiemM yBendeHnn 3eHUTHOrO paccrognus CoJiHIa ocBe-
IIEHHOCTh HOYHOI'O HeDa IPAKTUIECKU He M3MEHIETCsL.

Beraucsaum npubsmzkennyio seicory Cosana wa mmpore ropoga Exarepunbypra (p = 56°50') B
MOMEHT HIKHEH KyJIbMUHAIIMU Ha OJHY W3 JaT JJjis JeTHero mepuoma, Hampumep 01 mmons. B stor
Bpemsa ckaonenne Commma dc) ~ +23°. Torma momygaem

he = ¢ + 6 — 90° = —10°. (2.3)

DT0 3HAYUT, YTO JayKe B MOJHOYL Ha HaIleil IIMpoTe He 3aBEpIIAIOTCs HABUTAIMOHHBIE CyMEPKH.
Baxknuo yuureiBaTh u 106aBOUHOE OcBereHne 3eMHON armocdeps! JIymoit. [IpaBaa, B JeTnee BpeMs
IIOMEXHU CO CTOPOHBI JIYHBI, B OCOOEHHOCTH I BHICOKUX IMUPOT, HEBEJHUKHU, IIOCKOJLKY €€ CYTOIHBII
IIyTh MIPOXOJUT HMU3KO HaJ ropu30oHTOM. I Bce ke mepej HaYaIoOM acTPOMETPHUYECKUX HaOJIIOIEHMIT
nosiesno u3 AE, mu6o 3 AcTpoHOMUUIECKOro KajeHaapst HaiTu nHopMalmio o ¢dasax JIyHBL.

2.1.2 Mertomuka pacueTra BpeMeHH HaOJIIOaeHM’ii

AcrpoHoMuieckne HaOJIIOIEHUS IPKUX 3BE3]T Jayke B HEOOJIBIINE HHCTPYMEHTBI MOXKHO ITPOBOIUTH
U B CyMepeuHsblii iepuos BpemMenu. [Ipu pacuere cymepek (X Hadasia U KOHIIA) HA JAHHON MIMPOTE HEOO-
XOIMMO BBIYUCIUTEL dacoBble yriibl CoIHIA, UCHOIB3YA (DOPMYJIY KOCHHYCOB IJIS MMapaJIaKTHIeCKOIO
TPEeyTOIbHUKA

€S z) = sin @ sin 6 + cos g cos I cost) ,
€os z) — sin@sin i)

te = . 2.4
RO €OS (p €OS 03 (24)

[Iupory Mecra HabIOAeHUA (o TPU 3(EMEPUIHLIX BLIUUCACHUSAX CJIEAyeT NPUHATHL pasHoil 56°50/.
MununmaipHyto IyouHy mnorpyxkennst CoJIHIIA ITOJ, TOPU30HT, IPU KOTOPOM BO3MOXKHO HabOJIIOIeHUE
3Be3] B TPyOy MHCTPYMEHTa C YMEPEHHBIM yBEJUUYCHUEM M CBETOCUJION (3BE3/bI MOTYT OBITH HE BUIHBI
HEBOOPY?KEHHBLIM IJIA30M), B3ATh paBHOU 6° (25 = 96°).

OKBaTOpUaIbHbIE KOOPAMHATEI (), 0 npuBogaTcsa B Tabmunax AE «Commne». Hemocpencrsenno
HEOOXOIMMO BBIUUCJIUTE YaCOBOI yToJ1 TOJIbKO jijist 3axoia Courana (0 < o < 180°). I1pu BBIYmCIIEHHOM
qacoBoM yriie CoJIHIIa, MECTHOE 3BE3/HOE BpeMs Jyisl Hadas a (KOHIA) HAOIIOACHUN B 33/[AHHYIO JATY
paBHO

SH = +1m,
SK =an —to . (2.5)

31ech sy — BedepHee BpeMsl Hadasla HaOJIOJICHNI, SK — YyTPEHHee BpeMsl UX OKOHYAHHUs 110 3BE3THOMY
BpeMeHH. JTUM U OyjyT OLpE/esIeHbl IPsSIMble BOCXOXKJIEHHS] 3Be3J, KOTOPbIe B TeYeHHe <HOIHOIO»
BpeMeH! Oy/lyT KyJbMUHUDPOBATH B IOXKHOW (BepXHssl KyJbMUHAIWMs), JUOO B CEBEepHON dacTu Heba
(HYDKHSISL KyJIbMUHAIMS) acTu Heba.

3agaHue

Hcnonb3yst pacCMOTPEHHYIO METOAUKY, BBIMHUCIUTE MOMEHTHI Hava/Ia 1 KOHIIA BPEMEHH HabJII0 eI
10 3BE3JIHOMY UM BPEMEHHU 4YeTBepToil uacoBoii 30ubI (cormacao @3 Ne 107-P3 «O6 ucuucieHun Bpeme-
> [2] u Ne 248-D3 «O Brecennu usmenenuii B Pesepanbubiii 3akon «O6 ucunciaennn Bpemenus [3|)
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st Ceepaytosekoit obmactu (UT'C + 5h ) Jutst Bcex maT HaOIofeHuit B Tedenne mpakTuku. [Ipomemsypa
mepecdera 3BE€3JHON0 MOMEHTa BPEMEHHU B CPEIHUH MOMEHT OIMCAHA B IOCJIELYIONNX pasnenax. s
pacderoB HCIOJb3YiiTe sKBaTOpruaabHble KoopauHaThl CosHia u3 Tabiunbl AE «9demepuna CosHias.
Pesyabrarel pacueros nmomecture B Tadauiy 2.1.

Tabanna 2.1 MoMeHTHI Hayaja 1 KOHIA HAOJIIOICHII

ﬂaTa SH TH SK TK
9 M 9 M 9 M 9 M

28.06 | 16 26 | 00 02 | 20 25 | 04 00

07.07 | 16 54 | 2354 | 2112 | 04 11

2.2 Ddemepunabl ajasa Habmonenus IlonspHoit 3Be31bI

Ilonsiprast 3Be3ga sABJsIeTCS YAOOHBIM OOBEKTOM JJIsi OPUEHTAIIMN WHCTPYMEHTA B MEpPUJIHAHE U
onpeJeeHus IMUPOTHI MecTa Hab oaenns. OpreHTanns HHCTPYMEHTa TPOBOAUTC MUHIUMYM OIUH pa3
[IpY KaXkKJI0i yCTAaHOBKE MHCTPYyMEHTa Ha MecTo HaburoaeHnst. OpUeHTAINI0 HHCTPYMEHTa, HeOOXOIMMO
Jes1aTh 3aHOBO, €CJIM BO BpeMsl HabOJIIOIEHMI TPONCXOINT MEXaHMYECKOEe CMEIeHNe HHCTPYMEHTa, b0,
€CJIM BCJIEJICTBUE HEIPABUJIBHBIX JICHCTBUI C TEOJOIUTOM COMBAETCS BBICTABJIECHHOE 3HAUYEHUE a3UMYyTa
TOUKH fora. Ddemepunanl 11osspHO 3BE3ABI COCTABIISIIOTCS ¢ BHIOPAHHBIM IIATOM II0 BPEMEHU Ha BECh
JMANa30H 3BE3JHOIO0 BpeMeHU HaOJIIOMEHUI W HMCIOJIB3YIOTCS JIJIS OPUEHTAIIMM WHCTPYMEHTa U JIJIsd
MIpOBeIeHUS HAOJIIOACHUIT 110 IIPOrpaMMe OIpeeeHns MUPOThl MecTa 1o 1loyisspHoit 3Be3e.

2.2.1 Meroauka pacdera 3¢demMepu; HaOIOAeHIIA

Jlnst cocrasiienus ademepun [lomsspHoit 3Be31bI HEOOXOIUMO B3ATh MAKCUMAJIBHBIN ITPOMEXKYTOK
3BE3JHOI0 BpeMeHM HabJrofeHuil u3 tabj. 2.1 [y Bcero mepruopa yIeOHOl MpaKTHKH:

ST < 5 < spaT, (2.6)

3Be3Hoe BpeMsl Hadajia HabJIIOIeHN OKPYIVINTD JI0 OJIMKAMIIEero MeHbIIero 3uadenns, Kkparaoro 10,
Hauunas ¢ sroro MmomenTa BpeMenu u ¢ maroMm B 10" onpenenTh 3eHUTHOE PACCTOSIHAE U aCTPOHOMHU-
qeckuit a3uMyT [lossapHOit 3BE3AbI ¢ TOYHOCTHIO /10 OMHON YIJIOBON MUHYTBHI U IIOMECTUTH PE3Y/IbTATHI
B Tabuiy 2.2. Beicorsl un asumyThl [losspHoit Ha BbIOpaHHBIE MOMEHTHI BpEMEHH OEpyTCsl M3 TabJIu-
ubl AE «Tabsmma Beicor u azumyTos Ilossproity. KpaTkoe onncanne mpaBui HOJb30BAHUS TaOIUIEi
[PUBOANTCA B Heil camoii. ObpaTuTe BHUMaHNE, YTO TabOJIUYHLIE 3HAYEHUS IMUPOTHI MECTa U MOMEH-
TOB BPEMEHH HE COBIIAQJIAIOT C TPeOyeMbIMU 3HAYEHHUSIMU, ITO JeJaeT HEeOOXOMMMBIM HHTEPIIOJISIIIAIO
TabJIMYIHBIX 3HadeHuil. [IpuMensiiTe mpocTyio JuHERHY0 HHTepHojsauo. B tabmumy sdpemepun Io-
JIIPHON JOJI2KHBI OBITH 3aIllMCAHbI a3UMYThl W BBICOTHI 1lO/ISIPHON KaK JJIsI MOJIOXKEHUsT WHCTPYMEHTA
kpyr Jeo (KJI), rak u kpyr npaso (KII). Ilpu sroM ucrob3yrorcst 0ObIYHbIE COOTHOIIEHUST, CBSI3bI-
BaIOIIKe OTCYeTHI 0 KpyraMm npu nosoxkennsx KIT u KJI:

BK: KJI + KIT = 360°, (2.7)
I'K: KJI — KII & 180° = 0°.

Tabiuma 2.2 Ddemepuanl ajs zadbmogenuit [loyrsipHoit 3Be31bI

5 || Zaumin, KIL | Aqusin, KII || zavatin, KIT | Aquarin, K11
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3agaHue

Cocraputb Tabumiy s¢gemepu [osspHON 3B€3IbI B COOTBETCTBUE C IPUBEIEHHBIME BBIIIE [IPaBU-
JIAMU.

2.3 DdemepuaHble BBIYUCIEHUA JJIsI 3a7a9W OIIpeJieJIeHnus a3uMyTa
3eMHOI'0 IpeaMeTa

JLyist orpeiesieHnsT a3MMyTa 3€MHOTO IIPeaMeTa UCIoIb3yeTrca Haboaenue [losproit 3se3mpr. B cu-
JIy 9TOr0, OTJEJbHBIX BBIYUCACHUN 3deMepur [jisl a3uMyTalbHbIX Hab/omennii He Tpedyercs. B mpo-
rpaMmMe OIpejieIeHnsl a3uMyTa UCHONIb3yoTcs ademepubl [lossipHoit 3Be3abl U3 pasiena (2.2).

2.4 DdemepuaHble BHIYNCJIEHUS JIJIsi MEPUANAHHBIX HAOJIIOeHU

Kaxkaprit 06opor 3eMii BOKPYT OCH COIPOBOXKIAETCS MOMEHMAMYU BEPITHEN U HUMNCHET KYAbMU-
nayud Toro wau uHoro ceermia (masee B Tekcre BK u HK coorBercrBenno), korja Mbl Hab/omaeM
CBETWJIO Ha HEOECHOM MepHIuaHe, T. €. B HauboJiee BBICOKOM WJIM HamboJiee HU3KOM ITOJIOXKEHUU OTHO-
cuTesibHO ropusoHTa. Ocoboe 3HaUEHNE MMEIOT HaOJIIOIEHUs] BEPXHUX KyJIbMUHAIMl. B TOoT MoMeHT
IUIOCKOCTD JAHHOIO T'eorpapuiecKoro MepuIfaHa OKa3bIBaeTCsl OOpallleHHOM K cBeTmIy. Perucrparms
MOMEHTOB BePXHHX KyJIbMHUHAIUI CBETUJI C U3BECTHBIMU SKBATOPHAJBLHBIMU KOOpAUHATaMU (v, §) HC-
[IOJIb3YETCsI P OPUEHTUPOBAHUU YIJIOMEPHBIX HHCTPYMEHTOB II0 a3UMYTY, OIPEIEICHUN IMUPOT U
BpeMenu. boiiee Toro, HaOIIOIEHNS KOCMIYECKAX OOBEKTOB B IMEPUOALI BpeMeHH, OJIM3Kne K BepxXHeit
KYJIbMUHAIWMH, WUCIOJIb3YIOTCA IPU IIPOBEICHUH CAMBIX PA3JIMYIHBLIX HAOJIIOMEHWI U HCCIEIOBAHUI, B
TOM YHUCJIEe U aCTPOPUBUIECKHUX.

2.4.1 OmnpegesieHue BBICOT U a3MMYTOB O0ObEKTOB

P M, Z

Ml'

=
\

P

7

Pucynok 2.1 Tlosioxkenue 3Be3/1 B MOMEHTBI BEPXHEN U HI2KHEN KyJIbMUHAIIAN

Ha puc. 2.1 nokazana mIockoCcTh HEOECHOTO MEPHUIUAHA, B KOTOPO# PACIIOIOXKEHBI OCh MUPA, OTBEC-
Hast IMHUS MeCTa HAOJIOIEHNSsI, 8 TAKKE JINHUU TEPEeCEIeHNsT CYTOTHBIX TTapasiiesieil CBeTHI, MMEIOTINX
pa3HbIe CKJIOHEHUS C IJI0CKOCThbIo Mepuauana. ZNOP = ZQ0Z = .

3/1ech OTMEUeHBI MOJIOYKEeHNUs JIBYX 3Be3; B MOMeHT uxX BepxHeil (M u M) u HuKHell Ky IbMuHaImii
(coorsercrreno M’ u M]). B MoMmenT Bepxmeil Ky/JIbMIHAIIME CBETII UX qacoBoii yroa t = 07(0°), a
MECTHOE 3BE3/IHOE BPEMsl § = (ry. B HIpKmHell KysibMuHamum ugacosoit yrom ¢t = 127(180°), a mectmoe
3Be3IHOE BpeMs § = , 4 127, B 3aBHCHMOCTH OT CK/IOHEHHsI CBETHJIA €rO HPOXOMKICHHE Uepe3 Me-
PUINAH TIO-PA3HOMY HAOJIIOAETCS OTHOCUTEIHHO 3eHUTA B MyHKTE HAOIIONEHNS — K 10Ty WJIN CEBEPY,
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UTO CKA3LIBAETCS HA 3HAYEHUN aCTPOHOMUYECKOTO a3MMyTa cBeTmia. B mepsBom ciaydae A = 0°) a BO
Bropom — A = 180°. Paccmorpum paziudHble ciiydan HAOJIIOJIEHUs] CBETUI B MEpPUIAAHE.

1. Bepxusas kyapbMuHanus K ory ot Z (csermwio M). Kak Bummo, ero ckionenne 0 < ¢. Torma
3EHUTHOE PACCTOSIHUE CBETWIA 2pK = ( — 0, a BbicoTa B MoMeHT BK:

hpx =90° — ¢ + 9,
A = 0°. (2.9)

2. BepxHusis kynabmuHanusi ceetuiia (M;) k ceBepy ot Z. CKJIOHEHHE TaKOro cBeTusIa O > .
B sTom cay4aae zpxg = d — (o, a BBICOTa B MOMEHT BEPXHEH KyJIHMUHAIIH

hBK:90°+§D—(5,
Apg = 180°. (2.10)

3. BepxHada KyJbMUHaIMS B 3€HATE [IPOUCXOJUT HA JIAHHON IIMPOTE y TEX CBETHUJI, CKJIOHEHUE
KOTOPBIX 0 = (. DTU CBeTW/IA B JIAHHBIA MOMEHT BpeMeHu (t = 0" S = Q) HE SIBJISIIOTCSI
yKa3aTeJIsIMHI a3uMyTa.

4. B mmxHeil Kynbmunarmun (t, = 12700™ u A = 180°) cBeTmio 3aHUIMaeT camMoe HE3KOe MOJI0-
JKeHHe HaJ| TOPU30HTOM UJIM CKPBIBAETCS 33 TOPH30HT.

2 =NZM' =NPZ +NPM' = (90° — ) + (90° — §) = 180° — (¢ + 9),
hax = NNP —NPM' = ¢ —(90° — 6) = (p + ) — 90°,
Ay = 180°. (2.11)

ITo xapakTepy CyTOYHOTO JBUKEHHUsI B IIYHKTE C M3BECTHOMN IMMPOTON CBETHUIA MOXKHO Pa3Ie/UTh
Ha HECKOJILKO THIIOB:

1. HesaxoasiiiMu CYMTAIOTCS T€ CBETHJIA, Y KOTOPBIX 00€ KYJIbMUHAIIMN IIPOUCXOIAT HaJ MOPH-
sonToM. [Ipenesnbhyio (rpanndnyio) napaJienb Takux cBerusi N K ONUCBIBAIOT CBETHJIA, Y KO-
TOPBIX HMXKHSISI KYJIbMHHAIINSA IIPOUCXOAUT B ToUuKe ceBepa IN. BbicoTa TaKux CBETHJI B MOMEHT
HIzKHEN KyabMmuHamu hpr = 0°, a ux ckiaonenne § = 90° — . Ha ceBepHOM moJsroce 3emutn
BCE CBETHJIA CEBEPHOIO IOJIYIIApHUs SIBJSIIOTCS HE3aXONAIIMMU, a8 UX BBICOTHI HaJl NOPU30HTOM
OIPEIESIOTCA UX CKIOHEHUEM;

2. HeBoCXOOSIMMMHU Ha3bIBAIOTCS T€ CBETUJIA, Y KOTOPBIX J[ayKe BEPXHUE KyJIbMUHAIMN HE Y/IaeTCs
HAOJIIO/IATh HA JAHHOI mupore. ['paHudHast napasieib Takux cBeru1 ST IMPOXOIUT Yepes3 TOUKY
fora S

3. Bocxogsimmumu (3axoasinuMu) OyiayT Te CBeTUsIa, CYTOYHBIE MyTH KOTOPBIX MEPECEKAIOTCS €
FOPU30HTOM, a MX BPeMs NPEObIBAHUS HaJ| TOPU30HTOM, OIpPEJesseMOe OCPEJICTBOM YACOBBIX
YIJIOB B MOMEHT BOCXOJIOB M 3aX0JIOB, 3aBUCUT OT MUX CKJIOHEHUS.

2.4.2 Meroauka pacdera 3demMepu; HAOIOeHIIA

Habuiromenust 3Be31 B MepUIUaHe MOI'YT HCIIOJb30BATHCS ISl BBIIOJHEHUs IPOIPAMM HabJIroIe-
HHUIA 110 OIIPEIEJIEHHUIO IIMUPOTHI MECTA, ACTPOHOMHUYIECKOT'O a3UMYyTa 3€MHOIO IIPEIMETa M a3UMYyTaJbHOM
JIMYHO-MHCTPYMeHTabHON pastnoctu (AJIVIP). Ddemepuapl st onpeiesieHnst MUPOTHl MeCTa, 110 Ha-
OJIIOJEHUSIM AP 3BE3] IIPU OFHOM IIOJIOYKEHHH BEPTHKAJIBLHOIO KPyra MHCTPYMEHTa PaCCUUTHIBAIOTCS
Ha OCHOBe 3deMepuI IJIsT HaOIIOAeH!sT 3Be3 B MEpPUTUAHE.

st cocraBiienns 3dhemepn s, HabrogeHnit ucnoab3yerca Tabauna AE «Cpennme mecra 3Be31s.

Bribop 3Be311 110 671€CKYy OrpaHUINBAETCS UX BUIUMOCTBIO B JAHHBIX (DPU3UKO-TEOrpadpUIeCKuX yCJI0-
Busix. [Ipu orbope KaHAUIATOB IJjis HAOJIONEHUSI B MEPHUIUAHE, IIPSIMOE BOCXOXKIEHME IOXKHBIX 3BE3]I
JIOJIZKHO HAXOJIUTCS B MAKCHMAJbHOM JIJIsI IepHoIa HabJIIOIEeHUI qualia30He 3Be3IHBIX BPEMeH Hadaja
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U KOHIa HabJofeHuil (cM. Tabmuiry 2.1); mis ceBepHBIX 3Be3]| (HUKHsIsI KYJIbMUHAIMSI) CO CABUIOM
+12". Takum o6pasoM, 3Be31bI 1JIs HAOIIONEHIS B MEPUIUAHE 1 IAPbI 3B€3/] JOJIKHDI YIOBJICTBOPSTE
CJIEyIOmUM yea0BusM (0OOpaTuTe BHUMAHUE, UTO OJHU W T€ K€ 3BE3JbI MOTYT BXOJIUTH B HECKOJIBKO

nap):
1. Obsi3aTesbHbIE YCIOBUS IS 8CET 3BE3I:

(a) TIpsiMble BOCXOXKJIEHUSI 3BE3JL JIOJKHBI YIOBIETBOPSIThH YCIOBUSIM IIPOXOXKJIEHUS KyJIbMUHA-
AN B IIPOMEXKYTOK BPEMEHM HaOJIIOACHUIA.

sgzn < aS < S?ax’

smin 4 19h < oV < gmar 4 qoh, (2.12)

(b) Bumumasi 3Be3/Hasi BeJIMYUHA 3BE3/bI M J0JKHA ObITH MeHbIie 5.

(c) BeHuTHBIE PACCTOAHUS 3BE37] B BEpXHEH KyJIbMUHAIINH Ha [0T€¢ U B HIZKHEH Ha ceBepe JT0JIK-
HBI OBITH B mpejeaax oT 45 1o 65°.

2. JlommomHuTeIbHBIE YCIOBUS, IO KOTOPBIM IIPOUCXOIUT OO0bLEINHEHNE B HAPbI «IOKHBIX» U «CEBEp-
HBIX» 3BE3/I;

(a) PasHOCTb 3€HUTHBIX PACCTOSIHUI 3BE3]| apbl B MepujuaHe He 6osee 6°.

(b) Pasmnocts MOMEHTOB KysnbMuHAIMl 3Be37] mapsl — He 6osee +£30™, MUHNMAIbHAS PA3HOCTD
MOMEHTOB MEXKJy KYJIbMUHAIIUSIMI JTOJI2KHA OBITH paBHA BPEeMEHU HAOJIIOJEHUs OIHOI 3BE3-
JIBI TLJTFOC BpEMsl, 3aTpadrBaeMoe Ha IepeXoll K HAOJIONEHUsIM BTOPOil 3Be3/IbI TaHHON Hapbl
(me menee £15™).

st cocTraBiierust pabounx 3deMepus HabIIOIEHNSI 3B€3M B MEpUIUaHe OTOMPAIOTCS BCE 3BE3IIBI,
VIOBJIETBOpSIONIe IMyHKTaM la—Ilc u3 cumcka yciosuii. ITocae orbopa 3Be31 HEOOXOINMO IIPOBEPUTH,
9TO BCe OTOOpaHHBIE 3BE3IbI IPUCYTCTBYIOT TakyKe U B Tabauie AE «Bumumbie mecta 3Be3ny». Te 3Be3-
JIbI, JJIsI KOTOPBIX OTCYTCTBYIOT BUINMbBIE KOOPAUHATDBI, HE UCTOAb3YIOMCA ISl COCTABJICHUS S(PeMEPHL
HaOJIIOCHUIA.

IIpu cocrasiienns pabounx sdeMepu Jjisl ONPEIe/JIeHIs IMUPOTHI 10 HAOJIOIEHUSIM IIap 3BE3I B
MepuaIraHe IpPH OIHOM IIOJIOXKEHHH Kpyra, B CHJIy TOIO, UTO KOJHUYECTBO CEBEPHBIX 3BE3], YIOBJIE-
TBOPAIOIINX YCJIOBHSM OTOOpa, 3aMETHO MEHBINE, YeM IOXKHBIX, TO K OTOOpaHHBIM CEBEPHBIM 3BE3IAM
TOIOMPAIOTCS TOIXOASAIINE 10 KPUTEPHUSIM I0XKHBIE 3BE3IBI.

Tlonbop map u pacuer apemepn HAOTIOIESHII 1711 TPOrPaAMMBI OIIPeIeIeHNs IMTIPOTHI IO HAOJIIoIe-
HUSIM T1ap FOXKHBIX W CEBEPHBIX 3BE3]1 B MEPUIMAHE IIPHU OTHOM ITOJIOXKEHUN KPyTa BEJIETCS B CJIELYIONIEM
LIOPSIIIKE:

1. Orbuparorcs Bce 3Be3/IbI, YIOBIETBOPSIONINE TyHKTaM la—1c U3 ClmcKka ycJIoBuUii.

2. B Iapbl K CEBEPHBIM 3BE€3/1aM, Ha,6JIIO,H,aGMbIM B HHKHE KyJIbMUHaIIUM, IO2KHbBIE 3BE3/1bI HO,IL6I/I—
ParoT IO CKJIOHCHHUIO:

§s = 6 — (180° — 2¢pp) + 6°, (2.13)
rae ¢o — HpI/I6JH/I}K6HHOG 3Ha4dYeHue MINPOThI, UCIIOJIb3YyEMOE IIPU BBIYUCJICHUN S(I)GMepI/I,IL.

3. st moJiydeHHBIX KaHIMJIATOB B Iapbl IIPOBEPUTH, UTO PA3HOCTH MOMEHTOB BPEMEHU MEXKLY
Ky/JIbMUHAIIMSAMEI CEBEPHON W I0yKHOM 3Be3bl Haphl JOJKHA ObITh He MeHee 15 u He Gosee 30™.
He npoxoggimpe mo 3ToMy KpUTEPHUIO KAHIUIATH B Iaphl OTOPACHIBAIOTCS.

4. Brruncnstiorcst adeMepugHble 3¢HUTHBIE PACCTOSTHUSI OTOOPAHHBIX 3BE31T

ZS = ®o — 657
2N =180° — (¢o + 0n) - (2.14)
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5. st Bcex OTOOPAHHBIX 3Be3J1 BEIMUCISAETCS CKOPOCING 0BUNCEHUA 36306, NO A3UMYMY
vg =15 ———, [va] = "/m. (2.15)

6. IlockobKy M3MepeHne 3€HHUTHOI'O PACCTOSHUsI 3BE3IbI IS HOBBIIMIECHUsST TOYHOCTH Pe3yJIbTaTa,
JIOJI?KHO IIPOBOAUTHCSI MHOTOKPATHO U CUMMETPUYIHO OTHOCUTEIHLHO MEPUINaHA, TO YCTAHOBOUHBIE
a3MMyThbl HHCTPyMeHTa oTiandaiorcss oT 0 m 180°. Jljist 3TOro pacCYnTBHIBAIOTCS YIJIBL yIIPErKIIe-
HUsI YCTAHOBKHM MHCTPYMEHTA JJIsl HAOJIIOMEHNST 3BE3Ibl 10 MepUInaHa U IOCIe MepUInaHa. Y roJl
VIIPEXKIEHUsI PACCUNTBIBAETCS UCXOA W3 BBIYUCIECHHON CKOPOCTU JBHKEHHSI 3BE3JIbI IO a3UMY-
Ty (2.15) 1 BEIOPAHHOTO BpEMEeHHU yIpexKIeHus. B cmry 0cobeHHOCTEl MCIOIb3YeMOro TEOT0INTA
(orcyTCTBUE MOJBUKHOW IOPU3OHTAILHOM HUTH CETKH), BpeMsl yIpexKjieHusl ¢, BbIpaxKeHHOE B
MHUHYTaX BPEMEHH, JJId HAOJIOMEHUs IO MEPUIUAHa, CJIeIyeT BeIOpaTh 3—4™, a 11 HabJIIoIeHusT
ocje Mepuauaa — 2.

Yroi VIIpexXXaeHnsd BbIYUCIAEeTCA 110 Cl)OpMyJIe
AALQ = VA tf’z (2.16)

1 BbIpazKaeTCsd B MUHYTax JAyT'U. I/IH,ILGKCLI 1 u 2 oTHOCATCS K Ha6JIIO,Z[eHI/HO 0 U1 II0CJIe MepuanuaHa
COOTBETCTBECHHO.
YcranoBo4dHbIe A3UMYThbI BBIYHUCJ/IAIOTCA OJIgd IO2KHOU 1 CeBepHOfI 3B€3/1 IIapbl IIpU Ha6JIIO,ZL€HI/IHX

J0 U TIOCJIe MepUInaHa.

IO:xHast 3Be3/1a B BepxHell KyJIbMUHAIINN:

A7 =360° — AAY JI0 MEPU/IHAHA,
A5 = AAS HoCJIe MepUIuaHa.
CeBepHast 3Be3/1a B HUKHEH KyJIbMUHAIAN:
AN =180° — AAY JI0 MepuIuaHa,
AY =180° + AAY 1OCJIE MEPUIAAHA. (2.17)

7. OHpe,ILeJIEIeTCH MOMEHT 3BE€3JHOT'O BpeMeHUu Ha6JIIO,H,eHI/I}IZ

s9 =a”,

sV o= aN £ 128, (2.18)

HpI/I IIpoBeICHU Ha.6JIIO,ZLeHI/H71 HeO6XO,ZLI/IMO Y4IuTbIBaTh, 9YTO YCTAHOBOYHbIC a3UMYThl BBITHUCJIECHBI
JJIA BbI6paHHOFO BpeMeEHU YIPEXKJICHUA tm, 1 peaJibHbI€ MOMEHTDBI Ha6JIIO,ZL€HI/IH OIIpEJC/IAIOTCA

KaK
sY = s — 17, s5 = 8% 5,
N _ N m N _ N m
sHK,l =Suk — U1 SHK,2 = Sux + t2 . (219)
SagaHue

Paccuurats ademepuanr m1st HAOIIOACHUS 3Be3 B MepuanaHe. Vcmoabp30BaTh TPUBEIEHHYIO BbI-
e METOIMKY. JKBATOPHAJIbHbIE KOOPAUMHATHL 3Be3J B3dATh u3 Tabumubl AE «Cpemume mecra 3BE31
(J2000.0)». st cocraBiierust 3beMepr i MOXKHO UCIOIb30BATH TOJBKO T€ 3BE3/IbI U3 TaDJIUIBI CPEJIHIX
MECT, JJIsl KOTOPBIX CYIIECTBYIOT COOTBeTcTBYyMomue 3amucu B Tabimine AE «BumuMmble mecra 3Be31».
PesysibraThl BBIYUC/IEHUI TOMECTUTD B JiBe Tab/uibl. B nepByto Tabsmuily (cm. tabiuiy 2.3) IOMeCTUTb
BCe 3BE3JIBI, YIOBJIETBOPAOIINE IIyHKTaM la—1c U3 crmcka yCJIoBHil, OTCOPTUPOBAHHBIE 110 BUIY KYJIb-
MuHAIUK (A3UMYTy) U 3BE3HOMY BpeMeHH KyJbMuHanuu. Bo Bropyio tabiuily (paboune sdemepu bl
JIsl OIIpeJieJIeHrs] TMPOTHI 110 HAOJIIOIEHUsIM 3Be37] B MepH/MaHe) [MOMeCTUTe Hapbl 3Be3Jl, yIOBJe-
TBOPLIOIINE BCEM BbIIEyKa3aHHLIM KpurepusaM. CaMy mapbl U 3Be3Ibl BHYTPU HAPbl JOJIKHBI OLITh
OTCOPTHPOBAHBI [0 3BE3HOMY BpeMeHH (cM. Tabuuiy 2.4).
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Tabauma 2.3 3Be3bl, TPOXOIIINE MEPUINAH MeCTa HabOJIIONEHNs B BHIOPAHHBIN IUAIIA30H 3BE3IHOIO
BpEMEHN

Ne Ne Hassanue m a ) S KYJIbM. ZKJT Ak ZKII Ak va
mo AE hh mm °of hh mm o o o o ' /m
01 378 bet Ser 3.65 15 46 +15 23 15 46 41 27 00 318 33 | 1800 | 21.8

Tabsmma 2.4 Paboune acdeMepuibl s OLpeae/IeHAs IMUPOTHI 110 HADJIIOAECHUSIM 3BE3, B MEPUIUAHE

Ne Ne m S§ KYJIbM. S1 A1 S2 Az ZKJI
naper | mo AE hh mm | hh mm ! hh mm ! °of
01 401 S 3.8 16 32 16 28 358 47 16 34 037 54 53

129N | 4.2 16 55 16 51 179 31 16 57 180 15 | 56 49

2.5 DdemepnaHbie BHIYUCIEHUS JJId CIIOCO0a PaBHBIX BBICOT

2.5.1 Meroauka pacdera 3demMepu HaAOIIOIAeHUA

OcHoBHasi uzest MeTo/Ia — HADJIIOJIEHUs TIAPBI 3BE3/] ¢ HEDOJIBINOI PA3HOCTBIO CKJIOHEHUI Ha OJTHOM
u ToM ke ajbMykantapare [11]. CiemoBaresbHO, HEPBBIM KpUTepHueM OTOOpa SIBJISETCS MaJlash Pas3-
HOCTH CKJIOHEHUH 3Be31, TO €cTh Ad < Az, & BTOPBIM, €CTECTBEHHO, HAXOYKICHUE 3BE3JT HA OJIHOM
3€HUTHOM PACCTOSIHUU, IIPH OJHOM M TOM K€ 3BE3IHOM BpEMEHU. JalldIleM I HapajlIakKTHIeCKUX
TPEYTOJILHUKOB JIBYX IPOU3BOJILHO BBIOPAHHBIX 3BE3]] ¢ MAJION pA3HUIEHl CKJIOHEHUN (DOPMYIIbI KOCH-
HYCOB JIjIsI 36HUTHOTO PACCTOSHUS U, IOCKOJIbKY, HAOIIOICHUsT BELYTCs HA OIHON BBICOTE, IPUPABHIEM
9TH BbIpaskeHUsl Apyr apyry. Ha sTom srame 6yzaeM cYMTaTh, 9TO 3BE3IbI IIPOXOIAT OIHY M TY K€
BBICOTY B OJIMH M TOT »K€ MOMEHT 3Be3J/IHOr0 BpemeHu 7.

sin @ sin d, + cos @ cos 0 cos(ae — T') = sin @ sin dy, + cos p cos 0y, cos(T' — ) - (2.20)

IIpomenas nmpeobpa3oBanus, MOy IUM:

. Qi + Qe Qyy + Qe Ow +0E Ow — O Qe — Qg \
(1B ) (B (B o ()

0w — O, —
=tgptg [ == | cosec Qe — Y , (2.21)
2 2
I
sin | T — Ow + Qe +cos | T — Ow + Qe tgm = SuLn , (2.22)
2 2 cosm

rae yIJibl M 1 1 COOTBETCTBEHHO DaBHBI:

tgm = tg <@> tg <@> ctg <%> ) (2.23)

0w — 0 -
sinn = tg ptg <%> cosec <%> cosm, (2.24)
u Torza
T:n—m+o‘wT+o‘e. (2.25)
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B urore nmeem caemytorryio cucremy pOpMyJ ISl IONCKA 3BE3HONO BPEMEHH, KOT/Ia Iapa 3Be3[
HaXOJUTHCA Ha OJIHOM 3€HUTHOM DPACCTOSHUU:
Qi + Qe

T=n—m+—"75—", (2.26)

0w — 0 -
sinn = tgptg <%> cosec <w> cosm, (2.27)

tgm =tg <5w;_56>tg <5w2_5e>ctg <%> . (2.28)

st peasibHBIX HAOJIIONEHUI HEBO3MOXKHO HUCIIOJIB30BATH OJHOBPEMEHHOE MPOXOXKICHUE 3BE3, Uepe3
alTbMyKaHTapaT. B cumy sToro, mogbupaioTcs Takme mapbl, TAe OIHA U3 3BE3.T MTPOXOIUT ODIIYIO BHICO-
Ty paHblIlle Apyroii. AJbMyKaHTapaT MPU 3TOM CMEIAETC BBIIIE UIH HUKE, IO OTHOIIEHUIO K TAKOBOMY
JITST OMTHOBPEMEHHOTO TTPOXOKICHNUSI, B 3aBUCUMOCTH OT MPSIMBIX BOCXOXKIEHUH W CKJIOHEHUIT 3Be3] a-
pol. TpebyeMblit MPOMEKYTOK BPEMEHU MEXKIY TPOXOXKJICHUSIMH 3aBUCAT OT WHCTPYMEHTA, CKOPOCTH
JIBUZKEHWST 3BE3/IBI IO BBICOTE W OMbITa Habimomaresns. Jis yeaoBuit JeTHelt TPaKTUKYE TPUHSAT TPOMe-
JKYTOK BPEMEHU MEXKJIy ITPOXOXKJIEHUsIMU ajibMyKaHTapaTa paBubiit 107,

Panee mo TekcTy ormMedasioch, 9TO HAMIYUIIHE YCAOBUS HAOIOACHNST — HaOJIIOIeHe 3Be3 1 BOIM3n
[IEPBOI'0 BEPTHUKAJA, TO €CTh A3UMYThI 3TUX 3BE3[l JIOJIKHBIE PABHATHCS puMepHOo 90° 1jis 3amaaHoit
u 270° 1j1s1 BOCTOYHOM 3BE3bI.

Teneps paccMOTpUM OTpaHUYEHUS, CBSI3AHHBIE C WHCTPYMEHTOM, C TOMOIIBIO KOTOPOTO TPOU3BO-
JIATCst HaOJIoneHust. eim HHCTPYMEHT YKOMILIEKTOBaH MIpsiMoii Tpy0oit, TO st ya00cTBa HAOJIIOMEHU
MIPUXOINTCS MCIIOIB30BATH CPABHUTEILHO HU3KUE albMyKaHTaparsl. CiieoBaTeIbHO, 9€TBEPTHIM KPH-
TepueM 0TOOPA SIBJISIETCS OIPAHUYIECHUS 110 36HUTHBIM PACCTOSTHUSM: Zmin < 2 < Zmaz-

st ompesienienns KpurepneB oTOOpa MO 9aCOBBIM YIVIAM TIPUMEM, ITO CPeJHee 3eHUTHOE PACCTO-
siHue HabJIIo/IeHnil cocTaBiser z ~ 55°. Peras mapa/urakTudeckuili TpPEyTrOAbHUK JIJIsi ITPOXOXKIEHUS
3BE3/011 TEPBOTO BEPTUKAJIA HA 36HUTHOM PACCTOSHUH Z, TOJTYyYIaeM MO (hOPMYJIe MSITH SJIEMEHTOB:

sin z cos 90° = sin(90° — ) cos(90° — ) — cos(90° — ¢) sin(90° — J) cos t,

t2(90° — )

t= .
T 1e(90° — )

(2.29)

[IpuMmensia K TOMy K€ TPEyrOJIbHUKY TEOpPeMbl KOCUHYCOB M CHHYCOB, IIOJIyYaeM BLIPAsKeHUs JJIA CTO-
posrsr 90° — &

cos(90° — 0) = cos(90° — ) cos z + sin(90° — ) sin z cos 90°,
cos(90° — 0) = cos(90° — p) cos Z,
sin(90° —¢) sinZ

sin 90° sint’
sin z
in(90° — §) = ——. 2.30
sin ) it (2.30)

[Moxcrasisiem (2.30) B (2.29) u nosydaeM OKOHYATEJbHOE BbIParKeHHE JIJisi YaCOBOIO yIJIa

.
tgt = —2° (2.31)
COs ¢

IIpoBoast pacder wyacoBoro yruia Jjsi mupoThl EkarepuHOypra m Z, MOJYyYUM CpeJiHee 3HaUYeHUE
3aI1a/IHOrO 9aCcOBOIO yTIyla B IIEPBOM BepTUKAJIE t,, A 4.5". Ha BocTtoke coorBercTBeHHO to &~ 19.5". D10
103BoJIsIeT ¢(hOPMY/INPOBATH TPETHil KpuTepuil 1yist 016opa mapsl Llunrepa, To ecTb ty, ~ ty, + 1.5" u
te ~ 1.+ 1.5"

HeobxoauMm n msiThlii KpuTepuii oTOOpa 3Be31 — 3Be3JHasl BeJIWYHHA, TO €CTh B JIeTHee BpeMs
Ha CyMepedHoM HeOe, B MOPOJCKUX YCJIOBUsIX HAOJIOAEHUE CJIa0BIX 3Be3J MPaKTHIECKH HEBO3MOXKHO,
3HAYIUT HEOOXOMAMMO YUUTLIBATEH 3BE3IHYIO BEJIUUNHY, IIPU MOA00PE HAPBL: M < Minmqq-

DopMyJIBI JIJI TOJICYETa 3€HUTHOI'O PACCTOSTHUS 3BE3] Haphl 2:

cos z = sin psin §y, + cos @ cos(T — ayy) (2.32)
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nJIn

cos z = sin g sin d, + cos p cos(T — a,) , (2.33)
1 asuMyTOB A, Ae:
sin(T" — o)
tg Ay = 2.34
& fw sin g cos(T — auy) — tg dy cos @’ (2:34)
(T —
tg A, sin(T' — ac) (2.35)

- sin pcos(T — ) — tg de cos

ITapamerpsr orbopa map BLIOPAHB! CJIEILYIONIIM 00PA30M:

rrybuna morpyzkennsi CoOJIHITA 110/ TOPU3OHT 3°;

Pa3HOCTh MOMEHTOB IIPOXOXKJIeHn# B MunyTax — 10;

orpaHuveHre 10 3Be3/HOl BeauynHe (max) — b;

MaKCHIMaJIbHAasl PA3HOCTH CKJIOHEHUIT 3Be37T B Ipajycax — o;
OrpaHUYEHHsI HA YacOBble yIUIbl (min—max) B yacax — 3—6, 18—21;

OrpaHUYEHHUsI 110 3€HUTHBIM PACCTOsiHUsIM (min—max) B rpajycax — 45—65.

Jl1st peasin3anuy U3JI02KEHHOTO aJITOPUTMA UCIIOJIB3yeTCsl KOMIBIOTEPHAs IIPOrPaMMa, BXOIAIIAS B
COCTaB MPOrPAMMHO-AIIIAPATHOTO KOMILIEKCA obecredeHust yuebHoil mpakTuku mo actpomerpuu. IIpo-
rpaMMa CO3IaeT TEeKCTOBbIe (haiibl 3deMepu HaOIIONCHAN 10 BXOAHBIM (haiiiaM SKBATOPUAILHLIX
koopaunar Cosnna u 3se3 u3 AE.

2.6

Tumnosbie BOIIPOCHI

OObsicHuTe, MO0 KaKoil mnpudnHe (peMepubl Iy aCTPOHOMUYECKUX HAOJIOICHUI PacCIUTHIBA~
0TCS KaK (DYHKINST 3Be3THOTO BpeMenn! BO3MOXKHO /I MCIOIH30BAHWE TOTO WM WHOTO BHJIA
COJIHETHOTO BPEMEHU JIJIsT TOCTPOEHUs dheMepu !

[Touemy Tpebyemasi TOTHOCTD BBIUYUCICHUS 3(PEMEPUT OOBITHO OIPEIE/ISIETCS UMEHHO BEJTUINHOM
YIJIOBOTO TIOJISI 3PEHUsT MHCTPYMEHTA,?

IlosicauTe, Ha Kakux sTamnax 3PeMepUIHBIX BBIYUCICHUN M ¢ KAKOH IeIbI0, UCIOIb3YeTCsI IIPOolie-
Jlypa WHTEPIOJISIIIN TabJIMIHBIX 3HATEHNI !

O0bsicHUTE CYyTh HMPOLELYPhI JTHHEHHON MHTEPIOJISIIINH.

IlogcuuTe, Mo Kakoil MpUYMHE MOPSIOK MHTEPIOJTUPOBAHUS ITPU ABYMEPHON JIMHEWHON MHTEPIO-
JISIIIAU HE WMeeT 3HAYUEHUS !

PaccuuraiiTe BpeMsi HPOXOXKJIEHHUsSI 3Be3/Ibl depes moje 3penust teogosmTa GeoBox TE-02 mis
CPEJIHEro CKJIOHEHUsI 3Be3/l, KYJIbMUHUPYIOIIUX K IOIY U CeBepy OT 3eHuTa (B HUZKHEN KyJbMUHA-
nun) Jyist mupotbl Exarepunbypra.

Paccuanraiite Bpems mosmroro 3axoma CosHIIA 0 TOPU30HT (OT HIZKHETO JI0 BEPXHEro Kpast) JJIst
JaThl CEPEINHBI YIeOHOM MPAKTUKU. 3aBUCUT JIX 9TO BpeMsl oT ckyonenns CosHua?

ITokazkure, BiusieT Jin pedppakiyst Ha BpeMsl [TOJHOrO morpyzkeanst CoJIHIIA IO TOPH30HT.

PaccunraiiTe BeJMYUHY IOIPEITHOCTH IPHU HMCIOJIB30BAHUN HAYAIbHON aHAJIUTHYECKON MOIENN
pedpakiu B cpaBHEHHUE ¢ UCHoJb30BanneM Tabjui pedpaknun AE. Pacaer chaenaitre s mpe-
JIEJIBHBIX BBICOT HAOJIIOIEHU.
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11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

CxrosbKo Tpebyercs cpeHero BpeMern, ITo0bI COJTHIIE MOCTIE TOJTHOTO TTOTPY?KEHHS O] TOPU3OHT
yILIo Ha Tiyouny 6osiee 6°7 Pacuer npoBejuTe 11 maThl Hadaaa yIeOHOM IPAKTUKU.

Paccunraiire BpeEM TOIPpy2KEeHM A COJIHHa, IO, TOPU3OHT HA 6° JJId JaT HadaJJla 1 KOHIIa ITPaKTUKU.

PaccuuraiiTe MOMEHT MCTHHHOM HOJIYHOUN I10 3BE3IHOMY U CPEIHEMY BPEMeHH JJIs JaT HadaJIa
" KOHIIA TTPAKTUKU.

Ormpenienure ycjioBusi BUIUMOCTH JIyHBI JIjIsT BCETO TTPOMEXKYTKA MTPAKTUKH.
Orpeiesiure, BO3MOXKHO JIM BO BPEMsl IPAKTUKU HAOIIONATH MOKPBITHE SIPKUX 3Be37, JIyHoit?

Kaxkum o6pasoM MOXKHO ONpeneuTh [jist 9heMepPUIHbIX 3Be3, He OyIyT Jin B [OJie 3PeHus WH-
CTPYMEHTa OJHOBPEMEHHO BHIHBLI HECKOJIBKO 3BE3.!

MozkHo Jin HabIOMATh KyabMuHarmu [losisipHOit 3Be3/1bI B TeueHue yIeOHON MpaKTUKu !

PaccunraiiTe, Ha CKOJIBKO mM3MeHsieTcst BbicoTa [loISIpHOI 3Be31bI HA IIPOMEXKYTKE BPEMEHU B
10°. Pacder mpoBemguTe Jjisi IOJIYHOYHN 110 I'PaXKIAHCKOMY BPEMEHHU JIJIsl JAThl CEPEINHBI IPaKTH-
ku. Onenure, Kak omunbKa pUKcaluy MOMEHTa BpeMenu Habsogenus IoasspHoil 3Be31bI MOXKeT
BJIMSITh HA TOYHOCTH OIPEIE/ICHUS IIIIPOTHI.

HpI/I Ha6JIIO,IL€HI/IHX B KaKHX MeCTax CYTO‘IHOfI ITapaJijiejin HOJIHpHOfI 3BE3bl MO2KHO IIOJIy4YUTH
MaKCUMaJIbHYIO TOYHOCTD OIIpEIeJCHUA MUPOTHI MecTa?

PaccumraiiTe, B KaKoii MOMEHT 3BE3IHOIO BPEMEHU IIPOUCXOIAT SJOHramuu llossspHoil 3Be3IbI.
Buanbr in onu B nepuoj HabJoseHmii?

Kaxoit 3HaK nMmeeT ommbKa OIpeaeIeHus MIMPOTHI TPY HAOIIOIEHNN TPOXOXKIEHN 3Be3 BOIN3M
MEepHIUaHa BCJIEICTBAE HETOYHON OPHEHTAIIMN MHCTPYMEHTa B MepuauaHe?

Paccunraiite, HACKOIBKO M3MEHSIETCST BBICOTA 3BE3IBI CO CKoHeHNEeM § = (°) IpH ee MPOXOZK TeHIH
Uepe3 MepUInaH, eCJU OHA MIPOXOIUT MOJIHOE 1oJjie 3peHus Teojosinta GeoBox TE-02.

Onpegennre MUHIMAJILHO BO3MOXKHBIN IIPOMEXKYTOK BPEMEHN OTHOCHUTEIHHO 3(EeMEPUIHOIO MO-
MEHTa KyJIbMUHAIINNA CEBEPHON 3BE3/blI, YTOOBI €€ MOXKHO OBIJIO MPOHAOJIIOIATh Ha BCEX TPEX HU-
TAX UHCTPYMEHTa. B3sThb 3Be3/IbI ¢ MaKCUMAaJIbHBIM U MUHUMAJILHBIM U3 BO3MOXKHBIX CKJIOHEHUMH
CEeBEPHBIX 3BE3/I.

Brime mim nuzke HabogatoTca 38e346! map LluHrepa oTHOCHTEIHHO BBICOTBI, KOTOPYIO OHHU IIPO-
XOIAT B OJHO W TOXKE BPEMsI?

Paccuuraiite Bpemst nmpoxoxkaenus 3Be3 nap llunrepa wepe3 uutu mHcrpymenta. Paccmorpure
cIydail co cpeliHeil BLICOTOM aphl U IPOXOKICHUEM aJIbMyKaHTapaTa TOYHO B IIEPBOM BEPTUKAJIE.

BosmoxkHO s HaboeHe 110 Mertony llumarepa B Mepuauane?

Ornumure XapakTep BUIMMOIO JIBUXKeHUs 3831 map LluHrepa B 110J1e 3peHust HHCTPYMeHTa BOJIU-
37 TIEPBOTO BEPTUKAJIA.

HackosibKo MeHsIeTCsI CKOPOCTb ABUYKEHUsT 3Be31bI, BLIOPAHHOM 11 HabIIoAeHus 110 MeTory lun-
repa, 1o a3uMyTy U BBICOTE IIPHU IPOXOXKIECHUU OT OTHOIO Kpas IOJIA 3PEHUs UHCTPYMEHTa 10
napyroro? Jljas pacdera BO3BMHTE XapaKTepHOE CKJIOHEHHE 3Be3[l, obpasyromux mapbl LluHrepa
JJI IIAPOTHI U JTOAroThl ExaTepunbypra.

JonycTuMo Jin yCpeTHSITh HAOJIIOJeHHBIE MOMEHTBI BpEMEHU ITPOXOXKAeHs 3Be3amu nap [uHre-
pa HUTell MHCTPpYMEHTa JJIsT IOCIe Iy IOINero paciera MompaBku XxpoHoMerpa? OBoCHyiTe OTBET.
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3

Cayxx06a BpeMeHn

JIrobbIe acTpomeTpuueckue HAOJIIOJEHUST TPEOYIOT TOUHON BPEMEHHOW NMPUBSI3KUA U OJHUM U3 BaXK-
HBIX PA3e/IOB MPAKTUKH sIBIISIeTCsT CIykba BpeMeru. COOTBETCTBEHHO, OJHUM W3 BAyKHEHITNX TPH-
OOpOB Ha TPAKTHUKE SIBJISIIOTCSI BBICOKOTOUHBIE dachl. He MeHee BaxKeH W IPOTOKOJ WX HMPUMEHEHUS,
KOTOPBIH JOJI?KEH MUHUMU3UPOBATDL JIOIIOJIHUTEJIbHBIE IIOIPEIIHOCTH, CBA3aHHbIE, B OCHOBHOM, C 4YeJjo-
BedeCKUM (haKTOPOM.

Ha mnpumepe aszmmyTasibHO# HporpamMMbl, KakK OJHON u3 Haubosee TPeDOBATETHHBIX K TOYHOCTH
U3MEPEHUI, OIpeie/IuM HEOOXOIUMY0 TOTHOCTD (PUKCAIINA MOMEHTOB BpeMeHu. OmubKa ompe ie/ieHust
a3MMyTa HAIPABJIEHUS] HA 3eMHOU OObEKT BBITUCJ/IAETCS 110 CJemyromneil popmyie

cos d sin g

AA = cosq

At —sin AS2EA AS, (3.1)
Sz

sin z sin z
e At = AT + Au — Aa, AT — ommbka B (pUKCAIUN MOMEHTa HaOJIOJCHUsT CBETUJIA 10 YacaM,
KOT/Ta OHO WMeeT 9acoBOil yrou t, Au — ommubka B U3BECTHON MOMpaBKe XPOHOMETPA OTHOCUTETHHO
MeCTHOro BpeMenn, Aq — omubKa B 3HaueHnn KoopauHathl [6]. st onenku MoxkHO cuntarh Aa, AJ,
A paBHBIME HYJIIO, T. K. TOYHOCTH KATAJOYKHBIX JAHHBIX JTOCTATOYHO BBICOKA, UTOOBI FapaHTHPOBATD
HU3KYIO [IOIPEIHOCTD pe3ysbrara. [[0CKoIbKY Hab 0 e H s TIPOBOJIATC B OCHOBHOM B MepHIuaHe (J1ist
HaIell MUPOTHI TO MX BEpXHUE KyJIbMUHAIUM), apalakTudecKuil yroa g 6yaer 6iausok k 0, 180°.
C y4eToM MIMPOTHI MeCTa HAOIIOICHUST W JOMYCTUMOTO MHAITA30HA BBICOT B BEpXHEH KyJIbMUHAINM,
CKJIOHEHUE 0OBEKTOB B CPEJHEM OJIM3KO K HYJIIO.

Wcnop3yeMble Ha MpakTHKe 3JeKTpOoHHBIE TeoaonThl Geobox TE-02 obecnieqnBatoT TOUHOCTD U3-
MepeHus yroB Ha yposHe +2” n paspemaroniyio criocobrocts Tpyosr — 3.5”. Mexons n3 3Toro, MosKHO
IPUHATH OPeJeIbHyIo TpebyeMylo IIOrPeNIHOCTE ollpejiesieHns asumyTa AA = 44",

[ToncraBum Bce 3HadeHus: B 3.1 U MOJyduM, UTO Tpeje/ibHAasi MOTPENTHOCTh (DUKCAIIMM MOMEHTa
Bpemenn coctabiisier AT = 0.1—0.2°. C apyroit cTOPOHBI OIMUOKA OIPeIesIeHNsT TOIIPABKHA XPOHOMETPA
B Merozie [unrepa B6/in3u mepBoro Beprukajia oneHuBaercss kak Au ~ AT [6].

Wcxonst n3 Beero BBIIECKA3aHHOIO, MOYXKHO CJIEJIATH BBIBOJI, YTO YKeJaTelbHas TOYHOCTDH (DUKCAIUI
MOMEHTOB BpEMEHU J0JI>KHA ObITh mopsiaka 0.1—0.01°

Tounble Yachl JTOKHBI 00ECTIETUBATD:

1. KavuecTBeHHYI0 CHHXPOHUBAIIAIO C STAJOHHBIM BPEMEHEM.
ToyHOCTDH CHATHUSI OTCIETOB HE MEHDIIIE OTHONW COTOH CEKYHJIBI.

PasromepHOCTH XOMA.

=W N

BosmoxkuocTs ukcannum MOMEHTOB BpeMeH! Yepe3 KHOIKY WJIHM WHOE ITOJXO/ISAINee YCTPOUCTBO
dukcanuy JIjist HCKJIIOYEHAST METOIa «IJIa3—YyX0», KaK TPEOYIOIMIEro BHICOKON KBAJIM(PUKAIIMI Ha-
O/IoIaTe IS U IIPOMEXKYTOIHBIX ITAIIOB TP (DUKCAIINE MOMEHTOB BPEMEHHN.

3.1 Peanmzamus ciay>KObl BpeMeHN MeTOJaMM CIIyTHUKOBOII HaBUTa-
117071

HcrouynukoMm TOYHOTO BpeMeHn MOTI'yT CJIy2KHUTb:
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® OT/IeJIbHBbIE BBICOKOTOYHBIE YaCHI;
® BCTPOEHHBIE B KOMIBIOTED allllapaTHbIE YaChI;

® BDeMs, IIepeaBaeMoe JI00AJILHBIMU CUCTEMAaMUI CHYTHHKOBOfI HaBUT'allUW, C KOTOPbIM MOI'YT OBLITD
CHHXPOHU3UPOBaHbl KOMIILIOTEPHbBIC YacChI.

OTaenbHbIe BHICOKOTOUHBIE YACKHI, TAK HA3BIBAEMbBIE pabOUNe STATOHBI €INHUI, BPEMEHW W TacTO-
ThI, MOTVIH OBI OBITH XOpoIuM BapuaHTOM. OHEM 00ECIIEINBAIOT BBICOKYIO TOYHOCTH, HO OHH TPEOYIOT
[IEPUOJINIECKOIl CBEPKHU C ITAJOHAMU, SIBJIAIOTCH CJIOXKHBIM K JIOPOI'OCTOANIUM OOOpPYJIOBaHUEM, U HUX
UCIIOJIb30BaHUE B MOJIEBBIX YCJIOBUSX 3aTPYIHEHO.

[TockosbKy 2KeJlaTesIbHO 00eCIIeynTh KOMIIBIOTEPHYIO (DUKCAIIMIO MOMEHTOB BpeMEHU (JIJIs yMeHb-
IIEHUsI POJIM YEJIOBEUECKUX OMUOOK MPH MOJIEBBIX HADJIIOIEHUSIX ), TO OUEBHIHBIM OBLIO ObI HCIIOJIb30Ba~
HU€ BCTPOEHHBIX B KOMIIBIOTEPHI AIIIAPATHBIX YaCOB. X0/ KOMIBIOTEPHBIX YACOB OIIPEJIEIAETC XapaK-
TEPUCTUKAMHU OOBIMHOT'O HETEPMOCTATUPOBAHHOTO KBAPIIEBOI'O NEHEPATOPA, UTO HE MO3BOJILET MOy YUTh
OTHOCHTEILHYIO TOYHOCTH XOJa ABTOHOMHBIX JacOB KOMIIbIOTepa jyuirte, dem 10741077, Ucmoms3o-
BaHUe KOMIILIOTEPHBIX IaCOB BO3MOYKHO IIPU PErYJISIPHON (U JOCTATOYHO YaCTOi) X CHHXPOHU3AINH C
KaKAM-JII00 STAJTOHOM BPEMEHHU.

BosmoxkHo ucnosib3oBanne KOMIBIOTEPHBIX YacOB, CHHXPOHU3UPOBAHHBIX C MHTEPHET-CEPBEPAMU
rounoro Bpemenu 1o nporokoiay NTP (Network Time Protocol). TounocTh CHHXpOHU3AIWMS TIOPSJI-
ka 0.1° MoxKeT OBITHL MOCTUTHYTA NPU HAJAIAM CTAOUILHON CBSI3W C CepBepoM BpemeHHu B ceru. Ho
obecreunTh HEOOXOMUMYIO TOYHOCTh CHHXPOHUBAINNA B PEAJIBHBIX YCJIOBUSIX TPYIIHO.

Texundeckn MOCTYNHBIM U CTAOUJIBHBIM $IBJIETCS BapUAHT HMCIIOJIb30BAHUS BPEMEHU, IepejiaBae-
MOT'O CIIyTHHKOBBIMH HABUTAIMOHHLIMU cucreMamu [12] (cobersennas morpemmocts At ~ 1079 ¢), ¢
KOTOPBIM MOTYT OBITH HEPUOIUYECKNA CUHXPOHU3UPOBAHBI KOMIIHIOTEPHBIE YaChI.

3.1.1 MHWcnoabp3oBaHme cucTeM IJI00ATBHON CIly THUKOBOI HABUTAIIUU B MEJISX CJIY K-
ObI BpeMeHH

s pemenust 3amad MPaKTUKU HCIOAL3YETCH CIEIUAJU3APOBAHHLIA BBICOKOTOUHDLIA IPUEMHUK
CJIyKOBI BpeMeH! Trimble© Acutime Gold GPS Smart Antenna. GPS-npuemunk nmeer nsa narepdeii-
ca: PPS (Pulse Per Second) u COM-nopr (RS-422). Ilocste BK/IIOUeHUs] INTAHUS, OH aBTOMATHICCKI
OTCJIEXKMBAET CUTHAJIBI HABUTAIMOHHBIX CIIy THUKOB, FeHepupyeT cekyHiHyIo MeTky (1PPS) u noceuiaer
coobmienne Ha COM-topr, comepxKariee npuBsizky Mmerku K UTC B npenenax +15 He. PeassHo HeT HEOO-
XOIUMOCTH ISl 3a0a4 IPAKTUKU PEeaM30BLIBATL CTOJIb BLICOKYIO TOUHOCTL CHUHXpOHM3amuu. pyroi
BapuaHT pabOThl ¢ IPHEMHUKOM 3akJrodaercs B nomakiodeHnn COM-mopra K KoMIboTepy 0e3 10-
HOJTHUTEJIbHON 06paboTKu pps-curnaja. [IpoussoguTesib mpueMHUKA [IpeocTaBsier nporpammy [13],
KOTOpasl IO3BOJISIET MMEPUOANIECKH CHHXPOHU3UPOBATH KOMIIBIOTEPHBIE YAChl C YacaMy IIPUEMHUKA.
BasiBjleHHAs] IPOU3BOJUTEIEM TOYHOCTH CHHXPOHM3anuu cocrasiser mnopsiaka 0.001 ¢ [14]. Hamuuune
B KOMILJIEKTE ODOPYIOBaHUST Ipeobpas3oBaTesist CUTHAJIOB uHTepdeiica RS-422 B curnayisr USB-mopra
[IO3BOJIAET HOAKIIOUUTH IPUEMHNK CUTHAJIOB CILy THUKOBOI HaBUIAIMOHHON CHCTEMBI K JIIODOMY COBpE-
MEHHOMY KOMIIBIOTEDY.

3.1.2 Meroauka UCOOJb30BaHUS CILyTHUKOBOT'O 000OpYIOBaHUS

TexHIYeCKHE XapaKTEPUCTHKH IpHeMHIKa cTyK0bl Bpemern Trimble® Acutime Gold GPS Smart
Antenna omucanbl B [14] u Ha oburnmanbaoMm caiite komnanuu Trimble http://www.trimble.com/
timing/acutime-gold-gps-antenna.aspx?dtID=overview. Buemnuit BuJ npueMHuKa 0e3 MOJYJIsI
npeobpaszoBanusi uHTEpdEiica npupejieH Ha puc. 3.1.

IIpueMHuK caeayer 3aKpenuTh Ha CTOIKe, TaK, YTOOBI ObLIa obecredeHa MaKCUMa IbHasT BUIUMOCTD
BepxHell nosycdepbl. BeTBu KyCTOB U JIEpEBBEB MOTYT CO3/IaBAThb IMOMEXU IIPOXOXKJICHUIO CUT'HAJIOB.
[TpuemMHUK HEOOXOMUMO MOICOEIVMHUTL K KOMILIEKTHOMY Kabesro, a caM Kabejab K MOIY/II0 Ipeobpa-
zoBanusi uaTepdeiica RS-422 < USB. USB kabesib 0T MOmy/isi HMOJAKIIOYUTE K CBOOOJHOMY IIOPTY
KOMIIBIOTEPA; KOMILJIEKTHBIN OJIOK HMUTAHUS MOJKJIOYATH K MOJIYJIO IpeobpaszoBanus unrepdeiica u
BKJIFOYUTH B CETH 3JIEKTPOIUTAHUsI. BBIK/IIOUATE/IEM MUTAHNS BKIIOYUTH MOJY/Ib ITPEOOPA30BaAHUS WH-
Tepdeiica.
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Pucynok 3.1 Ipuemnnk ciyx6er Bpemenn Trimble® Acutime Gold GPS Smart Antenna,

Jlst HopMabHOIT paboThl MOJyJIs IpeobpaszoBaHusi nHTepdeiica Ha KOMIILIOTEPE JOJKHBI OBITh
YCTaHOBJIEHBI JIpaiiBephl st paboThl ¢ mpeobpasoBaressymu uaTepdeiica dupmbr Future Technology
Devices International Limited® (FTDI). B cayugae ux oTcyTCTBHsI, ApailBepbl CIEIyeT YCTAHOBUTH
JIO TOJKJIIOUEHUST yCTpoiicTBa. paiiBepbl MOXKHO IMOJIYYUTh 1O ajpecy http://www.ftdichip.com/
Drivers/VCP.htm.

st Toro, 4ToOBI MOJKJIIOYEHHBII TPUEMHUK CJIy2KObI BPEMEHHM MOT BBIIOJIHATH CBOIO OCHOBHYIO
QYHKIINIO: TEPUOINIECKU CHHXPOHU3UPOBATH BCTPOEHHBIE 9aChl KOMITBIOTEPA, ¢ BBICOKOTOTHON TITKAJIOMN
ATOMHOI'O BPEMEHHU, II€PEJIABAEMOIl C CUT'HAJIAME IJI00AJIBHON CHCTEMBI CIIy THUKOBOI'O MO3UIIMOHUPOBA-
HUsI, HA KOMIIBIOTEPE JIOJI?KHO OBITH YCTAHOBJIEHO U 3AITYIIEHO CIIEINATH3UPOBAHHOE TPOrPAMMHOE 00ec-
medenne. OHO MOXKeT OBITH TOJYydeHO Mo ajpecy http://www.trimble.com/timing/acutime-gold_
support.asp?Nav=Collection-68392. /[yisi paboThl ¢ npueMHUKOM HeoOxoimMma mporpamma Trimble
GPS Studio®. Bcee mogpobroctn padorsr ¢ Trimble GPS Studio© omucansr B [13]. dnst moaxirode-
HUsl, MTHUTMAJIU3AIUN U UCIOJb30BAHUS IPUEMHUKA CJIY2KOBI BPEMEHU HEOOXOIMMO IOCIeI0BATETHHO
BBITIOJIHATDL omneparyn, onmcannbie B Tiase «Using GPS Studio With GPS Timing Receiverss. Tlocre
sroro B porpamme Trimble GPS Studio© B mento Tools BbiGpars nynkr TimeKeeper n akTHBIPOBATH
IEPUOJIUIECKYIO CUHXPOHU3AINIO KOMITBIOTepHBIX 1acoB B pexkume UTC ¢ mepuogom 5—10 MuH.

Bros undopMmarin 0 MOMEHTe BpEMEHHU Ilepecevennsi 3Be3/I0i HUTU B I10JIe 3peHusi TPyObl peaJiu-
30BaH C IOMOIIBIO CIENUATBHOIO yeTpoiicTBa (HEOOXOAMMOCTh TAKOIO YCTPONHCTBA BO3HHKAET BCJIEJI-
CTBHE OTCYyTCTBUSI KOHTAKTHBIX MUKDOMETPOB Ha UCIOJIb3YeMbIX HHCTPYMEHTaX), MOJIKJIIOYaeMOro K
koMmiibioTepy 1o muae USB. OHO 1m03BOJIsIeT OJHOBPEMEHHO 0O6pabaThiBaTh MH(MOPMAIMIO OT BOCHMHU
HE3aBUCUMbBIX KHOIOYHBIX IYJBTOB U IOJYYHUThH JIOCTYI K 3TOH MHMOPMAIUU U3 BHEITHUX ITPOIDAMM.
Peanuzanus kHoOmo4yHoro BBojia nHMOPMAIME O MOMEHTE BPEMEHU HAOJIIO/ATEIEM II03BOJISET yMEHb-
IIATh KOJMIECTBO IIPOMEXKYTOYHBIX STAIOB B Iepejiade W (DUKCAIUU JAHHBIX. Takyke Takoil crocod
IIO3BOJISIET MOJIYYUTH HOIPENTHOCTH (DUKCAIMH MOMEHTA, 3aBUCHAILYIO OT YeJIOBEYECKOro (axTopa Ha
YPOBHE XapaKTEPHOI'0 BPEMEHU IICHXOMU3NOJIOrHIecKIX peakiuii desoseka (mopsiaka 0.01 ¢), uro co-
OTBETCTBYET HEOOXOIMMON TOYHOCTU (DUKCAIIMA MOMEHTOB BPEMEHU JIJIs 33129 IIPAKTUKU.

YeTpoiicTBO BBOJIA CUT'HAJIOB PEAN30BaHO € NMPUMEHEHWEM IIPOTPaMMUPYEMOro ImpeobpasoBare-
ast uarepdeiicos FTDI Mini Module FT2232H (cm. http://www.ftdichip.com/Products/Modules/
DevelopmentModules.htm). 910 MOmysH IpeobpasoBaress nporokosa muusl USB B crangaprabie mo-
cJIe/IoBaTe/IbHbIE U MapaslIeJbHble WHTEPGENChl Ha OCHOBE CIENUAJU3UPOBAHHON MHUKPOCXEMBI
FT2232H — BeicoKOCKOpOCTHOTO apyxmopToBoro USB-MocTa, peannsyromnero Bechb (busniecKuii ypo-
BeHb U TPOTOKOJbI USB mumubl. Buemnuit Bug FTDI Mini Module FT2232H nokazan ma puc. 3.2.
s ucriob30BaHus MOJIYJIsi COBMECTHO C IPOBOJIHBIMU KHOIIOYHBIMH IIYJIBTAME C IIPOBOJAMU 0OJIb-
modi jymuHbl (10—15 M), MOIY/Ib JIOMOJIHEH BXOAHBIMU (hDOPMHUPOBATEISIMA CUTHAJIOB, 3alllUIEHHBIMU
OT MAJIOMOIIHBIX BBICOKOBOJIBTHBIX (/10 3—5 KB) BXOIHBIX IOMeX U OT Jpebe3ra KOHTAKTOB KHOIIOY-
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HBIX IyJIBTOB. lIpuHIMIIHAIBHAST CXeMa YyCTPOUCTBa BBOMA IipuBeeHa B Ilpumoxkernn A.2. YcrpoiicTBO
MOJIKJTIOYaeTcs K Jiiobomy ceobomgaomy USB mopTy kommbioTepa.

Pucynok 3.2 Bremuuit sug FTDI Mini Module FT2232H

st HopMasibHOM pabOThl yCTPOMCTBA BBOJA CUTHAJOB Ha KOMITBIOTEPE JOJIKHBI OBITH YCTAHOB-
JIEHBI JIpaiiBephl Jjist paboThl ¢ mpeobpasoBaressmu naTepdeiica dupmbr Future Technology Devices
International Limited® (cwm. Bbite). Jluist paboThl € yCTPOHCTBOM BBOJIA CUI'HAJIOB OT KHOIOYHBIX I1yJIb-
TOB peasmsoBana nporpamma Chr, paGoraromas o yrnpasiaenned Microsoft® Windows, Bepenn or
XP u Boemme. IIporpamma dukcupyeT MOMEHTHI HaXKaTWsl KHOIOK Ha IYJIbTAX U BBLIBOJUT 3HATCHUS
MOMEHTOB BPEMEHU B OTIEIbHBIE JIJIsi KAXKJOT0 IyJIbTa 00JIACTH BBIBOJIA ¢ TOYHOCTBIO /IO COTBIX HOJIEi
cexyuapl. Jlamee 9Tu 3HaUEHUST TIEPEHOCATCS B KypHAJbl Habmofennit. TecTupoBamme mporpaMMbl B
TedeHNe JIeTHell IPAaKTHKH Ha HOYyTOYKe ¢ omeparmonHoii cucremoii Microsoft® Windows 7 mokasaso,
YTO OHA BBIMIOJIHSIET BCE HEOOXOMUMbIe (DYHKIMH, HO [JIsi OecriepeboitHoit paboThl JTO/KHBI OBITH OT-
KJTIOYEHBI BO3MOXKHOCTH OTIEPAITMOHHON CHCTEMBI TI0 THOEPHAIINN W YXOIY B «COH», a TaKyKe XPAHUTEID
SKpaHa.

Obpamume HUMaHUE, YMO NPOPAMMHO-GNNAPAMHBLT KOMNACKC NPUEMA CULHAAOE BPEMENU OM,
CNYMHUKOBVLT HABULGUUOHHDLT CUCTIEM U YCMPOTCMEO PUKCAUUL MOMEHMOE BDEMEHU HAHCATNUA KHO-
NOK HA KHONOYHLT NYALMAT 6vidaem Koneunsie peayavmamot 6 cucmeme UTC epemenu ¢ yuemom wa-
€080t 30nwl. Jlas 06pabomxy Habaodenuti 6ce Imu MOMEHMBL DOAHCHDL bbb nepesedens 8 36e30H0E
epema Ha damy HaOAIeHUA.

3.2 Illkaabl BpemMeHU

IIpm BBIMOIHEHUN 33787 MPAKTUKNA HEOOXOMTMMO OIIEPHPOBATH PA3HBIMH IMKAJaMU BpeMeHu. Bce
sdeMepuIHble BLIYUCICHUST U aJITOPUTMbI 00paboTKI 00pabOTKM HUCIOIL3YIOT KAy 3B€3IHOI0 BpeMe-
nu. [IporpamMMHo-amnmapaTHbIil KOMILIEKC IIPHEMa, CUTHAJIOB BPEMEHU OT CIIy THUKOBLIX HABUTAIIMOHHBIX
CHCTEM U YCTPOHCTBO pHKCAIIMN MOMEHTOB BPEMEHH HaXKaTHs KHOIIOK Ha KHOIIOYHBIX ITy/IbTaxX padoTa-
€T CO CpeJHUM TOsiCHBIM BpeMmeneM (tounee — B cucteme UTC ¢ yuerom wacoBoit BOHBI). Bcemencreue
9TOr0 HEOOXOAMMO YETKO ITOHMMATHh OCODEHHOCTH PA3/JIMYHBIX IMKAJ BPEMEHH U CIIOCOOBI IIEPEXOIa OT
OJIHON MIKaJIbl K APYI'Oi.

3.2.1 MW cnoap3oBaHue MIKAJ BPeMeEHU

OiHOMMEHHbIe [TPOMEXKYTKH BPEMEHU, OTHECEHHbIE K PA3IMIHBIM IIIKAJIaM BPeMeHH (3Be3/IHOi nim
CPEJIHECOJTHETHOI ), HEOJIMHAKOBBL. DTO CBSA3aHO C HEPABEHCTBOM OJJHOMMEHHBIX €IMHUI] BpeMenu. Kpo-
Me TOro, IKaJja 3BE3THOT0 BPEMEHU HEeITPEPBIBHO CMEIIAeTCs] OTHOCUTEIbHO MIKAJIbI COJTHEYHOI'O Bpe-
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MEeHHU, BCJIEJICTBHE TOI0 HAYAJIO 3BE3THBIX CyTOK (S = tp = OhOm) B Pa3Hble JHU TOJ[a ITPUXOIUTCS
Ha pa3jnIHble MOMEHTHI COJTHEYHBIX CYTOK.

Kak ocyrmecrBiisieTcst CBsI3b MEXKJY OCHOBHBIME CHCTEMAMK BpeMEHU — cpeaHeil u 3sesmgHoit? Mc-
X0/l U3 JAEHCTBUTEILHOTO YUC/Ia 3BE3HBIX U CPEJIHUX COJTHEYHBIX CYTOK B TPOMUYECKOM IOy, MOXKHO
OIPEJIeTUTh COOTHOIIIEHNE MeXKJIy €IUHUIIAMU 3BE3/THOTO M CPeJHETr0 BPEMEHMU:

365.2421897 ... cpennux cyTok = 366.2421897 ... 3BE3MHBIX CYTOK. (3.2)

TakumM 06pa3oM, B €JMHUIE CPETHErO BpeMEHHU (CYTKH, 4ac, MUHYTa, CeKYHJIA) COAEePIKUTCSI %

COOTBETCTBYIOIINX €IMHUI] 3BE€3IHOI0 BPEeMEHHU, WK, B Oojiee obIeil popMyInpoBKe: B JIIOOOM IIPOU3-
BOJIBHOM TIPOMEKYTKE BPEMEHU, U3MEPEHHOM B CPETHUX €IWHUIIAX, COJEPKUTCS B % pa3 60Jb-
e 3Be3aHbIX eauHull. COOTBETCTBEHHO, B JIIOOOM IIPOM3BOJILHOM IIPOMEXKYTKE BPEMEHHU, N3MEPEHHOM
B 3BE3/IHBIX €IWHUIAX, COJIEPKUTCS B % pa3 MeHbllle cpeanux eaunutl. lIpuBemennbe paccyK-
JEHUS TTO3BOJISIOT OCYIIECTBUTH EPEBO NPOMENCYMKOS 8PEMEHU, BHIPAZKEHHBIX B OJIHUX €JIMHUTIAX, B
me otce TIPOMEXKYTKI BPEMEHU, HO BbIParKeHHBIE B JIPYTUX €IUHUIIAX.

ToJIbKO 9TO MBI PACCMOTPEIIN CBA3bL MEXKY €IMHAIAMUI 3BE3IHOIO U CPEIHEro BpeMeHu. A Terepb
HaM HaJI0 y3HATDH, KAK YCTAHABINBAETCS CBA3b MEXKJIy OCHOBHBIMH CHCTeMaMu BpeMeHnu. Hyb-1yHKThI
IIKAJI 3BE3/[HOTO M CPEJHEro BpeMeHHn (Hadasia COOTBETCTBYIONINX CYTOK) SIBJISIIOTCS «CKOJIB3SIIMI» —
OHU HEIPEPBIBHO CMEIIAIOTCA JAPYT OTHOCUTEIBHO JIPyTa B TedeHHe roja. st cBA3M IIKaJ 3BE3THOTO
U CpeJHETO BpeMeHH B AcTpoHOMIYeCKOM ErKeromHuke Ha KaxKIyIo JaTy MPUBOISTCS 3HAUEHUS 3BE3]I-
HOT'O BpEMEHU B 0 BCEMUPHOTO BPEMEHU, T. €. B MOMEHT HMKHEN KyJIbMHUHAIINU CPEJIHETO COJTHIIA Ha
HauasbHOM Mepuuane. O6o3HaunmM 31y BesimunHy depes So = s(M = Oh), KOTOPBINT XapaKTepu3yeT
qacoBOil YyIOJl TOYKHM BECEHHErO0 PABHOIECHCTBUA B YKA3aHHBLINA (pusmdecknii MOMeHT. JIjis1 ¢BsA3M ImIKaJ

BOCITOJIb3YEMCsI CXEMOi, M300PaKeHHON Ha PHUC. 3.3, MPEACTABJISIONIE CBOCOOPA3HYIO BPEMEHHYIO OCh.

M =oh _ h
6 12 18 M=240)

n+1

| ~eeqf---

2 S0

Pucynok 3.3 Cpsi3p mIKaJI 3B€3HOIO U CPEJHETNO0 BpPEeMeHH

IIycts mo BepxHeil jumHelike TedeT cpeiHee BpeMsi, a 110 HUXKHeH — 3Be3gHoe Bpems. KupHoii
JINHUEH 371ech BbIIEJIEHbI cpefaue cyTKu. [lo cpemHeMy BpeMeHH MbI OTMEYaeM He TOJBLKO BpeMsl, HO
U MeHsieM JIaThl (HAIpUMep, JaTa n, a TakyKe JBe JIpyrue, CMeXKHbIe ¢ 3a1aHHoil — (n— 1) u (n + 1)).
BepTUKaJbHBIMI IMTPAXaMH Ha cxeMe oTMedensl MoMenThI M = 0 marel n w mocsemyiomeii gaTor
(n +1); m1st KAXKIOro U3 ITUX MOMEHTOB YKA3aHO 3Be3/HOE BpeMst S U S{) B CPEHIOI IPUHBHUCKYIO
noaods (cM. taba. AE «3Besaroe Bpems» ).

Ha npaxTuke mpuxoauTcs perarh IBa BUIa 3aJa9 10 IEPEXOY OT OIHOI IIKaJIbl BDEMEHH K JIPYTOIA.
Pemrenne obonx BUIOB 3a/ad MPOINe OCYIECTBATH IIPHU IIOMOIIN PEAYKIMKE Ha HAJaIbHBI MEPUIUAH.

IlepBbIM 1 HauboJIEE YACTO BCTPEYAIOIIUMCSI Ha IPAKTUKE BHJIOM 33034 SIBJISIETCS 331298 BBIYUC-
JIEHWS 3BE3HOTO BPEMEHHU S B IIYHKTE C JOJITOTON A B (PUKCHPOBAHHBIN MOMEHT BPEMEHHU IaCOBOI 30HBI
TN B 3aJIaHHYIO JIaTy.

IIpu BBIMHCIEHUSIX, TPOBOAUMBIX JJIsi ¥ 9€0HOM aCTPOHOMUYIECKOH 00CEepPBATOPUU CJIELYET HUCIIOJIb-
30BaTh 3HAYEHHUE JOJI'OTHI IIYHKTA \ = 04"0232.68° B. 1.

Peirtenune 3a1a9m 0CyIECTBIISIETCS] B CJIEIYIONIEM TIOPSIIKE:

1. IlepeiiTu or Bpemenu 1uacoBoii 30ubl 1y K BcemupHoMy Bpemenu UTC':
UTC =Tn— N, (3.3)
rie N = 5" s gerseproit qacosoit 3oubI [3].

2. Beemupnoe Bpemst UT'C' cytsb mpoMexxyTok Bpemenu A M, iporiie it ¢ MOMEHTa CpeIHeil TPUH-
BUYIECKON TOTHOYHN 10 MoMmenTa Bpemenu UTC, n3MepeHHBIH B CPEIHUX COJTHEUHBIX €IMHUIIAX.

35



ITepeBoguM 3TOT MPOMEXKYTOK BPEMEHHU B 3BE3MHbIE CAVHUILI U IOJIYYUM IIPOMEXKYTOK BpeMe-
HE, TIPOMICIINI ¢ MOMEHTa, cpeHeii rpunBmdeckoit nomnoun (UTC = 0F, M = 0"), B 3Be3mubix
enmaunax As:

.2421897... .2421897...
ASZAMMEUTCu. (3.4)

365.2421897... 365.2421897...
3Be3HOE BpeMsl B CPEJHIOI0 I'PUHBHYECKYIO MOMHOYL S(M = Oh) = Sp nosyuaem u3 AE ma

3aJaHnyIo Jgary (oOpaTuTe BHUMAaHHE HA BO3MOXKHYIO CMEHY NaThl Ha ['pHHBHYE NpH Ie€pexoe
OT BpEMEHH 30HbI K I'DUHBHYECKOMY Bpemenwu). Vcmosib3ysi panee mojydueHHoe 3HaueHue AS,
BBIUUC/IsIEM 3BE3HOE BpeMsi Ha |'puHBUYE B 3ajaHHBII MOMeHT BcemupHOro Bpemenn UT'C'

S = Sy + As. (3.5)

OcymecrBiisieM 0OpaTHBIH MEPEX0/ OT HAYAJbHOIO MepHUIMaHa K IMyHKTY ¢ 3aIaHHON JOJrOTON A
", UCIIOJTb3Y4 TTPABUJIO «PA3HOCTH BPEMEH €CTh PA3HOCTD JIOJITOTY, MOJYIaeM UCKOMOEe 3HAYEHUe
MECTHOT'O 3BE3THOTO BPEMEHU S:

s =S+ A g myHKTOB BocTOuHee I'punBHYA. (3.6)

Paccmorpennast mocie1oBaTe/IbHOCTD OIEpaInii MOXKeT ObITh BhIpAsKeHA KaK

366.2421897...
sOAIN) = S0+ (T = N) 3o orsor. T (3.7)

rie Ty ompeJiesigeTcs COTJIACHO HOMEPY YacOBOU 30HBI.

BropbIM BuI0M 33189 SIBJISIETCsT OIIPEJIEJIEHIE MECTHOT'O CPEJIHET0 BPEMEHU UJIM BPEMEHH YaCOBOM
30HBI II0 3BE3JHOMY BpPEMEHH § B IIyHKTe HaO/ofeHust ¢ goaroroir A. Tax, mo cyTu mesa, HAXOIAT
cpeiHee BpeMsi, IOCKOJIbKY OHO HEIOCPEJICTBEHHO W3 HAOIOACHUN He OmpejessieTcs. Takyio 3aady
pelamT B IyHKTaX ¢ XOPOIIO U3BECTHON JIOJITOTON (UMU SIBJISIIOTCST ACTPOHOMUYECKUE 00CEPBATOPUN )
ITOCPEICTBOM HaOJIIOICHII KYJIbMIHAIIMH 3B€3]1 C BBICOKOTOYHBIME 3HAYEHUSIMU UX MPSIMBIX BOCXOXK I~

HUI.

Permntenue zamgaun ocyiecTsiisiercst B CJIEIYIONIEM ITOPSIIKE:

1.

IIpousBoauM peayKIMIO MECTHOTO 3BE3HOIO BPEMEHH § Ha HAYAJbHBIA MEPUINAH UCIOIb3YSI
IIPABUJIO «PA3HOCTb BPEMEH €CTh PA3HOCTDb JIOJINOT» U TOJyYaeM 3Be3J/IHOe BpeMsi Ha |'puHBHUE

S:

S = s — A\ g myHKTOB BocTouHee |'punBuda. (3.8)

Pasznocrs Mexy 3Be3mHbIM BpeMmeHeM Ha ['punBmde S U 3Be3IHBIM BpeMEHEM B CPEIHIOI0 I'DUH-
BHYECKYIO IIOJIHOYb S CYyTh MHTEPBAJ BPEMEHHU, IPOIIEIIIEero ¢ MOMEHTa CPeIHe TPUHBIIECKOI
IIOJTHOYM, BBIPA’KEHHBIN B 3BE3JIHBIX €JIMHUIIAX BpeMeHH. [lepeBoist ero B cpeHue eIMHUIBI Bpe-
MEHU, TOJIyINM HHTEPBaJ BPEMEHH, ITPOIIE/IIIEr0 ¢ MOMEHTa CpeJaHell TPUHBUYIECKON IIOJTHOYH,
BbIpaXKeHHLIA B cpequux egununax speMenu AM wunu scemupnoe spems UTC':

365.2421897...

AM =UTC = (S — §y) =227 3.9
UTC = (5 = %) 365 5121807... (3.9)

ITo Bcemupuomy Bpemenu UT'C mnojiyvuaeMm BpeMsi 1acOBOM 30HBL:
Ty = UTC + N. (3.10)

MecTHOoE cpesiHee coTHETHOE BpeMs M ONIPEIEsIeTCS UCIIOJIb3Ys ITPABUIO «PA3HOCTb BPEMEH €CTh
Pa3HOCTB JIOJIrOT» 110 BecemMupHoMmy Bpemenn UTC u m3BECTHOMN JOJINOTE 3aJaHHOTO IIYHKTA, A:

m = UTC + \ nnsg nyHKTOB BocTo4Hee I'punBnyA. (3.11)

PaCCMOTPEHHaH I10CJIe J0BaTC/JIbHOCTD OHepaLLI/Iﬁ MOXKET OBbITh BbIpazK€Ha KaK

365.2421897...
Tn(s,\) = (s—X—Sp) +N,

366.2421897
365.2421897...
mls,A) = (s = A = 5) gees s, T (312)
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3.3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Tunosplie BOIIPOCHI

O0bsicHUTE, YEM OIpPEIessSIeTCsl TO, UTO IS PA3HBIX IMIPOrPaMM aCTPOMETPUIYECKUX HAOJIIOIeHMI
TpebyeTcs pa3jindHasi TOYHOCTH (PUKCAIIMH MOMEHTOB BPEMEHH.

Kaxkum daxTopom orpannamBaeTcs Mmpee/ibHas TOTHOCTh (DUKCAIIME MOMEHTOB BPEMEHH, B CJIy-
4Jae, ecJIM TO WJIM MHOE COOBITHE HADJIIOIAETCs YEIOBEKOM !

Kaxoit 3 dhakTopoB OKa3bIBaeT CUJIbHOE BIUSHUE HA TOYHOCTH (DUKCAIIMM MOMEHTA BPEMEHM:
pedpakmus, armMochepHoe pasMbITHE?

C geMm cBst3aH TOT (DAKT, UTO JJIsI 3BE3]] C PA3JINIHBIMU SKBATOPHAIbHBIMIA KOOPIUHATAMHU TPeOy-
ercsl pa3jndHasl TOYHOCTH (PUKCAIIMH MOMEHTOB BPEMEHH I IOJIydeHHsI TpebyeMoil UToroBoit
TOYHOCTU HAOJIIOIEHN, TUOO MPHU OHON TOTHOCTH (PUKCAIINA MOMEHTOB, HAOJIIOIEHNS OKAXKYTCS
HEPABHOTOYHLIMU !

Ounnmmre, Kakue UCTOYHUKHA TOYHOTO BPEMEHU (9Yachl) MOIYT NPAKTUYIECKH HPUMEHSITHCS IIPH
[TOJIEBBIX HAOJIIOMEHUAX. YKaXKUTe UX JTOCTOMHCTBA M HEIOCTATKHU.

Kakne efie IIpenMyImecTBa, KpoMe BBICOKOIT TOYHOCTH, Ja€T UCIIOJIb30BaHUE CIIY THUKOBBLIX HaBU-
TFallUOHHBIX CHUCTEM B Ka4Ye€CTBE€ MCTOYHUKa BpeMeHI/I?

YKakuTre BHEITHUE (PAKTOPBI, KOTOPBIE MOTYT OCJIOKHUTD, JTHOO CIIe/IaTh HEBO3MOYKHDBIM ITPUMe-
HEeHUEe CIIy THUKOBON HABUTAITMOHHOW CUCTEMBI B PEAJIbHBIX yCJIOBUSIX.

CremnaiiTe ONEHKY, ¢ KAKOW TOYHOCTHIO JOJIKHBI OBITH B3ATHI 3BE3/HOE BpeMs Ha ['puHBUYe B
CPEJHIOI TPUHBUYUCKYIO ITOJHOYb U OIOPHAsl JIOTOTa IIYHKTA, 9TOOBI IPHU IEpecueTe CpejiHe-
o BPEMEHH, IOJIYIeHHOTO OT CIyTHUKOBOII HABHUTAIIMOHHOI CHCTEMBI, B 3BE3HOE, IOTPENTHOCTD
riepeBosia He npesbicuiia 0.01 c.

CrenaiiTe OlleHKY, aHAJOTHYHYIO YKa3aHHOU B IPEIBIIYIIEM BOIPOCe, /st KO3 huImeHTa nepe-

BOJJa CpeJHUX IIPOME2KYTKOB BPpEMEHU B 3BE€3/HbIE IITPOMEXKYTKU BPEMCECHHA (%) .

Yro Takoe KpUTHYECKas JATA, W MOMAMACT JIM XOTs ObI OHA M3 TAaKUX JAT HA MEPHUOJ, JIeTHeH
y4e0HOM MPaKTUKU!

Ornumure aaropuT™ BeIOOpa 3BE3IHOIO BpeMeHU Ha, ['puHBHYE Ha MOMEHT CpeJHEell IPUHBUYICKON
nonoun u3 Tabsmn AE, Ha Tekylee BpeMs HabJIIOICHMS.

yKa}KI/ITe, Ipn KaKNUX OrpaHUYCHMAX WM B KaKHX 3a/Ja9aX BO3MO2KHO IITPMMCHEHNE CPEeIHHNX YIacCOB
BMECTO 3BE3JHbIX DU Ha6JIIO,ZL€HI/I$IX.

Ha KaKyIO BEJIMYNHY 3a BpeMA IIPOBEACHUA ITPAKTUKU CMECTUTCH IMKaJla 3BE3HOI'O BpEeMEHU OT-
HOCHUTEJIbHO CpeJHETro BPpEMEHHU. HpI/IBe,Z[I/ITe YUCJIOBBIC IIPUMEDDI JJId HadaJla U KOHIMa ITPaKTUKHA.

JlokaxkuTe aHAIUTUIECKH, IYTO PA3HOCTD CPEIHUX JINOO 3BE3IHBIX BPEMEH IIYHKTOB C IIPOU3BOJIb-
HBIMH BBIOPAHHBIME JOJITOTAMHU BCEra PaBHA PA3HOCTH HOJIIOT STHX IIYHKTOB.

[TokazkuTe, KaKyIo HOTPEIIHOCTb B OUPEACICHAN MOMEHTa 3BE3IHOI0 BPEMEHHU 10 KyJILMUHAIUI
3BE3/Ibl C U3BECTHBIMU KOOPIMHATAMHI MOYKHO IIOJIYYHTD, €CJIM pa3pellaionas ClIoCOGHOCTEL TPYOb
MHCTPYMeHTa, cocTapjser 3.

Asnsterca au mKaJia 3BE€3/IHOI'O BPEMEHUA paBHOMepHOfI LIKAJION 7

Onuimmre crrocob IpUOINYKEHHOTO OIPEIe/IeHNs 3BE3IHOI0 BPEMEHHM Ha IPOM3BOJILHBIA MOMEHT
cpeliHero BpeMenn 6e3 uciosb3oBanns Tabsmn AE.

Onnmmure OpaKTU4YIeCKUuEe METOAbl CMHXPOHU3AIIUU 1aCOB.

Ha kakoii yroa 3emist moBopadmBaercs 3a 1" 3Be3mroro u cpesmero BpeMenm.
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20.

21.

22.

23.

24.

25.

26.

27.

JlaiiTe obIree onpeseieHne MOHITAS CYTKH.
[TokarkuTe NpUINHY Pa3HON IPOIOJIKATEIHFHOCTH TO/Ia B 3BE3IHBIX U CPEIHUX CYTKAaX.

Ornpemeure MOMEHTHI HCTHHHON U CpeaHeil TMOJIYHOUM JJIs IaThl CepeauHbl IpakTuKu. KakoBo
B 9TOT JIeHb ypaBHEHNE BpeMeHn’

Hackombko cpemmee coHETHOE BpeMsT OTJIMIAETCS OT MOsICHOTO BpeMeHH st Y 1eOHOIT acTpOHO-
MHYECKOil obcepBaTopum?

VKazkuTe, Kak OIPEJC/IUTh 3B€3IHOE BpeMsl Ha MOMEHT MCTHHHOTO IOJIYIHS B 33 aHHYIO JaTy?!
PaccuuraiiTe abCOMIOTHYIO TOTPEITHOCTD TPUTOPUAHCKOTO KaJIeHIaPs.

Hackosbko pasoiiayTcest cpenee u 3BE3IHOE BPEMsI 32 BPeMs ITPOXOXKICHUST 3BE3bI Uepe3 I10JIe
3peHUs] UHCTPYMEHTa IPU HAOJIIOIEHNN [OXKHOU KYJIbMUHAIINKA 3BE3AbI C HYJIEBBIM CKJIOHEHUEM !

Ha ckosibko MOryT pa3indarbcs MOMEHTBI KYJIbMUHAIIIN [IPU IIEPEHOCe NHCTPYMEHTA U3 KpaitHeit
BOCTOYHOI B KpallHIOIO 3ala/HyI0 TOYKU y4ebHOl obcepBaTopuu?
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4

I[HIupoTHO-10/ATOTHASI ITPpOrpaMMa
(rmoJieBbIe HAOIO/IEHNS )

Pucynok 4.1 O61ree ycTpoilcTBO M BHEITHUI BU 3JIEKTPOHHOIO g poBoro Teomposnra GeoBox TE-02

[TpumensieMble Ha OPaKTHKE 3jeKTpoHHBbIE mudposbie Teomommtbl Geobox TE-02 (cm. puc. 4.1)
MMEIOT HACTPAMBaeMble PEKUMbI PabOThl MOPU30HTAILHOIO M BEPTHKAIBLHOrO Kpyros. Ilepesx npose-
JleHreM JIIOObIX BUJIOB M3MepeHuil cie/lyer yoeuThes U, Ipu HeOOXOMMMOCTH, HACTPOUTD CJIE/LYIOIIUe
pexuMebl (cMm. [15]):

1. BepTI/IKaHLHBIfI KPYT JOJI2KEH HaXOAUTBCsA B PE2KUME U3MEPEHUA 3CHUTHBIX pa,CCTOHHI/IfL

2. JI1s TOPU3OHTAIBHOIO KPyTa YCTAHOBUTE TAKOM BAPUAHT CHSATHSI OTCUETOB ¢ Kpyra (knonkoii R /L
Ha 1ysubTe npubopa (cM. puc. 4.2) Boibop mexay kpyr npaso (KII) u xpyr seso (KJI)), aro6nt
npu (PU3NIECKH JICBOM HOJIOXKEHNN BEPTUKAJIBHOTO KPyra OTHOCUTEILHO HAOJIIONATEIs, OTCIETHI
[0 TOPU30HTAJILHOMY KDYy YBEJMYHBAJINCH IIPU OBOPOTE AIUIAJHON YacTH MHCTPYMEHTa IO
4aCOBOU CTPEJIKE.

B nporpammax, npemycmarpuBaronux Habdrogernst [losgpHoil 3Be31bl IPU ABYX IOJIOKEHUSIX Bep-
TUKAJIBHOIO Kpyra MHCTPYMeHTa (OIIpe/ieJieHre MIUPOTHI 110 U3MEPEeHHBIM 3eHUTHBIM paccTosHusaM [To-
JISIPHOIT; olpeJie/ieHrne aCTPOHOMUYECKOIO a3uMyTa HalpaBJieHus 1o HabJogeHusM [losipHoit), neob-
200uMO CHSITb C MHCTPYMEHTA PYUKY JJIsl IEPEHOCKHU, 3aKPEILIEHHYIO IBYyMsl BUHTAMU C HAKATaHHOMN
rOJIOBKOU. B mpoTuBHOM ciiydae, He YIACTCS CIEJATh HEPEKJIAJKy TPYObl ¢ YCTAHOBJIEHHON Ha HEN
YIJIOBOM HACAIKON JJTsT HADJIIOMEHNsT Ha MAJIBIX 3€HUTHBIX PACCTOSTHUSIX.
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Pucynox 4.2 Otcuernoe ycTpoitcTBO U mysibT yrupasienus: Teogoantom GeoBox TE-02

IIpu ocymecTBiieHNM TPOrpaMM, COAEPKAIINX B cebe M3MepeHne 3€HUTHOIO PACCTOSIHUSA OObEKTa,
HeoOXOMUMO 00sI3aTe/IbHO CHATH IOKA3aHUsT TepMOMETpa u OapoMerpa, KOTOPbIE B JajbHeirieM Oy-
YT MCIOJIb30BAHbI JIJIsT BHIYMCJIEHHS IIONpaBKy 3a pedpakmnuio. Ilokazanus TepmMoMerpa u 6HapomeTpa
JIOJIZKHBI OBITH 3alMCAHBI B »KyPHAJ HAOJIIOAEHN COOTBETCTBYOIIEH IIPOrpaMMBbI.

Ha Bcex :kypHajax HabJIIOIeHUN 00g3aTE/IbHO JOXKHBI ObITh YKa3aHbI JaTa HabJIIOIeHH, HoMep
TeomosimTa U pamuiun Habsmomareneit. JlenaTh ucnpasiieHns B JKypHaJax 3amperreHo. Jlomyckaercs
TOJIBKO 3a4€pPKHUBaHe HEBEPHON 3ammcu u J100aB/IEHIE BEPHOIA.

4.1 IloaroroBka K HabaoaeHussM. IloBepkn 1 IOCTUPOBKYA MHCTPYMEH-
Ta

Ilepen HagaJioM M3MEpPEHHUI TEOIOIUT HEOOXOIUMO TIIATEILHO OCMOTPETH M IIPOBEPHUTH, TaK KaK
Jlarke CepUiiHO BBIITyCKaeMble IIPUOOPHI HMEIOT CBOU WHINBHUIYAJIbHBIE OCOOEHHOCTH. B IepByo ovuepesb
[IPOU3BOIST IIPOBEPKY U PErYJHMPOBKY €ro MEXaHMIECKHX JeTaJiell, oOpalasi BHUIMAHUE Ha COCTOSHHIE
1 paboTy BCeX BHHTOB NPHOOpa: IOAbEMHBIX, 3a’KUMHBIX U HABONAIINX BUHTOB JIUMOA M ajIdIalbl,
HABOJISIIIEr0 BUHTA YPOBHSI BEPTUKAJIBLHOIO KPYTa, NCIPABUTEIbHBIX (FOCTUPOBOYHBIX ) BUHTOB YPOBHEIH,
KOJIOHOK, CeTKM HuTell u T. 1. Bpamenne mumba n aaummagbl TOJIXKHO OBITH IJIABHBIM, 0€3 3aemaHuil
Kosiebanuii. ['opu3oHTANBHBIA 1 BEPTUKAJILHBIA YIJIOMEPHBIE KPYTH HE HOJIXKHBI UMETh MEXaHHIECKIX
TOBPEXK IEHMIT; 1300parkeHusl TeJIeHU KA U CETKN HUTE NOJIXKHBI OBITh YeTKUMU. 3pUTEIbHAS TPpyda
JOJIKHA OBITH ypPaBHOBEIIEHHON U MMeTh CBOOOIHOE BpalleHue.

[IpucyrcTBre NBLIM W TPSI3U HA ONTHUYECKUX JeTajsax npubopa He momyckaercs. [locse BHeImHero
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OCMOTpPa TEeOHAO0JUTa BBIIIOJTHAIOT €ro IIOBEPKU U IOCTUPOBKU.
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Pucynok 4.3 I'eomerpudeckas cxema BbICOKOTOUHOrO Teomosuta. ', BB — cewenus mrockoctu pu-
CYHKa IIOCKOCTSIMH T'OPH30HTAILHOIO U BepTukajabHoro kpyros; LL, 11, I'' — ocu mummunapuyueckoro
HaKJIaJHOTO, IIUINHIPHIECKOrO IIPU aIiIale TOPU30HTAIBHOIO KPyra U MUJINHIPUIECKOTIO IIPH aJInIa-
Jie BepTUKAJILHOTO Kpyra yposHeil; VV, HH, pp — BeprukajbHasi 0Chb TE€OI0INTA, PTOPUIOHTAILHAA OCh
BpaIlleHusT 3pUTEJIbHON TpYyOBbl, OCH BpAIleHUs [TObEMHBIX BUHTOB; ZZ — BU3UPHAsl OCb, IPOXOISIIIast
Jepe3 KpecT HUTEH U IVIABHYIO 3aJIHIOI0 TOYKY OObHEKTHBA

B coorBercTBUN € NPUHIUIIOM U3MEPEHNS TOPU30HTAIBHOIO YIJIa KOHCTPYKITUS TEO0JINTA JTOJZKHA,
YJIOBJIETBOPSTD CJIILYIONIMM OCHOBHBIM T€OMETPUYECKUM yCJIOBUsIM (cM. puc. 4.3):

1. Ock mmmmHIprIeckKoro ypoBHst 1l 1o/2KHA OBITH HEPIEHIUKYISIPHA K OCH BPAIIEHHUsT TEOIOJATA

VV.

2. Busupnas ochb 3puresbHOM TPYOb! 27 HO/KHA OBITh MEPHEHANKYJIAPHA K TOPU30HTAJILHON OCH
reomosuta (ocu Bpamienus Tpy6oer) HH.

3. TopuzontasbHas och Teomgosmta HH momkHa OBITH epreHUKYIAPHA K OCH BPAIIEHUS TEOI0INTA,

VV.

JlonoTHUTETBHBIE PT€OMETPUIECKUE YCIIOBUS BBITEKAIOT U3 TEOPUN N3MEPEHUSI BEPTUKAJBHBIX YIJIOB.

JleficTBust, UMerOIUe IEIbI0 YCTAHOBUTEL COOJIIOMEHUE IPEIbIBIIEMbIX K KOHCTPYKIIUN TPUOOPA
PeOMETPHIECKHUX YCAOBU, HA3BIBAIOTCS IoBepKaMu. Jljist obecriedeHnsl BLITOIHEHNsT HAPYIIEHHBIX yCJI0-
BUii IPOU3BOJSAT IOCTUPOBKY (PeryaupoBKy) nputopa. PaccMOTpuM OCHOBHBIE TIOBEPKH U FOCTHPOBKU
TEO0JUTOB.

4.1.1 Ocp HTWIMHAPUIECKOTO YPOBHS ITPU AJIMIAJI€ TOPU30HTAIIBHOTO KpyTa JI0JI>K-
Ha ObITH NMEepHEeHANKYJIAPHA K BEPTUKAJIBHOI OCH BpallleHus npudopa

Ochb MUIMHIAPUIECKOTO YPOBHS aJIiIa bl TOPU30OHTAIBLHONO KpyTa J0JIXKHA OBITH IepPIEeHINKYIsPHA
K OCH BpAaIlleHHsI TEOHOJINTa. BBIIOJHEHNE 5TOr0 YCJIOBHUA IIO3BOJIAET C IIOMOIIBIO YPOBHS yCTaHAB-
JINBATHh OCh BpAIIEHHUSI TEOJOJNTa B OTBECHOE IIOJIOXKEHHE, a CJIeI0BaTE/IbHO, IIJIOCKOCThL JTUMOa — B
TOPU30HTAJIBHOE TI0JIOYKEHNE.

IIpeaBapuTe/bHO IJIOCKOCTH JIMMOA IPUBOIAST B FOPU30HTAJBHOE IIOJIOXKEHUE 110 HEBBHIBEPEHHOMY
YPOBHIO, JIJIsI Yer0 IOBOPOTOM aJINIaIbl YCTAHABIMBAIOT IUJINHIPUIECKUN yPOBEHD HapaJjljlesIbHO JIH-
HHUM, COCIUHSIONIEH /IBa MOJNbEMHBIX BHHTA, W Bpallas UX B IPOTHUBOIIOJOYKHBIE CTOPOHBI, IIPUBOIAT
IIy3bIPEK YPOBHSI B HYJIb-IIYHKT. 3aTeM aJuaaay moBopadnBatoT Ha 90° U BpallleHHeM TPeThero BUHTA
[IPUBOIAT IIy3bIPEK YPOBHsI B HYJIb-IIyHKT. [Ipy 9T0M 0Ch MUIMHAPUYIECKOTO YPOBHSI 3aHIMAET TOPU30H-
tasibHoe nosoxkerne UU, 06pasys ¢ ockio Bpaienust VV npubopa yroi S (em. puc. 4.4). K orcyery 1o
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Pucynok 4.4 IloBepka 1m0/I07KeHUST OCH IIHJIHHIPUIECKOTO YPOBHSI IIPU aJInIae TOPU30HTAIHLHOTO KPyTa
TeomosuTa. VV — BepTHKaIbHAasl OCh Bpamlenusa Teogosnta; UU — mosokeHne OCH IUJINHIPUIECKO-
ro ypOBH#, BBICTaBJICHHOTO «Ha cepeauny»; U'U' — mojyoxkenne ocu IUIMHAPUYICCKOIO YPOBHS HOC/IE
nosopota amugansl Ha 180°; UNUY — nosnokenue ocu IMIMHAPUYECKOTO YPOBHS IOCJE IOCTHPOBKH
UCIIPABUTEJBHBIMI BUHTAMH yPOBHSI

rOPU30HTAIBLHOMY KpyTy Ipubas/sior 180° n mojrydeHHoe 3HaYeHIe TIOBOPOTOM AJIUJIA bl yCTAHABINBA~
10T Ha TOPU30HTAJILHOM KpyTe, T. €. HoBopaduBaioT aauaamy Ha 180°. IIpu 3ToM 0Cch NUIMHIPUIECKOTO
YPOBHSI, COXpaHssl ¢ OCbIO BpalneHus yrou (3, ammmaer nosoxenne U'U' n OTKIOHAETCSA OT TOPU30H-
TaJBHOrO 10JI0XKeHusT Ha yroa 2a. Ha puc. 4.4 2a + 23 = 180°, a a + 8 = 90°, T. e. 6uccekrpuca UNU"
yryla 20 epIeH MKy IApHa K OCH BpalleHust Tpubopa.

st 10CTUPOBKHU TIOJIOBUHY OTKJIOHEHUS CJIEJyeT YCTPAHUTL IOCTHPOBOYHBIMH BHHTAMU YPOBHS,
a 3aTeM MOBTOPUTH MPOBePKY. IIpoBepKy M I0OCTUPOBKY CJIEIYET BLIMOJHATEH IO TEX IOP, MOKA IMOCHe
IoBOpoTa ajauja bl Ha 180° my3bIpeK yPOBH: OYIeT OTKJIOHAThCA He 6osiee yeM Ha (.5 JieieHnst ypoBHS.
[IpoBepKky u IOCTUPOBKY ypPOBHElN, PACHOJJIOKEHHBIX 1o, yriioM 90°, ciiemyeT MpoBOIUTEL MOOYEPETHO.

Crenyer 3aMeTUTh, 9TO OIMMOKA B OTCUYETE 10 TOPU3OHTAIBLHOMY KPYTY M3-3a HEBBIIIOJTHEHHS 9TOTO
YCJIOBUS, T. €. N3-3a HAKJIOHA BEPTUKAJILHOU OCH TEOJ0JINTA, He MCKIIOYAETCH TPU BHIBOJIE CPEJIHETO U3
Pe3y/IbTaTOB M3MEPEHNI PN KPYyTe JIeEBO U KPyTe IIPaBo.

HpI/I HaJJUIUU KPYTJIOI'O YPOBHA B TE€OJOJIUTE JOJIZKHO BBIIIOJITHATHCA CJIEAYIOIee YCJIOBUE: OCb KPYT-
JIOI'O YPOBHA JOJIZKHAQ OBLITH ITapaJijieJiIbHa BepTHKaJIbHOfI OCH Bpall€HHA TEOJO0JINTA. IOCTI/IpOBKa Kpyr-
JIOTO YPOBHA IPOU3BOJUTCA €0 MCHPaAaBUTEJIbHBIMU BUHTaMHN IIOCJIE TOYHOU yCTaHOBKH BepTHKaJIbHOfI
OCH TeO/I0JIMTa 110 BBIBEPEHHOMY IMUJINHIAPUYIECCKOMY YPOBHIO.

4.1.2 IIpaBuiIbHOCTb YCTAaHOBKHU CETKU HUTE TPYObI

HpaBI/IJH)HOCTb YCTaHOBKH CETKHU HUTENl pr6bl IPOBEPAIOT IIOCJIE IIPUBEJICHNYA OCHU BpPAIIlCHUA TECO-
JOJINTa B OTBECHOE IIOJIOZKEHHUE C ITIOMOIIIbIO OTBbIOCTUPOBAHHOI'O YPOBHA IIPpU aJIXAa/1€.

IIpu mposepke TpyOy HABOMAAT Ha XOPOIIO BUAMMYIO TOUKY. Ecan m306pakeHnne TOUKA IPU Bparle-
HUM TPYOBI BOKPYTI T'OPU30HTAJILHON OCH, PO BIOIb BEPTUKAJILHOIO IITPHXa, OyIeT HAXOIUTHCS
[TocepeInHe MeXKJIy IITPUXaMi OHCEKTOpa, TO CeTKa yCTAHOBJIEHA MpaBUIbHO. Eciam Oymaer 3amedeHO
cMeleHrne n300parkKeHns TOYKU OoJjiee 9eM Ha TPETh BEJIMYUHBI OMCEKTOpPa, TO CETKY HEOOXOINMO pa3-
BepHYTh. lJist 3TOro cjeayer CHITH KOJIMAYOK, 3aKPBIBAIOIINI IOCTHPOBOYHBIE BHHTBI CETKH, CJIEIKa
OTIIYCTUTb BHHTBI, CKPEILISIONIE OKYJIsIp C KOPIIyCOM TPYObl, 1 Pa3BEPHYTb OKYJIAP BMECTE C CETKOA.
[Tocsie aTOro MpoOBEpKa MOBTOPSIETCST BHOBB. [1pu BBIMIOJIHEHNN TPOBEPKHU JIOIYCKAETCS TaKyKe HABOIUTD
Ha BBIOPAHHYIO TOUKY TOPU30HTAIBHYIO HUThH CETKH, CMEIasl 3aTeM N300parkeHrne TOUKHU B [10JIe 3PEHUsI
HaBOMSIIIM BHHTOM AJIHIAJIbI.

BeprukaibHOCTb OuceKTOpa (BEPTUKAJIBHOM HUTH) CETKU MOYKHO IIPOBEPUThH, COBMEIIAs €10 ¢ N300~
pDaKeHHeM HUTH OTBeca, OIYIIEHHOIO CBOEH HUXKHEl JacTbhio B BEJAPO ¢ MACJOM (MAIIUHHBIM, TPAHC-
(bopMATOPHBIM) WM € BOJIOH, CMEIIAHHON € IPOCESTHHBIME OIIUJIKAMU.
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4.1.3 Bwusuphas och 3puTeIbHOl TPYObI JOKHA OBITH MEPIEHINKYJISIPHA K TOPU-
30HTAJILHOI OCH ee BpallieHns (KOJIAMAIINS)

Kak usBecTHO, BU3MpHast 0Cb TPYObI JOJIZKHA MPOXOOUT Yepe3 ONTUUIECKHUI IEHTp OObeKTUBa U
[IepEKPECTUe CeTKU HUTei. FKcam ykazaHHOe ycoBH€ BBIIOJIHSIETCSI, TO IIPU BPaIleHUN TPYObI BOKPYT
TOPU30HTAIBHON OCH BH3UPHAs OCh 00pa3yeT KOJJIUMAIIMOHHYIO IJI0CKOCTb. [Ipu HecoOIIoneHnn yCIo-
BHUsI BU3UpHAas OCh OyJIeT OIUCHIBATL HE ILJIOCKOCTDL, a JIB€ KOHWMYEeCKHe MmoBepxHocThH. Yroa C MexiIy
daxTaeckum nosoxernem susupHoii ocu OK' u rpeGyembiv nonozkernem OK (cm. puc. 4.5) HasbIBaeT-
¢ KOJUIMMAIMOHHON morpernHocTbio. CirelyeT MOHUMATh, YTO B IOJOCKOCTH MOPHU30HTAJILHOIO KPyTa
uncrpymenta yroa K'OK 6Gyger paBeH KOJLIMMAIMOHHOI IIOIPEMIHOCTH TOJLKO B TOM CIydae, ec/Iud
BU3UPHAs OCb HAXOIUTCA B INIOCKOCTH MCTHHHOIO TOPU30HTA. B IpOTHBHOM ciiydae, Ha TOYHOCTH W3-
MepeHHsI TOPU30HTAJIBLHOIO yIjia OyIeT OKa3bIBaTh HE CaMa BeJIMYNHA, KOJIMMAIMOHHON TOIPEIIHOCTH
C, a ee mpoekus Ha mI0cKoCcTh ropusonta & = Ccos(h), rae h — BbicoTa HAOIIOAAEMOTO 00BEKTA HAJ
IIOCKOCTBIO TOpU30HTa. JIpyrumMu ciioBamu, HaOJIIONeHN 0O bEKTOB BOJIN3U 3€HUTa, IIPAKTUIECKN HE HC-
KaykKaeTcsl KOJTUMAIlieil, & TOYHOe OlpejesieHre KOJIUMAIIME CJIelyeT MPOU3BOIUTE IIPHU HAOJIIOICHIT
00bEKTOB JIEXKAINX BOJIU3HU IIJIOCKOCTH TOPU30HTA.

Kr n Kn n

W Mg e~ ———180°
m :

m m 1r+180°

Pucynok 4.5 Oupeesenne KOJIIUMAIIMOHHON TOTPENTHOCTH TEOIOJIATA

Kak Bugno uz puc. 4.5, npu KII orcuer o mumby IV 6ymer menbime npasuibioro orcdera 11 ma
pesmunny z, a npu KJI orcuer ITV 6ymer Gosbire npasuibroro orcueral IT' 4 180° na Ty ke BemauHy
T, T. e.

' = KII + x, (4.1)
I + 180° = KJI — =, (4.2)

rae orcaer IV npu kpyre npaso obosnauen kax KII, a npu kpyre neso — KJI. CinemoBarenbHo

KTT + KJT) 4 180°

o KT ;I) sV (4.3)
KJT — KIT) + 180°

m:( 2) 80. (4.4)

JL71s IpOBEPKU TEO0JINTa C 08YCMOPOHHEU OTCIETHON CHCTEMOI 110 JIUMOY HEOOXOIUMO:

1. mpuBecTu ochb BpalleHus TPUOOPA B OTBECHOE MTOJIOZKEHUE;

2. HABECTH 3PUTEJIbHYIO TPYOy Ha YIAJIEHHYIO, OTYET/INBO BUIUMYIO Tejhb U ¢iesiaTh orcuer KJI 1o
FOPU30HTAJILHOMY KDPYTY;

l3mak «—» BelOupaercs, ecau sunadenne KJI — KIT monokurenso n 6am3ko K 180°% 3HAK «+» BBIGHPAETCs, €CIn
snadenne KJI — KII orpurniarensiao u 6sm3ko k —180°
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3. mepepectu TPyOy Uepe3 3eHUT, HABECTH ee Ha Ty Ke IeJib U BHOBL c¢ienarh orciuer KII mo ropu-
30HTAJILHOMY KpPYTY.

Pasnocrs orcueroB KJI—KII, mosry4eHHBIX IPK ABYX HOJIOXKEHUAX BEPTUKAJIBLHOIO KPyTra, JOJXKHA OBITH
pasna 180°. Orkionenue paznocru ot 180°, corstacuo dopmyste (4.4), paBHO JIBORHON KOJLUIMMAIMOHHON
[IOTPEIIHOCTH.

B Teomonmurax ¢ odHocmoporHeti cucTeMoii 0TcUeToB 10 JuMOy pasHocTh orcueroB KJI — KII
OyIer MCKaykKeHa He TOJbKO BJIUSHUEM KOJUIMMAIIMOHHON morpemHoctd C, HO U BJIMSIHAEM SKCIECH-
TPHUCUTETa AJUIa/Ibl, BEIMUNHA KOTOPOTO B OTIE/JLHBIX 00pas3IaxX TeoJ0JUTOB MOXKeT jocTurarh 41'.
Omupenenenne IBORHON KOJIMMAIMOHHON IOTPEIIHOCTH YKA3aHHBIX TEOIOJIMTOB CJIEIyeT BBIIOJIHATD
CJIETYIOIIIM 00OPa30M.

IIpuBoAsIT OCH BpallleHWs TEOIOIUTa B OTBECHOE IIOJIOYKEHNE, BUBUPYIOT Ha OAHY U TY YK€ TOYKY IPH
JIBYX TIOJIOXKEHHUSX BEPTUKAJIBHOINO KPyra ¥ IOJIYUIA0T 0 MOPU30HTAJIBHOMY KPYTY Pa3sHOCTh OTCIETOB
KJI; — KII;.

3areM OTKPEILUISIFOT BHHT IIOJICTABKHU, [TOBOPAYMBAIOT TEOHOJUT B mojacraBke Ha 180°, mpuBomdaT
BEPTHUKAJILHYIO OCh BpallleHHsI IpHOOpa B OTBECHOE IIOJIOXKEHHME, BHOBb HABOIAT HA Ty K€ TOYKY U
noayuator pasaocts KJIy — KII,. Besmuunna j1BofHON KOJIMMAIMOHHON HOTPEITHOCTH paBHa’

(KJT; — KIT; + 180°) + (KJI, — KIT, = 180°)

2C =
2

(4.5)

@akruuecku 1o Gopmysie (4.5) Borancisercs Beandauna 22, a e 2C. [[j1si HOBBIIEHUS TOYHOCTH OIIpe/ie-
JIEHHS KOJLJIUMAIIUN CJIEIYeT HAOIIOAATh 00 bEeKThI PACCIOIOKEHHBIE MAKCUMAIbHO OJIU3KO K IJIOCKOCTH
TOPHU30HTA.

JLj1st Toro, 9T00BI UCIIPABUTH KOJIJIMMAIIAIO, HEOOXOMMMO BBICTABUTH Ha POPU30HTAJIHLHOM KpPyre «HC-
TUHHBI» oTcder (Touka I1' Ha puc. 4.5), To ecTh OTCUET, NCIpaBIEHHbIH 3a KomMaiio. Onpeerenne
«MCTUHHOTO» OTCYETa JIJI TEOJOJUTOB C JIByXCTOPOHHEH CUCTEMOW CHSITUSI OTCUETOB IO TOPU30HTAJIb-
HOMY KPYTY OCYIIECTBJISETCS CJIEIYIOMIIM 00Pa3oM:

2C = KJI — KII + 180",
2C — 2C = KJI — KII + 180° — 2C, (4.6)
0° = (KJI — C) — (KII + C) £ 180",

a JJIsl TeOA4OJIMUTOB C O,ZLHOCTOpOHHefI CHCTEMOI OTYETOB BLIUUCIIECTCI KakK

AC = (KJI; — KII; =+ 180°) + (KJTy — KII, + 180°),
AC — 4C = (KJI; — KIT; 4 180°) + (KJI — KII, & 180°) — 4C, (4.7)
0° = (KJI; — C) — (KII; + C) 4 180°(KJI — C) — (KII, 4 C) = 180°.

«UctuaupiMy orcueroM ajisi obomx ciaydaeB siBisiercss 3Hadenme (KJI — C) pas KJI un
(KII + C) pnsa KII. Beanunna C BXOAUT B 9TH COOTHOIIEHUsI C yYeTOM CBOero 3Haka. [lo-
CJIe BBICTABJICHHS UCIIPABJIEHHOIO OTCYETa JJIsI COOTBETCTBYIOMIETO KPyra, OObeKT-MapKa CMECTUTHCH
¢ kpecra ceTku HUTeil. OOBbEKT HEOOXOIMMO BEPHYTh B KPECT CeTKH HuTeil. /Iyt sToro orBepHyTh KOJI-
[AaYOK U IINUIBKOM IPH CJIErKa OTIYIIEHHBIX BEPTUKAJIBLHBIX HCIPABUTEIBHBIX BUHTAX IEPEMECTUTH
OIIpaBy CETKH IIPH IIOMOINU OOKOBBIX HCIIPABUTEIBHBIX BHHTOB JO COBMEIIECHUS NEPEKPECTUS CETKH
¢ n300parkeHHeM HaOJIIOaeMOil TOUKH. 3aTeM CHOBA IIPOU3BOAUTCS IIOJIHAs IIPOIElypa OIpPee/ICHI
Kosummarun. TodHas ycTaHOBKa IIEePIEHIUKYIAPHOCTH OCeil, TO €CTh HCHPaBJIeHNe KOJINMAITIH, 00BIY-
HO JIOCTHTaeTCsd B HECKOJIBKO IIPHEMOB.

4.1.4 Mecto 3eauta MZ BepTHUKaAJIBHOI'O Kpyra

Mecmom 3enuma HA3BIBAIOT OTCYUET 10 BEPTUKAJIBHOMY KPYTY, KOTOPBI COOTBETCTBYET HaIlpaBJIe-
HUIO0 BU3UPHOM ocu TPYObI B MCTUHHBIM 3eHUT. /151 umeasnibroro nucrpymenta M Z = 90°.

2l'IpBLBI/IJIO BbI60pa 3HaKa CM. B CHOCKe 1
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Mecto 3eHnTa MZ BepTUKAJIBHOIO KPYyTa CJIELyeT OIPEIe/IUTh IIPH TeX YKe YCAOBHUSIX, UYTO U KOJIIU-
MaIMOHHyI0 omuoOKy. Ilepen B3aTreM OTCYETOB IPUBOAAT IIY3LIPEK YPOBHS IPU BEPTUKAJILHOM KPyre
Ha cepejinHy (3a UCKIIOYeHHeM NpUOOPOB € KOMIIEHCATOPOM ). Boraucsienne u uctpasienne MZ npous-
BOJSIT OJHOBPEMEHHO C OIpeJe/IeHNEM M HCIIPaBJIEHHEM KoJIMMauu. 3Hadenne MZ onpenesisiercs 1o
OTCYeTaM BEPTHUKAJIBLHOTO KPyTa B ABYX ITOJIOXKEHUSIX MHCTPYMEHTa IPU HABEJIEHWN Ha OJWH IIPEIIMeET,
pacIoJIoKeHHbIi BOIM3K Topu3oHTa (B TOM ciaydae, ecan MZ onpesessiercss OMHOBPEMEHHO € KOJIJIH-
marnueit).

Bsemem monsaTHEe «OCHOBHOI Kpyr'» HJIM «OCHOBHOE IIOJIOXKEHHE BEpXHeH dacTu TeomosmTay. Oc-
HOBHBIM CUHTAETCs] TAaKOe ITOJIOXKEHUE, IPH KOTOPOM C YBEeJMYeHHEM 3eHUTHOIO PACCTOSHUST TPYObI
OTCYETHI 110 BEPTUKAJILHOMY Kpyry Bo3pacTaioT. Kak mpaBmiio, 3To moJjoXKeHne Kpyr JeBo. Bropoe mo-
JIO’KEeHUE HA30BeM JIOHOJHUTeIbHBIM [1]. OG03HAYNM OTCUETHI 110 BEPTUKATIBHOMY KPYTY IIPU OCHOBHOM
nooxkennn depe3 MO u 1pu JI0moJIHUTEILHOM Tos1oxKeHnn depe3 M/I.

Jlist ro60T0 THIIA TEOIO/UTa MPU IPOU3BOJILHO YCTAHOBJIEHHOM KpPyre MecTo 3eHuTa M7 BbIvUnc-
JISIETCSI 110 OJTHON M3 CJIeAYIOMUX (hopMyI:

KJI + KII

MZ = ﬂ+ +180° (4.8)
KJI + KII

MZ = ﬂ+ , (4.9)

riae KJI u KII — orcuersl o BepTUKaAJILHOMY KPYTy IPU HaBEeIEHHH Ha HEHOIBHXKHBIN 00beKT. Buibop
bOPMYIBI TPOUBOINUTCS CJIEIYIOIIIM 00PA30OM:

e ecsiu MO < M/I, To dopmyna (4.8);
e cciu MO > MJI, o dopmyna (4.9).

Kpowme Toro, eciin u3BectHo, 4to Mecto 3enuta Maso (359 — 360 — 1°), To Bcerja npuMeHsieTcs
dopmyma (4.9).

MozkHoO criestaTh BEIOOP (DOPMYJTBI OIIBITHBIM ITYTEM: €CJIU IIPH IIEPEBOJIE TPYOBI Ye€pe3 3€HUT HYAEBOT]
omcyem TPOXOJUT Yepe3 MHJEKC OTCYETHOTO yCTPOHCTBa, TO HcHosb3yercst (opmyna (4.8), eciau He
upoxoaut, To dopmyia (4.9). IlpaBuio meiictByer npu Jr060M MeCTe 3€HUTA.

Bo Beex ciyvasix, ecau nupu Bbrauciaenuu 1o dgopmyie (4.8) momyunrest (KJI + KIT)/2 > 180°, To
repen 180° 6epercs 3HaK «—», ecan < 180°, To «+».

BorunucieHnune 3eHUTHOTO pacCTOAHMUA
HpI/I nN3BEeCTHOM MeCTe 3€eHHuTa.

Z=MO-MZ, (4.10)
Z=MZ—-M]. (4.11)

SeHUTHOE PaCCTOSIHUE BCErIa IOJIOXKUTE/bHAs BeJNYHHA, JiexKallas B upeaenax or 0 mo 180°.
ITosToMy 1ipm MOJTyI€HUN OTPUIATETHLHOTO 3HAYEHHS HEOOXoauMo mpubaButh 360°.

MecTo 3eHUTa HEM3BECTHO.

C,ZLeJIaHbI OTCYETDBI 11O BEPTUKAJIBHOMY KPYTYy IPHU ABYX ITOJIOKEHUAX

7= MTO—gﬂgo", (4.12)

rie 180° mpubasisercs, ecyiin Z nojiydaercs orpuriarebabiM. Gopmysia meficTByeT npu JiroboM

MZ.

Ecnu Besmmannnt M Z y TeooauTa MOy IUIUCH O0JIee YCTAHOBJIEHHON BeJIMYINHLI, TO, 3HadeHue M 7
BEPTUKAJIBHOTO Kpyra TEOJIOJINTa YMEHBIIAIOT MEPEMEIIEHNEM CETKM B BEPTHKAJIHLHOM HAIIPABJIECHUU
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IOCTUPOBOYHBIMI BUHTaMU ceTKHU HuTel. Jj1s1 ioctuposku M Z ycTaHaBJIMBAIOT HA BEPTUKAJIHLHOM KPyTe
HCIIPABJIEHHBIA OTCYET, OIpeIe/IsieMblil U3 CJICIYIOMMX PacCyKICHUI.

iz - K s
MZ-MZ = w_Mz, (4.14)
o (KL= MZ)+ (K- MZ) 15)

2

Taxum 06pa3om ucmnpaBiaeHHBIM oTcueToM Oymer aBisaTbed KJI — M Z | mubo KII — M Z.

Jlajiee IOCTUPOBOYHBIMIA BUHTAMHU IIEPEMEINAIOT OIPABY C CETKOM 0 COBMEIIEHUs] TOPU30HTAILHOM
HuTH ¢ n3obparkenmeM BblOpanHoi 1enu. Ilocae aToro HEOOXOMUMO yOEIUTHLCSI B TOM, UTO BU3UPHAST
och TPYOBI IEpIEeHIUKY/IsIpHa K OCH BpalleHus TPYObl U TNOPU3OHTAJIbHAsI HUTH CETKU IIEPIEHIUKY-
JIsIpHA K BEPTUKAJBHON och BpaleHus Teonoanra. KOctupoBky M Z B TeomouTax ¢ KOMIIEHCATOPAME
[IPOU3BOISIT TOJIBKO B YCJIOBUSIX MACTEPCKUX CMEIEHUEM CIIeINaIbHOR IOCTUPOBOYHON IPU3MBL.

Jnst reomonura GeoBox TE-02 obs3aTeIbHBIMU €2KeTHEBHBIMEI IIOBEPKAMHU SABJISIIOTCA IIOBEPKU I[U-
JIMHAPUYIECKOIO YPOBHs IIPU ajuaale, KOJIUMAIUA W MeCTa HyJis BepTHKaJbHOro Kpyra. IloBepkm
JIOJIZKHBI BECTHCh B COOTBETCTBUE C TACIIOPTOM MHCTpyMeHTa [15]. TloBepKy KosmmManunoHHoil morpern-
HOCTH, B CJIy4ae, €C/Id HET BO3MOXKHOCTH ODOECIIEYHTDH JBE IJIUHHBIX 0a3bl M3MEPEHU, MOXKHO IIPO-
BOJUTDH II0 METOJMKe OIMCAHHONI BBINIE, B BapUaHTe JIBYCTOPOHHEH OTCUYeTHOU cucreMmbl. [IpoBepky u
[IPOrpaMMHOE KOPPEKTUPOBaHUE MECTa 3€HUTa BEPTUKAILHOIO KPYTra IPOBOIST CTPOrO B COOTBETCTBHE
C IIYHKTOM 7 IacIOpTa WHCTPYMEHTA.

4.2 MetoauKa OpuUeHTAIIMA UHCTPYMEHTA

IIpu BBIXOIE Ha HAOJIIOIEHUS] HHCTPYMEHT yCTaHABJIUBAETCS, TOPU30HTHpPYeTCs. 1locse aToro mpo-
U3BOJIATCS TEKyIUe MOBepKH WHCTpyMeHTa [15| (KoJummMalst 1 MecTo 3eHuTa) C 1eIbio yOeuThCs B
ero paboOTOCIIOCOOHOCTH W IPUTOIHOCTH K HabJonennsaM. B3aMen okysisgpa K HHCTPYMEHTY MPUCOe -
HSIETCsI HACAJIKA JIJIsl HAOJIIOIEHUI HA MaJIbIX 3€HUTHBIX PacCTOsHUsIX (cM. puc. 4.6).

ITonoupaem Oymkaiinmuit MoMeHT BpemeHH u3 3pemepu [lo/isspHOit 3Be3/1bI 10 3BE3THOMY BPEMEHU.
3a 10 MEHHYT JI0 9TOr0 MOMEHTA, BBLICTABJIAEM HA T'OPU30HTAJIHLHOM KpPyre OTCUET, PaBHBII COOTBETCTBY-
oneMy adbemMepuHOMy asuMyTy (paboraeM TOJIBKO IIPH OJHOM Kpyre JieBo). Jljisi 3Toro BBIIOJIHSIEM
CJIIYIOIINE OTIEPAIIHMN:

1. OTerHI/IB FOpH3OHT&HbeIfI KpPyT 3aKUMHBIM BUHTOM I'OPU30HTAJILHOT'O HABEJACHUA, BBICTABIAEM
IIOBOPOTOM aJInIaaJabl MaKCUMaJIbLHO OJIM3KOoe K S(i)eMepI/I,ZLHOMy 3HaYCeHUE a3uMyTa.

2. BaerHHB FOpI/ISOHTaJIbeIfI KPYT 3a2KUMHBIM BHUHTOM, BUHTOM TOYHOI'O 'OPHU3OHTAJIbLHOI'O HaBE-
JeHNs BBICTABJIACM TOYHOC SQ)GMepHﬂHOe SHaYEeHNE a3uMyTa.

3. Haxarumem na kHOnKy «Hold» 6Gokupyem m3MeHeHHe MOKa3aHUN TOPU30OHTAJIBLHOTO Kpyra IIpH
II0BOPOTE aJIUJa bl

4. OTKpenuB BEPTUKAJBHBIN KPyT 3aKHMHBIM BHHTOM BEPTHKAJBLHOIO HaBeIeHHsI, IPy0O BLICTAB-
JsieM adeMepuIHOe 3eHNTHOE paccTossHre [1ostpHOit 3Be3Ibl.

5. BakpenuB BepPTUKAJbHBIN KPYT 3a:KUMHBIM BUHTOM BEPTUKAJLHOIO HABEIEHMS, BUHTOM TOTHOI'O
BEPTUKAJIHLHOIO HABEIEHUsI YCTAHABIMBAEM TOYHOE 3HadYeHHEe 3(PeMEpPUIHOI0 3€HUTHOIO PACCTO-
stanst [lostpHO# 3BE3IHI.

6. OTKpenuB TOPU3OHTAJBHBIN KPYT 3aKMMHBIM BHHTOM, HOBOPAYUBASI UHCTPYMEHT IO a3UMYTY,
HaBoauM TpyOy ma llomspryio 3Be3my. 3aromsieM 3Be3y B IEHTDP KpecTa HUTEH, 3aKperniseM
TOPU3OHTAJIBHBIN KPYT, U, JEACTBYsl BUHTOM TOYHOI'O IOPU30HTAJILHOI'O HABEJIEHUS U BUHTOM
TOYHOI'O BEPTUKAJILHOI'O HaBE/ICHUd, YIEPKUBAaEM 3Be3/ly B KpecTe HUTEl.
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Pucynok 4.6 Hacanka mjs1 HabIIOAeHI Ha MaJIbIX 3€HUTHBIX paccTodnusx Teomosnta GeoBox TE-02

7. Ilpu coBmagenun 3hbeMepuIHOrO MOMEHTa CO 3BE3IHBIM BPEMEHEM II0 BCIIOMOIaTeIbHOMY XPOHO-
MEeTpy, ITIOMOIITHUK JTaeT KOMaHIy Ha IpeKpalinenne BefaeHus 1losgapHoit 38316l BUHTAMU TOTHOTO
HaBeIeHU.

8. IloBropmHoe nakatue Ha kHOnKy «Hold» pazbmoxupyer mameHeHue moKa3aHUll TOPU3OHTAILHOTO
Kpyra IpH [IOBOPOTE AJIMIAJIbI.

9. Eciu B jmanpHeiieM He maHupyeTcs HabonaTh [losipHyIo 3Be3/1y, TO CJIeAyeT 3aMEHUTh 3€-
HUTHYIO OKYJISIPHYIO HACaJIKy Ha paboumii OKyJIsp.

[Tocste ocymiecTBIenns Beeit moce0BaTEIbLHOCTH JelicTBuil oTcueT 1o 'K mosmken ObITh paBeH a3umy-
1y Ionspuoii. dro obecreunBaer orcuer papHbiil 0° Ha fore. Ilocae sToro HaBogUMCsI Ha KaKOM-JIOO
npeamer TeM ke KJI u cammaem orcuér o 'K, mosryauB, TeM caMbIM, a3UMyT 9TOTO IIpeaMeTa. Takum
06pa30M, MBI IIPUBSI3AIN HAIl MHCTPYMEHT K OPUEHTHPY U, €CJIU CJIydailHo mpou3oiimer cOOil, MOXKeM
IPOKOHTPOJIMPOBATH OPUEHTAIINI0 HHCTPpYMEHTa. Bee maHHbIe 3alIiChIBAIOTCS B XKypHAJ HAOJIIOIEHUIA.
Baumanwue: mociie opreHTanny MHCTPYMEHTa B T€UEHHME BCeifl HOYM HAOJIIOIEHNI 3ampeniaercs
HakumaTh KHONKY L /R, mensrontyio nampasienne orcaera mo I'K u kuonky «Hold». Ecim nmomo6mroe
IPOM30MIET, TO MPOLEAYDPY OPUEHTALMYE MHCTPYMeHTa 110 IlosspHoil 3Be31e HeobXoauMo IOBTOPUTD!

4.3 Ompenenenne MIMPOTHI MMyHKTa HAOJIIOIeHUS

4.3.1 Omnpenenenue mupoThl o HabmoaeHusm llossipaoit

st onpejienienust MUPOTHL 110 HaOoAeHnsAM [lonsgpHOit 3Be3/1bI IPOBOJAT U3MEPEHNE 3€HUTHOI'O
paccrosinus [ossipaoii u coorBercTByomux MomenTos Bpemenn npu KIT u KJT [6].

[Tpu xaxkmom mosoxkennn kpyra nacrpymenta (KIT u KJI) gematorca masenenns ma [Tonspyio.
[To sdpemepuiam BbICTABISIEM a3UMYT U BBICOTY Llo/IIpHOIT /115t BRLIODAHHOTO MOMEHTA BPEMEHU U, JIeii-
CTBYsl BUHTOM TOYHOI'O BEPTUKAJBHOI'O HABEJEHWS U BUHTOM TOYHOI'O T'OPU30HTAJILHOI'O HAaBE/IEHUS,
IPUBOUM 3Be3/y B IeHTp ceTku Huteit. Habromarennb, yaep:xkusas [omsipayto 3Be311y B IIeHTpE Kpe-
cTa HUTEH, B MOMEHT, KOIJIa C €r0 TOYKHU 3PEHUs HaBEeJeHHE Ha 3Be3Jy SBJISEeTCHd HanboJiee TOYHBIM,
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Ha)KUMAaeT Ha KHOIKY IIYJIbTa (PUKCAIME MOMEHTa BPEMEHH, IPEeKpallasi BeIeHNe 3BE3IbI 10 a3UMyTy
u BeicoTe. B xkypuas nabmonenuii (cm. [Tpuioxkenne A.3) 3anucbiBaeTcss MOMEHT BPEMEHH, TIOKA3AHUST
TOPHU30HTAIBHOIO U BEPTUKAJIBLHONO KPYyroB. Jlajee mporenypa MOBTOPSIETCS JJIsT IPYTOro MOJIOXKEHMUSI
Kpyra. MexXay HaOIIOIeHUsIME Ha Pa3HbIX Kpyrax CHHMAIOTCs U 3alMCLIBAIOTCS B KypHaJ IIOKa3a-
Hug GapoMerpa U TepMoMeTpa. Bcee BolllenepednceHtble JeACTBUS COCTABIILAIOT OJMH IIOJIHDBINA [IPHEM
HabJIIOIeHHIA.

4.3.2 OmnpeaeneHue NITPOTHI IO HAOJIOJEHUSIM 3Be3/] B MepUIAaHe

Buumanwue: BefieHNe 3BE3IbI IO a3UMYTy HE JIOIMTyCKAaeTcst!

I/IBMepeHHe 3€HUTHOI'O PAaCCTOAHUA BeAEeTCA TOJBbKO Ha cpe,uHeI‘/i BepTI/IKaJIbHOﬁ HHUTU UHCTPY-
MeEHTa.

Ha6umosienne obenx 3Be3/1 napbl BeJeTCsl IIPU OJJHOM IOJIOXKEHUU Kpyra (Kak npasuio, 310 KJI).

ITo BoramCIEHHBIM ddeMepuIaM HAOIIOIEHNAS [Iap 3Be3/ B MepUIUaHe BLIOMpaeM yI00HYIO IO Bpe-
menu mapy. [Ipumepro 3a 8—10 MuH pasBopadnBaeM WHCTPYMEHT B IOXKHYIO WM CEBEPHYIO CTOPOHY
MepHuIMaHa B 3aBUCUMOCTH OT TOT'O, KaKas 3Be3Jia Iapbl KyJIbMUHUPYET paHblile. Ha ropu3oHTaIbHOM
kpyre (II0JI0KeHIe WHCTPYMEHTa — KPYT JIEBO) BBICTABJISEM OTCYUET 110 BBIYUCJIEHHBIM 3deMepuiaM ¢
YIPEXKICHUEM TI0 a3MMYyTy OTHOCUTE/ILHO MEPHJINAHA HABCTPEUY JBUYKEHUIO 3BE3JIblI (IIOJIOKEHUE <«JI0
Mepuananas ). Ha BeprukasbHOM Kpyre BBICTABIIsSIEM (DeMepuHOe 3eHUTHOE PACCTOSHUE STO 3Be3-
abl. Teomonutr TE-02 mMmeeT npsimoe n300parkeHue u, CJIEJOBATE/BHO, 3Be3/a MOWIET CJIeBa HAIPaBo,
MIPaKTHYIECKNU MMapaJjieIlbHO TOPU30HTAJIbHON HuTH. Korma 3Be3ma MOsB/IseTCs B M0Jie 3PpEHUs TPYObI,
TIO/TBO/IUM 3Be3/1y Ha TOPU30HTAJIbHYIO HUTH BUHTOM TOYHOT'O BEPTUKAJBHOT'O HABEJIEHUSI.

Jlnst uaCTpyMeHTa 6e3 OKYJISIPHOIO MUKPOMETPA, KOTJa 3Be3/a HAXOIUTCS BOJIU3U CPEJIHEN BepTH-
KaJIbHOM HUTHU, Ha 3BE3Jy HABOJAAT CPEJHIOI0 I'OPU30HTAJIbHYIO HUTH CETKM U YIEPKUBAIOT 3BE3/y Ha
Hell BUHTOM TOYHOI'O BEPTUKAJLHOIO HaBeJeHUs. HemocpecTBEHHO NMPU IepecevueHny 3Be3/10i BepTu-
KaJILHON HUTH HAOJIIOJATe/ b IPEKPAIAeT BeJeHre 110 BbicoTe. B MOMEHT Iepecedennsi BePTUKAJIbHON
HUTH, HAOJTIOJIATE/Ih HAXKUMAET KHOIIKY IYJIbTa (DUKCAIUT MOMEHTa BPEMEHU CHUMAET OTCYET 10 BEPTH-
KaJILHOMY KPYI'y U COODIIaeT ero MOMOIHUKY Jist 3aimucy B xKypHasl (cM. [Ipunoxenne A.4). Momenr
BPEMEHH TakKKe (PUKCUPYETCs TIOMOIIHUKOM B YKYypHaJe HaOJIIOICHUI.

ITocite mpoxoXKIeHnsT 3Be3/10if BEPTUKAJILHON HUTH U (DUKCAIMH PE3yILTATOB HAOJIIOIEHN, HabJIIO-
JaTe/ b HABOSIIIUM BUHTOM TOPU30HTAJLHOTO KPYTa [TOBOPAYMNBAeT TPyOy IO a3uMyTy B HAIIPABJICHUIN
CYyTOYHOT'O JIBUXKEHUsI TaK, YTOOBI CpeiHsisl BEPTUKAJIbHAS HUTh CETKU OKA3aJIach Iepes HabIIodaeMOoi
3Be310i. BesmauHy yriia BBIHOCA CpeiHell BEPTUKAJILHON HUTHU Iepes] 3Be3/I01 ciielyeT BLIOpaTh MUHU-
MaJIbHO HEOOXOIMMOMN JJIsl TOrO, YTOOBI yCIIETh IIOBTOPUTDL BCE JIEHCTBHS, OMUCAHHBIE B IIPEIbILYIIEM
abzarre.

Bcero HeO6XO,ZLI/IMO IIPOBECTU TPpU U3MEPCHHA 3CHUTHOI'O PACCTOAHNA U MOMEHTa BPEMEHU [JIsd IIPO-
XOXKJAeHNA 3BE3Ibl Y€PE3 CPE/HIOI0 BEPTUKAJIBHYIO HUTH CETKU B IIOJIO?KEHUUN 3BE31bI «J10 MEPpUJIaHA».

ITocte poBeEeHHBIX TpeX M3MEPEHUN, WHCTPYMEHT JIjIs 9TOW Ke 3Be3bl 110 BBIYUC/IEHHBIM 3de-
MEpHUJIaM YCTAHABIMBAETCH 0 a3UMYTY B IOJIOXKEHUE <IIOCJIEe MEpHUJIHaHa». B 9TOM IOJIOXKEHUU IIPo-
BOJISITCSI eIlle TPU M3MEPEHUsI 3eHUTHOI'O PACCTOsTHUSI U MOMEHTa BPEMEHU JIJIsl TTPOXOXKIEHUST 3BE3/IhI
qepe3 CPeJIHIOI BEPTUKAJILHYIO HUTH CETKU, KAK OMNUCAHO BBIIIE.

[TecTp naMmepenuii Ipyu CUMMETPUIHBIX TOJIOXKEHUAX 3BE3IbI OTHOCUTEILHO MEPHIUAHA COCTABJIS-
IOT IIOJIHBIN ITUKJI HaOJIIOAEHUN OIHO#M 3Be3abl naphl. Iloce 3aBepirenns IUKJIa HAOIIOACHUN IepBOil
3Be3/Ibl TAPbI, TAKOW K€ MUKJI U3 MIeCTH U3MEPEHUN MPOBOAUTCS I BTOPO# 3Be31bI mapbl. s 3To-
T'0 TPOM3BOJUTCS IIEPEBOJI MHCTPYMEHTa Ha BTOPYIO 3BE3Jly IIyTEM IIOBOPOTA AJIUJIQJIBI 1O a3UMYTY.
[lepeknanpiBarh TpyOy dYepe3 3eHUT B 3TOH IPOrpaMMe HeJb3sd!

MoMeHTS MPOXOKIEHNsT 3Be301 IMEeHTPAJIBLHON HATH JJI IIEPBOTO M3MEPEHUSI B IOJIOKEHUSIX <10
MEPUINAHa» U «II0CJIE MEPUIMAHAY JOJKHBI OBITH IPUOJIN3UTEILHO PABHBIM 3(EMEPUIHBIM MOMEHTAM.
HesbimostHeHIE 9TOTO yC/IOBHS TOBOPUT O TOM, UTO HWHCTPYMEHT COUT II0 a3UMYTY.
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4.4 Ompenenenne NpUOJINKEHHOTO AaCTPOHOMUYECKOT0 a3UMYyTAa 110 Ya-
copomy yriy llosipHoii

OrpeiesieHre aCTPOHOMUYIECKOTO a3uMyTa 10 JacoBoMy yriry [loJisipHO# ¢ TTOMOIIBIO CPEIHErO Oll-
THUYECKOTO TEOIOIUTA MOKET ObITh BBINOJHEHO ¢ OMHMOKONH 3—5” mpM yclIoBHM TIIATEILHOTO MCCIIEI0-
BaHUd [IPABUJILHOCTHU BpallleHUd I'OPU3OHTAJIBLHON OCH M y4yeTa COOTBETCTBYIOIIEH IIOIIPaBKU IOPU30H-
TaJbHOTO yTiia () Mexk ity [losisspHOl U 3eMHBIM IIPEIMETOM 38 HEIPaBWIbHYI0 hopmy tard. st ompe-
JeJIeHUs acTPOHOMUYECKOI'0 a3uMyTa C YKa3aHHOII TOYHOCTHIO aCTPOHOMUYECKUE KOODAUHATDLI IIyHKTA
MOYKHO 3HATh NPUOJIMKEHHO CO CpeIHUMHU KBaapaTudeckumu omubkamu Ap = 107, AN = Au = 15,

s onpenenennss azumyTa ¢ ommbKoil 3" HEOOXOMMMO BBIIOJHHUTH MIECTH MPUEMOB H3MEPEHHST
yrina @ mexay ITonsgpHoit 1 3eMHBIM IPEIMETOM, a ¢ omubKoit 5 — Tpu-ueTsipe npueMa.

Kaxknprit mpuem mamepennst yria () BBITOTHSIETCS B CIEAYIONIEM TOPSIJIKE.

e IIpu KJI:

1. HaBemenne TpyObl HA 3€MHOM MIPEIMET, 3AIMMCH OTCIETOB 110 TOPU3OHTATBLHOMY JUMOY;

2. Hagenenue Tpy6nt Ha [losisipHyo, 3amuch 0TCUETOB 110 YacaM (CEeKyHIOMepY) U 10 MOPU30H-
TaJbHOMY JIUMOY.

e [Ipu KII:

1. Hasenenue Tpy6er Ha [ossipayto, 3amuch orc4eToB 1o yacaMm (CEKyHIOMEPY U 110 TOPU30H-
TaJbHOMY JIUMOY;

2. Hamenenme TpyObI Ha MECTHBINH [PEIMET, 3AIMMCH OTCIETOB 10 TOPU3OHTATIHLHOMY JIMMOY.

Pesysibrarsl HabI0/ICHNI 3aHOCSTCS B YKy pHAJI HAOJIOeHn T (M. npusiozkerne A.5).

4.5 OmnpeaeseHne J0JITOTHI U MOIIPABKN XPOHOMETPA MO HAOJIIOIeHUST
3Be3/] Ha paBHBIX BbIcOTax meToaoM llumrepa

4.5.1 MeTtoauka onpejiejieHus IIOMPABKNA XPOHOMETPA MO HADJIIOAEHUSIM METOJI0M
Iluarepa

BraumMmanue: BefeHre 3Be3/bI 110 36HUTHOMY PACCTOSIHUIO HE IOy CKaeTCs!

ITocite opueHTHpPOBaHUsT THCTPYMEHTa, BHIOMpPAEM IOIXOMISIINYIO 110 BPEMEHH IIapy, BHICTaBJISIEM OT-
cueTsl 110 3demepumaM. Ilocsie 3Toro u 10 OKOHYAHUS HAOJIOAEHNsT 00enX 3BE3/I Maphl HEJOITYCTUMO
OTKPEILIATH 3a2KUMHOI BUHT BEPTUKAJILHOIO HABEIEHHsI M [I0JIb30BaThCA BUHTOM TOYHOI'O BEPTUKAJIb-
HOI'O HABEJICHUS.

IIpu nosiBieHun 3BE3/bI B 1I0JI€ 3PEHUs, IIOABOAUM €€ K BEPTUKAJILHON HUTU BUHTOM TOYHOI'O I'O-
PHU30HTAJILHOIO HABEIEHHsI, HO HE carKaeM 3Be3/ly Ha HUTb, a BelIeM PsiioM. Korma 3Be3ia IepeceKkaer
TOPU30HTAIBHYI0 HUTH, HAOJIOJATE/b HAXKUMAeT KHOIKY IIyJIbTa (PUKCAIIMA MOMEHTa BpeMeHH. Mo-
MEHT BpeMeHH 3aluchiBaeTcst B xKypHas (eM. [Tpuioxkenne A.6). Beero moskuO 6bITH Tpu oTcuéra (110
9HCIIy HATEH Y TEOJ0INTA).

SareM, Bpallas aJauiIaay 110 asuMyTy, IOBOpaYMBaEM MHCTPYMEHT mpuMepHo Ha 180°, 3akperrisem
aJIMIa/y U BBICTABJISIEM BHHTOM TOYHOI'O TOPHU30HTAIBLHOTO HABEIEHUsI TOUHOE 3(PeMePUIHOE 3HATEHUE
as3suMyTa BTOPOI 3Be3/1bl Hapbl. Jajee meficTBUsI IOBTOPSAIOTCSI, U MBI IIOJIy9aeM TPH OTCYETa MOMEHTOB
BPEMEHU JIJIE BTOPOIi 3BE3JIbI Maphl.

4.6 TurmoBble BOIIPOCHI

1. Onummre BO3MOKHOCTH 110 PabOTE ¢ TOPU3OHTAILHBIM KPYTOM 3JIEKTPOHHOIO IMI(POBOTO TEOI0-
mura GeoBox TE-02.

2. CpuemaiiTe BBIBOIBI O BO3MOXKHOCTH peasm3anun Ha Teomonure GeoBox TE-02 meroma mosHbIX
KPYTOBBIX MIPUEMOB JIJIs I3MEPEHUsI TOPU30HTAIBHBIX YTJIOB.
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10.

11.

12.

13.
14.

15.
16.

17.
18.
19.

20.

21.
22.

23.

24.
25.
26.

27.

. YKa)kuTe, IMPHU BBLIMOJTHEHUN KAKMX YCJIOBUI BO3MOXKHO KOPPEKTHOE M3MEPEHNEe BEPTUKAJIBHBIX

yriioB TeonosuroM GeoBox TE-02.
Onumure npeaBapuTeIbHBIE STAIBI IOATOTOBKI HHCTPYMEHTa K pabore.

Yro xapakrepusyer BeamdunHa MO teomonmura GeoBox TE-02 B citydae, eciin OH IOJIHOCTBIO
HCIPABeH U IPOXOJUT BCe 00si3aTe/IbHbIE TOBEPKHU.

K kaxkum IIOCJIEACTBULAM JIJIdd U3MEPEHUA BEPTUKAJIbHBIX U I'OPU30HTAJJIbHBIX YTJIOB 6y,ILeT IIpUBO-
AUTHb HEyCTPpaHEHHad KOJIJIMMAIITMOHHAs IOI'PEITHOCTD I/IHCprMeHTa?

YTo MOXKET IPUBOAUTE K OOJIBIIIOMY 3HAYEHUIO KOJUIMMAIMOHHON OMuOKM?!

PaccumraiiTe, Kakyo IOrpelnIHOCTh B OPHEHTAIMM HHCTPYMEHTa II0 a3UMYTy JACT HeydTeHHas
[TOIIPaBKa MEXaHUIECKOro XpoHomerpa B 1.

Kaknm criocobom JT0/2KHO MPOU3BOAUTHLCA Bemenne [1oygapHOil 3Be30bI IPU OPUEHTAIINA WHCTPY-
MeHTa?

Y4aursiBasg, 9TO Il Olpeae/ieHns MupoThl 10 [lossipHoil 3Be31e, HeOOXOIUMO U3MEPUTDH BBICOTY
[TonstpHOI, yKaXKuTe, B KAKOI 9acTU CyTOYHON IMapaJuie/id 3Be€3bl 3TO BBIIOIHEE BCErO JeJIaTh?

C xakoit OeJIbIo oIIpejJejieHrne MIUPOThI 110 Ha6JIIO,HeHI/IHM IIap 3BE€31 B MEpH/uaHE BEICTCA IIPU
OTHOM ITIOJIO2KE€HUU KpyTa I/IHCTPYMGHTa?

Kakasi moBepka 00s13aTe/IbHO JIOJI?KHA BBIIOJIHITHCA W KOHTPOJIUPOBATLCS B TeYeHHWE HOYHM Ha-
OJtroteHNi, YTOOBI OBLIN BBIIOJHEHBI TJIaBHBIE ycjoBust MeTona Lluarepa?

C 4em cBsizano, uto Meros LluHrepa peasusyercst Ipu OJHOM IIOJIOXKEHUU KpyTra WHCTPYMeHTa !

Jomyctumo i BeJieHne 3BE3bI 110 a3uMyTy B Metoje llurrepa, ecTh i MPUYWHBI OrPAHUYINBA-
IOIIIKE 9TO BejeHne?

Kak Bausier Ha KOJUIMMaIITUOHHYIO IIOI'PEITHOCTD POCT BJIa2KHOCTHU B T€Y€HNE HOYIU Ha6JIIO,ZLGHI/II7‘I?

Kaxwue nmefticTBust ¢ TEOMOMUTOM MOTYT TMPUBECTH K HEOOXOIUMOCTH TIOBTOPHOTO OPUEHTUPOBAHUST
MHCTPYyMeHTa?

Ha xaxumx sTamax HabJI0OAeHI HEOOXOINMO IIPOBEPSITH M BBIBOAUTH (DOKYCHUPOBKY TPYOBI?
ITouemy oOKyCHPOBKY MHCTPYMEHTa HEOOXOAUMO IIPOBEPATL B TEMHOE BPEMs CYTOK?

Y10 MOKET TPUBONTD K CAMOTIPOU3BOILHOMY CMENTEHHIO TTHINHIPUIECKOTO YPOBHSI UCITPABHOTO
MHCTPYyMeHTa?

Onumure BO3MOYKHBIE IIPOIELYPBI OIPeIe/IEHIsT YTJIOBOrO PACCTOsIHUST OOKOBBIX HUTEH OT Ccpei-
Hell ¢ MaKCUMaJIbHOII TOYHOCTBIO.

Kaxkosa mpornenypa ucnupasienust MO y teomonmura GeoBox TE-027

ITo xakoit KoopauHATE HEOOXOAMMO BeCTU TPYOy MHCTPYMEHTa HEIOCPEICTBEHHO IEepes Iepece-
TeHMEM 3BE3/I0M HUTH B MEPUIUAHHBIX HADJIIOICHUSXK !

B kakyio cTopoHy ciejyeT BpalllaTh HABOJSAIINE BHHTHI MHCTPYMEHTA JJIs [OJIYYEeHUs] MAaKCHU-
MAJILHO CTAOMIHLHBIX Pe3yJIbTATOBR?

Kak mpoBepuTh CcTaOMIBHOCTh YCTAHOBKM MHCTPYMEHTA IPH HAOJIIOIEHUSX !
BosmorkHo 11 mpoBecTr opueHTAIio HHCTpyMeHTa He 1o IlomsipHoit 3Be3me?

Bosmoxno sin ucniosnb3osars [losspHyto 3Be3/1y JJ1si OpHEHTAIMN UHCTPYMEHTa TOJBKO OJIUH pa3
3a MEPUOJ], TPAKTUKN !

HeobxommuMo i TI0JIb30BaThCsI [IEHTPUPOM HHCTPYMEHTA U BCETla YCTAHABIUBATH €0 TOYHO HAJ
OIHON TOYKON?
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5

OOpaboTka m aHAJIN3 JaHHBIX
HabJT0/Iennii (KaMepaJsibHas 06paboTka)

IIpu obpaboTke KypHAJIOB HADIIOAEHUN CYIIECTBYET Psii IIPEIBAPUTEILHBIX OIE€paInii, KOTOPhIE
OCYIIECTBJIAIOTCS JJIsl BCEX IIPOrpaMM HabJIIOACHUI.

1.

TouHOCTL XO/Ia KOMIIBIOTEPHBIX 4acoB (He xyze 1073 ¢), CHHXPOHH3HPOBAHHBIX IO ATOMHBIM
STAJIOHAM CHCTEM CIIyTHHUKOBOI'O IJIOOAJIBHOI'O IMO3UIIMOHUPOBAHUS, 3aBEJIOMO IIPEBBIIIAET Tpe-
Oyemyto st riporpamMMm HabsojeHuit. [109TOMy, HUKAKUX JIOMOJTHUTEIBHBIX TOIMPABOK YacOB B
IIOJIy4YeHHble MOMEHTBI BpEMEHU HE BBOJUTCA.

B xkypnanax dpukcupyercs BpeMmst MOMeHTa HaOJIIOIEHIS, TIOJIY9€HHOE OT CIIy THUKOBOI HABUTAIlU-
ounoii cucrembl B mkajie UTC (aToMHOE KOOPIAMHUPOBAHHOE BPEMsl, BOCIIPOU3BOJISIIIEE CPETHIOK
COJIHEYHYIO KAy BPEMEHH, HO eJeHUIe]l n3MepeHnst sABJseTcs ddeMepu/IHas ceKynaa). Aro-
PUTMBI 00PabOTKHU MPOrpamMM HabIOACHU OIPa3yMeBaIOT UCIOIb30BAHNE MOMEHTOB 3BE3THOTO
Bpemenu. ITosToMmy Bce MOMEHTBHI HaOJIIONEHMI, 3allUCAHHBIE B YKypHAJIaX, JOJKHBI OBITH Iepe-
CUYUTAHBI B MOMEHTHI 3BE3JITHOI'0 BPEMEHU M TOJIBKO TOCJE 3TOr'0 MCIIOJB30BATHCS B aJrOPUTMaX
obpaborku HaboneHuit. [Iponenypa nepecyera moapobHO onucana B paszeie 3.2.1.

Bce usmepennble 3eHUTHBIE PACCTOSTHHUSA JTOJXKHBI OBITH MCIpaBJIEHb! 3a pedpaknuio. [lonpaBku
3a pedpakiuio 6epyrest u3 Tabiaui AE (GymakHoe n3jaHue — B 9JIEKTPOHHOIN BepCHU TabJIHIIbI
pedpakiuu oTcyTCTBYIOT) IGO0 B IOCTOSIHHOM YacTu AcTpoHoMudeckoro kajenaaps [16]. Heob-
XoauMble TabuIbl HasbiBatoTcst «Cpeansisa pedpaknusi» u «IlompaBku K cpemreil pedpaknum 3a
remiepaTypy T u 6apoMerpudeckoe nasienue By. [lomydyenmsie mo TabimmaM HONPABKA JTOIXKHbIL
OBITH MPUOABJIEHBI K N3MEPEHHBIM 3€HUTHBIM PACCTOSTHUSIM.

IIpu BBIYMCICHUSIX, B KQUECTBE SKBATOPHAIBHBIX KOOPIMHAT 3BE3J, CIEIyeT OpaTh KOOPIMHATHI
u3 tabaunsl AE «BumuMble Mecta 3Be311», MHTEPIOJNPOBAHHBIE Ha JaTy HabromeHus. [Ipsvoe
BOCXOXKJIEHHE OpaTh ¢ TOYHOCTHIO JI0 COTBIX BPEMEHHOI CEeKyHIIbI, CKJIOHEHUE — JIO JAECSITBIX yI-
JIOBOU CEKYH/BbI.

5.1 Metoapl 00paboTKM mporpaMm HaOJIIOJeHUIA

Baumanue: B ciiydae, ecin U3MEPEeHHsT B IIporpaMMe HaOJIFOJMEHNN ITPOBOJATCS JJIsI HECKOJIBKUX
HUTE B I0OJIe 3PEHUs] MHCTPYMEHTa, 3aIllPeIaeTcs IPOM3BOANTL YCPeIHEHNE M3MEPEHHBIX BEJIMIIH
7 UX IPUBEJCHUE HA CPEIHIOI HUTL. Pe3ysbTaThbl HAOJIOMEHUN I KaKI0W HUTH 00pabaThbIBAIOTCS
OTIEIbHO. YCPEIHATH JOIYCKAETCS TOJBKO UTOIOBBIE PE3YIbTaThl 00pabOTKI.

B kadecTBe MpHOIMMKEHHBIX 3HAYCHUIT KOODIMHAT IIyHKTa HaO/OAeHus (71 Y4aeOHO acTpoHo-
MUUecKoii obcepBaropun Kadeapbl ACTPOHOMUM U Te0fe3un) HEOOXOIUMO UCIOJIL30BATEH CJIEIYIOIINe
BEJIUYUHDL:

o = +56°49'40",
A = 04"02m32.68° B. 1. (5.1)
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ITocte ompemesienns MUPOTHI IMyHKTA HAOJIOMEHNN IO U3MEPEHHOMY 3€HHTHOMY paccTogauio Ilo-
JISPHON 3Be3/1a, B KaUecTBe MPUOINKEHHOIO 3HAYEHUsT JIOJIKHA MCIIOJIb30BATbCs IIHPOTA, Oy IeHHAS
B 9TOW mporpamMmMme.

5.1.1 Omnpenenenne mmpoTsl 110 HAGIOAeHusM [losspHOIl 3BE3abI

Ob6paborka HabJIOACHUI BegeTcst paddeavho st namepenuit mpu KIT u KJI.
Ob6paboTKa HAOIIOIEHUI BEIETCS B CAEAYIOMEM MTOPSIIKE:

1. BadurcupoBaHHbIE MOMEHTHI BPEMEHH, B TOM CJIydae, €CJIM OHU M3MEPEHBI 110 CPEIHEl IKaJle,
[IEPEBECTH B MOMEHTBI 3Be3/IHOr0 BpeMeHu (cM. paszern 3.2.1).

2. Orcuersbl BEPTUKAIBHOIO KpPylra UCIPABUTH 3a MecTo 3eHuta M Z uncrpymenta. Vcupasiennoe
3HAYEHUE BEPTUKAJIBHOIO YIVIA Zysy BbIYHCIsiercst B coorBercTBue ¢ (4.10) mm (4.11).

3. JIjish u3MepEHHBIX B TIPUEME TEMIIEPATYPhI U JaBJICHU, TI0 COOTBETCTBYIONUM TabaunaM AcTpo-
HOMHYECKOI'0 €KErOJIHUKa JINOO MOCTOSHHON YacTU acCTPOHOMUYECKOI'O KaJleH/apsl OIPEJIESaIoT
3HaveHne pedPAKIUU P ¢ TOTHOCTHIO JI0 YIJIOBBIX CEKYH/I.

4. BBIMUCIAIOT UCHpaBIeHHOe 32 pedPaKIio UCTUHHOE 3HaUeHNe 3¢HUTHOTO PACCTOSHUA
Zucnp = “usm +p. (52)

5. Jlast BBIYKCJIEHUS IIUPOTHI HEOOXOANMO BOCIOJb3oBaThes pasgenoMm AE «IIlupora mo nabiioie-
nugamM lloastproity. Pasmen comep:kuT Tpu TabIUIBL I ONpEIeeHns TPeX MOIPaBOK K U3Me-
penHoit BeicoTe [losisipHO 3Be31IbI HAJ| TOPU30HTOM. 1109TOMY HM3MepeHHBIE U UCIPABJIEHHBIE 38
pedpaKIuio 3€HUTHBIE PACCTOSIHUASA CJIEIyeT IePeCYUTaTh B BLICOTY IO COOTHOIIEHHIO 2+ h = 90°.
ObparnTe BHUMAaHNE HA NUMEIONIAECS IPUMEIAHNS K TaOJIIIaM.

W3 mepsoii TabauIinl onpeesieTcst nepsas mnomnpaska Agq. Jist 9T0r0 TabJMYHbIE 3HAYEHUS
JIOJKHBI OBITh MHTEPIIOJUPOBAHBI Ha MOMEHT HADJIIOMEHUN, B3SATHIH ¢ TOYHOCTHIO MUHUMYM JI0
CEeKYHJL.

ITo BTOpOI TabsMIle ONpeIesIeTcst BTopast monpaska Apsy, KaK (QyHKIUs IBYX MEPEMEHHBIX: BbI-
COTBI U 3BE3/THOIO BpeMeHu Habtonenust. Jluis 1oty ueHus monpaBKy CJIelyeT CAeIaTh JIBY MEPHYIO
HUHTEPIIOJISINIO TabJIMIHBIX 3HAYEHUN Ha TOJIy YeHHbIe TTPU HAOJIIOIEHUSX BBICOTY U MOMEHT Bpe-
Menu. Bricory ciemyer 6parh U3 KypHAJOB HADJIIONEHUN € TOYHOCTHIO JIO YIVIOBBIX MUHYT, a
BpeMs — /10 BPEMEHHBIX MUHYT.

Tperbst TabsHIa COMEPKUT TPETHIO MONPABKY Aws, Tak:Ke KaK (PYHKIINIO JIBYX [I€PEMEHHBIX: Ja-
ThI HAOJIIOACHUI 1 MOMEHTa, 3BE3IHOI0 BpeMeHn HaboAeHuit. JIjis1 oy 9eHusI IOIMpaBKHu CJIeLyeT
CeIaTh JBYMEPHYIO MHTEPIIOJISINIO TaOJIUIHBIX 3HAYEHUH Ha JaTy W MOJIydIeHHOe IpU HaDJIIO-
JIeHUSX BpeMsl. BpeMs npy mHTEpHOJISANNE HEOOXOMUMO OpaTh ¢ TOYHOCTBIO JIO JECATHIX JOJIei
Jaca.

6. Ilo IIOJIy9Y€HNN BCEX IMOIIPABOK BbBITHCJIAETCA UTOrIOBOE SHAYCHNE MINPOTDHI

w=h+Ap; + Aps+ Aps. (5.3)

[Tocse 3aBepienns: UKJIA PacIeTOB IMUPOTHI JJIsi OJHOTO MOJIOXKEHUsI BEPTUKAJIBLHOTO KPYTa, pac-
YeThl MOBTOPAIOTCH JIJIsi U3MEPEHUI C JAPYTUM IIOJIOKEHUEM KpPyra. B UTore BBIMHCILAIOT YCPETHEHHOE
110 IByM KpyraM 3Ha9eHUE ITUPOTHI.

Pesynbrarer pacaeroB momecture B Tadauiy 5.1.

[Tocsie BBIOTHEHUST pACcIeTOB HEOOXOIUMO ITPOBECTH CTATUCTUIECKYIO 0OpabOTKY IOy YeHHBIX Pe-
3yJIBTATOB JJIsd BceX npueMoB. lIpoBenuTe aHa n3 Ha BbINAJAIONINE 3HAYEHUs, OIPEJNEJIUTE CPEJIHEee
3HAYEHUE MMUPOTHI, €€ CPEIHEKBAIPATHIHOE OTKIOHEHUE, YKAXKUATE JTOBEPUTEIbHBIN UHTEPBAJ JJIsI Be-
positnoctu 0.97.
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Tabmuma 5.1 Oupemenenne mupoTh o HaOOMeHUIM [loIsIpHOIT 3BE3 /1B

Ne Kpyr s Zusw | Pedp., | Zuemp h Apr | Aps | Aps %) Pepemu
npruema KJI/KH hh mm ss ot n p// o1 o n rn rn " el | g pueMe

5.1.2 Omnpenenenue MUPOTHI 110 HAOJIIOAEHUSM I1ap 3B€3/] B MEPUAUAHE ITPU OTHOM
MOJIO’KEHUN BEPTUKAJIBHOTO Kpyra

Borunciienre mmpoTsl 110 ©3MEPEHHOMY 3€HUTHOMY PACCTOSHUIO 3BE3]I B MEPHIHAHE OCYIIECTBJISI-
eTCsl B MIPEIOJIOXKEHNN, ITO HAOIIOMEHNE 3BEe3/Ibl IIPOU3BOANTCS TOYHO B Mepuaname. B peasbHOCTH,
M3-33 HETOYHOCTU OPUEHTAIINM HHCTPYMEHTa W HabOJIIOJEHMsI HECKOJIbKUX IIOJIOXKEHMI 3Be3/bl BOJIU-
31 MEpPUIUAaHa U CUMMETPUIHO OTHOCHTEILHO HEro, 3TO He Tak. HeoOXxommmMo mCupaBUTh M3MepeHHbIe
3HAYEHHUsSI 3€HUTHOI'O PACCTOSIHNSA 38 BHEMEPHINOHAJIbHBIE HADIIOIEHNUS.

TupoTy BBIMHUCISIOT B caemayioneM nopsiake. I[ukJr BoIYuc/IeHnit TPOBOIUTCS JIsd KAXKIOW HapPbI
73 I0’KHON U ceBepHOit 3Be3. st BBIYUCIEHUST ITUPOTHI OCYIIECTBUTE CJICLYIONINE STAIbI.

1. Tocye obpaboTKm *ypHata Habmonenuit n Beibopku n3 AE eudumur o, u §, (Y, 6V — s
CEBEPHO# 3Be3/1bl B HUXKHEH KyJIbMUHAIIUY; af , (55 — JJI FO2KHOH 3Be3/bl B BepXHel KyJIbMUHA-
I[1K) 3BE€3/[ TIaphl, IPsSIMble BOCXOXKJICHUsI 3B€3]] UCIIPABJISIOT TIONPABKAMU 38 BJIMSAHEUE CyTOYHOMN
abepparunu 1Mo (opmyiie

Aa = 0.0213° cos pg sec d cost = £0.0213° cos g sec d

oS =al S 4 Aa, (5.4)

rjie o — OPUOIMIKEHHOEe 3HAYEHHE IIUPOTHI, MCIOIb3yeMOe IIPU BBIYHUCIEHUU 3DeMepu; 3HaK
«ILTIOC» OepeTcst st 10XKHOiT 3Be31bl (t ~ Oh), 3HAK «MHUHYC» — JIJIsI CEBEPHOM 3Be37bl (1 ~ 12h).
YHacosoit yroa B (5.4) npubmKeHHO BBIUUCIAETC 110 (hOpMyJIaM

tS S

= $ — @y, , BepXHss KyJbMUHAIIUSI,

tN =5 — ozf)v + 12" | mxEss KynsMuHAmS, (5.5)
rJie S — MOMEHT 3BEe3JHOI'O BPEMEHU HAOJIIOIEHUII.

2. Boramceasgior 9acoBble yTUIbI 3B€3/, B MOMEHTHI KayKJI0T0 U3MEPEHUST UX 3eHUTHBIX PACCTOSHHI IO
dopmysiam

=5; — aS, BEPXHAA KyJIbMUHAIINS,

=5, — oV + 12" | mmkuss KympMuHAIms, (5.6)

rie S; — 3Be3JHOe BpeMs B MOMEHT M3MepPEeHHsI 3€HUTHOI'O PACCTOSHUSI, MCIPABJIEHHOE 33 XOJI
xpoHoMeTpa. VHIeKe ¢ 31ech U j1ajiee COOTBETCTBYET MOPSIIKOBOMY HOMEDY HAOJIIOIEHUsT 3€HUT-
HOI'O PACCTOSHUSI 3BE3Ibl B IIOJIOXKEHUSIX BOJIM3KM MEpUAMAHA I CEBEPHON WM FOXKHOU 3BE3IbI
mapel. Takum obpazom, s = 1"+ u, rme T — moKa3aHust 3BE3JHOTO XPOHOMETPA; U — IOMPaBKa
XpOHOMETpa Ha MOMEHT BpeMeHU M3MepeHuil. B cilydae mcroab30BaHusi BpEMEHH CIIy THHKOBBIX
HABUTAI[MOHHBIX CHCTEM, OHO HEIIOCPEJCTBEHHO IEPECUUTHIBAETCS B 3BE3IHOE BPEMsI, ITOIPaBKa
34 XOJI, HEe BBOIUTCH.

3. s acTpOHOMUYECKOr0 MHCTPYMEHTA, ¥ KOTOPOI'O JIeJIEHUS BEPTUKAJIBHOIO KpPyra HAHECEHBI 1.0
200y waco6oti cmpeaxu, N3MEPEeHHOe 3eHUTHOE PACCTOAHME 2’ 3BE3MIbI ONPEAEISIOT 110 (opMyJIe

2 =M, — 25 = 25y — M, (5.7)

rne M, — MecTo 3eHWTa WHCTPYMEHTA.

Ecmm nenenust onudpoBaHbl IPOTUB X0/a 9acoBoil cTpesku, To 2y — M, samenserca na M, —ziy,

a M, — 23} 3aMensercd Ha zpqy — M.
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4. BbIYWCINB BHIUMBIC 3CHUTHBIC PACCTOSHHS 2’ IOKHOI M CEBEPHOIl 3BE3JI, HAXOJAT IONPABKH 34
pedpakiuio pg U py, Hoab3ysck Tabauramu pedpakinuu AE. Onpenenus pg u pn, HAXOIST
UCTUHHBIE 3€HUTHBIE PACCTOSTHUS Z; JI7IsT KaXK/I0TO N3 MOMEHTOB HAOIOMEHUIT I0)KHON 1 CeBEPHOI
3BE3J1, APHI.

zi=2+p. (5.8)

5. Bbruncsisiem BeIuHbL
Zme = 90 — 07, (5.9)
Zme = 180° — ((5N + o) B HIKHeN KyJIbMUHAITUH, (5.10)

st 0benx 3Be3 Maphl.

6. OmnpenensieM peayKIUIO OJIM3MEPHIMOHAJBHOIO 3eHUTHOIO PACCTOSIHUSI CBETHJIa Ha MEpPUINaH
JJTsT BCEX M3MEPEHHBIX 3€eHUTHBIX PACCTOSTHUN 3BE3]T Maphbl

TP =2 — 2

s BEDXHAA KyJIbMUHAIINSA,

r; = 2,, — Zi, HUXKHsisl KyJIbMUAHAIIUS, (5.11)

rhe Z; — WCKOMOE 3eHHUTHOE PACCTOsHUE 3Be3bl B Mepuauane. J[jisT MpuHATHIX 00O3HATEHMI
PEIYyKINS T; BCETJIa TOJIOKUTEJIHHA.

s 3Be311 B 8eprHelt KYAbMUHAUUU

T COS g COS t;
sin ( 22) — _COSP0CO89 sin? =

—. 5.12
sin g (2 + zmg) 2 (5.12)

VYuThIBas, 9TO PEAYKITHS T — MaJIbIi yTroJI, sin (%) MOXKHO Pa3JI0KUTh B PSIJL 10 TIEPBOI CTETIEHN

IO 7 1 IIOJIYIUTDH CJIEAYIOIee BbIpazK€HUE [1JIsd BEJIMIUHBI PEAYKIIUHN:

,_ ?Q//lcosgoo cosd . o ﬁ’ (5.13)
sin 5 (2 + Zmg ) 2

rne o’ = 206264.8 — uncio cexkyHm B pammane. Penykmusi, nomydennas 1o ¢dpopmyse (5.13),
BBbIpaskeHa B CEKYHIAX JIyTH.

Penykiust na Mepujmnan OJIM3MepUIMOHAIBHOIO 3€HUTHOIO PACCTOSHUS JIJIsi 3BE3J/Ibl B HIKHEIH
KyJIbMAHAIIUN MOYKET OBITh BbIUHC/IEeHA Takxke 10 (opmysnam (5.12) 5.13), eciau gacoBoii yros
OTCUUTBIBATH OT CEBEPHOil YacTn MepujuaHa (T. €. BHIYECTD 12" u3 crammapTHO OIpeIEIEHHOTO
9aCcoOBOTO yIJIa CeBEPHOIl 3BE3/Ibl B HUYKHEl KyJIbMUHAIINHY).

N

ITo dopmyite (5.12) BeramCIsSETCA PELYKIUs Ha MEPUIUAH 77 7‘25 JIJIsT BCeX HADJIIOMIEHUN 3€HUT-

HOT'O PACCTOAHUA CEBEPHOW M IOXKHOW 3BE3[1 Hapbl.

7. BbraucianTb MEPUIMOHAJIBHBIE 3€HUTHBIE PACCTOAHUS JIJIs BCEX N3MEPEHUH 3eHUTHOI'O PACCTOAHUS
CEBEPHON U IOXKHOU 3Be3[1 Iapbl
i

Zy, = Zi — T'j, BEepXHds KyJIbMUHAIINA,

2}, = Zj + i, HUKHsS KyJIbMUHAIIUS. (5.14)
8. s Kaxkm0ii U3 3B€3/1 Mapbl MO MOJYYEHHBIM MEPHINOHAIBLHBIM 3€HUTHBIM paccrosausaM (5.14)
BBIYUCIUTDL CPEIHNE apuPMeTuIeCKne MePUINOHAIbHbIE 3€HUTHBIE PACCTOSHUS 3BE3.T IMapbl ZTJX
S
uz.
9. Ilo moJiy9eHHBIM CPEIHUM MEPUIHOHAILHBIM 3€HUTHBIM PACCTOSHUSIM BBIYHC/IUTH IMTUPOTY MECTa
JIJIsT TAHHOM ITapbl 3BE3I.

(N + @s) = 90° —
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®opmyma (5.15) BepHa B cirydae, KOIIa CeBepHast 3BE3/1a Maphbl HAOIIONAETC B HUKHEH KyJIbMI-
Haruu. Jjs1 ciydast BepxHeil KyJbMUHAIIMKA Ha, CeBepe, BLIYMUCJIEHNE BEIETCs 110 (PopMyJIe

1 1 1
o =5 (pn+os) =5 (67 +0%) + 5 (zn — 2m) - (5.16)

10. Borauciuts pazuuiy ¢ — . Ecim

o — ol = 17, (5.17)

TO BEPHYTHCS K ITAIYy D, HUCHOJH30BAaB B KaUeCTBE (o) PACCUNTAHHOE Ha dTane 9 3HAUEHWE p, U
IIOBTOPUTH PACUET.

IIpuBenennast BoIme mpoIeLypa 00pabOTKK HAOJIIOMEHN TOBTOPSIETCS /IS BCEX MMap 3Be37, HabJIIo-
JABIIKXCSI B IIporpaMMe. B 3aBepiienune pacdyera IIPOU3BOIUTCS CTATACTHYCCKUI aHAJN3 Pe3yJIbTaToB,
[TOJIy YEHHBIX 110 BCeM HAaOJIIOIEHHBIM IIapaM 3Be3/l: 0TOPaChIBAIOTCs BBIIAIAIONINE 3HAUCHUsI, HAXOIAT-
¢ CpeiHee 3HAYEHHUE IMUPOTHI, €€ CPEIHEKBAIPATUIHOE OTKJIOHEHWE, yYKA3bIBAETCs IOBEPUTE/IbHDIN
uHTEpBaJ JJis1 BepogTHocTn (.97.

5.2 Bbruncienne acTpoOHOMHYECKOIO a3MMyTa 3€MHOI'0 IpeaMeTa II0
HabmoaeHngamM llosisipHoitl 3Be31bI

5.2.1 IlompaBKH B OTCUETHI TOPU3OHTAJIBHOIO Kpyra M M3MepeHHoe 3HAYeHne a3u-
MyTa

BausHaue koanauMarinonHoi ommoku: [Ipun HabI0IeHNN CBeTIIa WiIn 00beKTa Ha HEKOTOPOM 3e-
HATHOM PACCTOSIHUM Z B OTCYETHI, CHITBIE II0 NOPU30HTAIBHOMY KpYyTry, HEOOXOIMMO BBECTU IIO-
[IPABKY

AM, = = ccosec z . (5.18)

sin z
KojumManuonnyo omubKy MPUHSITO CYUTATH HOJIOXKUTEJIBHOM, €CIu OHa IPUBOIUT K YMEHbIIIe-
HUIO 0TCYeTa TOPU30HTAIBLHOINO Kpyra, T. €. KOIjia [P OOpalleHny HaOJII0gaTe sl JTUIOM K CBETH-
JIy BU3UpPHasi OCh 00pa3yeT ¢ IpaBbIM KOHIIOM TOPU30HTAJIbHON ocu yroj, paBubiit 90° — c. Ilpu
9TOM CUYUTAETCs, YTO JIeJIEHNA Ha JIMMOe HAHECEHBI 110 XOIy 4acoBoil crpesku. KomuMannoHHast
ommubKa BXOIUT B OTCYeThI ropusoHTabHoro Kpyra npu KII u KJI ¢ paszupivu 3Hakammu.

ITonpaBka 3a BJiusinue cyTOdYHOI abepparuu: BcenencrBue BiausiHus CyTOUHOM abeppamun w300~
pazkeHue CBEeTUJIA CMEIAeTCs 10 Jyre GOJIBIIOro Kpyra K alleKey CyTOYHOIO JIBIXKEHUsl (CM. pH-
CYHOK 5.1), K TOYKe BOCTOKA, HA BEJUUUHY

oo’ =0.32" cos psinoE. (5.19)

3 Tpeyronbuuka Zoo'

sin ZoE
sin (Ay — A,) = sinoo’ =22~ (5.20)
sin z
B cuty Toro, uro yron A, — Ay u ayra oo’ cyThb MaJible BEJIMYMHBI, MOYKHO 3aIllUCATh
sinZokE
Ay — Ay = 0.32" cos psino B ———. (5.21)
sin z
W3 tpeyrosbuuka ZoE
sincF ~ sin90°
sin (28 — A4,)  sinZoE'’
sincEsin ZoE = —cos A, . (5.22)
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Y4 90°
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Pucynok 5.1 Onpejenierne monpaBku K a3uMyTy CBETHJIA 3a CyTOYHYIO abeppaluio, rie o — UCTUH-
HOE TIOJIOZKEHWE CBETUJIA; 0’ — BUJIMMOE TOJIOYKeHWe CBeTuna; A, — UCTHHHBIN asuMyT cBetmia (6e3
BJIMSIHYSI CyTOYHON abepparyn); A, — BUIUMBIH a3UMyT CBETHIIA, UCKAXKEHHBIH CyTOYHON abepparueil

CrnemoBaTebHO
Ay
Ay — Ay = —0.32" cos ¢ & )
sin z
A
Ay = A, —0.32" cos @70 ,
sin z
Ay = Ay, + 6A, (5.23)
A
§A = —0.32" cos p C()_Sia. (5.24)
sin z
Hns asumyTa TosnsgpHoil 3Be31bI MOKHO IPUHATEL cos A, ~ cos 180° = —1 u Torna
§A =032 22 (5.25)
sin z

5.2.2 Bprunciienne npubIMKEHHOTO0 acTpoHOMHUYecKoro azmmyTa (+3—5") mo 4a-
coomy yriry IlosisipHOiT co cpeAHUM MOMEHTOM HaOJIIO/IeHUiA

BxomgabiMu qaHHBIME [T pacyeTa a3uMyTa IO OJHOMY IIPUEMYy HaOJIIONEHUH sIBJISIIOTCST OTCUETHI 110
TOPU3OHTAIBHOMY KPYT'y Ha CBETHUJIO MEH, Mfﬂ u nazemuoii npeamer MK AT o rakske Momen-
Thl BpEMEHU Tfn, T}ﬂ IIPOXOXKJICHUsI CBETUJIA depe3 BepTukaj ¢ orcuerom M. B pacuere JT0KHBI
UCIOJIb30BATHCS 8UdUMBLE dKBATOPUAJbHBIE KoopauHaThl (o, 0) IlossipHoii Ha nary HabsIOIeHUSI.
[Iupora myHnkTa HaGIIOACHHA (@ JOJKHA OBITH M3BECTHA C HorpemHocTbio He 6osee 10”. Tlompaska
XPOHOMETpPA U IIPU UCIIOJIb30BAHNHA BPEMEHU CIIy THUKOBBIX HABUTAIIMOHHBIX CACTEM HPUHUMACTCSH PaB-
HOU HYJIIO.

Ecin asumyt Tlosisipaoil BbIUmC/IsieTcs: cO CpeJHUM B Ipueme MoMeHToM Habrojenuii [4], To BbI-
aucsennbiii o gopmyse (1.31) asumyr Ionsproit A’ HEOOXOAMMO UCIPABUTL HE TONBKO 33 BJIUSHUE
CYyTOYHOI abeppaluy, HO U BBECTU IOIOJHUTEILHYIO IMOIPABKY AA., BLI3LIBAEMYIO TEM, UTO a3UMyT
[TossipHOit, BBIMUC/IEHHBIN CO CPEIHUM B IIPHEMEe MOMEHTOM HabJIIOJeHUH, BOOOIIEe He PaBEH a3uMyTy
[TonsipHOIt, OJIy9eHHOMY KaK cpejHee apudMeTHIECKOE U3 €€ a3UMyTOB, BBIYUCICHHBIX I KayKI0r0
n3 MOMeHTOB HabsoaeHuit. AsumyT IlosisipHO#, KaK 1 BCSIKOM JAPYroii 3Be31Ibl, B PE3YJIbTAaTe CYyTOTHOTO
BpAaIeHusT 3eMJIM MEHSEeTCs HEIIPOIIOPIMOHAILHO BPpEeMEeHH, U YKa3aHHasd BLIlle monpaska AA,, aBis-
eTCsl TTOIPABKOW 3a yckKopeHnwe B ABrKenunu llojsgpmo#t mo asumyTy. VIcmpapeHHDBIH a3uMyT 3BE3IbI
HaxoOdAT 10 hopMyJie

Ay = Al + AA,. (5.26)
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TlompaBka 3a KOJIUMAIWIO MIPU BBIYUCIEHUSIX CO CPEIHUM MOMEHTOM HAOJIIOMEHNsT BBOIUTCS aB-
TOMATUIECKH, TTOCKOJbKY IIPU BBIYUCIEHUSIX UCHoJb3yioTces cpeganne 1o KIT u KJI sHadenus ropuson-
TaJbHBIX YIJIOB, & 3eHUTHOEe paccrosiune [lo/isipHOit B OHOM IpHeMe OCTaeTCs MOYTH HEU3MEHHBIM.

Borunciienne acTpoOHOMIYIECKOTO a3UMyTa 3€MHOTO IIPeAMeTa B OJTHOM IpueMe HabJIIoMeHUH BeIeTCs
B CJIETYIOIIEM TIOPSIIKE:

1. Beraucauts cpequuit MmoMent uHabmonenus [lonsproit B npueme:

TKH TKJI
= T 521
2. Boruuciaunts wacosoit yros IlosxspHoit Ha cpeqHuit MOMEHT HAOIIOACHUST
t=Ty + ’LL(TH) — . (5.28)

[MonpaBky XpoHOMETpa Ha CpejHuii MoMeHT HabsojgeHus u(Tr) UPU UCIOJB30BAHUN BPEMEHU
CITYTHUKOBBIX HABUTAIIMOHHBIX CUCTEM MPUHSTH PABHOU HYJIIO.

3. BpramcsuTh ¢ yueToM M3BECTHOrO YaCOBOT'O YIVIa IIPOMEKYTOYHOe 3HadeHue asumyTa llossproii
Al ma cpesHuil MOMEHT HAOJIIOJICHUS.

tan A/, = — _cososint . (5.29)
cos @ sin § — sin @ cos d cos t
4. Paccunrarh pasHOCTH
AT =Ty — T, = |Tu — T, (5.30)
5. Jlas cpennero momenTa Habsogenust [1osspHO BBIYUCIUTE €6 36HUTHOE PACCTOSTHIE
z2=90°— p+ Ay + Aps + Ayps, (5.31)

rae onpaBku A1, Aps, Aws 6epyrest u3 Tabauibl AE «Tabnmia Beicor u asumyToB IlossipHoii»
[0 APryMEHTAaM IIUPOTHI, BBLICOTHI 110/IapHON, BpeMenn u aaTsl Habmogenus. aTepronsanus mo-
[IPaBOK Ha CpeIHuil MoMeHT HabJmomenus obsg3arenbHa. Boicory IlosgpHoil B 9TUX BHIUMCICHUSIX
IPUHATL PABHOM IMIPOTE MecTa HaOJIIOICHNS.

6. Bpramcsuth nonpasky 3a ycKOpeHHUe B JBUKeHUU Io/ISpHO# 10 a3uMyTy, BBIPAXKEHHYIO B yIJIO-
BBIX CEKYHJIaX,

AT\? d?A
AA, =5454 (== ) &2 5.32
v <100> dt? (532)
rie AT BBIPaskeHO B CEeKyHJIAX BPEMEHH; 6%4 BBIUUCJISIETCS KAK

d?A 1 1

iz = 3 sin 2p ctg zsin A, — 5 cos® ¢ (ctg?z + cosec?z) sin 24, . (5.33)
7. BeramesnTh monpaBky 3a CyTOUHYIO abeppalliio, BRIPDasKEHHYIO B YIVIOBBIX CEKyHJAX,
§A = 032" 27 (5.34)
sin z

8. Pacumrarh okoH4YaTe/IbHOE 3HAYEHNE aCTPOHOMUIECKOTO asumyTa lloasapHoit 3Be3/1bl Ha cpeaHuit
MOMEHT HaOJIIOIEHUST

Ay = Al +AA, —5A. (5.35)
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9. BoruucsimTh oTcuer mo ropusoHTaabHOMY Kpyry Ha [lossprayro mtst cpeanero MmomeHTa HabJIIone-
Huit

M, = = (MFT+ (MFT £180%)) . (5.36)

N —

10. Paccunrarh 3navenne Mecra 10ora rOPU30HTAIHLHOTO KPyTa
Mg =M, — A, . (5.37)
11. BpraucanThb OTCYET 110 TOPU30HTAJIBHOMY KPYTY Ha 3eMHON 00bEKT

M= (M*" + (MK £180°)) . (5.38)

N —

12. BeraucanTh acTpOHOMUYECKUN a3UMYT 3€MHOTO OOBEKTA

A=M-— Mg, (5.39)

Ilosydennble IpU BBIYHC/IEHUSIX B PA3HBIX IIPHEMaX, HO IIPU OJHON yCTAHOBKE MHCTPYyMEHTa, 3Ha-
qenus Mmecta ora Mg MO3BOJSIOT KOHTPOJUPOBATH KAIeCTBO HAOJIOACHUN W pacdeToB B mpueme. B
njeaJbHOM CJIydae BCe 3HAYEHUsI MECTa, Iora JJIsl PA3JIMIHBIX IIPUEMOB JOJKHBI cOBIaIaTh. OTKJIOHE-
HUs 3HAYEHHUsI MECTa, I0ra B IIPUEME OT CPEIHEro 110 BCEM IIPHEMaM, IIPEBBIIIAONINE JBe—TPH BeJIMIMHbI
3asBJIEHHON MMOTPEITHOCTH WHCTPYMEHTa, MOTYT YKa3bIBAThH Ha OIMUOKY MPHU HAOJIOICHUIX WA B Pac-
qere.

Ilo 3aBepmrennn pacyeToB BCEX MPUEMOB HAOJIIONEHUI a3MMyTa 3€MHOIO IIPEAMEeTa, BCE 3HATCHUS
a3MMyTa, [TOJIyYeHHbIE IIPU OJHON yCTaHOBKE MHCTPYMEHTA, JOJIKHBI ObIThH HOIBEPIHYTHI CTaHIapPTHOM
[IPOIIELy Pe CTATUCTUIECKON 00pabOTKHU Pe3y/IbTaTOB MHOTOKPATHBIX M3MEPEHUN CJIyIaiiHON BeJIMIMHEI.
[Tpu pacuere mokHA OLITH yuTeHA MPUOOPHAS MOTPEITHOCTh WHCTPYMEHTA. B mTore MOJKHBI OBITDH
[IOJIy YEHBI CpeHee 3HAUEeHNE a3MMYyTa U €r0 JJOBEPUTE/IbHBIN HHTePBaJI IJIs1 BLIOpAHHOI JOBEPUTEILHOM
BEPOSITHOCTH (JIOBEPUTEJIbHYIO BEPOSITHOCTH HPUHSITH paBHOil 0.97).

5.3 Brbruucienue monpaBKyM XpPOHOMETPA MO HAOJIIOAEHUSAM Hap 3Be3/
Ha paBHBIX BbIcoTax meTooM lLluHrepa

B merome Iunrepa ncroab3yercs CIeAyIOMuil IpreM I BEIYUCIEHUS PELYKIIMHA 7, OIPEIeJICHHON
B 1.3.1.

Buaumanwme! B pacyerax JI0JKHBI HCIIOIB30BATHCA 8UOUMDBLE SIKBATOPUAJILHBIE KOODAUHATEHI 3BE3],
Ha MOMEHT HaOJIIOJEHUsI. DKBATOPUAILHBIE KOOPAUHATHI JJIsI pacdeTa HOJXKHBI ObITh B3SITHI C TOYHO-
cTbio He xXy2kKe, yem 0.01°.

Ilyctb e, de U Quy, Oy — BUAMMBIE KOOPJAWMHATHI BOCTOYHON M 3amajHoil 3Be3m1pl, T, u Ty, — cooT-
BETCTBEHHBIE MOMEHTBI HAOJIIOJEHUN 9TUX 3BE3J Ha OJHOM M TOI »Ke BBICOTE II0 3BE3JHOMY BpPEMEHH,
% — TIOMPaBKa YacoB, (¢ — MIUPOTa MecTa Hab/oaeHns. Tak Kak 00e 3Be3bl HADJIIOMAIOTCS Ha, OIHOM
U TOM >K€ 3€HUTHOM PaCCTOSIHUM Z, TO IO POPMYyJIaM CheprIecKoro TpeyroabHIKa NMeeM:

sin  sin d, + cos ¢ cos d cos t, =

= sin @ sin dy, + €os p €os dy, oSty . (5.40)
YacoBble yTibl BOCTOYHON 1 3aIllaIHOM 3BE3J1 OIPEIeNM CUMMETPHYHO OTHOCUTEILHO MEPHIMaHa,

tw = (T +u) — ayy
te =0 — (Te +u) . (5.41)
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Beenem obo3nagenns:

1
a—i(aw+ae),
1
5—5(5w+(5e),
B:%(ae a’w)7
1
6_5(511]_66)7
1 1
tzi(tw—l-te):§(ae—aw—Te+Tw),
1 1 1
T:E(tw_te):u+§(Te+Tw)—§(ae+Oéw)- (5.42)

CJIG,ZLOBaTeHbHO, HNCKOMagd IIOIIpaBKa 9aCOB MOXKeET OBITH 3alllCaHa B BHUJIC

1 1 1
u:§(ae+aw)_§(T6+Tw)+r:a_§(Te+Tw)+r’ (5'43)

IJie TOJIyPa3HOCTh YACOBBIX YIVIOB 7 3allaIHOM W BOCTOYHOW 3BE3JI Mapbl IMOJIEKUT JajbHEHNIeMy
ompejiesieHnst, a npodne sueMeHThl (5.43) U3BECTHBI.
U3 (5.42) caeayer

0w =0 +¢,

be=0—¢,

te=ae— (Te+u)=t—r,

tw=Tw+u)—ay=t+r. (5.44)

[Moncrasus (5.44) B (5.40) mosryanm

sin psin(d — €) + cos pcos(d — e) cos(t — 1) =
= sin psin(d + €) + cos g cos(d + €) cos(t + 7). (5.45)

W3 4ero cremyer

cos ¢ (cos(d — &) cos(t — 1) — cos(d +€) cos(t + 1)) =
= sin ¢ (sin(d + ) — sin(d —¢)) (5.46)

cos ¢ ((cosdcose +sindsine) (costcosr + sintsinr) —
— (cosdcose —sindsine) (costcosr + sintsinr)) =

= 2sinpsinecos . (5.47)
Paznenus na cos ¢, pacKpbIB CKOOKH U IIPOU3BE/IS IPUBEICHUS TIOO0HBIX YJIEHOB, TI0JIYYaeM

2sindsinecosrcost +2cosdcosesinrsint =
= 2tgpsinecosd . (5.48)

Hanee, pazgenus obe gactu (5.48) Ha 2 cos  cos € sin ¢, nmeem
sinr + cosrtgdtgectgt = tgptgecosect. (5.49)
Beemem BecromMoraTenbHbIe YIJIBL 110 U 1 TAKUE, 9TO

tgm =tgdtgectgt,
sinn = tg ptge cosect cosm, (5.50)
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TOTTIa

sinn

sinr + cosrtgm = pr— (5.51)
wim
sinr cosm + cosrsinm = sinn, (5.52)
U, CJIeJI0BATEIIBHO,
sin(r +m) =sinn, (5.53)
u
r+m=n, (5.54)
a [OTOMY
r=n-—m. (5.55)

ITocsie BBIUMC/IEHNSA BEIUYNH n, munr, iX IPUBOJLAT K TEM 2K€ ¢IMHAUIIaM U3MEPCHUA, 9TO U 3HAYIEC-
HIUA ITPAMBIX BOCXO}K,HGHI/Iﬁ 3B€3/ 1 MOMEHTOB BpEMEHU UX Ha,6JIIO,H,€‘HI/H'71 Ha COOTBETCTBYIOIIUX BbICOTAX,
U BBITUCJIAIOT 3HaAYECHUE ITOIIPABKU YaCOB JIJIfd OJHOTO M3MEPEHHOI'O aJIbMyKaHTapaTa

w= 2 (a0 + aw) —%(T6+Tw) +(n—m). (5.56)

N

B kaxk10it mape 3Be3]] pacueT BEJETCs Pa3/esIbHO JUIst HUTEH, 330X O/HY BBICOTY (Be BEpX-
HUX, JIBE CPEIHUX, JBe HIDKHUX). Takum obpasoM, jjis KaxkJOil [mapbl PACCUUTHIBAECTCS TPH 3HAUE-
HUS IOIIPABKU XPOHOMETPa U, IIPU OTCYTCTBUU BBIIAJAIONINX 3HAYCHUM, BCE OHU yCPEJIHAIOTCA B OJHY
BEJIMYMHY TONPABKU JJIs JAaHHOW mapbl. Pacuer moBTopsieTcs i Beex HaOJIOAeHHBIX map. Obiee
yCpeJiHeHue IIOIIPaBOK JejaTh He HY2KHO.

[MTonpaBka 4yacoB J0JzKHA OBITH MCIIPABJICHA 3a BiusiHue cyTo4uHol abeppanuu. Corsacuo [6], mo-
MPaBKa 3a BIUSHUE CYTOIHOM abeppanun dov B MOMPABKY XPOHOMETPA BBITUC/ISIETCS KAK

oa = 0.021° cos z, (5.57)

riae z — seMepuHoe 3eHUTHOEe PACCTOSHHIE TIAPHL.

Ecnu npu nposeeHuy HaOIIOACHUI UCIOIL3YeTCsl BpeMsl, CAHXPOHIU3UPOBAHHOE CO BPEMEHEM CITyT-
HUKOBBIX HABUTAIIMOHHBIX CHCTEM C TOYHOCTBIO He Xysxke, geM 0.01%, To 0CHOBHOIT BKJIaJ B CJIydaiinyTo
HOIPENIHOCTL HOJIYyYeHHO HOIPaBKH 49acoB OyIyT BHOCUT ONIMOKM BU3UPOBAHUS U OIIUOKH OILpejie-
JIeHUs] SKBATOPUAILHBIX KoopauHaT 3Be3n. OCHOBHOII BKJAJ B CHCTEMATHYECKYIO MOIPEIIHOCTH II0-
JIyYEHHOI HOIPaBKHM YaCOB JayT HETOYHOCTL 3HAHUS ACTPOHOMUYECKUX HIMPOTHI U JIOJTOTHI IIyHKTA
HaOJIIOIEHUS] ¥ HECUMMETDHST 3B€3/1 IIAPBI OTHOCHTEHLHO TIEPBOTO BEPTUKAJA (IIPU CHMMETPHIHOM OJIO-
JKEeHUM HETOYHOCTH IMUPOTHI BKJIAA B ONPABKY YaCOB HE JIAeT). SHAYEHUE ACTPOHOMUIECKHUX ITUPOTHI
U JIOJITOTHI IIpU pacuere GepyTest B coorBercrBue ¢ (5.1).

5.4 TwunoBble BOIIPOCHI

1. Hackonbko HEOOXOAMMO UCIPABJIATL U3MEPEHHDIE TP HAOJIIONEHUAX BLICOTLI 3a IIOJIyYCHHOE IIe-
pen mHabsonenusmMu MO BeprukassHOro Kpyra Teomosmra GeoBox TE-027

2. Omennre, KaKyIo JOIMOJHATEIHLHYIO MOTPEIIHOCTh 36HUTHOTO PACCTOSHHUSI MOXKET JIaTh N3MEHEHHe
TeMmiiepaTyphl Bo3ayxa Ha 10°C B Teyenune Houn. JlaBjieHne cIuTaTh MOCTOSTHHBIM.

3. OHGHHTG JOIIOJTHUTEJIbHYIO IIOTPEIIHOCTDL OIIPpEJeJICHNA IMUPOTHI II0 IMapaM 3BE€3J] B MEpUIUAHE,
€CJIN BMECTO BUIMMOI'O CKJIOHEHU:A B pacdeTax 6y,ZLeT HCIIOJIb30BAHO CpeaHee CKJIOHEHHNE 3BE3/1bI.
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10.

11.

12.

13.

14.
15.

16.

17.

18.

OneHnTe TOMOMHATEIBHYIO IOIPEITHOCTD OIIPeIeJIEHNsI IIOMPAaBKA XPOHOMETpa 1o MeToay LluHre-
pa, eC/Ii BMECTO BHUJMMOIO CKJIOHEHHUsI M IIPSIMOI'O BOCXOKJIEHHS B pacdeTax Oy/IeT MCIIOJIb30BaHO
CpejlHee CKJIOHEHWE U IIPSIMO€e BOCXOYKJIEHUE 3BE3]IbI.

Kakyto cucremarndeckyio HOIPEINIHOCTb B OIPeJesIeHne ITUPOThI OyAeT BHOCUTH OTCYTCTBUE II0-
npaBku 3a pedpakiuio npu Habmonenun [lonspHoit 3Be31p17?

IIpenmoxxkuTe METOMUKY OIpEIE/IEHNsS MUPOTHI 110 HabIoAeHusIM [lo/IapHOit 3Be3/1bI 6€3 UCIOIhb-
30BaHUSI CIEIUAJILHBIX TAOINI, ACTPOHOMHYECKOIO €XKErOIHNKA.

Hackosibko He0OX0IMMO OTKJIOHUTHCSA OT MEPHUIUAHA 10 a3MMYTY, YTOOBI IIOIPEITHOCTD B OLIpE/Ie-
JIEHUU IIIPOTHI IPEBBICUIA MIpees pas3pelleHus 3puTesibHoi TpyOsl Teomoauta GeoBox TE-027

B mpouenype pacuera ompenenenust mompasBKu XxpoHoMerpa mo meromy llwHrepa ykaxkute mjs
BCEX IIEPEMEHHBIX MX PA3MEPHOCTH, HAMMEHOBAHUS U IOPSJIKA BEJIMYHMH, BXOJSANIUX BO Bce dop-
MYJIBl pacyeTa.

VKaknuTe, Kak 10 IOJIYYEHHOH IOIpPaBKe XPOHOMETPA IOJYyYUTh YTOYHEHHYIO JIOJIOTY IIYHKTA
HaOJIIOICHUS.

OObsicHuTe TPUIUHY, IO KOTOPON HEJb3s TPOU3BOAUTH YCPEIHEHHE HAOJIOICHHBIX MOMEHTOB
BpeMenu B Merosie [lunarepa Ha CpeJiHIOI HUTD.

Kaxk BeaeT ce0st yroJ HakJIOHa CyTO‘{HOfI IMapaJjieJn 3B€34bl 110 OTHOIIIEHUIO K IT'OPU30OHTY B TeE-
YCeHUE 3BE3JHBIX CYTOK? VYkazkure obJjiacTi HAuOOJIBIIEr0 U HAMMEHBIIEr0 HAKJ/IOHOB.

Kak coorHOCATCS TIpsiMble BOCXOXKIeHUs 3Be31 B nape llunrepa, eciim mepBast 3B€371a — BOCTOU-
Hasl, 8 BTopasi — 3alaJiHasi’

B kakom ciydae psifibl HaOJIIOJEHUN MOI'YT UMETb CHCTEMATUYECKHU YBEJIUIUBAIOINIHECS JHOO0
YMEHBITAIOMINECST PE3YTBTATHI !

Onummure TpoIeaypy MPOBEPKN PE3YILTATOB HA BBITAIAIONINE 3HATCHUS.
Yro xapakTepusyeT IUCIEPCUsT PE3YIbTATOB HAOJIOICHNS !

MozKHO 1M CUMTATL CpelHee U AUCIEPCUIO s Psifa HAOJIONEHUM, IOJyIeHHOrO PA3HLIMU Ha-
OsIroIaTe IIMA 7

Bauster mu pedpakius wa wHabrogenus mo metoay Iluurepa?

TTokazkuTe, ¢ KaKO#l TOYHOCTBIO JIOJI2KHBI UCIOJIB30BATHCST ITPOMEXKYTOUHbBIE PE3YIHTAThI BHIYUC-
JIeHU#l TpUroHOMeTprudeckux (pyHKImit B MeTone [lunrepa.
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IIpunoxkenume A

I1pnaoxkenne

A.1 Chnomcok KOHTPOJIbHBIX TECTOB

10.

11.
12.

13.
14.

15.

16.

OObsicHuTe, MO KaKoil npudnHe (peMepubl 1y AaCTPOHOMUYECKUX HAOJIOICHUI PaCCIUTHIBA~
I0TCsT KaK (DyHKIUS 3Be3MHOTO BpeMeHu! BO3MOXKHO /I MCIIOIB30BAHUE TOTO WM MHOTI'O BUJIA
COJTHETHOTO BPEMEHU JIJIsT TIOCTPOCHUS hemepni?

ITouemy Tpebyemasi TOYHOCTD BBIMHCICHUS dPEMEPUT OOBITHO OIPEIEISIeTCS MMEHHO BeJTHINHOM
YIVIOBOI'O IOJISI 3PpEHNS MHCTPyMeHTa?

IlosicauTe, Ha Kakux sTamnax 3PeMepUIHBIX BBIYUCICHUN M ¢ KAKOH Ie/IbI0, UCIOIb3YeTCsI IIPOolie-
Jlypa WHTEPIOJISIIIH TabJIMIHBIX 3HATEHNI !

O0bsicHUTE CYyTh HMPOLELYPhI JTMHEHHON HHTEPIOJISIIINH.

IlosicauTe, 110 KaKOil IpUYMHE TTOPSIOK WHTEPIIOJTHPOBAHNS IIPU ABYMEPHON JTUHEWHON WHTEPIIO-
JIAIUA He UMEeT 3HAYCHUS !

Paccunraiite BpeMsi poxXoxKaeHUsT 3Be3/bl 1epe3 mojie 3penusi Teomomta GeoBox TE-02 ms
CpeJIHero CKJIOHEHWUsl 3Be3/l, KyJbMUHUPYIONIUX K IOy U CeBepy OT 3eHuTa (B HUXKHEN Ky/JIbMUuHA-
un) st mupoThl ExarepunOypra.

Paccuuraiite Bpems nosaoro saxomga CostHIIA [0 TOPU30HT (OT HUZKHETrO JI0 BEPXHEro Kpast) JJist
JIaThl CepeInHbl YIeOHON PAKTUKK. 3aBUCHUT JIM 9TO BpeMsi oT cKJjoHeHust CosHia?

ITokazkure, BiusieT Jin peppakiyst Ha BpeMsl [TOJHOrO morpyzkeanst CoOJIHIIA IO TOPH30HT.

PaccunraiiTe BeJUYIHHY MOIPEITHOCTH IPHU HCIIOJIB30BAHUN HAYAIBHON aHAJUTHIECKON MOIENH
pedpakiyun B cpaBHEHUE C UCIOJIb3oBanueM Tabsmi pedpakuun AE. Pacuer cuenaiire s npe-
JIeJIbHBIX BBICOT HabOJIIOIECHMIA.

Ckosbko TpebyeTcs cpefiaero BpeMenu, YTobbl COTHIIE 1TOC/Ie TTOJTHOTO TIOTPY YKEHUsT IO/ TOPU30HT
VIILJIO Ha TIyouHy 60jiee 6°7 Pacuer mposeauTe IJjis maThl Hadaia yIeOHON MTPaKTHKH.

Paccunraiite Bpemst morpykerust CoJTHIIA IO TOPH30HT Ha 6° 115 JaT Havajia U KOHIIA IIPAKTHKH.

Paccuuraiite MOMEHT MCTHHHOM TOJIYHOUN I10 3BE3IHOMY U CPEIHEMY BPEMeHH s JaT HadaJIa
" KOHIIA TTPAKTUKU.

Ornpenienure ycjioBusi BUIUMOCTH JIyHBI JIjIsT BCETO TTPOMEXKYTKA MTPAKTUKH.
Orpeiesiure, BO3MOXKHO JIM BO BPEeMsl IPAKTUKU HAOIIONATH MOKPBITHE STPKUX 3Be37, JIyHoit?

Kakum 06pazom MOXKHO OHpeJeTuThb it 3DEMEPUIHBIX 3B€3, He Oy/IyT JIn B IOJIe 3PEHUs] WH-
CTPYMEHTa OJTHOBPEMEHHO BUIHBI HECKOJIBKO 3BE3.L!

MokHo Jjin Hab/IOIaTh KyJabMuHAIMK 11oJIsIpHOIT 3B€3/IbI B TeUeHNe yIeOHOM MTPaKTUKU?
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17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

PaccunraiiTe, Ha CKOJIBKO m3MeHsieTcst BbicoTa [loIsIpHOI 3Be31bI HA IIPOMEXKYTKE BPEMEHU B
10°. Pacder mpoBemguTe JjIsi IOJIYHOYHN 110 I'PaXKIAHCKOMY BPEMEHHU JIJIsl JAThl CEPEINHBI IPaKTH-
ku. Onenure, Kak omundKa pUKcaluy MOMEHTa BpeMenu Habsogenus IoasspHoil 3Be3abI MOXKeT
BJIMSITh HA TOYHOCTH OIPEIE/ICHUS IIIIPOTHI.

HpI/I Ha6JIIO,IL€HI/IHX B KaKHX MeCTaxX CYTO‘IHOfI ITapaJijiejin HOJIHpHOfI 3BE3bl MO2KHO IIOJIyYUTDH
MaKCUMAJIbHYIO TOYHOCTD OIIpE/IeJIeHUA MUPOTHI MecTa?

PaccumraiiTe, B KaKoii MOMEHT 3BE3IHOIO BPEMEHU IIPOUCXOIAT SJIOHramuu llossipHoil 3Be3IbI.
Buanbr in onu B nepuoj HabJroseHmii?

Kaxoit 3HaK nMmeeT ommbKa OIpeaeIeHus MITPOTHI TPY HAOIIOIEHNN TPOXOKIEHNH 3Be3] BOIN3M
MepHIUaHa BCJIEICTBAE HETOYHON OPHEHTAIIMH WHCTPYMEHTa B MepuauaHe?

PaccunraiiTe, HACKOIBKO U3MEHSIETCS BBICOTA, 3BE3/IbI CO CKJIOHeHNeM § = (°, Ipu ee MPOXOXK ICHUN
Uepe3 MepUIMaH, eCJU OHA MMPOXOIUT MOJIHOE 1moJjie 3peHus Teojosinta GeoBox TE-02.

Onpegennre MUHIMAJILHO BO3MOXKHBIN IIPOMEXKYTOK BPEMEHI OTHOCHUTEJIHHO 3(EeMEPUIHOIO MO-
MEHTa KyJIbMUHAIINA CEBEPHON 3BE3/blI, YTOOBI €€ MOXKHO OBIJIO MPOHADJIIOIATh HA BCEX TPEX HU-
TAX UHCTPYMEHTa. B3sThb 3Be3/IbI ¢ MaKCUMAaJIbHBIM U MUHUMAJIbHBIM U3 BO3MOXKHBIX CKJIOHEHUMH
CEeBEPHBIX 3BE3/I.

Beoimme nim nuke mabmogatoTes 38e346! map [luHrepa oTHOCHTEIHHO BBICOTHI, KOTOPYIO OHU IIPO-
XOZSIT B OJHO U TOXKE BpeMsI?

Paccunraiite Bpemst nmpoxoxkaerus 3e3x nap llunrepa wepe3 uutu mHcrpymenta. Paccmorpure
cJIydail co cpeiHell BBICOTOM TTaphl M MPOXOXKIEHUEM aJIbMyKaHTapaTa TOYHO B IEPBOM BEPTHUKAJIE.

Boamoxxuo i Habsogerne o merony lluarepa B Mmepupnane?

Ornumure XapakTep BUIMMOIO JIBUXKeHUs 38311 map LluHrepa B 110J1e 3peHust HHCTPYMeHTa BOJIU-
37 TIEPBOTO BEPTUKAJIA.

Hackosibko MeHsIeTCsI CKOpOCTDb ABUYKEHUsT 3Be31bI, BLIOPAHHOM 11 HabIIoAeHus 110 MeTory lun-
repa, 0 asUMyTy U BBICOTE IIPH IIPOXOXKIEHUH OT OJHOIO Kpasl IOJisl 3pEHUs] NWHCTPYMEHTa [0
apyroro? Jljasi pacdera BO3bMHTE XapaKTepHOE CKJIOHEHMEe 3Be3j, obpasyromux mapbl Lluarepa
JJIsT MIAPOTHI U TOATOTHl ExaTepunbypra.

Jomyctumo u yepeaHsaTh HAaOJII0IeHHbIe MOMEHTBI BpEMEH! TPOX0XKIeHusT 3Be3amu nap [umre-
pa HUTell WHCTPpYMEHTa JJIsT IOCIe Iy IOINero paciera mompaBku XxpoHoMerpa? OBOCHyiTe OTBET.

O0bsicHUTE, YEM OLPEIessSIeTCsl TO, UTO IS PA3HBIX IIPOrPaMM aCTPOMETPUUYECKUX HAOJIIOIeHMI
TpebyeTcs pa3jndHasi TOYHOCTH (PUKCAIIMH MOMEHTOB BPEMEHH.

Kaknm daxTopoM orpaHndmBaeTCs Mpee/bHas TOYHOCTh (DUKCAIME MOMEHTOB BPEMEHH, B CJIY-
4Jae, eCJIM TO WJIM UHOE COOBLITHE HADJIIOIACTCS YEIOBEKOM?!

Kakoit u3 paxTopoB OKa3bIBAET CHUJILHOE BJIUSIHUE Ha TOYHOCTL (PUKCAIME MOMEHTa BPEMEHH:
pedpaknust, armochepHoe pasMbITue?

C geMm cBst3aH TOT (DAKT, UTO JJIsI 3BE3]] C PA3JINIHBIMU SKBATOPHUAIbHBIMUA KOOPIUHATAMU TPeOy-
ercsl pa3jndHasl TOYHOCTH (PUKCAIIMH MOMEHTOB BPEMEHH I IOJIydeHHsI TpebyeMoil UTOroBoit
TOYHOCTU HAOJIIOIEHU, TUOO IPHU OHON TOTHOCTH (PUKCAIINA MOMEHTOB, HAOJIIOMEHNS OKAXKYTCS
HEPABHOTOYHLIMU !

Ounnmre, Kakue UCTOYHUKHA TOYHOTO BPeMEHU (9Yachl) MOIYT NPAKTUYIECKH HPUMEHSITHCS IIPH
[TOJIEBBIX HAOJIIOMEHUAX. YKarKUTe UX JTOCTOMHCTBA M HEIOCTATKHU.

Kakue eie IIpenMyIiinecTBa, KpoMe BBICOKOI1 TOYHOCTHU, JaeT HUCIIOJIb30BaHUE CITY THUKOBBIX HaBU-
TallMOHHbIX CHUCTEM B KadeCTBC MCTOYHHNKaA BpeMeHI/I?
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Vkakute BHerHue GpakTOPbI, KOTOPbIE MOT'YT OCJIOXKHUTDL, JIU0O ClIeJIaTh HEBO3MOXKHBIM IIPUME-
HEeHUEe CIIy THUKOBON HABUTAITMOHHOW CUCTEMBI B PEAJILHBIX yCJIOBUSIX.

Crenaiite OIEHKY, ¢ KaKOil TOYHOCTBIO JIOJKHBI OBITh B34ATBHI 3BE3IHOE BpeMs Ha |'puHBUYE B
CPEIHIOI0 TPUHBUYUCKYIO IOJHOYbL M OIOPHAS JOJTOTa IYHKTA, YTOOBI IPHU IepecdeTe CpejIHe-
0 BPEMEHH, ITOJIYIEeHHOTO OT CIIYTHUKOBOW HABUTAITMOHHON CHCTEMBI, B 3BE3JIHOE, ITOIPENTHOCTD
repeBosa He npesbicuia 0.01 c.

CrenaiiTe OlEHKY, aHAJJOITIHYIO 3aJaHHON B Bompoce 36, 1j1st KoadbduImenTa mepeBoia CpeaHnx

IPOMEKYTKOB BPEMEHU B 3BE3/IHBIC ITPOMEXKYTKU BPEMEHU (7%2?%3%3)

Yro Takoe KpUTHYECKas JATa, W MOMAJAET JIM XOTs Obl OJIHA M3 TaKUX JAT Ha MEPUOJ, JIeTHelH
yIeOHON MpaKkTUKN?

Ornumure aaropuT™M BeIOOpa 3BE3IHOIO BpeMeHU Ha ['puHBHYe Ha MOMEHT CpeJHEell IPUHBUYICKON
noHoun u3 Tabsmn AE, Ha Tekylee BpeMs HabJIIOICHMS.

yKa}KI/ITe, Ipn KaKNX OrpaHUYCeHMAX WM B KaKHX 3a/Ja9aX BO3MO2KHO IITPHMMCHEHNE CPEeJIHHNX YacCOB
BMECTO 3BE3JHbIX IIPU Ha6JIIO,ZL€HI/I$IX.

Ha KaKyI0O BCJIMINHY 3a BpeMd IIPOBEACHUA ITPAKTUKU CMECTUTCA IIKaJla 3BE3JHOI'O BpEMEHU OT-
HOCHUTEJILHO CpeJHero BpeMEHMH. HpI/IBe,ZLI/ITe YUCJIOBBIC IIDUMEPDI IJId HavaJia M KOHIa IITPAaKTUKU.

JlokaxkuTe aHAIUTUIECKH, IYTO PA3HOCTD CPETHUX JIN0OO 3BE3IHLIX BPEMEH IIYHKTOB C IIPOU3BOJIb-
HBIMH BBIOPAHHBIME JOJI'OTAMHU BCEra PaBHA PA3HOCTH HOJIIOT STHX IIYHKTOB.

[MTokaxkuTe, KaKyio IIOrPENIHOCTL B ONPEICJCHIY MOMEHTa 3BE3/IHOI0 BPEMEHH 110 KyJIbMUHAIN
3BE3JIbI C U3BECTHBIME KOOPIMHATAMI MOYKHO HOJIYUUTh, €CIH PA3PEIIaionas ClloCOOHOCTD TPYObI
UHCTpyMeHTa cocTaByger 3.

Asnsterca u mKaJia 3B€3/IHOI'O BPEMEHU paBHOMepHOfI LIKAJION 7

Onuimmre crrocob IpuOINYKEHHOTO OIPEIe/IEHNs 3BE3IHOI0 BPEMEHHM Ha IPOM3BOJILHBIA MOMEHT
cpeliHero BpeMenn 6e3 uciosb3oBanus Tabsmn AE.

Onumure TpakTUIECKHe METOBI CHHXPOHUBAINNA JaCOB.

Ha kakoii yroa 3emiist moBopadmBaercs 3a 1% 3Be3mroro u cpesmero BpeMenm.

JlaiiTe obIree onpeseieHne MOHITAS CYTKH.

ITokarkuTe NpUINHY Pa3HON IPOIOJIKATEIHFHOCTH TO/Ia B 3BE3IHBIX U CPEIHUX CYTKAaX.

Ornpemeure MOMEHTHI HCTHHHON U CpeaHeil TMOJIYHOUM JJIs IaThl CepeauHbl IpPakTuKu. KakoBo
B 9TOT JIeHb ypaBHEHNE BpeMeHn?

Hackombko cpemmee coHeTHOE BpeMsT OTJIMIAETCS OT MOsICHOTO BpeMEeHH It Y 1eOHOI acTpOHO-
MHYECKOil obcepBaTopum?

yKa)KI/ITe, KaK OIIpeJe/IMTh 3BE€3HOC BPEMA Ha MOMEHT MCTUHHOTO IIOJIYAHA B 3aJaHHYIO ,ILaTy?
Paccunraiire a6COJHOTHy10 IOrpeIITHOCTDb I'PUT'OPUAHCKOI'O KaJieHdapsd.

Hackoabko pa3OI'7LH,YTCH cpeaHee n 3Be3HOE BpeMed 3a BPEMsA IIPOXOXKICHNA 3BE3Ibl Y€PE3 II0JIe
3peHnd MHCTPYMEHTa IIPpU Ha.6JIIO,ZLeHI/II/I IO2KHOU KyJIbMUHaITUN 3BE€3/Ibl C HYJIEBBIM CKJIOHCHHUEM !

Ha ckosibko MoOryT pazindarbcs MOMEHTBI KyJIbMUHAIIMN [IPU IIEPEHOCe NHCTPYMEHTA U3 KpaitHeit
BOCTOYHOI B KpallHIOIO 3ala/IHYI0 TOYKU y4ebHOIl obcepBaTopuu?

Onumniure BO3MOXKHOCTH 110 paboTe ¢ TOPU3OHTAILHLIM KPYTOM 3JIEKTPOHHOrO IMU(MPOBOr0 TEOI0-
mura GeoBox TE-02.
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CrenaiiTe BBIBOJABI O BO3MOXKHOCTH peasm3anuu Ha TeogosuTe GeoBox TE-02 meroma moHbIX
KPYTOBBIX MIPUEMOB JJIsT M3MEPEHUs] TOPU3OHTAIBLHBIX YTJIOB.

VKaxKuTe, MPU BHITOJHEHNN KaKUX YCJIOBUIl BO3MOYKHO KOPPEKTHOE U3MEPEHUEe BEPTUKAJIbHBIX
M
yryioB TeomouTom GeoBox TE-02.

Onnmure npeaBapuTe/IbHbIE 9TAIIbl IIOATOTOBKM MHCTPYMEHTa K pa60Te.

Yro xapakrepusyer Beaumununa MO teononmura GeoBox TE-02 B ciiydae, ecjin OH MOJHOCTBIO
HCIIPaBEH U IPOXOJIUT BCE 00A3aTe/IbHbIE TOBEPKH.

K kaxkum IIOCJIEACTBULAM JIJIdd U3MEPEHUA BEPTUKAJIbHBIX U IT'OPU30OHTAJIbHBIX YTJIOB 6y,IL€T IIPpUBO-
AUTHb HEyCTPpaHEHHad KOJIJIMMAIITMOHHAsl IOTI'PEITHOCTD I/IHCprMeHTa?

Yro MOXKET IPUBOAUTE K OOJIBIIIOMY 3HAYMEHUIO KOJUIMMAIIMOHHON OmuOKn?!

PaccunraiiTe, KaKkyio IOI'DENIHOCTb B OPHEHTAIMN HHCTPYMEHTA [0 a3UMYyTy JACT HeydITEeHHAs
[IOIPAaBKa MEXaHMYECKOro XpoHoMmeTpa B 1.

Kaknm criocobom 0/12KHO MPOU3BOAUThLCA Bemenne 11oyspHOi 3Be30bI IPU OPUEHTAIINA WHCTPY-
MeHTa?

y‘{I/ITbIBaEI, 9TO IJid OIIpeaesJICHU A IMUPOTHI I10 HOJIHpHOfI 3BE€3/1e, HeO6XO,ILI/IMO U3MEPUTDHL BBICOTY
HOJIHpHOfI, YKazxKuTe, B KaKoll JacTu CYTO‘IHOfI ITapaJiieJii 3B€3/bl 9TO BbII'OJHEE BCEI'O ,HeJIaTb?

C Kakoil IeJIbI0 OIpeeeHre MUPOTHI 110 HAOJIIOIEHUAM IIap 3BE3/l B MEPUIMAHE BEJETCS IIPU
OJIHOM IIOJIO’KEHUU KPyra MHCTpyMeHTa?

Kakasi moBepka 00s13aTe/IbHO JIOJI?KHA, BBIOJIHITHCA W KOHTPOJIUPOBATLCS B TeYeHWE HOYHM Ha-
OJtroteHNi, YTOOBI OBLIN BBIIOJHEHBI TJIaBHBIE ycjaoBust MeTona Lluarepa?

C gem cBsi3aHO, uT0 MeTo LlumHrepa peasmsyercss Ipu OJHOM ITOJIOXKEHUN Kpyra WHCTPYMeHTa?

Jomycrumo Jin BemeHue 3Be34bI 10 a3UMyTy B MeTome Llunrepa, eCTh JiM IPUYUHLI OrPAHIINBA-
IOIUE 9TO BeneHne?

Kaxk Biausier na KOJIJIMMAITMOHHY IO IIOTPEHIHOCTL POCT BJIa2KHOCTH B T€YE€HUE HOTU Ha6HIO,ZLeHHfI?

Kaxwue nmefticTBus ¢ TEOMOMUTOM MOTYT IMPUBECTH K HEOOXOIUMOCTH TIOBTOPHOTO OPUEHTUPOBAHUST
MHCTPpyMeHTa?

Ha kaknx sramax HabJIIoIeHnil HEOOXOAUMO IPOBEPSITH U BBHIBOAUTH (POKYCHPOBKY TPYObI?
ITouemy (POKyCHPOBKY MHCTPYMEHTa HEOOXOAUMO IPOBEPSTH B TEMHOE BPEMs CYTOK?

Y10 MOKET TPUBOUTD K CAMOTIPOU3BOILHOMY CMEITEHHIO TTHINHIPUIECKOTO YPOBHSI UCITPABHOTO
MHCTPyMeHTa?

Onuimmure BO3MOXKHBIE TIPOIELYPhI OIIPEIE/IEHIsI YIJIOBOI'O PACCTOAHMSI OOKOBBIX HUTEH OT Cpel-
Hell ¢ MaKCUMaJbHOI TOYHOCTBIO.

Kaxkosa mporienypa uctpasienust MO y teomonura GeoBox TE-027

ITo kakoit KoopIauHATE HEOOXOAMMO BeCTHU TPYOy MHCTPYMEHTa HEIOCPEICTBEHHO IEepes Iepece-
TeHMEM 3BE3/I0M HUTH B MEPUIUAHHBIX HADJIIOICHUSXK !

B KaKyl0 CTOPOHY CJIeJAyeT BpalllaTb HaBOAAIINE BUHTLHI MHCTPYMEHTa JJId IMOJIyYEHUA MaKCH-
MAaJILHO CTAOUILHBIX peSYJIbTaTOB?

Kak mpoBepuTh CcTaOMIBHOCTh YCTAHOBKM MHCTPYMEHTA MPH HAOJIIOIEHUSX !

Bo3MOKHO JI TPOBECTU OPUEHTAINIO WHCTPYMeHTa He 1o [losstpHoii 3Be3ae?
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Bosmoxkno sin ucniosnb3osarh [lossspHyto 3Be3/1y JJ1si OpHEHTAIMN UHCTPYMEHTa TOJBKO OJIUH pa3
3a MEPUOJ, TPAKTUKN !

HeobxomuMo 11 0JIb30BaThbCsl LIEHTPUPOM HHCTPYMEHTA U BCErZa YCTAHABIUBATL €0 TOUHO HaJ,
OIHOHM TOYKOI?

Hackoabko HEOOXOIMMO UCIIPABIIATL U3MEPEHHLIE IPU HAOJIIOMEHUIX BBICOTHI 34 IIOJIyYCHHOE IIe-
pen mHabomenusmu MO BeprukassHOro Kpyra Teomosmta GeoBox TE-027

OrernTe, KaKyio JOMOJHATEILHYIO MTOTPENTHOCTD 36HUTHOTO PACCTOSTHUST MOYKET JIATh N3MEHEHHE
TemriepaTypbl Bo3ayxa Ha 10°C B Teyenue Houn. /laBjieHne cIuTATh TOCTOSHHBIM.

OneHnre AOMOJHUTEIBHYIO IMOIPENTHOCTh OIpPeNe/IeHNsT IMUPOTHI 110 IIapaM 3Be3]l B MEpPUIUAHE,
€CJII BMECTO BHJIMMOIO CKJIOHEHHS B pacdeTax OyJIeT UCIIOJb30BAHO CPEJIHEE CKJIOHEHUE 3BE3JIbI.

OHGHHTG JOIIOJTHUTEJIbHYIO IIOTPEHIHOCTD OIIPpEAEJICHUA ITOITPAaBKM XPOHOMETPaA 110 METOLY HI/IHFG—
Pa, ecjJan BMECTO BUANMMOI'O CKJIOHCHHA U1 IIPAMOI'O BOCXOXKJICHNA B pacdeTax 6yﬂ€T HCIIOJIL30BAaHO
cpeagHee CKJIOHEHUE U IIPAMOE BOCXOXKICHHNE 3BE3bI.

Kakyto cucremarndeckyio HOrPEINIHOCTb B OIPeJesIeHre TUPOTHI OyIeT BHOCUTH OTCYTCTBUE 1I0-
npaBku 3a pedpakiuio npu Habmonenun [lonspHoit 3Be31p17?

IIpenmo:kuTe METOMNKY OIpEIe/IEHIS MUPOTHI 110 HabmogeHusiM [loisgipHoii 3Be31bI 6€3 UCIIOIb-
30BaHUs CIEIUAIBLHBIX TabJMI, ACTPOHOMUYECKOIO €XKErOIHIKA.

Hackopko HEOOXOMMMO OTKJIOHITHCSI OT MEPUIUAHA, [0 a3UMYTY, UTOOBI IIOI'PENTHOCTD B OIpe/Ie-
JIEHUU IIIPOTHI IPEBBICUIA MIpees pa3pelleHus 3puTesibHoi TpyOsl Teomoauta GeoBox TE-027

B mpomnenype pacdera ompenenenust monpasBku xpoHomMerpa mo meroay LluHrepa ykaxkure s
BCEX IIEPEMEHHBIX UX Pa3MEPHOCTH, HAMMEHOBAHUSI U IOPSIKYA BEJIMYUH, BXOAAIINX BO Bce dop-
MYJIBI pacUeTa.

YKaxknuTe, Kak 10 IOJyUYeHHON IOIpaBKe XPOHOMETPa IOJYyYUTh YTOUYHEHHYIO JOJIOTY ITYHKTA
HaOJIIOICHUS.

OObsicHUTE TPUIUHY, IO KOTOPOI HEeJb3s IMPOU3BOJUTEL YCpPeIHEHHE HAOJIOIEHHBIX MOMEHTOB
BpeMeHHu B MeTojie [luHrepa Ha CpPeIHIOI HUTD.

Kak BegeT cebs yroJsi HaKJIOHa CyTO‘{HOfI IHapaJuieJin 3B€31bl 110 OTHOIIIECHUIO K T'OPU3O0HTY B TE-
YeHune 3BE3IHbIX CyTOK? Vkazkure obJjiacTi HAMOOJILIIEr0 ¥ HAMMEHDBIIEr0 HaKJIOHOB.

Kak coorHOCsATCH IpsIMble BOCXOXKIeHus 3Be31, B nape Llunrepa, eciau nepsas 3Be31a — BOCTOY-
Hasl, a Bropas — 3alaJiHas’

B kakom ciydae psiJibl HaOJIIOEHUN MOI'YT HMETh CHUCTEMATHYECKH YyBEJIUYIUBAIOIIMECHd JHOO0
YMEHBIAIOIIIECS Pe3yJIbTaThI?

Ornumure mpomeaypy MPOBEPKU Pe3yJIbTATOB Ha BBIMAIAONINE SHATEHUS.
Yro XapakTepusyeT AUCIIEPCHs] PE3YJIbTATOB HAOJIIOIEHNS !

MozKHO 1M CUMTATL CpelHee U AUCIEPCUIO s Psia HAOJIONEHUM, IOJIyIeHHOrO PA3HLIMU Ha-
OsroIaTe M ?

Bauster mu pedpakiust Ha HabromeHus 1o Metony Lluarepa?

[Tokarkure, ¢ KAaKOfl TOYHOCTHIO JOJIZKHBI UCIOJIB30BATHCS ITPOMEXKYTOUYHBIE PE3yJIbTaThl BBIYUC-
JIEHUI TpuroHOMeTpuuecKux GyHKIiwmit B Metoje [lunrepa.
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A.2 IlpmHIuImajJbHas cXeMa YCTPOICTBA BBOJIA CUTHAJIOB
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A.3 2Kypnaa nabmawoaennii Ilossproii 3Be3/1b1

Kypuaa nns naéaonenust IlonsipHoii 3Be3ab1

JHara: Muctpymenr:
- MZ =
Su:
Si:
Ne orcuér BK (KJI) T (KJI) orcuér BK (KII) T (KIT)
o n h m s o 1 n h m s

Tem., °C = P, MM pT. CT. =
Temmn., °C = P, MM pT. cT. =
Tewmr., °C = P, MM pT. CT. =
Temn., °C = P, MM pT. CT. =
Tem., °C = P, MM pT. cT. =
Tewmm., °C = P, MM pT. CT. =
Temn., °C = P, MM pT. CT. =
Tewmr., °C = P, MM pT. CT. =
Temn., °C = P, MM pT. CT. =
Temm., °C = P, MM PT. CT. =
Tem., °C = P, MM pT. cT. =
Temm., °C = P, MM pT. CT. =
Temm., °C = P, MM pT. CT. =
Tem., °C = P, MM pT. CT. =
Temm., °C = P, MM pT. CT. =

Pucynok A.2 2Kypnan nabmonenuii Ilossiproii 3Be31b1
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A.4 2Kypnaua HabJoaeHuii map 3Be3/] B MepuJanaHe

KypHaj Ha0.1101eHUIl NPOXO0KIeHUS I0KHBIX U ceBePHbIX 3Be3/1 B

MepuIHaHe
Jara: WHcTpy™meHT:
Cc= MZ =
t°c= Pa pr.er. =
Sy
Sk :
Habmonarens: Kpyr:
No T no mepuanana Mgk T nocne mepuanana Mgk
3BE3JIbI hh mm ss.ss o hh mm ss.ss o
HaGmromarens: Kpyr:
Ne T no mepuaunana Mgk T nocne mepunana Mgk
3BE3/IbI hh mm ss.ss o hh mm ss.ss o
Habmomarens: Kpyr:
No T no mepuanana Mgk T nocne mepuanana Mgk
3BE3/IbI hh mm ss.ss o hh mm ss.ss o
Habmonaresns: Kpyr:
Ne T no mepuanana Mgk T nocne mepunana Mgk
3BE3JIbI hh mm ss.ss °c hh mm ss.ss °
Habmronarens: Kpyr:
Ne T no mepuanana Mgk T nocne mepunana Mgk
3BE3/IbI hh mm ss.ss o hh mm ss.ss o

Pucynox A.3 2KypHayt HaOIOIeHNIT I0KHBIX U CEBEPHBIX 3BE3] B MEPUIUAHE
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A.5 2KypHaJ onpeejieHnd a3suMyTa 3€MHOTO IIpeJMeTa 110
HuaM IlonsapHoii

KypHaj HaG101eHUIT aCTPOHOMHUYECKOT0 a3MMYTA 3eMHOI'0 NpeIMeTa 110
Habmonenusim IlossipHoii 3Be31bI €O CPeTHUM MOMEHTOM HAOII0IeHUsI

Jara: WHcTpyMeHT:
C= MZ =
tc= Punpr. cr. =
S,:
S :
Hab6mronarens:
Ne MK M T Min 7K MK
1
2
3
4
5
6
7
8
9
10
Hab6nromarens:
Ne M K M{]f(ﬂ T;(]] M;_( I Tol_(H M KIT
1
2
3
4
5
6
7
8
9
10

HabJII01e-

Pucynox A.4 ZKypuas onpejiesieansi a3uMyTa, 3eMHOTO TIpeMeTa 1o HabitogenusM [losiproit
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A.6 2Kypnaa madbuaroaenunii map Illuarepa

Kypuan naoawaennii nap Lunrepa

Jara: Wuctpymenrt:
C: MZ:
Su:
U= Sk :
Ne Tlokazanus XpoHOMETpa Cpennee
Ne 3BE3JIBI BOCTOYHAsI 3Be3/1a 3amna/iHas 3Be3/a JUTSE KOHTPOJIS
napel | no AE h m s h m s
HaGuronaress:
S cp. S cp. S
Hab6monarens:
S cp. S cp. S
Hab6umronaresb:
S cp. S cp. S
Hab6monarens:
S cp. S cp. S
Hab6unronaresb:
S cp. S cp. S
HabGuonaress:
S cp. S cp. S

Pucynok A.5 ?Kypuan nabsogennit map [luarepa
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A.7 ®Dopmynbl chepuiecKoro TpeyrojabHUKA

A

a

Pucynok A.6 Cdepuueckuii TpeyroabHuK. CTOPOHBI U YIJIBI

PopMyJIbI KOCUHYCOB.

cosa = cosbcos ¢+ sinbsin ccos A,
cos b = cos acos c + sinasin ccos B, (A.1)

cosc = cosacosb+ sinasinbcos C.

®PopmMysia CUHYCOB.

S}na _ s.1nb _ s.1nc. (A2)
sinA sinB sinC
@®opMyJIbl IISTH 3JIEMEHTOB.

sina cos B = cosbsin ¢ — sinbcos ccos A

sina cos C' = coscsinb — sinccos bcos A

sinbcos A = cosasin ¢ — sina cos ccos B

sin b cos C' = cos csina — sin ¢ cos a cos B

sinccos A = cosasinb — sina cos b cos C'

sinccos B = cosbsina — sinbcos a cos C. (A.3)

DopMyJIbI KOTAHTEHCOB. BO BCIKOM cHeprUIecKOM TPEyTroJIbHUKE TPOU3BEIEHNE KOTAHTEH A KPaii-
Hero yIJia Ha CHHYC CPeTHETO yIvia PABHO IIPOU3BEIEHNIO KOTAHTeHCa KpaliHell CTOPOHBI Ha CUHYC Cpe/l-
Hell CTOPOHBI MUHYC TPOU3BEJIeHNE KOCUHYCOB CPETHUX SJIEMEHTOB.

cot Asin B = cot asin ¢ — cos ccos B,
cot BsinC' = cot bsina — cos a cos C, (A.4)

cot Csin A = cotesinb — cosbcos A.
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