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NMPENAKCJIOBHE PEJAKTOPA MEPEBOJILA

IMoMuuTCA, eule B WKOJAbHHE rOAH, MHE NOCYaCTVIHBHJOCH IOMNAacTh HA
9KCKYpcHI0 B MamuHHHA 3an 3BM B3CM-2. Toraa yxe cymectsoBanH u Goaee
COBepLIEHHHIE MAIUHHL, HO YYHTEeNb MOCTYMHJA NPABHJAbHO: HMEHHO OT TakKoi
SKCKYPCHH BNeYaT/€HHe OCTaJOCh HA BCIO XH3Hb. B OrpOMHOM UOMELIEHHH
CTOSI1 JIAMNOBHIA MAaCTOMOHT, OLINIO KapKO, B AMHAMHKAx 4YTO-TO Tpewano H
MHINAJKO0, a MM, npoGHpasch Mexay wkadaMH C annapartypol, Aymanau o
TPaHAHO3HOCTH AOCTHXKEHHH WenOBeYeCKOro pasyma.

HocTtuxenne 3T10, AeHCTBHTENbHO, OwJO GoapiuM (He NO pas3mepam, a
N0 3HAYeHHIO) AJA CBOEro BpeMeHH. 3afauH, AJsl pelleHus KOTOpPHX Npexje
HEeCKOJIbKO YeJIOBEX AOJKHH OLJIH UeJBE Mecsit KPYTHTb PYUKH apupmMomer—
POB, Tenmepb peIraJHCh 32 CYHTAHHLIE 4ACH MJAH OHaxe MHHYTH. Crano BO3—
MOXHBLIM B3sITBCSI 33 pellleHHe 3aja4, A0 TOH MOpH BOBCE HENOCTYOHBIX.

Boapman Mamuna TpeGobana HEMaJOro KOJNJAEKTHBA ANS  TEXHHYECKOro
obcnyxuBaHHs. Mamur 6bljio Mano, a noJb3oBaTesiel —MHOro, MO3TOMY 3a-
JlayH «OTJEeXHBANMHCL» B Ouepenn Ha cuyeT BHavane nosb3oBaTensiM NpHXO-
IHJI0Ch NPOTPAMMHPOBATHL B MAIUMHHHIX KOAaX, T.€ He MallHHa npHcnoca6-
AHBAjJach K 4YeJNOBeKy, a uesaoBek kK Mawnne. OAHAKO BCKOpe NOSIBUJIHCH
nepBHle SI3bIKM NPOrPaMMHpPOBaHHS (oJiee BLICOKOTO YPOBHSI, Hampumep Aa-
ros-60, cuabHO o6neruasiine paGoTy NPOrpaMMHCTA.

CoBpemennas nepconanbHas OBM crout Ha paGouem cTONe, He 3aHHMas
€ro 1eJHKOM, HO HAMHOTO NDPEBOCXOAHT He3aGBennylo BICM-2 u no omepa-
THBHOH mnaMsTH, H MO O06bEMY BHEIUHMX 3aNOMHHAIOUHX YCTpOHCTB, H NO
6nctponeficteuio. [lpaBna, B Hawed cTpaHe CJOBO ¢NepCOHA/JbHAasi» B Had-
BaHWH TakHX OBM—uaime Bcero mnpocTO mNepeBOA C «3aNaNHOrO»; OGHLIYHO
TaKass MalUHHA 3KCHJAyaTHpyeTcsi rpynmoii nosnb3oparesie. Tem He Menee H
y Hac mnosiBjafeTcsi Bce Goabwie Jjioned, y kortopux ectb [I9BM noma, a Ha
3amafe 3TO HOpPMa AJS CeMbM Hay4yHOro paGOTHHKA H He pefKocTb IJis
apyrux cemeil. Tlocse nepBofit BOAHB YBJeUeHHs] KOMNBIOTEPHBHIMH HMIPaMH XO-
3sind DOBM HauuHaeT 3aayMHiBaThCA Hal GoJiee Cepbe3HHIMH NpuMeHeHHsMH. U
eCJH HayuyHH# paGOTHHK Cpa3y J[AymaeT O CBOHX TMOBCEIHEBHHX BBHIYHCJAH-
TeJIbHBIX MOTPeGHOCTAX, TO 4eJOBeK Hpyrofft CHeHHaNbLHOCTH, HHTEPeCyio—
muicss Haykoh, npusiaekaer DBM k cBoemy xo66u.

Cpenn npy3ell Hayku Hemano Jjwburenedl actpoHomHH. Te u3 HHX, KTO
NeHCTBHTEIbHO Cepbe3HO H3ydaeT AacCTPOHOMHIO, MOTYT CBOHMM HaGJloAeHHs—
MH TIpDHHECTH el peanbHYI0 MNOJb3Y —3THM, MNOXaayH, aCTPOHOMHA TPHHUHIH-
aAbHO OTAHYAETCR OT APYTHX HAyK, T[He BO3MOXHOCTH HenpodeccHorana
Kpaline orpannuensl Ho pns ceppesHnix HabalofeHHit Hajgo 3HaTh, Kakue
SIBJICHHSI NPOHCXONAT HA HeGe M B Kakoe BpeMsi ACTPOHOMHUYECKHE KasleH—
JlapH M EXErOJHHKH [al0T HYXHYI0O HHGOPMaUMIO HE BCerja AOCTATOYHO nNoOi-
po6HO, Ja H He BCerja Oxa3blBalOTCA NOA Ppyko# B HYXHBI# MomeHT. Tak
BO3HHKAeT HHTEPEC K CAMOCTOSITE/ILHBIM pacueTaM acTPOHOMHYECKHX siBJje-
Huli HexoTophie BHALI pacueTOB BO3MOXKHEI Jaxe C KalbKyasaTopoM. Csoaky
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NOJIE3HKX H OuYeHb TOYHHIX (OpPMYN MOXKHO HaliTH, HanpaMep, B KHHIe
5. Meéyca <«AcTpoHOMHYecKHe GOPMYJAH I KadbKyJaaTopoB» (M., «Mups,

1988 r.). Hamuoro 66abmne Bo3amMoxnocTH oTKpupaer [T3BM.

YTo6n npenoCTaBHTL NOJL3OBATENIO HE TOJNLKO (GOPMYJH, HO H nporpam-
MBI, HEOOXOMHMO, 4TOGHI HCHOJNb3yeMbH A3HK MPOrpaMMHpPOBAHHSA OB MOHSI-
TedH ero MawmuHe. Jlaxe CpeAH [QOCTATOYHO pacNpOCTPAHEHHHX M3LIKOB He
BCE XOpOWIO YAOBJETBOPAIOT 3TOMY TpeGoBaHnio. Tak, DBefichk nmeer wMHO~
HecTBO MoAH(pHKauHK, H ecsH onyGiAHkoBaThb nporpamMmMm Ha DBeficuke, TO
MOryT NOTpeGOBATLCH HEManHe YCHJHS AJs NepeBoja NporpaMM Ha TOT Ba-
pHaHT DBeilichka, KOTOpDHM pacnosaraetT mnosb3oBatesb. Cpenn COBpPEMEHHBIX
A3KKOB NpOrpaMMupoBalHs HanfoJiee He3aBHCHMBIM OT KOHKpeTHOHN peann3a-
UMK, noxanyd, sisasercas [lackanb. 3T10T s3bIK BO3HHK Kak JajibHediuee
Pa3BUTHE YNOMMHABLIEroCs B Hayaje IMPEIHCAOBHS AJrona M COXDaHHJA Bam-
HY10 O0COGeHHOCTb AJrosa, KOTOpas He BceM HpaBHJIach, HO OKasajlach
ouyeHb nosie3Hol: B Tlackane CTPOro oOnpexennloTCsi BCE €ro KOHCTPYKIHH;
IMackane TpeSyer CTPOroro ONHCAHHT KaXKAOH HCNO/NbL3yeMOW B Nporpamme
nepemeHnofl. 10 Ta nsara, KOTOpas HeH3bexHa 32 NPEHMYILECTBO YHHBEP-
canbHOl npumenumoctd [lackann-nporpamm.

Ipeanaraemass Bamemy suumanHio xuura O. Mourten6pyka u T. Ilduerepa
«ACTPOHOMHA C IHEepCOHAJNBHBIM KOMHbIOTepOM» Oblna onyGankoBana B [epma-
HuH B 1989 r. B cpa3y ke nepepeseHa Ha anrmfickufi s3mk. Ouxa conep-
XHT NporpamMMe Ha sseke Ilackanb, NO3BOASIOLIHE CAMOCTOSITEJIBHO HPOH3BO-
OHTb pacyeThl MHOIMX aCTPOHOMHYECKHX SBJIEHHH: BOCXOJOB H  3aX0J0B
CBeTHJ, COJIHEYHBIX 3aTMeHHH, nojaoxeuu# nsaner, koMer. EcTb nporpammul
IJIsi nepecyeTa AacTPOHOMHUYECKHX KOOPAMHAT, BHIYHCJIEHHS OPGHT, onpene-
JIEHHS KOOPJAHMHAT CBETHJA MO ACTPOMETPHUECKHM H3MEPEHUAM HAa (OTOCHHM-—
kax. [lporpaMmbl NOCTpOEHH HA MNPHHIHNAX CTPYKTYPHOIO HpPOrpaMMHpOBa~
HMsl, NPAaKTHYECKH Kaxjas noanpoGjema peilleHa B BHAE NOANPOrpaMMel, KO-
TOpasi MOXeT HAlTH NpHMeHeHHe M BHE OCHOBHOH NpOrpaMMul.

Koneyno, Henb3st pacCUMTHBATL JAaxe € MOMOIUBIO TAKOMO MPEKPACHOro
cnpaBoyHHKa «Ge3 TpyJa BLJIOBHTb pPHIOKY H3 npyaas. Cpeaum mnojan3obare-
Jaeft 3BM cymecTByeT noaywyTaHBOe NOBepbe, YTO B JIOGOH ny6anKyeMmol
nporpaMMe Bcerjla HapOYHO CHEJNAHBl [Be OWHOKH, 4YTOGH €10 MOr BOCHO/b—
30BaTbCH TOJNLKO TOT, KTO [AeHCTBHTENBHO 3ITOTO 3aCAYyXHBaeT. A eCiy
Cepbe3Ho, KOHEUHO, HYIHO pas3o6paTbCai H B NpOrpaMMax, H B OCOGEHHOC-
TAX CBOEro BapHaHTA MAacKaJeBCKOTO XOMNMASATOpPA (HECMOTPS HAa BCIO YHH-
BEpCaJbHOCTb, O KOTOPOH cxasaHo Bbliue). CoBeTH O TOM, Kaxk Mpeoaosers
BO3MOXHBIE TPYXHOCTH, TOXe coaepxarcsa B Kuure. [ymaio, ouna 6yner He-
Gecrionesna H TeM, y Koro Ha [19BM Her xomnuasaropa ¢ [lackans u Her
XKeJqaHHA NepexoAHTb Ha Ilackajib ¢ NPHBHYHOrO APYroro siablKa MpOTpaMMH-
pOBaHHs: XOTA 3arpaThl TpyAa OyAyT HamMHOro G6osbuie, BCE e, BEPOsSITHO,
yAacTCsi OpPHCNOCOGHTH TNpHBEJeHHbIe B KHUIe ajaropuTMel. A BOHAA BoO
BKYC, Bbl CMOXETe COCTABHTb HOBHIE NpPOrpaMMbl, pPellaloUIHe BaXKHbie acTpo—
HOMHYECKHE 3aJlauH, He TmNpeAcTaBJeHHbie B KHHre. B kauecrse mnepBoro
umiara MOry IOCOBETOBaTb O(OPMHTL B BHAE OTAebHOH mnporpammul (co C€BO-
HM BBOAOM [AaHHHEIX) pealn3alHiO METONA HAHMEHbIIHX KBaJpaTOB H MOAYMATb
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Hal 3aKayaMH MOHCKA MNepHOAHYHOCTEH, CcOoAepXKaluMXxca B HabJaoaaTeJbHLIX
HAaHHBIX —CKaxeM, B pe3y/jbTarax (OTOMETPHH NepeMEeHHOH 3Be3NHl.

Xouy noxenars JMIOGHTENAM aCTPOHOMHM M BHUHCAMTENLHON MaTeMaTHKH
yCHeWHHX UeleHanpaB/JieHHBX acTPOHOMHYECKHX HabaiogeHH# ¢ HCNoab30Ba-
HHEM pacyeToB IO NporpamMmam, KOTODHE BH HalzeTe B KHHre.

Centa6pp 1991 r. H.H. Camyco



NPEQUCJIOBHE

Bce, k10 ceromnsa B KauecTBe JIIOGHTENs HJAM NPOPECCHOHANA HMEIOT Ae—
N0 ¢ BHLIYHCJCHHSIMH ACTPOHOMHYECKHX SBAECHHH, Hen3GexHO o6pamlaloTCR K
xoMnbloTePy. 370 cTan0 0cob6eHHO OWEBHAHKRM C TeX MOp, KaKk NepCOHaNb-
Hbfi KOMIBLIOTED B POJIH BEe3AECYLIero NOMOIIHHKA 3aHSAJ NOCTOAHHOE MeCTo B
Hamel xu3uu. lllupoxomy xpyry norpeGurenelfi npsaMo HAa NHCHMEHHOM CTOJe
NpenocTaBJeHb Cefiuac TakHe BO3MONHOCTH CueTa, KOTOpHeE elle HeJaBRO
TpYAHO GbAO ceGe NpeaCTABHTb.

B To#ft ke Mepe, B kakolf yAyUWIAIOTCA TeXHHYECKHE XAPAKTEPHCTHKH
KOMNBIOTEpa, YBEAHYHBAETCSl NOTPEGHOCTh B MPOH3BOAUTENbHHX, T. €. Obi-
CTPHX H TOYHHX nporpammax. Bo3nmkaer ecTeCTBeHHOe iKesaHne NO Mepe
BO3MOXHOCTH OTKA3aTbCA OT ACTPOHOMHYECKHX €XKEeroNHHKOB.

Hexoas u3 3THX cOOGpakeHHH, MBI OXOTHO MOMJAEPXKAJH NPEeNIOKEHHe H3—
DATENbCTBA HAMHCATH KHHIY, COAEPXAILYi0 KOMNbIOTEPHHIE NPOTPaMMBl AJs
peUleHHs OCHOBHHIX 3afauy cdepuyeckofi acTpOHOMHH, HeGeCHON MeXanHKH H
BHIYHCAEHHA 3demepun.

«ACTPOHOMHAI C NEepPCOHAJBHBLIM KOMNBIOTEPOM» NpEAJaraeT YHTATeNo,
CaMOMY NHIIyLleMy HpOTpaMMEl, OOWHPHYIO GHOJIHOTEKY NMOANPOrPaMM Ha siabike
Mackanb ¢ rOTOBLIMH PEIIEHHSIMM MHOTHX YacTO BCTPEHaIOUIHXCA 3aday. B Hx
uyHucae NOANPOrpaMMH /St BCEX pACINpPOCTPAHEHHHIX Npeo6pa30BaHHN KOOpAH—
HaT, RJA BHYHCJEHHIi BpeMEHH W KaJIeHOAPHBIX JaT, a TaKkKe [JA pelleHHs
3agaun aByx Ted. OTAesabHbE MNOANPOTPAMMH TO3BOASIOT BHIYHCJATH MNOJOXKe—
Hue Connua, JIyHM H nJaHer ¢ y4eToM B3aHMHBIX BO3MywmeHr#. DBaaroaaps
LIHPOKOMY pacnpocTpaHeHHlo s3bika [lackanb H OTKasy oOT cneundHyecKux
OASl PasHBIX MAallWH KOMAaHJA, NPOrpaMMbl MOTYT ObiTb HCNOJBb3OBAHBI K3aK Ha
BCeX pacmpoOCTpaHeHHbIX KoMmbioTepax THma PC, Tak M Ha GOABIUNX BHIYHC—
AHUTENLHBIX MawuHax [lpeacraBneHHHe nporpamMmbl GyayT COAeHCTBOBATL TO—
My, YTOOGH [OJbB30OBATEJNb MOr COCPENOTOUYHTBCA HA HHTEPECYIOLIHX ero 3a-
fJauax, a He «H306peran KOJeco»

Kaxpas rnaBa KHHIMM NOCBALIEHA OTHEJNbHOH TeMe H 3aKaHUMBAeTCs NOJ-~
HOH OCHOBHON mnporpamMoll. HManoxenue HauWHaeTC ¢ NPOCTHX BOMPOCOB,
TAaKKMX, KaK BHYHCJEHHE BOCXOJOB H 3aXOHOB CBeTHJ, 3beMepnn JlyHm =
nJiaHeT, a 3aTeM paccMaTpuBalOTCH Gojiee CJIOXKHHE, HanpHMep 3aTMeHHS
Coanna u mnoxpurtHs 3sean. [Iporpammbl aJisi acTpoOMeTpHueCKOH 06paGoTKH
CHHMKOB 3Be3JHHIX MOJe# H NporpaMMbl BHIYHCJIEHHS OPOHT MO3BOJSIOT Onpe-
JeNHTh 3JeMEHTH OpOHTHI KOMeT H acrepouaos. MMH cMmoryr cpady xe Boc-
N0Jb30BATLCA M YHTATENH, He HMeEIOLiMe OMNBITA NPOrpaMMHPOBAHHS.

CBefleHHsI M3 aCTPOHOMMH H NpPOTPAMMHPOBAHHA, HEOOXONMMHE AJA pelue-
HHSl KaXJOH npoG/eMbl, H3J0MeHH HACTOMbLKO NMOAPOGHO, HACKOJILKO 3TO He-
O6GXORUMO [ TMOHUMAHHWS NPeICTABJIEHHON NPOrpaMMH. IOTH CBEJEHHS [aloT
BO3MOXHOCTb MPUCHOCOGHTHL BCE NPOrpaMMbl K HHAMBHIAYaJbHBIM NOTpeGHOC-~
TaM. KpoMe TOro, TtecHoe COenHHEeHHe TEOPHH H [(PAKTHKK MO3BOJAET XOTH
6H 4YaCTHYHO YNPOCTHTb CJIOXHBIE 3aBHCHMOCTH IO CPABHEHHIO C TEM, 4TO
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NpeanaraloT KJacCHYeCKHe y4yeOHHKH. Mb HajeeMcsi, 4TO 4YHTaTenu 3Toht
KHHTH TOJyuyar Cepbe3HOe MOACNOphe MIJisi NPHMEHEHHA KOMNblOTepa B acT-
POHOMHAH.

Baaromapum gpokrtopa [awuenss m pokropa Muxenca H3 H3[aTEeAbCTBA 3a
NPHATHYIO COBMECTHYI0 PaGOTy H HX HHTEpeC K H3AaHHIO KHHrH. Bunarozapum
TaKXe BCEeX HAaUMX Apy3eH H KOJJer, KOTOphie CBOHMH HIAEAMH, HHHIHATH-
BOH H NOMOLIbIO NPH TNPOBEepKE TEKCTA H TECTHPOBAHHH NpPOrpaMM B SHaYH-
TeAbHO! Mepe CNOCOGCTBOBANM yCnmexy Haue# paGoOThHL

Asrycr 1989 r. O. Monrenbpyx u T. [Ipaezep



1. BBEJEHHE

B rnocnennue roan Hapsily CO CHH)KEHHEM LEH HA Malble KOMAObIOTePH
NPOMCXOAUT HENpPEephHBHOe YBeJHUYeHHe HX MOIyHOCTH. [losToMy B HacTosiee
BpeMsl yXe MHOTHe, HHTEPECYIOLIHeCsT ACTPOHOMHEH, HMEIOT B CBOEM pacmo-
pAMEHHH UEPCOHANbHHE KOMNbIOTEPDH H NpPH 3TOM E€CTECTBEHHO XeNaioT HC—
NOMb30BATL MX [JA ACTPOHOMHHYECKHX BoiyucaeHHH. KakuMH e KOHKPETHBIMH
NpeHMyILIeCTBAMH HAaZe/sieT KOMNbIOTEP CBOEro Bjaajesbuna, ecaHn Heo6XxonH—
Mble Aas HaGaiofeHHH AaHHBlE € YCIEXOM MOXHO HalTH B MHOTMOYHCJEHHBIX
eXerogHukKax?

1.1. Tlpumepni npuMeHeHHs] KOMMbIOTEPOB

PaccMOTpHM mpexAe BCEero BHIYHCJIEHHE MOMEHTOB BOCXOJOB H 33X0f0B
Connna u Jlyun. C H3MeHeHHWeM MecTa HaGJIONEHHS 3aMETHO MEHSAIOTCH M MO-
MEHTH BOCXOJOB H 3aXOA0B, ueM IlpeHeGperatb Heab3sd. B exXerommnke 3TH
MOMEHTH TNpPHBELEHLI, KaK NpaBHIO, JIHIIbL [ HEMHOTHX MecT Ha 3emJe.
YacTto npu OnpeneNleHHH MOMEHTOB BOCXOJOB M 3aXOZCB CBETHA AR Jawdore
MYHKTA Ha 3eMJile OrPAHUUYHBAIOTCS WHTEPNOASLUEHA HJAH NPHMEHEHHEM HOMO-
rpammu, Byser 3nauntenpHo yjno6Hee H TOYHee, €CAH BHIUHCAMTENb Ge3
AONOJHUTENbHHX YCHJIHA NPAMO CMOXET MOJYYMTb HCKOMblE AAHHBIE.

Boabmyio 4acTb M060ro eXerogHHka COCTABJIAIOT MHOrOCTpaHHYHbBE Tab-
aaunt  nonoxkewult Cosnua, Jlyew w  naaner. M3  panmeix  atux  Tabaun
3a4acTyld TOJbLKO Manas 4YacTh MNpeAcTaBAsieTr AJA NOJb30BaTeAsl KaKOH-TO
HHTepec. C NOMOLILIO COOTBETCTBYIOLIMX TPOrpaMM MOXKHO BHIYHCAHTB HeHCT-
BHTEJBHO HYXHLIE€ BEJHUHHBI H OZHOBDEMEHHO NPEACTABHTL HX B XeJaeMmoi
CHCTEME KOODJAHHAT.

Eme BaxHee BO3MOXHOCTb CaMOMY BLIYHCJIHTb OPGHTY HeleCHOro Ttena,
HanpuMep KomeToi. [l HeNaBHO OTKPHITHIX KOMeT HaGJiojaTesb MOXeT BOOG—
e He HMeTb 30EMepHA HJH NOJYYHTb HX CJAHIWIKOM Rno3gHOo. Ho npn 3tom
JOCTATOYHO HMEThb E€IHHCTBEHHHH HaGOp 3/1€MEHTOB OPGHTH, YTOGHl AOBOJIb-
HO TOYHO CJIEIHTb 33 NBHXEHHEM KOMETHI.

[Mpu uaGmionenusx nokpuiTH# 3Be3d JIyHO# TpeSyeTcsi 3HATH MOMEHT KOH-
TAKTA AN JaHHOTO MecTa HabmoneHus. Ecan B exeronnuke BooSie ecTb
TAKHE TIpeACKa3aHWsi, OHH OrpaHHUYMBAKTCHA, KAaK NPaBA/NO, HECKOJBLKHMH
GonbuuMu ropoaamu. B cayuae HaGnionennii, BeAylIHXCSI B ApPYroM Mecre,
NPUXOAMTCA [OBOJIbCTBOBATHCA TOJbKO oOuenkamu. [IpeacrapjenHas B 3TOH
xuure nporpamma OCCULT nozsosisier oCywiecTBasiTo NMOHCK HOKPHTHH H BhI-
YHCASITD MX MOMEHTH MJIf JIOGOro uyMcsa 3Be3fl.

Muorue jio6uTenH acTPOHOMHM 3aHMMaloTcsi acTpodortorpadmei. Ha camo-
CTOATENILHO MOJIYUEHHOM CHUMKe C [OMOIUBIO OMOPHHLIX 3Be3[, KOOPHHHATH
KOTOPHX H3BECTHH, MOXHO ONDEACJHTb NOJOXEHHE acTepoHia HJAH KOMETH.
Hna onpepnenenns OpOGHTH HYXHO HMeTb MO KpaliHell Mepe TpH NJACTHHKH,
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NONy4YeHHble B pa3JHUHbE MOMEHTH BpemeHH. C HX IOMOIIbIO MOXHO Onpege-
JHTbL 3JEMEHTHl OPOGHTH. Jas 3THX [AeHCTBHTENBHO TPYHOEMKHX BHIYHCJAEHUN
mup npusoaum nporpammel FOTO, ORBDET u COMET.

1.2, ACTPOHOMHSI ¥ BLIMHCAWMTENLHAS MATEMATHKA

3HaKOMCTBO € MeTOAAMH ACTPOHOMHYECKHX BHIYHC/JEHHH Ha KOMHbKOTEpe
6b10 6n  HenONHBIM Ge3 OGCYXAEHHS OOCTHXKHMOH TouHocTH. [lpu sToM
npexje BCEre HYMHO 3aMETHTb, YTO KayeCTBO NPOTPAMM 3aBHCHT OT MaTe-
MAaTHYECKOTO U (HH3HYECKOro OMNHCAHHA COOTBETCTBYIOWeH 3alayd H HCNOJAb—
30BaHHOro airopatMa. [lpeanosiokenHe © TOM, WYTO HCNOJbL30BAHHE BHIYHC-
JieHHH# ¢ ABONWHON paspsAAHOCTBLIO CaMO nO cefe rapaHTHPYeT NpPaBHJABHOCTb
pe3y/nbTaTa, YKe MHOro pa3 oxasmBajoch JoxubiM. [lpaBHabHo paGoTamomias
nporpaMma MOXeT AaTh HETOUYHLI pe3y/JbTaT, €CJH MeTON BLIUHC/IEHHS He
ofecnieunpaer Jydme#l TOYHOCTH.

IMpumepoM TOMY CJAyXHT BHIUHCJIEHHe 3deMepH B 3ajgaye ABYX Te.
3aech Op6HTA MJAHETH AOBOJILHO NPOCTO NPEACTABJASCTCS B BHIAE SJUIHNCA.
Hapsiny ¢ cuaoit npursxeruss Conaunua, ompeaensomedt Takyio Gopmy opOHTH,
JefiCTBYIOT W [pyrse CHAB CO CTOPOHH OCTAABHBIX nJjaHeT. OHU BHI3HIBAIOT
NEePHOAMYECKHE H BEKOBHE BO3MYWEHHS!, KOTOphle AJR BHYTPEHHHX maaner
COCTABAAIT OKOJIO 1, & I BHEIWIHMX [JIAHET MOCYT AOCTHraTh maxe 1°.
Teopuss kennepoBHX OPGHT Inpenctasisier COGOH JHIL NPHOGIHXEHHOE ONHCa-
HHE MCTHHHHX cooTHOmenui. Jlaxke WCNONL3OBAHHE BHICOKOTOUHBIX BHIYKHCIH-
TeJbHBIX METOHNOB B 3TOM CJyuyae He [aeT XKenaeMHX pe3yabrtatos. [lostomy
IJIg  IOCTHXEeHHA Ooablwe TOYHOCTH O06H3aTENBHO HYXHO  IM0Jb30BAThCA
CJIOMHBIM ONHCAHHEM NJIAHETHHX OPOHT, YYHTHLIBAIOLIHM B3aHMHbIE BO3MYIIEHHS
naader. ONHHM NpPHMEHEHHEM B pacyerTax GOAbLINErO YHC/IAa 3HAKOB MH He-
MHOroro no6uauce Gu!

Ipn paspaboTke HalIHX NPOrpaMM Mbl CTPEMHJHCE K TAKOH K€ TOUHOCTH,
KaK y aCTPOHOMHYECKHX exeroiHHKOB. [lpH BuluncaeHun xoopaumnar Coanua,
JIyHW H mnaHeT ¢ MOMOUBLI0 OCHOBHBIX NporpamMm OWHGKH COCTABAAIOT NpPHMEP—
HO 1—3”. 3710l TOYHOCTH AOCTATOMHO, HAMPHMEpP, IJISA BBIYHCJCHHA 3aTMe-
Hulft CoHuA HJIH NOKPBITHA 3B€3A H NMOTOMY AOJ/KHO OLITh JOCTATOYHO H ANA
GOJILIIHHCTBA APYTHX 3a.R8H4.

Jlns ROCTHXKEHWs BHICOKOW TOYHOCTH B MEPBYI0 Ovepelb Hamo pazolparb-
CA B ONpelefeHHH NpPHMeHAeMOH CHCTeMb KoopauHaT. [IpakTHka noxasniBa-
€T, YTO YacTO CpABHHBAIOTCS JAHHLIE, [MPEACTaBJIEHHBIE B DPAIMHYHBIX CHC-
TeMax KoopaHHaT. W TOrza, mosyyHB pacxoxieHHe C JAHHBIMH €XErogHHKa,
OEeNalnT BHIBOA, 4TO MNporpamMa pafoTaer C HeBHICOKOH TOYHOCThIO. OnHaKo
Hepelko OOGHAapy)eHHOe pacXOXKAeHHe OOBACHAETCS BCEro JHIUL HeGOJbIIAM
paIHuHeM CHCTEM KOODAMHAT, KOTOPOE TNONL30OBaTeNb HE Yyues, 3anomo3-
puB owmuGKy. [lo3TOMy BO BCEX COOTBETCTBYIOILHX MeCTaXx MEl YKa3hHBaeM
BaxHeHllHe NONDABKH, TaKHE, KAK MpPEUeCCHA H HYTauus Hau ke aleppauus
H BpeMsi pacnpocTpaneHHsi cBera. Mpl MHOrOKpaTHO ROAYEPKHBAEM TaKxKe
pas/iHyHe BCEMHDHOrO H 3(hEMEpPHIHOrO BpeMeHH, KOTOPOe TMOYTH BCerja
co3gaer TPyAHOCTH. HactoTa noZOGHHIX CCBHUIOK HE JOJKHA  CMYLUAaTh
yutateas. Mwul gaxe HageeMmcs, 4TO Takas ¢opMa NpeACTaBJEHHA H COOT-
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BETCTBYIOI{HE H3MEHEHHS B [pPOTpaMMax CHOCOGCTBYIOT JyYINeMY NOHHMAHRIO
NPAaKTHYECKOr0 3HAYEHHWst M BEJHYHHH honpaBok. Huorma Ham KakercR He-
O6GXOAHMHM MNOBTOPHTL HEKOTOpHE MOJIOXKEHHsA, YTOOW XaXaas [IJaBa, npei-
CTaBASIONAN YeTKO OrPaHHYEHHYID TeMy, MOrJa OHTb APOYHTAHA BHE 3aBH-
CHMOCTH OT Apyrux raas. Ho Tak Kax mporpaMMsl 4acTo MOCTPOEHB Kak
NPoAO/IKEHHE OJHA APYrofi, TO B HEKOTOPHIX CJAyuasXx BCe XKe HeoGXOmMHMO
NoCAeI0BATEAbHEO NPOYHTATE HECKOJLKO TIJaB.

O¢derTHBHOCT NpPOrpaMMbl  3aBHCHT HE TOJBKO OT MaTeMaTH4YeCKOro
ONUCAHMS 3aJa4H, HO H OT HCHOJL3YEMOro MeToxa cveTa. ITH ACHEKTH
pPacCMaTPHBAIOTCH MO Mepe HagOGHOCTH B COOTBETCTBHA C KOHKPETHHIM
npusoxenueM. TIpuMepoM MOXET CAYXHTb HCIONbL3OBAHHE YIAOBHX (yHKNHH
[pd BHYHCJACHHH NMEPHONHYECKHX BO3MYyweHr# op6ur Jlynwt n nnaner. Ilpume-
HEHHE TEOpeMBl CJIONKEHHSi H pEeKYPCHBHHX COOTHOUICHHH ANA TPHrOHOMETpH-
4yecKMX (YHKUHR 1O3BONSIET PE3KO COKPATHTb BpemMsi CuYeTa MNpPOrpaMMm
PLANPOS u LUNA. Ecanm ans peureHHss onpefeleHHON 3aJauyH HYXHO HMETh
MHOrO 3HayeHHH [OJOXKeHHs HeGeCHOro Tesa Ha MalblX pPacCTORHHAX ApYyr
OT ApYra, MOXHO HMCROJIb30BATh aNnpoKCcUMauuio nosnsomom YeGumesa. [lpu
3TOM Ha OrpaHWYEHHOM HHTEepBa/ie BPEMEHH MOXHO TOJYYHTHL ofllee Bhpake-~
HHE, [O03BONRIOUIEE O4eHb OHICTPO H HPOCTO BLIYHC/IHTL Koopauuatht Ge3 no-
TepH TOYHOCTH. Ta MeTOAMKAa mnpumensnacs B nporpammax ECLIPSE n
OCCULT. Hpyrre acnekThl BBIYHCJIHTEJbHON MAaTEMATHKH PacCMAaTPHBAIOTCA B
CBS3uW C peulleHHeM ypaBHeHWH ¢ npumenenneMm Mmerona Helotowa, npasuia
JNOKHOrO TMOJNOXKEHHsT (MeTo4a CeKYWHX) H KBaAPATHUHON HHTEPNONALUK.
Kpome TOro, mjsi acTPOMETpPUYeCKON OGPAGOTKH (OTOMNACTHHOK MBI TNIPHBO-
AHM TPOCTOH, HO HAAEXKHBLIH aNrOPHTM pelieHHs YpaBHEHHH.

1.3. SI3bIKM ¥ TeXHWKA NPOrpamMMMpPOBAHKA

[lpu paspaGoTke HAWHX NPOrpamMM Mbl CTApajHChL COG/MIOAATD HEKOTOpHE
NpaBH/Ia, KOTOPHIX DEKOMEHAYEeM HPHAEDKHBATLCH M HAMIHM YHTATERaM. OTH
NpaBHJA XapaKTEPH3YIOTCS YAAYHBIM HA3BAHMHEM <«CTPYKTYPHOE MALOrpaMMHpoO—
BaHue». B paHHOM pasjene Mbl XOTHM KeMHOro mnonapoGHee OOBACHHTb, Xa-
KO CMHICA BKJIagHIBAETCH B 3TO BHIPAXKECHHE.

fpexxae BCero mporpaMmu HOMKHB GHITH HArJISIAHBIMH H 4YHTaeMbiMH. Kom-—
MEHTAapHH K BaXKHEHIIMM MeCTaM B TeKCTe NPOTPaMMbl OGJIEraioT NOHHMaHHe
NpOrpaMMBl HE TOJNBKO TOTPe6UTeNI0, HO M caMoMy aBTopy nporpammul. [laxe
apTOp NpOrpaMMbl 4Yepe3 HEKOTOpOe BpeMsl Hepeaxo 3a0uiBaeT AETaNH COOT-
HOIUEHHH, K TOraa OH MOXKET BOCCTAHOBHTb KX M0 CBOEH JAOKYMEHTALHH,
ec/qM MNO3JHEEe 3aXoueT BepHYThCsi K mnporpamme. [lo ToH xe npuunue MH
PEeKOMEHLYEM HCNONb30BATh BHIPA3HTE/IbHLEIE HMEHA nepeMmeHnHuX. Yacto npn
3TOM aHraulickoe o6o3nauenue GuiBaeT TouHee. TloatoMy B GOabHWIHHCTBE
Ciy4aeB MLl OPHEHTHDPOBAJAHCH Ha aHrauiickne naspauus. [lpumenesue G0~
KOB M NYCTBIX CTPOK MO3BOJSIET Jydlie NOHATh JOTHYECKYIO CTPYKTYpy. B
HCXOJHOM TeKCTe MECTO He IKOHOMST, TaK KaK KOMIHJASTOD HIHOpHpYer
nycThie CTPOKH.
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TepMHH «CTpyKTYypHOE nNpOrpaMMHpOBaHHE» O03HAyaeT, 4TO NporpaMma
HMeeT BO3MOXHO GoJiee sCHOE JiorHyeckoe noctpoerne. COBpeMEHHbLIE S3BIKH
NpOTPAMMHPOBAHHA JOCTHralOT 3ITOH LeAH, HanpuMmep, uepe3 CTPYKTYPH
ynpaBjeHHs (neT/H, YCJNOBHbe AMPEKTHBH) H uepe3 CTPYKTYPHPOBaHHHE
THNH [OaHHHX (records) WJH DOCTPOEHHEM OTHeNbHHIX G6J0KOB NporpaMm B
BuAe GyHKuHH Ham noamporpamMm. Hackonbko HyXHH HAH uesecooGpasuun Ge—
aycnoshnie nepexoam (xomanaa GOTO), xaxpelhi uuTaTesib MOXKeT peUINTb
caM. Mel [OBOJIBHO J€TKO CHpPaBAseMCA € BO3HHKAKIWHUMH TPYAHOCTAMU Ge3
TAKHX NEPEXONOB H MO3ITOMY MOJHOCTbIO OT HHX OTKA3bIBAEMCS.

Ins pa3paGoOTKH NporpamMel B 3TOM CJydyae HYKHO NOJb30BaThCs oOnpe-—
NeJleHHLIM MeTOLOM, Ha3biBaeMwM Hucxonsueh (top-down) crparernedr. 3to
03HavyaeT, YTO Npol/eMy NpexAe BCEro NOAPOGHO aAHAMUIHPYIOT M fIOCTE—
NeHHO pa3GHBAIOT HA MaJjable 3afaud, H 310 NPOXOJIKAETCA AQ TeX Mop, Mo-—
Ka NporpaMMHpOBaHHe CYUIECTBEHHO He YINPOCTHTCH. TakoM NOAXOA KaXercs
Kanbosiee GJ1aropasyMHbIM H OCMBICJAEHHBIM. K COXa/NeHHIO, HepelKO Nporpam-—
MHCT AeHCTBYeT Kak BHYHCJAHTENIb H COO6pA3HO C 3THM (OPMYJHPYET CBOIO
nporpaMmy. [Ipn takom ofpase neicTBHil noaywalOTcs  TPYAHO 0603peBae—
MBle TNPOrpaMMbl, KOTOpHi€ HEJNerko MNOHATb. JlanbHeidlllne H3MEHEHHS B HHX
OGLIYHO TPeOYIOT OOJBIUHX YCHJHHA H «TPIOKOB», KOTOPHE HHOTAA MOXET NO-
HSITb TOJILKO aBTOP MpOrpaMMbl. 3TOT CnOCO6 NPOrpaMMHPOBAHHS B JydIueM
clAyyae NOAXONHT JHUIb Sl CO3/]aHHS HeGOJIbIIHX HECJOXHHX NpOrpaMM, KO-
TOpHE JHO0 ManO TNPHMEHSIOTCA WK BOOOUIE He NOHAZOOGATCA B AaibHefimem.
[MoatoMy cocTaBJeHHs TAKHX HPOTPAMM KeJlaTeNLHO H3berars.

MomnporpammMul, pelamiuue onpelejeHHbEe 3afauyH, AOKHB GbiTh IO BO3-
MOXHOCTH COCTaBJIEHBI CTOJIb YHHBEpPCaNbHO, 4YTOOb B Ja/bHEHINEM HX MOXHO
6bJIO HCNOJAB30OBAaTh B APYrHX nporpammax. Kak pas npu paspa6oTke acT-
POHOMHYECKHX NpOrpaMM TIOYTH BCETAa HaHAyTCA NOANPOTPaMMHI, KOTOpHiE
MOXHO HCHONBL30BATL B HAPYrUXx cayuasx. [lpuMmepom TOMY CAyXKAT OOAMPO-
rpaMMBl 11l BHIYHCJIEHHS] MaTeMaTHYeCKHX (yHKuuil, nepecyera KOOpPAHHAT
H3 ONHOH cHCTEMH B APYryl0 HJH ONpeae/eHHs TOUHHIX MOJOMXEHHH nnaner,
Connua r Jlynn. Belio 6Bl [0BOABLHO OGPEeMEHHTE/ILHO KaxAwn#li pa3 3aHOBO
3aHMMATLCA 3THMH 3apauaMmu. [lo3TOMy HEOGXOZHMO HMETb B CBOEM pacno-
pAXEHHH OUOMuOTEeKY (YHKUHE B BUAEe pPaBOTOCTIOCOGHBIX H HAMEKHBIX MOA-
AporpaMM, KOTOpast MO3BOJIHT COCPENOTOUMTLCS HA BO3IHHKAIOWHX Mnpodie-
Max, yroObi OLICTDEEe NPOABHTATLCS K HAMEUEHHOH LUeaH.

GYyHKUHH W NOANPOrpamMMbi, NPHBEAEHHLIE B 9TOH KHHIre, NPEACTABAAIOT
6a30BLIi GNIOK Tako# acTpoHOMHuecKoll GubanorTekH nporpamMm. B ocnoBrHOM
9TO0:

* HAyYyHO-TeXHHYEeCKHe (YHKUHH H BCNOMOTaTeNbHEE (QYHKUHH BhIMHCAHTENb—

HOH MaTeMATHKH,

nporpaMMbl AJIsl BHIMHCJIEHHSI BPEMEHH H KajleH[apHBIX [ar,

pa3nHyHbie [OANPOrPaMMBl /sl PEUIeHHS 3afay CpepHYeCKOH aCTPOHOMHA,

cneuuasbuble NPOrpaAMMEl AAS yueTa NPEUECCHH H HYTAUMH,

NOANpPOrpaMMHl  UIS BBIYHC/JGHHS SJJIHNTHYECKHX, NapaGONIH4eCKHX H TIH-

nepOOTHYECKHX KEIJIEPOBBIX OPOHT, a TaKxe

# NPOTrpaMMhul /5 BLIYHCJEHHS TOYHBIX MOsioeHu# JIYHB H niaHer ¢ yueToM
PasnHYHHX BO3MYIUEHHH.

T £ 2 %



14 Taasa [

INMosuw#i CNHCOK OTAENbHHX NOANPOrpaMM INPENCTABJIEH B NPHJIOKEHHM.

Hnas cosnanua HawWHX nporpaMm Mel o6paThJaHCh K AsnKy [lackans. OcHo-
BAHHEM /s 3TOTO MOCAYXHAO TO o6cTosiTenncTBO, wrto [lackans 1wHpoko
H3BECTEH H NPHUMEHSETCS BO BCEX pPacCNPOCTPAHEHHKIX CHCTEMAX KOMIbIOTe-
poB, BKJIo4as H GoJbluHe MAWHHB Bce nepconanphnlie komnblorepnl THna IBM
M COBMECTHMHIE C HHMH MOIYT HCHOJBL30BATH OBLICTPHI H HEJOPOrofi KOMNH-
aarop TURBO PASCAL Bopaanna. TURBO PASCAL moxer GuTbh npuoGpereH u
onsi kommnoiotepoB THma Apple ¢pupmm Macintosh, u nnst onepauuonHmIX cuc-
tem CP/M, paGoraiomyux Ha craphix 8-6uToBHIX MawMHax. Jlas KoMnuioTepos
tuna ATARI ST, ocoGenno nonyaapumx B 'epmanun, cywectsyer ST PASCAL
PLUS ¢upmm CCD. Ha Gonbuminx BHIUHCAUTEJNBHEIX MAWIHHAX MPAKTHUECKH BCEr—
aa umeercss komnuasrop [lackans.

B otasuue ot ssnka BASIC, KoTopelfi HMeeT pasauuHHE AHANEKTH B
33aBHCHMOCTH OT MalUHHH, nporpamMmul Ha [lackane MOryr ObTb NOYTH NOJ-
HOCTBIO MepeHeceHsl ¢ OAHOW mawuHel Ha Apyryio. Ecam mporpamma cocras-
JIEHA TOJBLKO ¢ MNOMOMBIO CTAHAAPTHHIX 3JEMEHTOB H3HKA, TO €10 MOXKer
nonb30BaTLCA JI0G0H norpeburens. [lpsw 3TOM, BO3MOXHO, NOTPEOYIOTCS He-
3HAYHTEJbHbLIE H3MEHEeHHS, KOTOpble MOryT OhlTh BHECEHB 6e3 0COGHX YCH-
auh. COOTBETCTBYIOIME YKA3aHWS NO aAanTaU¥K NPOrpaMM K KOHKPETHHM
KOMNBIOTEpPAM [JaHBl B NpPHJAOKEHHH BO3IMOKHOCTE HCHOAB3OBATH MPOrpaMMEl
JAAsi PalHYHEIX KOMINbIOTEPOB COMPSKEHAa W C HEeKOTOPLIMM OrpaHHYEHHAMH.
Tak, B npeacTaBAeHHHIX NpPOrpaMMax HE HCNOABIYETCA rpadHKa HJH CrelH-
aJbHble BO3MOXHOCTH Das/IMUHBIX ONEPAUHOHHBIX cHcTeM. Uutatenn, Kenawo-
M HCNOJAb30BATH CEPBHCHHIE BO3MOXHOCTH CBOel MalIWHH HJH BHIBECTH pe-
3yasTaT B BHAe rpadyka, BCeraa CMOXKET fepele]arb NOporpaMMy 0o CBo-
€My YCMOTpEHHIO.

IMackanb co3paH Kak A3LIK Ann ofyyennsa M TpebyeT npH nporpamMMupo-
BaHUN onpeieneHHoN AUCUHNAHHBL. Ha «06CTOATENBHOCTBY $3BIKA KAYIOTCA
HE TOJLKO HAYMHAIOWHE NPOrpaMMHCTL, HO OHa obecrneynBaeT ¥ ONpeReseH-
HHEe npedMmyumecTsa B uacTHOCTH, HEOOXOZHMOCTb COr/IACOBAHHA BCEX me-
PEMEHHHX TO3BOJsieT H3GexaTb MHOrux omuGox. B samkax FORTRAN u BASIC
MOXHO OBICTPO BBOAMTL MpOrpaMMy C KJAaBHaTyphl, HO Kaxaoe owuGoyHOe
HAXATHE KNaBMWIKM GyfeT BHOCHTb HCKaMEHHs B TeKCT nporpammul. Hcnpas-
JIeHHe 3THX OLWHGOK OOGLIYHO NPeBpallaeTcst B KECTOKoe HcnmiTanue. [lackaub
AIB/RETCH OINHCATENbHEIM $I3LIKOM, MO3ITOMY OH BHIABASIET OWHGKH YyXe NpH
KOMNUJSIUHH §IpOrpaMMbl ¥ NPEAOCTEPEraeT MOJb30BATENR COOTBETCTBYIOMIHMHE
ykasaHuaMU. [TpoBepka pas/iiHUHBIX MapaMeTpoB OAHOH (YHKUHK HJH MOANpPO-
rpaMMbl npuofperaer npu 3TOM ocoGoe 3HavenHe. TOJNBKO B TOM CJayuae,
KOrAa BCE THOBI NEPEeMEHHLIX OMHCAHLI NPABHJLHO, NpPOrpaMma MOXET OHTb
OTTPAHCJNPOBAHA Ge3 OWHGOK. 3a6hiTLb NPH 3TOM OTAENbHHIE, NapaMeTpH He-
BO3MOXHO. TaKOH KOMNHJIATOPHEN KOHTPOJbL 3HAYHTEJLHO YNPOIMAET HCNOJb-
30BaHHe roToBOH GHONHOTEKH NPOrpaM.

K coxanenuio, 3a 3T0 npeumymecTso [lackans NPHXOAHTCS NAATHTL TEM,
4TO nporpaMMa, HaNHCaHHAA HA 3TOM A3LIKE, BCErua MAOJIKHA TPaHCIHPO-
BaTLCA MOJNHOCTbK). Bosiee pasputble #3bikH, TakHe, kak MODULA u ADA,
npy OOGpalleHHH K HYXHOH MHOOPMAUMH CHOCOGNH BLHIAEAHTHL (ParMeHTH, KO-
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TOpble OTJIHYAITCA OT MNOANPOrpaMM, 4YTO [MO3BOJseT TPAHCIAHPOBATH OT-
JesNbHble MOMYJH NPH COXPAHEHHH KOHTPOJsl. 3DTO KaueCcTBO OCOGEHHO BaXKHO
npu paGote ¢ GoapluuM nakerom nporpamu. Uurarenu, noabsyiouMecss ao-
BOJIBHO pacnpocTpaHeHHnM siabikoM MODULA, He 6ynyT ucubiteiBaTh 0COGEH—
HEIX 3aTpyAHeHHH NpHM ajanTauMH Hawux nporpamMm, Tak kKak PASCAL w
MODULA ouens noxoxu Hosas sepcus TURBO PASCAL taxxe o6aanaer rakn—
MH BO3MOXHOCTsiMM (units), xoTopbie, npaBaa, BLIXOAAT 32 pPaMK#H COGCT—
peuno [lackans.



2. CHCTEMbl KOOPIHHAT

Jlns onpeneneHHs ROJOMEHHS 3Be3A H IVIAaHET B ACTPOHOMHE HCMOAb3Y-
€TCS HEeCKOJNIbKO CHCTeM Koopiaunar. [IpH 3TOM resHOnEHTpHYeCKHE KOOpHH-
HaTH, B KOTOPHX 3a TOUKY OTcyera npuuuMmaercs COJHHE, OTJAHYAIOTCA OT
FeOUEHTPHYECKHX KOOPAHHAT, OTCYHTHIBAEMHX OT WHEeHTPA 3eMuaH. DKAHOTH-
YecKHe KOOPAWHATH XapAKTePH3YIOT MOJIOKEHHE TOYKH OTHOCHTENbHO NJO—
CKOCTH OpGHTH 3eMJH, B TO BpeMsi KaK 3KBATOpPMajbHble KOOPAMHATH H3Me-
pSIIOTCA OTHOCHTEJABHO TMOJIOKEHHS 3eMHOI0 HJH HeGecHoro 3ksaropa. Kpome
TOTO, MENNEeHHOEe mNepeMellleHHe 3ITHX TNOBEPXHOCTEHd OTCueTa, BH3BaHHOE
npeueccuel, nenaer HEOOXOAMMBIM DA3IJNHYATb HCNOJNL3YyEeMHble CHCTEMB KOOp—
JHHAT NO HX PaBHONEHCTBHIO. PasymeeTcss, B NpHHUHIE MOXHO ObJIO OB BO
BCEX CJAy4asaX HCMNOJb30BAaTh €ZHHCTBEHHYI0 WYETKO ONPEAENEHHYIO CHCTEMY
koopaunar. HMXx MHOrooGpasue oGbsICHSETCH TeM, 4YTO OHH HMEIOT pasHHe
CBOHCTBA, MNO3BOJsIOLIHE BHIOpaTh CuUCTeMY, HanGosee YROOHYID ANA peLIEHHA
KOHKpeTHOH 3aauH.

Muoroo6pa3ue XOOpPAHHATHHX CHCTEM 4AacTO NPHBOAUT K HEOGXOLHMOCTH
peIlleHHsI [OBOJLHO HENPHATHOH 3anaun —nepesoda KOOPAMHAT H3 ONHON
cHcTeMHN B Apyryi. B a3rom cayuae moxer npuroautecs nporpamma KOKO
(npeo6pasosanne koopauHar) C ee noMOWbIO MOXHO AeJaThb B3aHMHHIN ne-
pecyeT SKJIHNTHYECKHMX KOOPAMHAT B 3KBATOPHA/NbHBIE H TEOLEHTPHYECKHX B
reJMOLEHTPHYECKHE C Yy4yeToM painuuds pasHofeHcTBHH. [lpeoGpasobanus,
ONHCAHHHE HHxe, OyJyT NpeiCTaBjeHH B BHIAE OTAEJNbHHIX NOANPOrpPaMM.
OHH MoOryT GbiTh HCMOJIB30OBAHH BO MHOIHX CJAy4YasX H NMOTOMY CJyXar Bam—
He#lmell OCHOBOA NOCJELYIOL{HX TPOTPAMM.

2.1. Hauunarte BCceraa Henerko

IMpun nporpaMmupoBaHuH MaTeMaTHueCKHX ¢opmyn Ha sa3nike [lackans
GHICTPO OCHApYXHBAETCH, 4YTO HEe XBaTaeT HEKOTOPHIX CDPEACTB, TaK Kak
IMackans B 3TOM cMmbice Geanee, uem, Hanpumep, FORTRAN uan BASIC. Oa-
HaKo 3Ta npobieMa MOXeT OblTh YCHEWHO pellleHa, ecJiH HeKOTOpHe HeGoJb—
UIHe NOANPOrpaMMbl K (YHKUHHM NOATOTOBHTL CaMHM

K Bx umcay npunajsiexar TPHIOHOMETPHUYECKHEe M OOGpaTHbie MM (YHKIHH,
KOTOpHX JHGO BooGile HeT B a3niKe [lackanp, JTH6O OHH BLIYHCASIOTCA B pa—
IHaHHOA Mepe
(= *)
{(* SN Cnnyc-pyuxuna (rpazycni) *)
™ *)

(*

FUNCTION SN(X:REAL).REAL,
CONST RAD=0.0174532925199433,
BEGIN
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SN:=SIN(X+RAD)
END;

(*» CS: Kocuuyc-dpyukuus (rpagycl)

(%
FUNCTION CS(X:REAL):REAL;
CONST RAD=0.0174532925199433;
BEGIN
CS:=COS(X+RAD)
END;

(*» TN: Taureuc-pysxuus (rpagycs)

FUNCTION TN(X:REAL):REAL,;
CONST RAD=0.0174532925199433;
VAR XX: REAL;
BEGIN
XX:=X«RAD; TN:=SIN(XX)/COS(XX);
END;

(» ASN: Apkcruyc-byHKUus (rpanychl)

FUNCTION ASN(X:REAL):REAL,;
CONST RAD=0.0174532925199433, EPS=1B-T;
BEGIN
IF  ABS(X)=1.0
THEN ASN:=90.0xX
ELSE IF (ABS(X)>EPS)
THEN ASN-=ARCTAN(X/SQRT((1 0-X)s(1.0+X)}))/RAD
ELSE ASN:=X/RAD;
END;

-

(» ACS: ApkkOCHHYC-QYHKUHS (rpaiychl)

FUNCTION ACS(X:REAL):REAL;
CONST RAD=0.0174532925199433; EPS<iE-7 C=90.0;
BEGIN .
IF  ABS(X)=1.0
THEN ACS:=C-X+C A
ELSE IF (ABS(X)>EPS)
THEN ACS:=C~ARCTAN(X/.SQRI(':(LJ.O-XH1.0*X)))/RAD
ELSE ACS:=C-X/RAD,

END;

(+ ATN: Apkraurenc-gpyukuus (rpanyc)

FUNCTION ATN(X:REAL):REAL,

*)
*)
»)

*)
*)
*)

)
*)

’)
*)
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CONST RAD=0 0174532925199433;
BEGIN
ATN =ARCTAN(X)/RAD
END,
™ n‘)

(%

Gyaxkuns CUBR nospossieT BBHIYHCAHTL KyOHYECKHH XOpEeHb €e apryMeHTa.
OHa noHamo6uTCA B C/AEAYIOMHX [JaBaX, HO MBI pelIHJIH I[PEACTABHTH €€
3[eCh BMECTE C OCTAJbHHMH (QYHKUHIMH
(* *)
(» CUBR Kopenb kyGnueckuit ')
" *)

(»
FUNCTION CUBR(X REAL) REAL,
BEGIN
IF (X=0 0) THEN CUBR=00 ELSE CUBR =EXP(LN(X)/3 0)
END,
(> *)
Onun u3 BapuantoB ¢yuxkuuu ATN, uspectHn#h B asmike FORTRAN kak
ATN2, cAyXHT 015 BBLIYHC/JEHHS apkTaHreHca apoGH y/x, HCKaloyas 3Have~’
HHe x = 0, korna Apo6b CTAHOBHTCA HeONMpeaeeHHOH
* - *)
(* ATN2 Apkrauresc y/x OJas [IBYX apryMeHTOB *)
{(» (¢ yuerom xBagpanta, -180 rpax <= ATN2 <= +180 rpan) *)
I *)

(...
FUNCTION ATN2(Y, X REAL) REAL,
CONST RAD=0 0174532925199433,
VAR AX,AY,PHI REAL,
BEGIN
IF (X=00) AND (Y=00)
THEN ATN2 =0 0
ELSE
BEGIN
AX =ABS(X), AY =ABS(Y),
IF (AX>AY)
THEN PHI =ARCTAN(AY/AX)/RAD
ELSE PHI =90 O—ARCTAN(AX/AY)/RAD
IF (X<0 0) THEN PHI = 180 0-PHI,
IF (Y<0 0) THEN PHI = -PHI,
ATN2.=PHI,
END,
END,
( - *)

dta GYHKUHMS HCNOABL3YETCA HAaMK [Js NepecyeTa MPAMOYFOAbHBIX KOOPAHHAT
TOYKH HA TMJIOCKOCTH (X, y) B MNONSAPHHE KOOPAHHATH 7 H @ B TO Bpema
kak ATN(y/x) naer B pesyabrare yron Mmexay -90 u +90° (1 u IV xsaa-
spauT), B peayabrate Bbinosuenuss ATN2(y/x) yroa ¢, COOTBETCTBYIOWUHH X
H y, B CJIydyae OTPHUATENBHOrO X JeXHT mexay +90 u +270° Oawaxo yrH
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oT 180 nmo 360° (xak u B FORTRAN’e) 3amMeHSIOTCH OTpUUATEJBHHIMH, OT-
cuuThBaeMbIMHE 0T -180 g0 0°

HeMHOro csoxHee BHIVIAAHT NpeoGpPa30OBaHHE MNPOCTPAHCTBEHHHIX MNPAMO—
YroAbHBIX KOOPAMHAT (X, Y, 2) B mnojsipusie (r, 9, ¢) Mexay HEHMH Cy-
LeCTBYeT 3aBHCHMOCTL (puc 2 1)

X =r cos ¥ cos @, r = v x%+ y2+ 22,

y = r cos ® sin @, tg ¢ = y'x, 2.1)

2 =rsin tgﬁ:z//;2+ ya,
Ocb y
yL———-Q—-——-—I
l
| Och %
I
|
r |
)
|
|
|
|
¢ |
x Ocv

Ocv =

Puc. 2.1. TNonsapHble KOOPAHHATH Ha IJOCKOCTH H B NPOCTPAHCTBE

Jlns BHIMOJHEHHA 3TOr0 OYEHb 4YaCTO HCIONb3YeMOro npeo6pa3oBaHHA Cay-
xat nognporpammbl CART u POLAR Tlpouenypoit POLAR MOXHO mosnb3oBaThest
¥ B HCKJIOYHTENLHOM CAYyYae, KOTAa x ¥ y ONHOBpeMeHHO paBub Hyswo [lph
3rOM 3Ha4deHHe ¢ (MpPOM3BOJbHOE) NpeAnosaraeTca paBHHIM Hyalo B 3asu-
(HMOCTH OT 3HaKa z 3HayeHHe ¥ paBHO -90°, 0 wam +90°

*)
(» CART T[lpeo6pasoBanue noaspiuix koopaunar (r,theta,phi) *)
(= B NpSMOYTOJIbHEIE KOODAMHATH (X,Y,Z) )

(» ( theta = [-90 rpaaz,+90 rpaa], phi = [-360 rpan,+360 rpax] ) »)

(
PROCEDURE CART(R, THETA,PHI REAL, VAR X,Y,Z. REAL),
VAR RCST = REAL,
BEGIN
RCST = R«CS(THETA),
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X st = RCST*CS(PHI); Y := RCSTeSN(PHI); Z := R«SN(THETA)
END;

(* *)
(= POLAR: TlpeoGpasoBanne npsiMOyroJibHHX KOOPAHHAT (X,Y,Z) »)
(> B noaspuule (r,theta,phi) »)
(+ (theta = [-90 rpan, +90 rpaa]; phi = [-180 rpaa, +180 rpaa)) *)
. *)

PROCEDURE POLAR(X,Y,Z:REAL; VAR R, THETA, PHI:REAL),
VAR RHO: REAL;
BEGIN
RHO: =X«X+Y=*Y; R:=SQRT(RHO+Z+Z),
PHI: =ATN2(Y,X); [IF PHI<0 THEN PHIL:=PHI+360.G;
RHO: =SQRT(RHO); THETA:=ATN2(Z,RHO);
END;
- =~ %)
Korna BeauusHy yraa 3ajaiT B rpalycax, TO J[OJH rpanyca 3anaiorcs
B MHMHYTAaX H CEKYHAAX [JYTH, YTO COOTBETCTBYET HCYHC/EHHIO BPEMEHH B
MHHYTaX M cexyHaax. [lpeofpasosanne OaHOrO npeiCTaBAEHHS B Apyroe
OniBaeT HYXHO He 6oJjiee ONHOr0 pasa NDH BBOAE HJH BLIBOAE ONpeneNeHHoN
Be/uuMHB. [loka Bce 3HaueHHMs BeJHUMHBI NOJOXKHTENbHH, Takoe npeoGpaso-
BaHHE He NpeacTaBasieT HHKakHX TpyaHocteli. (ORHaKO NPH OTPHUATENBLHBIX
3HA4YeHHSIX YrJOB HYXHO OHTb OYeHb BHHMATEJbHHM, 4YTOOH NPaBHJIBLHO
yuecth 3Hak. [Jeficrsue npouenyp GGG u GMS npome Bcero NOACHHTHL NpH-~

MepaMH:
GG G M S
15.50000 15 30 00.0
-8 15278 -8 09 10.0
0 01667 0 1 0.0
~0.08334 0 -5 0.0

Ipn nupeoGpasoBannun otrpuuareapnoro uncaa GG B rpagyCsl, MHHYTH H
CeKyHIn 3HaX MBHYC GyneT CTOsTh nepen nepBoi w3 sennuynd G, M nam S,
HMeolel HenyJeBoe 3xavyenne. HyXHO eule OTMETHTb, YTO B O0GEHX NpoO-
ueaypax BesHYHHB G H M MOTYT NPHHHMATb TONBKO HEJME 3HAYEHHSA H MO~
sromy oux ompeneasiotcss kak INTEGER, B T0 Bpems kak S onucuBaercs
kak REAL.

(+ *)
(» GGG.lpeoBbpasosanyue rpanycos, MEHYT M CEKYHA B rpalychl C NOJSMH*)
(* )

PROCEDURE GGG(G,M:INTEGER;S.REAL; VAR GG:REAL);
VAR SIGN: REAL;
BEGIN
IF ( (G<0) OR (M<0) OR (S<0) ) THEN SIGN:=-1.0 ELSE SIGN:=1.0;
GG:=SIGN+{ABS(G)+ABS(M)/60.0+ABS(S)/3600 0);
END,
(x o)
(» GMS:I1peoGpazoBanne rpaaycop € INONSIMH B IPaiyChl, MHHYTH,CEKYHAH  *)

(" *)
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PROCEDURE GMS(GG:REAL; VAR G, M- INTEGER; VAR S:REAL);
VAR G1:REAL;
BEGIN
G1:=ABS(GG); G: =TRUNC(G1);
G1:=(G1-G)*60.0, M: =TRUNC(G1); S:=(G1-M)*60.0;
IF (GG<0) THEN
IF (G>0) THEN G: =-G ELSE IF (M<0) THEN M:=-M BLSE $:=-S;

END;
(v *)

2.2. Kanenpapb H 10AHAHCKHE RaTbl

IMpn BuHYHC/AeHHH 3demepHl 4acTO OHBAaeT HYXHO BHUYHCHAHTH PA3HOCTb
asyx gar. [lpm 3TOM OYeHb YNOGHHIM OKa3biBaeTCA HenpepuiBHHA cueT aHefi,
KOTOpBI C [AaBHHX nOp mNpakTHKyeTcss B acTpoHoMuu. lOnuaHcko# paTo#t Ha-
3MBaeTCA YHCAO CyTOK, npomeamnx ¢ 1 ausaps 4713 r. oo Hawe# spH.
3o Hcuucaenue HazBaHo umeneM lOnmnyca Ckaaurepa, otua Kozeda Kcryca
Ckanurepa, BhnepBHE HCHOJB3OBaBIIEr0 Takoe HCYHcaeHHe. [lockoJbky cuer
/IHAHCKHX AHeH HayHHaeTCcA C GHOMEHCKHX BpeMeH, COBpPEMEHHble IOJJHaHC—
KHe HaTh BbipaxaloTcsi 6oabwIHMH uHcaaMH Hanpumep, B noazenp 23.7.1980
YHCJIO [OJMAHCKHX [Hedl paBHAsoch 2444444,0. YuuThiBas, UTO CeKYHAA
COCTaBJisieT NpPHMEPHO OJAHY CTOTHICAYHYIO CYTOK, [JIA BBOAA TOYHOrO MO-
MEHTa, BHPAXEHHOTO B IJIMAHCKUX JHAX, Tpebyerca 12-pa3pspHoe YHCJO.
Mockonbky Ha nNpOTs>KEHHH NMOYTH Tpex CToJNeTHH nepBHe TPH HHPPH He Me-
HAIOTCA, HapAAy C HCTHHHBIMH IOJIMAHCKHMH [aTaMH HCIOJBL3YIOT TaK Ha3biBa-
eMble Mmodugpuyuposannoie wauancKkue darot:

MID = JD -~ 2400000,5.

3mecs ucuHcaenne HauHHaercs ¢ 0 uacos 17.11.1858 r, [lpn 3stomM moMeHT
H3MEHEeHHs AATHl —IPUBHIMHAS MOJHOYb, & HE NOJJeHb, XK B CJAyyae IOJIH-'

1e
aHCKHX [aT.

(% »
(x MJD: Moauduuuponannas 1oJHaHCKas nara ‘;
(* pas mo6o#t natel ¢ 4713 r po Hawed 3pH *)
(* no IoJMAHCKOMY KajeHaapwo 10 4 OKTaGpsi 1582 r. *)
(* 0 rpHropuaHckomy xanenpapio ¢ 15 oxrta6ps 1582 r. *)

x *)
FUNCTION MJD(DAY, MONTH, YEAR: INTEGER, HOUR: REAL): REAL,
VAR A: REAL; B: INTEGER;
BEGIN
A:=10000.0+YEAR+100 0xMONTH+DAY;
IF (MONTH<=2) THEN BEGIN MONTH:=MONTH+12; YEAR:=YEAR-1 END;
IF  (A<=15821004.1)
THEN B:=-2+TRUNC((YEAR+4716)/4)-1179
FLSE B:=TRUNC(YEAR/400)~-TRUNC(YEAR/100)+ TRUNC(YEAR/4);
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A : =365.0YEAR-679004 0, : v
MJD: =A+B+TRUNC(30.6001+(MONTH+1))+DAY+HOUR/24.0;
END,

(x *)

Hanpumep:

VAR HOUR, MODJD,JD- REAL;

BEGIN

GGG(3,30,10.0,HOUR), (+ Hara 14 saue 1961 r., 3 u 30 mux 10 cex *)

MODJD:= MID(14,1,1961,HOUR), (* Moamud Ilonunanckas nata *)
JD = MODJD + 2400000.5, (* ronmaHckas nara *)

WRITELN(C" 14 Jan.1961, 3h30m10s ),

WRITELN(" MID= ', MODJD 20 5),

WRITELN( JD =", JD 20°5),

END.

B MID yuyrteHo, 4TO, COrnacHO TIpuUropHaHcko#t pedopme, nocse 4 Ox—
Tabps 1582 r (JD 2299159,5) caenyer 15 oxtabps (JD 2299160,5) [o
3TOrO0 BpEMEHHM AeHCTBOBAN IOJAHAHCKHH Kd/€HAAph, NO KOTOPOMY B KaXIOM
yersepToM roay no6aeasnocy 29 despans Co BpeMeHu pedopMH  FTOT
ROGaBOYHBIH AEHb HE COAEPXHTCS B <«KPYIJ/blX» rOAax CTOJETHA B TOM CJy-—
yae, eCAH uYHCAO JeT He geautca Ha 400 CpeaHass npOAOIXHTENbHOCTD
IPHFOPHAHCKOrO roja COCTaBJseT

365 + 1/74 - 1/100 + 1/400 = 365,242 cyr,

4TO HEMHOrO KOpoue I0JIHAaHCKOro roia, pasHoro 365,25 cyr

IMporpamma CALDAT mnoapoJsisieT 1m0 MOAHGHUHPOBAHHHIM IOJHAHCKHM [aTaMm
BHIUHCJAHTb NpPHBBLIYHBIE KajenaapHble fatel OHa INpeacTaB/eHa 34eCh, NO-
CKOJIbKY HMMEeT NpsiMOe OTHOUIeHHe K O6CYXIaeMblM RONpOCaM.

(s ")
{(» CALDAT Onpenenenne xaneHAapHLIX Aat *)
(> no MOAMGUUHDPOBAHHLIM IQJHAHCKHM aatam (MJID) *)

*)

PROCEDURE CALDAT(MJD-REAL,
VAR DAY, MONTH, YEAR' INTEGER, VAR HOUR REAL);

VAR B,D,F INTEGER,
JD,JDO,C,E. REAL,
BEGIN
JD = MID + 2400000 5,
JDO := TRUNC(JD+0 5), (» Standard Pascal *)
(* JD0:= INT(JD+0.5), *) (* TURBO Pascal %)
(» JDO:= LONG_TRUNC(JD+0.5),*) (» ST Pascal plus *)
IF (JD0<2299161 0) (* xajenpapp’ *)
THEN BEGIN B =0, C:=JD0+1524 0 END (* -> OJHE8HCKHH *)
ELSE BEGIN (* —> TpHTOPHAHCKHA *)

B:=TRUNC((JD0-1867216 25)/36524.25);
C:=JD0+(B-TRUNC(B/4))+1525.0
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END,
D : = TRUNC((C-122 1)/365 25),
E : = 365 0«D+TRUNC(D/4),
F = TRUNC((C-E)/30 6001),
DAY : = TRUNC(C-E+0 5)-TRUNC(30 6001xF);

MONTH:= F-1-12«TRUNC(F/14),
YEAR: = D-4715-TRUNC((7+MONTH)/10);
HOUR: =  24.0<(JD+0 5-JD0);

END;

2.3. IKAMNTMKA U 3KBATOP

DkJMNTHYECKHE M 3KBAaTOpHANbHbEiE KOOPAHHATH OTJIMYAIOTCA APYr OT
Apyra, TaK KaK H3MepsiloTCS OTHOCHTeJIbHO pasHbIX mJocKocTell. B onnom
cayyae MJIOCKOCTb X — Y-=—3TO IJIOCKOCTb OpOHTH 3eMsH (SKJAHNTHKA), B
APYroM — IJOCKOCTb, NEPNEHAMKYJsIPHAA 3eMHOM OCH ¥ napajjejbHas NJAOC-
KOCTH 3eMHOro 3kBatopa (puc 2 2) JluHusi nepeceueHHs 3STHX MJOCKOCTeH
onpefejsieT HanpasJeHHE Ha TOUKYy BeceHHero paBHogeHcTBusi (7). Oxo
NepneHA UKy spPHO HanpaBjeHHsIM Ha CeBepHbIHl MNOJIOC 3KJHNTHKH (OCh 2) H
CeBepHuiii noswc mupa (0ch 2’) YroJ MeXAy SKJIHNTHKOH H 3KBATOPOM CO-
crapasier okoso 23,5°

Kak BBIrSANT 3aBHCHMOCTb MeXIY OIKJHNTHYECKHMH KOODAMHATaMH (X,
Y, 2) ¥ SKBaTOpHAJbHBLIMH KoopauHatamu (x/, y’ ,2’) touku? [lockoabky
KaKk x = x’, [OCTAaTOYHO paccMmoTpeTb npeo6GpasoBanre (y, 2) & (y’,
z’). Ilpexnme Bcero 3ameTHM, 4YTO TOYka Ha ocH y (2 = 0) HMeer 3KBaTO-
pHa/NbHHE KOODAMHATH y’ = +y €O0S € H 2’ = +y sin € Ecau TOuKa NeXHT
Ha OCH 2, ee 3KBATOPHaJbHHE KOOpAMHATH OyayT y’ = -z sin € H
2’ = +z cos € OG6o6was, noayyaem, uTO J06as TOYKa B 3IKBATOPHAJNLHOH
CHCTEME HMeeT ROOpAMHATHI

x‘ = +x,
y’ = +y cos € — z sin g, 2.2)
2’ = +y sin € + 2 COS E.

ToyHO TaK XKe MOXHO NOJYYHTb H o6paTHOe nmpeoGpa3oBaHHe:

7

X = +X°,
y = +y'cos € + 2's1n €, (2.3)
2= -y'sin € + 2'cos €

[MonsipHele KOOpAHHATBL, COOTBeTCTBYOWUe (X, Yy, 2), HA3LBAOTCH K-
JHUNTHUYECKOH goarorod [, 3KkAWNTHYeCKOH 1WIHPOTOH b H paccTosHHeM r
(puc 2 3) B 3KkBaTOpHaJbHOM CHCTEME 3THM KOODAHHATAM COOTBETCTBYIOT
NpsiMOe BOCXOXKIEHHE O, CKJOHeHHWe 3 H DaAcCTOAHHE r, KOTOpoe B OGeux
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CHCTEeMaxX HMeeT OXMHAKOBLI€ 3HAUYCHHA:

x =r cos b cos [, x’ = r cos 8 cos a,
y = r cos b sin I, y’ = r cos & sin a, (2.4)
z = r sin b, 2’ = r sin &.

H3 srux dopmyn BraHO, uTO ¢ momowbio noanporpammnt POLAR mpsimoyrons-
Hble KOOpAHHATH MOXHO npeolpa3oBaTh B HONTOTH, WHPOTH H PaCCTOSTHHS,
a TakXe B NPAMOE BOCXOXAEGHHE H CKJOHeHHe. PaccmMoTpum ueGoabwolt npu-

MEpP TpOrpaMMbl:

VAR X,Y,Z,R,B,L,EPS,CEPS,SEPS,
XSTRICH, YSTRICH, ZSTRICH, ALPHA, DELTA: REAL;
BEGIN

READ(X,Y,Z);

POLAR(X,Y,Z,R,B,L);

WRITELN(' Hoarora: ’,L," Ilupora: ’,B,” Paccrosinme: ’,R);

EPS 23.5; CEPS:=CS(EPS); SEPS:=SN(EPS);

XSTRICH := X;

YSTRICH := CEPS*Y-SEPSxZ;

ZSTRICH :=SEPS*Y +CEPS*Z,

POLAR(XSTRICH, YSTRICH, ZSTRICH, R, DELTA, ALPHA),

WRITELN(® Tlpamoe Bocxoxnenue: ',ALPHA/15.0," Cknonenne:’,DELTA,
'Paccrosiune: ',R);

END.

3nayeyuss NpSAMOro BOCXOXAEHHS NpH 3TOM OyAyT BHPAXKEHH, KAK OGHYHO
NPHHSATO, B Yacax (1h = 15°), a we B rpagycax. '

Ocb 2

Phe.2:8. DxauntuyeckHe H 3IKBATOPHANbHEIE KOODAHHATHI.
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Jlo cHx mOp MBI HE TOBOPHJH O TOYHOM 3HAYEHWH YI/ia HAKJAOHA SKAHM-
THKH € 3T0 3HayeHHe He NOCTOSHHO, H YMEHbIUAeTCs NpHMepHO Ha 47“ 3a
100 ner. 310 nNpPOHCXOAMT H3-33 MELJIEHHOrO JBHXEHHS OpOHTH 3eMJH,
OGYCNOBJNEHHOTO CHJION TArOTEHHsl ApPYrux nJjauer. [IpH npaBusbHOM mpeoG-
pa3oBaHHH KOOPAHHAT BAXKHO MNPHHATL BO BHHMAaHHE, K KakOA IKJAMNTHKE
OTHOCATCA KOOpAMHATH —1950 uam 2000 rr. DTH rogn Ha3LBAOT PaBHOAEH-
CTBHEeM KOopAuHAT. TOUHOe 3HAayeHHe YIVIAa HAKJOHA IKJIHNTHKH Kak (yHk-
UMH BPEMEHH TaKOBO: *

€ = 23,43929111°- 46,8150” T - 0,00059” T2 + 0,001813~ 13,  (2.5)

rae T—uHC/AO I0IHAHCKHX CTOJIETHH MeXAy NPHUHATHM DABHOAGHCTBHEM H MO—
ayndeM 1  suBapa 2000 r. B oTawyne OT [IpPHIOPHAHCKOTO  BeKa,
KOTOPHH B cpeaseM pasen 36524,25 cyT, 10JHaMCKHE Bex BCera TOUHO }
pasen 36525 cyr. HauGonee samubiMu cyuTalorcs snoxu J1900 (0,6 supapa
1900, JD 2415020,0) u J2000 (1,5 susapa 2000, JD 2451545,0). Mexay }
HuMH kxak pa3 100 ioanaHckux et JlnsA paBHOZEHCTBHSN C KOJIHAHCKOH naTol |
JD 3Hauenne T BHiYHCASIIOT MO GopMmyJe

JD - 2451545

36525
lMpubauxenHo puuucasor T ais roga y tak. T « (y - 2000)/100. ;
( ) |
(» ECLEQU: [MpeoGpasoBanne SKAHNTHYECKHX KOOPA. B 3KBATOPHANBLHEIE *) £
(> (T: paBHOZeHCTBME B I0JHAHCKHX CcToJleTHax ¢ J2000) w) |

("' .) i
PROCEDURE ECLEQU(T:REAL; VAR X,Y,Z:REAL),
VAR EPS,C,S,V: REAL;
BEGIN
EPS: =23.43929111-(46.8150+(0.00059-0.001813xT)+T)»T/3600.0;
C : =CS(EPS); S:=SN(EPS);
V 1 =+CsY-S+Z;, Z:=+S«Y+CxZ, Y:=V;

END; 1
(# #) i
(» EQUECL: IlpeofipazoBanHe 3KBATOPMANBHHX KOOPH. B SKAHNTHYECKHE *)
(= (T: paBHOJEHCTBHE B IOJHAHCKHX CTOJeTHAX ¢ J2000) *)
. *)

(
PROCEDURE EQUECL(T:REAL; VAR X, Y, Z:REAL);
VAR EPS,C,S,V: REAL;
BEGIN
EPS: =23.43929111-(46.8150+(0.00059-0.001813+T)»T)}*T/3600.0;
C : =CS(EPS); S:=SN(EPS);
V : =+CeY+SeZ;, Z=-S+Y+CeZ;, Y:=V,

N S A

o &
ey ! t 0
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Mognporpammut ECLEQU u EQUECL nocTpoeHsl TakuM o6pasoM, uto ofecnequ-
BalOT B3aHMHOe npeoGpa3oBaHHE KOOPAHHAT Bbi3niBasi OAHY H3 HHX BCJen
3a apyro#t (¢ onnuM sHavenuem T), TosyuaeM HCXOAHBIE JaHHLIE.
Ipupenennuft Boiwe npumep npu nomown ECLEQU Moxer 6mTh mepenucan
caenyiomuM o6pasom (paBHoneHctsue J1950 = JD 2433282.50):
CONST JD2000 = 2451545.0; -
JD1950 = 2433283 5;
VAR XY,Z,R,B,L,
T,DELTA,ALPHA: REAL;
BEGIN
READ(X,Y,Z);
POLAR(X,Y,Z,R,B,L);
WRITELN(" Hosrora: ’,L,” llupora: ',B,” Paccrosnue: ' ,R);
T:= (JD1950-JD2000) / 36525,
ECLEQU(T,X,Y,Z);
POLAR(X,Y,Z,R,DELTA, ALPHA);
WRITELN(' Tlpsamoe Bocxoxaewue: ', ALPHA/15.0,
' Cknonenre: ',DELTA,” Paccrosuue: ', R);

END.
2.4, Tlpeueccns

TMepeMelenne 3eMHOH OCH W IKAUNTHKH NOJ BAKAHHEM CHAM TATOTEHUS
Connua, JlyHH W njaHeT BelleT He TONBKO K H3MEHEHHIO yrJa MexAy 9KBa-
TOPOM R 3KJIHITHKOH, HO H K CMELIEHUI0 TOYKM pPABHOAEHCTBUS NDHMEPHO Ha
1,5° 3a 100 Jqer (1’ B rom). [losTOMY AN TOUHMX BHIUMCAEHHH 06s3a-
TEJBHO HYXHO YKa3nlBaTh pABHONEHCTBHE MCNOJbL3YeMOH CHCTEMB KOOPIH-
Hat, OOHIUHO HCHOAB3YIOT

PABHOACHCTBHE XIaThl,
paBHogenctsne J2000 u
paBHonencTBue B1950

PasHomeHCTBHE AaTH O3HAYaeT, YTO KOOPAHHATH BEIYHCAAIOTCA OTHOCHTENb—
HO MOJIOXEHHA JKJIHNTHKH H TOYKH BECEHHEro PaBHOAEHCTBHA HA 3aAaHHYIO
gary. [lonoGHoe exenHeBHOe H3MeHeHHE CHCTEMH KOOPAMHAT HMeeT CMHICH,
€CJIH, HamnpHMep, KOOPAHMHATH MJIAHEThl HYXHb sl PaGOTH Ha pasfieNeHHOM
Kpyre Tejeckona ¢ NapalaKTHYeCKOH YCTAHOBKOH MHJIH HA& MEpHAHAHHOM
kpyre. H3-3a nepeMmelieHHss 3eMHOM OCH MEHAeTCS H OpHEHTAUHs HacOBOK
ocH Tteneckona. [lpw HCCAENOBaHHH HCTHHHOIO NPOCTPAHCTBRHHOrO ABHIKE-
HHA nJaaHeT JAyuiue paforatb T QUKCHPOBAHHBIM PAaBHOZEGHCTBHEM, HanpuMep,
¢ loaxaHckodf smoxot J2000 (1,5 saumeaps 2000 = JD 2451545,0), koropas
pBeneHa moscemecTHO ¢ 1984 r. Tlpexae wHcrmonb3oBanack crapast 3moxa
paBHOAeHCTBHsi B1950, npuMensBwaaca BO MHOTHX 3BEe3AHLIX KaTanorax H
atnacax (manpumep SAO Star Catalogue u Atlas Coeli). Byksa B osua-
yaeT, 4YTO 3TA 3MOXa OTHOCUTCH He X cepeawHe snox J1900 u J2000 (xo-
ropas npumaace O6m Ha Ji1950 = JD 2433282,5), a Kk Havany OGeccesepa
1950 r. (0,923 axBaps 1950 = JD 2433282,423).
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Puc.2.4. Biusinne npeneccHH Ha IKJAHNTHKY, 3KBaTOp M TOUKY BeCEHHero
PaBHONEHCTBHS.

IpeoGpa3oBaune KOOPAHHAT OT OAHOTO paBHOREHCTBHS K ADYTOMY BH
NOJHAETCS TaK XKe, KaKk M mnpeofpasoBaHue 3KIHNTUYECKHX KOOPAHHAT B
skBaTopuanbunie,. Ho ecanm cucteMH koopauHatT mpeoGpasylorcsi onHa B Apy-
Iyi0 IpOCTHIM IMOBOPOTOM BOKDYr OCR X, TO NpPH Npeo6pa30BAHHH KOODAHHAT
OT ONHOrO pABHOACHCTBHA K JAPYroMy TpeGyeTCsl BpalleHHe N0 BCeM TpeM

i OCAM X, Yy H 2
PaccMoTpuM mnoJokeHHe SKAUNTHKH B MOMEHT T0 M B MOMEHT TO + T.

TMonoxeHnss S3KIUNTBKH B ITH MOMEHTH COCTABJSIIOT MeXAy coGoli yroa

' T~ (47,0029 - 0,06603” T, + 0,000598” 12) T +
i
Loe)

+ (-0,03302% + 0,000598” T)T> + 0,000060” 7% .

lNpeanonoxmuM, YTO MM MMeeM IBe CHCTeMH Koopawnar (x’, y’, 2‘) m (x,
¥¥, 2¥). Tlnockocty x’ - y’omHol M3 HHX coBnajaer cﬁaxnun'mxoﬁ B MO-
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medr T,, a naockoctb x” ~ y“ aApyrolh —B MOMeHT T0 + T Torna mnony-

YHM!

xll - xl’

y” = +cos W y'+ sin - 27,

2”

~sin - y’+ cos W+ 2°.

Ipr 310M mnpeamonaraerca, 4T0 OCH X’ M Xx” OPUEHTHPOBAHH B Hanpassie-
HHH JIHHHM mnepeceyeHust ofenx mnaockocrell. Teneps npeanosoxnm, urto
(x,, Yor Z;) —KOOPAMHATH PABHONCHCTBHS TO, a (x, Yy, =2)—XOOpAHHATHI,
COOTBETCTBYIOIIHE PaBHOIACHCTBHIO To + T Hmeem

% =+ cos M- x, + sin I~ Yo
y' = - sin - x; + cos - Yy
2 = 2y
H
x =+cos A x” — sin Ay,
y =+ sin A-x” + cos A- y”,
P A = 27, .
rie
M= ﬁ7%§?6383889° + 3289,4780“ T, + 0,60622" T2) +
[ERE ™
"+ (-860,8089% - 0,504917 T,) T -+ 0,03536" 72,
[°Y Y ¥ Y (3
p = (8029,0966" + 2,22226" T, - 0,000042" T2) T+ (2.7)
A ot v oa
X m'ma” < = 0,000042% THT% - 0,000006¢ T3, o
A=1+ p.

A
a

3nece I u A-—ywlu MeXay OCAMH Xx’/x" W Touxo# pasnoneucmuﬂr s
30OXKH T (ocb x ) wnn touxod I B momenr T + T (ocp x), a p HaswlBa-
ercs npeueccueﬁ N0 ROATOTE, TAK Kak B OCHOBHOM ApeACTaBJseT nepeMe—
LICHHE TOYKH BECeHHEro paBHOAEHCTBHA NO SKJARATHYECKOR AOATOTE.
Toacrasasa atn BHPAXEHHS ORHO B ApYrOe, OKOHYATeIbHO NONyyaeM
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X=ay X * 0 Yyt 8y 3

b= 8y Xy ¥ Ggp Yy * g3 % (2.8)

Z =03 % * O3y Yy * O33 %

T
8y = +COS A cos T + sin A cos @ sin 1,
Gy = +sin A cos Il - cos A cos m sin 1I,
G4 +sin T sin 1,

a,, = +cos Asin T - sin A cos @ cos I,
ayy = +sin A sin T + cos A cos 1 cos TI, 2.9)
Qg9 = -sin T cos I,

a, = -sin A sin =,
Qg3 = +COS A sin m,
@y = +COS T

crayior yram 90° - ¢, 8 u 90° + =
{ = (2306,2181” + 1,39656” T0 - 0,000139” Tg)T +
+ (0,30188” - 0,000345” T,) T2 + 0,017998" T°,
© = (2004,3109” - 0,85330“ T, - 0,000217“ T2)T + (2.10)
+ (-0,42665" - 0,000217" T,) T? - 0,041833“ T3,
z = L + (0,79280” + 0,000411” T)T%+ 0,000205” T°.
TlosToMy B cooTBercTBYIOILHX GOpMynax
a, = -sin 2z sin { + cos z cos ¥ cos (,
@y, = +€0s z sin § + sin 2 cos 9 cos G,

8y, = +sin 9 cos C,

2 a, = ~sin z cos { ~ cos z cos 6 sin {, 8

P ‘

.. By = +cos zcos T - sin z cos ©sin g, 2.1) §
a,, = ~sin @ sin , . : ,

a5 = ~CO8 2 sin 9,
8,3 = ~sin z sin ?,

a,, = +cos 9.

33

Mpu BuuHCAeHuM npeuieccHH HauGOnee TPYNOEMKHM SIBANETCH ONpenens
HNMe yraos H 3Havenufl ay OfHAKO STH BEAHYWHM 3aBHCAT TOABKO @
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ABYX 3MOX To 9 T0 + T u MOryr GHTb NOBTOPHO HCMNOAL3OBAHH, €CAM le-
Auft pax nonokeHul HYXKHO TepeBecTH u3 oauol smoxu B Apyryw. CooTser-
CTBYIOUIHE CTAXHH BHIUHCACHUN OGOPMICHH KaK OTHENbHLIE NOANPOrpaMMHL.

(» *)

(» PMATECL:Butuncnenne npeueccuonnot martpuun Afi,j] ans *)
(> npeo6pa3oBaHus *)
(* SKJHNTHYECKHX KOOpAHHAT OT paBHoaeHCTBus T1 k T2 *)
(» (T=(JD-2451545.0)/36525) *)

( *)
PROCEDURE PMATECL(T1, T2:REAL; VAR A: REAL33);
CONST SEC=3600.0,
VAR DT,PPI,PI,PA: REAL;
C1,81,C2,52,C3,53:  REAL;

BEGIN

DT: =T2-Ti;

PPI: = 174 876383889 +( ((3289.4789+0.60622+T1)sT1) +

((-869 8089-0.50491+T1) + 0.03536+«DT)}+DT )/SEC;

Pl = ( (47.0029-(0.06603-0.000598+T1)+T1)+
((-0.03302+0.000598+T1)+0 000060«DT}+DT  )J«DT/SEC;
PA: = ((5029.0966-+(2.22226-0.000042+T1)+T1 )+

((1.11113-0.000042+T1)-0.000006+DT)*DT »*DT/SEC;
Cl: =CS ( PPI+PA); (C2.=CS(PI);  C3:=CS(PPI);
S1: = SN(PPI+PA); $2:=SN(PI);  S3:=SN(PPI);
Al1,1} =+C1»C3+51xC2+S3;  A[1,2] =+C1%S3-S1xC2+C3; Af1,3}:=-S1»82;
A[2,1}  =+S1+C3~-C1»C2+S3; A[2,2]:=+S1+S3+CI»C2+C3;  A[2,3]:=+C1+82;

A[3,1]: =+82+S83; A[3,2]:=-S2+C3; A[3,3]:=+C2;
END;

(s 2
(» PMATEQU: Buuncnesne npeneccuoHHod marpuun Ali,j) aas »)
(> npeoGpasoBanus )
(» 9KBATOPHANBLHBIX KOOPAHHAT OT pasHoseHcTsus T1 k '1'2 *)
(> {T=(JD-2451545.0)/36525) )

{»
PROCEDURE PMATEQU(T1,T2: REAL; VAR A:REAL33);

CONST SEC=3600.0;
. VAR DT,ZETA,Z, THETA: REAL,;

C1,81,C2,82,C3,83: REAL;
BEGIN |

DT : =T2-Ti,

ZETA: ((2306.2181+(1.39656-0.000139+T1)+T1)+
((0.30188-0.000345+T1)+0.017998+«DT+DT )»DT/SEC;

A : = ZETA + ( (0.79280+0.000411+T1)+0. OOO205-DT)¢DT*DT/SBG.

THETA: = ((2004.3109-(0.85330+0.000217+T1)«T1)-
((0.42665+0.000217+T1)+0.041833+«DT)*DT )«DT/SEC;

Cl  : =C5(Z); C2: =CS(THETA), C3: =CS(ZETA);

S1  : =SN(Z); S2: =SN(THETA); S3: =SN(ZETA);
A[11}  =-S1sS3+C1+C2¢C3; A[1,2}:=-S1sC3-C1+C2+S3;  A[1,3]:=—C1+82;

gt

< 3
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Al2,1]  =+C1+S3+S1xC2+C3; A[2,2]:=+C1+C3~-51+C2+S3;  A[2,3]:=-S1+82;
A[3,1]:  =+S2C3; A[3,2]:=-52»S3; A3,3]):=+C2;
END;

(» *)

(» PRECART: FlpeoGpa3opanne mpeueccuu ¢ H3BecTHoH Marpuuelt Ali,j] *)

(x JISl SKAMNTHUYECKHX H 3IKBATOPHANBHHIX KOOPAWHAT *)

(» (npumensiercst Bmecte ¢ PMATECL u PMATEQU) *)

(»
PROCEDURE PRECART(A:REAL33; VAR X,Y,Z:REAL);
VAR U,V,W: REAL;

BEGIN
U = Al1,1]«X+A[1,2]«Y+A[1,3]+Z;
V: = A[2,1]«X+A[2,2]xY+A[2,3]+Z;
W: = A[3,1}+X+A[3,21+Y+A[3,3]+Z;
X = U Y=V, Z=W,

END;

{» *)

Marpuua A npunamiexut X THny aauneix REAL33. CoorBercTsyiomee ofmee
onpenesieHHe THNA

TYPE REAL33 = ARRAY[1..3,1..3] OF REAL;

BCTaBJIIETC B OIIHCATEJNbHYIO 4acThb MPOTPAMMH.
Yro6n HarAfSgHO NPEACTABHTH BAHAHHE MpeNeCCHH H NOTPEHHDPOBATBCA B
HCNIOJNb30BAHHE PA3IYYHLIX NPOrpaMM, INpHBedeM HOBOJBHO MJIHHHHWHA npumep;
B KOTOPOM 3KJHITHYECKHe KOOpPAHHATH paBHOAeHCTBHA B1950 mnpeoGpasyior—
CA B COOTBETCTBYIOUIHE SKBaTOpHaibHMe kKoopamHaTth J2000. 310 MoOXHO
chesarb ABYMsl NYTAMM: JHGO BHUHCAHTbL CHAUana NpeleccHIO, JAuG0 BHaua-
Jle BHIMOJHHTb MpeolpasoBaHHe SKIHNTHKE —IKBATOP.
CONST B1950 = -0.500002108; (» B1950=(2433282.423-2451545)/36525 )

J2000 = 0.0;
VAR A : REAL33;
R,B,L,X0,Y0,20,
X,Y,Z,DEC,RA : REAL; ‘ :
I : INTEGER; ‘
BEGIN '
(- SKAWNTHYEeCKHEe KoopauHaTh B1950 (rpanycll)‘ ) (
:=200.0; B:=10.0; R:=1.0; e
CART (R, B,L,X0,Y0,20); Woes o, et
(» cnocob 1: *) EET ' w ! '

PMATECL(B1950,J2000,A); (+ marpuua,B950->J2000 sunmw ' xR
FOR L:=t TO 3 DO WRITELN(A[1,1]:15:10,A[],2]:15:10, A[ha]:ll wfi
X:=X0; Y:=Y0; Z:=Z0; (s sk B1950 »)
PRECART(A, X, Y, Z); (» 3xa. “ J2000 L I

H
I







