Kadeapa HebecHOIT MeXaHUKM, aCTPOMETPUHN M T'PaBUMeETPUN
dusugeckoro pakynabrera MI'Y mmenn M.B. JlomoHOCOBa.

CrnenmmaabHBIN MPAKTUKYM IO HEODECHOU MeXaHWKe.
Sagaua Ne 3.

IHTupmun I'.W.

OIIPEAEJIEHUE SJIEMEHTOB OPBNUTBHI ACTEPOMN/IA
110 TPEM HABJIFOJAEHUAM

3.1. BBegenue

IIpobiiema ompenesiennsi opoOUT HEOECHBIX TeJa U3 ACTPOHOMHYECKHUX
HaOTI0/IeHN TTOIBUIaCh (DAKTUYUECKN OJTHOBPEMEHHO C BO3HUKHOBEHHUEM
CaMON AMHAMUYECKON aCTPOHOMUU KAK €CTECTBEHHO-HAYYHOU AUCITUTLIIU-
ubl. VI mpon3somnwio 3ro Orarogaps damysay l'ajieio, yroBopuBIiieMy CBO-
ero apyra HMcaaka HporoHa 1moMO4Yb €My BBIYUC/IUTH OPOUTY KOMETHI,
M3BECTHOM Teleph KaK 3HaMeHHTas KoMmeTa [aimesa. B pesyabrare BO3-
HUK TIepPBbIii (reoMeTpudecKuii o ¢popMe) MEeTO | PelieHusT TAKOH 3aa4H,
II0 IIPaBY CBSA3bIBAEMBIH C HMEHEM CaMOro apropa "MaremMarnmiecKux Ha-
JaJi HaTypasbHOil unocobpun” (1687 r.). OpHako moAIUHHBIN TpuyMd
TUHAMUYECKOH# acTPOHOMHUM B KadecTBe 3(PPEKTUBHOTO HAOOpa aHAIN-
TUYECKUX TPOIEAYP Jjid TIPOTHO3UPOBAHUSA JIBUXKEHUN HEOECHBIX CBETHJI
IIPUHATO CBA3bIBaTH ¢ nMeHeM Kapia ®puapuxa l'aycca, BeIaucauBIIe-
TO TIOMCKOBYIO 3emepny mepBoii Majoil mmaners! Llepepbl, moTepsH-
HyI0 ee mepBooTKpbiBareseM JIxkysenmne [Muammm (1801 r.), Bce ycummus
KOTOPOI'O OIPEIeJUTh JJIEMEHThI €€ OPOUTHI OKA3AJINCh Oe3yCIIeIIHBIMH.
Kcraru, K.I'aycc He TOJIBKO IIPejII0XKKUI METOJ OILPeJieieHusi OPOUTHI,
uieitno Omm3kuit npeamoxkennommy 2Kozedom-JIyn Jlarpamkem (1778
r.). Bomee toro, K.I'ayce cBoit merosn "mosen jmo uncia". Tak Bo3HUK Me-
TOJI, BIIOCJIEACTBHAM MOJyYMBINWiI Ha3Banume ''meron Jlarpam:ka-I'aycca'
1 CTaBIIMU 3aTeM HauboJiee PaCIPOCTPAHEHHBIM B IIPAKTHUKE OIIpejieie-
HUST OpOUT M BbIUMCIIeHUsT ddemepua. TeM caMbIM MOJIOON BBITYCKHUK
lertunrenckoro yuusepcuteta Kapa @puapux [ayce He mpocTo perua
aKTYyaJIbHEHIIIYI0 HAYYHYIO 33J[a4y, HO U 3aJI02KWJI OCHOBBI IIPUKJIAIHOM
Y BBIYUC/IMTEIbHON MaTeMaTuKu, OJarogaps 9emMy ¢ MOJIydu BCeoOIee
npu3HaHWe Kak 'primas matematicus’, T.e."kopoabr maremarukoB". Ilo-
9TOMY HE IOJJIC)KAT COMHEHHUIO YTBEPXKICHUE O TOM, YTO MOTYIIECTBO



COBPEMEHHON MPUKJIAJTHON U BHIYUCJIUTEIBHON MAaTEMATUKNA T€HETUIECCKU
CBSI3aHO C YUCTO aCTPOHOMMYECKOM IIPO0JIeMOi IIPOrHO3UPOBAHKS JIBUYKE-
HUI HeOECHBIX CBETHI.

W3 TeopeTmdeckoil aCTPOHOMUHM W3BECTHO, UTO 1A OIpedesIeHUsT
TeJIMOIIEHTPUYECKOM OpOUThI KAaKOro-aubo Tesa, npuHagiexKaiiero CoJ-
HEYHOIl cucTeMe, HeOOXOAUMO UMETh B CBOEM PACHOPSI?KEHUHU [0 KpaiHei
Mepe TPHU IOJIHbIX HAaDOPa ero HeOECHBIX KOOPAMWHAT, OXBATHIBAIOIINX, K
TOMY K€, JIOCTATOYHO MTPOJIOIAKUTETHHBIN MPOMEKYTOK BpeMeHu. B mpo-
TUBHOM CJIy4ae TOYHOCTH BBIYMCJIEHHBIX 3HAYEHUI OPOUTAJIBbHBIX DJIeMEH-
ToB Oyier HeyaoB/ieTBOpuTe/bHON. OIHAKO yKAa3aHHBIA BPEMEHHOU WH-
TepBaJ He JTOIKeH ObITh W YpPe3MEPHO OOJIBINTNM, TaK KaK MCIOJIb3yeMble
IIPU 3TOM OECKOHEYHbIEe PSIIbI II0 BO3PACTAIOIINM CTEIIeHsIM MAaJIbIX Iapa-
METPOB, POJIb KOTOPBHIX BBINOJIHAIOT KAaK Pa3 MHTEPBAJIbI BDEMEHU MEKITY
IapamMy HabOJI0AeHn, Oy 1yT CXOAUTHCSI HEJOCTATOYHO OBICTPO.

A) B Tom ciyuae, Korma pedb WIET O TOMOIMEHTPUYECKUX HEOECHBIX
KoopauHarax "ceerusaa"  (MpPIMBIX BOCXOXKIEHUSAX W CKJIOHEHWSX, [TPHU-
BEJIEHHBIX K 9KBATOPY M PABHOIEHCTBUIO OJHOM M TOI 2Ke IMOXH ), UX 3Ha-
YeHWsT TOJKHBI OBITH ele "MpuBedeHbl K MEHTPY 3eMIIN 9TO MPeIrnoa-
raeT BBeJeHNE B KOOPJAUHATHI COOTBETCTBYIOIINX MOMPABOK 33 CYTOYHbIH
apaJiiakc.

[TpeobpazoBanue OT TONONETPUYECKUX HEOECHBIX KOOPJIMHAT K TI'€0-
MEHTPUIECKUM OCYIIECTBIISIETCS 10 HuxKecaeayommuM ¢gpopmyaam. [lycTs
a?, 6V - HabIonAeMble TONONEHTPUYECKHE KOOPIUHATHI OObEKTa, a a, O -
€ro reoleHTPUIeCKre KOOpAUHATEL. Jajee myctb p, (o U S - TE€OLEHTPH-
eCKOe PaCCTOSHUE, TeOIeHTPUYIecKasl MUPOTa W 3BE3THOE BPEMS MeCTa,
HaOIIOIEHNS COOTBETCTBEHHO. TOT/Ia TeoleHTpruYecKrne 3HaYeHust chepu-
YeCKUX HEOECHBIX KOOPJAMHAT (v M 0 BBIYHUCISIOTCS 0 (DOPMYIaM:

o = 040 + Das

& = 68"+ ps,

rae 'mapasiakTudeckue cMelleHuss" P, M ps CBA3AHLI ¢ ''mapasiakTu-
veckuMu MHOKuTenaavu'" M, u My paBeHCTBaMU:

M, = ppa,
Ms = pps,

npudeM depe3 p 0003HAYEHO TeOTEHTPUYeCKoe paccrosuue oobekTa. 1la-
PAJLUIAKTUYECKHE MHOMXKHUTEJM OOBIYHO NMPUHATO MyOJIMKOBATH BMECTE C



HAOJTIOIAEMBbIMU HEOECHBIMU KOOPIMHATAMHY U ecJin (HampuMmep, u3 3¢deme-
PHUBbI) U3BECTHO IEOIEHTPUIECKOE PACCTOSHUE P, TO MAPAIAKTHIECKUE
CMEIIEHUS Do U Ps JIETKO OIPEIEIAITCH € IOMOIIBIO (DOPMY.I;

1

pa — _Ma7
p
1

ps = —Ms.
p

Opgnako B TOM ciayvae, KOria mnapauiakTudeckue MHoxkurenn M, u Ms
He M3BECTHBI, OHU MOTYT OBITh PACCUUTAHBI O (bopMyIaMm:

M, = C®secd’sin(s—a?), Ms= S" cos8°—C" sin §° cos(s—av), (1)
e
C*® =0°.5867p cos¢’, C" =8".80p" cos¢’, S =28"80p sin¢g’, (2)

mpudeM 00e TacTH TIepBOTO W3 PABEHCTB (2) BhIPAYKEHBI B CEKYHIaX Bpe-
MEHH, a OCTABIINXCS JIBYX - B CeKyHmax ayru. B Acrponomudaeckom Ezke-
rogunke CCCP npuBoasaTcs BCIOMOrareJbHbIe TAOIUIBI JIjIsi BHIYHCIE-
Hust Kodddurnnrenro C u S 110 3a1aHHBIM 3HAUEHUSAM I'e€OIEHTPUICCKIX
KOOpAWHAT (pacCTosiHust p' W MHUPOTHI ¢') OCHOBHBIX ACTPOHOMUYIECKUX
obcepBaToOpuii 3€MJIN.

B) B ciay4ae ToabKO 9TO OTKPBITOrO  (T.€. BiepBbie HAOIIOMABIIErO-
cs1)  HeOeCHOTO Tesia OMMCAaHHBIN BhIe (B pasaene A) myts ("mpueme-
HUs K 1eHTpy 3emuu') HeMpUMEHUM, TaK KaK TeOleHTPUIECKOe PacCTO-
SHWE B3ATh HEOTKYy/a (OHO HEHM3BECTHO BBU/Y OTCYTCTBHS (HEMEPHUIbI
Takoro obbekTa). Torma ciemyer kK HaOMIOIAEMBIM TOMOMEHTPUTECKUM
KOOp/JUHATaM O0ObeKTa JOOABUTH TOMOIEHTPUYECKHE 3HAYEHUS TPSIMO-
yrobHbIX KoopauHaT COJIHIA, BHIYHUCIEHHBIE TI0 TEOIEHTPUIECKUM TIPsi-
MOYTOJIbHBIM 3KBATOPHAJIbHBIM KoopauHaTaMm Costaia u3 Tabaur Actpo-
Homuaeckoro Exkeromunka CCCP (3a rom, K KOTOpOMY OTHOCSTCS HaOTIO-
JeHust ), MyOIUKyeMbIM Ha, HAYaJI0 CYTOK KasKJI0# JaThl TO/A.



3.2. Aaroputm Jlarpamxka-I'aycca

3.2.1. Ucxoauble JaHHBIE 3aJa4M olpedelIeHusI OpOUTHI acTe-
pouia

a) MoMeHTbI Tpex HaOJIIOJEHUI acTepornIa;
tl,tz,tg (tl <t<t2>;

6) Habmionennbie ceputueckne HeOECHBIE KOOPIUHATHI ACTEPOUIA!

(041,51), (04,5), (042,52);

B) /lekapToBbI MpAMOyTOIBHBIE KOOPanHATHI COTHITA:

(X1, Y1, 71), (X,Y,Z2), (Xo,Y3,2Z5),

IOy YaeMble MHTEPIOJIMPOBAHUEM U3 COOTBETCTBYIOMINX Tabui, AcTpo-
Homuyaeckoro Eskeromunka CCCP (wa rom mabmomenwit). Koopannarsr
acreponga u CosHIa JOMKHBI ObITh BBIPAYKEHLI B OJHONR M TOH »Ke CH-
cremMe KOOpAUHAT (MeONEeHTPUYIECKON MM TOMOINEHTPUIECKOM ), a TaKkKe
JIOJT?KHBI OBITH OTHECEHBI K HeOECHOMY 3KBATOPY W BECEHHEMY PaBHOIEH-
CTBUIO OJTHOU W TOW K€ STOXU.

3.2.2. CBoaka bopMyJT 1 MOPAA0K BbIUYUCJIEHUN

3.2.2.1. Beruncisenune 3j1eMeHTOB (pyHJaMEHTAJIbHOT'O OIIpeIe-
JIATEJA, TO €CTh HAIIPABJIAIONINX KOCUHYCOB Pa/InyC-BEKTOPA aCTEPOUIA
OTHOCHUTEJILHO OCeii BLIOPAHHON CUCTEMbBI KOOPJAMHAT TI0 €r0 CPepuIecKuM
HeOECHBIM KBATOPUAJIHLHBIM KOOPAUHATAM:

A1 = cosaycosdy, A =coSacosd, Ao = COSQs COSO9

) ) Y
(1 = sinaq cosdy, W =sinacosd, o = sin asg cos da,
V1 = sindq, v = sinJ, Vo = sin ds.

B kauectse KOHTPOJIbHBIX COOTHOIIEHUI HCIIOJIb3YIOTCA CJieyroliue
odueBJHBIEC TOXKICCTBA.

N+pi+vi=1, XP+p2+02 =1, N4pu+v;=

3.2.2.2. BeruucisieHne KOHCTAHT, CBSI3aHHBIX C (DYHIAMEHTAJIbHBIM
ompenenutenieM D merona Jlarpanxka-I'aycca, o 3HavUeHNSAM HaNPaBJIs-
IOIUX KOCUHYCOB, BLIYUCJICHHBIM B MPEAbLAYIIEM pa3Jiee:



a) PyuHagaMeHTadAbHBH OUNpEegeNuTEeE.b
D Bbruucisiercs corsacuo gopmyie Jlamiaca (B dpopme pasioKeHus 1Mo
9JIEMEHTAM €ro IepBoro cToJdma):

D = A\12 + ppi2 + vria.

31ech anredpandeckue JIOMOJHEHU 3JIEMEHTOB IIEPBOr0 CTOJIOIIA, OIpe/Ie-
muresia D 3a1aHbl BRIPAXKECHUSIMA

Al2 = [1V2 — oV,
,LL12 — Vl)\Z - VQ)\17

V12 = A2 — Aafi1.

Yepes U1,U u Uy pnanee 0003HAYEHBI TaK Ha3bIBaeMble 'IPOU3BOAHBIE"
OTIPeIe/INTE N
Ur = Xqi 2 + Yips + Ziviog,

U= XMoo+ Y+ Zvqo,
Us = XoAio + Yoo + Zovg,

nojiyqaeMble U3 (PyHIAMEHTAJIBLHOrO omnpejenurens D 3aMeHoil sremMeH-
TOB €ro TIEPBOTO CTOJIONA Ha MPSIMOYTOJBHBIE YKBATOPHUATbHBIE KOOPTH-
HaThl COTHIIA, COOTBETCTBYIOIINE MOMEHTAM TpPeX HabJII0IeHMUIA.

6) Boruumcienune MOCTOSHHBIX
R,C, S, cos,
ompesieigeMbIx (POPMYyJIaMMU:
R?=X*4+Y?+ 7%,

C=—-AX+puY +v72),

52 — R2 . 02’
C
cos Y = i

KomnTpoap BBUYHMCJEHHI:CIOMOIbBIO 3HAYECHUII BCIIOMOra-
resibHbIX KoHCcTaHT L, M u N, onpenessieMbIX PaBEHCTBAMU:

L=XM+A+X+ X1+ X+ Xo,



M=wp+p+p+Y1+Y +Yo,
N=wvi4+v+uve+ 21+ 2+ Zo,
a B Ka4deCTB€ KOHTPOJIbHOI'O UCIIOJIb3YETCA COOTHOIIICHUE!:

LAi2 + Mpia + Nvig =D + Uy +U + Us,

00e 9acTh KOTOPOro JOJKHBI COBIAIATH B Mpeaeax 3aJaHHON TOUHOCTH
BBIUUCJICHUN.

3.2.2.3. BeruncyjieHne TeoIeHTPUIEeCKNX PacCTOTHUN HebeCcHO-
ro 00'beKTa METOJJ0OM IOCJIEJOBATEJIbHBIX TMPUOJIMXKEHUN

[TepBoe npubiau:xkeunmune.
3.1.BorunucaieHune NPOMEXYTKOB BpPEeMEHUH

T1,T,T2

MEXK/Iy IIapaMu HaOJIIOJeHUi 10 (popMmyiam:

1 = k(tg — t),
T — k’(t—tl),
T = k‘(tz — tl),

r7e depe3 k obo3HaveHa mocTtosgHHas [aycca

k = 0,01720209895,

a TaK ke OTHOIIIEHUMN YKa3aHHBIX BBIIIIE ITPOMEKYTKOB BpEMEHU ’I’Llo n 71202

T
0 1

n, = —,
T
T
0 2

ng = —,
T

1 BeIn9IuH KO MUIMEHTOB JHKE ¢ U Co 110 (POPMYIIaM:

cl1 = 67‘172(1 + nlo),

Co = 67-17-2(1 + nzo).



KOHTpOJII)HbIM COOTHOImMEeHHWEeM CIIY2KHUT PaBEHCTBO:

1 ( n ) 1
Z\C1 1T C2) = ZT172
3 6 ’
obe 4acTu KOTOPOro JI0/XKHbBI COBHAIATH B IIPeAesax 33aHHOH TOYHOCTH

BBIYNCJIEHUT.
32.CocraBamenune ypaBHeHnu#n Jlarpamnxa.

B sToMm pasnemne cocraBisieTcd cucteMa ypaBHeHwuit Jlarpamika, ompe-
JIeJISIIOIAsT TeOIEHTPUYECKOe PACCTOAHNE CBETUJIA P B MOMEHT CPEeIHEro
13 Tpex HADJIIOICHUN:

DP =U — n10U1 — nQOUQ,

(3)
DQ = ClUl + CQUQ.

,OZP—%,

4
r2 = (p+C)% + 52 W

Kputepuit Onnmoabiiepa eIMHCTBEHHOCTH OPOUTHI, CO-
OTBETCTBYIOIIEH UCIOJIB3yeMOMY HAOOPY HaOII0IATEIbHBIX JTAHHBIX, CO-
CTOUT B Y/IOBJIETBOPEHUN HEPABEHCTBA:

3Pcosy > R.

Fcmu mocnemnee mepaBeHCTBO He YAOBJETBOPSIETCS, TO 3TO O3HaYa-
eT, 9TO MCIIOJb3YeMOMY HA0OPY HAOJIIOIATENIbHBIX JAHHBIX COOTBETCTBY-
eT aBoiiHoe pemenue 3aga4n Jlarpamxka-I'aycca. B TakoMm cirydae Kakoe-
JINOO OJHO U3 TPex HAOJIOAEHUH JOIKHO ObITh HMCKJIIOYEHO W 3aMEHEHO
JIPYTAM, 9TOOBI HOBBIIT HA0OP TpeX HAOIIOIEHUH YIOBIETBOPSIT KPUTEPUTO
Omnmombiepa.

33. Uucnemnunoe pemenwune cucrembl (4) ypaBHeE
uuit Jlarpasnzxa.

Cucrema (4) ypaBuenuii Jlarpanxka - 3T0 cucremMa AByX HEJIUHEHHBIX
YPaBHEHUN C JIByMdA HEU3BECTHBIMU: M€OLEHTPUYCCKUM PACCTOAHUEM P U



TeJIMOTIIEHTPUIECKUM PACCTOSTHUEM T UCCJEIyeMOoro HebOecHOro tesa. Pe-
IIIeHHE TAKOU CUCTEMBbI MOXKEeT ObITh HAMAEHO JIMIIb IPUOJIMKEHHO, HAIIPH-
Mep, KAKAM-I100 U3 HTEPAMMOHHBIX CIIOCOO0B. DTO, Pa3yMeeTcs, IIPeIIio-
JTaraeT BHIOOP CTAPTOBOTO 3HAYEHUS /71T ICKOMOM TIepeMeHHOM p n3 001a-
CTH CXOJMMOCTH ITPUMEHSIEMOTO UTEPAIMOHHOTO mporecca. C 3Toil 1neabio
HCIIOJIb3YeTCH CJIeJIyIONiee OJIHO ypaBHEHUE:

pzl—(x*2+2x*cos¢+1)_73... (5)

OTHOCHUTEIHFHO JApyroi (6e3pa3MepHoii) HEM3BECTHON — x*, ompesense-
MOl PaBEHCTBOM:

U C JIByMs mapamMerpaMu P, C€OS1), TaKUX 4UTO

p:P’

cos Y = g

R

Ypasuerue (5) BBIBOAUTCS W3 CHCTEMbI (4) MyTeM HCKIIOYEHWs] W3
IIOCJIeIHEll TeJIMOIIEHTPUYECKOrO PACCTOAHUA 7 IIPU YCJIOBUH, YTO KO-
s¢pdbumumenter P u () cBa3aHbl NPpUOIMKEHHBIM COOTHOIIEHHEM

Q ~ PR3

Brimeynomsinyroe ypasHeHue (5) B NPUHIUIE [TO3BOJIsIET HANTH 3HA-
YeHHe MCKOMOM BEJIUUYMHBI ¥ MO 33JaHHBIM 3HAYCHUSIM MapaMeTpOB p U
cos . OmHako 6e3pa3MepHOe MeOEHTPUIECKOE PACCTOSHHAE XX OIPeIeIsi-
ercs ypapHeHueM (5) Kak HesiBHAas (DyHKIWS ABYX apryMEHTOB P U COS 1):

x* = ®(p,cos)),

TaK YTO BBIYMCJIEHHE 9TOI IOocseaHell HesaBHOM PYHKIIUU CBA3aHO C OlIpe-
JIEJIEHHBIMHA TPYIHOCTSIMU, YPEBATHIMUA MTOTEPEH TOIHOCTH. DTU TPYIHO-
CTH JIETKO TTPEOJIOJIMMbI, €CJIi OOPATUTh BHUMAaHHUE HA, TO OOCTOSTETHCTBO,
9TO OpUOJIMKEHHOE 3HAYEHHE T MOXKET OBITH IIOJYyYEeHO W3 TAOJIUIBL C
JIBYMs BXOJaMU JJId 3HAUEHUM P , BbIUYUCJIAEMbIX HEIIOCPEICTBEHHO IIO
dbopmyne (a) kak byHKIUT £* 1 COS Y:

p=Y(x*, cos).



Takast Tabnuna cofepxkutcst B Monorpadun (Cy66orun, 1968), c. 780-
783, rabmua X ("IIpubnuzkennoe perenue ypapuenunii Jlarpanxka'). 9ra
TabJIAIA [TO3BOJILET JICTKO HAXOIUTH 3HAYEHUEe T* 114 3a/aHHBIX 3HaYe-
Huii p u cos . Takum 06pa3oM, CTapTOBOE 3HAYEHUE TeOICHTPUUECKOTO
paccrosuus p'® onpenesnsiercss NPUGIMKEHHO U3 PABEHCTBA:

p® = 2*R.

DTO IpUOIMKEHHOEe 3HAYEHHEe T'eOIeHTPUIECKOT'O PACCTOSHUS O IOI-
JIEZKUT YTOYHEHHUIO C IIOMOIIBI0 KAKOrO-Ir00 M3 UTEPAIMOHHBIX CIIOCOOOB
pelenns ajrebOpandecKux ypasHenuii. Hampumep, 1 mpuMeHeHUsT Me-
TO/a KacarenbHbiXx HbioToHa ypaBHenue (4) ciaeayer TpUBECTH K BUIY:

rJIe JIjIsi JIEBOM 4acTu 3TOIO YPABHEHUsI UCIIOJIB30BAHO 0OO3HAYEHUE

fo)=p—Pt 2

TaK 4To ee nepsas npoussoanas f’(p) npeacraBuMa GpopMysIoi

~3Q(p+C)

7&5

fp)=1

I/ITepaHI/II/I Ha9MHalOTCA CO CTapTOBOI'O SHAYCHUA:

p” = 2*R,
IpyYeM HTepalyoOHHasA CXeMa MeToja KacarejbHbix Hbrorona npuobpe-
TaeT BUJI:
p+1) ) f™)
f'(ptk))’

rJe HOMep urepanuu k IpUHAMAET 3HAUEHUS
k=0,1,2,....

H&HpOTI/IB, €CJIn BMECTO ME€TOLa KacCaT€/IbHBbIX HbIOTOHa JJId yTO4YHEe-
HUSI T€OIEHTPUYIECKOTO PACCTOSTHUS p UCTOJIbIYETCs KJIAACCUIECKUH Me-
TOJl WTepaluii, TO UTEePAIMOHHAs CXeMma JJisi cucTeMbl (4) ypaBHeHUit
JlarpaH:ka TakoBa:

o) _ p Q
GO



(r™)? = [ + CP + 57,

k=0,1,2,...,

npudem no-upexuemy depes  p(0)  0Bo3HAYEHO CTAPTOBOE 3HAYCHHE HC-
KOMOI'O IreOIECHTPUYIECKOIO paCCTOAHMNA P , OIIpeJesideMOe paBEeHCTBOM!

p® = 2*R.

3.4. Boraucnenme re OMEeHTPU IECKHUX PaAaCCTOAHUHU
p1 U P2 , COOTBETCTBYIOIINX MOMEHTAM KpaiHUX HAOJIIOICHUIA.

[Ipesk e Bcero mo 3HAYEHUIO MeJTUOIEHTPUIECKOTO PACCTOSHUS I , BbI-
YUCJIEHHOMY B TIEPBOM HPHUOJIMKeHUN (CM. TIPEabLIyIuil pas3aen 3.3), 1o
dopmynam DHKe:

. 1 1

BBIUUCJISIOTCA OTHOIIEHUS TLIOHIAJIEN TPEyroJbHUKOB ng ) né ).
3aTeM reoIeHTPUYIEeCKOe PACCTOSHUE P71  BBIYUCISIETCS 110 TOMY U3 TPex
HUKECJICTYIONNX YPABHEHUH, JIeBasg 9aCTh KOTOPOrO UMeeT HauOOJIbIIIi

KO3 PUIUEHT IIPHU OLPEAL/IIEMOM HEM3BECTHOM P

(n1A12)p1 = (vap — p2v)p—
— (1Y — paZ) + n1 (1LY — p2Zy) + no(v2Ye — paZs),

(n1p12)p1 = (A2v — vaA)p— (6)
—()\QZ — I/QX) + nl()\zZl — I/2X1) =+ ng()\QZQ — VQXQ),

(n1v12)p1 = (p2A — Aap) p—
_(/,LQX — )\QY) + nq (/,L2X1 — )\2Y1) + TLQ(,LLQXQ — )\QYQ.

Tak, HampuMmep, €cau A2 IO MOAYIIO NPEBOCXOJHUT KaK  [i12,
TaK " V19:
| A12| > maz(|p12], [v12]),

10



TO JIJIsl BBIYUCJIEHUsT p1 HAJO BBIOPATH MEPBOE M3 Tpex cOOTHOoIeHui (6).

Y10 3Ke KacaeTcsa reOleHTPUIECKOr0 PACCTOSHHA P2, OHO OIPEIE/IACT-
C U3 TPeX CJAeLyIONUX COOTHOIIEHHH, MPEBPAINAIONMXCA (II0OCIe BBIYKC-
JIEHUs p U p1) B YPABHEHUS C OJHUM HEM3BECTHBIM o

(n2A2)p2 = Ap — (niA)p1 — X + 11X +n2Xo,
(nap2)p2 = pp — (n1pr)pr — Y +n1Y1 + noYo, (7)
(nova)p2 = vp — (nvi)pr — Z +ni1Z1 + naZs

Hampumep, mpy BBITOJTHEHUHU YCJIOBHS, YTO Ao TIO aDCOJIOTHOM BEJIU-
YMHE IPEBOCXOOUT KAaK [i2, TAK U V2, T.C.

[A2| = maz(|pzl, [v2]),

¢ HaubOJIbIIEi TOYHOCTHIO IOCJIEIHEee I'eOlEHTPUIECKOe DACCTOAHUE o
oTpeiesisieTcst TpeThbuM cooTHoreHneM (7).

35, Beiluucaienurue TeJUOULEHTPUIYECKHUX KOODP
OUHAT U PacCTOdAHUKN OOBEeKTaA.

SHaYeHUs TeTUOIECHTPUIECKUX KOOPIMHAT BBIYUCIIIOTCS 110 (hpopMmy-

aM
T =Mp1— X1, T=Ap—X, T2=2Ap2 — Xo
y1=ppr— Y1, y=pp—Y, y2=Xpa+Ys (8)
zn=wvipr— 241, 2=vp—4, z2=1Vp2— 4>

IIOCJIC 49€r0 BbIYUC/IAKOTCA KBaAPaTbhl I'€JIMOOCHTPHUYICCKHUX paCCTOﬂHI/If/'I
(r1)? = (21)* + (y1)* + (21)?,
T2:x2+y2+22,
(r2)? = (22) + (y2)® + (22)%.

KouTtpoas. DBo-nepBbIX, BEBIMUCIEHHOE B 3TOM Pa3JIese 3HAUECHNE
BEJIMIUHBI I" JIOJIZKHO COBITQ/IAThH C €€ 3HAYEHUEM ,, IOJTY9YEHHBIM B MTPOIIECCE
YUCJIEHHOTO pPellleHus CUCTeMbl ypaBHenuil Jlarpanxa (cm. paszgen 3.3),
TO €CTh JIOJIKHO OBITH BBITIOJTHEHO YCJIOBUE:

r=rk)

rJie yepes (k) oBo3nadeno 3nadenue IMEPEMEHHON 7 U3 MOCJIeTHE nTepa-
11K (B IPOIECCe YTOYHEHUsT NeOIEHTPUIECKIX PACCTOsTHMI). BO-BTOPBIX,
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BBIYUCJIHHBIE B 9TOM pa3jiejie 3HAYeHUs TeTUONEeHTPUIEeCKUX KOOPIUHAT
HeOECHOTO 0ObEKTa, IOJIXKHBI YAOBJIETBOPATh  (pasyMeercs, B Ipejesax
38/JAHHOM TOYHOCTU BBIYKMCJIEHUI) TAKXKE U COOTHOIIEHUSIM

T =n1T1 + NaT2,

Yy = ni1y1 + n2y2,

Z =MN121 + N2zo.

IIpumeganne 1. g acTepousoB MHOIAA OKA3LIBAECTCS J0-
CTATOYHO TON TOYHOCTH, KOTOPYIO JaeT MepBoe MpUOIMKEeHNe TayCcCOBOM
IIPOIIEIY PhI OIIPeIeIeHNsT TeOIeHTPUIecKnX paccTosduuii. Tax, Hampumep,
MOKHO Cpa3y IIePexOJuTb K BbIYMUCJIECHHUIO 3JIEMEHTOB OPOUTHI, IIpe Ha-
3HAYEHHBIX /I8 BBIYHC/IEHMsI TaK Ha3biBaeMoil '"momckoBoii'" sdemepu-
IIbI, 9TOOBI ACTPOHOMBI-HAOIIOIATEIN CMOTJIN TPOIOIKUTH HAOIIOIEHMSI
1, OJ1arozapsi eii, CymMeJsin He TOTePsITh NMHTEPECYIONuii nX HebeCHbI 00b-
eKT.

36. Yuer nanaHeTHOH abeppamnuu.

DdderT maanerHoii abeppaiun ABJISETCHA CJIEICTBHEM TOTO 0OCTOsI-
TEeIhCTBA, YTO CBET PACIPOCTPAHSAETCS HE MTHOBEHHO, T.€. CKOPOCTh CBETa,
nMeeT KoHedHoe 3Hadenne. [[oaToMy 3a TOT MpOMerKyTOK BpeMeHH, ITOKa,
CBET IIPOXOIUT PACCTOAHUE OT MCTOYHUKA CBeTa [0 HAOJI0AATess, CaM
CBETSIIHUICI O0bEKT yCIEBAeT IEePEIBUHYTHCA B IPOCTPAHCTBE HA HOBOE
MecTo. TakuMm obpa3om, (pukcupyemoe HabTIOAATETEM TTOOXKEHNEe 00 HEeK-
Ta Ha HeOECHO# cdepe COOTBETCTBYIOT HE MOMEHTY HAOJIOAEHUsI, 8 HEKO-
TOpOMYy 6oJiee panHeMmy MoMeHTY Bpemenu. Ciie10BaTeIbHO, BLIYKC/IEH-
HbIE B NPEABILAYIIEM Pa3iese TeIUOIeHTPUIECKNe KOOPAMHATHI CBETHIA:
(1,91, 21), (T,9, 2), (T2,Y2, 22) JOIKHBI OTHOCUTHCS, COOTBETCTBEHHO, K
UCIIPABJIEHHBIM ( 33 IUIAHETHYIO abeppalfio) MOMEHTAM BPEMEHM:

t1" =t1 — Lpa,
t* =t— Lp,
to" =ty — Lpa,

e
L = 0%4.0057756
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- 9TO TaK Ha3bIiBaeMoe "cBeToBOe BpeMsi" (B CPEJHUX COTHEYHBIX CYTKaX ),
3a KOTOPOE CBET MPOXOJAUT PACCTOAHUE, PABHOE OJHOM aCTPOHOMUYIECKON
eINHUIIE.

3.2.2.4. Bropoe u mocJeayroliue IMpuoJINKeHNnsS B rayCcCcoOBOM
npolie/lype YTOUHEHUd PaCCTOAHUN

41.BtTopoe mpuOITMKEeHHUE
HAYUMHAETCS C BBIYUCIEHNS HOBBIX 3HAYEHUI TPOMEZKYTKOB BDEMEHUT MEK-
oy napamu HabaogeHui (C UCIPABIEHHBIME 33 IJIAHETHYIO abeppalluio
MOMEHTaM¥ HAOIIOIeHnit) o (opMymam:

(L2 = t7),
(t" —t17),
T* == k(tg* — tl*).

k
k

7'1*
7'2*

3aTeM BBIYUCISIOTCS HOBBIE 3HAUEHW S OTHOIIEHUH TTPOMEXKYTKOB Bpe-
MEHHU MEXKJy MapaMu HabII0IeHTii:

*

o_ T
ny = 3
7—*

*

o_ T2

nog =

7—*

HaJjiee BO BTOpoM MPUOINKEHNHN BBIYUCIIAIOTCS OTHOIIEHUS IO 16
TPEyroJbHUKOB 110 popmyaam ['ubbcas:

-3
2 _ .0 [1+ Bi(r1) "]
e e

-3
ns@ = Y [1 + Ba(r2) ™"
(1— Br=3) ’
e KO3 PumumenTs B, B 1 By CyTh MOCTOAHHBIE BEJTMIUHBI, OTIPETEIsI-
eMble popMyTaMu:

1
B = ET*2(1 +n10n2 ),
B 1 *2( )
1= 127' na ny ni),



IIpumeganuel.

He crnemgyer ymyckath u3 BUIY TO OOCTOSATENHCTBO, YTO BO BTOPOM
IpUOIIZKeHIN 3HaYeHns Beamant 75, 7%, 7o, n1Y u no¥ npeanonararorca
UCIIPABJEHHBIME 33 IJIAHETHYIO abepparuio (T.e. MepeBbIYUCIEHHBIMU Ha,
MOMEHTBI Bpemenu 1%, t*,  t3*).

JanbHeiinme BEIIuc/IeHns 0 YTOTYHEHNO 3HAUEHUH TeOTEHTPUIECKITX
PaCCTOSHUI ITPOU3BOIATCA B COOTBETCTBUM C pasaesioM 4.2.

B TperwhremM mpubuaumxkenunu (amTakke BO BCEX
TOCTIEYIONTUX TPUOINKEHNSIX)  OTHOIIEHHUs TIIOMA/IeH TPeyroJbHUKOB
paccuuTbIBatoTCd 1o dhopmynam Laycca:

ngk) o1’

n2 — n2 )
rae (k > 3), mpuaem n, Y, no? BermCamIOTCS IO hOpMyTAM

o T1

C MCTPaBIEHHBIMU 34, TIJIAHETHYI0 abeppaltuio MOMEHTaMU HaOJTFOIeHWHI

-Ei :tl _LIO17
f:t—Lp,
t; :tQ—L,OQ,

a TaKKe C COOTBETCTBEHHO HWCIIPABJIEHHBIMU 3HAYEHUSAMU MTPOMEKYTKOB
BpPEMEHHN MeXK/Iy IapaMu HaOJIIOIeHUH:

T =k(ts —t1),
7 =k(t—t1)



B dopmynax I'aycca 1, n1, 172 CyTh OTHOIIEHUS TLJIONIAIEH
CEeKTOPOB K ILJIOMIAIAM TPEYTOJbHUKOB, OOPA30BAHHBIX MapaMU TeJTHO-
IIEHTPUIECKUX PAIUYC-BEKTOPOB OOBEKTA, COOTBETCTBYIOIIMX MOMEHTAM
HCITONb3YyEeMbIX HAOMOAeHNH. YKa3aHHbIe OTHOIEHUS TIIOMAIeH CEKTO-
POB K TIJIOIIAIAM COOTBETCTBYIOIINX TPEYTOJbHUKOB TIPE/ICTABIISIOTCS MeTl-
HBIMH JIpobsiMu ['aH3eHa.

B HYaCTHOCTHU BEJIMYMHA 77 - 9TO OTHONIIEHHUE IIJIOIIa I SJIJIUIITIYC-
CKOTO CEeKTOpa, 00pa3oBaHHOTO "KpaliHuMmu'" pajuyc-BeKTOpaMH, K TILJIO-
A1 TPEYTOJbHUKA, 0OPA30BAHHOIO TEMHU K€ PaINyC-BEKTOPAMU U CTs-
IUBAIOIIEH MX KOHIIBI XOPIOM, a BBIYUCIAETCS 1)  C IOMOIIBIO CJIEIy-

IOTITX (hOPMY.T:

10 d
=14 (),
11°1 + 1+1f...
rie
2972
d= ,
K2[6Kk + 9(r1 + 1r2)]
IpuyeM

K% = 2(rire + 172 + Y1y + 2122).

AHaJIOrMYHBIA CMBICT HMEET BEJIWYHHA 7)] , TAKKe IIPEICTaBIIsIeMAast
cooTBeTcTBYIOMNIEil (hopMyI0it B dopMe 1EeIHOI J1podu;

10 dy

_(—
11 —d
1+Lﬂ?“

771:1+ )7

rae di U K1 OLPEIesaOTCs AByMs CJIEAYIOIINM JIaJjiee PABeHCTBAMMU:

g 227
te /112[6/£1 + 9(7‘2 + 7‘)],

K12 = 2(ror + Tox + Yoy + 222).

Hakomer, 3HaueHre BEJIMYUHBI 7)o TAKXKE OIPEeIeiseT COOTBETCTBYIO-
Masl memnHas Apoob amzena:
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rI1e
29752
Ko?[6ko +9(r1 + 7)]

dy =

Ko = 2(rir + zx + Y1y + 212).

4.2. ITocse BTOpOrO MpUbAMAKEHUS (M BCEX TOCTEIYIONINX TTPUOTHIKE-
H1/11'71) C YTOYHEHHBIMY 3HAYCHUAMHU OTHOMICHUN TLJIOIIAJIEHA TPEYTrOJIbHUKOB
N1 U No BBIUUCAAIOTCE KO3 G U UEeHTH ODHKE ¢ H
co 1o opmymam:

c1=(n1 — nlo)r_?’,

co = (ng — nzo)r_3,

€ B Ka49eCTBE 7110 n ngo 6GPYTC$I X UCIIpaBJIEHHbIE 3a IIJIaHET-

HYI0 abeppaliuio 3HaYeHusd, a

r= r(k),

npudeMm 7 (k)” o3Hadaer HOMEpP MOCTENHErO (M3 OCYIIECTBJIEHHBIX) MPHU-
OJIM2KEHUIT B IayCcCOBO# IIPOLEeAype YTOUYHEHUA PACCTOAHUIM.

4.3. Tenteps mo popmymam (3) u (4) pasmena 3.2 BEIYUCISIIOTCS HOBbBIE
3HAYEHUs] PACCTOSTHUI /10 00beKTa (reoleHTpruIeckoro ' p” W rejmo-
HEHTPUYIECKoro ’1”), COOTBETCTBYIOIIAX MOMEHTY CPEIHEro HabIro1e-

HUZA.

4.4. C noMompio Tex XKe CaMblX ypaBHeHUil u3 uucia (6) u (7) pas-
nena 3.3, KOTopble HCIOJIb30BAINCH B IEPBOM IPUOIUKEHUN /T HaX0XK-
nerust "KpaitHux'" TeoneHTpUYecKUX PAaCCTOSAHUM, TTOCTIe TTOACTAaHOBKY B
BBIINIEYKA3aHHbIE YPABHEHUsI YTOYHEHHBIX 3HAYEHWI BEJIUYUH N1, N2,
OTIPEJIEJIAIOTCS HOBbIE 3HAYEHUs pP; W P2 , COOTBETCTBYIOIIUE MO-
MeHTaM KpailHuX HabII0IeHU.

4.5. ITo dpopmynam (8) BBIUKCIASIOTCA YTOYHEHHBIE 3HAYEHUS TEJTHO-
LHEHTPUIECKUX KOOpAUHAT — T;, Vi, 2 (i = 1,0,2), coorBercrByio-

e MOMEeHTaM Tpex Hab/oeHnit HebecHOro 0O bHEKTA.

[Ipumeganune 2.
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Ecnan HOBBbIe 3HAYEHUST MEONEHTPUUECKUX PACCTOSTHHN  p1, p H
p2  oranyaiorcs bojiee yem Ha  0,00la.e.  oT Tex, 4To ObLIN YIIOTPED-
JIEHBI [JIsi UCIIPABJIEHHS MOMEHTOB HAOJIOJEHUI 33 ILJIAHETHYIO abeppa-
IIUIO, TO COOTBETCTBYyMOMHE (abepparioHHbIe) TOMPABKY WHOTTA ObIBAET
HEOOXOTUMO YTOYHUTb.

[ITpumevyanue 3.

[Tocneaytorue MPUOIUKEHNUST TAYCCOBOM MPOIEAYPHI YTOUYHEHUS Meo-
IIEHTPUYECKUX PACCTOAHUMN UCCIIEIyeMOro HebecHOro 00beKTa, IIPOI0IKa-
IOTCHA 10 COBIIAJICHUA ITOCJEAYIOINUX 3HAYCHUIT OTHOIIICHU N TLIOIIAIEH TPe-
YTOJTLHUKOB C WX MPEIBIAYIIMEI 3HAYEHUsIMU (pa3yMeeTcsi, B mpejenax
TON TOYHOCTH, C KOTOPOIl BEAYTCA BbIYUCICHUS.

TakuMm 00pa30M, IIPU BBIIOJHEHUN YCJIOBUIA:

ing Y —n, B < (¢=1,2; k=0,1,2,...,n),

BCE PACCTOAHUSA 0 OOHEKTA CIUTAIOTCS BLIYUCICHHBIMU C TPEOYEeMOit TOY-
HOCTBIO €¥, TakK YTO MOYXKHO IIEPEXO/IUTh K PEAJTU3AIUU BTOPOT'O ITAIIa,

crparerun JleoHapaa Ditaepa, TO €CTh K BHIYUCIEHHUIO 3JIEMEHTOB OPOUTHI.

3.2.2.5. BeruncjieHne 3/1eMeHTOB OPOMTHI

B metone Jlarpanxka-l'aycca sieMeHThI OpOUTHI BBIYUCISAIOTCS U3 KPa-
€BBIX YCJIOBUII HEBO3MYIIIEHHOI'O JIBUKEHIsI 00bEKTa, B KA1eCTBE KOTOPhIX
BbIOUPAIOTCS IeJIMOLEHTPUYIECKHE KOOPJIUHATBLI , COOTBETCTBYIOIIE MO-
MEHTaM JIBYX KpalHUX HaOJIOIeHWIA:

(t17x17y1721)7

(t2, 2, Y2, 22).

ODTH 3HAYECHUsT BLIOMPAIOTCI M3 PE3YJILTATOB MOCJIEIHEIO BBIITOJTHEHHOIO
IPUOINZKEHUsT IayCCOBOM IPOIEAyPhl YTOUYHEHUsI PACCTOAHUNA OT HAOII0-
naTeasd 10 OObEeKTa.

51.Boiauncanenue KBaapaToB '"kpaiinux" renmonen-
TPUIECKMX PACCTOAHUNA T1 H To9,a TAKXKE BCIOMOIraTeIbHBIX
BeJIUYNH O, X9, Yo, 20, To IO HUKEMPUBEIEHHBIM (DOPMYIaM:

2 2 2 2
r-=x1"+yn" +z217,
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2 2 2 2
ro” =T + Y2~ + 227,

_ —2
o = (172 + y1y2 + 2122)11° °,
o =T — 01,

Yo = Y2 — 0Y1,

20 — k9 — 021,

2 2 2 2
ro” =0 + Yo  + 20"

92.Briuucnenune pPas3HOCTHH

UMCTUHHBX aHO
MaJduimn

(2f) =v2— 1
B JIBYX KPalHUX MMOJIOKEHUIX UCCIETYEMOr0 O0bEKTa 1Mo (POPMYJIaM:
To

sin(2f) = —,

r2

T1T2 +Y1Y2 + 2122
cos(2f) = s :

KBaapaHT eIuHUYHON OKPYKHOCTH, B KOTOPOM HaXOAUTCH yros 2f,
HAXOMUTCs 1Mo 3HakaMm  sin(2f) wu  cos(2f),

B TO BpeMs KaK TJIaBHOE
3HadeHune yrua  2f

TOYHEE ONPeJIeNAeTCa COOTHOIIIEHUEM
roT1

2f = arctg :
T1T2 + Y1Y2 + 2122

OcuosHoe KOHTPOJbHOE coorTHOIMEHHE TaKOBO:

(ror1)® = (y122 — y221)° + (2122 — 2271)* + (v1y2 — T201)?

BL[GJIHX AJAOIIOJJHUTEJDbHOT O KoOHTpPpOJdg4d 3a
BbIYUCJICHUAMHU 2KeJIaTCJIbHO MCIIOJIb30BaTh TaK>Ke PaBEHCTBO!

9

. [ To T1T2 + Y1Y2 + 2122
arcsin | — | = arccos
ro rira

obecTrieunBaloNIee Corjacue 3HAYeHNH PA3HOCTU UCTUHHBIX aHoMaJsunit 2 f,
BBIBOJIMMbBIX U3 JIBYX MEPBBIX (GOPMYJI ITOTO Pa3/iesia.
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53. Beiuucaenune (poOKaAbBHOILO HmTapamMerTpa
"p"  opOUTHI ¢ IIOMOIIBIO COOTHOIIECHMS:

(r1)(ro)
\/Z_? =N—",
T

rae gaepe3  'n”  0003HAYEHO OTHOIIEHUE ILIOMIAAN CEKTOPA K ILIOIIA I
TPEYTOTHHUKA JIJIsT CPETHETO HAD/II0IeHNsT ( er0 3HAYEHUe YIKe BBITNCIEHO
mocyie omneparuii pasaena 4.1., BRIMOJTHEHHBIX B ITOCIEIHEM TPUOTHNKEHUH
rayCccoBOW IPOIEAYPbl YTOUYHEHNS PACCTOSHUI 10 OOBEKTA).

54.0npenenenne UCTUHHBIX aHOMaJAu#h vy’ W
"v9” B ABYX KpalHUX MOJIOKEHUSIX 00bEKTa, a TaK»Ke IKCIEHTPUCUTETA,
"e" ero opOUTHI, 111 Y€r0O UCIOJIB3YIOTCA COOTHOIICHIS:

q1 cos(2f) — qo

esinv, = Sn(2f) ,
eCcosv; = (g1,
Vo = V1 + 2f
3aech uepes  "q1” um @2’ 0003HAUEHBI BEJIMUUHBI:
Q1:£—1, QQ:£—1.
rl o

K oHTDp O b BbIUYUC/IEHHUS ITIapPAMETPa OPOUTHI, OIIPEIEJIEHHOIO B
pasjiesie 5.3, OCYIIECTBJISAETC € IOMOIIBIO COOTHOIIEHNS:

p =7ra[l 4+ ecos(vs)].

nyn

5. Beiancnanenune O6O0OMNBMONR MOAYyOCH a" o
p 6 u T BI, a TaKXKe KCIIeHTpudeckux anomasymit " Fy” u "FE;” B
IBYX KPalHUX IOJIOXKEHUAX OObEKTA.

st 3Toro ciyxat (OpMYJIbI:

e = sin g,

p _ P
(1—e)(1+e) cos?e’

a =
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r1e
@ = arcsin(e)

- 9TO TaK HA3bIBAEMBbIH yTOJI IKCIEHTPUCUTETA .

Suavenna F; wu Fs  BBHUUCIAIOTCI IO (DOPMYJIaM:
E1 1—e U1
“(2) = 5 )
g(2> 1te J\72
Eo l1—e (o
tg(22) = tg(5)
9(2) 1+e 7\3

Bunensx KOHTpPOJSA BBHUYUCJTEHUNA HNCIOIb3YETCS
pPaBEHCTBO:

(B2 — Ey) . (vg —v1)
— = /riry sin——=,
2 2
rae depe3 b7 obo3HaueHa MaJasl I0JIYOCh SJLIMITHIECKON OPOHUTHI,
TaK 4UTO

b sin

b=ay/(1—e?)=acos(p).

56.Beruncanenune cpeaHux aHomMaauiu "M” m
"Msy”  HebecHOro 00bEKTa, COOTBETCTBYIOIINX €r0 KpaiHuUM HaOJIIoHe-
HIUSIM:

M1 = El — 60 SiIl(E1>,
My = FEy — €°sin(Esy),

npuyeM depe3  €°  0003HAUYEHO 3HAUEHHE YKCIIEHTPUCUTETA, BhIPAXKEH-

HOE B I'PaIycax Iyru:
e® = 57°.2957795¢.

57.0npenesierrne CpegHEro CyYyTO4YHOIO JBHU XK EH
nsa 'n’ odbekTa u ero cpeaneit anomaauu M7 "amoxu ockymsmunm 't
110 pbopMyJsIam:
(M — M)

n = y
(t2 —t1)
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MO = M1 + n(t() — t1>,

rae B KagectBe "smoxm ockysasiimu"  ty  Oepercss MOMEHT HadaJia CyTOK
BTOpOro (To ectb "cpemnero") HAOIIOTEHNS:

5.8. Boruucienne "BeKTOpHBIX 971eMeHTOB':

ﬁ: (Pacapyapz)a
Q= (Qr, Qy, Q2)-

BHaquHﬂ 9TUX HIEeCTH KOMIIOHEHT BEKTOPOB ﬁ J41 6 BbIYUC-
JITFOTCST C TIOMOTIBIO (popMy.T:

P, = n cos(vy) — il sin(vy),
r1 ro

P, = L cos(vy) — %o sin(vy),

1 To

P, = 2 cos(vy) — il sin(vy),
™ To
Ty . T

Qs = it sin(vy) + =0 cos(vy),
(] To

Qy = C sin(vy) + Yo cos(v1),
r To

21 . z
Q. = Zsin(vy) + = cos(vy).
r1 ro

B kavectBe KOHTPOJABHBIX COOTHOIIEHUN HCIOIb-
3YIOTCS CJIeyIoNIne TOXK/IECTBEHHbIE PABEHCTBA!

(Ax)2 + (Ay)2 + (AZ)2 = a2,
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rie
Ay =aP,, Ay=aP, A,=aP,,

B, =bQ.;, By =00Q,, b,=00Q;,

adepe3 a u b 0003HaUEHBI COOTBETCTBEHHO OOJIBINTAS U MaJjiasi OCU
JTUTITUYECKON OpOUTHI acTEPOU/Ia.

5.9, Boiumciumenue "yrmoBbx dgmemMeHToB" opb
U T bl (JOATOTHI BOCXOMSIIETO y37aa ()  Ha SKJIUNTUKE, HAKTOHEHUS
OpOUTBI ¢ K SKJIUINTHUKE W YIJIOBOTO PACCTOSHUS MEPUTENINST W  OT
BOCXOJISAIIETO y3J1a).
C 7T0it 1IebI0 JIJIsi BBIYUCIEHUsT W W §  HCIOJb3YIOTCS CO-
OTHOITIEHNS:

sin(7) sin(w) = P, cose — Py sine,

sin(i) cos(w) = @, cose — Qy sine,
OTKYy/Ia TJIABHOE 3HAYEHWe /I W  Onpejesnsercss GhopMyioi

(P, cose — Py sine)

(Q;cose — Qysine)’

a MO 3HAKaM JIEBbIX YacTell BBIMIEYNIOMAHYTHIX ABYX PABEHCTB JJs VI
W YCTAHABJIMUBAETCH COOTBETCTBYIOIINMA KBAJIPAHT €JIUHUYHON OKPYKHO-
cru. B cBoro ouepeny () omnpemesnsiercd 3 COOTHOIIEHMI:

w = arctyg

sin Q = (P, cosw — Qy sinw) sece,

cos{) = P, cosw — @, sinw,

mpuYeM IJIaBHOe 3Hadenme ) 3amaercsa GopMyaoit

(P cosw — Qysinw) sece

Q =arct
e (Pycosw — Qg sinw)
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B TO BpeMs Kak IO 3HakKaM sin{) wu cos{) ycraHaBJIMBAETCs CO-
orBercTByONMi yriy {2 kBajapaHT. Bo Bcex BBIMIENPUBEIEHHBIX CO-
OTHOIIIEHUSAX Yepe3 € OOO3Ha4YeH yIoJ HAKJ/IOHA IKJIUITUKH K IKBa-
TOPY, 3HAYEHWE KOTOPOTO JOJIKHO OpaThCs JJIS SMOXUA YIOTPEOTITEeMBIX
HeOECHBIX KOOpAMHAT (HarmpuMep,u3 AcTpoHoMuYecKoro Exkeromnuka 3a,
TOT I'0/l, K KOTOPOMY OTHECEHbI UCIOJIb3yeMble HAOIIOIEHUs UCCIETyeMO-
ro 00beKTA).

KounrTpoasb Bbuucienud "y ra10BBIX BdgeMeHdTOB"
OCYIIECTBIISIETCS:

BO-TIEPBBIX, IO COBIMAJAEHNIO 3HAUYeHUi yriaa (), BBIUYHUCIEHHBIX 110
sin{2 wm cos{) B OTAENBHOCTH, TAK UTOOBI C 33JaAHHON TOYHOCTHIO

€*  BBIIOJHAIOCH PABEHCTBO:

arcsin[(P, cosw — Qy sinw) sece| = arccos(Py, cosw — @ sinw),
a BO-BTOPBIX, TIO YJIOBJIETBOPEHUIO YCIOBUSI

(Py)sinw + (@) cosw = — cos(i) sin (2.

3.226. Il pencTaBadeHne HabOITIOAdeHNUIMN

HawubGosee mosHblii KOHTPOJIb (IPABUIBHOCTH) BbIYUCIEHHOW OpOUTHI
HeOEeCHOTO OObEKTa, JAET MPOIeIypa MPeaCTaBIeHIsT NCXOIHBIX HADII0Ie-
HUAHA TP TIOMOIIKA HANIEHHBIX OPOUTAIBHBIX 31eMeHTOB. OIHAKO MHOTIA
IIPAKTUIECKHA JIOCTATOYHBIM CUYUTAETCA KOHTPOJDL , COCTOSINNI B IIpe-
CTaBJICHUHU CpEeJHEero HaOJIIOJEeHUs!, HEINOCPEICTBEHHO IIPU HAXOXKJIEHUU
9JIEMEHTOB OpOUTHI HE UCIIOJIb3yeMOro. UToObl BHIUUCINTL HEOECHBIE KO-
OpAMHATHI 00BEKTA, COOTBETCTBYOIE MOMeHTy  "t"  cpemmero Habuiro-
JIEHHsI, UCIIOJb3YIOTCS Ceayomine (popMyJIbL:

t* =t—Lp, L =0%0057756,
M = My +n(t* — tg),
E —e°sin(E) = M,
rae yepe3  tg, KakK M paHee, 0003HAUYEHA 'ATOXa OCKYJIAIUHN , TO €CTh

MOMEHT HadaJja CyTOK CPEeIHEro m3 TPexX MCIIOJIb30BAaHHBIX HAOJIIOICHU,
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a €° - 3TO BBEJEHHOE YK€ paHee 3HAYeHNe SKCIIEHTPUCUTETa OPOUTHI

€, BbIPAKEHHOE B I'PaJIyCHON Mepe:

e® = 57°.2957795¢.

Hakomnern, BbIMUC/IEHHbIE TeOIEHTPpUYIeCKre HeOecHble KOOPIMHATHL p,
af, 0¢ 00 beKTa TOCTABASIOTCS PEIEHNeM CAeIYIONIEeH CUCTEMbI TPEX ypaB-
HEHUH C TpeMs Hem3BECTHBIMU:

pcos(a®) cos(6°) = E,
psin(a‘) cos(6€) = P,
psin(d°) = ¥,
IIPaBbIE YACTH KOTOPBIX 33/IaHBI BHIPAYKEHUSIMHU:

E = A;[cos(F) — €] + B, sin(F) + X,

® = Ayfcos(E) — e] + By sin(F) + Y,
U = A,[cos(FE) —e] + B, sin(F) + Z.

B,ZI;er HCIIOJIb3YIOTCA 3Ha4Y€HHUd KOMIIOHEHT BEKTOPOB

—

A= (Axa Ay7 Az)
B = (Bazv By7 Bz)a
y2Ke BbIUYUCJEeHHbIE B pa3jesie 9.8.
[eonienTpuyeckue skBaropuaababie KoopguHaret Connma X, Y,
Z  GepyTcs Ha MOMeHT t”  cpemaHero HaOJOAeHUsT HeOeCHOTO 00b-
eKTa.

Pemenne cucreMbl Tpex ypaBHEHHUI ¢ TpeMs HEU3BECTHBIMU JIA€T IJ1aB-
HbIe 3HaYeHUd HeOECHBIX KOOPIMHAT 00ObeKTa B (bopme:

af = arctan (%) ,
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o° t Y gina®
=arctan | — sIn «
@ 9

a COOTBETCTBYIOIINE KB IPAHTHI €IUHUIHON OKPYKHOCTHU OIPEIETTIOTCS
znakamu ¢ynaknuit =, ®, U. Hakonel, BbIYUCIEHHOE 3HAYECHUE T'EOIEH-
TPUYIECKOI'O PACCTOSHUS OIIPE/IE/ISeTCS BbIPAXKEHUSIMU:

p = Wese(09),

= Esec(a) sec(d),
p = P csc(a’)sec(de).

CoBnajgenune 3Ha4YeHUN p, MOJYUYEHHBIX O TPEM MOCIEIHUM (POPMY-
JIaM, CJIy?KHAT CBHIETEIbCTBOM OTCYTCTBHS I'PYOBbIX OIIMOOK B BBIYHC/IE-
HUAX.

AGepparmonnoe Bpemsi  (Lp)  moaydaeTcst myTeM MHTEPIIOIHPOBa-
HUsI WIK SKCTPAIOJUPOBAHUS U3 3HAYCHUHN, UMEIOIINXCS IJISI TPEX UCXOI-
HBbIX HAOJIIOIEHUI.

[Tocsie BBIYMCIEHNST BEJIMYUHBI TEOHEHTPUIECKOTO PACCTOSTHUS P TIPa-
BUJIbHOCTH TIPUHATOrO 3HAaYeHusl Besnunbbl  (Lp)  mpowepsiercs u, B
cjiydae HeOOXOAMMOCTHU, BbIYUCIEHUE IIOBTOPSETCS.

B ToMm caydae, Korga uCXOAHBIMUI JAHHBIMU J1JIsI OLPE/IeIEHNS dIeMEH-
TOB OPOUTHI ACTEPOU,IA OBLIN €r0 TOMOIEHTPUUIECKIE SKBATOPUAIbHbBIE KO-
OpPJAMHATHI, CPDABHUBAEMble HEOECHBIE KOOPAUHATHI CPEIHEr0 HADIIOIeHMS
HCIIPABJISIIOTCS 3a CYTOYHBIN II1apaJslIaKc.

[IpumMmeganue.
TouynocTb TpejcTaBIeHUA HEOECHBIX KOOPJAWHAT CPEIHero HalJIroje-

HUsT 00bEKTa, JI0JKHA ObITh He Xyke  07.1, 1j1st 9ero Bce BBIYMCIEHUSI

JOJIZKHBI BECTUCH ¢ 7 (cembio) 3nadamumu mudpamu. Moy pasto-
creit "O - C"

("Observatum minus Calculatum"):



II0 IIPAMOMY BOCXO2KIECHHUIO IIOPAIKA
A(a) = 0°.07

1 110 CKJIOHEHUWIO

A(S) =05
CBUIETEJIbCTBYIOT O Ha/JIM4YHMKU B IIPOBEAEHHbLIX BbIYHCJ/ICHUAX 3HaAYUTECJ/Ib-
HBIX OIHI/I6OK. BBI‘II/ICJIeHHbIe AJIEMEHTHI 0p6I/ITI>I MOXKHO CYHUTaTh yAOBJIE-
TBOPUTEJIbHO MMPEeACTABJIAIOIINMN NUCIIOJIb3yCMbIC Ha6JHO,Zl;eHI/IH acTepornaa
IIPX BLIIIOJIHCHHUH yCJIOBI/IIU/I:

Afa)] < (07.1),
A@)] < (07.1).

31ech, KaK 1 IIPEXK/Ie, NeOleHTPUIeCKre HeOeCcHbIe KOOpauHaThl  ''cBe-
tuna' IS MOMeEHTa cpeHero HabaodeHus OO0O3HAUYEHbI Yepe3 o u
0, B TOBpeMs Kak depe3 «a° u 0° 0003HAYEHDBI UX BHLIUYUCICHHBIE
3HAYCHUSI.

3.2.3. Cxema agropurMma Jlarpanxka-I'aycca

Ha puc.1 uzobpaxkena 0J10k-cxema ajiropurma, Jlarpanxxka-T'aycca.

3.3. Ilopaagok perrennd 3aJa49d NpakTukyMa u popmMa oT4dera

1. Beraucienne napajiak THIECKUX MOIPABOK K KOOPAUHATAM MaJIO I1J1a-
HEeThI.

2. Boraucaenne xoopamuat CoaHIIA MHTEPIOJIUPOBAHUEM IO TaOIAIIAM
ACTPOHOMHYIECKOrO €KeroHIKA.

3. Brmmosanenue nporeayp 1o 0JioK-cxeme ajiropurMma Jlarpamzxka-I'aycca:
a) OIpeJie/ieHre TeOlEHTPUIECKUX PACCTOSHUI, ) Olpeje/ieHne 3/1eMeH-
TOB OPOUTHI, B) TIPE/ICTABIEHNE HADIIOICHITH.

4. IloaroroBka mevaTHOrO OTYETa C TUTYJIbHBIM JUCTOM U C IPOBEPKOit
TOYHOCTHU, C KOTOPOI BBIIOJIHAIOTCA IIPEIyCMOTPEHHBIE aJIIOPUTMOM KOH-
TPOJIbHBIE COOTHOIIIEHHUSI.

5. YcTHas 3allluTa OTYETa O BBIMOJHEHHOH pabore.
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KoopauHatbi

Buibop Tpex

obveKTa th, ah, O
(h = 17 27 ) n)

HabnogeHunn

KoopauHatsi

ti, 06, 0:(1 = 1,0,2)

\

PeweHne ypaBHeHsnA
Narpaxxa metTogom
nTepayuit. BoiducneHne
paccToaHuin o, r

n
na poBepKa KpuTepus

Onnonbyepa
3Pcosv—R >0

= ConHua
Xy Vi, Zili =1,0,2)

\
KoHcTaHTsi

D. Ui(i=1,0,2),
R C, 52

y

CocTtaBneHue

A

< ypaBHeHui# Jlarparka
(1-e npubnkerue)

C1, C2, P7 Qa Ty, Ny

Bouvicnienve py, po, AbeppauuonHas
abeppatMOHHbIX Koppexuus
flonpaBoK ~| MOMEHTOB
Lpi(i = 1,0,2), HaGRwaeHUNA
M, G %, T Boiuucnenue

Tiy | Ty

Mpeacrtasnenue
cpepHero
HaGnwogerun.
BoiuucneHue =

MpBepKa BLINOMHEHUS
YCTIOBMIA OKOHYAHUS
rayccoBbiX UTepaLis

() T — () ®] < 1077
(h=1,2; k=1,2,...)

!

BeluncneHue
3NeMeHToB

"Hess30K"
Ao u Ad

opOKTLI

a,e, 1,82, w, My

ObHoBnerne
ypaBHeHU#
Narparxa.

Buiuncnenve
c1, €2, P, Q, ny, ny
B K-OM
npubnmkernn

Puc. 1: Baok-cxema anropurma, Jlarpam:xa-I'aycca.
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