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Pa6orA nocrynnra D De!trorrorg'd 2l nr*
Jlloolc(trN 6tr-

indroM narcMrrtrcccKol dhtrK l,IHcrtrry-

. " VtrK 523.33152323

A. E. AAJII.lNNOB

K BOnPOCy O HAHBbT|OAHERUER OOPME
?PEYTOJIbHI-lKA AJI' ]IEP EAAq I4 ACTPOHOMIq ECKI,IX

KOOPAI,IHAT

Ilycrb B rpeyronr,Hrr(e PlPzPr npocrparrcrBexxofl rpflafiryrl-
ul{fl r,rsBccTHbl acrporroMuqecxte xoopar,rHaT6t ql, lr nyHXTa Pr
fi acrpolloM ,lecxuii al Myr (rt2 HanpaBlcHur PrPr. Torla no rr.
MepeHHbIM 3HaqCHI,ItM rOpUSOfiTaMbIX yrnoB Oir alt I{ 3eIIUTH6IX
PaCCTOtHIIII Zr2t Z2L, 213, 223 MOXIIO nO,tlyqI,lTIr 3HaqeHfit acTpOHOMU-
qecKux xoopnrllaT Qn l, nyHXTa P, u o6palror'o a3lrMyra a2r.

B pa60re Il] crcrraHa DonHrKa ycraHoBlrrb HiltBhrro!Hcrlure
reoMeTpuqecKHe ycr'roB!rs a!'rr nepeaaqr acTpoHoMHqecr(ux t<oop"
al{Ha,l L{ a3XMyTa, ABTOp no{a3aJl, qTO npl{ Marbtx 3gaqenutx fo-
pIr3oHraILHblx yr,'loB (41:dr<30") ouu6I<u x3Mepexufi HacTorr,-
ko ricKaxaloT pe3yJI!,TaT6r, qTo oHu cTaHoBtTcf npaKTtjqecKu He-
nprleM''IcMLIMrl. Har,lyqu'je 4a.flrbrc ndnytraror, ecr'lH JHaqoHHt
yrJolr arr r,r a2 6ru3Kv K 90', Olnaro ABa yrra B Tpeyror6Hrr(e
oAHoBpeMerrHo He Moryr 6brrb paBHH 90o. no3roMy Bonpoc o Har-
aLlroAnefirneil QopMe TpeyrorbH{Ka, no cyuecTBy, ocTar''rcs He-
BbI,]CHEHHb]M.

AaHrrar crarbq cor.pxHr Marcpfia,r, nonorHrmrurii rrroxeH-
Hoe B pa60rc Il]. flpr ycronrr, qro rua,ren n roprioHranbHbtx
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yrnoB d1 n a2 He Bbrxoarrr H3 rpaHr.rq l50o>d>30., c Aocrarou-
Hori anq pacqcra roqnocrbll) cnpaB€4rtuBr,r c.!elyrcrqfle saB cq-
MocTlt Itcxtiy olxt6Kavl'I H3NepeHnHx reoMeTprqecKxx 3!rteMcH,
ToB rpcyro.rhHUKa n olnI]6(aMIl Birqucnefifibrx acrponoMrrqccKr,lx
xooplnHaT nyHKra P2 [2]:

Aqr: cos ori (AzD+Az,l) -sin a,r (ctg arAze-ctg a2Lz^-

-cosec 4rAzr3+cosec or^2r) ;

Al., cos pr: sin or (Azr,+Az,t) +cos .rrt (cig dl^zrr-,ctg arAzrF

-cosec 
dr^zri+cosec d2dzn). (f )

OTfiocnTc"rbHar norperrJ]rocl.r, 3Ha.relltri I!o3dOr4 cH,roB doD-
My,r (l) Ilpx yr"qari rraK!'ioHa.qnHxii x ropx3orrry p<6" rrc npesH-crr i0%. C rrrnrnrcM olxlr6o( Adr, Adr.opt3orjrarbjjbrx yrroB
no apaaHernrc c tsJxaHxen oulr60K 3errfirllbtx paccrornrii npn
yKa3aHflbrx ycJroB!lrr\ rroxrro He c,rn.farncr. OopMy;rbr (1) coor-
Berc'fR)ror pacno,ro)r<cHlrro Beputulri,r .g3 cnpaBa o,f HanpaB.[e-

O6o3narrB ricpe3 /n: cpc,\Hroro nBa,tparrqccKlro oLlI 6Ky !sMe,
pcHHlrx 3eHIirHrrr\ paccroriHnir, noJyrrI]M, Ha oc oBaIIIx QopMy,l(rJ, cJclyrolque BL,lpaxefiIrr 4.(r cpe,lflnx Ksailpa,tlqecKnx olxn-
ooK Koopanrrar nyHn'ra P2:

rzi :12 r-.lnZc 
'r"tg 

a,-ttgo?,t L2 it a.tcg2o. .tgatlnt'zr,

. nl cos,qr: [2 sin20,r(ciga,-ctgar+

:.o."o.. r(rg-o, ctq a.1j,r, {2)

fIvc'rb Ur x rlrz coorBcicr!eHro cocraR.rraloulnc Bc[ropa
olllr6Kr Br,r'lxc,,rennoro Ilitr nyHnra P, ]lanpat;relrnr: oreecHoii .,1lI-
Hnu B leprx(a.nbnoij nrrocKocrx nyHrrra P1 n B ncpneHrrxny,rrp-
Hoii r! rreii n"rocl.iocru. nrr,r cpcAHxr (Bajlparlqcclrx{ 3rraqcHrfi
m't,, m.t. 3rux coc,:]Brrrqrcrrlri)i Ha ocHoBal tl tpopMl",r itl nonu"unt

'r'u 2.r". ,t",-t'tLr c2o .tg a.)tnz (3)

H3 Bblfaxcrrrri (3) c"1enyer, 'iro npo.ro.rrbrrar ol1rntjKa /nu,, npll
caeJallllblr Brrrrne npellnoJoxeHrsx o tsc.rrrlqxHex vr.rtoB Hal(.!oHa
nuIIIit x roPn3onrv x Be.qnqtifiax roptJ3onrarbnbtx yrJots a1 r'r d2
np.t( t"t t( , t.. t.t ot .hol.tLt np\ u,t" rltKd.

rrrrnr Io rhnxu |o +ot!r) np\ o r' r, hjr .rq qcp. a I'r ac !o-
floMnrrecKux Koopnxnar no o,lrroit ero cropoHe P1P, HariAeM n3
ycnoRrr MUHlir'ryNra rc.lurrr.I]rht

M j:n- as6 z'r. r; n;.1 ,'ti.-2t2-rcle2 a,-ctezo k,, U\
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paccMarpnBaq ee KaK oyrKqu,o yfroB di u d2. oqeBHlHo, M2 ec,rb
cpeAHqr KBaaPaTuqecKar oun6xa BHqucL'reHHoro HanpaBneHr,r{
oTBecBoir .!fiEHr,r B nyHxre Pr. BennqnHbr mo" ],I cos p2 mlr sBJrrIroT-
cq cocTSBJqroultiMu 3Tofi oulu6Klt B nnocxocTu MeptrAtaHa u B
nnocKocTu nep!oro BepTu(aIa.

flocxo,!bKy yrrH rpeyroJr6Hrrxa cBq3aHbr ycroBueM

at+a2+ a3-180":0, (5)

peneste cBoAlrTcg K oTbrcKaHlro ycroBrroro MHsrMyr{a QyHxrlrl
2:2 (2+ct* at+cte2 a,) .

flpapannnn K rrynrc qacrHbre npor,r3Bcr/tHbre no [epeMeHHlrM dl r
4r.or (pyEKqnu

>,:>+t (a,+a,+aj-180"),

rAe A - MHoxtrenr,.rlarpaHxa, r.r npuHrB Bo DHuMaHne (5), no-
4yqI{M cl{c, eMy ypaBneHun

sin3 a{ cos o2-sint l12 cos or:0; dr+dr+03-180':0. (6)

Peuenr,reu cscrertru (6) rBnsrorcr cr're,,lylolr1r,rc 3Haqeflfi r Beruqr]H

a,= a, . 90' .9.-2
TaKHM o6pa3oM, npn xorrKperHoM 3Haqcsfifi ropu3oHTar'!bHoro

yrra ds B Bepufirre Pi MBHTMyM oLuli6(Ir tl, Aocrr{raercrr nplr pa-
aeHcTBe yrr''roB dl n 42, B 3roM cnlrqae uMeeM

Mz:2 sec -- m,

Ka( Bfi,'1trM, yxe npll ar:50" 3qase]d e M2:2,2 mu He3Haqrirerb-
Ho or,rnrraercrr or npeAe,tbHoro MIIHTIMaT'Ibfioro gHa.sellldT 2mL::lim (lz) 

""-x.
OuiDora I, npn pasrsq{brx 3sa'ieE rx y.no8

. ab a2 ax: l80a - at* a3 t nz:1",0

3,2

2,4
3,1

B Ta6,1s{e AaHbr 3naqeHur or.uI{6I(!r i42, paccqnTaHr{bre no abop-
MynaM (3) I{ (4).
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3,2
2,6
3,2

3,2
2,3
2,1
2,3
3,2

3,4

2,1

3,4

30
50
70
90

110
130

4,03,4



,_ ,Iy.to u rpcvronbHnKe PIP2P3 u3Mepesbr ropu3oHralrbH6re yrnlrfi 83all[rHHe reHHr 6t. p2.cfoqHp'l Bo scci{ BepufiHax, a acTpoHo_
MfiqecKhe xoop!rralbt ncpe talotcq c nlHHra pr xar( Ha nyHir pr,
TaK fl Ha nyHKT P3 ,IIrr ny xfa P3 no aHanofHH c Br,jpaxpH,lsMt(2) n (4) no,'rr qaeM

m,;3- [2-sin 2er (ctg a j-cig.a3) +2 sin, o3r ( ctgz at+ctg? a3)]m,,;

cos! q3rn1'.: [24sin 2o3r (ctg @1-ctgd3) +
+2 cos, o! (ctg, al+ctgz d,) I,n: i

*t!: n1,".1cs5,,p"^L.:z (2+ctcz at+c]e, a3) n1 (71

HaxBLrroIr'ciirxyrc +opMy rpcvjo.,bHHKa B ,ro\t cn]qae oflpeA.
Jrrl^r Hr vcroB/r rHH'rvvra BerHqHHbr l4i+M,, xaK eluxurrt ro.
pqroHrc.r Ibr\ yrroB 1pe\ro..bHfiKa lencpb peucH,Je cBonhrcs( orbrcKaHfiro vc.ioBnoro .{rr!IlMyna (FyHXqxfi

, : 2 (2+ ct g2 a r + ct gz a2) +2 (2 +ctg2 at+ctlz aj) .

Ilprpznrrne x IiiJr.^qacrqbre nnol]'tBor|lHe or O\hKUH :, .tl
+klat I o2+ot 180') no nelor'r.rrs'rr dr. a/, a" y npldeB Bo BHti-
MiHHe {5J. non} q fi \l

2 sin2 d2 cos rzj*Cos az sin3 d1:0;

2 sini a3 cos ar cosa3sin3dr:0; ar+ar+a3* I S0.:0. (8)

PeurflB ch.reny t8). nonyqqv c..eryrculhF rda,leHyrr ron ,o.r.larb-
Hb'x. )rroB: a, 67.6', a2:ar 5b.2". I(aK 8,,l/ru. rpeyroLrlnrx
no OopMe:toJx(eH 6brr6 6rfi3oK I( paBnocropoHfiely.

nIr)KF rrplsFreHbr .perrr F xBatpatytecKHp ouJH6l{{ r4^.
co(-q rir -rq BepuHH P, fi P3. laccqHtaluhrr no Sop,ry,rarr 121n t/t ! r' rpc ro..hH Kc irrHBHrntH.iiue; Qop\r,i flp,, ,?,:l ,0u np& pa3Ju'{Hbrx 3HarreHrirrx a3,lrryTa or2 nanpar.lenn, prpr:

o",r8o, r,i r'i rls tll.tqg,?rg 1.4 l,E t,8 1,4qg,?19 r,6 r.6 r.6 Lo
.gg.?7-g !.q r,4 r.4 r,8190.300 t,8 1,1 I,a I,S150,330 t,6 r,6 t,6 1,6

PaccMorprM, naKoHeq, cJyqa&, xor:ta B nyHxrax pt u p2 w-
BeCTHITI XeCTKIie 3Ha,reHfit acTpOHO].n,tecr(ItX XOOpr-lIlHaT el, q2,

^r, 
/,2 U a3IIMylOr A12, a2r, a RO BceX BepullHax I{3VepeH6I rODIt-

3OH ranbH-tc y-1b. H J.HutHbrF paccTorrrLlr. A.rpoxo,rr,"ecxre iro.
opl'lllHz rb' n)hKtd Pr lort1 uoxHo nonyqfitb rsa,.j{rbt: epeaaqe;
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no cropoqe PrP3 u no cropone PrP3. Ha ocr'onauuu OopMyn, npll-
BeAeHHbrx B pa6ore [2], a,la ouu6oK cpeAr{ux sHaqeBUfi xoopAfiHar
Ps, 13 safiaeM

I
Ap3: t (-cos 03r+sin 03r ctg arAzr3-

I

-;- (cos o31fsin o31 ctg a3+sjn o3a cosec a3)Az3t+

I
+ -= (-cos av+sin 02 cr g ar+sin o3r cosec a,, A:rl2-

ll
-tsln o3r cosec ddzo+ l-sln orcosec a2a2r-

I__t (cos o3r+s1n (r3? clg or)A2!;

I
cos p3^i*:-: (sin q31+cos o3r ctg ai A?n+

I+t( rln o3r+coq aJ clgcr Fcosor2.osecas)4.3t

I
-;-_(sin oo*cos o:z ctg ai+cos @r cosec at Aiiz+

ll' + tCos ost cosec dr^zg 
-COs 

032cosec a4A22r+

.t*; (-sin aszacos o $ctg az) Lz23, (9)

oT{) na

u! : n",. 1 co., 9 n? :

(2+-cig,a, | 2 
ct C, a,-T2 ct e, o") n:.

HerpvAHo noxa3aTb, qro MrjHuMyM QynKq,iu ,M3, ecrn ar+a2+
+d3:180', Aocrtraercs npv at:at:52,7o u ag:74,60. Kax rr,
AuM, r B sToM clryqae QopMa rpeyro,rbHfiKa Ao,,rxsa 66tr6 6n 3Ka
K paBllo.TopoHHetr.

3ar,rorym,,rro ouH6Ka neD.naqr acrpoHorrkqe.fioro a,1llMyra
no I{aKot-,1u60 cTopoHe Tpeyroxbrru(a 3zBucr.rT oT OopMbr Tpe-
yaojGHnxa (npfi MaJr6rx yrlax HaK,,roria .quH}rit K ropil3oHTy) npaK-
rs,recKfi B Toil xe Mepe, qro r{ Ber'rrrquHa Al,sinq, fo ecrh Ao ,
^, 

Ar,5in Q.
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A. E AIIJ'IANTOB

oB vPABHLrBAHtlLt JIl.tHE]iIHbtX f EOAL3l,trr ECKl-lx
CETEN BE3 PEAYI{H POBAH I,If
HA P EOEPEHIT-3JtJI U n CO tlA

flpl: onpcAcreHxrr IrrrnHoBbrx (oopillrrrar nyll(roB rrHHciiHlrc
reole3llrrecxfie ceru ypaurIlrnarcf 06Lt,rfio Ha noecpxuocu perpe-
penIl-9.!Jrrncon/la uJu Ha r.locKocrn B npoe(uxu I a_vcca-Kprc-
repa. Ilpou3roAri pcAyqnpofaHxe fi3\{epennhr-\ rraxlrrorrrrLrx AaJrb-
rrocrck Ha coortscrcltsyloqyro ropeplifiocrr), nepcxo.r13r, rrir cyule-
crBy, x ypaBnnBaHriro Oynxqrii pcaV.ThraloB ll3]rcprHxii, ollHaKo
Kopl,.,or''r, ryro .a.p. 

') o-!16.h r..r l"rir rrF-.rra rtu
x3McHHori. 3'ror NloveHr npnKrx!rccKrr rrc napvmaer crporocru
ypaBHrBarrrr, raI{ xaK Ia3rnqnr \rcr(Iy {crlocpc/tcfEc}rJro 13i\1c-
peHHbrvfi reoMeTpuqecKrlMll t.rrcxlafiTa\1r cc'tl ll coolBcTcTtsyro-
rqrMl] 9.!eMcH'r'aMI Ha 3,'r,4tncof,lc ll.rrx Ha I].'rocKocfll xcBe,qfiKu.

B t'colcarqccr<ux [oopruHarax ypnBHnBaror 06rrfipHLre paafio
rcolrc3rriccKrc ccru. oSpa6orKy n\ no Nrerojly eo6xo)lnMhrx ne-
k3BerHlrx 0€3 cyrlecrBerrIlLr\ yc.rroxHcnllt Mox{Ho rrpox3Bcclr n
He npx6efarr K npenEapurcrbroNy pcjl!rlfipoBalllllo HaI(,(oHHrix
aa"lbHocr€ii rra noBcp-\noc,l) pcocpc l !JJnrficorJ,(a. aIr 3roro
cr'Ie/'Iye'r !ocnoJlL3oBarbcr (c HenoropbrMr H3MeH€HrrMr) r'r3Becr
tbrMu IpaBHcHHrMx, Br,rrexarcqxMu r3 reoMerpsqecxrx cBfi3eri
D flHHeiiHbrx cerrx, paccyarpnraer{brx r{aK npocl panc'fEeHHbre no
cTpoeHxfi. Bonpoc o coornercrn)'rorr!c11 u3IlcrrcnrJl'l Koppe,narlrloD:
Iroir MaTpnuH ! f,foNr cJryqac 90t)6[(c Hc Bo3Hri(acr.

Il\crb \rr u\', \ .I, r"l\ 11.6.. r,r(, ir \ ,1 .r r.r r.u r. 1

'rr.xrjr hoop.Ia- Bk, Ih, Ilr'.r'hror u .ir,i.,. . 1k..M
rfo/ie3uqecl(ue RhIcoTr,I F4 l3nccrllrrt c'ro!inocrr,ll), AocraroqHoi
/lnt npaBlrn!Horo peai'rrfipoRannq nax.rrorrnhrx Ia.rrLrrocrefi rra no-
rrcIxrlocrb p€oepenl!-er'rillinco l(e. U3 yparrIlrrarrrr qco6xoi1n\ o
trlii r nonpaBKB ABn, A/,r x sua,rennrM Bj, Lj-
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