
B. A. KOBAJIEHKA, said retL hallK

IbRoBcKrt norlrexHuqecxHn tlcrrrvi

O NEPEAAqE ACTPOHOMHTI ECKIIX KOOPAUHAT
rrocPEACTBOM LI3MEPEHIIt A3riMvTOB

II 3EHHTHbIX PACCTO' H I{N

B nacrorqee BpeMt B reoaetlt rutpo(o nplMeHtlor nfipocxo_
nfiqecl(t]l:? M€foA opueHrllpoBaHut. L noMoul6lo rrlporeoAo!'Ilrra
f,I-02 acrpoHoMuqecKfiil a3fiM]T Moxllo onpeAeJlu,b co cpeAlreu

Prc. l. CxeMa nonlroHot{erpnqccKoro xola.

KBatpar|:{rcxoii ouHOKoi =5?. C taxoil x, florpLtliHocrLlo lliMe-
DSIOT Il 3eHnTHlre paccrotHtlrL lrcrb Bae ocHoBaHI'It or{}laarb Aa,Ib-
nefiurero nosHnleHrlq ro'iHocru 060 x Bt{AoB u3MepeHui?. B cBt3[
C g,lHM MO)lleT tMeTL npa(TIIqeCKOe 3HarIeHUe paCCMOTpeHflaq

B [1] 3aAaqa nepeAarrlr acrpoHoMHqecKIlx KoopAI,IHar lrocpeAcrBoM
ravcpcxr r a"uvyroo v reHtrrH6rx paccTotH'ri, B KaqecTBe ucxo!.
HHX AaHHbrX npfiMeM acrpoHoMuqecdle Il reoae3ullecKlre KoopAI'I-
Harlr nyHKToB I u/? (puc. 1), a raxxe a3dMyrln 6a3ItcHLIx cropoH,
Il3MepeHnl;rMrl 6y,u,yr A.rrunu cropoH S no"InrolroMerpfi!{ l'rr'Ill xoao-
Bofi Jrr.r!r!.r, toeauHrloqeil nyHKTbI I Ir ,, a raKxe 3eHlrH6Ie pac-
clotHlrt 2 fi acrpoHoMnqecKtle a3uMyrbl a, nor''IyqeHHble ,qr''It Kax-
Aoii cropoH6l xo,4a B nptMoM ll o6parHoM HanpaBr'IeHlitx.

C noMourbio ttcxoAHllx u fi3MepeHl{llx Be!'IfirrltE MoxHo HafiTLI
npfi6iI,IxeHHo ypaBHeHHI'!e feoae3fiqecKue n acTpoHoMur{ecxue Ko-
oplH rafb rpove),\) roqHl'\ 4yHKTo,| :. 3.,,,. fl l. r 3rler{ x
."naraloull^ yKaopeH ii orBecHLrx,'ItrHrv ! | I, B rootrurr paioea<
onpeaerrreHue € E 1 c norpeu ocrbto +2-3" no3!o,'IuT c AocTaTorI-
Hofi ToqHocrblo BtInoJIHtrb Heo6xoAllMoe AJrg teoAe3uqecKux LI3Me-
peHnii 2 xr. npoe(Tr'rpoBaHue H3MepeHHlIx BerI{qr'IIr Ha noBepxsocrb

OcrafioBr'rMcr a Meroae nepeAaqfi acrpoHoMllqec(nx Koopalt-
rraT c r{cxoAHoro nyHKTa r{a oipeae!'IgeMblii, HanpnMep, c nyHKTa I
Ha nylrKT 2,3anrlrev oveetnuue coorHorreHrt Mexay rlJllporaMI,I
II AOJI|OT MI' ABYX NYTKTOB|

qz:qr*Aq; la:Ir*AA
B Aarlnefiureu rcKoMbrMt Be,rfiqtiHaMu 6yaeM cqfi,|arb pa3Hoc-

Tn A(p fi Al, (oopAltHar orrpeAe!'rreMono u qcionHoro tyH(ToB. AJI'
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qx Haxo)xae8ur Bocnor'Ib3yeMct pfic.2, Ila KoTopoM npeAcTaB!'IeHo
BrarvHoc pacnorolKeqqe 60rbL!l\ xp)foB Ha B.nor{oraf.rlbHoii
crlepe. ToqKr.{ P, Zt 22, l',2'no,,ryqeEH ceqeH!.IeM cQepbl rrHutMn,
npoBeAeqlll'Mq 'lalLr ee ueHlp napaJl"']eJb!lo Ocll Mllpz, IaflpaB-
,rrfirsv oreeca h xop/,. coe0 tFcrcLrFi ll)HKrr, 1 A 2, PZ. PZ2-
acTpoHoMr,rqecK e MepuAuaHbl Ita3BaHHLIX r\yHK'rOB, 1'Zt2" l',222'-
BSanMl{6Ie BeprIlKarbL

Pnc. 2. ll BErBoay {opMyt ant B6rqtcnennt Ae , Al.

l,l3 rpeyronbHuKa Zt2'Zz no QapMyre cfi yca no,lypa3Hocrrr
yfrloB cQepuqecKoro Tpeyro!'lblrnxa no.llyqxM

[(a, + z, - 180"]
a,+0"

cos : ___ .

r Ae F: e ZlZz.
BBeAeM o6o3Ha,reH e

a,+Q, _
2

nogroMy 0z:F cos om

^,. ]

2 ^^^1,
2' (r)

_ 1-
srn tl,

6z: (zr*z:)-180' (2)

HerpyAHo 3aMeruTL, rITO B nepBOM npl]6,1u>KeHr'l],I 6? ecr! npoeK-
r\As'iyrrr ZQ2 Ha oAIiH n3 BeprqKaroB ltzz'unt 1'Zr2'.

ynpocrnM QopMy,ry ( I ), Bocno,rHoBaBl![cb p_a3r''IoxenuqMfi B

pr,4 TpuroHoMeip;.recKtix QyHKIIITii Marblx yfroB. 9,re^nn rperlero
noprAKa MarocTll nprMeHtfe!'IbEo ( Tp,traHry!'Itquu_ 2 KJr. Rl>\pa'

xaroTcr TlrcqqHHMfi AOflqMn CeKyHABI. oHU MOryT 66IT6 OnyDleHbl

6e3 yuep6a ToqHocrH Bblrrltc,leHut acrpoHoMMecKrrx (oopalrHar

(0,1 I"). To-aa 6.2:Fco. q'IYr. Ecl npuhtrb. 'llo cr2:
:&\r+Qr n an:alttQz - a3IIM]'rId ryrn Z&2, to

2

a,"+ a; _
2
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Eanee us rpeyron uur<a PZtZz

sin:alr+d21 2

2

2

cos;(e,+e,)

cosl (I, - ).,h
z

stnl0,-r,).

sln
I
,

"'" ! r'- 2'
Ilpeae6peraa rrreHaMrr rperbero noprrAxa Marrocrr.r, HaxoAuM

Aq:f cos c.. ALcosq- .Fsind-,

6.z:Aq cos a,+Ar" cos qmsin a-.
IIoAo6nBrM o6pa3oM MoxHo AoKa3ar6, qro

(3)

Al,:Ad cosec An.
Penat ypaBEeHxq (3) u (4), nony,raeM

(5)

A). cos g,
0Zslnc-tq=+A4Cos,r-

A) sln g- - Aa + (Ap sin aa - AI cos q. cos a,) lgli. (4)
z

I
rAe 9.:;(9r+9,)t La:(a,,t180") -an: Lz-22-zt

Vpasneaur (3) [ (4) ucno,'r*yeM ts KaqccrBe ucxoAHllx Arrrr
onpe!e,reHur pajHocrei Ag x A).. Ho npexne 3aMer[M, qro B eop-
Y.yl.e (4) BupaxeHle B cKo6J{ax onpele,Iqer yrflosoe paccrorH,le

^r^2 
Mexrv BTaHMHbTMH BepT'jxaJraMrr R cpeauetl rottKe ,.yf[ 2122.

a yrcn t paBelr CpenHeMy'SHaqeHqIO yrroB HaKJIOHa xopAbr B

nyHKTax | fi 2. Ayra K&2 3aBficur or Ber'lr'{uHht r3MeHeHr,tr vKJro-
HeHr& orBeca, O66rqHo oHa He npeBbrrlaer 5". no e uexorbpux
ropHbrx paiioHax,[ocrr.rraer 30". a tHorla rI 6o,1bue. flogroMy
B 3aBl,clrMoctll oT u3MeHegnq yxIOHeHu* oTBeca H yrr'ta IIan!,IoHa
xopA6l BTopon rr,reH npaBoil qacfl.r ypaBHeHai (4) Moxer nMerL
3HaqeHqr of Ma,tbrx lo"rpi ceKyHAbr ao l" u 6oree.

tscJrx !roii norpeuHocrbo MoxHo npeHe6peq6. ro pa3Hocrh tory-
roT BbrqrcIuM no EopMy!'re

; (6)
tB gncos ad

- 6z - AI cos o- sln a-
cos a,

''2'

10
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OopMy,rbr (6) (7), a B HeKoropblx cJryqarx n (5), Moryr c,!y-
xlrrb pa6oqr,rMlr A,'rr nepeaaqu acrpoHoMfiqecltl1x KooPAHHar. Bxo-
arrlyro B Hrrx Dc"'rurruHy Qm aocTa,oqno oflpeAe{'rnTb r'r3 Bhrpa)(erruq

q"-9r+:-.

Aqo:Aa ctg a- ctg ei, (B)

nplr6!'rfixeHHoe 3aaqeHr,re pa3HocTH rxHpoT, onpeaeJlreMoe u3 Tpc-
\roJtt Htll<z Z, P-Zr. rc'1q yrIII npfi sepr llrx 1r I 12 -n hcll, lrB
HHM],I Ar2 fi lUlJ O2r.

ycrallo3uM BbrroAHeiiurrc yc!'roBHr nepeAaqfi xooplr{sar, AriQ-
0epeH{upyr ypaBHeHlre (5), HaxoAr.rM

d(AI): d(A@) cosecq- - Alctgg. dp^

florpe61"v, \robLr A7 clgq-*Ya-<0,1'. To-aa npll ).:1000'
q-:45' sro rpe6o8aqfie BHno.rrHrercq, ec,rn dq-<20,6", TaKat
ToqnocTb onpeAe!'rennr qn HaaexHo ooecnerrrBaeTct QopMy,laMlr
(8). OnycKar no r\rrJo..y Dropo q"leI B laBoii lactH paB.HcrBa.
6yaeM rMerL

d (AI) :d (4,) coscc q-.

Bbrno"'rHlrB ArfQepeHrlrpoBaHre ypaBHeHfir (6) u onycrr.tB
dq- da- d(^z)rrnerlt c - . [ -p Bblpaxlloulqrcs B !e.1lHx noit) cc-

KyBAbI, nor'lytrlrM

d (AI) cos 9,,
d(62) stn a;s^; + d(^a) cos a-

( 10)

Ig-+lS(p-cosa-

A.
DpI yr,1ax HiKJroda Do 6" ig; "e npeBbrurrer 0.1'. B."lcn-

cTBie 9TOIO Bltr'ittre nofpeIIHocTe{ B It3MepeHtld 3eItltTHbrx pac-
crorHr ii oc,1a6,1rl1cc B l0 q 6o,1pe p:i. a np ar. MeHbuux 145'
trJH 180'+45", 1o,rHo.1b onpe,4e reF rfl pallrocll{ ao,l'of npaKrH-
LiecllJj 3aBtcllT ToJtbKo oT nolpeIlHocTeu II3MepeHut a3fiMyTO3,

Ec,'rlr B Bltpa)Kelrrt (i0) noroxrLrr, tgf :0, to npuo"" n

4)opMy,re (9), Koropyro B Aa,rbHeiiIlleM 6yAeM nplMeHrrb A,,rr ypaB-
|lHBaHHr r{ oqeHK]r ro.lHocrlr pa3Hocl[ Ao,tror. IlepexoAq ( cpeA-
ItIIM I{BaApaTr{qecKtlM orru6]tav, no"ryrraeM:

( l1)mal:::tm^a cosec qn,



,[l,1q rofo.'iro6br o6ecneq,]rb B cpeAHxx urporax (30-80') sHa
venne lm"ll(3", norpe6yrorcr HlvcpeHHs a36M) ra co cperrreii
xBz4parx'.echori otxrr6hoil t?d:-L1". r, e. B rrrb pa3 To' ree pe-
3y!'rbTaTa, aaBaeMorc rtpoTeoao,'rlrroM fn-82,

Ano$epeHqupyr ypaBseHne (7) no ,Aq, Ar,, 62 E no,'rarar npr
9TOM, qro B npeAeJrax paccMaTpuBaeMbrx ycJroBl r qm fi am o-
crorHHH, HaxoarM d (Ap)cos a-:d (62) d(Al,)cos e* sin dm, a c
yqeroM +opMynH (9)

d(ae): tl (8.)
- d( a) ctggntg dn. ( 12)

cos 4t
nepexoa K cpeaHuM xBaaparuqecK[M ollru6KaM npuBoAr,rr K 86r-

paxeHuro

4, : Qpt)' + o's, cis e 
^ 

te a 
^)'.

( l3)

OrcroAa 3aK"IrorJaeM, qro o]IIu6I(a B nepeAaqe urllpord, o6yc,1oB-
reHHas oun6KaMtr ugMepeHlrr 3eHfiTHr,rx paccrosHr'ril Il a3tlMyroB,
3aBtc]1T OT rrrupoTH Il a3lrMyTa HanpaB!'reH[t, no KoTopoMy nepe-
aarorcq KoopauHarbl. BbroaHeiiurnM 6yAer' uanpao,reane, coana-
,{arcqee c MepnAHaHoM, TorAa m^q:ttr6.. OqeDlrAHo, qro Art
no!'ryrr€Hnr rnuporll c oux6Koia +2-3" Eeo6lioAr.rMo u3Mepqrt,
3eHr,rrHbre paccrorHr'tr c notpeuriocrllo o(o,1o +1".

nonJqcrHde pBynbraft' pa3roon u{por

4-3
176,92'
t22,13"
322,80"
299,05"

+ 0,21',
+10,41"

+14,83"

**,'K'"

t 7,54"
xt7,a4"
t 7,95"
+ 10,51"

2l'47'
75"4t'.

6'51',
48'06',

t32'.
1.53',
1"38',
0'06'

177,13"
132.54'
327,72"
313,88"

IIo Marep a,raNr u3Mepesllft Ha gTaroHHoM teoAe3uqecxoM no{rr{-
roHe B Kapnarax crapflrfi HxeHep UMHKa,'r ,rl. 14 Br,rqficnu,'ra no
Qopvy"rau (5), (6) tr (7) pa3Hocrn ao!'rror lr rurrpor qerlrpex nap
rlyHKToB Tpr{asryJrrqnf. Ha Bcex nyHKrax 66r,1H BLrnorEeHhr acrpo-
HoMuqccKHe Ha6,lroAeHur- lllfi porr,r, Ao,rrorr,r r a3fi MyTrir nonyqenBr
c flepBoxJ!accHo! ToqnocTblo:

Mr': )-0,3", Mt.: t=0,45". M": +0,5".
3esfiTH6re paccrorHr.rfi {3rreprr''ru co cpeAHefi KBaAparnqecKoii
aw 6Kot m,:t5-7". l43MeneHvrr yKroEeHEft orBeca He npeBbr-

flpn Blnqnc,leHr.ru noMe IeHEHx B Ta6n. l, 2 3naqeHuil mao u
raA^ 6uro np flaro, ero nd,:t5'''12:-7", n^d: !-O 5"''lt:
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:+0,7". AaHHL,re ra6.;r, I cts urlere.rl hc rR ylor o 3aRIchMocrrr roq-
Hocrx lcpelta!aeMoir urporr,r or a3rrrrlra !!r6paHHoro I,,1r 3roii
ucr'rir nanpaB.rrcHrrq. l{e c.lea_veT nLr6Lparb .q,1q ncpcaaqtr (oop]l}t-
rraT anfaB.lcHlir, \'K.;rofirtoulrrccr or Mepfi,(rrxHa 6oacc qcM na l:]0.,
Ja!LiI]reHrrrre 3!rilqcHlrr Bcex qerr,rpc)i lr3Hoc'I.cii d{" mo>nrro
oi)6rcnrT! IIaJlIIquerr cticTcMaflI.recIlol]i not.pcuHocTt{ D scHnTrrr,rx
paccrorflrrirx, rJc,,rejlc.rBue Ko]opoii c)MMbr (:r+:r) oxa3arucb npc-
yBe.n qcHHL,rMr nplnepto na 5",

Ta6rrur 2
Iloryqernsrc peay-rradr pa3{ocr{ Jronror Al,

16
13

t03,71"
393,84"
59,94"

497.61"

t44,75"
391,37'
60,94"

495,13'

104.83"
390,74"
60,98"

,195,09"

+0,98"

+l,00'
-2,4tt'

+0,93"
r0,93"

lJpnse,rerrrrrlc B ra6.[.2 rannbrc lroArBepxAaror, rrro npn Marr,]x
!r,rrr I:r'(,r^IJ r Hit;. copt t.'nu \ ..ilt{ o. u nlr a.<r;",hol,
M),r- r ,r I lul nalo u! 'r rl tot )xa pervlLt:t. n r ,, doc , .tepF-
!aqn ao.rIIoTLI onpeae!'rqctct TortIIoctl,Io II3veper rt a3fi MyToB,

PaccMorpxM'rencp6 noprraol{ ncpcAarllr acrporroMfi rrecKnx l<oop
AnHaT Ha npoMe>KyTornr6re nvHllTllt BrrJcoTHo-a3lIi\IyTa,rbHoIo xoaa,
npclcraB.'reHHofo Ha Dnc. l.

Aonyc,nv, .lro fa3uoc, r Ao.rtror ti rrripor cxtonirl'rx nlHXrou Br,r,
qrc.nr,ru no qropMr".raM :

A).s : rta cosec qa; Aq,: :: 
-Aacigq_1g.r_.cos ll,,

Apryrlcnrr'r Aa lr r5z, orrpe,qe,rrelrrie }relrocpeacrrJcHHo rrepe3 r.r3Mc-
peHlrLIe BerrnquHbl, 6yaeM cqrrr:trt He3aRficlt\{o u3vepefi rrrrrNru, Ilo-
cKo!16xy xoa npo",roxen t\rcxav llBy\4rl.Bcp/lbrrrx nyHl<1.a\1fi, Bo3
rHriaeT 3allaqa ypaErruRaHr'rr: Adi n d:; /ro,I)Knbr )'Aou"'rerroprrb
AByn ycxoBHnM Koop,IuHa,rrLrr{ ypaBHCHfir[r. 3Tn ypaDHcHur, Bbt-
paxarcqle ycaoBllt rloJrroT x rxupoT, l\roxrro 3a[lrcar! B BnAe:

(14)

a:: t t) 

".is ?,, rs a,,1Y/ 
" 
: o.

floirpaBr i 
rll3 

ypaBr rRarIlirr K ao a 62, wr:
|^n_]1|iw|:I49,-(9,q|l'

x
3,lecL ro

,= I a)."



gsP^

e

{{.'

ttl

I

ypaBHHre,lbH6re Buqucrelr{r 6yayr Bbr-
nor'!HtTbct B TaKo[ noc!'IeaoBaler,I6liocTn:

a) BbrqucleHue pa3Hocreri Al,! [l qB c
noMolu610 ltJt\{ppeHfibtx arqMytoB x JcHr,r_
Hbrx paccTorHr i no oopMynaM t5) InH
(6) q (7 );6) coct aB,?eHxe ycroBH6lx ypaBHeHnii
no QopMy,laM ( l4);

B) nepexoA x HopMa{r6H6rM ypaBneHurM
li qx- pelxeHfie;

r, alrqrcJreHr.re noDpaBox ?ra rr rr,;
A) BUqqCrlpHfie nonpaBoK ('1. rjo j1 On

peae,!eHfie ypaBHeEHblX pa3HOCTerl XOOp-
4UHaT:

u.:u,cosecqn; u,- ' - ozclgqalgd,,l' cos a'
a^yp: A\ + 01; agrp : agB+ rrp;

e) onpeAeflcHHe ypaBfiaHHbrx roopa;-
HaT npoMexyToqHlu rryH(ToB:

tt
^/:^, I 2'J 

a^)e, 9r: 9, + tr aqyn.

B nop"anu 
"*"n"pror"""u 

Ha sraroH,
Ii0M noflrfoHe rye)Ktry nyflKraMH Tplla t,)_
flruHH I u 5 6u,r nlon6xen ro4 norn,u-
HOMeTptrH, B IlOHeqr]Hx ],I,qByx npoMexy-
TOrrHElX TOqXaX KOTopOTO I potpoAo,,IHTOM
I n-bz x3Meptr'lltcb acTpoHollfiqecKue alI-
'Myrbr. lorlHocrb u3MepeH'rji - +5,'. Arh-
MyTbr cTopoH xoAa (o,'re6a,Ificb B npeAe_

"rax or ll Ao 34o. (poue roro, Ha o6oux
npoMexyToqribrx nyHKTax rro!'rraroHoMeTDru
no nporpaMMe I x,racca 6ula onpeai,re-
sbr acTpoBoMnqecKue uupoTbr u nor'rroT6l
JeHItTHlIe paccTogHnt H3MeptJIfi OIlTLrqe-
cJ{rM 1eoao,'l],rroM OT-02 I norvqx,tq c
norpcrxHocTbro *5", tr-r,rur nax,rbso,ru-
Hfifi xona riMe,lll ssaqeFrr 7'03,. 6.26'
u 8'38'.

B6lqlic,reqgfl B6Ino,!Ht!'Iu 1Io ollllcafl-
Hoii Bbruie cxeMe. pa3socrB no,lroT Haxo-
afra.no oopMyre (6). Pery,rbra16r o6pa-
6orKx 'rMFpeHhfi csenpHH B Ta6.n, 3. TaC
-ryt,lqHorp 3HaJeHj.tr Aeu I Al" no,lyqeH6l
ri3 nepBoK,raccH6rx Ha6,1rc!eHxi fi vofyr
6r,rrb npuHqrbr 3a ucrliBH6re. HerpyAHo

.g ttl
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