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O NPHBJII4XEHHOM OTIPI:AEJIEHHI,| A3T,IMYTA
H NONPABKI.I XPOHOMETPA NO HA6JIK)AETTII'M

3BE3A B BEPTHKAaE nOlrt PHOH

B 1948 r. uHxefiep A. A ,rl,lxepbuH rrpeArolKtJr npH6r'rijxeflHo
o.]prrpnlL 1,xvyr no rr:6fl.[.riH,]N Jnprl r{ q"aly(ane no"1r(r-
Hoir l' l0 rao.ronHrarlq I co r.nf.r (. ro,-,ocr,ro no 0'.1) fa6-
nHuy a3r'rMyroR IloJrqpuoii D rroNrc!rLr rlpoxolKAcHlrr !epe3 ee Bep-
rr{nnrr 2{-x ceBepHbrx 3re3! Ha 1950-1960 rr. [l].

SroT c'roco6 rRnrercr rJacrHirr\{ c,,ry.raeM cnoco6a O, H. Kpa-
coBcr{oao (Kor,4a ropn3oHra,riHr,lii yfo,,r Q Metkny flo,r;rprroii r acno-
Mofarenbrrori 3Bc3^oir paBeH ny,lrc) n o6,1aancr flo cpaBHellnrc c
Hr.rNr prAoNr rrP€HNry(lccrR: npocrora Ha6nroa€Hnir (rpy6a nepeive-
Ijlae,rcr Tor''rbKo no Bbrcolc) tl o6pa6oTXU, (oTopafi caoarircrr x BLI-
60py a3nMyra Ilcrrplloiir n3 ra6.q{qbr flo [rHpoTe u Ha3BaHuro
BCfiOr\rOraTeJrbrroii 3Be3Ahr, rrelry)Krocrb oQeMepra BcrtoMotaTenb-

Cnoco6 A. A. "I-vxcpr,nHa ycosepnencrRoBann A. B. ByrKeBuq
tr A. 

^. 
KpL,rx(aHoBcxnil [2, 3]. Ans yRenIqelruf, rIaIIeBpeHHocrrr

cnoco6a A. B. Byrncnr.r l4l pexoveflaoga.q lia6.rlrcAarb B nepru(a-

"re flo,,rrpHofi ne ro.rbr{o ccBcpnble, rlo, r toxHble 3Re3Abl, a Ant
yrreHbueflI'Is BnfiaHHrr (oJrxNaq oHHoii oun6Kn na6nroaarb flo-
nrrpHyro u Rcrro\{ofa,l.eJbrll,Io 3ucaay nPfi IBvx lro"'IqxeHntx xpyfa,
anrr riero ficIoJrbsoBaTb !aJrbHo\{ep!Iylo cerKy HllTcIr, xoBepIryTylo
ua 90' [3].

Ue,rb laHHofi crarhn -Hciruree yllPoqeHre cflocooa
Hnfi H vx o6Pa6o,Itfi.

npoBcpl{a sTux peKoMerraalluii II aaJIb-
A. A.,tlyirepLurra B qacrn rra6nloae-

(2)

B I972 r, sanrn Bbrrro,rHeHLI onbITIMe onpe,'lercIIfig a3nxlyra x
nonpaBnn xporroMcrpa rrcrp\-Mc raMu oT-02 Il TE_1. Bblnri co-
cTaDr'renbr 3QeMepHnLr !,1r 40 ccBcpnrix n 60 rcx(sl,lx 3Re3A; nx
3CHrlTHb(e pacc'rorxrr x rroNlcII16I nporoxlenufi qepc3 ]]epTnKan
rlonepHoir Brt.rrcne",rrcr no tfopny'rav {51:

a) a,'rr ceBepfl6rx 3Be3A R6rrIj3ll HllxHel{ (yJlbrl Ha{uu

z= 180'- (q { E), (l) s -- d t 12" f As,

4s:1tN stn z sec 6; (3)
t5

rDe or 2l| 14j I no.lql' l.ii Hc \4o[/. ltl hy'4' v']HaurH acDoMofa_
rc. br ni :b. br. Bbr6 rpa v' ir J . AF-:

6) A,rfl ro)Krrr,rx 3Re3)1 Bo'rl.l3Ir Bep).IIelr nyr]L\tnAaqlllr

z=9-6, (a) s:(+As. (5)

Ant yMeHbutcHHq BJIIlgHnfl (o!'I!'lllMa]lfiu n HeonHo]lpeMeHHoclll
Ha6,rroaeHr.rir flo,rrpHoi Ir BcnoMorarerLHoil 3Be3ALI Mbl aoro/'IIIIt?'IIl
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o r€oAonr{le OT-02 N, 10199 o6HqHyro cerKy Hureir Ha crexre llay-
TtrHoBot, y KoTopoji 6o(oBbre BepTuKaJrblJlre Hri,n yaalleHbr or
cpelHei Ha l7'. (pxc. l). Huru ee npn(pennerbr K onpaBe npexfie*
ceTlq u npu EoxycrrposaHuu Ha HoByro ceTKy cTapar ccTKa He

qHa.
.B onru,{ecKoM reoAonnre T6-l }l! ill27 cer(a H rei:i 6Lrna no-

HtTe}l uc,pHyra Ha 90o r B xaqecTBe 6oKoBHx BepTirKanbHr,rx
oBa.qucb ee aa!'rbrroMepsHe HaceqAH (puc, 2),

PeKoMeHAyeMI'Iil noprAor.r onpeAeneBl{ii:
- r, Ha6,rroAeHre 3eMHoro npeAMera n olcqer no ropr,r3oH,arL-

ry xpyry.
2. Ha6nroaeHrre IlorqpHoil Ha cpeAHeii Beprr(arrbHoi? Hurr'r (ory,
. l, 2) { orc,ier no ropr3orrranbHorrv (pyry.
3. Cnycx u,rn noAbeM ipy6br Ao Bricorbr BcnoMorarenr,Hoii 3Beg'
u orcqeT no xpoHoMeTpy B Mo[4eHT npoxoxaer{xrr 3Be3a6I qe-
(npaBylo) BepTtKa,lbHylo H[Tb (o1,F, pHc. l, 2),

4. IlepeBoa rp,v6br qep$ 3eHnr n BTopoe sa6nrcaeHqe nonsp-
KaR B nyHK?',e 2.

5. Cnycr n,ru noaaeM Tpy6H ro Bhrcotrlr BcroMorare,'rbHoir
r olcqeT no xpoHoMerpy B r{oMeHr npoxoxaeHl,trr 3B4aLI

<JeByro> Beptrl<arbHvro HuTb (ci,r, prc, l, 2) *

Prc. L Crcva Ha6ro4oHnt
reoaonrroM OT 02 [Iorrp-.
Hon {d') D

non (s,l sBe3ld rp'r oqpe-
aenerrr, ,3trvyra s nonPaB-

xr xpoHoMerpa.

6. Ha6,lroreHrie 3eNrHoro npeaMera,
EcnH npI Ha6,rroaeEr.{u no,'rrpHoi?
py x BeprtxarrlnoMy Kpyry, ro.

t5l

tb npoMexyTox

Pnc. 2. CxeM. Ea6rone{st
reoaorrroM TD I tlonrp{on
(dxJ n BcnoMorarcnbsofi
(d,, 3u€nu trpu onpcrene.
Hqd a3sriyra ! noopaB(n

xpo!oMefpa.

r{aK B nyHXTe 1+'.
6parr, orcqer6r no xpofio-

rrcnoJrb3yr rSBecrHy!0 (pop-

q:N+I+II+ III, . (6)

lr nrr'rpoTy. B 3ToM cr''ryqae Tpe6yerca yBeJrlrqr-
BpeMerru Me)KIy Ha6rroaeHr,rrMlr flongpHoil x

. To ecr6 na ron xe snrr, qro ri nr{ xpyfe npaBo-.. Ecn! syxHo onpeaerrr6 ronbxo esrinlr, ro xloHoMerp B ny'l(rax t
t He or.qrruBaercr.
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rcxHoii 3Be3Aoii, Arr qero r{oxHo Had oAarb nx (pfic. 3}: npfi
Kpyre !,reBo llo,,rrpHyro Ha < paBoii> rrHrll, !croMoraTer'rbHyro -fia <,IeBoi) Hnrn, a rrpir (pyrc npzlso Hao6opor.

AsrNlyr seMHoro npeaNrera Bbrqricnr!'rcr no OopMyne [3]

da:oN+(,\,\-NN), (71.

rAe y'y'^ r {r' - cpeAHne oTcqeTbl no rop[3o raJlbHolly Kpyry Ha
3eMuoii npeaMer u nonflpnyn, a loflpaBna xpoHoMerpa no Qop-
Myne [5] u:s T-altt T. (8)

Pnc. 3. CxcMa Ha6n'oa€-
n)rr rcoaoruroM OT-2 rr
'I D-l Iroripron (oN) tr
.cnovorarcrbdon 3Be3ru
(d,) nt' otrpelerenrd
.3!MYra, rorpau(u xpo.

!oMerta t udpord.

ll.nrr B6:,rlcneHurr a3r'rrllrra llorrrpHoii cN qacoBoro yHra fr
BcnorlorarcnbIlori 3Be3abr r o)Kno rrcrro!'tb3oBaT rr clporne QopMynbr
B. K. Aer,reHa [6]:

ton tgM: tg Ar, tg lr slfl P

l-tgANtgb,cosp'
P - ('^ x') (15)

OArraKo grH OopMynbr !oBo,!r,Ho cnoxHLr, coacpxar criHycbr
a raHreHcbr ila,rbrx yrJrar I1 rr{) coolBercrByli)r npH6nixeHH6IM
orpc!c,!eriHrr\r, nosToNrv [rbr ynlocrfiNr ux no a]rarorxfi c p360-
roii [7]. I,'rq 3Toro pasro)r M clruycbl H TaHreHcLI ytiroR aN, fr, M
n ly' B p4br 

^{a("ropcHa 
c yAL'pxa}rxcr ARyx qneIIoB c norpen-

uoc'fbro <0"0001, raK KaK apn tp r 6r(U0" a3nNryr flonrpBoit
aN u iiro'] M<2", a A n N<l'.

Pas,raraq B (9) sirdr n sini R prA, rrony'inM

a1 /. A'\o,\-:'=la ;lsecA'o \ o/

sln l1., : sin, sec a, (9)

/,: (N - rr), ( l1)
/N : 180' (M + ,v), (10)

tg,t : ctg Dr sln M; (12],

(13) slnN-tsAtgq; (1.1)

( l6)

UJIU

sa

+ !... e tg'e. (?)a1,
Y,6o" =(a 6/ sec



O(enunr atopoii .ureH B (17), nonara{ q<60", t<1"; n nony-

b"3'.,"sec 
A tg'9< l,',

oP"

1o e(rb c oiuuoKoi <1"
aN4k,sec A.

Par"ro;rqv o rl:) tgA fi sinM D peA M rraiaeM

. h1 /.. M!\k L ^: l,l4 - lclg6r,o \ 0)
nnu

. ,44'- /r rg 6, l-: rs 6, (2 + tg' 6,).6"'
nonarar 6r<60" n &<l', no,ryqrM

( l8)

( 1e)

. (20)

bx3'',, frs,6,+2)<0,,,9.
oP'

ro ecrb M- 'h'lgbr r,,rh p"-,14'crgdr. 
, (21)

Pa3,ro>KHM ig,4{ B (13) no 6r.rHoMy lJbroroHa, yAepxuBar q,,re-
Hbr c Ai,

tg,4,I:tg AN tg 0r si! p ( t+tg Ad tg 6r cos p+

+tg, AN tg,6r cos, p+...).

3arcrv far,nox,v B pr,1 1q,44 H tgAN. Iol4a

Mt / a1,\
M r 3 -\a.! FT/rsdrslnPll r^rvlgs,cosp F

+ Airtg'?Dr cos? P).

V,Jarr-'iar. qro 11 --Avrgd.sinp. Han,rueM

A'l
.M". 

^N 
rg D, sin P l;ls,8,stn2Pi

A:l 4 
^..1Fi:?rcE,s.np(l+3rs!E,)-a;;tc 6,srn'p. (22)

nonara' A;:3120" (a,rr 1972 r.), F:-Q0'r 6r<60o, saiiaeu

^il 
a A;l

3ft teo' 
"r. P r I { 3 rs'1D,) < 4',t: 

a Bte,t,.'n'B = 
n'.n.
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16, I
31. I
I5. II
I, III

I6I III
I. IV

16. rv

16. v
I. VI

I6. VI
1. VII

I6, VII
l. vtlt

IO. VIII
l. Ix

I6, IXl.x
t6: x
t- xi

16, XI
I. XII

16. xu

I. I
16. I
31. I
15. II
I. IiI

16. Iil
l. tv

17. lV

16. V :
I. VI

16- VI
I- VII

16, VII
I. V]II

l6_ vtll
I. IX

16. IXl.x
16. x
l- xI

16. XI
I. XII

16. xII

0d05r
I5
36

056
114
t29
t. 39
t42
139
130
116
058
036
013
012
026
056
114
128
138
t43
143
137

0u:4
9,4
9,9
8,9

- 1,0

-10,3

-18,5
-21,2
*23,0'

I9,6

-.16,2- 12.1_ 7,3

- 2.1
J,8

18,9

1'08r
048

26
05
i3
28
38
42-
39
30
t0
M
23

046
t12
126
156
214
224
238
242
242
236
2h243

6)

d 2i:6
24,5
25,0
24,0
2t,8
18,5
13,9

9,2
4,7
0,2

-3,5

-?,8-8,1

-1,72,4
7,2

12,5
18,3
24,4
28,8

2no7s
147
126
104
044
029
018
0 l5
ot7
o27
o42
r00
121
143
208
260
253
a tl
325
335
338
338
331
3fr19s

o'37:6
48,9
39,5
38,6
36,3
32,9

23,5
18,8
14,5
10,7
E,2
0,6
6,4
7,3
9,4

t2,8
16,8

27,O
32,9
38,3
43,4

a) nonpaBxa ddN!

. Ta6nnqa I
n;rpasxtr ddx'{ dA}" (orrncrq sHfivbrx (ooplxHar nonqpnon or cpraHrr)

npn r0=1975,0; qN -23A7n263j5. 0r:89"08'59",8

rlotrpaBka lAx"
0'51;5

53,1
53,7
52,8
50,7
4? 

'4
.42,8
38,1
33,4
2t',0
25.1
22,4 -

2t,0
20,6
2t,7
23,7
27,1
3r,l
35,8

47,O
52,6

{ atl

3'0lr
241
219
158
t39
t24
113
109r llll9
134
t52
213
236
300
322
344
402
416

431
431
424

3a53r
332
3t0
248
2302t4
203
158
249
208
222
240'3 0l
324
348
411
433
450
504
514
5 r8
518
512
4u59r

bs,7
o7,7
08,4
0?,2
05,2

10t,9
0 57,4

52,7
48,2

39,9
37,1

35,2
36,2
38,7
41,7
45,8
50,5

0 55,8
10t,6
r 07,1
1 \2,2

I tdJ

420
358
336
316
300
248
244
246
253
307
334
345
407
432
455
5l7
535
549
559
602
602

| 26,5
22,6
23.2
22,3
205
t7,2
I2,8
08,0

I 0s,5
059,0

52.4
50,8-
50,5

053,4
0 56,7
I 00.9
105,7.

I t,0
16,9
22.4
27,6

{ 3t.O '

5tu25s
504
442
4 19
358
342
330.3 26
327
336
350
4!O
428
451
515
537
600
618
632
642
6 45.
6!5
638
6424s

i3s;3 .

3719
38,6
38,0
36,1
32;5
28,0
23,3
18,7
.14,4

10,7
08,2
a6,7
00,4
07,4
09,5

17,0
21,9

33,3
38,9
44,1

fa81'6



T a 6 tnr\a Z
O6pa3eq ra6nnqd 3xa!e!{n ax, ,i}{ tr lr'

'l
5l
52

58
59
60

35"
30
37
3E

49
50

trcy57"
02 43
03 32
04 24

l't7'2t,
1856

27 ,5
32 ,9

. 38 ,4

0r03a53!,5
04 01,8

f20,38"
22 25

f33',lo"
35 45
3831

f4y29"

0i04ftt0i,6
04 19 ,8

0 05 12,t
24 ,A
37 ,8

0i05'51!,6

quT olnl,16Kn KoMneHcr.{pyroTc!. Iilccy'rdAoBaHur noxagbrBaroT,
MaKcrMar'IbHatt.CyMMa ttux qncttoB paBqa 1".5 npn p:31.,9
norDeuHocrLro 1.5

A"2
rU" = A; tg A, stn F + 

i-*'- 
rg? 6, srn 2p + . . .

floActaB,'rrr M n (23t e (21). no"ryqH,:.

' 
a" -: A; srn p + ij,,s tr srn 2p,

'Y"-h" 
Ig6' 

'

(23)

t5
eHue B OopMyre (14) sin& Ir ig, B pea aaer

(24'

(25)

(27t

8bI"

4l

/v=tte9+ {tgq+ {-.pteq+ 4,*, (, +,c'*). (ru)

aa p(60' u ,t< 1", raiAeu, uro

-4 
tg e (2 + tc, e) < 0,,.9,

M=' a"tgq
l5

K BxAlto, Bce Be!'ruqHHbr ltpocro BBrpaxarorcr qepe3 fr.
pMynH (lB), (24), (25) i (27) npocru H noslonrror

aN, h, M ly' c oun6xaMu <l/'.



O6pa6orKa Har{Horo inpoudaercr,-ecrlr cocraDlrrL Ha 3!oxy U0

no cDelHI,tM KUOpITHaTa\{ llo'ltplloll H BcIloMoraTcJIbHhlx JBe3!
ra6n;!y a3rrvyroB av no,l) pHoil t seJqH'r ll M N, a laK)xa 1a6_
nuqy nonpaBor( gTLIx BeJluqfiu 3a snoxy (3a oT!'Iuqne BI'{aHMbIx l<o'
opnusar o? cpeaH[x).

4nr no,ryqeHrq anq)(pepeHqsaJrLHHx nonpaBoK
(npn q<60" n 0r<60") noAclaBuM B BbrpaxeHIlq
h tB (24) ti HaiiAeM, orpaHuqfiBaqcb qreHaMlt

2!! ro".

c .To,lHocTbIo l"
(18), (25), (27)

noprAKa ir^;. I{

\29]

(30)

(31)

(321

Nr1404,8
lg Nr 2,389

3lll'
3,49290

3,,19137

31od:l

da"*:=dh" secA, Q8) dM "-qYE\ ,

dNi-d{rle,
l5

dfr :d^'^ sjnP + i+cosPdP' : I I ll:
p

dP':r5(de"N dal"
AeroDor\r estquc,leHH Ea 38M -Hafipll_2) Ha ?nory f0==19750

nrs l00 oxHb'x H 50 ceBelHrrx 3BcJt a^, M r,V ann u,npor or
35" no 60" c uraroM lo (npr 6r>60") no OopMy"laM (9) (15) H

fiorpaBXn ,'1 . d.:i. dM 1 dN. O u'r.q xoop!r"h.r no'rflphoii
cr cpeAHnx da"* u dL'* arr pa3JrllqHblx JIer l,r MectqeB nplBeaeHbl

B ?a6Jrnqe l
nDrBeAeM o6pa3el{ ra6"'uqbl aN, ,M, { ta npfiMep o6pa6orKr

Ha6,!bAeHr.ri{. Iloipast<u dh", d.&;, dI4" tI dN' B nprrMepe B quc-

nen6r no (popNryrail (28)-(32) (ra6n 2)

npHMe p o6Pa6o1(n sa6nroacHtrii
' BdqtcneHlq no Btrltubln (ooprnHaraM

nara 6. 06. 1972

dxl 20a12,9
d, I 19 44 58.8

6.99

L27
9.22
4.38p

29

rgaN
Ig sin P

lgl
I

I1

61914,1
t2 38 28,2
89'08',09"

051 51

to 32 37
49'50',r1'

2lgd;
lglgdr

Ig stn 2P

donlg2p"

ls I 9.s6

rrl oi

lg tg,t
lg h"

AoalglS
lg lg 0r

Q,ot 4

3,49 I
8,824
9,27 A

r" I ooee,:{
lg n4s

* np! 3roM rlMenefirt koopansar BcnoMo.aren6Hon Moxllo He yqtrrdBarb

tr npnurMarb d0":l5.lai\', c ou{6xon <1".

42)

1,58 5

38,5



E h" | 3,4s r28
Issecalo,lg0.16

-;1;,'*
,,v I l'2obs;b

2h07m26s

19 45 0,1

p 6n22m22s

"",,, ., I lol''iu
.N r"750 I 2 07 26,5

-;I d"',',

rs a; I 3,4sa

Igcosl] I 8.98c
dolrlgr l4,086. Ig )5 I 1,176

ts da. | 2,287
0,07+
t.741
8,824

9,270

lg d,44r 0,835

,u5 
|loo"azir

dM' | 0.7

,lp L rj'ocl':u!

N61327.t5'2s'

NNI 278 s7 26 "-r: r,I o"*io3
d, 19 44 58,8

48 17 59

12005 " | 'n.,, 
,r,t

r 19 48 58,4

,.r 
" 
I +s':s'o+"

! I -0 33,3

ar,,, 
I dr

ls liVJ I 0 635

Bu{hcnorri r. ctreArLrr xoopAtrIaraM

Nr-{r- e

dL:,
lg dA;
lg sln l]

5v,

1,708

9,998

1,706

50,8

Ig 1g9
tgtth

don lg l5
lglgblI lg II

II

0,631

4,3

1g dh" I t,741
lgscca I 0,100

"i.,.,'^. lr I8 40')

da,v ) | 2s.3_;F;19.!aN t,9Jt

85,3

hl/u, 00 0l 00,5

./Nr 4,3

'"^Ns 0 0104,8

" Or f,]^ar.',||t iJrvytjr t c pitBrru xllot,or'crpi) n cnoco6c/\. /\. ,lyr(cl'Lrr':r norlto)t l|.t o t,jtfJltono unrv Lc InnLho,.cRclr-
IIbIX, IiO i.r rOXlbIx 3B€3Aj qTO 3Ia'l 1.e,j]r,tIo pacrrlnpteT no3xlor(-
fiocrlr crroco0a, (-lc^rrrr (Ba/lparnrrcct(:lr otLrr6ra onpe{er'lctrurr
a3irNry].a rr llorrpalr(u_xpofiolleq)a lt3 o^noro npueua) nloaoJt)Kfi-
Tc!'rbrrocll, (oToporo 5 6"r, cocraB,rrror A",rr Ol,2+4,, r +0",9,
a A,1r TB-l+6" ll +0",3 -0",5. Ha6,lrolil , r.urcrpyvcllrou TB-i
yAo6nee. Tax r(ar( D rrcM e rpe6)'c,rcr tarrrl{!arl, cerxy, a ,|oq-
llocTb eIo Bno,rrre aocTaTorrrra.

AaHnHir cnoco6 or(Ho pclro\rexAoaarb Arr rpr6,,rn)Kelluoro
orrpeAencrnr a3l'IMyra npfi u3brc(areJlbrrbrx r.t Apyftx pa6orax.

!'IUTEPATYPA
Lnrru O. r. f o0"1r,..\l f or ,,,r. tr50

J uyr(.rii, (.r; A. .1 -fx-
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