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NMPEABAPUTEJIbHBIH BAPUAHT HETPALHUHOHHOIO
HOPMAJIBHOTO MOJIst 3EMJTH

B nawefi npeapayileii craree [2] no meroauxe [1] nocrpoen

W OnHMcaHkl TPH npeaBapHTesbHEIX Bapuanra (H3 (%) ., H3,, 060

H3 g #h 5) chepounansuoit Hopmansnoit 3eman (CH3) n sanumncog
aanpnoit Hopmansnoit 3eman (9H3), B kauectse nexoanoit nudopmas
IHH AJ51 KOTOPHIX MCHOJAb30BAHE NMapaMeTphl MOJeJel IrpaBHTAIHOK
HOTO fod mvaneTel coorsercTeenno GEMIOC [4], GEMI10B [4]
GRIM3B [6] u sHayenne moTeHUHANA CHJIBI TAMKECTH HA 3JVIHICOH/AR
GRS-80 [5]. '

B [2] oraawo npeanourenne H3 (%) xax nauGosce noano#, ne
CKOJBKY TMPH €€ BBLIUHCHeHHH HCNOMb30BAJHCL YETHBIE 30HAJbBHEIE Tap:
MOHHYeCKHE KO3((uuHeaTH Copn, o MOAGIH TPABHTALKOHHOLO OIS
3eman GEMI0C [4], rae onu ganbt g0 180-ro nopsiaka. eomerpuuyes
CKHE MapaMeTphl HEYpOBEHHOrO 3Jjuncouaa, cheponia H HOTEHIHAJ
CHJIBI TSKECTH HA MOCJeAHeM noayuensl u3 AByX npubiausenuit. [Tpus
Be/leM MX 3HAUEHHS:

a,==6378137,0 M, @a.,=6378135,6 m, (1)
ae=1:298 207, «.=1:298,174,
Uy=062636860,87 m?.c~2.

[Tepexoast 3jaech K MOCTPOEHHIO HETPAAHIIHOHHOTO HOPMAJbLHOTO
noJisi, OTMETHM CHauana, 4To Ha NepBLIX NOpax HMEeT, OYCBHIAHO,
CMBIC/I OTPAHHYUHTHL €ro (NOocTpoeHHe) CPABHHUTEJIBHO HEBLICOKHM MO
paakomM, B3sB, Hanpumep, N une Goaee 12 wam 20, o BLIZBAHO, BO-
MEepBLIX, MOFPEUIHOCTAMH CTOKCOBBIX NOCTOAHHBIX MJIAHETHl, TNpPHHH=
MaeMbIX B KauecTpe HCXOAHON HH(pOpPMAalLHK, 8 BO-BTOPLIX, XapaKTEepoOM
pewaemoil sagaul. Beluncjgenne HOPMaJbHONR CHILL TAKECTH 9 Bbl-
HyXjeHbl Oyaem jajee BHIIOJHATL Au((pepeHuHpoBanHeM (yHKIHH,
3afannoil npubAHKeHHO (pAida reonoTeHinana, Kos(pOHUHEHTH KOTO?
poro nafliieHbl SIMIHPHUYECKH) C NOCAEAYIOUIHM CYMMHPOBAHHEM MOJY=
Haemoro psiga. A Takue 3afayu ABJAAOTCH HEKOPPEKTHLIMH, TO3TOMY.
BOCTIOJIb3yeMea MPOCTeHIHM cnocoboM yueta 3ITOro 0O0CTOATEALCTBAL
BO3bMEM B YKasaHHOM psje 4YacTHYHYI0 CYMMY OrpaHHUYeHHOrQ
(cpaBHHTEALHO HeGONBIIOTO) uHCAA WIGHOB, KOTOPYIO H HpHMeM 3a
HCKOMYio cuay Tsaxecrd. HeoGxoauMocTs Takoro HpocToro noxxona
Ha HaYaJbHOM 3ITANE HCCAEAOBAHHA NpobJeMbl cjleayeT Kak H3 MeTo-
AHYECKUX coobpaxKenuil, TAK K H3 PE3yJAbTATOB BLITOJHEHHOrO YHCJCH-
HOrO 3KcrepuMeHTa, nokKasapuiero, uro npu ysejaduenus N or 2 1o
0 vy mounoronno sospacraer npumepno na 10...15 mTan®, sarem
IaBHO yObiBaer fpH MOCIEAYIONleM YBEJHUEHHH rapMoHHK a0 N=

=34—36, a namee (npn N=38—180) onpemensiercs HeycTONUHBO €
-_—--—_\-_'-‘—-—-__\_

1?
! MPan — papectias p nNpAKTHKE rPABUMETPUM  BHECHCTEMHAR  eAMHNLE;
MPan=10-5 y/c2.

58



_gebannamu B npesenax 20 mTan, Jlas nocaeayiomiux BhIMHCIeHHI,
“‘,}-:munx ueab OTpaboOTKH METOAMKH, mpumMem N =36,

HopmaJbHOE MoJe A0JXKHO OhITh [PEACTABICHO 3HAYCHHAMH [10-
opHANA CHIIBL TAKECTH M YCKOPEHHSl CHJILI THYKECTH HA HCXOAHBIX
(0BCPXHOCTAX — Ha cheponie 0 anNPOKCHMHPYIOLIEM €ro SJIHICOnE,
TaK KK "CI-IB — MOBEPXHOCTL YPOBEHHAS, TO 3HAUCHME NOTeHlLMAaJa
[, na Hell NOCTOSHHO (em. (1)), a Ha HeypOBEHHOM 3JLIHICOHIE MO-
punads U Bbluicasem H3BeCTHHIM 06pa3oM:

Te
U=Vv+Q,
HD J 2k
rae V=@—f[1ﬂ? [ fnpn(cosv)], (@)
r k—'_‘ r
2 2
Q = sin®wv.

KaK HM3BECTHO, AJS BLIUHCIEHHS YCKOPEHHS CHJIBI TANKECTH Hamo
gailTH MPOH3BOAHLIE ee noTeHiuanbHoil GyHkuun, Ilasg Toro, uTtoGhl
n3bexaTbh CHHI'YJAAPHOCTEH, NOABJIAIMIEXCH HA MOJOCAX MPH HCIOJb-
30BaHHM C(PePHUECKHX KOOPAHHAT, BOCHOJL3YEMCSH MPH BLIMHCACHHSX
npou3BOAHBIX anroputMoMm Kauuurxema [3], B COOTBETCTBHH C ueM
HOPMAaJBHYIO CHJAY TAXKeCTH y Oy/leM HaXOAuTh no caeayouleii ¢op-

MyJie:
(')‘UY al \* al \?
= - s — il 3
] I/(ax,+(ay)+(az) 8
npHYeM "
oV
5}=fM Eﬂag!ﬂmﬂ_h (3a)
aVv M
— = fM ar [, Wpsi, 1,
dy ngﬂ i
Vv i
E-—Z--f-fM E (ﬂ-+ l}agf,,’vn.;.i.u,
n=()
rie
11
Unt1,1 =2_ft"[_—1§_un+1 ‘_‘u+ =11 (’I}}Q)
n re n o r
2n + 1z n 1
Un = — Unog— —Vp—1 0y (=1
T n+1r2 " n41r o )
+ 1
Wa+1,1 = ill——l_—z—z'wn_l —-n+ ] -IT'IE.'._L]. (n> 2)
n E ne 7 :
1 . X Sxz
Top = —, '?-'1,0‘-=—5. VY Tl =
o r i e
Woo =0, wip=0, w,= 3—3, W, =§}£ (36)
r re
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TaGanua paauycoB-BEKTOPOB H NAapamMerpos rnoJjs
Herpaguuuonnoii Hopmaabnoit 3emian

2| amyesmeronu |y | Boretng vty | Voopeme cu | s1= | 38
o > =y ) "
B Fan 2H3, M - 9H3, whc— | BH3, 10° mie— | 100 L] ~ JORS;
S Tl‘ = 1% Megs
0 6 378 137.,0 1,3 | 62 636 848,23 978 032,052 —0,416 0,2
1 78 130,85 1,3 848,18 78 034,546 —0,408 0,2
9 78 110,8 1.3 848,02 78 039,323 —0,413 0,3¢
3 78 078,1 14 847,74 78 047,263 —0,422 0
4 78 032,4 1,3 847,31 78 068,341 —0,413 0
5 77 973, 7 1,3 846,71 78 072,524 —0413 0
(5] 77 302.1 1,5 845,94 78 089,777 —0,468 0
7 77 817,8 1.5 845,01 78 110,072 —0,476 0
8 77 720,7 1,7 843,98 78 133,392 —0,525 0
g 77 6110 1,9 842,96 78 159,734 —0,590 0
77 488,9 2,1 842.07 78 189,111 —0,633 0
77 364.5 2.1 841,45 78 221,543 —0,657 0,85
77 208.0 2,0 841,23 78 257,044 —0.616 1,18
77 049.5 1,9 841,49 78 295,610 —0,599 1,60
76 B79.3 1,7 842 .24 78 337,204 —),539 2,27
76 697.5 16 843,41 78 381,760 —0,495 3,
76 504,4 1,6 844,82 78 429 129 —0,478 4,
76 300,% 1,5 846,30 78 479,195 —{,472 5,008
76 085,3 1,5 847,64 78 531,794 —{),474 5,87
75 859,7 1,5 848,68 78 586,787 | —0456 6,5
75 623,9 1,3 849 37 78 644,073 —0897 7,11
75 378,1 1,1 849,75 78 703,599 —0.327 7.46
75 122.6 1,0 849 98 78 765,362 —0,297 7,704
74 8577 0.9 850,29 78 829,391 —0,278 7,93
74 Hh83,7 0,9 850,92 78 895,721 —0,265 8,268
74 301,1 09 852,06 78 964,362 —0,269 8,80
74 210,1 0,9 853,81 79 035,274 —0,2656 957
73 T11,1 0,7 856,12 79 108,354 —0.214 10,56
73 404.4 0.4 858,82 79 183,437 —0,109 11.6¢
73 090.5 —0,1 861,66 79 260,317 0,016 12
72 769,7 |—04 864,38 79 338,778 0,125
72 4424 1—0.7 866,75 79 418,629 0,225
72 109,1 —1,0 868,64 79 499,702 0,304
71 770,0 —-1,0 870,06 79 581,926 0,324
71 4258 = || 871,13 79 665,256 0,325
71 076,7 |—1,0 872,04 79 749,687 0,310
707231 —1:0 873,02 79 835,218 0,313
70 365,6 =18 874,25 79 921,823 0,401
70 004,6 —1.b B75,88 80 009,436 0,477
69 640,56 |—138 877,91 80 097,948 0,549 887
69 273,7 —21 880,32 80 187,211 0,639 17,382
68 904,8 —42.3 883,02 80 277,066 0,730 il
68 534,0 —2.7 885,92 80 367,361 0,823
68 1620 |—29 888,94 80 457,964 0,906 )
67 789.2 —3.1 892,04 80 548,774 0,964 19,340
67 417.,9 —3,3 895,20 80 639,70G 1,022 19,786
67 042,7 |—37 898,37 80 730,674 1,131 20,254
66 670,1 —i4,1 901,49 80 821,576 1,261 20,752
66 298 4 —4.5 904,42 80 912,275 1,394 21,259
65 928,1 —4.8 006,96 81 002,601 1,485 21,699
65 559,7 —510 908,89 81 092,362 1,548 292,006
65 193,7 |—p.1 910,00 81 181,367 1,558 | 22,091
64 8304 —5,0 910,15 81 269,448 1,652 21,897
64 470,3 —4.9 909,27 81 356,480 1,511 21,405




Okonuanne Ta6aHILL

o =) By

2 | PannycHIRKORMl T | e i ek | anehun P N ST
3 Foq DM M a0 SHS, Mt 9H3, 10° Mic—- mhsﬂ-rc—qi' 7;?“5:9.0-
é‘". T M+C

— |

54 64 1138 |—4,7 a07,41 81 442 385 1,437 20,646
=5 63 761,56 |—4,4 904,70 81 527,123 1,343 19,686
=6 63 41368 |—4,0 901,33 81 610,673 1,248 18,605
63 070,7 |—3,7 897,46 81 693,000 1,143 17,476
5 62 733,1 |[—34 893,26 81 774,044 1,042 16,339
50 62 401,3 |—2,8 888,82 81 853,708 0,875 15,199
60 62 0756 |—25 884,19 81 931,871 0,781 14,032
il 61 766,60 |—2,1 879,43 82 008,407 0,639 12,812
2 61 4443 |—1,6 874,63 82 083,217 0,495 11,533
63 61 1394 |[—0,6 869,99 82 156,241 0,185 10,229
64 60 8422 |—0,3 865,52 82 227,467 0,094 8,980
65 60 553,0 0,6 861,63 82 206,910 | —0,177 7,890
66 60 272,2 0,2 858,41 82 364,578 | —0,057 7,053
67 60 0002 |—0,3 855,90 82 430,432 0,105 6,514
68 59 737,2 0,6 853,99 82 494354 | —0,185 6,237
69 59 483,5 0,8 852,40 82 556,142 —0,234 6,099
70 59 239,6 1,3 850,72 82 615,529 —i0,417 5,909
71 59 005,6 | 4 848,568 82 672,235 —0,428 5,461
72 58 781.,8 1,8 845,69 82 726,032 | —0,548 4,597
73 58 568,6 1,9 842,01 82 776,804 —0,592 3,267
74 58 366,2 2,4 837,79 82 824,581 —0,730 1,568
75 58 1747 2.6 833,55 82 869,538 —0,795 | —0,268
76 57 994,6 3,0 829,96 82 911,940 —0,938 | —1,915
77 57 8259 3.2 827,67 82 952,060 | —0,098 | —3,046
78 57 668,8 3,5 827,17 82 990,089 —1,075 | —3,421
79 57 523,6 33 828,57 83 026,051 —1,006 | —2,968
80 57 390,5 31 831,67 83 059,766 | —0,963 | —1,823
81 57 269,6 2.8 835,50 83 090,872 | —0,876 | —0,306
82 57 160,9 2.4 839,47 83 118,897 —0,730 | 1,145
83 57 064,8 1,7 842,56 83 143,371 —0,518 2,093
84 56 9812 1.5 844,09 83 163,944 | —0,470 2,219
85 56 910,4 1,4 843,78 83 180,483 | —0,445 1413
86 56 852,3 19 . 841,84 83 193,106 | —0,582 | —0,185
87 56 807.,0 2,3 838,89 83 202,154 —0,695 | —2,215
88 56 774,6 29 835,82 83 208,104 | —0,903 | —4,188
89 56 755,2 3.1 833,53 83 211,436 —0,967 | —5,614
90 56 748,7 3,7 832,69 83 212,503 | —1,149 | —6,133

i lMpusenanue: B raGnuue Aadsl paguychi-sextophl 3H3 o napaMerphl paspisaeMoro ¢l noas.
Han nogyuenns ogHoNMennux seaunt CH3 (cdieponsa) npHpeledhl COOTEETCTBYIOUIHE HM pasHOCTH.
Notenywan cuam Tamectd Ha cdeporge U,=—62636860,87 m'-c?,

JHaueHHs HOPMAJBHEIX YCKOpeHHIt cHanl TsKeeTH Ha CH3 n 9H3 ¢
Napamerpamu (1), Buunciaennsle no gopmynam (3), (3a), (36), npu-
Besensl B TaGaulle, B KOTOPOIH TaKkKe [peAcCTaB/JeHbl pajuyChl-BEKTOpLI
STHX noBepxHOCTeIl.

[Tpubnuikennsie 3HaYeHHA (C MOTPEIIHOCTbI0 OTHOCHTEJIBHO Ta6JHY-
Hbix pamublx mMeHee =5 MI'as) ycKOpeHHSI CHJABI TAMECTH HAa Heypo-
BelyoM sanunconze cepoHAe MOXKHO HAHTH IO CJeAYIOLIHM thopmy-
aM THNA «HOPMAJIbHEBIX»;

Ysa=ve(140,005316 sinp~-0,000137 sinip—

—0,000273 sin®p—-0,000116 sindgp), (4)
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roe
» 1'rt_,=g?8 032,952 Mra-ﬂ;

ves =" (14-0,005319 sin?p-0,000100 sin‘p—
—0,000212 sin‘p--0,000088 siny),

rie
v.=978 033,368 mTau.

B 3akjloueHHe OTMETHM, YTO MOJIyUCHHBIC HAMH TeOMeTpHS HeTy
auuuontoit Hopmanbroit 3eman (2] u passnBaeMoe €10 «HOPMaJlbHE
rpaBUTAIHOHHOE 1OJIE, ONNHCAHHOE 3/eCh, AAai0T NOKa JHIUbL OOILYI0 K
YEeCTBEHHYIO KAPTHHY, CBA3AHHYIO C BhiAeJeHHeM H3 (PUryphl peaibH
3eMJIH H ee rpaBHTALHOHHOrO 1OJS MX INVIAaBHBIX uacteil, COOTHE
CTBYIOUIHX [PEANONOMKEHHsIM TEOPHH T'HAPOCTATHYECKH PABHOBECHE
turyp niaaner. Kak ormeueno B [1], 3170 cymecTBenHO A5 reodH3nE
(npu MHTEPNPETALNH NJAAHETAPHBLIX H PErHOHAJBHEIX CBOIHCTB IJ1aHET
W ISl TEeOAe3uH (AJIs YMEHBLIICHHA «BO3MYLLAIOULEro» [OTeHIHa
3eMJH). '

YertaHoBienHe KOJMHUMECTBEHHBLIX COOTHOLIEGHHI, BbITEKAIOUIHX §
KOHLeNIHH NOCTpoeHus Herpaauunonnoii Hopmansuoit 3eman, Tped
eT paJybHelilnero oO6GCyKAeHHA H HCCAENOBaNMil, B NepsByio oueped
CBSI3aHHBIX ¢ OTOOPOM HMCXOAHON HH(pOPMAIHH.
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