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Z < MBIX
JIbBOBCKHI TIOJIHTEXITHYECKHH HHCTHTYT 'no,re_

MOAEJIb TOYEYHBIX MACC I'JIABHOM YACTH BEIO
FEOMOTEHU HAJIA, MOJIYYEHHASI HA OCHOBE

(0):]
Ero MyJIbTUNNOJIbHOTO NMPEOCTABJIEHUS P

l
st 1
IIpn wusyueHuH TOJA NPHTSKEHHS IJIAHETH NPHHATO NpeyLyIol
CTaBJISATh €€ T'PABHTALMOHHBLIA NOTeHuuas V psgoM 10 1Iaposh '
¢yukuusiM. OfHAKO HApSIAY C 3THM 0KAa3aJ0Ch YAOOHBLIM OIHCHIBAT |
Bosmymawpomuii norennuan I (IT'=V—U, roe U — uHopma/bH
NOTEHIHAJ) CyMMO# INOTEHIMAJOB ToYeuyHbX macc [1, 9—14], xa |
KHM-TO ONTHMAJIbHBIM 00pa3oM pAaclOJIOKEHHBIX BHYTPH ILJIAHETh
HIH Ha ee noepxHocTH. CoraacHo pa6ore [10], Takoe mpencraiCTPy.
JIeHHe NPHBOJAHUT K OJHOPOAHOCTH ONHCAHHS IOTEHIHAJa W ero mpolleM
H3BOAHBIX BHe 3eMJIH H Ha ee IOBEPXHOCTH, YTO 0GJIeryaer HCHOJb
30BaHHe pasHooOpa3HbIX KOMOUHAIMI HabmoaeHuE. OHO II03BOJse
TaK¥XKe JIOKaJbHO YTOUHSATH ONHCAHHE MOJISI BBEJeHHEeM HOBBIX TOYEY
HBIX Macc, He3HAYHTEJbHO NPOSBJSIONIUX CBOE NEHCTBHE B OTHENb:
HBIX 00J1acTsAX, H J0NycKaeT 6ojiee NpoCcTOe MPOrPAMMHPOBAHHE.  ple
Huxe omncaHa MeTOJMKa NONYYeHHS] MOJENH TOYEYHBIX Mact(zap
IJIaHeTHl, AaNNPOKCHMHUPYIOLIEH ee TPaBUTAIMOHHBIH IOTeHHHAJ Jymace
Ge3 BLILEJICHHS] H3 HErO «HOPMAJIbHOH» UACTH, H CTPOMTCS TOUEUHaiMyJI}
MOJieJib TJIaBHOH YacTH TeONOTEeHIHAJa. B OCHOBY HOJIOXKEHO MYJbpieH
THIOJIbHOE TpeJCTaBJAeHAe FPaBHTANMOHHOrO NOTeHnuansa [2, 3, 5num
15] (mocTpoeHne TNPHONHKEHHBIX KOHCTPYKUHH T'DaBHTALHOHHBIAGCE
MyJbTHIOJEH), TO3BOJIHBIIEe — KaK OymeT BHAHO H3 JaJbHEHIIe: v n!

ro — yA06HO pas/esUTh MOTEHIHAN V Ha [Be COCTABJSIOIHX YacThM
(ueTHYIO U HEUYETHYIO).

BcnomMHAM, 4TO MYJBTHIOJb MOPSAKA [ — 3TO TOYEUHBIH OOBEKT, ’Ka‘?
PAacCHOJIOXKEHHbIH B Hayajle CHCTEMBl KOODAHHAT W MOJYYEHHBIH B °
pe3ysabTaTe NpeNesibHOrO COJHIKEHHS ABYX MyJbTHmotsei ([—1)-ro
nopsinka. Ecmu 0603HAYUTh MOTEHIHAJN 2! TOUEUHBIX TI'DABHTALHOH-
HBIX 3apsiloB (KOTOpble HMEIOT OJMHAKOBYIO Maccy, HO OfHA II0JIO-

BHHA 3aps0B CO 3HAKOM IIIOC, a BTOpasi — CO 3HAKOM MHHYC) 31‘;
yepes VO, 1o moreHumman V; MyabTHNOJS NOpsigka [ 3amuiiercs Ma‘
Kak [3] :
. n=
V,=1lim VO, |
Buemnuii rpaBUTanHOHHBIA NOTeHUHAN V miaHeTH NPeNCTaBHM anﬁ
B BHJle Psi/ia WAPOBHIX QYHKIHE (NOTEHIHANOB MYJbTHIIOJEH) ;Kéac
V=ZV1 (2), HJH V=2 (VO +R), (3) mac
=0 (=0

2 BaT

rie VO — moreHuuas NpUONIHIKEHHOH KOHCTPYKIMH MYJIBTHIOJSA

nopsaaka [; R; — NOTPEelHOCTh ANMNPOKCHMANUH TOTEHIHAJIa MYJIb-
Tanoss V; norennnanom 2! sapsgos V@ (ToueuHBIX Macc). OJ]
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[lpi HaxoXJEeHHH NapaMeTPOB TOYEYHBIX Macc, paccMaTpHBae-
¥ KaKk 3apsiibl NPHOJHMKEHHBIX KOHCTPYKIHI MYJbTHIONEH C
epmnaniaMu VO, mama 3agaua OyJeT 3aKJaoyaThbCsd B TaKOM HX
fope, mpu KOTOpOM morpemrHocTH R; B dopmyne (3) kommeHncn-

Band OBl IpyT Apyra (2 Rl=0) . B stom cayuae BeipaxkeHnue (3)
=0
BHENIHEro TPAaBHTAIIMOHHOTO TOTEHIHaja MJIAHeThl IPHMET CJie-

CEIBATE V=Y vo. (4)
AIbHBIH =0

4], xa
TaHeTHI Hymepyst Temepb 3apsiibl COBOKYNHOCTH NPHOJHIKEHHBIX KOH-
ofcTaB- @ UpYKIHi MYJbTHIONEH IO NOPSIAKY ¥ HauHHAs C HYJeBOro, 3amu-
0 npo- fuex Gopmyay (4) Tak:
CIIOJIb- - M & 8
soisier vt Lof[H 43 ). (5)
TOUey- i—o Pi L =i i
TAEJh-
= e f — TrpaBUTALMOHHAS NOCTOSINHAS; ¢; — BENWUYHMHA {-H MacCHl
Macc B (smpsja) CO 3HAKOM ILIOC HJIH MHHYC; p; — PAacCTOsiHHe OT i-#
1an V Byaccn 10 TeKkylleii TOYKH BHeLIHero mpoctpancrsa; M — macca
euHast ByyibTHIONST HYJIEBOTO NOpSAKa (paBHas Macce IVIAHETHl W IloMe-
MyJIb- B epnas B Hadaje KOOPJAHHAT); r — DPACCTOsSIHHE OT Hadaja KOoop-
, 3, 5, B umar 10 TeKylleil TOUKH; m; — 3HA4YeHHE i-#l Macchl, paBHOe IO
JHHBIX B 4(c0I0THOH BeJIHUMHE (-MYy 3apsAfy ¢; NPUOJIMNIKEHHOH KOHCTPYKIHH
eHIIIe-
qacrgr B Wwabtnons. Pasmoxus BeamumEy — B pAX mo mosmHoMaMm Jle-
Pi
pexr, § KD, TOTYIHM
HH B M 2, I d.)"
Wl i i
1)-ro V=243 S Com S Pes | @
HOH- 4 n—1i=1 Lo
10J10- s y
iHyC) 3recb d; — paccTosiHHe OT Hayajga KOOPAMHAT JO i-H TOYEUHOH
teresy | vaccel. CyMMupOBaHue IO 7 HAYHHAETCA C eIMHHMIB, TaK KaK IpH
.m;
(1) 1=0 cymma Z (—1)*— paBHa HYJO, IOCKOJBKY YHCJIO Macc
- r
i=1
\BHM 1prGIMKEHHOli KOHCTPYKIHHE MYJIbTHIONS TOpsifika [ Bceraa BhIpa-
KaeTcsl UETHBIM uucsaoM 2!, a camu 3HaueHHs 2! Macc paBHBI IO
alcoMIOTHOH BeJHUYHHE, HO OZHA HMX INOJOBHHA WMEET 3HAK ILIIOC,
3 a ipyrast — 3nak munyc. [1osToMy KaKk Gbl HH GBUIO BEJIHKO YHCJIO i
(3) yace MYJIbTHIOJEH NPHOJIHKEHHOH KOHCTPYKIHH, BCErjaa Ioc/e/o-
= m;
paTeIbHO 00Dbenuusas HX mo 2! Macc, MBI NOJy4aeM 5 (—1)i—=0.
10151 :'l r
o He mapymasi oGIIHOCTH, TPUO/IHKEHHbIe KOHCTPYKIMH MYJIbTH-
nosteil GyieM CTPOHTb, PacroJiaras NonapHo 3apsjibl Ha OJIAHAKOBEIX
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PacCTOAHAAX OT HayaJjid KOOpJAHHAT HA IPAMBIX, NPOXOASAIIHX Y€ 5.

Hagajyo. [Ipuuem, eciid MYJBTHIONb MMEET YETHHIH NMOPSIOK, TO
o/iHO# MpsMO# OyAyT PacloOJIOKEHBEI BCEeria OJHOMMEHHbIE 3aps
a ecaiu HeueTHHI — pasHouMennsle. Takoe cBoiicTBO mpuG/HKentgV = |
KOHCTPYKIHH MYJbTHIIOJS JaeT BO3MOMKHOCTb Pa3e/NuTh TPaBHT

IHOHHBIA ToTeHnHan V Ha ase cocraBisionue. Tak, mosnaras, u

i-it u (i+1)-# HHZEKCH OTHOCATCS K JBYM MaccaM, pPacCrosIOXKeHHH lleuc
Ha OJHO¥ MPSIMOM M HA OJHHAKOBLIX PACCTOSIHHAX OT Hauajla, MOX BIH |
HamHcaTh JJISI STHX MAcC, MOJIb3YACh Telepb HOBBIM HHIEKCOM j, U

d] = di = di+1; Yj = (i&= 1800 " Yi+1;

Pn (COS Y]') == Pn (COS Yi) = (_ ])"Pn (COS Ti+1)' (7K3 c
3aBHCHMOCTh MEXK/Ay HHIEKCAMH | M [ IpHBe/leHa HHXKe: ToJie
2 : - “TOJIb]
e e g
st e g~
3 2 8 4 13 4 ]
4 3 9 4 14 4
5 3 10 4 15 4

B janbHeiilieM 3aMeHHM TakKe m; Ha cuMBoa m®, KOTOpHIH, Hal
npEMep ISl HH3LIMX [, Ipejnojiaraer CJeAylolilHe paBeHCTBA:
m) =m;; m®=m,=m,; m® =my=m;=mg= m,.

[IpuMensisi 3aTeM TEOPEMY CJOXKeHHs JIs CepHuecKHX OYHKIHE zaml
M H3MeHsSISl MHJIeKC CyMMHpOBaHusi i HA j ¢ yderom dopmyasl (7)fnyur
nepenuuieM BbipaykeHue norennuana (6) B caenywouen popme:

!

y - f[¥ +3 L S (4008 M+ B sin ) P (cOS 8»)]. @
n=1 =0

,n+1
k-
. ! M
ap =¥ vim® (d)" [(— 1) + (— 1)"] P} (cos 9)); Ba
=1 | pax
anml 5 (Il—m)! i V{ m® (d])n [(_ 1)1 + (9)
Bnmj (Il-l—”l)!j=1 ‘
+ (= 1)7] Pr (cos 9y | €05 ™5 (10a) A&
| sin mh;; aH
i (— 1)7+1: [ — .
~,{=|( 1)/+1; [ —uerHo; (106) al
1 ; [ — HeueTHO. ny?
3aMeTuM, 4TO ecJad B cootHomeHnHu (6) AJsS KOHCTPYKIHH Kaxk- ;né

JIOTO MYJBTHIOJS TOpsiAKa [ TpeAnoJarajgoch yunThiBate 2! ero ey
21

TOueuHLIX Macc, To B Buipaxenusx (8)—(10) =5 =21 macc musl HE

KazKi0ro MYyJbTHIIOJNS Hopsiaka L.
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Cyarast BHEITHHIM FpaBHTaU,HOHHbIﬁ IIOTEHIIHaJ IIJIaHEeThbl H3BECT-

HX uepey

K, To paffBM B BUAE PsIAa 10 WAPOBEIM (QYHKUHAM

3apsiIbl M = oar B

K eHHOJ sz[— + Z Z (Cym cos mh + S, sin mhP™ (cos 8)] o ()
TpaBHTa, r ”=1f"+1 m=0

rasi, 4T

KeHHBINMEE Crm, Snm — CTOKCOBBI IIOCTOSTHHBIE; @ — CPEJHHH 3KBATOPHAJIb-
, MoK HOENH paZiyc, ¥ CPaBHHBAsi €ro ¢ BeIpaxkeHHeM (9), moayuaem

M j, 4TQ MarC, =)
nm nm»
MaS,, =B,n. J

(7) 3 coorHomenuit (10), (12) Jserko BHAETh, YTO 3apsiibl MYJbTH-
noeil TPHOJIMKEHHBIX KOHCTPYKLHH YeTHBIX HOPSILKOB CBSI3AHEI
$1015K0 CO CTOKCOBBIMH TOCTOSTHHBIMH Y€THBIX MOPSAKOB, a 3apsabl
MYILTHTIONEH HEUETHBIX NMOPSAKOB — CO CTOKCOBBIMH HNOCTOSTHHBIMH
feseTHBIX OPsiAKOB. [ToaToMy, BBOAA ciemyioline 0003HAYEHHS:

m® e 1
(=== s o) o S AT S PO e oS 1)
P M T  ( 2

(12)

no?

(13)
cosmh,

1, Ha- Alfm]% (n—m)!
3 = J
sin mh;,

A 2——~Pm(cosd

B{;m ) (n+m)! ” ( 1){
JHKITH 5 3aMeTHM, YTO IIPH 7 — HeueTHOM (n=2t+1, rae t=0,1,2...), mo-
B (7), R ayunm

e: = J
g2t+1, m} = Z (D)) +1 p® {’;itﬂ, m (14)
J’ (8) 20+1, m i—1 %41, m

[le CyMMHDOBAHHE IIPEANOJaraercss IO OTPHUATEeNbHBHIM Maccam
MyAbTHIOJNIEN TPHOJHKEHHBIX KOHCTPYKUMH HEYETHBIX MOpPSIIKOB.
B ciyyae n wernoro (n=2¢, rme =1, 2...) COOTBETCTBYIOLIHE BhI-
paXeHAs HMEIOT BHJL

: - — =
(9) Cuml _ 9 ¥ @) (—1yp0 | . (15)
2 e LB,
m j=1 2t, m

(10a) 31ech YeTHBIM HHJEKCAM j COOTBETCTBYIOT IOJIOXHTeJbHbIE MAaccCHI,
2 HEUeTHBIM — OTpPHILATeJIbHEBIE.

Takum o6pa3oM, HCIOJb3YysT B KauecTBe HCXOJAHOH HH(OpMAIUHU

(106) 11a60p CTOKCOBBIX TMOCTOSIHHBIX [0 HEKOTOPOro mnopsiika N, MOKHO

IyTeM pelleHHs ABYX CHCTeM HejHHeiHBIX ypaBHeHui (14), (15)

: onpesensath napamerpel pl), Dj, ¥;, A; TOUEYHBIX Macc, COOTBETCTBY-

II‘aX{' OIEX TPHOJHXKEHHBIM KOHCTPYKUMSIM MyJbrHOose#. [Ipu 3ToM

€ro B cymvupoBanue mo j B ypasHeHusix (14) u (15) GyneT BHINOJHATHCH

st Fe 0 0eCKOHEUHOCTH, & JI0 HEKOTOPHIX KOHCTAaHT, PaBHBHIX obemy

i1y 3apAN0B MYJBTHIONEH NPHOJHIKEHHBIX KOHCTPYKUHE COOT-
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BETCTBEHHO HEYETHHIX M YeTHBIX
TeM HeJHHEHHBIX ypaBHeHH (14)

1) nns xaxpoii KOHCTPYKI[HHA
pasbuth obuiee umeto 3apsinoB
BKJIIOYaTh ONMH OTPHILATENbHEIN

nopsinkoB. Ilepex pemennewm c
u (15) neo6xomumo:

MYJbTHIIONCH HEYeTHEIX TOpsiik
Ha mapel. Kaxnas mapa ponx

LaTe/IbHEIM 3apsinaM TakHX map, a [OJIOKHTEeJNbHEIE 33
MaTHYECKH YYHTBIBAIOTCS cucremon (14);

2) nas Kaxmoi KOHCTPYKIIMH MYJIbTHIIONEH YeTHEIX TIOP S JIK
oflllee YHCJIO 3apsIAOB TaKiKe pasbuBaercs ma napul. OxHako ka

W o
PP S T O T IR B - B I~ B
-~

Mn=nlghs-hy. . . hy, (16)

NpHYEM 3HAuYeHHS /

i MO/KHBL OBITh BHIPAXKEHH! uepes KOOpIHHATH
(dj, 04, A;) 3apsinos.

HeXKeJH Kaxpnas uz (14), (15),
TeJbHOM OTHOLIEHHH.

d OCHOBaHHH OMHCAHHOH BHIlE METONHKH GBI OllpefiesIeHH
1apaMETPBI TOYEUHBIX MACC MPHOIHIKEHHEIX KOHCTPYKIHII TpaBHTa-
UHOHHBIX KBAJPHIOJIS H OKTANOJS 3eMJIH. CormracHo Teopuu [3, 5,
15], ocn npu6anxennoi KOHCTPYKUHH MYJbTHIONS NOJIKHBL GLITE
MapaJIeNbHEl  €r0  JeliCTBHTEeNBHBIM OCSIM, MPOXOIANIEM uepe3
Hadajno cHcreMel Koopauuar. Ipuuenm CJIEICTBHE M3 3TOrO B SIBHOM
BH/I€ H3BECTHO HAM TOJBKO st KBA/IpATIOJIA, TAK KaK OCH HOCJef-
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Hero J€KaT B OJHOH TJIOCKOCTH. ITosTOoMy 3HaHue mapamerpos pe-
ambHOro KBajapunoss 3eMaH [4, 6] mo3BosisieT HaM pa3MeCTHTh

IIEHHEM CH

IX TIOp 5110 3apsiibl NPHOMHKEeHHOH KOHCTPYKIIHH B IIJIOCKOCTH €r0 OCeil: B IJIOC-
pa  1oJizKHEE KoCcTH, NPOXO/isAllell yepe3s OChb HauMeHblIlero A MOMEeHTa HHEepPIHH
bl 3apsyup § och Hambosbiiero C MOMEHTa HHEPIHH, KOTOpasl COBHIAfaeT C
iHaT. Torg@ ocbio Bpamenusi mianetsl [5]. B 3To# miockocTH ypoBeHHast mO-
{0 10 oTpHEE BepxHoCTh Vy=const, cooTsercTByIOLlAsl YY4eTy TOJBKO CTOKCOBBIX
PSIBI aBTOM N0CTOSHHBEIX BTOPOTO IIOPSIIKA, HMeeT 4YeThipe 3KCTpeMyMa: JABa

MEHHMYMA, KOTOPBIE COBIIAJAIOT C TOUKAMH IepeceueHusl YKa3aHHOMH
X NOpsiIKOf moepxHOCTH ¢ ocbio C, W IBa MAaKCHMyMa, COBNAjaloliye C TOYKa-
1HaKO Kax@ Mu nepeceuenusi ee ocbio A. Ilocsennee nossossier apriori Ha pas-

BA TIOJIOZKA® HHX PACCTOSIHHSX OT HadaJja KOOPAHHAT Pa3MeCTHTh [ABe OTPHIA-
IIOTHSIeTCA TelbHEIE TOUEUHBIE MACCHl Ha OCH BpAallleHHsl IVIAHETHl M JIBE IOJIO-
KHTe/ILHBI KHTeIbHBlE TOYEUHBIE MacChl B IIJIOCKOCTH 3KBaTopa Ha ocu A.
(Ion mapuf Taknm o6pasoM, 3HAsT HapaMeTpPhl I'PABHTALHMOHHOIO KBAJPHIOJS
b, CHMMerl 3emun 1 0003HaUasi OTHOCHTENbHOE PACCTOSIHAE OT EHTPa CHCTEeMBbI
eMoii (15)F koopiHHAT MO ONHON M3 OTPHIATENbHEIX TOUEUHBIX Macc uepes D,
(15) B xaf a ormocuTeabHOE paccrosiHie OT IEeHTpa IO OJHOIl H3 IOJOXKHTE/b-
bI€ HCXOZP HHX TOUEYHBIX MacC — uepe3 Dj, ¢ IOMOLIbIO IPOCTHIX reoMeTpHYe-
BHIOMpaTHl CKHX COOTHOIIEHHI TOJIyYaeM

DOPAHH A TH ;

o D,=Difg;, (17)
IX IOBepX 2

SAeJICHHEeN

0 pactipef [le p — yroa MexAy ocsaMH Keaapumoas (aas 3emun p=170°38).
emiu [7]f Bsenenne moc/ieiHEro COOTHOLIEHHsI (DAKTHUECKH CBOAMT 3ajpauy
CKHX pacd K ONpe/eJIeHHIO JIHIIb JABYX HEH3BECTHBIX: paccTosHus Dy (uiau D)
I KaKAbI§ # BEIHUHHBI n® OJHOM H3 TOYEUHHBIX MacC NPHOHKEHHOH KOHCTPYK-
10neii M,§ 1 KkBajpunoss. Kpome Toro, BMecTo pellleHHs CHCTEMBI HeJHHeH-
BSI3b cire-§ HbX ypaBHenumi (15), (16) 3mech okaszajoch GoJiee Iieecoo6pas-
HHM BBIMOJTHATH IIPOCTO COTJIACOBAHHE IIOJISI CHCTEMBl 4YeThIpex
(16) TOYEYHBIX Macc ¢ nosieM Vs, 00yCJIOBJIEHHBIM CTOKCOBBIMH IIOCTOSIH-

HEIMH BTOpOro mopsigka. Iluisi 9Toro moTeHHHaJbl ABYX YKa3aHHBIX
PAMHATHE N0JIeH CpaBHUBAJHU APYT C APYrOM B y3JaX KapTorpaduueckoil CeTKH

(10°X10°). B sToM ciyuae npu 3aaHHOM KOHKpPETHOM 3HaueHHH Dy
OnHcaH-§ [OdyyaeTcs Nepeonpefie/ieHHAss CHCTeMa JHHEHHBIX YpaBHEHHH, KO-
iCHMOcTHf TOpas pelaercs 1o coco0y HaHMEHBIIHX KBaJpaToB. B pesyabpraTe
Oxomumof Obio HAHIEHO 3HAYeHHE MACCHl OJHOTO H3 3apsIoB KBaJPHIOJIS
pematpf p®. Cuer BeimosHsiics npu pasaudebix Dy 0,1<<D;<<0,9 (mpu mare
asrenni,§ 1=0,1), 0,02<<D;<<0,1 (2=0.01), 0.01<<D;<<0,02 (~=0,0025).
bluicsn-§ KputepueM KkauecTBa IOJy4YaeMBIX HPHOJIHXKEHHBIX KOHCTPYKIHH

KBAJPHUIIOJISI CJAYXKHJH: CpellHeKBaJgpaTHuecKoe 8, M MaKCHMaJjbHOE
efieTeHsrf  Ap OTKJIOHEHHS! YPOBEHHOIH IOBEPXHOCTH, 00YCJIOBJEHHOH NMOTEHIHA-
PaBuTa-§ JI0M UeTBIpeX TOUEYHBIX MAaCC, OTHOCHTEJbHO yPOBEHHOH IOBEPXHO-
u [3, 5§ crn Va=const u oramune A, Maccel p®, BHUYHCJIEHHOH MO CrOCOOY
bl ObIThf§ HAaHMGHBIIHMX KBAJPaTOB, OT Macchl u®), pacCUHTAHHOH IO MOMEHTY
[ yepe3 § peanbHoro ksaapumnojst 3emau (ycnaosue (16)). Ilocne ananusa
} IBHOM |  5THX BBIUHCJEHHH B KauecTBe Hauayumeil Oblsa BhIOpaHa MOJE/b
nocen-§ NpHOIHAKEHHOH KOHCTPYKIHH KBAJPHIOJS, NPHBeAEHHAs B TalJH-

= | f
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ue (/—4), nas xkoropoit 6,=0,43 M, An=1,00 M 1 Ay=3-10~* maccH
3emnn. HecMoTps Ha TO, 4TO BeNMUHHBl Macc HPHHATONH MOMENH
KBaJIpHIIOJISI SIBHO He NO3BOJISIIOT NEPEHTH K reo(hH3HUeCKOMY HCTOJI-
KOBAHHIO IIOCJIe/IHEl, OTMETHM BCE K€ XOPOIIYI0 COINTaCOBAHHOCTD
noJisi V@ yerspex TOYeuHBIX Mace ¢ noaem V.

[TapameTpsl BOCHMH TOYEUHHIX Macc, annpOKCUMHPYIOUIHX II0-
TEHIHA/J TPaBUTALHOHHOIO OKTAaNoJs 3eMJH, ONpefessIuCh Ha
OCHOBaHHH cHcTeMbl (14), pemaemMoli MerozoM HamHCKOpefilIero
COyCKa, a 3aTeM HEH3BECTHHle YTOYHSJIHCh CHMILJIEKC-METOI0OM.
B kauecTBe HauanbHBIX NPHOIMKEHHH B3ATH IIDHMEPHbBIE KOOPIH-
HAaThl 3KCTPEMYMOB YDOBEHHOH NOBepXHOCTH Vs;=const, a Takxke
HeKoToprle 3HaueHust st p® u D;. PenleHne okazanoch M0CTaATOYHO
YCTOMYHBEIM, IIOCKOJMbKY BapbHPOBAHHE HAYANbHBIX IPHOIHIKEHHI
He NPHBEJIO K 3aMETHBIM M3MEHEHHSIM HeH3BeCTHHIX. Kak BHIHO H3
ypasuennii (14) n (15), maccol HeKOTOpOi# NPHGIHKEHHOH KOH-
CTPYKIMH MYJIbTHIOJSI BHOCAT BKJAaJ BO BCE CTOKCOBHI MOCTOSIHHBIE
pana (11) nn6o HewerHOro, GO YETHOTO MOPSIAKA. ITosTomy, uToGH
YPOBE€HHAas1 NOBEPXHOCTh, 00YCJIOBIECHHAS] BOCEMbIO TOUEUHBIMH MaC-
CaMi OKTamoJisi, coBnajaja Obl C YPOBEHHOH NOBEPXHOCTBIO Vi=
=const, Heo6XoauMo B ypaBHeHHH (14) Bce CTOKCOBBI NOCTOSHHE,
KpoM€ TPeTbero mopsiika, NPHHATL PaBHBIMH Hymo. OueBHIHO, HA
IIPAaKTHKe DelIeHHe TaKOoi 0eCKOHEeYHO GOJbLIOH CHCTEMBI HeJHHEeH-
HBIX YPAaBHEHHH HeocyllecTBHMO. [T03TOMy [y HAXOMKIEHHS Mace
OKTaNoJIsi MBI OTDAHHYHJIHCh CHCTEMOH U3 21 ypaBHEHHs, B KOTOPOi
CTOKCOBBI  TIOCTOSIHHBIE ~ TPEThero  IOpPSiKa COOTBETCTBOBAJIH
SAO(III) [16], a nocTosHAEBIE TIEPBOrO U MATOTO NOPSIAKOB MPHPAB-
HABAJMHCh HyJ10. ["apMonnueckue K03((HIHEHTH BHICIIHX CTEHeHei
H OTBe4alollHe MM YDaBHEHHsI He YUMTHIBaJHCh. [locie pemneHus
TAKOH CHCTeMbl METOJOM CIYCKa H €e YTOYHEHHS! CHMILIEKC-METO-
AOM, IEPEBBIMACIAIOCH 3HAYCHHE MACC NPHOIHKEHHON KOHCTPYKIHH
OKTAMNoJIfA, JJIsi Yero NOTEHLHaJ MOCHAEAHHX CPAaBHHBA/CSA B y3Jax
Kaprorpaguueckoii cerku (10°X10°) ¢ norenumasom Vs, u HoJTy-
UCHHAs CHCTeMa JIMHeHHBIX yDaBHeHHH pellaJjach [0 CHOCO6y HaH-
MEHBIINX KBajfpaToB. Hecmorpsi ma «xopoiee» smauemme cpepme-
KBaJpATHYECKOrO0 OTKJIOHEHHSI YPOBEHHOH MOBEPXHOCTH MOTEHIHAJA
BOCBMH TOYeuHbX Macc V@ =const orHocHTenBHO mTOBepxHOCTH
Vs=const, B OT/e/IbHBIX TOUKAX MAKCHMAJbHbIE OTKJIOHEHHS JOCTH-
rama 10 m. ITosromy obGcyxpaemyio nepeonpeieNieHHyI0 CHCTEMY
JIMHEHHEIX YDaBHEHHH OKa3ajoch 1e1eco06pa3HO pellaTh MeTOLOM
YeOBIEeBCKHX NPHOIHKEHHH TOJ YCIOBHEM Umax=Mill. Ilpu stom
3HAYeHHe MAaKCHMaJIbHOIO OTKJIOHEHHSI YJaJOCh YMEHBIIHTHb BIBOE.
Ionyuennast Mone/ib NPHGIHKEHHON KOHCTPYKIUH OKTATIONS (BoCB-
MH TOUEUHBIX Macc) npusefeHa B Tabiuue (5—172). Ona xapakTe-
pH3yeTcs 0,=2,5 M U Ap,=5 M.

B raGuune cBenens mpeasaraembie mapaMerphl MOAENH ABEHA-
IlaTH TOYEYHBIX MAacC, KOTOpasi BMECTe C TOYEYHOH Maccoil, paBHOI
Macce 3eMJIH H DACHOJIOKEHHOH B Hauajne CHCTEMBI KOOPAHHAT,
alMPOKCHMAPYET TJABHYI0 YacTh NOTEHNHAJA NPHTSKEHHS 3eMJH
(SAO(IIT) [16]), onuchBaeMyi0 MOTEHUHATAMHE (rapoBbIMH (QYHK-
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wsvn) nysesoro Vo, BToporo Va H Tperbero Vs
OcHoBHASI uACTh TPABHTALHOHHOTO IOTeHIHaJa
JHelHell TOUKe MOXKeT OBITh BBHIUHC/IEHA N0 CJefylouled popmyie:

nopsinkoB. Temepb
3emau B Ja1000i

12
Va (r,;},)‘)=fM[l_|_Z ”_'] (18)
I =0
rie > T
pi=Vr’+ (D)?@* —2rD,acos¥;; } (19)
cos 7; = cos ¥; cos & - sin ¥;sin ¥ cos (A —2).

C TOMOLIBIO TMOCJHEAHHX COOTHOLICHHH OBLIH HaHJIEHbI OHMYJIS-
Wi yposeHHo# moBepXHocTH Var=const npeaaraeMoll MONETH
[0UEUHEIX MACC OTHOCHTEJbHO MOBEPXHOCTH 3JUIMICOMJAA BpalleHHA
(co cxatnem o=1/298,256 [16]). Ilonyuennas Kapra BHICOT TPE-

(TapjeHa HAa PHCYHKE.

Hapamerpm MOJEeNH JBEeHAAUATH TOYeYHBIX Macc

D; en. skBa- W
i rpaL. rpan TOI?;TS;’::FO en. macchi 3eman | [pHMeuznue
SAO (11I)

1 0 0 0,125-10-! |—3,4528 [TpubnnxeH-
2 90 165,08 | 0,101-10—2 3,4528 Hasl KOHCT-
3 180 0 0,125-10—' |—3,4528 PYKILHS

4 90 345,08 | 0,101-10-2 3,4528 KBa/pUIIOJIs
5 44,64 216,34 | 0,563 —0,5699-10—*

6 135,36 36,34 | 0,563 0,5699-10—°

7 152,92 179,28 | 0,637 —0,5699-10—° IMpu6anxen-
8 27,08 359,28 | 0,637 0,5699-10—° Hast KOHCT-
9 91,82 328,54 | 0,594 —0,5699-10—° (pyKIHS OK-
10 88,18 148,54 | 0,594 0,5699-10—° TAnoJs

11 71,34 79,28 | 0,579 —0,5699-10—°

12 108,66 259,28 | 0,579 0,5699-10—3 1

Jra Kapra (aKTHUYECKH NOKa3bIBAET 0oONIHH BKJIAJA NMEePBHIX TPex
yrenoB (Vo+ Va+Vs) pasiioxeHus BHEIIHETO rpaBHTAIMOHHOTO
JoTeHIHAJa B PSAA 1O IIapoBbIM (QYHKIHAM B ¢urypy reouza. IIpu-
yeM cpaBHeHHE YPOBEHHOH IOBEpPXHOCTH Vau=const (cM. PHCYHOK)
¢ TeOHIAJbHOA MOBEPXHOCTbIO, MOCTPOEHHOH MO MOJHOMY Habopy
crokcorix mocrostaabix SAO (III) [16], mosBonser caeaars Cle-
Jyiollie BHIBOJIBL:

1. OcuoBHBie 0COGEHHOCTH (UTYPHl Treouja B IeJOM XOpOIIOo
ONHCHIBAIOTCA OGCYXKIaeMoii MOJeJbIo ABEHAANATH TOYEUHLIX MaCC.
CpeeKBapaTHUECKOE OTKJIOHEHHE MOBEPXHOCTH Var=const otHO-
citensHo moBepxmoctn reompa SAO (I1I) cocrapssier NPHMEPHO
6 M, a CpelHEKBajApaTHYECKOe OTKJIOHEHHE IOBEPXHOCTH Vu=
—const OTHOCHTEIBHO NOBEPXHOCTH Te0HAa SAO (III), nmocTpoeHHOi
C Y4ETOM CTOKCOBBIX TOCTOSHHBIX TOJIBKO TPETHEro MOPSIAKA BKJIIO-

YHTEJbHO, COCTaBJIsIET MPHMEPHO 3 M.
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HHH CTPOEHHe reoujia.

3. Hanbosbiiee coorsercrsme nosepxHoctu Vyr=const ¢ reon
nom SAO(III) Habmiomaercss AJsi BOCTOUHOTO NOJIyIIapust, 3HAYm
TEJIPHO MEHbIIee — JJIsS 3aNaJiHOTO (MOJeNb JABEHAANATH TOYEUHEL
MAcc, B 4YaCTHOCTH, He BBIAJSET OJHOTO MHHHMYMA H OJHOI
MaKCUMyMa, PACIOJNIOKEeHHBIX B GJIH39KBATOPHAIBHON 0GJIACTH Teo-
HJAJbHOH IIOBEPXHOCTH C JIOJTOTAMH A=270—320°)

o

Q/O’

{30
50"
Pa
0
nm

130°

160°

2170

: . . . . N n n I . . L h 180°
180° 200° 220° 240° 260° 260° 300° 320° 340° 0° 20° #0° 60° 80° 100° 120° 140° 160° . 160°

Onayasuns ypoBeHHOi MOBepXHOCTH (B MeTpax) MOmemH TOYEUHBIX MAcC OTHOCH-
TEJbHO SJIMNCOHAA Bpamenns (a=6378140 w, a=1/298,256)

[Tonyuennas snech Moaesb IpeACTaBICH s FIABHOM YaCTH BHELI-
HETO IPABHTAUHOHHOTO MoJst 3eMiH (Vo+ Vot Vi) SIBJISIETCS, OYe-
BHIHO, ONTHMAJLHOH KaK IO YHCIY TOYEUHBIX MACC, TAK U MO HX
pacnosioxennio. Hanpumep, B pa6ore [12] mBemaamaThio TowewmmI-
MH MaccamH, pacnosioKeHHHIMH Ha cdepe ompeJieneHHOro pamuyca,
alNpPOKCHMHPOBAJIaCh aHOMAJIbHAS YACTh OTHOCHTEIbHO IOTeHIHaIa
SJUIMICOHA BpPAalleHHs! PA3JIOXKEHHSI MOTEHUHANa 3eMau B PS4 1o
IIAaPOBEIM (QYHKUHSAM 10 YeTBEPTOTO MOPSIAKA. Cpennexsanparnue-
CKO€ YK/OHEHHEe COCTABHJIO TaM 7 M, 49TO 3HAYHTEJBHO XyXKe, ueMm
AJs Hawe#n mogenn (3 m). Tem Bosiee, 4To B MoCHaenHe JIBEeHAIIaTh
TOUEUHbIX MAcCC MPeJCTABJSIOT aHOMAJBHYIO YaCTh OTHOCHTENHHO
TNIOTEHIIHA/IA Wapa Pa3JIOKeHHS! TPABHTANHOHHOIO MOTEHIHANA 1A
HETBI JI0 TpeTbero mopsinka. Takum o6pasom, NpHBedeHHAasT B Ta6-
JHLIE MOJAEJNb [BEHANIATH TOYEUHHIX MacCC annpoOKCUMHPYET OHJIY-
JIHA TCOHJA TOPAAKA CXKATHA H KBAAPaTa CXKATHS, TOTAA KAK
Moneab n3 paGorel [12] annpokcHMEpYeT TOMBKO OHZYJISIUHE TO-
PsiiKa KBajipaTa cxKaTus 3eMJIH.

TMETHM, YTO NONBITKH H3MEHHTh NapaMeTPhl HAfJeHHBIX TO-
YEUHBIX MAacC MOAENH H YMEHBUIHTh HX UHCJAO He NPUBEJH K I0JO-
KHTENbHBIM pesysbraTaM. Il03TOMy Ha OCHOBAHHH OTMEUEHHEIX
BEIIE KAYECTBEHHBIX XaADAKTePHCTHK MOJYUEHHOI TPHHAAILATHTO-
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®HOH MOJeNH (CM. TalJikily) MOMKHO CUHTATh, YTO OHA XOPOLIO
IIHCHIBACT TVIABHYIO YaCThb IEONOTEHIHANa, COOTBETCTBYIOULYIO HH3-
lliM UJIE€HAM €ro pasjioXkKeHHs (IO TPEThEro MOPSAKA BKJIOUHTE/b-
i0), T. €. JOCTATOYHO IIOJIHO IPEACTABJSET ero IJIo6ajbHBIE 0CO-
fefHOCTH. DTa MOJENb MOXKET CJIYXKHTh OCHOBOI JJisi NOCTPOCHHS
JeraIbHOH MHOTOTOYeYHON Moxean (tuma (18)), omHOpomHO mpes-
(1aBISIOIIEH TPAaBHUTAIMOHHBIH INOTEHLHAaJ BHe 3eMJH M Ha ee
(ESHYECKO! TOBEPXHOCTH.
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JILBOBCKHH MOJIHTEXHHYECKHH HHCTHTYT
K BONPOCY BbIYUCJIEHUS 3JEMEHTOB

TPABUTALLHUOHHOTI'O NMOJIiA
PETYJISPU3UPOBAHHON 3EMJIH

BHelllHee TPaBHTAUHOHHOE TOJie 3eMJ/IH BIOJHE XapaKTepU3yeTcs
TOTEHIHAJIOM CHJIBI TSXKECTH HJIH ero IpOH3BOAHHIMH. BBens B pac-
CMOTPEeHHE 3aMKHYTYI0 YPOBEHHYIO NOBEPXHOCTb, OJIH3KYI0 K T€OHAY
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