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BBEJAEHHUE

Kocmuueckoii reone3ueil Ha3bIBaeTcsl pasesl TeoJIe3ud, B KOTOPOM
M3Y4YalOTCS BOMNPOCHI TEOPUU JIBUKEHUS MCKYCCTBEHHBIX MW €CTECTBEHHBIX
HEOECHBIX TeN ISl PElIeHMs] HAyYHbIX U HAayYHO-TEXHHUYECKUX 3a7ad Ie0j/Ie3uu.
[Ipy 3TOM B KOCMHMYECKOW T'€0JIe3UM HCTONB3YIOTCS pe3yJbTaThl HAOIIOIEHUH,
BBINIOJIHEHHBIE KAK C TMOBEPXHOCTH IUIAHETHI, TaK W HEMOCPEICTBEHHO CO
CITyTHUKOB.

OCHOBHBIMH 33JJa4aMU KOCMUYECKOW F€0AE3UH SIBISIOTCS:

e Ormpenenenne (QpyHIAMEHTAJIbHBIX MOCTOSHHBIX, XapaKTePU3YIOIINX
dbopmy, pasMepbl U CyTOUHOE BpamieHue 3emiu, JIyHbl U TUtaHeT, a
TaK)K€ U3MEHEHUE ITUX MTOCTOSIHHBIX BO BPEMEHU;

e OmnpenesieHre NapaMeTPOB TPABUTAMOHHOTO MOJIs1 3EMJIU U IJIAHET;

e Ormpenenenne (yTOYHEHHWE) KOOPJAWHAT TYHKTOB B  CHCTEME,
OTHECEHHBIX K IEHTPY MacC 3€MIIM, CO3[laHHE€ E€JUHON MHPOBOMU
reoJIe3NUYCCKOM CETH;

e OmpenerneHWe B NPOCTPAHCTBEHHOM  TE€OJIE3UYECKONM  CHUCTEME
KOOpJAWHAT (C HA4aJloM B LIEHTpE Macc 3eMJIM) TOJOKEHHUS ILIEHTpa
pedepeHI-3JUTUIICOUIA;

e VYCTaHOBJIEHUE CBSA3M  MEXAY  pPA3JUYHBIMU  T€0JE3UYECKHUMU
CUCTEMAMU.

Kocmuueckast reofie3ust pemaeT Takke psl NPUKIAIHbIX 3a1a4:

e KoopanHAaTHO-BpEMEHHYIO TMPUBS3KY PpE3yJbTaTOB KOCMHYECKHX
ChEMOK 3eMJM U IUIAHET, BBINOIHAEMBIX NP HUCCIEAOBAaHUU
MPUPOAHBIX PECYPCOB M KOCMUYECKOTO KapTorpapupoBaHus;

e VYcraHOBJIEHHE XapakTepa M OCOOCHHOCTEM JBMKEHUS MaTEpPUKOB,
3aKOHOMEPHOCTH MPOTEKAHUSI TEKTOHUYECKUX MPOLIECCOB, U T.1I.

Kocmuueckast reoje3us TECHO CBs3aHAa C  HEOECHOW  MEXaHHUKOM,
aCTpOHOMHEH, MaTeMaTUKOHN, GPU3UKON U IPYTUMU JUCIUTUTMHAMM.

BypHoe pa3BuTME KOCMHUYECKOW T€0JI€3UM CBS3aHO C 3aIllyCKOM IEpBOro
nckycctBeHHoro cmytHuka 3emumn (MC3) 4 okxTsa6ps 1957 1., a Takke ¢
MOCJIEYIONIMMHU 3alyCKaMH KOCMHYECKUX OOBEKTOB M CIYTHUKOBBIX CHCTEM,
MO3BOJISTIONIUX 3(PPEKTUBHO pelIaTh TPAIUIIMOHHBIE U HOBBIE 3a/1a4U T'€OJIC3HH.

CymiecTByeT  TpU ~ OCHOBHBIX ~ METOJA  KOCMUYECKOW  TIEOAE3UH:
reOMETPUYECKUM, TMHAMUYECKUN U OpOUTATIHHBIMN.

l'eomempuueckuii memoO CIYXMT IJi1 TIEpeladyd KOOpJIHWHAT Ha OOJbIIue
pacctossausi. OH ocHOBaH Ha CUHXpoHHOM HaOmoaeHun HMC3 ¢ HecKoIbKHUX
MYHKTOB 36MHOM MOBEPXHOCTH. 3/1e€Ch HEOECHOE TENO0 UCIOJIb3YEeTCs KaK BBICOKO
MOJHSATAsT BU3WpHas 1elb. Vcronib3yst CHUHXpPOHHbBIE HAOJIOIEHUS, PEIIaloTCs
pPa3IMYHOTO pojAa NPOCTPAHCTBEHHBIE 3aCE€UKH A OINPEIEICHUS KOOPIWHAT
HEWU3BECTHBIX TYHKTOB.

Junamuueckuii memoo, B TPOTUBOTIOIOKHOCTh T€OMETPUUYECKOMY METOY,
OCHOBAaH Ha MCIOJIb30BAHUN TEOPUU JBHKEHUSI MCKYCCTBEHHOI'O CITYTHHKA 3€MIIU



o opoute. [y peanuzanuu JMHAMUYECKOTO METO/a HEOOXOIUMO UMETh MOJICIb
nemkeHust C3.

JluHaMUYeCKU METOJI MPEAINojaracT COBMECTHOE OMPECICHHEe KOOpPAHHAT
Ha3eMHBIX TYHKTOB, 3JieMeHTOB opOuthl MC3, a Takke yTOUHEHHE NapaMeTpoB
MOJICTM  BO3MYIIAIONMIMX CHJI  JEWCTBYIONIMX HAa CIYTHUK. Peanumzamus
JTUHAMHYECKOTO METOJIa KOCMUYECKON IeoIe3uu TpeOyeT HaIM4Yusl COBEPIICHHBIX
QITOPUTMOB W THUTAHTCKUX KOMIUJIEKCOB MPOTpaMM [IJIi CaMbIX COBPEMEHHBIX
KOMITBIOTEPOB, Ha pa3pabOTKy KOTOPBIX HEOOXOIWMBI OOJBIINE 3aTpaThl TPyza
IEJTBIX KOJIJIEKTUBOB KBATU(DHUITUPOBAHHBIX MATEMATHKOB U TMTPOTPAMMHUCTOB.

Opoumanvhubiti mMemooO SIBIASETCS YAaCTHBIM CIIydaeM JWHAMHYECKOTO, B
KOTOPOM TlapaMeTpbl MOJIETM BO3MYIIAOIMMX cui, aedctByromux Ha WC3,
MMOCTPOCHBI ¢ HEOOXOAMMOM TOYHOCTHIO U HE YTOUHSIOTCS B MpoIiecce penieHus. B
OopOWTaTLHOM METOJIC Ha OCHOBE HAOIOJICHHM, BBITIOJTHEHHBIX Ha Ha3eMHBIX
MyHKTaX MWW HEMOCPEACTBEHHO CO CIyTHHUKA, COBMECTHO OIPEICIISIOTCS
KOOPJAMHATHI ITYHKTOB U 3JIEMEHTHI OpOUT.

Ecnu monoxuth, 9T0 371€MEHTHI OPOUTHI HA MOMEHT U3MEPEHUI W3BECTHBI, TO
OTpEeNIeNIIEMbIMU BEJIMYMHAMH OYAYT TOJBKO KOOPJMHATHI MYHKTOB, KOTOPHIE
OTIPENICNIAIOTCS IMYTEM PEIICHUS OOpaTHBIX MPOCTPAHCTBEHHBIX 3acedyek. OTa
mporeaypa ToJiydusia Ha3BaHUE YNPOIIEHHOTO OpOUTAIBHOTO METoJa U
MIPUMEHSIETCS TIPU PEIICHUU HABUTAIIMOHHBIX 33/1a4.



1 CUCTEMBI KOOPJIUHAT U BPEMEHHU, NCITIOJIL3YEMBIE B
KOCMHMYECKOM I'EOJIE3UN

1.1 IloHsiTHE O MPOCTPAHCTBEHHOW NMPAMOYTIOJBHOM CHCTEMe KOOPAUHAT

[TonoxeHne TOYKU B TPEXMEPHOM MPOCTPAHCTBE MOXKET OBITH OINPEACIICHO B
MIPOCTPAHCTBEHHOW CHUCTEME KOOpIMHAT. Ecin yepe3 HEKoTopyro Touky O
npoctpaHcTBa (puc. 1.1) mpoBecTu Tpu B3aUMHO NeprneHAuKysapHbsie ocu OX, OY,
OZ — COOTBETCTBEHHO: OCh abOcCIHCC, OChb OpAWHAT, OCh AaNIUIMKaT, TO
OTHOCHUTEJIBHO 3TUX OCEH MOXKHO OIPEEIUTD MOJ0KEHUE TOUKU B IPOCTPAHCTBE.
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Pucynok 1.1 — Cucrema npoCTpaHCTBEHHBIX NPSIMOYTOJIbHBIX KOOPJAWHAT

[TycTh B IpUHATON cCUCTEME KOOPAMHAT 3a/1aH BEKTOP I', HAYaI0 KOTOPOTO
COBIAJIAET C HAYaJIOM KOOPJIMHATHON CUCTEMBI, a KOHEll — ¢ Toukoil O (x, y,z),

HMCIOIHGﬁ KOOpAWHATHI X, ), Z .
CormacHo IMpaBuIIy CIOKCHUA BCKTOPOB MOYKHO HAIIUCATH

r=r; +r, +rj. (1.1)

DOTO paBEHCTBO IMOKAa3bIBAET, YTO BCAKUN BEKTOP MOYKHO pAa3JIOXKUTh Ha
COCTaBJIAIOIINE, JICKAIUE HA OCAX KOOopAuHAT. ClaraeMble BEKTOPHI Iy, I'y U I3
Ha3bIBAlOTCSI KOMIIOHEHTAMM WJIM COCTAaBISIOIIMMHU JAaHHOIO BEKTOpa I
OTHOCHUTEJIBHO cHUCTEMBbl KoopauHaT OXYZ. OTioXHUB B MOJOXUTEIBHOM
HaIpaBJICHUN KaxJ0i U3 ocedt koopauHat (puc 1.1) mo Bextopy i,j u K, AiuHbl
KOTOPBIX PaBHBI €JUHULIE, IOJTYYUM



Takum o0pazoM, paccmaTpuBas TPOEKIMU X,y € z BEKTOpa ¥ Ha OCH
KOOpJWHAT, Ha ocHoBaHuu (1.1), umeem

r=xi+yj+:zk, (1.2)
W
r=|y|. (1.3)
z

JlnuHa (MOy/Tb) BEKTOpA I ONpPEeNsieTCsl BEIPaXKCHHEM

r:\r\:\/xz +y? +z%.

Tak kak BI)I60p Ha4daJla CUCTCMbI KOOPAUHAT U ITOJIOKHUTCIIBHBIX HaHpaBJIeHI/II;’I
UxX oceu IMPOH3BOJICH, TO MOXHO T'OBOPHUTHL O MHOFOO6paSI/II/I IMPOCTPAHCTBCHHBIX
MNpAMOYTOJIBHBIX CUCTCM KOOPAMWHAT. HOG)TOMy Ha IIPAKTUKE HCPCAKO BO3HUKACT
HCO6XOJII/IMOCTI) B HpGO6p330BaHI/II/I OHHOﬁ CUCTCMBI IIPAMOYTOJIBHBIX KOOPAWHAT B

APYTYIO.
1.2 IIpeoGpa3oBaHye MPOCTPAHCTBEHHBIX NPAMOYT0JIbHBIX KOOPAMHAT

1.2.1 IapajuieJibHBIN NEPEHOC OCeil KOOPAMHAT

ITycts xy,y|,z; — KOOpAMUHATBHI IPOU3BOJIBHON TOYKH () OTHOCHUTEIIBHO
IIPOCTPAaHCTBEHHON  NPAMOYTOJIbHOM cucreMbl koopauHat O, XY, Z,, a
Xy,¥9,2, — KOOPIAMHATBHI TOW K€ TOYKU OTHOCUTEIIBHO KOOPAWHATHON CHCTEMBI
0,X,Y,Z,. O6o3znauum uepe3 Ax,Ay,Az — KOOpAUHATHl Hayaja CHCTEMBI
xoopaunar O, X,Y,Z, B cucreme O, X,Y,Z,.

Ecmn enuHuubl Macmraba 1o ocsiM O0O3HAYEHHBIX CHCTEM KOOPAUHAT
COBIIaJAI0T, TO COIVIACHO pUC. 1.2 MOKHO HaNKCaTh

r,=r, +Ar (1.4)
r,=r —Ar|’ '

Tac



r=\)p =1V Ar =| Ay
Zl Zz AZ
Z Z,
0
r r
Y.
0, 2
A

Xy

PucyHnok 1.2 — IlapannenpHblil IEpeHOC OCEN KOOPIUHAT

1.2.2 IToBopoT oceii

Bextop r (puc. 1.3) Moxer ObITh BbIpakeH B BUAEC (YHKIUU, KaK MEPBOM
0,X,Y,Z,, tak u BTropout O, X,Y,7Z, cucrem KOOpAHHAT

r=xii; + yj; + 21k = x50, + 150, + 25k, (1.5)

Pucynok 1.3 — Pa3BopoT oceil mpoCTpaHCTBEHHON CUCTEMBI KOOPAUHAT



VYMHOXkasi CKaJlspHO, JIeBble W IpaBble dYacTu BbIpaxkeHus (1.5)
IIOCJIEIOBATENIBHO HA OPTHI 1y, j; € K, nMeeM

xp(y i)+ y (g g+ 2030, Ky) =x,(0 i)+ y, (0 - dp) +25(1) - Ky),
x1 Gy i)+ Uy - d) + 2001 Ky) =xG 1) + v - d2) + 22351 - Ky),
xp(ky i)y (k) +zi(ky Ky =xp (K cig) +yy (K- o)+ 20 (K oK),

I/I3BCCTHO, 4TO CKAJIIPHBIC ITPOU3BCACHHA OPTOTOHAJIbBHBIX BEKTOPOB PABHBI
HYJII0, 4 OJHOMMCHHBIX BCKTOPOB — CAUHUIIC, T.C.:

(- jp) ==, -k =0, k) =0;
(il ‘i1)=(j1 ‘j1)=(k1 ‘k1)=1-

Tornma

xp =Xy (1 -ip) +y, (i - Jp) + 2,5 (1) - Ky),
Y1 =x00;1 i)+ 20y - d2) + 2,31 - Ky),
zp=x(Ky -ip) + yy(Ky - jy) + 25 (kg - Ky),

HJIX B MATPUIHOM BHIC

rae
X1 X2 (iy-ip) (iy-jp) (i -ky)
=1y =) P=1(j;-iy) (;-J2) (k)|
Z Zy (ky-ip) (Ky-jp) (Ky-ky)

3aMeTHM, YTO CKaJIIpHOE MPOU3BEAECHUE JBYX E€IMHUYHBIX BEKTOPOB PaBHO
KOCHHYCY yrja MEXIy 3TUMHU BekTopamu. [loaTtoMy BelpaxkeHue s matpuusl P
(MaTpuua mpeoOpa30BaHUii) MOKHO MPEJICTaBUThH B BUJIE

cos(iy,i,) cos(iy,j,) cos(ij,k;)

P =|cos(j,i,) cos(ji,j,) cos(ji.ky) |. (1.7)
cos(ky,i) cos(ky,j,) cos(ki,k,)



PaccmoTpum uacthble ciydau. IlycTs B IByX cucTeMax KOOpAMHAT HAYaJIO0 U
OcH abCLUCC COBINAAAIOT, a OCU OPJMHAT M alIUIMKaT JIexkar B muockoctu O,Y,Z, u

OTCTOSIT APYT OT APYyTa Ha YroJ L COOTBETCTBEHHO (puc. 1.4.a).

k2 kl kl’kz

1,1

Pucynok 1.4 — YacTHble ciayyau npeoOpa3zoBaHusi CUCTEM KOOPIUHAT

Nmeem

cos(i;,i,)=cos(0°) =1,
cos(i;,j,)=cos(i;,k,)=cos(270°) =0,
cos(jy,i,)=cos(k;,i,)=co0s(90°) =0,
cos(jy,j,) =cos(k;,k,) =cos(u),
cos(j;,K,)=c0s(270° + u) = sin(p),
cos(k,j,)=c08(90° + p) =sin(—u) =—sin(y).

Teneps matpunia npeodbpazoBanuii P npumert By
1 0 0

P=P,(u)=|0 cos(u) sm(u)|. (1.8)
0 —sin(u) cos(u)

[To ananoruu, korjga ocu opaunar (puc. 1.4.0) u anmaukar (puc. 1.4.B) 1Byx
KOOPJAMHATHBIX CHCTEM COBIIQJIal0T, MOKHO HAIUCATh

cos(v) 0 —sin(v)
P=P,(v)=| O 1 0

sin(v) 0  cos(v)

: (1.9)



cos(w) sin(w) O
P=P,(w)=|-sin(w) cos(w) O]. (1.10)
0 0 1

Marpuny P,(B), rne u=X,Y,Z; B=u,v,0, Ha3BIBAOT Mampuyell
noeopoma WM mampuyeu epawjenus. Matpuna P, () — oproronanbHas

MaTpulla, OINpEeAeNUTeNh KOTOpOW paBeH enuHuie. [l Hee cmpaBemsivBbI
COOTHOILICHUS :

P, (B)=P)(B)=P,(-B).

Boeipaxkenust (1.8) — (1.10) cooTBeTCTBYIOT MpaBoil cUCTEME KOOPAHMHAT U
MOJIOKUTENIbHBIM YTJIaM MOBOPOTA MPHU BPAILEHUU MPOTUB YAaCOBOM CTPENIKH, €CIU
CMOTPETH C MOJIOKHUTEIHHOTO KOHIIA OCH BpallleHus (#) MO HANPaBIECHUIO K HaYaIly
KOOpAMHAT.

1.3 Cucrembl BpeMeHH

B xocmuueckoil reofe3un paccMaTpUBAIOT JIBa acleKTa BPEMEHH: 3MoXa U
MHTEPBaI. DM0Xa ONpeesieT MOMEHT COOBITHS, a MHTEpBaJl — BpeMsi, MPOTEKIIee
MEXIY JBYMS STIOXaMHU.

OOBIYHO 3110Xa PUKCUPYETCS THEM, MECSILIEM, TOAOM (2pUSOPUAHCKULI CMUTD).
Opnako, BeIuMTaHUE 00Jiee paHHEH AaThl OTHOTO COOBITUS U3 00Jiee MO3THEN aThI
MOXKET MPEJICTAaBUTh HEKOTOPbIE HEYI0OCTBA U J1aTh HEYBEPEHHOCTh B pe3yJIbTaTe.
[ToaToMy 3amaya 0 4Mcie CYTOK, MPOLIEAIINX MEXIY ABYMs 3aJJaHHBIMU JaTaMu
yI00HEee peliaeTcsi C TOMOIIBIO HAUAHCKO20 Nepuood.

KOnuaHckuil mepuos — 3TO cUcTeMa cYeTa BpEMEHHU B CYTKaX, MpeioKeHHas
B 1583 romy ¢panmysckum yuenbiM K. CkanurepoMm i XPOHOJOTHYECKUX
pacdeToB. YA00CTBO IOJMAHCKOrO MEpUOoja 3aKII0YaeTcs B TOM, YTO BCE JTHU B
HEM 3aHyMEpOBaHbl MO TOPSIAKY, HE3aBUCUMO OT TMPUHATON KaJeHAapHON
CUCTEMBI, HOMEpa rojia, Mecsa, HeJieJdu. B XpOHONIOruu I0IMAHCKUN TepUo AaeT
BO3MO>KHOCTb CBSI3bIBATH Pa3JIMUHbIC KaJCHIAPHbBIE MIOXHU, BhIpaXKas UX 4epe3 AHU
IOJIMAHCKOTO MIEPUOJIa — HOIUAHCKUE OHU.

Havamom kaXmoro IOJMaHCKOTO JHS CYHUTAeTCsl CPEeAHHI TPUHBUYCKUUN
noJiieHb. B acTpOHOMUYECKHMX €KEroJlHMKax WIM B CIEUHMAJIbHBIX TabJMIax
JAIOTCS 1IeJIble YKClia I0JMaHCKUX JTHEH, MPOIIeAIINX ¢ Hayaja cueTa JI0 CPEeJHEro
ITPUHBUYCKOTO TIONYAHS oOmpeneleHHOW pgaTtel. [l mepexoma K cpenHen
I'PUHBUYCKOMN MOJIHOYH OT MOJYYEHHOU aThl ciieayet oTHATH 0,5.

FOnuanckas parta (JD), COOTBETCTBYIOIIAs pPaccMaTpPUBAEMOMY MOMEHTY
BpPEMEHU, MOKET OBITh TAK)KE BHIYUCIICHA 110 (hOpMyIIe
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JD =1721013,5 + 367 g — entier % g + entier + entier 2Lm +d,

IZie entier — 1ieJ1as 4aCTh 3HAUEHUS aNreOpanyecKoro BBIPAKEHUS; g — HOMED
rojia; m — HOMep Mecsilia B rojty; d — HOMep JHs B MECSIIIE.

[Ipu pemieHnn 3a7ady KOCMHUYECKON TI'€0/E€3UU BpEMsl BBITIOJHAET JBE
byHKINU:

1. Tloka3piBaeT yrojsi MOBOPOTAa 3E€MHOW  CHUCTEMBI  KOOpPAMHAT
OTHOCHUTEIILHO HEOECHOM;

2. BeicTymaer B KadecTBe HE3aBUCHMOW IEPEMEHHOM B YypaBHEHUSX
JBUKEHUSI HEOECHBIX Tell.

B cooTBeTCTBUU C peliaeMbIMU 3ajladyaMu, TPUMEHSIOTCS JBa TUIA CHUCTEM
BPEMEHU: ACMPOHOMUYECKUE U AMOMHDbIE.

CucreMbl acCTpPOHOMHYECKOTO BPEMEHHU OCHOBAHBI Ha CYTOYHOM BpaIEHUU
3emau. DTaJOHOM Ul MOCTPOEHUS IIKaJl aCTPOHOMMUYECKOTO BPEMEHHU CIy’KaT
COJIHEUHBIE MJIM 3BE3/IHBIE CYTKU. MCMuHHbIM 36€30HbIM 8peMeHeM S Ha3bIBaeTCs
4acOBOM yroJl HCTUHHOM TOYKH BECEHHEro paBHOACHCTBUS (puc 1.5).

P — Montoc mupa

MepwugunaH
mMecTa

PucyHnok 1.5 — McTuHHOE 3BE3/1HOE BpeMs

MecTHOE 3Be3/IHOC BpeMs s PUBOJUTCS K Mepuanany [ puHBuya:
S=s-1,

Tac S— FpI/IHBI/ILICKOG NCTHUHHOC 3BC3THOC BPCM:, A— ACTPOHOMHNYCCKAA
JOJT0Ta Ha6HIOlIaT€HBHOFO ITYHKTa.
CpezIHee 3BC3IHOC BPCM:A SO OTIIMYAaCTCA OT UCTHHHOTO 3BC3JHOT'O BPECMCHU

Ha BeHI/IqI/IHy HOHHOﬁ HYTaIII/II/I 10 HpHMOMy BOCXOXIACHHUTIO NOC .
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FpI/IHBI/ILICKOG CpCaHCC 3BC3IHOC BpPCMA SO B IIOJIHOYb IIO BCCMHUPHOMY
BPCMCHHU OIIPCACIIACTCA U3 BbIPAKCHUA

Sy, =6"4150,54841° +8640184,812866° AT +0,093104° AT? +6,2-10°AT?,

Trac

_ JD 24515450

36525
cTolieTusix Mexay dysaamentanbHoi snoxoi 2000,0 (JD =2451545,0) u

— HPOMCIKYTOK BPCMCHU, HSMGPHCMBIﬁ B IOJIMAHCKHNX

paccmaTpuBaeMbiM MOMEHTOM (JD).
Cpennee comHEYHOE BpeMs, MPOIIEIIee OT MOJHOUM O TEKYIIEro MOMEHTa
HAa3BIBACTCS BCeMUPHbIM 8pemerHem W obo3HadaeTcs kak UT0:

3neck v =0,0027304336 — koaduimeHT nepexoia OT 3BE3THOTO BPEMEHH K
cpenHemMy comHedyHomy. Bpemss UTO0 omnpexpenseTrcs wu3 HaOMOJASHUNA Ha
o0cepBaTOpUAX MEXKTYHAPOAHOU ciyxk0b1 Bpamenus 3emiau (MCB3).

ITocne ucknrouenusa u3z UT0 BIuUsiHUA IBUKEHUS TOIIOCA 3€MIIM Ha JOJITOTY
obOcepBaTopuu, monydaercsi BcemupHoe Bpemst UT1:

UT1=UT0-AL,.

Bpems UT1 MOXHO WHTEpPHNPETHUPOBATH KAK YroJl MEXIAYy HadalbHBIM
MEpHUIMAHOM CUeTa JIOJATOT M CPEIHUM dKBaTOpUalibHbIM CoJHIIEM — (PUKTUBHOMU
TOYKOM, PABHOMEPHO JIBUKYILIEHCS IO IKBATOPY.

CBA3p MEXIQy TPUHBUYCKMM 3BE3IHBIM BpEMEHEM S, B CPEIHIOIO

IPUHBUYCKYIO0 TIOJIHOYb, TPUHBUUCKMM MCTHUHHBIM 3BE3JIHBIM BpeMeHEM S U
BceMupHbIM BpemeneMm UT'l yctanaBiuBaercs GopMyon

S=8,+N, +(1+v)UT1

N3-3a HEpaBHOMEPHOCTH BpalleHUs 3eMJM W IOCTOSIHHO BO3PACTAIOIIMX
3alpOCOB HAyKW M TEXHHUKW OBLJIO BBEJCHA IIKaja aTOMHOrO BpemeHu TAI, He
3aBUCAIIECE OT BpAIllCHUs] U JABWIKCHUS] 3eMJIM. 3a €IWHUILY aTOMHOTO BPEMEHU
NMpUHATA CEKyHJa, KoTopas paBHa 9192631770 mnepuomam KoieOaHUM

M3JIy4Y€HUS, COOTBETCTBYIOIIETO NIEPUOIY MEKY IByMSI CBEPXTOHKMMU YPOBHSIMHU
OCHOBHOI'O COCTOSIHUA aToMma 1e3us -133. ToyHOCTh aTOMHBIX 4YacOB MOpPSAKa

-12
10 . CTaOMIBHOCTL YacCTOTHI COBPCMCHHBIX KBAHTOBBLIX TI'CHCPATOPOB HaA

aTOMHOM BOJOPOJAE IOCTHUTAECT 5.107'*. B Gromnerensax «BcemupHoe BpeMs U
koopauHaThl Tiostocay (Cepust E) perynspHo myONHMKYIOTCS 3HAYEHUS Pa3HOCTEH
UTI-TAL
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1.4 Cucrembl oTCHYETa KOOPAMHAT, IPUHATHIE B KOCMUYECKOI reoe3nu

[Tox cucTtemamMu OTCYETa MOHUMAIOT COBOKYITHOCTH CHCTEM KOODJIWHAT H
CHUCTEM U3MEPEHHUS BPEMCHH.

Koopounamui — 310 BETUYUHBI, OTIPEICIISIONINE MOJ0KEHUE JIF0O0M TOYKHU Ha
MOBEPXHOCTH 3E€MJIM WJIM B TMPOCTPAHCTBE OTHOCUTCIIBHO TPHHATOM CHCTEMBI
KOOPJINHAT.

CucremMa KOOpJIMHAT yCTaHABJIMBACT HAYajlo OTCYEeTa KOOPJMHAT,
OPUEHTUPOBKY B  TPOCTPAHCTBE OCHOBHOM  KOOPAMHATHOW  IJIOCKOCTH,
HaIpaBJIEHUE OCEeH KOOPMHAT.

B kocMuYeckoil reojie3nr MCHOJIB3YIOTCS Pa3uvHbIe CHCTEMBl KOOPIHMHAT.
Tak npu BBIYHCICHHMH OpPOUT CIYTHHKOB, TNPOTHO3MPOBAHUS WX JIBHIKCHHS
WCIIOJIB3YFOTCSI OJTHA CUCTEMbI KOOPJHMHAT, JUISl ONPEICIICHUs KOOPIUHAT IyHKTOB
HAOJTFOICHUH MCTIOJIB3YFOTCS PYTUE CUCTEMBI, a JJIS UCTIOJIB30BAHUS TTOJTYYCHHBIX
KOOPJIMHAT TIPH PEIICHUN Pa3IMYHBIX MPUKIIATHBIX 3a/1a4 TPEOYIOTCS COBEPIICHHO
WHBIC CHCTCMBI.

CucremMa KOOpAMHAT, HAYaJI0 KOTOPOW HAXOAMTCS B IICHTPE IUIAHETApHOTO
Tela, Ha3bIBACTCS IUIAHETOIICHTPUYECKONW (HANIPUMEp, 2eluoyeHmpuiecKoll,
JIYHOYEHMPUYeCcKou, 2eoyeHmpuyeckou ¢ HadaioM B 1ieHTpe macc CouHia, JIyHbl,
3eMiau COOTBETCTBeHHO). CHCTeMa KOOpPJMHAT, HAdallo KOTOPOM COBMAJaeT C
TOYKOW HAOIOICHNS HA TTIOBEPXHOCTH 3€MJIH, Ha3bIBACTCS MONOYEHMPUUECKOLL.

B 3aBucuMocT OT BBIOpaHHOM OCHOBHOW KOOPJIWHATHOW TIIOCKOCTH
pPa3IUYAOT  IKEAMOPUATLbHYIO,  IKAUnNMu4eckyro  (MIOCKOCTh  IKIUNTUKH),
2opuzonmuyto (TUIOCKOCTh MECTHOTO TOPHM30HTA) U opoumanvhyio (IIOCKOCTh
OpOUTHI HEOECHOTO 00BEKTA) CUCTEMbI KOOPIMHAT.

HampasieHust oceit CHCTEMbI KOOPAUHAT 33/IaF0TCSI OTHOCUTEIBLHO HEKOTOPBIX
TOUeK HeOecHOM chepbl WM 3eMHOW MOBEPXHOCTH.

[To HampaBJIICHHIO OCEH KOOPJMHAT OTHOCHTEIIBHO TOYEK IPOCTPAHCTBA
CHUCTEMBI KOOPJIMHAT JICTISATCS Ha 36e30Hble (HebecHbvie) u 3emHble (OCU KOOPAUHAT
OPUEHTUPOBAHBI COOTBETCTBEHHO OTHOCHTEIIBHO 3BE37] WJIM TOYCK Ha 3EMHOM
MOBEPXHOCTH).

HampaBieHue KOOpPJAMHATHBIX OCEH MOJXKHO 3a/iaBaTh OTHOCHTEIIBHO
@yrnoamenmanvrulx 8ekmopog. K 3TUM BEKTOpaM OTHOCAT BEKTOP KMHETUUECKOTO
MOMEHTa 3€eMJIM, HalpaBJICHUS MTIHOBECHHOM oOcH €€ BpalleHUs, BEKTOp
HAIPaBJICHHUS CHJIBI TSKECTH, HOpMajb K opOuTe 3eMiu (K SKIUNTHKE), BEKTOP
JUHUY Y3JI0B 36MHOW OpOUTHI (HANPaBJICHHEC HATOYKY BECCHHETO PAaBHOJICHCTBUS )
u ap. KoopauHatel, CBs3aHHBIE C  OTBECHOM  JIMHMEHW,  Ha3bIBAIOT
aAcmMpOHOMUYEeCKUMU.

B kaxmol cucTeMe TMOJIOKCHUE TOYKH MOXKET OBITh MPEICTaBICHO B (popme
NPAMOY20IbHBIX (OeKapmosguvlx) WIH cgepuieckux KOOPAUHAT, a JJIsi CUCTEM,
CBSI3aHHBIX C DJUTMIICOMAAMU, — TaKxke B hopme eeodezuueckux (chepouduueckux,
WM 2JLIUNCOUOANBHBIX, U KPUBOIUHELHBLX) KOOPIUHAT.

M3-3a mperiecCuy M HyTallud OCH BpAIICHUS 3€MJIM OCHOBHBIC IJIOCKOCTH U
OCH KOOpJWHAT C TCUCHHWEM BPEMCHH H3MEHSIOT TOJIOKCHHME W HaIlpaBJICHUE B
npoctpaHcTBe.  [loaToMy  TUIaHETapHBIE  KOOpAWHATHI  (UKCHUPYIOT  Ha
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OIIPCACICHHYIO JIIOXY. KOOplII/IHaTI)I, CBA3AHHBIC C IIOJIOKCHUCM OCH BpAIICHUSA
3eMJIM HA MOMEHT Ha6JHOJIeHI/IH, Ha3bIBAKOTCA MCHOBEHHbIMU, NIIU UCIMURHBIMU.

BCHC}ICTBI/IG TOTrO, YTO BBI6paHHBIC 4 OPpUCHTUPOBKU KOOPAUHATHBIX
CUCTCM TOYKH MOTYT HU3MCHATH CBOC IIOJIOKCHUC, 00s13aTeJIbHO YUUTBIBACTCA
onoxa — TOT MOMCHT BPCMCHH, K KOTOPOMY OTHOCATCA HAIIPABJICHUC OCeH.

1.5 HebGecHble cUCTeMbl KOOPAMHAT

B xocMuueckot reoae3nn sl ONpeAeICHUs MOJ0KEHUST HEOECHBIX 00BEKTOB
4acTO MCIMOIB3YIOT HEOECHYIO (3BE3HYI0) CUCTEMY KoopauHaT. Takas cucrema
3a/1aeTcs caeAyrnmM obpasom (puc. 1.6):

— Havasio O pacnoiokeHo B [IEHTpe Macc 3eMIIH;

— OChb Z COBMAaeT ¢ MTHOBEHHOM OCBhIO BpaIllCHHs 3eMJIM 1O HAIPaBJICHUIO K
HMCTUHHOMY CEBEpHOMY MoJtocy P;

— ocb X JIGKHT B DKBAaTOPUAIBHOW TUIOCKOCTH QOQ’I/I HarpaBJieHa K

MCTUHHOW TOYKE BECEHHETO PAaBHOJCHCTBUS ¥ (TOYKE TEpeceueHUs IIOCKOCTU
HMCTUHHOTO 3KBaTopa 3eMiin ¢ opouToit 3emnu Ey E , HaKIIOHEHHOW K 2KBaTOpy Ha

yroia €;
— OChb Y JI€XUT B IIOCKOCTU Qo) WU IOMOJHSIET CUCTEMY A0 MPABOA.

Z
N
P —nonioc mupa
'y E ~.__—— Kpyr cknoHexu
(0}
Y —
N E— Sxnuntuka
Q' / -~ o \ \ O — Okearop
7
o ¢ Y
E Y
X

Pucynok 1.6 — HebecHast cucrema KoopauHaT

B ar1oil cucreme KOOpAMHAT BEKTOP I ONpEIENsIET MOJIOKEHHE HEOEeCHOro
o0bekTa o . KOMIOHEHThI BEKTOpa ¥ MOTYT OBITH 3aJaHbl MO0 MPAMOYTOJIBHBIMU
KOOpJMHATaMU X, y,z, MO0 chepuyeckuMu KOOpIAUHATAMU F,,0 . 3AECh ¥ —

pacCTodHUC OT Ha4dalla CHUCTCMblI KOOpAWHAT MO0 HeOEeCHOro CBCTHIJIA, 06,5—
MMpsAMOC BOCXOKIACHUC U CKIIOHCHHUC 00BEKTa Ha6HIOHCHHﬁ COOTBE€TCTBCHHO.

14



[IpsMoe BOCXOXKJIEHME — OTO Yrol B DJKBAaTOPUAIBHOW IIJIOCKOCTH,
WU3MEPEHHBIN MPOTUB YAaCOBOM CTPEIKH OT TOYKHM BECEHHETO PAaBHOJIECHCTBHUS /10O
Kpyra ckjioHeHuil. CKIIOHEHHE OOBEKTa — 3TO OCTPBIA Yroi, U3MepsSeMblid OT
IIJIOCKOCTH KBATOpPa 10 CBETHIIA.

[IpsimoyronbHble U chepuUUecKue  KOOPAMHATBI ~ TOYKM  CBSI3aHBI
COOTHOUIEHUSAMMU:

X CoSQ COS O
r=|y|=rlsinacosd |; o = arctg 4
) X
z sin &

. Z z )
0 = arcsin| — | = arctg I”=‘l"=\/x2+y2+z _

|
7 lxz +y2

OmnrcaHHasi cUCTEMa KOOPJAWHAT HA3bIBACTCS UCTNUHHOU HeOeCHOU CUCMeMOl.
Nctunnas HeOecHas cucTemMa He SIBIIIETCS CTPOro MHEepHHaIbHOW. OpUEHTHUPOBKA
€€ OCell M3MEHSETCS CO BPEMEHEM B IMPOCTPAHCTBE H3-32 JIYHHO-COJHEYHOM
MpEHecCu M acCTPOHOMHUYECKOM HYTalUM 3€MHOM OcH. [Ipu 3TOM HCTHHHBIN
nmoyiroc P coBepiiaeT BEKOBOE W KojeOaTeabHOE JBUXKEHHE BOKPYT TOJIIOCA
JKIIUNTUKU P .

[IpyunHa npeneccu W HYTalMU JIEKUT B TOCTOSHHO HM3MEHSIOIIEMCS
rpaBUTAIMOHHOM TIpUTsHKeHUH ConHileM U JIyHO# (B MEHBIIEH CTENEHU — MJIaHET)
AJIEMEHTOB Macc 3eMJId. DTO MPOUCXOJIUT BCIICICTBHE OPOUTAIBHOTO JIBMXKCHUS
3emiu u JIyHBI.

['paButaninonnoe nputsokenue Hechepuuecko 3emnu Connuem u JlyHou
3acTaBlIAeT 3eMJII0 KOJIeOaThCsd B MPOCTPAHCTBE MOJOOHO BOMYKY U MPU ITOM
UCIIBITHIBATH MAaJIble HAKJIOHBI, Ha3bIBaeMble HyTanueu (puc. 1.7).

Py — MMontoc akmmunTukm

P — ontoc mupa
® PE
€
0e = Ae +de
..................... —
F2 SQKNNMNTUKN 5 ‘
> [
2 ConHue / v Mpeueccns
1 .
............ Sy =Ay +dy i HyTauus
6)

Pucynok 1.7 — Ilpeueccust u HyTauus
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Ecan B moioXeHUM HMCTUHHOrO 1oJiroca P Y4CCTh BJIMAHUC HYTALIUHU B
JaHHYIO J2I10XY t, TO IMOJTYUYHNTCA IMOJIOKCHUC CPCOAHCTO ITOJIHOCA Pt Ha 9Ty 3II0XY.

EMy coOoTBETCTBYeT IJIOCKOCTh cpeiHero HebecHoro skBatopa (J,0A4, u cpenHss
TOYKa BECEHHETO paBHOJEHCTBUA ¥, (puc. 1.8).

9,

Pucynok 1.8 — IIpenieccuoHHbIE yIIibl

Takast cucteMa Ha3bIBACTCS cpeoHeli HebeCHOU cucmemoll B ATOXY £.
[Tonmoxenue ocHoBHOM Iockoct (rOA; W HanpaBIIEHHE KOOPAWHATHBIX

ocet X,Yp,Z, B mpocTpaHCTBE Ui 3MOXU 1, Ha3bIBaeMOW (yHJIaMEHTaJIbHOM

SIOXOH, 3amaBaeMol o0O0bBIYHO Ha Hayaijo IOnumanckoro roma J2000.0,
3aKpeIuisieTcs B KaTajorax KOOpJAMHATaMM p,O0p 3BE3]l WIM JPYTHX HEOECHBIX

00BEKTOB.
CBsi3p MeXJy CpeAHUMH KOOpJIWUHATaMH X,,),,Z, OOBEKTa Ha OJIOXY

HaOJIIOJICHUH ¢ U CPEeTHUMU KOOPAUHATAMU X, YV, Zp QyHAaAMEHTaIbHOU sm0xu T
OCYILECTBIISIETCS C TOMOIIBIO MTPELIECCUOHHBIX NTapaMeTpoB ¢,z u O (cM. puc. 1.8)
INyTEeM TPEX IOCJIEOBATEIbHBIX BpallleHui: Ha yros z B uiockoctw OX Yy, Ha
yron O B mnockoctd OArZ; u Ha yron { B muockoctu OA4,Q,. B pesynbrate

UMEEM
X, X7 Xr
v |=P, )Py (=0)P,(2)| yr |=P| yr |,
z, Zp zZp
rae
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Vbl npeuecCcCun g, Ouz , BBIPAXKCHHBIC B YIJIOBBIX CCKYHIAX, BEIYUCIIAKOTCA

no ¢opmynam Herokoma-Anpayaiie. C TOYHOCTBIO IO YJICHOB TPETHErO MOPSJIKA
OHU TIPEJICTABISIOTCS TaK

£ =2306.2181 AT +0.30188 AT? +0.017998 AT>;
0 =2004.3109 AT + 0.42665 AT? +0.041833" AT>;
z=2306.2181 AT +1.09468 AT? +0.018203 AT>.

HCpCXO}I OT CpCAHUX KOOpAHMHAT X,,V,,Z, B O3IOXY t{ K HCTUHHEIM
KOOpAHWHATaM X, y, z 9TOM K€ PIIOXU BBIIIOJIHICTCS qcpe3 MaTpunly HyTalnuunu N:

X X;
YI=Nly |,
z z

t
rae

N=P,(-¢, —5c)P,(-Sy)P,(s,),

&, — CpeIHEeN HaKJIOH SKJIMITHKH K 9KBATOPY,

oc =Ae +de — KOPOTKO U JOJTONEpUOANYEcKass HyTalMs HaKJIOHA
OKJIUIITUKH,

Oy =Aw +dy — KOpPOTKO W JAOJITONEPUOINYECKast HyTallUs MO JTOJITOTE.

CpenHuli HaKJIOH SKJIMIITHKH K 9KBATOPY OMPEEISIETCS COOTHOIICHUEM

g, =23°2621.448" —46.8150 AT —0.00059 AT? +0.001813"AT".

[TomHBIE mepexos OT CpeIHMX KOOpAWHAT HaOIIaeMoro oObeKTa
dbyHIaMeHTabHOU A10XU T K ICTUHHBIM KOOpJMHATAM UMEET BU/I:

X X7
y :N-P.yT
z Zr

1.6 3eMHBIe reoleHTPUYECKHE CUCTEMbl KOOPAMHAT

B 3eMHBIX T€OLIEHTPUUECKHUX CUCTEMAaX KOOPAMHAT HA4YajoOM SIBJIAETCS LEHTP
Macc 3€MJIM, a HallpaBJICHUE OCEH CBSA3aHO C IOJOKEHHEM IoJIroca 3eMiH, €€
HKBATOpPAa M HAYAJIBHOIO MEpUJMAaHA. JTU CUCTEMBI BpallalOTCs BMECTE C 3eMJileh
IIpU €€ CYTOYHOM JBH)KEHUM B MPOCTpPaHCTBE. B Takux cucremax MOJIOKEHUE
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(KOOpIMHATHI) TOYEK HA 3EMHOM MOBEPXHOCTH IOJBEPrarOTCs TOJIBKO MallbIM
W3MEHEHUSIM CO BpeMEHeM H3-3a reodusnueckux 3(Pp¢GexToB (TEKTOHHYECKUE U
MPUIMBHBIE JeOopMaliK ), KOTOPhIE MOKHO JIOCTATOYHO TOYHO YYUTHIBATH.

OO6mie3emMHasi  TEOIICHTpUUECKAss TPSAMOYTOJbHas CHCTEMa  KOOPJHUHAT
onpenensercs cieayrmum odopazom (puc. 1.9):

Z
HavanbHbin A
mepuanaH P
H
D
N
(0]
B
c
L
G
X Y

PI/ICYHOK 1.9 - FGOIIGHTpI/ILIGCKaSI 3CMHasd CUCTEMA KOOPJAHWHAT

e Hayano cucrembl koopauHaT (Touka (J) HAXOOUTCSA B IICHTPE Mace
3emiu;

e Ocb Z NpoXoaMT Yepe3 MoJIroc (Touka P);

e Ochb X nmpoxoauT 4epe3 Touky G NEpeceueHHs TUIOCKOCTH SKBATOpa M
HaYaJIbHOTO MEPHUIMaHa;

e Ocb Z HaXOJIUTCS B SKBATOPHAILHOH IJIOCKOCTH U JIOTIOJHSACT CHCTEMY
710 TIPaBO¥ CUCTEMBbI KOOPIMHAT.

Bce reorneHTprueckre CUCTEMBbI CBSI3aHBI C ONPEICICHHBIMH JITUIICOUIAMH,
Ha3BaHUS KOTOPBHIX OOBIYHO COBIAJACT C HA3BaHMEM CaMOW CHUCTEMBI. B 3ToM
clly4ae  BO3MOXHO  MCIOJB30BaHME HE  TOJBKO  JICKAPTOBBIX, HO W
DIUTUTICOMTANIBHBIX  (C(HepONIHUECKUX) KOOPJIWHAT: TEOJC3MYECKON IIMPOTHI B,
reo/Ie3MdecKoil JONTOThI L ¥ BBICOTHI H TOUKH A HaJ 3ITUNCOUIOM (OTPe30K DA ).

T'eooesuueckas wupoma (B) 3TO OCTPBIN yrojl MEXIy IIOCKOCTBIO SKBATOpa
U HOPMAJIbIO K TOBEPXHOCTH JJUIUIICOUAA. [ eode3uueckoli 00120moll Ha3bIBAIOT
JBYTPAHHBIA YTOJl MEXAY IUIOCKOCTSIMH HAvajbHOTO MEpHJAMAaHa M MEpuIuaHa
3aJITaHHOM TOYKH.

CBsi3p Treofe3WYCCKUX KOOPJAMHAT C MPSAMOYTOJIBHBIMH KOOpJIWHATAMHU
OCYIICCTBIISICTCS IO (hOopMyJiaM:

X (N + H)cosBcosL
Y |=|(N+H)cosBsinL |,
Z ] |[N(-e*)+H]sinB
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rie N — paguyc KpUBHM3HBI TepBOro Beptukaia (otpe3ok CD),
ONPEIEIISIEMbIN KaK

a

N = )
\/l—e2 sin’ B

31ech @ — OGONBIIAS TONYOCh 3EMHOTO SIUIHICOMAA, e — KBaipaT IepBOro
IKCIEHTPUCHUTETA.

B 3eMHOIf crcTeMe KOOpAWHAT MOJIOKESHHE OCH BPAIEHUS 3€MIIH, €€ TI0Jroca
U DKBaTOpa, a TaK)K€ HAYAIIBHOTO MEPHMAHA CBA3aHO C MPOOJIEMOU JBHIKEHUS
MOJIroCAa.

[To MHOTONIETHUM W3MEPEHUSIM T'eOJIE3NYECKUX MIMPOT B PA3TMYHBIX ITYHKTAX
3emiu OBUTO 3aMEUYEHO, YTO IIMPOTHI ITYHKTOB HE OCTAIOTCS TMOCTOSHHBIMH, a
MEPUOAMYECKA MEHSIOTCS. DTH KOJEOAHHsI MIHUPOT OOBACHAIOTCS TEM, YTO TEJO
3eMii CMeMIaeTcss OTHOCUTEBHO OCH BPAIEHUS U B Pa3HOE BPEMS C IMOJIOCAMH
BpAIllEHUs] COBMAJAIOT PAa3IMYHBIC TOYKH MOBEpXHOCTH 3emiid. Takum oOpasom,
MOJIOKEHHE MOJI0ca 3eMIIH sIBIIsieTcsl QYHKIIMEH BPEMEHH.

JUiss  eTampHOrO W3YYCHHs SIBIICHUS JBW)KCHHS TIOJIIOCA OpraHM30BaHA
Meswcoynapoounas cayacoa spawenus 3emau (MCB3). Ogna u3 3agaau MCB3 ato

YCTAHOBJICHHUC KOOPAHWHAT Xp Hu yp MTHOBEHHOT'O ITI0JIIOCA 3€MJIM OTHOCHTEIBHO

ocpennerHoro 3a nepuoA ¢ 1900 r. mo 1905 . ycrosnozco 3emnozco noaroca (Y3I1).

o
Ochb Xp HallpaBJICHA 110 HAYaJIbHOMY MCpHUHNAHY, 4 OCb yp — IIoa yriiom 90° na

sanan (puc. 1.10). CpenHne KBajpaTH4ecKue MOTPEUIHOCTH ONPEIENCHUS X, H

¥, o nauaeiM MCB3 cocrasisier 0.0003" (~1 cm).

MIcTnHHBIN akBaTOp

CpenHun aksaTop

' 1)
S 2|

Pucynok 1.10 — CBsi3b MeX 1y HCTUHHOU HEOECHOM M O0IE3eMHON CUCTEMaMU
KOOpJIHHAT
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CBsi3b 3eMHBIX C HEOECHHIMU KOOpJAMHATaMHU BO3MOXHA TOJIBKO Yepe3
MrHOBeHHbIEe 3eMHBIe (X, Y,Z) u uctunnsle HeOecHbIe (X,),z) cucteMbl. CorjlacHO
puc. 1.10, umeem

X X
y|=P(=s)|Y
z VA

I1€ § — ICTUHHOE 3BE3/JHOE BpEMs.
Ecmn xoopaunatel Touku (X,,Y,,Z,) Ha 3e¢MHOH NOBEPXHOCTH 3aJaHbI

OTHOCHUTCIIbHO YCJIOBHOT'O 3EMHOT'O ITOJIFOCa PO , TO CIIPABCAJIMBO COOTHOLICHUC

X Xo
¥ =Py (=5)Py(x )Py (¥ ,)| Y,
z Z0

B CUIIy OPTOrOHAJIBHOCTH MAaTpull BpallCHUA, 06paTHa$I CBi3b cpeleeﬁ
3€MHOM M HCTHHHOM HEOECHOM CHCTEM KOOpAWHAT UMCCT BU/I:

X, X
YO :PX(_yp)PY(_xp)PZ(S) Yy
Z, z

1.7 TonoueHTpryecKne CHCTEMbI KOOPAMHAT

OueHb 4acTo MPU NOCTPOCHUHU T'€0JIE3UUECKUX CETEH METOJaMU KOCMUYECKOM
reoJIe3u MPUMEHSAIOTCS TOIOLEHTPUYECKUE CHCTEMBbl KOOPAMHAT, Ha4dalio
KOTOPBIX PACIOJIOKEHO B TOYKE HAOIIOJeHH 4 Ha 3eMHON MoBepXHOCTH. Ecnu
HaIpaBJICHUs] OCel TOMOLCHTPUUECKON cucTeMbl ( X ’,Y ’,Z ) rapajuielibHbl OCSIM
(X,Y,Z) oOme3eMHONH  CHCTEMBI, TO  TakKas CHUCTEMa  Ha3bIBACTCS
MonoyeHmpuyeckol 3emMHol cucmemoti koopournam (puc.1.11).

CBsI3b 3TUX JIBYX CHUCTEM OCYIIECTBISICTCS IMEPEHOCOM Hadana KOOpIWHAT U3
Touku O B TOUKY A U HA00OPOT:

X [x,] | X X Tx] [xy
Y [=|Y, |+|Y |; Y |=|Y |-|Y, |,
Z ZA Z’ Z’ Z ZA
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rae
X 4,Y,,Z ; — KOOpAUHATHI IIYHKTAa 4 HA TOBEPXHOCTU 3EMIIH.

X

Pucynok 1.11 — TononieHTpu4yecKkue CUCTEMBI KOOPIHUHAT

Ecaim  ocHOBHass MIOCKOCTH TOHOIIGHTpI/IIICCKOﬁ CUCTCMbI KOOpAWHAT
COBIIAAACT C INIOCKOCTBIO T'COACIUYUCCKOIO TOPHU30HTA, OCH ZF HallpaBJICHA B

IeOJIE3NYECKUN 3€HUT IIyHKTa, OCb X  — Ha CeBep, @ OCb Y, — Ha BOCTOK, TO
Takas CHUCT€Ma Ha3bIBACTCS MONOYEHMPUUECKOU 2OPU3OHMHOU  CUCMEMOU
koopounam. Cpsi3p koopauHar X ,Y ,Z ¢ TOpuU3OHTHBIMH X .Y ,Z,

onpezensiercs: GOpMyIou:

X, X
Y, |=Py(90-B)P,(90+L)|Y
Zr A

Cdepuvecknmu KOOpIUHATAMH HAOJIOaeMOTO TYHKTa B JTOH CHCTEME
SIBIISIFOTCSL €T0 TeOJIE3NYECKU a3uMyT A, 3eHUTHOE PACCTOSTHUE Z W PaCCTOSTHHE
Lo 1o HaOmomaemoro oObekTta. CBsi3b chepuUUecKUX  KOOpAWMHAT C

MMpAMOYTOJIBHBIMU KOOPAWHATAMMU BBITTOJIHACTCA I10 q)OpMy.]'IaM

Xr psin zcos A
Y, |=|psinzsin4 |,
Zr pcosz

Y
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2 OCHOBBI TEOPUH OPBUTAJIBHOI'O IBU/KEHUA
NCKYCCTBEHHBIX CIHYTHUKOB 3EMJIN

2.1 O01mume moJ1oKeHu s

Tpaektopusi, Mo KOTOpPOW MBHMXKETCS B TIOJIETE HCKYCCTBEHHBIM CIYTHHUK
3emau (MC3) HaszeiBaercst opoutToil. OpOuTanbHOE JIBWIKEHHE CITYTHUKOB
MPOUCXOJIUT B TPABUTAIIMOHHOM Mosie 3emiid. OHAKO MOMUMO CUJ TPUTSHKCHUS
3emun Ha MC3 nedcTBYIOT W Apyrue CHIIbl, Takue Kak, nputsskenue ConHua u
JlyHbl, naBlieHHE COJIHEYHOM pajuanuu, TOPMOXXKEHHE B artMmocdepe, aApyrue
reouznyeckue 3¢ HeKThI.

MaTtemaTuyeckd  ypaBHEHMs]  JIBIDKEHMsSI ~ CIIyTHHKAa  BBIPaXKaroTCs
muddepeHnaTbHBIME YPABHEHUSIMU BTOPOTO TOPSAJIKa, KOTOPHIE PEHIaloTCs BO
BpemeHu. [Ipu MHTErpupOBaHUM 3a/1al0TCsl HAYaJIbHBIE YCIOBUS JABUKEHUS B BUJIE
BEKTOPOB TIOJIO)KEHHMsSI M CKOPOCTH B HadallbHYyl0 3M1o0xy. PaccunmrtanHble Ha
HEKOTOpOE BpeMsl BIIEpe]l, IMOJOXKEHUS CHYTHUKOB MOXHO CpaBHUTh C
MOJIO)KEHUEM, TMOJIYYEHHBIM U3 HaOmojeHui. PacxokneHus Mexay 3ITHUMU
MOJIOKEHUSIMU UCTIOJIB3YIOTCS JUIsl YTOUHEHHS MoJieNiel AeHCTBYIOMIMX HA CITYTHUK
CWJI U KOOPJIMHAT CTAaHIIMU HAOIIOACHUIA.

2.2 HeBo3MYylIEHHOE IBUKEHHE CITyTHUKA

Bynem cuutath, uto Ha nBuxkeHue MC3 He BIUSAIOT HUKAKUE JAPYTHE CHIIBI,
KpoMe npuTsikeHus 3emiau. [lpu sTom 3emitto nmpeacTaBUM mapom ¢ maccoil M co
chepruiecKkd CUMMETPUYHBIM paclpeeieHueM MIOTHOCTU. [Ipu Takux ycrmoBuUsX
JIBUKEHHE CIyTHUKA HA3bIBAIOT HEBO3MYUIEHHBIM, MOJAYMHSIOIIUMCS ACHCTBUIO
TpeM 3akoHaM Keruiepa:

1. CnyTHUK JBWXETCS MO DJIUIUIICY, B OAHOM M3 (POKYCOB KOTOPOTO
pacrionaraeTcsi HeHTp Macc 3eMJlu;

2. Paauyc-BeKTOp CIIyTHHMKA 32 paBHbIE IPOMEKYTKH BPEMEHHU OMUCHIBAET
paBHBIE ILJIOIIA/IH;

3. OTtHomieHHE KBaJpaTa nepuoja oOpalleHus CIlyTHUKA K KyOy OOJbIIoi
MOJIyOCH €T0 OPOUTHI €CTh BETUYMHA MOCTOSHHAS.

BreiBog nuddepennmansubix ypaBHenuit aBukenuss MC3 ocHoBaH Ha Tpex
3aKoHax HprOTOHA M 3aKOHE BCEMHPHOIO TATOTEHUS, COIIACHO KOTOPOMY BCE Teja
NPUTATUBAKOTCA JAPYr K JApPYyry ¢ Ccwiod F, nOpsaMo IPONOPUHOHAIBHOU
MPOU3BEACHUI0O UX Macc M W m W 00paTHO NPONOPLUUOHANIBHOW KBaJpary

2
pacCTodHuA r MCKAY HUMH, T.C.

F oM 2.1)

2 b
r
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r7ie f — NOCTOSIHHAS TATOTCHHUS.

®opmyna (2.1) m03BONSIET ONPEACTUTh CHIIY B3aUMOJEHCTBUS MEXAY ABYMS
TOYEUYHBIMH TEJAMH, OJHOPOAHBIMM IIApaMHU WM I[IapaMH C PaBHOMEPHBIM
pacnpesieieHueM Macc IO KOHIIEHTpU4YecKuM cdepaM. ['paBuTanimoHHBIC OIS
ATUX TN HA3BIBAIOT YEeHMpAalbHbiMy. B mepBoM NMpUOIMKEHUN TPABUTALIMOHHOE
nosie 3eMJIM MOXHO CUMTAaTh LEHTpaidbHbIM. B 3ToM ciyuae Ha MC3 neiicTtByer
cuia, HalpaBJIEHHAs K HEHTPY Macc 3EMJIM, a CIIyTHUK COIJIACHO BTOPOMY 3aKOHY
HproTOoHa nostyyaer ycKopeHue a

_M (2.2)

KOTOPO€ HE 3aBHCUT OT MACChl CITlyTHHKA 7.
[Ipoussenenue fM = p ompenesieHO TOYHEe, YeM KaXKJIbIH U3 COMHOXKHUTEICH

Y TIOJYYMJIO HAa3BaHUE 2€0YEHMPUUECKOU ePpABUMAYUOHHOU NOCMOAHHOU, KOTOpas
OTHOCHUTCS K uncly GyHIaMEHTaIbHBIX TTOCTOSTHHBIX.

B unepumanpHOi cucteme koopawHaT Oxyz (MCTHHHas HeOecHas cucTema
KOOPJIMHAT) TMOJIOKEHHUE CITYTHUKA 3aJaeTCsl paguyc-BEKTOPOM I, CKOPOCTbh —
BEKTOpPOM V, a YCKOpEHHE — BEKTOPOM a:

X 2
. dr | . . dV d°r ur
dt

Huddepenumanbabie ypaBHeHHUS (2.4) ONHMCHIBACT HEBO3MYWEeHHOe, WU
Kenneposo, nBwxenme. OHO uMeEeT WIECTb HE3ABUCUMBIX IOCTOSHHBIX
WHTETPUPOBAHUS, KOTOPHIE MO3BOJISIOT HA JIF000H MOMEHT BBIYUCIIHUTH MOJIOKEHUE
U CKOPOCTh CIIyTHHKA (X, V,Z,X, V, Z ).

2.3 DieMeHThI OPOMTHI CIIy THUKA

OT MOCTOSIHHBIX WHTETPUPOBAHUS YPAaBHCHHUU TBUKCHHS OOBIYHO MEPEXOMST
K JJPYTUM TOCTOSIHHBIM MapaMeTpam, 0 KOTOPHIM MOKHO BBIYUCIHTH KOOPIUHATHI
¥ CKOPOCTH CITyTHHKa Ha JIF00OW MOMEHT BpeMeHH. X HasbIBalOT BJIeMEHTaMH
opoutsl. [To cBOeMy Ha3HAYECHHUIO AIIEMEHTHI OPOUTHI IEJISATCS Ha TPH TPYIIIIHL.

K mepBoii rpyrmime OTHOCST 3JIEMEHTHI, XapaKTepu3ylolme pasmep u Gopmy
opOuTHL. DTO OOJIBIIAS @ U Majasi b MoJayocu opOuTaNBbHOTO 3yuHIca (puc. 2.1).

23



Pucynok 2.1 — Dnementsl opoutsl MC3

K 310i1 k€ rpyrre 37eMeHTOB OpOUTHI OTHOCSTCS: IKCLIEHTPUCUTET OPOUTHI e,
(oxanbHBIN MapameTp p, paauychl OpOUTHI CIIyTHUKA B TIIEpUTeE 7 U amoree r,,

CpellHee IBUKEHUE 1 U Tepuoj oopaieHus P:

CP=E a4
n

[Tpu sTOoM, mepuogOoM OOpalIeHus] CIIyTHUKAa P BOKPYr IEHTPaIbHOTO Teja
Ha3bIBaCTCS MPOMEKYTOK BPEMEHHU MEXIy MOMEHTAMH JBYX IMOCIEAOBATEIBHBIX
NPOXOXKICHUH dYepe3 TMPOM3BOJNIBHYIO TOYKYy opOutel. CpemHee IBWKCHUE 71
UHTEPIPETUPYETCS KaK CPEIHSS YIIIOBasi CKOPOCTh JIBHKCHHUSI CITy THUKA.

B 3aBUCHUMOCTH OT BEMYHHBI YKCIECHTPUCUTETA, PA3TUYAIOT OPOUTHI B BUC
okpyxHocTH (e=0), amurnca (0 <e<1), napabomnsl (e=1), runep6osnsi (e>1) u
npsMoii  (e=o). B pampHelimeM MbI  OyJeM  paccMaTpuUBaTh  TOJBKO
ITUITHYECKUAE OPOUTHI.

DJNeMeHThI BTOPOU TPYIBI 33Aaf0T OPUECHTHUPOBKY OPOMUTHI B MPOCTPAHCTBE.
K Hum otHOcsaTcs (cMm. puc. 2.1): maxnonenue i (yroa MEXIy IUIOCKOCTHIO
DKBAaTOpa M IUIOCKOCTBIO OpPOUTHI); doieoma 6ocxodsaweeo y3ia <) (yrod,
JeKAIIM B TUIOCKOCTH IKBAaTOpa, OTCYMTHIBAEMBIM OT HAMpaBICHHUS HAa TOUYKY
BECEHHETO PaBHOACHCTBHS ¥ IO HAIIPABJICHUS HAa BOCXOISIINN y3eI OpOUTHl ) 1
apeymenm nepucesi @ (Yron, JIeXKallWd B TUIOCKOCTH OpPOUTBHI MEXIY
HaNpaBICHUSAMHU Ha BOCXOIAMMiA y3en (2 u mepureid I1, oTcumThIBaeMbIil 1O
HATPaBIICHUIO ABM)KCHUS CITyTHHUKA).
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DneMeHThl TPEThEeW TPYMIbI 3aJal0T MOJOKEHNWE CITYTHUKA Ha opOuTe. ITO
WCTUHHAsA v U cpenanss M aHomanuu. ICTUHHON aHOMAaJIMEW Vv Ha3bIBA€TCA YTOJI
MEXay HampaBiieHUsiMM Ha nepuredl Il u cnytHuk m. Cpegusas aHoMmanuss M
MpECTaBIseT COOOM Yrojl OT HAmNpaBJICHUS Ha TEPUTed 0 HampaBJICHUS Ha
HEKOTOpOoe (DUKTUBHOE TIOJIOKEHHE CITYTHUKA, JBIDKYIIETOCS PAaBHOMEPHO IO
opowure:

M=n(t-t_). (2.5)

31ech ¢, — MOMEHT IIPOXOXKIACHUS MIEPUTesl.

JIn CBSA3U UCTUHHOM Vv U cpenHerd M aHOMaJIMN BBOJUTCS IKCYEHMPUUECKas
anomanus E. ITa CBSI3b ONPEACHAETCS COOTHOIIECHUSIMU::

g —; M =FE—esinkE. (2.6)

YacTo HMCHOJIB3YEeTCsS yroj, OTCYATAHHBIA OT HAIMPABJICHUS HA BOCXOJSIIHMI
yroJl OpOHUTHI IO HAIIPABJICHUS HA CITyTHHUK, HA3BIBAEMBINA apeyMEeHmMoM UUpomsl u
(u=w+v).

Cormacio  1-my 3akony Kemmepa (IBWXKEHHE  CIYTHHKA — BOKPYT
NPUTATHBAIONICTO Teda MPOUCXOJUT MO KOHHYECKOMY CCUCHHIO, B OJHOM W3
(GOKYyCOB  KOTOPOTO  HAaxXOAWUTCS  NPUTATHUBAIOUINA  I[IEHTP)  CIPaBEIUBO
COOTHOIIIEHHE JIJISI PACCTOSIHHS 7 OT IIEHTpa MacC MPHUTATHBAIOIIETO Teja [0
CITyTHHUKA:

r=a(l—ecosE)=L. (2.7)
l+ecosv

CBs13b DJIEMEHTOB OPOUTHI C MHEPIMAIBHOM (HEOECHO) CUCTeMOM KOOpANHAT
oCylIeCTBIIsIETCs 0 (popmyiie

X rCcosu
¥ :PZ(—Q)PX(—i) rsinu |. (2.8)
z 0

BCKTOp CKOpPOCTH CIIYTHHKA V, HaHpaBHeHHBIﬁ M0 KacaTeJIbHOM K 0p6I/ITe,
pacKiiaaAblBaACTCA Ha JABC COCTABJIAIOHIHUC: BCKTOP palII/IaJIBHOﬁ CKOpOCTH Vr’

HaIlpaBJICHHBIM BJOJIb PaJNyC-BEKTOpAa CIYTHHKAa M BEKTOP TpPaHCBEPCAJIbHOU
ckopocTH V,, HalpaBJICHHBIN B MIJIOCKOCTH OPOUTHI MEPIEHIUKYISPHO K paguyc-

BEKTOpY. MOAy/IH 3TUX CKOPOCTEN HAXOATCA 10 (hopMysam:
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n

V., = ﬁesinv; v, = ﬁ(1+ecosv). (2.9)
p

TOFJIa BCKTOP CKOPOCTH OIPCACIIACTCA KaK

V. X V.cosu—V,sinu
V=|V, |=|5|=P,(-Q)Py(=i)| V, sinu+V, cosu |. (2.10)
vV z 0

2.4 Bosmymiennoe apuxenune MC3

HBuxenue MC3 Bokpyr 3emiid TOJIBKO B IEPBOM MPHUOJIMKEHUN TIPOUCXOIUT
B cooTBeTcTBUU C 3akoHamMu Kermiepa. Ha choyTHHK KpoMe NEHTpaiabHON
JEUCTBYIOT JPYTUe CUJIbI pa3HOU (u3HUecKoi mpupobl, modTomy nsuxenue NC3
oTnuvaeTcsi oT HeBo3myiieHHoro (KemepoBa) aBuxenusi. PeanbHoe nBHkeHHE
CIIyTHUKA Ha3bIBACTCS 603MYUJCHHLIM, & €r0 OpOUTY — 603MYUieHHOU OpOUMOU.
PazHoctu Mexy 371IeMEHTaMU BO3MYIIEHHON U HEBO3MYIIEHHON OpOUTHI B OJTUH U
TOT K€ MOMEHT BPEMEHU HA3bIBAETCS 803MYUJCHUAMU.

Bosmynienust B nuddepeHmanbHbIX YPaBHEHUSIX BO3MYIIIEHHOTO JIBUKEHUS,
BBIPA)KEHHBIE B BUJIE BO3MYIIAKOLIIUX YCKOPEHUN, UMEIOT BUJT

w. X X
W=, |=| |+ | =i+ Eor. 2.11)
W 5 r z r

Pemenne 3TuX ypaBHEHUH B KBaJpaTypax JJsl pEaNbHBIX YCIOBUN BO3MOYXKHO
JWIIb JIJIS HEKOTOPBIX YAaCTHBIX cliydaeB. [Ipum 3TOM HCMONB3YIOTCS Pa3IUYHBbIC
MOJICJIH IBFDKEHUS, TIO3BOJISIONINE TOOUTHCS PEHICHHSI C IOCTATOYHON TOYHOCTHIO.
3aMeHa peaNbHBIX CHJI Ha MOJICTbHBIC CHJIBI, TMO3BOJIAIONINE WHTETPUPOBATH,
NPUBOANUT K TMOHSATHIO TPOMEXKYTOUHOW opOuTHL. [lpn M3ydeHHH BO3MYIIEHHOTO
JBW)KCHUS UCTIONB3yeTCs MpHuHIMI JlarpaHika, cOrjlacCHO KOTOPOMY BO3MYIIIEHHOE
JBW)KCHUE CITYTHUKA MPOMCXOJIUT TI0 OpOHTE, IIEMEHTH KOTOPOH M3MEHSIIOTCS CO
BpPEMEHEM. DTO O3HAYAET, YTO B KXKIABIH MOMEHT BPEMEHHU BO3MYIIAOMIAsi OpOUTa
COBMAJAET C HEKOTOPOWl OpOMUTOM, MMEIOIEeH ¢ Hell OOl paauyc BEKTOp I |
BEKTOp  ckopoctd V. Takue  OpOMTBI  HA3BIBAIOT  OCKVIUPYIOUUMU
(conpukacarowumucs) opoumamu, a DdIEMEHTBl OpPOUT — OCKYIUPYIOWUMU
IeMeHMAaMU.

Haunbonpime BoO3MyIEHUs BBI3BIBAIOT Clieytonre (aKkTophI:

e OTKIOHEHHE peajbHOrO TPABUTAIMOHHOTO TONS  3eMid  OT
CO3/1aBaeMOro TeJoM, HuMermuM (opMy Mmapa ¢ pagdaibHBIM
pacmpeseieHueM TUIOTHOCTEH;
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[Tputskenne Jlynsl u ConHua;
Conpotunenue arMochepoi;
CBeToBOE 1aBJICHHUE;
JIyHHO-COJTHEYHBIE PUITUBHI;
JleiicTBUE TIpeliecCUM U HyTallMU Ha 3€MHYIO OCh;
e PenstuBuctckue 3¢phexTs U Ap.

VYyer 3Tux (HakTopoB HEOOXOIUM MPH CYIIECTBEHHOM IOBBIIIEHUH TOYHOCTH

TEOPUU U U3MEPUTETLHOM anmnaparypsbl.

2.5 Bo3myuieHnusi, BoisbiBaeMble nputskeHuemM Jlynsl u Connna

N3-3a nputsxkenust cnytHuka Jlynoit u Conniem B anemeHTax opoutsl MC3
BO3HMKAIOT  BEKOBBIE, JOJIONEPHOJUYECKHE W  KOPOTKONEPUOIUYECKUE
Bo3MyIlleHUs. [Ipu 3Tom, BO3mylieHus, BbI3bIBaeMble JIyHOW, mpuMepHO B 2,2 pasa
Oombiie Bo3myieHui ot nputsbkenus: Connna. [pu Beicote cytHuka B 2000 xm
BO3MYIIEeHUsST yckopeHus: oT JIynel B 140 pa3 meHblue, 4eM OT aHOMAaJUi CHJIBI
TsDKeCTH, ofaHako mpu BbicoTe B 20000 xm 3TH BO3MYIIEHHUSI YK€ B JiBa pasa
Oosble.

JInsi BBIYMCIIEHUS JIYHHO-COJTHEYHBIX BO3MYLIEHHUM HY>KHO 3HATh 3JEMEHTHI
op6uTtsl nBMKeHus Jlynsl, 3emiu u CoslHIIa ¥ peniaTh 3a/1a4y ¢ YEeThIPbMS TEIAMMU:
3emiia — cnyTHUK — JIyHa — ConHie.

Kpome mpsiMmoro rpaBUTaniuoOHHOTO nAeiicTBUs Ha cnyTHUK JlyHa m CouHie
OKa3blBalOT  BTOPMYHBIE  BO3MYLIEHUS  U3-3a  [PWUIMBHBIX  SIBJICHUH,
neOpMHUPYIOUIUX YPOBEHHYIO TOBEPXHOCTH I'€OMOTEHIINAIA.

2.6 /laBjieHHe COJTHEYHOM paualuu

JlaBineHnue mNpsAMONW COJHEYHOM paJMalMi  OKa3bIBa€T BO3MYIIAIOLIEE
JIeHCTBUE Ha YyCKOpeHue chyTHuka. [lpm »TOoM, dYem Oosblle MJIOLIATH
noBepxHocTH MC3 u MeHbIle ero Macca TeM OOJbIIe BO3MYIICHUE B JIBUKEHUU
cnyTHuKa. [lporiecc MonmenupoBaHusi ATHUX BO3MYIIEHHH BeCbMa TPYJIOEMKHH,
MOCKOJIBKY COJHEYHAsl pajgualnus HW3MEHSETCS HeNpeAcKasyeMo B TeYeHUe
BpEeMEHH, a KOI(POUIIMEHT OTPAXKCHHS HE OJWHAKOB JJI Pa3JIMYHBIX YYaCTKOB
MOBEPXHOCTH CITyTHHUKA. XOTS Macca CIYTHUKAa OOBIYHO XOPOIIO W3BECTHA, €T0
HermpaBwibHas (opma HE MO3BOJSET OMPENENsiTh OTHOLIEHHWE MACChl U IJIOLIA/IH.
Hpyras mpo6iema — 3T0 MOJIETMPOBAHUE MTOJYTEHU 3EMJIM U Ha3HAUCHUE TEHEBOM
(GYHKIIMU B 30HE MEPeXoja OT OCBEIICHHOCTH K TCHH.
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2.7 ConpoTuBJjieHHe aTMOC(hepbl

Cuuraetcs, yTo atMocdepa BpamiaeTcss BMecTe ¢ 3emiieid U €€ IUIOTHOCTh
YMEHBIIAETCS C BBICOTOM MPUOIMKEHHO MO SKCIOHEHIIMAIBHOMY 3aKOHY, OJTHAKO
BBIYKCIICHUE €€ JJIs ONPEAETICHUS BO3MYIIAIOIIETO YCKOPEHUS SIBJIAETCS CI0KHBIM
BonpocoM. [IpuxonuTcs yduThIBaTH MOMPABKHU 3a DJUITMITHYHOCTH aTMOCHEPHBIX
CJIOEB, BPEMEHHbBIC BapHalllK MJIOTHOCTH (FOJUYHBIC, OTYTOJAUYHbIE), U3MEHEHHE
COJIHEYHOW aKTUBHOCTH M BIIMSIHHE MarHUTHBIX Oypb U JIp.

VY4yer BIUSHUS CONMPOTUBIIEHUS aTMOC(hepbl 0COOCHHO Ba)X€H JJIsi CITyTHUKOB
c opbutamMu Ha Mayioll BbicoTe. PaKTOpP TOPMOKEHHUS aTMOC(hEphl CYIIECTBEHHO
CKa3bIBaeTcs Ha BpeMeHH ku3Hu Hu3koro MC3. U3-3a conpoTuBieHus arMochepsl
NC3 tepser sHepruto, cHmxaercss U npu Beicote 110-120 xm BXOAUT B MIIOTHBIE
cyiou aTMocdepsl U MPEKPaIlaeT CBOE CYIIECTBOBAHHUE.

BcenenctBue TpyaHOcTeM  ydeTa BIMSHUSL  CONMPOTHUBIIEHUS aTMOCGephbl
CIYTHUKH JIJIsl PEIICHUs T'e0JIe3NYeCKUX 3ajad 3ammycKaroT Ha BeicoTy Oosiee 1000
KM, T7Ie BO3MYILIEHHUS OT CONMPOTHUBICHUS aTMOC(EPHl yMEHbBIIIAETCS.
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3 METOJIbl KOCMUYECKOM I'EOJIE3UH

3.1 Pemrenue reogesnueckux 3aaa4d mo Haoawoaeauasm UC3

Cy1miecTBYIOT JBa OCHOBHBIX MeToja wucnoib3oBanus MC3 B reoxesuu:
2eoMempuyecKull 1 OUHAMUYeCKUL.

B 2eomMempuiecKkom MeTOo/Ie OCYIIECTBIISIETCS MOCTPOEHUE
MPOCTPAHCTBEHHBIX  TEOJC3MUYECKUX  CETed ¢  TOMOIIbI0  CHHXPOHHBIX
(omHoBpeMenHbIx) HaOmogeHud MC3 ¢ UCXOMHBIX U ONMPEACISIEMBIX ITYHKTOB
3€MHOM MMOBEPXHOCTH, MPU KOTOPHIX TOYHOE 3HAHWE 3aKOHOB JBWIKCHUSI CITYTHUKA
He oOs3atenbHo. Ilycte Bektopel R, m R  omnpenenstor mMosiokeHue

COOTBETCTBEHHO HUCXOMHOTO (4) W ompenensemMoro (B) MyHKTOB HAaOMIOJEHUN B
obmie3eMHON cucteme koopauHat (X, Y,Z), a BEKTOpsl P , U Py B ITOH K€ cCUCTEME
KOOPJIMHAT M3MEPEHHBIC TMOJIOKEHUSI CIyTHUKA () HAa OpOUTE OTHOCHUTEIHHO
To4eK HabmoaeHui (puc.3.1).

N
.

X
Pucynok 3.1 — I'eomeTpuyeckuii METO KOCMUYECKOM T'€0/1€3UU

TOFlIa YpPaBHCHHUC, ONPCACIIAIONICS CBA3b HU3MCPCHHBIX H OIPCACIACMBIX
BCIIMYHUH NMCCT B/

AR=Rz-R,/=p,—Pp. (3.1)

U3 (3.1) cnenyert, 4TO €CiIM U3BECTHBI KOOPAMHATHI OJHOTO MMYHKTA, TO MOXXHO
BBIYHMCIINTh KOOPJIWHATBHI BTOPOTrO B CUCTEME HMCXOAHOTO MYHKTa, NMPU 3TOM HE
HY>KHO 3HaTh Teopun amxeHus MC3.

Jlunamuueckue MeTOABI KOCMHMYECKOW TI€ONE3UM AT BO3MOXHOCTH
OTIPEJICIUTh KOOPJMHATHI TYHKTOB B a0COJIFOTHON CHCTEME, OTHECEHHOU K LIEHTPY
Macc, MapaMeTpbl TPaBUTALIMOHHOTO MMOJS 3€MJIM, a TaK K€ YTOUHHUTH JIEMEHTBI
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opOUTHl cnyTHUKAa. YacTHBIM ciydyaeM JHUHAMHUYECKOTO METoAa SBISETCS
opOUmManbHblli METOM, KOT/1a COBMECTHO OIPEACIISIOTCS TOJIBKO 3JIEMEHTHI OpOUTHI
¥ KOOPJAWHATHI ITYHKTOB HAOJIIOICHHIA.

B oOmem Bume reomneHtpuueckuii paguyc-Bektop r HWC3 mpexacraBuser
co0oli CI0XKHYI0 (QYHKITUIO 371eMeHTOB opOuThl E, mapameTpoB rpaBUTAIIMOHHOTO
noist 3emuin G U BpEMEHH f:

r=r(E,G,?) (3.2)

Ecin HU3MCPCHHBIMU BCJIIMYMHAMU B O6HICM CclIyd4yac MOXHO CYHUTATb
TOHOIICHTpI/IIICCKI/Iﬁ paanyc-BeKTOp P, TO €ro CBsiI3b C TCOLCHTPHUYCCKHUM

IMMOJIOKCHUEM CITYTHHKA I' OIIPEACIINTCA N3BECCTHBIM BBIPAKCHHUEM
p=r(E,G,t)-R=r(E, + AE,G, + AG,?)— (R, + AR). (3.3)

3nece R — TreoUeHTpUYECKUN paauyc-BEKTOpP IIyHKTa HM3MEpPEHH Ha
nosepxHoctu 3emnn; E,, G, R, — npubnuxeHHble 3Ha4€HUS COOTBETCTBYIOIIUX

BEJTMYMH.
[Tocne  nuueapuzaruu  (3.3), momaras  0e30MHUOOYHBIMHM ~ MOMEHTHI
pPETHCTpaIMU BPEMEHH £, UMEEM CHCTEMY YpaBHEHUH MOMPABOK U3MEPEHUI

dp

@ﬁAE+@£AG—EAR+(pO—p)=V, (3.4)

dr dE dr dG

rae

AE, AG, AR — nomnpaBk# K TpUOIMKEHHBIM 3JIEMEHTaM OpOUTHI, MTapaMeTpam
IPaBUTALIMOHHOTO TOJIS U KOOP/IMHATAM ITYHKTOB HaOJIIOJEHUI COOTBETCTBEHHO;

P o,P; — BEKTOPHI NPUOIMKEHHBIX U U3MEPEHHBIX BEJINUNH;

V — BEKTOp MOMNPaBOK K pe3yJibTaTaM U3MEPEHUM.
N3 pemienust cuctemMbl ypaBHeHu (3.4) mo cnoco0y HAaMMEHBITUX KBaJPaTOB,
HaxoxasTcs uckomele nonpasku AE, AG,AR.

3.2 MeToab! Haooaenunii UC3

MeTo1b1 HAOIIOICHUIM UCKYCCTBEHHBIX CITYTHUKOB 3€MJIM MOXHO pa3/IeuTh
Ha JIBE TPYMIIbL: OnmuyecKue u paouodieKmponHble.

K onmuueckum wabnrofeHUsIM OTHOCATCA BU3yalbHbIE, (poTorpaduueckue,
dboTOodNEKTpUUECKUE W Ja3epHble  HaOMoJeHHA. TOYHOCTh  BHU3YaJIbHBIX
HAOJIOICHUI HEIOCTAaTOYHA JUIsl MCIOJB30BAaHUS HMX B TEOJIE3UYECKUX IIEISX.
dortorpaduueckue HaobmoaeHus MC3 umenu mmpokoe pacrpoctpaneHue B 1960-
1970 romax. [Ipu sToM HaOMIOACHUS CITyTHUKA MPUBS3bIBAINCH K IIKAJIE€ BPEMEHH,
a ero IMoJOXKEHHWE HAa CHUMKE — K OINOPHBIM 3Be€3/laM B CHUCTEME HEKOTOPOTO
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dbynaameHnTanbpHOro karamora. OgHako TypOyJIe€HTHBIE TPOIIECChI, MPOUCXOISIITNE
B arMocdepe, HE TMO3BOJSIM MONYYuTh U3 (GoTorpaduyecKux HaOII0JeHUN
HaMpaBJIE€HUsI ¢ TOYHOCTHIO, npespimatomei 0,4" — 0,5", moAToMy B ONTHUYECKOM
JMana3oHe CTaJIu BBINOJHATHCS TOJBKO Ja3€pPHBIEC U3MEPEHUS TaJIbHOCTH.

NutepdepeHiimonnsie, AOTUIEPOBCKUE W PAJANO JATHHOMEPHBIC H3MEPECHUS
OTHOCST KO BTOPOU TPYMIE — paouodneKmpoHHOU.

HauGonbiee pacrpocTpaHeHue B T€0J€3UYECKON MPAKTUKE U3 PA3TUIHOTO
ponaa uHTep(EePEHIIMOHHBIX CHUCTEM MOJTy4mIIa JUTMHHOOA3MCHAs
panuonnTepdepomMeTpusi. 31eCh B KadeCTBE PAJUOMCTOYHHMKA HCIOIB3YIHOTCS
yAaJ€HHbIE OT 3€MJIM HAa COTHU CBETOBBIX JIET KOCMHUYECKHE PATUOMCTOYHUKU —
KBazapsl. [[puHIIMT UX UCTIOIBL30BAHKS OCHOBAH HAa TOM, YTO CUTHAJIBI OT KBa3apOB
O Ha aHTCHHBI PaIUOTEJIECKOINOB, HAXOAIIUXCSA JIPYr OT Apyra Ha OOJIBIIOM
pPacCTOSIHMHU, MOCTYNalOT HE OJHOBPEMEHHO, a C HEKOTOPHIM 3ala3/bIBAHUEM T,
O0OYCJIOBJICHHBIM PAa3HOCTBIO PACCTOSIHUM OT Oa3UCHBIX MYHKTOB JO KBa3apa
(puc.3.2).

Pucynok 3.2 — I'eomeTpus qiamHHOOA3UCHOM paguouHTephepoMeTpun

[Tonoxxum d =7 ¢ — pa3HOCTb pacCTOSAHHI OT 0a30BBIX MYHKTOB A U B 110

KBazapa O ; ¢ — CKOPOCTb PACHPOCTPAHEHUS 3JIEKTPOMArHUTHBIX BOJH; D —
0asucHas TUHUS; [ — yroja Mexay 0a3ucHOM JIMHKWEH W HalpaBJIeHHUEM Ha KBa3ap.

Torna, cornmacHo puc. 3.2 umeem
ct=Dcosf. (3.5)

HaHpaBHGHI/IC Ha  KBa3sap onpeacsicTcda CAUMHUYHBIM  BCKTOPOM k,
KOMITOHCHTBI KOTOPOT'O B O6III€3€MHOI>1 CUCTCMC KOOPAWHAT UMCHOT 3HAUCHUA

cosd, cos(a, —S,)
k =|cosd, sin(a, —S,) |,
sin o
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Tac 066,50 —HIpAMOC BOCXOKICHHUC M CKIIOHCHHC KBa3apa, SO — HCTHHHOC

3BE3/IHOE BpeMs Ha MepuauaHe [ puHBHyYa.
CkansipHoe npou3BelcHUE BeKTopa TmonoxkeHus AR cranmum A4
OTHOCHUTEJIBHO CTaHIMU B u BekTopa K naet

AR-kz‘AR‘cosﬁchosﬁ,

WJIH, C YY€TOM BbIpakenus (2.16):

ct=AR-k = 16
= AX cos &, cos (a, —S,)+AY cosd,, sin(ar, — S, )+ AZsind, (3.6)
VYpaBHeHue (3.6) sBIseTCS ypaBHEHUEM CBSI3U H3MEPSIEMOM BEJIUYMHBI T,
koopauHaT (AX,AY,AZ) nyHkta B OTHOCUTEIBHO TyHKTa A, HPIMBIM

BOCXOXKIACHUCM O, MW CKIOHCHHCM 50 KBa3apa. CJIGJIYGT 3aME€TUTh, YTO IJId

PaIMOMCTOYHUKOB  (KBa3apoB) TOTPEIIHOCTH B  MPSIMBIX  BOCXOXKICHHUSAX
coctaBisitoT £0,00035", a B cknonenunsax — +0,00040".

B nmomnepoBckoM MeToie M3MEPSIOT Pa3HOCTh YaCTOThI, MPUHUMAEMON Ha
CTaHIIMU, U CTaHJapTa 4acToThl. Tak, ecnu nepeaaTunk Ha 6opty MC3 usmyyaer
CUTHAJ C YacTOTOM KojeOaHus f, TO Ha3eMHBIH TPUEMHHK 3aperUCTPUPYET
U3TyYeHHUE C YaCTOTON f, CMEIIEHHOM Ha BEIUUUHY

fV

C

Ap=Jfe—Sf=- (3.7)

rac ¢ — CKOPOCTb PACHpPOCTPAHCHUA PAIUOBOJIH, Vr — paaualibHasd CKOPOCTHb

cryTHHKA. 1Ipy BBINIOJIHEHMM JOIUIEPOBCKUX M3MEPEHMM NPOU3BOAUTCS IOJICUYET
quclla n IEPUOI0B AOILIEPOBCKOM YacCTOTHI 3a IMPOMEKYTOK BPEMEHU MEXKIY
U3IIy4CHHUEM !, U IPUEMOM ¢, curHana. Torga

1 Ha ocHOBaHuH (3.7) umeem

cn

Ve =—"—" 3.8
T flty-1) G5

JIOIIepOBCKUE CUCTEMBI MO3BOJIAIOT MOJIyYaTh PajiMajbHYI0 COCTaBIISIIOLIYIO
TonoueHTpudeckoit ckopoctu UC3 ¢ morpemiHocteio He Oonbiei, yem 0,01 a/c.
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I[Ipy  BBIMOMHEHMH  PAOUOJAIBHOMEPHBIX  M3MEPEHUW  MMITYJIbCHBIN
MPUEMOIIEPENATUMK CHYTHUKA MPUHUMAET MOCHUIAEMbIM HA3€MHOW CTAHUHUEN
CUTHaJ, MOAYJIUpOBaHHBIN 10 ¢aze. U perpaHcaupyeT ero kak (¢a3oByrO
MOIYJAIMID C W3MEHEHHOM Hecylmen wvactotod. Ha HazemMHOM craHuuu
dbazomeTpoM u3MEpSIOT (Ha30BBIA CIBUT MOAYJISIHUM M TIO HEMY BBIYUCISIOT
paccTosIHUE.

K kmaccy pannonanbHOMEpPHBIX M3MEPEHUM OTHOCHUTCS CIYTHHUKOBOE
HuBenupoBaHue. CHyTHUKOBOE HUBEIHUPOBAHHE (CIYTHUKOBAS aJIbTUMETPHS)
WCIIOIB3YETCs C LENbI0: OMpEeICHUsT BBICOT T€OU/Ia, MOaydeHus: nHGOpMaIuu o
tonorpadpuu MupoBoro okeaHa, omnpejencHus (YTOYHEHHUS) TOJIOKEHHUS IEHTpa
Macc 3eMJIM U B JIPyrux ciiydasix. MeToJl CyTHUKOBOTO HUBEIUPOBAHUSI COCTOUT
B OMPEJICTICHUN PACCTOSIHUNA OT CITYTHHKA J0 MOJACTHIIAIOIIEH MOBEPXHOCTH (BOJA,
Cyllla) MO HW3MEPEHHBIM PA3HOCTSIM BPEMEHH MEXKJIY MOMEHTaMH TOCBUIKH U
BO3BpATa BEPTUKAIBHO HANIPABIEHHOTO PAJUOMMITYJIbCA.

3.3 I'noGanbHBIEC CHCTEMBbI CIIyTHUKOBOI0 MO3UIIHOHUPOBAHUA

BbypHoe pa3BuTHE KOCMUYECKOM Ie0/Ie3Uu MOTYUUIIO C COBEPIICHCTBOBAHUEM
rJI00AIBHBIX CHCTEM TO3UIIMOHUPOBAHUS, TMO3BOJSIOMUX A(P(GEKTUBHO peraTh
TpaJUIIMOHHBIE W HOBbIE 3a1auM reojae3nu. B Hauvane 1980-x romax mMosBUIKCH
cnyTHUKOBBIe pajuoHaBuraiionusie cuctembl (CPHC) — amepukanckas GPS u
coerckass ['JIOHAC. Kaxnas u3z stux CPHC mnpu nojsiHOM pa3BepTHIBAHUU
COCTOUT W3 24 CITYTHHUKOB, ABMIKYIIMXCSI HA MOYTH KPYTOBBIX OpOUTAX C BHICOTOM
okos10 20000 km. CnnytHuku GPS pacnpenenenst B 6-u, a cnytiuku ['JIOHAC B 3-
X OpOUTAIBHBIX TUIOCKOCTAX, pa3BEepHYTHIX yepe3 60° u uepe3 120° mo monrote
BOCXOJIAIIETO y3j7a U ¢ HAKJIOHOM opOuTHl 55° u 65° coorBercTBeHHO. [lepuon
oOpalieHusi CIyTHUKOB COCTaBIIsAeT MpUMeEpHO 12 yacoB. OpOUTHI pacroNOKEHBI
TakuM 00pa3oM, 4TO B JIFOOOE BpeMs Haj JIF0OOW TOYKOW 3€MHOW IMOBEPXHOCTU
BUJIHO «CO3BE3/IME» HE MEHEE YEM U3 YEThIpEeX KOCMUYEeCcKuX anmnaparo. Ha Gopty
KaXXJIOTO CITyTHHKA MMEETCS: aTOMHBIE ATAJIOHbI YaCTOTHI M BPEMEHH; amnmaparypa
JUISL TIEpe/ladyu U MpUeMa paJuOCUTHAIIOB; OOPTOBBIE BBIUMCIUTENbHBIE CPEICTBA,
NpeaHa3HAYCHHBIC [IJI1 XpaHEHUsT W O00pabOTKM JaHHBIX, TMOJYYEHHBIX OT
HAa3eMHBIX L[IEHTPOB  YINpaBlIEHUS U  Pa3HOOOPAa3HOE  BCIIOMOIaTelbHOE
o0opyznoBanue. CHYyTHHKH HETPEPHIBHO TMEpPEAlOT CHUTHAJBI, COJAEpXkKaIlue
nHpopManuio 00 HUX TOJIOKEHUM W TOUYHOM BPEMEHH, a TAKXKE JAITHbHOMEPHBIC
KOJIbI, TTO3BOJISIONINE U3MEPSATH PACCTOSTHUE.

Onpenenenue xkoopauHat nosb3zoBateiass CPHC npou3BoAMTCA C MOMOIIBIO
CIEIUAJIbHBIX ~ CIYTHUKOBBIX  MPUEMHUKOB. KaxJplii NpuUEeMHUK  MOXKET
MPOU3BOJUTh HW3MEPEHUs MO0 HE3aBUCHUMO OT JPYTHMX IPUEMHUKOB, JHOO
CUHXPOHHO C JpyrUMH TpUEMHHMKaMH. B TmiepBoM cily4ae, Ha3bIBaEMOM
aOCoONOMHBIM  MemoOooM, ITOCTUTAeTCd TOYHOCTh OJIHOKPATHOTO OIpeeIeHUs
KoopauHaT nopsaka 1-15 m. Bonee BBICOKYIO TOYHOCTH MOXHO MOJYYHUTH IPHU
OJIHOBPEMEHHBIX HAOJIOJCHUSAX CIIYTHUKOB HECKOJIBKHUMHU TpueMHuKamu. [lpu
TaKOM METOJIe U3MEPEHHI OJIMH U3 PUEMHHUKOB OOBIYHO pacroiaraeTcs B MyHKTE
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C U3BECTHBIMU KOOpAHHATaMH. Toraa mojokeHue oCTaabHbIX MIPUEMHUKOB MOYKHO
OTPEJICIUTh OTHOCUTENIBHO TEpPBOr0 TMPUEMHHMKA C TOYHOCTBIO HECKOJIBKO
MUJUTUMETPOB. DTOT METO/] MOJIYUHIT HA3BAHUE OMHOCUMENLHO20 MEMOoOd.

Metoasr 'JIOHAC/GPS u3Mepennii MOXKHO pa3feiuTh HAa cmamuieckue 1
KuHemamuydeckue. IIpu cTaTUYeCKUX M3MEPEHUSX BCE MPUEMHUKH HAXOIATCS Ha
NYHKTaX B HEMOJBM)XHOM COCTOSSHUHU. [IpomomKuTeNnbHOCT,  HAOMIOJEHUN
COCTABIIICT OT MATH MUHYT /IO HECKOJIbKUX YaCOB U JaXE CYTOK, B 3aBUCUMOCTU OT
TpeOyeMOll TOYHOCTH W PACCTOSIHMN MexAy MyHKTamu. [Ipu KnHeMaTtuueckux
M3MEPEHUAX OJIMH UX MPUEMHHKOB HAXOJUTCS MOCTOSHHO Ha OMOPHOM IyHKTE, a
BTOpOM TpHEeMHUK (MOOWJIBHBIN) HAXOAWTCS B  JABMKEHUU. TOYHOCTH
KMHEMaTHYeCKUX HaOJII0IEHU HEMHOTO HIKE, YeM B cTaTuke (00bIuHO 2-3 cm Ha
auHuo 10 10 xm).

B ocHoBe ompeneneHuss KOOPAMHAT CIYTHUKOBOIO MPHEMHUKA JIEKUT
YyeTblpexiyueBasl JIMHEWHas 3aceuka. Pojb OMOpPHBIX MYHKTOB BBITTOJHSIOT
KOCMUYECKHUE armapaTsl (He MeHee 4-X), KOOPJAMHATHI KOTOPBIX U3BECTHBI B JIIO00H
MOMEHT BpeMeHHU. [Ipu momMoIu 3eMHOM ¥ CIyTHUKOBOM anmapaTypbl U3MEPSIOTCS
paccrosiaust S; 4 o MC3. AHamuTHYECKOE PEIICHHE 3aKI0YaeTCs B PCHICHHUH

CUCTEMBI YpPaBHEHHUI

2 2 2 2
Si,A:(xi_XA) +(v —Y,) +(z-2,), (3.9)
rne X ,,Y,,Z,— HUCKOMBIE KOOpPAMHATBl NPUEMHUKA;  X;,V;,Z;
(==1,2,3,4,...) — U3BECTHBbIC KOOPJAWHATHI CIyTHUKOB, OTHECEHHBIE K

ONIpCACICHHOMY MOMCHTY BPCMCHU.

3.4 Posib CIyTHUKOBBIX METOA0B B Ire0/ie3Uu

IlepBble HCKYCCTBEHHBIE CIYTHUKH 3€MJIM MPUMEHSUINCH B T'€OJE3UHN TOJIBKO
KaK BBICOKO TMOJHATHIE BHU3UPHBIE LeNH. Pa3BuTHE IUHAMUYECKOIO METOJa
KOCMUYECKOHN I'e0/Ie3UH, KOIr/la CIIlyTHUK CTaJl HOCUTEJIEM KOOPAWHAT, IO3BOJIMIO
penaTh reoie3nYecKre 3a1aul KOMIUIEKCHO — ONPENENATh KOOPAUHATHI CTaHUUN
HAOJIOICHUM, MapaMeTpbl TPABUTALIMOHHOTO TOJs 3eMJId U MHOroe npyroe. B
HACTOSIIIIEE BPEMSI C BBICOKOM TOUYHOCTBHIO OMpeeneHbl (yHIaMEeHTalbHbIE
reoJIe3U4eCKUe  IOCTOSHHBIE, ONPEICISAIOIIHAE TEOAC3UYECKYI0  OTCUETHYIO
cucreMy. OCHOBHBIE 3a/1a4yll KOOPAMHATHO-BPEMEHHOI'O O0ECIEUEHHs PEIIA0TCs
Py  MCHOJIb30BAaHUM COBPEMEHHBIX OBICTPO Pa3BUBAIOUIUXCS KOCMUYECKUX
TEXHOJIOTUH: paJuOUHTEPPEPOMETPUN CO CBEPXAJMHHON 0a30ii, ja3epHOH
nokaiuu MC3, rnobaibHbIX CUCTEM MO3UIMOHUPOBAHUS, JOIJIEPOBCKUX CHUCTEM.
OTH TEXHOJOTMH HCNOJB3YIOTCA JUISl PELICHUS TaKMX 3a7ad, Kak: YCTAHOBJICHUE
HEOECHON M 3€MHOI ONOPHBIX CHCTEM KOOpAMHAT; OINpPEAEIICHUE IMapaMETPOB
OpUEHTAILIMU 3TUX CUCTEM — MOCTOSIHHBIII MOHUTOPHUHI BPallaTEIbHOTO JABUKECHUS
3emnu. K napamerpam opuenranuu 3emiu (I103) oTHOCAT KOOpAMHATHI MOJIIOCA,
BCEMHUPHOE BpeMs, MPELECCUI0 U HyTalu. MexayHapoaHas cityx0a BpalieHHs
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3emun nyOnukyeT ngaHHeie o [IO3 B oTdeTax, MECSUHBIX U €KEHEJCIbHBIX
OroJIIeTeHSX.

Ocobast  ponb  OTBOAMTCS  KOCMHUYECKOW  TeoJle3ud B CO3JaHUU
rocyJapCTBEHHOW reonae3nueckoil cetu. IloctpoeHne takoil cetm Hauyaro B 1999
roay. CeTb, KaKk M MpexkJe, CTPOUTCS OT 001ero Kk yactHomy. OHa BKJIIOYAeT B
ce0s Teoie3nYecKre MOCTPOSHUS PA3IMUYHbBIX KIACCOB TOYHOCTHU:

— (yHIaMEHTAJIbHYIO0 aCTPOHOMO-Teoie3nueckyto cetb (PAIC);

— BBICOKOTOYHYIO Teojie3ndeckyro cetb (BI'C);

— CIIyTHUKOBYIO T'e0/Ie3uueckyro ceTh 1-ro kimacca (CI'C-1);

— aCTPOHOMO-TE€0/IE3UYECKYIO CECTh 1 M 2-r0 KJIacCoB;

— I€0/Ie3NYECKHUE CETHU CTYLIEHUS 3 U 4 KIJIacCOB.

Cerb  @AI'C co3maercs € UEABO  JOJTOCPOYHOTO  MOJAJEPIKAHUS
BBICOKOTOYHOU TPEXMEPHON IreOIEHTPUUYECKON CUCTEMbI KOOPAMHAT U BKIIIOYAET B
ce0Osi: MOCTOSIHHO JEHCTBYIOUIME MYHKTHI M OOCEepBaTOpUU MJisi HAOJIONEHUS 3a
NC3 u npyruMu KOCMHUYECKHMH OOBEKTaMM; NEPUOJUYECKU OIpeIelsieMble
MYHKTHI, HAOJIIOJEHUSI HA KOTOPBIX IJIAHUPYETCS MOBTOPSTH Ye€pe3 MHTEpPBAJ HE
6onee 10 ner. Ilynktet PAI'C paBHOMEpPHO pacroiararoTcsi Ha TEPPUTOPHH
CTpaHbl C PACCTOSIHUEM MEXAYy CcMeXHbIMU Toukamu 650-1000 xm. Ha myHkTax
OAI'C usmepsiercs abCOMIOTHOE 3HAYEHUE CHJIIbI TshKecTH. [IpocTpaHCTBEHHOE
MOJIO)KEHHE IMYHKTOB 3/IeCh OMpENENsieTCsl METOJlaMU KOCMUYECKOM Treojie3uu B
reOLIEHTPUYECKO cucteMe koopauHaT. CpenHsis KBaapaTHUecKas MOrPEIIHOCTh
ONpENIENICHNs TIOJIOKEHUS LIeHTpa Macc 3emiuM coctaisieT 10-15 cm, a cpennss
KBaJIpaTUYECKas TOTPEIIHOCTh B3aUMHOTO mojoxkeHus myHkToB PAI'C momkHa
ObITh HE OoJiee 2 cm MO TUIAHOBOMY TMOJIOKEHHUIO M 3 CcM MO BBICOTE C YYETOM
CKOPOCTH UX U3MEHEHUS BO BPEMEHHU.

[Tynkrel BI'C onupatorcst Ha nyHKTel @AI'C u ynanensl o1vH OT APYroro Ha
150-300 xm. OcHoBuble ¢pyHkuuu BI'C coctosiT B nanpHeilleM pacnpocTpaHeHUN
Ha BCIO TeppUTOpHio Poccuu reolieHTpuyeckoi CUCTeMbl KOOPAUHAT U YTOYHEHU U
napamMeTpoB B3aMMHOTO OPUEHTHPOBAHUSA TE€OLEHTPUYECKOW U pedepeHHon
cucteM koopauHatr. CpemHsisi KBaJapaTH4ecKas MOTPEIIHOCTh OIpeAeIICHUs

MJIaHOBOTO noJioxkeHusi nyHkToB BI'C He poipkHa npeBwimath 3 mm + 5- 108D

(D — pacctossHME MEXAy IyHKTaMu B MM) U 5 um + 7 - 10" D 1o reoxesuueckoii
BBICOTE.

OcnoBnas ¢ynkuus CI'C-1 coctout B oGecredyeHur ONTUMAJIbHBIX YCIOBUHN
JUISL peanu3ali TOYHOCTHBIX M ONEPATUBHBIX BO3MOXHOCTEH CIIyTHHKOBOW
anmaparypbl IpH MEepeBojIe TeoIe3nuecKoro odbecrneuenus teppuropun Poccun Ha
CIIyTHUKOBBIE METOJIbI onpeaenenns koopauHar. [lynkrer CI'C-1 npoexktupyrorcs
B HauOoisiee YIOOHBIX JJI MCHIOJB30BAHUS MECTaX C XOPOIIMMH YCIOBUAMHU
HAOJIOICHUM, CO CPETHUMU PACCTOSIHUSIMU MEXK]Ty CMEXHBIMHU ITyHKTaMU MOPSAKA
25-35 km. IIpu 3TOM npenycMaTpuBaeTCss MAKCUMAJIBHO BO3MOKHOE COBMELIECHUE
MIyHKTOB CETH C CYLIECTBYIOIIMMU TPYHTOBBIMU peNepamMu I HCKIHOYEHUs
JOPOTOCTOSIIUX paboT MO 3aKiajbiBaHUIO IeHTpoB. CpeaHssi KBaapaTuueckas
MOTPEIIHOCTh ~ omnpeneneHus nosioxkeHuss nyHKToB CI'C-1  oTHOcUTENbHO
ommxanmux nyHktoB @AI'C u BI'C He nomxHa npesbimaTth 1-2 cv B pailoHax
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CEeHCMUYECKON aKTUBHOCTBIO 7 M Ooiiee 0amwioB U 2-3 cm B OCTAJIbHBIX pailoHax
CTpaHBbI.

3.5 T'eonuHaAaMHYeCKHE UCCJIEeIOBAHUS METOAAMH KOCMHUYECKOM reoie3um

C pa3BUTHEM HOBBIX CpPEICTB U3ydeHHs Qurypel 3emiaum u  ee
I'PAaBUTAIIMOHHOIO TOJIS BCE OOJbIIEE 3HAYCHHE MPUOOpPETAaeT KMHEMaTHUYECKUU
aCMEeKT TE€O0JIE3UrM — OINPEACICHUE W3MEHEHUM TMIOJIO)KEHUM TOYEK 3E€MHOM
MOBEPXHOCTH W MApaMETPOB TPABUTALMOHHOTO TOJS 3€MJIM BO BpPEMECHU.
[TosiBunCS HOBBIM paszzien B Hayke O 3emiie, JeXalldid Ha CThIKE T€0JIe3UH,
reopu3uKd U aCTPOHOMUHM, 3aHUMAIOIIHMICA TpoOJeMaMu H3y4YeHUST U3MEHEHUU
MPOCTPAHCTBEHHOTO TMOJOXKEHUSI TOYEK M TPABUTALMOHHOIO TOJISI 3€MJIM BO
BPEMEHH M MX UHTEPIIPETAIMI U TIOJIYYUBIIUA HA3BAHUE 2€00UHAMUKLU.

JlnHamuka 3eMJIi TPOSIBIIAETCA B IBUKEHUSIX MTOJIIOCA U HEPABHOMEPHOCTHU €€
BpaiieHusi. HoBble BO3MOXKHOCTM B M3YYEHHUH JBUKECHUS TMOJIIOCOB OTKPBIBAIOT
JoTUIepOBCckue U JiazepHbie HabmoaeHus WC3, nazepnas nokamus JIyHBI,
JUTMHHOOA3MCHAS paJIMOUHTEPPEpPOMETPHSL.

Jlnst 0OObeKTUBHOW MHTEPIIPETAllMM M3MEHEHUNM TOYEK 3€MHOW TMOBEPXHOCTH
MPUBJICKAIOTCS PAa3JIMYHbIE COBPEMEHHBIE TEOPUU: TEKTOHHMKH IUIUT, YIPYTHX
nedopManuii, MpUIMBOB U BPAIICHUS 3EMIIU U .

B nocnennue pecsatuietus Onaromaps 3HAYMTEIBHOMY  TOBBIIIEHUIO
TOYHOCTH  HU3MEPUTEIBHOW  TeXHHKU. Mcmonp3dyeMou  aisi  ONpeAeseHUs
napameTpoB nBuxkeHusi, MC3, MeToabl KOCMHYECKOW T€OAE3UH CTAIM HIUPOKO
MPUMEHSITBCSA I WM3Y4YEHUS TJ00abHBIX M PETUOHAJBHBIX T€OJUHAMHYECKUX
MPOIECCOB U JIBUKEHUSI 3€MJIM Kak MJIaHeThl. BakHEHIIMM BKIaJ0M KOCMHUYECKOU
reojie3ud B TJIOOATBHYIO TEKTOHUKY CTall0 IOJTBEPKJICHUE JIOCTOBEPHOCTU
JBIDKCHUM TUTOCHEPHBIX TUIUT. JIBUXKEHHUE KPYIHBIX TUTUT JOCTATOUYHO CTAaOMIIBHO
Ha TIOBEPXHOCTH cdepora U MPOUCXOIUT CO CPeIHEH cKopocThio 50 mm/200.
JlokanbHbIE TEKTOHUYECKHE JBM)KCHUS BOJIM3U TPAHUI] TUTUT XapaKTEPU3YHOTCS
OOJIBIITM BEPTHKAJIbHBIM CIIBUTOM.

[IpuHnUUanbHOE OTIMYHE PE3YyJIbTATOB, IMOJIYYEHHBIX IO HAOIIOJCHUSIM
NC3 ot n1aHHBIX Ha3€MHBIX TPABUMETPUUECKUX U aCTPOHOMHYECKUX HAOJIOICHUH,
COCTOUT B TOM, YTO OHHM HE CBA3aHbl C OTBECHOW JIMHUEW U HE IOJABEPTrarOTCS
BJIUSIHUIO OCOOCHHOCTEW BHYTpPEHHEro cTpoeHus 3emun. [loaTomy coBmMecTHBIN
aHaJu3 CIYTHUKOBBIX HAOMIOJCHUH, TPaBUMETPUUECKUX W aCTPOHOMHUYECKUX
JAHHBIX JTA€T BO3MOXKHOCTh IIOJly4aThb HOBBIC HAy4YHBIE pE3YyJbTaThl U
KOJIMYECTBEHHO OIEHUTh MeXaHW4Yeckue AehopmManuu 3eMIIu.

3.6 MoaeaupoBaHue IBH:KEHHS KeCTKUX 0JI0KOB 3eMHOH MOBEPXHOCTH

C xonma 60-x rooB mpouuioro Beka, 3a 10-15 ner, chopmupoBanacy HoBas
dbyHIaMeHTalbHAs TEOPUSI TEKTOHUKU JTUTOCHEPHBIX TUIUT, COTJIACHO KOTOPOM Ha
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MOBEPXHOCTH Halleil TUIaHeThl nepemMemnaercs ancamosp u3 11-16 Gonpmmx mo
pazMepaM IJIUT JUTOChEpsl XPYNKOH 000I0YKH 3eMIIH.

B nepBoM mpubimkeHnr MOBEPXHOCTh 3EMJIM pa3/iesieTcss Ha MPUIOTHATHIN
HAJl CpPEJHUM YPOBHEM MOpS KOHTHMHEHTAJbHBIA PETHOH M ONMYIIECHHBIN
OKkeaHn4eckuil peruoH muaHeTel. Okono 70% 3eMHONM NOBEPXHOCTH HAXOAMTCS
noJi BoJgou. IloaToMy, 4TOOBI MOTYUYUTH MOJIHOE MIpeCcTaBlIeHE 00 0COOEHHOCTAX
re0JIOrMYECKOr0 CTPOEHHMsSI 3E€MHOro Ilapa, HEOOXOAMMO MBICIEHHO YOpaTh
BOJIHYI0 000JI0UKY TutaHeTbl. Torga Hapsiiy € XOpOIIO H3BECTHBIMH TOPHBIMH
CUCTeMaMU ¢  OOIIMUPHBIMM KOHTHUHEHTAJIbHBIMHU  paBHUHAMH  MPOSBATCS
BaXHEHIINE JIMHEHHBIE CTPYKTYPbl — CUCTEMBI CPEIMHHO-OKEAaHMUYECKUX XPEOTOB
U CHCTEMBbl TIYOOKOBOJHBIX >Xen000B. JluTocdepHble MINUTHI BBIACISIOTCS 10
OKOHTYPHBAIOIIUM MX y3KHUM T0sicaM CeCMHYHOCTH. IMEHHO BIIOJIb ATUX MOSICOB
MIPOUCXOJIAT OTHOCUTEIbHBIE TIEpEMEIICHUS] IUTOCHEPHBIX TUIHT.

Teopust aBUxKEHUS TUTOCHEPHBIX ITUT ONMUPAETCS HA JIBA MOCTYJaTa:

1. JlutocdepHble TUIUTHI SBISIOTCS JKECTKUMU, T.€. OHU BEIYyT ce0sl Kak
KBa3Wymnpyrue Tena, CHOCOOHBbIe TMepeaaBaTh IpuilaraeMble K HUM
HampsDKeHUsT Ha JII0ObIEe pPACCTOSIHUSA, HE MCIBITBIBAS TMpPU ITOM
BHYTPEHHEM MJIaCTUYECKOH nedopMaliuu;

2. Pagnyc 3emiu He U3MEHSETCS B CKOJBKO-HUOYIb OIIYTUMBIX
pa3Mmepax, T.e. 3eMJIsl HE CKUMAETCSI U HU PaCLIMPSETCS.

W3 »TMX JABYyX TOCTYJaTOB BBITEKAET, YTO JABUKEHUE IUIUT JOJDKHO
MIPOUCXOJIUTh CTPOTO MO 3aKOoHaM cdepuyeckoi reomerpuu. Bce mepemernieHus
KECTKUX TUIMT 1O MOBEPXHOCTU chepruyeckoit 3eMiIr MOTYT OBITh MPEICTABICHbBI
KaK BpAaIllEHHs] BOKPYT HEKOTOPOM MpOXOJAIed depe3 LIEHTP MaTeMaTU4eCcKOn
ocu. Och BpalleHHs IEepeceKkaeT MOBEPXHOCTh cepuueckoi 3emiu B ABYX,
IUAMETPAJIbHO MPOTHUBOIOJIOXKHBIX, TOYKaX. OTH TOYKHM HOCST Ha3BaHUE
SIIIEPOBBIX MOJIIOCOB, WM MOJIIOCOB BpalleHus. s onucaHus ABMXKSHHS TUIUTHI
M0 TIOBEPXHOCTH cdepousia HEOOXOAMMO 3HaTh TPU MapameTpa, Hampumep,
chepuueckue KOOPAMHATHI MONIOca BpaileHus (mupory @ u poaroty A) u
YIJIOBYIO CKOPOCTh @ €€ BpalleHus. HanpaBisiomuil BEKTOp OCH BpallleHHUs
JTUTOC(EPHON MIUTHI N OTHOCUTENBHO MOJOKEHUS KaKoi-In00 TOUKM Ha cdepe B
cucteMe 3eMHBIX MPSIMOYTOJbHBIX TPOCTPAHCTBEHHBIX KoopauHat (X,Y,Z)
OIIpENENSAETCS U3 COOTHOIIECHHUS

cos®cos A
n=|cos®sin A |, (3.10)

sin ®
a BEKTOp YIJIOBOM CKOpocTH BpamieHus: W MOKeT ObITh paccuuTaH 1o Gopmyie

W=on=lo,, o0, o.]. (3.11)

y’
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B HacTosiiee Bpemsi COBpEMEHHBIE CHUCTEMBI OTCYETa (3€MHBIC OTCUETHBIC
CUCTEMBbI) O0a3WpyIOTCSs Ha HAOMIOJACHUSIX paauouHTepdepoMeTpamMu  CO
CBepX/UIMHHBIMM  0azamu, JlazepHoi  Jjiokanuu  JIyHbI,  BCEBO3MOKHBIX
CITyTHUKOBBIX HaOJtOAeHUAX. [[715 3TUX OTCUETHBIX cucTeM, HaunHas ¢ 1993 ropa,
ucnonbzyercs: mojaesib NNR NUVELIA aGconoTHOTO IBUKEHUS TLTUT.
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Pucynok 3.3. — Kapra pacnpeeneHusi OCHOBHBIX IJIUT Ha TOBEPXHOCTH
3emiu g1t moxeau NNR NUVEL 1A

Hns 16 tekroHnyeckux THT ( puc. 3.3) yrjioBble CKOPOCTH BpallEHUs
(pan./mun.aer) aiist moaenin NNR NUVELIA npusenenst B Tabmautie 3.1.

Tabnuua 3.1
CKOpOCTH BpaIICHUS TCKTOHUYECKUX TITUT

HazBanue mianThl Oy 0y 0,

Pacific -0.001510 | 0.004840 | -0.009970
Cocos -0.010425 | -0.021605 | 0.010925
Nazca -0.001532 | -0.008577 | 0.009609
Caribbean -0.000178 | -0.003385 | 0.001581
South America -0.001038 | -0.001515 | -0.000870
Antarctica -0.000821 | -0.001701 | 0.003706
India 0.006670 | 0.000040 | 0.006790
Australia 0.007839 | 0.005124 | 0.006282
Africa 0.000891 | -0.003099 | 0.003922
Arabia 0.006685 | -0.000521 | 0.006760
Eurasia -0.000981 | -0.002395 | 0.003153
North America 0.000258 | -0.003599 | -0.000153
Juan de Fuca 0.005200 | 0.008610 | -0.005820
Philippine 0.010090 | -0.007160 | -0.009670
Rivera -0.009390 | -0.030960 | 0.012050
Scotia -0.000410 | -0.002660 | -0.001270
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JInst ompenesieHus CMEUIEHHs] TYHKTa Ha MOBEPXHOCTH 3€MJIM, BBI3BAHHOTO
JBIKCHHEM TOW WJIM MHOW TEKTOHWYECKOM TUTHTHI 00paTumMcs K puc.3.4.

Wit-to k

AR

d R{to)

PucyHnok 3.4 — CMelieHre NyHKTa Ha 36MHOM MTOBEPXHOCTH BCJIEICTBHE
BpallleHUst TUTOCHEPHOU MITUTHI

[TycTh 3amaHHBIA B 3MOXY f) MyHKT HA MOBEPXHOCTH TUIUTHI PACIIONOKCH B
TOUKE ky, TIONOXKEHHE KOTOpOoro B cucteMe koopauHat (XYZ) ompenensercs
BeKTOpoM R(ty). 3a mpoMexkyTok BpeMeHU (#-fy) 3Ta TOUYKa 3aiiMEeT MOJIOKEHUE K.
YToN MEeXIy OChbI0 BpAaIlleHUS TUIMTHI W HaIpaBIICHHEM Ha TOYKY k) paBeH O.
Bektop cmemenns nynkra AR, 3a Bpemst (#-fy)) ¢ TOYHOCTBIO JIO TIEPBOTO MOPSIKA
MaJIOCTH MEePICHANKYIISIPEH K MIIOCKOCTH, coiepxaiieil Bekropa n u R(#)) u paBeH

AR, = ot -ty )n xR(t,), (3.12)
iy, ¢ yuetom (3.11)
AR, =(t—1t, )W xR(t,), (3.13)

rac
R(fo):[XmYmZo]T

B ¢dopmynax (3.12) u (3.13) cumBoIOM «X» 0003HAYEHO BEKTOPHOE
npousBeaeHue. PackpriBas Beipaxkenue (3.13) umeem

to,Z)-0.Y,
AR, =(t—ty)| -0, Zy + 0. X, |. (3.14)
+o.Y) -—ow,X,
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0O003HaUYUM

0 -0, +o,

Q=+, 0 -o

X

-0, +o, 0

OkoHYATeNIbHO TOJYYMM TIOMPaBKYy B KOOPAMHATHI MYHKTa 3a JIBUKCHUE
JTUTOC(EPHBIX IITUT:

AR =(t—1,)QR(t,). (3.15)

Ha ocnoBanuu Beipaxkenus (3.15) MOXHO omnpenensTh Kak CMEIIeHUe MyHKTa
HAOJIOICHUI 32 TIPOMEXKYTOK BpeMEHU (f-fp), TaK U yTOUYHSATH KMHEMATHYECKYIO
MOJIEJIb IBUXKEHUS HKECTKOTO OJI0Ka.
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