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NPEAUCIIOBHE

Yye6GHMK HamnucaH B COOTBETCTBMH ¢ nporpaMmoii Kypca «Kocmuye-
ckas (QoTorpaMMeTpHs» MJs CleLUaldbHOCTH <«A3podororeoaesunsny;
3JleMeHTH KOcMHueckoil ¢oTorpaMMeTPHUH BXOAAT TaKKe B HEKOTOpPHIE
KypChl, KOTOpble H3Yy4aloT CTyAEeHTH cneunanbHoctedl «MccnemoBanue
NpUPOAHLIX pecypcoB» H «KocMmuueckasi reofiesus». Yuye6HUK BEIXOIHT
B cBeT BhnepBole. OH CO3/1aH Ha OCHOBE METOJHYECKOro OmhLITa nperno-
JaBaHHsA KOCMHpuecKo# ¢(oTorpaMMeTpHH, HAKONJeHHOro Ha Kadenpe
KocMHuecKo#l reojesun W HaBurauwun MocKoBckoro opaeHa JleHmHa
HHCTHTYTa WHIKEHePOB reoje3nH, a’pooTOCHEMKH H Kaptorpadum.

Vye6HUK comepKHT HeoBXoauMble CBefeHHs, KOTOpbie MO3BOJAT
CTyAeHTaM CaMOCTOATEJbHO pellaTth 32ja4H ¢oTOrpaMMEeTPHH, BO3-
HHK2IOLIHEe NPH CbeMKax H3 KocMoca. I'J1aBHOH W3 HMX sIBAAETCA NpO-
CTP2HCTBEHHO-BpPEMEeHHasi NPHBsA3Ka TO4YekK, JemH¢pHpPyeMbIX Ha KOC-
MHYECKHX CHHMKax, B lejsix KaprorpadupoBaHHs H HCCJACJOBaHusA
NPHUPOAHBIX pecypcos.

[Ipu pabore Hajg yueGHMKOM HCNOJIb30OBaHbl pe3yJbTaThl HCCJEJO-
BaHmii, BoinosiHeHHEIX B MUUIAuK, UKU Axkagemuun Hayk CCCP,
HHUWI'AuK u B psie APYrHX opraHusauuii, a takxke nyGJauKaluH
B o6J1acTH KocMuueckol (ororpaMMmeTpHHu.

B nepBoii rnaBe H3JIOKeHH HEKOTOPble BONMPOCH BEKTOPHOH aJ-
reOpel H TeOPHHM BpalleHH#, ABJAAOLIHECH MaremaTHuecKol 6asoii
KocMHYecKkOH (ororpaMMeTpuH H HeOOXOHHMBlE A/ M3y4YeHHA Kypca.

[Ipy HanucaHuuM cegbMOH rJaBbl, NOCBAILEHHOH BompocaM Io-
CTPOEHHS KOCMHUYECKO# (OTOTPHAHIYNSALUMH C OJHOBPEMEHHBIM OIlpe-
nefeHHeM op6GHTH (HadaJbHBEIX YCJOBHMH [BHXKEHMS HOCHTEJs), HC-
NOJIb30BaHbl Matepuajbl pasjgena «CnyTHHKOBasi (pOTOrpaMMeTpHS»
pykoBoncTBa no c¢ororpaMMerpuH (4-e u3gaHHe) AMepHKaHCKOroO
tpororpaMmeTpHrueckoro obuiecTsa.

Yue6HHK copepuT GOJbILOE KOJMHYECTBO YHCJIEHHBIX NPHMEPOB.



BBEAEHHE

B Hacrosiiee BpeMsi OCHOBHOiH WHOpMaumueit naas KaprorpadupoBa-
Hus 3eMaH, JIyHBl M njaHeT, a Take AJf HCCIeNOBaHHH MPHPOAHBIX
pecypcoB HABJNAIOTCH u306parkeHHAi ¢H3HUeCKOH MOBEPXHOCTH 3THX
TeJl, NOJyyeHHble cMelHalJbHOH cheMOYHON annapartypoli, ycTaHOB-
JICHHOH Ha MCKYCCTBEHHBIX CIIyTHHKaX.

Ilpu BHIMOJNHEHHH CBEMOK M3 KOCMOca Ha GOPTY HCKYCCTBEHHBIX
cnyTHUKOB 3emnu (UC3) u naaner (KA) ycraHasaupaiwT TOmorpa-
¢ryeckHe M 3Be3jHble KaMephl AJsi CHHXPOHHoro ¢ororpadupoBanus
NMOBEPXHOCTH NJaHeTHl ¥ 3Be3fiHoro Heba, a Takxke (OTOTEJEBH3IHOH-
HEle, TeJleBH3MOHHLIe, ONTHKO-TeJIeBH3NOHHbLIe KaMephl M APYyrue BHALI
CbeMOYHOW annaparypbl.

PasBurue MeTOgOB M CpPeiCTB KOCMHYECKHX HCCJEeIOBaHHil mpen-
OLpEeJIMJIO BhbijleJleHHe HOBOrO pasjieia (PpoTorpaMMeTpUH — KOCMH-
4yecKo#l ¢oTOorpaMMeTpuUH.

OcHoBHO#t 3ajauelt KocMuyecKoit ¢GoTOrpaMMeTpHH  fIBJIAETCH
NOCTPOeHHe ra06ajlbHEIX BHICOKOTOYHHIX OMOPHBIX ceTeii Ha 3eMJje H
nJjaHerax, Cly»Kalllux [Js pelleHHs HayYHBIX M HHXEHEePHO-TeXHH4Ye-
CKHX 3ajay, KaprorpadupoBaHus H McCCHeNOBaHUs NPHPOAHLIX pecyp-
coB 3eman (HITP), JIyHs u naaner us kocMmoca.

MeTtoabl u 3apaum 3Toro pasjena ¢GpoTorpaMMeTPHM CYIECTBEHHO
OTJIHYATCA OT TPaAHUHMOHHBIX, KOTOPble OCHOB@HbI Ha HCIOJb30OBa-
HUH MaTepHaJIOB a3POCHEeMKH.

Haunbonee cyumecTBeHHEIMH OCOGEHHOCTAMH KOCMHYECKHX CheMOK
[0 CPaBHEHHIO C a3POCHEMKOH SABJIAIOTCA: '

BHICOTH ¢oTorpadHpoBaHus B AECATKH, a MHOTAa K B COTHH pa3
NPeBLIAIOT X BEJHYHHE IPH a3pocbeMKe;

nprxkeHpe UC3 w KA mpoucxopur no op6utam B TOYHOM COOT-
BeTCTBHH C 32KOHaMHK HeGeCHON MeXaHHKM, YTO NO3BOJfAeT Onpeje-
JIATb KOOPAHMHATH LeHTpoB ¢oTorpadvpoOBaHHA NyTeM HHTErpHpOBa-
Hus avddepeHuratbHEIX yPaBHEHHH IBHIXEHHS;

OpHEHTalH# TOomorpadMyecKHX CHHMKOB B HMHEPLHAJBLHOM MPOCT-
paHcTBE BHIIOJIHAETCA aBTOHOMHO, MyTeM CHHXPOHHoro ¢ororpadu-
poBaHHfl 3Be3fHOro He6a 3Be3HOH KaMepo# WJIH NMPH NOMOILH CNElH-
aJlbHBIX acTPOA2TYHKOB;

B YCJOBHMAX cbeMKH 3eMau u JIyHH M3 KocMoca onTHyeckas ocb
Tonorpa¢uyecKod KaMephl € HCNOJNb3OBaHHEM CHELHaJbHBIX CHCTEM
cTabunH3anuy NPHOAMIKEHHO OTCJAEXHUB3EeT LEHTP Macc MNJaHeTh ¢
TOYHOCTBIO 10 2—5°. OnHako B o6uieM ciyuae 3TH Yrjbl MOryT OHWTb
3HaYHTeNbHO OOJBIUHMH, YTO JejlaeT HeBO3MOMXKHEIM NPHMeHeHHe ¢op-
MyJl IJIaHOBOM 23pOCheMKH.
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Takum o6pasoMm, B TEOPHH KOcMHYecKOH ¢oTorpaMMeTpuH BechMa
cBOe06pa3Ho OO6LEeIMHAIOTCA acTpoOMeTpHs, aHaJHTHYecKas Qororpam-
MeTpHA U HebecHas MeXaHHKa. '

Oco6yo npobieMy npeAcT2BJASIOT KaJHGPOBKa Tonorpagpuyeckux
CHHMKOB M OINpejeJieHHe HX yIJOBBHIX 5JeMeHTOB BHEIUHero OpHeHTH-
poBaHHs. 3TH npouecchl 3HAYHTEJLHO OTJHYAIOTCH OT aHaJIOrHYHBIX
NpH a’pocbeMKe.

[MocTpoeHHe rJyio6anbHBIX KOCMHYECKHX  (OTOTPHAHTYJASLMOHHBIX
ceTell sIBAsETCSA CJOXKHOH HayyHO-TeXHHYeCKOH 3apauell, TpebyrouLiei
LSS cBoell peasiM3dLHM NPELH3HOHHBIX H3MepPeHHl KOCMHYECKHX
CHHMKOB M INIPMMEHeHHs caMbiX coBpeMeHHbIX DBM Gonabuworo 6bICT-
ponedCTBHsl C HOCTaTOYHEIMH 00BbeMaMH ONepaTHBHOM M BHeELIHeH
NaMsATH.

VcxonHolt uHpopMauHed mjsA MOCTPOEHUss MapupyTHo (opOu-
TaNbHBIH BHTOK) H 6JIOYHOH (PsA BUTKOB) KOCMHYeCKHX (OTOTPHaH-
TyJasiuuil ABAAIOTCA NepeKpbiBaloliHecss CHHMKH NJaHeThl, CHHXPOH-
Hble CHHMKH 3Be3JHOro He6a, a TakxXe MaTeMaTHyeCKas MOJIeJb IBH-
JKEHHUS HCKYCCTBEHHOro CnyTHHKa. MateMarnyecKasi MOJeJb [BHKEHHSA
ABJsleTC] OOBEKTHBHHIM CXEMaTHYHLIM [peicTaBjJeHHEeM  peallb-
HOrO ABMXKEHHS, NO3BOJSIOIIAM [POU3BOAHTL HEOOXOAHMbBIE BHIYHCJIE-
HUSl 1JA pelueHHs NOCTaBJeHHOH 3agauyd. Mojesb ABHXeHHS MOXeT
66T B BHJE CHCTEMbl TPeX HeJIHHeiHbX gH(b(depeHLHaNbHEIX YpaBHe-
HH#l BTOPOro mopsijKa, COAepialllhx B NPaBbiX YacTAX BO3Myllawollue
YCKOPeHHSA OT AeficTBMSl psla MPaBUTALHOHHBIX H HerpaBHTAIlHOHHBIX
CHJI, OTpeAesAIOIHX 3BOJIOLHI0 OPOMTHl BO BpeMeHH M INPOCTPaHCT-
Be. TakuM o6pa3oM, JJi NOCTPOEHHS MOJeJH JBHXeHHs HeoOXOmu-
MO anpHOpH pacnojaratb MofedsaMM cuJ, aeiicrByiomux Ha KA. [lpu
pelleHHnH 3ama4 KOCMHYeCKOH ¢oTorpaMMeTpuu B NOA2BJASOLIEM
60JILIIHHCTBE CJy4yaeB MOJEJH AEHCTBYIOIIMX Ha HEro CHJ NOJaratoT
H3BECTHBIMH H He YTOYHAIOT B Ipollecce NOCTPOEHHS KOCMHYeCKOf
¢oToTpHAKTYAALHH. B 3TOM cilyuae npouecc MOCTPOEHHS KOCMHYe-
CKO# ¢GOTOTPHAHTYASALIMM MOMXHO paccMaTpuBaTh KaK CBOeOGpPasHyKo
MoaHbUKaLHIO OPOMTaJIbHOrO METOAZ2 KocMuuecKoM reomesnn. OpHa-
KO B psijle cilyyaeB (HanpuMmep, Npu cheMKax JIyHBl) B KauecTBe He-
H3BECTHBIX MOryT OBITb MPHHATH HEKOTOpPhle rapMOHHYeCKHe KO3d-
GUIHeHTH, XapaKTepPH3YIOIHe IpaBHTaLHOHHOE noje JIyHEL

[ToMHMO yKa3aHHOH HCXOAHOH MHbOPMaLUH HCHOJB3YIOTCA TaKKe
NOKa3aHHs Jla3epHOro JajibHOMepa, yCTaHOBJeHHOro Ha 6opty cnyT-
HHKa, a2 TaKXXe W [pyras u3MepuresbHas uHGpOpMaLHA.

_ HavanbHple ycnoBMsi uHTerpupoBanusi auddpepeHuualbHbIX ypas-

HEeHHi#l JIBMXKeHHs OOBIYHO ONpefesIAIT 10 Pe3ysabTaTaM Ha3eMHBIX
LONJIEPOBCKHX, JIa3ePHBIX H PajMOTEXHHYECKHX TPAEKTOPHBIX H3Me-
peHuii.

Oco6eHHOCTBIO KOCMHYECKOH (OTOTPHAHTYJSLHH SBJASETCS M TO,
4TO HayajbHble YCIOBHA (KOOPAHHATH H COCTABJSIOILHE CKOPOCTH
Ha HEKOTOPYIO HaYalbHyl0 3MOXy fo) ABJIAITCA YTOYHAEMBEIMH Napa-
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MeTpaMH M BBOASATCA B yPaBHHTEJIbHble BHIYHCJEHMA B KayeCTBE He-
HM3BECTHBIX.

Takum o6pa3oM, B KOCMHYECKOH (OTOTPHAHIyJAsALNH HEH3BECT-
HBIMH SBJIAIIOTCH 3JIeMEHThI BHENIHero yrjoBOro OPHEHTHPOBAHHA TO-
norpadHyecKHX CHHMKOB, KOODAHMHATHI TOYEK NOBEPXHOCTH MJlaHeThl
H HayaJbHble YCJIOBHS HHTerpupoBaHus Aud@epeHuHaJbHBIX ypaBHe-
HUH JIBHIKEHUA.

OTO 3HAYHTEJbHO YMEHblIaeT MOPAAOK MaTpHUbl HOPMaJbHBIX
ypaBHeHMH, NOCKOJbKY NO3BOJISeT HCKIIOYHTL M3 YpaBHMTeJbHBIX
BHIUHCJIEHHH KOOpJAMHATHl LEeHTpoB ¢oTtorpaduposaHus. B npouecce
yp2BHHBaHus opOuTajbHOro 6J0Ka KOOPAHHATH LEHTPOB ¢oTorpa-
¢upoBaHuA B Kaxa0# HbIOTOHOBCKOH ATEPalldd ONpPelesfioT M3 HHTe-
rpupoBanus auddepeHuHaJbHEIX yYPaBHEHHH [BHXKeHHMS C Havajb-
HEIMH YCJIOBHSIMH, ONpe[eJIeHHBIMH B NpeablAylleil Hrepauuy.

CaMocToATenbHBIH HHTEPEC MOXKeT MNpeACTaBJifATh 3ajava olpefe-
JIEHHs HayaJlbHbIX ycJOBHH (OpOMTEI) 1O pedyiapTatam ¢ororpaMmer-
pHuecKOH 0OpabOTKH CHHMKOB MPH HCNOJb30BaHHH yDaBHEHHH KOJI-
JIMHEapHOCTH H KOMIUIaHapHOCTH. B ciyuae npumeHeHHs ypaBHeHMH
KOMIJIaHAPHOCTH YCTAHABJMBAIOT OPHEHTALMI0 6a3HCOB KOCMHYECKOH
CBEMKH, YTO [2eT BO3MOXKHOCTh NPEeACTaBHTb HayaJibHble YCJOBHA
JIBH2KeHMsl KaK HeKOTopble (YHKLUMM eJIHMHHYHBIX BEKTODOB, 3ajalo-
1IMX HanpasJjieHua 6asvcoB B I1JIaHETOLIEHTPHYECKO#H cHCTeMe KOOp-
JHHAT, XKECTKO CBA3aHHOH C Bpallamwilleics NJjaHeToH.

Ilpu onpeneneHun HayaJbHBIX YCJIOBHH 1O pe3ydbTaTtaM HaseM-
HBIX JOMJIEPOBCKHX HaOJIIOJeHHi C JOCTAaTOYHOH TOYHOCTBIO MOXHO
OCYIECTBHTD KOODAHHATHO-BPEMEHHYK) NPHBA3KY OTAEJbHBIX TOYEK
NMOBEPXHOCTH MJ1aHeThl 6e3 NMOCTPOEHHs ceTe# KOCMHYECKOH ¢OTOTPH-
agryasuuv. B 9TOM cayyae BHINOJHSAIOT YHCJIEHHOE HHTErpvpoBaHHe
ypaBHeHHH [BH}XeHHs; mnoayueHHue kKoopiauHatel WC3 uHTepnoau-
pyloTcs Ha MOMeHTH ¢otorpadpupoBaHus. EciM onpenenseMas TOuKa
nJjiaHeTsl H3o0pasunach MHHMMYM Ha JBYX IepeKPHIBAOUIMXCA CHHM-
Kax, ee KOODAHHATHl MOXHO ONpeleUTh NyTeM NpsIMOH NPOCTPaHCT-
BeHHOHW 3aceuku ¢ 6asuca ¢ororpadupoBaHusA, MOJYUEHHOrO B pe-
3yJbTaTe HHTErPHPOBaHHWsA. ITa 3ajaua COOTBETCTBYET YIPOILEHHOMY
Op6HTalbHOMY METOAY KOCMHUYECKOW reofesHH.

KocMuueckass ¢ororpaMMerpHs SIBJASIETCH MOIIHHIM HHCTPYMEHTOM
KOCMHYECKHX McCJeOoBaHHil, namiuM cnenuaancram B obaacru UIIP
HeoOXONHMMble MCXOAHble AaHHble IJISi MOCTPOEHHs JMHaMHYEeCKHX MO-
Jejleil M3yyaeMhIX NPOLECCOB M siBJeHHH. Bonbluoe 3HaueHHe HMEIOT
MeTObl KOCMHMyeckol ¢ororpaMMeTpHH AJNfA H3yueHHA mnjaHer CoJ-
HeyHOH cucTeMbl M JIyHBI, rae ¢ororpaMmerpdf, No CyTH nena, 3a-
MEHSieT TeOJe3HYeCKHe MeTOAbl TIOCTPOEHHA TPHAHTYJALMOHHBEIX
ceTeil.

Ecau npu o6paboTke cereit KOCMHYECKOH TPH2HTYJIALUMH MCIOJb-
8YIOT PacCTOSIHHMA A0 TOYEK NOBEPXHOCTH MJaHEThl, H3MePeHHHe Ja-
3€DHBIM JaJbHOMEPOM, yCTaHOBJEHHbBIM Ha 6OpTy ChnyTHHK&, TO Mac-
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mTab KOCMHYECKOH (OTOTPHAHIYJNALUM onpejelisieTcs .naaeprlMH
H3MepeHHSIMH.

[pu OTCYTCTBHH J1a3ePHBIX Hamepel-mu macwitab 3ajanT mJaHe-
TOLEHTPUUECKO# [PaBHTALMOHHOH NOCTOSAHHON NPH HHTErPHPOB2HHH
YpPaBHEHM [BHIKEHMS] CNYTHHKA, B COOTBETCTBHH C TPETbHM 32KOHOM
Kennepa

3/2
T 2
Vi '
roe T—nepuos o6paineHHs CHyTHHKa; a — 6oJbluasi noJiyoch Op-
GHTHL.

B Hacrosimee BpeMs reoLleHTPHYECKYI0 FPaBHTaLHOHHYKIO NOCTOSH-
HyI0 NIpHHHMaKT PaBHOH

= fMg = 398 601,2-10° m /c’
a nynouempuqecxyro TpaBHTALHOHHYIO MOCTOSHHYIO —
pe = [M¢ = 490 278,3-1C" v*/¢?,

rne Mg v M¢— coorBerctBeHHO Macchl 3eMau M JIyHbl; [— yHH-
BepcasbHas rpaBHTALMOHHASA NMOCTOSIHHAS.

KoopaHHaTE TOYeK nnaHeT HeoO6XOAHMO HMeTb B NJlaHeToOLeHT-
PHYECKHX CHCTEMaX KOOPAMHAT, XKEeCTKO CBfI3aHHBIX € Bpalmaolieics
njaHeroll. [ToaroMy and mocTpoeHHMs ¥ MaTeMaTHYeCKOil 06paboTKH
KOCMHYecKOH (OTOTPHAHryJSILMH HYXKHO pacnojarath ajpeKBaTHOMN
TeOpHEeH BpallleHUs MJlaHeThl BOKPYr cBoeil ocu BpameHus. [asa 3em-
JM nepexoj OT HHepuHaJbHOW CHCTEMBl K CHCTeMe KOOpAMHaT obiue-
O 3eMHOrO 3JUIMIICOMAA BBHINOJHAETCS NyTe€M NOBOPOT2 BOKPYr OCH
BpallleHHsl Ha yroJ, YHCJeHHO paBHBIil 3Be3lHOMYy BpeMeHU B I pHHBH-
Ye C yyeTtoM JBUMKeHHS 00Jr0coB. [las JIyHs HeOGXOQMMO YYHTHIBATDb
du3HYecKy0 aubpaunio U APyrHe XapaKTepUCTHKH €€ CYTOYHOro Bpa-
LIeH HA.

Opnemaunﬂ CHHMKOB 3BE3JHOTO HeGa BHIIOJHSETCS B MHEpLH-
ajbHOH CHCTEMe KODPAMHAT C HCMOJb30BaHHEM KOOPAMHAT ONOPHHIX
3pe3n. B cesA3M ¢ 3THM ocoboe 3HaueHue mpuoGperaer coajaHHe cre-
LHaJbHBEIX KaTaJloroB 3Be3ji, B KOTOPHIE IOJIKHO BXOAUTH O60JbiIoe
YHCJIO 3BE3J CeBEPHOrO H I0XKHOro mojiymapuii. B Hacrosimee BpeMs
B KauecTBe (yHIaMEHTAJbHOr0 KaTaJjora, 3ajaioinero HHepUHaJbHYIO
CHCTeMy KoopaMHaT, npuHAT Kartanor FK-5, comepxalumii KoopauHa-
TH CPaBHHTEJbHO HeOOJIbILIOrO YMCJia 3Be3j, olipejelleHHbIX B Pe3yJib-
TaTe COBMECTHBIX YCHJHMH NpaKTHYéCKH Bcex obGcepmaTopuii 3emaw, C
MaKCHMaJIbHO BO3MOXHOM TOYHOCTHIO. B KOCMHUYecKOil reoje3mn H
¢oTOrpaMMeTPHH HCNOJBL3YIOT M JAPyrHe, MeHee TOYHBIe 3Be3[HbLIE
KaTajory, cojpepxainue KOOPAHHATHI COTEH ThICAY 3Be3jl, ONpejesieH-
HBIX ¢ TOYHOCTbIO He HKxKe 0,5”. [lpu 3TOM KaTajoru 06A3aTeJbHO CO-
Aepxar HeoOXOAHMYI0 MHGOPMALMIO i PelyUHPOBaHHA KOOPAMHAT
3pe3q B cucTeMy kKatajiora FK-5.
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PasBurue MeromoB KOCcMHueckoil ¢oTOrpaMMeTpPHH HayaJoCh IOY-
TH OJIHOBPEMEHHO C Ha4yaJloM KOCMHYGCKOH 3pbl, O3HaMeHOBaBlle#CH
HCTOPHYECKHM 3allyCKOM II€pBOrO COBETCKOro cIyTHHKa 4 OKTaAbpA
1957 r. Ve nepsrle ¢ororpaduueckne H306paxkeHUs MOBEPXHOCTed
3eman u JlyHBl nOKasaidn, Kakue NMOHCTHHe DEBOJIIOLHOHHLIE mepeMe-
HEl B METOJaX HCCJIeOBaHHS NPHUPOLHBLIX PECYPCOB H CNELHaNbHBIX
BHAax KapTorpadupoBaHMS OTKPHBaeT CbeMKa H3 KOCMOCa.

Bonbioe 3HaucHHe B pPa3BUTHH MRTOAOB KOCMHUECKO# ¢oTorpam-
MEeTPHH HMeJIM COBETCKHE W aMepHKaHCKHe NporpaMmbl HccJeaoBa-
Huit JIyHBL
~ IlepBrle cHuMKH JIyHB M3 KocMoca ObljIM NOJYYeHH B OKTAGpe
1959 r. coeerckum KA «JIyHa-3», sanyuweHHbIM 4 okT6psi 1959 r. B
O3HaMeHOBaHHe BTOPOM rOLOBIIHHBI 3alyCKa MepBOro cCNyTHHKa 3eM-
Ju. «Jlyna-3» Beinoanusna ¢otorpadpupoBanne 0OpaTHOH CTOPOHHI
Jlynnl, 1 uso6parkeHus Ouuiu nepegannl Ha 3emuio. Tak yesoBeyecTBO
BIE€pBLIe YBHJEJO OGpPaTHYI0 CTOPOHY HaILEro eCTeCTBSHHOIO CNyTHH-
Ka. KauecTBO noJiyueHHBIX H300pa)keHWil ycTynajo OOBKHOBEHHBIM
TeJIECKONMHYeCKHM HabJI0leHUAM, OlHAKO COBETCKHe yueHble, paspabo-
TaB cNelHaJbHYI0 METOAMKY yCTpPaHeHus MCKa)KeHWH M 1nomex, Ha
OCHOBaHHMH noJyuyeHHONl MHPopMauuu cosnanau B 1961 r. nepByro Kap-
Ty 06paTHOM CTOPOHE! JIyHHL.

HcnonbsoBanne kocMmuueckoro ¢otorpadupoBanus aas  doro-
rpaMMeTpHYeCKHX LeJéli Hayajoch nocie 3anycka B CCCP B ceHTA6-
pe 1968 r. asromarHyeckoit MexnaaHerHod craHnuu (AMC)
«30HA-5», Ha KOTOpO# 6Bl ycTaHOBJEH KOMMJeKT ¢(oToannapatypel
C 3JIeKTPOHHHIM GJIOKOM ymnpasJjieHHs. Bruna peileHa npobiema BO3-
BpalleHHs aBTOMAaTH4YeCKOH CTaHIMH Ha 3eMJI0, 4TO [aJ0 BO3MOMK-
HOCTb H3YyueHHf OOBEKTOB 3€MHOH NOBEPXHOCTH C NMOMOLLLIO NpeLH-
3HOHHBIX (QoTorpaduyecKHx ONTHKO3JEKTPOHHBIX cHCTeM. Brnepsole
nocye cdororpacduporalus u obaera JIyHel 6ba OCyLIEeCTBJACHA MO-
caJKa KOCMHYeCKOro amnmapara Ha 3eMJI0 M NIPOBeJieHa BbICOKOKaye-
cTBeHHan oO6paboTKa NMoJyyeHHBIX NJEHOK.

3anyck copetckux AMC cepum «3oHa» 6bin ocywectsien B CCCP
AJ8 geTajdbHBIX HccaeAoBaHuil naaHer W JIyHw. [Iporpamma Hayana
peanu3oBuiBaThcsl B 1964 r. B anpesne 1964 r. «3ona-1» npowen Ha
paccrositun 100000 kM ot BeHepn, «30Ha-2», 3anylleHHbit B HOA6Gpe
1964 r., 6bln1 HanpaeaeH B cropoHy Mapca. C ceHtabpsa 1968 r. no
okTa6pb 1970 r. AMC «30Ha-5», «30HA-6», «30HA-7> U «30HA-8» n0-
CTaBuJM Ha 3eMJI0 3KCTIOHHPOBaHHYIO NJEHKY C OKOJOJYyHHOM op6u-
THl, CbeMKH OblJIH BBHINOJHEHE KaMepodl € (POKYCHBIM PpacCTOfiIHHEM
f=400 MM, pasmep kappa — 130180 mm. Ilo pesynbratam doto-
rpaMMeTpuyeckoit o6paboTKH 3THX MarepHaloB OblIH CO3AaHKI Map-
WpyTHble ¢oTomanel nosepxHoctd JlyHe B macwrabe 1 : 2000000,
a TaKXe HECKOJIbKO LBeTHHIX Kapt JIyHel B maciwrabe 1:1000000.
B npouecce o6paGorku HHGPOpPMaLMH, MNOJYyYEeHHOH KOCMHYECKHMHU
annapataMd CepuH «30HI», CJOXHJIHCH OCHOBHHIE MPHHUHNH H METO-
Bl OTeyeCTBEHHON KOCMHUECKO#H HOTOrpaMMETPHH.
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Boabluoil BKJI2j B pellieHde 3THX 3aJay BHECHHM KOJJIEKTHB yye-
Hoix MUMUT AuK, yuactBoBaBliMX B 06paboTke uHQOpMauHuH, nojy-
YeHHOH €O CTaHuuii cepHH <«30HA», TNOA PYKOBOJACTBOM mpod.
B. . Boabirakosa, koanektus LITHUUITAuK, AH CCCP, a takxe
PSA APYTHX YupexAeHHil, NIPHHHMABIIKX y4acTHe B KOCMHYECKHX HC-
cJiefIOBaHHAX.

[TapannesbHo COBETCKHM MCCJeOBaHHAM KOCMHYeCKOro IpoCT-
paHcTBa ObLIM BHINOJHEHH aMepHKaHCKHe NpOorpaMMbl KOCMHYECKHX
HCCNIeJOBAaHMM, K YHCAYy Ba)KHEHUIHMX H3 KOTOPHIX OTHOCATCH Nporpam-
Mbl «JlyHap — OpOurep» u <«AnogJioH». OcyllecTBlleHHe NPOrpaMMbl
«AnonyoH» Hayajoch B 1960 r. HanuonanbHBIM areHTCTBOM a3pOHAB-
THKH ¥ KOCMHuecKHX MccaenoBanuii (HACA).

IlepBoiii kocMuueckuii kopaban (KK) «AnosnoH-1» 6nia1 3anyiueH
11 okta6psa 1968 r. OH 6bu1 cHaGKeH KaMepoH cHcTeMbl Xacceanbaat
500EL, cnytHuk coepmua 163 o6opora BOKpyr 3eMJlH, B pesyJibTa-
Te 4ero OBIJIO NOJy4YeHO GOJIBLIOE KOJN'HYECTBO CHHMKOB 3eMJH Kame-
poit ¢ ¢pOKycHBIM paccTtosiHieM [f=80 MM, NOMHMO TOro, psif OTIeJlb-
HBIX Y4acTKOB 3eMJid CHAT KaMepo#i ¢ f=250 Mm.

21 nexabps 1968 r. KK «AnonjoH-8» Obl1 BrepBhle BhIBejeH Ha
okosnonyHHy0 op6uty. [TepBrie KK nporpammsl «AnosioH» pOCTaBH-
JIM MHOrO LeHHOH HHpopMauuu ¢ nopepxHocTu JIyHnl, ofHaKO Kame-
PBl, yCTaHOBJIeHHBIE Ha HHX, He o6JlajgajiH TOYHOCTbIO, [AOCTATOYHOM
JJIS TIOCTpOeHMs ceTell KocMuyecKod ¢ororpuanryasiuuu. [lostomy
ocobblil MHTepec Bhi3Banu 3anyuieHHble nosgiee KK «Anonuos-15»,
«AnoaoH-16» u «AnoasoH-17», Ha KOTOpHIX Gblia ycTaHOBJEHa BhI-
COKOTOYHAsi annapatypa — MaHOpPaMHble KaMepbl M [pPeLH3HOHHBIE
Tonorpajduyeckue Kamepol cucteMbl Peifipuaiiiig, a TakKe 3Be3jHas
KaMepa M JlasepHBIl JaJbHOMep C (HKCaumuell TOYKH OTParKEeHHOro Of
NOBEPXHOCTH MNJaHetrhl uMnyJbca. HMHbapmauusa, mnoJyyeHHasr NpH
cbeMKax JIyHbl, BHINOJHEHHBIX C TOYTH KPYroBHIX OPOHT  BLICOTOM
100 kM, NO3BOJIHIA NOCTPOUTL BLICOKOTOUHYIO KOCMHYECKYIO (POTOTPH-
ayryasumio. [Ipy 3TOM CNYTHHKOLEHTPHUECKHe HanpapjleHHsi Ha Tou-
KH noBepxHocTH JIyHH onpepensinuck ¢ olIMOKaMu, He MpeBhIILAKONIH-
mMu 10—15”.

Peayabtatel ucciefoBaHH aMepHKaHCKHX (OTOrPaMMeTPHCTOB
M0 CO3/laHHI0O TEOPHH MareMaTHyecKoi oO6paboTKu ceTeil KOCMHYeCKOM
¢oroTpuaHrynsuKE H3noxKeHH B PyKoBoacTBe mo ¢oTOrpaMMmeTpHH
(4-e w3n.), ony6aMKOBaHHOM aMepHKaHCKHM o6iiecTBOM (GoTorpam-
merpuctoB B 1980 r. nox obweit penakuueit Yecrepa Canama [14].

Boabluoe 3HaueHwe B PasBUTHH METOJOB KOCMHueCKoO# (ororpam-
METDHM HMeJla TakxKe aMepuHKaHcKas nporpamMma «Ckainsb». AMepu-
KaHckass opburaibHas ctaHuHa «CkKaiasb», 3anymeHHas B Mae
1978 r., 6bita o6opynoBaHa cneLHalbHBIMH KaMepamM AJisi COeKTpo-
S0HaNbLHOH M MHbpaKpacHON CHEMOK,

Maciutab cnekTpo3oHaNbHON CHEMKH, BLITIOJHEHHOH 1UECTbIO Ka-
Mepamu S-1904, 6uin 1:2900000, kpome TOro, Ha CTaHUHH GblJa
ycTauoBJieHa MNpelLH3HOHHas Tonorpacduyeckas kamepa S-190B. O6a
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THMAa KaMep HMeJH  BBICOKYI0O  paspelialilyld  cnocoGHOCTb
(=80 nuu/MM). Beicota opbuthl cocTaBisiya 435 KM, ¢poKycHoe pac-
CTOSIHME MHOro3oHaJbHOH KaMepol S-190A cocrabnsier fa=150 wmwm,
tTonorpaduyeckoit Kamepn S-190B —fp=460 MM, COOTBETCTBEHHO
Macutabbl cbeMKH Obtn 1:2900000 u 1:945000, a paspeiienue Ha
mectHOCTH 36 M M 12 M. ToyHoCTh onpeaesieHHs MIAHOBOroO MOJOXKe-
HUSl TOYEK MeCTHOCTH coctaBasisa 30 m gas S-190A u 10 M pasn
S-190B, a TouHOCTL onpeneseHus npesuiiueHuli — 180 M u 20 M cooT-
BETCTBEHHO. )

JanbHelie coBeTCKHe H aMepPHKaHCKMe HCCJef0BaHus IJaHer
H KoMeT COJIHEYHO# CHCTEMB! BBINOJHSIHCH C HCIOJb30BaHHEM TeJe-
BH3HOHHBIX KaMep. Teopusi u Mertombl 06pabGoTKH H30OpaxieHHH Koc-
MHYECKHX TeJl, NOJYyYeHHBIX C [TOMOIIbI0 Pa3jIHYHEIX Kamep (doTorpa-
(HueCKHX, TeJeBH3HOHHBIX, (POTOTEJIEBH3HOHHLIX H Ap.), 06pasyroT
K0BYy10 06J1aCTh KOCMHUYECKHX HCCIEeJOBaHMi, KOTOPYK Ha3blBalT KOC-
MHYeCcKOll HMKOHUKON. KOCMHUECKOH MKOHMKE IPEJACTOHT eule NPOHTH
CJIOXKHBI M TPYAHBIl NyTb Pa3BHTHA, TaK KaK HMEHHO OHa JOJIXHa
NOMOYb pPa3pelliuTb MHOFHe HepasrajgaHHble TafiHbl COJIHEYHOH CH-
CTeMBbI. ’



I'nasa |

HEOBXOLUMBIE CBELEHHS U3 BEKTOPHOH
AJITEBPbHI H TEOPHH BPAULEHHA -

§ 1. OCHOBHBIE BEKTOPHBIE ONMEPAILHN
B OPTOHOPMHPOBAHHOM BA3HCE

B pesyJsbTare BHINOJHeHHs (OTOrpaMMeTpPHYECKHX M3MePeHH#l Bcerjaa
onpejesfOTCA JHIIb HanpaeJeHHs, T. €. efHHUYHble BEKTOPK!, 3apalo-
LIHe HanpaB/ieHHsI B TOH WAM HHOH cuHcTeMe KoopiaHHat. [lostomy
onepanHM € eAHHHYHBIMH BEKTOPaMH B OPTOrOHaJbHOM Oa3suce sB-
JISIOTCA B aHalIHTHYecKO# ¢oTorpaMMeTpHH OCHOBHBIMM. EpguHMYHBIH
BEKTOD MEHseT CBOE HalpasJ/ieHHe NPH Nepexofe M3 OAHOH CHCTEMH
KoopauHat B apyryl. OcHOBHOH ollepaunueit, ocymecrBiasioled nepe-
X0l B HOBYI0 CHCTEMY KOOPAHHAT, SIBJISIETCA OPTOrOHaJbHOe MNpeod-
pasoBaHHe NOCPENCTBOM OPTOrOHANBHHIX MaTpHL: DJeMeHTH OPTOro-
HaJbHOH MaTpHIB MOXHO NPeACTaBHTL B BHAe (YHKUHHA Tpex 3#je-
poBbIX yrioB. KpoMme TOro, opTOroHajJbHYK MaTpHLY MOXKHO ONHCATh
yepes napaMerpsl BpallleHHsi NPOCTPaHCTBA, KOTOPHIMH  ABJAIOTCSA
HanpaBJAKILHe KOCHHYCH HMHBAPHAHTHOH OCH BpPAILEHHA H YroJ
nopopora npocrpaHctBa. [IpH 37T0OM HEOGXOAHMO NOMHHTb, YTO KaX-
ABIH H3 TPEX HaNpapJAIONMX KOCHHYCOB WHBAapHaHTHOH OCH Bpalle-
HHA NPOCTPaHCTBA BbIpaxaeTcs OJHO3HaYHO uepe3 [gBe YrJoOBble KO-
OpPAHHATHI OCH BpauleHus. [103TOMy YHCJIO HeOOXOLMMEIX BeJHYHH
IJISl onpejiejieHHst OPTOrOHAJABHOro Npeo6pasoBaHHA H B 3TOM cJiyyae
PaBHO TpPeM — JiBe yIJIOBHle KOOPJAHHATHl M YroJ MoBOpPOTa NPOCTPaH-
ctBa. HakoHen, oproroHajbHOe npeo6pasoBaHHE MOXHO BHIPa3HTh
yepe3 mapaMeTphl KBaTepPHHOHA, KOTOPEIMH SABJSIIOTCA HanpaBasolHe
KOCHHYCHl MHBaPHAaHTHOH OCH BpalleHUs U HeKoTopas cKajlsipHas Be-
JINYHHA — TPHrOHOMeTpHUecKas ¢yHKUHA yrja [oOBOpOTa MpPOCTPaH-
ctBa. TakuM o6pa3oM, H B 3TOM cJyuyae YHCJIO HEOOXOAMMBIX BEJIHYHH,
OCYILECTBJASIOIINX OPTOroHalbHOe Npeob6pa3cBaHKHe, paBHO TpeM.

Enunuunblii BekTop r;° B opToHOpMHpoBaHHOM Ga3uce. [1pu BLIGO-
pe cHMcTeM KOOPAMHAT nJis pelueHHs 3agay ¢oTorpaMMeTPUH OYeHb
BaxHO obpaimartb BHHMaHHe Ha ODHEHTHPOBKY CHCTEMBI KOOPAHHAT,
IlpencraBum Habaromartesi, CTOALLErO0 Ha NJOCKOCTH XOY FOJIOBOH B
CTOPOHY MNOJIOXKHTEJbHOH OCH 02, €ClH Tenepb NPHBECTH IJIOCKOCTb
Xoy B IBHIKEHHe, COCTOSIlee H3 MOBOPOTa IJIOCKOCTH BOKPYL OCH OZ,
B HanpasJeHHH, YCT2HOBJEHHOM ee OPHEHTHPOBKOH, H OZHOBPEMeHHO-
ro rnepeHoca no ee NOJIOXHTEJbHOMY HanpaBJIEeHHIO, TO 1Js npaBof
CHCTEMbl KOOpAHMHAT (NMOJOXKHTEJbHOH) 3TO JBHIXKEHHE COOTBETCTBYET
IOBHXXEeHHIO npasoro BuHTa (pHc. l,a), a2 nas neBoi (oTpuuarenb-
HO#) — ABMKeHUIO JeBoro BHHTa (pHC. 1,6). HHKaKuMM [BHIKEHHSIMH
HeJsb3sl OTPHMLATEJbHYI0 CHCTEMYy COBMeCTHTb C MNOJOXHTeJbHOH. Bo
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Puc. 1. Tlpasas (a) n jeeaa (6) cuCTEMH KOOPAMHAT

BCeM JajbHeHineM H3JOXKeHHH OyleM MCMONB30BATL TOJBLKO NpaBbie
(nonoXHUTENbHEIE) CHCTEMBl KOOPJHHAT.

PaccMOTpHM npaBylo CHCTEMY TNPAMOYFOJBHBIX NPOCTPaHCTBEH-
HBIX KOOpAHMHAT OXYyz, B KOTODOW 32JaHO NOJOMKEHHE TOYKH i(X: Yi,
Zi). o _

BBegeM enHHHYHbIE BeKTOPH (OpPThI) €y, €, M e; ONpepensiiolHe
HanpasjeHus ocedl. Toria B cHAy OPTOrOHANLHOCTH CHCTEMbI KOODPAH-
HaT CKa/jsipHble NMPOM3BEJEHHA OPTOB YIOBJETBOPAIT YCJIOBHAM

ee,=0; ee,=1I;

ee, =0 ee, =1 (1)
ee,=0; ee,—1I.

[lorpe6yeM, uTO6H MOAYJH OPTOB OBLIIH paBHEI €AMHHLE, T. €.
le.[=le | =]e |=1 )

Basuc, yuposaersopsitouinit ycaosusiM (1) u (2), HasHBalwT 0P TO-
HOPMHUPOBAaHHB M

Torpa mw6oit BekTop r; (pHC. 2), HCXonAlUMH H3 Hayaja KOOP/IH-
HaT 0, MOXXHO NPEeACTaBUTb B BHUAE P2s/OXKeHUs N0 6a3HCHBIM OpTaM:

ITi = xi€x+yl_ey+zi—ez' (3)

[Ipy 3TOM AJMHY HJIM MOLYJIb BEKTOpa r; ONpelesiHM KaK KOpeHb
KBajipaTHBIH H3 ero cKaJsipHoro Keajapara:

r=|r|= rir=Vx24y’ 22 4
Jlns BekTopa, 3ajaHHOro KOOPAHMHATaMH X;, Y; 2; B OPTOHOPMH-
poBaHHOM 6asuce, B jgafbHeiileM 6yjaeM HCNOJb30BaTL OOO3HAYEHHE

X

;i= yi |=(xi yi 2), ©)
2;
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Puc. 2. BekTop B OpPTOHOPMHPOBaHHOM Puc. 3. OpveHTHpYIOILHE YIJH BeKTO-
6asuce pary

roe vHAeKc «T» 0003HauaeT OlNepauMi0 TPaHCIOHHPOBAHHA.
EZvHHYHBM BeKTOpPOM r° oNpenelsilOIlMM HalpasjieHHe

B OPTOHOPMHPOBaHHOM 6asuce (e, €, €;) M3 Hayana KOOPJAMHAT B
NMPOU3BOJIbHYK) TOYKY NPOCTPAHCTBA, HA3BIBAIOT BEKTOP

X; li

— 1 - - o

= [l Y |=\m; |=le.+me,fne,. ©)
2; n;

Beawuuusl I;, m;, n; Ha3bBalOT HaNPaBAAWIUKUMH KOCHHYyCa-
MK Bektopa r? M ABASIOTCA KOCHHYCaMH yriioB, o6pa3oBaHHBIX BeK-
TopoM r;® u ocAMK Koopauuat. [1pu sTom

l,—i’—}—mi2+n,-"’= 1. (7)
BesKMil BEKTOP Tyj, MMEIOUIHH Hauauo B [IPGH3BOJLHON TOYKE Op-

TOHOPMHPOBAHHOTO NpPOCTPAHCTBA, MOMXHO NPEACTABHTh KaK PasHOCTb
IByX BEKTOPOB, HCXOAfIIMX M3 Hayana KoopiaHHaT (puc. 3):

7
r;=r1;,—r;=(x;—x;)e, +(y—y)e,+ (zi—=) e, =ky1’— y; ). @)

Beenem Takke noJsipHBle KOOpAHMHATH (r;, ¢ A:;) BeKTOpa I; HCXO-
Hfllero U3 Havajla KOOpPAUHAT O.

Koopawnata ¢; (wupota) — yrod, o6pasoBaHHBIi MONOKHTENbHBIM

HanpaBJeHHeM BeKTopa r;° ¥ mnpoeKuweil BeKTOpa r° Ha NJOCKOCThb
Xoy. OH OTCYMTLIBA€TCS NPOTHB YacOBOM CTPEJIKH OT NJIOCKOCTH XOY

fAo HanpasjeHus r;°. KoopauHata ¢; H3MeHseTcs B npejenax —90°<<
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<9:<<90°. Koopawuata A; (monrora) — yroa Mexay NOJOXKHUTENb-
HBIM HalpaBlieHHEM OCH OX H TNpoeKuueil BekTopa r;° Ha IJIOCKOCTb
X0y, OTCUMTHIBAaeMBIH NPOTHB 4YacoBOW cTpesikd. KoopauHatra A; u3-
MeHsiercss B npegedax 0°<CA;<<360°. Tperbell KOOpPAMHATOH ABAAETCA

MoayJib BeKTOpa r;.
B cHily OpPTOrOHaJbHOCTH CHCTEMBI KOOPIHHAT OXYZ HOJKHBHI BHI-

NMOJIHATbLCA COOTHOIIEHUSA:

[i=X€x1Y.ey+2:€,=1r,0S ,c0S Aex+

+-ricos @isin Ay +-risin gie., (9)
HOH
X;=r;COS ¢;COS A;;
Yi=r;icos @;sin A;; (10)
2i=r;sinqpy,
a TaKxe
l;=cos gicos A;
;= cos @;sin A; (11)
n;=sin .

CaenoBaTtelbHO, €AWHHYHBLIA BeKTOp r;° MOXHO BHIPasuTb uepes
@:; ¥ A; KakK

l; Cos¢; COS;
r=|m; |=| cos¢, sini; p (12)
n; sin ¢,

NpH 5TOM HeOGXOAHMO BHINOJHEeHHe ycJoBHs (8).
[TonsipHble KOOpAHHATHL ; M A; BHIPA3UM Uepe3 HanpasJsOlIHe

KOCHHYCH [;, m; M n; eIHHHUYHOro BekTOopa r° caepyiomuM o6pasom:

4 — #;

BN = Vietme "
i (13)
I

EnuHuyHpIE BEKTOP ’?;, HMEIWMHH Hayajlo B NPOH3BOJBHO#R TOY-
Ke NPOCTPaHCTBa, NOJIYYHM aHaJIOTHYHO eJHHHYHOMY BeKTopy r;°:

tgll =

Xy — X; l”

T = l — — . .
" V=0 T (y— e + (5 — 2 \"i’ Yo )=\ i (14)

1% ni
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Ins BekTOopa r;;, MMEIILEro Hayajo B TIPOH3BOJLHOH TOYKe IPO-
CTP@HCTBA, 2HAJIOTMYHO IMOJSPHBIM KOOPAMHATaM BBeleM JiBe YIJO-
Boie ®;; U A;j, onpejensoOLHe €ro OPHEHTALHIO B CHCTEMe KOOPAHHAT
Oxyz W Ha3bpiBaeMble OPHUEHTHPYWOIU KMH yrjaaMmu.

Opuentupytomum yriaom O;; HaspiBaeTcsi yroil MexAy NOJOXH-
TeJIbHbIM HanpaBlieHHEM BeKTOpa f;; M ero NnpoekuMeil Ha MJIOCKOCThb

—

xoy (BeKTOf ri;). VYroa @;; uaMeHsiercs B npepenax —90° <<
<<90° u OTCUMTHIBAETCS NPOTHB YaCOBOH CTPEJKH OT NPOEKLHH BEKTO-
pa r;; Ha NJOCKOCTh X0y A0 TOJOXKHTEJbHOIO HanpasJieHHA T;j.

OpueHTHPYIOWHHA yroa A;j; OTCUHTHIBAeTCs MPOTHB 4acoBO# CTpeJi-
KH B NJIOCKOCTH XOYy OT HOJIOXKHTEJILHOrO HampapjeHHA OCH OX A0
NPOEKLHH BEKTOpa r;; M H3MeHsieTcss B mpejgeiax ot 0° go 360°.

Opuentupyroiine yrasl ®;; U A;; BbIpasHM yepe3 NPAMOYroJbHbIE
KOOPAMHATHI:

p—
O, = H
By =y (%P + (g — 94)? (15)
Y — 4
ITosTomy
cos®;; cosA;))
ry=r;—r,=ry| cos®; sinA,} (16)

sin (Dl]

EMHHYHBIA BEKTOD Fj;  BHPA3HM yepe3 OPHEHTHPYIOMHe YIJIEI,

TOrAa
cos®@;; cosiy

ry=|cos®, sina, | (17)

sin®,;,

CxansipHoe NPoH3BeileHHe ABYX eIMHHYHBIX BEKTOPOB r: H T, HC-
XOASWMX M3 Hayana KoopAamuaT. OHO paBHO CyMMe NPOH3BEJEHHI CO-
OTBETCTBYIOLIMX HANPaBJSIOUIHX KOCHHYCOB

o0 =il mym;4-nn;=cos 0 (18)

H fIBJSETCH KOCHHYCOM yrja 0 Mexay eqWHHYHBIMH BEKTOpaMH.
Bripa3uB HanpasBJfOUIHEe KOCHHYCH uepe3 KOOPAHHATH ¢ H A,

peACTaBHM CKaJsipHO€ NMPOH3BeleHHe (rl°r;°) B BHJe
1,°r;%==cos 0 =sin @;sinp;+cos ¢:cos ;cos (A;—A). (19)

IDTOT e pe3yabTaT NOJYYMM H3 pellleHHsi cepHUYECKOrO TPeyroJib-
HHKa CO CTOpoHaMH i2=90°—¢;; jz=90°—¢,; ij=0 mo Teopeme Ko-
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Puc. 4. CkanapHoe (a) u BeKTOpHOE (6) NPOH3IBEACHHA €AHHMYHLIX BEKTOPOB

CHHyCa cTOpOHH (puc. 4,a):
cos =cos (90°—¢;) cos (90°—g;) +sin (90°—¢;) sin (90°—
—j) cos (A;—A:) =sin @;sin cp,+coscp,cos @jcos (Aj—Ay). (20)

CKa.nﬂpHoe npouspeieHHe ,zuayx €[(HHHYHBIX BeKTOPOB 0 M orad,
HCXOASIIUX H3 NPOH3BOJILHOH TOYKM NpocTpaHcrBa i, OymeT BHIpa-
XaTbest GpopMyJIoit

cos f =T'?l—l_'?k = l”l"k + m”mik —I— niinik =

'rae Oi; v Aij — OPMEHTHPYIOLINE YIJBL
BekTopHoe npou3BeneHHe 1BYX €IHHHYHBIX nel('ropon r® u r;° nc-

XOASAIMX H3 HAYajla KOOPAHHAT. 2TO ecTb BEKTOP Nz,, onpepesso-
LIHA HanpaBJeHWe HOPMalH K INIOCKOCcTH oij (puc. 4.6), onpenense-
MOH 3THMH BEKTOPaMH.

. o
[Ipu aTom monoxwurteanHoe HanpasjeHwe HOpMain Ni; cooTseT-
. o o w0
CTByeT NpaBOMy BHHTY AJA TPoiiKn BektopoB r°% r;% Ni;.

Bripazum m, yepe3 Hanpasisiiolllie KOCHHYCHl BEKTOPOB 1’ H
r;°, nonyuum

e, €, €,

NGy = fri Xrj] = ‘""l omgon s 22
I, m, n;
) ) i
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rie 6 — YroJ MeXiy BeKTopaMu r® M r°.
Pasnioxus onpepesuresb npapoit yact ¢opMysasl (22) mo mMuHOpam

- 4
6a3ncHOM CTPOKH, NPeACTaBUM HanpaBJAKINHMe mapaMeTph Ly,
’ 4 ~
My w Ny Bexropa-Hopmasu Ni; B Buze:

’ m; n;
Li] = m] nl = m,-rl,—m,m,
[ li nl
j!
o
, L ml
N[I——-" --lim]—lm,.

Yron 8 Beipasmv uepes Hanmpasamoune napaMerps Liy;, My u N'j. By-
JeM HMEeTb

sin = V' L2 + M% 4 N2, 24)

no0
CuiefoBateslbHO, HanpasJsIoOllHe KOCHHYCH BeKTOpa-Hopmaau Ny
MOXHO BBIYHCJIHTL N0 GOpMyJaM;

L’
L, =—1 —cosqcosa;
o osine peosds
MI
M;; =L —cosopsina: . 25
H sinb st ( )
Ny o
j; = —— = SI
i sin@ ne

a2 KOODAHHATH BEKTOpa-HOpMalu N?,

Vi
1 == .

g =
AxajorduHsle GOpMYJbl NOJyYHM 11.11;1 BEKTODHOIO TNPOHU3BeAEHUST

)
NYje ABYX EIMHHYHEIX BEKTOPOB T; U T, WCXOASILMX M3 MPOHU3~
BOJIbHOH TOYKH NPOCTPaHCTBA i

tgo=
(26)

—o Li]k - —0 1 ex ey ez
Nije =| My, | =[riyy X1 = ane | Ly mi i | @n
ijk lip. My ny,

sin§ = V(miﬂzik'_—mikni])z + (”ijlik —linig) + (ymye — likmi,)*; (28)
2—6549 17



H@l

x

Puc. 5. JInnHAa nepeceyeHHs ABYX MJIOCKOCTEH

Li k= My — Mypl;py
M ;ik = Myglie — Lyt (29)
N:’Ik = li]mik — ey,

rae Lij, Mijgn Nijp— nanpapssiowme napaMerpal BeKTOpa-HOpPMaJIH Vi

- Hanpapuasiiomue KOCHHychl  BEKTOPa-HOpMaaH ﬁ?,k. (Ligr, M,
Nyjx) ompemennm no ¢popmynam:

o Lin
ik sing
m;
= ik | 30
e =g (30)
M
ik sing
a OpPHEeHTHpyWILHe yribl—Ino ¢opMysaM, aHaJorHyHbiM (26):
Nip
tg@, = ——
ik
VLﬁjk + Mtg/b' (3 l)
My

tg Ay = p

OnpenefienHe HanpaBJeHHs JHHHH DepeceueHHMA ABYX MJIOCKOCTeM.
IlnockocTs ikj 3ajaHa eJHHHYHBIMH BEKTOPAMH o), I‘?k. a mjaoc-

18



KOCTb ilj — eIMHUUHBIME BEKTODAMH [y K r'u (puc. 5). Tpebyercs
ONnpeneNIHTh eIHHHYHBIH BEeKTOp r?; JIMHHH Ij mepeceyeHHs MJIOCKO-
creit ijk u ilj.

Srta 3amaya, KOTOPYI0 MHOraa Ha3hBalOT 3ajpadeit Baficanas, uMe-
er 6GoJblIOe 3HAYEHHE B KOCMHUYECKOH reole3uu M KOCMHUECKOH ¢o-
torpaMMeTpuH. Ilpu ee pewieHnn OyneM HCXOJUTb H3 TeOpeMHI CTe-

peoMeTpuH, corjlacHo Kotopoir suHus N mepeceueHHs Myuka MJIOCKO-
creit Py, Py, ..., P, siBJsieTc HOPManbl0 K IJIOCKOCTH Q, B KOTOpO#

aexkatr HopMmaau Nj, N, ..., N, k mnockoctsaim Py, Py, ..., Pa.
Hopmanbs x niockocru ilj siBnsieTcsi BEKTOPHHIM IPOH3BEJE€HHEM

BEKTOpOB T{ K Tp, T. €.
_ o -
N%y = [rh X el (32)

a HOPMaJb K MJIOCKOCTH ikj— BEKTODHBIM INPOM3BENEHHEM BEKTOPOB
- -
T K l'?k, TOraa

Niey = [rhe X Tl (33)

: Nl =0

IMaockocTh Q 3anana sekTopamu Ny M N?k,-, MO3TOMY BEKTOP [y,
ONpeleNAOUIUA JIHEMIO TepeceueHUsi MJIOCKOCTel, fBJAETCA BEKTOp-
HHIM NPOU3BeNEHHEM HOpMalle#l K mJIOCKOCTAM

-l_'?j = [N?ly Y N?k]], (34)

WIH, NOXCTABUB B BhIpaxeHue (34) swauenuss Ny u Ny  u3s dop-
mya (32) u (33), noayuum

1 = [[r% X ] X [r7e XX rhell. (35)

TakuM 06pa3oM, JHHHA nepecevyeHUs ABYX MJIOCKOCTEH mpencTaBJisieT
co60it BeKTOpHOe INpOM3BeJeHHe BEKTOPHHIX MpOU3BENEHHUH eIHHHY-
HBIX BEKTOPOB, 3aJaIOLIHX COOTBETCTBYIOIHE IJOCKOCTH.

Ilpu cocTraBiieHUH BEKTODHBHIX NpOH3BeneHHil 06x0n HeoOXOZHMMO
NPOU3BONUTh, PYKOBOACTBYSICE NPABHJOM NPAaBOr0 BHHTA.

Buipasup HOpManb Ny uepe3 HanpaBJsioule KOCKHHYChl BEKTODOB
r?, W T, UMeeM

. Ly, ) e, €, € (| Ml — Mgty
Niy=| My, |= inG Iy mjy ny | = Y Plny—1Lny |
Ny LG iy ngy ! Lymi —lmy,
(36)

2* 19



= e a0 .
roe 8, — yron mexny Bektopamu ry; u r°;. Ilns Hopmast Nig; anano-
THUYHO TIOJYYHM

—0 L, e, ¢, € Myt — MMy
Nik/ = Mik] = S—_"in Ok ljk m,k ”Ik = sin ﬂk lik”/k —_ llkn[k
ikj i Mie Mig llkmik— Ligmjy,

(37)

. =0
Torna HanpasJjeHHe JHHHM TepeceyeHHs TJIOCKOcTel ry; mpen-
CTaBUM B BHJeE

— l; I €,
Ly={m;; |= Sinb in M Niil =
ni; iKj Mikj Nik]
| Mi[lle]_Miijijl
- sin6 Liiji/t"'LiuNik] * (38)

Lij[Mikj_Liijijl

IMpumMep L. Mnockocty ikj (eM. pHc. 5) 3anaHa BEKTOpPaMH _r(,?k (1; 6; 12)
u _"?k-—2; 2; 7), a MAOCKOCTD ilj — BEKTOpaMH ri (0; 7; 5) m o (3; 11; 10).

TpeGyeTen onpefesiHTb OPHEHTALHIO B NMPOCTPAHCTBE JIMHHH r?l nepecedcHHA

njockoctel, T. e. opHeHTHpYytomue y3au @5 u Ay
PeweHnne.

1. I'IepeﬁneM K €IHHHYHLIM BE€KTOopaM, AJif 4Yero BHIYHCJIHM HanpaBlifloINHE KOCH-
HYCHl 3aJ1aHHBIX BEKTOPOB, T. €. BBHIIIOJHHM HX HOpPMHPpOBAHHE:

b

‘=VeteTe

z

—-—Y . I S
"TVetére | T Vetgtre

’
B pesynbTaTe BHIYHCAEHHH ONpenesiHM 3HaueHHA HaNPaBJIAIOIHX KOcHHYcoB (Tabum. 1).

Ta6auma 1

BexTop { m n

0 0,074 3294 0,445 9765 0,891 953
g —0,264 9065 0,264 9065 0,927 1727
T, 0,197 8141 0,725 3185 0,659 3805
™ 0,0 0,813 7335 0,581 2382
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2. BEINHCJIHM HanpapJIAIOHIHE TapaMeTpH L:-,], M;l P N;”' yroa 0; u Hanpasas-
towne Kocuuyc Lyzy, Myyj, Ny nns niockoerw ilj no ¢opmynau:

L:'ll = myng— myny =0,114977 2;

M:‘l] =lynj— ljng = 0,114 977 2;

Ny =ljmy — lymyy = — 0,160 968;

sin 0; = ]/ L%, + M3, + N2, = 0,228 801 6;

L M; N;
- My = d Nyy= f

Ly =

sinf; ’ sin; ’ sing;’

Ly;=10,5025192; M;; =0,5025192; Nyy= —0,7035265.
- Kowrpoaw: L%y + M3y, + N2, = 1.

3. BryHCAHM HampaBJgIOLIME MapaMeTphl L;klv M;kl, N:-k,, yron 8 n HanpaBns-
tomne Kocurych Lyg;, Mypj, Nygj ana nuockocts ikj:

L mn, — mpghp = —0,177213 1;

' —_—
irg —

M:'k] = lighyr— Ljpn g, = 0,305 200 3;

N;k] = ljpmp — Lipmyp = — 0,137 832 4;

sinbp=/ L3y + M+ N'%y = 0,3788793;
L:'kj . _/Hikj . N _ Nikj ;
sin8,’ = sin gy, thf =

Liry = sin B,

Ligy= — 0,4677297; M;p; = 0,8055344; Nypyp= — 0,363 789 8.

Kontponb: L2, 4+ M2y, + Nip, = 1.

4. BLiyHCJIEM HanpaBasiollHe fapaMeTpsl l; T m; iy n:- j» yroa 6 u HanpamJjslolLHe
KOCHHYCH BEKTOpa r%; M0 (jopMyJiam:

1;j=Mi1;N kg — MigVizy = 0,383 903 4;

n".] = Lil]Mik[ — Likfjwilj = 0.6398397;

sin8 =)/ 13, + m%; + n3, =0,9048697;

’ ’ ’
l[- ml'l r'[]

i, _ M L u
l”—sinﬂ' M= 5me ° "7 sing

l;;=0,4242637; m; = 0,5656853; ny = 0,707 107.
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Kontpons: 12; -+ n; +n%;= 1

5. BoiuncauM opueHTHpylowpe yran @, j ¥ A;j BexkTopa _f-?, cJenymownmM obpasom

;= arctg M 450
3+ mi;

m”
Ay = actg m = 53,130 12°.

CMmewanHoe (CKaJsipHO-BEKTOPHOE) NpPOM3BeAeHHWE BEKTOPOB. Yc-
NOBHEe KOMNJAHAPHOCTH TPeX BeKTOPOB. CMelllaHHBIM HIH CKamAPHO-

BEKTODHHIM [1POH3BEIeHKEeM TPEX €IHHHUHBIX BEKTOPOB Tuj, fip U 17)
Ha3bIBAeTCs BBHIPareHHE

= (% [ X T8 = (%, Niw). (39)

CMelllaHHOe BEKTOpPHOE .MIPOHM3BEJEHHE MOXKHO MpeACTaBHTb B BHME
omnpenenuTens, 3JieMeHTaMH KOTOPOro fIBJSIOTCH HanpaBJsiiolde KOCH-
HYCHl eIHHHYHBIX BEKTODOB, a CaM OH BHIpa)kaeT efMHHUHBIH 006DbeEM,
T. €.

Ly my ny
F= [l my ng| (40)
Ly my ny

U3 puipaxenus (40) caepyer, 4TO AJIA CMeLIaHHOTO BEKTOPHOro mpo-
M3BEJEHHUS CPABEeJJHBO PaBEHCTBO

[?(t)k X ra) —l_'?/ =% [;?z X T'?]] ) (1)

T. €. MOXHO H3MEHSTb IIOCJIe[IOBATEJbHOCTh BBLINOJIHEHHUS] OMepalHu
CKaJNsipHOrO H BEKTOPHOro MPOU3BEeNeHHH MeCTaMH.

PaBeHCTBO HyJI0 CMELIAHHOrO BEKTOPHOrO NPOM3BENEHHS BHITEKa-
€T H3 YCJOBHS KOMIJI2HapPHOCTH TPeX BEKTOPOB, T. €.

lii m,',- ’Zij

F= lik m[k ﬂ[k =0. (42)
Ly my ny

Pa3noxHuB onpejesuTeslb N0 3J€MEHTaM MepPBOH CTPOKH, MOJYUHM

F=li; (migny—manip) +mi; (Litie—linnn) +

+n:; (Ligma—Llamiy) =0. (43)
22



BripaxeHus B KpyrJibiX CKOOKax SIBJIAIOTCH HanpaBJsfOLMMH mna-
-0 -0 0 ’
paMeTpaMH BEKTOPHOro npoH3BeleHus [rie X riy) = Nig;, a umeHHO:
!
Ligy = Mty — Myt
’
Mgy = Ly, — Lightir; (49)
’
Ny = Ligmy — Ly,
IloaToMy ycJOBHE KOMIJIAHAPHOCTH MOXHO 3alMCaTh B BHJE
’ ’ ’

§ 2. MATEMATUYECKOE ONHUCAHUE BPALLEHHA

TlycTs e, €y, €;— 060 OPTOHOPMHPOBaHHEIK Gasuc. PaccMOTpuM
eHHHYHBI BeKTOp r° 3ajaHHBIli B cTapoii (McxomHOH) cHCTeMe KO-
OpAuHAT,

r°=le,}me,+}ne, (45)

¥ ApyTofi eAMHMuHHI BeKTOp R?, 3ajaHHHIi B HOBOi (Tpeo6pasoBaH-
HOfl) cHCTeMe KOOpAMHAT,

R =Le,+Me,+Ne,. (46)

CesA3b MeXay HanpaBASIOIIHMH KOCHHYCaMH B HOBOH M cTapo#
cHcTeMax KOOPAMHAT BEHIDA3UM B BHJE

L=ayl+a;:m+-ai;3n;
M=asl+azsm+az;n; (47)
N=ajl4az.m+as;n
Hau B MaTpHuHO#l dopme
UGy Gy Oy

R=1=[ay]r" =| @ @ a,]|°, (48)
a’l a” a’.

roe Il —oproroHajsbHas MaTpuua JuHe#Horo npeoGpasoBaHus (47),
KOTOPOe COXpaHsieT HeM3MeHHBIMM MOAYJH BEKTOPOB H YIJIBI MEXAYy
BeKTopamu. Ilpeo6pasoBanue (48) HasmBaeTci COOGCTBEHHB M
BpaluleHueM, eciu onpenenutestb Mmatpuusl det lI=1. B atom cay-
yae npeo6paaoBaHEe COXpPaHAeT OTHOCHTEJBHYI0 OpHeHTauuio O6asuc-
HHX BEKTOPOB €y, €, M €; T. €. cTapas NpaBas CUCTeMa KOOPAHMHAT
npeo6pasyeTcs B HOBYKW NpaBylo, a JeBasg —B Jesyw. [loaToMy co-
XpPaHAITCA BEKTOPDHOE NpPOHM3BeJieHHe JBYX BEKTOPOB H CMeLIaHHOe
BEKTOPHOEe MPOU3BEAEHHE TpeX BEKTOpPOB. TakuMm o6pasoM, MOAYJIH
BEKTODOB, YIJbl MEXAy HHMH, BEKTODHBIe MPOU3BEAEHHMSI H CMellaH-
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Hble BeKTOpDHble NPOH3BeNEeHHA SIBJIAIOTCA MHBADHAHTAMH OPTOrOHaJb-
HOro JuHeiHOro npeo6pasosalus (48).

" Ecan B npeo6pasoBanun (48) det [I=—1, To oHO Ha3biBaeTcs H e-
CoOOCTBeHHB M BpameHHeM WJH BDalleHHeM C OTpaxe-
HHE M.

ITockosnbky MBI paccMaTpuBaeM JIHHelHble npeo6pa3oBaHusi B Op-
TOHOpMHpOBaHHOM Oasuce, To marpuua Il oproroHanabHa, T. e. mpo-
H3BeleHHe TpaHcnoHHpoBaHHOH Marpuusl II™ u marpuusl I1 pasHO
enuHuYHOH Matpuue E, 1. e.

10 1
nr=nn=E=|0 1 ol (49)
00 1

Takum o6pasom, o6pamenue matpuubl Il CBOOHTCH K ee TPaHCIOHH-
poBaHuIo:

NT=I1". (50)
O6paTHu#t nepexox or R® K r® oCyuecTBASETCS JKHEHHHIM npeopa-
30BaHHEM

_ _ _ a.ll a12 al-’i

=IR°=MI"R"=| a, a, a| -(81)

aa] a82 aaa

Hepsate anementoB Matpuusl N=/[a:x] (i, k=1, 2, 3) ces3aHu
IIECThIO HE3ABHCHMBIMH COUTHOLIEHUS MH:

a +al,+aj; =1

@y +ag,+a=1;

agn + a§2 + aga =1 (52)
anai2+azaz2-4-a31a32=0;

Q12Q13+Q22023+A32033=0;

ani3+4asa23+asass=0,

KOTOpHE fIBJISIIOTCH CJEACTBHAMH OPTOrOHaJILHOCTH CHCTEM KOODIH-
HaT, MOCKOJbKY K03¢bduUKeHTH @ir (i, k=1, 2, 3) — KOCHHYCHI yrJOB
MEXJy OCAMH CTapOil M HOBOH cucTeM KoopauHat (Tabi. 2).

Ta6bnupa 2

Koopaunara x (0 y (m) z (n)
X (L) ay a2 a3
Y (M) an Qge Ggg
Z (N) ay Q39 Qg8
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W3 ¢opmyn (52) caenmyer, 4TO Jiobble TpH 3JeMEHTa MAaTPHIBI
M=/[a;x] onpenensior Bce ocranbHble. Ha 3TOM OCHOBaHMH AE€BATH
ajiemeHTOB Marpuubl Il MOXXHO BHIpa3suTh Yepe3 TPH He3aBHCHMBIX
YrJIOBHIX apaMerpa.

Ipencrasaenne oproroHadbHo# Matpuusl [l  Yepe3 mapamMerphi
BpauleHusi. OproroHanbHylo Marpuuy Il MOXHO npencraBHTb uepe3
napaMeTpsl BpauleHHf, KOTOPLIMH SIBJAIOTCA YroJ nosopora 6 BOKpYr
HHBApHaHTHO# ocH BpameHus C° M HanpaBJafOUHE KOCHHYCBHl OCH
BpalleHus ¢, Cz, €a. Bektop ¢ (ci, €3, €3)T cooTBeTCTBYeT COGCTBEH-
HOMY 3HauveHui A=-1 marpuun II, KOTOpPOE HaxoAAT myTeM NOpHBe-
JeHHs ee K OUHaroHaJbHOMy BHAy. [IBa ocrajbHBIX COGCTBEHHBIX 3Ha-
YeHusi Matpuubl Il ABAAIOTCA KOMIJIEKCHO-CONMPAXKEHHBIMH, T. €.

COs 0t sin O =-e1e, (53)
Paccmorpum matpuny I = [a;,] u HekoTOpoe HeussectHoe A. Toraa
(3X3)

matpuna IM—2 E, rae E —eanHuunas Matpuua tpetnero mopsaka,
@%3) (3%3)

Ha3blBAa€TCH XapaKTEPHUCTHUECKON MaTpHuei OpPTOroHaJbHOH
Matpuubl Il. Tak kak B Marpuue 42 E mo rnaBHOii nuaroHasm pacnoJo-
(3%3)

XeHbl A4, a BCe OCTAalbHbIE 3JIEMSHTHl DAaBEBl HYJIO, TO XapaKTepHCTH-

yeckasg Marpdua OyleT HNEeThb BHA

a,—24 G Q4
N—2E = a; Ao — A Q35 ! (54)
@X3) a a Ay — A
31 52 33

a ee onpegesuresb det{Il—2 E ] npemcraBiser codoit MHOroOuJeH
(3%3)

TpeTneil CTeneHu ot A, T. e.
det (11— 2.3E )=—1)[2—PA2+Pad4(—1)P) =
(3%3)

=—24Pa2—P,a+P, (99)

Muorousnen (55) HasbiBaeTcss X2paKTEPUCTHYECKHM MHOTO-

yuneHoM wMarpuusl [l, a ero KOpHH, mefCTBHUTEJIbHBIE B KOMIJIEKC-

Hhle—COGCTBeHHB MU 3HaueHuaMH Marpuus IL
HeuyneBoit Bektop ¢°=(ci, €2, €3) fIBNAETCA COGCTBEHHBI M

BeKTopoM Marpuub II, ecniu 3Ta Marpuua nepeBoguT BeKTOp €°
B BEKTOP

Mco=c°, (56)

T. e. mpousBeneHuss Mmatpuubl Il u Bekropa c® a takke co6CTBEHHOrO

3HayeHUs A M BeKTOpa c® OMHCHIBAIOT OOHMH M TOT K€ BEKTOP.
KaxjgoMy co6CcTBeHHOMY 3HAueHHIO A; MaTpPHUbBl COOTBETCTBYeT

¢cBOi1 coGCcTBeHHBI BeKTOp ¢° (i=1, 2, 3).
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Jas Toro 4roGel onpenesiuTb KOOPAMHATH €1, €2, €3 COGCTBEHHOro
BeKTOpa, COCTaBHM ypaBHeHHe

(M—2a E )C°=0. (67)
(3x3)
Ero MOXHO mepenucaTbh B BHJE
an—24 4P ayy ¢
ay Qg — 2 Qs ¢ | =0. (58)
as, Qg Qs — 2 Cs

BLINOJIHHB yMHOXEHHE, MOJYYHUM CHCTEMY JIHHEHAHBHX OXHOPOAHBIX
ypaBHeHUH

(au—h) c14a12€2+-a13¢3=0;
az161-} (aze—A) c2+a23c3=0; (59)
Q3101+a32C2+ (asz—A) c3=0.

Onpenenurenb cucreMsl (D9) paBeH HyJlO, Tak Kak IPH 3TOM yCJIOBHM
6blyin onpenesieHl coOcTBeHHble 3HaueHusi Matpuupl Il CiregoBatesns-
HO, cucteMa (59) nmeer GecKOHeuHOe MHOMXKECTBO PeIleHHH H MOMeT
OHITH pellleHa C TOYHOCTBIO OO MOCTOSTHHOTO MHOXKHTEJIs.

Ecan B dopmyanl (59) moouepesHO NMOACTABJAATH COOCTBEHHBIE 3HA-
YeHHA Mg, Ag, A3, TO IOJIYYHM KOOPAMHATE TPEX COGCTBEHHBIX BEKTOPOB.

PaccMOTPHM MeTOJ BbIYHCJEHHS COOCTBEHHBIX 3HaueHHUH A; Mar-
puubl Il, ocHOBaHHHIA Ha HemoCpeACTBEHHOM pa3BepPTHIBAHHM Xapak-
TEPHCTHYECKOro ONpeAesnTes.

C sToi peJblo pa3pepHeM ompeaesuTens Matpuubl (59). Bynem
HMEeThb:

det (T1 — 1( 353)) = (@ — 2) (azg — A) (@yy — ) + @1,05505;, +
+ 04305305, — Gy305, (Ap — A) — Q305 (Ays — A) — Q3845 (2, — ) =

=(— 1)’ [F—2(a,+an+am)+
+a( [0 o)t +

10a; Qo

Qy G Ay
>_ Ay Qyy Gy |- (60)
asl asﬂ ass

Qy, Qg
aaz 033

all a’ls
aal as:

CpasruB Buipaxenus (55) u (60), monyuum
Py=SpN=an+as:-+ass, (61)
T. e. Ko3¢puuueHT P, ABJAETCA CyMMOH JRHarOHaJbHBEIX 3JIEMEHTOB
marpuusl II, 372 cyMMa Ha3blBaeTCs CJA€A0M MATpPHIUB H 0060-
aHauaetcs cumBoJioM SpIl (Hemeukoe Spur), KosgpouuueHT P, ABNSA-
eTCi CyMMOH BCEeX JHarOHaJlbHBIX MHHOPOB BTODOrO mopsiaka MarT-
puus I,
a]l a:a
021 022

Qyy Qg5
A3y Ay

all ala

P, —
Q3 Ay

| . (62)
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Koa¢dduument P; siBasiercs onpeaenureneM matpuust Il, xotopeiit
BCErja paBeH e[MHHIE,

P;=det N=1. (63)

HeTpyaHo nokasarb, HCXOAA W3 CBOMCTB OPTOrOHaJIbLHOCTH MaTpH-
‘usl I, yro B OpTOHOpMHPOBaHHOM Oasuce

Sp n=Pl=P27 (64)

T. €. CJie], OPTOrOHaJLHOW MAaTpHLbl BCEria paBeH CyMMe AHaroHajb-

HBIX MHHODOB.
Ilo3TOMy XapakTepHCTHYECKHH MOJHHOM OPTOrOHaJIbHOH MaTPHILbI

pasMepa 3X3 6yner uMeTb BHA
——la'l' P17\42—P|7\.+ l=0, (65)

OTKyZa cJiefyer, YyTo oproroHajbHas marpuua Il pasmepa 3X3 Bcer-
Jla HMeeT 0JHO coGCTBeHHOe 3HaueHHe A=1. _ )

JByMa napyrumu COOGCTBEHHBIMH 3HaueHHSIMH OynyT e u e,
CyMMa coGCTBeHHBIX 3HaueHHil AOJKHa OblTh paBHA cjely MaTpH-
uel I1, 1. €.

1+e"e+e—i9=au+a22+a33, (-66)
HO 10 ompejiesleHHI0 KOCHHYCa

e10+e—lo (67)

cos = —_—

ITostoMy ¢opmyny (66) mpeoGpasyeM kK BHLY
14-2cos 0=an-+tas2+4ass,

OTKyna

Qyy - 333 + g3 — | (68)
2 .

6 = arccos % [Sp[T— 1] = arccos

®opmyna (68) ycTaHaBiHMBaeT CBSi3b MEXNy 3J€MEHTAaMH MaTpHIlbI
H YIJIOM [OBOPOTa NMpOCTpPaHCTBa 0.

[Ipun 3TOM MOKHO cuMTaTh, 4TO yroa @ Jexut B npemesax ot 0 g0
71, a moboe 3HaueHne 0>>0 coOTBETCTBYET MOBOPOTY NPABOr0 BHHTA B
HanpaBJIeHUHK MOJIOXKHTEJILHOR OCH BpaLeHHs.

Co6CTBEHHOMY 3HaueHHIO A=1 COOTBETCTByeT BELIECTBEHHHIH eqH-

HUYHBIA BEKTOp €°, KOTOpHI SBJIseTCH pelieHHeM ypaBHEHHs
Mco=c". (69)

HHuaue rOBOPf, 3TOT BEKTOD He OOJIXK€H H3MEHATbCHA I[PH I[0BOpOTE

NMpocTPaHCTBa, KOTOPHIH onpenenserca marpuued Il. Bekrtop ¢° saB-
JSIeTCs OCBIO, BOKPYT KOTOPOH COBepIlieH MOBOPOT mpocTpaHcTrBa. Bes-
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KH{l TMOBOPOT NPOCTPAaHCTBA BOKPYr Hadana KOOPAMHAT paBHOCHJIEH
BPauIeHHI0 BOKPYT OCH, MPOXoasAllel uepe3 Hero.

BoipaxeHusi 1Jsi HampapJAIOLIMX KOCHHYCOB Ci, Cz, €3 COOCTBEH-
HOro BekTOpa ¢ (coorBeTcTByIOUIEro A==1) KakK (pyHKUHH 3JIEMEHTOB
a;x Matpuubl Il uMeroT caenyrowuit Bug:

__ O30 — Qg — Sy —a; C. = Qg — Gy (70)

c, =-2_32 ; =
1 2 9sin 6 3 9sin §

2sin 0

Matpuuy Il MOXHO mpencTaBHTh KaK (yHKUHIO MapaMeTpoB Bpalle-
Hus 0, ¢, €2, €3 B cliefylomeM BHIE:

0 Gy Gy 100
N=\a, a,; a,|=cos6] 010 |4
Ay Gy Gy 001
c?: ¢, € 0 —g¢, €y
+(1—cosb)c,e, €' cy6s)+sinb) ¢ 0 —c, | (71)
€€y CsCy €y —C. ¢ 0

§ 3. NPEACTABJIEHHE 3JIEMEHTOB OPTOTOHAJIBHOH
MATPHUILb! YEPE3 YFJ1bl AN EPA

Bripasum tenepb 3seMeHTH @i, Martpuub Il uepe3 Tpu He3aBHCHMBIX
yryioBeix mapamerpa. PaccMorpuM cdepy eAMHMYHOrO panuyca
(puc. 6). Ock 0x cTapoil CHCTEMBl KOOPAHHAT JIEXKHT B IJOCKOCTH 3K-
BaTopa, OCb Oy HampaBJjieHa B CeBepPHHIH MOJIOC cephl, a oChb 02 Jie-
KHT B IJIOCKOCTH 3KBaTtopa M [0O-
DOJIHAET CHCTEMY OXYyz IO CBSI3KH
npasoif opueHtauuu. Ilaockocts
oXY HOBOH cHCTeMB KOOPAMHAT
nepeceKkaeTcsl € TJOCKOCTbIO 3KBa-
TOpa oOxy o JUHMH QxQ’, KOTO-
pyio Gynem HaspBaTh JHHHEH
y3J0B.

Cuctema 0XYZ uMeer Takxke
npaByo opueHTauuw. [IpeoGpaso-
BaHHe KOOPAHHAT CHCTEMBI OXYZ
B oXYZ ocylecTBisieTcs B Cle-
AywleH nocJeA0BaTe]bHOCTH.

1. [ToBOpoTOM CHCTEMEI OXYyz
IIPOTHB YaCOBO# CTPEJKH BOKDYT
ocu 0z (1) Ha yroa L, o6pa3oBaH-
HBIT OCbIO OX H JIHHH&EI y3JI0B
Puc. 6. DhnepoBn yrim npu mpeoGpa- QPQ,' coBMelllaeM OCb Ox" C JIMHH-
30BaHHHM KQOPAHMHAT eH Yy3JIOB.
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ITockosbKy IOBOPOT COBeplLueH BOKPYT OCH 02, siBasitoluelics obuieir
JJs cucTeM oxyz u ox'y’z’, To

X cos®Q sinQ O X
(y’)= —sinQ cosQ O (y) 72)
2’ 0 0o 1 2

Martpuny BpalleHHA, COOTBETCTBYIOILYIO NMOBOPOTY Ha yroa Q, 6y-
nem o6osHauatb R, ().

2. IlosepHem cucTeMy ox’y’z’ BOKpPYr JuHHM y3710B (0x’) mpoTHUB
YacoBOH CTpe/KM Ha yroa J, o6pa3oBaHHBIA IJIOCKOCTBIO 3KBaTOpa
oxy ¥ myockocTeio 0XY (2).

B peaynbTate uero ocb 0z 3afiMer HOBoe MOJIOXKEHHE OZ:

x"’ 1 0 0 /X’
< 74 ) =10 cosJ sind (y’)- (73)y
2" 0 —sind cost)\2

MarTtpuuy BpallueHHsi, COOTBETCTBYIOLIyI0 IIOBOPOTY Ha yroa J, o6o-
sHauuM R.(J).

3. TlosepHeM cucTeMy o0x”y”z” NpPOTHB 4YacOBOH CTPEJKH BOKPYT
noJyyeHHol ocu 0Z (02) B IJIOCKOCTH 0XY Ha yroa @ Mexay JHHHel
y3JIOB M HanpasJieHHeM HOBOM ocu o0X, B pe3ysbTare NOCJELHEro Io-
BOPOTa CHCTEMa oxyz coBHajaeT c cucreMod oXYZ (3), T. e.

X cos® sine O07/x”
Y |=]—sino coso O || ¥’ ) (74)
VA 0 0 1 \="

Marpuuy BpallleHusl, COOTBETCTBYIOILYIO MOBOPOTY Ha yros o, 6y-
nem obosHauath R;(w). Tenepp, o6benunsis onmepauuu (72), (73) B
BhIpaxKeHHH (74), noayuum

X coso sinto 0\ /1 0 0
Y |=| —sino cose 0 ]{O cos/J sin | X
YA 0 0 1/\0 —sin] —sin/t

cosQ sinQ Oy /x
X | —sinQ cosQ O) y)- (75)
0 0 1/ \z
HIH

X X
(Y ) =R, (@)R, ()R, () (y) (76)
Z

z
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IMTockoneky MacumtTab mpeo6pa3oBaHHA NPHHHMAaeM DaBHBIM €IHHHLE,
T0 X2+ Y?4-Z2=x>1y>{-22 n

/L l
(M =R, (@) R ()R, @| m } (77)
N \ 1

roe L, M, N u l, m, n— cOOTBeTCTBEHHO HalpaBJsfIoIHe KOCHHYCHI

€IMHHMYHBIX BEKTOPOB RO u r°,
Takum o6pasom,

N=R.(o0)R:(J)R(Q). (78)

TlepemHOxUB MaTpuubl BbipaxkeHus (78), MOJNyyHM SJNEMEHTH Qip Ma-
Tpuunt I:

a1;=C0S © CoSs Q—sin o sin'Q cos J;

ajs=cos o sin Q—sin o cos Q cos J;

az=—sin sinJ;

ag1=——sin @ cos Q—cos @ cos J sin J;

Qge—=—-sin @ sin 2--cos @ cos J cos Q; (79)
Qo3—Cos o sin J;

az=sin 2 sinJ;

Qze=——cos Qsin J;

aaza=—cos J.

Tot xe pesysnbTaT MOXKHO NOJYYHTb M3 peLleHHs ChepHUECKHX Tpe-
YroJbHUKOB, BEepLIMHAMH KOTOPLIX ABJISIOTCH TOYKH IepeceyeHHs Oceil
ox, oy, oz u 0X, oY, oZ co cdepofi efuHHYHOrO paauyca.

HanpuMmep, sneMeHT a;; — KOCHHyC yrJa, oOpa3oBaHHOrO OCSAMH
ox u oX.

PaccmoTpum cepuueckuit TpeyronbHuK xQX (cMm. puc. 7): usBecT-
HBl 1Be CTOPOHH (¥Q=Q u QX=w) u yron £ xQX=180°—J. Pewus
€ro 1o TeopeMe KOCWHyca CTOPOHBI chepHyecKoro TPeyrojbHHKa, HaH-
JeM, YTo

a;;=cos xQX=cos » cos Q—sin w cos J sin Q, (80)

T. €. MOJYYeH TOYHO TaKOH JKe pe3ysbTaT, Kak U NPH YMHOXEHHH Ma-
TPHIL BpPaIEeHUA Ha 3HJEPOBHl YIJbi.

AHaJIOrHYHO, MPHMeHAs TEeOpeMYy KOCHHYCa CTOPOHBI ChepHuYecKoro
TPEYroJibHHKa, MOXHO BBIYHCJHTBL BCE OCTaJbHHE 3JIeMeHTH MaTpH-
usr IL

H3 ¢opMysn (79) BbiBeneM COOTHOLUEHHS AJISi BBIYHCJIEHHS 3RJI€po-
BBHIX YIJIOB IO 3aJlaHHBIM 3JIeMeHTaMm @i MaTpuus Il:

Q = arctg (&) = arccos a,;; © = arctg (%) (81)
— Qg 23
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C.nep.ye'r OTMETHTL, YTO paCCMOTPEH-
HBfi BHIOOp 3HJNEPOBHIX YIVIOB He fiB-
JIAeTCA €OHHCTBEHHO BO3MOXXHBIM.
TaK, MOXHO OJHMH HJH HeCKOJIbKO
3iJepOBLIX YrJOB MPHHATH OTpHLA-
TE€JIbHBIM WJIH 3aMCHHUTE HOINOJHHUTEJNb-
4bIM yrJioM. Boo0lue, MOXHO MOKa-
3aTb, 4YTO CYLleCTBYET JABCHaaUaTb
CHCTEM 3iJlIepOBbLIX YTIJIOB.

Yraw Q, J # @ ORHO3HAYHO ompe-
AensioT BpamleHue. IIpu 3TOM Yrodl  pyuc 7. Coepuuecknh TpeyronbHm
110BOPOTa mpOCTpaHcTBa © CBA3aH C  xQX
3iJepoBHIME yraamMu Q, J M ® Baxk-

HBIM COOTHOULIEHHEM!:
R+ w J
5 COS—-. (82)

IlpeMep 2. B cucreMe KOODAMHAT OXy2 3ajlaHHl BEKTOP r—=3e.+4e,+6e; u
shneposnl yran Q=>50°, J=40° 1 ©=35°, onpenenaiuiye opToronaisiyio marpuuy II
nepexona K HOBo# cHcTeme koopauHat 0XYZ,

TpebyeTcs:

1. BHYHCAHTE 3JIeMEMTH air MaTpHUN Il mo 3apaHHEIM yraam Dinepa.

2. BHuHCIMTE NapaMeTPH BpameHHsA: yron nosopora 6 M Hanpaessiomue KOCH-
HYCHl €, C2, €3 OCH BpalleHUsl cO=cexf-coey-Csez

3. Bripasuts marpuuy Il uepes napaMeTpH BpAINEHHA H CPABHUTh DE3yJbTaT

C ee BHIpaxeHHeM uepe3 3iNepoBH YT
4. Bripasutb yroJ BpaineHus O yepes sHJNepOBHEI YIJEL

5. OnpenenuTs KOOpPAMHATH @ M A enunuunoro Bektopa R° B HOBO# cHcteMe KO-

OpAHHAT.
Pemenne.

1. BunonuuM HOpMHPOBaHHE BEKTOpa I:

IT] =3+ 4+ 6 = 7,810 2497;

8
COs —— = C€OS

3 4
l= =0,3841106; m= 7| =0,512 147 5;

—6
n=——= —0(,768 2213;
frl
Bt+mitnm=1;
0.384 1106
P=| 0,5121475
—0,7682213

2. BruncnHM syieMeHTH MaTpHupl II:

a=cos @ cos o—sin 2 cos J sin ©=0,189 9523;
arp=sin Q cos w}-cos Q cos J sin ©=0,909 9381,
ars=sin J sin ©=0,368 6879;

ag=—cos Q sin ©—sin Q cos J cos 0 =—0,849 3859;
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ap=—sin Q sin o4-cos Q cos J cos ©=—0,036 0314;
ass=sin J cos ©=0,526 5408;

as,=sin 2 sin J =0,492 4039;

az=—cos Q sin J=—0,413 1759;

ass=cos J=0,766 0444.

KoHTpoJab:
ataytas =L & taptay=1 Gt+d,+d=1
4t Q31
w=arctg | —— ] = 35°; Q= arct ( ):50"; J = arccos agg = 4°.
g(aza) & — Qg2 *®

3. OnpesenuM cnen MaTpHUBl Sp M €e AMArOHAJEHHE MHHOpPHI:
sp=ay1-}age} ass=0,919 9653;

M,=a, ,a,5—a5,a,:=0,766 0444;

My=ap05y—a3200,=0,189 9523;

My=a,a53—a3,813=—0,036 0314.

Kourpons: Sp=M,} Mz-}-My;=0,919 9653.
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4. BbYHCJIHM yroJl MOBOpPOTA NpocTpaHcTBa 0:

6 — a-ccos T — 92,203 438°.

5. OnpenenuM HanpaBnsiOlHe KOCHHYCH OCH BpalLEHHA:

Qgp — Ggp
N 9sin B 0,470 235
&3 —an
= = — 0,061 3076;
€2 2sin6 0 7
Qg1 — Q19
= ——= = — (0,880 3672;
‘s 2sin8

Koutpoan: ¢,?-c2tcs?=1.
6. HafineM cnenylolne MaTpHIK:

1 0 0, [—0.0400174 0 0
ﬂ1=c056|:0 1 oJ:[ 0 —0,040 0174 0 :

0 0 1 0 0 —0,0400

a? s €19 [0.2299697 0,0302761 0,430 5459
(l—cosﬁ)[ J=,0.0302761 0,0039860 0,056 6824
0.430 5459 0.056 6824 0,806 0617

0 —c5 ¢ 0 0.879662 —O0.061 8580
ns=sn}e[ cg O —cl]=[—0.879662 0 0.4698583];
0.061 858 —0.469 8583 0
I, 41, Iy =1

CaCy  Cg? €y

CS "1 CaC’ csﬂ

—Cq Cy 0

];



ClienoBaTeIbHO, NOJYYHM

0.1899523  0,9099381 0,3686879
N=]—0,8493860 —0,0360314 0,5265408 {,
0,4924039 —0,4131759 0,766 0444

CPBBHHE DE€3YJbTAT € BBIYHCJICHHAMH BTOPOTO MyHKTa, ybempacMcs B IOJHONK TOX-
RECTBEHHOCTH 3JIEMEHTOB. _
7. OnpepenuM HanpasJfoInHe KocuHyckl Bektopa R® B HOBOIl cHcTeMe KOOpIHHAT

L 0,189 9523 0.9099381 0,368 6879
ﬁo_—_( )=n?0=

M —0,849,3860 —0.0360314 0.526 5408 | X
N 0.4924039 —0.,4131759 0,766 0444
0.3841106 0.255 7513
x 0.5121475 [=| —0.7492114 |.
— 0,768 2213 — 0.6109611
8. BruMC/HM kOOpAMHATH @ H A BekTopa R:
N
¢ == arctg Tl/ﬁ- = — 37,659 03%;
M
l=arctg—z-= — 71,152 114°.

§ 4. KBATEPHHOHBI H UX HCNOJNB30BAHHE
B TEOPMH BPAUIEHHA

KBaTepHHOHOM Ha3bIBaeTCsi FHIEPKOMIJIEKCHOE YHCJIO, FeOMETPHUECKH
peasunsyeMoe B yeThipexMepHOM npocTpaHcTBe. CHCTeMa KBaTE€DHHOHOB
6bra cospana B 1843 r. ¥, 'amuavroHoM u sBHJack nepsofi 06061 a-
Iolel KomnJekcHele yHena. KpaTepHUOHE! ObIIH He3acayXeHHO 3a6hl-
THl K 70 60-x ro0B HAIlE€ro CTOJIETHS NPAKTHYECKH He HCIOJb30BaJHUCh,
Hauunas c cepennnnl 60-x rogoB KBaTePHHOHBl HaUYMHAIOT HHTEHCHBHO
NpUMEHATL B aHAJHTHYECKON (hOTOrpaMMETPHH H JPYTHX NPHUKJIAAHBIX
HayKax. B HacTosilee BpeMsi KBaTepHUOHHOE HCYHCJEHHE SIBJAETCS
COCT2BHO# YacTbl0 MaTeéMaTHYeCKoro ammaparta COBPeMEeHHOH KOCMH-
yecko# ¢poTorpaMMeTPHH H KOCMHMYECKOH reojie3uH.

KBaTepHHOHBI TO3BOJIAIOT BecbMa 3¢ ¢eKTHBHO pelaTbh 3anauw,
CBfiI3aHHble C KOMNO3HUHMAMM BpauieHuii mpocrtpaHcTBa. OHM HMeEIOT
pAL HeCOMHEHHBLIX NMPEHMYIUEeCTB II0 CPaBHEHMIO C ONHCaHUeM Bpaille-
HH#i NIpH MOMOIUM 3HNEPOBLIX YIJVIOB, NMOCKOJBKY A2I0OT BO3MOXHOCTb
NOJIyYHTb CPa3y KOOpAHHATH BEKTOpPa B HOBOH CHCTE€MEe KOOpAMHAT
NPH NMOBOPOTE NMPOCTPaHCTBA Ha yron © BOKPYr HEKOTOPOH MHBapHaHT-

HoO# ocu 0.
KBaTtepHuoHE 06pa3yloT YeTbipexMepHylo aiarebpy Hap moseM aeH-

CTBHTEJIbHbIX uuces ¢ GasncoM (1, €, €,, €;). O6osHaueHUs MPHHATH
Te e, 4yTO H paHee. Boobuie rosops, €., €, H €; MOTYT HMeTb ropasfio
Gonee obuMii CMEIC], YeM OPTHl B OPTOHOpPMHpOBaHHOM Gasuce.
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B kBarepuuoHHO! anrebpe BBOJASATCH CJEAYIOLUHE NMPaBHJa YMHO-
XKeHus 0a3ucHBIX edUHULL

1.1=1 l.e,=e¢, l.e,=e, l-e,=e,
ecl=1 e e,=—1 ece,=¢ ec-e,=—¢, 83
e, 1=1 e, e,=—e, e, -e,=—1 e, e =¢e,
e 1=1 e, e,.—¢, e -e,=—e, e,€=—]I1
H3 cootHowennit (83) cnenyer, uto
el=¢’=¢’=¢eee, = —I, 84)

rlle TOPAAOK COMHOMHTEJeH B NPOM3BENEHHH €x€,€; CTPOrO (PHKCHPO-
BaH.
CnenctBuem dopmyn (83) Takke siBnsieTcs

ee,=—ee =e€,; ee,=—ee, —¢, ee, —=—ee,=e, (8)

Jl1060#t KpaTepHHOH @ MOXKeT OLITh NpejCTaBleH B CJEAYIOLEM
BHAE:

Q=A+ce,+ce,+ce,. | (86)

IIpn 3ToM pasjuualoT CKaNfApPHYIO YacThb KBaTepHHOHa A M BeKTOp-
HY10 -

c=c,e,+c.e,+ce, 87)
CaenoBaTeNLHO,
Q=A-=<". (88)

Ecnu A=0, TO KBaTepHHOH fIBJIETCS BEKTOPOM, YTO CBH/IETEbCTBYET
O HaJMYHM TECHOH CBS3H MEXJY KBATEPHHOHHBIM M BEKTODHBIM HCUMC-
JIEeHHSIMH (MCTOPHYeCKH BEKTOPHOE MCUMCJeHHe BO3HHMKJO M3 KBaTep-

HHUOHHOTO0),
KBaTrepHHOHY MOXHO MpPOTHBOIIOCTaBHTL CONPSAXKEHHH i KBa-

TE€PHHOH

Q_l =A— C,Ex —Cy Ey - cae_z =A _zo’ (89)
NpH 3TOM
QQ-'=Q'Q=A%-c/*+os+e. (50)

BeanunHa QQ~! aBnsieTcsl AeHCTBHTENBHEIM YMCJIOM H Ha3bIBAaeTcs
HOpMO# KBaTepHHOHa M oGosHauaercs N(Q). Hopma kBaTepHuona
N(Q) ynoBaeTBOpsieT COOTHOLUEHHIO

W(Q1Qz) =N (Q1) N (Qo). ' (91)
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Jlio6oe BpalleHHe TPEXMEPHOrO NMPOCTPAHCTBA BOKPYr Hauajla Ko-
OpAMHAT MOXeT GHITh 3a/1aHO NIPH NOMOLIM KBaTePHHOHA § C HOPMOH,
paBHoii 1. Bpaluelue, cOOTBETCTBYIOLCE HOPMHPOBAHHOMY KBaTepHHO-

HYy ¢, npeo6pasyer BeKTOp r0—=/le,}-me,+ne; B BekTOp R°=Le,}
—}—Me,,—{-Nez, T. €.

R =gr'g "= Le,} Me,+ Ne,. (92

llepeiineM K pacCMOTpPEHHIO aJTOPHTMa, ONHCHLIBAIOIIETO KBAaTEPHHOH-
Hbli MOBOPOT MPOCTPaHCTBa B OPTOHOPMHpOBaHHOM Gasuce.

ITycTp HampamsieHne Ha TOYKY TPOCTPaHCTB2 A0 MOBOPOTA 3ajaHO
e AMHIMHBIM BEKTOpoM r° = [e, }me, -} ne,, usB2cTen yroa 6 nosopo-
Ta [POCTPAHCTBA M HANPABJIAIOUIHE KOCHKYCHL C;, C; H Cy OCH BpAIEHHs
= c.e,+ce,+ e, Tpedyercs Ompefie MTh HanpapJisiolHe KOCHHyChI
eZlMHHuHOTO BekTopa R° = Le, + Me e,+N €,, B KOTODHIil mepelues Bek-
TOp r° B pe3y/bTaTe MOBOPOTA OCH €° Ha yroa 0.

PaccMOTpeHHOMY MOBOPOTY COOTBETCTBY€T HODMMPOBAHHBIN KBa-
TepHHOH ¢:

g= - (Atce,+oe, +oe)=a+be, + ce, +de,, (93)

rae

A= NCOS%; N=VA'+c’+ct+cb
OTKy[lla

' a—ctg
N = g A=ctg > 99
sin—

2

ConpsixxeHHHI HOPMHPOBAHHLII KBaTEePHHOH ¢~! OyAeT UMeTb BHJ

(A—ce,—ce, —Coe,). - (99)

a1
9 =%

Toraa Bektop R? MOXHO onpenesuTs no GopmyJie

R =gr'g, (%6)
rfie NpH YMHOXEHHH KOMIOHEHT CJlefyeT PYKOBOICTBOBATbCH TpaBH-
namu (83).
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Ha ocHoBahmu cootHoweHu# (83) MOXHO HOJAYuyHTh CledyoUlee
BbIDaXKeHHe IJIS1 YMHOXEHHSI KBaTE€PHHOHOB:

4.9, = (al + bxé-x + Clé-y + dlé—z) (aa + bae—x + Czé-y + dzé-z) =

= (a,0,— b,by —¢,0, —d i) + (a0, + ayb, + ¢,d, —d Ca)_e-x +

+ (@5 + aye, —b,d, + bd) e, + (ady + ad, + b,c,—bye) e, (97)

Ilycte Tpefyerca coBepwMTL ABa MNOCNELOBATE/NBHBIX TIOBOPOTA
npocTpaHCTBa Ha yrasl 8; u O, BOKpyr oceit ¢,® u ¢°. Toraa nosopor
Ha yroa 6; MOXHO NpPeACTaBHThL B BuAe NpeobpasoBarus BeKTOpa ro
B RS 1. e

R = g7, (98)
a BTOpPOH MHOBOPOT Ha yroJ 0 6yrer Bripaxkatbcsi GHOPMYJOH
R =g, (0:r1 ) 62" = (@99 ™ (6:99) ™" = Qr'Qr - (99)

CrnepoBaTe/bHO, Pe3yJBTHPYIOLUHY IOBOPOT ONpeAeNsieTCsi KBaTepHHO-
HOM

0:=q1q2, {100)

T. €. KOMIIO3HIIUHK NMOBOPOTOB ONHO3HAYHO OTBEHaeT NPOHU3BENEHHE KBa-
TEPHHOHOB B COOTBETCTBYIOLUEM INOpsAKe, OIpEAENAIONHX YaCTHHIE
BpalleHH .

Ipumep 3.

PaccMoTpuM cxeMmy BRIYHCJ€HHM, COOTBETCTBYIOLLYIO KBAaTEPHHOHHOMY IOBODOTY
NpocTpancTBa BOKPYT HexkoTopoll ocu ¢® Ha yroa 0.

Ilycte B cHCTeMe KOOPIMHAT OXyz 3allaH BEKTOP r=3e, +4e,,—6e,, OCb BpallleHHst
NpOCTPaHCTBa CO=cie,}coe,+-cse,=—0,470 235¢,~0,061 907 6e,—0,880 367 e, u yroa
0=92,293 438,

TpeGyeTca onpenenHTsh BeKTOp RY, ero KOODAHMMATH ¢ H A, onpeaeJAIOLIHe Ha-
npapJeHHe B HOBOW cHcTeMe KoopAMHAT oXYZ.

Pemenne.
1. B cOOTBETCTBHH C H3/0XKEHHHM BHIE JaHHOMY BpaIUEHHIO GYLET COOTBETCTBO-

BaTh KBaTEPHHOH ¢,
g=A+ ey +cey+ C3€z.

0 — -
rie A=ctg o =0,9607522, 1. e. ¢ = 0,9607522—0,470 235e,—0,061 9076e,—

—0,880 3672z, HOpMa KOTOpOro

1 1
N = = =0,721 1163.
0 1,386 7389 0
sin ?

IlosyanM HOpMHpPOBaHHOE 3HaveHHE ¢:

g=0,692 8140—0,339 0941e,—0,044 6426e,—0,634 847le..
Kontpons: A%}-c,2-}-¢2
36




2. ConpskeHHBIH

KBaTepPHHOH ¢!

Gyner

-4-0,339 0941¢,-1-0,044 6426¢,1-0,634 847 le.. N 3
3. HoMupys Bektop ', NOJIYUHM HCXORHHH €AMHMYHEN pexTop r'=0,384 1106,
0,512 1475e,~—0,768 2213e;. _ o
4. BryncnnM Bektop RP no coornomenno RO=groqg-1.
Jlna sTOro cHayana onpeseNuM ¢nr° (BeIUHCJEHHSi npuBeieHH B TaGnHYHOM

CEAYIOIHM;

g—1=0,692 8140}

¢opme).
a b c d
) 0,692 8140 | —0,339 0941 | —0,044 6426 | —0,634 8471
0 0,0 0,384 1106 0,512 1475 | —0,768 2213
gnt© —0,334 5884 0,625 5470 | 20,149 5271 | —0,688 753

BrluHcJIeHHs qn?o npouasoauM no dopmyne (97); a, b, ¢, d — oGosHavennn dop-

mynu (97). _
Janee ToyHO Tak e BuyHcaneM RO:
a b c d
Gnt® —0,334 5884 | 0,625 5460 '| —0,149 5271 | —0,688 753
gt 0,692 8140 | 0,339 0941 0,044 6426 0,634 8471
RO==gr0g1 0,000 0013 | 0,255 7516 | —0,749 2101 | —0,610 9604

Taxum o6pasoM, nonyueHmt b, ¢, d, SBJAAIOIHECH HANPABJAIOINME KOCHHYCAMH

Bekropa R® L=0,2557516, M=—0,749 2101, N=0,610 9604. lpu 3170M B pesymuTa-
Te BhuHcyeHnt L2M2| N2=0,899 9973, 9ro o6bsacHAETcA HaNHyHeM OWHGOK OKpyr-
JennA. CliellcTBHEM OIUHGOK OKPYIJIEHHSI AIBJIETCA TAKKe BHIYHCJEHHOE 3HayYeHHe a=
==0,00}1))0013 (nonkHo OHTH NOJYueHO a, paBHoe HYJIO, TaK Kak yepes a oGo3Ha-
yeHo A).

5. BLIYHCJIHM KOOPAHHATH ¢ H A Bektopa R:
M
—_— g ——— = — 0; J— —_— i — ) o‘
¢ = arctg vV =~ = —37,659039°; A= arctg L 71.152063

CpaBHHB MOJTydeHHEE Pe3yJbTATH € COOTBETCTBYIOIIHMH MpHMepa 2, yGemnaaeM-
€, YTO pacxOXieHus coctasnsior: |dg|=0,000009°=0,03", |AA|=0,00005]1°=
==(,18”, uTo Bcersa AONMYCTHMO Ha NpPaKTHKE.

§ 5. NIPEOCTABJIEHHUE 3JIEMEHTOB MATPHI bl BPAILLEHUSA
YEPE3 KOMNOHEHTbHI KBATEPHHOHA

BuipasuM snemeHTH a; MaTpuubl Bpawenus Il uepes snemeHTH HOp-
MHPOBaHHOTO KBaTepHHOHa ¢ HopMo# N=I, 1. e. npu ycJOBHHM, YTO
A%H-¢,>H-c?+-cs?=1. BocnonbayeMcsi AJisi 3TOTO OCHOBHBIM KBaTep-
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HHOHHEIM npeobpa3oBaHHeM

§°=Qn_roqn_l, (101)
rae

Gn=A+ce,+ce, +ce,=A+

r=014le, + me, 4 ne,; (102)

—1 - - - -
gn =A—ce,—ce,—ce,=A—C.

Ecau moacTaBuTh 3HaUEHHA Gn, 10 U G,~!, onpenensieMble COOTHOLLIE-
HuamMH (102), B (101) u BBINONHHTL KBAaTEPHHOHHOE YMHOXKEHHE IO
npasuiam (83) u (97), To oproroHanbryfo Marpuuy IN=[ax] moxHo
BHPa3HTb yepe3 a, b, ¢ u d caenyromuM obpa3om:

ay Gy G
M=la, a, ay|=
Q3 Gy Ay
@+ b —c*—d? 2 (bc — ad) 2 (bd -+ ac)
= 2.(bc + ad) at—b*+ ct—a* 2(cd — ab) . (103)
2 (bd — ac) 2(cd + ab) ad—bt—ct+d?

Ilonyyennasn ¢opma npencraeienus matpuubl Il Ha3wiBaeTcs p o I p H-
recoBod ¢opMOH OpPTOroHasbHOH MaTpHuub, a cama MatpuHua Il
(103) — maTtpHueit Poapureca.

Ha ocHoBasun Bripaxenusi (103) MOXHO NpeACTaBHTb 3HJEPOBH!
yOAB Kak (PYHKUMH NapaMeTpPOB Bpaluerus O, ¢), €2 H (3

Q = arctg (&) = arctg (bd;ac)

— Qgg —cd —ab
J = arccos a,, = arccos (@* — b* —c* + d*); (104)
= arct &) (bd-l-a )
o = arctg ( ase arctg od 1 ab

IIpumep 4. [peacrasutrk opToroHaleHylo Matpuuy Il (cM. npumep 2) uepe3
napaMeTpsl KBaTepHHOHa ¢,

JlnA paHHOro Bpaillelisi Ha OCHORAHUH BHYMCJEHHH, BHIOJHEHHKIX B NpHMepe 2,
MOJYYHM CJefyIollHe napaMeTpn BpaileHHs:

yrosi nosopora npocrpaHcTBa 0=92,293 438°;

HaMpaBJsIOIIHe KOCHHYCH oOCH Bpailenus: ¢;=—~0,470235; c,——0,061 9076;

¢3=—0,880 3672. .
Pewenne.
1. HafineM ckaJfipHyi0 KOMIOHEHTY KBaTepHHOHA

B
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2. Onpeaesnm HOpMY xBaTeﬁHHOHa
N =)/ A%+ ¢ + €52 + c52 = 1,386 7389.

3. BrluMc/IHM HOPMHPOBaWHBlE KOMIOHEHTH KBATEPHHOHA:

a=0,692 8141; ¢=—0,044 6426,
b=—0,3390941; d=—0,634 8471.

Kontponw: a®>}b2{c2d?=1. .
4. Bruncaum snementh matpuun I no ¢opmyanam €103):
a1 =a?++-b2—c2—d?2=0,189 9524; a;2=2(bc—ad)=0,909 9381,
a13=2(bd-}-ac) =0,368 6878; an=2(bct}ad)=—0,849 386;
ag=02—b%} c2—d?=—0,036 0313; ay3=2(cd—ab)=0,526 5408,
a3, =2(bd—ac) =0,492 4039; az;;=2(cd-+-ab) =—0,413 1759;
aas=a’—b2—c2 | d?=0,766 0444.

CpaBHEB pe3ysbTaThl STHX BHUYHCJEHHH ¢ NOayvyeHHBIMM 3HAYEHHSAIMH 3JEMEHTOB
air. MaTprunl I1 (cM. npumep 2), yGemmaeMcst B MOJHOM COBNAJ€HHH 3JEMEHTOB MaT-
phunl [, BBIYHCHIEHHHX OBYMA cnOcoGamH.

§ 6. AHOPEPEHUHAJIBHMIE -U3BMEHEHUA KOOPIUHAT,
OBYCJIOBJIEHHBIE BECKOHEYHO MAJIBIMH
U3MEHEHHSAMH SAJEPGRAIX ¥IJIOB

Kak u3BecTHO M3 BEKTOPHO# anre6phbl, 6eCKOHEYHO MaJioe NPHpalleHune

dR HEeKOTOpPOro BeKTOpPa B TPEXMEPHOM IPOCTPAHCTBE MOXKHO BBIpa-
3HTb B BHJ€ BEKTOPHOIO NMpOH3BeLEHHS

dR=[A¥XR], (105)

rie AW — BeKTOp 3JleMeHTapHOro
NMOBOPOTA, HanpaBJeHHbIH MO0 MrHO-
BEHHOH ocH BpalueHusi. B koopau-
HaTHO#l ¢opMe BEKTOPHOMY Ypas-
HeHHI0 (105) cooTBETCTBYIOT TPH
YPaBHEeHHA:

dX=ZAW,—YAW;;
dY=XA¥,—ZA¥s; (106)
dZ=YAY¥,—XAY,.

BBegemM aHTHCHMMeETpPHUYECKYIO
MaTpHly A,  OCYLIECTBJAIOLLYIO
3JIeMEHTAPHBIH NOBOPOT, MJIfl 4YEro

SanuileM 3TH YpABHEHHA B MaT-  pye 8§ SjemenTapHBe Yriibl NOBOPOTA
puunoii dopme. Ilonmyynm dJ, do, dQ
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dX 0 Z —YTJ[av, AW,
Y |=l—z 0 x||av,|=A]ay,| (107)
dz Y —x 0]]av, AW,

Komnonenter AW, AY,, A¥, BbHpa3sHM uyepe3 3JieMEHTapHhIE IPH- -
palesus 3iepoBLIX yraoB. /i 3TOro BHINOJHHM CJELYIOLIUE 3Je-
MEHTapHLIe NOBOPOTH (pHC. §):

Ha yros dQ BOKPYF OCH 0z;

Ha yroJl dJ BOKPYr MOJIOKHTENBHOrO HaNpasJieHusi 0S) JIMHHH Y3JI0B
QoQ’;
Ha yros do BOKPYT OCH OZ HOBOi CHCTEMBI KOOPIMHAT.

Torna cocrasasiiolide 3JeMEHTapHBIX NOBOPOTOB GYILYT CleRylo-
IAMH:

dW¥=cos (x0z2)dQ-cos (x0Q)dJ+-cos (x0Z)dw;
d¥,=cos (y0z2)dQ-}-cos (yoQ)dJ 4 cos (yoZ)dw; (108)
dW¥.=cos (20z2)dQ-}cos (20Q)dJ+-cos (z0Z)do.

Hanpapssilomnye KOCHHYCH anmnjHKaThl 0Z HOBOM CHCTEMBl KOOp-
OHHAT MOJY4YMM, peliasi cepHIECKHE TPEYTOJbHHKH xZQ H QZy, Xo-
TOpHIe UMEIOT O6LIYI0 CTOPOHY ZL, paBryio 90°:

cos (xoZ)==sinJ sin Q;
cos (yoZ) =—sin J cos ©; (109)
cos (2z0Z)=cos/J.

Martpuua Q, cootsercTeywolias npeobpasoanusiv (108), OGyzer
MME€Tb BHJL

0 cosQ sinJ sinQ
Q_—=[0 sinQ —sinJcosQ |- (110)
1 0 cosJ
Ilostomy
dv, ‘Q
[d‘lfy]=0[dl , (111)
d¥y, do
OTKyZNa
dW¥,==d] cos @+dw sin J sin ;
d¥,—=d] sin Q—dw sin J cos Q; (112)

d¥.,=dQ+do cos/J.
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IToncraenssn noJydeHHble BEIpaxeHus B ¢popMmysan (107), nonyuynm

dx 0 Z —Y I dlcosQ+dosinl sinQ
dy |=|—2 0 X || dlsin@Q—dosint cosQ (113)
dz Y —X 0 a2 4- dw coslt

HIH
dX=2Z (sin QdJ—sin J cos Qde)—Y (dQ+dw cos J);
dY=—Z (cos QdJ-4sin [ sin Qde)+X (dQ2-+dw cos J); (114)
dZ=Y (cos QdJ+sin J sin Qdw) —X (dJ sin Q—dw sin J cos Q).
I'pynnupys cnaraemeie ¢ dQ, do u dJ, OKOHYaTeJbHO MOJIYUHM
dX=—YdQ—(Z sinJ cos Q+Y cos J)do+Z sin QdJ;
dY=XdQ—(Z sin [ sin Q—X cos J)do—Z cos Qd/J,; (115)
dZ=sinJ (Y sin Q+X cos Q) do-} (Y cos Q—X sin Q) dJ.

CaenopaTtenbHO, YacTHblE NPOH3BOAHBIE OT Koopamuat X, Y, Z mno
sii1epOBLIM yryiaM GYLYT CJeLyIOLUHMH:

oX 0X

L OX S L 0X 6

w2 = --Y; o (ZsinJ cosQ4-Y cosl); o ZsinQ;
i=X; a—Y=XcosJ——ZsianinJ; —oy—=—Zcos.Q;

02 oo : al

oz . oz _ . veron 92 _ v
o =0 o= sint (X cosQ 4-Y sin€2); 57 =Y cosQ—X sinQ,

(116)
IIpumep 5 B nexoropmit MmoMeHT BpeMeHyu ¢ koopausath MIC3 B reouentpmde-
cKoli cHcTeMe KOODAHHAT GBUIH CIEAYIOIIiMH:
x=—4741632,0 M; y=—2376 104,9 m; 2=4206 053,4 M.

AfinepoBrl yraw, 3ajaomue opreniausio opbuth MC3 B reoueHtpuyeckodl cHcTeMe
KOOPAMHAT, HMeJM aHavenusn: i=81,1% ©=32,0°% Q=2"15m==33,75"
IlpH 3TOM 3#JEPOBH YIJBl COAEPIKAT MAJNBE MPHpPALIEHHS.

Bi=80=06Q =--0,01°=1,745 3276~ 10—4.

Onpepennts npHpaieHus B koopaunatax HMC3, BLisBaHHHeE NpHpaieHHAMH Sije-
POBRLIX YIJIOB.

PeweHnne.
1. Mo dopmynam (116) BHYHCIHM YacTHHIE NPOHIBOAHBIE

OX 03761009 w; 2 30874908 vy - — 2336758
—= 9M ——=— M = BT
o2 ™ Y 7581 M
oy Y Y
16320 v S 3042903.0 m; - — — 349792057 m;
o2 ‘W oJ

oz o0z ) oz

2 0.0, —— — 51992588 M; —— —658650.5 m.

o0 cw .

oI 4
a1



2. OnpeaenuM npupailenss KOOp;mHa'r'

oX X

dX = FTY 69+—3m+——6]——2837M,
oY oY
dY=0?6.Q+~—6m+——BJ_ — 1968,9 u;
oz
dz~£69+ 6(0-}—-3.’:——7925!\!
I'napa 11

CHCTEMBI OTCYETA
M ®YHIAMEHTAJIbHOE YPABHEHHE
KOCMHYECKOHA ®OTOrPAMMETPHHU

§ 7. CHCTEMA KOOPJAHHAT CHUMKA

B Bepxseli yacTM Kopnyca MeTPHYecKOH KaMepHl PacloJO}KeHa IIpH-
KJiajHas paMKa, IJIOCKOCTbL KOTOpPOH COBMELIEHa C 3anHel ¢OKaNbHOM
IJIOCKOCTBI0 06beKTHBa. Bo BpeMsi 5KCNOHMPOBaHHSA NJEHKa NPHIKHMa-
ercs K npuknanHoil pamke. Ilo nepHMeTpy NpHKJAanHOH PaMKH HMe-
I0TCSI KOOPAMHaTHEE MeTKH I, 2, 3, 4, KOTOpHIe OnpenensiloT CHCTEMY

c

|

e NI

[

o Ayo

N
)

/ 7
X
Puc. 9. CucteMa KOOpAHHAT CHHMKA
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KOOPAMHAT CHHMKa o'%yj (puc. 9).
Hauyanom koopnuHar sBNsieTCH TOY-
Ka o’, B KOTOpPOil mepeceKaroTc B3a-
MMHO TNepneHAMKYJsipHEle JHHUH [—
2 v 3—4, coepuHsOLIMEe MPOTHBOIO-
JoxHele MeTkH. [lepnennukynsp f=
=0, ONyLIeHHHI U3 3ajHeil y3J0BOH
TOYKH OOBEKTHBA ¢ Ha IJIOCKOCTb
NPHKJanHOK paMKH, Ha3biBaercs ¢ o-
KYCHBIM PacCCTOSiHHEM KaMepHl,
OCHOBaHMEM 3TOro HepneHAuKyJspa
fIBJIETCA IJiaBHas TOYKa CHHMKa O.
B mpeanbHO OTBIOCTHPOBAHHOH Kame-
pe HayaJo KOOpAHMHAT O H TIJlaBHas
TOYKa CHUMKa o coBnajpawoT. Ha
NpakTHKe 3TH TOYKH He COBNajamoT H
OTJIMYAIOTCA HAa MaJyio BeJHYHHY, KO-
TOpYIO, T€éM He MeHee, Bcerna Heob-
XOJUMOQ YUHTBIBATh.

KoopanHaTh! IV1aBHOH TOYKH Xo, Yo
H (GOKycHOe pacCTOsIHHE KaMephl fiB-
JAIOTCA 3JIEMEHTaMH  BHYTpPEHHEro



OPHEHTHPOB2HHS CHHMKa H ONPENENSAIOT NOJIOXKeHHe LEHTpa MpOeKTH-
poBaHus c.

KoopauHatul raaBHOH TOYKM Xo, Jo H (QOKycHOe paccrosiHHe [ Ka-
MEpPbl MOTYT M3MEHSITbCSl Ha MaJible BEJIHYHHBL. DTH U3MEHeHHs TaKKe
HeOGXOAMWMO YUYHTHIBATL NMPH TOYHBIX pabGorax. Bektop r; HekoTOpOMH
TOYKH CHHMKAa j B MPOCTPaHCTBE H306parkeHHsi MOXKHO NPEACTABHTbL B
cJefylolleM BHIE:

/ }1'—}0
=] v—u | (117)

EnnBKYBE BEeKTOp r,, ONpeNeNAIomMit HaNpaB/ieHue B MPOCTPAHCTBE
H306paKeHusl, NOJNYYdM, HOPMUPYS BEKTOP fj, T. €.

X;— X, L
—_— l ~ ~

g—yo |=| m | (118)

_' nl,

rle A; — HOPMHPYIOLIHIE MHOXXHTEJb,

A=V G—%) + (0 — 597 + 5 (119)
72 _l'_ ;72]2 _|_ E]? J— 1. (120

Tlonaras, 4yTO HayaJji0 KOOPJHHAT NEPEHECEHO B TJIABHYIO TOYKY,
BEeKTOP TOYKH B NPOCTPaHCTBE H306pari€HUsl 4YacTO 3amnHCHIBAIOT B
BHJE

l'l- = y]. . (121)
—I
.B RanbHeiimieM, Npd PacCMOTPEHHMH TOJbKO KOOPAMHAT TOYEK CHUMKA,
TUNbAY (~) Bazx 6yKBoit 6yeM OMycCKaTh.

WpeanbHeii CHUMOK HOJIXKEH MNPEACTaBISATh COGOH LEHTPAJbHYIO
NPOEKLHI0O MNPOCTPaHCTBa o06BHeKTa, OAHAKO peasbHBIH CHUMOK CO-
JEPIKHUT UeJHH PAN HCKaXKeHHi, KOTopbie HeOOXOAMMO HCKJIIOYHTb MJIH
caesaath npeHe6peraeMo MasbIMH.

Hductopcus. Hapyuienne yeHTpasbHOji NPOEKUHH BBI3BAHO HaJIHYyH-
eM OUCTOpPCcHHM O00BbeKTHBa CbhbeMOuYHOoH KaMephl. 1o xapaxkrtepy cmeuie-
HHit H300paeHHUsl TOYEK AHMCTOPCHS HEJIUTCS Ha pajHaJbHYK H TaH-
TeHuHanbHY10. PannanbHasn JUCTOPCHA 3aBHCHT OT pacyera o6beKTHBA,
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TEXHOJIOTHH €I0 H3TOTOBJIEHHSI H OT YCJIOBHH 3KCIyaTallHH KaMepHl,

Ecnu siME3b 0OBHEKTHBA LL@HTPHPOBAHBI MAEANBbHO, TO CIEAyeT YYH-
THIBaTh JIHLIb PagdalbHYI0 AHCTOPCHIO, KOTOPYIO MOXHO MPEACTaBHTb
B BHAE DAlla Pas3JjlOXEHHsl MO HEYETHHIM CTENEHAM pPacCTOSIHHA OT
I'J12aBHOM TOYKH

6r=K1r3+K2r5+K3r7+ .oy (122)
rae K, K, K3 — ko3¢dpuuyenTol panuasdbHOll AHCTOPCHH;
r=[ (x—xo0) 2+ (y—yo0) 213 (123)

X, Y— KOOPAHMHATH HEKOTOPOH TOYKH CHHMMKA; Xp, Yo— KOOPAMHATHI
FJIABHO} TOYKH CHMMKA.

OnHako NOGHTLCA HAeaNbHOH LEHTPHPOBKH JIMH3 OYEHb TPYZIHO.
IToaTomy Bcerna nMeer MecTO QHCTOpPCHsS, OOycJIOBJIeHHAs HELEHTpa-
uHeH JIMH3, IIPH KOTOPO# LEHTPLl KPHBH3HEI ONITHYECKHX NOBEpXHOCTEH
JIHH3 00BEeKTHBa He JieXXaT Ha OLHOi npaMoil. JlucTopcHio peueHTpa-
MM MOXHO MpelCTaBUTb B BHAe paJHaJbHOH H TaHreHIUAJbHOI
COCTaBJIAIOLIMX:

8=3(J1r*+Jr*+ ...) sin (O—Dy);
8i=(J1r2+-Ior* 4 ...) cos (D—Dy), (124)

8, — panmanbHas cocrapgafiollas AHCTOPCHH J€LEHTPalHH; §; — TaH-
reHUMaJdbHasi COCTaRNAIOLIAA NHCTOPCHH neuempaunn Ji, Jo—K03%-
(pMLMEHTBl THCTOPCHH LEeLEeHTPalHH.

Bennynna @g-—yroa MexAy NOJIOKHTENILHBIM HANPAaBJEHHEM OCH
CHHMKa W HampaBJleHHeM Ha 3a[aHHYIO TOYKY CHHMKa, T. e.

@, — arcsin &= _ arceas M —¥0) (125)
r - r
Ecanu 3neMeHTH BHyTpPEHHEHl OpHEHTALMM CHHUMKa Xo, Yo, [, Dapa-
MeTphl, pafiuanbHOil puctopcud (K, Ke, Ks, ...) M napaMeTphl JHCTOP-
cun peneHtpauuH (@, Ji, Jo, ...) onpene/jeHH, TO NONpPaBKH 32 CO-
BMECTHOE BJHfIHHE PaiHaJbHOH NHCTOPCHH H LHCTOPCHH AELLEHTpPaLMH
MOKHO onpefenutb 1o ¢opmynaam, npennoxeHHeM J[. BpayHnom:

Ax = X (Kt + K+ ..) + [Polr* + 2%7) + 2Pl [ + Py +..;
(126)

Ay =Kyt + Kot +..) + 2P, 57 + Py (7 + 291 [1 + P +...),

rae Ax, Ay — nonpaBKH B H3MepeHHBle HA CHHMKE KOOPAHHATHI TOYKH
33 COBMECTHOE BJIMSIHME palHaljibHOil JHCTODCHH H IHCTOPCHH J€LEeH-
TPalLHUH; X==X—2Xo, §j==Y—Yo— KOOPAHHATH, OTHECEHHBIe K [JVIaBHOH
TOYKe CHHMKa. Beauuunn P, P, P;, Bxoasiive B BeIpaxkenus (126),
ABAAIOTCA (PYHKUHAMHE MapaMeTpOB OHCTODCHH AeLeHTPaLHH:

P1'=J1 Sirl(Do; P2=]2COS(DQ; P3=12/11. (127)
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OGpaTHble COOTHOLIIEHHSI HMEIOT BHI:

@o=zrctg (P\/P2); Ji=(Pi>++P2)\% Jo=(P2+P2)2P,.  (128)

[Iponecc kKanHGPOBKH KaMephl 3aKJ/JHOY3aeTCfi B COBMECTHOM OIpe-
JeJ€HNH NapaMeTPOR panHaJibHON IHCTOPCHH, NHCTOPCHH JIeLeHTpa-
LHMH H 2J€MEeHTOB BHYTPEHHEro OPHEeHTHPOBaHHS.

B xocMuuyeckoit ¢oTOorpaMMeTpHH KaJHOPOBKAa KaMep BHINOJHSAET-
csl, Kak npapeuJo, nyteM dororpagdupoBanus 3Be3fHOro Heba, TaK Kak
3Be3Abl NpeAcTaBsaiT coboil ToueuHble HCTOYHHKH CBETa, BECbMA TOY-
HO OnpefesleHHBIe H3 aCTPOHOMHYECKHX HabJlofeHHH, H ABJIAIOTCA HAe-
aJbHBIMH OOBEKTaMH AJIS1 KaJHOPOBKH.

Hedopmanmsa cBETOYYBCTBHTENbHBIX MaTepHanoB. POTOIJEHKA 3a
BpeMs, Tpollenlllee OT 3KCMNO3HLMH OO H3MepeHHH Ha KOMnapartope,
nedpopmupyerca. ledopmauus mMoxker OHITb DPaBHOMEPHOM, HepaBHO-
- MEpHO#, MeCTHOI1, HabJIofaeTcst Takxe MHrpauns ¢otocaos. Cnocobsl
yueTa pedopManMH NJEHKH 3aBHCAT OT KOHCTPYKuUMM aspogoroanna-
para u ero ICTHPOBKH.

B kocMuyeckoii (oTorpaMMeTpHH s onpeneseHus nedopMaubH
TJIEHKH HCMOJIb3YIOT BHIpaBHHBAlOLIEEe CTEKJO C CETKOH KPecToB, KOTO-
poe moMewLanT B (GOKaJbHOH NJIOCKOCTH Kameprl. Kann6poBaHHbIE KO-
ODAHHATH KPecTOB OTHOCHAT K I'IABHOH TOYKE CHHMKa H HCIpaBJfIIOT 32
IMCTOPCHIO OOBEKTHBA.

Jana onpenenerus nedopMaunHH MJEHKH H3MepSIOT BCe KPECTHl CeT-
Ku. Pa3HocTH MeXay KaJHOPOBaHHBIMM M U3MEPEHHEIMH KOOpAMHATa-
MH KPeCTOB MCNOJB3YIOT IJfi onpexneseHusi Ko3(d¢uIHEHTOB NOJHHO-
MOB, O KOTOPHIM BBIUHCJISIIOT NONPAaBKH B H3MepPeHHHIE KOOPAHHAThl
TOYEK KOCMHYECKOrO0 CHHMKa KaK (pyHKLHH NOJIOXKEHHSl TOYEK Ha aspo-
CHHMMKEe:

¥'=x+taot-aix+ax’+asy+ayt+ascytaxty+ ..
(129)

Y'=y~+bot-bix+box®+-bay+bay?+bsxy+bex?y+ ...
MoryT 6LITb HCHOJIB30BaHHI H APYrHe THINB TOJHHOMOB, HalpHMep,
ocyllecTBJsIIOHe KOH(OPMHOE Npeo6pa3oBanHe.

Hecosnagenne (OTONNEHKM € NNOCKOCTLIO NPHUKAAAHOH paMKH,
CHHMMOK COIIEPKHT HCKaXK€HHs, BEI3BaHHEIE HECOBNajeHHeM ¢OTOMJeH-
KH C IJIOCKOCTBbIO MPHKAaAHOH paMku. CTPOro roBopsi, B MOMEHT 3JKC-
NOHHPOBAHHA TJIEHKa He fBJAETCH IVIOCKOCTbIO, 2 MpeACTaBifieT Co-
60l C/I0XHYIO NOBEPXHOCTb, KOTOPasi NONY4YaeTcs NpH OrHbGaHHH He-
POBHOCTEH NPHIKMMHOrO CTOJNa, MEJIKHX YacTHIl, HaXONALLHXCA MEXLY
NPH>KHMHBIM CTOJIOM H IJIEHKOH, H T. A.

HckaxeHHsi KOOPIHHAT TOYEK CHHMKA, BHI3BAHHBIE HECOBNajleHHEM
¢oTOnNIEHKH C NJOCKOCTbIO NMPHKJANHOH paMKH, MOXXHO BBIYHCJIHTH MO

dopmyaam
L e SN S N (130)
f L F L

45



B atux ¢opmynax Af — BennyHHa CTPeNKH mporuba mnJeHKH, KoTopas,
pooO611le rOBOPS,, HEH3BeCTHa, a BelHYHHa L onpexneaserca no ¢opmyJe
E. I'l. ApxanoBa

4 / 96AFES®
L -/ B, (131)

rae E—wmonynp ympyroctH (monysns lOHra); & — TOsLIMHA NJIEHKH;
P — vHTeHCHBHOCTb pacnpefesuTesbHOil HarpyskH. [lockosibKy Ha
NpaKTHKEe BCE BeJHYMHBl, Bxoasiiue B ¢opmyasl (130), HeH3BeCcTHHI,
TO MOXXHO TOBOPHTb TOJIbKO O CPEIHHX HJIH MaKCHMaJlbHBIX HCKaXKe-
HHMSIX, BHOCHMBIX HeCOBNaJleHHeM IUIEHKH C TJIOCKOCTbIO NPHKJaXHOH
PaMKH.

Ilo nccnenopannam H. A, CokosoBoll, MakcHMaJibHble HCKaXXeHHs
B abCuuccax TOYeK, BhI3BaHHBIE 3THM (PAKTOPOM, MOryT HOCTHFaTh
14 Mxm npu =100 mMM.

Pedpakuua cseroBbix sydeil, OHa TaKKe BBI3BIBA€T MCKaXKEHHMS
KoopauHaT Touek cHUMKOB. [Ipu yuere pedpakunu pasnHyanT BHeLI-
HIOIO, a Takxe pedpakuHio, BOSHHKAIOLUYI0 BHYTPH CHEMOYHOIO OTCE-
Ka, B KOTOPOM YCTaHOBJIEHEI KaMEpH.

Brewnolo atMochepHyo pedpakuHio MOXKHO BHIPa3sHTb B BHIE

Y=Ktgp, (132)

rae ¥ —yron pedpakuuu; f— yroa Mexay HamnpabJieHHEM Jiyya CBe-
Ta M HanpasJieHHeM Ha TOYKY Hajaupa.

Has Belyncyenus Koapduumenta K npemyioxked pag ¢opmyd, u3
KOTOpHIX Hanbosnee ynobHa nJs BuiuMc/eHHit popmyna Beprpama:

24104/ 2410k ( b )] 10~ (133)

K=[ _
H*—6H 4+ 250 h2 — 6k - 250 H

rne H —Bpicota nosiera B KuioMerpax; h— cpefHsisi BHICOTA MECTHO-
CTH HaJl yDOBHEM MOPS B KMJIOMeTpax. '

Kak wu3BecTHO, neficTBHe pedpakuMH 3aKJIOYa€TCH B pPafualbHOM

CMELIEeHHH TOYeK CHHMKa OT TOYKH HajHpa (MmoJioXKeHHe TOYKHM HajH-
pa [0 onpeleeHHs 3JEMEHTOB BHELIHEro OPHEHTHPOBAHHA HeH3Be-
CTHO).
. Ilpn kocmuueckom dororpadMpoBaHHH ONTHYECKAdA OCh TOMNOrpa-
¢dbuyeckoli KaMmepel OTCJIeXHMBAaeT LEHTP MacC 3eMJiH C olHMOKaMH He
6onee 2—3°. B 3THX YCJOBHSIX TOHOTPaHUECKHH CHHMOK MOJXKHO CYM-
TaTh NJAHOBBIM. )

J1s niaHOBBHIX CHUMKOB TOYK2a HaJHpa COBnaZlaer ¢ [JIaBHOW TOY-
koit ciuMka. [lonpaBka 3a pedpaxkuuio Ar pias cayyas mJaHOBOTO
CHHMKa NpH JI060M pajHajibHOM PaCCTOSIHHM r UMeeT BHJ

Ar =K (r 1 ;—:) - (139
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HJM

Ar =K (—”;*;Li) 9. (135)

ITonpaeka 3a atmocdepHylo pedpakuuio npu cbemkax 3emaun ¢ MC3
HeBesqnka. [lyctb, Hanpumep, KaMmepa HMeeT (pOKyCHOe paccTOsiHHe
f=200 MM, pamuajbHOE PacCTOSIHHE OT [VIABHOM TOYKH CHHMKa J0
H3o6paxkeHua ob6wekta r—=70 MMm. Bnicora kpyroBoit opbursl H=
=250 KM, CpeqHfif BHICOTA2 MECTHOCTH HaJ ypoBHeM mopsi h=0,25 KM,
yroJi MexJay JydoM H TOYKOH Hagupa p=70°.

Torpa kosd¢uuuent K, onmpenenenssiii no ¢opmyse (132), Gyner
K=9,84.10"%, a nonpaBka 3a pedpakuuio Ar, nojyyeHHaa no c¢op-
myae (134), Ar=7,73-10—* mM. 3Be3nHbie CHMMKH IPakTHYECKH He
HCKaxKeHHl aTMochepHOH pedpakumeit.

CyliecTBeHHBIE HCKa)KEHHSI BO3HHKAIOT BCJENCTBHE aedopMauuii
H/VIIOMHHATOPa H BHYTPeHHe#l pedpakuuH. CylecTBYIOT CnenHaJjbHbie
METOJHKH Y4yeTa 3TUX HCKaXKeHHH.

OpHuM M3 cnoco6GoB ycTpaHeHMsl nedOopMaLHi HAJIOMHHAaTOpa H
BHYTpeHHell pedpaKuHH ABJIAETCH H3TOTOBJIEHHE HE MJIOCKONap aJedb-
HOrO HJIJIIOMMHaTOPa, a2 HMEIOLIEro HeKOTOPYI0 KPHBH3HY, pPaiHyC KO-
TOPOH MOKHO DacCYHTaTh.

§ 8. HHEPUHAJNBHASl CHCTEMA KOOPJAHHAT

B kocMHueckoif (poTOrpaMMEeTpHH OOBEKTOM H3MEPEHHH SABJAAITCA
CHUMKHM, nosyuyeHHsle ¢ 6opta KA, KoTophiil o6palaercs BOKPYr mJsa-
HEeTH MOJ AeifICTBHEM IpPaBHTaLMOHHHIX H Apyrux cuj. OpHeHTanus To-
norpagMYeCKHX CHHMKOB B NPOCTPAHCTBE BBIMOJHSETCH NPH MOMOLIH
3Be3JHOH KaMepel nyteM ¢oTo-

rpadupoBasus  3pe3nHOro Heba. z
Takum o06pasoM, B KOCMHYECKOIl
¢oTorpaMmMeTpUH Heo6XOAHMO yyH- 3
THBaTh OpOHTa/IbHOE [BUXKEHHE

KOCMHYECKOro amnmaparta H, CJeno-

BaTeJIbHO, HCNOJL30BaTh CHCTEMH -
KOOpPAMHAT, B KOTOPHX MOXHO P
aJleKBaTHO OMHcaTh OpOHTalbHOE o
apuKenve. OCHOBHEIM Tpe6GOBaHH-

€M, NpeNbABJIfieMBIM K CHCTEMaM

oTcueTa (KOOpAHHATH M BpeMs),B T
KOTOpBIX paccMaTpHBaeTcsl JBHXKe- X
nue KA, spasierca TpeboBaHHe
uMHepuMaJpHOCTH. Jllo6as cHCTeMa ~—
oTcyera B KOTOpOH cBoOGOnHasA Ma- p,. o Sxparopuambuas  (mep-
TepHaJibHasi TOUKa JBHXXETCH paB- LUHaJLHAf) CHCTEMa KOOPAHHAT
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HOMEPHO H NPAMOJIMHEHHO, Ha3bBaeTCi HHEPLHAJIbHON HJIH raluiee-
Boi. B Takoii cHcTeMe B CHJIy CaMOro onpejesieHMsi HOJIXKEH BBINOJ-
HsTbCA nepBHIA 3akod HeloroHa. ,

B kayecTee WHepUHaJbHOJI CHCTEMBI KOOPAMHAT NPH U3YYEHHH [BH-
xenus MIC3 ucnosb3ylor 3KBaTOpHaJbHYl0 FeOLEeHTpHYe-
CKylo cucteMy kKoopausart (puc. 10), Hayano KOTopoil o Ha-
XONHUTCA B LlEHTPe Macc 3€MJIH, OCb Ox HanpapjeHa B TOYKY BeCeHHero
PaBHOLEHCTBHSA Y, OCb OZ COBNAaJa€T C OCbIO BpallleHHsi 3eMJIH M MO-
JIOXKHTENbHA B HampaBJE€HHH K CEBEPHOMY MOJIOCY, a OCb Oy JAOMNOJ-
HsleT CHCTeMY OT TPH3JApa NPaBOil OPHEHTaLHH.

OKBaTOpHa/NbHAs CHCTeMa KOODAHHAT HENpepHBHO MELJIEHHO H3-
MEHSIeTCH CJIOXKHBIM 06pa3oM BCJEACTBHE MPELEeCCHH H HYTALMH H IOo-
3TOMY, CTPOro roBODfi, He SIBJIfieTcsl MYeplLHaJybHOl. s TOro 4ToGH
3KBaTOpHaJIbHasl CUCTEMa CTaJla HMHepIHaJbHOH, ee HeoOXOAUMO 3a-
(pHKCHPOBaThb OTHOCHTENBLHO HEKOTOpo#H 3noxH To. B KOCMHYyecKHx HC-
CJIEJOBAaKHfIX B KayecTBe CTAHNAPTHOH SMOXM NPHHHMAaETCH 3MoXa
Tv=1950,0 uau T¢=2000,0.

IlonoxxeHHe TOYKH i NPOCTPAaHCTBAa B HMHEPHHAJNBHOH CHCTEME KO-
OpPOMHAT 33Ja€TCH €€ FeOLECHTPHYECKHM paiHycOM-BEeKTOPOM r,, Nps-
MBIM BOCXOKJEHHEM @; H CKJOHEHHeM ;.

[1IpsiMoe BOCXOXKIEHHMe @; OTCUMTHIBAETCH B IJIOCKOCTH 3KBaTOpa
MPOTHB YACOBOKH CTPEJKH OT TOYKH BeCEHHEro PaBHOJAEHCTBHMS 1O MNpo-
EKILHH paanyca-BeKTOpa H OOEIYHO 32JaeTcsi B YaCOBOH Mepe, CKJOHe-
HHe O; npeacTapnsieT cO60i yroJ MeXAy reOieHTPHYECKHM panHycoM-
BEKTOPOM H IVIOCKOCTBHIO 9KBaTOPa:

TakuM o6GpasoM, HHeplLHaJbHBE IeOUEHTPHYECKHE KOOPAHHATH X,
Y, 2 3anaTcs popMyJsaMH

Xx=r cos a cos §; y=rsinacos§; z=rsinb, (136)

a o6paTHOe npeo6pasoBaHHE —

a= arctg% 0<a<24";

6= arcth (—90°P <8 < 90°); (137)

__z
r=Vx+y+2.

HHepunanbHasi cuCcTeMa KOOPIHHAT YCTaHABJIHBAETCH KAaTaJoOraMM Ko-
OpIHHAT 3Be3.

Karanor FK-4 conep:xHT koopauHaTel a M 0 1535 3pe3n, a Takxke
COOCTBEHHBIE IBHAKEHHSA 3BE3J Lo M ps 110 3THM KOOpaHMHaTaM. BrBop
CHCTeMBI MOJIOKeHHi 3Be3] KaTanora FK-4 ocHoBan Ha HauboJiee TOY-
HBIX acTPOHOMHYECKMX HabuaiomeHusax XX cToJNeTHS, a- IJis BBHIBOAA
cO6CTBEHHBIX ABHXXEHHH 3Be3]l HCNOJIb30BaH pfAj KaTaJoros, NOJYYeH-
HBIX B 0O6CepBaTOpHAX, BEAYLIMX PeryjspHble HabMIOAEHHS C CEpenHHE
NPOLLJIOro BeKa.
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Cayyaitnble omubku xartanora FK-4 xapakTepusyloTcsi Clenyro-
LUMMH CPEAHHMH KBaJpaTHYECKHMH OLIHGKaMH:

m(a cos §) = =-0,0015-+-0,002s;
100m (pg cos 6) ==-0,005°-+0,012s;
m(8)==0,02"-+-0,03";

100m (ps)=4-0,10"-+-0,15".

IO2kHEBIe 3Be3AB OnpelesieHbl C HECKOJLKO MEHbilleil TOYHOCTBIO.

Karanor FK-4 npuHfiT B KadecTBe MeXAYHApOLHOH OCHOBHI JJIS
ActpoHomuueckoro exxeropuka CCCP (AE) c¢ 1964 r.

B kocmuueckoii ¢oTOrpaMMeTpHun HCMOJNbL3YIOTCA TaKiKe H KaTaldo-
TH, KOTOpHie colepxKaT GoJblliee YHCJIO 3Be3f], NPH 3TOM HX KOOPAH-
HaTel OnpeneJsieBbl ¢ MeHbLiell ToyHocThio. Hanbosee LIMPOKO HCIOJb-
3yetcs KartaJjor CMHTCOHMaHCKoH acTtpodmandyeckod ob6cepBaTOpuH
(SAOC), KOTOpHIl CONEPIKUT KOOPAMHATH H COGCTBEHHBIE LBHMXKEHHR
258997 3Bean. Bce nonoxkenus 3me3q B karasore SAOC penyumpo-
BaHH K cHcteme FK-4, ongHako OmIHMOGKM B KOOPAHHATAaX OTIEJbHBIX
3Be3J, MOTYT NPEBHILIATh OHY CEKYHLY AYFH.

B Hacrosiiee Bpemsi OCyLUecTBJfiETCS Tepexoj] Ha HOBHIHA ¢yHna-
MeHTanbHBI Kartagor -FK-5, B kotopeit Bxonut yxke 3500 3pe3n, uto
BaXXHO JJISl NPAKTHYECKHX NPHUJIOKEHHH.

B kartajsorax KOOpIMHATH 3Be€3]l 3aAalOTCA B CpelHEHl 3KBaTOpPH-
aNbHOM CHCTeMe KOOPAHHAT OXoYoZp, OTHECEHHOM K 3noxe Katasora To.
Ocb 0xg 3TO# CHCTEMHl HanpapJ€Ha B CPEJHIOI0 TOYKY BECEHHEro pas-
HOJIEHCTBHA Yp Ha 3n0xy KaTtajora Tg.

UTo6El NepeiTH OT CPEAHHX KOOPIHMHAT Go U Op 3BE3ABI, 3aJaHHBIX
Ha 3n0xy KaTtanora To, K HCTHHHB M KOOpAWHAaTaM o H §, OTHeceH-
HBIM K MOMeHTY (potorpaduposanus f;, He0OXOOTUMO YueCTb COGCTBEH-
HOe ABHM)XEeHMe 3Be3[lbl 32 NPOMEXYTOK BpeMeHH £;—T, npeleccuio 3a
9TOT JKe NPOMEXYTOK H HyTauuio. TakuM o6pa3oM, BBIYHMCJIEHHSI HC-
TUHHBIX KOOpAMHAT Ha MOMeHT ¢ortorpadpHpoBaHus f; NPOM3BOIAAT B
CJIeAyollel NocJel0BaTEeIbHOCTH:

1. MlcnpapasitoT KOOpAMHATH 3Be3n 3a COGCTBEHHOE ABHIKEHHE:

o/ o=0g+pa (t—To);

(138)
& o="08¢tps (!i—To).
2. Bbl‘lHCJ]ﬁlOT KOMIIOHEHTH €AHHHYHOI'0O BEKTOpa l'—'o Hanpannennﬂ

Ha 3Be3Ny B CpelHeil CHCTeMe KOOPAHHAT 3MOXH Ty, HCIIPaBJEHHHE 3a
COOCTBEHHEIE IBHIKEHUS 3BE3JHI:

cosa, cos g,
r,/ =|sina, cos§,’ |- (139)
sin
4—6549 49



3. Ilycty Iy, — opTOroHasnbHasi MaTpHua, YYHTHIBaIOLIAsl NeHCTBHE
NpeneccHy 3a NpOMEXYToK BpeMeHH (£;—To). YMHOXKHB 3Ty MartpHuy
Ha BEKTOP r’o, YYHTHIBAIOT MOBOPOT CHCTEMB! KOOPAHMHAT, 06YCJOBJIEH-
HEII 1efiCTBHEM NPELleCCHH:

l—'o” = l—lprr—o'- (140)

[Ipu 270M oCcb 0x GyzmeT HampapjeHa B CPEIHIOI0 TOYKY BECEHHEro
PaBHOJIEHCTBHS B MOMEHT (hoTorpadMpoOBaHHS,

4. YUHMTBHIBaIOT HYTAUHIO, 1J151 Yero Ha BEKTOp r”y AEHCTBYIOT OPTO-
roHaJbHOi Matpuueii Hytauuu Iy,

I_.o = nnutFon = "nutnero’- (141)

B pe3yabTate 3TOro npeo6pasoBaHusi ocb ox GyleT HanmpaBjleHa B
HUCTHHHYI0O TOYKY BECEHHEero PaBHOLEHCTBHSI Ha 3MoXy ¢oTorpadupo-
Banus. IlockosibKy HyTanHoHHble 3¢dekT He npeBocxoxsaT 10~%, npu
yyeTe HyTalHH MOXKHO OFPaHHYHTLCH TOJBKO JIMHEWHBIMH 4/eHaMd B
Pa3JIOKEHHH 3JIeMEHTOB MaTpHLbl HyTauuu B paab Teiisopa.

§ 9. TPHHBHYCKASI CHCTEMA KOOPIHHAT

3eMnss B HMHepLHaJbHOH CHCTEME KOOPAMHAT BpallaeTcs, COBeplias
000pOT 32 OLHH 3Be3LHHIE CYTKH, NJHTEJbHOCTb KOTOPHIX COCTaBJISieT
23" 56™ 04,09° B enMHHIAX BCEMHPHOTO BpeMeHH (CPeIHero COJHEYHOro
BpeMeHH). [l 3aflaHKs NOJIOXKEHHH TOUEK MOBEPXHOCTH 3eMJIH MHep-
LHMaJbHasi CHCTEMa KOOPAMHAT HeydoOGHa, TaK KaK NOMHMO TpexX Ko-
OpAMHAT TOYKH HEOGXOOHMMO YKa3biBaTb H MOMEHT BPEMEHH, B KOTO-
pPBI TOYKa HMeeT 3afaHHble KOOPAMHATH. B KocMHuecKHX HccienoBa-
HHSX, reo(H3HKe H reofle3HH BBOJAAT I€OLEHTPHYECKYI0 CHCTEMY KOOpP-
JHHAT, XXECTKO CBA3aHHYI0 ¢ 3eMJiefl M YYacTBYIOLUIYI0 B €e CyTOYHOM
BpalleHHH.

HaBecTtHo, yto mnosioca 3eMiu BCJEACTBHE mnepepacnpeleseHus
MacC B ee Tese H APYrux 3¢¢deKTOB HENPEPHIBHO MEHSAIOT CBOE MOJIO-
2KeHHe Ha noBepxXHOCTH 3eMJiH. [lepemelleHHsi NMOJIOCOB HeBEJHKH:
CeBepHblit MOJIOC 3eMJIH ONHCHIBAeT Ha €€ IIOBEPXHOCTH CJOXKHYIO
KPHBYIO, KOTOpas He BBIXOJAHT H3 KBaJpaTa cO CTOPOHaMH OkoJso 20 M.
Tem He MeHee NpH COBpeMEHHOM TOYHOCTH HaGJIOAEHHMH Hey4yeT IBH-
JKEHHA TOJIIOCOB BHOCHT HEONpPENEJe€HHOCTh B 3aJlaHHble CHCTEMBI KO-
OpIHHAT, JXEeCTKO CBsi3aHHBIe ¢ 3eMJeH. [l MCKJIIOueHHs1 Heonpene-
JIEHHOCTH BBOAUTCA MexnayHaponHoe ycjaoBHoe Hayanso (MYH), 3a
KOTOpOEe NPHHHMAETCA TOYKAa, COOTBETCTBYIOLlas CPeIHEeMYy I0JOoxKe-
Huio CesepHoro mojiroca 3emsin 3a nepuox 1900—1905 rr.

B KayecTBe 2KeCTKO CBA3aHHOH ¢ 3eMJelt reclieHTPHYECKOH CHCTEMEI
KOOPIHHAT B KOCMHYECKHX HCCJEJOBaHHMAX HCNOJb3YIOT IPHHBHYCKYIO
reoLeHTPHYECKYI0 cucTeMy KoopauHat oXYZ (puc. 11), Hauano koTo-
poii, TaK >Xe KaK H HHepLHaJbHOH, COBIIaflaeT C LLeHTPOM Macc 3eMJH,
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ocb OZ Hamnpaeji€Ha B CPeIHHI z
Cepepublil  monwc 3eman 1900— )
1905 rr, 2 ocb 0X JeXuT B nJaoc-

KoctH skBatopa 1900—1905 rr. u

HanpasjieHa B TOUKY MepecedeHHus

3KBAaTOpa M reOLEHTPHYECKOro Me-

puanaHa I'pHHBHYA 3TOH 3MOXH.

[Tepexon OT MCTHHHBIX MHEpLH- b
aJbHEIX KOOPAMHAT @ M § Ha 3moxy o 3
¢dororpadrposanuna t: K rpuHBHY- )
CKMM KOOpPAMHAaTaM BBIMOJHAKT B y
JBa 3Tana.

[Iycts B pesyJsbTaTe penyKLH-
OHHBIX BBIYHMCJIEHHH, BBINOJHEHBIX % P
B COOTBETCTBHH € IpaBH/aMH r
(138)—(141), nonyueH eIHHMUHBIH  Ppuc. 11, Tpunenuckas (0XYZ) u reose-
BEKTOp Ty, OTHECEHHBIl K HUCTHHHOH  3Wueckasm (0X:YcZ:) cucreMbl KOOPAH-
cucTeMe KoopAauHaT 3noxu ¢oro- MaT
rpadpuponanusn t;, Ha nepsom 3Ta-
ne CACTEMa HHepIMaJbHBIX MCTHHHBIX KOOpDAMHAaT MNOBOPAaYyHBaeTcH
BOKpPYr OCH OZ Ha YroJj, YHCJE€HHO paBHEII HCTHHOMY 3BE€3HOMY Bpe-
MeHy S B I'punHBHYe, mocne dYero ocb 0X cOBNajer ¢ MrHOBEHHHIM
MepunvaHoM I'puHBHua:

RY—=Sr". (142)

B nauHom npeo6pa3oBaHMH S — OpPTOrOHaJIbHAsi MaTPHLA BpalleHHf,
COOTBETCTBYIOLIaf NMOBOPOTY Ha Yros S, YHCJEHHO PaBHBIil 3BE3LHOMY
BpeMeHu B I pHHBHUE, T. €.

cosS sinS O
S=]| —sinS cosS 0|, (143)
0 0 1

rie S — HCTHHHOe 3Be3LHOe BpeMsi B MOMEHT (OTOrpaHpoBaHusl, KO-
TOpOE OnpefiesisieTCA U3 BBIpaXKeHHus

S=8o+1i1+9,856 s/ht;*=S,+1:-}1,002 7378¢:M, (144)

roe So— HMCTHHHOe 3Be3jHoe BpeMs B (* BCeMHPHOrO BpeMeHH, 3Ha-
YeHHAl Sp ANA KAXKABIX CYTOK MyGJIHKYIOTCS B pasjesie «3Be3fHOe Bpe-
ma» (AE); & — BcemupHoe BpeMss B MOMeHT ¢oTorpad¥poBaHus.

Ha BTOpOM 3Tane mepexona och 0Z NO/MKHa OLITHL HanpasiieHa B
cpeannii nosoc snoxu 1900—1905 rr. Ias storo Heo6xoauMo pacmno-
JlaraTb HCTHHHEIMH KOOpAMHATaMH nojioca 6xp, U 8y, Ha 3noxy ¢$oro-
rpagupoBanus { OTHOCHTEJbHO cpeaHero moswoca 1900—1905 rr. Ha-
uuHas ¢ 1963 r., npenBapuTesibHKE 3HAYEHHsl KOOPAUHAT HMCTHHHOIO
noJijoca MHpa, NoJiyyeHHble N0 HabJ0NeHHAM NATH o06cepBaTOpPHii, 06b-
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€IMHEeHHBIX B MexIyHapoaHyio cayx6y aBuiKeHH® nogiocoB (MCII),
ny6suKyloTcs B cnenHajibHoM u3gaHud «Monthly Notes of the Inter-
national Polar Motion Service» na 1,5—2 Mecsana ¢ omo3faHHeM B
TPH MeCSla, a OKOHYaTesbHble 3HAYEHHsI YKa3BIBAIOTCH B FOAOBOM OT-
yere «Annual Report of the JPMS» ¢ uurepsasiom B 0,05 rona (18
CYTOK).

Pacnonaras KoopAHHaTaMH HMCTHHHOrO moJimoca 6xp u &yp, nepeii-
_fleM K OfpeJleJIEHHIO HanpabBlieHHsi B FPHHBHYCKOH CHCTEME KOOPp.IH-
Hat. Bynem uMetnb

RO=PSI, (145)
rie P— maTpuna, onuchiBamas nBHKEHHE NOJIOCA,
1 0 &%,
—dx, %y, 1

Koopaunate nomoca B Martpuue (146) nOMKHBI GBITH BEIPAXKE€HH B
panuanax. [Ipn BeIUMCHEHHAX TaKKe HCHOJb3YIOT MaTpHuy PS:

cos S sinS dx,p
PS= —sinS cosS — 3y, |. (147)
—38x,c08S —8y,sinS —2&x,sinS + 8y,cosS 1

CJenoBaTeNbHO, NEPeXo]l OT HaNpaBJieHHsl Ha 3Be3Ny, 3aJaHHOIO B
cpelHel MHepILHaJbLHON CHCTeMe KOOPAMHAT Ha 3moxy KaTaJjora To, K
TPUHBHUYCKOH CHCT€MEé KOODAMHAT BBIMOJHSIOT Ha OCHOBAaHHH COOTHO-
IeHHs

RO—=P SN, 1%, (148)

§ 10. TEOAE3HYECKHE CHCTEMbI KOOPAMUHAT

B reomesun M ¢otorpaMmerpHH Haub6oJee IIHPOKOe NPHMEHEHHE IIO-
JYUYHJIH reojie3H4YeCKHe CHCTEeMBl KOOPAHMHAT, 3aJlaHHEIE OTHOCHTEJBHO
pedeperu-3aauNCONAOB. MexXIyHapoaHblii acTPOHOMHYECKHH COM3
(MAC) B 1976 r. pekOMeHIOBaJ HMCNOJb3OBaTL OGIIHI 3€MHOH 3JIJIHII-
coun ¢ Gosblofi nosyockio a.—6378 140 M u cxatuem a,~1/298,257.

leone3nueckylo CHCTEMY KOOPAMHAT 3afaioT LWHPOTOit By, modaro-
To# Lo u BeICOTOM Ho MCXOZHOTO NMyHKTa M mapaMerpaMH pedepenn-
3JIJIHIICOHAA Qe H Ce.

Hauano reonesuueckoii cucteMsl KoopaHHAT op (cM. puc. 11), Kak
Npasujo, HE COBNAJaeT C LIEHTPOM Macc 3€MJIH, OAHAKO BCAKaf reo-
Je3HyecKas CHCTeMa NPaKTHYECKH napasJjelibHa TPHHBHUYCKOH CHCTeMe
KoopAaHHaT. JI11 OpHEHTHPOBaHHS reole3HYeCKHX CHCTEM HCMOJb3YIOT
PE3YJIbTATH BHICOKOTOYHEIX aCTPOHOMHYECKHX HalOJ/10JeHHH, MO3ITOMY
M yrJbl MEXAY OCSMH reofie3HYecKOH NpAMOYroJbHOH CHCTEMBI KOOp-
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ouHaT OrX:YrZ, M COOTBETCTBYIOLIMMH OCSIMH TPHHBHUCKOH CHCTEMBI
0XYZ nopsigka oMGOK aCTPOHOMHYECKHX ONpPENEJEeHHi M He NpeBoC-
xonat 1—2”, TlosaroMy B nanbHeilluem GyneM nosaraTb, YTO OCH TPHH-
BHYCKOH ¥ Te0Je3MyecKOoifi CHCTeM KOOPAMHAT MapaJsiyieJbHbLl H HMeerT-
csi ToNbKO caBHr OR Hauyasa KOOpIMHAT reofie3NYecKOi CHCTeMHl KO-
opauHat. I'eofesnueckHe KOOpAMHATH 3anal0T B (OpMe MPAMOYIOJb-
HBIX KoopAuHaT Xr, Yr, Z; uan B $opMe KPHMBOJMHEHHBIX KOODIHMHAT
B, L, H (reomesuueckas IIHPOTa, reoje3vyeckas JOJroTa M BHICOTA,
OTCYMTHIBaeMas BAOJIb HOpMaJu N K mOBepXHOCTH aaauncouia). Ocb
0rX; HanpaejleHa B TOYKY nepeceyeHHs IeOfe3HUecKOro MepHAHaHa
I'puHBHua € nJocKOCTBIO 9KBaTOpa, a OCb OrZy COBMajaeT C OCbIO Bpa-
nienns saguncouna. Ocb orYr monosHseT cucTeMy N0 TPH3Apa NMpaBol
OPHEHTALHH H MOJIOXHTENbHA K BOCTOKY.

Cefi3b NPAMOYrOJIbHBIX H KPHBOJHHEHHBIX reoJe3HYecKHX KOOpIH-
HaT MOXXHO YCTaHOBHTb C NOMOLIbIO M3BECTHBIX M3 BBICLIEH reoJe3HH
¢opmyn:

X,.= N+ H)cos Beos L;

[Y.=(@N + H)cos BsinL; (149)
Z.=[N(1—e*)+ H]sinB,

rie N—HopMaJsb K mOBEPXHOCTH 3JVIMICOHAA, NpHueM N=a./(1—e2)X
X sin? B)1/?; e — 3KCUEHTPHCHTET 3JIJIHIICOHA.

OG6paTHHIi1 Nepexol OT NPAMOYrOJIbHBIX KOOPAMHAT K KPHBOJIHHER-
HBIM CJIOXHEE, IOCKOJbKY TpebyeT NnocjeloBaTeNibHbIX NMPHOJHIKEHUH
IIDH BBHIYHCJEHHH LUHPOTHI.

[InpoTy MeTOnOM MOCJIEAOBATENbHBIX MPHOIHKEHHIT BHUHCIAIOT N0
dopmyJe
Z.+ N e2 sin B®)
VXEFYE

tg B*+h = (150)

rae k— HoMep mpHO/MKeHHA. B KauecTBe HauasJbHOTO NPHGJHIKEHHSA
MOXKHO HCIOJIb30BaTh COOTBETCTBYIOLIEE BBIpaxKeHHe IJs Chephi:

Zr
VIR
ITpouecc npubauxeruit GbICTPO cxonuTcs. JlaA Takux BBIUMCIEHHH
aHIVIMHCKUM reofesncTtoM BoypHHrom Gbl1 NpensioXeH aJrOpHTM pac-

yeTa, KOTOPHIH obecneuHBaeT HEOOXOMHMYIO TOYHOCTL 6e3 INpuGJH-
JKEHHH. -

[lo aaropuTMy boypuHra cHayana BHIYHCIAIOT BCIOMOraTe/bHBIH
yroa 6:

tg B©) = (151)

VA 1

8= e vi=e

(152)
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Puc. 12. TeopearlyueckHe ¥ TOPH3OHTHHE reofe3HyeCKHe KOOpAHHATH

3aTeM IIKMPOTY B onpenensor no ¢popmyse

Z. g 8 - 3

th___: r-1-e'ea, sin? 6 _ Zp-4-psin®b . (153)
VXELYE—e%,cos?8 — |/ XEFYE—qgcosh

B ¢opmyne (153) e’ — BTOpOI 3KCLEHTPHCHTET JIHNCOMAA, CBA3aH-

HBIH C 9KCICHTPHCHTETOM € COOTHOLIEHHEM

' e2

Owmnbka §B” BhHYUCIEHHMs WHPOTH nOo anroputMmy Doypuera nocrtu-
raeT MakcumMyMma npu H="2a., HO gaxe B aToM cJjyyae 8B”<C0,0017".
leopesnueckywo ponrotry L onpenensitor no ¢opmyse

Y
L=-"°~ 155
gL ==, (155)
a BBICOTY H — Ha OCHOBaAHUH PaBCHCTB
He—% N Y _ Ny__ % _ N1—e). (156)
cos Beos L cos BsinL sin B

Ha npakTuke yacto HcmosbayeTcs TONOLEHTpHYECKas rOPH3OHTHas
cucreMa reoje3anyecknx koopausat UVW (puc. 12). Hauano xoopam-
HaT j 3TOH cHCTeMBl HAXOOHUTCHA B NMPOH3BOJILHOH TOUKE NPOCTPaHCTBa
¢ reojesMyecKuMH Koopiueartamu Bj, L;, H; TlonfapHEIMH koOpaHHa-
TaMH HEKOTOpPOH TOYKHM { B 3TOH cHCTeMe fIBJIAIOTCA reoje3HyecKul
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asuMyT A;;, TeOie3UYeCKoe 3€HMTHOE PacCTOsiHMe Zj; M NpsAMOJIHHEN-
HOe paccTosiHue |rji.

Ocb W sBasiercs nponosixeHHeM HopMaiu N; K NOBEpXHOCTH 3J1-
JIMNCOHIa B TOuKe j, och U pacnoJioXkeHa B IVIOCKOCTH MEpHHaHa
TOYKH j, NEPNeHAHKYJNAPHO K ocH W M noJIOXHTeNbHA B HanpabBJeHHH
K OCH BpallleHMsi 3JUIMICOHAA, ocb V nepneHaukynsipHa Kk ocam U
uw.

IMonsipHble KOOPLMHATH TOUKHM: [ — reofie3uuecKuit asumyt; A; —
[BYTPaHHBIH YroJ MeXAy IJIOCKOCTbIO MepHIMaHa HayajibHOH TOYKH
j M HOpDMaJIBHOH IJIOCKOCTBIO jii”, MpOXOAsimed dYepes HOPMasb B
TOUKe [” ¥ yepe3 TOUKY i; reoJe3HyecKoe 3eHHTHOE PacCTONHHE Zi—
yros Mexay ocbio W u BeKTOpOM rj;.

Cesisap npsiMoyrosbHbix KoopauHat U, V,W W nossipHbix Koopau-

Hat 1, A, Z 3ajaetcs caenyiomedt cicreMoit gopMy.:

Ui=rj;sin Z;i cos Aj;;

Vi=r/,' sin Z,'j sin A,‘i; (157)
W[=fj,' Ccos Z/[;
4 Vi
Ctg fé l/Ui2 —[— Vlz UI [0 1] Aﬂ—*—ViSil'lA"' ( )
N/ 158
tg =t (158)

L el =VU+ V24 W2=U,eos A;+V;sinA;sinZ;{W;cos Z,
Ilepexon ot ropu3OHTHBIX NpsIMOYroJibHbIX KoopauHat U, V, W k
NpAMOYIOJbHBIM IeOfle3HYeCKNM KoopauHaTtaM Xy, Yr, Z: BHINOJHAETCH
B CJeAyolleil MOCJAEL0BATENbHOCTH: :

nepeHeceM HayaJO KOOPAHHAT FOPH3OHTHOH CHCTEMBI B TOYKY 11j
uepeceueHust HopMasM N; H ocH BpallleHHsi JIJAHUNCOMAA, B pPe3yJib-
Tate yero koopaMHata W ypesMuMBaercs Ha BequyunHy N;+Hj;

noBepHeM ocu koopaunat U u V Boxpyr ocu W Ha yroa 90° — B;,
IpH 3TOM och W coBmazaer ¢ OCbIO BpAllEeHHs 3JIJIHICOMAA;

nepeHeceM Temepb HayaJlo KOOPAMHAT f; B LEHTP 3JJIHICOHJA,
IJISl Yero yMeHbIUNM anmJHKaTy Ha BeJHuyHHy on;=Ne?sin?Bj;

NOBEPHEM OCH KOODAHHAT, JeXKallHe B MJOCKOCTH 3KBaTopa, BO-
Kpyr oc¥ oZ Ha yroJ, paBHOH poJarote L; TOUKM j, H H3MEHMM 3HaK
abCUHCCH H2 MPOTHBOMOJOXHHI.

B pesysnbrate npeo6pa3opaBHil 6yneM HMeTb:

Xri=[ (W¢+N[+Hj)COS Bi—Ui sin B/] cos L[—- Visin Li;
Yei=[ (Wi+4N;+H;) cos Bj—U; sin B;]sin L;-V;cos Lj; (159)

Zyi=(Wi+N;+4-H;)sin B;+U; cos Bj—N;&? sin B;.
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DopMysiEl OGPAaTHOrO [epexona MOJY4YHM, pPeliMB 3TH YPABHEHHA OT-
HocuTesbHo U, Vi w W, 1. e.:
Ui=(Zi+Nj; e? sin B;) cos Bj— (Xri cos Lj+ Y. sin L;)sin Bj;
Vi=Yr cos Lj—X,;sin L;; (160)
Wi=(Z:i+Nj e? sin B))sin B;+ (Xr: cos L;+
+ Y sin Ly)cos Bj— (N;+Hj).

MMpumep 6.

Ha crauunn na6monenuit UC3 B peaynbtate ¢ororpadrueckHx ¥ AoMJepOBCKHX
HabnoAcHHA onpefeNeHH HUCTHHHBHIE HHEpUHaJbHHe KoopAuHatH HWIC3 B MOMeHT f:
x=—4741632,0 m; y=—2 376 1049 M; z=4 206 033,4 m.

Vctunige 3pe3fHoe BpeMsi S; B IPUHBHUCKYIO MOJHOYbL AaThl HabuoaeHwii no
nanneiM AE S;=2"296 7239. BcemupHoe Bpemsi UTI, cOOTBETCTBYHOIIEE MOMEHTY
£, pasHo UTI (£;) =0,628 3683%, koopaHnarhl MrHOBEHHOIG TMOJIOCA OTHOCHTEJIBHO
MV¥H: 8x,=—0,06"; 8y,—0,23" nan 6x,=—2,9-10-7; dy,—1,11-10-8,

Tpe6GyeTcAa BHUMCIMTE reopeanueckue koopavHate MIC3 B MoMeHT f; B cHcTeme
koopauHat aaaunconga MAC (1976) ¢ napaMerpamu: 6OJbIAs MOJYOCh Ge=
=6 378 140 M; kBanpaT sSKcleHTpHcuTeTa €?=6,694 385-10-3; KBaspaT BTOpPOro 3Kc-
UeHTpHcHTeTa ¢/2=6,739 5018-10~3;, p=aqee’=4,284 1352-10% g=ae*=4,269 7725-10.

Pemenue.

1. Ho ¢opmyne (144) sHuMcAMM HCTHHHOE 3Be3amoe Bpemsi B [puHBHue S; B Mo-
MEHT {;, NoJyuuM

Si=S8¢}-i11,002 7378¢,=2,926 8125*,

CoctasuM MaTpuuy S B coOTBEeTCTBHMH ¢ dopmynont (143):

cosS sinS 0 7,205 2467-10"* 6.934 2934-10—1 0O
S=]—sinS cosS 0 |=]—6.9342934-10"' 7,205 2467-10—* 0O|.
0 0 1 0 0 1

3. CocraBum MaTpuuy P anukenns montocor

1 0 @, 1 0 —2,9-10~7
P=| o 1 —¥yl=|o 1 —1.11-10-¢].
—8x, dyp, | 2,9-10~7 1,11-1078 1

4. Bouncaum maipuny PS
7.2052467-10~! 6,9342934-1071 —2,9-10~7
PS = [—6.934‘2934- 10~ 7.2052467-10% --1,11-10—¢ ]
—5,61-10~7 1,00-10% 1

5. Onpeneaum rpunBHuckHe koopaunath HC3 X, Y, Z

X x —5064 124.9
[y ]=PS y |=| 1575939.8].
z z 4206 0537

Ecan nonarark maTpuuy P ABHIXEHMs MOJIOCOB €MHMYHOH, TO IPHHBHYCKHE KOOPAM-
HATH B JAaHHOM npuMepe 6ynyt caeaytomumu: X’=——5064 123,7; Y'=1 575 944,5;
Z’=4 206 053,4, T. e. NMOTrpelIHOCTH, OOCYCJOBJEHHEIE IBHIKEHUEM MOJIOCA, COCTABAT:
16X]=12 m; |8Y]|=4,7 m; |6Z]|=0,3 m.
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6. Mockonbky wHpopMaunss 06 OPHEHTAUMH CHCTEMB KOOpAMHAT 3JNIHICOMAA
MAC oTHOCHTENbHO TPHHBHUCKOH CHCTEMH OTCYTCTBYeT, TO MonaraeM, uto X=X,
Y=Y, Z=2Z..

7. Hafinem no ¢opmyae BoypuHra reomesvyecKyio LIHpoTy B:

Zr+ psindh

= arctg ————=
are gl/sz +Y2—qgcos?h

B = 38,592 45°.

8. OnpepennM reopesuiecKyro_goarory L:
Y
L— arctg7 = 162,714 02°.

9. Haiinem Bhicoty H, OTCYHTAHHYIO MO HOPMaJH K 3JaHncouay MAC,
X

He=——— —N= .8 M.
cosBcosL 399174.8 w

10. 3nauenyss BCNOMOraTeJbHHEX BeJHUMH OYAYT CliefyIOLIMMH;
6= 238,509 734°; '
N=6 386 462,8 Mm;

q=42697,725 m
p=42841,352 M

e? = 6,694 385-10~2
a/b=1,003364 1

napameTpu sJJunconga MAC

§ 11. ®YHIAMEHTAJBHOE YPABHEHUE
KOCMHUYECKON ¢OTOrPAMMETPHH

MeTtoabl NOCTpOEHHs ceTell KOCMHYecKOH (OTOTpHAHrYJALHH, NPH-
BfI3Ka OTAEJbHBEIX TOYE€K CHHMKOB H onpejesjeHHe opOHUT no ¢ororpam-
MeTpHyeckoi HH(OpPMaLKH OCHOBAHBI Ha HCNOJb3OBaHMH (yHIameH-
TaJIbHOTO YpaBHeHHs KOCMHyecKoil ¢ororpaMmmeTpuH.

Paccmorpum puc. 13:

0 X Y 2 — reOLeHTPHYECKasl HHepLHaJbHAs CHCTeMa KOODJAMHAT;

0 X Y Z — rpvHBHUCKAas reolleHTPUYECKAsi CHCTEMa KOOPHMHAT, KO-
Topas BpallaeTcsi BMecTe ¢ 3eMJiell BOKPYr ocH o Z, menasi OAMH 06o-
POT 32 OJHM 3Be3[HEIe CYTKH;

S: — 3Be3fiHoe BpeMsi B I'pHHBHYE, YHCJEHHO paBHOE YIJy MeXAy
ocAIMH Ox M 0X HHepIHaJbHOH H TPHHBHYCKOH CHCTEM KOODAHHAT B
MOMEHT {;;

QIl; — sneMeHT op6uTanbHOro aJHNCa, i — mojioxkenne MC3 Ha
op6uTe B MOMeHT ¢oTorpadrupoBanms f;;

02 — NOJIOXXHTEeNbHOEe HanpaBJieHHe JMHHHM Y3JI0B, 10 KOTOPOH me-
pecekalTcs IJIOCKOCTh OPOGHTH H JJOCKOCTL 3€MHOFO 3KBaTOpa;

TOYKa Q — BOCXOASILIMI y3es OpOHTEl, KOTOPHI SBJASETCA TOYKOM
nepeceyeHHsi 3KBaTopa M op6uthl npH apHxKeHuM HC3 H3 roxHOro
Nosyiiapusi B ceBepHOe (OTMeYeHO CTpeJKOi Ha opbuTe);
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Puc. 13. Opbura HC3
B TIPHHBHYCKOR  reoueH-
Tpuyeckofi CHCTeMe Koop-
IHHAT

(i’ — NepneHNHKYJsp, ONYIUEHHbIH W3 MrHOBEHHOTO MOJIOXKEHHS
HC3 Ha nnockocTh 3KBaTOpa;

ri=(x; y; 2;)T — reouenTpnuecknii paanyc-sektop HMIC3 B momeHnt
dororpadHpoBaHHs {;;

0i"” — npoekuns paanyca-sektopa MC3 Ha niockocTs 3KBaTOpa;

a; U 8;—reoleHTpHYEeCKHE NPAMOE BOCXOXIeHHe H ckiaoHenue MC3;

yroa Q — yros Mexiy HanpabjleHHEM OCH OX B TOUKY BeCeHHero
PABHOJEHCTBHS y H NOJOXHTEJbHHIM HalpaBJieHHEM JHHHH Y3JIOB 0L,
yroa Q Ha3blBaercss LOJITOTO#H BOoCcXxoJAsAaUlero ysJjga K 0b6o3Ha-
gaeTcs TakK XXe, KAK H CaM BOCXOASIILHI Yy3es, OYKBO#

J—yroa HakJaOHa (HaKJOHeHHe) MIOCKOCTH OPGHTHI K IJIOCKO-
CTH 3KBaTOpa;

Toyka [l;—neprueHTp OpOGHTH, TOYKa OpPOHTH, HaunGoJee
6JIH3KO pacnoJioeHHas K LeHTPY Macc 0 3emau (pokycy opOHTab-
HOTO 3JIIHMNCA);

yron @—apryMeHT NEPHILEHTP & OTCIHTHBAETCA B IJOCKO-
CTH OpPOHTHL OT NOJOXHTENBHOrO HanpakJieHMs JIHHHM Y3j0B 0Q 10
HanpasJeHus oIl B nepHueHTp,

J, Q, © ABJAAIOTCA 3HEPOBBIMH YIJIAMH, ONpeJesAIOLIMMH OpHEH-
TalM©o OpO6HTANBHOH CHCTEMB! KOOD/IMHAT OTHOCHUTEJNBbHO reoueHTpHUe-
CKOH CHCTeMBbl KOOPJ(HHAT. :

[Tycte B MoMeHT ¢doTorpadHpoBaHHA f; Ha CHHMKe, NOJYYEHHOM
Tonorpadpuueckoii kaMepo#, ycraHoBjieHHoi Ha Gopty MC3, u3obpa-
3nJlach HEKOTOpasi TOUKa j ¢pHaHuecKoil nosepxHocTH 3emyH. Paccmort-
PHM TPEYroJibHHK 0if, CTOPOHaMH KOTOPOro SABJIAIOTCS T€OlleHTpHYe-

58



ckuit paanyc-Bektop HC3 r;, reoleHTPHYIECKHH DpajHyC BEKTOD [j

TOYKH § M CNYTHHKOLEHTPUYECKHH pajiuyc-BeKTOp r; ToukH. M3 pe-
_1IeHHs1 BEKTOPHOTO TPEYroJibHHKa HMeeM:

Fij=— (ri—r), (161)

T. €. B J1060ii MOMEHT {; CIyTHHKOLEHTPHUYECKHH BEeKTOp TOYKH mo-
BEPXHOCTH j paBeH pa3HOCTH reolleHTprueckoro Bektopa MC3 H reo-
LEHTPHYECKOro BEKTOpAa TOYKH f, B3fAITOH C 0OpPaTHHIM 3HAKOM.
PaccMOTpHM CnyTHHKOUEHTPHUYECKYI0 HHEPIHAJBbHYIO CHCTEMY Ko-
opauHaTt i x’ y’ 2’, HavaJo KOTOpPOH COBNajaer ¢ 3ajHell y3JoBoH TOU-
Koii o6bekTHBa TonorpagHueckod KaMephi, 4 OCH nNapaJJiejbHH CO-
OTBETCTBYIOLLHM OCSIM T'€OLIeHTPHUEeCKOH CHCTEMBl KOOPJIHHAT OXY 2.

Torna cnyTHUKOLEHTPHYECKOH BEKTOP [;; TOYKH j B HHepLHAJBHOH
cHcTeMe KOOPAMHAT MOXHO BBIPa3HTb B KOOPJAHHAaTHOH (opMe:

~ X;—X, cosa;; CoS B,i
l‘li= yi“—yl =rl] Slna-l]‘ COS 8”- [] (162)
z;—2; sind;;

rie a;; H 0ij — CIyTHHKOLEHTPHYECKHEe NPSIMOe BOCXOXKJEHHE H CKJO-
HeHue TOuYKH i. [IpHuem
N—Y .

a;;=a —_—

ij l'Ctg X —xt ’

(163)
= arct i
i = arie Vo —xF+ (g —yi)*

Bhipaxkenne (161) MOXHO 3anucaTh TaKXe B KOODJAHHATHOH
¢dopme: '

)

cosa;; C€Osd;; Xp—X;
rip="ij| sina;; cos;; |=—| vi—y; | (164)
sin§;; z2;—z;

Bennunnb aj, 6:;; M ri, BXxoasiuine B BbipaxkeHue (164), ompene-
JIAI0T B KOCMHYeCKoil ¢oTorpaMMeTpHH mno pe3ysabtaTtaM OBopTOBBIX
HamepeHHH. [IpH 3TOM CHYTHHKOUEHTPHYECKHE MNpPsIMO€ BOCXOXKIEHHe
a;; M CKJOHeHHe §;; onpefiensitoT H3 doTOrpaMMeTpHYecKoll o6paboTKH
CHHXPOHHBIX CHHMKOB, @ CITyTHHKOLIEHTPHYECKOE PaCCTOSIHHE rij MOXKeT
6HITh onpejlesieHO IJifi € AHHCTBEHHON TOUYKH CHHMKa IO pe-
3yJbTaTaM INOKa3aHHil JasepHoro naJjbHOMepa, YCTAHOBJEHHOrO Ha
6opty UC3.

B neprosa MoHTaxa 3pe3fHo# M TonorpadHyeckoil KaMmep TLlaTeNb-
HO OMpe/leIfIOT B3aHMHYIO OPHEHTALUI0 HX CHCTEM KOOPJAMHAT, B pe-
3yJIbTaTe Yero COCTABJSAIOT OPTOroHanbHyw Martpuny Il, B3anMHOH
OpHEeHTaLMH TONOrpagHyecKoro H 3Be3/JHOITC CHHMKOB.
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Onnako B mpouecce 3amycka H KOCMHYECKOro noJjieta (BCJeACTBHE
nepopmauuit kopnyca MC3 u TemnepaTypHbIX BJIHSIHHH) 3HaueHHs
ajieMeHToB onepatopa Ilo MOryT H3MEHHTBCS, NMO3TOMY HX cCJefyeT
YTOUHATb B NpoLecce KOCMHUeCKOro ¢oTorpagpupoBaHHs.

Ilyctb BekTOp

x
i
Fj(t) = g[ (165)
—f;

onpefeJif€T NOJIOXKeHHe TOYKH j B CHCTeMe KOOpAHHAT TomorpadHye-
CKOTO CHHMKa, IOJYYEHHOTO B MOMEHT {;.

IlepefineM K egHHHYHOMY BeKTOpPY r;° B CHCTEME KOOpAHHAT TOMO-
rpadHyeckoro CHHMKa, AJIS Y€ro BBeJEeM HOPMHDPYIOLIHH MHOXH-
TeJib A,

A=V Ty TR (166)

Torza eAMHMUHBIH BEKTOP T7(;y NPEACTABHM B BHJE

~ ~

X, l;

-0 1 ~ ~

rim=—7\ ¥ =y ™ |’ (167)
—f n; /q

TIpu yMHOXeHMH BekTOpa Iy Ha omepatop Il monyunm enu-

HHUHBI/l BEKTOp Ty() HAamIpaBJeHHUsl HA TOUKY j B CHCTeMe KOODAHHAT
3BE€3JIHOr0 CHHMKa:

~

*
L !

o ~

o=\ m” | =0 m; |. (168)
n* /e n /i

YCTaHOBHM OpHEHTaLMI0 3BE3JHOrO CHHMKA OTHOCHTEJNBbHO HHep-
IHaJIbHOH CHCTEMbl KOQPJAHHAT B MOMeHT BpeMeHH [;. IlycTe Ha 3Be3n-
HOM CHHMKe, NOJIyieHHOM B MOMEHT BpeMeHH {;, H306pasuioch n
3Be3l. MOXHG H3MepHTL KOOPAMHATHI KaXAOH 3Be3fibl B CHCTEME KO-
OpIHHAT 3Be3HOr0 CHHMKa X* H y* M NOJYYHTb €IHHHYHbIA BEKTOP

1—'2'(',) HanpaBJ/IEHHA Ha k-10 3Be3Nly B- CHCTEMe KOOpPAHHAT 3BE€3NHOro
CHHMKa:

T = ; S E (169)
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C 1pyro#t CTOpPOHBI, AJif Ka)AOW k-# 3Beann mocje ee ONO3HaBa-
HHs (YCTaHOBJIEHHS] HOMepa IO KaTajiory) MOXHO ONpefesIMTh HHep-
UHaJbHbIE KOOPAHHATH G H Op M BBIUHCJAHTbD €OHHHUHBIfi BEKTOp ry°
B HHepLHAaJbHOH cHCTeMe KOOpJHHAT:

L, cosa, C€oSd,
r,°=| M, |=|{ sina, cos$, |- (170)
N, sin g,

Taknm o06pa3oM, MOXXHO COCTaBHTb 1 ypaBHeHHH BHIa

cosa, cosd, x>
- . l - —
I‘ko = Sin ak CoS ak _— A* n,-* yk* = n[ rg:,)y k = lp 21-.-7 n,
sin g, k —f*/,

(171)

B KotophiX Il;* — omepaTtop, ycraHaB/iHBaloLlell OPHEHTALHIO CHCTEMBI
KOODIHHAT 3BE3JHOr0 CHMMKA OTHOCHTEJNBHO HHEPIHANbHOH CHCTEMBI
KOOPAMHAT B MOMeHT doTorpadHpoBanHs {;. _
dJyieMeHTH 3TOr0 onepaTopa, a TOYHee TPH 3iJIepOBHLIX YrJya, ompe-
JeNAI0T MEeTOAOM HaHMeHbIUHX KBajapatoB. OObIYHO, KpOoMe Tpex 3M-
JIepoBBIX YIJIOB, onpefensiownx onepatop Il;*, B KavecTBe HeH3BecT-
HbIX B YPaBHHTEJbHEIE BBIYHCJEHHS BKJIOYalOT (POKYCHOE PACCTOsIHHE
f* 3BeamHOi KaMepH, KOODJAHHATHI TJIaBHOA TOYKH Xo, Yo 3BE3IHOrO
CHHMKa, a TaKXe NnapaMeTpbl, XapaKTepH3ylOllHe AHCTOPCHIO OOBLEK-
THBa. Ecin H3BecTHO 3HayeHHMe OmepaTopa OPHEHTALHH 3Be3[HOTO

CHHMKA, TO MOXHO ONDEJeJHTb €IHHHYHEIH BEKTOp Iy CIYTHHKO-
LUEHTPHYECKOrO HanpaBJieHHs Ha TOYKY NOBEPXHOCTH jf:

=mn| m . (172)

Kak 6b10 ykasaHo Bbilie, npH HanHuHu Ha Gopty WIC3 nasepuoro
JaJlbHOMepa MOMHO HalTH TPH KOMIIOHEHTHl CIIYTHHKOLIEHTPHYECKOro-
BEKTOpa [Jif OAHOH H3 TOYeK TonorpaHueckoro cWiMKa (TOYKa OT-
PaXkeHHs! HMIyJibCa):

F” = r,,ﬂ?l‘l0 (173}

It
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Takum 06pa3oM, NOACTaBHB 3HAY€HHe CNYTHHKOLUEHTPUYECKOTO BEKTO-
pa u3 ypaBHeHHs (173) B ypaBHenue (161), nonyuum

r VL my | =— @ —T). (174)

YpagHeHune (174) spasercs ¢GpyHAaMeHTaJbHHIM YPaBHEHHEM KOCMH-
yeckoii poTorpammeTpHH. B camoMm gmesle, OHO CBf3BIBA€T TeOLEHTPH-
YyeCKHe KOODIHMHATHI ONpENessieMOH TOYKH IJIaHeTBl [, KOODAHHATHI
CIIYTHHKA B MOMEHT CbeMKH [ H KOMIIOHEHTH CNYTHHKOLEHTPHYECKO-

ro BEKTOpa r;;, KOTOpble NOJYy4aloT B peaysbrate (OTOrpaMmerpHye-

CKOit 06pab0oTKH KOCMHYECKHX CHHMKOB H NOKa3aHHii GOPTOBOroO JaJib-
HOMepa.

I'eouentpuueckuit Bektop MIC3 r;(#) onpemensiloT Ha OCHOBaHHH
TEOPHH [BH)XXEHHs CNyTHHKa, OCHOBHAs 3ajaya KOTOPOii — IOJYUYHTb
MaTeMaTH4YeCKyl0 MOIeJb, aJ€KBAaTHO OIHCHIBAIOLLYI0 peaslbHOoe IBH-
xeHne MC3.

B camom o6wem ciyuae apuxkeRne K C3 BOKpyr ueHTpa Macc
3eMNH B HHepLHaJbHOH CHCTEME KOOPIHHAT MOXHO 3aJaTh CHCTe-

MO Tpex HeJHHEHHbIX Au(d@epeHUHANbHBIX ypaBHeHHH BTOPOro Io-
panka:

&2x ov .

E = o T8

Ly __ OV . 175
= oy +Q, (175)
a2z ov

) _Y—FQ"

IlpaBeie yacTH 3THX YypaBHEHHMH NpPenCTaBJAAIOT COGOH YCKOpeHHS,
Co3/laBaeMble TPaBHTALHOHHBIMH CHJIaMH ﬂ,ﬂ’—, ov
ox ' Oy Oz
TOPBIX OTHOCSATCH 3€MHO€ TArOTeHHe, NPHTsKeHHe cnyTHHKa ConH-
ueM, JIyHOH H nuiaHETaMH, a TaKXe YCKOPEHHS, BbHI3BaHHbIE CONPOTHB-
JleHHeM aTMOCdepbl M JaBJieHHEM COJIHeUHOro uanmyuenns (Qx, Qy, Q:).

UnrterpupoBase ypaBHeHHH (175) nsas MoMeHTOB ortorpadpupo-
BaHHA {; N03BOJAET NOJYYHTb KOOPAHHATHI CNYTHHKA X;, Yi; 2; U CO-
CTaBJAOLIHe CKOPOCTH Xi, Yi, 2; B 3TH MOMeHThl. OAHAKO HadajbLHble
YCJOBHSI HHTErPHPOBaHHA cHcTeMbl (170) — KoopauHaThl Xo, Yo, 20 H
COCTaBJIAIOLIIHE CKOPOCTH Xo, Yo, 20 B HEKOTOPbII MOMEHT BpPEMeHH [
Heo6xonHMO onpeneanTh U3 Habnogenuit MC3.
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Boo6me, onpenenenue op6utei MIC3 3aknouaercs B onpefesieHHH
HayaJIbHBIX YCJAOBHH Xo, Yo. Zo, Xo, Yo, 20 AJIi MOMEHTa BpeMeHHM f, no
COBOKYITHOCTH H3MepeHHi, BHINOJIHEHHBIX 3a NepHOA BpeMeHH f;—io.
Ilpn 3TOM HauaJbHEBIE YCJIOBHA OYAYT OnpenefieHH ¢ OWMOKaMH, OIH-
caTb KOTOpPble MOXHO KOBapHalUMOHHOH Ma'rpuueﬁ(e)l((ﬁg HagaJbHbIX
ycnoBui. [locse Toro Kak HavasJbHble YCJI0BHsI (OpOHTA) ONpe/lesi€HHl,
H3 HHTerpHpoBaHHf IHp(PepeHUHaANbHLIX YpaBHeHHil ApuiKeHHs (175)
NnoJiyyalor KOOPAHHATHI X;, Y;, 2; M COCTABJISAIOLIME CKOPOCTH Xi, Ui, 2:
Ha MOMeHT BpeMmeHu ¢ororpadHpoBaHHaA I;.

Opbura HC3 onpenensiercsi, Kak NpaBHJIO, MO pe3yjibTaTaM Ha-
3eMHbIX Ha6JoAeHHH ¢ NMYHKTOB, KOOPAHHATHI KOTOPBHIX H3BECTHBI.
Hns onpeneneHHs OpGHT HCNONbL3YIOTCA PE3YJbTAaThl Ja3epHBIX H (Po-
TorpaHuecknx HaseMHHIX HabuloaeHni. Haunbosee MpPOKO mnpHMe-
HAIOTCA PajHOTEeXHHYeCKHe CHCTeMBbl, OCHOBaHHble Ha 3(pdekTe on-
Jiepa H NO3BOJIAIOLIHE ONpefesiiTb CKOPOCTH H3MeHeHHs TONOLeHTpH-

" . dr;
YECKHX PACCTOAHHA O CNYTHHKA r; — _dt;’ WM pa3HOCTH PaccTos-
HHU rii — I'jk.

Onpenenenne koopauHat HC3 conpoBoxpaercss cjeAyOMHMH
omM6KaMH.

Own6KH, 06ycNOBJEHHEIE NOrPellHOCTAMH OPGHTAJBHEIX H3Mepe-
HHit ¢ nyHKTOB Habmionennii VIC3, KoTophle NpHBOAAT K HETOYHOMY
onpeieJleHHI0 Ha4aJbHBIX YCJOBHH HHTerPHPOBaHHsl ypaBHeHMiHl [BH-
JKEHHS.

Oun6KH, Bbi3BaHHLIE HECOBEPIIEHCTBOM MaTEMaTHYECKOH MOIeaN
JBHXeHHA. B npaBeX wactax JHddepeHuHaNbHBIX YpaBHEHHi ABH-
MEHHsI HeOOXONHMMO YUHTHIBATb AEHCTBHe BecbMa GOJBLILOrO KOJHYe-
ctBa (aAKTOPOB — MOJeJb IPaBHTALHOHHOrO NoJjis 3eMJH, MOJAe]b aT-
Moc(eprl, AaBJeHHe COJHEeuHOil pajiHallMH, MOpPUTAXKEHME CNYTHHKa
ConnueM H JlyHo#i. MaTeMaTHYeCcKHE MOJEJH BCEX 3THX CHJI HecoBep-
IUEHHBI, YTO MPOABJAETCA B INpoOlEcCe HHTErPHPOBAHHA ypaBHEHHWI
ABH}KeHHsl. BosHHMKaloLlHe BCJEACTBHE 3TOrO OLIMGKH  oOnpeje/ieHHs
koopavHat MC3 Bo3pacraioT ¢ yBeJqHYeHHEM HHTEpBajla BpeMeHH
ti — to.

Metonnueckne OWHGKH COOCTBEHHO UHTErpHpPOBaHHs, OOYCJIOBJIEH-
Hble HECOBEpPLUEHCTBOM MaTeMaTHYeCKHX MeTOAOB HHTErpHPOBaHHA
YDPaBHeHHi ABHM)XeHHs. MeToanl HHTErPHPOBaHUR HEJATCA Ha aHaJH-
THYECKHEe H YHCJeHHbie. B aHAJINTHYECKHX MeTOAAaX HHTerpaJjbl AHO-
¢epeHIHANbHBIX YPaBHEHHI ABHXKEHHSi HMeIOT BHA (OpMyJ, NpeamnH-
CHIBAIOILHX BHINOJHEHHE CHCTEMB! MaTeMaTHYeCKHX onepauui. ‘B mpo-
Llecce BhBOAa ¢OpMys mnpeHeOperaloT HEKOTOPHIMH «MaJjibIMH» uJjie-
HaMH, a B Da3jlOXeHHsX pelleHHi#i B PAAbl OrPaHHYHMBAIOT NOPSAAOK
pasnoXxeHHH: Bce 3TO NPHBOAMT K MeTOLHM4YecKMM olin6kaMm. B uuc-
JIeHHbIX MEeTOfax pe3yJbTaTOM pelleHHs! SBJAKTCH TabJHIB KOOPAH-
HAaT ¥ COCTABJAOLIHX CKOPOCTH AJIf PaBHOOTCTOSILLHX, KaK NPaBHJO,
3HayeHHN He3aBHCHMOII nepemenHoil. IIpn 3ToM OBICTPO HaKanjHBa-
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I0TCA OLUMOKH OKpyrJieHHs. I'py60 roBopsi, OlIMGKH B KOOpAHHaTax H
CKOPOCTH TIPONOPLHOHANBHH n®/2, rjle n — 4ucj0 1UaroB YHCJAEHHOro
HHTErpHPOBaHHSA.

§ 12. SYHAAMEHTAJIBHOE YPABHEHHE KOCMHYECKOH
SOTOrPAMMETPHH B TPHHBHYCKOHA CHCTEME KOOPAHHAT

Ha mnpakThKe AJsi KOOPAHHATHO-BPEMEHHOH TNPHBA3KH pPe3yJbTaTOB
KOCMHYECKHX CBheMOK KOOPAHHATH TOYEK 3€eMHOH NOBEPXHOCTH He0b-
XOIHUMO MOJyYaTh B TeOlLEHTPHUECKOH CHCTEME KOOPAMHAT, XXeCTKO
CBA3aHHO#l ¢ Bpauiawileiics nnaHetoil. B panbHedlueM 6yrem nosa-
raTb, 4TO CHCT€Ma KOOPJAHHAT OGLLEr0 3eMHOro sJjJHncouna oXrY.Z.
M TPHHBHYCKasi CHCTeMa KOOpAMHaT oXYZ mnpakTHYeCKH COBNAajaloT,
T. €. IIeHTp Macc 3eMJiH coBNajaer ¢ UEeHTPOM OO6ilero 3eMHOr0 3JIJIMII-
COHJla, a4 COOTBETCTBYIOLHE OCH KOJTHHEeapHHI.

B rpHHBHuCKOii cHCcTeMe KOOpAMHAT, Nojarasi, 4yTo ABHIKEHHA IO-
JIIOCOB YuTeHHl, ypaBHeHHs (164) GynyT UMeTb BHA

cos (z2;;—S,;) cos §;; X, —X;
R;;=R,;| sin(a;;—S;)cosd;; | =—|V,—Y; | (176)

rie S; — 3Be3iHOe BpeMs B I DHHBHue, COOTBETCTBYIOLIEE MOMEHTY
¢otorpadupoBanns £, CooTBeTcTBEHHO H ¢dopMyaa (174) ans cnyr-
HHKOLIEHTPHYECKOro BeKTopa R;; B IPUHBHYCKOH CHCTEME€ KOOPRHHAT
Oyzer cienyiolleii:

Tl.
% =smn,| m, |, (177)
n /i
rae S — MaTpHua Nepexoja K TPHHBHUCKOH cHCTeMe KOOPJIMHAT,
cosS —sinS O ‘|
S=]| —sinS cosS O (178)

0 o 1)

dyHgaMeHTa/bHOe YypaBHEHHe KOCMHYecKOH ¢OTOrpaMMeTpHH B
TPHHBHUYCKOH CHCTeMe KOOPAHHAT MPEACTaBHM B BUAE

1
)
lesi“l*no ;;iil = '—(ﬁ[_ﬁl)- (179)
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§ 13. NPENCTABJEHUE ®YHIAMEHTAJDbHOIO YPABHEHHSA
KOCMHYECKOHN ®OTOrPAMMETPHHU
B BUAE YPABHEHHA KOJITHHEAPHOCTH

Hanmuwewm ypaBHenne (179) B crnenywouieit dpopme:

~

Ay
R, = % srn| gy, |=—® —R), (180)
—i
OTKyJza CJaeLyeT, 4TO
Ei Ay IXI—XI
y |= _E;(Slnl*no)T Y,—Y; |- (181)
—F Z,—2Z,
Bennuuua %’7 B npasBoit yactd ypaeHeHus (181) saBasercs wmac-
lwrabHbiM KoadduurneHTOM. BBeneM cienywoiiue 0603HauUEHHS:
Ay 1 _
Ry = STy =T, (182)

OproroHancHass MatpHua II; ocymecTBiseT Nepexof .oT CHCTEMBI
FPHHBUYCKMX KOOPJAHHaT K CHCTeMe KOOpAHHAT TonorpadHyecKoro
cHHMKa. Jlns 3apanus matpHUu I1; BoiGepeM Te ke 3iJIepOBEHI YIJIHI,
YTO W NPM 3aJaHHH MaTPHlBl Mepexofla OT OPOHTANbHOH CHCTEMEBI KO-
OpPAMHAT K HHepPUHaJbHO#, Ho 6yA€M HMX 3anHChIBaTb CO IUTPHXOM:
Q, e, J.

[Toka>keM 3TH Yrabl Ha CNYTHHKOLEHTDHueCKO# cdepe enHHHY-
HOrO pajHyca € LIEHTPOM B TOYKe i, SIBJAIOLLEACA MFHOBEHHHIM IOJIO-
wennem HMC3 Ha op6Gute B MOMeHT (oTorpadupoBanus (puc. 14).
[TockoapKy onTHYecKas OCb Tomorpaduueckoil kaMmepol f; MpHOIHMKEH-
HO OTCJIeXHBaeT LEHTP Macc 3eMJH, ee CIyTHHKOLeHTPpHYeCKoe - CKJIOo-
HeHHe O;=~—0;. JIHHHA Q' — NOJOXHTeJbHOE HaNpaBJieHHe JIMHHH
nepeceyeHHsi IJIOCKOCTH TONOrpaHyecKoro CHHMKa H CNYTHHKOLEHT-
pHuecKoro 3kBatopa, iX'Y’Z’ — cnyTHHKOLEHTpHYECKAas TpHHBHYCKasi
CHCTEMa KOOpAHHAT, i X JZ — cHCcTéMa KOOpPIMHAT TOMOrpadHyecKoro
CHHMKa, [I;j — CITYTHHKOIEHTPHUYECKHH BEKTOp TOYKH j IIOBEPXHOCTH
3eMJH. -

Beenem 3iinepoBHl yrabi:

Q’ — yroa MeXAy TOJOMXHTEJbHLIM HamnpaBjleHHeM OcH (X’ cnyTHH-
KOHIIEHTPUYECKOH TI'DMHBHUCKOH CHCTeMbl KOOPAHHAT H NOJIOXHTEJb-
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' HbIM HamnpasJjieHHeM JIU-
HuH iQ’  nepeceueHus
CHHMKa C ILIOCKOCTBIO
CNy THHKOIEHTPHUECKOTO
J 3KBaToOpa,
- o @’ — yroj OTCYHTHI-
o N~ BaeMblii B  IJIOCKOCTH
) AN TOnorpagpHYecKoro CHUM-
\ y NN, Ka OT TNOJOXHTENbHO-
Q% 4 VY ro HanpapJeHMs JHHHU
iQ 00 TONOXKHTENb-
[7) 7 HOro HamnpasJieHHs abc-
W uucchl (X rtomorpadH-
. 4eCKOro CHHMKa,

J’ —yron HakJoOHa
CHHMKa K IJOCKOCTH
3KBaTOpa, DPaBHHIH Yray
MeXay ocblo iZ’ cnyT-
AHKOLIEHTPHYECKOH I'PHH-
BHYCKOH CHCTEMBl KO-
OpAHHAT H OCblO iZ
cuiMia. Ocp iZ coBna-
Jaetr ¢ ONTHYECKOH
OCbl0 TONOrpagUyecKon
KaMephl, HO IpPOTHUBO-
NOJIOKHA N0 HamnpabJle-
HHIO.

Ha ocHOBaHHR BHI-
paxenuii (79) wanp-
Puc. 14. Tonorpaduueckufi CHAMOK B WHepunanp-  LUIEM ¢dopMmyJibl, mnpen-
HOM NMpOCTpaHcree - cTaBJIfOLIBEe 3J1eMEHTbI
air Matpuusl II; ue-
pe3  3iJiepOBBl  YIJIH
Q0 ul:

Ny

“i=lazl Ay Qp |» (183)

rae
a,, = cos ' cosQ' — g, =coso'sinQ’ + q,=sine sinl’;
—sin@’ sinQ’ cost’; -+ sinw’ cosQ’ coslt’;
ay =—sinw’ cosQ'— g,, = —sine' sinQ’ + g,,= coso’sinl’ (184
—cos@' sinQ’ cost’; + cosw’ cosQ’ cost’;
a, = sinQ' sinJ’; as, = —cosQ'sinlt’;  a, = cos ).



Hckmouns macwraGhelit Kosbduunent 1/m, Hanullem ypapHeHHe
(181) B BHIEe ypaBHEHHH KOJJHHEAPHOCTH:

T a(Xyj— Xy) +a(V; —Y)) +ais(Zy—2;) ] Uy
0T T ey (X XD T oV — V) —as(Z1—20) P Wy
(185)
_ (X —Xi) +an(Vy—Vi) +a(Zy—Zy) _f Vi
Y= T G X = XD Fan(V; — Vo) T ap(Z;—Z0) t W,

§ 14. IUHEAPU3ALUA YPABHEHHUN KOJJIHMHEAPHOCTH

Jns Kaxao# TOYKH TonorpadHuecKOoro CHHMKa, HanpHMep JJs TOYKU
J ¢ KOOpIHHaTaMH X; H §;;, COCTAaBJAIOT ABa YPaBHEHHs CO CJeAylo-
LIHMH HEeH3BeCTHbIMU (CM. pMc. 14):

3JleMeHTHl BHellHero yrjosoro Q;/, w;’, J/ OpHeHTHPOBaHH; TONO-
rpagHuyeckoro CHUIMKa B MOMeHT ¢oTorpadpupoBaHHus 1;;

IPHHBHYCKHE KOOPAHHATH TOYKH NOBepXHOCTH X;, Y;, Zj;

TPHHBHYCKHE KOODAMHATHI UeHTpa ¢ortorpadupopanus X, Y Zi

Takum ob6pasom, kaxioe u3 ypaBHeHuii (185) cojepHT neBAThH
HensBeCTHhIX. [Ipu 3TOM mNpeamosaraeM, 4TO KOOPAHHATH IJ1aBHOH
TOYKH CHHMKa Xo, ijo, GOKyCHOe pacCTOsiHHE f; H mapaMeTpbi AHCTOP-
CHH H3BECTHBI MO pe3yJjbTaTaM KaJIHODOBKH KaMephl.

Pasnoxuns ypaBHenne (185) B psnm Taiinopa H orpaHHyMBasich
TOJIbKO JIHHEAHBIMH 4JIEHAMH, NOJYYHM:

—~ ij ’ i
9 = 57w 70) ‘fi‘j,’ Ty ﬁg i
; i
o dX;
JC” .
+ oXn, Yoo Zp) Z;’ ’
i
(186)
0~ der 0,_, dX]
—_‘/[]__ R ___i”__
dy,;i 0(9 e, 1) (f;‘jl' + 6()(], Yl" Zi) Z};] +
: ) i
) l‘dX,-
Yey
+ S vz | ‘;;’_
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O6benunnp Tenepp 06a ypaBHEHHsi B UIHO MaTPHYHOEe YpaBHeHHe,
IIpe[CTaBHM €0 B CJeAYIOLleM BHJe:

~ ~ o~ dQ,’ ~ o~ dX,
dJ(z,-' — O(xes Yij) dmf' + O(Xzjr Y1) dyl N
dylj 0(', w/’, I;") dj:’ (3()(]' Y,', Zi) de
05 vi;) aXy
i ) ay, |- (187)

o(Xy Yeu Zy) iz,

Jlns MaTpHIl ¥ BEeKTOpPOB NpaBOH dacTH ypaBHeHHMs (187) ppeneM
cJeaylolpe 0603HAYEHHs!:

0xy  Oxy  Oxy

BV oy, ;”) 09y du;” ol it [dgi,
ij = 307 ot I = e N _ ; 6!" — l d(!.)l’ : (188)
s 0L el 1) Oysj  9yii  Oyij R I
i
02y ow,! oJ/
N ax,
0("!' y[') o0X oY oZ —
B, =——————| "7 7 T &=|av, | (189
@3 oXj» Yi» Z4) oyy;  Oyy Oy | GV dZ.
| °x;, o7, oz, i
~ ~ Ok Oxy Oy dX;
N O(Xeiv i =
e L OO [dY, . (190)
23 Xes Y1, Z5) 0;ii Oyii  Oyyj @.h , dZz,
| ox; o, oz,

Torpa nuHeapuaupoBahHoe ypaBHeHue (187) mpumer cleAylOLIHi
KOMMAaKTHBIA BHJ:

d‘; i = .. = Ay A
=B AY 4 B, 5, + BY B (191)
dyii (2.3) (3,1) (2.3) (3,1) (2.3) (3.1

Jlasiee HeOGXOAHMO TNOJNYYHTL (POpMYJHl AAsi 18 npOH3BOAHBIX, BXO-
asamux B matpuusl (188), (189) u (190).

Dopmynst Oan NPOU3BOOHbLX OT KOOPOUHAT TOUKU CHUMKA Xij, §ij
no atineposoim yesam Qf, o u J/. IInsa Haxox[AeHHs] IPOH3BOJHBIX,

1
ABNAIOLMXCS SJeMeHTaMu Matpuunl Bfj', sammmem paspepuythie BHI-
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pa)xex-iun pasi BennmunH Uy, Vi u Wy, Bxoaswux B ¢opmyan (185):
Uij=au (Xj—X:) t+ai (Yi—Yi) +ais(Z;—Z:)=
=(cos w;’ cos Q;'—sin @’ sin Q" cos J.') (X;—X;) +
=+ (cos 0;’ sin Q' +sin ;' cos Q' cos /') (Yi—Y,) 4+
+sinw, sinJ/ (Z;—2,); (192)
Vii=aa (Xj—X:) +as (Yi—Yi) +as1 (Z)—2Z)) =
=(—sin 0" cos ;" —cos &’ sin ;" cos I/ (X;—X:) +
+ (—sin o’ sin Q;"+4cos w;” cos ;" cos /) (Y;—Y;)+
+cos wi’ sind, (Z;—Z;); (193)
Wii=as (X;—Xi) +-a3: (Yi—Y1) 403 (Zj—Z:)=
=sin Q;" sinJ/ (X;—X;) + (—cos Q" sin J’) (Y;—Y.:) +
~cos I’ (Zi—Z)). (194)

HNuddepenunpys pupaxenus (192), (193) u (194) mas Ui, Vi
¥ Wy no siinepopeiM yraam Q,/, o n J/, nojyunm cjieaymouHe Bbl-
paKeHHs:

I gl;—:: — Oy a, 0 X;—X,
oUy,
ow,;’
oU . , , . ' 7.

a,,sinQ;" —a,, cosQ, a,sinw; Z;—2,

ol _ e -

B (195)

= a,, Ay, a,, Yj - Yi ;

# — 0y as 0 X-——X,-

()V”

’

—_ﬁwi = —a, —Qq,y, —Qy, ‘ Yi — Yl ;

ov .
6!4 a,,S1NQ; — 0,,c08Q,"  a,,cos ;' zZ,—Z,
— { - - ==

—oW;; - -
ﬁ — 0y Q, 0 X-—X,

] 0 0 0 Y,—Y,

oWy ay SinQ;’ — a,cosQ,) —sinl,’ Z,—%,.

_ oJy _ — - ]
(197)

69



Huddepenunpys ypasHeHus koJssiuHeapHocti  (185) mo Uy, Vi
¥ Wi, nonyuynm

ox” OU[, 0W,;
el B et iy,
037 = T Ky (Wz,' 02, iy ) ’
Oy vy Wy
2 =— Xij (Wi/agéf _—Vllagtl);
dxyy 974 oWy
G = K (W” o Yoy )
Y vy oiv,,-
e ==y (Wi Vi) (198)
Oxy; oy ow;
j
oIy = T Xij (Wll oIy Ui )’
ay,:,‘ _ W 0V” OW/” ’
o,y — T Xt ij ol — Vi of, )'
rae BBeieHO 0603HaYeHHe
xii — ft (199)

OtMeTuM, 4TO eaMHMueli pa3sMepHOCTH NPOH3BOAHBIX, BXOASIIHX B

I ”~~
matpuny BY') siBisiercs MHIIHMeTp, eciH (DOKyCHOE DacCTOfHHe BhI-
i @3

paeHo B MHJJHMeTpax, H MeTp, €clH (POKycHOe pacCTOfHHe BbIpa-
KEHO B JOJAX MeTpa.

Dopmyast 045 nPousBOOHBIX OT KOOPOUHAT TOYEK CHUMKA Xij, Gy
no epuneuuckum xoopounaram X, Y, Z; HC3 8 moment ¢horoepa-
¢uposarusn t;. Tlonyunm ¢GopMysbl AJs 21=.u>1!mc.nemm TIPOH3BOLHLIX,

2y
ABJIAIOILHXCA 3JIEMEHTAMH MATPHILBI (2'5‘”.

Huddepenunpys Boipaxkenus Ui, Vy v Wy (192) — (194) no
Xi, Yi, Z;, nonyunm: ’

dU—— [Undxi-l—amdyi'l‘aladzi] s
d Vi=—[andX+azdYi+a:3dZ]; (200)

d Wi=—[audX;+asdYi+asdZ,].
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CoctraBum Boipaxenne W dU;—U;;dW,;. Ilocne sieMeHTapHbLIX mpe-
o6pa3oBaHHii MPHBOJHM €ro K cJaeldylolieMy BHAY:

0 2,505, — aszan Q,4Q5, — Q,,Qyy
W dU, —U;dW ;=] 0,05, — a5y, 0 (33039 — Qg3 | X
Q3,09 — Q5 Qys Qyoyg — Qyellyy 0
x Y,—-Y,J ay; | (201)
YA I Z; dz i

Tak kak matpuua II; OpTOroHaJNbHA, TO Q19@31—Qazd;1=023; O13Q3g—
—-Q33Q12==021; Q1Q33—A31Q13=—=032, H NNO3TOMY
0 Qyy — Gy X/_‘Xt dXi i
W”dUi——U,ldW,= — Qy 0 a,, Y,.——Yi dy; |- (202)

022 ——021 O Z]—‘Zl_ le

ITockonbky dXij=—uy;; (WijdU;—U;;dW;), BeIpasum npoH3BOAHHE
B ClelylolleM BHJE:

0
a;‘z = —Xijl@a (Y, —Y)) —a, (Z;,— Z))];
= .
24— — g 0 (X, — X)) - 0 2, — 2] (203
O%r:
a?‘] = == iy [0 (X; — X)) — @ (¥, — V)],
; _ .

AHajornuHbiM o6pa3om coctaBuM BouipaxieHue W dV,—V;,;dW;,
NpH 3TOM NPOU3BOIHBEIE OT #iy 1O X;, Y, M Z; 6yLYyT ciaelylOlUHMH:

Oy .

i =ty [ = (V=¥ ) + @ (2, Z));

i

Di'l: - —Xi/[a;s (X, — X)—a,(Z;—Z)]; (204)
5

ygz. =~y l—au(X;— X))+ ay (Z;— Z)].

~~ .
PasMepHOCTb 3J€MeHTOB MaTpHibl BfY — MM/M, ecau  OKycHoe
(2,3) .

paccTosiHue f; BbIpaeHO B MHJIMMeTpaX; MaTpHua Oe3pa3MepHa,
ecsin (OKYCHoe pacCTOsiHHE BHIPaX<eHO B JOJAX MeTpa.

Dopmysol Ons nNPOU3BOOHLLX OT KOOPOUHAT TOYKU CHUMKA Xij, §ji
no koopouxaram yenrpa ¢goroepapuposanusn X, Yi, Zi;;. Hemocpen-
CTBEHHO H3 YpaBHeHHH KossiHHeapHOcTH (185) chienyer, uto 3jaemen-
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ol MaTphum B/? paBHM cooTBeTcTBylOUIMM 3MeMeHTaM MaTpHuBI

\2,3)
Bi, Ho co6paTHBEIM 3HaKOM. Takum o6pa3om, HMeeM
2, 3)
BY'— — B, - (205)
2, 3) (2,3) ’

Ypaeuenue nonpasok, CcOOTEETCTBYrOUjeE AUHEAPUIUPOBAHHOMY
ypasnenuto koasuneaproctu. Ilycrp Q9 @@ n J,/(© — npubnu-
JKeHHble 3HaueHHs 3ilnepoBbIX yrjos; X;(O, Y;(O, Z,© — npubnuxen-
Hble 3Ha4YeHHs TPHHBHYCKHX KOOPAHHAT TOYKH j; X9, Y@ Z0)
l'lpH6J'IH)KeHHbIe 3HayeHHs1 KOODAHHAT UWeHTPOB ¢oTorpadpHpoBaHuUs
B rpnmauqcxou CHCTEMe KOOpHHAT.

ﬂpu aToM X7, Y — HaviepeHHBIe Ha CHUMKE KOOPAMHATH TOYKH j, a

A?? " y;,——ux npUdNN:eHHble 3Haqemm. Torpa BekTop
~0 ~00
- )1” — A {
€ij = [ ~oo] (206)
2.0 yu —Y

Oyner BEKTOPOM CBOGOAHBIX qneﬂoa B kavecTBe BeKTOpa NONMpaBOK
B Pe3yJbTaThl HM3MepeHHH Ay H yl, npuMeM BeKTOp ¥j:

3

=17

(2,1) 3,1

Torna ypaBHeHHe NONpaBOK, COOTBETCTBYIOLLEe JIHHEaPH3HPOBaHHO-
My ypaBHeHHI0 KOJIJIHHeapHOCTH, GyleT HMeTb BH]

: (207)

1 2) 2 ~
@ 3{ ,(461()” +l23B) \361) +(2l:?)( ts,slgl): (2.1€)if +12.\:})i ’ (208)
8Q,’ )
rae 6‘” 8w,’ | —- BekTOp mMOMPaBOK K MNPHOJMNEHHLIM 3HAYEHUsM
@0 &) 49, 09, 1 sinepobbix yrios;
8,_ 8Y — BeKTOP MONPABOK K TNpHOJMKEHHBM 3HaueHusM X)),
o 8Z, Y‘o’ Z‘O’ TOYKH NOBEPXHOCTH B TPHHBHYCKOH CHCTeMe
KOOpAHHAT;
— D¢
83— | 8Y, | — sexrop nonpaBok K NpHG/MKEHHBIM 3HAYEHH:M X9,
o0 8Z, Y, Z© koopnusaT uentpoB ¢oTorpadHpoBaHHs.

Martprupl B,I, B,i H B(z’ BBIYUCJIAIOT TIO NPHOJIMKEHHBIM 3Haye-
23 (23

’ 0 0 (© 0) P
mam (@19, 0@, 119, X©@, v, z0), (x°, vO, Z{”) yrounse-
MBIX HEH3BECTHHIX.
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Pa3sMepHOCTb ypaBHEHHs NONPABOK OIpeAeNAEeTCs DPasMePHOCTHIO

cBoGoaHoro uieHa ¢ (B mm). [lostomy npu yx;; = f'? (B MmM/M?) mo-
1
NpaBKH B 3iyiepoBrl YrJbl OYAYT B pajHaHaX, a KOODJAHHATHt — B
MeTpax.

Mpumep 7. Tonorpaduueckori kamepo#t ¢ fr=100,0123 MM nosyyeH CHUMOK, Ha
KOTOPOM H306pa3usach TOYKa j C KOOpAMHATaMH Xy M iy

Pa3HocTH TPHHBHUCKMX KOOPOMHAT TOYKH j M CNYTHHKA [ B MOMEHT ChEMKH:
X,—Xi=145246,2 m; Y;—Y,=331320,9 m; Z;,—Z;=——297 384,9 Mm; 3iil.iepoBLl YTJH,
3ajamolpe . opTorodambHyio  Matpuny = (ST*Mg) ™ Q/=32,121 461°, /=
=47912 136°, J;’=52,378 210°.

Tpe6GyeTca BHYHCIMTL KOOPAMHATH TOUKH j Ha CHHMKE Xy H Fy.

Pemenmne.

1. Tlo ¢opmynam (184) Bruncanm snemedTH MaTpuus I;:

a;,=3,267 8687-10—1; 4,,—7,400 686-10—!; a,3=5,878 0009-10~1;

ag =—8,460 7536- 10-1; ge=—4,806 582-10~!; a23=—>5,308 9199-10-;
a3=4,211 4955-10—1; ag;=—=~6,708 1164-10~'; a33=6,104 4646-10-1,
2. Ha ocHoBaHuM ypaBHeHHit konauHeapHoctH (185) momyumm:
Xyy=234,404 291 mm; §iy=—86,605928 M.

Ilpumep 8. Ilycrb masnble npHpalleHus NOJYYHJIH: TPHHBUYCKHE KOOPAMHATH
HC3 6X,=106 M, 6Y;=—72 ™, 8Z;=106 M; KOODAHHATEI TOUKHM j NOBEPXHOCTH 3eM-
a: 6X;=—210 M, O6Y,;=—102 ™, 8Z,=217 m; sineposn yram: 6Q/=0,12°=
=2,094 3931-10-® pan, Ho/ =--021°=—3,6653479-10—3 paan, &J/'=0,09°=
=1,670 7948102 pag. .

Tpebyetca onpejenurb npupaierus koopaumat 0%y u 067y koopomuat ToukM |
Ha TomorpadMyecKOM CHHMKe, HCNOJIb3ysi A@HHble NPeXBAYLIEro TpHMepa.

Pewenne 3afayy Gyaem pewlaTb Ha OCHOBAHMH JHHEapH30BAHHHX ypaBHeHHH
KoJuinHeapuoctu (191).

1. o ¢opmynam (195)—(197) smuucspM:

oUy oUy oUy;

W=779"7 M Ga = T 296 693,7 M; = — 9254 265,24 ™;

oV ovy; ovy

W: — 273 341,07 m; W = — 117 861,87 m; Tt'= — 229 648,45 w™;
oWy, ow; ow;

. — - —i-—
W = 236 968.49 ™; a“’i' =0.0; 0!;’ = 111 397,31 m.

2. Mo ¢opuynam (198) onpemesuM SJeMeHTH MaTPHUL ES}) :

2,3)
x[] =8,5197167-10—19°; Uq = 117 861,87 M; Vij= —296693,7 v;
W= — 34262111 u;
337 = 24,022 627 mm; Yoy = — 86,605 919 Mm; o= — 63,034 953 mm;
v _ | . 9 .
08, = — 39,688 83 mm; o = — 34 404 289 Mum;
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dysj
BT = =95,193665 .

3. o ¢opmynam (203) 1 (204) HaiineM saemeHTH MaTpHLHL /ﬁﬁ‘:

0%y 0%y

3X,; = — L3T67995:107%  —5y-— —1,4866906-10~%;
%y rass.10—s: 0

57, = — 23278851074 Gy = 3,534 2625 10~%;
W sssseszaos, -
o7, = — LS53T 1074 55 = — 6,6383077-107,

.n ~~ P
4. dneventrl MaTpHubl B;; paBHb COOTBETCTBEHHO 3JeMeHTaM MAaTpHLEI b,‘,f’ ¢ 06-
PaTHEIM 3HAKOM.

Tostomy
oxgj . . oxyy 0%y
0xX; = 1,376 7995-10—4, 3%, = 1,486 6906- 10—4; -E:‘ 2,328 785-10~4;
Opy -
X, = — 3,534 2285-10—%;
Oyij Oyyj

Tyi= 1,555 3357-10~%; W=6'638307710—4.

5. HaiineM npupainelme diy KOOPLHHATH Xy HA CHHMKe:
~ oxy; 0%s; x4 oxg Oy 0%y
dx”=(-@-69,;’+wﬁwt’+'m—ﬁh’ + X, 8 X+ —— oF; 8Y; +
0!,1 + ())C 0)! if. dX” \
+T Z; \aX 8X; + 37, Y, + 3z az,/
=24,022 627-2,094 3931 - 10—2-}-(—86,605 919) (—3,665 3479-10-%)-}-
-}-(—63,034 953) 1,570 7948- 10—34-(—1,376 7995- 10—*) 106}
+ (—1,486.6906 - 10—%) (—72) -}-(—2,328 7885-10—%) 106}
(1,376 7995- 10—%) (—210)-(1,486 6906 - 10—*) (—102) -
-+(2,328 7885:10~4)217=2,466 2128- 101

6. Onpenennm npupaulenne djy KOOPAHHATH iy HA CHHMKE:

~ 0 ij ~ Yiy ytl
dyuz(ag, 8Q, +0m, by’ + 6,, 8l )+\0X 8 X; + 5y — v, i+
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091 0y, 09; Oysj
+:7"‘a ,\""(—ay)i,—’l- &X; + —:yi—i &Y+ TyZ:;_ 5z,>=
=—130,688 83-2,094 3931 - 10-3-}-(—34,404 289) (—3,665 3479-10-%)}
-+ (—95,193 665) 1,570 7948 10—2-}-3,534 2825-10—*- 106
~+(—1,555 3357-10—*%) (—72) - (—6,638 3077-10-7) 106---
1-(—3,534 2825- 10-1) (—210)-}- (1,555 3357 10—+) (—102) -}
46,638 3077-10-7-217=—2,088 9834 - 10-1.

7. Ilns npoBepKH NPaBMJBHOCTH MOJAYYEHHEBIX Pe3yJibTaTOB, BBIYHCJIMM MNpHpalile-
HhA dXy v df; HenmocpeACTBEHHO MO (OPMYJiaM KOJJIMHEaPHOCTH.

C 370l HeJsbI0 B COOTBETCTBHM C BoipameHuamu (184) pbmHCIHM BapbUpOBaHHHE
sneMeHTHl Marpuubl Il; ¢ sHJepoBBIMU yrlaMH, PaBHEHIMH

Q"=Q,/}-6Q,/=52,468 21°;, 0;" =0+ +6wi =32,241461°% J,"=1,/4+8J/'=

=47,702 136°.

INosnyuyuM chenyiolive 3HavyeHHs SJIeMEHTOB a,f r Matpuum I,":

ay,=3,2882592-10~"; a;, =7.,4015026-107"; aj; =5.8655881-107";
Gy = —8,443281 1-107%; a4y = —4.7831.1072%; a3 = 5,3368751-107);
a; =4,2306463-107"; a;, = —6,7073830-107"; az; =6,0920153-107",

Ilpu 3tom Bapbupoaauﬁue NpHpallleHUs: KOOPAHHAT GYLYT CJeLYIOLAMH:
(X—Xi) = (X;—X,) -+ (6X;—6X:) =144 930,2;
(Y)—Y,)’= (Y, —Y:)-}(6Y,—6Y;)=331290,9;
(Z)—Z)) = (Z)—Z:))}-(6Z,—6Z,)=—297 273,9.
Hanee no ¢opmysam (185) nosyuaeM BapbHpOBaHHBE KOODAHHATH TOYKM | Ha
CHHMEKE: '
X =34,651973 Mu; y;; = — 86,81502 mm.
HalizeM TOYHBle MpPUPaNIEHHN KOOPAHHAT:

dxgy=xp;— Xy = +2.47682-107%  dyg=y;, — yy= — 2,090-107" .

CpaBHHE 3TOT pe3yJbTaT ¢ MOJYYeHHBLIMH M3 pPeIUeHMs JIMHeapn3aoBaHHBIX ypaeHeHmil

KOJJIHHeapHOCTH, y6emjaeMcs, YTO TPH Nepsble 3HauauiHe uMpH cosnanator. Cnemo-
BATENbHO, BbIYKCJIEHHS BBHIMOJHEHB! BEPHO.

75



Tanasa 111

ONPEAEJEHHUE CIYTHUKOUEHTPHUYECKHX
HANPABJIEHHHA HA TOYKH

NOBEPXHOCTH NJAHETHI

§ 15. APHOPHASI OLLEHKA TOYHOCTH ONPEXEJIEHHSA
CNYTHUKOLEHTPHYECKHX HAMPABJIEHHA

-0 o
Bekrtop r;;, onpenensooumuii B MOMEHT Cb€MKH HampaBJieHHe Ha TOY-
Ky TNOBEPXHOCTH IJIaHeThl B HHEePLUHAJbHOH CHCTEME KOOPAHHAT, BhI-
YHCJISIIOT O popMyJie

% =111, (209)

ENE IO

rae l;, Mj, fij— HanpaBJsIOLUIHe KOCHHYCHI B CHCTeMe KOOPAHHAT TO-
norpagnueckoro cHHmka; Ilo — onmepaTop nepexofa OT CHCTEMH KO-
opAHHAT TonorpaHYeCKOro CHHMKa K CHCTeEMe KOOPJIHHAT 3Be3[HO-
ro ciumka; I1;* — onepartop nepexoia OT CHCTeMBl KOODAHHAT 3Be3j-
HOro CHHMKa K HHepuUHaJbHOH cucTeMe KoopauHat. KomnoHeHTaMH
BEKTOpaA r,, B HHepLHAaJIbHOH CHCTeMe KOOpAHHAT ABJIAIIOTCS Hanpap-
JAfiOLHe KOCHHYCH L;j, M;; u N;j, KOTOpble MOXHO BHIPa3HTb uyepes
CNYTHHKOLIEHTPHYeCKHe NpsAMOe BOCXOXJeHHe a;; H CKJOHeHHe Oi;
TOYKH NOBEPXHOCTH:

L.

J)
ry=| M; |=|sna,; cosd, | (210)
sin §;;

cosa;; €o0sd,;

tf

B rpHHBHUYCKOH CcHCTeMEe KOODAHHAT CIyTHHKOHEHTPHYECKHHA BEKTOP
onpefesseTcs BbIpaXKeHHeM

1
J

Ry =smm, | m |, @11)
n

rie S; — onepaTop nepexona K TPHHBHUCKON cHCTeMe KOOpAMHAT, Oll-
penensiemelit no ¢gopmyne (143).

KomnoHeHTamM# BeKTODa R,, B I‘pHHB{llCKOH CHUCTeMe KOoopauZaT fiB-
nAroTest Hampapasoine Kocunycel Ly, M7y, Nij
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) cos (2;;— S;)cos 3;;
Riy=| M, | =] sinfe;—S)coss; |, (212)
N5, sin§;;

rae S; — 3Be3fHOe BpeMs B I'pHHBHYe B MoMeHT dororpadupopanus
t;, onpenensemoe no ¢opmyne (144).

CnyTHUKOLEHTPHUECKHE KOOPAHHATH a;j M §;; onpeaeasiorcs ¢op-
MyJIaMH

M —_
tgay = o =L, (213)

ij Xj—X¢

tga N” 2 —2;
il =1 = .
VMg + 1, Vig—xP2+ (y— il

rfle X;, Y, Zi — reOlleHTPHYEeCKHe HHepLHaJbHble KOOPAUHATHI CNYT-
HUKa; x;, Yj, 2; — reolleHTpHYyeckHe HHepuHaJbHbEIE KOOpPAHHATH TOY-
KH . '

IIpH oleHKe TOYHOCTH OnpefeseHHs CNYTHHKOLEHTPHYECKHX Ha-
npaBJleHH# Ha TOYKH IMOBEDXHOCTH IJlaHeThl HeOOXOAMMO YUYHTHIBATb
MHOrOYHCJIEHHbIE HCTOYHHKH OWHO0K. K HMX yHCay OTHOCATCA chaenylo-
iHe:

HaJIH4uMe CJAYyYafHBIX M CHCTEMATHYECKHX OWHOOK B HM3MepeHHBIX
KOOpJIHHaTax 3Be3]] H NYHKTOB IO CHHMKaM;

MeTpHYecKasi HeCTaOHJBHOCTBL nedopMalMd CBETOUYYBCTBHTEJBHO-
ro cJjos;

YHCJIO U PACNOJIOXKeHHe Ha CHHMKe ONOPHBLIX 3Be3l, BeJUYHHB ¢o-
KYCHBIX pacCTOsIHHil KaMep; '

HaJlHuHe OLIMGOK KOOPAHHAT UCXOAHBIX IYHKTOB IIPH ONpeJeJieHHH
onepaTopa B3aWMHOH OpHeHTauHH cHHMKOB Ilg;

OUWIMOKH OmnpefiefleHHA AHCTOPCHH O6HEKTHBOB M 3JIeMEHTOB BHYT-
peHHero OpHeHTHPOBaHHA CHHMKOB;

OIHOKH OnpelesieHHsl ONepaTOpPOB oOpHeHTHpoBaHHA Kamep Il;
" Mo;

BHYTPeHHAA pedpakuHs B npHOGOpPHOM OTCceke Kopabuis;

HaJHyHe cHCTeMaTH4YeCKHX H cJyyaiiHblX OwWH60K B KartaJjorax
3Be3f.

-0
Ownb6ky m(0) onpenesneHHsi HampaBJjieHHs r;; OyldeM Xapakre-
PH30BaTb 3HAa4YeHHSIMH €€ COCTABJAIOIIHX N0 NPAMOMY BOCXOXIEHHIO
m(aj; cos 6;;) u cKJIOHeHHI0 m (8j;), Tak YTO

m?2(0)=m? (a;; cos 8;;) +m2(8;:).

[NpencraBuM 3TH ‘COCTaBJAsAOLHE B BHAE (YHKUHU OIIHOOK H3MepeHHs
KOOpAHHAT Ha CHHMKe (dx, dy), ouIMGOK onpelejieHHsi 3J€MEeHTOB
BHYTpPEHHero OpHeHTHpPOBaHHs (df:, dxo, dyo) H OIHOOK OnpereseHHs
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oneparopoB II; u Iy (49, de, di, dQo, dwo, dig):
d(aji cos 6;;) =F (dx, dy, df:, dxo,
dyo. dft*, dQ, d&), ldl, on, dl(!)o, dlo)

Torna TeH3op OIKHO0K CNYTHHKOLEHTPHYECKOro HanpasjieHus M2 (?(,’[)
6yner UMeTb BHI

M: (r};) = FMF", (214)
rne
M2 (x, y) 0 0 0
0 M2 (f{v xo) y'l) 0 0 i
Mz = 0 0 Mm: 0| (215)
0 0 O M,

dnemeHTamMu TeHaopa (215) seastorcs: M?(x, y) — TeH3op ouim-
60X n3MepeHHBIX KOOPDAHHAT TOYEK Ha TONOrpaPuyecKOM CHHMKE;
M2(f;, xo, Yo) — TeH30p OLIMGOK 37€MEHTOB BHYTpPEHHEr0 OpPHEHTHpO-
BaHus Tonorpaguueckod kKamepn; M.2 — TeH30p OIUMOGOK 3iJI€pOBHIX
yrJIOB On€paTopa OpHUEHTAIuH 3Be3HOH KaMepsl; Mo? — TeH30p OLIH-
60K 3iiJIepOBEIX YIVIOB ONEpaTopa B3aWMHON OpHEHTallHH KaMep.

B pesyiibTaTe YyHCJIEHHOrO MOJAENHPOBAaHHSI YCTAaHOBJIEHO, YTO YBe-
JHyeHNe (POKYCHBIX PaCCTOSTHMH NOBHILAET TOYHOCTb ONpeneseHNs

f,?- Onnaxo npu BHIGpaHHOM (POKYCHOM PacTOAHHH Tomorpaduye-
CKOH KaMephl f; yBesJHuyeHHe (DOKYCHOrO paccTOsiHUsl f* 3Be3flHOHM Ka-
Mepbl NMPaKTHYeCKH He IPHBOAHT K NOBHILEHHIO TOYHOCTH OmpeneJie-
HHAl CIYyTHHKOLEHTPHYECKOro HamnpapJjieHHs.

VpenuyeHde pacCTOSHUA A 0 3Be3[lbl OT IJIaBHOH TOYKH CHUMKa
NpPUBOJIUT K MOBBILIEHHIO TOYHOCTH NPH HCNOJb3OBAaHHH KOPOTKO(QOKYC-
HHIX CHCTEM M NPaKTHYECKH HE BJIAAET HA TOYHOCTb NPH H3MepeHHUsX
C NMOMOIUbIO AJTHHHOPOKYCHBIX CHCTEM.

Ilpn onpenenennn onepatopa I, B3aHMHOH OpHEHTAUHUH CHHMKOB
ONTHMaJIbHO HCNOJib30BaTh He 6ojiee 10—13 CHHXpOHHEIX map CHHUM-
koB. JlanbHeillllee yBeJIMUeHHEe YHCJAA nap He NPHUBOAHUT K CYLIECTBEH-
HOMY NOBBILIEHHIO TOYHOCTH, NOCKOJIBKY BHI3bIBa€T HaKOILUIEHHE CH-
CTeMaTHYeCKHX OIIMOOK 3JIeMEHTOB BHYTPEHHEro OPHEHTHPOBAHHS.

MOXHO yTBEp)IaTb, YTO NMPH TILATEIBHOM COGJIOJEHHH TEXHOJIO-
run o6paboTKH CHHMKOB pJsa cuctemM ¢ f=—200 MM H [*=250 MM
(m(x)=m(y)=0,005 MM), OLINOKH ONpeleJeHHs] CNYTHHKOLUEHTpHue-
CKHX HanpapJewuii m (ri;) He mpepocxomut 10—15”. [Tpn BhicoTe Op-
6utel 250 KM 3TO COOTBETCTBYET JIMHEHHBIM OlINOKaM B IIOJIOXeHHH
NYHKTOB Ha noBepxHocTdH 3eMJH nopsaka 20—25 M.

Owubru onpedeseHus CRYTHUKOYEHTPUYLECKO20 HanpasieHus, 006-
ycaosaertble owuUbKamy U3Meperus KoOpOUHAT TOYeK Tonozpaguie-
CK020 CHUMKa Xj U ; u OwuUbKolU 8 (POKYCHOM pACCTOAHUL Kamepol.
TIponnddpepeHunporas BripaxkeHus (213), nonyyum
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1 d LydMyy—MydLyy  cosagjcos 8;:dMyy — sinay; cosaydLyy
@y = L?I - cos? agy cos? 8y ”

da”=—— 1 (Sina”dL”'—cosal,dM”). (216)

TouHo Tak ¥ e HaxoauMm

I qyydNy — Nypdgyg

cos? 8;; it ‘ﬁl

rae

(217)

I1peoGpasoBae dopmyay (217), nonyuum
qijdqij=—cos 6;; sin §;;dd;j;
dgij=—1tg 6;;dbj,

N03TOMY

db;;=——N; sin 8;; db;j—cos 8;;dN

1. €. d8;; =———0N, (218)

cos dy; e
JnddepeHnnan cnyTHHKOLEHTpHYECKOro HanpasieHus d0;; 3sanu-
mweM B ciefnyiouleit popme:

d0;;=dbij-}-cos 6;;daij, (219)

rae dé;; n da;j — puddepeHUHaNs KOOPAHHATHBIX JIHHHH a;==const
n 6;;=—const Ha cnyTHHKOIlEHTpHYeCKOH cepe enHHHYHOro paauyca.
C yuyetoMm ¢opmya (216) u (218) suipasum auddepenHunan d6;; cnyrt-
HHKOLlEHTPHYECKOro HanpaBJIeHHs] B BHE

dB,—,—=sec 6,-,dN,-,-—sin (llidLi/-l-COS aide[j. (220)

CpenHiol KBajpaTHuecKyio owWHOKy m”(0;) onpeneneHusa cmyt-
HHKOLEHTPHUYECKOr0 HanpaBJ/IeHHsl, BHIpDAa)XEHHY0 B CEeKYHAaX AYrH,
Ha OCHOBaHHH ¢opMyant (220) npeincraBHM ciefylomlaM o6pasoM:

2 . rs2 13
m'' (6;) =e¢" Vsec’B,ij” + sm’a,-,-mL” -+ cosza”m(Mu), (221)

,r2 2 ’r3
rape nLNU, mL" H mM”'—CpeﬂHI/le KBaJpaTuieckHe OLINOKU Hanpa BJIO-

LIUX KOCHHYycOB; p=206 265”.
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_ BbIEHSHM dLij, dM; v dN;; B Bune @yuxuuii nudpdepeHHaIoB
di;, df,; KOOpOHHAT TOYEK CHMUMKA H AHpdepeHIHaNa dfs doxkycHo-
ro paccrosiius xaMmepol. Ha ocHoBanun dopmyn (181) u (182) no-
JIYYHM

~

Li/ Xy
M, |=—n-| 7.
if A” i yu ’ (222)
Ni] — [
roe
b= Ilz'l + Z/%I + fi-
IIponud¢eperunpyeM BEKTOp
;il
~2 ~3 2
| = — s (223)
";’ii V’Ci,+y,i+f,
—ft /
~2 ~2 p)
V xl, + y” + ft

0 KOOpAMHaTaM X, Ji; ¥ (pokycHOMy paccrosiHuio f,. B pesyabraTe
HOJIyYMM MaTpHIly, YCTaHaB/IHBAiOIIYI0 CBA3b Mexay nncddepennua-
JlaMH HaIlpaBJsIIOUIUX KOCYMHYCOB B CHCTeMe KOOpPIMHAT CHHMKa H
nuddepeHnHaNlaMi KOOpAXHAT dXij, §ij, df::

3 ~ ~0 ~ e ~
~ ~ ~ A~ ~0
\‘dnil ——l,!n” —m[lnlj l’—‘nl! ——(’ff

IMpoanuddepennupoas BuipaxkeHne (222) ¢ yueroM (GopMyJibl
(224), nony4uM coOTHOLIEHHe aJA AH(pGepPEeHIIHaNOB HanpapJisoILHX
KocwHycoB dL;;, dMi; v dN;; B nHepLHaJbHOH cHCTEMe KOOPAMHAT KakK
¢yuxuui gudpdepeHunanos dx;; ¥ dj;; KOOpAUHAT TOYEK CHHMKa H
df: ¢okycHoro pacctosiHus:

~2 ~ ~ ~ e~ .
oLi; Gy Gy Gy V=Ll —myly —Lyn;
l ~  ~ ~9 ~ o~

d‘Mi] = Al] 021 a22 azs —m,ilij l —-”Z‘I —-m[iﬂ,] X
~ ~ ~9
C’N” aal a82 asa '_‘l” ”l! —ml']”i' l—ni]
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dxy
<1 dy,
—df,

Tenepb MOMXHO cocTaBUTb CBOAKY GOpPMyJ AJIf1 anpHOPHOH OUEHKH
TOYHOCTH ONpefieJieHHA CNyTHHKOLEHTPHYeCKOro HampaejeHud r;° B
HHepLHaJIbHOH CHCTEME KOOPAHHAT B 3aBHCHMOCTH OT CPefHMX KBaj-
paTHYeCKHX OLIHGOK H3MepeHHs KOOpPAMHAaT Ha CHUMKe m(%ij),
m(7i;) u doxycroro paccrosinus m(f:).

QopMyJabl CPeflHAX KBagpaTuyeckux owunbox m(li), m (M) u
m(fi;;) HanpaBJAIOLHX KOCHHYCOB B CHCTEMe KOOPAHWHAT CHHMKa:

~ l — —~— —~ — — — ~.
m(l;) = Tt‘ ]/ (1— l%!)2 m? (x;;) + (my;ly)y m? (4:5) + liln%]ma (F1);
1

m (’7741) = —Ali- V (r?z,-,ii,)z m? (;‘u) + (1'__’77?/)2 m? (gi]) +(’77’ijﬁi])2 m® (fe);
i
(225)

~ 1 ~ o~ ~ ~ ~ ~ ~2
m (”t/) = A—i! V([i]nij)2 m ("if) + (miinij)2 mt (y,) + (11— ”11)2 m* ().

dopMysbl cpenHMX KBampaTHyeckux owwbok m(L;), m(Ny),
m(M;;) HanpaBJAIIOLIAX KOCHHYCOB B HHepLHaJIbHOW CHCTeMe KOoop-
LHHaT:

m(L;;) = ]/-aflmz ) + am? (”;:i[) + a2m? (’;;j);

mM;) = ]/-af2m’ (Z )+ @, m? (r;i,- )+ aim? (r‘;, hH (226)

mtN )=V @t [+ am () + @t (n),

roe sjeMeHTHl a;; Marpuusl II;T BbhuHcasior no ¢opmynam (184).

Q®opMysiEl  CpPeAHHMX KBaaparudeckux owubox m”(ai;) u m” (8if)
CNyTHHKOLEHTPHYECKOrO0  MPSIMOTO  BOCXOMJAEHHSI M  CKJOHEHHSA
(B yra. ¢)

m'' (a;;) = cos:” ]/sinzat,-jm2 (L,-j) + cos®a; m* (N ;) (227)
m' (8;) = co‘:ﬁ m*(N,), (228)

¢

rae p”=206 265".
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®opmyaa cpeiHeii KBajpaTHyeckoll OIIMGKH CNyTHHKOLEHTpHYE-
ckoro HanpasjeHust m” (0;;):

‘/ 3 2
m' (8;) =V m'’ (3;) + cos*3,m" (a;). (229)

OwiubKu ChYTHUKOYEHTPUYECKO20 HANPABAEKUS T1; 8 uHepyualo-
HOM NpPOCTPAHCTBE, 00YCAOBAEHHbIE OWUOKAMU Y2A0B80L OpUEHTayUU
Tonozpagpuueckozo cuumka. Ilycts sfineposnt yrawt Q';, o’; u J’;, on-
penensiomne mMarpuny Il;= (M;*M¢)T, noayunnn Majinle NpUpalieHHs
dQ’;, de’; u dJ’,. OnpenenuM MaJible NMpUpallleHHss KOOPAMHAT TOYEK
tonorpaduyeckoro CHHUMKa dX; H dfi, 06GYyCJOBJeHHHE HaJHYyHeM
dQ’;, do’; u di’;.

Ha ocHoBanun ¢popmyn (187) u (188) Gynem nmerb

_ Oxy  Oxy  Oxg

G ol [ G e,
Y el N ol | (230)
~ i i ~ ~ =~ (I

dyy | | ary O9ij Oy Oy || dr;

02, doy 0l

Jlanee Ha ocHoBahun ¢opmysa (198) u (230) onpenenym OWHOKH
m’(¥;) m m’(§i;), o6yclOB/NeHHble CpeJHWMH KBaJgpaTHYeCKUMH
owB6KaMH 3inepoBHX yrios m(Q), m(e) u m(J):

, U, Wiy 2

-
oYUy oWy \2 oU,; oWy \2
+ (Wiido)l' _Uil oy’ ) m* ((.0) + (Wijah: —Uil ol ) m (J)v

(231)

-

, oV, oWy, \2
m' (Y;) = %ij l/(Wiiag—t”~Vfi E’L) m? (Q) +

->
Vs, Wi\ Vi oWy \2
+ (W”aT[' _V”dT,’) m* () + (Wi] a7 Vg, ) m* (-

Cpenune kBagparuyeckue owubxku m(Q), m(w) u m(J) B dpopmyaax
(231) BbIpa)keHBl B pajHaHax, YacTHEIe NPOHU3BOAHBIE BBIYHCJIRIOTCSH
no ¢opmynam (195)—(197).

[IpakTHyecKn BBHIYHCJIEHHe anpHOPHBIX 3HAYeHHH CPeAHUX KBajpa-
THYECKHX OWIHOOK m (ai;) ¥ m(8:;) yAOOHO BHINONHATL B ClefylOLEM
nopsuke:

no ¢popmynam (231) BBEIYHCHAIOT cpeljHWe KBagpaTHYeCKHe OLUHG-
ku m’ (¥;) u m’(§i;), o6yciopyieHHble OWIK6KaMH BHELIHErO OpPHEHTH-
poBaHusi CHUMKOB m(Q), m(w), m(J);
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pacrosiarasi anpHOPHEIMH 3HaueHusiMH m” (X;;) w m” (§i;) wname-
PeHHBIX KOOpAHMHAT Ha CHHMKe, ONpenesisiioT CpejHUe KBaJpaTHue-
CKHe OWHNOGKH ToYex CHUMKa m(Xy) u m(Ji;) Kak pesysbTaThl COB-
MeCcTHOro neicTBUsi OWINOOK YyIJOBOrO OPHEHTHUPOBAHHUS H OLIHGOK
u3MepeHHH KOOPAMHAT Ha CHUMKax:

mi) =V m" ) +m g m@y =V m @)+ m ).
(232)

Iajee no popmynam (225)—(229) BbluKc/IseM cpenHue XBajapa-
THYECKHe OWINOKH OnpefefeHHsi CNyTHHKOLUEHTPUYECKOro Hampasjie-
Husl, o6ycJioBJieHHBe OLIHGKaMHu H3Mepekus KOOPAMHAT CHUMKa, (o-
KyCHOTO pacCTOAHHSI ¥ BHEIUHeH YrJIOBOH OPHEHTalluh CHHMKa.

Tipumep 9. B KauecTBe MCXOAHBIX JaHHHX DPUMEM YHCJIOBBlE 3HAYEHUS BeJsH-
uHH H3 npHMepa 7.

Onpenenuth cpeanne KpajipatuyeckHe omwnGku m(a;) n m(8y), a Takxe oim6-
Ky m(e ) CONYTHHKOLEHTPUYECKOTO HampaBJeHHs B HHEPLHAJBHOM [POCTPAHCTBE,
ecnn m” x”)—m”(y”) 0,005 mm; m(fe)=0,003 mm; m(J)) =mle/)=m(Q/)=10"=
=4,85.10-° pap.

Pewenne . HaiinemM yacTHbEe NPOH3BOIHEIE:

0;“ . a;” ax,

W=24.0 MM; aT,'=“86'6 MM} dl’ ‘= — 63,0 MM;
0y Oy ’ Oyyj

09 = — 139,7 mm; 6(»—[’: — 34,4 mm; FJ,_' = —95,19 MM.

2. o dopmynam (231) onpenennm:
m' (xg;) =

oxt; \ ox \'
=\/<59%’> m=(9,'>+(am,) m (w¢)+\6, : ) ma(J %) =0,005 to;

m' (yg;) =

~ ) ~ ) ~ 2
ey ) . Oej ., Oyij it
= \59711 mQ) + 3o, @) +\ 57 ) ML) = 0,008 mu.
3. Tlo dopmynam (232) BoiuncsuM:

m (%) =0,007 mm; m(Jy)=0,009 MM, T. €. m(Fy)==m(Fy)=0,008 MM,
4. 3atem onpenenum Ay, Iy, My n Ay

Ay = l/ JC?I—l—y?!—{- f2 = 136,7 mv; ‘l.;i = ;;I-:'A”= 0,252;

’f;’l,'j =;ii/Ai]= — 0.633; 7!{]= — 0,732,

5. B cooreercTBHn ¢ ¢opmysamu (225) nosyyuM OLIMOKH HaNpaBJAIOLIMX KOCH-
nycos m({ly), m(my), m(fy) B cuc-reme KooparHat chuMka: m(ly)=>5,75-10-5;
m(#y) =3,76-10=5; m(fiy)=3,09- 105
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6. Ilo thopmynam (226) BHYHCIHM cpefRHe KBafpaTHYeCKHe OWIMOGKH HampaBislo-
upx kocuuycoe m(Ly), m(My), m(Ny) B nuepuMainHON cHCTeMe KOOpAMHAT M HO
dopmynam (227) n (228) m(ay) u m(6y):

ay;=66,328° 6,,=-—39,422%
m(Ly)=392-10-5; m(My)=391-10-5; m(Ny)=4,32-10-5;
m(uy)=>5,07-10-=10,5"; m(8y)=4,32-10-5=8,9".

7. Onmpenennm ownbky m(0y) CNyTHHKOLEHTPHYECKOTO HanpabseHHus, 06YcJOB-
JIEHHYI0 OLUMSKaMM H3MePEeHHsA KOOPAHMHAT CHHMKA, (JOKYCHOr0O PACCTOSHHA M BHELIHed
opuHeHTalMH cHuMKa. CrefloBaTenbHo, B JanHOM npuMepe m(0iy)=12".

IMpu BeicoTe OpOHTH hyyr=350 KM sTOK owlHOGKe GYyAET COOTBETCTBOBATL JIH-
HeliHasi ouln6Ka Ha MECTHOCTH, paBHas 20 M.

§ 16. PEAYKL U1 MHEPLLMAJIBHBIX KOOPIMHAT 3BE3[{
HA MOMEHTHI ¢OTOTPA®HPOBAHHSA

Kax ckaszaHO Bblllle, KaTaJIOTH 3Be3[[HBHIX NOJOMXEHHH [JIf KaxJoH
3Be3/bl COAEPHKAT KOOPAHHATH ap H 8y, OTHeCEHHBIe K CpPeJHeMy IO-
JIOXKEHHIO TOYKH BECEHHEro paBHOAEHCTBHS Ha 3noxy To karaJjiora, a
TaKxke COOCTBEHHBIE ABHKECHHS Mg H ps IO NPSMOMY BOCXOMXAEHHIO H
ckJoHeHHI0. MHepnualibHbEle KOOPAMHATH 3BE€3fi, H3006pasHBILHXCA Ha
3BE€3HOM CHHMKE, OTHECZHHBIE K HCTHHHOI TOYKE BECEHHEero paBHO-
JeHCTBHUA 3M0XH (pororpapMpoBaHHSA [;, HCKaXKeHHl 3a cyeT abeppanuH.
Taknm 06pa3oM, BO3HHKaeT 3ajlaya BBIYHCJEHHS WCTHHHBIX KOOpJH-
HaT 3Be3q Ha MoOMeHT ¢ororpadupoBaHusi, B KOTOpble HeO6XOoHMO
BBECTH NONpaBKh 3a AeiictBHe abeppauuu. [locse 3TOro nojyuyum
BUAHMBIE KOOpAMHATBl 3B€3Jl, KOTOPHIM COOTBETCTBYIOT H3MepeHHbIe
Ha acTpoOHeraTHBe MPsMOYroJibHBle KOOPAMHATH 3Be3n x* u y*.

B cnyuae cpemku 3pe3nHoro He6a ¢ Gopra MC3 paanuuaior ro-
IHYHYIO ¥ Op6HTalbHYI0 abeppanuu.

F'onvubvas aGeppallusi BO3HHKAaeT BCJEACTBHE OPOGHTAaJb-
HOro nBH)xeHusi 3eMin (M cnyTHHKa) "Boxpyr Coanna. 3toT 3dgexr,
Kax H3BeCTHO M3 Xypca acTPOHOMHH, BCcerja yYHTHIBaeTcfl W NMpH Ha-
3eMHBIX HabJaIo0eHHAX 3Be3/.

Op6uraabHan abeppaunus BO3HUKEET TOJbKO NPH Ha-
6aroneunnx 3ee3n ¢ 6opra MC3 u sApinserTcs clieACTBHEM OBHXKeHUA
HC3 no ceoeit op6ute BOKpYr 3eMJIH.

BriynciieHHe BHAMMBIX MeCT 3Be3]l NpH o6paboTKe CHUMKOB 3Be3]-
Horo He6a, noayueHHBIX ¢ 6opra MIC3, BEInONHAETCA B Clenylolleli Io-
cJie10BaTeJbHOCTH.

OnoaHaBalpe 3Be3]] Ha acTpPOHeraTHBe W oOnpeaesicHHe HoMmepa
3Be3]bl 110 KaTaJory.

OrnipeneneHre Mo HOMEpPY 3Be3[bl KOOPAMHAT ag¢ U Op, OTHECEHHHIX
K CpefiHell TOYKe BECEHHEro PaBHOACHCTBHA 3MoXxH Karajora To, H
COOGCTBEHHBIX JBHKEHHH [a U WUs.

B pesynbTare yuera cO6CTBEHHOrO NBHXXEHHS H NPEIECCHH 33 Bpe-
msi t;— Tp Oocb Ox WHepUHaJIbHOH CHCTeMH KoopAauHaT 6yaeT Hanpas-
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JieHa B CPeJHIOI0 TOYKY BeCeHHero paBHOAEHCTBHS 310Xu ¢pororpadu-
poOBaHMA I;.

B pesysbrate yyera HyTauuu ocb ox GyAeT HanpaBlieHa B MCTHH-
HYIO TOYKY BECeHHero paBHOJEHCTBUS 3nox# (oTorpacdHupoBaHHsA.

B pesysbrate yuera geiicTBusi rogMyHO# M opOurajbHoM abeppa-
UM NoJiy4arT BHAMMHE KOOPAHHATHL Geux M Osux HA 3MOXy ¢QoTorpa-
dupoBaHus.

BH‘_IHCJICHHC BHAHMBLIX MeCT 3BE€3JA

I. Yuer cobcreennvix Osusceruil u npeyeccuu. Ilyctb u3 xarasnora,
COCTaBJIEHHOrO OJISi HEKOTOpO¥M 3NOXH 7o, H3BECTHBH KOOPAMHATHl (p- M
8o 3Be3ibl ¥ ee COOCTBEHHEIE IBUIKEHHS g H Ms.

Co6cTBeHHBIE NBHIKEHHS onpenensiores no ¢opmynam

a’=ao+pa (ti—7To);
(233)
&' =do+ps (t:—To),

rae {; —3noxa ¢otorpapupoBaHHs.

- —o!
3aTeM BBIYHCJAIOT €JHHHUYHDbIM BEKTOP re HanpaBJICHHA Ha 3BE€3-
Ay, KOMIIOHEHTBI KOTOPOro HUCNpasJieHbl 3a IeficTBHE NpeUeCCHH:

I'\  cosa cosd

-, :

r° =|m' |= sina’cos?d |. (234)
n' sin &'

— .
Jlns ydyeTa BIMSHMS NpeUEcCHH Ha BEKTOP r ° HeOOXOAHUMO mojei-
CTBOBaThb OpTOroHanabHON matpuues Iy, T. €.

—II0 —’0 v
r °=1Tl,r" (235)
DneMeHTH p; Matpuubl [Mp, MOXKHO BHIDa3WTh C NOMOLILIO Mpe-

LleCCHOHHBIX napaMerpoB Hbloxoma — AHpnyaite §, z ¥ 0, sBJIAIOIHX-
¢sl 3iJIepOBHIMH  yrJjlaMH:

pr=—sin {esin z+ cos {ocos z cos 6;

Pp12=—cos {osin z—sin {,cos z cos B;

pis=—cos zsin B;

Po1=>sin §ocos z-4-cos Losin z cos 6;

P2a=C0S{C0s z—sin {osin z cos 6; (236)
p2s=—sinzsing;

p31=cos Losin 0;

pag=—sin{esin 6;

Paz=cos 6.
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PaajioxkeHua B pALB NpelleCCHOHHH K mnapaMeTpoB Ly, 2, 0 s
craHnaptHoil anoxu To=1950,0 umeror cienymromuii BHA:

to=2304,952"T--0,3022"72+4-0,018073;
2=2304,925"T+41,0951"T2-4-0,0183"T3; (237)
6=2004,257"T—0,4268"T2—0,0418"T3,

apryMeHTOM B 3THX (OpMyJiax sSIBJISIETCS BEIHUHHA

__ID(t;) — ID(1950,0)
T= 36 524,22 (238)

rae JD(t:) n JD(1950,0) — MOMeHTH BpPeMeHH, COOTBETCTBYIOLHE Bpe-
MeHH ¢oTorpatdupoBalus {; U cradlapTHol snoxe 1950,0, Berparkensl
B lognauckux ausx JD. Bnoxe 1950,0 coorBerctByer JD(1950,0) =
=2433282, 4234.

Hnsa eoiuucienust JD (f;) Hcmogb3yloT clefyloluMil aJrOpuTM.

1. Bectn o6Go3HaueHHs: y — HOMep roja, m —HOMep Mecsua,
d — 4yucJI0 Mecsna. '

2. Eciu m=1 wiu 2, 10 Yy’ =y—1 u m’=m-+12, ecin m>2, 10
y'=yum'=nm.

3. Buiyncsuth A —penyio yactb ot y’/100 u B=2—A-tuenasn
yacTh OT A/4. '

4. Boiyueants C — uenywo yactb ot 365,25 .

5. Buoluncants D — uenywo yacts or 30,6001 (m’-+1).

-6.Haittu JD=1720994,54B+C+4D-}d.

II. Yuer nyrayuu. IJan sroro Ha BexkTop r®” Heo6xoawMo nonefi-
cTBOBaTb Martpulleli HyTauuH My

4 lll!
’l'_‘olll — (m”’ ) == "flld l'—o’" = "”ui “ero’. (239)
nHr

Hyranusi Hukorna He npeBocxoadTt 1074, mosTOMy 3JieMeHTH MarpH-
LBl HYTalUMW packjajabiBaloT B psia TelJiopa ¥ OrpaHUYHBalOTCH JIH-
HelHLEIMH YJieHaMH.

Ilpu stom Matpuua HytauHu [ln,; HMeeT cJelylOILHHA BHA:

1 —Adcose —A¢sine
I, =] Adcose 1 — Ae . (240)
Aysine As 1

B 3TOM BHIpaxeHHH A} — HyTanus [0 [OJrOTe, KOTOpas HW3MeHsieT
NOJIO¥KeHHe TOYKH BEeCEHHEro paBHONEHCTBHA; Age — HyTallld B HaKJO-
He, H3MEHSAIOIas HaKJIOH 3KJAMINTHKHA K 3KBaTOpPy; € — HAKJOH 3KJHI-
THKH K 3KBaTOpy.

KoMnoHeHTH HyTauuH Ay B Ae NPeACTaBIAIOT B BHAE TPHIOHO-
METpHYECKHX PSJIOB, apryMeHTaMH KOTOPHIX ABJSIOTCA (yHIaMeH-
TaJIbHBIE - apryMeHThl TeopuH nBWxeHuss JIyHot B CosHua:

86



cpefHas AOJIroTa BOCXOAAUlero yaia JIyHH Q;
cpenHsist aHoManus JIyHel I
cpentsia avomanus CosaHua l’;
cpenHU# apryMmeHT IWHPOTH JIyHH F;
cpentsist syoHranus Jlynst ot Conunua D.
OTH BeJIMYHHBI 3afaloTcs pasioxeHussMH bpayna. Tak,

Q = 259°10°59,79"" — 1934°0831,23"'T" 4+ 7,48''T"* +0,0080"'T"";
[ = 296°06'16,59"" -+ 477 198°50'56,79"'T' 4433,09"'T** 4 0,0518"'T";
I' = 358°98'33,00"" -+ 35 999°0259,10""T" — 0,54"'T"* — 0,0120"T"",
F = 11°15'03,20"" 4 483 202°01'30,54"'T" — 11,56"'T"* — 0,0012"'T"";
D = 350°44'14,95"" -} 445 267°06'51,18"'T'—5,17"'T"" 4-0,0068"'T"".
(241)
Apryment T’ B dopmynax (241) onpeneisiercss no gopmy.Je
7 _ 1D(t) —2415020,0 ’
36525 ’

rae JD(f) —ronuanckas pnaTa 3noxH ¢ororpadupopaHusa i;.
Hak/10H 3KJIMNTHKH K NJIOCKOCTH 3KBAaTOpa BHIYHCJISIIOT C JIOMOILbIO
passioeHHs

e = 23,452 294 4° — 0,130 125 00°- 10~*T" — 0,163888 89°: 10—°7"" -+
+0,50277778°-10—° T". (243)

Ecnn npene6peyb ujleHaMu pasliOXeHHs, CyMMapHOe BJIMSHHE KOTO-
PHIX NMPHBOAMT X norpeirHoctsiMm meHee 0,05”, TO cocramjsoliHe HY-
TallHH 10 JOJITOTE H B HAaKJIOHE 6YILYT BEIYHCJIAATLCA N0 CJAEAYIOILHM
¢dopmyaam:

Ap=——17,2327"sin Q—1,2729"sin 2 (Q+F—D) +

+4-0,2088"sin 2Q-+0,1261 sin I’—0,0497”sin (2Q-+

+4l'4-2F—2D) +0,0214”sin (2Q—1' +-2F—2D) +

+40,0016”sin 2I’—0,0015”sin 2 (Q+1'+F—D) -+

+0,0045”sin (Q—2[-+2F) —0,2037"sin 2 (Q+F) +

40,0675 sin I—0,0342”sin (Q+2F)—0,261”sin (2Q-}+

+14+2F)—0,0149"sin (I—2D) ; (244)

Ae=-+9,2100"cos Q-1+0,5522"¢cos 2 (R+F—D) —

—0,0904" cos 2Q-+0,0216”cos (2Q-+1"+2F—2D) —

—0,0093”cos (2Q—1I’+2F—2D) —0,0066"cos (Q-+2F—2D) +

+0,0884"” cos 2(Q+ F) +0,0183” cos (Q--2F) +

+4-0,0113"cos (2Q+1-+2F). (245)
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IIl. Yuer zoduunod abeppayuu. Tlocne. yuera npeLeccHd W HyTa-
UHH MOJYYHUM HCTHHHBIE KOOPAMHATHl Qucr H Oyer:

mu nte?
tg aye, = e tg dyer = VTﬁ_—F (246)

HcTHHHBEIE KOOPAMHATH HeOOXOAMMO HCMPaBHTL MONPaBKaMH Adr
H Ab: 3a roguuHyio aGeppaliio, KOTOpPHle BBIYHCJISIOTCS MO CJENylo-
wuM popMynam:

Aa.=Cc + Dd; A8, = Cc' + Dd';
c = Tls-cosa sec®; ¢’ =tgecosd—sinasing;

) (247)
d= ?sina secd; d' = cosasiné;

C =—20,496"" cos Lgcose; D = —20,496" sinLg,
rne L o —cpennsis noarora CoJiHla, pasoxeHne KOTOPOHl HMEET BHA

L5 =279,696 6778°+4-36 000,768 925° T'--0,302 5000°- 102 7’2.  (248)

IV. Yuer opburasvrod abeppayuu. OpburanbHas abeppallsi BHI-
3BIBa€T BUAMMOE H3MeHeHHe HanpasJieHHus Jyuya CBeTa OT 3Be3[Ibl, UTO
00yCJIOBJIEHO KOHEYHON CKOpoCTbio cBera M aBmxeHueM HMC3 no op-
6ure. Opb6uranbHasa abeppalisi BO3HHKaeT TOJbKO NpH (ortorpadu-
poBaHuy. 3Be3fiHoro Heba ¢ 6opra MC3.

[lonpaBku 3a op6HTalibHylo abeppauuio Age U Aby MOXHO BBHIYHC-
JIWTh cJenyoluM o6pasom:

Aa, —secdsina secdcos a 0

A8,

(249)

T |—sinécosa -~—sinésina cos$

f‘,IN' [ I(:- - Ix.

rie a 1 & — KoopauHaTH 3Be3[bl; X, Y, Z— COCTABJIAKILHE CKODOCTH
HUC3 no ocsaM HHepUHalbHOM CHCTeMBl KOOPAMHAT; € -— CKOPOCThb
-CB€Ta.

IMockonbKy 3kcueHTpucuter e op6ur MC3, HcnoabsyeMelx ans
Kaprorpaduueckux LeJsefi, BecbMa Maj, 6yfAeM CuHTaTb, YTO OpbuTa
KkpyroBasi, T. e. e=0. B 3ToM ciyyae 0p6ma XapaKTepHayercsa ye-
THIPbMSI 5JIEMEHTAMH: PaiHyCoM R, cpenneit anomanueit M, naxio-
HOM [ H JOJrOTOH BOCXOAsILEro ysnia Q.

Cocrasasiowde ckopoctd MC3 B KpyrosoM IBHXKEHHH. Oonpenesis-
IOTCSl BEIpaXKeHUsIMH:

%=Rn(—sin M cos Q—cos M sin Q cos i);

=Rn (—sin M sin Q-}-cos M cos Q cos i); (250)
2=Rncos M sini.
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B dopuynax (250): n=20

) —cpendee aswrenne HC3; TC) =

=2z ]/%a-—nepuon ob6pautenus IC3 B cekynaax; n=398600,5- 10°v’/c*—
reoLeHTpHuecKasl rpaBuTallMOHHast nocrosuHas; M=M, + (t‘]_;(st)")- 360° —

CpefHsia aHOMaJiuA B MOMeHT ¢ororpadupoBanus £;; Mo — cpenusas
aHoMaJIusl B HayaJbHYIO 30Xy fo.

§ 17. NPAMBIE METOIbl ONPEAEJIEHUS ONEPATOPA OPHEHTAIUU
3BE3JHOI0O CHUMKA B HHEPLLHAJIbBHOM NPOCTPAHCTBE

Jns onpenelieHus TPeX 3WJIepOBBIX YIJIOB, 3a/lalOLIMX OPTOrOHaJb-
Hyio marpuny [1;*, B npuHU¥Ie NOCTATOYHO 3HATh HMHEpPHHaJIbHLEIE KO-
OopaMHaTH a H 6 ABYX 3Be3p.

[TosoxuM, YTO ¥W3 PENYKLHOHHBIX BHLIYHCJEHHI TNOJy4YeHB BHAH-
Mble YHepUHaJibHble KOOPAMHATH [BYX 3Be3[, @ TaK¥e H3MepeHbl KO-
OPIMHATHI X, [ 3TUX e 3Be3]l B CUCTeMe KOOPAMHAT 3Be3fHOro CHUM-
ka. DokycHoe paccTosiiHe [* 3Be3NHOH KaMephl H3BECTHO, TaK e KakK
1 KOOPAMHATH Xg, [p rNaBHOM Toykw cHuMKa. [lonaras xo=go=0,
paccMOTPUM NpAMOM MeTOn ONpefesieHHs OPHEHTaLlWH 3Be3JIHOTO
CHUMKa B MHepHHaJbHOM npocrpaHcTBe. B nanHoMm ciyyae tpebyer-
CAl onpeneNiuTh 3JEMEHTH OpPTOroHaJbHOH Matpuusi II;*, koTopas
YIOBJIETBOPsIET pPaBeHCTBY

L I*
M | =0 m* (251)
N n*
HIin
RO=M*19,

rae l*, m*, n* —Hanpaensiouie KOCHHYCH 3B€3[Hl B CHCTEME KOOpD-
avnat cHumka; L, M, N — HanpapJsiloliie KOCHHYCHl 3TOH e 3Be3-
Ikl B MHepLHaJIbHON CHCTEME KOOpPAHKHAT.

I1pu sTom
l=—:-; L = cosacos§; A=|/;2—|—_7/2+f*2;
m=—Z—; M = sinacos §; (252)
ﬂ=—£—; N =sind.
A
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a 2 ¢
A S,
S
© //
—o <v/ .0 //
C’ /E' ,/v /}/ 61
* AT~
zo _pUa
// \
L 4
x( 7)

Puc. 15. CXxeMa NOBOPOTOB CHCTEMB KOOPAHHAT CHHMKa:
a-—Ha yron ©,; 6 — Ha yroa 6,

3ajpuxcupyeM nosioxkeHHe [ 3Be3NHOr0 CHHMKAa OTHOCHTEJBLHO
HHEpLHANbHOH CHCTEMBl KOOPJAMHAT jXyz, KOTOpPOe OH 3aHHMaJ B MO-
MeHT cbeMKH I; (puc. 15,a). IIpu stom R,° — HanpapjeHHe Ha nep-
BYIO 3B€31ly 0; B HHEpUMaJbHOM NPOCTPAHCTBE, ® — HanpapJieHne Ha
nepByIo 3BE3Jly B CHCTEME KOOPAHHAT CHHMKa.

IlopepHemM CHCTEMY KOOPAHMHAT CHHMK& ixyz BOKpYr och ¢° TaK,
yro6el HanpasJjedust ry # R;° coBnajiu, T. e. 4TO6H HanpabJeHUA
Ha NepByIO 3Be3lly B NPOCTPAHCTBE MU300PaKeHHS M B MHEPLHAJbHOM
NPOCTPAHCTBE CTaJIH KOJJINHEeapHHBL.

Yron noeopora npocrpaHcTBa 0, onpefesHTCs K3 CKaJsIpHOrO Mpo-
H3BeIeHHS BeKTOPOB ° i RO

6, = arccos (r,.°R,°) (253)
HJU B KOOpAMHATHOH (opMe:
0,=arccos (I;L,-+m M,~+nmN,). (254)

Hanpaenehne ocH BpalieHHS c¢;° npeACTaBUM B BHJE BEKTOPHOro
upousBeneHUs1 BeKTopos r;° ¥ R,°:

- cl 1 ex ey ez
e K o, | Lo (295)
Cs L M, N,
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T. e.

N —M Lin, — N, M, —Lim
¢, = 1My 1"1; , = 1fly 141 Cy = 11 11’ (256)
sin, sin 8, sin B,

npuyeM
sin 6, = V' (N,m, — Myn,)* + (L,n, — N, L) + M}, — Lym,)*. (257)
BrinosiHeHHOMYy moBopoty 6, 6ymeT COOTBeTCTBOBaTb MaTpHuua A,
OCyI1LleCTBJIsIIOIL a8 JuHeHoe npeobpa3oBaHue,
§10=R|'10. (258)

dyeMeHTH MaTpulbl A Ha OCHOBAaHWH TEOPETHYECKHX MOJIOMEHHH,
NpUBEAEHHEIX B riaBe [, MOXHO BHIPa3HUTb Yepe3 mapaMerpnl Bpalle-
HHSl, KOTOPBIMH ABJIAIOTCS HanpabBJfiOLAE KOCHHYCH €, C2 U €3 OCH
BpalleHHs U yroJi 6 moBOpOTa NPOCTPaHCTBA:

100 €, €6y €C4
A=cosB |01 0|+ (1—cosb)|ece, €2 65|+
001 €€, C4€y €4
0 —e¢y ¢
+sinb | ¢, 0 —c, |- (259)

—cy € 0
B pesysbrate BHINOJIHEHHBIX NMpeoGpa3oBaHuil CHCTeMa KOOpPAHHAT
CHHMKa (X{jZ nepewjia B cucteMy i%¥'§’Z’ (nojoxeHue 2), B KOTOPOH
HanpabJieHHe Ha NepBYIO 3Be3[ly O COBNAajaeT C HanpapJeHHeM Ha
3Ty 3Be3/ly B HHepIHaJIbHONH CHCTeMe KOOPAUHAT.
Tenepb Heo6XoO¥MO NOBEPHYTH CHCTEMy KoopauHar [X'§'Z’ no
COBMeENIEHNA C WHepLUUaNbHOH ixyz.

Ocpi0 BpaleHust BTOPOro nosopora GyLeT BEKTOp §1°=A_r.°._ Hns

onpeneJjieHUsi yrjia 0, BTOpPOro nOBOpPOTa npeo6GpasyeM BeKTOp r2° B
NPOMEeXKYTOYHO! CHCTeMe KOOpAMHAT iX'§’Z’, pns uero mopeficTByeMm
Ha Hero maTtpuueii A:

’
) -0
Rg = Ar,. (260)
I1pu atom och BpauteHusi R\°=Ar° sBJisieTcs JuHUeld nepeceyeHus
IJIocKocTed i0y'0) ¥ (06201, yroJa B, MeX1y KOTOPHIMH PaBeH yrily Mex-

o’ 0
oy HopMaJisiMK n° u n® K 3TUM miockoctaM (puc. 15,6). Takum 06
PasoM, yroJji IOBOPOTa MPOCTPaHCTBa B2 — 3TO yroJ Mexny HOpMans-
MH K NJOCKOCTAIM (02’0 U [090). .
HopManb K NJoCKOCTH (020, OnpenensieTcsi Kak BeKTOPHOe MpOH3-

seneHue R u R.°:

L _ . Py
(| = n0 — .
(M =n sin § L
N L

e
M
M

=
@<

Z =20

N

: (261)

-
-

[
»
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rae yroJg ) — yron MeXAay BEKTOpaMH Ri° ¥ R,°, KOTOpHIil BLIYKCIS-
‘eTcs1 cllefyoHM 06pa3oM:

cos 9, = RIRy) = L L,+ MM, + N,N,;

Siﬂ 81 = ][(M!.N2 - M2N1)2 + (L2N1 - LIAIS)2 + (L1M2 - LSMl)z' (262)

AHaJornyHo, HOpMalb X MJIOCKOCTH joo'0, npeacTaBuM B BHIE
BeXTOpHOro npoussefienss R\ u R :

AN
=r=awlL Mo} (263)
NI Ln’ Ms’ Nsr

: = =7
rne 9, — yros mexay BekropaMu R v R®, onpenensiercsi 43 BH-
parkeHMi: :

cos 9, = (RIRY) = L Ly + MM, + NNy,
sin®, = V (MN, — M) 1 LN, — LV + (LA, — L)

- -, .

Hakowen, yron 8; mexny Hopmajsamu n® u n® HaiiieM M3 BeKTOp-
v ¢ hy

HOro M CKaJIIPHOro NpoHu3BeleHHH HopMmaJe# n® ¥ n® :

sin b, =V (MN" — M'Ny + (L'N —N'Ly 4 (LM’ — L' My; (265)

cos 6, = LL' + MM’ + NN', (266)
rae L, M, N n L', M’, N’ — HanpapJisiiolliie KOCHHYCHl HOpMaJeil n°
u n”, onpenensemble popmynamu (261) u (263).

TakuM o6pasom, onpejeseHbl mapaMeTpbl NMoBopoTa Ha yroa 0,
KOTODHIMHU SIBJIAIIOTCSl HanpasJsioline KocuHhycw Ly, M,, N,; ocp Bpa-
mweHus R;° u yron nosopora npocrpaHcTsa 0.

JroMy noBopory O6yAeT COOTBETCTBOBATb OPTOrOHaJbHasi ME&TPH-
Ia B, Koropylo BHIpa3uM Yepe3 napaMerpH BpaLleHHSA:

(264)

100 Lz LM, LN,
B=cosﬂz[0 10+ (1—cos 62)[M1L1 M2 MN, |+
001 ML, NM, N2
0 —N, M
+ sin @, [ N, 0 — Ll}- (267)
—M, L, 0

Ilns onpenenenus oneparopa F;* opHeHTauuH 3Be3HOro CHHMKa
B VHepPUHaJbHONH CHCTeMe KOOPRMHAT JOCTATOYHO- NEPEMHOXHTb Mar-
puusl A 1 B, COOTBeTCTBYyiOMIHE NMEPBOMY ‘H BTOPOMY'.BpalleHHSM,

Nn;*=BA. : (268)
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Npumep 10. 3ee3nnoiit Kamepoll ¢ ¢oKycHnM paccTosiHneM f*=210,0032 mm
B Mpolecce KOCMHYECKOM CHEMKM OHJ MOJMYYeH 3Be3[HHH CHEMOK, Ha KOTOPOM IO
CTEUHMaNbHOMY KaTanory omosHaHu 3pe3fnl Ne 70341 u Ne 70 408. Hnepumasbhbe
KOOpAMHATH STHX 3Be3Jl Ha MomeHT cheMku 17 aprycra 1985 r. 12¢ 37"UTI1 Guun

CJIe YOI MU

@ 3
T0341(1) & o v v e e el e e e e e . 1709739, 32° —60°19'07,02""
T0408(2) - « « ¢ o v v 4 e e e e 17705741, 45° —51°15'07,86""
2 KOoopauHaTH 3BE3A, uaMepeHHme Ha acTpoOHeraTHBeE:
X, MM T/. MM
TO341(1) . v v v i e e e e e e e e e e e e 17,1418 38,2142
TO0B(2) - « - ¢« v e e e e e e e e e e 28, 1070 6.2317

TpebyeTcss BHuUHCAMTL OMepaTop OpHEHTAUMH 3pe3fHolt Kamepw II,* B MOMERT
C'BEMKH.

Pewenne.

1. Bomncnenne onepatopa Il1* ¢ HCNOMb3OBAHHEM METOJOB TEOPHH BpalleHH.

1. Hopmupysi BekTopu r° u r® aBe3aan B CHCTeMe KOOPAMHAT acTPOHEraTusa, Mo-
JYYHM HanpaBJMolHe KOCUHYCH I, m, n:

0 0

n ks
Lo e e e e e 8,004 9877-10—2 1,326 0057-101
Mo e s e e e e e e e e e e e e 1,784 5512-10—1 2,939 9332-101
£ —9,806 8642-10! —9,907 3348-101

2 BeyucsHM HanpaBJflollHe KOCHHYCH 3Besfi L, M u N B HuepumanbHOH cH-
cteme Koopauhar (L=cos a-cos 8§ M=sinacosd; N=sin§): -

—o -
R] R)

L. e e, —1,079 0282-10! —1,469 3277-10—1

T —4,832 7716-10—1 —6,084 0278-10—1

N oo oo e e it e e e e o e « -« —8,687 9246-101 —7,799 0832-10—1

Lanee Tpe€yerca OMpefesMTL OPTOTOHAJLUYID MATPHLY, OCYLIECTBJAIOILYI0 fpeobpa-
aoBanne RO=N*rP.

3. OnuiueM nepsoe BpalleHHE:

0,=arccos (LiL\--mM-+}-nN,) =40,787 999°;

Ny, — M
¢ =T M g 608354 4.10-1;
sin 6,
Lin,—N,/
0g = LT _ 9 6844508.10~1;
sin 8,

o ==L o0 3758 10-1;
sin 8,

sin 6,=6,352 62-10~!; cos 0,=7,571 3208-10-1;
€,°=9,270 5208-10—!; ¢;co=—2,584 693-10-!; c;c3=2.863 8344. 102
€2=7,206 3244-10-2; cyc5=—7,984 5923-10-2; ¢2=8,8469114-10~4.
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4. BuyncauM sJeMEHTH @ MATPHUK A, COOTBETCTBYIOLUeH MEPBOMY BpalLEHHIO:

an=cos 0-} (1—cos 6;) c;3;

aj9= (1—cos 6;) cco—sin B;¢5;

aj3= (1—cos 0;) c1cst-sin 6,c5;

az1=(1—cos 0)) co14-sin O, ¢y;

ag=cos 0,4 (1—cos 8;) c,%;

as9= (1—cos 0,) coc3—sin B,¢(;

ag1=(1—cos 0;) cics—sin 0;¢o;

asy= (1-—cos 0,) cots}-sin ;¢y;

ass=cos 0} (1—cos 0;) c?.

B peaymrate BRNHCJIEHHA NOJyYnM:

9,822 836-10~! —4.3343434-102 1,823 2099-10*
A =] —8.2204368-10—2 7,746 3393-10—! 6,270 4461-101 |.
— 1,684 1023-10~1 —6.3092301-10—! 7.573 4694-10~! _

5. OnmueM propoe Bpaiuenre. [Npensapurensio npeo6pasyeM BEKTOp ro? BTOpOH

SBE3/IBl U3 CHCTEMH KOOPIWHAT CHHMKa B BekTop R, mnpoMexyrouHoil cHcteMH, T. e.
— 5,165 441-10—2?

RY =Ar)=| —6,0936072-10!
— 7,9120888-10~1
6. BriyMciiuM HanpapnfilOLINe KOCHHYCH HOpMaJeH W a" K nnockocrsm
joeo1 1 j02’01:
°=[R} x R} ' = [R) X RY]

L=—9,606 8914-10-!; L’==—9,313 6689-10~;
M=2,7554193-10-; M’=—_92565 1961-10-1;
N=—3,3957562-10-% N’=2,583 6686-10~2;
©=9,083 277° ©=9,083 277°.

Papencreo 9=70' saBasieTcsi KOHTPOJEM BRMHCJEHHii, IOCKOJBLKY YTJIOBOE PACCTOSHUE
MCMJY 3Be3laMH He 3aBHCHT oT npeobpasopauult KoopAHRAT.

7. BRIYMCJHM JAJisi KOHTPOAS Hampasnsioiue KocHrychl Ly, M,, N\ nepeoii apeain
B MHEpUHANBHOR CHCTEME KOOPAMHAT W onpefenum yron O sTOpOro moBopoTa:

L,=1,079 0279-10-!;
M=4,8327715-10-1;
N,=8,687 9246-10-;
0,=235,383 106°;

ey
RO= [n® xn"].
CpapHUB NOJMYYEHHHA PeaysibTAT C HCXOIHEIMH JAHRHMY, yGEIKIAEMCHl, YTO 3Ha-
KM HanpasJAIoMX Kockuycos L, M), N| U3MeHHJHCL Ha NPOTHBOMONOXHEE, MO3TO-
My B I@HHOM cCJyyae CJEIyeT MOMEHMSiTL MECTaMM BEKTOPH B BEKTOPHOM MpPOH3BE/e-
wnH R°=[n%Xn?].
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8. anee no ¢opMyne (267) BHUMUCIHNM SJMeMEHTH bgx MaTpHTH B, 3amenuB 6,
wa 6z u ¢, ¢, cs'Ha L), M), N,. Matpuna B npumer BHI

8.1744912-1071 5,126979-10~* — 2,625 2233:10?
B=] —4,9343466:10"* 8,584 369-10~! 1,400 3024-10~* |.
2,9715206- 10~ 1.5069988-10~2 9,547 1129-101
9. 3aTeM, MmepeMHOKHB MaTpHUH B u A, noayuum onepatop II*. On 6yner paBen
8.050 323-10~! 5,273 5352-10—1 2,717021-1072
M*= BA =| —5,788 4255-10 5,980 132-10—! 5,543 6621-10—1
1,298 6563-10~* —6,0355519-10—* 7,866 7428-10—1_

I1. Buuucnenne oneparopa I* ¢ ucmonbaoBaHHeM ajire6phl KBATEPHHOHOB:
1. TleppoMy MOBOPOTY COOTBETCTBYET KBATEPHHOH

8, = (A + crex + €58, + €5€2),

rne Ai=ctg 0,/2=-}2,689 7813, a nopma N,=cosec 8,/2=2,869 6556.
Ipn 3TOM HOPMHPOBAaHRHH KBaTEpHHOH g; 6yleT cleAYIOoLIHM:

g:1=9,373 185-10-1—3,355 2299 - 10~¢,-}-9,354 641 10—2e,—1,036 4922- 10—,
2. BropoMy BpalleHHMIO COOTBETCTBYET KBaTEPHHOH
Q = (4 + Liey + Mg, + Nyey),

roe As=ctg 0,/2=--3,1350099, a uopma Ny=-cosec 0,/2=3,290 6348.
Torna HOPMUPOBAHHHA KBATEPHHOH §; UMEET BHJ

gz=—09,527 0631-10~'--3,279 0859- 10~?e,-}1,468 6435- 10~e, |
42,640 196- 10~ Te,.

BLiyncnEM KOOpPAHHATH BTOPOH 3Be3fkl B MHEepLHAJTbHOR CHCTEME KOOPAHHAT.
3. BLMmosHUM B COOTBETCTBHM ¢ MpaBHJaMH KBAaTEPUHOHHOTO YMHOXEHHs, NpHBe-
JICHHHME B rnaBe I, nepBoe nmpeoGpa3oBanHe:

'—5,165 436 4-10—2
RY =¢, 37! =] —6.0036072-10— |,
—7.9120883-10~1

B peaysbTate NonyunM Bektop R, -BTOpOfi 3Be3fhl B MpoMeXyTouHo# cHcTeMe KOop-
AIHaT,

4. YMHOXHB KBAaTEpPRHOHHO 3TOT BEKTOP Ha KBAaTEPHHOH ¢», HafileM BEKTOp BTO-
pof 3Be3nkl B HUEpLHAJBLHOH CHCTEMe KOOpAHMHAT

—1,469 327 8-10!
R =Ry ¢ = Gagy 1307 05 = (

—6,084028 3-10~1

—7.7990828-10~*

CpaBrUBasi pe3ynbTaT BTOPOrO YMHOMKEHHMA C HCXOOHHMHM JaHHHMH, KOHCTATHPYEM
uxX coBmajeHHe.

5. ¥YMHOXeRHe goqy mo mpaBuny (97) onpenensier 3HaYeHHe KBATEPHHOHA (¢,
OCYLIECTBJSAIOLIEr0 OPTOroHasbHoe NpeoGpasoBaRpe:

g=goq1=—8,929 927-10-'-1-3,241 7002- 10-Te,—3,970 818- 10~%e,-}-
3,096 8909- 10-e..
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6. Bupasum 3nementh Matpuun I1* no ¢opmyne (103) uepes mapameTpnl Ksa-
TEPHHOHA §:

8,050 3809-10—! 5,273 558-10—1 2,717 0208-10~1]
n* =| —5.788446-10"1 5.980 1917-10—! 5,543 6854-10~!
1.298 6562-10~* —6,035573-10~! 7.8668036- 10!

CpaBHUB 9TOT pe3yNnbTaT C paHee NONYUYEHHHMH, Y6eXIOaeMCs B HaJMUHM He-
6GOJIbIUHX PacXOX/JEHHHl B 3HAYEHHSIX SJEMEHTOB, KOTOPhIE OOBACHAIOTCS OLUHGKaMH
OKpYTJIEHHsT NPH BHUHCTEHHAX. BesieficTBHE Yero BO3HHKIO HapyLIEHHE OPTOIrOHAJLHO-
ctn Matpuus II*, mosyyenHofi B peaynbTaTe KBaTEPHHOHHOro yMHOXeHHusi. Ilpn stom
olIM6GKa OpHEHTALWH 3Be3JJHOrO CHHMKa COCTaBHT mopsiika 2,5”.

§ 18. COBMECTHOE ONPEAEJIEHHE 3JIEMEHTOB ONEPATOPA
OPHEHTALIUN 3BE3JIHOIO CHHMKA, 3JIEMEHTOB
BHYTPEHHErO OPHEHTHPOBAHHS H NAPAMETPOB JHCTOPCHHU

PaccMmoTpeHHOe BHILIE NpsiMOe pelleHHe 3a1aydl oOnpejesieHUsl 3JeMeH-
ToB marpuubl II* seasercs npeapapurenbHiM. OHO HeoOXxoouMO AJis
YCKOpEHHs] CXOAMMOCTH HWTEPalLBOHHOTO HbIOTOHOBCKOrO npouecca fnpu
pelreHnn 6GoJsiee OOLleil 3ajaud COBMECTHOro oONpejesieHHs mapaMer-
pOB ODHEHTAallMK CHHMKa B HHepLHaJbHOM NPOCTpPaHCTBE, KOOpAHHAT
rJ1aBHOM TOYKH CHHMKa Xo H o, (POKyCHOro paccTosiHHs kKamepnl f* u
napaMeTpoB AMCTOPCHH OOBEKTHBA.

IIpennonoxuM, 4yTo onpeneeHsl NPUGIHXKEHHble 3HayeHHsl 3HJe-
POBHIX YTJIOB £y, wWo, Ip, @8 U3 NACMNOPTHHIX NAHHBIX KaMephl H3BECT-
HO npubJaiKeHHOe 3HaueHHe fo* (pokycHoro paccroauus. Ilpubauiken-
Hble KOOpPAMHATH Xo° U §o° riaBHOH TOUKH NPHMeM PaBHLIMH HYJIIO.

CHMMeTpuuecKkasi cocTaBasiiollass Ar pannalbHOH JHCTOPCHH MO-
XeT OBITh NpejcTaBjieHa B BHJEe Pas3jIOXKEeHHS B PAX PACCTOSHUA OT
rJIaBHOl TOYKH 10 H306pa)keHHsl 3Be3fbl 0 HEYeTHHIM CTENneHsM, T. €.

Ar="Fkr3FkoFSfhaf 4 ... (269)

Ilycth Ha acTpoHeraTHBe HW3MepeHBHl KOOPOHHATHl n 3Be3M, a HHEepLH-
aJibHble KOOPAHHATBl 3THX XK€ 3Be3] omnpefesieHbl IO 3Be3HOMY Ka-
TaJlory U B pe3yJbTarte peAyKUHOHHBIX BRIYHCIEHHH.

HaiineM Takne nonpaBku K 3HJI€pOBBHIM yrjlaM, KOOpAHHATaM rJiab-
HOW TOYKH, (POKYCHOMY paccTosiHHIO H Ko3thduuventam Ky, k2 u k3 B
Bhipa)keHHH (269) nis MHCTOPCHH, KOTODHIE yIOBJETBOPSIOT YCJOBHIO

V*PV=nmin, (270)

rae V — BeKTop-cTOoN6ell NONpaBOK K HM3MEPEHHBIM KOOpPAHUHATAM X;,
Y; (j=1, 2,...,n) 3pe3n, a P— BecoBass MaTpHLa H3MepeHHBIX KOOp-
nuHat 3pe3f. 1o TeopHM Merona HaWMeHbLIMX XKBaApaTroB 0606LieH-
Hble OLIEHKH MMEIT MaKCHMaJIbHyI0 TOYHOCTb, €CIH B KayecTBe BeCOo-
BOH MaTpHIIbl NPHHATH OOpaTHYI0O KOBAapHALHOHHYIO MaTpHIy Heno-
cpencTBeHHBIX u3MepeHuii. [ToaToMy noJioXkHM, YTO BecoBas MaTpH-
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ua P papHa O6GPaTHO# KOBaPHALMOHHON MaTpHLE HENnOCPeACTBeHHBIX
u3Mepenuit K—;

P=K-. (271)

Ilpu stom koBapuauuoHHas matpula K pe3ynbraToB H3MepeHHit
KOOPIUHAT X¥; W §J; j-il 3Be31bl Ha CHHMKe 6yneT UMeTb BHJL

K=| % 9|, 272)
22 |4y, 4,

rle gxx U (yy — OUCNEPCHH KOOpAMHAT X; W §; j-H 3Be3[bl; §xy — KO-
BapHaUHs KOOPAHMHAT X; H §j.

TlockoJIbKy KOOpPAMHATH pa3HbIX 3Be3ll CHHMKa Mexnay coboii He
KOPpeJIMpyIoT, TO ofliasi KoBapHauWOHHas MaTpHua n 3Be3l Gyner
HMeTb NHaroHaJibHLIH BUJ; _

K =diag(K, K, ... K,). (273)

2 .2n) (2.2)(22) (2.2)

YpaBHeHHMsl KOJJIHHEApHOCTH NpH o06paboTke 3Be3HOr0 CHHMKAa.
YpaBHeHHs CBSI3n KOOpAMHAT 3Be3/bl B HHEpPLHMaJbHOM CHCTEMe W B
CHCTeMe KOOPAHHAaT 3Be3AHOro CHHMKa 6yAyT MMeTb BHJ

x L
1 ~

g =l ml, (279)

3,3)
—f* N
V.-'—.,—'—ﬂ

rae A=V A+ ¢+ f*; L, M, N— HanpaBasiio.ilie KOCHHYCH 3Be3fibl,
NpHYeM

L=cos a cos §; M=sin acos §;

N=sin§; (275)
Q — opToronanbHas MaTpuua, pasHa [1¥:
Q=1n*. (276)

daeMeHTH MaTpulll Q 3aganuM 3iijepoBhMH yraaMmu Q*, o* u J*.

Q* — yroJl, OTCYHTHBAEMBIi B NMJOCKOCTH CNYTHHKOLEHTPHYECKOro
3KBaTOpa OT HanpaBJeHHS B TOYKY BeCEHHEro paBHOLEHCTBHA Y 10
JUHUHK (Q*, nmepeceueHHs NJOCKOCTH 3KBaTopa € MJOCKOCTbIO 3Be3qHO-
ro CHUMKa;

®* — yroJi, OTCYHTHIBaeMblli B IJIOCKOCTH 3Be3JJHOr0O CHHMKa OT
JIHHUHK (Q* [0 NOJIOXHTEJbHOrO HanpaBJieHHsi OCH x* 3Be3fHOro
CHHMKa;

J* — yros Mexay OCbi0 Z WHepLHaJbHOH CHCTEMBl KOOPAHHAT M
ocCbio Z* 3Be3HOro CHHMKa.
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Torpa sneMeHTH MaTpHLK

Oy Gy Oy

Q= Ay Qo Qg (277)
Qg Qyy Qg

OnpefefloTCA CTAHAAPTHEIMH (GOpMyJIaMu:

éu = c0s ®* cos Q* — a, = cosw*sinQ* a,; = sino* sinJ*;
—sin 0* sin Q* cos J %, + sinw@* cos Q* cos J%;
a, = —sino*cosQ*— @, =—sine*sinQ* 4+  a,, = cos 0* sint*
—cos0*sinQ*cosJ*; 4 cosw* cosQ* cosJ¥;
a;, = sinQ*sint*; ag, = — cos Q¥ sind*; a,, = cosJ¥*.

A (278)

Tenepb YpaBHeHHEe KOJIJIHHEAPHOCTH AJiA 3BE€3JHOr0 CHHMKaA Saﬂ-H-
mieM B CJenyllieM BHAE:

3 T ayl 4+ @M 4 a5V

aylL + ageM + aggV '’ @79)
;* = —f* 81l + apeM 4+ aggV )

ay L + aseM - aggV

B obumeM ciayuae KOOpAMHATH 3Be3x H3MepSIOTCA B CHCTEME KO-
OpIAHHAT CHHMKa, 2 He OTHOCHTEJIbHO I'J1aBHOH TOYKH.

BeepeM caenyouine 0603HayeHHSs:

x’, Yy’ — KOOpAHMHATH 3Be3[lkl OTHOCHTEJbLHO TJIaBHOH TOUYKH CHHM-
Ka, HCKaXKeHHble BJIHSIHHEM JHCTOPCHH;

Xo, Yo — onpenelifieMbie KOOPAHHATH TJIaBHOH TOYKH;

, Y — H3MepeHHble KOODAMHATH 3Be3IH B CHCTeMe KOOpAHHAT
CHHMKa; '

X, j — KOODAHHATH 3BE€3AH, HCHpPAaBJIEHHHE 33 JAeHCTBHE JM-
CTOpPCHH. '

PannanbHoe paccTosiHHe r OT TJ1aBHOH TOYKH CHHMKa a0 H306pa-
JKeHHS 3Be3[H BEIYHCJIHM NO (popmyJie

r=V ' 1y =VE—xr T —vo. (280)

Hud¢epenunpys epaxenne (280), HailaeM NONpaBKH 32 JHCTOD-
cuio Ax;” u Ay,” B KOOpPAHHATH 3Be31bl Ha CHHMKE:

Axrr = %' Ar; Ay’ = %' Ar, ' (281)
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MO3TOMY KOOPAHMHATH, H3MepPeHHhle OTHOCHTEJIBHO TIJ1aBHOH TOYKH H
HCIpaBJieHHHe 332 NHCTOPCHIO, 6YNyT onpenessThesi (GOpMyJaMu:

X= x4 Ax) = x4 Ar =2 (1 —I—i);
B ,r Ar. (282;
y=y +b8y' =y +Lbtr=y (H—T').

r

Tenepp ¢ yueroM pasJioxeHHst pagMalibHOM aucropcun (269) ypasHe-
1 KOJITHHEe aDHOCTH MOJIYYHM B CJIefylolleM BHIe:

VA L hrt LBt L by 4 )= — foul Tt aM t eV

(x —x0) (1 + ~yr® + Rgr® + kyr® +..) famL—{—ang—l-aasN’ (283)
— : R _ _ ol +apM+ayN

(Y—y) (1 + Ryr* + Ryr* + Ryr® -..) fa,,lL+aseM+aasN'

Ecaun BBectu 0603HaYeHHA

U=a,1L+a,2M+algN;
V= 02]L+022M—|—023N;

(284)
W=03,L—[—032M—|-033,N;
V= (14-kir24-kor®~4-kart..),
TO NOJIYYHM BHIPAXKEHHS [Jsi H3MEDEHHBIX KOODPAHMHAT X M y:
§ U
ETY w T
v (285)
__ft vV +
y= W Y,

YTOYHHM TPH IPyNNE HEH3BECTHHIX:

NPHOJHIKEHHble 3HAa4YeHHsl 3#JEPOBHX YrioB Qo*, we*, Jo*;

NpHOJHXEHHBe 3HaYeHHS KOODAHHAT TIJIaBHOH TOYKH x¢° Yo H
¢okycHoro paccrosHus

npubJHKeHHEIe 3HAUeHHA KO3(Q(HLHEHTOB pagHalbHOH JHCTOP-
CHH kl, kz, ka, ey kn. '

[Ipu6aHikeHHBle 3HAYEHHSA 3HJEPOBHIX YIJIOB MOJyYamOT C HCHOJb-
30BaHHeM npsimoro merona (§ 17). IlpuGanikeHHble 3HaUeHHsI KOOP-
AHHAT TAAaBHOHN TOYKH Xo° H yo° H KO (PHIHEHTOB RHCTOPCHH MOXKHO
NPHHATH PAaBHBIMH HYJIIO, @ B KauyecTBe NPHOJHXKEHHOro 3HayeHus ¢o-
KYCHOTO DacCTOSIHHSI MCIIOJIb30BaThb €ro 3HayeHHe 10 NacnopPTHBIM
J@HHBIM KaMepHhl.

Jluneapusauns ypasHeHMit (285) npHBOZMT K IBYM ypaBHEHHAM
[ONIPaBOK AJISl KAXA0H 3Be3.4Hl:
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~

bx, ~ [ 8K, 8+

oy w) | ~ | 0657 0(%,0 ¥;)
e i ‘Lf_; &, +6(Kth tI:’) ¢K, _+6(9*tlm. t;. So* | =
B o 8f* ‘3 Y\ eK, @3’ ) &J*
(1,3
~" ~0* A
Xgp— ryg 3,
|~ o |+ ; (286)
Yi— Yy 3,

i

rae &%o, 6jo H Of* — nonpaBKH B 3JIeMEHTH BHYTPEHHEr0 OPHEHTHPO-
BaHHs CHHMMKa;

6k, Ok2 m 8ks — nonpapki B KOS (HIMEHTE AHCTOPCHH;
~0* ~nk

8Q*, do* H 61*—nonpamm B SHJIEPOBH YTJIB: X, H y‘: — npH-
G/HXKEHHHIe 3HayeHHs] KOODOHHAT 3Be3[hl, KOTOpble BRIYHCJISIOTCHA
no ¢opmynam (279) no npubsHKEeHHRIM 3HayeHHSIM YTOYHSieMHIX Be-
JHYHH;

~.

“,, y” H3ME€peHHh€ Ha KOMnapartope KOODAHHAaThlI 3BE€3JHI,

Ox, Oy —nonpaBKH B H3MepeHHble Ha KoMnapaTrope KOOPAHHATHI,
KOTOpble CJiefiyeT ONpeJeJIHTh H3 YpPaBHHTEJIbHRIX BRIYHCJIEHHH IOA
yciaosreM (270).

Kaxpo#t mape ypaBHeHHii monpaBok OGymeT COOTBETCTBOBAaTb BECO-
Basl MaTpHLa

@2) .
roe Marpuua K; onpenensiercs ¢opmyoit (272).

Jns mMarpHu, BXOASALIMX B ypaBHeHHe (286), npumeM cienyloliHe
0603HaYeHHUS:

— ewh ~% ~F -—

6x‘,. Dx” ax”

LTI B T o5
0(%,s » - ~e ~ ~ y
(2.3) (%> Yoo %) ay” Oy” ay”
_ 0%, Oy, oF* _
0x, i X4t ox, ;
o s K K K| o589
(2,3)11 T 0(Ky» Kay Kg) ~s ~a —e ;
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\ bx” Ox” ax”

qem  Oyp ) 4 Togr der au

i’ L ] » ~
23) 0(Q%, w*, J%) ~ ~
( Oy, %y 0y,

o Ow* oJ*

(290)

BekTOpH yTOYHSIEMBIX NapamMeTpoB 0GO3HAYHM CAERyIOIHM 06-
pasom:
8x, 8k oQ*

= =8 . (D)
s =8y, |: Ty =k ) By =[ ta* . (291)

3.0 Bf* 3.1 Sks (KR7) 51*

C yyeroM 3THX oGo3HayeHHH ypaBHeHHe (286) sanuwem B cleayio-
LleM BHIe:

k k ~Ax(l) ~a(l - —
B o)+ By 8 4+ By & = e;+ 8y, (292)
(23)° @ (23 G 23 @G @1 @n
~ -~n %
- Xij—x1;
e &;=|_.. ~ + | — BEKTOp CBOGOMIHBIX YJIEHOB;
12,1) Y, y?l

¥;; — BEKTOp NONpPaBOK B H3MEPEHHHE Ha KOMNapaTope KOOPAHHATH
@2.1)

3Be3abl.
IIpeo6pasyem matpuuy (288), nmpoauddepeHuUHPOBAB ypaBHEHHA
(285). INonyuum

(293)

Haiinem npouspoaHbie OT KOOpAHMHAT NO KO3(QHIHEHTAM JHCTOP-
CHH k], kz, k3.
Han no6oro k cnipaBeAsUBLE paBeHCTBA

o~ % * ~ & ~

ax” ax” oy dy” ay” ov

—_——, L = Y (294)
ok oy ¢k ok oy Ok
Ilpu sToM
Ny OV N e
ok, Oky Okg
~ ~ (295)
Dx” _ f* U 1 \.un 0y‘, i* vV I ~
w W e M oy T VY
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[Tostomy

i —xr: —ar* —

B, = [~ —art —ar) (296)
‘2'3) - yr2 . yr4 o yrﬂ
3HayeHHs] TPOH3BOAHBIX, BXOASILUHX B MAaTPHLY B(,i , TIOJIyYeHH

paHee B § 14 u onpepensiforcsi popmynamu (198), B KOTOpHIX

oy au ow
09* ' ow* T are

cllenyeT BRMHCIATH

Ha OCHOBAaHMHM BHIpaXKEHHit
— o7 - - - - -

On* — Oy a, 0 L
U
;m* = ay (293 (2% M ’ (297)
‘;'JI* a,,sinQ* —a,,cosQ*  aysin0* N
- oV - _ - -
50+ — Qs a,, 0 L
ov .
do* | = —ay — Qe — Oy M \; (298)
ov Ay SinQ*  —a,, cosQ* @508 ©F N
0!’ 2 23 33 L _
—ow - - _— -
oo~ — Qg as, 0 L
w_|_ 0 0 0 M| @29
Ou*
g‘l”’ Oy SINQ* — agycosQ* —sinl* || N
OGbenHHUM HEH3BECTHHE €IHHEIM BEKTOPOM O:
gﬁ)—lbxoayoﬁf 8K SK 8K, } 8Q*80* 8] * . (300)
9.1

CucreMy ypaBHeHHH nonpaBoK (292), BBOOHMHX B KOOpAHHATH
3Be3]l, 3anHLIeM KOpoue:

A 6§ =1¢ + 9, (301)
@2n,9(9.1) (2n1} (2n.1)
rie A — MaTpHua Ko3((QpHLHEHTOB; € — BEKTOD CBOGOJHBIX YJIEHOB;
0 — BEeKTOp nMonpaBoK B H3MEDeHHble KOODAHHAThl 3BE3[.
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Torna B COOTBETCTBHH ¢ OOOGIIEHHBIM NPHHUHIIOM METONa HaH-
MeHbUIHX KBajaparoB (270) 6yneM HMETb; .

5=N"'A" P ¢ —=(A" P _A)’A" P e, (302
(9.1)  (9.9)(9.20)(2n,21)(20,1)  (8,2n)(2n,2n)i20,9)  (9,2n) (2n,2n)(2n,1)
rne N — MaTpHua Ko3(HLHEHTOB HOPMaJbHEIX ypaBHeHHH; A — MaT-
puua KO3(GHUHEHTOB ypaBHEHM# - MONpaBOK AJs #  3BE3N; P=
—[diad K]~ — BecoBas Marpuua; € — BEKTOp CBOGOAHBIX 4JIEHOR.
OnpejesiB BEKTOD HeH3BECTHBIX § B COOTBETCTBHH C ajlrOPHTMOM
(301), noacTaBuM ero B Kaxaoe H3 ypaBHEHHH NONPaBOK H BEIYHC/IHM
OWHGKY eXHHHIBI BeCa p: :

. _ 'PH 303
I."__2n——9' ( )

Bech mpouecc NOBTOPsieTCA £ pas3 OO TeX NOp, NOKa He CTaGHJIH3H-

pyercsi 07P9. Bektop nonpasok k-ro npHGiauxkeHHs 6yleT ynOBJETBO-
PATH YCJIOBHIO

| 3+ —8* | <|A] (304)

roe |A| — TOYHOCTH BHIYHCJIEHHH.

B 3akaiouenHe BBINOJHAETCS oueHKa ToyHOCTH. Ilo dopmyse (303)
BBIYHCJAAIOTCA OWMGKAa €eQHHHUB Beca H CPeJHHe KBajparHyecKue
OlHOKH HEHN3BECTHRIX:

me, =0V qu m,=nVqs me=pVqu
my, =uV i M, =0V 4w m,=pV 4 (305)
mp =g V s ny,, = bV 4w m =0V qu,

T€ Gu, ¢22, ..., Jss — NHArOHAJbHEE 3J€MEHTH OGpPaTHOH MaTpHubl
HOpMaJibHEIX ypaBHeHHiH N7'.
(9.9
PaccMoTpeHHRI# npouecc sIBNSETCS HBIOTOHOBCKHM HTE€DauHOHHBIM
NPOueccoM, CKOPOCTb CXOJHMOCTH KOTOPOrO 3aBHCHT OT IPHHSTBHIX
nPpHGNHKEHHBX 3HaYeHHil, a TaKKe OT ONpeJesHTe]sI MATPULB ypas-

HeHHN monpaBok A B HayaJbHOM npH6AHIKeHHH. Ecam onpeneu-
(2n,9)

TeJib MarpHIbI A 6JIH30K K HyJIIO, TO NIpOouecC MOXeT CTaTb pac-
(2n,9)

XOAALLHMCH.

Ecsin npu6snixeHHble 3HaYe€HHSI SHJIEPOBLHIX YIJIOB ONpefesieHH IO
aJIrOPHTMYy, ONHcaHHOMY B § 17, TO, KaK NpaBHJIO, BHIMOJHSAIOT ABa-TPH
npubauxkenns. B o6pa6orky BkawouanT 40—50 3Be3n, pacnosioxeH-
HBIX, T0 BO3MOXHOCTH, PaBHOMEDHO MO NJIOINAJH 3Be3XHOro0 CHHMKa.
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Ta6auua 3

Homep 38eaznl HnepuvanbEsie KOOpAMEATH HisMepeHHbie KOOPANHATH
no KaraJjory a Y X0 MM | P
70 408 17705741 ,45° —51,252 19° 28,1019 6,2329
50 501 15 35 17,66 —61,190 043 —25, 1469 31,2623
70 348 17 00 35,97 —42,250 056 +-37,4262 —26,2457
68 326 16 17 16,45 —42,831 205 48,1732 —32,4305
70518 17 25 09,36 —51,723 383 +37,8207 12,4309
Ta6auma 4
H
o e L m v
70 408 —1,469 3292-10—1 —6,084 0248-101 —7.799 0841-10—1
50501 —2,844 5632-101 —3,889 961-10—! —8,762 2298-10—!
70 348 —1,897 1136-10~1 —7,154 9389-10—1 —6,723 6753-10—1
68 326 —3,178 1427.1071 —6,609 1652-10—1 —6,798 4082-10—1
70518 —9,381 7385-101 —6,123 1318-101 —7,850 2929-10~!
INpumep 1. B uncnensom npumepe 10 npaMHM MeTOAOM NOJYYeHH NpPHOJH-

JCHHEE 3HayeHus aneMentos MaTpuun I1,°%, ocymectmasiomed nepexos OT MHepLH-
aJlbHOA CHCTEMH KOOPAMHAT X, Y, Z K CHCTEMe KOOPAMHAT 3BE3JIHOr0 CHHMKa. Ma-r-
pHLY oGpaTHOro npeo6paaonaﬂua Q,° onpeneanioT U3 BEIpaKEHUA

Q) =(m?")".
Oua B COOTBETCTBHM C pe3ynbTaTaMu, NOJyueHHHMM B npumepe 10, umeer BujA
8,050323-10—! —5,788 4255-10~1 1,298 6563-10—*
5,273 5352-10~1 5,980 132-10—1 —6,0355519-10—1].
2,717021- 101 5,9436621-10—1 7.866 7428-10~1

Matpuna Q/° cooTBETCTBYET NOBOPOTAM Ha 3AJEPOBH YTJIH, NPUOJMIKEHHHE 3HA-
HeHHS KOTOPHIX:
( 013) _

—a
* — arc ( a1
% ® Qg \ Oz

Jo* = —agy = — 38.124 209°.

YTounuM npubiviKeHHHe 3HAUeHHUA SHJEPOBHX YrJOB IO pe3yJbTaTaM H3MEpeHHfl
KOOpAWHAT MATH 3Be3afl 3Be3AHOR KaMepol ¢ ¢GoKycHHM paccTosinneM [*=
=210,0032 MM (Taba. 3).

Pemenue.

1. OnpenennM manpasasioliie KOCHHYCOB 3Be3f B WHepLMaJbHOH cucteMe KOop-
auHar (Ta6a. 4).

QL=

)= ~—26,110077°;  wp* = arctg — 12 143 068°;

2. BuiupcipMm Besmuunst U°, Vo, W° gy X=W—i2- (Ta6a. 5):

U= auL—l-ale—l-alsN >

V°=021L+¢122M+023N H

WO =Qaa) L+032M+a33N.
104



Ta6nuna 5

Homep
3pe3fu Nno u ve wo X
KaTajiory
70 408 1.326 001 9-10—? 2,939 947-10—® | —9,907 3365-10—' | 213,949 89
50501 | —1,176 202 9-10! 1,462 1509-10—! | —9,822 3575.10~! | 217,667 91
70 348 1,741 171 1-10—*| —I1,221 0883-10—1 | —9,771 2485-10—! | 219,950 92
68 326 3.842 789.10—2 —1,525 1581-10—1 | —9,875 5388-10—1 | 215,329 86
70518 |. 1.769 585 9-101 5,816 221-102 —9,824 9487-10—1 | 217,551 51
Ta6nuua 6
Homep 3pe3fitl 0 KaTaJory ’x,. ly[
70 408 —5-107° +1,2.10—8
50 501 4-5-10—4 +1,3-1079
70 348 +5,1.10~3 —2,1.10—8
68 326 +1,5-109 +2,0-109
70518 —3,1:103 —9,0-10—4
Ta6auna 7
Mpous- Homep speagu no Karagory
RoRHaR 70 403 50 8501 70 348 68326 70 518
ouo
o0 —5,748-10—1 | —4,788-10—* | —6,858-10—1 | —7,160- 101 | —5,472-101
oyo
Jot | 2940-107% [ 1,462-10~% | —1,221.10~! | —1,525-10~1 | 5,816-10~3
ouo :
I 2,084-101 2,066-10~1 2,055-101 2,077-102 2,067-102
ove
500 —2,330-10! | —3,503-10—2 | —2,639-10~1 | —1,585.10—! | —2,668- 10!
ove
R —1,326- 101 1,176-10—1 | —1,741-10—1 | —3,843-10~2 | —1,770-10?
ove .
oI -—9,686.10—1 | —9,602-10—! | —9,553-10—L | —9,654-10~1 | —9,605-10~1
awo _ _ 3 Ta—
o —8,358-10—2 5,200-10—2 | —8,923-10 2| —3,387-10 —1,144-101
owe
oy 0.0 0,0 0,0 0,0 0,0
owe —1 —1 —1 —1
oI 9,621-101 9,142-10 9,862-10 9,966- 10 9,497- 10
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3. Onpexneanm npuGavKeHHHE KOOPAMHATH 3Be3j Ha CHHUMKE:

~ge U~
xo _—:—f* Wo M yo'._.__f*

wo '
4. CocraBuM Tabaully cBOGOAHBIX 4JjieHOB (TabJ. 6):

~g ~0.. ——-N' _ NO'
lxj._xj x;s lyl._-yl Y-
IMockobKy cBOGOAHEE WIEHH TOrO )K€ MOPANKA, 4TO W TOYHOCTH H3MEpeHMl Ha

KOMIIapaTope, OrPaHMYHMCA OQHUM NpPHGJNIKEHHEM.
5. BuunciuM npoussonnne ot U, VO, W° no Q° % J° (Tabn. 7) ma ocHoBa-

uun QopMmyn (297) u (299).

6. Buuncnum snemeHTH! ManHubl( E:’ no ¢opmynam (290) n (198):
2,3)

o~y | [124.22 6,23 70. 117

B —49.91 —98.11 —199.56
o ) —103.64 31.26 20,76
Bl2
—5.83 925,14 —176,20
ﬁ*“)___ ﬁ*l(;) _ —144,94 —26,24 81.93
oo — 54,32 —34,71 —231,80
fa(D —152.28  32.43 52,4l
14 —33.50 —8.17 —238.02
’.;*g} —121.36 12,43  80.74

1 —b58.47 —37,83 —193,28_}

7. CocraBum maTpuLly l\; HOpMaJibAbIX ypaBHEHHII:
3.3

N =( By (B
3,3 3,100 (10.3)
95120 8847 2360
N =1 8847 7036 16722]|.
(3.3)
2360 16722 239937

8. ITonyanm obparHyo MaTpHuy N-—! HopMaanux ypaBHeHuii:
1,2157-10—% —1,7980-10~5 1,13354-10—¢
N-1=| —1,7980-10"°" 1,9693-10—4 —1,3548-10"5

(3.3)
1.13354.10~¢ —1,3548:10~5 5,100 822-10~®
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9 Briunc/uM BEKTOp ey CBOGOLHBIX q.nenon( e )T €  HOpMaJLHEX YpaBHe-

(3.10 (10,1)
Huii:
1.26-10~!
oy =( B¢ ) e, =| zme
@.1) (3.10) (10,1) 9.37.10-1
10. OnpénenHM NMONpaBKU B 3ilJlepoBH yram (yria. c):
oQ* —2,800-10¢ '—0,57
d =Nl ey=|d0* |=| 4,545-10-% |=f 9.37].
@063 6D | are | [ —g,128-10-0 0.85
11. BuupcauM BeKTOp NONPaBOK p 65'1 B M3MepeHHHle Ha KOMMNapaTope KOOpPIH-
HaTH 3BE3f; '
3 =P T~
(0.1 (10,3) (a,l) aon’
T. €.
T 5.3-10“’ T
—1.5-1073
1,12.10~2
5.,9-10—
—_ | —6.2-1073
aony | 1.6-1073
—2.8-1073
—1,3-10°8
3,7-1073
1.4-10—¢

12. OnmpepenvM oln6Ky eAMBEMUE Beca L,
2n
Y&
3y 1
W=on—3~ 7’
B =3,7-1079 mm.
13. BruKc/uM cpeanne KBafpaTHyeckue OMIMOKY 3ANEPOBEIX YFJIOB:
= 1) 9 =3.7-1072 |/ 1,2157-10~ 5= 1,29-10~5 = 2,7"";

Mo =1} Gop = 3.7-10-21/T,9693-10-% = 5,19-10~5 = 10,1'";
my=p )/ Q= 13.7-10-°)/5,1008- 10-© = 8,36-10~5 = 1,7"".

14. HaitneM ypaBHeHHRI® 3HAYeHHS 3WJEPOBHIX YIJIOB:
6Q*=—0,67"=—1,58°-10—%, Q%*=0Q,*}6Q*=—26,110 235°;
6w*=9,37"=2,602°-10-3; m‘ 0o*-}-50*=—12,140 466°;
6J7=0,85"=2,36-10—%; J*=J,*|-6J*=—38,123973"°.
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§ 19. METO1bl ONPEOEJEHUS ONEPATOPA B3ANMHON
OPHEHTALUMH 3BE3IHOIO H TONOIrPA®PHUYECKOrO CHUMKOB

OnepaTtop B3aMMHO/i OPHEHTAUHH 3BE3LHOTO H TOMOrpadHYECKOro
cuuMKoB Ilo ocyluecTs/isieT nepexon OT CHCTEMB KOOPAMHAT TONOrpa-
¢HYECKOro CHHMKa K CHCTEME KOOPIHHAT 3BEe3JHOro CHHMKa, T. €.

L
C=I0gl=0{ m | (306)
n,

Onementn onepatopa Ilo O6BIYHO ONpenesslOT Ha MOMEHT yCTa-
HOBKH KaMep Ha 6opty MC3. Ognako B mpouecce 3anycka M KOCMH-
YEeCKOro MoJIeTa BCJIeACTBHE NEPerpy3oK H GOJIBILIHX NepenajoB TeM-
neparypu kopnyc MIC3 noasepraercss ne¢opMaunsiM, KOTOphe IPHBO-
IOAT K H3MeHeHHIO aneMeHTOB oneparopa Ilp,. IlosToMy BOo3HMKaer
3ajauya onpepejieHHsi onepatopa I, HenocpeacTBEHHO B npouecce Koc-
MHY€CKOro noJjieta. DTo MOXKHO cleJlaTh MO pe3yJbTaTaM CHHXPOHHO-
ro ¢ororpadupopaHHs 3Be3fHoro Heba rtomorpacdHyeckol H 3Be3[HOMN
KaMepaMH. :

Ilycre Il, — onmepaTtop OpHEHTAlHMH 3Be3NHOTO CHHMKa B HHEDLH-
anpHOM cucreMme koopauHat; Il —onepatop opweHTaunH Tonorpadmu-
1SCKOro CHHMKA; r°— HanpaBJleHHe Ha HEKOTOPYIO 3BE€31Yy B HHEepDLH-
ajibHO# cHcTeMe KoopauHar. Toraa

ro=1ILr.%;
(307)

ro=I:r.°,
rae r.° — HanpaBjieHHe Ha 3Be3lly B CHCTEME KOODIHHAT 3Be3IHOTO
CHMMKa; r;° — HanpaBJileHHe Ha 3Be3lly B CHCTeMe KOOPIHHAT TOIO-
rpa¢pHYecKoro CHHMKA.

3 nepsoro ypaBHenHst (307) BHIpasum r.°,

r.O — "TrO, (308)

IOLCT2BHM BhipakeHHsl 1JIA I° H3 BTOporo ypasHeHus (307) B ypas-
Henne (308):

r.0= IL7M,ro. (309)
Cpasnusas ypasHenus (308) u (309), nonyuaem
No=I1"1l.. (310)

ChnepoBarenbHo, yTO6H monyuynte onepatop Ilo B3anMHO# OpHeH-
TalHH CHHMKOB, HeOGXOJHMO ONpEEeJHTb OPHEHTAUHIO 3BE3LHOTO H
TOnorpaguyeckoro CHHMKOB B HHEPUHAJbHOH CHCTEMe KOODAHHAT N0
pesysibTaraM CHHXpOHHoro ¢ortorpa¢upoBaHusl 3BE€3NHOrO He6a,
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TPaHCNIOHHPOBATL ONEPATOP OPHEHTALMHM 3BE3JHOTO CHHMKa M BHITNOJI-
HHTb YMHOXMEHHE MaTPHI B COOTBETCTBHH ¢ BHIpaxeHuem (310).

PaccMoTpeHHOe pellieHHe 0aeT TOJbKO NPHHIHN ONpejesieHHs ore-
patopa Ilo, MOCKONbLKY H3MeHeHHE OPHeHTalHH oceit KopabJis npH ¢do-
tTorpad)HpoBaHHH 3Be3fHOro He6a o6eHMH KaMepaMH Hapyliaer yc-
JIOBHAI CbeMKH (ONTHYecKasi ochb TonorpadHyeCKod KaMepH [AOJIXKHa
OTCJIEXXHBATh LEHTp Macc nuaHerH). [ToaToMy Ha npakTHKe 3ajaya
pelLIaeTcA NMyTeM CHHXPOHHOro ¢GoTorpadHpoBaHHS NMOBEPXHOCTH MNJa-
HeTHl Tonorpaduueckoil Kamepoit H 3Be3gHOro Hefa 3Be3gHOH Ka-
Mepoii.

[IpennosoxuM, uTo Tonorpaduyeckoit Kamepoil cdotorpadHpoBan
y4acTOK NOBEPXHOCTH MNJaHeThl, Ha KOTOPOM YBE€PeHHO HIEHTH(HIH-
pyeTcsi psifi NYHKTOB C H3BECTHHIMH IJIaHETOLEHTPHYECKHMH KOODIH-
HaTaMH, a 3Be3gHO¥ KaMepo# B 3TOT Ke MOMEHT BHIIOJHEHO ¢oTor-
padupoBaHHe 3Be3gHoro He6a. Toraa mocjenOBaTeNbHOCTb ONEpaluii
npu onpepeneHHu oneparopa Ilo B3aumMHOl opHeHTauum Oyner cie-
Iymwouei.

1. OnosHaBaHWe ¥ MapKHPOBKa2 HMCXOAHKIX NYHKTOB Ha NOBEPXHO-
CTH NJIaHETH,

2. VisMepeHHe KOOPIHHAT HCXOAHBIX NMyHKTOB B CHCTEME€ KOODIH-
Hart TonorpaduyecKoro cHUMKa (X, yi).

3. IlepeBniuHCNIEHHe KOOPAHHAT HCXOAHHX INYHKTOB H3 TPHHBHY-
CKOH CHCTeMH KOODAMHAT (B cJyyae CbhbeMOK 3eMiH) B HHEpIHa/b-
HYIO CHCTEMY KOODAHHAT:

x=Xccos S—Ysin S;
y=X;sinS+Y.cos S; (311)
Z=Zr'

rie X, Y, 2— HHeplHaNbHHE KOOPAMHATH mnyHKToB; X, Yy, Z;—
TPHHBHYCKHE KOOPAMHATH; S — HCTHHHOE 3BE€3HOE BPEMA B MOMEHT
¢otorpaduponsaHus f{; B cicreme Bpemenn UT].

4. Onpepenenne omneparopa II; opueHTauuu TomorpaduyeckKoro
CHMMKa B COOTBETCTBHH C aJirOPHTMaMH, H3JOeHHHMH B §§ 17 u 18.

5. OTOX/eCTR/IeHHe 3Be3]] Ha 3BE3IHOM CHHMKe.

6. MaMepeHue KoopaHHAaT 3Be3] Ha 3BE€3JHOM CHHMKe (X., y.).

7. PepyuupoBaHue noJioXKeHUH 3Be3/1 Ha SMOXy ;.

8. Onpenenenne onepatopa Il opHeHTauUHH 3BE3NHOrO CHHMKa B
HHEDLHAJILHOR CHCTeMe KOOPAHMHAT.

9. Onpepenenne onepatropa Ilp B3aHMHOH OpHeHTalHH KaMep Ha
OocHOBaHHH (opmyan (310).

109



ICnaea IV
AJEMEHTHI TEOPHH IBM)KEHHSI UC3

§ 20. YPABHEHUSA OBVW)KEHNSA UC3

B s70fi r1aBe pacCMOTpEHB! T€ OCHOBHEIE BONPOCH TEOPHH ABHIKEHHS
HIC3, kotophle HeO6XOOHMH MJisi PELIEHHN 3a]daud onpelesIeH s opOHT
no pesyJbpraTaM (OTOrpaMMeTpPHUECKHX H3MepeHHiH CHHMKOB, MOJY-
YeHHHIX ¢ HX 60pTa, a TaKxe AJif NOCTPOEHHS MapUIPYTHRIX H GJIOYHHIX
cered KOCMHYECKO# (OTOTPHAHTYJSIIIHH, KOrJla B KauecTBE HEM3BECT-
HHX NPHHHMAIOTCA HauyajbHHeE ycioBHs AsuxkeHus MC3.

Teopus BosmyienHoro aHxeHHst UC3 yunThHIBaeT BCe BO3MYILAI0O-
mHe ¢$akTopH — HEOAHOPOJHOCTb T'PABHTRUHOHHOTO NOJA 3€MJH, CO-
NpOTHBJeHHe aTMocdepnl, npuTsKeHHe cnyTHuka CosHueMm H JlyHoii,
JlaBJIeHHEe COJIHEYHOrO H3JyyeHHsl. DTO NaeT BO3MOXKHOCTb C BHICOKOH
CTENEHBIO TOYHOCTH INpelcKas3aTh 3HaYeHHsi KOODAMHAT H COCTAaBJIAIO-
wux ckopoctH UC3 B n1060ii MOMEHT ¥;, NpH YCJIOBHH, YTO HayalibHble
YC/IOBHS [IBHXKeHHSI — KOOPAHHATH Xo, Yo, 20 ¥ COCTaBJSAIOIIHE CKOPO-
CTH Xo, Yo 2o IOJIA HEKOTOpOH HavaJibHOH 3NOXH fo M3BECTHHI.

OnpelleneHHe HayaJbHEIX YCJOBHH IBHIKEHHSI (Xo, Yo, 20, Xo, Yos
20)i=¢ JJII HEKOTOPOH HAaYaJIbHOH 3MOXH {p MO COBOKYIHOCTH OpG6H-
TaJbHEIX H3MEepEHHIi, BHNOJHEHHHX Ha BPEMEHHOM HHTepBaJge (f;—I),

H KOBAapHaNHOHHOW MaTpHuh K HauyaJbHEIX YCJOBHH Ha3hIBAaEeTCA
6.6
onpeneneHueM op 6 HTHL

Teopus HBHKEHHSA Kaprorpaqmqecmlx n pecypciux. UC3 npen-
cTaBisier cofoi BecbMa CJIOKHHIH pasfen NpHKJIagHOH HebecHO# wme-
XaHHKH B CHJy oco6GeHHOCTeli IBHkeHHsA 5THX obbekros. Kaprorpadu-
yeckHe H pecypcHhle MC3, kaK npasmio, HMEIOT HU3KHE OPOHTH C BHI-
coToii nepuueHTpa nopsinka 300—400 KM H ¢ HaKJIOHeHHSIMH GoJbLie
70°. TlosToMy pnaxe HeGoJibLUME H3MEHEHHs1 KOHLEHTpalHii Macc B
Tesle 3eMJIH BH3bIBAIOT KOPOTKONEPHOJHYeCKHE BO3MYIUEHHS 3J1€MEH-
ToB Oop6uThi. KpoMe TOro, mockKoJ/ibKy ABHXeHHe NPOHCXOOHT B JO-
BOJILHO TJIOTHHIX CJIOSIX aTMocdephl, HeoOXOOAHMO HMETh COBEpILeHHYIO
MozieNlb aTMOC(EPH, NMO3BOJAIIIYI0 YYHTEIBATh C BEICOKOM TOYHOCTBHIO
BO3MYILEHHS. _

[lpn pemeHun 3anay KOCMHYECKOH (hoTOrpaMMeTpHH Heo6XOIHMO
BHICOKOTOYHOE HHTErpHpOBaHHe YDAaBHEHH{l ABHXKEHHA C Y4ETOM BCeX
BO3MylLUaOIHX (HaKTOPOB [Jisl BHYHCJEHHS CBOGOJHBIX UJIEHOB YpaB-
HeHH§i monpaBoK npu onpeneneHrH op6ut MIC3 dororpaMmmerprueckn-
MM MeTOLaMH H YPaBHHBaHHH Ce€Teli KOCMHYECKOH (GOTOTPHAHIYJALHH.
BrynciuTenbHEE LUEHTPH, BeAylnHe 06paboTKy KOCMHUYECKOH HHQOp-
MauuH, 06JanaloT KOMIUIEKCAMH NPOTPaMM, PeaJH3YIOLIHX 5Ty CJOX-
HYI0O 3ajayy, ¥ BBJAIOT 3aHHTEPECOBAHHHIM YUPEXIEHHAM pe3yJbTa-
TH HHTErPHPOBAHHSA YpaBHEHHi IBHXXeHHA KoHKpeTHhx MC3, Kak npa-
BHJIO, IJiSi PABHOOTCTOSILUIHX NPOMeXYTKOB BpeMeHH. HHxKenepy-¢doTo-
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rpaMMeTpHCTy, pellaiollleMy 3ajauyd KOCMHUecKOH (oTorpamMMerpHH,
pacrnoJiaramliieMy Takoi sgemepuaHoil HHopMaLHel, cielyeT BHIOJ-
HHTb HHTEPNIOJHPOBAHHE KOOPAHHAT H COCTABJSIOIHX CKOPOCTH AJISA
MOMeHTOB ¢oTorpadpHpoBaHHs.

§ 21. 3AKOHbI KENJIEPA

B Teopun HeBo3MyuieHHoro aBHiKeHHsi VIC3 nosaraior, uTto CnyTHHK
o6pauiaercsi BOKpYT cepuyeckoit 3eMsn ¢ abCONIOTHO paBHOMEPHHIM
pacrnpefejieHHeM MacC B ee TeJe H CHJIa NPHTSAXEHHUA CNyTHHKa ce-
pHYeCcKOH 3eMJIH SIBJISIeTCA eIMHCTBEHHOH NPHYHHOK ero opOHTaJbHOro
IBHXelHsl. B 3TOM cjyuae BClo Maccy 3eMJin MOKHO INpeiCTaBHThb TO-
YyeyHol, COCPefNOTOYEHHO! B LEHTPe Macc 3eMJH, H paccMaTpHBAThb
J\BH}K€HHE CITyTHHKa B TPaBHTallHOHHOM IOJie, CO3JaBaeMOM LEHTPOM
macc 3emsiH. CyTHHK NPH 3TOM pacCMaTpHBAIOT KaK MaTepHaJibHYIo
TOYKY, 06J1aiaouyio eqHHHYHOH Maccoi.

B stom cayuae apuxkeHne VIC3 no opGute 6yner onHCHIBaTbCA 3a-
kKoHamu Kennepa, xoTopbie npHMeHHTeNbHO K ABHXKeHHI0O MC3 BOKpyT
HeHTpa Macc 3eMian copMyIHPYeM ciledyIollHM 06pa3oM.

Hepsuiii 3akon Kensiepa. CNyTHHK ABHIKETCA MO 3JUIMICY, B OAHOM
H3 (OKYCOB KOTOPOro HaxOAHMTCH LEHTP Macc 3EeMJIH.

Ilycts Touka M sBsisieTcsi GOKycoM, B KOTOPOM HaXOLMTCH LEHTP
macc 3emad (puc. 16). Touka IT op6GuTanbHOro 3aJHIca, 6auxaimas
K ¢dokycy M HasuBaercs nepuueHTpoM. Touka A, HauGonee ynaneHHas
oT ¢okyca M, HasbiBaeTcsi anoueHTpPoM. JIHHMS, COeOHHSAOIAN TOYKY
A wn II, na3niBaeTca JHHHeH ancul, a caMH TOuKH A u I — ancupaMH.
[Tycty Touka i—monoxenne MC3 Ha opbGuTe B MOMeHT f;. BBemeMm
Op6HTaNbHYI0 CHCTEMY KOODIAHHAT Xo, Yo, 20=0, B KoTopo# Oynem
onucuBaTh ABHXKenHe MC3 no snamncy. Hauano stoit cuereMH Koop-
IOMHAT HaXOAMTCA B LEHTpe MacCc M, MonoxKHTeNbHOE HanpapJjieHHe OCH
X, COBNagaer ¢ HanpaBJjieHHEM B MEPHUEHTP.

ITonsipHBIMH KOOpPAHMHATaMH B OPOHMTaJBHOH CHCTeMe KOOpAHHAT

SIBJISIIOTCA PajHyC-BeKTOP I H HCTHHHAasi aHOMauausi ¢, KOTopasi OTCYH-
THIBaeTcsl OT OCH X, A0 nojoxeuus UC3 Ha opGuTe.

W3 ananuTHyeCcKOi reoMeTPHH H3BECTHO YpaBHEHHE 3JJIMICAa B IIO-
JISIPHHIX KOOpAHHATaX:

el—a) 312)
1 +ecosd

rae a-— 6Gojbiliasi MNOJAYOCh OPOGHTH; €-— 3KCUEeHTPHCHUTET OPGHTHL
[Ipuuem

e=1 Z=E, | | (313)

rie b— manas monyock op6utH, b=a } 1—e?. Benuunny p onpene-
JIFIOT NO Qopmyne

p=a(l—e?) ‘ (314)
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H Ha3biBaloT (oKaJbHBIM Napa-

QRPYMHOCT, Yo
METpPOM.
) Bripaxenne (312) sanuuem B
oot 7 B BHOE
POura - L
- , r=—=~__, (315)
T 1} ecos b
a c F r n
A : OHO fIBJNSIETCST  MaTeMaTHYeCKOH
(OpMyJIHDOBKOII IepBOro 3aKoHa
Kemnepa.
Op6urasnbHue KOODJAHHATHI

HC3 %o H yeo BHUHCAAIOT NO GOpP-
MyJam:

Xo=r c0s ¥, Yo=rsind. (316)

Puc. 16. Op6ATaNbLHHIA SMJHMIC Yacto ypasuenue (315) 3anm-

CHIBAlOT B Apyro# ¢dopme, AJs mo-
JyyeHHs1 KOTOpoH BHINOJHHM CJefylollHe nocrpoeHus. Paguycom a,
paBHHM O6OJibLIOH TOJAYOCH OPOGHTAJNBHOrO 3JJIHICA, ONHIIEM H3 IIeH-
Tpa 3aaunca C OKpyKHOCTb. CNpOEKTHPYeM Ha STy OKPYIKHOCTb MrHO-
BeHHoe nosioxeHHe { IC3 Ha op6uTe, BOCCTAaBHB nepneHpMKynsip ii”
K JIHHHH aNnCHA H NPOJOJIKHB €ro 0 IepeceuyeHHsi ¢ OKPYXHOCTBIO B
touke i’. CoeqHHHB TOYKY i’ ¢ UeHTpPOM sjanunca C, mojayduM yrona E
MEeXX/Jy HanpaBJieHHeM B NePHIEeHTP H HalpasjieHHeM B TOUKY i’. YroJ
E Ha3sbBalOT 3KCLEHTPHYECKON aHOMaJjiueil H, ecin ee BH6paTh B Ka-
yecTBe apryMeHTa, TO ypaBHEHHe 3JjJunca GyINeT HMeTb BHI

r=a(l—ecos E). (317)

Torna op6uranvhrie koopaHHaThH HC3 x, M Yo BHPA3HM CJIeLyIOLHM
o6pazom:

Xo = a(cos E —e);
y,=alV 1—ésinE.

Btopoii 3akon Kennepa. [Isnxxenne MC3 no opburanbHomy 3a-
JIRIICY TPOMCXOAHT TaK, YTO PaAHyC-BEKTOD ONHCEIBAa€T paBHHE IUIO-
1IaJH 32 paBHLIE IPOMEXYTKH BPEMEHH.,

CnencreueM BTOpOro 3akoHa Kemniepa siBisieTcsi HepaBHOMEPHOCTh
asrxennss MC3 no op6ute. [Ipn 3TOM MaKCHMaJbHOrO 3HaYeHHs Op-

6uTaJbHasi CKOPOCTh I IOCTHTaeT B NMepHIEeHTpe OPOUTH, a MHHHMAaJb-
HOTO — B @mnoneHTpe.

Tperu#t sakon Kennepa. Keanpats nepuojioB obpamenus (712 u To?)
JIOOKIX ABYX CIyTHHKOB OTHOCSITCS KaK KyOn GoJbuiMx mosyoceit (a3
H as®) ux opbur, T. €.

(3= ()"

T, ay

(318)
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CrnencreneM Tpernero 3akoHa Kemnepa sieasiercst ¢opMysna Ajsa ne-

3/2

puona obpauenuss UC3 T =2-n—l;T, A€ g — TFeolleHTpHYeCKas TpaBi-
lg

TanWoHHAasi MOCTOsIHHAS, PaBHas p.@=fMe=398 600,5-10° »*/c* [—no.

CTOSIHHa$l BCEMHPHOT'O TAroTeHus; Mg—wacca 3emnu. Benmunna Ky ABIISE-

ercAl onHOi U3 (yHAaMeHTaJbHHX reoH3HYeCKUYX KOHCTAHT.

§ 22. OPMEHTALUA NNOCKOCTU OPBHTAJIBHOTO 3JJIUMCA
B UHEPUVAJBHOM NMPOCTPAHCTBE

PaccMoTpuM reoueHTpHuecKyw HebecHyl0 chepy €NHMHHUHOTO papuyca,
LLEHTP O KOTOpPO# COBNafaer ¢ HEHTPOM MacC 3€MJIH H, CJIe[0BaTeJbHO,
¢ dokycoM opOHTanwHOro 3aamnca (puc. 17). Inockocts op6utaib-
HOro 3JIJIMIICA TlepeceKaeTcsi C reoleHTpHUYecKol cdepoil mo ayre 60Jb-
LIOro Kpyra, KoTopas siBjisieTcsl cJefoM opP6HTH Ha reoueHTpuye-
cKoii cdepe. ByneM Hcnosnb3oBaTh JBe CHCTEMH KOOPAMHAT:

Oxyz — HHepUHaJbHasi CHCTEMa KOODAHHAT, OCb OX KOTOPOH Ha-
npaBjieHa B HCTHHHYIO TOYKY BeCeHHero PaBHOJIEHCTBHA Yy HEKOTOpOH
3MOXH o, )

0XoYo20 — OpOHTaNbHAsE CHCTEMa KOOPIHHAT; OCb 02,=0, TaK Kak

HanpasJieHa 110 HOPMaJH K NJAOCKOCTH OpPGHTHL.
[lycTe €x, €, H €;— OPTH COOTBETCTBYIOLIHX OCefl HHEPLHAaJbHOR

CHCTeMH KoopauHaT, a P, Q 1 W—opTH OpOHTaNbHONH CHCTEMHI.

Torpa reoneHTpuyeckuit Bektop r UC3 MOMXKHO npencraBuTh B Bek-
TOpHOH dOpMe Kak

r=xe,t}ye,J-ze, (320) ,
HIH

= x.,P+ ¥, Q-+ O) W. (321)
OpueHTauuo TpHIApa P, QW
OTHOCHTEJIBHO ~ HHEPLHAJbHOTO
TPH3Lpa €y, €,, €, 3aJafHM Op-

TOTOHAaJIbHOH matpuueir  C.
Torpa
[ P e,
Q |=C Ey (322)
- W EZ
HJIH
[ X x
Yo |=C1 ¥ (323) Puc. 17. Wuepumanpine ¥ OpOHTaNbHHE
2w r4 KOOpAKMHATH
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SeMEHTH OPTOrOHaJbHOM - MaTpuuR C BHpa3uM yepe3d TE Ke siije-
poBH YIiH Q, ©, J, KoTopHe GHJY HCNOJb30BAHH B NpEeAILECTBYIOLIEM
H3JIOXKEeHHH.

Yron

u=oep+o (324)

Ha3biBaeTcsi apryMeHTOM IMHPOTHL
dneMeHTH C;; MatpHubl C BHpasHM Kak Q)yﬂmum sfiyiepoBHIX yr-
JoB Q, o, J, T. e.

€;,=C0s 2 cos w—sin Q sin o cos J; cjg=—-cos Q sin ©—
—sin Q cos  cos J; ciz=sin L sin J;

Ca1==sin Q cos w-+}cos Q sin w cos J; cee=—sin Q sin v}
—+cos Q cos @ cos J; cag—=—cos QsinJ;

(325)
cy=sinw sinJ; cz=—cos o sinJ; cza=cos/J.
O6paTHoe npeo6pa3oBaHHe HMEET BHA
X Xo i
Yy |=C|¥, ’ (326)
z 2o=0_
OTKyJna
X=CnXe+C12yo=C11r cOS O-}-Cior sin 9;
Y= C19Xo+Co2ly=C12r €OS O} Coor sin ; (327)

2=C13X¢}Ca3yo=0C13" COS O-}Ca3r sin .

Ilocne 3jieMeHTapHBIX Mpeo6pa3oBaHHii BHIpaxeHuii (327) ¢ yueTrom
dopmyan (324) noayuum

x=r (cos u cos Q—sin u sin Q cos J);
y=r(cos u sin Q-sinucos Q cos J); (328)
z=zsinusin/J.

§ 23. JIHOSEPEHIUHUAJIBHBIE yPA‘BHEHHﬂ HEBO3MYIIIEHHOIO
JABWKEHUA UC3 U UX UHTEIPAJIBI

B coQTBETCTBHH C 32KOHOM BCEMHDHOTO THAIOTEHHS LEHTP Macc 3eMJH
(Macca M@) H CIyTHHK (Macca m) NpHTACHBAIOT APYT APYra ¢ CHiIOH

M
e (329)

C 1pyroit cTOpOHH, N0 BTOPOMY 3aKOHY HbloToHa,

F=ma, (330)
IZie @ — yCKOpeHHe.
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INpupaeusas sbipaxkeHus (329) u (330), MoNyYHMM BHpaXKeHHE NI
YCKOpEeHHS

=_Lte, 331y

[Ipoenxpysa yckopeHHe Ha OCH HHEPIHAJbHOH CHCTEMBI KOOPIHHAT,
6yleM HMeTh:

dzx l-la .

a, =W ——‘——TCOSG,
dy =)

ay=—gg = — 5 C0S B (332)
d2z I

A, = g = — ;2 COSY,

rae cosa=x/r; cosf=y/r; cosy=z/r —HanpapnsiiollHe KOCHHYCHI
reouenTpuueckoro sektopa r MC3. INoacraBuB 3HayeHHsa Hanpasisio-
IIHX KOCHHYCOB B GopMyaH (332), nonyuHm:

L _ 5, *
dae — P'GB s’
dly - Y .
Y= e (333
d2z z
di2 —2—-—}1.@—’;

HJH B BEKTOpHOH dopme

Fm — b (334)

VYpapHenusi (333) npenctapasiior co60M CHCTEMY Tpex HeJHHEHHBIX
AnddepeHUHaNbHEIX yYpaBHEHHH BTOPOTO NOPsinKa, B pe3yJibTaTe HH-
TeTPHPOBAHHSA KOTOPOH An# Jo60ro MOMeHTa f; MOXHO MOJIYYHTb KO-
opaunath x, y, 2 UC3 H cocrasasiomue BeKropa CKOPOCTH X, ¥, 2.
[Ipu 37O0M nOMXKHH OHITL H3BECTHH HayajibHbiE YCJIOBHSI HHTErpHPOBaA-
HHSl, KOTOPBIMH SIBJISIIOTCA KOODJAHHATHI Xg, Yo, 2o M COCTABJISIIOLHE CKO-
pocTH (Xo, Yo, 20) AJIsi HauaJbHOMH 3MOXH fo.

Hauanbhihie yciioBHSI MOXHO 3afaTh 3JleMEHTaMH KeNJepOBOH
0p 6 HTH, KOTOPEIMH fAIBJIAIOTCA: GoJbLIas NOJYOCh 4; SKCUEHTPHCHTET
e; JIOJroTa BOCXOASIEro y3ja 2; apryMeHT NepHUEeHTPa ; HaKJIOHe-
HHe OpPOHTH J; BpeMsl NPOXOXIEHHS CIYTHHKAa yepe3 NMEPHUEHTD .
ITocneannii sneMenT f; uyacTo 3aMeHsieTCs JiHHeRHOW (GYHKLHeH Bpe-
MEeHH.
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IIpH HeBO3MyILEHHOM ABHIKEHHH NATH 3JeMEHTOB OpPOHTH a, e, Q,
@, J ABJAIOTCA NOCTOSIHHBIMH, TEepEeMEHHHH — LIeCTOH 3JeMEHT, ty
(nmu60o nuHelHasa GYHKuMA BpeMeHH). B nanbHefilieM H3noeHuH 6y-
JeM HCroJib30BaTh 06e (HOPMH 3aiaHHsl HauajdbHEIX YCJIOBHH.

TakuMm o6pasom, reouenTpuueckuii BeKtop r; FIC3 B Moment #
MOJHO NPENCTaBHTb BEKTOPHOH (PYHKuHeH KOOpAHHAT H BPEMEHH

TE)=T,(Xp Yo» 20 %o Yo 203 L;—10) (335)
JIH60 BEKTOpHOH (YHKLHElHl 3JleMEeHTOB KemnjiepoBol OpOMTH M BpeMeHH
r¢)=r,(a e Q, o, J, tn; t,—1,). (336)

Huterpan sHeprmi. YMHOXKHM CKaisipHO 06e 4YacTH BeKTOPHOro

IuddepernnanpHoro ypasHerns (334) Ha BekTOp cKopoctH T. Iloay-
YHM

rr :—%rr (337)

L (338)

O6e wactu nupdepeHnnasbHoro ypasHenus (338) spasirorcst moJi-
HHIMH aHup¢eperIHalaMH, TaK KaK

I BTN S B W Y.
A LT (339)

CnegosatesibHO, HHTErpHpys (338), nosyuuMm HHTerpas SHeprHH

%v’:—-—};@:const=1(. (340)

Koncranura K npeAcrtapnsier co60H NONHYIO SHEPrHIO, OTHECEHHYIO K
€JMHHYHOH Macce,

K=22. (341)
Onpenenum ckopocts v C3 ¢ yuerom K:

2 1
=g (——1); (342)

u3 ypabHeHHsi (340) cuenyer, yTo op6HTanbHasA CKOPOCTb 3aBHCHT OT
IJIHHE GOJIBUIOH MOJIYOCH M 3HayeHHs SKCUEeHTpuCHTeTa OpOuTH. [las
JBHIKEHHS M0 KpyTOBO#i 0pbuTe r=a, No3ToMy

4 ] _l-'-_. (343)

Kp r
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Huterpax naomaan n ypassenue Kennepa., Tenepr yMHOXHM Bek-

TOpHO 06e uacTu AuddepenuuanbHoro ypasHenus (334) ma r. [oay-
4YHM

7 =|—wrx 5] =0, (344)
HO

& [FXFl=[2rXTl. (345)
TMosToMy B pe€3y/ibTaTe HHTErPHPOBaHHS OyLeM HMeTb

[rx Tl = const = Vpa(l — ) W, (346)

3anHiieM BHPaxeHHe reolleHTPHUeCKOTO BEKTOpa I B Op6HTa/bHEX
KOOpAHHaTax:

r=x.P4y,Q, (347)
AnanoruyHeM 06pasoM JUIsSi BEKTOpa CKOPOCTH TIOJIyYHM

r=iP+4Q (348)

Torna ypaBHenue (346) 6yner umeTb BHA

EX T = (X, y,— X ) W=V pga(l—eW, (349)
T. €.

X ha—*,0,=V nga (1 —e?). (350)

W3 ypasnenus (350) caenyer, uto mjomanb, ONHCEIBaeMas pajiM-
ycom-BektopoM KMC3 B enuHuuy BpeMeHH, — BeJHUHHA TOCTOSIHHaS,
paBHas

ngVa(l—e) =pg Vp. (351)
Ypasnenne (350) npencrasasier co6od, TakHM o6pasoM, MaTeMaTHye-
CKyi0 $bOpMYJHPOBKY BTOPOro 3akoHa-Kensepa (uHTErpan miomann).

[TockosbKy B OpOHTaNBbHOM CHCTeMe KOOpAHHAT

xqo=a(cos E—e); (352)

y,=alV 1—e'sinE, (353)

TO ypaBHeHue (350) 6ymer uMeTb BHJ

Viegd ¥*dt = (1—ecos E)dE (3?:1;



WIH, eCJIH nponmerpupona'rb (354) Ha muTepBase (f—tp), To

Vea _3’2§dt = ‘(l—ecosE)dE (355)
T. €.
Vuad? ¢ —t)=E —esinE—(E,—esinE,). (356)

INTonygennoe ypaprenne (356) —ypaBHeHHe Kenusep a, Kotopoe
OOBIYHO 3aNHCHBAIOT B Apyroii ¢opme:

M=E—esinE, (357)
rie M=M,+nt—1t); n=Vega

M—cpenusns anomaauns; Mo—cpeAHAss aHOMAaJdHsA B
HagyaJdbHYW 3NOXy,n—CpelHeeIBUXKEHHE.
Ecnu 3apano 3nauenne M, a TpeGyeTcsi BHIGHCJHTD 3KCIEHTPHYE-

CKylo aHoMmanMio £, To ypaBHeHHe Kemiepa sBisieTcsl TPaHCLEHIEHT-
HBEIM.

PaccMoTpeM Haunbojee mpocioii cnoco6 peLleHHs ypaBHehuss Ken-
Jepa—MeTOANMPOCTH X HTEep al il
ITonoxuM, 4To B HauaJbHOM NpHOIMKEeHHH EO=M.

Bripasum sKcueHTpucHTeT B Trpaaychoii Mepe: e(O=p©®e=—
=57,295 78°%.

Boigucnum EM B nepsom npubauxeHun:
(')—M—l—p(°)e sin M. (358)
Brinonunm aasbHelline npubIMIKeHusn:
E®=M--p©®e sin EM;
E3=M--p©e sin E®; (359)

E®=M-}-p©e¢ sin E®&-D,
IMpubnumennss 6yneM NPOAOJIKATH A0 BBHINOJHEHHS YCJIOBHS
|Ew—Ee-D|<]e], (360)

rae k— HoMep MTepauuy; |e| —3anaHHas TOYHOCTH BHYHUCJeHuil. Hre-
paunoHHBIA npoitecc (359) cxoauTes aas JMOGHIX 3HAYeHHH e Ha HH-
tepBane ot 0,0 o 0,999 ..., HO Mo Mepe yBesHueHMs] 3HAYEHHS € CKO-
POCTb CXOAHMOCTH 32MeJJIAETCH.

§ 24. BBIYHCJIIEHHE KOOPAHHAT U COCTABJAIOLIUX
CKOPOCTH NPH HEBO3MYILEHHOM JIBWKEHHH UC3

Ilycts 3apganbl HagasbHble ycsioBus auHikennss UC3: a, e, Q, o, J 1
M pas HagaapHOU 3noxu f, Tpe6GyeTcss BHIYHCJIMTL KOOPAWHATHL U CO-
CTaBJSIOLUE CKOPOCTH Xi, Yi, 2i, Xi, Yi, 2; AJIs1 MOMeHTa ¢oTorpadupo-
BaHus [;.
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Iepstil sapuant.
1 T = 9n %0 p=a(l—e?)
. = 47 M = — .
Vig

R 360°
2. n= P

3. MO=MO-+n(t;—to).
4, €°=57,295 78°.
5. E¢O=—M®,
6. E{® = M© 4 e sin M©)
EP = MO 4 e®sinEQ)

--------------

E, = M® 4'e® sin EQ

HTe paLuH.

7. xo=a(cos E—e);
y,=a) 1—e*sinE;
r=a(l—ecos E).

8. Xo=— (Vp.O?sin E)/r;
9.y —= (V@cosE)/r.

€y €1z Cy
C=| € €2 Cy |
C3; Cg Css

rle 3jieMeHTHl Cix BHUYUCIAIOT No ¢opmynam (325).
10.

gimtl

11.
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Bropoii sapuant.

Ilo 7-ro nyHKTE BHYHCJIEHHs COBNALAIOT C aHAJOTHIHHIMH TEpPBOTO
BapuaHTa.

7. 8=arc’tg(]/l+etg ); L=0+9.

8. x==r (cos ucosQ—sinusin Qcos/J);

y=r (cos usin Q-+sinucos R cos J); z=rsinusin/J.

9, U= I/ P'eal/ (i___l_);
r a
(3} .
Uy = T esind— COCTaBJAOLLAA CKOPOCTH IIO pamrlycy-BeKTOpy;

[
v, = 'l/ -pﬁ( 1+ cosd)—cocrapasiiolias CKOPOCTH IO TPAaHCBepcaJsH,

10, i=o, (cos u cos 2—sin u sin Q cos J) —
—Un(sin u cos Q-4-cos u sin 2 cosJ);
§=v,(cos u sin Q+sin ucos QcosJ) —
—Un (sin u sin Q—cos u cos £2 cos J);
2=v,(sinu sin J)+v, (cosusin/J).

NMpumep 12. Oan HauancHok snoxn fo=0" 16m 25,4495 (UT 1) 6 anpaps 1986 r.
3aflaHH 3JIeMEHTH KemnJlepoBoH OpPOGHTH KapTor a naeckoro MC3: a=6700000 wm;
2=0,035=2,005 3523°;, J=81,1°; 0=32°; Q=2 =33,75% My=4"20"=65"; p=
-=a(1—e2) =6 691 792,5; p@=398 600,5- 100 M"/c2

Tpe6yeTc BHUHCIMTL KOOpAMHATH X, Y, 2 H COCTaBJSAIOILHE CKOPOCTH X, ¥, 2
ans MoMeHTa Iy Qororpadupopauns £;=0"26™ 34,98 6 anpapa 1986 r.
Pewemnne. Ilepeoii sapuant.

1. #,—1,=609,531¢

3/2
2. 7T =2 _—545786945
V”@
00
n=32, =6.5959804-10—2 °/c.

. M=105,204 54°.

. E=107,121 03°.

Xo=—2 206 920,4 M.

Yo=06 399 166,5 M.

. r=6 769 034,7 M.

Xo=—T7296,1602 m/c.
10. yo,=—2246,1465 M/c.
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1.

2.

11. v=7634,0767 M/c.

(6.5957841-10‘l —5,1350362-10—!
5,393 1753-10-* — 1,853 1701- 10!

LS.2353897-10_l 8,378 3754-10~1

[‘ x ] X, —4741632,2
y |=C"| y, |=] —2376 105,3};
z | 0 4206 053, 1

[ x| X, —3658,9853
-f./ =l y, | —3518,6979 |.
z | 0 —5701,7296

Bropoii eapuanr.
8=109,02809°.
u=w-+0=141,028 09°.
x=—4741632,0 m;
y=——2376104,9 wm;
2=4 206 053,4 ™;
u,=255,365 62 M/c;
vp=7 629,8045 M/c;
*=—3658,9858 m/c;
y=——3518,6981 m/c;
2=—5701,7296 m/c.

C'=

—8,214 5866- 10— 1;

5.4888111-10-1]
1,547 1038-101

BbluKcienre HaYaJdbHBIX YCJIOBHA NBHIKEHHA B Kenjeposoi gopme
[a, e, Q, @, I, Mo]i—;, mO 3ajaHnBIM KOOPAMHATAM Xq, Yo, 20 M

COCTaBJIAIOLMHM CKOPOCTH Xo, Yo, <o Ha HAYAJbHYIO SMOXY fo

l Fo l =r,= (-"o2 + yuz + 202)”2'

Xo L,
Y |=] Mo |
2y 1,

O . .. - 12
I L l =Ty = (-"02 + !/o2 -+ 202) .

To

Ao [,
- l . .
r’ = Yo =1 m,
Up
2, n,
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14,

15.
16.

17.

18,

19.

20.

21.
22.

23.
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a=(2[r,— Vo g)

n=Viga

DO = xoio + y.’;o + z.ZO'
ecosE,=1—rj/a.

esin E,= D,/V pga.

P=

VPea e

esinE,
ecos E,

|

(Dr, °—Dr, J) =

=Cn ex + Cmey +c€,.

p=a(l—e’).
Ho =Ty—Pp.
H,=DJr,.

Q=

(H
e Vp,ep

l-o

Ho:o) =

=Cy €, + Cx€y + Cgs€;.

W= [l_’X‘_ll =Ca1€x+ casgy‘l" Case—z

Cu €y
C= Csi Cog

031 032

J = arccos (Cy)-
Q= arcig (L‘"—

m—zzu'ctg(caa )

)-

. e=[(esinE,) -+ (ecos E,)*]"? .
. E, = arctg[
. My=E,—esinE,.

. D, = pg (e cos E)/r,,

lO
1 DY m,
bgpe
— | A,
eypep

— D} m,



INpumep 13. Oaa snoxu fo=0"16m 254492, UT 1 — 6 sausapsn 1986 r. saananu
KOOpJAMHATH Xo=—1 578 235,9; 4y=153 577,09; 2,=6 414 702,4 ¥ cocTapJAIOLINE CKO-
poctn X%p=—6321,1214, §,=—4447,6598, 2,——1189,4779. TpeGyercs BHIMUCIHTL 4,
e, Q, o, J, M,, cootsercTByone snoxe fo.

Pemenne.

ro=|ro| = 6607 784,8.
ro=uo=7820,0455.
a=-6 699 999,6.
n=1,151 2158-10-%,
Do=1,663 0154 - 10°.
e cos Eo=1,376 34-10-2.
e sin Eo=3,218 029-10-2.
e=3,500 0032-10-2.
E,=66,843 769°.
Mo==64,999 974°.
Do=830 247,69.

D

A =—2 -10-1,
X Vﬂ@f 2,222 821 2-10
A,_VM = = 445,238 93.
55)
p=6691792,1.
o=ro—p=251,675 17.
b }
B, =——%— —1,392 296 8- 10~7.
[ VP*@P :
Hy= — 84007,3.
H
By = —————= — 4,647 383-10~°.
e ‘/ F'@P

ay, = Ayxo— Ag¥Xy =2 463 595,7;
ay = Ao — Asyio = 2014 408,7;

as = AIZO -_ AzZo =1 955 475.5.

v=aVa? F a2 + a2 =3735107,7.

L —1
€= v = 6,595 7822-10~"1.

ey =2 5,303 174 310~
v
€15 = % — 5,235 3925-10~%

123



021=B|x°—32£o=—5, 135 0399- 10";
C92=B1yy—Byj;—=—1,853 173-10-1;
€o3=DB12—B;3,=8,378 3737-10-1,;
€31=C12Ca9—C22C13=5,488 8118-10—1;
C39=C13C21—Ca3C1, =—8,214 5877-10~1;
C33=C1C25—C21C12= 1,547 104-10~!;

=arccos (css) =81,1°; '
Q=arctg (cs1/—cs2) =33,75%
(|J=al'Ctg (013/023) =32°

CpaBHHp pe3ynbTaThl BHIYHCIEHHR € JaHHWMP npHMepa 12, yGemnaemcs, uto
3ajaua pelieHa BepHo.

§ 25. BOSMYUIEHHOE NBH)XEHHE HC3

Buie 6nino paccmorpeno asuxenve MC3 B rpaBuTalHOHHOM noJie
cdeprueckoli 3eMJyiH ¢ paBHOMEPHHIM pacmnpeneyeHHeM Macc.

Monenp ABHXeHHS H OCHOBHHe (OPMYJH HEBO3MYIIEHHOrO ABH-
¥EHHSl SIBISIOTCA NepBHIM NPHOJIMKEHHeM B peLIeHHH 3ajauH olpe-
nenenus peanbHoro nBmxennss C3. PeasbHoe ABHXXEHHE OTJIHYAeTCs
OT HIEaJIU3HPOBAHHOIO [BUXKEHHS B LIEHTPAJIbHOM [0Jie BCJEACTBHE Ha-
JHYHs OOJIBLIOTO YHCaa APYFHX CHJ, CyMMapHOe JefiCTBHE KOTOPHIX
3HAYUTEJILHO MEHbLUe CHJIH TAroTeHHs coepuvyeckolt 3emnu. OnHako
HMEHHO BCJIEICTBHE AEHCTBHSI 3THX CHUJI LIECTh 3JEMEHTOB KeIJepoBoi
OPOUTH HEeNpepBlBHO H3MEHSIOTCH, SIBJAACH CIOXMHHMH (GYHKUHIMH
BPEMEHH.

K uncny BoadMymamwiux (pakTtopoB, NPHBOASINHX K H3MEHEHHSAM
3JIeMEHTOB KeIUIepOBOHi OPOHTH BO BPEMEHH, OTHOCSATCH CJeAyHollHe:

OTJIHYHE PeajJIbHOro I'paBUTALHOHHOrO MOJiA 3€MJIH OT I'paBHTallH-
OHHOro moJisi cheprygeckofi 3eMsu C PaBHOMEDHHIM pacnpenesieHHeM
Mmacc; ,

BoaMmynamoltee jeiictsue Codhna, JIyHH H IiaHeT;

aTMocthepHOe TOPMOXKEHHE B BEPXHHX CJ0fIX aTMOc(hepH;

MarHuTHOE M TeILIOBOe Nosie 3eMJiH;

COJIHEYHOE HM3JIyJEHUE;

JeficTBHE 3aPSXKEHHRIX U HEATpaJIbHHIX YacTHII.

Jas cucteMn auddepeHIMaNbHEIX YpaBHEHHE HEBO3MYIEHHOIC
ABuxenusi (333) Bblllle GBI MOJYdYEHH lIecTb MX HHTErpaJiob:

x=fi(a, e, Q, 0, J, Mo; t—1);
y=f2(a, e, Q, v, J, Mo; t;—1);
z=fi(a, e, Q, w, J, Mo; t—1o);
i=fi(a, e, Q, ©, I, Mo; t:i—t0); (361)
y=fs(a, e, Q, 0, J, Mo; ti—to);
i=fs(a, e, Q, v, J, Mo; t:—1).
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Ilo aHajoruy ¢ HEBO3MYIUEHHHIM KeIJIEPOBHIM ABHXKeHHeM, aAuddepen-
LMaJibHble YPaBHEHHS BO3MYLIEHHOTO ABHIKEHHSI (JOPMaJIBHO ClIEefyeT
3anucaTh B BHIE

x+E—w; p+ L =w,; 2+ B v, (362)
r r r
rne Wy, W, 1 W,— cyMMapHBe 3HayeHusi YCKOpeHMil 1O OCAM HHEp-
HHaJbHOH CHCTEeMB KOOPAHHAT, 06yCJIOBJIEHHHE AeiCTBHEM BO3MYIiNa-
IOLHX CHJI.
Torpa pewenns atux auddepeHHaNbHEIX ypaBHeHHE GyayT chae-
JLYIOIMMH;

x=fy [a(?), e(t), Q(¥), w(t), M(t); ti—to};
y=rla(t); e(t), Q(), o (t), M(t); ti—to];
z=fs [a(), e(t), Q(t), w(f), M(); ti—to]; (363)
x=f4 [a(¥), e(l), Q(2), o (8), M(2); t—to];
j=fs [a(f), e(£), Q(#), @ (t), M(2); ti—to];
z=fe [a(?), e(t), (1), o(t), M(t); ti—to],

rie 3JeMeHTH KenJjepoBoH OpOMTHI yiKe He MOCTOSIHHH, a SIBASIIOTCS
HEeKOTOPBIMH (YHKIMSIMH BpPEMEHH.

dnementH a(t), e(t), ..., M(f) nas3bBalOTCA MrHOBEHHBIMM, H HX
COBOKYNHOCTb OIpenejisieT MrHOBeHHy10 op6uty. ECJIH H3BeCTHH MrHO-
BEHHHEIE 3JIEMEHTH, TO COOTBETCTBYIOLME€ UM MIHOBEHHHIE KOOPAHHATH
B JIO60 MOMEHT MOXHO BHUHCJHUTbL I0- popMyJiaM 3anadv ABYX TeJ.

Ilpy HeBO3MYIEHHOM [BH}KEHHH 3JIeMEHTH OpOHTH ¢; (i=1, 2,
..., 6) coxpaHsOT NOCTOSAHHBIE 3HauyeHHsl. Eciu nolcTaBuTh 3HaYeHUS
KOOpAHHAT X, Y, Z U3 BupaxeHui (362) B ypaBHenus (363), To noay-
YHM TPHM YpaBHeHHS], KOTOPHM JIOJXHH YAOBJIETBOPATh LIeCTb (PYHK-
uuit ¢;(f). Takum o6pa3oM, MrHOBEHHHE 3SJIEMEHTH BO3MYIIEHHOTO:
JBHKEHHS He OnpenesisiioTcsl ONHO3HAYHO.

OTMeruM, YTO NMPH HEBO3MYIIIEHHOM ABHIKEHUH

: 0 : Ofa : Ofy
X= L. Y= —2. z="12. 364)
a » Y ot ’ ot ’ (364)
norpeGyem, 4yTO6H MTHOBEHHHE 3J€MEHTH YIOBJETBOPSAJIH YCJIOBHSIM:
6
Ofe 9% _op=1,2,.., n (365)
6(7[ ot

Torna ¢opmynn (364) MOXKHO IPHMEHHTH AJSI BRIYHCJIEHHS CKO-
POCTH M B CJiyuae BO3MYLIEHHOro ABHIKEHHS.

MrHoBeHHHBE 3JIeMEHTH, OJHO3HAaYHO ONpezeNsieMble YpaBHEHUSMH
(365) n (363), Ha3HBAKOTCH OCKYJHPYIOLIHMH.

Takum o6pasoM, OCKYJHMPYIOUIUMH 3Ji€MEHTaM{ AJs MOMeHTa |
Ha3BIBAIOTCH TakHe 3JeMEHTH ¢(f), KOTOPHE MO3BOJISIIOT BHYUCIHTD.
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Puc. 18. Ocgynupyrowan opbuta (@) ¥ NOABHIKHEI TpexrpaHHuk (6)

KOOPIHHATH H CKOPOCTb MO (hOpMYysaM HeBO3MYILLEHHOTO JBHIKEHHS.

Op6uTa, onpenensieMass OCKYJHPYIOILHMH 3JieMEHTaMH B KaKOf-JIH-
60 MOMEHT f, Ha3RIBAae€TCH OCKYJHpYIOIed, a MOMEHT {— 3TOXOit OCKY-
Jauud. CrenoBaTesNbHO, OCKyJUpylomlasi opouTa COOTBETCTBYET IOJO-
KeHHI0 U ckopoctH IC3 B MOMeHT { U MOXeT OHTh BHYHCJEHa IO
bopMysiaM HEBO3MYILEHHOTO ABHKEHHS.

Haun6osee 3¢dHeKTHBRO HCNONB3OBAHHE OCKYJIHPYIOLIHX 3JIEMEHTOB
B TOM CJiy9ae, KOrga BO3MYIIaIOIHe YCKOPEHHS 3HAaYHTEJIbHO MeHblle
OCHOBHOTO YCKOpPEHHsl, CO3[1aBaeMOro LeHTpaJbHHM TeJioM. HMeHHO
‘TaKas CHTyalusl BO3HHMKaeT NPH Bo3MylleHHOM ABH>KeHHH HC3.

IlpuBeneM Ge3 BHBona AHddepeHLHaNbHBE ypaBHehusi HploTona,
HHTerpMpoBaHHe KOTOPHYX NO3BOJISIET IOJYYHUTb OCKYJIHMpYIOLlHE 3Jjle-
MeHTH op6uTH. C 3TOH LeNbI0 Pas3jioKHM BO3MylLalolllee yCKOpeHHe

‘W Ha Tpu cocrapisiromue. I1OCKOCTh OCKynupymoulell opOuTH 3aja-

€TCSsl BEKTOPOM noJioXXeHHus r(f) u BeKTOpoM ckopocTtH r(f) (puc. 18,a).

BpeneM nonBHXKHYI0 cHCTeMY KoopauHat iSTW (puc. 18,6).

Ocb iS HanpaBuM mo pamuycy-BeKTopy r; moJsioxenus HC3 na
-opbure.

Ocp iT pacnosioXuM B IJIOCKOCTH OPOGHTH NMEPIEHAMKYJISPHO K OCH
iS Tak, yTo6H HanpaBseHue iT COBNagajo ¢ HampaBJIEHHEM OCH OY
HHEpUHaJbHOH CHCTEMB KOOPAMHAT.

Ocb (W nanpaBuM IO HOPMaju K IUIOCKOCTH OPOMTHI, TaK, YTOOH
BeKTopH S% T° n WO cocTaBisiyii OPTOrOHaJBHYIO CBSI3KY NpaBoOil OpH-
€HTalHH. :

Hanpasnenus iS, (T u {W HasHBalOTCA COOTBETCTBEHHO HaMpas-
JIEHUSAMH N0 paAuycy-BEKTOPY, M0 TpaHCBepcasu H 6uHopmanu. Toraa
npoekuuny BosMywamwouero yckopenus W, W, v W, Ha ocu uHepuH-
aJibHOI cHCTEMH KoopAuHar 6ynyTt cBsisanH ¢ S, T u W oproroHnaJb-
HEIM npeo6pa3oBaHueM
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S X

T |=p|Y | (366)
W Z - '

Te 3JIEMEHTH oproroﬁanbﬁox‘:’f matpuis D [dir] uMeloT BHA:
dy, =cosucosQ —  d,, =cosusinQ 4 d,, = sinusin/;
—sinusinQcos/t; + sinucosQcos/;
d,, =—sinucosQ— d,,=—sinusinQ+  d, =cosusinl;
—-cosusinQcos/; _ -+ cosucos€2cos/;
d,, = sinQsin J; dy, = —cosQsind; dgy = cosd.

Takoe npencrabyieHHe COOTBETCTBYET CTaHAApPTHOMY BHAY MaTpHuu D

C TOil pasHuuefl, 9TO YyroJ «» 3aMeHeH Ha apryMeHT IIHPOTH L.
BBeneMm 0603HayeHus:

s=VIZsr=yYEIn w=y Lw. (367)

Torna ypashehusi HploToHa MOXHO 3amucaTh B BHAE:

_da _ 2a* (e sindS’ -+ £ T’);

dt r

Z—j = psindS + p(cos® 4 cos E) T'; (368)
LN = rsinucosecJW';

dt

d(l) 1 ’ H 'y LQ_
—-=-[—pcossS + (r + p)sindT'|—cos] ——;
d—l=rcosuW’;

dM, — Vi—é (pcosd —2er)S" —(r + p)sindT'|.

dt e P

[Tocne uHTerpupoBanus cHCTeMH (368) CpenHIO aHOMAJHIO BH-
YHCJISIFOT Mo HopMynam:

[4 .
n=Vea ¥ M=M,+ |ni (369)
to

de dw
Eciu 3KCUEHTpHCHTET OPCHTHL Maj, TO YpaBHEHHS WIS —— H ——

dt dt
3aMEHAIOT Ha cllepyroume:

dhy < [ AP
r __[ S’'cosu-++T (l-l— - smu)+
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+ i (AT — 2, W’ ctg ] sin u)]; 370y

D _ [S’ sinu + T’ (l + —;-) cosu + 'T(ZQT’ + 2,W" ctgl sinu)].

(371)
Ilpn 3TOM pajuyc-BEeKTOp CBSI3aH C A; H Ay COOTHOLIEHHEM
= 14 .
r 14+Aysinu4A,cosu’ (372)
@ BEeJIHYHUHH A{ U Ag onpepesiiorcsi dopMyiaMu
A=¢esinw; Ay—ecosw (373)
e=ViFti® u tgo=-"1 (374)

A

3ameTuM, YTO HCTHHHas aHoManus ¢ cBA3aHa C MOMEHTOM BpeMeHH [
ypaBHeHHEM
8

32
f—t, =P 5 a ) (375)
Vo o%o (1 4+ ecos §)2

CucreMa (368) uuTerpupyercsi Ji06HM YHCJIEHHHM METOLOM C Hayalb-
HEIMH YCJIOBHSIMH @o, A%, A2, o, Jo, Mc® M MaJHX 3KCIEHTPHCHTE-
TOB, -2 3HaueHHA 3JIEMEHTOB B MOMEHT BPeMEHH { BHYHCJSIOT NO ¢op-
MyJiaM:

a=ao+Aa; hy=21"+AM; Ae=A"}-Ahs;
Q=Qo+AQ, .’=.’0+M, Mo_—_M00+AM0, (376)

roe Aa, Ak, Ahs, AQ, AJ 1 AM; — nameHeHust 3j1eMeHTOB B pe3yJibTa-
Te MHTerpUpPOBaHUs CHCTeMH ypaBHeHu#i HeioTona (368).

§ 26. BOBMYUIEHMS, OBYCJIOBJIEHHBIE OTJIHYHEM
TPABUTALLHUOHHOrIO MnoOJist 3EMIH OT LLEHTPAJIBHOTO

OcecumMeTpHYecKoe rpaBMTallHOHHOE moJe. B oIHOM BechbMa BaXXHOM
JUISl TIPaKTHKH cjiydyae ypaBHeHus HbloToHa MoOryT GHITH YNPOLIEHH.
[TonoxuM, uto cuaH, pelicTBywomue Ha FIC3 B mosere, o6nanaior mo-
teHuuajomM V. Torma B COOTBETCTBHHM C ONpefesieHHEM IOTEHIHAaJa
JLOJIXKHH BHINOJIHATHCS PaBeHCTBA:
VY _F, ‘7_V=Fy; o _ .. (377)
ox dy 0z
Takum o6pasoM, moTeHILHaJ — TakKasi (yHKUMS, NPOH3BOAHBIE OT KO-
TOpPOH MO HMHEPUMAJBLHBIM KOOPAMHATaM deHH COCTaBJSIOIHM CHJIH
F 1o cooTBeTCTBYIOLIHM OCHIM.
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IMotenunan Vey, cosfaBaeMblii CHJOH THATOTEHHS chepHIECKOH
3eMnH, COOTBETCTBYIOIIHII HEBO3MYILEHHOMY ABHIKEHHIO, ONpPeAeNsieT-
cq o ¢popmyJe

bk

[TpennonoxuM, 970 MaTeMaTH4eCKass MOJeJb, alNlPOKCUHMHPYIOLLan
NOTEHIHAJ peanbHOil 3eMJid, HMeeT OceBYI0 CHMMeTpHi0. B aTom ciy-
yae 3KBAaTOpP M napauyenu OyAYyT OKPYXKHOCTSMH, 2 MEPHAHOHAJIbHLIE
ceyeHUss — OJJHHAKOBBIMH 3aMKHYTHIMM KPHMBBIMH, GJH3KMMH K 3JIJIMII-

Cy, KOHOUrypauusi KOTOPHX 3aBHCHT OT pacnpejeseHHs Macc B TeJie
OCeCHMMETPHYeCKO#H 3eMJIu.

OcecuMMeTpHUecKHil NOTEHIHaJ] 3€MJIH MOMKHO IPeNCTABHTb B BH-
ae cienymwouiero 6€CKOHEYHOro psaja:

PR TR

n=2

V—Vep= '_TM i!n (‘i—”)"Pn (sin®),

n=2

(379)

rne J, — nocTosiHHbE, XapaKTepH3YIOILHE NMOTEHUHAJ; G — SKBATOPH-
aJIbHH paauyc 3eMJiH; r — reolleHTpuYecKuii paauyc-Bekrop MC3, a
Pn(sin ) — nonuHoMun Jlexanapa nmo siné nopsiaka n. [lpu stoM
reonenTpugeckoe ckinonenne § MC3 paBro reoueHTpuuecKoii Liupore
D, KoTopas cBfi3aHa C reoJe3nyecKoll wupoToil dopMynoit

tg d=(1—2&2) tg B, (380)

rae €-— 3KCIIEHTPHCHUTET OO6LIero 3eMHOro 3JIIMNCOHAA.
BeegeM o6o3nayense f=sin ®=sind, Toraa nepsbie ceMb MOJIH-
HoMoB Jlexanapa onpeaensitcst ¢popMynaMu:

P,(y=1; P, (t) = — (5" — 30);

P.t)=t; P, (f) = - (35t — 30 + 3); as

Pylf)= (3P — 1) Pylty= - (B — 70+ 15);

P, () = % (231¢° — 315¢4 4 105¢2 —5).

JanpHeillllie BBIYHCJIEHUS MOXHO MNPOAOJXKHTL IO pexyppeHTﬁoﬁ
dbopmyne ,

(2n4-1) tPr (t)= (1) Pny (£) +nPra (2). (382)
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B Hamem cnygae cymMmHpoBaHHe uieHOB psana (379) HaguHaercs c
n=2, NOCKOJIbKYy Npejnosiaraercsi, 4T0 Hauajo KOOPAMHAT COBNajaer
C LIeHTPOM Macc 3eMJIH.

Kosbdnunentn Jo, ..., J, BXoasiuue B Bupaxkenue (379), Hasw-
BalTcs KO3b PHIU HEHTAMU 30HANBHB XTAPMOHHK, a CaMH
yieHn pasjioxeHus (382) —30HaNBPHEIMHTapMOHHKAMHU,

Omnpenensioliee 3Hauenne umeer Koadguuuent Jo npu BTOpOi 30-
HaJnbHON rapMOHHKe, KOTOPHI 3afaeT OHHAMHYECKOE CXaTHe 3eMJIH.
OcranpHble KO3(HIHEHTE HA TPU MOPSAKA MeHbLIE:

J,=108 263-10-8;

3= 254-10-¢;

J,= 161-10-8;

Js= 23-10-¢;

Je= 55.10-8.

Pasnocty (V—Vcp) 6ynem obosnauats R, T. e.
an

= — %2 I, (fii)nP,, (sin?). (383)

n=2

Benuuuny R HaspiBaloT nepTyp6aunHoHHOR GYyHKUHed (BO3-
Mywapiel ¢yHKnHell), KOTopas BHI3HBaeT H3MeHeHHs KeljepoBa 3J1-
JIMNIca BO BPEMEHH. '

Ecan cuabl, peficTByiolline Ha CNYTHHK, YAOBJETBOPSIIOT YpaBHEHH-
aM (377), T. e. ABNSIOTCS NOTEHHAJILHBIMH, TO B 3TOM Clyuae Ipoek-
uuu BosMyuawlero yckopeHus SO T°, WO B ypaBHenusx HeioToHa
(368) MoryT GHIThH BhIpaxeHn 49epe3 YacTHble NMPOU3BOAHEIE (QYHKIHH
no sjnemeHtaM. B 3TOM ciyuyae BO3HHKaeT cucTeMa aupdepeHIHalb-
HBIX ypaBHeHHuii JlarpaHxka:

da 2 OR-.

dt T na M’

de 1—e R V1—¢& R

dt — nate OM  nate O’ _
@ _ I (384)
dt na®V1—etsini OJw

do cos i dR Vi—e OR

at na®}/1—e?sini ol + nale ée '

dJ cos ¢ OR |

4t n@yY1—esini oo’

M 1—ee 0R 2 OR

&t na%e de  na cCa’
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Jns Toro yTo6nl BRINOJIHHTL HH-
TerpupoBaHMe ypaBHeHuil Jlar-
paHa, HeoOXOAMMO BHIPa3HThb
neprypbanuonnyo ¢yHkunio R
KaK (QYHKLHIO 3JJeMEHTOB KeIJie-
poBOi OpOMTEIL.

C 3TOf Lenbw pPaccMOTPHUM
reoLleHTpHYECKYIO cdepy enu-
HHyHOro pasnuyca (puc. 19), Ha
KoTopoil Goavbluoli Kpyr QIQ’
siBsisieTca cjepoM op6uTh. Ha3
chepHUECKOrO NPSMOYTOJIBHOTO
TPeYroJibHHKa ig NOJY4HM

sin §=sinJ sin (0}8)=t.
' (385)
Bocnonb3yeMcsi  passioXeHH-

eM (R C yyeTOM 4JIEHOB 10 YeT-
BepTOro nopsijka no ¢opmyJsam

Puc. 19. TpeyrosbHMK «3KBaTOp — OpOH-
Ta — KpYI' CKJIOHeHH»

(381):
= -2 L@, 2 e
+J, ‘r’j‘ %(35#—3012 + 3)], (386)

UoacraBus B Bhipaxkenue (386) snauenue { w3 dopmynan (385) c
y4Y€TOM TOro, 910

r=-ou=-a_ (387)
1+ecosd
nocJje a3jJieMeHTapHHX peo6Gpa3oBaHuil NONYIHM
R=pl2 3 g (a—)s ! r(—-——s'n2!+ sm"‘lcosQ(B—I—w)]—-
12 *\Va) »|
a \* 1 ey 3\ -
_J“’(a) = '(ssml 2)5111(8—[—(.))
5 gins _3 P18 3
—?smlsm3(8+m)]sml J(a) r5l35 - sin®J +

+%—sin‘..l+ sinJ (% — % sin*/) cos2(® + ) +

+—;— sin®/ cos4(&+m)]}. (388)
ITockonbKy 3BoJtOLMSA 3JeMenToB Op6HTH MIC3 B OCHOBHOM 3aBH-

CHT OT MEPBOro, OCHOBHOTO Y4YJieHa pPa3joXeHHS nepTypOaluoHHOR
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¢byHKuMH R, ompeneasiemo#t ¢opmyaoit (388), To 3anuiuem ero or-
J€JbHO:

R(y) = p.{—g—.l, (%)s[—;—_—;—sin”:’ + %sinzl cosQ(&+w)J}.
(389)

Ecau tenepr HaiiT npomnssoaubie ot R(J2) no ajeMeHnTam, mop-
CTaBUTh UX B ypaBHeHHs JlarpaHika M BLINOJIHHTb HHTETPHPOBaHHE, TO
TIOJIyYUM MaTeMaTH4yecKylo Mopesb ABHxkKenuss C3 B rpaBHTallMOHHOM
noJie cxartoit 3eMiH.

Ilpu 3TOM HeKOTOpHE 3JIeMeHTH OP6UTH (®, R, Mo) comepxkat Be-
KOBble BO3MYILEHHS], T. €. NOCTOSHHO yGHIBAlOT HJIH, Ha060POT, BO3pac-
TaOT, @ TaKXKe OJHOBPEMEHHO HCIEITHIBAIOT H NEePHOAMYECKHE BO3MY-
meHus, T. €. KoJaebJaIoTcsl OKOJIO CBOMX 3HayeHHH B Ha4yaJbHYIO 3MOXY.
Ipyrue ke sneMenTH (a, J, ) MMEIOT JIHMIUIb NePHOAHYECKHE BO3MY-
LEHHSL.

CaMu nepHoOANYECKHe BO3MYILUEHHS NOJAPasieNsiioTcsi Ha KOPOTKO-
NepHOANYeCKHe H jJoJironepHofnueckue. JlonronepHofnyeckye BO3MY-
LIeHHs], BH3BaHHblEe CXXaTHeM 3eMJiH, 06yCJIOBJeHH BEKOBHIMH BO3MY-
LleHHAMH apryMeHTa MNepHLEeHTPa @, NOCKOJbKY TPHUTOHOMETPHUECKHE
GyHKIMH @ H3MeHsIOTCR ¢ nepuogom 2nx. Ha nosaronepuonnue-
CKHe BO3MYIIEHHs HaKJIaABIBAIOTC KOPOTKOMEPHOAHYECKHe, KOTOphle
ONpeNeNSIOTCH TPUrOHOMETPHYECKUMH (YHKUHAMH JIHHEHHBIX KOMOH-
Haouit M unn 9 1 o.

HauGonpumii MHTEpec NpeAcTaBNsIOT BEKOBHE BO3MYILEHHS Mep-
BOTO NMOPflKa OT BTOPOi 30HAJIbLHOH rapMOHHKH.

QOopMyaH [JIS 3TUX BO3MYIeHHH, nonyyeHHue Ko3au, nmeror cue-
Oyowmmid BUA:

a=a, e=e; JI=1J;
e By (eVyi—e(1— 2]
n—no[l+ 212(;7) Vi—e (l 5 st)],

M=M,+nt—ty); (390)
Q=0,—2, (&)2coslﬁ(t—to) —Q, +QE—t);
14

©= mﬁ%h (%)2 (2_ % ssnﬂj) n(t—t) =0, - ot —L).

Ananus dopmyn (390) nossoJisier ciesaThb PAA BaXKHEIX BRIBOLOB 00
obieit sposonun op6ut UC3 BO BpeMenH.

I. dnemenTH @, ¢ 1 J BooOLlE He HMEIT BEKOBHX BO3MYLIEHHH
nepBoro MopsiaKa, 06yCJOBJEHHRIX CXKAaTHEM 3eMJIH.

2. CxaTtre 3eMJIH BH3HBa€T BEKOBHE YXOIBI JOJTOTH BOCXOAfILIE-
ro yana £, apryMeHTa NepHLEHTpa .» M cpenHeii aHoManuu. Hckaro-
yeHHeM SIBJSIOTCS OpOHTH C TaK Ha3HWBaeMHIM KPHUTHYECKHM H a-
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KJoHeHHeM Kak caenyer us ¢popMysn 115 o (390), HakIOHEHHe
J Takux op6HuT J=arccosT/l§—=63,43°. AprymeHT mepuueHTpa op6MT

C HakJioHeHHeM J=63,43° He HCOHTHBAET BEKOBHX BO3MYLIEHHIL.

3. BekoBoe aBHikeHHe y3sa OpOUTHI (IpelieccHsi) MPOHCXOAMT TakK,
YTO JIMHHMA Y3JIOB HelMpPEpPHIBHO OTCTyNaeT, Bpalasich B CTOPOHY, INpo-
THBOMOJIOXKHYIO IBHXXEHHIO CIIyTHHKa, -

[Ipamum nBuxennem M C3 HasnBaercs ABHIKEHHE CHYTHH-
Ka OT OCH Ox K OCH OY, €CJIH CMOTPETb CO CTOPOHH! IOJIOXKUTEJNLHOI'O
HanpasJieHHsl OCH Oz.

Ilpn npsAMoM [OBHXXEHHMH CIYTHHK, COBEpPLIMB OLUH O6opoTt, 6ymeT
BCeT/a NepeceKaTh 3KBaTOP 3amagHee, YeM paHbllle, €c/iM aaxe Ipen-
NOJOXHTh, YyTO 3eMJass He Bpauiaercs. Ilpoucxonutr perpeccust (o07-
cTymJieHHe) Bocxoasulero yaaa. Ilpy o6paTHOM ABHXKEHHH CNyTHHKA
y3eJ OTCTYIaeT C 3amaja Ha BOCTOK. [lJsi KpyroBblx opOHT, GJH3KHX
K 3KBaTOpHaJbHbIM (HakjoHeHHe J=0,0°), cKOPOCTb perpeccHH Mak-
cuManbBa. HanpuMep, nnsi HH3KHX OpOMT perpeccusi cocrapasier 0,6°
fl0 3KBaTopy 3a BHTOK, T. e. npuMmephHo 9,0° B cyrku. Ilpu stom
CIyTHHK CMelliaeTcsi 3a OAHH BHTOK Ha 34 KM B HanpaBJieHHH HOp-
MaJUi K MJIOCKOCTH OPOHTHI.

4. BexoBoe nBH)XeHHe apryMeHTa IepHLEHTPa BHI3HIBaeT Hempe-
pLiBHOE BpallleHHe 60JbLIOH NOJYOCH B MJIOCKOCTH Op6uTH. Ilpu Ha-
KJIOHeHHsX J, MeHbLIHX KpuTHyeckoro 69,43°, mepureii cMmellaercss B
HalpapJieHHH ABMXXEHHH COYTHHKA, a NPH HaKJOHEHHAX, 60NbIINHX KPH-
THYECKOro,— B POTHBOIIONOXHOM. _

5. BekoBr€ Bo3MylieHus, OOYyCJOBJEHHHE CXAaTHEM, B OCHOBHOM
onpenensiior 3sosouu op6ur HMC3, nocKonbKy oCTajbHBIE UYJIEHBI .
nepryp6auioHHofl ¢GyHKUHH R B HECKOJBKO COT pa3 MeHblle OCHOB-
HOTO 4YJieHa pasJyioKeHHs, cogepxaiuero Jo.

PeasbHoe rpaBHTauMoHHoe moje. 1o cux nop Mel npenno.uarann
4YTO TPAaBHTAIHOHHOE TOJIE 3emsn obnafaer ocesoit cummerprei. Of-
HaKO B JEHCTBHTEJLHOCTH HMEIOT MEeCTO 3JIJIHNTHYHOCTL 3KBAaTOpa H
ApyrHe MeHee 3HauuTesibHHE 3((eKTH, KOTOPble NIPHBOAST K TOMY, YTO
peajibHOe rpaBHTallHOHHOE MoJie He 06JiaflaeT OCeBOH cHMMeTpHerl.
Bosnee obwmas ¢opMa mnoreHuMana OJisi HECUMMETPHYECKOH OTHOCH-
TeJBHO NMOJIIPHOH OCH MJIaHeTH HMeeT BH]

[ea)

V= ri[l — E (ar—e)anPn(sinB) +

n=2
P®

B ¢opmyne (391) uwineHn nof 3HAKOM ABOMHOIO CyMMHPOBAHHfl Ha3hl-
RAIOTCH T€CCepaNbHHMH TrapMOHHKaMH, a mnocTosHHbe Cpm H
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Sam—MepaMH aMNJIHUTY 1 COOTBETCTBYIOIUIUX TecCepasibHBIX rap-
MOHHK. B BHIpa)XeHHsl nsisi TecCepasibHRIX FapMOHHK BXOLSAT TPUTOHO-
MeTpuyecKHe (QYHKUUH AOJATOTH cos mL u sinmL, NOCKOJNBKY IpapH-
TalHOHHOE II0Jle YXe He fBJIAETCH OCECHMMeTpPHuYeCKHM. Beauuunwl
Ppm(sin 8) — npucoennuuTeNnHble ¢GyHKIMH Jlexanapa. ITpu m=0
npeamnoJiaraercsl ocepasi CHMMeTpHs NOTeHIHaNa.,

TeccepanbHble TapMOHHKH MMEIOT MaJsibeé aMIVIMTYAH M B TepPBOM
TIpUOJNIKEHHH He BBI3HIBAIOT BEKOBBLIX BO3MYILIEHHi, BHI3LIBaf JIHLIb
NnepHoOHYECKHE BO3MYIUEHHS 3JIeMEHTOB OPGHTH CHYTHHKA.

§ 27. BOBMYILUEHUSA, OBYCJIOBJIEHHBIE TOPMO)XEHHEM ATMOCYEPD]

Kaprorpaduueckue u pecypchinle MC3 uMeoT HH3KHe OPOUTEI C BHI-
coroit nepuuenrpa hp=300-+350 KM, H NO3TOMY HX OPOHTH HCNBITHI-
BAalOT 3HayHTeslbHble aTMochepHule Bo3MylleHusl. [elicTBue aTmocde-
PHl OPHBOAHT K BEKOBBIM BO3MYILEHHSIM 3JIEMEHTOB OpOMT.

Ilpu nBuXXeHHH no GJH3KOH K KpPYroBoi opOHTe CIYTHHK BCJEICT-
BHE COMPOTHUBJIEHHS aTMoC}epbl TepPsieT CBOIO 3HEPTHI0O H HeNpPepHBHO
CIIyCKaeTCsl MO CIHpasiM, Ho KaXiblli ee BHTOK MaJio OTJHYaeTcs OT
okpyxHocTtH. Ilepron obpawmenns yMmeHbliaercs. Huxe 110—120 kM
MJIOTHOCTh atMoc¢epsl pe3KOo BO3pacTaer, CIyTHHK He MOXKeT 3aBep-
IIMTh NocJjenHuii BUTOK (puc. 20), ¥ nouTH OTBECHO majnaeT. B eme
6oJjiee MIOTHHX CJOAX aTMocheph, OH cropaer, eCid He IPHHATH MephH!
LNf €ro 3aluMTH (CropaHue NPOUCXOAMT Ha opbute BHCOTOH [10—
120 kM ¢ nepuonom obpawmenus =5200 c).

Cnyckascs no cnupann, MC3 xaxnuit pa3 okassiBaeTcsi Ha Gosee
HH3KOH Kpyromoii opOuTe, ¥ ero opbHrajbHass CKOPOCTh BO3pacTaert.
Ilpu 3TOM HampapsieHHe TaHreHIHAJBHOTO YCKOPEHHSI CNyTHHKa Mpo-
THBOIIOJIOXXHO HAaMpaBJIeHHK) CHUJB CONPOTHBJeHHs1 aTMocdephl. Ha
nepBHil B3MJIAA 3TO KAXKETCH COBEPLIEHHO HeBepPOSITHHIM. YKazaHHoe
ABJlcHNe Ha3blBaeTcss a3pPOJAHMHAMHYECKHM NapajJoOKCcOM
CNyTHHEKa.

[IpuurHa 23poaHHAaMHYECKOro NnapafloKca 3aKJAKYyaercsl B TOM, YTO
JBMXEHHe MON NeHCTBHEM TOPMOXEHHs aTMOC(epH NMPOHUCXOAMT He IO
OKpYXHOCTH, a o cnupaJu. IlosHoe yckopeHHe a siBJisieTcsl paBHOAEH-
CTBYIOlleH IPaBHTALHOHHOTO YCKOPEHHSI ag M YCKOPeHHs CONpoOTHBJIe-
HHs aTMocdepH a, (puc. 21). IIpH 3TOM mMoJNHOe yCKOpeHHe a MOXHO
NpeNCTaBHTh B BHJE TAHreHUHaJbHON a; H HOPMaJibHOM a, (MeprneHgH-
KyJsipHO#l K op6uTte) cocrabiasiiomux. IIpn 3ToM ycKopenHe conpoTHB-
JleHUus aTMOcGepsl ac PaBHO MO MOAYJIO TaHTeHIHAJbHO COCTaBJSIO-
el OJIHOro YCKOPEHHS a;.

Ilpu cnycke UC3 ero nosHasi MexaHHYyecKasi 3HEPTHsi BCJIENCTBHE
CONMPOTHBJiIeHHsI aTMocdepH YOHBaeT, NOCKONBKY YMEHbLIEHHe MOTeH
OHajbLHON SHEPrHH NPOHCXOAHT OHICTpPee, yeM YBeJHYeHHe KHHeTHue
CKOI.
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Puc. 20. Tpaextopus  gnpHkenuss Puc. 21. CxeMa MOMHOTO yckopennsa HIC3
CnyTHHKa B atMoc(epe -

Ins nonyyeHHst DOCTAaTOYHO OTYETJIHBOH KapTHHbI BJIHAHHA aTMO-
chepHoro TopMoxenusi Ha apuxenne C3 G6yneM cuurath 3eMio He-
BpaIjaoouleicss cepoil ¢ noTeHUHaNIoM p/r.

[Tpn usyuenuu pnuskus atmocheps Ha nBuKenne MC3 cymecTtBeH-
Hoe 3HayeHUe uMmeroT gopma MIC3 u mnotHocTh atMocdepr p. He nMesn
naHuex o6 opuentauun MC3 u miotHocTH aTMocdephbi, HEBO3MOIKHO
TOYHO NpeNCcKa3aTb H3MEHEHHS 3J€MEHTOB OPOHTHI.

Bynem paccMmatpuBats jaBmeHHe HMC3 c npenebpexxumo Masoft
Maccoi m, Ha KOTOpuI nelCTByeT CHJIa COIPOTHBJIEHHS aTMocgephl,
HanpapJieHHas MNPOTHBONO/0KHO BEKTOPY TIe€OLlEHTPHYECKOH CKOPOCTH.

Cuna F conpotuBieHHst aTMocdeprl onpenesifeTcsi BhipaxXeHHeM

F = 1 CD Apv’, (392)

2m

rne Cp— asponHHaMuyecKHfi Ko3(¢QHUHEHT conpoTHBIeHHs; A-—
niowans nonepeyHoro cevenuss UC3; v — ckopocts UC3; p — miot-
HOCTb arMmoctdeps. 3HaueHue Koad¢unuenra Cp NpHMEM PABHBEIM KO-
adpdunnenty Cp mnsa coepnl. V3 TeopuH cONpOTHBJEHHS TEN MOJEKY-
JIIPHOMY TIOTOKYy rasa mu3BecTHO, yTo Cp A5 cephl COCTaBJfieT
2,1-2,15

Haunb6onee cnoxuoii npobseMoil fiBisieTcs cO3faHHe aneKBaTHHX
mopesielt armocgephl, MOCKOJBKY IJVIOTHOCTb aTMOC(hepH p SBJSETCA
(GyHKUMeH BRICOTH nmoJsieTa, pacnosnoxeHus CosiHa OTHOCHTEJLHO Ie-
purest op6utH, reorpapuyeckodi wuporht MC3, cosnHeuHO# akKTHBHO-
ctu u BpaileHnsa CoJsHna BOKpyr cBoeil ocu. [lyisi BhICOT mepuress 6o-
Jee 300 KM MJIOTHOCTH aTMOCGEPH 3aBHCHT OT TOrO, Ha QHEBHOH HJIH
HOYHO!H cTOpoHe Haxoaurcs nepureit. JaBHOH NpPUYMHOH H3MEHEHHA
MJIOTHOCTH aTMocctepul fABJAETCA ee pasorpeBaHHe B pe3yJibTaTe
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NOIJIOLEHHST COJHEYHOH 3JIeKTPOMAarHWTHOH pajgHalMy, IOMHMO 3TOro,
Ha MJIOTHOCTb aTMocdepH BJIHAIOT '€OMAariuTHHE 6ypPH H LEJNHH psn
IpPYrUx TPYAHOYYHTHBaeMHX ¢QakTopoB. B Hactosiiuee BpeMsi cy-
LECTBYET HECKOJIBKO MOnesell aTMocdephl, KOTOPLIE MO3BOJISIOT -y I0B-
JIETBOPHTEJBLHO NporHo3upoBarb nBuxeHuss HC3 npu yciaoBHH, 4TO
op6HUTAJILHEIE NYrH, Ha KOTOPBIX BHINOJIHSIETCSl NMPOTHO3, HEBEJNHKH H
IJIOTHO 3anoJiHeHsl opbuTaJbHBIMH H3MepeHusMH. IlosTomMy yuer co-
NPOTHBJIEHHSI aTMOCGhepH! sABJAseTCH HaHboJsiee CJIOKHOHM 4acTbIO NMPOr-
Ho3a JABHIKeHHs Kaprorpacduyecknx u pecypcHeix MC3.

Hanb6osiee yacto nss annpoOKCHManKMu NJOTHOCTH atMochepsl p HC-
N0Jb3yIOT NOKa3aTelbHy0 (yHKUHIO:

h—hq

p=pe (393)

rie po— 3HaueHHe MJIOTHOCTH HA HEKOTOPOH (PUKCHPOBaHHOH BEICOTE
ho; e — ocHOBaHue HarypalJbHBIX Jorapuédmos; H — BeicoTa ogHOpOn-
HOH aTMocdepsl, KoTopas onpenensiercs no gpopmyJe

H=* (394)
mg
B Boipaxeuun (394) T — temnepatypa B rpaaycax KesabBHHa; m —
MOJIEKYJAPHBIN Bec; k£ — nocTtossHHas BoJjabnmana.

BennuvHy H MOXXHO TPakTOBaThb KaK BBICOTY, Ha KOTOPYIO HeoO-
XOOMMO MNONHATLCS OTHOCHTENBHO Mo, YUTOOH IJIOTHOCTH aTmoccpepbr
yMeHbLINJIach B € pas.

ITocTosIHHON BeJIHUHHY H MOMHO CYHTaTb NPH YCJIOBHH MOCTOSHCT-
Ba TeMIepaTypbl H OJHOPOANOM MOJIEKYJSIPHOM cOCTaBe BO34yXa.
Ho B peficTPuTENIBHOCTH C H3MEHEHHEM BHICOTH MEHSIIOTC H TeMie-
parypa, H MeJieKyJspHBIH cocTaB Bo3nyxa. [Tostomy ynobnee mCnoJb-
30BaTh 3aBUCHMOCTb

Inp=1,—yVh—h, (395)

roe h — nbicoTa Ham ypoBHeM Mopsfl, a do; ¥ U ho— NOCTOSIHHBIE JJIS
NPHHATON MOAENIH aTMOC(epH.

JancHeiliuuii anaJw3 BO3MyllleHHi, BBI3BAHHHIX COMPOTHBAGHHEM
aTmocepsl, 3aK/II04Y2eTCs B CAEAYIOLIEM.

Tak Kak cuna F conpoTuBjeHHsl aTMOCc(epH He HMeeT NOTeHUHAaJa,
TO HUCXOAHBIMH AH(QepCHIHANEEBIMH ypaBHeHHSIME 6yayT ypaBHeHuf
Hriotona (368). Paanoxus cuny F conporussieHHss aTMocdeps Ha co-
crapastoiiue no ocaM S’ T/ u W’ nogBuxkHOro TpH3Apa H BHIIOJHHB
HHTerpupoBaHne ypaBHenHil HploTona, B pesyisibTaTe HOBOJIBHO CJIOXK-
HBIX BHIKJIQZIOK NOJIyYaloT cjeAyloliue pe3yJbTaThl.

B ypaBHenust il @ U e (ecsiu NPUHATH, YTO B NEepBOM npubianxke-
HI " WX 3HayeHUs B NMPaBHIX yYacTAX ypabHeHuii HbloTona nocrosiH-
Hbl) BACAMT BEKOBOH uJieH, YTO yKa3biBaeT Ha BEKOBBl€ H3MEHEHHS
aue.
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Hoarota Bocxonsimero yajna Q M HakJoHeHHe J (B paMKaX NpHHS-
TEIX LONYIIEHHE) HE CcONepXAaT BO3MYILEHHH, BHI3BAHHBIX CONPOTHB-
JenneM atMocephl. Ilpu sToM

dJ d2

= O; —_— O_
dt dt

CpenHas aHOMajusi H apryMeHT MNEPHIEHTPA HMCOBITHIBAIOT JIHIIb
UepHOLHYECKHE BO3MYILEHUs C MaJjioil aMIJIMTY[OH, BCJeCTBHE Ma-

/E
JOCTH BEJHYHHHEI (—) Cpp. Takum o6pasoM, aHalH3 NOKa3HBaeT,
p .

YTO OCHOBHOM BKJIaZl B 3BOJIOLHIO 3JIEMEHTOB OPOHTH NOJA BJHSHHEM
TOPMOXKEHHsS] aTMoc(ephl BHOCAT BEKOBEIE yMeHblU€HHsi GOJbILIOH NO-
JIyOCH H 3KcleHTpucHTeTa. [Ipn 3ToM BekoBble BO3MylleHHs Aa H Ae
3a oauH o6opor MIC3 BeIuHcasiOTCH N0 GopMysiaMm:

2n

A p(14-ecos EY*?
Aa = —(-m—) Coazy(1+em5)'/2 dE;
0
(396)

2
- (A p(1tecos E)I12 . E,
Ae = (m) CDa0 (I —ecos )17 (1 —e*) cos EJE.

Hurerpann (396) BHYHCAAKTCA YHCAEHHHIMH MeTOAaMHM, HampuMep,
¢ nomoubio 06o6uleHHBX opMys CHMIICOHA. ,

Pasymeercs, 4TO caenaHHble BLIBOAB XapaKTePH3YIOT 3BOJIIOLHIO
OPGHUTH JIMILIL B CAMOM NE€PBOM, JOBOJbLHO rpy6oM NpHOJMKEHUH, MO-
CKOJIbKY He YHYHMTBIBAJHCh CHJIKCHYTOCTH aTMochepsl, HecepHUHOCTH
3emsH, BpaileHHe 3eMJIH, pa3nudyHe MeXAy CKOPOCTbIO BpaileHus
atMmocgeprl u ckopocthio C3 u mepHoanyeckne H3MeHeHs MJIOTHO-
CTH aTMocgepH.

§ 28. YUCJIEHHBIE METOAbl HHTETPHPOBAHMUY
YPABHEHHWH NBH)XEHHSI HC3

B nacrosillee BpeMsl B CBS3H C IIHPOKHM BHeJpeHHEM COBpPEMEHHBIX
IBM, obnaparoiiux 60JbIHM ObiCTPoneficTBHEM H O6BbEMaMu onepa-
THBHOH M NOCTOAHHOH NaMATH, UHTErpHpPOBaHUe YPaBHEHHH [BHIKe-
Hua UC3 BHMosHseTcs uHcJeHHBIMH MeTOonmaMH. B pesyabrate HX
[pUMEHEHHsl MOJy4aloT TAGJHUbl YUCIOBHIX 3HA4YEHHH 3J€MEHTOB Op-
6HT HJIM KOODIMHAT M COCTABJSIOLUIHX BEKTOpPa CKOPOCTH [ PaBHOOT-
CTOfILIMX, KaK NPaBHJIO, 3HayeHHH HesaBHCHMOH mnepemeHHod. Yuc-
JIeHHBle MeToxbl O0COOeHHO BBHIFOAHO HCIOJIb30BaTh, KOTna HHTEpBaJ
BpeMeHH !;—io HeBeJHK. [Ipn OONBIIMX MHTepBaJlax BpeMeHH OoJiee
ynOOHH aHaJHTHYeCKHE MeTOAB MHTerpupoBaHHf. OHH NO3BOJSIOT
NOJyYUTh MHTerpajbl B OyKBEHHOM BHJE, T. €. B BHIe (opMyJi, npel-
NHCBHIBAIOIHX BHINOJHEHHE CHCTEMbl ONepanuii, TPH MOMOILH KOTOPOi
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PeWeHNs MOTyT OBITb NOJIyYeHB VIS JIIOOBIX 3HaueHMH He3aBHCHMOIl
nepeMeHHO# [

Ilpu uncnenHoM uHTErpupOBaHMH AHdGbEpeHIHATLHEIX ypaBHeHuit
JBHXEHUA B HHEPLMAJbHOH CHCTEMe KOOPAMHAT MX 3anUChIBAIOT B
CIEeNyIOIEM BHOE:

'vx': + +Qx7 :X=Ux;
— By oR .

vy.——,_s‘l'w +Q; y=vy (397)
—_ Bz ; OR . 5=

Uz——'r7+?+sz 2 =10,

Bnaropapa stoif ¢opMe 3anHcH mNOHHIKAeTCd NOPSIAOK CHCTEMb H
BMECTO CHCTEMBl TPeX HeJNHHEHHBIX AH(QepeHLHANbHbIX ypaBHEHHI
BTOPOro nopsifka HHTErpHpyeTcsl cHcTeMa LecTH nuddepeHnaln-
HLIX ypaBHeHHH nepBOro nopﬂ;u(a.

OR y 6—R—Hp0HSBOIIHble OT HepTyp-
dx' oy 0z
6aunonHOM .QyHKUMH R NMo uHepuuaibHBM KoopauHartaM. ITpuueM Ha
ocHoBaHHH ¢opmyabl (391) nepryp6GauuoHHas GyHKUHS MMEeT BHJ

B ypaBueruax (397)

R=—L i“ \ar—e)nj"P" (sin8) +

n=2
i L( ) (ComcosmL + S, sinmL) Py (sind). (398)

Qx, Q, H Q.— cocraBasiouye yCKopeHHs, BBI3BAHHOTO COMPOTHBJIC-
HHeM aTMocdephl 10 ocAM HHepLHaJbHOH CHUCTEMBI KOOPJAHHAT.

UncieHHOe HMHTErpUpOBaHHE YpaBHEHHH MBHXXEHHUS MOXeET ObiThb
BLIMOJIHEHO ¢ HCNOJbL30BaHHEM OJIHOLIATOBBIX WJIH MHOrOINAroBHIX Me-
TonoB. B oaHOWaroBuiXx MeTomax AJsA MOJIyYeHHs pEIUeHHS, COOTBeT-
CTBYIOLETO HEKOTOPOMY MOMEHTYy BpeMeHH f;, HEOGXOAHMO pacrnona-
ratb TOJBLKO HayaJbHBIMH YCJOBHUSIMH Xo, Yo, 20 H Xo, Yo, 20 Ha Ha-
qajbHylo 3noxy fo. IIpu HCMoNb30BaHHM  MHOroWaroBHIX METOJOB
JOJKHBI GbITb H3BECTHH 3HAUYCHUA KOOPAMHAT M COCTaBJAIOLIHUX CKO-
pocTH OJi psiia PaBHOOTCTOSILIHX MOMEHTOB [lo, Li==fo+AtL, fa=1f}
+2A¢, ..., h=1o-}-kAf, naabHeifilude BBIYHC/IEHHSI MNPOHM3BOAAT C MO-
MOIIBLI0 HHTEPNOJANHOHHEIX GOPMys pa3jIMYHOro THIA.

3anuiueM HCXOmHYIO cHcTeMy ypasHenuit (397) B BHze

bR

1 = [yt Fgees X ) (=1, 20 6 (399)
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C HaYaJIbHBIMH yCJIOBHSIMH:
M) = xo. Xa(be) = Xopieeii Xo(t) = X o _ (400)

OCHOBHBIM OJHOWIAroBHIM METONOM JJ5 HHTErPUPOBaHHS Bbipaie-
Huit (400) saBasierca mMmeton PyHre—KyrTta. ®QopMmya, koro-
pble NPUBOAATCH HHUKE, NO3BOJISAIOT ONPEJeJIHTL KOOPAUHATH M COCTaB-
JISTIONIHE CKOPOCTH JJI HEKOTOpPOro MOMeHTa fiy1=If;-+h, eciu Ha MO-
MEHT f; OHM H3BECTHHl C TOYHOCTEIO 10 h% rne h-— NPOH3BOJbLHBIH
l1ar UHTErpUpoOBaHHA:

1 : .
G+ = x () 4 —_ p(PD () L g(D):
2§ al + 3 h(P! —{—2q, —}—Qri —l—s,( )
PO = [ (a0, 2., a8, 4);
. 1 i
Y I

+_hp(l) t1+—;‘h);
401
(0 0 4 Loy 1 ot 0) @D
r§ =f,.(xl +7 g, x§ —{—Thq2 T i

1 ppd LN
S = F; (a0 + hr®, 2D ke, A0 L he®, b+ h);
M= x, () (=1, 2, 3., 6).

[IpuBeneHHas cucreMa (popmy.n cootBeTcTByeT Meroay Pyure — Kyr-
Ta 4YeTBEPTOro NOPSAKA NPH HHTCrPUPOBAHHH CHCTEMBl ypaBHEHHM
JIBHXEHHUS Xo, Yo, 20, X0; Yo, 20 AN to. CpaBHeHUE PE3yJIbTAaTOB MHTE-
rPUPOBAHMS Ha3aj C 3aJaHHBIMH HAYaJIbHBIMH YCJIOBHUAMH XapaKTepH-
3yeT TOYHOCTb pelucHHA. [IHoraa OLEHKY TOYHOCTH BBINOJHSIOT My-
TEM BapbUpPOBAHHA HAyaJbHBIX YCJOBHE B mpegesax AONyCTHMOf mo-
rpewHoctd. [To BapuauusiM KOOpPAWHAT, MOJYYSHHBIM TOCJE HHTErpH-
pPOBaHUs, CyOAT O TOYHOCTH PelleHHS.

K HacrosuieMy BpeMeHH pa3paboTaHO MHOXECTBO MOAM(pHKaLHi
merona Pynre — Kyrra, Kaxnas M3 KOTOPbHIX HMEET CBOH JOCTOHMHCT-
Ba M HepocraTku. OpHoif M3 HUX sBisiercs Moaudukauus, Npenyo-
XeHHas 3. DBepxaproM, NOJIyYHBILAs IIMPOKOe NPHUMEHEHHE NPH HH-
TerpupoBanuu ypasHenuH nBmxenust FIC3. B metome Bepxapra
NPpHUMEHSAETCH CHEUHAaJbHbIH cnoco6 pa3zbueHHs OCHOBHOro luara Ha
nojliard, KoTopoe fBJseTcA ONnTHMajbHbiM (pa3bmenne TI'aycca —
Pano). Koagpouuuentel pas3noxkeHHs MO CTe[IeHAM llara yTOYHAIOTCA
MeTOAOM INOoCJenoBaTeJbHBX NpubamxkeHuit. B anropurme 3pepxap-
T4 MOXHO 3a71aTh MaKCHMMaJibHyl0 CTeleHb liara B pasJioxeHusx. AJ-
TOPHTM TO3BOJISICT BHINOJIHATL BHIYHCJIEHHMS C OYEHb BHICOKOA TOYHO-
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CTbI0, Ha [Ba MOPSAAKa NpeBHIUdlOLIEH ToYHOCTL Mertoga Pyxre —
Kyrra uerBeproro nopsinka. Ilpu 3TOM Bpemsi cuera, YHCJIO WIArOB U
KOJIHYECTBO BBLIYMCJAEHHH NPaBBIX yYacTell yMeHbIIAKTCH Mo KpaiiHel
Mepe Ha NOPAAOK.

3pecb Mbl DaCCMOTpPEJIH B OCHOBHBIX YePTaX OJHOWIAroBbie METO-
Ibl, HO CYLIeCTBYIOT H COBEPLIEHCTBYIOTCS MHOrOLIAaroBbie (pa3HoCT-
HbEle) MeToAbl YHCJICHHOrO HMHTErpupoBaHus (MeTtom Amamca, MeTof
Koysana, mMeron DHKe M Apyrue), KOTOpbie HCIOJb3yIOTCH B coyeTa-
HUM ¢ ofHoliaroBeiMu. IIpu 3TOM cHauaja ¢ NOMOIWLBIO OAHOLIATOBBIX
METOAOB MOJy4YaloT 3HAYeHHs NepeMeHHBIX X (f;) mJas psAma paBHOOT-
CTOAWMX 3Ha4yeHHH f;, a 3aTeM MPHUMEHSIOTCS UHTEPNOJSIHOHHbIE

dbopMyJIHL.

TnaBa V

KOOPIOHHATHO-BPEMEHHAS NMMPUBA3KA
TOYEK KOCMHYECKHX CHUMKOB

NPH U3BECTHHIX HAYAJIbHBIX YCJIOBUSAX
YPABHEHHH OBH)XEHHUA UC3

§ 29. UHTEPNTOAHPOBAHUE KOOPIHUHAT UC3
HA MOMEHT ®OTOTrPA®HPOBAHHA

PaccMOTpUM MeTONMKY KOOPAHHATHO-BPEMEHHOW TPHBSI3KH OTIEJb-
HBIX TOYEeK, AelIHPUPYeMBIX HA TOmorpadHyecKUX CHMUMKAX, Ipeano-
JIOXHB, YTO HayaJibHblE yCJIOBHS (xo0, Yo, 20, X0, Yo z(,),zt0 c Heoégxo-
IMMOH TOYHOCTBIO OMNpejiesieHH MO JaHHbIM HAa3eMHBIX KOOPAMHATHO-
U3MEPUTEJILHBIX KOMIJIEKCOB.

B stoM cnyuae nopsnok obpaGoTKu O6yaeT CJeAYIOILHM.

1. MUHHMYM Ha ABYX NEPeKpHBAIOILUXCH TONOrpadHyeckHx CHHM-
Kax HAEHTH(QUUUPYETCH MOJIOXKeHHE onpefesiseMol TOUKH j (pHc. 22).

2. UamepsitoTcs © KoopAMHATHI TOYKH j B CHCTEMaX KOOpAHHAT
i-ro 1 k-ro CHUMKOB,

3. U3 o6paboTku 3Be3MHBIX CHUMKOB, NOJIYYEHHHIX B MOMEHTHl [;
u fty, onpenensiiorcst  onepatopsl ILi* u II,* OpHeHTauMH 3BE3MHBIX
CHHMKOB B MOMEHTH CbEMKH.

4. [To 3naueHMAM MOMeHTOB f; M f;, 3adUKCHPOBAHHHM 60pPTOBOM
cnyx60it BpeMenH, u BesyuuHe onepatopa Il B3auMHoO# opueHTaIHH
TONOrpauyecKoro M 3BE3JHOT0 CHHMKOB HAaXOAAT CIYTHHUKOLUEHTPH-
YecKde BEKTOPbl TOYKH j:

~ . ~

X i )‘,'k[
—0 - l * ~ . _0 — l ) * ~ ( 2
R;, _ A —'[] S[n,no yll y Rk] = _'_Akl Slnkno yki - \40 )
. ) —‘ft l ' _fi
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Puc. 22, Tlpaman doTorpaMmerpuiecKan 3aceyka

5. BRHINOJIHSIETCH 4YHCJIEHHOE HHTerpHpOBaHWe ypPaBHEHHH JBHXKe-
HHS, B pe3yJibTaTe YEro NoJyyaloT 3HAYyeHUs KOOPAMHAT X, Y, Z K CO-
CTaBJAIOIMX CKOPOCTH X, Y, 2 Ha MOMeHTH f(=={o-}h, ofpa3ymoiiue
PaBHOOTCTOSIIME Y3JIbl CETKH YHCJIEHHOTO HHTErpUPOBAHHUS.

6. Boimosnusiercss untepnosiupoBansHe koopauHar MC3 na momen-
THl QororpadupoBanus £; ¥ tp.

7. Unepunasbusle KoopauHatel MIC3 npeo6pasylotcst B rpUHBHY-
CKHe.

8. BuinoJsnsercs npsMas ¢ororpaMMeTpHyecKasl 3aceyka ¢ 6asu-
ca ¢dororpacdupoBanus b, B pe3yJsibTare KOTOPO# OnpenesifiloTC TPHH-
BUYCKHE reojie3yecKHe KOOPpIHUHATHI TOYKH j.

9. [1pousBOAUTCH OLUEHKAE TOYHOCTH.

B peayJsibTaTe YMCJIEHHOr0O MHTETPUPOBAHHUA ypaBHEHHUN ABHMKECHUSN
HUC3 noayuyaior 3HauyeHHs] KOOPAMHAT M COCTABJAIOLIMX CKOPOCTH
IJIS PaBHOOTCTOSILUX MOMEHTOB fo, fo-+Hh, Lo-}-2h, ..., to+nh, rne h—
war uHterpuposanus. [as soluncieHus kKoopaunat MC3 neo6xomm-
MO BLIMOJIHHTE HMHTEPIOJHPOBaHUE Ha MOMEHTH (oTorpadupoBanus
t;, He copmapaionihe ¢ y3JaMH CETKH YHCJIEHHOTO HHTErPHPOBAHHS.

Paccmorpum npouecc unrepnosiupoBanus no popmydae- Ctup-
JduHTra, obecneyuBaolleil BHICOKYIO TOYHOCTb HHTEPIOJSLHUH.
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Ta6auua 8

MomenT 3HaveHne PasHocThb
BpeMeHH GyHKUnH
) f=x (¢)) 1 I ) g I
t_y f—2 .
f_a
i, f—1 f l_l 2 1
1 2 3
f—1y2 F=1/2 =12
ty Fo P 2 o fo
1 2 4 6
Fise ) fi2 Fipe fire
t h f i i i
1 2 3
fas2 f32 fare
1 2
ty fe fo fo
. )
fes3
£ fa

Ilycry panbi*3uavenuss GyHkuuu x(1;) u ee pasHocreit (taba. 8)
JJIS PaBHOOTCTOSIILIUX 3HayeHWil BpeMmenu fi=to-}-ih (i=0, x1,..,n),
rae h—war tabauusl, a f; (=0, +1,...,n) — y3as TabauuBbL

Benuuuubl f' ¢ pasiMuHBIMH HMHIEKCAMH SIBJISIOTCH Pa3HOCTAMH
nepBoro nopsjaka (mepebie pasHocTH), f? — pasHOCTAMM BTOPOro ImO-
pAOKa H T. 1.

IlepBbie pasHocTH, uMewliHe APOGHBIN HUXXHUHA HHIEKC, olpese-
JaswoTca Gopmydoi

”+1/2=fi+1—fi(i=0’ *1,.... n). (403)
Bropoie pa3HOCTH, y KOTOPHIX HHIXKHHE HHJAEKCH — [eJible 4YUCJa,
BHIYUCJISIIOTCH CJEeAYILHM 06pasoMm:

i? = f?+|/2 - fl——l/2' (404)

H T L .

Ilpu ucrnosbzoBanuu ¢opmysisl CTHPJHHra OCHOBHOE 3HAyeHue
MMEIOT meHTpPpaJibHbl€ pPa3HOCTH, KOTOPHE paBHb CpPeAHeMy
apu¢MeTHYECKOMY H3 COCCIHHX pa3Hocrelt Toro e cronbua. Hampu-
Mep:

fé - % (f1_1/2+ iLllz);
| (405)
B =0+ 7.
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Jns raagkux ¢yHKUu# npu He6OJALLIOM Luare pasHoCTH ObrCTpO
yOBIB2IOT MO Mepe YBeJMYeHHS UX MOPAAKAE, OJLHAKO, BCJENCTBHE OILIH-
60K OKpYyTrJIEeHHUs] MpPH BBHIYHCJIEHHH (QyHKUMH [, Pa3HOCTH HEKOTOPOro
NOPAAKA IEJHKOM ONpeessioTcs OLIHOGKAMH OKPYTJIEHHS M HaYyHHAIOT
«npbiratb». [109T0My ¢ 3TOro nopsiika yxe HET CMbICJIa B yyere CO-
OTBETCTBYIOLHX pasHoCTell NP MHTeprnoJiHpoBaHuu QyHKUMH. IlycThb
l; — MOMEHT, AJI1 KOTOPOro HeoGXOAMMO BHIYHCAATL 3HayeHue x(f;);
to — Guuxaiuui K {; yaeya tabuaHnbl.

BBegem o6o3naueHue

_ li—1
npu atoM t;="=to+}qh.
Hutepnonsiunonnas ¢opmyna CTHpJIHHra mMeer BHJA
. . 2
Feotany ~fot+ a3+ . .
9@ —1)(F#F—2%)...[¢* — (n—1)*] 15, ,
-t Cn—1)! I +
2(g2 — 1 — 22y, [ — (n—1)2
L@@ [ — (n— 1] 20 (407)

B Boipaxkenue (407) BXoAfiT TOJILKO Pa3sHOCTH, ABJSAIONIHECS 3JIeMEH-
TaMH TOH Ke CTPOKH, YTO H fo.

Hanumuwem dopmyay CrupiuHra ¢ yyeToM pasHOCTSH ILECTOro MNo-
psiiKa B BHIE

x (¢1) =f (to-+gh) =fot-aifo' +-asfo’+asfe®+ ... +-aefo, (408)
rmge
— g =2 _9(@—1), @1 |
al—'q' aa— 9 aa— 6 ’ aa——%_-
g= UE—D@=4) [ PE—DE ) (409)
120 720

Octatounbiii ynen R, (f) siBJisercss pasHOCTbIO MEXIY TOUYHBIM 3Ha-
uyenneM GyHkuMM f=x(f;) ¥ ee NpPHOJMIKEHHBIM 3HaYeHHEM, MOJy-

YeHHBIM 0[O HHTEPNOJSALHOHHON ¢dopMyJe, YUHTHBaOllell pasHOCTH 10
f-rO NOpAAKa:

Ra(t) =x(t:) —Pn(x), (410)
rae Pn(x) — pe3ynbTaTt UHTEPIOJSHILHH.

[TpennonoxumM, yro ¢yskuus f=x(t;) audbdepenunpyema k paa
(k=n+1 wnu n42). Ilycre M, — BepxHsst rpaHuia MOAYJS NPOM3-
BoaHo# f(*) (f) B MHTepBaJe Tex 3HaueHUH f, KOTOpPBHIE OTBEYAIOT Tab6-

JIMYHBIM 3HAYEHHAM [, HCNOJIL3OBAHHBIM NPH COCTABJICHHH HHTEPIIO-
JSIUHOHHON ¢GopMYNbl n-ro NopAgKa.
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Ta6auna 9

MomenTt *3Ha Pasnocts

BpeMeHH £ | QyHKuumn r (¢) fr jo 2 e : Fs
100° 6 357 071,3 3 893,5
150 6 360 964,8 5 426,7 1 533,2 —95.8
200° | 6 366 391,5 6 934, 1 1 507,4 —31,8 —6,0 —0,5
250° | 6373325,6 | g 4007 | 14756 | _g73 | =55 | _,
300° 6 381 753,3 9 128,85 1 438,3 —40,75 —6,9 —0,6

9 848,0 —44.2_ _to.2

350° 6 391 583,3 11 242,1 1 394,1 —50,9 —6,7
400° 6 402 825,4 12 585,3 1 343,2
450° 6 415 410,7

Torpa ouenka ocratoyHoro ujena GopMyJbl Crupaunra onpese-
JIAETCH IO q:opmy.ne

I R (t) I <— Qn (q) nti» (411)

(n + !
rae aJif YeTHoro 1

Q@=|g@—1..[¢—(5)]| (412)
IJIS HEYETHOTO
Q) = ). e~ (5] (413)

Ilpumenenue olEHOYHOH qupMy.nu (411) szatpynHHMTENIbHO, €CNH OT-
cyTcTByeT HHpOpMauusi 0 BO3MOXHOM YHCJICHHOM 3HayeHUH TPOU3-
BoaHoi f® (f), npu 3TOM uHCca0 M; HeHU3BECTHO.

TIpumep 14. [danes avauehun r(f) ¢ mwaroM h=>50% MOJydYeHHHE B pe3yJbTaTe
YHLTEHHOTO HHTErpHPOBaHHA, HAa NPOMENKYTKe BpemeHH 1005—450° (tabn. 9).
Tpebyercn ompeneanTb 3uadenus r(f) nas f;=336,4275. .

Pemenune CocraBuMm Tabiuuy pasnocreit fz. [A ... [5 Y6expaeMcs, uro
P43HOCTH "NMATOr0 TNOPAAKA <NPHraloT», 4TO 06bRCHAETCR  OLIMOKAMH OKpYTJIEHHS
B 3HaueHusx r(f). B nanHom npuMepe Gamaiiwee K f; Tabmiunoe {=300 v Bce He-
o6xoHMBle Pa3HOCTH GYAYT PacrloNOXEeHbl B COOTBETCTBYoLLEl eMay CTPOKe TabJHLIBL
IIpy 3TOM LEeHTpaJbHHE PasHOCTH, HaxouswMecs B cronbuax fl, f 'P 10Ny alTCH
KaK cpelHHe apH(pMeTHYECKHe M3 COCeJJHHX pasHocreil. cTosilyx B cro.nGuax Hanpu-
mep, 9128,85= (8409,7-1-9,848)/2 u T. &.

B nansHoM cayuae

_ t;—t, 336,427 — 300
I 50 -

=7,2854-10"1;

& =4 ;‘—7-2854-10—1; ag = 0(1726—— D = —5,697541-1072;

144



2 2 (g2 —
a =—‘;— =2,6538526- 10~} a.=q(qz—4‘l)= — 1,037 7216- 10~2.

B cootBeTcTBHU ¢ ¢dopmynoit (408) umeem:

r (fo) = r (300°) = 6 381 753,3

afe' = 6 650.73
ayfe® = 381,70
agf® = 2,32
Aafgd = 0,07

r(t) = 288 770, 1

Tounoe 3HaueHue r(¢;) =6 388 770,4. Takum o6pa3soM, own6Ka HHTEPNONALUM CO-
crapasier 0,3 M, T. € TOro e NOpsIKa, UTO H TOYHOCTh BHYMCJeHHEl (8 3Hauamux
undp), ¢ Kotopolt onpenenens 3Havenus ¢ynkunu r(f) B Tabi. 9.

§ 30. BLIMHCGNEHUE TPHHBHYCKHX KOOPANHAT
ONPEAENSAEMONA TOYKH CHHUMKA

[lyctb B pe3aysibraTe MHTErPUPOBAHUSl YPaBHEHH#l JBHUIKEHHS B JaJjib-
Heflluelt MHTEPNIONALNH BHYHCJAEHB HHepHHaNbhble XoopauHatel KMIC3
Ha MoMeHThl ¢oTorpacdupoBaBufl f; u fr. OHu 6yayT CleayOIMMH:

_ X; _ [ xg
ri=|Y%1\); r.=|Y ) (414)
2 2y

IlepeBriuncyiuM HHEpLHAJbLHble KOOPAMHATHL B TrPHHBHUYCKHE MO
popmMynam

X, ‘ X Xe
ﬁi =1Y = PS,1 ¥: |i ﬁk =PS,| Y= | (415)
Zi A Zi - ' zk

‘rae matpuna PS onpenensercsa dopmynoit (147).
B peayabratre ¢ortorpammerpuiecKofi o06paboTKM CHUMKOB JJifl
TOYCK i M i NoJyYyeHH eIHHWYHble BeKTopsl R; H Ry CNYTHUKO-

LEHTPUYECKHX HaMPaBJICHUH Ha TOYKY j B IPHHBHYCKOH CHCTEME KO-
OpAMHAT:

~

. | X cos (a;; —S; cos §;; L
kij = Ayj S, ;,-, | sin(@; —S)cosd,; |T| My, + (416)
'—ft Sinai, N--

. i
10—6549



~

Xy €08 &y — Sp) cOs 8y, Ly,

no — 1 3 ~ )
Res Ag; Seft, M, Yey |~ | sin@@y—Spcosdy | | My, |
— 1 sin &, Ny,
_ (417)
Ri=R;,+ | R; | RY;; ﬁ,‘ =R+ | Ry | R (418)

3anuiueM 3TH yPaBHCHUS B KOOPAMHATHOH dopme:
X;=Xi+Rijcos (ai;—S:) cos &i;=Xi+RisLij;
Y;=Y:4Rijsin(a;;—S:) cos 8;;=Y;+RiyM;;
Z,-=Zi—|—'Ri,'Sil’l61j=zi+R'ijNij;
(419)
Xj=Xp+-Ry;icos (ar;—Sr)cos 6zj=Xp-+RuiLr;;
Yj=Yr+Rypjsin(arj—Sr) cos 8zj="Yr-+Rp;Ms;;
Zi=Zp+ Rpjsin Spj=Zp+ RujNp;.
Mbl 1oJIyyHJIM CHCTEMY M3 LICCTH JIMHCHHBIX ypaBHEHMH C NATLIO He-
M3BECTHBIMH — KOOPAAMHATAMH OnpejesisieMoi TOYKH njaHersl Xj; Yj,
Z; v CyTHUKOUCHTPUYECKHMH PACCTOSHUAMH Ri; U Rp;.
Hau6onee npoctoit cnoco6 pelleHHs 3aayd 3aKJao4aercs B MPo-
ellMpOBaHHH BEKTOPHLIX ypaBHeHHH (418) Ha naockocte 3KBaTopa.

Torpa koopausathl X; u Y; onpenensieMofi TOUKM MOXXHO BBIYHCJIMTD
N0 U3BeCTHBIM B reoje3uu dopmyiam laycca, T. e.

Ye—Y; +IXitg (o — Si) — Xptg(ong — Sk)l
tg(agy — S;) —tg(oe— Sa) (420)

X=X HYectg(e—S) — Vg Ctg(“kj—sk)l

i~ ctg(ay; — S;) — ctg(a;p— Sp)
Annyukaty onpeneisieMoil TOYKH Z; BBIYMCJSIEM JBaXKIb:

= ZI+V(X1'_X:‘)2+(Y[—YL')2 tgd;;;

Z’” = Zk —I- .l/(x'l—‘_‘.ka)2 + (Yl - )/k)2 tg Bkl.
Onpenenum cpennee apudmMeTHyecKoe AJs OBYX 3Hayenuit Z;’

Z;". OueHKy TOYHOCTH BBHINIOJIHUM Ha OCHOBaHMM (GOpMyJbl AJsi OLHG-
KH ToJioXeHus M, T. e.

r2.. - 2.
My LI it e, |, (422)
sin? 8; (,?I + ,i])z

rae p2=m?2(8;;) =m?(a:;jcos d:5); 6; — yros 3aceuku MpH onpeaesse-
MOH TOYKe;

6;=arccos[LijLn;+4+Mgj+NiiNp;l.
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Mpumep 15 Ha unrerpnpoBanns guddepenunalbHbiX ypaBHEHHH ABHIKEHHS R
HHTEDIONALMY ONpeleseHbl HHepuHanbHbie KoopAiunHatel IC3 Ha MomenTh (hoTorpa-
¢upoBauus £ u t:

4;=4,571 7527"-10~}; £,=4,6134193-10"1;
x;——3 359 943,8; xp=—3 779 405,7;
yi——4 164 601,8; yr=—4 233 567,1;
2;=3 834 931,0; 2,=37461154;
8,=4,600 6349"; Sx=4,604 813"

Ha cnumkax i u k poeHTHHUHpOBaHA omnpelensieMan Touka j (CM. puc. 22) u
H3MepeHbl ee KOOPIHHATHL HA CHHMKaX:

31,0142 76,1614
Ty =|—122,8980 | ; rpj=[—121,2301 ] .
—100,01237 ¢ —100,0123 ¢

W3 o6paGoTkH 3Be3aAMBIX CHHMKOB onpefesesn onepatopel (M*Mo)™ u (M.*My)*
OpHEHTaLHH TomorpagHueckol KaMepH B HHEpLUHANBHOM MPOCTPAHCTBE:

- 3,4290738-10~!  7,1439168-10—! 6,099 6655- 10—1
(M*Ng)"=| —8,3151556-10~* —7,125683 10— 5,509 1239-10—1
4,370 3146-10—' —6,9610853-10~! 5,695 9324-10—1

3,440 137-10"! 7,124 5158-10~1 6,116 1055- 10!
(M*Mg) "= | —8,3032577-10~* —7,331263-10~2 5,524 3509-10! |,
| 4.38422.100'  —6.9788119-10~1 5,663427-10~!

Onpenenute rpHHBHYCKHE NPSIMOYTrOJibHBE KoopauHaTH X;, Y, u Z; TOuKH | no-
BEPXHOCTH 3eMJH.

Pemenue.

1. HopMHpyeM BeKTOpH HampabJeHHH Ha TOYKY j B CHCTEMax KOODAMHAT CHHM-
KOE i H k!

1,9208992-1071) 4,361 0066- 10"
f‘},: —7,6118255-10~1 |; v}, =| —6,941 6432-1071 |;
—6,194 374- 107! —5,726 7106- 101
A;p = 161,456 67; Apy =174,64179.
2. Briuncnaum HanmpaBJieHHA —l‘?l. H _l'g] B HHepuua.anoﬂ CHCTEME KOOpJAHHAT:
5 i1 [ 4.2809055-101
=M Ngry, =|my |=| 6.2266354-10" [;

niy) L —6,5500383-10-1

ky ) [ 4.7533117-1071

7.6124797-10?

[ng; § | —4.4108709- 101
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3. OnpenenuM COYTHHKOKOHLIEHTPHUECKHE TpSIMbIE BOCXOMOEHHS Oy, Ok H CHKJIO-
Heuust Oy, Ok TOUKH j HNs MOMeHTOB BpeMeHH B u In:

m n”
o ;= acctg 7 It = 55,490 89°; &;; = arctg ——2—2— = — 40,919 907°;
my; + L
My Ny
ap; = arctg T = 58,018 885°; &p; = arctg ]7”[2— = — 26,173 319°.
] +l
ki

4. MonyyuM a;—S;=—13,518633° u 0x—S,=—11,053 31°.
5. Halinem rpuuBnuckne KoopauHaTel HIC3 B MOMeHTH BpeMeHM f; u ik:

X=xcos S}y sin S;

Y=—xsin S}y cos S;

Z=z,

X;=—5235098,7; X.=—5304254,8;
Y,=2018620,4; Y.=2017 889,8;
Z;=3834931,0; Z,=37461154.

6. ITo dopmynam (420) u (421) BHIYKCIHM rpHHBHYCKHe KOOPIHMHATh! Onpenelisie-
MO TOYKH j:

X;=—4919193,0; Y;=1942669,7;

Z;’=—3 553 289,6; Z;”=3 553 287,1;
Z]"l‘zj”

Zi= —2—‘-—:—3553288,4.

7. Tlonyyum CryTHHKOUEHTPHIECKHE PACCTORHMS fi M frj:

r”=|/(X] Xi)2+ (YI--'Y[)2 + (Z]—‘ i)2 429 936,29;

rep =V (X;— Xp)? -+ (Y] —Y) * + (Z; — Z,)* = 437 164,61.
8. IlponsseneM ouerky TouHOCTH. [1OCKONLKY pacCTOsiHHA i U fr; BecbMa GJu3-

K¢, To dopMyay (422) nif OUEHKH TOYHOCTH MOXKHO 3amHcaTh B GoJiee IPOCTOM BHAE,
a UMEHHO:

2

Mp=p2 _rs,iTln:—eTr?k (1 +%sin“‘ 6, ) ,
The »

0,=arccos (lijlxj~+-mymup--nyne=15°%

sin 0;=0,25699; sinZ0;=6,756-10-2;

p=10"=4,85-10-5; u2=2,35-10-9;

1--1/4 sin? 6;,=1,017; M;=115,3 m.

Kak BHAHMM, B CHJly MaJIOCTH yrila 3aceUKH MOJIOEHHE TOUKM j ONpejesieHo ¢ HeBH-
COKOH TOYHOCTBIO.
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Tnasa VI

ONPEAEJIEHHE HAUAJIbHbBIX YCJIOBHH
JBH)XEHHSA KAPTOT'PA®HHUECKHX

HUC3 MO KOCMHYECKHM CHUMKAM

§ 31. ONPENEJIEHHE NMPEABAPHUTEJIbBHOA OPBHTHI

Ilycte 3amana matemartHyeckad Mogeab pBuxennst VIC3 B unepuu-
AJIbHOM CHCTeMe KOOpAHHAT:

..X'-:Ux; U ‘—'_I-"_'—'— +Qx’

y =0, é=—p—+—+QJ, (422)

2

. . 0R
2=0, vz=—p.—a—|——+Qz,

Tae R—nepTyp6auu0HHaﬂ (YHKINSA, yYHTBHIBRIOLWAA BO3MYILCHHUSA,
06ycJioBJIEHHble AeHCTBHEM rpaBHTAIlMOHHBIX CHJ; Qx, @y @Q,— Bo3-
Myluaouide yCKopeHHs,, BbI3BaHHbIE CONPOTHUBJICHHEM aTMocthepH.

Ha tonorpaguyecknx CHHMKax, BHIMOJHEHHBIX Ha 6opry HMIC3, us-
MepeHbl KOOPDAMHAaTH TOYeK X;; H iy (j=1, 2,..,N). Hspectun ux
HHepLHaJibHble KOODAMHATHL X, Yj, 2; @ MOMEHTH ¢oTorpacdHpoBaHus
1; onpejiesieHbl B cHcTeMe BceMupHoro BpemeHn UTI.

Huepuuanbubie KoopauHath X;, yi, 2i UC3 B momentn dortorpa-
¢upoBaHuA f; CBS3aHBl C KOOPAMHATAMH TOYeK IJIaHETH Ha CHHUMKeE
Xi; ¥ Jij ypPaBHEHHUSIMH KOJIJIHHE2PHOCTH:

~

; ay (x;— %) + @ra(Yj— yi) + (27 —2;) f Uy |
— It

oty — ) T an(i—9) Yot =20 Wi (oq
~ i O (X — %) + ooy —ye) +tas(zp—2) _ f Vi
Yiy=—1I as (X — x;) + aga(y; — Y1) + as(2j —2;) Wy

rae I;=[aix]. Ilpuyem g5 uHepuMaJbHON CHCTEMBl KOOPAMHAT
II,= (II:*Io) ™.

Ecin Ha cHUMKax-u3MepeHbl KOOPAMHATHl TOYEK Xy M ¥y, HX HHEp-
LHaJibible KOOPAMHATH X;, Yi, 2; HEH3BECTHBI, HO M3BECTHbl CHNYTHHKO-
KOHUEHTPHYECKHE HallpaBJIeHUS HA 3TH TOYKH, TO ¢opMyan (423)
NPUMYT BHJ:

Iy by - aramyj o+ aggtyg
05iley + Gaemyj + aggnyp
agilij - Geemy + Goanyj
ag1 lij + agatnyj - ag3ny;

xtl —Tf:
(424)

Yij =“ft
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IlpennosioxuM, 4T0 Ha HEKOTOPOM HHTepBaje BpeMeHH f—I¢ floay-
yeH psaa TonorpaduyeCKHX CHUMKOB, Ha KOTOPHIX H3MEpPeHB KOOpjH-
Hatel j=1, 2,...,, N Touek nopepxHocTn njaxerbl. I10 3THM A@HHHIM H
3aperucTpUpoBaHHBIM MOMeHTaM CBEMKH f; TpeOyeTCs ONpeAcsHTb
HayaJibHbI€ YCJIOBHSA Xo, Yo, 20, Xo, Yo, 20 B NOXY fo NJIA HHTETPUPOBAHHUSA
ypaBHeHH#l pBHxKeHus (422).

BmMecTo KOOpAHMHAT H COCTABJASIOLIHX CKOPOCTH MOXHO TaKKe OIl-
penesiiTh HayaJibHble 3HAYEHUA KENJIEPOBBHIX 3JIEMEHTOB OPOUTH Qo,
lo, Jo, wo, R0, Mo B MOMEHT BpeMeHH fo.

3ajaya paspeiluMa, eClii MEXJY MHOXKECTBOM ¢>asoablx cocTos-
unit UC3 [x, y, 2, %, ¢, 2|t]; u MHOXKecTBOM u3MepeHHil Xij, 7y, L]
CYILECTBYET OJHO3HAYHOE COOTBETCTBHE.

Ha npakTtuke sagauy onpefesieHus OpOUT pellaloT B 1Ba 3Tana.
Ha nepBoM 3Tame u3 Bcero cocrapa H3MepeHHil BHIOHPAIOT HEOGXO-
JUMOE YHUCJAO H3MEPEHHH, MO KOTOPHIM ONpeleNIAIOT MNpEeABapu-
TeJdbHYIO OpPOUTY.

Pacno.naraﬁ NnpeiBapUTE/IbHBIME 3HAYCHUAMH 3JIEMEHTOB OpPOHUTH

do, €, 1o, mo, Qg, Mo pns MOMeHT# fo ¥ HCMOJIb3Ysl BCIO COBOKYMHOCTD
usaMepenuit [%i;, giy] (j=1, 2,...,N), no cnocofy HauMeHbLWIUX KBAJ-
paToB ONpefeSIOT NONPaBKU Aao, Aeg, Ado, Awo, AR 1 AMe® X npen-
BapUTeJIbHBIM 3HA4YCHUAM 9JieMeHTOB. [IpH 3TOM BHINOJHAIT OLEHKY
TOYHOCTH. DTOT 3Tan HasbiBaercs fHPdepeHNUHAJIbHBM Yy TOUY-
HeHHeM opO6uTH. Ilockonbky npepBapuresibHble 3HauCHHA 3Je-
MEHTOB AOCTATOYHO GJIM3KM K HMX HCTUHHBIM 3HAYCHUSAM, HUTEPalHOH-
HBIfl npouecc NMpH AHGQEpPEeHLUNANTLHOM YTOYHEHHH OpOHTH OBICTPO
cxonurcs. B mocienneM npHOJMKEHHH MOJYyyarOT 3JIEMEHTH OPOHTHI,
HawyyliuM o6pazoM (c TOYKM 3peHHS cnocoGa HaMMEeHbIUMX KBajpa-
TOB) ONHCHIBawIMe OPGUTY IPU NAHHOM COCTaBe, YacToTe H TOYHO-
CTH HeNocpeaCTBEHHHIX H3MePeHHl.

[IpeanodioxuM, 4To MUHHMYM Ha JByX TonorpadHyecKHMX CHHMKax
i uk (puc. 23) ynmaJjioch ycTaHOBHTH MO ABa TBePAblX NMyHKTa, HMelO-
IMX reoje3nyeckne koopauHatel B, L, H. 3Haa mMomenTh ¢oTorpa-
dupoBanus f{; U fr, MOXHO BBIYMCJHTbH HHEPUHAJIbHble KOOPIHHATH
TOuek MiaHetsl I, 2, 3, 4,..., eciu M3BECTHH CNYTHHKOUEHTPHYECKHE

HanpapJieHus i°, Fig®, Tr3®, T4, ONPElESHTh MHEPLUHAJIbHbE KOOPJIH-
Harol UC3 nyrem nmpsiMBIX MPOCTPaHCTBEHHBIX 3aceyeK ¢ 6asmucoB J—
2 u 3—4. Tlpu 3TOM HCNONL3YIOT (POPMYJHl NPAMOH 3aCEYKH, KOTOPLIE
B JIaHHOM cJiyyae 6ylyT UMETb BHI:

X, = Yp—h+ntgar—xstganl
L ’

tgay; —tgay

_ =%t I ctgoy —pactgaa,

bi ctg oy —ctg oy,

(425)
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2/ =2, + V(xt — X))+ (Wi — ) tgd,;

/' =2,+ V(Xi_‘ xg)® - (y; — Y,)*1g Oy

Ilpu 3TOM nepecraHoBKa 6yKB ABOHHOro HHIEKca ij—-ji SKBHBa-
JIeHTHa H3MeHeHHI0 HanpabyeHus Ha 180°. B manHOM ciiyyae HMCHOJIBb-
3yIOTCH TONOLEHTPpHYEeCKHe HanpasBjenus Ha HMC3.

Ouenka TOYHOCTH BHIMoJiHsieTcss N0 ¢opmyne (422). Ilocae Toro
KaK omnpejeJsieHbl WHeplLHaJibHble KOOPAMHATHL X;, Yi, 2; H Xp, Yk, 2k
HC3 B mMoMeHTH f; m fy, 3ajaya CBOAMTCH K ONpejelieHHI0 OpGHTHI
HC3 no AByM NOJIOXXEHHAM H PA3HOCTH MOMEHTOB.

OnpenenerHre p0JroTH BOCXOAfiLlEro y3Jia {2 H HaknoHenusa J. Bae-

OeM B paccMoTpeHHe BeKTop HopMadu N° K myockoctu opbuthl. ITo-
CKOJIbKY IJIOCKOCTb OPOHTHI onpejejieHa B HHEPLHAJbHOM IPOCTPaH-

CTBe reOLIEHTPHYECKUMH BEKTOpPAaMM I; M T, BeKTop N° npencrasum B

Puc. 23. CxeMa onpegenenusi opGHTH MO ABYM CHHMKaM
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BHJ€ BEKTOPHOTO NPOH3BENEHHA €AHHHYHBIX BEKTOPOB F;=T;/r; U 0=
=rg/rr. OH GyjeT cieayoIuM:

L, e &, ¢,
N = m | = X7 = ——| 1 m 426
=\ My }=1I; e1= Tinag,, | o i b (426)
”!l lk mk ”k

rae Adip= On—>0: — pasHOCTL HCTHHHBIX aHOMaJuii; €x, €y, € — OPTH

oceil MHepLHaJbHOH CHCTEMBl KOOpAMHAT; [, m, n ¢ coome’rcmylomu—

MH HMHACKCaMM — HaNpaBJIfIONiHe KOCHHYCH BEKTOPOB r;° U rpl.
Dfineposl yraul Q u J onpenesiuM no ¢popMynam:

L' =mipy—mpn;; m, =lni—Uing, ny’ =lLime—Ilzm;; (427)

Isinady | =V bm +nls 2=V +m (428)

cosJ =—L—; sinJ = —A—, (429)
| simA8 | | simA8 |

ecau J<<90° 1O

cos Q= — "Z” ;o sinQ = %, (430)
ecan / =>90° To
cosQ:m—"'; sinA =-— ’Z' . (431)

Onpenesetne Goabioil MOJYOCH g, IKCHEHTPHCHTETA e apryMeHTa
NepMUEHTPa @ M CpeAHed aHOMaauu B 3noxy fo. Ha ocHoBanuu ypas-
HEHI1 OpOUTAJILHOrO 3JUJIMICAa B MOJISPHBIX KOOPAWHATaX BHIPasuM
¢dbokanbHbll napameTp p

p=a(l—e?)=rr(l+ecos O,) =r(14ecos ), (432)
H 5KCLUEHTPUCHTET
e= bt (433)

r,cosﬂ,-—rkcosﬁk'

[Tockoabky 3kcuenTpucuter Kaprorpaduueckux MIC3 man (e<<0,05),
uenosib3yem gopmyay (433) nas DpHGJIHIKEHHOrQ ONpejesieHns 3Ha-
yeHust ¥; B TOUKe i.

Jns atoro Heo6XOAMMO BHINOJHHTL MPOBEAECHHE THMNOTES.
ITpu 3TOM pasHocTe ADir onpenensioT no popmyaam:

| sinady, | =V +m 4 ns (434)

cos AGip=lilp-+-mume+-ning,
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KOTODble He MO3BOJSAIT ONPEeAeJNTh KBAJJpaHT, B KOTOPOM Jexut Ad.
Hns onpegeseHns KBajpaHTa BOCIOJb3yeMcsi MPUONMKeHHOR ¢op-
MyJIOi.

[pumem, uto Goslbluas MoJyoch @ = —";I_—"’.
s a2
Buryucmiv nepuon obpauerus 7° ~ 2% ——.
v u

Onpenemv A9, mo dopuyne AP, =~ 360° t—k—;t‘.

IlpoBenenne runorea sakiwuaercs B chaenywoouieM. ITonoxum, yrto
0:9=0° Torgpa ©p=AUi,. Boiuncaum skcueHTpucurer no dopmyae
(433). Ecan npu stom 0<<e(®9<C0,05, To B KayecTBe NMPHUOJHIMEHHOTC
3HaueHusA O; npuMem &;(9=0°. Ecsiu e 3T0 HepaBEHCTBO He BHINOJ-
Hsercd, To 0:(®) 6yaeM npunaBatek 3HaueHus 30, 60° u T. a. 1O BHIMOJ-
HeHusi ycjioBusi HepaBeHcrBa 0<<e<<0,05. I1pu sTOM 3HaueHus a, on-
penenseMble o popmyJie

a® — re(l —|;eco; 8,(%) ' (435)

JOJIKHBL ObITh B npenesiax 6500-+-6850 km.

IMonyyensnie npubauixkeHHble 3HaueHHs 09, a®, e© .3atem cie-
LyeT yTOYHHTb, HCNOJb3Ys HBIOTOHOBCKMA HTEPALMOHHBIA MpoO-
ecc.

C 3Toft Hesbl0 BBeAeM TMOHATHE MOLUMGMDHUIHPOBAaHHOTO
BpeMeHH t. MonudunuposanHoe BpeMst v onpeaenasercs ¢opmyJiol

v =V u(t,—t;) = 1,996 4982. 10" (t, —t,). (436)

Takum o6pa3oM, BpeMsi OT MOMeHTa f; OTCUMTHIBA€TCH B eIHHHIAX, CO-
nepxamux 1/p cekynna. Beipazum §; xak dyHkuuo MomubuUHpOBaH-
HOro BpEeMEHH T, AJSA YEro CoCTaBHM CJEAYIOUYI0 cHcTeMy GopMmya
3aj1ayy ABYX TeJ:

= Tkl ; (437)
rycos$; —rpcos 9y
P re(1+ecosdy) : (438)
1—e?
V1—esind, .
. Vl —e’sinﬂk .
.thk T T edcosh, ' (440
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(M, —M;) © == (E—E;) °-+-57,295 78% (sin E;i—sin Ey); (441)

T = 0n 20 449)
=2n (
= 7y Me =M /0 443
() Ve (443)
Onpenennm urepauuorRy Gynkuuio F(9:):
F(0:) =t1—1(0:9). (444)

Ecnu 61 nosyueHHoe npubiunixenHoe 3nayeHue O;(?) CoBepLIGHHO TOY-
HO COBMaJI0 ¢ HCTHHHBIM, TO OYEBHJHO, YTO HTEpaLHOHHas pyHkuus F
6p1a 661 paBHOH HyJI0. HO, MOCKOJLKY AOCTHYL 3TOr0 B Mponecce ru-
noTe3 INPaKTHYECKH HEBO3MOXHO, TO NPHOJHMKEeHHOe 3HaueHue U,
HeO6X0HMO YTOYHHTB N0 ¢opMyne HbloTona:

9,00 — g, FGO) (445)
F'(8,)
’ 0 dF(Bio) 5
rae F' (8,) = ——" — npou3BOAHAA OT HTEPALMOHHOH (YHKIHHK MO Hc-

do,0
THHHOHA aHOMaJuu ;.

Boiyucnenue npousBonHofi F/($,°) BBINOJHEM C MOMOIUBIO MPHGJIH-
KEHHOro yHucJjeHHoro mertopa. C 3Toil uenplo uamenum &;° Ha manayio
BeJUYHHY 60; (nopsiaka 1% ot 0:°) W BHIYHCIMM BapbHPOBaHHOe 3Ha-
yenue F(8,°4-6U;). 3areM BuiyucauM npoussoanyw F’(4:°) no ¢op-
MyJe

F (3[_(0)) — F(B[(O) +6'B£) —F(Bto) . (446)

a5,

INpounecc npuGauxkenuit no ¢opmyine (445) 6yaeM npomosKaTh
A0 Tex Mop, MOKa JJif HEKOTOpOro npubjuxeHus ¢ HomepoM N He BHI-
nonuutcst ycaobue |8:M—9;WV| < |e|. Ipn 310oM nonarat e=
~ 12"

B npouecce urepanuil onpepesieHsl 3HayeHHs! GOJBLIOH [OJYOCH
a U 3KcueHTpucuTeTa e. CrnefyeT BBIYMCJIHUTL apryMEeHT IUHPOTH @ H
CpenHIol0 aHoMaaunio Mo B 3noxy fo.

Jns 3Toro npexje Bcero HaiiileM apryMeHTbl LIHPOTHl B TOYKax i
u k no dopmysam

sinu___ycosQ—xsinQ; cosu:xcosg—l-yslnse. (447)
rcos/t r

Torna apryMeHT nepuUeHTpPa MPeACTaBHM B BHIE

©; =U;—0. (448)

CpenHioo aromanuio My B 3noxy T, onpenesiuM H3 BblpaiKeHUd

Mo=M;—n(t:—t.), (449)
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rie M,=FE,—esinE;, Ha stom
JIEHUsI OPOUTH 3aKaHUYHBAETCH.

npoliecc NpenBapHTENLHOrO ollpeje-

Mpumep 16. Ha nByx tonorpadmyecknx cuumxax c f,=100,0123 MM, noay-
YeHHBX B MOMeHTH f[;=609,531°+f n f»=1836,217°4f,, oTmewndpupoBano no
ABe HMCXOJHBle TOYKH (CM. pHC. 23), HHepuHalbHBle KOOPAHHATH (x, y, 2) (B M)
KOTOPbLIX B MOMEMTEH! [; H fp OBINH CNEAYIOLHMH:

CHUMOK [
Touka J —4754045,5 —2241030,1 3829168,8
TOYKa 2 —4 5697514 —2075698,3 3924 687,9
CHUMOK k
ToYka J —3885391,3 —3176069,0 —3923614,0
TOYKa 4 —3878644,2 —3081179,2 —4004572,9

B npouecce dororpammerpuueckolt 06paGoTkH OblaM ONpeneseHB ONePaTopH
OpPHEHTalHH CHHMKOB B HHEpLHaNbHOM NMPOCTPAHCTBE:

3,267 8687-10—* —8,460 7536-10~! 4,211 4955-10~1
; ==M*My=] 7.400686-10~! -— 4,806 582-10~2 — 6,7081164- 107! |;
| 5,878.0009- 10 5,308 9199-10! 6,104 4646-10—!
[ 8,226984-10! —3,8245619-10~! 4,205 8861-10~!
My =M* =] —4,60205.10~® —7,4430314-107!' —6,677 2526-101
5,684 5888-10~1 5,473 6303-10~* —6,14205645-10~1
Ha cHHMKax HaMepeHBl KOOpIHHATH %, § (B MM) Touek:
CHUMOK §
TouKa I —38,8659 — 47,3426
TO4YKa 2 27,8853 — 83,7802
CHUMOK R
TOouKa 3 104,0280 — 77,3552
Touka 4 89,2771 —108,2392

ITo 3THM IaHHBIM TPE6YETCH OolpeeJINTL NpenBapHTelIbHble 3JIEMEHTH OPGHTH Ha 3I0-

Xy to

—3,3139723-10!

[

Pewenne, |. BuyncauM exunnyHble BEKTQPH B CHCTEMax KOOPAHHAT CHHMKOB:

2.090 1403-101

T, = | —4,067537- 107 |5 “rf,=| —6.2797378-101 |:
—8,5277374- 10~ —7,496 4135.10~1

B 6,3535603-1071) 5,181 3788 - 10!

1, = —4.724506- 101 {; 1%, =] —6,281883-101
—6,108 2995-10—1 | —5,804 41810~

2. Onpenennm TOMOLeHTpHUecKHe Hanpabnenuss Ha HIC3 B MmoMenTw 2; u I
1,259 0155-10~?

-0 _
e =

— ;0,7 = | —3.4619653-10 |;

9,296 7575-10~1
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- 4,464 8993- 10—
T, = — MMerY, = | —7,5657447.10-1

| —4,777 4686 10— |
—2,839 0506-10—]
T, = — M1, 1% = | —6,8773694-10—1

| 6,681 4369- 101
[ —4,2239849-10~1)
= — ;7 1%, —| —8,527 6359-10~1 |.
| —3,0720355- 10~ |

3. BhluMCNUM TOMOLEHTPHYECKHE TIPSIMEE BOCXOKIEHHA H CKJORERHs (B yrJ. rpa-
nycax):

m .
oy = arctg ﬁ: — 70,015 153; o5, = — 120,546 84;
1

My

V”’fi + &

az=—112,43135;  a4.=—116,350 55;
62:=141,923 952; 04, =—17,890 781.

6” = arctg = 68,384 309; 63]; = — 28,538 345;

4. HatineM reoueHTpHyeckHe HHepuHasbibie koopiuHatel HMC3 B mMoMenTn £
U L

Yo — th + [xy 1 oy — X 1 2y .
tgaoy —tgay

_Ya—X 4 [ ctg ong — gy Cig agg) _
ctgay; —ctgay;

X = — 4699 695,6;

Yi — 2390 495,6;

2y = z, + V(x[ — xl) +*(yt —_ yl)_tg 61[ = 4230 495,6;

2! =2z, +V (% — %a) + (Ui — ps) 1 83 = 4230495.8;
r1=6 760 075,2; .

Xx=-—4 135936,3; yr=—3600615,3; z4'=—4 191 698,3;
2/ =—4 191 697,3; r,=69022263.

5. OnpenesiMM KOMMOHEHTE BEKTOPA-HOPMAJH K MJOCKOCTH OPGHTHI:

v\ e ¢ e 5,549 2993101
NO =| my = F‘? po4 —r%] = sinAﬂ[k li m; n; =j —8,174 0653 - 10-1 ],
ny lp my ng 1,545 9407-10~1

rae Aﬁ;k=‘ﬁk—’ﬁg=77_,232 08°.
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Ta6auna 10

Homep runoresn 8;» yra. rpanyc e a, KM
1 0 2,7-10~2 6 948,7
2 30 1,7-10—2 6 867,6
3 90 2,1.10—2 6 763,1
4 180 —2,7-102 6 948,7
5 270 —2,1-10—2 6 763,1
6 345 4,29-10—2 7 053,0

6. BoiuHcanM ROJNTOTY BOCXOAALUEro yana M HakjgoHenHe J mo ¢opMynaM
(427)— (431):

, —_—
ny Vl’%, + m'%. —

— .10—1: ——
cosS = [sindbz] 1,56459407-1071; sint = [sin A7 |

=9,8797807-10~%

J=281,106 75° mpu J<90°, noatoMy

’ 4

m l
$Q= —-— =8,2 <1071 sin@Q=
co A 8,273 529-10 sin@ A

= 5,6168242-1071; 2=

= 34,172229°.

7. OcyuecTsyM npopefienne runores (Tabn. 10) mo ¢opMynam

rg—1ry

e = ;
rpcos®; —rpcos By’

a—”(l -+ e cos ;)
_———l_ea .

Ins nannoro pecypcioro MIC3 uapectno, uto ero Buicota A==380 kM, nostomy
runotessl 1 n 2, 6 oTeeprawTcs (B COOTBETCTBHH C HHMM CNYTHHK HaXOAMTCs 3Ha-
quTespHo Bhille). T'Mnoressl 4 H 5 NPHBOAAT K a’CypAy — 3KCLEHTPHCHTET OTPHLA-
tenen. TakuM o6pa3om, eIHHCTBEHHOW MpHEMJeMOll fBJAETCA THIOTe3a 3, COrJacHo
votopolt 0y(M=90°. Urobn H3bexars HeleHHs Ha Hynb npu $,(9=90°, npumeM nas
nocnenytounx nrepaunit 8, =95°

8. Urepaunonnm#t uvksn (ta6a. 11) suinosnum no ¢dopmynam (437)—(445).
Pasnocte MomentoB dororpaduposanus f.—I;=1226,686°; moanduuuponaHHoe Bpe-
Ma =V (fe—t) =2,449 0762- 101%; pasmocTb re—r;=142151,1 M.

Ins Bouucnesns npouaponHo# F/(8;) BeuncAsiuch sapeHpoBanune a’, T,
1:(?;—{—1“). IMpy sapbupoBanny O; waMensnachk Ha 1°, moatomy P’(8)=F(941°)—
—F ().

IMpouece HBIOTOHOBCKHX HTepauuil OGHICTPO CXOAMTCH [B cenbMOW HMTepaiuH
F(8;)=0]. [NosTOMy B KauecTBE OKOHYATEJbHHIX 3HaueHHH YTOYHAEMBIX BEJHYHH OPH-
HUMaeM WX a3HaueHHs celpMoll urepauuu: O;=1085889°% #.=18582098°%; e=
=0,030 169 88; a=6 701 160,1 M; T=>5 459,286 8.
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Ta6auna 1l

Homep nrepaunn

2

OnpepeniseMas BelHYHHa - :
8¢ yra. rpanyc 95
8{, yra. rpapyc 172,232 08
e —_
a, M 6750 165,4
Ts 5519,2816
T(8;) 2,4326152. 101
a', M 6747 343,3
Ts 5515,8204
(8, +1°) 2,433 544 4-101°
F (%) 1,646 1-10°
F(%,41°) 1,553 18- 108
E*(8y) —9 292 000,0
204 —17,715238
F'(®) ’
8"+ yran. rpanyc 112,715 24

112,715 24
189,947 32

6 679 167,0
5432,433
2,456 702 5- 100
6673 018, 1

5424,933
2,458 862 2-10'°
—76 263 000,0
—97 860 000,0
—21 597 000,0

3.531 184 9

109, 184 06

109,184 06
186,416 14

6 698 278, 1
5 455,765 2
2,450 066 2-101°
6693 233,6
5 449,603 6
2,451 807- 1010
—9900000,0
—27 308 000,0
—17 408000,0

5,687 0404-101

108,615 36

9. OnpenennM aprymMeHT WHPOTH U, apryMeHT NEPHLUEHTPA @ H CPeHIO aHo-

Manuio B 3MOXYy fo:

y;€os & — x;sinQ

sinu; = = 6,334 0713-10~1;
ricosJ
Q inQ
cos u; = ¥eosRFyesin® 7,738089-10~1;
r
u;=—140,698 05°%;
o=u,—";=32,109 15°%
n==r5 = 6.594 26791072
/T—e¥sind
tgE; = Vi—@sinb 5 o0 6746;

e+ cos §;
Ei=106,942 29°;
M;®O=E®—p° sin E=105,288 71°.
Mo® = M; O —n (t;,—t,) =65,0946°.

§ 32. AUPSOEPEHIHAJLHOE Y¥TOYHEHHE OPBHUTHl HC3

IlpenBaputenbHbie 37€MEHTBl OpOHTE HEOGXOAMMO [ajieeé YTOUHHTE,
HCMOJIb3Ysl BCE HCXOJHBble MyHKTH j=1, 2,...,N HJH eIUHHYHBbIE BeK-

TOPH Ty

CNYTHUKOUEHTPHYECKHX HampapJieHHH, noJyyeHHble 3a me-

pHOn BpeMeHH t;—£o, HA KOTOPOM BLINOJIHAJIACh CHEMKa.
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. Homep wrepanuu

108,615 36
185,847,44

6 701 034,0

5 459,132 6

2,449 119 5.1010

6 696 134,8

5 453,146 8

2,450 849-1010
—433000,0
—17 287 000,0
—16 854 000,0

2,569 123-10—2

108,589 67

108,589 67
185,821 75

6 701 156,6

5 459,282 8
2,449 077 6100

6 696 263,5

5 453,304 2
2,450 760 3-10%

—14 000,0
—16 841 000,0
—16 827 000,0

8,319 961 9-10—4

108,590 5

108,590 5
185,822 58

3,017 115 7-10~2
6 701 152,5
5 459,277 8
2,449 078 9- 1010
6 696 260,2
5 453,300 4
2,450 762 3-10%0
—27 000,0
~—-16 861 000,0
—16 834 000,0

1,603 896 8-10—3

108,588 9

108,588 9
185,820 98

3,016 988 5-10—2
6 701 160, I
5,459,286 8

2,449 076 2-101
6 696 268,2
5 453,309 8

2,450 759 4-10'°

0,0

Jlns BeiBOpa HEOGXONHMMBIX COOTHOLUeHHH O6paTHMcsl K JIMHCApH-
3MPOBAaHHOMY OCHOBHOMY YPaBHEHHIO KOCMHYECKOH ¢QororpaMMeTpuH
(191). Bynem nosarate, YTO BHELIHSIS OpPHEHTALMSI CHHMKOB BBINOJ-

HEeHa ¢ NMOMOLIBI 3BE€3JHOH KaMepHl,

HOCTH He omnpejeJieHel. B atoM cayuae By =0

3. )'

a KOOpﬂHHaTbI OyHKTOB MOBEDX-

8
(3, l)l

= (0 u ypaBHeHHe

(191) B uHepuHManbHOH cHCTEMe KOOpPAHMHAT OyHeT HMETb BHJ

- 0;}
dx; ﬁ(m i 0x;
~ = , - -

2,3 (3.1 ~
@)  ox;

ox;  ox || da,
l)y[ 02,-

dy,
i);_i 0!/[ dz
Oy; 0z _|I_
2,3)

[£9))]

(450)

KoopnuHatel x;, yi, 2; ABAAOTCH (YHKUHAMH HayaJIbHHIX YCJOBHI
JIBHIKEHHSA Xo, Yo, 2o, Xo, Yo, 20, IOITOMY

dx,

0
Oy,

dy, =

X; - ox :
—fdyo+#dzt:

Ox; 6x‘ a)C[ ().Vt .
=—td —dy,+—+dz,+—-dr,+
0%, ot oY, Yo 0z, % 0%, Ao

0 a 0
P e o dyyt2kdzo
0
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- "-‘” m’,,+ﬂdyq+ gy: dz.; (451)
dz, = Dz; Ja + 02; dy o+ 02, dzn+

+ gz: dxo-l— 02‘ d %+ oz‘ dz,.

BBenem matpuuy

%_ 0% Yi %) _ | O Oyi’ Oy; dy; Oy; Oy

t —_— 0 - - pu— . . -
(3.6) O(Xo» Yor 29+ Xor Yo» 2p) Oxg Oyy 02y O0x, Oy, 0z

H BeKTOp(Ga_—(dXO, Yoy 02, dx, dy,, dz,)". Toncraeus dx;, dy, u

dz, u3 dopmyn (451) B (450), noayuum:

-— o~ ~ ~ -

Gx,-, 0)5” 6:6[,-

dx; ~@ 0 = Ox; oy 0z
if _ B:j) B, 5 — i i i v
~ 2.3) ' (3,6) (6.1 ~ ~ ~
dy,; ) oY;;  Oyy  Oyy
_ Ox; 0y Oz _
—on Ow o ou Om o )| P
oxy Oyy 0z, Oxo  Oyp 0z dy,
y oyp Oy; Oy Oy Oyi Oy dz, 453)
Oxq Oyy 0z 0x 0y, 0z, da, ) (
62[ 02; 01[ 02‘ (’Z‘ 02‘ dyO
_ 0%y Oy, 0z Ox ot 02y _ :
0 [ 0 () Yo 0 B dzo |

YpaBHeHue (453) siBafieTcs OCHOBHBIM MPH OnpefeseHHH HayaJbHBIX
ycnoBuit aBHkenusi IC3 no pesyarratam gororpammerpHuecKkoil o6-
0

paGoTKH KOCMHYECKHX CHHMKOB, rje B;—wmarpuuma H30XpPOHHHIX
- @.6)

TUPOH3BOAHEIX; 6 —BEKTOpP MOMpPaBOK HAyaJbHBIX YCJOBHIL
.1

Paccmotrpum apyrywo ¢opMy ypaBhehusi (453), xoraa B Kauectpe
YTOYHSIEMBIX BEJHMYHMH HMCMOJb3YIOT He KOOPHMHATE H COCTaBJISIIOLIHE
CKOPOCTH B MOMEHT fo, @ HEKOTOphIE MOAM(HKALHH 3JeMEeHTOB KerJje-
160



Ta6aunpna 12

IIpouseosinan E, Es E, E, Eg Eq
Oxt .Y 3 . N ;C
- 0 -t ——(t—t Hx;+ Kxg | 2L
oE,, Z; . Ty | xe 2 (te—to)xy | Hxp+ Kxy -
7 | 0 | =gy g — it to)in| iyt K | S
oE, n 2 n
01; A:![ 3 - M éi
- —x - 2 ——(t; —t Hz; + Kz it 2
oE; Y { n t—— o yi| Hz; + Kz -

popoii opbuTH. I[locKoabKy OpPGHTEI KapTorpagHyecKHX H pecypCHBIX
HC3, kak npaeuno, obranaT MajbIMH 3KCUHEHTPHCHTETaMH, TO ap-
CYMEHT MepHLEHTPa @ OmpeaenseTcsl HETOYHO, a npH e—>0 NoJoXKeHHe

nepuueHTpa BooblLie cTaHOBHTCS HeomnmpepesneHHHIM. Bekrop AW aJe-
MeHTapHoro nopopora (105) HanpasjleH N0 MrHOBEHHOH OCH Bpalle-
HusA. Ero cocraeasiiomine Apx, Ay H Ay, MO OCAM HHEpUHAJIbHOH CH-
CTEMEI KOOPAHHAT NpHMeM B KayecTBe MONPABOK YTOYHAEMBIX YIJIO-
BLIX 3JIEMEHTOB OpOHTH, T. €. OyJAeM HX NPUMEeHATb BMecTo AQ, Al H
Aw. Torgpa Ha ocHoBanuH (opmys (112) cBa3p Mexay Apx, Apy H
AY; 1 AQ, AJ, Ao BEIpa3uM 8 Buae

dpx=rcos QdJ+sinJ sin Qdo;
dp,=sin QdJ—sin J cos Qdw; (454)
dp,=dQ-cos Jdo.

Hcnonb3yeM Takxxe GOPMysbl 06paTHOro 'nepexoua:
Ao = (Apysin Q—Ayp,cos Q) cosec J;
AJ = Apxcos Q+Apysin Q; (455)
AQ=Ayp,—Aw cos/J.

B kayectse yTouHsieMbX 3JieMeHTOB E\, E,, ..., E¢ npuMeM ¥x, ¥y, ¥z,
Ina, e 1 Mo+4..

Tpebyercs onpenenute nonpaBkH Apx, AYy, Ay,
A(Mo+-p.).

B TeopeTHyecKOH acTPOHOMHH BBIBeAEHBl (POPMYJIB AJISi MPOH3BOJ-
HBIX (Ta26J. 12), BXOASAIHMX B MaTpHLY

3 (%, y, 2)
(3.?) _0(‘1’,‘;. ‘Py. q’z' l"a, e, Mo--l- TZ)[:ZO . (456)
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Beauyuns H n K, BXojsipe B NPOH3BOAHBIE MO 3KCHEHTPHCHTE:
Ty, NIPeJACTaBHM B BHeE:

:_"‘a(l-l-e’); K= api [l—{— r ]

ae(1 — e?) a(l—er) |
s=xx 4+ yy+z2.
Ecan B mpouecce nudepeHuHanbHOro yroyHeHusi opObuTH onpejede-

Hbl 3JIEMEHTH VPx, Py, Pz, Ina, € B Mo+, To ypaBrenue (453) mpe-
o6pasyeM ciaeaywouHM 00pas3oM:

(457)

0x;,- 0)6” Ox;,-
dx,. ~2 ro—of Ox 0 0z
[d u]= B BY 3| o
: (23 3.6) (6,1) ~ ~ ~
Yij ) Ea Oy;;  Oyy;  Oyyj
Ox; Oy, Oz

—0x; Ox;  Oxg 0x; Ox;g ox; ] AY,
oY, 0¥, 0¥, olna e O(My+ ¥y) Agy
A
% Oyy Oyr Oy; Oyi Oy 0y P (458)
0¥, 0¥, 0¥, Odlna de Mg+ ¥2) e
0z; 02; 0z 0z; 0z 0z; Ae
_0¥, 0¥, 0¥, Olna ce oM+ ¥, _ AM+ AT,

rae & _[Atlr AY AV, 22 AeAM —|—A'F]
(6.1

llJ'Iﬂ Kamaol TOYKH ], HBMepeHHOﬁ Ha CHHMKe, MOXHO COCTaBHTDb
JiBa YpPaBHECHHSA MOINpPaBOK:

~ B
B BY B (207 “’ x\— o+ 8. (459)
@3’ 136 (6.1 o~ 8 (2.3) (21)

~ ~ o~
rhe  ag, y?, —H3MepeHHble Ha CHHMKE KOOPIAHHATHI TOYKH J; .x?‘},
Yy — npuOAHIKEHHBIE KOOPAMHATHl Ha CHHMKE, TOYHO COOTBETCTBYIO-
LiHe NpelBapHTEJbHbIM 3HAYEHHSIM YTOUHSIEMBIX 3JIeMEHTOB; U, Oy—
NONpaBKH B H3MepeHHbIe KOOPJAHHATHI.

Kaxnoit nape ypaBHeHHMH nonpaBox OyaeT cOOTBETCTBOBATh Be-

—1
cobasi matpuua P;= K7, r11e K, onpeneasietcss ¢opmysoli (271).
227 (@2

Hasi Toro 4ToGH npu6.aneHHme 3Haquuﬁ KOOpJHHAT TOYeK CHHMKa
~00 ~00
Xij, Yij COOTBETCTBOBAJIM MNPEABAPHTENbHBIM 3HAYECHHAM YTOYHsE-
MBbIX 3JIeMeHTOB, HEOOXOAHMO TOUYHO, C YYETOM BC€X BO3MYIUAIOILHX
(akTOpOB BHINMOJHHTL HMHTErpHpoBatue AHG(pEpeHUHANTbHLX ypaBHe-
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HHMHl JBHIKEHHMA Ha

MOMeHTH (¢QororpadnpoBaHHs f; H ONPENEJIHTh

npuOnHKeHHBe X°°, y;°° K 2;°° pHepumanvHele KoopauHath MC3.

3ateM NpHOJHIKEHHBIE KOOPJAHHaTHI

yHcaHTE N0 ¢popMyaam (423).

00
"?? H Yif

TOYEK CHHMKa BBI-

Ilycte B 0o6paborky BKJwouyeno j=1, 2,..,N Touek, n306pasus-
wuxca Ha i=1, 2,..., M cHuMKkax. Bpegem 0603HayeHHs:

_ 0;” (3;” 015‘ 6;” 0_!/[ Ex” 02; .
= 3%, ~ o%; 0%, ' oy 0%, 0z; 0%’

_ oyy; _ 0‘;:,' 0x; ovi; Oui dyy Oz
=¥, = o, 0¥, T oy 9, T o2 o,
b O)C‘] _ 0‘;" 0x; 0X” 0y; 0;‘,- dz; .

x O‘Fy - l)xt O‘Fy Oyi O‘Fy Ozi 0‘Fy
b — 0!/[,' 0;” 0x; + l)ll” + 0'_;/’” 0z; .

v O\Fy 07‘[ O‘Fy 02[ O‘Yy ’
c. — 0‘;” — 0;” { 0)6;, axt,- 02[ )

x a‘pz ()X‘ _I_ O‘Fz 2[ a‘Pz ’
o = Oy 6;” 0%y + Oy:; oy; Oyy 0z

Y0¥, T ox; o¥ 0 oY 0z; 0%, '

j 't~ z Yi o z i ~z (460)

d. — ax,-, _ bx” Oxi + 0)6” Oy, + 0]6” 02; N
*7 9(lna)  ox; O(lna) oy; O(lna) ' d0z; é(Ima)’
J — 0;[,- . 0‘;:; 0x; 1 03:; oy; 0!/1] 0z;
v= Jna) — ox o(na) T oy o(na) + &% Ta(na)

_ Oxy Oxy  0x; + 0x;j  Ou n Ox;j 0z
€x= "9 ox; Oe oy; oOe 0z; oe '
. ove; _ Oyy Ox + oy Oy + 0?/:[ oz; |

¥~ " de  ox; oe doy; Oe oz; oe’
f ();t! _ 0;'” 62:; 0x, 6_1/;

* M+ on LT Y) | ou o, ¥ ¥ T

0;” 02;
0z; 0(M0+‘1’z)
f _ 6_!/“' _ ay,, 0x; ay” 0_'/‘ +
YT oMo+ ) 0xg  O(My+ ) oy;  0(My+ %)
6’_!;[, ()Zi

t+ % oL
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MarpHua ypaBHeHHil nonpaBoK A, cocTaBjieHHasi HJs BCEX TOYeEK,
BKJIIOYEHHBIX B o6paborky (N, 6), Gyner cnenywomeii:

B ax bx cx dx ex f n
1 1 1 1 1 x1 moura 1
ay, by, Cy, dyl n f "
ax bx cx dx X fx
2 b 2 2 4 2 2 i 2 moura 2
a c e
Yo Yo Yo Yo Yo Yo
Ao e (462)
Ay by Cn v i Ton
b J f nwoura N
ayN yN cyN yN eyN yN

MaTtpuue A OydeT COOTBETCTBOBaTh KOBapHaLHMOHHAsi MaTpHua H3-
(N,6)

MEPECHHBIX KOO[LAWHAT Ha CHHUMKax

K =diag| K,, K,..., Ky]. (463)
(2N ,2N) 2.2) (2.2) (2.2)
BoimumeM  (GopMyJbl VI YACTHBHIX TNPOH3BOAHBIX, BXOIALIHX B
ypaBHeHHs1 (460). Ilpou3sBofgHbIE KOOPAHHAT TOYEK CHUMKE X;j, ¥ij NO
HHEpUHAJbHBIM KOOPAHHATAaM Xi, Yi, 2; OyAyT CJELYyIOIIHMHU:

&
c;:l =—%ij (02 (4, — ¥) — Gaa (2, — 20
i

ox )N

Gx” = Xill— Qg (.X]- — X))+ (zf_zi)]'

Y

P .

0’:” = — Lij [0 (X;— X) Fan (9 — 4k

~t (464)
35/:/ = — Xy l— s (g —¥) + 21 (34 —2)k

X

Zy‘,— = — X [@1s (xi —x)—au(z —2d}

Yi

?:z/:i = — %yl— G (x;— 1)+ an 4 — z)}:

rae

Xii= “:; ; W”=au()tl—'1,)+a”(yl "_'yi) +a38(zl—zi)' (465)
il
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B ¢opmynax (464)—(465) BeNHYHHBl Qix ABJAIOTCHA 3JIEMEHTaMH
marpuun Il;:

Il,— (“1*“0)7. (466)

ITponsBonHble HHEpUUadbLHbIX KoopxuHat WC3 x; i, 2, Ho yToy-
HSIEMEIM 3JIeMEHTaM Px, Py, P2 INa, e, Mo, onpeneasitor 0o popmy-
naM TeopeTHYeCcKOH acTpOHOMHH (cM. Taba. 11).

Ofee pelueHHe BBIHOJHAIT MO MSTOJY HAaHMEHbLIHX KBaJpaTOB:

AW,
AT

AT,
(8)psy = Aa - =[A KA At e, = B! AL o,

6,1 a (6. (6.2N)(2N,1)  (6,6) (6,2N)(2N,1)
Ae
AMO + A‘FZ (467)

6.1 k+1

4

rne k— HOMep HBIOTOHOBCKOH HTepauud. Hrepauwonnnii nponecc 3a-
KaHYHBaeTCAl, KOrjga B MNpeAesax TOYHOCTH BHIYHCJICHHH 3HayeHHH
3JIeMEHTOB BEKTOpa MONPaBOK MPAKTHYECKH MEPecTalT H3MEHATHCS.
Ilocsie BHINOJNIHEHHSI MOCTERHEH HTEpPaLMH TEpPeXOoiAT K OLeHKe
TOYHOCTH H BHIYHCJIAIOT:
OlHOKy eIUHHLL Beca

et — 9Py
9 2N —6
olHOKH onpefieIeHHA 3JNE€MEHRTOB OpPOHTHI:

(468)

M =V Mo = ameV
My =MV i me=mV G (469)
”sz =m, VE’ mMo.,.\pz =m, Vq_s:’

T€ §rr— AHArOHAJIbHBIE 3JIEMEHTHI OGDPAaTHOH MaTpHIILI e%)_l HOPp-

MaJbHBIX ypaBHEHHH.

IIpumep 17. B kauecTBe mpenpapuTe/ibHHX NMapaMeTpPOB NPHMEM CHCTEMY 3Jle-
MeHTOB, NOJIYYEHHYIO B NIPHMcpe 16: a=6 701 160,1; ¢=0,030 169 88; Q=34,172 229°;
J=81,106 75°; ©=32,109 15°;, M,=65,0946°.

Ucxonnofi undpopmaumeli nna nnddepeHUHANBHOrO YTOUHEHHS ABJAKTCH KOOP-
JHHATH LiecTH ToweK (taby. 13), M3MEpPeHHHX Ha IBYX TonorpadpuyecKnX CHHMKAX,
NONYUYEHHHX B MOMeHTH /;—fo=0609,531¢ u ¢,—1,=1,836,2175.

CpeMKa BRLINOJIHANIACh Tomorpaduveckoii kamepo#t ¢ f,=100,0123 mMM. Oneparo-
prt opuentanmi I:*Ip u Iy Te ke, yto B npumepe 16.

PemeHne,

1. BEnciiefine cBOGOIHEIX WICHOB YPaBHEHHl NONpaBOK.
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Tabnunga 13

Homep TouKkK %0, v V0. e
CHUMOK i
1 —3,5041 —55b,3157
2 —38,8659 —47,3426
3 27,8853 —83,7802
CHUMOK k
4 104,0280 —177,3552
5 89,2771 —108,2392
6 121,58563 —91,8231
Ta6nupa 14
Onpepgesisiemasn BennunHa ’t=009.SSIS tk=1836.2l7s
X, M —4 699 749,8 —4 135 867,4
Yy, M —2 390 531,9 —3 600 585,7
Z, M 4 230 405,9 —4 191 791,4
Jf, M/c —3 641,614 1 4 333,125 6
Y. m/c —3 553,113 5 1 841,358 6
z, M/c —5 704,185 2 —5 818,094 7
r., M 6 760 075,3 6 902 226,3
P, m 6 695 060!7 6 595 060,7
rs 5 459,287° 5 459,287°
Ta6nuna 15
Homep TOuKH Yp M Zp M
CHUMOK i
1 —4 682 655,3 —2 072 098,6 3 791 885,6
2 —4 754 045,5 —2 241 030,1 3 829 168,8
3 —4 569 751,4 —2 075 698,3 3 924 687,9
cHumok k
4 —3 885 391,3 —3 176,069,0 —3 923 614,0
5 —3 878 644,2 —3 081 179,2 —4 004 572,9
6 —3 851 373,3 —3 189 247,3 —3 946 253,3
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Ta6aunua 16

Howmep Toukn (x]_xi)' M (y]'_yt) * M (,'I_zi)' M
MmOMeHm L}
1 17 094,5 318 433,3 -—438 520,3
2 —54 295,7 149 501,6 —401 237,1
3 129 998,4 314 833,6 —305 718,0
MOmeHm g ’
4 250 476.1 424 516,7 268 177,4
5 257 223,2 519 406.5 187 218,5
6 284 494,1 411 338,4 245 538,1
Ta6aunua 17
HoMep Touk n x??' MM y??. MM Xg;
MOMEHm [
1 —3,483 539 5 —55,390 585 4,449 474 9.10~10
2 —38,840 26 —47,348 106 7,381 596-10—10
3 27,921 709 —83,790 473 8,497 449 1-10~10
MOMEH I
4 104,006 93 —77,311 295 8,509 379 9-10—1°
5 89,259 443 — 108,190 41 7,997 684 3-1010
6 121,558 62 —91,767 342 1,069 376-10—°
Ta6nuna I8
Homep tourn’ 'xil.' M 'y‘].- MM
CHUMOK i
1 —2,056 05.10—2 7,485-10~3
2 —2,564-10—2 5,506- 103
3 —3,640 9-10—2 1,027 3-10~2
CcHumox k
4 2,107-10~2 -—4,390 5-102
5 1,765 7-10—2 —4,879-10~2
6 2,668-10—2 —5,575 8-102

1. Onpenennm KoopAMHATHI H cocTaBisiowke ckopocth UC3 (tabn. 14) Ha Mo-
MEHTE BpeMeHH [ U f;, NOJYUEHHEBIE B Pe3yJbTaTe TOYHOTO HHTErpHpoBaHus mudde-
PEHLHAJIBHBIX YPaBHEHMH [BHIKEHHS.

2. Beuc/iMM  MHepUMabHEE KOOPRAHHATEL X, 4; M 2; MCXOQHEIX IYHKTOB
(-aba, 15).

( 3. BHUHCIMM DpHPAIERHA X;—X1, Y/—Yi, 2;—2Z; HHEPLUHAJLHBIX KOOPLHMAT
Tabyn. 16).
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Ta6aunua 19

3HaueHHe NPOH3IBOAHOH B MOMEHT BpPEeMEHH

dopmyna t‘ t
ox
—0 0,0 0.0
oY,
0x 4230 405,9 — 4191 791,4
0¥,
0 _ % 5 557 236,9 — 164 348,0
oY, n
ox
ox = t—t — 1367491,1 — 16070 705,0
o(ina ~ ¥~ g U—tx
_‘;_i‘_= Hx 4 Kx —7316851,0 — 4791 220,1
e
% _ X — 3166 705,0 3 764933,7
oM, +¥2) n
oy
- — — 4930 405,9 4191 791,4
o, z
% _o 0 0
oY,
W Y — 16125471 —5735773,3
oY, n
— 0y 3 .
Y S u—t . — 8672286,
3 (Ina) y— 5t o)y 858 067,3 8672 286.5
o .
0—Z=Hy+ Ky — 6560 197,0 —3815001,3
oy J
— =Y — 3087.202,7 1599 905,9
oMy +¥2) n
0
e — 2390405,9 —-3600585,7
ov,
%2 _ _, 4699749,8 4135867,4
0¥,
0z 2
-z 4956209,8 5055 182,7
oY, n 56209
: 3 .
% S i—ty: 9445722,2 11833313.5
‘9(Ina) 2 -
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ITpodonrxcerue mabn. 19

3uayenue ﬂpOH3BO}1HOﬂ B ‘MOMEHT npeMeHu
dopmyata ti %
0z
— =Hetta —8422115,0 —2973049,9
d z 4956 209.8 5055 182,7
oM, +¥2) n ’ '
— e
_r—ai+e) 2,614 786 8-10—1 9,652 337 2 - 10~
ae(l1 —e2)
K=i[]+—r_‘] 1 670,400 9 — 184,426 1
ue a(l —e?)
Ta6nuna 20
:: fug a;ii 6;” 0;},
£3 | 28 Tox P) Tz
22 | £¢ " Y
1 —6,584 148-10—5 —1,6104691-10~4 | —1,1951152-10—4
t; 2 —4.4351222-10—5 | —2.718656 1-10—% | —9.529 607 I-10—*
3 —1,295 4195-10—4 —1,6115018.10—¢ —2,210394 4-10~¢
1 —3,676 0026+ 10—* 2,039 421 6- 10—+ 2,050 220 3- 105
t 2 —3.3883635- 10—* 1,6986868-10—% | —5.,7383703-10—¢
3 —4.362287 4- 10—* 2,669 473 8-10—4 5.823 451 6-10—5
55 | &: il i ]
Ed ]
28 | 28 * o o
1 2,2768417-10~* | —6,823063-10~5 — 4,067 2079- 105
t; 2 2.8405866-10~% | —7.3228379-10~5 | —6.572 407 8. 10~5
3 3,4950986-10—* | —1,4982507-10~5 | —5,6726931-10~°
1 2,064 193 4-10—* 6,658 0589-10—5 | .2, 981 894 8. 10—4
th 2 2.3684316-10—4 6.2410327-10~° | —3.427 1819101
3 2.5128309-10—¢ 4.3075106-10~5 | —3.633 1226-10~°

4. OmpenennM npHGAMIKeHHEIE KOOpAMHATH Xi;°° M §;% Ha cHUMKax (raba. 17).

5. BriyxcsnM -cBoGOHRIE UJIEHH YPaBHEHHH MompaBoK (Tabi. 18) mo ¢opmynan

70 0. _"0 _~00

Exgp =My X1 Sy = Yip— Yije

II. Buumcnenne k03Q(HLUHEHTOB ypaBHEHHH NMOMPaBOK
1. OnpenenMM MpOM3BOAHEIE MHEPUHAJbHHX KOOPAHHAT NO 3JEMEHTAM OPOHTH

(Tabn. 19).
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2. BruucauM TPOM3BOAHEE KOOP/IHAT TOUEK CHHMK2 Xy, Gy MO HMHepPUMAJbHEM

xooparHatam UIC3 (ra6a. 20).
3. OnpenenuM NPOH3BOAHHE KOOPAHHATH TOUEK CHHMKa Xjj, ij MO YTOUHSIEMEIM

ajeMeHTaM B BHAe Mmatpuuml A (tabn. 21).
4.C ocraBuM MaTpHny HOpMAaJIbHBIX ypaBHemu#t B— ATA.

(6, 6)
Becopasi MaTpula P mpuHATa eIHHHYHON. [IpHBEAEM BEPXHIOIO TPEYrOJILHYIO MaTpHLY.
B =]
T $x $y $2 Ina € Mo+dz 7

22544925 —22580561 —26 185418 —58001324 44 247449 30353 495
54121170 37898414 125191360 —52779 627 —57 352 722

46052619 74512697 —60749285 —43588994 |,

348980 530 —82 100640 —137 402840

1,3105453X 64950315

X 108
) 64 181 794_
5. Onpepentm o6paTHYI0 MATPHLY HOPMaJIbHHIX ypaBHeHnit B—1
B 1=
T s by $z Ina e Mg+ ¢z |
0,2863x —0,4279X 0,8341%X 0,1596x —0,436 7X —0.4225X
"x10® X10~2 x10~3 %103 X 10—4 x10—2
0,6396X —0,1246X —0,2380X 0,6487x 0,631 7X
X102 X10~® xX10—3 X104 X 102
0,243)1x  0,4687X —0,1285x —0,1230%
= X1073 X 10~4 X104 X102
0,9422x —0,2885x —0,2334X
X 106 X105 X10—3
0.1075X 0,626 3%
X 10— X 10—4
0,6244x
B X102

6. Hafitem NONMpaBKM B oONpejejisieMele napameTpe (B panManax). ITosyunm
AY,=0,3532-10-%; Apy=-—0,3945- 10-5

Aa
Ay = —0,3115.1075; o = —0,2965-1074;

Ae=0,3089-10—%; A(Mg-+pz)=—0,1143-10-5.
7. CyMMa KBajfpaToB NOMPABOK B Pe3YNLTATHl H3MEPEHMS KOOPJIMHAT Ha CHHM-

Kax COCTaBHT
670 = [62]=0,3567- 102,

=
8. BhiuMcaMM OWHOKY €IMHHUH Beca [ : [ '=1/T=. 0,024 mm.
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9. Onpenennm cpenHHe KpaapaTHYECKHE OWHOKH ONpeNesieHHs] NapaMETPOB

m' = pr 0 V G = 264'";

m’" gy, = p''n )/ gy = 396";

m”¢z — P”l“' Vq” — 77”';

mg =pal/ gy = 494 M;

mg = p |/ gs5 = 0,000 025;

m'" ($g + Mo) = p "1 |/ Ggq = 391"".

AHanuavpysa nodyueHHble Ppe3yJbTaThl, HEOOXOAHMO OTMETHTb HEBRICOKYIO TOY-
HOCTh M3MePeHHfi CHHMKOB — OLIHOKa €JHHHIL Beca H3MepPeHHfi KOOPAMHATH Ha
cHHMKe cocTtaBuna 0,02 mm.

AnemeHTHl 06paTHoH MaTpuun B! HOpMaJBHEIX ypaBHeHuil KOppeaupyioT caabo
(npakTHYeCKH He KOppenupywT GoJbluas MOJAYyoCh H SKcueHTpHcrTeT). Kak n cneno-
BaNe OMXHKEATH, -TOYHOCTb OHpEJeieHHsl 3JeMEHTOB OPOHT IO LIECTH H3MEPEHHHIM
TOYKAM Ha [BYX CHHMKaX HeBRHICOKas. I1OBHILIEHHR TOYHOCTM ONpeNeseHHs 3/aeMeH-
TOB_OpPGHTH MOXHO NQOMTbCS yBeaHueHHeM 4Yycja o6pabaThiBaeMBIX €HHMKOB H HC-
XOJMHX NYHKTOB HAa HHX, a TaKJKe 3aCyeT NOBHIUEHHS TOYHOCTH CAMHX H3MepeHHH.

Tak, npy uucie cHnMkos n=10, Ha KaXKNOM M3 KOTOPHX HMEJOCh 110 3 HCXOf-

HEIX NyHKTa, H p=0,0056 MM OLIHGKH YrJIOBEIX 3JIEMEHTOB OPOHTH He NPEeBOCXOAAT
HECKOJIbKHX CeKYHZ, a GoJsbiuofi monyocn — 30—40 M.

§ 32. ONPEINEJIEHUE OPUEHTALLUM BA3HCOB
KOCMHYECKOH CbEMKM

¥Ycaosue koMnjaHapHocTH. [lyctb B MOMEHTHI BpeMeEHH f; M £, mojy-
YeHb TONOrpagHyecKHe CHUMKH [ H k, BBHINOJHEHHHE C IEPEKPLITHEM
(puc. 24). B obaactn NePeKPLITHA HAa KaXJOM M3 CHHMKOB HJICHTH-
(GMIAPOBAHO NOJIOXKEHHE TOYKH | HOBerHOCTH AJIaHeTH. YcJoBHE

KOMNJIaHapHOCTH 6asunca (oTorpagpupoBaHus b% u CIyTHHKOLEHTPH-
-0

YeCKHX .HANPABJEHHH Ty M Tp;  COCTOMT B paBeHCTBe CMelLlaHHOI‘O

BEKTOPHOTO npouaaenennﬂ eHHHYHBIX Bexropos bls, Ty ¥ T HYMO,T .€.

F = b”; [l’,] X I'k]] = (470)
B KOOPAHHATHOH cpopme BuipaxkeHue (470) upeiacraBuM B BHIe
OnpeieJIUTENS TPEThEro NOpsiaKa:
lig M ny
F,= Ly my n; |=0. 471)
by My My
Pasnoxum onpeu,e.nn're.nb F; no anemenram nepBoii ctpoku. Ilo-
NYYHM
Fj=l,-kA,-—|—m,hB,-+n,-ij=0, (472)
rae Aj, Bj, C;j— Ko3pdHLHEHTH ypaBHeHHH NJIOCKOCTH ijk, T. €. Ha-
NpaBJsiolIHe KOCHHYCB HOPMaJIH N,p, K nJockoctd ikj. Takum 06-
pasom,
Aj_m,-jnk,-—mk,n,-j; B=n,-jl;.,-—nhjl,-j; C,-=li,mk,—lh,m,-i. (473)
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o -0 -
B uHepuuaJbHOH cHCTeMe KOOPAHMHAT BEKTOPhI Ty H Tp;  BBIYHC-
JAIOTCA [0 PopMyJIaM;

. : ;1,-. L N cosa;;cosd;;

F?,=A,,.ﬂ; I, _17” =\ m; | T | sina;cosd;
—I:/ R | sindy, (474)
;k, - by | [ COS 0y ; COS By,

iy = 8,110, vy | =\ my; || sinaycoss,; |-
—f:/ Fly; sin by,

YpaBHEHHsT KOMIIAHAPHOCTH 3HAYHTEJBHO CJIOXKHee ypaBHEHHH
KOJIJTHHEapHOCTH, MOCKOJbKY B HHX BXOASIT 3J€MEHTHl BHELUHEro OpH-
entupoBanusi ciumkos (IL*, I1,*) wu 3JeMeHTB B3aHMHOrO OpHEHTH-
poBaHHsi Tonorpagpuyeckoi u 3pe3fnHoH Kamep (Il).

Hapywenue ycjiOBHs KOMINUIAHAPHOCTH B HHepUHaJbHOH cHcTeMe
KoopauHat. BesencTBHe cyTOYHOro BpalueHHsi 3€MJH YCJOBHE KOMI-
JJaHaPHOCTH B HHEPLHAJBHOH CHCTEME KOOPAHHAT HE BHIMOJHSETCSH.
IMockoabky 3emJisi B MHEpUHAJbHOH CHCTEME KOOpJHHAT Bpallaercs,
TQ 3@ HHTEpBaJ BpeMeHH 8f;p=1;—{; TOUKa | nepeMecTHTCH MO CBoOeH
CcyToOuHOH napamyeian P;’P; u B MOMEHT BpeMeHH [, 3aiiMeT B HHep-
LHaJbHOM OPOCTpaHCTBe noJoxkeHue j° (puc. 25). Jass MOMEHTOB
BpeMeHH f; M fx mo ¢opmynam (474) MOXHO ONpeneSHTb CNyTHHKO-
UEHTPHYECKHE HAMpABJIEHHS [y W r2,, COOTBETCTBE€HHO, KOTOpLIE
ckpeuupaiorcs.. CienoBareJbHO, YCJIOBHE KOMIJIaHapDHOCTH B HHep-
LHaJBHOH CHCTEME KOODAMHAT HapylleHO. YroJs 68, Ha KOTOpHIH me-

peMelaeTcsl TOYKA j 3a MHTepBan Oty BcemupHoro Bpemenu UT 1,
BBIYHCJISAIOT MO GopMyJie

88 = 15,041 0678(2. (475)

OnpenenumM MoAyJsb W Ha-
npaBJgeHde BekTopa Or; mne-
peMellleHHss TOYKH j, 0Oy-
CJIOBJIEHHOTO CYTOYHBIM Bpa-
eHHeM 3eMJH.

IlpencraBuM  reoueHTpH-
yecKHe KOOpAMHaThl BeKTOpa
or;

8x;=r;jcos (a;+

—+6pB) cos 6;—

—rjcos a;cosd;;

8y;=rj sin(a;+8p) cos &;— 7
rjsina;cos d;; (476)  puc. 24. CnyrHEKOUenTPHYECKHE HANpABJIEHHSA
02;=0. u 6a3nc doTorpadupoBanns
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z —
=3 Puc. 25. CnyTHuKOUeHTpHuecKie
L1l ‘ HanpaeneHHsi B HHepuHasibyoll CH-
cTeMe KoopafiHAT
f
T P
dp ~B'y Puc. 26. Basuc dororpadupoBanus
6 M
7
r /L
T ! ":l" —-—
— o T~
¥
)
x

TTockosibKy HHTepBaJ 8((9) mpu KOoCMHYecKOM ¢(oTorpadHpoBaHHM Npi-
MepHO paBeH 10°, T. e. 7,27-10-% paa, To NpH pasjIOXKEHHH ypaBHeHHI
(476) B paaw Teilopa orpaHHYHUMcsi JIHHeHHBIMH dJeHaMH. [Ilpu
3TOM OWHOKH OnpejeseHHs: KOOPJAHHAT He mpeBbilaroTt 10-7, T. e. reo-

EHTPHYECKHUMH KOOpAHHAaTaMu BekTopa Or; OyayT ciepyoliue:
Sxj=y6p=7,792- 105 6@ y;;

Syj=—x;6p=7,792-10-56¢t® x; (477)
6zj= 0.

Monysb 6?; ONpPENENSIETCA BhipaXKeHHeM
lor; | =7,292- 10728V x Ty (478)

MaxgcuMansHOro 3HayeHHs &r; AOCTHraer Ha 3KBarope, T. €.

| OF | max=0,7,292- 105 5{()=4651 M.

TakuM o6pa3oM, BcJjieACTBHE BJMAHHFA CYTOYHOrO BpalleHHsI 3eM-
JIH YCJOBHE KOMIJaHApPHOCTH AJA CNYTHHKOLEHTPHYECKHX Hamnpas-
JieHHd W Gasuca ¢otorpadHpoBaHHs cjeayeT pacCMaTpHBAaTh B IPHH-
BHYCKOH CHCTEMe KOOpJAHHAT.

YcaoBve KOMIUIAHAPHOCTH B TPHHBUYCKOH CHCTEME KOOPAHMHAT.

Bhipasum ﬁ?, u Ry; B rpuHBHuYCKOl cHCTeMe KoopauHat. INonyuum

L, cos (@;; — S;) cos §;;
R =a,sni,=| M, |=]sin(e,;—S)coss; |; (479)
Ny sind;;
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L, cos (a,; — S;) cos 8y,
' Ny, , sind,;

R} = A,;S,IT"T1 =

70
Hanpapnenve 6Gasuca ¢ororpadupoBanuss By  onpenensiercs
OPHEHTHPYIOILHMH yrylaMH @ix 4 Aje:

L, cos @;, cos Ay,
B =| M, |=]|cos®,sinp, | (481)
Ny sin®;,

C yyetoM BhipaxeHHin (479)—(481) yciqoBue KOMMNJIaHapPHOCTH B
rPHHBHYCKOH CHCTEMe KOOPJAHHAT 3anHUIeM B CJeAyolleM BHIE:

le Mik Nik
F, =1L, My Ny|=
Ly My Ny
cos@;, cos A\, cos®,, sin A\, sin®,,
=|{ cos(a;;—S;) cosd;; sina;—S;cosd;; sin®@, |- (482)

cos (ay; — Sg) cos §;, sin(a;;—S,)cosd;, sindy,

Tpeapapute/ibHOe onpejielieHne HanpasJdeHus 6asuca ¢otorpadu-
POBaHHA MO ABYM TOYKAM B mpeAeiax NepeKpbiTUA CHUMKOB. 3anaya
Bsiicsina. B mpenenax nepeKphITHS CMEXHBLIX CHUMKOB HJE€HTH(HLH-
pOBaHH! fiB€ TOYKH j u | (puc. 26), cnyTHHKOLEHTPHYECKHE HampasJie-
HH$I KOTOPBIX H3BECTHBI:

X, X
R =A, S0, A E R = Ay, ST, | s (483)
‘_ft i —ft k
; if ;kt
K% = 4, ST, 5” i Rby = 8,,S,TLI, gkl . (484)
'—fl _'ft k

Torpa B coorBeTcTBMH ¢ (QopMynamu (32) —(48) HanpasieHus
HOpMaJiedl K MJIocKOcTsAM ijk u ilk nosyduM B BHOE BEKTODHBIX MpoO-
H3BeJleHHH HCXOAHBIX HANpaBJIEHHH:

e, €, e e, e, e
— 1 x v z 1 x Y z
Nie= g, | L My Ny [ N?”‘=smp, L, M, A | @85
| ka Mki .Nki ,.I_Ju Mkz. .Nkl
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rae sin =V (M;Ny;—MyN)* (LN y—LiV o)+ (LijMe—Le ;M)
(486)

S'npl_V(MllNkl—Mkl et HLg N —L; th)z‘l‘(LuMk’—[th)z-
(487)

Basuc dororpadpupopanus B?@ npeACcTaBHM B BHAE BEKTOPHOro
NPOH3BEeIeHHsT HOpMaJiell K MJIOCKOCTSIM, @ HMEHHO, BEKTOPHOro Npo-

H3BEJICHHSI BEKTODHBIX MPOH3BEJEHHH HCXOAHLIX BEKTOPOB, 3adKOLIHX
naockoctH ilk u ijk, T. e.

=0 1 Ex E-y e-z le
Bir = ane | Lie Mur N |=| My | (488)
Lijg Myp Nyl 1Ny

rae sinb= V(Mllk Nyp—My, Nl]k)z + (LilkNiik “‘L‘z,'kNiua)2 + N

+ (LM — Ly Myje). (489)

OpuerTHpywOIHE Yribl Ay ¥ @;, 6a3uca CbeMKH MONy4YdM no ¢op-
MyJiaM

Ny
ir VMk—l-L

M
tg Ay = L ik . tg®,;, = (490)

Hpnmef 18. Ha mByX cMeXHHX CHMMKAaX, BHITOJIHEHHHIX B MOMEHTH BpEMeHN
t:=4,5117527"-10~" .1 t,=—4,613 4193"-10~', B cucreme UTI upentudHuMpoBaHu npe
TOYKH, KOOPAHHATH KOTOPHX H3IMEPEHH B CHCTEMaxX KOOPAHHAT CHHMKOB (Tabs. 22).

(Doxycﬂoe paccrosHue KaMepu f=100,0123 MM, H3BeCTHO 3Be3NHOE. BpeMs
B I'punBHue B MOMeHTH ¢oTorpadupoBants

S:=4,600 635", S,=4.,604 813".

OnepaTopel OpPHEHTalH¥ TonmorpadHueCKHX CHHMKOB B HMHEPLHANbHOM HNPOCTpPaH-

Ta6nuna 22
Touka x l W
MOMeHm U;
i 50, 4364 —128,0851
) - 28,4482 —111,8826
MoMeHT by
j 99,7905 —126,5512
! 70,4745 —109,6730
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CTB€ B MOMEHTH f; U fp OBLIM CJI€OYIOIIHMH: .

- 3,429 0738.10~! ~7,1439168-10—1 '6,099 6655-10—17}
N, = (U,41;7) — | —8.315,1556.10~1 —7,125683-10—2 5,509 1239-10—1 |;
| 4,3703146-10-1 —6,961 085310~ 5,695 9324- 10—
[ 3,440137-1071  7,1245158:10-1 6,116 1055-10~1
n," = ¢0*N,") =| —8,3032577.10-1 —7.331 263-10—2 5,524 3509- 10— |.
4,384 22.1001 —6,9788119-10—1 5,663 4647.10~1

OnpenesuTh opreHTHpyowre yrim @ H A, Gasuca dororpadupopaHns ﬁ?—k
B TPHHBHYCKOH CHCTEME KOOPJIHMHAT.
PeweHnnue.

1. OnpépentM emHHMYHHE BEKTOPH HanpaBJeHUWA B CHCTEMaX KOOPIHHAT CHHM-

KOB:
N 2.964 182710711 1,862 5258- 1017
W, =| —7.527,6365-1071 |; 1% =| —7,325 0412- 10 |;
— 5,877 7816101 | —6.,547 8834-10—1
_ 5.2611891-10-17 [ 4,289 1575-10~1"
WY, =| —6.6r20759-101 | 1, =| —6.6748224.10—
—5,272 8829 10~1 | —6,086 8613- 10~ ]

2. Ennnnurble BEKTOPH HanpaBieHMid B HHEpPLHAJBHOM cHCTeMe KOOpAHMHat Oy-
AYT CJIeNYIOIHMH:

4,707 0115-10—1 3,867 928510~
7% =] 6.7455569-10~1[; T =] 6.4105696-101|;
—5,686 9606 -10—1 —6,629 0077-10~1
3 5.0381698-1071] 4,349 192.10~1
9, =1 7e173ss6-101|; =] 779307171071 |,
—3,454 3677-10~! —4.5113833-10—1

3. BHUMC/IMM CHYTHHKOLEHTPHYECKHE TIPSAIMBIE BOCKOMKJEHHMS H CKNOHEHHS:

a4;=55,092 879°;, a;=>58,894 589°% a.=57 529 499°; 0..=60,834 792°;

6iy=-—34,659 345°; 8i;==—41,521 476°;, ©On;=—20,208 458°;, B, =-—28,816 738°;

ai;—S:=—13,916 646°, a;—S;=—10,114936°, @,;—Sr=—11,542696°;

6,—S,=—8,237 403°.

4. TlonyysM HanpasAsIOLIME KOCHHYCH €IHHHYHEIX BEKTOPOB B TPHHBHYCKOW CH-
cteme KoopaHHaT (Taba. 23).

5. OnpeaesiHM HanpanJfloLIHe KOCHHYCH HOpMaJed N?,k H Noqk K ILIOCKOCTSM
(Tabn. 24).

BhIUHCAHM YIJBH MEXAY HANpaBJeHHAMH N?,k H N?lk H nyockocTamMH. Onu
COCTaBAT cOOTRETCTBEHHO Py=14,78586° n P2=14,600916°.
12—6549 177



Ta6naupa 23

e ", "
L 7,984 032 7-101 7,370 705 3-10—1
M —1,978 310 1-10™1 —1,314 905.10—1
N —b5,686 96-10—1 —6,629 007 7-101

uf =0

e Rz; Ry,
L 9,194 629-10—1 8,832 465 7-101
M —1,877 804 6-10—1 —1,278 663 9-10~1
N —3,454 367 3-10~1 —4,511 382 7-10—1

Ta6énuna 24

= _
Hanp e Nitk Ny
L —9,969 457 3.10—2 —1,525 143 7-10~1
M —9.913 132 9.101 —9.801 284 3-10~!
N 8,578°470 8-10—2 1,268 372 2-10~1

6. Hafinem Gaauc thororpacupoBaHus:

| Ly [—6,145059-10!
Ble =g (D X N0yl = My =] —6,467 6159-10-
N | —7,8888571- 1071

H yrim ©=3,886 8784°; A;x=——179,396 99°; ®;r=—52,081 499°.

B nanHoM mpHMepe yros © MexKAy HOPMalsiMH BeCbMa Mall, MO3TOMY TOYHOCTBb
NpeaBapHTesILHOrO ONpefeNieHHs HanpabjeHns 6a3vca HH3Kkas. Herunrne 3naveHus
OpHEHTHDYIOIIMX  yrMOB B janHoM  npuMepe A7T = — 179,394 72°; OYf" =
=-—52,092 407°. TIpr 3TOM HCTHHHHe OWHOKH cocTaBiasiior: AAir=8,1"7; AQ;y=
=39,2"”.

OnHako OlleHKa TOYHOCTH MOKa3HBaeT, YTO NpH owH6ke p=10" B CNyTHHKOLEH-
TEHUECKOM HampaBjieHHY OlMOGKa onpepeneHHsi HampaplieHHs Ga3sica 6yner BO MHOrO
pa3 Gonblie. )

OueHKY TOYHOCTH ONpejlesleNHsi HaNpaBNieHus Gas@ca BHMNOJNHEM ¢ NOMOWLIO ¢op-
MyJH

B 2y
m— = —_—.
B siné B
TAe rm— cpenHee paccronume or Tosek fo WIC3, B — nimpa 6Gaanca. Ecam rn=~
=420 kM; B=100 kM; sin ®=6,78-10-2; p=10”, roraa mey = 123977. OnHako

JIaxe cTOMbL rpyboe MpHOMHIKEHSe MOMHO MPHHATL B KayecTBe HayaJbHOrO NPH [aJb-
HeflneM YTOYHeHHMM HanpaBlleHHs OGasnca no cnocoOy HaHMMEHBLINX KBaApaToOB
¢ Hcnosib3oBanHeM 20—30 Touek B mnpepnesiax NepeKpHTHA CMEXHBEIX CHHMKOB.
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Huskas TOYHOCTb 3aceUKH B JAHHOM NpHMepe OGBSCHAETCH HCXOLHHMH LaHHHMH
safayd Op6ura mauuoro C3 muMeer BHCOTY nepuueHTpa Ay 2= 420 KM, a 6a3UC CbeM-
ki B=]00 kM. B atux ycnopusx yrin §; u B, G6ynyr nopsnka 14°, OileBsinno, uto
OpH onpefeNeHHH HanpaBJeHHA 6asuca HeoGXOAMMO, YTOOH OTHoleHHe B/H 6mno
MaKCHMAIbHEIM.

7. YrounuM Hanpaplienne Boj, 1O cnocofy HaHMEHBLIMX KBaLpAaToB.

B nepekpHITHH CMEXHHX CHHMKOB MOXHO HAeHTH¢MuMpoBath j=l1, 2, ..., N
Toqex a cJefoBaTesbHO, NMOMABJSIETCH BO3MOMHOCTH YTOYHEHHA HanpasJjenns 6asnca

B,k no cnoco6y HauMeHblnuX KBaapatoB. [IpH sTOM Kaxknolf TOouKe B mpenenax
T'¢PEKPHTHA COOTBETCTBYET ONHO YCJIOBHOE YpaBHEHHe IJii OMNpefeNieHHs MNONPaBOK
AQy: u AAje B OpHeHTHpYIOIUHE YTJIH.
3anuieM ycnosie kKoMmmiaHapHocTd (472) B rpHHBHYCKOR CHCTEME KOOPAHHAT:
Fj=LiyAj-+-MiBi-+-NiCy, (491)
Mocne Hecnoxnux npeoGpasoBanuit ¢ yuerom (482) kospouurentw A;, B; u
C, BHUHCINM NO OPHEMTHPYIOIMM YIJlaM COYTHHKOLEHTPHYECKHX HampasieHuit R;°
u R,
Aj=tg 8 sin (a;—Si)—tg 8;; sin (ar—Sk);
B,-=tg 6,‘,‘ sin (ak,—Sk)-—tg »6;:/ cos (a;,—S;); (492)
Cy=sin [ (agy—Ss)— (a;—S1)].

YactHoe npon3bogHHe o7 Fi mo opHenTHpyomwuM yraaMm Aix 1 ®;. 6asuca EO

B PHHBHYCKON CHCTeMe KOOPAHHAT MONYYHM nyTeM AH¢depeHLUHPOBaHAN BHPAKEHHA
(491) ¢ yueroM opmya (492):
¢

oF; OF ;

—_—=0a =——M . L B; ._l.=b' —_— 4

aAtk ! [kA’ + el @tk ! Cos q)[k ( 93)
YactHee npoussonuee oT F; no senmumuam 8y; (0y—Si); Ok (@r—S:), BH-

uyHCJIeHHHe B pe3yJsbraTte (pororpaMMeTpHueckofi o6paGOTKH CHHMKOB, HafiieM aHano-

riyHo. CooTBeTcTBYyIOLHEe GOPMYJIH HMMEIOT BMA:

OF ]
=i =1y &gy [cos (2gp — Sp) Lyg -+ sin (ag; — Sp) Myp] — Negp X
0 (e;;— Sp)
X cos [(o4y — Sgj) — (2 — ST
oF, 1
aT” — bl = COS_aat—!_ [ —sin (akl— Sk) L[k -+ cos (dk!-—- Sk) Mlk];
OF]
— ! —g,= —tgé; —S,) L i —Sp) M
5w —Sa) ay tg &;7 [cos (ap;— Sg) Ly +sin (apy — Sp) Myp] +
+ Nyncos [(opy — Sp) — (25— Si) s (494)
oF,

_66—’” = b2 = W [Siﬂ (l.'l[j-— Sl) Lik-— c0Ss (U-” _ Sl) Mik]'

Yro6H coBJIOCTH PaBeHCTBO MaclutaGoOB MO MEpHAMaHAM H MapasjienfM, BBeleM
B KaYecTBe HEH3BECTHBIX BEJIHYHHHI:

x=c0s OieAAip; y=A0s. (495)

Torna pnsi- kawnoh toukn j (j=1, 2, ..., N) B npenenax nmepeKpHTH CHHMKOB
MOXHO COCTABRATb OfIHO ypaBHEHsie NONPaBOK, @ HMEHHO,

a;x sec Ou-bjy=e,-1-0; (496)

c Becom P, (j=I1, 2, ..., N).
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Kesdoduupentn a; o b, ypaBHenHsi nonpasok (436) onpeaeaHM no NPHOMMKEHHEM
sHaueniaM D} ° H Al 0) NONYYEHHHM C NOMOILBIO METOHA, M3JIOMeHHOro B 1. 4
31010 naparpa(ba CBoéom-mﬁ q5ieH €; BHUMCIAM 0O pe3ysbTataM ¢OTOrpaMMeTpH-
yeckofi 06pa6OTKK CHMMKOB ay—S;, Oy, rj—Sk, 8k B NMpUOMIKEHHHM 3KaYeHHEM

(1) 0
89 u AQ.

Ha ocHoBanu ¢gopMyan (491) umeem

oj = — F{O = — (L34 +M{QB; +N{)C)). (497)
lonpaBka #; B YCJOBHH KOMILIAHAPHOCTH — (YHKLUA H3IMEPEeHHHX BEJIMYHH, NOSTOMY
8= —[o® a;i—S; + b,f 3, + azﬁah!—sk + b8 Bki]' (498)

Bec P; ypapuenns nonpasok (496) nafinem no gopmyne

Pj=——. 499
1= "m2 (499)
i
Ecau NpennoJoXKHTh, YTO H3IMEPCHHHE BEJHYHEHR KOPpPEIHDYIOT caabo, TO
me = aim?, — bzmb +a2muk]_sk + b2m?ki. (500)

CucreMa ypapeeHnit (496) pelnaercs MO cnoco6y HAHMEHBIUMX KBajpaToOB ¢ He-
MOJIb30BAHHEM HBIOTOHOBCKSIX MTepauufi, moka ansi N-ro npuOIMKeHHA He BHMOJ-
HJITCS YCJIOBHS:

| —x=1| <A;

|y —yM-1 <A,

O6paTHYI0 MaTpHLy HOPMAaJIbHEIX YPaBHEeHH#
9o 9o0a
B-1—= (501)
2,2 doa 9an
HCNOJIL3YEM JJIA OLEHKH TOYHOCTH Mo (popMysiam

09

Mycoso =K1 Gan s My=0}4g¢ ; P‘“VN

§ 34. AUPPEPEHIIHAJILHOE YTOYHEHUE OPBUThD!
N0 OPHEHTHUPYIOLIHUM YIJIAM BA3HCOB ®OTOrPA®UPOBAHUS
B rPHHBHYCKON CHCTEME KOOPAMHAT

B pesynbTare ¢ororpaMMerpuueckoii o6pabOTKM CHHXPOHHBIX CHHM-
KOB IIJIAHETH ¥ 3BE3[HBIX CHUMKOB (NpM HaJMYMU NEPeKpHITHS) MOJy-

no
4aloT HanpaBjieHHs 6a3ucoB CbeMKM Bir B rpuHBMUYCKO# cHcTeMe
KOOPIMHAT.

OpuenTupyowmye yran Apx u O 6a3uca CheMKH CBSI32HHI C TPHH-
BHUCKHMM reOLeHTPHYeCKUMM KoopauHaraMu HIC3 B moMmeHTH ¢poTo-
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rpagupoBanud I; ¥ Ip HopMysamu:

Xe—X;i |
Ye—VY; '
Zp—2Z; (502)

VXp— X2+ (Y=Y )2

Cfg'A”z=

tg @, =

B pesysbratre nuHeapusaumu ypapHeHmii (502) noJsyuum cienyio-
e aupdepeHuuaNbHble GOPMYJIH:

cos @, AN, = — s“;A‘k X, —dX)) +—c°;ﬂ Y, —dY));
ik ik
: (503)
AD, = — sin @z cos Agp OX, —X)— sin ®@;p sin Ay, @, —
By, By -
—ay) +-220 4z, —dz).
ik
BBepeM o6o3HaueHus:
Qi = —"L;Ai: bir = &;\_m_;
it ik
R sin®;pcos Ay b’ sin @ppsinAyp | (504)
W=—""p, o k=" g,
» _ _COS D,
t By
Torna ¢dopmyan (503) npeo6GpasyeM K BUAY:
cos ®upAAp=an(dXr—dX;) + bar. (dYr—dY,); (505)

AD,, = aip(dX, —d X)) + b (@Y, —dY ) + cir(dZ, —dZ}).
Koopannatet UC3 B MOMEHTHI CBEMKH fp U I; ABJAAIOTCA (QPYHKUUS-

MH Ha4YaJIbHBIX YCJ'IOBHﬁ JABHXKCHUSA, 3aAaHHBIX B FpHHBH'{CKOﬁ CHUCTE-
Meé KOOpAMHaAT, T. €.

X=X[Xo' Yoa Zov XO’ YO’ Zl)];
Y=Y[Xo: Yo: Zo’ Xov Yo, ZOI; (506)

Z=Z|Xy Yy Z,X,, ¥, Z,).
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Ilostomy
—dX, "
dy,

dz
dxX = 0X - 5 DEvG -0 ;
0(Xos Yoo Zoy Xoo Yoo Zo) | dX, |’
dy,
_dZ, _ (507)
—dX,~
dy,
oy dz,
O(Xow Yor Zos X Yo Zo) | dX,
dy,
_dZo _

dY =

C yuerom ¢opmya (507) puddeperHunanbHbie ¢opmyas (505) mpen-
CTaBUM B CJeAYIOILEM BHJE:

X,
(Xor Yoo Zgr Xo» Vou Zg)

cos @y, AN, = {aik [

— 0Xy ]+b. [ Ne
0(Xe» Yoo Zov Xov Yo Zy) *1o(Xos Yor Zow KXo You Zo)

- 0x, -

day,

: dz

_ oYy ] s

0(Xo» You Zo» Xo» Yoo Zy) } dX, |’ (508)

dy,

4z

3

' 0X¢
Ay, = {a"k[o(x’ Yoo Zg» Xov Vo Zo)
“d s 0 (i3] or o 0)

0X, : vy,
— . + bie - — —
0(Xo, You Zo, Xov Yo, Zo) 0(Xo, Yo, Zg, Xo, You Zy)

o.(XO- YO' ZOv Xo- Yo- Zo) th 0(){0- YOv Zo. Xo» Yo. Zo)

182



—dx,

dy,

. 0Z,; - l dZ‘o (509)
0(Xos Yoo Zo, Xo» Yo, Zy) dX, |’

dy,

dzZ, _

Ypaerenusa (508) u (509) sBAsIOTCA MCXOAHBIMH NpM nudpGdepeHLH-
aJbHOM YTOYHEHHH ODPOMT NO OPHEHTHPYIOLIMM yraaM 6asucoB Koc-
MHYECKOH CheMKH.

Jns cokpalueHuss 3anucH BBelleM OGO3HAUYEHHs] AJIf MaTPHL-CTPO-
yek pasmepa 16, pxoxpsiiuux B ypasuenus (508) u (509):

J. = oX .
(l.fi) (X You Zgs Xo- Y'o. Z.o)'
J, = . (510)
(1,6) HXos Yo, Zo, Xov Yoo Zyp)

J. — 0z
(l.zﬁ) (X, Yoo Zos Xo. Yo; Z‘o)r

—0x,
av,
4z,
@, AN, =la,, [,,—] b..(,.,—J . ; 511
cos®,, AN, liksl'g;z u'év)[)"i_ .k(u;;,g) vl ax, (11
dy,
| AZ, _
~dX,
ay,
@ (e —Jd0) F b, —J 9,
A ik = a xp i -_ C' ]2 —‘,i 3
k [”'(u.s)k u.eﬁH_ iksx.é")k (1.3)1)+ ((l.e)k (l.sz)) dX,
dy,
| dZ, _
(512)

OGo3Hauum BEKTOP HayaJbHLIX YC/oBHA ueped X,:
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~X, ]
Y,
- Z,
X = . )
s x, |’ (013)
Yo
_Z, _

TOrza KaMimit 6asuc Bj, GymeT onmpemessts gsa ypaBHEHUs] NMONpPaBOK:
[alk((l]xk —in) + b (-’yk—-’yi)]dio =8 + e (514)
[atk(lxk—lx,)-l-btk(lyk—lyt)+cnz(lzk 1zt)dx =81+

(615)
€ BECOBO#l MaTpuLei
qAA qQA -t
P=K7= . 516
2.2 (2,2) * [%A qm] (16)

Takum o6pa3som, BecoBas Martpuma P;. coBnapaer ¢ MatpHueft
B(2.2y HODMajbHBIX yPaBHEHMH, KOTOPYIO COCT@BJSIIOT NDH Ompejede-
HUHM OPHEHTHDYWOILMX yrnoB Gasuca no opmyne (501). Cpo6onHbie
yneHsl ypaBHeHu# nonpasok (514) u (515) shiuMcasieM no Gbopmy-
nam:
eix = cos @ (N0 — A(t)g);
’ 0 00 (517)

eip = Pip—'Pipy
rae Beanmuuke %, AR nodyueHm nyTteM Touwozo unTezpupoearus
Judppeperyuanrsrolx ypasrenuil Osuicenus Ha MOMeHTH ¢oTtorpadu-
poBaHus f; u t.. B KauecTBe HayaJgbHBIX yc.rlomm OpPIHﬂTbI npuban-
KeHHBle 3HaueHus Xo°, Yo, Zo° Xo° Yoo, Zo°, o% u A%, ompe-
Ile/leHHbe B PesyJibTaTe ¢>ororpamme'rpuqecxon 06paboTKK CHHMKOB;
8ix ¥ Six — NOMPABKM B OPHEHTUPYIOLIME YIJIbL.

O6venunus Bce j=1, 2, N Toyek B npenesax NEpPeKpHITHS N
CHMMKOB, BKJIIOYEHHbIX B 06pa60TKy, NONYYHUM MAaTpMLy ypaBHEHWH
MONpaBoOK

T e —T) + 00U e —I D
‘[Q'ik (Jxk xt) + b; ik ("yk yi) + C;k ("zk _",zi)]l
(2N,6—)—= e e e e e e (5]8)

[alk ("xk xl) + blk (‘,yk yi)lN
[atk(!xk—in) +b k("’yk yi) “l_‘c;k(Jzk-]zt)]N
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H JMaroHaJbHYIO BeCOBYI Martpuuy P’

_ . _
[q“ ‘7“] 0 000 0
Jor9o0
(2,2)
Gan9en 1}
0 [ ah el 00 0 0
= | dorY990 . (519)
(2MV,6) 2,2)
-1
0 0 00 0 [q“ q“]
qOA q‘bﬂ) N
—_ 12,2) _

Pemienne no crnoco6y HaMMeHbIUHX KBAaIpaTOB OCYLIECTBHM Cclie-
pywouuM o6pasom:

ax, -
LY,

AZ,

OXbri=| o5 [=(A P AYEL ALy g, =Neh AY
41 k-1
6.1 LX, (6.2N) (2V,6) (2V,6)  (6,2N) (2N.1)  (6.6) (2N1)(2NkT)

AY

0

AZ,

(520)

rgje €& — BEKTOp CBOGOLHBIX y/ieHoB, k — HOMep HbIOTOHOBCKOI
2N.1)

urepauus. Ilocnie OKOHYaHMs HTepauUMi ONpeAesMM TEH30p OIUHMOOK
HayaJibHbIX YCJIOBHM:

K— = p*N™* 521
(6, 6)x° (6,6) ’ ( )

roe p — omu6Ka eHHHUIB Beca YPaBHEHHbIX BeJHUMH.

§ 35. TOYHOCTb ONPENEJIEHHS OPBHT NO OPHEHTHPYIOULUM
YIrJIAM BA3HCOB KOCMHYECKORN ChEMKH

[MonoxuMm, uto ABHXKeHMe Kaprorpaduyeckoro MIC3 mnpoucxomur no
KpyroBoil noJsipHoii op6ure ¢ OoJabuiof mnojayoceio a=6728 000 m
npu Bbicore nonera h=350 kM. KpoMme Ttoro, He Hapyllas OGLIHOCTH
BEIBOJIOB, HOJOXXUM, YTO JIMHHA Y3/]0B COBNajaeT C JIMHHeH, COeIMHs-
Iouel paBHONEHCTBEHHbIE TOYKH, a BpallleHHe MJIaHeThl OTCYTCTBYET.
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Honyctum Takxke, yto yrabl @ u A He KOpDpeJNHpOBaHH, T. €.

ms,
m,=m,cosP=——
< A ﬁ ’
rne Mg, — Cpelusisl KBajapaTHueckasi OvOka HanpasJienus Gasuca.
TakuMm ofpasoM, O/ NMPUHATOH Modead uMeeM: a=6650 Kum;

e=0; J]==90°; Q=0°, 0=0°. [losoxuM, 4TO B HayaJbLHYIO 3IIOXY
fo cpenusis aHoManus My=0, nnuHa Gaamca B=200 KM, HHTepBan
MeXNy MOMEHTaMH cbeMKH Af=26°5.

3anuiueM YHUC/IOBble XaPAKTEPHCTMKM NPUHATOH MOLENH:

Mo=0; sinJ=1; cos J==0; sin 0=0;

cos w=1; sin Q==0; cos Q=0; sin My=0;

cosM =0; n= {3‘;2 = 6,555-10~ °/c;

2L —1,486-10~%; nAf ~ AM =~ sin AM ~ 2,974 10~ (522)
a .

V=1/ * = 7697 wc %rzAt — 4,460- 10—
a

B=VAt=200 km.
HOuddeperuupys ¢GopMysb OPpHEHTHPYIOLIHX YIJIOB C Y4YeTOM Ha-
YaJbHBIX YCJIOBHi, MOJYYHM:
1

dh, = ————
12 B, cos &,
: in®

de,, = ~2 -1z
12 Bry

(dy1’—dyz);

cos® (523)
dx, —dxz)— —ﬁ (dz, —dz,).

12

BeipasuM opHeHTHpYOUIMe yrawl @ yepe3 reOLEHTPHYECKHE CKJO-
Hennsi & IC3. Ias npunsTof Momenu

x=acos §; y=0; z=asin §,

(524)
No3TOMY
sin®,, = — cos Dt cos 8
(525)
cos @,, = sin§,,.
Torna ¢opmyas (523) nonyuyumM B BHIE:
1
dAu = . (dyl —dy,);
Bsin 8,,, - (526)
00, = —-= B (g xy —dxg) — = Do (de,— dz).
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Ecan nponuddpepenunpopars (opMysbi, CBASBHIBAIOILME IPAMO-
yroJibHbie MHepuuanbHble koopauHater UC3 ¢ sneMeHTaM# OpGUTH M
BBIYMCJUTD NPOH3BOJIHbIE C YYeTOM XapaKTepUCTHK Mogenu (522), to
nocye psina npeo6pasoBaHHi noayunM auddepeHuuanbHble (HOPMYJIBI
OPHEHTUPYIOLINX YIJIOB KaK (QyHKuUMit 3seMeHTOB OpOUTH. OHU OymyT
CeYIOIHMU:

dA,, = —dQ —ctgé,dJ;
da

(627)
de,, = __C_"igﬂ {L(xl - Xg) + %V(t1 sin M, —1,sin Mz)] ——

—(zl—zz)dMo! - _ﬂ% {[(21—22)_

— 2V (t,cos M,—t,cos M) J ia"- + (r— x) O\

Hs ¢opmya (527) caenyer, uTO HeH3BECTHbie MOXKHO pa3bGUTh Ha IBe
rpynnsl. BHeluHue sjeMeHTH OPGHTBI — JOJATOTa BOCXOASLUEro y3Ja
Q ¥ HakJIOHeHHe K IUIOCKOCTH 3KBaropa J—omnpeneisiorcss Mo OpH-
E€HTHPYIOILMM yryiaM A, a BHYTPeHHHe 3JieMeHThl —OoJbllasi MoJyoCh
a u cpenHsis aHoMaJjus Mo— no opHeHTHpywUM yraam @.

Ha ocnoBanuu nuddepenumanbvueix popmyn (527) cocraBuM nse
He3aBHCHMble CHCTEMBI HOPMAJbHBIX ypaBHEHHH, KOTOpEIE 3amulleM,
HCNOJIBL3Ysl CHMBOMHKY cxeMHl I'aycca, T. e.

|aa],dQ +-[ab],d7 + [al], =0;
[ ab],7Q + [bb]A'” + [bi], =0;

[aa], M, + [ab],, + [al], =0;

(528)

529
[ablo @M, +[bB], 22~ 1 [bl], = 0. o

Ha OocHOBaHHM NpHUHIUNA HauUMeHbLIMX KBajpatoB [pv?]=min
BLIPAXKEHHSl BECOB HEM3BECTHBIX MJIS KaXKHOH CHCTEMLI ONpeNeNsioTCs
Kak

B lably [b6],
Pg = |aa]s — Tobl, Py =Py ——r Taai, 530
lablg 6814,
PMo = [aa]d, - —[bb],;p 5 P PMo [aalo
e e 2.

[Tocne pautensHbIX mpeoGpas3oBaHMil rayccossl KO3 ¢HUUMEHTH! mo-
JYYUM B CJIEAYIOILEM BHJE:
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[aﬂ]A =N

[ab]a = [etg 8] { yram A; (831)
[66]a ={[ctg® 3]
jaal,= N )
_ _[Bu N0+ NB
[ab]°_—[2nAt - 2“]
[6b], = _9_ 1A NN D@V yrast @, (632)
o=
6

_%,mt B N(N+1)Jr N_E

a . 402

rie n— 4ucJo 6a3uCcoB.
CpenHue KBafpaTHyeckHe OLIMGKH 5.1EMEHTOB OpPOMTEl  MOJNYYHM

no ¢opMysam:
m- m

B° B

nlﬁ = ——, mJ = 4
P VP, (533)
m— m

m, ——>L—: m —q—5
Mo " VP, C p VP~

Ananusupys ¢opMmynm (530) nnsi BecoB 3J€eMeHTOB, Yybexnmaemcs,
4TO MaKCHMaJbHOW TOYHOCTH ONpEAeNeHHs] NOJrOTH BOCXOASIIEro ys-
Jla H HaK/JOHEHHsl MOXHO JIOCTH4Yb OpPH YCJAOBHH

[etgd]* _ 0, (534)
[ctg? 8]
T. €. KOI[a CKJIOHeHHs § YHOBJeTBOPSIOT TpeOOBaAHUIO
61=—0s; 6o=—03, ... , Ooy—_1=—20n. (535)
B stom cayuae
m- m-—
my = V';: ;om, =W%. (536)

CpaBHUB (OpPMy/bl CPeIHHUX KBaJpaTHYECKHX OLIMOOK AJSi BHeELI-
HUX ¥ BHYTPEHHUX 3JIeMEHTOB, Y0eX1aeMcCs, YTO 0 Mepe yBeJUYeHHUs
yucana 6a3ucoB TOYHOCTE onpefesdenus Q2 u J BO3pacTaeT 3HauYMTeJb-
HO GbicTpee, 4eM TOYHOCTb BHYTPEHHHX 3J€MeHTOB OpGuUTH a H M,.
Tak, npu N=10 u Mgo = 10" ommn6kxa B JOJNTOTE BOCXOASIIEro y3-
na cocrasur 3”, B TO BpeMﬂ KaK My = 6,9"’, a my=805 M. Takum

06pasoM, BHELIHHE 3JE€MEHTbl (MpH MCNOJB30BAHUM [AJS  YTOYHEHHS
OpOMT YCJOBHSI KOMIJIAHADHOCTH) OHPENeJSIOTCST Tropasfio TOYHee
BHYTDEHHUX.
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Ta6auuna 25

Yucno Igasucoa my. ™ Pa mMo. yTa1. © PMo
10 805 0,16 6,5 2,4
20 283 1,32 4,5 4,9
30 154 4,47 3,7 7,4
40 100 10,6 3,2 9,9
50 72 20,7 2,8 12,4
60 54 35,8 2,6 14,9
70 43 56,8 2,4 17,4

BeimonHuM pacuer ¢pelHHX KBaAPAaTHYECKHUX OWMOOK Mg U My,
Kak ¢yHKUHH uucna 6asucoB N, BKIIOYEHHHIX B 06pabOTKy aas Mo-
Jenu - xapakrepuctukamu (522) ¥ NPHUHATEIMH HayaibHBIMH YCJO-
BUAMM NIDH Mg, = 10" (tabn. 25).

B 3T0i1 riaBe 6BLIM paccMOTpeHbl ABa MeTona AuddepeHyHaNbHO-
ro yTOYHeHHs] OpPOGHTBHI: OCHOBaHHBII Ha HCMOJB30OBAHMH YpaBHEHHH
KOJIIMHEAPHOCTH M Ha YCJOBMM KOMITaHADHOCTH.

CpasHum npuMep 18, B xotopoM O6BLLIO BHINOJMHEHO AM(pdepeHLH-
aJbHOe yTOYHeHHe OpOMTH MO ABYM CHHMKaMm (ILecTb TOYEK) C MC-
NoJAb30BaHUEM YypaBHEHHH KOJJMHEapDHOCTH, C PpaCyeToM TOYHOCTH
onpejeseHHs 3J1eMeHTOB Kpyrosoil opbuthl mo ¢opmynam (531)—
(533), korma onpepejieHbl HamnpaBJeHHMs JHMLbL JAByx 6a3ucoB
(tabsn. 26). Kak BUAMM, TOYHOCTb ONpenesieHHs] YrJIOBEIX 3JIEMEHTOB
Op6UTHl C HCHOJb30BAHUEM YPaBHEHMH KOJIMHEADHOCTH NPUMepHO
B 20 pas Huxe. [Ipn 3TOM TOYHOCTH ompejelieHMsi GONBILIOH MOJYOCH
B 20 pas Bhillle.

Takum o6pasom, KarkAblif U3 PACCMOTPEHHBIX METOLOB MUMeeT CBOM
NpeHMyllecTBa ¥ HENOCTATKH, NO3TOMY B MNPOM3BOACTBEHHBIX YCJO-
BHUSIX HeOOXOAMMO pacnoJjarath NakeTaMH MNpOrpaMM, peajiM3yIoLIMX
oba Mertona.

Ta6niunuma 26

MeTop, ocHOBaHHLIi Ha NpEMEHEHKUM:
Onin6ka
ypaBHeHH KONVIHHEADHOCTH | YC/NOBHS KOMIJIaHApHOCTH
mg, M 494 10 342
My, P € 400 18
M;, yrn. ¢ 200 10
Mg, yra. ¢ 200 7
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Ba)XHhIM npeuMMyLIeCTBOM MeTOAd, OCHOBAHHOrO Ha YCJOBHHM KOM-
NIaHapHOCTH, SABJSETCH BO3MOXHOCTb ONpeAeseHHs OpPOUTH NpH OT-
CYTCTBMH MCXOLHHIX NYHKTOB Ha CHHMKaxX, YTO fAeflaeT 3TOT METOx
NIOJIHOCTBIO aBTOHOMHbIM. Macwtab npu 3TOM 3anaercsi MIaHEeTOLEHT-
pHyecKOHl rpaBHTALHOHHOH nOCTOsIHHON. BO3MoO)Ha Takas ke MOIH-
¢ukauusa Merona avdgepeHUMATBHOrO YTOUYHEHHMSs] OpOUTH, OCHOBAH-
HOTO Ha ypaBHeHUsX KOJIJIHHeapHOCTH.

T'nasa VII

KOCMHUYECKASA $OTOTPHAHIYJISALLUSA
C OLHOBPEMEHHBIM ONPEAEJIEHHEM
HAYAJIbHBIX YCJIOBHA IBUW)KEHHUSA
HCKYCCTBEHHBIX CIIYTHHKOB

§ 36. CHCTEMA OBO3HAYMEHHHA M OCHOBHBIE COOTHOLIEHHS

B kocMuuecko#i (DOTOTPHAHIYNALMH, NMOCTPOEHHE KOTOPOH BHINOJHSET-
Cfl C HUCNONb30BaHHEM CHHXPOHHBIX CHUMKOB MJAHETH W 3Be3IHOLO
He6a2, B KauecTBe HEU3SBECTHBIX NPHUHUMAIOT CJEAYIOLUME BEJIHYHMHBI:

KOOPAMHATH TOYEK MJIAaHEeTHl B IJaHETOLEHTPHUYECKOH CHCTEMEe KO-
OpAHHAT, 32()UKCHPDOBAHHOH OTHOCUTEJIbHO TeJa MJiaHeThl (oA 3eM-
JIU B TPHHBHUCKO# cHCTeMe);

YrJOBbie 3JieMEHThl BHEIIHEro OPUEHTUPOBAHUS ToONOrpacduyecKuy
CHMMKOB; _

HayanbHble ycnoBusl aBmxeHus VMIC3 (yawe scero B Buae KOOpIH-
HaT ¥ cocrasasollHx ckopocty Xo, Yo, Zo, Xo, Yo, Zo Ha HayaJbHYIO
3M0XY);

NONpaBKM B MOMeHTH ¢oTorpacdupoBanus i;.

Oco6eHHOCTBIO TAKOI'O THIIA AHAJUTHYECKOH KOCMHUecKO# ¢OTOTpUaH-
ryJdsiuMH sBJSIETCS TO, YTO KOOPAMHATH IEHTPOB (POTOrpacMpoBaHUs
He BXOAST B 4YMCJO HEM3BECTHbIX NPH ypaBHEHMH, 2 ONpeesAIOTCSH
nyTeM HHTerpHpoBaHusi AubdepeHLHaNbHHX yDaBHEHUA NBHXKEHHMS C
YTOUYHEHHEIMM B MpOLIECCe YPaBHUTEJBbHBIX BBIYMCJIEHHH HauyajbHbIMH
yCcJqoBUSIMU fBMKeHUsl. TakuM o6pasoM, KocMHuyecKasi (hOTOTpHaHry-
JSALMs  fBJIsieTCsl CBOeOGpa3HONl PasHOBHAHOCTBIO OPOHTAJIBHOTO Me-
TOA2 KOCMHuecKoH reofiesu. Ecam kpome dororpaMMeTpHyecKon HH-
¢opManuM KCNONB30BAaTh MOKa3aHUsl JA3e€pHOro AafbHOMepa € (HK-
cauMell OTP2)XEHHOr0 OT TOYKHM IJTaHeTbl UMIYJbCa, TO }KEeCTKOCTb
KOCMHMYeCKOH (POTOTPHAHrYJASAUMM CYyLLECTBEHHO YBEJHYUTCH H INOBHI-
CHTCSl TOYHOCTb ONpeneisieMBIX 3J€eMEeHTOB.

BeeneM crenywomyo cucteMy o603HayeHHH, MMEIOLIYI0 Ba)HOe
3HayeHHe NPH CO3AaHHU CJOXKHOrO ajJropuTMa MaTteMaTHyeckoil obpa-
60TKM KOCMHUYeCKO# (OTOTPHAHTY ALUM:

k — Homep MapuipyTa (OpGHTaJBLHOTO BHTKA);
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ik — HOMep cHHUMKa { Ha k-M BMTKe (Mapuipyre);
j — HOMep TOYKH TOBEPXHOCTH IJIaHeThl;
Lkj — HOMep j-fi TOUKM Ha I-M TonorpapuuecKOM CHHMKe E-TO
BUTKA;
S — YHUCJIO MapuIpyTOB;
My — YHCI0 CHHMKOB Ha k-M BHTKE;
5

m= kaequcno CHMMKOB, BKJIOYeHHBIX B 00paboTKy B 6JIOKe;
k=1

.n — YUCJIO TOYEK NMOBEPXHOCTH MNJIaHETHI;

X — pesysbTaT M3MepeHHil;

X% — npubmkeHHOe (NpeABapUTENIbHOE) 3HAyYeHHe U3MepeHHOM
BEJIHYHHbI;

X, Yy — KOODJIHHATH TOYeK TOMOrpaguyeckoro cHUMKa (B 5TOM
[J1aBe THJbJly CBEPXY ONMyCKaeM);

X, Y, Z — rpuHBUYCKHE IUIAaHETOLEHTPUYECKHEe KOOPAMHATHI;

Xp, Yp — KOODAMHATHI TJIaBHOH TOYKH CHUMKA;

ft — pokycHOe paccTosinne TOmorpacdHYecKoi KaMephl;

all aﬂ a’ls
I, = (S,0)" =] a,, a,, a, |—OnNEpaTop opuHeHTaUNH Tonorpacpn:
yeCKo KaMephl B T'PHHBHUCKOH
Qs G5 Qs CHCTeMe KOOpPAHHAT,

Qir, wir, Jix — 30NEPOBH YIJIBI, ONpelensiolude OPHEHTAUUIO ik-ro
TonorpadUyecKoro CHUMKa B IPDHHBMYCKOH CHUCTEMe KOOpAMHAT;

) O(Xirf, Yirj) -
——————M3TPHLA INPOM3BOAHBIX OT KOOPAMHAT iKj-it

ikj = 1
23) " Ok @, Jik)  Toukm CHMMKa MO SHJEpPOBHIM yriam;

) de, . . .

(3'%,2 =| do,, |— BeKTOp MONpPaBOK B ik-¢ SiJIEPOBHI yr.by
dly,

() O(Xikjs Yiry)

i = ——Ma"rpuua NPOM3BOIHBIX OT KOOpPOMHAT (Rj-i
23) O(Xik, Yirr Ze#)  ToOuKM cHMMKA MO ik-M KOOpAMHATaM LeHTpa

¢oror padupoBaHus;
S s
%% =|dY,, |— BEKTOp MOMpaBOK B KOOPIHHATEI ik-ro ueiatpa ¢o-
3,1 .
@1) dz,, TorpacupoBaHus;

. O %ikj, Yirj) . L w
——— ——  —_ MaTpuua NpPOU3BONHEIX OT KOOPAMHAT ikj-i

ik] =
(2:3) 0(Xj, Y. Z))  TouKu CHMMKa 1O IPHMHBHYCKHM KOOPAMHATAM
j-#i TOYKH NOBEPXHOCTH MJIAHEThI;
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JIX;

] = d}’, — BEKTOD MONP2aBOK B IPAHBHYCKHE KOOPAUHATH j-fi TOY-
1 Z, KH [OBEPXHOCTH IJIAHETHI;

= Xip, Yip, Z
B, = (Xies Yies Zin)

Y — MaTpuua TPOM3BOAHBIX OT TPHHBHYCKUX
(se) KOOpAMHAT ik-bIX 1eRTpoB doTorpacdupona-
HUA 10 £k My MomeHTy (hoTOrpacdupoBanus;

‘8)= (dt;,) —nonpaska B ik-fi MOM2HT ¢o10rpadupoBanms;
‘( "

R _ (Xiry Yir, Zir)

B, s Zir)
3,6) a(XOkv Yt;kt Zukl XDks Yokt zZ k)

—MAaTpHIA M30XPOHHKIX MPOU3-
BOJHBIX—OT KOOPAUHAT ik-ro
ueHtpa ¢ororpadupoBaHus
[0 HayaJlbHbIM YCJIOBUAM JIBH-
wenuss UIC3 B anoxy ¢,, nis
k-ro op6HTalbHOrO BHTKA;

dX,.~

Y o
0 dz )
8, = . —'BEKTOp MOMPABOK B Haya/bHble YIJIOBUS [JIS SMOXH
.0 dX o {,, k-TO BUTKa;

dy,,

_Z,,

10 — AOO
- ki ik] o
Epj = — BEKTOP CBOGOAHbIX YJIEHOB YypaBHEHHWI no-
21 .l/?k,— y??,, npaBok ikj-Hi TOYKM CHHMKa;

— v
Vigj =[ xikl] —- BEKTOp NONPaBOK B H3MEpEHHbie HA CHHMKE KOOpIH-

vl/ik] HaTh! ikj-I TOYKH CHUMKA.

JIuHeapusopaHHOe ypaBHeHHe nonpasoK (208), cooTseTcTBylolEe
¢yHIaMeHTaNbHOMY YPaBHEHMIO KOCMHYeCKOfi (oTorpaMMeTpuH,
YY€TOM NPHHATOH cHCcTeMbl OOO3HAyeHMHl 3anuMuleM B CJeAyIOLIeM
BHIE: -

- S D, @ N2 L= -
Viej -t By 05 1+ By 87 4 By 8= ey (837)
(2,3) @G0 12,3) (2,3 (3.1) (2l

INockosbKy KoOpAOMHATH LEHTPOB (poTorpadrpoBaHus — PyHKUMH Ha-
YaJIbHBIX YCJIOBHH NBUIKEHHS, T. €.
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Xik Xik (Xokr Yok' Zok’ Xok' Yok’ Zok! tik—'to)
Yik = Ytk (Xokv Yok' Zok' Xokr Y.ok’ Zokv ttk'_' o) ’ (538\
Zy, Zit KXok Your Zowr Xore Yore Zops tip—1y)

R
UCK/II0YMM 43 ypasHeHust (537) BekTop 9,,. BBenmem B 370 ypaBHe-
HHe NOMNpPaBKH B HayaJbHble YyCJIOBHUSI ¥ MOMeHTH ¢oTorpagupoBaHus

;(2) dXik ~ o~ 0 _d
8o =1 dY.;, | =B S+ By 8ip (539)
3.1) G W (3.6 (6.1)

daz,

(2

@
¥, NOACTABMB 3HayeHHe BEKTOpPa TMONPaBOK &; B KOOPAMHATHI
@0 :

ueHtpos ¢ororpaduposanus, onpenenseMoro ¢opmynoir (539), B
ypapHenue (537), l'IOJIy'-lP[M 3TO ypaBHeHHe B cJiefylOlieM BHIeE:

vkl+ By 8, + B 6 ¢+ By 8 = € kj (540)
2,1) @4 @ l) (2,6) (6. l) 23 30 2,1)
B Bripaxkenun (540)
A
cocm s | o
By =| By By B, j b= 0 . (541)
(2,4) 2,3)  (2,3) (3.1) “.n ’a\
ik

an

Kak cnenyer us shipakenuii (541), BeKTOp monpaBok 8,,, 06D
1)

€NUHSeT MONMPaBKM B YIJIOBbie 3JIEMEGHTHl BHEIUHEro OpPHEHTHPOBAaHUS
Qig, ik, Jir tk-rO CHUMKA ¥ NONpPaBKU B MOMeHTHl ¢poTOrpacdupoBaHud
P g

tir. BekTtop monpasok —8(3 B KOOpAMHaTH ik-ro ueHrpa ¢ororpa-

0

¢upoBaHus 3aMeHHM BEKTOPOM NOMpPaBOK &, B HauyaJbHBIE YCIO-
6.1)

BUsl nBuXKeHust Xog, Yor, Zokr, Xor, Yor, Zor. Ha k-M op6uTasibHOM

BUTKe, BKJIIOYAKIOLIEM M CHUMKOB, BBefeM 31, MONpaBOK B KOOPHH-

HaTbl LeHTPOB (hoTorpacdupoBaHusi. 3aMeHMM BEKTOD MONPaBOK B KO-

OpAMHATH LeHTpoB (hoTorpadupoBalus, comepxkaliuit 3m, HeHU3BeCT-

HbIX, IIECThI0 MONPaBKaMM B HayajbHble YCJIOBHS AJs1 Kk-TO BHTKa
0

(BexTOp mompasok §;, B HayaJbHBIE YCJaOBMs). DTO BeAeT K MO-
RY)

BBHILIEHHIO 2KEeCTKOCTH M CTaGHIBHOCTM ypaBHUBAeMOH (DOTOTpHAHIY-

JALMM U 3HAYMTENBHO™ YMEHBIIAET YHUCJIO HEM3BECTHBIX, BXOASLIMX B

YpaBHHTE/bHbIE BHYHCJICHHS.
13—6549 193



§ 37. CTPYKTYPA YPABHEHHNA NONPABOK

HeusBecTHble, BXOAsiliHe B yDaBHEHHsi NMOMPaBOK KOCMMYecKo# ¢oTo-
TPHAHTYJIALUY, COCTABJISIOT TPH TPYNIIHL

Ilepsas epynna: yrioeble 3j€eMEHTbI BHELIHEr0 OPMEHTHPOBAHUSA
tTonorpauyecKux CHHMKOB Qir, ®ir, Jir ¥ MOMeHTH (oTOrpadupona-
HHUA lig.

Bropas epynna: KOMNOHEHTHl BEKTOpPAa HAYasJbHBIX YCJHOBHil Xo,
Yok, Zok, Xok, Yok, Zok

Tpervsn epynna: KOOpOMHATH TOYEK MOBEPXHOCTH MJaHeTH  Xj,
Y, Z;. ’

IlepBoit rpynne HeHM3BeCTHBIX COOTBETCTBYET ypPaBHEHHe MONPaBOK

(4‘{1) — ‘4,815" =(4,e|‘;”’ (542)
raoe
S QT Qe
v Yo Y do | = | o®—¢
(4‘.[lt)k - v, ; (51‘)’z | ;(433" | go—p |- (543)
_ U _lik _dt _ e

YuyuTbiBasi, 4TO YrJjoBbie 3/IeMEHTH BHEILHEro OPMEHTHPOBAHUA KOppe-
JUPYIOT, HO He 3aBHUCAT OT CJAY4YaiHOH OIMOKM onpeneneHUs MOMeH-
Ta 3KCNO3MIMM, KOBAapHMalHOHHAsi MaTpHua, COOTBETCTBYIOLLAs ypaB-
HeHHI0 nonpaBok (542), 6yneT HMeTb BHI:

KX
? qm qwm qm 0
Kip=| * | (544)
4 G 950 9y O
-0 0 0 gqg,_
a BecoBasi MaTpHila
W = K. (545)

(449 (49

Bropofi rpynne Heu3BeCTHHIX 6yneT cOOTBeTCTBOBAaTb YypasHeHHE
NONpaBoK
0 ° [
Vk-— 6 = e (546)
(6:1) (s.n) (e.n
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rue

o X - —dX ok 7
% x dY,.".
0 Yz 0 dZ,,
ot U% s ; (sl.slk) B d’_‘( ok
U};ok d Yok
| P2y _ dZo -

¥ paBHeHHIO (046) COOTBETCTBYET BECOBasi MaTpHIa

0
W,
(6.,6)

—1
= K .
(6.5)

B Bripaxenuu (548)

B g(r)z—"_ng_
Yg?c—ygk
Z0—1Z3
=1 Xop— X%
Yor—Yor
Zo—Zo%

(048)

0
K7+ — KoBapuanuOHHas MaTpuua anpu-

OpHBIX 3HaueHHH BeKTOpa HavaJjbHbIX ycaoBui. Haxkoweu, nocsiennee
YpPaBHEHHe MONPAaBOK COOTBETCTBYET TpeThell rpymnme HeH3BECTHHIX —
onpenensieMbIM KOOPAMHATaM TOYeK NOBEPXHOCTH TMJIaHeTHl

I
31) G1) (3D
rje
v, dXxX
Vv = Uy H 6] = dY ’
(3.1) 3.0

€
3.1)

XP—Xj
YP—VY}
%70

(549)

(550)

Tlpn 3ToM nast Kaxno#l j-H TOYKH NaHeTh COCTABUM KOBapHaLMOH-

HYI0 MaTpuuy

(551)

CerH, cocrosiuieit M3 n TOueK, COOTBETCTBYET CHCTEMa YyPaBHEHHH

Ki=] 9y vy 9vz -
3.3) 94,
9xz vz -
TIONPaBOK
v — § = ¢
Gl @l Gn )

(552)

Ilpu sTOM KOppeasiiHs MeXJAy KOOPAMHATaMM TOYEK TNPAaKTHUECKH
OTCYTCTBYET, MO3TOMY KOBapHaUMOHHAasi MaTpulia IJif n Touek Gyner

UMeTh NMaroHaJbHBIN BHA, T. £.
K =diag(K, K,..., K,)
(3n,3n) - 33) 33) 3,3)
13*

(553)
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TouHo Tak ke BecoBast Matpuua OyneT AMaroHajAbHOIA:

P = K =diag(W,, W,,..., W,). (554)
(3n,3n) (3"1.3n) N (3.3} (3.3 3,3

§ 38. CHCTEMA HOPMAJIbHBIX YPABHEHHUM
JUJIS k-ro MAPIIPYTA (BUTKA)

JIuneapusosanHoe ypaBHenue (540) sanumeM B ciaenywomeit dopme:

Vie; + B dinj = e (555)
B KOTOpOM
) o ..
B, =|Bi; By Biril; 9596
(2.15’;' [(2.4vk' (Z.g)kl('z.S)ki] ( )
_ .0
8yu = [5% 87 OII". (657)

(13,1) 41) (6.1 (3.1)

KoBapnanuoHHYI0 MaTpHLy HeNOCpPeACTBEHHBIX H3MepeHUH Ha
CHMMKe, COOTBETCTBYIOILYIO ypaBHeHMi0 (549), mpeacTaBuM B BHJE

Gxx  qx ,
ik = [ . Y ] ’ (558)
2,2) Gxy Gyy Jigj
a TaKXe BECOBYIO MaTpHLy
Wiy = Kigj- (559)

12,2) 12,2)
CoctapuM noka ¢opMajbHO CHCTeMYy HODMaJjbHHIX ypaBHEHMil, co-
OTBETCTBYIOLLYIO ypaBHeHHIO (555):

(B.;k W, B) 6:k1= Bfk! wtki Cikp> (569)
(13,2)  (22) (2.13) (13,1) 113,2) (2,2 (2.1)

KOTOpYI0 C YYeTOM BhipakeHHs (557) MOXKHO 3anucaTb B PasBepHY-
TOM BHIE, T. €. '

" Ny, Ny Ny 71105, 1 | €
(4.4) 4 4.6) 14.3) 1 (4.1')k r4.1fk!
N, N RN 2 & (561)
f ikf k] . { = ik >
6 G @ o N
Ny Ni; N 8.1 Ci
—ea e S O Y ¥
0 . ) : . _
N,,;,= Biyy Wy, Bt Cooy=Biki Wi eiss
6 T g eated® e ea ea™ely
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0 0 0 0 0 -
. . T .

Nij = BT’wik[ quv Cik} = Big; wikl €1k

16,6) (8.2) (2,2) ' (2,6) (6,1 (62)  (2.2) " (21)

. . L .. -
Nik/ = Big; wik/ Bmp C=PF wiki Syt
(3.3) .20 (22 @3 (3 (3.2'(22) (21)

~ . 0
N = Bz Wi Bisji
(46) " (42) (22) (26) (962)

- . ..
Nikl= ki wikj Bik,-,
(4.3) 4.2) (2,2) (23)

A 0 "

T .
N””- = Bik[ w[‘k, Bikj’
(6.3) (62) (22 (23)

Cucrema (561) siBnsieTcsi HeonpejeJeHHOH, TaK KaK BKIIOYaer TpH-
Hanuath HEH3BECTHHIX, OHa COOTBETCTBYyeT ABYM YpaBHEHHsM nolipa-
BOK /I H3MEpEeHHbIX Ha CHMUMKe koopaHHAT x° H y° ofHOM TOUKH.

CMbicsi BBEneHHSI 3TON HeonpeneneHHOM CHCTEMbl 3aKJI0Yaercs B
TOM, 4YTO JAeBSiTb MAaTpHL, BXOASIIMX B ypaBHeHue (561), o6pasyioT
OCHOBHOH KOHCTPYKTHBHBIH OJIOK I/ (OpMHpPOBaHHUS BCEH CHCTEMH
yp2BHeHHH, BO3HMKAmulel B mnpouecce oO6paboTKu M, CHHUMKOB BHT-
Ka (Mapuipyra).

O6Gmast cucreMa ypaBHeHHUil, cocTaBJieHHast AJs 06paboTku Bcex
TOYEK, H3MEPEHHBIX Ha M, CHHUMKax BHUTKa, HMeeT BHI:

YTJIOBHE SJIEMEHTH OpHEHTH-~ BEKTOp KOOpAMHATH TOWEK MJIaHeTH
POBaHHA ¥ MOMEHTH HMAYASLHRIX
3K CNO3HUBH ycaosul
CHAMOK 1 CHHUMOK 2 ... CHHMOK m;  BHTOK k 1Joyka ] TOWKa 2 ..., °TOWKa n
-~ 0 . ~ — —_ — -
le-l—Wlk 0 - 0 le lel le, ves len
0 . ~ — — —
0 Nﬁk—[—wzh. .. 0 N’k Nskl N”k” v N”k"
. ven 0 ce . : ~ . - _ B
0 0 . -Nmk-l-wmkg Np,, Nmg  Npge oo- Ny
R R .. KL iNetWel Na W R
Ni,, N2, ... Nm ket We [ k2 -+ Ngm 4
N,ON NL, o RGNt W :
1,1 2,2 mg K ntW, 0 0
_T '——T ——T AT : ae .o
N‘k2 N2k2 ‘e Nmkz Nkz veo NpadWg. .. 0
T NT NT T e .
N len N2kn i Nmkn Ngn 0 o ... Nlin+wﬂ_
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.alk Clk - wlkelk

‘.’2;, Cep Wzk‘zk

Em Crp, — Wrnym,

' 0 = 0 0 0 .
x L. Co— Wpep (563)
% ‘m— Wl €1
¢y 6,32 — Wz €y
L 1 L Cp—Wnen _

Bce sneMeHTH!, BXOAfillMe B 3TY CJOXKHYIO CHCTEMY, ONPENENSIOT C
MOMOILbIO OCHOBHBIX COOTHOUICHHH (562).

. Ilpu stom pennuunbl Nip; BHIYMCASIOT HeNMOcpeACTBeHHO no ¢op-
Mynam (562), a octanbHble myTeM IPOCTOTO WM JBOHHOTO CYMMHpO-
BaHMs BEJHYMH, BXOAAIWHX B popmyan (563), T. e.

n ~ n
N; = ENtkf; N;, = ENikf;

i=l1 =1

. oo 0 Tk B 0
C,= 2Cs Ny = X Ny ;
=1 =1 j=1 (564)
my, o My onog
Ni, = DN, Co= D) DCuyyi
i=1 J=1k j=1
mk . mk
Ne = DV Ni,p Cy, = N Coyr
{=1k i=1k

KpoMe BenuuuH, onpenensieMblX NMyTeM CYMMHpPOB2HHS MO (popmyaan

(564), B o6y cucremy (563) sxomsaT pecoBbie MaTpuusl Wi, We 1

W;, crporoe onpenesieHne KOTOpbIX — CJ0XKHafa 3ajmaya.
I p
MoxHo KOHCTaTHpOBaTb, YTO €C/IH H3IBECTHHI KOBapHaU.HOF-IHbIe

MaTpHubl ypaBHeHHH monpasok (542) u (549), To MaTpHubI W, u
W; 6ynyT IMaroHaJbHBIMH:
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Wk = diag( Wlk’ Wzk,..., wmk); (565)

(4mk4 k) ua® @

W, = diag (W,, W..., W,). (566)

(3n,3n) (3.3 (3,3 (3,3)

0
Jina onpeneneHus KOBapHALHOHHOH MaTpuln W, HEOOXOQHMO pac-
nosiaraTh NpeaBapHTeibHOH MH(opManueil 06 opGure.

§ 39. MATPHLIA HOPMAJIBHBIX YPABHEHHH
JLJISt BJIOKA KOCMHUYECKON ®OTOTPHUAHTIYIISALLNH

CucteMy HOpManbHBIX ypaBHeHuit (563), cocrapiieHHYIO NpH ypaBHH-
BaHHH k-rO BHTKa, HCHOJB3YIOT OJA (OPMHPOBaHHMA MaTpHLLl HOp-
ManbHBIX ypaBHeHHH opOuTanbHoro 6J0ka, obpa3yeMoro nepekpbiBa-
IOLUMHCA BHTKaMM (MaplupyTaMH).

C sToft uenbto 3anuvueMm B OoJjiee KOMNakTHoii ¢opMe cHCTeMy
(563), coxpaHsis mpH 3aIMHCH TOJMbKO MOAMATpHIbI, SIBJASAIOLIHECS KJje-
TOYHBIMHU: '

- . - ”~ E —_— . — _—— — -_—= -—
Ne+Wei N | N Negg  =*+ N 8 Co— Wee
~r 0 0 .E ~ PRS ~ '0-— ’—6 --------------
Ne iNe+ Wi Ny Nea oo Nen Sa | | CemWee
ml ﬁ;l Nk1+w1 0 ven 0 .él ('i,u—wls
ﬁ;z ﬁ;2 0 Nk,—l-W’ ven 0 .é, ('ih—w,s
Nk3 Nis 0 0 ... © (N Crg— Wpe

— N;n l’\\zn 0 0 ore .Nkn-l-WM_ - .én _ _Cm-—- W,,e_
(567)

Heo6xonuMo vMeTe B BHIY, YTO BEKTOp & YTOYHSEMBIX mapaMerT-
poB 6J10Ka, COCTOAILETO H3 S BUTKOB, HMEET CTPYKTYpY

— O e o O, 0 .. .. .
§= (5787 ... 878500 ... 876783 ... 5. (968)

N3 ypasnenuit (567) cnemyer, uto ypaBHeHusi AJsi k-TO BUTKA BKJIO-

YalT TOJNBKO MOAMATPHUBI 37eMeHTOoB BekTopa §. CucTeMa HOpMajb-
HbIX ypaBHeHHH, COOTBETCTBYwulas opOuTaNbHOMY -610KYy, Gymer cre-
Lyromei.
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YrJiOBhe SNeMeHThl OpHeu- HavaJibHul € YCJIOBHA . KOODAMHATH TOYeK NJaNeTh
TUPOBAHUA
BUTOK 1 BHTOK2 ... BHTOK S { BHTOK | BHTOK 2 ..., BHTOK S} BHTOK | BHTOK2 ,,, BMTOK §
—N.1+w1 0 0 N1 0 0 N11 le Nm N
0 Ny+W;... 0 0 N, 0 Ny Ny Nzn
0 0 - Ns‘} Ws 0 0 F‘-s Nsl Ksz N.sn
~T ‘o0 0 ~ ~ ~
M 0 0 :Ny+W, O 0 Nu Nig Nin
~T 0 0 ~ ~ -~ ><
0 iNg 0 0 N+ Ws,... 0 N,y Nyo Non
0 ) Ns 0 0 ..Ng+Wg Ny N Nen
N1 Nai Nst : Nit  Na Ns1 iN+W, © 0
Niz Nz Ns2 N2 Nao Nez 0 N4 W, 0
| Nir n ﬁ;n ﬁ:n ﬁirn T\\;n ﬁ:n 0 o ... N,H—Wn_
&% T G—Wieg T
8, Co—Wse,
O Cs —Wges
0 0 0 0
6‘ Cl —_ Wl e
]| am
—_ [
X 2 2 2 €2 (569)
0 0 0 0
8 Cs—Wseg
|| G
b | | G
|3, | L Ci—Wyhey _

Bennunnn N; u C;, BxomswMe B ypasHenus (569), BBIUHCASAIOTCH
CYMMHPOBaHHEM:

s s
k=1 k1
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B cucreme HOpMaJbHBIX ypaBHeHHH opburanbHoro 6s0Ka (569) mar-
pHIla HOPMAaJbHEIX YPaBHEHMH COLEPKHT BoJblloe YMCNO  HYJEeBbIX

3JIEMEHTOB U fIBNAETCS paapemeﬂﬂou Baokn N4+-W, N N-|-W—Jma-

rosasbibre, 610ku N N— paspexeHHBe, ecii OOHH M T€ Xe TOYKH
NOBEPXHOCTH M306pa)kaloTcsi Ha He6OJbLIOM KOJHYeCTBE CHHMKOB,
yTo Heu3Oe}HO NpH HeOOIbIUHX NPONOJBHBIX H TOMNEpeyHhIXx [epe-
kpoiTusix. Takum o6pasoM, pelleHue 3afauyd Tpebyer cOCTaBlIeHHSA
MaTpHIBl GONbLIOTO NOPAAKA, HO CHIbHO pa3perkeHHO.

ITopsinok k crcTeMb! HOpMaJbHBIX ypaBHEHUH opOHTasibHOrO 06J0Ka
onpenenserca no popmyie

k=4(m4-met ... +m,)46s4-3n, (571)

roe mi+-me+ ... +ms— obiiee uucao CHHMKOB OJ0Ka; s — obuiee
YHCNO BHTKOB, BXOISIIUHX B OJOK; n — obuiee 4uciI0 onpefensieMbIX
IIYHKTOB NMOBEPXHOCTH INJaHETHI.

[TycTb, HampuMep, Ha KaKIOM BHTKe TMNOJYYEHO MO [ABaduaTh
CHHMKOB, 4YHCNo BUTKOB S=10, onpenensiloTci KOOPAMHATHl ABYXCOT
toyek. Torga mopsAiZoK MaTpHUIB HOPMANBHBIX YpaBHeHHII k=1460, u
ofpaiennde Takoi MaTpHIbl TPYAHO BBIMOJHUMO Laxe C TOMOUIBIO
cospemenHblx DBM. Onnako AHaroHalbHas CTPYKTYpPa HEKOTOpPhIX U3
BECOBLIX MOAMATPHIl NMO3BOJAET MOCTPOHTbL psAA HeOOXOAMMBIX  LJisf
pelleHHs 3apayl aJrOPHTMOB.

ITpu BHICOKOH pa3pemeHHOCTH oOuiedl MaTpHIbl CHCTEMBl JHHeli-
HBIX VpaBHeHHH, Kak nokasan P. TeioapcoH, HanGonee panHOHaNBHEIM
H3 BHIYHUCJHTENbHBIX METONOB sABJSeTCs MOOU(HUIHPOBaHHBIA MeToR
I'aycca.

Ilpr 3ToM BenLyliHe 3JieMEHTH BHIOMpPAIOT TakK, YTOOB MCK/IIOYATb

Ha KaxXxJOoM LIare rayccoBblx SNHMHHAIIHA MHUHHMAalbHOE JOKalbHOE
3anofHeHHe.

§ 40. BBIYHCIIEHUE MATPHULBI H30OXPOHHbLLX NPOH3BOAHDbIX

0
Kak orMeuanoch Bbllle, BHIYHCIEHHE 3JEMEHTOB MaTtpuubl B;, wu3o0-

XPOHHBIX IMPOH3BOAHLIX, KOTOpPAasi BXOAMT B OCHOBHble ypaBHEHHs KOC-
MHYeCKOH (POTOTPHAHTYJISAIMH, ABJAAETCH AOCTATOYHO CAOXKHOA BHIYHC-
JuTenbHOH 3apjaueil. B HacTosiinee Bpems cymecTsyeT OoJbLIOE KO-
nuqecroao YHCJGHHBIX M aHaJHTHYECKHX METOHOB OlpeneNeHHs Mart-

puuel Bi.

AHanuTHyeckMe MeTOAbl He MO3BONSIOT C LOCTATOYHOM TOYHOCTBIO
yuecTb BaHsiHHe aTMocdepbl Ha VIC3, uMeromux HH3Kywo opOury. HX
B OCHOBHOM mnpumeHswT Aas Beicokux MC3, korma MoxHO mnpene-
6peun BAHAHHEM aTMoc(eppl Ha TOYHOCTb ONpPELCJIEHHsi 3JIEMEHIOB

Matpuubl By,
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PaccmoTpuM HamGosee NpocTOH MeTON, BHIYHMCIEHMs TaKoii MaTpH-
ubl. IlycTe nsisi MOMEHTa 3KCMO3MLMH f;r HEOOXOIHMMO OINpEeNesHTb
0

sJeMeHTHl MaTpuusl B,, B TPHHBHYCKOH CHCTEMe KOODIHHAT
(3.6)

T 6X,k 0th 0Xik 0)(,,, ()Xik 0Xik -
0Xop OYor 0Zot oX ok 0};ok 0Z ok
Oy OV Oy 0¥y 0¥ oYy
0Xop OVop 0Zy 0Xop Yor 0Zo
0X.p o 0Zop 0Xop OYop OZop _

0
B, = (572)

(3.6)

YO0
ITpu 57ToM sneMeHTH BekTopa HayaibhblX Xor  ycroBHil B IpHHBHY-
(6.1)

CKOM cHCTEME KOOpAHHAT M3BECTHBI, T. €.

<0 . . .

(6)(13717=[Xok’ Yok’ Zok' Xokv Yokv Zokr' (573)
Mopenb neuxenus MC3 B dopme Tpex nuddeperHuuanbHelx ypasHe-
HH BTOpPOro mopsiika B JaHHOM Clyyae Takxke yAoGHO 3anHcaTb B
TPHHBHYCKOM cucTeMe KoopAuHaT oXYZ, Bpamaromeiics BMecte ¢
3eMaeit:

Y ;g =i .
X 20)@)’ m@X ax +on

. . aV )

5 OV

Z = 07—!- Qz.

B sTux ypasHeHusix o)e——:—% =0,729211508-10~* pax/c — yraosas
oV ov ov

. 3x? oy’ 5z — MPOM3BOIHble OT rpaBH
TalHOHHOFO noTeHuuana 3eMian (321) no ocsiM TPUHBHYCKOM CHCTEMBI
koopnuHat, Qx, Q, m Q.— yckopeHus, o6ycJOBJI€HHbIE CONMPOTHBJE-
rueM atmocdephl.

. B ypasuenus (574), B orauuue ot ypasHenui (397), sanucaHHbIX
B HHEpUHMaJbHOH CHCTeMe KOOpAHHAT, BXOLST YJEHBl, cOHepxKarHe

UPOM3BOLHbIE KOOPAMHAT MO BpeMEeHH (2m®Y H QcoEBXi, a Takxe

CKOPOCTb BpaleHusi 3eMily;

conepxxaiHe KOOpAHHaTh (co"’EBX H (0269 ).

Unenbl, comepaxaiive NPOM3BOAHbLIE OT KOOpAHHAT IO BpeMEHH,
KOPHOJHUCOBB YCKOpPEHHSi. DTU YCKOPEHHS fBJAITCA pe3ylb-
TaTOM OJHOBPEMEHHOTO BpailleHHs TpPHHBHYCKOH CHCTEMHl KOOpIHHAT
H IBHMEHHSI CIyTHHKAa OTHOCHTEIBHO Hee.
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Unedwl, coiepmaide KOOPAHHATH, YYHMTHIBAIOT INEPEHOCHYI0 CKO-
poctb. Hannune B nuddepeHuHanbublx ypaBHeHHsx (574) umeHos,
COJlepXKAIUMX MPOH3BOLHbIE KOOPIMHAT O BPEMEHM H KOOPIHMHATEL
ABJISICTCH ClIefICTBHEM ONHOH H3 OCHOBHbIX Teopem KHHeMaTHKH. Co-
INacHo 3Tol TeopeMe abCONMIOTHOE YCKOpeHHe SBJsieTcfi CYMMOH OT-

HOCHTEJBHOTO, NEPEeHOCHOT0 H KOpPHOJAHCOBa (HOMOJHHTENbHOrO) Yyc-
KOpEeHHH.

0X
I1peamnosioKHM, YTO HEOOXOMHMO BBIYHCJHTD NPOH3BOLHYI0 ——&

k
[Topsinok BbluHcAeHHH OyNeT CleAyOnIHM.

1. Nurerpupyem cucremy auddepeHuuanbHbIx ypabBHeHHH (574)
Ha MOMeHT fix C HauaibHbiMH ycnosusivu (573). B pesynbrate mony-
yaeM BeKTOp Xir== (Xir, Yir, Zir, Xir, Yir, Zit) TEKYLHX KOOPAHHAT
H coctaBasowuX ckopoctd FIC3 Ha MOMEHT Zik.

2. TlpunanumM Temepb HayalbHOMY 371eMeHTY Xor Manoe (2—3 Y%
OT ero 3HayeHHA) npHpauieHHe 0Xor M CHOBa BHINOJHHM HHTETpHpO-
BaHHe cHcTeMbl (574) c BapbupOBaHHbIMn HayaJabHbIMH  YCJOBHAMH

(l)

(Xo’z + SXok’ Yok- Zok' Xok' okf Z.ok)' (575)
B pesyyabTare NnoJy4yuM BprHpOBaHHblH BEKTOD Xir Ha MOMEHT lz:
)_(5‘;3 = (X @, v,z XU v, 2 llz’) (576)

3. npOHSBO}.IHaﬂ -gj((—ik onpenesyiTcss U3 BBIPaXKCHHA
ok

1
0X ~ Xig—Xin (577)
X X )

OnpHOBpeMEeHHO BbIP23HM H [Beé OCTalibHbie I[POM3BOAHBIE MNEPBOTO
0
cronbua Matpuupl Bi, (572):
g YR —Yu
0X.p . 80X, '
’ w__ ’ (578)
OZ;p ~ Z —Z
-~
0X ok X

4. Nanee OyLeM BapbHpOBaTb 3JeMEHT Yo BeKTOpa HayaibHBIX

ycnosuit. Interpupys cuctemy (575) ananoruuyneim o6pasom c Bapb-
HPOBaHHHIM BEKTOPOM HayaJbHBIX YCJAOBHH

xﬁz:(xok’ Yok+6Yok’ Zok’ Xokv }.’ok’ Zok)' (579)

MOJYY¥M BapbHPOBaHHBIH BEKTOpP KOOpPAHMHAT M COCTaBASIOIIHX CKO-
pocm

2 (X 51’, Z th, t(g), ) (580)
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5. Onpenenum 3sJneMeHTH BTOpOro croabua Matpuubl. O OynyT
clelyIOLHMH:
bX,»k ~ Xl(%)_Xik
= ;
oY, Y

2
oY p ~ Y}k)_ylk . (581)
(/) g% .3 g ’

7
0Ziw @ —zy
oY .p 0Zp

6. INpononxkas falee BapbHPOBATb 3HAYeHHSi OCTAJIbHLIX 3JeMeH-
TOB BEKTOpa HayaJbHbIX YCJOBHH, BBIYHCIIHMM BC€ 3J€MEHTbl MaTpHLBL
0
Bik.
: 0
Takum o6GpasoM, YTOGbLI BBIYHCJIHTb BCe 3JE€MEHTHl MaTpHubl Big,
HeoOXOOMMO ceMb pa3 BHINIOJHHTb HHTEIDHPOBaHHE YpaBHEeHHI MBH-
KEHHsl: OIMH pa3 [AJ8 NOoJYYeHHsi HOMMHAJbHOTO 3HayeHHsl BEKTopa
HayalbHHIX YCJOBHH X;, M IlecTb pas [Jfi OMNpeNeNCHHs ero LIecTH
BapbHpPOBaHHLIX 3HayeHHH. HecMoTpsi Ha mpocTOTy H3JOXKEHHOTO Me-
ToOa, OH TpefyeT OOMNbLIHX 3aTPpaT MaLUMHHOIO BpEMEHH.

HccnenoBaHusl NOKaswIBalOT, YTO MpHM TiIaTesJbHOM mnoabope Ma-
JbIX OpUpalueHuil HauaJbHBIX YCIOBHRA 8Xok, 8Yor, ..., 8Zor morpeuwn-
HOCTH pacyeTa MPOH3BOMHBIX PAaCCMOTPEHHBIM METONOM NpaKTHYEeCKH
He Oy@yT CKa3blBaTbCi Ha TOYHOCTH BBIYHCNEHHA KO3 (HIMEHTOB
ypaBHeHH#l nonpaBok npd gHddepeHHHaNTbHOM YTOYHEHHH OpPOHMT W
ypaBHHBaHHH KOCMHYeCKOH (UTOTPHAHTIYSALHH.

I'nasa VIII
OBPABOTKA ¢OTOTrPA®SHUHYECKHUX
HABJIIOJEHHUH HC3

§ 41. OCHOBHbIE OCOBEHHOCTH
SOTONPAPHYECKHX HABJIIOOEHHNA HC3

B npaktHke acTpoHOMHYecKHMX HahjwdeHHl yxe Oosee Beka ycnell-
HO MNpHMEHAIIOTCA MeToAbl (QororpadHyeckoi! acTpPOMETPHH ANA OI-
pelenieHHss OTHOCHTEJLHBIX TIOJIOXKEHHH ¥ COOCTBEHHBIX /BHIKEHHM
3Be3l. )

Brictpoe nBuxkenue MC3, koTopble B cpefHEeM HMEIOT BUAHUMYIO
CKOpocTb mopsifika 1°/c, MOCTaBUIO aCTPOHOMOB H TIE€OE3UCTOB, Be-
nymux Habmogenns MC3 B reoneanyeckux uensix, nepei HeoOXoLH-
MOCTBIO PETHCTPAUHH BPEMEHH C TOYHOCTbIO [0 THICAYHHIX JIOJ€H ce-
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kyHnel. Kpome toro, GuicTpoe npmxenve MC3 cosnaer ewe omHy Ho-
NOJTHATENbHYIO TPYAHOCTb — 3¢ ¢pekTHBHOE Bpemsa skcnoduuun HC3
oueHb Maso M ans GonbwmucTBa MIC3 cocTapnsieT J[OJMH  CEKyHARL.
Ilpu 3ToM crep cnaGbiX MO SIPKOCTH CIYTHUKOB NMPOCTO HE PErHCTpH-
pyercsi Ha ¢doTroMaTepHane, H BO3HHKaeT HeOOXOLHMMOCTb Iepemelye-
HMA Teneckoma WM ero kaccerhl Bcgen sa MC3. Boabuyio posb
Urpaer CBETOCHJa ONTHYECKOH ' CHCTeMbl (oOTOrpadHyecKOH Kamephl,
HanOboJiee MOLIHBIE COBPEMEHHbIe CIYTHHKOBEIE KaMephl IO3BOJSIOT Bhl-
nosHuth ¢ororpaduposanne COYTHHKOB LO CeAbMOW 3Be3[(HOH BeJH-
yuHbl 6€3 OTCNeXHBaHUA.

Otcnexusanue ypenvyusaer sipkoctb MIC3 Ha yethipe-naTh 3Be3n-
HBIX BeJHYHH.

[Tpu nmocTpoeHHH ceTell KOCMHYECKOH TPHAHTYJAALMH HEOOXOLMMBEIM
yCcloBHEM AIBJsieTcsi CHHXPOHHOCTh Habmofenuit MC3 ¢ asyx unu Go-
Jee CTaHiHU# (OlWIHOKa CHHXPOHH3aUMH HaOMwOINeHHHi He AOJXKHa Ipe-
BHILIATh HECKOJMbKO MHJIJIHCEKYHI). _

BrinoneuTk TakHe HaOJIONEHMS CO CTaHLMM, DPa3leNeHHbIX pac-
CTOSIHHAIMHM B TBICiYH KHJIOMETPOB, OYeHb TpyAHO. [Insi 3TOro mpH-
uioch bl HMETh LEHTPalH30BaHHOE yNpaBfieHHe H TOYHO 3HaTh 3a-
nasnabiBaHHs B paboTe anmnapaTypbl Ha Kax[OH CTaHIUH, 2 TaK¥Ke
YUHTBIBATh LleNbIA pal ApPYrHX TOHKHX 3 deKToB.

B Actrponomuueckom cosete Axkamemun Hayk CCCP paspaGorana
clenManbHas Meroauka ¢ortorpadHyecKHX HaOIOLEHHH, KOTOpasi Mo-
3BoJIsieT H30exaTh yKa3aHHble TPYAHOCTH U obecneydTb HeOGXOIHUMYIO
TOYHOCTb PE3YNbTATOB.

Bce cranumu HaGawonenuin MIC3, obecneyenHbie ogHoTHnHOM ¢o-
TorpadHueckoil annapaTypo H CHCTEMaMH perHcTpalyd BpeMeHH ¢
TOYHOCTBIO OO ABYX MHJJHCEKYH], BHIHOJHAIOT (ororpadHyeckHe Ha-
6JI10fleHNs] MO OJHOM NporpaMMe: B ONpefesieHHble HHTepBaJbl BpeMe-
HH Ha OIMH KaJp AeNaioT CCPHIO KOPOTKHMX 3KCNO3HUMIH; BpeMd Kax-
Jo¥ 3KCTIO3HIHH (GHKCHDPYIOT.

Ilpr s3TOM chel cnyTHHKa Ha HeraTHBe mpenctabisier coboi 1e-
MOYKy TOYeK. TOYHO TaK Ke NOoJAy4YalT H U300pa)KeHHs 3Besn, Cay-
KalUUX [JF ONpelefieHUsT BHIAMMBIX TONMOLEHTPHYECKHX HHEpPUHaJb-.
HBIX KOOpPAMHAT CNyTHHKa.

MoMeHTH BCeX IKCNO3HIMA PELyLHPYIOT K CHCTEME BpPEMEHH, elH-
HOro 1Af CTaHLMH, yyacTBYIOIUHX B Habmwonenusx. [as kaxnol rpyn-
Il HeraTHBOB, NOJYYCHHHIX Ha PAa3HBIX CTAHIHAX 32 ONHH TPOMEXKY-
TOK BpeMeHH, BHOHpaloT OnHH OOUIMA MOMEHT CHHXpoHM3anuH. He-
TaTHBH HU3MEpAIOT Ha KOOPAHHATHO-W3MEPHUTENbHHIX MalIMHaX, Ha
KaX<JIoM HEraTHBe ONpELENAiloT He MeHee NECATH TOYEK cJiefla CIyT-
HHUKa M He MeHee LUeCTH ONOPHLIX 3Be3A.

Vcnonbaysi namepennbie kKoopinHaTh Toyek ciefa MC3, unrepno-
JiAlHel no cnoco0y HaMMeHBbIIHX KBaapaTOB ONpEIeNslOT BHI 3aBH-
CHMOCTEH KOOpAHMHaT oT BpeMeHH: x=x({); y=y(t). Iloacrasus
B '3TH YDaBHEHHS' MOMGHT CHHXPOHHM3auuH Iy, TOJYYalOT KOOPAHHATHI
Ha HeraTHBe Xp H Yo, COOTBETCTBYIOIHE MOMEHTY fp, a u3 06paboTKH
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acTpoHeraTHBa OMNpeAessloT TOMOUEHTPHYECKHe KOOpAMHATH wgy H Op
CIyTHUKA B TOT € MOMEHT BpeMeHH.

TakuM o06pasoM, BMecTO (H3HYECKOH CHHXpOHHM3allHH Habawje-
HM#l HCNONb3YIOT MaTeMaTHYecKylo, KOTOpol NOOHBAWOTCS € MOMOLIBIO
uutepnonsuun nonoxeHuit MC3, nonyyeHHBIX B pa3Hbie MOMEHTHI
elHHOoM KAkl BpeMEHH.

OcuoBHasi Macca ¢ororpaduyeckux Habmwoienuit MC3 na cran-
uusax Acrponomuyeckoro cosera AH CCCP 6wbina sbimosiHeHa ¢ Mc-
NoJb30BaHHEM  acTpOHOMHIecKol  ¢oTorpadHyeckofi  yCTaHOBKH
(A®Y). Kamepa ADY crouctpynpoaHa B JlaTBuiickoM yHHBepcHTeTe
K. Jlammywkoi u M. AbGere.

dokycHoe paccTositne kamepsl ADY — 736 MM; ucnosb3oBaH ce-
MHJIHH30BBIA 00bekTHB «YpaH-16» co cerocmiyoi 1:3,5; none cHuM-
Ka coctaBasier 10X 14° npu 3ToM NJIMHH2s CTOpPOHa HalpapjeHa Mo
cieny cnytHuka. IIpu dotorpadMpoBaHHH HCNOMB3YIOT MJIEHKY LUIK-
puHoit 190 mMm, B- Kaccere conepxurca 29 M naenku (110 HeratusoB),
nepeMoTKa IIeHKH BBIMOJIHSIETCSi aBTOMaTHyecKH. LleHTpanbHblll 3a-
TBOP ME[JIEHHOTO [eHCTBHA TiepeKphiBaeT CBeT Ha BPeMS MepPeMOTKH
nneHkH. KamMepa MMeeT YeTHIpEXOCHYIO MOHTHPOBKY, 4YTO JaeT BO3-
MOXHOCTb OTCJ€XHBaThb COYTHHK MO Ayre Majoro Kkpyra. Kamepa
AV cuabKeHa THI-TENECKONOM ¢ yBeJIHUeHHeM B BOCEMb HJH ABal-
uath pas mpu nose 3penus 8 u 3° coorsercTBeHHo. I'ux Hcnonb3yercst
JJI1 KOHTpOJii HaBeJeHHs (POTOKaMepn Ha CINYTHHK, a Tak»Xe TOYHO-
CTH COIVIaCOBaHHfl CKOPOCTH KOMTMNEHCAUHH H CNYTHHKa.

Kamepa AQY ycraHopleHa Ha CIellManbHOH SKBaTOPHaJbHOI
nnatdopme, KOTOpas OTCJAEXKHBaeT CyTOYHOe BpaileHHe B TeyeHHe
2—3 muH. Yron nosopora njaatopMel 3a 3TO BpeMs COCTaBjsier
30—45’, a Taroii NOBOPOT He BJIHSIET Ha YCTOAYHUBOCTL KaMephi. Ilepen
IIPOM3BOACTBOM CJenyiouledl IKCNo3uuuy IyatdopMa BO3Bpailaercs B
HCXOIHOE MOJOXEHHe.

B ¢okanbHo# MIOCKOCTH KaMmepbl YCTaHOBJIEH MeXaHH3M KOMIIeH-
cauMH caBHra H3o6pakeHHs CIOYTHHKa, KOTOPLIA MpeAcTaBJisieT
co0oll MeTaJNIHYecKylo paMy ¢ 3aKpellJieHHbIM B Hell JIOCKONapaJijienb-
HbIM cTeknoM. Haubonee ynaneHHas oT 0ObeKTHBa MOBEPXHOCTb CTEK-
Ja spasercss (PokKanbHOH MJIOCKOCTBIO, K Hel IMpH TMOMOLUH MeTaslH-
YecKON MJACTHHBI TIPHXKHMAaeTCs IJIeHKa.

MexanusM KoMmeHcCallyM obecreyHBaeT paBHOMEpPHOE H NpAMOJH-
HeliHOe NBHIJKEHHE MJIEHKH, 3a)KaTOH MeXJAy CTEKJOM H MPHXKHMHBIM
npucniocoGyieHHeM B TIpolLecce TONYYEHHA CHHMKa ¢ H300paxkeHHeM
cnaboro cnyTHHKa, H MO3BOJISIeT OCTaHABJHBaThb NJIEHKY IJIsi MoJyye-
HHA H3o0paxkeHui cnabbix 3Be3f. IIpH 3TOM AJHTENBHOCTb H YHCIO
OCTaHOBOK 3alaeT onepaTop € MyJibTa KaMepHhi.

. PoTtorpadupoBanHe cy1abLIX ClyTHHKOB 3aKJI0YaeTcs B ClJeLyIoLieM.

CHayajia BBHINMOJHAETCS KCNO3HIHS OTMOPHHX 3Be3l. B 3To Bpems
paboTaeT 3KBaTOpHasbHas NiaTopMa, OTKPHIT UEHTPasbHLIA 3aTBOD,
a KaMepa H MeXaHH3M KOMIIEHCALMH C TJ/eHKOH HemonBHkHbHL. Bpemsa
3KCIO3HIHH 3Be3[i He 3aBHUCHT OT cKopocTH cnyTHHka. [locne Toro xak
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SKCMOHHpPOBaHHE 3Be3]l 3aKOHYEHO, HauHHaeT paboraTh MeXaHH3M
KOMIEHCALHH ABHIKEHHsi CyTHHKa. IIpOMCXOAHT €ro ABHXKeHHe B Ha-
npaBieHHH, COBMaJlieM C JBHXEHHEM H300paKeHHsi CHNYTHHKa
B (pOoKasbHOIl IJIOCKOCTH, CO CKOPOCTbIO, PaBHOH CKOpoCTH H300pa-
Kenus cnytHuka. M3oOpaxeHueM cNyTHHKa, TakKHM oOpa3oM, siBJif-
ercs Toyka. JAHTEIbHOCTh KOMIIEHCALMM MOXET COCTaBJsATh 3; 6 U
12 MM nJjieHKH.

IMocne npoXoAeHHsi 3TOr0 OTpPe3K2a MeXaHH3M KOMIEHCaLHH OCTa-
HaBJIMBAeTCAi, H CHOBa BHITIOJIHAGTCSA SKCIIO3HMLHA 3Be3A. JTOT Ipolece
MHOIOKP2THO MOBTOPSETCS.

3Be3nbl M COYTHHK MONy4alwTcs Ha GoTOMaTepHase B BHIAE NpPSiMO-
JIMHeHHOM nenouky ToyeK. KoouyecTBo TOUeUHBbIX M300parKeHHH 3Be3n
Bcerga Ha ofiHy Ooablie, yeM H300pakeHMil CIYTHHKA, TaK KaK KaXK-
bl LMKJ 3aKaHYHBAETCA 3KCNO3HLHEH 3Be3N.

[Ipn ¢dororpadupoBaHuM SPKHX CIOYTHHKOB A0 TpeThbell 3Be3JHOR
BEJIMYHHEI paboTalT 3KBaTOpHalbHasi naatdgopMa ¥ oOTIOpaTOpHBI
3aTBOp, KOTOpLIH TNpeAcTaBisfieT COGOH YacTb LHJAHHApPA CO  ILEJbIO.
Iluapuap cosepiiaer oAHH oOOPOT 32 CEKYHIY, €ro BpalleHHe CHH-
XPOHH3UPOBAHO C HMNYJbCaMH CEKyHJ, KBaplieBbIX YaCOB M KOHTPOJH-
pyeTcs KBapueBeiMH yacamu. OO6TiopaTOpHEIH 3aTBOp MNO3BOJSIET [1e-
JiaTb paspbiBH B CJele onyTHHKa. Bpems ¢ortorpagpupoBanns Bneya-
ThIBA€TCSi Ha CHHMOK.

Kamepa AQY Moxer GbITh HCIOb30BaHA H AJs oTorpadHpoBanus
AKTHBHBIX CNYTHHKOB Ha pacctosuufx o 3500 XM mpH COOTBETCTBY-
oulefi MOIHOCTH BCMBIUKH. [1pH 3TOM Takxke paboTaeT 3KBaTOpHasjb-
Has nnat@opma, HO LEHTPalibHbI/i 3aTBOpP OTKpHIBaeTCsi MO KOMaHMe
HaOnonatens. 3Be3nbl U U300paX<eHNsl BCMBIIIEK NMOJYHaIOTCA B BHIE
ToueK. OTKpbIBasi 3aTBOP ABaXK[bl, NMOJy4YyaroT H300parkeHHsi 3Be3[ B
BHI€ JBYX TOYGK, YTO IO3BOJISET OTJIHYATh HX OT H300parkeHH#l BCObI-
LIeK. :

Oas kamepst AQY paspaboraH HOBBHIfI 3epKaJibHO-JHH30BLIH 06b-
ekTtuB «CaTypH-24» C yJyYlUEHHBIMH acTpPOMETpPHUYECKHMH NapaMeTpa-
MH M Oonee MOILUHBIA TCHA-Teneckon ¢ AumaMeTrpoM 240 mM, monem 3pe-
HUsi 2° M yBesnHyeHHeM 48%. DTOT BapHaHT KaMepbl NOJYYHJT Ha3BaHHe
A®Y-75. Kamepa ¢ortorpadupyer CHOyTHHKH [0 HecsToil 3pe3qHOR
BEJIHYHHBI, OTCICXKHBAET HH3KHE M BHICOKMe OOBEKTH M JaeT TOYHOCTb
onpeneNeHUs HanpasJaeHud 1—27.

KoHcTpykiiMAa H OCHOBHbIe 371€MEHTBl YCTpPOMCTBa Kamep ApYTHX
THNOB, HCMOJB3YEeMBIX 1nsi PororpacdHyecknx HabIIOAEHHI CIyTHHKOB,
H3yyaioTcsi B Kypce «KocMuuyeckas reone3ns».

Ilpu o6pabGoTKe CNYTHHKOBLIX aCTPOHEraTHBOB, BHINOJHEHHBIX Ka-
MepaMM C MaJbIM NoJieM 3peHUst (MeHee 5°), NPMMEHAIOT acTpoOMe-
TpHyecKHin Merox. Jas dororpaduposanusi ucnoabdywt ¢oTto-
nnenKy. Heo6xonuMoe unciio onopHbixX 3Be3f He Oonee nBagnat. I1pu
HeOoNbLIOM NOJe 3peHHs M JOCTAaTOYHO XOpPOLIO H3BECTHOM MoJoXKe-
HHH ONTHYECKOTO LEHTpa HeT HeoOXOAMMOCTH B pasfeNbHOM onpele-
JIEHHH 371eMeHTOB BHEILUHEro M BHYTPEHHEr0 OpPUEHTHPOBAaHHA KaMephl,
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a HeboJsbllioe nojie 3peHHs YNpoilaeT yyeT AHCTOPCHH M ApYyrHx abep-
paumii. AcTpoMeTpHUYeCKHH MeTOX He TpeOyeT OoJiblIOro yucia omop-
HbIX 3B€3]l, a BBIYHCJACHHA M5l ONpeleSeHHs CIYTHHKOLEHTPHYECKHX
HarnpasJeHH#l 3HayMTEJIbHO TIpOille, YeM INpH HCHonAb30BaHuH ¢ O To-
rpaMMeTpHUYECKOTr 0 MeToAa, MpelyCMaTpHBaloOillero COBMeCTHOe
onpejelieHHe 3JIEMEHTOB BHEUIHETO M BHYTPEHHEro OpHEHTHpOBaHMS,
JMCTOPCHH H ApYrHX HedopManHi.

§ 42. 3AKOH TAHTEHCA. HAEAJIbHBIE KOOPAUHATHI

HN3o6paxenue yvyacTka HeOecHON cdepbl Ha TNUIEHKe, MNOCTpPOEHHOE
0OGbEKTHBOM KaMephl, fiBJfieTCA LEHTpPasJbHOH npoekuwel dotorpadu-
pyeMOH 00iacTH M3 BTOPOH IaBHOH TOYKM OGBEKTHBA Ha MJOCKOCTb
niaactuky (puc. 27). Ilpu stom Gonbuiok Kpyr HeDecHO# cdephl H30-
Opakaerca NpAMOH JUHHEH.

Touka O — BrOpas riapHasi TOYKa OOBEKTHBA, KOTOpyw Oymem
CUHTaTb cOBHajatoulel ¢ nepsodl raasHoi Toukoil. IlocTpoum HeGec-
Hy1©O coepy ¢ ueHtpoMm B Touke O M pajmuycoMm, paBHBIM (OKYCHOMY
paccrosinnio Kamephl. OcHoBanwe O, nepnespukyiaspa OO,, ony-
LIIEHHOro M3 BTOPO# TN1aBHOM TOYKM Ha IJIOCKOCTb HeraTHBa, HasblBa-
eTcd B aCTPOMETPHMH ONTHYECKHM IEHTPOM MIAaCTHHKH (CHHM-
ka). Ilyctb 3Be3na Haxoaurcss B Touke S HeGecHol cdephl, TOrma ee
p3o0paxkeHHe Ha NJacTHHKe OyAeT MOCTpPOeHO OOBEKTHBOM B  TOY-
ke S’. .

Touka O, nHa HeGecHoli cdepe
HMeeT KOOpIMHaTH a=A; U §p=
=D, ¥ npoeuupyercs B OMNTHYe-
CKUE 1neHTp CHUMKa. PacctosHue
n3oOpaxkeHus 3Be3nbl OT ONTHYe-
CKOTO IlIeHTpa MOXKHO OMpEeNesiHTb
o gopmyne

I=f1tgo, (582)

rie 0 — YrJoBoe pacCTOfiHHe 3Be3-
abl oT ToykH Oz Ha HebecHo# coe-
pe. DTO COOTHOLIEHHE Ha3bIBAETCSH
3aKOHOM TaHrenca. B peanb-
HBIX OINTHYECKHX CHCTEeMax 3aKoH
TaHIeHCa BbLINOJIHAETCA JHUIb TpH-
6amxenno. Mckaxenus o6beKTH-
Ba, a Takxe BIHsHHe AU G e-
peHyuHanbHOM pedpaKuHu
H AudbpepeHUHNaNlbHOH
abeppallH¥ COBMECTHO C aT-

Puc. 27. Tlpoekuus yyactka HeGecHoft MocdepHoil ancriepcHeii 06ycnoB-
cdepn Ha NAOCKOCTb CHHMKaA JIHBAKOT HapyIlU€HHE 3aKOHa TaH-
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reica B nojie usoOpaxKenui. 13 Bcex HCKaceHHil, BHOCHMBIX OOBeK-
THBOM, HauOoJiee CYileCTBEHHOH #BJsieTCi AHCTOPCHS, BJHAIOIAR
Ha LeHTpaJbHoe npoekTHpoBanHe. C yyeToM BJHMAHHS JHCTOPCHHM 3a-
KOH TaHreHCa MpUMeT BHJ

I=ftg o+o(0), (583)

rie @ (o) — AHCTOPCHS.

JlucTopcHIo NpeacTaBasioT oObIYHO B BHE Psifia

¢ (0) = Kitglo+Kotgbc4- ... , (584)
rne kKoapoduunentol K; u K, HeoGxomuMo onpelenHTb H3 HCCIEL0Ba-
HUH OOBLEKTHBA.

BBeseM cHCTeMY NpPSIMOYTOJIbHBIX KOOpHMHAT E, 1) B IIOCKOCTH
CHHMKa, KOTOpble HAa3bIBAOT HACAJbHBIMH HIM CTAaHZAapPTHEH-
M H koopauHatamH. OCb m SIBAAETCA IpOEKIHel Kpyra CKJIOHGHHM
ToYkH O3, a ocb £ nepneHaUKynsipHa K 1 B Touke O,

VeraHOBHM CBfi3b MEXAY NpPsSiMBIMH BOCXOXIEHHSIMH @ U CKJOHe-

HHAMH 6 3Be3 ¥ X HAealbHBIMH KOOpLHMHATaMH E M 1).
HNpeanbHble KOOPOMHATHl H300paiKeHHsi 3Be3libl NOJYYHM B Buie

E=ftgosin®;, n=ftgocos4, (585)

roe O — NO3XIMOHHBIA YroJl 3Be3[bl OTHOCHTENbHO TOYKH Og(Ae, Dy).
Tenepp HamuuieM ocHOBHblE GOpMYNBI chepHYeCKOH TpPUTOHOMET-
pHH 1A cepHyeckoro TpeyronbuHka PO,S:

cos g=sin 6 sin Dy{}-cos § cos Dy cos (a—Ay);
sin ¢ sin ®=cos & sin (a—Ay); _ (586)
sin ¢ cos ©=sin 6 cos Dy—cos § sin Dy cos (a—Ap).
Pasgenum Bropyio u tpetbio ¢opmynbl (586) Ha mepBy H pe3ysbrar
NOACT2BHM B BbIpaxeHus (589).
Torma nmoayuuM:

E—f cos & sin{a — Ap) .
sin 8 sin Dy 4- cos 8 cos Dy cos(a — 4,) '
sin & cos Dy — cos & sin Dy cos(a — A;)
sin & sin Dy, 4 cos 8 cos Dy cos(a — Ag)
Qopmynbr (587) M ycTaHaBAHMBAIOT CBf3b MHEPIHUAIbHBIX KOOPAHHAT
cBeTHNa a M & M HAealbHHX KOOPAMHAT E M 1) ero msobpaxeHus Ha

CHHMKe,
@opmyant oOpaTHOrO nepexofa OT MOealibHbIX KOOpAMHAT & H n

K MHepHHa/NbHBIM @ H § MOJAyyaloT B pe3yibTaTe 3JeMEHTapHbIX Mpe-
obpa3osanuit popmyn (587). OHH HMeEIOT "ClEeNYIOIWHUE BH:

a = arctg (; ) + A

fcosD—sinD
8 — arct MmeosD+-fsinD —A J
g[( focos D—msinD /cos(a o
14—6549 209

(587)

n=f

(588)




§ 43. FTOMOTPA®HYECKOE (KOJIJINHEAPHOE)
H A®®UHHOE NMPEOBPA3OBAHMS

IT10ckMM mosieM HasbiBaeTCsi COBOKYMHOCTb BCEX TOYEK M IMPAMBIX,
JieXalllHX B OJHOH IJockocTH. PaccMoTpuM aBa miockux noas (x, y)
H (E, 1), cBA3aHHbIe LPOGHO-JTHHEHHBIM COOTHOLIEHHEM :

— extbyte . _ditey+ti (539)
axt+by4c’ a'x4bytc’

Takoe cooTBeTcTBHE MeXAY NBYMSl NJOCKHMH MOJSIMH Ha3biBaeTCs
roMorpadH4YeCKHM HIH KOJIJTHHEeapHBI M.

Be3 ymep6a nas oOLHOCTH pe3yibTaTOB MOXKHO Ko3(dHuueHt ¢’
NPUHATbL paBHLIM €IHHUIE, YTO, OYEBHIHO, NPHUBENET K YNPOUICHHIO
Apobell B OpaBhIX 4YacTX BhIpameHHH (559). Takum obpasom, nas
omnpeneneHus romorpadHyecKOro HJIH KOMJIHHeapHOTro npeo6Gpa3oBaHus
JNOCTaTOYHO BOCbMH 3JI€MEHTOB.

TFomorpatuyeckoe npeobGpasosanHe oOnafaeT BecbMa BaXXHBIM
CBOMCTBOM — OHO NpeoGpa3yer NpAMYIO OLHOTO NOJs B NPAMYIO ApY-
FOro MOJf.

Boabmewn B nose (&, ) npsamyio

mE+nn4-p=0. (590)
Ecan nomctaBHTh B 3TO ypaBHeHHe coorHouleHHsi (589), To nonyuum

(am~+-dn+-a'p) x+ (bmt-cn-b'p) y+ (cm+-fntc’'p)=0.  (591)

STo ypaBHeHHe npAMOH, cliefoBaTesbHO, NpAMEIM B none (&, n) coot-
BETCTBYIOT TaKxe mpsiMbie B none (x, y).

YpaBHeHHeM ceMeHCTBa mapaJjenbHulX mpAMbIX B nose (E, v) sB-
nsiercsi ypasHeHue (590), npu 3TOM m M 1 — NOCTOSIHHbIE BEJHYMHBI,
nepeMeHHbIM NapaMeTpoM OyAeT TOJbKO BeJHYHHa p.

¥YpasHenne (591) MOKHO npeacTaBHTb B CJACAYIOIIEM BHIE:

[ (am-+dn) x+ (bm+-cn) y+ (cm—+fn) | 4-p(a’x+b'y+¢) =0.  (592)

VYpasHenne (592) npu NMOCTOAHHBIX M H N K NEPEMEHHOM p SABJIfieTCA
ypaBHEeHHeM NYyYKa NpPSAMBIX.

CrnegoBaTenbHO, MapadsenbHble JHHHM ONHOro MoJisi H3obpamalor-
cfi B IPYTOM [oJie MyYyKoM NpsiMbIX. LIleHTp nmyyka NpsAMBIX Ha3biBaeTcs
TOYKOH cXO0pga H sipisieTcs HM3o0paxKeHHeM HecOOCTBEHHOH TOYKH
npsimoit (590), HMmelowiefi HampasJeHHe, onpelenseMoe Ko>(pdHuueH-
TaMH m H n. ' :

Insi onpemesieHHsi TOYKH CXOHa HeOOXOAMMO HMeTb [Be IpsiMble
H3 nyyka (592), nepeceyeHne KOTOpPHX AaeT TOYKY CXOAa.

HauGonee ynoGHO MpH BLIGOpe NpsMbIX, ONpPEACJAIOLHUX TOYKY
CXoaa, YCTaHOBHTb CHayasla napameTp Ny4YyKa p paBHbIM HyJIO, a 3a-
TeM paBHbIM OECKOHEYHOCTH.
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Torna peleHHe cucTeMbi YpaBHEHHI
(am+dn) x+(bm+cn)y+ (em+-fn) =0;
a’x+b'y+c=0 (593)

OTHOCHTEJIBHO X, Y AaCT MNOJIOXEHHe TOYKH cxoda B moiae (x, y). Ko-
HEYHO, MOXHO cyuTaTth, yto 06a monsi (x, y) u (E, m) HaxomsATcs B
ONHOHM MJIOCKOCTH, TAK KaK 3TO HHK2K He BJIHfieT Ha OOLIHOCTL BLIBO-
OB, HO BaXXHO IJA AafibHeHlIHX npHiaoxeHufi. Kpome toro, MoxHo
NOMEHATb pPOJIM paccMaTpHBaeMbIX nofell M B3ATb ceMelcTBO mapaJ-
JielibHBIX NMPAMBIX B EPBOM IoOJIe.

HauGosee MHTepecHBIM fABJfAeTCA ClAeAYOIIHA YacTHHIH cnyyail ro-
morpacguyeckoro npeo6pasoBaHus.

ITocraBum ycnosue, yToObl napaJsiesibHble NpsiMble, 3alaHHLle B Of-
HOM M3 noJeil, u3o0pa)aJjHuch TaKKe NapaJjiesbHbIMH B JPYTOM.

YpaBuenne (590) nphu MOCTOSHHBIX M M A M NMepeMeHHOM p SBJs-
eTCsi ypaBHEHHEM IapajiieibHbIX NPSIMBIX BTOpOro noasd. ias Toro
yToOLl ypaBHeHHe (589) Toxe oTOoOpaxano ceMeHCTBO napaselbHbIX
NpAMEBIX B NMepBOM MoJie, HeoOX0AHMO, 4TOObI KO3GHIHEHTE NPH X W
y OBLIH MOCTOSIHHBLIMH, @ 3TO BO3MOXKHO TOTJl@ M TO/NbKO TOFR@, KOraa
OHM HE 3aBHCAT OT NepeMeHHoro p, T. e. a’=b’=(. Torna romorpacdn-
yeckoe Iipeo6pa3oBanne (589) npu ¢’=1 BHIpOXAaeTca B npeobpaso-.
BaHHe

E=ax+by4-c; n=dx+-ey+, (594)

KOTOpoe Ha3biBaeTcss a¢ p HHHB M.

AdbunHpiM npeobpasoBaHueM fiBlsieTCsl B3aMMHO ONHO3HayHOE
TOYyeyHoe npeoOpa3oBaHHe IVIOCKOCTH MJH MpPOCTpaHCTBa Ha cebs,
IpH KOTOPOM TpeM TOYKaM, JieXKaui¥MM HAa OfHOH IMpsAMOH, COOTBEeTCT-
BYIOT TPH TOYKH, TaKXe Jiexauye Ha onHoi npsaMoi. Ilpu adbdunnom
npeoOpa3oBaHHH MpsiIMble MEPEXOAAT B MNPSIMble, MepeceKaiolHecs
NpsiMble — B MepeceKarllHecs; napaJjnielNbHble — B MnapasliefbHble,
CKpellUBalomuecs — B CKpelHBaloLIKecs.

§ 44. CBA3b HHCTPYMEHTAJIBHbIX
" UAEAJBHBIX KOOPOAWHAT

Koopavnate u3obparkenuit 3se3g u MC3 usmepsitor Ha npenusHoH-
HbIX KOOPAHHATHO-H3MEPHTEJNbHbIX MalUHHaX ¢ BLICOKOH CTeleHbio
TOYHOCTH (OWIMOKH He Gonee 1—2 mkm). OOHaKo LeNbli psiji CHCTe-
MaTHYECKHX OWHOOK MOXKeT 3HAaYHUTEJbHO HCKaXKaTb H3MepeHHs.
Hlkanel v3MepHTeNbHOTO mnpHOGOpa MoryT ObITh KaJHOPOBaHE B
pasHeiX Maclwitabax U He ObITb CTPOro MNepneHgHMKyJISpPHBIMH; CHJBHO
CKaspIBAIOTCA Takxke U JedekThl M300paxenufi. Jlaxe B oyeHb THIa-
TEJbHO OTBIOCTHPOBAHHBIX ONTHYECKHX CHCTEMaX Hesb3fi MOJHOCTBIO
YCTPaHHTh KOMY H 2CTHIMaTH3M, KOTOphle IPHBOAAT K NOMBJIEHHIO He-
OIHOpOJHOCTeli M300parkeHHs, 3aBHCALIMX OT ero MOJIOMEHHs Ha
cHUMKe. JleheKThl I0CTHPOBKH HeH3GeXKHO BRI3bIBaIOT aucropcuio. Ha-
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KOHEL, CyIlecTBYIOT HCKa)KeHHsi, Bbi3BaHHble TypOyJIeHTHOCTBbIO aT-
mMocdepnl 4 OWIKMOKON THAMPOBAaHHS MpH OTCJeXHBaHMM 3Be3n H HC3.

TouHOCTL H3MepeHHsi KOOPAMHAT LIEHTPOB TaKHX HETOYEYHLIX H30-
6pa)KCHHH 3aBUCHT OT METOOHKH H3MepeHHH. B uaMmepuTenbHBIX Ma-
IIHHaX H300paxkeHHe OHCCEKTHPYETCS BH3yalbHO € MOMOLUbIO HUTEI,
VKpeIVieHHbIX B (POKaNbHOM IVIOCKOCTH MHKpockona. Ecau namepe-
HHIO TOMJICXKAT AOCTATOYHO KPYTJibie HM300parKeHHsl, TO yCTaHOBJEeHHe
LIeHTPA KpPYKKa BHINOJHAET ONBITHHIN HabMofaTesib YBEpPEHHO, OfHAa-
KO BO3MOXHbI OTHOCHTE/IbHbIE CMeLeHHsl B 3aBUCHMOCTH OT AHaMeTpa
Kpyxka. Ecin e H3oOpaxeHHe HeCHMMETPHYHO, HarnpuUMep NpH Hc-
KaXeHHsiX KOMOH, TO TOUKYy OHCCEKTHPOBaHHA BHIOHPaIOT MpPOM3BOJb-
HO. B coBpeMeHHBIX aBTOMaTHYECKHX NpHOOpax onpenensieTcsi LEHTP
n3o0parkeHHus, KOTOPHIi INOJyyaeTcss HHTerpHpOBaHHEM MJIOTHOCTH IO-
yepHeHHst B obaacTu H300parkeHHsi. DTOT MeTOX LaeT XOpoluHe pe-
3yJbTaThi, €CJIH B MpOIlecce HHTErPHPOBAHHS NPAaBHIBHO YCTaHOBJEHEL
Beca COOTBETCTBYIOIUHX IJIOTHOCTEH.

INpn mMatematHyeckoil obpaboTke BCce 3TH (aKTOpPH TPYAHO BHIpa-
3UTh B BHIe aHAaJIHTHYECKHX 3aBHCHMOCTEH.

HanGonee obuweil ¢opmoifi CBSI3H MeXny HHCTPYMEHTAJbHBIMU H
HIeaJbHbLIMH KOODIAHHATaMH HABJSIOTCH BBIPAaXKEHHSi HJealbHBIX KO-
OpAMHAT £ U 1) B BHAE NOJHHOMOB IO CTEIEHSIM X H y:

E=x+ax+by+c+ta’'x24+-b'yr4-c'xy+...;

n=y+dx+tey4f4+d' x> 4e'y*H'xy+... . (599)
IlpuMeHeHHe TaKHX NMOJMUHOMOB LaeT BO3MOXHOCTb BBIUHCJAHTH IO
cnoco0y HaMMeHBLUMX KBaaparoB KkKo3adbduuueHto a, b, ¢,..., d, e,
[, ..., KOTOpble Ha3BIBAlOT NOCTOAHHB MH NJaCTHHKHU (CHHM-
Ka). DTH TOCTOSIHHbIE He HMEIOT KaKoro-HHOyAb TIeOMeTpHYeCKOro
CMbIC/Ia, HO TMO3BOJSIOT MaKCHMalbHO YYeCcTb HCKaXkeHHfl JH-
HeHHOTO M HeJHMHelHOro xapaktepa. KoHeuHO, IJifi MOCTPOEHHS MOJH-
HOMOB BLICOKHX cTeneHeff HeoOXogHMo HMeTb 60JblIOe YHCIIO ONOPHBIX
3Be3 B none H3ob6paxkenuii. [IpM 3TOM 3HAYHTENBHO BO3PacTaloOT
CJOXHOCTL M 00beM BHIYHCAEHHH. [lo3TOMy Ha npakTHKe NOYTH HH-
KOrja He HCMoJb3YIOT MOJHHOME! Bhille TpeThel CTeneHH.

[Tpn orpaHuyeHHBIX noasx uscOpaxkeHuil nopsgka 1—2° paccros-
HHE OT ONTHYECKOrO IEHTPA CT2HOBHTCH HECYIIECTBEHHBIM.

Tpe6oBanusi K TOYHOCTH OMNpeHeNiCHHA MNOJOMXKEHHS CaMOTO OITH-
yeckoro neHtpa (Ao, Dp) TakxkKe cHHxaroTcA. Tak, B mnoje guamer-
poMm B 1° cMewieHHe onTHYecKoro 1eHTpa no 1’ npuBoguT K owHOKam
B HHepIHaJbHBEIX KoopauHaTax He Gosee yem 0,005”.

[lostomy B ¢opmyaax (587), (588) MOXKHO NPHHATH, YTO KO-
OpAMHATHl ONTHYeckoro ueHTpa A, m Do paBHB cpefHeMy apHb-
METHYEeCKOMY H3 KOODIHHAT ONMOPHBIX 3BE3[:

n n
2 ay 2, 8y
= =

A0= =1 ; D0= ! .

n n

(596)
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Ilpu HeGosbluuX noasx u300pakeHHB vyame BCero IMnojarawpT, YTO
CBSi3b MEaJbHBIX H HHCTPYMEHTaJbHbIX KOOpDAMHaT 3anaHa adduH-
HbIM NpeobpasoBaHUeM

E—x=ax--by+c;

n—y=dx-+ey+f. (597)
Tlycts, Banpumep, 6, ¥ B, — yribi MexJy HanpaBleHHsiMH ocell X
H Y KOOpPAMHATHO-MU3MEPUTEJbHOTO YCTPOHCTBAa H ocel § H 7
HeaNbHOH CHCTEMBI KOOpIHHAT.

Bynem mnosarath, YTO IUKanibl pasHomacwrtabuel, a Fr 0 Fy —

3HauyeHMsi (POKYCHOTO pACCTOsIHHSA, BbHIpaXKeHHbie B €IMHHLAX IUKaJ
X u Y. Torna adpdunHOe npeoOpa3oBanue Oyner HMeTh BHL

E=F,1(X cos 0.+ Y sinf8,) +c¢;
' (598)
n=F,'(—X sin 6+ Y cos 0,) .
[Tyctb Fo — npubiuxeHHoe 3HayeHHe (QOKYCHOrO PacCTOSiHHSA, BbI-
pa3uM x H y B Ge3pa3MepHBIX efuHHLaX. [Tonyuum x = i y=p
(1]
Torma ypashenne (598) MoxHO npeo6GpasosaTh k BuAy (997), rue

a= ﬂcosﬂ,c—l; b= ﬂsinﬁ,,,
F F,

X ¥
(599)
d_._:____F_osinﬂy; €=ﬂCOSOy—l.
F) F,

TlocTosinubie ¢ M | — HyJAb-MyHKTH LUKaJ, 3aBHCALIHE OT HAYaJbHOM
YCTAaHOBKH KOOpPAHHATHBIX JIHHEEK.

VIMeeTcsi psin BHELUHHX IpPHYHH, BJIHMSIHHE KOTOPBIX TaKXKe HeoO-
Xonumo yuuThiBaTh. K MX 4Mcay orHocATcA fAHddepeHuHanNbHbE pe-
¢paknua v abeppauHn, a TakxKe aucrnepcus armocdepsl.

JencTBue pedpakuuM 3aK/II0YaeTcsi B CMeLleHHH H306paKeHHil
3Be3 B HampaBJeHHHM K 3eHHTY. Tak Kak pedpakuus [aJs yyacrka
3ape3fHoro HeGa B mpefeliiax NJacTHHKH He OAHHAKOBa, T. €. 3aBHCUT
OT 3CGHHTHOTO PacCTOSiHHsl, TO H300par<KeHUs 3Be3l, HMEIOLIMX OTJHY-
Hble OT UEHTpaJbHbIX 3€HHTHLIE PAaCCTOAHHA, CMelleHbl OTHOCHTENbHO
LEeHTPaJbHbLIX 3B€3[. JTO fiBJEHHe Ha3eBaeTcA AU dhepeHUL U AN b-
HOH pedpakunued. OdudbdepenunanpHasa  TroAHYHAsA
abeppanusa, Tak XKe Kak u nHddepeHuHanabHan pedpakius, cMme-
maet H3ob6pa)KeHHe 3Be3 OTHOCHTENBHO LieHTpa NJIacCTHHKH. AT M o-
chepHasi AHCNEpPCHs BH3LIBAET BLITATHBAHUE U300parKeHHsi B
CIIEeKTP, 0COOEHHO NpH OOJBLIMX 3€HHTHHIX PACCTOAHHAX. DTOT 3PdeKT
AIBJISIeTCA CNeACTBHEM 3aBHCHMOCTH KosddHuueHTa pedpakuum oOT
JIJIHHBl CBETOBOH BOJIHBI.

[Tocne mamepenus H3oOpaxkenuit onopHeix 3Be3n ¥ MC3 noayuyaior
HHCTPYMEHTalbHbie KOOPAHHATHI X;, Y; OMOPHBEIX 3BE3J H KOOpPIHHATHI
x, y UC3.
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HanGonee pacnpocTpaHeHHBIM M3 acTPOMETPHUECKHX METOMIOB $iB-
aferes cnoco6 TepHepa.

JBe cuctembl ypaBHeHHH TepHepa Asis ONOPHHIX 3Be3sl GyAyT cie-
AYIOIHAMH:
axl + byl + Ci = lx'. + vxt;

_ (600)
dx; +ey,+f; = lyi +Uyt (i=1, 23 e 1),

TAE€ N — YUCJO OMOpHBIX 3BE3[; l"z =& —Xx; ly.= 7,— Y; — cBODOIHBIC
[
ulleHbl; U, ¥ U, — TOMpPaBKH B HSMepeHHble KOOPAHHATHI 3Be3J.
: L i

ITpn GoabwiHx nonsix u300pa)keHHN HeOOXOOHMO B ypPaBHEHHs
Tepuepa (600) BBecTH ujeHBl BTOpOro nopsiaka s yuyera audde-
peHIMaNbHON pedpaKUHK M TPEThero MopsiIiKka — AHCTOPCHM.

MoxHo, Ha060pOT, OrPaHHYMTLCS JHWb JHHEHHBIMH WI€HaMH OT-
HOCHTEJIBHO X M Y, T. €. HCNOJb30BaTh ypaBHeHus (600), a mamepeH-

Hble KOOPJAHHATHI HCIIPaBUTbL NONpPaBKaMM 3a ¢aKTophl, AelCTBYIOLIHE
HeJIHHeHHO.

Tak, B ciyyae 3HayMTeNbHOH NUCTOPCHH OHa NpefBapHTENbHO OI-
penensieTcsi, a 3aTe€M B H3MepEHHble KOOPAWHATHI BBOJAATCHA MOIpABKH:

Axa =-—C(x— XO)I(X — X+ (y— yo)zl;

(601)
By, = —cy—y)|(x— 1)+ ¥ —yo)L

Tie X, Y — H3MepeHHble KOODAMHATHI; Xp, Yo — H3MEpPeHHHE KOOpHH-
HaTHl ONTHYECKOTO HeHTpa; c=wvf 3.

AtH MONpaBKH MNOJYYAKTCsA H3 COOTHOLUCHHSA
I=ftgo+K tglo=r+cr® (602)
nyreMm pasnomel-mﬂ cr® 1o ocaM X H y

Beeas ycnosus [vii] = min u [vf,I] = min, Ha OCHOBaHHH YpaBHEHWil

(600) nosyum nBe CHCTEMbl HOPMAJBHBIX ypaBHEHWH C HEeH3BeCTHhIMH
a,bcud,e,f;

a > xl,
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n (603)

4
®
1
M
<
QN
I
(ynll

ELEN S| .

2 Xy XX
1 1 1
N= ixyéy” AL (604)
1 1 1
2
1

Tfe 7 — YUCJIO OMOPHBIX 3Be3ll, NPHHATHIX B 06paborky. OOpatHas
MaTpHua HOPMalbHHIX YpaBHEHHii [aeT 3HaYeHHsi HEH3BECTHbIX,
T. €.

a d
b 1= N_lfx; e |= N—'Zy. (605)
¢ f

INoactaBuB 3HayeHHsi MOCTORAHHEIX @, b, ¢ H d, e, | B ypaBHeHus
nonpasoxk (600), BEIYHCIHM MONPaBKH H3MEDEHHLIX KOOpAHHAT 3BE3j

Ve, o, H OIUHOGKH €IHHHIIBLI BECa px U Py
n n
= L3 = LI 606
By n—3 By n—3 (606)

CpenHde KpaJpaTHyeCKHe OLIHOKH MOCTOSIHHBIX NJACTHHKH IOJY-
yuM no dopmynam

Me=v,Vaw my=p.V 00 m.=1.V s
md=F‘qu12; me=P‘yV‘722; mf=P'yl‘ Gsss

TAe g, G2z ¥ ¢33 — HHArOHAJIbHBIE 3J1€MeHTEl OOpaTHON MaTpHIbLI HOp-
MaJibHBIX YpaBHeHMIt N

(607)
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3Has MOCTOAHHBIE MJACTHHKH, MOXHO BBHIYHCJHTbL HAEAJbHbIE KO-
opaunatel IC3

fucs = *ncs + @Xyes + by + 6

_ (608)
Tuca = Yucs T CXuca + €Ypca + I

¥ nanee no ¢opmynam (588) TononeHTpHUeCcKHe 3KBaTOpHANbHbIE
koopauHatel IC3.

§ 45. BbIYUCJIEHUE TONOLEHTPHYECKOIO
HAMOPABJIEHNSI HA UC3

PaccmoTpuM mocnefopaTenbHocTh O6paGOTKH acTPOHEraTHBa InpH

OnpefieieHMH TONOLEHTPHYECKOTO Hampaeienus r;; Ha MC3 B
HHep1HaTbHOM CHCTeMe KOOpIHHAT

cos a;; cos §;;
-0 .
rij=|sina;cosd; |. (609)
sind;;

1. lns Kax[Aoro acTpOHEraTHBa, HCIOJb3ysi BCe H3MEpPEHHBIE Ko-
OPIMHATH X;, y; udobpaxenud MC3, annpokcumupywr caen MC3
NOJIMHOMaMU TpeTbe# CTEleHH:

x,-=ao+a|T,-+a2T,-2+a3T13;
(610)

y,-=bo+b1Tz+szi2+b3Ti3.

KO3h(PHUIHEHTEHl KOTOPBIX ONpeAensiioT mNno cnocoby HauMeHbLUHX
kBazpatos. I[longcTtaBuB B 5TH MOJIHHOMBL HEKOTOPHI CHHXPOHHBI# MO-
MeHT T, MOJNY4alOT KOOPAHHATHL Xc M Y, COOTBETCTBYIOLHE 3TOMY
MOMEHTY.

2. lHepunanbHbie KOOpPAHHATH ONMOPHEIX 3BE€3], 3aJlaHHbIE Ha 310-
Xy Karanora T,, NpPHBOAAT HA BHAMMBIE MECTa, JJ5i Yyero HeoOXOAMMO
yuecTb COOCTBEHHBIE [BHXKEHMS 3Be3ll [ M P 32 NPOMEKYTOK BpeMe-
Hu (T. — To), npeneccHio 3a 3TOT Xe NPOMEXYTOK, HYTauHIo, TOANY-
Hyio abeppauuio ¥ pedpakuuio.

Jna yuyera pedpakiuMH BHUHCIAIOT 3€HUTHOE PaCCTOsiHHE 3BEe3Mbl
no ¢opmyae

cos 2=sin a sin 6-}-cos ¢ cos 6 cos(s—a), (611)
rie ¢ — LIMPOTa NYHKTa; § — MECTHOE 3Be3JHOe BpeMs B MOMEHT

dororpadupoBanua. 3ateM OnpelensioT MNONpPaBKy 3a pedpakuHio
Azp B 3€HHTHOE PAaCCTOsIHME 3BE3Mbl, KOTOpasi paBHa

Azp==58,294" tg z—0,0668 tg?z.
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Hanee BbiuHCNAIOT nonpasky 32 pedpakiyio B MPsiMOe BOCXOXIe-
HHe o M CKJOHeHHe § 3Be3fabl

Aaz=Azg secbsing;
(612)
Adr=Azg cos g,
I/le ¢ — napaniakKTHYeCKHH YroJi 3Be3[ibl, ollpefesisieMbli H3 pelleHus
apajiakTHYeCKOTO TPeyroJibHHKa Kak

. In(s— —
qu=M; cosg = sin ¢ — sin 3 cos 2 (613)
sinz cosdsinz

Ionpasku 3a roauunyio aGeppauuio B 5KBaTOpHalbHblE KOOp[H-
HaThI 3BE€3Ji BEIYUCIAIOT N0 fopmynam

20,47’’ sina sin ho+18.87" cos a cos?\,o;

Aaaﬁ =3 3

cos 614)
A%, = 20,47"" sind cos a sin Ao+ 18,87'" cos 19(0,433 666 cos &—
— sindsina),

rae lo—- reoeHTpHyYeckasa A0Jrora Coanua.

3. [To BUAMMEIM KOOPAMHATaM 3Be3[l BBHUHMCAAIOT HX HAealibHbIe
KOOpnHHaTH E, 1) H Aanee no cnocoby TepHepa ompenensiioT MocTOSiH-
Hble MIaCcTHHKH a4, b, ¢ ¥ d, e, | H HOeanbHble KOOPAHHATHI CIYTHHKA
Eucs ¥ Tpcs M 10 HHM 3KBATOpPHaJbHbIE TONOLEHTPHYECKHe KOOop-
JHHATH @;; ¥ §;; no dopmynam (588).

4. Tloayyennnie no crnoco6y TepHepa TONOLEHTpPHYECKHE KOOPIH-
HaTHl a;; H O;; HeOOXOZMMO HMcnpaBHTL 32 pedpakiHio H abeppanu-
OHHOE BpeMf.

Ons uckmwouenusi pedppakunu B HanpaBienue na MC3 nonpasky
cliefiyeT BBOAHTb CO 3HAKOM, MPOTHBOMOJIOXHBIM 3HaKy pedpaKiuHoH-
HOHl ToNpaBKH, BBeleHHON B KoopauHaTh 3Be3n. OfHako pedpakuus
JeHCTBYeT Ha CIYTHHK HECKOJbKO MHaye, yeM Ha 3Be3/lbl, TaK Kak
CNYTHHK HaXOMHTCi Ha KOHEYHOM M CPABHHTENbHO HeOONbIIOM pac-
CTOSIHHH.

[TonpaBka B 3eHHTHOe pacctosHue MC3 coctoMT M3 ABYX yacrei:
MONpaBKH 3a COOCTBEHHO ACTPOHOMHUYECKYID pedpakuHio H MONpPaBKu
3d pedpaKUHOHHBIH NMapansiakc, NOCKOMbKY Ha CIYTHMKOUEHTPHYECKOe
HanpaBJieHHe felcTByeT He BCA atMocdepHas pedpaknHsd, a JHLbL e€e
YyacTh, TaK KaK CNYTHUK HaXOMHUTCA B npelenax atMocdepsl.

Takum o6pa3oM, nompaska Aanca B 3€HHTHOE pacCTOsiHHE
CIyTHHKa TNpeacTasliser coO0H cyMMy IBYX MONMPAaBOK, T. €.
Asz:3 = Az, —8zp, (619)

rae 62gr — pedpakiHOHHBIA Napaniaxc.
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Pedpakunonnnii napannakc 8zz 3aBHCHT OT HM3MEHEHHs IOKa3a-
TeJIsl NpeJOMJIeHHs] BO3AYXa C BHICOTOH, YTO BEAET K H3MEHEHHIO pa-
JHyca KPUBHM3HH pepaKIHOHHOH KpHBOW.

3HayeHHe pe)paKLHOHHOroO Napansiakca ONPENeNAIoT No (popmyJe

bz, = 435,00" E222 C.C,, (616)

rae r — pacctosnde ot ctaHuun Ao HMC3 B kunomerpax; Cp=I1-
-+0,0013125 (P—760), C;=1—0,0037{— nonpasoyHnie K03(u-
IIMEHTHI, KOTOpble YYHTHIBAIOT AEHCTBHTENbHOE COCTOsIHHE aTMocthepwi
OTHOCHTEJIbHO HOpMaJsibHOro (naejieHue P u Temnepatrypa [ oT Hop-
ManbHBeiX P=760 mM; {=0°C). Ilonpaska 6zp Bcerna OTpHUATENbHA.

Yyer abeppaunuu B TONOLEHTPUYECKHX KoopAuHaTax HMC3 BhINON-
HAeTCSl Ha OCHOBAHUH CJENYIOIUHX COOOpaKeHHil.

Ilpexne Bcero, NOCKOJLKY CHYTHHK BpaillaeTcs BMecte ¢ 3emJefl,
HamnpapJjieHHs Ha Hero He HCKaXaloTcd rogMyHoid abeppaunueit u, cie-
JNOBATeJIPHO, KOOPJAWHATH CHOYTHHKA, BBLIYHUCJIEHHHE C BHAHNMBIMH KO-
OpIHHATAMH 3Be€3J, SABJIAIOTCA HCTHHHBIMM KOOPAWHATAMH, HCKaXKeH-
HBLIMH TONbKO pedpakumeii. OnHAKO HEOGXOAUMO €elle Y4YecTh JBHIKe-
HHe MIC3 oTHocHTesbHO HabJlonaTeNs C NOMOLIbI0 BBEAEHHS mOMNpa-
BOK JiH60 B KoopauHath MIC3, nu60 B MoMeHTH ¢pororpadupoBaHus,
M3 KOTOPHIX Haj0 BHIYECTh BEJIHYHHY 7. Benuynna ¢ HaswiBaetcs abep-
palMOHHBIM BpEMeHeM, T. €. BpeMeHeM IPOXOXKJAEHHSl CBeTOBOH BOJI-
HbI OT CNyTHHKA 10 CTaHIHH.

ChnenoBaresbHO, N TNOJAYYeHHS HamnpaBJieHHs,, COOTBETCTBYIOLLETO
NOJIOKEHUsIM CNYTHHKA W NMYHKTa B OAHH MOMEHT, HEOOXOAHMO BBECTH
NONIPABKH B TONOLEHTpPHYeCKHe KOOPAHHATH CNYTHHKa 3a abeppauu-
OHHOE BpeMs:

Aa g = al = ax;
¢ (617)
AS, =81 = b,
46 ¢ T
Ta6nuna 27
O6BeKT x, MM Y, MM a )
HC3 10,7163 | — 6,2421 — —
3pe3na 1 — 2,5138 6,1793 10%15™19, 042° 46°11' 00,39"'
2 —15,2623 4,2418 10 12 52,974 45 16 27,63
3 20,8184 | —15,2421 10 08 49,756 48 23 20,94
4 —35,2719 | —16,2055 10 01 56,547 44 11 26,87
5 47,1859 24,2116 10 30 22,265 49 25 26,08
6 —53,2143 42,2057 10 23 36,826 41 35 36,70
7 —920,1817 | —36,9028 9 54 39,740 45 42 32,17
8 50,2130 | —22,7114 10 09 08,427 50 44 32,31
9 —18,2078 | +56,2093 10 34 01,324 43 48 19,70
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Ta6auna 28

Homep ssespu E. MM n, MM Iy, vM lyn MM
1 1,747 77 0,486 18 4,262 14 — 5,692 06
2 — 3,725 76 —11,185 49 11,535 43 —15,428 60
3 —12,170 11 28,946 23 —32,987 87 44,187 46
4 —29,012 27 —24,567 08 6,258 79 — 8,360 97
5 33,151 60 43,028 51 —14,035 30 18,817 37
6 21,886 18 —58,311 84 75,098 35 |—100,517 99
7 —44,584 16 — 4,227 27 —24,401 %4 32,674 63
8 —10,991 18 59,273 30 —61,202 25 81,984 68
9 45,238 65 —28,746 26 63,446 80 —84,955 47

rae ¢=299792 kM/c — CKOpPOCTb CBe€Ta; r — PacCTOsIHME OT CTaHL UM

no HUC3; a u 8§ — ckopoctt MIC3 N0 TOMOLEHTPHYECKOMY NpPAMOMY
BOCXOX/JEHHIO U CKJIOHEHHIO.

CxopocTH @ H 6 Jlerko NOJNYYHTb N0 CHUMKY, Ha KOTOPOM HMeEITCH
Xorts 6n ABa H306paxeHus MIC3.

MMpumep 19. Jann u3MepeHHHe Ha HeraTtuBe npH nmoMowu npubopa KHM-3
KoopaMHatH x, ¥y MC3 M onophmX 3Be3s, a TakKe NpHBEJEHHKE Ha BHAMMBE MecTa
HHepLHaJbHEle KOOPIMHaTh @ K § omopHuix 3pe3x (Taba. 27). CHMMOK mosyuen Ka-
Mepoli ADY ¢ dokycHmM paccrosnreM F=736,0127 Mm.

Pewenne. .

1, Briuvcaum HpeanbHHe KoopauHATH 3Be3q £, ) M cBOGONHHE YJEHH YpaBHeHHil
nonpasok Ix u I, (tabn. 28) no dopmynam:

cos 8 sin (o« — Ag) .
sin 8 sin Dy + cos & cos Dy cos (o — Ap)’

E=F

sin & cos Dy — cos 3 sin Dy cos (6 — Ay)
sin & sin Dy + cos 8 cos Dy cos (a — Ap)

Le=E—x; ly=m—y.

KoOpIMHATH MPOEKIMH onTHyecKoro ueHtpa Ap M Dy na HeGecHylo cepy mosy-
YaeM KaK cpejHHe apH(pMeTHYECKHe COOTBETCTBYIOLIMX KOOPOMHAT ONOPHHX 3Be3]l,
T. €. Ag=10714m31,878s; Dy=46°08"44,75".

2. CocTaBHM MaTpPHUY HOpPMaJbHHX YypaBHenHit N M BeKTOpPH CBOGOAHHX 4Je-
HOB L, M Ly

[ [yl Ix] 10235,21 —2348,58 —26,43
N=]{[g [ Iy |=]—2348,58 7955,75 41,98 |;
L [X] [yl =n —26.43 41,98 9,00
[xlx] —9488.76 [-2,] 12 705,63
L=y |=l 916319 |; L,=]ly,) |=] —12268.53 .
Il 27,974 (3] —37,298
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Ta6nuna 29

Homep sBeapm Oy Yy HoMep 3pespnl v, Yy
1 —0,004 40,009 5 —0,007 -+0,009
2 —0,007 40,009 6 40,001 —0,023
3 +0,002 —0,001 7 40,009 -+0,003
4 —0,005 +0,002 8 40,008 —0,025
9 +0,011 40,005

3. Monyuum o6patHyo marpHuy N—! HopMasibHEX ypaBHeHHi
1,05048.10—4 3.01244.10°° 1,67978.10—¢

N—1=| 3,01244-10"° 1,37506-10~¢ —5,52923-10~4 |,
1,679 78-10-4 —5,52923-10~4 1,14183-10™1

4. BuuMCINM NOCTOfIHHEE NJACTHHKH a, b, ¢ U d, e, [, ucnonb3ys CoOTHOLUEHHE:

—0,716 04 d 0,958 86
b |=N-1,=] o0,9868|; e |=N-1L, =]} —1,28362 |.
c —3,466 27 f 4,659 79

5. Onpenennum monpaBkH Ux H U, (taba. 29) B MaMepeHHHe Ha CHHMKe KOOPHH-
natel no ¢opmynam:

0xy = a5 by - 0= Ly
Uy = dx; +ey; +f; ‘—ly[.

6. Halinem olM6KN eqMMHUK Beca py M My OHH paBHH:

[vo) 124
p,x=l/ 6’( = 0,008 mM; py=l/ 6y=0'015 MM.

7. BruyucsMM OWHGKH onpefiesleHHsi MOCTOAHHHIX MJIACTHHKHM (B MM):

Mg = by V Gaa =8,39-10-5;  my, = pQ V %5 = 9.38-10-5;
me=Mxl Gec = 5,703- 109 mq =y Goa = 1,57-10—4;
o=, V op = 1,76-10~%;  m; = p, ¥ goc = 5,068-10-2.
8. dnpene.num upeasbiue koopauuat HIC3 (B MM):

Encs = *pes -+ 8xpcs + byycs + € = — 6,406 59;
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9. BruncsMM TononerTpHYecKHe SKBATOPHaJbHHEeE koopawHatm HKC3:

Eucs A
= b4 A, = 10%11"7 34,944°;
%} arctg (F cos Do-—'f}nca sin Do /, + ) 10%11™ 34,944

/ Mz €08 Do -+ F sin Dy
kF €08 Dy — M3 sin Dy

B noJsyyeMHne TOMOLEHTPHYECKHMe KOOPIOMHATH a H Oy nanee BBoAsTCH Iu-
NpaBkH 3a pedpakiHuio, pedPakuMOHHHHA Mapasiake H abeppauHOHHOE BPEMfl.

3;j=arctg [ ) cos (a;; — Ao)] = 47°26'37,10"’.

§ 46. CIIOCOB NEAYA H CNNOCOB INE3HHTEPA

Ilpu ucnoansopanuu cnoco6a Jle#tua HCXOAAT U3 TOro, 4TO
HpeasibHble KOOPAMHATH & U 1] CBA3aHBl C M3MEPEHHLHIMH X M 4 COOT-
soweHusiMH (589) ob6iuero romorpaduyeckoro (KoJJHHeapHOro) mnpe-
obpa3soBanusi, a He ¢dopmynamu adduHHOrO npeobpazoBaHus, KOTO-
pble JexaT B ocHoBe cnocoba TepHepa. Taxkum obpasom, eciau 3anu-
catb popMynn (589) B caenyiomeM BUAe:

= 031X 1 @19y + O19 © g = ael.x + agy +ay , (618)
031X + @35+ 1 ag1x -+ agpy + |
TO HEeH3BECTHEIMH B 3ajaye 6yAyT BoceMb KO3(p¢HIHUEeHTOB 0611ero ro-
Morpadrueckoro npeo6pasoBanusi (578).
CooTBeTcTBYIOIIHE YPABHEHHSI MONPABOK [JIs KaxAoil ONOpHOH

3Be3In HpﬂMyT BHI
aux—+ay+a13—anxE—asyt—t=uo,;

(619)
Q21X +QA22Y 03— 031N —Q32YyN—N—0y.

,U.JIH n 3Be3a NOJYYHM jpABe€ CHCTEMBl HOpMaJibHBIX ypaBHeHuﬁ no
KOOpAWHAaTaM x H y:

ay ax
g Qe
N, | ay |= —x; Ny| as |= Ey- (620)
a5 as
La, ! L Gy, |

JanbHeilllee pellieHHe BHINOJHAETCS B COOTBETCTBHH C NpaBUJaMH
cnoco6a HaWMeHbIIMX KBaJipaToB.

Cnoco6 IllnesuHrepa ocHOBaH Ha psne npeobpasoBaHHiT
¢dopmyn TepHepa u TOXe mnpeanosaraer Hanuuve ab@uHHON CBA3M
MeXJy HAeaNbHHMH U H3MepeHHBIMH KOOpAWHATAMHU.

Uro6bl yNpOCTHTb BHIYHC/AHTENbHblE (opMmyan cnocoba Illnesun-
repa, nepeHeceM Hayajio U3MepEHHbIX KOOPJHMHAT B TOYKY, Onpeense-
Mylo yoioBHAME 2x=Xy;=—0. Takum o6pasoM, BO BceXx NOCJeAYIO-
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WHX GopMmyJaX BMeCTO H3MEePEHHHX KOOPAHHAT HCMNOJb3YIOTCA HMX OT-
KJIOHEHHsl OT CPeIHHX apH(pMeTHYECKUX BCeX ONOPHBEIX 3Be3.

Torna HOpMmanbHbHIE ypaBHEHHs, COOTBETCTBYIOLUIHE ypaBHEHHSIM
Tepnepa, HanuimeM, HanpuMep, AJsi KOOPOMHATH E, B CJeAYIOLIEM
BHJE:

aXx®+-b3Ix;y—=3 x:k;

(621)
aZxyi+bIyP=Zyl;
Cn=21i.
Ha 3Tux ypaBHeHHil onpenesiuM NOCTOSHHRE @, b W C:
— x0Ty — ZyliZxiy;
ExPYy® — ExgyExey;
Yy, Tx;2 —
— yizt Xy zxiltz"iyt; (622)
Ix2Ey® — Bxpy Exgyy
c=2k
n
rae Li=Ei—x; i=1, 2,..., n, a n— YUCJIO ONOPHHIX 3pean. Ecau npu-

CBOHTb MHJIEKC | H3MepeHHbIM H HAeaNbHbIM KOOPJAHHATaM oONpene-
Jsemoro u3obpaxenus MC3, a sateM NoACTaBUTL 3HAYEHHS a, b U ¢
B ypaBHeHHe TepHepa nns I/IC3 TO NOJYYUM

by = x7Ex;l i Ey® — %2yl gy + 4Byl Ex g — Xl (Exqyy +
/ P Ly 2y — Ty iy,

o (623)

’
n

ITocsie mpeo6pa3oBaHHs 3TOr0 BHIpa)de€HUsi GYAEM HMETh:
Ei—x/=ZXD;(8—1), (624)

The BeJHYHHb D; — HEeKOTOpHE YHCJeHHble KO3(P(QHIUHEHTH, KOTOpPBIE
Ha3KLIBAIOT 3aBHCHMOCTSIMH U BRIYHCJAIOT 10 (hopmyJie

i (2y2) — i (jBxy2) + yi (95xP2) — % (475%1Y;) + 1 (625)
x0Ty — (Txy,)®

DopMyan 1Jis BHUYHCHeHHs D; obnajaloT cHMMeTpHEH OTHOCHTEJbHO
X; M y;, NO3TOMy OHH OyAnyT CnpaBelJHBH H JAJsi KOOPAHHATH 1.
Taxum obpa3soM, 3aBHcHMOcTH D; ABAAIOTCA (QYHKUHMAMH H3MEpeH-
HHIX KOOPAMHAT X; M Y; CNYTHHKAa H H3MepeHHHIX KOOPAMHAT X; M Y;
ONOpPHKEIX 3Be3l. Jlerko nokasaTb, YTO CyMMa BceX 3aBHcHMocTed Dy
PaBHa enuHuue, T. €. ZD;=1, Tak Kak IepBble YIEHH BbIPaXKEHUs
(585), ecu BHINOMHATH CyMMHPOBaHHe NO BceM 3Be3faM, ob6palaiT-
Cfi B HYJH B cuny ycaoBuil Ix;—0 n Xy,—0. HenocpeacTseHHo# nox-
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CT2HOBKOfl MOXXHO TaKie [0Ka3aTb, 4TO 3aBHCHMOCTH D; ynosieTso-
PAIOT paBeHCTBaM:

x=2Dx;; y=2Dy;. (626)

Teneps, koMGuHEpYs Bhipaxerus (584) u (586), mnonyyum ¢op-
MyJibl [JIs1 BHIYHCJIEHHs] HAeasbHHX KoopauHat MIC3:

Ei=D\E1+D:t2+ ... Dk =2DE;;
_ (627)
Ni=Dm+Dan2+. .. +Dinn=ZDu..

TakuMm o6pa3oMm, ujeasibHEEe KOOPAHHATH onpejessieMoro o6bexkra Npyu
ucnonb3oBaHHH cnocoba IllsnesnHrepa BHIpaXKaloTcsl Kak cymMMa Mpo-
HU3BeleHHil 3aBHUcuUMocTed D; Ha COOTBETCTBYIOIIHE HJeaNbHBEE KOOP-
JHHATH onopHBX 3Be3n. IlpemmyuiectBo Merona lllnesmHrepa cocro-
UT B TOM, YTO NpPH NepeXofe B CHCTEMY NPYroro ONOPHOro KaTtasora
3Be3] NONpaBKH B TonoueHTpHueckue KoopavHath HMC3, obycnosneH-
Hble MaJbiMU nonpaBKaMH Aq:, Ad; B KOOpPAHHATH ONOPHHX 3Be31,
MOXHO NOJIYYHTb HENoCpeANCTBeHHO 1o ¢opMynam

Aa,.,= DAa, 4 D,Aa, + ... 4 D,Aa,;

' (628)
OB,y = D,A8, + D,A8, + ... + D48,

MHHYfl BCe NMPOMEXYTOYHBIE BBIYHCJIEHHS, COOTBETCTBYIOLUHE CNOCOOY

Teprepa.

§ 47. NIPOEKTUBHBIE KOOPIHHATDI

Jlo cux mop MH paccMaTpHBaJH Meroghn O0PabOTKH CNYTHMKOBRIX ACTPOMerarTH-
BOB, OCHOBAHHBHIE Ha CBAI3H MMepPIMANbHHX KOOPAMHAT C MAeasJbHBIMH, T. €. HCXOAHOH
SIBJIAJIACh TEOMETPHMA LeHTpasbHof npoexuvH Heboabwoft obsactH HebecHol cdephl
Ha KacaTeJIbHYIO MJIOCKOCTb. DTa NMpOEKIMA fIBJIAETCH OYeHb XOPOLMM MpHGJTHKEHNEM
peanbHo#t npoekumy, dopmupyemolt dororpadnueckolt kaMepoir.

Teneps MH paccMoTpMM Apyrofi mpHMUHN 06paGOTKH CNYTHHKOBHIX acTPOHeraTu-
BOB, B OCHOBE KOTOPOrO JieXaT NpPoOeKTHBHHEe Npeo6pa3oBaHHUA. OBHBIN
NPeMMYIUECTBOM METO[O0B, OCHOBAHMHX Ha NPOEKTHBHHX Npeo6pasopaMHfX, ABJAETCA
aKTOMaTHYECKHli yuer B Ipouecce o6paGoTkH Bcex (aKTOpoOB, KOTOPHE neficTBYIOT
JuHelino. IlpuMenenme storo Merona He Tpebyer 3HaWHMA 3J€MEHTOB BHYTPEHHEro
OPMeHTHPOBaHNA (KOOPAMHAT ONTHYECKOTO LeMTPa M (HOKYCHOTO PAacCTOfHHA Kame-
pu). CaMM aATOPHUTME, OCHOBAHHEE H2 TPOEKTHBHHIX NpeoCpasoBaHHAX, LOCTATOYHO
NPOCTH H CBOLATCA K NPHMEHEHHIO CTAaHAAPTHRIX ONepalMfi BRIYMCJEHHS BEKTOPHHIX
H CMELIaHHHX BEKTOPHRIX NPOM3BeNeHHH.

B xayectBe 06OGLIEHHOA CHCTEMH KOOPAMHMAT BBEleM NPOEKTHBHbBIE KOOPOHHATHI,
npeacTapssioline  co60fi OTHOLIEHHsI CMEIIaHMHX BEKTOPHHX NPOH3BeleHHR ManpapJe-
HHA Ha OnopHHe 3Be3AH M oNpelessieMuil O6BEKT.

IycTtb Mexny ToYKaMH OBYX miockoctel Q M Q° ycraHnoB/eHO Takoe OAHO3HAY-
HOe COOTBETCTBHE, MPH KOTOPOM NpOM3BOMBHOR TOuKe M miockocTH Q coorsercrsyer
touka M’=f(M) nnockoctr Q’. CoorpercrBre HasbBaeTrcss MPOEKTHBHH M, eclK
ToykaM JoGolt MpsAMOR NJAOCKOCTH Q COOTBETCTBYIOT TOYKH NJIOCKOCTH Q'. a TaKxe
TOYKH, JeKallue Ha HEKOTOpOR NpAMOR.

B cayyae Korga MJIOCKOCTH COBMAajfaloT, TOBOPSIT O NPOEKTHBHOM OTOGpakeHHH
naockoctH Q na ce6s.
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IIpy nTOeKTYBHOM _OTOGpaeHHH mJo-
cKkocTH Q Ha miuockocTh Q' MHOMKECTBO TOYEK
Kawpof npamoi ! (myockocts Q) B3aMMHO
O[IHO3HAYHO OTOUPAaXAETCH Ha MHOMECTBO
TOueK HeKOTOpoR mnpsMoil [’ nnockoctn QF,
a MHOXecTBO JyueR NpPOM3BOABHOTO mNy4YKa
Ha NNIOCKOCTH Q ¢ UeHTpOM B TOuke P Tak-
K€ B3aHMHO OJHO3MayHO oToGparkaeTcsi Ha
MHOXeCTBO Jyyefl my4ka, LEHTp KOTOpOro
P’ sBnsercs  ovrobpamenneM ToukHn P Ha
naockoctH Q’.

IMostomy, ecam M’'=f(M) — npoekTrs-
Hoe OTOGpa)eHne NMJOCKOCTH Q Ha TMJIOCKOCTb
Q’, To obparHoe oroGpaxenne M=¢(M’)
nnockoctH Q° Ha nJockocTh @ Takke ABJAA-
/0 /M [ 7 °°X\ €TCAl NPOEKTHBHLIM.

X IlpneenemM Ge3 moKasaTeabCcTBA CJEAYIO-
WY TeOpeMy MNPOEKTHBHON reoMerTpHH.

Ilpoexrusroe orobpascenue NAOCKOCTU
Q na naockocte Q' 0dro3nauHO onpedenser-
cn 3a0aruem 4eToipex nap COOTBETCTBYIOWUX
no oT06pANerRuUl0 TOYeK Npu YCAoBuu, 4TO u3 HeTuipex To4eK, 3a0a6aemblx WG NA0-
cxoctu Q, Hukakue Tpu He sexar HA OOHOU npamodl.

IlycTe Ha MPOM3BOJILHOH NPOEKTHBHOH NJOCKOCTH (pHc. 28) naHa HekoTopas nps-
man. O6o3nayum ee cHMMBOJOM oo. ByneM Ha3wBath 3Ty npAMYylo GeCKOHEYHO ynaJsieH-
Holi H npelcTaBuM cebe, 4TO NMPOEKTHBHaA IJOCKOCTb pa3pe3aHa BAOJbL 3TOR NMpAMORA.

IlpoexTHBHAs CHCTEMa KOOPAMHAT ONpelesieTcs 3a4aMHeM CIEAYIOUIHX 3J€MEH-
TOB: HeKOTOpPOH Toukoii O, HasnBaeMo#i Hauya/JoM, ABYX NPAMKX, NPOXOMAAILHX Yepe3
#Hee, OlHA W3 KOTOPHIX siBJsieTc ocblo X, a apyras— ocrio Y. KpoMe Toro, HEo6Xo0-
JANMO HMeTh elwe TOuky £, He NMpHHaaNemawylw HM ocH X, HH ocH Y.

ITycth manee cox W ooy — GECKOHEUHO yZAaJeHHHe ToukM ocefi X u Y, 7. €. ToukH
I'X nepeceyeHus ¢ npamoil oo. CnpoekTHpyeM TOYKY E M3 ooy Ma ocb X M U3 00y HA
ock Y. Kaxkayio H3 moayueHHRX npoekumi nomernM uudpoti 1. IMocae storo MoxHO
BHECTH Ha ocH X JuHeRHYI0 CHCTEMY NPOEKTHBHHIX KOOPAMHAT, ONpene/isieMyio TpeMs
Toukamu O, I, cox, U aHajiorHuHo Ha ocH Y — O, 1, ooy,

PaccmoTpuM faanee TOuKy M, KOTOpas NMPOH3BOJIBHO PaclofOXeHa Ha MPOeKTHB-
ol miockoctd. Ilyetb Mx — npoekuns Touk M m3 ooy Ha ock X, a My — u3 ooy
Ha ocb Y. Touka Mx B nuHefiHOH cHcTeMe KOOpAMHAT Ha ocH X HMeeT HEKOTOPYIO
koopavHaty X, a Toyka My Ha ocH Y umeer koopaumaty Y.

4 Y Ha3wBaloTCAd NPOEKTHBHBRMH HEOJZHOPOIOHHMH KOOpPIH-
HataMH Toukun M. Kaxnas rouka, npupaiiexamass ocH X, HMeeT KOODAHHATHI
(x, 0), a kaxnpasn Touka ocn Y — koopamuaru (0, y). Touky E ¢ koopaunaramu (1,1)
Ha3mIBAOT TOYKOR eAHHHI,

B npoexkTHBHRHX HEOZHOPOOHHX KOOPAHHATaX KaXJafA NPAMas onpeleJsercs
'YP@BHEHHEM NE€PRBOii CTENEHH

AX+BY-}C=0.

BpeneM Tenepb-HAa MPOEKTHBHOA MJIOCKOCTH O MM OPOILHHE NPOEKTHBHHNE
KOOPAHHATH AIA TOYEK, He JIEKALKX Ha NPEMOR oo.

OQHOPONMEIMH NPOEKTHBHEIMM KOOpPAMHATaMH TOYKH M, He nexamed Ha npsamoft
‘00, Ha3nlBAIOT TPH YHCJIA X, X2 M X3, He paBHBHle OJHOBPEMEHHO HYJIO, H TaKHe, YTO
X, :x=X; xa:x=Y, rne X nu Y — HeonHOpoA¥te NpOEKTHPHHE KoopauHath. Eciu
TOYKa PachoJioKeHa Ha NMpAMOfi oo, TO Y Hee OTCYTCTBYIOT HEOQHOPOAHHE KOOPAHHa-
‘Thl, MO3TOMY cIeNaHHOE onpelelieHHe OAMOPOAHHX KOOPOHHAT HENPHIOAHO NS TO-
YeK, JIeXKAUMX Ha NpAMoR oo.

OnHOPOAMEMHE KOOpAMHaTaMH TOYKH Mo, Jlecamel Ha npsAMOA oo, HasHBAIOT
TPH YHCJa, YIOBJIETBOPAIOLIHE CJAEAYIOHM YCJIOBHAM:

x3=0;
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H3 JBYX 4Hcea X; H X2 XOTaA OH OAHO OTJIHYMO OT MYJs;

OTHOLUEHHE KOOPAMHAT X;:Xe=B: (—A), roe A u B — Ko3dpdunMenTH ypasHe-
s AX-}-BY4C=0 moboli npsmoii, npoxoasieli yepe3 Toyky Me. Hlnaue roeops,
KOOPOMHATH X; M Xz NOIKHMH YLOBJIETBOPATH YCJIOBHIO

Ax++Bxy=0.

Baxuo ormeruTh, uTO OTHOlWeHwe B : (—A) He 3aBucur or BuGopa npsMofi,
npoxonsiel depes TOUKY M.

H3 onpenesenusi OQHOPOAHHX KOOPAMHAT BHTEKaeT CJENYIOLIee CJeICTBHE.

KakoBa 6n HM 6mJaa Touka M, nexawan na npsmolt AX4-BY-}C=0, ee ogno-
FOINHE KOOPAMHATH YAOBJETBOPSOT cooTHOWeHHI0 AXy}-Bxy}Cxy=0—3T0 ypas-
HeHHe npsMOR B OXHOPOJAHBIX KOOPAMHATaX. YpaBHeHHe He COLEPKHT CBOGOLHOrO
wJieHa, T. €. TaKKe fBJAETCA OLHOPOOMHM.

OcHOBHbE CROACTBA OAHOPOAHLIX KOOPAHHAT

1. Kaxpnasa Touka NPOoeKTHBHON MNJOCKOCTH HMeeT OAMOPOAHEIE KOOPAHHATHL.

2. Ecim X, X, X3 — OJHOpOAWHE KOOPAHMHATH TOYKH M, 1O px), pxs, pxs (p—
Ji1060e YHCJ0, OTAHYHOE OT HYJA) TOXKE SABJAIOTCA ONHOPOAHBIMM KOOPAMHATaMM
Teykn M.

3. Pas/MyupIM TOYKAM BCETrAa COOTBETCTBYIOT PasjiHYHbHE OTHOLUEHMA Xy : Xp:Xs
HX OOHOPOIHHX KOOPAMHAT.

4. Hu gna xakofl TOYKH Bce ee TPH OAHOPOAHHE KOOPAHHATH He o6paulalorcs
OJHOBpEMEHHO B HyJb. Jlio6yl0 H3 TpeX KOOPAHHAT PX}, PXz, PXs MOXKHO NPHHATL
paBHOl eAMHMle (€CH OHA OTJIMYHAa OT HYJA) NYTEM COOTBercTBYlollero nopbopa
MHOXHTeNS P.

ITycrs (5) N Q' — nBe He o6fi3aTe/bHO pa3/yHHeE NJAOCKOCTH. BBemeM na kampofi
H3 MHX NPOH3BOJILMYIO CMCTeMY NPOEKTHBHRX KoopAuuaTt. Ecam nnockocr Q u Q’
COBMAfalT, TO ¥ BBEIEHHHE Ha MHX CHCTEMH KOOPAHHAT MOTYT COBNaAaTh.

Bu6epeM Tenepp Kakue-HMEYAb AEBATb YHCEN Cu, Ci2, C19; C21, €22, C2s; C31, Csg, Css.
ByneM cuurars Touky M(x/, %2, Xxs’) nlockocth Q@ oTo6paxeHHeM TOUKH
M(x), %2, x3) nnockoct Q, eCJM KOOPAMHATH 3THX TOYEK YIOBJETBOPSIOT PaBeH-
CTBaM:

P’ x)'=cnxrtcipxet-cis¥s;

0/ %3’ =Ca1%-}-CorXatCasXa} (629)
0" %" =CaXr-CagXat-Casxa,
roe p’ — moboe YMC/IO, He paBHoe Hymo. Takoe oToGparkeHHMe HA3WBAIOT JIHHENHHIM

H 0603HayalT CHMBOJHYeCKOR 3anucelo M’=L(M). Kak 6mno yxasano, no cpoii-
CTB@M OIMOPOLHKX KOOPAMHAT BHIGOP MHOMMTENH P’ He BJMAET HA MOJONKEHHE TOY-
ki M’ ¢ koopammaramu p'x), p’xp’ u p’xy’. IlosTroMy TOukKa M HMeer B KauecTpe
cBoero oTobpajkeHHsi ONHY eQMHCTBeHHYI0 Touky M’. Umcna c¢ix, onpenessioume -
HefiHoe OTOGpaXeHHe, COCTABJAIOT MaTpHLY

€11 C1e Cu]
C=|[cq € Csz- (630)
Cq1 C33 Cg9
KOTOpasi Masnpaercsi Marpuliel AHHeHAHOro OoTOG6paXeHHH, a UHGIE Cjp—
Ko3ppununentamMun otobpaXeHHun.

Onpepemmtens Marprnn (630) det C nasmpaercs onpemesmtesnieM OTOGpaKeHHs.
Ecin det C=0, 10 e kaias TOYKA IJIOCKOCTH HMeeT cBoe oroGpaiKeHHMe Ha MJIO-
CKOCTH.

Teopema. Ecav M;, My, M,, M, — ueTnlpe TOUKH NJOCKOCTH Q, pacnojoxeHHme
B Hefl KaK YromHo, Ho ¢ coGimiofeHHeM YCJOBHS, YTO HHKaKHe TPH M3 HUX He JIeXaT
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Ha onMoh npsMof, a M), My, My, My — uernipe Touky naockocth Q' M HX noJso-
JKEHHMAl onpeliesleHH AHAJOFAYHO, TO CYLIECTBVeT JIHHeitHoe oTo6pajkeHHe NJIOCKOCTH
Q ua nyockocth Q° ¢ onmpejpenaTeneM, OTINYHHEIM OT YIS, OHo npeoGpasyer: TOYKH
‘M,, My, My, M, coorpercTBenHo B Touin My, My’, My, M/,

JoxasatenbcrBo. ITycTb Xk, Xo:, Xsk, Xsx — KOOPOHHATH OAHOH M3 Touek M,
(k=1, 2, 3, 4) B cucTeMe OLHOPOJHHIX NMPOEKTHBHHIX KOOPAHHAT Ha NJIOCKOCTH Q H

’ ’» ’
"Xy g x;k-,- Xy X4, — KOOPOMHATH TOWKH M’ (k=1, 2, 3, 4) B cncreme onHopox-
HRIX KOOpAMHAT Ha myockoctH Q7.

TpeGyerca noKas3ath, 4TO ONpelesHTENH JHHefinoro mpe N}Jaaonaﬂua (630) oTH-
YeH OT HYJIL M 4TO 3TO npeofpasopaHHe NepPeBOIMT TOYKH Mg, Ms, My B coor-
peTcTBeHHNe Touku M, My, My, M,

Jlaim 3TOr0 HYIKHO NPHHATB, YTO' M3 COOTHOLUEHHMA

P;z x;k = C11X1p -+ C1a¥ak T C19Xsks
PR¥op = Car¥Xak + CopXak + CasXors (631)

Pl'e X3 = Car¥ip+ CyaXon -+ Cog¥ap (k= 1,23, 49

Moryr OHTh HafleHn NapaMeTpH C;x H BEJHYHHH Px’, @ onpenelurelb Npeobpasopa-
Hust (630) He pameH HyJIo.

Ilpexxne Bcero noka)eM, YTO HH OAHH H3 ONpeAeJHTeJeH TpeTbero nopaAKa
Matpuun C,

X1 Xa Y;

. X
C— X13 Xaz Xy | (632)
X1 Xag Xgg
X1a Xog Xz

He paBeH HyJ0. Ecnn 6H, HanpHMep, HMENO MECTO PABEHCTBO

X131 Xo3 Xg
Xia Yag Xga | =0, (633)
X19 Xgg Xag

TO CywecTBoBa M Obl JMHEHHWE CBA3H .MeXAY KOOpPAMHATaMH H MO3TOMYy TOYKH M,
M; v M, npuuannexany 6u oxHOA npsMof ux,—}-uxg—Luxs 0, YyTO NpPOTHBOPEYHT
YCJNOBHIO TEOPEMHL.

Ipuuss B cootHowennsx (631) k=1, 2, 3, HanuleM TPH ypaBHEHHf, KOTOPHE
BHITEKAI0T M3 NepBoro cootHouwenus (631):

r
C11%11 + €1aXa1 + C15X51 = Py %15
r
CuX1s + C1g¥es + C13783 = Py¥yo; (634)
8 - 2
€11%13 + €13X29 + C13733 = Pg%p3.
BripaxeHun npenctabsnioT coGofi cHCTeMy JIMHHEHHHIX ypaBHeHMA C HEH3BECTHHIMH

Ciy €12, Ci3.
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Onpegemmrene D cueremun (634), xak 6mio nokasaHo, OTJHYeH 0T dyns. Ilos
3TOMY pelleHHe CHCTEMH! MOIKHO 3aMHCaTbh B BHIE

T ’ r 7
(% X1+ Poxyp X1t pexi3Xas |
?

‘n= D
Pr¥11Xa1 + PoX12X 22 + 25%13X e
Cl’ = D ; (635)
F;xilxm + p;xl'sz + D;x;axss
€13 = »
D
roe Xi. — anre6panyeckoe AONOJNMEHHE 3JeMeHTa Xp onpepeamreas D.
Toyno Tak e, HcnosMb3ys BTOpoe ypapHenme (631), monyaum
P;"élxn + P.;xégxu + P;xéaxls .
Cq = D ’ ]
P;"';lxn + P;xézxaz + P;"égxzs R
Cpp = D ’ (636)
r r o’
Pi¥o1 X a1 + PoX5oXse + 3723 Xan
Cog =
D
M aHaJOTHYHO, HCTOJBb3Ysl TPeThe YpaBHEHHe,
P;xg’uxu + P;xézf"'m + P;":';;;Xls
Cq1 = D ’
P;":;lxm + P;X:'ngzz + P:’gx:;axzs -
tyg = D H (637)
r o’ r r
P]X:;lxsl 4 pox3oXge + 03X33Xag
Ceg = .

D

INoxnctasuM Teneph 3uauenms cix, onpenensemue dopmynamu (635), (636), (637),
B ypasnenus (631) npu k=4 u nosoxum p,"=1. Iocne npeoGpazopanuii- ¥ rpynnu-
PCBKH YJIEHOB MNOJIYYHM:

xyDi., %D, x13Ds
p T p D

’ x2|D1 ’ x;QDz ’ x;:iDs ’
Yoy == D n+ D po + D P3s

14

P +

’

Pgs

(638)

! ’
X301, X330,

’

p htTp RTT,

rze . :
Dy=Xuxist-Xar¥os - Xaixs4s; .
Dy=X2x16+4-Xo0 X2 X 53 %043 (639)
Dy=X3x 15+ XoaXo4-+XygXas.
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Bupamenns (639) npencrasamior coGofi onpenesuTesM TPeTHEro MNOPSAAKA MatTpH-
uu C, onpenensemoft popmysoft (632), nosromy D550, D=0, Ds#0.
Ec/m nosoxwute, uro

r ’ ’
1 %12 *3
D’ — x' xl }"
21 *o2 Yoz |»
’ ’ ’
X31 X33 X33
10 onpefesHreab cucteMu (638) mosmyurm B BHAE

D'
A=Da

DyDyDy, (640)

' D
nostomy A #£ 0. Ilonomum, uto = A.

Toraa, pewins cuctemy (638) oTHOCHTENBHO @y, P’ B P, MOJAYUHMM:

(4 (4 14

Xja X9 X3

, i 14

Xog Fgg Xo3

’ ’ ’
ol = X3g X3 X33 |
i W ’

Dl

(4 U i

X1 X4 %3

14 ’ [ 4

Xgp Xog Xog

’ ’ ’
bt =4 X31 X4 *a; | |
- 1

Dy (641)
» ’ ’
X1 %2 %14
’ r 14 -

Xgp Xoo Xoy

4 r’ ’

rg 3 Tat Ya T3
Ps D, .

IMockosbKY BCE ONpemesMTe/M, yepe3 KOTOPHE BhIpaXeHH BEJHYMHH O, P’ H ),
OTJMYHE OT HyJ, T0 P'F0; p’0; ps'+0.

TMocne TOro Kak 3Havenus py’, @ ¥ Ps’ onpefeseHH, napaMeTpl i, HaltmeM mo
¢opmynam (635)—(637).

Takum o6pasom, JsuHefinoe npeo6pasosaune (631) npm HMafmeRHNX 3HaYeHMAX
¢ir mepeBOaNT TOYKH M), My, Ms, My B Toukn M\", Mo/, My’, My » umeer onpeuesm-
TCJb, OTJIHUHHEA OT HYJIf. '

§ 48. ABOAHOE OTHOLUEHHE YETHIPEX TOYEK

Bruue 6msi0o mokasaHo, 4TO AJf 3aJaHHf TIPOEKTHBHOH KOOpAHHMAaTH HeKOTOpOM
TOYKH Ma NpsiMofl HAaZoO 3adUKCHPOBATH TPH KOOpAMHATHHE TOYKH. Tak, MpH 3ajaHHM
KoopaMHaTH X Ha ocH X 6yoyt ycraHosJern touku O, 1, coy, a mpm 3ajgavuu y —
touku O, 1, ooy, NpHHaaNexalme ocH Y.
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Boo6iue, npoekrusHOft koopaunarof Toukd D na npsmo#. ABC nasuBaercs npofi-
noe (MJM CJOXHOE) OTHOLIEHHE YEeTHIPEX TOuEK

A AD
BC * BD'

rae v um (ABCD) — o6o3nauenve [BOiHOro oTHOWeEHHA. Jta GOpMyaa sBJAsETCH
onpejenerreM NBOAHOTO OTHOIUEHHS. JBofiHoe OTHCLEHMe He H3MEeHSfeTCH NpH
J060M PacloNOMeHHH YeTHPeX TOYeK Ha NMPAMOA; OHO ABJAETCS OCHOBHBIM MeTpHYe-
CKHM HHBapHaHTOM NPOEKTHBHOA reoMeTpHH.

Ecin uernpe Touku A, B, C,D ormnoxutb Ha npaMoRi m 3adukcupoBaTh Aas
KamJOf M3 HHX KOOPHHH2TY H2 NPAMOM, TO CJOXKHOE OTHOLIEHHWE MOXHQ ONpedesHMTh
¢opmyaot

xc—X Xpn—X
y_Je—*a . *pT*a (643)
Xc—Xp Xp—Xpg

Clo3KHOE OTHOLIeHHe 06.7[811881‘ CBOHCTBOM
(ABCD) = (CDAB) = (BADC),
T. €.

v= (ABCD) = (642)

CA CB CA DA AC AD
(CDAB) =1 : 5B=CB ‘DB~ BC * BD — (ABCD):

MO NpH APYrHX NepecTaHOBKaX OYKB OMO M3MEHfieTcsl B Mpeo6pasyercd B CJACLYIOLLEE:

1 1
Dy=————: (ABCD)=———.

(ABC D) (ABDC) ( ) (BACD)
Cnoxroe oTHolleHMe SIBJSIETCA KOOPAMHATOH TOYKH Ha NpAMOMN, T. €. OZHO3IHAYHO
cnpejensier NnoJoXenne sTol TOUKH.

INycts B dopmyse (643) koopamnata toukn D sApsserca nepeMeHMoOR, TOTAa M
cnoiHoe orHoulemHe Oymer nepemeMHmM. Ecim ypaBnenue (643) peumrts oTHOCH.
TEJBHO Xp, TO NMOJYIUM

v (xgXg — XcXp) + XcXg— Xp%Xp
Y (x5 —x,) + xe—x,

H3 ¢opmynn (644) crepyer, YTo KaxKAOMY 3HaueHMIO NBOAHOrO OTHOLUEHHMS V COOT-
BETCTBYET €JHHCTBEHHOE 3HayeHMe KOOPAMMATH Xp; MOCKOJNbKY KOOPAMHATH Xa, Xg H
X¢ TIOCTOSIMHEL, TO ABOMHOE OTHOLUEHKE v fIBJfieTcA KOOpPAMHATOH Touku D na mpaMof
C TPEMS NOCTOSHHHMM TOYKAMH.

¥YcTaHOBMM Teneph CBA3b ABOMHOTO OTHOLIEHMS ¢ MPOEKTHBHEIMH KOOPOMHATAMHM
TOYEK NJOCKOCTH.

INockoabKy OJI 3afaHHM MPOEKTHUBHHX KOOPAMHAT TOYKH M Ha NJIOCKOCTH Heo6-
XOAMMH HYeTHpe (HKCHPOBAHHHE HeKosJMHeapume touku A, B, C, D, to npoektus-
HHe HeogMoponubie KoopawnatH X M Y Touku M (puc. 29) BHIPA3ATCA JHBOAHLIMH
otnowenuaMn (MDPQ) n (MDPR):

Xp= (644)

MP  MQ &
= (MDPQ) =0 7= =—", oo
Y = (MDPR) = MP Aﬂ__g_

DP "DR_ ¢

THE Xi, Xz M X3— NPOCTHE OTHOLICHHS, KOTOPHE MBJAIOTCH OAHOPOAHHMM KOOPAM-
HaTaMH
MP MQ MR
P M= Dq ° = . (646)

- DP DR

16—6549 229



% A m, 5 B A am 4 B

Puc. 29. lpofinoe oTHowenne n npoextueunie Puc. 30. Iopo6uhe TpeyromsHUKH
KOOPAHMHATH H NPOeKTHBHHE KOOPAHHATH

Va3 nopobubix Tpeyro.r'leHKoa MPm; u DPd,; MQmy, v DQds; MRms n DRds
(puc. 30) cnenyer, uto

mp _ﬁ_/l_ml_ MQ Mm,_ MR /I/'m3 (647)
DP Dd,' DQ Ddy’ DR Ddy’ ~

CpaBuus ¢opmynn (646) u (647), moayyM OZHOPOAHHE KOOPAHHATH TOUKH M
B BHIE OTHOLIEHHH:

3 ___Mml Pom =A_4ﬂ ¢ =@.ﬁ3_ (648)
M~ pd, * ™ pd, " "M Ddy’
W3 stux eupameHufi ciaenyer, yr0 OTHOPOIBHE NLOCKTHBHLHE KOOPAHMHATH TOYKH M
ABJAIOTCA OTAOWEHHAMM paccTofHHA oT ‘ToveK M M D 10 CTOPOH KOOPOHHATHOIO
tpeyrosnenuka ABC. Ecmi touku M v D coBnagawr, T0 5TH OTHOIUEHHRt paBHH
€[MHHLe, NO3TOMY Touka D fBJsercA eQMHHYHOM.

OG6o3pauuM Teneph adHEHBE .KOOPAKHATH Touek A, B, C, D, M cooTBeTcTBeHHO
(x191), (X2y2). (Xays), (%a¥s), (%, y). Torma, KAK M3PeCTHO M3 aHANTHTHYECKOR reo-
MeTpHH, oTHOlleHNe pacctrosiufi Tovek M u D no npammx AB, BC, CD moxHO onpe-
IeJUTE KaK OTHOWIEHHA . Qnpeaesyreleit:

X X3 Xg X1 X Xy X Xg
Y Y Ys h Y UYs h Ya y
1 1 1 1 1 1 1T 1 1
Ey=—""—""", Ny=——; §y= . (649)
M Xg X3 Xy M Xy Xq Xg| M X3 Xp Xa
Yas Ya Yy N Ya Ys Y1 Ya Ya
1 11 1 11 1 1 1

§ 49. CNNOCOB 10. M. TPYHHHA

Cnoco6 o6paGoTKM acTPOHEraTHBOB, OCHOBAHHHII Ha BEKTOPHOH MH-
TeprnpeTauvd OCHOBHHX COOTHOIUEHHH INPOEKTHBHO#H reoMeTpHH, OBla
npeanoxed 0. M. TpyHHHRIM.
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IMycTh B MHepLMaNbHOM CHCTEME KOOPIMHAT 1O NAAHHBIM 3BE3HO-
rO KaTajlora ¥ B pe3yJbTaTe BbIYHCJEHHH NOJNyYyeHbl BHIHMBIE KOOp-
JIMHATH YETHIPEX ONOPHHLIX 3Be3[ Ha aCTPOHeraTuBe:

((11, 61)7 (0.2, 62): (03, 63): (04’ 64)

CocrapuM YeTHIPe OMOPHBIX €NHHHYHHIX BEKTOpPA HampaBjieHUH Ha
3B€3/bl B MHEPIHAJbHON CHCT¢Me KOODAHHAT:

oS a, COS &, €OS a.,€OS O,
R,°={sina,cosd, |; RO =| sina,coss, |;
sin 8, sin &, (650)
|cos a, cos &, cosa, cos 8,
R, =| sina,cosd; }; R, =| sina,cos$,
sin &, sin g,

IMycte Ha acTpoHeraTvBe H3MEpPeHHl KOOPOMHATH 3THX e YeTH-
pex onopHuiX 3esn H HC3: (x1, y1), (¥z, y2), (%3, ¥a),” (x4, ys) H
(x, y). Ecau 3a Hayaso KoOpOMHAT NPHHATL BEPIUMHY CBS3KH, T. €.
BTOPYIO Y3JIOBYIO TOYKY OOBEKTHBA, TO BEKTOPR F; M T, NPOXOAfAlIHE
yepe3 HAYyaJ0 KOOPAHHAT, H COOTBETCTBYIOLIWE TOYKH aCTPOHEraTHBa
(xi, yj, i=1, 2, 3, 4) u (x, y) MOXKHO 3a1aTb uepe3 ONHOPOJHBIE KO-
OpAMHATH, NpHHAB z=cdnst=1:

Xy ‘X, X, "X,
n=lwul; =4 r=lmn] rn={un})
1. 1 1, 1
(651)
X
T=| ¢4
1

B coOTBEeTCTBHM C H3JIOXEHHOH Bbllle TeOpHeH NPOEKTHBHBIX -1peol-

pa3oBaHMil 3THX JAHHBIX JOCTATOYHO AJisi ONpefesieHHs1 TOMOLEeHTpHue-
0o

ckoro HanpasyeHus Ry wa MC3:

'cOSa;; CoS §;;
= .
Ri; = sina;;cosd;; |.
sin 6,,
B cnoco6e 0. M. TpyHuHa NpoOeKTHBHBIMHM OJHOPOAHBIMH KOOPMIH-

natamu MC3 ABNSIOTCA OTHOLIEHHA CMEMIAHHBIX BEKTOPHBLIX NMPOH3Be-
JeHWil U3MEepPeHHbIX Ha CHHMKe KOOpJHHaT OnopHHX 3Be3sn u HC3:
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Xg xs x
Y Yy Y
_rz sr __ |1 1 1
Ty Ty T, Xy Xg Xa
Ya Ys Y

1 1 1
Xg X X
Y Y Y
Tgip IF __ 1 1
Ty ?‘ Xg X1 X4
Ys Y1 Ya

1 1

| R W)

Y1 Y% Y

l'l rgr __ 1 l 1
r,ry 1, X Y Xg
Y1 Y2 Ya

1 11

(652)

TonoueHnTpuyeckoe Hanpaenenne Ha HIC3 onpepensieTcs Bhipaxe-

HHEM

pR% = — (AtR} + B4RJ + CLR)),

(653)

rae A, B, C —cMellaHHble BEKTOPHble NPOU3BEJIEHHSA, COCTABJEHHbIE

H3 €IUHHYHBIX BEKTOPOB R,° , R2% R5° . R4° , ONpeeNIAIoIUX HanpaBye-
HHSA Ha ONOpPHHE 3Be3[bl B HHEPUHANBHON CHCTEME KOOPAMHAT, T. €.

= RRRS) =
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Takum o6pasoM, HanpaBJsOIEe KOCHHYCH [i;, m;; B n;; TONOLUEHT-
prueckoro HanpasJeHusi Ha HIC3 nonyuMM M3 BHIpaKeHHH:

plij=AL;;=— (AE cos a, cos &+ Bn cos az cos &2+

-+ Ct cos ag cos 83) ;

pm;j=M;;=— (AE sin a, cos 6,} B sin ag cos &+

+ Ct sin a3 cos 83) ; (655)
onij=Ni;= — (AE sin 6,4 Bn sin 8g--CE sin &),

a TonoueHTpuyeckne KoopamHaTh HMIC3 — no dopmynam:

My
tga;; = T
Nij (696)
gl = ——
VM 4+

PaccMmoTpennnlil cnoco6 obsnapaer 66JplIMM NPeHMMYLIECTBOM IO
CpaBHeHHIO co cnocob6amu THna TepHepa: B CHJIy CBOHCTB NPOEKTHB-
HBIX KOOPAHWHAT B HeM He TpebyeTcsl 3HATh 3JIEMEHTH BHYTPEHHErO OpH-
€HTHPOBaHHA KaMephl. KpoMe TOro, noCKOJIbKY NPOEKTHBHBIE KOOPAHHA-
Thl HHBAPHAHTHE! K KOJIJIMHEAPHBIM nMpeo6pa3oBaHHUAM CHHMKA, CIOCO6
LaeT BO3MOXHOCTb aBTOMATHYECKH YY€CTb BCe JIHHeHHble HCKaXKeHwus,
B YaCTHOCTH, peryJsipHble aepopmauuu ¢poromarepuasa.

Pentenne mo MeToAy HaHMMEHBIIMX KBaJParoB MNPH HCHOJb30-
BaHMH TNPOEKTHBHRIX KOOPAHHAT 3aTPYAHHTEJbHO, NO3TOMY HpH6aH-
JKEHHO OlIEHKY TOYHOCTH MOJKHO BBITIOJHHTD CJEAYIOIHM 00pa3oM.

Onopsble 3B€3abl TPYNNHPYIOTCA [0 YETBEPKAM, NPH 3TOM Kaxkaas
onopHas 3Be3jla BKJIIOUAeTCs JIKIb B OfHY YETBEPKY.

Hcnonbays n uyerBepok, BHYHCIAIOT i 3HAYEeHHi TOMNOUEHTpHYe-
cknx koopauHat MC3 u ux cpennee apudmerHueckoe

n n
2‘1” 2511
1 1

Oy = " ’ 5”—-—‘ .

Onpenensitor cpejHHe KBanpatHyeckHe ownOkH KoopauHat MC3:

vo], K241
mu = ; mb = )
ij n—1 i n—1

TNle Uy U Us— OTKIIOHEHHS OT cpejiHero apuc¢MeTHUYECKOrO.

IIpumep 20. Onpenennts TOMOLEHTpHUeCKoe Manparienue Ha MIC3 no cnocoby
IO. M. TpyHuna, HCIOTB3YST A1 STOTO HeOGXONWMEle AaHHBE NprMepa 19.

Pewenne.

1. CrpynnHpyeM nepeHe BOCEMb ONMOPHHIX 3B€3[ IO YETBCPKAM:

1. Ilepean wersepxa (taba. 30).

233



Ta6banna 30 -

C6beKT X, MM Y, MM [} m n
1 — 2,5138 6,1793 | —0,62137482 | 0,30535918 0,72156018
2 —15,2623 4,2418 | —0,62823891 | 0,31706115 0,71048441
3 20,8184 —15,2421 —0,58746128 | 0,30963732 0,74767237
4 —35,2719 —16,2065 | —0,62397601 | 0,35323551 0,69704993
HIC3 10,7163 — 6,2421 — — —
2. BruncauM npoektHeHue koopaunata MC3:
X, X3 X
Ys Ys Y
1 11 127,897 99
= = = — 1134 2316 10",
¢ Xy Xg Xg —1 127,617 94 6 10
Ys Ys Ys
I 1 1
Xg X3 X
Ys Y1 Y
1 1 1 6,411324 9
= = = 5,237 964-10~3;
K Xg Xy X, 1224,0110
Ys Y1 Y
1 1 1
X1 Yg
h Ye
1 1 1 183,987 537 .
- @ =—=8,291320-10"1.
'=Tx x x4| 221,%03804 '
Y1 Y2 Ys
1 11

3. BoiyHC/IHM CMeLIaHHHe BEKTOPHHE MPOM3BENEHHSI ONOPHBIX HANPABJNEHHH Ha
3Re3 4N
A=(RRLRL) = | mg my mg | = 2,076 962-10-3;
g fig ng
13 ll 14
B = (ﬁsoiloﬁdo) =\|mg my myj= — 2,254 649-10~9;
ng ny ny
Iy Ly U
C= (Rj!goﬁdlo) = My Mg My|= — 4,090 189' 10—4;
. m Ny Ny
AE=-—2355756-10—%, Bn=—1,18097-10-5 CL=—3,39107-10-*
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Taeauna 31

O6beKkr X, MM Yr» MM 1 l m n
1 —47,1859 24,2116 | —6,60134642 | 0,24794587 0,75954284
2 53,2143 42,2057 | —0,68270245 | 0,30533836 0,66384173
3 —20,1817 —36,9028 | —0,59645371 | 0,36314044 0,71580164
4 50,2130 —22,7144 | —0,56020887 | 0,29430193 0,77430769
nca 10,7163 — 6,2421 — — —

4. OnpeaesuM HanpasJsiiollHe KOCHHYCH HanpaBJyieHHs Ha HMC3:
ply=Ly;y=—(AEL-}- Bl Cll,) =—3,530 2621 10—4;
pmyy=Mj=— (AEm }-Bymz+Clms)=1,806 8709- 10—,
oty =Ny=— (AEn-}-Bnngs}-Clns) = 4,319 3123- 104
5. BuiyHCAHM TOTIOLEHTpHYyeckMe KoopiuHath HMC3:

My
agj = arctg Ty = 10"117M34,937°;

Ny
8y =actg ey 47°26'35,76",
VMg 4L
I1. Bropas uereepxa (taba. 31).

Buyncriennsa npopoauM B TOR 3Ke NOCJeNOBAaTENLHOCTH, 4TO M OJA NepBof uer-
vepkn. IMoayunm:

3457,0971
- R —— 1 . .] —1;
6037,4989 - O /20041810
177,2250
=220 5,296 1616- 102
=" 33462914 5,296
3713,7952
=209 98 4 574 806-10-1;
C= 1656.0088 /974 806-10

A=_1,104 8536-10-2; B=6,1332562-10-3;

C=—8,5134191-10-%

AE=—6,326 4379-10—%; Bn=—3,248 2716-10—%;

Ct=—6,789 2866-10-3;

plyy=—8,0756364-10-% pm;;=4,133 2608-10-% pn;=9,880 6169-10~%;
ai;=10"11734,989¢; §;;—47°26'35,89".

CpaBHMB 3TH pe3yJbTaTh ¢ MNONYYEHHHIMH 1O NepBofi ueTBepKe, YyG6exaaeMcs
8 HX Xopollefi CXOJHMOCTH.
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I'.rléaa IX

KOCMHYECKASl ®OTOTPAMMETPHA
NPH U3YYEHHH JIVHDBI H JIAHET

§ 50. OCHOBHBIE 3AJAYH KOCMHYECKOA ®OTOTPAMMETPHH
NMPU OBPABOTKE PE3YJIbTATOB ChEMOK JIYHB M IJIAHET

Ilpn ob6paborke cHuMKOB JIyHB W njaHeT Heo6XOAMMO, YTOGH Mpo-
eKTHPYIOILHE JIyyH, CTpOfilHe H306pa)ieHHe HEeKOTOPOH TOYKH TNO-
BEPXHOCTH INJIaHETH, ObIH 3a(PUKCHPOBAHB B WHEPUMAJLHOH CHCTe-
Me KOOpIHHAT.

Hnepuuanbuas cucreMa KOOpPAWHAT SIBJISIETCA ONOPHOH NpH Kap-
TOorpacupoBaHHH NJAHET.

B kauecTBe HMHepUMANbHBIX CHCTEM KOOPAHHAT B KOCMHYECKOM
¢oTOrpaMMeTPUH  HCNOJb3yIOT NJAHETOUEHTPHYECKHE TIe03KBATOPH-
aJbHble, 3aKperJieHHhe Ha HEKOTOPYIO CTAHNAPTHYI0 3MoXy ¢yHna-
MEHTaJIbHEIM KaTaJjloroM MoJOXeHHH, cOOCTBEeHHbIX IBHIKEHHH u na-
PajJlakcoB OMOPHEIX 3Be3[.

OpHako OKOHuaTesbHHE pe3yabTaThl KaprorpadupoBaHus JIyHH
M MJaHeT JAOJIXKHBI OHTb MPEJACTABJEHH B NJAHETOLEHTPHYECKHX CH-
CTeMax KOOPJMHAT, XECTKO CBA3AHHHIX C Bpallapuleiics IJIaHETOH.
Ons 3T0r0 HEOO6XOOMHMO YCTAaHOBHTb W 3aKPeNHTb HyJIeBOH MepHAHAH
H OCb BpallleHHS MJIAHEeTHL.

BriGop u 3akpenyieHHe HyJeBOro MepHuauaHa HeGecHOro Tejia Co-
cTouT B cieayiomweM. CHayana B KayecTBe HyJIEBOrO MepHIMaHa NpPH-
HHMAIOT NJIOCKOCTb LEHTPAJIbHOro MepHAHaHa, KOTOpHH Habmopaercs
U3 IeHTpa Macc 3eMyu B (GUKCHPOBAHHH{i MOMEHT BPeMeHH, Hampu-
Mep Ha CTAHJAPTHYIO 3MOXY KaTaJora.

ITocne Toro kKak ompejneneHa yrjopas CKOPOCTb BpauleHHA TJia-
HeTH, HalnpaBjieHHe HyJIeBOTO MepHIHaHad MOXHO ONPEJEe/UTb B MHep-
IHaJbHOH CHCTEMe KOOpAMHAT CTaHAapTHOH 5noXM (Ha 3TOM 3Tamne
HayanbHBI MePHAMaH €lle HHKAK He CBA3aH ¢ XapaKTepHBIMH TOYKa-
MH H KOHTYpPaMH moBepXHocTu HebecHoro Tena). B pesysbTate mnpo-
BeleHUAl KOCMUYECKHX CbeMOK HebecHoro Tena yTOYHAIOT €ro yrjo-
BYI0 CKOPOCTb BpallleHHsl U CTPOSIT ONOPHYIO CeTb. 3aTeM MOJIOXKEHHe
HYJIEBOrO MEPHAMAHA 3aKPENJSIOT HEKOTOPOH XapaKTepHOH TOYKOH
MeCTHOCTH Ha MOBEPXHOCTH, KOTOPyl0 BHOHpaloT BOJIH3H 3KBaTOpa H
3a7a10T €€ TNJaHeTOUEeHTPHYECKOH JNOJroTOoH OTHOCHTEJIbHO HYJieBOrO
MepHaHaHa. .

B HacTosillee BpeMsi TOYHHe 3aKOHB BpameHuss tel CoJHeUHOH
CHCTEMB BOKPYr CBOHX OCEHl yCTaHOBUTb euie He ypajoch. [lostomy
B KayecTBe apaMeTpoB, ONpeAeNAIOLIUX BPALIECHHE IJIAHETH, HCMOJib-
3yIOT cCpeJHHEe KOOPAHUHATH CeBepPHOro NOJIOCA MJaHeThl, a
BpalleHde NpeAnoyaraercsi paBHOMEPHBIM.

HayyeHue HepaBHOMEPHOCTH BpAaIlEHHA NJIAHET, NPEUECCHH H HY-
TanMy HUX OCell BpalueHus, ABHXKeHHs IOJIIOCOB— OfAH2 M3 OCHOBHBEIX
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3agay OymylIMX acTPOMETPHYECKHX H DajJHOJIOKALlHOHHHX HabJio-
JeHHH.

BecbMa BaX<HO H omnpejelieHHe OPHEHTAUWH NJAaHETOLEHTPHUECKHX
KOOpPAMHAT B WHEPLHAJbHOH CHCTeMe KOOPAWHAT, €r0 OCYMIECTBJSAIOT
MeToAaMH KOCMHUEeCKOH (poTOrpaMMETPHH H PaJHOACTPOHOMHH.

Ileprnoaki ppauieHHs NJaHeT ONPEAEJIAIOT N0 KOCMHYECKHM CHHM-
KaM, NOJy4YeHHBIM yepe3 GoJibiliMe NPOMEKYTKH BPeMEHH.

OnopHule ceTd Ha NJaHeTax CO3JalOTCA METOAOM AHAJHTHYECKOH
¢oTorpuanrynsuvd. IlockonbKy OnopHBle TOYKH Ha NMOBEPXHOCTH IJja-
HETH OTCYTCTBYIOT, BO3HHKA€T HeOOXOAHUMOCTb HCIOJb30BATh 3JIEMEH-
TEl OPOMTH AJSA OnpenefieHUs KOOPAMHAT UEHTPOB ¢ororpadHposa-
HHA, 3Be3/IHble KaMepbl M 3Be3[HhH€ [aTYHKH — AJIA Olpe[eJieHUs
OpHeHTalMH Tomorpacguyeckoii kamepn u paccrossus or AMC no To-
YeK MECTHOCTH, NOJiyyeHHble NPH NOMOUIH Ja3epHbIX AaJbHOMEPOB H
B pe3yJbrate pagHoNpoGHAHPOBAHUA.

[Ipu mocTpoeHnu cereil (GOTOTPHAHTYNALHH Ha TNJIaHETAaX NOMHMO
KaJpPOBbIX CHHMKOB HCIOJIb3YIOT TEJIEBH3HOHHEIE, @ TaKIKe pPaJHOJIO-
KallHOHHBle TaHOPaMHL.

Ocobyto npobaemy npepcraBiisieT coboli BbO6Op pedepeHIHHX INo-
BepxHocTeil [JIA CO31aHHs MareMaTHYeCKolfl OCHOBH Kaprt JIYHH u
naader. [lasa sroro Heo6XogHMO npelBapHUTEJbHOe YCTAHOBJIEHHE JH-
HaMHYeCKHX (Uryp nJjaHer, KOTOPhle ONPEAEJSATCA N0 AJaHHBIM 06 HX
pesvede W rpaBHTallHOHHOM noJie. DTa 3ajaya pellaeTcd Ha OCHOBE
COBMECTHOTO HCIOJIb30BAHHA ACTPOMETPHYECKHX, TIpaBHMETPHYECKHX
4 hoTorpaMMeTpPHUECKHX METOJOB.

OcHoBHEIE 3apaud, BO3HHKAalOLlHe MNPH HCNOJb30BAHHH  METOJIOH
KOCMHUECKOH ¢oTorpaMmerpun nJsf o6paboTKH pe3ysibTATOB CHEMKR
JIyHEl M niaHer, 3aKJIIOYAIOTCH B CJI€NYIOIIEM:

onpesesyieHHe 3JIeMEHTOB BHELIHEro OPHEHTHPOBAHHS KOCMHYECKHX
CHHMKOB MO 3Be3[IHbIM U OnpejiesieHHe B3aUMHOH OPHEHTALHH TOIO-
rpadHyecKUX M 3B€3HHIX CHUMKOB; '

NOCTPOEHHE H YPaBHHBAHME MapIUPYTHHIX H OJIOUHHIX ceTeil Koc-
MHYeCKOH (POTOTPHAHTYJALIHH C COBMECTHBIM ONpe/eJieHHEM 3JleMeH-
TOB BHEIUHEH OpHEHTAlUH CHHMKOB, KOOPIHHAT TOYEK MNOBEPXHOCTH
B MJIAHETOLICHTPUYECKOH CHCTeMe KOOpAMHAT H HayasnbHBIX YCJOBHH
JBHXKEHHS KOCMHYECKOro annapara;

HCIONb30BAHKHE JAHHBIX PanuonpodUNIHPOBAHHA IJISl onpenesieHHs
BLICOT TOYEK MJIAHETHI;

IelluppHPOBAHHE KOCMHYECKHX CHHMKOB, NOJIiyYeHHBIX B pasajiHy-
HRIX 30HaX CIEeKTPa, a TaK¥e PamgHOJIOKALHOHHKIX H300paxKeHHH, COo-
3JlaHHe CrenHaNbHbBIX AelH(PHPOBOYHBIX 3TAJIOHOB LJIS 3JIEMEHTOB
THIHYHHEIX TMOBEpXHOCTeH mJlaHer.

IloMuMO 3TOro K Yucsy 3ajlay KOCMHYECKOH (POTOrpaMMeTPHH NPH
CbEMKaX IJIaHeT OTHOCHTcsA pa3paboTka cnocoGOB H METONHK HCIIOJNb-
30BaHHS MAaTEPHAJIOB ChEMKH HeOOJbIIHX YYyacTKOB MOBEPXHOCTH
NJaHeTH, MOJIyYeHHHX C NOcagoyHuX annaparoB AMC.
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B nepcnemuse MO Mepe PpacliMpeHHsi MPOrpaMM  KOCMHYECKHX
CbEMOK M yrJyGJieHHsi 3HaHHH O HeGEeCHBIX Tejax OKaXeTcsi BO3MOXK-
HHM CO3/1aHME ONOPHOH ceTH, OXBarmBamwolleii Bclo COJNHEUHYIO CH-
creMy. [ns pellleHHA 3TOH rpaHAHO3HOH 3apayd noTpebyloTes KOJ-
JIeKTHBHble YCHJIMA yuyeHbix Bcex cTpadH 3emnH. Ilpu atom mpexne
BCcero HeoOXOAMMO C€O3aTh CHCTEMY, BKJIOYAIOLLYI0 KOMIlJIEKC Npor-
pamm ans 3BM M 6aHK naHHBIX aCTPOAHHAMHYECKHX NapaMeTpoB H
KOOPAWHAT ONOPHBIX TOYEK B MJAHETOLEHTPHYECKHX CHCTEMAx KOOp-
JuHar. BaHuk nosxeH GHITH NOCTATOYHBIM JJIl ONpejieNleHHA B JOO0#
MOMEHT KOOpPAMHAT LIEHTPa Macc NMJaHeThl B HHEpPLHAJbHOH CHCTeMe
KOOPAMHAT H KOOPAHHAT OMOPHBIX TOUEK IJAHETH OTHOCHTEJBHO I'eo-
3KBaTOPHAJbHHIX CHCTEM KOOPAMHAT, . 3aKPenJIeHHBIX Ha omnpepnesieH-

Hble 3M0XM, a TaKXKe JIJil OPHEHTaLUMH ocell NJaHeTOLeHTPHYECKHX
cUcTeM KOOpIAHHAT.

§ 51. YCTAHOBJIEHUE KOOPJAUHAT CEBEPHOI'O NMOJIIOCA
BPAINEHHA NJAHET U HYJEBbIX MEPUJIHAHOB

Hanpapnenue ceBepHOro noJjiroca BPallleHHS NNaHeTH HWJIH CNYTHHKA
nJiaHeTH 33J1a10T B HHEPUHAJIBHOH reo3KBATOPHANBbHOH CHCTEME KOOp-
IHHAT yepe3 cpefHHe KOOPMHHATHI: MPAMOE BOCXOXJAEHHE Qo H CKJO-
HeHHe Op B CTAHHapPTHYIO 310Xy To.

Ilo pexkomenmaunu MAC CEBEPHBIM MOJIOCOM IJIZHETH NPHHATO
CYHTaThb TOT M3 NMOJIOCOB, KOTOPHIi JIEHT K CeBepy OT HeH3MeHsie-
Mo# mI0CcKocTH CONHEYHOMN CHCTEMBL.

B TeopuM 3ajaum n Tel NOKa3biBaeTcsd, YTO CyMMa MOMEHTOB KO-
JIHYecTBa ABHIKEHHH (MJIM KHHETHYECKHX MOMEHTOB) Bcex n Tes, 06-
Pa3yoLIHX CHCTEMY, ABJISIETCS NOCTOSTHHONH BEJNHYHHOH, T. €.

pY mR; X ﬁl——‘ C.
1

TlocTosiHHbi BeKTOp C sIBJIsETCA HODMAJIbI0 K HEH3MEHSIEMON NJIOCKO-
cTH Jlannaca. EciM cnpoeKTHPOBaTh 3TO ypaBHeHHe Ha OCH HHepIH-

anpHOM TeJIHOUEHTPHYeCKOH cHcTeMBl KOOPAHHAT, TO NOJYYHM TPH
HHTerpasa

n
2 my(X;y; —Y;x;) = €3
1
zml (ytz‘l_‘ziy.i) = Cy
1

n
2 my(2,x; — Xi2;) = Cy,
1
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KOTOpbie FIBJISIIOTCS @aHAJOTaMH Co- P
OTBETCTBYIOIIMX HMHTerpajoB 3aja- -
Y JIBYX T€J, paCCMOTPEHHOH B IJja-
Be [V. CymMupoBaHHe BHINOJIHSET-
csl MO BCceM TejiaM, BXOASIIHM B
Conneynyio cucremy. Hanpasasio-
1iHe KOCHHYCHI ¢y, Ca, C3, ONIpEaEs-
Iomue HanpasienHe Bektopa C,
MOXHO BBIYHCJIHTb, 3Hasl [JIs1 KeKO-
TOPOro MOMeHTa KOOPAHHATH H CO-
CTaBJIAIIOLIHE CKOPOCTH BCEX TeJ
CosiHeyHoll CHCTeMBl, @ TaKXe HX
Macch. IlockosnbKy B Hacrtosiee
BpeMsi BCE 3TH BEJHUYUHBl HU3BECTHBI
JHIb NPHOJNHIMKEHHO, TO U NOJIOXKe-
HHe HeHsMeHseMoli maockoctH CoJ-
HEYHOH CHCTEMBI TOXKE MPUOJHKEH- Py 31. Ceepumfi MOMOC BpALICHHS
HO. JTa IIIOCKOCTh HAKJIOHEHA IO  mnJjaneTH H NOJIOXKEHHE HYJeBOro MepH-
yrjiom npumepro 1,5° K miockocTu — AuaHa
SKJIUITHKH H JIEKHT MeXjny mJo-
ckocTsAMH op6ut IOnuTtepa u CarypHa, 1ByX CaMbiX MAaCCHBHBIX IIJIAHET.
B coorBerctBHM ¢ pekomeHpanusmMH MAC sjeMeHTH BpallieHHs
NJlaHeT OTHOCAT K ABYM CTaHAapTHbHIM KOOPJAHHATHBIM CHCTEMaM.
INeppan cucteMa sakpenyiena KatajsoroM FK-4, H HauanbHOH CTaH-
JNapTHOM 3MOXOH 1Jis Hee fABJISieTCH IoJiHanckas 3¢emepunaHas nara
JED=—2433 282,423 357, kotopas cOOTBeTCTBYeT Haualy DbecceneBa
rona (7T¢=1950,0).
Bropas cucrema 3akpenyena Katajaorom FK-5, koTtopomy coor-
BeTCTByeT HayajbHasi smoxa JD=2451545,0 (2000, suBape 1,5).
IlonoxkeHne HyJeBOoro MepHIHaHa NAaHETH ONpejeNsAeTcs YrioM
W (<QPn0°), KOoTOpHIi OTCYUHTHIBaercd Ha HebecHoil cdepe OT TOY-
KH Q (puc. 31), pacnoJiokeHHOH Ha JIHHMH IIE€PECCYEHHS 3KBaTopa
nJaHeTH C IJIOCKOCTBIO 3KBarcpa 3eMJH B CTaHaapTHylo 3noxy To.
Takum ob6pasom, Touka Q ecTb BOCXOASILIHKH y3es 3KBaTopa NJaHeThl
Ha cpenHeM 3KBaTope 3eMJIH B cTangapTHylo snoxy. [IpaMoe Bocxox-
IenHe Touku Q Gyner clefylouHM:

ao=90+ao;
CKJIOHEHHE TOUKH Q —
6Q=90°_601

rlie ap H 0o — HHepLHaJbHbEle KOOPAHHATH CPEAHEro MoJiloca NJaHeThl.

Ecnu cMoTpeTh ¢ ceBepHOro moJioca niaHeTh Pp, TO NOJOXXHTEJb-
Hoe 3HayeHHe yrina W unamepsieTcsi NpPOTHB YacOBOH CTPEJKH, T. €. B
HanpasJeHHH Ha BocTOK. Ecsy npennosoxuTe, yto BpauleHHe IJjate-
TBl PaBHOMEPHO, TO YroJl siBisieTcsi JIHHeHHOH ¢yHKuHeH BpeMeHH.

239



TaGanna 32

3noxa J200)
n roraReTH %0 % v

Conune 285,96° 63,96° 84,11°4-14, 184 4000 ¢
Mepkypuit 281,01—0,033 7 | 61,45—0,005 T 329,71+6,138 5025 d
Benepa 272,78 67,21 159,91—1,481 4205 d
3emns 0,00—0,641 T 90,00—0,557 T 100,21+-360,985 6123 d
Mape 317,681—0,108 7| 52,886—0,061 7 |  176,646-+350,891 9830 o
KOnurep 268,05—0,009 7 | 64,49—0,003 T 284,95--870,536 0000 d
Catypu 40,58—0,036 T 83,450,004 7 |- 38,904810,793 9024 d
Ypan L 957,43 —15,10 261,62—554,913 0000 d
Hentyn 295,33 40,65 107,21+ 468,750 0000 d
[nyTon 311,63 4,18 252,66-+56,364 0000 d

Ecau yron W yeenHunBaetcsi, TO NJlaHeTa HMeeT NPSAMOE BpallleHHe,
eCJIH yMeHblllaeTcss — o6paTHOe.

B ofuieM cayuae AJisi HEKOTOPro MOMeHTa BpeMeHH ! BEJHYHHH
Qo, 60 uWw NPEACTABJAIT B BHIE [NIOJIMHOMOB!

apy=ao+a,T+assin(as+a.T)+...;

60=b0—l—‘b1T+b2COS'(b3+b4T) + veuy (657)
W=Wo+Wd-+cssin(cs+c:T) + ...,
JED,—JED, =
rjue T= W ’ d= JEDt o JEDto'

npusem JED,  —jonnanckas sgemepHiHas naTa HayalbHOH 3MOXH;

W — yraosas CKOpOCTb BpallieHHsl NJaHeTH; d-—BpeMEHHOH HHTep-
BaJ B 3¢eMepHAHBIX CyTKaXx.

Kak yxe OBLJIO OTMEYEHO, MOJIOKEHHe HYJEBOro MepHaHaHa 3a-
KpenJisieTcsi Ha IOBEPXHOCTH IJIAHETH JOJTIOTaMH XapakTepHBIX TO-
yek pesbeda. DTO BO3MOXKHO OJyaronapsi CbeMKaM, BHINOJHEHHBIM C
AMC, H NOoCTPOEHHIO 10 CHHMKaM OMNOPHBIX ceTell (POTOTPHAHTYJISILHH.

MAC peKoMeHOOBaHL KOOPAHHATBHI CEBEPHOro MOJIOCa BpalleHHS
H HanpasjeHHs HyJeBoro Mepuamana CosHua u naaner (tabj. 32).

§ 52. CHCTEMBbl KOOPJAUHAT JIYHBI

Op6uransroe ppuixenne Jlynnl. HeBo3amymienHoe nBHikeHHEe JIyHBI
BOKPYr 3eMJIH XapaKTepu3yeTcsl ILeCTbIO 3JIEMEHTaMH KenJepoBo#
op6uTH: a—GoJpllas NOJyoch; e — KCLEeHTPHCHTeT; J — HaKJOH K
3KJMNTHKE, Q — NOJTOoTa BOCXOASLIETO Y3Jla; @ — apryMeHT InepH-
LlEHTpA; go — CPenHAs aHOMaJif B HayalbHylo 3noxy T,.

BcneactBue  BO3MYILEHHH, BH3BaHHBIX nNpHTsAKeHHeM CoJnua,
nJjaHeT U Hec()epHYHOCTBIO I'DABHTALHOHHOrO NOJA 3eMJIH, 3JeMeHTHI
Op6HTH JIYHH HCNHTHIBAIOT 3HAYHMTEJbHhle BO3MYyUleHHs. JIHHHMSA y3-
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JIOB Bpallaercsl B IJOCKOCTH SKIHNTHKH TakKHM o6pasoM, YTO AOJIro-
Ta BOCXOASILLEro y3Jjia Bce BPeMsl YMEHbIIaeTcsi B HaNpaBJeHHH, MPo-
THBOIIOJIOKHOM JiBHXKCEHHIO JIyHBl no op6ute. 3TO sBJeHHe Ha3biBa-
eTcs perpeccuet JHHHM y3Jo0B. [lomubii. o60poT JNuHHA Y3-
JioB cosepuiaer 3a 18,6 roma. HoJsroty BocxoAsilero ysna JlyHu B
J1060ii MOMEHT BPEeMEHH MOXXHO ONMpeneNHTb C NMOMOLIbIO Pa3joXeHHus
bpayna:

Q= 259°10'59,79”—1 934°08'31,23" T+
+7,48"T240,0080" 72, (658)

rge BpeMs OTCUMTHIBAETCS B IOJHAHCKHX cToJleTHAX oT snoxw 1900,
suB. 0%, (12" ET)=JD 2415 020,0.

Jluuusa ancupa (JauHMA, coepuHsOUlas mnepure#t W amore#t JIyHHO#M
OpOHTH) TakKxe BpallaeTcsl B NJOCKOCTH OpPOHMTH, B Ty e CTOPOHY,
yto n JlyHa, cosepuramomas noiaHeii o6opor 3a 8,85 ropa.

ApryMmeHT .mepuueHTpa JIyHB onpeneJisieTcss BHIpaXceHHEM

©=75°08"46,61"+-6003°10"33,75"T—44,65"72—0,053"T3, (659)

H OTCYMTHIBZE€TCAA OT TOH e 3MOXH YTO H AOJroTa ya3ja.

He octalorcsi moCTOAHHHIMH HakKJIOH OpPGHTH K 3KJHNTHKE J H 3KC-
ueHTpHcHTET OpOUTH e. HakyoH Op6HTH HCNBITBIBaeT NMEpPHOAHYECKHE
KoneGanus ¢ mepuogom 18,6 roma H H3MeHsieTcss B npenesax ot 4°59/
10 5°17’. DKCUEeHTPHCUTET TaKxke MeHsiercs ¢ nmepuoaoM 8,85 rona B
npegenax 0,0432—=0,0666. :

PeanbHasn cKOpPOCTb nBHXKeHHsI JIyHBl no op6uTe TOXKE HE TOYHO
COOTBETCTBYEeT DPAacCYMTAHHOH NmO BTOPOMYy 3akoHy Kemjepa BcaencT-
BHe BO3MYLIEHH.

Takum obpasom, JlyHa B cBOeM [gBHXKEHHH BOKPYr 3€MJIH OIHCHI-
Ba€T He 3JIJIMIC, 8 BeCbMa CJOXKHYIO NPOCTPAHCTBEHHYIO KDUBYIO.

OnucaHHe ABHKeHHS! JIyHH HAa OCHOBE IPaBHTALUMOHHOH TEOPHHU C
YueTOM BCeX BO3MYlIeHHH siBJisieTcsl ORHOA H3 HauboJiee TPYAHBIX 3a-
nay HebecHoii MexanukH. [losTomy paccMOTpPUM JiMIIB HEKOTOpBlE
OKOHYaTeJibHble pe3yJbTaThi, HEOOXOAHWMblE [JIi TNOHHMaHUA 3afayd
KocMHueckoro c¢otorpadupoBanuss JIyun. Ilo ¢opmynam HeBO3My-
LIEHHOTrO ABHXEHHSI HMeeM:
cpenHee nBHXeHHe JIyHBI

rae T — nepuon ob6paierus JIyHH;
cpenHsas anoManus JIyHbl

g=go+n¢(t_To); (661)
3KCLEHTPHYeCKasi aHOMaJus
E—esin E=g; (662)
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HCTHHHas aHomanus JIyHol
w _ 1 + e E
g 5=} 1Tk 5 (663

IKIAMNTHYECKHE TeOHEHTpHYe-
CKHe KoopauHatbl. Paccmorpum
SKJHNTHKY, op6uTy JIyHB H Heko-
TOpBiE €e 3JeMeHTH (puc. 32).
Oexg.ysz3 — reoleHTpUYECKan  3K-
JHIOTHYECKasA CHCTeMa KOOPAHMHAT,
HayalJo KOTOpoHl B IUEHTpe Macc
3eMJH, OCb X5 HanpaBJieHa B TOUKY
BECEHHEr0 reOpaBHOAEHCTBHA vy,
0Cb 2;—B TIOJIIOC 3KJIHIITHKH, B(C H

L. —reouenTpHyeckue WHPOTa K
poJgrora JIyuw, cumBosioM € o6o-
3HAaYeHO MrHOBEHHOE IOJIOXKEHHe
Puc. 32. DxmunTHyeckne koopauHate  JIyHm Ha reouem-pnqecxou enu-
Jlynu HHUHOH coepe.

N3 cdepHueckoro mpsimoyrodin-
HOFO TPEYrONbLHHKA ) ¢ g TONyYHM (GOPMYJH LJIs reoleHTpHYeCKHX
KoopaHHAT JIyHH, BHIpaXKEHHBIX 4epe3 3JIeMEHTH HEeBO3MYILEHHOH
op6uTH JIyHBI:

sin B( = sind sin (o + ),

tg (L —9) =cosltg (e + ), (664)
HJIH
= Q + arctg[cos/ tg (© + w)]. (665)
Hpu 3TOM Be.rmqmm L ¢—Q n o+w Bcerna HaxoauTCs B onHon yer-
BEPTH.

Hs-3a manoctu yraa J (J=~5,1°) paswocte (L. —Q)—(m+w)
HHKOria He TipeBbluIaeT 2,5, noaTOMy reouempnqecxyxo JOJITOTY L
BHIYHCJHIAIOT 1O ¢GOopMyJie

(I =Q+ (0 Fw)+ Zf(w+w, J), (666)

rae 2f(w+w,J) —cymma Manbix nepHopHyeckux uJjeHoB. Ilupora
JIyHB HHKOrfa He NMPEBOCXOAMT Yria HakJoHa J, MO3TOMY ee -TOXKe
NpeACTaBASIIOT B BHAE OLICTPO CXOASIILETOCH TPHUIFOHOMETPHYECKOTO
pszna. '

HakoHen, TpeTheli noiaspHOi kKoopauHatoit JIyHbl siBJIsieTcs ee
reOLEHTPHYECKHH paaHyC-BEKTOpD, BEeJHYHHA KOTOPOro OnpefedsieTcs
BhIp axkeHHeM

R, =2U—9 (1—¢) ' (667)

14+ ecosw
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Paccrosinne JIyHnl oT 3emsin xapaKTepH3yeTcsl TaKXKe TOpP H3 0 H-
TaJbHHM nmapaasnakcom JIyun

® r®(l+ecosw).

r .
T = arcsih —= = arcsin S (668).
R¢ a(l1—e?)
rAe r.— SKBaTOpHaJbHBI paguyc 3em.

32}
Hpﬂlvloyro.nbuble reoleHTpHYEeCKHe SKIHNTHYECKHE KOOpAHWHATEL
JIyHH BBHIYHCASIOT MO hopMysaM: :

@

Xe= R( cos B cosL( = e cos B (;osL(;
r
_ . . e . :
Yo = R cos B sin L(t = e cos B, sin L(c- (669)

T,
2 =R sinBg = Fei@sin Be.
3emna ¢ JIyHn H Jlysa ¢ 3eMnu npoelHpylOTCA B NMPOTHBONOJOMKHBIE
TOUKH HebecHol cdephl, MO3TOMYy B 3KJIMNOTHYECKOH CHCTEMe KOODAH-
HaT ¢ HayaloM B 1eHTpe JIyHbH CeJICHOLEHTPHYeCKHe “KOOPAHHATHI
3eMJlH paBHB TEOLEHTPHUYECCKHM KOOpAMHATaMm JIyHH, HO ¢ O6paTHBLIM
3HaKOM, T. €.

' Xe /—X¢
Yo | = —¥c | - (670)
‘o/c \T?%/e

Bpaynom 6nuia paspaboTaHa TeopHst HHTerpupoBanus auddepeH-
LHaNbHEIX ypaBHeHHH BO3MYUIEHHOro nBuXKeHusa JIyHb, B KOTOpOIk
BO3MYILleHHEIe KOOpAMHaTH JIyHBl npejcTaBljieHbl B BHAE TPHIOHOMET-
pHUECKHX PSLOB. ‘

IlpenBapuTenbHO BBOASITCA BCMOMOraTeNbHbie BeJMYHHH [, I/ D u
F, 3aBucaiune ot BpeMeHH clenyiomuM o6pasomM:

[=296°06"16,59" 4477 198°50’56,79"T 4+
+33,09”7240,052"T3,;
I’ =358°28"33,00” 435 999°02’59,10” T—0,54"72—0,012”T3; (671)
D =350°44'14,95"-}445 267°06 51,18”"T—5,17"T24-0,007"T3;
F=11°15'03,20"4-483 202°01’ 30,54”T—11,56"T2—0,001”T3.
B Buipaxenunx (671) apryment T BHIYHCIASIOT TOYHO TaK e, KaK B
dopmysie (658).
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BoamylieHBHE 3KITUNTHYECKHE reOLEeHTPHYECKHe KOOpaHHATH Jly-
Ul B, L u sinn; B reopun Bpayna BHpaxalotcs B Bune TpHro-
HOMETPHYECKHX PSIOB, YJieHaAMH KOTODLIX SIBJAIOTCH IMPOHM3BENEHHS
JUHeHHBIX KoMOuHauwii Benuyud [, I/, D u F Ha noYTH nocTOsIHHBIE
KO3()QHUHEHTBI.

JivHednble KOMOHHALMH apryMeHToB BpayHa mMOXHO mpeacTaBHTbL
B CJI€QYIOILEM BHAE:

ai=pil+qil'+-riD+s;F, (672)

Tne pi, gi, ri, $i=0, 1, £2, ...;
Torna pasnoxenus Bpayna Gyayt caenyiomnmy:

n
L.=c¢ —l—za,-sinal-;
1

1

n
sinm, = Zc,-cos a;.
1
B 3THx pasnoxkeHusx € — cpenHsisi poJrora JIyHB, KoTopas BO3pa-
CTaeT NMOYTH JIHHEHHO H onpeaensiercsi mo ¢GopMmyJe

C =270°26702,99” + 481 267°62'59,32"T—
—4,08"724-0,0068"T3, (674)

rae a; b, ¢;— KoappHIHEeHTHL.

Ilpn cocraBnenun tabnun BpayH orpaHHuuics caenylOUIHMH 3Ha-
YEHUSIMH BeJIHUHH p, g, r u s: |p| <6; [q]<<4; |r] <<8; |s] <5, o u
B 3TOM CJiyuae HeOo6XOmHMO BHIOJHEHHE OYeHb 60JBLIOro o6beMa BH-
YHCJECHHH.

B Hacrosillee BpeMsi KOOPAMHATHl JIYyHB BBIYHCJAIOT TOJBKO Ha
3BM, npu stom Teopnsa DpayHa mouTH He mperepmesia H3MeHEHHIl;
BMECTO CpEIHEr0 COJHEeYHOro BPEMEHH HCIONb3YeTCA NHHAMHYecKoe
BpeMs, a K cpenHeli poarore 6nijia no6aBjieHa IMIUPHYECKas NONpas-
Ka — 8,72"—26,74"T—11,22"T2.

B pasnoxenns xkoopmunar Jlynn Bg, Lo u sinmg Bxomst
NepHOAHYECKHEe YJEeHH, BHI3BaHHBle S3JIJIHNTHYHOCTBIO OpPGHTH JIyHH
H TOYHO COOTBETCTByWlIHe 3akoHaM KenJjepa npu HeBO3MylIeHHOM
JBHXeHHH. Bee ocTanbpHble mepHOOHYECKHE KM BEKOBBlE YJIEHbI SIBJISA-
I0TCS CJEJCTBHSIMH BO3MYLIEHHH B JBHXEHHH JIyHB H Ha3BIBalOTCs

HepaBeHCTBaMH.
OnTHueckas JaubGpaunusn JIyde sABAseTCHA clencTBHEM

HepaBHOMePHOCTH ABHXKeHMs JIYHh ' HaJHYUA yrja Mexiny ee 3KBa-
TopoM M op6utofi. OnTHyeckass JHOpanus — nepHoaHyeckne KoJeba-
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HUA JIyHB OTHOCHTENLHO HAMpaBJieHHA H3 ee LEHTPa K Habmoaarenio
Ha 3emye. OHa npossisieTcs B HeGONBLIMX NepeMeuleHUAX neratefi
BHAKMOI noBepxHOCTH JIyHH MO ee AHCKY.

CeJileHOUEHTPHYECKAn NWHAMHKYecKas chcTeMa Koopamuat, Teopus
ppauleHusi JIyns npeanonaraer, urto JlyHa npeacrasnser coboit abco-
JIIOTHO TBEPAOE TEJO.

Uepe3 ueHTp Macc TeJla MOXHO MPOBECTH MHOXECTBO NPSAMHIX, OT-
HOCHTEJbHO KaxX[l0fi M3 KOTOPHIX ONMPeAeNAeTCS MOMEeHT HHMepLMH Tena
B BHIE

n
Jo =Emlr12t
T

rge m;r;? —cyMMa NpOu3BeJeHHH MaccC 3JleMeHTapHHX YacTHL Ha
KBaApaTH HUX PaccTOSTHHUR OT LeHTpa Macc.

OceBHe MOMEHTH HHepLHH (MOMEHTH HHEPUHH OTHOCH-
TEJILHO KOOPAMHAaTHBIX oceil) npencraBinior co6oft cyMMy MpousBe-
JeHH#l MAacC YacTHIL TBEPAOro Teja Ha KBajpaThl paccTosfiHmil Jo oceil
X Y, 2

A =2 m; (y*+2°); B= z m; (2" + x;*);
=1 =1

C=Y m(x*+ y.

i=1

LHledTpoGeXXHBHM MOMEHTOM HHEPHHH TEJNa OTHOCH-
TeJIbHO KakKo#-nubo mapH KOOPAMHATHHIX ocell HasbiBalT CyMMy IpoO-
H3BEJIEHMH Macc BCEX TOYEK Tejia Ha NPOM3BEJcHHe HX KOOPJAHHAT N0
3THM OCSIM, T. €.

n n n
D= 2 myz; E= 2 mz;x;; F ‘=z m;xy;.
=1 =1 i=1

B Mexanuke joKaabiBaercs, yTO AJIA KaXAoH TOUYKH abCcoONIOTHO
TBEPAOro TeJia CYIeCcTBYeT 3JIIHNCOM], HHEPLUH

Ax?4By?+4-Cz2—2Dyz—2E2x—2Fxy=1,

MpH 3TOM €CJIH HeKoTopas Touka O sBNseTCA NEHTPOM Mace, TO
3JIIUNICOUZL HHEPUHH SABJNAETCA LEHT P aJb H b M.

3TOMy ypaBHEHHIO MOXHO NpHaaTh 6oJiee MPOCTON BMI, €CJIH BHI-
O6paThb 32 OCH KOOPJMHAT OCH CaMOT0 LIEHTPAJNbHOIO 3JUIMIICOMAA HHep-
uud. OMM HasbiBaloTeAd FJ2aBHB MH OCAMM HHEPDIHH Tejla B
naHHol Touke O, Torpa

Ax?+ By?+C22=1.
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T'napHble .OCH HHEDLMH, MPOXOASALIHe YeDe3 IEHTP Macc Teja, Ha3blBa-
IOT I'VIaBHBIMH LEHTPaJIbHBIMH OCAMH HHEPIHH, '8 MOMEHTBHl HHEpLHH
Mo 3TEM OCAM —TrJTaBHHMH MOMEHTaMU HHeDUHHU H 060-
sHayaiot- A, B u C.

Bpamelme WJIyHEl MOJHOCTBIO Onpenessercs BpalleHHeM TPexrpaH-
HHKa (TpHsapa), oOpa3soBaHHOrO ee TIJIaBHLIMH OCHAMH HHEDUHH.
Yeroluneoe BpanieHde JIyHBEI' TPDOMCXOAMT BOKPYr ocH, GJH3KO#H K
HauMeHBUled. OCH 3JWIHNCOHAA HHEPUHH (OcH HauGONbILSro -MOMEHTA
HHEPIHH).

Ocn HHEPLHK OPTOrOHAJbHEI, NO3TOMY HX yao6HO CYHTaTb OCHAMH
NE€KaPTOBOH CHCTEMB, XKECTKO CBSi3aHHOM ¢ TesioM JlyHbl. DT4 cHcTema
KOODAHHAT HAa3hIBAETCA CHCTEMON OCeH HHEPLUHH HJH OHHAMHYeCKOH
ceJIeHOLIEHTPHYECKOR cHcTeMmoll KoopauHat. Teno Jlyuw no ¢opme To-
JKe MORA® CYMTaTh TpexOCHblM -SJNTHNCORAOM, TIOSTOMY 3Ty CHCTEMY
Ha3biBalOT TaKXke CHCTEMONR Ocefl (RTYpEL.

2] }\’"'1 HanpaBieHd K J3eMile M COBMElleHa ¢ ocblo ‘MOMeHTa A,

och Z¢ Hanpaa.neﬂa K ceBepHomy fogiocy JIyHB M coamemena C .OChIO
momenta C; OCh Y COBMellleHa ¢ OChi0 M"MeHTa B Tak, 4TO cHcTeMma
KOOpAHHAT npaaaﬂ. _

[TnockocTs, mpoxofsuuasi yepes OcH X( | ‘Y"(, SIBAIETCA 3 KB a-
TOpOM QHrypH, a modspHas ocb Z.—ocblo ¢GHryps. Toukn
nepeceyenusi OCH (GUrypel ¢ NOBEPXHOCTbI) Ha3blBAIOTCH DTOJIOCaMH

bHrypsl.
PaccmoTrpeHHasi fHHaMuyecKasi cHCTeMa KOOpIMHAaT OX Y Z,

’HBJIHGTCH OCHOBHOH ceJIeHoueHTpm{eCKoﬁ cucremoit KooanHa'r mweH-
"HO OHa onpenejieHa MEXIYHAPOAHBIMH COTVIZLIEHHSIMH IO HCCe-
nopan#io JIyHH Kak e[HHas CeJIeHOUEeHTPHYeCRasi CHCTEMa KOOp-
JAMHAT.

3axkonn Kaccunu. B 1693 r. Kaccuun cdaopmy.rmpoaa.n TPH 33KOH3,
XapakKTepHM3yIoIHX Bpawerie. Jlynnl. B . cofpeménHoii @opMmepOBKe
C y4YeTOM BBeJ€HHHIX OlpejieJieHHl, 35TH 34KOHH COCTOSIT B CAESAYK-
mem. _

I 3akoH. Ilnockocte skBaropa ¢urypnl JIyHei (AHH2MHYEeCKHI
3KBaTOP) HaKJIOHEHA Ha NMOCTOSHHHIA yron J K MJIOCKOCTH SKJIHI-
THKH.

IIzakoH. Ocb 3KNUNOTHKH Zsks, OCb JYHHOH OPOGHTH Zops H OCb
¢urypsl JIynnl Z;  exar B OIHOM NJIOCKOCTH H PAcClONIOXEHH TaK,

YTO ‘0Cb IKJAHNTUKH HAXOLHTCA MEXAy AByMs IpyrHMH. Kak.cnenyer
H3 Broporo 3akoHa KaccuHH, y3JH OPOMTHI M 3KBaTOpa qmrypu Jly-
HB Ha 3KJMNTHKE COBMNANAIOT, NIPHYEM AQJTOTA  HHUCXOASAWIEro y3Jja
SKBaTOpa paBHa JOJroTe BOCXOAflLero yaja op6urhi (puc. 33). OGe
3TH JOJTOTH 0603HayalTCA OAHHAKOBO L.

IIT 3axoH. JlyHa Bpauwaercs c NOCTOSIHHOM' yr.noson cxopocrbro
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3710 BpalleHHe MPOUCXOAHUT MPO-
THB YacoBOH CTPEJKH (ecqH CMOT-
peTb ¢ ceBepHoro nojioca Jlyuwl
Py  BOKpyr ocH, coxpansiomieil
HeM3MeHHbBIM CBOE HanpaBJlieHHe B
TeJie, JIyHblL BpeMﬂ noJiHoro - 060-
poTa BOKPYr OCH paBHsieTCsl CHie-
PHYECKOMY MecALy, T. €. TpoMe-
KYTKY BpEMeHH MeXAy AByMs
OJIMHAKOBLIMH  NOCJI€I0BATEJbHbI-
MH TOJIOXXEHHAMH JIyHH cpenH
ape3n. CpenHsis NPONOJIIKUTEND-
HOCTb  CHAEpHYECKOre .Mecsla
27 cyr 7 4 43 mun 11,5 c.

3akonnl Kaccuun 6/H3KH K pe-
aJIbHOCTH, HO, BCJeJCTBHE BO3MY-
I12I011ErQ T'PaBHTANHOHHOTO BJIHS-
Hus Jlyusl ¥ ConHIa; BBHINMOJNHAIOT-  Puc, 35, Opbura, SKIHNTHKA B SKBa-
csi quib npuGauxkenHo. Ipapura- Top JlyAn
ILHOHHBIE BO3MYIUEHUS OT 3eMJH H
Co.vmua BHI3BIBAIOT MaJjikle KoneGauus J'IyHu OTHOCUTEJBLHO eé cpen-~
Hero MOoJIOXEeHHS, H 3TO fABJIEHHE Ha3blBaercst q”[anecxou Ju 6
paudeft JIybe

3akoHbl KaccHHH tnpaBef/iHBEl B cpeiHell CHCTEMe HHHAaMHUYECKHX
KOOPJMHAT, ell COOTBETCTBYeT cHCTeMa oceil KaccHHH, oCH HMHEPUHH ‘B:
3TOM HIeaNH3HPOBaHHOM cllyyae obpasyioT. TPHsAp KaccuHu.

3ameTuM, YTO ecid OnTHYecKast JHPPailus ABIACTCS YHCTO nepc-
NEeKTHBHHIM fiBJleHHeM, O6YCJOBJIEHHHIM BSZHMHHM- nosioKeHHemM Ha-
bmonatens Ha 3emsie H obsacteil JyHHOH NOBEPXHOCTH, TO qmsuqe-
ckasi nubpauusi sABASIETCs AeHCTBHTENILHBIMH MaJibiMH KoJie6GaHusAMHU
JIyHHL OTHOCHTENBHO. TPpHsapa KaccHHH, KOTOPbie HEOGXOIMMO YYHTHI-
BaTb NPH BHIYHUCIEHMH MCTHHHBIX NMH2MHUECKUX KOOPAHMHAT TOUYEK
nosepxHoctd JIyHbL

®usuueckan aubpaums Jlyusl. B Teopun Bpamenus JIyHw BBO-
IATCS BENUYHHDI

LT L S N VR

KOTOpBle Ha3bBalTCA N HHa MHYEGCKHMH CKAaTHSIMHA JIyHH..

B dopmynax- (675) A, B u:C —rnaBublé MOMEHTH HHEPUHH JIyHEHL
Ocoboe 3HayeHHe B TEOPHH Bp alleHHS JIyRH AMeeT MU H@ MU ¥ e

ckuit mapamerTp Jlyun f, KOTOpHIi onpenensierca no Gopmyne

L B(C—B)
B~ AIC—AY (676)
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JunaMuyeckuit nmapamerp [ uyron
HakgoHa J. skBatopa Kaccunu

K SKIHOTHKE MOSBOJISIIOT OnNpeje-
JHTb BeJIHYHHBI OTKJIOHEHH OT 3a-
KOoHOB KaccHHH mnpH BpauieHuH
JlynbL. _

Bennuynna [ ans Jlynel muoro
pas Gblyia BLIYHCJIEHA Pa3JHYHBIMH
METOJaMH, TeM He MeHee BCE pe-
3yJabTaTh pa3bpocaHbl B Npenesax
-eHE oLBHHdLI Jy g 60 OY g0 LO
yenue [=0,73, KoTOpOE NOJYYEHO
IafinoM eme B 1914 r. (x coxa-
JIEHHIO, 3TO HanboJiee NOCTOBEPHBIf
pesysbrat). Hus  J. NIPHHATO
aHayenne J,. =1°32720".

IMepexon OT IKTHOTHYECKHX KO-  Puc. 34, Dfneposw yriw ¥, O, ¢
OpPAMHAT K AHHaMHYeCKHM (cene-
Horpaduueckum) X¢, Yo, Z 3a-
INAHHLIM TPH3APOM oOceii HHepuHH JIYHH, BHNOJHAKT NpPH NOMOILH
Tpex sfJepoBbix yryos P, & H ¢ (pHc. 34), a HMeHHO B pe3yJbTare
TpeX NMOBODPOTOB: BOKPYr OCH Zsx, Ha Yros +; BoKpyr oc X’ Ha yrox
©; Bokpyr oci Zg Ha yron ¢. Takum obpasoM, npeoGpasoBanHe

HMeEeT BHA:

X, ne
Yo |=Te@)| Y, ). (677)
z. Z xn

DinepoBn yrab P, & B ¢ OnperesAIOTCA CJIEAYIOUIHMH BHIDaXe-
HHAMH:

q)=9+0;
d=J¢+p; (678)
e=(180°+ ¢ —¢)++=(180°+ ¢ —Q—0)+ 1,

rae o, p H T— KOMIOHEHTH (H3HuyecKoi Jgubpauun JIyHbl B poarore

y3J1a, HaKJIOHE ¥ B yrJje ¢.
INepexon oT MHEPLMAJBHbIX TeOLEHTPHYECKHX KOOPIMHAT X, Y, 2
K JHHAMHYECKHM CEJIEHOSKBATOPHAJNbHLIM (cesieHorpadHYecKHM) Ko-

OpAHHATAM X(C’ YeunZ

1. Ina onpeneseHHsi KOMITOHEHT (H3UYeCKOH JHGpauHu o, p H T
BHIYHCJIAIOT cpenHiolo ponarory nepHresi Conuua I', ucnonb3ys BhIpa-
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JKeHHne :
I'=281,220 833 3°4-1,719 175 0°T4-0,452 777 8°X
x10-3724-0,333 333 3°- 10573, (679)
cpexHwoo noarory CosHua
Lo =279,696 677 8°+36 000,768 925° T+
40,302 500 0°- 10—372; (680)
CPEHIOI OOJIrOTY BOCXOASIILEro yaaa Q op6uth JIyHH
Q=259,183 275 0°—1 934,142 008 3°T+-
+60,207 777 78°-10-272+4-0,222 222 2107573, (681)
CPEHIOI reOUEeHTPHYECKYIO n0JaroTy JIyHBI
=270,434 163 9°+ 481 267,883 141 7° T—
—0,113 3333°-10—2T2+0,188 88889-10-573, (682)
Cpe/IHHil HAKJOH 3KIHNTHKH K 3KBaropy
e=23,452 294 44°—0,130 125 00°- 10~'T—
—0,163 888 89°-10—3724-0,502 777 78°- 1073, (683)
B ¢opmynax (639)—(643) apryment T onpeneasercda mo ¢opmyse
T — JD (f) — 2415 020,0

36 525 (684)
J ajiee BHIYHCJIAIOT:

cpenHiolo aHomadnHio CosHna
My=L,y—T; (685)
CPeHIoI aHOMaJHIO JIyHB
M= c—TI (686)
yraoBoe paccrosiiue nepures CoJiHna oT yasia JIyHHO!H OPGMTHI
o=I"—Q; (687)
yrJIOBOE paccTosinHe nepHrest JIYHB OT y3na ee OpOGUTH
o' =T—Q, (688)

rae I'" = 334,329 555 6°}4 069,043 033 3°7—0,103 250 00°- 10172 —

—0,125 000 00°- 10473,
17—6549 249



2. HaxonsiT KOMINOHEHTH v, p, ¢ ¢usnyeckoit Jubpauuu JIyHn:
1=—12,9"sin M, + 65,2 sin M + 9,7 sin 20" + 7,3" sin2 Mo—

—w +0) +7,6" sin€;
p=—106""cosM . +- 35"’ cos (M + 20") — 11" cos 2 (M, + @'); (689)
o sinJ( = — 180" sin M(—i— 35" sin (M([ + 2w') — 11" sin2(M(+ '),

rie J¢ = 1932'20",

3. Jlna nepexona OT CPEAHUX HHEPIMAJNbHRHIX Te03KBAaTOPHAJbHBIX
KOOPIMHAT K CpPeIHHM [HHAaMHYECKHM CEJIEHOSKBATOPHaJbHHIM MOJa-
ragor:

a=]¢; b=¢ =8, (690)

a aJjda nepexona OT HCTHHHBIX HHCPIHHAJbHBIX r€e0O3KBaTOPHAJbHBIX KO-
OpAMHAT K HCTHHHBIM AHHAMHYECKHM CCJICHO3KBATODPHAJBHBIM

a=1(+p; b=¢e; ¢c=Q-+tos. \ (691)

KpoMme Toro, B 3TOM ciiyyae poaroty Bocxoasulero yana Q JIyHb Hc-
NpaBJfAOT 32 HyTauuo B Joarore Ayp. Buluncnsiior yriel moBopota 0,
@ W BCNIOMOTaTeNbHHH yroa A no ¢opmyJsam:

cos B =cosa cosb - sinasinb cosc;

sin=7)'1—cos*6;

cosasinb —sinacos bcos ¢
sinb ’

sin a- sinc (692)

sin '’

cos ¢ =
sing =—

cos A = sin acos b —cos asin bcosc;

sinbsine

SinA = —
sin@

ﬂ.ﬂﬂ nepexona OT CpeAHHX HHEPLHAJNbHBIX TrE€O3KBATOPHAJIBHBIX
KOOpAHHAT K CpeAHHM JAHHAMHYECKHM CeJICHO3KBaTOpHaJIbHbIM MNPH-
HHMaloT

$=80+C - (693)
a JJisl nepexona K HCTHHHBIM CEJICHOSKBAaTOPHAJIBHBIM
A=A+ (T+9)—@+09). (694)
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Anementamu Marpuunl Ilg mnepexoma OT HHepUHANBHBIX r€O3KBa-
TOPHANBHHIX KOOPAMHAT K AMHAMHYECKHM CEJICHO3KBATOPHANbHHIM $IB-
JIAIOTCS CJIefyIolHe:

Pi11==c0s @ cos P—cos O sinwp sin};

Prz=siny cos P--cos 6 cos ¢ sin };

P1a==sinysin6;

Pa21=—sin P cos ¢—cos 0 sin @ cos ¢P;

P22=—sin P singp-}-cos 6 cos ¢ cos yp; (695)

P23==sin 0 cos P;

Ppa1=singpsing;

P32=—co0s ¢ sin 6;

Paa=cos 0.

Iycrs Tenepb 3ajaHH HHepUMAa/bHble [e09KBATOPHAJNBHEE KOOD-
puHatH x’, y’, 2’ obmekra H JIyHm x«, Yc» 2¢, KOTOPHIE YIKE MpH-

BeIeHbl K OOHOMY H TOMY e 3KBaTopy M PaBHOAEHCTBHIO, HanpHMep
K snmoxe 1950,0. Torna BEIYMCASAIOT pa3HOCTH

-_—1 ’ ’ -1 ’ ’ bl 4 ? ?

X =X —xg Y=Y —yo 2 =2 —2¢- (696)
Ilocne 3Toro onpenensloT gHHaMHYecKHE CEJICHONEHTPHUYECKHE KOOD-
auMath oOBeKra:

X¢ Pu P Pul|x
Yo |=| P Pee Pl |y | (697)
Z( Ps1 P2 Pss 2!

¥YcTanoBlieHHe HYJEBOro MepHAHaHA JMHAMMYECKOH CeJIeHOLEeHT-
puyeckot (cenenorpacduieckoit) cucremsl KoopauHat. [las JlyHw Hy-
JleBOM MepHOMAaH AUHAMHYECKOH CeJICHOLEHTPHYECKOH CHCTEMBl OIlpe-
JeJISIeTCSl OCbIO 3JIMIUNCOMAA MHepUHH JIyHH, HanpasjieHHOH B CTOPO-
Hy 3emJyu. 3Ta 0oCch, B CBOIO OYepelb, SIBJSIETCS NepeceyeHueM MJIOCKO-
CTH JIYHHOTO MepHAHaHa, NMPOXOAAILEr0 Yepe3 MCTHHHBIE TOJIOCH
BpauleHHs JIyHB M meHTp Macc 3eMJH, ¢ NJOCKOCTbIO JIyHHOTO 3KBa-
TOpPa B TOT MOMEHT BPEMEHH, KOrla CPeAHAs SKJHITHYeCKas A0JroTa
Jlyunl papHa cpepHeli nHOJrOTe BOCXOAALErO y3Jja JYHHOH OpPOHTH
Ha SKIHNTHKe.

Kak BuguM, 3T0 onpenefieHHe NOBOJBHO CJIOXKHO, H NMO3TOMY Ha
NMPaKkTHKe NOJOXKeHHe AeTajefi JIyHHOH NMOBEPXHOCTH ONpeneNAiT Ny-
TeM NPHBA3KH K OOBEKTaM JIYHHOH NOBEPXHOCTH € H3BECTHHIMH TMO-
JIIPHBIMH JHHaMHYeCKHMH (cejieHorpaduyecKHMH) KOOpIAHHATaMH —

cejleHOrpadHyecKO# AONTOTOM '0=X¢° HCeJieHo-

Co
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rpadGHyYecKoll WIHPOTOW

Z
Bo ¢

—_ %0
V X%+ %o

Takum 06beKTOM Ha noBepxHOCTH JIyHwel BHOGpan HeGousbluofi KpaTep
Mosting A, uHepuHalbHbie reosKBaTOPHaJbHbLIE KOOPAMHATH KOTOPO-
ro a 4 6 nmybaukyrores B crnenuanbHoii 3¢pemepune B AE. Cenenorpa-
¢HyeckHe 1WIHpOTa M Jojrota Kparepa Mosting A fo=—3°11/02",;
ho=—5°10"07".

Heo6xonuMO OTMETHTB, YTO MOJOMXKEHHS OOGBEKTOB B JIYHOIEHTpH-
yecKOH HHHaMHYecKOoH CHCTeMe KOOPAHHAT He 3aBHCAT OT ONTHYECKOMH
H ¢usnyeckol Jyu6paunil Jlynn. Ecan ke nosiokeHuss o6beKTOB oOIl-
penesiiTh B reo3KBaTOpPHasIbHOM JIyHOUEHTPHUYECKOH cHcTeMe KOopaH-
HaT, KOTOPYI0 MOXXHO NOJIyYHTh NapajJielbHhM NMepeHOCOM Oceil reo-
IIEeHTPHYECKOH HMHEpUHaNbHOM CHCTEMB KOOpPAHHAT B HOBOE HAYyaJo—
ueHTp macc JlyHe, TO B ypaBHeHHsIX JBHXE€HHS 00beKTa cienyer
YYHTBHIBaThb (pH3HYECKy10 Jubpanuio JIyHbL.

§ 53. OCHOBHBLIE COOTHOWIEHUA JIYHHOR
KOCMHYECKOHA ®OTOrPAMMETPHH

3agaya NOCTPOSHHS CEJEHONECHTPHYECKOH CHCTEMbl KOOpPAHHAT B Ha-
cTosillee BpeMsl SIBJIXETCA BeCcbMa aKTYaJbHOH [J11 H3yYeHHS KOCMH-
YeCKOro MpocTpaHcTBa B cHcreMbl 3emas — JlyHa.

Jlo mosiBlIeHHA HCKYCCTBEHHBIX CNYTHHKOB JIYHH NOCTpPOeHHe ce-
JIeHOJle3uYeCcKHX ceTell ocyulecTBasnoch nyreM ob6paboTku ¢oTorpa-
¢uii JlyHnbl, BHIIOJHEHHBIX B 3¢MHEIX 06CepPBaToOpHAX, a TaKxe B pe-
3yJbTaT€ BEChMa TOHKHX M CJIOXKHBIX HENOCPENCTBEHHBLIX TeNecKOIH-
yeckux Habmopenuit. K coxkanenuro, naxe B Hallle BPeMsl IPH HaJH-
YUY COBePLIEHHBIX TEJIECKONOB H HX YCTAHOBKE B YCJOBHSX ONTHMAaJb-
HOro acTpPOKJIHMara HauMEHbLIHe Da3Mepbl pasjHYHMBIX ¢ 3eMJH
3JIEMEHTOB JYHHHIX JeTaJsefi COCTaBJSAIT OKOJO OJAHOro KHJIOMeTpa
B LieHTpe JyHHoro aHcka. Ilo Mepe mpubanikeHHA K Kpaio (JuMOy)
JIyHbl Bo3pacTaeT pasMep pasJHYHMBIX AeTaned H, KpoMe TOro, BO3-
HHKaeT CHJIbHOE TNEDPCNEeKTHBHOE HCKaXKeHHe HX ¢OpMBL ITO INOTpe-
6oBano paspabGOTKH JONOJHHUTENHHBIX METONOB H IPHCIOCOGJeHHH
JUIA yCTpaHeHHs HCKaX<eHHH, CBSI3aHHBIX C KpaeBOH 30HOR M ONTH4Ye-
cKOil Jiu6panueil, B 4acTHOCTH, GHJIO HCMOJB30BaHO ¢(oTOrpagHpoBa-
HHe JIynn Ha wap. Tem He MEHee, HECMOTPA HAa COBEPLIEHCTBO METO-
OB U TEXHOJIOTHH HalofieHHil, TOYHOCTb KOODIAHHAT NMYHKTOB ceJie-
HOZIe3HYECKHX ceTel, MOJNyYeHHBIX TNyTeM Ha3eMHHX HabJioneHHi,
Obl1a HEBBICOKOI.

INonoxkeHHe pagHKalbHBIM 006PasoM H3MEHHJOCH ITOCJE 3amycKa
COBETCKMX H aMepPHKaHCKHX aBTOMaTHYeCKHX AyHHbIx craHuHi. Co-
perckasn AMC «3oHa-7» coBepwinnia B 1969 r. obaer Jlynn ¢ Bo3Bpa-
mieHHeM Ha 3eMaio H noctasuia useTHble ¢ororpadpuu JIyHel H 3emiu
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¢ pasauyHnx paccrosHuil. AMepukaHckue AMC «JTynap — Op6urep»
MoCcJie TPOMEXYTOYHHIX KOppPeKIHA BHIXOAHJH Ha JIYHHYIO OpDOHTY €
nepsoHayaJbHEHIMH BhiCOTaMH anoceseHHsi 200 KM M nepecesieHHst
1850 kM. Ilocsie HeCKOJBKHX CyTOK NOATOTOBKH K (PorocheMKe Oblja
yMeHbllleHa BhicoTa nepeceneHnss no 50 kM. Ha kaxxpom anmaparte
BMejicsl 3anac IJieHKH aaunoro 80 M Ha 210 kagpoB. B pesyabTate
6LiJIO BHINIONHEHO KpynmHoMacuitabHoe ¢oTtorpadypoBaHHe NOYTH Beed
noBepxHocTH JIyHbl. [locie 3Kcmo3uunuH nieHka obpabaTeiBajiach Ha
60pTy, HEraTHBH CUHTHIBAJHCh H TeJIEBH3HOHHblE H3OOpajXKeHHs nepe-
JaBajvck Ha 3eMJi0.

3TH MaTepHa/bl SIBHJIHCh OCHOBOH AJIA NMOCTPOCHHS] NMEPBBIX KOC-
MHUYecKHX GOTOTPHAHTYJSAIHN JIYHEL.

[locTpoeHne eAHHOH CeJIEHONEHTPHUECKOH CHCTEMBI KOOPJHHAT,
OTBeyawiled Mo cBoed TOYHOCTH COBPeMEHHBIM TpeGOBAHUAM CeJieHO-
Ie3HH H NPaKTHYECKOH KOCMOHaBTHKH,— CJIOXKHAsl KOMIJIeKCHas npob-
Jema. COBeTCKHMMH H aMepPpHKaHCKHMMM y4YeHbIMH COBMECTHO pa3pabo-
TaHbl NPHHUHUIKL CO3JaHHS TAaKOH CHCTEMBI. L

B kayecTBe eaMHOfi CeNEHONEHTPHYECKOH CHCTEMB KOOpPIHMHAaT
NpHHATA aUHaMHyecKan cucrema OX¢ Y(t Z(. dT1a cHcTeMa HOJXKHA

CTPOHTBHCH € MOMOILBIO Pa3JHYHBIX BHIOB H3MEPEHHIA:

Ha3eMHOH TeJlecKONHYeCcKOHN cbeMKH JIyHH Ha ¢oHe 3Be3[;

¢oTorpaguyeckod chbeMKH JIyHH H CHHXPOHHOH CbeMKH 3Be31 C
KOCMHYECKHX annaparos;

60pTOBHIX H3MepeHMil NaJbHOCTH OT KOCMHYECKOro amnapara no
¢u3nyeckol NOBePXHOCTH JIyHH ¢ ¢HKcauuefi Ha H306paXieHHH Mo~
BEPXHOCTH TOYKH INepeceyeHHss Jyuya u3aMepurenasa c JlyHof;

Ha3eMHBIX TPAeKTOPHBLIX H3MepeHHi!, NPOBOAMMBIX KOMaHJHO-H3IMe-
PHTEJILHHIM KOMIIJIEKCOM B [IpOLeCCe C/IEeXEeHHs] 32 KOCMHYECKHM af-
napaTom;

J1a3epHOH JIOKAaUMH YTOJIKOBBIX OTpa)Karelieil, yCTAaHOBJIEHHBIX Ha
NOBePXHOCTH JIyHHI

M JDYrHX AOCTYNHBIX AaHHHIX, HApuMep, HaOJIOOeHUH MOKPHTHHA
3Be3n JIyHol, HHTepdepoMeTpuH ¢ 60bLI0OH 6a30i.

YpaBHeHHI KOJIJIMHEAPHOCTH B JIYHHOR KocMMuecKofi ¢ororpam-
MeTPHH. 3aKPenHM AHHAMHYECKYIO CeJICHOIEHTPHYECKYIO CHCTEMY KO-
OpAHHAT, 3aQHKCHPDOBAB B HEKOTOPHI!t MomeHT 7, HanpaBJieHHs ee
Ocell OTHOCHTEJIbHO 3Be3a. Torpa MoOJyYHM HEBPALIAOUIYIOCH CEJIEHO-
LEHTPHYECKYIO AHHAMHYECKYIO CHCTEMY KOOpAMHAT O(CXE( YE[ZE(.

B 37Ol cHCTeMe KOOPAHHAT OMHCHIBACTCS IBHIKEHHE HCKYCCTBCH-
HBIX CIIYTHHKOB JIyHHL

Ilyctb BeKkTOP

@l =

l'” =

(698)

—ft i
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npeacrasnsieT co60H BEKTOP NOJIOXKEHHS j-fl TOUKH NoBepxHocTH Jly-
HBl B MOMEHT f; B CHCTEMe KOOpAHHAaT Tonorpa(puqecxoﬁ KaMepHl.
Beenst HopMHpoaxy, NOJYYHM COOTBETCTBYIOLIHHA eMy eJHHHYHBIH BeK-
TOp 1§, PaBHHR

>
—0 1
r;=—19 = , 699
vy " (699)
—fe/ i
rae A; =V -’\] +y + fé

Pacnonaras KaraJioroM 3Be3l, B KOTODOM MNOJIOXKEHHs] 3Be3j 3a-
NaHel B MHEPLHAJILHOM reoueHTPHYECKol cucTeme KoopauHar Ogixyz,

a TaKKe CHHMKOM 3Be3fHOro Heba, NoJiydeHHHIM OLHOBPEMEHHO €O
CHHMKOM JIYHHOH NOBEPXHOCTH, ONpeJesiHM HanpaBJjieHHe Ha TOUYKy |
B MOMEHT /; B HHEpDLIMAJIbHOH reolneHTpHyeCKoidl cHcTeMe KOOPAHHAT

O®A yz:

X
—0r 1 * ~
Ty = —“l Il . (700)
| Ay | ° y
T ft i
Jna nepexoma K Bpauamoedca AHHaMHYECKOH CeJIEHO3KBATOPH-

aJbHOH cHMcTeMe KOOpAHHAaT mnojpeicTByem Ha BEKTOP r?; MaTpuued nf,
3JIeMEHTH KOTopoﬁ onpepensotcs  popmynamu  (695). Torna

HampapJieHye RY wua TOYKY j B CNYTHHKOUEHTPHYCCKOH NHHAMHYe-
CKO/ CeJIEeHO3KBaTOPHAJbHON. CHCTEMe MOJIyYHM M3 BhIpaXKeHHs

x
Rl =——nfmn, v . (701)

— e Jui
B pesyiabTare HHTerpHpoBaHMs aHd¢epeHIHANbHHX ypaBHeHHA [BH-

JKEHHSl HCKYCCTBEHHOro cnyTHHKa JIyHb onpenensieTrcs Bektop R/
TOJIOXKEHHs eHTPa NMPOEKTHPOBAHUA TonorpadHyeckoi Kamepel B MO-
MeHT {; B HeBpaulalouedcs aUHAMHYECKOH ceJleHOIKBAaTOpHaNbHORM
CHCTeMe KOODAMHAT, 3adHKCHPOBaHHO# Ha MomeHT To, T. €.

Xic
Ric=| vic | (02)
Z;([
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JIlnsi Toro yTo6Bl MOJYYHTh NOJIOMeHHE MCKYCCTBEHHOTO CNYTHHKA JIy-
HBl BO Bpalamlleiicss JHHAMHYECKOH CeJIeHO3KBAaTOPHAJIbHOH CHCTeMe

koopnunar OcXcYcZc, B KOTOPOH OnpenesleHO CNyTHHKOUEHTPHYe-

CKOe HampasJieHHe l:_{?;, H606X0)1HMO BHINOJHUTD }lBa npeo6pasoBa-
HHUSI KOOpAMHAT:

nepedith or Heppautaloweiicss cucreMst OcX¢YcZe K cucreme cede-
HOLICHT PHYECKHX SKJMIITHYECKHX KOOPAHHAT O(Cx?,y3 . B MoMeHT ¢oto-
rpadupoBauns f;; .

nepeiiTH OT CeJIeHOLEHTPUYECKOH SKJIMNTHIECKOH CHCTEMbI O([xayazs

K Bpamamwuleiics quHaMUYecKoil ceJleHOSKBAaTOpPHAJbHON CHCTeMe KOOp-
JMHAT O(I.:csg/,.,<z3 B MOMEHT [,.

Takum o6pasom, nonyyuM

Xi

§1¢=n?¢ﬂ; Yic | (703)
Zic

rae I, -—wMarpuna Tlepexona OT HeBpaulawuleiics AHHaAMHYECKOH ce-

JIEHOSKBaTOpHaJleOH CHCTEMBI KOOpﬂHHaT K ceneHoueHTpuqecxou 3K-

JIMITHYEeCKOH CHCTeMe KOOpAHMHAT; me — MarpHna nepexoma oT ce-

JIEHOILEHTPHYECKOH 3SKJIHTITHYECKOH CHCTEMB KOOPJAHHAT K Bpalyar-

ujeficss AHHAMHYECKOH CeJIEHOSKBATOPHAJBHOH CHCTEMe KOOPAHHAT.
B mo6Gofi MOMEHT BpeMeHH CeJIeHOLIEHTPHYECKHil BEKTOP MOBepX-

HoctH JIyun R, ceneHouleHTpHuecKHii BEKTOP HCKYCCTBEHHOTO CHyT-

nuka JIyunl R;¢ ¥ cnyTHHKoueHTpHueckuii Bektop Ry;¢ Toukm mo-
BEPXHOCTH CBfI3aHBl OCHOBHRIM YPaBHEHHEM

Riic =Ric —Ric- (704)

Hpu 3TOM INpeAnoJaraiT, YTO BCe TPH BEKTOpa 3aiaHB B JHHaMHYe-
CKOH ceJleHO3KBaTOPHaJbHO# CHCTEMe. KOOpAHHAT O X Ye Z

Tlogcrasus B BHipaxkenue (704) 3HaueHHe e;mHHquro CI‘lyTHHKO-

UEHTPHUUECKOTO BEeXTOpa R?y(, onpeaeaseMoro ¢opmyaoit (701), mo-
JYyYHM

| Ryc | Rijc= | Rie | ﬂ? n:, =Rjc —Ruc-

@ =1

— ft i
(705)
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BgeneM 0603HaueHus
1[4yl

n‘- = n(n." T: —_— 706
(17 1401, ™ 1Ry | (706)
Torna ypaBhenne (701) nonyuum B BHOe
X Xic —Xic
~ 1
y :m_, I, Y]( - Yl([ (707)
—fe /i Zic—Zic

HJIH, MCKJIIOYUMB MacluTabHeili Kosadduuuent l/m; B dopme ypasHe-
HH} KOJITHHEaPHOCTH:

au(X;e —Xig) +ealVic —Yio) + s (Zj0 —Z;¢) :
ag (X;c—Xig) + 82 (Ve —Yig) +ass (Z;¢c — Zy¢)
an(X;je —Xi¢) T Ve —Yic) + a3 (Z;c —Zy) '
an (Xjc—Xiq) taae (Yie—Yi¢) tass Zjg —Zi)

.A'“-=-—

(708)

yij=—ft

rae a; — siaemeHTl MatpHusl Il;. Takum o6pa3som, nonyuyeHwl ypas-
HEHHS! KOJUIHHEapHOCTH, CBfI3bIBAIOIHE KOOPAMHATH ¥; M §; H30-
6pakeHus TOYKH JIyHHOH NOBEPXHOCTH Ha TOmorpaduyecKOM CHHMKe
¢ ee [MHAMHYECKHMH  CEJICHO3KBAaTOPHAJbHBIMH  KOOPAHMHAaTaMH

Xm, Y!(c, Zi(c- H KOOpJIMHaTaMH 1eHTpa  ¢oTorpadUpoBaHus
Xic» Yigr Zi¢- OTH ypaBHeHHs ABJIAIOTCH MCXOAHBIMH NPH NOCTPOe-

HHH ceTeil KOCMHYECKOM (POTOTPHAHryJSAUMH HAa NOBePXHOCTH JIyHHL
YpaBHUBaHHe CETH KOCMHUYECKOH JIYHHOH (OTOTPHAHTYJSANHM BHINOJ-
HfleTCsl Ha OCHOBaHHM (hOpMyJi, npHBeneHHBIX B raase VII.

OcobenHocTH mocTpoeHHsi ceTefi KocMuuecKoll GoOTOTPHAHIYNRLMH
Ha Jlyne. Ecnu pa3suBath Ha noBepxHocTH JIyHH oObiuHBIE ceTH oO-
TOTPHAHTYJAALHH, BKJIIOYAIOUIHe B KayeCTBe HEHU3BECTHBIX TOJbKO KO-
OpIMHATBH NYHKTOB H 3J€MEHThl OPHEHTHPOBAHHA CHHUMKOB, TO B pe-
3yJbTaTe MOXHO MOJYYHTb €AMHYIO CHCTEMY KOODAHHAT, XECTKO CBf-
3aHHyI0 ¢ JIyHOii, HO ¢ MpPOMU3BOJILHBIMH HayaJioM H Maclutabowm, a
TaK)Ke OpHMeHTauHeHd BO BHELIHeM npocTpaHcTBe. [1pH BKJIOYEHHH B
(OTOTPHAHTYJSIIHIO NHHAMHYECKHX YyDaBHEHHH .ABHXKEHHA  HCKycCCT-
BEHHOro CnyTHHKa JIyHB, a Takxke TPaeKTOPHHIX H3MepeHHH, BHIMOJ-
HEHHBIX C 3eMJIH, CTAHOBATCA BO3MOXHBIMH MacliTabHpOBaHME CeTH
H OmpejieieHHe TIOJIOKEHHA NYHKTOB (OTOTPHAHTYJSILHH B CHCTEMe
KOOPAHHAT, cBA3aHHOH ¢ 1eHTpoM macc JlyHw. TouyHocTh MacmTabu-
POBaHHR U CEJIEHOIEHTPHYECKOH CHCTEMBI KOOPAHHAT LEJHKOM 3aBH-
CHT OT TOYHOCTH YCT2HOBJIEHHBIX K HAaCTOSILleMy BpeMeHH 3HaueHHH
NOCTOSIHHBIX, XapaKTepPU3yWIUNX I'PaBHTAllHOHHOE moje JIyHh H 3a-
KOHOMEpPHOCTH ee BPAIUEHHUA.
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CyinecTBeHHa TakXe TOYHOCTb TEODHH ABHXKEHHs JIyHb. OwmnOKH
JMHaMHYECKHX CEJIeHO3KBAaTOpPHAJbHBHIX KOOPHHHAT 3BE31, a CJeno-
BaTeJIbHO, ¥ TOYHOCTb OPHEHTANUH ceTell JYHHOH (OTOTPHAHTYJANHUH
B MOJHOH Mepe 32BHCAT OT OWIMOOK B 3HayeHHu yria J. Mexny
OChIO 3KJIUNTHKH H MOJAPHOK ocbio Tpuaapa KaccuHu M nHHaMHYeCKO-
ro napamerpa [ BpaiueHus JIyHb.

Pa3bpoc CKO HaunbGonee TOYHHIX ONpejfeNICHHH yrijia J(, BHINOJI-

HeHHbx ¢ 1914 no 1958 r., cocraBnser 54” npu cpefHeM 3HaueHHH
Jeep= 1032'36"".

UncneHHble 3HAY€HHs pasjIMYHbIX onpejelenHil f Booblue pacna-
JalTcs Ha JABe Tpynnbl, AJA NEepBOA H3 KOTOPHIX fip=0,59, a nad
BTOPO# — [20p==0,77. :

CymmapHoe BiusiHMe OmIMOOK ompenenexus Jo M [ moxer npm-
BecTH K omin6Kam mopsinka 1,4’ B moJioXKeHHH 3Be3fbl Ha CEJIEHO3KBa-
TOpHalbHON HeGecHol cepe.

ITpn BHuHCNeHHH cBOGONHBIX YJIEHOB ypaBHEHHH MONPaBOK B KOC-
MHYeCKOi QoroTpuaHrynsauvu JIyHbl, MOCTpOeHHOH OpPOHMTANbHBIM Me-
TOJIOM, BO3HHKAKOT HEyCTpaHMMbie OWIHOGKH, CBSI3aHHLlE ¢ HeNOCTaTou-
HOHl H3YyYeHHOCTbIO TrpaBHTALHOHHOrO mojsa JlyHH. CrpyKrypa
rPaBUTAIHOHHOrO NoJsi JIyHel 3HaYyHTENbHO CJIOXHee, YeM IpaBHTallH-
OHHOrO nojs 3emJH, yTo OOBFACHAETCH CYIIECTBOBAHHEM JIOKAJbHBIX
KOHLEHTpauuil Macc (MackoHoB). JleHCTBHE MacCKOHOB BHI3LBAET
H3MEHEeHHsI BHICOTH CNYTHHKAa, pocruraioiue 60—100 M oTtHocHTeNb-
HO mpenBblyncieHHo opburel. Korga cnyTHHK npubnvixkaercsa K 06-
JIaCTH KOHIIEHTPalH{ Macc, ero CKOpocTb BO3pacTaer, HO Mocjie Mpo-
JleTa MacKOHa NPHTSXKeHHe 3TOH MacChl yXKe TOPMO3HT ABHIKEHHe.

Bce 370 n03BOJIAET cAeNaTh BHIBOA O TOM, YTO CO3[@HHE KOCMHYe-
CKUX (doToTpHaHryasalui JlyHe Tpebyer KOMIJIEKCHBIX HCCJIeOBaHUM
JIyHB W HCIONB30BaHHS BCEX BHAOB M3MEPEHHH. ITO B KOHEUHOM
HTOre MO3BOJIMT MOCTPOHTh €JHHYI0 CHCTEMY CeJICHOIeHTPHYECKUX KO-
OpAMHAT, OPHEHTHPOBATh H PaCHOJIOXKHTb €e B HHEPHHAJbHOM MPOCT-
paHcTBe, YTOUHHTBL NapaMmeTpsl BpamieHHs JIyHB W ee rpaBHTaHHOH-
Hoe moJe.

INoayyenne u obpaboTka cuumKkoB Jlynnl. Anmaparypa ans ¢oto-
rpacduposanus JlyHs npepcrasaser co6Goil CIOXKHBIA KOMIIEKC aBTO-

MaTHYECKHX YCTPOHCTB, B KOTOpHIH BxoguT ¢otorpaduyeckas u ¢o-
TOTeJIeBU3HOHHAS annaparypa.

B kauectBe mpumepa paccMoTpuM ¢otoyctaHoBKy KK «JlyHap —
Op6urep» (puc. 35). B cocraB 3Toii cucTeMB BxomsT aBe (POTOKaMme-
pBI, KOTOPHE OCYWIECTBJAIOT (otorpadHpoBaHHe Ha OOHY H Ty XKe
IJIeHKY, YCTPOHCTBO AJisi 06paboTKH (OTOMJEHKH M CKaHHpYlollee
ycrpoiictso. I1pn doTtorpadupopanuu ¢ BeCOTH NpHMePHO 50 KM aBy-
M5 KaMepaMmu ¢ PoKycHeiM pacctosiHdeM 80 u 610 MM obGecneyHBaet-
CHl BHICOKOE€ pa3pellieHHe JIYHHOM MOBEPXHOCTH — COOTBETCTBEHHO 8 H
1 M. TInowane moBepxHOCTH, 3axBaThHIBaeMoil NMepBOH KaMepol, co-
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crasasier 31,64-37,4 kwm.
CHHMKH, NOJy4YeHHbIe ‘BTOPOH
KaMepol,  CJOyXuJH  AJs
onperesieHHss yIOOHHX MecT
NpHUJIyHEHHS.
" TlpuHuun paboTe ¢oTo-
YCTAaHOBKH 3aKJIIOYAETCH B
caenyiomieM. OOBLeRTHB 2
NnepBOH KaMephl CTPOHT H30-
6paxkeHHe Ha nJeHKe 3 He-
NOCPEACTBEHHO, a OGBHEKTHB
BTOpO#i Kamepr! [/ — nocpen-
cTBoM 3epkajsia 0. Yepes
o6beKTHB /] u cucremy 3ep-
KaJ /2 cBeToBOit MOTOK MNO-
cTynaetr Ha HnaTuyuk I, KOTO-
pHil BhlpabGaThIBaeT 3JIEKTPH-
yecKHe CHTHajbl AJA Ocylle-
CTBJIEHNSI KOMIEHCaLHH
casura HsoOpaxeunus. Kom-
IIEHCauus JOCTHraeTcsl nepe-
MelleHHeM MJEeHKH B MOMEHT
¢dororpadHpoBanusi. Ilocne
SKCNOHWPOBaHHs NJIeHKa IOo-
CTynaer B yCTPOHCTBO IpOAB-
. JieHuss 9, rie OHA. MPHXKHMa-
Puc. 35. Cxema ycraHoBkH An8 doTorpadupo- eTCH K CJIOI0 KEJATHHBI, KO-
Banus JIyHh Topasi MPONHTaHA NPOSBOY-
HO-(PUKCHPYIOILIHUM pacTtBo-
poM H B pe3yJbTaTe MNPOfBJsieTcA H (HKcupyeTcs. 3areM MJIEHKa
CYLIHTCA M MOCTyNaeT B CYHTHIBaiouiee YCTPOHCTBO. OHO COCTOMT M3
YCTPONCTBa CTPOYHOI pa3BEePTKH 5, cKaHHpymoweh JHH3H 4, POKyCH-
pywouiefi JHH3B 6, poToyMHONKHUTENA 7 U ycHaHTeas 8. CuuThiBanue
n306pakeHHs BBIMOJIHAETCS NYTEM NPOCBEYNBAHUA NJIEHKH Y3KHM CBe-
TOBbLIM JIy4oM AHameTpoM 5 MKM. 3a 20 ¢ Jyu MpOXOAHT Ha IJIEHKE
noJiocy IWHPuHONH 2,5 MM, mocjie yero NJEHKa cMellaercs Ha 2,5 mm
u 1. A. [l npocMOTpa ABYX CHHMKOB, NOJIyY€HHBIX C MOMOLIbIO 06enX
kKaMep, Tpebyetca 40 MHH.

CsetoBo# NOTOK, KOTOPH# Mpolles CKBO3b IJIEHKY, MOLYJHPYETCH
NPONOPLHOHANBHO MNJOTHOCTH TNOYEPHEHHS MJEHKH U (OKycupyercs
JNuH30i 6 Ha ¢QorokaToae (POTOYMHOMKHTENA 7. DJEKTPHUECKHE CHT-
HaJih, BO3HMKaWIIHe Ha BHIXone (OTOYMHOMXHTENA, NOCTyNnalT B yCH-
JuTesb 8, a 3aTeM NONalOTCA B mepejaiollee YCTPOHCTBO W TPaHCJIH-
pywoorcs Ha 3emio. Ha 3emie n3o6paxenne BOCNPOH3BOAMTCS Ha 3K-
paHe KMHECKona H 3aTeM cHOBa ¢ororpacdupyeTcss Ha (POTOMJIEHKY.

B mnpouecce cunThiBaHHSA, Mepejaud U30oOpameHuii Ha 3emy0 M
IPHEMA Ha3eMHOH TeJEeBH3HWOHHOH CHCTEMON NMPOHCXOAAT 3HAUHTEJIb-
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Hble MCKAXEHHs, KOTOPhle Ha3HBaKT 3JEKTPOHHOH pgHcCTODP-
cHell. ’

Jnsi BOCCTAHOBJIEHUSI FeOMETPHH HCXOAHBIX H306parKeHuil Ha MpH-
XKHMHOE CTEeKJI0O ()OTOKaMephl C OuYeHb BHCOKOH TOYHOCTBIO HaHOCAT
ceTKy KpectoB. Ha nu3o6pa)keHHsix, KOTOPHE€ BOCIPOM3BOAATCA Ha
3emMse TeNEBH3NOHHOH CHCTEMOIN], KPECTH, BCJEACTBHE 3JIEKTPOHHOMH
pucropcuy, caBuuyThl. CJjlefoBaTesbHO, H3MEPEHHbIE KOOPAHMHATH
KpecToB Xxp' W yi' He COBMAAaIOT € HX TOYHHMH 3HAUEHHAMH Xp H Yk
Pa3HocTH KooOpAHHAT KPECTOB CeTKH Ax,=xp—x;" U Ayp=y h——yk’
SIBJIAIIOTCA XapaKTePUCTHKaMH HCKaXeHHH ¢0T0H306pax<eﬂuﬁ B pait-
OHe KaxKIoro Kpecra.

Jlns HcnpaejieHusi KOOPAMHAT TOYEK (OTOM300paKeHHH HCHOJb-
3y10T HHTEPIONSLHOHHEIE MOJHHOMH TpeThell CTeNneHH:

Axp=ao+aix+4asy+tasxy+asx?+t

+asy’+aex’+arx’y+asxy®+ay?;

(709)

Ayr="bo+-bix+bsy+bsxy+bax*+bsy*+

Fbexd+-brx2y+bsxy?4-bey?.

B HeROTOpHIX cilyyasix HCHOJb3YIOT MNOJMHOMB BTOPO# CTEMEHH HJIH
CHCTEMH OPTOTrOHAaJIbHBIX MOJHHOMOB.

Jaa onpenenenus nBaauatd Ko3¢p(QHUHEHTOB, BXOASLIHX B ypaB-
HeHds (709), HeoOGXOAMMO H3MEPHTb, NO KpaitHelt Mepe, KOOPAMHATH
npecATH KpectoB. B o6iuem cayyae 3agaya pewiaercd no cnocofy Hau-
MEHbLUMX KBajnpaToB. M3amepslOT KOOpAHMHATH BCeX KpectoB Ha ¢o-
TOH306paMEHHH M COCTABJISIOT YPAaBHEHMS NONPAaBOK JJIl KAaXJAOro
i-TO KpecTa:

’
Axpy— (Xpi— X)) = Uy

Byp; — Ypi — Yr) = Uy, (710)
(i = l, 2, cery fl),

rle BEJIHUMHBI AXe; U Ayr; onpenensioTess dopmyiamu (669). B pe-
3yJbTaTe pelleHUs] ABYX CHCTeM 71 HOpMaJbHHX ypaBHeHHHl ompege-
JAI0T KO3GQQHUHEHTH! Qo, 4y, ..., 0o, bi... H BHIOJHAIOT OUEHKYy TOY-
HOCTH.

IloncraBnifas 3HaueHus KO3¢(PHUUHEHTOE B ypaBHEHHA TONPaBOK
(710), BHYHMCIAIOT NONPaBKH B KOOPAHHATH KpecToB. IlonpaBku B U3-
MepPeHHHE KOOPJHMHATH TOYEK CHHMKA MOXHO MOJIyYHTb, HHTEPNOJIH-
pyss nompasku kpecToB. Ilocse BBeneHuHs MONpPaBOK B KOOPAHHATHI
TOYEK CHHMMKa ero O6paboOTKy BHMOJHAIOT MO MeTOAHKEe, MNPHHATOM
JJI O6BIYHH X KOCMHYECKHX (POTOCHHUMKOB.
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NPUJIO)KEHHE.

JOITOJTHUTEJIbHBIE CBEOEHUSI
3 TEOPMH MATPHL]

OcHoBHble ¢opMyJibl M ONpeneseHNs

1. Marpuuesi pasmMepom mXn Ha3biBaeTCsi NPSIMOYroJibHas# Tab-
JIHL A NPOH3BOJILHBIX YHCEJI CJAEAYIOLIECro BHAA:

arl alz e aln
~la, a, .. _
(m.A.n) o .a‘.:,, = layl.

Upy Qg oo Qpp

2. MarpHua HasHBaeTcs BEKTOPOM-CTPOKOH NMPH m=1 H BEKTO-
pom-cTonGuoM npu n=1.
3. Ecan m=n, T0 Takasn MaTpula Ha3nBaeTcs KBagparHo#l. Kean-

patHas maTpuua A =][a;], B koTopo# Bce a;=0 npu i¥=j, nu-
{n, n)- )

aroHaibHas. JluaronasnbHas MaTtpHua, B KoTopo#h Bce a;=1, Gyzxer

eAMHHYHOI H o6o3Hayaercss E. Ecan m=1 u n=1, T0 Takaa matpHua
.(nn) . .
sBJsieTcsl cKaasipoM. MaTpHua, Bce 3jieMeHTh KOTOPOA paBHH HYJIO,

Ha3blBaeTCs HYJEBOM.

4. EciM nmOMeHsITb MeCTZMH CTPOKHM M CTOJIOLH MaTpuubl A, TO MONy-
(m, n)

YEHHasd MaTpHla HassBac€TcCs TpaHCHOHHpOBaHHOﬁ H 0003HayaeTcs .AT .
(n, m)

INpu aToM, no onpegeleHyio, ai; = a;,.
5. MaTpHuy HasbiBalOT cCHMMeTpHYeckoil, ecin A=A, T. e. aj;=
=a;;. MaTpHua HasHBA€TC  KOCOCHMMETPHYECKOH, €ClIH a;j==

==—-;:.

6. Cymvoi asyx matpuy A n B oguHakoBoro pasvepa HasbiBaeTcst

(m,n) (m,n)
matpuua C = A + B,
(m,n) (n,n) (n,n)

Oy + by Gutbe . Gt by,
C = az1+ b21 azz+b22 azn‘*‘ bzn

a’ml + bml amz + bmz e arlm + bmn
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7. [NpousBenenuemM a A mMaTpuusl A Ha YMCJIO a HA3LIBaeTCA MaTpHLA

(m, n) (m, n)
aa“ aalz aam
a A =]0a ady, ady,
mn) 1 ... .. ... 440.
0Qmy  QOmy ... OOy

8. llpoussesiendem mMaTpuuel A Ha mMaTpHuy B siBJseTCss MaTpHIA
(m, n) (n, 7)

C = A B, KaxJplil 3JIeMEHT C;; KOTOPOIi, PacnoONOM.CHHLI! B ij-i
(m.r) (m ny (n,r1)

KJ€TKE, PaBeH CyvMe IPOH3BEJ€HHH SJIeMeHTOB i-il CTPOKH MaTpHulbl

A Ha COOTBETCTBYIOLLIHE 3JIEMEHTHI j-ro ctonbua ManHllH( B), T. €.
(m, n) n, r)

. n
Cij = Aubj + Qb+ oo + Winbyy = 2 Aaby-

k=]

VMHEOMKEHHE MATPHIL AONYCTHMO (NPOH3BENEHHE CYLIECTBYET), ec-

JI¥ YHCJIO CTOAGLOB MaTPHIN A) PaBHO YHCJY CTPOK (B ; T. €.
(m, n [, I
€CJIH MaTpHUH COrJiacyloTcs no ¢opme.
Hanpuwmep,
1 3
2 03 1712 1}_
91 2 0|14 ol
0 0 4 1]]3 5

9-140-243.44+1.3 | 2.340-14+3.0+1.5
=! 51412424103 |5.311-112.01.0.5
0.149-24+4.441.3| 0-34+0-14+4-041-5

B o6uiem caydae nmpu MaTpHyHOM yMHOXeHHH AB==BA.

Ecau xe BomnosHdercs paBeHctBO AB=BA, to matpuum A
B Ha3bIBaIOTCS NEPECTAHOBOYHBIMH HJH KOMMYTHPYIOLIUMH.

9. KanpatHas marpuua A HasbiBaeTct HeOCOGEHHOM, ecyH omnpe-

nenutesnib det A, cocTaBJeHHBI M3 ee 3JE€MEHTOB, OTJHYEH OT Hy-
(n. n)

Jgs. B nporuBHOM ciyyae MaTpHua fIBJfETCS OCOGEHHOH HWJM CHHIY-
JASPHOM.

10. Jna neocobennoii kBaapaTHON MaTpHLBl A cywecTByeT o6pat-
(n. n)

nasi MaTpuya A—', Takas, yto A~' A =E. [Ipuruem
.y (n.m (n,n) (n,n)
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rie A;;— ajre6padyeckKHe JOMOJHEHHS 3JI€M2HTOB @;; Marpuuun A
: ’ (n. n)

n A= (—1)"iM;;; M;; — musopsl onpenenurens det A. " Tak, ecau
(ry 1)

LaH ONpeeHTe]b TPEThero NOPALKa
4y G Ay
| Q21 Qp Qs
Qy; Gy Uy

TO MHHOP My, COOTBETCTBYIOLIMI 3J€MEHTY @, MOJyyaeTcs BHUEp-

KHBaHHEM NEePBOro cTosibla -H NepBOH CTPOKH, Ha NEpeceueHHH KOTO-
PHX HAaXO[UTCA 3JEMEHT a;.. TakuM o6pasoM,

M, = [aﬂ azsl i Ap=1)+M, =M,
ay, Qg

11. KpagpatHas MaTpHUa A Ha3bBaeTcsi OPTOrOHAaJLHOM, €CqH ee
o6patHas MaTtpHua A~! coBmagaetr ¢ TpPaHCMOHHMpDOBaHHOH AT, T. e.

A = A"\

(n,n) (n, n)

Jlns 3NeMEeHTOB OPTOrOHaJbHOH MAaTPHUHN CHpPaBefJIHBH  paBeH-
cTBa:

n n
3 apap =X aya,; =0 mpu izsj;
k=1 k=1

n n

2 .

Nair=3 au=1 mpu i=}].
k=1 k=1 .

Onpenenuresnp oproroHadbHo#t MmaTpHun detA=4-1. OproroHanb-

HyI0 MaTpHIy HasHBalOT TaKxke BEPCOPOM HJIH OonepaTopoM MOBOPOTa.
12. OcHOBHHE MaTPHYHBHE COOTHOLUEHHS:

aA=Aa;
A0=0;
EA=AE=A;

(AB)C=A (BC);
(A4-B) C=AC+BC;
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(AT)T=A;

(A)=A;
(AB)"=BrAT;
(AB)-1=B-1A1,

13.- CeoiicTBO 6JIOYHBIX MaTpHII.
Ilycts maTpHubt A ¥ B pasgeneHnl Ha GJIOKH
Sll : Slz

Szl | Szz

Q21 1 + szsm Q21 12+ szszz
14. JlemMbt 06 O6pallleHHH MaTpHIL:
KBT(BKB™}R)—!= (K-'4B"R-'B)-'B"R;
(K—|+BTR—1B)—1=K_KBT(BKBT_'_,R)—lBK_

15. Ilyetv Q=[qi;] — cuMmeTpuueckas matpHua. KpanpaTuyHoit
¢opmoit W HasnBaeTCs BHPaKEHHE

[Qu 1+ Qu2Sa l QuSiet+ leszz]

3

w=3
i

qijyty]'
1

e

1

KsajgparHunywo ¢OpMy MOIKHO 3anHcath B BHI€ MAaTPHYHOrO NpPOH3-
BeJeHHUsI
W=Y:QY,
rae Y — BeKTop-croJbel.
16. Ecin 17151 BceX KOMMOHeHT Bektopa Y, HE PaBHBIX HyJIO,
Y'QY>0,
TO MmarpHua Q H KBazpaTHyHas ¢GOpMa Ha3bIBAIOTCA NOJOXKHTEJbHO
onpeaeneHHbMH. Ecin Q — nosioxuTenbHO onpeneneHHas, a B — He-
ocob6eHHas MmMaTpHia, To MatpHua BT™QB Takxe onpeneneHa moJoxwu-

TeJIbHO.
17. CumMerpHueckass mMaTpHua Q mMoxer GbITb NMPHBENEHA K JHAro-

HaJbHOH (pOpPME C MOMOILBI0 HEKOTOPOro OPTOroHajbHOro mpeoGpaso-

BaHHA, T. €. CyLUECTByeT OpTroroHajpHas marpuna F rtakas, uro

4 0 .. 0
FQF=|0 2, .. O]
0 0 .. 4,
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18. KeanpatHaf Matpuua A B CTeneHH p MMeeT CAeNyIOIMA BHA:
AA...A=A"

e —
P
KsagpaTHas MaTpHua B HyJI€BOH CTeNEeHH paBHa €IMHHYHOH MAaTpH-

ue, 7. e. A°=E. Hanpuwmep,

01 OO (01 00O 1 007 [LUO 1 O
0010 |00 10JJO010] JOOO1
0o o0o01]Jjooo1jJoo o01]17]0000O0
0000 00 COJJoooO0O 0000

19. ®opmyna obpanienHss MaTpHib pa3Mepa 2)X2:

M- [ b=t _[ d/D —bD]
22 c d —c/D a/D
rae D=ad—bc.

20. ®opmyna obpalleHuss MaTpHunl pasmepa 3)X3 -UMeeT BHI

a b clt A B C
M2=|d e | =—|p E F|
¢ g n &k G H K

roe A = aek + bfg -+ cdh — afh —dbk — gec;
A=(ek—fh); B=—(bk—ch); C=(bf—ce),
D=—dk—[g); E=(ak—cg); F= — (af — cd);

G = (dh — eg); = —(ah —bg); K = (ae—td).

21. QopMysn ofpalieHHs CUMMETPHYECKOH MaTpHusl pasmepa 3 X 3°
ab ¢ | A BC

3M3"‘=bef=—A—BEF,

@3 e § e C F K

rie A=aek+ 2bcf—af*—b2k—c?e;
A= (ek—f?); B=—(bk—cf); C= (bf—ce);
E= {ak—c?); F=—(af—bc); K= (ae—b?).

SneMeHTbHl TEOPHH KOPPEJNALMOHHBLIX (KOBAPHALMOHHBIX) MaTpHL.
Cayuaiineili 8eKTOp, e2o0 marematuveckoe oiudaHue . U Kosapua-
YUOHHAR MaTpuya.
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M3 TeopHu BeposATHOCTEH H3BECTHO, YTO IJIOTHOCTEL pacrpele/leHHst
BEPOSAITHOCTEIi OJHOMEpPHOH HOPMAaJIbHOH CJayyaliHO!l BEJHYHHH X BH-
paxaetcs ¢popmyson

— _ 1 x — b)ia
Py=y Ze =7 (1)

rie a — NOJIOKHTEJbHOe YHCJIO; b — HEKOTOpOe NMPOH3BOJBHOE YHCIIO.
MaremaTrueckoe oxuaaHHe M(X) cayuafiHOH BeJHYHHH X paBHO
yucay b:
+a0

MG)=b= [ xp()dx. @

—o0

JHucnepcus (BTopoi#l LeHTpasbHbIA MOMeHT) D(X) paBHa a7!, T. e.
+00
D(x) = M|(x —b)] = a* j (x — b p(r)da. 3y

-0

Ilyets st HeROTOPO# cHy4yaiiHOH BeJHUYHHH % 3ajaHBbl JIHCEpCHA
D(X) u matemaTHueckoe OXHAaHHe M (X), Toraa mJiOTHOCTb pacrpe-
IEJIEHHs CclyyaHHOH BEJHYHHHW X MOXXHO NPENCTaBHTb B BHIE

— 5 G—MED
p(l) = ._l_. e D (’7) (4)
V' (2nDx)

Cpennee kBanpatuyeckoe oTkionenue (CKO) O~ = V D(;).

~

Beenem nonstue ciyyafinoro sektopa X.
CnyyaiiHHM BEKTOPOM

~

X, = (:1, ;2, oo ;n)T (5)

Ha3blBaeTCsl TakKoll BEKTOP, KaXKIas KOMMOHEHTa KOTOPOIO X, X»,
-y Xn AIBJISlETCA CJaYYalfHOI BEJHUYHHOM.

Ecan kaxpas komnoneHra Cy4yaiHOro BEKTOpa pacrnpejesieHa Mo
HOpMaJIbHOMY 33aKOHy, TO C/yyalHBIE BEKTOp HasbIBaeTcs HOpDMaJib-
HBIM. -

Ciyyaiiibe BEKTOPH HCHOMB3YIOT NPH PelIeHHH 3alay COBOKYMHO-
CTel clyyalHRX BeJHYHH.

IlycTh, Hanpumep, uMeercas N TONOrpadHuecKHX CHHMKOB, OpHeH-
THPOBAHHBIX B MHEpPLHAJILHOM NPOCTPAHCTBE M Pa3GHTHIX Ha & rpynm.
Bynem onpenensite BEKTOD HayaJbHbIX YcaoBHi nsmenuss MC3 Xo=
= (X0, Yo, 20, %o, Yo, 20)™ HE3ABHCHMO 11O Kaxnoi u3 1, 2,..., k rpynn
CHHMKOB. Torzia H3-3a coBMecTHOro aeficTBHs psala cayyadHbBIX (akTo-
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POB uHCJIEHHHEe 3HAaYyeHHs KOMIOHEHT BEKTOP3 HavyaJbHHX YCJOBuf

Xo 6ynyr caenyromumu: Xop, Xosz,..., Xox md8 1, 2,..., B rpynn
cHUMKOB. OHM SIBIISIIOTCS BO3MOMHHMH DEANH3alMAMH ClyuafHOro
BekTopa Xo.

Ilo ananoruy c Bbipa)keHHeM (1) MJIOTHOCTb pacnpefieieHMs CJy-

4aifHoro HOpMaJILHOTrO Bemopa X pa3MepHOCTH 1 MMeeT BHJ
detA —-5 L(X-b)rA (X— b)

pX)= 2n)" ¢ ©6)
B atom BbIPa2KE€HHH A— CHMMeTqueCKaﬂ H MNOJOXHUTEJLHO onpe,ue-
(n.n)

JIeHHas MaTpuua; b — n-MepHBlt BekTOp-cTON6ew, KOTOPHIT Hrpaer

POaIb MATEMATHYECKOrO O2KHIAAaHWA BEKTOpa —i,
~ @ ® _
MX)= f | Xp(Xydx, ... dx,. %)
—o0 —o0
CyMMy BceX BTOPBIX LI€HTPaJIbHHX MOMEHTOB KOMIIOHEHT cJayuaii-

HOrO BeKTOpa X MPEACTaBHM B BHe CHMMETPHYECKOH MaTpHIUbI
M](x, — b))

Ki = Ml(xz_ bz) (xl_ bl.)]

_M [(xn - bn)(xl"_bl)l
M[(%, —b,) (x3 — b)] ... M[(x,—b)(x,—b,)]
M[(xz—bzﬂ M[(xz—b»(x —b,)] ®)

M[(%, — b,) (¥, —b)] ... M[(x, —b,)] |
Ma’rpuua Ki,cocmane}maﬂ U3 BCEX BTOPBIX LEHTPAJBbHBIX MOMEH-
(n, n)

TOB cJlyuallHOro BekTopa X, HasblBaeTcsl KOBapHALMOHHON, a Takxke
KOPPENSLHOHHO# MJHM pHcnepcHoHHol. KoppensuuoHHylo MaTpuuy

K— MOXXHO paccMaTpHBaTb M KaK MaTe€eMaTHUECKOE OXHIAAaHHe CJy-
qam{ou ManHIJ,bl
X —B) (X—b)* (9)

Ilpu 3TOoM mMpHMeM, YTO KaXKABIH 3J1eMEeHT cJlyyaiiHO# MaTpHUbl fABJs-
ercA ciyyaitHoit BenHunHol. Toraa Hmeem

Ky = MI(X—B) X—By]. (10
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B teopHH BeposiTHOCTEN noKa3HBaeTcs ciejyioulast Teopema. Eciau

IJIOTHOCTb pacnpefesieHHs cayyainoro BekTopa X onpenensiercsi ¢pop-
myJoit (6), To ero MaTeMaTHUECKOe OXHJaHHe pPaBHO BeKTopy b, T. e.

M(X)=b, (11)
a KOppeJsiiMOHHas MaTpHLa 3TOro BeKTopa paBHa A~l:

—A-1, (12)

W3 370i1 TeopeMHl clienyeT, YTO eci¥ AJIl Cyuai#HOro BeKTOpa X 3a-

JaHHE BEKTOP ero mMaTeMaTHueckoro oxuaanus M(X) (n-MepHHil Bek-
TOpP) M KoppensiuvoHHasi maTphua Ky (monoxurenrHo onpenenset-

cf), To NJIOTHOCTb pacrnpenejeHdss cJyuyaitHoro BexTopa X Oyaer
HMETb BHI

—;—(i mET KE - m )

p(X)= (13)

V (2n)" det K—

[Ipr sTom noJioXHTenbHast onpeneseHHocTb MaTpuun Ky crenyer
H3 MOJIOKHTEJbHO# ONpEenejeHHOCTH MaTpuUW A H paBeHctBa .(12).

INyctb 3amaH chyuafiHHil BeKTOp X, HMMEIOLIHM pasMepHOCTb 1.

IlpencTaBuM TOT BEXTOp B BHIe ABYX BekTopoB X; W X pasMepHo-
cTell p H g Tak, uyTo ptg=n.
Torna nonyunm

— . —
Xy
~

Xq

e "

¥
I

1
t |

!
Il

—_ n

~

[Ipn Takom mpencTaBienuH ciayuafinoro BekTopa X KOppessilHOHHHE

MaTpPHUH BeKTOpoB X; M Xg 6ynyTt 6aoxaMu xoppe.nﬂunox-méﬁ MaTpH-
18"
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I BeKTOpa X:

Ke | Ko <

Ke = |-l . XXt (15)
* [ Krxl Ky,
npudem Kz 5 = Kg . -

Baoku Kil % K Ki,f, Ha3bIBalOTCA KOPpPeNAIHOHHBIMH MaTpHLaMH

cBs3M cayyaiinpix BeKTOpoB X; M Xo. Ecam Bexktopn X; u X, HesaBu-
CHMH ¥ HOPMallbHO pacnpefiejieHH, TO MaTpHIbl CBSI3H (MOMEHTH
CBfI3H) paBHBl HYJI0. B 3TOM ciyuae

Kz, | O
———————— . (16)

Takum oGpa3oMm, B MHOTOMEDHOM Cliyyae KOpPpPeJsiLHOHHAs MaTpHUa
HMrpaeT pojib AMCIEPCHH, a MaTpHlla CBSI3H — POJIb MOMEHTa CBSI3H.
Hopmupoearnas xoppesayuonHas marpuya.
Ha npakTHke yacTo BO3HHKaeT HEOGXOAMMOCTb B YCTaHOBJIEHHH

CTeneHH 3aBHCHMOCTH KOMIIOHEHT ciyyaitHoro Bektopa X. B 3tom
clyuae HeoOGXOAHMO BHIOJHHTh HOPMHUPOBaHHe KOPPENALHOHHOH MaT-
PHLHL.

IMycts sajaHa KoppensnonHas waTpuua  Kg pasmepa nXn.

by Ry o Ry
K}_(: Ry Ry oo Ry | (17)
(n, n) e i 4 s e s e o .

k,, k k

n1i n2 s

Ilpy HOPMHpPOBaHHHM Ka)<ZbiH MOMEHT CBfi3H ki AeJAT Ha BEJIHYHHEI
CKO, B pesysabrate uero noJjiyyaroT HOPMHPOBAHHYIO KOppeJsilHOH-
HYI0O MaTpHuy BHpa

nn

1 km kln T
V' Rukos V Rikan
k k
A R V Fashn, @
kru knz 1

- an{lkll l/ krnkag o _
HennaronanbHbiMu 3nemeHTaMu r;; MaTpuun K% Oynyt crenyroilve:

by |, (19)

VEik
OHH Ha3LIBaKOTCHA KO3(OhHIHEHTaAMYE KOppeJsALHH.
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MakcuManbHoe 3HaueHue |r;|=1 koabduuHeHT KOppensLuy NpHOG-
peraeT TOJILKO B TOM cliyuyae, ec/id KOMIOHEHTH X; M X; CBA3aHH (YyHK-
LMOHAJIbHO JHHEeHHON 3aBHCHMOCTBIO

xi=axj+b,
TAe a ¥ b — NOCTOSIHHLIE BEJIHUYHHDL.

Onepanuio HOPMHPOBAHHMS MOXHO INPEACTaBHTb B MaTPHYHOM
dopme:

l/%T 0O 0 0
K%= 0 I_/%z—: 0 0 %
0 0 0 V%
= o o 0'”'—_ (20)
Vi

1
XK;% 0 Ve 0 O. )

Tenepb koppeJismuonrylo maTpuily Ki MoxHO BEIDAa3UTb Uepes HOp-
MHpOBaHHyi0 Koppessiumorrylo Matpuiy K&, CKO (o; = V %;;) u Kosddu-
LMEHT KOppeJisiund | r,; | :

¢, 0 0 O 6 0 00
Kf"= 0 o, 00 _K(;_{ 0o, 0O 1)
0 0 0 g 0 0 0 o
iR 154
N 19049, 14915,
K'i = r2]°2°1 022 ave rgnczcn . (22)
{ Fm%n% I n2%:% can

2. Koppeaayuornas marpuya cay4aiinozo-sekropa Z, ronyuento-
20 8 pesyavTate auHelinozo npeobpasosarus Cay4alinoeO0 8eKTOpa

XZ.
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IlycTe panbl JiMHefiHOe mMpeo6pasoBaHMe CJAY4YaHHOro BeKTOpa X
B dopme

Z = AX (23)

H KOppeJISilMOHHAsi MaTpHLa K-f BekTopa X. TpeGyercs onpeaesurb

KOPPEJALHOHHYVIO MAaTPHLLY KZ: ‘pexTOpa Z.

Teopema. Ecanm X — HOpMaJbHBH#i ciyuailiHblii BeKTOp C mJIOT-
HOCThio pacnpepaeneHust (13) M Hag 3THM BEKTOPOM OCYILECTBJIEHO
JHHelHOe npeoGpasoBaHHe (23), To B pe3ysabTaTe Takoro npeobpa-
30BaHNs TaKe MNoJiyuaercsl cjyyalHbIii HOPMaJIbHBI! BeKTOP € KOp-
peNALHOHHON MaTpHueH l{%.

K= = AKzA" 24)

M MJIOTHOCTHIO pacrpejeleHus

—L (%—— M ()2()"' K~ (5_{-’— M (i-))
2 Z

7 1
P %

r——————
n ~
(2n)" det Kz_

Oprozonanrbroe npeobpasosatue 8 (oTO2pAMMETPUU U €20 KOp-
PerfyUOHHAR MATPULQ.

IlycTe B npocTpaHcTBe H306paXKeHUA 3aJlaH BEKTOP To B BHAE
X

; , (25)
—f)

TEe X, §j — v3MepeHHHe KOOpPAMHAaTH TOYKH CHMMKa; [— ¢okycHoe
paccTOsiHHE KaMepH. :

ITpennonioxuM, yTo KOppefllMOHHast MaTpuua K- BEKTOpa fo
. [ ]

HMeeT AUAaroHajbHyw dopMy

2 0 0
KFn = 0 O%. 0 , ' (26)
0 0 of’



Ec/H Hax BEKTOPOM To OCYLIECTBJIEHO OPTOroHaJlbHOe Npeo6paso-
BaHHe
X
R=| v |=ni, 27)
A
TO B COOTBETCTBHM c ¢opmyJsioi (24) xoppensuHoHHas maTpHua Kg
6yneT UMeTb BHI '

K = MK T (28)

IIpu 3ToM, ecnu Gx2’=0,?=0;?, TO B CHJY OPTOrOHaNIbLHOCTH MaTpH-
uw 0

Kg =Kz - (29)

CnenoBaTesbHO, €C/IH KOOPAMHATHL X, § TOUKH CHHMKa M ({OKycHoe
paccTosiHHe [ onpejeseHBl PaBHOTOYHO, TO KOPpeJsiiMOHHAs MaTpHuA
He 3aBHCHT OT mpeoGpa3oBaHHf KOOPAMHAT.

Cpednee KsadpaTuueCKoe OTKAOHEHUE NPOEKYUL CAYUALHOZO 8eK-
TOpa Ha 3a0aHHOe Hanpasierue.

IlycTp 3apaHu ciayuaHHbI# BEKTOD X u ero KOppeJsiLHOHHAA MaT-
puua K=, a TakKxe HEKOTOpOe HampaBJjeHue B BHAe Bektopa Ro. Tpe-
6yercs onpenenuts CKO npoekuuu cayuafinoro BekTopa X Ha Ha-
npasjeHne Ro. _ B

ITpoekuns ¥ ciyuaitHOro BekTopa X Ha HanpaBjenne R, sBisercs
CKaJIIPHEIM NPOH3BEieHHE 3THX BEKTOPOB, T. €.

Y =R"X. (30)
Torna Ha ocHoBanuH ¢opmyJoii (24) noayuyum

% o = Ky = R"Kz R, @31)
rue K}_{—xoppemunonﬂaﬁ MaTpuna BekTopa X,

Ilpumem B Kauectse BekTOpa R OpT e, mepBoro KOOPAHHATHOro
BEKTOPa CHCTEMBl KOOPAMHAaT, B KOTODOil 3a/jaHa KOPPEJSALMOHHASA
matpuua Ky,

e,=(1, 0,0, ... O). (32)
Ecau noxncrasuTh €, B dopmyay (31), To nosyunm, yto

cil = kll' (33)
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Hdanee, 0551 ocTajbHHX OPTOB

e.=(0, 1, 0,..., 0);

(34)
e=(0,0,0,...,1)
aHaJOruyHo 6yaeM HMeTb
oi. = k22;
.2 C e e
O, = knn (35)

TakuMm o6Gpa3om, avaroHaJbHHeE 3J€EMEHTH KOPPEIALHOHHON MaTpH-
ubl Ky ssasoTes kBanpatamu CKO npoekuuH cayyaiHoro Bekropa

X Ha COOTBETCTBYIOILIIHE OCH CHCTEMBI KOOPAHHAT, B KOTOpOﬁ 3ajJlaHa
KOppeJAllHOHHana maTpHla.

Saauncoud pasrelx 6eposATHOCTEN.

Ha ocHoBanuu ypasHenus (13) MOXHO caenath BHBOA, YTO IJIOT-

HOCTb BEPOATHOCTH CJyyalHOro BEKTOpa X COXpaHfieT NOCTOSIHHOe
3HayeHHe Ha HEKOTOpOH NOBEPXHOCTH BTOPOTO NOPRAKaE, Onpenesse-
MO# ypaBHEHHeM

X—ME)K X —MX) =, , (36)

rie e —KOHCTaHTAa; Ki——KOppeJIﬂuHOHHaﬂ maTpHila BeKTopa X.
Ecau ocyuiecTBHTb NapalijiesibHLEIE NepeHOC CHCTEMBI KOOpPAHHAT
Xo=X—M(X), (37)

TO ypaBHEHHe 3JJIMNCOHAA PaBHbLIX BEPOSITHOCTEH B HOBOH CHCTeMe
KoopAauHaT O6yneT HMETb BHI

XK X0 =2, (38)

TMockonbky MmaTpuna Ky  onpeseneHa NOJIOKHTENBHO, TO AOJIKHO
CYLIECTBOBaTbh OPTOrOHAJIbHOE Npeo6pa3oBaHHe

yo—=CX®, (39)
LUpH KOTOPOM MaTpHia KT( BEKTOpa Y° muaronHambHa T. €.
o2, 0 .. O
T 0 & ... 0
Ky=BigB'=] " = .| (40
o 0 .. 0,2,”
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Ctpoku MaTprun B ABASI0OTCA HOPMHPOBaHHHWMH COOCTBEHHLHIMH BeK-
TopaMH MaTpHuel Ky, KOTOpble COOTBETCTBYIOT €e COOCTBEHHHM

3HaueHUsM (cM. rnasy l), T. e.
2, 2. . — &2
L=o0y: =90y ...; =0y, (41)
TowHO Tak e ¢ MOMOLIbI0 MaTpHUK B nMpHBOIHTCA K AHArOHaJILHOMY
BUILY U o6paTHasi KOBapHMallHOHHasl MaTpHIa K; ‘BektTopa X, a
HMEHHO:

BK_'B = (B) 'Kz B~ = (BK; B") ' = Ky'. (42)
YpaBuenue (38) B HOBOIl cHcTeMe KoOpAMHAT OyldeT C/leLYIOLLHM:
?oTKv ?0 == 82, (43)
KOTOpPOE B KOOPAMHATHO! ¢OopmMe HMEET BHJ
!,02 y02 yofl .
7 ot = (449
h Yo Yn

Vpapuenue (44) onpepensieT 3JIHNTHYECKYI0 MOBEPXHOCTb. B 3aBu-
CHMOCTH OT Pa3MEPHOCTH # MPOCTPAaHCTBa, B KOTOPOM 3ajiaH clyyaii-
Kuit BekTop X, pasiiHuanT cieiyliolHe ciayyaH:

n=1 — 1Be TOYKH C KOOPAHHATAMH y'=ct€0;

n=2 — 314nc ¢ noJjlyocsiMd ec, M €9, ;
2] Ys

g0
7y

n=4 — runepaJuMICOK], C NOJyOCsMH €0, , €0, 5 -eer €O

n =3 — 3JUIMTICOMA C NOJIYOCHAMH €0, €o,

¥n
B of6uieM cayuae NMOBEPXHOCTb, OMpenejisieMast ypaBHeHHeMm (44),
Ha3BBAETCA JIJIHNCOUIOM PaBHBIX BEPOATHOCTEH.

Eca¥ npHHATL B 3TOM YpPaBHEHHH g?==1, TO MOJyYyMM 3JJIMICOH/L
CKO, onucuBaeMHi ypaBHeHHEM

YR Y =1 (45)
HJH B KaHOHHMyecKoll ¢opme

A ¥

R e el o

°%  °wn ¥n

INonyocu aanuncoupa paBHb CKO 1o ocfiM KOOpAHHAT.
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