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OT ABTOPA

B nacrosmee Bpems 3HaUMTEAbHO PACLIMPHACA KPYT AML,
unTEpecyOmuxcs Bonpocamn HebecHod Mexanuku. Mexay
TeM AMTEPATypa Ha PYCCKOM ASHIKE IO BTOMY pPasAeAy acTpo-
HOMHH Bce eme kpafine Marouncaensa. Cymecrsymomuae dys-
aamentarbapie pyxosoicrsa M. . Cy66oruna ,Kype we-
6ecnoti mexanukn” u I'. H. Ay6omuna ,He6ecnas mexanuxa®
OXBATHIBAIOT OYEHb IIMPOKUH KpPYyr BOMPOCOB, COAEp:KaHHe
KOTOPBIX BBIXOAMT AaA€KO 3a MNpEAEAN YHMBEDCHTETCKUX
nporpamm,

B nacrosme#f kuure aBTop cTaBuT mepes co6oi# cyme-
ctBeHHo uHBe Qean. Coaepranue KHUFH OrpaHHIHBAETCH
PacCMOTpEHHEM LECTH METOA0B HeGeCHOH MeXaHWKH, Ha KO-
TOPHX (aKTHIECKH 6asHpYIOTCA COBDPEMEHHHE TEODUH JABH-
EHUA MAAHET, KOMET ¥ CHYTHHKOB, a HMEHHO

1. Metoa Aanaaca—Hbiokoma (raasa II).

2. IMranerunit Meroa Xuara (raasa III).

3. Meroa Bapuapun npousBoAbHBIX NocTOAHHBX (raaBa V),

4. Aynnnit meroa Xuara (raasa V).

5. Meroa nepuosuueckux opbur (raasa lIII).

6. Metos Koyaara (raasa VI).

Kaxani#f MeTos moapo6Ho paccMoTpeH BO BCeX AeTaAsx,
HAYMHAS OT COCTABACHUS JHU(PQPEPEHUUAADHHX ypaBHeHHH M
KOHYas CpaBHEHHEM TeopHM ¢ HabAwoieHuamu. Jrs uAAl0-
CTPallu¥ NpPaKTHUECKOTO NPUMEHEHHS BTHX METOJAOB IIPHBAE-
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yennt Teopuu ABuxenus [layrona, Llepepw, [ecrun, xomern
Bpyxca, uckyccrBensHoro cnyruuka 3emiu ¥ Ayam. Ilpn
STOM AaBTOpP WIHPOKO ONHPAETCA Ha pabOTH, BHIIOAHEHHHIE
sa mocAeznue rogu B Mucruryre rteopernueckoft acrpomo-
mun Axazemun sayx CCCP (Aenunrpag), koropnil sBasercs
eavnctBennniM B Coserckom Corwse cnegnaAnsupoBaHHBM
HAYYHHIM Y9Ypex<AeHWEM 110 BONMPOCAM HeGecHOH MeXaHMKH.

ABTop HajeeTCs, UTO HACTOAIIAA KHMra 6yJeT MOAesHA
AA CTYAGHTOB YHMBEPCHTETOB M ADYTuX ydeOGHBIX 3aBeje-
HuH, rAe usyuaeTcs HeGecHas MeXaHHKa, & TAKXKEe AAA Tex
AWM, KOTOpHE MO XapaKkTepy cBoe#f HayuHo#f pa6oTml cTaA-
KHBAIOTCA € BoOmpocamu HeGeCHOH MEXAHHKW M XOTAT HMMETb
KPATKOE, HO BCE-TAKH AOCTATOUHO AETAAbHOE MPEACTABACHHE
06 OCHOBHMX 3ajauax W BakHeHWMX MeTozax HeGecHoH Mme-
XaHHKH.

Tlepsas raaBa KHUPH HOCHT BBOAHBI# XapakTep M CyM-
MHpYeT Heo6X0AHMbBlE CBEAEHMs M3 ChepuuecKod acTpoHOMHUM.
Caeayomue raaB, u3Aaraolgue METOAb HeGeCHOR MeXaHuKH,
COBEpIIEHHO He3aBHCHMH ADYT OT APYTa H MOTYT M3y4aTbCA
B AI0GOH MOCAEA0OBATEABHOCTH B B3ABHCHMOCTH OT WHTEDECOB
uuTaTeAs. B mpuromenuu co6paH pasAMuHBIA MaTepHaa
CUpPaBOYHOTO XapaKTepa.

CocraBasis 6ubavorpaduio, aBTOp COSHATEABHO OrDaHH-
YHACH AMTepaTypoH Ha pYyCCKOM s3hKe KaKk Ha HauGoree
AOCTymHOH AAs wMpokoro Kpyra coBeTckux uuratereh. O6-
PATHBUIECb K STHM M3AAHHMAM, HETPYAHO HAaHTH CCHIAKH W Ha
sapy6exHpe paboTH.



Bsesgenue

HEBECHAA MEXAHHKA H EE 3AJAYH

He6ecnas mexanuxa -— pasger acTpoHOMMH, W3yvalOWHH
ABHKEHHE TeA COAHeUHOHM CHCTEMB B IDaBHTALHOHHOM MOAe.
deuxenne Coarnpga, 3B€34 M 3BE3jHBIX CHCTEM H3ydaeT
3Be3AHAsA ACTPOHOMUSA.

Tak kax paccTosHHA MeXKAYy TEAAMU COAHEUHOH CHCTEMH
OUYeHb BEAHWKM 10 CpPaBHEHHMIO C pasMepaMH CaMUX TeA, TO
BCE TEAd COAHEUHOH CHCTeMBI MOXKHO PACCMATPHBATb Kak
MaTepHaAbHBIE TOYKM, NMPUTATHBAIOIIME Jpyr JApyra mo 3sa-
kony Hpiorona. [lonpasku, BhiTeraowmwue U3 Teopuu oTHOCH®
TEAbHOCTH, OUeHb MAaAB M YYHUTHIBAIOTCA JOMOAHMTEAbHO.
Takum o6pasoM, ocHOBHas 3ajaua HebGecHOH MexaHHKHM CBO-
AUTCA K TaK HaspiBaeMOH 3ajaue n TeA. Tak kak cTporoe
MaTeMaTH4eCKoe pelleHHe 3ajaYy N TeA HEBO3MOXSHO, NpH-
XOAMTCA PACCMATPHBATD OTAEAbHO CHE[HaAbHbHE 3a1a49H He-
6ecHolf MexaHMKH, HCIIOAb3YA NpH BTOM Da3sAHUHHE OcCO6GeH-
HOCTH COAHEUHOH CHCTEeMH.

3axaua aByx TeA. B nepBom npubaukenuu zBuie-
HHe I[IAQHETH MOKHO pAacCMAaTPHBaTh KaK MNpoucxojsigee
B NMOA€ TATOTEHHSA OJHOTO Comua. B stom cayuae audpde-
PEHIHAAbHBIE YPaBHEHUS JBHKEHUA [MAAHETH JOMYyCKAIOT
pelleHMe B KOHeuHOM BHAe. [locTosAHHBIE MHTErpUpPOBAHUA
onpejeAsloTcs u3 HaGaiosenu#i (3azaua onpeaerenus op6ur).

ABuxcenue nmaaHeTH B 3aJade ABYX TEA ONpEAEAAETCA
saxonamu Kenaepa.

1. Opbura kaxzofi mraHeTH €CTb DAAMNC, B OAHOM M3
¢orycos koroporo Haxogutcsi Coange.
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2. llpsaman Aunua, coesunmiomas nranety ¢ Conrnuewm,
ONUCHIBAET paBHblE NMAOINAAM B paBHBIE MPOMENYTKM Bpe-
MEHH.
3. Kpaapatn Bpemen o6pamennit naaner Bokpyr Coanna,
ymHO:keHnnle Ha cymmy Macc Coanpga u mAaaHeTH, mpomop-
puoHaAbHB Ky6aM ux cpejHux paccrosuuit ot Coanna.

3azaua Tpex Tea. B 1912 r. ¢Quuackuit acTposom
Cynaman (1873—1949) nawea ¢opMarbHoe peurenue 3TOH
sagaun. Oagnako paam CynimaHa oxasaauch coBepuHIEHHO
GecroAe3HBIMM AR INpakTHYeCKUX BuiuucrenuB. Tak, Ars
TOro 4To6bl NOAYUHTb 3HaYEHMs KOOPAWHAT Ha ABa MecsApa
Bnepes, Jaxie ¢ He6OAbUION TOYHOCTBIO, HEO6XOAUMO B3ATH
aucro uArenoB paza n > 10819 u aro zrq cAyuas, Ham-
6oree GAArONPHUATHOTO AASl CXOAMMOCTH, KOTAa BC€ TPH MaccChl
paBHH MexkAy co6oH.

IIpu HekoTOPHIX CHEHA ABHBIX HAYaADHBIX YCAOBUAX MOKHO
NOAYYHTb OYeHb MPOCTOe pelleHHe 3a2a4M Tpex TeA (cayuad
Aarpan:xa), npeacraBasiomee 60AbwIOH HHTEPEC AAA 4CTPO-
Homuu. YacTHHIM cAyduaeM 3ajauM Tpex TeA SBAAETCA TaK
HaspiBaeMas OrpaHWYeHHAas 3a4a4a Tpex TEA, B KOTOpO# aBa
TeAa KOHEUHOH MacChl JABHXKYTCS BOKDYT LEHTPa MHEpUHH
N0 dAAMNOTHYECKHMM op6HTaM, a TpeTbe TEAO HMeeT 6ecko-
HEYHO MaAyw maccy. JAs orpanuueHHod 3ajaud yJAaAoch
HOCTPOUTb pasHOOGpasHHE KAACCH NEPUOJHIECKHUX ABHKe-
uit  (mepuoguueckue opbutrm [lyanxape, I[llsapuwuabaa
u ap.). JdArs obmero cayuas sajauu Tpex TeA NOAPO6HO
H3y4eHbl NpejeAbHble CBOHCTBA ABUKEHMS NpH f—> -+ O H
t—> — 00, T. e. TaKk HasbiBaeMble (MHAADHBIE ABUMEHHUS.

Teopus ABuxeuums 6oabmux naaunet. JAudp-
(PepeHUHaAbHNE ypaBHEHUSN ABMKEHHS N TeA UHTETPHPYIOTCA
B HebGecHolf Mexanuke mnpubAHAEHHO, C IIOMOIIBIO PasAOKe-
Hus B paAbl (AHAAMTHYECKHE METOAB) MAM YUCAEHHBIM MHTEr-
pupoBaHueM (uucAeHHble MeTOAb). EcAu pemenue uigercs
B BUJe pAJOB, PACHOAOKEHHHX II0 CTEMNEHSM MAABIX mapa-
METPOB, TO TAKHMH MapaMeTpaMd OOBIUHO ABAAIOTCS MacCH
MMAQHEeT, TaK KaK Macca Jaxke camoH GoAbLIOH MAAHETHI COA-
neuno#f cucremnt — KOmurepa — B 1047 pas menbime macch
Coanga. MainiMue nmapamMeTpamu, No KOTODHM BeAeTCA pas-
AOMieHHe B pALBI, ABAAIOTCA TAK2Ke HKCIEHTPHUCHUTETH M Ha-
KAOHB Op6UT 6OABUIHX NIARHET, TAK KaK BCE OpOMTH AexkaT
MOYTH TOYHO B OAHOH IAOCKOCTH M MaAO OTAHYAIOTCH OT
KpyroBuix, Uienw paja HaSHBAIOTCA BOBMYIIEHUSMH HAH
HEPABEHCTBAMH M HMEIOT CAeAYIOWIYI0 (opMy:
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Atm’
At" sin (at + B),
A sin (at + B),

rae m=1,2,...

UaeHn mepBoro THNa HasHBAWOTCA 8eKOBLIMU BO3MyLue-
HMAMH, BTOPOTO THIA — CMEWAHHbIMI U TPETbEro THIIA —
nepuoguueckumu. Kospdunuentnt A cozepaar MHOMHTeAEM
MacChl INAAHET B PA3SAHYHBIX IIOAOXKHUTEADHHIX CTENECHAX H
NOTOMY ABASIOTCS MAABIMH BEAMYHHAMH.

Teopus ABuxenus mMaamx uaaner. Ocoben-
HOCTBIO MAABIX NIAQHET SIBASIETCA TO O06CTOATEABCTBO, UYTO HX
MacCH MOXKHO pacCMaTPHBATb KaK paBHbe HyAlo. [lostomy
ABMKeHHe KaxkjoH Maro# MAaHETH MOXKHO M3y4aTb OTAEABHO,
CUUTasA NMPH BTOM, YTO ABH:KEHHE GOABLUINX NMAAHET HAM y:Ke
U3BECTHO.

Teopus ABuMEHHS COYTHHUKOB. JTa TEOpHA BO
MHOTHMX OTHOUIEHHAX AHAAOTMYHA TEODHHM ABH:KEHHS 6OAbHIMX
IIAGHET, OAHAKO OCOOEHHOCTDbIO 3aJa4YH ABASETCA TO 06CTOA-
TEAbCTBO, YTO Macca NAaHETH, T. €. [IEHTPAAbBHOTO TeAa,
3HauuTeAbHO MeHbiue macchi Coanya, mpuTskeHne KoTOporo
CYIIECTBEHHO CKA3BIBAETCA HA JBHXKEHMH CNyTHUKOB. JAs
6AM3KMX K MAaHeTE CHOYTHHKOB HEAb3A pPaCCMATPHBATD
NA4HETY KAK MATEPHAABHYIO TOYKY, & HPUXOJUTCH YuH-
THIBATD BAMAHHE (UIYpHl DAQHETH Ha JBHXKEHHE CHOYT-
HUKA, _

Teopus apuxenus Ayun. dsuxenue Ayun npegs-
cTaBAseT OJHY M3 TpyAHeHiiux sajau HeGeCHOM MexaHuKH.
Ocobennocrp aTO 3ajaun COCTOMT B TOM, 4to Ayna sB-
AseTca caMbiM 6AuskuM K 3eMAe HEGECHBIM TEAOM H IMOTOMY
HabAal0AeHUA A44a10T KOOpAMHATH AyHH ¢ ouenb 6oabtoft
TOYHOCTDbIO, KOTOpas HEBO3MOXKHA JAA CHYTHHKOB JADYTHX
naaner. B Teopum aBuienusa AyHB NpuxoZuTCH B KauecTBe
nepsoro npubAM:KeHHA NPHHUMATD He 38439y ABYX TEA
(sArunTHUECKOE ABM:t€HHE), 8 TAK Ha3HIBAEMYIO BBIPOJCH-
Hylo 3ajauy Tpex Tea (sajgaua Xuara). Pemenue sazaum
Xuara gaeT npoMmexmyTouHnylo opbury, Goaee 6auskyio
K PEeairbHOMY JABHA{EHMIO, Ue€M KeNAepPOBCKHH ®AAHIC,

Teopus aBuxenus xomer. Opburm komer o6aa-
AQIOT, KAK HPaBHAO, O4€Hb GOABMIMMH BKCUEHTPHCHTETAMH
U HaKAOHaMM, [IOBTOMY pAa3AOE€HHE B DPAAH OKA3HBAETCA
HEBOSMOXKHBIM H NPHXOAUTCA MCIOAbB3OBATb METOJA YHUCAEH-
HOT'0 MHTErpUPOBAHHA AAA TOTO, YTOGH IIAT 3a IIArOM CTPOUTD
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TpaekTopuio ABuxieHHA. Jpyro#i 0COGEHHOCTBIO KoMeT sB-
AAIOTCH HeobpacHumble 3axkoHoM HbioToHa aHOMaAum B ux
ABH:KeHHAX. B Hacrosiee Bpems yjaercs OODBACHUTD BTH
AHOMAAHH PEaKTHBHBIMH CHAAMH, KOTOpHE BOSHHKAIOT B Ajpe
koMeTn npu ee nmpubamxenuu k Coanpy.

Teopua ¢uryp naaHer. 3ajaga 3aKAOHUaeTCA
B ompeJieAeHuH (POpMH ITAGHET, BHSBIBAEMO# CHAAMH TATOTe-
Huf. OTa Teopus HMeeT HauGOADblIEe BHAUEHHE AAT SEMAM
U cTara 0COGEHHO aKTyaAbHO# NOCAE 3amycka HCKyCCTBeH-
HHX CHyTHHKOB 3€MAH, TAK KaK OCOGEHHOCTH MX ABMKEHMA
ONpeJeAAIOTCA mpexae Bcero gurypoit 3eman.

Teopus Bpamenus 3eman. 3azaua CoCTOMT B us-
yueHHH BpAIIATEABHOrO JABU:i€HHA 3eMAH BOKDYT ee [eHTpa
Taxectu noa AeicreueM nputazenua Coanga u Aynm (mpe-
[eccus W HyTagus). OTa 3ajaua HMEeT (YHAaMEHTaAbHOE
sHaYeHHe B ACTPOHOMHH, Tak Kak ¢ 3eMrell CBA3AHH OCHOB-
Hble CHCTEMB KOODJAMHAT, K KOTOPHIM OTHOCATCH IIOAOKEHUs
apyrux neGecunix Tea. OTkphiTHE HepaBHOMepHOCTH Bpamye-
HHA 3eMAM NO3BOAHAO YCTPaHHTb BMIMPHYECKHH YAeH B Teo-
pun ABu:enus JAYHH H TOAHOCTBIO OOBACHHTb €€ ABH:KeHHE
rpaBUTAHOHHbBIMH CHA&MH.

VYertotuuBocTp corHeuHOH cucTeMH. Iror
BONpPOC TECHO CBf3aH C HAAHYHEM BEKOBHIX YAEHOB B 6OADb-
IIUX MOAYOCSX, SKCIEHTPHCHTETaX ¥ HAKAOHAX NMAAHETHHX
opbur. Merosamu HeGecHoif mMexaHuku Bompoc o6 ycroftuu-
BOCTH COAHEYHOH CHCTEMHB He MOKeT GHTh MOAHOCTDIO pPElleH,
TaK Kak pAAb HeGeCHOH MeXaHHKH ABAAIOTCA PACXOAAIIUMHCAH
M NpUroAHB AAS OTPAHHYEHHOTO HHTepBaAa BpeMeHu. Kpome
TOrO, ypaBHeHHs HeGecHOR MeXaHMKH He COJepXKaT MaAmle
AMCCHNATHBHHE (akTopn (HanpuMep, HempepHBHAA MNOTepA
CoanpeM ero macch), KOTOpHieé MOTYT MrPaTb CYILECTBEHHYIO
poAb Ha 6OAbLIMX HHTEPBAAAX BPEMEHH.

He6ecHaa MexaHMka 4 A4CTpPOAHMHAMHKA.
B nacrosigee BpeMs 3ajaunm HeGecHolft MexaHuku mpuoGperu
0Co6yI0 aKTY8ABHOCTb B CBASH C 3aMyCKOM MCKYCCTBEHHBIX
COYTHMKOB 3eMAM M KOCMHYECKHX pakeT. JTOo oObacHsercs,
¢ 0AHO# CTOpDOHH, TE€M, UTO MHOTHME 383a9¥ ACTPOAUHAMHKM
CBOAATCS K YK€ H3yUeHHHM 3ajauaM HebecHoH MexaHUKH,
a, ¢ Apyro#f CTOpOHH, pacueThl ABUXKEHHA KOCMHYIECKHX pa-
KeT Tpe6yOT 3HAHMA KOOPAMHAT M CkopocTe#f HeGECHHIX Tea,
npuueM o6biYHO € TOYHOCTbIO Goaee BHICOKOH, ueM Ta, Ko-
Topasa 6naa Heo6X0AMMa B KAacCHYeCKHMX 3ajzadax HeGecHolt

MEXaHHUKMH.
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He6ecuasn mMexaHuka u ecTeCcTBOBHaHHE.
He6ecnan mexanuxa — o4WH M3 pa3sjerOB €CTECTBOBHAHHA,
T. €. OAUH W3 pasjeAOB HayKd o npupose. Juarextuueckuit
MaTepHAAM3M PACCMATDHBAET NPUPOAY, MHD KAK ABHKYIIYIOCS
matepuio. Orcioza onpesereHne NpesMETa €CTECTBOBHAHMSA,
AaHHOE JHreAbCOM: NPEAMET €CTECTBOBHAHMA — ABUMKYIIAsACs
matepust. MsyueHue pasaHUHBIX (OpPM ABHKEHHA ABAAETCA
ocHOBHOM 3ajauelt ectectnosHanmus. [Ipeamer nebecHodl me-
XaHUKM MBI MO:KEM IIOSTOMY ONpeJEeAuThb, HauGoAee O6LIMM
06pa3oM, Kak M3yYeHHE MEXaHUUECKHX (POPM ABHKEHHS TEA
COAHEuHO# cHCTeMH.

Ussectumi#t coserckuit actpomom H. WM. Hzeabcon
(1885—1951) nucaar: ,Mm xomcraTupyem, Hanpumep, HaAMY-
HOCTb IYCTOT B KOAbUE MAAKX IA&HET; BUAHM, UTO TpOAHIH
yA€p:KaAHCb TOABKO B ONpEAEACHHBIX KOH(QHUrypalusx B CH-
creme HOnurep—Coanue; mouemy ke 0JHM ABHAEHHSA COXpa-
HUAHCb, APYTHME€ OKA3aAMCH HEBOSMOXKHBHIMH M Kak Gl BHI-
MepAH B Teuenue BekoB? Bor o6mas mocramoska Bompoca,
KOTOpas, HECMOTpPA HA BCIO CAOKHOCTb MATEMATHYECKOTO
anmapara, c6anzaer HeGeCHyI0 MeXaHMKY C eCTECTBEHHBIMH
HAYKaMH B CAMOM IIHPOKOM CMBICA€ ®TOTO CAOBA, CTaBa el
3ajady 3aKOHOMEDHOrO OGOCHOBAHMA CYILECTBYIOIIUX THIOB
NAQHETHHX ABu:keHMH BooGmie”.




TFarasa |
ACTPOHOMHYECKHE KOOPAHHATHI H BPEMHA

§ 1. KoopannaTs: m Bpems

1. Pasamunpie cucreMsl KoopammaTr. B uebecnoit me-
XaHWKE JAAA HBYYEHHS JBUKEHMA ECTECTBEHHHX H HCKycC-
CTBEHHBIX HEGECHHIX TeA YNOTPeOAAIOTCA pasSAHYHBE CHCTEMB
KOOpAHHAT. BakHeHIIMMH KOOPAMHATHHIMH CHCTEMAMH HB-
ASIOTCS CAEAYIOLIHE.

1. TonouenTpuueckue koopAuHATH (HAYAAO KOOPAHHAT
B NyHkTe HabAl0AEHHUA).

2. leopentpuueckne koOpAHHATH (HAYaAO B [eHTpe
3eman).

3. Teanopenrpuueckue koopausHaT (Ha9aAO B [IeHTpe
Coanga).

4. BapugenTpuueckne koopauHAaTH (HaYaAO B [IEHTpe
MHED[IHH paCCMATPUBAEMOH CHCTEMHN MATEDHAADHBIX TOHUEK).

5. AyHopenrpuueckne koopaunatTsl (Ha9aAO B LEHTpe
Aynst).

6. TlraneTouenTpHueckHe KOOPAMHATH (HAUAAO B LEHTpe
IAaHeTH, HanpuMep, HOmuTepa — Tak HasplBaeMble HOBH[IEHT-
puueckHe KOOpPAHHATHI).

3aBHCHMOCTH OT BHG60Opa OCHOBHOH IAOCKOCTH KOOp-
AMHATHBIE CHCTeMbl AEAATCA HA 3KBAMOPUAAbHbIe (OCHOBHAA
KOODAMHATHAA MAOCKOCTb MAPAaAAEAbHA MAOCKOCTH 3€MHOTO
sKkBaTOpa) U sKxAUnNmMuueckue (OCHOBHAA KOOPAMHATHAS NMAOC-
KOCTb MAapaAAeAbHA MAOCKOCTH 3eMHOH op6utn). Bosmoxuwm
H Apyrue cnocobnl Bm6opa ocHoBHOH# maockoctH. Hampumep,
B CAyuae AYHOIEHTPHYECKHX KOODAMHAT 34 OCHOBHYIO NAOC-
KOCTb MO:eT GHTb BHGpaHa MAOCKOCTb AYHHOTO 9KBATOpa
HAH TIAOCKOCTb AYHHOH Op6UTHI.

B nebecnoff mMexaHHWKe MIHMPOKO HPHUMEHSIOTCA KAK IPAMO-
YrOAbHas CHCTeMa KOODAHHAT, TAK H CQpepHUECKas CHCTeMa
KOOP AMHAT.
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[Ipn pewenun Hekotopnix 3azau He6ecHOH MEXaHHKH, Ha-
npuMep B TEOPHH ABMkeHMs JYHH, MCNOABSYIOTCA pasAuy-
Hble ClegHaAbHbIE CHCTEMB KOOPAWHAT (IMAMHADHYECKAA CH-
cTeMa KOOpAMHAT; koopAuHATH fko6M, B KOTOPHX HOAOKE-
HHE TOUKM /M; OTHOCHTCA K LEHTPY MHEPLHH BCEX NpeAB AyIUX
TOYEK My, My, ..., M;_;; PABAMUHBE CHCTEMB BPaLIAIOLIUXCH
KOOPAMHAT M T. A.). YJAauHn#i BBI6Op CHCTEMB KOOPAHMHAT
uMeeT GOAbIIOE BHAYEHHE NPH NOCTAHOBKE M pELIEHHH 3a4au
HebecHOH MexaHHKH.

2. Koopaunaril m Bpems. Tak kax BCAeACTBHE AyHHO-
COAHEYHBIX H MAAHETHHX BO3BMYLUEHUH MAOCKOCTb BEMHOTO
9KBATOpPA M BKAHITHKH HENPEPHBHO MEHAIOT CBOE MOAOXsE-
HHe B NPOCTPAHCTBE, HEO6X0AUMO O06A3aTEABHO YKAasblBaTDb
amoxy (T. e. MOMEHT BpemeHu f), kK KOTOpo# OTHECEeHa mpu-
HATAsA CUCTEMa KOOpPAWHAT.

Ilpu pemenun npaxTuueckux sazau HeGecHOH MexaHHKU
yAOGHO OTHOCHTb KOODAMHATHYIO CUCTEMY K TAK HasblBaeMoi
HopmaAbHo#t snoxe (manmpumep, 1925.0, 1950.0, 1975.0).
Ocb x 06biuHO HANPABAAIOT B TOUKY BECEHHErO DPABHOJEH-
CTBHA, KOTOpasa sBAsercs obmed Toukod kak AAs 8KBaTO-
pHaAbHOH, TAK M AAS SKAMNTHUECKOH CHCTEMBl KOOPZAHHAT.

Momenr Bpemenn (smoxa), Kk KOTOPOMy Mbl OTHOCHM [10-
AOK€HHEe CHCTEMbl KOODAWHAT, COBEPLIEHHO MPOU3BOAEH H
3aBUCHT OT XapaKTepa peliaeMod 3ajaun. YKa:KkeM CAezyio-
1ue, Hanboree y406HBIE Ha MpaKTHKE, NpUMepH Bh6opa sanoxu
AAA 3KBaTOpHAaAbHOH (reoueHTpuUeCKO# MAM TeAHOIEHTpHue-
ckoH) cucTeMbl KOOpAMHAT.

1. UcTunnnit sksaTop u paBHOAeHCTBHE AaTH (MOMeEHT #).

2. Ucrunupi#t 9xBaTOp ¥ paBHOACHCTBHE MPOH3BOAbHO#N]
snoxu f,.

3. Cpeauutt sxBaTop u paBHOAeHCTBHE JaTni (MOMeHT f).

4. Cpeanuit axBaTOp H paBHOAEHCTBHE IIPOMSBOAbHOH
snoxu 1.

5. Cpeanuii skBaTop M paBHOAEHCTBME Hauara rosa .

6. Cpeanut sxBaTOp M paBHOAEHCTBHE HOPMAABHOH BMOXH
T=1950.0 (uau 1925.0, uau 1975.0 u t. n.).

[lepsas u Tperba cHCTeMBl KOODAMHAT, €CAH OHH OTHe-
CeHH K OZHOMY M TOMY K€ MOMEHTY BpeMeHH f, OTAMHAIOTCA
Me 4y co60# TOAbKO MAABIMM Hy TALLHOHHBIMM YAeHaMU. TpeTba
CHCTEMa KOOPAMHAT OTAHYAETCH OT TPEX MOCAEAHHX CHCTEM
NOCTOSAHHO yBeAnuuBawwmeitcs npegeccuedf. Ilocaesnue Tpu
CHCTEMBI OTAMYAIOTCA Mexjy cobo# Ha BeAMuHHY Mpeleccuw,
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MPOMOPIIHOHAAbHYIO HMHTEPBAAAM BpPEMEHH MeusAy B Gpan-
HBHIMH BIIOXaMH.

[lepass u TpeTbs CHCTEMBl KOOPAHHAT OTAMYAIOTCH OT
YeTHIpeX JDPYTHX CHCTEM TeM, YTO MX OCH BpAINAlTCA M
MOTOMY B 3THX KOOPZMHATAX MOSBASIOTCA [[€HTpOGExsHbE H
KOpHOAHCOBBI CHABl. CKOpOCTb BpalieHHs, 0HAKO, HACTOABKO
mara (50" B roz), u4To mpu pelleHMH NPAKTHYECKUX 3ajad
ACTPOHOMHH CHMAAMH, 3aBUCAIUMMH OT BPAILUEHHUA CHCTEMBI,
MOXKHO TNpeHeb6peub.

3. Ydemepuanoe Bpema. Bpems, ynorpebasemoe B Zud-
(epeHnuarbHBIX ypaBHeHUsx HeGecHOH MEXaHMKH, HOCHT Ha-
3BaHHE HBIOTOHOBCKOTO MAW 3(eMepHUAHOTO BPEMEHH, TaK KaK
ademepuan HebecHbix TeA (T. e. MX mMoAoxeHHs Ha Hebec-
HO#t cdepe AAA DAAa MOMEHTOB), MOAyYEHHHE HA OCHOBE
pellesus AuddepeHHarbHBIX ypaBHeHuH# HeGecHo# MexaHHKH,
€CTECTBEHHO, JAIOTCH B ACTPOHOMHYECKHUX €KErOAHMKAX MO
HpioTonoBckomy BpeMend. OgHako acTpoHOMHueckue HabA0-
AGHUS OTHOCATCA HE K B(PEMEPHAHOMY, & K BCEMHPHOMY
speMenu (cpeanee coaneuHoe Bpems B I'punuue). [lepexoa
OT BCEMMPHOTO BpEMEHM K 8(eMEepUAHOMY, KOTopnil Heobxo-
AUMO CJA€AaTb, YTOOB CPABHHTb TEOpPHIO C HabGAIOAeHUAMM,
OCYLIECTBASIETCA 1O MpocTO# (popmyae:

ageMepuaHOe Bpemsa — BceMupaoe Bpemsa —+AT.

Xapakrep uamenenusa BeAuuunnl AT ¢ TeueHHeM BpeMeHH
BujeH us rtaba. 1.

Pacxoxaenue mexay speMEpUAHBIM U BCEMHDHBHIM BpeMe-
HeM 06bACHAETCA HEPaBHOMEPHOCTbIO Bpamenus 3eMau. [lpu-
AMBHOE TpEeHHE BHI3BIBAET CHCTEMATHYECKOE BEKOBOE 3aMej-
AeHHe BpaleHHs 3eMAH, B PEsyAbTaTe 4Ero CyTKH YBEAH-
uupaorca npubausurerbHo na 0.0016 cexyns sa cro aer;
Ce30HHBIE METEOPOAOTHYECKHe M 6GUOAOTMYECKHE MpPOUECcCH
Ha NMOBEPXHOCTH 3EMAH BH3HIBAIOT NEPHOAUYECKHE HBMEHe-
HUA BpamieHus 3eman, uMemomue rozosoit mepuos (6mictpee
Bcero 3eMAa BpallaeTCs B AaBryCTeé M MEJAEHHEE BCEro
B MapTe); HaAKOHEl, FeOAOTHIECKHE MPOLEeCCH, MPOHCXOAsIIHe
BHYTpH 3eMAHM, BH3HBAIOT HeperyAspHbHe CkaukoobGpasHbie
H3MEHEHWA B CKOPOCTH BpamleHHs 3eMAu (MSMeHeHME AAMHBI
cyrox gocturaer unorza 0.0034 cex.).

TouHoe 3Hauenne BeauuuHm AT MoxkeT GHTb NMOAYYEHO
Ha OCHOBe CHCTeMaTHueCKux HabAaozenuit Aynm (kax camoro
6AM3KOrO K 3eMAe €eCTEeCTBEHHOrO He(eCHOro TeAa) myTeM
CpaBHEHHS Bd(EMepHUAHHX MOAOxeHu# AYHH, OTHECEeHHHX
K 8(eMepHAHOMYy BpeMeHH, C HAGAIOAEHHBIMH MOAOXKEHHAMH
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Ta6auga 1

Ddemepuanoe BpeMa MHEYC BCOMHPHOE BpeMA

Toa AT Toa AT Toa AT
1900.5 - 3879 1920.5 +20%48 1940.5 —+24830
015 — 254 215 21.06 415 24.71
025 - 113 225 21.56 425 25.15
035 + 0.35 235 2197 435 25.61
04.5 + 1.80 245 22.29 45 26.08
1905.5 + 3.26 1925.5 +22.55 1945.5 +26.57
06.5 4.69 26.5 22.72 46.5 2108
07.5 6.11 215 22.82 4715 217.61
08.5 751 28.5 22.92 485 28.15
09.5 8.90 29.5 23.05 495 28.94
1910.5 +10.28 1930.5 +23.18 1950.5 +29.42
115 11.64 315 23.34 51.5 29.66
125 12,95 325 23.50 52.5 30.29
135 14.18 335 23.60 53.5 30.96
145 15.31 345 23.64 54.5 31.09
1915.5 +16.39 1935.5 -+23.63 1955.5 +31.59
16.5 17.37 36.5 23.58 56.5 32.01
17.5 18.27 375 23.63 575 318
18.5 19.08 385 23.76 58.5 328
195 19.83 395 23.99 | 59.5 33.

AyHB, KOTOpHE ONpeAeAsiIOTCA MO0 BCEMHPHOMY BpPEMEHH.
Beauuuna AT BuuucasieTcs Bceraa 3a mpollejuive WHTEP-
BaAH BpeMeHH, Tak Kak TpebyeTcs onpeieAeHHOE BpeMs,
uTOo6H HakoMUTb M o6paboTaTh HabGarozeHus AyHH.

Ouesnano, uTo HEpaBHOMEPHOCTb BpaieHHs 3eMAU Bo-
KPYr OCH BHI3HIBAET BHAUMYI0O HEPABHOMEDHOCTDb JABHKEHHA
cserur. Tax, Hampumep, cpeanas jgoarota Coampa, moay-
uyenHass no rabaugam Hbiokoma, He coraacyerca c¢ Ha6aio-
Aaemolt goarorolf M HyxjaeTcs B NONpaBKe

AN = +1700 + 2'97T + 1"23T* + 0.07485",

rae T — Bpems, OTCUHTHIBAEMOE B IOAMAHCKHX CTOAETHAX OT
nauanpHoli smoxu T,=1900, ausapp 0, cpesuuti rpunuue-
ckn#f moOAAeHb, BEAHUYHHA B" HasnBaeTca ,(QAOKTyapuelt
B Joarore Aynm“. Oroxryagun B Aukenun AyHn o6bsc-
gmo'rca HEPETyAADHBIMH KOAE6QHUAMH CKODOCTH BpAIleHHA
eMAH.
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4., Tpoumuecknit rogz. O6osnauenne HopmarbHOH BIIOXH
1950.0 e osmauaer Hauaro roaa sueapb O uau smeapp 1
06BIYHOTO KaA€HA8PA. DTO HAYAAO TAK HA3BIBAEMOro TPONHYE-
ckoro roza. DBecceab (1784—1846) npearo:xur npuuatp 3a
Ha4YaA0 TPOMHUECKOTO roAa TaKOH MOMEHT, KOTAAa CPEAHAS AOA-
rota Coanya, ymenbluienHas Ha nocTosHay0 abeppanuu (20750),
touno paBHa 280°. [IpoaoAxkuTEABHOCTD TPOMHYECKOro roja
paBna 365.242199 cpesuux coameunbix cytok. Hanomuuwm,
YTO TPONMMYECKHM TFOAOM HA3BIBAETCSH IPOMEXKYTOK BPEMEHH
MexkAy AByMs MOCAEAOBATEABHBIMH MPOXOXKAEHUSMH LEHTpa
Coanga uepes ToOYKy BeCEHHero paBHOAEHCTBUA. JaTH B Tpo-
NUYeCKOM FoAy 0603HAYAIOTCA HE UHCAAMHM MECALEB, 8 YACTbIO
roaa, MpoulejUWIero OT HAYAAA TPOMHUECKOTO roja A0 pac-
CMATPHBAEMOTO MOMEHTa.

I[lo uccaesobanuam Hpiokoma, Hauaro Tponuueckoro roaa
8 1900 r. npuxoaurocer na susapp 0.3135 cpeanero rpunuu-
ckoro Bpemenn (uau 0.8135 Bcemupnoro Bpemenu). Ilpu-
6aBass Ha kamamit rog 365.242199 cyrox u yuurnBas
BUCOKOCHblE TOAB, HETPYAHO BHIYHCAUTH HAY4A0 TpOMHYe-
CKOro roja AAsf Aw6oro xarengapsoro roja. B AcrpoHomu-
ueckom Exxeroauuxe CCCP moxHo HallTh Hauaro Tpouuue-
ckoro roaa Ha Aw6o#i ros. Tak, Hanpumep, Hauaro Tponu-
geckoro roza 1950.0 mnpuxosurca ua 1950 saus. 0.9234,
a HauaAo Tponuueckoro roza 1966.0 npuxosurcs na 1966 aus.
0.7986 sgpemepuaHoro BpemeHu.

§ 2.. TonogenTpHuEecKHe H TreOgeRTpHIECKHE CHCTEMBI
KOOpAHHAT

1. 9xBaTopmarbHEAs TONOQEHTpHUECKAS CHCTEMA KO-
opaunar. Habaojenus ecTeCTBEHHHX M HCKYCCTBEHHBIX He-
6eCHBIX TEA MpOU3BOAATCA OOLIYHO B CHCTEME DKBATODHAADb-
HBIX TomoleHTpuyeckux koopsunat ME'C (puc. 1). Hauaro
KOODZHHAT HAXOAMTCS HA [MOBEPXHOCTH 3eMAM B NyHKTe
nabaogenus M. Ocuosnas mnaockocts &M pacmoroxena
MApaAAEADHO NAOCKOCTH 3€MHOTFO dKBAaTOpa, MpudeM ocb &'
HANpABAGHA B TOUKY BECEHHEr0 paBHOJAEHCTBUA, OCb 7 —
B Touky, pacnoroxennyio Ha 90° k sanagy ot ocu &. Ocp
HANpPABAEHA K CEBEPy MAPAAAEABHO OCH BpAINEHHs 3eMAH.

Coepuueckumn xoopAHHATAMH B IKBATOPHAAbHOH TOIO-
penTpuueckod cucreme 6yayr o, @/, &, T. e. TomogenTpu-
yeCku#i pPaAMyC-BEKTOD CBETHAA M €ro 3KBATOPHAAbHBIE
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TONMOUEHTpHYECKHE KOODAWHATH: NpPAMOE BOCXOKJAeHHE &' U
ckAoHeHue &,

Me:xay npsAMOYroOAbHHMH M CHEpPHUECKHMH TOMOIEHTPH-
YeCKMMH KOODAMHATAMH HMMEIOT MECTO CAeAYIIIHe COOTHO-
HmeHus:

§ =¢ cos® cos,
N =p cos? sina, (I.1)
U=¢'sin?.

2. Nlepexox k reopesTpuiecKoll BKBATOPHAABLHON cH-
cTeMe KOOpAMHAT. BBejeM Tenepb reoeHTPHUECKYIO DKBa-

c
4
X5@\ 8"
F'
M 7'
' ,”'— ~~JJE s
£ 0 7

anbamop

LT

Puc. 1. Tonoygentpuueckue n reoyeHTpuuecKHe KOOPAH-
HaTH.

Topuaabnyio cuctemy roopaunar OE7l (puec. 1), koropas no-
Ayuaerca nmepesocom cucrems MEWC napaareabHo camoit
ce6e 0 HANMPABAEHMIO TEOHNEHTPHYECKOTO BEKTOpA f, ompe-
AeAsomero NyHKT Ha6aozenus M OTHOCHTEABHO [eHTpA
HHEpIUH 3eMAH.

Takum o6pasoMm, uTo6n mnepediTu oT TomomeHTpHueckoH
K FeoieHTpUYECKO# SKBATOPUAABHOH CHCTEME KOOPAMHAT He-
06X04MMO MMETb KOODAHHATH NYyHKTa HAGAIOAEHHSA, BHYU-
CAGHHHE IO OTHOMIEHWIO K [IEHTPY MHEpUHH 3eMAn.
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Ouanako ¢urypa 3eman (reous) u noroxenue peHTpa
MHEDUWH BHYTPH 3€MAM HaM, CTPOTO TOBOPS, HEW3BECTHBI.
[TosToMy Ha mpakTHke BWYMCAeHHWE KOOpAWHAT mynkta M
NpPOUBBOAUTCA OTHOCHTEABHO HEKOTOPOH YCAOBHOM Qurypn
3emAHn, 3a KOTOPYIO MB NpHHMMaeM TAK HasbiBaeMHH pede-
peng-aaruncous (puc. 2). Ilpu arom npeamoraraercs, urto
HEeHTp pedepeHU-dAAHNCONAA COBNAAAET C [IEHTPOM HHEPLIHH
3emau. ToAbkO NMpPH MOCTPOEHMH TOUHHIX TEOpPHH ABUKEHHA

2 6anskux UC3 mneobxosumo

N YYUTHBATD TOT (PAKT, UTO

—— [EHTP MHEpUUH 3eMAH Ha-

# nobepzrocmu  XOAWTCA TAe~TO BGAM3M [leHT-

anmuncouda  pa pedepeH-dAAHIICOnAa, HO
M He COBMAjaeT C HHUM.

_ Heo6xoaumo scno npea-

5 craBAaTb cebe pasauume
0 K% z MexAy aCTPOHOMHMYECKHMH,
Jubamaop fé’,%gﬂ reoAesHMYECKUMH H TeOolleH-

PEPEPEHY”  TpUYECKMMH IIMPOTAMH.
snnuncoud Acmporomuueckas wu-

Puec. 2. Teogentpuuecxan (¢'), ac- poma ¢ onpeasersercs sep-
TpoHOoMHuYeckas (P) M reosesnyeckas THKAABIO, T. €. HANpaBAe-
(B) muporni nynkTa Ha6awsenns M. ’ :

HHEM CHAH TAXKECTH B NMYHK-

Te HabGAIOAeHHA.

leoaesuueckas wupoTa oONpEAEAAETCA IO OTHOUIEHHIO
K HEKOTOPOMY peQepeHU-dAAUNCOUAY, KOTOPHH paccMaTpu-
BaeTCA Kak ,uAzearpHas” gurypa 3eman. Yroa mexay Hop-
MAaAbI0 K MOBEPXHOCTH pEPEPeH-BAAHNCOMAA M MAOCKOCTDIO
BEMHOTO BKBATOpA HASHIBAETCA 2€0Je3uueckoii wupomoii B
nynxta HabAarogenns. Hakoney, yroa mexay pazmycom-Bex-
TOpOM P, NyHKTa HaGAIOAEHHA, NPOBEACHHBIM U3 [IEHTpa
pepeper-dBAAMIICOMAa ¥ MAOCKOCTBIO 3€MHOTO ®KBaTOPA,
HASHIBAETCA 2e0UeHmpuueckoli uiupomoii ¢'.

MaxcuMarbHOE pacxo:ieHHe Me:KAy TreoleHTpHYecKod u
aCTpOHOMHYECKOH WMpoTaMH MoxeT JocturaTth 115, a pac-
XOXACHHE Me:xJy Treojesudueckoff M acTpoHoMuueckoH u-
poro#t me npepmmaer 3. [Ipu pemenuu GoabwmHCTBA acTpo-
HOMHYECKMX 32444 MOXKHO CUMTaTb, YTO TreOAE€SHUECKAS M
ACTPOHOMHMUECKAS LIHPOTH COBMNAJAIOT.

Joarora nyaxra HabA0AeHHA A ompejeaseTcs Kak Yroa
Mex Ay TAOCKOCTAMH OCHOBHOrO MepuzuaHa (Mepuauana ['pu-
HHYa) H MEDHAMAHA MYHKTa HaGAIOZEHMA.

— 16 —



B Cosercxom Corose aAra Bcex acTpOHOMO-re0AE3HIECKHX
paboT NpUHAT B KauecTBe pePEPEHI-DAAMNCOHAA CPHepoHA
®. H. Kpacosckoro. Daementn aroro cdeponsa caeayioigue:

a=16378.245000 xwm,
b =6356.863019 «m, (1.2)
a=1 /298.3,

rae a— 6GoAbumas MOAYyOCb, b —wmaras MOAYOCDb, & — cika-
THE cepounaa.

AAq  BHIUMCAEHHA TNOAOXKEHUA NyHKTA HaGA0AeHUA M
MPHMEHAIOTCA CAejyloline (POPMYABL:

§, =p,cos ¥ coss,
Ty =Py cos ¢'sins, (1.3)
C =10, sin ¢/,

rae ¢’ —reogeHTpHUECKan WIHPOTA CTAHIHH, S — MECTHOE
8Be3AHOE BpeMsA HaGAIOA€HHA M Py — pajUyC-BEKTOP HYHKTa
HabAOeHUA.

AAa BBUHCAEHHs reoyeHTpudecko# wupoTn P’ M reogeH-
TPHYECKOTrO PacCTOAHUA P, HAGAIOZaTeAs, HMEImero acrpo-
HOMHMYECKYIO IIMPOTY $ ¥ HAXOAALIErocs Ha BucoTe h MeTpoB
Haj YPOBHEM MOps, CAy2aT (QOPMYyAH

Po sin ¢’ =(S+ 0.1568 - 107 A) sin o,
pocos ¢’ =(C+0.1568 - 10~® k) cos o, (1. 4)
tg ¢’ =(0.993307 + 0.0011 - 108 h) tg o.

Ars scnomorateabnnix Beamaun C u S B AcTponomuue-
ckom Exeroguuke jgaercs cneguaabnas tabauga mo apry-
Menty 9 (cM., Hanpumep, Actponomuueckuit Esxxerosuux CCCP
Ha 1964 roa, ctp. 580).

Mu MomeM Temepb COBEpIIMTb NEPEXOA K TEOJEHTpHUE-
ckolf ®KBATOPHAADHO# CHCTEME KOOpAWHAT

E=t ¢,
=7+, (1. 5)
T=U¢,.

Hs nabriogenuli, mocae pejykguu 3a MaparraKc, MOAy-
4aeM reolleHTPHIECKHE DKBATOPHAABHHIE CPEpPHIECKHE KOOp-

2 I. A. UcGorapen — ’7 —



AMHATBl CBETHAA: MPAMOE BOCXOMAEHHE & U CKAOHEHME O,
Mexxay npAMOYrOAbHBIMU T'EOEHTPUYECKHMH BKBATOPHAAD-
HBIMH KOODAMHATAMH &, 7, & W p, &, 3 HMEIOT MECTO CcAeAyio-
mue COOTHOWIEHHA:

E=pcosdcosa,

7, =pcosdsina, (I. 6)
{=psin3,

rae p-— FEOlIEHTPHUECKOE PaCCTOSIHME CBETHAA.

3. Peayxpns ma6aogenmit 3a mapaarakc. [lepexos or
HaGAIO4EHHHX TOMOLEHTPHUECKUX KOOPAMHAT CBeTHAa @', O
K TeOeHTPHUIECKMM KOOpAMHATAM &, O OCYINECTBAAETCA
C MOMOIIbI0 POpPMYA

. =(@—a)p,

_ , (1.7
s =@ — &)p.

BeAuuunn pp, v pp; HasHBAOTCA ,NAapPAAAAKTHUECKUMH
MHOXHTEAAMH® M NyGAHKYIOTCA O6BUHO BMecTe ¢ Habaloje-
HuAMH. JAf BHIYMCAEHHA NAPAAAAKTHYECKHX MHOXKHUTEAeH
CAYHAT POpMYyAH

pp, = C sin (y — &) cosec 1,
ppy = Ssin (s — a') sec ¥,

(I.8)
rae tgy=tg ¢'sec(s —a'), 1<<180° s— mectHoe 3BessHOE
BpeMs HabAl0zaTeAs, ¢’ — reogeHTpudeckas WHUpoTa HabAio-
aateas. Beanaunn C u S Bouncasiorcs mo gopmyaam

C=0°5867p,cos ¥’, L9
S = 8/80p, sin ¢’. (L.9)

TakuM 06pa3oM, dTH BEAHYUHB 3aBUCAT TOABKO OT KOOp-
AVHAT NMyHKTa Ha6AlZeHus: 9 — reogeHTpuueckoff WHPOTH
H D,— PaAUyCa-BEKTOPA MeCTa HAGAIOACHHA H MOTOMY AB-
ASIIOTCA TNOCTOAHHBIMM BEAMUMHAMHM JZAA JaHHo#f o6cepBaTo-
pun. Tak kak Beanuunn C u S BHpazka0TCA COOTBETCTBEHHO
BO BPEMEHM M B YrAOBOH Mepe, TO M NapaAAaKTHYECKHE
MHOXKHMTEAH PP, U PP; TAKXE MOAYYAlOTCA COOTBETCTBEHHO
B CEKYHAaX BDEMEHH U B CEKYHAAX AYTH.

[Mpu ucnoabsosanuu @opmya (I.7) npesmoraraercs, uro
FEO[IeHTPHUECKOE PACCTOAHHE CBETHA4 P HSBECTHO XOTA OH



u ¢ neGoabmo# TouHOCTbIO (ABE-TpH 3Hauammue uPUPPH).
OxonuaTeAabHo uMeeM

P= P 1.10
6=8I+pa. (' )

4. BuuEcAeHHe NPEMOYTOABHHX TIeOJeHTPHYECKHX
SKBATOPHAABHLIX KOOPAHHAT NO BAeMeHTaM oOp6HETHI

g
o/t
0pbumao
) D i
a X Y
N
mopd

¥ nnocnocmo 3x88

3

Puc. 3. daementnl op6uTH cnyThHHka 3eman,

[TpaMoyroababie reogeHTpuyECKHE BKBATOPHAABHBIE KOODAH-
HATH CBASAHN CAeZyIOIIUM 06pasoM C SAEMEHTaMH TeOlieH-
Tpuuecko# opburnt cnyTauxa 3emau (puc. 3):

E—=rcosucos R —rsinusinRcosi,
f=rcosusin 2 +rsinucos? cos i,

(1.11)

C=rsinusini,
u=v—+o,

OaeMeHTH opbuTH 2, [ M ©, oNpejeAAMIUE OAOHEHHE
Op6UTH COYTHHKA B NPOCTPAHCTBE, AOAXHBI GHITD 3aJaHBI
OTHOCHTEABHO BKBATOPA JEeMAHM.

5. Bpagalomasica cucrema xoopxumar. Mopmyan (1. 11)
MOXXHO HECKOABKO YNpPOCTHTb, €CAW BBECTH BpAIIAIOIYIOCH
CHCTEMY KOODAHHAT, HANDABMB OCb £ B BOCXOAAIMEt yseA
opburnt cserura. Torza
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§=rcosu,
f=rsinu cos i, (1.12)
E=rsinusin i,
a ¢opmyan (I.13) 6yayr Bmraszers Tak:
§, =10, cos ¢’ cos (s — 2),
M, ==p, cos ¢’ sin (s — 2), (1.13)
1= ppsin¢'.
TonoygenTpuueckne KOOpAMHATH CBETHAZ AOAXKHH TeNepb
suancaaTbes He no (1), a nmo dopmyram
¥ =10"cos ¥ cos (&' — 2),
7' =10’ cos ' sin (@' — ), (1.14)
¢ =p'sin?,
2

N
Hopmansd
K nobepxnocmu
P annuncouda
Y
=77 o s Yo~
€1 wtamap 7 ]
(P |
|
|
p'

T

Puc. 4. Teosesuueckne xoopsunara (L, B).

chPMyAH nepexoza OT TONMOUEHTPHYECKHX KOOpAHHAT
CBETHAA K TEO[I€eHTPHYECKHM KOOpPJAWHATAM OCTAKTCAH 6es

usmenenus (cm. (L.5)).
Takaa Bpamgaomascs CHCTeM& KOOPAMHAT HHOTAA §‘°6“°

NpH MByYEHUH ABUAEHHA HCKYCCTBEHHHX CIyTHUKOB JeMAH.
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6. l‘eogeamecxe KOOp ARHATHI. HanpaBuM Tenepb ocb X
B NAOCKOCTH SKBATOPA NAPAAAEABHO MAOCKOCTH MEpUAHAHA
I'punuua. Koopaunatn nymkta nabawgenus M B arto#t cu-
cTeMe KOOpAMHAT OyAyT TBEpPAO CBA3aHH C Bpamaogeficsa
3emaet u He 6yAyT MEHATBCA C TEYEHHEM BPEMEHH.

Hmes reojesmueckue KOOpPAMHATHI NMyHKTa HAGAIOACHHA
(puc. 4): B—reoaesuaeckas mupora, L —reosesuueckas A0A-
rotra, h=MM' — snicora nynxTa Haj ypoBHeM pedepeni-
DAAMICOMAA, T. €. KOODAWHATHI MYHKTAa, NPHBEJEHHHE K BHO-
PaHHOMY BAAMICOMAY, MOXKHO BHYHUCAUTD IIPAMOYTOAbHHE T€0-
AesuueCKHe KOODAMHATH NMyHKTa HabAl0AeHMS MO POpPMyAaM

X=(C—+h)cosBecosL,
Y=(C+h)cosBsinL, (1. 15)
Z=(S—+ h)sinB,

rae

-1 —(1—e
C= VI =eZsin2B S—(l e)C.

Uucaennoe anauenne seauuvn C u S Moxuo HafiT
B Acrponomuueckom E:xerogunxe CCCP (cm., nanpumep,
Acrponomuaeckutt Exerogauk CCCP na 1964 r., ctp. 580).

7. llepexos oT BKBATOPHAABHON X BKABUTHYECKOMH
cucreme Koopammat. [lepexos or sxBaTopuarbHO# mpsaMO-
yroabHo#i cucTemm koopamHat E, 7, § k sxaunruuecko#t £,
1, { mpoucxoauT mo caesymomum ¢popMyAaM moBopoTa ocelf
Ha yroa e:

§=E,

n="cose+Lsine, (1. 16)
={cose — 7 sine.
Yroa & Mexmay NAOCKOCTAMH SKAUNTHKH W BSKBATOPA
ars smoxu 1,=1950.0 pasen
e = 23°26'44"84 — 23°44579.
Ars o6patHoro mepexoza
=%,
=1cose—{sine, (1.17)
C=~Ccose-+7sine.
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PaccmoTpum Tenepn CBAsb MexAy TreOlEHTPHYECKUMH
NPAMOYTOABHBIMH BKAMNTHYECKHMH KoopaunaTamu §, 1, § u
SKAMITHYECKMMH cPepudecKHMH KoopAuHaTamu r, I, b (pa-
AHYC-BEKTOpP, AOATOTa, WUPOTa). OTH KOOPAWHATH CBsA3AHH
MexAy co6of caezyoluMH QopMyAaMu:

§=rcosbcosl,
n=rcosbsinl, (1.18)
{=rsinb.

Mpuwmep. Iyer» X, Y, Z—upamoyroavnne u R, L,
B — c@epuueckne sxauntuueckue koopauHate Coanpa.

Toraa
X=RcosBcosL,
Y=RcosBsinL, (1. 19)
Z=RsinB.

Tak xax mupora Coanpga ouenp Mara (MaxcumMaabHOE
sHagenue npumepso 1”), To mMm Moxsem noroxutp sin B=2B
u cos B=1. Iloaromy

X=RcoslL,
Y=RsinL, (1. 20)
Z=RB=~0.

§ 3. leanopenTpHueckae CHCTeMBI KOOPAHHAT

1. OxAEnTHEYECKAS reAHOEEHTPHYECKAN CHCTEMa KOOp-
anmar. Jas nepexoja OT reogeHTpHUECKO# BSKAMNTHUECKOH
cHCTeMH KoopauHAT §, 7, 5 K reasopeHTpuueckodt x, y, 2
Heo6x0AHMO TepeHecTH Hauaro koopaunat B gentp Coanga S.
Ocp x mo-npe:sHeMy HanpaBA€Ha B TOYKY BeCEHHEro paBHO-
aencreua. Mopmyan nepexosa uMeOT BHA

x=t—X,
y=1—Y, 1.21)
z=(—27,

rae X, Y, Z-—reouenrpuueckne roopaunatel Coamga.
[MpaMoyroAbtbe BKAMNTHYECKHE KOOPAWHATH NA8HETH CBA-
SaHH C DAEMEHTaMH €€ OpOHTH (HOpPMyAaMH

.



x=rcosucos @ —rsinusin € cosi,
y=rcosusin—+rsinucosLcos, (1. 22)
z=rsinusini,
riae u—=ou-t+o,
daementn opbutet 2, i/, ® 3aJaHBH OTHOCHTEAbBHO NAOC-
KOCTH BDKAMIITHKH.

BBesem Tenmepp SKAMNTHUECKHE NPOEKTHBHbIE KODPPU-
JHUEHTH, KOTOpHE ONPEeAEAAIOTCA POopMyAaMu

Px -_-_—coswcosQ—sinwsichosi,
P, =cosv sin & +sin®cos L cos,
P,—=sinosin’, 3
Q,=—sin® cos 2 —coswsin 2 cos 7, (€.23)
Q, = —sinwsin & + cos © cos Lcos 7,
Q.,=coswsini.

OTH BeAMUHHBI TEOMETDHYECKH ABAAIOTCA HAMPAaBASIO-
WuMH KkOCMHYCaMH ocelt S, u S, PACIOAOKEHHHX B NAO-
CKOCTH Op6HTHI, 1O OTHOWIERHIO K BKAUNTHIECKUM KoOpAH-
Hatanm ocam. Ocp § nanpaBaena B nepureauit op6uth,
a ocb N —B Touky v=—90° (v — ucTHuHAS aHOMAAH3).

[Moacrasaaa (1. 23) s (I. 22), moayaum

X = EPz""lQn
y=EtP,+1Q,, (1. 24)
z=tP,+1Q,,

rae
§=rcosv,

N=rsinv.
Hcnoabsys aas & u 1 Beipaxkenus
t=aleosE—e), (1. 25)
n=acos¢sin E,
rae E — sxcpedTpuueckas aHOMaAHA, MOAYUHM
x=aP,(cos E—e)+acos?Q,sin E,
y =aP,(cos E—e)+acos?Q, sin E, (1. 26)
z=aP,(cos E—e)+acos $Q,sin E,
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rae

cosp=y1—e*
[MoAryuennsie GpopMyAN yAOGHH NOTOMY, YTO AAIOT BO3MOM-
HOCTb BHIYHCAATbD X, Y, Z HENOCPEACTBEHHO MO BKCHEHTDH-
ueckof AHOMAAMH, MHHYS BHIYMCAGHHE HCTHHHOH aHOMaAmu
¥ pajuyca-BeKTOpa.

2. OxBaTopHaAbHAS TeAHOZEHTPHYECKAN CHCTeMA
xoopamEaT. PaccmoTpuM Temepp SKBATOPHAABHYIO TeAHO-
[EHTPHUECKYIO CUCTEMY KOODAMHAT X, §, Z, AAf 4ero mosep-
HeM KOODAHHATHYIO NAOCKOCTb XY BOKDYF OCH X Ha YroA e.
Toraa

X=x,
J=Ycose—zsing, (1.27)
Z=—ysins+ z cose,

uAH, moAcTaBaas cioga soipaxkenus (I.22), noayuum
Z=rcosucos®—rsinucosisin®,
g=rcosusinQcose—+rsinucosicosLcose —
—rsinusinisine, (1. 28)
Z=rcosusin 2sine+rsinu cosicos Lsine +
“+rsinusinicose.
Beeaem Ara yAo6cTBAa BHIUMCAGHUH BKBATOPHAAbHBIE TPO-

€KTHBHHE KODPPHIHEHTH, KOTOpbeé ONpejeAsioTca ¢op-
MYAAMH

P, =cos®cos @ —sin wsin 2 cos 7,

P, =(cos®sin 2 +sinwcos 2 cos ) cose —
—sinwsinisine,

P,=(cos®sin 2 + sin v cos 2 cos 7) sin ¢ +
+sinwsinicoseé,

Q,=—(sin®cos 2 + cos ® sin  cos i), (I.29)

Q,=(—sinwsin & +cos®cos L cos?) cose —
—coswsinisine,

Q,=(—sin®sin © + cos ® cos 2 cos 7) sine +
-+ cos o sin icose.
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OTH BEAMYHHH TeOMETPHUECKH ABAZIOTCA HANPABAAIO-
IgumMn  kocunycamu ocef S, u S,, PACHOAONEHHHX B NAO-
CKOCTH OpPOGUTH, IO OTHOLICHWIO K BKBATOPHAAbHOH CHCTeMe
koopaunat. Ocp § Hanpasarena B mepureau#t op6utH, a ochb
1—B Touxy v=90° IToacraBana (I.29) » (I.28), noryuum

x={P,+1Q,,
g=£tP,+1Q,, (1. 30)
2=EtP,+1Q,

rae
t=rcosv,

n=rsino.
Hcnoabsys araa § u 7 Bmpasmenus
=a(cosE—e
( . . (1.31)
N=acos ¢ sin E,

ROAYYHM
x=aP,(cos E—e) +acos ¢Q, sin E,
g=aP,(cos E—e)+acos9Q, sin E, (1. 32)
2 =aP,(cos E—e)+acos¢Q,sinE,
rae cosp=V1—e

Ecau cucreMa op6uTarbHBX dAemenToB ®, 2, [ oTHe-
CeHa He K IAOCKOCTH BKAMNTHKH, & K NMAOCKOCTH ®KBATOPA,
puipaxenus (I. 29) ynpomaoTcs u npunumaoT Buj

Pz == CO0S W COoSs € —sin ®sin Q cos i,
P,=cos®sin 2 +sin v cos 2 cos/,
P,—=sinosini,
) : . (L. 33)
Q.=—sinwcos 2 —cosvwsin 2cosi,
Q,=—sinosin  +coswcos 2 cos 7,
Q,=coswvsini,
Ocraavane ¢opmyan (1. 30)—(1.32) npu srom ocrarorca

6es usMeHEHHs.

3. lepexoa oT BKBATOPHAABHON TeAHOZeHTPEHUIECKON
CHCTeMBl KOODAMHAT K DKBATODHAABLHOH reogeHTpHYe-
cxoft cmcreme. Vitak, uMes oreMeHTH OpPOMTH IAAHETH,
OTHECEeHHHE K MAOCKOCTH ®KAHITHKH, MBI MO2i€M BHYHCAHTD
ee upnuoyro;\bnue SKBATOPHAADHBIE remogempuqecxne
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®oopaunatel mo Qopmyram (1. 28) uau (I. 30), uau, naxomen,
no ¢opmyaam (1. 32).

AHAKO AAsl TOro 9TO6GB CPABHHTb TEOpHIO C HabAlOZe-
HHAMM, HaM Heo6XOAMMO BHIYMCAMTb TEOUEHTpHUECKHEe Ce-
pHUECKHE KOODAHHATH MAAHETHl, & MMEHHO NpPAMOE BOCXO-
M ACHHE &, CKAOHEHHE O M TEOLEHTPUUYECKOE pACCTOSHHE P.
AAa nepexoza oT SKBATOPHAADHOH TreAMOLEHTpHUECKOH# CH-
CTEMB KOODAMHAT K DKBATODHAAbHOH reoUeHTpHuecKO# cu-
CTeMe BOCHOAb3yeMCs (OPMyAaMH INEpeHOCAa HAYAAZ KOOP-
AWHAT

X+ X=pcosdcosa,
g+ Y=pcosdsinga, (I. 39)
2+ Z=psin?,

rae aepes X, Y, Z 0603HaYEHH TreOLEHTPHYECKHE NPAMO-
yroAbHbie skBaTOpHaAbHbe koopaunatel Coanua. dtu koop-
AuHaTH MoxHOo Hafitu B AcTpoHoMuueckoM Exxeroauuxe
(nanpumep, B AcTtponomuueckom E:xxseroguuxke CCCP na

r. npaMoyroabHnie koopaunatol Coanpga npuseaesn
na crp. 22—37).

[Moacrasasa (1. 32) B (1. 34), noryaum
pcosdcosa=A,(cos E—e)+ B,sin £+ X,
pcosdsina= A, (cos E—e)+B,simnE+Y, (l.35)

psind=A,(cosE—e)+B,sin E+ Z,
rae
A,=aP,, A,=aP, A,=aP,,
Bz=aCOS :PQI’ By=ac°s(\° Qy’ Bg:—aCOS‘Pon
Us ypasnennit (I.35) onpeaersem @, 8 u p ara sazammoro
MoMmeHTa {, KOTOpHeé MOXKHO 34T€M CPaBHHTb C HaOAIJAEH-
HHIMH SHAYEHUAMH & u O,

4. llepexoa or SKBaTOpHAALHON TreAHOZEHTpPHIECKOMN
CHCTeMBl KOOPABHAT K BKBATOpHAAbHON GapmpemTpmue-
cxoit cmcreme. MHoraa moxer okasaTbcs noAesHbiM nepetitu
OT F€AHOIIGHTPHYECKOH CHCTEMBl KOOPAWHAT HE K TEOUEeHTpu-
yeckoif, a Kk Gapuygenrpuueckof cucreme, T. e. K Taxko#f cu-
cTeMe, B KOTOPO# 84 HAYAAO KOODAHHAT NMPHUHAT LUEHTP MHED-
pun cucremnt 3emas—Ayuna. Mopmyan nepexosa umeior sua

X -+ X* =p* cos 8* cos a*,
y 4 Y* = p* cOSs o* sin a*, (I. 36)
Z 4 2% — p* sin 8%,
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rae X*, Y*, Z* — 6apupgentpuueckue koopaunatn Coanga.
AAa Toro uTob6n BHYHCANTD 6apHIEHTPHIECKHE KOODAMHATH
CoaHpa mo HBBECTHHIM IeOUEHTPHYECKHM KOOpAHHATAM, MO-
AyuennniM us Acrponomuueckoro E:xeroanuka, Heo6xoaumo
BOCIMOADSOBATLCS CAEAYIOIIUMH (POPMYAAMMH:

X*=X—dX,
Y*=Y—dY, (I.37)
Z*=7—dZ,

rae
dX = B cosec %, cos §, cos a;,

dY =B cosec , cos 3, sin a;,

dZ = B cosec %, sin 3;, (1.37%)
B= i-_t—p sin 880

Yepes 1+ B Buipaxkemnd JAAs B 0603HaueHo orTHOmeEHuE
macc Ayan n 3emau, pasuoe p=1:81.53. Uepes a,, 3,
u =, 0603HaUEHH COOTBETCTBEHHO NPAMOE BOCXO:AEHHE,
ckAoHEHHME H maparraxc AyHb.

JAf cpaBHeHMA BBIUHCACHHHX 6GapHIEHTPHYECKHX KOOp-
AHHAT cBeTHAa p*, a¥, 3* ¢ Ha6AI0AEHHBIMH TEOIEeHTPUUECKHUMH
KOOpAMHATAMH P, @, & Heo6x0aUMO mepeBecTH OGapupeHTpHU-
gyecKHe SKBATOPHAADHBIE KOODAHHATH B TeEOUEHTPHUECKHE
SKBATOPHAAbHBIE KOOPAMHATH MO (POpPMyAaM

o =a* 4 da,
3 =3 +df, (1. 38)
p=p*+dp,

rae da, dé u dp onpegerswoTca gopMmyAramu

p* cos 0% sin 1"da = —sin a*d X + cos a*dY,
0* sin 1”dd = —sin 8* cos a*d X —
—sin 3* sin a*dY +cos3*dZ, (l. 38%)
dp = cos 3* cos a*d X+ cos * sin a*d Y +
—+ sin 8%dZ.

Bxoasmue B Qopmyam (I.38%) seamunnm dX, dY, dZ
BagHcAniorea no gopmyaam (L. 37%).
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OrmetuM, uto Gapuyentpuueckue koopaunats Coanga
X*, Y* 7% mensorca 60Aee DAGBHO C TEUCHHEM BpPEMEHH,
ueM reouenTpuueckue koopausatel X, Y, Z, noryueHHme
u3 Actponomuueckoro Exeroguuxa. 1o o6bacuserca TeM
O4YeBHAHBIM (PAKTOM, 9TO BEHTP 3eMAM CPaBHUTEABHO GHICTpO
ABHETCH OKOAO UeHTpa uHepuun 3emas—Ayna u notomy
reAHOLeHTpHUecKas op6uTa 3eMAH € yu4eTOM AYHHBIX H MAa-
HETHHX BOSMyLIeHMH WMeeT 3HAUMTEAbHO Goree CAOKHBIM
XapaKTep, 4eM DAAUWNTHYECKas Opb6UTA [IEHTpa MHEpUHU CH-
creMn 3emas—AyHa, AAa KOTOpoH yYHTHBAOTCA yiKe
TOAbKO He6OAblIME NMAAHETHbIE BOBMYIIEHHA.

5. OxAEnTHuUeCKHMe H OKBATOPHAABHBIC BACMEHTbI
op6uThl. [loro:kenue op6ur 6oAbIIMX NMAAHET ONMpeAeAseTcs
B oKAHNTHYecko# cucreme koopaunaT. Op6uTH CnyTHHKOB
6oAbmux mAaHeT (B YACTHOCTH, HMCKYCCTBEHHBHIX CIyTHHKOB
3emau) oTHOCAT O6BIUHO K BKBATOPMAABHOH CHCTEMe KOOD-
AMHAT, MpHUEM 38 OCHOBHYIO NMAOCKOCTb NPHHHMAETCA DKBa-
TOp CoOTBeTCTBYIOIEH MAAHETH.

PaccmoTpum, xakuM o6pasoM MOHO OT 3KBATOPHAABHBIX
aAeMenTOB op6uth 2, I, ® mepe#iTH K BKAUNTHUECKHM BAE-
mentaM 2, 7, ® u obpatHo. OcTarbHbie dAEMEHTH, ompeje-
AsiolgMe Op6UTY NAaHeTH HMAM cnyTHuka (@ M e), a Takxke
MOAO2KeHHE CBETHAA Ha Op6UTE OTHOCHTEABHO AHHHMH alNCHJ,
OYEeBHAHO, HE 3aBHCAT OT BHI6Opa CHCTEMBI KOODAWHAT.

[MocTpoum cgepuuecku#t TpeyroAbHuk, oGpasoBaHHbIH
SKBATODOM 3eMAM, BKAMNTHKOE W opbuTo#f cBeTura. Yram
aToro Tpeyroabhuka paBam I, 180°—7 u ¢, a cropomH,
NPOTHBOMOAOKHBE yLAGM, DaBHH COOTBETCTBEHHO 2, Q
®— o (puc. S).

[Tpumenss ocHoBHBIE (opMyAH cdepuueckolf TpHUroHO-
METPHH, MOAYUHM

sin / sin @ =sin{sin &,
. - KA T
sin / cos @ = —cos{ sin & +sini cos& cos 2,
cosi=cosicose—+sinisinecos 2, (1. 39)
sin # sin (® — ©) =sine sin &,
sin i cos (® — w) =sin{cose — cosisinecos 2.
9T QOpMyAB ZAIOT BOSMOXHOCTb ONpeAeAuTd I, @ u o,
Ars 06paTHOro mepexosa OT BKAMITHIECKHX BAEMEHTOB

OpGHTH K BKBATODHAADHHM HMeeM CcAezyloigue (OpPMYAH,
KOTOpHE MOAYdYaloTCs M3 TOrO K€ TPeyroAbHMKA:
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sin{sin 8 =sin i sin 2,
sinf cos @ = cos i sine 4 sini cose cos 2,
cosi=cosicose —sinisinecos 2, § (I.40)
sin { sin (® — ) =sinesin Q,
sin f cos (® — ®) =sini cos &+ cos i sine cos 2.

Mo srum dopmyaram Haxozum I, & u .

6. Nlepexos or sxAENTHYECKOH reAHOEeHTpHUYECKOR
CHCTeMBI KOOPJAHHAT K DRAHNTHYCCKOH reogeHTpHuecKol
cucreme. Ecau Boiuncaenus
BEAYTCA B dKAHUNTHYECKOH
CHCTEME KOODAMHAT, TO AAA
CpaBHEHHs TEODHH C HabAlo-
AeHusMu HaM HeoOxoasumo
BHYUCAHTb  TeOleHTpuUe-
CKHE DKAHNTHYECKHE ChepH-
4ecKHe KOOpDAHHATH MAaHe-
™ [y B» A,

Ara nepexoza or 8k-
AHIITHYECKOHR TEAHOLEHTPH-
yeckolf cucreMbl KOOPAWHAT
K BKAMNTHUECKOH TeoUen- p,. g DxBaTOpHaAbHME M BKAHN-
TPUYECKOH CHCTEME CAYMAT  ruyeckme BAGMEHTH OpPGUTH Hebec-
PopMyAHB NMEepeHoca HadaA& HOro Teaa (npoekyns Ha HeGecHyto
KOODAHHAT, A4HAAOTHUYHBIE cdepy).
popmyan (1. 34)

x4+ RcosBcosL=pcosBcos?,
y-+ RcosBsin L=npcosBsin}, (1.41)
z—+ Rsin B=psinB,
rae A u B— goarora u mupora naaHetH, a R, L u B—
paaunyc-extop, Aorrora u mupora Coanga. Yuursisas ¢op-
myan (1. 20), Moxno nepemucats Qopmyan (I.41) B Goree
npocro#t gopme

x4+ R cosL=pcosBcos}h,
y—+ Rsin L=pcosBsin}, (1. 42)
z=psinf.

Tax kak u3 Ha6Al0zeHHHE MBI MOAydYaeM BCerja TOABKO
9KBATOpHaAbHHE C(pepHUECKHE KOOpAMHATH & H &, To npu
MBY4eHHH ABH:KEHHUSA IAaHETH B BKAMNTHYECKUX KOOpAMHA-
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Tax HE06X04MMO BCe HaGAIOAEHHBIE KOODAMHATH & M O mepe-
BuucAuTh B B u A, JAAs 8TOrO CAy:aT M3BECTHHE POPMYAH
cdepudeckoll TPHrOHOMETpPUH

cosBcos h=cosdcosa,
cos BsinA =cosdsina cose+sindsine, (1. 43)
sin 3 :==—cosdsinasine+sindcos .

Uepes & o6o3HaueH, kak BCErja, HAKAOH BKBATOpPA K BK-
aunTuke, HabrioZeHHbBE KOODAMHATH NMAAHETH B M A, MOAy-
uenasie no Qopmyaam (. 43), cpasHUBAIOTCA C BHUMCACHHHIMH
KOOP AUHATAMH SHa Te e MOMEHTH BDEMEHH), MOAyYEeHHHMH
no ¢opmyaam (1. 42).

§ 4. Bansene npegeccEH Ha KOOPAWHATHI
H DACMEHTH OpOHETHI

1. Mipeo6pasoBande NPEMOYrOALHHLIX KOOPAHHAT OT
oauolt smoxm K Apyro#. Jo cux mop MH mNpeANOAaraAw,
9TO MAOCKOCTH SKBATOPA M DKAHMNTHKH OTHECEHHW K ompeje-
AenHo#t HauaabHo# anoxe 1, =1950.0 u noToMy He MeHsalOTCA
¢ Teuenuem Bpemenu. Ognako B mpaktuuecko# paboTe He-
6eCHOro MexaHWKa OUeHb YaCTO BO3HHKAEeT HE06X0AMMOCTb
nepexoia oT oAHo#t amoxu k apyro#f. Mm paccmorpum ator
BONPOC AAA CAydasi DKBATOPHAAbHOH CHCTEMB KOOpAMHAT.

ITyers x4 Yoy 2, — NpAMOYroabHHE KOOPAMHATH NMAGHETH,
oTHeceHunle Kk smoxe /, & X, Y, Z—Te e KOOPAUHATH,
oTHeceHHHe K snoxe f. JAa mepexosa ot smoxu I, k smoxe ¢
ynoTpe6AsAIOTCA CAezyoliHe (POPMYAB:

x=xX,+y,Y,+z, 2.,
y=xX,+y,Y,+ 2,2, (1. 44)
z=xX,+y, Y.+ 2,7,

rae X,, Y,, ...— kocunycH yriaos, o6pasoBaHHBIE OCAMH
X, Yy Z C OCAMH Xy, Yo Zoe

Ypasuenus (I. 44) npurosusl kaxk AAs reAHOLEHTPHUYECKHX,
TAK M AAA TeOLEeHTPHUECKHX NPAMOYTOAbHHIX KOODJAMHAT.
Onu NPUrOAHBI TaKXKe AAA NPOEKTHBHHX KOIPPUEHEHTOB
va Pyv Pn Qx: Qw Qz-

Afi pelleHus obpaTHo# 3ajauM CAy:kKaT (POPMYAH

xo=xX,—yY,—2Z,
Yyo=—xX,+yY,+ 22, (1. 45)
z,=—xX,+yY,+ 227,
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[NepeBoannie koadpdupuentni X, ... MOryT GHTb BHUHCAEHN
no ¢opmyaam
X, = 1.00000000 — 0.0002 9696 7> —
—0.0000 0014 T3,
Y,=—X,=—0.0223 4941 T— 0.0000 0676 T+
~+0.0000 0221 T3,
Z, = —X,=—0.0097 1691 T -+ 0.0000 0206 T +
~+ 0.0000 0098 T3, y (1. 46)
Y, = 1.0000 0000 — 0.0002 4975 T2—
— 0.0000 0015 73,
Y,=Z,=—0.0001 0858 T2,
Z =1.0000 0000 — 0. 00004721 T+
-+ 0.0000 0002 T3,

rae T— BpeMsi B TPONHYECKHX CTOAETHAX, CUHTAEMOE€ OT
1950.0.
2. TlpeoGpasosamme aAeMeHTOB OT OAHOK BHOXH
K apyrofi. Ilpeo6pasoBanne aaementoB £, fy, ¥, AAs BMOXH
T,=1950.0 k¥ npoussorbHOH 8nOXe ¢ BHMOAHSETCH MO Qop-
MyAaM
Q=Q +a— bsm(Q —+c)ctg i,
1—10+bcos( 0+c), (1. 47)
® = o, + b sin (2, + ¢’) cosec 7

U Aaa obGpaTHoro nepexoja mo (popMyaam

2,=2—a+bsin(2-+c)ctg/,
fgy=7i—bcos(2+c), (1. 48)
w, =0 — b sin (2 +c) cosec i.

Beausunm a, b, ¢, ¢’=c-+a ars pasauumbx snoX
moxHo Halitu B Acrtponomuueckom Exeroanuxe. Ecam, ma-
npumep, 1,=1950.0 u #=1964.0, To (AcrponoMuueckuit
Exerogunx CCCP na 1964 roga, ctp. 5)

a = 0219549,
b — 0°001831, o
¢=5%31, (1.49)

¢ =c+a=5°626.
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Ecau orementn opbutm ), i, ©, OTHECEHH K SKAMI-
tuke snoxu 1, = 1950.0, To nonpaska 3a npegeccuio J0rxHa
GLITb BHIUMCAEHA N0 CAEAYIOIUUM (QOpMyAaM, B KOTOPHIX
t — T, BbipaxkeHO B TPONMMYECKHX rojax,

Q=2 +[p—mectgi,sin(r—L,)(t— T),
i=1i,—mcos(ll —2,)(t —T), (1.50)
® = o, - = cosec I, sin (Il — 2, ) (¢ — T).

B atux ¢opmyrax uepes p oGosHauena o6ias nmpeyeccus
0 AOATOTE 34 roj, T-— yrAOBas CKOPOCTb BpAllleHHs BKAHII-
kY, 1l — j0ArOTAa MrHOBeHHOH OCHM BpaleHHMs DKAMITHKH.
Beauunuant p, ® u Il JoA:KHN 6HTD B3ATH AAT MOMEHTa

Tyt

t,= 0;- us Actponomuueckoro Emxerosuuka CCCP na
cooTBeTcTByIoOIH# roa, Hanpumep, B AcTpoHomudeckom E:xe-
roznuke Ha 1964 r., cTp. 5, Haxoazum

p= 502706,
n= 04706, (1. 51)
I1 — 174°535.

Ypapnenus (I.50) pewaiorcs MeTOAOM mHOCA€A0BATEABHBIX
npubaukenuti. B nepsom mpubaukenun moraraem L,=2,
H i,=I,

3. HpeoGpasoranue SKBATOPHAABHBIX C(epHISCKHX
KOOpAUHAT OT OAHON BHOXH K Apyroi. Aars npeo6paso-
BAHWA BKBATOPHAABHHX CPEPHUECKHX KOODAUHAT &, W Oy, OT-
Hecennnix k smoxe 1,=1950.0, k mpousBoAbHOl# smnoxe #
He06X0AMMO NpPHMEHHTb CAeAyIOoHE (GOPMYAH:

a=a,+M-+ Nsina,tg?d
’ (1.52)
d =38,+ Ncosa,,

M AAa o6paTHOrO mepexosa ot 3noxu f k anoxe 1, GopmyAn

a,=0a —M— Nsina,,tg3,,

3= 8 — N cos &, (1. 53)
rae
x, = —;- (@ +ay),
1
3 =75 (B+3y),

a seauunnst M u N zaiorca Aaa pasamunbix snox B Acrtpo-
HomuueckoM Esxeroguuxe. Ars caywas 7,=1950.0 u ¢t=
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=1964.0 umeem, B uacraoctu (cM. Acrtponomuueckuli E:xe-

roaauk CCCP na 1964 r., ctp. ),
M= 0743:028,
N°*= 18706, (I. 54)
N"=280"59.

Vpapnenna (I1.52) u (.53) pemaiorca nocaezoBaTeAbHHMH
NpUOAHKEHUSAMH, NPHYEM B NEPBOM NMPHOAH:KEHMH MBI NMOAA-
raem @,=2a, u 9, =32,

§ 5. AynogenTpHueckHe KOOpAHRATHI

Ilpu usyuenuu sBuxenus cnyTauxoB AyHH y406H0 BBECTH
AYHOLEHTPHUECKYI0 IHPAMOYFOABHYIO CHCTEMYy KOOPAMHAT

TN’ MOYKa nepeceyeHun
nYHHO20 IKBamopa
¢ aknunmuxod

Puc. 6. AynogenTpuueckne sxpaTopm-
aAbHLE KOODAMHATH.

x, Yy, z (puc. 6), B KoTOpOH 38 OCHOBHYIO NMAOCKOCTb XY
NpHHATA NAOCKOCTb AYHHOTO B®KBATOpA, OCb X HAampaBAeHa
B HyAeBOoH MepHAMaH, OT KOTOPOTO BEAETCA CUET JAOATOT,
a ocb 2z HampaBAeHa no ocu Bpamenus Aynn. Ilycrs cu-
CTeMA XOOpAMHAT X, Y, Z OTHeceHa k smoxe I,=1960.0.
Toraa mepexoa or snoxu T, x nmpoussoAbHo#f snoxe # mpo-
HCXOAUT IO (opMyAraM

§=xcosN(t—T)+ysinN(t—T),
n=—xsinN(t—T)+ycosN{t—T,), (I.55)

(=2,
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rae § 7, {— npaMoOyroAbHbe KOOpPAMHATH B TOH e CHUCTEMe,
HO OTHECEHHBHE K NpousBOAbHOH »snoxe #, a /N— cpeaunss
yraosas ckopocTb Bpaigerus AyHn Boxpyr csoe#f ocu

2
N=zr 3;16609 ' (1. 56)

[pu usyuenuu ABHreHMS CHYTHUKOB AYHH HaM MOTYT
NoHaz06HTbCA NpAMOyTroAbHHE koopaunaTei 3emau u Coanpa,
OTHECEeHHHE K AYHOUEHTPHUeCko# skBaTOpHaAbHOH (3KBaTOp
Aynn) cucreme xoopauHAT X, Y, Z. JAA BHUHCAEHHS BTHX
KoOpAMHAT BosbMeM u3 AcTpoHomHueckoro Ekerosnuka
CCCP npamoyroavune koopaunaret Ayam u Coanpa Ha
snoxy I, OTHeCeHHble K reOLeHTpHUeCKOH BKBATOpPHaAbHOH
(sxBaTop 3emau) cucreme roopzuuatr X, Y, Z.

O6o3nauum reoygenTpuueckne koopauHaTel AyHm

Xy Yo Z,
Xy Yo Z,e

u Coanga

Toraza mapaiAreAbHBf MEpeHOC HAYAAA KOODAUHAT B [JEHTP
YHH Ja€T AYHOLUEHTPUUECKHE KOOPAWHATH 3eMAu

Xl = _Xo,
Y, =—7Y, (1.57)
Zl - _Zo
H AYHOUCHTPHYECKHE KOOPAVHATH CO)\HQ&
X2 = X(’) - Xo,
Y,=Y —Y, (1. 58)
Zz= Z‘; - Zo-

Tenepb AAfl epexoja K CHCTEM€ KOOpAMHAT X, Y, Z He-
o6xoanmo caeaatn NOBOPOT CHCTEMH MO (opMyAam

x; =X, cos (X,x)+ Y, cos(Y,x)+ Z; cos(Z,x),
yi=X,cos (X,y)+ Y, cos(Y,y) + Z;cos(Z,y), (I.59)
z;= X, cos(X,z) + Y;cos(Y,z) + Z,cos (Z,2).

AAs BHUMCAeHHS HANPABAAIGHX KOCHHYCOB PACCMOTPHM
puc. 7, HA KOTOpOM BBeAEHH CAeAyiomue o6osHaueHus: [ —
HAKAOH CPEJHEr0 AYHHOTO 9KBATOpA K CPEeAHEMY 3EMHOMY
sxBaTopy; A=N'N— yraosoe paccTosHHEe OT BOCXOAAILEro
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y3Aa CpeAHEro AYHHOTO ®KBATODA HA CPEAHEM DKBATOpe JeMAM
A0 BOCXOASILEro y3Aa CPEAHErO AYHHOr'O 9KBATODA HA BKAHMI-
tuke; ' =7’ — yraosoe paccTosiHHE OT TOUKH BECEHHEro
PaBHOAEHCTBHs O BOCXOASILETO Y3A4 CPeJHETO0 AYHHOTO 9KBa-
TOpa Ha CPeAHEM BKBATOpPEe JEMAH, CUHTAEMOE N0 NOCAES-
HeMy; Q =17/ +-180° — cpegnsas soaroTa Bocxoasigero ysaa
AynHo#t opbuthi; € — cpeansas Jgoarora Aymm; ¢ =N'x —
yroA MexAy BOCXOZAAIIUM y

Y3AOM CpeAHEro AYHHOrO
9KBATOpA HA CPEJHEM BKBa-
Tope 3eMAH H OCbIO X, OT-
cuuTHBaeMoif B MOAOXKH-
TEADHOM HANPABAEHHH OT
Bocxoaamwero ysaa. [lpu
9TOM, COTA4CHO 3aKOHAM
Kaccunu,

o= —C+4. (L 60)

NMpameuwanne., Dpan-
pysckuii actponom . Kaccunn
B 1693 r. ony6aukoBar caeayio-
mue TPH 3akoHa BpaygeHus Ay-

HBL. Puc. 7. Bsaummoe pacnoromenne
1. Jdoarora Bocxoammero OC€H X, y, z H oCeH 4, Y, Z (npo-
y3Aa AYHHOro SKBaTopa Ha SK- exuus Ha neGecuyio coepy).

AMNTHKE paBHAa YBEAHUEHHOH Ha
180° soaroTe BoCxoasero ysaa
AYHHOif OPGHTHl HMAH, APYTHMM CAOB&MH, BOCXOZSIUHI y3eA AYHHOTO
SKBATOPA HA SKAMNTHKE COBNAJAET C HHCXOAAIIHM Y3AOM AYHHORH
op6uth Ha skauntuke (puc. 7).

2. Hakron aynnoro skBaropa k BKAMNTHKE MOCTOSHEH.

3. Ayna BpamaeTcs OKOAO CBoell OCH C PaBHOMEPHOlN CKOPOCTHIO
M B TOM )Xe HanpaBAeHHH, B KaKOM OHA ABHkKeTCA Bokpyr Semau. Yr-
AOBAS CKOPOCTb BpallleHMs paBHa, TAaKHM o6pa3oM, CpeiHeMy CHAepH-
ueckomy Apmkenuio Aynp no op6ure. OTkAoHeHMA BO BpailaTeAbHOM
asuxennu Aynn or 3akonoB Kaccunu nasmpalorcs ¢msuueckoit aun6-
payneii,

Ars snoxu 1960.0 umeem crezyiomue UHCACHHBE 3HAUE-
HUS DAEMEHTOB AYHHOH OpPGHTHI:

i= 24°979,
Q' = —0°082,
A= —1%218, (. 61)
€ = 309°125,
0 — 1785707,
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otky4a no gopmyae (l. 60) naxozum
¢ == 129°200.
B Actponomuueckom Exerogunxke CCCP A u ' ortue-
CeHH K HCTHEHOMY ®KBATODY 3eMAH, HO pasAHUHE MekAY

MCTHHHHM W CPEAHHM DKBATODOM MAAO M HM MOXKHO HpeHe-
6peun. s puc. 7 naxozum

cos(X, x)=cos ¢ cos ' — sin ¢ sin &' cos i,
cos (X, y)=—sin ¢ cos ' — cos ¢ sin & cos/,
cos (X, z)=sin &'sin i,

cos(Y, x)=cos ¢ sin & +sin ¢ cos ' cos ,
cos(Y, y)=—sin ¢ sin &'+ cos ¢ cos ' cos i, ¢ (1. 62)
cos(Y, z)=—cosQ'sin/,
cos{Z, x)=sinpsini,
cos(Z, y)=cos¢sini,
cos(Z, z)=-cosli.

IMoacraBass uucaennnie suavenusn (I.61), moayuum
cos (X, x)=-—0.6310233,
cos (X, y)=—0.77576317,
cos (X, z)=—0.0006044,
cos(Y, x)=-+0.7033621,
cos(Y, y)=—0.5718013, { (1. 63)
cos (Y, z)=—0.4222856,
cos(Z, x)=-0.3272482,
cos (Z, y)=—0.2668971,
cos(Z, z)=-0.9064626,

u gopmyan (I. 59) npunumaior caesyomu#t Buj:

x;=—0.6310233 X; + 0.7033621 Y, + 0.3272482 Z,,
y;=—0.7757637 X, — 0.5718013 Y, — 0.2668971 Z;, (I.64)
z,=—0.0006044 X, — 0.4222856 Y, + 0.9064626 Z,.

Mu moayuuau xoopaunarst 3emau u Coanpa, oTHecenHNE
K AYHO[IEHTDHUECKUM DKBaTOpHaAbHHM (sxBaTop AyHH) ko=
OpAHHATAaM.
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EcAu Mb xoTuM yuecTp He TOAbKO onTHYecKyio Aubpa-
puio Aynm (koTopas zaercs sakonamu Kaccuam), HO u ¢u-
suueckyio aubpaguio Aynmi, neo6xosumo B (I. 62) Bruncautp
sin® U cosP MO caezyoiguM GopMyAam:

sing cosb = —cos! [sin(a — 2') cosd cosi -+ sind sin 7]+
~+sinlcos(a — ') cos?, (1. 65)
cospcosb = —sinl [sin(a — ')cosdcosi -+ sindsini] — '

—coslcos(a — 2)cos?,

rae @, 8 —mpsaMoe BocxoxAeHHe M CKAoHenue Aynm, a [ u
b — Au6pagua nmo zoAroTe W WHpOTE, T. €. CEAEHOrpaduue-
CKasf JOATOTAa M CeAeHOrpaduueckas WMPCTa HEHTPa JUCKa
Aynn, Bugumoro us uenrpa 3eman. Hanomuum, uto ceaeno-
rpaguyecKkas ZOATOTA OTCUHTHIBAETCS NO AYHHOMY ®KBaTOpYy
H CUHTAETCA MOAOKHTEAbHOH Kk 3amajy, T. e. B HampaBAe-
nuu k Mopio Kpusucos, a ceaenorpaguueckas mupora cuu-
TAETCA NMOAOKHTEAbHOH# K CeBEpy OT AYHHOTO ®KBaTOpa, T. €.
B HanpaBaeHuu k Mopio flcmocrtu.

ddemepusa sra odusuueckux Habaogenuit Aynn ny6au-
kyerca B Acrponomuueckom Exxerognuxe CCCP. Dra age-
Mepuaa coazep:xkuT Beauunnnl | u b Ha xaxgmi# jedb roza
¢ Tounoctbio 40 0°01, 9TO COOTBETCTBYET NPUOAMBUTEABHO
300 m na Aynmo#t mosepxmoctu. Tak, Hampumep, B AcTpoHo-
muueckom Ezkeroauukxe Ha 1964 r., cTp. 524, naxoaum Ha
1 ansapa 0" BcemupHOro Bpemenu

=517,
b=—2028.

(Musuueckan Aubpagua !” u b” ouenp Mara w Ara yka-
3aHHOH JATH UMEET YUCAGHHOE 3HAUEHHE

I"=-+-0°01,
b"=—0703,

MO3TOMY ONITHUECKaA AWGpauus paBHa

I'=1—1"=-+5°16,
o' =b—b"=—2°25.

Taxum o06pasoM, ecAu MH mnpene6peraem ¢usaudeckol
AuGpagueti, To yroa ¢ Moxer GHTb BHYHMCAEH MAH MO Qop-
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myre Kaccunu (I.60) uau no ¢opmyae (I.65), B xoropoit
mbt moraraem [=10' u b=,

Mpumep. Buuncauto yror ¢ ma gary 7 smpapa 1960 r. Hs
Eseroanuxa ECCP na 1960 roa naxosam (crp. 39)

€ = 23%634,
Q =178%408,
A = —12500,

oTkyaa mo gopmyae (I. 60)
o= C ~ Q-4 =203°726.

C apyroii cropourt, na 1y ®e sary (crp. 57, 39, 512)

a=1h52m455964,
3 = +8945'5703;
i = 249979,
Q' = —0°101;

I’ =5%60 — 0500 = +5%60,
b’ =3%48 — 0204 = +-3°44.

TMoacraBasna B popmyary (I.65), naxozum
% = 203°726.

@opmyan U TaGAHGH AAf BHIYMCAEHHS ONTHUECKOH M (PusHuecKoi
an6pagnH Ayl MoxHO HajiThm B o6bacHenMH x AcTpoHOMHYeCKOMY
Emeroannxy CCCP (cm., nanpumep, Actponomuuecknii Exeroamnk

CCCP na 1964 r., crp. 633—635).



IF'arasa I
TEOPHA ABHAKEHHA BOABIIHX IIAAHET

§-1. Merosg Aanaaca—Hrioxoma

1. OcroBras 3azava Bebecnolk mexanmrn. OcHoBHaA 3a-
Jaua HebecHOH MexaHWKM MoxeT OHTH cPopMyAnpoBaHa
caedylomuM 06pasoM: MCCAEJOBATD JABH:KEHHE AECATH Ma-
TepHaAbHBIX TOuek, npeictaBasiomux Coange, Mepkypuf,
Benepy, 3emao, Mape, HOnurep, Carypn, Ypan, Henryu u
[IayToH, npeanoaaras, 9T0 ABH:iEHHE MPOHUCXOAHT B MyCTOTE
noj Ae#iCTBHEM TOABKO CHA B3aHMHBIX MpUTs:KEHuH, ompese-
AfiEMBIX 3AKOHOM BCeMUDHOro Tarorenus Hbpiortona.

3a wuHepUHAAbHYI0 CHCTEMY KOODAWHAT, OTHOCHTEABHO
KOTOpO# pacCMaTpHBAETCA ABUKEHHE TEA COAHEUHOH CHCTEMH,
IIPHMMEM CAEAYIOIIYI0 CHCTEMY: HA44A0 KOODAMHAT HAXOAMTCA
B [IGHTpE MHEpLUH COAHEUHOH CHCTEMBI; OCHOBHAS MAOCKOCTD
xy — MrHoBeHHas op6uta Semau (skAunTHka) onpeseAcHHOH
amoxu (manpumep, HopmaabHoH smoxu 1950.0); ocp x Ha-
nNpaBA€HA B TOYKY BECEHHEr0 pAaBHOACHCTBHS AAA TOH ke
3MOXM; OCb Z— K CEBEPHOMY IMOAIOCY BKAMITHKH H OCb Y
ofpasyer NmpaByi0 CHCTEMY C OCAMH X ¥ Z.

Tak k4K MB C CAMOTO HA9aAa YCAOBMAMCD pPACCMATDH-
BATb COAHEUHYIO CHCTEeMy KaK M3OAMPOBAHHYIO CHCTEMYy Ma-
TEPUAABHHIX TOYEK, HA KOTOPYI0 He JeHCTBYIOT HHKaKue
BHEIIHHE CHAbl, TO OTCIOA4 CA€AYeT, UTO [EeHTDP WHepUuH
CHCTEeMH ABH:KETCA NpPAMOAMHEHHO M pPaBHOMEDHO OTHOCH-
TEAbHO HeKOTOpOoH a6coAloTHOH HenmoABUKHOH CHCTEMHI nps-
MOYTOAbHBX A€KAPTOBBIX KOODAMHAT.

(Dukcagus B mpocTpaHcTBE MHepIHMAaAbHOH acTpoHOMHUe-
ckoff CHCTEMH KOODAMHAT COCTABASET BAXKHYIO 3a4ayy He-
6ecHoff MexaHHKH, 8CTPOMETpHHM M 3BE€3JHOH aCTPOHOMHH.

B nacrosmee BpeMs xopollo HW3BECTHO, YTO IIEHTp MHEp-
puu coameuuoi cuctemmt (Coanpe) omuchiBaer npubAuaK-
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TEABHO KpYTOBYI0 Op6UTY BOKpyr uenTpa [ arakTuxu wu,
TakuM 06pasoM, ero ZABH:ieHHE He MOXKET DacCMaTpHBaTbCA
Kak mpaMoAuHe#fHoe u pasHomeproe. Oanako mepuos o6pa-
LIeHus [IeHTpa MHEpPUUH COAHedYHOH CHCTEMH BOKPYT raiak-
TUYECKOTO [eHTpa paBeH

P=185.9.10°% aer,
OTKyAa CpPeJHEe YTAOBOE MepeMelleHde 3a 04 COCTaBASET

n=07006972.

IlosToMy yckopenuwe mo paauycy-BEKTOpPY, BHI3HIBaeMoe
Bpamgenuem ['araxkTuku, paBHO

W= Rn*=2.8-107% m/cex.?,

rae R=16.5-10® a. e.— paguyc raraxtuueckoif op6uTH
Coanga. Takum o06pasoM, AOMOAHHTEABHOE YCKODEHHE, BHI-
sniBaemoe BpaigeHueM [arakTHkH, HaCTOADKO HMUYTOKHO, UTO
MOKEeT He NPMHHMATHCA BO BHMMAaHWE MpPH PELIEHHH OCHOB-
HOo# 3aZauu HeGecHOH MexaHUWKH.

HUrak, cucrema KoOpAMHAT, NOMEILEHHAsA B [EHTP MHEp-
IIUM COAHEUHOH CHCTEMBI, C OCAMH, (PHKCHPOBAHHBIMH AAA
NPHHATOH SMOXH, MOXKET C MOAHBIM MPABOM PACCMATPUBATHCA
K4K WHEpLUHMAAbHAS CHCTEMa KOODAMHAT.

B sTo#t cucTeme KoopAMHAT AeHCTBYIOIIMMH CHAAMH AB-
ASIOTCH TOABKO CHMABl B3aHMHOTO TArOTEHHA. Ilpu mepexose
K A060#t zpyro#t cucteme xoopauHat (cM. raasy ) B aug-
(epEeHIIHAADHBIX yPABHEHHUAX ABHMKEHHMA MOABAAIOTCA AOMOA-
HUTEAbHBIE YAEHH, CBA3AHHBIE C HEHHEPUHAABHBIM XaPaKTEPOM
9THX CHCTEM.

Tak kax Touka BECEHHEro PABHOAEHCTBHA ONpEAEAAETCS
nepeceuenneM Ha HebecHO#f cepe NMAOCKOCTH 3EMHOTO BKBA-
TOpA M NAOCKOCTH 3eMHOH Op6uTHl M Tak Kak 3a €AHHMY
BpEMEHH MBI NDHHHMAaeM MepHOoj BpalleHHs 3eMAW BOKpYT
cBoe#f OoCH, TO AAf MeEpexoia OT OAHMX CHCTEM KOOPAWHAT
K APyrMM ¥ OT OfHO# smoxu x JApyro#f TpebyeTca 3HATD
co Bce#f BOBMOXKHO#f TOYHOCTDHIO IIOCTYNMAaTEAbHOE H Bpalla-
TEeAbHOE ABHXKEHHE 3€MAM B NMPOCTPAHCTBE OTHOCHTEABHO
HHEpUHAAbHOH CHCTEMBl KOOpAMHAT.

KOHYATEAbHAA (HKCAUA KOOPAWHATHOH CHCTEMH B MpO-
CTPAaHCTBE BOSMOXHA TOADKO 10 OTHOIIEHHIO K 3BE34aM HAH
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YAGAEHHBIM 3BE3AHBIM CHCTeMaM (BHEraAaKTHYECKMM TyMaH-
HOCTAM), IOBTOMY IMOAHO€ pelleHHe 3aja49¥ O MNpPOCTpaH-
CTBEHHO-BPEMEHHOH CHCTEME OTCYeTa, KOTOPAA AEMKHT B
OCHOBE WH3yYeHHA BCex BooOIle (QUINUECKHX MNPOUECCOB,
BLIXOZHUT 3a HOpejeAn HeGeCHOH MeXaHWKH M SABAfETCHA,
Kak yxke Oba0 ckasaHO BHIe, KOMIAeKkcHO# 3ajaueit
HeGecHOMt MexaHWKM, 3Be3jHOM aCTPOHOMHH H AacTpo-
METpHH.

2. YpapHeHHS ABHKEGHNS B QHEAHHAPHYECKHX KOOpPJAH-
maTax. [Ipu usyueHuu zBu:keHus GOADWIKUX NAaHET yA06HO
B KAayecTBe OCHOBHOH# CHCTEMBl KOODAMHAT NPHHATb T'EAHO-
LHEHTPHYECKYI0 CHCTEMY KOOpAMHAT. B reauopentpuueckoi
CHCTEME KOOPAMHAT OCHOBHas 3ajadya HeGecHoff MexaHukn
HECKOAbKO YNpPOLIAeTCs, TAK KAK 384a4a O ABHKEHHH AECATH
TeA MPHBOZUTCA K 3ajaue O ABHKEHWM JAEBATH TeEA.

Hrak, nomecrum nauaro koopgunat O B penrp Coanna,
38 OCHOBHYIO MAOCKOCTb XY NPUMEM MTFHOBEHHYIO MAOCKOCTDb
opbutni 3eMAu aaa HopmaabHoi#f sunoxu 1950.0, ocp x Hampa-
BMUM B TOUKY BECEHHEro PaBHOAEHCTBUA AAA TOH ke BIOXH,
OCb Z HAaNpaBUM B CEBEPHHH MOAIGC SKAMNTHKH, OCb Y CO-
CTaBAsET NpaBYIO CHCTEMy C OCAMH X U Z. Bpesem B pac-
CMOTpEHHE UMAMHAPHYECKYI0O CHCTeMy KoopiuHaT. Yepes r
M P 0603HAUMM COOTBETCTBEHHO pPajHycC-BEKTOp mAaneTsl P
H €ro NpOEKLHI0 Ha HAOCKOCTb XY, uepes W 0603HAUHUM JOA-
rotry naaser P, oTcuuTbiBaeMyio B MAOCKOCTH XY OT OCH X.
Mo:xem Tenepp HanucaTtb

x=pcosw,
y=psinw, (11.1)
r’=g*+ 2%

Urobn cocTaBuTb ZuepeHIHAAbHDIE YPABHEHHA ABM-
JKEHUS MAAQHETH B [UAMHAPHUECKMX KOODAMHATAX, BOCHOADb-
3yeMCSl XOpOIIO M3BECTHBIMM ypaBHeHusMu Aarpanxa BTO-
poro poaa (cm., Hanpumep, kuury I'. H. Jdy6owmuna ,He-
6ecnan mexanuka“, 1963), xoropme samuwem B caezyomed
dopme:

d 0T oT
L) - =q. (1. 2)

IToroxkenne naanernt P 0zHO3HAUHO ompejeAseTcs TpeMs
BEAMYUHAMH (i, KOTOPHE Ha3sbIBalOTCA OO6OOGILEHHEIMH KOOp-
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AMHATAMH CHCTEMbl, WAM mepeMenubiMu Aarpan:ka. B ochos-
Hoti Basaye HeGecHOH MeXaHMKM NpPH WBYUYEHHUH TFEAUOIEHT-
PHYECKOTO ABHXKEHHS JACBATH OOADUIMX NMAaHeT K MpuHu-
maer 3HaweHus or k=1 g0 k=3X9=27. T — xusas
CUAA CHCTEMH, fABAseTcs (QyHkuue# o0606IIeHHBIX CKOpO-
cre#t 4. Beanuunn Q) B npaBnix uacTax AudgepeHyguarb-
umx ypasuenust (II. 2) onpeaeasiorca aelicTByromumu B cu-
¢TeMeé CMAAMH U TNPEANOAATalOTCA BHIpAaKEHHBIMH uepes i, g
H Gy Bernuunn Q; HaspiBaloTCA 0GOGILEHHHMH CHAAMH, XOTA
pasMEpPHOCTb STHX BEAHYMH, BOOGLIe roBOpA, OTAHYHA OT
Pa3MEPHOCTH CHABL.

VpaBuenua Aarpamxka (II.2) nossoasior ouenp mpocro
nepexoAuTb OT OOOOIIEHHHIX KOOPAMHAT K KaKMM YTroJHO
nepeMeHHHM, Heo0X0AMMO TOABKO BHIPA3UTb 4YE€PEe3 OTH
nepeMeHHble XHBYI0O CHAY CHCTEMB / H COCTaBHTb BHIpazke-
HHA AA 0606mennnix cur Q. Urobm nepefitu or o6obugeH-
HBIX KOOPAMHAT K LHUAUHAPHIECKHM, OAOKHM JAASA IAAHETH,
uMeoe# KoOpAHHATHL Gy, (5 3,

9.="p
g=w, (II. 3)
9s=2.

Kupas cura nraHeTn BHpaxaercs B UUAHHAPHUIECKHX
KOOpAHHATAX CAelyomIuM o6pasoM:

T= 5 m (i + p + £9), (II. 4)

rae uepes m o6osHaueHa Macca NMAaHeTH (3a €AMHMLY MacChl
npunara mMacca Coanga).

O6osnauum Temepp wuepes P, T u Z — xoMnoHeHTH
YCKOPEHHs] MAAHETH COOTBETCTBEHHO MO HANPABAEGHUIO NpO-
€KUM pajHyCa-BEKTOPA HA NMAOCKOCTb XY, MO HAalpaBAEHHIO
NepneHAWKyAApa K STOH MPOEKUUH B MAOCKOCTH XY H MO
HaNpaBAEHHIO OCH Z.

Toraa
Q,=mP,
Q,=mpT, (1. 5)
Qs=mZ.

Tenepp MoxxeM Aerxko HamucaTh JAuddepeHUHaAbHBIE
ypaBHEHHA ABHKEHHA MAAHETH
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m—e(&)=P,

det dt
F(#4)=0T, (IL 6)
d2.
=2

B Tom cayuae, xoraa zeHcTByiomue cuAn o6ArazaoT
curoBolf PyHKpuei, T. €. KOrZa CylIeCTByeT Tavas (PYHRUHA
U, uactHbe npoussojHble KOTOPOH# MO KOOPAMHATAM MAa-
HETH paBHB KOMMOHEHTAM CHAH, JZeHicTBylolled Ha STy maa-
HETy, YPABHEHHA ABHKEHHs MOXKHO HANMCATb TakK:

d% (dw )2_dU

de gt ) o
d [ gdw\__dU
E(P dt) R (1.7
d% __oU
a0z

Kak usBecTHO, CHAN B3aWMHOrO NPUTANKEHHS NO 3AKOHY
Hbiorona o6razaior curosolt Qpyuxpuelt

p=ka4+m . p (I1.8)

r

rae neppbii YA€H COOTBETCTBYeT 3ajadye ABYX TEA, a BTO-
pof npeacTaBAjET TAaK HA3HBAaEMyI HepTypGajHOHHYIO
pynkguo. [locTosmnas A* mocur Hassanue mnocrosHHOH
I'aycca. IlostoMy oxoHuarteAbHO AudpepeHyUarbHHE ypaB-
HeHUA ABHMEHMS NAQHETH MOTYT OHITh BaNHC&HBI TaK:

d2p dw & _OR
d d' 0R
dt (p2 ;,) ow’ (H' 9)
d? z oR
d;;—l—kz(l m)—§=-5;.

3. MNocrosmmas Taycca. Ilocrosunas laycca A*=/,
rae f Tak HasmBaeMmas NOCTOAHHAs Tarorenus. Ecauw npu-
HATb HanbGoAree yzo6HHE B TEODHH ABHXKEHUA NAAHET acTpPO-
HOMHUECKMEe €AHHMIB: €AWHHIA AAMAH — IIOAYOCb 3€MHOH
op6uTH, HasHBaeMas OOBIYHO AaCTPOHOMHUECKOH ejuHM[eH
ArvHH  (a. e.), eAuUHH[Ia BpEMEHM — CpejHHE COAHEUHbIE
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CyTkH, ezunupga Maccnl —Macca Coanpa, TO mocTOsHHAA
I'aycca 6yser uMerb caesyiomee uucAeHHOE 3HAUEHHE:

k ==0.01720209895,

k" = 3548/18761. (IL. 10)

Ora Beauuuna 6mra moayuena [ayccom mo Qopmyae

2na’
TVi+m

rae a—OGoabuIass MOAyoch 3eMHOH op6uTei B a. e., m—

macca 3emau u Aynn, a T — NpoAOAXKHTEABHOCTb CHAEDH-

4ECKOTO roja B CPEJHHX COAHEUHHX cyTkax. [aycc mpunsa

caejyoiiue, HaUHAyvdliHe B €ro BpEMs, YHCAOBHIE 3HAYECHHA
ACTPOHOMHYECKHUX NMOCTOAHHHIX:

L 354710,
T = 365.2563835, (I.12)
a=1.

Tak xak Macca 3eMAM H MPOZOANHTEABHOCTb CHAEPH-
4eCKOro roja ONpeAeAAITCs H3 HAGAOZeHUH M MOTOMY HX
YUCA€HHbI€ 3HAYEHHUA MOCTENeHHO YAydYulaiTcsd, TO H 4HC-
AeHHOe 3Hadenue K, noayuennoe [ayccom, JoAxkHO MOCTOAHHO
usmensaTbca. OgnHako Goree yJ06HO pacCMaTpPHBATD BEeAH-
auny k, onpegeasemyio pasencrsom (II. 10), kax a6corrornyio
MOCTOSAHHYI0, HO MPHU BTOM GOABLIYIO IIOAYOCH 3¢MHOH OpOGHTH
CUMTATD OTAHYHOH OT aCTPOHOMHUYECKOH eAMHMUM AAHHH.
Tax, nanpumep, Hpiorkom, npunumas

k =0.01720209895,
— =329390, (I1.13)
T'=365.25636042,
nHameA no ¢opmyae (II. 11), uro

a=1.000000030 a. e., (II.14)

T. €. 60ADbUIAR MOAYOCh OPOHTH 3eMAM OTAMYAETCA OT eAH-
HHH TOAbKO B BOCbMOM JAE€CATHYHOM B3HaKe. 3aMETHM, UTO
nocrosnnyo [aycca Mo:kHO noroxkuTb paBHo# k=1, ecau
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npuHATh 3a eaununy Bpemenu 1/k = 58.13244087 cpeanunx
COAHEUHBIX CYTOK.

4. Ypapnenus ABH:keHHS B NOASPHBIX KOOPAHHATAX.
Ilpn nocTpoenun Teopuu ABH:keHHs 60ABLIMX MAaHeT yA06HO
38 OCHOBHYIO KOODAWHATHYIO NAOCKOCTb NPHHATH HE HEMOA-
BHXKHYIO MAOCKOCTb SKAHITHKM AAA HOpMaAbHO# anoxu Ty,
a NOABMKHYIO MAOCKOCTb, B KOTOpPOH pacmoAoxseHa B Kax-
Anii AaHHB# MoMeHT opbura naametn P. Mb onpeseaum
BTy MAOCKOCTb KaK MAOCKOCTb, Mpoxosamyio uepes Coange
(T. e. uepes HauaAO NpPUHATOH HAMM CHCTEMBI KOOPAHHAT)
M KAacaTEeAbHYI0 K ockyAupyioweil op6ure naanermt P. [lpu-
HAB BTy NAOCKOCTb OCKyAHpyiomeH op6UTH 3a NMAOCKOCTb
XY, MOAYIHM

(II. 15)

H ypaBHEHMA ABHXKEHUA NPHHHMAIOT CACAYlOIgHﬁ BHA!?

d?r r(dw>2+k2(l+m) 2%

de2~ "\dr r or?
4 (e (1. 16)
dt dt ]~ ow’

r4e w OTCYUTHIBAETCA OT OCH X, Aexaile#fi B NMAOCKOCTH
opbuTnl M umeome# NpPOHSBOAbHOE HANpaBAEHHE. YTOA W
HOCHT Ha3BaHWe JOATOTH mAaHeTsli P B op6wure.

Ypasuenua (II.16) rexmar B ocuoBe meroazd Aanaaca,
W3AOXKEHHOTO MM B NepBoM ToMe , 1pakrata nmo He6GecHoi
mexanuxe” (1799 r.). OrmeTum, uTo 3TO0 6HIA MepBHH MeToA,
paspaGoTaHHBIH AAA AHAAMTHUECKOTO ONpPEAEACHHA BO3MyIue-
Hu#i GOAbIIMX MAaHeT,

B 80-x rosax npowaoro crorerus Hoioxom (1835—1909)
npumenuAr Mmetos JAanaaca AAs NOCTPOEHHA TEOPHH ABH:Ke-
Hua 6oabmux naawer. On ocraHoBuacs Ha Merose Aamaaca
KaKk Ha Hauboree BHIFOAHOM C MPAKTHYECKOH TOUKM 3peHus,
HO BHEC B HEro HEKOTODHE W3MEHEHHS, KOTOpbie MMEAM
1eAbl0 O6AErduTb BHIYUCAEHHE BOBMYINEHHH BHICUIHX MOpAA-
KOB OTHOCHTEAbHO NAHETHHX Macc. Bce dyHZaMeHTaAbHBIE
TaBAMIH BHYTPEHHHX MNAaHET 6HiAM BHUucAeHH Hpiokomom
no wmeroay Aamaaca. ITOT ke MeTOJ HCIIOAb30BaAA
II. T. Llapa¢ ars nocrpoenus aHaruTuwecko#h Teopum
asuxsenus [Iayrona (1955 r.). Taxum o6pasom, meroz Aan-
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Aaca MOAHOCTbIO onpaBjaA cebsa mnpu pelleHHH OCHOBHOM
3ajadn HeGecHolt MexaHHKH.

B mnacrosme# raase meros Aanaaca 6yzer usroxeH
co BcemH Heo6xoiuMBiMM MNOApPOGHOCTAMH, B TOH# (opme,
kortopyo emy mpusar Hbioxom. B xauectse uucrosoro npu-
Mepa, MAAIOCTDHPYIOLIErO MPAKTHYECKOE NPHMEHEHHE METOAa
Aanraca—Hbioxoma, 6yser usAO2eHA TeEOpHS JBUKEHHA
IMayroua, paspaborannas B Hucruryre Tteoperuuecko
acrponomun (Aenunrpag) L. I'. Hlapag.

5. Bosmymenns aorapudpma pagHyca-BeKTOpa IAa-
mernl. [lepeiigem, caeays Hpiokomy, or pasuyca-ekropa
NAQHETH 7 K BEAHUMHE P MO (GopMyAe

r=_E?, (1.17)
rae E — ocHoBaHHWe HATYDaAbHBIX AOFapu(PMOB, HAH
p=lgr, (I1.18)
oreioas dR_14R
=% (I 19)

Vpasnenus (II.16) Moxmo Temepn sanucath B cAeayio-

mei#t ¢opme:
o d2r 9 (dw )2 k2(1+m) _ OR
r .t —

r —— — o —
e dr r %’
d(pdn)_pd o drde_ok (20
a\" &)= @ T I e
Ymuoxas mnepsoe ypasnenne (II.20) Ha 2§=%'¢%,

BTOpPOE — Ha 29‘%’-, CYMMHDYA NpOH3BEJE€HHA M HHTETpHDYS,

MNOAY9UM
(5 i (fe 20 s far e, @

ra¢ AAA KPaTKOCTH INOAOXZEHO
'R=(2Rde _, IR dw
dR——(;'P—d—t-i-aw P73 dt.
Beauuuna C,— npousBoAbHas MOCTOAHHAS MHTErpHPOBa-

una. Croxum renepn ypasuenue (II.21) ¢ nepsuim ypasne-
unem (II. 20). ITocre meGoabmux mpeo6pasosanuti MoOAyuum

1d2(r2) k2(1 o, OR
126 (:FM)=QIdR+TP+Co- (I1.22)
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B cAyuae HEBOSMYIUEHHOro ABMMseHHA pPazHyC-BEeKTOD
NAGHETH 7y YAOBACTBOPAET YpaBHEHHIO
1d2(rd) __k2(14-m) __ k2(1+m)
2 de ry - a '

(IL. 23)

Boiunras nourenno (II.23) us (II. 22), noayuum

1 d2 1 1 y IR
=R —R+m(+—1)=2[dR+T+
+Ed+m ¢, (IL. 24)
[Torozsum
ro=E". (II. 25)
[ycro
p = po—+ Bp. (1. 26)
Toraa
r2= E% = E2ct?) = 2 E% =2 (1 + 20+ 1—2_2—28,92 -+ .. ) ,
5 P —r)=rPo+ P+ .., (1. 27)
1_1_ % b
r ro ro 2)‘0

[ToacTaBasia aTu Bhipaxenus B ypasuenue (II. 24), orpa-
HHYMBASACD B DPABAOMEHHH UYAGHAMH BTOPOTO IMOpAAKA Ma-
AOCTH M NEPEHOCA BTH UYAEHH BTOPOTO NMOPAAKA B MpaBYIO
4acTb, MOAYYUM

d*(r3%)
di?

4B (1;'%-'") (r®)=Q~+2C,  (1.28)

rae AAfl KPaTKOCTH 0603HAUHMAH

_ oR  d2(r3%p?) k2 (1 +m) dp2
Q_2jd’R+7P— e e

a

" (.29

Ypasnenue (II.28) aaer Bosmymenusa pazuyca-BekTopa
maaneTst P. OrpanuuuMcs B JaAbHefilleM BHIYHCACHHEM
BOSMyIIeHH# [epBOTO NOPAAKA OTHOCHTEABHO NAAHETHHX
macc. Toraa B mepsom suipaxenuu (II.29) moxem o16po-
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CHTb ABa MOCA€JHME UAeHA B NMpaBoH 9acTH, COAep:ailue
3p%, u moayuum

Q=2jd'R+§;3. (1. 30)

Buipa:senus d'R u % , Bxoaamue B (II. 30), Mnt gorxHN
BHUYHUCAHTD C HEBOSMYIUEHHBHIMH 3HAYEHHSAMH KOOPAMHAT
IIAQHET.

Takum o6pasom, BHuHCAeHue BosMywmeHu#f Aorapudma
pazuyca-BeKTOpa MPUBEAEHO K MHTErPHPOBAHHIO JU(pPepeH-
[HAADHOTO YPABHEHHS BHJAA

d2z k2(1+m)z___z

rae Iﬂl—;——m) u Z —usBecTHBe QyHKkIUM BpemeHu. Ecau

ro
M3BECTHH JABA YAaCTHHX AMHEHHO-HE3aBHUCHMBIX pELIEHHS P
H ¢ OAHOPOAHOrO AUQQPEPEHUHAADHOTO YPABHEHHMA, COOTBET-
creyomero ypasuenuo (II.31), . e., uaniMu crosamu, ecau
MSBECTHBl JBe IEpEMEHHBe P U ¢, YAOBAETBOPAIOLIHE
yPaBHEHHAM

d2 k2 (1
d—t?P_'- ( ;;.;M)P:O’
d2 R2(1 (11. 32)

to obmee pemenue ypaBrenus (II.31) mozxer 6mTp 3amu-
CaHO cAeAyloIIuM o6pasom:

e=—L—(q[pZdt—p[qZdt+Kp+Kyg), (1.3

rae K, u K,— nocrosuanie uaTerpuposaHus.

Herpyauso sugerp, uro ypasnenuam (II.32) yazosaerso-
PAIOT KOOPAMHATH HEBOBMYILEHHOrO SAAHNTHYECKOTO ABH-
SHEHUA

x=a(cos E —e), (1L 34)

y=ayl—e?sinE, ’

rae E—sxcygentpuueckas aHomMaAusa mnaaHeTH. [lostomy

MH MOXkeM NMpPHHATb 3a uacTHne pewmends ypasnenus (II. 31)
nepeMeHHHE
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p=cosE—e,

g=sin E. (I1. 35)
Toraa us ypasuenus Kenrepa
E—esinE=n(t—¢) (I1. 36)
CAeayeT, 4To
pzi—qp:(l—ecosE)%:n, (11. 37)

u ypasuenue (II.33) npunumaer Bus
z=21(q[pzdt—p|qzdt+Kp +Kyq), (.38)

OTKyAa, noaarasa

z-—_—rgap, H 39
Z= Q -+ 201, ( ) )
MOAYYHM
d=15(q[p(Q+2C)dt—p[q(Q+2C) dt+
nry
+K,p+1<2q). (I1. 40)

Mbt moAyuHAuM OKOHUATEADHOE BBHIpa:seHHE AAA BHIUHCAE-
HUA BoaMmylleHu#t rorapudma pajuyca-BexTopa mnAaseTs P.
Ecan orpanuuuBaemcs BOSMylueHHAMU NEPBOTO HOpAZKA, TO
Q Buuucasercs no ¢opmyae (I1.30), a npu Bmuncaennu
BOBMylleHu#f BTOpOro mopsaka AAf Q He06X0AMMO B3ATD
nepsoe Buipaxkenue (II.29). Ilpu arTom B pasroxenue mep-
Typ6ausoHHO# DYHKUMH BXOAAT BOSMYLIEHHHE KOOPAMHATHI
IAQHET.

6. Bosmymenns agoAroTs: maamerni. Jas onpezerenus
BO3MYIUEHHH JOATOTH MAAHETH BOCMOAb3YEMCS BTODHM
ypasuenuem (II. 20). Unrerpuposanue sroro ypasnenus zaer

di 1 foR

rae C— npousBoAbHas NOCTOAHHAS HHTEerpupoBanus. Ama-
AOrHYHOE€ ypaBHEHHE AAsl CAydas HEBOBMYLICHHOT'0 JABHKe-
HHA HMEeT BHJ
dwy ___ a2Vli— e2n
==,
dt r2

(I5. 42)
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rae uepes w, o6o3HaueHa JOAroTa I[AGHETH B op6ure,
COOTBETCTBYIOINAS DAAHOTHYECKOMY ABHKEHHIO. IMoroxum

w = w, + Sw. (1. 43)

Buuutas teneps ypapuenue (II.42) us ypasuenus (II. 41),
MOAY4HM

Bo_ L[ Ras SN2 p  (L49)
ro

Bocnoabsyemcs pasaoxenuem -rl? B pAA
1 1
72—=Tg'(1—239+23p2—- . -). (H.45)

[Moacrapass (11.45) s (Il. 44), Haxoaum, orpanuunBasch
9A€HAMM [EPBOTO MOPAAKA,

ddw 1 (oR a2Vl —¢2
= [t 2(1-2%3)——r0——rz. (IL. 46)

HAH

d&w (j‘ dt+C—2C% —atyl—e® n). (11. 47)

Pasuocts C—a?y1 —e*n wumeer mopajox Bo3Mymaio-
me#t maccu. [loaToMy Mo:eM nmoroxutb

m'Cy=C-—a?*y1—e?n, (II. 48)
rae m' —wmacca posmymanome#t naanernt P’. Toraa
C=m'C,+a*J1—e’n. (Il. 49)

Or6pacusas B (II.47) uren BTOporo mopsaxa oTHOCH-
TeabHO BOosMywatogmelt Macen 2m'Cyfp, noayunm okxonua-
TEABHO

dd dR , S—
d:v 7z (j%dt"‘mcz—%”\/l—ezn%p). (IL. 50)

<

Taxum o6pasoM, 3Ham BO3MYIIEHHS pajuyca-BeKTopa
MA&HETH, HAXOAMM BOSMYIIEHHA JOATOTH IpH MOMOILH
KBaApaTypH
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8"’=,1_g | (3_5 dt+m'C, —2a*VT—2 n%p)dt +C;, (IL.51)

rae C; — NOCTOAHHAS MHTErPUPOBAHUS.

7. Bosmymennas ysaa H HaKAOHA OPOGHTHI mAaHeTHI.
Ham ocraerca onpeseAuTp mnoaoxeHue B NPOCTPAHCTBE
MAOCKOCTH oCKyAupywomei#t opbursi. OTHOCHTEABHO OCHOB-
HOY HemoABM:kHO# NMAOCKOCTH, 32 KOTODPYIO NPHHAAH MrHO-
BEHHYIO IIAOCKOCTb Op6uUTH 3eMAM AAS HOPMaAbHOH BHOXH
T,=1950.0, moro:xenne ockyrupyiome#i Op6UTH NAAHETHI
P moxnHo onpeseauTp AByma yraamu [ u Q. Yroa I ompe-
A€ASeT HAKAOH OpPOHUTH K MAOCKOCTH SKAMNTHKH, & yroa 2
ONpPEAEAAET JOATOTY BOCXOAAINEro y3Aa OPOGUTH OTHOCH-
TEADHO TOUKH BECEHHEro PABHOACHCTBHUA HODMAaAbHOH BMOXH
T,=1950.0. Bosmymenus saementos i/ u Q omnpeseasiorcs
M3BeCTHbIMH ypaBHeHuWsMu Aarpamxka (cM. npuroxenue 1)

di ctgi R coseci OR
T Vi = 0o Vi =g 3
na2vVvVl — e na?vl — ¢ (u 52)
dQ__ coseci OR

dt — v —e O’

rae a, e, i, 2, o, n— aaremMenTH op6uTn nramerm P, R —
nepryp6aguonnas Qynxuus. Ecau orpafinuusaemcs smumc-
A€HHEM BOSMyLIeHHM# NEepBOro NOpsAAKA OTHOCHTEABHO MAa-
HeTHHX Macc, To B npasuie qactu ypasaeunit (1I. 52) zoaxnnm
MOACTABHTD HEBOSMYyLIEHHble 3HAUEHHS ®AEMEHTOB Op6HT.
Toraa unTerpupoBaHHE CBOAMTCA K NPOCTHM KBaApaTypam

O = et ! S(c,os ,E_%g) dt+ C,,

— dw
na2 Vl 82 ) aR (Il. 53)
cosec i

rae C, u C;— nocTosHHbNE WHTErPHPOBAHHS.

8. Onpeserenne mocTosHEMX BETerpHpoBanns. Virak,
dopmyam (lI. 40), (II. 51), (II. 53) onpesersior BosMyeHus
nepsoro nopszka op6urel naanerni P Aas ao6oro momeHTa
spemenu f. Oaunako mnpumeHnenwe aTux ¢opmyAa Tpebyer
BBIYHCAEHHA NMATH MPOM3BOAHBIX MepTyp6apuonHo# PyHKLHH,
a MMEeHHO

R R R R IR
adp ! dw® Ow' 08 9i°
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Beuay c¢AoxHOCTH Bbipaxenus neprypGaguonsofl ¢yHx-
ouH uepes BpeMa { M 2AeMeHTH op6uTnl Bo3Mylmaemoii
4 Bo3Mymawmge#! OAAHET NPUXOAUTCA HCKATh pPAa3AONKEHHE
nepryp6aguonnot ¢yHkpgun B popme OGeckoHEUHOro psja.
3asaua pasroxeHus nepTypbayguoHHOH (PYHKUUH B PAZ ABAA-
erca OojHO# M3 OCHOBHBIX 3ajau uebGecHol Mexanuxd. Jrs
pelileHuss 9TOH 3a484YM NpeiA0AKEHO O6OAbBIIOE KOAHYECTBO
pa3Anunbix MeTo20B. B § 2 macrosame#t raapm MH noazpo6Ho
pacCMOTPHM pa3sAo:keHHe nepTypbapuoHHOd (QyHKIMHM mO
metoay Hbioxoma. Drtum 6yzer soBejeHo 20 KOHa uHTer-
pupoBaHHe ZuUPPepeHIHAAbHHIX YpaBHeHH#l ABUKEHHMA fIAa-
Hetn P.

O6paTum Tenepb BHUMaHME Ha TO, YTO B NMpPOLECCE HHTE-
IPHPOBAHUA ypaBHeHHH JABH:A<€HHS HaMH OBIAO BBEJEHO CeMb
IOCTOSAHHBX MHTETPUPOBAHHUS, & UMEHHO

C, Cy Gy, K, K, C,, C;

2°

Mexay Tem mopsaox cucrembl TpebyeT BBEAEHHS TOABKO
LWIECTH MOCTOAHHBX HHTErPUPOBAHHA, TAK KAaK MBI PEIaAd
CHUCTEMY, COCTOAINYIO M3 JABYX ypaBHeHu#i BTOpPOro mopsjka
¥ AByx ypaBHenu#t nepsoro nopsakxa. [loaromy ne Bce us
MOAYYEHHHIX HAMM IIOCTOSIHHBIX SBASIOTCS HE3aBHCHMBIMM.
AeticTBuTerbHO, okasmBaercs, uro nocrosuume C,, C, u K|
CBA3AHB Me2kJy co60# HEKOTOPHIM COOTHOLIEHHEM, Ha BHIBOJE
KoTOporo He 6yJeM OCTaHaBAHBATBCSH.

[TpoussoabHBIE MOCTOAHHBIE HHTEFPHPOBAHMA MOTYT GHITH
onpeieAeHN pasauuHbMH cnocobamu. [lpowe Bcero ompeae-
AUTDb HX U3 YCAOBHsA: B MOMEHT OCKyAAlun { =1{, BO3MyILleHUs
KOOPAUHAT P H W H MX NPOH3BOJHbIE, a TAK)ke BO3MYILEHUSA
dreMeHTOB I M Q paBHH HyAl0. TakuM obpasom, noaaraem-

(0);—;, =0, (¢w),_,, =0, (9=, =0,

(%)l:lo =0, (%-?)1:1., =0, (ag)’=’o =0.

Bonpoc 06 omnpeserenuu NOCTOAHHBHX WHTErPUPOBAHUSA
B merose Aamraca—Hpiokoma moszpo6uo pasobpan B paGore
L. T. Hlapag (cm. cnucox Autepatypn k raase Il B konpe
KHHTH).

9. BuluncAeHHe FeAHOUEHTPHIECKOH JAOAroTHl H mH-
poTsl mAameTsl. Vmesa Bosmymennnie smauenus p, w, I u 2,
MO?K€M AErkO BBIYHCAMTb TEAMOLEHTPHUYECKYI0 JOATOTY M
WIHPOTY MAAHETHI.

(IL 54)

— 52—



Aoarora nramern B opbure AP pasua (puc. 8)

w=u-o, (1L. 55)

rde U==U-+©® HOCHT HABBAHHE APryMeHTa IIHPOTH H
6=AN — paccrosnue OT ysAa JZO TOUKH OTCUETA JOATOT
B op0ure.

O6o3naunm uepes L=7Q u B=PQ reauogenrpuue-
CKYyI0 JOATOTYy MW IIMPOTY NMAAHETH CooTBeTcTBeHHO. IIpamo-
yroabuniti cepuueckust Tpeyroaonuxk NPQ zaer

tg (L —Q)=cositg(w—a), (IL. 56)
sin B=sin { sin (w — o). (II. 57)

Puc. 8. Teamoyentpnueckas zoarora
W NIHPOTa HNAaHeTH (npoekpus Ha
HeGecuyio cdepy).

(Dukcupyem mnoroxenue Touxu orcuera A Ha opbure
CACAYIOIINM YCAOBHEM:

0y = 2,. (I1. 58)
Toraa ¢ TounOCTBIO A0 BEAHMUHH NMEPBOrO MOPAAKA
=0, do =2, +d2 cos/, (1. 59)
TaK Kak
do=d2cosi. (11. 60)

Buaucaus no ¢opmyram (II. 56) u (1. 57) reanogenrpn-
YECKYI0 AOAFOTY M IUMPOTY MAAHETH, MOXKEM 3aTEM AErKo
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ONpeAeAUTb NpPAMOYTOAbHBE BKAMNTHUECKHE KOODAWHATDHI
naanetst P no ¢opmyaam

x=rcosBcosL,
y=rcosBsinL, (II. 61)

z=rsinB.

§ 2. Pasao:xenne neprypbaguonnost ¢pyExpan B paj

1. Nepryp6apmonnas ¢ynxpus. [lyctp mbo  umeem
Coange S u aBe mraweTn — BosMymaemyio naaHery P, zsu-
’KeHWe KOTOpo# usyuaeM, M BO3MylaoWylo naanery P/,
ABHkeHHe KOTOpO# 6yseM cuuTaTb HsBeCTHBIM. [IpaMoyroab-
HHe KoopauHaTH COAHla M NAGHET OTHOCHTEABHO HHep-
pHaApHO# CHCTEMBl KOODPAMHAT 0603HAYHM COOTBETCTBEHHO
uepes £y, Mg Go; & M G €, W, U. Paccroamma naamer or
Coanpa o6osHauum uepes A, u 4,, a uX B3aUMHOE paCCTOsA-
nue — A;. Toraa

M= — Y+ — P+ GO (162

Ars A2 u Al umeeM aHaAOrHUHBIE (OPMYAHL.

O6oznaunm maccy Coanpa uepes m,, maccy naamerni P
yepes m u maccy mnaanetrn P’ uepes m'. Torza npuramxe-
HHE, HCHHITHIBAEMOE TOYKOH /M CO CTOPOHB TOYKH M, 6yJseT
paBHO

CO CTOPOHH TOUKH M —
2 mm’
k N
3

rae uepea k obosnauena nocrosusas I'aycca. Komnonentwm
9THX CHA NO OCAM KOODAMHAT DAaBHH

§E—§ — "
—k2mgm 5 L, —k’mym 1% , —k*mgm - e,
1 1 1
—ktmm E=F —SE , —k*mm’ n——_;’ , —k*mm' =c _st .
A A
3 3 3

IloatoMy ypaBHenus ABu:keHus naaneTHl P sanumyrtcs
caegylomuM o6pasom:
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d2% 2 §—& 2, 1 E—F§
m-dT_——kmomA—_}—kmm—Ag—,

dn 2 1 —To 2 ="
mW'—_ka’T—kmm,A_g' (I1. 63)

d2t 2 C—to ) ,C—-C’
m s = —k*mym 5 — k*mm =

Tak xak HAC MHTEepeCyeT TFeAHOLEHTPHUECKOE ABH2EHHE
naanetl P, To uckaouum us ypasuenut (Il. 63) koopsunatn
Coanna §,, 1y, 8. Ioroxum

E=§,+x, ¥=§+x,
N="1+Y, T="n+Y, (II. 64)
(=8 +z, U=_%,+2,

TaK 9TO X, Y, Z — FEAHOLEHTPHUECKHE KOODPAWHATH IAa-
netnl P u X', Y/, 2 —reanopgentpuueckue KOOpZMHATH IAa-
nerst P'. Koopaunat Cornga x,=y,=z,=0.

Toraa us ypasuenuit (II. 63) caesyer, aro mocae samenn
nepemennnx no gopmyaam (Il. 64)

2 9 —
m ——:11 t’; “+m —:Iif;’ = —k*mym A—xs —kPmm’ ==,
1 3
2 2 —

mEY o — _lemm L Emm' Y y , (II.65

de2 dt2 0 Ai’ Ag

d2z d2, 2 o 1 z2—2
m—— + m —t = —k’mym — — k*mm

e ae 3 a3

d250 dz'f;o d2c°
Ho AAs NPpOH3BOAHBIX 42 ' dee ' de ! MO2XKEM Ha-

mucaTh ypaBHeHuA, aHaaoruunoie ypapneauam (II. 63),

d2y 2 §o—& §o—&

my— - =—k*mym N — E2mgm’ o
d¥y __ 49 To—1 2 To— 1

mo —dt—2 = —'k mom A? _ k mom’ ‘_Ag_— , (H. 66)
d2%y 2 Lo—¢ 2 L—V

my—g- = —k:mym A k*mgm’ -5

1 2
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urn, noactaBass (I.64) u coxpamas na m,, moayuum

d2Eo k2 X 9. 7 x'
— +2m' -,

de2 1 Ag

d* _ 9 ¥ 2 1 Y

d%, 2 _Z 2 1 Z
75?‘——klﬂ-zf—kkin!jir.

O6osnauum A, =r,, A,=r' u A;=—A u noscraBuM BH-
paxenus (II.67) 8 ypasuenus (II.65). Mm moayuum mocae

COKpAIIEHUs] HA M FeAHOUECHTPHUECKHEe YPABHEHHA ABHKEHHA
naaHeTH P B BHZE

d2x x d s X —x
W = —kzm r—s—kgml —;r"i‘ - k2mo % —+ k‘m, A3 ’
2 —
L8 = —tm & — ket X ktmy & ko Y (L 68)
r
2 —
% =—k*m % —k:m’ % — k*m, r—;—+ o ——
HAH ™
x x x —x X
Tz—:—kz(mo+m)§-+k2m’( AS _T,E) ’
d2 I —_— U
T =R (gt m) S e (L5 — £, (11.69)
d?z k2 z m' 2 —z 2
e (mo+m)',§+ m|—xz3 —:,?),
npuueMm

B =(x— )+ — P+ (-2,
rr=x>+y*+ 2% (1. 70)
P=x%4 yr+ 2

Ypasnenus (II.69) moxno samucatb Temepp B Caeayio-
et popme:

X x JR
aE R (my+m) 5 =5,
d? oR
ik (my+m) 5 = = (1. 71)
d2z _OR
—E ZZ k2 (my+m) = =5
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rae

1 xx' +yy +2z2'
2.
R—k m {—A —_— r's }

neprypbapguonnas GpyHKUHA.
Bsaumnoe paccrosnue naamer A poipakaercs Gopmyioft

A=7r24+r®—2r cosH, (11.72)

rae uepes H o6osnauen yroa Mexkay paAHyCcaMH-BEKTOPaMH
r u r'. Tlpu pasromenuu nepryp6aumonnoit ¢pynxkyuu B Gec-
xoHeuHn#f psaaA HauGoabliHe TPYAHOCTH NMpEACTABAAET pas-
Ao2KedHe MepBOro 4YAeHa

—:- =(r2-r*—2rr cos H) ", (1. 73)

KOTOpHY HASBIBAETCS TrAaBHO# wacTbi0 mepTypbaguonHOH
dyHKLHH,

2. Kosppupmenrms Aamaaca. Paccmorpum mpexae
Bcero Hauboree NpoCTOH cCAydaf ABH:KEHUS NAAHET, KOrja
MAOCKOCTH OpPGHUT COBMAajAIOT, & BKCHEHTPUCHTETH pPABHBI
HYAIO, T. €. ABWKEHHE MNPOMCXOAMT MO KPYFOBHM OpGuTaM.
B aToM cayuae raaBHas uwacTp mepTyp6apuoHHOR PyHKEMHM
MPUHUMAET BHA

-Al—0 =(a®+ a® — 2ad' cos H,) ™", (1. 74)
rae
H=L—L.

Yepes L u L' o6osmauum cpesHne JOATOTH NAA&HET,
OTCYUHTAHHHE OT OCH X, Aexsaliedf B IAOCKOCTH ABH2SEHHA
nAaner u umemomel mpoussoabHoe Hanpasaenue. Ilycts a <d'

H a=%<1, TOrJAa

-g;-=(1 — 2a cos Hy+ a?)~h, (11.75)

Paccmorpum Goree obmee Bripazkenue
”

F T=(1—2cosH,+a?) °. (I1.76)

Ha reopuu pagzos MDypne wussecrno, uro ¢ynxpgus
”

ol ®

2
pujza F Mo2keT GHTb pasAroxkena B GeckoHeunm#i psa mo
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KocuHycaMm yraos, kpatunix H, xotopnilt cxogutcs sAa Beex
3Hauenmit 1, T. e.

(Lf=F =1 ig:bg‘) cosiH,  (LTI)

Koagpuenentnn b() B aTom pasroxenuu HOCAT Haspanue
KO3 PUIIHMEHTOB Aanaaca. Buipa:senus AAas BHYHMCAEHHA
koapdupuentos Aanraca gaworca unrerparom Mypoe

2n n
bg‘):-}t_ j (1 — 2acos H,+a?) % cos iHdH, (Il.78)

0

droT wuHTerpaA HeyAo6eH AAA NPAKTHYECKHX BBIYMCAE-
Hull, 0ZHAKO HA IpaKTHKe OGHYHO He NPUXOAUTCS BCTpe-
qaTbhes C BhuHCAeHHeM ko3ddupuentoB Aanaaca, Tak kak
cymectsyior cneguaipinie Tabaugm: E. W. Brown and
D. Brouwer ,Tables for the development of the disturbing
function with schedules for harmonic analysis“. Cambridge,
1932, xoropmie cojgep:kaT 3TH KOIPPHUUUEHTH. TaGAHLH
Bpayna u DBpayspa jaioT uHcAEHHBE 3HAUEHHA BEAHUHHMBI

lg gk,

rae g(:.) OIIPEACAAIOTCA YCAOBHEM
2

T
gf=0=2 40 (I1.79)
? a
ana n=1,3,5 7 u i=0, 1, 2, ...11, no aprymenty
a?
P=1=a"

3. Pasroxenme mo cTemeHsSM BSAaHMHOTO0 HAKAOHA.
PaccmoTpum Temepn cayua#h gByx kpyrosbix op6ut, Hakio-
HeHHHNX Apyr k apyry noj yraom I. Ilyero L u L' — cpesuue
AOATOTH MA8HET, OTCUUTHBAEMbE OT OCH X, KOTOPYIO Hampa-
BuM B Touky /V—nmepeceuenue opbur Ha HeGecHoll cdepe.
Toraa us puc. 9 maxozum

cos H=cos L cos L' +sin L sin L' cos / (I1. 80)
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MAH
cos H=cos(L' — L)— 2sin L sin L' sin® _ZL . (I.81)

Yroa I onpegeasercs us tpeyroabnuxka QNQ' mo ¢op-
MyAe
cos[=cosicosi’ +sinisini cos(2 — ). (II.82)

Puc. 9. Ilpoexyus op6ur aByx naa-
HeT Ha HeGecmnyw cdepy.

IMoacrasasa (11.81) 8 (II.73) u yuwrnsas, uro sxcyen-
TPUCHTETH OPGHT PABHHI HYAIO, HANHIIEM BHPAXEHUE AAA -
caeaylomumM obpasom:

-% =(a®+ a® — 2ad cos Hy) " X

4aa’ sin L sin L’ sin? 7[ —h
x |14 . (IL. 83)

a2 +a’® — 2aq’ cos Hy

PaccMoTpuM B 5TOM BHPAKEHHH YAeH

4aa’ sin L sin L’ sin2 -é-

(I1.84)

.
a®+ o> — 2ad’ cos H
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O‘leBHAHO, YTO OH N0 a6COAIOTHOH# BEAHYHHE MeHblIE, YeM

I
4ad’ sinz-z—
T_T)?—o (II' 85)
. Herpyano nposeputb, 9TO AAs Bcex G6GOABIIMX NA&HET
pupaxenune (II.85) menpme esunupm. Hau6oabmero smaue-
nna Beauwunna ([I.85) socruraer Arsa cayuas [Iayroma u
Ypana (0.124). Mut ocraBasem npu aToM B CTOpPOHE cAyuait

AyTona u Henrtyna, xorja aHaAuTHuUECKHME pAasAOHseHHA
BOOGIIE CTAHOBATCS HEMPHrOAHBIMH.
Tenepp MoxHO pasaroxkuTb MO ¢opMyAre GuHOMA BBIpa-

KEeHue y
( daa’ sin L sin L' sin2 % >— !
1+

%+ a’* — 2aa’ cos Hy

.o/
B a6COAIOTHO cxojzamufics psaj NO CTENeHaAM sin 5. Hcnoan-

sya pmpaxienue (II.74), noayuum caesyomutt 6ecxoneunnitt
paa (sanucaHHNE YAGHN JOCTATOYHH JAAf Bcex GoApmux
nAaHer):

-;— =A;' — 2ad'A;3 sin L sin L' sin® —2[— -+

. . g 1
-+ 6a%a”A75 sin® L sin® L’ sin* -

(II. 86)
' —20a%a°A;7 sin® L sin® L’ sin® 'ZL -+

rae

L]

A" =(a®+ a” — 2ad’ cos Ho)_ =

=(a')™"(1 —2acos Hy+ a’)_ z
HAH, NOAb3yAcb pasaoxenuem (II. 77),

1
2 .

At

(a)y'a;"= b¥ cos iH,,. (1. 87)

il



Takum o6pasom, B pasraoxenuu (II.86) umeem

-+
n—g__ @ " .
2ad'; —_72 b{) cos iH,,

—®

i
2a a2 O .
6”875 =32 ¥ b cos iH,

=00

(IL. 88)

20327 =10-% 2 b8 cos iH,,

oooooooooooooo

Ipu noacranosxe pagos (II.88) B pasaomenue (II.86)
HAM NpHAETCA KaxAwH# pAs yMHOXATb HAa OAHO M3 BHIpa-
xKeHuit

sin L sin L' == -;— [cos (L' — L)— cos (L' + L)),

sin? L sin® L' = + [2— 2 cos2L — 2cos 2L +
—+cos (2L’ + 2L) + cos (2L’ — 2L)),
sin® L sin® 32 [9cos(L'—L)—9cos(L' + L)+

+3cos(3L+L)—3cos(3L— L")+
+3cos(3L' + L)—3cos(3L' — L)+
-+ cos(3L' —3L)—cos(3L'+3L)}.

(IL. 89)

[Mocae ymuoxenus, npuseseHns MOZOGHHX YACHOB U NOA-
cranosku B (II. 86) nmoayuum oxonuarerbHO

A= -%- 2 A;cos (iL' —iL)+
+-sint 4 ¥ B, cos[(i +1) L' — (i —1) L] +
+sint £ ¥ Coos[(i +2) L' — (- —2) L]+

+sin® - > Dycos[(i+3) L'— (i —3) L]+
e e e e e e e e e e e e ., (1L.90)



rae A;, B,, C;, D;, ... — ®yHkyuu 6oapmux moryoceit op6ut
u sin® 5 -
EcAu BBecTH B paccMoTpenue koad@PHIHEHTH

n—1

Ci=a * b¥, (I.91)
rae b{) — kosddupguentnt Aanaaca, To
¢A; = C{— 1 (Ci* + Ci Y sin - +
+—‘2— (Cir24+-4Ci+ Ci?) sin*-é- —
— 3 (C4¥ 4+ 9C 4+ 9Ci + Ci) sind -+,

1 ; 3 i— .o I
a’B¢=7C§—-4—(Cs 1 4 C;+1)Sm27+

+2 (€2 +-3C+ Ci*)sin' 4 —. ..,
3 15 . 4
a'C;=j§- C;—l—s(C;'—l—i-C.',‘H) sm27 ..
5 .
a,D‘=WC;—— oo

Bupaxenue ([I.90) aaer oxonuateabHoe pasrozkenue
raaBHOfi dacTH mnepTyp6auuoHHO# (QYHKIMM NO CTENEeHAM
B3AHMHOTO HAKAOHA AAsi CAyuas KPYrosmx op6uT.

4, Pasro:xenne no cremensm sxcgenTpEcETeTa. HTak,
HAMH [OAHOCTBIO pelleHA 3ajaua O pasAoxkeHHMu B Gecko-
HeyHBifi paa rAaBHOH uacTu mepTyp6aiuOHHOH QYHKEHH AAs
cAyuas xpyroBmx op6ur. M mnoaysuam sTo pasaoxenue
B ¢popme (1. 86), uto MoxHO 3anucaTb KpaTKO CAeAyOIIHUM
o6pasom:

-;-:Fo (a, a, L, L', sin® —;—) (1. 92)

Tenepp nocrasum nepes coGoi#t sazauy pasroxkutb B Gec-
KoHeuHnllt paj ¢yHknuI0

%:F(r, r, W, W, sin® %./ , (1. 93)

rae W, W —ucrunane JOAroTH NA8HET, OTCUHTHIBAEMBIE,
kak u cpegune goarotsl L u L', ot ocu x, mampasaennof
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B TOUKy mnepeceueHus op6ur Ha HeGecmoit cdepe. Yroan H
MexAy paAsuyCaMH-BEKTODaMH 7 M r' Mo-pexHeMy ompeje-
aserca gopmyaamu (II. 80) u (II. 81), rae neobxoaumo L u L'
samenutb Ha Wu W'.

Tak Kak SKCUEHTPUCUTETH OPOUT GOABLUINX MAAHET MOKHO
pacCMATPHBATL KaK MaAbleé BEAWIHHB, TO H PaBHOCTH

r—a, r—a, W—L, W—L

MO2KHO DACCMATDHBATD KAK MAaAble MNPUPALIEHUS BEAHUHH 4,
a, L, L. Tloaromy nepexos or pasaoxenus (II.92) » pas-
roxenmo (II.93) moxno ocymecTsurs npu nomoigu $op-
myast Te#taopa

Ax 4
? (x+Ax)=¢ (x)+T7 5, 9(x)+
Ax2 92
+Sr5E )+, (.99

rae Ax — npupaigeHde BEAHUMHH X.
Benomuum, uto pasaomenue E*, rae E— ocHoBanue ma-
TYpaAbHHX AOrapHdMoB, B GeckoHeuHmH psj UMeeT BUZ

Er=14Frtgr ... (IL. 95)

Mopmyay (II.94) moxno samucaTb CHMBOAHMYECKH TaK:
Az 0_8
e(x+Ax)=E "o (x) (IL. 96)
MAH AAS CAyuas A060ro 4HCAA MEpeMEHHHX
e(x+Ax, y+A4y,...)=

9 i)
A23;+Ay07-+-u

—=E (X, Yy o0 (11.97)

1
Hbioxom cuutar Goree yAo6GHmMM paccMaTpuBaTh 1 KaK
dyuxpuio ne r u v/, a lgr u lgr'. Tlosromy om moaaraer

-%—:F(lgr, ig”, W, W, sinzg), (1. 98)

a B CAyuae KDyroBHX OpGHT

L=k (lg a,lgd, L, L', sin? —;-) (11.99)
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Crosmasn mepes Hamu 322842 SAKAIOUEETCA B pABAOKe-
HHM BHpAaKEHHSA

1= F(lg a+p,lgd ¢, L4k L'+ K, sin® %) (11 100)
MO CTeNeHAM MAaAbIX NpHpalieHnit

=lgr—Ilga, h=W—1L,
p’=lgr'—lg ar’ =W —1L' (H. 101)

Kak u3asecTHO u3 TeopuH Pa3A0KEHHA KOOPAHHAT DAAMII-
THYECKOTO ABH:ieHHS B paAn (cM. mpuro:kenue 16),

p=]g—:-=Te2+%e4+ e+

+(—e+%e3+. . .)cosM+
+(—%e2+%e‘— ..)cos2M+
+(—%e3+...)cos3M+
+(—?—,ze‘+...)cos4M+..., (1. 102)
h=W—L=v—M—(2e—S+...)sin M+

5 . 13 .

(et ) sin 2M+ (e + .. )sin3M + ..., (11.103)
rae v u M —uctunnas u cpeguss amoMarwu. IIpu MaAmx e
B8TH pAAH CXOAATCA OYeHb GHICTpO.

BeeseM AAsa xpaTkocTH sammcH cAezyiomue o06GosHa-
UeHUsA:
=9 _—al =0 g2
D= d(lga) =% Dl—d(lga’) =a 57
9 , 9 (I1. 104)
D=3, Di=35p-

Toraa ¢opmyaa Te#iropa (II.97) ara cayuas uwermpex
NepeMeHHHX, SaMBUIETCS TAK:

F(lgr, ig”, W, W, sin*§)=5

pDA4¢' D'+AD 4N D]

x F, (lg‘ a lgd, L, L, sin*—;-). (II. 105)
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PaccmoTpum cnauara pasaoxenue no creneHsM SKC[eH-
TPUCHTETA BO3MylHaemo#f NAaHeTH, T. €. HoAoxuMm € =0,
Toraa pP=AHh =0, u supaxenue (II. 105) npumer Bua

F(lg r, lg‘a’, IV, LI’ sin2%)=EPD+AD‘ %

X Fy(ga, lgd, L, I, siu*).  (1.106)

Myukyus Fo, crosgan B npaso#t wacru pasencrsa (1. 106),
pasaoxena Hamu B Geckoneunuit pag (II. 90). Tlepetizem
B BTOM DaSAO2EHHH OT TPHTOHOMETPUUECKOH POPMH K BKCIO-
HEeHIUWaAbHOi, moAaras

A=EY=TL, N=EVUL, (11.107)
Toraa

Fy=2 H(s, s)cos(sL+sL)= 2 H(s, s) M. (I1.108)

YMHO2MHM CHMBOAMuECKH oOuE uwieH 8TOro psja Ha
EeD+hDi g coorpercteun ¢ popmyarott (II. 106). IToayunm

Eeo+di. H(s, )30 = EP+™7T . H(s, )20, (IL109)

TaK Kakx

N e N e .
Di=g=V=lso7=V=TA%,  (I110)

D,Hs, s)a\" =y=T sH(s, $)¥*  (I.111)
HAH
D=V 1s. (1. 112)
Ho

EpD+sh\/:i'=1+pD+sh\/:__]+,,,, (11. 113)

M MBl MOX2KE€M HAMHUCATH

EpD+ShV:T — 1 -+ kle_'_kze’—k . ooy (11. 114)

rae ky, k,, ...— ¢yuxguu D, s, M. Ioroxum Tenepn

p=EVX, (1. 115)

5 T. A. Yeborapes — 65 —



toraa pasaoxenns (II.102) u (II. 103) npumyr Buzg
p=e(—%9 —%zf‘)+
+ez(%_%pz_%p—=)+..., (I1. 116)
VT h=e(p—p )+ 5 et (@2 —p?)+ ... (IL.117)
Moacrasasa pasaoxmenme (I1.116) u (II.117) 5 (I 113)

¥ cobupas KO3QPHIHEHTH INPH OZUHAKOBHX CTENEHAX JKC-
HCHTPHUCHTETA, NMOAYYHM BHIDAKEHUA AAA k,, k2,

k1=|:——;—D+s]p. +[-——%D—s]p-",
ky= 1+ [D*+ (—4s —3) D+ 55 +4sTp? +
+5[D*+D—4sf + (I1.118)

+% [D?+(4s — 3) D — 5s +-4s*] p 72,

O6osnauum noaunomut no D u s B KBaZpaTHHX CrOGKax
B gopmyaax (II.118) cumporamu II%, rae Bepxuu#t smauok
yKa3HBAET Ha CTeNeHb €, & HUKHHH — HA CTEMEHb {*, K KO-
TOpHM OTHOCHMTCA AauHm# moaunom. Torga popmyam (I1.118)
SaMHMYTCA TaK:

ky=1T1p+1I5 e
k=L 02+ I+ Te 072

2n
kn= 2 H:—kp'"_k’
k=0

rae k—uernoe uucao. Iloaunomu II? mocar massanue ome-
paropos Hpioxoma. Herpyano suaern, urto

1% () =T (—s). (11 120)

Tenepp Moxem samncatp pasaoxernue (II. 114) caeayio-
UM o6pasom:

(11.119)

— 66 —



EPHT =1 e(I p+ TTS v )+
(H2 Ty | R | )

2n

=1+ 2 2 I =

n_—.l

=3 ZII,._ux i (IL.121)

n=0

IToacrasasaa (1I.121) B (II. 109), noayuum
EF’D"‘"DI . (S s/) )c)nl .

_= ze ZI[ _xH(s, SN prE (11.122)

n=0

UAH, NepexoAs K TPHTOHOMETPHYECKHUM (PYHKUHAM,
Eeo+hD, . H(s, §) 10" =
© 2n
= Zoe" D IIn—xH(s, s')cos[sL +s'L' +(n—k)M], (1. 123)

rze k npunumaer yerhne snauenus: 0, 2, 4, ... 2n. Beeaem

o6osHaucHHe
Pi i (s, s)= H:—k «Hf(s, ). (1L 124)
Toraa

Er+i0. . H(s, )" =
- 2n
= kzo Pi_k(s, $)cos[sL+sL' +(n—E)M]. (1.125)
n=y =

Ha arom pasioxenue raasHo#f wactu mepryp6aguonuoft
(YHKUAH 1O CTENeHAM SKCLUEHTPHUCHTETA BO3MyIaeMoH maa-
HeTH 3akaHuuBaercs. Ham Heo6xozumo Tenepb MOKasaTh,
KaK B STO Pa3AOKEHHE MO2KHO BBECTH SKCLEHTPHCHTET BOS3-
MylaoIze# nAaHeTs.

qi/lu MOAY4HAHM, uTo o6wui#t uren pasroxenus (II.125),
cozepamIuii MHOXKHUTEAD €”, UMeeT BHJ

e k-Z Pi_k(s, s)cos[sL +s'L' +(n—k) M]. (I1. 126)
=0
PI DI+hID;

YwMmuoxan Tenepp aTO BHparkenue Ha E
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u BBoAs HOBhH# moaunoM II*,, moayuum o6pu# uAeH oxoH-
9aTEAbHOrO pPAa3AO:KEHHA MO DKCIEHTPHCUTETAM B BHJAE

ee” XL I Pas, &) X
X cos(sL+ s'L’' + mM + m'M’). (I1.127)

’ !
Ouesuano, uro oneparopm II*, o6pasyiorca us D' u s

Tak e, kak onepatopn 112 us D u s. Jedicrue oneparo-
pos II*, na mpoussesenue P? MOMHO NpeACTaBHTDb Kak Jefi-
CTBHE CAOXKHBIX oneparopos II**, sapucalgux OT AByX mAa-
HeT, Ha ucxoazublie koddduuuentn (s, s’). Takum o6pasom,

I Hs, s)=IIm Pits, s)=
=TInPx (s, s)=Pz. (s, s). (1. 128)

Oneparopn II**, —=TI* . II*, o6pasylorcs nyTeMm mouaes-

mm’ m ,

HOTO mepemHO:KeHUs omepatopos II% n II%.
Urak, saszaua pasroxenus raaBHod uacTH neptypbayu-
oHHO# (YHKUUM NOAHOCTBIO paspemena. Mm moayuman ato

pasAo:KeHHE B BHJAE
%: > P,;'"',',',e”e'", cos[sL +s'L' -+ mM + m'M']. (11.129)

Kosgpunuentnt P**, sapucar ot 6oabuux noayocei a,

mm’

a w oT B3aumHOro HakAoHa opbut /.

S. Buruncaenne onepatopos Heloxoma. Cpasnusas ¢op-
myant (II.118) u (II. 119), moxsem cpasy HamucaTh Bmpaze-
nus aAs onepatopos Hpioxoma

H}:——-;—D+S,

1 1
Ly=—5D—5,
2=_1_ 2 —4s?

Ilo=7[D*+D—4s7, (I1.130)

TI= 1D+ (—4s—3) D+ 55 +45,

IT2.= 1 [D*+(4s—3) D— 55+ 45,

Kpome Toro, TI8=1. Hugexcn s u s’ ne apasmorcsa ne-
saBucHMbIME, kaK ato Buano us gopmyanst (II. 90). Jeiicrau-
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TEAbHO, B MepBo# cTpouke s’ =={, s=— —/; Bo BTOpO# cTpOUKe
s=i+1, s=—i-+1; B Tperpe#t cTpouxe ' =i+2, s=
—=—i+2; B uerBeprot cTpouxe § =i+3, s=—i-+3.
Hasosem onepatopn, cooTseTcTBylomHe nepBo#f CTpouxe,
oNnepaTopaMH HYA€BOTO KA&CCa; ONEpaTOpH, COOTBETCTBYIO-
mue BTOpo#f CTpPOuUKE, ONMEpaTOpaMH MEpBOTO KAacca H T. J.

Bl MOX<eM Telepb AErko NMOAYYHTb UHCAEHHHE KODPPH-
nuenTH zaa onepartopos Hpoiokoma (II. 130). Tax, nanpumep,
pPaccMOTPHM OnepaTop

[E=+[D*+D—4s).

Ilpn Buuucrenuu omeparopa II2 wyaesoro kaacca mul
noraraeM s = —i. [IpusaBas i mocaesoBaTeAbHBIC 3HAUEHMS
—7, —6 ... +7, noayuum

i II:
—7 |49+ D+ 7D
1 1

e o o o . . e o e o s o

1 1

[Moapo6unie TaGAMIB YHCACHHBIX KOS(@UIHEHTOB onepa-
topoB Hboxoma Bnuucaenm I, I'. Illlapad u npusesenn
B ee pabore.

6. Bropo#t uren meprypGagmommoii gpymxpun. OG6pa-
THMCS TENEPb K PA3AOKEHHIO BTOPOTO UAeHa nepTyp6aygnonnoH
¢ynxgun. Onyckas nocrosunm#t xoedduguent k’m’, moxem
HAMUCATD

Ry= —&%*ﬁ . (II. 131)
Tax xar ) ) )
cos H=""24 22 (1. 132)
TO
R=—1= °:f;” (I1. 133)
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uau, noapayach gopmyrod (II.81), moayumm zas cayuas
KPYroBHX OpGHT

R,= -—%2 [cos (L' — L) — 2sin L sin L' sin® %] . (I1.134)
Ilpeo6pasyem sTo BHpaxenue caeayiomium obpasom:

R, =— ai,g [cos (L'—L)—cos(L'— L) sin2%+
+cos(L'— L) sine-%] (IL. 135)

HAH

dR,=—acos(L'— L) (l — sin® %) —

—acos(L'+ L) sin"% . (11. 136)

CpasuuBas aTo Bupaskenue ¢ pasroxenuem (1. 90), susum,
9TO AAA yueTa BTOPOTO 4YAeHa MepTypbaguoHHOH QyHKEHH
neo6xozumo B (II. 90) samenurn

dA, na a'Al——a(l—sinz-;—),
dA_, na a’A_l—a(l—sinz—‘l?— , (1. 137)

aB, na dB,—a.

§ 3. Teopus anmmenns layroma

1. Beeagenme. Paspa6orka rteopum aBuxkenus [Irayrona
6bira Hauata B 1946 r. 8 Muctutyre Teoperuuecko#t acrpo-
Homuu B Aenunrpage llI. I'. Illapap. Mu npusegem ocuos-
HHEe pesyAbTaTH nepBo# uacTh 8To# pabGoTm, B KoTOpoO#f
L. T. Ulapad smuucAseT BOaMyIIeHds NEPBOro HOPAAKA
or lOnurepa, Carypna, ¥Ypana u Henryna, npuuem sosmy-
menus [Iayrona or Henryna noayuemm mpu nomommu umc-
AEHHOrO MHTErpPHPOBAHMSA.

Arn uanocrpaguu meroza Aanaaca—Hbioroma usroxum
OCHOBHBIE STANB BHYHCACHHSA BOSMYIICHHH WEPBOro MOPAAKA
or Knurepa.
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B ocuoBy BniuncAeHH# NOAOKEHH CAeAyIOIUME CHCTEMBI
aaementoB [Iayrona u HOnurepa:

drementn I[MayTona Arementn Onurepa
Moment ockyaaguu 1930 cenr. 20.0 Dnoxa 1850. aus. 0
Cpean. rpun. noazenp

T=1989 oxr. 0.0344, M, = 148033,
©=109°34, OxaunTuxa Q' = 999779,
i= 17°144, H = 1°308,
0=113°542, ) paBnoaencraue 1950.0 o =273°525,
e =0.248644, ¢ =0.048254,
a=239.517738, a’ =15.202803,
n—14"283. n' = 2997128,
2 =1047.4.

NMpunmeuanue. Cucrema saementos Ilayroma mnoayuena Bay-
spom (1931 r.) m sBAserca GapHpenTpHuecKol cmcTemolf (3a Havaro
KOOPAMHAT NPHHRAT [EHTP TARECTH CACTeMH, cocrosugeii u3 Coanya u
ueTHpex BHYTPEHHMHX mAaHeT). Tax Kak PasHOCTH TeAHOLEHTPHUECKHX
B GADHUEHTPHUECKAX KOOPJHHAT — BEAHYHHH INOPAAKAE BOSMYIHAIOIIAX
Mace, TO OHM AAIOT B BO3MYIIEHHAX PACXOMACHHS TOADKO HA BEAHYHHBL
BTOpPOro nNopsAka, M MNOTOMY NMpPH ONpeJeACHHH BosMYIlenuii nepsoro
NOPSAKA STH BACMEHTH MOTYT pPacCCMATPHBATBHCA KAaK TeAHOJEHTPHYe-
ckue,

Ha ocHoBanum cucreM dAEMEHTOB BHYHCASIEM YroA B3a-
HMHOTO HAKAOHa OPOMT M OTHOLleHHe GOABIIMX mNoOAyoce#

sin+.=0.137935, @=0.131657.

2. Bosmymenns llayrona or IOnmrepa. Jas onpeaere-
HHA BOSMymieHu#f AorapupMa pasHyCa-BEKTOPA H JOATOTH
B op6ure Bocmoabsyemca ¢opmyramu (II. 102) u (II. 103).
Ipexae Bcero BHUHCAfAEM Ty 4acTb BOSMyiIeHuH#, koTopas
He BaBUCHT OT NOCTORHHBIX HHTerpupoBanus. O6osnaunm ux 3p,

u dw,. Hmeem
8pl=;,},-o(q f pQdt—p f qut) ' (I.138)

S, = lg { [S R 4t —2anyT—& a;»l] dt. (II.139)

BexoBme u cMemannmie YAeHH B 8p; MOSBAAIOTCA BCAEA"
ddw
cTBHe HaAHuHA ¢B06oaHHX ureHoB B pQu ¢Q. B ¢ AeHH,

cogep:kalgue { BHe BHAKA TPHTOHOMETPHUECKUX OYHK[Iui,
OTCYTCTBYIOT.
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Ilpu ompeaereHnn NOCTOAHHHIX WHTErPHUPOBAHMA 34 HA-
uaAbHBH MOMEHT {, MIPUHMMAIOT MOMEHT OCKYyAALUH, T. €.
t,= 1930 cenr. 20.0. [locToannte BHuncAfIOTCA IO POPMY AaM

aC,=—[§ aDiR]i=, ‘
aK,=—[n j q(aQ+2C)) dt]i=,,
aK,=—[n[p@aQ-+2C)dtl—,

Co=—|n faRat ]:::., , (IL. 140)
Cs=—{n5(:—:)2[l_':'m(n5a% dt+C,)—
—oyi—é 8p]dt}t=to

Busoa popmya (II. 140) moxxmo naiiru B pa6ore L. T'. L1la-
pad. 3HaueHHs NOCTOAHHHIX B ®TUX (OPMYyAaX COOTBETCT-
BYIOT NOCTOAHHHM § 1 ¢ TOYHOCTBIO A0 MOCTOAHHEIX MHO-
KuTEeACH.

Tenepp ocTaeTcs ONpejeAMTb Ty 4acTb BO3MyileHni,
KOTOpas SaBHCHT OT NMOCTOAHHHX uHTerpupopanus. O6osna-
uuM HX uepes Op, H dw,. Torza

3p, =;1r—g {2C1q S pdt—2C\p S gdt + K,p+ K2q} , (I1.141)
dwy = [ (m'C,— 2a°nVT— & ¥,) dt + C,. (I1. 142)
o

Bosmymenus i,  Haxogum no dopmyaam (II. 53).

OkxonuaTeAbHBle BHpPAaMEHHA AAS BHIUYMCACHHS BO3MyIle-
nu#t [Iayrona or IOnurepa npusegennt B TaGa. 2.

OrpanuuuBasch NEpBHIMH YAEHAMH, MOXKeM HAMHCATb

3lg 7 - 10" =—21929 — 20451 sin M’ — ]
— 8438 cos M' +8901n't sin M' —
— 7516 sin 2M’ — 3130 cos 2M’ +
4+ 3271n't sin 2M' +-. . .,
dw —+-408"62 + 1743'68n't +
+ 84519 sin M' — 1972'82cos M’ +
-+ 859704n't cos M’ + 25648 sin 2M' —

)
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— 60406 cos 2M' +262"98n't X
X cos2M' +. . .,

3Q =+9"24 — 2'76n't — 3!59 sin M’ —
—0"54 cos M' — 1”55 sin 2M' —
—0"95cos2M' +. . .,

8 = 4+-152740 +-0"15sin M’ —

—0"43 cos M' + 0727 sin 2M' —
—0/34cos2M' + . ..

Boamymgenus aorapudma pasuyca-BeKTOpa AaHbB B CEAb-
MOM AE€CATHYHOM 3HAKe, BO3MYIUEHUS JOAroTH B opbure,
AOATOTH y3Aa H HAKAOHAa B COTHIX JOASX CEKyHAH AYTH.
ApryMenTaMu B DPasAO:KEHHAX CAYKAT CpPEAHHE AHOMAAMH
HAQHET.

(II. 143)

3. Yayumenne op6urmi Iayroma. 3a ockyaupyiomyio
cucreMy npuuara cucreMa Dayapa (cm. § 3, n. 1), npuse-
Aennas x pgenrpy Coanmpa:

drementnn op6urn Ilayrona
Ockyasaygus u smoxa 1930 cent. 20.0 Bcem. Bp.

M, = 275°10/ 930,

i= 170 6’33’.’44, ax,\nn'mxa H
paBHOACHCTBHE

2 =109°37'56"96, 1950.0

o =112°43'50/56,
a=39.656022,
e= 0.24699758,
n=14208367.

K wmomenry wucnpaBrenus opburm Ilayrona yaaroch
co6patp oxoro 500 Toumbnix HabAloAeHul, OXBATHBAIOIIHX
nmepuoz ¢ 1914 no 1951 r. u noayuennnix B 28 onnosugusx.

Npameuanme. Kax mssecrno, Ilryrom 6ma orkpur na ¢oro-
rpaguueckux cHHMKax, noaydemnnx 21, 23 wu 29 samsaps 1930 r.
Oanako mo seMepHzaM, BHUYHCAGHHHM Ha TpPEAHIAYIGHE rOAbI, yJAa-
Aocb ompeierntb moroxkenms IIayroma ma crapmx maacTmaxax sa 1914,

1915, 1919, 1921, 1925 = 1927 rr.

Ha6aosenua Ilayrona 6miAM npuBssaHn K BSKBATOPY
u pasuogercrsuio 1950.0 u ucmpaBrenm 3a napaaaakc.
3atem Hna6riogenus [Iryrona 6maum obbpesunenn B 24 HOp-
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MaAbHBIX mecTa. [a6Aa. 3 AaeT CBOAKY HODMaABHHIX MECT.
[Marass u wecTas KOAOHKM yKASHBAIOT KOAHYECTBO HabAI0-
. AeHMit, NMPUHATHIX TPH COCTABACHHH JAAHHOrO HOPMAaAbHOTO
mecta. HeBosmyiuennsie koopaunatet Ilayrona ma momentmt
HabAl0eHH# BHIYHCAAIOTCA MO OGLIYHHIM (GOPMyAaM BAAHI-
Tuueckoro Asm:enus. [locae aroro maxosum BosmymenHsie
SAEMEHTH Mo QopMyAram

w = w, + Sw,
Wy = v, + Q)+ v,
lgr==1gr,+3lgr, (IL. 144)
Q=2 +3Q,

6=, + 32 cos 1.

[pu BBiuMCAeHUM BOBMYIZEHHMH CYMMHpPYIOTCS BO3MYIIeHHs
or dernipex 6oabmux naaner lOnurepa, Carypua, ¥Ypana
u Hentyna. Boamymgenus oT mepsrix Tpex mAaHeT NOAyueHH
¢ mnomompbi0 Ppsj0OB, a BosMylleHus HenryHa BuwuncAennt
MeTOAOM YHCAEHHOTO MHTerpupoBanus. B Ta6a. 4 npusesenn
4UHCAEHHBIE 3HAUCHUS BOBMYIIEHM# AAA Ka:KAOrO HOPMAaAb-
HOTO MecTa.

Bosmymennnie 3HaueHus JAOAroTH B akAunTHKe [ M mu-
portn b onpejeasiorcs no usBeCTHHM QopMyaam (cM. raasy I)

tg (I — Q) =cositg(w—o),
sin b =sin i sin (w — o),

(11 145)

a 3aTeM 1O QopMyAaM
pcosacosd=rcoslcosb—+ X,
psinacosd==rsinlcosbcose —rsinbsine+ Y, (I.146)
psind=rsinlcosbsine +rsin bcose +27

BouucAsiores &, 8 u p. Koopaunatm X, Y, Z 6Gepyrca us
Acrponomuuecxoro Exerognuka.

AAs uCIpaBAGHHMS LIECTH OSKAMNTHKAABHHX BSAEMEHTOB
[IayTona a, e, ... noabsyemcsa merosom Dxxepra—DBpayspa.
Pewmas cucremy us 48 ycrosHbix ypasnennii no « u 3, Haxo-

—77 —



$S'ELL 96501 zeseI— 0Z625— P96L°12 adew 1661 ¥z
S¥'612 S6761 PWell— 1598y — Z96L'1 ‘daad  0g61 >4
$6°SZZ $8°60Z €L'g01— 8SIvy— 656L°11 aden 661 /A
¥EL61 61°6ST €256 — 0L8LE— Ze6L'LL “dasd  gp61 1z
Wivl-+ 18°1L 8126 — opLIE— 916L'1Z ‘GHE /361 0z
61'€C — £9FSI— ¥2'601— 11991— 998L°'LZ *dasd  F61 61
81z — 6L°SST— 96'€21— Wivi— $E8LC aden  Zp6i 81
0L'ZE + S1'601— 1s921— L8SY1— 008L'92 adew 161 L1
09'%¥%1 029 — Z8eII— SS191— 96LL 0L e 91
88212 0Z9y + $6°001— 20691— 96LLLL ‘dasd  6g61 SL
S1'L92 €1°¢8 9L'18 — 60L91— 99LL 01 adew gE61 ¥1
18'28¢ 02'26 1265 — 99951 — PSLL'9 idew /g6 gl
18°€0Z LS°9S €51 — 8666 — STLLLT aden  ggp1 z1
g1l 8g'1€ 6 — 1629 — SOLL'L aden 3661 11
0L°99 00'sl sz — 0608 — L8ILHL adem  gg6Y o1
91l + 122 + 10 -+ 98¢ — L69L'E ‘dasd zg61 6
8y — 00 — 0¥'0 GI8 -+ ¥89L'1 ‘dasd 1g61 8
196 —+ 087 — ¥L°0 SIg -+ 9518°€Z *due  0g6T L
L¥09Z 6662 — €'ZE 0L9Y — £€109 “gmE 761 9
¥1°662+ L60F — ¥0¥S 6995 — Vo' ¥ G761 S
8228 — 61°SS1+ 26'8Z1 696% — 1681°62 “a9? G161 ¥
8L10Z+ 0£'96 — L1921 L89€ — $606'9 ‘due  GI6] €
¥S'Lzz oLvel— 081 956% — z6L0°21 ‘gson 4
I8:L52+ 18:651— 12191+ 6LZL — £LES'ST ‘gms  HI61 1
ntied avaedno n
e 5e e 01 - 4 31¢ .u._.ooh: cuonﬂdouﬂhhnonﬂﬂannuooumﬂ:oom ”.z.:

200 xmmavendon MiEONON vH vHoiAv]] xmuoifiimeog

§ slimuvge g



AHUM IIONPABKH K HCXOJHOH cHucTeme OCKYAHPYIOIIUX BAe-

MEHTOB
oM,= 11184,
v = — 67"81,
Q= 5107,
3= 404,

3e= 9590.1078,
da= 3106.107¢,

[MpeacTaBAenHe HOPMAABHBIX MECT 4O M NOCAe HCNpAaB-
AGHHA DAEMEHTOB NMokasaHo B TabA. .
[puBeseM Temepb OKOHUATEABHYIO CHCTEMY OAEMEHTOB
opbutn [Iayrona:
dnoxa u ockyAagus

1930 cent. 20.0
M,=275°12'1"14,

0 =112°42'42"75,
Q =—109°37'51"89,
i=— 17°6'37"48,
e= 0.24707348,

a= 39.659128,
n= 147206698.

Ha STOM 38KAHYUBAETCA NOCTPOCHHE TEOPHU ABH2KCHHA
nAyTOH& nepBoro nopsaika OTHOCHTEADHO BO3MYIUaOIIKX
Macc.

Mpumeuanne. Teopus asmmenus Ilryroma BTOporo mopsaxa
OTHOCHTEAbHO BOSMYIIaIOIIHX Macc 6maa sakonwena B 1963 r. (Tpyam
HnctutyTa Teopermueckoi actponomus, Bunyck X, 1964 r.). Ha6aoze-
nua IIayTona oxsarmparu uurepsar Bpemenu ¢ 1914 no 1958 r. u aaan
BOSMOXHOCTb HA OCHOBE CTPOrofi aHAAMTHYECKOH TEOPHH CYIIECTBEHHO
YTOUHHTb CHCTeMy ®AeMenToB IIAyToHa.

B nactosamee Bpems (1964 r.) caesyomas cucrtema sae-
MEHTOB COBMECTHO C TPHUTOHOMETPHYECKUMH psAAaMH, NMpea-
CTABAAOIIMMH BOBMYIIEHHS KOOPAMHAT (EPBOro W BTOPOroO
nopAAKa OTHOCHTEALHO MAacC), HaMAydIIMM 0GpasoM ompeje-
Aser apuxkenne [Iayrona:

Anoxa u ockyAapus
1930 cenr. 20.0
M,=275°15'27"03,
4=112°39'29"774,
 =109°37'55"99,
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i= 17° 6'35/34,
e= 0.24706226,
a=39.672599,
n=14"199460.

OKAMNTHKA W PpPaBHOAEHCTBHE, K KOTODbIM OTHECEHHI
9AE€MEHTBl op6uThl, — HOpMaAbHaa anoxa 1950.0.

§ 4. Teopus aApm:kemns GoAbmMBX mAaHeT

1. PynpamenTarnmnie pa6orni. B cospemennnx Actpo-
Homuueckux Exerosnukax ajemepusnl BHYTpPEHHHX MARHET
ocHoBaHbi Ha Ta6augax Hbiokoma, npuuem zas Mapca yuurs:-
BAOTCA Monpapku, noryuennsie Poccom. Ta6aunsr Hbrokoma
ony6AvkoBaHN B caesyomux Tomax ,Astronomical Papers
of the American Ephemeris“:

Mepkypuit (Hbiokom) — vol. VI, part II, 1895
Benepa (Hpokom) —vol. VI, part III, 1895
3eman (Hboxom) —vol. VI, part I, 1895
Mapc (Hbioxom) —vol. VI, part IV, 1898
Mapc (Poce) —vol. IX, part II, 1917

Cpeasne aAeMeHTH, MOAOXKEHHbIE B OCHOBY TEODHH
ABMieHHA Goabwux naaHer Hbpioxoma, npuseseHnl B mpu-
AokeHMH 2 azaa Momenta I, rae I — Bpemsa, cuuTaemoe
B IOAMaHCKMX CTOAeTHAX mo 36525 cyrok oT Hauaabaoilt
anoxu, sa xoropywo npuaar 1900 ausapp 0.12 wacos ageme-
puanoro spemenu. CpeaHss JoArora HOAaHETH A, AOATOTa
MepUreAuss © U AOATOTA BOCXOAAIEro ysaa & cuuraercs or
CpeAHe# TOUKH BECEHHErO pPAaBHOAGHCTBHA TEKYIUEro Mo-
menra J. Uepes n o6osnaueno cpejuee cyTouHoe CuHAEpH-
YECKOe ABM:KEHHE, HEMOCPEACTBEHHO MOAydYaeMoe u3 HabAlo-
Aeuuil, T. €. BKAIOYAOIlEe BAUAHHE BEKOBHX BO3MYLIEHHH
cpeaneti goarotn. CoorsercTBylomiee sHauenHe 6G0ADbLIOH
NOAyOCH, onpejersemoe MO TpeTbeMy 3akoHy Kemnaepa,
0603HaueHO uepes a;; HaKoHel, yepe3 a 0603HauYeHa BEAHYNHA
60ADIIOH NMOAYOCH, y:ke OCBOGOKAEHHAA OT BAMSHHA TOAbBKO
YTO YMOMAHYTHX BEKOBHIX BOSMYyIUeHui.

djeMepuAn NMATH BHEIIHUX MAAHET, COTAACHO DPEKOMEH-
saguam VI cvesga Mexaynaposnoro acrpoHomuueckoro
cowosa (Pum, 1952 r.), ocHoBanb Ha NMPAMOYrOABHBIX KOOpAHM-
HaTax, NMoAyueHHnx Dpayaspom u Kaemencom B Mopcexoi
o6cepparopuu CLUA. C nomombio arexTpoHHBIX 6HICTpO-

6 T. A. YeGorapes — 8 —



AeicTBYIOIUMX BBHIYMCAMTEABHBIX MamineH Bpaysp u Kaemenc
BHIIOAHMAH OTPOMHYI0 BBHIYMCAUTEABHYIO paGoTy no umHTerpu-
POBaHMIO CUCTEMB AU(PQPEPEeHIHaAbHHX ypaBHEHuH, ompeje-
amomux gpuzkenne lOmurepa, Cartypra, Ypauna, Henryna
u [Iayrona B moae tarorenus Coarnga ¥ B3auMMHBIX BO3MY-
wenu#t. Vnrerpuposanne arolf cucremm 30 nmopsaka oxsaTh-
Baer uuTepsan Bpemenu ¢ 1653 mo 2060 r., npuuem BHuH-
caenua Beanch ¢ 40-guesnniM marom ¢ 14 3uavagumu
pudpamu. IlocToannnie unTErpUpOBaHMs GBIAM HMCIPABAEHDI
Ha ocHoBe 25000 mna6aroazenuii, Boimoanennwix ¢ 1780 no
1940 r. Ockyaupyiomue sAeMEHTBI OpPGMT NATH BHEIIHUX
naaner Ha 1966 r. npusesenn B mpuAox:senuu 4.

[Tpu unTerpuposanuu ypaBHEHUH ABH2KEHUA MATH BHEIIHHX
MAQHET BOSMYLIEHHA OT BHYTDEHHMX MAAHET YYHUTHIBAAHCD
AMIIb 9acTHUHO (Macca BHYTPEHHHX NAaHeT Gbira BKAIOYEHa
B maccy Coanpa). [lonpasku, xoropmie zaioT nmoAnn# yuer
BAMAHMA BHYTDPEHHMX MAQHET HAa ABH(EHHE BHEWIHHX, OBIAM
onpeseAeHb OTAEAbHO.

do 1960 r. spemepuABl BHEWIHUX MNAAHET BHIYHCASAHCD
no ra6aupgam Xuara u Hpiokoma, Tax:ke ony6AuxoBaHHHX
B ,Astronomical Papers of the American Ephemeris“:

IOnurep (Xuan) —vol. VII, part [, 1895
Carypu (Xuan) —vol. VII, part II, 1895
Vpan  (Hbioxkom) — vol. VII, part III, 1898
Henryn (Hbioxom)— vol. VII, part IV, 1898

Cpeanue sAeMeHTH, MOAOXKEHHBIE B OCHOBY 9THX TabAuy,
NPHBEACHH B NPHAOXKEHHH 3

Ta6augn Hpiokoma u Xuara 6piau ocHOBaHH Ha cucTeMe
Macc, npeascTaBAeHHO# B Taba. 6.

Ta6amyga 6
Maccst 6OARIMEX MAREET (—)

(no Hsuioxomy)

Mepkyprit . . . . . . . 6000000 | KOnmatep . . . . . 1047.355
Benepa . . . . .. .. 408000 | Carypn . . . . . 3501.6
3eman (+-Ayna) . . . . 329390 | Ypau . . . . .. 22869
Mape .. ... .... 3093500 || Hentyn . . . . . 19314

STH :Ke 3HAYEHHA Macc GniAmM TNIDHHATHI H NPDH YHCACHHOM
HHTEr pHPOBAHUH ypaBHeﬂnﬁ ABH2KEHHS OGOADBLIMX IIAQHET,
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[Mposorxan rpasupun Hboxoma u Xuara, Mopckas
v6ceppatopus CLLA nos pykosoactsom Bpayapa u Kaemenca
OCYILeCTBASIET B HacToslllee BpeMs pAJ (PyHAAMEHTaAbHBIX
paGotr no mepepaboTke Teopuu JABUKeHMA GOABIIMX TAaHET
U NMOCTPOEHHI0 HOBHIX TabAuu.

Teopua  asuxkenus Meprypus

(1765—1937) (Kaemenc) —vol. XI, part 1, 1943
Teopus apuxenus Mapca(Kaemenc) — vol. XI, part 2, 1949
IMarp Buemnux naaer (mpamo-

yroabunie koopausatl) (Bpaysp

u Kaemenc) —vol. XII, 1951
Bexosnie Bosmywmenus 6oAbuwux
naaner (Bpaysp u Bypxom) —vol. XIII, part 1, 1950

Koopaunarm genrpa mace Coanna

 natu Baewnux naaunet (1800—

2060) (Kaemenc) —vol. XIII, part 4, 1953
Bo3myienus nsTH BHELIHUX TAGHET

or uerbipex BHyTpennux (Kae-

MeHC) —vol. XIII, part 5, 1954
Koopaunatet Coanga (1800—2000)

(Xeprer) —vol. XIV, 1953
Teopus FOnurepa u macca Carypna

(1884—1948) (Xepre) —vol. XV, part 2, 1953
Koopaunarn Benepn (1800—2000)

(Xepret) —vol. XV, part 3, 1955
Teopus ssuxenus Benepn (1750—

1949) (Janxom) —vol. XVI, part 1, 1958
Teopusa asuxenus Mapca (oxon-

qanue) (Kaemenc) —vol. XVI, part 2, 1961

B Coserckom Corose pynsamenTarbunie pa6oTel no Hebec-
HO#i Mexamuke mposoauT MucTuTyT Teoperuuecko#t acTpoHo-
mun Axazemuu nayk CCCP. Drtu paborel ny6aukyrorcs
B Tpyaax uscTuTyTa.

Teopus peryaspusuposansoro reouaa

(4. B. 3arpe6un) — Boin. |, 1952
Liepepa (mosmywenus nepsoro nopsaka)
(B. ®. ITpockypun) —smun. I, 1952

BHeinHee rpaBUTA[MOHHOE TOAE 3eMAM

U  (PpyHAAMEHTaAbHHE MOCTOAHHBIE,

ceasanume ¢ uuM (M. 4. Mourorosuu) — sumin. III, 1952
[IryTon (Bosmywenus nepsoro mopsiAka)

(II. T. Hapag) — o, IV, 1935
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VIl coytauk FOnurepa (anarutuueckas
reopus asmmenus) (C. C. Tokmaraesa) — pmn. V, 1956
Onpeaerenne pasvepos obiiero 3eMHOFO

aaauncouza (M. 4. Hourorosuu) —sun. VI, 1956

npeserenne maccel  Mepkypus (no

ABHSEHHI0 KOMETH OHKe) —sun. VI, 1956
Hosoe onpeaeaenne macecnt Mepkypus

(C. T'. Maxosep) — sun. VIII, 1961

Uepepa (npoaoarxenue) (B. . [Npockypun) — sun. 1X, 1962
AyTOH (BOBMyIIEHHA BTOpOrO MOpPsAAKA)

(L. T. Llapa¢) —sun. X, 1964

B sakaiouenue oTMeTHM, 4TO B HACTOsLIEE BPEMs B CBA3M
C mosABACHHWEM GHICTPOAEHCTBYIOIIMX BAEKTPOHHHIX BBIYMCAH-
TEAbHBX MallHH OTNAZaeT HEO6XOAHMOCTb B COCTABAEHUH
CeyHaAbHBIX TAGAMI ABUKEHHS GOABIIUX IAAHET, MO KOTOPHIM
3aTEM BBIYHCAAIOT €XKETOAHO NOAOKEHHS NAaHeT (adeMepuan).
deficTBUTEAbHO, nNAaHETHbIE TAGAHLH ABAAIOTCA TOABKO
BCHOMOTATEAbHHIM CPEACTBOM JAS BBIUMCACHHS T'POMO3AKHX
rpuronomerpuueckux psagos tuna (II.143). Oauaxko ¢ no-
MOLIbIO GHICTPOAEHCTBYIOIIUX BHIYHCAMUTEABHBIX MAIUMH TaKHe
PAABL MOTYT GHITb BbHIUHCACHB HENOCPEACTBEHHO MEHEE UeM
38 OAHY cekyHAay. IloaTomMy A0OCTATOYHO NOAYUHTD AAA
KOODAMHAT INIAAHET TPHTOHOMETPHUECKHE DpAAB, & 3aTeM
HeMOCPEeACTBEHHO BHIYMCAATD D(PEMEPHABI HA HECKOABKO COT
AeT BHEpej.

2. PeAsTHBHCTCKHE NONPABKH B TEOPHH JABHMEHHSN
6oabmux naamer. B 1859 r. Aesepve (1811—1877) o6ua-
PYy:KHA HeOGBACHUMOE pacxoxienue Mex2y Teopuel u Habalo-
ACHUAMH AAS ABHeHHs nepureaus Mepkypus. dto oTkphTHE
CTAAO BOBMOXKHBIM mNoTOMy, uTo okoAro 1850 r. Aesepbe
NpPEeANpPUHAA CO3JAHME HOBHIX TAGAML ABuKeHHS OGOAbLIAX
naaseT. B ocHoBy aTHX Ta6aup 6HAa MOAO:KeHa CAeAyioWas
cucrema Macc, npeAcTaBAeHHas B Taba. 7.

Ta6amua 7

Crcrema macc (3:7)

(mo Aesepse)

Mepkypuit . . . . . .. 3000000 || FOnurep . . . . . 1050
Benepa . . . ... .. 401847 | Carypun . . . . . 3512
3eman (+Ayna) . . . . 354936 || Ypamn . . . . .. 24000
Mape ... ... ... 2680337 | Henmryn . . . . . 14400



B snoxy Aesepbe aTa cucTema Moraa paccMaTpuBaTbhCA
kax Hauryumas. C aro#t cucremoli Macc Aesepbe BHuncAseT
BEKOBOE BO3MYIIEHUE AOATOTH nepureius Mepkypus ot BCcex
6oABIIMX MAQHET M moAydaeT Beauauny 527’ B croaerne

(1856 r.).

BAnARHe mAAHET Ha ZBHMeHHe
neparears Mepxyprs

(mo Aesepne)

Bewepa . . . ... ... .. +280764
Bemas . . ... ... 83.61
Mape . . ... ... .... 2.85
Omurep . . . . . . . .. .. 152.59
Catyps . . . . . ... ... 7.24
Ypam . . . . . .. ... .. 0.14
Hemryw . . . . . . .. ... 0.06

Hroro . ... ... -+-527713

Kak ussectHo, Habaozenus Mepkypus 6wmiBalor AByX
TunOB: Ha6Al0AeHHA npoxoxsenns Mepkypus mno Aucky
Coanpa, koTopbie MPOMCXOAAT B HOA6pe ¥ B Mae, H MepH-
AuaHHBle HabAloaeHus.

AeBepbe usyuua gecatr Hoa6pbckux mpoxoxsenu#t Mep-
Kypus, npoucmesmux ¢ 1677 no 1848 r., u mectp Mafickux
sa nepuoas ¢ 1661 no 1845 r. B To Bpema kak HosGpbckue
NpOXOKACHUA AAI0T JOCTATOYHO XOpOlIEe COTAACHE TEOPHH
¢ Ha6Al0AeHuAMH, MaliCKHe TPOXO2 A€HUS NTOKASHBAIOT OLUHGKY
812/05 B 1753 r., xoTOpas, ymMenbilasch A0BOABHO IIPABUABHO,
¢ TeuenueM Bpemenu Jocturaer 1703 B 1845 r. Iloaromy
Aesepbe mpeanoaozxkua, uTo NOo KpaifHe# Mepe ABa DAeMeHTa
OpOMTH ZOAXKHB OHITH OWIHGOUHH: STH OWMOKH KOMIIEHCH-
pYIOTCA JAAi HOAGPbCKUX NPOXOKAEHWH M CKA2ZBIBAIOTCA
Axs matickux. Aesepbe BHBeA caesyomee ypasuenue (1859r.):

An + 2.720e = 38'3, (I1. 147)

rae A u Ae —noupaBku k NMPHUHATHIM B TaGAM[JaX BEKOBHIM
MBMEHEHUSIM JOATOTH MEPUTEAHS H SKCUEHTPUCHTETA OpGUTH
Mepkypus. 3arem Aesepbe usyuaer eme oxoao 400 mepu-
AvaHHpix Habaozenult Mepkypus, caerannnx na [lapuxckoti
o6cepearopun ¢ 1801 no 1828 r. u c 1836 mo 1842 r.,
Tak#e ¢ TOYKH 3PEHUA TOro, Kakue IMONpaBKU BTH HabAwze-
HHS MOT'YT BHECTH B BEKOBHE H3MeHeHHs op6utrn Mepkypus.
Oxkaszsaroco (1859 r.), uto Tounoe smauenue Ae He Mox:eT
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6bITb MOAYYEHO, HO YTO BO BCAKOM CAy4yae dTa NONpAaBKa
MMEeT OTPH[IATEAbHOE 3Hau€HHE, PpaBHOE MPUGAUBHTEABHO
—8"1. Toraa us ypasuenus (Il. 147) caeayer, uro Ar = +60".
M3 oanux mepnanannnix Habaiogenull Aas A= noayuaercs eige
6oAbiias BeAnunHa, pasaas An=—-+131". Ognaxo npu mo-
cTpoenuu Tabauy ABukenus Mepkypus Aesepbe uponssorbHO
noaroxkur de=0, yro zaer Ar= "3.

B 1882 r. Hbiooxom ny6auxkyer choeguarbHni#i MeMmyap
OTHOCHTEAbHO npoxoxsienuit Mepkypusa u BHBOAMT JAAs
ycKOpeHHs MepureAus snauenne Ax = +42'95. 3amerum, uto
no cpasuennio ¢ Aesepre Hoiokom pacnoraraa Tpems HOBHME
HOA6pbCKMMU Npoxoxsaenuamu 1861, 1868 u 1881 rr. u oguum
Maiickum Ha6alozenuem 1878 r.

B 1895 r. Hbiokom pesiomupoBar cBou pafoTm, kacaio-
muecss Mepkypus, Benepni, 3emau u Mapca B xnure ,OJare-
MEHTbl UETbiPEX BHYTPEHHMX NAZHET M OCHOBHBIE aCTPOHO-
MHueckHe moctoanubie“. B mocaesnedi raase aro#t kHuru
Hebioxkom BBEA B paccMoTpeHue npesiBapUTEAbHBE PE3YyAbTATH
ABYX HOBHIX mnpoxoxaesuii Mepkypus: ma#ickoro 1891 r.
u Hosbpbckoro 1894 r. On noayuur Temepbp caezyollyio
nonpasky: Awn=—-+42/23.

OkonuateabHo B Tabaunsl asuzsenuss Mepkypus Hbioxom
BBeA HOBYI0 mnonpaBky An—-+43!37. Dra Beruunna 6bira
MM BBIYHCAEHa Ha ocHOBe rumoresnl Xoaaa (1895 r.), koropuiit
AAf OGDBACHEHHS HEBA3OK B JABWXKEHHH GOADUIMX TNA&HET
NMPeAAOHA YBEAHUHTb MOKA3ATEAb CTENICHH B 3aKOHE BCEMHP-
Horo Tarorenus Hpiorona ¢ 2 g0 2.000000 1574. Hpioxom
MPUHAA TIOKasaTeAb crtemenu pasnpim 2.000000 16120.

Mertoan BmuHCAeHUA BekoBmx BoaMmymleHu#i Aesepbe
u Hbioxoma 6siru ocHoBann Ha uzee Aarpamxa, xoTopnifi
3aMeHAA B TNpPABbIX 4acTAX AWPdepeHIHaAbHHX ypaBHeHuH
ABUKEHHUA nepTypOalluOHHYIO (PYHKLIUIO €€ BEKOBHIMH YAEHAMH.
OaHakO HUKAKHX CHEIHAABHBIX HCCAEAOBaHHH, MO3BOASIOIIAX
yTBepkAaThb, UTO UHTETPUPOBAHHE TAKUX YCEUEHHHX ypaBHe-
Hull AaeT TOUHble 3HAYEHHSA BEKOBBIX BO3MYyIUeHHHl, caeAaHo
ne 6nir0. [TosToMy 6BHIAG Ba:KHO BHIYHCAMTD BEKOBbIE BO3-
myimenus Mepxypus Ttax:xke no merody [aycca, Tak kak
S3TOT MeToA He TpebyeT pasroxieHus mnepTypbagHoHHOH
¢ynxuuu B psaj. Takas pa6ora 6bira mposerana Jyautaem
(1869—1920), koTopmi#i BHIYMCAHA BEKOBHE BO3MYIIEHHSA
YeThIpeX BHYTPEHHMX MAaHeT Mo Merozy [aycca B ero Moau-
¢uxauuu, npunagaexamet Xuary. PesyabraTn cBoux BHunc-
Aenult Ars apuxxenus mepureaus Mepkypus JyAuta cpaBruA
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¢ peasyabtatamu Aeseppe u Hpioxoma, koTopne on mepe-
BBIYHCAMA AAS IPUHATOH UM CHCTEMBI MacC GOADBIIMX MAQHET.

Aesepbe Hbeioxom Ayanta

529784 533703 529767

Mub Bugum, uto pesyabratel Jdyauraa u Hbokoma paso-
wauch Ha 3'36. [puuuna atoro pacxoxxAenus Tak u ocTarach
nesicio#t zas camoro Jyaurtaa. Ho B 1925—1926 rr. Lllasu
(1892—1955) ykasar na To, uro B cBouMx pa6oTax Hbiokom
HE MOAb3YETCA KAACCHYECKMM ONpPEAEAEHHEM AOATOTH TeEpH-
reAus.

Ecan o6osnauutnp uepes AOATOTY y3Aa, a uepes ®
PACCTOsIHHE NEpPHreAHss OT Yy3Aa, TO, COTAACHO OO6bIUHOMY
ONpeAEACHHIO, JOATOTA TNEPUrEAUMst —BTO AOMaHas Ayra
=2+, a ABUXKEHHE MEpUreAus COOTBETCTBEHHO OINpe-
Aeautcs Tak: ox =02+ 8w, Hbiokom onpeserser aBuxcenue
nepureaus no popmyae dn* =32 cos i + ow. CaesosaTerbno,

(8]
h4

o . l Y
on =3dn* 4+ 2 sm2-2—89 —on* —3/36. dTo kak pas Ta BeAu-

YyHa, Ha KOTOPYIO pasoumauch pesyabtaTht Jyantaa u Hpio-
koma. Pacxoxmaenve B 0717 me:xay srumu pesyibTaTamu
u poiuucAenussMu  Aesepbe Brnoane jgomyctumo. Takum
06pasoM, TeopeTMUEeCKas BEAMUYHMHA ABHKEHHS TEPHTeAMs
Mepxypusi MOXKET CUMTATLCH YCTAHOBAEHHOH COBEpLIEHHO
TOYHO.

B 1916 r. B 49-m Tome ,Annalen der Physik* 6niara
ony6auxoBana cratba Aabbepra Diimmreitna (1879—1955)
»OCHOBH 06melf TEOpHH OTHOCHTEABHOCTH®, KOTOpas INpH-
BOAHA2 K AaAibHelilleMy pACIIMPEHUIO HALMX (PH3UUECKHX
npeacraBAenunii o npoctpanctae u speMenu. Oanako ussecTHH
TOABKO TpH 3((peKTa, KOTOPHE ABAAIOTCA CAeACTBHEM obmeit
TEOPUH OTHOCHTEABHOCTH, H MOTYyT 6BITb NpPOBEpeHH HAa6GAIO-
ACHUAMM B HACTOfIUee BPEMA: BEKOBOE NEpeMelleHHe Mepu-
reans Mepxypus, uckpusaenne ayua csera B6Au3M nosepx-
noctu CoaHpa u cMeleHHe CNEKTPaAbHBIX AMHHH K KPaCHOMY
KOH[Iy CIIEKTpa B IOA€ TArOTeHMs 3Be34. Bce atu Tpu apexra
upesBHYaAHHO MAAB M MOTOMY TPYAHO H3sMepuMH. Jomornu-
TeAbHOe ABM:ieHMe nepureauss Mepkypus, coraacHo obmedt
TEOPUH OTHOCHTEAbHOCTH, cocTaBager An— 42’89 B cro-
A€THE, OTKAOHEHHE CBETOBOTO AyYa, NPOXOAAILIEr0 OKOAO
nosepxuoctd Coanga, pasno 17745, nakomen, cMemenue
K KDACHOMY KOHLY CHEKTpa JAAsf cpeAHelfl AAMHBI BOAHBI

(6000 .&) cocrapaser seero 0.012 A. Cosnasenue sermunusi,
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noayuennofi JHHWITEAHOM AAS MONPAaBKH K ABHMSEHUIO NMEpH-
reaua Mepkypusa us o6iux ypaBHeHuli TE€OpHH OTHOCHTEAD-
HocTH, ¢ BeanumHo#t Hbiokoma npoussero B cBoe Bpems
upessnuaiiio 6oApioe BreuaTAeHue ,,0CO0eHHO Ha Hecmepua-
AuctoB®, xak sameunaer lllasu.

B mnacrosmee BpeMsa mpu BHIYUCACHHH BPeMepH) BHYTpeH-
HMX NAaHeT BMecTOo sMnupuueckod nompasku Hbiokoma
BBOAATCS NMOMpPABKH B COOTBETCTBUM C Teopue#t ODHumredna
(raba. 8).

Ta6anyga 8
PeAATHBHCTCKOE ABH:CHHEe NOPHTEeARCB MAAHET
Maanera Ax edn
Mepkypui . . . . . .. .. .. ... ..| -+4209 +8/82
Bemepa . . .. .............| +86 +0.05
BeMAT . . . . . e i e e e e e e e + 38 -+0.07
Mape ..................] +135 +0.13

OrmeruM, uro HabAlojaembif a@deKT XxapakTepusyeTcs
He BeAMuHMHOH AT, a peauduHoH eAw,

Tak 6pira ycTpaneHa eAWHCTBEHHAas CepbesHas HeBA3Ka
B TeOpUH JABHAeHUA GOADIIHNX NAAHET.




F'rasa 11
TEOPHA ABHIKEHHA MAABIX NMAAHET

§ 1. Koabgo mMaamx maameT B ero CTpyKTypa

1. OrkpuTHe KoAbga MaAmx maameT. [lepsas maras
naaHera 6maa orkpeita 1 ampaps 1801 r.— B nepsnit genp
XIX pexka uraabamckum acrpouomom [Iuaupu (1746—1826),
aupexropom Ilaaepmcko#t o6cepsaropuu. [locae mecrn He-
A€Ab HabAloAenuit nmaanera 6maa norepsna. Oguako opbura,
soiuucAennas layccom (1777—1855) no ne6oabuiomy xoau-
qecTBy HabGAlosenul, OkasaraCh HAaCTOAbBKO TOYHOH#, UTO
31 aexa6pa 1801 r., poBHO uepes roj MOCAe LepBOro Ha-
6A104eBuA, nAaaHera Obniaa BHOBb Hal#jeHa Ha pacCTOSHUM
BCEr0 AMIIb AYHHOTO HONEpedHHKA OT MpPEeACKABAHHOTO MO-
aroxenus. Hosasa nmaanera 6mira nassana Llepepoit. Ee zpu-
JKEHHE NpPOMCXOAWAO Me:xjy opburamu Mapca u FOmurepa.

B mapre 1802 r. Bo Bpema Ha6aiosenuii Llepepm Oan-
6epc (1758—1840) oTxpma BTOpPyI MaAyl0 NAaHeTy, Has-
Baunywo [laaragoit. layce namea, aro [Taaraga rTaxke zBu-
merca Me:xay Mapcom u Hmurepom, moutu c¢ Tem ke
nepuogoM, uro u Llepepa. B 1804 r. 6mira Batizena rTperbs
naanera — IOnona u B 1807 r. uersepras — Becra. Ho
saTeM, B Teuenue 38 AeT, HECMOTPA HA BCE YCHAHA acTpo-
HOMOB, Heé OBIAO OTKPHITO HH OAHO# HOBOM NAaHETH,

[lepsnie ueTnipe MaAble NAAHETH WMEAM APKOCTb 6.5—
9.6 u BuauMbie B TeAeckon Aucku. Muxpomerpuueckue us-
MEepeHHA AaAu CAEAYIOIIME SHAYEHHA AAA AHaMeTpoB (B KM)
NepBHX YETHIPEX MaABX MA&HET:

Hepepa M. ......00.... 770
arraza (2) . . . . ... ... .. 490
Onona (3). . . . . . ... .... 200
Becra(4). . . . . . e e e 390



B 1845 r. 6mira oTkpwiTa natas maras naanera Acrpes
M C TeX MOp KOAMYECTBO M3BECTHBIX MaABIX MAAHET Hempe-
PBIBHO yBEAWYMBAETCH, YEMY CHABHO NOMOTAH COCTaBAEHHBIE
K TOMy BPEMEHH 3B€3JAHBIE KapThl SKAMNTHKAAbHBIX CO3BE3-
auli. K 1891 r. BusyarbubiMu HaGAr0seHUAMH GBHIAM OTKPHITHI
322 maabie MAQHETH.

B 1891 r. Boabp (1863—1932) B TIeiizeanbepre npume-
HUA JAS TOMCKOB MAaABIX HAGHET KOPOTKOPOKYCHHIH cBeTO-
cuAbHHE acTporpad. 3a Bpems Bbigep:xku (mopsika 04-
HOrO—ABYX YacoOB) MaAas NA3HETA YCNEBAET CMECTHTbCA
cpeau 3Be3j M usobpakaeTcss Ha MNAACTHHKE HeGoAbioH
uepTOuKoif, MO KOTOPOH MOKHO OTAHYMTD €e OT GAH3Aexka-
IIuX 3B€3j, MOAYHAIOIUMXCA B BHAE MaieHbKUX Touek. [locae
BBEAEHHA (POTOrPadUUECKOro MeTO0Aa TEeMNbl OTKPHTHH HO-
BHIX NAAHET pesko BO3pocAH. JocTaTouHo ckasaTh, 4TO
ToAbKO caMuM Boabdom 6bir0 OTKpbiTO 228 MaAmXx maaHer.

OrxpuiTHe HOBO# Maro#f maaHeTH camo mo cebe umeer
emwe He6oAblLIOE 3HAaueHHWE, TAK KAK I[0KA He BHIYUCAEHA
AOCTATOYHO TOUHAA Op6UTa MaAas NMAAHETA HE MOXKET JOATO
uHabalogatbca W Bckope 6yser HeusbexxHo yrepsana. B na-
croAllee BPEMA TOAbKO He6OAbLIOE YUCAO BHOBb OTKpHIBae-
MBIX MaABIX IAGHET HaGAI0JaeTCA AOCTATOUHO AOATO, 4TO6H
MOKHO O6BIAO BBIYMCAMTb HajexsHylo opbury. Takue Marbie
IIAQHETDbI IOAYYAIOT HOMED, HA3BAHME W BAHOCATCA B KATAAOT
marnix naaner. HoMmep u Haspaumue Aa0TCa TOABKO mMAaHe-
TaM, Ha6AIOAaBIIMMCA He MEHEE 4eM B ABYX ONNOBHUUAX, H
MOCAE TOTO, KAK MX BAEMEHTH OYyAyT MCMPABAEHH MO OTHM
HabAl0AenuaM ¢ yuerom osMyuenuit. Mckawouenus gerawrcs
TOAbKO JAASl MA4HET, OPGUTB KOTOPHX 3aXOAAT BHYTPb Op-
6urnt Mapca. Hauayumum Bpemenem aas Hab6awosenns maroi
MAQHETH sIBASiETCA NepuoA BO6AM3HM onmosupuM (IPOTHBOCTOA-
Hus). B aTo BpemMs Maras naaneTa KyAbMHHUPYET B IOAHOYD
n 6piBaeT BuAHA B TeueHue BceH Houd. fpkocTb Maro# maa-
HeTbl BOAM3M ONMmosuiuu Hauboabluas.

OTkpbiBaeMble B HACTOsAILEE BPEMA MaAble MAAHETHl OYEHD
crabnl. OHM uMMEIOT CpeAHIO 3BE3JHYI0O BEAMUHHY OKOAO
14—15". O6wmee uucAo MaABIX MAHET, ZOCTYNHHX Hauboaee
KPYNHBIM COBpeMeHHBIM HHCTpyMeHTOM (2175 u apue), oye-
Hupaerca npubausureavio B 140000, a Bepxmuit mpegea
AAs obzedt Macchl MaAbIX nAaHeT onpegeasercsa B 1/10—1/12
maccnl 3emaun. PeaabHas Macca BCex MaABX MAaHeT, no-
BHAMMOMY, MHOTO MeHbIIE 3TOTO BEPXHEro Nnpejera W He
npesumaer 1/1000 maccn 3eman.
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Ta6anua 9

Pacnpeaeaenne YHCAA OTKPGHITHIX MAAbBIX NAAHET IO rojzaMm

Fom Ko | o Kot
1801—1807 4 1906—1915 231
1845—1855 33 1916—1925 239
1856—1865 48 1926—1935 298
1866-—1875 72 1936—1945 214
1876—1885 96 1946—1955 51
1886—1895 156 1956 —1960 34
18961905 173

Hroro 1649

2, Crpyxrypa xoabga MaAmx mnaamer. BoabmuncTso
M3BECTHHX HaM Maimx naader (97°/,) umeer cyrounoe ABu-
seHue B nmpeaerax ot 310 g0 1108", 1. e. cpesnee paccros-
nue ot Coanga B mpegerax ot 2.2 a0 3.6 a.e. Bue sroro
OCHOBHOT'O KOABLA PaCNoAo:keHO ToAbko 49 maaner (1948 r.).
Crpoenue xoAbIa MaABRX NAAHET MMEET OUEHb CAOXKHDLIH Xa-
paxrep. Ha puc. 10 npeacraBreno pacmpeaerenue MaAbix
MAaHET 00 CYTOYHOMY ABuxkenuio. Kpupas pacmpeserenus
MMEET HECKOADKO PE€3KO BHIPA’KEHHBIX MaKCHMYMOB W MHHU-
MyMOB, KOTOpDBlE HAXOAATCA B ONPEAEAEHHOM COOTHOLICHHM
¢ cytounniM gBu:kenuem HOnurepa.

Ilycrs n' =300 — cpesnecyrounoe Apuxenwe Hnurepa,
P u ¢ —npocThe Mexdy cobot yeanie umcaa. Torga mak-
CHMYMBl H MHHUMYMBl B PaclpejeAeHHH acTepousoB 6yAyT

Ta6auga 10

c Haspauue rpynubt Maabx nABHeT, PacnoAo-
OWSMEpUMOCTD n MeHHBX BOAMBH JanHoli COMBMEPUMOCTH

1:1 300" Tpoauybi.

3:4 400 Tyae.

2:3 450 Ipynua Tnabasi.
1:2 600 T'pynna lexy6ni.
2:5 750 T'pynna Mauepen.
1:3 900 I'pynna Tecruu.
2:7 1050 I'pynna @aopsi.
1:4 1200 —

-_ 9 —



COOTBETCTBOBATD CYTOUHBIM ABH:XEHHAM, KOTOPHE HAXOAATCHA
B MPOCTOM COOTHOWIEHHM C CyTOUHHM ABH:kenuem IOnurepa.

BeAauuuna |p — q| nasnBaerca nopasxom COMBMEPUMOCTH.
CaMmbiME peskMMH MHHHUMyMaMH HAM ,AIOKaMu* ABAAIOTCS
MHMHUMYMH, cooTBercrByiogue p/q =1/2 u p/g=1/3. Cous-

300} _
% 200 B ___
3 =
g
5
S
Q
§ - —
= 100t ]
st
60+
40-
2 .—rJ
—c 1 1] L
0 200 400 600 800 1000 1200 n

Puc. 10, Crpykrypa koabua acrepousos.

mepumocTam p/g=1/1, p/q =234 u p/q =2/3 cooTBeTcTayOT
MaKCHMYMH B DACIpPEZEA€HHH MaAbIX IIAQHET.

Kpowme , A10x0B“, cBASaHEBIX C IOmrrepou, HMEeTCH , AIK",
ceasannni#t ¢ Mapcom. Dror ,Al0k“ cooTBeTCTBYyEeT cousme-
pumoctu ¢ Mapcom 2:1 (n=940").

Maremamuecxu TEOpHs, O6DACHAIOIIAA CYIMeCTBOBaHHE
»AIOKOB“ B KOABLE MAAWX MA&HET, OYEHb CAOXHA M OKOH-
aTeAbHO emge He paspaGoTana.

»/\IOKH“ Z€AAT OCHOBHOE KOABIIO MaAbX MAAHET HA He-
CKOABKO BHyTpenuux korey. Ha 1 amsapa 1950 r. 6mam
H3BECTHH dAeMeHTH op6ur 1565 maapix naaner, pacmpese-
A€HHE KOTOPHIX IO CYTOUHBLIM ABHKEHHAM BHAHO u3 Tab6a. 11.
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Ta6auga 11

€€ QHCAO

n Komuo | Obepomnon
> 1200” A 1
1050—1200 I 130
900—1050 11 237
750—900 111 501
600750 v 609
450—600 \'/ 57
< 450 B 20

C ymeauuenuem 4ucra M3BECTHBHIX MAaABX IIAAHET ,AIOKH®
MOCTENEHHO 3AMOAHAITCHA, & MAaKCHMyMH, COOTBETCTBYIOIIHE
plg=1/1 u p/g=2/3, BospacraiorT.

Kpa#iuumn snaueHusmu GoAbuiux moayoce#f opOMT Maabx
naaner apasiorca a=1.46 a.e. (n=2015") y dpoca (433)
u a=528 a.e. (n=293") y Anruroxa (1583). Taxum 06-
pasoM, KOAbLO MAaAbIX NAGHET 3aHHMAET BeCb NMPOMEKYTOK
mexay opburamu Mapca (@=1.52 a.e.) m HOnurepa
(@a=35.20 a.e.).

Oanako cymecTByeT HECKOABKO MaABX IAaHeT, OpOUTH
KOTOPHX pACHOAOZEHH BHE KOAbLIA MaABIX TNAaHET. Tak,
orkpurtas B 1949 r. maras naanmera HMrap (1566) umeer
6oabmyo noayocs a=1.08 a.e. B nepureaun Mxap saxo-
aur BHYTpb op6ur Mepkypus. C zpyro#t croponm, l'u-
AaAbrO, MMEIOWMHA U3 BCeX MaAbIX NMAaHeT HaHGOAblee Cpea-
Hee paccroanue oT Coanua (a=15.79 a.e.), B aperuu moutn
socturaer opburet Carypra (a=9.54 a.e.).

Cpeanee snauenune 6oAbumINX moOAyoceH AAA KoAbLa Ma-
AHX mAaHeT 6Aausko k 2.8 a.e., 4TO TOYHO COBHAJAET C Be-
AWdHHOH#, NpeACKasaHHOH MO ,3aKOHY" Boae.

Mpumeuanue. B 1772 r. nemeyknuit acrponom, supextop DBep-
AnHcKoit o6cepsaTopun, Boae (1747—1826) namea smmmpuueckyio sa-
BHCHMOCTb MeXAYy CpeAHUMHA PACCTOAHHAMHA LIECTH H3BEeCTHHIX B TO
Bpemst Goabwux niawer. Hanmumem pax umcea: 0, 3, 6, 12, 24, 48 u
96. ITpu6asam 4 k KamzoMy ureny psmaa H pasaeAum pesyrprar Ha 10.
MH NOAYYHM ToOraa YHcAa, KoTopbie JAOBOAbHO Xoponio npeACTaBAAIOT
cpeanune paccroanns GOAbBINHX NAAHET OT Coxnga B 8CTPOHOMAYECKHX
eAHHHIAX,

BOAC H3BeCTEH B HCTOPHH AaCTPOHOMHH TaKXke TeM, 4TO IpesAro-
MeHHOe MM Ha3BaHHe Ypana Ars oTkphitoii I'epuerem B 1781 r. HoBoii

60AbIIONH NMAGHETH CTAaAO OGUIENPHUHATHIM. HasBanue ,3Besza Teopra“,
npearosenHoe camum I'epmerem B uectn anranitckoro kopoas I'eopralll,
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Ta6aupga 12

Axuarec IOunrep
a. ... 5.2112 5.2028
n R 298723 299713
2 0.148 0.048
Pe v v v oo v 10°3 1°3

He BomlAo B ynoTpeGAeHHe HA KOHTHHEHTE, TaK Xe Kak H HasBaHAe
»lraneta epmean®. Orkpurtne Ypana, kasarocp, noirsepamro mpa-
BUAbHOCTb ,3axoHa® DBoge. Coraacno sromy ,3axony® cpeamee pac-
crosune Ypana or Cornga Aoaxno pasuarbesa 19.6 a. e., dakTuueckn
Ars op6utnl Ypana a=19.2 a. e. Oanako ara Henryna ,3axon“ Boae
aaet 38.8 BMecro 30.1.

3. Op6ursl mMaamx maamer. [To sxcyenrpucureram u
HAKAOHAM OPOGUTBl MAaABX [A2HET 3aMETHO OTAHYAKTCA OT
60AbIUINX IIAGHET.

Cpeanee sHaueHHe BKCUEHTPUCHTETa OPOUT MaABIX MAa-
Her e=0.15. ITpu arom 98.7°/, op6ur Marnx mraneT umeioT
akcygentpucuret € < 0.33. Oanako OTKpPHTH MaAbie mAaHETH
¢ ,KOMeTHHMU" akcpenTpucureramu. Hanpumep, skcpentpn-
curer opbursl I'mgarvro (944) pasen e =0.66, a sxcpentpu-
curer Uxapa (1566) e =0.83.

peAHee 3HaUeHHE HAKAOHOB OPOMT MaAbiX MAAHET MpH-
6ausureabno papHo [ —10°. JecaTp MaAbix mAaHeT HMEIOT
HakAOHB opbur 6oabwe 30°. ¥ ITaarasm (2) nakaon opburn
Kk akaunTtuke pased [=233° y ['mzarvro (944) i=43° u
y Beryaun (1580) i =152°.

€CMOTpsi Ha 3HAUHTEAbHOE Da3HOOOpasHe HAKAOHOB Op-
6ut, Hu ojHa MaAas naaHera He Apuxkerca Bokpyr Coanpa
B HampaBAeHHH, OOpDaTHOM ABH:KEHHIO OGOADLIUX ITAGHET;
B 9TOM OTHOLIEHWM MAaABIE MAQHETH ABAAIOTCA THIWYHBIMH
NAQHETaMH.

Boablie HAKAORBI M B®KCHEHTPUCHTETH OPGHT MaABIX
MAGHET BBHISHBAIOT HEKOTOPHE OCOGEHHOCTH M B X BMAWMOM
ABH2K€eHMH 10 HebecHOMy cBoay. HekoTopre Marne maaneTm
MOTYT Ha AOBOAbBHO GOABLIOE DACCTOAHHE YAAAATHCA OT BK-
AHIOTHKH ¥ ONHUCHBATH BecbMa CBOeo6pasHylo Kpusywo. Tak,
Hanpumep, ['anumes (1036) s 1911 r. maxoanacs Hezarexo
OT MOAIOCA BKAMNTHKHM. B6Au3H onmosuuum mMaAble mAaHeTH
BCErAa ABUAYTCA MONMATHLIM ABUMEHUEM.
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Hayuenue aBureHus MaAbix DAZHET MPEACTABAAET TPYA~
Hyl0 3ajauy HebecnoH mexaHukH. AHAAMTUYECKUE METOAMI,
paspa6oTaHHbie AAS OGOABIIMX IIAAHET, CTAHOBATCA HENpH-
rOAHHIMH MAH BO BCAKOM CAyuae xpalfiHe TPYAOEMKHUMH NpH
MX TPDHMEHEHHH K MaAbiM MAaHETaM. JTO OOBACHAETCA CAe-
Aylomumi npuuuHamu: 1) maavte napamerpn (e u i), mo ko-
TOpbIM BEAYTCA PAa3AOKEHHUSA B PAAbl, MepecTaioT 6HTb Ma-
ABIMM BEAMYMHAMH AAS GOABIIMHCTBA MaABIX NMAaHer; 2) 6An-
30CcTh MaccuBHOro Bosmymatowero teaa (KOnurep) npusosur

a
K TOMYy, 4TO MapaMmeTp ) 0 KOTOpOMY TakKke BEAETCA

pasAokeHHE, MAAO OTAMYAETCA OT eAuHHyuHn; J) 6oabiuoe
KOAMYECTBO OTKDBITHIX B HACTOAIUEe BPEMs MAABX IIAAHET
AeAaeT NPaKTHYECKH HEBOBMOMKHBIM MOCTPOEHHE TOYHBIX aHa-
AHTHUECKHX TeOpHHl JABH:keHMA AAf kaxkgol#t maamermt. [To-
STOMy NPUXOAUTCHA paspabaTHBaTh CHEIHAAbHHE METOAHI
AAf NpPUOGAMKEHHOTO ydYeTa BO3MYIEHUH MAaABIX NAaHET M
IIMPOKO TIPHMEHATb METOA YMCAEHHOTO HHTErPHPOBaHUS AH(D-
(epeHUHaAbHBIX ypaBHeHHH JBHMEHUS C HCIOAb30OBAHHEM
COBpPEMEHHBIX SAEKTPOHHBIX BBHIYMCAHTEAbHBIX MAIIHH.

4. Han6oree HETepecHBIe TrpynmBl MaALIX NAaHeT.
Cpeau Bcex H3BECTHHIX MAABIX MAAHET Heo6X0AWMO Bhije-
AMTH TpDM FPYNNH, NpeAcTaBAsOWMe 60AbIIONR TeopeTHuecKul
HHTEpeC C TOUKHM 3peHHs HebeCHOH MeXaHUKH.

Fpynna Mmaabnix naaHer, 6Au3KO
npubaruxanomuxcs K 3eMae

13 asrycra 1898 r. na Bepauncko#t obcepBatopun Guira
OTKpHTa MaAas NAAHETa, BH3BaBlIas 60AbLION MHTepeC u3-3a
6BICTPOrO BHAMMOTO ABHeHHA, gocTurasuero 29’ sa cyTku.
Oxasarocp, uTo 6oAbmIas MOAyoCh OpO6UTH 3TOH# MaAoH maa-
HeTH, oAy uuBIne# Haspauue Dpoca (433), pasnaa=1.464a.e.,
T. e. MeHbme, ueM y Mapca. Baarogapa 6oabuomy axcyen-
rpucurery (e=0.22) dpoc B mnepureruu mnpubrmkaercs
k Coangy ma 1.13 a.e., a k Bemare Bo Bpems HEKOTOPbIX
onnosuyu#i — Bcero Ha 0.16 a.e. (uau 23 mMuarmona kuro-
merpoB). Bausocts Dpoca x Bemae coszaer 6aaronpusTHbIE
ycAoBua Ars ompeaerenus napaaraxca Coamga mo Habaro-
aenusm dpoca B onmosuguu. B 1950 r. Pa6e, ucnorpzonas
MHOrouHCAeHHHe Ha6aiogenus Dpoca (cemme 3000) sa mne-
puos ¢ 1926 mo 1945 r., onpeseaun naparraxc Coanpa,
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maccy AyHb, mocTosHHylo aGeppaluH, a Tak:ke MONPAaBKHU
aAeMeHTOB opbuTbl SeMan.

12 mapra 1932 r. B Ykrae 6aus Bprocceas 6bira oTkpnita
MaAasi naaHeTa, noAyuuBwas Hassaune Amyp (1221). Dra
naaveta Moxer npubam:aarnca k 3emae Jo 0.1 a.e. Boab-
was noayocb ee opbutni a=1.92 a.e. n axcyuenTpucuteT
e=0.44. B nepureauu paccroanue Amypa or Cornua Bcero
1.06 a. e. B onmosugmio 1940 r. paccrosuue Awmypa or
3eman 6miro pasno 0.106 a.e. (uaum okoro 16 mMuaaumonos
KHAOMETpOB).

24 anpeas 1932 r. B Ieitaernbepre 6bira oTKpHiTa emie
6oree unTepecHas mnaaneta Amnoaron. Boabwas moayocn
opbutnt Anoarona a=—1.5 a. e., a axcuenrpucurer e —0.53.
Ilepureru#t op6utni AnoanroHa pacmoAOXeH BHYTPH OPGHTH
Benepu. [Ipn oTkpwitun paccrosnme Anoarona or 3eman
pasasarocp 0.09 a.e. Ozuako mocae 1932 r. Anoaron uu
pasy He HabAI0ZaACA H, MO-BLAUMOMY, JOAXKEH CUHUTATbCA
yTepAHHBIM,

28 oxrtabpa 1937 r. B Tetgeanbepre 6mra oTkpuiTa Ma-
A8a naaHeta ¢ HeofBuaiHO 6HICTpLIM, HUKOTAAa Mpexae He
Ha6AI04aBIIMMCA BUAMMBM JABHieHHeM. B Teuenue oauux
cytox (30 oxrabps) oma npobexsara uerBepTb HebecHOTO
cBoaa. Maras naranera moayuura nassanue I'epmec. 30 ox-
ta6pa 1937 r. oxor0 BOCHMH 94COB MO BCEMHDHOMY BpeMEeHU
paccrosnue I'epmeca or Bemau cocrasasro 0.004 a. e.
(uau 580000 xm), T. e. TOAbKO HEMHOTWM NpEBHIIAAO pac-
crosuue Aynet ot 3eman. Boapmas noayoco op6butmt Iep-
meca paBHa a—1.29 a.e., a skcuenrpucurer e=0.47.
Maras naamera ma6aw0garacb B TEYeHWe MATH CYTOK,
HO 3areM ObiAa yTrepsnsa. BcaeacTBue upespmiuaiiHo
6HCTPOTrO ABHXKEHHA CAeAHTb 3a Helf OKasaAOCh HEBO3MOXN-
HBIM.

26 moons 1949 r. Baase Ha o6cepsaropun [Taromap or-
KpuiA MaAyio naanery Hkap (1566), snementnt kotopo#t umeror
COBepIIeHHO MCKAlOUMTEAbHHH xapakTtep. Boabmas woayocn
a=1.078, sxcpenrpucurer e=0.827, Bpema o6paienus
Bokpyr Coanpga 409 cyrox, T. e. HemHoruM G6Goaee ojHOrO
roaa. B nepureaun Hkap saxoaut zarexo BHyTpp op6uTH
Mepkypus. Paccroanue Hxapa or 3emau moxer cocraBaaThb
Bcero 0.04 a.e. (0koA0 6 MHAAMOHOB KMAOMETPOB).

B 1951 r. 6naa oTkpHTa Maras naaHeTa, NOAyYHBLIAS
BriocaescTBuyu Haspanue [eorpad (1620). Ee arementn: cy-
TouHoe zBuxkenue n=2557", 6oavmwas noryocba=1.24 a.e.,
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akcgentpucurer e = 0.33 u nepuos o6pamenus P—1.39 roza.
ITrauera moxer noaxoaurn k 3emae Ha paccrosnue 0.033 a. e.

B ary rpynny maabix naaner BxogaT Takxke Aapbept
(719), Arunza (887), I'anumes (1036) u nexoropruie spyrue.

Fpynna apxux Marmx maaner

EcAu MBI BBIUHCAHM CO BCE0 BO3MOXKHOH TOYHOCTBIO,
T. €. C y4eTOM BO3MyIlUeHHH OT Bcex 6OAbLIMX MAAHET dde-
MepHAy MaAoOH TA&HETH, TO PasHOCTb — HabAlOZeHHE MHMHYC
BHIYHCAeHHE GyJeT BaBHCETb OT HETOYHOCTH NMPHUHATHIX dAE-
MEHTOB MaAOH MAHETH, HETOYHOCTH DAEMEHTOB 3eMAH U OT CH-
CTEMaTHUECKHX OWKMGOK KaTaAora 3Be€3i, K KOTOPOMY IPHBS-
3aHBl HAGAI0A€HUA MAZHETHI. DTO O6CTOATEABCTBO MO3BOAAET
N0 HaGAIOAEHUAM MaAbIX MAAQHET ONPEAEAMTb KaK HONMPAaBKH
K 9AEMEHTaM 3eMAH, TaK H NOCTOSHHbIE 3BE3JHOTO KATAAOTA.
Ha6aoaeHus 20A24HH TPOUSBOAMTDCSA B TEUeHHE MPOMEXKYTKA
BpEMEHH, OXBATHBAIOLWIEro He MeHee ABYX 060poToB Maaoit
naaHeTol, T. €. B TedeHne 8—10 aer u no BosmoxHOCTH
Aarexo ot onnosuuyuu. [lostomy B uporpammy uabarosenui
MOTYT BXOAHMTb TOABKO SDKHE MaAble MAAHETHI,
B rpynny apkux maamx maamer sxozar Llepepa (1), ITaa-
aaaa (2), KOnona (3), Becra (4), I'e6a (6), Hpuc (7) u apyrue.
peyMyigecTBa HabGAIOACHUH MaABIX IAGHET 1O CPaBHEHUIO
¢ HabaozeHuamMu Aynn, Coanga uam 6oabwux mramer co-
CTOAT B TOM, YTO MaAbleé NAAHETH HaBAIOAAIOTCA KaK CBe-
TAMECA TOUKH U MOBTOMY MX HabBAlOAeHHS CBOGOAHEI OT MHO-
POYUCAEHHBIX CHCTEMATHYECKMX OWMHOGOK, NMpUCyWHx HabAlo-
AeHUAM Jpyrux HeGecHmx cBeTHA. JAs MaibIXx maAaHer,
KOTOPHE HMCMOAB3YIOTCS NP MOCTPOEHHH CHCTEMBI 3BE3AHBIX
KaTaAOTOB, JOAXKHBH 6BHITb paspa6oTaHbl TOUHBIE TEOPHH ABHU-
xenus. Tak Kak npu o6paboTke Ha6Al0ZeHuit HaC uHTEpecyeT
CPaBHMTEAbPHO He6OAbWOH uHTEPBAA BpeMeHu, TO mpoILe
BCEro MPHMEHATb METOJ YMCAEHHOTO WHTErpPUPOBAHMA ypab-
HEHUH# ABUNEHHMSA NAAHETH.

TpOﬁHCK&ﬂ rpynna MaAbBX MAAHET

Aarpanx (1736—1813) Bnepsrnie nokasaa, uto mpu onpe-
ACACHHBIX HAYAABHBIX YCAOBHAX MOKHO A0OBECTH A0 KOH[A
TOYHOE WHTErpHpoBaHUe AMPPEepeHUHaAbHBIX ypaBHeHul ABu-
skenua B obwe#t 3azaue Tpex Tea. B oaHoM us arTux cay-
yaes Tpu MacCH 06pasylOT MOCTOAHHO BEPUIMHH PABHOCTO-
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POHHETO TPeyroAbHUKa, pasMephl KOTOPOrO He OCTaloTeA
OAMHAKOBBIMH, TaK KaK ABE MacChl, CKaXKeM, M, W M, ONH-
CHIBAIOT BOKPYT /M; SAAMIIC, AMHHU aNICHA KOTOPHX 06pasyioT
mexay cobo# yroa B 60°. Macca m, HaxoguTca B oAHOM
us okycos. Pewenne Aarpan:xa npejcTaBAaseTcs Ha NepBHilf
B3rAAA BECbMa HCKYCCTBEHHBIM M €ro PEaAM3ajiuss B COAHed -
Ho# cucreme ueBosMoxsHo#t. Ognaxo 22 ¢espaas 1907 r.
B [efizean6epre 6bira OTKpPHITA MaAas MA&HETA, MOAYUMBINAS
BnocAeactTBuu HasBanue Axuarec (588), opbura koTopo# umeer
odesb 6oabwoe cxoacTBo ¢ opburo#i HOnurepa (raba. 12).

Cpeanss zoarora Axuareca otHocuTerbHo HOnurepa ko-
Aebrerca B mpeserax ot +59.5 g0 +70°8. Takum o6pasom
IOnutep u Axuarec npu ceoem asuxkenuuw Bokpyr Coanpa
MOCTOSHHO OCTAKIOTCA B BEPLIHHAX PABHOCTOPOHHErO TPEYTOAb-
HHKAa CO CTOpPOHaMH, paBHbIMu B cpeiHeM 3.2 a. e. [Ipu atom
AxuAreC COBEpIIAET CAOMHBE MEPHOAUYECKHE ABHKEHHSA
OKOAO COOTBETCTByIOWel BepUIMHBI PABHOCTOPOHHEro Tpe-
YrOAbHHKA, YAaAASCb MHOTAA Ha 3HAUMTEABHOE DPAacCCTOAHHUE
oT ?aTo# TOukKH.

B nacrosamee Bpems orkpuito 14 mMaAbx maaHer, npuHaa-
Aexamux K aToil rpynne: 9 us Hux ABu:kyTcs snepeau HOnu-
Tepa M S m0O3aAM HEro.

ITpumeuanne. Bce marme naaserm sroii rpynnm_ Hassaub
MYXCKMMH HMEHAMH, B3STHIMH H3 APEBHETpeyecKoro snoca o IposHCKoOH
poitne. Ilpu stom maibie nramern, maywue Bnepeau IOnmrepa, Hocar
umena rpeueckux repoes (Axuarec, I'extop, Hecrop, Aramemnon, Oanc-
ceit, Aske, JAuomes, Anrmrox, Menerait) m nostomy unorza Hasmi-
Baorca n,rpexamu®. Maame mnaamerst, mayyme sa [Onmrepom, mocar
umena samutuuxoB Tpou (ITarpoxa, Ilpmam, Dmedt, Anxus, Tponua)
M MOPTOMY HAsHBAITCHA ,TposHyamMu®. Tak xak ®TO ycroBue He 6bir0
NpHHATO ¢ camoro Hauaaa, To Ilarpoka u I'exrop okasaauen B Hecoot-
BeTCTBYIOIUUMX Tpymnnax.

OrMeTuM, 4TO MaAbie MARHETH TPOSHCKOH PPymnNB HMEIOT
TaKk:ke cousMepumoctb cpesuux Zpmxenudi ¢ Caryprowm,
paBHy0 5:2.

Hag reopueii aBn:xeHus MaAbx MAaHET TPOAHCKOH rpynmb
pa6oTaAu MHOTHe BbljaloliHuecs HeGeCHbIE MEXaHMKH.

5. Cay:x6a maamix naamer. OTkpniTHe MaAbX MA&HeT
B XIX B. nocrasuro nepes nebecHof MexaHuxo# psaaz Ho-
BHIX 3ajad, MNpejcTaBAsiomux Goabmo#f uHTepec AAA KoOC-
MOTOHHUE COAHeuHOH# cucTeMbl: 06bACHHTD 0CO6EHHOCTH B pac-
npeAeAeHHH DAEMEHTOB MaAbIX MAaHeT, mpobiema ,AIOKOB®,
YCTaHOBAGHUE CBSA3H Me2KAY MaABIMH NTAAHETaMH, CyTHUKAMH



60ADLINX TMARHET M KOMETAMM M, HAKOHel, BONpOC O Mpo-
MCXOXKAEHHH W DBOAOIMHM KOADLUA MAABIX NA&HET.

OAHOBpEMEHHO MaccoBOE€ OTKPHITHE MAAHX MAAHET, Bbi-
3BaHHOE IIUPOKUM MpHMEHEHHEM (OTOrpaduueckoro MeroAa
HabAl0AeHHd, MOCTABMAO MNEpeAs AaCTPOHOMAMH M CAOXSHBIE
OpraHH3allHOHHBIE BONMPOCH MNO ,CAy:k6e Maamix mAaHet“.
[Mapuxckas ademepusnas xongepenpus B 1911 r. npuusra
caezyomylo nporpammy pa6oT mo MaaniM naaneram. [1pessnbi-
yUCAeHUEe DPEeMepus IPOHU3BOAUTCA AAA BCex 6e3 HCKAWUe-
HHSL MAABIX IIAQHET C TOYHOCTDIO, Heo6x0AuMOH M ZOCTaTOUHOM
AASl OTOXAECTBAEHHA (OTOTPAPUUECKHX W BU3YAABHBHIX HA-
6a04ennii. DTo 03HAYAET, YTO OWHMOKA TEOUEHTPHUECKOTO
NOAO2EHHA MaAofi MAaHeTH He JoAxHA npesBocxoiutb 0°5—
1°0. S¢emepuant AOAXKHBI B OCHOBHOH Macce BBHIYUCAATHCH
6e3 BoamymeHHHf M TOABKO AASl MaAbIX NAaHET, OAHUBKUX
k lOnutepy, BBluHCAAIOTCA NpuUOAM:KEHHDIE BOSMYLIEHHs 9H-
CAGHHBIM MAM AHAAHTHUECKMMH METOAaMHM.

Pa6ora no o6pabotke Habiozenuit Marbix naaner 6mira
cocpeaoToyeHa B DepAHMHCKOM BHIYHCAMTEABHOM HHCTHTYTE.
K aro#f pa6ore npuMKHYAH M zpyrue acTpOHOMHYECKHE yu-
pexaenuss — [Taanernpiti uncturyr so Mpankypre-na-Matine,
Aenunrpasckult acTpoHoMuuecku#ft MHCTHUTYT (MepeMMEHOBaH-
Heih B 1943 r. B Hucturyr Teopernuecko#fi acTpoHoMuu)
M apyrue.

JdesteabHocTs BepAunckoro BHIUMCAMTEABHOTO MHCTUTYTA
KaK LIeHTpa MO MaAbM NAaHeTaM mnpekpatuaach B 1945 r.
M no mnpearoxsenuio MekayHaposHOro acTPOHOMHUECKOTO
coosa HMHcrutyr Teoperuueckol acTpoHomuu B3sA Ha cebs
BHYHCAEHME M NMy6GAMKa[uI0 aemepus BCEX MAABX IIAGHET,
HauuHas ¢ 1948 r. B ademepugnoit cay:x6e npunumaor yua-
CTHEe M Apyrue acTpoHomMuueckue yupexmsaenuss B CoseTckom
Corose u sa py6exmom: XapbkoBckuit rocysapcTBeHHHH yHU-
BepcuteT, Actpodusuueckas Arabopatopus Axazemun Hayk
Aatsuiickoti CCP u Aarsutickoe oTaerenue Bcecorossoro
acTpoHOMO-reoAesuueckoro obmecrsa, AcTpoHoMuyeckul Bbi-
uucAuTeAbHuH uncrutyt B [efigeanbepre, AcTpoHomMuueckas
obceppatopus B Llunyunnatu, Kaaugpopuuiicku#t yausepcurer,
o6cepsaropus ,Ilypnypraa ropa* (Haukun), Acrponomuse-
ckas o6cepsatopuss B Tokuo, AcTpoHomuueckas obceppaTto-
pus 30-Ce (Llanxait).

3uaunTeAbHO pacuiMpeHa mporpamMma adeMepHAHBIX paGoT
no cpasrenuto ¢ 1911 r. Ilpumenenue 6micTposeificTBylomux
9ACKTPOHHBIX BHIYUCAMTEAbHBIX MAallHH [03BOAMAC ofbecme-
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YUTb BHYHCAEHHE NMpubAMzcenHbix Bosmymenu#t ot IOnurepa
AASl BCEX MAABIX MAAHET, 3eMepuAbl KOTOPHX MyGAHKYIOTCS
B HacTosulee BpeMsd.

»O¢emepuanl Maabix naaHer Ha 1963 r.“ coaepxxar sae-
mentn 1650 mMaabix naaver u spemepusnt 1308 marmix maa-
HET, OMMNOSHLUM KOTOpHIX uMeAH MecTo B 1963 r.

6. Hcxyccrsennnie maanie maamersl. B 1959 r. cu-
CTeMa MaAbIX NA&HET MONOAHHMAACh ABYMsi HOBHIMH 06bek-
TaMH, CO3J4HHLIMM DyKaMH dYEAOBeKa.

2 aupapa 1959 r. usrorosaennas 8 CCCP kocmuueckasn
paketa ,Meura“ BbimAa Ha TEAHOLEHTPUYECKYI Op6uUTY,
npespatusmuch B cnytiuka Coanga — nepsyo MCKycCTBeH-
Hyl0 mnAaHeTy. Ee 8AeMeHTH: mnepureabHOe paccTOsHHE
0.979 a. e., apeabnoe paccroanue 1.31 a. e., skcueHTpHUCH-
trer e=0.148, nepuoa obpamenus 443 anus.

3 mapra 1959 r. 8 CILIA 6bin sanymen kocmuueckuit
annapar ,ITuonep IV, rakxe npespatusmmuiica B uckyccr-
Bennyio naanery. ,JIluonep IV“ gsuxkerca mouru no xpyrosoit
opbute: sxcpentpucurer e=—0.08101, 6oapbwas mnoayoco
a=1.075 a. e., nepnos obpawenus 407 guei.

3 uoabpa 1960 r. ,Iluonep V*“ npespaTuacs B Tperbio
MCKYCCTBEHHYIO TAAHETY ¢ nepureAbHbIM paccTosnuem 0.81 a. e.
n adeabunim paccrosauem 0.99 a. e.

Yersepraa uckyccTBeHHas MaAas [MAaHeTa 3amylieHa
B Coserckom Corose 2 aexabpsa 1961 r. B nanpasrenun k Be-
Hepe. Ee nepureabnoe paccrosuue 0.72 a. e. u adeabuoe
paccrosuue 1.02 a. e.

Hckyccrsennne naaneTnl He MoryT HaGAl0jaThes Aaxse
B CaMble MOINHBIE TEAECKOINB U MO3TOMY OfipeieAeHHe TOUHBIX
op6uT AAA HUX HEBOBMOKHO.

7. Marnie nrameTsl B meGecHasm MexaHmka. B Teue-
uue XIX u XX BB. 6miau paspa6oTaHBl MHOrOYHCAEHHBIE
METOAH AAS M3yueHMs JABH:ieHHs MaAbix naaHer. Ma scex
3THX MeTOA0B TOAbkO MeToZ ['ansena (1795—1874) noayuua
AOBOABHO WIMPOKOE pAacClpOCTPAHEHHE, OCTAAbHBIE METOABI
NpUMEHSAANCD B eAunHuuHbix caydasx. Meroa [ansena 6ma,
B uacTHOCTH, ucnoabsoBaH Aepo (1841—1911) aaa nocrpoe-
HUA TouHOH Teopum aBmxkenus Bectol. Ta6aupbl, cocTaBaeH-
uoie AeBo B pesyabraTe 25-aeTHedl HenmpepbiBHOH pa6oThi —
STO €AMHCTBEHHBIE TaGAMIIH, JAIOIIHE NOACKEHHE MaAoH maa-
HETH C TOYHOCTbIO, He YCTynawome# TOYHOCTH GOABHIMX
naaHeT. JAf BoIUMCAeHMA NPUOAUKEHHBIX BOBMYyWEHWH wH-
pOKoe pacClpocTpaHeHHe NMOAYuMAH MeToAH Boamna (1860—
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1939) u Bpengeas (1862—1939). Ypapuenus Arn BHUHCAEEHA
BoamymeHu#f noryuenst Boamnom B ¢opme lansena, ecam
Or'PaHUYMBATBLCA B PABAOKEHHAX UAEHAMH MEpPBOrO NOpAAKa
oTHoCcUTeAbHO Bosmywaome#i Macen. Ilo merogy Boauna
NOCTPOeHH TabAMUN JAAs rpynnel naader Tuna [ectuu
(p/q =1/3), Munepsn (p/q = 2/5), Propsi (p/g =2/7), Fexybm
(p/g =1/2) u ara cousmepumoctu p/qg =1/4. Ars Marnix maa-
HeT, 6auskux k IOnurepy, xaaccmueckue merosnm HebecHoit
MEXaHHKH HENPHIOAHBI,

Mb usroxkum B zarbHelimux maparpagax meros Xuara
u ero npuMerenue k Apu:xkenuio Llepepn (pa6orn B. . Ilpo-
CKypHHA) U METOA NMEePHOAHUYECKHX Op6UT.

§ 2. Meroa Xuanra

1. Beeaenme. Xuar npesroxur cBolt MeTOA BHUMCAe-
Hus BoamylueHu#l Maabix naaner B 1874 r. B kauecrse mpu-
Mepa, MAAIOCTPHPYIOUETO 3TOT METOJ, XHAA Uepes ABaZUaTb
ABa Toja ony6AHKOBAA BO3MYLIEHH JOATOTH B opbuTe, Aora-
pudMa pasuyca-sekropa u wupotT Llepepmn.

B 1933—1936 rr. B AcTporOoMHYECKOM WHCTHTyTE IIPOBO-
AuAacb paboTa MO MCNOAb30BAHMIO MeToZa XHMAAAa AAs MpHU-
6AH:KEHHOTO ONpeAEACHHs BO3MYyLUEHHH MAaABIX [AAHET.

B 1948 r. B. ®. Ipockypun (1919—1964) npucrynua
K NpPUMEHEHHI0O METOAA XHAA& AAA MOCTPOEHHA TOYHOH Teo-
puu zpuxkenns Llepepm ¢ yuetom Bosmymenu#t or Bcex
60ADLIMX [IAAHET KaK NepBOro, TA&K H BTOPOTO, 8 BO3MOXKHO,
M TPETbEro MOpsiAka OTHOCHTEABHO BOSMYLIAIOIUMX MAcc.
[lepsas wactp aTo#f PyHAamenTarbHOHR paboTH (BOSMYILUEHHS
NepBOro MopsAka OTHOCHTEAbHO BO3MyIUAIOWHX Macc) 6bira
ony6aukosana B 1952 r. 8 Tpyaax HMucruryra Teoperuueckoit
acrponomuu (Bmnyck II). Uepes secats aer (8 1962 r.)
TaM 2ke 6nAa ony6aukoBaHa BTOpas uacTb paboTh (Bbi-
nyck 1X), B xoropo# aBTOp nepexoaur x paspaboTke MeTO-
AYKM BBIYHCAEHHA BO3MyIUeHu# BTOpOro nopsaka. B kauectse
NpUMepa, UAAICTPHPYIOIIETO METOA, BHIUHCAEHB! BO3MYIUEHH S
Lepepn or Carypna.

Metoas Xuana, no xpaiine#f Mepe mpu BHIYHCACHHH BO3MY-
IeHud nepBoro nopsAka, Npoue APyrux H3BECTHHIX METOZOB.

TO AZOCTHraeTCs Npexsie BCEro BBEACHHEM B KaUECTBE He-
BaBHCHMOTO TNE€DEMEHHOTO HE BPEMEHHM, a HEBO3MYILEHHOH
MCTHHHOH aHoMaAuu Maro#ft maanetsi. Cpasb MexAy BpeMeHeM
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U ucTuHHO# aHoMaaueil zaeTcsa, KAK U3BECTHO, C MOMOIIbIO
HHTErpaia mnaomadjeit

dv —
R —kyp, (IIL 1)
OTKyAa
"2
—__ 0
dt = e dv. (111. 2)

dpyro#t ocobennoctbio MeToAa Xuara aBasercs Bmbop
CNE[HAADHOH KOOpAMHATHOH CHCTEMH, B KOTOpO#l 3a OCHOB-
HYI0 [AOCKOCTb TNPHHHMAEeTCSs MNAOCKOCTb HEBO3MYIUEHHOH
opburn maroi naamere. Ilpu atom ¢opmyamt Xuara aaior
HENOCPeACTBEHHO BO3MYIIEHHSA pajuyCa-BEKTOpa, JOATOTH
B OCKyAupywowe#f op6ure u mHMPOTH Maio# NMAaHETH MO OT-
HOUIEHHIO K NMAOCKOCTH HeBOBMYIeHHOH opOGHTHI.

Ilpn pasioxkenuu nmpousBOAHHX mepTypGaygnuoHHOH PyHK-
gBH B pAAN O KpaTHHM AyraM UCTHHHHX aHOMaAu# ¥ u v
B MeToA¢ XHAAA MPHMEHAETCA TFapMOHUUECKUH AHAAW3 AAA
BHIUMCAeHHs Ko3(Puuuentos pasos MDypoe.

B aaabuetmieM meros Xuara 6yser usrozieH AAs CAyvas
BOSMYyIeHu#l nmepBoro mopsjka.

2. Ocnosnnie ypaBmemnsi. IIpumeuanne. Ilpn BmBOAe
ocHoBHbIX QopMyA MeToZa XuAra 6mAa mcnoansosana crtatha B. B. Hy-
mepoBa ,Bruncienue a6coAlOTHHX BosMyyieHuit nepsoro nopsika B mo-
aspanix  xoopaunatax® (Bioaretenn Acrponomuueckoro HHCTHTYTa,
Ne 35, 1934 r.). 91a cTaTbA COAepAHT pe3yAbTaTh paboTH ceMHHapa,
oprannsoBanHoro B AcTponomuuecxoM uucruryte B 1933 r. npm yua-
crun B. B. Hymeposa, B. B. Hymeposoii, B. C. Mowxosoit, H. ®. boe-
poit, A, II. Taxr, A. H. Crpyiickoii, E. K. Xapaase u ap.

Anq)q)epeﬂnna)\bﬂue YPaBHEHUS BOSMYINEHHOTO ABHKEHWS
MaAolff maaHeTH B NPAMOYFOAbBHHIX KOODAWHATAX C HA4YaAOM
B penrpe Coanga wumeor ciaeaywowuit Bug (macca Coanpa
NpUHATA 32 €AMHULY, Macca MaAoHl NAaHETH PaBHA HYA):

d2x 2x __dR
PR Ry Pa
d%y k%2y __ OR
d% | Kz 0R
de2 8T 9z *

r4e NpousBOojHHe NepTyp6apnoHHO# (QYHKIMM NO KOOpAHWHAa-
TaM BHIPAXKAIOTCA CACAYIOINHMH (GOPMYAaMH:
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IR y x —x x!'
E:klm( e —:3),
R __ ¥y—y ¥
-en(50-5)

Koopaunarnt Maro#t nranerns (Llepeprt) 06osnauenn sepes
X, Y, z, koopAuHATH Bosmymaomero TeAa (lOnurepa) sepes
x',y', /. Macca IOnurepa — m. Paguycoi-Bexropm r, ' u
A — psaumHOE paccTosHME MexAy Maro# naamero#t m HOnu-
TEpOM ONMPEAEAAIOTCH (POPMyAAMH '

rP=x*+y*+2%
P=x"+y?+ 27 (1l. 4)
=74 —2(xx' 4+ yy + 22)).
VYmuoxan ypasneuns (Il 3) coorsercreenno ua x, y, z
M CKAaABIBafA, MOAYYHM
d{ dc . dy . _d\ o
dt( XFrygvEig)—Uvt

k2 _OR _ _OR . _0R
—_x—x+y-0—y-+z$, (IH.S)

rie depes v 0003HaueHA CKOPOCTb MaAoif NmAaHETH,
dx\2 dy\2 dz\2
2 — ay (_z)
) +(dt ) -+ dt) "’

U=\
Ymuoxsas teuepr ypasuenus (Ill.3) coorsercrsenno na
dx dy

@ ar

z
ar H CyMMHDYsHA, MOXKEM HamuCaTb

1 dv? k2 dr — dR dx OR dy 0R dz
TaE R T Yy @ (IIL. 6)

HHrerpupys nocaesuioio ¢popmyAy, MOAyuum cAaesyolgee
BbIpaxieHHe AAS KBAZpaTa CKOPOCTH:

2Ic2 0Rdx  0Rdy . ORds
ot =%
2.[ dx dt 0y¢—17+0, d;)dt"‘co"‘c, (1. 7)

rae uepes C,—+ ¢ 0603HaYeHA NOCTOAHHAA HHTErPHPOBAHHA.
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[Noacrasasas smpaxenue (III.7) B ypasnenme (III. 5),
MOAY9HM OCHOBHOe AH(p(PEpEHUaAbHOE YpaBHEHHE JAAA pa-
AUYCa-BEKTOPA B BOSMYIICHHOM JBHXKeHHH

1d%2 k?__( OR. OR . _oR
TE T (0x+y0 25 )+

ORdx  0Rdy . oRdz
2.[(0xdt Jdydt 0zc't)dt+co+0- (11L. 8)

Ymuoxum Tenepp mnepsoe ypasuenue cucremu (11, 3)
HA —Y M BTOPOE YPABHEHHE HA —X; CKAAABIBAA, NMOAYIHM

d dy dx oR OR
dt( ar ydt) =X Yo (IIL. 9)
OTKYy A4, HHTErpupys, HaxoAHM
d R
= ydt—j( —y5;)dt+K,+K, (III. 10)

rae uepes K0+K o6osHaueHa NMOCTOAHHAA HHTETrPUPOBAHHA.
Bseaem BMeCTO NMpAMOYrOAbHHX KOOpPAMHAT MaAo# maa-
HETH NMOAAAPHBIE KOOPAMHATHI C NMOMOIIbIO H3BECTHHX COOT-

HoweHu#t
x=rcosAcosB,

y=rsin\cosB, (IIL. 11)
z=rsinB.

Aunddepenpupya nocresuue (OPMYAH, HANMIUEM BHIpa-
sKeHUA MPOH3BOAHHX OT KOOPAHHAT

di . dh . od
Z—':=cos7\cosﬁ;:—rsm)\cosﬁa—k——-rcos)\smﬁﬁ,

%:sin)\cosp%+rcoslcosﬂj—}—rsinlsinﬁ%? , (L 12)
dz

b —sdet +rcosﬁdt

Ucnoavsya ¢popmyam (III. 12), mo:xem nepenucars ypas-
nenune (IIl. 10) B caeayomem Buze:
d\ oR OR
r"cos’@d—t=J(x3§—yd—x)dt+Ko+K. (II1. 13)
Mu noAyuuan ocHoBHOe JH(DdepeHIHaAbHOE ypaBHEHHE
AAS AOATOTH MaAO#f NMAAHETH B BOSMYIIEHHOM JBH:KEHHH.
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[peactaBuM BOSMyLIeHHBIE KOOPAMHATH MaAoH NAaHETH
B Buie
r=ry-+d, A=2+3, z=2z,4 3z, (111, 14)

rae ry lo, Z, YAOBAETBOPAIOT YpPaBHCHHUAM HEBO3MYIUEHHOTO
ABHXKCHHA

1 d§ k2

TdE 5w

2 cos? By B2 =K, 1. 15
rg cos’ By = =K (IIL. 15)
d2zq . k2zy

@t =0

AAs Toro 4To6H NOAyYHTb AHPEpeHIHaAbHOE ypaBHe-
HUe AAA BOsMywieHu#l pajuyca-BexTopa, o6pasyeM pasHOCTb
mexk4y (I1I.8) u nepsmm ypasuenuem (III. 15)

d2(rgbr) oR oR oR
dtg 3( ror)=x3z- IR TaE

0Rdx ORdy ., dR dz
+2I($d7*'5;d7+$3t‘) dt+c. (Il 16)

Ipu emsoge dopmyam (IIl. 16) npene6peraem kBajpatom
MaAo# BeAMUHHB Or, 4TO AONMYCTHMO, €CAM OTPAHWYHBAEMCSH
MOCTPOEHHEM TEOPHH ABHKEHHS MaAOH NMAAHETH C TOYHOCTHIO
A0 NEpBOro NOpPAAKA OTHOCHTEABHO BOSMYILAIOIIMX MACC.

O6pasys Temepp pasmoctp Mmexay ypasnenuem (II1.13)
u ropuiM ypasreuueM (IIl. 15) u yuursisas, uto B HeBOBMY-
IWeHHoM ABH:<eHuH wnpoTta B, =0, MozeM HamucaTb caeAyio-
imee AudPepeHIUAAbHOE yPABHEHUE AAS BOSMYIICHHUSA B LOA-
roTe, Tak:e OFPAHHYMBASACH MEPBHIM NMOPAAKOM MAAHX BEAH-
uuH Or u Ok

i =((xE —y 3Ry dt+ K—2rpr 2. (L 17)

Tak xak B HeBOBMYIIEHHOM ABH:KEHHWU 32 OCHOBHYIO NMAO-
CKOCTb IPHHATA MAOCKOCTb XY, TO C TOYHOCTBIO A0 YACHOB
MepBOro MOpPAAKA BKAIOUHTEABHO MBI MO2eM HANHKCATb

z=3z=rydB. (111. 18)

IlosToMy ars BHunCAeHUA BO3MyIIeHM# KOOPAMHATH Z
MOXXHO BOCNOAb30BATbCA HENOCPEACTBEHHO TPETbUM ypaBHe-
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nuem cuctemnt (lll. 3) xoropoe moxHo nepenucatp B cae-
AYIOIIEM BUJe, €CAH OFDAHHUYHTHCS MEPBbHIM MOPAAKOM BO3-
MyImeHui

d? k23 oR
Lo e =R, (IIL. 19)
0

3. Buipaxkenns AAs BOSMYIIAIOIIHX CHA. JAs moryue-
HUA BOSMyIeHu# NepBOro NOpsAKa He06X0AWMO B MpAaBHIX
uactax ypassennit (lII.16),
& (M. 17) u (II.19) noacra-
BHTb KOODAHHATHI H BAEMEH-
THl HEBO3MYIUEHHOTO JABHU-
MEHUS.
Pacemorpum  (puc. 11)
Ha HebecHo#l cgepe mnepe-
cedenne Tpex GOABIIMX KpY-
roB: SKAMNTHKH, HEBO3MY-
menHo# op6uth Llepepm n
HeBO3MyIIeHHOH’ op6uTH
KOnurepa. Ilaockoctp He-
BO3MYIIEeHHOH op6UTH Marok
MAGHETHl NpHMEM 34 NAOC-
KOCTb XY, IPHUEM OCb X Ha-
Puc. 11. Op6urmt Lepepw u IOnu- mnpaBum B Touky A nepece-
Tepa B MNpOeKUMM Ha HeGeCHYI geHHA OPOMTH MaroH maa-
cpepy. HeTH ¢ dKAHNTHKOH (BOCXO-
AAmu# yseA NmMAaHETH).
Heposmyigennnie koopaunatn Llepepn Moryr 68iTb noay-
ueHbl [0 GopMyAaM

Xg==rgcoshy, Yy=rysinky, 2z,=0, (IIl. 20)

A=0+0, (1. 21)

npuvgemM

rae ®— pacCTOSHME MNEPHTEAMS OT y3Aa U U — UCTHHHAs
anomarns Llepepm B HeBo3MyIeHHOM ABH:KEHUH.
O6parumcs Tenepnb k cpepudeckoMmy rpeyroabuuxy AA'N,
o6pasoBanHOMy BoCXOAAIWMH y3iamu & u Q' paccmatpu-
BAEMHX OPGUT OTHOCHTEABHO OSKAHNTHKM H BOCXOZAALIMM
ysaom NN, opbutn Onurepa otHocuTeAbHO op6utht [lepepni.
JAs BHUHCAGHHA yraa B3aHMHOTO HAKAOHA _/u MexX Ay
nrockoctamu opbur u ayr AN u A'N, xoropne o6osnauum
yepes NV u ', MoryT cayxuTh caesyomue GopMyArn:

— 106 —



sin -/ sin 5 (N 4+ N)=
= sin 3 (2’ — @) sin 3 (7' +1),
sin %]cos%(N—l—N’):
- % ® _10) sing =1 (II1. 22)
cos -2—jsin 7(N—-N')=
= sin 5(2' — ) cos 5 (' + i),

cos %]cos%(N———N’)=

= cos %(9' — Q) cos %(i’ — ).

Joarorer Lepept u KOnurepa [ u I, orcuurannnie or
roukn IV, paBum

l—o4+v—N, =o'+ —N. (II1. 23)

Hs cpepuueckux rtpeyroavuuxos xNI, yNI u zNI ne-
TPYAHO MOAYUHTb (POPMYAB JZAS BHIYUCAEHHSA KOOPAUHAT
IOnurepa ornocuTeAbHO MpuHATO# CHCTEMB NPAMOYTOABHBIX
KOODAHHAT

x'=r' cos(x, I)=r'(cos Ncos ' —sin Nsinl' cos J),
¥y =r"cos(y, )=r'(sin Ncosl' +cos Nsinl' cos ), (Ill. 24)
Z'=r'cos(z, [)=r'sinl'sin J

HAM, 3aMeHas cos/=—1—2 sinzé , TIOAYHYHM
x' =r’[cos (I'+ N)+2sin Nsin I sin® '2£:| ,
y'=r[ sin('-+-N) — 2cos Nsin ' sin’ 4], an2s)
z’=r'sinl'sin J.

Ilepexosum Temepb x BHIYUCAEHUIO NMPOM3BOAHHIX NMEPTYp-
OaguoHHOH QYHRUIUH, KOTOpHE MOXKHO MNEpeMmHCATb TAKHM
ofpasom:
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=km |y (—5)— 4|, (1il. 26)

B npasne uwactu (IIl. 16), (IIl. 17) u (IIl. 19) Bxosar Bm-
paxieHus, 3aBHCAIIHE OT BOMYIIAIOIIUX CHA H HEBOSMYILEH-
HBEX KOODAWHAT MaAO# MAAHETH, KOTOPHE Ha OCHOBAHMH
(II.20) u (IIl. 26) mo:xHO mnpeoGpasoBaTb K CAeAyIOIIEMY
BUAY:

" R xR, g9 OR IR R

% +yE+zo—=x°$+y00—y=

=k*m [(% ) (xox' +yo¥) — 35

T—  OR_ OR__ R OR
Tol =X 50 — Y5 = %5y — Y5y =

=k*m (313 —_ —,1-3-) (Y’ — yox'), (1I1. 27)

dRdx  ORdy . OR dz _ 0Rdxy _ ORdyy __
xdt Yoyt Yz &t —ox dt Tog dt

dr dly
= R' =2 °+ron—t,
Z=$.

3amensas B mocaesHHX (POPMYyAaxX MPSMOYFOABHBIE KOOD-
AHHATH INOAADHBIMH KOODAMHATAMM HA OCHOBaHMH (op-
mya (N1.20) u (1IL. 25), MOZEM HANHCATb CAEAYIOIIue BHIpa-
senus Aaa R, T u

R="km|r(5—7) %
x {oos (f'— 1) —2sinlsin sin* 4} — 78,
T—=kimr’ (%-— ls) X (II1. 28)
X [[sin (' — ) —2 coslsin Usin* 4 ]
Z=Fkm (— —l) sin’sin /.
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Beauuunn R’', T u Z — xomnonentsl Bosmyigamiome#t cuabi
Mo pasuyCy-BEKTOPY, NEPHEHAUKYAAPY K PaiUyCy-BEKTOPY
M MO0 HANPABAGHHIO OCH Z.

Tax kak B AarbHeHieM MBI BBejeM BMECTO BpEMEHH
HOBYIO MEPEMEHHYI0O — HCTUHHYIO AHOMAAMIO MaAOH MAaHETHI
B HEBOSMYIUCHHOM ABH:KEHWH, HaM Heo6X04UMO yCTAHOBUTD
POpMyAB AAA mepexoza OT U K .

4. 3apHCEMOCTD Mex Ay HCTHHHLIMH AHOMAAHSMH Ma-
Aot naamerst B I0nmETepa B HeBOSMymIeHHOM ABH:ceHEH.
Ars BuuucAenus cpeauux anHomarutt Llepepmt u IOnurepa
AAfl AQHHOTO MOMEHTA f CAy2KAT W3BECTHBIE (POPMYABI

M= Mo -+ pt,
M =M, + 't
rae ¢ u ' —cpeauee cyrounoe asuxienwe Llepepst u IOmu-

repa, a My, u M, — cpeanne anoMaruu B HaUaAbHYIO BMOXY.
O6o3Hauum oTHOWeEHHE cpeAHHx JBuWKeHuH (. u P’ uepes

n=yp' sy, (I11. 30)
Hckaouas ¢ us ypasnenutt (III. 29), moxem nanucarop

M =nM — nM,+ M;=
=nv—+M,—nMy—n(v—M). (IIL. 31)

(IIL. 29)

IMoroxeum AAl KpaTKOCTH

= nv+ M, — nM, (III. 32)
TOT A4

=¢—n(v—M). (IIL. 33)

[Tpu pasroxenuu B pasol Ham 6yset ya00HO MOAB3O-
BaTbCsA nepemenHo#f w', pasHo#

w=¢—o. (IIL. 34)

B aroM cayuae ucrumnas auwomarus IOnurepa Borumc-
AS€TCA MO (POPMyAaM

M’—v+w'—n(v——M),

E —esinE' = M’
T+¢ (I11. 35)
z Vl —e 8‘
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5. Hurerpuposanne auddpepenpEarbHEIX ypaBHeRHH
ara 8r m 8z. Ypasnenua (III. 16) u (IIl. 19) umeior oany u

Ty A#e obwyno ¢opmy
Lz Kz _ Q. (II1. 36)

dez " 3
d ry

B HeBosmymeHHOM ABHeHUM MBI AOAKHB [MOAOKHTD
Q=0, Toraa moayuum o6nuHOe ypaBHEHHE HEBO3MYILEHHOTO
SAAMITHYECKOTO JABHUKEHHA, KOTOPOE HMEET JBA YaCTHHIX
peulenus

Z,==rycosV, Zy,=rysinv. (II1. 37)

OG6wu#t uHTErpar 0AHOPOAHOTO YPABHEHHA MOKET GHITD
3afMcaH TakK:
z=0¢,z, + Cy2,, (111. 38)

rAe C; U C,— NpPOUSBOAbHBIE IOCTOAHHBIE HHTErPUPOBAHHUA.
PaccmaTpuBas BeAmuuHB €, M €, KaK QYHKIUH BpEMEHH,
MoxseM coxpanutb ¢opmy obwero uurerpara (IIl. 38) u ars
HeogHOpoAHOrO udpdepenyguarnpuoro ypasuenus (III. 36).
AeficTBUTEABHO, TNOAB3YACL METOAOM BApHALMM MPOUB-
BOABHBIX ITOCTOSAHHLIX, AHQ(PEPEHUUPYA ABa pasa BhIpa:KeHue
obero unterpara (III. 38), moayaum

ds o ¥y o 95
a6 gt 1L 39
d2z __  d%z; d?zy _ decy dzy | des dzp (II. )

=gt mptYagataa

NPH YCAOBHH, 4TO

doy \ 5%, (II1. 40)

S A T

IToacrasasa sropoe ypasuenue cucremut (III. 39) B ypas-
uenue (lII. 36), mo:xxem manmcarn

de, dz deydzy
doydny, doydes _ (I 41)

AAs cnpejerenus ¢, u C, pellaeM CHUCTEMY ABYX ypas-

nenut (III.40) u (IIl. 41) ormocuTerbHO npPOU3BOAHBIX jct-l
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d02
W dr
MylgeHHOM ABHIKEHHUH
o dv d d; =

6yaeM uMeTb CAeAyiOlIHe BBIPaKEHHA JAAS ONpeAEAEHHA
BEAMUHMH C, H Cy

. Bocnoabsosapmuco HHTErpaAoMm HAOIQ&ACH B HECBO3-

oy 2Q do__ 2Q
A= T (111, 43)

Unrerpupys n noacraass B o6wu#t unrerpaa (III. 38),
MOKHO HamuCaTb pelleHHe AuDPEPEHIHAADHOTO ypaBHe-
uua (1II.36) B caeayomem oxoHuaTerbHOM BuLe:

k\p - z=12,[2,Qdt — 2, [ 2,Qdt +c,z, +cyz,.  (IL.44)

Ecau Temepp mnepeiTH kK MOAADHBIM KOOpAMHATaM MO
dopmyaam (lll. 37) u samenuTn Audepennuar BpeMeHu
Auddepentuarom uctunHo#t anomaruu mno dopmyae (III. 2),
To obiee pewenue ypasHenus (lIl.36) moxuo samucars
Tak:

rf; 2= Q(—;}’-)ssin (0 — v)dv -+ ¢, cos v + ¢, sin v, (I1. 45)

rae C, ¥ C, — NOCTOSHHBIE HHTETPUPOBAHUSA, & U 04 BHAKOM
MHTErpaAa OCTAeTCA MNOCTOSHHOH BEAMYMHOH NpH MHTErpH-
popanuu. [Tocae uHTErpHpOBaHHsA CAEAyET NMOAOKHTD T =9,

6. Buuncaenne BosMymenni TpeThelt KOOpAHHATHI 2.
IMpumenss popmyay (lII.45) sas BmuMcrenns Bosmymsenus
TpeTbelf KOOpAMHATH 3z, onpeaerseMol AuddepeHInarbHHM
ypasuennem (IIl. 19), mMoxuo nanucatn

2

rop®
npuueM BOBMYILAOWIAA CHAA Z ONpeAEeAAeTCs U3 TPETbero
ypasuenus cucremn (II1. 28).

7. Buuncaenne Bosmymenmit pagmyca-Bextopa. Ilpu-
menas popmyry (III. 45) azrs Bmuucaenus BosmymueHus pa-
auyca-pextopa or, ompeaersemoro ypassenuem (III. 16),
MOKHO HANHMCATD

.’;_: o= Q(—;;-'-)" sin (6 — v) dv + ¢, cos v+ cysin v, (1L 47)

3z = J-Z (—;l)s sin (¥ — v) dv + ¢, cos v -+ c; sin v, ([I1. 46)
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npuuem Q ompeaersercs u3 dopMyAH
(. OR oR aR dey aR dy,
Q=(x5; + 935, )+ 2] (5 To+5, o)t +c. (U.48)

[Nocaesnioo popmyry moxsHo nHa ocosanuu (III. 27) ne-
penmucaTh B CAeAyiolleM BHZe:

Q=rR +2[(R S+ r T4 dt+c. (1l 49)

8. Buiuncaemnme BosMymemEE JOATOTHI. Ypanne-
uue (III.17) zrs ompeserenus BosmyieHHs JOAroTH OA Ha
ocuopanuu (lll. 27) moxer 6miTh mepenucano B BuAe

S (o Tdt+ K—2rtr 92 (II1. 50)

Ilepexoas k nepemenno#f v u fOADSYACH MHTErpaioM
naomaaelt (Ill. 1), moxn0 dopmyay (IIl. 50) nepenucars B Ta-
xo#t gopme

ddh ry K 251’
__sz Tdo+ 422 (1L 51)

rak xak dh,=dv (cm. (IIL. 21)).

Hnrerpupys nocaesnee BbiparseHHe, MOXHO HANUCATD
OKOHYATEABHO CAEAYIOWYI0 (POPMYAY AAA BHIYHCAGHHS BO3-
MYIIEeHHs JOATOTHI

6)\=S[ XTdv+T—2 Jd«u+c;,, (lil. 52)
. P

rae K u c;— npousnoAbHBE MOCTOSAHHBIE WHTErPHPOBAHMUS.

(DopmyAu (lIl 46), (I11. 47) u (III. 52) nossorsior BHuMC-
AHTb BO3MYLIEHHs NEPBOrO NMOPAAKA AAA ZOATOTH, pajuyca-
BEKTOpa M TpeTbel#f KOOPAUHATH, HHHIMH CAOBAMH, NO3BOAAIOT
NOAHOCTDBIO (IOCTPOUTD BOSMYIEHHOE ABH:KEHHE MaAo# maa-
HeTH.

CeMb NMOCTOAHHBIX MHTETPUPOBAHHA C;, Cy Cs Cy Cs, C
u K He ABAAIOTCA He3aBHCHMBIMH BEAHUYMHAMH, & JOAKHBI
TO2XAECTBEHHO YJAOBAETBOPATb YCAOBHIO, KOTOPOE MOXHO
MOAY4HTb, PA&CCMATDHBAS BHIpaxieHHEe JAA KBAZPATa CKO-
pocTu.

9. CooTmoOmenne MeX7y NpPOHSBOALHLIMH WOCTOSH-
HbIMH HHTErPHpOBaHHMN. DBhpaxeHue kBajpata CKOPOCTH
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B MOAAPHBMX KoopAMHaTax Ha ocHosanuu dopmya (III. 12)
MOXKHO HANMCATD B BUAE

Vi=(G) +rteosd () + (). s
COOTBQTCTBCHHO B HEBOBMYUIEHHOM JABHKE€HHU HMEEM
dry\? d)
Ve=(G) +r(%)- (IIL. 54)

O6pasys pasnocts ¢opmya (III. 53) u (IIl. 54) u orpanu-
YUBAACH MEPBHIM MOPAAKOM MAABIX BEAMUHH, NOAYYHM
s o drodir o« (DN . o dlgddh
VE—Vp=2 P+ 2rr (8) + 2§ 2T (1. 55)
Ilepexoas x nepemennHod ¥ u MpUHMMAA BO BHHMAaHHe

¢opmyay (III. 51), moxuo smpaxenue (III. 55) nepenucarn
B CAEAYIOIIEM BHJAE:

e 1p=2
To
x (esino B o T“d L YeK i) 56)
k ro

C apyro#t croponb, ofpasys pasHOCTb Me:sAy ypaBHe-
HueM (III.7) ars Bosmymennoro ABu:ienus u cooTBercTByIO-
IOHM ypaBHEEHHEM JAASl HEBO3MYIUEHHOrO JABH:KEHHA

Vi=Z e, (I1. 57)

MOXKeM HamucaTtb

Vi—Vi=2k(+—1)+

r ro

r)R dxg  dRdy
+ 2 [(Gr FR+5, ) dt+c. (IIL. 58)

OrpanunuuBasco nepssiM nopsaakoM BoaMylueHu#l pasuyca-
BEKTOpA, & Takke HCIOAbSYsS TPETbE YypaBHEHHE CH-
cremn (Ill. 27), noayunm

Vi Vi=—2Y 4 2(RZMY 4 T)dotc. (L 59)
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Hakoney, cpaBHuBas mocaezHIOl0 (QopMyAy ¢ ¢opMy-
Aokt (III. 56), 6yaem oxoHuaTeAbHO HMETD

2 3 .
ro . dor rgesinv
mc:esmv-d—v— —E—Rdﬂ)—l—

_._iiﬁ.._(l _%) . (II1. 60)

(opmyara (IIl. 60) sBaserca TomxmazecrsoM, npu noacra-
HOBKE B KOTOpDOE BOBMYIUEHHsS paJHyCa-BEKTOPA OF YAEHHI
C TMEpeMEeHHbIMH aPryMEHTAMH JOAXHBl COKPaTHTbCA. B pe-
SyADTaTE MOAYYHM COOTHOUIEHHE Me:KAY MPOUSBOADHBIMH
[HOCTOSHHBIMH HHTErpupoBaHus. TakuM o6pasoM, BMECTO CeMH
MPOUBBOABHBIX NOCTOSAHHBIX MMEEM TOABKO IIECTb, KAK 3TO
AOAKHO GHTb ZAs Tpex AuddepeHuaAbHBIX ypaBHeHHH BTO-
poro mopsaxa.

10. Onpeperenme mocrosmmmmx. ITocToannpe unrerpm-
poBaHuA €, Cy C3 Cy4 C5 ¢ M K Moryr 6biTh oOmpeserenn
pasAMuHBIMH croco6amu.

[Mepepwmi#t cnoco6. OnpeserseM nocTosHHHE MHTErpH-
poBaHua us ycaosus, uro npu ¢=0 (snoxa ockyaapumu)
BO3MyqueHus dr, O\ u 8z, a Takxke WX NPOH3BOAHBIE

(B (), (2
dv p=0’ dv p=0' dv)e.—_o

o6paiaiorcs B HyAb.
Toraa us ypasmenus (IIl. 52) umeem

3
3)‘=03+K1”o+§[1:2_(;,57'd”—2f_:] dv=0, (IIL.61)
0

rae

_ K
K, =4 Ve
3
dd) — To 2r __
(70-)’_:%—1(] —l—k—Qp-jv To v _—’T_O.

Tax xax 8 =0, To M3 mocAejHero paBeHCTBa HAXOAUM

3

—_K __ T
Kl——;—‘/;——- kzp ‘g Todv. (HI. 62)
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Toraa ycaosue (III. 61) zaer

3 ~
g =— lvo—j[%dev—Q%]odv. (IIL. 63)

AaAee us ypapaenus (lll. 47) umeem
Br— [Q( )J sin (0 — v) dv +

“+¢;cosV + ¢, sinv=0,

k2 (dar [Q( ] co0s (0 — v) do—

dv p—-vo

(IIL. 64)

—¢;sinv+c,cosv=0.

YMHO?Kaﬂ nocaeiHne paB€HCTBA COOTBETCTBCHHO Ha
cos v, —sin v, & 3aTEM Ha sin U, COSY U CKAAAbIBasA, MOAYYHUM

cl=j[Q -;i) -osin vdv,

. (II1. 65)
— I [Q (T")s]o cos vdv
npu v=u,. Haxoaeg, ypasuenue (lII. 46) zaer
o Lk Yo [Z r° ] sin (6 — v) dv -+
+ ¢, cosv—+c5sinv=0, (IIL 66)

rop (daz)’-_% j [Z ] sin (9 — v) dv —

—c4smv+cscosv=0,

yMHO?Kaﬂ neppoe ypaBHeHue Ha Ccos¥Y, a BTOpOe Ha
—Sinv, a 3aT€éM COOTBETCTBEHHO Ha SNV H COSV H CyYMMH-

pPys, NOAydHM
=+ I [Z (%-)3]0 sin vdv,

—[[2(3] Jocosvee
npy v=2y,,

drementni opburnt Llepepm Aan momenra t=0 npu
AAQHHOM BHI6Ope MOCTOAHHBIX HHTErPHPOBAHMSA HOCAT HasBa-
HHE OCKYAUDPYIOIIUX DAEMEHTOB.

Bropo#t cmoco6. MoxHo mnpocTo mnoAo:xuTb Bce
MOCTOAHHEE MHTErPDHPOBAHUS pABHbHIMH HyAlo. B aTom cay-
qae DAeMEHTH Op6GHTH Maio#h mranmetsl npu =0 yxe He
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6yAyT OCKYAUDYIOIIHMH SAEMEHTAaMH. dremenTn op6UTH, H
ABAAOIMIMECH OCKYAMPYIOIIMMH, HA3HBAIOT CPEAHHMHM JAe-
MeHTaMH. B 3aBHCHMOCTM OT MeTOAa ONpeAeAeHHS MOCTOAH-
HBIX HHTETPHDOBAHMA BOSMOXKHB Da3AMYHBIE CHCTEMH Cpej-
HUX BAEMEHTOB.

11. Pasaoxenus B paamt Pypbe nponsBozHbIX mep-
rypGagnonnoit pymkpgan. Hama 3ajaua saxrouaercs reneppb
B pasioxenun B pasn Dypbe mo kpaTHHM ucTuHHOH aHOMAa-
Aun Bosmyugaemo#t maanernt seausns R', T u Z (cm. (II1. 28)).
Bhiuncaenus cAeAyeT NpPOMSBOAUTD B CAEAyIOIeM NOpAAKe.
Cuauara no ussectuniM aremenrtam Llepepm u IOnurepa

Mo) a, e, o, Q, i;
4 7 ! / / 4
M, d, ¢, o, 2, i

suuncaseM no popmyaam (III. 22) yroa ssaumnoro Hakrona J/
u Agru N u N.
aTeM, pasAeAMB OKDYkHOCTb Ha Kk uacTe#f M noaaras

nocaezosatTeabso v =0, 2k—“ y 2 27:3 y oo (k— 1)2—:- , BHIYHCAHM

l=v4+0—N,

E T—e, v
t37=V1—;:tg7' (I1L. 68)

r=a(l —ecoskE),

M—=E—esinE

AAA KaxAOrTo sHaueHus v. Pasjerum Temepb OKPYKHOCTH

Ha k' uactef. IToaaras nocaesosareabno w' =¢ —uv=0,

2n 2% 2n ’

7 2 oo (¥ —1) ) BBIYHCAMM AAA KaXA0M0 W' U AAA

paBHOOTCTOAIINX 3Hauenutt v, kk' Beanuun
M=v+o'—n@v—M),

E—eésinE=M,

v’ 1+¢, E
t7= Vr:: R APt
r=ad(1—eé coskE’), + (111 69)
! =d +0o —N,

cos H=cos(l' — I) — 2sin I sin I'sinzé,

S 2
A=t 4 r* —2rr cos H.
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IMocae sroro no gopmyram (IIl. 28) Bmuncasem kk' sua-
uesnt R, T u Z, no xoropuim R, T u Z moryr 6umtb

pasaoxkenn B pazsi Dypbe caeayiowero Buza:
D[Asir cos (fv + i'w') + By sin (iv + i'w')] (111 70)
1

(i=0, +=1, =2...,
/=0, —1, —2..../°

MeToa Takoro pasAoxseHHs XOPOIIO M3BECTEH.
12. Buuncaemme Bosmymemmit. O6paTtumcs Tenepn
k qopmyaram (III. 46), (II1. 47) u (lIL. 52).

Al BBIUHCACHHS BOSMYLIEHHs Dpajuyca-BeKTOpa Or Mo
dopmyare (lll. 47) neo6x0auMO npeABapUTEABHO BBIYHCAUTD
Beauauny Q no gopmyae

Q=rR+2[(R % +r, T4 dt+c.  (UL.T1)

B srom Buipakenun mMbl Jo0AxHH nepefiTu oT nepemenHo#t ¢

K uctuHHOH anomaruu v Llepepm. Jas aroro jocratouso
3aMEHUTD

d
Do dt = iy = do,

drg 4, __dry ; _a(l—eesinv
Tdt_—&;dv_ (1 +ecosv)? dv.

[Toroxum aas kpatrocTH
R =2 (1 —e?) esinvp,
 (1+ecosv)?

Toraa sas Bouncrenus Q 6yseM OKOHYATEABHO HMETH
CAeAYIOIIYI0O (OPMYAY:

Q=rR +2[(R"+r,T)dv+c. (I1L. 72)

IloAyuns Buipaxkenue Aaa Or, BHUHMCAsieM BO3MylUeHHe
aoarorst A mo dopmyae (III. 52).

Bosmymenue 8z onpegeaserca no gopmyae (lII. 46). ITe-
pe#iTd OT BOBMyIIeHHS 0Z K BOSMYIUEHWAM WHPOTH Of He
NpeACTaBASET HMKAKOrO TPyJAa, TAK Kak

r08[3 =3z .

Ha sroM sakanuuBaercs BBIYHCAECHHE BOBMymeHHﬁ nep-
BOro mnopsaAka.
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13. Bosmymenns mepporo nopsaxa Hepepm or 0un-
Tepa. B ocHoBy BmuncaeHns soamyigennit Llepepst ot IOmu-
Tepa MOAO:KEHH CAeAyIOIIUe DAEMEHTHI:

Hepepa Knurep
Anoxa 1850 saus. 0.0 Bcem. Bp.
M,=160°59'424, M, —=148° 1’5833,
9= 80 4831.7, Q"= 98 55 58.16,
o= 67 4123.0, o' =272 58 28.56,
i= 10 37 8.2, = 1 1841.81,
o— 42956.9, o= 2455693,
p = 770/723907, p’ = 299712837656,
e =sin $ = 0.07844412, ¢ —sin ¢’ —0.04825382,
a=2.7673993, a’ = 5.2028029,

m' =1 :1047.355.

Oxpy:xHoCTb NO v JeAurach Ha 16 wacteii, Tak uTO apry-
MeHT ¥ mpunumaa snauenue 0°, 22°5, 45°, ...33795.

Aprymenry @' npugasaruce smauenus 0°, 15°, 309, ...
«..345°% uupiMu caoBamu, OkpykHOCTD MO W' AeAuracbp Ha
24 vactn.

[Tocre aTOro BHIUHCAAAMCH BCHOMOTATEAbHHE BEAHUHHH
no gopmyaam (III. 22), (Ill. 23), (IIL. 35) u (IIL. 68). Barem no
dopmyram (III. 28) sriuucasruce kk’' suauennt R, T u Z.

Pasro:xkenue meamuun R, T u Z B pasm DDypbe mo
aprymenTaM U u @' He NpeACTaBAsAeT OCOGHX TpyaHOCTed.

Ade#lcTBuTeAbHO, 0603HAUAA KAKAYI0O U3 STUX BEAUUYMH
uepes [, MoxeM HamucaTb

U=C,(v)+ C,(v) cosw' + C;(v) cos 2w’ +
+C3(v)cos3w' + ... + 5, (v)sinw' +
+ 5, (v) sin 20’ + S;(v) sin 3w’ + ...

Kaxanlt us xoap@HUHEeHTOB BTOrO pAAa ABAAETCA PYHK-
guel © M B CBOIO ouepesb pasaaraerca B pasu. Hanpumep,

C (v)==a,+ a, cos U+ a,cos 2v + a4 cos 3v -+
“+ ... +blsinv+bzsin2v+?)3sm3v+...

PaCCMOTpHM AASl IPOCTOTH cquaﬁ, KOTAa OKPY2KHOCTD
pasjeAreHa TOADKO HA 4YeThip€ 4YacCTH. Toma

U(e)=C,+ C,cos?+ Cycos2¢ +S;sine. (III. 73)
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Ilpusasas ¢ snauenwe =0, 90, 180, 270° noayuum

Uy=Cy+C,+C,, U=C,—C,+ S,
U2=Co""cl+02, U3=CO—CQ“'SI.

CYMMPIpyﬂ H BBHIYHUTasg 4YE€THHEC H HEYETHHIC BHAYCHHUA U1

NOAYyIHM
2C,+2C, = Uy+ U,
2C,—2C,=U,+ U, (II1. 74)
2Cl - U() - Ij2’
2Sl = Ul -_ U3-

Tax xak uactuble snauenus ¢ynkpgun U san ¢ =0, 90,
180, 270° wuam usBectnn, To u3 ypasnenudt (IIl. 74) aerxo
HaxoAzuM Bce koaduuuentn B pasaoxennu (III. 73).

ITocae TOro kak BHINOAHEHO pAa3AO:KEHHE HEO6X0AUMBIX
BEAMYMH NOo W', a KaxAHH KO9PPHIHEHT MOAYUEHHOrO pAAA
pasAOzseH B CBOIO Ouepeib B DAL N0 U, HEOGXOAMMO MOAY-
YuTh PAABl MO ABYM apPryMeHTaM. 1ak, HANpHUMEp, eCAH

U(v, @')=C,(v)+ C, (v)cosw’ + C;(v) cos 2w’ +
+ .5, (v)sinw/, (111, 75)

TO IMOCAE pPAa3AOKEHHUA KOIPPHIUEHTOB IMOAYUHM

U(v, w') = (dy+ d, cos v+ d, cos 20 + f, sin v) +
+(ds+ d, cos v+ d;cos2v + f, sinv) cosw’ +-
+(dg+d;cosv+dgcos 2v +} sin v) cos 2o’ +
+(dy + d ycosv +d,,c0s20 + f,sinv) sinw'. (11 76)

[Ipn o6besuncnun pssoB B OAMH pAZ HEO6XOAUMO MOAB-
B0BATHCA (POPMYAAMH

coskv cos k'’ = %- [cos (kv 4+ k'w') + cos (kv — k'w')],
sin kv cos K'w’ = —;— [sin (kv + k'w’) + sin (kv — k'w'))],

cos kusin k'w' = —;— [sin (kv + K'w’) — sin (kv — k'w')],
sin kv sin K'w’ = % [—cos(kv+Kw') + cos(kv — kK'w')).

BumoAHuB mepeMHOMEHHS, MB IOAYYHM pij IO apryMeH-
ram v u @', [lepeisemM Temepp x BHUHCAEHHIO BO3MYyImeHHH.
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Bosmywenus muporn onpeseasiorca us ypasnenua (1L 46).
Hurerpupobanve BHNOAHAETCA MO CAEAYOIIHM (OPMyAaM:

5 cos (v + i'w'),

5 A cos (fv+ i'w') sin (0 — v) dv= 1_—61-;—;.)

( . B .
, v e g . . -
\ B sin (iv + i'w/) sin (6 — v) dv =5 —~77= T TapSin (fv + i'w').
Hcxaouenne cocraBaser cayua#t i =1, i’ =0. [Tpu srom

5‘Acosvsin(6—v)dv=%Avsinv+%Acosv,
stinvsin(ﬁ—v)dv:—%Bvcosv+%B sin v,

Buinoanus wunrerpuposanue, mnoayuum 9z. Amnaroruuso
MOAyuaeM BOSMYILeHUs pajuyca-BeKTopa W soAaroTH Llepepw.
Bosmymenus wmmwpoTm onpejeasiorcas mo  opMyae

(cm. (111, 18))
ap=rioaz. (I11. 77)

OxonuaTeAbHble pasAOMseHUA AAA BHUUCACHHA BO3MYILe-
Huli WHMPOTH, JOArOTH M PajUycCa-BEKTOpPAa NMpUBEAEHH B CAe-
ayiomux Tpex Taba. 13—15. Aprymentamu, WO KOTOPHM
BEAYTCA DABAOKEHHUSA, CAyKaT U U w' = ¢ —o,

B Ta6a. 13—15 cogep:xurca TOABKO 4aCTh UAEHOB, NO-
Ayuennnx B pa6ore B. . [Ipockypuna. Obmee koauuectso
YACHOB B pPa3AOKEHHH WHPOTH cocTaBaser 239, soAroTnr —
267 u paguyca-sexkropa 281.

rpaHHYUBAsACh BaKHEHUWIMMM UAGHAMH B PAa3AOKEHHAX,
MBI MOKEM NpPEACTABMTb BOBMYILEHHS IIHPOTH, JOATOTH H
paAuyca-BekTOpa CAeayiomum obpasom:

33 = +-3729691 + 2'28354v cos v —
— 6"67905v sin v+ 117356 cos w’ —
—10/104 sin 2w’ — 13!781 X sin (v — 2w') +
-+ 297460 sin (2v — 3w’) — 247250 X
X cos(3v—Sw)+...,
ok = —41797999v — 13"05433v cos v —
— 0"25601v X cos 2v — 0799541v sin v +
-+ 0.05211v sin 3v — 146”720 cos (v — w') + 1IL 78
+ 1631001 sin (v — o) — 609'928 (IIL. 78)
cos (v — 2w') — 5147984 cos (2v — 2'w) +
-+ 1017209 sin (v — 2') + 394”398
cos (20 — 3w') + 1297916 sin (20 — 3w') +
-+ 1897954 cos (2v — Sw') + 3217923 X
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Ta6anpga 13

Bosmyigenns mEpOTH

{ i cos sin i i cos sin
0 0 | +3729691 -
1| 0 | —333952 | —114177
1 0 | +2.28354v| —6.67905 v
2 | 0 | —098155 | —0.49018 | —1 | —1 | 4 3983 | +07659
3 0 -+0.04087 { +-0.01500 0! —11{+1135 | -+4.987
4 0 —0.00138 | +-0.00223 1| —-1|—6.833 | —5.486
5 0 +0.00002 | —0.00051 2| —-1|— 2711 | —4.942
3{—-1j+ 0135 | +0.311
41 —1] + 0010 | —0.011
5] -1} ~+ 0001 | —0.001
i i’ cos sin i i cos sin
—-1| -2 -+0/260 + 0/270 || —1 | —3 | +07002 | -+ 07032
0 —2 +17.376 +10.104 0| ~-3| —0.642 — 3183
1{-2 —6.036 --13.781 1| -3 | —0.087 — 5334
2| —2 —2.124 — 9.341 2| -3 —9.882 +29.460
31 -2 —0.319 + 1.353 3| —3| —0.670 + 1.241
41 —2 +0.034 — 0116 4§ --3| +0.376 — 0.260
5| —2 +0.002 -+ 0.005 5] —3]| —0.038 + 0.026
i i cos sin i i cos sin
—1] —4 07002 -+07001 0 | —5| =+ 01006 —0:004
0| —4 +0.039 --0.127 1 | —-5] + 1513 —1.335
1|4 +0.704 —1.670 2 | 5| - 1029 | +0544
2| —4 —3.305 +3.932 3 | =5 | —24.250 { +-3.560
3|4 —4,665 -+2.622 4 | —5| + 1077 | +0.241
4| —4 +0419 —0.152 5 | —5| — 0158 | —0.064
5| —4 —0.168 —0.022
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Ta6anpga 14

BosmyueHEA Z0ATOTH

cos

sin

i

cos

sin

0 | o |—417979990 - —1{—1]|— 17282| + 07027
1| 0 |— 132643 [+1619725 ]| 0| —1 | —30.448| + 52.437
1 | 0 |—1305433v |— 0995410 1| —1 | —146.720| +163.001
2 | 0o |+ 067385 [—001287 | 2| —1[— 5257+ 8104
2 | 0 |- 025010 [— 001952 || 3| —1|— 0471 + 0.061
3 | 0 |- 006523 [+ 0052110 4| —1]|+ 0042| + 0.001
4 | 0 |+ 000417 |— 0.00296 5| —1] — 0.003| +~ 0.000
5 | 0 |— 000002 |+ 0.00019
i i cos sin i i cos sin
—1|—2| — 0987 | — 0222 —1| —3| — 0°104| — 07021
o —2| —45964 | + 4765] o] —3|— 9625+ 0214
1| —2| —609.928 | +101209| 1| —3| — 76930 — 4.549
2| —2 | —51498¢ | +- 36885 2| —3 | +394.398 +-129.916
3(—2| — 5130 | — 0323 3| —3| -+ 42777 + 29.853
4| —2| + 0143 | + 0133 4| —3|— 049]— 0006
5{—2| — 0016 | — 0014 5| —-3|— 0001| — 0089
i i cos sin i i cos sin
—1| —4| + 0004 07000 | —1 | —5 07000| + 07001
o| —4| —o0077 | + 0097 0| —5|~+ 0274 + 0497
1| —4| + 3251 | + 3.696 1| —5 | + 13.349| + 23564
2| —4| 464881 | 51474 | 2| —5 | +189.954| +-321.923
3| —4| +27950 | +44.013 | 3| —5 | -+ 39.947| +189.432
4| —4]| —1135 | —8792 | 4| —5|+ 2499|— 5279
5| —4| 40166 | + 0.138 5| —5|— 1574]| + 2322
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Ta6anga 15

Bosmymgennsa paamyca-sextopa (10°-37) B a. e.
i i cos sin i i’ cos sin
0 0 [|+-28159.10 - 1| =1 — 271 | + 94
1 0 |[— 4351.72 |— 331.82 0| —11| +14283 | + 8528
1 0 [+ 663.645v(—8703.433v 1| —1]| —72128 | —64863
2 0 |+ 9101 [+ 708.09 2| -1 — 5599 | — 3261
3 0 [— 6813 |— 11010 3{—1| 4+ 128 | — 419
4 0 |+ 726 |+ 1073 4| -1} — 6 |+ T2
5 0 |— 071 |[— 054 51 -1 0| — 7
i i’ cos sin i i cos sin
-1] -2 — 338 + 19 |—1|—3| — 43 |— 102
0(—2 -+ 2934 | -+ 26684 0| —3| + 283 | + 6743
1(-2 —18374 | 112275 1| —3| — 98 | + 12382
2 -2 —27685 —389088 2| —3| —75818 | +230699
31 -2 -+ 1169 | 4 6517 3| --3| —26111 | + 34044
4| -2 — 202 — 49 4| -8 | + 867 | — 1667
5| —-2| + 27 — 20 5|—3| + 8 |+ 56
i i’ cos sin i i’ cos sin
-1} -4 — 3 - 1 [—-1|-5|— 1(-— 1
0| —4| + 58 ~+ 116 o| -S|+ 43|~ 12
1| —4| -+ 1560 — 1477 1| -5+ 15367 | — 8733
2| —4 —18233 +29914 2| —5{ — 16751 | + 9949
3|—4 --36491 ~+-22884 3| —5 | —131026 | +-27437
4| —4 +10356 — 1925 4| 5|+ 9134 | + 1729
5| —4 — 486 + 264 5| —-5]— 2943 | — 1843
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K sin (20 — Sw') + 189/432sin (3v — Sw') + ...
10% - 6r =+ 28159.10 + 663.645v cos v —
— 8703.433v sin v — 112275 sin (v — 2w') —
— 389088 sin (2v — 2w') + 230699
sin (2v — 3w’) — 131026 cos (3v — Sw') +-...

MMopmarbuas TounocTb BeawuuH OA u 08 — 07001, a Beau-
gunm or — 1078 a, e., uam 1.5 xm.

Amnaroruuno moryr 6biTh noAyueHn Bosmywenus Llepepnt
OT Bcex 6OoAbIIMX TMAaHeT.

[lpu onpeaereHuu NMOCTOSHHHIX MHTErPUPOBAHHA HAa BO3-
MYILEHHs1 GBIAM HaAOMEHBH CAEAYIOIUE YCAOBHUA:

1) BosmyiueHus WHPOTH HE AOAMHH COAEPKATH UAEHOB
A, cosv u A,sinv;

2) BOSMyIUEHHS AOATOTH HE JOAXKHB COAEDATb YACHOB

g Bscosv u Bysinv, a Tak:ke BEKOBOrO uAeHa.

Lllectp Boi6paHHBX TakuM 06pasoM YCAOBHH NMOAHOCTBIO
ONpPEAEASIOT IPOW3BOAbHBIE MOCTOAHHHE.

daeMeHTH OP6UTH, COOTBETCTBYIOIUME ITHM MPOMBBOAb-
HBIM NOCTOSHHBIM, y:e He 6yZyT OCKYyAMPYIOIIUMH DAEMEH-
TAMM, T&K KaK AAf MomeHTa f=—0 BO3MyIeHHS KOOpAWHAT
OTAMYHBI OT HYASA.

14, Cpaeuenne Teopur c¢ Habarogemnmamm. [TocTpoenne
TEOpUH ABMKEHHA AIO6Oro He6ECHOro TeAd AZOAKHO 3aKAHUH-
BaTbCA CPaBHEHHEM TEOPHU C HabAI0ZeHHAMH.

AAs cpaBHeHus HCIOAB3yeM MNATb HOPMAAbHHX MeCT

Lepepn, oxparmBaomux npomexyTtox Bpemenu ¢ 1801 mo
1946 r. (ta6a. 16).

Ta6anyga 16

Hopmaabasie mecra JIepepn

uagol:::ep:uﬁ Bcemupnoe Bpems [ 5
1 1801 sms. 215 52°19'245 +17°07°200
2 1836 cenr. 10.5 352 4153.7 —20 2909.6
3 1880 desp. 28.5 148 0027.8 -+29 31534
4 1915 nosn6. 15.5 51 1806.0 +10 37310
5 1946 asr. 29.0 304 0609.2 —31 49248

Koopaunats Llepeps oTnecenn k snoxe 1850.0.
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Ha atu ke MoMeHTH He06X0AMMO HMETh W KOOPAHHATH
Coanya, xoropnie MOTYyT GHITh MOAYYEeHH H3 acTPOHOMMYE-

CKHX €KerogHHKOB.
HeBoamyennnie 3nauenns ry, A, MOryT GHTb onpeseAeHbl

no gopmyaam

M= M,~+p(t—ty),

E=M-esinE,

i+ E
wy=)1us,

ro=a(l—ecosE),

hy=v-+o,
Bo=0.

(IIL 79)

JoaroTy A cAeayeT OTCUMTHBATD OT AHHUH Y3AOB HEH3MEH-
Holt op6utm llepepnt smoxm £, mupory 33 — oT mrockocTH

Toft :xe OpOMTHI.
Pesyabrate Bhiuncaenutt npusesenm B Taba. 17.

Ta6auyga 17
Hll::ll)‘:r:ﬁﬁ t—1t v o ro
1 — 1787545 285439798 52958108 2.694253
2 — 4859.5 197.63418 32481728 2.972596
3 +11016.5 359.30773 126.49083 2.550327
4 +24059.5 262.81045 29.99355 2.777640
5 -+35304.0 162.05331 289.23641 2972176
Ta6auyga 18
ua?:;:::nk 128 10° . 3r 33=38
1 —0°03328 —7611 —0°15589
2 —0.01208 -+1987 +0.00525
3 —0.08919 —1660 -+0.02881
4 —0.21347 -+8714 -+0.18250
5 +0.33258 +2392 —0.15028
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C aprymenTtom v Bxoaum B Tabaupb ABukenus (taba. 13—
15) u noayuaem Ha moment ! BosMmyigenus or, ok u 33. Cym-
MapHbie BO3MyIIeHMst O\, &r u 03 oT Bcex GOAbWIMX MAAHET
npuseseHn B Taba. 18.

[Tocae Toro xax BmuucAenbl Ok, 37, 33, MOXKHO MOAYYHTD

.)\ = )\0 —+ 8)\,
r=ry-+73r, (111. 80)
3 =2

M 3aTeM ONPEAEAHTb NPAMOYFOAbHHE KOOPAMHATH MO (op-
MyAaMm

X =rcoshcosB,

y=r sin A cos :ri,

z=rsin3.

PesyabraTel Boiuucaenudt npusejennt B Taba. 19.

Ta6auga 19

Tovogennn | r x y .
1 52054780/ 2.686642 [ +1.633739 | -+-2.132812 | —0.007310
2 324.80520 | 2.974583 | +2.430821 | —1.714425 | -+0.000272
3 126.40164 | 2.548667 | —1.512486 | —+2.051363 | —+0.001282
4 29.78008 | 2.786354 | +2.418371 | +-1.383898 | +0.008875
5 289.56899 | 2.974568 | -+0.996303 | —2.802744 | —0.007802

- OT npAMOyroAbHBIX KOODAMHAT B ocAX XHUAAA HE06X0UMO
nepefiTH K SKBATOPHAABHHIM ocAM X, T, Z smoxu 1850.0 u
saTeM Npu6aBuTb SxBaTOpHaAbHBE koopauHatol Coanpga x,
Y, z, OTHeCeHHbie Kk To# e smoxe. TorJa cgepuueckue ko-
OpAvHATB MaAOH MAaHETH &, O U P onpejeAsoTcs Mo ¢op-
MyAaM

pcos2cosd =X+ X,
psinacosd=g—+Y, (1. 81)

psind =2z 2.

Ta6a. 20 zaer BHuHCAeHHBE dc, Oc, & TaK:kKe pacxoxse-
HuA Teopun ¢ Habalogenuamu Ax=a,—ac, AI=38,— 3.
Pacxoxaesns Mex4y reopuet u HabAIOJeHUAMH OKAasH-
BAIOTCA JOBOABHO BHAYMTEABHHIMH H OGBACHAIOTCA Npe:kAe
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Ta6anga 20

Homepa N
nlﬁuoaznuﬁ “ % A« Ad

1 52°17'5074 +17°06'23.2 + 9471 -+56'8

2 352 42 30.0 —20 29084 — 36.3 — 12

3 148 01 30.4 +29 31419 — 626 +11.5

4 51 19430 ~+10 37554 — 970 —-244

5 304 0909.2 —31 49429 —180.0 +181

BCE€ro TeM, YTO BO3SMYILUEHHUA BTOPOT'O NMOpPAAKA OTHOCHTEAbHO
BO3MYIHAIOIIUX MAacC OCTAAHCD HEYYTECHHBIMU.

§ 3. Npamenenme nepHOAMIECKHX OPGHT X HBYUEHHIO
ABHKCHHS MaABIX NAQHeT

1. MNepuoamaeckue op6urm Ilyamkape. Aarpanx
BIepBHe MOKAa3aA, YTO MPH ONPEAEAEHHHIX HAYAAbHHX YCAO-
BHAX MOXHO JOBECTH A0 KOHUA TOYHOE MHTErpHPOBAHHE
AupdepeHiHaAbHbBIX YpaBHEHMHt JBH2KeHHUS B 3ajade Tpex
TeA. Ml 06s3aupl AarpaH:y NATbIO TAKHMH CHEJHAABHBIMH
peLIeHUAMH.

B xaxioM u3 aTHX mATH CAyuaeBp ABMKEHHE TpeX TEA
POMCXOAUT B HEMOABHM:HOH naockocTd. B AByx pewenusx
TPH MAcChi 06pasylOT MOCTOSHHO BEPUIMHBI PABHOCTOPOHHETO
TPEYroAbHHKA, NPUYEM B OZHOM CAydae /Mg AEKHT Ha OAHOH
CTOpOHE OT MmpsAMOH m,m,, a BO BTOPOM CAyuae —Ha Apy-
roi. Paamepnl aToro TpeyroabHuxa He OCTAlOTCS OAMHAKO-
BBIMH, TAK KaK MacCH M, W mM; OMUCHIBAIOT BOKPYr m,;
KOHIDYEHTHbIe DAAMICH, AMHHH ancujg KOTOPHX o6pasyior
Mexay coboit mocToauto yroa B 60°; zas o6oux saruncos m;
ABAsieTCA OAHMM u3 dokycos. [Ipu Tpex ocTarbmmx peme-
HUAX /M, HAXOAUTCA MOCTOSHHO Ha MpsAMOH, KOTopas coezu-
HAET M, W My; NPH STOM B OJHOM CAydYae M, 3aHAMAET
NMOCTOAHHOE NOAOKE€HHE MeXKAy M, W My, a BO BTOPOM H
B TpeTbeM — TPH Macchl 06pasyloT NOCA€A0BATEAbHOCTH
m,, my, myu my, m,, my, B xaxjzom us aTux Tpex cay-
4yaeB my; W /M, ABHraioTCA MO NOAO0OHBHIM BaAAHmcaM: o06a
®AAMICA UMeIOT m; cBouM ¢QokycoM. Hanpapaenus Aunumn
ancyj COBMajal0T C HampaBAeHUeM mnpsaMo#f, npoxoasaued
yepes Macch, HO B CAydYae MOCAEAOBATEABHOCTH Mg, My, M,
AOATOTH TepureadeB oTauuaiorcs Ha 180°.
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Ilyanxkape yaaroch JaTb aHaAMTHYECKHH MeTOA AAA
OTHICK&HHA NMEPHOAMYECKHX pellenuti B npobreme Tpex TeA.
[lycts

Ti—X, (i=1,2 ...0n) (II1. 82)

cucreMa AU PepeHIHAAbHHIX ypaBHenu#t; X; — 3ajaHHble
QYHKUMH X, Xy ... X, Boobuwe rosops, npeicrasrgeTcs
AOBOABHO TpPYAHbHIM HalTM mepuojHYEeCKOe PpelIeHHsA 9THX
ypapuenu#t. OaHAKO NOCTpOEHHE TAKOTO peLIEHHs OKasbi-
BAETCA JOBOABHO MPOCTHIM, eCAU X; MOT'YT GHITb PasAOEHBI
Mo CTemeHsM MaAoro mnapameTpa [+ W ecAu Arsa p=0 yxe
M3BECTHO MNEpHOJUYECKOEe pellleHHe JudPepeHIHaAbHbIX
ypaBHeHHui.

[Tyankape ycTaHOBHA CyIlecTBOBaHUE TPeX THMOB IIEPHO-
AHuecKux Op6HT B orpanudenHofi sajade Tpex Tea.

[lepuoauueckne op6UTH TMEpBOTO THMA HMEIOT HAKAOHHI,
paBHble HYAI0, & OKCLUEHTPHCHTETH — MOpPAJKa BO3MYILalO-
el mMaccol. B aTHX peuleHHSX UPOU3BOABHHIM MapaMeTpoM
ABASETCA OTHOuieHHe cpejHux Asuxkenusl. [lepmosmueckue
Op6UTH BTOpPOro THIA TaKxe UMEIOT HaKAOHBI, PABHHE HYAIO,
HO dKCLUEHTPHCHTETH HYAEBOrO NOPAJKA OTHOCHTEADHO MacC.
AkcyenTpucuTer OAHOH M3 OpPOGUT BXOAMT B BTO peuIEHHE
KaK npousBoAbHbii mapamerp. Hakoney, J4as pewennit
TPeTbero THNA HAKAOH NpousBoAeH. B peuwenusax sroporo
M TpeTbero THNA OTHOWIEHHA CPEeAHUX JABHKeHHH NAaHeT

n
== 5 , (111. 83)

rde P ¥ ¢ -—[ieAble YHCAa, B3aUMHO NpPOCTHE.

Paccmorpum 6oree moapobuo nepuosuveckue op6urh
Ilyankape Broporo Tuna.

[lycrp MB uMeeM OrpaHHYenHYIO SAAMNTHYECKYIO 3ajauy
TPeX TEA H NPejNOoAOHHM, YTO HaYaAbHBiE YCAOBHMA ABUKe-
Hus BHIGpaHN TakuM o6pasoM, 4YTO MaAaas NAaHeTa BCe
BpeMs OCTaeTCA B MAOCKocTH Asuxkenus HOmurepa.

3a egunuyy Aauns npumeM 6oapuyio moayocn KOnurepa,
3a eaununy macch — cymmy mace Coanga u Onurepa, a eau-
HULY BpeMeHU ONpeAeAHM TakuMm o6pasoM, uTOGH NOCTOAH-
Has TArOTEHUA DABHAAACH eAHHHLE.

[Mycrs ¢ —macca Onurtepa u H —yroa mexay paauy-
camu-pektopamd IOnurepa u maro#h naameroit. CoraacHo
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cAeraHHOMy BMOGOpY eaunupy cpeasee Asuxsenne IOmnurepa
n'=1, zoarora IOnurepa I'=¢. [Toroxum

x=vVa, u=l,
y=vVa(l—ée?), v=n—n=.

Ypannenml ABHKEHHUS 3aMHUIYTCA TakK:

dcx __0F du__ OF
dt — ou' dt —  ox°®
dy__OF dv__ _oF (II1. 84)
dt " v ' dt — oy
rae
F=F,+pF,,
1
Fo=sgm+9, (1IL. 85)
1 1
= V1—2r cos H-+r2 reos H r’

Kax wussectHo, ¢yskpus F; moxer 6HTb pasaoxsena
B PAj MO KOCHHyCaM KPaTHHX YrAOB CpeAHHX aHoMaAu#t u

uu
F, =3 K, cos ({,u + iy’ + igv), (I11. 86)

rae K, — ¢yuxgus x u y.
[Toaaras p =0, nocTpoum nepuosuueckoe peuieHune ypas-
nenuit ([II. 84)
*=H=Vay w=1, (IIL. 87)

— — — /
Y=Y —'\/ao(l —e}), Vp=m,—,
npuyem Xx, BeifepeM TakuM 06pasoMm, uToOH

—1 __pP
n=_g=g (I11. 88)
rde P M ¢ — ABA BBAHMHO NMpPOCTHX LEABIX YHCAA.
Pewenue (III.87) saBaserca aeficrBureAbHO mepuosuue-
ckuM. [Toroxum
t=Ty=2¢qr,

Toraa u u I'==*¢ 6yayT OTAMUATLCA TOADKO HAa BEAHUHHY,
KpaTHy0 2r ot csoux sHauenu#t npu #=0.
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Bajaua 3akAl09aeTcas B TOM, uTOOH ONpeAeAHTb Ha-
YaAbHHE YCAOBHSA, NPH KOTOPHX CYIECTBYET NMepPUOZHUECKOE
ABH:seHHe ¢ mepuHojoM 1o aas p~=0.

rpaHuuuMca B neprypbapuonHo#f (YHKIUH TOADKO Be-
KOBBIMM YA€HAMHM M YAEHAMH, KOTOPHE CTAHOBATCS BEKOBBIMH
BCA€ACTBHE COHUBMEPHMOCTH

[F1=3 K, cos (i,u + iyu' -+ iyv),
:

npudem
Lhin+i,=0,

uan, Ha ocxosanuu (II1. 88)
i,p+i,qg=0. (111. 89)
[losroMy Mo:kem HamucaTb
I =sq, I=-—sp,
rae s— aob6oe geroe uuciro. Toraa
[F]= 3 K;cos[s (qu — pu') + isv]
(‘s=0, 1, 2,3, ...).

Kax noxasaa [lyankape, uckomnie sHauenus Yo, U, u v,
MOryT OmTb HafijeHH, €CAM HX OIpPEAEAMTb M3 YCAOBHUS, UTO
dynxpgus [F] sTHx BeAMUHH HMeeT MAKCHMYM MAH MUHHMYM,
T. €. ONpeAeAHTb HX W3 YCAOBHA

0F) __ OIF1 _ 3[F) _
=l =", (II1. 90)

NpUYEM TOCAe MHTETPHPOBAHHS MBl JOAXKHH IOACTABHTD
BMECTO X, Y, U, ' u v ux suavenusa npu t=p=0. Torsa
aBa nocaezuux us ypasaenutt (IIl. 90) npusumaior Bua

>\ sqK, sin (squ, + i30,) =0,
s

3 #3K; sin (sqny + i5v,) =0.

3

(111 91).

Atu ypasHenus 6yAyT yAOBAETBODEHH, €CAH

vozﬂo_—ﬂ’=0, 1800,
qu,=180°r, r=0, 1, 2, 3, ...

— 130 —



Ocraerca paccmorperp nepsoe us ypasnennit (III. 90)

o[F] __
9y =0.

[lepexoasn x O6BUHBIM NEepeMEHHHM, MOAYYHM

O[R] de _  vVa(l—e?) I[R] __
de dyy ae ‘' Toe

0, (I.92)

OTKyAa

d[R
[R] —o. (II1. 93)

Ecau ycaosue (III. 93) Bmnmoaneno, to ypasmenus Aa-
rpaH:xa (CM. mpuAoxende 1) HemOCpPeACTBEHHO AaiOT

dr
— =0, (111. 94)
T. €. AMHHA aNCHA MaAOH NAaHETH HENOABHIKHA.

Us ypapnenus (lII.93) moxem ompeaserutp skcgentpu-
cutTeTr nepuosuveckof opOGuUTH.

2. Nepuoamaeckne op6uTm Ilyamxape. llpogor:xenne.
[TycTp sremeHTH: OpOUTHI MaAro# mAaHeTH

a’ e’ n’ e
1 Onurepa
ad, e, n, ¢,

BBesem zaree cpegHiolo goaroty B opbure
)~=e+5ndt u 7\’=3’+§n’dt,

KOTOpYI0O B JaAbHeHilleM GyjeM HasHBaTb NPOCTO AOATOTOH.
YcaoBua cymecrsosanus mepuosuueckux opbur BTOporo
TUNIA CBOAATCA, KAK MBI TOAbKO 4TO BHAEAH, K CA€AYIOIIEMY:
1) cpeanne aApuxcenus maro#t naanernt u FOnurepa Joaxnb

6HITD CTPOTO COM3MEPHMHI
n__p
wW T g

q

?

rie p U ¢— ABa YHCA8, B3aUMHO NPOCTHIE;
2) Aunuu ancug obeux nAaHeT B HauaAe ABHMEHHA COB-

najanoT
m, — ' =0, 180°;
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3) nepureauti Maro#f nmAaHETH JOAXEH GHITH HEMOABHKEH.
drto Tpe6oBaHHE yAOBAETBOPAETCS, €CAM

2R _ ¢

de

rae [R] coaepxur Toabko Te mepuoiuuecKHE UAEHB, KOTO-
pbie CTaHOBATCA BEKOBHMH BCA€ACTBUE COMBMEPHMOCTH, T. €.

Lp+ig=0;
4) cpeanue JOATOTH nAaHeT A=—c¢ -+ 5' ndt u N=¢' 4+

+Sn’dt AOAKHBI B HAUAADBHYIO BMIOXY YAOBAETBOPATH COOT-
HOUIEHHIO
Pr,— ghy=0, 180°.

ITpene6peras B nepryp6aguosno#ft QyHKUMM KOpPOTKOMeE-
pHOZUYECKUMH YAE€HAMH, MO:KeM HANMHCATH

[R1=m [ Ag=+ 3, Ascos 8-+ ken + ¥)], (.95)

rae
=p\ —qh\.

Ocb x nanpapum B nepureaudt IOmurepa, T. e. noroxum
n’' =0, Toraa

r =0, 180°. (1. 96)
Ipoussoaunie nepryp6ayuonHot QyHKUEWH MO BAEMEHTAM
JR\0 JR\0 JR\0
G =y =(3) =o. (I11. 97)

Huaexc uyap ykasmBaer, 4To NpoMsBOAHBIE BBIYMCAEHHI
AAl BAEMEHTOB Nepuoiuuecko#t opburoi. ¥Ypasmenus Aar-
paH:Ka NPHHUMAIOT BHJ

da 0 dr 0 de

@D F =Y P
R (I, 98)
= (R =2

Hs arux ypasuenu#t caeayer, uTo ABM:keHHe Maro# maa-
HeTH 6yAeT MPOHCXOZMTb [0 HENOABHKHOMY SAAHICY C BAE~
MeHTaMu

a=a’% e=¢’ n=n0 e==ed4 gt, (111. 99)
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Boabmas noayoch opburbt a® Haxozurca us ycaosusa co-
M3MEPHMOCTH CPEAHUX ABHKEHMH; DKCUEHTPHCHTET MEPHOAM-
yecko#t op6ute e ompegeaserca us ypasuenus (III. 93); zoa-
rora nepureaus — =0, 180°. Hauaabnas soarrora omnpe-
Aeasierca u3 ycaosus § =0, 180°.

Cpeanecyrounoe ABuzceHue MarO# NMAQHETH OTAHYAETCA
OT HEBO3MYIUEHHOTO HA MOCTOAHHYI0 BEAMYHHYy ¢ MOpAAKa
BO3MyInamolie# mMaccn

n=n+g,

"="“'°;’v . (II1. 100)
0

=22

(Makruueckoe cymecTBOBaHHE NMEPHOAWUECKUX OPOUT BTO-
poro Tuna Bnepebie nokasaA XuaA. XuAr paccMoTpeA ABa
cAyuas cousmepumoctd |p—q|< 7 (,ocrpas cousmepu-
MocTb*) u |[p—q|>7.

Ecau |p — q| 6oAbiwioe ancro, TO B pasro:eHHH NEPTYp-
6aMOHHON (PYHKLUMH MOXHO OTPAHMYHUTBCH TOABKO YHCTO
BexopbiMu ureHamu (i, =1, =0). Or6pacnas urens, koTO-
pble HcuesaloT npu AuddepeHUpoBaHMH IO e H mpeHeGpe-
ras 9A€HaMH BOCbMOrO NOPSAAKA OTHOCUTEABHO OKCUEHTPHU-
CHTETOB, OOAYYHM

[R]l=A >+ At + Aee® + A + Ao’ + Agerte® —
—(Afe + Age'e® + Aje’e + A e'e® + A, e’ +
+ Ae%) cos(r — ') + (A 2% + A%t + Aerle’) X
X cos 2(r — ') — A% cos 3 (r — ), (111. 101)
rae A — NOAOKHUTEAbHBIE KOD(QPUUUEHTH, 3aBUCAIINE TOADKO
or a= % . dupPepenuupysa no e u nmoaaras
= —n'=0, 180°,
MOAY 9uM
2R — (A + A+ Ape™) +- 2[4, + (A + Ay e+
+(A;+ Ap)etlex=3[Ae + (A, + 4)) e®] e+
+4[A,+ (A;+ Ay)e*]e® =54, e'et +
+ 64,¢%, (1lL. 102)
rae BepxHu#f 3sHaK cooTBercTByer ©— 7' =0, a HukHu}
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sHak = — ' =180° xcyenrtpucurer nepuosuuecko#t op-
6uTnt e° onpeAeAseTCs U3 YCAOBHA

oR
R_—o0. (IIL. 103)

Hs Bupaxmenus (III. 102) nenocpeactsenso Buano, uToO
MOAOSHTEABHOE 3HAUEHHE OKCLEHTPHCUTETA COOTBETCTBYET

CAyualo
r—n' =0, (I11. 104)

IToraras axcpenrtpucurer HOnurepa e =0.04825336 u
orpaHMuMBIIMCh BepxHum sHakoM B Buipaxenan (III. 102),
noAyunm ssHadeHue €® aas awboro «.

Xuan npueosut Tabaugy, sammyio e® Ars sHaueHu# & oT
a=0,01 g0 a=0.70 gepes 0.02 (taba. 21).

Ta6anpga 21

L « e

R
Y
R

0.0012091 0.26 0.0155796 0.50 0.0291772
0.0024178 0.28 0.0167534 0.52 0.0302466
0.0036258 0.30 0.0179216 0.54 0.0313029
0.0048326 0.32 0.0190838 0.56 0.0323453
0.0060379 0.34 0.0202392 0.58 0.0333726
0.0072414 0.36 0.0213875 0.60 0.0343837
0.0084426 0.38 0.0225281 0.62 0.0353776
0.0096411 0.40 0.0236605 0.64 0.0363529
0.0108366 0.42 0.0247841 0.66 0.0373080
0.0120286 0.44 0.0258989 0.68 0.0382412
0.0132167 0.46 0.0270022 0.70 0,0391503
0.0144005 048 0.0280955 ]

oooo0000
2NN ZERERRES

o000

PaccMoTpum B KauecTBe mpuMepa nepHoAuuecKyio opbuty

a=0.70, e=0,0391503,
a' =5,20256,

Tax xak

T0 Goabwas nmoAyoch Maao# maaHeTm GyJeT paBHA

a=3.64179.
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Jdoarora nepureana IOmurepa ars snoxu 1925 aums. 1.0

BCEM. BD. = 13?1147

a JOATOTA B op6n’re AAA TOTO K€ MOMEHTAa
A, = 277°188.
OTHOIHCHHe % OnpejeAseTCsa paBEHCTBOM

% = % 3 (l -+ m')"fza"/:’

rak Kak m' =1:1047.355 u « =0.70, To

P — 85333
= 1.70666 =255 .
Taxum OGp&BOM, YCAOBHsA [I€PHOZHYECKOrOo JABUXKEHHA
CBOJASATCA K CAEAYIOIIUM:

a=3.64179,
==13%114,

e =0.0391503,
A= %)l 3°066,

1=0.

[lpocmaTpuBas kaTaror MaAbX NA8HET, HAXOAMM, HUTO
STHUM YCAOBHAM CPABHHTEABHO XOPOLIO yZOBAETBODAIOT, Ha-
npumep, sAeMeHTH Maro#i naanern Xeaora (522).

a=3.6230,
n=1.36,
e=0.0852,
A, =116°21,
1=4.417.

[Toabsyscp Taba. 21, moxkHO MOZ06paTh NMEpPHOAHYECKYIO
opbury oueHb 6AH3KYI0 K peaAbHHIM JAEMEHTaM TOH HAM
HHO# Marolt maaHeTH.

B cayuae 6GoAblHX SKCUEHTPHCHTETOB IOAb30BATHCA
pasioxenueM nepTypGaguoHHOR QYHKUIUM HEBOSMOXKHO H
npuxoauTca mpuberaTh K YHCAGHHOMY peELIEHUIO YypaBHEHUS
(I1I. 103). Arn pasanunnix cousmepuMocTeH MOKHO TOCTPOUTD

caeayomue nepuoauueckue opburm [lyankape Broporo tuma
(raba. 22).
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Ta6aupga 22

» Comauepn no 2, — ' Py — ah %
1 3:4 400" 0° 0° 21972
2 2:3 450 0 0 30.00
3 2:3 450 180 0 26.75
4 1:2 600 0 0 45.02
5 4:9 675 0 0 1.93
6 4:9 675 0 180 191
7 3:7 700 0 0 1.95
8 3:7 700 0 180 1.79
9 3:7 700 180 180 9.14

10 2:5 750 0 0 243

11 2:5 750 0 0 14.9

12 3:8 800 0 0 1.74

13 3:8 800 0 180 1.72

14 1:3 900 (1] 0 443

15 1:3 900 (1] 180 6.49

Paccmorpum cayua#t cousmepumoctn Ne 14 (taba. 22).

Arementn IOnurepa
Anoxa 1925 ams. 1.0 Bcem. Bp.

n’ — 299128,
A, = 264208,
=’ =0.00,

o' =2.773,
'=1°%3.

3a Hauaro cueTa JOArOT NPHHATA JOATOTA MEPHTEAHS
Onurepa B amoxy

=’ =13°11,
OTCIOA8 YCAOBUA NEPHOAUYECKOrO ABHKEHHSA

n=2897'384,

= =0°00,
3M) — %y = 0%00,
e —4%43.
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K atum yCAOBUAM 6AU3KM 3AEMEHTDI TpeX MaABIX NAaHET

AwsoBuxa (292) Baabxupusa (877) Auoba (974)
n=881"552, 9057100, 894498,
== 31895, 18%4, 18.2,
3hg— K= 3%9, 31195, 4420,
p= 1%, 89, 84,

3. Yncremmpie MeTOAB! HS3YYeHHE NeEPHOAHIECKHX
op6ur. PaccMoTpennbie HamMu KAacchl NEPHOAUYECKHX OPOUT
AaAE€KO He HCYEepHBIBAIOT BCEX BO3MOMKHBIX NEPHOAUUYECKHX
ABU2keHHH B orpaHuueHHof#f mpo6ieMe Tpex Tea.

Hau6oaee o6mupHoe u norHOE usyueHHE MEPUOIHUECKHX
ABUKeHHH, BO3MOXHBIX B orpaHuueHHO# mnpolieme, npose-
aeHo B paborax Koneurarencko#t o6cepaTopuu. Basaua
6bira cPOPMyAHMPOBaHa cAeAyoIuM o6pa3soM.

ABe paBHHE MacCH M, M M, ABHXKYTCA BOKDYT OOWIEro
[eHTpa TAXKECTH NOoj JAefiCcTBHEM B3aHUMHOTO MNPUTANKEHHS:
yCAOBHA ABHKEHHA BBIOMpalOTCA TakuM 06pasoM, uTo6H OHO
MPOUCXOAHMAO N0 KPYroBbIM OpP6HTAM C NOCTOAHHOH CKOPOCTDIO.
Tpebyercs usyunTb ABukeHue TpeTbe#t 6eckoHeuYHO Maroi
Macch, nputarusaemofi no sakony Hbiorona obeumu komev-
HBIMH MAaccaMu M JABH:xymielica B Toll ke MAOCKOCTH.

B To Bpems kak [lyankape B orpanuuenno#t 3azaue
MMOAAT&ET OJHY M3 MacC Maioft no cpaBHeHHIO c Apyrof,
B paborax Konenrarencko# o6cepsaTopuu pas HaBcerza
6GLIAO MPHHATO OTHOWIEHHE M, =—Mm, C TeM, UYTOOGH BO3MO2KHO
Aaaplie OTOHTH OT Teopuu BOo3MyIlleHuil B Haule#f coaHeuHOMH
cucteme. Beccurue obigeli Teopun sacraBuro mnpubernyTb
K YHCACHHBIM METOAAM MHTErpupoOBaHuA AnPPepeHgHaAbBHBIX
ypaBHeHu#l ABUKEHUH.

[IporpamMma uccaesoBanu#i BkAIOWAAA HBYUEHHE CAEAYIO-
IIKX Tpynm op6HT.

. Ilepuoauueckue opburni BOKpYr kaxao#f us obeux
KOHEYHbIX MaccC.

B. I'lepuognueckne op6utn BOKpYr 06eux Macc.

C. TIepuoauueckne u acumMnToTHYeCkHEe OPGHTHI BOKDYT
Aubpayuonamx Touek JAarpanxa.

O603penne pasaAMuHBIX THNOB NMEPHOAMUECKHX H ACHMIITO-
THYECKHX OpPOGHT MoTpe60BaAAO OrpPOMHOr0 BBIYHCAHTEABHOTO
TPyA4, HO 34TO NpPUBEAO K OTKPHITHIO DPAJ4 HHTEPECHBHIX
CAyuYaeB JABU:KEHHMsA, CYLIECTBOBAHHE KOTOPHX HE MOTAO GHITH
yKasaHO 3apaHee U HMKEM JO Tex IOp He M0J03PeBaAOChH.
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IMporpamma pa6or Konewrarenckoii o6cepsatopun BxAlo-
4yaAra, OAH4KO, ellle OAHY OuYeHb Ba:KHYIO 3ajauy: HPOCAe-
AUTb pPAa3BMTHE KAax»JAOr0 KAacca nepuojuueckux opbur or
€ro €CTeCTBEHHOTO HayaAa J0 KOHUa.

PaccmoTpum, Hanpumep, kaacc o6paTHBIX MEPHOAUYECKHX
Op6HT BOKDYr ABYX KOHEUHBIX MacC /m; U My IJTOT KAacc
3aKAl0uaeT B cebe 6eCkoHEUHOE UUCAO MEPHOZUYECKUX OpOHUT.
Ha 6eckoneuno garekoM pacCTOSHMHM MPOMCXOAUT ABHUNeHUE
no op6uram, 6AuskuM k oxpy:xroctTd. [To mepe npubanenus
K MaccaM m; ¥ m, opGuTsl cTaHOBATCA Bce Goaee u Goaee
CIAIOCHY THIMH.

BakanuuBaeTcsa STOT KAacC NpAMOAMHEHHBIM KoAeGaTeAb-
HBIM ABHMKEHMEM MexXcly TOouKaMH m; u m, ¢ 6eCKOHeuHO
6oabwofi CKOpOCTBIO B KamAolt Touke opbutoi. Mbt umeewm,
rTakuM o6pasom, 3aMKHyThil B cebe KAacc opbuT c ecTecTBeH-
HbIM HauaAaom u koHgom. Oxasaroch Tak:ke, 4TO MOAO2eHHe
paBHOBecHs MacChl B AuUOpajuoOHHOH TOuKe ABAAETCS mpe-
AeAbHBIM CAyYaeM MEepHOAUYECKOTO ABHNSE€HUSA BOKPYyr JaH-
Ho#f Touku AMGpapumu.

Oanospemenno u HesaBucumo oT pa6or Konenrareuckoit
06cepBaTOPHH YHCAEHHBIE METOAB AAS [ASHICKAHHA NEPHOAR-
uecKUx peweHui B orpaHuueHHo#f 3ajaue Tpex Tea ObiAM
npumenennt Japsunnim  (1845—1912). Aas  cooTHowenus
macc Japeun npunar m,:m;=1:10. Burauare Japsun
NbBITAACA UHTErpupoBaTh JAvddepeHUHAAbHBIE YPABHEHHA
ABHXKEHHMA NpH NOMOIM rapMoHuueckux psgos. QOanaxo
4pe3BHYaliHo MeAAEHHaA CXOAMMOCTb Pa3sAOKEHMH 3aCTaBHAA
OTKa3aThbCA OT STOTO MyTH.

AArs Toro utobn MOAyYHTbD HEKOTOpYIO Heob6xosumyio
TOYUKY OMNOpbl B CBOMX HCCA€JOBaHWAX, JapBuH NPOBOAHT
TIZaTeAbHOE M3ydyeHHe Npu moMomwu uHTerpara flko6u o6aa-
cTe#f BO3MOXHHX ABHMEHUH. DTH UCCACAOBAHUS ABAAIOTCA
HeNMoCpeACTBEHHBIM MPOJAOAKeHHeM usBecTHo# paborel Xuara
O NOBEPXHOCTAX HyAeBOH ckopocTH B ABuxenun AyHbl.
[Mpeamerom paborm JapsuHa ABAsIETCA TaK:Ke HCCAEAOBaHUE
ycToHuuBOCTH mepHOAMuecKuX ApuxkeHul. Japsun Hazesancs,
4TO HCCAE€ZOBAHHE 3TOr0 BOMPOCA MPOALET CBET HAa BKCMe-
puMMeHTaAbHBI# 3aKOH nAaHeTHmX paccroanuli Boae.

4. Yparuenns B Bapmapusx. BeposartHocTn Toro, urto
HauaAbHble YCAOBHSA, NMPHBOAAINNE K NEpPUOAHYECKOMY pelle-
HHIO, MOTYT HMMETb MECTO B JBHKEHUAX TeA COAHEUHOMH
cucTeMH, paBHa HyAw. Ho ecan HauaabHBIE yCAOBHSA peaib-
HOTO ABMX{€HMA OUYE€Hb MAaAO OTAHYAIOTCA OT TeX, KOTOpHE
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COOTBETCTBYIOT HEPHOAUYECKOMY PEIUEHHIO, TO MOXKHO OXKH-
AaTb, UTO peaAbHOe JABHUXeHHe Takxke OGyZeT MaAo OTAH-
49aThCA OT ABH:KEHHA MO Nepuojuueckofi opbure, u, caejo-
BaTEAbHO, NepHojuHueckas opbura MoxkeT OHTH HCHOAB3O-
BaHA B KAauecTBe NMpPOMEKYTOUHOH op6GUTH.

Paccmorpum nepmoauueckoe jsBuzkense, ompejeaseMor
op6urott Ilyankape sroporo Tuna.

Bmecto saementoB e, m u i, © Bmeaem, caegys Aa<
rpaH:y, HOBblE€ NEpPEeMEHHBbIE

= i 7 = [ si Q

h=esin =, P tgz.sm , (II1. 105)

l=ecosw, g=tgicosQ.
Ypasuenus Aarpanxa npeobpasyorcs cAesyiomuM o6-

pasom:
da__ 2 0R 1
dt T na ¢ '
_ 1 ., R
i [\/1 1. &

h»ll_—_hT——lz‘ R -

T laVieR—_p 0c

1 14-p24-q2 )

na® [1+V1+p2+q2 ViR —I2

X(pﬂ-l-q%)],

X

op
dl 9 2
gt nat [\/I#h Sy
INT=R—12 ‘|_
1+Vi—RrR_—12
_L[ 1+p2+g?
na® 1+\/l+p2+q2
h
X»/l—h2 2 (p o " ﬂ

dp__ 1 (1+p2+q2)’=_a§__
U na® Vi—p_p 09
1 p (1+p2+-4?)
na® (1+\/‘_—+p2+q2)(1—h2—12)
OR IR IR
X (opl— Frh+50)
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dg____ 1 (+p2+g) R
- na® Vi—p2—Jz Op

1 g (1+p%+g?)

T na (VI pr ) (1 — B2 — )
r)R)

[ OR oR
(51— Grh+ %

2 R 1 % (IIL. 106)

d_ 2 0R 1
dt ~  na da na2
> 1+ p24-q2

Q+vViapag@)vVi—Rr -1

X(p G+ 95 )

L _Vi—R_PE (R, ﬁl)
n® IVl — R — 12 (om a ‘)

P—q*—p— ¢+

rae
R=m'{M~+N[R+P+K +1"—p
+2(pp' +qq)] —2P(hH +- 1)+ .. .}.

B cayuae mepuosuueckoro ABuikeHus
=0, A"=0, I’=e, p*'=0, ¢°=0,
e’=0, h’=0, q’::o,

l,=el’ P’=0,

a MOTOMY
(SR =58 =() =) =o
[Tpouseoanas
0RO
(&) =0,

TAK KaK NO YCAOBHIO CyIIECTBOBAHHSA NEPHOZHYECKHX OpOUT
Ilyankape BTOpOro THIa OKCIEHTPHCHTET NepHOAUUECKOH

opbuTn ompeiereH TakuM ob6pasoM, UTO
0
( oR ) —0,

de

Ilepryp6aguonnas ¢yuxyuus R cozepKHT TOABKO BEKO-
Bhie YAEHH M YACHH, CTAHOBAIUMECH BEKOBBIMH BCA€ACTBUE

COH3MEPUMOCTH.
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Takum o6pasoM, ABueHHE MaAOH NMAAHETH MPOHCXOAHT
N0 HENOABH:KHOMY BAAHINCY, NpPHYEM CpEAHECYTOYHOE ABH-
skeHHe 6yJeT OTAHYATBHCA Ha noc'rommyro BEAHYHHY

_ (aR
g§= da
OT HEBO3MYIEHHOTO 3HAYeHHA.
Ypasnenns nepnomqecxoro ABWKEHHA 3aNUIIYTCA TAaK:

a dh dp ___ dg ds
F=0 F=0%=0 F=0 =0 Z=o,
nP=n+g, n=ka", (III. 107)

PaceMoTpum ABuienue, 6Au3KOE K MEPUOAHUECKOMY ABH-
*KEHUIO, ONpPeJeAfeMOe DAEMEHTaMH

a=a’+da, e=e"43%, h=Hh-+3h [=1I0"+3e,
p=p"+3, q=¢°+3q, (111. 108)

rae da, O, oh, 31, Op u 3¢ — maAble BEAWUHHB, KBaspaTaMH
KOTOpHIX MO2kHO npenebpeun. 3ajzsua 3aKAO4aeTCA B TOM,
4TO6B ONnpeAeAUTb BEAHWUMHH da, 8¢, ... Kak QYHKUHH Bpe-
MEHH.

Pasaaraa npasme uwactu ypasuenut (III. 106) B pas Te#t-
AOpa U OFPaHHYMBAACD TOAbKO AHHEHHBIMH YAEHAMM Bapua-
uult, noAyuum CAOAYIOIQYIO cucTeMy ypaBHeHuH:

dba 2 (02R\® J2R
T =7 (5w) e+ e (Grc) oo
ddh __ cos¢ [ 92R \0 cosq, J2R \0
“dt T na® (0a01)8 (012)81
ddl 1 92R singcosp 92R
dt T na* (cos(? ohde 1+cosg 052) Be —
1 2R singcose 02R
__na_z(cosq’ oz + l-+cosg dlzde) Sh,
dip 1 _1_(2RY, (111 109)
Tt__az_costp(dqz) ’
ddg _ 1 1 (R 08
“dt T na® cos¢ \ op? Ps
déie 1 sinpcosg / 02R \0
“dt — na® l--cosg (dadl) %a +
1 singcosg (92R )Sl
na? l-+cos¢ \ 0I2

— 141 —



rae

n=n+g, g=4g"+3g, (1IL. 110)
1 [dR R 2 ( R
8g=—m( L 2a—) Sa— -2 (M) 3.

Aementnt B npasnx wactax (III.109) u (III. 110) coor-
BETCTBYIOT nepHOAHQCCKOMy PELIeHHIO.

O6o3naunm
2 0
a, = 2na® (—35 )
2R \0
— 2f 2
ay=2na?(35 )
a,=na slmq:coscp ( )
-+ Cos §
qin singpcosp
& =nay e ¢ (

as= na cos<P(0 o ) (IIL. 111)

ay==ndcos ¢ (%)0.

J2R \0 singcos¢ [/ 02R
a;==—ancos¥y ( ohde ) T cose (W)'
ay=—an cos (x| — an LT (DR Y
oh? 1+cos¢ \ ohde /
an ([ 02R
H= Zose (d_q“—) !
an [ 2R 0
o= — cos ¢ ( dp? ) :

Toraa ypaBHeHHA B BapHajUax SaMUIIyTCs TAK:

%Btl = a3 + adh,
% =agda+adl,
A (Il 112)
T = 05311 -+ 0881’
% = a,0¢ + agdh,

— 142 —



dd
dtP "—anaq! ]
dvg (I, 113)
3t I —a,3p.
[Tycrp aaementt opburnt lOnurepa o', €, ... Takxe

OTAMYAIOTCA OT 8AeMeHToB lOnurepa, npuHATHX npu no-
cTpoeHuH nepuojuueckod op6urn. IToroxum

@ =(d)+3d, p'=(p)+ ),
d=(Y 40, ¢'=(g)+0q,
H=(KY+3K, n=(n)+5n.
U=l 430,

(II1. 114)

Toraa cucremn (1. 112) u (IIl. 113) 3amenswoTca cucre-
Mo#f AMHEHHHX HEOAHOPOAHHX AW depeHgUaAbHHX ypaBHe-
HU# C NOCTOAHHBIMM KO®(DPUIHEHTAMH

dda

7 = a0 + aSh+d,,
dbe
—— =apa+adl +d,,
o T (IIL. 115)
& = (1580 -+ (1831 -+ d3’
% = a3 + adh+d,,
dd
'7tp— = a98q —+ dﬁ,
(Il 116)

dd &
_d}‘L =a,5p +d,,

rAe, OrpaHNYHBAACh MEepBHIMH cTeneHamu da’, &, ...,
— 2 02R 0 ! /
d, =2na* (555 3¢ + 2na* (5opis ) OH,
_ sinpcos¢ / 2R \0¢ ,
dy=na 14-cos¢ (dlda') % +

sin ¢ cos P (ﬁR 0 81/
1-+cos¢ \ dlol’

-+ na

a’3 ==nacos¢ (01120—57)0 da' -+ na cos ‘P( o107 ) 8l
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d,= [—na cos P (00:%)0—

i 2 0
— g Snecose ( 2R )]3e'+
0

1-+cos¢ \ ds0¢’

e ()
—na JEEEEE (25 o a1

an 2R \0
de__ cos ¢ ( opop’ ) op'.

57 cos¢

Tax xax zsuxkenue IOmurepa He ucnHTHBaeT Bo3Myle-
HU#f CO CTOPOHH MaAo# NMAaHETH, TO

S/ =3a], K =3h,, ' =3l,, 3p' =dp],
3¢ =3q, 3 =3¢, (1. 118)

S. Harerpuposanme ypaBmemmii B Bapmapmsx. Pac-
cMOTpHM MHTerpupoBanue ypasHenu#t B Bapuaguax ([II. 115)
u (IIl. 116). O6o3nauum zrs xpaTxocTu

da = x,, 8 = x,, Sh= x,, 8] = x,, 8p = x5, 3¢ = x;. (1Il. 119)

Ypasuenus (II1.115)—(ill. 116) sanumyrcsa rax:

dx,
Tdt
dXQ
Tdt
d.\’3
Tdt
dX4
Tdt

dX5

—t — aoxe’

=a,X;+ a,xg,

= ax,+ a,x,, 1L 120)

= azXx, + agx,,

= Q;Xy+ agXg,

e (Il 121)
'—dt" = alox 5e

O6parum BHUMAHHE Ha TO, 4TO
aga; — aa;=0.
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81‘0 AaeT BOBMOXKHOCTb Cpa3ay NOAYYHTDb OAMH H3 nep-
BHX HHTErpaaos

ay 22 —a, &8 =0, (I11. 122)

OTKyJAa
QX3 == agX,+ Cyy (111. 123)

rae ¢, — NOCTOAHHASL MHTErPHPOBAHHA.
Vpasuenus (III. 120) mepenumem caesyiomum o6pasom:

dx, as

3 — b1x2 —+ (1_4 Cyy

dX2 -

3 asX,+a,x,, (11I. 124)
dX4 ag

& =brrg o

rae
b — ayay = asas b —_ aqaq —+ agag
! ay R ay '

Us nepsoro u tpervero ypasuenutt (IIl. 124) naxozum

d d
—b, %L b, 2 e, (IIL 125)

rae

b.— a,ag — asaz
3 o,

Hurerpupys (lll. 125), noayuum
—byx; 4+ b,x, = byc\t +c,, (111. 126)

rae C,—HOBas MOCTOsHHas uHTerpuposanua. CoBMecTHO
co BropuiM u3 ypasuenu#t (lIl. 124) maxosum, uckaouas x,,

by 'a'l;t;z =(b,ay— asb,) x, +a,byc,t +a,c,. (III.127)

Auddepengupys nepsoe us ypasuenntt (IlI. 124) u uckamo-
gas x, opu nomomu (IIl. 127), natzem

% = (blas + a4b2) X, + a4baclt -+ a,c,. (III. 128)

10 T. A. Yeborapes — 7145 —



C00'rne'rc'rny101gee OAHOPOJAHOE YypaBHEHHE

—ax,, (IIL. 129)

rae R
a®*=1b,a;+ a,b,
HMeeT pellieHue
X, =& + e, (II1. 130)

Ormerum, uTO @ —Maras BEAMUHMHA NMOPAAKA BOBMYIIAKO-
me#t Maccn. UYacTHoe pelenue HEOAHOPOAHOrO ypaBHe-
aua (111, 128) umem B BHAE

#=A~+Bt. (II. 131)

IMoacrasaan B ypapuenue (III. 128), naxosmm smauenus
nocrosuapix A u B

A == "s;- 02,
(Il 132)
B=— % bye,.
O6wee pewenne ypasuenus (Ill. 128) 6yaser
x, = &e* + ée— + Bt + A. (1IL. 133)
BBeseM HOBHE NOCTOSHHBE C; W C,
c_s= 03—02—0‘ , c_4=03—04
Toraa
x,=cgchat+c,shat+Bt+ A,
= &
bx,=a(c;shat+c,chat)+B o (IIL. 134)

a,X3 == agx,+ Cy,
byx, = byx, + b,c,t +c,.
Bosspamascs x nepemennniM Aarpanxa, MoxeM HamucaTb
da=cychat+c,shat+ Bt + A,

bde =a(cgshat+c,ch “t)"‘B_:_ic“ (Il1. 135)

aSh=agdc+c,,
b3l =bda+ byt + c,,
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rae MOCTOAHHHE HHTETPHPOBAHHA Cy, Cyy Cg U C, BHIPAKAOTCS
depes HaYaAbHhle OTKAOHEHHS BAEMEHTOB MAAHETH OT dAe-
MEHTOB NEpHOAHYECKOH OpOGHTH caeayomuMm o6pasom:

¢; = aOhy — agde,,
Co— 61310 — 62300,
c,—=0%,— A, (111. 136)

a,
ac,= bde,— B + —‘f .

[Tepexosum x unrerpuporanmio cucremm (III. 121), rae
Ay —=—aqpy—4a.
ak xopowo wussecTHo, cucrema (IIl. 121) umeer pewenne
x;= A sin (at + b),

xg=A cos (at + b), (L. 137)

rae

A= (e + (D tgb=T30.

Bosspamascor k nepemennmm Aarpana,
op = A sin (at + b),

89 = A cos (at + b), (Il1. 138)

rae

?
,
<

At=3p2+3q2, tgb=

o7

q

<

6. BommcremEe mnpoMsBoAHMIX mepTypGapHomEON
¢yexprE. Bruucrenue xosgduguentos, Bxozamux B ypas-
HeHHA B BapHajHAX, CBOAMTCA K BHIYUCACHHIO BTOPHX Npo-
u3BOAHHX NepTypGagnonHod QyHkguH mo srementam. Jas
BHIYHCACHHA BTHUX MPOU3BOAHHIX O6GPATHMCA K YHCAEHHBHIM
MEeTO0JaM, OJHHAKOBO NPHTOZHHM JAAA AIOGHX 8KCIEHTpH-
CHTETOB.

B cayuae maockoro ABuxieHus BHpaxieHHe AAA MepTyp-
6apuounoit PyHKLUM UMeeT BHJ

R =k*m'R, (111. 139)
rae

R=+ — Z5c08 (' —w), (I11. 140)

2=r 4" — 2 cos(ew’' — w), (II1. 141)
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npuieM @ W @ — UCTHHHBE JAOATOTH MaAoOH# MAAHETH ©
Onurepa.

[Tpoussognas or R no xakomy-uubysb us sreMeHTOB
op6uThH MO:KeT 6HITh SamHCaHA TaK:

OR_0R or . R iw
A A 2 (I11. 142)

O6osnauum uepes S u T KOMIOHEHTH BO3MYIAKOILErO
YCKOpeHHs MO pajuyCy-BEKTOPY M MO HAIPABAEHHIO, Mep-
NeHAUKYAAPHOMY K PajuyCy-BEKTOPY B NAOCKOCTH OCKYAH-
pyowgei op6uTH

oR 10R
Toraa R ) s
/)
m=552+r7'(-)§. (I1l. 143)

Bripaxcenus Ars S u T rerko HaxoAuM NpPOCTBIM Au(-
depenpuposanuem (1. 140)
S= [ﬁ—--;%]r’cos o' — w) —-—A% )
. . (I11. 144)
T= ['Z? -— F] r' sin(w' — w).

Auopdepengupys (. 143), moryaum obmee smipaxenue
AASl MHTEpECYOIIHX HAC BTOPHX MNPOU3BOAHHX MepTyp6a-
UuoHHOH# PyHxuHuU

22 2
R_Sﬁr oS or

dada — oz Y oz oa +
2w or dw oT ow

[Ipoussogusie S u T mo sremenTaM, a Tak:ke mpous-
BOZHBE 7 W W AErKO HAXOAHM 10 CAEAYIOIIHM (OPMyAaM:

S ow r' A )
3 = 1 30 — 3 gcos(@ —w)>—+

r oA 1o0r
+ 35—
oT , 1 1 Jow
52 ="' cos(w' — w) [ﬁ——,,s] i |



——3g%sin(w'—w)z—:‘,
z-:-:%[r—r’cos(w'—-w)]gs—
-—EA'—sm(w’—w)%,
()=—4 (7 =—acosw,
(=%
() =—(1—Feost) w7
G =155 sine, (3)'=0,
or\® _asing .
(5;) = sy SV

(II1. 146)

oh2 sin ¢

2w \0___sinv 2+ecosu_2_ag:|

(W) " sing cosZ ¢ r3 |
Zry___a sin? v (2-+sin ¢ cos v)
012) T cosZ¢ ¢ ’
lo\__ 1 3

( 01_2) =ty [5e+(5+ 7 € )cosv+

1 .
+3ecos2v0+5 e’cos 30] sin v,

92r \0 2\ o 2r\0

(imdl) =—cosY, (0h0e) =T RcosY, (o?) =
s . 2a\0 3 . .

='%s1n P cos Y, (0—;’) = —-2:—ssm ¢ sin v.

[Ipoussoaunie (III. 145) AorxkHH 6BITH BHUHCAGHH AR
DAEMEHTOB NEPHOAMYECKOr0 ABH2KEHMs, NPHUUEM B MEPTyp-
6aguoHHOH QYHKUMH HAM HYXKHO OrDAHHUHTBCH TOABKO
BEKOBBIMM YAEHAMM H YACHAMH, CTAHOBAIIUMHCA BEKOBHIMH
BcAeacTBHe couwsmepumocTH. [loabsysch pasioxenuem mep-
Typ6anuonHO# (yHKIMH, MO2KeM HAmUCaTb
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(o%)%)o = JZR? _]0+ E A, cos(JM+ M +Q), (IIl. 147)

npuuem pM'— qM =0,180°. Uepes [%;:,] 0603HaYeHH ImO-

CTOAHHBIE UYAGHBH DABAOMKEHHA, BKAIOYAS H Te NEepHOAWYe-
CKHEe 4YAeHH, KOTOpbi€é CTAHOBATCA BEKOBBIMH BCAEACTBHE
consmepumoctu. Vs papencrsa (Iil. 147) caeayer, uro

PRY_L[(ZR Y aw, (149
(1]

dada’ dada’

MHaue roBOps, NOCTOSHHAS UACTb NPOM3BOAHBHIX NepTyp6a-
[IHOHHO# (YHKLIHM MOAyUAaeTCA NyTeM OCPEAHEHHS BEAHSHH
2R 0

(3557 (I11. 149)
nmo nepemenno#t M’ Ha uwHTEepBare OT HyAs A0 *. Brumcass
¢yuxguio (I1I. 149) ars zocTarouno 6oabworo umcaa wgacr-

HbiX 3HaueHu#f cpeiHHX aHOMaAud, MOXHO HaliTH BEAWYMHB
(I11. 148) ¢ Aw6o#t Tounoctvio. Ha#iaem Tenepp Bmipazsenus

AAA ﬂpOHBBOAHNX
(ZRY, (2R 0
) (52) -

O6ee Buipamenne Ars nepryp6apuonHo#i  @yHkyuu
HMeeT BHJ

R:%_%, (111 150)

rie
A =724 —2r's,
6 =cos H=cosw cos @' -+ sin w sin @’ cos { = cos w cos v’ -+
~+ sin w sin @’ + cos arctg Vp*—+ ¢,

H— yroa Mexay pajzuycaMH-BEKTOpPaMH I H r’, AOATOTH
w H W OTCUUTHIBAIOTCA OT AUHUH Y3A0B. TOI‘A&

oR 1 0A r ds
e Eop’ (I1I. 151)
rae
M_ i
95— Aadp°



Aunddepengupys (IIl. 151) u yuurnbas, uro

dg \0
(55) =0
rak kak p’=¢q’=0, moayuum
02R \0 1 1 2
() =r[w—5 5 (IIL. 152)
Tax xax
(22 = —sin vsin v/
o—'pg) = —sin usin ¥/,

TO OKOHUATEADHO HMEEM
2 0 .
(F8)=—r" [—Alg— L J sinvsinv. (1L 153)
r
Amnanrorununo

2R 0 g1 17. .,
(;ﬁ) =—rr [ﬁ — —r,?] sinusinv’. (Il 154)

\

7. Comsmepmmocts 1:3. PaccmoTpum mnepuoguueckyio
op6uty Ne 15 (Taba. 22), cooTBETCTBYIOWYIO COMBMEPUMOCTH
1:3. Tlepuoauueckas op6uTa oOmUpEsEAAETCA CAEAYIOIIHMH

SAeMeHTaMu:
Ay =23\, + 180°,
1':0 == O,
e =10.11300,
n®—=2897"384,
°=0.

Boabmas moAayoch opbutni joAaxsHa OnTb HatzeHa mo-
CpeACTBOM [OCA€AOBATEAbHHX nNpubGAuzieHnit npu momolou
cUCTEMBI POPMYA

n=n+g°
n— a—sl:’
_ 2 /OR\® (I11. 155)
£=— (%)
k2=1.

B nepsom npu6am:sennn moraraem n==n’, orxyaa
a® = 2.50045.
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Ha ocunosanuu ¢opmya (II1. 142) u (Ill. 146) umeem

oR
R-Ls, (IIL. 156)

OTKYy A8
[ L SdM'. (I 157)

Hurepsar nurerpuposanus 0 — = pas6usaem na 30 pas-

Hux uacrelt uepes 6°. IToabsyscp ¢opmyrot Cumncona,
MOAYuHM

[%J°=+0.012168,

OTKyAa

m' [%T —=--0.011618 - 1073,
g°=—0.036743 . 10~3=—0°0021052.

Eavnuga Bpemenu %:58.1324 cp. CYTOK.

Ilepexoas x cpeanuM cyTkam, HafizeMm

g’ =—0m130,
n=n" — g*=2897"514,
a®=9.50021.

Ilpu mame#f TouHOCTH BHUMCAEHMH MOAYYEHHHH pesyAb-
TAT MOXZHO CYUTATb OKOHYATEAbHHM,

B 2R 2R
HYHCAMM Tellepb MNPOUSBOAHHE | =55 |, | 57 |»
ocpeAHSAA

2R o%  0Sor  _nit or ov
(0h2) =SE+aat o+ Toamt
oT dv
'-i-r;h-;z,
2R o02r S or 20 or dv
(012) =Ssg+gatrTsa+Tyg+
9T o0
T3r a1
92R \0 2  oSor
5e01) =S5aa1 15g
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2R \0 02r oS or 0%
(o'aa?. ) =S+ ma T ome +
T&r dov r 0_7: dl
15 Y Toroe
02R 0%r oS or
(052) Sdez Oe 0a+ T +
orde_ T (I11. 158)
+T5 de ds 05 9¢ !
2R\ __ r oS
(W) ~—~ada’
PR\ (RN 11
(0}72) 0q2)—'—rr [As r ]Sm‘vsmv

OxoHUaTEADHO HMEEM

02R 70 )~ R
[2RT =+0.27074- 1075, m'[ 2R T =
=-+0.0050270 - 1073,
SR . 92R 7P
m' [0_12] =—0.16760 - 1073, e e

= —0.0006274 - 102,
JTPRY _ 2RP
Sen1 | =—0.009996-107, m'[ 53 |'=
= +0.007072 - 1072,
m'[ 55 |=—0.081539- 107>,

Ilpu nomomu sTux BeAMuMH BHuMCAfeM NO (POpPMyAaM

(IIL. 111) kosdppupuenTs

a,=—0.0019842 - 102,
a,=+0.015898 - 1073,
a, = —0.0003561 - 10~3,
a, = —0.0059699 - 103,
a5 = —0.0062805 - 103,

3arem HaxozuM

b, =-+-0.27843 . 1073,
b, =—3.00675 -10~3,
b, = —0.064959 - 103,

a,=—0.10530 - 107,
a,=—0.0031361 - 10~3,
ag=—0.17029 .10,
a;=—0.05190 -107%,
a,,=+0.05190 -102,

a=-+0.13361.1073,
A=-0.33443 - 107 3c,,
B =—0.091724c,.
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OxonuateabHo moAyuaeM (GOPMYAM JAS BBIYHCAEHHS
BO3MYyIIeHult

da =cy ch at + ¢, sh at — 0.021724c,t +
—+ 0.33443 - 10%c,,

3¢ = +0.47987 (c; sh at +c, chat)+
+9.4864 - 10°%c,,

dh = +-17.638% — 167.507 - 10°¢,,

8] =—10.79%a — 0.23331c,¢ +
+ 3.5916 - 10%c,,

8g = —0.02972 - 10~%8a + 0.03161 - 10~%,

(II1. 159)

rAe MOCTOSHHBIE HHTErPHPOBAHHA ONPEAEAAIOTCA CAEAYIOIIHM
obpasom:

¢, = (—0.00596993k, -+ 0.105305,) - 102,
¢y = (-+0.278435], + 3.006753a;) - 10~3,

¢y —ba, — 0.33443 - 10%,, (1. 160)
¢, = +-2.0839%¢, — 19.7688 - 10%,. J
AOJ\I‘OT& BBIUHUCASAETCA IO Q)opmy)\e
A=¢c—+n"%, (IlL. 161)

rae
e=eo+ﬁe, n=n+g, n=a;, g=g°+3g’.

Hakoneq, BosMyimenus naockocTu op6uTH onpeseAsoTCs
QPopMyAaMH
dp = Asin (at + b),
3¢ = A cos(at + b), (. 162)
rae
a=-—0.05190-10"%, A*==3p2+3¢%, tgb=— %‘;—: (I11.163)

Yucrosnie koapduguentn B popmyaax (1. 159)—(II1. 163)
MOTYT OGHTb BHIUHCAEHH C HEOTDAHHYEHHOH TOYHOCTBIO, TaK
KAK STH BEAHUMHB HE 3aBUCAT OT DAEMEHTOB Maiolf maa-
HETH, & TOABKO OT JAEMEHTOB NepHoAWYecKod Op6GHUTH u
NpUHATHX 3HaueHuHd oaemenToB opbutmt Imurepa u ero
MAaccCHl.

— 154 —



8. Cpasmenne Teopum ¢ maGarozemmsmm. Paccmorpum
aBuxkenue Maroft naaserm Iecrus. IlpesBapureabnbie ocky-

AMPYIOIIHEe BAEMEHTH OpGHTHI:
Onoxa u ocxyaagus 1910 Hoa6. 28.46
dxauntuxa 1910.0
L= 62260, M =68°13,

0=173.12, i= 2.29,
2=181.35, p= 9.63, (A)
n = 354.47, e= 0.16728,

n—884"451,

a=2.52477.

Arementn opbutnt IOnurepa, oTHecenHble k TOM ke dmnoxe
H SKAHNTHKE

N=209°21, «'=12°88.

3a Hauaao cueTa ZOATOT NPHHUMAEM JAOATOTY MEPHrEAHS
HOnurepa B HauaAbHylO BHOXY

=’ = 12°88.
Toraa
r=49°72, h=—0.05283,
a= 252477, | =+-0.15873,
n=—18%1, p=-+0.007994,
Q= 16847, g=—0.03918.

daementn opburm HKQnurepa
A =196°33, =~ =0.00.

Hcxoanolt nepuoauueckot opburodft cayauur nepuoan-
yeckan opbura Ilyankape sroporo Tuma Ne 15 (ra6a. 22).

2 = 31! + 180° = 48°99),

a® = 2.50021, =0,
e*=0.11300, n®=2897"384,
=0, - 1°=0.11300,
p°=0, q°*=0, 2°=—0"130.,
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Hauaapubie oTkAonenus saementos [ectunm oT aremesn-
TOB NepHojHueckof opOuUTH

dn=—12/933,
B'AO =+ 0073,
oy = —18%41,
de, =+ 0.05428,
3y =+ 2°29,
HAH

da, = +0.02456,
o, =+-0.01274,
ohy=—0.05283,
3l, = +0.04573,
3p, =—+0.00799,
dg, = —0.03918.

[Mocrosaunnuie HHTErpupoOBaHUs onpejerseM Nmo GopMyAam

(II1. 160)
¢, =-+0.001657 - 103, A =0.03999,
c,=—+0.08658 1073, b—=168%47,
c; = —0.004395,
¢, = —0.006208.

Mopmyant Ars Boiuncaenus Bosmyenud (cM. Gopmyrn

(1L 159) u (IIl. 162)) umeror BuA

3a = —0.004395 ch at — 0.006208 sh at — 0.000036 - 10~3¢ +
+0.02896,
3 = —0.002109 sh af — 0.002979 ch at + 0.015719,
8h = +-17.638% — 0.27756,
31 = —10.79%a — 0.000387 - 10~3¢ -+ 0.31096,
8g = +0°0018113] — 0°001703%a,
Sp=0.03999 sin (168°47 — 29974 . 10~%),
3g=0.03999 cos (168%47 — 2°974 - 10~%4),
a=-+0.13361 - 10~2.

Eaunnga spemenn %:58.1324 cp. CyTOK.
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Ta6anga 25
lpeacransaenne maGaroazennit

1857 r. 1868 . 1894r. | 1905 r. 1934 r. 1944 .
AL .. .| +3985 | 41988 | —+0%46 | 0958 [ —1°35 | —1°00
A3 .. .| —008 | +007 | +001 | —0.02 | —0.01 | —0.06

Yayumas cucremy saemento (A) mo meroay Lllrpake
(npubankenHoe uCIpaBACHHEe YeThipex aeMeHToB M, o, 9, n),
HAXOAMM TIOMIPABKH K HCXOAHBIM DAEMEHTAM

oM =—0°25,

S = +0?32,
39 = —0°08,
dn = —0/312.

Yayumennan cucrema saeMmentos [ecrtuu:

Anoxa u ockyaagua 1910 noa6. 28.46
Axauntuka 1910.0

A=+ 62066, M —67°88,

o= 173%44, i= 2929,

= 181935, o= 9755,

n= 354978, e= 0.16591,
n = 884139,
a=2.52537.

Ta6auyga 26

HIpeacraBrenne maGarozennii ¢ yAyIIICHHLIME DACMOHTAMH
(uarozenus MEHEYC BMTHCACHHA)

1857 r. 1868 r. 18%4 r. 1905 r. 1934 r. 1944 r.

~0°03

Al -+0%04 | +0°11 | —0°17 | —0°13 | —+0°20 o

A8 . . .| —002 | —000 | +001 | —001 | ~0.02

AArn KoHTpOAa mnpejcTaBuM eie TpH HaGAlOAeHMA, He
yuacTBOBABIIMX B yAyumenud opGutm (taba. 27 u 28).
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Ta6anga 27

Ha6aroaennsn
Jdara A B sh at ch at
1910  zex. 28.86 84267 —3°75 ~+-0.00007 1.00000
1928 wmapr 16.96 173.54 —0.40 +0.01452 1.00011
1946 aex. 15.86 69.14 —~3.75 -+-0.03026 1.00046
Ta6auga 28
MipeacraBaenne mabGaropennik
1910 r. 1928 r. 1946 r.
A . e e e e +0°11 —0°13 -+0.19
A3 Lo —0.01 0.00 —0.05

Takum o06pasoM, OrpaHMYUBAACH AHHEHHBIMM YACHAMH
B yPABHEHHAX B BapHalHAX U NMPHUHHMAS BO BHUMAHHE TOAbLKO
BEKOBHle H AOATONEepHOAWYECKHE BOSMYIUEHUS, MO:KHO npea-
CTaBHTb ABM:KEHHE MAAO# nmAaHeTH ¢ TOYHOCTbIO, AOCTaTOU-
HOH AAA BBIMHCACHUA MOHCKOBOH# adeMepusn.




TF'rasa IV
TEOPHA JABHIKEHHA CIYTHHKOB

§ 1. Cayranka 6oabmEx maameT

1. Cuyreexn Mapca. Cnytauxku Mapca 6niau oTkpHTH
Acagom Xoarom (1829—1907) ua Mopcko#t ob6cepsaTopuu
B Bamunrrone 11 u 17 asrycra 1877 r. Onu moayuuau ua-
sBanua Moboca u Jetimoca (r. e. Crpaxa u Y:mxaca —cnyr-
HukoB Gora Bo#inmt Mapca y Tomepa).

NMpumeuanune. C. II. T'rasenan (1848—1937) B coux Bocmo-
munanuax (,Munpopeaenne®, v, 25, Ne 1, 1936 r.) pacckasmBaer o cBoei
Berpeue ¢ Xoarom B 1875 r.: ,Cpesn ppuexasmux us Cu6upu coean-
HnACa ¢ namu u amepukane Acap Xoaa. Ou 6bia chin gpoBocexa M
yUYHACS TI'paMoTe B BOCKPECHOH mxoae, GyAydu yme B3POCABIM, y Y4H-
TeAbHHUBI, CTABlleil BIOCAEACTBUH €ro eHol. ITa A0CToHHAA keHIIUHA
BCI0 KH3Hb HANPABASAA W NOJAEPKHBAAA €r0 B €ro HHTEPECHOH Aes-
TeabnocTH, Uepes ABa rosa mnocie Hamero 3HAKOMCTBA OH NPOHM3BEA
3aMeuaTeAbHOe OTKPhiTHEe ABYX CHyTHHKkOB y maanetl Mape. B 1877 r.
6biAr0 Beaukoe mpoTuBocTosune Mapca, koTopoe nponcxoauT oAmH pas
B 15 aer. Acap Xoar pemua BOCHOADSOBATBCH YCAOBHSIMH NPOTHBO-
CTOSAHUSA, UYTO6H gaaucka'rb cnytuukos Mapca. B sro Bpema Mapc 6nia
6anke BCero Kk 3emie, HO OAHA WAH ABe MONLITKH HU K 4eMy He NpH-
Bean M oxaasuau ero, Ho xena yrosapusaira ero mpozoaxath posnicku,
oH xe oTBeuan efi: «Y Iepmers, Aacceas u Apyrux 6pian MHCTPYMeHTH
Goabluero pasmepa, Hemern Moit 24-zioiiMoBbiii pedpaktop Bamuurron-
cKoii o6cepBaTopuu, ¥ BCe-TAKH OHM HHYEro He HauIAH». — «Tnt Hempe-
MEeHHO AOAXEH NMPOAoAXaTh noucku cnytHukoB Mapca, notomy uro, ecan
KOrza-Hu6yib aCTPOHOMBI OTKPOIOT HX, TO OHHM COBEPUIEHHO OCHOBa-
TeAbHO yNpexHYT Te6s B Hei0CTATKE BHEPrHHM; BeAb BTO B TBOMX pyKax
Temeph camblifi Goabwoit pedppakrop Mupav. Acad Xoar mocaymarcs
coBeTa MeHbl, M HaGAIOAEHHA €ro yBEeHYaAMCb yCNeXoM; B aBryCTe
Toro xe 1877 r. on oTkphiA mepBHii COYTHHK, a MOTOM K BTOpOIi“.

Cnyrauxu Mapca sameuaTeabnnl cBoe#t 6AM30CTBIO K MAA-
HeTe M kpaliHe GbICTPBIM ABH2SeHMEM; BHYTPEHHM# CHyTHHK
obpawaercs Bokpyr Mapca 6mcrpee, uem Mapc spamaercs
BOKPYr cBoe#f OCH, Tak 4TO A MAPCHAH OH BOCXOZHT Ha
samaje u 3axoguT Ha BocToke. Kpome Toro, B Teuenue map-
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cuaHckux cytok Do6oc ABaxciH BOCXOAHT M ABarsAH 3aX0-
aut. Tako#i crpanno#f oco6enHOCTBIO 06AajaeT BO Beelt COA-
HeuHo#l cHcTeMe ToAbko aToT cnyTHur Mapca.

NMpumeuanne. Yausurerono, uto cymecTsoBaHHe CIyTHHKOB
Mapca 6biro npeackasano Jmonaranom Ceugrom B ero kuure ,llyre-
wecrBue I'yarusepa“ npamepno sa 150 aer a0 ux orkpmrua. Coraacmo
coo6mennio I'yarusepa, y actponomo Aanyri 6nianm Becbma coBep-
IIeHHbIe TEAECKONbi, ¢ NOMOIIbIO KOTOPbIX OHM OTKPBIAH ABa CHYTHHKa,
o6paigatonuxcss Bokpyr Mapca. Ilepnmii cosepmaer cBoe ofpamenne
B Te4YeHMe JECATH 4YaCoB, a BTOpOl — B TeueHHe JBajUaTH OJAHOTO
¢ noaosunoii waca (Ilyremecrsue B Aanyry, ra. 3). Yxasauune Iya-
AHBEpOM nepHOJH o6pallieHusi YAWBHTEAbHO GAM3KM K MCTHHHBIM SHa-
uennam, Tak xak Do6oc obpamaercs Boxpyr Mapca 3a 7 uacos 39 mu-
HyT, a Jefimoc 3a 30 wacos 18 munyr. Cnyruuxu Mapca ouenp marm
no csoum pasmepam: auamerp Mo6oca 15 km m anamerp Jeiimoca 8 xm.
C nosepxnoctn Mapca Jeiimoc na6riosaetcs ne B Buge AHcka, MOA06HO
nameli Ayne, a B Bige cBeTaAmgefics Touxh.

OcHoBapie xapakTepucTiku cnyTHHkoB Mapca comocras-
AeHH B Taba. 29.

Ta6aupa 29
Cnyranke Mapca

Cpeanee paccroanue
Bugu- OT WCHTPA UAGHETH | Cygepuye- | Oxcyen- | Haxron
Mas Be- cxuitnepnoa| Tpucmrer op6uTH
ARuKuHa | BHAuMOE B KM ofpagienun | opbuTH

¢ Coanya

d
§°§°° <o+l 15| 846 | 9350 | 0318 | 00170 |26°19
eMoc . - - -1 135 2125 | 23500 | 1.2631 | 0.0031 |26 2

[TrockocTn opbuT cnyTHUKOB 6AMBKO COBIAZAIOT C MAO-
cKocTbio axBaTopa maaneTl. Op6ura Jetimoca mouTtu xpyro-
Bas. ['epman Crpyse (1854—1920) namenr, uto AuHUA amcuz
Moboca o6razaeT NpsAMbBIM ABHXKEHHEM H IIPHTOM HACTOABKO
6nCTpHIM, UTO OHA B ABa C HeGOABIIMM roja COBepIIAaET
noanni#f o6opor. IJTo sABAEHHE OOYCAOBAGHO C:KATHEM MAA-
netH, kotopoe Crpyse openna B 1/190.

[Tpu Bmuucarenuu agemepus cnytauxkos Mapca yuurh-
BAIOT BOSMYILEHHs, BHIBBIBAEMBIE CKATHEM NMAAHETH, U BEKO-
Bble BosMymenus ot Coanga.

2. Caytanxn IOnmrepa. B macroamee Bpema oTxpmro
12 cnyThuxkos IOnurepa. Uerbipe M3 HHX GHAM OTKPHTH
noutu oznoBpemenHo B saupape 1610 r. Taaureo Taaureem
(1564—1642) u yuenuxom Tuxo Bpare Cumonom Mapuycom

11 T. A. Ye6orapes — 1671 —



(1570—1624) B Ilpare. DTo cpaBHHTEABHO ApKUE OGDBEKTHI
narodi—wecrof 3BessHol Beauuunu. [IrockocT moutu kpy-
roBHX Op6UT OSTHX CHYTHUKOB NPUOGAH3UTEABHO COBNAZAIOT
¢ maockocTblo akBatopa maanetel. OHu o603HauaOTCA pHM-
ckumu pudpamu I, II, Il u IV B mopaske Bospacraromux
paccroanuit ot KOnurepa. dtu cnyTHHKH, Ha3BIBaeMBE raAu-
A€eBH, MMelOT Tak:ke M co6ctsennnie umena: Mo, Espona,
l'anumes 1 Kaaaucto — tpu nozpyrn IHOnurepa u ero xpa-
capeyy BuHouepnuit. Tperu#i u uerseprmi#i cnyTHuku HOmu-
Tepa mo cBoMM pasmepaM Goabuie Mepxypus.

Ocrarvusie cnythukn FOnurepa, oTkpeiTHE nO3jHEee,
0603HA"AIOTCA TaK:K€ DHMCKHMM LH(PPAMH B XDOHOAOTHUE-
CKOM MOPAZKE MX OTKPHITHSA.

Cnyraux V, orkpurni#t Baprapsom (1857—1923) 9 cen-
Ta6ps 1892 r. ¢ momompio 6oabuioro pegpakrTopa Aukcko#
o6cepBaTOopHH, Takxe 06AaJaeT NOYTH B TOYHOCTH KpYro-
Bo#f opburoli, BecbMa OGAu3KO# kK NMAOCKOCTH 9KBATOpPA MAA-
HeThl. OtoT, cammiif 6amskuii k IOnurepy cnyTHuK, oueHb
caa6 (13™). Ero paccrosnue ot genrpa naanetn scero 2.5 pa-
auyca Onurepa, a nepuos obpamgenns 12 uacos, 4TO AuID
HeMHOTO Goabile mepuosa obpamenus HOmutepa Bokpyr ocu
(10 sacos).

Boabmo#t unrepec npescrasasior paborn M. M. Muxaxp-
ckoro u K. A. Baesa mo usyuenuo zpu:kenns V cnyTHuka
Onurepa. Cnyrauku VI u VII 6pau orxpuirn Ileppatinom
dororpaguuecknmM nyrem B 1904 u 1905 rr. na Amukckoi
o6ceppaTopuu. DTH cnyTHMKH ofpamaioTcs Ha 6oAbwoM pace
CTOAHMH OT IAAHETH, HX OPOGHTH MMEIOT 3HAYHTEAbHBIE DKC-
pentpucurerst (0.16 u 0.21, u 60oabmue nHakronn (mpu6au-
sureabno 30° k maockoctu opburnt KOnurepa). Teopus asu-
xenus VI cnyrauka IOnurepa, ocHoBanHas Ha aAemeHTax,
noayuennnx Bo6oue B 1935 r., 6naa zama B. M. Ilpocky-
purniM. OH BOCHOAD30BAACA AAf BTOTO GYKBEHHHMM DasAo-
*KERUAMH TeOpuWH ABHmenus AyHH, coszamHoli Jerone
B 1846—1867 rr. Anarutuueckas teopus ssuxienus VII cnyr-
nuxa IOnurepa paspa6orana C. C. Tokmaraesolt Ha ocHoBe
meroza Xuara—DBpayna.

Cnyraux VIII, orkpurm#t Meaorrom B 1908 r. B I'pu-
HMue, pacmoioxen eme aairbimie or FOmurepa. Ero sp-
koctb 16—17™, Orxprrue VIII cnyrauxka KOnurepa curparo
60ADBIIYI0O POAD B PASBHTHH METOAOB YHCAEHHOTO MHTErPUpO-
Banua. VIII cnyraux na6rwzarca peryaspuo z0 1923 r.,
nocAe 4Hero BHUUCAEHHE dpemepus W HAOAIOZEHHS Npexpa-
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ruauch. H. M. Boesa (1890—1956), Bsas sa nauaro xoop-
aunatel cnyTHuka B 1916 r., mpoBeara unCAeHHOe HHTErpu-
poBanue ypaBuenul asuxkenns o 1930 r. Ilo ee apemepunae
cnyTHuk 6HA HaligeH, mocae uero ero HabAlOjZeHHs He mpe-
poBaruch 20 1942 r., koraa on 6bIA CHOBa NOTEPAH.
4. K. Kyauxos (1912—1964) npeanpunsr 6oaviuyio paboTy
Mo mpeACcTaBAeHMIO Bce# COBOKynHocTH Habarozenuii ¢ 1908
no 1949 r. eauno#t cucremo#t sreMentoB. JTa 3ajzada Gnira
ychemHo peuwieHa, u no agemepuse Ha 1947 r. cnyTHuk 6HA
cHOBa o6napy:keH.

Axcuentpucurer opburm VI cnyrmuxa pasen 0.38,
a HakAoH opbutm k sxiumruke 148°. Asuxenue VI cnyr-
HUKa fABAfETCA O0OpaTHBIM.

B 1914 r. na Aukckoit o6cepparopun Hukoabconom 6mia
orkpuit IX, cammi#i garexkutt cnyraux IOnurepa, umesmui
apkoctb 19" seanunnn. On o6razaer nepuosom obpawenus
6oree ABYX AeT ¥ OOGDATHHIM ABH2KEHHEM.

Cnyrauku X u XI 6biau orkpurer B 1938 r. Ha obcep-
Batropun Mayur-Burncon Huxoabconom. HMm x:xe orkpmT
B 1951 r. XII cnyraux HOmurepa. XI u XII cnyrauxu lOnu-
Tepa MMelOT O6paTHOEe ABM:EHHE.

B 1a6a. 30 sann srementn op6ur cnyrauxos HOnurepa.

Uernpe 6oapuux cnytauka HOnurepa ucnniTeiBaor 3Ha-
YHTEAbHBIE B3aMMHBIE BOBMYILEHUS, YTO GBIAO MCIOAB30BAHO

Ta6amga 30
Conyrankn IOnarepa

Cpeanee paccrosane
Bugumas OF MeHTPR nismeTs Cu:eplme- Orcyen- Haxaon
R c' "é::::a B KHAOMETpEX ‘::!61"::‘!:::&4 .:"l;:?':l‘:r OpenT
v| 130 | 2zs4 | 181500 | f4a9s2 | 00028 | 30342
I 5.5 5.90 422000 1.7691 | 0.0000 3 83
II 5.7 9.40 671400 3.5519 | 0.0003 3 339
111 5.1 15.00 1071000 7.1546 | 0.0015 3133
v 6.3 26.38 1884000 | 16.6890 | 0.0075 3579
VI{ 137 161 11500000 250.6 0.158 | 28 26
X | 180 161 11500000 253 0141 | 28 24
Vil 16.0 165 11750000 259.7 0207 | 27 45
XII 18.3 300 21200000 631 0.169 |147
X1 17.0 315 22600000 692 0.207 |163
VI 16.0 330 23500000 735 0.380 [148
IX| 180 332 23700000 758 0.275 |157
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AAsl ompejeArenus ux Macc. Macca Tperbero cmyTHHka co-
craBaser npubausureapro 1/30 maccn 3eman.

Ara asuxenudt I, II u Il coythuxos Aanracom 6biaum
YCTaHOBAEHH JgBa AW6GonmiTHHE cooTHowenus. (603Hauum
nepuosn ofpawmeHudt aTux cnyrtHuxos uepes 1), T, u T,
Toraa . R )

-7.;-—7,—2—!——73:0. (Iv.1)

O603uauum zaree uepes L,, L, u L; zoarotn aTux Tpex
CNYTHHKOB, OTCUUTHIBaeMble OT IIPOU3BOAbHOH HauaAbHOM
TOYKH. DTH TPH BEAHYHHB CBA3AHBI PABEHCTBOM

L,—3L,+2L,—180°. (IV.2)

JocTratouHo noaHas aHaAMTMUECKAS TEODUA ABHUMKEHHUS
FaAMAEEBHX CIIyTHUKOB 6bina paspa6oTana AamaacoM u Bomaa
B ero ,He6ecnyio mexanuxy“. Cospemennas aHaauTHueckas
TEOPHsS PTHX CIYTHUKOB NMPHHAZAEKUT FOAAAHACKOMY acTpo-
nomy-reopetuky Je-Currepy (1872—1934).

3. Cnyrauxkm Cartypma. B Hacrosuee Bpemsa oTkpHTH
9 cnyraukos Carypsa. B Ta6a. 31 npuBeseHnl oCHOBHHE
XapaKTePUCTUKH OPOMT BTHX CIYyTHHKOB.

Ta6awna 31
Coyraaka Carypma

Cpeanee paccroanue

Bugu- OT JEHTPa UAAHETH Cuaepnue- | Oxcyen- | Haxron

Maf Be- cﬂlﬁnepl{OA TPHCHTET OPGHTH

AHUHHA :Hé::'::. B KuAOMeTpax ofipaggenns | op6urm

m d

Mumac . . . .| 121 | 26'83 185 700 0.9424 | 0.0201 |26°45’
Oupgeras . . .| 116 | 3442 238 200 1.3703 | 0.0044 | 26 45
Terue . . . .| 105 | 42,60 294 800 1.8878 | 0.0000 |26 45
JAnona . . . .| 107 54.57 337700 27369 | 0.0022 | 26 45
Pea ... .. 100 | 76.20 527 500 4.5175 | 0.0010 }26 42
Tavan . . . .{ 83| 176.67| 1223000 | 15.9454 | 0.0291 {26 7
Tunepuwon . . .| 13.0 | 214.13| 1484000 | 21.2767 | 0.1042 (26 O
Aner . . . .. 10.8 | 514.73| 3563000 | 79.3302 | 0.0283 |16 18
Deba. . . .. 14.5 {1870.4 | 12950000 |550.4416 | 0.1659 (175

Op6uTsl COyTHUKOB MOYTH B TOUHOCTH KpPYroBHe, 3a
uckAodenueM op6ut I'mnepuona u (Debn, sxcueHTpHCHTETH
koTopeix pasun coorsercTBenuo 0.10 u 0.17. B zBuxenusx
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cnytuuxos CaTypHa cymecTByioT cousmepumocTu. Ilepuoant
o6pamenus Mumaca u Teruca, a Takxe duperasa u Juonst
oTHocaTca kak 1:2; nepuosnt Mumaca u Duuerasa, a Takxe
Teruc u Auonmt — kax 2:3 u, Haxomen, mepuoam Turana
u lunepuwona —xax 3:4. Asuxenne (Debu asaserca 06-
paTHBIM.

Camuit sapku#t cnytauk Carypua — Turan (8™) 6mia
orkpur B 1655 r. loftrencom (16"29——1695). [ponuknyThi
ellle MAEAMH CPEAHEBEKOBOTO MHCTHLM3Ma, OH YTBEP:KAAA,
4TO TAK KAK KOAHYECTBO IIAAHET M CIYTHUKOB AOCTHTAO
tenepb cosepumennoro uucaa 12 (Mepkypuit, Benepa, 3emas,
Ayna, Mapc, IOnurep u ero uwermpe cnyrnuxa, Catypn
u Turan), To 6oAblie HHYEro He OCTAETCA OTKPHIBATD.
Ouanako ewe npu :xusuu [oiirenca Kaccunu (1625—1712)
OTKpPBHIA ueTbipe HOBbix cnyTHuka Catypua — flnera 8 1671 r.,
Peio B 1672 r., Teruc u Auony B 1684 r., 28 asrycra
u 17 cenrabpa 1789 r. B. I'epuean (1738—1822) orxpmia
eme ABa Goaee caabux cnyrHuka — Mumac u Dupgenraa,
caMbiXx GAMBKHX K NAaHeTe.

16 cenrsa6psa 1848 r. Boua (1789—1859) na o6cepsaTopun
lapBapackoro koaresxa oTkpmA BocbMmol cmyTHuk — [n-
nepuon. Hesasucumo or Bonaa sTor cnyrHHK 6BA OTKpHIT
rakxe JNaccereM, HO TOAbKO ABYMs JZHAMH MO3JHEE.

Haxoney, B 1898 r. IMuxxepunr (1873—1946) o6uapy-
MUA OueHb cAabmil gesatwmit cnyTHux Cartypua, HasBanHbift
(Deboi.

B 1905 r. ITuxxepunr coobmur 06 OTKpHTHM ZECATOrO
cuytuuka Carypna ¢ nepuosom ob6pamenus 20 gueit 20.4 waca.
Oanaxo B JarbmefilieM 8TO OTKpPHTHE He [OATBEDAH-
AOCbD.

[lepBasn amaauTuueckas reopus cmyruuxoB Carypna pas-
pa6orana 'epmanom Crpyse B 1898 r.

Teopun aBuenus cnytHukos Carypra nocssmenst
paboret I'. H. Ay6omuna. Ilpun usyuenun asuxenus xamx-
AOTO CNyTHHKA BCE OCTAAbHBIE CIYTHUKM BaMEHAIOTCA Gec-
KOHEYHO TOHKHMH KDYIOBHIMM OAHOPOAHHIMM  KOAB[IAMH
¢ wMaccoif, paBHO# Macce COOTBETCTBYIOLIEro CHYTHUKA.
3arem mertoszom A. M. Asanymosa (1857—1918) crpourcs
nepuosuueckas opbura, 6Auskas k Kpyrosoi#f, koTopas
MOXKET CAY2HTb NEPBHM NPHOAMKEHHEM K DEaAbHHIM JBHU-
:xenuam cnytTHukoB. Meroa Xuara 6nia npumenen E. A, I'pe-
6GeHUKOBBLIM AASl TNOCTDOEHHA aHAaAMTHUECKO# TeopHMHM ABH-
seHus socbMoro cnyrauka Cartypua — flnmera.
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NMpumewanune, Haspanus cnyruukos Carypna B3ATH 3 speBHe-
rpeueckoii Muporornw. DTo THTAHB M THTAHHAK — GeCCMepTHbIE CY-
ipecta, zet u BHykH Ypawa (He6a) u Tem (Seman). Tunepuon
n fAner — cunoBba Ypama u Ien. Ternc, ®Pe6a u Pesa— ux cecrpn.
Turan — cwu Innepnona, a Auona — zoup Termc.

4. Koaspgo Carypma. Koavuo Carypna 6mro Bnepsbie
sameueno B 1610 r. Taaureem, ojHako B 3TO Bpems OHO
Ha6al04aroch ¢ pebpa, u [aaurelo He yzaroch ycTaHOBHTD
xapakTep OTKpHTOro uM obbekrta. [armre# numer o sara-
souno#t dopme Carypna: ,Kpa#tuiolo nranery s nabaosar
Tpolino#t“.

Ta#ina xoabpma Carypma 6maa pasrasana [oitrencom
B 1658 r. Koabuo Carypua sBasercs naockum u cBo60AHO
BHCAT B DKBATOPHaAbHOH mAaockocTH naanetn. [lo cymectsy
3TO HE OAHO, & TPH Kak OB BAOXKEHHHX JApyr B Jpyra
KOHIEHTPHUECKHX KOAbUAa pasAuuHo# spkoctu. Pasmepnt
koabga CatypHa npusesenn B Tab6a. 32.

Ta6amya 32
Pasmepm koabga Carypma

OksaTopuaAbHbit pasuyc nraHeThl . . . . . . . .| 1.00= 60300 xm
Buyrpennmit paguyc xoabga C . . . . . . . .. 1.16= 70100
Bremmnnit pagayc koabpa C . . . . . . ... .. 147= 88600
BuyTpesnnit pagnyc xoabga B . . . . . .. .. 1.49= 90200
Buemuuit paguyc xoabga B. . . . . . .. . .. 1.93 =116 200
Buyrpennnii pasuyc xoabza A . . . . . . . .. 2.01 =121 000
Buemnuii paguyc xoabga A . . . . . . .. ... 2.27=137000

Takum 06pasom, mupUHA BHEUIHErO KOAbLAa A CoCTaBaseT
16000 xm, Mexay mepsniM M BTOPHM (CpesHUM) KOABIOM
cymecTByeT npomexsyTok (Tak HasmBaemoe gerenne Kaccunn)
B 4800 kM. Bropoe koabpo (B), mupuna xoroporo 26 000 km,
B CBOI0 OY€pesb OTAEAEHO OT TpeTbero, caabo cBeTsierocs
M NOAYNpo3padHoro (Tak Ha3HWBAEMOTO ,KPEMOBOro“) KOAbLa
npomexkyrkoB B 1600 kM, wupuEa TpeTpero Koabga
(C) 18500 xm.

Pa6oramu Aanraca (1749—1827), Makceeara (1831—
1879) u C. B. Kosaaesckoit (1850—1891) 6niro nokasauo,
4TO yCTOHUHBOCTb CIIAOIIHOTO KOAbLA HEBOSMO2HA W 4TO
II0STOMY KOABLO COCTOMT M3 BECbMa GOABUIOrO KOAHYECTBA
meaxux cnyrauxos. B 1895 r. A. A. Beaonorbckuti (1854—
1934) ¢ nomompio cmexTpockomuueckux Habiosenn#t noa-
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TBePAHA BTO TeopeTHYeCKoe mpeanoroxkenue. Coraacho
uccaegosanuam M. C. Bo6posa, xoabpo Carypma cocromr
U3 CBETABIX MAM MOYTH 6eAbix TeA C BeCbMa HepOBHOMH
nosepxHocTbio. Cpeanu#f momepeunuk ®THX TeA nopsaAka
1 M. Onu saunoansior Ammb oxoro 1/1000 o6bema Bcero
KOABA, TAK YTO CpejHee PACCTOSHWE MexiAy HHUMH [IPUMEPHO
B 10 pas 6oabwe ux pasmepos. O6mas Macca koabpga mpu-
6ausureapno B 800 pas menpme maccH Ay

Hakaron naockocty xoabpga Carypma x  sxaunTuke
1889.25 rosa u A0AroTa BOCXOAAIIErO Y3Aa ONpEAEAAIOTCSA,
no Tepmany Crpyse, caesyomumu uucramu:

i= 28°04!55,
£ =167°58.08.

5. Cnyrunkn Ypama. Orkpuro 5 cnyrnuxos Ypana —
Mupanaa, Apueab, Ymbpuean, Turanua u O6epon. Xapax-
TepuCTHKH uX opbur npusesennt B Tab6a. 33.

Ta6aumya 33
Coyruaxa Ypana

Cpeanee paccrosune
Bugu- | OT UCHTPA NAGHETH | Cyzepuve- | Oxcyen-

Mag Be~ cxufinepuoa| Tpucnrer
AWUMRAa | BHAWUMOC B XHAO~ |o6pamenns | op6urs
c Coanga| merpax

Haxaon
opburn

m
Mnpanaa .1 17.0 9734 | 120000 14 0.0 97°59
Apmean . . . . . 152 | 13.78 | 191800 | 2.5204 | 0.007 |97 59
Ymé6puean . . . 15.8 1 19.2 | 267300 | 4.1442 | 0.008 [97 59
Taramma . . . . . 14.0 | 31.5 |438700 | 8.7059 | 0.023 |97 59
O6epon . . . . . 14.2 | 421 586 600 | 134632 | 001 |97 59

Cnytnukn Ypana aBuxyTcs NOYTH B oaHO# maockocTu,
KoTopas o6pasyeT € NAOCKOCTbIO OpPGHTH MAaHETH YTOA
97°59, Tak uro ux ABU:keHHE ABASAETCH OGpATHHIM.

Turauus u O6epon 6uan orkputh B. [epmerem B 1787 r.,
uepes 6 AeT mocie TOro xak MM ObiAa OTKpHTA MAAHETA
Ypan. Careayomue aBa cnyTHuka, Apuear u Ymbpuean,
orkputH Aacceaem (1799—1880) s 1851 r. Mupanaa or-
kpura Kefinepom 15 ¢espars 1948 r. na o6cepsarTopun
Mak-donarvs 8 CILIA. Dror narm# cnyruuk Ypana ss-
Asetcs GamxkadmuM x naamere. Ero sprocts 17™.
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NNpumeuanne. Ceon mnaspanns cnyTHHkH YpaHa NOAYUHAH
no nmenam nepconaxeii Illexcninpa (O6epon u Turanns — us komeznn
»Con B aernio HOub*; Mupanaa — us xomeann ,Bypa“) u [Tona (Apuean
n YM6pueab us komuueckoit nosMul ,Iloxnggenne roxona®).

6. Cnyrmuxm Hemryma. [lepsmi#i cnyruuxk Hentyna
Tpuror 68 orkpur Aaccerem B 1846 r., uepes azse Hezean
nocae orkpurusa camoro Henryna.

9TOT CHYTHMK ABHKETCA MO MOYTH Kpyroso# op6ure
Ha paccrosuun B 13.3 paaumyca Henryna ¢ nepuosom o06-
pamenus oxoro 6 cyrox. On ob6razaer obpaTnbiM gBUMsE-
HueM. flprocts cnyrnuxa 1376.

Bropoit cnyrank Hepenga orxpur Keiinepom 1 mast 1949 r.
Ha 82-z10iilMoBOM Teaeckonme o6cepsatopun Max-Jonaaba.
Ero sprocts 1975. Op6ura Hepenant o6aazaer ,koMeTHEIM®
SKCHEeHTpHCHTETOM. JBU2ieHHE CIyTHHKA NpAMOE. DAEMEHTHI
op6uT o6oux CnyTHUKOB npuBeieHH B Taba. 34.

Ta6ampga 34
[Cuyraaxa Henryma

Cpeanee paccroanne

Buau- OT JEBTPA MARHETH Cugepuue- [ dxcyen- | Haxaon
Mas Be- cxutnepuoa| Tpucurer| onGurm
AHuYHKHE :Bé::n‘:n B KHAOMeTpEX ofpamgenus | op6ur

1623 | 353700 | S.8768| 0.000 | 140°
264 | 5500000 | 3599 | 0749 | 3014’

w
(%, %)

IEpm‘on v e e of 13
epensa . . .| 19.

IMlpaumeuanne. Tpuromn u HepenAn — HHMPH MoOps, ABAAIOTCS
cnyrauxkamu Gora Mopeit Iloceiizona (Henryna).

7. Pasmept m Maccwl cnyTHEKOB GoABmEX nAamer,
IlpuseseM B 3axawuenne pasMepH M MacCH CHYTHHKOB
6oabmux naaseT. JAs CpaBHEHHS MHTEDECHO NPUBECTH AaH-
Hne o nmaaHere Mepxypuit (Taba. 35).

§ 2. Bosmymennus B ABH:KeHHH CHYTHHKOB, BHISHIBACMbIC
CATHEM NAAHETH

1. Bagaua asyx Tea. Ecam paccmatpuBats maamery
KAK MATEPHAABHYI0 TOUYKY, TO ABHXSEHHE CIyTHHKA IPOMC-
xoauT no saxkonam Kemaepa (sagaua gByx Ter), KoTOpmEe
MOKHO C(PODMYAHPOBATH CAeaylmuM obpasom.
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Ta6anga 35

Pasuepsi B MACCH CHYTHHKOB

Cnyraux Maaneta 4'“‘:"!' ' Macca
Kaaancro. Onmatep . . . . . ... .. .| 518 1.32
Tannamea. B e e e e e e e e e 5150 211
(Mepxypnit). — 5140 437
Tpuron. Hemryn . . . ... ... .. 5000 1.8
Taran. Cartypn . . . .. ... ... 4150 1.92
Ho. Omarep . . . . . . .. ... 3700 0.99
Ayna, Semazm . . . ... 00 3476 1.00
Espona. Wmurep . . . . . . .. ... 3220 0.64
Pes. Carypw . . ... ...... 1750 0.03
HAner. B e e e e e e e e e e 1600 0.019
Turanns. Ypan . . . . .00 0. 1600 —
O6epon. M e e e e e e e e e e e . 1450 —
Ternc. Carypn . . . ... ... .. 1300 0.0088
Juona. M e e e e e e e e e 1100 0.014
Apnean. Ypan . .. ... ... ... 950 —
dugeras. Carypn . . . . . . . ... 800 0.00117
Mumac. » e e e e e e e e 640 0.000516
Ywm6puean. Ypau . . . . ... 640 —_
T'unepuon. Catypu . . . .. v . ... 500 -
QDeba. P e e e e e e e e 320 —
Hepenaa. Hentyw . ... ... .. .. 300 —
V. Omurep . . . .. ... ... 160 -
VI, B e e e e e e e e e e 160 -
VII, B e e e e e e e e e e 65 -
Vill. P e e e e e e e e e e 65 —
IX. B e e e e e e e e e e 30 —
XL B e e e e e e e e e e 25 —
X. B e e e e e e e e e 25 —
®Doboc. Mape .. .......... 15 —
Jeiimoc. B e e e e e e e e e e e 8 —
XII. Omatep . . . . . . . . ... ? —
Mapanaa. Ypan . . ... ... ... ? —

1. Opbura cnoyTHMKa pACHOAOXKEHa B IAOCKOCTH, HpO-
xoAfigelf uepes LeHTP MAAHETH, NpHYEM IOAO:KEHue dTOH
NAOCKOCTH B NpOCTPAaHCTBE (OTHOCHTEABHO HHepEUaAbHOH
CHCTEMBl KOODAMHAT) HEe MEHAETCA NPH JBHXKEHMH U Bpa-
INeHHH NMASHETH.

2. Op6bura cnyTHUKAa — SAAMIC, B OZHOM U3 (OKYCOB
KOTOPOTO HAXOZUTCA [EeHTP NAaHeTH. Pasmepn u ¢opma
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DAAHMICA ONpPEAEAAIOTCA BeAnuuHamu a u e (6oabwias moay-
ocb ¥ skcpentpucurer opbuth). Hanboree 6auskas x maa-
HETE TOUKA SAAMNTHYECKOH OpPOGUTH CHyTHMKa HAa3BIBAETCA
nepuneHTpoM op6uTe, a HauGoAee yAareHHaA TOYKa — amno-
LEHTPOM.

3. Ilepuoa obpawenus cnyTHHKa BOKPYr NAQHETH ONpe-
Aeaserca gopmyroit

P=-2% gn, (IV.3)

= km'l

rie m—macca nAaseTsl, kK — nocrosuuas laycca. Macca
CIyTHHKA MPUHHMAETCA PABHOH HYyAIO.

3asaua. Onpeaernts nepuoa obpaigesnss Bokpyr 3emau Aars
Tak HasHBAEMOTO ,HYAeBOTo CINYTHHKA®, y KoToporo 6GoAblas NMoAyocChb
op6utn paBHa paauycy 3eman (a=R=06370 km).

Orser: P=284.4 munyrs.

Mopmyra (IV.3) onpeserser cugepuuecxuii nepuos
ofpalieHnss CNyTHUKA, T. €. TOT NPOMEkKYTOK BPEMEHH,
B TEYEHHE KOTOpPOro CHYTHHK BO3BPAIaeTCA B TO :Ke caMmoe
NOAOKEHHE OTHOCHTEAbHO 3Be3X AAA HabGAl0AaTeAd, HaAXOAf-
merocs B [IEHTPE HMAAHeTH.

A M3YYEHHSA ABHUMEHHMA CUYTHUKOB OGHYHO MPHMEHSIOT
9KBATOPHAADHYIO CHCTEMy KOODAWHAT, B KOTOpOH 3a OCHOB-
HYI0 MAOCKOCTb NPWHHMAETCA NMAOCKOCTb SKBATOPA MAAHETHI.
Hauvaro kxoopaunaT HaxoZHTCA B [eHTpe MacC IA2HETH.
Ocbp z cosmajaer ¢ ocbio Bpamenuss naanerl. Op6ura
CMyTHUKA MNEPECEKAETCA C MAOCKOCTBIO XY B ABYX TOYKAX.
IMpoxoaa uepes oAHYy M3 BTHX TOYeK, COYTHHUK MEPEXOAUT
13 06AaCTH OTPUUATEAbHBIX 3HAUEHHH Z B O6AACTb NMOAOMH-
TeAbHBIX 2. B apyro#f Touke npoucxoaur obpaTHas cMeHa
MOAOKUTEADHBIX 3HaYeHW#d z Ha oTpuyarteAbHble. [lepsyro
TOUKY HA3HIBAIOT B0CXOZAWUM Y3rom opbums (2), Bro-
PyI0 — HUCXOZAWUM Y3A0M opbumvl. Aunuio uepecedeHus
IHAOCKOCTH OpPOHUTH CHYTHHKAZ C NMAOCKOCTBIO XY HasSHBAlOT
Aunueit ysaos. Yroa xOSf nasmBaioT J0A:0moii 80CX045-
wew ysia u obosnHagaor 2. IJTOT Yroa OTCUMTHIBAETCA
or 0 g0 360° mpoTus ABH:kEHHA HACOBOH CTPEAKH, €CAM
CMOTPETb C MOAOMHMTEABHOrO KOHA OCH Z.

IToro:xenne MAOCKOCTH OPOGUTH CHyTHUKA B MPOCTPAHCTBE
OAHOBHAUHO OMNpeJeAsieTCs ABYMA DAEMEHTAMH — Y2A0M Ha-
xA0Ha (/) MAOCKOCTH OPOGHTH K MAOCKOCTH BKBATOpa NAa-
HETH M Joazomoii socxozawe:o ysia (2).
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Ecau [ <{90° aBu:enue CoyTHUKAa HASHIBAETCS NPAMbIM
(T. e. npoucxoAaumM NpoTHB uacoBo# cTpeAknu); ecau I > 90°,
ABHXKEHHE CNYTHWKA HasbiBaeTca o6pamnvim. Ecam {=90°,
CNyTHHK HASHIBAETCA MOASAPHLLM.

(Dukcupyem Tenepp mnorokeHne OPOGUTH B NAOCKOCTH
ABHKEHHA cCnyTHuka. JAA BTOro yaz06HO HCIOAB30OBATDL
yroa (®) Mexsay Aunue#f ysaoB u Aunueil ancuz (Aunus,
COGAMHAINAA INEDPHUIECHTDP M ANOUEHTP OpO6UTH), KOTOpPHH
HASHIBAETCA DACCTOSHHEM MEPHUUEHTPA OT Yy3Aa. Yroa ©
orcuutmaercs ot 0 ao 360° nporus uwacomoit cTpeaxwu.
Bmecro yraa o unoraa BBOAAT AOATOTY NEpHEEHTpA Op-

6utpr (m
ue () n=on4+ Q, (IV.4)

T — 3TO AOMaHBI# YyTOA, KOTOpPHH OTCUUTHIBAETCA OT OCH X
A0 AHMHMM Y3A0B B NMAOCKOCTH B3KBATOPAa IAQHETHI, a 3aTeM
OT AMHHMH Y3AOB JO AMHMH aNCHA B MAOCKOCTH OpPGHTHI.

[Toaox:enue coyTHuka Ha opbuTe ONmpeAeAseTCA 3aiaHUEM
mMoMenta | NpOXoXAeHUA CNYTHHKA dYepe3 MEPUUEHTP Op-
6utrni. Bvecro momenta T o06muno BBOAAT yroa M, mo

popmyare
M,=n(t,—T). (IV.5)

Yron M, nasmisaercs cpegneii anomaarueii B snoxy f,.
Beanuuna

n=k\ma", (IV.6)

rae £ =0.0172020209895, nasbiBaeTcs CpesHECYTOUHBIM ABH-
MEeHHeM CHyTHWKAa no opbute. Dra BeAMUMHA BHIpakaercs
06biuHO B AYroBHIX CEKyHAaX

n" =k"\ma=, (Iv.7)
rae k" —=23548/187607, uau B rpagycax
n®=k°\Vm a—, (IV. 8)

rae k°=0°9856076686.
IToroxkenne cnyTHuka Ha opbure B Alo6GOH 3azaHHBIN MO-
MeHT ! ompeaeAsieTCs yrAOM

M=M,+n(t—t), {IV.9)
KoTopniif HasmBaeTca cpeaHel anomaaued.
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Mut BBeAH WeCTb 9AEMEHTOB OPOGUTH CIyTHWKA, ONMpeJge-
ASIOIIHE ODHEHTAUMIO MAOCKOCTH OPOGUTH B NpPOCTPAHCTBE
(7, ), noroxenue op6uTH B ee mAOCKOCTH (® WAM T), pasmep
op6utH (a), popmy opbuth (€) U noOArOMeHHE CNYTHHKA Ha

op6ure B snoxy (M).
3Has sAeMeHTH OPGUTH, MO2ieM BHYUCAHTD NPAMOYTOAb-

HBI¢ ITTAAHETOLEHTPHUECKHe KOOPAWHATH X, Y, Z CUOYTHHUKA
Ara A06oro MomeHTa ! MO (POPMYAAM BAAHNTHYECKOrO ABH-
KeHun
2n .
n— —P— == km’/,a—’,._.’
M=M,+n(t—1),
E=M-+esinE,

=a(l —ecosE), } (IV.10)

u=v—+o,
x=r (cos 4 cos & — sin u sin € cos /),
Yy =r(cos usin € + sin u cos @ cos 7), (Iv.11)

z =rsinusin/,

rae E— sxcuentpuueckas aHOMaAMA CHyTHHKA, 7 — pajuyc~
BEKTOp CHYyTHWUKA, U-— HCTHHHAA AHOMAAMA CNyTHUKA, U —
apryMeHT IMpPOTH cnyTHHka. 1perbe us ypasuenui (IV. 10),
HasniBaeMoe ypasHeHuem Kemaepa, pemaercs merozom mo-
caeloBaTeAbHEx mpuGamxenu#t. Onpeserus x, y, z, MoxeM
HallTy BWAMMOE MOAO2i€HME CNyTHMKA Ha HebGecHo# cdepe.

Ecau x, y, z— reogenrpuueckue koopzunatei AyHb HAH
HCKYCCTBEHHOTO CNYTHHKA 3€MAH, MOXHO HemoCpeACTBEHHO
NPHMEHHTb (POPMYAB

pcosdcosa=x— KX,
pcosdsina—=y—Y, (Iv.12)
psind =2z — 7,

rae X, Y, Z—usBeCTHbe reofeHTpPHuIEeCKHE KOODPAMHATHI
nyHkTa Ha6AlOAE€HHA, ZAS KOTOPOTO BHUHCASEM B(PEMEPHAY
COyTHHKA, T. €. HAXOAMM CepHUeCKHE KOOPAMHATH CIyT-
HUKa &, 0 M P AAA pSAa MOMEHTOB BpeMenu f.
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Ecau x, y, z— naaHeTopeHTpUUECKHE KOOPAUHATHI CIYT-
HHKa, TO HEO6X0AMMO NPEABAPUTEABHO MEPEHECTH HAYAAO
KOODAHHAT B LEHTP 3€MAHM, a Y2Ke 3aTeM NpPUMEHATb (op-
myas (IV.12).

2. Meroa BapHagny HNPOHSBOALHBIX NOCTOSEMBIX.
Hecgepuunoctp naasHeTn sABaseTcs OJHOH# M3 BaxsHeHumux
MPUYUH OTKAOHEHHS OPOUT GAMSKMX CIyTHHKOB OT HEBO3MY-
IEHHbBIX KeNAepOBHIX aAAWNcoB. Meroas Bapuapuu mpowus-
BOABHBIX TOCTOSHHBIX NO3BOASET HauGoree NMpocTHIM o6pa-
30M mepe#TH OT HEBOBMYILEHHOTO ABH2KEHHA K DEAABHOMY.

Mu y:e Buseau, uro ¢ momownio ¢opmya (IV.10)—
(IV.11) npaMoyroabHble KOOpPAMHATH X, Y, Z MOTYT GHTb
BblpazkeHBl KaK (YHKIWM BPEMEHH M UIECTH NPOU3BOAbHBIX

MOCTOAHHBIX
x=fi(t, a, e, Mo: 0, 2, i),
Y =f2 (t’ a, e, Moy o, 2 1), (IV. 13)
z=f,(¢, a, e, M, 0, , i).

Mopmyan (IV.13) npeacrasasior aaruntHueckoe ABH-
JeHHEe CIYTHUKA, €CAM 004 @, €,... NOAPasyMeBATb MO-
croannbie Beanuunnl. Ho aTu e camblie opmyam moryT
NpeACTaBHTb KAKOE YrOAHO ABHMSEHWE, H, B YACTHOCTH MWH-
Tepecyloliee HAC pPEAAbHOE JBHXEHWE CIIyTHHKA, €CAH pac-
CMATpHBATb d, €,... KAK COOTBETCTBYIOIIMWM cRocoGom
Bu6pannsie pyHxguu Bpemenu. [Tockoabky MBI UMeeM TOABKO
rpu ycaosus (IV.13) aas onpeaerenus mectu oynxpuit
a(t), e(?),..., MokeM NOAYMHHTb BTH QYHKLUMH e€lle Tpem
AOTIOAHHTEABHEIM YCAOBUAM. OTH JONOAHHTEAbHBIE YCAOBHS
6yAyT COCTOATb B TOM, YTOGH HE TOABKO KOODAMHATH X,
Y, Z, HO ¥ HX OPOU3BOAHHE X, U, Z TaK:Ke BHIPakaAMCDb
yepea BAEMEHTH OPOGHTH MO0 POPMyAaM BAAHNTHYECKOTO ABH-
JMEHUS,

x= I:l_ (—aP,sin E + acos ¢Q, cos E),
rva

g:L_(—aP sin E +acos9Q,cosE), ¢ (IV.14)
r Vﬂ y Y

2 _—_r% (—aP, sin E+acos ¢Q, cos E),

rae yroa ¢ omnpejeasaerca H3 YCAOBHUA sin<p=e, a BCAH-
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unnsl P,, Q,,... HA3HBAIOTCA NPOEKTHBHHIMH KOBS(PQPUIHEH-
ramu (cM. raasy I).
yukguu Bpemenu a(f), e(f),..., osHO3HAUHO Ompejeasie-
mpie wectbio ypasHenuamu (IV.11) u (IV.14), nasmsaorcs
OCKYAUDYIOWUMU IAEMEHMAMU, & COOTBETCTBYIOUWAS HM
®AAMOTHYECKAS Op6uTa (HENPEPHBHO U3MEHAIIIAA CBOE TOAO-
2eHHe U CBOI0 POPMY) Ha3LIBAETCA OCKYAUPYIOWeli op6umoii.
[lycts Bosmymaiomee yckopenue F BoismiBaerca cuaof,
uMelomget morenpuar. Kluaue rosops, zomyctum cymectso-
Banue Tako# ¢ynkguu R, urto

F.=2 r=2% r£r=2% (V. 15)

ox 9y’

Toraa auddepenyuarbHble ypaBHEHHS, ONpeaeAsoNIHe
OCKYAMPYIOLIHE BAEMEHTH OpGHTH, uMeloT BUA (CM. NMpHAO-
skenne 1

da__ 2 0R
dt 7 nadM,’

de _1-et 0R _VI=& 0R

dt —  na% oM, na%e Ow’

di ctgi oR coseci OR

Bt pVi—e o Vi g 02’

d2 __  coseci OR
dt ™ pevi—e i’

(IV. 16)

do __ ctgi ’E_'_\/l—e‘dﬁ
dt na?2Vl— e 9i nale e’
dMy _ 1—e2dR 2 R
dt ~— na%e de  na da’

Ecau 3a oCHOBHBIE DAEMEHTH, ONMpejeAsdOiHe ABHKEHHE
0 BaAAuMNTHYecKoH opbure, MpPUHATD

a, e, i9 Q, T, &

r4e¢ € — JOATOTa B 30Xy, OnpejeAsieMas ypaBHEHUEM

t

A=M+rn=c+ | ndt, (IV.17)

ty

To ypasHenus (IV.16) moryr 6mTh sanucaHel Tak:
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da _ 2 0R
t~ naode’
de __ VI—eoR_ _eVi—er 10R
dt = na’e 0x 1-4+y]— &2 na de’
H
di _ coseci OR gy (%_l_‘_’f)
dat — na?Vl — e 09 na?Vl — ez ‘'O~ e /?
dQ __ coseci IR
dt na?Vi— e 0i ' (IV 18)
i
dn _ "7 R VI—SR
dt = pa2Vi— e Of na%e Ode’
i
e __ 2R, ST
dt ™  nada na2Vi— e 0i
eVI—¢? 1 R
14-V1 — 2 na%de *

Ypaprenus (IV.16) u (IV.18) Bnepsme 6min BHBeseHH
Aarpamem. (Dynkgus R uasmBaerca nepmyp6ayuonHoi
¢ynxuueli.

Ypasuenus Aarpanxa, onpejersiomue OCKyAMpYOIHe
SAEMEHTH, MOTyT ObITh pelleHB TOAbKO NpPUGAMKEHHO, Ha-
NpUMEp METOAOM MOCAGAOBATEABHHX NpHOAM:keHHH uAM Me-

TOAOM YHCAEHHOTO HMHTErpUpOBaHHA.
Meroa nocreszoBarTerbHBXx NpubauzieHnd JaeT BOSMOK-

HOCTb MOAYYHTb OCKYAUDPYIOIIHE BACMCHTH CHYTHHKA B BHJAE

pPAA0B, pACNOAOXKE€HHBIX IO CTENeHAM MAaAoro mnapamMerpa,

3aBHCAILUEro OT CiXKAaTHA IAAHETH,
a=a,+da+da—+...+%a +...,

e=e,+de+de+...+3e+..., (1v.19)

e & o e e o e e o e o o s o+ o s

Buipaxenna 8,a, d,¢, ... HoCAT HasBaHME B0SMYUeHUIE

n-:0 nopsajxa.
[Mepryp6aguonnyio gynxpuio R, kak MH yBHAUM Jaiblle,
MO:KHO pasioxurtb B pas MDypbe Buza

R =2 A cos (jM + ko).
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Iloroxum B mepBom npubauxenny R—=0. Torza ypas-
nenus (IV.18) zaor a=a,, e=e¢; ... Dru 3HaueHus are-
MeHTOB nojcraBaseM B mpasmie uactu (IV.18). UM rak xak
R aBaserca ¢ynkyue# ¢, a, e, ..., To ypasuenus (IV.18)
NPUMYT BUA

da

d_[' =~fl (t’ au) eo, .. .),
d
ﬁ =/fi(t,ayey...), (IV. 20)

Hurerpuposanne atux ypasnenu#i jaer

¢
a=a,+ ‘Yﬂ(t, ay, €y, ...)dt=a,+3a,
2

: (Iv.21)
e—=g¢,+ sz(t, Ay €y -+ o) dt =e,+ 3¢,

%

@ & 6 s e & e e e e & o+ o e e s o o

T. €. NOBBOAAET ONPEAEAHTb BOBMYILIEHMS MEPBOTO MOPAAKA.
Buipaxsenus 4asa ockyAMpyommux sAeMeHTOB 6yAyT UMETDb
caezyomylo Gopmy:
a=a,+ 2 Ay cos (M + ko),
e =ey—+ 2 B cos (M + ko),
i=i,+ 2 C cos (JM + ko),
Q= Q) + 2+ ) Dy sin (M + ko),
7=+ 't + X, E i sin (M + ko),
e =gyt et + X Fysin (jM + ko),

(IV.22)

rae kodpduguenTHl Ay, Bj, ... 3aBHCAT OT NOCTOAHHBIX
a,, €y i, ¥ MPEACTABAAIOTCA PAAAMH, DACIOAOMKEHHBIMM IO
crenedam e,. Hakron 7y BxosuT B KO®pPuLUEHTH BTHX pA-
A0B B BHJE KOHEUHHIX TPHIOHOMETDHYECKHMX BbIparKECHHH.
¥Yroan ©, Hajz0 NOHUMATD Kak COKpaIIeHHOe 0603HaueHHE
ara m,— Q.
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Cpean Bosmymenu#i nepeoro nopsjka HaubGoree Bax-
HBIMH SBAAIOTCA BEKOBHE BO3MYIIEHHA

Qt, w't, ¢'t,

TAK K4K OHH PACTyT NPOMNOPUMOHAABHO BpPEMEHH.

AAf BHUMCAEHHS BO3MyIUeHMH BTOPOro NOpsAKa OTHO-
CHTEABHO MaAOToO mapaMeTpa Heo6xoJuMo HalljeHHBIE B mep-
BoM npubauzkenun sHauenus siaemenrtos (IV.21)

a,+3.a, e,+3de, ...
noAcraBuTh B npasbie uactu ypasuenu#t (IV.18), orxyaa

NMOCA€ HMHTErpUupOBAHHSA MMOAYUYHM

a=a,—+%,a+ 34,
e =e,+de+dp, (Iv.23)

® » o o o o o o

¢ TOYHOCTbIO JO BTOpPHX MOPSAAKOB OTHOCHTEABHO MAaAOro
napaMeTpa. JTOT mpoUecc NOCA€ZOBATEAbHBIX MPUOAMKeHu

" anamop

5 " 3emmu

(1]
gpou™

Puc. 12. Ilpoexyus op6uth cnyTuuka
3eman ma uebecuyw cdepy.

MO2KHO NPOJOAKATb HEOTPAHHUEHHO AAAEKO, OJHAKO H3-3a
FPOMOSAKOCTH BBIpa:keHu#l y:se BTOpoe NpubAn:keHue mpes-
CTaBAfeT GoAblime TPYyAHOCTH. Mb orpaHMuuMMCA B AaAb-
HelllleM TOABKO BO3BMYILEHHAMH [IEPBOTO IMOPAZKA.

3. Pasao:xenme meprypGapmommoit ¢ymxpgma. [lycts
cnytuux HyAeso#t maccw (S Ha puc. 12) gBmmerca B noae
TATOTEHMA TNAAHETH, BHEUIHAA MOBEPXHOCTb KOTOPOH uMeeT
@opMy ypoBemHoro saauncouza Bpamenus. Cxkatwe maa-
HeTH W €e YrAOBYIO CKOPOCTb MO2HO CYHTATb MAABIMH Be-
AnunHamu. [loTeHMaA yPOBEHHOrO PAAMICOMAA HA BHEUIHIOW

12 T. A. Yeborapes — 177 —



TOYKY € TOYHOCTbIO A0 TMEPBOH CTENMEHH CXKATHA HMEET BHJ
(cm. § S5 macroamei#t raasbi)

2, 2
v=_m, Ly ma® () 3sin?3),  (IV.24)
rae k— nocrosnnas l"aycca, m —wmacca MAaHeTH, r— pa-
AMYC-BEKTOD CHYTHMKA, @ — SKBATODHAABHHIH paguyc naa-
HETH, 0— CKAOHeHHEe CNyTHHKAa, J-— mapaMeTp, XapakTepu-
syiomu#t ¢urypy naamern. Beauwuwna / onpesersercs ¢op-
My Ao

3
J=e—2 oL, (IV. 25)

raje € — cxkaTHe DAAMICOHAA, & ®— YrAOBas CKOPOCTb €ro
BpaIleHHs.

Ilepsoe caaraemoe B (IV.24) coorsercrsyer HeBosMmy-
IIEHHOMY JABH:KEHHIO CIYTHHKA IO KeNAepoBO# sAAuNTHUE-
ckolt opburte, BrOpoe caaraemoe INpejcTaBAsfeT nepryp6a-
JIHOHHYIO PYHK[IHIO, KOTOPYIO 6yAeM o6osHadaTh, Kak OGBIUHO,
qepes

2
R=+Em (1 —3sind). (IV. 26)

AAs Toro urobm moAyuurp pasroxsenue R B paiz no
CTEeNeHAM BKCIEHTPHCHTETA OPOGUTH CITyTHUKA, HEAECO06pasHO
'CHaYaAa HECKOAbKO MpeoGpasosarp Bmpaxenue (IV.26). Us
cpepudeckoro tpeyroabnuxa SNS' (puc. 12) umeem

sin d =sin / sin (v + v), (av.27)

rae [ — HaKAOH OpGHTH, U — UCTHHHAH aHOMAAMA, ® — YrAO~
Boe paccrosHue nepures or ysAa. lloacrasasa (IV.27)
B (IV.26), nocae nexoroprix npeo6pasoBanuit MOAydHM

R=z% jk=m'-;;f [(2—3sin=i)(%)”+
—+ 3sin?icos 20 (—:—)8 cos2v —

— 3sin sin 20(2)'sin20 ], (1. 28)

rae a— Goabumasa MoAyochb OpGMTH.
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Axrs Beanunn (%)3, (%)3 sin 2v, (%)scos 2v cymecTsyioT

PaBAOXEHH B DAAB MO KPATHHM cpesHef aHomarmn M
(cM. npurozxkenne 16). [Toacrapans sTu pasroxenus B (IV. 28),

NMOAy4Y8€M OKOHYATEADHOE BHIpAaKEHHE AAA R, TOYHOE A0 LIe-
CTHIX cTeneHeh OKCIICHTPUCHUTETA

5 Jkem? (1—%sm z\' 1432 15,6, 35

1L 6
) 8 e —I— e —+
9 87
+3(e+§e3+6—4e5>cosM+
9 7 47
+§-(e2+—9—e‘+4—8€’“)c032M+
53 393 77 o
+-§( +me)cos3M—l—§( .,70 )cos4M+
1718 5 6
e 5M+1T0e cos6M |+

/kz 3 sm [ [418 (93 + 3= e5)cos (M —20) +
+21—4 (‘-" + 170 )cos (2M — 20) + 12\80e cos(3M — 20) +
:Se cos (4M — 2v) ———(e—%—e?‘_._

o3¢ cos (M + 20) +
+(1 5"’2"'%294—2%9)003(2M+2m)+
4+ (e—2e + 12 ¢ cos (3M + 20) +

%l (e 15115 ¢ 01 e“) cos (4M + 2v) +
+%? (es g?gi )cos (SM + 20) +

—+- 51363 ( 153:,;2(;7 e“) cos (6M + 2v) +
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2334337 e cos (TM + 2v) +

+ 339 5 cos (8M+2w)]. (IV. 29)
Mu moAyunau pasroxseHue nepTypGagHOHHOH QyHKEHH
B pas Mypve Buasa

R=2 A cos(jM + kw), (Iv. 30)

rie j, k —ypeawie uucra. Kospouguentn A; ; saBucat ot
MepeMeHHHX @, €, | H MaAOrO mapameTpa

4. Bosmymennas mnepBoro mopsjaka. AM TOro u4To6H
(aKTHUECKH TPOUHTErpUpPoBaTh ypapHenus Aarpanzka (IV. 18),
HaM Heo6X0AUMO mpezsje BCETO NOAYIHTb B SBHOM BHZe
NpoHM3BOAHBle NepTypOAHOHHOH OYHKUHM MO BAEMEHTaM a,
e, ... O6oznauum

M=¢—r, o=7—Q, h=sinj, a=2. (IV.31)

Toraa
R_IR IR___IR IR IR__IR
=M on M YT e T T e
()R_r)_R_ R _ TR R__ a0R (V. 32)
De e ' i T e ada
O6o3nauum zaree
2  k2ma”
R=—§]-—‘—‘§—Rl. (IV. 33)

BoiuncauM Tenepo mpomssojHbie R, mo aAemeHTam, orpa-
HHYMBAACh KBAajApATAMH JKCLIEHTPHCHTETa OPOMTHI,

DR T e R
+3ecos2M+%3e2cos3M]+
+%X2|:——';—82005 (M_2(D)+

+(1 —%ez)cos (M + 20) +

+ 10e cos (2M + 2w) —7 (1—3,5%9(3))(
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X cos (3M + 20) — 34e cos (4M + 20) —
- 8% e?cos (SM + 2(»)] ,
3

de__S r =22 2. 2
T_?>\L1+ 7€ +3ecos M+ 7€ cos 2M +

+—;— e cos (M + 20) —
—(1 — % eg) cos (2M -+ 20) —
—% e cos (3M + 2v) — 12?- e’ cos(4M + 2(»)] ,

ot $(1— 3 3

+ 32 [—Fesin(M+20)+
+ 2(1—%e2)sin(2M+2w)+
+221esin (3M + 20) + 34 €®sin (4M + 2(0)] '
R 2 )\"‘[esin(M+2m)—
—2(1— 3 &) sin (2M +20) —
— Te sin (3M -+ 20) — 17e*sin (4M + 20) |,
R —— 2 (1—3)[esin M+ 3e*sin2M +
1 e sin (M + 20) + e sin (3 + 20) +
+17¢*sin (4M + 2('))] ’

(IV. 34)

Pasaaras xoep@uiueHTH npaBux gacTelf B ypaBHEHHAX
Aarpanxa no CTenmeHAM B®KCIEHTPHCUTETA H MOACTABAASA
NpOusBOAHbIE NepTyp6aguOHHOH QYHKIHM 0O DAEMEHTaM,
noayuuM ypasHenus suja (IV.20), koropme aerxo unterpu-
PYIOTCA B TOM CAyuae, KOrAa OrpPaHUYMBAEMCS BOSMYIICHHAMH

nepsoro nopsaxa. Murerpupys, noayunm
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a=a,+d%a-+c,
e=—e,+ 3+ cy

i =1iy,+3 +cg
=0, +32-+c, S (Iv.35)
T = Ty —+ 0% —+ Cj,

e =¢,+ 3 + g,

rae depes a,—+cC;, €,+Cy ... 0603HaAUMM IECTb MPOU3-
BOABHHX IOCTOAHHHX HHTErPHPOBAHHA.
Bosmymenus da, Se, ... HamumeM ONATH C TOYHOCTHIO

A0 BTOPBIX cremneHeit SKCLECHTPHUCHTETA BKAIOUHTEADBHO

_-2]( ) (1—%sm-1) X
X [ e cos M-+ ¢ cos 2M |+
+j(%)zsinzi[—%ecos(M+2‘")+
+(1—5 ") cos (2M +20) +
7 e cos (3M +20)+ T et cos (4M +20) |,
de= /(L) (1—3sin)[ (1+ 5 €*)cos M+

-4—%ecos 2M + 2—2e2 cos3MJ+

+%j(%’)2sin21[ (1 ——e ) X
X cos(M+2w)+-l—692cos(M—2m)_

—%ecos(2M+ 20) + = (1 ——2—-‘9'5 2) X

X cos (3M + 20) + T7 e cos (4M —+ 20) +
+1166—9e2 cos(SM + 2(»)] ,
d= —;—j(%’-)z sini cos? [—e cos (M + 20) +
+ (1 —2¢% cos (2M + 20) +
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+% ecos(3M — 2(:>)+IT7e2 cos (4M + 20)):] ,
30 = /("7')2 cos i [ (1-+2¢*) nt -+ 3e sin M+
+-g-e2sin 2M—l—%esin(M+2®)—
— 5 (1 —2¢%) sin (2M + 20) —
7 . 17 5 .
—gesinBM+20)—ze sm(4M+2m):| ,
edn= —_[(%’ )2 (cos i — cos®?) l:ent+3e2sinM+
+% e sin (M + 2v0) — -;7 esin (2M + 2v0) —
— T e*sin (3M +20) | + j(%‘)zx
X (1 —%sinz i) [ent+(1 +%3e2)sin M~
+%esin 2M+;§e2sin3M]——
-—%j(%y sin® 7 [(1 —%—ez) sin(M + 20) —
——1- e?sin (M — 2v) + 5e sin (2M + 20) —
— 3 (1—3F &) sin (3M +20) —
— Y esin (4M—|—2m)—-1—§9.«.a2 sin (SM +20) |,
b =2/(%) (1—Fsin*d)[(1+Fe*)nt +
+%esinM+%e’sin 2M]+
+3j(gi)2sin2i[—§esin (M4-20)+
(1 ——-e“)sin (@M + 20) +

+3—2esin(3M+2w)+
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+12tsin (4 +20) | — J(Z) X

X (cos { — cos i) [(1 + 2¢%) nt + 3e sin M+
—l—%e’sin 2M+%— e sin (M + 20) —

— 2 (1—2¢% sin (2M + 20) —

— T esin (3M +20) — 17 & sin (4M +20) |
6 8

[llects mOCTOAHHBIX HHTErpMpOBaHHA Gy—+C;, €,—+ Cy
ig+cgy @y Ty—4Cs 8+ Cg MOFYT GHTD ONMpeAeACHH
pasauunnMu cnocobamu. Ecau MH moroxum

¢, =— (a)i=1,

Co— ——(ﬁe);_—_go,

€3 = — (8 Yi=ter

o — 2, (V. 37)
Cy— — (81‘)!=$°’

Co=—(3)i=t,y
TO BOSMYILEHHA DAEMEHTOB BHUYHMCAAIOTCA IO QOPMYyAaM
d,a =% — (3a)i=s,,
3,6 =8¢ — (3€)i=1,
3,0 =8 — (80) =1,
3,2 =82 — (32)s=s,
31 =¥ — (¥n)s=,,
8,6 =8 — (Be)r=tyy

a caMu DAEMEHTH Ha Al0Go# MomeHT Bpemesnn f MoryT 6HTb
NOAYYeHH TAaK:

(IV. 38)

a=a,+da,
e=e,+ e,
i=i,+ i,
=243,

T =Ty + Blﬂ,

(IV. 39)

e=¢,+de.

— 184 —



OueBugno, uto npu f=1#, Bosmymenus d,a =23 e =28,/ =
=3 Q=811t=81e=0_

AeMeHTH Op6uTH @, e, i, 2, T, ¢ HA3WBAIOTCA OCKY-
AHDYIOLIMMH DAEMEHTAMH H4 MOMEHT #, a NOCTOSHHBE HHTe-
rPHPOBaHHUSA Qg €y, loy g T € — OCKYAMPYIOIDHMH DAEMEH~
TAMH AAS BNOXH OCKyAAuuw f=f*,.

Ecau nmoroxurs 8 (IV.35) ¢,=c,=c;=c,=c5=c;=
=0, To
a=a,+%a,
e=e,+ de,
i=1i,+ 0,
L= Qo -+ 88,

T = m, O,

(V. 40)

e=¢,+ 0,

B oToM cayuae aremenTH a, e, i, 2, ™, ¢ HASHBAIOTCA
OCKYAMDYIOWIHMH DAEMEHTaMH OpOMTH Ha Moment I, a no-
CTOAHHbBIE MHTETDHDPOBAHHA Qg €y, Iy gy Ty €, HABHBAIOTCA
CpeAHHMH ®AEMEHTaMH OpOHTH.

[Toayuennme smpaxenus (IV.35)—(IV.36) aas Bosmy-
IIEeHHHX OCKYAMPYIOUIMX SAEMEHTOB OPOMTH CHyTHHKA ZAIOT
BOBMOKHOCTb BBIYHCAATb BOSMYIIEHHBE KOODAMHATH CHYT-
Huka Ha Al0Go# MomeHT f. JAs BTOro IPUMEHAIOTCA WBBECT-

neie gpopmyan (IV.10)—(IV.11) u

¢
M=M0+no(t-to)+ae_au_%z_z [3adt, (Iv.41)
%

riae 6yKBH C HYAEBBIMH HHAEKCAMH o603HauvawT HEBO3MYy-
IIeHHbIe 3HAYCHUSA OAEMCHTOB. OTMeTKM, 4TO BEKOBHI€ BO3-
MYIIEHHS HMEIOTCA TOABKO B dAeMeHTax @, = m &, B aae-
MEHTax a, e, ) BEKOBBI€ BO3MYILUEHHUS OTCYTCTBYIOT.

5. BexoBrie BosmMymemus mepBoro mnopsaxa. Cpesu
BOQMygeﬂHﬁ nepBoro nopsaixa Hauboaee BaKHBIMHU ABAAIOTCA
BEKOBHE BOSMYIIEHHs, TAK KAK OHH PACTYT IPONODPIHOHAABHO
BpeMenu. IlosToMy BexkoBhe BoO3MymeHus Heo6XO0JHUMO BHI-
QHCAATH ¢ GoAbmie# TOYBOCTHIO, UEM BOBMYINEHHA NepHOZH-
qeckue.

Crpyxrypa mepryp6apnonHofi QyHKUHH OSBOASET IOAY-
YUTh BEKOBHE BO3MYILUCHHA B KOHE€YHOM BH A€, HE npﬂﬁeran
K PASAOXEHHI0 B PSAAH MO CTENEHAM B3KCIeHTPHCHTeTa.
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A BbiUHCAEHHS BEKOBHIX BO3MYIIEHHH BMECTO dAeMeH-
0B & u ¢ ys06H0 BBecTH @aementnt © u M, ompezease-
MBHe GopMyAaMH

o=rn—2,

(IV.42)

Mo=e—ﬂ.

Ypapuenus Aarpana gas saementos © u M, umeior
BUA

do ctgi oR Vi— e20R
& v —2 0 ¥ Tnate  de’
(1V.43)
My 1-SR_ 3 R
dt na%e de  na oa’

O603Ha4uuM KOD(PPUUHEHTH NPH BEKOBWX BOSMYIIEHHUAX
areMenToB 2, ©® u M, uepes ', o' u M. Toraa
Q=20,+ Q' (¢ —#)+ 32,
o= 0,-+ o' (t —#)) + do, (V. 44)
My=M,(t)+ M, (t — ¢,) + M,

BBCACM BMECTO HE3aBHCHMOro IIeépeMeHHOro t HUCTHHHYIO
aHOMAaAHNI0O U, KOTOpas CBA3aHA C ¢t COOTHOLIEHUEM

P2 — kymVa@d—ep- (IV. 45)

“« dw dQ dMo
Toraa ,ocpeansas“ mo U BeAMUHMHH —r ar ¥ v Ha
unreppare (0 — 2r) moayuum caesyomue GOpMyAH AAs Be-
KOBHIX BOSMYIUEHUH JOATOTH BOCXOZAINEr0 y3Aa, pPaccToa-
HAA NEpUeHTpa OT ysAa M cpejHell aHOMaAMH CHYTHHKA

B 3MOXY:
2

[ J— 1 1 2 d_w
o= 2tk Vm Va = ez)' ojr 3 dv,
2®
Y 1 1 2£
&= 2ckVm Va(l —e?) ojr P dv, (IV. 46)
2x
1 1 (edM
M= 2nkVm  Va (1 — &2 0“.?' pr do.
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Mopmyan (IV.46) saor xosdppuguentn L, o u M,
B NPEANOAOMEHMY, UTO 3a €AWHHIY BPEMEHH BHOpaHA BEAH-

uMHa 211:, rae I —nepnoa o6palieHust CIOyTHHKA BOKPYT

naaHeTH. EcAM npHHATD 3a eAVHMLy W3MepEHHA BpEMEHH
CYTKH, TO HY»KHO YMHOXKHMTb npaene uacTH dopmya (IV.46)
Ha cpejHee CyTOUHOE ABU:XS€HHE CNyTHMKA 71, MpHYeM B 3a-
BHCHMOCTH OT TOTO, 6yJeT AM N BHpAa}KEHO B PaAHAHAX HAH
rpagycax, kosdouuuentsi 2’, o' u M, Tak:ke moaywaoTca
B pajgHMaHaX MAW rpajycax.
dw dQ dMo
Ioacrasaaa B (IV.46) Bmpaxenus Aas @ ¥ @

ﬂOquHM nocae uﬂ'rerpnposaauu H yMHO?KeHHﬂ npasux ya-
creif Ha n

O — __J(E Y _Cosi
o=—J(3) T—ep ™
25cos2i—1

' 1 a
o =5J(5) T (V. 47)

23cos2i —1

’ 1 !
My=7J(5) T "

Tenepbp HeTpyano o6pasoBaTh BHIpaxkeHHA AAA KOdP(DH-
LMEHTOB NpPH BEKOBHX BO3MYIIEHMAX T M €

r_ Y p(a \25cos?i—2cosi—1

m=z/ (a) (1—e2)2) ™ (IV. 48)
1 yia 2 (54-3VI—e?)costi —2cosi—1—Vl—e?

¢=37(3) A—e2)e .

Mepsas ¢opmyaa (IV.47) nokasmiBaer, uTo BekoBoOe
ABHeHHE y3Aa JocrTuraeT Makcumyma npu [ =0 uam upm
i=180° T. e. Torja, Koria nAOCKOCTb op6urmi 6GAausxa
K mAockocTu skBatopa naanetnl (mpu /=0, 180° noaoxxe-
HHe y3Aa Ha Op6UTe CTAHOBUTCA HEONpPEZEACHHBIM).

[Ipu i=90° 1. e. B cayuae moAspHO# op6uUTH cnyT-
uuka, Q' =—0. BekoBoe jBu:senue nepupeHTpa JOCTHraeT
makcumyMma npu i =0 urm =180° u o6pamaerca B HyAb
npu §=63°26',

IMpu i>63°26' npamoe ABuieHUE AWHHM Aancuj Me-
HseTcsd Ha obGpaTHoe.

BexoBoe aBuxenne saeMmenra M, JocTuraer MakcHMyma
npu i=0 wnau npu i=180° u obpamaerca B HyAb OpH
i=154°44'.
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6. llppmMep ma BHUACACHHe BOBMYIICHHE uepBOro
nopsara. B KavecTse npumepa AAf BHIYMCAGHHS BO3Mye-
HHult BO3bMEM OpOGHUTY QPUKTHBHOIO MCKYCCTBEHHOrO CIyTHHMKA
3eMau co caeAyOUMH BAEMEHTAMH:

a="7286.88 wm,
e =0.099493,
i =65°49',

PasmMepnt u ¢opma Beman ompeseArsioTes CAeAyOLIHMH
YHCAOBBIMH 3HaueHHAMH NapametpoB d, [:

a’ =6378.39 kwm,
J=0.00164147.

[locre moacTaHoBkd dAEMEHTOBR OpOGHTH M NMOCTOSHHBIX
a u /8 ¢opuyan (IV.36) noryuum smiparseHus AAs BO3-
MyIleHWH mepBoro nOpsAKa, BH3HBAEMHX CXKATHEM JeMAH
0a == —0.446 cos M — 0.066 cos 2M — ]
—0.010 cos 3 — 0.001 cos 4M —
—0.376 cos (M + 20) +
-+ 7.401 cos (2M + 20) +
+2.584 cos (3M + 20) +
+0.624 cos (4M + 2v) +
+0.131 cos (SM + 20) +
+0.024 cos (6M + 2u),
de + 107 = —3046 cos M — 454 cos 2M —
— 66 cos 3M — 2 cos 4M + 2601 X
X cos (M + 20) + 3 cos(M — 20) —
— 251 cos(2M +- 20) + 5824 x
X co0s (3M ~+ 20) + 2119 cos (4M + 20) +
+ 524 cos (SM -+ 20) +
—+ 113 cos(6 M+ 20)+- 20 cos(7M + 2v),
87 + 10° = —136° cos (M ~+ 20) +
-+ 1333° cos (2M + 20) +-
-+ 310° cos (3M + 2v) +-
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-+ 562° cos (4M + 20) +

+ 9° cos (SM +20)—+1° cos (6M —+2v),
3Q - 10> = —267416°¢ — 907° sin M — 67° sin 2M —

— 7°sin 3M — 1°sin 4M —

—149° sin (M —+20) + (Iv.49)

-+ 1465° sin (2M + 20) +

—+ 341°sin (3M + 20) +

—+62°sin (4M + 20)+

~+10° sin (SM —+ 20) + 2° sin (6 M+ 2v),

de - 10° = —477956°t — 1625° sin M —

— 154° sin 2M — 16° sin 3M —

— 2°5in 4M — 894° sin (M + 20) +

—+9471° sin 2M +20) +

+2376° sin (3M + 20)+

~-+-461° sin (4 M+ 20) +

-+ 80°sin (SM + 20) ~+ 14°sin (6 M + 2v),
edn - 10° = —31079° — 1846° sin M —

— 267° sin 2M — 38° sin 3M —

—5°sin4M —1°sin SM —

— 1488° sin (M -+ 20) —

— 649° sin(2M—+20) + 2°sin (M — 2v)+

—+3259° sin (3M + 2uw)+

~+1203° sin (4M + 20) +

-+299° sin (SM +2w) +

-+ 62° sin (6 M+ 20)+

—+12°sin (7M 4+ 20) +2° sin (BM +-20).

Ipumeuanune. Ars Toro uro6m noryuurn ¢opmyant (IV.49),
Heo6xoaumo B pasroxenusx (IV.36) noayuntp urenm Jo mnaroii cre-
NeHH SKCIEHTPHCHTETA BKAIOUHTEABHO.

Kosgpdupuentst mnepuosuseckux Bosmymmenn#t 6Goabuo#
NMMOAYOCH JA4HH B KMAOMETpAX, & B BEKOBHX BO3MYIIEHHAX
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areMeHTOB &, &, ™ Bpema f Heo6x0zuM0 6paTb B CpejHHX
COAHEUHHX CYTKax.

INoayuennnie Bmpaxenus (IV.49) zaor marasgsoe npea-
CTaBAEHHE O BEAHMUHMHE BOSMYIUEHHH IEepPBOro MopsAAKa B dAe-
MeHTax OpOMTH CIyTHHKA. 1aK, HanpuMep, B BO3MYLIEHUH
6oabiuolf mMoAyocH op6uTei Hauboaee CyIIECTBEHHbHIMH SAB-
AAIOTCA  MEPHOAHYECKHE  BOSMYLIEHUS C  ApryMeHTaMH
(2M+20) u (3M—+20). AMOAUTYAH BTHX YAEHOB paBHB
coorsercTBenno 7.4 u 2.6 xm.

Hau6oree 3naunTeAbHBIE BOSMYILEHHS B DKCLEHTPHCHTETE
op6uTH BHshBaeT 4AeH ¢ aprymentoM (3M -+ 20), uTo Moxer
AaTb OTKAOHeHHWe B BHcoTe mepures 4.2 kwm.

Camble 6oAbline NMepHOAMUECKHE BOBMYIIEHAA B OCTAADb-
HbBIX 9AEMEHTAX HMEIOT MOPAJOK HECKOABKMX MHHYT AYyTH.

7. Npamepw BexoBHX Bo3Mymenuli. PaccmorpuM Tenepn
BEKOBble BOSMYLIEHHA AOATOTH y3Aa W DAaCCTOAHUA MEpHres
OT y3A4 AAA NEPBHX TPEX COBETCKUX MCKYCCTBEHHHIX CNyT-
HUKOB 3eMAH.

Ta6amua 36

DremenTn! OP6HT COBETCKMX HCKYCCTBEMHGIX CHYTHHKOB 3eMAH
(s magare ABm:menns)

Mepeuf cnyr- | Bropo# cayr- | Tpern#k cuyr-
Arementnt HHK HHK HHK

T .. et e e 96.17 » 103.75 m 105.95 m
L TN 6954.3 km 73138 xm | 7417.6 xm
e e e e e e e e e e e e 65°1 6593 6592

v e e e e e e e e e 0.052 0.033 0.111
N 5390°5 4996°7 4892°8

[lpumenss nepesie azse Qopmyam (IV.47), naxosum cy-
TOUHBIE M3MEHEHHS JOATOTH BOCXOAALIErO Y3Aa4 H pAaccTod-
HHA Nepures OT y3Aa, HMeOLIHE BEKOBOH XxapakTep.

AR Aw
IMepsuit cnyrhux: —3°15 —0.427
Bropo#t cnyrtHuk: —2.66 —0.404
Tperu#t cnytaux: -—2.55 —0.365

Paccmorpum emge asu:xenue nepugentpa V cnyTHHka
KOnurepa.

— 190 —



Aaementn opbutmt V cnyrauka HOnurepa

== 2.52,

a
i=0,
e=0.0028,
T'=0.49818 cyrox,
n="722.63.

[Mapamerpn, onpejeasiomue ¢urypy HOnurepa, umeror
CAEAYIOHE YUCAOBbIE BHAUEHHA:

e=1/15.63,
J=0.02015.
Iepsas ¢opmyaa (IV.48) npunumaer npu i =0 caeayio-
mu#t BHA: .
o = /(“7) i (IV. 50)

IToacTaBasis uncAOBBle SHAYEHHSA, MOAYIHM
=’ == 2029,

4YTO XOpOoIIO coraacyercsa C HabAI0 JaeMBIM CpeAHHM CyTOu-
HBIM ABHXKCHHEM IMEpPHIEHTpA

' =2°33.

Hao6opor, smas us na6Aal0jenuit BexoBoe ABHAuseHUE
nmepugeHTpa OpGHTH COyTHUKa, OYEBHAHO, MOKHO oIpeje-
AHTb TEOpeTHUeCKH c:xaTHe naaHeTl mo gopmyae ([V.50)
uAM mo mepsol#t gopmyae (IV.48).

Paccmorpennas B pasgeaax 1—4 § 2 reopus asm:menus
6auskux cnytHuxoB paspaborana B. @. IlpockypumeiM u
KO. B. Barpakosum B 1958 r. u 6maa wucmoabsopaHa
B Hucruryre teopernuecxo#t acrpomomun AH CCCP npu
o6paboTke BHByaAbHHX HaGA0jeHn# HCKYCCTBEHHBX CIyT-
HUKOB 3eMAH.

§ 3. Jsm:xenne CHYyTHAKOB No OpGHTAM
€ MAABLIME SKCHCHTPHCHTETAMH

1. lipeoGpasoBanne ypapmemmlt Aarpamma. B cayuae
Op6uT C MaABM ®KC[EHTDHCHTETOM ypaBHeHus JJarpamia
NpeACTaBAAIOT UBBECTHHE Hey406CTBa, Tak KAK B NPABHX
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de dr
acCTAX Bupameunﬁ AAA d‘T H aT NOABASETCA MaAm# ACAH-

TeAb e.

Ars Toro urobsl ycTpaHMTb BTy TPYAHOCTb, mpeobpa-
syeM ypaBuenus JAarpan:a. Beejem BMecTo e, ™ u ¢ HOBHIE
®AEMEHTHI

h=-¢esin(r — ),
l=ecos(r—2), (IV.51)
Ay =e—Q.

Taxum 06pasoM, CuET ZOATOT MAET OT BOCXOAAILEro y3Aa
opburn. Haxogum mpexae scero

ﬁ=sin(ﬂ:—S2)ta;-§+ecos(‘l‘!—Q)ﬁ—

dt

—ecos(ﬂ——Q)d )
u . ¢ . v.5?)
7F =cos(r— L) —esin(r — Q) -+

~+-esin (”_Q)dt ,
oR .
x:sm(n—-g)ﬁ+cos(ﬂ u-) ST

(IV. 53)

g§=ecos(ﬂ-—9)z—§—esin(ﬂ Q)OR.

IToacrasasaa B ypaBrenus Aarpamxka (IV.18), noayuum

dh _VI—R—BIR_ VI—E_P h R
dt — na? of T na? 1+Vi—RrE—p2oe
. lctgi 0_1_?
na?VI—p2—p2 0i ' (IV. 54)
d_Vi—-R—_BoR_YVI—R-I l R __
dt — na® ok na® 1 Vi— 2 [20¢
hetgi JR

na?Vi—he— 12 0i °

PaccmatpuBas h u | xak BeAMUHHB mHEpPBOrO NOpAAKA
MarocTH, npeob6pasyem ypasuenusa (IV.54), or6pacmsas
YAEHH BTOPOTO MOpPAAKA

— 7192 -



dt ~ na ol 2natdc  na® o'
d__ 10R I oR . hetgior  (AV.39)

dt — " na’oh 2na0e -+ na®  0i °

Haxoaum aaree
R _ oR |
3 g !
OR_(9R\ . ORdh . ORdl . R dig _
w=m) AR am L= S
_(E 4+ J9R_j9R . 9R (V. 36)
=(5)+ lon— P Py
OR _OR_;0R ,OR . OR
wre—la—hata;

R o
rie (d_Q) o3HauaeT NpousBoaHyio or R no 2, Bsxozauemy
B R B sBHOM BHZe.

Mun yBusum zaree, uTo B Hawe# sajaue

oR
(32)=0-
Orcroaa
di __ coseci(oR etgi/, dR oR R
= () + S UG — k5T +5) (V.5)
Haxkoner,
do_d_do_ 2 0R
dt—dt  dt  nada ¥
1 (,0R _19R\ _ctgiiR
malhan+ o)~ (V.59)

Takum o6pasoM, ypasuenns Aarpamxa MOMHO BaMEHHTD
CACAYIOIIHMH YpaBHEHHUAMHU:

do__ 2 0R ‘

dt — na d\y '

dh 1R _ h R _letgioR

dt — na?2 9l 2na290Yy  na® oi°’

dl__ 1R I R, hewioR

dt = na®doh  2na? d), na® i ° V.59
dQ __ cosecidR (V. 59)

dtT na® 0!

13 T. A. YeGoraper — 793 —



di __ cosecidR _ ctgi/,; R R AR

Tt lam —h S+ )
dy____20R_, 1 (R ;IR\ ctgidR
@t na da 2na2(h on +1 oz)— na® 9 '

IMoAyuennnie ypaBHeHUs MPUPOAHB AASl BHIUHCAEHHS BO3-
MylleHH# DAEMEHTOB Npu AIOGBIX CKOAb YrOAHO MAaABX
OKC[IEHTPHCHTETAX.

2. NipeoGpasoBanne neprypbagnonnoit ¢pyaxpaa. Jrs
npeo6pasoBanns nepTyp6agHOHHON (PYyHKUMM K HOBBIM mepe-
MEHHBIM HAM MOHAA06ATCA CAeAyIOIHe COOTHOLICHHA:

esinM=esin(A—w)=IsinA—hcos},
ecosM=ecos(A —ow)=1IcosA + hsin},

esin (M 4+ 20) =esin (A +o)=1Isin A+ hcos 4, { (IV. 60)

e cos (M +20)=ecos(A +0)=1lcosh — hsin &,

2 e e e o e o e s s . e e e o ¢ o o e

OrpannunBasicb B nepTyp6ajuoHHON (QYHKUHH NePBHIMH
CTENEeHAMH DKCIIEHTPHCUTETA, MOAYYHM MOCAE Nepexola K Ho-
BbHIM NEepeMeHHBIM

2
R,= Jk’m ‘2—3(1 ——% sin® t)(-:-:- +Ilcosh+ hsin )\)—I—
2
+jk2m:—3sin2i(—7l—lc057\+%hsin).+
+ 5 c0s 2 -+ Lcos 3 -+ hsin3). av. 61)

[lpu Bbiuucarenun BosMymenu#t osrementoB h u [ Ham
Heo6X0AuMO yuecTb B mepTypOayuoHHOd (QYHKUIHM TaKxke M
YAeHH BTOPOH CTeleHH OTHOCHTEADPHO OKC[IEHTPHCHTETA.
AHarorHuHO npejHAyIIEMY HAaXOAUM

1 2 3 ., T3
R2=-§-jk2m%?(1-—~-2-sm2:)[7(h2+l2)+
- (12— A?) cos 21 + 9l sin 2]+
2
- Jlom S sint i [ — 3 (B -+ 1) cos 21+
+ (12— 1) cos 41+ 17l sin 2y (IV. 62)

— 194 —



Tak xak @ nHe BXOAMT sBHO HM B R, nu B R,, TO

R
(5__6)=0'

3. Bosmymmenns mnepBoro mopsaxa. Boiuucass npous-
BOAHblE NepTyp6aguOHHOH QYHKUHM 1O BAEMEHTAM H NOA-
craBAfs noAyuennnie Buipazkenus B (IV.359), noayaum mocae
MHTETPHPOBAHHA CAEAYIOIIHE POPMYAN AAS BHIUYHCACHHA BOB-
MylleHu#i NepBOTO NOPAAKA BAEMEHTOB OPGHTH CHyTHHKA
C TOYHOCTBIO A0 NEpPBHIX CTeNeHe# OTHOCHTEAbHO BKCIEH-
TPUCHTETA MAH, UTO TOXé€ CaMO€, OTHOCHTEAbHO h u I:

%’:2](—2—’)2(1 —%sin"'i)(lcosl-l—hSiﬂ)‘)"‘
-+ j(%—:—)zsin‘zi(——%-lcos A +%h sin A -+
+ cos 20+ Lcos 3k -+ T hsin3h),

th=J (%) (1 — 3 sin*) [ Int+-sinr+
+%lsin 2h— %hcos%] —-—}](‘%)vsin‘zix
X [sin I3 —%—sin 3h +- 5l sin 21—}2;?lsin 4) 4
+¥hcos4)\+hcos 21]+](§)2coszi X
X (lnt—%lsin 27\) ,

8l = j(%')z (1 ——%sin2 i) [-—-hnt 4+ cosh—+
+—g— lcosQ)\+%hsin27\ —%](-‘g)zsinzix
X [——cos I3 —% cos 3n — Sh sin 2hn —

— S lcos4h — 3 hsin4h+I cos 2]+ (V. 63)
+ j(%’)2 cos? 7 [—hnt -+ -g sin 27\] .

e
89=—j(%) cosi(nt+-%lsin7;——-;—hcos A—

—-—%sin?)\—%lsin3)»+%hcos3)\) ,
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6i=—12—j (%)2sin i cos l'(—‘l cos A+ hsin A+
—+ COS 2X+%lc053)\+%-hsin3)\),

ok, =2/(—Z")2 (1 —%sin" i) (nt+?lsin h—
-—aéhcos)\)+3j(1’)2sin2i(——-;—ihcos A
— B sink— 3 heos 3k + 33 L sin 3k +-
34 —;-sin 2)\)+j(—;) cos""i(nt—l—-z—lsin)\—

—%hcosl——;-sin?)\——z— lsin 3% +

+—Z—hcos3)\).

Boamyigenunie oaemenTH op6utni moryT O6HTb Temepb
BHYHCACHB IO (POopMyAaM

a=a,+9,a,

i=iy+3i,

h=h,+ At +3h, (IV. 64)
l=I,+Bt+3]l,

Q=20,+ Ct+32,

Ay=%, (%) + Dt 3%,

rae A, B, C, D— ussecTHbe NOCTOAHHBHE KOBPPHIUEHTH
npH BeKOBHX BosMymennsx; 9,a, 8,7, d,h, 3,1, 3,2 u 8\, co-
AEPHAT TOADKO NEpHOAMUECKHE UAEHM, a dy, Iy, Ny [y, 2,
A, (¢,) — wecTp MOCTOAHHBIX MHTErpHPOBAHHUA.
Hasosem

a=a,,
f=i0,
=h0+At,
I=1,+Bt, } (IV.65)
Q=2 ,+Ct,
o'—)‘o(to)""Dt

CpeABUMH dAEMEHTaMd OpPOGHTH AAs MoMeHTa [.
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Toraa Ars BbHIUHCAEHMA BOBMYILEHHBIX DAEMEHTOB MOAY-
YuM cAeayiollne (GOPMYAbBE:

a=da—+a,
i=I+3d,,
h=h+3A, (IV. 66)
=13},
=20 +319,
10=X0+811 .

drementn a, i, h, I, 2, ), HasLIBAIOTCS OCKYAHPYIOIIUMH
aAeMeHTaMH OpOUTH Ha MoMeHT f.

4. Buuncaenme woopammar cnyrEakra. [Ipu Bruucae-
HMM KOOPAMHAT CIyTHWKA yAO6HO BBECTM BMECTO A, HeNo-
CPEACTBEHHO JOATOTY B OpbuTe AAA MoMeHTa [

13 t
r=dy+ [dndt=1,— 32 [3adt.  (IV.67)
to ¢

Beoas B (IV.67) snpaxenue Ars af us (IV.63) u unre-
rpUpys, MOAYUHM

hm= g+ 2 (4] (1 — 3sin? i) (mt - Lsin 2. — |

"e
—% hcosl)+3j(%) singi(—%hcosk—

——gzlsinl+%sin27\—:—ghcos3)\+
49, . a2 5, 7, . - (IV.68)
+ =5 Lsin 3)\)+](;) cos'l(nt+7lsm h—

—%hcosl—-—;-sin2)~—%lsin3'k+

+%hcos3)\). J

[MToayuennnie BosMyesHBEe BAEMEHTH Op6GHTH MoryT 6uiTb
Tenmepb HCIOAbSOBAHK AA BBHIUUCAEHUS BO3MYIIEHHHX MA&-
HETO[JEHTPHUECKHX NPAMOYTOAbHHIX KOODAHHAT CITyTHHKA.

Axra aroro cayxar gopmyam (IV.10)—(IV.11) u coor-

HOHIeHHue
M=\—o, (IV. 69)
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rae A Bmuncaserca mno ¢opmyae (IV.68). Dopmyan § 3
ucrnoabsoBaruch B HHcTuTyTe TeopeTuueckodt acTponoMuu
AAf 06paGoTkH BH3YaAbHBIX HabA0JeHU# HCKYCCTBEHHBIX
CNYTHAKOB 3eMAH.

§ 4. Herannas anoMaAus Kak He3aBHCHMAs MepeMOHHaN
B ypamHemmax Aarpamica

1. Asomarnm Kak HeSaBHECHMbIC MEepeMEeHHbIe B ypas-
menmnx Aarpamxa. Huoraa moxer okasarbes yz06HbIM
INPHHATb 38 HE3aBHUCHMYIO NEPEMEHHYI0 B ypaBHEHHAX JABH-
SKeHMs He BpeMs, & HeBOSMYILECHHHE CPEAHIOI0, SKCIEHTpPH-
YeCKYyl0 HAM MCTHHHYIO aHOMaAHMIO. _

Ilepexoa ot Bpemenu kax HesaBucHMOH nepeMeHHOH Kk amo-
MaAHAM OCYIHECTBAAETCA C MOMOIIbI0 POPMYA, BHBOJ KOTO-
pHX He mpeacraBAseT 3aTpyiHenui. Juddepengupys no
BPEMEHH COOTHOLIEeHUE

M=M,~+n(t—1,), (IV. 70)
NOAYYHM
M. (V. 71)

Anaroruuno, suddepengUpys NO BpPEMEHH ypaBHEHHE

Kenaepa,
E—esinE=M, (1v.72)
HaX0AUM
e ecos ESE =2 av.73)
HAM
(1 —ecos E)=n, (V. 74)
OTKy4a
dE n
dt  1—ecosE" (IV.75)
Tak xak

r=a(l —ecosE),
HMEEM OKOHYATEADHO
E__ n(i). (IV.76)
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Hakoney unterpar maomageli B 3agaue ABYX TeA AaeT
r2=rZ=kVmyp, (IV.77)

rage m-—mMacca IAaHeThl, MacCa CIHyTHHKa paBHA HYAl0, H
p=a(l—e). (IV. 78)

IMoacrasasa B (IV.77)
__kVm

-

ava
HAaXOAUM

0dv __ o T2
OTKyA& OKOHYATECAbHO

S =n (i) Vi—e. (IV.79)
Takum 06pasoM, 3aBHCHMOCTb Me:KAy BpeMEHEM W aHO-
MaAMsMH YCTaHaBAMBaeTcs ¢ nomombio ¢opmya (IV.71),
(IV.76) u (IV.79).
O6o3nauasn A1060it U3 LeCTH DAEMEHTOB OPOGUTHI 6yxsoii A,
Mbl MOXEeM HAIMCATD

dA _dA dt _
dM ~ dt dM T
dA_dAdt _1[r\dA
=% = %)% (V. 80)
A _ddd_1(:P 1 _dA
dv ™ dtdv™ n\af y1—e dt”

C nomompio »THX (OPMYA HeTpyAsHO mpeoGpasoBaTb
ypaBnenuss Aarpanxa kK HOBBIM NepeMeHHHIM. Tak, HampH-
Mep, anoHckul acrpoHom Kosam npeararaer B Teopuu aBu-
2eHHs1 GAMBKMX MCKYCCTBEHHHX CHYTHMKOB SEMAH MNPHUHATD
38 HESABHCHMYIO MEPEMEHHYI0 HCTHHHYIO aHOMAaAMIO. Toraa,
noabsyach tperbelt dopmyaro#t (IV.80), noayuaem ypapue-
nus Aarpanxa B caegyome# gopme:
d_2(rf 1 _oR l
dv™ n%alal yT— ¢ oM,
de Vi—e? (_r_)‘zﬂ_ 1 _(r\29R
dv— n%% \a) oMy nPale\a) Vo'

a
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do _ctgi  (r 'ZOR 1 \20R
y(5) wr e (G)

dv™ ~ nlad(l—eY) naZe De !
di agg r ZoR
v n2a2 1—e) (;) y (IV. 81)
1 29R
T n%?Z(1—e?) (1 —e?) sini \a/ 09"
de 1 1 (_ 2R
dv- n2a®(1 —e?) sini \a) 0i '
My . Vi—et (L)%_ 2 L)? IR
dv n2a?e de n2aVl — e Py

Ecau mpt xorum mno ypasueausm (IV.81) pouncaurs Bos-
MyWeHHs [ePBOTO MNOPAAKA, TO OCKYAHPYIOIUME BAEMEHTDI
Op6UTH B NpaBHX YaCTAX ypaBHeHHH AOAXKHBI paccMaTpu-
BATbHCA KAK MOCTOAHHHE BEAMYMHB. A BHIUHCAEHHA BO3-
MyIUEHHN BBHICIIMX MOPAAKOB 3TH (POPMYAN HeyA0OHHI, Tak

KaK B BTOM CAydae MHOXMTEAb NDH —- B TpeTbedf gopmyare

(IV.80) Mot 20AkHH BHIYHCAATD C MOCTOAHHBIMH SAEMEHTAMH,
a OCTaAbHHE DAEMEHTH B INpAaBBIX YacTAX ypaBHeHui Aa-
rpaH:ia pacCMaTPHBATD KAaK OCKYAMDPYIOLUME DAEMEHTHI, 3a-
BHcAgHe oT Bpemenu. [lostomy BHiBegem Takue Qopmyam,
onpeAeAsIOIHe 38BUCHMOCTb ME2KAY BpPEMEHEM K aHOMAaAHAMH,
KOTOpHE C CAMOTO HaYaAd YYHTHIBAIOT, UTO B BOSMYLIEHHOM
ABH:KEHUH BAEMEHTH OPOUTH ABAAIOTCA PYHKUHAMU BPEMEHH.

Audppepengupys (IV.70), mMn zoArxHB Tenepp HamucaTb
smecto (IV.71)

dM __ dM,

MMy o\ na B (i), (V. 82)
noaarasn
oy 2t — 1) =0,
MOAYYMM
M _ My y (V. 83)

dt
OTKyAa, YMHOX8A MOYAEHHO HA —r, HAXOAUM NOCAE HEKO-
Toprix npeobpasoBaHult

= (1 =)
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Anarornuno, supdepenyupys ypasuenne Kenrepa (IV.72),
MOAYUHM J . i
t r\( a . de ad
E=w(5) (1~ EGE—F ). (V.89

Ham ocraerca BmIBeCTH 3aBUCHMOCTD MexAy BpeMeHeM
M HCTHHHOH aHOMaAueH. YCAOBMMCSA OTCUHTHIBATD MOAAPHBHIH
yroa u B dopmyae (IV.77) or nexoropoi mnoasu:Ho#t ocH,
Aexaiielf B NMAOCKOCTH OpPOMTH, TaKk 4TO

U=v-+0+3, (IV.86)
Auddepenpgupys (IV.86) B npesnoroxenun, uto are-
MEHTH OpOGHTH ABAAIOTCH (QYHKLUAMH BPEMEHH, MOAYUIHUM
du _dv do  ds

Tak kak noaoxenue ocH orcuera BuGpaHO HaMH COBep-
LHIEHHO NPOW3BOAbHO, TO MBIl MOZi€M HAAOXKHTb YCAOBHE

3 . dQ
dr—cost g
Toraa

du dv+d + zdo
dr —dr Tar st

u unterpar naomagedt (IV.77) sanumerca rak:

o d d: do d
r‘#: (d:’+d’+cosl ﬁ)_k\/m\,p (IV 88)
HAH o
o fd dw d . dQ —_ -
'(T:l"‘d_;:a;"‘cOS’g;d—f)'—“kV'mvP, (IV. 89)
OTKyAa
d dw .dQ\ __ kVm Vp
v(1+d -l—cOstd )_“—_’:;_P" (IV. 90)

OxoHuaTEAPHO TOAYY4EM COOTHOWIEHHE MeXAY BpPEMEHEM
¥ HCTHHHOH aHOMaAuMedl B cAaejyolieM BUJE:

ad___ 1
dv™ gk Vm Vp

w . dQ
(1+F+eosiZ) V.9



HAH
dt 1 dw dQ
= ——m_ez( )(1+d +cosi 3 ) (IV. 92)
[Toacrasass (IV.84) 8 nepsyio popmyay (IV.80), (IV.85)—
Bo Bropyio ¢opmyay (IV.80), (IV.92)—8 rperpio ¢op-
myay (IV.80), moryuum nHoBHE opMyAn sAs mpeobpasoBa-
HHA ypaBHeHu# JAarpaHrka K aHOMaAMAM KaK HE3aBUCHMBIM
nepeMeHHbIM

dA_ 1 (l_dMO)dA

M= dM | dt '

%:%(%)(1 —smE——%%)%, (IV.93)
A_1(ry \d4

o =w () eI+ eosi ) G

o
Ecan samenutp B Tpetbet dopmyae (IV.93) T:: n % ux

Bupameﬂunmu (Iv. 8]), TO noayun

(1w (£) 5% av.9

T n (_) \/1 — e dt

B rex cayuasx, korga orpanuuMBaeMcs BBHIYHCAEHHEM BO3-
MylleHHH NepBOro MopsAjka, MOXKHO NMpPUMEHATb Goaee npo-
ctoie popmyast nepexoa (IV.80) u, B uacTHOCTH, Ar% mepe-
MeHHOH ¥ MoAb30BaTbCA ypasHeHusmu JarpaH:xa B opme
(IV.81).

2. Joarora B opbuTe KaK HesaBRHCHMAS NepeMeRHasf
B ypaBHemmsx Aarpamaxa. Bmecro uctunso#fi asomarum
MOXHO TNPHHATD 34 HE3ABHCHMYIO IEPEMEHHYIO AOATOTY
B opluTte w, onpeaeArseMyio dopmyAoi

W=U+0+3, (IV.95)
Toraa unrerpar naowaazedt (IV.77)
%= "‘m\;—n( )\l—e- (V. 96)

A8€T TOUHYIO 3aBUCHUMOCTb MexkAy BPEMEHEM M JOATOTOH
B opbure. Tax xax gopmyara (IV.96) anaroruuna ¢opmyare
(IV.79), To u ypaBuenus Aarpanxa AAs ZOATOTH B opbute
anaroruunn ypapuenuam (IV.81)
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de 3 (ry 1_OR
dw =~ n2a a) Vi—e2 OM,’
de V=S (rViR 1100
dw — n%a%¢ \a/) oM, n2a?e\a’ 0w’
= e (LY R (L) R
dw ™ n22(1—e?) (a 0i nZaze\ a/ de
di ctgi r\20R 1 ,
dw ™~ nla(l — &) (_;) do n’a%(l — e?) X (Iv.97)
1 /r 20R
X mr(5) 5
o1 1 (rpR
dw ~ n2a?(l — e2) sini a) ai
My =T (@R 2 (r R
dw ~— n2%a%e \a/ de n2aVl— 2 a) da *

B orauune ot ypasmeunit (IV.81) aru ypasrenus umeior
COBeplueHHO OBmult xapakTep M NPHrOAHBI AASL BHIYHCAEHMS
BoamyeHu#f Aloboro mopsazka.

Yroa s onpeseasercs ycAoBHEM

L cosi %2, (V. 98)

NpHYeMm B HaYaAbHHI# MOMEHT MH MOXKeM NPHHATD

g, =9
0= =0
YTO ONPEAEAUT MOAOKEHHEe TOUKH OTCUETA JOATOT Ha opbure.
Adoarora B opburte ynorpebasrach B KadeCcTBe HE3ABHUCH-
Mol mepemeHHOH MHOTMMH acTpoHOMamu, Hanmpumep, [loabze-
nom (1841—1896), Bpenserem (1862—1939), Bpaysom
(1866—1938) u ap.
3. Neprypbaguonnas ¢ymxpra. Orpanuunmcs B nep-
Typ6aguonno#t ¢yuxyuu, xax u pasbuwe (§§ 2 u 3), Toabko
YAEHOM

R=57a"] (3 — sin®3), (V. 99)

73

KOTOpblﬁ 34BUCHT OT uepnoﬁ CTEIECHH CXKATHS MAAHETHI. Takr
Kak

sin 8 =sin { sin (v + o),
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TO

2 Ar1 1.
12 a a 1 R 9 .
R——km?;-](.7>lL3—zsm 1+

- sin®/ cos 2 (v + o). (IV. 100)

Paszo6bem smpaxenue (I[V.99) na aBa
R=R,+R,, (Iv.101)

rae R, — BexoBas uactp nepryp6aguonHodt ¢ynxguu, R, —
nepuosudeckas. JAf NOAyYeHMs BeKOBOH dacTu mepTyp6a-
UHOHHOH# (YHKLHMHM MBI JOAXKHB OCPEAHMTD MO BPEMEHH (AW,
4TO TOXeE, MO CpejHeHd aHOMaAMM) BbIparkeHue nepryp6Gaguos-
woit pynkyuu K. Hcrnoabsyem Ars atoro caesyiommue gop-
MY ABE:

(IV.102)

Toraa
5 e @ /1 1 . ,. o
R=R=km%; | (g—7sin z)(l—e) 2, (IV. 103)

a mepHoguueckas uacTh nepTypbauuonHo#t ¢ynxkuuu 6yjset
HMeTb CAeZylolllee BHIpa:KeHHe:

R2=R—R1=k2m5; J(&Y [\é—%sirﬁ i) X
xf1— (=Y a —e'-’)‘°"=}+%sin2 fcos2(v-+0)]. (IV.104)

4. Nlepmoanuecxne Bosmymemms. Breszem B KauecTse
He3aBHCHMOH NepeMeHHOH WCTHHHYI0 8HOMAAMIO CIyTHWKA W
sanumem ypaBHenus Aarpanxa B gopme (IV.81). HMurerpu-
pOBaHHE BTMX ypaBHEHWH B NMpPEAMOAOXKEHWH, UTO B IPaBHIX
4aCTAX BAEMEHTH OPOGHTH 3aMeHEHB MOCTOAHHBIMH BEAHYM-
HAMH, A8€T HAM BOSMYIUEHMs NMEPBOro NOpAAKa

a=a,+3%,a+da,

e==e,+ e+ d,e, (1v.105)
rae Q,, €, ...-—NOCTOSAHHHE HHTErPHPOBAHHA, KOTOpHIE
AOAXHB 6GBITb onmpeAeAreHH M3 HabGAalozenuil; 0,a, de,...—
BexoBble BO3MYINEHHA CHYTHHKa M 0,a, 8., ...— MepuoAu-
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ueckue Bosmyigenus. OTMerum, 4To nepryp6auuonsas QyHk-
IuA HE COACPDIKHT BdAEMEHTa Q ﬂOTOMy nepuojnu4yeckne BO3-
MYLIEHHS HAKAOHA OpPGUTH MOTYT GBITD NHOAy4YeHH no Gop-
MyAe
~ . { 0
b=t (L) 2 dv. (V. 106)

n%a? (1 — e2) sin i rr

Oxoaqa're)\bnue BBIPDAXECHUA AAA soamy:gemxﬁ AAl BCEXx
HIECTH ®AEMEHTOB HMEIOT BHJ

=-—jl (1——--sm2 1){(: )3—

—(1— e"’)"/’}+\—)3 sin? 7 cos 2 (v + (»):',
32e.._l —ea uj[ 1——sm 1){(—-) —_

—(1— eﬁ)—%} +%(7) sinzic052(v+m)_] —

cm2 i n
2¢ ap

{cos?(v+w)+ecos(v+2m)+
+%ecos (30+2m)},

32(0=;—':j[(2—-——;-sinzl')('v—M+esinv)+
+(1—Fsini) {3 (1— F &) sino+
+%sin20 +132sin30}-—%{%sin2i+
+(7—Esin? i)e’} sin (04 20) +
+li6sin2isin(v———2m)—- %-(1-—;sin2i) X
X sin2(v+w)+%-{llzsin2i—

—% (1 — % sin® i) e*} sin (3v + 2vw) + (V. 107)

3 ... .
—+ 3 sin® 7 sin (40 -+ 20) 4+

—l-—l% sin® 7 sin (Sv -+ 2«»):’,
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2
82i=-;1—§2—jsin 2i {cos2(v+m)+
“+ecos(v+ 2v) +,—§- cos (3v +2m)},
”?2
329=~—;—2]cosi{v— M-+esinv—

—%sin2(0+m)—% sin (v -+ 20) —

—%sin(3*0+2(o)},
a? , — ( 3 ..
82M=;2-j\/1—e'[—(1—?sm I)X

X {(1—%)sinv+—;- sin 20 +;—,i,sin30}+

. 9.1 5 o).
~+sin®J {T(l +7 e-) sin (v + 20) —

2 7 2
_;—Gsm(v—Qm)—l_Z(l_%g) X

X sin (v -+ 20) — % e sin (4v + 20) —
_%26 sin(Sv + 20))}] ,

rae p=a(l —e?).

Bupaxenus (IV.107) B orauane ot (IV. 36) e asasorcs
Pa3sA0KEHHAMH MO CTEMeHAM OKCLIEHTPUCHTETA, & ABAAITCA
SAMKHYTHIMH BLIDa:K€HMAMH Kak OTHOCHTEABHO HAKAOHa
opbuth (sin /), Tak u oTHOCWTeAbHO BKCHeHTpHCHTeTa (e).

TH (OPMyAB GBAM MOAyYeHH anoHckuM acTpoHoMoM Kosam
B 1959 r. npu paspaborke um Teopuu ABHEHH GAMBKHX
cnyTHukoB 3emAH, ozHako OHHM uMeoT obmul#t xapakTep
M MOTYT OHTb HCIOAB30BAHH JAS HSYUCHUA JBHNKEHUA
AIOGHIX €CTECTBEHHHX CHYTHHKOB B COAHEUHOH CHCTeMe.

5. BexoBnie Bosmymenns. [Toacrapasas (IV.81) R=R,,
MOAYUHM [OCAEe HHTErpHpOBAHHA BEKOBbE BO3MYIIEHUA Op-
6uTH CnyTHUKA B Buje

8,2 =— ';T:jnt cos/,
- _ al‘l 5 .9
do="15 Jnt (2— 5 sin?#), (IV.107%)
2 U
3 My =25 Jnt(1 — 3 sin? i) VT—é.
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Itu ¢opmyant uzentuunnt Gopmyram (IV.47). Cucrema
¢opmya (IV.107)—(IV.107¥) zaer BO3MOMHOCTD HOAYUHTD
BO3BMYLIEHHbIE BAEMEHTH OpOUTBI, 1O KOTOPHIM 3aTeM Bbi-
YUCAAIOTCA TNAQHETOLEHTPHUECKHE KOODAMHATH CIyTHHKA.

§ 5. lpasaraguonnoe more 3eman

1. OGzee BHIpaxenHe AAR rpaBATAIHOHHOIO NOTEH-
paara 3eman. [Ipu nocrpoeHun Touno#f Teopuu ABu:KeHHA
6AMBKHUX CHYTHUKOB 3€MAH HeAb3d OFPAHHUHUTLCA NpubAu-
MGEHHBIM BBIDA:KEHMEM JAAf TNOTeHUHara 3emau B Qopme
(IV. 24).

I'paBurapguonnbif moTeHgnaA 3eMAH Ha BHELIHIOK TOUKY,
HaXOAAIIYIOCA HA DACCTOSHHM I OT [EHTPa 3eMAM, MOXKeET
6niTb BhIpazkeH B oOIIeM BHAe uepe3 cpepHueCKHe PYHKIUH
cAeayomguM o6pasom:

U=— fM ll + 2 a“ (o COS M+

n=l1 m—O
+d,, sin m)\) P,,, (sin L}:)} . (IV.108)

B sroit ¢popmyre fM —macca 3Bemau, yMHO:xeHHAas Ha rpa-
BHTA[MOHHYI0 MOCTOAHHYIO; BTAa BEAWSHHA MMEeT pasmep-
Hoctbp (cm)® (cex.)™; a,— skBaTopHarbHBi#l pasguyc emau;
Cum H d,,,,, 6e3pasmepﬂue YHCAOBHIE KOIPPHUIHEHTH,
XapaKTepH3ylollue rPaBHTAHOHHOE NoAe JeMau; r, U, A —
c(epuuecKHe KOOPAHHATH TOUKH, B KOTOPOH ompezersercs
noresguar U. KoopaunaThbie ocu Bm6pansl caeayomgum
ofpasom: Hauaro koopiuHat O HaxojuUTCA B [EHTpe Mace

T
3emau, yroa 9 - OTCUMTHBAETCA OT JKBATOPHAAbHOH
naockoctu 3emau, yroa 0<CA<{ 27 orcuuTbiBaeTca OT
HAYaAbHOTO MepHAUAHA.

Cq)epuqecxoﬁ pynxygue#l crenenn n HasbIBAETCA TPHUrOHO-
MeTpHYEeCKHil MHOro4uAeH

Snm (q” )‘) = cnoPno (Sm Y) -+ 2 (cmu cos mh —+

m=1

+d,,, sin mA) P, (sin §), (1V.109)

rae P, (x) —wmnorouren Aemanspa creneau n, P,,(x)—
npucoe unenHas ¢pynxyus Aexxanipa cTeneHu n u nopsajka m.
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Muorouaenst Aexangpa onpesersiorcs Tax HasbiBaemo# gop-
myaroit Poapuro

1 d" 2 n”
Py (x)= gy 2o (2 — 1), (IV.110)
B 4aCTHOCTH
Poo (x)=1,
Plo (X) =X,

Py (x)=5(3x*—1),
Py (x) = (5x° — 3x), V. 111)
Py (x) =3 (35x* — 30x2 +-3),

Py, (x) = 3 (63x° — 70x* + 15x),

ooooooooooooooo

INpucoesunennan ¢pynxpus Aexanspa onpeserserca gop-
Myao#t

z d"‘P” (x)
P (x) = (1 — x2)F — g - (Iv.112)

AAL KamA0ro LEAOrO NOAOMKHTEABHOTO N CYIECTBYET
cucteMa 2n -+ 1 Aune#iHo 3aBHCHMBIX cepHuecKHX QyHKUMH
crenend n. B kauecTBe Takod cucTeMm MOHO BHOpaTh

PyHKRUIHH
P, (sin §), (IV.113)
cos mAP,, (sin¥), sinm\P,,(sin}), (IV.114)
cos PAP,, (sin®),  sin n\P,, (sin ). (IV.115)

Mynxpun (IV. 113) naswbBaioTcs 30HAABHBIMH CepHue-
CKHUMH QyHruuamy, pynkyun (IV.114) — recceparphbimu ce-
puueckumu Qynxguamu u ¢ynkguu (IV.115) — cexropuarn-
HBIMH CQepHIECKUMH (GYHKIUAMH.

2. Norenpguar 3emAnm, cEHMMeTpHuUHOH OTHOCHTEABHO
ocH ppamgenmns. Ecau cuurath pacnpeserenue Macc BHYTpH

€MAH CHMMETPHYHHIM OTHOCHMTEAbBHO OCH BpallleHHs, To IO
retguar 3emau (IV.108) npunumaer 6oree mpocToit BHA
2 \3

U=TE 11+ 000 (2) Py 030 (2) Pyt - 4 av.11e)
T. €. B PABAOKEHMM OCTAIOTCA TOABKO 30HAAbHBIE CdepHuue-
ckne Qyuxpun. OTMeTHM, 4TO aCHMMETPHA CEBEPHOTO H
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10KHOrO mnoaymiapuii 3eMAH xapakTepusyeTCs HEUETHbIMH
soHaAbHBIMH QyHkpuamu. Koadguupuenrn c,,— 6espasmep-
Hble NapaMeTpH, MOAHOCTBIO OmpejeAseMne Maccot Seman,
Yy poBEeHHO# MOBEPXHOCTDIO, BaKAIOYalOIe# 3Ty Maccy, H yrao-
BOH CKOPOCTBIO BpailieHus SeMAH.

. Unoraa, caeayas Axeddpucy, BMECTO C, U Cyy BBOAAT
napaMeTpnl

3
./:_7020’

(IV.117)
35
D= T Cype

Orpaunuanpasaco 8 (IV.116) nepso#t cremennio cxarua
3emar, noayuum

y=M { 14+ ¢y ("’")2 P.z,,} (IV.118)

r T
uaM, noacrasasa seipaxenue (IV.111) gas P,,

U=E {14 0y(2) 3 @sinty— 1)), (V.119)

r

[Mepexoan k mocrosuno# J:xepdpuca, MoxeMm HamucaTb
M 1 ag\2 .
U=211+ 2 7(2f a—3sivp).  v.120)

Ta6anuga 37

Hocroannsie, xapakTepH3yIOIHE IPABHTAHOHHOE MOAS
enum?

1961)
M=m . ......... 1:332490
M=km ........ 398600 kM3 cex.™2
T SO 6378.15 km
Ev vt e e e e e e e e 1: 2928.2 +0.2
o _Paa.
O v v e e e e e e e e 36164.00 — 729212 .10—10 e
€90 « + o o s e e e e —1082.3.10—¢
C30 ¢ + ¢ o + o o o 0 o o« —+ 23.10"¢
Cl0 o o o o+ e e e e e + 21.10-¢
............ +1623.4-10—¢
D ............ + 92.10-%

14 T. A. YeGorapes — 209 —



3amenss obossauenun fM na k’m, a, na a’, 9 ua 5,
MOAy4HM BbIpa:keHHe AAs notenyuara 3emau B dopme (IV.24)

km_ 1  k2ma” Con
U=-F'-"+-§ j—:n—sa—(l—?o sin®3d). (IV.121)

[Tapamerp / mMoxeT 6BITb BHIYHCAEH MO TeopeTHUECKOH
dopmyae
1 w2’
rAe & —cxatue 3eMAH, a ® — yrAoBas CKOPOCTb BpaleHHA
Beman.
IlpuBeeM B 3aKAI0UEHHE HEKOTOPBIE YHCAOBbLIE MAPaMETPHI,

XapaKTepUSYIOIIHE NMOTEHUHAA 3€MHOro mputazxeHus (Taéa.37
u 37%).

Ta6aupa 37*

HMocroans e, xapaKrepH3yiogHe TPABHTAJHOHHOE HoAe Jeman
(Kosanm, 1964 r.)

M. ... .. 398603.2 km? cek.“'—’l T —0.270 - 10—¢
ap - 6378165 xm | fo . . . . . . —0.053-10—%
Joov 1082.645-10—¢ [ /0 . . . . . . —0.054 - 106
f ...... —-2.546 . 10-“ j“ ...... -0-0.302 . 10‘-6
y A —1649-10-% 7o . . . o .. —0.357.10—¢
Ts oo —0210-10-6 (73 . . . . .. —0.114-10—¢
To oo +0.646-10—% | /iy . . . . .. +0.179 - 10—
Joovei —0.333.10~

Npumevanne. Jy = —cy Js==cy, Ji=—cy .. .



TFaasa V
TEOPHA ABHXEHHA AYHBI

§ 1. Meroa Xnmanra. lleproe npuGan:menne

1. 3emas—Ayma xaxk asoiimas mnaamera. Ecau 6m
Ayna aBurarach B oAuHOuECTBE MO TreAHOUEHTpHUECKOH
opbure, Teopus ABuzkeHus AyHbn MOrAa 6bITh AE€TKO MOCTPOEHA
OBbBIYHBIMM NAAHETHBIMM METOAAMH.

Ouanako paaom ¢ Ayso#t, na paccrosauu scero 0.0026
a. e., HaxoaguTca 3emas, koropas nmo macce B 81.30 pasa
60abie AyHH W MOTOMYy CYIECTBEHHO BO3MYILAET €€ ABH-
»eHHe 10 TeAMOLeHTpUuecko#t opbute. IDTH BOIMYyLIEHHUS,
OuYeBUAHO, HMEIOT COBCeM JApyroH xapaxrep, uem OOGBIuHBIE
MASHETHHE BOSMYLUEHHS, W HE MOTYT OHTb IIOAYUeHB MeTo-
AaM#, NMPUrOZHBIMU JAS BBIYHCAGHHS NAAHETHBIX BOBMYIUe-
nuif.

C apyro#t cropoun, Macca camo#t Aymm gocraTouHo Be-
AMK8, 4TOGH BHI3BATb 3HAYMTEAbHBIE BO3MYLUEHHSA B TEAHO-
HeHTpHuecKkoM ABuxkeHuH 3emau. Llentp TaxecTH cucTemnt
Bemaas—AyHa HaxoauTca Ha paccroaauu 4672 kM oT geHTpa
Beman.

B stom orHomenun cucrema 3emas—AyHa Moxer cnpa-
BEAAHBO DPACCMATPHUBATHCA KAK ABOHHAA MAaHeTa.

AAs cpaBHeHuWs HAMOMHMM, 4TO B cucTeme Henmtyna u
ero cnyTHukoB Macca Hauboapwero cnyThHuka (Hepeuani)
B 770 pas menbwe maccnt Henrtyna, a B cucreme Carypna
macca HauGoabwero cnythuka (Turana) B 4030 pas menbuie
Maccei naanetnl. Haxomen, macca naum6oabuiero cnyTHuka
KOnurepa (Fanumesa) B 12200 pas menbue maccnt FOnurepa.

MMpumeuanne. Buecte ¢ Tem Heo6x0AMMO MOMEHTb, YTO Macca
Tannmesa (III cnyruux IOnutepa) B 2.11 pas 6oabwe macew Aynm,
macca Turana — 8 1.92 pasa, macca Tpurona — s 1.8 pasa, macca
Kaauero (IV enytsnk IOnurepa) — 8 1.32 pasa n macca Ho (I enyrnuk
IOnurepa) pasua 0.99 macent Aynm.
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Oco6ennocTbio ABuxeHuss AyHbl ABASETCs TaK:XKe M TO
06cTOATEABCTBO, UTO ee OpOUTAa pacnmoAoskseHa LEAMKOM BHe
Tax HasmiBaeMoH cgepwm mpuTsienus 3eman (cM. raasy VI,
§ 3), T. e. 3a npeseaamu ToH o6racTH, rie NpPHUTANKEHUE
3eman mnpesmmaer npura:xenue Coanga. JeHicTBuUTeAbHO,
HETPYAHO pACCUHTATbH, UTO yCkopeHue, coobigaemoe Ayue

OAHIIEM, B CpejHEM paBHO

w, = 0.000296 a. e.jcyTkH,

& yCKOp€eHHe, BHI3BIBAEMOE IPpUTAKEHUEM 3ewm, paBHO

w,=0.000136 a. e./cyTku.

Takum o6pasom, nputsaxenue Coanga B 2.18 pas 6oabuue,
uyeM MpUTAXKEHHE JeMAM.

Cospemeunana Teopus AyHn ocHoBaHa Ha pa6oTax Bbl-
AalOIIerocs aMepHKaHCKOro HebecHoro mexanuka Jzxopasxka
Xuara (1838—1914).

Mu wu3aroxum B HacTosmed raase Metoi Xuara B He-
CKOABKO ympowieHHOH (opme, CAeAyA KeMOPHAMKCKHM AeK-
uuam anraufickoro acrponoma Axopaxa Japeuna (1845—
1912), cna Beaukoro ecrecrBoucunraters Uapabsa Japsuna.
ITpu aTOM MBI OCTaBHM B CTOPOHE TEOPHIO TAAHETHHX BO3MYILe-
null B gBuzkeHuu AyBH, a TAKKe BONPOC O BHUHCAEHHH BOBMY-
meHuH, BbI3bIBaEMbIX HeC(PEPHUYHOCTDBIO PUTY DB 3emau. Munmu
CAOBAMH, MBI OTDAHHYMMCSA pELIEHHEM AYHHOTO BapHaHTa
3aJaUM TpeX TeA.

IMpuseaem Temepp reolenTpuueckue dAeMEHTH AyHbi,
npunsateie Bpayuom (1866—1938) B ero Tabaupax ABuxkenus
Aynn (cM. Tak:ke npuAo:xenue J)

dnoxa
1900 ams. 0.12 u. Bcem. Bp.

)y = 270°434164,
n= 13°1763965269,

Q = 259°183275,

e= 0.054900489,
i= 5°8'43'427,

7 = 334.329556.

2. Auddepenpguarbapie ypapuennas AH:kenns. [lycts
my, m, u m'—maceni Semau E, Ayan M u Coanga S n
G —uentp nuepyuun £ u M (puc. 13). Ilyers x, y, z —
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npaAMoyroapsbie xoopausato M ordocureavto E, x', y', z' —
KOODAWHATH S, OTHECEHHBIE K NMAPAAAEADHBHIM OCHAM C Hada-
aom B G. Koopaunatnt Touku M orHocureabHo ocedf ¢ ua-
garoM B G, oueBuzno, 6yzyr

my my mgy

X z
mo+m; 7’ my—+m, L mo—+m; °’

a koopgusath E

m my m

— 6 — ¥ — z.

my—+my

Eimg) r Som’)

Puec. 13. Komnonentnn yckopenns Ayum or-
HOCHTEAbHO 3eMAH.

Paccrosuna EM, ES u MS o6o3nauum uepes r, r;, A
COOTBETCTBEHHO.

[lpeanoaoxxum, uro G onuchiBaeT KENAEPOBCKHE BAAHMIIC
BOkpyr S, Tak uro X', Yy, z'— usBecTHble QPYHKIuUM Bpe-
MCHH.

Komnonenrts ycropenus Aynm otsocurerbHo 3emau mo-
kas3aH Ha puc. 13. Hmeem

rr=x*+y’+ 22
o ___ | myx 2 ’ my .
r,-—-(x m()""”l) +(y m(l"“ml)
(2’ mz__\°
my+m, | °* {V. 1)
o __ o mX 2 , myy 2
3 —'(x m0+m,) +(y mo—o—ml)
—4- IZ' — :
my—+m, '



oTClI04a

or __ x
ox r
" myx
mog—+my or; ¥V m e m,
P : (V.2)
moX
my-+~m NA mg-+m,
mg f)_x‘ A °

H EM: or or Or
anpasasioliieé KOCHHYCH : d—x' 5; N sz.’ HANnpaBAdIO-

mo—+m, 0"] ()"] (7r1

mue xocurycn E.S: - o -{)y ' 5

motmy (04 01 04

- (()x ' oy 5z) O6o3nauum uepes

A, Y, Z xomnonentn yckopeuus M oTHOCUTEABHO oOced
¢ HauaaoM B E, Toraa

) , HampaBAsioLIue

kocunycn MS: —

r2 o 2 my Ox 7 om [
14
===, (V.3)
rae
V=Totm  m mem  m mg+m
r A m; r m
Anaroruaso

v 14

r=3¢, z=2. (V.4

ITyerp 7' — paccrosnue mexay G u m' u nmycrs H—
yroa SGM; roraa

2 ° 2 2 xx' 4+ yy +zz'
P=xt g 42", cos H= X W ot ]
P 2 H [ ) (V.5)
1 mg—+m; mg— my ‘

2 2m mgr 2
M= — —2 _ prcos H+|—2L—].
mgo—+m; m0+m1
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Tak xak r Maro Mo cpaBHeHuo ¢ r, To

1_ 1 m__r m_ r\
;—F{l—mr'°°sﬂ+(—mo+ml ) X
3 1
X (7cos2H~—7)},
1 _ 1 m, r m, _r_“-’-
?—7{1+m7°°sH+(—mo+ml 7) %
3 15 (V. 6)
X [5cos* H— 5 }1
2 2
_1_+ 1 _ m,~+m, _l_ 1 _’ﬁ
my myry . mymy  r' T mg+my .3
3, 1
X (7005 —_ 2).
Orciosa

e

Vmotm m’ (my -+ m,;)? mr (%cOSEH“—"%')- (V.7

r o mym;r’ 3

Bropo#t uren He BkAOuaer X, Yy, z U Moxer 6mTb omy-
wen. Toraa

y=mutn 22 (et H—3),  (V.8)

r

3

r

ecAH oT6pOCHTD HUAEHH € —3.
r

Haiiaem Tenepp npubam:xenHoe snipasenue gaa V ¢ yue-
TOM Tex ynpolieHu#f, KOTOpHE MOryT OHITb CAEAaHH JAAS
peaabnot cucremut 3emaa—Ayna—Coange. B nepsom mpu-
6aukennn r' =a’ u GS Bpamaerca ¢ mocrosHHOH yraoso#
ckopoctbio n'. Apyrumu caosamu, Mbl npeHeGperaeM sKCleH-
TPHCHTETOM COAHEYHOH OpOMTH, a Takxe TeM (PaKTOM, 4TO
3emas u Ayna ne nHaxozarcsa B ygentpe uuepyuu (rouxa G)
(sTor apderT ouenp Mar). Jaa TOro 9TO6H KOOPAHHATHI
Cornga ortHocuTeAbHO 3eMAM 6HIAH MOYTH NOCTOAHHBIMH,
BBOAMM HOBbiEé OCH X, Y, BpAallaiOIMecs C YrAOBo# CKo-
poctsio n' B mnaockoctu opburmt Coanpga Bokpyr Bemau.
Ocb x BHb6upaercs Taxum 06pasoM, 9TO NIPOXOAHT MOCTOAHHQ
yepes Coange. Ocb 2z nepneHAMKYAspHA NAOCKOCTH XY,
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Kak u paubwe, nyers x, y, Z — KOOp AUHATHI Aynbi;
xoopaunatel Coauga 6ysyt npubauxenso a’, 0, 0. B srom
npubanxenun rcosH=x n

—mtm 3m o, 1 ,r
V=" T —gm =g, (V.9)

Hanuwewm renepo obiee Buipakenue aas V' smecro (V. 8)
B cAaeayiomeif gopme:

my—+m, 3 m , é_ r2cos2 H a2\
V_"'—_,_"_"z 3% +2 _—,3___,3')_
m

———(x +y)— 5

¥ BBeAeM HOBble 0603HaueHHA.
[ycts 1 — cpeanee cunosnseckoe asuxcenue Aynsi. [To-
AOKHM

’

_n_ "
m= : (V.11)

n—n

Cpeanee asuxenue Coanga n' B Aynno#ft Teopuu cuu-
TaeTCA HSBECTHOH MOCTOAHHOH, TOrja Kak CcpejHee ABHe-
uue Ayunt n (MAM m)— 0ZHA M3 NPOMBBOABHBIX OCTOAHHBIX
MHTETPHPOBAHHSA, KOTOPAS MOXeT OBITb ONMpejeAcHa W3 Ha-
6ar0enuit.

B cayuae Ayun m npu6iusurerbno paBHo /.. DTa Ma-
A4S BeAMUHMHA, IO CTENMERAM KOTOPOH PasAaralTcs BO3Mylme-
HUS, HrPAeT B TEOPHH ABHKEHHA AyHB poAb, aHaAOTHUHYIO
BosMymalomge#f Macce /m’' B TEOpMM MAAHET.

Ilpene6peras m, u m, no cpasHennio ¢ m’ u noaaras
noc’ro:muyxo I'aycca pasHoli eaunuge, umeeM m’ = n"d", o1-

“+m|

xyga — = n" = p?m?®. O6osnaunm TaK:xe =k, Toraa

MBl noay'um smecro (V.10)

Va5 n’z(x2+y2)—p [£-+ m(3x* — 2%+

-+ g m (_'"‘, cos® H— x’)+—;-m2r2(1 ——)] (V.12)

Ara yao6ersa 0603HauumM

9 3
Q =-§’—m2 (%r’coszH-— x2) +%m‘zr2 (1 — :w) » (V. 13)
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TOrAa

V+%n'2(x2+y2)=p.2|:f;+%m2(3x2—zz)+9]. (V.14)

YpaBHeHHA ABH:KEHHS OTHOCHTEABHO CHCTEMBI KOODAH.
HAT, BPAINAIOIHXCA BOKPYr OCH Z ¢ MHOCTOAHHOHR CKO

poctbio n’
d-x—Q '——n"x=0— ,
d2y ,d). 0[_/ l
@y =
d?z I7V
are oz’

2 oV I

(V.15)

KOTOpBle A8I0T MOCAE UOACTaHOBKH Bhipaxenus (V.14)

d2x ’ dy
e 2n ()x

=gx2[——+3m?x+-—=] ..

Z%;"-f-Qn’d* [V+ n* (x2 +y)J__
ky o0
=!"2| ——y 0!]_}'
d?z 42 2]_
o o,|V+—" (* + )

— 2l 2 ]
= .
i 3 mz+0

[V~|- n” (x4 y*)] =

(V.16)

Moxuo nmoro:xkutp T=—{f; pasieAMB ypaBHEHHA Ha {1’
6yAeM paccMATpPMBATD T KAK SKBHBAAEHT BpeMeHH. YpaBue-

Hua (V.16) npunumaor BHg

2
dx__2 dy sz__3 2,92

de by 00
3T ay

a3
d2y

) +2m

(V.17)



EcAM yMHOMMM 8TH ypaBHEHHA COOTBETCTBEHHO Ha

22X, 2% o

H CAOXHM HX, TO MNOAYYHM

() (@ (2] -2 (F) 3w e +

d 02 dx 89 dy 02dz
o d oy of0Rdx 02dy  02dz
+m? - (2%) 2({)x R ol PR d:)‘ (V.18)
[Toroxmum zast KpaTKOCTH

A

2

v

Sdex ogdy+agdz d+C.  (V.20)
0

Toraa
2k
=T+ 3m2x? — m?z2 4+

ox dt r)y dt

Ecau Coauge ABHKETCA BOKpYT 3eman ¢ mocrosmHOH
yraoso#t ckopoctbio 1, T. e, € =0, ocp x 6yser Bceraa
upoxoautb uepes Coarnge u, cAez0BaTEADbHO,

X=r=d, y=2'=0,
xx'+yy +z7

rcosH= —_—=x,

(V.21)

4T0 A8€T

3

:’7 r*cos® H— x*=0. (V.22)

B srom cayuae 2 obpamaercs B HyAb, U ypaBHEHHS
(V.17) npunumaor BuA

d2%x dy kx 9. _
2—_?—“2m d—1+——3m x__O,

jf;'+2 —+ Y =0, (V.23)
:_2:+k—’+m z=0.
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Oaun wuHTerpan oTHX ypaBHEHMH XOpOUIO W3BECTEH, —
aro unrerpaar fAxobu

r=2% 4 3mi —mi224C. (V.24)

3. Bapuapmommas xpmBasi. B nepsom npubauzenun
op6uta AyHul ompejeAseTcs OGBIYHO KAk DAAMNC — HeMoA-
BHHBIH uAM ¢ Bpamaomeiica Aunueit ancus. Bpamalomuiics
BAAMIIC HMEET TO NPEHMYILEeCTBO Nepej HEMOABHKHBIM, 4TO
OTKAOHEHHMS PEaAbHOrO ABHKEHHS OT BPAILAIOIIErocs dAAHNCA
HOCAT MouTH mepuoudeckult xapakrep. Buecro Toro urobm
OTHOCHTb DPEaAbHYI0 opbuTy x 8AAuncy, XMAA BBOAHMT B mep-
BOM NPUOGAHKEHHH NMPOMEXYTOYHYI0O OpO6UTY, KOTODAA HOCHT
HasBaHue ,papuayguonno#i kpuso#“. Ilocmorpum, kak sTa
opbuTa moayuaeTcs 3 AuPdepeHUHAAbHBIX ypaBHeHHH ABH-
JKeHUs.

Mut y:ie npene6perau SKCUEHTPUCHTETOM COAHEYHOH Op-
6uTn, cjeraemM Tenepp JarbueHhmu# war u npeHebpexem
HAKAOHOM AYHHOH op6uTH Kk ®kAunTuxke. B sTOM cayuae
z ucuesaet, u ypapnenus (V.23) npunumaor Bua

2 2mj—f+(§§—3m2)x=o,

=

V. 25)
d? d. k (
3?2£+2md;:+7%=0‘

Ecau Tpaexropua teaa, aBu:kEHME KOTOPOTO YAOBAETBO-
paer ypasuenuam (V.25), nepecekaer ocb X M0A NPAMBIM
YrAOM, TO 8Ta TPAEKTOPUA CHMMETDHYHA OTHOCHTEABHO OCH
x. Je#icTuTeAbHO, ecAM B ZUD(EPEHLIHAADHBIX YpPaBHEHUAX
NepeMEeHUTb 3HaKM Y ¥ T Ha obpaTHble, HO BHaK X OCTa-
BUTb (€3 MBMEHEHHA, TO YPABHEHHS HE MSMEHATCH.

AHaroruuHBH pesyAbTaT HUMEET MECTO, €CAM TPaEKTOpHA
nepecekaeT OCh Y NOA NPAMBIM YTAOM, TaK KAaK €CAM X H
T MEHAIOT 3HAK, HO 3HAaK Y ocTaercs 6es usameHeHui, To
YPaBHEHHS HE MEHAIOTCA.

Tenepr oueBnaHO, UTO ecAM TEAO HauWHAET CBOe ABH-
¥ieHHe M3 JAHHOH TOYKH Ha OCH X 104 NPAMBIM YTAOM
K Helf, ¢ pasAMYHBIMH HaYaAbHBIMH CKODOCTSMH, TO OHO MO-
XeT JOCTHYD OCH Y M Ilepecedb ee 04 COOTBETCTBEHHO
pasHbiM# yraamu. Ecau npsamolf yroa aexur rae-tro Mexay
BTHMH YLA4MH, TO Mbl MOKE€M B38KAIOUMTb [0 NpPUHUEHMNY He-
NPEepPHBHOCTH, YTO CYLIECTBYEeT HEKOTOpas NpPOME:KyTouHAs
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CKOPOCTb, C KOTOPO# TEAO AO0ANHO Nepeceyb OCb Y MOA
NPAMBIM YFAOM. .
Ecau rero asumercs ot oguoil ocu k ApyroH, nmepece-
kas ofe nNoj NpAMBIMH yraamu, fiCHO, 4YTO op6uTa Teaa —
3aMKHYTasi KpMBAas, CHMMETPHYHAS OTHOCUTEABHO 06eux ocell.
Takum o6pasoM, yxasaHHas KLUBasAs I[eACTaBASeT 4YacTHOE
pewmenue guddepenuuarbunx ypasnennit (V.25). 3to pewe-
HHMe HasmBaercs ,BapuaguonHo# kpuso#“. Xora obwee pe-
wenue ypassenust (V.25) BxkAlouaeT ueTbipe NpPOM3BOAbHBIE
NOCTOAHHBE, BAPUALHOHHAS KPHBas MMEET TOAbKO ABE IpO-
M3BOADbHBIE MOCTOAHHBIE, 33 KOTOPblE MOXKHO NPUHATH pac-
CTOsAHHE TeAa OT HAYaAAd KOODAMHAT IpH MEPECEYEHHH OCH
X W MOMEHT mepecedeHusi %,. JAf MPOCTOTH Mbl MOKEM 3a
HauaA0 CYeTa BpPEMEHH NPHHATb MOMEHT MepeceyeHHs OCH
X, T. e. noaoxutrb T,=0. Tak xak x — yeTHasa QyHxpusa =,
a y—HeueTHas OyHKEuUA T, ob6e C NEpHOAOM 2T, MOKHO

pasroxuth X u y B pasn Dypoe
x=A,cos*+ A, cos3+A,cos 51+ ..., V. 26)
y=2B,sint+ B sin3t+ B,sin5t+ ... )
Koraa = kpatho =, y=0; koraa * meuerHo#t xpaTHOCTH
-123 , x=0. Kpome Toro, B mepsom cayuae % =0 u Bo

d,
BTOPOM 'dTy=0' OTH yCAOBHA OMPEAEAAIOT XapakTep Ba-

puaguonnoli xpuso#f. Heobxoaumo orMetuTn, uTO uAEHBI
¢ ueTHniMu KpaTHocTaMU oTcyTcTByioT B (V.26). Dtu urenn

d,
AOAKHBI GBITb ONYIUEHH, €CAH X H 7% o6pamanTca B Hy Ab

npu 'c=.-2"— y+++« Mol He cTaBum nepes co6oit yeab noApobuo

cAe40BaTb aHAAM3Y XHAAAQ, KOTODHiH ompeAeAseT XxapakTep
BapHaHOHHO# KpHuBOH# C BBICOKOH CTeneHbio TOYHOCTH. Mu
orpaHnYMMcA rpy6niM nmpuGAMKeHHEM, YTOOBI TOAbKO MPOHA-
AocTpupoBaTh Metoauky Xuara. [losromy or6pocum Bce
YAeHH ¢ KPaTHOCTAMH 6oabuie 3<. Y 40610 Tak:ke HECKOAbKO
H3MEHHTb 0603HAYeHHA KOI(PPULHUEHTOB.

IToaoxum
A,=ay+a.,, A =a,,

(V.27)

Bo=ao'—a_.l, Bl=al'

Hmeem Tenepp Ha o0aMH KOBPOHUUIUEHT MeHblle, YeM
panbme, Ho aToro Gyser gocrarouno, Tak kak A, u B, or-
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AMYAIOTCA TOADKO UAEHAMH TAKOrO MNOpPAAKa, KOTOpbMH Gy-
Aem npenebperars. [lpeanmoroxum rax:xe, uto @, u a_, —
MaAbie BEAMYMHH. Toraa

x =(a,+ a_,) cos <+ a, cos 3,

y=(a,— a_))sin<-+a,sin 3r. (V.28)
Tak kak
cos3:—4cos’ T—3cos (1 —4sin’<),
sin 3t = —4 sin®t + 35m 1= —sin (1 — 4 cos’ ),
TO uUMeeM
. ; (V.29)

-+a_,

. ay 4(11 D] ]
- T — — < .
y=a,sin [1 P N L

ITpene6peras crenensmMu @, w a_, Bole nepBodf, MOAyuHM
-=ao|:1+2a1 a0 cos2‘t]
_1_=T[1__.3“_1‘1:_"_-.L00321]-_—.
-5 R

ay—t+a_ a)4+a_
[1 1 1 _ 6o = 1 cosz‘t],

’:—‘: = i, cos* [1 —2a :-020" +2a"-:06“" sin® 1:] ,
ky ,,s1n1[1+2a1+2“"1 201 +6¢1_1 OSZT] .
r % ay
dix
dt2
=—cos t[a,+ 9a, + a_, — 36a, sin’ 1],

(V.30)

(V.31)

—[(ay+ a_,) cos T+ 9a, cos 3t] =

iy (V.32)

diz = —{(a,— a.,) sin © + 9a, sin 3t] =

= —sint[a,— 9a, — a_, + 36a, cos’<].
C neobxoaumoft TOYHOCTBIO HMeeM
dy dx __ .
—2m 52 =—2ma,cos <, 2m - = —2ma,sin~, (V. 33)
3m?x =3m?a, cos =.
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[MoacTaBass ®Tu pesyAbTaTH B AH(dEepeHUAAbHBIE Y paB-
nenusa (V. 25), noayunm

9a,+a.. 36a
aucost[—l— ! Ly-——L x
ap ag

X sin?t— 2m _,___’% (1 __2a;+2a_, +
ay ag

""'2—‘”—_:6—‘1_-]- sin® ':) — 3,,{-’] =0,

' (V.34)

9a; +a_;
ap

. 36a
a, sm’:[—l -+ aul X
2al+2a__1 -

k
X cos’t—2m—+— 1+
a, a9

2
_2mrba, o -)] —0.
ag

. IIpnpaBruBas HyAl0 KOD(POUEIHEHTH NPH COST, COST sin® Ty
sinz, sin<cos®t, nmoayunm

+a_
—1 .._..22.1._..‘1_1._-2”1-]-
ap

_._L(l_z_'ll_"'_zﬂ—_l)__gmz___
ag a3 ?

9(11 ~+ay _2

- m—+ L (V. 39)

_,_-’;(1_._2_"1;"__2.‘_’:&):0,

ag ap

—1

36ay +_"_(gf.!l6i’_—_‘)=0,

ag ag ag

k
Himeem Tpu ypaBHeHHs JAA onpeseAeHHs —5, —:o‘—

ay
""0‘ . INoroBuna cymMmbi M pasHOCTb mepBHWX ABYX ypasB-

n
HeHu# saioT

—1—2m—3m+ L =0,
aQ
901+a_1 +23£ a+a_; +_3_m2=0.
ag ad ap 2

— 22—

(V. 36)




Orcioga ¢ TOuHOCTBIO 40 m?

% =1+42m —l—%— m?,
ap
llal 3(1_] 3 o (V. 37)
—A =l = mi
ag ap 2
Haxonen, us rperbero ypasuenus (V.35) umeem
Vay a1 o, (V.38)

ap ay

Buuuras sropoe ypasuenue (V.37) us (V. 38), moryuum

801 - 1 0
—;(-)— =3 m-, (V. 39)
HUrak,
ay 3 2 a—y _ 19 2
H2=—m?) ——=—=-m
ag 16 ! ap 16 ’
k 3 (v.40)
- =142m-+5m’
ao
Orcroza
x=ga, [(1 —% m2)cos‘=+li6 m? cos 31] ,
9 N 3 . (V.41)
y=ao[<1+ﬁm )sm T m?sin 3':]
HAM B (Qopme, Goree yz06HO# Ars zaabpmeitmero,
X=a,cos" [1 — m’—% m? sin’t] ,
(V.42)

y=a, sin':[l +m2+%m2 cosz‘t] .

dTo ypaBnenue oBaira, moayocu kotoporo @o(1—m?) u
a,(1 + m®) nanpaBAeHH BAOAb M NEPNEHAUKYAAPHO K AWHUHM,
coeaunsomett 3emaro u Coange. Ecau r u 0 — noaspuuie
KOODAMHATH TOUKM KpHBOH, TO

r*=a2[1 —2m*cos 21],
r=a,[1 — m®cos 21].
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Takxe
tgb= -y—=tg‘t[1 + 2mz+%m2]=

x

=(1 + -l4l mz)tg T, (V.44)
Orcioaa
tg(O——t)_—_l_:_—gt;,?%m’ = mesin2z, (V.45)
TOrAa
6=x + 1 m?sin 2. (V. 46)

Ecau o0603HauuTh uepes a cpesHee pacCTOsHHE, COOT-
BETCTBYIOLIEE CPEAHEMY JABM:KEHMIO R 1O HEBO3MYyILeHHOH
op6ure, Tpernii sakou Kenaepa aaer (mocrosunas Iaycca
paBHa ejuHHLE)

n’a® = my -+ m, = kp>. (V. 47)
Ho
A_n—nn 4
m n~—n' ‘

Orcoaa (em. gopmyay (V. 40))
(1+mf & =k =a}(1+2m +5m?),

142m 4+ m?2

ap
a3 1
1+2m+m2+-2—m-

OxoHnuaTeAbHO

ay=a(1—¢m). (V. 48)

Mb noAyumau cooTHolEHHE MeAy 0, ¥ HEBOSMYILEHHBIM
cpeanuM paccTosnueM a (cM. Takxe npuroxkenue 3).

§ 2. Meroa Xmara. Bropoe upubamacenne

1. Op6urni, Gecxomeunmo 6AmSKHe K BapHAgHONHON
xpusofi. Ecan moroxurs m=0, Tem cambiM npenebperas
COAHEYHBIMH BOBMYIIEHHAMH, TO MOAYYHM X ==@,COST, Y=
=a,sin%, T. e. op6ura 6yaer kpyrosof. Mu mo:xem nosromy
paccMATpHBATb BAPHAJIHOHHYIO KPHUBYI0 KaK KpYroByiO Op-
6uTy, AeOPMHPOBSHHYI0 COAHEUHHIMH BOSMYWEHHAMH. TaK
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KaK Kpyrosas opbuTa — TOABKO CHELHaAbHOE pelleHue B 3a-
JAade ABYX Te€A, HEAb3S OXHA4Tb, UTO BAPHALIHOHHAS KpPHBaf
Aaer HaM peaabHoe ABuxkenne Aynn. JelicTBUTEABHO, MBI
3HaeM, 4TO JAyHa ABH:KETCH CKOpE€e MO DAAMICY C SKCUEH-
TPUCHTETOM [y, YEM MO KPYTy HAM [0 BaPHALMOHHOH KpH-
Bo#. DTa KpUBAaA MOMET MODTOMY CAYMTb TOABKO MPUOAH-
JdEHMEeM K peaAbHOH opbure Tak ke, KaK KpYr CAYKHT
NPUGAUZKEHHEM K BAAMMOCY. OA-
AMIC C MAABIM 3KCUEHTPHCHTE- y N
TOM MO2KET PACCMATPUBATLCSH, KK ,
pesyAbTaT ,CBOGOAHHX KoAe6a- P s
Hu#t" OKOAO Kpyra; TOYHO TakK
ke MHl MO2KeM pacCMaTpHBATH dp
pearbHoe jABuxkeHMe AyHH, kax P Bapuayuonras
c¢B0o60AHbBIE KOAeGaHUA OKOAO Ba- HOpMaTS xpubas
puapuonHolf xpusoh. Takum 06-
pasoM, BBeAeM JABE HOBBIE NpPO-
H3BOAbHHE INIOCTOSAHHBIE, OlIpeje- A? T
AMOIQUE AMOAMTYAY U Pasy KO- p . 4 Op6ura 6eckoneuno
AeGanuil, u moAyuuM obulee pe- Guusxam k BapuagHonHok
mieHHe Hawero JAup@epeHgnarnb- KPHBOIA.
noro ypasuenus (V. 25). Ilpo-
geAypa COBEpUIEHHO &HAAOTHUYHA TOH, KOTOpas UCHOAb3YETCHA
B AWHAMHKE JAfl ONpeAeAeHMs MaAbXx KoAeGauuii OKoro
ycToHYuBOro noro:xceuns, T. €. AyHa B HadaAbHBIi MOMEHT
npeArioAaraeTca HaxoJasweiica B6AM3H BapuallnoHHOH kpuBoi
U ee JaAbHelillee JBH2kEHHE OMpPeAEAAETCA OTHOCHTEABHO
aro#i kpuBo#. BHauware orpaHMUMBAEIOTCA TOABKO NEpBBIMH
CTeMeHAMH MaABIX BEAHYMH— NpubAukeHue, KOTOpPOE COOT-
BETCTBYeT NEPBHMM CTENeHAM BKCHEHTPUCHTETA B SAAHNTH-
yecko# Teopud, a ecAH ®To Heo6x0ZuUMO, TO MOryT OHTDb
cAeAaHB ZaAbHellline NpuOGAUkeHUA.

[Ipeanoro:xum renepn, uto P(x, y) — kOOpAHHATH TOUKH
HA BapHalHOHHOH KpUBOH, KOTOPYIO HAaLIAH, 4TOGH yZAOBAe-
TBOPHTb AH(P(PEPEHIHAADHBIM YPABHEHHAM JBUKEHHUS, H UTO
P'(x+3x, y-+3y)—koopaunatei Aynst Ha ee peaAbHoH
opbure. Torza, Tak xak X, Y YAOBAETBODAIOT ypaBHEHHs
(V.25), ouesnano, uto ypaBHenus, KOTOPHIM Y J0BAETBODPAIOT
0x, 8y, MOXKHO BamMHUCATb TAK:

2
o S — 2m go-dy + kd(5) — 3m%x =0,

d? d &
W&y+2mﬂ,—f$x+ko(%—)=0.

(V.49)

15 T. A. Yeborapes — 225 —



OJaHaKO HCXOAUTb HEMOCPEACTBEHHO M3 STHX ypaBHEHufl
Heyao6no. [TosTomy samenum 3x u Oy HOpPMaAbHBIM H TaH-
rengHaAbHHM cmeigeHusamu Op u ds (puc. 14).

Ilyctr @ —mnakAoH Hapy:xHO# HOpMaAM BapHagHOHHOH

kpuso#t x ocu x. Toraa
8x =23p cos ® — dssin @,

dy =3 sin® +3scos D. (v.50)

VYmuo:kaem nepsBoe u3 ZAudpepeHIHAAbHHX ypaBHeHui
(V.49) na cos® u Bropoe Ha sin® u cxrazuiBaem; a sareMm
ymuoxaeM nepsoe us ypapuenudt (V.49) Ha sin® u BTOpOE
Ha cos® u BoiuuraeM. Iloayuum

2 . 23 3

cos¢%+sm@%—2m l:cos(I) %—
——sin@——‘?: :I+kcos ‘DB(%)+
~+ k sin ®3 (%) — 3m?® cos Pox =0,
. 2 2 . % V.51
—Slnq’%+cos@%+2m[sm®fﬁy—+ ( )
3 .

~+cos ‘D‘fi—:]-—k sin @8(’—";)+

.+ kcos P (r—"';) =+ 3m?sin ®dx =0.

Hs (V.50) umeem
3p=3xcos®+3ysin®, ds=—dxsin®+3dycosP. (V.52)

INosTomy

dip dox . ddy
T—cosmﬁ—ﬂ-SanT—'—
. dod
-+ (—3x sin @ + 3y cos D) -,
dds . o ddx ddy (V.53)
o =—sin @ 4-cos ® 5L —

— (x cos @ + By sin @) 22

ABa BHipakeHus B KBajZpaTHHX CKOGKaX, KOTOpHE BXO-
aar B ypastenus (V.51), moryr 6biTh samucaHH Tax:
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3 3. N ]
cosq)d_y_ sin q)dx =%, pd2
d= d= dz V. 54
<D—+ (I)_dax—dap 3s 92 (V.59
sin cosT g T T ¥ ar

Ecau M npoasuddepengupyem aTh Bhipaskenus, TO NOAy-
4MM NepByi0 rpyuny uaeHos B ypapmenuax (V.51).
€HAA MOPAAOK ypaBHEHHH, NMOAYUHM
d2%y _ d%p  dbs d®

d2x .
cos @ g +sin @ —- = —pp — - o —
d2o

—¥s 27 —(cos @ LL —sin @ LX) 22 —
— d%p

Bt o e Dl o

—sin® L2 pcos® L = L0 DP L (V.55)
+d¢ 3p d,+(smq’ —+

o0 D)Ly r

—as( o) +3p L.

TMoacrasasa (V. 55) B (V.51), noayuum ypasuenus
B Qopme

d:i;za 3 [ d‘b) :I o dls das ]
X(%+m)—3s ‘fif +kcos(I)o( )-—l—
+ksm(1’)8(—3) 3m?®cos Pox =0,

3 ‘d .56
[ (F) rom g |2 R X (V30
x(qu;+m)+op——ksm<D8( )—0—
+kcos®‘6( )+3m sin ®dx =0,

Hanumem Tenmepp uuTerpaa Hk06n
?=(E) (L) =Z+3me+C. (V.57)
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Bapbupys, moayaum

dx dbx dy ddy k 2
e F—d-;-._——rTBr+3mx8x. (V.58)

Bapuagus 3C=0, rax kax mm 6yseM npesmoAaraTn,
uro nocroanHas C' UMeeT AAS CMexHBIX OPGHT TO e sHaue-
HHe, 4TO H AAA HCxozHO# BapuayguoHHO# KpuBoOH.

Tenepn

% = —gsin (D, % —=QYCcos CI), (V. 59)
3 ) [
NPT T
—sin‘II'if;—s —sin(fDBpﬂ .
T dz (V 60)
%:sin‘l’i{}‘:1 -—b‘ssind)-%—l—
]
+cosq’% +cos¢3p% .
[loaTomy
dx ddx dy ddy __ dds dd
FE e = (T E)
Hrak,
3 o
— kr; =— %(x8x+y8y)=—i—’;(0pcos@—
— 3 sin ©) —£Z @p sin ® + 85 cos D) =
=—-% [8p (x cos® + y sin D)+
-+ 3s (—x sin @ + y cos D)}. (V.61)

Toraa, ocraBaas uaen 3m?xdx B ero nepsonauarbHOM
¢dopme, MOAyIHM Bapuapuio uHTerpaia flko6u B dopme

dd do k .
v(d—:+8p?)=—ﬁ [3p (x cos © + y sin ) +

—+ 8s (—x sin ® + y cos V)] + Im3xdx. (V.62)

[Mpexxae uemM MB CMoXeM pewluTh AUd@depeHUHAAbHBIE
ypasieunsn (V.56) aas 3p u 3s, He0o6X0AMMO BLIDa3HTD BCe
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OCTaAbHHE MepeMEHHbIE, BXOAAIHUE B BTH ypanneunn, uepes T
¢ MoMOWbIO ypaBHeHuH, noAydeHnmx B § 1, pasaea 3.

2. Nlpeo6pasosanme ypasmenmit (V. 56) Hama sazaua
BAKAIOYAETCS Temepb B TOM, YTo6m mnpeo6pasoBaTh Audde-
pengnaabupie ypaBHeHusa (V.56) Ttakum o6pasoM, uTO6H
TyAa BXOJZHWAM TOAbKO nepemenHnie 0p, Os u t. Toraa mu
CMO€M pEIMTb STH YpPABHEHHWA OTHOCUTEAbHO Op H Os
B ¢ynxguu <. Mmeem

ror = x3x + ydy =(x cos ® + y sin ) 3p +
+ (—x sin ® + y cos D) Js,
NOBTOMY

cos‘DB( >+s1n<138( ) ;ls—(chos€D+

—+ 8y sin ® —F(xcos(D+ysinCD)r8r=

3 3 .
=r—§—r—5 (x%cos® @ + y?sin®> D +

—+ 2xy sin @ cos P) 3p + (—x2sin D cos O +
-+ xy cos® ® — xy sin® @ + y? sin © cos P) 3s] =

——73,; { (x2+y2)+——(x2—y )cos 2D+

+xgsin 2(1’} ° +{— - (x*— %) 5in 20 +
+xycos2®}as]=5_’;[_%_%x2;yz %
X COSQ‘D-——_Sm2q)]__363 x

X [— cos2d — 1 x2 — y2 sm2¢):| (V.63)

Amnaroruuno
—sin @3( )+cos@o( )=

=-rl? (—8x sin @ + 3y cos ‘D)- = (—xsin®+y cos ¥) rdr=

=,-T__‘[(—x sin @ cos ® — xy sin> @ + xy cos®* D +
-+ y?sin @ cos D) dp + (x%sin® @ + y?cos? @ —

— 2xy sin @ cos ) 3s] =
— 229 —



=% — 3 [ 3 =2 — 59 5in 20 + xy cos 20} 3p+
+{-§(x +y2)—l(xz—yz)0052¢—xysin2@} ]

2 —
=-—-?’f—§’ xy 1x yzsm2¢)]+
2 — y2
%[_%_'_gx ) cos2®+——sm2@] (V.64)

Unenn 3m%x S22
meftmem (cTp. 235)

Creayiomuli mar Gyzer 3aKAIOHaTHCA B MOACTAHOBKE
B Auddepenguarpunie ypaprenus (V. 56) snauenust x, y u @,
KOTOpHE COOTBETCTBYIOT HeBo3MymlenHo#i op6ure. Jas mpo-
cTOTH onycTuM AuHeBHmH MHOMuTerp @, On moxer 6HTH
A€rKO BOCCTaHOBAEH B CAyuae Hajo6HOCTH.

Us ypasnenutt (V.41) u (V.42) nam ussectno, urto

CI)n (V.56) 6yayr paccmoTpenn B zaAb-

e 19 5 3 S
x-cos»(l——Tgm)+ﬁm cos 1=

3 .
T (l—mg—Tmzsm"’T).

::sm':( 2) —lg's—m'sm3"=
—s (1+m -+ — i m‘cos“‘)
Toraa
-%E—=-—sint(l—%m‘z+—%m2cosgt)=

—..:—sin':(l +—;-m2—%m2sin2':),

(V. 65)
A ost(l 4L m®—2 msintc) =
7 =08 ) 7 m’sin’t)=

=cos" (1 —%m2+-2—m2cos2‘=).

OTKyAa
a__(de\®  (dy\ oo 29 eginte) 4
v (F) +(d_1:) = sin 1(1+m 7 m’sin ‘t) .
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9
+cosz't(l —m’+fmgcosz‘t =1—m?cos2t+

+%m2cos2¢.=1 +%m2c032'c=1 +%m2—

——7m2sin2‘==l—~—;—m2+7mzcosz't. (V. 66)
Toraa .
1 _ 1 o 2 e, __ 7 o
;-—1+4m 5 m*cos t—l—Tm +
T o.:9 7 o
~+zm?sin®t=1—F m®cos 2. (V.67)
Tenepn
. 1d 1d
Sln@:—;-d—‘:, cos@:;-d—f,
MOBTOMY

1 )

. . 9
J— 2 2
sm(IJ_...sm‘t(l ym —gm

. 7

smz'c—Tmz—i—
7 2 . 2 - 5 z

-+ msin*t)=sint l—zm —+

+ % m?sin? ':) —sin 4:(1 —% m? cos® ‘t),

(V.68)

—

cos@=cos1(1 —_—— 2+7i—m2cosz‘t+%m2——

|

T 2 eodt]=— 5 9
— 5 m>cos ‘t)—cos1(1+ Tm—

- -i—mz cos’ 1)=cos‘= (1 +% m’sinz't),

sin 20 = sin 21(1 — 3 m?cos 21),
(V. 69)

cos 20 =cos 2t + %m‘z sin® 21,
cos@-g)-z cosT (1 —--Z—m’+le45-m2sin” “),

do . 5, 15 , .\ V.70
sm@dT=—s1nt 1+T — < m*cos’ ).

Bossoas B KBajpar ¥ cymMMHpYs, MOAydYHM

(dtb 15

2
T) =cosz‘t(1 —_— —;-m’ +T 2311121)_..



+sin"t(l+% 2__121m2c0521)=1—-g-m2c052‘t,
OTKyJAa
dd 5
2= =1— g m’cos2=. (V. 70%)

Audppepengupys onatb, OOAyUUM

e = -% m?sin 2r. (V.71)

d2

Tenepp Mm Moxxem npeo6pasosaTb JAudepeHIHAAbHbIE
ypastenus (V.56) Tak, 4TO6H B HOBbIE ypaBHEHHA BXOJMAH
TOAbKO nepemenHne Op; 8 u <. Ypasenusa (V.56) mpunu-
MaOT BHA

4%p op [(%?)2 ~+2m a0

dz2 dz
dis [ d® d2®
—2"31—(71'1—-'-”1)—38———-‘112 =
2
=¥'-Id—z%-+8pl--—l+%m2cos2:—-2m:|—
—2 'ii' (1+m—%m2cos2t)—

—3 m?sin 213s,

2
d2%s dod \2 do (V' 72)
71—2—38[(—4;‘) +2m T |+
dd do d2e d23s
+2 df (—d‘r+ m)+8p dz . de

+83[—1+%m’cos2‘t—2m]+

)
—‘{iT”(l—l—m ———Z—m"cos?t)+

-+ -g— m?sin 2t3p,

Tenepp Mb JOAXHH 3aMEHHTb OTAEAbHBIE UAEHH, BKAIO-
qaiolgue X 4 Yy, B suipaxenuax (V.62), (V.63), (V.64)
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; 3 .
x°08¢+ySln‘I)=cos2't(1 — m*—m®sin® T +

+%m2sin2':)+sin2't(l+m2+
+% m’cosz't—-%mzcosz't)=
=1—m?cos 2r,

—_—X sin(I7+ycos(I)=—-sintcos‘t(l—m’—
—%m"sin2‘c—-7§-m’cos2t)+
+sin‘tcos‘t(1 +m"+7“:'-m2cos2'-
+%m2 sin® t)=2m2 sin 2r,

P=x*4+y*=1—2m?cos 2r,
xXX—yt= coszt(l —2m? —% m? sin® 't)—
—sin"t:(l +2m2+%m2cos"t)=
=cos2t—2m®— %mz sin? 2t,
xy=%~sin 21(1 -+ %—m’ cos 2’:).
(x> — y?) cos 20 = cos® 2t — 2m® cos 2t —

— % m?sin® 2t cos 2t +

+-;i—m’sin’2tcos?'t=

=cos2t (cos 2% —2m? -
1l 5.9

-+ 5 m*sin 2‘:),

(x% — y?) sin 2@ =sin 2t (cos 2t — 2m® —

—»% m? sin® 27 — % m? cos® 2«:) =

=Sin2‘t(cos2'»—l4—lm’——
1 o o
— 5 m"cos 2‘:).
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xy cos 20 = % sin 2< (cos M+ % m?sin? 2t +
3 .
+7 m? cos® 2‘:) = —;- sin 2‘t<cos 2+

T o ynteod®) (V. 76)
1 .
7

xy sin 20 = = sin® 2t( 1 — 3 mPeos 24

4

+% m? cos 2t )=
/

= % sin® 2t (1 — % m® cos 21).
[ToaTomy
% (x> — y®) cos 20 + xy sin 20 = %— cos? 2t — m®cos 2t +

+%mzsin22‘tcos2't+ ; sin’ 2':—-1—m2s1n22'tcos?‘t—

= %(1 — 2m? cos 2‘\:) = % re. (V. 77)
Taxum o6pasom,
_;.xgxz—yg cos 2@ = 3 sm2‘D—
=—-;—i;;’-=—2 uam +1, (V.78)

910 KOPPPUUUEHTH npH i—g B Bupaxenun (V.63) srs

cos B () +sin 03 (%)

U npH f—; B Boipaxenun (V.64) zas

—sin (IJB( )+cos‘1>8( )
AJaree umeem

—%(xz—yz) sin 20 4+ xy cos 20 =
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1. 11 1
= —5sin 2‘:(cos 2t — vy m®— 5 m?cos® 21) +

+% sin 21((:0521 +-Z—m" —-%m’cos’%):

= 2m?sin 21, (V.79)

Tak kak ¢ TOYHOCTHIO 40 UAEHOB HyAeBOro mNOpAAKa
r’*=1, noayuum

3(% cos 20 — %xz ; ¥ sin 2@)= 6m®sin 2. (V. 80)

Ao KoaPPuUUEHT NpH — -f% B
~+cos P (7';—) —+ sin ®3 (%)

3
U KODPPHUIHEHT npH ——rf,’— B

—sin ®3 (—r%) ~+cos 3 (r—"{,)
Orcloaa umeem
cos O3(3) +sin @3 §)=—22 — 5% 35 in 20 =
= —28p (1 -+ 3m® cos 2t) — 6m® s sin 2:— sin B3 )+
~+ cos ‘I)B(ris) =—-% 6m® sin 2t +%=

= —6m?3p sin 2t + 3s (1 + 3m? cos 2%). (V.81)

OTu ABa BhpaMseHus yMHOMAOTCA Ha kK B AU PepeHgHaAb-
Hux ypasuenusx (V.56). Jpyrue urenn, koTopne BX0AAT
B AudpdepeHguarbHne ypaBHenda: —3mPcos®dx wu
+3m? sin Odx.

Orpanuunnaacb YA€HAMH BTOPOro MnOopsaAka,

3m?3x cos ® =3m®(3p cost — s sint) cost= )
= —:;- m?p (1 + cos 2t) — % m®s sin 2, g
(V.82)

3m?® 8x sin ® =3m? (8p cos T — s sin t) sint =

= % m?3p sin 2t — % ms (1 — cos2).
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Tar kax

k=1+2m+%m2,

HMEeM

kcos‘l’&( )+ksm¢'8( ) 3m?dx cos® =
=—23p(1+3m2cos2':+2m+%m2)——6m238sin2‘t—
—%meﬁp(l+cos2t)+%m28ssin2':=

=—23P[1+2m 4+ m2+—12m20052't]—

1 4

— 2 ms sin 2, (V. 83)
—ksinfDB(r )+kcos®8( )+3m28xsm(b_
= —6m?3p sin 2't+'6s(1 +2m+%m2cos 2‘:) +

3 . 3 3
~+ 5 m*p s1n2':—8s(7 m® —7m’cos2't)=

=— % m®3p sin 2t +3s (1 +2m+ -% m? cos 21)- (V.84)

[TosTomy mepsoe ypasuenue (V.56) mnpeoGpasyercs B

221 tm— ]

—2 '?’ (1+m—%m%os?’t)———m’ﬁssm?‘c—
—2p[14+-2m+ g m* + 3 mtcos 25 | —
_%m28s sin2t=20 (V.85)
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UAH
%2:—2’1—-8]1[3+ 6m+—g—m2+5m”cos2':J—

_2%1—'(1+m— -Z—m’cosQT)—7m23$Sin2"=0' (V.86)

970 mepsoe us ypasuenu#t (V.56) nocae npeobpasosanms.
Bropoe ypasnenue (V.56) npeobpasyercs Tak:

23, 5
%+8s(—1——2m+-2—m2cos2t)+

+2‘:1Lf(1 “+m —%m200521)+% m?®p sin 2t —

—-g— m*p sin 2t + 33(1 “+2m +% m? cos 2:) =0. (V.87)

[TosTomy

{:j; +7m288cos27+2-°%’-(1+m -—%m%os?‘t)—

—2m?3psin 2t =0. (V.88)

dro BTOpOoe ypaBHenue mocie mnpeobpasoBanusa. HMurerpaa

fAxo6u (cm. (V.62)) zaer

db d® 3m2xd k .
d_:+3p_clT=_"‘x_"L__[8p(xcos@+ys1n<I))+

~+3s (—xsin ® + y cos (I))J =3m® cosT(3p cos T — s sin 1) —

——(1 +2m+-—;m2—%m’cos?x+3m’cos?’c) X

X {8p (1 — m? cos 2t) + 2m? 3s sin 21] =

= ?%%p(l +00521!)———3-';—23$Sin2't—3p (1+2m+
+%m“+%mzcos2‘t—m2cos2':)—2m28ssin2t=
=—3p(1 +2m—% m? cos 21)——;-m“‘83 sin 2r. (V. 89)
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do
IMoacraBasa ars —— ero aHauenue (V. 70*), noayuum

B
dt

=—8P(1+ 2m —%mzcos%)-—
——-Bp(l ——%mzcos%)—-——;— 23s sin 2t =
=—3P(2+2m——52-m2cos21)——

— —;— m?®s sin 2=,

2 %:—43P(1+m———}mgcos2t)——

— 7m%s sin 2r, e (V.90)
2 a::s (1+m ——-z-m cos2')—

= —43p (1 +2m-+m?— %?n%os?t) —

— 7m?3s sin 2=,
2 'f;s (1+m—%m cos?’t)+7m 0s sin2t —

= —43p (1 +2m+m?— % m®cos 21).

[Mocaesnee Bmipaxenne ua (V.90) moxer 6mTbp HCHOADL-
8
30BaHO AAa HMckalouenHa —=— us (V. 86). IMoacraBass, mo-

AyuHM
%_‘_3,,[_3_6"1——g—m2—5mzcos21+4+
—+8m +4m®* —10m®cos 2t:| =0 (v.91)
HAH
‘3252” +op[1+2m——; m*—15m® cos2‘=_l—0
%:—QBp (1 +m —%m cos 2«:)—% m™s sin 2. -2

Ecau npoaunddepengupyem Bropoe ypasaenue (V.92),
KOTOpOe, KAK MH NOMHHM, GBIAO BHIBEJEHO M3 MHTerpaia
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flko6u u nosToMy BKAOUAaeT Hauie BTOpoe ZHPPEepPEHUHAADb-
noe ypasnenue (V.88), moayunm

d2b N 7 . dd
<+ Tm®s cos 2t +  m*sin 2t <+

+2(1 +m———g-mzcosQ‘t)—-?Tp+5m23psin2-=
dbs
H, HCKAKOYAS ——

d23s
d+2

—+ Tm®s cos 21 — Tm™p sin 21+

+2(1+m_——%mecos2‘t)-%+5m26psin2‘t=0 (V.93)

BAH

d2ts
dr?

+7m263cos2t+2(1+m——751-m2cos2‘:)‘i+f—

—2m?8p sin 21 =0, (V.94)

9To u ecTb, KAK M MOXHO 6BHIAO OMAATD, Halle BTOPOE
AuddepesHaAbHOE ypaBHeHHe, KOTOpoe 6HAO Haitzeno
soie (cm. (V.88)). Ilostomy mm moxem orpanmunTbes
B AaAbHeltuieM TOAbko ypaBaenusmu (V.92).

3. Ypasuenme Xmara. Juddepenguarvnoe ypasHenue
AAs Op NpMHAZAEKHMT K THNY ZAupdepeHHaAbHbIX ypaBHe-
Huil, umeromux 60AbIlIOE 3HAUEHHE B MaTeMaTHUECKOH (PUBHKe.
Mo:Ho samucatb ®T0 ypaBHEHHE B dopMme

%+(qo+2qlcos2t+2qgcos 4+ ... )x=0, (V.95
ra€ Gy 91 9o .. — NOCTOSHHBIE, 32aBUCAIIME OT BO3PACTAIO-
igux creneHed marolf Beanunnm m. Ypasuenue (V.95) nasu-
Baercs ypasHeHueM Xuara. Tpebyercs HafiTu Takoe pemenue
3TOro ypaBHEHMA, YTO6B X OCTABAAOCH MAABIM ZAA BCEX BHA-
venutt . [IpuMenumM Ars pelueHus meToaz MOCA€A0BaTEABHBIX
npubanzenuli.

ITpenebperas ¢;, ¢y, ..., HOAyuHM, KaK mepBOe MPHOAH-

senue, _
x=Acos(tVg,+¢) (V.96)
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[loscraBass ®To 3HaueHHE AAA X B YAEH, KOTOpH
yMHOXc8€TCA Ha ¢, u npeHebperas ¢,, ¢; ..., TOAYYHM

% ~+ gox +2Aq, cos 2t cos (¢ v'¢70 +¢) (V.97)

2+ gox + Ag {cos [t (Vg +2) 4] +
+cos [#(Vg,—2) —e]) =0. (V. 98)

Pemas sto ypasnenue o6musniMu cnocobamu, NOAyuHM
BTOpO€E IpUbGAUKEHHE

x=A {cos[t\/;];+s]+

g, cos [t (\/q_0+2)+e]_qlcos [t \/q_o—2)+e]
4(Vgo+1) 4(Vgo—1)

Onsarp HMCIIOAb3YA B3TO pelleHHe, NOAYYHUM JAuHddpepen-
MaAbDHOE YypaBHEHHE

} . (V.99)

%+qox+Aq1 {cos[t (Vg +2)+¢]+
+cos[t(\/¢—7;—2)—e]} —+
+Z(V%—:l+_1) {cos[t (Vg +4) 4]+
Aqg;

4(Vgo—1)

X {cos (t Vg, +¢)+cos [t (Vg, —4) +=]} +

+ Aq, {cos [t (Vg,+4) +e]+

+cos [t (Vg,—4)+¢]} =0. (V.100)

10 ypaBHenue pxAiouaeT urensl Buia B cos(t \/qo-i-e);
NOBTOMY NMOCA€ MHTErpupOBAHHA B pELIEHUH NMOABATCA YACHH
BUHAA

+cos(t\/%+s)]— X

Ctsin (¢ \/‘To"‘ e).

Ho aTu uaenn y:e He ABAAIOTCA MAABIMH NMPH BOBpacTa-
Huu .

Byaem nostomy uckarp peumenue B gzpyro#t ¢popme. [Ipea-
MOAO:EHHE, H& KOTOpOM 6asHMpOBaAHCh NOCA€AOBATEAbHBIE
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NpuGAUKEHHS, COCTOAAO B TOM, 4TO [IEPHOJ TAABHOTO UYAEHA X
BaBHCEA TOABKO OT ¢, U HE B3aBUCEA OT G, ¢y --- [lo-
AIBAGHHE BEKOBHX WYACHOB 3aCTABASET HAC MNEPECMOTPETD
9TO NpeANOAOXEeHHE H NPHHATb 3a NepBoe MpubAueHue

x=Acos(ct Vg, +¢), (V.101)

rae ¢ npubAMBUTEAbHO paBHO ejuHuLe U GyJjeT omnpejereHO
TakuM o6GpasoM, 4TO6H, €CAH 3TO BO3MOHO, H30exaTb MO-
sBAeHus Bexophx uAenoB. (Oguako ysgobnee HanucaTh mep-
Boe NpuOGAuzkeHHEe B (popMme

x=A cos(ct +¢), (V.102)
rae ¢ npuOGAHSHTEABHO paBHO \/6,-)
IloacTaBasin ®TO 3HaueHHE JAS X B YAEH, BKAKOYAIO-
wmult q;, MoAyuum

P+ qpx+ Ag, {cos[(c+2) t+2]+

+cos[(c—2)t+¢]} =0. (V.103)
Bropoe npubaukesue umeer BuZ
x=A°°S(°t+5)'+(c+—§)?_—%cos[(c+2) t+e]+
Aq
-+ (c_—2—)—21—_q(, cos[(c —2) ¢ -+¢]. (V.104)

[lepexoasn k caesyomemy npuGAMKEHHIO C dTHM 3Hade-
HHEM X, TIOAYYHM

jﬂ + gox + Aq, {cos[(c +2) t +¢]+

Aq1
(c+2)2—gq,
X {cos[(c + 4) ¢ + €]+ cos(ct + &)} +
¢
(c—_T)z—' {cos(ct +¢)+

“+cos[(c—2)t+¢]} +

“+cosf(c—4)t+¢]} +
—+ Agq, {cos[(c +4)t+<]+
~+cos[(c—4)t+¢]} =0. (V. 105)
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Mu mo:xem Tenepp mepe#iTH ¥ JaAbHeHimum npubamse-
suaM. Uaen Buja cos(cf—+¢) BpisbiBaeT mosBAEHHE B peiue-
Huu uresoB BHia cos[(c=2)f—+c¢] u cos[(c==4)f-+¢],
a uaeHsl Buja cos[(cx=2)¢+¢] » cos[(c+4)t+5] BHIZO-
BYT HOABAEHHE B PELIEHHH HOBHIX YAEHOB BHJAa cos(cf -+ ¢),
T. €. YAGHOB TOYHO TaKoH ke POpMBI, KAK HAUAABHHH Npu-
HATHH HaMu HAeH.

[losToMy, 9TO6H HOAYUYMTb OKOHUATEAbHHH PpE3yAbTAT,
npoiie BCEro MPAMO HAYaThb C NPEANOAOKEHHSA, YTO pElIeHHe
uMeeT gopMy psda, coiep:iamero urenn suga (V.104).

PasAuunbie aBTOpPH HAIIAM YAOGHBIM BBEJEHHE BMECTO
TPHFOHOMETPUUECKHX dKCNOHeHuuaAbHuIX (ynkpuit. Cresys
HX npHMepy, O6yjeM moaToMy mnucaTb JuddepeHyuarbHOE
ypasuenune (V. 95) B gopme

t,+xS‘q, E¥T—, (V. 106)

rae q_;=—q; n MCKaTb peuiense B (opme
-+ —
x= X AECHINT, (V.107)

rae koadduuuent A u BeAuuuHa ¢ 6yayT onpesereHH npu-
paBHUBaHMEM KO3(QQHUUEHTOB MNpPH OAHWHAKOBHX CTele~

nax E'V, [Moacrasasn soipazenue (V.107) ara x B aud-
depenguanpHoe ypassenue (V.106), moryuum

— -._Zm (c +2 J)z Aj E(c+2j)l ) + +2°° Aj E(c+2j)t v—1 X
+-m L —
X 2 qiEz'”—l =0. (V. 108)

ﬂpupammnax HYAI0O KOS((QHUIHEHT npH E(c+2j)u/—1’

—(+2)pA;+A,9,+vA; 1.+ Ay o9, +A;_gq5+
+ A g+ Apg o+ Apg g+ ... =0. (V. 109)
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noa'romy MOCA€A0BAaTEABHOCTD ypaBHéHHﬁ TaKkoBa:

® O o & o & & & e e s s s s s e s e o

+q_,A +q_A,+...=0,
A+ gy —(c— 2 A, +qg_ A+
+q_ A +qg A+ ... =0,

A GA L+ q A g — ) Ay g A, +
+qg_A,+ ... =0,
co A+ A+ q A, +[g,— (e +2))] X

X Al—l—q_lAz—l— coo=0,
o gA A+ A+ q A+
+[g,—(c+4%4,+ ... =0,

ooooooooooooooooooo

(V. 110

OueBuano, utTo MB nOAydHAH GeckOHeuHsi# onpeseAuTeAb

AAA HaxoxAeHHSA C. ECAM BOSbMEM TOABKO TpPH KOAOHKH H
TPH CTOAGIAa B BTOM ONpeAeAMTEAE, TO

[go—(c "‘:2)2] [g0—*) [go—(c +2)*] — qi qu —(c—2)% —
— qi[go— (c +2)*] — g3 (gy— c*) +2¢ig, =0 (V.111)

HAH

[(go—c*—4)* —16¢*] [gy — "] —

—2¢%(q,— 2 —4) — g3 (90— ) + 293¢, =0. (V.112)

Ecau or6pocum (g,— c?)? xoropoe maro, TO
[—8(g,—¢*) +16+16 (g, — ¢*) — 16g,] X
X [g0—¢*] — (g0 —¢*) [291 + ¢3] + 8¢ +
+ 241, =0,

8 (g, — %)+ (g, —¢*) (16 — 169, — 297 — ¢3) +

-+ 8¢+ 2419, =0,
9 1 1
(90— +2(gy—¢?) (1—%—§(ﬁ-—1—6 q§)+

+¢ﬁ+%¢ﬁqz=0~
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CpaBHEHHIO ¢ eiuHuielf, umeeM kak rpyGoe npubauzkenue
(¢®—gqo)* +2(go— 1) (c* — g) =—4. (V.114)
OTKyAa
S —go=—(9—1)=V(g,— 1) —¢% (V.115)
t=1=xV(g—1} —q*

Tax xax c2=gq,, ecau ¢;=0, TO 6epeM TOAbKO MOAO-
JKHTEADHHY 3HAK M NMOAYYaeM OKOHYATEAbHO

ce=V1+V(g,— 1) —gq. (V.116)

JTo 3HaueHME AAA C YAWBHUTEABHO GAUBKO K TOYHOMY
SHAYEHHUIO.

4. Harerpuposanne ypapuensuii Aas 3p m 3s. Bepuemcs
Tenepb K TEOpHHM ABHxkeHHR JAyHB M pPacCMOTpHM peuleHHe
Hawero JAupdepenguarvuoro ypasHenus (V.92) azas 9Op.
IToroxum

3p=A_, cos[(c—2)t+e]+ A, cos(ct+¢)+
+ A, cosf(c+2)x+¢]. (V.117)

INoscrasans B (V.92), noryuaem

A, [:(l +2m — % m? —15m?cos 21:) —(c— 2)2] X

X cos [(c+2)c+e]+A0[(l+2m—% m? —
—15m®cos 2‘:) — cz] cos(ct+¢) +
+ A, [(1 +2m —% m*>—15m® cos 2‘:)—- (c+2)2] X
X cos[(c+2)t+e]==0. (V.118)

3arem npupaBHUBaeM HyAI0 KOB(@PHUIHEHTH IPH PaBAUY-
 Hbx kocunycax. Ilepsu#t kocumyc cos(cf+¢) zaer

—-12—5m2A_1 +A°(1 +2m——-;— m’—cg)——

—Sma,=o0, (V.119)



BTopo#t kocuuyc cos([(c —2)t-+¢]
A, [1+2m — s mt—(c—2) |—2 m?4,=0, (V.120)

tpetuti kocunyc cos[(c+2) t4-¢]
—Dmea, + 41 +2m— 1 m?— (c+2 |=0. (V.121)
Ecan or6pocum urennt ¢ m?, ypasnenue (V.119) zaer

=1~ 2m, (V.122)
OTKy Al
c=1+m, c—2=—01—m), c+2=3+m. (V.123)

Ypasuenua (V.120)—(V.121) croaarca x caeaymomum:
2mA_,=0, A,(—8+2m)=0, (V.124)

OTCI04a CAeayeT, uTo mpu A_, no kpaHnei Mepe mopsazxa m
u A,—no xpaituei Mepe nopszka m> Tak xax Mm npe-
He6peraem crenenamu Bnme m? To ypapuenue (V.129)
CBOAMTCA K

Ay(1+2m—3 m* —c*) =0, (V.125)
Taxk 49TO
P=1+2m— 1 m® (V. 126)
HAH
J— 1 3 2
c=l1l-+m— —4- m?,
oTcla

(0—2)2=(1—— m+% m2>2=1—2m+%m2,

, 1 (V.127)
14+2m— 5 m*—(c —2)*=4m — 3m’.
[lostomy ypasmenue (V.120) npunumaer Bua
AL, (4m—3m) =2 m24,. (V.128)
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Tax xax A_, nopaaxa m, To uren — 3m?A_, nopsaska m?
nosToMy moxer 6uitp or6poumen. Orcosa

amA_, =2 m4, (V.129)

HAH
15
A—l = ? Aoo

Taxum o6pasom mm MoxeM moAyuuts A_, TOAbKO ¢ TOU-
HOCTDIO 0 UA€HOB mepBoro mopsaka. Ypasuenue (V.121)
MPUHHMAET BHJ

—ZmA,+A,[1—9]=0 (V.130)

HAH

A=— 2 mA, (V.131)

Kax mMbi yxe Buseau, MoxHo moayuutb A_, TOABKO
C TOYHOCTDIO A0 UAEHOB NIEPBOro Mnopsaka; nosromMy Gec-
MOAE3HO COXPAHATb YAEHH GoAee BHCOKOro mopsika B A,.
Hrak, Hawe peureHue OKOHYATEABHO HMEET BHA

A_ = 182 mA,, A,=0,

oTCI0Aa
p=A4A, {cos (ct +¢)+2 mcos[(c — 2+ s]} . (V.132)
MSMCHHM HECKOABKO Halld o0003HaueHHA. OGOBH&'!HM
Ay=—ase. Toraa
Op = —a,e cos (ct +¢) — 185 mage cos[(c —2)t-+e¢], (V.133)
rae

c=1+m-—%m2.

XHAA Hamea AA C caegywoliee HHCAOBOE peLICHHE:

c¢=1.07158 32774 16012,

KOTOpO€ COOTBETCTBYET MPpUHATOMY 3HAYEHHIO TmapaMeTpa m
m==0.08084 89338 0813.
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[TepexoauM K MHTErpHPOBaHHIO BTOPOTO ypaBHEHUA
(V.92). C rounoctbio 40 mepBBIX cTeneHe#d MAABIX BEAMYUH
OHO UMEEeT BUJ

%:—2(1+m) op =2(1 + m) a,e cos (ct +¢) +
+ 1 mage cosllc—2) s+ <], (V.134)

Wurerpupys u sameuwas, uro c¢=1-+m, Ttak uro
¢— 2= —(1—m), noayuum

os = 2a,e sin (ct +¢) — % mage sin[(c—2)t+¢]. (V.135)

[loraraeM nOCTOAHHYI0O HHTErpHPOBAaHHA DABHOH HYAIO,
rak kak npu e—0 ABu<eHHEe NPOUCXOAUT IO BADHAUMOH-
Ho#t kpuBoii. _

Uro6n noHATb QusMdeckuil CMBICA Halllero pesyAbTaTa,
paccMotpum peiuenue npu m =0, T. e. cayua#h korsa ort-
CYTCTBYIOT COAHEUHbi€ BO3SMYyIeHHs. lorja

dp=—aecos(ct+¢), ds=2apesin(ct+c¢). (V.136)
Ha wesosmymenuoti opbure x=—ga,cosT, y=a,sinT, Tak

yro P=1 ¢
dx =3p cos P —3s sin D,

3y = 8p sin @ +3s cos @, (V.137)
3x = —-aye cos (¢t + ¢) cos T — 2a, e sin (¢t +- €) sin %, V.138
dy = —aye cos (ct + ) sin T + 2a4e sin (cT +¢) cos ~. (V.138)

INoaTomy, noraras X=x+3%x, Y=y+3y, X=Rcosg,
Y= R sin g, noayuum
X=ay[cost—ecos(ct+¢)cost—
— 2esin (ct +¢)sin 1],
Y=a,[sint—ecos(ct + ¢)sint+
~+ 2e sin (¢t +¢€) cos t.

(V. 139)

[NosTomy
R*=a%[1— 2e cos(ct +¢)]
HAM

agy —
1+ecos(ct—¢)

R=a,[1 —ecos(ct+¢)]=
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a(l—e?) _ a

T 1l4+ecosv = 14+ecosM "’ (V.140)
Jdaree umeem
cos ¢ = cos T — 2e sin (ct +¢)sin T,
sin ¢ =sin T+ 2esin (¢t +¢) cos T,
[HOITOMY
sin (¢ — t) = 2e sin (¢t +¢),
4TO A4eT
g=r=-+2esin(ct+¢). (V.141)

Ypasnenus (V.140) aaa R u (V.141) azra ¢ umeior
B NepBOM NpHOGAUKEHHH TAaKyl0 :Ke (OpPMy, KaK pajHyc-
BEKTOP H MCTHHHAad AOATOTA B HEBOSMYLIEHHOM SAAHNTHYE-
CKOM ABH:KeHMH. TakuM 06pasoM, BHAHM, 49TO €CAH npe-
Hefpeub COAHEYHHIMH BO3MYyIIeHHAMH, Noraraa m=0, 10 e
MO#seT GBITh OTO2A€CTBACHO C DKCLIEHTPHCHTETOM H CT 4 & —
co cpeaHei aHomaameif.

Bosppamasch x HallemMy pelienuio ¥ Onyckas ONATb AAs
MPOCTOTH MHOKUTEAb @), morydum u3 (V.133) u (V.13))

dp = ——%smecos[(c—2)'c+e]——ecos(cr+e),

= — %5- me sin [(¢ — 2) © + &] + 2esin(ct -+¢). (V.142)

Tar xak cosP==cosT u sin@®=sinT ¢ TOUYHOCTDBIO AO
NepBHX NMOPAZKOB MAAKX BEAHUHH M

dx =203 cos®—38sin®, dy—=3psin®+dscos?,
TO

dx = -—-lgsmecos[(c—2)'c+e]cos'c——
—ecos{ct+¢)cos T+
+171§me sin[(c—2) c+¢] sint—
—~12:sm (ct+¢)sinr, | V. 143)
8y = — g mecos[(c—2) t+e¢]sint—
—ecos(ct+¢)sinT—

—%Smesin[(c——2)t+e]cos'=+

-+ 2e sin (C‘t —+ e) cos <.
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IMycrp renepp X=x-+3x u Y=y +3dy, Toraa
=cos1[1+m2—%m’sin21—
—l—ssmecos{(c—2)t+e}—ecos(c't+e):|+
+sin'c[14—5mesin {c—2)t+¢} —

— 2esin (cm+e)] ,

3 e (V. 144)

Y=sin':[1+m’+Tm2cos21:—
——%’zmecos{(c——2)1:+s}—ecos(c‘c+e):|—

—cos‘t[%smesin {c—2)t+e}—

—2esin(c't+s):|.

Ara R*=X?+Y? uoryuum c To#i e cTemeHbIO TOU-
HOCTH

R”=cos’1[1— 2m’—%m2sin2':—
—-%5 me cos {(c — 2)t +¢) -—Qecos(ct+s;]+
+sin2't[1 +2m? +$;’-m2coszx——
—-%mecos ((c—2)'r+a}-—2ecos(c't+s):|+
-+ sin 2':[145mesin{(c— 2)t+¢} —2e sin(c‘c+e)]—

—sin2tc {_145 me sin {(c — 2)t + ¢} — 2e sin (¢t + e)]
HAR
R*=1 ——2mgcos2'c—%5mecos {(c—2)t+¢)—
—2e cos(ct+¢). (V. 145)

Orciosa, BOCCTAHABAMBAA MHOXKHTEAD @, KOTOpHH O6BA
ONMyImeH AAS KPATKOCTH,

R= aol:l——ecos(ct+e)—1§mecos{(c—2)‘=+e}—
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— m®cos 2'tJ .

(V. 146)

dT10 BHipaxieHHe JaeT HaM pajuyc-BekTop Aymbl.
Ocraerca uatitu goarory Aymm.

Ymuo:xan Bpipaxsenns Zaqa X u Y Ha —;—, T, €. Ha

1+ecos(ct+6)+!8§mecos[(c—2)1+e]+m2c082'!

H NOMHA, 4TO

m? cos 2t = m?® — 2m?sin® t = 2m? cos® * — m?,

MOAYYHM
cosq=cos‘t[1 —%mzsin"t]+
+sin':[%5mesin {c—2)t+e}—
—2esin(ct+s)] R
sin ¢ =sin~ [1 +1T1 m® cos® ':]—- (V.147)

——cost[l—gmesin {(c—2)t e} —

—-2esin(c-:+s)_} ,

OTKyAa
sin (q—'c)=%1m2sin 2‘:—%5mesin {c—2)t+e}+
-+ 2esin (ct+¢)

HAH C l'IpHHiITOﬁ CTElEeHbI0 TOYHOCTH

q=‘t+1—81 mzsin2‘=—-l4§mesin {c—2)c+e}+
~+ 2e sin (ct +-¢). (V. 148)
[Ipeo6pasyem Tenepp 8TH pesyAbTATH K OObuHHIM 060-
BHAUEHUAM.
Mycrs L u v—cpeanas u ucruHuas joarora Aymm,

L' —cpeauna zoarora Cornga. Torsga g —ucTursas Joa-
rotra Coanga oTHocHTeAbHO ABuxkymuxcs ocelf. Hmeem

v=g+L (V.149)
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HUrak,
c+L=(n—n)t+nt=1L,

t=L—L.
Mm BHAEAH, uTO CT-+€&—cpeaHas aHomarus AyHH,
uau L — =, mosromy

c—2)r+e=L—n—2(L—L)=—(L+~—2L).

(V. 150)

[MoscTaBaaa aTu snHauenus B Bupaxenus (V.146) sas
R u (V. 148) ar1 ¢, noryuum, 3ameuas, 970 @y=a (1 — -é— mg) )
R=a[1 —% m*—ecos(L—m)—

— 3 mecos(L— 2L -+ 1) — m?cos2(L — L) ],
(V. 151)

v=L~+2esin(L—r7)+

413 mesin(L — 2L + =) + 1—l-mgsinZ(L —L).
4 8

Ha npakrtuke o6pmuno TaGyAMpylOT He pasAoxeHue
CaMOro pajuyca-BeKTOpa, a CHHYC mnapaarakca AyHH p

sinp=£0 (V.152)

r

1
rae p,— 9KBAaTOPHaAbHMHA pajuyc 3eMmau, a T npuHATOH
HAMM CTelneHbI0O TOYHOCTH MMEET BHUJ

%:%I_l +—(15—m2+ecos(L—ﬂ)+

+ % me cos (L — 2L’ + )+ m* cos 2 (L — L')]. (V.153)

Caeayxolgne pAAbl JAaI0T NpPEACTABACHHE O BEAHYHHE
Hauboree 3HAYHTEADBHBIX BOBMYlgeHﬂﬁ B ABHXKCHHH AyHH!

v=L 4377 sin (L — ©)+ 76' sin(L — 2L’ + )+
+39sin2(L— L),
p =3422" + 187" cos (L — =)+ 34" cos (L —
— 2L +=)+28"cos 2(L—L').
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Urennt ¢ aprymentoM L — 7 HaswBaloTCA ypaBHeHWEM
gentpa. Yaenst ¢ aprymentom L —2L'+ 7 nmoayuuau Ha-
sBanue sBekpuu. HakoHey, uaenst ¢ aprymenrom 2(L— L)
HasHBAOTCsA Bapuapueil.

OTH uAeHH O6bHIAM HaljeHH BSMIHPUUECKH elle 38 40ATO
A0 CO3J4HHA TPABATANMOHHHIX Teopu#i ABMxenua AyHH.
Funnapx (II B. 40 H. 3.) orkpmA ypaBmenue yenrpa, llro-
aomelt (Il B. H. 8.)— sBexpuio u Tuxo Bpare (1546—1604)
okoro 1580 r. obmapywxur Bapuwaguio B aBmxenuu AyHbi.

5. Beeaenne Tpernelt xoopammaTsi. [loraras mo-mpex-
Hemy 2=0, paccMoTpuM AuPepeHIHaAbPHOE YypaBHEHHE

(V.23) anrs
d?2z  kz

F+r—3+mzz=0. (V. 155)
Hs (V. 40): Tkg' =14+2m-+ —g—mg; M U3 BTOPOro ypas-

uenus (V. 43): :—;3’: 14+ 3m?cos2t. Ilostomy ypasHenne

(V.155) moxuo samucarp Tax:

%+z(1 +2m+-§—m2+ 3m“cos21)=0- (V. 156)

Himeem onarp ypaBuenue Tuna Xuara. [Ipeanoroxum, uro

z2=B_,cos{(g—2)t+ L} +B,cos(gt+L{)+
+ B, cos{(g+2)=+C}. (V.157)

IMoacraBaas, moAyanm

B_l[—(g—2)2+l+2m+%m2+
+3m® cos 2t |cos[(g — 2) T+ (] +
+Bo[——g2+1+2m+% m?+
“+3m?cos 21:] cos(gz+0) +
+Bl[—(g+2)“‘+1+2m+%m’+
-+ 3m?®cos 2t:i cos[(g +2)*+C]=0.
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Kosgpuuuentns npu cos(gr+7C), cos[(g—2)=+7T),
cos [(g -+ 2) *+-C] zaoT cooTBeTcTBEHHO

7—sz_1+30 [—g2+ 1-4+2m +7m2] +% m?B, =0,
B[ ~g—2P+1+2m+5m |+ 3 m*B=0, (V.158)
% m’B,+ B, I:——(gr—!—2)2 +1+ 2m+% m2:] =0.

B nepsom mpubamsenuu or6pocum urenm ¢ m’ Toraa
nepBoe us ®THUX ypaBHenu# gact g=1+2m u g=1-+4m.
Tperbe ypaBHeHUE NOKa3HBaET, 4YTO OTHOLIEHHE B] Hmeer
nopagox m®. Ho muoxuTeAb m MoxeT 6HTb COKpameH BO
BTOPOM ypaBHEHHM, MOKAasHBasd, q'ro%— nopsaaka m. Ilo-

atoMy B, moxHo omycTuTb. Paccua'rpnaaﬂ ureHHM ¢ m°,
moAyduM Temepb u3 mepeoro ypassenua (V.1358)

g2=1+2m+%m2,

nosToMy
g=1+ m+%m2—%m2=l+m+%m2. (V.159)

Tpene6peras urenamu ¢ m?,

(e—2=(1—mpP=1—2m, (V. 160)
Bropoe ypasuenue (V.158) aaer
B—l = — _g‘ mBoo

Pewenue (V.157) npunumaer Buz
z=_RB, [cos(g‘t+C)— % m cos {(g‘—2)‘t+C}] . (V.161)

Hurepnperupyem 8To ypaBHeHHe reomeTpuuecku. Jas
3TOro OTGPOCHM COAHEUHHE BO3MYILEHHA, MOAYUHUM

z=DB,cos(gz+T). (V.162)

PacemoTpum  Tenepp ABusieHue AYHH B IIAOCKOCTH,
HakAOHeHHOH noA yraom [ k skamntuke. [lycre 2 osma-
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qaeT AOATOTY AyHHOrO ysia, L — cpeamiowo zoarory Aysm,
B — mupory Aynn. [Ipamoyroapusii cpepuueckui Tpeyroan-

aue NMQ aaer (puc. 15)
tg3=tgisin(L —Q),

nosTOMY
z=rtgB=rtgisin(L —2). (V.163)

Puc. 15. Ilpoexyus op6urmt Aysm na
HebGecnyio coepy.

Tak kak Mbl HMeeM JeAO TOABKO C MepPBHM NpHGAM:ke-
HUEM, MOXKEM IOAOMHTb 7==@, W TOAyYHM, CPaABHMBAA
(V.163) ¢ (V.162),

B,=a,tgi,

g1+C=L_Q_%.n_ (V.164)

Auddepesuupyss 3TO ypaBHeHHWe IO BPEMEHH, HAXOAUM

dQ
g(n_n,)=n—d—tv

OTKYy A4
1 d2Q gln—n') __ g _ 3

Takum o6pasoM, Mbi HalIAM, YTO y3€A AyHHOH op6uTH
HMeeT ofpaTHOe ABHMKEHHE.
Hmeem

gr4+t=L—Q—1m,
(¢§—2)1+i=L—Q—Frn—2(L—L)=
=—(L—2L'+Q)— 5~
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Ecau o6osnauum s=tg8, k=tg/, To moryuum oxomuua-

teabHo u3 (V.161)
s=ksin(L—8)+3 mksin(L—2L'+2). (V.166)

[locaeanutt uren B 9TOM ypaBHEHHH HOCHT Ha3BaHHE
8BEKUUH B IIHPOTE.

§ 3. CpaBnenne Teopum ¢ maGarogemmsMn

1. Ta6anps Bpayma. [Tpaxkruueckas pa6ora no mocrpo-
enuo Tabaug AyHb Ha ocHose merosa XuAra Gniaa HauaTa
B 1888 r. dpuecrom Bpaynom (1866—1938) mo mpearoxse-
Huio ero yunters u apyra Axopaxa Japsuna (1845—1912).

C 1901 no 1908 r. 8B Memoirs of the Royal Astrono-
mical Society cucremaTHueckn meuaTalOTCs OTAeAbHBIE
uacTH TeopeTHUeCKHX uccaejosanuit Bpayna, a ¢ 1913 no
1915 r. B Monthly Notices 6piau ony6iuxoBans MaTepuaan,
coAep:aBline AUCKYCCHIO ACTPOHOMHYECKHX MOCTOSAHHBIX, KO-
TOpHie NMpPeAMOAATAAOCh MOAOKHTb B oCHOBY Tabaug. MOyn-
AaMeHTaAbHblEe NOCTOAHHBIE 6a3sUpoBaAMCb TAaBHHIM 06pasom
Ha MepUAHaHHHX HaOAI0AeHUAX, CAeAaHHbX B | punuue.

CocraBrenne Tabaug 6bir0 Hauato B 1908 r., Hemea-
AEHHO NMOCA€ OKOHYAHUSA TEOPETHUECKOH 4YaCTH HCCAEJOBA-
Huf, u 3akoHueHo B 1918 r. B 1919 r. Bce Tpu TOMa Tab-
AML BHlIAM B c3eT, a B AcTponoMuueckom Exxerosnuke ma
1923 r. Buepsrie 6bira AzaHa sdemepuia AyHbl, OCHOBaHHAs
Ha Tab6augax Bpaywma. Ora spemepusa samenura sdemepuay
Ayun, BbiuucasBuyiocs ¢ 1862 r. mo Ta6aupgam [ansena
(c 1883 r.—c nonpaBkamu Hbiokoma).

Mui npuseseM AAs mpuMepa HEKOTOpHE UAGHHI Pa3AOKe-
HHA B MCTUHHOH Joarore AyHH, xak OHM A4HB B NEPBOM
tome Tabauyg Bpayma (ta6a. 38).

M3 raba. 38 BuiHO, 4TO COAHEUHDIE BOSMYILIEHHA B JOA-
rote Ayan cosep:xat 312 uaenos.

Anaroruunnif BHA HMEOT M TabAMUB, KOTOpblE COAEp-
»AT PABAOKEHHSA COAHEUHHX BO3MyileHu# B mupore AyHn
M B cHHyce napaaraxca Aymei,

sinp ==—%°— R (V.167)
rae d,— 9KBATODHAAbHEH pajuyc 3eMAu, a r — reoieHTpu-
ueckuil paguyc-Bextop Aynn. Beero B Tpex Tomax Tabauy
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Ta6avwpga 38

Coameunsie Bosuygienns B mcraEHol Zoarore Aymm

Tapamerpn v D A M n/n Houep tabauy
1 6| + 0127 1 33
4| + 13.902 2 33
2| —+ 2369.902 3 31
e 0 6| -+ 07023. 4 16
4| + 1.979 5 39
2| + 191.953 6 35
0| -+-22639.500 7 30
—2 | — 4586.426 8 32
—4 | — 38428 9 37
—6{ — 0393 10 16
—81| -- 0.004 11 16
e 1 6| — 0:004 12 1
41 —  0.289 13 1
2| — 2442 14 24
0| — 668.111 15 47
—2| — 165.145 16 23
—4 — 1.877 17 1
—6| — 0.024 18 1
a 0 s -« o004 | 19 33
3] + 0403 20 33
1| — 125.154 2] 33
7 0 4| — o085 | 49 17
2| — 5.741 50 44
0| — 411.608 51 40
-2 | — 55173 52 41
-4 + 0.025 53 17
t
e2yt 0 21 + 00001 —_ —
0| + 0.011 310 48




Ta6anga 38 (npogormenue)

TMapanerps { r F D A N n/m | Homep rabauy

eyt 2 0-—4 0 ~+07001

—2| Zo0.003 311 48, 49
“4|  o.001 — -
o5’ 5 1 0 0| —oona - _
~2| Zoloos 312 46, 47

5—1 0 0 +0.004 — -

eSe'y2 3 1 2 0 +07006 - -

ra6yauposano 1415 pasamunbix ureHoB u3 ofuero umcaa
1650, moayuennmx Bpaynom B ero uccaezosanusx.

K Ta6a. 38 Heo6x04uMO cAeraTh CAeAylOIHE MOACHEHHUS,
Tabyanposanubie BOSMyIIEHHA HMEIOT BHJ

Asin (il + 'l +kF + k'D). (V. 168)
[lepsuii crorbey ykasmpaeT, KakHe MaAble MapaMeTpH

e =0.054900489,
¢ =10.01675104,

1= sin 5 == 0.044886967,

a,= 2 MM _ 000251287
a m)

moy—+-

BxoaaT B koapdupuent A. Bropo# croabey cozep:ur ko-
op¢uyuentn i, i, k u k'. Tperu#t crorbey zaer uncaen-
Hble sHauenus koopdupuenta A. Uerpeprm#i croabey yka-
SHIBaeT MOPAAKOBHH HOMEpP AAHHOTO YAGHA M MATHH CTOA-
6ey JaeT CCHAKY Ha HOoMep TaGAHOH (MAH HOMEpa HECKOAD-
KHX Ta6AME), B KOTOpDHX TaGyAHpPOBaH COOTBETCTBYIOIHiA
uaeH pasaomenns. UAenn, He HMelOmIHe NOPAAKOBOTO HO-
Mepa, 6HAM NOAY9eHH IPH TEOPETHIECKOM HCCAEAOBAHHMH,
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HO B Tabaugs He BkAwuenn. Aprymentn I, Iy Fu D
B (V.168) umeoT caesyiomue sHaueHHs:

l=L—m=,
'=L—7,
F=L—2, (V.169)
D=L-L,

rae L u L' —reouentpuueckas cpegusas jJoarora AyHm u
Coanga, ® u = — goarora nepureaus Ayun u Coanpa,
Q — goarora ysaa Ayns. Ha yerpofictse camux Tabaug
Bpayna mMn He 6yaeM ocTaHaBAMBAaTbCH, TAK KAK B HACTOSA-
mee BpeMs C NOMOIbI0 OGHICTPOAEHCTBYIOIIUX SAEKTPOHHBIX
BHUHCAMTEAbHBHX MAIIWH KOODAMHATH JYHBH MOXKHO BEIYHC-
ATb HEMOCPEACTBEHHO MO PAa3AOKEHHAM, MOACTABAAS BpeMsa
t{ B TpUrOHOMETpHUYECKHE PAJAH, MUHYS, TakuM obpasom, uc-
NoAb30BaHue Tabampy.

2. OmnupEueckmll urem B TeopHH ABHM:memHs Aymbi.
VY:ke I'ansen nmpu mocrpoenun Teopuu ApuxseHns AyHbi Zoa-
2eH ObIA BBECTH B BbIpa*keHHEe JAS CpeiHe#t JOAroTn sm-
NMUpHYECKH# dYAeH AAS TOro, UTo6Bl COrAacoBaTbH TEOpHIO
¢ HabAlOAeHHAMH. DTOT UAGH C YueTOM NONPAaBOK, KOTOpHeE
Hbioxom BBea B Teopuio ['ansena, umeer Bug

E=+12955in (131°0T+100%).  (V.170)

BpeaeHue BTOro uYA€HA B PpA3AOXKEHHE AOATOTH HHKAK
He O6BACHAAOCH TpaBUTALHOHHOH Teopue# ABu:kenus AyHB
M NPUYMHEbL €ro MOSABACHUSA OCTABAAMCD 3arajounbiMu. Bpayn
IIpH OOCTPOEHMM TaGAMLI Tak:xe He cMOr o6Go#iTuch Ges
BBEJEHHsA BSMIHMPHYECKOTO YAEHAa, KOTOpHI# OTAHYaAcA OT
(V.170) nesHauuTeAbHBIMM H3MEHEHUAMH B YHCAOBHIX KOB(-
(pulHeHTax

E=10"71 5in (140°0T+-100°7).  (V.171)

Tpu upoussorbmmx napamerpa, Bxogamux B (V.171),
6pAM NoZ06pann TakuM 06GpasoM, uTo6n HaGA0Aenus AyHH
NpeACTaBASAMCh ¢ TouHocTbio 20 0”1 Ha uHTepBaAe BpemeHu
mexay 1720 u 1930 rr. u ¢ Tounocrsio g0 0/6 na murep-
Bare Bpemenn orT 1625 g0 1720 r. B (V.170) u (V.171)

Bpemsi | cuuTaeTca B IOAHAHCKHX cToAeTHAX oT anoxu 1800.0.
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Ecan nepeitu k smoxe 1900.0, To gopmyaa (V.171) npu-
HHMAeT, OuYE€BUAHO, BHJA

E=-+10"71sin (140.0T+240°7).  (V.172)

Aror uren u 6biA BBesen DBpaynom B Tabaugni. B na-
cTosllee BpeMA JOKA3aHO, UYTO [IOABAEHHE BMIIHPHYECKOFO
uAeHa B ABuaseHMM AyHBl O6DBACHAETCA HEPABHOMEPHOCTDBIO
spamenus 3emau. IloaToMy okaszaroch BOSMOXKHBIM MpH Bbi-
YHCAEHHH AYHHOH 2@eMepuibl MCKAIOUUTb U3 pasAroxkenHuit
aMNHMpHYECKHH YAeH W 3aMEHUTb €ro uYAeHaMH, KOTOpble Io-
AydeHbl Ha OCHOBE pa3HOO6pasHOrO HabGAI0ZATEABHOrO MaTe-
puara B uccaezopauax (Docepunrama (1874—1936), Je-
Currepa (1872—1934) u 'aporaa Cnencepa Axonca (1890--
1960) u koTopnie oTpaxkaloT 3(PPEKT HEPaBHOMEPDHOTO Bpa-
mweHuss 3eMAH Ha ABH:KeHHe HeGECHBIX TeA.

[lonpaska, xoTopyio Hazo npubaBuTb K CpesHeli Joarore
Ayun, noayuenno#i us Tab6aug Bpayna, pasna

AL=—872—26/75T — 112272 —
— 1071 sin (140°0T + 240°7), (V.173)

npuyeM MOAydeHHas TakuM obpasom jgoarora Ayus 6yzer
yie OTHECEHa He K BCEMHUDHOMY, a K ademepuiHOMYy Bpe-
meuu (cm. raasy I). Beesenune nmonpasku (V. 173) noanoctoio
MCKAIOYHAO M3 TEOPMH JABH:KEHHUS AYHBI BCAKUHE BMIUPU3M W
I03BOAMAO NPEACTABUTb BCIO COBOKYMHOCTb HaGAloienuil Ha
OCHOBE YHCTO IPABUTALMOHHOHA Teopuw.

Pexomengayua o BBesenuu B apeMepuant AyHbi nonpasku
(V.173) 6bmira mpunara na VI cnesze Memxaynapoanoro
actponomuueckoro cowosa (MAC) s Pume B 1952 r. Maxru-
YeCKM B ACTPDOHOMHUECKMX €»KerosHMKAX 9Ta MONpaBKa
YUHTBIBaE€TCA, HauWHAA C e:xeroizuunkoB Ha 1960 rog.

§ 4. Ycrottunsocrs gBmkenus Aymnt mo Xumary

1. Nocrosmnaa fAxobu. Paccmorpum kpyrosywo orpauu-
YEHHYI0 3aJady TPeX TeA, B KOTOpO#f ABa TeAa KOHEUHOH
macenl, Coange (S) u 3eman (T), onucniBalor Kpyroswie
op6uThl BOxpyr o6Iero LeHTPa HHEpUUH, & TPETbe TEAO —
Ayna (L) umeer 6eckoneuno Marywo maccy.

a HAYaA0 KOODAMHAT mnpumeM O6WUA LEHTP MHepUUH
O, a mAocKOCTb, B KOTOPO# NMPOUCXOANT ABHKEHHE 3eMAH
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u Coanga, myctp 6yser maockoctp xy. Ilpumem, aaree, sa
eaunuyy maccn cymmy Mmace Coamga u 3emam, Torza macca
3eman mox:er 6biTh O6osHauena uepes m, a mMacca Coanga
uepes 1 —m. 3a ezunugy pacCTOAHHA NMpUMEM NOCTOAHHOE
pacctoanue Mexxay 3emaet u CoangeM, a eazunugy BpeMeHu
BnbepeM TaK, 4To6m mocrosnnas ['aycca k=1.

[Tpu nameM Bni6ope esuHHMY CpPEAHEE YrAOBOE ABHIKEHHE
KOHEYHHX MacC PaBHO

_kV@i=m)+m __

n 5 =1,

a

rae a=1-—6oabmasa noryocb op6urh, onucrisaemoit Coan-
geM u 3SemAe#l OTHOCHTEADHO Apyr Apyra NOA BAMAHHEM
B3AMMHOTO NpPUTAEHHA mo sakoHy Hbiorona.

IlpeanoAro:xuM Temepb, 4TO OCH KOOPAMHAT BpAILAIOTCA
B HAaNpaBAGHHH JABHKEHH] KOHEUYHHX MA&CC C paBHOMEpPHOH
yraoso#f ckopoctbio n=1. Torza Mb Mo:eM HanpaBuTb OCb
x takum o6pasoM, uto6u Coangle  3emMaa moCTOAHHO Ha-
XOAMAHMCb Ha OCH X.

[lycts x, y, z-—npaMoyroAbHnie koopAuHaTH AyHH.
Toraa ypaBueHus aBuxseHus AyHH JAA DPAaBHOMEPHO Bpa-
IMAOIUXCA oCel sanuuyTCsa Tak I::p. ¢ ypasuenusamu (V. 15)):

dx dy v
ok Tt it il
dy  ode oV
& _ov
diz2 — 0z

rae

Uepes r, 1 r, Mp o60osHaunau paccrosanue AyHB OT
Coanga n or 3eman. Ypasnenus (V.174) umeror unterpan,
koTopbif 6HA Bnepene moayuen flxko6u (1804—1851) u 3a-
TeM npuMeHeH XUAAOM B NEPBOM H3 €ro SHAMEHHTHIX Me-
Myapos no teopuu Aynot (Researches in the Lunar Theory,
1878) ars pacemorpenus Bonpoca o6 ycToHuMBOCTH ee ABM-
:kennsa. [loroxum

m

U=1(+p)+ =0 (V.175)

n ra
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toraa ypasuenus (V.174) moryr 6urbh samucanm B BHAe
dix 2 dy _oU

detT “Tdt T ox

dy o de __ oU

T 2-37—0—5’. (V.176)
an _ v
det — oz °

dx dy dz
Ecau ymHOxuTD 8TH ypaBHeHHA Ha 24, QE H 27t

H 3aTE€M CAOXKHTb PESYAbTATH, TO MOAYYE€HHOE YypPaBHEHUE
MO2HO mpouHTerpuposatb. [lToayaum

@G - vam

rae C—nocrosnHas MHTerpHpOBAaHHS, W3BECTHAA MOJ Has-
BanueM nocrosnHo# flko6u. Uucaennoe suauenue sro#f mo-
CTOAHAOH MO2eT GHTb AerKO NMOAyYeHO mO (QopMyAe

c=20=m)

n
—(‘f,—’;)z—(% L(g‘j;)”, (V.178)

€CAH HAM M3BECTHH KOODAMHATH M CKOpOCTb AyHH AAs
Kakoro-HubyAb MpousBOAbHOTO MOMeHTa Bpemenn ¢. Ecan
o6osHauuTh uepes X, u X, koopaunate Coanga u Beman
(KoTOpHE MOCTOAHHO HAXOAATCA HA OCH X), TO

2
+r—"’+x2+y2-—
2

rn=vV(x—x)2+y*+ 2%,

(V.179)

ry=V(x — x,)® + y* + 2%

2. NopepxnocTs myaeBoli cxopocTH. O6osHauum uepes
v ckopocth AyEH Bo Bpamaiomefics cucTeMe KOODAMHAT.

Toraa
c=(@ (@@, v
u ypasaenue (V.177) moxer 6biTb 3amucaHO Tak:
v*=2U—C. (V.181)
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Tak xax CKOpOCTD ./\YHH BCerja IIOAOXKHTEADbHa, TO,
O4Y€BHAHO, NNOBEPXHOCTDb, ONpejeAseMas ypaBHCHHEM

2U—C=0, (V.182)

ABAfETCA rpaHulledl, KOTOpas OTAeAseT 06AaCTb NPOCTPaH-
CTBa, B KOTOPOM ABH:ieHHe AyHB BOSMOMHO, OT TOH uacTH
NPOCTPAHCTBA, TAE BTO ABUAEHHE CTAHOBHTCA HEBOBMOKHBIM.
IMosepxnoctp (V.182) nasbiBaercs noBepxHOCTbIO HyAeBoi
CKOpOCTH, & ABH2ieHMe JAyHH BOSMOXHO TOAbKO B Toff
YacTH MPOCTPAHCTBA, rAe

2U—C>0. (V.183)

IMoacrasasn (V.175) B (V. 182), moxem sanucats ypas-
HEHHe MOBEPXHOCTH HyAeBOH CKODOCTH B BuAe

2(1—m 2m
Ry tdom 2o
ry ry
HAH OKOHYATEABHO

2(1 —m)
Vix — x>+ g2 +2°

F(x, y, 2)=x*+y>+

2m =C. (V. 184)

Vix — x3)2 -+ y2 422

3. Ocofme TOUKH NMOBEPXHOCTH HYAEBOH CKOPOCTH.
Ocobnie Toukn nosepxHOCTH

F(x, y, 2)=0 (V.185)
ONpPEAEASIOTCS YPABHEHUAMH

oF oF __oF
Tx_a_y._b-z-__o, (V.186)
KOTOpbleé JOAXHbBl OHTb peleHH OTHOCHTEABHO X, Y, Z
coBmecTHo ¢ ypaBuenueM nosepxuoctu (V.185). Aasa no-
BEPXHOCTH HyAeBOH CKODOCTH A€rKO HAXOAUM, JAH(PdepeH-
pupys (V.184) no x, y, z

1oF 4  \XxX—x3 x—Xp_
?E—x (1 m) r:: m rg —0,

1 dF R A S
—2-a—y_y—(1 m) 3 mrg =0, (V. 187)
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1 oF z 2z
1 l—m)2 —mZ=0.
2 0z ( ) r r
Hs nocaeamero ypaBHenus AAs z cpasy HAaXOAHM, UTO
z2=0. CarezoBaTeAbHO, BCe 0CO6ble TOUYKH [OBEPXHOCTH
HyAeBOH ckopocTu AexsaT 8 HAoCkocTH XxY. JAra ocobmx
Touek ypaBHenus ABuxenua (V.176) npunumaior Bug

d2x dy

= —25=0,

P 0% o, (V. 188)
d?z
££—0

H, CACA0BATEADHO, B 3THX TOYKAX HE TOABKO

de _dy __d g
dt = dt — dt T ?

HO H

dix __d% _ d% _
de2 = dee T dez T

CaesoBareabno, ecan Ayna Haxosuaach 6 Ha nosepx-
HOCTH HyAeBo#ft ckopocTd B ocoGo#fi Touke, TO He TOAbKO
€e CKOpPOCTb, HO M YyCKOpeHue OHAH OB paBHH HYAIO H
Ayna naBcerjza ocraBarach 6m B 8To#f TOuKe.

Onpeseaum Temepb KOOpAMHATH 0COGBX TO4YeK. Ecau
y+0, 10 sropoe us ypapueunti (V.187) zaer

1-l=m_m oy, (V. 189)

r ry

KOTOpOE MOXeT GHTb yAOBAETBODEHO, €CAM
ri=ry=1, (V.190)

T. e. ocobas Touxa, Cornge u Bemrs HaxosaTcs B BepHIM-
HaX PABHOCTODOHHETO TPEYrOAbHHKA. Tak Kak Y MOxKeT
HMETb KaK MOAO:MHTEAbHOE, TAK M OTPHLATEAbHOE 3HaUeHKeE,
TO MB MMeeM ABe Ocofnie ,TpeyroAbHmHe“ TOUYKH, PaCHOAO-
JSCHHbIE CHMMETPUYHO OTHOCHTEABHO OCH X. OTH TOUKH
HA3LBAIOTCA AMGpapnHoHHMMH Touxamu Aarpamxa L, u Lj.
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Ecan renepp y=0, To ocobnie TOukHM HAXOAATCA Ha
ocu X, ¥ Mpl uMeem u3 nepsoro ypaprenus (V.187)
x—(1—m)==2 —m=——==2=0. (V.191)
81

rs

Ecau m manras Beauuuna, to pemenune ypasuenus (V.191)
MoxKeT 6HTb HaﬁAeHO B BHJAE 6eCKOHEe4YHOro paia, pacno-
AOEHHOTO N0 CTemeHAM Maioro mapamerpa m. Iloapo6umit

Puc. 16. IlosepxnocTn nyaesoit cxopocrn
B OrpaHHvYeHHOH sajaue TPEX TeA.

anaaus pemenus ypasnenus (V.191) Moxuo ma#itu B kHure
M. @. Cy660oruna ,Kypc ne6ecnot mexanuxu®, r. 2, 1937 r.
Mu orpaHMuMMCs 34€Cb TOABKO OKOHYATEAbHBHIMH pPe3yAb-
TaTaMu.

Tar xax ypasnenue (V.191) umeer Tpu xopHs, TO Heob-
XOAMMO PAaCCMOTDETb TPH PaBAHYHBIX CAydas.

Mepsu#t cayuahh. Ocobas Touka rexur Ha ocH X
mexay Coangem u 3emae#t (puc. 16). Toraa

rry=1, (V.192)
,2=,,_%pz_%ps_..., (V.193)

3
- m
r=V sa=m"
IMoraras aas Bemau m=1:320000, saxozum nmo ¢op-

myae (V.193)
r,=0.01010 a.e.
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Bropo#t cayuaii. Ocobas Touxa rexuT Ha ocu X
cnpasa ot 3emau. Toraa

rn—r=1, (V.194)
R e T (V.195)

ITo ¢opmyae (V.195) naxosum uucaensoe snauenue

r,=0.01017 a. e.

Tperu#t cayuait. Ocobas Touxa AexuTr Ha ocu X
caeBa ot Coanga. Toraa

ry —rl_l (V. 196)
r2—2—-—p. + 2 7 p. — (V.197)

HUAH, TTIOACTABAAA YHCAOBOE DeEUIEHHEC JAA [,

r,=1.99999818 a.e.

Ocobbie TOukH NMOBEPXHOCTH HYAEBO# CKODOCTH, Aexa-
mue Ha OCH X, HABHBAIOTCA AuGpapnoHHHIME Toukamu Aar-
panxa u obosmavawrca L, L, u L,

Ka:x a0t AuGpaguonHoii Touke COOTBETCTBYET ONpEZEAEH-
HOE uYMCAGHHOe 3HaueHue nocrosaHoft flxo6u, xoropoe mo-
xeT 6biTb BHuMCAeHO no gopmyAre (V.178)

C=xt420=m_ 3m (V.198)

X — X1 X — X3

Aan aubpayuonnnx touex Cornga—3eman umeem
C,=3.0009264,
C,=3.0009227,
C,=3.0000156.

4. YcrotumBocts mo Xmaay. [lepeceuem nomepxmocTp
nyaeso#t ckopoctu (V.184) naockoctbio xy, TOrAa

20=m), 2m . (V.199)

rn
OrpanuuuMcs MarbiMu sHaueHusmu X M Y. B srom cay-

yae ABa mepBmx uaena B ypassenuu (V.199) moryr 6mrop
OoT6polIeHH, ¥ MB TMOAYYHM

F(x, py=20=m  2m_ (V. 200)

n ry
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Ecau nocrosunas flko6u C Beaumxa, To kpuBas Hyaepoit
CKOPOCTH COCTOMT U3 AByX B3aMKHyTHX OBaAOB BOKpYT
Cornga u 3emau. Je#icTBHTEAbHO, €CAM 7, MaAO, TO

r ’
a4 eCAH MAAO ry, TO

2m
—r-z-—C.

B nepsom cayuae ypaBHenue kpuso#, oxpymaromeit
Coange, umeer Bug
n=20-m (V. 201)
¥ BO BTOPOM CAyuae ypaBHeHHe KpuBo#f, Okpy:xaiope#t
Bemaro,

n="2. (V. 202)

Uem 6oabme C, TeM MeHblie pajuychl oKpyxHOCTeH r,
u ry. Ilo mepe y6mBanua nocrosmunot fAxo6u C paguycm
oxpymuocre#t yseauuusaiorcs u npu C=C] obe xpusne
conpuxacaiorca B ocobot Touke L,. Ilpu eme menbmux
BHaUeHUAX nocTosnno#t flkobu 06e OXPYKHOCTH COEAHHAIOTCS
B OAHy KpHByIo, oxsaTmBaiomylo Coange u Semaio.

HAAOTHYHASA KAPTHHA HMEET MeCTO, €CAM MBI mepeceuem

MOBEPXHOCTb HYA€BOH# CKOPOCTH MAOCKOCTBIO XZ.

Haxkonep, nepeceuenue mosepxsocTs Hyaeso#h CkOpOCTH
NAOCKOCTBIO Yz ZAaeT

y2+2—‘1r1:”-’+-2;{§'=c. (V. 203)

Ecau 1 — m ropasao 6oablue, ueM m, a X u y OueHb MaAbl,
TO

2(1—m) __
= C, (V. 204)

M Mb ONATb HMEEM YpaBHEHHE OKDYKHOCTH C LEHTpOM
B Coanpe, paguyc xoTopo#t yBeAHuHBaeTCA C YMeHbule-
aHuem C.

Tenepp MOXHO MOAYHHTb HEKOTOpOE MNpPEACTABAEHHE
0 (POpMe MOBEPXHOCTH HyAEBO# CKOPOCTH ZAf PaSAMYHHIX 3Ha-
venn#t C. Jas 6oavmux C 5Ta NOBEPXHOCTb COCTOMT M3
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AByX 3aMKHYTBIX MOBepXHOCTell NpPHOAM3BUTEABHO Cdepuue-
cxo#t popmn Bokpyr Coanga u 3emau. Ilpu ymenvmenun C
nosepxuoctu pacuupsiorcs u npy C—=C| kacawoTca Apyr
apyra. Aas ewe wmenbuux sHauenutt C obe mosepxHOCTH
CAMBAIOTCA B OAHY NOBEPXHOCTb, OrPAHUUHBAIOILYIO BAMKHY-
Ty10 MOAOCTb, BHYTpH koTopoit Haxoasrca Coange u 3emas.

Ecau xoopaunatni u ckopoctb AyHH B NpOU3BOAbHBIM
MOMEHT €€ JABMXKEHHA TaKOBH, 4TO focrosHHas flko6u, BH-
uucaennas mo gopmyae (V.178), nacrorbko Beamka, uto eif
COOTBETCTBYIOT 3aMKHyTHe nosepxHocTH Bokpyr Coamga u
3emau, u ecan B HekOTOPHH MoMeHT AyHa HAXOAUTCS BHYTpH
MOBEPXHOCTH, OKpYy:saloweld 3emMA0, TO MOKHO yTBepAaTh,
4TO OHA BCerza OCTAHETCH TaM, TAK KaK HE CMOXKeT Iepe-
cedb MOBEPXHOCTb HyA€BO# ckopocTH. Takast yCTOHUMBOCTb
HocuT HasBamue ycroHtumsoctn mo Xuaay. Ogzuaxo, ecau
sHauenHe mocToAHHOH# fIko6u sas AyHH MarO M MOBEPXHOCTD
HyAeBOH#l CKOPOCTM HEe BaMKHYTa, Mbl HHYEro He MOieM
yTBepaaTh 06 ycrofiumpoctu AyHB, Tak KaK XOTA OHA H
MOXKET YAAAMTbHCA HEONPEAEAEHHO AaAeKO OT 3eMAH, HO
YAQAUTCS AW OHa (PAKTHUECKH HAM HET — BOMPOC OCTaeTCA
OTKPBITHIM.

Hrak, ycroftuusocts apursenus no Xuary onpesersercs

yCAOBHEM
c>C, (V. 205)

rae C,— suauenue nocrosanuo#t fkobu B TOuKe AMOpayuu
L,. Xuar noayuur zas AyHn caegyomee 3HaueHUe MOCTO-

asuHo#t fko6u:
C =3.25440.

Tak xak C>C,, To cooTBeTCTByIOmas HOBEPXHOCThb
HyAeBo# ckopocTu o6pasyeT BOKpYr 3eMAu 3aMKHYTYIO NO-
BEPXHOCTb ¢ pazuycoM pasHhm o Xuary 109.694 sxearo-
puarbHBIM pajuycaM 3eman, uto cocraaser 700000 km.
Takos Bepxmulf npejear AAs paccrosHus, Ha xoropoe Ayna
MO2KET YAAAHTBCA OT 3eMAH.

Xaruxapa (flmoumus) B 1952 r. nokasaa, uTo BCe ecTe-
CTBEHHBlEe CNYTHHKH B COAHEUHOH# CHCTeMe, 32 MCKAIOUEHHEM
ueTnipex cnyTaukoB lOnurepa ¢ o6paThmM aBukenuem (VIII,
(X, XI u XII), apasiorcs ycroftunsnimu no Xuaary.



Taasa VI
TEOPHA ABHXKEHHA KOMET

§ 1. Komers: B Coaneunolt cucreme

1. Tpr THna xomermnix op6ur. Komerm, 6esycaosmo,
npeACTaBAAIOT HaubGoAee sarazouHbid kaace o6bextos B Coa-
neunot cucreme. [lo coBpemennnim npeascrTaBAeHUAM, OHM
obpasyor ob6uupHoe o6rako (o6aako Oopra), oxpyxaiomee
namy Coaneunyio cucremy. Op6uTn KOMET, COCTaBAAIOUHX
ob6aaxo QOopra, umeior 6oabmme mnoayocu or 50000 a0
150000 a.e. u BCeBO3MOKHBIE DKCUEHTPUCHTETH H HAKAOHH
K AAoCKOCTH ®KAMNTHKA., [lo4 BAusHMEM 3BessHHX BO3MY-
meHul KoMeTHBE OpP6UTH MCOBLITHIBAIOT 3HAYUTEAbHBIE H3Me-
HeHua. EcAu skcuenTpucuter op6UTH npHOAMKAETCA K eAn-
HHLe, KoMeTa BOAM3M NepHreAus OKasHWBaeTca B OOAaCTH
ABH:KeHHA 6oApmux naaneT. Bosmymenus or maamer moryT
nepe6pocuTb KOMeTy Ha runep6oAHuecKyl0 op6HTy, mocAe
uero xomera Hascerja noxuzaer Coaneunyio cucremy. B apy-
IdX CAy4Yasx NMAaHETHHEe BO3MyIIEHHS YMEHbWAIOT GoAbiyio
noAyocb u skcyentTpucurer opburn. Komera nocae sroro
naBceraa ocrtaercs B6ausu CoAnua, umes CpaBHHTEABHO He-
6oapIlo#f mepuos obpaigeHus.

Takum o6pasom, Bce komeTH, Bxoazsmue B coctas Coa-
HeyHO# cuUCTeMbl, MOTYT 6biTh pasbuTH Ha Tpu THna. Komern
nepsoro tuma o6pasyior o6aako QOopra u HHKOrza He Mo-
ryr Habaojatbca ¢ 3emau. K komeram BToporo Tuma mpu-
HajA€2aT Teé KOMETH, KOTOpHE BCAEACTBHE 3BE3AHHIX BO3-
mymenutt Bnepsnie npubausuance k Coamgy no op6urawm,
6AM3kMM K napaboAndeckuM. Taxue KOMETH MOryT OHTb
8aMeueHH ¢ 3eMAH, €CAH MX NEDHreAbHOE DACCTOSAHHE He
npesmmaer 4—5 a.e. Komerm srtoro Tunma HasmBaioTcs
Aoaronepuoauueckumu komeramu. Haxoneqt, komeTnt Tpetbero
THUIIA — BTO Tak Ha3blBaeMble KOPOTKONMEPUOZUUECKHE KOMETHI.
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Adernn opbut aTUx KOMET 060IuHO 6AM3KM K OpbuTamM 60Ab-
IUX HA8HET.

2. O6ipasn xapaKkTepHCTHKA KOMeTHWX op6mT. BHOBD
OTKDHIBaeMble KOMeTH O0(GO3HavalTCs TrOAOM OTKPLITHA H
AaTuHCKOH 6ykBOH mo mopajky otkpmtus. Kpome Toro, ko-
MeTa OOBHIYHO MOAYYaeT HMMsA OTKPBIBIIETO €€ AaCTPOHOMa,
a eCAH KOMEeTa OTKpHhITa He3aBHCHMMO AByMs HAHM Goaee acTpo-
HOMaMi, KaK ®TO YacTO CAydaeTcs, TO KOMeTa IOAydYaeT
ABoifHoe uAM Tpoiinoe mauMenoBauue. llopsjok OTKpBITHA
KOoMeT OOHYHO He COBNAajaeT C NOPAAKOM HX MNpOXOz Ae-
Hus dyepes nepureaut op6butw. [losTomy uepes Heckoabko
AeT KaxJas KoMeTa MOAyYaeT OKOHdaTeAbHOe 0603HaueHue,
B KoTopoM 6GyxBa 3aMeHseTCA puMcko#fi pudpoli, ykasniBalo-
me#l Ha NMOpPAAOK NPOXOXKAEHUA uepe3 nepureauil B ZaHHOM
roagy. Tak, manpumep, KOMeTH, Npoluejmiue Yepes mepure-
auii B 1961 r., noayuuau caesyiommue obosHauenus:

1961 1=1960 i — nepuoauueckas xomera Juxe—DBaxaynaa
I1=1960 n —xomera Kanau
II1=1960 f— nepuoauueckas xomera Komac Coard
IV =1960 mm — nepuosuueckas xometa Bupranena
V =1961 d — xomera Buancona—Xa66apaa
VI=1961 a —nepuosuueckas xomera Mopbca
VII=1960 j —nepuosuueckas xomera lllpaccmana—
Baxmana 2
VIII=1961 f—xomera Cexxu
IX=1961 g —nepuoauueckas xomera I purra—Cxbe-
Aepyna

Kax yxe 6biA0 CkasaHO, AAA BOSMOMKHOCTH OTKDBITHA
KOMETH Heo6x04umMO, uTO6H ee NmepureAbHoe pPacCTOAHHE He
npesuimaro 4—95 a.e. (raba. 39).

XapaxTepro#i 0cO6eHHOCTBIO KOMETHHX OpOUT, KOTOpas
OTAMYAET HX OT OpP6HT He TOAbKO GOAPLIHX HAAHET, HO H
MAABIX NAQHET, ABASETCA HAKAOH K [AOCKOCTH SKAMITHKH,
KOTOpHH# MokeT umeTpb Al06ne snauenns or 0 z0 180°
(ra6a. 40).

B ra6a. 40 komeTn nog06pann Takum 06pasoM, aTo6B HA-
KAOHH ABYX COCEAHMX KOMET OTAMYAAHCh He Goaee ueM Ha
3—4° mexay coboii.

3. KopoTxonepnoanueckne xomersl. [Ipumepom xopoTko-
NEepUOAMYECKHX KOMET MOTYT CAYKHTb KOMETbl, BAEMEHTHI
KOTOpHX npuBejenn B mpuroxkenuu 12. O6pamaer Ha cebs
BHUMaHHE TOT (AKT, UYTO KOPOTKOMEPHOZHUECKHE KOMETH
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Ta6anua 39

Komerst ¢ man6oarpmumn NEePHTEABHLIME PACCTONHHAMHA

Komerta q=a(l—e), a. e. Komera g=a(l—e) a. e

1957 IV 5.538 1925 VI 4.181

1948 III 4709 1942 VIII 4113

1954 V 4.501 1956 1 4.074

1957 VI 4446 1729 4.051

1959 X 4274 1936 1 4043
Ta6aunuga 40

HaxAom KomermbIX Op6ET

Komera i Komera i Komera i
1770 1 196 1580 64°6 1784 128°9
1960 VI 5.6 1758 68.3 1921 I 132.1
1819 IV 9.1 1924 1 723 1944 I 136.1
1890 VII 12.8 1895 III 76.2 1887 Il 139.8
1954 XIN 16.8 1840 III 79.9 1822 III 143.7
1960 II1 20.8 1926 VII 83.6 1956 III 147.5
1892 VI 248 1948 X 87.6 1961 II 150.9
1092 28.8 1826 V 90.6 1890 IV 154.3
1857 IV 3238 1748 1 9%.5 1855 1I 156.9
1686 35.0 1871 IV 98.3 1853 1 159.8
1892 1 38.7 1877 VI 102.2 1889 II 163.8
1885 V 424 1949 IV 105.8 1788 I 1675
1919 V 464 1907 11 109.8 1835 I 170.9
1955 IV 50.1 1923 III 1138 1942 VIII 1725
1915 IV 53.5 1858 VI 117.0 1759 III 175.1
1802 57.0 1857 III 121.0 1864 1I 178.1
1880 V 60.7 1932 VI 125.0

OTYETAMBO pacrnajaioTcs Ha uernpe cemel#icrea HOnurepa,
Carypna, Ypana u Henryna. Kpome Toro, xomerm 17—20
NpHHAAAEKAT, BEPOATHO, K CeMeHCTBy eme HeOTKpwTOH
6oabwo#t naaHeTH, cpeguee paccrosnue koropoit or Coanga
paBHo npubausurerpno 52 a.e. Ilayrom BcaeacTsue manroit
MacCH He MMEeEeT COGCTBEHHOrO KOMETHOro cemelcTaa.
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B cAyuae TecHOro cOGAmxuieHUsi KOMETH ¢ GoAapmo# maa-
HeTOH ee BAEMEHTH MCHHITHIBAIOT 3HAUMTEAbHHE H3MEHeHUs.
9to HarasgHo BuAHO u3 TabAa. 41, B koTOpo# mnpuBeseHb

Ta6aupa 41

Komera Boasga 1

P R

T (s roaax) e 9 Q w o i
1884.88 6.77 0.561 1572 | 5.59 127°7 | 207°3 | 2593
1891.68 6.89 0.557 1.604 | 5.64 172.8 207.2 | 25.2
1898.51 6.84 0.555 | 1.603 | 5.61 1729 207.2 | 25.2
1912.15 6.80 0.558 | 1.587 | 5.59 1728 2072 | 25.3
1918.95 6.79 0.559 | 1.582 | 5.59 172.9 207.1 | 25.3
1925.85 8.28 0.405 2435 | 5.75 160.7 204.4 21.3
1934.16 8.33 0404 | 2450 | 5.77 160.8 2044 | 273
194248 8.29 0.405 2437 | 5.75 161.0 204.3 21.3
1950.81 842 0.396 2498 | 5.78 161.1 203.9 213
1959.22 843 0395 | 2507 | 5.78 161.1 2039 | 273

sAeMeHTH koMeTH Boabda 1 sa pas aer. B mpomexkyTke
or 1918 z0 1925 r. sAeMEHTH KOMETH MCUHITAAH 3HAUHUTEAD-
Hble MSMEHEHHMs H3-38 CHAbHbIX Bosmywenu#fi or IOmnurepa
B pesyAbTaTe TeCHOTo c6amxkseHus. B wacrHOCTH, mepurean-
HOe pacCTOsHHE KOMeTH YBEAHYMAOCh 38 OAuH ofopoT Ha
0.853 a.e.

B ra6a. 42 comocraBrenn saemenTn komern Ilomc—
Bunneke 3a 132 rosa. JAsuxxenue oTo#f kKOMETH mpoHCXO-
AMT BOGAMBH COMBMEPHMMOCTH CPEAHMX ABHKeHHH KOMETHl M
Onurepa (n:n'=2:1). Me:xay 1915 u 1921 rr. xomera
npomAa yepes TouHyio cousmepumoctn (P=5.93). drementn
KOMeTH MCMBITHBAIOT 3HaUMTEAbHble MsMeHeHusA. Haxaon op-
GUTHI K NAOCKOCTH BKAHIITHKH, HALIPUMED, YBEAHUUACS B ABa
pasa.

Ta6a. 12 npunozsenus moz;xer GHTb MPOAOAXkEHA 3a CUET
KOMET, Y KOTOpHX adeAMH Op6HT AeXKaT ZaAEKO 3a Npese-
aramu opbutst [Iayrona (cm. mpuroxenne 13). Moxno npea-
nmoAaraTh, 9TO B BBOAIOUHM OPGHT OTHX KOMET OCHOBHYIO
POAb HTpalOT HeWsBeCTHHle HaM Goabmue nAranetnl Corneu-
Hoft cucremnl. Takum o6pasoM, Mexay KOPOTKOIEpHOAUUE-
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Ta6auyga 42

Komera louc—Bnrnexe

T (s rfanx) e 9 Q ® I°; i
1819.55 5.62 0755 | 0774 | 5.55 | 161°6 | 11499 | 10°7
1858.33 5.56 0755 | 0.769 | 5.50 | 162.2 114.8 | 10.8
1869.49 5.59 0752 | 0782 | 552 | 1624 | 1146 | 10.8
1875.19 5.73 0741 | 0829 | 557 | 1652 | 1125 | 113
1886.68 5.82 0726 | 0.885 | 558 | 1721 1049 | 145
1892.50 5.82 0.726 | 0.887 | 558 | 1721 1049 | 145
1898.22 5.83 0.715 0.924 | 5.56 1734 101.6 17.0
1909.77 5.88 0701 | 0973 | 554 | 1723 999 | 183
1915.67 5.87 0701 | 0972 | 554 | 1723 999 | 18.3
1921.45 6.01 0.685 1.041 | 557 | 1703 985 | 189
192747 6.01 068 | 1.039 | 557 | 1704 985 | 18.9
1933.38 6.09 0670 | 1.102 | 557 | 1693 969 | 20.1
193947 6.09 0.670 1.101 | 5.57 169.3 96.8 | 20.1
1945.52 6.16 0.655 1.159 | 556 | 170.1 95 | 21.7
1951.69 6.12 0653 | 1.161{ 553 | 1702 944 | 217

Ta6anua 43
dremenTnr Komerst dake—Baxkaynaa
OGO:::“- T ® ] i q e

1786 1 | sams. 309 | 182950 | 334°13 [ 13260 | 0.3348 | 0.8484
1795 aex. 214 | 182.03 | 334.66 13.71 |} 0.3344 | 0.8489
1805 mos6. 21.5 | 18245 | 33434 13.56 | 0.3404 | 0.8462
1819 1 | aus. 27.3 | 18244 | 334.56 13.62 | 0.3352 | 0.8486

CKMMH H AOATONEPHOAMYECKUMH KOMETaMH CYIUeCTByeT, Mo~
BHAMMOMY, HENpepHBHbI# NepexoA.

4. Komera duxe—Baxaynga. Komera duxe—Bakaynaa
6bira oTkpuTa 26 HOA6psa 1818 r. Iloncom B Mapcene.
Anke (1791—1865) Boiaucaur ee opbury u Hamea, 4TO KO-
MeTa ABMXKETCA N0 SAAMNCY C KODOTKHM NepHosoM ofpa-
menns. Emy yaarocp oromxaectsutp xomery Ilonca c ko-

meTo#t, orkpniro# Memenom 17 sansapa 1786 r., a Takxke
¢ xomeramn 1795 u 1805 (raba. 43).
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Ha comocraBrenns ueTnpex nosasArenu#t koMmeTH Omke
YCTaHOBHA, UTO €€ JBHAEHHE He NOAYHHAETCA CTpPOro sa-
KOHy BceMHpHOro Tarotewus Hbiorona. Ilepuos o6pamenns

KOMeThI, 0CB000 AeHHbIH
OT BAHAHHA IAQHETHBIX
BOBMyIleHHu#, oKxasaacs

Ta6auga 44

He IOCTOAHHBIM, & CH-

Toaa

P (8 cyrxax)

CTeMATHYECKH YMEHbLIAA-

c¢a oT obopora k o6opo-

Ty, KaKk ®TO BHAHO U3

Taba. 44. 1795—1805
Ara yBasku  Mexay 1805—1819

cobolf Bcex Habalozenuit
KOMETH OHKe NpHIIAOCD
NPHHATD THNOTE3y, CO-

1786—1795

1208.11
1207.88
1207.42

rAQCHO KOTOpOﬁ KOMeTa JABHXKETCA B COHpOTHB)\ﬁlOLgeﬁCﬂ

cpeje, Npu49eM CHAA CONMPOTHBACHUSA NPONOPUHOHAaADHA KBaj-
paTy CKOPOCTH KOMETH H 06pa'mo IIpONOPUHOHAADHA KBaJj-

Ta6anya 45

Toga k
18181858 60"
1858—1868 50
1868—1894 42
1894—1904 29
1904—1914 225

paty pajuyca-BeKTopa
©2
F= G —'_2— .

Beaeacrsue naamuusa cuam F
CpeAHee ABHXKEHHE KOMETbI MOAY-
JaeT npu KaxioM obGopoTe mocto-
SHHOE MNpHpalleHne, & B cpejHed
4AHOMaAMH NOABAAETCA UAEH, 3a-
BHCAIOHA OT KBajpaTa BpeMeHH.
OKCLHEHTPUCHTET KOMETH CHCTeMa-
THYecKH y6nBaeT. Ecau 060snauutn
nepuos obpalieHus KOMeTH uepes

1~ 1200 cyTok, To moAyuum

M =M, ny(t — t,) + k=2,

_ k
n_no—i-wo'c,

=9, +¢'t.

Ara Beausun k u ¢’ ke NOAyUMA TakMe YHCAOBHE

3HAYEHHUA:

18 T. A. Yeborapeo

k=60", ¢'=—3".
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Ouanako Jnke He yaaroch paspellMTb 3arajKy JABHMKe-
uua xometn [lonca. Xota emy u yaarocnr o6besnnuts 10 no-
aBaenuit komern (1819—1848 rr.), Ho pacxoxkaenus mexay
Teopuelh M HabAIOAEHHAMH OCTABAAHCH SHAUMTEAbHBIMH (Be-
posiTHast owu6ka 0ZHOrO HOPMaAbHOTO MECTA COCTaBAAAA 1676)
¥ UMeAd cucTemaTHdeckuti xo4. [Tocaenepureapnsie HopMaAb-
Hble MeCTa NAOXO YBASBIBAAMCH C JONMEPHT'EAbHBIMH. Tak,
HampHMep, NMOCAENEpHreAbHOe HOpMaAbHoe mecto 1842 r.
umero omubry B 10177,

ITocae cmepTn DHke HCCAEJOBAHHE JBHMSEHHSA KOMETHI
nepemao cuadara B [lyakosckylo o6cepBaTopuio, a 3aTewm,
B 1945 r., B Uncturyr Teopernuecko#t actponomun Axaze-
mun Hayk CCCP. ITyakosckuit actponom d. Acren (1842—
1878) Briuncaua Bosmymenus xomerst Juke ¢ 1848 no 1875 r.,
NPUMEHAS HE3a40ArO Nepej STHM pa3spaboTaHHBIH METOZ duC-
A€HHOTO MHTETPMPOBAHHA B TAH3€HOBCKHX koopAuHaTax. Ac-
TeHy yAarocb ob6beaunutp 16 nossaenuit komerst ¢ 1819 no
1868 r. co cpeaneli ommubxo#ft 0AHOro HOpMAABHOrO MeCTa
B 13'3. Oanaxo ars mopmarbumx mect 1871 r. omubka no
a gocrurara rpoMazHo#t Beanuunn — 14376 u Acreny npu-
WAOCh NMPEANOAOKHTb, YTO NPOM3OUIAO COAM2KEHHE KOMETHI
¢ Kako#i-ro Maio#f maaHeToH, KOTOpas M HM3MEHHAA CBOUMMH
BO3MylueHusMu KoMmeTHylo opbuty. Ilocae Acrtena wusyue-
HUEM ABHKEHUS KOMeTh OJHke B Teuenue 38 AeT 3aHMMAaACA
akagemux O. A. Baxayns (1846—1916), aupexrop Ilya-
koBcko# ob6ceppaTopun. Bakaynas mauaa csow pabory ¢ 06b-
€AHHEHMS ueTblpex MosBAeHu# komern 3a 1871—1881 rr.
ITpu aTom okasarocp, 9TO BekOBOE YCKOPEHHE KOMETH yMEHb-
murocs ¢ k=60" 20 k=32. Drtum caMmM BHACHHAACD
NpUYHHA TPOMAAHBIX HEBASOK NpH NMpeACTaBACHMH HabAwze-
Huli B paborax Actena, xoropnlif npunumMar Ars kK MOCTOSH-
Hoe sHauenue (k=60"). Ymenviienue BEKOBOTO YCKOpEHHs
KoMeTsl DakayH4 o6BACHHA TeM, YTO CONPOTHBAAIOILAACA
CpeAa C TeyeHWEM BPEMEHH pAaCCEHBAETCA B MEXKIAAHETHOM
MPOCTPAHCTBE M IMAOTHOCTb ee yMeHbluaercs. Viamenenue
BeAwuMHn k mo Baxaynay nokasano B Taba. 45.

Axajemus Hayk, OTMeuas BHIAalOLIEECs HayuHOe 3Have-
Hue pa6or Baxaynsa, mocranoBura ,uTobn B uszanusax Axa-
AEMUM KOMETa JHKE MMEHOBAAACh OTHBIHE KoMeTo# OHke—
Bakaynaa“. Hccrezosanus Baxaynaa npoaorzar myakos-
ckuii acrponom A. A. Martkesuu (1878—1949), xoropmit

o6paborar Habriosenus komerst Juke—Dakaynaa sa 1918—
1934 rr.
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B 1935 r. aBucenue koMeTnl u3yuaa Apyro# NyAKoB-
ckui actponom, H. U. Maeabcon. On npoussea cpasuenue
TEOpUH C HAGAIOZEHHAMH B 4YeTHPEX MNOABAEHHAX KOMEThi
(1924—1934 rr.) u obpaborar 16 HopMaArbHbmix Mect. ,Pe-
8yAbTAaTH 3TUX Boluucaenult, — nucar H. M. MUageancon, — oka-
3aAHCb NMAAYEBHHIMH; HECMOTPS H& MHOTOUHCACHHBIE MIOMBITKH,
He YAAAOCb NPEACTABUTb BCEX HOPMAAbBHBIX MECT C JOMmy-
CTHMBIMM HEBA3KAMH. OTH HEBASKH JOCTHUIAAH AAS HODMAAb-
HBIX MecCT, Hauboree yaareHHmX oT mepureaus, or 30 a0
50”; rakum o6pasoM, Mn BCTpeuaeMmCs C 3aTPYyAHEHHEM, O KO-
TOpOM nucaA emle DakAyHA; NOUTH HEBO3MO:KHO YAOBAET-
BODHTEABHO NpPEACTABUTb BCE HODMAADHbBIE MECTA OJHOTO
noasaenun”. Maeabcony npumroco orépocuts 10 HopMaab-
HBIX MECT M OTPAHMYHTBCA yBA3ko# ocTaBwuxcs 6 HOpMaAb-
Hux mecT. Mx yaarocp mpeactaButb ¢ MakcumaabHOH omu6-
xo#f B 4'. Koadpduyguent BexoBoro yckopeHus okasaacs pas-
HpiM 2277, 910 ouenbp 6AM3KO K NMOCAEZHEMY ONpPEAEAEHHIO
Bakayuaa.

B 1945 r. nocrpoenne TouHOH TeopHH ABUKEHHA KOMEThI
Ouke—DBakaynga somro B naan pabor HMucruryra Teope-
tTuuecko# acrpoHomuu. B pa6orax C. I'. Makosepa (nepsoe
coobmenue: , Komera duke—Bakaynaa. Jpuxenne sa 1937—
1951 rr.“, 6maro ony6auxosano B 1954 r. B Tpyaax UTA)
sarajka ABMEHMS KOMETbl MOAYYHA4 INOCTENEHHO MOAHOE
ob6bacuenue. BexoBoe yckopenue yaarocp 06bjACHMTD Ha
ocHope runoresn Yummaa (1950 r.) o ,aeasmom“ coctame
azep komer. Ilo Barasaam Yunnaa, s4po KoMeTbl COCTOMT
M3 3aMepslMX BOJABl, AMMHMAKA, YIFAEKHCAOTH M pPAa3SAHYHBIX
APYTHX A€TY4YMX BEIIeCTB, B KOTOpbi€ BKPaNAEHH HEGOADb-
IIMe 9aCTHUIKH KaMeHMCTOro xapakTepa. [Ipeanoaaraercs,
9TO AAPO KOMETH Bpaiaercs Bokpyr ocu. Ilpu npubauxxe-
unn koMeTl kK CoAHUY ee S4p0o HArpeBaeTCs M AETKOMAaB-
KHE BELIECTBA yAETYyYMBAIOTCSH, BCACACTBHE YErO BOSHHUKAIOT
AeficTByomiue Ha AApo peakTuBHbie CuAH. Jomyckas Bpa-
IIeHHe AAPA KOMETH B NPAMOM M B OGPaTHOM HANPABAEHHY,
MOKHO O6BACHMTD KAK YCKODEHHE, TAK M 3aMeAACHHEe ABHU-
xenus komeTnl. [locTenennoe yMeHblieHHe BekOBOro yCKo-
peHuss OODBACHAETCA HMCTOUIEHMEM 3aMaca 3aMep3IIMX rasos
B AApe NMocAe Kaxjgoro cbamxenus xometn ¢ Cornpgem.

PeakTusubie cuAH, BHI3HIBaOIIME YCKOPEHHE B JABU:Ke-
HHU KOMETHI, Z€HCTBYIOT TOABKO HA& KODOTKOM ydacTke Op-
6uTH BOAM3M NMepHreAMs, HA OCTaAbHOH uacTM OpOUTH KO-
MeTa ABuxkeTcs cTporo no 3sakoHy Hbiorona. Iloatomy
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C. I'. MakoBep aeraeT Hau6oAee MPOCTOE MpEAMOAOHKEHHUE,
MNOA&TafA, 9TO DAEMEHTH OPOUTBl MEHAIOTCA MCHOBEHHO B MO-
MEHT NpPOXOXKAEHHS KOMETH Yepes MepHreAHi.

Meroauka, paspa6orannas C. I'. Makosepom, nossoaura
o6besunutp S5 mossaenutt komern (1937—1954 rr.) ¢ nebui-
Barod A0 BTOro TOUHOCTbIO (BeposATHas owubka o0ZHOrO
HopMaabHoro mecta =+=170), mpuuem He ot6pacniBaroch Hu
0AHO HODMAAbHOE MECTO.

Y6esuTeAbHHM NOATBEDXACHHEM MPABHABHOCTH IPHHA-
TOrO 3aKOHA ABM:KEHHMs GBIA TOT (aKT, YTO BNEpBHE B HC-
TOPUM HMCCAEAOBAHHMA ABHMeHHUA KoMeTH OHke—Daxaynaa
yAaAOCb MOAY4YHTb AAs Macch Mepkypus mo Bosmymenusm,
KOTOPHE dTa NMAGHETA BHISHIBAET B JABH2KEHHM KOMETHI, Be-

AMUHHY
m=1 :6 280 000,

KOTOpas XOpOIIO COBNAAa CO 3HAYEHHAMH, IOAYYEHHBIMH
Apyrumu MetoAamu. JAs cpaBHeHus yxaxeM, uro Bakayna
N0 BO3MYILEHHSIM KOMETHBI OHKE MOAYYHA

m=1:9745000,
m=—1:3271742.

Bexosoe yckopenne xomern Onke—DBakAaynza ymenbmunoco,
coraacHo Bpiaucaenuam C. I'. Makosepa, a0 12’ 8 1951 r.
[TapaareAbHO ¢ ymeHDbIIEHHEM BEKOBOTO YCKODEHHS YMEHb-

wuAach H Apkoctb kometn ¢ 970 zo0 1270.

B HacTosmee Bpema BekoBoe ycCkOpeHHe CpesHEero ABH-
#eHHA OGHAPY:KEHO M y HEKOTODHX APYrHX KODOTKONEDHO-
AUYECKHX KOMET, NIDHYEM 3HAK BEKOBOTO YCKODEHHA MOMET
6HTb KAK MOAOXKHTEABHBIM, TAK ¥ OTpHUaTeAbHEM. Hanpu-
Mep, y kometn Bpykca Mn Ha6alogaeM ycxoperue cpejHero
ABuxieHus, a y komernt J'Appe u xomernt Boabd 1, Ha-
o6opoT, BekoBOe 3aMejAeHHE.

a caM OHKe HalleA

Nlpumeuanne. Tak xak npr kamaom o6opore Bokpyr Coanpa
KOMeTa TepAeT no npréausuTeabnniM noicueraMm 108—1010 rpamm raso-
BOro BeIlecTBa, TO ggu cpeaseii mMacce sapa B 1016 rpamm komera
moxer cosepmurp 108—108 o6oporos Bokpyr Coanga. Oanaxo yxe
3HAYHTEADHO paHbille KOMETA CTaHOBATCH HEAOCTYNMHOH JAAs HaGAlAe-
HHit @ BooGIje mepecTaeT CyIIeCTBOBaTb B BHJAe KOMETHOro o6mbexTa.
ITo dmuky, ,nposorxmresbmocTh XH3HE® KomeT cemeficTsa IOnurepa
menbme 108 aer.

5. Komera Orepma 3. Oguoit us nau6oree unTepecHmx
KOMET, OTKPHITHX B TEKyIEM CTOAETHH, ABASETCA KOMETa
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1942 VII (Orepma 3). Komera orkpmra 3 anpeas 1943 r.
B Typky (Puaasangus) xax ouenp caabmit obvexr (15™).

p6uTa KOMETB PACNOAOKEHa MOAHOCTBIO MexKAy opbuTamu
Mapca u HOnurepa; oTHomenue cpejHero cyTouHOro ABH-
»KeHMS KOMeTbl K CpejHeMy cyTouHomy ZABuxenuio IOnurepa
6Au3k0 K cousmMepumocTH 2:3; SKCUEHTPUCHTET OpPOGUTH
e=0.144, a HakAOH OpOUTH KOMETH K NAOCKOCTH ®K-
aunrtuxku paBed [ —4° Taxum o6pasom, opbura komeTnl
1942 VII ouenbp moxoxxa Ha Op6HUTH MaAHX MA4HET rpynnbl
T'uabaw. Hapasgy ¢ xomero#t lllsaccmana—Baxmana xomera
OrepMa 3 npuHaAAESUT K UHCAY KOMET, KOTODHE MOTYT
Ha6Al04aTbcA BO Bcex Toukax opbutn. WM zefictBuTerbHo,
Hauunas ¢ 1943 r. xomera Ha6Al0AaeTCA €xEroZHO B Kaxk-
AOH ONNOSHUIWM, Y4TO NMO3BOAHAO COGpaTh BHAYUTEAbHHIH Ha-
6AI0AaTEAbHHH MaTepUaA ¥ MOCTPOUTD TOUHYIO TEOPHIO ABHU-
skeHuss. Jta pabora 6maa Bmnoamena B Hucruryre Teope-
THueckoll acrponomun A. B. (Dokunpim (1956 r.). Uccaeays
ofcrosiTeabcTBa TeCHOro cOamxkenus komern Orepma 3
¢ Onurepom 8 1937 r., A. B. (Doxun o6uapyxxuur, uro
B pe3yAbTaTe OrpoMHHnx Bosmyiuenu# or Hnurepa op6ura
KOMETH 6hAa MBMEHEHa JO HEysHaBaeMOCTH (Cp. Hue Bae-
MEHTH KOMeTH HAa ABe DasAMUHbIE BMIOXH).

drementn opburm komerm OTepma 3

dnoxa 1936 dnoxa 1938
aex. 27.0 aex. 15.0
a=28.053, a=—4.421,
n=1553, n=—=2381"7,
= 1902, = 8?7,
i= 2, i= 19,
2 =2332%, 2 =154°3,
o =322°1, 0=2309.0,
P=22.85 roaa, P=9.30 roaa.

Ao c6auxmenua ¢ IOnurepom B 1937 r. komera Orepma 3
ABHraarach 3a mpeseramu opbutn FOmurepa (¢ =15.4) u ne
moraa Habawzarnca ¢ Semau.

Hurepecro oTMeTHTb, uTO HA NPOTAMEHUM HECKOAbKHX
AeT mAaHeToueHTpuueckas op6ura komernt Ortepma 3 6mra
SAAMNTHuecKOH, T. €. KOMeTa kak Om mpeBpaTHAAach Bpe-
menHo B cuytsuxa IOnurtepa. Oxoro morozseBHs MaKCHMaADb-
Horo c6amkenus ¢ KOnurepom ockyaupywowmue naaseroyen-
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TpUYECKHE IAEMEHTHl GBIAH COBEpLIEHHO AHAAOTHYHBI dAe-
mentam VIII cnyrtauka KOnurepa:

Komera VII cnyrHuk
Orepma 3 Onurepa
a=0.292 a.e., a=0.157 a. e.,

e =0.339, e=0.378,
r =0.176 a. e., Q=0.216 a.e.

rae Q — ageabnoe paccrosuue. Takum o6pasom, Komera
Orepma 3 npu cBoeM aBuenuu mnepecexara opbury VIII
cnytauka lOmurepa. MuHUMaAbHOE pacCTOsHHE KOMETH OT
Ouurepa cocraBasro r=0.168 a. e.

Usyyenne aBurkeHMA KODPOTKOMEDPHOAMUYECKUX KOMET 38
roAbl, MpeAleCTBYIOKHE UX OTKPLITHIO, NPHUBOAUT K HECOM-
HEHHOMY BHIBOAY, 4TO MHOrue KomeTn cemelicTsa IOmurepa
6biAM OTKpHTH mnocAe GoAbmux sosmyiuerudt ot IOmurepa,
KOTOpHE pE3KO HSMEHMAH (POPMY H pasMephl KOMETHBIX
op6uT ¥ npubAu3UAM HX K op6uTe 3JeMAM, UTO CYILECTBEHHO
yAyumiuAO ycAoBus ux Bugumoctu. Ortmernm Takmxke, 49TO
MHOTOYHMCAEHHBIE ,yTepu® KOPOTKONEPHOAUUECKHX KOMET
TaK:e NPOMCXOAAT valleé BCEro NocAe TeCHHX cOaukenui
¢ KOnurepom. ¥Yaaunoe npeasniuncAeHHe MOABAEGHHA yTe-
pPAHHOH XOMETB NpPEACTABASET OYEHb TPYAHYI0 M OTBeT-
cTBeHHylo 3ajady. [lpo6iremMa TechHmix cOauenut Komer
¢ nAanetamu usyuaracb B MlHcTuTyTe Teoperuueckoi#t acrpo-
nomun E. HU. Kasumupuak-Tloronckoi.

6. Joaronepuoauueckne KoMeThl. 323898 O ABUKEHUU
KoMmeT ¢ opburamMu, 6AM3KUMH K napabGoAnuecKHM, NpejCTaB-
AfleT aKTyaAbHyl0 npobiemy cospemenHoff HebecHolt mexa-
Huku. B HMucruryre TeopeTnuecko#f acTpoHoMuHM HAZ 8THM
BONpOCOM B TeueHue psza aer paboraer M. B. I'aaubuna,
KOTOpasi MOAYYHAA HHTEDECHbIE PEe3yAbTATH, U3y4as BAHA-
HHe GOAbBLUINX NAAHET HA JBHKEHHE KOMET OTOrO THMA.
B ocuoBy smuucaenutt M. B. Tarubuno#t 6mara noaom:xena
merozuka, npesroxennas C. I'. Maxosepom (1956 r.). [Tpu
BHIUMCACHUH BO3MymeHu#f komeT, 6GAuskux k mapaGoauue-
CKHMM, 38 HE3aBHCHMYIO IE€pEeMEHHYI0 B JH(P]epeHIHaAbHBIX
yPaBHEHHAX JABHEHHMs NpPHHHMAETCA BpeMms [, BCAEACTBHUE
Yero BO3MYLIEHHS 0O HEO6XOAHUMOCTH BBIYMCAAAHCD JAAS
CPABHMTEABHO OTDAHMYEHHOTO MNpome:xsyTka Bpemenu. [lo
npearoxenuio C. I'. Maxosepa, 3a nesaBucumyo mepemen-
HyI0 BMECTO BpEMEHHM { NMPHHHMAETCA MCTHHHAS aHOMAAHMA U,
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YTO MO3BOAAET 38 HEGOABLUIOE YHUCAO INATOB MHTErpUpOBA-
HHS BHIYHCAMTb BOSMYIUEHHS 3a OY€Hb GOAbIIOH NMpomexy-
Tok BpemeHu. Msmensas uctuunyio amomarmmo or v=—160°
a0 v=-+160°, yjaerca ompeseruTp GopMy OCKyAHMDY-
omget komeTHo#! op6uUTHI Zaaeko 3a mNpejeramMH Op6uUTH
[Iayrona, Tam, rae BosMyumeHus OT 6OAbHIMX MAaHeT cTa-
HOBATCA INpeHe6pe:kuMO MaABIMH.

[Mpumepom aoaronepuosuueckoft KkoMeTH C op6uroi,
6AusKo# k mapaboanueckol, MoxKeT CAyKuTb koMera 1944 IV,
orkpuitas Ban-Tentom (Moraunenc6ypr) 23 maa 1944 r.
kak o6bexT 12%. ITocaesnee HabGAOZeHHE KOMETH 6HIAO
caeaano 11 asrycra 1945 r. ma Aukcko#t o6cepsaTopum,
KOrJAa sSPKOCTb KOMETH COoCTaBAfra Bcero 197,

CKYAHDYIOIHE BAEMEHTH KOMETH NOAYYHAUCH CAEAY-

1ongue:
Komera 1944 IV
a—!' = —0.0009369,

e =1.002085,

g =2.225936,

0 =2336°9778,

©=1202.8027,

i= 95.0164,

T=1944 wmoa» 17.61350.

Takum o6fpasoM, op6uTa KOMETH OKasaAach runep6oAu-
ueckolf ¥ MOxkHO 6BHAO 6H zymMaTb, 4TO komera Ban-I'enra
e npunagrexur Coaseuno#t cucreme, a mnpubamsurach
Kk 3emae us mexssessnoro npoctpancrea. Oguako no reauo-
JEHTPHYECKUM BAEMEHTaM HeAb3d CYAUTb O (opMe mepBo-
HauaAbHOH Op6GUTH, Tak KAk OHA HCKAMEHA JBHKEHHEM
Coanga otHocuteabHo uentpa macc Coaneuno#f cucTemml.
UTo6B HCKAIOUHTD YKA3aHHOE BAHAHHE, HEO6X0AMMO Ompe-
A€AUTb (OPMY OpGHTH KOMETH OTHOCHTEABHO GapHIEHTpa
Coaueunoti cucremni.

7. llepexos x GapugenTpuueckoli cucTemMe KoOpAm-
mat, CorracHo onpeseAeHHI0 LEHTPA TAXKECTH CHCTEMBI Ma-
TepHaABHBIX TOYeK /m; koopauHat (x*, y*, z*) u ckopoctu
(%", y*, 2*) KOMeTH OTHOCHTEABPHO HOBOrO HauaAra 6yayT

X*=x +ox, xX"=x+0x,
y'=y-+3, g =y—+3y, (VL.1)
2t =z + 0z, 2" =2+ 8z,
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rae
205 =l (V1Y)

8x=—l+2m;’ _l+2m‘
M AaHAAOTHYHO AAs Oy, 3y, 9z u 32, Beawuunm (VI.2)
ABAAIOTCS, OUEBHAHO, M&ABIMH MONPABKAMH NOPAAKA BOBMY-
maomux Macc. TOUHO Tak:ke MO2HO HAMHCATD

L1 3l e —ede, (VL. 3)
a a a

npudem @' u e"—6oAbmIaA MNOAYOCh M OKCUEHTPUCHTET
Op6HUTH KOMETH, OTHECEHHbHE K GapH[IeHTpHUECKO# cucTeMe.

3azaua 3aKAIOUaETCA B ONpEAECACHUH 8; u de. Merog
pElIeHHs COCTOUT B TOM, YTOGH, 3HAA BaBHCUMOCTb MEXKAY
KOODAMHATAMH M CKODOCTAMH, C OAHOH CTODOHH, M BAEMEH-
TaMy Op6UMTH, ¢ Apyrof, MOAY4YHTb BHpAakeHHE, CBA3IHLIBAIO-

IHee BapHAUMH DAEMEHTOB C BADHAIMAMHU KOODAMHAT M CKO-
pocre#i. Ilpn sTOoM BMecTOo mnocrosmmo#t [aycca caeayer

peath k*=kV1+ Sm,, orkyaa

F=3 S m, (VL. 4)

BBeaem op6utarbHylo cuCTEMY KOOpZAMHAT

| 2
E=rcosv, $=—Tsmv,
P
. __kVp(r (VL. 5)
N=rsmnv, == (;cosv+e).
C apyro#t croponn, umeem
t=xP,+yP, P,,
xP,+yP,+z (VL 6)

1=xQ,+yQ,+zQ,

rae P,, ... Q,—muanpasasiomue KOCHHyCH Op6HTaAbHBIX
ocefi (§, M) OTHOCHTEADHO BKBATOPHAALHHX KOODZAMHAT
(x, y, 2z). Coornomenus (VI. 6) zaior

¥ =P,3x+ PRy + PJz,

o= Q,8x + Q3y + Q3z,

8= P3x + P23y —+ Pz,

= Q3x + Q3§ + Q,32.
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Hs unrerpara xmuppix cua

e+ pr=k(2—1) (VL. 8)

HAaX0AUM
8(%)="‘ ,123’—-,%-;(58&-1—7‘]8#1)..-2 Z_’;(ga_,, i)

HAH

3(L)=— 2 @+ ) — 2 ¢+ 00)+

+23(2-2). (VL9)

k\r a

Beanuunn §, 7, §, 1 u ux Bapuaguu BHuHCAMIOTCA IO POp-
myram (VL.5) u (VI.7). Arn spiuucaenus de socnoabsyemcs

dopmyarolt
p=a(l—é), (V1. 10)
KOTOpas Zaer
1 1
de=—L-3(3)— 35 3. (VL. 11)
Hs unrerpara mromazett
t—nb=kVp

HMeeM

tp =212 (69— mdk 4 10t — B1) —2p . (VI.12)

ToacraBasaa (VI.9) u (VI.12) 8 ¢opmyay (VL 11), no-

AyuHM
3e='/”<‘/”§—— 1;)85 +&(‘:§’n+ lk §)5ﬂ+

P (Fe L) st (Ba— L eJor—
_2'_1»(1__1)2, (VL. 13)

r a/ k

Mopmyan (VI.9) u (VI. 13) noanocrbio pemaior mocras-
AeHHYIO 8ajady. AHAAOTMYHBIE BHPAXEHUA MOXKHO TOAYUHTD
U AAS APYrHX SAE€MEHTOB OpPOGMTH KOMeTH.
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8. Nepsomauarbnrnie u Oyaymue opOHTH joArome-
puoanuecknx xkomer. [Ipumensas gopmyant (VI.9) u (VI.13)
K aaeMentam op6utrm komerwm 1944 IV (em. crp. 279), no-
AYUHM

(a*)"'=-+0.000998 a.e.”},
e*=0.99777.

Ouanako ockyAupywowiue sAeMeHTBl Op6uThl, 6AU3KOH
K napaGoae, BHIUUCACHHBIE AASl MOMEHTa OCKYAA[IUH BOAM3H
nepdreAus, e€ile He JalOT OTBETa HAa BONPOC O Xapakrepe
nepsoHauaAbHO# Op6uTbl aTOH kOMeTH. JAs TOrOo uYTO6H
ONpEAEAUTb INEPBOHAYAABHYIO OpPOHTY, MH JOAXKHH C IO-
MOIUbI0 YHCAEHHOTO UHTEPPHPOBaHHA NPOCAEAHTbH 3a ABHANce-
HUEeM B®TOH KOMeTH B TedeHHe pAja NpejUIECTBYIOIUNX AET
U HACTOABKO J4A€KO, 4TOGH HMETb yBEpPEHHOCTb, 4TO BO3-
MYILEHHS Z0 BTOTO MOMeHTa GBiAM HesHAUMTEAbHBIMH. Takue
BluucAeHus Aas kometnt 1944 IV, Bunoanenane M. B. Ta-
AubuHOH, nMoKasaAH, 4YTO

(@")rers. = +0.000007 a. e.7?,

MHBIMH CAOBaMM, HayaAbHafx 6OAbLIASA NMOAYOCh Op6UTH paB-
Haracy npubausurerbHo 140000 a.e., T.e. B aderuu koMmera
1944 IV naxosuracb na paccroauuu 280000 a.e. or
Coauna.

Taxum o6pazom, komera Ban-T'enra npunasrexur k 06-
aaxy Oopra. Beaescrsue 3sBessubix BOsmylleHHH ee mepu-
reAbHOE pACCTOSHHE YMEHbIIMAOCH A0 ¢ =2.2 a.e. u OHa
cTaAa ZoCTynHa Aas Habaiienuit ¢ 3emau.

B Ta6a. 46 npuBoaMTCA CHOMCOK JOATONEPHOANYECKHX
KOMET, OTHOCHTEAbHO KOTOPBIX MOXKHO YTBEDPXKJZaTb, YTO
onu npunaaarexat k o6raxy Oopra. B aroit Tabaune Takme
Aanpl Goabwue moayocu (o6paTHble BEAHUYMHH) MX 6yAymIux
op6uT, Mo KOoTOpbIM BTH KoMeTH Yyaaasiorca ot Coanga sa
npeseramu op6utnt [TayTtona.

Mu BuAWM, YTO BOBMYILEHHA OT H3BECTHBIX HaM 6OAb-
IIMX NAAHET BHOGPACHIBAIOT 3HAYUTEAbHYI0 9acTb AOATOIe-
pnoauueckux komer 3a npeserni Coaneuno#t cucremsr.

9, Yncaennsie MeTOAbI BLIYACACHAS BOSMymennit, Jas
BHIUHCACHHS BOBMYILIEHHH KOMETHHX OpOGMT NPHUMEHAITCA
MCKAIOUMTEADHO METOABI UHCAEHHOTO WHTETrPUPOBAHHSA AW~
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depeHUHaAbHBIX ypaBHeHu#. IJTo 06DbACHAETCA TeM 06CTOA-
TEAbCTBOM, 4YTO BJKCUEHTPHCHTETH M HAaKAOHH opbur, mo
CTemeHAM KOTOPHIX BEAYTCS pA3AOXKEHUA B AHAAMTHUECKHX
MeTOJaX, HE MOTYT pacCMaTPHBAaTbCA KaK MaAbieé BEAHUYHHDI
B caydae komeT. Cpesn pasHOOGPasHBIX YUCAEHHBIX CMOCO-
60B uHTErpupoBanus JAuUPdepeHIHAAbHBIX ypaBHEHHH BO3-
MYILEHHOTO JABUX€HHss HauboAbllee pacnpoOCTpaHEHWE B He-
6ecHO#f MexaHHKe IOAYYHMA CNOCO6 MHTErpUPOBAHHA B MpsA-
MOYTOAbHBIX  KOOpAWHaTaX, HasbBaemMbnifi OOGBIKHOBEHHO
cnocob6om Koyaana.
Ta6auna 46

Mlepsonagarnnusiec B 6yaymyHe OPGHTsH! HOKOTOPHIX
aAoaronmepuoaudeckux komer (mo H. B. Faan6unoii)

Komera (ﬂ');}m. ("*)6_;4.
1902 III -+0.000017 -+0.000875
1919 V -+0.000013 ~0.000052
1925 VII -+0.000007 —0.000335
1936 1 -+0.000017 —0.000286
1942 IV -+0.000007 —0.000847
1944 IV ~+0.000007 —0.000531

Meroas Koysara wupoxo u ycnemno npumensercs B Mn-
CTUTyTE TEOPETHYECKOH ACTPOHOMUM Kak B €ro Hemocpea-
CTBEHHOM BHAE, TAK M B Tofl (opme, KOTOPYIO €My mpHAaA
B 20-x rogax B. B. Hymepos (meTos sxcTpanmoauposanus).
C 1954 r. meros Koysara u wmeros skcTpanoamposanus
npuMensiorcs B Mlucturyre zAs uuTerpupoBanus ypapHenuit
ABHM<EHHA MaAbix mAaaner Ha Mmamune BOCM, a taxxe ars
pewenus Apyrux sazad. B 1960 r. 4. K. Kyaukos (1912—
1964) paspaboTar MeTOAHKY MHTErpupOBaHHA ypaBHEHMH
ABH:eHMA He6ecHOH MEXAHHKH HA4 SAEKTPOHHBHIX BBIYUCAH-
TeAbHBX MaulMHax no Metoly Koysara ¢ aBromaTHueckum
M3MEHEHHEM 11Ara UHTErpUpOBAHMA.

B meTose Dnke BHIUMCAAIOT OTKAOHEHHE BO3MYILEHHBIX
NMPAMOYTOABHHX KOOPAMHAT OT TEX K€ BEAHUHMH B HEBO3-
MYIIEHHOM ABHM<CHWH. AHAAOPMYHBIE METOZ AAS MOAAPHBIX
koopaunat paspaborar [ansen.

X B. WIMPOKO NpPUMEHAACH METOJ BADHAUWM BAC-
MeHTOB. B 8TOM cAyuae HHTErpupylOTCS UHCAEHHBIMH METO-
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AaMyu AuddepeH|iHaAbHBIE YPaBHEHUsA, ONpEAEAAIOUWIKE OCKY-
AUpYIOIIHE DAEMEHTHI.

§ 2. Metox Koysana

1. Ypaememms apmameuna. Juddepenguarvane ypas-
HeHHS ABHMGEHHA B 3a4a9€ N TeA HMEIOT HauboAee mpocTyio
dopMy B TOM CAydae, KOrja STH YpABHEHHA HAaNMHCAHH
B INPAMOYTOABHHX KOODAHHATAaX, & HAUYaAO KOODAHHAT ACMKHT
B [leHTpe Macc BCel CHCTEMH N MATEePHAABHHX TOYeK.
B aToM cAyuae ypaBHeHHs ABMXEHMA HMEIOT CAeayomuil

BHA:
d2x x‘ —x
an —Z” »

d2y . —_
= em y—‘Ag—g - (VL. 14)

dgz—ka; —z

A= (x; — x)*+(y; — y)* + (2, — 2)*.

rae

B arux ypasmeHusx uepes X, Yy, z o6osHaueHn 6apu-
[eHTpHYECKHE KOOPDAUHATH KOMETH, ABH:{€HHE KOTOpO# MH
uayuaeM, a uepes m;, X;, Y; 2Z;—Macchl H GapuyenTpu-
geckue koopauHath Goapmux naaner u Coanga. Oamaxo
B HeGecHoO#t MexaHuKe MH NpUHHMaeM OOGHYHO 3a HavaAo
cucrempl koopaunar gentp CoAnga, Tak Kak B ®TOM CAy-
4ae CTAHOBHTCA HEHYKHOH OTJeAbHAs TeOpHA JBUACHHUSA
Coanga.

B reanopenrpuuecko#t cucreme ypapnenus (VI.14) npu-
HUMAIOT BHJA

=k (1 4-m) 5+ X,
L Y Y ¥ VI. 15
qr ( +M)$+ 9 ( o )
j—i:=—k2(1+m)%+z,
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rae

Y —
Y= km (y‘ y__vi)
¢ L\% rg ’

¢

2= Sem (i)

$

Macca Coanpa npunsaTa 3a eguHugy, M — Macca KOMeETHI,
KOTOPYIO MOXHO MOAOkHTb paBHo# Hyalo. Cymmuposanue
pacnpocTpaHseTcA Ha BCe OGOAbIIME NAaHETH, BOBMYIHEHHA
OT KOTOPHIX MH XOTHM YUHTHBATD.

Koopaunarn 6oAbmux naamer Xx;, ¥Y;, Z;, ,COAHEUHBHIE

“ X3 Ys z;
9YA€HH -——3, — =3, ——3 M MHOXHTEAH, CBA3aHHbIC
rs r re

¢ Maccamu naaHetr k°m;, moryr OBITb BSATH M3 CHEJHAAD-
Hbx Tabaug uan us Acrponomuueckoro Exeroguuxa CCCP.
Ypasuenus (VI.15) moxuo sanucatp B Tako#t gopme:

d2
“w=F(x, 9, 2, ¥),
T =F.(x, y, 7, ), (V. 16)

d2
ﬁfz—=F3(x’ Y z, t),

KOTOpasA YKa3HBAaeT Ha TO, UTO YAEHH ¢ NepBo#f npousBoJs-
Holt no Bpemenu orcytcrTByloT. MB paccMOTpHM JAAs mpo-
CTOTH YHCACHHOE WHTErpUpPOBaHHE ypaBHEHHA

2
L5 =F(x, #). (V1. 17)

Hurerpuposanue cucremnt ypasuenutt (V1. 16) npososurca
aHAAOTHYHO, NMpUYEM BCE TPH YPABHEHHA MHHTErpHPYIOTCA
MaparAEAbHO.

2. Pasmoctm m cymmui. Beesem npex e scero nekotopne
o6osnauenus. [Tycrp f(f) —HenpepniBHas Qymkuus Bpemenn,
3HaYeHHs KoTopod M O6yseM paccMaTpusaTb JAA paja
pPaBHOCTOAIIUX MOMeHTOB f,, f,+w, f+2w, ... {j—w,
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t{,— 2w, ... BeauunHa w HocuT HasBaHMe WIara MHTErpu-
posanus. 3uauenus ¢ynxkyuu f(f) 6ysem obosnauaTp uyepes

fe=f(t), (VL. 18)

rae =4t +kw, k=0, 1, 2,... —1, —2,... Pasnocrn
M cymmn sHadenu#t ¢ynkuuu 6Gysem o6osHadaTh Tak, Kak
aTO moxasaHo B Ta6a. 47.

Ta6anyga 47

- e | .2l .2 Es
® ] [ [ - B
apgwes | 28| £8 | | £ | A2 | £ | £3
]
a2 = & 2d | S5 | &4 | 22
—2
ty— 3w f -3 fs
-1 '
. ___r.'!2 f_b A .
ty— 2w = f—2 fle
—1 ’ f3
i -3, -, R -3, .
to -_—w f— f‘ f
—1 1 Y -1
—1 ’ 3
, | for | [f=n]
ty 0 fo fo fo
fiil fi Y
0 A A 2 s
ty+w 1 fi A
— ’
o f’/z f’fz
fo —“+ 2w f;' fg

Kpome 6ykBm f, 6yzem ynorpebastb Ars o6osnauenus
pasHocre#f Takxme 6yxBy A. Ta6a. 47 moxer 6mTb no Mepe
HajZ06HOCTH MpojOAxxeHa BBepx, BHHM3 W BupaBo. Kaxzas
M3 BeAMYHH, BXOAAIIMX B TaGA. 47, paBHa pasHOCTH MexAy
ABYMs BEAMYHMHaMHM, CTOAIIMMH B GAuzkaHiliem AeBoM croabue
HEMOCPEACTBEHHO HHM2ke W Bhille 3TOH BEAHYMHH. Takum

o6pasom,
femn—fe=Fiwys

fopp—Foo =12, (V1. 19)

npu A060M LEAOM 3HaueHuu K.
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Oano us snauennii crorbua cyMv mnepBoro mnopsaka

MozkeT GMTb B3ATO MPOM3BOABHO, Hanpumep, f—ij,. Ocrarb-
Hble 3HAUEHHA BBLIYHCASIOTCA MO QOpMyAe

S =+ fe (V1. 20)
TO'IHO TaK e, B34AB IPOU3BOABHO OJHO H3 3HaueHui

BTOpHX CyMM, Hampumep f;2, NOAyd4uM BCe OCTaAbHHE
qucAa BTOrO cTOAGHA MO QopMyAre

=+ ik " (VL. 21)

Tabauga cymMMm U passocTef A0mOAHAETCA ele MOAYCYyM-
MaMH ABYX COCEAHHX BEAHYMH OJHOTO H TOTO ke CToAGpa.
AAa 8THX MOAYCYMM NMpPHHATH CAeaylomgHe 0o6O3HaUeHMs:

%‘(f  +Sew1) =Lesu
% Ve, * Few) =1,
ORI =12,

| . o\ £
s ()=

(VL. 22)

3. Nepeuit merog Koysara, Ipucrynum rtenepn k usnre-
rpuposanuio ypasuenus (VI.17). Ocobennocrp aroro ypas-
HEHHA COCTOMT B TOM, 4TO B NpPAaBYI0 4aCThb He BXOAWT mep-
BasA NPOM3BOAHAS M NOTOMY MO:KHO mepefiTu nmpsMo oT BTopok

NPOH3BOAHOH % K uckoMolh @ymkguu x(f) mo ozuo#t dop-

MyAe ABOHHOTO MHTErpHPOBAHHS, HCIIOAb3YS NPH STOM HHTEp-
noaspuonnyo ¢gopmyry Crupamara. Takum obpasom Mm
MoxkeM H36exkaTbh ABYX MOCAEAOBATEABHHX HHTErpHUpOBa-
dx

HUH — OAHOTO AAS HAXOKAGHHA — -, & APYrOro AAs Haxo-
xaeaun x ().

Hurerpar x(f) ypasuenus BTOpOro nopsixa Moxer 6bTh
3ajaH MAH CBOMMM 3HAUEHHAMH B ABYX TOYKax, HanmpHuMep,

xo=x(t), x_,=x(t,—w), (VL. 23)
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HAH TE€MH 3HAUYCHHSAMH, KOTOPHIE HHTErpaA H ero npomaBos-
Hasg NPHHUMAIOT B HavaAbHBI# MOMEHT

xo=xt)h (F)=(F)e V129

Paccmorpum cHauara nepsuili caygatt. Ilycrs x_, u xy—
sajaHHbBe BeAHYHHH. [Jo aTuM faHHHIM Tpe6yeTcs BHIYHCAMTD
OCTaAbHHE BHAYEHHA X;, Xy ... UCKOMOH dyHKugUM x (f).
OueBugno, uTo AR pemenus mocTaBAeHHOH 3azaunm HeoGxo-
AuMo HafiTm cnmoco6 AAf BHUHCAEHHA pasHOCTeH

X, — Xy =14y,

Xy~ Xy = bop, (V1. 25)

X1 — X = Ak_'_l/,‘.
BBeAeM B pacCMOTpPEHHE BTOPHIC pPAas3HOCTH
8 =By, — By, (VI. 26)

Tar xar coraacso (VI.25) Apyy,=Xp, — X% u Qg =
= Xg— Xp—3y TO

A = Xy, — 2xp + Xpye (VL.27)

Pasaaras xp ., =x(f+w) u x_,=x({,—w) no cre-
NEeHAM W, NOAYYHUM

0-9-1 . ” d’n
xk—1=xk+2(_1) %(ﬁ)k.

n=1

- (VI. 28)
® /d"
Fen = Xt 2 % (d_t:)t
n=1
[Toacraasa B (VI.27), naxozum
o o (d
A2 =2 ZIW(W)' (VL. 29)

O6osnaaum
o d 2x

w 72—=w2F(x, f)=f.
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d2x w2 dz"x
P
=w?( G, +22 @ ()

n=2

- Al w?n (f'?"f
——ﬁt +2 Z 2n—+2)! \ dt*» )k. (VI. 30)

n=1

Buipasum Tenmepp npoussosubie uepes pasHocTH. JAs
aToro BocmoAbsyemcs ¢opmyaolt Crupaunra

floe+zw)=fi+ofy, + S i+ 28 oy
+ 12_(_‘2—_12)_}“ (V1. 31)

Au(ptpepengnpyx no z u moaaras z =0, noayuum

w(g_{)x=f'; s w i wfi+ |
o fl— g 4,
w(%)k=f§-——li2f;+%fs_s%of8+
“"3—11%1('30— 11632f
w? (%)k=f,f-—%f,-:+mf,z——mf:+
S 1:17;)0 fi— ..., (VL. 32)
wt (T} ), =f— /i g o — gy fO+
+ s [ —
o (G =i S AT A i
ws(:_:{)k_ﬂ‘!__fﬁ_p_— k _lmgsfk Sty
w (G o= TS+

19 T. A. Yeborapes — 289 —



d8f 1
Bf=R—g v =

[MoacraBAsa HaizeHHHE BhpaxseHHs AAA MPOU3BOAHBIX
B @opmyay (VI.30), noayuum ocsoBHyio dopMyay nepsoro
meroza Koyaara

1 1 31 289
B=h+fi—om i+ wm /i — sems0/i +

SIT_ 0 68034T1
~+ 37800600/ _26153487360me ~+... (VL33)

Hckomas koopaunara Xxp,, HAXOAUTCA Tenepb HpH No-
MOoIIH ABOHHOrO CyMMHPOBaHHs

Ak.'.l =Ak_J -+ A2
AT e (VL 34)
Xpg1 = X+ Ag.pf’.
Buuucaenus no merosy Koyeara maummaorcs caesyio-
mmum o6pasoM. 3Has X, U X_;, MOXEeM BHYHCAHTD
Xo— Xy =4y,

Iocae sroro, orbpacnsas B gpopmyre (VI.33) neussect-

HBle HAM TOKA YAEHH C pasHoCTAMH f2, fi, ..., MOAaraem
B NEepBOM NpubAM:xKEHUH
A= f,=w'Fy=wF(x,, t,). (VL 35)

Or1a BeAuunHa MoxseT GHTb AErKO BHYHCAEHA HeNmOCpeA-
creenno mo ypasaenuo (VI.17), Tax xax ¢ymxpgua F(x, ?)
AOAXHA GHTb HaM 3ajaHA B ABHOM BHJe. [locae TOoro kax
HaM CTaAa H3BeCTHa BrOpas pasHocTb A2, Mox:eM Aerxo
BRUMCAUTD no Gopmyaam (VI.34)

A'/3=A—‘/a+A§’
X, =X+ Ay,

— 29 —
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Wmea tenmepp x_;, X, X;, Mo:xeM BHUHCAUTD f W, CAe-
AoBaTeAbHo, Halith no gopmyae (VI.33) 6oree Tounoe sHa-
yenue AAa A}, a uMeHHO

1
8= f,+ 35 f2. (V1. 37)

[Tocae atoro mo ¢opmyram (VI.36) naxosgum 6oree Tou-
Hoe 3Hauenue x,. Ilepexosum Temepp K BHIYHCACHMIO X_,
nmo ¢popmyaam (V1. 34)

3, =A_| 2
A=A Sy (VL 38)
x_2 =x_, +A_s,

Heussecrnan nam Bropas pasmocts AL, mnaxosurcs mo
dopmyae (VI. 33).
A\ =f_ =w'F(x_, t_).

[locae Toro xak BbiuMCAEHO B nepBOM NPUGAMKEHHH X_,,
HaxozuM f2i ¥ yTouHAEeM SHauUeHWE BTODPOH paBHOCTH

By=f,+ 5 . (VL. 39)

Tenepp mo ¢popmyaram (VI.38) naxosum so BTOpoM npu-
6AUKEHNH BHAUEHHE X_,. TOYHO TaK k€ BHIYUCAAEM H X,.
Tenepp Moxsuo Ha#iTH ueTBepTyio pasHocTh ff, kax »®TO
BHAHO H3 caeayolielt cxembi:

x_y F(x_y t_y) fo ,
x_y F(x_p, t_) f—l ' fil

. 3
~'s —;
xy  F(xy t) 5 , 13 " f
f'!':- , '
x; F(xy, t) 5 f;

f;iz
x,  F(x, t) /e
Bosspaigaemcs cHoBa x BmuMCAeHMi0o pasHocTH A2,

[To popmyre (VI.33) naxoaum noBOE, eme Goree TouHOE
3HaueHMe

1 1
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n sateM no popmyram (VI.36) — 60oree TouHoe sHauenue x|.
Ecau unTepBan uuTerpupoBanus Bn6paH Takum o6pasom,
4TO WECTas PasHOCTb He 6GoAbllle, 4eM ABYX3HAYHOE HHCAO,
MmoxkeM orpanHuauTbes B ¢opmyae (VI.33) Tpema mnepmbimu
urenamu. [loatomy 3znauenue A2, moayueHHoe mo ¢opmyaie
(VL. 40), Mo2xHO cuMTaTD OKOHYATEABHBIM.

Koraa wunTerpuposanue npoaBUHYAOCH AOCTATOYHO JAa-
Aeko, TO AAa Bouucaenua Ay mo popmyae (V1. 33) neusse-
CTHBE pasHOCTH fr u f¢ ONDEAEARIOTCA B NepBOM NpHGAH-
AEHHU TIPH MOMOILM SKCTPATIOAMPOBAHUA ,HA TA830K" LIECTHIX
pasnocrei. [locae 8Toro HaxossaTca cooTBeTcTBYyIOIIHE
Xky1s Xipoy -+ M PABHOCTH MEPEBHYHCAAITCA OGHIYHBIM
cnoco6oM. 3aTeM MOBTOPAIOT BHIYUCACHHE Xigy, Xk o+ -
EcAu unTepBaA MHTErpupoBaHHs AOCTATOYHO MaA, TO 3HA-
9eHHSA Xjy1, Xpyo .. HE M3MEHSIOTCA, & CA€A0BATEABHO,
He M3MEHAIOTCA U PasHOCTH.

Jannnift meTos 6nia yenemno npumenen Koysarom (1870—
1949) u Kpommeaunom (1865—1939) 8 1908 r. x ABuxsenuro
BocbMoro cnythuka HOmurepa u B 1910 r. npu usyuenuu
ABuxkeHMs koMeTH ['aares sa asa o6opora 1759—1835—
1910 rr. B pa6ote o ABuxenuu xomern [aanes Koyaaa
yKa3aA HAa BOBMOMKHOCTb HEKOTOPOrO YAydlIeHHs CBOEro
Meroaa. Idtor ,BrTopo#t Mmeroa“ Koyaara, kak BmscHHAOCD
BMOCAEACTBHH, COBEPLICHHO HAEHTHUYEH C METOAOM YHCAEH-
HOTO MHTerpHpOBaHMA, koTOpm# mpesroxur ayce (,MeToa
KBaZpaTyp“).

4. Bropoit meros Koysara. Jrs BmBoza ¢opmya,
onpeseAsiomux Bropo# Metroa Koyaara, mpocymmupyem
paBenctBa (VI.34) or k=1 z0 k=n—1. [Toryuum

n—1
A"-'/z = A—"/z -+ 2 Ai,
— (VI. 41)

Xg == Xy ¥+ ; Ak.p/,.

Ho us ¢opmyan (VI.33) caeayer, uro

n—1 n—1 ” n—1

—1
> 1 Q4 1
Sa= §ﬁ+ﬁ\f,;_m2f;g+... (V. 42)
0 0 0 0
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Ilo onpeserenuio umeem

m—1
=
m=—1
Yy o
m—1
¥ o

e o o o o o

m — fm—1__
'
f — fm—1__
1 3,
f m—1 ___
2 8/,
m — fm—1 __
n—1"_J n—/,

m—1
n—3/,°

CKA&AHB&H BTH PABEHCTBa, NMOAYYUM

n—-1

2 fr=/frzl—fm (VI 43)
Mnt mMo:em Tenepp npeo6pasosarp pasenctso (VI.42)
caezyomum obpasom:

n—1
EA —(f"""/a —'/: + 1z 2 (f, —'/ f'—'/: —

_W(fi_,/’——fa_,/’ + .=

1
— ;'l,/,—i-ﬁf”_‘/z—'mfi_,,’-l— .oy —

1 ,
— o, — 1wl

1
P

(V1. 44)

[Moacrasasas (V1. 44) 8 popmyay (VI. 41), naxosum

B, =0, +

1 . 1
— a1
[Toaaras B (VI. 45)
— 1 .,
f—'1/2= A—’/a - 1_2f_1 ,+

317
~+ 3623800 3628 500 / = —

680347 1y
2615348736 000 / —s
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210 [t

1
210 /20—

1
ﬁo—f?'—llz—'- T

(VI. 45)

31
g [ont

22 809 600 22809600 / - -,

(V1. 46)



4TO MOZKHO BCerja CAeAaTb, NOAb3YACb MNPOHBBOAbDHOCTDLIO
HAYaAbDHOTIO 3HAYECHUA B CTOAGQG nepBbix CyMM, IOAYYHM
OKOHYATEAbHO

1 . 1
Auoyy= f72y, + 13 foey,— 35 Fomy,+ -+ (VL4T)
O6paTtumca Temepp xo Bropomy ypasuenuwo (VI.34).
Bamensa B (VI.47) 6yxBy n na k -+ 1, Hanumem

1 . 1
Ak+‘/a= f;il/, -+ 1_2'fk+'/, - zTo“fi_._l/"'" cen (Vl. 48)

HaM Hajo Tenepp NpPOCYMMHPOBATb O8TO BBIpaiKEeHHE
or k=0 a0 k=n—1. Toayuum

n—1 n—1 n—1

2=k, Siwn—

n—l1

1
— 215 D Shan+ (V1. 49)
0

Ho na ocnosanuu pasenctsa (VI. 43) umeem

n—1

02 f,:‘n+'/’=f;:;—l _f::;—l’

noaromy pasenctBo (VI.49) moxkem Ttenepbp HanucaTb Tak:

n—1

2 By, =(f2— )+ %‘ (f—1)— 240 (a—

. 1 1
.=fns+—l§f;,-—mfi+...—

— it =g fo iy it (VL. 50)
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[Toa¢rasasa (VI.50) Bo sropoe pasenttso (VI.41),
noAyuuM

= x [ gy gy S
1 1,
— =g htagg i (VL 51)

[Toabsyscp mpousBoAbHOCTBIO HAa4aABHOTO 3HAUEHUA
B CTOAGLE BTOPHX CYMM, IIOAO2KHM

1 1 31 289
—2 —— — f2___ 6 ___
o =Xo—13/o ¥ 355/ —goas0 /o + 5628800 /o
817 6803477
— 33809600 /o + 365 33736000 /0 — * * - (VL. 52)

Tenepp ¢opmyaa (VI.51) oxonuareabHo sammmerca Tax:

1 1 31 289
— =2 —_ e £2 4
Xo= [+ 335 — 355 2+ goas0 /»— T68800 /0

317 6803477
22809600 / » 2615 348 736 000

- f9 ... (VL53)

Mopmyra (VI.53) onpeserser sropo#t meros Koysanra.
Hagarbune urenn croabpa mepBmx cymM M croAbpa Bro-
poix cymM Bouucasiorea no gopmyaam (VI 46) u (VI 52),
T. €. y:Ke He ABAAIOTCA [POUSBBOABHBIMH.

Buiaucaenus no gopmyae (VI.53) Besyrca tak ke, xak
¥ B cAyuae nepsoro meroja Koysara, r. e. ucxoas us sa-
A8HHHX X, M A_i,=X,— X, ONpeAeAAIOT HECKOABKO CMex-
HHX 3HadeHu#t Xx;, X_, X5 ... 3aTeM HyKHbi€ PasHOCTH f3
u [} HaxoAAT B mMepBOM NpUGAUKEHHH, SKCTPANOAHPYS ,HA
rAasok” IlIecThHe pasHOCTH.

S. Bropot meroz Koysara. Ilpogoarmenme. Pacemor-
pum Temepb BTOpoH CAyualt HMHTErpUpOBAHUA ypaBHEHHS
(VI.17), xoraa uckommit unterpar x (f) 3azan HauaAbHHIMH
BHATECHUAMU

*o=x ) VI. 54
DI
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Hama 3azaua sakAiouaercs B HaxoxKA€HHM KOODAHHAT X,
. INepsas us gopmya (VI.32) aaer
dx\ __ 1,5, 145
w (E)O_Ao—-g Ao+30Ao-—

C apyroft cropoun, Ha ocHoBanun ¢opmyan (VI.53) mm
MOZeM HamucaTh

- 1 1
x0=Ag= 02+l—2f0——mf20+ e

N anaroruuno
Am_fn-—2+ zf:)n_% :’n+2+. .

nosTOMYy

( ) e 12fo 240f§+...—
?(f{,+ﬁfg—2%of§;+...)+
+§1-0( g+112f§—2%0fg+...)+
w(%)():fo — Sy fi— e fi ... (VL 55)

Ilo onpeaexrenuro

HAH

fl721 —+ f:}l
2

=

Ti=g (i +fii—f)=Ffii— 5/ (VL.56)
Toacrasaaa (VI.56) B (VI.55), okonuaTeAbHO moAyaum
fit=w(B) 5 fo+ S i+ ooms i — i S+

S — e =i+ ... (VL.5T)

—+ 2615348736000

Takum 06pasoM, H B BTOM CAyuae MOXKHO NMOAb3OBATHCA
AAsl 9HCAEHHOTO HHTErpupoBanus ¢opmyramu (VI.52) u
(VL. 53), xoropmie yazoBaeTBOpsioT ycAosmio X,==x (f,), HO
BHYUCACHHEe HCXOJHOTO YA€Ha B CTOAGe NEpBHIX CyMM He~
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ob6xoszumo mnposectu He mno ¢opmyare (VI.46), a no dop-
myae (VL 57).

OTtanunterbnoi 0CO6EHHOCTHIO METOZa YUCAEHHOTO WHTE-
rPUpPOBaHUS BOSMYLUEHHBIX KOOPAMHAT SBAAETCS €ro yHH-
BEpCaAbHOCTb. B TO BpeMs Kak aHaAUTHYeCKHE METOAB He-
6eCcHOM MEXaHUKM NMpPUMEHMMBI TOADKO B TOM CAyuae, KOrga
BOSMYILEHHs MaAbl, & MapamMeTpbl OPGUT OrpaHHUYEHBl HEKO-
TODBIMH M[€AEAAMH, NPU YUCAEHHOM MHTEFPUPOBAHHM ypaB-
HeHWHl ABMxeHUs Booblue He BOSHMKaeT BOMPOCA O Xapak-
Tepe Op6UT pPACCMATPUBAEMBIX TEA W O BEAHYMHE BO3MYy-
meHui.

Yucarenunle MeToan HeGecHol mexanuku, paspaboTaHHble
Kaepo (1713—1765), 8 teuenne XVIII B. npumensaruco
MCKAIOUMTEABHO K kKomeraM; B Teuedue XIX B. sTu meroan
MOAYYHAM AaAbHefiliee DPAasBUTHE ¥ HAWIAW LWIMPOKOE MpHMe-
HeHWe AAs BBIYHCAEHWA BOSMYIUEHMH MaAblX MAaHeT M, Ha-
koHel, B cepesue XX B. nosBAeHHE OBICTpOAeHCTBYOLIMX
SAEKTPOHHBIX BHIYHCAUTEAbBHBIX MAIHH O3BOAMAO MPUMEHHTD
YHCAEHHBIE METOABl B TEOPHM ABH:KEHMS OOABWIUX IIAQHET,
a sateM M B 3ajauax acCTpPOAMHAMHKH. |IpUHEUNHAADHBIM
HEAOCTATKOM UYHCAEHHBIX METOAOB ABAAETCH GBICTPOE HAKOMN-
A€HUE OWHOGOK OKPYTAEHHS Ha Ka*KAOM LIAre WHTErpupoBa-
HUA ypaBHeHn# ABU:KEHUA. DTOT BOMPOC AETAADHO M3ydaAcs
B Wucruryre Tteoperuueckot actpomomun B paboTax
B. ®. Mauuna. ITocre Toro xak czeraHo n wWAros YUCAEH-
HOTO HHTErpupoBaHus, OMWMOGKH B MOAYYEHHHX KOOPAMHATAX
OKa3LIBAIOTCA MPONOPHUOHAADHBIMH 1N':, HHbBIMH CAOBaMH,
nocae 100 maros wuHTerpupoBaHusi owubku OKpyraeHus
B MCXOAHBIX 3HAUEHHAX koopAnHaT yseanuusatorcs B 1000 pas,
T. €. TPH MOCAC€AHMX BBIUUCAHTEADHBIX 3HAKA B pe3yAbTaTax
6yayT owmubounn. CucremMaTHuecKoe HaKoNAeHHe OLIUGKH
B Mpolecce HHTErPUPOBAHMA OTPAHUYUBAET BO3MOKHOCTH
UUCAEHHBIX METOAOB MO CPABHEHMIO C AHAAMTHUYECKHUMH METO-
AaMH, KOTOpble CBOGOZHBI OT ®TOr0 HEAOCTATKA.

Ilpeanoao:kuM, HanpuMep, YTO Mbl BBHIYHCASIEM KOOpPAH-
HaTH kakoro-an6o o6bexkrta ¢ 15 ZecsaTuunbiMu 3Hakamu Ha
nporaxerun 10 o6oporos. [lpu kaxaom obopore neob6xo-
aumo caeratb okoro 100 waros uyucAesHOro uHTErpupoba-
HUs, 4To6Bi ofecnmeunTb AOCTATOUHYI0 MAAOCTb BBICIIHX
pasnocteit. Ilocae 10* o6oporos (uaum 10° waros uurerpu-
poBaHua) HakonuBmasca omubxa cocrasur 10° esmnuy no-
CAeAHEero JeCcATHYHOTO 3HaKa. lakum o6pasoM, K KOHLY
MHTErpHPOBAHUSA MH COXPAHHM TOYHOCTb B KOODAMHATAX BCETO
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B LlecTb AECATHUHBIX 3HAKOB. B cayuae 6Au3KOro uckyc-
creenHoro cnyTHuka 3emau 10 o6oporos coorTsercTByIOT
npu6auauteabHo 666 cyrkam; szas Mepkypua sto cocrasut
oxoao 2500 aer.

Oanako, ecAM MBI 3aXOTHM YBEAHYHTb TOYHOCTb KOOp-
AMHAT JO J€BATH 3HAKOB, Teopua Asuxenus Mepxypus
(a crezoBaTeabHO, M O6WAA YHCAEHHAs TEOpHS ABHKEHHA
Bcex GOABMIMX NAaHET) MoxseT GHITb NMOCTPOEHa TOABKO Ha
25 aer! BosMomHOCTH aHAAHTHUECKHX METOAOB 3HAUYMTEABHO
lIMpe, a MOJTOMYy OHM M B HACTOAIGEE BPEMS COCTABAAIOT
ocHOBY HebecHOH MexaHMKH.

6. Bropoit meTos Koysara. UYncaenusnit npamep. B ka-
YecTBE UYHCAOBOrO IMpUMEPA MB PAaCCMOTPMM BBHIYMCAEHHE
BO3MYyIEHHBIX KOOpAWHAT Nepuojudeckofi komers Dpyxkca,
BHINOAHEHHOE BBIAAIOLIMMCA COBETCKMM CIEJHAAHCTOM B 06-
AactH kometHo#t actponomuu A. 4. Ay6aro (1903—1959).

HcxoanbiMu saHHbIMU ABASIOTCA OCKYAMPYIOIIHE DAEMEHTH
op6uTH.

Onoxa ockyasagun 1939 r. cent. 24.0. Bcem. Bp.
My= 1°132!76,
o =195°41'2"18, AxaunTtuka u
Q@ =177°42'16"12, { pauogencteue (VI.57%)

i= 59324578, 1950.0
P= 29° 45549,
n= 510766170

Heo6x04uMo BHuMCAMTD ToOuHME BO3MyILeHHs oT Benepm,
3emau, Mapca, FOnurepa u Caryphna 40 snoxu caesyiomero
nosisaenua kometni B 1946 r. Hcxoznble koopauHaTH u
CKOPOCTH BBIYHCAAIOTCH MO (OPMyAaM 3aAau¥ ABYX TeEA
B BKBATOPHAABHOH CUCTEME KOOPAMHAT AAS MOMEHT& OCKY-
aapun £ =1939 cenr. 24.0.

x=A,(cosE—e)+ B, sinE,
y=A,(cosE—e)+B,sinE, (VI. 58)
z=A,(cosE—e)+B,sinE,

dx _ —k‘/—_ (B,cos E—A_sinE),

dt— ;

d, k :

d_!tl=:—ﬁ(B’/ cos E— A, sin E), (VL. 59)
%:-rkTa_(B,cos E—A,sinE),
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A,=aP,, B,=acos?Q,,
A,=aP,, B,=acos?Q,, (VL. 60)
A,=aP,, BZ=GCOS:? Qn

P, = cos® cos@ — sin o cos / sinQ,

P, =(cos®sin € + sin @ cos / cos ) cos ¢ —
--- sin ® sin 7 sin ¢,

P,=(cos® sin @ + sinw cos / cos £) sin s+
+-sinmsin/ cos s,

Q,=—sinvcos ® —cos®cosisin &,

(VL. 61)
Q,=(—sinvsin € -+ cos ® cos 7 cos 2) cose —
—cos @ sin 7 sin ¢,

Q.= (—sinwsin € 4 cos ® cos / cos £) sin ¢ +-

-+ cos®sin /cos¢.

Ypasuenne Kenaepa
E—esnE=M,+n(t—t)

pewaercs oTHOCHTeAbHO E mocAesoBaTeAbHBIMH MpHGAH:ke-
uuami. Mcnoabays cicreMy ockyAupyomux saemeHTOB, Ha-
X0ZUM

x=-+1.786990050, w3 =—0,0425078129,

y=-+0.535836158, w 3L = +0.1400120441,

2=-+0.165843768, w 5 = -+-0.0454068136.

Hnrepsar unrerpupoBanus npunar passnim w =10 cy-
tok. Koraa xomera maxoauraco Ha paccrosanuu ot Coanpa,
npesnmaiomem 3.5 a. e., BoiuucAenus Berucb ¢ 20-jHeBHbIMH
npoMexsyTKaMH BpeMeHH. llepexoj OT 0AHOro HHTEpBaAa
K ApyroMy B NpoliecCe MHTErPMDOBAHUA HE MpeACTABAAET
satpyanennf. Ecau Mb xortum ofecneunTb OKOHYATEABHYIO
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TOYHOCTb KOOpDAHHAT B CeMb JAE€CATHUYHBIX 3HAKOB, TO YHCAO
SHAKOB, C KOTOPBIMH BBHIYHCAAKITCA QYHKQHH

d2x

fe =w2d7 ’
d?2

fi=wrSE, (VL. 62)
d?z

/: =w2m »

a Takxke CyMMBl M Da3sHOCTH ZOAXKHO 6bLITb Ha ABa M TPH
3Haka Goablue.

Ars Toro uTobbl COCTaBUTb NpPEABAPHTEAbHYIO TabAupy
passocTet BeamuuHn fy, f,, f, BHUMCAAIOTCA AAf psAa Mo~
MEHTOB [0 HEBO3MYIIEHHBIM KOOpAMHaTaM KoMeTnl. Mm orpa-
HHYUMCA BBIYHCAEHMAMH AAS KOOpAMHATHI X (Taba.48).

Ta6auga 48

Bcemupnoe spema x 107 fz - 107
1939 asr. 25.0 +18775329.42 —83485.81
cenr. 4.0 18556525.50 83402.02
140 18254379.04 82391.05
24.0 17869900.50 80466.30
okt. 4.0 17405011.04 77679.96
14.0 16862490.73 74119.02
240 16245892.03 69898.51

CocrasnM Temepp mpesBapuTEAbHYI0 TaGAMLYy CyMM H
pasHocTef AAsn koopauHaTH X (Taba. 49). Amnaroruuubie
TaGAMIN AOAKHB GHTDP COCTABAGHH JAAf KOOpPJAMHAT Y, 2.

Bce Beauunnn B Taba. 49 npuseseHn B esMHMIAX Ceab-
moro sHaka. [lepsnilf uren B Tabauge BTOpHX CymMM BHIUHC-
aserca no ¢popmyae (VI.52), koropas saer B cespmom aecs-
THYHOM SHAaKe

o2 ==-+17869900.50 + 6705.52 + 3.59 +0.02 =
= +17876609.63.

Hauarpunift uren B TabAuge mepBHX cCyMM BHIUHCAAETCS
no ¢opmyae (VI.57), xoropas zaer
[t =—425078.13 — 40233.15 + 196.30 +- 1.06 + 0.02 =

= —465113.90.
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Bo BtopoM npubausenun Berwuuwns f,, f,, f; ompese-
AMIOTCA OT MOMEHTA& K MOMEHTY, HAUMHASA OT BOMOXH OCKy-
aagun 1939 cenr. 24.0, npuuem X, y, z BHIYUCAAIOTCSA Ha
kaxapit Momest no gopmyae (VI. 53).

Tak kak noAyueHHwe B MEPBOM UPHOGAMKEHUH MCXOAHBIE
YAEeHB PAJOB CyMM He MBMEHHAMCb, TO B JAaibHeHuux npu-
6aumennax Her Hago6moct. [lpeaBapureapHas Tabanpa
pasHocTe#f Aas x npeacraBaena B Taba. 50.

A. A. Aybaro skcTpanmoAupyeTr ,Ha TAa30K“ TpeTbIO

pasHOCTb, HOAAras ee paBHOH fo—=—133. Tlocae sroro
A€TKO HAXOAHM

f2=+108, fl=+5478, f,=—49175.

3l<c'rpan0AupyeM Tenepb BTOPYIO PasHOCTb HA MOMEHT

aex. 3.0, noaaras ee pasno#t fo=—=0. Mu samau Temepn Bce
Heo6X0AUMBbie JaHHBE AAS% BHUYHCAEHHS X, Ha MoMeHT Jek. 3.0.
ITo ¢opmyare (VI.53) naxozum

x, = +1.3130294.

YerpepThie paSHOCTH He BAHMSAIOT Ha PE3yAbTAT, MOTOMY
MB X He BHuucAseMm. Haxoszum anaroruuso y, u 2z, H
MoAyuaeM OKoHuaTeAbHoe sHauenue f, (a Taxxe f, u f)),
KkoTopoe u BuinucniBaeM B Tab6a. 50 BMecTo npesBapuTeAb-
HOTO 3HAYEHHMAA, CTOAUIEr0 B KBajspaTHHMX Ckobkax. Idto
OKOHUATEAbHOE BHAUEHHE PABHO

/. =—49176.38.

Passoctu fs, f3, fo B KBAADATHHX CKOGKAX MEHATCA
HEe3HAYHTEAbHO, W NOTOMY 3HAUEHHE X,, MOAYUEHHOE BHILE,
ABASETCA OKOHUATEAbHBIM.

HurepecHo CpaBHHTb BAMAHME Da3AMGHHIX MAAHET HA
ABuxkenue xoMernl Bpyxca. O6osnaunm

ottt £ b, S

3
‘ A

— 2 kw®m, j—g=1 + 1+ (VL. 63)

YucAennble B3HAYEHHWS OTAEABHHX UYAEHOB, BXOASIUMX
B ¢opmyry (VI.63), npusesenn (B ceizpmMoM AecATHUHOM
sHake) Ha MomeHT Aex. 3.0 B Taba. S1.
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Ta6anuga 51

BamSEHE pasAHuHLIX mAAHET HA ABHMOHHE Komets! Bpyxca
(t =1939 zex. 3.0)

Benepa Beman Mape Onurep Carypn
1 | —49185.06 — — — — -
Il + 2199| —0.06 —0.60 000 | +21.26 | +1.39
m | — 1331 —0.75 —032 | —004 { —1135| —0.85
f. | —4917638 | — — = = -

Hs 1aba. 51 marasguo Bmano npeobrajaiomee BAMsAHHE
Coanga (I) Ha sBuKeHME KOMETH NO CPABHEHHIO C MAAHET-
uvu Boamymenuamu (II). Uaenm (III) xapaxrepusyior aei-
creue naaner na Coange.

Buiuucaenne Boamymensmix xoopguHat kometn Bpyxca
6niro zoBeseno A. 4. Ady6aro zo 1946 cenr. 27.0, mocae
9ero UM GbHIAH BBIYMCAEHB KOOPAZMHATH M KOMIOHEHTH CKO-
pocTH Aas HOBOH smoxu ockyasaguu 1946 asr. 28.0

x = -+1.820603519,
y=-0.443917934,

2 =-+0.136052980,
w & = —0.214771303,

w % — +0.820516946,
w % —+-0.266059381.

KomnonenTtn ckopocth Bouncasiores no gopmyae (VI. 55),
KOTOPYIO Mbl MOX2€M HANHCATb AAS NMPOUBBOABHOrO N

de\ ;0 1l 11 . 191 . 2497
’”(E‘),.—fn — /o732 om0/ 353000/ —
14797 92427157 .
— 55500320 / » + Ze1s3asTagoo0 [ — - (VI-64)

— 304 —



[lepexoaumM K BBIYMCAEHHIO OCKYAMPYIOUIMX BAEMEHTOB
op6utn. JAsf BTOro CAyXHT CAeAyllmas CHCTeMa (GOPMYyA:

rz—x2+y2+z2

dr dx dz
rai— +ydt+za’t ’
dx dy dz \2
2 &% hat -4 —_—
v —(dr) +(dr) +(dr) :
1_2_
a  r k2
dr

. rdi
esin E=——
kva’

2
ecosE=%—l,

sinp=—e,

M=E—esnE,

1dx
A,=aP,=x%cosE—T‘£—a/=smE

Ay=aP,=y$-cosE ——;gt—a”zsin E,
A,=aP, = z%cosE -—%i—:a’hsin E,
a dx 3,
B, —acosch,—x7smE+kd 1(cos E —e),

B,=acos? Qy=y ‘: smE+ld—a’f’z(cosE——e),

k dt

B,=acos? Q, —z-‘:—smE+ld— a’:(cos E — e),

k di

sin i sino =P, cose¢ — P, sine,

sini cosw=Q,cose — Q,sine,
sin @ = (P, cos ® — Q, sin v) sec ¢,
cos2=P,coso— Q,sino,
cosi = — (P, sin o+ Q, cos ) cosec 2.

20 T. A. Yebotapes — 305 —
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[To ¢opmyram (VI.65)—(VI.70) noryuena caeaymomas
CHCTEMA DAEMEHTOB OpPOHTHI:

dnoxa u ockyasaupus 1946 asr. 28.0 mc. Bp.
M,= 0°18" 2798,
©=195°36'19"00, | Axauntuka u
Q=177°41'54"46, ; paBHoAeHCTBHE (VL. 71)

i= 59322335, 1950.0
o= 28°5920/38,
n=509174848.

Cpasnenue cucrem (VI.71) n (V1. 57 *) nokasmsaer, uro
BAEMEHTH OPGUTH HBMEHHAHCb HESHAYUTEABHO. DTO 06DsC-
HAETCA TEM, YTO 38 BPEMA PacCCMOTPEHHOro o6opoTa KOMeTHh
Bokpyr Coanga oHa He uMeAa TecHbix cOammenui ¢ 60Ab-
MIAMH IAAHETaMH.

§ 3. FpasaTaguonnsie chepsl GoArmux mAamerT,
Aynm 5 Coanga

1. Ypasnenns apsmmenns. Paccvorpum orpanuuennyio
sazauy tpex Ten: Coange, naanera u komera. O6osnaunm
uepes X, Y, Z TeAHOUEHTPHUECKHE KOODAWHATH KOMETHI,
uepes X, Y, 2 EAHO[EHTPHYECKHE KOOPAHHATH IAGHETH H
uepes m ee Maccy. Hanumewm suddepenguaroune YPpaBHEHHA
ABHZEHUSA KOMETH B MPAMOYFOABHOH reAHOLeHTpHUECKOH
CHCTEME KOOpAWHAT

d2x 2 X g9 fxij—x x|
+k75_km( -—E),

ez a2

izi_..kzi—kzm ND—y¥_un

de? s a3 ) (V1. 72)
d?z 2z __ g0 [(21—z z

Tk E=km (M0,

rae A — paccTosHHe KOMETH OT NMAAHETH, KOTOPYI MBH pac-
cMaTpuBaeM KaKk BoaMylnaiolgee TeAo. Beauuuna A ompege-
AsieTcA O (opMyAae

B=(x—x))’+y—y)l+(z—2z). (VL73)
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Hanuumem Ténepb ypaBHEHUA TE€AHOUEHTPHYECKOro ABH-
KEHUSI MAAHETH

Lk (14 m) 5 =0,

1
LU k(1 + m) j%::o, (VL. 74)
dzz,

—+k2(1 +m)%=0.
)

dt2

[lpumem gentp mrameTst 3a HauaAo cUCTEMB KOOpZHHAT,
OCH KOTOpPOH mMapaAreAbHBl OCAM TeAHOIeHTpHueckoH cu-
CTeMBl, ¥ COOTBETCTBYIOILIME KOOPAHHATH KOMeTH 0603HAUNM
gepes §, 1, (. Toraa

f=x—x, 1=y—y, l=2—12z,

Buiuuran us ypasnenuit (VI.72) cooreercrayiomue ypas-
nenun (VI.74), noayunm naamerouentpuueckue ypaBHeHus
ABHEHUS KOMETHl B cAesyomel ¢opme:

% m izkz(ﬂ_i) ,

de? a3 oo
d?y, o i __1o(%1 v
R ] (VL.75)

97
& - k'm A%:k?(’—'——i).

O60snauum uepes R yckopenue, koropoe Cornge coo6-
IaeT KOMeTe B TOM cAydae, korza CoaHge mpuHHMaercs sa
LeHTpaAbHOE TeAOo, a depes F ofosHauuM BosMyImaomee
YCKODEHHE, BHISHIBAEMOE MPUTAXEHUEM INARHETH. Y paBHe-
uusa (V1. 72) nokaswiBaor, uro

R=%, (VL. 76)
F=I'm [("'—A‘sf “':—%:)2"" (91 - y—f_i,})z-.-
+(255 - ——%’—)2]’ (VL.77)

O6o3nauum Tenepp uepes R, ycrkopesue, KOoTopoe NAa-
HeTa coobigaer KOMeTe B TOM CAyuyae, KOrja MAaHETAa MNpH-
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HUMaeTCA 3a LEHTPaAbHOe T€AO, a uepes F, ofosHauum Bo3-
Mywaioiee yckopenue, BoiabiBaemoe mpuTtaxenueMm Coanga.
Toraa us ypasuenu#t (VI.75) naxosum

= (VL. 78)
_ X x\2 y y\? 2
F=k [(r_%__ﬁ) +(?§—TS) +(’—f—_)] (VI.79)
IMoroxum
—IELYEEAL — coss, (V1. 80)
r%=u' (VL. 81)

Yroa ¢ onpeserser yroa me:x Ay HampaBACHHAMU H3 [JeH-
Tpa nAaHeTnl Ha xomery M Ha Coange.
[Tpeo6pasyem Boipa:kenus gas F u F,. Tak kax

1 1 xif+yq+2L 1
— 12 1 M+2;
F““""’[B""E""?_—Asrg ] ,

to, yuurmsas (VI.80), naxozum

2 cos ¢]'/s
2 ¥
F=Ikm [ M+ T ]

HAH, BBOAA BCAHYHHY U, MOAYUHM

F_kz'”(l o cos?+u")/ . (V1. 82)
Anaroruuno npeobpasyem pmpaxenue zas Fy. Tax xax
-+ b 'z
F,= k’[—+——2”“—;%l}—“']

H Tak Kak
xx, +yy, + 2z, =x, (x; +§) +y, (y, + 1)+
+2,(z,+0)=r*(1 —ucos?),
=0, +E+(y, +1)P+ (2, +0)?=r2(1 —2ucos ¢ +u?),
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to F, MoxHO npeobpasosaTb k BHAY

k2u? .
Fl= 371 —2ul:os$+u?—) {1 +(1 —2u cos=p+u2)-—
—2(1 —wvcos?) (1 —2ucosp—+u®)-}  (VI.83)
Hcnoabsys Tenepp MarocTb BeAMuMHH U, npeobpasyem
soipaxenus (VL. 76), (VI.82) u (VI.83) x oronuaterbnHOoMmy
BHAY

R=X, (V1. 84)
1
- 2
F=R=%2, (V1. 85)
k23 Y
F1=—3—(1+3c08' 9)r. (VI. 86)

1

2. Cpepa ageticreus marametwi. [los cepolt seficTBus
MAaHETH [OHWMAIOT Ty O6GAaCTb NMpPOCTPAHCTBE, B KOTOPOH
NpY BHIYUCACHHHM BOSMyLIeHHH Ueaecoo6pasHO NpPHHHUMATD
MASHETY 3a [eHTpaAbHOe TeAo, a Coanle — 3a BO3Mymawomee.

[lonstue o cpepe sefictBusa BBesdeHo B acTpoHomuio Aa-
MA8COM B CBA3H C HUBYUEHHEM JBHXKEHUS KOMET OpH HX
c6rukenun ¢ Goabmumu niraneramu. Oco6enno wactTo mpu-
XOAWTCA HMMETb JEAO0 C MPOXOKAEHHEM KOMET uepes cdepy
aetcrsus HOnurepa. [losepxnocrts, orpanuunsaomas coepy
AelticTBUsA, onpejerseTca yCAOBHEM

F F,
Buyrpu cpepn aeicTus
F F,

[Moacrapasa (V1. 84)—(VI.86) 8 ypasuenue (VI.87), na-
XOAMM JAAA pajuyca coepn JeHcTBHA cAeayioliee Bbipa-
MeHune:

m2 iy
Al =rn (\/IT—W;) . (VI. 89)

Mu noayunau ypaBHeHue B IOASPHEX KOOPAMHATAX, ONpe-
AGAIIee NOBEPXHOCTb BPAIIEHHUs, KOTOPAas OTrPAHHYHUBAET
cdepy aeifcteua. Ilosepxuoctn (VI. 89) seficTBurerbno maro
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Ta6aana 52
Papuycs chep aelictBua GoapmEx naazer

41 min "1 max Aj min A,l max
Ba.e. B MAH KM

Mepkypuit . . . . . . .. 0.00060 | 0.00091 0.090 0.136
Benwepa . .. . . . .. .. 0.00409 | 0.00415 0.612 0.621
BeMAl . . .. v .. 0.00610 | 0.00631 0913 0.944
Mape . . . . . ... ... 0.00350 | 0.00422 0.524 0.631
Onurep . . . . . . . .. 0.30665 | 0.33786 | 45.87 50.54
Carypu . . . . . . .. .. 0.34428 | 0.38488 { 51.50 57.58
Ypan . . . . . ... ... 032991 | 0.36261 | 49.35 54.25
Hentyw . . . ... ... 0.57551 | 0.58547 { 86.10 87.59
Mayvou . . . . . . . ... 0.17825 | 0.29523 | 26.67 4417

otauuaercas ot cpepni. OtHoulenne HauboAbuLIEr0O U Hawu-
MeHbllero 3Hauenud BeAuuunmt N pasHo 2% =—1.15, npuuem
MaAas ocb HampaBieHa u3 pentpa naasetrsl k Coangy. [Tpu-
HATO ONpEAEAATb Cdepy AeHCTBUA NAAHETHI MAKCHMAAbLHBIM
pPaAuycoM MOBEPXHOCTH BpPALIEHHS, T. €.

A, = rym". (VL. 90)

Ecan xomera npu cBoeM reAHOUEHTPUUECKOM ABUKEHHH
OKa:KeTCA HA pPACCTOAHWM ), OTHOCHTEAbDHO BO3Myluawouel
MAaHeTH, TO B 3TOT MOMEHT OHa BCTymaeT B cdepy Aeld-
cTBUA mnAaHeTbl. Pajuyc cpepm JAelcTBuA yBeAHuMBAETCA
NpH NepeMeleHuy NAaHeThl U3 nepureAus B ageauti. B ra6a. 52
AaHbl 3HAUEHHA pajHyca cepnl AeHCTBHSA, COOTBETCTBYIOIHE
MOAOKEHHIO MAAHETH B mepureAud (MHHHMaAbHOE) M B ade-
Auu (MakCHMaAbHOE).

HMurtepecno oueHUTb MaKCHMMaAbHYIO BEAUYHHY OTHOLIE-

Hus % AASL TOUEK, PACHOAOKEHHBIX HA MOBEPXHOCTH Cdhepnl
1
aeticrus. [Togcrasaaa (VI. 85) u (VI.86), naxosum

AL —om'". (VL. 91)
1

Takum 06pasoM, ®TO OTHOUleHHE 34BUCHT TOABKO OT
MAaCCH TAQHETH W He 3aBHCHT OT ee paccrosauus g0 Coasga.
Uucarennnle 3nadenus seauuunnl (VI.91) comocrasaenst
B taba. 53.
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Ta6auuya 53

Ormomenme F,: R,

Mepkypuit . . . . . . . 0.088 Onatep . . . . .. 0.50
Bewepa . . . . . .. .| 0150 | Carypu . . . ... 0.40
Bemas . . . ... ... 0.158 Ypan . . . . .. .. 0.26
Mape . .. ... ... 0.100 Hentyw . . . . .. 0.28

Mayron . . . . .. 0.16

3. Cepa Taroremns nramernl. [los cpepo#t Tarorenusn
nAaHeTH MM GyJAeM MOHMMaTb 06AACTb MPOCTPAHCTBA, BHYTpH
KOTOpOH NMpHTsAMeHHE MAaHeTH cuabHee nmputsxenus Coanya.
lNosepxHocTb, orpanuuuBaowas cdepy TATOTEHUA, ONpeze-
AAETCA YCAOBHEM

R,=R. (VL. 92)
BuyTpu coepbl Tarotenns
R, >R. (VL. 93)

[Toacrasass (VI.84) u (VI.85) B ypasuenue (VI.92),
NOAYYMM BbipaskeHHe AAS ONpEACACHHA pajguyca cdepnl Ts-
roTeHHs NMAAHETH B Qopme

A, = r,m', (V1. 94)

[IpuBesem AAsn r| MHHMUMaABHOE ¥ MAKCUMaAbHOE 3Haue-
HHe pajuUyCa-BEKTOpPA NMAAHETH. 10rTAa AAA pajuyca cdepbl
TAFOTEHUA MMAAHETH MOAYYHM UHCACHHBIE 3SHAUEHUs, NpeAs-
cTasaeHHbie B Taba. 54.

HMurepecso oTMeTuTb, 4TO M3 BCEX CHYTHUKOB GOAbBLIMX
naaver Toabko Ayna (@=0.384 man kM) noctosmso Ha-
XOANUTCA 3a MpeAeAAMH Cepbl TATOTEHHs MAaHETH. BHemmuue
cnytauku KOnurepa, VIII u IX (06a ¢ o6patasim sBukenuem),
MMeloT G6GoAbllive NOAyOoCcH OpOGHT, paBHBE COOTBETCTBEHHO
23.5 n 23.7 mAn kM u, TakuM 06pa3oM, Tak:e OKa3bLIBAIOTCA
34 npeAeAaMH cdepnl TArOTEHUA NMAAHETH, HO TOABKO TOrAa,
koraa lOnurep HaxoAuTCA B6AM3H NEpUreAMA HAH Korza
CAMH COYTHMKH HAXOAATCA BOAM3H adeAHeB CBOMX OpGHT.

4. Tpapmrapmonmas cdepa Xmara. Aubpaguounasn
Touka L, onpeserseT MaxcuMaAbHOE 3HAUEHHE PajHYCA 3aMK-
HyTO# 06AacTH, B KOTOpOH BOBMO2kHO ycTo#uuBoe, no XuaAry,
asuxenne cnytHukos. [Ipu 66Abmux 3HaueHnax pasmyca
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Ta6anpa 54

Paanycul cep TAroTeHEN GOALITEX mAAHET

A-z min Az max A-z min A-), max
B Aa. e. B MABE XM

Mepxypait . . . . .. .. 0.00013 | 0.00019 0.019 0.029
Bewepa . . . . . .. ... 0.00112 | 0.00114 0.168 0.171
Bemag . . .. ... 0.00171 | 0.00177 0.256 0.265
Mape . ... ...... 0.00078 | 0.00095 0.117 0.142
Onmurep . . . . . . . .. 0.15298 | 0.16855 | 22.89 25.22
Carypu . . . . .. ... 0.15222 | 0.17017 | 22.77 25.46
Ypaw . . . . ... ... 0.12091 | 0.13289 | 18.09 19.88
Henmryn . .. ... ... 0.21452 | 0.21823 | 32.09 32.65
Mayron . . . . . . . . .. 0.04959 | 0.08214 742 12.29

06AaCTb BO3MOHBIX ABHXKEHMH mepecTaeT GHTb 3aMKHYTOH
H o6besunseTcA ¢ 06AACTHIO BOSMOXKHHIX ABH:KeHuWH BOkpyr
Coanga. Paccrosnue A; aubpayguonno#t Touxu L, or nraners
onpegersercs caeayomes Gopmyrofi:

A= a(p. — % p2— % (.!-3), (VL 95)

rae

p= (% ')‘/s

Maras BeAuuuHa Aas nranet Coaueunoft cucremu. 3nauenus i
comocTtaBAeHH B Ta6a. 55.
Ta6auuga 55

Beangnua §= (%)lb

Mepkypuit . . . . . .. 00038 | IOnurep . . .. .. 0.0683
eHepa . . . . . . . . 00093 | Catypu . . . . .. 0.0457
Semas . . ... ... 00100 | Ypan . . . . . . .. 0.0244
Mape . . ... .... 00048 | Hentyw . . . . .. 0.0258
Mayrom . . . . . .. 0.0097



Ta6auga 56

Pazuycsi chep Xuara ArAA 6OABIIEX mAaHET

A, Ay
Ba.e. B MAH KM
Mepxypuit . . . . . . . ... 0. 0.00148 0.221
Bewepa . . . .. . ... .. ... 0.00674 1.008
BeMAZ . . . . . s e e e e e e e e e 0.01001 1.497
Mape . . ... ... ... ... 0.00724 1.083
IOmatep . . . . . ... ... . ..... 0.34697 5191
Carypr . . . . . . o v v v oo 0.42881 64.15
Ypan . . . . ... ool 0.46494 69.56
Hemryn . . .. .. . ... ... ... 0.77035 115.24
Mayren . . . . . . . oo 0o v oo 0.38392 5743

Hasosem rpasurapuonnoit cpepoit Xuara obaactb mpo-
CTPAaHCTBA ¢ LEHTPOM B MAAHETE W C PaAHyCOM, PaBHBIM A,.
Yucaennbie 3HaueHHUA BEAMUHHH A4, MOAyYeHHbIE MO GOPMYAe
(VL. 95), npusesennt B Taba. 56.

OBEPXHOCTb rpaBuTaiHOHHOH cepni XHAAa MOxseT pac-
CMATPHBATDHCA KAK TEOPETHUECKAS rPAHHIA CMYTHUKOB AaHHOH

F,
NIAQHETHI. Bbl‘IHC}\HM OTHOILUEHHE Tl AASl TOUEK, PACIIOAOKEH-
1

Hux Ha nosepxnoctH cpepm Xuara. [loacrasassa suauenus
F, u R, mo ¢opmyram (VI.85) u (VI. 86), naxoaum, uro

MAaKCMMaAAbHO€ 3HAYEHHE BEAHYHHH % PaBHO
F, __ 2
=3 (VI. 96)

O6ractp npocTpancTsa, OrpaHHYeHHAA MNOBEPXHOCTBHIO,
Ha kortopo#t R,=F), umeer pajuyc, paBHbilf

) m s
4.\4=rl —_———|
Vi3 cosZ¢
31‘8 o6AacTh MaAO OTAMYAETCA OT cq)epu, TaK KakK OTHO-

mleHHe HAMOGOADIIEr0O M HAWMEeHbUIEr0 pAajHUyCOB paBHO
2.=1.26. INoaaras
A, =am's, (VL.97)
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HaX0AMM, YTO paguyc 5Toli rpaBuraguoHHOH cdhepni npubau:
suteAbHo B 3= 1.44 pas 6orpuwe pasuyca cpepn Xuara.

5. I'papuragnonnnie cpepnt Aymm. [Ipumenum ¢op-
myan (VI.90), (VI.94) u (VI.95) srs omnpeserenus rpasu-
raguonHbix cpep Aynni. B atom cayuae neob6xogumo pac-
CMOTpETb ABa BapHMAHTAa 38Jauu:

(a) Ayna—3emas,
(6) Ayna—Coange.

AcTpoHoMUYecKkHE MOCTOSHHBIE AOAXKHBI GBITH BHIGpaHBI
cAeayomiumM obpasom:

3azaua (a) 3azaua (6)
a =384 400 kM, a=149 600000 xwm,
e =0.05490, e=0.016751,
m=1:81.375. m=1:27133500.

PaccMorpum cHauara sazauy (a).
- Mopmyaa (V1.90) saer sran pasuyca cpepnt seficreus Aynn
A min = 62500 &M,
A ey = 69800 xm,
4. =66150 xm.

Fy
Ornowenue R Ha MOBEPXHOCTH CPephl AeicTBUA PABHO
1

A =2m=083.
[To gopmyre (VI.94) onpeserssem pasmyc coepm Taro-
Tenus AyHbi
Ay i =40300 xM,
A, ez = 45000 kM,
Ay op. = 42650 xm.

Haxkouey, no ¢opmyae (VI.95) suuncasem pasuyc cpepnt
Xuara
A, =158050 M.

O6paTum BHuManue Ha TO, uTO cdepa XHAAa O CBOUM
pasmMepamM MeHblle, ueM cdepa JAeHCTBHA, TOraa K&K AAA
6oabmux naamer, Hao6opor, cpepa XHAAa IO CBOMM pasme-
pam 6oabwe chepnt gedctBusa. Herpyawo y6Geautnbcs, 4To
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cpepa XuAara no cBoMM pasMepaM MeHblile cpepnl AeficTBus,
1 1
ecau m > 745 * Ecaw m> 5 Ccoepa Xuara okaxkercs

MeHbile Ceph TAMOTEHHS.
Paccmorpum Tenepp sazauy (6).
Mopmyra (VI.90) saer ara chepm aelictBua Aynm

A pin = 156400 xv,
A, ax =161 700 xwm,
4. =159050 xm.
Pasuyc cdepm tarorenus smuucasercsa no popmyae (VI 94)
A, pin = 28200 km,
Ay max =29 200 &M,
Ayp. =28700 xm.

®opmyara (VI.95) saer pasuyc chepn Xuara
A, =344 800 xwm.

Cpasuusas sasaun (a) u (6), Bugum, uro AAa pajsuyca
coepbi TAroTeRus AyHB J0AXHO 6BITb NPHUHATO 3HAYEHHME,
cootsercrayomee 3ajzaue Ayna—Coange, a Aas pagmyca
chepn aeficTBus M chpepsl Xuara — 3HaueHHE, COOTBET-
creyomee sazaue Ayna—3emas.

6. I'paprrapgnosrsie chepm Coampa. Ecau npeanoro-
XHTb, UTO BCA Macca ['aAaKTHKH COCpe40TOUEHA B €€ LEHTpE,
a Coange ABM:ceTCs BOKpYr peHTpa | arakTHkM mo Kenae-
poBoit op6ute, To ¢ormyam (VI.90), (VI.94) u (VI.95)
MOryT 6BITb NMpUMEHEHH JAAA ONpPEAEAEHHS pasMepoB TpaBH-
raguonnbix cpep Coanpa.

pumeM AAa macchl ['arakTuku 3HaueHue

M=1.3.10" macc Coanua,

M 4Aa paguyca raraktTudecko#t op6butni Coanga seanuuny
a=8-10° nc==16.5-108 a. e.
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PesyAbTaTnl BmuucAenHs GyAyT caeayioiue:

A4,=0.29 nc= 60000 a.e. (cpepa aeicTus),
4,=0.022 nc= 4500 a. e. (chepa npuraxenus),
;=11 nc=230000 a.e. (cpepa Xunrara).

AAs cpaBHenus HanoMruM, dTto paccrosuue ot Coanna
a0 @ Llenraspa pasio 1.3mc, a opbura Ilayrona umeer
paauyc, papunit 40 a. e.

Ecau ycaosurbea npunars sa rpamupn Coameuno#f cu-
cremnt cepy Xuara, TO Oka:eercs, YTO STH FPAHANH NpPo-
cTHpalOTCA A0 GAM:admIMx sBess.
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12.

13. 3

14.

15. @

16.
17.

OreMeHTH SAAMNTHUECKOH OpOGHUTHL.

Cpeanue SAEMEHTHl BHYTPEHHHMX NAAHET.

Cpeanne sAeMeHTH BHELIHHX MAAHET.

OckyAupyiomue 9AEMEHTH BHEIIHUX NAAHET.

Cpeanue aremenTni AyHHOH Op6HTHI.

Ocnosunie actponomuueckue nocrosuunie (Je-Currep,
1938 r.).

OcHoBane acrponomuueckue mnocrosunsie (Kaemenc,
1948 r.).

Actpouomuueckue nocrosunne (MAC, 1964 r.).
Ta6auga MarNX TASHET, HCIOAb3YEMbHIX AASL ONpeAeAe-
HHA MOCTOAHHBIX KaTaAora cAabpix 3Besj.

Ta6auga MaAHNX mAaHeT ¢ GOAbBLIMM CYTOUHBIM ABUKE-
HUEM.

dreMeHTH OpOGHT TposHLeB.

AreMEeHTH OpPOGUT HEKOTOPHX KOPOTKONEPHOAHUECKHX
KOMET.

AEMEHTH OpOHT HEKOTOPHX NEPHOAHYECKHX KOMET
¢ 6oapmuME aperbubiMu paccrosuuamu (Q).
Tpuronomerpuueckue Qynxyun.

OPMYAB CPEpUUECKOH TPUTOHOMETPHH.

Pasaroxkenue KOOpAMHAT  BAAMNTHUECKOTO  ABHKEHWA
B PAAHL.

Ta6Auga nepeBoja aHrAO-aMEpHKAHCKHX Mep B MexAy-
Hapoauyio cuctemy eaunupg (CH).
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ITpuaroacenue 1

dremenTnl BAAENTEUECKOR OpPOHTHI

Opbuta naameTH onpeseAseTcs WECTHIO NaPAMETPAMH
(puc. 17).

1. Hakron mrockocTu Op6HTH K HAOCKOCTH
SKAUNTHKH, o60osHauennnif uepes /. Haxaom Mmoxer umern
Ao6nie snauenus Mexxay O u 180°. Ou cumraercs menpme
90° ecau Arn HaGAIOZaTEAR, HAXOAAILEroci B CEBEPHOM

?

P

/!

‘0pOuma
) y
w
n

<

O

Z2 1

r

Puc. 17. daruntuueckas op6ura nraneTn
B OpOCTpaHcTBe.

MOAIOCE DKAMNTHKHM, ABMKEHME MAAHETH WMEET NpAMOE Ha-
npasaenue (mpotus uacoBo#t ctpeaku),u 6oabwe 90° — npu
o6paTHOM ABU2KEHHH.

2. JoaroTa ysaa, o6osHayaemasn uepes £ (anak ysaa).
9To reAHOUEHTpHUECKAA AOATOTA TOYKH, B KOTOpoH mAameTa
MepeceKaeT BSKAHNTHKY, EepPEexXoAs M3 I0XHOTO HOAyMApPHA
B ceBepHoe. TouKa STa HABHBAETCA BOCXOAAIHM YSAOM
op6utnt. JoArora ysaa MoxseT NpUHMMATb AlO6bHie BHAUEHHS
or 0 a0 360°.

3. Boabmas noayocpr op6uTH, o6osnauaercs
uepes a. MHoraa BMecTo @ B KauecTBe dAeMEHTa 3ajaeTca
cpeAHee CyTOUHOE ABM:KEHHUE, KOTOpoe 0603HauaeTcs uepes n.
Mexay n u a cymecTByer 3aBHCHMOCTb

n=kVl+m a"",

rae k—nocrosnnas [aycca, m—macca naasern (macca
Coanpga paBna eaunuge).
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4, DxcyenTpucuter op6uTH, obo3HauaeTca ue-
pes e. Ecau b —maraa moayocr opburts, TO

e=Va*— b :a.

I/IHOI‘A& BMECTO IKCUCHTPUCHTET& BBOAAT YroA 38KCHCH-
TPUCHTETA P, KOTOprﬁ ofnpejeAasieTCa COOTHOLUEHHEM

siny =e,

S. Paccrosanue nmepureaus or ysaa (aprymesr
nepureAus), o6osHadaeTCs depes ®, JTO reAMOIEHTPUUIECKUH
YFOA Me26Ay BOCXOAAIIUM Y3AOM OpPOMTH M HANPABAEHHEM HA
nepureAuit op6urn, On U3MepseTCA B MAGCKOCTH OPGUTH B Ha-
NPAaBAEHHH ABH:KEHHS IAGHETH H MOXET MMeTb AKGHEe 3Haue-
g or 0 g0 360°. Bmecto sremenTa © uHOrja mpumeHsercs
ZOATOTa NEpHreAus

T—o0+ 2,

6. DremenT BpeMeHu, onpeserserca snoxoit (saro#),
B KOTOPYI0 MA4HETA HAXOAUTCA B ONpeAeAeHHOH Touke
op6urn. Muoraa sajaercs moment Bpemenu 7, B KOTOpPbLIH
MAQHETA HAXOAUTCS B TEPHreAHM.

lToroxmenne naaneTn Ha op6uTe onpeAersercs
APTyMeHTOM WIHPOTH, KOTOPH#t o6osHauaercs uepes U. ITO
yroa, usMepAolIu#i pACCTOSHHE NAAHETH OT BOCXOAALLETO
ysaa op6burni. Aprymenr muporn Mensercs or 0 zo 360°
B HANpPABAGHUH ABHXKEHHA [AAHETH.

HUcrunnolt aHomarued HA3BIBAETCA YroA MexAy pajuy-
COM-BEKTOPOM MAAHETHL ¥ HAMpABAEHWEM HA MepureAud.
dror yroa o6osnauaercsa uepes v. Ouesugno, uro

v=—=u—o,
Okxcyuenrpuueckolf amomaruedr E nasmiBaercs
yroa, kotopnuif onpeseasercs ypassenuem Kemaepa
E—esinE=n(t—T)=M.
IlpaBas uacTp sToro ypasHenus HasmBaerca cpesHel
aromaaueit. Paguyc-sextop naametnt M ee HCTHHHAA aHO-

MaAMs OYeHb MPOCTO BHIPAXKAIOTCA 4epes BKCUEHTPUUECKYIO
AHOMAAHIO C MOMOIIbIO KOHEUHHIX BHIpA:KeHHH
r—=a(l —ecosE),
te L — l+et E
2=V i—e%7"
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Cpeanet AoaroTol naaseTn HasBIBAETCH YTrOA
A=M4+0+2,

Ucrunnoii soArroTo#t naraHernt HasmiBaeTcs yroa
l=v4+0+Q,

[Mepuoa o6pamenus mnranetn Bokpyr Coanga
onpeaerseTcsa QopMyAoh
p—2t

n

OcxyArupyometd op6buroli naaneTh B MoMment
HaswBaeTcs opbura, BHUHCAEHHAS MO NMoAo:xkeHu (X, ¥y, z)
H cxopocTH (X, I, 2) naaHeTsl B MOMeHT !/ MO (OpMyAaM
HEBOBMYILUEHHOrO ABu:keHus. Momenr ¢ nasmBaercs smoxoft
OCKyAAQHH.

Cpeanne sremenrtn. Kaxzas amaruruueckas reo-
p¥A ABHMEHHMA (AQHETHl HAM COYTHUKA MOXKET HMETb CBOIO
CHCTEMY CPEAHUX DAEMEHTOB, KOTOPAS ONpPeAEASAETCA YCAO-
BHAMH, HAAOXKEHHBIMH HA TPOM3BOAbHblE NOCTOSHHBIE MHTE-
rPHPOBAHUA.

CKyAMpywomas op6ura mnAaHeTH HempPEepHBHO
HSMEHAET CBOE MOAO:KEHWE B NPOCTPAHCTBE M CBOIO Qopmy.
HsMeneHHe OCKYAHDYIOIIUX BAEMEHTOB OPOGHMTH C TeueHUEM
BpeMeHH onpejerseTcs ypaBHenusamu ANarpaumxa
(emBoas ypasHenu#t Aarpamxka Moxmuo Hattu y M. @. Cy6-
6oruna B ,Kypce nebecuoit mexamuku“, t.2, 1937; uau
B xuure I'. H. Jy6omuna ,He6ecnas mexanuxa“, 1963)

da_ 2 R

dt ~ na oM,

de _1—e? 0R _VI=& R

“dt T nae oM, na% Odo '

@__ 1 1w

dt = pa2Vi—e2 sini 0i ?

di ___ectgi R 1 1 R Y
dt — na2Vl — ez 0w na?2 VI — 2 sini 02 °
dw etgi i@__'_\/l—e‘ld_R_

At T pepvi—e O nate Ode '
dy __1-¢oR _ 2 oR

dt " "na’e de na da




Yroa M, nasniBaerca cpegHel amomMaaued mnaa-
Hetnt B onoxy Z). Ecau samernutp nepemennne © u M, Ha w

H € OPH MOMOIOH COOTHOWIeHuH

o=r—8, M, =e¢—=,

TO moAyuuM ypasuenns JAarpam:a B Agpyro#t ¢opme

da _ 2 R
dt = na 0e’
de __VISHR___VI=a& 1 0R
dt — na%e On |4V —e2 na® o
i

di __ —coseci OR gy (E
dt = a2Vl —e2 09 na?vVi—e2 \ 0%
dQ __  coseci JR
= pavi—et 0

i
dn__ 7 R  VI—& R
dt = pp2VI—e2 Oi na% Ode '

i

d__20R, '%7 oR
dt =~  na da na2Vl —ez Of

V=& 1 R
14-VI — 2 na? de

dp __ 2VT—¢t (aR aR)

dt — na o T o

rae p=a(l—éed).

IR

0

),

@

roA.¢ HasHBaeTcCs cpejHe#t JoAaroTOo#f NTAaHETH
B amoxy &, dror YyroA He Haj0 MyTaTb C YFAOM A, KOTO-
puifi Taxxke mHasHBaercs cpejHelt agoarorolt
B snoxy f,. Pasmuga Me:XkAy YraaMM € U A, OueBHAHa u3
CAeAyIOmHX (POPMYA AAA BHUYHCACHHS CpejHed JOATOTH

nmAa”HeTol B MOMeHT f:
¢
A=e+ I ndt,
¢
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rae 7 onpejeAasercs ypaBHEHHEM
dn __ 3 R

dt —  a? o *

7\=)\o+n(t—"to),
n — AOCTOAHHAA BEAHYHHA (cpeAHee ABH2KEHHE ﬂAaHeTH).

HHpuaowmenue 2
Cpeanne sAeMeETHI BHYTpPeHHHX HAAHET

Cpesnve arementn opburnm Meprypus
(Hboioxom)
A =178°10'44"68 + 538 106 654’80 T + 17084 T,
7 =75°53'58"91 + 559976 T + 17061 T,
Q —47°08'45740 + 4266"75T + 07626 T2,
i =7°00'10"37 + 6699 T — 0'066 T2,
. e=0.205 614 21 + 0.000 02046 T"— 0.000 0000307,
n=14732/419 7380 — 07000 001 3557,
a,=0.38709867, a=0.38709860.

T — Bpemsa, cuuTaemMoe B IOAMAHCKHX CTOAETHSX OT CpEA-
Hero rpunuuckoro norzna O-ro ams. 1900 r.

Cpeasnue sremenTn op6burm Benepn (Hbooxowm)

A =342°46'01739 + 210 669 162887 + 171148 T2,

n = 130°09'49/8 + 506893 T — 351572,

R =75°46'46"73 + 323946 T + 1"476 T*,

i =23°23'37/07 + 3621 T — 02003572,

e =0.006 820 69 — 0. 000 047 74T —+ 0.000 000 091 7%,
n=5767"669 7692 + 0/000 000 2628 T,

a,=0.723 33222, a=0.723 33162.

T — Bpems, cunTaeMoe B IOAMAHCKHUX CTOAETHAX OT CpeA-
pero rpunudckoro moagua O-ro ams. 1900 r.
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Cpeasnne srementn opb6burm 3eman (Hpokowm)
A ==99°41'48"04 + 129602 768"13T + 1089 T2,
n=101°13'15"0 + 6189037 + 1763 T2+ 0'012 73,
e=0.016 751 04 — 0.000 041 807 — 0.000 0001267,
n = 3548192 8323 — 0000 001 1037,

a, =1.000 000 30, a=1.000 000 23.

Cpeanne sremMentn op6urm Mapca
(Hbookom, Pocc)

A ==293°44'51"46 + 68 910 103'837 + 17118472,

= 334°13'05"53 + 6626"73T + 0/4675T% — 0"0043 73,
Q=—48°47'11"19 + 2775"57T — 0"005T% — 07019273,

7 =1°51'01"20 — 2"430 T + 070454 T2,

e=10.093 312 90 + 0.000 092 064 T — 0.000 000 077 T2,
n=1886"518 6207 + 07000 000 463T,
a,=1.523 691 46, a =1.523 688 40.

T — BpeMs, cauTaeMoe B IOAMAHCKHX CTOAETHAX OT CpeJ-
Hero rpunuackoro moagus O-ro ame. 1900 r.

Mpuruxeuanne. Uepes n o6oshauenc cpejnee cyTouHoe CHACpHUECKOe ABHEC-
HKE, HENOCPEACTBERHO NOAYUAEMOE U3 HAGAIOZCHNR, T. €. BKAKURIWONEC BAHSHHE BEKO*
BNX Bosmyfenult cpeanek joarort. Coorsercrsywoigee snauenwe Goanmo#k moayocw,
ompejeasemoe N0 TperheMy saxody Kemaepa, o6osnaueno uepes a,. Uepes a oGosnma-
Yena GoApmasm UWOAYOCH, OcBoGOXZ 5 0T Ba YUOMSBYTNX BOKOBHIX BOSMY-

genndt.

Hpuaowwenue 3
Cpeanne DACGMERTHl BHCIIHHAX HAAHET

Cpesnue sarementnn op6bur IOnurepa u
Carypna (Xuaa)

Onoxa cpean. rpun. moazesp O-ro sms. 1850 r.
Onurep Carypn
A =159°56'25"05,) dxauntuxa A =14°49'39"95, | Dxaunruxa
n= 11°54'26!72,{ n pasmo- ==90°06'39"53, | u pasno-
Q —= 98°55'58!16,| aencreue 2=112°20'51"38, semcrsue
i= 1°18'41’81, 1850.0 i= 2°29'39'26,/ 1850.0
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e=0.048 253 82, e =10.056 060 75,
n=299"128 376 56, n=120"455 042 14,

a=15.202 802 875. a=9.538 843 210.

Cpeanue sremenTH op6bur Ypana
u Henryra (Hpoiokowm)

Onoxa cpean. rpun. noazenp O-ro ams. 1900 r.

Ypan Henryn
A==243°2144"66, *= 85°01'30"63,
©=169°02'55"6, =w= 43°45'20"2,

Q2 =73°2924"9, Q =130°40'44"0,
i =0°46'21"60, i= 1°46'4532,
e=0.047 044 33, =0.008 533 41,
n==42'234 34, n=21"532 66,
a=19.190978. a=30.070 672.

OxaunTtuka u pasHozencteue 1900.0
Cpeanue srnemenrn [Tayrona (llapag)

Anoxa u ockyaagus 1930 cenrabpnr 20.0

M,=275°15"27"03,
o ==112°3929"74,
2 —=109°37'55"99,

i= 17°6/35.34,
e =0.24706226,
n=14"199460,
a=39.672599.

Oxannturka u pasHojenctsue 1950.0
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Hpuaomwenue 5
Cpeanne pAeMeHTH AyHHOM Oop6HTHI

d¢pemepusa AyHm B coBpeMeHHBX ACTPOHOMMYECKHX
E:xeroanuxax ocHomana Ha Teopun Xuara—DBpayna u crporo
COOTBETCTBYET TPaBHTAQUOHHOH TeOopuH.

Aasn nosnimenns rounoctu (40 0°001 nmo a u 0701 no 9)
agemepusa AyHH BHUYHCAAETCA HENOCPEACTBEHHO MO TPHro-
HOMETDHYECKHM psjaM, Ha koTopbix Bpayn mocTpoua Ta6-
aupgn gBukenus Aynn. (Dynzamentarbnbie aaemenTH AyHb,
npunaToie BpayHoM, ¢ yueTOM HEKOTOpHX COBPEMEHHHX HC-
npaBAeHHH CcAeAylolue:

Dmoxa 1900 sms. 012" 3¢. sp.
Cpeanss goarora Aynm
» =270°434164 + 13°1763965269d — 0200113372 +
-+ 0°0000019 73,
Cpeausas zoarora nepures
= = 3342329556 -+ 0211140408034 — 0°010325 7% —
— 02000012773,
Cpeaunss A0Arora ysaa
0 —259°183275 — 0905295322224 + 0002078 T2 +
-+ 0°000002 73,

Bpemsa T cuuTaerca OT OCHOBHOH B3MOXH B IOAMAHCKHX CTO-
Aetusx no 36525 agemepusnmx cyrox, d — B CyTKax.
OxcyenTpucurer

e =0.054900489.
[Mocrosnnas HakAoHa op6uTH
i =5°8'43/427.
[locToannaa aynHoro mapaarakca
p = 3422'70.
Ornowenune maccn 3eman x macce Aynnm
1: m=81.53.

OTmerum, 9TO BOCXOAAIMA y3eA AYHHOrO B®KBATOpA Ha
9KAMMTHKE COBMAaJaeT C HHCXOAAILUM ySAOM AyHHOH OpOMTH,
TaK 9TO €ro AZOArOoTa paBHa Q= =+

— 327 —



Paccrosnue mexay pentpamu 3Bemam ¥ Aynm onpeae-

AsieTcss dopMyAoHR
a9

sinp ’

S

rae a,=6378.245 km (mo Kpacosckomy), orciosa moryuaem

(& ) 1315.6 - 108

P »
npuYeM rOpHsOHTaAbHBIH NapaAraKkc P Bbpa:KeH B CeKyH-
aax. Cpesuemy snauennio maparraxca p=3422'70 coorser-

CTByeT
y a—2384375 xm.
CoBpemennoe aHauenne JAra Goabmoft MOAYOCH AyHHOM

op6uTH a=384402 xm 2 xm.

Ipuaoxwernue 6
OcuoBHbBIE aACTPOHOMHIECKEEe NOCTOSHHLIC

(Ae-Carrep, 1938 r.)
Pagnyc 3emau Ha wm-
POTE @ o o ¢ o o « o » p = 6378387 — 21494 sin® ¢ +
-+ 42 sin%2¢

9=

PasHocTb reonenrpuueckoit
U acTpoHOMHUYecKoH wLIH-
POT « « « « o o « o ¢ — ¢ =—11'36"245 sin 2¢ +

-+ 07965 sin 4¢
O6paTHas BeAHuHHA Cxka-
THA BeMAM . . . . . . a1 =1296.753
OxBaTopuaAbHDbI#E rOPH3OH-
TaAbHBHIH# mapaarakc

Coamga . . . . . .. ©, = 8/8030
INocTosunas rozuunoi
abeppagud . . . . . . p, = 2014770

Mocroannas nyragun . . . N, =9"2181
Asnxenne 3emau 3a cpes-

HHE CYTKH .« « « « . n = 3548.1928906 -+ 0.0000892¢
Tponuueckutt roa . . . . I'=365924218946 —
— 0%00001548¢
Cuzepnuecknti rog . . . . S=2365925635442 —
— 0400000918¢

Cpeaunu#t HaxAOH 8KBaTOpA
K skAunTHKe (B 81MOXY) . . . & = 23°27'829 + 00607 —
— 01007778
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Cpeaunit makroH sKBaTOpa
K okAunTHke (B ZaHHBIH

MOMEHT) + « « o + + & e = 23°27'8"29 — 47080t —
— 070059#2 + 0"00186#°
Aynno-corHeunan mpepyec-
CHA « « « o « o « .« « py=050"37461 + 0/0049561¢ —
— 070000007¢2
Ipegeccus ot maamer . . 6 =0"12493 — 0"018959¢ —
— 0700000042
O6man npegecenss . . . . p=>50"26000 + 07022337¢+
-+ 07000014¢*

t— uncaro Tponudecknx croreruit or smoxu 1900.0.

HOHpuaodxcenrue ¢

OcmoBHLIe aCTPOROMHYECKHEe NOCTOSHHLIO
(Karemenc, 1948 r.)

Cpeaunuit paguyc 3emran . . Rl=g37}1248 M

Aunamuueckoe cxarue 3emau H == 0.003 286 885
Corneunnitt nmaparrake . . . 7,=8790
CxopocTb cBeTa « « « « . . ¢ =299 773 xm/cex.
O6paTHas BeAHUYHHa MaccChl
CAyEm ..o L. p' =81.79
O6paTHaa BeAMuUHHA CKATHSA

Beman . . . . ... el = 296.202
OxBaTopHaibHB# paguyc

BeMAH . « + ¢ o o o o . b—=637 8388 m
Ycropenue cuam TaxecTH Ha

BKBATOPE + « « o« o « o o= 978.034 cm/cexk.
Actponomuueckasn egunuga ... a=—149 670 000 kM
[TocTosnnan a6eppapun . . . k=20/507

OTtnomenne Mace

Conange:(3emaa+Ayna) m~'=2329 406
[TocToannas cumyca AyHHOro

mapaArakca . . . . . . . *© =3422'599
ITapaarakTHueckoe HepaBeH-

CTBO « « o o o o o o o & P=124"941
IMocrosnnas npegeccun . . . p=5493/847 — 0/0036¢
IMocrosannas nyraguu . . . . N=9/210+4-070009¢

Aynno-coameunas mpepeccus  p, = 50407010 +- 074930¢
t —ancao Tpommueckux croreruit or smoxu 1900.0.
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HHpuaowenuc 8

AcTpoHOoMHYeCKHe MOCTOSHHbIE
(MAC, 1964 r.)

AcTpoHOMHYECKHMH MOCTOAHHBIMM HA3bIBAIOTCA UHCAA,
KOTOpbie BXOAAT B OpPMyAH He6GecHo#i MexaHHkH U cdepu-
4eCKO# ACTPDOHOMHM M CAYXKAT AAS BBYHCAEHHS TOYHHIX
koopauHaT HeGecubix TeA. CpeAu 8THX NOCTOSHHBIX, Urpaio-
IIMX OCHOBHYIO POAb BO BCEX ACTPOHOMHYECKHX BBIUUCACHMSAX,
OTMETHM, HANpUMEp, TAKWE BAa’KHBI€ BEAMUMHB, KAK MApaA-
arakc CoAHLIA M CBA38HHYI0 C HHM aCTPOHOMHYECKYIO ejH-
HHLYy AAMHB, T. e. cpeaHee paccrosnne 3eman or Cornpa;
NOCTOAHHBIE MPEUECCHU M HYTAaLlUH, ONPEJEASAIOLIHE HanpaBAe-
HUe 3eMHO# OCH B NPOCTPAHCTBE; MAcCH NAaHeT U AyHH.
Bce acTponoMuueckue nocTosHHBIE ONpPEAEARIOTCH HA OCHO-
BaHMM AacCTPOHOMHMUeCKHX Habrwogenuti. Tak kak Mexay
aCTPOHOMHYECKUMH MOCTOSHHBIMH CYLIECTBYIOT PpasSAMYHBIE
MATEMATHYECKHE 34BHCHMOCTH, TO OOBIYHO UX pPAaBAEAAIOT
HA MEePBUYHBIE W NPOW3BOAHBIE, MpHUEM Pa3AHYHBIE ABTOPH
NPOBOAAT 8TO pasjeAeHue mno-pasHomy. [lepsuunnie acTpoHo-
MHYECKHE MOCTOAHHBIE JOAXKHBI JONMYCKATb HE3aBUCHMOE
OT ADYrHX TMNOCTOAHHBIX oONpejeAeHne M3 HabAloAeHud ux
YUCACBLIX 3HAYEHHH M NPUTOM C AOCTATOYHOH TOYHOCTHIO.
Me:xxaynaposunit actponomuueckuit coos (MAC) na XII Te-
HepaabHoi#t accambaee B [am6ypre (1964 r.) npunsa caeay-
IOIIYI0 CHCTEMY aCTPOHOMHUYECKHX NMOCTOSHHBIX.

A.TlepBHuHbDE AaCTPOHOMHYECKHE NOCTOAHHBE

1. Hucro cexyns B Tponuueckom roay (1900.0)
s =31556925.9747 cex.

[Tocrosunas s onpeseArser esunuyy spemenn (ademepua-
HYI0 CEeKYHZY).
2. Cropoctp cBeta

¢=299792.5 - 10° m/cex.

CkopocTbs cBeTa — CKOPOCTb pPacnpOCTPAHEHUS BAEKTPO-
MATHHTHBIX BOAH — OAHA M3 OCHOBHBIX (UBHYECKHUX MMOCTOAH-
Hnix. Bnepsnie Beanumna ckopocTH cBeTa 6mAa ompeseaeHa
8 1675 r. sarckum acrpomomom Pé&mepom (1644—1710) mno
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HabaloZeHnsAM nokpuTu#l cnytaukos IOnurepa, HO B HacTOs-

iee BpeMsA TOYHBbIe ONpejeAeHHUs 3TOH BEAHMYHHB OCHOBAHH
Ha (HU3NYECKHX METOAaX HCCAEJOBAHHSA.

3. DxpaTopuarbHbi PaAHyC 3€MHOrO 3AAMICOMAA
a,= 6378160 M.

4. Haxaon skauntuxn x sxsatopy (1900.0)
e, = 23°27 826,
cose, =0.9173917.

5. I'paBuraguonnas mocrosmnas aycca.
k=0.01720209895 (a. e.)": (macca Coanga)™ (cyTxu).
9Ta NOCTOAHHAA BHIYHCAAETCA MO (POPMYyAe
_ 2n A’
k= PVS+E+M’ )

rae (mo Iayccy) P=2365.2563835 cp. coan. cyroxk,

E+M=1:354710 (macca 3emau+ Ayna),
S=1 (macca Coanga),
A=1 (acTpoHoMHueckas eAMHHIA).

[MoacraBrnaa sTu uucAeHnnie sHadenus B (1), moayuum

k =0.017202 098 950 000,
k" = 3548718760 69651.

VsBecTHHe B HacToAmee Bpema 6oaee Tounbie 3aHauenus P
(aauBa cuzepuueckoro roza) u E—+ M jaru 66 HeCKOABKO
uHoe sHauenue Arx k. Ho tax kak usmensts k neyzo6Ho,
TO NpeANOYHTAIOT, OCTABAAA 6e3 HSMEHEHHS MOCTOAHHYIO
Taycca, Bu6upaTh eaunuyy AAMHB Tak, 9To6m (popmyaa (1)
cTporo co6aiozarach. [lpu TakoM ycAoBuM G6GoAblIas MOAY-
ocb opbuTtn 3emAu yxe He paBHA €AWHH[e, 4 ONPEAEAAETCA
¢opmyarol

(I:P \/my’* @

— -
6. AcTtpoHomuueckas ezuHH[A
A =149600 - 10° m.
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Heo6xoaumo noMuHMTb, 94TO B COOTBETCTBUM C (POpPMY-
aolt (2) 6oabwas moayoch opbutni 3eman pasna

a=1.000 000 23 a. e.

[lostomy cpeanee paccrosnue 3eman or Cornpga Ha
34.4 xm 6o0abuie, ueM BEAMUHHA aCTPOHOMHUECKOH €AMHHLDI.

7. T'eoyenTpuueckas rpaBUTAMOHHAA MOCTOAHHAA (BKAIO-
uas aTMocdepy)

GE=398603 - 10° m%/cex.?,

rae G —rpaButaguonnas moctosanHas, E —macca 3emau.
I'paBuTaguonnas mocTosHHas — 3TO KODPPHUUUEHT mpomop-
[IMOHAABHOCTH B (OPMYyAe, MNpeACTaBAAOmeH BaKOH TATOTE-
uun Hpiorona. [paBuragnonnas nocrtossHas MoxeT OHTb
onpejeAeHa JKCHEPHMEHTAABHO W3 H3MEpeHUH C MOMOMbIO
KPYTHADHBIX BECOB NMPHTSKEHUS MeKAy ABYMS H3BECTHHIMH
maccamu. YHcAeHHOe 3HaYEHHE TPABUTA[JHOHHOH MOCTOAHHOMN
H3BECTHO ¢ He6GOADbIIOH TOYHOCTBIO

G =(6.673 +=0.003) - 1072 (cm)® (rpamm)™? (cex.)™.

8. Kosgpuyunenr BTOpOo# rapMOHHKH B BHIPaKeHHH AAS
rPaBUTAJMOHHOTO MOTEH[INAAA 3EMHOTO DAAMICOMZA

J,=0.0010827.

Jo sanycka uckyccTBennbix cnyTHukoB 3eMAu OniA0 mpu-
HATO NHCATb TFPABMTAIHOHHBIA NOTEHEHAA uepes KOdPPu-
grentsl (cM. raasy IV, § 5)

3 35
/=7./2r D= —'g'j-p d)
9. Macca Ayum
pl =2 —81.30.

[IpeaBapureapnbie peayabTaTh onpeserenns maccl Aynb
no HabaienuaM AyHHUkOB M kKocmuueckux paker (CLLIA)

p~1=281.3015 == 0.0033.

10. Cuaepuueckoe cpeaunee zsuasenue Aynnt (1900.0)
nt =2.6616994890 - 10~% pagj./cek.

11. O6was mpegeccus no AOATOTE B TPOMHYECKOE CTO-

aerue (1900.0)
p =5025"64,
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oTcCI0Aa

=15025"64 . . . ofmas mpegeccus mo ZOAroTE
)\——11"44 . « TMAAQHETHAaA Npefeccus

p,=>5037'08 . . . AynHo-coAHeuHas mpepeccus

p,=5037708 . . . AynHo-cOAHeuHas mpegeccus
=—1/92 . . . peraTHBHCTCKAd MOMpaBKa,

=5039.00 . . . Aynno-coaneunas npegeccus,
HbIOTOHHAHCKASA.

Ilocrosanmaa npegeccun

P — — I/,

cosle‘) ==p =549066 (persTuBucrcras),
| JE

cosleo ==p' =5492"75 (mbiloToHHaHCKas).

12. Mocrosunas myrapuu (1900.0)
N=921.

[Mocroannas HyTapuu cpssaHa ¢ AMHAMHYECKHM CoKATHEM
3emau (H) no ¢opmyae

N = 252870/9H cos e«ﬁ. @

rae

H=224=36742. 10",

C u A —skBaTOpHaAbHHN H TOAADHBLIA MOMEHTH HHEPUHH
3emau.

B. [IpousBosHHEe acTPOHOMHUYECKHE
NOCTOSHHBE

1. [Tapaaraxe Coauga
no = 8/79405.

CootHomenue mexay A u T Bpipaxaercs Qopmyaoit

sin g ="ng sin 1” -—2'- &)
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2. CseroBofi mpomezyTor

Ta=2=1499.012 cex.

CBeTOBBM NMPOME2KYTKOM HMAH ypPABHEHHWEM CBETA Hasbi-
BA€TCA MNPOMEXYTOK BPEMEHH, B TeueHHE KOTOPOTO CBET
‘nmpoxoAuT cpesnee paccrosuue or Coanpga s0 eman.

3. A6eppagnonHas MOCTOAHH&A AAS CPEAHErO ABM:KEHHS

3eman (1900.0)
k' = % = 2074958,

rae v-— opburairbHas CKOPOCTb 3eMAM, C — CKOPOCTb CBeTa.
aK Kak CKOPOCTb 3eMAH DA3AHUHA B pAa3AMUHHIX TOU-
Kax OpPOHTH, TO MO2KHO IPHUHATH 3a CPEZHIOD CKOPOCTb
noaycymmy Hauboabme# (mepureAbHo#t) U HauMeHbuei
(ageabnoit) cxopoctn 3emau. Ilyctp e=0, rToraa

v, —2’;‘4 == 29.78515964 xm/cer. (kpyroBas ckopocTb),

rae
2% = 6.2831853072,
2r A =939964521.9 km,
s — 31558149540

(s — NpoAOAXHTEADHOCTD CHAEPHYECKOTO TOja B CEKYHAaX).
Orciosa ko_ =20749294. BBeseM BKCIEHTPHCHTET Op-
6utet 3eman (1900.0)

e =0.,01675104, sec » —1.000140328.

Toraa
/2
vnep- = vo (i—_-'-'-z) ] (6)
1—e\h
Vap. = Yy (IT: ) ’ (7)
Vep, =0y (1 — N h =y se0 9, ®)
k" = kg sec . )

.4. Teanoygenrpuueckas rpaBUTALMOHHAA MOCTOAHHASA

GS=132718 - 10'® m3/cex?.,
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G —rpaBuTaguoHHas mocroaHHas, S-—wmacca Coanpa.
B acTponomuuecko#t cucTeMe ezMHH

GS=Kr:S=Fk2 (10)
[loaromy

G.S=0.0002959122083 (a. e.)’ (cyTkn)>

HAH

GS=990735.3601 - 10** m*/cyTxu’.

5. Macca 3emau u macca cucremst 3emas -+ Ayna
2) 3= 332958,
N
6. CxxaTve 3eMHOrO BAAMNCOHAA
F=1/298.2(5).

Sra BeAuuuna ompeseasercs GopmyArol

3
f=3Gh+m(1+3/+zm), (11)
e 22 (1—f)
m="—e—L0 = 0.0034498, 12)

o =2r/86164.09 = 729212 - 10~!° paa./cex.

Beanuuna © — yraosas ckopocTb BpameHHs 3emAu, na-
paMeTp M — OTHOWIEHHE UEHTPOGEXHOrO YCKOPEHHA K rpa-
BHTAIHOHHOMY HA dKBaTOpe, ymHOoxexnHoe Ha (1 — f).

7. Tponuueckoe cpeaguee asuxenne Aynm (1900.0)

n¢ =n +p/100=2.6617072100 - 10~ pags./cex.

8. Bosmymennoe cpesnee paccrosuue a0 Ayuw (1900.0)
ac =384400 - 10° m.

Bosmymennoti (Bapuaguonnoit) op6uroti Aynn HasnBaercs
nepuozudecKoe pemenue JUPPEpEHIUAADHHIX YypaBHEHHH
asmkenusa AyHB, €CAH B HHX MOAOXHUTb DPABHBIMH HYAIO
HAKAOH M SKCIEHTPHMCHTET COAHEYHOH OpOMTH, a Takxke ma-
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paarakc Coanga. DtH ycaoBus mpusogar x ocobomy wacT-
HOMY CAydai0 383449 TPEX TEA, KOTAA OXHO TEAO YXOAUT
B 6€CKOHEYHOCTb, HO MNPOAOAXKAET BAHATD HA JABHMKEHHE
aByx Apyrux. Bapuaguonnas opbura BrAlOuaeT BCe BOBMY-
IIeHns, 3aBucAILHe OT yraosoro paccrosnua Aynn u Coanga,
U CAYMHT [pOMEXKYTOUYHOH op6uTO# B TeopuM ABUKEHHS
Aynn no Xuaay.

Ypasuenue Bapuaguonuo#t xpuso#f umeer Buz (cm. ra. V,
dopmyara (V. 42))

x=ag [1 ——-mz—% m’sin"c] cos T,
y=acg [1 +m?+ %m*cos’ ‘t] sin<, (13)
r=ag[1— m®cos21],

rae

m=—— —0.080848933808312,

nl

n' u n— cpesnue cusepuueckue gpuxenus Cornga u Aynsl.
Takum o6pasoMm, ¢opMa BapUagHOHHO# KpHBOH BIOAHE
onpesernercs Beauunuo#t m. [Ipu m =0 — aT0 OKpy:xKHOCTD,
a npu m=%>0—o0Bar ¢ LEHTPOM B HadaAe KOOPAWHAT M
¢ DOAYOCAMH, OTHOWeHHE KoTopux paBHO (1 — m?): (1 + m?).
Pasmepn BapuapguoHHo# Op6UTH XapaKTEPHSYIOTCA BeAM-
auHod a,, KoTopas ompeserserca ¢opmyrolt (em. ra. 'V,
gopmyara (V. 48))
o fe 1 .1 4. 407 , 61
¢-—a(1—-gm +§m +mm —2—8§m",—
45293 o 8761 ., 4967441 o 14829273
—au ™ " en™ T ™ * ez o) (14)

a

Beauunna a, paBnas
GE(1+p)Th
=l—F=w| » 15
a [ (n¢)2 ] (15)

HA3BIBAETCA HEBOSMYIUEHHBIM CPEAHUM pAaCCTOSAHHEM A0
Ayun. [ToscraBasa uncrennne smageHusd, HAXOAUM

a=384749 km.
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Tak kak

a, =(1.00090768)~" . a = 384400 kw,

TO, CA€40BATEAbHO, BOSMYIUEHHOE CpejHEe PACCTOSAHHE AO
Aynmt na 349 kM MeHbllle HEBOBMYIIEHHOTO CpEjHEro pac-
CTOAHUSA.

9. lNocrosunas cunyca napaaraxca Ayus (1900.0)

sin ©, = 0.01659251 — 3422'451.
OTa BeAMUMHA ONpEAEASETCA OTHOLICHHEM
. . an__ G,
sink. == sml’—-a—(I. (16)

10. Kos@puyuuenr AyHHOro HepaBeHCTBa

L =6"43987.
ST1oT XOB(PPUUUEHT BHYMCAAETCA MO QopMyAre
b 9
L ={ap A" 17)

Heo6xoaumo pasauuaTh KO®POPULHMEHT AYHHOrO Hepa-
BencTBa (L) M KO®PPUUMEHT AYHHOTO HEPABEHCTBA B AOA-
rore Coanga (Lg). Boamymenus 8 sorrore Cornga cosep-

AT YAEH
AN = Ly sin D= L sin (\ — ), (18)

rae A — zgoarora Ayun, A’ — goarora Coanpa. B Ta6augax
asuxenus Ayunt Hbiokoma Haxozum

= 61454,

Ho rak xak mo Hbiokomy

=, =8790, = =3422!68, n=1: 81.45,

TO

INosTomy

L,=1.00454 L. (19)

Ecau noacrasurs L =6"43987 B dpopmyay (19), noryunm
L,=6"469.

22 T. A. Yeborapes — 337 —



11. Kospduyuenr naparAaxTHueCKOro HepaBEHCTBA
P, =124'986

Bosmymenus B jJoarore AyHH coaep:xaT uAeH, amMmAu-
Tyaa KOTOpOro B3aBHCHT TOAbKO OT mapaAAakcoB Aymnm u
OAHIA B OT Macch Aynei, DT0 Tak HasmBaeMoe MApPAAAAK-
THYEeCKOe HEPABEHCTBO; IME€PHOJ €ro paBeH CHHOAHIECKOMY
AYHHOMY MecCsAly, Tak Kak ero aprymentr D=XA—L' ectb
pasHocTb cpeanux aorror Ayunt u Coanpa. Hepasencrso

Bupaxaerca ¢opmyroh P, sinD, rae coraacwo Teopuu
Bpayna

=1—p5, | 98, e 20
P¢“1+98"+8"+"'>A' (20)

BACCb n — OTHOWIEHHE MNPOAOAXKHUTEADHOCTH cCujepuuie-
CKOro Mecaua K CHAEepHUYECKOMY rojy, H3BE€CTHOE€ C 6oAb-

ot ToOYHOCTBIO
n=—0.07480133.

[ToascTtaBaas uuncaoBoe sHauenwe n B Popmyay (20),
MOAYy4HM

—_ ml—p 9 .
c _49853'2lTp T (21,
Ilo Bpayny
P, =12512.

12. Tpu muoxurers F, Fy, Fy
a) MHOZHTEAb AAs abeppapuu

= sec¢ ¢ = 1.000140,

1=

VI — &2

rie e — okcuentpucuter opburet 3emau Ha snoxy 1900.0;
6) MHO:kMTEAD AAs AyHHOH opburtnt (cM. popmyay (14))

Fy=(1—gm*+...)=0.999093142,

a,=F,-a;

(22)

B) MHOMKHTEAb AAA TAPAAAAKTHUECKOrO HEpPaBEHCTBA
Ayan (cm. dopmyay (20))
93

Fy=(gn+3n'+...)=498532,
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B. Maccm 6oAbmEX nmAaaHeT

(no Kaemency, 1964 r.)

Um

Asrtop

Meroa

Mepkypmii (1/m = 6 000 000)

5970 000
6480 000
6120 000
5980 000

=+ 455 000
== 350 000
=+ 43000
=+=170000| M

Janxom (1958
Bpayep (1950

akoBep H

(1961 r.).

6110 000

= 40000

Beuepa (1/m=408000)

409 300 "“1400 Kaemenc (1943 r.).

404700 = Amonc (1926 r.).

407000 = 500 Moprar =n  Ckorr
(1939 r.).

408645 == 208 |Pa6e (1950 r.).

408000 :+ 800 |Bpayep (1950 r.).

408 539.5 = 12.0 Anaepcon m 4p. (1963 r).

408945 = 300 |Jdamxom (1963 r.).

408539 =12

408598.1 =25 Anzepcon u ap.
(1965 r.).

Bemaa (1/m=329390)

r.).
r.).

Paée (1950 r.).

Boxan,

328390 +=103 Burr (1933 r.).
328452 = 43 Pa6e (1950 r.).
328906 *+ 6 -
329330 =100 Axonc (1941 r.).
328906 = 6

3088 000 == 5 000
3110 000 == 7 700

Mape (1/m=3093500)

3050 000 == —

Ban gen Bom (1927 r.).
Pa6e (1950 r.).
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Beuepa (1750—1949).
BexoBHe BosMmy ennn
Apoc (1926—1945

oMeTa 9nxe—5amyn.¢a.

(1898—1954),

Mepkypnii (1765—1937).
Coange (1836—1923).
Coange (1900—1937).

dpoc (1926—1945).
Bekonnie no:‘mg6 YIenus.
Mapunep II (1

Mapc (1750—1955)

Mapunep II (1962).

3poc (1893—1931).

dpoc (1926—1945).

Paaapune U3MEPEeHHs
(1961—1963).

Coaneunnit

(1930—1931).

napaaiaxc

Cnyrankn (1877—1909).
Spoc (1926—1945).

22¢



Hpu.aownennue 8 (nposormenue)

1m Astop Mevroa
IOnurep (1/m=1047.355)
1047.39 %0.03 |Kxremenc (1961 r.). —_
104740 +=0.03 | Je-Currep (1915 r.). | Cnyruuxu.
10474 =04 |[Kyauxos (1950 r.). Cuytaux VIII(1908—1946).
1047.558 - 040 | 3amrep (1910 r.). Arepua (1850—1906).
104757 *=0.06 |Ocren (1928 r.). Barentuna (1899—1918).
104741 ==0.02
Carypn (1/m=3501.6)
3502.20 *0.53 | Xuar (1898 r.). IOnurep (1750—1888).
3499.9 =118 |Tleiio (1913 r.). Onurep (1750—1907).
3496 =3 Ban zen Bom (1927 r.). | Cnyrhuxa.
3497.64 027 |Xepry (1953 r.). IOnurep (1884-—1948).
34948 =13 Ameppuc (1954 r.). Coyruuxn (1924—1937).
3499.7 *=04 Kaemenc (1960 r.). IOnurep (1779—1941).
3499.6 =04

Ypan (1/m=22869)

22934 +6 Xappuc (1950 r.). Cnytuuxn.
23239 - 89 Xuaa (1898 r.). Carypn (1751—1888).
22530 =+ 50 Bau aen Bow (1927 r.). | CnyThukn.
22930 =6
Henryu (1/m=19314)
19094 + 22 Taiio (1910 r.). Ypau (1690—1903).
18889 - 62 Ban Bac6pyx (1957 r.). | Hepenaa (1949—1955).
19070 =21
Mayroun (1/m=360000)
400 000 =40000 |Bpayep (1955 r.).

Ypan u Henryn (1712—
1941).

Mpuxeuanne. Tlocae nassauua xaxjgoft naanern ARTCR OT ue
macent Coaslia x mMacce maaterst (Macca nAameTst BXAwuaeT atMOCcPepy M cuyrruxu!l),
pHEATOE B p X AcTPOHOMHYecKHX exmerogankax. B nepsom croabye
ABHM Baxuefiuine oupejeAeHus Mace GOABMIHX NAsHET K WX BepoaTHHe omu6xu. Jaree
B TaGANye YXa3aHM aBTOP, rog BHNOAHCHHR DAaGOTH H HCTOADIOBAHHMA aBTOpOM
Babazareavnft Marepuaa. Ilocae oTaeApEMI onpegercHnft MaccH NASHETH NpHBO-
AHTCR ee cpeauee
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Opuaowenue 9

Ta6AEgA MAABIX DAAHET, HCHOABSYOMBIX ZAH ONPEACACHEA
NOCTOAHHLIX KATAAOTA CAAGHIX 3BE3A

(OxarnTHxa m pasnozencrsme 1950.0)

Homep Haspanne ] ® i [ [ a
1 | Uepepa . . . . . 81° | 72° | 10% [ 4°4 | 771" 2.7675
2 | Marraza . . . . . 173 | 310 | 348 | 135 769 | 2.7718
3 | Onsona . .. .. 170 | 246 | 130 | 150 | 814 | 2.6683
4 | Becra . . . . .. 104 | 149 71 5.1 978 | 2.3617
6 [Te6a . ... .. 139 | 238 | 148 | 11.7 939 | 2.4259
7 |Hpraa. . . . .. 260 | 144 55 | 133 | 963 | 2.3854
11 | IMaprenona. . . .( 125 | 193 46 | 59 | 924 | 24514
18 | Meabnomena . . .| 150 | 227 | 10.1 | 12.6 | 1020 | 2.2959
39 | Aerngua. . . . . 157 | 207 | 104 6.5 770 | 2.7690
40 | Fapmonna . . . 94 | 269 43 | 2.6 | 1039 | 2.2676

Mpremeuanne Hu ogna us srrx naaser ue Gmsaer caabee 1005 B  onmosu-

HHpuaowenune 10

Tls&lnﬂ MAABIX HAAHET ¢ 6oALmEM CYyTOUHLIM ABHMCHHEM

(dxannTEKA B paBmozencrame 1950.0)

Homep Hassanue e w i [ ® a
433 | dpoe . . . . .. 304° | 178° | 10°8 | 12°9 | 2015”| 1.4581
1566 | Ukap . . . . . . 88 31 | 23.0 {558 | 3171 | 1.0777
1620 | Feorpagoc . . 337 | 276 | 13.3 | 19.6 | 2557 | 1.2442
— | Amoaron . . . . . 36 | 285 64 | 34.5 | 1959 | 1.4861
— | Agonne . . . .. 353 40 15 | 51.2 | 1284 | 1.9692
—~ | Fepmee . . . . . 35 9 47 | 283 | 2421 | 1.2904




dremenTs! Op6ET TpPOAEyER
(OxannTaxa = pasmozemcrame 1950.0)

Hpuaowenue 11

A. ,T'pexn*

Howmep Hassanue Q ) i ? » a
588 | Axmarec. . . . . 316° | 128° | 10°3 | 8°5 | 298" | 5.2112
624 | Textop . . . .. 342 182 | 183 | 14 | 306 5.1211
659 | Hecrop . . . . . 351 | 333 45 | 63 | 296 5.2368
911 | Aramemnon 337 78 | 219 | 3.7 | 305 5.1328

1143 | Oauccest . . . . . 221 | 234 31| 52 300 | 51860

1404 | Aake . . . . .. 332 57 | 181 | 64 | 302 | 5.1631

1437 | Juomes . . . . . 315 | 127 {206 | 25 | 304 5.1431

1583 | Antarax . . . . . 221 {186 (283 | 31 | 293 5.2760

1647 | Menenraii . . . . . 240 | 290 57 | 1.6 | 297 6.2224

B. ,Tpoamgu*

Howmep Hassauue Q © i ¢ » a
617 | Ilatpoxka . . . . . 44° | 304° | 22°1 | 8°1 | 299" | 5.2068
884 | Ilpaam . . . . . . 301 | 331 89 | 69 | 298 | 5.2164

1172 | Bmer . . . . . . 247 46 | 167 | 59 | 300 | 5.1881

1173 | Anxes . . . . . . 284 31 70 | 79 | 308 5.0958

1207 | Tpoma . . . . . . 48 (293 | 337 | 53 | 303 5.1595
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IITpuaowmwenue 14
Tpuronomerprueckne Pynxpan

Yran usMepsaoTca B rpajgycax M pasuaHax. PajuaH He
HMeeT CrmeyiHaAbHOrO 00O3Ha4YeHHA; Yroa, paBHHH & pajgua-
HOB, 0603HaYaeTca mpocro .

1 paauan=57929577 9513082321 —=
=3437"746 77078 49393 =
= 206264780624 70964,
1°=0.01745 32925 19943,
1'=0.00029 08882 08666,
1”7 =0.0000048481 36811.

Ilepexos oT rpasyco k pasmaHam u 06paTHO NMpoHM3BO-
AHTCA MO QOpMyAaM
®=""T4g, a=—a
T 180
rae
©=3.14159 26535 89793,
=~1=0.31830 98861 83791.

Pasroxenua B paj
. _x x3 x5
SmMX=1T—1.2.3 Vv 1.2.3.4.5
x?
—1.2.3.4.5.6.7 "

M)

x2 xt
T2 tvY1T 2.3
x8
—T1.2.3.4.5.6 V'
Myskygun KpaTHHIX yrAOB

n(n—1 — .
cos na=cos"a——(—l—)cos" 2asin’a+

cosx=1—

+ "(""11)(2";2)4("_3) s"fasinta—...,
nin—1)(n—2)
T z.3 X
n(n—l)(n—-2)(n—3)(n—4)><
1.2.3-4.5

2

. n —1 .
smna=Tcos" asina —

X cos" %asin®a +

X cos" Pasina— ...
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[loraras n pasubiM mocaegoBaterbHo 2, 3, 4, ..., no-
AyduMm

cos2a=2cos’a—1,
cos3a=4cos’a—3cosa,
cosda=8costa—8cos’a+1, (3)
cos 3a=16cos’a— 20 cos’a—+ S cos a,
sin 2a=sin a (2 cos a),

sin 3a=sina (4 cos*a—1),

sin 4a = sin a (8 cos® a — 4 eos a), 4)
sin 5a =sin a (16 cos' a — 12 cos® a + 1),

-----------------

Crenenn @ynxyutt

2cos’a=cos2a+1, )

2% cos’a=cos3a+ 3 cos a,

2% cos'a=cos4a +4cos2a+3,

2tcos® a=cos5a+5cos3a+10cosa,

2% cos® a=rcos 6a + 6 cos 4a + 15 cos 2a -+ 10,

2% cos’ a=cos 7a +7 cos Sa + 21 cos3a -+ 35¢osa,

27 cos® a=rcos8a + 8 cos6a + 28 cosda +
~+ 56 cos 2a + 35,

2% cos®a=cos 9a + 9 cos 7a + 36 cos Sa + ©)
~+84cos3a+126cosa,

2% cos'®a =cos10a -+ 10 cos 8a + 45 cos 6a +
-+ 120 cos 4a + 210 cos 2a + 126,

2" cos"a=cosna+ Tncos (n—2)a~+

n(n—1)

+—3 5 cos(n—4)a+...

— 347 —



2sin?a=-—cos2a+1,
22 sin® a= —sin 3a + 3 sin a,
23 sin* a = +cos4a — 4 cos 2a + 3,
2% sin® @ = +-sin 5a — 5 sin 3a + 10 sin a,
25 sin® a = —cos 6a + 6 cos 4a — 15 cos 2a + 10,
28 sin” @ = —sin 7a + 7 sin Sa —
— 21 sin3a+35sina,
27 sin® a = -+cos 8a — 8 cos 6a + 28 cos4a —
— 56 cos 2a + 35,

2% sin® @ = —+-sin 9@ — 9 sin 7a + 36 sin Sa — ©)
—845sin3a+126sina,
2 5in!® @ = —cos 10a + 10 cos 8a — 45 cos 6a +

4120 cos 4a — 210 cos 2a + 126,

e e e & o ® e 8 e e e e s & e e+ s e o o o+ s

— . n
+2""'sin"a=cos na — ycos(n —2) a+

n(n—1)
A )

n — YeTHOC.

cos(n—4)a—...,

Buaxk nAlOC OpH mepBOM uYAeHe GepeTcs JAA N, UMEOIIHX
¢opmy 4p (p — geroe UHCAO), BHAK MHHYC, €CAM N MMeeT
dopmy 4p+2
:t2"‘1sin"a=sinna—%sin(n—?)a+
nfn—1) .
+—lTsm(n—4)a— .oy (7)
n — He4YeTHOE YHCAO.

Buak naoc npu nepsoM uAeHe Gepercsa JAAa n, uMelo-
wux ¢opmy 4p-+1, M 3HAR MMHYC, €CAH N HMeeT QOPMY
4p + 3.

Tpuronomerpuueckue pasbl



;- m
0
1 P 2 £ o
+ g Deosp LA, @)
0
z p
. 2i'n . 2in 1 2( - D=
2smp-’;—smp7=32cosp (i mz) .
o 0
3
1 20 +i)=
__2' COSP——’"—-—.

Cesasp ¢ noxasateAbHoH Qynxyuelt

2cos x = EV—1% 4 E—~V-iz,
2 V‘Tl sinx = E\l:i“‘ . E-—\/:1 z

&)

rae

E=2.71828 18284 59045 ...,
E™1=0.36787 94411 71442.

Opuaoxnenue 15

Dopuyasi chepHIECKOit TPHrOHOMOTPHH

1. Coepuueckune Tpeyroabuuxu. O6osmauum
uepes A, B, C Tpu yraa cepuueckoro TPEyroAbHHKa,
uepes a, b, ¢c— npoTHBONOAOKHBE CTOPOHH TPEYTOAbHHKA.
Me:xay oTHMM mIeCTbIO BEAMUYHHAMH CYIEECTBYIOT CA€AYIO-
IIMe COOTHOWIEHHS, KAaxKA0€ H3 KOTOPHX COAEPXKHUT OAMH
yrOA H TPH CTOPOHHI.

cos a=cos b cos ¢ +sin b sin ccos 4,
cos b =cos c cos a+ sin ¢ sin @ cos B, (1)
cos ¢ =cos a cos b -+ sin asin b cos C.
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Teopema cunycos
sind__sinB___sinC

sin a sinb sin¢ *

Hs (1) u (2) moxHO moayuurs

ctg asin b — ctg A sin C=cos b cosC,
ctg a sin c — ctg A sin B=cosccos B,
ctg b sin a — ctg B sin C= cosa cos C,
ctg b sinc—ctg Bsin A = cosccos A,
ctg ¢ sina — ctg C sin B=cosacos B,

ctg csin b — ctg C'sin A =cos b cos A.

Coornomennsa (1) aaior Tak:xke

cos A= —cos B cos C + sin B sin C cos a,
cos B=-—cos Ccos A +sin C'sin A cos b,
cos C=—cos A cos B +sin A sin B cosc.

Ecau noroxurs 2p—=a—+b-+c, 10

sini= V sin (p — b) sin (p — ¢)

sinbsinc

cos__ Vsmp sin (p — a) ,

sinbsinc

4_ sin (p — b) sin(p—-c)
th_V sin p sin (p — a)

’

H aHaAOTHUHHeE BHpaxkenus azAas yraos B u C.

Ecau noroxurs 2P=A + B+ C—180° To

sin L — V sin P sin (4 — P)

2 sin BsinC ?
a __ sin (B — P)sin(C — P)
cosy = sin B sin C ’

a__ sin Psin (A — P)
tg 2 Vsin (B — P)sin(C—P)’

M aHaAoruuHbie GopMyAn fAas b u c.
— 350 —
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IlpuBesem ee caeayiomue GOpPMyABI:

sinEsin A=E — 0s Csina=t |
2 2 2 2
. © A—-B . C . a+b
31n7(:os—2———sm7sm—2—, (7)
c0S = sin A+B = cosgcosa—— b
2 2 2 2

< A+B __ . C a+b
Ccos 2 Ccos ) =sin ) 008—2 ’

sin @ cos B=cos b sin c — sin b cos c cos 4,
sin A cos b =cos Bsin C+ sin B cosC cosa,
sin a sin ¢ + cosacos ¢ cosB =sinAsinC— ®)

—cosAcosCcos b,
sin C __tgBcos A~+sinAcosc
tgacosb—sinbcosC~ sin¢

sin @ sin B=sin b sin 4,
sin A cos B=cos b sinc — sin b cosc cos 4, 9)
cos @ =cos b cos c +sin bsin c cos A.

2. [IpamMoyroAbHbe chepuueckue
TPEYyFOAbHHUKH

ITycts npsamoit yroa 6yser A. Toraa
cosa=cosbhcosc,

sin b=sin a sin B, (10)

tgb=tgacosC,

sinc=sinasin C,

tgc=tgacosB,

tgc=sinb tg C,

cos C=sinB cosc,

(1)

tg b=sinctg B,
cosa =ctgBctgC, (12)
cos B=sin Ccos b.
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OTH (OpPMyAB CAYKAT JAS PpELIEHHAA NPAMOYTOAbHBIX
TPEYTOADHHKOB BO BC€X BCTPEUAIOLIUXCA CAYdaAX.

3. O6wmuft caAyua#t pemeHus chepuUecKHX
TpeyroaAbHUKoB. EcAau ussecTHn TpH cTOpoHm Tpe-
yroabauka u Tpebyerca HaliTH TpM ero yraa, To mpoige
BCEro BOCIIOAbSOBATBHCA MOCA€AHMM BHIpaxseHHeM B (op-
myaax (5) ¥ aHaAOrMUHBIMH BhipaxmeHHAMH AAs yraoB B u C.
Ecaun, Hao6opoT, H3BECTHBI TPH yraa TPEyroAbHHKA H Tpe-
6yerca mHaliTH TPH €ro CTOPOHH, MOABBYEMCHA MOCAeZHHM
BHIpazieHHeM B opMmyaax (6) ¥ aHaroruunbiMu srs b u c.

EcAv wussecTHnt gBe cTopoEmt a@ u b u yroa mexay
numu C, To pemenue moxer 6HTb Haf4eHO C MOMOIIBIO
dopmya (7) (nepBoe BHpa:keHHE COAEPAKHT TOADKO HEH3-
BectHhie Beauuunn). OzHako 6bicTpee MOMHO NOAYYMTD
peuieHue mo ¢GopmyAam

c0s ¢ =cos @ cos b -+ sin a sin b cos C,
sin Cctg A =sin b ctg a —cos b cos C, (13)
sin Cctg B=sinactg b —cosacosC.

4. Metroa U. 4. Konrorosuua. [lpn pewenun
3aja9 nAOCKOH M cQepuuecKod TPHUTOHOMETDHH MOXKHO
OTPaHMUHTbCA YNOTPeOAEHHEM TOABKO OAHOH TpHroHOMe-

Tpuueckod (QyHKIHH tg—;- . Coorsercreyiomue ¢opMyAH,

KOTOpHE AErkKko BBIBOAATCA H3 O6GBIYHHX (POpMyA TPHUI'OHO-

metpuu, noryuenst M. A. HMonrorosuuem.

Paccmorpum, nanpumep, npamoyroAbemifi cdepuueckui
tpeyroabuuk. Ilyctb aammt runorenysa a u karer b. Tpe-
6yercs onpeseautb ABa yraa B, C’: u kater ¢. Dopmyan
l/{. 4. Hourorosuua zaior

a—b
rer 0 —=B __ g3
g 2 —  a+b'
tg 2
—b b
. C tg = 1+tg2a-;
tg 2= a+b a—b '
tg 3 1+ tg? 3
a— a+b
tg tg——z—-tg 7
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(Cm.: U. 4. HMourorosus u T. B. Cabanuna. Tabaugn
HATYpPaAbHBIX BHadYeHul tg% u tg2% C NATHIO SHAYAIIUMH

unppamu. Msa. AH CCCP, A., 1963).

IIpuaoawenue 16

Pasaoxcenne KOOPAHHAT BAAHITHYECKOro
ABHXKCHHSA B PAALI

KoopaunaTsi sarunTHuecKoro zBMiKeHHMA I M U, Tak ke
Kak ¥ A06as QyHKOuMA dTHX KoopauHaT F(r, v), asrsoTCA
MmepHOAHUECKHMMH (QYHKUUAMU cpeanelt anomarun M c mepuo-
Aom 2m,

Teopus pasroskeHHs KOOPAMHAT SAAHNTHYECKOTO ABH-
AeHUA B PAAM NOAPOGHO MBAONeHA B KHure M. @. Cyé6-
6oruna ,Kypc neGecnoit mexanuxu“, T. 2 1937 wu B xHure
I. H. dy6omnna ,He6ecnas mexanuxa“, 1963. Jru pasro-
MKEHUA MMEIOT BUJL

__1+-—e —cosM[ e +1323 9216 ]—
6
—cos?M[ +%— ]_
—cos3M[§ 14258 5+55—1627T)e7_..-].__

—cos4ML—e"——e“ ]—

—COSSM[IZS 5 %e"+ .. ]—

9216
— cos GM[%e“— -
—cos TM [ oot e” — ] (1)
v=M+sinM[2e——Te +3e’ gsd"'“ J+
+sin2M[%e2 ettt J+
+sin3M [ e —get+ e — .. |+
+‘sm4M|:%'§’e‘ 4"’le“ ]+

23 T. A. Yeborapen — 353 —



. 1097 5 5957
+sm5M[— — 7608 € +]+

~+ sin 6M [1223 6 — ]+

. 47273
~+ sin 7M[3—2me —-—-...:|+..., )
lg%:%e +312e4+9l6e°+...+
3 4 1
+cosM[—e+?e +& e +9216 ]4-
+cos2M[—ie2+;le4—3e° :|+
77 743
S ¢ 2 5 o’ —
—+-cos 3M[ 7€+ 135€ 53¢ .. :|+

+cos4M|:—-— - 129 et — ]+

+cosSM[ 523e5 1902()3:7 ]+

+0086M[——e°— . .]-l--

+cos TM[ — gt — ... |+, 3)

ORI =

261

+cosM[3e +2§7-e3 e5 ]+

9 5 . 7 , . 141 ]
+cos2M[7e +e +§e+ R

—t-cosi?oM[53 3+?§§e <+ . ]—l—-

+cos4M[7 ‘+129 S ¢ —]—0—

—+cos 5M[1:;3e5+ ]+

+cos6M [T S+ ... |+ ... )

( ) cos2v——cosMr e+112e3+7;8e°+...]+
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P | _1 4 133 0
+cos2M[l e+48 — e+ J_._

—c—cos3M[2 123 3+4971 e+ . ]+

—l--cos'4M|:l7e2 115 2'?210?"0“"‘“]"_

+cosSM[845 3+332§S e+ .. .'+

+¢:,os6M['533 ‘—13827 e’ 4. J+

]+

+c038M[73369e°+-..]+..., )
‘a
(7‘) sin 20 = smM[——e+ —=e — 256 ]+
—l-sin?M[l——%e?—!—g?e" %e“—a—...]*—
: 7 123, -
-i—snnSM[? 16 € +1W0e ]+
+sin4M[%’ 2—1—;5@‘ 8951 e+ :|+
. 5 , 32525
+sm5M[——e <5 e’ 4. ]+

—+sin 6M 533 et l3827e“+ :I—l-
+sin7M|:2%e5+...]+
~+sin8M [ R et .. . 6)

Teoperuueckut mpeger cxogzumoctu pazos (1)—(6)

0 < e<0.66,

OAHAKO CBOI0O NPDAKTHYECKYIO NIPDHFOAHOCTb BTH PAAHN TEepAIOT,
KOHEYHO, ropa3jo paHblle.
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Hpuaomwmenue 17

Tabraga

nepeBoja AHTAO-aMEPHKAHCKHAX Mep B Mex<JyHapoOAHYIO
cactemy epmmmg (CH)

Muas mopckas (anrauiickas)=—1853.182 m.
Murs mopexas (CLIIA)=1853.249 m.
Muas mopckas (Mexaynapognas)= 1852 m.
Murs ycraBnas (amrautickas)=1609.344 m.
Muas ycrasmas (CLLA)=1609.3472 m.
®yr =12 aoimor =0.3048 m.
Jwoiin = 0.0254 m.
1 yaea=1mopckas muas B uac — 1853.25%/40e=51.48 %/ ,.—
=0.5148 */cex.
[lpumeuanue: pycckaa wmuraa=7 pepctr = 7467.6 m.
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