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BCTYII

(hOTOMETPUYHHUX) CIIOCTEPEIKEHb ACTPOHOMIYHUMHU 3a-
cobamu. Ham GaratopiuyHuii 1OCBij MoKa3aB, 1110 He-
KepoBaHi (JecTadi1i30BaH1) KOCMIYHI arnaparyd MOXHa
BUKOPUCTOBYBATH, K YYTJIWBI 1HAMKATOPH B3a€MOJI1
($13MYHUX TPOIIECIB Y HABKOJIO3EMHOMY KOCMIYHOMY
npocTOopi. 3aCTOCOBYIOUM JAOCUTH JICIIEB] ClelianbH1
acTpOHOMIYHI npuiiau (poTokaMepu, KOJIOPUMETPH)
1 po3po0JieH1 BiAMOBIAHI METOAUKA, MOXHA BECTH IO~
CTIMHUM KOHTpOJIb 32 10-15 HeKepOBaHMMU ITYYHUMHU
cynytHukamu 3emii (IIIC3), po3MillleHUMH Ha Pi3HUX
BrcoTax. | came o 3MiH1 iX JUHAMIYHUX Ta [IOBEPXHeE-
BHUX XapaKTEPUCTUKAX CYIUTU MPO MPOTIKaHHSA (i3H-
YHUX IIPOLIECIB HA CIIOCTEPE)KYBaHUX BUCOTaX. Tomy,
10 BIUTUB 30ypeHb pizHoi npupoau Ha IIIC3 B nepiry
4yepry 3aJeXuTh BiJ BACOTH NepeOyBaHHs iX Ha opOi-
Ti. BizoMo, momo Bucot ~ 800 kM HaiOIbII1 30ypeH-
H4 B o0epranHi [LIC3 nopokeHi aepoJuHaMiYHUM Ta
rpaBiTaliiHuM MoMeHTamu. Ha Bucoti ~ 1000 km 1
BUIIE aepOAMHAMIYHUI MOMEHT Y€ OJHOTO MOPSJIKY
3 Mar”HiTHUM. Buiie KijgbKoX THCSY KM I[E€peBa)XKatoTh
30ypeHHs OPOIPKEH1 MPSMHUM COHSIYHUM BUIIPOMIiHIO-

BaHHSIM, 110 MA€ MOJABINHY NPUPOAY — KOPITYCKYJISPHY



BCTYII

Ta (hoToHHY. KpiM TOro npoBeaeHHs TPUBAIUX CIIOCTE-
pexeHb 3a kocMiuHUM anaparoM (KA) mae 3mory otii-
HUTU 6e3 0coONMBUX (piHAHCOBUX 3aTpar 1 3MiHM B iX

HOKpHTFHX B p€aJIbHUX YMOBax B KOCMiLIHOMy HpOCTO-
pi [1-4].

JlocnimpKeHHs 3MiH y BIaCHOMY 0OepTaHH1 HEKePO-
BaHnx KA, mo nepeOyBaroTh y BUJIbHOMY OOepTaHHI,
MaloTh CYTTEBI NlepeBaru nepej BUBUCHHSAM 3MiH B 1X
opOiTaibHOMY pyci. {5l 3araJibHONPUKAHSTOIO METO-
Iy OLIIHKHU 30ypeHb, AKUW 0a3yeThCcsl Ha KOHTPOJI 3a
3MiHaMHU B eJieMeHTaxX opOiTH, MOTPiIOHI crocTepeke-
HHA Ha MICAYHUX a00 pIYHUX IHTepBaJlax 4yacy. Y BU-
MaJIKy KOHTPOJIIO 3a BiacHUM obepTtanHsaM [IIC3 npo-
B 30ypeHb Ha HbOTO MOKHA TIOMITUTH 1 OLIIHUTH 32 pe-
3yJAbTaTaMH CIIOCTEPEKEHb KIJIbKOX Or0 MPOXOIKEHb.
Po3po6neni B JlabopaTopii METOAMKH 103BOJISIOTH OI11-
HUTH Ha IHTepBaJIi OJHOTO MPOXO>KEHHS HallPsIMOK OC-
HOBHUX oceil HekepoBaHUX KA 3 TouHicTiO 10 1° 1 -
KCyBaTH 3MiHY I1€p10oly MOro BJIacHOro o0epTaHHs Mo-
paaky 0.1 cek 1 MeHIIe, IO JJa€ MOXJIUBICTh B CBOIO
4yepry BU3HA4YaTH BEJUYHHY 30yprOI04Or0 MOMEHTY I10-

paaky 107° — 107 H - m.
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B JIaboparopii Bxke 10BIrUii yac Be1eThCsl KOHTPOJIb
3a BJACHUM OOEpTaHHSAM 1 OpI€HTALI€l0 LJIOTO PAdy
necrabumizoBanux [1IC3, B Tomy umcii 1 Tpbox KA ce-
pii “MIDAS”, sxi nepedyBatoTh Ha Bucoti 3600-3700
kM, KA “Topex/Poseidon” 1 “AJISAI”, mo 3Haxons-
Tbest Ha 1300-1500 kM Ta MaroTh pi3HiI Macu, KOHQITY-
palito 1 ol eexkTuBHoro nepepizy. B monorpadii
Ha 1X IpUKJIaJl pO3NISIHYTa peaiizalis B pI3HUX yMO-
Bax BU3HAYECHHS BEJIMYMHU 1 IPUPOIHU 30yprorounx da-
KTOpIB, 110 Jif0Th Ha o3HadeHi IIIC3, Ga3yrounch Ha

pe3yibraTtax 1X KOMILJIEKCHUX CIIOCTCPCIKCHD.
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YHOCTI ITPOLIECIB PI3HOMAaHITHOTO TOXOKEHHS, IK1 MO-
’KHa MPeJCTaBUTU MaTeMaTUYHO B AKOCTI MTEBHOI (yH-
kiii. [lepioguuHicTh MOKe OyTH oTprMaHa B (hopmi Ta-
6muui yu rpadika. PazpobieHuil anroputm SBISETHCS
YHIBepCaJIbHUM JIJI1 BUBYEHHS MEP10IMYHOCTI B3arali.
B HbOMY He poOJIATHCS HISAKI CIIPOIICHHS, HE PO3IJIsiIa-
IOThCSl yMOBHOCTI Ta HE 0OMEXY€eThCS KUIbKICTh TOTPI-
OHuX oOuucieHb. MeTto 0a3yeTbcsl HA BUKOPUCTAaHHI
aBTOKOpeALIMHUX PyHKIH 1 psagiB Dyp’e [5].

B octanHi poku 17151 BU3HaYEHHS Mepioy BJIACHO-
ro obepranus UIC3 HaMu TakoX BUKOPHCTOBYETHCS,
paspoo6iiene B JIK]I, mporpamHe 3a0e3neueHHs Ha 6a3i
Bitomoro metony Jlomb6a-Ckapria [6].

VY JlaGopartopii KOCMIYHUX JOCHIIKEHb Y>KIOpOJI-
ChKOI'O HAaIllOHAJIbHOIO YHIBEPCUTETY pO3pOOJIEHO Me-
TOJl BU3HAYEHHS HANPSMKY OCi 00epTaHHS IITYYHOTO
CYMyTHHKA Ta KYTiB pO3CiIOBaHHS CBITJIa Ha HOTO IO-
BepxHi. Hxxue MU KOpoTKo onrcyeMo nporpamy “Ori-
entation”, 1110 BUKOPUCTOBYETHCS JJIS1 LUX LILJICH.

Taxox B JIK][ po3pobiieHo mporpaMue 3ade3mneye-
HHS 17151 cTa”aapTu3alii kpuBux omaucky IC3 sxe mu

KOPOTKO OIMMIICMO.
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1. AIITTAPAT. 1 IIPOI'P. 3ABE3IIEYEHHA

1.1. IncrpymenTn JIK/ YikHY

dotomerpuyHi crnioctepekeHHs 1IC3 Ha mpoTssi
oinb1 Hik 40-ka pokiB B JIKJ[ V:xHY npoBoaunucek Ha
TPHOX CYIMYTHUKOBHX €JIEeKTpodoTOMEeTpax, BUTOTOB-
JeHuXx B Jabopatopii. Ha nepiomy nBokaHanbHOMY (po-
TOMETpi 3aMCcH OJIMCKY KOCMIYHUX 00’ €KTIB MPOBO/IU-
JIMCh B IHTETPAJIbHOMY CBITJI1 3 IONOMOT'00 CAMOIUCIS
171

Hactynuuii npunan 6yB BUTOTOBJICHHUH SIK IBOKa-
HanbHUM KonopumeTp (D=10 cm), 1o MaB 3MoTYy Mpa-
mroBaru B B,V cniekrpanbHuX aianasoHax. Peectparis
OJMCKY Ha HbOMY CIIOYaTKy BeJlach 3a JIONOMOTOO 11~
¢poapykyrodoro npuctporo. B nanuii yac poromerpu-
yHa iHpopMailis peectpyerbes B [1K [8]. Jlanuit npu-
Ja]] po3MIllIEHUI Ha crieliaIbHIi CYITyTHUKOBIN (HOTO-
kamepi ADY-75 (Puc.1.1). Lelt poTomeTp ocHalleHH
06’exktuBoM MTO-1000, D=100 mMm, F=1000 mMm. Ma-
KCcUMaJibHa MIBUAKICTh BEIECHHS CKiIajae Maiike 3° B
CEKYH/Y, IPH po3Mipi giadparmMu 5’ i TOYHOCTI BeieH-

Hs 615 30",

3rajaHi Bulle (OoTOMETPU MatOTh aHAJIOTIYHY KOH-

12

IICJIAMOBA

JUHAMIYHUM MOMEHT MPaKTUYHO BIACYTHIN 1 OCHOB-
HUM JIKepesioM 30y peHb, 1110 CIIOCTepIratoThes, Ha JyM-
Ky (axiBliB, TYT € mpsiMe abo BiJOMTE 36MHOIO aTMO-
ceporo, COHUHE BUITPOMiHIOBaHHS. [3]. AJie 3 pe3yib-
TaTiB MPOBEJIEHUX JOCIIIKEeHb BUHO, [0 KPIM Mps-
MOTO COHSIYHOTO BUITPOMIHIOBaHHS ICTOTHO MIOMITHUM
JKepesioM 30ypeHb € TaKOK CHIJIbHUN BIUIMB I'paBiTa-
uiHuX nomB 3emil, Micsius Ta CoHILs, 10 MepioIn-
YHO TPHUCKOPIOE a00 YIOBUILHIOE KYTOBY IIBUJKICTh
BiacHoro obepranusa nanux IIC3.

Hami pe3ynsratu 1o cynmyTHUKY “Ajisal” MOXHa
BUKOPHCTOBYBATH B 3a]1a4aX PO3KPUTTS MeXaH13My B3a-
€MO/I1i COHSIYHOTO BUIPOMIHIOBAHHA 3 MarHiTHUM I1O-
JIeM 3eMJll, a TAKOXK B OI[IHKaX B1JHOCHOI 3MIHU COHSI-

YHOT NOCTINHOI Ha [IUKJI1 KO0 aKTUBHOCTI.
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IICJIAAMOBA

B HABKOJIO3EMHOMY KOCMIYHOMY IpocTopi. Takux 30y-
pIOIOUMX JiKepen Oararo 1 iX BIUIMB Ha OO’€KTH, IO
o0epTaroThcsi HABKOJIO 3eMJI1, B1J1I0YBa€ThCS IO-PI3HOMY,
3aJIeKHO Bij Bucotu nonpoTy LIC3, mtomti ix nonepe-
YHOTO Tepepi3y, BeIMYUHN MarHiTHOTO Ta aepoJuHa-
MIYHOTO MOMEHTIB, HassBHOCTI KOPOHAPHUX [IPOK Ha
CoHui Ta ¢a3u npotikanHs 11-Tv piYHOro LMKIY CO-
HA4YHO1 akTUBHOCTI. CroM CJIiJi 3apaxyBaTH 1 IpaBiTa-
11i{HI MOMEHTH, MOPOJIXKEH1 BIUTUBOM MPUPOIHUX KO-
cMiuHMX Tin. [1, 3, 4, 21, 39].

VY Oynb-sikoMy pa3i aHalli3 BIIaCHOrO 0OepTaHHS Jie-
crabinizoBanux LIIC3 Moxke TOMOMOITH PO3KPUTTIO (i-
3UYHUX MPOLECIB, IO c1a00 MPOSIBIAIOTHCS, B HABKO-
JI03€MHOMY KOCMIYHOMY mipocTopi. ITposiB Takux rmpo-
1IeC1B Ma€ IOCUTh CKJIaJIHy KapTUHY “pO3MUTY’ iX B3a-
€MOKOMIICHCALI€l0. Y 0ararboX BHIIaJIKaX BOHU IpO-
ABJIAIOTH ce0e TUTbKY Ha JIOCUTh TPUBAJIMX MPOMIXKKaX
4acy, NPOMIIOBIIN LIIHIA JIAHI[IOKOK MTepeTBOPEHb |3,
4, 21]. Came Takuii CKJIaJHAN XapakTep iXHbOTO Mpo-
SBY MM CIIOCTepiraeMo 1y BiacHomy odepranHi [LIC3
cucremu “MIDAS”.

Ha Bucoti nepeOyBanHs gociikyBanux KA aepo-

112

1.1. IHCTPYMEHTII JIK][ Y?KHY

Puc. 1.1. Teneckon TIIJI-1M (3 mpaBa), Ta eekTpodo-
ToMeTp Ha 6a31 kamepu ADY-75

CTPYKUit0. €1MHA BIAMIHHICTb MOJISITA€ B TOMY, 110 Ha
A®DY-75 € nBa xaHanu 3 ¢puieTpamu B ta V' cuctemu
JI>xoHcoHa. 111 poromeTpu 3a06e3neuytoTh (OTOMETPHU-
YHY TOYHICTh +0705.

B octanHi 10 pokiB ¢poTOMETpUYHI CIIOCTEPEIKEH-
HSl TaKOXX BeyThCSl Ha OJHOKaHAJIbHOMY (OTOMETp1 B
V i R ¢inbrpax mo3MiHHO B IpsiMoMYy (OKYC1 CIielli-
anpHoro teneckona TIIJI-1M (D=100 cm) (Puc. 1.1), 3
nyHKTy JlepeHiBka po3MillieHoro B 15 kM BiJi YKropo-
na 9, 10].

[Tepmoueproso teneckon TIIJI-1M 6yB po3pobie-
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1. AIITTAPAT. 1 IIPOI'P. 3ABE3IIEYEHHA

HUHM K Ja3epHuil panekomip, aje B JIKJ YxHY Bin
Mpaiftoe B pexuMi enekrpodotoMerpii. [omoBHE A3€p-
KaJjio teneckona mMae giamerp 1000 MM, dokycHa Biji-
cranb 11600 mm. Teneckon ocHalleHU# eneKTpodo-
tonnoMHoxyBaueM DEII-79, 3 migkiatoYeHHSIM CHUCTe-
mu peectpauii qo I[IK. Imnynecu Big ®EII-79 niacu-
JOIOTHCA HUPPOBUM TiJCUIIIOBaYeM Ha iHTepdeicHIi
J1aTi 3 JTIYMJIBHUKOM IMIYJbCIB. IMIynbeu, 06po0ieHi
Ha 111i iHTepdeiicHii mari, nepenarotbes g0 [1K. Tpo-
rpaMHe 3a0e3Me4eHHs 1a€ MOKJIUBICTh BCTAHOBUTH 1H-
TepBaJl BUOIPKHU B Alana3oH1 BiJl AEKIJIbKOX MUTICEKYH]T
10 JEKUJIbKOX XBWIMH. DOTOMETp Mpalloe B MOJIOCaX
¢1nbrpiB V 1 R cucremu JI)xoHcoHa. IcHy€e Takox Mo-
*nuBicTh npuB’s3ku yacy 1K go UTC, oTrpumaHoro

Bin Moaynst GPS. Anaparypa netajbHO onucaHa B po-
oori [9].

TeneckoIl MOBHICTIO aBTOMaTU30BaHUN. KpokoBi ABH-

T'YHU J03BOJISIOTH BiJICTiAKOBYBaTH 00’ €KTH 3 MaKCH-
MaJIbHOIO MIBHIKICTIO Ginst 175 B cekyHmy. TodHicTh
BEJCHHSI 3aJIe)KUTh BiJl LIBUJKOCTI CIIOCTEPEKYBAHOTO
CYIyTHHUKa, aJie B I[IJIOMy BOHa 3HaXOJUTKLCS B Jliaria-

30H1 1-2 cexyna nyru. Lle € nocrarHpo, 00 yTpumMaTu

14

IICJIAMOBA

BiJl KOHCTPYKIii, MacH Ta BUCOTH HaJ 3emiiero. [{o BuU-
cotu 1000 kM 1 yacTkoBo 110 1500 KM TOMIHYIOUM Talib-
MIBHUH eeKT Ha o0epTaHHs KOCMIYHOIO arnapara J1a€
arMocdepa. BB MarHiTHUX Ta €JIeKTPOCTAaTUYHUX
MoJTiB 3eMUli, SIKI TAaKOXK JaloTh rajJbMyIOUYUi BILUIUB Ha
BJIacHEe 00epTaHHsI, 3 BUCOTOO 3MeHIyeThesa. Ha ix do-
Hi BIIHOCHI1 e€()eKTH, BUKJIMKaH1 COHSYHOIO pajialli€lo,
30UIBIIYIOTHCS 3 BUCOTOIO, ajle X BEJIMYMHA 3aJIEKUTh

BiJl COHSIYHOT aKTUBHOCTI Ta Ma€ 3MIHHUMN XapakTep.

TOPEX/Poseidon 3 BucoToro op6itu 1336 kM 3Ha-
XOJUTHCSI HA TPAaHUL BIUIMBY aTMochepu Ha mapame-
TpH OpOITH 1 BIacHEe 00epTaHHs CyMyTHHUKA. SIK BUTUIH-
Ba€ 13 OTPUMaHUX Pe3yJbTaTiB, OCHOBHE MOPYLICHHS
MOro BJIaCHOTO 00epTaHHS OOYMOBJIEHO BiAXUJICHHSIM
rpaBiTaliitHOTro MoJjst 3eMJIi BiJl IEHTpaJIbHO- CUMETPH-
yHoro. lle BiIXuiaeHHs BiJl CUMETpUYHOT popMHU Ipo-
SIBTISIETHCSI SIK TIPOCKOMIUYHUN MOMEHT, KM BUKIIMKAE
npelLiecito roJIoBHOT oci 00epTaHHs HABKOJIO HAMTPSIMKY

Iii UEHTPaJIbHOI CUJIN.

Bigomo, 1o Bci aectabuiizoBaHi MITY4YHI 00’ €KTH
MparHyTh YBIUTH B PE30HAHC 3 PI3HUMU 30ypIOIOYMMU

MOMEHTaMH, L0 MOPOIHKYIOThCA (PI3MUHUMH TOJISIMU
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IHicasaMoBa

OpO6iTanbHU CYyITyTHUK MMOCTIMHO 3HAXOAUTHCS 1T
JIi€X0 PI3HUX BIUIUBIB, SIK1 PU3BOMSTH /10 3MiH B iX 00ep-
TaHH1. [[py4rHM X BIUIMBIB 3B’ A3aHI 3:

a) BIAXWJICHHSM TIpaBiTalliiHOrO TMoJsi 3eMJli  BiJ
EHTPaIbHO-CUMETPUYHOTO 13-32 HOT'0 YIIIJIbHEHHS,
HEOJHOPITHOTO PO3MOJILIy Mac, HasiBHOCTI Micsis

Ta CoHLIA;

0) nedopmMariero MoBepxHi 00’€KTa, HASIBHICTIO PyXO-
MUX JleTajled ado piAuH Ha CYNYTHHUKY, PI3HUIIECIO
TeMIieparyp MiX 3aTiHEHHMU Ta OCBITJICHUMH 4Ya-

CTMHAMH MOro NOBEPXHI;

B) BIIJIMBOM MarHiTHOTO Ta CIICKTPOCTAaTUIHOT'O HOJ'IiB,
OIIOpOM HOBiTpSI Ta CBITVIOBUM THCKOM COHSTYHOTO

BI/IHpOMiHI-OBaHHH.

3HaYMMICTh IUX 30yprorouux (akTopiB IJIs KOH-

KPETHHX CyITyTHUKIB pi3Ha. B OCHOBHOMY I11€ 3a1€KUTh

110

1.2. ObPOBKA KPIIBIIX bJITICKY (3

00ekT B aiadparmi 4.

3 2020 poky Ha MoHTyBaHHs Teneckomny TIIJI-1M
BCTAHOBJICHO JI0IaTKOBUI 00’ €KTHUB JliaMeTpoM 12 cm
Ta epekTUBHOIO (OKyCcHOMO Bifaamto 228 MM 3 CMOS
kameporo QHY-174M-GPS. Ilose 30py Takoi cucremu
CTaHOBUTH 2.82 x 1.76, Ta Mmacmrabom mikcens 10.6

arcsec/pixel [10].

1.2. O0poOka kpuBuX OJIUCKY
HcC3

30BHINIHI TPUYUHU (1IHCTpYMEHTaIbH1 (DaKTOpH,
BIUIMB 3eMHOI aTMoc(epH i1 T.JI.) JeIKUM YHMHOM CIIO-
TBOPIOIOTH OTPUMaH1 KpYB1 OJIMCKY cynmyTHUKIB. [1o 1k
MPUYKHI, 11100 3BeCTH 10 MiIHIMyMY BCi (paKTOpH, He
3B’s13aH1 3 JOCIIIP)KYBaHUM 00’ €KTOM, MM TTOBHMHHI 3a-
CTOCOBYBaTH MaTeMaTH4HYy OOpoOKy. SIK 3aBknu pi-
[ICHHS 3aKJIIOYAETCsl B TOMY, 11100 peayKyBaTh KpHUBi
OKMCKy cTaHIapTHUM YuHOM. Lle nae HaM MOXKJTUBICTh
MOPIBHIOBAaTH M1k CO0OI0 Pi3H1 KpUBI OJIMCKY, 1110 OTPU-
MaHi 3 Pi3HUX MYHKTIB CIIOCTEPEKEHb a TAKOXK MOPiB-

HIOBATH iX 3 CTApUMU KPUBUMU ONHCKY, OTpUMaHUMHU
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1. AIITTAPAT. 1 IIPOI'P. 3ABE3IIEYEHHA

6araro pokiB Ha3aj.

Jlis faHoi po6OTH TOCTaTHBO BpaXOBYBAaTU TIIbKH
nBa (pakTopa, AKi BIUIMBaIOTh Ha GopMy KpHUBOI OJH-
cky. Lle arMocdepHe normMHaHHs Ta 3MiHa BiJAaIl Cy-

ITyTHHUKA BiJI CHOCTCpiFa‘{a 1111 Yyac Moro IIPOXOIKCHHA.

Pesynbrytoua dopmyna /Ui cTaHAAPTHOI BEIUYU-

HU CYIyTHUKa OyJe:

Mgt = hingt — DMy — AT, (1.1)

Minst = 2.9 1Og(]\/vsignal - Nbackground) (1 2)

Amz = k[(Mz>standart - (Mz)sat] (13)

P

Am, = 5log ——
M = 5108 76566 T,

(1.4)

1€ Nsignal Ta N packground BIANIOBIIAIOTH B1TIKaM (o-
TOMETpa, OTPUMAHUM BiJl CyNyTHUKA 1 OHA, 1Mps —
IHCTpyMEHTaJ bHa 30psiHa BeJIMunHa, Am, — MOIpaB-
Ka 3a aTMOoc(epHe MOITTHHAHHS Ha PI3HUX 3eHITHHUX KY-
tax (cM. [11]), Am, kopekuis 3MiHM Biggani (p) cro-
CTEpeKYBaHOTO CYITyTHUKA. SIK olITUMalIbHA BETMYMHA
BHOpaHa ctangaptHa Biggaias 1000 km [12]. Koedimi-

€HT €KCTUHKIIIT £, B I10JIOCI & BUPAXOBYETHCS 13 CUCTE-
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4.3. BIICHOBKII

CT1 3MIHIOEThCS MalKe B J1Ba pa3u. [Ipu6IM3HO B CT1I1b-
KM pa3iB Ha [IUX LMKJIAaX 3MIHIOEThCSA 1 ycepeJHEHE BH-
npomiHtoBaHHsI CoHlst Ha A = 10.7 cM. Sk 3a3Havanocs
B po6oTi [38] 3a yac COHAYHOTrO LMKIIY B JIBa pa3u 3Mi-
HIOETHCA 1 TeMIlepaTtypa TepMochepH.
3po0IieH1 BUCHOBKH L1010 TPUYHH MOCTYIIOBOIO KO-

ro rajisMyBaHHs1. OCHOBHUM YHHHHKOM 30ypeHb B 110-
ro o0epTaHH1 paxXyeMo BIUIMB COHSIYHOI pajialii Ha 10-

Hi3al[liHl HABKOJIO3EMHI ITOJIS.
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4. CVIIVTHIIK “AJISAI”

CTynHy KaptuHy noBeaiHku LIIC3 “Ajisai” Ha opOiTI.

CynyTHUK, Ticlis BUBEACHHS Ha opOiTy, OyB Opi€HTO-

BaHWU BIJHOCHO MarHiTHOTr'o NoJId 3eMJIl Tak, 100 ocTaH-

HE Ha iioro obepTaHHs BIUIMBAJIO siKHaliMeHILe. Ta, BHa-
CJIJIOK HE3HAYHUX BIJXHWJICHb B KOHCTPYKIIii 00’€KTa,
0COOIMBOCTEN CTPYKTYpH MarHiTHOro MoJjist 3emili Ta
IHIIUX 30ypIooUnX (haKTopiB, BiCh 00€pTaHHS 3 CaMo-
ro Mo4yaTKy Ioyajia MperecyBaTh HaBKOJIO MarHiTHOI
ocl, 30UIBIIYIOYH 3 YacoM KyT Mpeliecii Ta nepioj Bia-
cHoro ooeptanHs LLIC3. OGepTaHHs CymyTHUKA BUSBU-
Jocs “4yTIMBUM”, K 10 HE3HAYHMX 3MIH MarHiTHO-
ro noJsi 3emJIi Tak 1 NPSMOro COHSIMHOTO BUIIPOMIHIO-
BaHHS, MIOPOPKEHUX COHSYHOIO AKTMBHICTIO. 3 4acoMm
raJlbMiBHUM MOMEHT, 1110 i€ Ha Led CYyMyTHHUK, Mpa-
KTUYHO IIOYaB 3MIHIOBAaTHCS CHHXPOHHO 31 3MiHaMH,
K1 Bi10yBatoThbcsi Ha CoHlll 1 B BepXHiil arMocdepi 3eM-
Ji, CTaBIIX, TAKUM YUHOM, IIPEKPACHUM 1HAMKATOPOM
TUX (PI3UYHKUX TPOIECIB, SIKiI BiI0OYBalOThCS Ha BUCOTI

nepeOyBaHHS CYIMyTHUKaA “Ajisai”.

3 oTpUMaHUX pe3yibTaTiB BUAHO, 110 3MiHA CyMap-
Horo 30yprorodoro MmomeHTy IIIC3 “Ajisai” Bijg Makcu-

MyMY 70 MiHIMyMY 22 i 23 LMKJIiB COHSIYHOI aKTUBHO-
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1.3. METOJ] BII3HAYEHHA OPICHTALIT
CVIIYTHIIKA

MU piBHSHB (1.5), 1e KoxKHE PIBHSIHHS 3alIUCY€EThCS 1S

OKpEeMOi CTaHIapTHOI 30pi.

k(M) + Ay = X1 — ¢ (B — V)1 + 2.5log(N,)1
k(M,)s + Ay = Xo — ¢ (B — V)2 + 2.510g(N,)2

(1.5)

k(M,); + Ay = X; — ¢ (B—V); +2.51log(N,);

ne A, — crana ¢oTOMETpUYHOTO MPUIIaTy B MOJO-
ci “z”, X; — craHIapTHa 30psiHa BeJIMYMHA -0i 30pl,
¢, — Koe(ILIEHT Mepexoqy B BIANOBIAHY Mosiocy “r”
¢oToMeTpuyHOi cucremu JlkoHcoHa, N, — KIJIBKICTh
IMITYJIbC1B, 3apericTpoBaHuX B monoci “z”’, M, — noBi-

TpsIHA Maca Ha 3eHITHIM BIJICTaHi 2.

1.3. MeTtoa BU3HA4YeHHS Opi€HTANLII

CYNMyTHUKA

B JlaGoparopii KOCMIYHUX JOCHIIIKEeHb Y>KIOpOJI-
ChKOT'0 HalllOHAJIBHOTO YHIBEpCUTETYy Oyia po3pobiie-
Ha METOJIMKa BU3HAYEHHs Opi€HTAlli CylyTHUKA, Opi-
€HTAIli 0C1 HOTO 00epTaHHS pa3oM 3 OOYUCIICHHSM KY-

TiB BiJIOMBaHHS COHSYHOIO CBiTJIa Ta mporpama “Ori-
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1. AIITTAPAT. 1 IIPOI'P. 3ABE3IIEYEHHA

entation”.

EnexTpodoToMeTpryHi criocTepekeHHS PI3HUX HITY-

YHHUX CYMyTHUKIB MOKa3aJly, 1110 iCHY€ XapaKTepHa 0Co-
OJIMBICTh — I3€pKaJibHI CIIAJIaXU CBITJa, BIIOUTOTO BiJ
CYMyTHHKA, BEJIMKI MO aMIUTITY/l, KOPOTKI 1o yacy. [1i
A3epKaJibHi criajlaxy HaK/IaaloThCs Ha 3arajbHi 3MiHU
SACKpPaBOCTi. 3aCTOCOBYIOUM PO3POOJICHUN METOJ, MO-
’KHa BU3HAYUTH OPi€HTALiI0 CyTyTHHKA B IIPOCTOPi Ma-
I04M 3apericTpUpoBaHi MOMEHTH A3epKalbHUX clralia-
XiB.

Lle#t MeTo MOXKE BUKOPHCTOBYBAaTUCH HE3aJI€KHO
B1Jl KOHCTPYKIIii 00’ €KTa Ta po3MIillleHHs BiIOMBalOUYUX
MOBEPXOHb BITHOCHO OCi 00epPTaHHs, a TAKOXK Y BUIA -
Ky B1ICYTHOCTI Oyb-5IKO1 1H(pOopMallii PO KUIbKICTh Ta
PO3MIllIEHHSI BIIOMBaIOYMX TOBEPXOHb Ta HAIBHOCTI HY-
Tarlii oci obepranns [ 13].

MeToj1 3acHOBaHWIA Ha CHHXPOHHUX eleKTpodoTo-
METPUYHUX Ta MO3ULINHUX CIIOCTEPEIKEHHSAX IS KO-
’KHOTO IITYYHOTO CYyTHHKA 3 I0CTaTHbOIO KIIbKICTIO

JTaHUX.
EnextpodoToMeTpisi criocTepekyBaHOTO CYITy THH-

Ka Jlae iHopmallito Mpo MOMEHTHU Yacy chajiaxiB, iX
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4.3. BIICHOBKII

CHOI'o 0OEepTaHHs MOXKe OyTH BUKOpHCTaHa JJIsi OHOB-
JICHHS! TaHUX MOJIEJIIOBaHHS MEXaHi3My BILUIUBY CHII,
AK1 A1F0Th Ha CYMYTHUK. B pe3ynbTaTi npoBeIeHunx J0-
CJIIJIPKEHb OTPUMaH1 HOB1 3HAUEHHSI MapaMeTpPiB eKCIO-
HEeHI1aIbHO1 (YHKIII1, IO OMKUCYE 3MIHY MEpIOAY Bia-
CHOTI'o 0OepTaHH CyITyTHUKA “Ajisai” 3 yacoM. OCKLIb-
KM HaM BJIaJIOCh 3aXOMUTH 35 POKIB CIIOCTEPEKEHb CY-
MyTHUKA, TO 3HAYEHHS LIMX MapaMeTpiB JAeulo BiApi-
3HSIOTHCS BiJl PUBEICHUX paHillie B JiTeparypi. Bnep-
nie MpUBEACHI TOYHOCTI BU3HAUYEHHS JaHUX Mapame-
TpiB PyHKLI]

Mertop I133 ¢oromerpii, 1110 BUKOPUCTOBYETHCS B
npoekti MMT-9, BUSIBUBCS TIPIIUM 10 TOYHOCTI HIXK
METOJl €eJIeKTPO(POTOMETPii, IO BUKOPUCTOBYETHCS
B JIKJ] YkHY nnsa cnocrepexenns uporo HIC3. Lle
MOSICHIOETHCS TUM, 1110 OOepTaHHs CyMyTHHUKA “Ajisai”
€ JTOCUTb IIBUIKHUM, a iHTepBaj 3uuTyBaHHs 1133 mpu-
MMayiB He 3aBX/IM PO3PaXOBaHUI HA TAKy 4acTOTY. 3B1J1-
CH I BUILJIMBa€ MOXMOKa B CIIOCTEPEKEHHSIX. Xoya JIJIsl
00’€KTIB 110 00EpTalOThCs MOBUILHO, e METOH Ja€e

Habararo Kpaury TOYHICTb.

OTpuMaHi pe3ybTaTy 103BOJISIFOTh BIATBOPUTH Ha-
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4. CVIIVTHIIK “AJISAI”

Tabnuust 4.4. Pe3ynbratit 06paxyHKy MOMEHTY K1JIBKO-
cTi pyxy L 1 ripockoniyHoro momeHnty K mijg yac cro-
crepexxenb HIC3 “Ajisai”

Ne /o IutepBan dL dt, (mobu) M-10H M %, % | ®a3a COHAYHOI aKTUBHOCTIL
1 29.1186—15.07.89 | 74.261 960 0.89531 3.20 Hapocranns mukity
15.07.89 —19.03.92 | 78.136 978 0.92409 6.64 Max. i criaj mHKIy
29.11.86 —24.09.89 | 75.828 1030 0.85208 -1.74 HapocranHs IHKITY
19.03.92 —08.09.98 | 163.213 2376 0.79505 -8.31 Craj 1uKITy, min.
08.09.98 —27.07.05 | 219.010 2514 1.00830 16.28 Max. i ciajg muKiIy
18.10.03 —27.07.05 | 46.211 648 0.82537 -4.82 Bimseko 10 min.
18.10.03 —-21.10.08 | 109.132 1830 0.69021 -20.40 Min. mukry
08.09.98 —21.10.08 | 281.933 3696 0.88287 1.81 Max. — min. QUKIY
08.09.98 —18.10.03 | 172.801 1866 1.07183 23.61 Max. i ciaj muKiIy
27.07.05-21.10.08 | 62.923 1182 0.61611 -28.95 Min. mukiry
29.11.86 —21.10.08 | 592.326 7906 0.86714

O 003 bW

—_—
Ll =

4.3. BucHoBku

[TpuBeneHi pe3yabTaTi CriocTepesKeHb Mepioay Bila-
CHOro oOepTaHHA CyITyTHUKa “Ajisai” 3a 35 poKiB ICHY-
BaHHA oro Ha opOiTi. Taki JOBI1 PSAN CIOCTEPEKEHb
IITYYHUX CYNYTHHUKIB 3eMJIi € IOCUTh PIJIKICHUM SIBU-
IIEM, TUM OLIbIIIE KOJIU aHAJI3YETHCS MEP10J] BJIACHOTO
o0epTaHHs 00’ €KTa.

TouHe BU3HaYeHHS IMepioAy BIIACHOTO OOEpTaHHS
CYMyTHHKa “Ajisai” qorioMarae oTpuMaru iHpopMalliro
PO CUJIH, 1110 BIUTUBAIOTh HA CYyTHUK B HABKOJIO3EM-
HOMY KOCMIYHOMY MPOCTOpi, Ha BUCOTI NepeOyBaHHS
nanoro IIC3, Ta cipuuuHsAOTH 30ypeHHs B MlOro opoi-

TaJlbHOMY pyci. JlIonoBHEeHa HaMU 3MiHa Mepioay BJa-
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IHTEHCHUBHICTb Ta TpUBaJlicTh. HanpsiMok, KyTH Ta ele-
MEHTH OpOITH BU3HAYAIOTHCSI 13 MO3ULIMHUX CIIOCTEpe-

KCHb.

Hanpuknazn, HanpssMoK HopMaii 71 10 Oyab-sKOi

BiIOMBAIOYOi MMOBEPXHI A3€pKaIbHOIO TUILY PO3pPaxo-

ByCTBCH SK:
Ty . To+2ay
= v | =[@o+au)?+ wo+yu)?+ Go+z)?] 2| votuyn |, (1 6)
% 20+ 2
ac,

Lo = COS (g €OS Jy,

Yo = sin oy €os g,

Zp = SIn oy
BIJINIOB1JalOTh HANIPSIMKY BiJl LIEHTPa CYyIMyTHUKA JI0 LIeH-
Tpa CoH1d, a

TH = COSay CoSdy,

Yy = sinay cos Oy,

Zg = sinoy
— HanpsSMOK BiJ] [ICHTpa CyIyTHHUKA JI0 CIIOCTepiraya;
v, 0o U g7, O 7 BiIMOBiAHO KoopArHaTH COHIIS Ta CIIo-

cTepiraua B eKBaTopiasibHii cCTeM1 KOOpJUHAT; vf7, O i
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1. AIITTAPAT. 1 IIPOI'P. 3ABE3IIEYEHHA

PO3pPaxOBYIOTHCS 32 CAHXPOHHUMHU MO3UL[ITHIUMHU CITO-
CTepeKCHHSIMU Ta 3B’s13aHi 3 TOMOLEHTPUYHUMH KOOP-
AWUHATAMU CYNyTHUKA K ooy = o £ 180°, 0 = —0.
SIK1110 MU 3HA€EMO, 110 HAMPSIMOK HOpMaJi 7° mapa-
JeJIbHHI HANPSIMKY 0GepTaHHs 06’ekTa K*, TO MU MO-

JKEMO BU3HAYUTHU HAIIPAMOK O6€pTaHH5{ 3pa3y 1o oaun-

HHUYHOMY CITOCTCPCIKCHHIO A3CPKAJIIBHOIO CIIaIaxy. HKHIO

HaIpsIMOK HOpMaJll 3HaXOIUThCS B IJIOIIMHI 0OepTaH-
Hs1 00’ €KTa, TO HANPSAMOK TaKoro ooepTaHHs Moxe Oy-

TH PO3paxOBaHUM SIK:

R = [t x it} (1.7)

3B1ICM BHAHO, IO CKJIAaAHICTh IIHOIO METOHA 3a-
KJIFOYA€ThCS B HEOOX1THOCTI (pikcalii IK MIHIMYM JABOX
CBITJIOBUX JI3€pKaJIbHUX CIaJlaxiB.

B Bumanaky JOBIJIbHOTO PO3MOJIOKEHHS J13€pKajlb-
HO BIJOMBaIOYUX JleTajiel BIIHOCHO OCi o0epTaHHs R*
PO3B’SI30K 3ajlaul He 3aKIHYY€EThCSl BU3HAYEHHSIM HOP-
Mmaui 1%, Le cTae OLIbII CKIIAAHUM Ta IOTpedye Habopy
eKCIIEPUMEHTAIbHUX JIaHUX Ha JIOCTaTHHO BEIUKOMY
1HTepBaJl 3 (iKcallier0 MaKCUMaJIbHO MOKJIUBOI KiJ1b-

KOCTIi crnianaxiB cBiTia. OcobnuBo, SKILO XapakTep pa-
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F10

337 7
301
266
230
194
158 7

122 7

4p

246 7
2T
197 7
1727
148 7
1237
%847
7387
4327
2487

WY it Sk il I RIS I, T i R DT
8% & 8 8 9w 9 R 9% % % %L ¥ 9w 8 0 1 2 3 4 5 & 7 8

Puc. 4.4. 3BepXy: 3MiHU MMOTOKY paJlilOBUIPOMIHIOBaH-
Ha CoHug Ha A = 10.7cm (F10.7) B nmepion 3 1986 no
2008 pp. 3HK3Y: 3MIHHA reOMarHiTHOro 1HaeKcy (Ap) B
niepion 3 1986 o 2008 pp.

[IUKJIIB. 3MiHa COHIYHOI aKTUBHOCTI 1 T€OMarHiTHOTO
1HJeKcy Ap npoTaroMm 22 1 23 UMUKy NPUBOJAATHCS Ha
puc.4.4

Pe3ynbrati BUKOHAaHOTO HAMH I'PYHTOBHOTO aHaJli-
3y mii Ha IIIC3 “Ajisai” 30yprorounx (HakTopiB OTOUY-

I040r0 cepe/loBullla MpuBe/eH] B Tadbnuui 4.4.
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4. CVIIVTHIIK “AJISAI”

NOPOJIPKEHOI0 JII€F0 Ha 00’€KT panialii BiJ MOBEPXHI

3emuli, B HAlllOMYy BHUIAJKy Oyze
M, =0.052797-10 °H-m (4.8)

[HIIMMK 30ypeHHSAMU Ha TaHOMY eTalll MO)KHa 3He-
XTyBaTH. 3BIJICU CEpeHE 3HAYCHHS BEITUYMHHU MarHi-

THOT'O MOMEHTY, IO JIi€ Ha JaHUW CyITyTHUK

My =My — M.~ M, — M (49)

My =0.48434-10°H - M (4.10)

Hackinbku BiIoMO 3 JOCTYIHUX HaM MepIIOJKe-
pell, TaKui po3KJIaj 3arajibHOro 30yproroduoro MOMEH-
Ty Ha CKJIaJ(0B1 3 MIJKIIIOYEHHAM €KCIIEPUMEHTAIBHUX
JTAHUX 1 OLIIHKA 3BIATHA BEJIMYMHU MArHITHOTO MOMEH-
Ty, 3pobJieHa B YKpaiHi BOepuie.

Ha 3aknrouHoMy eTarti JOCIIiIKeHb MU IPOBEJIN aHA-
J113 3M1HU CYyMapHOTo 30ypIO0Y0ro MOMEHTY BiIHOCHO
iioro cepenboro 3Hadenns My = 0.86714-107°H-m
Ha MEHILMX 1HTepBaiax yacy (MOpsAKy KiIbKOX POKIB)

1 criBcTaBWIIM 3 (pa3aMu COHSTYHOI akKTMBHOCTI 22 1 23
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3MIIIEHHS 00J1acTl BIAOWUBaHHS ITOBHICTIO HEBIOMUM.
B Takomy BuUnajKky HeoOXiHO ITpoaHai3yBaTH iHPOP-
Mallilo PO 1CHYIOU1 (POPMH OPIEHTALIIT AJISI PI3HUX CY-
NYTHUKIB Ta MPUB’A3aTH ii 0 CHOCTepeKYBaAHUX KpU-

BHX Onucky [13, 14].

Bice 06epranHs, HanpaBiieHa A0 LEHTPY 3eMli, Mo-
BepTaeTbes Ha 360 rpaayciB, KOJIU CYyIyTHUK 3A1MCHIOE
MOBHUI 00epT HaBKoJIO 3eMJIl. 3apericTpoBaHi 3MiHU B
HanpsIMKy HOopMaJl BigoOpaxaroTh Ler pyX. | sKkio y
Hac Oyle JOCTaTHbO TaKUX 3apericTpoBaHUX MOMEH-
TiB, TO MM MO)XEMO BIIEBHEHO CKa3aTH, B SIKOMY Ha-
MPSIMKY B JJaHUW MOMEHT Yacy Opl€eHTOBaHa Bich 00ep-

TaHH:.

SIKIo CynmyTHUK 00epTa€eThCsl HABKOJIO CBOET Bep-
TUKaJIbHOI OCl 1 HeMae mpeliecii, ToJl HaIpsAMOK OCI
oOepTaHHs CyNyTHUKA, SIKW1 JISKUTh B ITONIMHI 11 Op-
01TH, criBNaAa€ 3 HAMPAMKOM “‘CYyNyTHUK—LEHTp 3eM-

71”1 MOXke OyTH BU3HAYEHUH SIK:
o- S—
R = Olgeos £ 180°; 0p = —0peoes (1.8)

1€ Qgeocs 0 geoc — TEOLEHTPUYHI €KBAaTOPiaJIbHI KOOPH-
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1. AIITTAPAT. 1 IIPOI'P. 3ABE3IIEYEHHA

HaTH CIIOCTEPEKYBAHOIO 00’ €KTA.

CtBopeHe nporpaMHe 3abe3nedeHHs “Orientation”
OyJI0O MPOTECTOBAHO Ha 0araTrboX Pi3HUX CYIyTHUKAX
HaBiTh CKJIaIHOT popmu. BukopucTaHHSs LIbOTO MPOrpam-
HOT0 3a0e3MeyeHHs Jajio HaM JOCBI/ B MOOYI0B1 1HIHU-
KaTPUCH PO3CIFOBAHHS 1 I03BOJIMIIO HAM 00pOOJIATH Be-
JIMKI MacUBHU CIIOCTEPEKYBaHUX JaHHUX, B TOMY YHCI1
npeacTanieHl B ik crari. [IporpamMHe 3a0e3nedyeHHs
“Orientation” 103BOJIIE OTPUMATH HACTYIIHY 1HpOpMa-

LIIO:
UT — 4ac crocrepeXeHHs;

@, ) — TOMOLEHTPUYHI €KBaTOpiaibHi KOOPJUHATH CY-

MyTHUKA;
R — TononeHTpuyHa BiJiajb 4O CYNyTHHUKA;

Ql, 0, — €KBaTOpiaJIbHI KOOPJIWHATH HAMPSIMKY HOP-
MaJll 10 BiJIOMBarO4Oi 00JacTi CYyTHUKA B CUCTEMI

KOOpAWHAT CYITYTHHKA,

vy, 0, — €KBaTOpIlaJIbH1 KOOPJMHATU HAIIPSIMKY Ha LIEHTP
3emuti BiJl IEHTpa CyNMyTHUKA;
«y, 0 — eKBaTopiajbHi KoopauHaTh MicsIs Bif IIeH-

Tpa CyIyTHUKA;
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ne Ay — cepenHe 3HaYSHHSI COHSIYHOI CTaJoi, PiB-
He 1o ocTanHim ganum 1.373 - 10° Br/M? [37], v — Ko-
edimieHT BiAOUBaHHA s antomiHio piBHUE 0,89; C
— IIBUJKICTh cBiTNa; Dy — A0S I3epKaJIbHOI CKIIalo-
BOi y B1IOUTOMY BiJl MOBEPXHI CYNyTHUKA CBiTIa; D,
— o audy3HoI CKIa10Boi; S 9 — €(eKTUBHA IUIoLIA
JUTSL I3epKajbHOTO 1 AU(y3HOro BiIOMBAaHHS CBITJIA BiJl
nosepxni 1IIC3. 3rigno [29] S; = 0.0350m? (moma
OJIHOTO JI3epKaia), Sey = (2/3)mr? — eekTHBHA ILIO-
na niBcdepu cynyTHUKa. B pesynbrari aHamizy Kijib-
KOX JlecaTKiB kpuBux Onucky LIIC3 “Ajisai”, Bnanocs
BCTAaHOBHTH, 110 B aHOMY Bunaiaky [y=0.955, D, =
0.045,r =1.075 m.

3Biacu

M,=0.32998 -10°H ™ 4.7)

BianoBigHo MeTonuili, onvcaHii B po6oti [70], cu-
J1a TUCKY 3 OOKY 3eMHO1 1 BiAOUTO1 BiJl 3eMJIi COHSIYHOT
pamianii Ha H = 1500 km a1t cdepu Oyne ckinaaatu ~
16% Bia TUCKY Ha CYNYyTHHUK MPSAMOi COHSYHOT pajia-

uii. OTKe cepelHe 3HAYEHHS! 30ypIOI0YOr0 MOMEHTY,
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4. CVIIVTHIIK “AJISAI”

[ fioro BenmumHa cTaHoBwiIa M = 0.86714 - 1076
H-wm.

Tax six, Ha o6eptanHs [1IC3 B 3ayie’KHOCTI BiJl BU-

COTH HMOT0 MOJBOTY i€ N-HEe YUCIIO PaKTOPiB, TO OTPH-

MaHe 3HaueHHsI M 1, € cyMapHUM NposiBoM 30ypeHb. Po3-

KJIaJI MOT0 Ha CKJIAJIOBI 1 € OJHIEIO 3 CAMUX CKJIAJTHUX

npo6JieM B pO3B’SI3KY MOIOHUX 3a/1a4.

EnemeHTapHuii po3paxyHoxk, 3rigHo [36], mokasye,

1[0 BHACIIJIOK JIOOOBOTO onopy 3 00Ky armocdepu Ha

BUcOTi ~ 1500 KM Ha TakWil CynyTHHK, sIK “Ajisai”,

30yprotourii MOMEHT Oyjie

My = —pVoSepr =107 H - m (4.5)

1e p — TyCTUHA aTMocdepH Ha BUCOTI MOJIbOTY CY-

MyTHUKA; V() — TiHIAHA IBUJIKICTh PyXy CYMyTHHKA Ha

OpOiTi; I — MIIeYe CUIIH, Seg — MJIO0IIA EPEKTUBHOTO I1e-
pepisy 06’exra, Ui chepu Seq = %7#2. CepenHiii 30y-
PIOIOYUI MOMEHT, BUKJIMKaHUH MIPSIMUM COHSTYHUM BH-
MIPOMiIHIOBaHHSM, pO3paxOBaHO HAMH, SIK:

P Ao’y D() 2

102

1.3. METOJ] BII3HAYEHHA OPICHTALIT
CVIIYTHIIKA

Qly, 0, — €KBaTOpiajibHi KOOPAUHATH HAMIPSIMKY Ha LIEHTP

CoHLM BiJ LEHTpa CYNMyTHHKA,

F'— da3oBuii KyT CylyTHHKA,

vV — KYT MK HOpMaJlto J10 BiIOMBarO40i MOBEpXHI Ta
HaIPSIMKOM “‘CYMyTHHK — LIEHTP 3eMJi”;

€1 — KYT MIXK HanpsiMKaMu “‘cynmyTHUK — CoHLe” Ta
“CymyTHHMK — LEHTp 3eMi’”;

01 — KyT MiX HamnpsIMKaMHU “‘CyIyTHUK — CIIOCTepi-
ray” Ta “cymyTHUK — LIEHTp 3emJii”;

€9 — KYT MDK HanpsIMKoM “‘cymyTHUK — CoHlLe” Ta
HOpPMAJIIO 70 B1I0MBarO40i MOBEPXH1 CyyTHHUKA;

0 — KyT MDX HampsIMKOM “‘CYyIMYyTHHUK — CIIOCTepi-
raq’’ Ta HOpMaJIto 10 BiIOMBatO4Y0i MOBEPXH1 CYITy THU-
Ka;

F(f)— dazoBa dyHKIIis po3citoBaHHS CBiT/Ia chepu-
YHOIO MOBEpPXHEI0;

Q, 0, — €KBaTopialbHI KOOPAMHATU HAMPAMKY OCI,
NEePHEeHIUKYJISIPHOTO IUIOIIKUHI OpOITH;

Oty Oy, — €KBATOpiaJibHI KOOPIAMHATH HANPSIMKY OCI,

NEePIeHIUKYISIPHOTO HOPMAI (vyy, O3
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1. AIITTAPAT. 1 IIPOI'P. 3ABE3IIEYEHHA

1, Q)9 — opbiTasbHi By3IH;
 — HaXW1 IUIOILWHU OpOITH.

TouHicTh BU3HAYEHHS KYTIB Ta HaNpPSIMKIB BU3Ha-
YaeThCsl TOYHICTIO MTO3ULIMHUX CIIOCTEepeXeHb. SKIIO
y Hac € no3uliiHi [13C-cnocTepexeHHsl, e TOYHICTh
CKJIaJIa€ JeKiJIbKa KyTOBUX CEKYH]I, TO/I1 BC1 HAIPSIMKHU

MOXKYTh OyTH po3paxoBaHi 3 TouHicTro 61 07 1. OnHak

SKIIO IMO3UI1MHI 1aH1 BUPaXOBYIOThcs 13 enieMeHTiB TLE,

TOYHICTH MOXKeE JocsATaTd Maiike 1.0.
OTpumaHi pe3yibTaTd PO3paxyHKIB BiloOpaxkaro-
Thesl Ha miaHicdepi KaBpalickoro, Ha OCHOB1 YOro Mu

aHaJli3yeMO MOBEIIHKY CyyTHHKa Ha OpOiTi.

1.4. BuzHaueHHs nepioay

BJIacHOro odepranns LHIC3

Iporpama “Ilepioa”

Bupiuienns 3a1a4i nouryKy rnepioay BiacHoro ooep-
taHHs LLIC3 B cBiil yac 3anpornonoBano B JIK/] y Bu-
ni mporpamu “Tlepion”, B sikiil peani3oBaHO alTOPUTM

MOIIYKY MPUXOBAHOT MEePIOJUYHOCTI MPOILIECiB T0BLIb-
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Tabnuust 4.3. Pe3ynbsratit 06paxyHKy MOMEHTY K1JIbKO-
cTi pyxy L 1 ripockoniuHoro momeHTy K mig yac cro-

crepexxenb HIC3 “Ajisai”

Ne i/t Jlara L, Kr'cMz K,H M ATK , %
1 01.03.1987 | 2208.356 | 39.7204 2.66
2 21.09.1989 | 2141.886 | 40.7782 | 19.97
3 21.10.2008 | 1616.030 | 48.9202 | 23.16
a TIPOCKOIMIYHUA MOMEHT K
K =1 we*wypsinj (4.3)

OxkpeMi pe3yibratd oOpaxyHKiB MPUBEICH] Ha TpU

natv B Tabmui 4.3.

B m’sTiil KOJMOHII NPUBOJUTHCS 3MiHA TipOCKOMi-
YHOTO MOMEHTY CylmyTHHKa Ha iHTepBami 1-2, 2-3, 1-
3. BiH, ik BUJHO 3 OTpUMaHUX pe3yJbTaTiB, 3MiHUBCS
Ha 23.2%. CepenHe 3Ha4eHHs BETMYMHU 30ypIOIOYOTO
MOMEHTY, 110 JisB Ha CYNYTHUK MPOTIroM 22 POKIB,

BHU3Hayanocs 3a GopMyJioro

i=1

— dL —
Mp=—"=> (Mg (4.4)

n
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4. CVIIVTHIIK “AJISAI”

CTPIMCBKUX CIIOCTEPIraviB, 110 BiCh 00OEpTaHHS Manxke

napaJeibHa oci obepranHsa 3emii [33].

OTxe, Buxosuu 3 opieHTauii [1IC3, ocHOBHUM rajib-

MIBHUM MOMEHTOM JIJI1 HbOI'O Ma€ OyTHU MarHiTHUM, SIKAM,

SIK IIOKa3YyIOTb PE3YJIbTATU CIIOCTEPCIKCHD BJIACHOT'O O6€p-

TaHHS CyITyTHHKaA 3a 22 POKH, MEePioANYHO 3MiHIOBaB-
csi. BukopucraBium 3HaueHHs pajaiyca cynmyTHUKa (R),
MacH m, i mapameTpiB 00epTaHHA Wos, Wip 1 3, HAMA
OyJIi po3paxoBaHi 3HAYEHHS MOMEHTY iHepiii (), Mo-
MEHTY KUIBKOCTI pyXy (L), oro 3MiHH 1, BIANOBIAHO,
MOMEHTY 30ypIOIOUUX CHUJI, IO AisUUIM Ha JAHUU 00’ €KT

IPOTATOM BChOTO MEPIOy CIIOCTEPEKEHb.

JInst ToHKOCTIHHOI cepu MOoMeHT iHepuii | Oyne
PIBHMI:

2mR?
- 5
3Bigcn mist m = 685 kr, R = 1.075 m, I = 527.735

KI-M2.

I (4.1)

J171s1 faHOTO CyMyTHHKA, MOXKHA 3alTUCATH, 10 [, ~
I, = I.. ToMy MOMEHT KIJBKOCTI PyXy pO3paxoByBaB-
s, SIK

Ly = wes (4.2)
100

1.4. BIIBHAYEHHA ITEPIOJIY BJIACHOI'O
ObEPTAHHA LLIC3

HOT PUPO[IH, 1110 MOKYTh OyTH MPEACTaBIICHI MaTeMa-
TUYHO Y BUIVIAAL siKOich GyHKIT. OcTaHHS MOXe OyTH
OTpUMaHa TaOJIMYHO YU rpadiyHO, IO B MPUHLIUII HE
rpae cyTTeBoi poiii. el anroputm, Ha Hally TyMKY,
€ yHIBepcaJbHUM JUIsl BUBYCHHS MIEpiOIMYHOCTI B3ara-
Ji, TaK K U1 HAaHOUIbII TOYHOIO PO3B’SA3KY 3ajadi B
HbOMY HE pOOJIATHCS HisIKI CIIPOLIEHHS 1 He 0OMEexXY-
€ThCS KUIbKICTh MOTPIOHMX oOuMciensb. [Ipu nomrykax
TaKoro po3B’s3Ky OyB 3aCTOCOBaHUM MiIX1Md, 10 BiApi-
3HSETHCA B1Jl TPAJULIAHKX 1 BIIOMUX B JIITEpATypi Me-
TOJIIB, 30KpeMa, 13 3aCTOCYBaHHSIM aBTOKOPENSLIMHUX
byHkuii 1 paniB dyp’e [15].

3 yacoMm MeTo]1 OyB yAOCKOHAJICHUH 1 pO3LINpPEeHU I
Ha MMOWYK NPUXOBAHOI MEPIOAUYHOCTI Y MPOCTOPOBO-
4acoBUX peallizallisiX 13 MOpYIIeHHSIMHU HeepepBHOCTI
y ¢ikcauii 3Ha4eHb JOCIII)KYBaHOI'O MTPOLIECY — BEJIH-
Ki KOOpJIMHAaTHO-YacOBl PO3PHMBH, TOOTO MIXK CIIOCTE-
pPEeXKEHHSIMHU BUHUKAIOTh BEJIMKI MPOMIKKH 4yacy (100a,
a6o Ounpuie). CyTh OCTaHHBOIO, YIOCKOHAJIEHOIO Ba-
plaHTy MeToy, peaiizoBaHOro B MoAM(iKOBaHiil Mpo-

rpami oO4KCIIeHb, IPUBOJUTHCS HUXKYE.

CyTbh MeTOy 3BOAUTHCS A0 HacTymHoro. Ha ckiH-
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4yeHoMy iHTepBaii |— L, L] 3anana ¢ynkuis X (), sK
pe3yJIbTaT BUMIpPiB OJHOTO 3 MapaMeTpiB AesKoro (izu-
YHOT'O Ipolecy. 3MiHHY ¢ 4YaCTO Ha3UBaIOTh YACOM, XOU
LJIKOM MOXJIMBHMA po3mis GpyHKUIN BiA iHIIKMX (i3u-
YHUX BEJIMYMH, HAPUKIA, JOBKUHU [. DYHKIIiS MO-
BHHHA OyTH 3aJlaHa TabJIMYHO, TOOTO y BUITISAI CYKY-
MHOCTI 3Ha4YeHb B AMCKPETHI MOMEHTH uacy. Bumora
PO PIBHOMIPHICTh KPOKY BUMIpiB, 3aKJIa/IcHy B O1J1b-
IIOCTI METO/1iB, 3HIMAETHCS 1 IOMYCKAETHCSI HAsIBHICTh
PO3KHMIaHUX B Yaci BUMIPIB, XOU MPU MOKIMBOCTI Ma-
TU €KBIJUCTaHTHI 3HAYEHHS, OCTAHHBOIO HE CIIIJ He-
XTYyBaTH, TaK SK 1€ TUIbKU 30UIbIINTh TOYHICTb 1 CKO-
POTHUTH Yac OOYUCIICHb.

Buxonguu 13 3arajgbHUX MipKyBaHb MPO CYTHICTh
JOCIIIKYBaHOTO (hi3MYHOTO Ipoliecy, pOOUTHCS BUCHO-
BOK TIpO Te, Mo ¢yHKis X () MoXe BKJIIOYaTH B cebe

MepioJMYHy KOMIIOHEHTY Yacy S(t), To6To

X(t) = S(t)+ U(t) (1.9)

SIkiio poro Hemae, To npocto S(t) = 0,a U(t) =
X(t) . Bimomo, mo 3HaHHs mepiogy 7' (abo yacToTH

—— 271' . . . . ’ .
w = %) 1 3HaYeHb KoePilieHTiB psanxy Dyp’e HiIKOM
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4.2. MATHITHIIIT 35YPFOFOYUIITT MOMEHT

B nepuriii koJoHII1 TaOJIHIIl JaTa CIOCTEPEKEHb, B
ApYTii — nepiof BIacHOTO o0epTaHHs CYIyTHHUKA, B Tpe-
Tid — KyTOBa IIBHUJKICTh BJIAaCHOTO OOEpTaHHS, B 4e-
TBEPTIH 1 M’ATIH, BIANOBIAHO, MEPioj 1 KyTOBa MIBU/-
KICTh Mpenecii oci 00epTaHHs, B IIOCTIA — KYT Mpelie-

cii.

4.2. MarHiTHuii 30yprorouui

MOMCHT

3 orpumanux B JIK]I pe3ynbratiB opieHTallli OKpe-
MUX eJIeMeHTIB nmoBepxHi Aa”oro LIIC3 craio 3po3ymi-
JIMM, 10 HOTO BiCh 0OepTaHHs, sIKa IPOXOJUTh B CYITy-
THUKY 4epe3 MOJIOCHI LIalKH, Mpelecye HaBKOJIO Ha-
MPSIMKY, 110 3’ €IHY€ MarHiTHI OJFOCU 3eMJIl, a He I'eo-
rpadiyHi, SIK 11e 3a3Ha4eHo B [33].

B ocTaHHI poKM KyT MK Mar”iTHuUM 1 reorpadi-
YHUM TI0Jr0caMy 3eMili cTaHoBUTH 11°5. A kyT npelie-
cii B CymyTHHKa 3MiHUBCS 3a 1eil yac 3 28° 1o 36°. B
KOHYC, III0 YTBOPIOE B MpocTopi Bick obepranHs LIC3
“Ajisal”, HOTPAIUIAIOTh 1 MarHiTHI, 1 reorpadiyHi 3eM-

H1 NIOJIFOCH. 3B1ICH, MaOyTh, 00EpEKHUI BUCHOBOK aB-
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4. CVIIVTHIIK “AJISAI”

Tabnuus 4.2. Pesynbrarul 10CIiKeHHS 3MIHU OCHOB-
HUX MapaMeTpiB BiacHoro odepranHs IIC3 “Ajisai”
Ha 1HTepBalJll B 22 pOKH

—1 -1
I[aTa PO) C wo, € PHp: C | Wp,C 69 .

01.03.1987 | 1.5015 | 4.1846 | 164.0 | 0.03831 | 28
21.09.1989 | 1.5481 | 4.0586 | 160.0 | 0.03927 | 29
21.10.2008 | 2.0519 | 3.0622 | 122.0 | 0.05150 | 36

10unX (aKTOPiB, 110 AiSITIM HA CYITy THUK MPOTATOM 1bO-
ro JJOBIOro Nepiofy, iX B3a€MOIisl 1 BEJTMYHHH.

[Tics TorO, SIK CTAJIO 3pO3yMUINAM PO3KJIa] A3epKall
Ha [MOBepxHI “Ajisai”, 1 1110 IUPHUHA KiJIellb 3 A3epKalia-
MU CTaHOBHUTH 12° Ha Hioro cepudHiil MOBEPXHi, OyJIO
MpPOBeJIeHE OTOTOXKHEHHS OKpEeMUX AUITHOK Ha KPUBHUX
OJIMCKY 3 TMOJIOKEHHSIMU J3epKabHOrO “3aiiyuKa’ Ha

KOHKpeTHHUX J3epkanax [IIC3. Takuii miaxig 103BOJINB

BU3HAYMTH OPI€HTAII0 CyyTHUKA B pocTopi [35]. AHa-

Ji3yroud B psaal npoxomkens HIC3 “Ajisal” nepemiiiie-
HHA “3ail4riKa” 1o MOro MOBEpXHi 3 KUIbIA Ha KUIbIE
3 BIJIMOBIIHUMU IIOBOPOTaMU, MU BHUSIBUJIU MpeLieciii-
HUM pyX oci 00epTaHHs, BCTAHOBUJIM MIEPioj 1 KYT Mpe-
uecii. [{ns npukiagy, OpyuBOJIMMO OTPUMaHi JaHl Ha

TpH JaTu B Tabmui 4.2.
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3a/1a10Th GyHKIII0 S(t) y BUIIALI

- 2 2
S(t) :Zalcos%t—l—bl cos%t (1.10)

r=1

X(t):alcos?t—l—blcos%t—f—U(t) (1.11)

BBakaeTbcs, 1110 3a/1a4a MOITYKY MPUX0BaHO1 Mepi-
OJIMYHOCTI TIOBHICTIO PO3B’A3aHa, SIKILIO OOYHCIIEH] Ta-
pameTpH , aq, by. Lle € cyTTeEBUM MOMEHTOM IPOITOHO-
BaHOro MeToy. B 3amexHocTi Bi MOTPiOHOT TOYHOCTI
OepeTbhcs Ta UM 1HINA KiJIbKICTh TAPMOHIK, 1110 BXOASThH
y Bupa3 (1.10). IHoxi qocuTh 3HaHHS TapaMeTpiB OJHI-
€1 TapMOHIKH, KOJIM BUILI TAPMOHIKH, TPU JOBUIbHIH iX
KUTBKOCTI, TpocTo (opMaibHo BKItodeHi B U (). Came
npencrasiaeHns X (¢) y surmsini (1.11), 3 mesikoro Bu-
JI03MIHOI0, 1 Oy/le ICTOTHO BUKOPUCTAHO B XOJII HACTY-

ITHUX MIPKYBaHb.

Ockinbku popMabHuil 3anuc (1.9) He BUMaras Biji-
cyTHocTi B U () IHIINX MepioqMIHUX KOMIIOHEHT 3 Tie-

piooM, BiIMiHHUM Bija 1', To B3arali
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1. AIITTAPAT. 1 IIPOI'P. 3ABE3IIEYEHHA

X(t) = isj(t) +n(t) (1.12)

ne ¢yHkii Sy (t) MaroTh iepioau 7'y , 10 MOXKYTb Oy TH
1 He KpaTHUMH YH CIiBPO3MipHUMH, a n(1) BXke He Ma€e

NepioAMYHUX KOMIIOHEHT (TaK 3BaHUM “O1ni nrym”).

3anuc y Buriiai (1.9), npu HeBiIOMUX Hanepe 1e-
pilojax, o3Havya€ TUIbKU TOH (haKT, 110 B MpoLeci MOTy-
Ky Tepi0JJMYHOCTI MOKHA IO Yep3i BUSABISATH 1O OAHIN
HepioaryHii KOMITOHeHTi i3 X (t), ycyBarH ii, a moTim
3aCTOCOBYBATH LIeH K€ aJITOPUTM JI0 [IOYEProBOIO yCy-
HEHHSI PEIITH MepioAnIHIX KoMTIoHeHT i3 U (). B cBoto
yepry 3anuc X (¢)y Burisai (1.11) q1ae MOXIIMBICTD BU-
JYy4YEHHsI OKpeMoi NepioAUYHOI KOMIOHEHTH Y BUIJISA-
Il OKpEMHUX TapMOHIK, 1110 T'Pa€ BUPIILAIBbHY POJIb ITPU

pOo3po0Ili AITOPUTMY.

OCKUIbKY J1ara3oH MOXIMBUX 3HaueHb 1y y OUIb-
IIOCTI BUIAJIKIB MOBHICTIO HEBIJIOMHH, TO iX MOIIYK
MOXKHa OpraHi3yBaTH Y BUIVIS/I €JIEMEHTApHOIO Iepe-
O60py BCIX MOXIIMBUX MPOOHMX MEpioNliB — BiJd MiHi-
MaJIbHO MOXKJIUBOTO (B 3aJI€KHOCTI B/l KPOKY KBaHTY-

BaHHA [IPU €KBIIUCTAHTHUX BUMIpPAX, YU OJMHULI Yacy
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2,6 - e LKD UZhNU data
x  MMT-9 data

o Graz SLR data
24k Exponential fit

22 |-

Period, sec
N
o
T

gl e e e e ) )
1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016 2019 2022

Time, years

Puc. 4.3. 3miHa nepiofy BJlacHOro oOepTaHHS CYyMy-
THHKa “Ajisai” 3a 1986-2022 poku.

POKH, 30eperacs 1 MATBEPIKYETHCS JOCHIIKEHHAMHA
aBCTpIIIB B niepion 3 koBTHA 2003 no yepeHs 2005
[33] Ta HamuMu B BepecHi — )oBTHI 2008 poky.
3Hatouu GpopMy 1 Macy JaHOro 00’€KTa 1 Marouu o
HbOMY TaKUM YHIKaJbHUW €KCIIEPUMEHTAIbHUN MaTe-
pia, 3i10paHuil mpotsirom 22 pokiB, B JIK]/] Ha ocHOBI
po3pobieHoro metony [34] BU3Ha4YeH1 3MiHU B JIMHA-

mii obepranns LLIC3, BcTaHOBNIEHa ipupoaa 30ypro-
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4. CVIIVTHIIK “AJISAI”

Tabnuist 4.1. 3HaueHHs1 napaMeTpiB QPyHKIIIT

[Tapametp | 3HauenHns | [Toxubka
a 1.4889 0.0012
b 0.01489 | 0.00003

opOiti. [Ipu nbomy koediuieHTH PyHKUIT BIAPI3HAIO-
ThCsl B1l OTPMMaHUX HAMU Ta CTaHOBIATh a=1.488586,
b=0.0149802. Ha kanb aBTOpH HEe HABOJSATh TOXHUOOK
CBOIX JocHikeHb. B cTarTi [32] Mo)KHA TaKoX 3HAUTH
noiOHi KociikeHHs 3a nepion yacy 2009-2013 pik. B
naH1i poOoTi koedilieHTH cTaHOBIATh a=1.485802164,

b=0.015011430, moxuOKu TakoX He MPUBEJICHI.

BunHo, 1o nepioa Bi1acHOro o0epTaHHs CyyTHH-
Ka “Ajisal” mocTynoBo, Mail>ké MOHOTOHHO, 3POCTaB.
I3 rpadiuHOro NpeacTaBieHHs TaKOX BUIHO, 1110 3MiHa
nepiony BijOyBaacs Xou 1 Mo OJIM3bKOMY 10 JiHIHHO-
ro 3aKOHY, aJle Ha OKpeMHUX AUISHKaX 3 pi3HUM PO3KHU-
JoM 3HaueHb. OTpuUMaHi B YKTopozi pe3yinbTatu Oyiu
CIIBCTaBJICHH] 3 pe3yJibTaTaMH aBCTPIMChKUX CIIOCTe-
pirauiB [30, 31, 33]. SIx BUAHO 3 pPHUCYHKa, 3arajibHa
TEHJICHIIiSl BIKOBUX 3MiH MEpiojly BIACHOIO 0OepTaH-

Hs1 KA “Ajisai”, orpuMaHux B Ykropozai y 1986—-1996
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IPU PO3KUJIAHUX Y Yacl TOYKAxX) JO MaKCUMaJIbHO MO-
JIMBOTO, IO JTUKTYETHCS CaMUM XapaKTepOM JOCIi-
JLKYBAHOTO Tpoliecy. Y OUTbIIOCTI BUIAIKIB — 1€ MO-
JBOEHMI Yac crioctepexeHb. Kpok nepedopy npu 1160-
My 3a/Ia€ThCSl LLJIKOM JOBUIBHO, OJHAK CJiJ MaTH Ha
yBa3i, [0 MOro 3MEHIICHHS Bele 0 301IbIICHHS KJIb-
KOCT1 00YHMCIIEHb, a 301JIbIIICHHS 3aIPOXKY€E BTPATOIO HMO-
BipHOTO Tiepiony. Takuil crnocid MOUIYKYy Ha3WBaKOTh

,»,CITITUM” TTIOIITYKOM, 200 CKaHyBaHHSM T10 J1alia3oHy.

[Tpu upoMy, Ha BiAMIHY BiJl IHILIKUX METO/IIB, B PO3-
poOJIeHOMY METO1 30BCIM HE BHKOPUCTOBYIOThHCS Hi-
AK1 CeJIeKTHBHI MEepeTBOPEHHs, 5Ki, 30epiratoun nepi-
oJi1 (4aCTOTH), 3MIHIOIOTh MPHU [IbOMY aMILTITYAH rap-
MOHIK. Lle 1ae MOXKIIMBICTh 3pa3y BU3Ha4aTH Napame-

TPHY TapMOHIK TPOOHUX MEP1OIiB.

Jlpyra icToTHa BiIMIHHICTb B TOMY, 1110 lTapaMeTpu
TrapMOHIK 3HaXOIATbCS JJIsl KOXKHOTO MPOOHOTO mepi-
OJly TIJILKM OKPEMO JIJIsl OJIHI€T HOT0 TapMOHIKH, aJlKe
YHCJIO EPIOJANIHUX KOMIIOHEHT I/, MOJKIIMBUX CKJIaJ0-
BUX X (t), Tex Hamepe]] HeBifoMe. Lle nae MOXKIMBICTb
3aMicTh 2v + 1 BU3Ha4arOuux PIBHSAHb PO3B’A3yBaTH

1151 KOAKHOTO IPOOHOTO Mepioly CUCTEMY BChOT'O 3 TPhOX
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JHIMHUX PIBHSHB, IO HLJIKOM 33Jal0Th KOT0 rapMOHI-
KY.

JlJisi OTpUMaHHSI KOHKPETHUX (HOpMYI BUKOPUCTO-
ByeTbes 3amuc Buay (1.11), B sikomy mapametpu rap-
MOHIKH MpoOHoro mepioay 71" mo3Havdatotbes A 1 B 3
no6aBkoto kKoHCTaHTU C'. OCTaHHE BUKIIUKAHO TUM, 110
naHi X (t), Malouu B 3arajlbHOMY BHIaJIKy aCUMETpPH-
YHY CTPYKTYPY BiIHOCHO IXHBOTO CepeHbOI0 3HAYCH-
H$l, AIPOKCUMYIOThCSI METOJIOM HallMEHIIIMX KBaJpaTiB
cunycoinoro. [Ipu upomy ciig nependayuTH ii 3milie-
HHS$I B3/10BX TOPU30HTANIBHOI OC1, Jie 3¢yB 10 (a3i [ BuU-

3HAYAETHCS CITIBBIIHOIIEHHIMU:

A : B

— SINp = ——— 1.13
Vit e M= yare P

a B3IOBX BEpTUKaIbHOI oci Ha KoHcTaHTy C'. B iHIIO-

cos 5 =

MY pa3i BTpaqYa€ThCA TOYHICTh BU3HAUYEHHS caMOTro Iie-

piody 1 mapaMeTpiB BiAMOBIIHOT HOMY FrapMOHIKU. OTOX

Ma€eMo:
2m 2m
X(t) = Acos ?t + Bcos ?t +C+U((t) (1.14)

3naxosuu 3Bincu napametpu A, B 1C', nipu HasB-
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npoTs3i Aekibkox kamnanii [30]. Lli naHi, a came 143
3Ha4YeHb MEeP10/iB BJACHOIO 0OepTaHHS CyMyTHUKA, BH-
KOpHCTaHI1 B Hallliil po0oTi, Tak sk 3a nepiog 2003-2005
pokiB B JIKJ] YV:xHY He npoBoguiuch crocTepexeH-
HA CylyTHHUKa “Ajisai”. [{ns JONOBHEHHS Ta MOPi1BHS-
HHS TOYHOCTEN MM TAKOK BUKOPUCTAIIH CIIOCTEPEIKEH-
Ha poekty MMT-9 [20]3 2014 o 2022 pik, ae 3a e

nepiof 0yyo oTpuMaHo 255 KpUBUX OJIUCKY.

Ha puc. 4.3 npencrapiieHO 3arajibHy 3MiHY [TEp1oay
obOeptaHnHs 3a 33 poku. Ha rpadiky HaHeceH1 pe3yJibTa-
TH BCIX BULLE [IEpEepaxoBaHUX CIIOCTEPEKEHb CYITy THH-
Ka “Ajisai”. BuMipu 1o0pe y3roiKyrThCsl 3 eKCIIOHEH-
nianbHO (GYHKIi€F0, Mo Mae BUNR y = a - e*%), ma-
paMeTpHu sKoi mpencTaBieHi B Tabauui 4.1, ne X — gac
B POKax 3 MOMEHTY 3allyCKy CyMyTHHKa. BigxuneHHs
Mep1o/liB BiJl OMKUCAHOI €KCITOHEHIAJIbHOT 3aJIeKHOCTI
3HaxoAAThcs B Mexkax 0,05 cek, 1 TUIbKM JIesIKi 3 mepio-
JliB OTpUMaHKX 3 MpoekTy MMT-9 nepeBuniytoTh 1o
BennurHy. KoediieHT Kopensiiii Bu3HauYeHo1 PyHKIIIT

1 JaHux ctaHoButh 0.9977.

B crarri [31] aBTOpU HaBOASTH MOAIOH] JOCIIIKE-

HHA JTaHOTO CYNyTHHKA 32 22 pOKH ICHYBaHHS HOT0 Ha
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Name=AJ2-0509
Start=9. 5.12 23:41:23 dt=0.1s Filter=V

7000 -
6000
5000
4000

3000

MM I JJWJW LJMJ

23:44:38 23:44:48 23:44:58 23:45:08 23:45:18
Time, UT

Puc. 4.2. ®parmMeHT KpuBOi OJNMCKY CYNyTHHKa
“Ajisai” 32 09.05.2012 p. B V ¢uabTpi.

3ayac icHyBaHH# cymyTHUKa Ha opOiti B JIK]] YxHY

oTpuMaHo 206 KpUBUX OJIMCKY Ta BU3HAYEHO CTIIbKU
’ TIepioJliB BiIacHOTo oOepTaHHA. MOHITOPUHT 3MIHU
Hepioy BIACHOTO OOepTaHHS 1[bOrO CYIyTHHKA BeJie-
Thesl M Hagaui. JIyist HamIsITHOCTI TUIIOBA KpUBa OJIUCKY
CyIlyTHHUKa IpuBezeHa Ha puc. 4.2. Kosin ciocrepirad
OauUTh BIIOMBAHHS COHSAYHOI'O CBITJIa OJHOYACHO BiJ
nBoX mosiciB A3epkan ta LLR maHeneit To Ha KpuBii
OJUCKY YTBOPIOIOTHCS TYCTIlIl IIJISTHKY CHanaxiB, SKi
MO’KHa [MOOAYUTH Ha IPUBEACHOMY PUCYHKY.
BignanemipHi cioctepexeHHs cynyTHUKA “Ajisai’”

TaKOK MMPOBOAMIIUCH ABCTPIMCHKUMHU CTIelliaicTaMi Ha
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HOCT1 /N TOYOK BUMIpPIB AOCJIIKYBaHOIO POLIECY, MO-
’KHa OTPUMaTH MOXKJIMBICTh BUBYEHHS MOT0O CIIEKTpaib-
Hoi cTpykTypu. s 3Haxomkenns A, B, C 1T notpi-

OHO CKJIaCTH CUCTCMY piBHHHB BUIY:

( 0 % (Acos Zt), + Bsin 2t + C — X (ty))?
- DA =0

8?:1(14 cos Q%tk + Bsin Q%tk +C — X (t1))?

N 0B 7 115

&> (Acos &ty + Bsin 2ty + C — X (tr))?
- aC =0

8;2%1(14 cos 2ty + Bsin 2, + C — X (ty))?
= ~0

\ or

[Ticyis BUKOHaHHS qU]epeHilitoBaHHS 1 CKOPOUYEHb

3 (1.15) onepskumo piBHsAHHA 1.16.

[Tepun tpu piBHsHHS cucTeMH (1.16) niHikHI BiO-
HocHO A, B i C. IXx MOXXHA BUIIUTH B OKpeMy TiJICH-
CTEMY 1 JIETKO PO3B’s3aTH, a 3Ha/IeH1 3HAYSHHS Ii/I-
CTaBUTHU B uyeTBepTe piBHSAHHS cuctemu (1.16). Bono
Bke Oyjie pIBHSHHSAM BiJ oHieT HeBigoMoi 7', TOOTO

matuMeMo f(t) = 0. OcraHHe piBHSHHSA MOXHa Oyrie

31



1. AIITTAPAT. 1 IIPOI'P. 3ABE3IIEYEHHA

PO3B’sI3yBaTy HAOJMKEHUMH MeToamMu. AJie Tofl, Oe-
py4Yd 0 yBaru cam XapakTep NepiogudHuX (QyHKIIIH,
HEe MO>KJIMBO OJIHO3HAYHO BKAa3aTH, /i€ ICTUHHUU Mepi-
oll, a Jie BeJIM4MHa, iloMy kparHa. Kpim Toro, HeoO-
X1JHO OOYMCITIOBAaTH MOJIBIMHY KUIBKICTh TPUTOHOME-
TPUYHUX CYM. 3B1JICH BUIIMBAE HEOOX1IHICTh ITepedo-

PY BCiX MOXKJIMBUX MTPOOHUX MEPiOIiB.

N N N N
5 2% 2r . 27w 5 2 2m
A Z cos? —‘tk + B Z cos itk sin —/Jtl. + CZ cos? —‘tk. = Z X (t),) cos —TL.

2r

AZcos—f;sm—Tk—rBZsm —T; +C’Zsm —T; 7ZX t) sm
42003 —t;+BZsm—1k+CN 72)( tr)

N
2m o 27 2m
A? Z cos ?n sin ?U + AB Z tr sin’ TT; + AB Z t; sin —/t
k=1 L L 1
N

2—
7AZX1‘L Sll’lﬁt/,* ABZtl,COS *nfB chos Asm?nf

(1.16)

~

\
27
7BCZtAcos nJrBZX tr ncos?n =0

SIkuio 3Ha4deHHst X (t;) IPUBECTH HA CepeiHE, TOO-

TO BBECTHU
N
> X'(tr) N
X' () = X (&) — ’”’T,m > X'(t)=0
k=0
32
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KTpOoOTOMETPUYHI CIIOCTEPEIKEHHS CYyNTyTHUKA B B, V
¢dineTpax. Ha ocHOBI 00poOKH KpUBHUX OJIHUCKY OYyIIO
HiATBEPA’KEHO MOCTYOBE rajibMyBaHHS BIaCHOTo 06ep-
TaHHS CyIyTHHKa HaBKOJIO BiacHoi oci. Ha npomy iH-
TepBalli yacy MBUAKICTb 00epTaHHs 3MiHMIacs Bij 1.493

cek. 1o 1.613 cek.

3a pe3ynbTaTaMu eleKTpo()OTOMETPUUHUX CIIOCTE-
peKEeHb 3 KPUBUX OJMCKY OyJI0 BU3HAYEHO BHUIWMHIA
nepioj] BJaCHOTO oOepTaHHs CynmyTHHKA “Ajisal”. Po3-
paxyHOK IMepiojly BIACHOTO OOepTaHHs MPOBOIUBCA 3
BUKOPHUCTAHHSM [IPOrpaMHOro 3a0e3MeYeHHs Ha OCHO-
Bi Metoay JlomGa — Ckapria [6, 16]. lanuii MeTon fnae
BIIMIHHUI pe3yJIbTaT BU3HAYEHHS NIEP10/Y, Ta IUPOKO
3aCTOCOBYETHCA B aCTPOHOMII JIJISl IEPIOAUYHUX TTPO-

LECIB.

3 cepenunu 2008-ro poky B JIKJ[ YxHY 6ynu Bia-
HOBJICHI €JIeKTPO-(pOTOMETPUYHI CIIOCTEPEKESHHSI CYITy-
THHUKa “Ajisai” B 3aMiCbKOMY ITyHKTI CIIOCTepeKeHb [l e-
peHiBka Ha Tesieckori TITJI-1M 3 niameTpoM roioBHO-
ro n3epkana 1 m. 3 2008 o 2022 pik nepioJ BIaCHOTO
oOepTaHHA cylyTHHKa 3MiHUBcA Bif 2.05 cek. no 2.49

CCK.
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4. CVIIVTHIIK “AJISAI”

[28, 29].

[Ticns 3anmycky B 1986 p. KA “Ajisai” B JIK]] YixkHY
MOYaJIMCs MOro PEryssipHi CIOCTEPEKESHHS: MO3ULIN-
Hi ¢poTorpadiyHi, JazepHa JoKallisl Ta eJeKTpodhoToMe-
TpuuH1. baHK epBUHHUX AaHUX crioctepexeHs [11C3
B JIKJI MicTuTh iH(pOpMallito Mpo eneKTpoPpoTOMETpH-
yHi 3anucu 6aucky KA “Ajisai” BnpomoBxk 72 oro mnpo-
XOJI’KE€Hb, B IIepiof1 3 soBTHS 1986p. mo 6epezenn 1992p.
Ta 11 npoxomxensb y 2008p. o 1989 poky 3anucysa-
JUCS TUIBKA MacUBU BUMIPIB OJIMCKY CYNyTHUKA B 1H-
TerpajbHOMY CBiTJI, a B nepion 3 1989 mo 1992 poku
yepeayBaliucs 1HTerpaibHi, ado kouipHi (B B, V cmy-

rax) MacHMBH 3aIlKCy KOTO OJIUCKY.

4.1. CnocrepexkeHHsI CyIyTHUKA
“Ajisai” Ta 3MiHa mepioay

Horo ooepraHHs

3 cepriHa 1986 poky mo 6epesens 1992 poky B Jla-
6opatopii kocmiuaux gociikers (JIKI) YixkHY Ha 6a-

31 yctaHOBKH ADY-75 MpoBOAMIIMCH PETYISIpHI elie-
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1.4. BIIBHAYEHHA ITEPIOJIY BJIACHOI'O
ObEPTAHHA LLIC3

[1pu 3HaUHOMY PO3KH/1 B Yaci pe3yJibTaTiB BUMIpPiB
Oa)kaHO TaKOXK MPOBECTH 1 IIeHTpyBaHHA ¢a3. L{e moxke
MiABUILUTH TOYHICTh 32 PaXyHOK Kpalloi B3a€MOKOM-
neHcalii ToXuooK.

[Tincucrema nepunx TphOX PiBHSIHB 13 CUCTEMU PiB-
HsHb (1.16) Mae MaTpHIO, CAMETPUYHY BIJTHOCHO TO-
JIOBHOI JliaroHati, a npuBeaeHHs X (t;) Ha CepeIHE iCTO-
THO CIIPOCTHUTB 3aJja4y PO3B’SI3KY L€ CUCTEMHU /171l 3Ha-
xo/keHHs napametpiB A, B i C' mo metony Kpamepa.
ITicy1s 3HAXOMKEHHS LIUX IapaMeTpPiB BEIMYHHA €2 MO-
e OyTH 3amrcaHa TakKuM YHHOM:

N

2 2
€ = ,Z;(X'(tk) — (Acos %tk + Bsin %tk +0))* =

N

2 2

— STUX(t))? — 2X" (1) (A cos %tk + Bsin %tk, O+
k=1

2m 2m
Acos -ty + Bsin —t; + C))*
+( cosTk—i— s1nTk—|— )
SIKI110 3HAWTH BiIHOILLIEHHS

62

N

D (X'(x))

k=0

TO OAEPKUMO HOPMY, SIKa € BEJIMYMHOIO BIIXUIICHHS
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1. AIITTAPAT. 1 IIPOI'P. 3ABE3IIEYEHHA

JaHOT TAPMOHIKHU B1Jl BUX1IHUX TaHHX. [1 3HaYeHHS MO-
’Ke 3MIHIOBaTUCh Bij HYJS (BUXI1JHI JaHI — YUCTa Tap-
MoHiKa rpoOHoro nepiony 7' 3 napamerpamu A, B, ()
710 OMHHUILII (rapMOHiKa BiAcyTHA). OnHaK, 11100 oaep-
’aTH CTICKTPaJIbHy KapTUHY 3BUYHOTO BUTTISY, Kpallle

PO3MISIHYTH BEJTMYUHY

K=1——«-— (1.17)
> (X' (tr))?

k=0

BoHa Bu3HaunTh BeIMYMHY BKJIAAy TApPMOHIKH 3 I1a-
pametrpamu A, B, C' Ta npobHuM niepiogom 1" B 10ci-
JOKYBaHHUU Tpouec X (t) Toyka JOCSITHEHHS HEIO SKC-
TpeMaJbHOIO 3HAYeHHA (MakcuMyMy) Oyae XapakTep-
HOIO O3HaKow iMoBipHoro nepionay. KiHueBuid Bupa3

s K npu 11boMy TaKum:

”
K =maz |23 (X'(t)(Acos 2?% + Bsin 2?% +C))—
= (1.18)

il 2m 2m
Acos -t + Bsin —t; + C)?
:1( cos =t + Bsin ot + )

k

3BI1JICK BHJIHO, 1O JIJIs1 KiHIEeBoro Bupaszy K B (1.18)

34

KyTUKOBAMHM BiJOMBadyaMu 1 4 KUIbLS 3 3 KyTUKOBU-
MU BijonBadamu. KokHe 3 Kijielb po3TalloBaHe Mo Mo-
BepxHi Kyl KA. Ha mMpoTHUX KUIBLSX, B MPOMiKKax
MiX OJIOKaMU KyTMKOBHUX B1OMBaviB, 3aKpiIUICHI TPy-
MaMH 10 J[Ba, TPH, ’SITh a00 MIICTh OJU3bKHUX 32 PO3-

MipaMu (TUIOLLIEI0) A3epKall.

3aranpHa Maca 3i0paHoro KA cranoButh 685 Kr.
BpaxoBytouu po3mipu Ta Mmacy KA nerko 3HaiTH, 1110
iioro cepenns ryctuna p = 0.132 r/cm®. Takoro Tuiy
KA BBakaloTh JIETKMMHU B TpaBiTallliHOMY pO3yMiH-
Hi. Ciizt yekaT, mo et KA e xopouuM iHauKatopoM

BILJIMBY Ha HOTO pyX CBITJIOBOTO THCKY.

Op6iTa KA micins 3anmycky Maii’ke KoJloBa, 3 HaXu-
som 50°. CynyTHUK pOOUTH OJJMH 00epT 1o OpOiTi HAB-
koo 3emuti 3a ~ 120 xBunuH. [louaTtkoBuM nepiof mo-
ro BiacHoro obepranHs 40 oOGepTiB 3a XBUJIMHY. Bich
obepranus KA, gk moBigomiisuiocs B myOnikarisx, Mai-
e TlapasiesibHa J1o 3eMHo1 oci. 3a 12 pokiB nepion 0oep-
TaHHA 3pic 3 1.4925 ¢ — (micas 3anycky B 1986 p.) no
1.5754 ¢ — ( B 1998 poui). BcraHoBneHo Takox, 1110
BinacHe obepranHs KA “Ajisai” BiiOyBaeThCcsli MPOTHU

TOJAMHHUKOBOT CTPLIKH, MOAIOHO 10 oOepTaHHs 3emIli
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4. CVIIVTHIIK “AJISAI”
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Puc. 4.1. T'eoge3nunuii cynmyTHHK “Ajisai”’, Ta Cxema-
TUYHUI po3noia Horo nanesneit LLR

BayiB. [[3epkasa 3poOiieHi 13 ciuiaBy ajtoMiHito. BoHu
B1ZIOMBalOTh COHSUHE CBITJIO, IKe MU 6a4UMO SIK KOPO-
TK1 cliaJlaxy MEeBHO1 TPUBAJIOCTI B 3aJICKHOCTI BiJ I1e-
piony oOepTaHHS CYITyTHHUKA.

KoxxHuit 13 GJIOKIB KyTUKOBUX BiJIOMBaviB Hece 12
J3epKajJbHUX KyOiB, sIKi MPU3HAYeH1 AJIs JJa3epHOT JIo-
kaii KA. O6uaBa Buau Bi1OMBauiB Maii’ke OJTHOPITHO
PO3MIILIEHI 10 MTOBEPXH1 Ky JiameTpoM 2.15 m.

Po3zrairyBaHHs KyTUKOBHUX BiOMBa4iB Ha “Ajisai”
ayXe XapakrepHe. BoHu 3akpimieHi Ha 15 mupoTHUX
KUIbLIsIX. € 5 Kutenp 3 12 KyTUKOBUMM BiJIOMBaYamu,

4 Kinbls 3 9 KyTUKOBUMHM BifiOMBaYaMu, 2 Kbl 3 6
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1.4. BIIBHAYEHHA ITEPIOJIY BJIACHOI'O
OBEPTAHHA LIIC3

OylyTh BUKOPUCTaH1 BEJIMYMHHU, OOYMCIIEH] JJIS LbO-
r'0 pO3B’A3KY MiACUCTEMH 3 TIEPIITUX TPhOX PIBHSAHB CH-
ctemu (1.16). Buxonsiun 3 HasiBHOCTI B (1.18) komIio-

HCHTH

4 2 2
> (X'(tr)(Acos ti + Bsin —t;, + C))
— T T
1 pI3HOrO TPAaKTyBaHHS TEPMiHY ‘“KoBapiallisi”’, B METO-
ai “Ilepion” BenuuuHi K MPUCBOEHO Ty kK Ha3By. Came
BUBYCHHS BeIMYMHU K CIIy)KUTb OCHOBOIO JJIsl 100Y-
JIOBU CIEKTPabHOI CTPYKTYPHU JOCIHI)KYBaHOTO MPO-
necy X (¢). BoHa BU3Ha4a€ThCs TIOBHICTIO BeJIMUMHA-
MU, 1110 00yMOBJICH1 3HaY€HHAMU poOHOTO0 nepiogy 1’

i, B cumy uporo, K = K(T).

HasBHICTb MiKiB y BeIMUUHU K Mpu sikoMy-HeOy b
3Ha4eHHi 7', B X0/l pIBHOMIPHOTO CKaHyBaHHS IO KO-
YKHI1M COTHI TPOOHUX MEP10/iB 13 BCHOTO J1ara3oHy JOITy-
CTUMHUX 3Ha4eHb, 1 Oy/ie TOBOPUTHU MPO MOKIIUBY HasIB-
HICTh B IOCJIIJIPKYBAaHOMY MPOILeCl TapMOHIKH 3 JaHUM
nepiofoM 1 BIANOBIAHUMM HOMY NapameTpaMH. 3Ha-
YeHHS BEJIMYMHU UMOBIPHOTO MPOOHOTO Mepiofy Mpu

IbOMY MOJKHa YTOYHHUTH, 3a/1at04u B 0KoJIi 1" Bce O1IbIII
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1. AIITTAPAT. 1 IIPOI'P. 3ABE3IIEYEHHA

Ip1OHMM, TeCATUKPATHO MEHIIMI KpokK. [Ipy boMy 3Ha-
YeHHs KoBapiallii Ipy KO)KHOMY YTOYHEHH1 MOKe TiJIb-

KU1 3pOCTaTu.

[TpoiioBLIN 10 BCbOMY /ialla30Hy MOYKJIUBHX MPO-
OHUX TEepioJiB, MOKHA 3HAUTHU TapMOHIKY, HAHOLIbIII
NOTY>KHY IO BeJIMYKMHI BKJIATy B IOCIIKYBaHUHN MPo-
1ec, To0To Mo MakCUMallbHOMY 3HadeHHIo K. Jlami ii
YCYHYTH, a 3aJIMIIOK 3HOBY 3aITyCTUTH JJIsi TOBTOPHO-
ro oourcnenHd. [loai6Hy mpoleaypy Mo4wIeHHOro BU-
Jy4YeHHsI OKpEMUX FapMOHIK MOXHa IMOBTOPIOBaTH Oa-
rarokpaTtHo. [Ipu 11boMy i3 criekTpa npoluecy BUOUpa-
€TbCS HE JIMIIE MK BUOPaHOT rapMOHIKH, ajie 4yacTo 1
B1JIIOB1TH1 OOKOBI “TIEIIOCTKHU”’, TOOTO ITIKU HaBEIEHUX
TapMOHIK, a IMOTY>KHICTh TAPMOHIK, 110 3aJIUIIAIOTHCS
B CIIEKTPi, YTOUHIOETHCS pa3oM 3 YTOUHEHHSIM IX rap-

MOHIK.

KinpkicTh BUTy4eHHX MOWICHHO FAPMOHIK IUKTY€E-
ThCsI XapaKTepoM JI0CIIIKYBAHOTO Mpoliecy, a iX cyma
1 € B YUCTOMY BUIVISII TEPIOAUYHA YACTHUHA IBOTO MPO-
11ecy, BUiJIeHa 3 TOUHICTIO, 10 3aJa€ThCs BXKe KUIbKI-
CTIO BUIUICHUX FapMOHiK. SKIO 15 BHJILJIEHA Iepio-

JMYHA YacTHHA ITpoLeCcy 3alMa€e WOro 3Ha4yHy 4acTu-
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Po3naia 4.
CynyTHHK “Ajisai”

[TapanenbHO 3 TOCTIKEHHAMHU JUHAMIKU 00epTa-
HHs [LIC3 cepii “MIDAS” B JIK/] BUKOHaHO LUK poO-
01T 10 BUBUEHHIO BILJIMBY OTOUYIOUOT'0 KOCMIYHOTO Ce-
peoBuIla Ha BlIacHe 00epTaHHS AMIOHCHKOTO CYITy THH-
Ka “Ajisai”, 10 3HaXOAMBCA Ha 3HAYHO HUKU1i OpOiTI
B MOpiBHAHI 3 anaparamu “MIDAS”. Bin OyB 3anyiiie-
Hul Ha KoJioBy opOity (H =~ 1500 kM) 13 ceprus 1986
p- [28, 29].

[le nopoxkHucTe chepruHe TiIO 3pOOIEHO 3 CKIIO-
BOJIOKOHHO1 TutacTMacu. Mloro 30BHIIIHIN BUIVISA MO-
ka3zaHu Ha pucyHKy 4.1. [ToBepxHsa KA Bkputa 318-

Ma a3epkanamu i 120-ma O10kaMu KYTUKOBUX BifgOU-
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3. CVIIYVTHIIK TOPEX/POSEIDON

Ou1bHa. Yepes nesikuid yac, il BIUIMBOM PO3MISIHYTUX
dakTopiB 30ypeHHs, MBUIKICT obepTaHHss KA Oyne
3MeHuryBarucs. To/l cTaHe MOXKIIMBUM JOCIIIUTH 30Y-
prorodi (pakTOpH B 1X YUCTHX MPOSIBAX.

B poGoti Mu npencraBuin Mojesnb nopeainku KO
“TOPEX/Poseidon”, Ta Bka3aJau Ha OCHOBHI JiKepea
30ypeHb, 3po0JieH1 MPOrHO3H 1100 MalOyTHHOTO Xa-

pakTepy Horo ooepTaHHs.
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1.4. BIIBHAYEHHA ITEPIOJIY BJIACHOI'O
ObEPTAHHA LLIC3

HY NOTY>KHOCTI (10 95% 1 BH1IIE), TO 1i LLJIKOM IPUPO-
JTHO BUKOPUCTATH JJIA “TiporHo3y”’. J{7s iboro B MeTO/I1
BKa3y€eThCsl MOTPIOHA KUIBKICTh KPOKIB: 13 3HAKOM Mi-
HyC IIpY MIPOTHO31 Ha3al, TOOTO MpH 1HTEpHOALI, 113
3HaKoM IUTtoc (abo 6e3 HbOro) Mpu MPOrHO31 BIEpe],
TOOTO MpHU eKCTpamnoiisLii. BiAcyTHICTh B HEOOX1AHO-

CT1 Takoi IpoleaypH GpiKCyeThCs MPOCTO HYJIEM.

Ilepiogorpamma Jlomoa-Ckapria

Takox B JITaboparopii KOCMIYHUX OCIHIIKEHb BU-
KOPUCTOBYETBHCSI METOJ BU3HaueHHs1 nepiogy Jlomba-
Ckapriia, 10 IPYHTYETbCS Ha IOCIIKEHHAX [6, 16].
Lleii MeTox BXKe JaBHO BUKOPHCTOBYETHCSA B aCTPOHO-
Mii 1 3apeKOMeH/IyBaB cebe SIK IIBUAKUAN 1 HaIiAHUA.
Meton Jlomba-Ckapriia 103BoJIsI€ 3A1MCHUTH CTIEKTPalib-
HHUM aHadi3 0e3mocepeIHbO HajJ HEPIBHOMIPHUM JIHC-
KPETHUM CHUTHAJIOM. Y HOro OCHOBI JIEKUTh METOIOM
HaliMeHIux kBajapatiB (MHK) - anpokcumaiiisi curaa-
JIy TapMOHIMHUMH (PYHKIISIMHU.

Skmo y - MHOXKMHA HallMX JaHUX, a ¢ — 4Yac, TO

BU3HA4YUMO T AK:
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1. AIITTAPAT. 1 IIPOI'P. 3ABE3IIEYEHHA

]z

sin(2wt,,)
1

|

n

tan(2wT) =

M=

cos(2wt,,)

I
e

n
A OCHOBHE pIBHSIHHSI METOJly MOYKHA 3alllcaTH y

BUTIIS/IL:

{ y(tn) Cos(w(tn_T))j| {gj y(tn) sin(w(tn—7))
Po(w) =1/24 *=5 + =
> cos?(w(t,—T)) 3 sin*(w(tn—7))

n=1 n=1

N

BigmiHHOIO 0COONMUBICTIO METONY € Te, IO OIliH-
Ka JaHUX BiAOYBa€ThCA 32 CAaMUMM TOYKaMU BIJUJTIKIB,
a He 32 TAMYacOBHUMH IMPOMIKKaMH, 1110 J03BOJISIE€ MaTH
3MIHHUIM KpPOK JucKpeTH3alii curHany. [lepiogorpama
Jlomb6a-Ckapriia IpakTHYHO MOBHICTIO y3TOMKYETHCS
31 3BUYAHUM TepeTBOpeHHsIM Dyp’e HEMOOAMHOKUX

IMITYJIBCIB.
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3.4. BIICHOBKII

MyBaHHS MICIs ecTadui3allii, BlacHe oO0epTaHHs Cy-

ITYTHUKA ITPUIIBUANTYBAJIOCh.

Po3mspatroun nprckopeHHs BiacHoro ooeprans KA
npoTsiroM Maixke 15-Tu pokiB, XapakTep SIKOTO 3/a€-
ThCSl Ha MEPIINKA MO aHOMaJIbHUM. MU MTPOIIOHYE-
MO HACTYITHE TOSICHEHHS 1IbOMY SIBUIY. 3TiJHO 3 Ha-
SBHOIO 1H(OpPMAIII€IO, MICHS BUXOMY 3 Jady CUCTEMHU
ctabinizamii Hanpukinii 2006p., Hag KA OyB BTpaue-
HUI KOHTPOJIb. SIKOU TipOCKOIM PanToBo 3yNMUHUINCS,
TO, 3T1JIHO 13 3aKOHAMHU MEXaH1KH, CYITyTHUK 3a KOpO-
TKUH Mepioji TOBUHEH OyB MoyaTH o0epTaTucs 3 mepio-
JIOM B K1JIbKa CEKYH/I. 3r0I0M, MiJ] BILTMBOM 30BHIIIHIX
YUHHUKIB, CIIiH MOCTYIOBO M0YaB OW POCTH, SK 1€ BiJI-
OyBaeThecsl B OUIBIIOCTI BUMaAKIB Aectabumzamii KA.
3riIHO AaHMX 13 CHOCTEpEeKeHb, LILOTO He BiJOyJI0Cs
i3 KA “TOPEX/Poseidon”. Horo ronoBawmii Tipockor,
Ha Hallly AYMKY, Bce Ie IPOJOBXKYBaB IpalloBaTu B
aBapiiHOMY pPEKHMi, 110 MPU3BOJUIO O MOBIIBHOTO
30UJIBIIIEHHS BJIACHOT IBUIKOCTI 0O€pTaHHS CYMyTHH-
ka. OJTHaK 30BHILIHI FraIbMYyIOUl YNUHHUKH 3TOJ0OM Maii-
e 3yNUHUIU 1eu picT. [Ti3Him crnocTtepeskeHHs Mo-

Ka3aJM, 10 IIBUJIKICTh MOro oOEpTaHHS Mailke CcTa-
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3. CVIIYVTHIIK TOPEX/POSEIDON

Tabnuust 3.4. OpieHTallist oci o6epTaHHA

Date UT v,deg | [, deg
29.06.2016 | 23"29™43° | 44.54+1 | 45.5 £ 1
29.06.2016 | 23"30™11° | 45.1£1|449+1
11.07.2016 | 20"17M03% | 39.5 £1 | 50.5 £ 1

Busnauenns nepiony npenecii Py 0y10 3po0ieHo
I10 aHaJI13y KpUBUX OJKMCKY 3 IHTepBaJlaMK OUTbIIE OHOT
xBuJIuHU. Konu cynyTHUK OyB B KyJbMiHallii, CIOCTe-
pirad OauuB J3epKajibHl Clajlaxy 3 1HTEPBAJIOM Mali-
ke 70 ceKyHH, ASIKYIOUH iX BIAJIOMY PO3MIILLIEHHIO Bijl-
HOCHO crocTtepirada Ta CoHIs, 1eid iHTepBal I0piB-
Hro€ 0.5 ;. B BIAMOBIAHOCTI 3 UM MU MOXXE€MO 3Ha-
it Py, = 138 ¢ 29 uepBHs 2016 p. ta B, = 144 ¢ 11

munas 2016 p. Cepenne sHauenns B, = 141.5 c.

3.4. BucHoBKHU

JlocnimKeHHs XapaKTepy 3MiHU 00epTaHHs JiecTa-
61ni3oBaHoro ¢paniy3pkoro [LIC3 “TOPEX/Poseidon”
3a 15 pokiB BUSIBUIN OTO aHOMaJIbHUM XapaKTep, SIKAN

y 6ararb0X HayKOBIIIB HE MaB MOSICHEHHS1. 3aMI1CTh rajib-
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Po3aia 2.

Cynytauku cepii “MIDAS”

Cuctema npotupakeTHoi oboponu “MIDAS” 6yna
po3BepHyTa CIIIA HaBkoJi0 3eMill B MEPILiid MOJIOBUHI
60-x pokiB munyaoro cromitts (Puc. 2.1). Ili 06’extn
MaroTh (OpMY HUITTHAP-KOHYC JOBKUHOK0 9.14 M Ta -
ametpoMm 1.52 M. KokeH 13 HMX Ma€ 1o /1Bl NaHedl co-
HayHux Oarapeii (ITICB) nopxkuHorwo ~ 4 M pedbpucroi
¢opmu. He Bci cynyTHUKH Li€1 CHCTeMHU BUWIIUIA Ha
po3paxyHKoB1 opOiTH. Ti, 110 BUMIILIN — B aKTUBHOMY
PEXKUMI MpaLFOBAIM B MICSLS 10 MiB POKY. BHiA1I0B-
I 3 peXXUMYy cTabimizanii, i[i CymyTHUKHU MOCTYIOBO
MePETBOPWINCH B 00’ €KTU-1HIUKATOPU MPOTIKAHHS Pi-

3HUX (PI3UYHUX MPOLECIB B HABKOJIO3EMHOMY KOCMI-
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2. CYIIYTHIIKII CEPII “MIDAS”

YHOMY MPOCTOPI1 Ha BUCOTI iX MepeOyBaHHS.

Tak, y LIC3 “MIDAS-4” no cnoctepeXeHHSX B
70-80 poku Oyna ycTaHOBJIEHa JIOBOJII BUCOKa Kope-
TSI MK 3MiHAMU B MOT0 BJIACHOMY OOEpTaHHI 1 1H-
TEHCHUBHICTIO COHSTYHOTO BUITPOMIHIOBaHHS i1 yac 2 1-
r'o LMKITy COHSIYHOI aKTUBHOCTI. Ha 0CHOB1 oTprMaHuX
pe3ynbTaTiB HaMK OyJia pOBe/IeHa OLIHKA BiJIHOCHOT
3MIHU BEJIMUYUHU “COHIYHOT ITOCTIMHOT B BIAMOBIIHUN
nepion vacy. [i Bemmunna ~ 0.81% no6pe y3romxkysa-
Jach 3 JaHUMHU OTPUMAaHUMHU 3 aMEPUKAHCHKOTO KOCMi-
YyHOTo amapara [2]. Ajle Ha KpUBUX OJIUCKY MPOSIBIIS-
Jach 1 11e oJJHa MePiOAUYHICTD, IKY B TOM Yac MOSCHU-

TH He BIayocs [3].

B oGepranni 06’ekta “MIDAS-7” Oyno me Oi1b-
1€ He 3pO3yMUIOT0. 3 OJHIEI CTOPOHM MPOSBIIAETHCS
HIOW TO CE30HHUU XapakTep 3 OJHUM MaKCUMYMOM 1
OJIHMM MIHIMYMOM, a 3 1HIIIO1 — He BCe B MOT0 MOBE1HII1
MOSICHIOBAJIOCh TIIbKU Ce30HHUMHM 3MiHaMu. B 70-80-x
POKax MUHYJIOTO CTOMTTS (2 1-1 HUKII COHSIYHOT aKTUB-
Hoctn) 1el LIIC3 obepraBcs BIIHOCHO IIBUIKO BOCe-
HU (F) = 105 cek) 1 OUIbII MOBUIBHO BeCHOMW (Fy =

127 cek), 3 306epiranHsaM 22-X CeKyHAHOI aMILTITyau. 3
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3.3. OPIEHTAI]IA CYIIVTHIIKA
TOPEX/POSEIDON

BOCTI, BUKJIMKaH1 COHIYHOIO MaHEIIO.

Bichk Bi1acHOro 06epTaHHS TaKOX MpeLecye HaBKO-
JIO HaNpsAMKY “CYNyTHUK—LIEHTp 3eMJi”, MUTalo4uuch
OIKCATH KOJIO B IIpOCTOpi. B pe3ynbrari pyxy cynyTHU-
Ka 1o opOiTi 11l Kpyru nedekTHi (He 3aMKHYTI). ToMy 1151

BICh OIKCYE CIIpajibHy TPAEKTOPIIO.

29 yepBHs 2016 p. criocTepirad 6aunB opOITY Ta Cy-
NyTHUK 3 JiBOi cTopoHU. CriocTepekyBaHi HallpsIMKHU
HOpMaJIel J10 A3epKalbHUX YACTUH CYIMyTHHUKA, K1 J1a-
I0Th ClajlaXy, TaKOXK IPYMYIOThCS 3 JIIBOT CTOPOHU BiJ
IUIOIIMHK OpOITH Ha KYyTOBUX BifcTaHsxX v = 43.7—
45°5. Ha mary 11 munas 2016 p. ciioctepirad a CoHite
3HaXOJIUIIMCh Maibke B ITomuHi opoitu. I1ig yac 1poro
CIIOCTEpEeKEHHSI HAPSIMOK HOpMaJield OyB TakoXk Opi-
€HTOBAaHUM IO HAMPSIMKY TUJIOLIUHU OPOITH M1 OJHUM
i TMM e KyToM v = 37.8 —4274. 3rifHo uX JaHUX MU
OTPUMAEMO 3HAUYCHHS KyTa Mpelecii, ke po3paxoBy-
eTbed 9Kk 3 = 90° — v, nuB. Tabmuimio 3.4. B gxocTi
OCHOBHOT'O B 000X BUMNaJKaX MU BUOMPAEMO 3HAUCHHS
KyTa I/, KOJIM J3epKayibHi criajgaxu Oy caMUMM CHUJIb-
HUMH, 1€ O3HAYae, 110 Mepej] HaMU MOSBIISIOThCSA BU-

SBJICH1 YaCTHUHH CyITyTHHUKA.
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3. CVIIYVTHIIK TOPEX/POSEIDON

Tabnuus 3.3. Kytu opienrtanii Ha 11 nunusg 2016 p. Ko-
opanHati CoHIA oy = 111758 §5y = 21795

UT Qg O a, On F v £1 0,
20"16™35° | 76.78 | —49.31 | 98.45 | —16.41 | 80.94 [ 37.29 | 77.69 | 4.23
20716™45° | 77.29 | —-48.89 | 99.09 | —15.06 | 77.99 | 38.25 | 77.16 | 2.99
20"16™55° | 77.83 | —-48.47 | 99.71 | —13.71 | 75.03 | 39.20 | 76.63 | 3.43
20"17m05° | 78.27 | —48.04 | 100.33 | —12.35 | 72.08 | 40.15 | 76.10 | 5.13
20"17m15% | 78.75 | —-47.62 | 100.92 | —11.00 | 69.15 | 41.09 | 75.57 | 7.24
20717m25% | 79.23 | —47.19 | 101.51 | —9.66 | 66.25 | 42.01 | 75.04 | 9.46
20"17m35% | 79.69 | —46.76 | 102.07 | —8.34 | 63.40 | 42.91 | 74.51 | 11.70

AHali3 OTpUMaHUX KpUBUX OJUCKY Ta KyTIB, OIH-
CaHUU BULIE, 1a€ HAM MOXJIMBICTb CTBEPIKYBaTH, 1110
Taka popma kpuBux ommucky TOPEX/Poseidon moxe
OyTH OTpUMaHa TUIBKU B TOMY BUNAJIKY, AKILO BJlacHE
oOepTaHHs CyIyTHHKA 3[1MCHIOETHCSI HABKOJIO OCi, fIKa
Maiike napanenbHa anteHi GPSDR (auB. puc. 3.1). B
AKOCTI MIATBEPIKEHHS IbOI'O MU MOXXEMO PO3IVISIHYTH
BUITAJI0K, KOJIM CYITYTHUK OJTM3bKHH 10 €KBaTOPi1aJIbHOT
rtomnaHM (1/3 Bif KiHI KpUBUX OJNHCKY, peCTaBIIe-
HUX Ha puc. 3.3), Tomy MM 6a4UMO KOCMIYHUI arapar
3HU3Y, JI¢ He IOBUHHO OYTH HIAKUX 3MiH OJIUCKY, SIKILIO
CYIyTHUK He 00epTaeThCsl HABKOJIO OCI, MapayieJbHOT
no antend GPSDR. OniHak B TakMX BUIAJKaX Opi€HTa-

1[5l CYIyTHUKA MU MOXKEMO 4iTKO Oa4UTH 3MIHM SICKpa-
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\
EST. MAXIMUAM 1CBM
ALTITUDE AT BURNOUT

IR DETECTION
COVERAGES

Puc. 2.1. Po3ramyBaHHs Ta IOKPUTTS CyIyTHHKIB Ce-
pii “MIDAS” 1957 pik [17]

2008 poky 1 no cepenriau 2017, 3MiHM B Mepiofi WOTroO
BJIACHOTO OOEpTaHHS Ha PIYHOMY 1HTepBajll MPOXOIH-
au Bia 125 cek. (BecHoro) 1o 150 cek. (Bocenn). OTxe,
obepranns LIIC3 ctano OUIbLI MOBUJILHUM BXKE HE Be-
CHOIO, a BOCCHH, 30epiratouu npu IbOMY OJIMH MaKCHU-
MyM 1 3HaY€HHS aMIUIITyId CE30HHOI 3MIHH IEepioay
oOepTaHHA MOCTIMHUM, MOPSIAKY 22-X CEKYH]I.
JloBruii yac B HacC He 3HAXOAWJIOCH MOSICHEHb Ta-
kil moseninii [1IC3 “MIDAS-7”. B nepury uepry 3mi-

HHU, 1110 CIIOCTEPIrajluch, MOB’A3yBaJIUCh 3 (PI3UUHUMHU
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2. CYIIYTHIIKII CEPII “MIDAS”

npoliecaMiy B BepXHiil atmocepi 3emii, 110 Bi10yBaro-
ThCS i BIUTMBOM COHSIYHOTO BHMPOMiHIOBaHHA. Po3-
IsAaBcs iX MOXKIIMBUM 3B’ 30K 3 BIUIMBOM PiyHOI Ba-
piaiii MarHiTHOro 36ypeHHs abo npoliecaMu, BUKJIUKA-
HUMU HU3BKOCHEPTeTUYHUM KOPITYCKYISIPHUM BUIIPO-

MiHIOBaHHSM COHIIS, O Ma€ pidyHy Bapiauito [18].

Bunukna HaBiTh Ni03pa, 10 IPUYUHOIO MOIJIA CTa-
TH 3MiHa noJitociB Ha COHIIl Ha 1HTepBajl 22-X POKiB.
AJie Bci TINOTe3H 3 YaCOM BUSIBIISIIUCS XUOHUMHU, TOKU
B CBOiX MOIIyKaX MM HE BCTAHOBMJIM, IO IIBHAKICTh
nepemimieHHs wiomHu opOitu IIC3 “MIDAS-7” B
MIPOCTOPI1 MPAKTUYHO 301raeThesl 3 BUIKICTIO TIEpeMi-
HICHHS [JIOIMWHU opOiTh Micsiusd. A 4uciao oOOpoOTiB
[IC3 nHaBkoisio 3emui 3a nepiog Capoca (18.03 pokn)
piBHMH 1ToMy urcity N=56500.

JlonaBiiy 10 pe3y/ibTaTiB HalluX GOTOMETPUYHUX
criocTepelkeHb 1[boro 0o6’ekTa AaHi, oTpumani B [19]

! MU BcTaHOBMIH, 11O nepioj Bi-

1 JIOCTYIIHI OHJIAiiH
KOBHUX 3MiH y BiacHomy obeptaHnHi ILIC3 “MIDAS-7”

MPaKTUYHO criBnagae 3 MicsIYHUM JPAKOHIYHUM PO-

Thttp://mmt9.ru/satellites/
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3.3. OPICHTAILIA CYIIYTHIIKA
TOPEX/POSEIDON

MOK HOpMaJieH JUIsl IUX eJIeMEHTIB MoBepxHi. Po3paxy-
HOK MPOBOJIMBCS B CUCTEMI KOOPIMHAT CyMyTHHKA. by-
JIM TaKOK PO3paxoBaHi HAMPSIMKH “‘cCynmyTHUK—CoHIe”,
“CynmyTHUK—LEHTp 3eMii”, “cynyTHUK—crocTepiray” Ta
KyTH OCBITIIeHHsI 00’ ekTa CoHIleM. Bei po3paxyHKH mpo-
BOJMJIMCH 3a JOIOMOTOIO CIEN1aIbHOro IPOrpaMHOIo
3abe3nedeHHs “Orientation”, po3poodneHoro B JIKI VxHY.
OO6paxyHku ocHoBaHi Ha enemeHTax TLE cymyTHuka
TOPEX/Poseidon. Pe3ynbsraru npeacrapiieHi B TabIu-
max 3.2, 3.3. TouyHicTh IUX 3HAYEHDb 3aJIEKUTh Bl TO-
yHocTi enieMeHTiB TLE, B Hamomy Bunaaky HaOip TLE
OyB 1OCTaTHbO TOYHHUM, 1100 OTPUMAaTH TOYHICTh SIKa

He nepeuiye 0.5.

Tabmuus 3.2. Kyt opienrarii Ha 29 yepBHs 2016 p.
Koopaunatu CoHust oy = 99:39 0y = 23716

UT ay dg a, Oy F v €1 0,

23"29™06° | 103.71 | —47.35 | 86.01 | —6.58 | 64.98 | 43.49 | 70.61 | 26.87
23"29m16° | 104.18 | —46.92 | 87.08 | =5.77 | 62.67 | 43.70 | 70.21 | 26.29
23"20m926° | 104.64 | —46.49 | 88.14 | —-4.94 | 60.34 | 43.94 | 69.81 | 25.84
23"29m36° | 105.09 | —46.06 | 89.18 | —4.08 | 58.00 | 44.20 | 69.41 | 25.54
23"29m46° | 105.54 | —45.63 | 90.22 | —3.20 | 55.67 | 44.49 | 69.01 | 25.40
23"29m56° | 105.98 | —45.19 | 91.23 | —2.30 | 53.34 | 44.81 | 68.61 | 25.41
23"30m06° | 106.41 | —44.75 | 92.23 | —-1.39 | 51.03 | 45.14 | 68.21 | 25.59

23"30™16° | 106.84 | —44.31 | 93.20 | —0.47 | 48.76 | 45.49 | 67.81 | 25.92
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3. CVIIYVTHIIK TOPEX/POSEIDON

XBUJIMH (AuB. puc. 3.1).

[1{06 3HaiTH Mepioj] BIaCHOTO 00epTaHHS CYyTy THH-
Ka Ta nepioj mnpeuecii, MU BUSHAYWIN Pi3HI eJleMeH-
T KOHCTPYKIIi 32 JOMIOMOI'OI0 BEJMYMHHM MOKAa3HUKA
KOJIbOPY JA3epKalibHuX cnanaxiB, C' = B — V/, Ta 3a-
(dikcoBaHOTO 1HTEpBaTy Yyacy MK HUMU. i yac cro-
CTepeXeHb Ha KpUBUX OnucKy 3 iHTepBasioM 10.67 ce-
KyH/1 3’ IBJISIFOTbCS YOTHPU 00J1aCT1 NOBEPXH1 CYITYy THU-

Ka (quB. Tabmuiro 3.1), mo Bianosigae P.

Tabmuus  3.1. Pi3Hl  ¢gparMeHTH  CyIyTHHKa
TOPEX/Poseidon, ineHTH]iIKOBaHI 1O MOKa3HUKY
KOJIbOPY

[Toka3HUK KOIbOpa dparmMeHT MoBepxHi CyyTHHKA

0m44 4 0.005 [Tanenb constuHUX Oatapei,
JIMIIeBa CTOPOHA

0m65 £+ 0.005 [Tanenp coHsTIHUX OaTapeit,
TUJIbHA CTOPOHA

0m51 4+ 0.005 JliBa cTopoHa CyIyTHUKA, Jie

PO3IIOJIOKEeHA TTaHE b COHSTYHUX OaTapei
0140 £ 0.005 [IpaBa cTopoHa cynmyTHUKa

Jns Bu3Hauenns opieHrailii TOPEX/Poseidon B Mo-
MEHTH JI3epKaJIbHUX ClajaxiB, OTPUMaHMX BiJl Pi3HUX

JieTajer NOBEpXHi CYyIy THUKA, MU OOUHCIIFOEMO Hampsi-

82

2.1. XAPAKTEPIICTIIKA OTPIIMAHOI O
MATEPIAJIY

xoM?. TakMM YMHOM MOLIYKY BUPIIIEHHS 3ajadi Oy/u
HamnpaBJieHl B HOBE PYycCIIO.

[Ticiig anani3y pe3ynbrariB BU3HAUCHHS IEP10/1y Biia-
cHoro obepranHa 3-x IC3 “MIDAS”, otpumaHux B
pi3HMI1 Yac Ha ocHOBI MeToa Dyp’e 1 JlIomba-Ckapriia
B YKropoi, Mu o0’eaHand ix 3 ganumu MMT-9. Ce-
peIHE 3HaYeHHS TOXUOKH B MPUBEACHUX 3HAYCHHSIX T1e-
piony He nepeBuiye 0.1 cek.

Takum yriHOM, HaMu OyJIu MpoaHaIi30BaHi 3HAYEH-
HS Mepio/IiB BJacHOTO obepTaHHsI 3a 268-MU criocTepe-
xeHHsamu [1IC3 “MIDAS-47, 183-x “MIDAS-6”, 318-
™ “MIDAS-7”, sIK1 cTaau OCHOBOIO JJIs1 BCTAHOBJIECH-
HsI IPUPOJIN BUSBIICHUX JIOBIOMEPIOJUYHHUX 30ypeHb B

o0OepTaHHI LIUX 00’ EKTIB.

2.1. XapakTepucTHKAa OTPUMAHOI0

marepiajuay

B nporeci gociniakeHb HAMH BUKOPUCTaH1 Pe3yJib-

TaTy (POTOMETPUYHUX 1 MO3ULIMHUX CIIOCTEPEKEHD 3-

2 ipaKoHiYHMii pik — MPOMIXKOK Yacy, 3a sikuii COHIIe TIOBEPTAETHCS
JI0 TOTO CaMOro By3Jla MiCSYHOI OpOITH
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2. CYIIYTHIIKII CEPII “MIDAS”

ox HIC3 cucremu “MIDAS”, sxi mpoBoguiuce B 70-Ti
1 80-11 poku 20 cromitts Ta 3 2007 no nunens 2017

POKY B YKIopoi, a TakoX JaHi ¢poToMeTpii mo uum

00’exram, oTpuMadi 3 uepBHs 2014 poky B npoekti Mini-

Mega TORTORA (MMT-9) [20].
Tunogi kpusi 6nucky IIC3 cepii “MIDAS”, 3anu-

CaHl B pi3HUU Yac, HaBeJeH1 Ha Puc. 2.2-2.4.

B Tabmuui 2.1 npencrasieHi iHTepBaju criocTepe-
xeHb gocnikyBanux ILIC3 B Ykropomi, okpemi xa-
PaKTEepUCTHUKH iX opOiT (Bucora nepuresd h 1 anores h,
HAXWUJI OPGITH i, INBHIKICTb 3MillleHHs By371a op6iTH §) i
opOITaJIbHUM Mepio]] ), KUTbKICTh BKIIIOYEHUX B 00POO-
Ky KpuBHuX Onucky KA, Mexi BUMIpiB BeJTUUUHU Tepi-
oJly BIlacHOTO oOepTaHHs P B pi3Hi eMoxXu crocTrepe-

KCHb.

Op6itanpHi napametpu LLIC3 BUu3Havanuch, sIK 1O
pesyiabrarax iX MO3ULIHHUX CIOCTepeKeHb B YKIOpo-
I, Tak 1 3 eJIeMEeHTIB OpOiIT, [0 HaBeJeH1 B Karanosi
NORAD. [Toxubka rnpoBeieHUX po3paxyHKIB He Mepe-
puiryBaiga 0.01. Bu3HaueHHS BeJTMYMHH MEPIOyY BIia-
cHoro o6epranHs [IIC3 BinOyBanoch Mo JaHUX 3 KPH-

BUX OJNKCKY, 3 TouHicTIO < (.1 cek.

44

3.3. OPIEHTAI]IA CYIIVTHIIKA

TOPEX/POSEIDON
26
= 2 o Our data
21 % | + MMT data
20 3 — Fit func

B i

] ] 3 stages separation

16

Period, sec

14

12

10

& +————————————————————

18.07 208,95 203.99.215 91.213.95 205,99 205,917,205, 95.25.99 20591245 95 20,

Date

Puc. 3.4. 3MeHmIeHHS WIBUAKOCTI 0OOepTaHHS
TOPEX/Poseidon 3a 2008-2022 pp. CyuiibHOKO
JIHIEIO MMOKa3aHa alpoKcHMallis OTPUMAaHUX 3HaYeHb
Mepioly eKCIOHEHIIaJIbHOK (QYHKIIEI0 MepIlioro
nopsiAKy (poMOM — Halll JaHi, XpeCTUKH — JaHl
MMT-9).

110 CYITyTHUK 00epTaBcs HaBKOJIO TphoX oceil. Le ioro
oOepTaHHs HABKOJIO BJIACHOI TOJIOBHOI OC1 3 IEP10JIoM
P, npeniecis 11i€i ocl HaBKOJIO HAMPSIMKY “‘CYMyTHUK—
LeHTp 3eMii” 3 nepiofoM P, Ta 00epTaHHs CyIyTHH-

Ka HaBKOJIO 3eMJTi 3 opOiTalibHUM TiepioioM FPop=112.4
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3. CVIIYVTHIIK TOPEX/POSEIDON

(z—=zp)

P=yo+Ae ¢ (3.1)

ne P — nepion CylyTHHKa B CeKyHAaX, X — oJIiaH-

CbKa JlaTa, a KOHCTaHTH:

Yo = 9.543 £+ 0.025 (s);

xo = 2454755.19 £ 0.01 (JD);
A =13.57740.09 (s);

t =1185.33 £ 11.61 (JD).

[1pw miicTaBIsIHHI HAIUX €KCIIEPUMEHTAJIbHUX J1a-
HUX B QYHKIII0O MH OTPUMAJIN: % = 0.03585, R% =
0.9947, RSS (3anuimkoBa cyma kBaapariB) = 10.217,
11e MOoKa3ye, 1110 Hallla eKCITOHEeHI1aJIbHa QYHKIIIS (IUB.
puc. 3.4) nyxxe Giu3bKa 10 CIIOCTEPEKyBaHUX JaHHX.
Anipokcumallisi 341HCHIOBaIach 3a I0TIOMOT'O0 TIPOrpam-

Horo 3a0e3nedeHHs Origin Lab.

3.3. OpieHTalia CynmyTHUKA

Topex/Poseidon

AHaJli3y1o4u 3MiHY SICKPaBOCTI CYITyTHUKA B (1J1b-

Tpax B 1V B cepeauni 2016 poky, MOXKHa CKa3aTH,

80

2.1. XAP. OTPIIMAHOI' O MATEPIAJIY

8000+
6000+

4000t

U

22:39:00 22:44:00 22:49:

22:54:00 22:59:00

Puc. 2.2. Tunoa kpuBa 61aucky cynyTHuka “MIDAS-
4 3anncana 23.03.2012 B V ¢pinbrpi

JI3epkaibHi criajiaxu, 1110 croctepiraiuck Big HIC3,
YTBOPIOBAJIUCH BHACIIOK Bi1OMBaHHs cBiTaa Bia [ICh.
X mepionuyHICTh 1 TOCTIMHA TOBTOPIOBAHICTH i ATBEP-

JUKYIOTh BJacHe 00epTaHHSI TaHUX 00’ €KTIB.

HNocnimkenns opienTalii KA nokasaino, 1o ooep-
TaHHs B110yBa€ThCsl HABKOJIO MOB3/IOBXKHBOI OC1 B yCiX
3-ox LHIC3 “MIDAS”, dka mo HampsiIMKy MPaKTHYHO
chiBNajac 3 HaPIMKOM “CyNMyTHHMK - LeHTp 3emui”. Ii
BIJIXWJICHHSI BHACI1AOK HyTalllMHUX KOJIMBaHb HE Iie-
peBulye 5-7°.

Buznauyenns opientauii [IIC3 Ha Bci enoxu criocte-
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2. CYIIYTHIIKII CEPII “MIDAS”

4000F

3500¢

3000}

2500+

2000+

1500}

1000¢

H L L 1 ! L
21:47:00 21:52:00 21:57:00 22:02:00 22:07:00

Puc. 2.3. Tunoa kpuBa 6nucky cynytauka “MIDAS-
6” 3anucana 23.03.2012 B V ¢inbTpi

3500

3000

2500

2000

1500

1000+

22:53:00 22:58:00 23:03:00

Puc. 2.4. Tunoa kpuBa 6mucky cynytauka “MIDAS-
7” 3anucana 29.03.2011 B V ¢inbTpi
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3.2. 3IMIHA IIBIT[KOCTI OBEPTAHHA

3.2. 3MiHAa WWIBUAKOCTI 00epTaHHHA

Bci kpusi 6nucky TOPEX/Poseidon 3a crioctepe-
weHHsamu JIKJ[ YxHY Oynu o6poOieHi i BU3HaUe-
HH Tiepioy oOepTaHHs cynyTHUKA. 1J1g 1bOro MU BH-
KOPUCTOBYEMO po3pobiieHe HaMU MTporpaMHe 3abe3Ie-
YeHHs1, 3aCHOBaHe Ha BijoMoMy Metoi Jlomba — Ckpa-
mia [6]. AHani3 nepiogorpam B npoekti MMT-9 Takox
3aCHOBaHUM Ha LIbOMY METO/Il, TOMY OTpUMaH1 Mepio-
JI1 MOYKHA TIOPIBHIOBAaTH 0e3 3acTtepekenb. [Ipu nocii-
JUKeHH1 TOBEA1HKY HEKOHTPOJIbOBAHUX HU3BKOOPOITab-
HUX CyNyTHUKIB Ha OpOiTax 3 MOAIOHO BUCOTOIO, SIK Y
TOPEX/Poseidon (Hanpukiaz, Envisat, Cbers-2B a6o
Ajisal), MO’)KHa MOOAYUTH, I110 TOMITHA TEHAEHII1sI 30171b-
HIeHHS MBUAKOCTI obepranus (quB. [27], [28]). [Ipo-
aHaJi3yBaBIIM TMepiof oOOepTaHHsA CyNyTHHUKa
TOPEX/Poseidon, M1 mo0auniIn €EKCIIOHEHIIIAJILHE 3MEH-

IIEHHS Mepioay 0O0epTaHHsI KOCMIYHOIO arapara.

Ha npots3i Bcboro yacy croctepexeHb CyIyTHHU-
ka TOPEX/Poseidon 3MiHa IBUJKOCTI HOTO 0OepTaH-
Hsl MO>Ke OyTH Mpe/icTaBleHa eKCIIOHEHI[ialbHOIO (yH-

KII€E0 TIEPIIOTrO MOPSAKY:
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3. CVIIYVTHIIK TOPEX/POSEIDON

-B filter -V filter

mag
mag

23:27:32 23:28:58 23:30:24 23:31:50 23:33:16
Time (UT) Time (UT)

T T T T
23:27:00 23:28:00 23:29:00 23:30:00 23:31:00 23:3200 23:33:00 23:34:00

-B filter -V filter

mag
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201400 201500 20-16:00 20:17:00 20:18:00 201900 20:20:00 20:21:00 201402 201528 201654 201820 201948 202112
Time (UT) Time (UT)

Puc. 3.3. Kpusa 6aucky TOPEX/Poseidon, otpumaHna
B nojiocax ¢pinbTpiB B ta V' 29 yepBHs 2016 p. (3Bepxy)
1 11 munus 2016 p. (BHU3Y).

3 xin1g 2008 poky no TenepiliHiil yac B Jlaboparo-
pii KOCMIYHMX TOCIIKEHb OTPUMaH1 OJIN3bKO CTa KPH-
BUX OyMcKy. B aHami31 MU Tako)Xk BUKOPUCTOBYEMO pe-
3yJBTaTH CIIOCTEPEKEHb 9-KaHAIILHOT ONITUYHOT IITHPO-
KOTOJIOCHOT CHCTeMH MOHITOpUHry Mini-Mega
TORTORA (MMT-9), sika npaittoe 3 uepBHs 2014 po-
ky. B 6a3i nanux mporo npoekrta [20] ! € 6inbme 200

kpuBux 0nucky cynyrauka TOPEX/Poseidon.

Thttp://mmt9.ru/satellites/
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2.1. XAP. OTPIIMAHOI' O MATEPIAJIY

Tabnuus 2.1. Op6iTanbHi Ta AMHAMIYHI XapaKTEPUCTH-
ku [IIC3 cepii “MIDAS”

H ) InTepBan K-cTb.
Ne 4383 h,km | h,km | 4,° | Q, °/no6y | P,xB | AP,, cex. | cmocrepe- KPUBHUX
11c3

xkeub AT OIIHCKY

1 MIBAS' 3620 | 3650 | 95.8 | 0.2070 | 160.0 104.7 01.07.73 g5
141.0 06.11.84

84.1 25.02.09 3
89.3 03.04.16

2 MIGD,,AS- 3600 | 3680 | 87.3 | 0.0945 166.4 71:5 10.07.73 28
81.9 18.09.74

64.0 28.08.07 35
722 18.05.15

3 MI;),AS- 3727 | 3765 | 88.5 | 0.0554 | 167.9 105.0 23.07.78 106
130.7 19.08.84

126.6 10.01.07 76
151.6 23.05.17

peKEHb 31MCHIOBAJIOCA 3 BUKOPUCTAHHSAM CIelliallb-
Hoi nmporpamu “OpieHTaiist”, mo po3podiena B JIK]]
VxHY [21]. Pe3ynbTaTi BU3HAUCHHS Opi€HTAIllT JaHUX
00’€KTiB B TOBHOMY 00’€Mi 30epirarotbcs B apxiBi Jla-
Oopatopii. 30iblIeHHS KyTa HyTallii 3 5°10 7° 3a yac
40-piuHMX criocTepexkeHb cynyTHUKa “MIDAS-7" Mmo-
’KHa TIOSICHUTH [TOCTYTIOBUM JIMCUIIaTUBHUM rajbMyBa-

HHSM X BJIACHOTO 0OepTaHHs Ha OpOITI.

Pi3Hi 3HaYeHHA KyTa MK HalpsIMKaMH HopMalli 10
OJIIKYFOUMX TUIOIIAIOK 1 MO310BAKHBOT ocl KA mpakTu-

YHO MiATBEPAXKYIOTh pakT Toro, o [ICh y nux cymy-
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2. CYIIYTHIIKII CEPII “MIDAS”

THUKIB MAalOTh PEOPUCTY CTPYKTYPY.

2.2. Pe3yabTarTu aHaJi3y
AOBronepiogu4YHux 30ypeHb y
o0epTaHHI CYNYyTHHUKIB cepil
“MIDAS”

[IposiB noBromepiognYHUX 30ypeHb HAWOLIbII Yi-
TKO MpOsIBUBCS y BacHoMy oOepTaHnHi [1IC3 “MIDAS-
7” (puc. 2.5,2.6,2.7). [loni6uuit xapaktep 30ypeHb BuU-
SBJICHO 1 151 00epTaHHs aBox iHmwMX [IC3 “MIDAS”
(muB. puc. 2.8, 2.9). AHaI3 JEKUIBKOX COTEHb KPUBUX
onucky nanux [IC3, orpuMaHux B YKTopoii Ha Mpo-
Ts131 ~ 40 poKiB, 1 310paHa pI3HOCTOPOHHS 1H(pOpMaLis
po cami 00’ €KTH, TOKa3ye, 1110 B podoti [20] npuBee-
Hi KpaTH1 3HaYeHHsI A1MCHUX Mepio/iiB BIaCHOIo odep-
TaHHs cynyTHUKIB “MIDAS”. Tak, y “MIDAS-4, 7’ ue
%PO, ay “MIDAS-6” — iPO. Tomy, B mopanbIiioMy, Bci
3HaYeHHS MepiofiB, B3ATHX 13 0a3u gaHux MMT-9 5

€ TIpUBE/ICHI /10 3HaYeHHS ICTUHHOTO Mepioy obepTa-

3http://mmt9.ru/satellites
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3.1. QOTOMETPITYHI CIIOCTEPEKEHHA

e e X
22,4976 22.505, 225219 22,5345 2255715 22.563g 22,5804

Time UT (hh.mmss)

Puc. 3.2. Kpusa 6iucky TOPEX/Poseidon B ¢insrpax
B,V , orpumana 23 xBiTHs 1993 1.

CTab11130BaHM, ajle MU MOXEMO YITKO Oa4yuTH Pi3HI
YaCTUHU CyNyTHHKa. [le BU3BaHO 3MIHOKO HOTO IOJIO-
’EHHS BITHOCHO criocTepiraya Ta Conug. Kpusi 65u-
CKy, oTpuMaHi 3 iHTepBajoMm 0,3 cekyHaHW B TOH 4ac,
KOJIM KOHTPOJIb HaJl CYMyTHUKOM OyB YK€ BTpaueHHUI,
nokasaHi Ha puc. 3.3. TyT MoXHa BIIEBHEHO TOBOPUTH

po oOepTaHHs CyyTHUKA HABKOJIO LIEHTpa Mac.
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3. CVIIYVTHIIK TOPEX/POSEIDON

3.1. doTromeTpuYHi

crocTepesKeHHs

dotomeTpuyHi criocTepexeHHs cynyTHuka TOPEX
B JIaGoparopii KOCMIYHUX TOCTIKEHb YKTOPOJICHKO-
ro HauioHajibHoro yHiBepcurety (JIK/ Y:kHY) noua-
muck B 1992 poui. CynyTHUK OyB MOBHICTIO ITpane3ia-
THUH B 1IeW MepioJl 1 MOCTIMHUX CIIOCTepekKeHb He T0-
TpedyBasioch. [1o il NpUYKHI OTpUMaH1 TIILKY ASK1Tb-
ka KpuBux Onucky. Habararo Ounbiine poToOMEeTpUYHUX
KpUBHUX OJUCKY 1IbOTO 00’€KTa OyJ0 OTpUMaHO, OYH-
Harouu 3 2008 poky, KoJiu po3novyaiuch GOTOMETpUIH1
cnioctepexeHHsl Ha Teneckoni TI1JI-1M. Buznauenus
napametpiB ooepranHs TOPEX/Poseidon micns toro,
SIK CYIIyTHUK CTaB KOCMIYHHUM CMITTSIM, IIPEACTABIISIIO

BEJIMKUH 1HTepec.

B sxocTi npukiany MM HOpPUBOOUMMO Bl KpPHUBI
omucky cynytHuka TOPEX/Poseidon, oTpuMati 3a J10-
nomoroto goromerpa ADY-75. Ha pucyHky 3.2 npen-
CTaBJeHa KpHBa 3 YaCTOTOI AUCKpeTH3alii 1 cekyH-
na, 3a JaHuMH Ha 23 kBiTHS 1993 1. Ha Toii yac peri-

CTpallisl MpoBOAMIACh Ha NepdoeHTI, 06’ €KT OyB 3a-
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Puc. 2.5. 3anexHicTh 3MiHU MEPioly BIACHOTO 00ep-
TaHHS cynyTHUKa “MIDAS-7” Big monoxxeHHs CoH-
s, Micsiis 1 BACX1IHOTO By3Jia OpOITH CyNyTHHKA, Ha
iHTepBaii 3 2014 mo 2022 p. CyiinbHa JiHis - QyH-
KIisg 2.1, MyHKTHP - 3MiHA OPSIMOTO CXOJKEHHS BY-
3nma op6itn IC3 “MIDAS-7”, 6i1e KoJlo - 3HaYeHHS
BiacHoro obepranHs I1IC3 “MIDAS-7”, yepBoHe Ko-
710 - nojoxeHHs: COHLIS, CHHIM TPUKYTHUK - MOJIOKEH-
Ha Micdus

HHs [LIC3 1 Bke micis 1bOoro BOHU OyJM 00’€HaHi 3

YXTOPOACBKUMU 00OUMCIIEHHSIMH.

Po3zrsitHeMo Ginblil AeTallbHO 0OepTaHHS CYIyTHU-
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2. CYIIYTHIIKII CEPII “MIDAS”
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Puc. 2.6. 3MiHa mnepiogy oOepTaHHS CyMyTHHKa
“MIDAS-7” na inTepBani 3 1978 mo 1984 p. (3
niBa) Ta Ha iHTepBaii 3 2007 mo 2017 p. (3 mpasa).
Jliniero npencrasiena GyHkuis (2.1), 6iye koo - gaHi
orpuMani 3 MMT-9, yopHuii TpukyTHUK - mani JIK]]
YxHY

ka “MIDAS-7”. SIx BuaHo 3 rpadikiB (puc. 2.6, 2.7)
3MIHU B MIepio/ll KOro oOepTaHHs, Ha MEepUIMH MO/,
HOCSITh HIOM ce30HHMI XxapakTep — 1 Makcumym Ta 1

MIHIMYM Ha IpOTs31 IpakTUYHO poKy. Ha nepiiomy eta-

i cioctepexers (1970—-1980 pp.) Ta Ha gpyromy (2007—

2017 pp.) amIutiTy1a TOBronepioAMYHUX 3MiH 30epe-
IJ1acCh Mailke OJTHAKOBOIO A% 22 ceK. AJie TpaHUYHI1 3Ha-
YeHHs 1KX 3MiH pi3Hi. B 80-T1 poku XX cTOMITTS BOHU
Oynu B Mexkax 105-127 cexyH, B IpyroMy JeCsITUIITTI

XXI cromitrs — 126.5-151.6 cek. Otxe, cepeiHe 3Ha-
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CIIIIKeHb Y>KTOpOJICHKOTO HAal[lOHAIBHOTO YHIBEpCUTE-
Ty OTpHMaHO 73 KpUBHX OJIMCKY I[bOTO KOCMIYHOTO ara-
pary. B iboMy po3miii MU Ja€EMO KOPOTKE TOSCHEHHS
cTaHAapTu3allii GOTOMETPUUYHUX KPUBHUX OJIUCKY, pO3-
paxoBy€eMO TTOKa3HUKH KOJIOPY MTOBEPXOHb, 10 BiIOM-
BalOTh CBITJIO, 1 MPOBOJMMO aHaJIi3 3MIHU IIBUIKOCTI
oOepTaHHs CYIyTHUKA. 3arajbHa TeHCHIIS 3MEeHILICH-
Hsl IIBUJKOCTI 00epTaHHS OMUCYETHCS €KCTIOHEHTHOIO

byHKIII€TO.

B po6oti Oynu BpaxoBaHi mepiofu oOepTaHHs Cy-
MyTHUKA, OTPUMaH1 Ha OCHOBI 126 KpUBUX OJIMCKY (30Kpe-
Ma 53 kpuBHX 13 6a3u ipoekty MMT-9, nounnatoun 3
2014 poky). Y 2016 poui nepiof Bi1acHOro o0epTaHHs

nocsr cBoro miHimymy 10.6 c.

Hageneno naHi rpo opienTaiito cynytHuka TOPEX
y cepeauni 2016 poky. BuzHaueHo kyT mperiecii § =
45° — 50° 1 ii mepiox P,y = 141.5 . 3HaliicHO NpH-
YUHU 3apeeCcTPOBAHOIO XapakTepy BiacHOro obepra-
HHS CcynmyTHUKa. lle oOypeHHs, BUKIIMKaHE B1IXWJICH-
HSIM 3€MHOI'0 I'paBiTallIiHOTO MOJIA BiJ LIEHTpPaJIbHO-
CUMETpPUYHOI (pOpMH, 1 HAABHICTh Ha CyNyTHUKY Ya-

CTHH, 1110 MTePEMIIIAIOThCA.
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3. CVIIYVTHIIK TOPEX/POSEIDON

TYUKH Bce 1e OyayTh (QPYHKI[IOHYBAaTH HAJICKHUM YH-
HOM B KiHI[l OCHOBHOI Micii. Bynu Tako mjianu Ha po3-
HIMPEeHY TPhOXPIUHY Micito [25].

B 2006 pori, micns maiixke 62 000 00epTiB HAaBKOJIO
3emiti, okeaHorpadiunuii cynytHuk TOPEX/Poseidon
3aKIHYMB CBOIO IsUIbHICTh. KocMiuHuMid amapaTr BTpa-
THB 3[aTHICTh MAaHEBPYBaTH, 3aBEPIIMB BiAMIHHY 13-
piuny miciro. TOPEX/Poseidon 6yB BUTOTOBJICHHUI, 11100
JITaTH He OUIbIIE I’ ITH POKiB,alie BiH CTaB CaMOIO JI0B-

rOTPUBAJIO0 OPOITAILHOIO palapHOIO MICI€I0 B ICTOPII.

Hani TOPEX/Poseidon gornomoriu B IporHo3ax ypa-

rany El Nino/La Nina, B oci>)keHHI OKeaHy Ta KJIi-
Mary, yIpaBiIiHHS puOOJIOBJIEIO, BUBYEHI MOPCHKUX BU-
TiB, Tay34X B 30HaX BIIKPUTOTO MOPsI(BUIOOYTOK Ha-
¢ Ha wenbdax), MoJIepHi3allli MojieIeld CBITOBUX MPH-
JIMBIB 1 BiICI)KYBaHHSI OK€aHIYHUX MPOAYKTIB pyHHY-
BaHHs [26].

B posznini npuBeneHo pe3ynbratd GOTOMETPUYHUX
cnocrepexxeHb cynyTHuka TOPEX/Poseidon, BukoHa-
Hux npotsaroM 2008-2016 pp. ITicns aBapii'y ciuni 2006
POKY CYIyTHUK CTaB KOCMIYHUM CMITTAM Ha HHU3bKil

HaBKoJIO3eMHii opbiti. Y Jlaboparopii KOcMiUYHUX H0-
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Puc. 2.7. 3miHa mnepiogy oOepTaHHsS CyMyTHHKa
“MIDAS-7” na inTepBadi 3 1978 mo 2017 p. [To3naue-
HHS aHAJIOT14H1 MONEePeITHbOMY PUCYHKY

YeHHs Mepiofly BIAaCHOro obepTaHHs Py 30imbImiocs
MPAKTUYHO Ha 22 CEeKyH[IU.

3MiHa nepioay BiacHoro obepranus LLIC3 “MIDAS-
77 Ha 11e OUIBIINX YaCOBUX 1HTEepBaJlaX HalO1IbII Bla-
JI0 OMUCYIOThCSI KOMOIHAIIEX0 KBAIPaTUYHOI (PYHKIIIT 1
cUHYyca. SIKII0 MOmISTHY TH Ha puUc. 2.7 TO Bi3yaJbHO MO-
KEMO 3ayBakKUTH, 1110 3MiHU niepioy [IIC3 Moy Th Oy-

TH OIKCaHi KBaJIpaTUUHOIO (PYHKIII€IO, 8 CUHYCOIAab-
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2. CYIIYTHIIKII CEPII “MIDAS”

Ha CKJIaJIoBa B3siTa JIJIsl IPeICTaBlIeHHS MepioAUYHOCTI
npoiiecy. [Hii koMOiHalii PyHKIIH 1atoTh O171bIIIe BiI-
XUJIEHHSA X2 1 B JIaHi¥l poOOTi He MPUBOAATHCS. DYHKIIIS

Ma€ BUO:
y=A+B-z+C-2+K -sin <7r- M) @.1)
w

a Tl mapaMeTpu npeacTaBieHi B Tabnuil 2.2.

36inbieHns Py Ha 0.66 cek. 3a pik MOXKHa MOSCHHU-
TH 3 OJHOro OOKY BJIACTMBOIO JIMCHIIAIIEIO0 €Heprii B
obepranns [1IC3 BHachi0K Horo B3aemoii (B OCHOB-
HOMY TepTs) 3 HaBKOJIMILIHIM CEpPEeIOBUIIEM HaBKOJIO-
36MHOT'0 KOCMIYHOTO MTPOCTOpY. A 3 1HIIOro OOKY, KO-
ro XapakTep, K BUJIHO 3 pHUC. 2.7, MOXIJIUBO 00YMOB-
JIeHUH O1IbII NIMOOKUMU 1 JOBTUMU (PI3UYHUMU MIPO-
1[ecaMH B HABKOJIO3€MHOMY KOCMIYHOMY ITPOCTOPI, 1110
B110yBaloThCs 3 HamiB nepiogoM ~ 44 — 45 pokis, fIKi,
MOJKJIUBO, MOB’sA3aH1 3 HUKITYHUMHU (~ 90 pOKiB) 3Mi-
HaMH COHS4YHOI akTUBHOCTI (CA), 1110 MICTATh Yy CBO-
ili mpupoai, MoKu 1o, 6araro He3poszyminoro. Hanpu-
KJ1aJl, Ha 23-My nepexigHoMy nukii CA, ciijioM 3a ocia-

OneHHsAM OLIBII HIXK B 2 pa3u 3arajbHOr0 MarHiTHOTO
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3HaYeHy JJIA YIpaBIiHHS Mici€ro. Bumsaa cynyTHuka
3 OOpPTOBUMHM TpUJIalaMU TMPEICTaBICHU Ha PUCYH-

Ky 3.1.

Solar Array Global Positioning
System Antenna

High-Gain Antenna
(1.2m dia.)

Satellite Bus

Doppler
Tracking Antenna Amay
(DORIS)
Altimeter Antenna
Wet mass: 2370kg
Dry mass: 2160 kg

Puc. 3.1. 3 niBa: cynytHuk TOPEX/Poseidon.Bics x
BIJNIOBiJJa€ HAIPSIMKY pyXy Ha opOiTi. [TokazaHi Takox
BiChb 00epTaHHs Ta KyT mpeliecii. 3 mpaBa: BUINISA CY-
nyTHuKa 3 0oky. [CNES]

301p HayKOBUX JaHHUX CyIyTHHKa Mo4yaBcs 23 Bepe-
cHst 1992 poky. 3 Toro uacy TOPEX/Poseidon oGepra-
€ThCSl HaBKOJIO 3eMJii Ha BUcoTi 1336 kM, opOiTi 3 Ha-
XujaoM 66 rpaaycis, B cTaOuIi3alil Haaup, Ta poOUTh
BUMIPY BUCOTU PIBHSI MOpPS B3/IOBXK MMOBEpPXHI, B Me-
xax 11 kM, koxkHi 10 qHiB. Micist Oyna po3paxoBaHa Ha
poOOTY Ha MPOTSI31 SIK MiHIMYM 3 POKH C JOCTaTHbOIO
KUIBKICTIO PO3X1IHMX MarepialiiB AJisl 3a0e3neueHHs i

MPOJOBXKEHHS 111e Ha JIBa POKHU, SIKIO CYMYTHHUK 1 Ja-
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3. CVIIYVTHIIK TOPEX/POSEIDON

YHUM areHTcTBOM HallioHaJIbHUM LEHTPOM KOCMIYHUX
nocnimkeHb(CNES). BukopuctoByroun cydacHy pajiio-
JIOKAL[IHy aJlbTUMETPUYHY CUCTEMY, CYITyTHUK BHMi-
PIOBaB TOUYHY BUCOTY MOPCHKOi MOBEPXHI JIJIsl BUBYCH-
HS TUHAMiKKA TUpPKyJsiii CBiToBoro okeaHy. OCHOBHa
HayKoBa I[JIb MiCii ToJisirajga B po3IIMPEH1 3HaHb PO
100aIbHUM XapaKTep HUPKYISAIIi OKkeaHy 110 Ti€l cTe-
TIEHI, sIKa B KIHLIEBOMY IOPAJIKY MPU3BENE 10 KPalloro
PO3YMIHHS POJIi OKe€aHy B IM00aIbHUX 3MiHAX KIIIMaTYy.
Cepen 1HIIMX 3a7a4 TaKOXkK OYyJI0 JAOCIIIKEHHS OKeaH-
ChbKMX NPWIKBIB, I'eo/ie31i Ta reoIMHaMiK/, BU3HAYEH-

HS IIBUJIKOCT1 OKEAaHCHKOTO BITPY 1 BACOTH XBHJIb.

Micii TOPEX/Poseidon Oyna npoioBXKeHHsIM Ta-
KX mporpam, sik Seasat, Geosat, ERS-1. [1{o6 3po6utu
il KOPUCHOIO ISl BUBYEHHS LUPKYJALII OKeaHy, 0CO-
0JMBO B MaclITabax OKeaHIYHUX KPyrooOiriB i baceu-
HiB, B TOPEX/Poseidon Oynu BHeceH1 6bararouncesnbHi
MOKpaIlleHHs, BKIIFOUal0UH ClielialbHO pPO3pOOIeHU M Cy-
MyTHUK, HAO1p AaTYMKIB, CACTEMU CYyITyTHUKOBOTO Bi/I-
CIIIKYBaHH$ Ta KOHQITrypaiito opOiTH, a TaKoX po3po0-
Ky ONTUMAaJIbHOI IpaBITAL[ITHOT MOJIe1 JJIsl BUCOKOTO-

YHOTO BU3HA4YE€HHS OpOITH Ta HA3eMHY CUCTEMY, MpH-
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nosst CoHLsl, NPaKTUYHO 3MEHIIMWINCH YC1 XapaKTepu-
cTuKHM siK Ha COHIIl, TaK 1 B MIXKIIJIJAaHETHOMY MPOCTOPi
[22]. 36epeskeHHs K MOCTIMHOTO 3HAYEHHS aMILTITYAH
X 3MiH Ha 1HTepBaJli ciocTepekeHb ~ 40 poKiB 1 Ha-
SBHICTh Ha IHTEpBaJli HEMTOBHOIO POKY JIMIIE OJHOTO
MaKCUMYMY 1 MIHIMyMYy He MOB’SI3yBaJIOCS 3 B1JIOMH-
MU 1000BUMH, MICSTYHUMU, MIBPIYHUMHU, PIYHUMU 11H-
KJIaMH (pi3nuHUX npoueciB Ha CoHIIl Ta iX MposiBaMH Y
3eMHil atMmocdepi [18]. Ane, BcTaHOBUBIIIH, IO MEPi-
O]l CIIOCTEPEKEHb TOBrOMEPIOANYHUX 3MiH B 00epTaH-
Hil IC3 P; = 345.8 116 npakTU4HO CIiBNagae 3 Be-
JUYMHOK MICSYHOTO JpakoHIYHOTO poKy F; = 346.6
1106, MU IPUMIIUIA O BUCHOBKY MPO KJIKOYOBY, (Ha pi-
YHOMY 1HTepBalli), poJib IpaBiTaliitHoro mnojis Micsus,

K IMOBIpHO JKepesia 30ypeHb.

BusiBuiioch, 1110 MIBUAKICTh MEpEeMIillIeHHS! BY3JIiB
op6itu gaHoro IIIC3 i Micsig npakTUYHO OJHAKOBI 1
BOHU 3MIIIYIOThCS B ofHOMY HanpsaMmKy (Ta6nuis 2.5).
AJle BIUTMBY JIMIIIE TpaBiTalliiHOro ot Micsis Ha 0oep-
taHHs [1IC3 siBHO Oy/o He TOCTAaTHBO JJIsl TIOSICHEHHS
MPUPOJU HASIBHOCTI JIMIIIE OJTHOTO MAKCUMYMY 1 MiHi-

MyMy Ha iHTepBai 345.8 116. Bee cTano Ha cBOi MicId,
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2. CYIIYTHIIKII CEPII “MIDAS”

Tabnuus 2.2. 3HayeHHs mapaMeTpiB p-HHA (2.1) , mo
ONMUCYOTh 3MiHY niepioay LIIC3 “MIDAS-7”

3MiHHa | 3HaueHHS IToxnbOxa
A -462.6492 + 35.5002
B 0.0216 + 0.0014
C -1.9445e-07 + 1.3801e-08
K 10.1362 + 0.1729
i 57443.1828 4+ 1.1079
W 172.9091 4 0.0372

2 = 2450.52, reduced x> = 6.05

KOJIM B PO3MIISIHYTY MOJIeNb OyJIO BKJIFOUEHO 1 BUIUME
piuHe nepeMillieHHs] COHIIS BIIHOCHO IUIOMIMHU OpOi-
TH nuporo HICS3.

B pesynbrari MU po3NISHYJIN AUHAMIYHY MOJEIb,
1110 MTOSICHIOE, HA HAIll OIS, JIPKepeiia BUSBIICHUX J10B-
rorepioanyHuX 30ypeHsb 1 iX BIJIMB Ha BjacHe obepTa-
HHs HIC3 “MIDAS-7” Bigobpaxkeni Ha puc.2.10.

VY Bunmagky BepXHbOi cxeMH Ha puc. 2.10 npucko-
proroue 30ypeHHsI MOJKHA MTPEJICTaBUTh TaK: d) = ¢+
ay + ag, IS HIKHBOI CXEMU: ap = d¢ — Gy + ag, €
a4 1 ap IpUcKoprorode 30ypeHHsl, 1110 /i€ Ha CYMyTHUK

BIJMOBITHO B Toulll A 1 Toulli B; a¢ - mpuckoproroue
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Po3aia 3.

BuznaueHHsi opieHTAMii i
nepioay oo0epTaHHs
CYNNYTHHKA
TOPEX/Poseidon

TOPEX/Poseidon (NORAD ID: 22076, COSPAR
ID: 992-052A) — cynyTHUK 1151 KapToTrpadyBaHHS TO-
norpadii moBepXHi OKeaHy — OyB 3alylIEHU PaKETOrO
Ariane 42P 10 cepnnst 1992 poky 3 uenrpa ['Biana €B-
poreiickoro kKocMiuHoro areHrTcTBa B @paniy3bckiil ['Bi-
aHl1. {1 kocmiuHa micis Oyna npoBeieHa crijibHO NASA,

kocMiyHUM areHTcTBoM CIIA, 1 ppaHIly3bKHM KOCMI-
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2. CYIIYTHIIKII CEPII “MIDAS”

TSl 11O MPOSIBISIETHCA B 3MiHI KIHETUYHOTO MOMEHTY
KA, sixa BU3Hauae BiacHe Ta MpeleciiiHe oOepTaHHS
00’€KTa, € MPOIOBKEHHAM J0CIIIKEHb, PO30YATHX 13
HIC3 “ITareoc” [24]. OcTaHHi}, 3a3HABIINA BUCOKOTO
CTyIleHsl pyHHalii, BIAHOBUB XapaKTepHy MOMY JHHAa-
MIKY MOBEIIHKM Ha OpOiTi 32 HEMOBHUX TPU MICSIII.
Brtpara macu ta yactuHu noBepxHi y mporo IIC3 Oy-
Jla KOMIIEHCOBaHa 301JIbIIEHHSM IBUAKOCTI BIACHOIO
oOepTaHHs 1 BiH 3HOBY yBIWIIIOB Y PE30HAHC 3 IIFOUUMHU
Ha HbOr0 30ypIOIOYMMHU MPUPOAHUMHU CHIIAMH Y MICII1
noro nepeOyBaHHA Ha opOiITi. [Ipu upomy IIC3 30epir
MOMEHT KIIbKOCTI PyXy, SKUH BAAJIOCS 3apeecTpyBaTh
JIMILIE 3aBASIKA TOYHUM (DOTOMETPUYHUM CIIOCTEPEKE-
HHSIM.

OTpuMaHi pe3ynbTaTy JOCIIIKEHHSI MPUYXH 30Y-
peHb y BiacHoMy obGeprtanHi IIIC3 “MIDAS-4,6,7” 1
“ITareoc” Ha TpUBaJIMX YaCOBUX 1HTEpBaiax MiATBEp-
JUKYIOTh TaKOXK YHIBEpCaJbHICTh 3aKOHY 30€peKeHHS
KUIBKOCTI pyXy TaKOX Y BUMIAAKY IITYYHUX KOCMIYHHUX

TLI.
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Puc. 2.8. 3MmiHa mnepiogy oOepTaHHsS CyMyTHHKa
“MIDAS-6” Ha inTepBaii 3 2014 mo 2017 p. CyuiibHa
BepTUKaJIbHA JIiHIS - MOMEHTH MaKCUMYMIB, IITPUXO-
BaHa BepTUKaJIbHA JIIHIS - MOMEHTH MIHIMYMIB, 3T1IHO
JTaHUM 3 Tabi.2.4

30ypeHHS 31 CTOPOHM 3eMi; 31 CTOpoHH Micsus — axy;
31 ctopoHu CoHIIA — ag.

Bysnu op0Oit Micsus 1 06’exta “MIDAS-7” nepe-
MIIIAIOTHCS B 3aX1JHOMY HAaNPSIMKY MPaKTUYHO 3 OfHA-
KOBOIO IIBUAKICTIO Ha3yCTPid BUJUMOMY IEepEeMillleH-

HI0 CoHIIS o exinTulll. | SKIo B SKUiCh MOMEHT 4Ya-
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2. CYIIYTHIIKII CEPII “MIDAS”

L4 g oo,

8
Jan30,2014  Jan10,2015  Dec21,2015  Nov30,2016  Nov 10,2017
Dete

Puc. 2.9. 3MmiHa mnepiogy oOepTaHHS CyMyTHHKa
“MIDAS-4” na tnTepBani 3 2014 mo 2017 p. CyuiibHa
BepTUKaJIbHA JIIHISI - MOMEHTH MaKCUMYMIB, ILITPUXO-
BaHa BepTUKaJIbHA JIIHISl - MOMEHTH MiHIMYMIB, 3T1JIHO
JaHuM 3 Taobi1.2.3

cy Micsup 1 CoHlle TPaKTUYHO OJTHOYACHO TMEepPeTHY-
i mwiomuHy op6itu [IC3 “MIDAS-7”, 3Haxoas4uch
Ha OJIHI CTOPOHI BIIHOCHO 3eMli, TO HaCTylTHU Ta-
KM MOMEHT BiJI0yBa€eThbcs uepe3 ~ 346 ni6. B et
MOMEHT niepiof BiacHoro obepranus [1IC3 y nocsirae

MakcUMaJIbHOTO 3HaueHHs. Skmnro k Conre 1 Micianb
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2.4. BIICHOBKII

Hl TEOPETUYHUMHU po3paxyHKaMu. B mpolieci JociIKeHb
MpoaHaiizoBaHo 767 (HOTOMETPUYHHUX 3alHUCIB TPhOX
HIC3 “MIDAS”, po3paxoBaHi nosioxxeHHs Micss, CoH-
1 Ta IwiouHU op6itTn KO Ha MOMEHT CIToCTepeKeHb.
[TokazaHo, sik epioJUYHO TpaBiTaliiiHe noje Micsis
NoJaBJIse, ab0 MIACUIIOE TpaBiTaliiiHUK BIUTUB COH-
ug Ha pyx IC3. Bennuuna nporo BmBy ~ 1070 H -
m, Ta MOro JOCTarHbO, 1100 BiIacHe oOepTaHHs OJu-
3pniontocHuX IIIC3 Ha GaraTopiuHHMX YacOBHUX 1HTEp-
BaJlax BiJi0yBasiocs B pe3oHaHci. Kpim Toro, oTprmani
pe3yabTaTy JOCIHIKEHD AA0Th M1ACTaBU 3aIll03PUTH
MPOTIKAHHS B HABKOJIO3EMHOMY KOCMIYHOMY MPOCTOP1
JOBrOTpUBAJIOro, nopsanaky 90 pokis, (i3uyHOrO mpo-
1ecy MOKH 110 HeBi1oMoi pupoau. Takoro piBHs J0-
CJIIIKEHHSI MPOLECiB, MOPOKEHUX (PI3UUHUMH MOJIS-
MU B OJIMKHBOMY KOCMOCI, CTaj0 MOXJIMBUM 3aBJs-
k1 po3podneHomy B JIKJ] V:kHY metony mpoBeneH-
HS 1 aHaJi3y BUCOKOTOYHHMX (POTOMETPUYHUX CIIOCTE-
pexens [1IC3, BU3HaYeHHS Mepiofy iX BIacHOro ooep-

TaHHSI Ta 3MIHH Op1€HTAII].

JlocnimpKkeHHs: MeXaH13MYy BILTMBY 30ypIOIOUYUX Ipa-

BITalIMHUX MOMeHTIB Micsnsg Ta CoHIIA Ta iX B3aEMO-
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2. CYIIYTHIIKII CEPII “MIDAS”

IbOMY BHUIIQJIKy TpaBiTalliHUI BILTMB Ha OOEpTaHHS
IC3 3 ctoponu Micsg 1 CoHilst Oyyie MakCUMaJIbHU .
Taka yMoBa NpakTUYHO BUKOHYEThCS TUibKy At [IIC3
“MIDAS-7”. TyT po3paxyHKH 1 BCTAHOBJIEHI 3 CIIOCTe-
peKEeHb 3HAYEHHS 30ypIOIOYMX MOMEHTIB MPaKTUYHO
criBnaarTh (ctoomuuk 3 16). g HIC3 “MIDAS-4,6”
PO3paxoBaHi 3HaYECHHsI 30yPIOIOYMX MOMEHTIB 3aBUILIE-
Hi B MOPIBHSHHI 3 CIIOCTEPEKEHHAMU. | TOMy X 3Ha-
YeHHS PO3XOAAThCS. UMM MEHIIMHU KyT Haxuiy opOi-
ta IC3, TUM MeHIui pealbHUI BIUIMB Ha 00epTaH-
Hs [1IC3 rpaBiTaiiHuX MOMEHTIB 3 CTOPOHHU MicsId 1
Conug [23]. B HamioMy BUITaAKy 1€ TE€X BUIHO 3 OTPU-

MaHHX pe3yibTaTiB crioctepexenp LLIC3 “MIDAS”.

2.4. BucHoBKHn

Ha ocnoBi 40-piyHHUX criocTepekeHb OIU3bKOMO-
mocHux IIIC3 cucremu “MIDAS”, mo nepeOyBatoTh
Ha BUcoTi ~3600 KM, CTBOpeHa MOJIeJIb MeXaH13My B3a-
€MHOTO BIUIMBY Ha OOEpTaHHS KOCMIYHHX Tl rpaBi-
TamiiiHux noiiB 3emii, Micsus ta Conust. OTpumani

BIIEpLIE €KCIIEPUMEHTAaNIbHI Pe3yJbTaTH MiATBEPIKEH-
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Puc. 2.10. Cxemarnune 300pa’keHHs MPUCKOPIOKOYOTO
30ypeHHs1, 110 Ji€ Ha obepranHs LIIC3 B MoMeHTH mie-
pedyBanHs Micsug 1 CoHlla B TUIOLIMHI OpOITH CYMy-
THUKA

3HOBY OIHOYACHO MepPeTHUHAIOTh IUIOIIMHY OpOITH Aa-
Horo [IIC3, ane B koH}irypallii, KoJIM Mi’>k HUMH HaXo-
TUThCA 3eMis, epiojl o Ma€e MiHIMallbHe 3HaueHHs . [{e
criocTepiraerhcesi, Ha poTsi3i 40 pokis. JlaHi 13 TabnuiIi
2.5 rpadiuHo npeacrapieHi Ha Puc.2.5.

Cxoxuil XapakTep BUABICHUX 30ypeHb OyB 3roioM
BusiBiieHU# Takox y LIIC3 “MIDAS-4” 1 “MIDAS-6”
(Puc. 2.9, 2.8). Ale OCKUIbKH MIBUAKICTh IEpeMilICH-
Hs By37iB opbitu IIC3 “MIDAS-4 1 “MIDAS-6 pi-
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2. CYIIYTHIIKII CEPII “MIDAS”

3HAThCA 3 “MIDAS-7” BigHOCHO Mics1is, TO PaKTHU-
YHO OJJHOYACHMM MEepeTHH IUIONIUH iX opOiT Micsiem
1 CoHlleM Bi0yBa€eThCA, BIAMOBIAHO, TUIBKHA Yepe3 ~
477 ni6 1 ~ 466 110, 1110 criBIIajae 3 eKCTpeMalbHUMU
TOYKaMU Ha KPUBUX JIOBIOMEPIOJUYHUX 30ypeHb B iX

BJIaCHOMY OO€pTaHHI.

HacTinbku BenuKuil po3ku1 3Ha4eHb Mepiony Bia-
cHoro obepranus y HIC3 “MIDAS-4" B310BXk KpHUBOi
Ha Puc.2.9 nosicHIO€ ThCSI, Ha HaIl IO, IK TOYHICTIO
BU3HAYECHHSI caMoOTro Mepioay, Tak 1 MiABUIICHOIO 4y-
TIMBICTIO OOEPTaHHS JTAHOTO 00’€KTa J10 3MIH MPSAMO-
ro COHSTYHOTO BUIPOMiHIOBaHHS [3]. B sikiiich Mipi e
nosicHIOeThest HaxuiioMm opOitu LIIC3, 1110 moMiTHO BiI-

pi3HseThCA Big 90°.

Pesynbsratn oOpaxyHkiB mnojoxeHb Micsus, CoH-
1a i ogHoro i3 By3miB op6itu IIC3 cepii “MIDAS” B
reolleHTPUYHIN eKBaTopiaabHIN CUCTeM1 KOOpJIUHAT Ha
MOMEHTH MIHIMYMIB 1 MAaKCUMYMIB MepioAy JOBrolie-
ploan4HuX 30ypeHb P, nmpeacTaBieHi B TaOIuLaX 2.3-
2.5 TINbKY KOOPAMHATOMO v. SIK01-HEOY Th KOpemsLii MixK
nepiogoM Pj 1 nonoxeHHsM Micsus 1 CoHlla o Ko-

OpAMHATI 0 B FPAHMIISIX TOYHOCTEH BUKOHAHUX OOUU-
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ITIC3 (M), B BOCEMIA — TIPOCKOIIYHMMA MOMEHT I11[
yac 3Haxo/keHHs Micsug 1 CoHIs 3 OfHIET CTOPOHU
op6iti HIC3 (M ).

SIKIIIO BUKITFOUUTH OKpeMi (JOCUTh Pi1AKICHI Ha 24-
MY LIMKJI COHSIYHOI aKTUBHOCTI) criasiaxu Ha CoHIll, TO
BIUTMB 30ypIOI0YOr0 MOMEHTY 3 CTOPOHU COHAYHOT pa-
nianii Ha BinacHe o6epranna [1IC3 Oyzne nmpakTU4yHO T0-
CTIMHUM IO BEJIMYMHI 1 HanpsIMKYy. OTpuMaH1 pe3yJib-
TaTH MOKa3yroTh, o y Bunagky IC3 “MIDAS” ueu
30ypror0YMii MOMEHT MEHILIWA 110 BeJIMYMHI Bif] Mepio-
JAMYHO 3MIHIOIOYOTOCS CYMapHOTo rPpaBiTalliiHOTO MO-

MeHTY 31 ctopoHd Micsiug 1 CoHud (cToBmUuKH 4, 5).

BiH Oinbliie BIJIMBA€E Ha MIBUIKICTh JUCUIIATUBHOIO raJib-

MyBaHHA B o0epTaHH1 LLIC3 Hik Ha epioInYHICTh 3MIH
B rpaBiTaliiHoMy MoMeHTi. Haiibinbiia cKkiIaaHIiCTh y
TaKUX JOCIHIUKEHHAX SKpa3 MoJsirae y erami MOoAily
CyMapHOTO 30ypIOI0YOro MOMEHTY Ha CKJIaJJOBi KOMIIO-

HCHTH.

OOGuuciieHHs rpaBiTalliiHUX 30ypIOIOYMX MOMEH-
TiB 3 cTopoHH Micsius 1 COHLS POBOIUIIUCH IPU YMO-
B, 1[0 opOIiTH Bcix pocnimxkyBaHux IIC3 monsipHi, a

Micsip 1 CoHlle cTpOro 3HaXoAAThCs B iX MJIOMIMHI. B
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2. CYIIYTHIIKII CEPII “MIDAS”

Tabnuus 2.8. Pesynbratu BU3HaAUEHHS BILUIMBY 30ypro-
0YMX MOMEHTIB Ha obepTtanHs LLIC3 “MIDAS” 3 cto-
POHM TpaBiTaliiHUX ModiB 3emii, Micsus, CoHUs 1
npsiMOi COHSTYHOT pafdialii

Ne Hazsa My, 1075 | Mg 0,107 | M,-107% | 35 M, 1070 [ My, -107° | M, -107°
IIC3 +0.2-1077 | 4£0.1-107¢ | £0.1-10°¢ | £0.2-107% | £0.3-1077 | £0.3- 1077
H - H- H. H- H- H.

1 | “MIDAS-4” 0.89 9.16 3.64 5,52 2.074 1.969

2 | “MIDAS-6” 2.40 7.86 3.85 4.01 2.793 2.063

3 | “MIDAS-7” 2.38 5.51 3.15 2.36 1.515 1.284

Ha3By LIIC3, B TpeThbOMY — cymMapHUil 30ypIorounii Mo-
MEHT JDKepella JTOBrONEpiOAUYHUX 3MIH Y BJIACHOMY
obeptanns LLIC3 (M}), BcTaHOBJIEHUI 3 CIOCTEPEKEHD,
B YETBEPTi — cymMapHuUil 30yprorouuii MOMEHT 3 CTO-
ponu rpasiTamiiinux monis Micsis 1 Connst (Mg ),
OTPUMAaHUU B pe3yJibTaTl 00paxyHKiB, B I’ ATii — yce-
pellHeHe 3HaueHHs 30ypIooduoro MOMEHTY 3 CTOPOHH
npsIMOi COHeuHoi pajiarii (M), MeTouka 00YncieHb
sxoro, y Bunaaky LIC3 cepii “MIDAS”, npuBeaeHa
B po0OTI, B IIOCTI — OOYMCIIEHU CyMapHHid 30ypro-
FOYMH MOMEHT 3 CTOPOHHM I'paBiTalliiHUX MMoJ1iB Mics-
151, CoHIIS i ipsiMOT constunoil pagianii (> M), B cbo-
Miil — FPOCKONIYHUN MOMEHT MiJ Yac 3HaXOIKCHHS

Micsus i CoHIIt Ha NPOTUJIEKHUX CTOpPOHAX OpOITH
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Ta6nuus 2.3. Ionoxenns Conus (o), Micsus (o )
1 By3sa op6itu LLIC3 “MIDAS-4” (aq,,,) B MOMEHTH
(Max, Min) nepiony BikoBUX 3MiH (F;) Ha iHTepBail
CIIOCTEPEeKEHb.

P = 477 16, 2 °/no6y = 0.2070
Ne | lara P lag," | o |ag,
20.11.79 | Max | 245.3 [ 235.2 | 239.0
15.08.82 | Max | 94.5 | 144.0 | 90.2
05.12.14 | Min | 60.4 |251.0 | 62.0
13.08.15 | Max | 113.0 | 142.0 | 119.0
18.04.16 | Min | 163.7 | 26.2 | 173.0
24.12.16 | Max | 215.2 | 273.0 | 214.0

20.08.17 | Min | 254.5 | 105.4 | 260.5

[¢]

NN DBk W

cienb (£0.15%), He BUsBIEHO.

B nepuiid koyoHII TaOnuIli HOMep Mo MOPAJIKY, B
APYTi — JaTU eKCTpEMaJIbHUX 3HA4eHb MEepIONy BIla-
cHoro o6epranns LIIC3, B TpeTiii — 3HaYEHHS eKCTpe-
MyMIB Ha LIel MOMEHT IepioAy BJIAaCHOro oOepTaHHS
[IC3 (MakcuMalibHE 1 MiHIMaJIbHE), B U€TBEPTIM, I’ ATii
1 IOCT1M KOJIOHKaX — MpsSIMe CXOJI)KEHHS (v, BIJIITOBITHO,
By3sa op0Oitu IIC3 (BucxigHoro abo HU3X1AHOIO), MO-
noxeHHs1 COHUS B30BXK €KJIINTUKH, MOJIOKEHH Mi-

csiugs Ha opOiTi. [TonoxxenHst CoHis 1 Micsilg Bka3aHi 3
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2. CYIIYTHIIKII CEPII “MIDAS”

Tabnuus 2.4. Ionoxenns Conus (o), Micsaus (o )
1 By3na op6itu LLIC3 “MIDAS-6” (aq,,,) B MOMEHTH
(Max, Min) nepiony BikOBUX 3MiH (F’;) Ha iHTepBail
CIIOCTEpPEekKEHb.

P = 466 16, €2 °/n06y = 0.0944
Ne | Jlara P |aq,, | a,° | ag,°
27.09.73 | Max | 190.6 | 183.5 | 186.2
29.05.14 | Max | 73.6 | 66.5 | 75.1
08.11.14 | Min | 58.7 |223.1| 57.5
07.11.15 | Max | 204.0 | 222.7 | 203.0
14.10.16 | Min | 359.1 | 199.3 | 0.5
27.02.17 | Max | 346.2 | 340.8 | 345.0

13.07.17 | Min | 333.5 | 112.5 | 333.0

NN DB W

ToyHicTio 0.1°.

B tabnuui 2.6 npuBeneHi, ajsl MOPIBHSHHS, cepe-
JIH1 3Ha4Y€HHS [eP10/1iB IOBroNnepioguuHuX 30ypeHsb Py,
aMIuTiTyau uux 30yneHb A A i Haxun op6itu IC3 -4, a
TaKOX KUIbKICTb 000poTiB nocaimkyBaHux LIIC3 HaB-
koJsio 3emiii Ha iHTepBaii Capoca (N). B ycix Bumnaj-
KaX BOHO PIBHO I[IJIOMY YHUCIY, OMOCEPEIKOBAHO IiI-
TBEP/KYIOUM PE30HAHCHUM XapakTep oOepTaHHS Ja-
HUX 00’€KTIB Ta OAHY 3 KJIIOYOBHUX poJied y 1iboMy Mi-

cALI.
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Tabnuust 2.7. [eoMeTpuyHi 1 IWHaAMiYHI MapaMeTpu
HIC3 cepii “MIDAS”

Ne Hasgsa m, S, Py XB | Wyp, (l 21074 | wy, (l 21072 | w, % -1072
11IC3 KT m? +0.1 | 4+0.2-107* | +0.8-107* | +0.8-107*

1 [ “MIDAS-4” [ 1800 | 10.353 | 165.95 6.31 7.036 7.475

2 | “MIDAS-6” | 1840 | 11.717 | 166.40 6.22 8.702 9.817

3 | “MIDAS-7” | 2000 | 9.678 | 167.85 6.24 4.189 4.948

e, m - Maca CylyTHHUKa, 1" - HOro pajiyc. 3riiHO pillie-
HHA 3aj]a4l TPbOX TiJI, MAaKCUMallbHEe 30ypeHHs Ha Ti-
POCKOTIIYHUI MOMEHT M 1IC33 cTopoHU Micsiug npu
MepeTrHI Horo miomuHu opoitu ckiagae 0.052% Bin
1oro BesIn4uHU. A 3 ctTopoHH COHIISI B aHAJIOT1YHIH CHU-
Tyatii — 0.024%.

Pe3ynbraTil mpuBeieHUX 004KCIeHb MpeACcTaBIeHI
B Tabmuisx 2.7, 2.8. B tabnuui 2.7 B Apyromy cTOB-
MYKUKy npuBeneHa Ha3Ba l1IC3, B TpeTboMy —Maca (m),
B yeTBepToMy — Iyomia ofaHiel [ICB (5), B m’sitomy —
op6iTaneauii epiox (Fops), B LOCTIM — KyTOBa IIBUJI-
KICTh Tpelecii wyp, B CbOMOMY 1 BOCBMOMY — KyTOBa
IIBUJIKICTB BiacHoro obepranus ILIC3 B MoMeHTH Ma-
KCUMYMY 1 MIHIMYMY TIepioly JOBroMepioAuYHUX 3MiH
wo 1w.

B Tabnuui 2.8 B apyromy CTOBMYHMKY MPUBEICHO
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2. CYIIYTHIIKII CEPII “MIDAS”

TOOTO 3MiHAa MOMEHTY KIJIBKOCTI PyXy Ha YaCOBOMY 1H-

TepBali.

J17151 BcTaHOBJIGHHS JIxKepera 30ypeHb He0OX1THO OI1i-

HUTH, 3 BpaXyBaHHAM XapaKT€PUCTHUK AO0CII1KYBaHOTO
[IC3, BeM4YrHY BCiX MOXKIIUBUX 30yPIOIOYHUX MOMEH-

TiB, 1 IOPIBHSATH X 3 pe3yJbTaTaMU CIIOCTEPEKEHb.

HIC3 cepii “MIDAS” matoTh LUTTHAPONOAIOHUIN KOP-

NyC JOBXHUHOIO (3 HEBIICTUKOBAHOIO TPETHOIO CTYIIi-
HIo pakeTn) [ = 9.14 M 1 1lamMeTpoM d = 1.52 M, pi3Hi

MacH, a TaKoX IO JBI MaHelll COHAYHUX OaTapeil.

B pesynbrari npoBeieHUX paHille T0CIiIKEHb Ha-
MU OyJI0 BCTAaHOBJICHO, 1110 BC1 TpU 00’ €KTU oOepTaro-
ThCS HABKOJIO MO3/I0BXKHBOI OC1, CIIPSIMOBAHO1 MPAaKTH-
YHO B HaJUp, OCKUIBKH KYT ii KOJIMBaHb L1010 ILJIOLIH-
HU opOiTH 30epiraBcs B Mexax S - 7°. Po3misnarouu Ko-
KeH 13 00’ €ekTiB “MIDAS”, Ik cUMeTpUYHEe LIWTiHIPH-
YHe TiJI0 1110 00epTaEThCs HAaBKOJIO MO3JOBXKHbBOI OC Z,
MoxxHa 3anucatd I, = 0.5 - m - r%. A 3 BpaxyBaHHAM

po3mnoauty Macu B3oBxk 1Box [ICh

I,=0513-m-r? (2.7)
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Tabnuus 2.5. Ionoxenns Conus (o), Micsus (o )
1 By3na op6itu LLIC3 “MIDAS-7” (aq,,,) B MOMEHTH
(Max, Min) nepiony BikoBUX 3MiH (F;) Ha iHTepBail
CIIOCTEPEeKEHb.

P = 345 ni6, 2 °/no6y = 0.0558
Jlara P |aq,.,°| as° | ag,® || Ne| ara P |aqg,,°| o’ | a¢,°
05.07.78 | Max | 102.5 | 103.5 | 105.0 || 16 | 17.03.11 | Min | 162.2 | 357.0 | 164.0
02.01.79 | Min | 99.2 |285.5| 98.5 || 17 | 29.08.11 | Max | 153.0 | 157.0 | 154.0
24.06.79 | Max | 90.6 | 92.0 | 93.5 || 18 | 07.03.12 | Min | 143.8 | 347.0 | 143.0
04.12.79 | Min | 81.0 |251.0| 85.5 || 19 | 16.08.12 | Max | 132.6 | 146.0 | 132.8
12.06.80 | Max | 72.0 | 80.1 | 72.0 || 20 |27.01.13 | Min | 124.5 | 309.5 | 126.1
26.11.80 | Min | 63.0 |2412| 65.5 || 21 |09.07.13 | Max | 1153 | 108.5 | 115.5
23.04.82 | Max | 353 | 31.0 | 33.5 || 22]20.12.13 | Min | 106.2 | 267.5 | 105.1
04.10.82 | Min | 263 |189.5| 23.2 |23 |27.06.14 | Max | 964 | 96.5 | 100.2
9 [16.04.83 | Max | 17.3 | 20.5 | 19.0 | 24| 07.12.14 | Min | 86.5 |254.2| 87.2
10 | 01.04.84 | Max | 3.0 | 105 | 7.0 | 25|16.06.15 | Max | 76.0 | 83.2 | 772
11 | 27.10.08 | Max | 210.6 |220.0 |210.7 | 26 | 26.11.15 | Min | 66.1 |242.0 | 72.0
12 | 10.04.09 | Min | 200.9 | 18.7 | 201.1 || 27 | 04.06.16 | Max | 559 | 72.2 | 58.5
13 ] 20.09.09 | Max | 191.4 | 178.0 | 190.7 || 28 | 14.11.16 | Min | 46.7 |230.0 | 48.0
14| 29.03.10 | Min | 180.3 | 7.5 |181.7( 29 |27.04.17 | Max | 37.8 | 34.5 | 39.0
15 06.09.10 | Max | 171.1 | 167.5|170.5 || 30 | 30.11.17 | Min | 26.9 |218.2| 24.8

#

[N e R O S R S R

3 1HILIOi CTOPOHU BEeJIMYMHA aMILTITYIA JOBromepi-
OJMYHMX 3MiH, CKOpillle 3a Bce, 00yMOBJIeHa 3HA4YEH-
HSM KyTa Haxuiy ¢ momuHu op6itu LIC3 no exBa-
TOpa 1 pi3HUM BIUIMBOM Ha HHMX HPSIMOi COHSYHOI pa-
mianii. Yum Gmkye nerd Kyt no 90°, TuM aMIulityaa
Olunble. YcepelHeH1 KUIbKICHI OI[IHKY BEJIMYMHU 30Y-
peHb 3 60Ky rpaBiTauiiHux noiiB Micsius Ta CoHLs Ha
BnacHe o0eptanHs LLIC3 cepii “MIDAS”, npuBeseHi B

naparpadi 2.3, maATBepIKYIOTh 3p00JeHI BUCHOBKH.
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2. CYIIYTHIIKII CEPII “MIDAS”

Tabnuust 2.6. PesynbTaty MOpiBHSAHHS aMILTITYIH 10B-
rorepioAnyHuX 30ypeHb B BiacHoMy obeprtanHi [LIC3
cepii “MIDAS” (A A) 3 HaxusoM opOiT (1)

Ne | Haza LIIC3 | P, mi6 | 7,° | AA, cexk. N

“MIDAS-4” | 477 |95.8 4 57340
“MIDAS-6” | 466 | 87.3 8 56992
“MIDAS-7”| 346 | 88.5 22 56500

W N =

2.3. KiabkicHi OHiHKHM BeJIHYHHHU
30ypeHb, 110 BIVIMBAIOTH HA
BJIACHE 00epTaHHS

pocaimxyBanux HIC3

Bnacue o6epranns LLIC3 Ha opbiTi cipuiiMaeThes
SK pyX TipocKoIia, Ma€e MepeBa)KHO TPH CTYIEHs CBOOO-
1. BruiuB 30BHIIIHIX CUJI Ha TaKWil T1POCKOMN MPOSIB-
JSIEThCS Yepe3 TIPOCKOMIYHUIA MOMEHT (MOMEHT CHITH
M ), SIKMI BUKJIMKa€e oOepTaHHSA HABKOJO BJIACHOI OC1
00’€KTa 1 MpeneciiHuii pyx camoi oci o0epTaHHs 3 Ky-
TOBUMHM HIBUAKOCTSIMU W U Wy, BIATOBITHO.

B 3aranbHiii popMi 3B’ 130K M1k TpOCKOMIYHUM MO-

MeHTOM M 1 0GepTaHHSAM TipOCKONa BUPAKAETHCA Bi-
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JIOMHUM CITIBB1THOIIIEHHIM:

M,=L-3 (2.2)
ne, L - MOMEHT KIJIbKOCTI pyXY, PIBHUI
L=1-w (2.3)
ne I - MOMEHT 1HepHii TiIa, 10 00epTaEThC.
3BiJCH:
M, = Iwowsin 3 (2.4)

1e, [ - KyT mperiecii oci BracHoro odeptanus [1IC3.

SO W 1 wyp XapaKTepU3yIOTh 00epTaHHs 00’ €KTa,
TO BennunMHa [ oOyMmoBIlieHa Horo Macoro i GopMoro.
KyToBi IIBUAKOCTI BU3HAYAIOTHCA Yepe3 Meplon Bijl-

MoBiJIHOrO obepTaHHs 1"

2T
= — 2.5
W= (2.5)
BennurHy 30yproro4oro MOMEHTY, IO i€ Ha 00’ €KT

SIKAM O6€pTa€TLC$I BU3Ha4YarOTh SK:

dL

M; = ==
L="at

(2.6)
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