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Mera pocaifKeHHs1 TOJSTae y TEOPETHYHOMY JOCTIKEHHI MPOLECIB
MIKpoJIiH3yBaHHs Biaganenux jokepen B [JIC (rpaBiTamiidHO-TIH30BUX CHUCTEM) 3
ypaxyBaHHSAM X BJIACHHX PO3MIpiB, B TUIaHI BUSBICHHS MOXJIMBUX aCTPOMETPUIHHUX
MPOSIBIB, Kl Y MEPCHEKTUBI MOXKHA Oyze crocrepiraTtu. 3ajgaya IMoJsrae y BUBYEHHI
MO>KJIMBOCTEH OTpUMaHHS acTpoi3u4HOi 1HGOpMaIlil 3 TaKHX CHOCTEPEKEHb, TOOTO
MOIIYK 3aJ€KHOCTEH CIOCTEPEKHUX aCTPOMETPUUYHHUX IMapaMeTpiB Bl MapaMeTpiB
['JIC.

Teoperuuni Bigomocti. BigxwieHHs CcBiTJIa B TpaBITallliHOMY TOJ1 €
NPaKTUYHO €JUHUM BIJOMHUM NPHUPOJHIM MPUKIATOM B3a€EMOAIl KJIACUYHUX IOJIB Y
BaKyyMi, 110 CIIOCTEPIraeThCs Ha acTpOHOMIYHUX MaciiTabax. Lleit edekt onucyeTscs
y paMKax 3aranbHoi Teopii BimHocHocCTi. Moro BennumHa BKpail Malia, ane 3aBISKH
BEJIMKUM aCTPOHOMIYHHMM BIJCTaHSIM Ta JIOCUTh 3HAaYHUM MacaM KOCMIYHUX 00'€KTIB
edeKT MPUBOJIUTH 0 TOMITHUX 3CYBIB Ta 3MiH SICKPABOCTI 300pa)K€Hb BIITAJICHUX
00'eKTIB Ta MOSIBU HOBUX 300pakeHb. JlocmimkeHHd HUX e(EeKTIB CKIAgae MpeaMeT
I'PaBITALIHO-JIIH30BUX JIOCIIKEHb, aKTYaJbHICTh SIKHUX TIOB'S3aHa 3 MOXKJIMBICTIO
OTPUMaHHA HOBOI, @ YaCTO YHIKaJIbHOI, (PI3MYHOI Ta aCTPOHOMIYHOT 1H(pOpMaIIii.

JIin3oBa TeMaTuKa cTajia 0OCOOJMBO AKTYallbHOIO B 3B'SI3KY 3 MPOOJIEMOIO0 TEMHOI
PEUYOBHHH, SIKY MOXKHA 3a(iKCyBaTH JUIIIE 32 i rpaBiTaniiHuM BIutuBoM. Komu y poui
BIJITAJIEHOTO JIKEpesa BUCTYNA€e KBa3ap UM ralaKTUKa Ha KOCMOJIOTIYHIM BIJICTaHI, a y
poJIl JpKeperna TPaBITAlIHOTO TMOJS — rajakThka, ad0 CKYMYEHHs TajJaKTUK, TOMl Y
rpaBiTaIliHIN J1H31 CIOCTEPIraloTh JCKIJIbKa MaKpo300paKeHb Ha BIACTAHSIX TOPSAIKY
CeKyHJ Ayrd. MOoXyTh CIOCTEPIraTUCh TraHTChKl Iyrd JAe(OPMOBAHOIO JIKEpena, 3
TaKUMH K Ta OUIBIIMMH XapakTepHUMHU po3mipamu. Lli cucremu MoO)KHA BBaXKaTu
CTaTUYHHMH, OCKIJIbKH XapaKTePHUH Yac BITHOCHOTO PyXy TAIAKTHK € TYXKE BEIIMKUM

(MakposTiH3yBaHHA). 3 1HIIOTO OOKY, JKEpPEJIOM TpaBITAI[IHHOIO MOJsI MOXE OyTH 1



OKpeMe KOMIAaKTHE TLIO 3 Macor, TUIIOBOIO JAJISl 3ip — YOpHa Aipa, 30pd, IUIaHETa,
tomlo. Takui epeKT Ha3uBaIOTh MIKPOJTIH3YBAHHSIM.

MikpoJliH3yBaHHS BIAIrpa€ BaXXJIMBY POJIb 1 B MaKpoJiH3aX. JIIH3yl0Uy TalakTUKy
MOJKHA PO3TJISAATH AK CYKYIMHICTh BEJIMKOI KUIBKOCTI OKpeMHX 3ip, AKi (OPMYIOTh
BEJIUKY KUIBKICTh MIKpP0300pakeHb. Bce 116 00yMOBHMIIO aKTyasIbHICTh JaHOi poOOTH,
MPUCBAYEHOT BUBYCHHIO ONTHYHUX BJIACTHBOCTEH IIOB’S3aHUX 3 TpaBiTAIliiHUM
polecamu.

@Di3u4HA CYThb MAKPOJIH3YBaHHSI Ta MIKpPoOJiH3yBaHHA.  BukpubieHHs
IPOMEHIB CBiTJIa OyJlO OJHUM 3 TepumuX e(eKTIB 3araibHOi TeOopii BiIHOCHOCTI,
nependauenux A. Einmreitnom [3]. Opnak nume y 1970-1980-t1 pp. crano
3po3yMiIuM, 10 rpaBiTaniiiHo-miH30B1 cucreMu (['JIC) € nmocuts mnommpeHuMu
apuilaMu 'y Bcecsiti. ['paBiTaniiiHe J1H3yBaHHS Mae€ YyHIKaJbHE 3HAYEHHS IS
BUBUYCHHS po3MoAuly macu y BcecBiti, 0co0iaMBO TeMHOiI Martepii; BOHO Ja€
MO>KJIUBICTh OTPUMATH BaXJIMBI JaH1 NP0 MacH TAJIAKTHK Ta iX CKJIaJIOBI.

EdekT MikposiH3yBaHHS TOJIATA€ B HACTYNMHOMY. SIKIIIO JBI 30p1 3HAXOASTHCS
npubJIM3HO Ha OJAHIN JiHIT 3 36MHUM CIIOCTepiradyeM, TO CIIOCTepirad NoOayuTh
3pOCTaHHs OJUCKY 30pi, AKa po3TalloBaHa Jlajl BiJl HAC, OCKUIbKU OJIM)KYa MPAIIOE SK
rpaBiTalliitHa JiH3a, 30Upardu CBITIIO J1ajlekoro 00’ekta. B Tomy BuUmaaxy, Ko O
0JIM3bKOI 30pi € TUlaHeTa, MU MOOAYMMO JO0JaTKOBE 3pPOCTaHHS OJMCKY — IUIaHETa
TAaKOX CIIpAaLlO€ SIK MaJeHbKa JIIH30YKa. 3a MapamMeTpaMH 3MiHHM SCKPaBOCTI JAJIEKOi
30pi MOKHA pO3paxyBaTH Macy JiH3, Y TOMY YHUCHI 1 TUTaHeTH. 3apa3 TpaBiTalliiiHe
JIH3YBaHHS CTAJIO HAMBAXJIMBIIINM IHCTPYMEHTOM €KCIIEPUMEHTAIbHOT aCTPOHOMII.

3a Moro JOMOMOTOI BHU3HAYAIOTh MACH TajaKTHUK, BUBYAIOTH PO3MOJIIN Mac iX
CKYMUEHHSX, IIYKaloTh ek3omiaHeT. [1lo6 3HalTH ek30IIaHeTy B TaKUM CIOCOOOM,
NOTPIOHO OpraHizyBaTu Oe€3MepepBHI CHOCTEPEKEHHS 33 MUIbHOHAMHU 3ip. 3apa3 y
CBITI 1CHY€ JEKIJbKa TMPOEKTIB, L0 0a3ylThcsl Ha eQekTax, I[OB SA3aHUX 13
MIKPOJIIH3YBaHHSM. 3amylIeHUHd KOCMIYHMM amapar, NpU3HAYeHUH [UIsl MOIIYKY
€K30IUIaHeT IIMM METOJAOM. MeTo TpaBITAIlifHOIO MIKPOIIH3YBaHHS JI03BOJISIE
3HAXOJWTH ,JIeTKI” TUTaHeTH (3 MacaMu TOPSJAKY 3€MHOi) Ha opOiTax i3 pajiycoM
MOPSAKY OAHIET aCTPOHOMIUHO1 ofuHuII. [IpoTe 1151 MeToauKa Mae ouH cretupiIaHul

HEJIOJIIK: 4YacTillle BChOTO MM HE 3HATUMEMO, OiIsf SKOi 30pl 3HalJIeHa IUIaHeTa,
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OCKIJIBKH 30psi-JTiH3a 3BUYAITHO YHHUKAE MPSIMOTO IETEKTYBaHHS. Y I[OTO METOY JyKe
oOMekeHa 00J1acTh 3aCTOCYBaHHA, TaK SIK MDK 30PSHOIO CHUCTEMOIO, SIKa CIOCTEpI-
raetbcsi, 1 COHIIEM TOBHMHHA 3HAXOJUTUCh 1HIIA 30ps, fKa (QOKyCcye CBOIM
rpaBiTaliiiHUM TOJIEM CBITJIO Haioi 30pi. KpiM Toro, npu 3acTocyBaHH1 I[bOTO METOIY
HEMO>KJIUBE MPOBEJCHHS TOBTOPHUX CIIOCTEPEKEHb.

CBoro Ha3By edekT rpasiTariitnoro jgia3yBadHs (I'JI) oTpumas B 3B 53Ky 3 HOT0
NOMIOHICTIO 10 pe3ynbTaTy Mii 3BUYaiiHOI omTuyHOi JiH3U. ['paBitamiiiHe mome
MaCHMBHHMX O00’€KTIB Tpa€ pOJb TITaHTCHKOTO MPUPOJHOTO TEIECKOMY, T03BOJSIOUN
JTOCIIIUTA OYyIOBY BiJJaieHWX JDKepena BumpoMiHioBaHHsA. [JI € mkepenom
YVHIKQJIbHOT acTpodi3U4HOI, ISl SIKUX POJIb “‘TENIECKOMIB” BIAITPAIOTh OUIBII OJIU3bKI
raJIaKTHKU.

B rpaBiTamiiiHO-11H30BUX JOCHIIPKEHHSAX BUJUISAIOTH JBa BEJIMKI HAMPIMKA —
MaKpoOJiH3yBaHHA Ta MikpomiH3dyBanHa [1-3]. Komu y pomi BiggalieHOro pKepelna
BHUCTYIA€ KBa3ap YW TajakTHUKa HAa KOCMOJIOTIYHIM BIJICTaHi, a y pOJl JKepena
rpaBITAI[IfHOTO TOJISI — TaJlaKTHKa, a00 CKYIMYEHHs TaJakTUK, TOJAl Y TpaBiTaIlidHINA
JIH31 CIIOCTEPITaroTh JIeKiIbKa MaKp0o300pakeHb Ha BIICTAHSAX MOPSIKY CEKYH TYTH.

MoXyTh CIOCTEPIraTUCh TIraHTChKI Ayru Ae(OpMOBAHOIO JKEpENna, 3 TAKUMHU K
Ta OUTPIIIUMHU XapakTepHUMHU po3Mipamu. Lli cucremMu MoOXHA BBa)KaTW CTATUYHUMU,
OCKUIBKM ~XapakTEepHUW dYac BIAHOCHOTO pyXy TaJakTHK € JyXKe BEJIUKUM
(MakpoJiiH3yBaHHS). 3 I1HIIOTO OOKY, JKEPEJIOM TIpaBITAlliHOTO MOJSI MOXKe OyTH 1
OKpeMe KOMIAKTHE TUIO 3 Macolo, TUIIOBOIO JUIs 3ip — YOpHA JAipa, 30ps, TUIAHETa,
tomo. Toxl edexkr Ha3uBalOTh MIKPOIIH3YBaHHSM. Take SBHILE CIOCTEPIraloTh,
HAIMPUKJIAJ], KOJM CBITIO BiJ 30pi B MaremaHoBux Xmapax MpOXOJUTh MOOIU3Y
KOMITaKTHOTO 00'ekTy B rajo [amaktuku [4]. 3aBAsSIKM HEBEIUKUM XapaKTEPHUM
MacmTabaMm 3MIHHM SICKPaBOCTI JIKEpena 3a paxXyHOK BITHOCHOTO PyXy MaroTh Pi3Ky
YaCOBY 3aJICKHICTh Ha MPOTs31 THHKHIB a00 micsiiB. [Ipu 1boMy BeTUYUHU 3MIMIEHHS
300paKEHb CATral0Th MIKPOCEKYH/I TyTH.

Po3risiHeMo OCHOBHI NMPUHLMIIKA CTBOPEHHS 300pa)keHb B rpaBITALIMHIN JIIH31 3
chepuyHO-CUMETPUYHUM po3noaiiom macu. Ha wman.l., OykBoro D mo3Hauena
rpaBiTalliiiHa JiiH3a (4u, sK i1 1€ Ha3UBalTh, AedeKTop), S - 30ps dony, Jditeporo O

BIJIMIYEHO TOJIOXKEHHS crocTepirada. Kyt mix HampsiMom Ha neduiekTop i iICTUHHUMN



CTaH 30pi S MO3HaYEHO Yepes3, KyT MK HanmpsiMoM Ha nediextop O.

Man.l. a) - euxpusienns npomenie ceimaa oanexoi 30pi S 6 epasimayiiHomy noii Mmoyko8oi
macu D; 6) - posmawysanns oeghnexmopa D, 30pi S i O, kymosuti padiyc konyca Etinuumetina

MikpomiH3yBaHHS T'pa€ BaXXJIMBY POJib 1 B MakpojiH3ax. JIiH3yrody TrajakTHKy
MOKHA PO3IJSAaTH K CYKYIHICTh BEJMKOI KIIBKOCTI OKpeMHUX 31p, AKl (POpMYyIOTh
BENIUKY  KUIBKICTh  MiKpo3oOpaxeHb. Cymepnosuilisi  MIKpo300paxeHb  Jae
MaKpO300paKeHHS y JiH31. 3MiHa SCKPAaBOCTI Ta MOJIOKEHb MIKPO300pakeHb Oyjie
crocrepiratucs 1 B pomMy Bunaaky. Crmocrepirad, mjo HEB3MO31 PO3AUIUTH MAaKpO-
300paKE€HHS Ha MIKPO-KOMIIOHEHTH, 0yJi€ CIIOCTEPIraT 3MiHHU y 3arajibHiil SICKpaBOCTI
Ta y MOJOXKEHHI IIEHTPY SCKPaBOCTI 300pakeHHs. [{el BUMmagok — MiKpoJIiH3yBaHHS B
Mo3arajJakTUYHHUX JIH30BUX CHCTEMaX, € OCOOIMBO LIKaBUM Ta Pa3oM 3 TUM 0COOJIUBO
CKJIQJIHUM JJISl TEOPETUYHUX JIOCIIIKEHb, OCKIJIBKH HEOOX1THO BPaXxOBYBAaTH BHECOK
BEJIUKOT KIJTBKOCTI 3i1p TaJllaKTUKU. MeToauka MOJCIIOBaHHS CUCTEM 3 BEJIUKOIO
KUIBKICTIO 31p po3poOssutacst OaraTbMa aBTOpaMH, ModynHarouu 3 poOiT Kaiizepa,
Pedcnana, Crabena ta BambGcranca [5-6]. 1li poboTu cToCyrOThCS TEpemyciMm
PO3paxyHKy 3MiH SICKPaBOCTI 300pakeHb JHKEpesia Mpyu MIKPOJTIH3YBaHHI.

@i3uYHO-aCTPOMETPUYHI ACHEKTH rpaBiTaniiHOI ONTHUKH. ®di3uyH1 Ta
aCTPOMETPUYHI aCMEKTH MIKPOJIIH3YBaHHSA TMOYAJIM I[IKABUTHU JOCJITHUKIB JIMIIIE
30BCciM HemaBHO. OCHOBHOIO TMPUYMHOIO € Maja BEIWYHHA 3MIIIEHb 300pakeHb B
MIKpPOJIiH3aX — Ha PIBHI MIKPOCEKYHJ AyTH, [0 32 MEKaMH MOXJIMBOCTEH CydacHHX
npuiaaiB. Aje BXe 3apa3 € TMPOEKTH, fAKI MOXYTh OYTHM 3acTOCOBaH1 s
aCTPOMETPUYHHX CIOCTEpPEX,EeHb TpaBiTamianx miH3 [7,8]. L{i mpoekTn po3paxoBaHi
Ha HalOMMX4e JecATUpIdYs, TOMY TEOPETHUYHI JOCHIIKEHHS UbOro MUTaHHS
aKTyaJlbH1 BJK€ CbOr0JiHI. ACTpo(i3U4HA AOUUIBHICTh TAKUX CHOCTEPEKEHb OYEBUIHA!

BOHU € JDKEPEJIOM He3aJekHOoi 1, SK MpaBujio, OUTHII TOBHOI acTpodi3UUHOT
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iH(popMaLii Tpo MpolecH MIKPOJIIH3yBaHHS. TEOpeTHUHl MOCHIIXKEHHS B I[bOMY
HaIpPSMKY CTOCYIOThCS 37€OUIBIIOT0 TATaKTUYHOT'O MIKPOJIIH3YBaHHS, KOJIM B MPOIIEC]
NpUHAMAIOTh YYacThb JIMIIE OJHA-ABl MIKPOJIH3U. BHUSBIS€TbCS, IO MO3MUIINHI
CHIOCTEpEKEHHSI 300pakeHb B TaJaKTHYHUX MIKPOJIH3aX 37aTHI JIKBIyBaTH
HEBU3HAYECHOCTI, IO 3'ABJISIOTHCA MPU CYTO (POTOMETPUYHHMX CIIOCTEPEIKEHHSIX
MikponiH3yBaHHA  [12].  AcTpoMeTpW4yHI  CHOCTEPEKEHHS  TpaBITallIiHOTO
MIKpOJIIH3YBaHHSI MOXKYTh CTaTH BUPIIMIATBHUMHU 1 IPU AOCTIIKEHHI MPUPOIN TEMHOI
PEUYOBUHM, 3aBASKHA JOJATKOBIM MOXIMBOCTI OLIHUTH BHECKHM JUCKPETHOI Ta
CYL1JIbHOT KOMIIOHEHTH PEUOBUHU Y CIIOCTEPEIKHUX e(PeKTax.

B TeopermuHoMy IiaHi ciif BIA3HAUWUTH, WO JOCIIPKEHHS acTPOMETPUYHHUX
edeKTiB MalOTh CBOIO crielu]iky 0COOIMBO B MO3arajlakKTUYHMX JIIH3aX, JI€ ONTUYHA
TYCTHHA MIKPOJIH3 YaCcTO € 3HAYHOIO. 3ayBaXMMO, 110 B 33Jja4aX 3 MaJOK ONTHYHOIO
I'YCTUHOIO MOHa OTPUMYBATH OIIIHKKA aCTPOMETPUYHHUX €(EKTiB, B TOMY YHUCHI 1 3
BEJIMKOIO KUIBKICTIO 3ip, 3a JOIMOMOror0 aHamiTHaHux MetoxiB [15-18]. Came mei
BUIIAJIOK Ma€ MiCIe, KOJIM MIKPOJIiH3aMH € 30p1 Hamioi ["anakTukuy 1 Tpeda BpaxyBatu
CTATUCTUYHMM BIUIMB BEJIMKOI KIJTBKOCTI uX 3ip. [Ipu mo3aranakTuuHoMy JIiH3yBaHHI,
K TpaBWIO, HEOOX1AHI yncenbHl MeToau. [IpuyoMy po3paxyHOK CTaTHUCTHKU PYXIB
300paKEHHS JKEpesla TPH MIKPOJIH3YBaHHI € TaKoX OUIbII CKIAJHUM s
00YHCIIEHb, HI)K CTATUCTUKA 3MIH SICKPABOCTI.

Tyt cyTTeBO, MO acTpoMeTpuyHl e(eKTh OIbII NOBUIBHO CHAJA0Th 13
3pOCTaHHSIM BIACTaHI BiJi MIKPOJIH3 JI0 TMPOMEHS 30py, 1 1€ MPU3BOAUTH JIO
HeOa)XaHOro BHECKY JAJIEKOIII0UMX e(eKTiB. B 3aralbHOMy BUMaJKy BHECOK JAJIEKHX
MIKpOJIIH3 BUMAara€e BpaxXyBaHHS JE€Taliel pO3MOAUTY 31p B yCiil JIIH30BIM rajakTHIll 3
BEITUKUM HaOOpOM HEBioMHX MapamMeTpiB. Lle ycknagHioe OIHO3HA4YHE OTPUMAHHS
JIOKaJIbHUX TapaMeTpiB JIH3M Ha NPOMEHI 30py 3 JAaHUX OPO 3MIIIEHHS LEHTPY
SCKPaBOCT1 300pakeHHS JpKepena.

OcTaHHIM 4YacoM BEJUKY YyBary IpUBEpTAaE acTPOMETPUYHE TIpaBiTalliiiHe
MIKpPOJIiH3yBaHHs. TyT OCHOBHHI aKIEHT pPOOMTHCS Ha AOCHIIHKEHHS TPAa€eKTOpid Ta
PYXiB 300pak€Hb MIKPOIIH30BaHUX O00'€KTiB. [HTepec 0 HBOro TMOB'SI3aHMMA 5K 3
NEePCHEKTUBAMHU MIKPOCEKYHIHOT aCTPOMETPIi, 30KpemMa, 3 BUKOPUCTAHHSAM KOCMIYHHMX

maTdopM, Tak 1 3 HEOOXITHICTIO MaTH JOAATKOBY 1H(OpPMAIlI0 PO MIKPOTIH3YIOUi



o0'ekTH, 100 KOMIEHCYBaTH  HEBU3HAYCHOCTI, SIKI  3QJIMINAIOTHCS  MICTS
(GOTOMETPUYHUX  CHOCTEpEXKEHb. Y TEOPETUYHOMY IUJIaHI HAWMNPOCTIIIMM €
JOCITIJIKEHHSI aCTPOMETPUYHOTO MIKPOJIIH3YBaHHS OJIHI€I0-IBOMA TOYKOBUMHU MaCaMHU.

Y nozaranaktuunux ['JIC, konu Tpeba BpaxoByBaTH HEIIHIMHUMA BIUIUB BEJIUKOT
KUTBKOCTI MIKPOJIIH3, 3ajJa4a MOJICJIIOBAaHHS acTPOMETpHYHHX edekTiB [13] € OiibIm
TPYAOMICTKOIO, HIXK TpPU MOJETIOBaHHI KpuBHX Onucky. HeBimomuit posmoain 3ip
JAJIeKO BIJl MPOMEHS 30py Ha MaciiTabaX TaJaKTHKU-JTIH3A TPUHOCUTH TIEBHY
HEBHU3HAYEHICTh, TOMY OaXaHO MOJIETIOBATH CaM€ Ti BEJIIMYMHU, 10 HEYYTIUBI O
JeTane posnoAury. Y pas3i aCTpOMETPUYHOTO MIKPOJIIH3yBaHHS BiIaJICHUX 00'€KTIB
3o0psiMu  ['allakTHKKM ONTHMYHA TyCTHHA Jy’>)K€ Malia, M0 CIPOIIYyE CTaTUCTUYHI
pO3paxyHKH 3 ypaxXyBaHHSM BEJIUKOi KUIBKOCTI Mac. Y po6oti [15] oTpumano
aHAMITUYHI CIIBBIJHOIICHHS JUIsl PO3MOAULY BUAMMHUX PYXIB 300pakeHb JaJEKUX
JUKEpel, IHAYKOBAaHUX CITA0KMMU IpaBITAIIHHUMU MOJISIMU KOMIAKTHUX 00'€KTIB.

Metonu pobotu [15] MoOkHa 3acTocyBaTH [0 CIA0KOrO MIKpPOJIH3YyBaHHS
KBa3apiB 30psiMu ["asakTuku. YsBHI pyXu 300pak€Hb IIUX JHKEpPET BaXKKO BIIUIATH
BiJl iX BJIACHMX pPYXiB, IO CTaBUTh MNPHUHIIMIOBE MUTAHHSA IMPO MEXKY TOUYHOCTI
aCTPOMETPUYHUX BUMIpIOBaHb [8]. V [5] moka3zaHo, MO SKIIO0 BUKIIOUUTU 3 PO3IIISIAY
MOJii CUIILHOTO MIKPOJIIH3YBaHHS (HA MPAKTHIIl 116 MOXHA 31HCHUTH, KOPUCTYIOUUCH
KPUBUMH OJUCKY BIAMOBIAHUX 300pa)keHb), TO KOJIEKTUBHI PYXHU 31p 1HAYKYIOTh
cepeaHiit pyx 300paxeHHs B HanpsIMKy o0eptanHs ['anaktuku. I{e o3Hayae, 1o icHye
bikTuBHE  oOepTaHHs  (yHIAMEHTAIBHOI CHCTEeMH  BIJIIKY, TIOB'S3aHOI 3
T03aTaNakTHIHUMH kepenamu [5]. Moro edexT Mamwii, ane B MaiGyTHbOMY, IIpH
MIJBUIIEHHI TOYHOCTI BUMIPIOBaHb, TpaBITAlIMHO-IHIYKOBAaHI PYXU 300pa’KeHb
BIITAJICHUX  JDKEpEN  YCKJIAJHIOBATUMYTh BU3HAUYEHHS CHCTEMHM BIJIIKY Ta
MO3ULIIOHYBaHHA 00'€KTIB Ha HEOI.

Xin mnpomeHiB B KocMiuHii Jin3i. ['0l0OBHA IIHHICTH TpaBITAIMHOTO
JIH3YBaHHS B TOMY, IO BOHO Ja€ IH(OpMalil0 HE JHIIE 1 HE CTUIBKH MpO
CIIOCTEPEKYBAaHUN 00'€KT, 300pa)KEHHS SIKOTO CIOTBOPIOETHCS JIIH300, CKIJIBKU TIPO
camy JIH3Y, ii BIaCTHBOCTI 1 mapaMeTpu. Bchoro po3pi3HAIOTH /1Ba BUIU JIH3yBaHUS -
cuwibHe 1 crnabke. [lpu cmabkoMy niH3yBaHil JiiH3a TUIBKKA CHOTBOPIOE POpMY 1 BUAMMI

MOJIOKEHHSI BUJANEHUX 00'ekTiB. Ilpu cuiabHOMY JiH3yBaH1 BIUIMB JIIH3M HACTIIBKU



BEJIMKUH, 110 300paKeHHS CIIOCTEPEXKYBAHOTO Uepe3 JIH3Y JKepesa PO3LICTUTIOEThCS
Ha JIEK1JIbKa 300pakeHb, 1110 YTBOPIOE KIJIbIIA, AYTH 1 1HII CKJIaaHim Girypu. Marwodu

"

300pakeHHs], 3po0sieHe" CHUJIBHOKO JIIH3010, MH MOXKEMO BIIHOBUTH Macy ii
[EHTPaJbHOI YAaCTUHH, a OTXKE, SKIIO SK JIIH3a BUKOPHUCTOBYETHCS CKYMYCHHS
rajlakTUK, - Macy IEHTPadbHOI YaCTHMHHU CKym4eHHs. [lo cmaOkomy JTiH3yBaHHIO MU
MO3KEMO 3 TIEBHOIO MIpOIO JOCTOBIPHOCTI OIIHUTH (OpMY (BUTATHYTICTH) BHIIAJICHUX

JDKepen, JIH3yEMHUX CKYMUEHHSM TallakTUK, 1 3 [bOr0 OTPUMATH MPOCTOPOBUI

po3moaia Macu JTiH3u[6].

Man.2. Memoou uucenbHo20 MOOen08aHHA 00380IAIOMb PO3PAXOEYEAMU HA CYNEPKOMN Tomepax
WX C8IMIIA Y 8EUKUX 00'EMAX KOCMIUHO20 NPOCMOPY, 3AN0BHEHUX MEMHOK DPedO08UHOIO.

Lnriocmpayis: S. Colombi (IAP), CFHT Team

3BuyaitHo, cami 1Mo €001 pe3ysibTaTH OIIHKKA Macd JIH3YIOUMX TaJIaKTHK 1 iX
CKyMUeHb MPEACTABIAIOTh MEBHUN 1HTEpPEC ISl MO3arajJakKTUYHOI acTpOHOMIi, TIPOTe
el 1HTepeC MOMITHO 3pOCTA€, KOIH 3'SIBISETHCS MOXKIUBICTh BUKOPUCTATH OTPUMaH1
pe3ynbTaTH I BUPIIMIEHHS 1HIIMX HACYIIHUX MpoOjieM cydacHOi (i3uku 1
KocmoJiorii. OJiHI€I0 3 TaKUX MpodieM € mpodieMa TeMHoi peduoBuHHM. Llle B ocTanHii
yBepTi XX CTOMITTA OyJO JOCTOBIPHO BCTAaHOBJICHO, - 30KpeMa, MO JUHAMII PyXy
raJIaKTUK 1 CKYITYEHb MPH iX TpaBITAMIHIN B3a€MO/Iii, 1€ 1 3rOAMIACS HE3aIeKHA, HE
JUHAMIYHA OIlIHKa Mac TaJlaKTHMK 1 CKyO4eHb, - IO BUAMMa peyoBUMHA (3Ip 1
ra3onwiIoOBHX XMap) CKIAJa€e B CHOCTepexyBaHi yacTuHi BceecBiTy He Oinbiie 5%,
TOJ1 SIK HEBUJIMMO1 pEUOBUHHU MPUOJIM3HO B 5 pasiB OujibliIe.

CnoyaTtky (axiBii BHpakadW HaJIl0 TOSCHUTH ICHYBAaHHSA TakKoi MPUXOBAHOI

MacH ICHYBaHHSIM HEBUJAMMHX aCTPOHOMIUYHUX OO'€KTIB, IO HE € JDKEpeIaMH SKOTo-
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HEOYy/lb BUMPOMIHIOBAHHS, - HAMPUKIAJ, XOJOJHUA KOCMIYHMHA MWJI 1 Ta3, TUIAHETHI
CUCTeMHM HaBKOJO 3ip, 4YopHl gipu. Taki 00'€ekTM B SKOCTI TEMHOI PEYOBUHU
PO3MIISIIAIOTHCS 1 3apa3, NPOTE 3apa3 3'IBUIIMCA MiJICTaBU BBAXKATH, 11O X HEIOCTATHHO
JUIsT OOYMCIIEHHS '"MPaBUJIBHOTO" 3HAYEHHS TYCTHHH TEMHOI pEYOBUHH, TOMY
JIOBOAUTHCS IIYKAaTH HOBI "TpeTeHJeHTH" Ha 3BaHHA "TeMHOi pedoBuHU". [ TyT-TO
BEJIMKA HaJls TMOKIAJAa€TbCs Ha TpapitamiiHi giH3u! He3Baxkaioum Ha yCIO CBOIO
ONTUYHY HEJOCKOHATICTh HaBITh MOPIBHIHO 3 JIH3aMHU 3BHYAWHUX OKYJSPIB, BOHH
JIO3BOJISIIOTH " TOOAYUTU" HEBUAMMY PEYOBHHY, HE BUIIPOMIHIOIOYY HI B OJTHOMY 3
ONTUYHUX J1ana30HIB, KA BIAXUIISE MPOMEHI CBITIIA, IO MPUXOASTH BiJl HAI3BUYANHO

JaieKuX 00'€KTIiB, PO3IICIUIFOIYH 1 CIIOTBOPIOIOYH iX 300paxkeHHs[5].

Man.3. Tax modicha cxemamuuro 306pasxcysamu Xio npomenie 6 epagimayinnii ninsi. Ilpomeni, wjo
PO3X00SIMbCA, 8i0 MOYKOB020 OO0 Matidce MOUK0B8020 00'ckmy (danekoi 30pi, earakmuxu abo
CKYNYeHHs 2a/laKMUK) GUKPUBTAIOMbCA Helo | CMaoms maKumMu, wo cxooamvcs. B pezyromami,
00'exm, y 8iocymHocmi NiH3U w0 8UeiA0a8 OU K MOYKa, Wo CEIMUmMbCs, NepemeoproEmvpCs Ha
Kinoye, wo ceimumoca. Inocmpayia: NASA, ESA, and A. Feild (STScl)

MogenwBaHHs MNpPoLeciB  rpaBiTaniiiHOro MikpoJindyBaHHs. [pyna
acTpoHoMiB Amepuku mig kepiBHUUTBOM becon ['yptuaum 3 KomywmOiiicskoro
VHIBEPCUTETY  CHpoOyBajgM  CKCIEPUMEHTAIBHUM  IUISXOM 33  JOMOMOTOO
IPaBITAIlIfHOTO MIKPOJIH3YBAaHHS BUSBUTHU TIMOTETHYHI "MacHBHI KOMIAKTHI 00'€KTH
rao" - MACHO sik ckopoueHHs 3 aHIJIiHchkoro massive compact halo objects. Ile
Takli TYCKJI 0O0'€KTH, fKI TI0O Maci NPUOJM3HO BIAMOBIIAIOTH 30psiM. Pesynbrar
MIKpPOJIIH3YBaHHS BUSIBUBCS JIOCUThH HECITOIBAHUM.

[To6ynoBana mojens [Toroky MarennaHa - ra3oBa nepeMuyka MK rajlakKTUKaMHu

- IOKa3ajia, IO IICJIg 3ITKHEHHS BOHAa MICTHTh JIMIIE MOJOMI  30pi.
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Jmst peectpartii Takoro o00'ekty sk MACHO 3a pomomMororo TpaBiTamiiHOTO
MIKpOJIIH3yBaHHS MOTpIOHA HACTyIIHAa yMoOBa: OO'€KT TOBHHEH TMPOUTH Tepea
BUJIUMOIO 13 3eMJll 30pero, fKa 3HAaXOJIUTbCS 3a MeEXaMu Halloi TalaKTUKH, 1
OiACUIUTH 1i CBiTHO. B IIbOMy BHINAAKy y4eHI 3BEpHYIM yBary Ha TaJlaKTHUKY-
cynytHuk Yymanekoro Insxy - Benuky Xmapy Maremnana (BMX). 3opi Xmapu

JOCUTh BHUJQJICHI - 3HAYUTh, MOXKHA 3a JOMOMOTOI0 MIKPOJIH3YBaHHS BHUSBUTH

MACHO.

Mauan.4. Mooens Ilomoxy Mazcennana

Ane edekT, 1o crnocrepirascsi, OyB CHUJIBHIIINKI, 00 BIAMNOBIIATH TIMOTE31 MPO
te, MACHO, 1110 nopoKytoTh 0ro, MOXKYTh CKIaAaTHCs 3 TEMHOI Martepii. Haykosii
BBaXkaroTh, 1o, mBuame 3a Bce MACHO ckinanaerbcs 13 3BUYaiiHOT OaploHHOI
Matepii. 3 1HIIOro OOKy, TMpoIeC MIKPOJIH3yBaHHS OyB clabmuii Tomy, IO
BIJIOBIJIAJILHUM 32 i€ OyB XBICT 13 31p, «BUKpagaeHux» 3 Manoi MarennanoBoi Xwmapu

(MMX) (https://www.eso.org/public/ukraine/images/eso1311c/) [3,4].

Maun.5. Beruxa ma Mana Mazennanosa Xmapa

JloBinKa: acTpOHOMHU-HAYKOBIIl JESKWM Yac Ha3aj BiAMIYaId, 1O OJU3BKO 5

BijicoTKIB 3ip BMX 00epTaroThCsi HaBKOJIO IIEHTPY XMapu B HaIpsiMi, 3BOPOTHOMY


https://www.eso.org/public/ukraine/images/eso1311c/
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TOMY, B SIKOMy 00OepTaroThcs 1HI 95 BiAcOTKiB. | 11e BKazye Ha MOXOKEHHS IIi€i
MEHIIIOCTI 3 OJIMYKHBOI KapJUKOBOI TaJaKTUKHU. AJie TOJ1 HIUIocs Mpo "BUKpPAICHHS"
31p 0e3 AKMXOCh MacIITAOHUX Tpareiu.

Byne-ski cieHapii MOACITIOBaHHS TTOKA3yBaJI, 110 €IMHE MTOSICHEHHS IT1BUIIEHOT
IIBUJIKOCTI - 1€ 31TKHEeHHs Mk BMX 1 MMX, nojiist ieKijibka COTEHb MUJIBOHIB POKIB
tomy. KpiM TOTO, O/THAa MOJIEh IPOIEMOHCTPYBAJIA, IO OOMIBI KapJIUKOBI TATAKTUKA

= " ~ 1
poOsATh MOKH Tiepmii 060poT HaBkojo Yymarnekoro Illmsxy, To6To me "momoawmii

MPOLIEC 32 ACTPOHOMIYHUMH MipKaMHu.

OcHoBHI 3aBIaHHSl JOCJII:KEHHSI TIOJIATAalOTh Yy PpO3B's3aHHI Ha 0asi
MOJICIIIOBAHHSI ~ TPAEKTOpPIM  MEHTPY  SICKPABOCTI  300pakeHHs  JKepena,
MIKpPOJIIH30BaHOI'O OJHIEI0 YM OararbMa TOYKOBUMH MacaMu. Pe3ynbTaT, OTpUMaHi B
mpoleci JOCHIKEHHSI CTOCYIOTBCSl SIK TaJaKTUYHUX MIKPOJIH3, KOJU B MPOIEC]
MIKpPOJIIH3YBaHHS MPUHAMAIOTh Y4acTh OJWH-IBAa O00'€KTH, TaK 1 B MO3arajlakTUYHUX
JiH3ax, ¢ y (QopMyBaHHI 300pakeHHS MpHUIIMA€e ydyacThb BeJIMKa KUIBKICTh 3ip Ta
rasiakTuk. OCHOBHA 3aj/laya, JOCIIPKEHHSI CTATUCTUYHUX €(EeKTIB aCTPOMETPUYHOIO
JIH3YBaHHS, 32 JIONOMOIOK SKHUX MOKHA OTPUMATH JIOKaJbHI MapaMeTpH JIH3U Ha
pOMeEH1 30py. AJie TOJIOBHA 3ajiladya IIOB'si3aHa 31 3HAXOMKEHHS (POKYCHHUX TOYOK
rpaBiTallliHUX JIIH3 B KOCMIYHOMY TMPOCTOpl, BUKOPUCTaHHS SAKUX HAJIacCTh
MOXJIMBICTh IPOBOJIUTU CTIIOCTEPEIKCHHS HA3BUYANHO BIJAaJIEHUX 00'€KTIB.

UYepes mepexy [HTEepHET HEOOXITHO OMpPAIbOBATH CY4acHY HAyKOBY 1H(OpMAIIiO
noctynHy Ha caitax : NASA, ESA, the Hubble Heritage Team (STScl/AURA), J.
Blakeslee (NRC Herzberg Astrophysics Program, Dominion Astrophysical
Observatory), H. Ford (JHU). Cropiaku goctymy (  http://www.nasa.gov/,

http://www.esa.int/ESA , http://mechafushigi.com/ja/fluid-dynamics/interstellar-gas-

nasa-esa-the-hubble-heritage-team-stsci-aura-and-iphas/,
http://www.sciencedaily.com/releases/2013/09/130912112728.htm ) .

B pe3ynbTaTi aHani3y 0CTaHHIX HAyKOBUX JTaHUX HEOOX1HO 3pOOMTH BUCHOBOK IPO:
- TPAEeKTOpii IIEHTPY SICKPABOCTI 300pa)Ke€HHS JDKEpeia B CHCTEMI CIIOKOIO
JUKEpeNia 3 ypaxyBaHHSAM HOro poO3MIpiB NpH MPOXOIKEHHI OJHIET TOYKOBOI

MacH,


http://www.nasa.gov/
http://www.esa.int/ESA
http://mechafushigi.com/ja/fluid-dynamics/interstellar-gas-nasa-esa-the-hubble-heritage-team-stsci-aura-and-iphas/
http://mechafushigi.com/ja/fluid-dynamics/interstellar-gas-nasa-esa-the-hubble-heritage-team-stsci-aura-and-iphas/
http://www.sciencedaily.com/releases/2013/09/130912112728.htm
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- BIUIMB PO3MIpIB JiKepesa MPOSIBISIETbCA MPH HOro MEpPeTHHI MIKPOIIH3010 e
BEJIMYMHA KyTOBOTO 3MIIlIeHHS cKiIagae 0au3bko 30 MiKpOCEKyH AYyTH,

- TpaexkTopii 300pakeHHs JpKepesa IMPU MIKPOJIH3YBaHHI OJHIEI0 Maco MpH
HAsIBHOCT1 30BHIIIHBOTO (DOHOBOTO TOJS, K€ MOXE BUHUKATU MPU HAsIBHOCTI
IHIIUX Mac B IUIONMIMHI JIH3W (MaHUN BUIAJOK € THUIIOBUM IS
M03arajJakTUYHOTO MIKpPOJIH3YBaHHS, KOJM (DOHOBE TI0JIE€ YTBOPIOETHCS
JTIH3YIOYOI0 TAJIAKTHKOIO B IIJIOMY) ;

- BIUIMB (DOHOBOTO MOJII Ha SIKICHUH BUTJIS TPAEKTOPII.

JocimkeHHs: 3MIHHOCTI  MO3arajlaKTHYHUX JIKepeJ BUIIPOMIiHIOBaHHA
BHACJIII0K BIUIMBY IpaBiTaniiiHoro mikpoJsindyBanns. Ha ¢oni nii rpaBiTaniinoro
MOJIsl TaJaKTUKU-JIIH3HU, IO MOPOKYIOTh JEKUIbKa 300pa’k€Hb OJHOTO M TOTrO X
caMmoro JpKepena, sIke MOKHa pO3IJIJIaTH SIK Maike CTaTUCTUYHE, CIIOCTEepIraeTbes |
IHIMI edeKT Tiel XK caMoi (PI3UYHOT MPUPOIU, aje CHPUYUMHEHHH OKpPEMUMU
KOMIIAKTHUMU 00’ €KTaMH 30pSHUX Mac, 10 BXOAATH 10 CKJIay JIIH3YI0UYOi ralakTHKH.
Le - epasimayivine mixkponinzysanns (I'M). Came I'M crnpuumnHioe AMHAMIYHI 3MIHA
SACKpPaBOCTI 300pakeHb 13 4YacOBUMHM MaciTabaMud BiJl THXHIB JIO MICSIIIB.
[TopiBHIOIOYM 3MiHM SICKPABOCTI PI3HUX 300pakeHb B MO3arajJakTUYHUX TpaBiTaIliiiHO-
JIH30BUX CHUCTEMax, IMOTPIOHO JOCHIIXKYBaTH €(PEeKTH MIKPOJIH3YBAaHHS, ajie MpH
bOMY HAWOUIbII LIHHUMHU € CIIOCTEPEKEHHSI MO MIKPOJIH3yBaHHS 3 BEJIUKUM
MIJCUICHHSM, SIKI BIIMOBIIAI0OTh MPOXOHKEHHIO MIKPOJIIH3YIOUOTO 00’€KTa MOOIU3y
BiJl TIPOMEHS 30py, OCKIJIBKM BOHH JO3BOJISIOTH JOCHIIKYyBaTH OyAOBY JKepera
BUIIPOMIHIOBaHHS 3a BIIHOCHO HEBEIWKUN MpOMDKOK 4dacy. Edextn ['M HaiOuibm
MOMITHI, KOJIU JIKEPEJIO BUIPOMIHIOBAHHS MPOXOJIUTh Yepe3 KayCTUKY MIKPOJIIH3U -
Ha MOro KpUBIHA SICKpPABOCTI BUHUKAE 3HaYHUH mik. Lle sBUIlle Ha3UBaIOTh MOAIEIO 13
BenukuM mifacuiaeHHsM (IIBIT). Taki moaii € ocobnmBo miHHUMU. BOoHHM J103BOJISIIOTH
BU3HAUMTH JAeski mapamerpu ['JIC, Buxomsuu 3 JaHWX, HAKOMUYCHHUX 32 BITHOCHO
HEBEJIMKUI MPOMDKOK 4Yacy, TOAlI SIK MEHII IHTeHCHUBH1 monii I'M, xoua ¥ Oinbll
JOCTYIIHI, CTalOTh 1HGOPMATUBHUMU MICII HAKOMHMYEHHS CTATHCTHYHOTO Martepiaty
npotarom aecatupid. Tomy Benuky yBary mnpuBeptatorh [IBII, Bussieni B I'JIC

Q2237+0305 CIIOCTEPEKHUMHU rpynamMu OGLE
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(https://en.wikipedia.org/wiki/Optical Gravitational Lensing Experiment) Ta
GLITP(http://adsabs.harvard.edu/full/2003MNRAS.346..415U) [3,4,8,9].

[Tepuii miH30BaHUM KBazap Oyso BiakpuTo y 1979 pomi Bemmewm, [apmBeniom 1
Beitmenom (“Tlepma Jlinza”, Q0957+561). Huni Bimomo OIM3BKO COTHI KpaTHHX
300paxkeHb KBa3apiB, K1 3000B’s3aHi cBOIM icHyBaHHsAM ['JI. KpuBi sickpaBOCTI pi3HUX
300pakeHh OgHOTO W Toro  kBazapa B [JIC, imgykoBaHi ¥HOTO BIaCHUMU
KOJIMBAaHHSAMH OJIUCKY, MAIOTh OyTH Maii’Ke CHHXPOHHUMH 3 TICBHUM YaCOM 3aTPHUMKH.
[le nmo3Boisie BIMOKpeMIIIOBaTH MoAll cuiabHOro I'M Bij BIacHMX KOJMBaHb OJUCKY
KBa3apa. B maHomy mukii poOiT MPOBOIUTHCS TOCHTIKEHHS TaKUX MOJIN SK B TIaHI
YHCEJIBHOTO MOJICTIOBaHHS, TaK 1 OOpOOKM JTaHUX CIOCTEPEKEHb MO TpaBiTalliiHO-
JIH30BaHOMY KBazapy ,,XpecT Aitnmraiina” Q2237+0305

(https://www.noao.edu/image_gallery/html/im0553.html ) [5].

['paBiTariiiHo-niH30Ba  cucreMa , XpecT AMWHINTaAWHA”  MICTUTh  YOTHPHU
300paK€HHSI PaJlOTUXOro KBaszapa, pa3oM BOHU 3a (OPMOIO HaraAaylTh XpecT
3arajbHOI0 JIOBXKUHOIO O17si CeKyHnu nyru. UepBoHe 3MilleHHS jpKepena zs=1.695,
NIH3YI040i rajlakThKu z4=0.0394.

Bnepue sBunie I'M 0yno 3adikcoBano y uporo o6'exkra B 1989 poui, 1 mi3Hime
croctepiraiocs TyT HeoaHopazoBo. B TJIC Q2237+0305 mpoBeaeHo cepii
criocTepekeHb Oaratbma rpynamu, 3okpema, OGLE ta GLITP, nani sikux oOpo0OJieHi
B JaHOMy 1MWKl poOiT Ha caiti:  http://simbad.u-strasbg.fr/simbad/sim-
1d?1dent=0Q2237%2B0305 .

Easie data

QSG JII40H0321 - 'I\.L]ll'a:.a-l SIMEAT) | cuary amund | with radnes 2 arcmm

Other abject types 050 (Esf, G0, [HE] , (SU2000] , (WWE00O) , [(VUZ006), [VW2010], [VUSE], [VUSA)), Le (E=f). &
(IEVERRE] 1, X (VSRR |

ICRE coard fp=J2000 : 2240 BN 400 TL WS § Gptical § | ] © ZULORLR. . GIHA. 1Y

FES cooed. [ip=070000g=2000] » 22 40 30.3 +03 71 18 [ ]

FE4 coced. fip=8I000ag= 050 s22 27 7.8 v03 03 4% [ ]

Tmeracine Mladalis aey

Gallcoord fep=00000 2 a71. 9984 —dd. 188 | ]
Racal welacaly ¥ Bedabefl ! 2 Foed-y 1,698 (-] F 43 B POOAALE. . 412, PO
AQA HES (St 0870 BFIE TE fop (<} B -
Flures (7] E 153 [-1F -
W OlEJE [-] B

Man.6. O6pooka oanux na caumi :

http://simbad.u-strasbg.fr/simbad/sim-id?1dent=02237%2B0305

KonkpeTHa Mojenb mKepesa J03BOJIIE 3B'S3aTU TaKl MapaMeTpH, SK CBITHICTb

KBa3apa, Woro maca i po3mip. Ilepun aBa mapameTpu € AOCTYMHUMH JIJISi BHUMIPIB.


https://en.wikipedia.org/wiki/Optical_Gravitational_Lensing_Experiment
http://adsabs.harvard.edu/full/2003MNRAS.346..415U
https://www.noao.edu/image_gallery/html/im0553.html
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=Q2237%2B0305
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=Q2237%2B0305
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=Q2237%2B0305
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Oco0MMBO BaXJIMBHM MapamMeTpoM TYT € TeMI MaJiHHA PEUYOBHHH B YOPHY IIpY.
3Har0uM Macy 1 po3Mip IEeHTpaIbHO1 00J1acTi, @ TAKOX CBITHICTh KBa3apa, MU 3MOXKEMO
BiJIaTH TiepeBary KOHKpeTHOi mozeni. [Ipu mpomMy Moske BimirpaBaTH CYTTEBY POJIb
pO3MOMLT SICKPAaBOCTI Jikepena. [l MojenroBaHHS KOHKPETHOI CHTYyallii, TaKkuM
YUHOM, HEOOXIIHO 3aJaTH Takl mapaMeTpu: po3Mip Jpkeperia 1 PyHKIIIO PO3IMOILTY
SCKPABOCTI; mapaMeTpu (HOHOBOTO TIOJIST; MACH MIKPOJIiH3 Ta iX PO3MOIL; BICTAHI MIXK

JH3010 1 CIIOCTepirayeM i MiXK KBa3apoM i crioctepirauem [14].

JocaixxeHHs rpaBiTaniiHux JIiH3 3aco0amu iHpopmaniiiHo-
KOMYHiKAIiiHUX TexHoJoriid.  Maibke ieansHy KuiblleBy Gopmy (ii Ha3MBaIOTh
TaKoX KiIblieM EliHinTeliHa) Oylio 3apeecTpoBaHO B JIIOTOMY IILOTO POKY TEJIECKOTIOM
" T'a06n1" na rpaitamiiniil 131 0038+4133. Jlns oTpuMaHHS JAHOTO 300pa)KEHHS
HEO0OX1JIHO, MO0 TpaBiTalliiiHa JIiH3a BHUSBHJIACS TOYHO HA MPSAMIA TaKOIO, IO
CIOJIy4Ja€e TEJEeCKOI 3 BimmaieHoro ramaktukoro [3,4]. ®oro: NASA, ESA, C. Faure
(Zentrum f&#252;r Astronomie, University of Heidelberg) and J.-P. Kneib
(Laboratoire d'Astrophysique de Marseille)

Man.7. Kinoye Etinwumetina

B sikocTi miH3M, 1 B IKOCTI JKEpeIa, BUCTYNAIOTh JajeKi rajJJakTUKH. | ajakTuka-
JH3a, Ky BHUJHO B IEHTP1 300pa)K€HHS, 3HAXOIUTHCS TaK OJHM3bKO J0 HAmpsiMy Ha
raJIaKTUKY-JKEpesio, 110 11 rpaBiTallis MepeTBOPIOE 300pakeHHs JKepesia Ha KUIbIIE.
O6'ext B1938+66 OyB BiIKpUTHII 3a JOMOMOTOIO PAAIOTENECKOINy B Pe3yJbTaTi
LIJIECOPSIMOBAHOTO MOLIYKY IpaBITAlIMHUX JIIH3, BIH 3HAXOAUTHCS B cy3ip'i pakona.
Jlane 306paxkennst orpuMane Jlinci KiHr 1 i koneramu 3a 10moMororw iHppauepBOHOT

kamepu Kocmiunoro teneckomna imeni ['ab6mal[3].
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-

Man.8. ®omo kinvys Etinuumetina-Xeonvcona
YoTupu KOMIOHEHTH 300paxkeHHs nanekoro kBazapa QS02237+0305 - "Xpect

Eitnmreitna". Y gaHoMmy BUIMAJKy KBazap pO3TAalllOBAHMM B 8 MUIbSpJaX CBITIOBHX
POKiB BiJ Hac - B 20 pa3iB Jai, HDK TaJIaKTUKA - JIIH3a, SIK BIIMIHHO BUJHO HA IbOMY
300pakeHHi. Cucrema AyKe CHUMETpUYHA, TOMY THUMYacOBa 3aTpUMKa Mk PI3HUMHU
300paXEHHSMH CKJIaJla€ BChOTO JIeKUIbKa TOAWH. Buaumuil mocepeauHi Mix
300paXeHHSIMH KBa3apa SICKpaBHl 00' €KT - IIe SApO TaJIaKTUKH, WOTO CIEKTp
aOCOJIIOTHO HE CXOXKWU Ha CreKTpH KBaszapiB. Lle 300pakeHHs orpumane JxeimMcom

Poyncom 3a momomororo 3,5-merpoBoro Teneckona Ha ropi Kirt- mik B CILIA [3,4] .

Man.9. ®omo xeazapa 0S02237+0305 - "Xpecm Etinmwumeiina"
TemHe kuiblie Ha 300paxeHH! ckynueHHs ramaktuk Cl 0024+17 Oyno

imeHTu(ikoBaHe 3 TEeMHOIO peuoBHMHOK. Came 300pakeHHs Oyyno mnoOyaoBaHe 3
BUKOpUCTaHHAM 1H(OpMaIlii, oTpuMaHoi Bij opOitambHOi obcepBaropii " ['ab6a", a
MOXO/KCHHS KUTBIS 3B'S3YETHCS 13 3ITKHEHHSM JBOX BEJICTCHCHKUX TaTAKTUYHHX
kiaactepiB. ®oto: NASA, ESA, M.J. Jee and H. Ford (Johns Hopkins University)
[3,4].
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Man.10. @omo ckynuenns eanaxkmuk Cl 0024+17

:xkepena ingopmaunii mepexi InTepHeT 1151 J0C/IIKeHHA TpaBiTalliiiHO-

JIH30BHMX cucTeM. Pe3ynbratu cioctepekeHb MPOBIIHUX 1HCTUTYTIB Ta 00cepBaTOpii

CBITY 4yepe3 Mepexy [HTepHeT, BKIoYarouum oO0cepBaTOpli MIBIECHHOI MIBKYJIl MOKHA

3HAWTHU HA calTax:

Hauionanvna onmuuna acmponomiuna oocepsamopis (NOAO, CIIIA):

http://www.noao.edu/noao.html. Yepes meii cepBep MOXHA BHITH Ha CTOPIHKH

3HaMeHUTHX obcepparopiit Maynt Bincon, Maynr [Tanomap 1 Kar ITik.
Hauionanwvna padioacmponomiuna oocepsamopia (NROO, CIIIA):

http://www.nrao.edu/.

Incmumym xocmiunozo meneckona im. Xaoona (STSc, CILA):

http://marvel.stsci.edul/.

Oobcepsamopia im. B. M. Kexa (CIA, TaBaiickki octpoBu). Mae nBa
HAOUTPIINX HA CHOTOJHI ONTHYHHUX TEJIECKOIM 13 CEerMEHTOBAaHUMHU 18-

METPOBMMH J3epkanamu: http://astro.caltech.edu/.

Henmp acmpoghizuxu I'apsapocvkozo ynieepcumemy (Cf, CI11A):

http://cfa-www.harvard.edu/.

Hauionanvnuic acmponomiunuii i ionocgpepuuir yenmp ¢ Apecioo (NAIC,
CILIA): http://www.naic.edu/.
Conauna oocepsamopisa biz bep (BBSO, CIIIA):

http://www.bbso.njit.edu/.

Oocepsamopia Coeppo Tonono (CTIO, Yumi):
http://www.ctio.noao.edu/.



http://www.noao.edu/noao.html
http://www.nrao.edu/
http://marvel.stsci.edu/
http://astro.caltech.edu/
http://cfa-www.harvard.edu/
http://www.naic.edu/
http://www.bbso.njit.edu/
http://www.ctio.noao.edu/
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Ilieoenna esponeiicvka oocepsamopisn (ESO):

http://www.eso.orqg/.

Amnzno-Aecmpaniiicoka oocepeamopia (AAO, ABcTpaitis):

http://www.aa0.gov.au/.

Paodioacmponomiuna oocepsamopisa /[rcoopenn benk (AHrmis):

http://www.jb.man.ac.uk/.

I'pyna im. I. Heriomona (ING, o. Jla-Ilansma, Kanapceki ocTpoBa):

http://www.ing.iac.es/.

06'eonanuit acmponomiunuit yenmp (I"aBaiicbki OCTPOBH):

http://www.jach.hawaii.edu/.

Incmumym acmponomii moeapucmea Maxca Ilnanka (MPIA, ©OPH,

[afinens6epr): http://www.mpia-hd.mpg.de/.

Incmumym acmpogizuku moeapucmea Maxca Ilhanka (MPA, ©OPH,

[apxinr): http://www.mpa-garching.mpg.de/.

Incmumym  paoioacmponomii  moeapucmea Maxca Ilhanka (boHH,

Himeuunna MPIf):  http://www.mpifr-bonn.mpg.de/. Mae HakiOUIBIINI

MOBHOMOBOPOTHHM pallOTENIECKOII 3 llaMeTpoM a3epkaia 109 m.
Incmumym acmponomii Bioencvkozo ynieepcumemy (ABctpis):

http://www.astro.univie.ac.at/.

Oocepsamopia barakummnozo oepeza (OCA, Opaniiis):

http://www.obs-nice.fr/.

Oocepsamopii Maynm Cmpomno i Caitdine Cnpinz (ABCTpiis):

http://msowww.anu.edu.au/.

Ilisoenno-Agpuxancoka acmponomiuna oocepeamopin (I11AP):

http://www.saao.ac.za/.

Hauionanvna acmponomiuna oocepsamopia Anonii (NAOJ):

http://www.nao.ac.jp/ [3]. .

Iicas pocaigskeHHs1 rpaBiTANIHO-JTIH30BUX CHCTEM HEOOXiAHO MiAr0OTyBaTH

BHCHOBOK Ta 3BiT Mpo nMpoBeaeHy podoTy.


http://www.eso.org/
http://www.aao.gov.au/
http://www.jb.man.ac.uk/
http://www.ing.iac.es/
http://www.jach.hawaii.edu/
http://www.mpia-hd.mpg.de/
http://www.mpa-garching.mpg.de/
http://www.mpifr-bonn.mpg.de/
http://www.astro.univie.ac.at/
http://www.obs-nice.fr/
http://msowww.anu.edu.au/
http://www.saao.ac.za/
http://www.nao.ac.jp/
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