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CdopmynupoBana runore3a o GOpMUPOBAHUY CIIUPATIBHBIX PYKABOB FAJIAKTUK
B pe3yJIbTaTe BO3/ICHCTBUSI HA Ta30MbUIEBYIO CPEAY TaJaKTUKU MOTOKOB
BBICOKOCKOPOCTHBIX YaCTHI] U3 SAEp FIakTUK. MICTOUHHKaMU 4acTull SABJISIOTCSA
CIYTHUKH (3BE3[IHBIX MAacC) CBEPXMACCUBHOM YEPHOU JIbIPbI B LICHTPE TAJIaKTUKU
(4 TaKUX CIIYTHUKOB MOKET ObITh HECKOJIBKO), @ TaKKe CITyTHUKU OOJBIIIMX YePHBIX
IBIP B JOTIOJTHUTENILHBIX IIEHTPaxX SMUCCUH. TaKUMU CITyTHUKAMU MOTYT ObITh
OBICTPO BpalIaoImuecss 0ObEKThl 3BE€3IHBIX MACC, TAKUE KaK aKKPEIIMOHHbIE
JVICKY YEPHBIX JIBIP WU MYJIbCAPhI, UM OBICTPO BPAIAIONTUECS 3BE3/IbI-TUTaHThI.
[Ipeanoxena nporpaMMHasi MOJEJb JIJIs1 CAMYJISIIIMKA PadOThI 3TOTO IMpolecca u
CpaBHEHMS PE3YJIbTaTOB MOAEIMPOBaHUSA C POTOrpadpusAMH rajlakTuK. OTMeueHo,
YTO JJaHHAs1 MOJIENb OJIM3KO OMUCHIBAET peasibHble (PU3NYECKUe SIBJICHUS. YKa3aHO
Ha BO3MOXKHYIO CBSI3b MEXK/1y BCIIBIIIKAMU CBEPXHOBBIX W BO3/IEWCTBUEM MOTOKOB
yacTull Ha 3Be3/1bl. [lokazaHo, YTO rpaBUTAIIMOHHOE JIMH3UPOBAHUE He Tpedyercs
IU1s1 OObSICHEHU ST HAJTMYMSI KOJIell U TISITEH B U300paXKEeHUSAX YJaJeHHbIX TaJlaKTHK.

© Kunanos B. JI., 2026
© Astop, 2026
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B. Knanos. «Kak Bpamaiorcsi pykaBa rajlakTUK»

Biaagumup Kiaanos
Kak BpamarTcsa pyKkaBa rajJakThuk

BBenenne

B 3T0i1 KHUre aBTOp MOMBITAJICS OTBETUTh HA BOIPOC, 3a/IaHHBII B €€ 3aIlaBUu: KaK (B KaKylo
CTOPOHY, HACKOJIBKO OBICTPO) BpAI[alOTCsl PyKaBa CIIUPAIbHBIX FATAKTUK? A Takke, Ha COMYTCTBYIO-
I1I1€ BOIPOCHI: HACKOJIBKO JIONI0, CKOJIbKO B HUX 3BE3[l U ra3a U Jpyrue, ¢ MepBbIM BOIIPOCOM CBs-
3aHHbIE.

BrIBO/IBI, KOTOpBIE ClIElYIOT U3 MPOBEAEHHOIO aBTOPOM MCCJIEAOBAHUS, MOTYT 00ECKYpaXu-
BaTh U Jlake IIOKMPOBaTh. BhIBaIMBATH Ha TOJIOBY HEMOAIOTOBJIEHHOIO YMTATENS BCE PE3Y/IbTAThI
cpa3y MOXET OKa3aThCsi KOHTPIPOLYKTUBHO. [loaTOMY mpejiaraercst IBUraTbCs Briepesi MeIEHHO,
HEOOJIBIIMMH IIaraMu, TIOABOS MOCIIe KaXKI0TO ara HEKOTOPBIH UTOT.



B. Kiagos. «Kak Bpalaiorcs pykaBa raJakTUK»

IMar 1

HccnenoBatenssM CTaHOBSITCSL JIOCTYIHBI Bce Oosee eTaibHble (hoTorpaduy HEHTPaJbHbIX
oOnacreii ranakTuk. To, 4TO paHbIle BBIIVISAAEIO Kak JBa Cepria, COSUHEHHBIX PyYKaMH, Terepb
OOHApYKHMBaeT B IIEHTPE HEOOJIBIIYIO YETKYIO CIMPAJib, CAMMETPUYHO BBITSATUBAIONIYIOCS B IBYX IPO-
TUBOIIOJIOKHBIX HarpasieHusax. Hanpumep, kak B ranaktukax NGC 1300, NGC 1512.

Puc. 1. I'anaxmuxa NGC 1300. Hcmounux — ESA/Hubble (hitps://cdn.esahubble.org/archives/
images/large/opo0501a.jpg). Kadp 1 — noayuen uz opueurnanvrozo (kaop 2) ¢ ucnonv3oeanuem 2pa-
Ppuueckux gpunvmpos (0becyseuusarue, ymeHvlleHue pazmepa, pamolimue), Ymoosvl NPOOEMOHCMPU-
posams mo, KakK 6vl2Asi0enu CHUMKU MO 2ANAKMUKU NOACOMHU nem Ha3aol. Kaop 2 — ymenvuternHoe
uzoopasicenue ESA/Hubble. Kadp 3 — uenmpanvnas uwacme ucxoonozo uzoopasicenusi ESA/Hubble
(cHudICEHA APKOCMb, NOOHAMA KOHMPACHHOCD).



https://cdn.esahubble.org/archives/images/large/opo0501a.jpg
https://cdn.esahubble.org/archives/images/large/opo0501a.jpg
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Puc. 2. I'anaxmuxa NGC 1512. Hecmounux — ESA/Hubble (hitps://cdn.esahubble.org/archives/
images/large/heicl712a.jpg). Hcnoav3yemcs moavko 1e6as NOA0BUHA CHUMKA ¢ COOCMBEHHO 2ANAK-
muxoti NGC 1512. Kadp 1 — yxyowenrnoe ucxoonoe uzoopasicerue. Kaop 2 — ymenvuertnoe ucxooroe
uzobpasicerue. Kaop 3 — uenmpanvHas uacmo 2anaKkmuku U3 mozo i#ee UCX0OH020 U300PANCEHUSL.

To ke camoe OTHOCHTCS ¥ K CIIMPAJIbHBIM TaJIaKTUKaM ¢ OapoM, Kak Harpumep, MpUBeJeHHAs
Huke ramaktuka Messier 100. To, 4To OBUIO TOXO%E HAa OYEHb SIPKOE MATHO B IIEHTPE TaJIAKTUKH,
OKa3aJI0Ch YETKO Pa3IMUYMMON CIIUPATIBHON CTPYKTYPOU, CXOASAIIENCS K CAaMOMY LIEHTPY SApa rajiak-
THUKU.


https://cdn.esahubble.org/archives/images/large/heic1712a.jpg
https://cdn.esahubble.org/archives/images/large/heic1712a.jpg
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Puc. 3. TI'anaxmuxa M100. Om cmapoii ¢pomoepadbuu ¢ HU3KUM paspeuteHuem k oOonee
cogpemenuvim. Kaop 1 — cmapas pomoepagpuss ESA/Hubble. Hcmounux — ESA/Hubble (hitps://
cdn.esahubble.org/archives/images/large/opo9449c. jpg). Kadp 2 — yaywmennas eepcusi ghomoepagbuu
sa0pa ezanraxmuku (meneckon Xaoon). Ucmounux — ESA/Hubble (https://cdn.esahubble.org/archives/
images/large/opo9402a.jpg), ppazmenm. Kadp 3 — yenmpanvras wacms 0OH08AEHHOI (homozpaghuu
Xaoon. Ucmounux — ESA/Hubble (hitps://esahubble.org/images/potw1850a/), uzmenena spkocms u
KOHMPACMHOCb.

Ha nepBsiii B31715111, HU4Ero ocooeHHoro He mpousornio. Ecium cripany o0pa3yioTcs ecTecTBeH-
HBIM 00pa30M B OCHOBHOM TeJIe TaJIaKTUKH, TO IoYeMy Obl TOJOOHBIM ITpOLIeccaM He TMOBTOPSTHCS
B Oosiee MesikoM Maciitabe B IeHTpe raylakTukd. (CIIOBO «eCTeCTBEHHBIM» YIOTPEOIEHO 3/1eCh KaK
OTCBUIKA Ha HE CJIMIIKOM HNOAPOOHOE ONMMCAHWME aCTPOHOMAMM NMPHYMH BO3HUKHOBEHHS CIIMPAJIb-
HBIX PyKaBOB B CIIMPAJIbHBIX FaJIaKTHKaX ). Bee eme BO3MOXKHO paccMaTprBaTh JaHHBIHM MPOIECC Kak
3aKpy4YMBaHKE B CIMPAJIh HEKOTOPOTO BRITSHYTOTO B IPSIMYIO JIMHUIO 00JIaKa rasa, B pe3y/bTare pas-
JIMYMSI B CKOPOCTH BPAIIEHNsT YACTHI] STOTO Ta3a Ha pa3IMUHbIX PACCTOSHUAX OT LIEHTPAJIBHOTO Mac-
cUBHOTO 00BbeKTa. Kak n3BecTHO B HacTosAIIee BpeMsI, 3TOT OOBEKT SIBIISIETCS] CBEPXMACCUBHON Yep-
Ho# fpiport (CMYT), ¢ Maccoit B MIIITHOHBI pa3 Oosbine Macchl ConHIa.


https://cdn.esahubble.org/archives/images/large/opo9449c.jpg
https://cdn.esahubble.org/archives/images/large/opo9449c.jpg
https://cdn.esahubble.org/archives/images/large/opo9402a.jpg
https://cdn.esahubble.org/archives/images/large/opo9402a.jpg
https://esahubble.org/images/potw1850a/
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Bo3snukaer, Tem He MeHee, BOIPOC O TOM, OTKY/Ia 3TO 00JIaKO ra3a B3sJI0Ch, U KaK OHO MPHOO-
PeJIo Takylo MepBOHAYAIBbHO LIEHTPAIbHO-CUMMETpUYHYI0 (popMy. [a, M3BECTHO O jakeTax, MHOIAA
BeiOpachiBaeMbix CMY]] B KocMHUYecKkoe MPOCTpaHCTBO. MaciitaObl JAHHOTO SIBJIEHHS TIOPaXaloT,
MHOT/IA TaKKe JDKEThl UMEIOT MPOTSKEHHOCTh OoJiee MUJITMOHA CBETOBBIX JieT. Ho Ha mpoTsikeHuu
BCE CBOE HEBEPOSITHOM JUTMHBI TAKKE BHIOPOCHI OCTAIOTCS B OCHOBHOM MPSIMOJIMHEHBIMU, U3 YET0
MOJeT OBITh C/IeJIaH BBIBOJ] O TOM, YTO OHM HCITyCKaTcs u3 nomocoB CMYJI, a HUKak He B IJIOC-
KOCTH SKJIMNTUKU. B TO Bpems Kak «JIEHTHl ra3za», 3aKpyyrMBaeMble B CIUPAIM B Apax rajakTUK,
pAacronoKeHbl MIMEHHO B TalakKTUYECKOW TJIOCKOCTH.

Ecnm 310 BRIOpOC ra3a B MJI0CKOCTH FAJIAKTUKH, TO IIPHYUHON MOT OBI CTaTh, HAIIPUMED, Pa3phiB
HAa YaCTH 3B€3/Ibl WJIM TJIAHETHI, CJIMIIIKOM CUJIbHO nipubmsuBineiics k CMY/L. TMocne yero BemiecTBo
IIPY 3TOM MOIJIO Obl HATIPABUTHCS B ABYX MTPOTUBOIIONOKHBIX HAITPABICHUSIX.

OpHako npocTasi porpaMMHasi CUMYJISILIMS TIOKa3bIBAET, YTO AaXKe €CJIM CKOPOCTb (hparMeH-
TOB BEILIECTBA, BBUIETEBIINX U3 siJipa TaJIAaKTUKH, JocTUrIa Beero juib 1/100 ckopocTu cBeta, TO
3T (pparMeHTsl yKe HUKOIZA He 3aTOPMO3STCSl CUJIaMU I'PaBUTAlMM (pa3Be YTO HEMHOTO B CaMOM
Hauasie). Harmpumep, npu macce CMY/] B 10 MJIH. COTHEUHBIX, B CTyvae B3pblBa Ha pacCTOSIHUM B
1 cBetoBO¥ rof, HayagbHast ckopocTh BbIOpoca .01 ckopocTH cBeTa MOYTH MTHOBEHHO MajaeT Ha
20% w nanee ocraeTcs MOCTOSIHHOM BILIOTh JJO CAMOTO Kpasi TallakTUKU. B ciydae ke, eciii Hauasb-
Hasl ckopocTh coctapisieT 2/100 ckopocTr cBeta, To mocie ObicTporo maaenus ee ¢ 0.02 go 0.019
CKOPOCTHU CBETa OHA OMATh OCTAETCS IOCTOSTHHOM.

Urto 03HaYaeT, YTo YaCTHIIbl, BRIOPOIIEHHBIE YEPHBIMU JBIPAMU CO CKOPOCTSIMH, ONM3KUMU K
CKOPOCTH CBETa, HUKOI/Ia He OCTaHOBSATCs. OHM OYIyT pacceuBaThCsl B TPOCTPAHCTBE, HO HUKOTA He
3aBEpHYTCS B CIIMPasib, YTOOBI 00pa30BaTh PyKaBa CIUPAIBHBIX TATAKTHK.

Ho ecnu ckopocTh n3HAYaIbHO MEHbIIE HEKOTOPOTO Mpezena, TO OHa ellle ObIcTpee yMeHbIIIa-
ercsl 0 HyJIs1 — BELECTBO MoUTH cpasy nagaer Ha CMY/I. B Toil sxe camoil cuMynsiimy A0CTaTOYHO
YMEHBIIUTh HadaIbHYI0 ckopocTh 10 0.005 ckopoctu cBeta, 4ToOsl Takoe mpowusoiuio. Eciu mpormy-
CTUTb, YTO BEIIECTBO MPOIOIKAET IBUraThCs O TOH ke opOute, o Koropoit Bokpyr CMY]L nsu-
rajioch pa3oOpBaHHOE TENO, TO, KAK MUHMUMYM B OJHOM M3 JIByX HalpaBJeHWI BBIOPOCA BEIIECTBO
JOKHO Oo4YeHb ObicTpo ynactb Ha CMYJ, u Mbl HUKaK He cMOIIM Obl HAOMOOATh CUMMETPUYHO
3aKpy4YMBAIOIIYIOCS IBOMHYIO CIIMpaJlb U3 MIOTOKA BEILECTBA.

Tem He MeHee, ecTh ele OIHO BO3MOKHOE pellleHHe 3aJauu. Eciy npeanonoxurs, 4To CiyT-
HUK Ha opoute CMY]] He pa3pbiBaeTcsl Ha YacCTH, a JIMIIb MOCTENEHHO OTPHIBAETCS OT HErO Bellle-
CTBO (TIOCTOSTHHO WJTM TIOPLUSIMH, HO PETrYJIsIPHO), M IpUoOpeTaeT ckopocTh He MeHee 1/10 ckopocTtu
CBETa, TO B UTOTe UMeEeT MecTo Bpatawoumiicss Bokpyr CMY/]l MCTOUHMK YacTHLI.

Orpomuoe nputskenue CMYJI, BOKpyr KOTOpO# oOpalaercst 3TOT U3MyJaoIid YaCTHIIBI
CIIyTHHUK, BBI3BIBAET HA €r0 MOBEPXHOCTU HACTOJIBKO TMTAHTCKYIO MPWIMBHYIO BOJHY, 4TO (popMa
CITyTHUKA W3MEHSIETCS], M Ha ero TIOBEPXHOCTU OKA3bIBAIOTCSI POBHO JIBE 00JIACTH, B KOTOPBIX cOCpe-
notauuBaetcs BbIOpoc yactuil. [Ipu sTom yactuisl nokuaaoT cnyTHuk CMYJL B IBYX CTpOro mpo-
TUBOIIOJIOKHBIX HAIIPABJICHUSX, JOCTUrasi OTPOMHBIX CKOPOCTEN.

Korma cnyTHHK, JBUTasCh MO JUTMNTHYECKON opouTe, npuommkaercs kK CMY]L, ero ckopoctb
JBUKEHUs] YBEIMUMBAETCS], 1 BMECTE C 9TUM YBEJIMUMBAETCS CKOPOCTh [TIOBOPOTA IBYX HAIIPaBJICHUIA,
B KOTOPBIX YaCTHIIbI BelllecTBa BeiOpachiBatotcs. Korna criytauk yaansercst or CMY/], ero nBuxenue
3aMe[IsIeTCs, ¥ COOTBETCTBEHHO 3aMe|IsIeTCsl TOBOPOT JIMHUM BhIOpOca yacTull. B pesysbrate (ppoHT
yacTull, BeIOporeHHbx BOmm3n CMY/l, ¢popMupyioT TYro 3aBepHYTYIO CIUpajib, a HA OCTATbHOM
YaCTH TPAEKTOPUU ITOT (PPOHT BHITATMBAETCA B JJIMHHYIO TIOUYTH HPSAMYIO JIMHUIO.

Borpoc 0 ToM, Kakue OOBEKTHI MOTYT SIBIAThCS TakuMu cryTHuKamu CMYJI, oT KOTOpBIX
MIOCTOSTHHO WUTH PETYJISIPHO OTPBIBAETCS BELIECTBO M YJIETAeT C OOJIBIION CKOPOCTHIO B IBYX HAIPaB-
JICHUSIX, HE SIBJISIETCS MTPUHIMITATIBHBIM Ha 9ToM Iiare. Ho o0si3atenibHO OyzieT paccMOTpPEH MO3Ke.
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Kpartkuit nror mara 1: npeoaodsicena eunomeza amuccuoHHozo xapakmepa opmuposanus
cnupaau 8 si0pe 2aNaKmuKu.
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IIlar 2

Takoli Tpoliecc HECTIOKHO CMOJIETUPOBATh MpOrpaMmMHo. Bee, uTto ajs aToro tpedyercs U3
dusukH, — 310 POPMYIIBI ABUKEHUS CITyTHUKA MPEHEOPERKUMO Maslod Macchl 1o opoute. [TpeHe-
Opeub Maccoll 00beKTa, SIBJISIONIEroCsl 3Be3/I0i, BIOIHE JIOMYCTUMO, €CJIM OH 0OpaIaeTcss BOKPYT
CBEpXMACCHMBHOM YEPHOW JIbIPbI, B MIJUIMOHBI pa3 Tsikeliee ero. B mporpamme cienyer 3aiaBaTh B
Ka4yecTBe BXOIHBIX ApaMeTpPOB:

e — aKcueHTpucutet opouTtsl (o1 0 10 1),

T — nepuon oOpalieHus CryTHUKA (B rogax),

M — macca CMY/] (B maccax ConHia).

_( 2 1 - 3 T2 x=act_ast q=a(1-e)
VEpE-T) r=EN =\M a2 y=bsint / NQ:a(1+e)

Ot 2w a—tb r

3

1[ 1._

T=21'r% a? 1—e2 —
r=\/a2 (cos t-e) +b’sin’t

Puc. 4. @opmyavt snemenmos anaunmuueckux opoum: r — paouyc-eexkmop mexcoy CMY/] (8
MouKe ¢) U MeKYUUM NONONHCEHUEM CRYMHUKA HA Opoume.

G — 3710 rpaBUTALIMOHHAS [IOCTOSIHHAS, BCE IIPOYME BEJIMYUHBI BBIYUCIIAIOTCS U3 TPEX 3a1aHHbIX
BBILIIE:

a — OoJiplLast Moayoch (CB. JIeT),

q — MMHUMAJIbHOE paccTosiHue oT cnyTHuka jo CMY/I (cB. ner),

Q — MakcuMasbHOE paccTrosinue oT cryTHuka 10 CMY/L (cB. ner),

R(t) — paccrosinue or cinytHuka 1o CMY/] B KaX1pli1 MOMEHT BPEMEHH t,

V(t) — CKOPOCTb JIBUKEHUSI CITyTHUKA MO0 OpOMTE B MOMEHT BPEMEHHM .

Kpome Toro, TpeGyercsi 3aaBaTh CKOPOCTb YacTHI, BbIOPACHIBAEMbIX CITyTHUKOM B JBYX
HarpaBieHusx (v1l). Ilpeanonaraem, 4to 3Ta CKOpOCTh BBIOpPOCA IMOCTOSIHHA HAa BCEX YYacTKax
OpOUTHI CITyTHUKA.

Cumynanus, 1o CyTH, 3aKJII0YAETCA B TOM, YTO ISl KaXA0TO0 MCXOJHOTO MOMEHTAa BPEMEHU
TEHEPUPYIOTCS YCIOBHbIE «YACTULIBI» U NEPEMEINAIOTCA B NO3ULIMIO, KOTOPYIO OHU JOJIKHBI 3aHATb,
ABUTasCh NPSAMOJIMHENHO C (PUKCMPOBAHHOM CKOPOCTBIO B 3aJaHHOM HarpasieHuu. [locne uero
IIOJTyYE€HHbIE TOUKA MOKHO COEJVUHUTH NPAMBIMU JMHUAMM, (DOPMUPYs JIOMAHYIO JIMHUIO, KOTOpasi
oOpa3zyeT B NPUOIMKEHUH CMOJEIMPOBAHHYIO cripasib. OCTanoch MPOBECTU TaKOE MOJIETUPOBAHKE
IJ151 33/1aHHOTO MEPUO/Ia AKTUBHOCTH, U OTOOPA3UTh PE3y/IbTaT Ha SKpaHe.

W kak no 3akasy, mporpamma Bbl/1ajla UMEHHO TakKe (pOpMbI CIIMpaJiel, Kak 1 Ha poTorpapusx
LEHTPAIbHBIX oOacTeil ranakTuk. OcoOEHHO MOX0kKK (POPMBI CIMpasiel, MOMYUYEHHbIX NIPU 3Haue-
HusX akcueHTpucurera ot 0.5 go 0.75.

e=0.5 e=0.75 e=0.999

996)©)6)
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Puc. 5. @opmul 0801iHbIX cnupaneil, 00pazo8anHHbIX PPOHMOM HACMUY, 8 3ABUCUMOCTIU 0N IKC-
uenmpucumema opoumot cnymuuxa CMY/]. Pe3ynemanvl MoOeaupoeamus  npozpamme.

Crnenyer cpa3y ke OTMETHUTb, YTO (pOopMa CIIMPAIM B CIydae SMUCCUOHHOTO MPOUCXOKICHUS
CMAPAJIbHON JIMHUM HE OCTaeTCsl MOCTOSIHHOM BO BpeMeHU. [1o Mepe ABUkKEHUS CIIyTHHUKA BOKPYT
CMY]] (1 MOTOKOB YacTHI] B TIPOCTPAHCTBE) 3Ta hopma U3MeHsieTcss. BOT Tobko 4TOOBI yBUAETD
9TU W3MEHEHUs], MPUETCsS HAOMONaTh raJIAKTUKY Ha MPOTSKEHUM MHOTHX ThICSY JieT. Hampumep,
IJIst OpOUTHI CITyTHHKA C 3KcieHTpucuTeToM e=0.5 u nepuonom odpamenust Bokpyr CMYJL T=100
THICSY JIET TIOCTIEI0BATEILHOCTD OY/IET CIe/lyIomIen.

t=0 t=10 t=20 t=30 t=40

Puc. 6. Dsontoyus cnupaau Ha npOMsIHceHUU NOAH020 yukaa osudicerust cnymuuxa CMY/] no
anaunmuueckol opoume, e=0.5. Bpems (1) ykazano é mvicsuax aem. Peaynemamul pabomsl npo-
2pAMMBL MOOCAUPOBAHUS.

B nienTpe n3o0paxeHa ycloBHAsI TPACKTOPHS U TIOJIOKEHUE CITyTHUKA, (POPMUPYIOIIETO CIU-
paJib (HO OHM YBEJIMYEHBI B THICAYY pa3). Kak BUIHO Ha 1parpamme, yepes3 CTO ThICAY JIET KOH(UTY-
pauys CMpaiy COBIAIAET ¢ IepBOHaYaibHOM. Ha nmprBeieHHO ocieJoBaTeIbHOCTH KaJpOB JIMHUS
(poHTa yacTHIl, BHIOPOIIEHHBIX CITyTHUKOM-U3JTy4aTesieM, H300pakeHa ITPUXoBol uHuel. Kax-
Oblil ITPUX (MM €ro OTCyTCTBHE) (hOpMUpPYETCs 3a OJHY Thicsiuy JieT. Ha yuactke crimpanu, rae 3tu
IITPUXU COKPAIAIOTCS IO TOYEK, CIYTHUK JIBMKETCS TIO JajibHEeW YacTH OPOMTHI MEIUIEHHO, W TIPH
9TOM HallpaBJieHHe BHIOpPOCA YaCTHI] TOBOpAYMBAET TaKke He cremia. YeMm AJIMHHEe MITPUXHU, TaM
ObicTpee OHM ObLTM C(hOPMHUPOBAHBL, TEM OJIMIKE CITyTHUK HAXOIWIICS K IIEHTPY MPUTSKSHUSI.

Kpatkuii uTor mara 2: npeinoxcena npozpammtas Mo0enb SMUCCUOHHO20 (PDOPMUPOBAHUSL

CRUpanU 8 siope 2aNaKmuKu, U OHA 8bl0aem pe3ynbmamol, OAU3KUE K MeM, Umo HAOAOaiomcst Ha
gpomoepagbusix s:0ep earakmux.
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IIlar 3

UYroObl MMETh BO3MOXHOCTb CPABHUBATH MOJYUYEHHbIE CIIMpaJIbHbIE JIMHUU ¢ (hOTOrpapusaMU
raJlakKTUK, B TPOrpamMMy HYKHO 0OaBHTh BO3MOXHOCTb OTOOpakaTh Pe3yJlbTaT MOJETMPOBAHUS
1oBepx umerolieics potorpaduu ralakTUKU. A Takke MOBOPAYMBaTh CIMPAJIM BOKPYT TpeX ocell B
MIPOCTPAHCTBE U UMETh BO3MOXXHOCTh MAaCIITAOMPOBaTh M300pakeHHeE.

OnHako ecThb ele Jy4IlInid Crocod CpaBHUTH Pe3YJbTaT — MCIIONB30BaTh He camy (oTorpa-
¢uo, a 3D-penbed, co3maHHBIA HA €€ OCHOBE MO TAaKOMY K€ MPHUHIMITY, KaK padoTaer (puibTp
«mITamMm» (emboss) B rpaMueckux pelakTopax. A UMEHHO, KONHs N300pakeH!sI HHBEPTUPYETCS
Y HaKJIa[bIBaeTCsl Ha MCXOAHYI0 (poTorpacuio B pekMMe CIOXKEHHs, C HeOONBIIMM CABUTOM Ha
HECKOJIbKO MHUKCeeil B BBIOpaHHOM HarlipasiieHuu. [lepes ciokeHrneM UCXOIHbIe 3HAYeHU S BEJTMUUH
SPKOCTH II0 KaHajaM LBeTHOCTH R, G, B yBennuuBaloTcsa Ha HEKOTOPYIO BeIM4MHY. B mtore cos-
najamoIme WM OJIM3KUe 1O IBETY/IPKOCTU TIMKCEIM CTAHOBSITCS CEPBIMU MM OJIM3KUMU K CEPOMY
I[BETY, B TO BPeMs KaK B OONIACTSIX, I/ie IBET/IPKOCTb OBICTPO M3MEHSIETCSI, UTOTOBBII MUKCENb CTa-
HOBUTCS 3HAYUTEJIHO CBETJIEE WM TeMHee (B 3aBUCMMOCTH OT HaIpaBJIeHUs CIBUTA).

Puc. 7. CpaeHetrue cmoOeauposantoll AuHuy (pponma uacmuy, u peanrvHol gpomozpagpuu siopa
2anakmuxku NGC 1512. Uemounux — ESA/Hubble (hitps://cdn.esahubble.org/archives/images/screen/
13
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heicl712a.jpg), ppazmenm (nonoca, cooepxrcamas ueHmparvhyro oonacme 2arakmuxu). Kaop 1 —
Ha pomozpagpuro HAN0HCEHA CMOOEAUPOBAHHASL cnupaab npu ckopocmu yacmuy, v=0.735c. Kaodp 2
— ma Jce Chupaneb HanodxiceHa Ha 3D-peaved, ceeHepupoBanHblli NPOZPAMMOIL HA OCHOBE UCXOOHO
gpomoepagpuu. Kaop 3 — moavko 3D-penvegp.

Ha cHuMKe 13 mporpaMmsl MpeACTaBIeHO TAaKOe COBMEIIIEHUE CO CIUPATISIMH, KOTOPbIE MOTJIH
Obl OBITH C(DOPMUPOBAHBI KaK PE3y/IbTaT SMHUCCUU MOTOKA YacTull co criyTHuka CMY/] B ranakTuke
NGC 1512. ITapameTpbl OpOUTHI CITyTHHKA: KcLIeHTprcuTeT e=(.708, HaKJIOH KJIUNTUKY K TUIOCKO-
CTH MTPOEKIMHU 0K0JIo 23°. CKOpOCTb BHIOpOCA YacTHIl, (POPMUPYIOLIHX STY JIMHUIO, BHIOpaHa paBHOW
0.735c. «BbiOpana» — 37ech 3TO CJIOBO yrnoTpedeHo He ciaydaitHo. [Tozxke OyneT NOHATHO, oYeMy
ynoTped1eHO IMEHHO OHO.

B mTpuxoBoii JIMHUM, M300paxalomeld CMOIETMPOBAHHYIO CIIMPaib, MITPUXU 3aBEPIIAIOTCS
v HaunHaloTes Kaxkabie 1000 et MmogenupoBanusi. bosee ATMHHBIN TOYTH PSIMOM y4acTOK chop-
MHUPOBaH 32 3HAYMTEIbHO OOJbIliee BpeMsl, YeM IIEHTpaJIbHAS, IOYTH KOJbIIEBAsl YacTh CITUPAIIH.

[TyHKTHpHBIE MpsIMbIE JIMHUAY, TIEpECEKaoIUecss TOUYTH TOYHO B TOYKE, /e JOKHA HAXO-
autbest CMYJL (c HEKOTOPBIM CIBUTOM, UYTO MO3BOJISIET PACCMOTPETh T€ NIEMEHTHI pelibeda, Mo
KOTOPBIM JIOJKHBI OBl TIPOMTH CMOJIETUPOBAHHBIE JIMHUH). DTU JIMHUU COOTBETCTBYIOT OOJIBIION U
MaJIOW OCSIM JUTMIITHUYECKOW OPOUTHI CITyTHUKA C YKA3aHHBIMH TapaMeTpaMu. Bosblnas ock oTMe-
YyeHa OoJiee UIMHHBIMY I TPUXaMH, Majiast Och — OoJiee KOpOTKMMU. BHIMaTeIbHOE N3yUeHne CHUMKA
¢ 3D-1mTaMnom NoKasbBaeT, YTo Ha (poTorpaduu ralak TMKHM STUM JIMHUSIM COOTBETCTBYIOT (pu3nye-
CKHe TPaJfeHThl SPKOCTH, 4TO Ha 3D-1tamrie BHITISANT KaK MOYTH TpsiMast (XOTsI U TIPEPHIBHCTAsT)
KaHaBKa BIOJIb ITUX JIMHUH.

UroOsl yoequthes, uto ciaydai rajaktuk NGC 1512 He yHUKaNleH, MOXeT ObITh TIPUBE/ICHO
noio06HOe COBMeIleHre, Harrpumep, s ranaktuku NGC 1300.

[Mapamerpsr opouthl criytHrka CMY/L: skcrienTpucutet e=0.937, HaKJIOH TUIOCKOCTH SKJIHII-
THKH h okono 2°. Ckopocts BhiOpoca vactui] okosio 0.3c. Ecimu macca CMY/JL okomno 17 mutH. con-
HEYHBIX, TO MEPUOJL OOpAIIEHHUs] TAKOTO CITyTHUKA COCTABUT MPUOIU3UTETHHO 21 THIC. JIeT.

Crnemyer OTMETUTD, UTO ISl KOPPEKTHOCTH BU3YaJIbHOTO CPAaBHEHUSI CMOJIEIMPOBAHHBIX CITH-
PaTbHBIX (DPOHTOB HE SIBJISETCS CYIIECTBEHHBIM 00sI3aTe/IbHOE YKa3aHMe TOYHBIX Pa3MEPOB rJIaKTHK
Ha pororpacusx (B CBETOBBIX Ioflax) UM UCIOIb30BaHUE TOUHbIX Macc CMY]I 3Tux ranaktuk. Bee
rapameTpbl MOTYT ObITh PACCUMTAHBI JIS YCIIOBHOM raiak TMKU pazmepom 100 Teic. ¢B. siet, c CMY]]
B 11leHTpe ¢ Maccoil 10 MyTH. comHeuHbIx Macc. [Ipu nmomydeHnn Gosee TOUHBIX pa3MepOB U MACCOBBIX
3HAUEHUI OKOHYATEJIbHBIE MapaMeTpbl OPOUT M3TYYAIOIIUX CITyTHUKOB MOTYT OBITh IIEPECUUTAHbI B
COOTBETCTBUHM C (pOpMy/IamMH, yKa3aHHBIMU paHee. [Ipr 3TOM Takue BasKHbIE XapaKTePUCTUKU OPOUTHI
CITyTHHKA, KaK SKCIIEHTPUCUTET M YTOJI HAKJIOHA TUIOCKOCTH €r0 OpOUTHI, OCTAaHYTCSI HEM3MEHHBIMH,
Kak 1 popma CriupajibHOro (ppoHTa IMUCCUU YACTHII.
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Puc. 8. Cpasnenue cmooeauposannoii aunuu ¢ponma uacmuy u pomoepaguu s0pa
eanakmuxku NGC 1300. Hcmounux — ESA/Hubble (hitps://cdn.esahubble.org/archives/images/large/
opo0501a.jpg). Hcxoonas cpomoepagbusi nosepryma na 20° u us nee 8bl0par 20pu30HmMAAbHbLL (paz-
Menm, 3axeamulearouiuii 10po eanraxmuxu. Kaop 1 - na gpomoepagburo nanodicena cmooeauposaruas
cnupanv npu ckopocmu uacmuy, v=0.763c. Kadp 2 —ma sice cnupanv narodicena na 3 D-peavegh, cee-
HEPUPOBAHHDIIL NPOZPAMMOIL HA OCHOBe UCXOOHOU ¢homoepachuu. Kadp 3 — monvko 3 D-peaveh

Ha sTOoM coBMelieHnn CHOBa MMEETCs «KPECTOBHHA», C OOJBIIOI TOYHOCTBIO COBIAJAIONIAS C
JIMHUAMM OONBIION M MaJol ocell amrca opOUThl npeanosaraemoro cytinka CMY/I. He 3arpa-
rMBasi OKa BO3MOXHbIE ITPUYMHBI MOSIBJICHUsI TAKMX JIMHUH, OTMETUM, YTO MX HAJIMYME B KOKIOW
raJlakKTUKe TIO3BOJISIET YTOUHSATD MapamMeTpbl opouThI CriryTHUKOB CMYJ] ¢ GOMBIION TOYHOCTBIO.

HeGonblioe nmpuMevanue: eciy JMHUM Ha ITamiax (MpUBEACHHBIX 3[eCh U Jajee Mo TeK-
CTy) KaXyTCsl CJIMIIKOM MaJO03aMETHBIMHU, YTOOBI OBbITh YOSAUTEIBbHBIMH, TO TO O3HAYAET TOJBKO,
YTO N300paXeHHe CaeayeT yBeaUInuTh. Ecii BOZMOKHOCTH KOHKPETHOTO CIOCO0a MPeICTaBICHHS
MH(DOPMALIK HE TMO3BOJISIIOT U3MEHUTh MACIITa0 N300paXeHHsl, TO CleayeT OpaTh APyroe U3gaHUe,
a elIie JTydile — IporpaMMy MOAEIMPOBAHMUS, U PACCMATPUBATh PE3YJIbTAThl HEMOCPECTBEHHO B HEM.
70 KacaeTcst Kak U300paXeHUI pacCMaTPUBAEMON 31€Ch TAIAKTUKY, TaK U JIOOBIX JPYTUX MpHBe-
JEHHBIX 3[1eCh U300paKEHU.

Kparkuii utor mara 3: npozpammuas mooenb no3eonsien nodoopams napamempol CRynHu-
k08 CMY/], s181510u4uxcsi UCOUHUKAMU YACMUY, U BU3YAALHO CPABHUNMb (DOPMbL CRUPANU, 00pa3o-
BAHHOU (PPOHMOM IMUX UACMUY, CO CNUPANLHLIMU popmayusmu 6 saopax zanraxkmuk. Takoe cpas-
HeHUe NoKasvléaen, Ymo Mooenb MONCem no8mopums (hopmy CRupanu 8 sope 2aNaKkmukyu ¢ O4eHb
8b1COKOU mouHocmuio. Cnupans, cihopmupoeanHas 8 ssope 2aNaKmuku, pacnpoCmpaHsiemcs 6nA0Ms
00 ee 2pPaHULbl, COXPAHSISL C8OI0 CMPO0 2e0MEMPUUECKYIO (POPMY NPAKMUUECKU 0e3 UCKANHCEHUI.
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IIlar 4

Ecnm 3admkcnpoBarh napamMeTpbl OpOUTHI OTACTBHOTO CIYTHHKA, M HAYMHATD U3MEHSATDh OHY
JIMIIb CKOPOCTh BHIOPOCA YACTHII, TO TIPH HEKOTOPBIX 3HAUYEHHUSIX CKOPOCTHU, OTIIMYAIONIUXCS OT Tep-
BOHAYaJIbHO BRIOPAHHOM CKOPOCTH, CIUPAJIb HAYMHAET OYeHb HETLIOXO COBIAJATh C IPYrOi rPyIIon
ocobeHHocTel Ha ¢otorpadun u Ha 3D-mramne. Hanpumep, ans ranaktuku NGC 1512 u panee
nooopanHoro cinytHuka CMY/L, eciu u3meHATh ckopoctsb oT 0.6¢ 110 0.144¢, nprocTaHaBIMBasCh,
KOTIJIa TAKOE COBIaJieHNe HanOosee 3aMeTHO, TO B CyMMe MOJTyJaeTcs cieayomnias Kapruaa. O6pazy-
eTcsl LeJIblid Beep CIMPaJIbHBIX JIMHUM, IIEpEeCeKaloIX CIIMpabHble PyKaBa raJakTUKM MHOTOKPATHO,
Y B HEKOTOPBIX MECTaxX MepeceKalomxcsi MeKy COOOM.

Puc. 9. Cpasnenue cmooeauposarnuvix aunuii ponma uacmuy, 6 zanraxmuxe NGC 1512
— meneckon HST. Hcmounux — ESA/Hubble (hittps://cdn.esahubble.org/archives/images/large/
heicl712a.jpg). Cnymuuk ¢ sxcuyenmpucumemom e=0.708, nakaon h=23°. Cnupau: vi=0.144c, v2=
0207c, v3=0.298¢, v4=0.356¢, v5=0.452c, v6=0.6c. Kadp 1 — narodxcerue cmooeauposanHvix cnu-
paneli Ha homoepagpuio (creea om yenmpa zanrakmuku). Kaop 2 — nanodcenue mex dice aunuii Ha
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3D-wmamn moii sce gpomoepagpuu (cnpasa om yenmpa 2anrakmuxu). Kaop 3 —uucmouii 3 D-uumamn
Ha OCHOB8e UCXOOHOU ghomoepadgpuu.

[Nonyyaercs, uto oguH 00beKT (crmyTHUK CMY]) ncmyckaeT 4acTuIlbl cpa3y ¢ HECKOIbKUMHU
Pa3IMYHBIMUA CKOPOCTSIMH, MPUYEM, STOT HAOOP CKOPOCTEH HE M3MEHsIETCS Ha JOCTATOYHO OOJIb-
IIIOM ITPOMEKYTKE BPEMEHH, B TeUeHHE KAK MUHUMYM HECKOJIBKMX 000OPOTOB 3TOTO CITyTHUKA BOKPYT
CMY.

Ha cpaBHeHMSIX ¢ M300pakeHHUSIMH, BBIOJTHEHHBIMHM B MH(PaKpacHOM JMara3oHe, COBIajie-
HUS erie Oosee 3aMEeTHBI, HACTOJIBKO, YTO YacTo Jlaxe He Tpeldyercs: co3naBarh 3D-mmrami, 4ToObI
TMOJTyYHUTh COBIAJICHUsI CMOJICTMPOBAHHBIX CITUpPAJIEl ¢ HanOosiee 3aMETHBIMH CBETOBBIMH JIMHUSIMH.

Ha cHumMkax xoporio 3aMeTHO, 4YTO UMEIOTCS [epeceueHt sl TMHUM, HAITPABJIEHHBIX B OCHOBHOM
OT LIEHTpa, C JUHUSAMM, PACIIOIOKEHHBIMU BJIOJIb SJUIMIICA, YTO KOCBEHHO MOATBEPKAAET TUIIOTE3Y
00 SMUCCHOHHOM XapaKTepe ITUX JIMHHMA, TaK KaK MOTOKH, c(DOPMUPOBAHHbIE B PE3YJIbTATE TOIBKO
JIMIIb BpaIlleHUs ra3a, BPsil JIM CMOTJIM Obl 0Opa30BbIBATh TAKUE MepecedeHus TeUeHUH rasa.

Ha m300pakeHnn OOMOMHUTENIBHO MOKA3aHbl «IEPIeHIUKY/ISIPHBIe» CIMPATH, U UM TaKKe
COOTBETCTBYIOT NMPOTSIKEHHbIE HEPOBHOCTH HA peJibe(pHOM IITamIle, HO 00 STOM TMO3XKe.

UrtoObl IBUraThCs 1AIbIlle, HEOOXOOMMO UMETh MpeCTaBIeHNe O (PU3nIecKoM Mporiecce, Mpu-
BOJISIIEM K MOJOOHBIM pesyibTaTam. TpeOyeTcst XOTs Obl MOHSATH, YTO ITO 32 OOBEKT, OT KOTOPOTO
OTpPbIBAETCS BEIIECTBO U JIETUT B MPOCTPAHCTBE B ABYX MPOTUBOMNOJIOKHBIX HAIPABJIEHUSIX CO CKO-
POCTSIMU, CPAaBHUMBIMH CO CKOPOCTBIO CBETA.

OueBuIHO, YTO 3TO HEUTO Bpalaiieecs ¢ OOJbIION CKOPOCTBIO, HATIPUMEP, aKKPEIIMOHHBIH
JWCK YEPHOH JBIPHI, WIIK OBICTPO Bparaomasics 38e3/1a. O 4epHbIX JbIpax U3BECTHO, YTO BOIM3U UX
MOBEPXHOCTY JIMHEWHAs1 CKOPOCTh TPAKTUYECKH PaBHA CKOPOCTH cBeTa. Eciu ke 310 3Be37a, To, A7
TOTO, YTOOBI BEIIECTBO HA MOBEPXHOCTH TOTyO0ro cBepxruranra paauycom 20 coHeuHbIX (OKono 14
MJIH. KM) «JIETEJIO» CO CKOPOCTBIO CBETa, JOCTATOYHO, YTOOBI OH JIe/al OAUH 000OPOT BOKPYT CBOEH
OCH TIPUMEPHO 32 5 MUHYT.

N3-3a npumBHbIX cuit CMY/] 5T0T OBICTPO BpaIIAIOIIMIACS UCTOYHUK MaTEPUU BHITSTUBACTCS
B JIBYX HAIIPABJICHUSIX, ¥ B PE3yJIbTaTe B IBYX OOJIACTSAX HA €r0 MOBEPXHOCTH BELIECTBO MOXKET JJOCTH-
raTb KPUTMUECKUX CKOPOCTEH, MO3BOJISAIOIIMX YaCTULIAM IOKMHYTh IOBEPXHOCTb ITOTO CITyTHHUKA.

Ecnu yactuiisl BHIOpAChIBAIOTCS MOCTOSTHHO WJTA MIEPHOJMUECKH, TO HE OUeHb SICHO, KAK IMEHHO
MOXET TOIyYUThCSI MPEeCTaBIIEHHAs BhIIIIe KAPTHHA, COTJIACHO KOTOPOW CKOPOCTH BHIOPACHIBAEMBIX
YaCTUI[ COCPEOTAYMBAIOTCS BOKPYT HEKOTOPHIX M30paHHBIX 3HAYEHHIA. XOTsI pa3HOOOpas3ue CKOpo-
CTei JIETKO OOBSICHAETCS] HEKOTOPBIM pa30pPOCOM CKOPOCTEW OTPHIBAIOIIMXCS YaCTHUII, BTOpasi 4acTb
BOIpPOCa OcTaeTcsi 6e3 OTBeTa.

Pemienvem mMoxeT ObITh CHOBa padoTa MPHJIMBHBIX CHJI, & UMEHHO HAJIMYUE AOTOTHUTEb-
HBIX KOMITaHbOHOB Harero criytHuka CMY/1, nepuon ooparieHust KOTOPhIX BOKPYT 3TOTO CITyTHUKA
JOCTATOYHO MaJl, YTOOBI TIOPIMU BEIIECTBA, OTOPBABIIUECS BO BpeMsl UX CONMVMKEHHI, B UTOTE BOC-
MPUHUMAIMCh KaK OJVMH CIUIOMHON MOTOK. CONMMKEHNe ¢ KaKAbIM TAKMM CITyTHUKOM-KOMITaHbO-
HOM HECKOJIBKO YCHJIMBAJIO Obl MPUJIMBHOE BO3JEWCTBUE Ha MOBEPXHOCTh CITyTHUKA-UCTOYHUKA, B
pe3yJIbTaTe OHa PacTSArMBajIOCh OOJIbIIIE, M TIPU STOM BO3pAcTajia MOIIHOCTh MOTOKA. Takoe cOnmxke-
HUE MOXET JUIUThCSI KOPOTKOE BpeMsl (HalpuMep, 3eMHbIE T'O/Ibl), [IOCJIE YETO B TEYEHUE JOCTATOUHO
JJIMTEJIBHOTO TIEPUO/1a BpEMEHU (IECSATKY UM COTHU JIET) BJMSHUE JAHHOTO CIIyTHHUKA CYIIECTBEHHO
CHU’KAETCs, TIOKA OH JBIIKETCS MO YJAJIeHHON YacTH CBOEH OpOUTHI.

Jl1s1 BOBHUKHOBEHUsI JIMHUK (DPOHTOB 4YacTHI], COOTBETCTBYIOIIMX HEKOTOPHIM BbIJIEJIEHHBIM
CKOPOCTSIM, MOTYT OBbITh U Apyrue npuurHbl. Harpumep, natepdepeHis MOTOKOB YacTHIl, JBHKY-
IIUXCSL C PA3HBIMU CKOPOCTSIMH, TOCTUTHYTHIMU Ta30M TPH BO3/ICHCTBUM HA HETO YacCTHII, BHIOPO-
IIEHHBIX Ha Pa3HBIX LIMKJIAX JBVKEHUS CITyTHUKA. n ke BO3MOXEH BapuaHT, B KOTOPOM U3Jyva-
IOIIUIA CITyTHHK — 9TO HE eIMHUYHBIA OOBEKT 3BE3JHOM MACCHI, 2 KOHITIOMEPAIUs TAKUX OOBEKTOB,
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CTpYIIHMPOBAHHBIX BOKPYT HEKOTOPOTO IIEHTPa MACC U IBUKYIIUXCSI KOMITAKTHOM I'PYIITOi MO 001Iei
umMnTUYecKor opoute Bokpyr CMY/I.

Kparkuit ntor mara 4: oour cnymuux CMY/] (6mecme co ceoumu 2pasumayuOHHbIMU KOM-
NAHLOHAMU) MOHCEM POPMUPOBAM® UY2U CRUPANLHBIX (PPOHINOE UACMUL, 8 8UOe OBOLIHBIX cCnupaell,
COOMBEMCMBYIOUAUX ONPEOENEHHBIM CKOPOCMAM 8b10POCA UACTUY,.
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IIlar 5

Ecnu npopomkxuTh HapalmmBaTh CKOPOCTh BHIOPOCA YaCTHI] IO MAaKCUMAJIbHO BO3MOKHOM V=C,
TO OKa3bIBa€TCsl, YTO BIUIOTH JI0 CKOPOCTH CBETa OOHApPYXKMUBAIOTCSI COOTBETCTBYIOIIME JTUHUM Ha
penbehHOM OTTHCKE.

Ha camom pnienie, B cepuu pa3fiMuHBIX CKOPOCTEHN YaCTHIL ClieyeT HAXOOUTh CHayala UMEHHO
JMHUIO (PPOHTA YACTHII, JBHKYIIMUXCS CO CKOPOCTBIO CBETa, a 3aTeM YK€ CPaBHUBATh CIIUPAJIbHbIC
(bpOHTBI, COOTBETCTBYIOIIME MEHBIITNM CKOPOCTSIM. IMEHHO cripalibHble JIMHUK, COOTBETCTBYIOIINE
CKOPOCTH YaCTHII, pAaBHOH CKOPOCTH CBETa, OCTAaBJISIOT Hambojee sipkue criebl Ha otorpadusix,
4yTO OueBUIHO. Ecnu ynauyHo HaiiieHa criipalib 4acTHll, COOTBETCTBYIOIIAS MAKCUMAILHO BO3MOX-
HOUW CKOPOCTH YacCTHII, TO C OOJIBIION BEPOSTHOCTHIO MEHBIIIMM CKOPOCTSIM OyJeT COOTBETCTBOBATh
OOJIBITIOE YMCIIO TAPAJUIEIIBHBIX MM «O0p0o3/10K» Ha 3D-penbede. IMeHHO Tak 1 ObLIN «BBIYUCIICHBI»
JIMHUM U1 IaHHOTO cyTHHKA ranaktuku NGC 1512.

Uro o3HavaeT «HaieHa ygauyHo»? [lefno B Tom, 4To, eciid CKOPOCTH JABUKEHUS YacTHUIl Aaxke
HAYMHAIOT MPUOIUKATHCS K CKOPOCTH CBETa, U300pakeHue criupaseil pa3MepoM B AECATKH ThICSIY
CBETOBBIX JIET [Isl y/IAJICHHOTO HAOJTIO/IaTe s OKa3bIBAeTCSl MCKakeHHbIM. [Ipr MonenpoBaHuu 00si-
3aTesIbHO TPeOyeTCsl YUUTHIBATh ONTUYECKUE UCKaXKEHH S HAOMI01aeMbIX JIMHUIN (PPOHTOB YACTHII.

[Tpu cKOpOCTAX OBMKEHUsI YaCTULl MATEPUH, COMIOCTABUMBIX CO CKOPOCTBIO CBETA, CBET OT CJle-
JOB CTOJIKHOBEHHMI YACTHII, JBIKYIIMXCS B HAILIEM HAIMpaBJICHUH, IPUXOIUT HE OJHOBPEMEHHO CO
CBETOM OT CTOJIKHOBEHHI YaCTHL], OT Hac yaasstiomuxcs. Cien oT 4acTHll, JIETSIIUX B HAITy CTOPOHY,
Oynet HaOmoaaThesl B MX Oosiee mo3/iHel (OIM3KOM M0 BpeMeHU) TIO3UIMHU 110 CPABHEHUIO C YacTH-
[aMH, OT HAC YIATSIONIMMUCS.

k|OB’| + |B’E| = k|OA| + | AE| B k|OB’| + |B'B"| = k|OA| + |AA"| B
E E
B’
1 A i A"

Puc. 10. Ilocmanoska 3a0auu 06 yueme 3a0€prHCKU CUZHANA OM 0O0BEKMO8 NPU OBUNCEHUU UX
u3 mouxu O 8 NPOMUBONON0NHCHLIX HanpaeaeHusix A u B co ckopocmsamu v=kc, 20e 0 < k < 1. Caesa
— MOYHASL NOCMAHOBKA 3a0aul, cnpasa — ynpoujeHnas. Pucynok aemopa.

Harpumep, B pabote, mocBsimeHHON uccnenoanuio kBazapa J1601+3102, aBropsr uccieno-
Banus (https://iopscience.iop.org/article/10.3847/2041-8213/ad9609) pa3Huily B MECTONOJIIOKEHUH
JBYX paio-BHIOPOCOB (M B MX SIPKOCTH) OOBSICHIIIN HEKUMH «HEU3BECTHBIMH YCIIOBUSIMU» BOJM3H
YEPHOM JIBIPBI.

Torga Kak AOCTAaTOYHO OBUIO MPEIIONOKHUTh, YTO Oojiee SAPKUM M ONU3KUA K WUCTOYHHKY
BBIOpOCA ITyYOK JIBUKETCS B HAITPABJICHUH OT HAC M TIO3TOMY CHT'HAJI JOJDKEH IMPONTH OoJiee INTNHHYIO
JWCTAHIIMIO, TIPH PABHOM PACCTOSTHUM OT UCTOYHMKA — YEPHOM JBIPL. B nTore Mpl Habmoaaem ero B
ero OoJiee paHHEM IO BPEMEHH COCTOSTHMHM, Korja oH Obul eme B 10 pa3 Onmke K YepHOU IpIpe, He
yCIes paccesiThCsl, U IOITOMY HAMHOIO sIpUe, YeM TOT, UTO JABUKETCS B HAILIEM HAllPaBJICHUM.

19


https://iopscience.iop.org/article/10.3847/2041-8213/ad9609

B. Knanos. «Kak Bpamaiorcsi pykaBa rajlakTUK»

Puc. 11. Keazap J1601+3102. Cxema pacnonodicenus 4/] (mouxa O), ceseprozo ( B) u 1od1cHozo
(A) ev16pocos paduo-dicema. Bvibpoc B 3Hauumensvro Oaudxice Kk UCMOYHUKY U HAMHOZ20 «sip4e».

AHAJIOTMYHO, U MPU MOJEIMPOBAHUU (PPOHTOB U3JTYyUYEHHUs, IBMKYLLETOCS CO CKOPOCTSIMH,
CPaBHUMBIMU CO CKOPOCTBIO CBETA, CJEAyeT yUMTBIBaTh 3Ty pa3HMIly. B HEKOTOpBIX rajakTUKax
TOJIBKO y4eT 3TOH AedopManiy no3BoJseT nogooparh NapaMeTpbl CIIyTHUKOB, KOTOPbIE MOITIU Obl
COOTBETCTBOBATh CITUPAJIbHBIM JIMHUSM, HaOJ0OaeMbIM Ha (DOHE rajjakTU4ecKux pykaBoB. Hike
NIPUBEICHBI Pe3y/IbTaThl NCKakeHUsI (POPMBI CIIMPAIM B 3aBUCMMOCTH OT CKOPOCTH YaCTHII, U U300-
pakeHbl HAOTIOAEMBIE B pa3/IMuHble MOMEHTbI BpeMeHH KoHpuryparmu i ciaydas v=0.8c, h=60°.

v=0.8¢c
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Puc. 12. Bausinue ckopocmu uacmuy, Ha goopmy cnupanu ¢ sxcyenmpucumemonm 0.5 npu yenax
HakaoHua naockocmu cnupaau 30°, 45° u 60° omuocumenvHo npoekuUoHHoU naockocmu. Bhuzy (Ha
memHom pore) — pazeepmra 60 epemeru 3gontouuu onsi v=0.8c, h=60° (0as t 6 moic. nem). Pe3yno-
Mamsl NOAYUEHbL 8 MOOCAUPYIOULEM NPUNOHCEHUU.

Ha sTHx cxemax B IOMOTHEHNE K OCHOBHBIM JIBYM CITUPAJIbHBIM JIMHUSIM O0Jiee TOHKUMH JINHU-
SIMU TIOKQ3aHbl «TIEPHEHANKYJISPHbIE» UM CHHPAH, KOTOpble Obl 00pa30BaIUCh, €CITM Obl U3ITyue-
HUe ObUIO HAITPABJICHO MEPIEHIUKYJISIPHO TOMY, KOTOPOE MPEATIoNaraeTcs AJsl YTOMIIEHHbBIX JIMHUI.
Hanee OyneT pa3bsiCHEHHE 110 STOMY MOBOY.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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