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BBenenne

AKTyaJIbHOCTH T€MbI

BrerajlakTuueckasi acCTpOHOMESI — OJIMH U3 Haubosiee OYPHO Pa3BUBAIOIIUXCS
pasJiesioB coBpeMeHHoi acTpodusuku. 3a nociaegaue 10-15 jgeT Halu mnpe;-
CTaBJICHUsI O TAJJAKTUKAX, UX CTPYKTYpPe U SBOJIONUH IPeTepIIesn 3aMeTHbIe
U3MEHEHWs, ITO CBSA3AHO, MPEXKJIE BCEro, C MOJyIEHUEM OI'POMHOIO KOJIMIe-
CTBa HOBBIX HaOJIIOIATEIbHBIX JAHHBIX W Pa3BUTHEM METOJNK WX aHAJIN3a.
[Tporpecc B uzydenun 0O6bHLEKTOB Ha OOJIBINNX KPACHBIX CMEIIECHUSX COMPO-
BOXK/IA€TCsl yCIIeXaMU B U3YyUEHUN OJIU3KUX TaJaKTUK. 3JI€Ch PUXOJIUTCS OT-
Ka3bIBaThCs OT MHOI'MX NPUBLIUHBIX IIpejcTapieHuil. Hampumep, okazajoch,
YTO PO UL PACIpeiesieHnsT APKOCTHA B JUCKAX 3aMETHOTO UUCJIA TAJaKTUK
OTJIMIAETCS OT KJIACCHICCKOTO IKCIIOHEHITMAIBHOIO 3aKOHA, 3JI€Ch CJIEJYeT T0-
BOPHUTH O MHOTOSIDYCHBIX JMCKaX, CJIOXKHasi CTPYKTypPa KOTOPBIX ODYCJIOBJIE-
Ha B3anMoJieiicTBusiMU U TorsionenueM crytaukos (Erwin et al., 2005). B
COBDEMEHHYTO SI0XY TIPOJIOJIKACTCA MejiieHHast (“cekyiisipHast’) mepecTpoiika
CTPYKTYPHBIX KOMIIOHEHT TaJaKTUK, KaK I0JI JefiCTBIeM BHEIIHNX (PAKTOPOB,
TaK M II0J] BO3/IECTBHEM BHYTPEHHUX KOJIJIEKTHUBHBIX IIpoieccoB. opMupy-
IOTCST M MCUE3AI0T MePEMbIUKU-0aphl, IEPECTPAnBACTCs PACIPE/IECIEHUE MACCh
B LIEHTPAJIbHO# 00J1acTi, 00pa3yloTcs KoJiblla 3B€3/1000pa30BaHus U “1CeB0-
banpkn” (Kormendy & Kennicutt, 2004). BunmaresbHblii B3rJisiji MOKa3biBa-
€T, UTO TaJAKTUKKA — 3HAUYUTEJbHO Oojiee CJI0XKHBbIE OObEKTbhI, HEXKEJIU IIPEJI-
CTaBJISIJIOCH paHee. DTO OTKPLIThIE CUCTEMbI, AKTUBHO B3aUMOJICHCTBYOIIHIE C
oKpyskerueM. U ecin Ha paHHHX dramax oOpa3oBaHus rajakTuk (z = 1 —5)
OCHOBHYIO pPOJIb UT'PAJHU “OOJIbIIHE CAUAHUS OOBEKTOB C MPUMEPHO SKBUBa-

JICHTHBIMUA MacCCaMHU, TO B COBPEMEHHYIO 310Xy, COOTBETCTBYIOILYIO KPACHBIM



cmerienusm 2 < 0.4, JOMUHUPYIOILYIO POJIb UTPAIOT “MaJible CJUSTHUS — 3a-
XBaT KapJHUKOBbIX KoMmmanboHOB (LOpez-Sanjuan et al., 2011). Bcee Gosbime
KOCBEHHBIX YKa3aHUil Ha TO, UTO JIJisd OObACHEHWs MHOTUX ACIEKTOB IBOJIIO-
ITUU TaJaKTHK TPeOYETCsT yueT aKKpeIus ra3a U3 MeKIaJaKTUIeCKOH cpeJibl
(Kauffmann et al., 2010).

C Jipyroit CTOPOHBI, POIECCHI, ITPOUCXOJISIIUE B MAJIAKTHKAX, TOYKE BIIUSIOT
Ha nx okpyx)enne. Gorononnzamnnontoe nanydenne OB-3Be3, KnHeTnaeckast
SHEPTHST 3BE3IHBIX BETPOB W B3PHIBOB CBEPXHOBHIX HATPEBAIOT Ta3, GOPMUPY-
IOT KaK yIops0oueHHbIe, TaK ¥ XaOTHIeCKUe ucredenns. JacTb ra3a moKuaeT
raJakTHKy U JINOO pAcCeMBAaETCs B MEXKIaJaKTHICCKOM TTPOCTPAHCTBe, JI0O,
OXJIaK J1asICh, BOZBPAIAETCS OOPATHO U BHOBD MIPUHUMAET yIaCTHE B 3BE3/1000-
pazosanuu. K ere dosiee maciirabubiM appekram npuBojiuT padbora akKperu-
OHHOI MAaIlMHBI AKTUBHOTO siJ[pa, 0COOEHHO KOTJa Pedb UIET O HeHTPAJThHBIX
rajiakTrkax ckoruienuii (Churazov et al., 2002). YueT Takoro B3anMOBJIHSHUST
(feedback) okaspiBaeTcst KpUTHUICCKH HEOOXOJUMBIM B UUCJICHHBIX PacdeTax,
MOCBATIEHHBIX KaK KOCMOJIOTHYECKOM IBOJIONUN B TEJIOM, TaK U 00bsACHEHUIO
mapameTpoB oTiesibHbIX TasakTuk (Hopkins et al., 2012).

Takum obpazom, HabJifojiaresibHOe u3ydeHue MOpQOJIOIMU U KUHEMATUKU
raJakKTHUK SBJISIETCs] Ba>KHON M aKTyaJbHON 3a/a4ueil. DTU UCCJIEIOBAHUS BaXK-
HbI KaK MOTOMY, UTO TIO3BOJIAIOT OOHAPYKUBATh KaKne-JInbo HOBbIe 3(PEKThHI
U CTPYKTYPBI, TAK W [MOTOMY, UTO JJIs MOHUMAHUS MPOTECCOB TAJaKTUIECKON
9BOJTIONUH TpebyeTcs JieTaJIbHOe CpaBHEHNEe HAOIOACHWH ¢ pe3yIbTaTaMi dUC-
JIEHHBIX PAcUYeTOB B paMKaX TeX WU MHBIX Mojieseit. C TOUKN 3peHusT MoIX0/1a
K HaOJIIOJICHUSIM B COBPEMEHHOW BHEraJIaKTUIECKON aCTPOHOMUE BbIJIE/ISIIOT-
Ccs1 JIBa HalpaBJeHus. BecnpenegenTHbie 00beMbl IaHHBIX, TTPEJICTABICHHBIX B
apxuBax UMPOBLIX 0030pOB HeDa, MO3BOJISIOT CpaBHUBATHL ODIIKME CBOMCTBA
raJakTHK, CBOJd UX K OIPAHUUEHHOMY KOJIMYECTBY WHTEI'DAJbLHBIX MapaMer-
POB: I[BET, CBETUMOCTH, METAJIJINUHOCTb, CPEJIHAS JUCIIEPCUsT CKOPOCTE, Macca
3BE3J| M rasa W T.1I. 3JIeCh CKPaJIbIBAIOTCS WHUBUIyaJbHbIE PA3JININd, HO 33
CYET CTATUCTUKHU OOJIBIITOTO KOJNIECTBA O0HEKTOB yIaeTCsi OOHAPYKUBATH NH-
TEePECHbIE 3aKOHOMEPHOCTH U CPABHUBATH UX C MOJICJIbHBIMU MTPEJICKA3AHUSIMU.

Hpyroit 1mojaxo/1 1nojpasyMeBaer JAeTajabHOe U3yUeHUe OTJEJNbHBIX TI'aJIaKTHK,



cOOp MaKCHMMaJIbHO BO3MOXKHOI MHMOpMaLK O JIBYMEPHOM paciipejieieHun
IapaMeTpOB B KApTUHHOH IIJIOCKOCTH: IOBEPXHOCTHON SPKOCTH B IIMPOKUX
dbuabTpax M y3KUX JUHHUAX, JIy9eBOil CKOpOCTH (IMOjie CKOpPOCTeit), aucrep-
cun ckopocreit u T.j1. CJI0KHOCTDH 9TOrO IMOJX0Ja COCTOUT B HEOOXOIMMOCTH
OJIHOBPEMEHHOI'0 aHaJIM3a, PA3HOOOPA3HOIO HADJIIOJATE/ILHOIO Marepuaja u
paszpaboTke Mojiesieil, aJIeKBaTHO OIMCHIBAIOIIMX BCE HADJIIO/IaeMble XapaKTe-
puctuku. Tem He MeHee, JileTaJibHOE U3yUeHUE HEOOJIbIITNX BHIOOPOK TaJIaKTHK
M03BOJIsIeT ODHAPYKUBATH HOBBIE, MHOIA HEOXKUJaHHbIe, 3PMeKThI, TPpedy-
fore o0bsICHEHUSI B paMKaxX PacueTOB SBOJIIOIUN TAJJAKTUK Ha KOCMOJIOIHU-
yecKuX Ikajax. VIMEeHHO 3TOT MOJXOJI peaju30BaH B JIAHHON JHCCepTallliu,

O0JIbIIIasT YaCcTh KOTOPO OCHOBaHA Ha HAOJIIOAEHUSIX, BBIIOJHEHHBIX Ha 6-M

reneckorre BTA CAO PAH.

IHean paboTbl

OcCHOBHOI T1e/IBI0 TAHHO TUCCePTAIINN SIBJISIETCS IeTaJbHOe U3y YeHne TBUXKe-
HUII MOHM30BAHHOI'O I'a3a U 3Be3J1 B OJIM3KKUX I'aJaKTUKAX JIJIs PEIIeHUsI BOIIPO-
ca O BIIMSIHUU OKPY2KeHUsl (KAPJIMKOBBIX CIyTHUKOB, 0DJaKOB MEXKrajlaKTh de-
CKOTO Ta3a M T.J.) Ha BOSHUKHOBEHUE U DBOJIIOIMIO PA3JIUIHBIX CTPYKTYD Kak
B CaMMX T'aJIAKTHYECKHUX JUCKaX, TaK U 3a ux upejenamu. C Jpyroii cropo-
HBI, IIPEIIIOoJAraeTcsi PaCCMOTPETh pPa3/IMuHble HAO/IIOAATeIbHbIE CBUJICTE -
CTBa BO3JIEHCTBUS MIPOIECCOB TEKYIIEro 3Be371000pa30BaHus Ha, MEXK3BE3IHY IO
cpejly rajakTUK C [eJIbI0 HOHSTh IPUYMHbl BOSHUKHOBEHUsI B HEl BBICOKOCKO-
POCTHBIX TYPOYJEHTHBIX JBUKeHuit. st pereHust aTux 3aja4 HEOOXOIUMO
MOJIyYUTh W ITPOAHAJIN3UPOBATH OOIIMPHBIH HAOJIIOAATENBHBIA MaTepuaJsl 1o

CIIEKTPOCKOIINK I'a30BO# 1 3BE3/IHOM IIOJICUCTEM OJIM3KUX TaJaKTHK.

Hayganas HOBU3HA pabdOTHI

1. Pazpaborannasi jjuccepranToM MeTojiMKa 00pabOTKM M aHaJu3a JJaHHbIX
HabJioIeHnii co ckanupytomnm naTepdpepomerpom Pabpu-Ilepo mosso-

JIMJIa “IIOCTaBUTH Ha KOHBeiiep” M3MepeHHs JUCIEPCUU CKOPOCTel MOHU-
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30BAHHOTO T'a3a, B JIMCKaX raJlakTHK. B pesyabrare yaasoch n3yIuTh 0Co-
OCHHOCTH pacipejiesieHus TypOyJIeHTHBIX CKOpocTell B 22 OJIM3KUX Kap-
JINKOBBIX TaJaKTUKaX, IIPA TOM, YTO paHee TaKoil HabJrogaTebHbI Ma-

TepuaJ ObLI IIPEICTABICH MeHee 4eM JIJIs JIeCsITKa 00bheKTOB.

. B Tpex ramakTtukax paHHEro THIIA OTKPBITHI IJ100aIbHbIE I'a30Bble JIUCKH,
Bpalllatoliuecss B IPOTUBOIIOJI0XKHOM HallPaBJEHUU OTHOCUTEJIHLHO 3BE3I.
[TokazaHo, UTO HOHM3AIUS I'a3a B ATUX JINCKAX JaCTO OOYCJIOBIEHA YIap-
HBIMU BOJTHAMY, BO3SHUKAMOIIUMU B Pe3yJbTaTe MaJeHus OOraTbIX Ta30M

CIIYTHHUKOB.

. ObrapyKeHo pacimpenne KoJer 38e371000pa3oBanns B rajakTrke Arp 10.
DT0 BrOpast CTOJIKHOBUTEILHO-KOJIBIEBast cucTeMa (Tocse rajak Tk VV
784), B KOTOPOIi HAIIPSIMYIO U3MEPEHA CKOPOCTH KOJIbIEBON BOJIHBI TJIOT-

HOCTH.

. Ha npumepe Mrk 334 Bmepsble mpojieMOHCTpUPOBAH 3(DPEKT BOIMYIIIE-
HUST T'a30BOI0 JIMCKA B Pe3ysbTare MpoJieTa CKBO3b HEr0 KapJUKOBOI'O
CIIyTHUKA: MOHUKEHUE IJIOTHOCTH ra3a, aHOMAaJIbHasl MOHW3AIMsI, BO3MY-

[IIeHNEe TT0JIsT CKOPOCTEN.

. OTKpbITHI BHEHIHKE MIOJIsIPHBIE KOJIbIIA B CEMU IaJIaKTHKAX, JeTaJIbHO UC-
cae/0BaHa KUHEMaTHKa MOHM30BAHHOIO ra3a B IOJAPHBIX KOJIbIAX T'a-
naktuk Arp 212 m SPRC-7. CocraBiien HOBBIN KaTaJor KaHHIaTOB B
raJlakKTUKK C IOJIAPHBIMU KOJIbIIAMU, B TPU pa3a YBEJUUUBIINA U3BECT-

HOE YHCJO TAKUX OOBHEKTOB.

. BriepBbie uzydena kuHeMaTHKa ra30BOIO M 3BE3JHOTO KOMIIOHEHTOB B
YHUKAJbHON KOJIbIeBoil rajakTuke — ObbekTe Xora. [IpuBenenst apry-
MEHTBI B TIOJIB3Y TOTO, 9YTO OOBEKT 00pa30BaJICsad B PE3YIbTATE XOJIOIHOM

aKKpeIuy ra3a 3 (PUIaMeHTOB MEXKTaJaKTUIECKONH CPeJIbl.

. ObrapyKeHbl OKOJIOsIIEPHbIE IOJISIPHBIE JIUCKHA B IaJaKTHKAX Pa3JIdd-
HbIX Mopdosorndeckux Tunos: Mrk 33, Mrk 370, NGC 3368, NGC 3599,
NGC 3626, NGC 5850, NGC 7742. Cocrapnen namboJiee IMOJHBIA Ha ce-
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POJIHATITHUI JIEHb CITUCOK TaKMX 00'bEKTOB, apI'yMEeHTHPOBAHO CYIIECTBO-
BaHUE NPAMOU CBA3U MEXKJy HAJUUYUEM BHYTPEHHET'O NOJIAPHOI'O KOM-
IIOHEHTa U COOLITHEM HeJIaBHErO0 B3aMMOJICHCTBUS ¢ KOMIAHHLOHOM MWJIK

InorJjiomeHnneM KapJMNKOBBIX CIIYTHHMKOB.

8. IIpojeMoHCTpUPOBAHO, YTO JUATHOCTUYECKHE JHarpaMMbl [ — o, ocTpo-
€HHble B dMUCCUOHHBIX JIMHUAX WOHU30BAHHOI'O I'a3a, MOLYT C YCIEXOM
UCIOJIb30BATHCA JIJIs MTOUCKA PA3HOTO POJla. KOMIIAKTHBIX TYyMaHHOCTElt
B OJIM3KMX rajlakThKax. [Ipejjoxkena mHTepHperalus HaOJII0IaeMOr0 B
KapJIMKOBBIX Ta/IJaKTUKaX paclpeesieHns TOYeK Ha ITUX Juarpammax,

CYIIIECTBEHHO JIOMOJIHSIONIAST TPEJIbIIyIIe paboThl 110 ITOI TeMme.

Hayunasg n npakTndeckas MEHHOCTh PabOThI

[Ipejicrapiiennast B jucceprainui MeTOuKa o0pabOTKu M aHaJM3a JaHHbIX,
noJiydaeMbIX €O ckaHupytomum nareppepomerpom Padpu-Ilepo, ¢ ycrexom
npumensiercss kak B CAO PAH, tak u B 1pyrux acTpOHOMUYIECKUX yIPEXK Ie-
nugx (PAVIT MI'Y, CII6I'Y, Ruhr-University Bochum).

PesynbTarh! jIeTaabHOTO H3YyYeHUsT KHHEMATHKH TaJaKTHK C MTPOTHBOBPA-
IMAIOITUMUCS JIUCKAMK, CTOJKHOBUTEJBHBIX KOJIBIIEBBIX CHCTEM, TAJaKTHK C
OJIIPHBIME KOJIBIIAMHU, MOI'YT HCHOJIb30BATHCs (M y2Ke UCHOJb3YIOTCs) Jist
JUCJIEHHOT'O MOJICJIMPOBAHUST TAKUX O0bEKTOB. DTO MMO3BOJISIET HE TOJHKO JIy -
1€ TMOHATH MPOIECC B3ANMOIEHCTBUST TaJaKTHK, HO W HAJOXKHUTH MPEIEIbl Ha,
Maccy ¥ Jlaxke popMy TEMHOTO TaJI0, YTO BaXKHO JIJIs MOHUMAHUs POJIA TEMHON
MAaTEPUH B IBOJIONNN TaJaKTHK.

HanbHeitee n3y4deHne o0ObLEKTOB U3 HOBOTO KATAJIOTa TaJaKTHK C TTOJISP-
upiMu KosibiiamMu (SPRC) nosBosint Jtydiie moHsiTh 1POMCXOXKJICHUE TaKMX
CTPYKTYP, OIEHUTH WX CTAOMJILHOCTH, 8 TaK>Ke MPOBEPUTH TUIIOTE3Y O TOM,
4YTO YaCTh MACCHUBHBIX MOJSPHBIX KOJel 00pa30BaJioCch B Pe3yJibTare XOJI0/I-
HOW aKKperuu u3 (pUIAMEHTOB MeXKraJlakThuieckoit cpejibl. Habsojienus ra-
naktuk n3 SPRC yxe npoBomgares kak Ha 6-m Teseckone CAO PAH, Tak u B

napyrux obcepsaropusx (IRAM).
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Habuirotaemble mapaMeTpbl CTPYKTYPhI, KHHEMATHKKA W 3BE3HONO Hace e-
Hust O0bekTa Xora HaKJ1a IbIBalOT XKECTKHE YCJIOBHS Ha BOBMOXKHOCTH (DOPMU-
pPOBaHMS TAKUX TaJaKTUK JUOO B pe3yJbTare XOJOJIHON aKKpPeIuu ra3a, Judo
B IIPOIIECCe CIUSIHUS IaJIaKTHK.

[IpuBejieHHbIE B ICCEPTALIMN XaPAKTEPUCTUKU BHY TPEHHUX HOJISIPHBIX CTPYK-
TYP MOL'YT MCIOJIb30BATHCS JIJIS CPABHEHUSI YMCJICHHBIX MOJIEIel B3auMO/Ieii-
CTBUSI TAJIAKTUK C HAOJIIOIEHUSIMHU.

[Toydennbie B JuccepTamui mapaMeTpbl XaOTHIECKUX JIBUKEHWH MOHU-
30BAHHOI'O T'a3a B KapPJIMKOBBIX TaJaKTUKaAX, ABJISIOTCA BaXKHBIM HMCXOIHBIM
MaTepUaJoM JIJIsI CpaBHEHHSI C pacueTaMH BO3JIEHCTBUSA MOJIOJIBIX 3BE3JIHBIX
I'PYIIIIPOBOK Ha T'a30BYI0 CpPeNly raJlakKTHK. 1o »Ke OTHOCHTCS K HabJI0/1ae-
MbIM XaPaKTePUCTUKAM BbIOPOCOB Ia3a HaJ| IJIOCKOCTHIO JINCKa, OOHADPYXKEH-

HbBIX JTUCCEPTAHTOM B pAL€ CIIUPAJIbHbLIX I'aJlaKTUK.

OcHoBHBIE PE3YJabTAThI, BLIHOCUMbIE HA 3aMTATY

1. Meronuka HaOJIIOIEHNST U aHAJIM3A, JIAHHDBIX, [IO3BOJISIIONIAS ¢ TOMOIIBLIO
ckanupytomero narepdepomerpa Pabpu-Ilepo kapruposars pacipe/ie-
JIEHUE JUCIEPCUN CKOPOCTEl MOHM30BAHHOTO Ta3a B TaJaKTUKaX U IMUC-

CHOHHBIX TYMaHHOCTIX.

2. O6HapyKeHne IPOTUBOBPAIIAIOIINXCS KOMIIOHEHT B Psijie TaJaKTHUK PaH-
HUX THIIOB: OKOJIOSIIEPHBIX Ta30BbIX M 3Be3/HBIX juckoB B NGC 1316
u NGC 3945, kpynnomaciitabubix ra3osbix juckoB B NGC 2551, NGC
5631 u NGC 7742. BoiBoy 00 yjapHOil MOHU3AIMHU I'a3a B CAydasix, KO-
71 IJIOCKOCTDh BPAIEHHUsS Ia30BOTO KOMIIOHEHTa HAKJIOHEHA O] HeDO k-
MM YIJIOM K 3BE3JIHOMY JIMCKY. BbiB0ji 00 00pa3oBaHuu 1POTUBOBPallla-
IOLIMXCS KOMIIOHEHT ATUX TaJaKTHK B Pe3yJibTaTe 3axBara 00OrarbiX ra-
30M cryTHUKOB. O0HApyKeHne HAOJII0IaTeIbHBIX CBUIETE/IHCTE B TIOJIH3Y
MJier reHepalny Pe30HAHCHBIX KOJIeIl 3Be31000pa30BaHusI B X0/ TaKOro

B3aUMOJICHCTBU.

3. Pesysibrarsl HAOIIOAATEILHOIO U3YUEHUs TAJIAKTUK, UCITBITABIITUX JIOOO-
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BOE CTOJIKHOBEHHE ¢ MaCCHUBHBIM KOMITaHbOHOM. OOHapy»KeHne paciiu-
peHns W BEPTUKAJLHBIX JIBUXKEHHM B KOJbIAX MEKYJIAPHON TaJaKTHKN
Arp 10, mokazaTeabCTBa TOTO, UTO KOJIBIEBLIE BOJHDLI B JIUCKE SIBJISTIOTCS
Pe3yJILTATOM MEHTPAJHHOIO CTOJKHOBEHUS CO CIyTHUKOM, OIpeIeIeHre
apamMeTpoB cToJiKHOBeHusi. HabJioiaresibHble apryMeHTbl, 10Ka3bIBAIO-
e, 9To 00/1aCTh aHOMaJIbHOM noHu3anuu B rajakruke Mrk 334 siBjisier-
CsI MECTOM HEJIaBHEI'0 CTOJIKHOBEHMUS C SIIPOM Pa3pyIIEeHHON rajlaKTUKHI-

CITYTHHKA.

. Pesynbrarnl jerajgbHOrO M3ydeHusi KMHEMATHKU I'a3a B raJlaKTUKaX C
BHEITHUMHU TOJIPHBIMKA WJIM CUJIBHO HAKJOHEHHBIMHU IIOJICHCTEMaMU: B
Arp 212 obrapy»keH BHENTHWH ra30BhIil JUCK CO CJIOYKHOI reoMeTpreit, a
B SPRC-7 ruranrckuii 3Be371H0-ra30BbIi MOJAPHBINA gucK. HoBbIil KaTa-
JIOT TaJIAKTUKH C TOJIIPHBIMU KOJIBIIAMU, TTO3BOJIMBIINII B HECKOJILKO pa3
YBEJINUUTD YHCJIO0 HAJEXKHBIX KaHJIMJIaTOB B Takue oObeKThl. Ha ocHo-
Banuu Habsogennit Ha 6-m reseckone CAO PAH nopreepxxkieHo cyiie-

CTBOBaHME€ BHCIIHUX ITOJIAPHBIX KOJIEI] B IIAATHU I'aJIaKTUKAX KaTaJloT'a.

. Pesynbrarer u3yuenunss MopoJorun 1 KMHEMATUKNA YHUKAJbHON KOJIb-
neBoit rasiaktukn - OobekTa Xora. O0bsicHEHNE TTEKYJISAPHON CTPYKTYPHhI
9TOM raJIaKTUKH XOJIOIHON aKKPEIMeil ra3za n3 MexKraJakTHIeCKO CpeJibl

Ha ITPpapOAWTEJILHUILY — IJIJIMIITUYIECKYIO I'aJIaKTUKY.

. ObHapyKenne OKOJIOSIEPHBIX I'a30BbIX U 3BE3IHO-I'Aa30BbIX HOJIAPHBIX U
HAKJIOHHBIX JIUCKOB B PsiJie FaJIJaKTUK KaK PAHHUX, TaK U IO3THUX MOPQO-
JIOTUYIECKUX THUIOB. Pe3ysbrarhl cTaTHCTUYECKOrO0 M3yUeHus HabJI0/1ae-
MBIX XapaKTePUCTUK BHYTPEHHHX IOJISIPHBIX CTpyKTyp. Habsomareib-
Hble apryMEHTbI B TOJIb3Y MX BHEIIHErO MPOUCXOXKJICHUS B Pe3yJibTaTe

IorJionieHu s raJlakTuK-CIIyTHHUKOB.

. Pesynbrarel anajinza BHYTpeHHEH KHHEMaTHKH MOHU30BAHHOI'O ra3a B
psijie KapJIuKOBBIX rajakTuk Mectaoro Obbema. Oupejiesienne xapakre-
PUCTHUK Pa3JINIHBIX CTPYKTYP, 00pa30BaHHBIX B Pe3y/IbTaTe BO3/IeiCTBU

MOJIOJAbIX 3BE€3/JIHbIX I'DYIIIMPOBOK Ha ME2K3BE3/IHYIO CPCJly: I'HT'aHTCKHUX
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PACHINPSIIONINXCS 000JI09EK B KAPJINKOBBIX MaJIAKTHKAX, OUIOJIAPHON Ty-
manHoctu B [C 1613, Bosamorxknoro ocrarka I'unepuosoii B IC 10, rajmax-
tndeckoro Berpa B NGC 4460. Obnapy:keHne BbICOKOCKOPOCTHBIX JIBU-
YKeHUIl MOHU30BAHHOIO T'a3a BOKPYT 00JacTeil 3Be3/1000pa30BaHUsI Psijia
OJIM3KUX CHUPaAJIbHBIX TajgakTuk. OObsiCHEeHHE HADJIIOJAEMOr0 pacipe-
JIeJIEHUST JIUCIIEPCAN CKOPOCTE MOHM30BAHHOI'O T'a3a B KAPJIMKOBBIX I'a-
JakTuKax Hajanauem y obsacreit HII kopon Bo3myIienHOro rasza HusKoit

MJIOTHOCTU C BHICOKUMU TYPOYJICHTHBIMU CKOPOCTSIMHU.

JlocTOBEPHOCTH IIPEJICTABJIEHHBIX PE3YJIbTATOB

HocToBepHOCTH Pe3yJIbTaTOB 00YC/IOBIEHA IPUMEHEHIUEM XOPOIIO OTPabOTaH-
HBIX U 3aPEKOMEHJIOBaBINNX ce0si METOIMK 0OPabOTKM W aHaJmn3a HabJIIo/a-
TeJIbHBIX JIAHHBIX; [IOJyUEeHHbIE PE3YJIbTaThbl (PU3UUECKH HEIIPOTHUBOPEUYUBLI U
YJIOBJIETBOPUTEJILHO COIVIACYIOTCSI C TEOPETUUECKUMU MOJEJIbHBIMHU PacUueTa-
M. BaXHBIM CBUIETEIHLCTBOM JIOCTOBEPHOCTH TIOJYUEHHBIX B JIUCCEPTAIUN
PE3YJIbTATOB SIBJISIETCsl UX alpobaliisi Ha HAIMOHAJbHBIX ¥ MEXKIYHAPOJIHBIX
CUMIIO3UYMaX U KOH(EPEHIMX, & TakKe 00CYXKJIEHUE ITUX PE3YJIbTATOB CO
CHEIUAJIMCTAMU B JAHHONH 00JIacTH W IyOJMKallis OCHOBHBIX ITOJIOXKEHU B

BEJIYIIUX aCTPOPUINICCKUX XKYpPHAJIAX.

Amnpobarus pe3yJabTaToB

OcHOBHBIE PE3yJILTATHI JUCCEPTALMHA JIMIHO JOKJIAbIBAIUCH JUCCEPTAHTOM

Ha ceMmHapax m KoHKypcax nayaubix pabor CAO PAH, cemmmapax 'AUIII

MI'Y, UKW PAH, UHACAH, yuusepcurera 1. [lagyu (Uramus), Kanapcko-

ro uucruryTa acrpodusuku (Mcenanus), KOxuoit eBporneiickoit obcepBaTopun

(Hwn), Pypckoro yausepcurera 1. Boxyma (Iepmanust), a takxke Ha ciey-

orux 11 Beepoceniickux u 20 MexK 1y HAPOIHBIX KOH(MDEPEHIsIX (B TOM YHCIIe,

B (bopMe MPUTTIAIIEHHBIX JIOKJIAJI0B U JIEKIIHi):

“Galactic dynamics”, JENAM-2003, (Byganemnr, 2003); Beepoceniickast act-

pornomuieckast kKoudepennus BAK-2004, (Mocksa, 2004); “The life of galaxies”,
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JENAM-2004, (T'panama, 2004); “5th Serbian Conference on Spectral Line
Shapes in Astrophysics”, (Bpmmar, 2005); “Science Perspectives for 3D Spectro-
scopy”, (Papmmunr, 2005); XVII Canary islands winter school of astrophysics
“3D spectroscopy”, (ITyspro-Kpys, 2005); Beepoccniickast kondepenus “Act-
ponomust 2006: rpajuiu, nacrosimee u oyymee”, (C.-Ilerepbypr, 2006); Cum-
nosuym [AU 235 “Galaxy Evolution Across the Hubble Time”, (IIpara, 2006);
“Akryasbhbie TipobsieMbl BHerajgakruaeckoil acrponomun”; (ITymno, 2007);
“Cosmic Physics”, (H. Apxniz, 2007); “6th Serbian Conference on Spectral Line
Shapes in Astrophysics”, (Cpemcku Kapsosiier, 2007); “Dynamics of Galaxies”,
(ITynkoso, 2007); “Formation and Evolution of Galaxy Disks”, (Pum, 2007);
“AkTyasibuble TpobJeMbl BHerajakTu4aeckoit acrponomun’; (Ilymuao, 2008);
“Gas and Stars in Galaxies - A Multi-Wavelength 3D Perspective”, (Fapummr,
2008); “Tumbling, Twisting, and Winding Galaxies: Pattern Speeds along the
Hubble Sequence”, (TTagysi, 2008); “AkryasbHble mMpodJIEMbl BHETAJIAKTHIe-
ckoii acrporomun”, (Ilymuno, 2009); “7th Serbian Conference on Spectral Line
Shapes in Astrophysics”, (3pennanun, 2009); “Nearby Dwarf Galaxies”, (H.
Apxeiz, 2009); “Hunting for the Dark: The Hidden Side of Galaxy Formation”,
(Masbra, 2009); “@usuka Kocmoca”, (Exkarepunbypr, 2009); “Acrpodusuka
BBICOKMX 9Hepruil cerojst u 3aprpa — 2009” (Mocksa, 2009); Beepoccuiickast
acrpoHomuveckasi kKoudepenrnus BAK-2010, (H. Apxsiz, 2010); “Dynamics
and evolution of disc galaxies”, (Ilymuno, 2010); “A Universe of Dwarf galaxies:
observations, theories, simulations”, (J/Iuon, 2010); “8th Serbian Conference on
Spectral Line Shapes in Astrophysics”, (dusuubape, 2011); “Actpodusnka Bbi-
coKuX sHepruit cerojust u 3asrpa — 2010”7 (Mocksa, 2010); “Minor merging as a
driver of galaxy evolution”, EWASS — 2011, (C. -ITerepbypr, 2011); “Acrpocu-
3MKa BBICOKHMX Hepruii cerojins u 3apTpa — 20117 (Mocksa, 2011); “Axryasb-
HbIe TIPOOJIeMbl BHEerasakTudeckoii acrponomun’, (Ilymuno, 2012); “European
Week of Astronomy and Space Science — 2012”7, (Puwm, 2012)
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CrpykTypa auccepTannm

Huccepranus cOCTOUT U3 BBEJICHUsI, CEMH TJIaB U 3aKJIIOUEHU; COAEPKUT 78
pucyHkoB, 8 Tadsuil. CIuCOK IUTUPYEMOil InTepaTyphl BKIo4YaeT 370 HauMe-
HoBauuit. OOt oobem juccepranuu — 347 crpanuil. B KoHIe KaxK10ii 1j1aBbl
HMPUBOJISATCS CIKUCOK TIOJyUYeHHBIX Pe3YyJIbTaTOB M yKa3aHWe Ha OCHOBHbBIE CTa-

ThU, B KOTOPbIX OHU OBLIU TTPEJCTABICHDI.

Kparkoe cojepkanmne gmccepTaiiun

Bo BBegenun obOcy:xjiaercs akTyaJbHOCTH PabOThI, 1eJU U 3a/lauu UCC/ie-
JIOBaHW, HayIHasT HOBU3HA, HAyIHAsT U TPAKTHYIECKAs IEHHOCTH MOJIY I€HHbIX
pPe3ysIbTaToB, GOPMYJINPYIOTCST OCHOBHBIE TIOJIOXKEHHST, BBIHOCUMbIE Ha 3aIIUTY,
IIPUBOJIUTCS CIUCOK paboT, B KOTOPBIX OIYOJMKOBAHBLI PE3YJIbTATHI JUCCEPTa-
UM, C yKa3aHUueM JINYHOI'O BKJIaJ(a JIUCCEPTAHTa B COBMECTHBIX IyOJIMKAIUIX.

IlepBag riiaBa nocssieHa MeTOAUKe HAOJIOJEHUN 1 aHAJIU3Y JAHHBIX O
BHyTpeHHEl KnHemMaTnke rajakTtuk. B §1.1 obcy)jaioTcsi MeTo/ bl aHOPaM-
Hoit (3D) criekTpocKoIiH, MO3BOJISAIONIME MOy YaTh CIEKTPAIbHYIO HHGOPMa-
ITUIO OTO BCEX YUIACTKOB MPOTS>KEHHOTO 00'heKTa, 3AMOJIHSTIOIIX TT0JI€ 3PEHMUsT
npubopa. Jlajiee onuchiBaeTcs amnmnaparypa, KCIOJb3yeMas JJisd HaOJ0eHui
MeTOoIaMU TaHopaMHOii criekrpockonuu Ha 6-m Teneckorne CAO PAH. Nmen-
Ho, B §1.2 Kparko npejcrasien peaykrop cBerocuyibl SCORPIO, co3nanmnbrit
npu ydactuu jguccepranta. OCHOBHas 9acTh HAOJII0IaTEILHOTO MaTepruaJia, Ha
KOTOPOM OCHOBaHa JUccepTalsi, Obljia MoJIydeHa C TTOMOIIBIO CKAHUPYIOMIETO
narepdepomerpa Pabpu-Ilepo (MDII) B cocrae npudbopa SCORPIO. B §1.3
IpeJicTaB/ieHa pa3padoTaHHas JIMCCEPTAHTOM METOJIMKa 0OpabOTKM JlaHHBIX,
nosiydaeMbix co ckanupyionum VU®IL. Ocoboe BHUMaHTE yiessieTcs TpoodJie-
Me U3MEepEeHUs JUCIEePCUU CKOPOCTell MIOHN30BaHHOTO rasa. B §1.4 obcy:x naer-
Csl KPOCC-KOPPEJISIIMOHHASI TEXHUKA U3MEPEHUs 1apaMeTPOB 3BE3JIHON KuHe-
MaTUKHU (JIy9eBOil CKOPOCTH M JIMCIIEPCHE CKOPOCTEil) Ha OCHOBE MarepuaJia,
nosryaaemoro co crekrporpadavmu MPFS u SCORPIO (B pexume jmmHHOI

e ). B §1.5 paccmarpuBaloTest pasjiidHbie MOJICJIBHbIE TPEJICTABICHUST T10-
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JIel CKOPOCTEe MOHU30BAHHOTO I'a3a JMCKOBLIX raJIaKTUK: MOJE/b KBa3UKPY-
TOBOTO BpallleHusd, JIByMepHasd MOJeJib M30THYTOro Jucka. PaccMorpen meTo/n
KOPPEKTHOT'O yUeTa BKJaJia OT PACIIUPSIONIUXCS HOHU30BAHHBIX 000JI0UEK B
HAOJII0IaeMY 0 KHHEMATHKY T'a3a B KAPJIUKOBBIX raJlaKTHKaX.

Bo BTOpOIT rmaBe paccMmarpubaercs (peHOMEH POTUBOBPAIIEHUs B JIUC-
Kax rajakTuk. B §2.1 kpaTko o0cyxjaercst mpobdsieMa, MaJjIbiX CAUSTHUN, KOT/Ia
3aXBaT KapJMKOBOI'O CIIyTHUKA, HE UCKaXKasl B IIEJIOM CTPYKTYPbl JUCKOBOM
raJlakKTUKW, MOXKET WHUIMUPOBATH aKTUBHOCTH siJIpa, BCIIBIIKY 3BE3/1000pa-
30BaHMs UIKM CDOPMUPOBATH KNHEMATUICCKHU BBIJCJICHHBI KOMIIOHEHT B JTUC-
Ke. Ecinu HampaBiieHne opOMTAJIbHOIO MOMEHTa CIYTHHKA, 3aMETHO OTJIMYa-
JIOCH OT MOMEHTa BpaIeHN TaJakKTHIECKOrO JIUCKa, TO B TaJbHENRIIIeM MOXKET
0Ka3aThCsl, YTO YaCTh 3BE3J| WM 'a30BbIX 00JIAKOB B raJlak TUKe BPallaloTcs
B HallPABJICHUK TTPOTUBOIIOJIOKHOM OCTaJbHOMY JiMcKY. [Ipumepnr 110/100HbIX
KUHEMaTUYECKH BbIJICJIEHHBIX CTPYKTYD, OOHAPYXKEHHBIX JIUCCEPTAHTOM, MPHU-
BojiaTcs B §2.2. ITo pesysnbraTam HabstoeHuit co cuekrporpadgom MPFES 1mo-
Ka3aHO, ITO JMCK MOHM30BAHHOTO Taza B OKOJogAepHOil obractu (r<-500 mK)
nunzoBuaHol rajakTuku NGC 3945 Bpalaercs B IPOTUBOIIOJIOKHOM HAIIPAB-
JIEHUWM OTHOCUTEJILHO 3BE3JIHOI'O, XOTs U PACIOJIAraeTcss B TOW 2Ke 1JIOCKOCTH.
A B ssumnrraeckoit rasakrike NGC 1316, octaTky pa3pyIieHHOTO CIIyTHUKA,
copmuposann kommakTHbIH (<200 1K) 3BE3JHBIH JNCK, BPAAIONMAINCT B
IIPOTUBOIIOJIO}KHYIO CTOPOHY OTHOCUTEJIbHO BHEIIHEI'O 3BE3JIHOIO Chepou/ia.

B oTnnume oT KHHEMATHYECKN BbIJICJIEHHBIX CTPYKTYP B MEHTPAJbHOM KH-
JIoTIapceke, KPyHMHOMACIITAOHOE NPOTHBOBpAIEHHE BCTPEYaeTCsl 3HATUTE b
HO pexke. Beero uzBecTHo 1yTh 0oJiblIe JlecsiTKa OJIM3KUX I'aJIaKTUK C HPOTsi-
KeHHbIME (60JIee HECKOJIBKUX KITK) MPOTHBOBPAIIAIOIIMMUCS TTOJICHCTEMAMH
(Sil’chenko et al., 2009). Dror crnucok BKIOYaET 1 TPU 0ObEKTA, B KOTOPHIX
KpylHOMacIITabHasl KHHEMaTHKa ObLja BIEpPBbIe U3yUeHA B HAOJIOJICHUIX Ha
6-m reseckone CAO PAH: NGC 2551, NGC 5631 u NGC 7743. Ounn pac-
cmatpupatoTca B §2.3. [lokaszaHno, UTo Bech ra3 B UX JIMCKaX BpaIaeTcsd B
TPOTHBOIOJIOXKHOM HaIPpaBJICHUN OTHOCUTEIHLHO 3BE3IHOIO KOMIIOHEHTA, JTHAa-
MeTPhI JIMCKOB MOHU30BAHHOIO Tasa cocraniisdoT 0.7 — 1 Dos, T.e. cpaBHUMBI

C XapaKTEPHBIMHU Pa3MEpaMn 3BE3JHbLIX JHNCKOB. B sTux ramaktukax Mbl BU-
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JINM TIOCJIEJIOBATEIHHBIE CTAIWU OJIHOIO W TOTO YKE MPOIECca — MOTJIONEHUST
MaJIOMaCCUBHOI'O ODOraToro ra3oM CIIyTHHKa HMEIOINEro COOTBETCTBYIOIEE Ha-
npasjienne MoMenTa BpalieHusi. B NGC 5631 npereccust pa3pyueHHOTO CIIyT-
HUKa, HE 3aBEpIIUJIach, Ta3 €Ile He OMYCTUJICS B IMJIOCKOCTH TAJAKTUKHA W He
coKaJICs JI0 TPeOyeMOoil JI0THOCTU. 3aMEeTHOTO 3Be3/1000pa30BaHus B HEM HET,
MOHM3AIMs r'a3a, BO BCEM JiMala30He pPajuyCcoB, 00ECIIeUNBACTCS YAaPHBIMI
ostHaMu. Bo BayTpennnx obiactsx NGC 2551 B 3axBadeHHOM Tase y»Ke Ha-
9aJI0Ch 3Be371000pa3oBaHue, B TO BpeMsi KaK Ha nmepudepnn MOHU3aInsT ra3a,
cKopee Bcero obycyioniieHa yuapabiMu BosiHamu. A B NGC 7742 yxe Bech ras
JINCKa MOHU30BAH YJIbTPaUOJETOBBIM U3TYIeHUEeM MOJIOJBIX 3Be3/. B nucke
UJIeT aKTUBHOE 3Be371000pa3oBanue, 00JbIIast YacTh KOTOPOI'O COCPEI0TOUCHA,
B KOJIbIIE JINAMETPOM OKOJIO 2 KIIK, NPEJICTABJISIONMM COO0# pejiknii mpuMep
“pesoHaHCcHOTO KOJibIla 0e3 Oapa’. Ilpejuioxken ciieHapmii, corjiacHo KOTOPO-
My KOJIbIIEBAsi CTPYKTYPa SIBJISIETCS PE3yIhTATOM HeJIaBHEr0 B3aNMOIEHCTBIsT
— IPHU ONpeJIeJIeHHBIX YCIOBUAX BO3MYIIEHUE IPABIOTEHITHAJA B PE3YIbTATE
IIpoJieTa KOMIIaHbOHa Oy/ieT CXOJHO ¢ BO3jeiicTBueM Oapa Ha JUCK raJlaKTH-
Ku. BrocienacTeuu sra miues Hallia MOATBEDPKJICHHE B YUCICHHBIX pacdyeTax
B3aMMOJICHCTBUA IaJJaKTUK.

B §2.4 paccmorpena BuyTpennsisi kunemaruka NGC 7743. Habsogenust Ha
6-M Tesieckorie moKasaJin, 9To 3/1eCh BeCh MOHU30BAHHBIH Ta3 PacrojlaraeTcs B
JINCKE PaJIiyCoOM OKOJIO D KIIK, 3HAYUTETbHO HAKJIOHEHHOM K 3BE3THOMY JIUCKY
rajJakTUKi. B 3aBUCHMOCTHU OT IIPUHSTON B3aUMHOI OpUEHTAIIUK JUCKOB YIOJI
HaKJjIoHa cocTaBisierT 34 + 9° uim 77 £ 9°. 1o nponcxoXaeHU0 1 MeXaHU3MY
MOHUBAIMK TOT I'a30BbIN JINCK POJICTBEH PACCMOTPEHHBIM BbIIIE TPOTUBOBPA-
MAOIIUMCST CTPYKTYPaM M MpeJCTaB/sier coboit Haunbosiee paHHUI dTal WX
dopmuposanus. Haubosiee BeposiTHOI npruinHOit 0Opa3oBaHus TAKOI'O JIMNCKA,
SBJICTCA aKKperus 13 00raToro ra3oM OKpY2KeHUs TaJaKTUKU, YTO [OATBep-
YKJlaeTcs JaHHbIMK Haburroienuit B tunun 21 cMm. Habitoiaemoe oTHoIIIeH1E 110-
TOKOB SMUCCUOHHBIX JIMHUN 3aCTaBJISET MPEJITOJIOXKUTH, UTO OCHOBHON BKJIA/T
B MOHU3AIINIO BHOCSAT yAapHbIe BOJHDBI, BOSHUKAOIIIHE [IPH ITepeceueHnN TOTEH-
[UAJILHOMN SIMbI 3BE3/IHOTO JINCKA I'a30BbIMI ODJIaKaM¥ Ha HAKJIOHHBIX OPOUTAX.

Ormedaercst, 910 HaKJIOHHBIN 1a30BbIi jrck B NGC 7743 sBisiercst oiHO# n3
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CaAMBIX MaJIOKOHTPACTHBIX CTPYKTYP TAKOTO POJIa, OOHAPYKEHHBIX B JIPYTHUX
rajakTHKaX.

Tperbsda raBa 1OCBsINEHA TaJaKTUKAM, IIEPEXKHUBIIAM JIOOOBOE CTOJIK-
HOBEHHUsI ¢ KoMIanboHamMu. B §3.1 KpaTKo paccMOTpeHbl COBpEeMeHHbIE IPe/I-
cTaBjieHus O (POPMUPOBAHUHU CTOJKHOBUTE/IbHBIX KOJIbIEBBIX TAJIAKTUK. Takne
00 bEeKTHI, 0OPA30BABINNECS B PE3yJIbTaTe OCEBOTO MPOXOXKICHUST JIOCTATOTHO
MACCHUBHOI'O CITYTHUKA, TPEJICTABJISIOT OO0 yHUKAIBHYIO JJADOPATOPHIO J1JIs1
M3YUIeHNsT PACIPOCTPAHEHNsT CBEPX3BYKOBOH BOJIHBI TJIOTHOCTH IO HEBO3MY-
IIIEHHOMY JIMCKY, & TaKXKe Il IPOBEPKU Pa3JIMYHbIX TEOpUil pacipocTpa-
HeHus 3Be3/1000pazoBanus. CoryacHo Haubosee IMOMyJIAPHON TOUKEe 3PeHHus,
MTOJITBEPKIAeMOi PsiZioM ducIeHHbIX pacueToB (Appleton & Struck-Marcell,
1996), BoJiHA, JIBUXKYIIASCH U3 HEHTPA JIMCKA K Hepudepun, JuHAMUYECKHI
pas3orpeBaeT JIMCK, a TakKe, MOJ00HO CIUPAJISIM TaJlaKTHK, CXKUMAET ra3, 9To
MPUBOJINT K MaccOBOMY 0OpasoBanuio 3Be31. Cephe3Hyio MOMOIIb B TTOCTPOE-
HUU CaMOCOIJIACOBAHHBIX MOJeJeil CTOJIKHOBUTEIbHBIX KOJIBIEBBIX IaJaKTUK
MOXKET OKa3aTh M3yUeHHe KMHEMATHKM I'a30BBbIX JUCKOB, BKJIOUAs IPSIMbIe
U3MEpEeHnsl CKOPOCTH PacIpoCTpaHeHnsl KOJbIeBbIX BoJIH. Ho 10 HemaBHero
BPEMEHHU TaKue u3MepeHust ObLIn KpaifHe HEeMHOTOYHMCJIEHHbI, IPOTHBOPEINBbI
1 KacaJliCh B OCHOBHOM TOJIbKO TasakTnku “Tesexknoe koseco” (VV 784).

B §3.2 paccmorpen ciayuait nekyssipraoit rajgaktuku Arp 10, kpome Bcero
IIPOYero, KHTEPECHO elle 1 TeM, 9TO 9TO OJUH 13 HEMHOI'UX U3BECTHBIX 00bEK-
TOB, KOTJIa IIOBE3JI0 3aCTaTh Cpa3y JBa KOJiblla, Oeryux 1o Jaucky. [1o pe3yiib-
taTaM HaOoAennit Arp 10 ynanoch B TeTalsax U3y IuTh JIBUKEHN Ta3a, B JIUC-
K€, BOBMYIIEHHOM KOJIbIEBbIMU BOJIHAMK. Ha OCHOBaHMM 1OJIyI€HHBIX JIAHHBIX
MOCTPOEHA, YMCJICHHAS THAPOAMHAMIIECKasl MOJIETh PACITPOCTPAHEHHST KOJIb-
IEBHIX BOJIH, yJIOBJIETBOPUTEIHLHO OMKUCHIBAIONIAs HAOJII0aeMble XapaKTepu-
ctuku rajaktukn. [Ipenmnonaraercs, aro g0 cronkuoBenus: Arp 10 mpegcras-
Jisijia 13 ce0s raJlakTHKY TuIla Sb, ¢ IPOTSXKEHHBIM 3BE3/IHBIM JIICKOM OTHOCH-
TeJLHO HA3KOI MOBEPXHOCTHOU SAPKOCTUA U PA3BUTON CIIUPAJLHON CTPYKTYPOId.
85 MJIH.JIeT Ha3al IPOU3OIILIO JIOOOBOE CTOJKHOBEHUE C MeHee MaCCUBHON CITH-
paJIbHOM raJlakKTUKOW paHHEro THIla, KOTopas IpoJieresia ckBo3b jiuck Arp 10

NpUMEPHO B 3 KIK OT IEHTpa, MOYTH HapauIebHO HAlPaBJIEHUIO OCU Bpa-
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IeHUs. YJ1aJ0Ch OOHAPYXKUTh U CaM ‘KOMIAaHbOH-BO3MYTHUTEJIL , B KapPTHUH-
HOW TIJIOCKOCTU OH MPOenupyeTcs OJU3KO K siJIpy OCHOBHOM TaJIAaKTUKHU U T10
OOJIbIIIell YaCTU 3aKPBLIT OT HAC ee JIMCKOM. BO3HUKIIINE BO3MYIIEHUs I'DaBH-
TAIMOHHOTO TIOTEHIIMAJA MOPOXKIAIOT JBE PACHIUPSIONIAECS HAPYXKY BOJIHBI
IJIOTHOCTH, KOTOPBIE Cefidac BUJIHBI HA U300PaKEHUIX TaJIaKTHKH.

B §3.3 paccmarpuBaiorcst pesyJibTarbl B3yUdeHus Ha 6-M TeJIeCKOIe MPOTO-
THUIIA TaJaKTUK HU3KOW ToBepXHOCTHON sipkocTr Malin 1. M3mepenus jyde-
BBIX CKOPOCTEH 3BE3IHOTO KOMTIOHEHTa MOKA3aJIM, 9TO HEDOJIbITTasT TaJaKTHKA,
Malin 1B, zamernas na caumrax HST, apasercs cuyrnukom Malin 1. Te-
Kyiree B3auMmojieiicteue ¢ Malin 1B Moxer 00bsCHUTH OCHOBHBIE MOP(]OJIO-
rUIecKkre 0cOOEHHOCTH TeHTpaJibHOW obyacTu Malin 1 - 1ByXpyKaBHYIO CITH-
paJIbHYI0 CTPYKTYPY, 6ap M BHEINIHIOI OJHOPYKaBHYIO CliMpaJb. Paccmarpu-
BaIOTCS apryMEHTHI B MOJIb3y TOTO, YTO €€ YHUKAJbHBINA 110 TTPOTIKEHHOCTN
3BE3/IHO-Ta30BbIi JucK (pasmepom 0 120 KITK) SBJISETCS 3aKOHOMEPHBIM UTO-
I'OM 9BOJIIOIAN KOJIBIIEBOI BOJIHBI B COOTBETCTBHUU cO ciienapuem Mapelli et al.
(2008). Pacemorpenue kpymnHomaciitabHoro okpyskerust Malin 1 mpusogut
K BBIBOJLY, UTO rajakTuka SDSS J123708.91 + 142253.2 asnserca nambosiee
BEPOSITHBIM KOMIIAHHOHOM, OTBETCTBEHHBIM 33 (DOPMUPOBAHUE TTPOTS>KEHHOMN
000JIOYKHM HUBKOM MOBEPXHOCTHOW SIPKOCTH, BO3HUKIIEH BCJIICTBIE JTIOOOBOTO
croskHoBeHus: ¢ Malin 1.

B §3.4 onuceiBaeTcsa erne OJHO JIOOOMBITHOE MOCJEICTBUE CTOJKHOBEHUS
raJakTHK, KOTJ[a BIIEPBBIE y1aJI0Ch OOHAPYKUTH TOYHOE MECTO ITPOJIETa KOM-
MaHbOHA Yepe3 JINCK TaJaKTHKH. 37eCh MPEJCTABICHO MCCIeOBaHue CTPYK-
Typbl U KuHeMaTuku ceiicpeprosckoit rasiakruku Mrk 334. Ha riiybokux uzo0-
pakeHusIX HailJIeHbI MPOTSKEHHbIE TTPUJUBHBIE CTPYKTYPHI B BHJIE TE€TE/h 1
apoOK — Pe3ysIbTaT HeJaBHEr0 B3aUMOJIEHCTBUS C JIOCTATOTHO OOJIBITAM CITyT-
aukoM (1/3 — 1/5 or Maccel ocHOBHO# rajakTkm). B jucke obHapy»KeHa
KaBepHa, 3all0JTHeHHAad NOHM30BAHHBIM Ia30M HU3KO# maoTHOCTH. Bech HaboOp
MMEIOIIUXCST TAHHBIX (M3MEpEHHst JIyIeBbIX CKOPOCTEil 3Be3/T I HOHU30BAHHOTO
raza, JUATHOCTHYECKHE JUarpaMMbl OTHOIIEHUN TOTOKOB B JUHUIX PA3HOTO
BO30Y kK IeHust, MOPGOJIOrHsl IPUIMBHBIX J€TaJell 1 T.J1.) YIAeTcsi UHTEepIpe-

TUPOBATh B paMKaxX IPEJIOJOXKEHUs, YTO Mbl HaOJIIOJaeM MECTO HEJIaBHEro
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(okoJ10 12 MJIH. JieT Ha3aj)) MpoJieTa OCTATKOB PAa3pyIIEHHOIO CITyTHUKa, de-
pe3 ra3oBbIil JIMCK OCHOBHOM TajakTuKu. HeoObuHO BBICOKOE OTHOIIEHUE JIH-
uuii |OII|/HS nabonaemoe B 97100 061aCTH, 06bSICHSIETCST MOIIHON YIapHOIi
BOJTHOH €O ckopocTbio 6osiee 250 kM /c. Coracue Bcex Tpex OIMEHOK CKOPO-
CTU CTOJIKHOBEHUsi (110 KPMBOI BpAIleHUsl, 10 BO3MYIIECHUIO HOJIsl CKOPOCTEit
M 110 MOHUBAIMOHHBIM MO/IEJISIM) CBUJIETEJILCTBYET B T0JIb3Y 11PE/JIOKEHHOI
WHTEPIpeTanu 00pa30BaHNs NOHM30BAHHON KaBEPHBI.

YerBepras TJIaBa TMOCBSINEHA HCCIEJIOBAHUIO TAJAKTHK C TOJSIPHBIMA
kostbriamu (['IIK), npecrapisionux coboii mekynsipHble CHCTEMBbI, B KOTOPBIX
HAOJTIOTAIOTCA BHEITHUE KOJIBIA WM JUCKW W3 T'a3a, MbLIN U 3BE3JT, Bpallaio-
IMecs B IJIOCKOCTU TTPUMEPHO MEPIEHIUKYIIPHON K JTUCKY OCHOBHOM rajiak-
tukn. Cauraercs, uro odpazopanue ['IIK Bbi3BaHO cusiHUEM raJlaKTHK C COOT-
BETCTBYIOIIMM HAIPABJICHUEM MOMEHTa BPAIEHUsI, aKKPeIueil Ha raJakTuKYy
BEIeCTBA CIYTHUKA WJIN Ta30BbIX (PUJIAMEHTOB N3 MEXKTATAKTUIECKON CPEJIb.
B §4.1 kpaTko 00CyKTal0TCsI OCHOBHBIE TTPOOJIEMBI UCCTETOBAHUS TAaKUX 00b-
€KTOB, MEePCIEKTUBBI UX JaJbHEHIIIero n3ydenusi. Boljeenn! 1Ba BO3MOKHBIX
IyTHU PEIIeHNs] BOIPOCOB, CBA3AHHBIX ¢ (POPMUPOBAHUEM U IBOJIIONNEH MTOJISP-
HBIX KoJiell. Bo-TiepBbIX, 9T0 jeTajbHOe N3yUEHUE Y2KE M3BECTHBIX KAH IM/IaTOB
C MPUBJIEYEHNEM JAHHBIX O MOPMOJIOrUY 1 KuHEMaTHKe. BO-BTOPHIX, paciimpe-
HUE CITUCKa KaHJIMJIaTOB, KaK C 11eJIblo yTounenus pynknnn ceerumoctu ['TIK
W MPOJIBUYKEHUS B CTOPOHY OOJILIMNX KPACHBIX CMEIIEeHUi, TaK U C MEeJIbIo IMo-
HCKa O0BEKTOB, B KOTOPBIX U KOJIbIIO, M raJlakKTHKa “yJI0OHO pas3sBepHYTbI K
JIydy 3pEeHusI, YTO TMO3BOJUIO ObI OJHOBPEMEHHO MCCJIEIOBATH U KUWHEMATHKY,
U JleTajii BHyTpeHHel crpykTypbl. O0a 3Tux HalpaBJICHUS HPEJCTABICHBI B
jaucceprannn. B §4.2 pacemorpena kmHemaruka rasa B Arp 212. 3jech 00-
HapYy?KEeHbI JIBe KHHEMATHIECKN PA3IUIHbIE TTOACUCTEMbI BPAIIAIOIIErocs ra3a
— BHYTPEHHWl JIUCK W BHeIIHUE dSMUCCHOHHBbIE (puaMeHThl. Bpalienne mep-
BO¥ MOJICUCTEMbBI MTPOUCXOIUT B TIJIOCKOCTH 3BE3/IHOTO JINCKA, B TO BpeMs Kak
BHEITHUE 00JIaCTH 3Be371000pa30BaHus HAXOJATCS B TIJIOCKOCTH, HAKJIOHEHHON
K HEMY IO/ 3HAUNUTEJHHBIM yIJIoM. CBHIETEILCTBOM B3aUMOJICHCTBUS MEXK-
Jly Ta30M MOJISIPHOTO KOJIbIIA, ¥ F'a30M BHYTPEHHEIO JIUCKA SIBJISIETCS HAJUIUe

yIapHbIX (DPOHTOB B HMEHTPAJILHBIX 00JIACTSIX rajakTuku. Arp 212 okasbiBa-
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ercs neppoit u3 I'IIK, B koTOpoii yjaercs HenmocpecTBEHHO HADJII0IaTh B3a-
UMO/JIECTBIE MEXKTy 0O0ErMMU ra30BbIMU MojicucTeMamu. Hanbosiee BeposaTHON
IPUIUHON 0Opa30BaHUs MOJAPHOIO KOJbIA ABJIAETCS aKKpenus ra3a ¢ Kap-
nukoBoro cnytauka UGC 12549,

B §4.3 npejicraBiieHO HCCIeI0BAHUE TAJIAKTUKE C TTIOJISIPHBIM KOJIbIIoM SDSS
J075234.33 4292049.8 (SPRC-7), ciayuaiino obHapykenHoit Ha cauMkax SDSS.
Ananms moJisi CKOpoOCTell MOHW30BAHHOIO Ta3a, MOKa3aJj, ITO 9TO M'MIaHTCKOEe
(48 KK JMaMeTPOM) KOJIBIO BPAIAETCsT MOJ[ 3AMETHBIM YIJIOM K MJIOCKOCTH
MEeHTPAJHHON raJJaKTUKU. B 3aBUCUMOCTH OT IPUHSTON T€OMETPUN YTOJT MEXK-
ny HUMHK coctapisgeT b8 + 10° unn 73 4+ 11°. Habmopaemble XapaKTepUCTUKH
TOJISTIPHOTO JINCKA TTPEJICTABJISIOT COOOM Cepbe3HYIO MTPODJIEMY JIJIsT CYIECTBYIO-
mux reopuit popmuponBanusi I'IIK, Tak kak rajakTuke Tpedyercs 3aXBaTuTh
U3BHE MaCCy ra3a W 3Be3j|, PaBHYIO COOCTBEHHON 3BE3HON Macce, 9To Mpo-
osiemMaTnaHo. AJIhTepHATHBHOE TIPEANOJIOKEHNE O CINAHUN JIBYX OJIM3KAX MO
MaccaM TaJJaKTUK ¢ OPTOrOHAJbHO OPUEHTUPOBAHHBIMU JIMCKAMU HAXOIUTCS
B IIPOTUBOPEYNH C TTapaMeTpaMy IMEeHTPAJbHON TaJaKTUKU, TPEXe BCero ¢
ee OTHOCHTEJIbHO ObICTPBIM BpallleHueM. Bo3MoyKHO, 9TO KOJBIO 0Opa3oBa-
JIACh B PE3yJIbTaTe aKKPEIUN XOJIOHOTO I'a3a U3 IMPOTsXKEHHBIX (PUIIaMEHTOB
MEXKTAJIAKTUIECKON CPeJIbl.

Cxoxxwit crienapuit mpejaraeTcs u st o0bsicHennst oopazosanust OO0beKTa,
Xora — yHUKAJbHON KOJIbIIEBON raJaKTUKHU, KOTOpOii mocssien §4.4. Biaro-
Japsi HaDJIIOMEeHUsAM, BhIMOJIHEHHBIM Ha 6-M Tesneckone CAO PAH, Buepsoie
YJIAJIOCh U3YIUTHh BHYTPEHHIO KHHEMATUKY Ta3a W 3BE3JI, a TaKyKe BO3PACT
U METAJUIMIHOCTD 3BE3IHOIO HACEJCHUS KaK B HEHTPAJbHON SJIIMITHYECKON
rajlakTHKe, Tak 1 B IMranTckoM (juamerpom 50 KIK) KOJIbIE, COCTOSIIEM U3
MOHW30BaHHOTO Ta3a u obJjiacteil 3e3joobpazopanus. B oriuune or 'K,
Bparenne 060X KOMIIOHEHT 3/1eCh TPOUCXOIUT B 0J/1HO# mytockocTu. Ho dhop-
MUPOBAHUE CTOJIb MAaCCUBHOTO U TPOTSAXKEHHOTO KOJIbIIA YAaeTCsd OObICHUTH
TOJTLKO B paMKaX T'MIOTE3bl, IpejtaraBiieiics s HEKOTOPBIX MOJISIPHBIX KO-
ner. VIMeHHO, mpenosaraeTcs, 9To sjpo oobekTa Xora chopMUpoOBaIoCh B
pesyJsibTare MOHOJMTHOTO KOJIJIAIICA MaCCHUBHOTO T'a30BOro obJiaka, 4To obec-

1neynBacT Kak pe3KI/II71 rpaJnedaT METaJIJINYHOCTHU, TaK U OTHOCUTEJILHO OBICT-



23

poe BpaleHne 3Be3H0r0 cdeponga. lanbHeiimee cyIiecTBOBaHME W30IUPO-
BaHHO SJIJIMIITHYECKON raJlJaKTHKHU B JIOCTATOYHO OOraToM ra3oM OKPY:KEHUU
IOIPAa3yMEBAeT MEJIEHHYIO (TaK HA3BIBAEMYTO “XOJIOMHYIO ) aKKPEIHio 00J1a-
KOB ra3a U3 MeXXraJlaKTUIecKoil cpeibl. Psiji coBpeMeHHbBIX KOCMOJIOINIEeCKIX
MOJIeJIell YKA3bIBAIOT Ha, TO, YTO I'a3 JOJKEH HAKAILIMBATHCS B IIPOTAXKEHHbBIX
dputaMenTax, KOTOPbIE ¢ CBOIO O4Yepe/ib AKKPEIUPYIOTCS MACCUBHBIMU [AJIO
rajiakTk (Brook et al., 2008). Akkperyst #3 KOCMOJIOIHIECKOTO (busaMeHTa
O3BOJIsIET C(POPMUPOBATH BOKPYT SJLIUNTUICCKOTO S/IPa, JIOCTATOTHO MaCCHB-
ubiii quck HI, obsranarommuit 3aMeTHBIM MOMEHTOM Bpaitrenus. [Io qocTuxkennio
HEOOXOIMMOI IIJIOTHOCTH r'a3a HECKOJILKO MJIPJ. JIeT Ha3aJ B JUCKEe Ha9aJIOCh
3BE3/1000pa30BaHue, IPOIOJIXKAIONIEECs U B COBPEMEHHYIO JIIOXY.

IIporpecc B usyuenun ['IIK ckoBbIBaeTCS MaJIbIM UKUCJIOM M3BECTHBIX 00b-
ekToB 31oro tuna. K 2010 r. K HuM MO>KHO ObLIO OTHECTH JIMIIb OKOJIO JIBYX JIe-
CATKOB KHHEMATHUIECKH TTOATBEPK JEHHBIX TAJIAKTHK, U3 KOTOPDBIX JIIIThH HECKOJIhb-
KO He BXOJMJIM M3HAYAJbHO B Katasjor KanauaaTo Whitmore et al. (1990),
OCHOBaHHBII Ha m3ydeHun Qororpaduii oTAeIbHBIX TaJakTuK. B coBpemen-
HYTO STO0XY JIJIsI TIONCKA 00bEeKTOB Pa3yMHO HCIIOJIB30BATh MU(MPOBLIE 0030PbI
Heba. B §4.5 onmcbiBaercss HOBbI Karajor kauaugaroB B I'ITK, ocnoBaHHbIi
Ha pedyJbrarax mpoekra Galaxy Zoo, B paMKax KOTOPOI'O COTHU ThICSY BOJIOH-
TEPOB BBITTOJIHSIOT KJaccnpuKaIuio ragaktuk B oo3ope SDSS. Onupasich Ha
npejiBapuTesbayio Kiaaccupukanuio Galaxy Zoo jisg ~ 900 Thicsad rajakTuk,
ObLIa 1mocTpoeHa BbIOOpKa u3 41958 rasakTuK ¢ HeKyJsipHoil Mopdosorueii.
OOBbeKThI, HaliIeHHBIE B X0JIe IPOCMOTPa OTOOPAHHBIX N300paXKeHnii, BMECTe ¢
KaH/IMaTaMy U3 nHTepHeT-(hopyMa IIPOEKTa, cocTaBuin HOBbII Karajor SPRC
(Sloan-based Polar Rings Catalog). On cogeprkur 275 rajakTuk, U3 KOTOPbIX
70 orHECEeHBI K “HaMJIydITUM KauugaraM’, 115 KanamngaToB KiaaccuuimpoBa-
HBbI KaK ‘xoporue”, 53 rajakTuku orHeceHbl K csizanabiM ¢ ['TIK obbexktam (c
CUJTbHO M30THYTBIMU JIUCKAMU U B3auMojeiictByiomue). Takxke BoigeseHo 37
rajJakTUK, ¥ KOTOPBIX IIPeJIojaraeMoe MoJIsIpHOe KOJIbIO CUILHO Pa3BEPHYTO
K JIyUy 3peHusi, BKJIIOUasd HECKOJbKO TaJaKTUK, moxoxkmx Ha ObbekT Xora.
B pesysibrare npoOHBIX ClieKTpaJibHbiX HabJojeHuit Ha 6-Mm Teneckone CAO

PAH noarep:kjieHo cyimecTBOBaHUE TMOJISPHBIX KOJIEN B IATH TaJaKTHKAX
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KaTaJiora. Bmecre ¢ UMEIOIIMMKCS B JIKTEpATyPe JAHHBIMU K KHHEMATHIECK U~
nojarsepxkieHHbIM 'IIK moxkno oraectu yxke 10 rajsaktuk u3 SPRC. Hosblit
KaTaJIOl B TPH Pa3a YBEJMINBAET UNCJIO0 YBepeHHbIX KananaaToB B I'TIK n mo-
KeT CIYZKUTH XOPOIIeil OCHOBOM JIJIsT TAJLHEHIIIero 1eTaJbHOTO N3YYeHUT KaK
OTJICJIbHBIX IAJIAKTUK, TaK U JIJIs CTaTUCTUIECKOIO MCCJIE/I0BAHMS HOJISIPHBIX
KOJICIl, YaCTOThI B3aNMO/ICUCTBUN MEXK /1y TaJaKTUKaMU U T./I.

B naroii ritaBe paccmarpuBaercst peHOMEH BHYTPEHHUX (OKOJIOSIePHBIX )
MOJISTPHBIX KOJIEIL U JINCKOB, Pa3Mep KOTOPHIX MEHbINe XapaKTePHBIX Pa3MepoB
OaJiJi>Ka UM BHEIIHero jiucka. B §5.1 KpaTKo OIMUCHIBAETCS MCTOPUSA OTKPhI-
T U UCCJIEIOBaHUs BHYTpeHHUX moJisipHbix cTpykTyp (BIIC). Heemorpst ma
TO, UTO YUCJIO TAKUX OOBHEKTOB JasKe MPEBBIIIAeT UNCI0 KHUHEMATHIECKHT MO/
TBEPIKJICHHBIX BHELIHUX HOJISIPHBIX KOJIEI, IIPUPO/a UX BO MHOI'OM OCTaeTCs
HesicHO. OTCyTCTBYeT BHSITHBIH CaMOCOTIACOBAHHBIN ClieHapuii nx (hopMHUpo-
BaHMs, BOIPOCHI YCTONIMBOCTH TOJ00HBIX CTPYKTYP He perrerbl. I[IporuBope-
YuBbI B3MVIsIbl Ha cBsi3b BIIC ¢ 6apamu rajakTuk ¥ UX BHEIIHUM OKPY2KEHU-
eM: HaJIMIueM CIIYTHUKOB U CJIEJIOB B3aMMOJICHCTBUI.

B §5.2 npescrapiensl pe3yiabrarsl uccaenopannsg BIIC, oOHapyKeHHBIX B
xoze nabuojienuit Ha 6-m resieckone CAO PAH paziuanabix BHIOOPOK raJjiak-
THK C IIOMOIIBI0 Tanopamuoro cuexkrporpada MPFS. OnuceiBaiorcst ocoben-
HOCTU BHYTPEHHEI KUHEMATUKH, JAI0TCs OIEHKM OCHOBHBIX ITapaMeTPOB BHYT-
PEHHUX CTPYKTYP, KOTOPbIE B KaXKJOi IrajaKTUKE UMEIOT CBOU OCOOCHHOCTH.
Tak B NGC 5850 u NGC 3368 BHyTpeHHHE ra3oBble JUCKH OPUEHTHPOBAHDI
IOYTU OPTOrOHAJBHO K 3BE3JIHBIM JIMCKaM rajakTuk, npu 3rom B NGC 3368
I'a30IIbLJIEBOM JIMCK PACIOJIAIaeTCs HePIeHIUKY/IsipHO K OO0JIbIIONH ocu Dapa.
B smmazosuabix rajgakrrkax NGC 3599 u NGC 3626 — unenax rpymibl Leo
IT — curyanust unasi. B nepom ciydae pedb ujieT HE O JUCKE, a O KOJIbIE:
BHYTPHU IeHTpaJbHbIX ~ 100 mK ras Bpalaercsa B TOU Ke IJIOCKOCTH, UYTO U
3BE3/Ibl, 8 C POCTOM PACCTOSHUS OT IEHTPa HAKJIOH OPOUT I'a30BbIX OOJIAKOB
yBeJnunBaeTcs, cocrapisgsa okoso 50° Ha v = 700 nk. B NGC 3626, naobopor
— Ta30BbIi JUCK CHJIBLHO HaKJoHeH BHYTpHU ~ 500 MK OT IeHTpa, B TO BpeMs
KaK Ha OOJIBIIKX PaJUycax ra3 M 3Be3/bl BPAIIAIOTCSA B OJHOM ILJIOCKOCTH, HO

B IIPOTUBOIIOJIO?KHBIX HallPpAaBJIEHUX.
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B §5.3 paccmorpennt mpumMepnr BIIC, obnapy»KeHHbIX B rOIyObIX KOMITAKT-
HBIX KapJIMKOBBIX I'aJJaKTUKAX B XOJle U3yUYeHUs] KHHEMAaTHKK MOHU30BaHHOI'O
raza c¢ rnmomoiibio ckanupyiomero UOII: NGC 7468, Mrk 33, Mrk 370. Bo Bcex
CAydasix BHYTPEHHsIsl JacTh I'a30BOI0 JUCKA OKAa3bIBACTCS CHJILHO HAKJIOHEH-
HOIl K OCHOBHO IIJIOCKOCTH.

B §5.4 npejcrasiennr ocHoBHbIe mapaMmerpbl BIIC, onncanubix B juTepa-
Type, BKJIOUas U 00bEeKThI, n3ydeHHbie auccepranToM. Crucok comep:xut 47
raJlakTHK, JIJIsi KOTOPbIX MMEIOTCsl BECKHE apryMEHThI B T10JIb3Y TOr0, UTO B
X BHYTPEHHUX 00JIACTsX 3aMeTHas YacTh U3Jydaloleil MaTepuu cTaluoHap-
HO BpalllaeTcsl B MJIOCKOCTH, CHJILHO HAKJOHEHHON K IJIOCKOCTH OCHOBHOTO
qucka. B §5.5 obcyXKmaoTces cTaTHCTUUeCKAe CBOMCTBA XapaKTePUCTUK KaK
caMUX BHYTPEHHUX CTPYKTYP, TaK U cojiepxKallux uxX rajaktuk. [Tokazano,
gro BIIC BeTpedatoTcsi B rajakTrKax BCex MOP(MOJIOrHIecKrX THIIOB — oT E
Jio Irr. Pajimyc GostbinmHCTBa M3 HUX HE MpeBbiiaer 1.5 Kik. Bo3amoxHo, uTo
9TO OI'PAHMYEHHUE CBSI3aHO C TE€M, UTO J/Isi YCTOMUMBOIO CYIIECTBOBAHUS I10-
JIIPHBIX OPOUT HEOOXOJ MM CTabUIM3yomui pakTop — cdeponaabHblii UIn
TpexocHblii morernuan. s kinaccnaeckux 'K 910 rpaBuTaimoHHbIi TOTEH-
1MaJl TEMHOI'O 1'aJI0, a JIJIsi BHYTPEHHUX CTPYKTYP — HOTEHIHaJ OaJijixKa Wjin
6apa. BIIC onnrakoBO 9acTo BCTPEUAIOTCS KaK B TaJJaKTHKAX C MEPEMbIIYKAMHU,
Tak 1 6e3 Hux. B Toxke Bpemsi, ecsin rajakTiuka obsagaer 6apom (Mim Tpex-
OCHBIM OaJiJKeM), TO 9TO MPUBOAUT K CTAOUIU3AINY MOJAPHOTO JINCKA TaK,
YTO €ro OCh BpAIEHMs COBIAJAeT ¢ 00JIbINOI ochbio Oapa. CaMbie BHyTpEeHHUE
00JIACTH ATUX CTPYKTYP, KaK MPABUJIO, PACIIOJIOXKEHBI B TIOJISIPHO TTJIOCKOCTH,
C POCTOM PAaCCTOsSIHUsI OT sijipa 4acTo HabJojaercss u3rud — nupubsikeHue
opbut K miockocru ragaktuku. ¥ 70% ragsaxTuk ¢ BHYTPEHHUMU HOJISIPHbBI-
MU CTPYKTypaMU 3aMETHBI T€ WJIM WHbIE CJIeJIbl HeJIJaBHEI'0 B3auMOJIeHCTRYS,
9TO YKa3bIBACT HA BEJIYTIYIO POJIb BHEITHETO OKPYKEHUST (B3aNMOJICHCTBUS Ta-
JIAKTHK, 3aXBaTa MaTepUH ¢ COOTBETCTBYIOIIKUM HalpaBieHueM OpOUTaIbHOIO
MOMeHTa) B (hOPMUPOBAHUH ITUX MEKYIAPHBIX CTPYKTYP.

B 1recToii ritaBe paccMaTpuBarOTCs KpyHOMACIITAOHbIE ([TPOCTPAHCTBEH-
Hbie mKajbl o7 100 1K JI0 HECKOJBKUX KIIK) JIBUZKEHUS I'a3a, Tak WM MHade

BBI3BAHHbBIE TPOUCXOIANINM B UX JUCKaX 3Be3/1000pasoBanueM. §6.1 nmpepcras-
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JieH 0030P HEKOTOPBIX BOITPOCOB, CBA3aHHBIX C U3YUEHUEM BO3JICHCTBUST MOJIO-
JIBIX 3BE3HDLIX I'PYIIIPOBOK Ha MEXK3BE3/IHYIO CPeJly T'aJlaKTHK.

B §6.2 onucbiBaercs HUKJ pabOT, MMOCBAMIEHHBIX KAaPJIUKOBON TajJaKTHUKe
Mecrroit I'pynner IC 1613. B Havase npuBojdTcs pe3yJbTaThl U3YUYEHUS C
nomotbio ckanupyioiero M®PII kunemaruku ruranTckoil OUIOJIAPHONR Ty-
MaHHOCTH 53 BOKDPYI €JMHCTBEHHOI B TajakThuke 3Be3jibl Bosibda-Paite. B
pe3yJibTaTre BIePBbIe yIaJ0Ch K3MEPUTH CKOPOCTH PacHInpPeHusi 000uX “I1y3bi-
peii”, cocTaBIsIonX TyMaHHOCTh (JnaMerpom okosio 110 n 220 1K) v oneHuTh
BO3pACT MOHM30BaHHOW cTPYKTYpbhI (0.3-1 MuH. jtet). Heobbranast Mmopdosio-
I'isi TYMAHHOCTH OObSICHSIETCsSI TeM, UTO 3Be3ja 00pa30BaJiach B IJIOTHON ra-
30BOIl CTEHKe Ha, Kpalo TMIMaHTCKON KaBepHbI B pacupejenennu HI, Tak uro
3BE3/IHbIN BeTEp 1POPbIBAJICS B JIBYX HAIPABJIEHUSX U3 IJIOTHOI'O CJIOS I'a3a.
[Tocnenytomuit anain3 JaHHbIX HAOJIOAEHMI rajakTUKU B juHun 21 cM Ha,
resieckorie VLA mogreepant 91o npejnosoxkenne. OHOBPEMEHHO WCTTOIL3Y S
pesysibTarhbl HaOmrogaennii co ckanupyionmum NIl u gannsle VLA, Boepsbie
yIAJIOCh AeTaJbHO UCCIAEI0OBATh KHHEMATHKY U paclpeeeHne ra3a B TUTaHT-
CKOM KOMILJIEKCEe MOHM30BAHHBIX U HEATpaJbHBIX 000J0UEK B €JUHCTBEHHOM
odare COBPEMEHHOI'O 3Be3/1000pa30BaHusl B I'aJaKTUKE. Y TOYHEHbI CKOPOCTHU
paciIpenns 1 KHHEMaTUIeCKUil BO3pACT OCHOBHBIX SMUCCUOHHBIX 000JIOYEK,
cocrapuBiuii 0.6-2.2 My, jetT. A Tak>ke oOHApPyKeHbl 000JOUKN HEHTPAJIH-
Horo raza jinamerpom 300-350 K ¢ KHUHEMAaTUIEeCKUM BO3PACTOM 9.3-D.0 MJIH.
jer. CTOJIKHOBEHME PACIINPSAIONINAXCA 000JI0UEK IIPUBOJIUT K CXKATHUIO T'a3a B
IIJIOTHOE T'a30BOE KOJIBI[0, B KOTOPOM POKJIAIOTCS MOJIOJIbIE 3BE3JIbl. DTOT (-
dexr siemoncrpupyercst Ha ipumepe obosiouek R2 u R4. Kpome srux 0boJiouex
B pacnpejenernn HI B IC 1613 maiiieHbl KOJIbIEBBIE W JIyTO0OpPa3HbIe CTPYK-
TYPbl 3HAUUTEJILHO OOJIBIIIOIO pa3Mepa, 0COOEHHO BIEUYAT/ISET MNMIaHTCKas Ka-
BepHa pa3mepoM 1-1.5 KiK. Pacuerbl, o0CHOBaHHbBIE Ha II0JIyU€HHOM HaOJII0/[a-
TEeJILHOM MaTepuaJie IOKa3aJd, 4TO TpedyeMblil Jijis 00pa3oBaHus CBEPXODO-
nouku HI nuctounuk snepruu coorBeTCTBYeT TEMITY 3Be3/1000pa30BaHuUsl IOUTH
B 20 pa3 mpeBoCXOAAIIeMy HaOJI0JaeMblii BHYTPH 3TOi cynepkaBepHbl. CKo-
pee Bcero, 1npodsiemMa periaercs 1Mpu yuere Moc/e0BaTe/IbHOI0 BO3/IeiHCTBI S

Ha MEK3Be3JIHYI0 CPeJly HeCKOJIbKUX TTOKOJIEHUH 3Be3/I.
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B §6.3 paccmorpena jipyrasi KapJuKOBast Hppery/sipHas rajgakTuka Mecr-
Hoit ['pynner — IC 10, oTyinuaromniascs OTHOCUTEIHLHO OYPHBIM COBPEMEHHBIM
3Be3000pazoBanreM. B pamuonabmonerusax Yang & Skillman (1993) 3mech
ObLIa OOHApY»KEHA TaK Ha3bIBaeMas ‘CHHXPOTPOHHAsI CBEPXODOJIOUKA pasme-
poM 0k0J10 200 1K, KOTOPYIO TPAJUIIMOHHO CHUTAIOT PE3YJIbTaTOM IPaKTUIe-
CKH OJJHOBPEMEHHOM BCIIBIIIKK JIECSITKA CBEPXHOBBIX. V3Mepenusi, BIIIOJIHEH-
apie Ha 6-M Tejmeckorne CAO PAH, nosposmian u3mMepuTh CKOPOCTH PACIIAPE-
HUST, 9JEKTPOHHYIO TIJIOTHOCTH W ODIIYI0 KWHETHIECKYIO HEPTUIO0 0DOJOUKH.
Anams UMerouxcs: paJ rofaHHbIX, IpeIcTaBaeHHb B pabore Lozinskaya &
Moiseev (2007), mokasaJi, 9TO BCIBINIKA ['MIIEPHOBO# (9KCTPEMATHHO MACCHB-
HOM 3BE3/bI, BLIXOJ SHEPIUMM IPH BCILIMIKe KOTopoil mpeswimmaer 10°1 spr)
JIydIie, 9eM MHOXKECTBEHHBIE CBEPXHOBBIE, O0bSICHSIET MPUPOJLy CHHXPOTPOH-
HOM ¢BEPXODOOJIOUKH, TOCKOJBKY IMOCJIEIYIONNEe BCIBINKA CBEPXHOBBIX MaJIO
JIOOABJIAIOT K PAJIMOSPKOCTH 000JI0UKH, CDOPMUPOBAHHOM MEPBHIMU BCIIHIIII-
KaMu. [leHTp cBepXx0DOJIOUKH aCCOUUPYETCs C APUYAIINM B raJlakKTHKE PEHT-
regoBckuM uctounukoMm [C 10 X-I — akkpenupytoieil JBOHO#I cucTemMoii, co-
crosmieit u3 38e3/ibl Bonbda-Paiie 1 TeMHOro KoMIIOHEHTa, Macca KOTOPOTO
COIJIACHO HOBBIM OrieHKaM cocranisier 23 — 34 M. CroJib BHyHIUTE/IbHAST BE-
JIMYUHA, SBJSAETCS JIOMOJHUTEIBHBIM apIyMEHTOM B [0JIb3Yy HeJaBHEro (MeHee
10° et nasa)) B3pbia [unepHoBoii.

§6.4 HOCBSIIEH MCCJIEJIOBAHUIO M30JMPOBAHHON JIMH30BUJIHON IaJIAKTUKN
NGC 4460, B mnenTpajbHOii dYacTu KOTOpOii B Xoje Ha-o030pa Om3kux ra-
naktuk (Kaisin & Karachentsev, 2008) Oblia obHapy»KeHa sipKasi POTSI?KEH-
Hasl TYMaHHOCTb. [ajlakTuka uccaegopBajgach Ha 6-m reseckone CAO PAH
METO/IaMHU TTaHOPAMHON ¥ JITMHHOIIEJEBOW CIIEKTPOCKONNN. AHAJIN3 apXuB-
aeix uzobpaxkennit SDSS, GALEX u HST ykaswiBaer na T0o, 9TO BCe COBpe-
MEHHOE 3Be3/1000pa30BaHue COCPEJIOTOUCHO B KOMIIAKTHON 00JIaCTU JIMCKa, I'a-
JAKTUKK pajuycoMm okosio 1 Knk. Ilokazano, uro HabJ0/laeMble I1apaMeTpbl
MOHM30BAHHOTO ra3a (KHHEMATHKA, COCTOSHIE NOHU3ATINH, TIOTHOCTD) 00bsIC-
HSIIOTCsT BBIOPOCOM Ta3a, HaJl IJIOCKOCTHIO TaJaKTUKK, BHI3BAHHLIM IEHTPAJIb-
HOM BCIBIIKOW 3B€31000pasoBanusi. [losydennbie napaMerpbl rajakTuIecKo-

ro Berpa (CKopocTh ucredenusi Vo, ~ 130KM/c, KuHEMaTHIeCKUH BO3paCT
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SMUCCHOHHO cTPyKTYphl 10 — 12 MutH. J1eT, KnueTndeckas sneprus 3 X 10°2
9pr) CPaBHUMBI ¢ U3BeCTHBIME XapakTepuctukamu Berpa B NGC 253. Obcyx-
JlaeTcs npudnHa 38e31000pasoBanus Kak B NGC 4460, Tak 1 B JIpyrux U30JIH-
poBanubIX E-S0 ramaktukax Mectnoro Oobema. IIpuBojisiTest coobpakenus B
0JIb3Y TOI'O, YTO IIPOLECC HOJIMUTKYA U30JMPOBAHHDBIX IAJIAKTUK MEXKIaJIaKTH-
YECKUM I'a30M Ha KOCMOJIOIMYECKON MIKAJIE HOCUT MOHOTOHHBIN, HEBCIIBIIIIEY-
HBIIT XapakTep.

§6.5 ONMMCHIBAIOTCS KPYITHOMACIITAOHDBIE JIBUYKEHUsI HOHU30BAHHOIO Ta3a B
CIUPAJbHBIX TaJaKTUKaX, SBHO yKa3blBalollde Ha CYIIEeCTBOBAHUE TI'a30BbIX
00J1aKOB, BLIOPOIIIEHHBIX U3 IJIOCKOCTH JINCKA, JIMOO Haalonux Ha Hero. Tak,
B ceBepo-BOCTOUHOI cTopone nucka rajakTuku NGC 1084 obnapy»KeHbl Kak
MUHUMYM JIBE€ CHCTEMbl MOHM30BAHHOIO rasa. llepBast ¢Bsi3aHa ¢ HOpPMaJib-
HBIM BpallleHHeM B JIMCKe. Bropasi — ¢ JABMXKEHUSIMH Ta3a BOKPYT CHCTEMBbI
obstacreil 3Be3,1006pa3oBatusi co cKOpocTsiMu 1o 150 KM/c 10 Jiydy 3peHusi.
Pazmep nekysisspHOil 00J1aCTH COCTABJISIET OKOJIO 3 KIIK. DTHU JIBUXKEHUS TaCTO
COIIPOBOKIAIOTCSI HHTEHCHBHBIM BbICBeUMBaHueM B 3ampernienuoi juaun [NII]|
Ha (ppoHTAX yaapHbIX BoH. Haubosee BeposaTHAs MHTEpIpeTaIiusi COCTOUT B
TOM, YTO Mbl HAOJIIO/[a€M I'a3, BLIOPOIIEHHbBIH U3 obJiacTeil 38e3/1000pa30BaHusi
— “rastakruaeckue GoHTanbl’. OOCYKIAeTCsT BOSMOXKHAS CBSI3b 9TOI0 SIBJICHUS
¢ BBICOKOCKOPOCTHBIMK ODJIAKAMHU HEATPaJIbHOIO BOJIOPO/Ia, HADJIIOIAEMbBIMI
kak B Mjeunom IlyTu, Tak u B psje Oau3kux rajakTuk. Mopdosoruieckn
1 KHHEMATHUECKN CXOXKKe 00J1acTi OOHAPYKEHDI eIlle B YeThIpex raJaKTUKax
(IC 1525, NGC 2964, NGC 3893, NGC 6643), uto cocTaBiisieT TpeTh BHIGOPKH
CHUPAJIbHBIX MAJIAKTUK, KHHEMATHKA HOHM30BAHHOI'O I'a3a B KOTOPBIX JIeTa/lb-
Ho usydaJgach Ha 6-m Teseckone CAO PAH co ckanupyromum NOIL.

Cenbmasi rjaBa, MoCBsIIEeHa BOIPOCY O MPUPOJIE BHICOKOCKOPOCTHBIX TYP-
OyJIeHTHBIX JIBUXKEHUI MOHU30BAHHOI'O I'a3a B I’UTAHTCKUX 00JIACTsIX 3Be371000-
pa30BaHus ¥ KapJIMKOBBIX TaJlaKTHKaX. §7.1 obcy»KjiaeTcs BaxKHOCTH H3YUe-
HUsI XaOTHYECKUX JIBUXKEHUI Trasa B KapJUKOBBLIX rajakTukax. I3-3a masioi
TJIYOMHBI TOTEHITUAJILHON AMBI U OTCYTCTBUSI CIHUPAJILHBIX BOJH ILJIOTHOCTH,
TaKNe FaJIAKTUKK SBJISIOTCS 3aMeIaTe/IbHbIM “TIOJIMTOHOM JIJIsi PACCMOTPEHMU s

IIPOIECCOB B3aUMOJICHCTBUA MOJIOJIBIX 3BE3AHBIX IPYIIINPOBOK C MEK3BE3/[HOM
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cpenoit. KpoMe Toro, BaxKHO yMeTh MPaBUILHO YUUTHIBATH BO3IEHCTBAE STUX
3¢ eKTOB Ha ra30ByI0 Cpejly, YTOObI U3 HaAOJI0aeMOI0 paclpe/ie/eHus JIy-
YEeBBIX CKOPOCTEl IIOJIYUUTh KPHUBYIO KPYTrOBOrO BpallieHus. PocT TouHOCTH
U3MEPEHNIi MO3BOJISIET CTPOUTH M aHAJU3UPOBATH HE TOJIBKO II0JIs JIyUEBBIX
CKOPOCTE, HO 1 JIByMEPHbIE KaPThI JIUCIIEPCUA CKOPOCTEH MOHU30BAHHOI'O I'a-
3a (0). B 10 ke BpeMmsi, npupoja HabJIIOAeMbIX B KaPJIMKOBbBIX ajlaKTHKaX
cBepx3BYKOBbIX (0 > 10 — 20KkM/c) TypOyJIeHTHBIX JIBUKEHUIT HOHU30BaH-
HOTO Ta3a SBJISIeTCsT MPEJMETOM JIaBHeH JUCKYCCUM, OKOHYATEeIbHasT TOUKA B
KOTOPO1 e1re He mocTaBjeHa.

[ToaToMy HEOOXOJIMMO yMETh KOPPEKTHO MHTEPIPETHPOBATH CTPYKTYPHI,
HaOJII0/IJaeMble Ha KapTaxX JUCIEPCHH CKOPOCTell MOHM30BAHHOTO rasa. VMeH-
HO 3TOMY HOCBsIIeH §7.2, B KOTOPOM IIPEJCTABJICHDI PE3YJIbTATHI U3y YCHUsI
HECKOJIbKUX Osin3kux Kapsmkobix rajgaktuk (DDO 53, DDO 99, DDO 125,
DDO 190, UGC 8508, UGCA 92 u VII Zw 403) ¢ nomoipio cKaHUpyIoIie-
ro U®II na 6-m remeckone CAO PAH. Paccmorpensl Kax ByMepHbBIE KapThl
JINCIIEPCUN JIYUYEBbIX CKOPOCTEi, TaK U JHarpaMMbl “TIOBEPXHOCTHAs sIPKOCTD
— mucniepcusi ckopocreil” (I — o). B msitu rasakTukax oOHAPYKEHBI PACIITH-
psitolecs: 00OJIOUKK MOHM30BAHHOI'O rasa juamerpom 0 350 1K ¢ KuHema-
THIECKUM Bo3pacToM 1-4 mMutH. Jjier. Kpome mHIMBHIYaIbHBIX 0COOEHHOCTEMH
KasKJIOr0 00bEKTa Y/IaJ0Ch BBISIBUTH PsiJ] OOIIMX 3aKOHOMEPHOCTEH, YKa3hIBa-
IOIUX HA CBA3b BEJUUMHbI XaOTUUIECKUX JBUXKEHUII ra3a ¢ IporeccaMu TeKy-
1mero 3se3j1000pasoBanus. Jpkue obsactu HII nmokaspiBaioT Majyio IMIUPUHY
JIMHUM, ¢ YMEHbIIIEHNEM MOBEPXHOCTHON APKOCTH Pa3zdpoC HaDJIIOMAEMbIX Be-
JIMYKMH PACTET, TaK 9TO B OOJIbIIMHCTBE 00J1acTeil HU3KON SIPKOCTH JIUCIIEPCUs
3HAUUTEIBHO MIPEBOCXOAUT cpejHee 3Hadenne. OrMedaercs, 4To JuarpaMMbl
I — 0 MOryT C yCIIeXOM MCIIOJIb30BATHCS JIJIST TIOUCKA B MAJIAKTHKAX OTHEJIbHBIX
YVHUKAJIbHBIX 00bEKTOB — OCTATKOB BCIIBIIIEK CBEPXHOBBIX, PACLIAPSIONIAXCA
TyMaHHOCTel BOKPYT MaccuBHBIX 3Be3 s U T.1. Tak, B UGC 8508 obnapyxkena
KOMIIAKTHasl TYMaHHOCTb, KOTOPas, CYJs IO IOCJEAYIOMKUM CIEeKTPaJIbHBIM
nabsogennsM co SCORPIO, cBga3ana ¢ HOBbIM KaHIMIATOM B sipKKe FOJIyObIe
nepeMmenHbie — 3e3/10i1 LBV.

[TockouibKy TUIIMYHOE IPOCTPAHCTBEHHOE pasperierue HabJrogeHunii ¢ MOII
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cocraBiisiyio 30 — 50 1K, BO3HMKAET OMACHOCTH, YTO MOTEePsi MHMOPMAIUS O
MeJIKOMACIITaOHOIl KMHEMaTUKe I'a3a MOXKET Cepbe3HO OTPa3sHUTbCs Ha BUJIE
guarpamm [ — o u pacupejienenun jauciepcuu ckopocteit. C 1esibio IpoBep-
Ku 3Toro sdgpdekra B §7.3 aHAJIM3UPYIOTCS pe3yJbTaThl HabOJIONeHNH OoJiee
osimskux rajaktuk 1C 10 n IC 1613, cruaxkennbie jio paspemenust ~ 40 1k.
[TokazaHno, 9TO HECMOTPsSI HA HMOTEPIO TOUYEK, CIVIAXKMBAHKE MAJIO BJIUSIET Ha
obmmit Bu guarpamm [ — o.

Hajee, B §7.4 00CYy»Xal0TCsT TPUUNHBI HAOJIOIAEMOTO POCTa JUCIEPCUHN
CKOpOCTEil MOHU30BAHHOI'O I'a3a C yJaJeHueM OT IeHTpa obJacTeil 3Be371000-
pazoBanus. [Iokazano, uTo Mojiesb, paHee mnpeiaoxkerntas Munoz-Tunén et al.
(1996) sutst 0O bsicHEHUST BUJIA AUATPAMMBI [ — 0 OTJICJIBHBIX KOMILIEKCOB 3BE3-
J1o00pazoBaHusi, TpeOyeT CyIIECTBEHHOIO JIOIOJHEHUs B CJIydae KapJMKOBbIX
rajiakTuk. Hanbosiee BaXKHbBIM 3/1€Ch SIBJISIETCSI TO, 9TO OCHOBHAsi 4acTh 00J1a-
cTeil ¢ BLICOKO JUCIepeneil CKopocTeii CBsIi3aHa He ¢ KOHKPETHBIMU PACIITPSI-
IOIUMHUCs 000JIOUKAMHU, a IPUHAJJIEKUT T PY3HOMY (POHY HU3KOMI SIPKOCTH,
OKPY2KaloIeMy KOMILJIEKCHI 3Be3/1000pa30BaHusI. DTO IOBejeHne HabJIioae-
MBIX pacCIpejieSieHnil 0 00bsICHsIeTCsl HaJudueM y ruranTckux obsacreit HIT
KOPOH BO3MYIIEHHOI'O T'a3a HU3KON ILJIOTHOCTU C BBICOKMMHU TYPOYJIEHTHLIMU
ckopocTsimu. Takoe 00bsICHEHHE COTJIACYeTCs ¢ COBPEMEHHBIMU IIPEJICTABJICHN-
sSIMIA O TYPOYJIEHTHOCTH B MEXK3BE3/IHOW CpeJie.

B 3akro4YeHnn 1epevuncieHbl OCHOBHbBIE Pe3yJIbTaThl JUCCepTAlUA U 00~
CYKIAI0TCS TePCIEKTUBDI JIaJbHENRINero uccjae0BaHms 3aTPOHYThIX B Hell BO-
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JImgHBIi BKJIaa B COBMECTHBIX paboTax

OcHOBHBIE PE3YIHTATHI JUCCEPTAINN OMyOJIMKOBaHbBI B 57 paboTax odImmuM 00b-
emom H80 crpanuil, 47 paboT HalMCAHBI COBMECTHO C JIDYTMMU aBTopamu. B
CTaThAX, TJIe JUCCEPTAHT CTOUT MEPBLIM B CIIHUCKE COABTOPOB, €r0 BKJIA/I siB-
JIIETCST OTPENIEeITIoONUM. B OOJbITNHCTBE OCTAJIbHBIX COBMECTHBIX PabOT JIUC-
cepTaHT BLITONHsT Habmogenus ma 6-m Teaeckone CAO PAH, obpaborky n
aHAJIM3 JAHHBIX O KHHEMATHKE 3BE3/IHBIX U M'a30BbIX KOMIIOHEHT B M3y4aeMbiX
o0beKTax, & BKJIAJ B MWHTEPIPETAINIO TOJYyIeHHOIO MaTephaJia PaBHOIIEHEH
¢ ocTaJbHbIMU coaBropaMu. Vckiodenne cocrasisior cratbi [36] n [38], B
KOTOPBIX 00pabOTKa M aHaJIU3 JIAHHBIX CIIEKTPAJbHBIX HAOJIIO/IeHUi, BKIIOYa-
OIIH# OIEHKY KMHEMATHIeCKUX TTapaMeTpPOB, & TaK¥Ke MapaMeTpoB 3BE3JIHOTO
HaceJsiennsd, uinosHsica M.FO. KaTkoBeiM 1101 pyKoBOICTBOM JuccepranTa. B
CTaThsIX, MOCBSIIEHHBIX U3YUYEHUIO KNHEMATHKN r'a3a B rajaktukax MecTHoi
['pyitiiibl, nocTpoeHue jiuarpamMmm “rmo3ulnsi-CKOPOCTh ', ¢ IOMOIIBIO TTPOIPaMM,
HAIMCAHHBIX JIUCCEPTAHTOM, BhIMOJIHsIOCH coapTopamu: H.FO. Ilomopranto-
koM (pabotsr 8], [17], [24]) u O.B. Eropossiv (ctarnu [16] u [29]). ¥V mocaesn-
HEro JUCCEPTAHT TaKXKe SABJISICA CO-PYKOBOJUTETEM KaHIUIATCKOM rccepTa-
nuu. B crarbe [39] muccepraHTOM BBIMOJHEH KaK aHAJIN3 KHHEMATHKE 3BE3]T
110 JlaHHbIM HabJiojeHust ¢ undpakpactbim ciiekrporpagom SINFONI/VLT,
TaK ¥ 0DOCHOBAHME CYIIECTBOBAHUST OKOJIOSIEPHOI'O MPOTUBOBPAIIAIOIIEIOCS
qucka. B crarbsax [12], [13] u [57] onuckiBaercs npubop SCORPIO, paspabo-
rarwbiii B. JI. AdanacheBbiM. Posib auccepranma B 3Tux paborax B OCHOBHOM
CBOJIMJIACH K pa3pabOTKe CUCTEMbI YIPABJICHUS U METOIUKHU HAOJIOIEHUS CO

ckapupytomum VUOII.



I'1aBa 1

Metoanka HabJII0/IeHNiT 1 0OpabOTKN!
JTaHHBIX O BHYTPeHHell KHHeMaTHnKe

ra/laKTNUK

“Orcnepumenm ecmov  Idkcnepumenm,  UmMo

3decy ewse mootcho crkasamo? ”
(A.H. v B.H. Cmpyeayrue)

OOmiee 3aMeyaHue o0 oNMMCAHUM HAOJIIOAATEJLHBIX TaH-

HbIX

Huccepranmst ocHOBaHa Ha OOIIMPHOM HaOJIIOAATEIHLHOM MaTepuaJe, JeTallb-
HOE OTMCaHWe KOTOPOTO MPWBEJIO Obl K NJIUITHEH MeperpysKe TeKCTa U TOJIHKO
OTBJIEKaJIO Obl YMTaTEssd OT CyTH paboThl. IloaTOMYy jaJjiee OCHOBHOI aKIeHT
JleJlaeTCsl Ha BBIBOJIAX, CJIEAYIONMKUX U3 aHAJN3a TeX WU MHBIX JAHHBIX, O Ca-
MUX K€ HaOJIONEHUIX OyJIeT YIOMUHATLCS JIUITh BCKOJIB3b: “Ha PUCYHKE X
IIOKa3aHO 110J1e cKopocTeit rajaktuku Y...” IlojapasymeBaercsi, 9410 1101poOHO-
cTu 00pabOTKU M TEPBUIHOIO aHaJM3a MMOJYIeHHOTO MaTepuaJia, PaBHO Kak
W JKypPHAJIBl HAOJIIOIEHNH MOYKHO HAWTH B COOTBETCTBYIOIINX CTAThSIX, MOCBSI-
IIIEHHBIX KOHKPETHOMY 00beKkTy. CHuTyalldio yIpoIaer To, UYTO IOYTH BCe Ha-
OJITO/TEHNSI, 38 PEJKUMU HCKJIIOUCHUSMHE, BBIIOIHEHEI Ha 6-M Teseckone CAO
PAH ¢ momompio mpubopos SCORPIO u MPFS, obmue cBenmennst o KoTo-
PbIX, & TakxKe 0 Merojax 00pabOTKM W aHaM3a JIAHHBIX, MOJYUYEHHbIX € UX

MTOMOTIHIO, JIAIOTCS B TIEPBOH TJIaBe JIUCCEPTAIUN.
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1.1 BBeagenue: MeTOJbl TAHOPAMHOII CIIEKTPOCKOIINU

Meroipl manopamuoil (HasbBaeMoii Takxke “2D-" win “3D-") cnekrpockonuw,
AKTUBHO Pa3BUBAIONINECS B MOCJEJIHHUE TTapy JECATUICTHH, TO3BOJIAIOT OJIY-
4aTh HE3aBUCUMYIO CIEKTPAJbHYI0O MH(OPMAIMIO OT BCEX yJIaCTKOB MPOTSi-
YKEHHOIro 00'beKTa, 3aII0JIHAIONINX 110J1e 3peHust mpudopa. IToce onpegenentoi
0bpaboTKy HabJII0IaTebHBIE JaHHbIE JIEI'KO IIPEJCTaBUTh B BUJE “KyDa JaH-
upix” (X, Y, Z). B arom kybe X u Y cOOTBETCTBYIOT KOOPJIMHATAM B KAPTHH-
HOM TIJIOCKOCTH (MPOCTPAHCTBEHHbBIE KOODIMHATHI), & JIJTMHBI BOJH A (UJId J10-
JIEPOBCKUE CKOPOCTHU B OMPEJICICHHO CIIEKTPAJTLHON JIMHUY ) SIBJISTIOTCS TPE-
Thell (CrekrpaibHoit) koopaunaroi - Z (puc. 1.1). ITo cuocoby perucrpaiuu
KyOa jlaHHbIX criekTporpadbl jessrest Ha jaBa Tuia. B nosesbix (integral-field)
criekTporpadax OJHOBPEMEHHO PErHCTPUPYIOTCST CIIEKTPhI OT BCEX MPOCTPAH-
CTBEHHBIX 3JIEMEHTOB, KOHCTPYKTUBHO BBITIOJTHEHHBIX B BUIE MATPUIIHI MUK PO-
a3 (Bacon et al., 1995), myuka cseroBosiokon (Arribas, 1998) nim cucremor
3epkaJi — pesarejieit nzobpaxkenuii (Weitzel, 1996). s pemenust criekTpodo-
TOMETPUUIECKUX 33Ja4 HauboJjee ONTUMAIbHONE OKa3ajgach KOMOMHAIUST MUK-
POJIMH3 U CBETOBOJIOKOH, ipejioxkertnas Kyprecom (Courtes, 1982) u Briepsbie
peasmzoBantas B ciekrporpade MPFS (Adanackes u ap., 1990; Afanasiev et
al., 2001). Yncao mpocTpaHCTBEHHBIX JIEMEHTOB B MOJIEBBIX CIEKTporpadax
OrpaHMIEHO IIPEXKJe BCEr0 PasMepoOM JIeTEKTOpPa M OOBIYHO HE IIPEBLIIIAeT
HeCKOJIbKIX core, jocturas ~ 1500 B cmekrporpade SAURON (Bacon et
al., 2001). ITosromy moJie 3perust TaKuX TPUOOPOB OOBITHO COCTABJISET HE HO-
JIee HECKOJIBKHUX JIECATKOB YIVIOBBIX CEKYH/I, B TO BPEMs KaK HPOTSXKEHHOCTh
Ky0a JIaHHBIX 110 IMKaJE JJIMH BOJH MOXKET COCTABJISITH COTHW WJIM ThICSIN
anrcrpem. Iloka pekopiubiM mosiem 3penusi (74" x 65") cpegu wnerpymen-
ToB 9TO0ro KJacca obagaer PPAK/PMAS na 3.5-M Teseckone obcepBaTopun
Kamap-AbTo, HO 32 9TO IPUXOAUTLCS PACILIAYUBATLCS HI3KOI TeTan3aliueil
¢ pasmepoM npocrpancrsentoro snementa 277 (Kelz et al., 2006).

B apyrom tumne cruekrporpadoB IPOUCXOIUT MOCJIeI0BATEIbLHAS PETUCTPA-
st U300parkeHuit Ha Pa3HbIX JijiMHaxX BOJH. K Takum npubopaM OTHOCSTCs

CUCTEMBbI C HUCIOJb30BaHMeM cKaHupyioiiero nnrepdepomerpa Pabpu-Ilepo
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(U®DIT Fabry & Perot, 1901). 3sech orHOCHTEIHHO HEOOIBITION CIEKTPATHHBIH
MHTEPBaJ (BCErO HECKOJIBKO JIECTKOB AHICTPEM ) KOMIICHCUPYETCST 3HATUTEI b
HO OOJIBIIM TIOJIEM 3PEHHs, KOTOpOe Jlayke Ha KPYIHBIX TeJeCKOMmaxX MOXKET
COCTABJIATH HECKOJBKO YTJIOBBIX MUHYT.

Habuiosienust ¢ UDII cocrosiT u3 1oc/ieoBaTe/IbHOr0 1M0J1y YeHUs HECKOJIb-
KUX JIECSTKOB N300parkeHuit nurepdepeHiimoHHbIX KOJIel OT U3y4aeMoro o0b-
ekTa (MM KaJMOPOBOYHOM JIAMITbI) IPU U3MEHEHUH ONTHYECKOTO Ty TH MEXK Ly
njockonapaJsiiesbubivMu miactuakamu UOTIL. Pannyc kosien siBisercss ¢pyHK-
el JIJTMHBI BOJIHBI ¥ PACCTOAHUS MEXKTY TJIacTuHaMu nHTepdepomeTpa. [To-
HBIII HAOOP TAKMX M300parKeHuii, 3aloJIHSIONUN CBOOOHbIN CIIEKTPaJIbHbIM
JIMara3oH nHTepdepoMeTpa, HAa3bIBAIOT IUKJIOM cKaHupoBaHusd. [lociae obpa-
OOTKHM M300paXKeHusi MOTYT ObITh MpejICTaBJIeHbl B BUjie KyOa jlantbiX (puc. 1.1).
st HabJiiojileHnst TajakKTUK BIIEPBbIE 110JI00Has TEXHWKa MOCTPOEHUs KyOa
JIAHHBIX, C WCIOJIh30BaHNEM (DOTOTIACTHHKNA B KadecTBe JIETEKTOpa, ObLIa
npumenena Tully (1974) npu u3ydenun nBiKennii HOHU30BaHHOrO ra3a B M 51
B tunun H,. B nocnenyrotue jgecaruierust cucTeMbl co ckanupyomum NI
MPUMEHSITUCH JIJI HAOJTIOJIEHUI Ha, MHOTUX KPYITHBIX TEJECKOTaxX: MPUOOpPHI
TAURUS-2 u GHaFaS na 4.2-m resieckonie WHT (Ucnanust), PUMA na 2.1-m
tesieckorie OAN (Mekcuka), CIGALE na 3.6-m Testeckorne (ESO) u 1.1 Baxkno
OTMETUTH, ITO HAIT 6-M TEJIECKOTI JI0 CHX MOP OCTAETCST OMHUM U3 KPYITHEHTTIX
THCTPYMEHTOB B MUPe, TJie peaan30Bal MeTo ] 3D crieKTpoCKOuu ¢ TOMOIIHIO
NI,

Ha 6-m meneckonnie CAO PAH usyuenune npmkeHuit MOHH30BAHHOTO Ta3a
B rajakTukax ¢ nomolipio ckanupymoiiero UPII 6b110 Havaro B 11epBoii 110-
nouHe 80-x rojoB rpymmoil u3 Mapcesbckoit obcepBaToOpun B COABTOPCTBE
¢ kosteramu n3 CAO (Boulesteix et al., 1982; Plana et al., 1998). Haburo-
Jlennst npoBoAuanch ¢ nomorpio cucrembl CIGALE, npejacrasisiomeii coboii
peaykTop dokyca ¢ unrepdepomerpom Pabpu-Ilepo u JByMepHbIM CUYETUH-

koM ¢oronos [PCS B kauecrBe nerekropa (omonos u jp., 1995). Cuerunk

!'Bonee xpymmnie Teneckormsb (SUBARU, GTC.) noka ocHaIEeHB TOJTHKO MepeHaCTPanBaeMbIMU (hHTh-
rpamu (tunable filters), npencrasusionumu coboit nHTEPHEPOMETPHI HU3KOIO PA3PEIIEHNUs, TO3BOJIAIONIY-
MU TOJIy4YaTh TOJBKO U300pakenust B OTAeabHbX auauax. Ocenbio 2011 r. HagaThr npobGHbIe HAGTIONEHUS

co ckanupywonum NPT na remeckone SALT, Ho 0 pe3yabrarax moka He COOBIIATIOCE.
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Puc. 1.1 JIsa pazjmuubix npeacraBiennsd KyO0oB TaHHBIX, TOMYIeHHBIN co ckanupytomuy NOTI
B quamn Ho. CrneBa — xky0 B Buge Habopa y3romogocHbx n3obpaxenns ragaktnkuy NGC 6951
(Moiseev et al., 2004). Crnpasa — dparment Kyba s Kapankosoii rajakruku SBS0335-052W,

KazK/JIpIil THKCe b n300pakennst cofepkuT 36-kananbhenii cuektp (Moiseev et al., 2010b)

dboronos 6611 B 1997 1. 3amenen [I3C-marpurieit ¢ HU3KUM TITyMOM CUUTHIBA-

Husi. JlanbHeiiee pa3BuTHe METOJla CBSA3aHO C BBOJIOM B CTPOW PEJyKTOPbI

ceerocusinl SCORPIO.

1.2 Penykrop cBetocusibi SCORPIO

U nest mpuMmeHeHnst Ha TeJIeCKOTe YKOpaduBalolieil poKyc onTuIecKoil cucre-
Mbl (pokaIbHOrO pelykTopa) Oblia mpejjiokeHa u peanusoBana Kyprecom
erme B 50-60 rr. mporioro Beka (Courtes, 1960). @okanbHbIil peyKTOP MO3-
BOJIsIET OJITHOBPEMEHHO PEIINTh HECKOJBKO 3a/1a9. BO-TIePBBIX, YBEJIMINBAIOTCS
9KBUBAJIEHTHAS CBETOCUJIA CUCTEMbI U 110JI€ 3PEHUs, YTO BaXKHO JIJIsl UCCIIE]I0-
BaHUs IPOTSIXKEHHBIX 00 beKTOB. BO-BTOPBIX, UCIIOIB30BaHKE CIIEIMAJIBHO PAC-
CYNTAHHOMN OITUKH 1TO3BOJISIET CKOMIIEHCHPOBATH BHEOCEBBIE abeppaliiu IJ1aB-
HOT'O 3epKaJja. B-TpeThnx, MOsiBIsIeTCsS BO3MOXKHOCTH YCTAHOBKHU B TTapaJlieIb-
HOM ITyYKe MeXKJIy KOJJUMATOPOM M KaMepoil JIMCIEePTUPYIONUX JIEMEHTOB
(rpuswm, uaTepdepomerpos Padpu-Ilepo u T.11.), 9To MpEBpAITACT PETYKTOD B

YHUBEPCAJbHBIA ClIeKTporpad.
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Puc. 1.2 Tlpumepsr II3C-kaapos, moaydenubix co SCORPIO B pazmuamsix peskumax HabJIr0/1e-

auit. Tlognmcanbl uMena 06bekToB 1 HazBanus pexkumon (Afanasiev & Moiseev, 2011).
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[Toctpoennbie 110 Takoil cxeme NpuOOPHI, B MEPBYIO Odepeb MpeHa3Ha-
YEHHBIE JIJIsl CIIEKTPOCKOIUU U (DOTOMETPHH CJAa0bIX IPOTIKEHHBIX 00bEKTOB,
HOJIVUMJIM IITUPOKOe paclpocTpaHenue, HaunHas ¢ kamepbl EFOSC 3.6-m Te-
neckoria ESO (Buzzoni et al., 1984), Bo MHOrOM cTaBImeil MPOTOTUIIOM COBPE-
MeHHbIX criekTporpados 8-10 M resieckonon, Takux Kak FORS/VLT (Nicklas
et al., 1997) wim FOCAS/SUBARU (Kashikawa et al., 2002).

[TepBoiit pokabHbBIE PEJYKTOP JIjist HHTEP(EepOMETPUIECKUX HaOJIIOIeH M
Ha 6-m reneckorne BTA oObur cosman B CAO PAH B cepeune 80-x rosoB ¢
UCIIOJIb30BAHKEM KOMMepuecKux (poToodbekTuBoB. HecMmorps Ha Takue Heo-
CTATKHU, KaK ILJIOXO€ KaueCTBO M300parKeHWil Ha Kpalo II0Jis 3PEHUS, MAJoe
nporyckanue ontuku (okojgo 30% B MakCHMyMe) W OTCYTCTBUE aBTOMATH-
3alliK, PEJYKTOp ucnoab3oBajcsa Ha BTA Oosee jecstu jer, 1moKa HE BCTAJ
Borpoc o ero mogepunzanyun. B 1999 r. 8 CAO PAH nox pykosoacrsom B.JI.
AdanacbeBa n pn ydgacTun aBTOpa OBLIM HaTaThl PabOTHI 110 CO3JAHUI0 HO-
BOro npudopa.

Hoseriii peaykrop cerocuist SCORPIO (Spectral Camera with Optical
Reducer for Photometric and Interferometric Observations) “yBusesn nepsbrit
ceer” B cenrsiope 2000 r. On 103BoJIsSIET PEAIM30BaTh B IEPBUIHOM (DOKYyCe 6-M
TEJIECKOTA CJIELYIOIIUe BUJIbI HAOJIOACHUI TTPOTS>KEHHBIX W 3BE3/1000Pa3HbIX

obbekToB (puc. 1.2):

e [I3C-doromerpusi B MIUPOKNX, CPEJIHUX U Y3KUX MOJOCAX.

e [lanopamuas crnekTpockonus ¢ narepdepomerpom Padpu-Ilepo.

CrekTpocKonus ¢ “AJINHHON e,

BecmeneBast cieKTpPOCKOINA.

MuoroobbekTHas crieKTpocKorust ¢ 16 IessiMu, JUCTaHIIMOHHO TTepeMe-

IaeMbIMHU B (DOKAJILHOM IIJIOCKOCTH.

[Tonstpumerpus B pusibTpax u CrEKTPONOJISIPUMETPHUS.

Onruueckasi cxema PeJlyKTopa CBETOCHJIbI BKJIIOYAET B ce0si JIMH3Y T10JIs

U KOJLJIUMATOP, (POPMUPYIOIIUE BBHIXOJIHON 3pavyOK CUCTEMbI, KAaMEPHbIH 00b-
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€KTHB U CMEHHBbIE OlTHYecKue sjeMenThl — ckauupyormuit UDIL, nudpaxim-
OHHBIE PEIIeTKH, CBeTOMDUILTPHI, AaHAJIU3ATOD MOJAPU3ATNN 1 (Pa30BbIE IJIa-
CTUHKHU. DKBUBAJEHTHAs CBETOCUJIA CUCTEMbI B IepBUYIHOM okyce 6-M Te-
neckona cocrapister F/2.6. Ha onrnveckne moBEpXHOCTH HAHECEHBI TPOCBET-
JISIFOIIME 1TOKPbITHs, paboTraioiiue B juaiiazode jymmH BosH 3500 — 10000 A.
Onrrka KOJJIMMaTOpa KOMIIEHCUPYET KOMY W KPUBU3HY MOJIsI TJIABHOTO 3€p-
KaJa Tejeckorna. JluaMerp KommmMupoBaHHOro mydka 40 MM. DKBUBAJIEHTHOE
doKycHOE paccTosiine pepyKTopa, yCTaHoBJIeHHOro Ha 6-Mm Tejeckorne BTA
paBHO 15.6 M, uTo coorBercTByer Maciiraby usobpaxkenust 75 MM /"

JIBe Typesu Ha IIeCTb MO3UIHI IpeJIHa3HAUEHb! JJIs BBOJA B IMyYOK pas-
JIUIHBIX CMEHHBIX 3JIEMEHTOB — CBETOMUIJIBTPOB, TIesell, MacoK U T.J.. B nep-
BOI Typesin, B (POKAJbHOM 11JI0CKOCTHU TEJIECKOIa OObIYHO YCTAHOBJIEHBI CPE/JIHE-
U Y3KOINOJIOCHBIE UHTEpMEPEHIIMOHHbIE (DUIIHTPBI, a TaKXKe IIEeJb JIJIs CleK-
TpaJbHBIX HabJoeHuit. Bo BTOpoil Typesn (3a mosieBoii JIMH30#, nepejt KoJi-
JUMATOPOM ) — IIHPOKOIOJIOCHBIE CTEKJISTHHBIE CBeTOMUIBTPHI, hazoBast Iia-
CTUHA W MacKa JJigd OecIesieBoil crieKTpocKonuu. MexK 1y KOJJIMMaTOPOM 1
KaMepoii pacroJiozKeHa KapeTKa ¢ JBYMs MEePEKTI0YAeMbIMI TTO3UITUSAMUA JIJTsT
BBO/Ia B l1apaJljieJibHbIN 11y YOK JIMCIEPIUPYIONINX JJIEMEHTOB — UHTEpdepoMeT-
po @abdpu-Ilepo nim rpusm npsimoro 3peHusi. BerpoeHHblit MUKPOIPOIECCOD
yIpaBJ/IsieT BCEMU MeXaHU3MaMu pejlyKTopa. KoMaH/ bl Ha MUKPOIPOIECCOD
I10JIAI0TCs C IIEPCOHAJBLHOIO KOMIIbIOTEpa, [10 CTaHIaPTHOMY IIPOTOKOJY 0OMe-
na RS232.

PelyKTop CBETOCHJIBI YCTAHABIMUBACTCS Ha YHUBEPCAJbHOH TiaTdopme-
aJlalrrepe 1epBuIHOI0 (POKyca, KOTopas COJAEPKUT JIBa lIePEMEIaeMbIX 2KI'yTa
CBETOBOJIOB JIJIsI BHEOCEBOI'O I'MJIMPOBAHUs, a TAKXKe OINTUKY OCBETUTEJISI Ka-
JIMOPOBKU, (POPMUPYIOILYIO HA BXOJE PEIYKTOPa CXOASAIIUICS 1Ty90K CO CBETO-
cusioit F'/4, TesieneHTpriIecKn SKBUBAJEHTHDIE YUKy, (DOPMUPYEMOMY IJIaB-
HBIM 3epKaJjioM Tejieckora. Takas cxemMa TpaKTa KaJuOPOBKH CTPOUT 3pavdoK
CHCTEMbI B TOM Ke TOJIOYKEHWH, TJIe HaXOJIUTCA N300pakeHue 3epKaJja Tee-
CKOTIa, ITO TIO3BOJISIET TTPOBOIUTH HE TOJBKO KOPPEKTHYIO KAJTHOPOBKY TIKAJIBI
JUIMH BOJIH JIAMIIOM JIMHEHYATOTO CIIEKTPa, HO U KaJIMOPOBKY HPOILYCKAHUS CH-

CTEMbI 110 MOJII0 B PA3JMIHBIX peknMax paborsl (“miockoe nose”). Bxoanast
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TJIOMIAJIKA TPaKTa KaJMOPOBKU OCBEIIAeTCs depe3 WHTErPUPYIONLyio cdepy
(map Yiapbpuxra) aByms KaauOpopodnbiMu jammamu: ¢ He-Ne-Ar nanosme-
HUEM JIJIsl KaJMOPOBKHY IIKAJIbI JIJIMH BOJIH, U T'aJIOT€HHON JIaMIIOH HelpepbiB-
HOT'O CIIEKTPa JJIsi CO3J[aHus “TIocKoro noJis . Ilonpobnoe onucanue npudopa
naercs B crarbsx Afanasiev et al. (2005) u Adanacbes u Moncees (2005).

C 2000 o 2003 rr. B KauecTBe jierekTopa ucrnojb3oBasack [13C marpura
TK1024, pazmepom 1024 x 1024 nwukcesisi, jarolias MaciiTad n300paskeHust
0.32" /umkcenn. Hauunast ¢ anpesist 2003 1. na SCORPIO B ocroBHOM npume-
usierca [I13C marpuna EEV 42-40 pazmepom 2048 x 2048 snemenTos, obeciie-
aupatomas nose 3penus 6.1 x 6.1 npu macmrabe 0.18” /mukcens, a ¢ 2009
rojla 9acTh HaOMIOIeHuii BbimosHsiTach ¢ K2V 42-90 (2048 x 4600 nukceseii),
MMEBIIIEH JIydIIy0 9YBCTBUTEJHLHOCTh B KPACHON ODJIACTH CIIEKTPA HPU TOM
ke MaciTabe n300parkeHusi. DT MaTPUIIBI ¢ OOPATHON 3aCBETKOM 00J1a1aF0T
BBICOKOH KBaHTOBOH 3hdekTuBHOCTHIO (10 95%), HU3KUM IIyMOM CUYUThHIBA-
aust (1.5-2€) u MasbiM TeMHOBBIM TOKOM. OXJIaXK IeHHE JIeTEKTOPa OCYIECTB-
JIIeTCs XKUJKUM a30ToM. Bech kommtekT jutst nabsonennii ¢ [I3C pazpabdboran
1 U3TOTOBJIEH B J1aOOpATOPHUH MEepCIeKTUBHLIX paspaborok CAO PAH.

HabJtoaresibHbie JIaHHbIC, HA KOTOPHIX OCHOBAHA, JIUCCEPTAIsT, ObLIN 110-

JIydeHbl B TPEX peXumMax HaOJIOJCHUN, KPATKO PACCMOTPEHHbBIX HUXKE.

1.2.1 IIpamsbie cammku (SCORPIO/DI)

SCORPIO ykomiekToBaH HECKOJbKUMU HaOOpaMu CBETO(MUILTPOB JIJIs 110
aydenus uzobpazkenuii 8 nose spenns 6.1 X 6.1’. CrekissHEBIE IHPOKOIOIOC-
Hble cBeToDuIIbTPbI peasindyior poromerpuyeckyio cucremy UBVR, I, Johnson-
Cousins. meercst Tak»ke HADOP CPEIHENONIOCHBIX HHTEPGEPEHITNMOHHBIX (DUJTH-
TPOB C MUPUHON TTOJ0CHI H0 — 4OOA, MCTTOIB3YIONINXCS IS TTOCTPOEHUS CITeK-
TPaJIbHOI'O paclpejieieHus SHEPIUn CJIadbIX 0ObEKTOB B IIOJI€ UJIK II0JIyYeHU A
N300paXkeHnii MpOTIKEHHBIX 00bEKTOB KaK B PA3JIMIHBIX SMUCCUOHHBIX JIK-
ausx (Hy, O] u T.1), Tak u B kouTHHYYMe. OOBITHO B TAKNX HAOJIIOICHUSTX
[I3C-marpuipr EEV 42-40/E2V 42-90 cunTbiBAIOTCs B PEKUME ALLTAPATHOTO

OunHMHA 2 X 2, Tak 4r0o urorosbiii Macirab — 0.36" /nukcesn obecrednsa-
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eT XOPOIIYIO JIMCKPETU3AIMIO ITPU TUIINIHOM pa3Mepe n300parkeHnii 3Be311 B
nabsoiennsix Ha BTA 1.5 — 1.7" (coryiacHo cTaTUuCTUIECKOMY UCCIIEI0BAHUIO

[Tanuayka u Adanacwesa, 2011) .

1.2.2 Cnekrpockonus ¢ aauaHoi meabio (SCORPIO/LS)

B0o3MOXKHOCTH 1PEJIBAPUTE/ILHOIO MOy YeHUs TPSIMbIX U300payKeHUil OKa3bl-
BaeTCsT IPE3BBIYANHO TTOJIE3HON MPU IMIEJIEBON CIEKTPOCKOINNA MTPOTAKEHHBIX
00bEKTOB, TIOCKOJIbKY TOYHO M3BECTHO MECTO Ha JIETEKTOpe, KyJla IPOEeIupy-
eTcs m3obpaxkenwue mean. Korja B TEKYIIYIO MO3UIUIO MEPBOI Typesu ycTa-
HABJINBAETCS TMEJb, a B KOJJTUMUAPOBAHHDBIN TTYYOK BBOJUTCA TPU3Ma TPIMOTO
3peHust (KOMOMHAIMs IPO3PAYHON PEIIETKH U JIBYX LPU3M), PEJYKTOD Ipe-
Bpalaercs B ceerocuibhblii criekrporpad. SCORPIO ykomiuiekroBan HabO-
POM T'PU3M, UCIOJIL3YIONUMU 00beMHbIe (pa30BbIe TOJIOTPAPUICCKUM PeIeT-
ki (VPHG), koropble OTJIMYA0TCst BHICOKUM MPOIYCKAHUEM ¥ MAJIbIM yPOB-
HeM paccesHHOTo cBeTa. OHM obecreunBaloT clieKTpaJbHOe pa3pernieHue oT 1.5
10 15A (npu mupune mean 1”) B pasiuaubix 06J1acTIX ONTUIECKOTO CIIEKTPa,

IIPU 9TOM JOCTHTaeTca KBanTosad adpdexrusrocts 20-50%.

1.2.3 Ilanopamuasa cnekrpockonus ¢ UPII (SCORPIO/IFP)

Cranupyormuit mbezoaekrpuaeckuii narepdepomerp ET-50 (Queensgate /IC
Optical Systems) ycranaBiuBaeTcss MeXKJly KOJJTUMATOPOM H KAMepoil TaM,
IJIe paCIojaraeTcsl BHIXOJHON 3padoK ONTHYECKOil cucrembl. [TapameTps uc-
OJIb3YyEeMbIX HHTep(hEepoMeTpoB npuBeenbl B Tabauie 1.1. OObIIHO J11sT Ha-
OJs110j1eHUsT OO'BEKTOB C OXKMUJIAEMbIM OOJIbIIKM Pa30dPOCOM JIYUYEBbIX CKOPO-
creil (JMCKU CIIMPaJIbHBIX MAJIAKTHK, MAJIAKTUKY ¢ AKTUBHBIMU $1J[DAMU) T1PU-
MeHsieTcst mHTepdepomeTp Hu3koro pasperienust [FP235, a st gerajibHOTO
u3yderusi npoduseit smuccunonnbix juuuit — [FP501 (¢ 2009 . — IFP751),
JlaroNuit boJiee BBICOKOE CIEKTpaJibHOE paspelnenue. Bbiiesenne TpedyeMo-
I'o0 y4acTKa CIEKTPa OCYIINEeCTBJIAETCS Y3KOMOJOCHBIM (PUILTPOM HIMPUHOMN
FWHM = 10 — 20 A. JTus naGuiogenul rajakTuk uMeercss Habop TaKux

d)HﬂprOB, INEHTPUPOBAHHbLIX Ha JJIMHY BOJIHBI U3YyY9a€MbIX 9MHWCCUOHHBIX JIN-
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Tabuiuiia 1.1 Ilapaverpsr ckanupytomux narepdepomerpos Pabpu-Ilepo

IFP235 | IFP501 | I[FP751
nopsAI0K nHTepdepeHnm’ 235 501 751
CIIeKTpaJIbHOE pa3perrenne, O\ 2.5 A 0.8A 0.5A
CHeKTPaIbHLIH nHTepBas, AN 29A 13A 8.7A
nobpornocts F' = AN/6A 11 17 20
KOJIMYIECTBO CIEKTPAJbHBIX KAHAJIOB 7, | 32 36 40

! ga nymne BosHBL 6563 A

uuii (Ha, [OIII|AS007, [SITJA6717,6731) ¢ yuerom KpacHoro cmerienusi 00b-
ekra. OObIuHO B 9TuX Habuogennsx caurbiBanue [[13C-marpunpr EEV 42-
40/E2V 42-90 Bbinosiasiercst pexxuMe annaparioro ounnunra 4 X 4 ¢ 1eJibio
9KOHOMUM BPEMEHU CUMTHLIBAHUS U YBEJUICHUST OTHOIICHUS CUrHAJ /TiyM. Pe-
3y/abTUpYIoNHit pasmep mukcess (0772) B GOIbIIMHCTBE CJIyYaeB COOTBETCTBY-
eT TUIINIHOMY KauecTBY M300parkKeHui Ipyu MHOTOYACOBOI CyMMapPHOR 3KCIIO-
3unr. B ciiydasix 0COOEHHO XOPOIIUX aTMOC(EPHBIX YCJIOBUI U JIOCTATOUYHO

SAPKUX 00'bEKTOB HADJIIOJIEHUS BBIOJHAIOTCA ¢ OUHHUHIOM 2 X 2.

1.2.4 Penykrop cBerocuianl SCORPIO-2

YHUBEPCAJILHOCTh IPUOOpa, BbICOKas KBaHTOBas 3(P(MEKTUBHOCTH, BO3MOXK-
HOCTBb OBICTPO# CMEHBI IIPOrpaMMbl HAOJIIOEHUI B 3aBUCUMOCTH OT TEKYIINX
aTMOC(hEpPHBIX YCJIOBUMI HpuBean K ToMmy, 4To Hadunas ¢ 2006 r. okono 50%
BCexX HouYell Ha 6-M Tejieckolie paclpelesaioTes Jijisi HabJIToIeHU, BbITIOJIH -
embix ¢ nomorbio SCORPIO. Cornacho 6ase janubix SAO/NASA ADS, 3a
nepuoji ¢ 2001 o utonb 2012 1. aHHbBIE, TOJYYEHHBIE C 3TUM TPUOOPOM Obi-
JIX TIPEJICTaBIEHbI B 203 MyOJUKalKgX, IUTHPOBABIIKXCS B cyMMe 6ojiee 1000
pa3. OHU MOCJY>KIUJIM OCHOBOI He MeHee 15 auccepraliuii, He cunuTas JaHHYIO.
Opnnako 3a OoJiee ueM JIecsTh JieT paboThl NprbOp Havaa cTapeTh KakK (hu3u-
YeCKM, TaK ¥ MOPaJbHO. 3alpOChl U MOXKeEJaHWsT HabJIroaTeeift Tak»Ke mocTo-
staro pocuin. [Tosromy o pykosogcreom B.JI. Adanackesa B CAO PAH 6b11
paspaboran HoBbiii dokaabhblii pejykrop SCORPIO-2 (mim SCORPIO-N).
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OcHoOBHBIE OTJIMYMST HOBOTO criekTporpada oT mpubopa MpeIblIyInero moKo-

JICHUS CJIeJIYIOIIue:

e 3HAUUTEHHO (B JiBa pa3a) yMEHbIIIEHA BeJIUINHA BHEOCEBBIX abeppariuii.

o CrieKTpaJIbHBIH PEXKUM C JUTMHHON IEIhI0 MOJTHOCTHIO UCIIOJb3YeT ILI10-
ma1b jgerekropa E2V 42-90 2K x 4.6 K, uTo, 110 CpaBHEHHUIO CO CTapPbIM
SCORPIO, B nBa paza yBeJUUMIO CIIEKTPAJbHbIN JIMAIIa30H IIPU TOM 2Ke
creKTpaJbHOM pasperieruu. [lenb ¢ peryiupyeMoil IMupUuHOil I103BOJIsIeT

bostee THOKO MOAOUPATH KOMOUHAIMIO JTHATA30H / pa3pelleHue.

e [Ipubop crenuajibHO paspadoraH Jjijist paboThbl B peXKUME yJlaJeHHbIX Ha-
osroennit u3 3manus saboparopuoro kopmyca CAO PAH. 3uaunrennro
YBEJINUEHO YUCJIO OJTHOBPEMEHHO YCTAHOBJIEHHBIX CMEHSIEMbBIX 3JIEMEHTOB:
3 Typesu jiuis ¢cBeToMUABTPOB Ha 9 MO3MIMI KaxKiasi, OTIeJbHas TyPeib

¢ VPHG, nesapucumbiii BBOJ| ckanupytomero MOII.
e 3HAYUTEJHLHO PACIIUPEHBI BOSMOXKHOCTH CIEKTPOTIOJIIPUMETPHUN.

e B npubop BKJIIOUEH OTJEbHbBIN y3es JIJisd HaHOPAMHOMI CIIEKTPOCKOIIUHU C
MHOT'O3PaYKOBBIM PACTPOM, 3HAUUTEJbHO PACIIMPAIONINN BO3MOXKHOCTHU

9TOI'0 METOJ[a B CpaBHEHHH CO cTapbiM ciekTporpadgom MPFES.

[Tepeoie naduogenust co SCORPIO-2 na 6-M Tesieckone coCTosuch B UIOHEe
2010 1., ceityac ujayT padOThHI 1O OTJIAJKE OTJEJIbHBIX HE3aBUCUMBIX Y3JIOB
(MHOTOITEIEBOI U MHOTO3pAYKOBbIH 6s10kK). Mbl Hajeemcsi, 4To K HavasLy
2013 1. mpubop BOIIET B MITATHYIO IKCILTyaTaluio Ha 6-M Tejeckone. C 3rum
(boKaJIbHBIM PEJIYKTOPOM y2Ke ObLIO TIOJIYIeHO HEKOTOPOE KOJIMIECTBO HADJIIO-
JlaTeJIbHOTO MaTepuaJia, UCIOJIb30BaHHOIO B JaHHOo# pabore. [lockosibKy ma-
pamerpbl HaOJoeHuit B pexxume UDIT u “npsimbie cHUMKN ITPAKTUICCKU HE
oryimaaioTcst or Toro, uro Owuio panee co SCORPIO, a B pexume “maauHHONR
1mesin’ OCHOBHBIE OTJIMYHST CBOJSITCS B OCHOBHOM K YBEJTUIEHWIO JJOCTYITHOTO
CTIEKTPAJILHOTO JIMANa30Ha, TO MBI HE OyJIeM OTIEIbHO OCTAHABINBATHCS HA

nx OoIluCaHuu.
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1.3 Habamoaenus co ckanupyomum NOII

1.3.1 OcHoOBBI MeTOZA

Teopust unrepdepomerpa @abdbpu-Ilepo B npuiokennn K acTPOHOMUYECKUM
MCCIIeIOBAHUSIM TIOJIPOOHO m3sI0KeHa B psjie pabor (Courtes, 1960; Bland &
Tully, 1989; Gordon, 2000). Huzke npuBosTCsT TOTBKO HEKOTOPBIE COOTHOIIIE-
HUsI, HaubOJIee BayKHbIE JIJISI MOHUMAHUS CYTH METOJa, OMUCAHHOIO B HAIINX
crarhsax (Moiseev, 2002; Moucees u Eropos, 2008).

Ecau va narepdepomerp rmoj yriaoM 1 K ONTHIeCKOl 0CH Na aeT KOJJINME-
POBAHHBI MOHOXPOMATHIECKNI My9IOK CBETA C JJUHONW BOJHBI A, TO yCJIOBUE

MaKCHUMyMa HHTEP(EPEHITMOHHON KapTUHbI 3alliChIBACTCS B BHUJIE:

2l

3/iecb N — NOPsIOK HHTepdepeHIun, | — paccTosdHue MEXK 1y ILIaCTHHAMU

nA = 2lpcosv = (1.1)

THTEeP(EPOMETPA, & [t — TOKA3ATENb IPEJIOMJIECHUS CPeJIbl MexK 1y HUMU. OnTH-
deckasi cucTeMa (Kamepa ¢ (DOKYCHBIM PACCTOSTHEEM f) CTPOUT m300parkeHue
uHTEepMEPEHIIMOHHDBIX KOJIEI, PAJIMyCOM T Ha JIByMepHOM lipueMuuke. Paccro-
sSIHUE MEXK/JIy COCEJIHUMU TOPsiJIKaMu MHTEep(EPEHIMN OlpejiesisieT CBOOO/IHbI

CHeKTpaﬂbelﬁ JANalla30H:

AN = A/n (1.2)

BaxxHoii xapakTepucTrKOoii nHTepepoMeTpa aBsercs 1o6poraocTh (Finesse):

F = AN, (1.3)

rjie O\ — TOJYIIMPUHA ANNapaTHOr0 KOHTYpa, KOTOpasl OLpEJe/sieT CIIeK-
TpaJabHOE pa3perieHne W, B MepPBYyIO ovuepeb, 3aBUCUT OT XapPaKTEPUCTUK OT-
PaXKalomuX MOKPBITHI IJIACTHH.

s ckanupyiomiero nnrepdepomerpa 2ul = A + Bz, rie z-HOoMep CIiek-
TpaJbHOTO KaHata, a A u B — nekoropbie koncrautsl (Gordon, 2000). Ilpu

9TOM
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Puc. 1.3 Brruuranne 64uKOB, 1I0OKa3aHA CYMMa BCEX KaHAJIOB Kyba Jianubix B guaun Ha s
kapukoBoit raaktuku [1 Zw 70. (a) ucxognoe nzobpazkenue. (b) Momesnb paciupenesenus spKOCTH

B OJIMKax. (C) Pe3y/abTaT BHIYUTAHUS MOJE/IH M3 NCXOIHOTO Kyba.

B (1.4)

nn,
I7e N, — KOJUIECTBO KaHAJIOB B IUKJEe CKAHUPOBAHMUSI.

Ha nzobpakeHun mpoTsaKeHHOro 00beKTa B KaHaJje 2 OyIyT BUIHBI TOJIb-
KO Te 0bsiacTu, Jyist KOTOPbIX BbinosHsiercst yeaosue (1.1). Takum obpasowm, B
KarKJIOM KaJ[pe CMEITaHbl MPOCTPAHCTBEHHAsT W CIIeKTpabHast WH(OPMAaIns,
TaK 4To TOUYKe (I,Yy) B MJIOCKOCTH M300parkeHHsi COOTBETCTBYET HEKOTOPAast
JUIHHA BOJHBI A. DT0 xXoportrno BujiHo u3 puc. 1.2 (FPI), rae ciontabie Kosbia
COOTBETCTBYIOT SMUCCHOHHBIM JTUHUSAM HOYHOTO Heba, a KJIOYKOBATHIE CTPYK-
TYpPbI — 00JIACTAM TaJIAKTUKH, JIJIsT KOTOPBIX Ha, JAHHOM PaJINyCe BBITOTHICTCS
ycaosue (1.1) B smnnu Ha. U3 (1.1) ¢ yuerom Toro, uro r < f u, coruac-
1o (1.4) A > B, nosyuaeM BbIpayKeHHEe Jijisi HOMEPa KaHaJia, B KOTOPOM Ha
JIAHHOM paJinyce HaOJI0AaeTCss nHTePMEPEeHITMOHHBIIT MaKCUMY M:
n A , A
SAF T —

B 2B f? B

Pacupejiesienue sesimunnbl p(x, y) B IIOCKOCTH U300paykeHusl JIJIst JIMHUK

p(r) (1.5)

KaJMOPOBOTHOM JIAMITBI HA3BIBAIOT Kapmoti (ha306020 cI6U2a, a TIPOIEAYPY Tie-
pexosia OT 2 K A — (pasosoti koppexyuet. Beipaxenue (1.5) mo3Bosisier nepeittu

OT HAOJIOJAeMbIX HHTEpdeporpaMM K KyOy JaHHBIX B IIKaJie JJINH BOJIH.
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1.3.2 IIpobiaema GJIUKOB

Yceranoska VDI B BbIXOIHOM 3pavKe CUCTEMbI, MEXK/LYy KOJJIUMATOPOM M Ka-
Mepo#t (POKAJIBLHOTO PEJIYKTOPA, ITPUBOJIUT K MOSABJICHUIO HA U300ParKEeHUN T1a-
Pas3suTHHIX OJIMKOB. DJIMKKM BO3HUKAIOT B pPE3yJIbTaTe MEePEOTParKeHUs CBETa
BHYTPH ILIACTUH HHTepdepoMeTpa U MEXKJy HUMU M OJIMXKAMIIUMKU JTUH3a-
MU (DOKAJILHOI'O PEJYKTOPA, HOBEPXHOCTIME Y3KOIOJOCHOTO (PUIBLTPA U T.JI.
Beoja B mydok [FP235 mopoxnaer OJUKKM CHMMETPUYHBIE OCHOBHOMY H300-
paXkeHuto orHocuTebHO onrudeckoi ocu VIDIT (“auamerpasbhbiit 6snK”, co-
racHo Kiaccudukain us Jones, et al., 2002), HHTEHCHBHOCTH KOTOPBIX CO-
crasssier oko10 10% or mHTeHcHBHOCTH OCHOBHOTO n30Oparkenusa. OOBIYHO B
TaKuX caydadax pekomenayercsa HakygonnTb UPII k onTtrdeckoit ocu cuctembl,
HO 13-3a KOHCTPYKTUBHBIX ocobennocteit SCORPIO sto neBozmoxkuo. [ToaTo-
My, B IIpoIecce HaOJII0IeHn He0OXOIMMO PaCIIoaraTh n300pakenne o0beKTa
B CTOPOHE OT OLTUYECKON OCU, a TaKxKe CJIEJUTh 3a TeM, 4TO Obl Ha HEro He
HAKJIa/IbIBAJIUCh OJIMKKU OT 3BE3JI TOJI.

[Ipn nabmogennsix ¢ IFP501 BosHukaer ere ojHO cemMeilcTBO OJIMKOB —
“skcrionentmaabaoe” (Jones, et al., 2002). Dtu Oiuku 00pa3yOTCS B Pe3yiib-
tate rnepeorpazkenuit Buytpu miactui UPIT u cosnator 3HaunTebHo OoJiee
Cepbe3HyI0 IIPOo0JeMy, UeM JnaMeTpaJibHble, TOCKOJbKY OJIMKAUIING U3 HUX
HOsABJIAETCA Ha paccrosuun Beero 16”7 or nzobpaxkenus obbekTa u uMeer 3Ha-
GUTEJIbHYIO MHTEHCUBHOCTD (0K0sI0 12% o1 sipkoctn obbekTa). CTosib HHTEH-
CUBHbBIE OJIMKU SIBJISIIOTCS CJIEJICTBUEM JIErPaJallii ITPOCBETISIIONIErO TOKPbI-
st BHeNHUX noBepxuocrei miactud [FP501. K coxanennio, cronmocts 3a-
MEHBI [LJTACTUH (MJIM [epeHANIbICHHE TIOKPBITHIA) B JAaHHOM Cjiydae OJu3Ka K
croumocTu coopku Hosoro MU®@II, koTopasi BecbMa, Besiuka. IloaTomy B pabore
Moucees u Eropos (2008) Hamu GBI pACCMOTPEH AJTOPUTM YIAJEHHs OJINKOB
Ha dTale 00pabOTKU JIAHHbIX.

Ecnn wieanbubiit (6e3 6J1MKOB) Ky6 JaHHbIX 0003HAUUTH KaK [yeqi, TO TIPH-

Be,ZI;eHHbH'/JI B MIKaJIy AJWH BOJIH Ha6JIIOfH,aeMbH7I KY6 BbITVIAJINT KaK:

]obs(xa Y, )\) - ]Teal(xa Y, )‘) + Ighost(l'; Y, )‘) (16)
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IJie CeMeicTBO IKCIIOHEHITMAIBHBIX OJIMKOB MOYKHO IPEJICTABUThH B BHU/IE:

’Lmax

Lohost(z,y, A) = foP .Y (x—Axg, y—Ayo, 2) + Z:l filrear(x — Axyy y— Ay, M)
i—

(1.7)

OrHOCuTEeNbHAS SIPKOCTDL OJIMKOB f; yOBIBAET B r€OMETPHIECKOi IPOrpec-
CHH C POCTOM 1, TIO9TOMY CYMMUPOBaHHUE BEJETCSA He 10 OECKOHEUHOCTH, a JI0
Tmazr = 3 — 9, BKJIaJ OJMKOB 00JI€e BHICOKUX MOPSIIKOB OOLIUHO HE3HAUNTEICH.
[To 9roii »Ke npuunHe He YUUTHIBACTCS BKJIaJ, BTOPUUHBIX OJIMKOB, TAKUX KaK
HEMOHOXPOMATHIECKUE CATEJJINTBI OT OJIMKOB MOHOXPOMATHIECKOTO CeMeii-
cria. Ilepsoe ciaraemoe B (1.7) ormceniBaer 6k EogG, cMermenubiit mo mkase
JUtHH BOJIH. 371ech P 0603HAYAET onepaIuio “¢azo0Boil KOppeKIun , T.e. Iepe-

XOJI OT CIEKTPOB B IKaJje HoMepoB KaHajgoB M®PII z k mkaje 1uH BOJIH:

I(z,y,\) = PI(z,y,2) = I(z,y.k(z + p(z,y))),

rjie 3HavdeHust KoahuimenTos guneiinoi dyukuun k(z) = k1z + ko, onpejie-

-1

nsrotesd KoukpetHbiM VDII. CoorsercrBenno, I,.,; — €CTb pe3yabTar obpat-

HOT'O IIepexo/ia, OT IIKaJIbl JJIMH BOJIH K KaHaJaM HHTepdepoMeTpa.:

]721(337 Yy, z) = Pil[?“eal(xaya A)

re

Harmeit 3a1aqeit siByisiercst ostyaenne u3 I,ps HAMIydImero npubJmKenne K
OYHITICHHOMY OT OJIMKOB KYOY [,cq;. JlJist TOro Mbl HCIIOJIB3YyEM CJIEJIYIONLYIO
urepalnonHyo nporeaypy. llogcrasisas B Beipaxkenue (1.7) Iy BMECTO Ieql,
OJIydaeM IepBoe NpuOJIMKeHne JIJisd Mojiean OJTUKOB — [ glhost(freal)- Torna, co-

riacio (1.6) mepBoe mpubEKenue Jis ounIiennoro Kyoa: Iy, = Ly — Iglhost.
[Mopcrasmsiercs I}, B Buipaskenue (1.7), noydaem ciejyiomiee mpubImxKenne

K Mojiesn Osinka 12

Jhost W TaK Jlagiee, 1o I . OrHocuTenbias spkocTh OJMKOB

neesnka (f; < 1), mosromy tpebyercsi Bcero n = 3 — 4 urepanuu, 4To0bI
IIOCTPOUTH MOJIEJIb OJIMKa, OJIM3KYIO K peajbHOIl.
[TockoJbKY JIJIsT ceMeiicTBa MOHOXPOMATHIECKUX OJIUKOB (i > 1) BBITOJIHSI-

IOTCA COOTHOIIIECHNA:

Ax; = iAxy, Ay =iAy, fi = f,
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10 Mojiesih (1.7) mMeer Bcero mecTh CBOOOJHBIX MapaMeTpoB, KOTOPbIE T0/I-

n
OuparTesa Tak, ITOOBI MUHUMU3UPOBATL OTKJIOHEHUSA MEXKIY g, o

+ U Iobs- Ha
puc. 1.3 mokaszaHO BbIYHUTaHUs OJIMKOB BOKDPYT M300parkeHusI KapJUKOBOIL ra-
naktuku I Zw 70.

[Ipu nHabsiroeHusix 00bLEKTOB ¢ OYeHb OOJILIINM I'PAJMEHTOM 11OBEPXHOCT-
HOW SIPKOCTH, MOXKET IOJIYIUThCsl TaK, 9TO MHTEHCUBHBINA OJIMK OT KOMITAKT-
HOII JleTaJjiu MPOEUPYETCs Ha 3HAYUTEJILHO MeHee sipkue o0siacTu. Y POBEeHb
TyaCCOHOBCKMX TIMTYMOB OMMPEIEISeTCs CYMMapPHO# WHTEHCHBHOCTHIO OJIMKa 1
110/102KKHU. [loaTomy mocsie BhlunTanus OJIMKa IMOJE3HBIH CUTHAJ B 9TOM 00-
JacTu OyJeT CpaBHUM C aMILIATYJIOH IIyMOB, OOYCJIOBJIEHHOI'O CTATUCTHKOMN
¢doronon. HrobbI n3beKaTh MOTEPH CIEKTPaJIbLHON HH(OpMaIun oT obJacTeit
HU3KOM sIpPKOCTH B CJIydasiX TaKuX OObEKTOB, PEKOMEH/IyeTCs Pa3/Ie/UTh I11a-
HUPYEMYIO 9KCIIO3UIMIO 11OTI0JIaM U BBITOJIHATH HAOJIIOJIEHUS 110CJIEI0BATE b
HO TIPH JIBYX Pa3JINUIHBIX OPUEHTAIUSIX TIOJIST 3PEHUsT TPUOOpa, PA3BEPHYTHIX
0 TIO3UIMOHHOMY yTuTy TpuMepHo Ha 90°. Biuku B morydeHHbBIX JIBYX Kybax
JIAHHBIX OYJIyT HMPOEIUpOBaThCs Ha pas3Hble objacTu obbekTa. Ilocie neppud-
HOI 00pabOTKHM M3 KarKJ0TO Kyba BBIUMTAETCSI CBOSA MOJEIb OJUKOB W MAaC-
KUPYIOTCs 00J1acTH, 1jie 10cJie yjiajeHue OJIMKOB PE3KO YMEHbIINJIOCh OTHO-
leHue CUurHaJ/myM. 3areM KyObl KOMOMHUPYIOTCs B OJIUH, IPUYEM CIIEKTDbI
U3 3aMaCKUPOBAHHBIX 00JIacTell B KaXXJO0My KyOe 3aMeHsIOTCs “XoporuMmn’

CIIEKTPAMU U3 JIPyroro Habopa JaHHbIX (CM. mpuMep Ha puc.l.4).

1.3.3 OcHoBHBIE 3Tanbl 00pPabOTKM JAaHHBIX HAOJIIOIEHNS CO CKa-

"Hupyromum NOII

st obpaborku Hab oennii, nojaydaembix ¢ UOII na SCORPIO, na si3wike
IDL aBropom namnucan naker nporpamm [FPWID ¢ MHOrookoHHBIM JIpy2Ke-
cTBeHHBLIM HHTepdeiicoMm. TeKcThl mporpaMM HaXoJIsATCsd B OTKPBITOM JIOCTYIIE
o ajpecy http://www.sao.ru/hg/moisav/soft. Mcxoaubivu Jijist 00padboT-

KU SBJIA0TCA caeayiomue Habopsl 1183C-kaapos:

e OBJ - unrepdeporpaMmbl uccaeyeMoro oobekTa. ITodbl n30exKaTh Cu-

cTeMaTUIYecKuX OMMOOK 1pU U3MEHEHUil aTMOoCGepHOil 11PO3PauHOCTU U



o4

Puc. 1.4 Cymma kananos B kybax gamsbix gig ranaktuku 1C 10 8 guann Ha: (a) ucxomgmoe
nu3obpakenue B nepsom kybGe; (b) mocie BbrumTaHus GJAMKOB, CTPEIKA yKa3blBAT Ha 001acTH
€ HEYOBJIETBOPUTENBHBIM KAUYeCTBOM BBIYMTAHUS; (C) M300payKkeHue B KyOe, MOJYUEHHOM TIOCTe
noBopoTa moJist 3perus Ha 90°; (d) Beranranme 6;1MKOB 13 BTOPOTO Kyb6a; (e) cymMmMa oboux Habopos

JaHHBIX.
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Ka4deCTBa H306pa7KeHI/Iﬁ B Ha4daJi€ IKCIIOSUIINN BbLIITOJHAIOT B HEYCTHDLIX

kanasax uarepdepomerpa (1,3,5..), a 3arem — B derHbix (2,4,6...).

e NEON - uzobpaxkenusi unrepdepeHIIMOHHbBIX KOJIEI, OT SMUCCUOHHOM
JIMHUU, BBIJIEISIEMO y3KUM WHTEP(EPEHIITNOHHBIM (DUIHTPOM U3 CIIEKTPA,
BerpoerHoit He-Ne-Ar gavmnbr. O0braHO KauOpOBKa, IIPOU3BOJIUTC J0 U

ocjIe HabJI0aTeIbHON HOUMH.

e FLAT - unrepdeporpamMMbl paBHOMEPHON 3aCBETKHU ‘TIIIOCKOTO TMOJIST
OT BCTPOEHHOH JIAMITBI HETTPEPHIBHOTO CIEKTpa, MOJYIEHHBIE C TeM ¥Ke

buIbTPOM, UTO U IIPU HADIIOJACHUIX 00bEKTa.

e TEST — uzobpakenusi koserp ot He-Ne-Ar jamibl B OTHeIbHBIX KaHa-
Jax, MoJiydaeMble JIO U MOcje SKCHo3uIun oobekTa. Vcnonb3yores st
MOHHUTOPUHTA TOYHOCTH CKaAHUPOBaHU:A WHTEp(EepoMeTpa U JJisd KOHTPO-
JIsT CMEITeHUH MOJIOXKEeHNs TIeHTPa KoJiel, HHTepdepeHIIMOHHON KapTHHBI,

BO3HHUKAIOIINX U3-3a THYTUH mpudopa.

Taxke HeoOxouMbl crargaprabie st IT3C-mabiroaeHunit Kaipbl TOKa CMe-
menust (BIAS) u remuoBoro toka (DARK). B janbheiiiiem Mbi He Oyjiem
rOBOPUTH 00 ydere TEeMHOBOIO TOKa, MOCKOJLKY B ucnosb3yembix [13C on
He3HAYUTEJIeH Ha 9KCHO3UIuax 3 — 10 MuH.

IlepBolit aTan 06pabOTKH OOBITHO HE TpeOyeT OT IOJIL30BATEsl CIIeIUaIb-
HBIX HACTPOEK, JIOCTATOTHO YKa3aTh JIUIIL HOMep HabJIi01aTe/IbHOM HOUH, 111a0-
JIOHBI JiJist uMeH daiiyioB u rpebyemMbiii hopMar Kajpos (nHOr A U HabJ01e-
ausix ¢ UOIT cunrbiBaercs suib Gparment [13C). Bewo ocranbhyto neobxo-
aumyto urdopmanmnio (mapamerpsl UDIT, Homepa crieKTpajibHbIX KaHAJIOB U
T.I1.) Tiporpamma mosydaer u3 jgeckpunropoB FITS-daiinos, koropsie 3amos-
HSIIOTCsI aBTOMATHYECKH B IIpoliecce HabJtoieHnii. KpaTKo mepeduciuM 3Talibl

¢dopMupoBanus KyboB.

e [louck u ycpejHeHne KaJIpoB TOKa, CMEIEHUsI, CHATHIX B TpeOyeMoM pe-
xume cantbiBarust [13C. [Tocrpoennpiit kKaap superbias OyjeT BbrauTaTh-

Csl U3 BCEX Ka/[POB HAKOIJIECHUI 00beKTa U KaJMOPOBOK.
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e OopmupoBaHue KyOOB JIaHHBIX U3 OT/CIbHBIX KaJIpoB. Bhiuuraercs superbias,
MaCKHUPYIOTCs JiedpeKTHbIe KOJIOHKHU. JlajbHeiinas oOpaboTKa IIPOU3BO-
JINTCA y2Ke He HaJl JIBYMEPHBIMH M300parXeHUSAMH, a HaJi TPEXMEPHBIMU
KybaMu (MOKAHAJIBHO COOpaHHBIME WHTEepheporpaMMamMit 00bLEKTa U Ka-

smbpoBok ). Kyb6bl coxpanstiores B crangapraom dopmare FITS (NAXIS-—3).

e YucTka cJieJIoB KOCMUYECKUX JaCTHI[ B KyDax HaKOIJIEHUI CBeTa OT Ka-
JIMOPOBOYHBIX JIAMII C JIMHEHYATHIM ¥ HEIPEPLIBHLIM CIIeKTpoM. Vcmoib-
3yeTcs MPOCTOil 0-(PUIBTP: OTUETHI B CIEKTPE, OTIHYAIOIINECs] OT CPe/l-
HEro Ha YCTAHOBJEHHOE TTOPOIOBOE 3HaUYeHWe, 3aMEHSIOTCs T0JIyCYyMMOit

OTYETOB N3 COCEJHUX KaHaJIOB.

e [locrpoenne kaptol dazosoro ciasura (1.5) HA OCHOBAHWUE JAHHBIX All-
npokcumanun jguanit B kyoe NEON npoduiem Jlopenna. IIpu neobxo-
JINMOCTHU — KOPPEKITUsT HEPABHOMEPHOCTH CKAHWPOBAHUS KaJIMOPOBOIHO-

ro Kyba.
e [IpoBepka TOYHOCTH MOCTPOEHUST MIKAJIbI JJTUH BOJIH.

e OmpejiesieHue MONPaBOK K TOCTPOEHHOI 110 KaJUOPOBOUHOMY KyOy IIKaJe
JUIHH BOJIH. Beraumcsnstiorest emerrenust (mo 06erMM KOODJANHATAM B ILIOC-
kocru [13C u no jymue Bosnbt) nakorvienuit TEST ornocurenbro Kyba
NEON). TIpu #eobxouMocTy — KOPPEKIHst BbIsIBJICHHBIX TOKAHAJIbHBIX

CJIBUT'OB.

e [Ipu HEoOXO/MMOCTU — KOPPEKIUS OTHOCUTEJIbHBIX BapUalllil sIPKOCTU

gamibl FLAT B Teuennn cKaHMPOBaHMS KAJIUOPOBOYHOIO KyOa.

e ll3Mmepenue cMeImeHusT MeXXKJy MaKCHUMyMaM# IIPOINYCKAHUs Y3KOIMOJIOC-
Horo (uibrpa, udMepenubimu 110 kyoy FLAT, u no crnekrpam BoiOpaH-
HBIX 3Be371 B oJie 00bekTa. OOBIYHO 9Ta MPOoIe/Iypa HeOOX0AMMa, TOJTHKO
npu Habsoaennsx ¢ IFP235, korma nosymmprHa y3KOIMOJI0CHOTO (DUIh-
Tpa 3aMETHO MEHbIIIE, YeM CIEKTPaJIbHbII JINala30H MEXKJIy COCeTHUMMU
nopsiyikamu unHrepdepennnn. OObITHO cMelieHne OJIM3KO K HYJI0, HO C

HEKOTOPBIME (PUILTPAMHI OHO MOXKET JOCTUTATh 2 — 3.5 A.
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o Jlesenne kyba o0bekTa Ha IMJI0CKOe mosie (yder KPUBOH MpOITyCKaHust

Y3KOIOJIOCHOTO (DUIIBTPA), THCTKA CJIEJI0B KOCMUICCKUX YACTHUII,

Haugee caeayer Habop mnpoleyp 00paboTKM, KOTOPBIE Jalle, YeM Ipu cOop-
Ke KyOOB, TpeOYIOT BMelllaTe/IbCTBa MoJb30oBaTe 1. Kak mpasuio, obpaboTka

BBIIIOJIHAETCA B CJAEAYIOIIEM IMOPAIKE:

e Koppeknust nepasuomeproctu ¢gona. [Tosib3oBaresib MoxKeT 3a/1aTh Hapa-
MEeTPbI JIBYyMEPHOI'O paclpe/jiesieHusl sipKOCTH, Ha, KOTOPOE HOPMUPYETCs

Kyb oObeKTa.

e Cozjlanne MacKu JJIsi BBIYUTAHUS CIEKTPa HOYHOIO Heba. 3a OCHOBY Oe-
percsi n300parkeHnue CyMMbl KAHAJIOB KyDa 00'beKTa, 00J1acTh ¢ SPKOCTHIO
MEHbITIe 3aJIaHHOTO Tipejiesia cunTaiorces “orom”. Ilpu HeobxoumocTn,

I[IOJIYYEHHYIO MaCKy MO2KHO pDEJJaKTHPOBATDb.

e 3ajlaHne napaMerpoB Juisd BeiauTaHus ¢ona neda. [Ipumensiemast mero-
JMKa BblUWTaHus Heba noapobHo m3noxkeHa B crarbe Moiseev (2002).
KpaTko oHa 3aKJr04aeTcs B TOM, YTO B KaxK oM KaHaJie Kyoa OBJ smuc-
cust (poHa HeDa yCpeJIHAeTCd MO a3UMYyTAJHHOM YTJIy B Y3KHUX KOJIBIAX,
¢ TieHTpoM Ha onTudeckoit ocu UPII, ¢ ygeToMm MacKu, MOCTPOEHHON Ha,
npeabiyem sraie obpadborku. Cpegauit 1poduiib SPKOCTU BHIYUTACTCS
u3 uHrepdeporpamMmmbl 00bekTa. [Ipu HeobXoMMOCTH yepeHEHUE MOXK-
HO TTPOBOJIUTH B OTJIEJbHBIX CEKTOPAX, YTO MOJIE3HO JIJIsT yUeTa Bapuallnii

AllllapPaTHOTI'O KOHTYPa 1O TTOJIIO.

e Briuuranue CIIEKTPa HOYHOI'O He6a, COIJIaCHO 3a/JlaHHBIM BbIIIE IIapaMeT-

paM.

o Doromerpusi 3Be3J1 B KaxKJI0M KaHaJse Kyba obobekra. Jljisi 3Be3/1 u3 npeji-
BapUTEJIbHO CO3/IaHHOI'O CIIMCKA U3MEPSIOTCH OTHOCUTE/IbHbIE CMEeIeHU s
nerTpa nzodbparkenns, sapuannn FWHM n uarerpasibroro noroka. Crpo-
SITCST YCPeIHEHHBIE 3aBUCHMOCTH ITHX MMapaMeTpoB OT HOMepa KaHaJa B

KyOe.



o8

e Koppexknust kyba o0bekTa Ha OCHOBAHWH PE3YJIHLTATOB MOKaHAJIHHON (Do-
ToMeTpuu 3Be3/1. [IponsBojiATCcs cMeleHns KaHaJloB, YIeT Bapualui aT-
MOChEPHO MPO3PATHOCTH (yMHOXKEHHE KAHAJIOB Ha PACCIMTAHHBIC KO-
3 PuUIUeHTs) ¥ KavecTBa 3BE3HBIX U300paXKeHuii (CBepTKa ¢ JBYMep-
HbIMM rayccuanamu). B pesysnbrare amiuuryia sapuanuit FWHM sBesji-
HBIX N300paXKeHUil yMEHBINAETCsT OT HECKOJIbKUX JIECSITKOB MPOIIEHTOB JI0
1 —5%, x0Ts B IEJIOM POCTPAHCTBEHHOE paspelieHue B Kybe yxyiaer-
csi. Bapuwanmm armocdepHoit Mpo3paTHOCTH YIUTHIBAIOTCS B TTPEJITTOJIO-
YKEHHUH, 9TO B U3y4aeMOM y3KOM CIIEKTPaJbHOM JUalla30He KOHTHHYYM B
3Be3lax IIocKuii. Pagymeercs, 1o He Beerga Tak (0COOGEHHO B 06JaacTH
abcopbrun H,, ), HO ecan ucrnosb3yercst 8 — 10 3Be3/1 HA PA3HBIX PACCTO-
SIHUSIX OT HEHTPa KOJIEIl, TO BapHallii CPEJIHErO TOTOKA, KaK MPaBUJIO,
COOTBETCTBYIOT BapHUallMsiM SKCTHHKIIMK W HE 3aBUCST OT CIIEKTPAJIbHBIX

ocobeHHOCTel B 3BE3/1aX.
e [lepeBoj kyDa oObekTa B IMIKAJY JJWH BOJIH.
e Brruuranue 6/imkoB, Kak ornucaHo B pazjene 1.3.2.

VTorom BbIIEOIMCAHHBIX 9TAIIOB 00PpAOOTKHU siBJIsIeTCsl KyO B LIKaJe JJIMH
BOJIH, B KOTOPOM MaKCHMAJIbHO YUTeHbI Bee annaparhbie agdekrs (puc. 1.1).
B Takom Bujie OH MOXKET aHAJIU3UPOBATHCS C TTOMOIIHIO PA3JIMIHBIX ITPOTPAMM-
HBIX CPEJICTB, B 3aBUCUMOCTH OT KeJIaHHUs MOJb30BaTessd U OT IOCTaBJIECHHOI
zagaun. [y mocTpoenns mojeit CKopocTeit, KapT JUCIIEPCUN CKOPOCTE, MOHO-
XPOMATUIECKUX N300parKeHNH B 9MUCCUOHHON JIUHUK ¥ B KOHTUHYYMeE IIpUMe-
HsIeTCs HanmucaHHas aBropoum rporpamMmma GAUS, ¢ moMoIbio KOTOPO# MOXKHO
IIPOBOJIUTH aHAJIU3 UHIMBUIYaJIbHbBIX ITPOdQ Uil B BBIOPAHHBIX ITUKCEJIsIX KyOa,
JIAHHBIX, NIPUMEHSsS allPOKCUMALUKU TPOMUIeil SMUCCUOHHBIX JIMHUI (DyHK-
imsivu JIopenta, @oiirra nim [aycca. [1aBrast 3a/1a4a, peraemMast ¢ moMOIIbIO
JIAHHO¥ IIPOrpaMMbl — aBTOMATUUIECKOE OTOXKIECTBJICHIE SMUCCUOHHbBIX JIMHUM
B Ky0Oe JaHHBIX ¥ UX AIIPOKCUMAIUS TeMU WU UHBIMU (DYHKIIUAMEI Ha OCHO-
BaHUU 33/IAHHBIX IIaPAMETPOB. DTO TeM D0JIee BaXKHO IIOTOMY, UTO KOJHTIECTBO
HUKCeJIel ¢ II0JIE3HbIM CUI'HAJIOM B HAIIUX KyOax JIJAaHHBIX MOXKET JIOCTUIATh CO-

TEH TbICAY, TaK 9TO I/IH,I];I/IBI/I,[LyaﬂbeIfI MOJAXO0/ K KaKJIOMY CIIEKTDPY HOIIPOCTY
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Puc. 1.5 [Ipumep npodus crekrpasbhoit auanun Ha B ranaktuke 11 Zw 70 mo wabsoeHusm ¢

IFP501 (Toukm). JIunueit mokasana ammpoxkcumaryst dbyrkueit 'aycca (a) u mpodurem Doiirra

(b).

HEBO3MOXKEH. Pe3ysibraToM sIBJISIIOTCS JIByMEPHbBIE KapThl TapaMeTpoB Mpodu-

51 (IOTIEPOBCKUE CKOPOCTHU, TIOTOK B JIMHUU U T.JI.).

1.3.4 H3mepeHme aucrnepcum CKOpPOCTeE

Pan mabmonaTenbHBIX 3a71ad TpeOyeT TOYHBIX OIEHOK MOJIYITUPUH IMUCCH-
oHHbIX Jinuuit. IIpu 3TOM HEOOXOIMMO YUUTHIBATH yIIMPEHUE, BHOCUMOE all-
naparTHbiM 1podusiem npudopa. HacTo UCHOJIb3yeTCss COOTHOIEHUE, MO/pa-
3yMeBatolee 9To ¥ annaparHbiii mpoduib crekrporpada, u UCXOMHbIH (10
ANapaTHOTO YIUpeHus ) Tpoduib JHHAE OnuchiBaioTca dynknusmu [aycca

C JIUCHEPCUSAMU Opeq] U Tjps COOTBETCTBEHHO:

Oobs — \/O-geal + 0-2'2715 (18)

3J1eCh O ps 0003HATACT JIUCIIEPCHIO IayCCHAHbI, OIICHIBAOIIEH PO UIb JIU-
HUHU, HAOJIIOMaeMOoil Ha, BbIXoje npubdbopa. ['oBopsi B JajbHeiieM o mpodjeme
U3MEPEHNs JTUCIEPCHH CKOPOCTe, MbI OyIeM MMeTh B BUJY IPODJIEMY OIeH-
KU Opeq M3 HAOJIOJaEMbIX CIIEKTPOB. [Ipu 3rOoM HEOOXOMMO IIOMHHUTH, 9TO

3a yIIMPEeHUe JUHUI B HADJII0aeMOM 00'beKTe MOXKET ObITh OTBETCTBEHHbBI HE
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10
S/N

20 40 60 80

i km/s

Puc. 1.6 Mogenmposanue ommb0OK M3MEPEHNst KUHEMATHIECKUX Mapamerpos (110 yposHIO 1o).
Pacuer nposommaca mgma IFP501. PomOukw — anmpoxcuMarus TayCcCHaHONW, YepPHBIE KPYKKH —
npodunem PDoiirra. (a) 3aBUCMMOCTH OMMOKM N3MEPEHHs! JIy9€BOil CKOPOCTH OT YPOBHSI OTHOIIIE-
HUsI CUHAJI-1ILY M, CPEJIHsIsl BeJIMYnuHa Juctiepeun ckopocreit cocrasisiia 50 km/c; (b) 3aBucumocrs
OMMOKN U3MEPEHUsT JUCTIEPCUN CKOPOCTEH OT YPOBHSA OTHOIIEHUS CUTHAJ-IIIYM TIPU TEX YKe yCJI0-

BUsAX; (C) cpaBHeHUe UCXOIHON 1 W3MepeHHoU nucnepcun ckopocreit (s S/N = 20)

TOJIBKO JIUCIIEPCUST CKOPOCTEH Tgqs (Mepa XaOTHUIECKUX JIBUIKEHUH Ta30BBIX
00JIAKOB BJIOJIb JIyYa 3peHusi), HO U psj japyrux dakropos. Tak, jjisi wHTe-
rpaJsibHOro crekrpa HII-objacteil MoXKHO 3alucarb, B COIJIaCHU C pabOTOM

Rozas et al. (2000):

2 2 2 2
Oreal = Ugas + ON + Ot (19)

rje oy & 3 KM/C 1 03 & 9.1 KM/C COOTBETCTBYIOT €CTECTBEHHON MIMPUHE
SMUCCUOHHOIL JINHUK U ee TEIJIOBOMY yiupenuio npu remiueparype 104 K.

Biiaromapst ¢Boeii mpocrore u HaryisiiHOCTH, cooTHOmeHue (1.8) mupoko
UCIIOJIB3YeTCA B aHAJIN3€ CIIEKTPAJIbHBIX JIAHHBIX, 9aCcTO ero 0000IIA0T, 3aMe-
usisi 0 va FWHM. Ho upu s1om ciiejyer noHuMarTh, 94T0 CTPOroe PaBeHCTBO
B (1.8) BbinosHsieTcss TosbKO Jyist byHkIumit [aycca, MO0CKOJIBKY pe3ybraTom
CBEPTKU JIBYX I'ayCCUaH siBJISIETCS TOXe rayccuana. [ljis 11esieBoro criekTpo-
rpada TpeJInosoKeHne 0 rayCcCOBCKOi (hopMe MHCTPYMEHTAJhbHOrO TMpodu-
Jisl, KaK mpapujio, BepHo. OjHako annaparubiii npodunb VDI, 3amaBaemblit
byHKIMEH Ipu, UMEeT MUPOKUE KPBLIbsd, TaK YTO €ro Jydlleil allpoKCHMa-
el gBJsieTcs He rayccuana, a npoduib Jlopenta. [ToaTomy, ecian nexoqublit
PO b IMUCCUOHHON JIMHUK SIBJISIETCS IAyCCOBCKUM C JIMCIIEPCUEN, Olpe/ie-

JgsieMoii coorrorenueM (1.9), 1o nabuogaeMbiii IPOdUIb ABJISIETCsT CBEPTKO
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npodueii Taycca u Jlopeniia, 1.e. 3ajaercs dyuknumeit Qoiirra (Voigt):

1 Yy oo e dx
ViNy) = —= 1.10
) = g L 7 (a0 .

rje

A— )\O Wins

T V2ora T V20

31ech A\g - IeHTpabHasl JJIMHA BOJIHBI, a 4epe3 Wips 0003HAUEHA TOJIY-

a

mpuHa anmapatroro (Jlopenmesckoro) npodwas UPTII, onpenensemas 1o
CIIEKTPY KaJUOPOBOTIHOM JIaMIbl. ANIPOKCUMUPYsST HAOIIOMAEMBbIiH TPOMUIDL
dbyukrmeii (1.10), moaydaeMm TpeOyeMyr OMEHKY Oyeq. Pucynok 1.5 memoH-
crpupyer, ato npoduanr Poiirra 3HAYUTENLHO JIyUIle, B CPABHEHUN C TayC-
CUAHOM, oluchiBaeT HADJIOJAaEeMble SMUCCUOHHBIE JinHuu. V3 obiux coobpa-
XKEHWH sICHO, YTO MCIOJIb30BaHke coorTHorenust (1.8) jist OleHKM Jucnepeun
CKOpOCTEH MeHee KOPPEKTHO, 10 cpaBHennto ¢ Bbipaxkennem (1.10). B nepsom
cilydae MPUXOJAUTCSA HMCIOJIb30BATL TayCCOBCKYIO AIIPOKCHMAIINAIO JJIsSI HIPO-
buteit TuHUHA, cucTEMATHIECKN OTIMIAIOIUXCS OT STOTO IPUOINKEHHS, ITO
MOZKET BHECTH OIIMNOKY B OIEHKY Opeqi. €M HE MeHee, 3TOT IOAXO/T MOMYJISPEeH,
9TO BUJIMMO BBI3BAHO TEM, UTO BO3MOXKHOCTH I'ayCC-alllPOKCUMAINN TTPOQ -
JIefl CeKTpaJIbHbIX JJUHUI UMeeTCsi TPaKTUIEeCKH BO BCEX MakKeTax o0paboTKM
aCTPOHOMUYECKUX JaHHbIX. [Ipumenenue npoduis Doiirra jijist aHaIn3a BHE-
raJakTHIeCKAX CIEKTPOB MeHee PACIPOCTPAHEHO, HECMOTPS Ha TO, UTO U
COBPEMEHHOM YPOBHE BBIYHUCJIUTEIBHBIX CPEJICTB pacder uaTerpasia B (1.10)
Tpy/a He MpeJCTaBIseT.

Huist onieHKn ommubOK U3MepeHKst KWHEMATHICCKUX T1apamMeTpoB (J1y4deBoit
CKOPOCTH U M JIMCIIEPCHU CKOPOCTEl 0) B 000MX BBIMIEONNCAHHBIX MOJIX0/IaX
MOJiesibHBIN anmnaparHbiit npodguias UPII criaxkupasicst rayccuanoit ¢ jiucrep-
cueit 0;,, B PE3YJbTUPYIOMIN CIEKTDP J00ABISINCH TITYMbl W TTPON3BOIAIACK
OIIEHKA JIMCIEPCUHU CKOpocTeil obonMu MeTogamu. OTindne MexK Iy HOJIyIeH-
HBIMU 3HAYCHUSMU (Tpy¢) U UCXOJHBIME (0j,) TO3BOJISIET ONEHUTH OITHOKY
M3MEPEHNsT JTUCIEPCUU CKOPOCTEH Teppr. s KazK10r0 (DUKCHPOBAHHOTO OT-

norienusi curuad-mym (S/N) nposoguioch 1000 He3aBUCHMbBIX U3MEPEHHUIA.
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AHajornIHO OIEHMBAJIACH OINOKA M3MEpPEHUs JIyueBOil CKOpocTu. Pacdernt
IPOBOUJIACE JIJIST TTapaMeTPOB CIEeKTPOB, cooTBeTcTBYIOMUX [FP501, ¢ mmupn-
HOM anmapaTHOro KOHTYpa Wi,s = 35 KM/c BOm3u juaun Ha . Pesymbrare:
pPacueToB — 3aBUCUMOCTH ONIMOKU M3MEpPEHUs JIYUEBBIX CKOPOCTEH U JiucIep-
CHHM CKOPOCTE OT yPOBHSI CUI'HAJIA, HOKa3aHbl Ha puc. 1.6. Kak n oxkujiaiocs,
B CJIy4ae CUMMETPUIHBLIX JIMHHUI, OMINOKa M3MEPEHUs: JIyIeBOi CKOPOCTH He
3aBuCHUT OT ajropurma usmepenusi. Ha yposue curnana S/N = 30 ona co-
crapysier 2.5 KM/c.

C omubKoit u3MepeHus JUCIePCU CKOpocTeil curyanus nHasd. Jjasa uzme-
peHuil, OCHOBaAHHBIX Ha amnnpokcumaruu npoduiem Poiirra, ommudKa I1JIABHO
YMEHDIIAETCS ¢ POCTOM YPOBHSI CUTHAJIA ¥ COCTABJISIET BCETO HECKOJBLKO KM /¢
npu S/N > 20. Hanporus, ecsin usmepenust ocHoBatbl Ha coorHorenun (1.8),
o npu S/N > 10 HauuHaeT JOMUHUPOBATH HE CJIydaiiHast, a CHCTeMaTUIecKast
ommnOKa M3MEPEHNit, TaK, 9TO MPOUCXOJNUT MEePEOoIeHKa JUCIEPCUN CKOPOCTEl
(puc. 1.6¢). OreHKu, OJyIEHHBIE U3 TayCC-AIMPOKCHMAIN TTPOduIIei, 60b-
e peaJbHbix Ha 7-8 KM/c. [TosTomy mpu 0,eq = 10 — 20 kM/c mepeorienka
JIACIIEPCUN CKOpocTell MoxkeT pocturarh 100%, 4To KPUTHYHO IIPU UCCIE0-

BaHUM KMHEMATUKNA MOHM30BAHHOI'O I'a3a B 00JIACTSX 3BE3/1000pa30BaHMSI.

1.4 HabioaeHnns ¢ MyJIbTU3PAYKOBBIM CIIEKTporpadgom

MPFS

1.4.1 IlepBuuHasg peayKIius

MyuibruspadkoBbiii BosiokonHbiit criekrporpad MPFES (Afanasiev et al., 2001)
1I03BOJISIET OJTHOBPEMEHHO PETUCTPUPOBATH CIEKTPbI OT 256 MPOCTPAHCTBEH-
HBIX 9JIEMEHTOB, KOHCTPYKTUBHO BBITOJHEHHBIX B BUJIE MPSMOYTOJIBLHONO MaC-
cuBa JMH3 pasMepoM 16 X 16 simemenTos, npu cmennoM macmrabe 075, 0775 n
1" wa yuu3y (Bce HABJIOIEHNS, IPEJICTABICHHBIE B IACCEPTAIIUE BBITIOJTHSIIACH
B pexume, 00eCreunBaionM MakCUMasbHoe Tojie 3perus, T.e. 16”7 x 16").
3a KaxKJoil JUH30 paclojaraeTcs CBETOBOJIOKHO, JPYroil KOHEI KOTOPOTO

yIakoBaH B Iesihb criekTporpada. Onucanue mpubopa 1mpejicrapjieHo Ha web-
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crparunie CAO PAH no ajupecy hitp://www.sao.ru/hq/lsfvo/devices.html. B
Ka4yecTBe JIETEKTOpa B pa3Hoe BpeMsl UCIOoJb3oBauch Te ke [I3C marpuiipl,
yro u Ha, SCORPIO: TK 1024 u EEV 42-40.

st 06paboTKu HAOJIIOIeHNH TPUMEHSJICS aKeT IporpaMM, HalllMCaHHbIT
Ha s3bike IDL B.JI. Adanacsesbim u A.B. Mouceesbim. [Ipu 0bpaborke criek-
tpoB MPFS ucxomubivu sipsstiorest caemytomune zHadbopol [13C-kapoB: Kaipbl
C HaKOILJICHWEM CIIEKTPOB OT 00bEKTa, CIEeKTP BCTpoeHHO# Jyiamiibl ¢ He-Ne-
Ar HamoJIHeHWeM, WCIOJIb3YeMblii JIJIsT KaJunOPOBKU TIKAJbI JIJTUH BOJIH, KaJl-
PBL C paBHOMEPHOI 3aCBETKOIl OT BCTPOCHHOU JIAaMITbI HEIIPEPLIBHOT'O CIIEKTPa
(cexTpasibhOe “mtockoe mose”). Xapakreproit ocobernoctbio MPFS spser-
Csl HAJIMUKE BCTPOEHHOM TeOMeTPUUIECKON KaJIUOPOBKH, 0 KCTOPHIECKOM MpPHU-
quHe nMmeHyemoit “araJsion”. KajmbpoBka ocHOBaHa Ha TOM, UYTO BHYTPH IIEJIN
Karkjibie 16 CBETOBOJIOKOH OT OJHOTO Psijia, MUKPOJIMH3 MTEPEMEXKAIOTCsT CBETO-
BOJIOKHOM, WIYIIUM OT TIIOIIAJIKY JIJIsT HAKOTJIeHWsT crieKTpa Heba. [Ipw 3a-
cBeTKe “HeOeCHbIX CBETOBOJIOKOH JIAMIION HEIIPEPBHIBHOI'O CIIEKTpa Ha BBIXO/IE
ciekTporpada GpopMupyercs n300parkKeHue YeTKUX, JajJeKo OTCTOSIIHNX JIPYT
OT JIPyra CIEeKTPAJLHBIX TPaeKTOpuii. AHaan3 mX M300parkKeHuil MO3BOJISIET
YIPOCTUTH ¥ aBTOMATU3UPOBATH OTOXKIECTBJICHUE CIIEKTPOB ¢ COOTBETCTBYO-

MU ¢BeToBOJIOKHAMU. OOpabOTKa JIEINTCS Ha CJIEIYIONINAE STAIIDL:

1. CYMMI/IpOBaHI/Ie KaJIpOB OAHOT'O TUIla, BBIYNTaHUE KaJlpPa TOKa CMEIICHN A,
KOppéeKnuAd CABUI'OB ME2KJ/1y MCXOJHbIMHU KaJlpaMu (HpI/IqI/IHaMI/I KOTOPbIX

ABJIAIOTCA THYTHUA HpI/I60pa), YHUCTKa CJIeJIOB KOCMNYCCKUX YaCTUII.

2. Bwijesienue TpaeKTopuil CIIEKTPOB OT KaykJloro 17-ro CBETOBOJIOKHA 110
KaJipaM dTajioHa. VcnpaBieHne reoMeTpuiecKnxX NCKaXKeHi — “BhITTPSIM-
JieHue” CeKTPaJbHBIX TpaeKTopuil. THTepnoIsays TpaeKTopuii JJId Beex

CIIEKTPOB.

3. [esenrie Ha HOPMUPOBAHHOE “TIJIOCKOE T0JIe”. DTa TPOIEypa MO3BOJIs-
eT y4ecTb BUHbETHPOBaHUE KaMepbl clieKTporpada, Bapuaiyuu MpoIryc-
KaHUs OTJIeJIbHBIX CBETOBOJIOKOH, & TaKKe JIOKaJbHbIE HEOTHOPOIHOCTH

gyBcTBUTeIbHOCTH [13C.
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Puc. 1.7 Kpocc-koppesanuonnsiit meron (Moiseev, 2001a). a,b — cuektps 3Be37b1 Kiracca KIII n
rasaktukn NGC 2950, KOHTHHYYM BBIUTEH; ¢, d — CIEKTPHI B JOTapudMUUIECKOH TTKAJIE C TIaroM
50kM/c; e,f — AaBTOKOPPETANMOHHAS U KPOCC-KOPPENANMOHHAA (DYHKIINKM, TYHKTHPOM MOKA3aHA

AIIIIPOKCUMald ITNKOB FayCCI/IaHOﬁ .
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4. NMarerpupoBaHue ClieKTPOB BJIOJIb WHJIMBUIYAJIbHBIX TPACKTOPHUIl C rayc-

COBCKHUM B3BCHIVMBaHUEM.

5. IlepeBoji crieKTPOB B MIKAJY JIJIMH BOJIH Ha OCHOBAHUU MU3MEPEHUI 110J10-

ernst quanit Berpoerroit He-Ne-Ar jgamirbr.

6. Boluuranue criekrpa HOYHOIO HeDa, KOTOPbI cobupaercs ¢ IJIOIIAJIKK,
. /
yJaJIeHHOl Ha paccrosinue okosio 4 ot nenrtpa noJsi 3peruss MPFS n

HaKallJINBa€TCA OAHOBPEMEHHO C 3KCHO3I/ILH/IGI7I 00 HEKTA.

7. Tlocrpoerue KpUBOil CLIEKTPAJIBHON UyBCTBUTEIBHOCTH U LEPEBO/I CIIEK-
TPOB FaJAKTHKE B SHepreTHueckne exuuuipl (spr/c/cm?/A) ¢ momorpio
ClieKTPOOTOMETPUUECKUX CTAHJIAPTOB, HAOJIOJABIINXCS B T€ Ke HO-
qd, 97O U OODBEKT, HA OCHOBE KPHBOW aTMOCHEpPHOH SKCTUHKITUU JIJis
CAO PAH (Kapramesa u Uynakosa, 1978). CrekTbIp 3Be3/1-CTaHIaPTOB
TAKIKe MCIOJIB3YIOTCS JIJIst KOPPEKITUU aTMOCHEPHBIX TOJIOC MOTJIOMEHHUS

KHUCIIOPOJIA U BOJSIHOO Tapa B obactu A6900 — 8200A.

8. Koppeknus 3a armocdepnyio gucnepcuto (quddepennuaibayio pedpak-
U0 aTMochepbl). DTO sIBICHUE 3aKI0YACTCS B U3MEHEHWH YIJIa pe-
(pakimu ¢BETOBOrO JIyda B 3aBUCUMOCTH OT €ro JJUHLI BOJHBI. B Ha-
OJ1I0JIeHUsIX B IUPOKOM (6oJiee ThiCsau A) CIIEKTPaJIbHOM JIMalla30He Ha,
YMEPEHHBIX 3eHUTHbIX paccrosiuusx (z = 20 — 60°) armocdepHnas juc-
Nepcusi MOYXKET TPUBOJAUTH K CMEIIEHUI0 U300paXkeHuit B “KpacHoM W
“cuneM” xonnax crnekrpa Ha 0.5 — 1”7, uro gBaserca cymecTBeHHO Be-
nuunHoit. [Ipu HAOIIOMEHUSIX TeHTPaJbHBIX 00J1acTeil raJakKTUK CJBUIH,
BbI3BaHHbBIE aTMOC(EPHON THUCIIePCHeii, ONPeIeIAi0TCs U KOPPEKTUPYIOT-
Csl 110 CMEIIEeHUSIM OapUIIeHTPa 3B€3/1000Pa3HOI0 sijipa Ha K300parKeHUsiX

B Pa3HbIX JIJIMHAX BOJIH.

PesynbraTom 00paboTku siBjisiercsi KyO JIaHHBIX, B KOTOPOM KarKJIOMY 3Jie-

MenTy usobpaxkenns B nosie 16” x 16” coorsercrpyer crexrp.
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1.4.2 Kpocc-KoppeadiimoHHas TEXHUKA N3MEPEHUs ITapaMeTPOB 3BE3/1-

HON KMHEMATUKU

W ie10 MeTO/I0B U3MEpEeHHst JIy9eBOi CKOPOCTH (V) U JMCIEPCHH JIYIEBBIX CKO-
pocreii (o) 3Be3IHOTO HACETIEHNST PACCMOTPUM Ha TIPHMEpE CIIEKTPa OT OJJHOTO
npocTpancTBeHHOro syeMenTa. [lycrs G(A) u T'(\) — Habuojaemble CieKTpbI
FaJaKTUKU U 3BE3/bI-I1a0JI0Ha ¢ BBIYTCHHBIM KOHTHHYYMOM. CIIEKTDPBLI JUC-
KPETU3UPOBAHLI 110 JJINHE BOJIHBL .

HabJitojiaemble ClieKTpbl 11ePEeBOJIATCH B JIOrapuPMUIecKyro IKaJiy, B KO-
TOPOIT HOMEP CHEKTPAJILHOIO JEMEHTA 7. CBI3aH C JIMHHON BOJIHBI A, COOT-

HOITIEHUEM:
n=alg(\,)+b a=1g (1+Av/c), b= —alg(\) (1.11)

3iech Av — mar 1o ckopocTu B KM/C, ¢ — CKOPOCTH cBeTa. B jiorapudpmu-
YecKOil IIKaJie JOILIEPOBCKOE CMeIleHHe HPUBOJIUT K PABHOMEDHOMY CJBULY
CIIEKTpa 110 IIIKaJIe 7.

CrexTp raJlaKTUKH MOXKET ObIThb IIPeJICTaBIeH KaK CMEIIeHHbIH 110 CKOPO-
CTHU CIEKTp I1abJI0HA, CBEPHYTHIN ¢ HEKOTOPOii (DYHKITHEH YIITupeHns, 00yCJI0B-

JICHHOM BHYTPEHHUMU ABUKCHUAMU 3BE3] B I'aJIJaKTUKE BJIOJIb JIyYdad 3PCHUA!

G(n) =aT(n) ® B(n —v), (1.12)

rjie (v — YuCIeHHbI Koaddurpent, a dhyHkius ymupenus B(n) npejcrapiis-

€TCs rayCCUaHo:
1 n?
exp | =55 (1.13)
3/16Ch U U 0 — HCKOMBIE CKOPOCTH U JINCIIEPCHsT CKOPOCTEH BJIOJIb JIy4a 3PEHHsI.
Meros 6azupyercs na Kiaccudeckoit crarbe Tonry & Davis (1979) u ocmo-

BaH Ha BBIYKMCJICHHU HOPMAJM30BAHHON KPOCC-KOPPEIIINOHHON (DYHKINN:

Cln) = G(n) @ T(n) = —— 3" G(m)T(m — ). (1.14)

Noyop ‘m
rie

l\')

1 1
gﬁzn:() t N;()
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Boranciienust yj106HO MpoBojuTh B 1poctpatncTse Oyphe, rje COOTHOIIeHHUE

(1.14) sanuceiBaeTcst B BUJE:

Ck) = Gk T (k). (1.15)

3J1ech 3Be3/10UKa 0003HAYAET KOMIIJIEKCHOE COTIPSI?KEHUE, a TUJIba — JIMCKPEeT-
Hoe 1peoOpasopanune Oypbe.
[Ipumensist onepaiyio Kpocc-Koppesisinui K Bbipaxkenuto (1.12), jerko mo-

JIYYNUTh:

C(n)=(Tn)®T(n)) ® B(n—wv), (1.16)

T.€. KPOCC-KOPPEJSIIMOHHAs (DYHKIIUSI CIHEKTPa IajJlaKTUKU U 3BE3J(bl sIB-
JISIETCSL CBEPTKOM aBTOKOPPEIAINMOHHON (DYHKIMU CIHEKTpa 3Be3/Ibl-11abIo0Ha,
T(n), koropast nHecer nndopmaluio 06 anaparHoM KOHType criekrporpada,
¢ dyuknueii yimupenust B(n). Takum 06pa3oM, CKOPOCTh U ONPEJIEJISIETCsT 110
IOJIOXKEHUMIO MaKCUMyMa Kpocc-KoppeJsiiontoit (yukiuu C(n). Moxuo no-
Ka3aTh, YTO €CJIM HEeHTPAJbHBIA MUK KPOCC-KOPPEAIMOHHON (DYHKIMU [Ipei-

CTaBJISIeTCA TayCCUAaHOU ¢ JUCIIepCUueil [i:

(n —v)?
212 ’

a TIMK aBTOKOPPEJISIIMOHHON (DYHKI[MN CIIEKTPa 3BE3/1bI-111a0JI0Ha — IayCCUaHOM

C(n) =cpexp | — (1.17)

C JIACTIEPCHEil T, TO KBaJPAT JIUCIEPCHN CKOPOCTEil BHIUNCIIACTCA KaK:
o? = pu* — 1 (1.18)

[Ipu srom 7/ V/2 sBisiercs aucrepcneii rayCCHambl, OMUCHIBAIOIIEH Allla-
paTHbIil KOHTYp cruekrporpada. Ha npakruke, uz-3a oryinums (HOpMbI K-
K& OT TayCCOBCKOTO, BKJIaJla HU3KOUYACTOTHOM KOMIIOHEHTHI W T.JI., COOTHO-
IEeHUe MeXJly 0 U (i MOKeT orindarbes or (1.18), uro BHOCHT cucTemaTu-
qeckne ommbKu B oneHky o. B pabore Moiseev (2001a) moppobHo ormchi-
BAaETCs WCTOJIH30BAHNE SMITUPUIECKON 3aBUCUMOCTH MEXKTY TTUPUHON KPOCC-
KOPPEJIIIMOHHOTO KA U JIMCIepcreil ckopocTeil Jijisl ydeTa HerayccoBOCTU

[T Ka.
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Onucannasi MeTOJMKa MCIOJIb30BAJIACh HAMF KaK JIJIs aHAJN3a JTaHHbIX
MPFS, Tak u Juisd usMepeHus v u 0 10 CIEKTpaM, [OJy4aeMbIM C IPUOOPOM

SCORPIO B pexxume JJIMHHOR IEIN.

1.5 Metoapl aHaan3a MoJieii CKopocTeit

1.5.1 Moaeab KBa3UKpPyTroBOro BpallleHus

[IpakTrdecku Bcerja Mnpy aHaju3e HaOJII0/IaeMbIX 110JIeil CKOpOCTeil ra30BbIX
UJIM 3BE3JIHBbIX JUCKOB T'aJIaKTUK B KAaueCTBE [1ePBOr0O MPUOJIUXKEHUS UCIIOJb-
3yeTcs MOJIe/Ib KBa3UKPYTOBOTO BpallleHHsI, YaCTO Ha3biBaeMasi METOJOM “‘Ha-
KJIOHHBIX KoJer]” (tilted-rings). OCHOBHBIE TPUHIUIIBI METO/IA TOCTATOTHO MO~
JPOBHO onucanbl B psijie pabot, M., Hanpumep Begeman (1989); Teuben (2002).
Huxe usnaraercst merojuka, onncannast B Hammx paborax (Moucees u Myc-
nesoit, 2000; Moiseev et al., 2004), ajanTupoBanHas JJisi aHATW3a TTOJEil CKO-
POCTEl NOHU30BAHHOTO ra3a.

Ecimu R, ¢ — pajuajbHas U a3uMyTaJbHas KOOPJUHATHI B ILJIOCKOCTH Ia-
JTaKTUKH, & Vi, Vg, V7 - cOOTBeTCTBEHHO a3uMyTasibHad, pajuajbHad U Bep-
THKAJbHAsT COCTABJISIIONINAE BEKTOPA CKOPOCTHU, TO HADJIIOaeMast JIydeBasi CKO-

POCTH OTPeIEIAETCS BhIPayKeHueM:

Voss = Vsys + Vrsingsini + V,, cos psini + Vz cost, (1.19)

rjie Vgys — cucTeMHasi CKOPOCTb, § — HAKJIOH IJIOCKOCTH TaJaKTUKKH K Kap-
TuHHON 1mockocTu. [Ipm arom ¢ = 0 jurs Touek Ha JuHUEM y370B. B ciyuae
TOJILKO Kpyrosoro Bpatenusi: Vg = V; = 0, V,, = Vzor, rne Vror — ckopocth
KPYTOBOT'O BPAIEHUsI HA JTAHHOM PaJyce.

BeejieM B KapTHHHOM IJIOCKOCTH TIOJSIPHYIO cucTeMy Koopauuar (r, PA),
rjie r — BHJMMOE PACCTOSTHUE OT IeHTpa BpalneHus u PA — MO3UIIMOHHDIN
yroJi. B npejnonioxkenny 4ucTo KpyroBoro BpaIeHusi TOHKOI'O ILJIOCKOI'O JTUCKA,

H&6.HIOZL&€M&H JIydeBasli CKOPOCTb OIIpeaeJIdeTCA KakK:

cos(PA — PAg;,)sini
(1 +sin?(PA — PAy;,) tan?4)1/2’

VOBS(T; PA) = Vsys-l-VROT(R(T)) (1.20)
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a PaccTosiHKe JI0 TEHTPA BPAIIEHHs B MIJIOCKOCTH TaJaKTHKH:
R(r) = r(1 + sin?(PA — PAy)tg*)'/? (1.21)

Baech P Ay, — MO3UIMOHHBINA yTroJ KWHeMaTu4Ieckoit ocu. B ciaydae ancro
KpyroBoix jipvkennii PAyg;, = PAy, tie PAy — NO3UIMOHHDBIIA yroJI JIMHAN
y3JI0B.

B xosie anajm3a HabJrogaeMoe moJjie CKopocTeil pa3buBaercs: Ha, SJIIANTHU-
decKue KoJIblla, 3ajaBaeMble ypasaenneMm (1.21) mist R = const. B kaxaom
KOJIBbIIE TIPOBOJIUTCSE allllPOKCUMalls HabJioaeMoit 3asucumoctu Vops(PA)
Mo/IesibHO# KpuBoii (1.20), Ha ocHOBaHWUH Y2 -Munumuzaruu. B pesyiabrare Ha
KarKJIOM PaJInyce ' yaaeTcst OeHUTh napaMeTpbl opuerTaiun P Ay, , i n cko-
POCTb KpyroBoro Bpaiienus Vzor. Eciu ecTb yBepeHHOCTD, YTO B IIJIOCKOCTH
JINCKA HET CUJIbHBIX M3rMOO0B, TO MOYKHO IOJIOYKUTH HAKJIOH U CUCTEMHYIO CKO-
pocTh He3aBUCHMbIME OT pajuyca (i(R) = iy, Vsys = const), B TakOM CJIy-
qae pajalibabie Bapuamyn P Ay, OyayT oTpaxKarh 0COOEHHOCTH HEKPYTOBbIX
KOMIIOHEHT TPEXMEPHOI'O BEKTOPa CKOPOCTH.

Haxe B 00bEKTaxX ¢ CUIABHO BO3MYIIEHHOH KHHEMATHKON (raJaKTHKI C aK-
TUBHBIMU $1JIPAMHE, B3aUMOJICHCTBYIONIIE U T.J1. ), UCIIOJH30BAHIE MOJICJH KPY-
I'OBOI'O BpAIIEHUs C IIepeMEHHBIMU ITapaMeTpaMi OPUEHTAIIMN Ha KaXKJI0M Pa-
JIAyce TO3BOJISIeT He TOJILKO ONPEeUTh KPUBYIO BpPAIlleHUs, HO CJIeJIaTh Pl
BaXKHbIX BbIBOJIOB O XapaKTepe BHYTPEHHUX JIBUXKEHUI, BbLJIEJIUTH 00J1acTu
C HEKyJsApHbIME (HEKPYTrOBbIMHU) CKOpocTsiMu 1 T.Ji. Ha ocHoBanum anasm-
32 Pe3yJIbTaToOB YMCIEHHOTO MOJIIMPOBaHust Hamu Obuio nokaszano (Mowcees
1 Mycuesoii, 2000), aro ucnosb3oBanue GopMaJbHOR MOJIEIN JIBUXKEHUN 110
KPYI'OBBIM OpOMTAM IIPH aHAJU3€ IOJsI CKOPOCTEH raJlakKTHK C IIepeMblUuKa-
MU MOXKET MPUBECTH K HEBEPHOMY BBIBOJY O MPUCYTCTBUU HAKJIOHHOTO (IMO-
JISIPHOTO) JIUCKA B MEHTpe TajakTuku. Ho cpaBHeHUWe B3aMMHBIX OpUEHTATIUIL
doroMeTprueckoil 1 KHHEMATUIECKON Ooceil 1103BoJIsieT OTJIMYUThL 0ap OT Ha-
KJIOHHOT'O JicKa. PajinajibHble JIBUXKEHUs ra3a 1ojl JefiCTBUeM I'PaBUTAIIMOH-
HOT'O TIOTEHIUAJIA MTEPEMbIYKHU MPUBOJAT K TOMY, YTO “KMHEMATHIeCKas OCh’,
m3MepsieMast 10 P Ay, , OTKJIOHSIETCST B APYTYIO CTOPOHY OT JIMHUU Y3JI0B JIAC-

Ka, B CpaBHEHUU C “(POTOMETPUUIECKON OCBIO”’, OIpeessseMoil 110 OpueHTaIun
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Normal rotation
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Puc. 1.8 Bu nabrromaeMoro mosis JIy9IeBbIX CKOPOCTeH Ta3a B Pa3/IUIHbIX TUMAX TAJTAKTHIECKAX
muckos (Moiseev & Afanasiev, 2005). Cresa — nosist CKOpoCTeit, CipaBa — pajMaJbHbIE M3MEHEHUST
DO3UITHOHHBIX YIJIOB KMHEMATUYIECKOH u hoToOMETprIecKoil oceil. BBepxy — TOIBKO KpPyroBbie
JBUZKEHUSIM, B CEPeINHe — CIUPaIh ¢ 6apoM (TOKA3aHbl MyHKTUPOM), BHU3Y — OKOJIOSIEPHBIH

JOUCK, HaKJIOHEHHBIII K OCHOBHON MJIOCKOCTH TaJIAKTUKMH.
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nzodor (puc. 1.8).

[Ipu anajinze moJieii CKOpOCTEil Olpe IeJIECHHY IO IPODJIEMY IIpeJICTaBIIsAeT 10
HCK IIapaMeTpOB, KOTOpbIe B JaJibHelleM (pUKCUPYIOTCA — IOJIOXKEHHUE I1eH-
Tpa BpAIEeHMs, a TaKxKe IMO3UIMOHHOTO yIJa JIMHUU Y3JI0B M HAKJIOHA ILJIOC-
KOCTU JIUCKA, B COIVIACMM C KOTOPbIMU 3aJIa€TCs 110JIOKEHUE U OpPUEHTAlUs
SJIANTHIEeCKUX KoJierl. OOIMuX PerenToB 3/1eCh HeT, HO B OOJIBIITUHCTBE CJIy-
yaeB B KadecTBe [ePBOro MPUOJIMXKEHHUST MOXKHO HMCII0JIb30BaTh (DOTOMETPH-
Jeckue mapaMerpbl opuenTaimn. JlagbHeilee uxX yTOUYHEHWE MPOU3BOIUTCS
METOJIOM IIOCJIE/IOBATE/IbHBIX IIPUOJIMKEHH, IIPU 9TOM Ha KarKJIOM U3 I1aroB
MACKHPYIOTCsI 00JIACTH, BbIJICJIAIONIIECsS CBOEH eKyJIsipHOil KuneMaTnkKoit. Ec-
JIX TEHTP CUMMETPHUH TOJISI JYUEBLIX CKOPOCTEH JIEXKUT BOJIU3HU IEHTPA CHM-
METPHUHU BHYTPEHHUX M30(OT HA M300PaKEHUKM B KOHTHHYYME, TO 4acTO IPU
aHaJiM3e 10Jisi CKOpocTeil UMEeHHO (OTOMETPUYECKUil 1eHTP (puKcupyercs B
KadecTBe IeHTPa KPyroBoro Bpalienns. [1jist onpegesennst CpeHnx mapaMmer-
poB opuentanuun PAg u 7y yIoOHO HCIOIL30BATL NPUOJIUKEHHEE PEryJsipHO

BPAITIAIOIIETOCst IOCKOro jaucka, moyoxus B (1.20) i(R), P Ak, (R) = const.

1.5.2 JIBymepHasd MOAeJdb U30THYTOT'O JUCKA

PaccmoTpenne KuHEMATHKK ra3a MEeTO/IOM “HAKJIOHHBIX KOJIel[ TIO3BOJISIET J10-
CTATOYHO aJIeKBATHO MOHSITH XapaKTep JBWKEHWI B TIJIOCKOM Jincke. Ecn »xe
IIJIOCKOCTDb JINCKa, M3TH0AETCs, 9TOT METOJ IIOMOTaeT IOJIYUYUTh [IepBOE IpHU-
OJIMKEeHHe I IapaMeTpoB Takoro m3ruba. OJHAKO cepbe3Hylo IpobJieMy
IPeJICTABJISIeT TO, UTO AMIPOKCHUMAIUS HAOJIIOMAEMbIX TOYEK B Y3KOM KOJIb-
e BoipaxkenueM (1.20) dacro okasbiBaeTCs HEyCTOHIMBa 110 napamerpy (1),
0CODEHHO TIpU HEDOJIBIINX yrviaxX HakJjoHa. [ljst 6oJiee yBepeHHOIO olpejieie-
HUST OPWEHTAIMU OPONT ra30BBIX 0OJIAKOB JIyUIlle cpa3y BCe TMoJie CKOPOCTei
OIIMCBIBATh B paMKaX €JIMHOI JBYMEpPHON MOJie/ ¢ (PUKCHUPOBAHHBIM UKCJIOM
apaMeTpoB.

B rakux ciaydasx (cM. mpuMepbl B TiaBe 4) HCTIOMB30BAJIACH JIByMepHAsT
MOJI€JIb U30IHYTOIO JIMCKa, OCHOBAHHAs Ha IPUHIMIIAX, OIUCAHHBIX B pabore

Coccato et al. (2007). Buech juck pasbuBaeTcst Ha y3KHe KOJIbIA, OPUEHTAIMST
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N-r0 KOJIbIIA PajinycoM R, OTHOCHTEJLHO OCHOBHOI IJIOCKOCTH TajlaKTHKK (C
mapamerpamu opueHtanun PAy u iy) 3amaeTcsd BePTUKATIBHBIM YIJIOM 0, U
A3UMYTaJbLHBIM YIJIOM 7Y,. Torma mO3UIMOHHBIA yroi Koabla PA, 1 HaKJIOH

’in OTHOCHUTEJIbHO JIy4da 3p€HUA 3a/Jal0TCAd COOTHOIICHUAMM:

COS 1, = €08 0,, COS iy — sin d,, Cos 7, Sin 7y, (1.22)

sin P Ay (sin §,, cos 7y, cosig + cos d, sin i) + cos P Ag sin d,, sin ,,

tan PA, = .
" cos PAy(sin 6, cos 7, cos ig + cos d, sinig) — sin P Ag sin 6, sin v,

(1.23)
C y4eToM BO3MOXKHO TEPEHAJIOKEHUST KOJIEI, IPU TIePECeICHUH JIyda 3pe-

HUS1, MOJIE/IbHAS JTy Y€Basi CKOPOCTh B TOUKe (X, 1Y) KAPTUHHOI [JI0CKOCTH OIIPe-

JEJIACTCA BbIPpa>KECHUEM!:

er\le Un(xv y)fn(xv y)
Z%:1 fn(xay) 7

v(z,y) = (1.24)

rie

va(z,y) = Vsor(R,)sini,cos PA, + Vgys (1.25)

Becoroii muoxuresns f,(x,y) onpejesnsier OTHOCUTEBHBIR BKJIA)| OT N-T0
KOJIbIIa B JIYUEBYIO CKOPOCTh, a M — moJiHoe unciio Takux KoJerl. [locie Toro,
Kak Bbipaxkenue (1.24) BBIYMCICHO B KAXKJION TOUKE, MOJEIbHOE MOJIe CBEp-
TBIBACTCH C JIBYMEPHO# I'yacCHaHO# € MOJIYIIUPUHON, COOTBETCTBYIOIIEH IIPO-
CTPAHCTBEHHOMY Pa3pPelieHnio HabJ/II0aTe/ibHbIX JIaHHbIX.

[IpuHIMITHAIBHBIM OTJMYKEM JAHHOI'O 110JX0/a OT METOJ0B pasjeia 1.5.1
SIBJISIETCsI TO, UTO 3JI€Ch MbI CTPOMM MOJIE/Ib CPa3y BCEro I0JisI CKOPOCTEel n
IOJINOHSIEM €€ I10J] HAOJIIOJIeH !, IPUMEeHsIsl Y -MIHIMHI3aInI0. B obiem ciiy-
qae uMmeercd 3 X M +3 napamerpa, Bkimodas P Ay, ig 1 Vs, HO IX YHCTIO MOXK-
HO MPUHIHUIHAJIBHO COKPATUTD, 3aJ1aB MPOCThIE aHAJTUTHICCKNAE BBIPAXKCHUS
JIJIT OpHEeHTaln OpOUT U KPUBOi Bpalenus. Tax, /s ONUcaHusl K30THYTOIO
BHerHero jucka B Arp 212 (em. jasiee §4.2) ucrosib3oBasioch Beero 7 napa-

METPOB, YTO SHAYUTEJILHO ITOBBICHUJIO YCTOﬁqHBOCTb MOZEJIbHOT'O pEIIcHMA.
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Puc. 1.9 Pacmupsomasics: 060J09Ka B raJakTHIECKOM JHCKe. (a) — OTHOCHTEIbHbIE MOJI0KEHNUSs
mucka (cepwrit Bet) u 060m0ukK (aépHbIit). (b) — MOmeIBHBIE IO/ CKOPOCTE(H, TIOC/IE BHIYUTAHUS
Visys = 1000 kM /c. () — ocrarounsie nojst ckopocreit 8 Meroze I, B koropom paspematorcst pau-

astbuble Bapuatuu PA u Viy,. (d) — ocraroansie noss ckopocreit B Meroue 11, rne PA, Vi =const

1.5.3 VYwuer BKJaJa OT HOHU30BAaHHBIX 000JI04U€EK

OnucaHHbIil BBIIE METOJI, HAKJIOHHBIX KOJIEI] TOJIb3YeTCs OOIBINON MOIMYJISPHO-
CTHIO TIPU aHaJN3e ToJIell CKOPOCTeil ra3a B JucKax rajakTuk. OH 1M03BOJIsIeT
HEe TOJILKO OIPEIeJIUTh KPUBYIO BpaIlleHus, HO U JIETKO CBA3aTh paJuaJjibHble
M3MEeHEeHNsT KHHEeMATHIeCKN OmIpeieseHubix PA u ¢ ¢ peaJbHBIMI H3MEHEHM-
SIMH TEOMETPUUECKHUX MapaMeTpOB JUCKa (M3Tub, MOJSPHOE KOJBIO ¥ T.II.)
WJIU C PEeryJIAPHbIMUA HEKPYTIOBbIMU JIBUXKEHUAMU, BI3BAHHBIMU CIIUPAJIbHBIMUA
pykaBamu uian 6apom. OJHAKO B KAPJIMKOBBIX MAJIAKTHKAX PACIIAPSAIOINIECS
000JIOUKHM, UHJIYIIMPOBaHHbIE 3BE3/1000pa30BaHUEM, MOT'YT 3HAUYUTEIHHO UCKa-
3UTDH [OJIe CKOPOCTEH JINUCKa, IOCKOJIbKY aMIINTY/a KPUBOIl BpalleHud MaJa,
a pasmep 000JI0UKHU JaCTO CPABHUM C JUCKOM. EC/IM MbI JIOIyCTUM Bapualun
KHHEMATHIecKoro P A ¢ pauycoM, TO 3TO MOXKET IPUBECTH K OITHOOTHBLIM BhbI-
BOJIaM 00 OpHEHTAIMK JIMCKA WJIK O XapaKTepe HEKPYI'OBbIX JiBurkeHuit. Hurke

Ha MPOCTHIX MOJIEJIbHBIX IPUMEPAX PACCMOTPUM ITOT 3PdeKT 1opodHee.
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Puc. 1.10 TTapameTpsl anmpoKCHUMAIAN TS MOAETBLHOTO MO CKOPOCTEH: CKOPOCTH BPAIEHNS
(BBEPXY), NOBUIMOHHBIN yro/1 (Mocepeinie) u cucreMuas CKOpocTh (Bau3y). Cunme TOYKM 1 Kpac-

HbIe pOMOBI TTOKa3bIBaOT pedyabraThl Meroga I w Merona I, coorBeTcTBeHHO.

[TpesicraBum “HabirogaeMbie” CKOPOCTH B JIBYXKOMIIOHEHTHO MOJIeJIN B BU-

JIe CyMMBI JIY9EBBIX CKOPOCTEH JIJIs JUCKa U 000JOUKH
V;)bs = ‘/disc + Vshell = Vsys + V;"ot Cos @ sinz + ‘/shell- (126)

D10 npub/MKeHne JIOIYCKaeT paBHBIA BKJIaJ OT 000X KOMIIOHEHT B II0JIE
JIyUEBBIX CKOPOCTEil, B TOI 00JIACTHU, TJie OHU IEePEHAKJIAIbIBAIOTCI. JTO OT-
JINYaeTCs OT peaJibHO# cuTyaruu Oojiee CJI0XKHOIO pacipeeseHus sipKOCTH,
HO MOXKeT OBbITh MCIIOJIb30BAHO B KadecTBe repBoro npubsmkenust. OpHo n3
OrpaHWIEHWH, UCIIOJIB3YEMbIX B MOJIEISIX PACCMATPUBAEMbIX HUYKE, COCTOUT B
TOM, 9TO Vipen HE JOJKHO npeBbimarh tununanyio FW HM nabiaomnaeMbix
sMuCCHOHHBIX JuHui (0Koso 30 — 50 kM /c). VHate npu HabIIIOCHUSAX CO CKa-
Hupytomum NOII Mbl yBUUM JIBYXKOMIIOHEHTHbBIE IPOM UM JIUHUN U CMOYKEM
IOCTPOUTDH OTJIEJbHBIE MOJIsI CKOPOCTEH KarK 10l 13 MOJICUCTEM.

AsBumyTaJIbHBIF yIoJI B IJIOCKOCTH TAJAKTUKKU (0 CBSA3aH C HO3UIMOHHBIM
yriaoMm coorHomennem: tang = tan(PA — PAy)/cos i. Pacrymast kpusasi

BpallleHus 3a/iaBajiach B BHUJIE:
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2 R
Vit = ;me arctan W (1.27)

rie h = 1”7 u mMakcumasnbiasg cKOpocTh Vipar = 30KM/c, uTo sBJIsI€TCS
TUMWYIHBIMYA 3HAYECHUSIMU JIJI KAPJIUKOBBIX TaIaKTHK U3 BeIOOpKKM Moiseev ef,
al. (2010D).

[ist 000JIOUKY NTPUHSITA MOJIE/Ih TOHKOW PaCHInpPsIIOIIeicst moycdepbl. 9To
peJirnosaraerT, 4To Mbl BUJHUM TOJIBKO MPUOJIMXKAIONLYIOCS K HaOJIIOLATEIO

CTOPOHY, B TO BPEMs KaK YJIAJAOINAACA CKPBITA MOTJIONECHUEM:

(= 2)” + (y — ys)?
R? '

3/1ech T M Ys KOOPAMHATHI IEHTPa ODOJOUYKKM B KAPTUHHON IJIOCKOCTH OT-

Ve = —Veap, |1 + (1.28)

HOCHUTEJIBHO IeHTpa aucKa. Paguyc obonoukn 3amasanica Ry =375, ckopocTs
pactupenust Vey, = 15KM/c.

[Tpumensist (1.26), MbI TTOCTPOUIIH TOJIST CKOPOCTEH YyMEPEHHO HAKJIOHEHHOTO
aucka (1 = 45°, PAy = 45°) ¢ makcumasibabiM pajnycom 107 u ¢ pasubivu
BeJIMUNHAMU T U Ys. [IpuHsaTasd XapaxrepHas CUCTEMHas CKOPOCTb Vg
1000 kM/c, HUKaK He BJIUSIET Ha PE3YJIbTar.

Mogenu cTpousnch Ha ceTke ¢ pasmepom siaementa (1, a mocsie copadn-
BaJMCh ¢ iByMepHoil bynkuumeit Laycca ¢ FWHM = 15, uto Bocnpon3BoauT
TUIUYIHBINA 3(PPEKT BIAUSIHUAS 36MHOMI aTMOC(ephl IIPU HAIIKX HAOJIIOIEHUAX C
N ODIIL.

Ha puc. 1.9 nokazanbl npuMepbl IOCTPOEHHBIX 110J1eil ckopocTeii. Mojesn
npejicTaBisier Juck 6e3 obosiouku. Mojenb 1 - 000J09KYy B IEHTPE JIMCKA.
Mojens 2 u Mojenb 3 — eHTp 000JIOUKH CABUHYT BJOJb OOJIBITION W MaJIoif
oceii coorBercTBerHo. B Mojyiesnn 4 11ieHTp 000JIOUKK CMeIleH B HalIpaBJICHUN
PA = 180°.

MojienbHbIe OIS CKOPOCTEH aHAJIN3UPOBAINCH B pAMKAX KBa3UKPYTOBOI'O
npubskenus (§1.5.1) nBymst criocobamu. Meroy I pasperaer pajumasbhbie
Bapuanuun PA u Vi, B 10 Bpemst kak B Meroge I atu Besmunubsr Gukcupy-
I0TCsl U CBODOJIHBIM MMapaMeTPOM OCTAETCsl TOJHKO CKOPOCThH BPAICHUS . Y TOJI

HAKJIOHA U IEHTD BpallleHns pUKCUpOBaJInuch B 0boux ciaydasax. Ha puc. 1.9 mno-
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Ka3aHbl OCTATOYHbBIE CKOPOCTH, IT0JIyYeHHbIE 000MMK MeTo1aMu, a Ha puc. 1.10
— paJinaJbHOe [IOBEJIeHNE TapaMeTpoB Mojieseil. BujHo, Kak paciiupsomasics
000JI0UKa BJIMsieT Ha HAOJII0JIaeMoe 10JIe CKOPOCTEl U OlleHNBaeMble KMHEMa-
THYeCKHe napaMmeTpbl. VIMeHHO IeHTpaJbHOe IIOJIOXKEeHHe ODOJIOUKU WU ee
CJIBUI BJIOJIb OOJIBINON OCH BBI3BIBAET pajinasibhble Bapuanun Vs, (Mojgenn 1
u 2). Tlosoxkenune 060109KM BHE DOJIBINON OCH JIMCKA TAKXKe BHOCUT CHCTEMa~
trdeckue ommbku B oteikn PA (Mogenn 3 u 4). B Trom coryuae, eciu ieHTp
0D0JIOUKM JIEYKUT Ha MaJIOi och, pajinaiabibie Bapuanun PA jocturaior Max-
cuMaJIbHO¥ aMIuTy bl (~20° B HAIUX MOJesisx). Takue OosbIne Bapuannm
PA wmoryT npuBecTu K OMIMOOYHBIM BBLIBOJAM OTHOCHTEILHO M3TH0a, MIOCKO-
CTU JIACKA.

Ocrarounbie ckopoct B Meroge [ paccestiabl 110 ropas 1o 00JibIei m1oIa-
JIM JIACKA, HEXKEJIN Ta, KOTOPYIO B PEaJIbHOCTH 3aHuMaeT 00oJiouka (puc. 1.9),
OHU OTHOCUTEIHHO MaJIbl U COCTABJISAIOT 0KOJI0 +5 — 7 kM /c. Kpome Toro, nnk
OTPUNATENBHBIX (‘TOJYOBIX') OCTATOUHBIX CKOPOCTEH OOBITHO HE COBIAJAET C
neaTpoM obosodek. Ho ecim npunars PA u Vs HOCTOSHHBIME C PaJRyCcoOM
(Metog IT), TO MOJIESTE OCTATOUYHBIX CKOPOCTEH HAXOJUTCST B XOPOIIIEM COTJIa-
CHHU C MECTOIOJIOKEHUEM ODOJIOUKN U BEJIUUYNHA, OTPUIATEIbHBIX OCTATOUYHBIX
CKOPOCTei HaXOJIUTCA B COOTBETCTBUM C Vipp, 32 UCK/IOUeHHEM Mopesn 2.

3aMernM, 9TO KPUBasi BPAIEHWS, OIPeessieMast N3 MOJIEJIbLHBIX TT0JIei CKO-
pocteil, MOXKeT ObITh UCKaKeHa IpU IpUMEHEHUH JIF0O0I0 U3 METOJIOB aHaJIK-
3a, Kak BuHO s Ha puc. 1.10 mig Mogeneit 2 n 4. Oanako B npuOJIMKeHIN
Metona II, Mbl MOXKeM OJIHO3BHAUHO OOHAPYKUTH HA KapTax OCTATOTHBIX CKO-
pocTeil BOBMYIIEHHYIO 00JIaCTh JUMCKA M 3aTE€M 10JyUYUTh PeaibHyI0 KPUBYIO
BpallleHusl Ha BTOPOI uTepaluu, 1nocjie MackupoBanus obsiactu obosiouku. ITo-
cJleJiHee HeBO3MOXKHO, eciin PA u Vs — cBobO/iHbIE TTapaMeTPhl allIPOKCHMa-
MU, TaK KaK B 9TOM CJIydae TPYJHO PACIIO3HATH MECTOIOJIOKEHHE 0D0JIOUKH.

BblleonucanHblii MOX0/, ObLI YCIICIIHO IIPUMEHEH HaMU [P aHAJHU3e I10-
Jieit cKopocTeit KapMKOBbIX rasakTuk (Moiseev et al., 2010b). B Toii uau unHoi
CTEIeHU, OIUCAHHBIE PEIeNThl OKa3bIBAIOTCS MOJE3HBIMU IPU U3YUEHUH TIOJIei
CKOpPOCTEl MOHM30BAHHOI'O I'a3a MaJIOMACCUBHBIX IaJaKTHK, a TaKxKe 00bek-

TOB ¢ meHTpasbHbiMu neredenusivn: Mrk 334 (romasa 3), NGC 4460 (ruasa
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6).

OcHoBHBIE pe3yJabTaThI TJIaBHI 1

e Pazpaborana merojinKa HaOJIIOJEHUsI U aHAJM3a JIAHHBIX, T03BOJISIONIAS
C TIOMOIIbI0 cKaHupytoiero narepdepomerpa Padpu-Ilepo kapruponBath
pacripejiesieHue JIMCIIePCUU CKOPOCTE MOHM30BAHHOI'O I'a3a B raJlaKTUKaX
W SMUCCUOHHBIX TYMaHHOCTSAX. [Ipesmoykenbl aJropuTMbl, MTO3BOJIAIONINE
CYIIECTBEHHO YMEHBIIUTH BJIUSHUE CHCTEMATHICCKUX OIMTMOOK Ha M3Me-

pPAEMYIO JIUCIIEPCUIO CKOPOCTEIA.

e Omnmcanpl METO/Ibl aHaJIN3a I10JIei CKOpOCTefI HMOHU30BaHHOI'O I'a3a B I'a-

JJaKTHNKaX, BKJIIOYasd OOBEKTDI C N30I'HyTbIMHU JUCKaMU.

e Omnmcana MeTOIMKa U3MEPEHWST TTapaMEeTPOB 3BE3AHON KMHEMATHKN — JIy-

YEeBLIX CKOPOCTEN U JIMCIIEPCAN CKOPOCTEl METOJIOM KPOCC-KOPPEJIAIUil.

o [Ipejyioxken aaropuT™ aHaJn3a MoJjeit CKopocTeil KapJIMKOBBIX MaJlaKTHUK,
MO3BOJIAOIINI KOPPEKTHO YUUTHIBATH BKJIaJ, BHOCUMbIi B HAOJI10/1aeMOe

110JIe CKOPOCTEI I'MIaHTCKUMU PACIIMPAOIIIMUCT 000JI0UKAMHU.

OcHoBHbIe IIyOJIMKAIUHT, TIPEJICTABJIAIONINE PE3YJIbTaThl TON I'JIaBbI:

e Moiseev A.V., “Measurement of radial velocities and velocity dispersion
of stars in circumnuclear regions of galaxies using the 2D spectroscopy
technique”, 2001, Bulletin of the Special Astrophys. Observatory, v. 51,
p. 11

e Moiseev A.V., “Reduction of the CCD-observations with scanning inter-
ferometer Fabry-Perot”, 2002, Bulletin of the Special Astrophys. Observatory,
v. o4, p. 74

o Adanacnes B.JI., Moucees A.B., “YuupepcaJbHbIi PeIyKTOP CBETOCUIDI
6-m Tesneckorma SCORPIO”, 2005, [Iucobma B AcTpoHOMUYECKRi XKy pHAT,
T. 31, ¢. 214
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e Afanasiev V.L., Gazhur E.B., Zhelenkov S.R.., Moiseev A.V., “SCORPIO:
prime focus focal reducer of BTA”, 2005, Bulletin of the Special Astrophys.
Observatory, v. 58, p. 90

e Mowucees A.B., Eropos O.B., “O6paborka I13C-nabiogenuit co ckanu-
pytoruMm unrepdepomerpom Pabdpu-Ilepo. II Jlononnuresbubie mpoiie-

aypet.”, 2008, Acrpodusnueckuit Brosterens, 1. 63, ¢. 193

e Abolmasov P., Moiseev A., “Kinematics of the Nebular Complex MH9/10/11
Associated with HolX X-17, 2008, Revista Mexicana de Astronomia y
Astrofisica, v. 44, p. 301 — odna u3 AyvwWUT UALOCTPAUUT HAUUL
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noii

e Moiseev A. V., Pustilnik S. A., Kniazev A. Y., “Study of very metal-poor
galaxies: ionized gas kinematics of nine objects”, 2010, MNRAS, v. 405,
p. 2453 — wapmor ducnepcuu ckopocmetl, aHaAU3 KUHEMAMUKY QUCKa ¢
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e Afanasiev V.L., Moiseev A.V., “SCORPIO at the 6-m telescope: current
state and perspectivies for spectroscopy of galactic and extragalactic
objects”, 2011, Baltic Astronomy, v. 20, p. 363



I'1aBa 2

IIpoTuBoBpalieHue B JUCKaX rajakTHK

“lowmu 6ce, wmo epawaemca (a 6pauyaemca 60
Bceaennoti nowmu 6ce), pano uau nozdno npu-

Humaem popmy ducka.”
(H.H. Topvraswi, A.M. @pudman)

2.1 DBsegenue: mpoTuBOBpallaloinecd KOMIOHEHTbI

BzanmojielicTBUS UTPAIOT B 9BOJIIONNK TaJaKTUK OJTHY U3 BasKHEHIIUX POJIeil.
Jlarke IOTJIOIIEHNEe OTHOCUTEJHHO HEeOOJBLIIOrO CIYTHUKA, TaK Ha3blBaeMble
“Masiple caustaust” (minor merging) ¢ orHomerueM Mace metee 1/5 —1/10, ne
MCKaXKasi B II€JIOM CTPYKTYPbI JINCKOBON TaJlaKTHKK, MOI'YT CIIOCOOCTBOBATH
KOHIIEHTPAIMK Ta3a B €€ HMeHTPAJIbHBIX 00JIACTSX, WHUIUADPYS STUM aKTHB-
HOCTh sIJ{pa WJIM BCIBITKY 3Be31000pa3oBanns. PacdeTsl mokaspiBaoT, ITO 34
HoCJIeIHIE 8 MJIPJL. JIeT B »KM3HM IaJIaKTHKH, IIOX0XKeil Ha Hallly, TaKue cOObI-
THsA JOJIKHBI ObLTH TporcxoquTh MEOTOKpaTHo (Kazantzidis et al., 2009). Bo-
JIee TOTO, TPsSIMbIe OIIEHKK TEMIIOB CJUSIHUN raJlakThK Ha 2z < 1 IOKAa3bIBAIOT,
4ro B coBpeMenHyio smoxy (z < 0.4) masible CAMsHUs HAUUHAIOT JIOMUHUPO-
Barh Ha)| bosbimmu (Lépez-Sanjuan et al., 2011).

3aMeTnTh cyelbl Jayke HEJABHUX CAUIHUN Ha (DOHE SPKOil TaJlakKTUKN J10-
CTAaTOYHO CJIOXKHO. HeoOxouMbl JinOO oueHb riyOOKUe CHUMKW, BbIsIBJISIONINE
BHEIITHUE MPUJINBHBIE CTPYKTYPbI (cM. K mpumepy, Martinez-Delgado et al.,
2010; Smirnova & Moiseev, 2010), 60 KpOMOTIUBOE U3y UeHEE OCOOEHHOCTE

3BE3/IHOI0 HaCeJeHUs W BHYTpeHHell KuHeMaTukKu. Ecim HampaBieHue opou-

79
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TAJHLHOTO MOMEHTA, CITyTHUKA 3aMETHO OTJINTAJI0CH OT MOMEHTA BPAIICHUST T'a-
JAKTUIECKOTO JIMCKa, TO B JIaJbHEHIIeM MOXKET OKa3aThbCsd, UYTO YacTb 3Be3/
WJTU Ta30BBIX 00JIAKOB B TaJaKTHKE CTAHET BPAIAThCA B HAIIPABJICHUN TTPOTH-
BOTIOJIO?KHOM OCTaJIbHOMY JIUCKY. [leficTBUTENIbHO, eC/IN MJIOCKOCTh BPAIIEHUsT
pPa3pyIIeHHOIO NPUJIMBHBIMEU CUJIAMU CITYTHUKA, HAXOUTCS 110)] 3aMETHBIM yT-
JIOM K JINCKY TaJaKTUKH, TO 9TH OPOUTHI OBICTPO MPENECCUPYIOT U CBAJMBa-
IOTCST B JINCK. B 3aBrUCUMOCTH OT M3HAYAJIBHOIO HAIPaBJIEHWST OPOUTAIHHOTO
MOMEHTa, BPAIEHNsT TPUMEPHO B MOJOBWHE CIyJaeB yTaBiiee BeIecTBO Oy-
JIeT MPOTUBOBPAIATHCA OTHOCUTENIHHO OCTAJbHOTO JucKa. B narmrein [asak-
THKEe TakKoe oOpaTHOe BpallleHue HaOJII0JaeTcs Y 9acTh 3Be3JT TOJCTOrO JIUC-
Ka U Tajio, ITO CBS3BIBAIOT C aKKperueil HeOONbIuX CIyTHHKOB (Steinmetz,
2012; Borkova & Marsakov, 2003). Ho 4ro6b1 06HapyKKUTh IPOTHBOBPAIIECHUE
B JIPYIUX rajlakTukax, Tpebyercst, 4Tobbl Ha peTporpajiHbix opouTax ObLIO
JIOCTATOTHOE KOJUIECTBO W3JIyUAIOMIEN MaTePUH.

B okosostiepubix obsactsx (B mpejgesnax 1-2 Kk oT MeHTpa) To00HbIe K-
HEMATHIECKH BbIJIEJICHHBIE TTPOTHBOBPAIAIONINECS CTPYKTYPhl MOTYT BCTpe-
JaThCsA JIOCTATOYHO YacTO, OCOOCHHO B rajlaKTUKaxX paHHWX THUIOB. IIpu B3a-
UMOJICHCTBUM ¥ TTOCJIC/IYIONIEM HPUJMBHOM TPEHUM O JIMCK 4YaCcTh BEIeCTBa
CITy THUKA, T€PsieT yTJIOBOW MOMEHT BPAIEHHsI, IepeMeIasich OJirmKe K 1eHTPY,
rie n GOPMUPYETCsT BHYTPEHHUH TPOTHBOBPAIIAIOIINTCS KOMITOHEHT. Tak, co-
IJTACHO MMEIOIIUMCS OIleHKaM, OH Habmogaercsa B ~ 25% OIU3KUX JTMH30BU/I-
mbix ragakTuk (Kuijken et al., 1996; Bureau & Chung, 2006). B To ke Bpewms,
ry100aJTbHBIE TPOTUBOBPAIIAIONTIECS MMTOJICUCTEMbI, TI0 Pa3MepaM CPaBHUMBIE C
OCHOBHBIM 3BE3/IHbIM JIMCKOM, BCTPEUAIOTCS 3HAYUTEIbHO pexe (cM. 00CyxK-
nenue u cepliku B Sil’chenko et al.; 2009). Tlosromy, Kaxkibiii HOBbIH 0ObEKT
npejicraniisier 6osbinoit nnrepec. erajabHoe ucciejoBanue 3Toro hpeHoMeHa
MO3BOJIFET JIydIlle MOHATH OCOOEHHOCTH IBOJIONNN JINCKOBBIX MAJIAKTUK U WX
CBSI3b C OKPY2KEHUEM.

B navaJie JaHHO# I'JIaBbl OMMUCHIBAIOTCS ITPOTHBOBPAIIAIONTNECT KOMIIOHEH-
ThI, OOHAPY>KEHHbIE B OKOJIOSEPHBIX OOJIACTSAX TAJAKTUK PAHHUX THUIOB —
NGC 3915 u NGC 1316. /lajee paccMaTpuBarOTCs TPU JUH3OBUIHBIE TaJIaK-

TUKHU, B KOTOPbHIX TIPU y4aCTUU aBTOPa ObLIM HailJIeHbI MPOTS>KEHHbIE MPO-
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TUBOBpaIaommecs razosbie guckn. Ocobenno narepecen ciay4dait NGC 7742,
/i€ B3aUMOJIeHCTBHe raJlaKTUK IPUBEJIO K (POPMUPOBAHUIO KOJIbIIA 3BE3000-
pasoBaHus. B kKonre obcyxkjiaercs HaKJOHHBIA ra3oBbiil guck B NGC 7743,
KOTOPBIH XOTS 1 He JIESKAT B IJIOCKOCTH TaJaKTUKN, HO M0 IMTPOUCXOXKJICHUIO 1

MEXaHU3MY MOHM3allUU POJCTBEHEH IIPOTHUBOBPAIIAIOIIMMCA JUCKAM.

2.2 IlpoTtuBoBpalieHne IMeHTPAJIbHBIX 00JacTeit

2.2.1 Bribopka rajgakTuk c nepeMmbrukamm: NGC 3945

JInnzosunaga rajmakruka NGC 3945 BxoguT B cnmcok 13 KaHIuaTOB B TI'a-
JIAKTUKHY C “BOMHBIMU OapaMu’, leTaJbHO U3yUeHHBIX B cTaThe Moiseev et al.
(2004). Onupasich Ha U30OTHBIH aHATIN3 ONTHICCKUX W300paykeHuit, Erwin
& Sparke (1999) zax/oun/iu, 4T0 BHYTPH KpylHOMACIHITAOHOIO 6apa, BbITs-
HYTOI'O BJIOJIb MaJiofi ocu rajgaktuku, va r = 4 — 18" (340-1540 nk, npu npu-
HSITOM PACCTOSTHUM JI0 rajakTuku 17.7 Muk) pacrosaraercst OKoJIosiiepHbiIii
nuck. [lose ckopocreii 3Be3/1 B 9TOM BHYTPEHHEM JUCKe, COTJIACHO HaOJIIO-
neHusiM ¢ naHopaMubiM criektporpadom MPFES (puc. 2.1), cmenyer kpyro-
BOMY BpAIIeHIIO, TOCKOJIbKY P A, COBIIaIaeT ¢ HapaBJeHUEM JINHUU Y3JI0B
(PAy = 157+£2°). B moste ckopocteii Taza cutyanus 6osee ciaokuast. N3mepe-
HuUst JiyueBbix ckopocreii B ybsiere [NII| nokazasiu, 4ro sMUCCHOHHbIE JIMHUK
BuHbl BIuioTh Jjio 10" or nenrpa. Buyrpu papmyca 6” (0.5 kuk) Jydesbie
CKOPOCTH Tra3a OJIM3KM 110 MaKCHMAaJIhHON aMruTyie K 3Be3aabiM (80 u 120
KM/C COOTBETCTBEHHO), HO MPOTHBOIOJIOKHBI 110 3HaKy (puc. 2.1). Ha 6osb-
X PACCTOSTHUSX HANpaBJIEHUE BPAIECHUS T'a3a PE3KO MEHAETCS U COBIAJIAET
C BpallleHHeM 3Be3JIHOTO KOMIIOHeHTa. [lojie ckopocTeii ra3a, MOCTPOEHHOE C
VDI jiyist 9MUCCHOHHBIX 0BJIACTEH, PACIIOIOKEHHBIX BO BHEIIHEM KOJibIe (CM
Moiseev et al.; 2004), nojreepxgaer dhakT HOPMAJLHOIO BPAIEHUs Ha O0JIb-
IMAX pajirycax o nerrpa, Bmiorsh g0 140”7 (~ 11 k).

Takum 0Opa3oM, IMCK MOHU30BAHHOTO T'a3a B OKOJIOSIEPHON 00JIacTH Bpa-
MAETCs B MIPOTHUBOIIOJIOXKHOM HAIPaBJIEHUM OTHOCUTEIHHO 3BE3/IHOTO, XOTS 1

pacioJjiaraeTcsd B TO# 2Ke 1IocKocTu. Ecan Takoe nmoseieHue CBA3aHO C 3aXBa-
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Continuum 5700 Stellar Velocities
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Puc. 2.1 Pesynbrarsr vabmonennit NGC 3945 co cnekrporpadom MPFES (Moiseev et al., 2004).
Beepxy — m3obpazkeHne B KOHTHHYYMe W MOJIe CKOpocTeil 3Be3s. Buusy — mzobpazkenue u 1oJie

cKopocTeil B aMuccHoHHbIX JuHusx [NII|JAN6548, 6883.



83

TOM TaJIAKTUKON BEIEeCTBa KaPJMKOBOIO KOMIIAHhOHA, TO PA3yMHO OXKWUJATh,
YTO YaCTDh 3BE3/l, Pa3pyLIIEHHOTO MPUJIUBHBIMU CHJIAMU CIIyTHUKA, JTIOJKHA Ha-
XOJUThCS Ha MPOTUBOBpAIAIONIUXC opbuTax. B ToMm uucie u Ha OOJBITHX
PACCTOSHUAX OT IEHTPa, TaK KaK W3BECTHBIE MEXaHU3MbI Tepepacipeseie-
HUsl YIVIOBOI'O MOMEHTa 1IpU B3auMojieficTBUU rajiakTuk Oosiee 3pPeKTuBHO
JIERCTBYIOT Ha T'a3, TaK 4TO OH ObICTpee KOHIIEHTPUPYETCS B KUJIOIIAPCEKOBOM
obJiacTii, B oT/iMn4dmre OT 3Be3j. VI mpoTuBOBpaIAIONUiicss 3BE3/IHBII KOMIIO-
HEHT JIeWCTBUTEIHLHO ObLI OOHAPY?KEH B HEJIABHUX CIIEKTPAJIbHBIX HAOJII0JICHN-
sx Fabricius et al. (2012) Bmors j1o paccrosiamii r = 8" (700 1K) oT 1eHTpA.
[Ipuyem peub UJET, CKOpee BCero, MMEHHO O 3Be3JIaX OBIBIIEro KOMITaHbOHA,
OCKOJIBKY UX JIUCTIEPCHST CKOPOCTEi 3aMeTHO BBIIE, YeM Y 3Be3]l OCHOBHOTO

JIMCKA.

2.2.2 Kunaemarudecku Bbigegaernnoe gaapo NGC 1316

OpuH u3 sgpyuaiiliux paJMoOUCTOUYHUKOB Ha Hebe, TUIaHTCKasl SJUIAINTHYCCKAS]
rajakTka NGC 1316 (Fornax A) pacmonaraercs B ckorutenvn [leun. Kak u
BO MHOI'MX JIpYyruX ¢D rajakTukax, 37€Ch BUJHLI MHOTOUNCICHHBIE CII/IbI ObI-
JIbIX B3aMMOJICHCTBUI — IPUJIMBHBIC 1IET/IM, PYKaBa, MbLIEBLIE OJOCHI U T.I.
Boiensg1oT He Menee Tpex, OTHOCUTEIBHO HEJABHUX, TOTJIOMICHH CITy THUKOB:
3 mupa. Jier wazaj (Goudfrooij et al., 2001) u jgBaxpl B Gojiee TO3JHIOIO
sroxy (Schweizer, 1980; Mackie & Fabbiano, 1998). Buumarenbublii B3rJisi
Ha BHyTpennue objactu Fornax A mossosisier 1 TaM HaiTH 110CJIEICTBUS Ta-
KX coObITnit. Huzke Kparko M3J103KEeHbI Pe3yIbTaThl HAIIEIO UCCJIC0BAHNS,
VMHULIMKUPOBAHHOIO, B 00LIEM-TO, APYroil 3aj1a4eil, 8 MMEHHO U3y4YeHUEeM OCO-
OEHHOCTEH PaCHPEIeICHIs TBLIEBLIX U MOJICKYJISAPHBIX ODJAKOB Ha CHUMKAX
B OikneMm uagpakpacnoM jguanasone. OHaKO BBIBOJBLI O BHYTPEHHEM CTPO-
CHUU IaJIaKTUKK OKA3aJUCh CTOJIb MHTEPECHLIME, UYTO Mbl IPEJICTABUIN UX B
otnespHol crathe (Beletsky et al., 2011).

Ha puc 2.2 npusejennl uzobpaxkeunss NGC 1316 B onTuieckoM u OJIUXK-
HeM uHbpakpacHoM juanasonax (mactirad — 90 nk/” s npunsitoro pac-

crositust 18.6 MIIK), a TakykKe OCTaTOYHbIE HHTEHCUBHOCTH ITOCJIE BbIYMTAHUS



84

A6 (arcsec)

Puc. 2.2 Mzobpaxenns NGC 1316. Bepxuwuii psag (a) dunsrp B (CTIO, 0.9m), (b) dbuastp V
(F555W) HST/ASC, (¢) duabrp Ks (SOFI/NTT). Huxknuii psig : Ocrarku mnocsie BblauTaHust

2D-Monesin pacripe/iesieHus ipKOCTH B TeX XKe puibTpax. bojiee TeMuble Tpaialiiyt COOTBETCTBYIOT

[IOJIOXKUTEJILHBIM U30BITKaM.
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Puc. 2.3 Oxonosieprast kunemaruka 3se3s 1o jganabiv SINFONI/VLT: noste ckopocreit (ciesa)

KapTa JUCIEPCUN JIyYeBBIX CKOPOCTEl (B IeHTPE), HAaJI0KeHbl n30hoThl KOHTHHYyMa Ha 2.1um.

CrpaBa moKa3aHbl pacmpejeenns CKOPOCTH U JUCIEPCUN CKOPOCTE BIOJb OOJIBINON OCH JUCKA

(PA = 53°). CucreMHasi CKOpOCTDb TIPUHATA paBHOi 1785 km/c.
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JIBYMEPHO# MOJIesH, MPeJICTaBISIONei n3 cebst crmocnyThiit cdeponr Cepcu-
Ka ¢ N ~ 4, 9TO TUIIUIHO JIJIsA paclpeiesieHust SPKOCTU JITUITHIeCKON rajak-
TUKU. B 0CTaTOUHBIX MHTEHCHBHOCTSAX 3aMeTHA JUCKOIOM00HAs BHYTPEHHSIS
cTpykKTypa guamerpoMm okosio 400-500 nk. M ecsm B onTmdyeckoM Jualia3zoHe
HAOJTIO/IAEMY IO KAPTUHY CHUJIBHO IIOPTUT ITHLJIEBOE MOIVIOIIEHHE, TO nH(pPaKpac-
Hble n30OTHI JUCKA NCKaXKEHbI 3HAUNTEILHO MeHbINe. Pacipeesienne sipko-
cTh 3TOro Jincka B pusbrpax JH Ks, o jannbiM HaOJ0JIeHN ¢ TPUOOPOM
SOFT na 3.6-m Teneckorne NTT 6/113K0 K 9KCTTOHEHIMAIHLHOMY, C XapaKTepHO
IIKaJI0# B pasHbIX puibTpax hm,, = 110 — 170 nx.

Hcnonb3ys TOBKO JIaHHbIe (DOTOMETPHUH, MbI MOTJIU JIUITH T'aJIaTh O TOM,
YTO IPEJCTABIsIET 000 3TOT M30LITOK SIpKoCTH. [ToMoun Moria mHMOpMaIus
O 3BE3JIHOI KMHEMATHUKE, TOCKOJIbKY MEKYJIsipHas CTPYKTypa HAOJIOLAETCs B
pacrpejiesieHry 3Be3IHOT0 KoMIonenTa. OTMeruM, 9To ra3 3/1eCh BOBJIEUEH B
PSIJT CTIOYKHBIX JIBMYKEHNH, CBSI3aHHBIX KaK C JPKETOM U3 aKTUBHOTO sIJIpa, TaK 1
C TIOTOKaM¥ OXJIazK/IeHUsI OCTBIBAIOIIErO T'a3a, MaJalolero K MeHTpy, MOITOMY
KUHEMaTHKa ra3a U 3Be3]1 3aMeTHO pazaundaercd. [Ipu aToMm, jaxke ecyin n30bI-
TOK SIPKOCTHU CBS3aH C KWHEMATHYECKU BBIJIEJIEHHBIM KOMIIOHEHTOM, (D DeKT,
BHOCHMbIH UM B HAOJIIO/IAEMYTO BJIOJIb JIyda 3PEHUsI KWHEMATUKY, J0JI’KEH ObITh
HEe OYEHb BEJIMK, TaK KaK CBETMMOCTH BHYTPEHHETO JINCKa Jlaxke B 1moJoce s
B npegenax r < 2" ne npessimaer 25% 0T cyMMapHOii CBETUMOCTH OCHOBHOT'O
3BE3IHOTO ceporjia Ha ITHX pajuycax, IpudeM STOT BKJIAJ, YMeHbIIaeTcCs
KaK C POCTOM PACCTOSHUSA OT MEHTPa, TaK U ¢ YMEHBIIEHUEM JITMHBI BOJTHBI.

il KHHEMATHIECKOTO aHaJIn3a Mbl HCITOJTB30BAJIN JaHHbIe HAOJIIOIEHU ¢
HOMOIIbI0 nHppakpacuoro nanopamuoro crekrporpada SINFONT 8-m reste-
ckora. VLT, Brepsbie npejcrasiennbie Nowak et al. (2008). Vccnenosanue
9TUX aBTOPOB ObLIO CPOKYCHPOBAHO MCKJIOUUTEIHHO HA CAMON IEHTPaAJIb-
HOI 00JTACTH, 30HE IPABUTAIIMOHHOTO BJAUAHNS CBEPXMACCUBHON YEPHOM JIBIPHI,
IIPU 9TOM UCXOJIHbIE JAHHBIE CUJIBHO 3aryIakKUBaJIMCh a3UMyTaJbHbIM OMHHWH-
roMm. Huna HoBak Jsiobe3Ho mpejocTaBuia HaM yxKe oOpaboTaHHBIN KyO JaH-
aprx SINFONT (ormeuenuniit kak “250 mas data” B ux cTaThe), TpeacTaBIsIio-
1yt coboit Habop creKTPoB B jinaliazone 1.95 —2.45 pum, MoKpbIBAIOIIKMX 110J1€

8" x 8" ¢ puckperusannmeit /25,
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Ha puc. 2.3 nokasatbl KapThl Jiy4eBbIX CKOPOCTEH (V) U JUCIIEPCHI CKOPO-
creii 3Be371 (0), MOCTPOEHHBIE KPOCC-KOPPEJIAIMOHHBIM METOIOM, AHAJIOTHY-
HBIM IpUMeHsieMoMy 17Tt anaan3a ganasix MPFS (§1.4.2). Bamernsr nBe oco-
OEHHOCTH, OTJIMIAIOIIIECs] OT IPOCTON KAPTUHDBI, OXKUTAEMO JIJIsT BPAIAOIIe-
rocsi CILUIOIIEHHOIO chepoujia. Bo-1iepBbix, BpalleHue HeHTPaibHONR 001aCcTh
(r < 1.5 —2") B npoexiuu Ha Jiyd 3peHust MpakTHIeCKU oTcyrcTByer. Paspes
1OJIst CKOPOCTEi BJI0JIb OOBINOH ocH rajakTukn (puc. 2.3 crpaBa) MOKasbl-
BaET, ITO OKOJIOSIZEPHOE PACTIPEIETICHUE JIYTIEBhIX CKOPOCTE TOBOJIHHO CJIOK-
HOE, €CTh Jlazke HAMEK Ha IIPOTHBOBPAIIEHHE ¢ MaJOi aMIIUT