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The supefine structure of the active regions of star formation in Orion KL, and a several of galaxies are
considered. The vortex nature of their kinematics is established, and corresponds to the whirlwinds observed in a
bay of Laspy, the Crimea. Instability of progressive movement leads to a turbulence and inflows of the matter onto
the disk, and is transferred in a spiral to the center. Excess angular momentum is carried away in process of its ac-
cumulation by a bipolar stream. The Keplerian movement of peripheral part of a whirlwind turns into rigid body
rotation. The rest of substance drops out in the center on the formed massive body. The ejecting bipolar streams
represent the rotating coaxial tubes. Interaction with environment collimates and accelerates streams. The gravi-
tational field of the central body accelerates and stabilizes formation of structure. In case of the electroconductive
medium — plasma the rotary motion excites ring currents in a disk and streams and aligned magnetic fields. The
radial component of the movement defines a ring component of magnetic fields. Kinetic energy of the matter par-
tially passes into the magnetic energy. The rotary component prevails. The magnetic fields accelerate and stabilize
system in addition.

The jet and the counterjet with “frozen” magnetic fields are moving along and against of the magnetic field
of the system that accelerates one of streams — jet and brakes counterjet. The ejection velocity of streams from
active galaxies nuclei doesn’t exceed 0.1c. However, at distance about <2 ps occur acceleration of the jet until the
visible velocity exceeding velocity of light. Perhaps the superluminocity is results of the movement of a source with
near light velocity in the direction of the observer, but this imposes other problems. The effect of a refraction is
more probable cause when radio waves are propogating through surrounding thermal plasma.

Size of the Orion KL rigid body rotating disk of is equal 8 AU, and the rotation period is around 170 days.
The ejection velocity of a bipolar stream (molecules of the water vapor) is equal to ~5 km/s and further at distance
an ~1 A.U. increases to ~50 km/s. The velocity of the molecules of hydrogen, having smaller molecular weight
than the water molecular, is significantly higher, that defines a collisions pumping of the maser radiation. Maser
sources located in the peripheral region of the NGC 4258 galaxy have Keplerian movement, and rigid body rota-
tion in the central part of a disk, diameter of which is equal ~0.02 pc, and the rotation period T = 750 years. Kine-
matics of the studied objects AGN: the M 87, 1803+784, 3C 345, 3C 454.3 NGC 4258 and Cyg A — similar and
corresponds to the vortex nature. The Seyfert galaxy of NGC 1275, a radio source 3C 84 is double system.

Keywords: structure of active galactic nuclei, jets, maser sources, wirlwinds.

MHOro/MKo€e eIJUHCTBO
Jleonud Heanosuu Mameeenro

PaccMoTpeHa cBepXTOHKasi CTPYKTypa akKTUBHBIX objacteil 38€3n006pasoBanus B Opuone KJI u psina
rajakTuK. KuHemarka cooTBeTCTBYeT BUXPEBOIi IPUPOJie U COOTBETCTBYET cMepyaM, HabJII0AaBIIMMCS B OyX-
te Jlacnu (Kpbim). HeycToituMBOCTh MOCTYMATENbHOTO ABMXEHUSI MPUBOIUT K 3aBUXPEHUIO, MOCTYIUICHUIO
BEILIECTBA HA IUCK U MEPETeKAHUIO TI0 CMUPAIU K LHEHTPY. VI30BITOUHBIN YIIIOBOIl MOMEHT YHOCUTCS TIO Mepe
€ro HaKOIUICHUsI OUIONSIPHBIM TOTOKOM. KeriepoBckoe aBuxkKeHUe repudepuitHON YacTh BUXPSI MEPEXOIUT
B TBEPIOTENbHOE BpamieHne. OCTaTOK BEIlecTBa BHIMALAeT B IIEHTpe Ha (hopMupyrolieecsi MacCCUBHOE TEJIO.
DKEeKTUPOBAHHbIE OUIIOJISIPHBIE TOTOKHM TPEICTABIISIIOT OO0 Bpallalolinecs: KoakcuaibHble TPyOKU. B3aun-
MOJICHCTBUE C OKPYXAIOLLEei cpeloii KOTMMUPYET U YCKOPSIET MOTOKU. ['paBUTALIMOHHOE T10JIe LIEHTPaIbHOTO
TeJsla YCKOpSIeT U CTabuinn3upyeT hopMUPOBaHKUE CTPYKTYPBbI.

B ciyuae anekTponpoBoasiieii cpeabl — Maa3Mbl BpallaTeIbHOE IBMKEHKE B MCKe U TIOTOKAX BO30YX-
JIaeT KOJIbLIEBbIC TOKU — TMPOJOJIbHBIC MATHUTHBIE TTOJIs1. [locTynaTenbHast COCTaBISIIONIAs IBUXKEHUSI OTIpesie-
JISIET KOJIBLIEBYIO COCTABJISIIOILYI0O MAaTHUTHBIX Tosieil. KuHeTnveckasi SHeprusl BELIeCTBA YaCTUIHO MEPEXOIMT
B MarHuTHylo. BpaiarenbHasi cocrapisiiolasi npeodiasaer. MarHUTHbIE TMOJISI JIOMOJHUTEIBHO YCKOPSIIOT
U CTaOMJIM3UPYIOT CUCTEMY.

JIBIKeHME KeTa M KOHTPAXETa ¢ «BMOPOXEHHBIMU» TIOJISIMU TPOUCXOIUT TO0/WJIN TIPOTUB MOJsI, YTO
YCKODSIET OIMH U3 MOTOKOB — JIKET ¥ TOPMO3UT KOHTPIXKET. CKOPOCTh 2KEKIMHU TTOTOKOB M3 aKTUBHBIX sIIEp
rajlaktuk He npesbiniaet 0,1c. OQHAKO Ha PacCTOSTHUM TOpsiaKa <2 MK MPOUCXOIUT YCKOPEHUE JKeTa 10 BU-
JIMMBIX CKOPOCTEIA, MPEBBIIIAIOIINX CKOPOCTh CBeTa. BeposiTHO, CBEPXCBETOBBIE CKOPOCTH OTPEICIISIIOTCS IBU-
JKEeHMEM MCTOYHMKA C OKOJIO CBETOBOW CKOPOCTBIO B HAlpaBJIeHWM HAOIIOAATElNsI, HO 3TO BBI3bIBAET Ipyrue
npoGuiemMbl. bosiee BeposiTHOI NpUUMHOIL siBsieTcst ahdhekT pedpakimu Mpu MPOXOXASHUM PaJIMOBOJIH Yepes3
OKPYXAIOILYIO TETUIOBYIO TIa3My.

Pasmepsl TBEpIOTENBbHO Bpalatoierocs aucka B Opuone KJI nocruraior 8 a.e., a nmepuoa obpaiieHust
~170 mHsaM. CKOPOCTb 9XKEKTUPOBAHUSI OUITOJIIPHOTO TIOTOKA (MOJIEKYJI BOASIHOTO Mapa) ~5 KM/C U ajiee Ha
paccrositHuM ~1 a.e. Bo3pactaeT 10 ~50 kM/c. [Ipy 3TOM CKOPOCTb MOJIEKYJ BOIOPOZA, UMEIOLIMX MEHBIIYIO
MOJIEKYJISIDHYIO Maccy, YeM BOJSHOTO Iapa, CYLIECTBEHHO BBILIE, YTO OINpPENENsieT CTOJKHOBUTEIbHYIO Ha-
Kauky MasepHoro usnydyeHus. B ramaktuke NGC 4258 MaszepHble UCTOYHUKM TNepudepuitHOi 061acT cooT-
BETCTBYIOT KEIUIEPOCKOMY ABUXEHUIO, MEPEXOSIIEMY B TBEPIOTENIbHOE BpallleHHE B LIEHTPATbHOI YacTH AMC-
Ka, nuameTtpoMm ~0,02 nk u nepuonom obparterust T = 750 netr. Kunemaruka uccinenoBaHHbix 00bekToB AIH:
M 87, 1803+784, 3C 345, 3C 454.3 NGC 4258 u Jlebenb A — aHAIOTMYHA U COOTBETCTBYET BUXPEBOIA TTPUPO/IE.
B Ceiipeprosckoit ranaktuke NGC 1275, pagnouctounuk 3C 84 yctaHOB/IeHa BOIHAs cUCTEMa.

Karouesvie crosa: CTpyKTypa ak TUBHBIX SIIEP MJIAKTHK, IPKETOB, MA3ePHBIX MCTOYHUKOB, BUXPH.
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BBEJEHUE

CTpyKTypa MCCIeAyeMOro o0beKTa — ero M300paxkeHue sIBJISIeTCS] Hau-
0oJiee TOJTHBIM MCTOYHMKOM HMH(pOpPMALMKU O €ro Mpupoie W IMpoTeKa-
IOIIMX B HEM Mpolieccax. DTO B MOJHON Mepe OTHOCUTCS U K 0ObeKTaM
Bcenennoii. UapOpMaTUBHOCTL M300paKeHUST OIPEACIISICTCS YIIOBBIM
paspemeHrueM. OcoOEHHO 3TO OTHOCUTCS K KOMITAKTHBIM KBa3U3BE3IHBIM
o0beKkTaM — KBazapaM. Mx mprpoma BO MHOTOM OCTaBajach 3aragoyHoOM
1 HEJOCTYIMHOM ISl PSIMBIX MCCJIEIOBAaHUI, TeM OoJjiee B AMara3oHe pa-
JUOBOJIH. MeTton cBepxaanbHell paguouHTepdepomerpuu (PCIB) mo-
3BOJIWJI TIPEONOJIETh 3Ty TPYAHOCTH |[MartBeeHko u np., 1965]. Yriosoe
paspeleHre TOCTUTAI0 MUJUTUCEKYH TyTH, ObUIM OOHAapy>KeHBI BBIOPO-
CHI PENIITUBUCTCKOM TUTa3MBI C BUOAUMBIMM CKOPOCTSIMU, TTPEBBIIIATOIIM -
MM CKOPOCThb CBE€Ta, OIpeaeSeHbl MpeAesibHbIe SIPKOCTHBIE TEMITePaTyphl
T, = 102K [MaTBeenko, 1983]. Ho mpobjeMbl UCTOYHMKA TIOTOKA TLIa3-
MbI, €€ pa3orpes A0 PEJISITUBUCTCKUX TeMIIepaTyp, 33KEKLIMU ¢ BUAUMBIMU
CBEPXCBETOBBIMU CKOPOCTSIMU, BO MHOTOM OCTaBaJMCh Hepa3pelEéHHbBIMU
1 CIIMCHIBAINCH HA 3aramovHbIe YEPHBIC ABIPHL. IS peleHusT STUX TIPOo-
071eM OBLIM HEOOXOIMMBbI CBEPXBBICOKME YIJIOBBIE pa3pelleHMs 10 MUKPO-
cexyHn ayru. CosepiieHcTBoBaHue MeTonoB PCJIb-u3MmepeHuii, moBbI-
LIeHWe YYBCTBUTENLHOCTH 3yieMeHTOB PCIbB-ceTeii, MeTog0B 00pabOTKMN
JAHHBIX TO3BOJIMJIM AOCTUTHYTH MPEISIbHBIX YIJIOBBIX pa3pelleHuid, 10-
CTUTAIOIIUX JECITKOB MUKPOCEKYH Ayru. KBazapbl OKpy>KeHbI TEIJIOBOI
TJIa3MOM, TIPO3PavyHOCTh KOTOPOM OTpaHMYMBACT BUIMMOCTH WX SIIED
B IUTMHHOBOJIHOBOM YaCTH CAaHTUMETPOBBIX — NEIIMMETPOBBIX PATNOBOJIH.
OnpenenéHHble OrpaHUYEeHUs HaKIalblBaeT MU MEX3BE3MHas cpena, pac-
cevBalollasl MpoxoasiIee paauou3IydeHue. YToa paccesiHusl B CEKyHAax
JIyTU COOTBETCTBYET O =~ 10_6k2|sin b|7%°, rne A BbIpakeHa B [cM]; b —
rajiaktTuyeckasi mupota. st BOJHbBI 1 ¢M yroyl paccessHusi COOTBETCTBY-
eT ~1 Mkc myru. Ha Maibix ramakrnaeckux mupotax |b| < 10° paccesiHme
pe3Ko BO3pacTaeT M3-3a BIMSAHUS cpembl pykaBoB [amaktmku. OmHako
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Ha KOPOTKUX PaAMOBOJIHAX OrpaHWYEHUE, OMpenesseTcsl YyBCTBUTEIb-
HOCTbIO 2JIEMEHTOB HMHTepdepoMeTpa OTHOLIEHUEM CUTHAJI/IIyM OIlpe-
nensiembiM cootHouteruem {(7,,T, az)/(Tsys] T, ys2)}0’5, rne 7, — npwuparie-
HHE TeMITepaTypbl aHTCHHBI TIPU HaBENEHUW Ha MCCIIeAYeMbIil NICTOUYHHUK;
T, 45 — TOJIHasl LIYMOBAsI TEMIIEPATYPa CUCTEMBbI.

PazButue TexHUKM, BKIIIOYAsl CO3MaHUE MAJOIIYMSIIMX YCUIUTENe
Ma3epHOTo TUIIA, CTPOUTEIBCTBO KPYITHBIX MPELUU3UOHHBIX aHTEHH, IO-
3BOJIMJIN TIOCTUTHYTD TpeiesibHON YYBCTBUTEIBHOCTU Jaxe Ha MULIMMeE-
TPOBBIX BoTHaX. CTpouTeIbcTBO HallmoHalbHOM pagroacTpOHOMUYECKOM
obcepBaTopueit B Cokoppo (okpyr B mtate Hpio-Mekcuko, CIIIA) cre-
nuanusupoBaHHoi cuctembl VLBA (Very Long Baseline Array — amepu-
KaHCKasl cucTeMa HMHTepghepoMeTpa CO CBEPXIJIMHHOUN 0a30ii) OTKPBLIO
YHUKAJIbHbIE BO3MOXHOCTU MCCJENOBAaHUN TOHKON CTPYKTYphl paauo-
HWCTOYHUKOB B IIIMPOKOM CIIEKTPEe PaaruoOBOJIH, BKIOUass MUJITUMETPOBBIE.
B Hacrosmiee BpeMsl JOCTUTHYTO YIJIOBOE pa3pellleHue, MOCTHTAIoIee
10 MKc myru. DTO paspelieHre COOTBETCTBYET YIJTY, MOJ KOTOPHIM BHIHA
opOuTa 3JIEKTPOHA B aTOME BOIOPONA C PACCTOSHYS, TIPEBLIIIAIONIETO 1 M.
«PagnoActpoH», aJIeMeHT Ha opOuTe 3eMiiu, TIPeomoJie] OrpaHUYECHUE
paspenieHus1, onpeaeasieMoro u pasmepaMu 3emiu. OTKPBITHI IIMPOKUE
BO3MOKHOCTU JUISI UCCeAOBaHUS CBEPXTOHKON CTPYKTYpbI SIIEP OCHOB-
HBIX 00BeKTOB BceenmeHHO#M — rajmakTnkK. OTKPBITHE MOITHOTO Ma3epHOTO
U3JIYYeHUST B JIMHUSIX TUAPOKCWIA Ha BoiiHe 18 cm [Weaver et al., 1965]
n BoasHOro mapa Ha BomHe 1,35 cM [Cheung et al., 1969], conyTcTByIO-
mux GOpMUPOBAHMIO 3BE3N M MutaHeTHBIX cucteM [LlkmoBckwmit, 1966]
MO3BOJIWJIO UCCIAENAOBAaTh TOHKYIO CTPYKTYPY aKTHUBHBIX 0OJacTeil, 4yTo
CYILIECTBEHHO TMPOJBUHYJIO HAIllM MPEACTaBIEHUSI O TTPOTEKAIOIIUX B HUX
TIpolieccax.

3apoxmeHne TaTaKTUK — OTHOCHUTCS K Hadaiay (OpMUPOBAHUS Ma-
Tepuu. JIBUXKeHHME MaTepuUM COIIPOBOXKIAETCSI O0pa30BaHMEM BUMXpPEid,
B KOTOPBIX BEILIECTBO ABMXKETCS TO CIMPAJIbHON TPAeKTOPUM K IIEHTPY.
ITo mMepe nBUXEHUs MTPOUCXOIUT BLIOPOC OUIOISIPHOIO MOTOKA, YHOCS-
1IEro U30BITOUYHBIN YIIOBOM MOMEHT. OCTaTOYHOE BEIleCTBO BbIMAagaeT Ha
LIEHTpaJIbHOE MAaCCUBHOE TeJI0 — YEPHYIO JbIPY, 'PaBUTALIMOHHOE TI0JIE
KOTOPO# YCKOpSIET W CTaOMiam3upyeT (GOpMHUpoOBaHWE cHUCTeMbl. LleH-
TpajbHble 00JIACTU — sijipa, IPOTEeKAalolKe B HUX MPOLECCHl, BO MHOTOM
OCTaBaJIUCh 3arajkoil, 4TO CBS3aHO C MX KOMIIAKTHOCTBIO. AMOapiry-
MsH B.A. cuuTan, 4yTo Havajgo (pOopMUpPOBAHUS 3BE3M CBSI3aHO C IPOLEC-
caMU OTJIMYHBIMU OT I'PaBUTALIMOHHON HEYCTOMYMBOCTHU, HO KAKOBBI OHU,
BOIMPOC OcTaBajIcsl OTKPBITHIM [Ambartsumyan,1953]. Huxe paccMoTpeHbl
OCHOBHBIC HabIIOmaTeTbHbIC TaHHBIE O CBEPXTOHKOM CTPYKType psima Ta-
JIAKTUK C aKTUBHBIMM siipaMu U objiacteil hopMUpOBaHUS 3BE3.
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OCOBEHHOCTU CTPYKTYPbI OBBEKTOB

PaccMoTpuM 0COOEHHOCTM TOHKOM CTPYKTYPbl aKTMBHBIX SIEp psaa ra-
smakTuk 3C 84, 3C 345, 3C 454.3,1803+784, M 87, NGC 4258 n JIeo A;
obnacreii 38€3n000pa3zoBanus OproH KJI u W3 OH. Ux o0beauHseT BUX-
peBas IIpupoaa IogoOHasi cMepyaM, HaOII0JaeMbIM HaJ IOBEPXHOCTHIO
Mopsi. PaccMoTpuM 0COOEHHOCTH 3TUX OOBEKTOB.

1. Cmepu

HeycToMunBOCTh TTOCTYIIATEIBHOTO IBISKEHHMS BO3OYIITHBIX ITOTOKOB,
B YaCTHOCTH, Hall TIOBEPXHOCTHIO MOps, TIPUBOIUT K 0OpPa30BaHUIO BUX-
peii. BoasiHble Karuim «BBICBEYMBAIOT» CTPYKTYPY BHMXPSI, KMHEMATUKY
pa3BUTHS Tpoliecca. Bo3mylIHbIM MOTOK MOCTyNaeT K BUXPIO U TepeTe-
KaloT MO CIUpaiu K ero leHTpy. CKOpoCcTb KPyroBOro ABUXKEHUS MOTOKA
HapacTaeT SKCMOHEHUMUAIbHO M CYLIECTBEHHO TPEBBIIIACT paarabHYIO
cocrapiisitoliyto. ITo Mmepe HakorieHUsT U30BITOYHOTO YIJIOBOTO MOMEHTA
IIPOMCXOINT BBIOPOC BEIIeCTBa B HATIPABICHWHN OCH BpallieHus. B pe3yib-
TaTte 00pa3yeTcsi KOaKCUaIbHbIe TPYOKH — BEHUMKHU, OKPYKAIOLINE 1IeH-
TpaJIbHBIN BBICOKOCKOPOCTHOM MOTOK. BhicOTa BEHUYMKOB pacTET Mo Mepe
MPUOIUXKEHUs K LIEHTPY, YTO OIpPENessieTcsl MOBbIIICHUEM UX CKOPOCTU
(puc. la). B omHoM u3 ciiyyaeB HaOJIONAIOTCS «YCUKW» — TaHTEHLIM-
ajibHble HampaBeHUs OJIM3JeXallero HU3KOCKOPOCTHOIO ITOTOKa (CM.
puc. 1¢). AHamornaHasl TpEXdIeMEHTHAsT TeJIeCKOIMMUecKass KoaKCcruaabHast
CTpyKTypa IIoKa3zaHa Ha puc. 1b. JIBycTropoHHMII BBIOpOC HaOJI0maeTcs
B BUXpsX, 00pa3ylolIuXcsl Ha 00JblIoil BeicoTe (cM. puc. 1d). Bzaumo-
JNENCTBUE C OKPYXAIOIIeH cpefoil KOJTTMMUPYET U YCKOPSIET Bpalllaloln-
ecsl TIOTOKU M COOTBETCTBYET ra30AMHAMUUYECKOMY pelIeHUI0 [AOpaMsiH,
MartBeeHko, 2012]. Bpemsi xku3Hu cMepya OObIYHO He TIPEBbIIIAET JAecsiTKa
MUHYT. AHAJIOTUYHOE SIBJICHUE HAOIIOOAeTCs B aKTUBHOM 00J1aCTU 3BE3MI0-
ob6pazoBanus B Opuone KJI. PaccMoTpuM ero ocOOEHHOCTH.

2. Opuon KJI

BuxpeBasi cTpykTypa HaOJogaeTcs B IIJIOTHOM MOJIEKY/ISIPHOM oOJiake
OMC-1 razomblieBOoro kKomruiekca TymaHHocTd Opwuona. PaccrostHue
o TyMaHHocTH okoJjio 500 ik u 1 mc myru cootBetcTByeT 0,5 a.e. Temrie-
paTypa rasza He TpeBbIIIaeT HECKOJbKUX HIECITKOB TpamaycoB KenbBrHa.
MolHoe Ma3epHoe M3JIydeHUe MOJIEKYJI BOISHOTO I1apa, COITyTCTBYIOIIEe
rpolieccaM o0pa3oBaHMsI 3BE3M U TUIAHETHBIX CUCTEM, BBIIENSICT TOHKYIO
CTPYKTYPY aKTUBHOIT 00JIACTH.



c d

Puc. 1. Cwmepuu, 6yxrta Jlacniu (Kpbim) (a—c). LleHTpajibHbIe BBICOKOCKOPOCT-
HBle TTOTOKU OKPYXE€HBI HM3KOCKOPOCTHBIMU — BEHUMKaMU. BbIcOTa BEHYMKOB
HapacTaeT Mo Mepe MPUOIMKEHUs K LEHTPY. «YCUKU» — TaHTeHLMaJTbHbIC Ha-
TIpaBJIeHUS TOJTYITPO3PAaYHOI CTEHKM HU3KOCKOPOCTHOTO IOTOKA (¢); BUA cMepya

cBepxy (d)

Fig. 1. Whirlwinds, bay of Laspy, the Crimea. The central high-velocity outflows is

surrounded by the low-velocity nimbuses (a, b). Height of the outflows increases in

process of approach to the center. “Short moustaches” — the tangential directions
of a wall of a low-velocity outflow (c¢). Whirlwind visibility from high height (d)



CriekTpanbHble UBMEPEHMUS B TMHUSAX BoAsiHOTO mapa A = 1,35 cM 1o-
3BOJIMJIM BBIICIUTh W OMpPENeJUTh TOHKYIO TPEXMEPHYIO CTPYKTYpPY ak-
TUBHOU objactu U e€ kuHeMatuky [bepk, 1973; Burke et al., 1971]. O6-
HapyXeHa BbICOKOOPraHW30BaHHAsl CTPYKTypa, Mpeactapisionias coOoi
LIETIOYKY KOMMAKTHBIX KOMIIOHEHT, pacIpeneI€HHbIX BAOJb S-00pa3HOi
BBITSIHYTOM COCTaBJISIIONIEH, COOTBETCTBYIOIIECH WMCKPUBJIEHHOMY JIMCKY,
HaOmomaemMomy ¢ pebpa (puc. 2). PasMmepbl aucka — BUXpSI TOCTUTAIOT
28 a.e.

T T T T
Orien KL, 22GHz H20 supermaser emission J‘
Epoch 1985.8 67kl

a 78kmis f

Y, mas

Epoch 1888.8

887 kmés

30 30 07 LJ 20

X. mas
+ 1982 —ﬁ 1983 1585 41985 1 1991

Puc. 2. Crpykrypa obGmactu 3BE3moobpaszoBanus B Opuone KJI, paspemrenne

¢ = 0,1 mc nyru. S-obpa3Hasi CTpyKTypa — IMCK, HabaiomaeMblil ¢ pedpa (Bepx-

HSIsI 4acTh, @), U IBYCTOPOHHUIA BBIOPOC B yBeIMUeHHOM Maciutabe (b). CKopocTu

KOMITAKTHBIX BKPAIUICHUI NMCKA — TaHTeHLMAJIbHbBIX HAIpaBICHUI PyKaBOB —

COOTBETCTBYIOT TBEpHoTeJbHOMY BpamieHuo. B KOB-uyact HaGmomaeTcs ¢par-
MEHT BbIOpoca (d)

Fig. 2. Structure of star formation region in Orion KL, resolution ¢ = 0.1 mas.
S-shaped structure — the disk observed from an edge, and bipolar outflow in the
increased scale. Compact components in a disk — the tangential directions of arms.
Their velocity correspond to rigid body rotation. The radial component of velocity
of outflows is equal to £0.15 km/s. In SE part the fragment of outflow is observed
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OkpyKalolliee BEIISCTBO Ta30IMbLJIEBOIO KOMILIEKCa MOCTyMaeT Ha
JIUCK, TIEpeTeKaeT MO CIUPaJIbHOW TPaeKTOPUM K LIEHTPY, TaHTEHIIM-
aJbHBIC HAIpaBJIeHUs KOTOPOM COOTBETCTBYIOT IIETIOYKE KOMIIAKTHBIX
KOMITOHEHT. Yman€HHBIM (pparMeHT BbIOpOca HAOMIOHaeTcsl B yHalI€H-
Hoit yactu FOB-nanpaienus (cM. puc. 2) [HdemuueB, MarBeeHko, 2004;
MarseeHnko u np., 2004]. Bo3Hukarouuii M30bITOYHBIN YTJI0OBOH MOMEHT
YHOCHUTCS BpalllaloIIUMCsI OUMOJISIPHBIM MOTOKOM. MI3MeHeHue CKOpPOCTU
OpOUTANTBLHOTO IBUXKEHUST (DParMeHTOB BUXpPsI TOKa3aHbl B MPaBON HUX-
Helt yacTtu (cM. puc. 2a). B pesyaprate KernepoBckoe IBUXEHUE TTOTOKA
Ha Tieprudepun BUXPsT IEPEXOIUT B TBEPIOTENBHOE B IIEHTPATBLHON YacTH
nucka, nuametpom 15 a.e. Ilepuon obOpallleHUs «I1MCKa» COCTaBJSIET OKO-
110 170 netr. CKOpOCTh MECTHOM CHCTEMBI IIOKOSI paBHa 7.56 kM/c. OcTaToK
BellleCTBa BbIMagaeT Ha (popMmupymolleecs LeHTpaabHoe Teno. CKOpocTh
9KEKIIMU BEIIeCTBa 9KCITOHEHIIMAIbHO HapacTaeT Mo Mepe MpUOIMKEeHUS
K LHeHTpy. PaccrosiHue mexay coruiamu paBHo 8 mkc nyru uiau 0,004 a.e.
Pasmepsnl conen He npesbimaioT 3 MKc ayru win 0,0015 a.e. [MaTBeeHKoO,
CuBakonb, 2008]. SIpkocTHas TeMIlepaTrypa Ha BbIXOJI€ COILJIa B Ma3epHOM
U3JIyYEHUM COOTBETCTBYET T, = 10Y K.

bumnossipHbIii MOTOK OPUEHTUPOBAH MPAKTUUECKU B KAPTUHHOM TLJI0-
ckoctu. PaguanbHasi cocTapisioniasi CKOpOCTU JABYCTOPOHHETO BbIOpoca
o Jiyay 3peHus He IpeBbiaeT ~0,15 km/c. CKOpOCTh 33KEKIIUM MOTOKa
B KapTUHHOM TUTOCKOCTH JOCTUTAET V = 5 KM/C. DKEeKTUPOBAHHBIN TTOTOK
YCKOPSIETCSI U Ha PaCCTOSTHUM TIOpsIIKa ~2 a.e. ero CKOPOCTh MPEBBIIIACT
v > 40 km/c [demuueB, MarBeeHko, 2010]. CkopocTh MOJIEKYJ BOAOPO-
Ja B CWJIy OTJIMYUSI MOJIEKYJISIPHBIX BECOB 3HAYMTEIBHO MPEBBIIIAET CKO-
POCTb MOJIEKYJI BOMISIHOTO Tapa, 4To OIpeessieT CTONKHOBUTEIbHYIO Ha-
KavyKy Ma3epHOTO M3JTydeHHUs. B3amMomeiicTBHEe ¢ OKpyXKarolleil cpemoii
KOJUTMMUPYET U yCKOPSIET Bpallalolluecs: NOoToku [AbpaMsiH, MarBeeH-
Ko, 2012]. BpaiiieHue 1moroka yiupseT JMHUIO U COOTBETCTBYET IIEPUOAY
<5 mec [MarBeeHko, 2004]. 'azonnHaMuyeckass HEYyCTOMYMBOCTh UCTEYE-
HUsI BEILIECTBA BBI3bIBAET MPELIECCUI0, ONPEALISIONIYI0 KOHUYECKYIO CIu-
PaJIbHYIO CTPYKTYPY C PACXOASIILIMMCS 111aroM, a peakTUBHOE BO3/1eICTBUE
WCKPUBJISIET IUCK, TIpUaaBasi eMy S-obpasHyto ¢hopMy. OxumaeMblii HU3-
KOCKOPOCTHO# TIOTOK He HaOJIomaeTcsT M3-3a HEeAOCTATOUHOM CKOPOCTH
JUTSE BO3OYXKIEHMST Ma3epHOTO U3ITyUSHUS.

2a. T'a3onbLieBoit Kommieke W 30H

CrpykTypa 007acTM 3BE30000pa30BaHMSI B Ta30IbLIEBOM KOMILIEK-
ce W3 OH wuccrnenoBaHa B OCHOBHOW JIMHWMM THUIPOKCMJIA Ha 4YacTOTE
1665 MI'u, A =18 cm [MarBeenko u np., 2014]. O6vekT W3 OH pacno-
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JnoxeH B pykaBe Ilepcest Ha paccTossHMUM 2,2 KIIC M HAOJOAaeTCsl TIoIe-
PEK pyKaBa, YTO CYIIIECTBEHHO CHMXXaeT BMsIHUE paccesiHus. Habmone-
HUSI C MIpeIeSbHBIM YIJIOBBIM pa3pellieHreM Ha paguouHTepdepoMeTpe
VYceypuiick — EBmaropus mokasalii, YTO MUHUMAaJIbHBIE pa3sMepbl KOM-
MMAKTHBIX CTPYKTYp ~2 MC AYT'M, a UX SPKOCTHAsl TeMIlepaTypa JOCTUTAeT
T, = 102 K. ITonyyeHsl paguokapThl B 00€MX KPYTOBBIX IMOJSIPU3ALIUSIX
¢ paspemeHnreM ot 5 mo 200 mc myru. YT1aoBoit pa3smep B 1 Mc Ayru co-
OTBETCTBYeT 2 a.¢. B cTpyKTypax BBIAENSIOTCS IBa BUXps. KOMITaKTHBINM
UCTOYHUK — 3BE31a, OKPYKEHHAsI IBYMsI IMapaMU KOMIIOHEHT, COOTBET-
CTBYIOLIMX TAHTEHIIMAJIBHLIM HAMpaBJIeHUSIM pPYKAaBOB, HaOJI0JAaeMbIX
¢ pe6pa. Pasmep aucka gocturaet ~260 a.e. Okpyxamlias cpeaa Iepe-
TEeKaeT IO pyKaBaM K LIEHTPY M 9XEKTUPYETCS B BUAE BpallalOLLIUXCS
IOTOKOB, HabonaeMbix Ha paccrostaum no 10%a.e. BsammoneiicTBue
C OKpYKalolleil cpeaoil, yCcKopsieT U KOJJIMMUPYET MOTOKKU. BTopoii BUXpb
HaOIomaeTcs B JIEBOM KPYTroBOI TONSIpU3aui. SIpKoCTHasT TeMIlepaTypa
LEHTPATbHOTO KOMITAKTHOTO MCTOYHMKA paBHa T, ~ 10" K. OpOuTanb-
Hasl CKOPOCTh PYKABOB YMEHbIIACTCS IO Mepe MPUOIMKEHUS K LIEHTY
ot 0,2 km/c Ha pacctossHuu 200 a.e. no 0,1 km/c Ha pacctossHuu ~140 a.e.,
YTO COOTBETCTBYET TBEPIOTEIbHOMY BpalleHU0. OTOXAECTBICHBI IT0-
JIOXEeHUs TPEX MCTOYHUKOB B OPTOTOHAJIBHBIX KPYTOBBIX TMOJISPU3AIINSIX
U OTpenesicHbI pacileluieHusT TuHui. Pa3HeceHre 1Mo 4acToTe JOCTUTACT
Af=£10,6 k', YTO COOTBETCTBYET MarHUTHOMY Ttomio H =7,6 mI'c. Pax
HMCTOYHUKOB HaOJIIOMAIOTCA TOJBKO B OQHOM Tosisipu3anuu. PaccMoTpum
OCHOBHBIEC 00BbEKTHI BecesleHHOI — TrajlakKTUKU.

3. TanakTka

Pe3ynbTaThl CIeKTpaJIbHBIX HMCCIEOOBaHUN B WHGppPaKpacHOM U3IIyde-
HUU CBUIETEJIbCTBYIOT 00 aHAJOTMYHOW KUHEMAaTUuKe Hailleil ['anakTuku.
KennepoBckoe ABMXKEHUE Ta3a B yAAJIEHHBIX YacTSIX PYKaBOB IEPEXOAUT
B TBEPIOTEIbHOE B LIEHTPAJIbHOM YacTu — AucKe (TepeMbluKe), Habto-
JaeMoM ¢ pedpa. MI30bITOUHbBIN YTJI0BOM MOMEHT YHOCUTCSI OUTIOJISIPHBIM
TTOTOKOM, CKOPOCTh M TeMIIepaTypa KOTOPOTO PACTET IO Mepe TTPUOIIIIKe-
HU K HeHTpy (puc. 3, cMm. c. 10).

4. NGC 4258 (M106)

l'anaktuka NGC 4258 oTtHOcUTCS K cel(depTOBCKUMM U TIpeIcTaBisI-
eT co0oli IBYX3aXOAHYIO Ccupajib ¢ AUCKOM (TiepeMblukoit), z = 0,00154
(puc. 4, cM. c. 11). PaccrosiHue no He€ paBHO 6,4+£0,9 Mnk u 1 Mc nyru
cootBeTcTBYET ~0,035 TIK.
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Puc. 3. Pacnipenenienne cKopocTell Ta30BOil cocTaBistioneil [ajakTuky 1mo maH-

HeiM MK-uznydenusi. KemiepoBckoe aBvKeHME Ha Iepudepuu IepexoauT

B TBEPAOTENIBHOE B LIEHTPAIBHOM YaCTU M COMPOBOXKIAETCS BHIOPOCOM OGUITOJISIP-
HOTO IOTOKA, YHOCSIILETr0 U30bITOYHBIN YIJIOBOI MOMEHT

Fig. 3. Distribution of velocities of a gas component of the Galaxy according to IR

radiation. The Keplerian movement passes to peripheries in rigid body rotation in

the central part, accompanied with emission of the bipolar outflow that is carrying
away excess angular momentum

CKOpOCTh LIEHTPAJIbHOM YacTU COOTBeTCTBYeT 472*4 kM/c. B KoH-
TUHYYMe HaOJtomaeTcsi OUITOJISIPHBINA BBIOPOC, ¢ MpeobjiagaHueM U3jyde-
HUSI OMHOTO U3 TTOTOKOB. McTeueHre MOTOKOB onpeesisieT TBEPAOTEIbHOE
BpallleHMe NUcKa, HabiogaeMoro peobpa. MollHoe Ma3epHoe U3JydyeHUe
B JIMHUSIX BOASIHOTO Tapa IMO3BOJIMJIO MCCAEA0BaTh TOHKYIO TPEXMEPHYIO
CTPYKTYpY TaJlaKTUKU. MasepHoe U3Ty4eHUEe COCPEeNOTOYEHO B BYX Tie-
pudepuiiHBIX U OCHOBHOM LieHTpanbHOU Tpymie [Greenhill et al., 1995;
Miyoshi et al., 1995]. PaccmoTpuM nx 0COOEHHOCTH.

Yoaaéunote epynnot

CniekTpaabHble TUHUY YOATEHHBIX YacTel CIIEKTpa OMPEHCIITIOTCS TBYMS
rpynnamMyd MCTOYHUMKOB — TaHTEHUMAJIbHBIM M HaMpaBiIEHUSIMU IOTO-
KOB pyKaBoB (cM. puc. 4). Ilpeobiagaer uzjiydeHue yaaisitolieiics JeBoi
IPYIIIIbI, COCTOSIIIEH MPUMEPHO U3 IIECTU KOMIAKTHBIX UCTOYHUKOB. OHU
pacriojioxkeHbl Ha paccTtostHur 4,5 < R < 8 mc onyrm i 0,18 < R < 0,32 ik
oT neHTpa. CKOpoCTh yHaJ€HHOTO MCTOYHWKA TPYyMIlbl B MECTHOM Cu-
creme paBHa V, = 1245+ KM/C ¥ COOTBETCTBYeT MEPUOLY OOpaIICHUSI
T=1770 nert. CKOpOCTb BHYTPEHHETO ucTouHuka V= 1450%2 km/c u ne-
puon oopaieHust 7'= 700 net [Greenhill et al., 1995 Miyoshi et al., 1995].
HznydyeHue npaBoii, mpubdarKaloencs rpynnbl KOMITOHEHT, COCTOSIIIIEH
U3 TPEX UCTOUYHUKOB, CYIIIECTBEHHO HMXE.
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Puc. 4. Tanakrka NGC 4258 — nByxsaxonnas cniupaib (a). Cnekrp H,O mazep-

HOTO M3JIy4YeHHUs, OIpeaessieTCsl TAHTeHIIMAaIbHbIMU HAIIPaBICHUSIMU PYKaBoB (b).

CkopocTh Tiepu(hepuitHON YacTU COOTBETCTBYET KETUIEPOBCKOMY JABUKEHUIO,

LIEHTpaJbHOII — TBEpHOTeabHOMY BpaieHuio (c¢) [MarBeenko, 2013; Greenhill
et al., 1995; Miyoshi et al., 1995]

Fig. 4. NGC 4258 galaxy — a double helix. A range of H,O of the maser radiation

determined by components of the tangential directions of arms. Velocities of radia-

tion of peripheral part corresponds to the Keplerian movement, central — to rigid
body rotation [MaTtBeenko, 2013; Greenhill et al., 1995; Miyoshi et al., 1995]
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KoMITOHEHTHI pacrmoioxXeHbl Ha paccTossHur 5,5 < R < 6,5 Mc nyru
OT LIEHTpa U UMEIOT OoTpuliaTeNbHble cKopocTu v = —(350—450) km/c (cMm.
puc. 4). CKOpOCTH UCTOYHMKOB COOTBETCTBYIOT KEILIETIJIEPOBCKOMY JIBU-
KEHMIO BOKPYT YE€PHOM ABIPHI, Maccoit M = 3,6'1()7]\15 o CDElHee BpeMs
KPYroBOro ABMKE€HUSI MCTOUYHUKOB ~750 jer. CpeaHsis paauajibHasi CO-
CTaBJIsIoIIast CKOpOCTH aABxXeHus V.~ 10 km/c.

Ilenmpaavnasn epynna

OCHOBHOE Ma3epHOe WU3IyYeHHUE OIpenessieTcss LeHTPAJIbHOM TpyI-
MOl KOMITOHEHT M COOTBETCTBYET TaHTEHIIMAIbHBIM HaIpaBJeHUSIM
CIIUPaIbHBIX TTOTOKOB B 00JlacTU ILieHTpa — aucka [Marseenko, 2013].
B uentpe mpoduns HabmromaeTcss mMpoBaji, pasnessiolldil JTUHUKM Ha
JIB€ TPYMIIbI, COOTBETCTBYIOIIME IIeCTH KoMmoHeHTaM (cM. puc. 4). UH-
TEHCUBHOCTb M3MYYeHUS KOMIIOHEHT OSKCIIOHEHIIMAJIBHO HapacTaeT
no mepe npuoauxeHus K ueHtpy ¢ ~0,4 no ~4 Aun. llupuHa TMHUN U3-
JIydeHUsI KOMIOHEHT He mpeBbimaeT Av < 0,5 km/c. CKOpOCTH KOMITO-
HEHT JiexaT B mpenaejax 55 < v < 55KM/C OTHOCUTENIBHO LIEHTpa Ipo-
buns v, =485t1 km/c. DTO 3HAYEHHME YTOUYHSET BEIUYUHY CKOPOCTH
MECTHOW CUCTEMbI MOKOSI V,¢p = 472F4 xm/c [Greenhill et al., 1995].
HMcTouyHMKM Ma3epHOTO M3IyYeHUs pacIpeneieHbl BIOJb IPOTSIKEH-
HOW CTpYKTYpbl, miuHoi 0,6 Mc myru uan ~0,024 K 1 OpUEeHTUPOBaH-
HO# mox ymioM 83%2°. MasepHble MCTOYHMKU SIBJISIIOTCS TaHTE€HLIMAJIb-
HBIMM HampaBJICHUSIMU JBYX3axogHO#W crmpanu [MatBeenko, 2013].
['pagueHT OTHOCHUTENBHOIO TMOJOXEHUSI KOMIOHEHT OT CKOPOCTH CO-
oteercTtByeT dp/dv=3,70%0,02 MCc 1yr1/KM/C WJIU TpagleHTy CKOPO-
ctu dv/dp =7970%+40 km/c/nk [Greenhill et al., 1995], yto npenmona-
raeT TBEPIOTEJbHOE BpallleHWe IEHTPAJbHOM YacTh AMCKA C TEepUOIOM
T = 750 ner [MartBeenko, 2013].

Ma3sepHoe u3lydyeHue LIeHTpaJbHOW TIPyMIlbl UCTOYHMKOB HayMHa-
ercst ¢ paccrogHusg R = 0,3 Mc nyru unu ~0,01 mK 1 3KCITOHEHIIMAJIBHO
HapacTaeT 10 Mepe MpHOMMKeHWs K meHTpy. Hakauka MasepHOTO U3-
JydeHns — WH(ppaKpacHOe M3JIydeHHe IIeHTpaIbHON obmactu. B camom
LIEHTPEe TIPOMCXOIUT CPBIB Ma3epHOTO U3TYUYEHUS, YTO OTPEIeIsIeTCs TI0-
BBIIIIEHMEM TUIOTHOCTM M TeMIlepaTyphl BellecTBa. Pa3Mep aKTUBHOM
00JlacTi — pasMep coIla BBICOKOCKOpOCTHOro mortoka <0,06 Mc ayru
wm ~0,002 nk. M3nydeHue 3KEKTMPOBAHHOIO IIOTOKA, HaOJIomaeTcs
B KOHTUHYYME.

Ma3zepHoe M3IydeHre BHEITHEH YacTh CIIMPabHON CTPYKTYPHI C Ke-
TJIEPOBCKUM  IBMKCHUEM OTpeNeNsseTcsl CTOJKHOBUTEIbHON HakKay-
KOl — ycKOpeHHeM MOTOKOB. IToBbIIIIeHHAs! CKOPOCTh MOJIEKYJT BOAOpOAA
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OTHOCUTEITBHO MOJIEKYJT BOASTHOTO ITapa ONpeae/IsieTCsT 3HAYMTEIbHBIM OT-
JareM nx Macc. [ajiee OTHOCUTENIbHAs CKOPOCTh MOJIEKYJI BhIpaBHUBA-
eTCsl — CHUXKAETCsI HaKayKa Ma3epHOTro uanydyeHust. [1pu npubamskeHUn
K LEHTPY HauMHaeT paboTaTh pamgralMioOHHas HaKayka — WHGpPaKpacHOe
M3JIydeHre O0JIaCTH siipa U Ma3epHOEe M3JIydeHHe DKCIIOHEHIIMATbHO Ha-
pactaet [MarBeeHko, 2013].

5. JIe0oean A

HccnenoBanusi CBEPXTOHKOW CTPYKTYPhI psifa OOBEKTOB C aKTUBHBIMU
sapaMd B JOWana3oHe MUJIIMMETPOBBIX — CAHTUMETPOBBIX IJIMH BOJH
B KOHTUHYYME YCTAHOBUJIM aHAJIOTUYHbIE OCOOEHHOCTU CTPYKTYPHI U KU-
HeMmatuku. PaccmMorpuM paguoranaktuky Jebeas A (z=0,056), KoTtopas
yaajieHa Ha pacctosinue 249 Mric, u 1 mc nyru cootBetcTByeT 1,13 k. 310
OIHAa M3 HEMHOTMX TaJlaKTUK, B KOTOPOI HaOJomaeTcs IBYCTOPOHHUIA
BBIOPOC — JKET U KOHTPIXKET (puc. 5). B uHbpakpacHOM U3Ny4yeHUN SIp-
KOCTbh KOHTPJKETa TMpeBbIlIaeT SIPKOCTh AXeTa. HarmpapieHue axkKeKuu
MOTOKa JXeTa B KapTUHHOM TJIOCKOCTU OTHOCHUTENIbHO JUCKA COOTBET-
cTByeT yrry okono 50°. HaGimomaeMoe MOTeMHEHUE LEHTPATLHON YyacTu
ornpeneisercs moraomeHeM MK -m3mydeHrs mbIIbIo TUCKa.
HccnemoBaHusT TOHKOI CTPYKTYpBI TaJaKTUKWA Ha BOJIHAX MUWJUIHA-
METPOBOTO NMamna3oHa ¢ YIJIOBBIM pasperneHueMm ~0,1 Mc myru moxasa-
JIU, 4TO pa3Mephl IKeTa MPEeBBIIIAIOT pa3Mepbl KOHTpIXKeTa Oojiee 4em
B JBa pa3a (cM. puc. 5a). bunoaspHblii BBICOKOCKOPOCTHOM MOTOK Peisi-
TUBUCTCKOM TIJIa3Mbl PACIONOXEH MEXIy IBYX IOJOCOK, YIoJl pacxoX-
JIeHUsI KOTOPbIX paBeH ~4 (cM. puc. 5h). CKOpoCTbh UCTEUEHUsI BBICOKO-
CKOPOCTHBIX TTOTOKOB He mpeBbimaeT v < 0,06c. [Ipu aToM oTMmeuaeTcs
YCKOpEHHUe JKeTa 10 BUAMMOM OKOJIO CBETOBOI cKopocTu 3= 1 Ha pac-
CTOSIHUM OKoJio 1,5 Mc myru wiau 1 nK, gajee MPOMCXOAUT 3aMeJIeHUe
(cM. puc. 5¢) [Boccardi et al., 2014]. Ha nnuHe BoaHBI A =2 cM TIpu
paspemieHUM A0 ¢ = 20 MKC YT BBIACISIETCS CBEPXTOHKAsl CTPYKTY-
pa [MarBeenko, CenesHes, 2015a]. Pazmepbl koHTpmxkera <0,8 MC ayru
CYIIIECTBEHHO MEHBIIE KeTa ~3 MC IyTd, YTO OIpeAessieTcs YCKope-
HUEM TocliemHero. SIpKocTHas TeMreparypa MOTOKa Ha BBIXOAE COTLIa
cooTBeTcTBYeT T, = 410" K. LleHTpaNbHBIN BBICOKOCKOPOCTHOI OM-
MOJIAPHBINA TOTOK PACIOJOXEH MeXAy MapaieJIbHBIMUA 1IeToYKaMu
KOMITaKTHBIX KOMITOHEHT, pa3dHec€HHBIX Ha ~0,7 mc nyru mim ~0,75 nx.
Llermoyky COOTBETCTBYIOT TAaHTEHIIMATLHBIM HAIIPaBICHUSIM CTEHOK HU3-
KOCKOPOCTHOrO noToka (cMm. puc. 5d). Ilpu paspemenuu ¢ = 50 MKc nyru
u @ = 100 MKc ayru (cM. puc. Se U f) BBIICISIOTCS MPOTSKEHHBIE COCTaB-
JITIoIMe LeMoYeK U Ha Tipenesie oOHapyKeHWsI KOMIIOHEHTHI CJISAYIOIIeTro
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HU3KOCKOPOCTHOTO TOTOKa AuameTpoM 1,8 Mc myru uim 2 1K, OTMEUYEHbI
3B&3M0YKaMM. JluaMeTpbl OKpyXaloluX TPyOOK — HU3KOCKOPOCTHBIX
MOTOKOB cooTBeTcTBYIOT ~(0,75mK m 2mnkK. B creHKax Bpamiaroniuxcs
TJIa3MEHHBIX TPYOOK BO30YXKHTAIOTCS KOJBIIEBBIE TOKH, CKUMAIOIIUECS
B KOJIbIIa, TAHTEHIIMATbHbIC HAITPABIECHMSI KOTOPHIX HAOIIONAIOTCS B BUJIE
3BeHbEB 1ienovek. KombleBble TOKU (OPMUPYIOT MarHUTHbBIE TMOJST TUMA
COJICHOUZIa, HaMpaBJieHHbIE BAOJAb OCHU KOAKCHUAJIBbHOTO OUIMOJSPHOTO
MOTOKA.

—7——7—7—7 sF T+~ T T 1
® New 15 GHz data
& Previous 1522 GHz data

L 4 ®  New43 GHz data 1
0.51- 7] +

y [mas]
=3
T
5
p‘ﬂ"

3 2 1 0. L 2 & 4 e
x [mas]

b c

Puc. 5a—f. Ctpykrypa OMMIOISIpHOTO MMOTOKa McToyHMKa Jled A, A = 7 MM: pa3pe-

menue @ = 0,1 Mc 1yru (a); HUBKOCKOPOCTHBIE MTOJIOCKU OKPYXKAIOT LIEHTpaIbHbII

BBICOKOCKOPOCTHOI MOTOK (b); 3aBUCMMOCTh BUAMMOI CKOPOCTh BKpaIlJIEHUM

BBICOKOCKOPOCTHOTO TIOTOKa OT paccrosiHus (¢) [Boccardi et al., 2014]; Tonkast

CTPYKTypa OMIIOJSIPHOIO MOTOKa, A =2 cM, paspemeHue ¢ = 20 Mkc ayru (d)

[MarBeenko, CenesneB, 2015a]; ¢ = 50 mxc ayru (e); ¢ = 0,1 mc nyru (f) (ripo-
TOJDKEHME M OKOHYAHKE PUC. 5 ¢M. Ha ¢. 15 1 16)

Fig. Sa—f. Structure of a bipolar outflow Cyg A, A =7 mm, resolution 0.1 mas (a).

Double low-velocity strips (b). Dependence of the visible velocity of fragments of

a high-velocity outflow from distance (c) [Boccardi et al., 2014]. Fine structure of

a bipolar outflow Cyg A, A =2 cm, resolution ¢ = 20 uas (d) [MarBeenko, Cenes-
HeB, 2015a], @ = 50 uas (e) and @ = 0.1 mas (f)
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LleHTpanbHbBIA BBICOKOCKOPOCTHOM [KET HauMHAET HaOII0AAThCS
TOJBKO ¢ paccTosiHus 0,2 Mc gyru (cM. puc. 5d). TToHMKeHHOe U3TyYeHUe
3TOI 06J1acT! HabTI0MaeTCsd M Ha MIJLTUMETPOBBIX BOJIHAX U OTIpeIeIsieT-
cs TIOMIOLIEHMEM B TEIIOBOM IJIa3Me JAMCKA B OTJIMYKME OT MOTJIOIICHMUS
B UK-crniekrpe Ha MbIIEBOI COCTABIISIOLNIEN.

6. Paguoranaktuka M 87

Pannoucrounuxk [leBa A — Gnukaiiiiasi raJakTUKa ¢ XapakKTepHOU CTPyK-
TYPO#1 SIIPO — OMHOCTOPOHHUI JKET, HAXOMUTCS Ha paccTosSHUM 16,75 K
1 1 MC IyTM COOTBETCTBYET 78 MIK. DTO OOMH U3 MEPBBIX OOBEKTOB,
CTpyKTypa KoToporo uccienoBajach metonom PCJIb Ha mivHe BOJHBI
A =18 cM (puc. 6) [Biretta, Jwen, 1995; Reid et al., 1989].

Ckopoctu BKparuieHuit B mxkete HeBeauku v = (0,03+0,02)c. O6pa-
11aJIOCh BHUMaHME Ha BO3MOXKHbIN JIMMO, OKPYXAIOLIUHI JIXKeT, U HaJln4ure
koHTpmKeta. Kak ciemyeT m3 HaOMoaeHU Ha BOJIHE A = 2 CM, CKOPOCTb
BKpaIUICHUI, PaCIIOJIOXEHHBIX Ha paccTossHuu g0 p = 0,5 mk oT snpa,
paBHa v = (0,04%+0,02)c u Bo3pacraet 10 (0,5—1)c Ha paccTostHUU P = 1 TIK
u 2c Ha p =200 nk coorBercrBeHHO|[Kellermann et al., 2004] u nanee
o 6¢ Ha pacctogHuu 500 K. DTO TIpearnojaraeT ycKopeHue IMoToKa Ha
BCEM MPOTSKEHUU JKeTa U TOATBepKaaeT npeamnojoxeHue HIKmoBcKoro
[[xmoBckmit, 1969] o KoMITeHCAIIUK TTOTePb U3IYUYEHUST PEIITUBIUCTCKIX
3JICKTPOHOB.
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Clean I map. Array: BFHKLMNOPS
1228+126 at 8.108 GHz 2006 Jun 15
o~

| | | a4
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Right Ascension (mas)
Map center: RA: 12 30 49.423, Dec: +12 23 28.044 (2000.0)
Map peak: 0.753 Jy/beam
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Puc. 6a—f. Ctpykrypa mxera panuoraiaktukvu M 87, A = 18 cM 1 aKTUBHOI YacTH
JKeTa, A= 6 cM (a); BHICOKOCKOPOCTHAsI M HU3KOCKOPOCTHASI COCTABJISIONINE OM-
noJisipHoro noroka M 87, A= 3 cM, smoxa 15.06.2006, ayu @ = 0,05 mc ayru (b);
OUMOJISIPHBIA BBHICOKOCKOPOCTHOU CHUpaIeBUAHBINA MOTOK C MEPEMEHHBIM IIa-
rom A =2 cM B yBeJM4eHHOM MacuiTabe, @ = 0,1 mc ayru (c); criag MHTEHCUBHO-
CTU M3JyYeHUsI IKeTa M KOHTPIXKeTa B OTHOCUTEIbHBIX enuHULax (d); Oumosip-
HBII TTOTOK, A =2 cM, anoxa 15.06.2006, xyu ¢ = 0,05 Mc ayru (e); OUITOISIPHBIIA
motok, A= 0,7 MM, aroxa 2004.26, nyu ¢ = 0,3%0,06 mc nyru (f) (mpoaoKeHne
¥ OKOHYaHUe puc. 6 cM. Ha c. 18 u 19)

Fig. 6a—f. Jet structure of a radio galaxy of M 87 on wavelength A= 18 cm,

A=06cm (a). High-velocity and low-velocity outflows of M 87, A =3 cm, epoch

15.06.2006 ¢ = 0.05 mas (b). Increased scale: a disk and a bipolar high-velocity

helix outflow with a variable step A =2 cm, a beam @ = 0.1 mas (c). Decreasing

of intensity of radiation of jet and a counterjet in relative units (). Bipolar out-

flow A =2 cm, 15.06.2006, ¢ = 0.05 mas (e). Bipolar outflow A =0.7 mm, epoch
2004.26, ¢ = 0.3%0.06 mas (f)

17



18

Ty4:0.1 mcek YpoBHm, % :0.5125 10 20 30 40 50 60 70 80 90

T T T T T

N

Lo b bl iia by

3 pekabps 2004 + 15 nioHA 2006
C

M87

¢

KONMPONCENE = NEPEULHOE NITYHEN UL
PEIRMUSHYCINCKUN ATEKMPOHOE
|

Brightness . %
g

Hcem - nocieceenenne
|
"l. PEVANUBUCHICKIX
} TEKMPOHOE — Y CROPERUE

¢
Ir'e

0 —35—*"7*—'——. .
T T T
00 05 1,0 1 5 2 0 2 5 3\0 35 40
P, Mcek
o= pxet o - KOHTP-meT

Clean I map. Array: BFHKLMNOPS
1228+126 at 15.365 GHz 2006 Jun 15

2
T
°

(mas)
i
¢
AN
')
o
. ®

b &

.5‘_‘ %,V o ? o -
;_g S e & y ’5w<5' °
ol a%ﬁ”ﬁa g !
o

g ﬁ%“ a'

g Tk .

<Tl 1 1 1 ﬂ 1 1
2 0 -2 —4 -6 -8 =1t
Right Ascension (mas)

Map center: RA: 12 30 49.423, Dec: +12 23 28.044 (2000.0)

Map peak: 0.562 Jy/beam

Contours %: 0.35 0.5 1 2 5 10 20 30 40 50 60 70

Beam FWHM: 0.05 x 0.05 (mas) at 0°

T T T T T T T T T T T T

) 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 05 0.55
Jy/beam

e

Puc. 6. [IponomkeHue (Hayano cM. Ha c. 17, okoHYaHUe — Ha ¢. 19)



ST Un

77T ' G AT U TR
—l'(ﬁno w0240 ! ORI “_LC\I 3 \’\\)\’ D@ o b ‘JD LY &‘J%‘“‘L—
1

n o'N L

) q AN QO B

ALy 4.26: 2 1 N
o 1N X D W/
S 09 N LY D\ '0 '

AV
) q

o

¥ 1 1
-~ 0 - ¢ ) ( 00
A el 20
3otved i) Sy O Jego B gD WA
)
100
. ¥
W
1 H i
s f
’ W Y15
OF YW AR L0
-1 o) ,;'@‘ 090 (QC,’ ) (:’ \’;g
D O 5 alt D vl
2 0 2 -4 5 ) 10

Puc. 6. OxoHvyaHue (Hauajao cM. Ha c. 17)

HccrnenoBaHusi CBEPXTOHKON CTPYKTYPhI TFaJJaKTUKKW Ha JUIMHAX BOJH
A =2 u 3 cM TmoKazajiu, 4YTO IMaMEeTP BBICOKOCKOPOCTHOIO OUMOJISIPHOTO
noroka He npeBbiinaeT 0,05 Mc nyru unu ~4 Mnk [MarBeeHko, Cenes-
HeB, 2011, 2014, 20156]. CnupanbHast CTPYKTypa BBICOKOCKOPOCTHOTO
MTOTOKA JKeTa M KOHTPIDKETA SIBIISIOTCS 3¢pKATbHBIMUA OTPAKEHUSAM JIPYT
npyra. HaGaiomaemoe otiMuyue pa3MepoB IMOTOKOB B ~2,5 pa3a omnpenesi-
€TCs1 TIOBBILIEHHON CKOpOCThIO mKeTa. [1oToK OKpyKEH MapasuiebHbIMU
LIEMTOYKaM1 KOMIIOHEHT, COOTBETCTBYIOIINX TaHT€HIIMATbHBIM HaITpaBiie-
HUSIM CTEHOK HU3KOCKOPOCTHOTO ITyCTOTEJIOr0 MOTOKa (CM. pucC. 6b U c¢)
[MatBeenko, Cenesnen, 2011]. JIluamerp TpyOKu keTa yBeJUUMBaeT-
cs o Mepe ynaneHust ¢ & = 1,0 mc ayru (0,08 k) Ha BbIXOA€E coruia U A0
@ =2 wmc nyru (0,16 nK) B ynanéHHoi yactu. HU3KOCKOPOCTHOI KOHTp-
JIKEeT Ha BOJIHE 3 CM MMeeT YKOPOUEHHbIe pa3Mephbl U (hopMy THIIA pacTpy-
6a (cM. puc. 6b), ornpenessieMyo yMEHbIIEHHEM IUaMeTpa COIlia B Tede-
HUE 3KEKIMU TTOTOKa.

LenTpanbHas obnacTh sapa rajakTuku MS87 Ha BosHax A=2cM
B YBEIMYEHHOM MacIlTabe moka3aHa Ha puc. 6¢c. B 1ieHTpe BbImesseTcs
CTPYKTypa — IHUCK, HaOIIOmaeMblii ¢ pedpa U OpUEHTUPOBAHHBIN OPTOTO-
HaJIbHO BBICOKOCKOPOCTHOMY OMIIOJIIPHOMY MTOTOKY. BBICOKOCKOPOCTHOIM
MOTOK MMeeT crhupajeBUIHY0 (Gopmy. SpKocTHasi TeMrepaTypa MoTokKa
Ha BBIXOJIE€ 9KEKTOPA Ha BOJIHE A = 2 cM fnocrturaer 7, = 10" K.

PamnonsnydeHne 9XKeKTUPOBAHHBIX PEISITUBUCTCKUX 3JCKTPOHOB
OUIIOISIPHOTO TTOTOKA 3KCITOHEHIIMATLHO CITafaeT IO MMHUMAJIBHO 00-
Hapy>XMMOI'0 ypoBHS Ha paccTossHuM ~1 wMc nyru mwim ~0,08 nk (cM.
puc. 6d). OqHaKo paavou3ayyeHue pesSITUBUCTCKUX 3JIEKTPOHOB JKeTa
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HaOJII0aeTCs JajeKo 3a MpeaejaMu BpeMeHU X BbICBEUMBaHUSI. Y CKope-
HUE TMOTOKa JKeTa KOMIIEHCUPYET MOTepy U3JydeHUs U OIpeaessieT IMo-
cJiecBeUeHMe JKeTa 3a IpefejiaMu pPacCTOSIHUIMA, OoTipeiesisieMbIX BpeMeHeM
nx xku3Hu. C BUAMMON nepudepuitHON 4acTu AucKa IMPOUCXOIUT IKEK-
11151 HU3KOCKOPOCTHOTO OUTOJISIPHOTO MOTOKA — MapalJIeJIbHbIX 1IETIOUEK.

IMporsk€HHAsT CTPYKTypa OMIOJISIPHOIO MOTOKA TaJIAKTUKU Ha BOJTHE
A =7 mm, paspemenne 0,3%0,6 Mc ayru, mpuBeaeHa Ha puc. 6f. B mortokax
BBIIESIIOTCS SIpKMe BKparuieHusl. JluaMmeTp HU3KOCKOPOCTHOIO TTOTOKA —
TpyOKku yBenuuuBaetrcs ¢ ~0,1 nk Ha Bbixoae coruia a0 ~0,2 nK B yAai€H-
Hol yactu. Bo Bpalaroiuxcst Tpyoka Bo30yX1al0Tcsi TOKU, CXUMAIOIIM -
ecs B KOJIblla, TaHTEHIUMAJIbHbIE HAMNpaBJIeHMUsI KOTOPbIX HaOJIONAIOTCS
B BUJIE 1IeTIOYeK KOMNOHEHT. KoJiblieBble TOKM 00pa3yloT MAarHUTHOE T0JIe
TUMA COJIEHOUIA, COOCHOE MOTOKY.

7. Ucrounuxk 1803+784

Bl Lac o6bekT, KpacHOe cMellieHre Kotoporo z = (0,68 HaxomuTcst Ha pac-
crogauu 2700 Miic, u 1 Mc myru cooTBeTcTBYeT ~5 nK. Ha paguoxapte ra-
JIAKTUKM Ha BOJIHE A = 18 CM C YIJIOBBIM pa3pelieHueM ¢ = 2 MC IyTU Wiu
10 mk HaOMOmAeTCs KOMITAKTHOE SIAPO M KOHYCOOOpPa3HBIM IKET C WC-
KpUBJIEHHOU ocbio (puc. 7a), snoxa 1993.4 [bpuruen u ap., 2001; Brit-
zen et al., 2005]. I1pu yrinoBom paspeuieHun @ = 0,1 Mc 1yru BblaensieT-
¢Sl BBICOKOCKOPOCTHO# KOHTpIKET U IKeT (puc. 7b). ITukoBoe 3HaueHuUe
UHTEeHCUBHOCTU u3nydyeHust 0,372 SIH/ayd COOTBETCTBYET KOMMAKTHOMY
HWCTOYHUKY Ha BBIXOJE COIlJIa KOHTP/XeTa, SIPKOCTHasl TeMIepaTypa Ko-
Toporo pasHa T, = 23:10" K. WznyyeHue mkeTa HauyMHAET IIPOSIBIISITHb-
¢ ¢ paccrosinust 0,6 Mc oyrd uin 3 K IPU BBIXOJE 3a IIpeAesibl 3aTeHe-
HUS IUIOTHOM 4acThio Aucka. CoOIUIO OKPYKEHO KOJbLIEBOM CTPYKTYpOM
C BKparuieHusiMu auameTpoM & = 2,7 mc nyru unm 14 nk. Kosbiio npen-
CTaBJISIET COOOI COIMJIO HU3KOCKOPOCTHOTO MOTOKA, OKPYXKAIOIIEro BbI-
COKOCKOPOCTHOI JIXKeT U OIpedesieT BUIUMYI0 NepudepuitHyio 4acTb
JICKAa OPUEHTHPOBAHHOTO IapajuleIlbHO KapTMHHOM TIIOCKOCTH. TaH-
TeHIIMaJTbHBIC HAIIpaBJIeHUSI HU3KOCKOPOCTHOTO MOTOKA JKeTa — CTEHKHU
TPYOKM HaAOJIIOJAIOTCS B BUIE TMapajUIeIbHbBIX TTOJOCOK ¢ BKPAILIEHUSIMM.
JunameTrp TpyOKM COOTBETCTBYeT nuamMeTpy coruia (puc. 7b). Habmonae-
MO€ pacUIMpeHNe HU3KOCKOPOCTHOrO MOTOKA KOHTPHAXETa C ylajJeHUueM
OT 32XEeKTopa TuMa pacTpyba ompeaessieTcsl 3aMeIeHUeM YMEHbIIEHUS
IUaMeTpa coItjla TT0 Mepe 2KeKIUHW. AHallormuHas ¢dopMma TTOTOKAa W Y
JKeTa, HO OHa CIJIaXKMBaeTCs OOJIBIION JUTMHOM, TIPeBhIIIAloNIeit pa3mep
KOHTpIXeTa 0ojiee yeM B 4YeThipe pasa. JnameTp BHEIIHETO HU3KOCKO-
POCTHOTIO MOTOKA JIKeTa paBeH 4,2 Mc ayru (puc. 7b).
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Puc. 7a—f. Pamuousobpaxenus BL Lac o0bekta 1803+784, A=18cMm,

¢ =2wmc ayru (a); @ =0,1 mc nyru (b); A=3cMm, @ =0,05mc nyru (¢); A=2cm

¢ =0,1mc nyru (¢c); A=7mm, @ = 0,02 Mc ayru (e); B HOJSIPU30BAHHOM U3JTyde-
HUHU (f) (MpofoIKeHUEe U OKOHYAaHUE PUC. 7 CM. Ha ¢. 22 u 23)

Fig. 7a—f. Radio images of a BL Lac object 1803+784 on wavelength A = 18 cm,
¢o=2mas (a), and ¢=0.1mas (b); A=3cm, ¢=0.05mas (c¢), A=2cm,
¢ = 0.1 mas (d), and A =7 mm, ¢ = 0.02 mas (e)
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Clean I map. Array: BFHKLMNOPS
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Ha ©Oojee BBICOKMX 4acTOTaxX BBIACHSIOTCS (pparMeHThl CTPYKTYDbI
BOIM3U sapa [MarBeeHko u ap., 2010]. Ha nauHe BoiHBI A = 3 cM C pas-
pewreneM B ¢ = 0,05 mc oyru, snoxa 2006.09.06, kak u paHee, HaGIIO-
JaeTcsT KOJIblIeBask CTPYKTypa ¢ ¢pparMeHTaMH, COOTBETCTBYIOIIAST COTLITY
HU3KOCKOPOCTHOIO II0TOKA, AuamMeTrpoM 1 mc nyru wuian 5 nk (puc. 7c).
Hznyuenue camoro aucka He mpesblmiaeT 0,2 % IMHMKOBOrO 3HAYCHUS
I=1,21 SIu/ny4. SApkuii KOMIAKTHBIA MCTOUHUK — COIJIO KOHTPIAXETa
U caM KOHTPXKET — HaxoIsTCsS Tepea AUCKOM, ero SipKoCTh JOCTUTaeT
T,= 1210 K. Ixer 9XKEKTUPYETCSI B IMPOTUBOIIOJOKHOM HAaIlpaBICHUN
U CTAaHOBUTCSI BUAVMMBIM TOJBKO C paccTrosHus 0,4 Mc Ayru uin 2 K IIpu
BBIXONIE 3a TMpeeibl IUIOTHOM TMOIJIoIalonield yacTu aucka. JXeT okpy-
JK€H HU3KOCKOPOCTHBIM MOTOKOM, TaHTEHIIMAJIbHbIE HANpaBiIeHUsI KOTO-
poro HaOI0AaI0TCS B BUAE TMapasUle/IbHBIX HeMoYeK. DTa CTPYKTypa Ha-
OiromaeTcsl M Ha JJIMHE BOJHBI A = 2 cM, 3moxa 1997.03.13, paspelieHue
¢ =0,1 Mmc nyru (puc. 7d). C TOBBIIIEHUEM YaCTOTHI JXKET HaOJIIomaeTcs
¢ MeHblIero paccrosiHus, pasHoro 0,2 mc nyru unu 1 nk. Ha BonHe 2 cm
BBIACIISIOTCS (PparMeHTHI M BHYTPEHHETO HU3KOCKOPOCTHOTO TTOTOKA AUa-
metpoMm ~0,3 mc nyru unu ~1,5 nk. Ha nauHe BomHBI A =7 MM, 3I0Xa
2000.04.05 paspemienue ¢ = 0,02 Mc Iyru IKeT HaOJIIOZAETCS C PacCTos -
Hust 0,12 mc myrv wm 0,6 TIK.

[lukoBoe 3HaueHWME Ha BBIXONE COIDIa KOHTPIKETa pPaBHO
1=0,46 Su/nyy wu T, ~10"? K. JAnaMeTp KOJbLIEBOM CTPYKTYPhl — HU3-
KOCKOpPOCTHOro maxeTa paBeH 0,23 Mc ayru win 1,2 1K, YTO COOTBETCTBYET
pazmepy 6u3eXkalero HU3KOCKOPOCTHOIO coria. JluaMeTp moToka yse-
JINYMBAETCS MO Mepe yaaleHus 10 2,5 MK Ha paccTosIHUM 1,5 Mc nyru uin
8 ik (puc. 7e). lleHTpanbHasi 00JacTh ¢ KOJbLIEBON CTPYKTYpOUl TpuBe-
JleHa B YBeJIMYEHHOM MaciuTtabe Ha puc. 7f. 3mech ke oTpe3KaMy TPSIMBIX
JIMHUN TI0Ka3aHO pacmpenesieHne TOISIPU30BaHHOTO W3JIyYeHMS, OpPH-
€HTUPOBAHHOTO TPAKTHUUYECKU OPTOTOHAJIBHO KOJIbIly [MaTBeeHKo U Ap.,
2010; Matveenko et al., 2010]. SIpkocTb BHICOKOCKOPOCTHOTO TOTOKA Ha
BbIxozie coruia coorserctByeT /= 1,21 fn/nyd wmm T, = 1012 K.

8.3C 345

M3zBectHbIil kBazap (z = 0,595), yman€unbiii Ha paccrosgHue 2500 Mric
n 1 Mc myru, coorBercTByeT 3,79 mK. CTpyKTypa COIEPKUT SIIPO M OTHO-
CTOPOHHUI IKeT. B IIeHTpalbHOM 00J1acTH HAXOIUTCS TETIOBas TuIa3Ma,
HaOJoIaeMast B SMUCCMOHHBIX JIMHUIX B onTHKe. [lomolieHne B peKoM-
OMHALIMOHHBIX PAIUOJIMHUSX TPEXCAHTUMETPOBOTO JAMAIla30Ha ITOKAa3aJu,
YTO TEIUIOBas IIa3Ma 3KpaHMpyeT o0jacTh siapa (puc. 8a) [MarBeeHKO
u ap., 2005].
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Puc. 8a—j. Ksazap 3C 345. IIpoduinb peKOMOMHALMOHHON pPAagUOJIMHMU T0-
[JIOIIEHUST TPEXCAHTUMETPOBOIO JMara3oHa paauvoBOJH (a); CTPYKTypa KBasapa
Ha IJuHe BOJHBI A = 7 MM, anoxa 13.08.2012, paspemenue ¢ = 0,15 mc ayru (b);
CBEPXTOHKasl CTpyKTypa KBaszapa, Jy4 ¢ = 20 mkc nyru, smnoxa 2001.04.15 (c);
CTPYKTypa LIEHTPAJbHOI YacTU B yBeJIMYeHHOM Maciutade ¢ = 20 MKc ayru (d);
yCpemHEHHOE pachpeneieHue SIPKOCTH, OTPe3KU JIMHWUI COOTBETCTBYIOT TIO-
JISIpU3alMu  U3NydyeHus (e); U3MEHEHUE WHTEHCUBHOCTM W3JIydYeHUs OuIio-
JISIpHOTO TOTOKa (f); CTpyKTypa KBazapa A =2cMm, Jyd ¢ = 20 MKC AyTd, 3Ioxa
2000.02.04 (g); myu @ = 50 mxc ayru, snoxa 2012.11.02 (h); ayy ¢ = 20 MKc ayru,
snoxa 1998.10.30 (/). KuHemarnka ¢parMeHTOB BBICOKOCKOPOCTHOTO [IKETa,
A =7 MM (j) (MpoIo/KEHNE U OKOHYaHUeE puc. 8 cM. Ha ¢. 26—30)

Fig. 8a—j. Quasar 3C 345. A profile of the absorption recombination radio line at
3 c¢cm band (a). Structure of a quasar on wavelength A =7 mm, an 13.08.2012, res-
olution @ =0.15mas (b). The superfine structure of a quasar, beam ¢ = 20 pas
an epoch 2001.04.15 (c¢). Structure of the central area in the increased scale
@ = 20 uas (d). Average distribution of brightness (e), pieces of lines correspond to
polarization of radiation. Change of intensity of radiation of a bipolar stream (f).
Structure of a quasar, A =2 cm, beam ¢ = 20 pas an epoch 2000.02.04 (g); beam
@ = 50 pas an epoch 2012.11.02 (h); beam ¢ = 20 pas an epoch 1998.10.30 (i). Kine-
matics of fragments of high-velocity jet A = 7 mm (j)
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3C345 at 15.361 GHz 2000 Feb 04
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8

Puc. 8. IIponomkenne (Hayaao cM. Ha c. 25, okoHyaHue — Ha ¢. 30)



Relative Declination (mas)

2

0

Clean I map. Array: BFHKLMNOPS

1641+399 at 15.357 GHz 2012 Nov 02

T F T T

0.2

0

Right Ascension (mas)

Map center: RA: 16 42 58.818, Dec: +39 48 37.023 (2000.0)

Map peak: 2.4 Jy/beam

Contours %: 0.2 0.5 1 2 5 10 20 30 40 50 60 70 80

I
-0.2

O
o
" I N [ ! L O I
2 0 -2 -4 -6 -8 -1t
Right Ascension (mas)
Map center: RA: 16 42 58.810, Dec: +39 48 36.994 (2000.0)
Map peak: 2.22 Jy/beam
Contours %: 0.1 0.2 0.3 0.4 0.5 0.7 1 25 10 20 30
Contours %: 40 50 60 70
Beam FWHM: 0.05 x 0.05 (mas) at 0°
r T T T T T T
] 0.2 0.4 0.6 08 1.4 1.6 1.8 2.2
Jy/beam
Clean LL map. Array: BFHKLMNOPS
1641+399 at 15.335 GHz 1998 Oct 30 =
T T 5 o_
©
Lo
©
o~ (2]
ol 2
> S
4 o
S r o
= =
o
c —
<] X
] <
g o <
g §
a N
o
o I
2 M
5 s
& 3
o o
oI |
[ 0
>
[ <
a
1 " 1 s 3
)
|
0
7
o
o
I

Contours %: 90 99

Beam FWHM: 0.02 x 0.02 (mas) at 0°

Puc. 8. [ponomkenue (Hayano cM. Ha c. 25, okoHUYaHue — Ha ¢. 30)

1

29



o T — 0]

1998 1999 2000 2001 yr

Puc. 8§

Puc. 8. OkoHuaHue (Hayajao cM. Ha c. 25)

B 5T0i1 cBS131, LIeHTpaJibHasA 00JIACTh SApa MPaKTUYECKN BUAHA JIUIIb
Ha KOPOTKOBOJIHOBBIX CAHTUMETPOBBIX IJIMHAX BOJH. MccienoBaHus TOH-
KOI CTPYKTYpbl KBazapa Ha JUIMHAX BOJH A =2 cM U A =7 MM ¢ paspelie-
HueM @ = 20 MKC AYr'M YCTAHOBWJIM HaJuW4yue KOHTP/KeTa U IMO3BOJUIU
ompenesMTh ero ocodeHHoctu (puc. 8b) [MarBeenko, CuBakoHb, 2013;
Marseenko, Butuen, 1999]. CtpykTypbl IxkKeTa U KOHTpPIXKETa COOTBET-
CTBYIOT pacXofsileiics CIMpaan ¢ IIepeMEHHBIM IIarOM YU UCKPUBIEHHOM
OCBIO U SIBJISIIOTCS 3€pKaJIbHBIM OTpaXkeHueM JApyT apyra (puc. 8c¢). CTpyk-
Typa OHUIIOJISIPHOTO TOTOKA B YBEJIMUEHHOM MaclluTabe Ha JJIMHE BOJI-
HBI A =7 MM, smoxa 5.04.2000 mpuBeaeHa Ha puc. 8d, MUKOBasl SIPKOCTb
Ipeak= 0,876 SIu/myu u ycpemaénHoM Buae Ha amoxu 24.01.00—15.04.01
(puc. 8e) Ipeak ~ 1,0 An/myq.

Pasmepnl 13keTa MpeBBIIAIOT KOHTPIKET IIPUMEPHO B CEMb pa3, UTO
orpeneisieTcsl ero yckopeHuem (puc. 8d). ApkocTHast TemnepaTypa 3:KeK-
Topa nocruraet T, = 2:10"? K. SAPpKoCTh BHICOKOCKOPOCTHBIX IMTOTOKOB 3KC-
MOHEHIIMAJIBHO CIaJaeT Ha pacCTOSIHUU A0 P = 2,5 MC AYTU, YTO Oonpefe-
JISIETCSI BHICBEYMBAHUEM 3KEKTUPOBAHHBIX PEISITUBUCTCKUX 3JEKTPOHOB
(puc. 8f). YckopeHre moToKa KOMIIEHCUPYET ITIOTEPH 3JEKTPOHOB, Y U3JTY-
YeHHUe JKeTa HaOmogaeTcsl Ha O0JIbIIIOM PACCTOSIHUM.

B 1ieHTpe akTUBHOI 00JIaCTH Ha BOJHE A = 7 MM BBLIEJSIETCSI CTPYK-
Typa, OPTOTOHAJIbHAsI BLICOKOCKOPOCTHOMY OMTIOISIPHOMY TTOTOKY, KOTO-
pasi COOTBETCTBYET LIEHTPaJbHON BUAMMOM YacTu AMCKa, HAOII0JaeMOTo
¢ pebpa (puc. 8e).
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Juck uMmeeT HeOObIIONW HAKIOH K KAPTUHHOM TJIOCKOCTH, YTO CHU-
JKaeT SpKOCTb Oymziexalneid yactu mxera. M3 ynan€éHHol yactu auc-
ka nuamerpoMm 0,22 mc ayru uiau 0,9 K 3XEKTUPYeTCs: HU3KOCKOPOCT-
HOII OUMOJISIPHBIN MOTOK, AUaMETp KOTOpOoro Bo3pacraeT ¢ 0,25 MKC nyru
(~0,9 nx) Ha BBIXOAE corwia mo 0,65 mc myru (~2,5 MK) Ha PacCTOSIHUM
p =2 wMc ayru (~8 mK). Spkoctu aucka U (parMeHTOB HU3KOCKOPOCTHBIX
ITOTOKOB He TIPEeBHIIAOT 1 % MUKOBOTO 3HAYeHUS (pUC. 8¢ U e).

UccnenoBaHusi KUHEMaTUKKU (PparMeHTOB BBICOKOCKOPOCTHOTO TO-
TOKa JKeTa Ha BOJIHE A = 7 MM TOKa3aJIM, YTO CKOPOCTh MCTCUCHUS Be-
mectBa He npesbimaeT <0,06¢, 1 ycKopsieTcst 10 8¢ Ha pacCTOSIHUU OKOJIO
0,5 ok (puc. §j). JIBuzkeHue (pparMeHTOB C 3TOM CKOPOCTHIO MPOUCXOIUT
Ha pacCTOSIHUM 10 2 MK U Jajee 3aMesieTcsl 40 UICXOJHOro ypoBHs [Mar-
BeeHko, CuBakoHb, 2013]. Habntomaemble U3MEHEHMsSI CKOPOCTU bpar-
MEHTOB BO3MOXHO, OMpEnesstoTcs pedpakiueil mMpoXoasilero usjydye-
HUs B OKpYXalollleil TerioBo Ta3Me B Ipeeiax 30Hbl YyCKOPEHUSI.

Ha nmnuHe BoHBI A = 2 cM HAOJIOmaeTCsd MXKET B BUIAE PACXOMSIIE-
rocsi KOHyca ¢ MCKPUBIEHHON OChIO M KOHTpIXKET (puc. 84 u i) amoxu
02.11.2012 1 30.10.1998, pazpeurenue ¢ = 50 Mmxc ayru u ¢ = 20 MKC 1yT1
COOTBETCTBEHHO. SIpKOCTHasi Temreparypa coruia jocrturaetr 1, ~7- 10"2
u 50-10"2 K. LleHTpaJIbHBIII BBICOKOCKOPOCTHOW MOTOK Z[)KeTa OKpY-
KE€H HU3KOCKOPOCTHOM COCTaBIAIONICH, HAOIOmaeMoOil Ha paccTos-
Hum no 10mcaoyrm wimm 35 ok (puc. 84). Ero muamerp yBenmyuBaeT-
ca ¢ 0,4mcayrm (~1,5nk) mo 1,5wmcayru (~6 k). HavanbHast yacTh
JKeTa OKpyKeHa mMapajjieIbHbIMU 1IeMOYKaMU KOMITOHEHT, pPaccCTos-
HUE MEXIy KOTOpbIMU cOOTBeTcTBYyeT ~0,5 Mc ayrm uiaum ~2 MK, 3Ioxa
2000.02.04, paspemieHue ¢ = 20 mkc ayru (puc. 8j). IlukoBast sIpKoOCTb
Ipeak = 1,82 du/nyq wmu T, = 30-10"2 K. BbICOKOCKOPOCTHOIT OUITOJISP-
HbI TTOTOK MMeEEeT BUJ pacXoJsllieiicsl CIMpaii C TIEPEMEHHbBIM 111aroM
U UCKPUBJIEHHOI OCBIO, ONpeAcsieMyl0 TIa30AMHAMMYECKOU HEeyCTOM-
YUBOCTBbIO M PEaKTUBHBIM BO3JeiicTBMEeM Ha auck [MatBeenko, 2001;
MaTtBeenko, Burien 1999].

9.3C454.3

bnazap-o00beKT ¢ aKTUBHBIM SIPOM, TUCK KOTOPOTO JICKUT B KaPTUHHOM
IJIOCKOCTH M 2XKEKIHS TOTOKa MPOMCXOAUT B HAIIpaBJICHUM Ha HabJIIo-
nmarenst. Kpacnoe cmemenue (z = 0,859) pasHo 2200 Mnik u 1 Mc ayru co-
oTBeTcTBYET 4,3 K. Buaummasi pamnocTpyKTypa aHaJloTM4Ha CTPYKType
kBazapa 3C 345, cocTouT U3 KOMITAKTHOTO SIpa U KOHYCOBUIHOIO IKe-
Ta COUPAIbHON (DOPMBI C TIEPEMEHHbBIM IIaTOM U WMCKPUBJIEHHON OCHIO
(puc. 9a), niuHa BoHBI A = 2 cM, pa3perieHue ¢ = 0.1 Mc ayru.
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Clean I map. Array: BFHKLMNOPS
22514158 at 15.365 GHz 2006 Jun 15
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Puc. 9a—d. bnazap 3C 454.3. Pacnipenenenue sipkoctu ¢ = 0,1 Mc ayru, smoxa

15.06.2006 Ha minHe BOJHBI A = 2 cM (a), A= 2,5 cm (b), A= 3,6 cM (c); TUKOBBIE

3HAYEHUST IPKOCTU Ipeak = 17,16 (a); 3,76 (b); 1,68 dAu/ayu (c), nya @ = 0,1 Mc ayru

COOTBETCTBEHHO. PacripenesieHue ipkocTu Ha BosiHe A = 7 mm, amoxa 18.09.2010,

@ = 20 uas, OTPe3KH MPSIMBIX JUHUI COOTBETCTBYIOT MOJISIPU30BAHHOMY M3JIyde-
Huto (d) (TpomoKeHre U OKOHYaHUe puc. 9 cM. Ha c. 33 u 34)

Fig. 9a—d. Blazar 3C 454.3. Distribution of brightness ¢ = 0.1 mas, an epoch

15.06.2006 on waves L= 2 cm (a); A= 2.5cm (b); and A= 3.6 cm (c), peak values

of brightness are Ipeak = 7.16, 3.76 and 1.68 Jy/beam respectively. Distribution of

brightness on a wave A =7 mm, an epoch 18.09.2010, ¢ = 20 uas, pieces of straight
lines correspond to the polarized radiation (d)
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Clean I map. Array: BFHKLMNOPS
2251+158 at 8.428 GHz 2006 Jun 15
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Puc. 9. [Iponomkenne (Hayajao cM. Ha ¢. 32, OKOHYaHUE — Ha C. 34)
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Clean I map. Array: BFHKLMNOPS
3C454.3 at 43.218 GHz 2010 Sep 18
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Puc. 9. OkoHuaHue (Hayajao cM. Ha c. 32)

Buaumast cTpykTypa TNMpakTUUeCKM TOBTOPSIETCS Ha BOJHAX A= 2,5
u 3 cM (puc 96 u ¢). OTaMuUTebHON OCOOEHHOCTBIO SBJSIETCS 1yroo0pas-
HBII (pparMeHT CTPYKTYPHI, SIBJISIIOLIMIACS Tepru(epuitHON Y4acThIO IMCKa,
nuameTpoMm 3,4 mc nyru (15 k). CtpykTypa 61a3apa aHajgoruyHa cerdep-
ToBCcKOM rajmaktuke 1803+784. fApxocTh ¢parMeHTOB Oyrd Ha paccMma-
TPUBaeMbIX IJIMHAX BoiH B amoxy 2006.06.15 pasHa 70, 60 u 30 mSH/my4
U COOTBETCTBYET CIEKTPY C HU3KOYACTOTHBIM 3aBajioM, CO CIIEKTpabHbIM
MHIEKCOM B HM3KOYaCTOTHOI vactu o = 1,7. SIpkocTh (pparMeHTOB HeBe-
JINKA U TIOJIOKUTEIbHbBIN CIIEKTPAIbHbBII MHAEKC, BEPOSITHO, OIPENesIeT-
¢S TIPO3PavyHOCThIO TEIJIOBOTO 3KpaHa, a He peabcopOiueir [MaTBeeHKO,
2001]. O6 »TOoM e CBUACTEIBCTBYET POCT SIPKOCTHOM TeMIepaTy-
pbl 9XEKTOpa C YKOPOYEHUEM [JIMHBI BOJIHBI ¢ T, = 410" o 5102 K
COOTBETCTBEHHO.

10. NGC 1275

CeilidepToBcKas TajakTKa, pagioucTodHuk 3C 84 HaxXoaUTCsl HA PaccTo-
sy 110 Mok u 1 mc nyru coorBercTByeT 0,55 nk. [Ipupona e€ mo KoH1ia
He sicHa. [1o OgHWUM TIpeICTaBIEHUSIM 3TO CTAJTKWBAIOIINECS TaJaKTUKU
[Minkovsky, 1957], mo apyrum — B3pbiBatollasicsl rajakrtuka [Burbidge,
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Burbidge, 1965]. Habmomaemoe pa3aBoeHUe CIEKTPATIbHBIX JUHUMA LIEH-
TpaJbHOI 00JIaCTU TIPEArnosaraeT OTHOCUTENIbHYIO CKOPOCTh U3JIydyeHUsI
COCTaBIIIOIIMNX (bparMeHTOB, gocturatouryio ~600 km/c [Aubaii, 1969].
IlepBrie HaOmoneHus Ha rnobansHoil PCIIb cetu Ha BonHe 1,35 cMm ycTa-
HOBWJIM IBOMHYI0 CTPYKTYpYy 00beKTa [[Taynuuu Toc u np., 1978; Matse-
eHko u ap., 1980]. [Mocneayroliue uccieqoBaHus CBEPXTOHKOM CTPYKTYPbI
rajlakTuKu Ha BoJjiHe 2 cM B mepuoa 2005—2010 rr. mokasanu, 4To 00beKT
COCTOWT W3 aKTUBHON OOJIACTH M ABYX «yIIIEii», pacITOJIOKEHHBIX Ha pac-
CTOSTHUM 5 TIK K ceBepy (X=—10°) u 6,5 1K K 1ory (X=170°) cooTrBeT-
crtBeHHO [MarBeenko, Cenesnes, 2016]. Ha puc. 10a nmpuseneHa cTpykTy-
pa oobekTa ¢ paspeuieHueM ¢ = 0,4 mc nyru, snoxa 18.11.2005, nukoBoe
3Ha4YeHUE SIPKOCTH [ ek =2,17 SIu/nyu.

Clean I map. Array: BFHKLMNOPS Clean I map. Array: BFHKLMNOPS
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Puc. 10. CeiidpeproBckass ranaktuka NGC 1275, pamuoucrounuk 3C 84,

A= 2cM, snoxa 18.11.2005: mukoBoe 3HaUYeHUE SIPKOCTU Ipeak = 2,17 SIu/nyu, nyu

¢ = 0,4 mc nyru (a); LieHTpajbHas aKTUBHas1 00jacTh [  eak = 1,44 SIu/nyu, nyu
¢ = 0,05 mc nyru (b)

Fig. 10. Seyfert galaxy of NGC 1275, radio source 3C 84. The map on a wavelength
A=2cm, an epoch 18.11.2005. Peak value of brightness of Ipwk = 2.17 Jy/beam,
beam ¢ = 0.4 mas (a); central active region Ipeak = 1.44 Jy/beam, ¢ = 0.05 mas (b)
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Habmtogaemblil OTpBIB yiliell ornpeaensieTcsl CHUXKeHUEM aKTUBHOCTU
siipa. AKTHMBHasi 00JIaCTh COCTOMUT M3 JABYX MapajleJIbHbIX WACHTUUYHBIX
CTPYKTYp, Pa3HECEHHBIX B KAPTUHHON TUIOCKOCTH B HampaplieHnN 45° Ha
0,5 ok (puc. 10b), smoxa 18.11.2005, pa3pemenue ¢ = 50 mxc nyru. Kax-
Jast CTPYKTypa COCTOMT M3 THUCKa, simpa v OUITOJISIpHOTO TToToKa. AucK, Ha-
osronaeMblii ¢ pedpa, OpUEHTUPOBAH B KAPTUHHON TJIOCKOCTH TOJ YTJIIOM
60°. bumosipHbIe ITOTOKYW HaTIpaBJIeHBI B CTOPOHY «yIei» (puc. 105b).

BbICOKOCKOPOCTHBIE OUMOMSIPHbIE MOTOKM BOCTOYHOUM UM 3amagHOM
CHCTEM OKPYXKeHbl HW3KOCKOPOCTHBIMU COCTaBIISIONIMMHA — TpyOKa-
mu, auamerpoM &, = 0,6 mc myru (0,3 nk). Cnemylomas napa, auame-
TpoMm &, = 1,5 (0,8 nx) m 2,6 mc (1,4 1K), CIMBAIOTCS B €IMHYIO CTPYKTY-
Py, OKPYXalollyo LieHTpalbHble MOTOKM (puc. 10b u ¢) smoxa 27.10.2009,

¢ = 0,05 Mc 1yru 1 IPKOCTh ]peak = 1,44 fn/nyu. SIpkocTHasi TeMneparypa

axeKTopa gocturaer 7, bz4-1012 K. Cucrtembl rpaBUTAallMOHHO CBSI3aHbI
Mexay coboil [kiosckuii, 1978]. HabGmomaemoe pa3nBoeHue criek-
TpaJIbHBIX JIMHMI, gocTuratoiee ~600 KMm/c, onpenessieTcss ux opouTaib-
HBIM IBIDKEHHEM BOKpPYT LIEHTpPa CHCTeMSI ¢ mepuomoM ~510° rer, a nx
Macca COOTBETCTBYeT M = 10'M

sun’

AHAJIN3 PE3YJIBTATOB

ITpoBen€HHbIE McCIeNOBaHUS TOHKOW CTPYKTYpbl U KWUHEMATUKU aKTHB-
HBIX aCTPOHOMMYECKNX OOBEKTOB, THUIIa oOJiacTeii 0Opa3oBaHUST 3BE3N
U S1ep rajJakKTUK CBUIETENbCTBYIOT 00 MX BUXPEBOI MPUPOIE, aHAJIOTHUY-
HO#1 3eMHBIM cMmepuaMm. OOpa3zoBaHUe BUXpeil — pe3yJibTaT HEeyCTONYu-
BOCTM MOCTYIATEIbHOrO JABMXEHUS MaTepuu. BelecTBo, OKpyXarolero
MIPOCTPAHCTBA, TepeTeKaeT MO CIUPaIN K IIEHTPY BUXPSI M KEKTUPYET-
cs, TI0 Mepe HAKOIUICHUST M30BITOYHOTO YIJIOBOTO MOMEHTA, B BHIE Bpa-
HIAIOLIErocs OUTIONSPHOTO MoToKa. POpMUPYIOTCS CTPYKTYPhI THIIA KO-
aKCUAJIbHBIX TPYOOK, OKPYXKAIOIIMX LIEHTPaJbHbI BBICOKOCKOPOCTHOM
ounossipHblii MoToK. CKOPOCTh BelllecTBa M TeMrepaTypa Ija3Mbl 3KC-
MOHEHIIMAJIbHO HapacTaloT MO Mepe MNPUOJMXKEHUS] K LEHTpPY, JOCTHU-
rasg peIaTHMBUCTCKUX 3HadeHWit. OcTaToK BbIMamaeT Ha (GOpMUPYIO-
mieecs IEHTPaJIbHOE TeJ0, T'PABUTAIIMOHHOE II0JIe KOTOPOTO YCKOPSIET
U crabunusupyet npouecc [AdpamsH, MarBeeHko, 2012]. Bunumebie pas-
Mepbl LIEHTPAIILHOTO U OJIM3JIeXalIMX KOJbLIEBbIX COIE OUTOISIPHBIX O-
TOKOB M COOTHOIIEHUE YIJIOBOTO M JIMHEMHOIO PacCTOSIHUSI TIPUBEACHBI
B TabJsHILIE.

HuameTrpbl coriesl BbICOKOCKOPOCTHBIX IMOTOKOB MEHbIE JOCTUT-
HyTOro paspeuieHus. B ymanéunbix oobekrax J < 0,2 nk. Pasmepsr co-
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MeJ rajlakTUK, PacroyIOKeHHBIX HA MUHUMAJbHBIX PACCTOSIHUSX, JiexXaT
B npenenax 0,001 < G < 0,02 nk ranakrukn M 87 u JIe6 A. B Gnmsnexa-
et ragaktuke M 87 pasmep npubamxKaercsl K NpeaeibHOMY 3HaYEHUIO
usmMepsieMoit BeamuuHbl ~0,001 nk. [To mepe meperekaHusi ot mepude-
pUHM K LIEHTPY JAMCKa TETUTOBas TUIa3Ma pa3orpeBaeTcs 10 PETSITUBMCTCKIX
TeMIiepatyp. SIpKOCTHBIE — 3JIEKTPOHHBIE TEMIIepaTyphl TTOTOKOB Ha BbI-
XOJI€ COILIA JIEXAT B mpeaesiax 5102 < T, < 20-10"2 K.

JlnaMeTphl COITeNT IKETOB

Hcrounuk D, 9, @2 @3 MK/Mc
OpuoH [a.e.] 0,05 15 — — 0,05
NGC 4258 [nk] ~0,003 | 0,02 - — 0,038
JleGenp A [TiK] 0,02 0,75 1,8 — 1,13
M 87 [nk] 0,001 | 0,07 - — 0,078
1803+784 [nik] <0,2 4 7 14 |5
3C 345 [nk] <0,1 0,9 L8 | — 3,79
3C 454.3 [nK] <0,2 1,5 34| 15 | 43
3C 84 [nk] 0,03 0,3 0,8 | 2,6 | 0,55

PasMepbl comen OiuznexalimXx HU3KOCKOPOCTHBIX ITOTOKOB IpU-
MEpPHO Ha TOPSINOK TMPEBBIIIAIOT pa3Mepbl BHICOKOCKOPOCTHOIO MOTOKA
u jexar B npezenax 0,07 < &, < 3,0 nk. B mpouecce yHoca M36bITOYHOTO
YIJI0BOTO MOMEHTa — MCTeUeHHUsI BelllecTBa IMaMeTp COoTlia yMEHbIIAeTcs,
B pe3yJbTare 4ero opMupyeTcss HI3KOCKOPOCTHOM TTOTOK THIIA pacTpyoa,
Hanpumep, M 87. PazMmepsl OoJiee yoaJ€HHBIX COIEN MPaKTUYEeCKUA B TP
pasa MpEeBBIIAIOT pasMepbl BHYTPEHHETO coruia &, = 3. MakcuMaabHO
yIaI€HHOE cOoIuIo Habmmonaercss B oobekTe 1803+784 pasHo O, ~ 14 K
U COOTBETCTBYET BUIMMOI 4YacTU JAMCKAa. YHOC M3OBITOYHOIO YIJIOBOTO
MOMEHTa MPUBOJIUT K TBEPIOTEILHOMY BPAIICHUIO TUCKA.

BzauMoneiicTBre ¢ OKpyxXalolleil cpenoii, YCKOpsieT W KOJTUMUPY-
eT BpammamIecs moToku. CTPyKTyphl KeTa M KOHTPIKETa MICHTUIHBI
U SIBJISIFOTCS 3€pPKaJbHBIM OTpaxKeHWeM ApYT JIpyra. AspoaurHamMuuecKas
HEYCTOMYMBOCTb MCTEYEHHUSI MTOTOKOB BBI3BIBACT MPELIECCUI0 OCU 2KEK-
UMM — (QOpMUPOBAHUE CTPYKTYpPhl MOTOKA THUIIA PACXOMSIIEHcsl KOHU-
YecKOW CMupaiu C TMepeMEHHbIM IIaroM, a peakTUBHOE BO3/IEiCTBUE
HWCKPUBIIAET OCh M TUIOCKOCTh AMCKA. DTO YMCTO Ta30AMHAMNYECKOE SIBJIe-
HUE, TIPOUCXOIAIIee B HENTPaIbHBIX cpelax, U HabmomaeTcs Kak B 3eM-
HBIX YCJIOBUSIX B BHUIE CMepYel, TaK M 00JacTsIX 3BE31000pa3oBaHMUs,
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U TajlakThKax. B MajbIXx BUXpsIX Macca BelllecTBa HeaocTaTouHa 1ist hop-
MUPOBaHUs LIEHTPaJbHOTO MACCUBHOTO TeJjla, YTO OTPAaHUYMBAET BpEeMsI UX
KU3HU.

B ciyyae snekTpomnpoBonsieil cpeabl — IUIa3Mbl B CTEHKAX Bpalla-
IOIIMXCS MOTOKOB — TPYOKaX BO30YXKIArOTCS KoJblieBble TOKM. Dopmu-
pyeTcsl CTPYKTypa THUIIa COJIEeHOWAA, MarHUTHOE I0Jjie KOTOPOTO0 COOCHO
notoky. IlocTymarenbHoe ABMXXKEHUE BO30YXIaeT MarHUTHYIO CUJIOBYIO
TPYOKY, OKPYKaIOIIYIO IMOTOK, WJIU KOJIbILIEBbIE MATHUTHbBIE MOJISI TTPOTU-
BOIIOJIOXHBIX HAIIpaBJIeHUI B IUIOCKOCTU OMCKa. MarHuTHOe IIojie CHU-
CTEeMbI OIpEENIIeTC KMHETUUECKOUM SHEPTUell TIa3Mbl: MepeTeKaroleii
B JIMCKE, DXKEKTUPYEMBIX TTIOTOKAX M BBINAAAIOIIEH Ha LIEHTpaJbHOE TeJO.
IIpeobnagaer BpamiaTeabHas cocTabisoolias. Bo30y:kmaeMble MarHuT-
HbIe TOJISI AOTIOJIHUTEJbHO CTAOWIM3UPYIOT U YCKOPSIIOT Tipouecc dop-
MUpOBaHMs cucTeMbl [AbOpamMsiH, MatBeenko, 2012; Kronberg et al., 2011;
Lovelace, Berk, 1991].

HcTeueHne OUITONSPHOTIO MOTOKA — PaBHOBEPOSITHO B 00€ CTOPO-
HbI, YTO W HaOJIOMaeTCcsl B HEUTpAJIbHBIX CpelaX — BUXPSIX, BO3ZHUKAIO-
IIMX B CBOOOAHOM MPOCTPAHCTBE Haj IMOBEPXHOCTHIO 3eMJIM U 00JIACTSIX
3B&3n000pazoBaHusl. OQHAKO B Ciydyae SJEKTPONMPOBOASILIMX Cpel Ta-
JIAKTUK, HaOmonaercss acummMmeTpus. OO0 3TOM CBUIETEJIBCTBYIOT YBEJIN-
YEeHHBIA pa3Mep U ITOCJIECBEUCHUE PEISITUBUCTCKUX 3JIEKTPOHOB IKETa
Ha pACCTOSIHUSIX, MPEBBIIIAIONINX BpeMsl UX XXU3HU. BumauMble pasMmepsl
JKETa M KOHTPIKETa OTIMYAIOTCS B HECKOJIbKO pa3, UTO OMpeaesseT-
Csl OTJIMYMEM HX CcKopocTeil. VX NBMKEHUE C «BMOPOXEHHBIMHU» IIPO-
JOJbHBIMU MAarHUTHBIMU TIOJISIMU MPOUCXOAUT IMO/TIPOTUB OOIIETO OIS
CUCTEMBbI, YTO TPUBOIUT K YCKOPEHMIO/TOPMOXEHUIO MOTOKOB JXeTa
U KOHTpKeTa. OnpeneaéHHOe BIMSIHUE MOTYT 0Ka3aTh KPYTOBbIe COCTaB-
JISIOIIME MAaTHUTHBIX TIOJIEH AMCKAa W OUIIOJSIPHBIX MOTOKOB. CKOpPOCTH
9KEKILIMU TTOTOKOB He mpesbiiiaeT <0,1c. B psae ciayyaeB, B 4aCTHOCTH,
kBazape 3C 345, ranaktuke JledO A, Ha pacCTOSHWM B HECKOJILKO TIap-
CceK HaOJII0JAI0TCsl YCKOPEHUSsT (DparMeHTOB JIXKETOB 10 BUAMMBIX CBEPX-
CBETOBBIX cKopocTeil. Ho, BO3MOXHO, 3TO OMpeaessieTCs] MPOXOXKISHU -
eM paguou3JIy4YeHUs] uepe3 OKPYXKalollylo TerUIoBylO Iiadmy, ¢a3oBoi
CKOPOCTBIO — pedpakineii.

3AKJIIOYEHUE

HccnenoBaHusi CBEpXTOHKOM CTPYKTYphl OOJacTeil 3BE3mM000pa3oBaHUsI
U aKTUBHBIX s1JIep TAJaKTUK YCTAHOBUJIM UIEHTUYHOCTh UX CTPYKTYP U KU-
HEMaTUKM C BUXPSIMU, HAOMIOJAaeMbIMU B 3eMHBIX ycioBusiX. Heycroii-
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YUBOCTh MOCTYIIATENBHOTO IBUXKEHUS ra3a MPUBOIUT 3aBUXPEHUIO U CTE-
KaHUIO 10 CIUPAIN K LEHTpYy. M30bITOUHBII YIJIOBOI MOMEHT YHOCUTCS
MO0 Mepe ero HakKOIUIeHWUS] OUIMOJSIPHBIMU BpalllaloIIMMUCS TTOTOKaAMU.
CKOpOCTU MOTOKOB 3KCIOHEHIMAJbHO HapacTaloT Mo Mepe MpuoiInxe-
HUg K HeHTpy. OcTaToK BeIllecTBa BbIMAAAaeT Ha LIEHTpaJbHOE TeJo, Tpa-
BUTALIMOHHOE T10JIe KOTOPOTO YCKOPSIET U CTA0MIM3UPYeET Tpoliecc. Macca
3eMHBIX BUXpell Maja Jisi (h)OpMUPOBAHUS MAaCCHUBHOIO Tejla, COOTBET-
CTBEHHO MaJIO M BpeMsl MX XU3HU. Kommmmanusga u yCKopeHue MTOTOKOB
omnpeaedercsa B3auMOIEICTBUEM C OKPYXAIOLLIEN UX CPEIOiA.

B snekTponpoBoasiieil cpeae B maa3Me IMCKa M Bpallaloiuxcs IMo-
TOKax BO30YXIal0TCS KOJblIeBble TOKM — TPOIOJIbHbIE MATHUTHBIE MOJIS.
CocTaBsionieid NoCcTynareJbHOTO JIBUXXKEHUS COOTBETCTBYET, OKPYXKaio-
11as] MarHUTHAsI CUJIOBasi TpyOKa M KOJIbLIEBbIE MAarHUTHBIC MOJISI MPOTH-
BOTIOJIOXKHOTO BpallleHUs BEPXHEW M HWXKHEW yacTu aucka. McrouHnkom
MarHUTHOTO TIOJISI SIBJISIETCSI KMHeTUYecKasi aHeprusi Beuectna. [Ipeoo-
JlaJjaeT BpalliaTesibHasi COCTaBJsIONIas ABMXKEeHUsI. MarHuTHbIe MoJist 10-
MOJHUTENbHO CTAOUJIU3UPYIOT U YCKOPSIOT (hOPMUPOBAHUE CHUCTEMBI.
HcreyeHre NoTOKOB JXKeTa U KOHTPIXKEeTa paBHOBEPOSITHO, HO MPOUCXO-
JUT TO/TIPOTUB MAarHUTHOTO TIOJISI CUCTEMbI, UTO UX YCKOPSIET/TOPMO3UT.
BuauMbie CBEpXCBETOBbIE CKOPOCTU ABUXKEHHUSI (parMeHTOB ITOTOKOB
orpeaensitorcs: (a3oBbIMM — CKOPOCTSIMM PACIpOCTPaHEHUS! PaauOBOJIH
B OKPY2KAIOIIEN TEIUIOBOU TUIa3Me.

B zakaouenue: asmop evipancaem npusHamenviocms M. O. Epoxoeoil,
E.JI. Mameeenxo u H. FO. Komaposoii 3a nomoup 6 nod2omoske cmamou.
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The superfine structure of the active regions of star formation in Orion KL,
and a several of galaxies are considered. The vortex nature of their kine-
matics is established, and corresponds to the whirlwinds observed in a bay
of Laspy, the Crimea. Instability of progressive movement leads to a tur-
bulence and inflows of the matter onto the disk, and transferred in a spi-
ral to the center. Excess angular momentum is carried away in process of
its accumulation by a bipolar stream. The Keplerian movement of periph-
eral part of a whirlwind turns into rigid body rotation. The rest of substance
drops out in the center on the formed massive body. The ejecting bipolar
streams represent the rotating coaxial tubes. Interaction with environment
collimates and accelerates streams. The gravitational field of the central
body accelerates and stabilizes formation of structure. In case of the elec-
troconductive medium — plasma the rotary motion excites ring currents in
a disk and streams and aligned magnetic fields. The radial component of the
movement defines a ring component of magnetic fields. Kinetic energy of
the matter partially passes into the magnetic energy. The rotary component
prevails. The magnetic fields accelerate and stabilize system in addition.

The jet and the counterjet with “frozen” magnetic fields are moving
along and against of the magnetic field of the system that accelerates one of
streams — jet and brakes counterjet. The ejection velocity of streams from
active galaxies nuclei doesn’t exceed 0.1c. However, at distance about <2 ps
occur acceleration of the jet until the visible velocity exceeding velocity of
light. Perhaps the superluminocity is results of the movement of a source
with near light velocity in the direction of the observer, but this imposes
other problems. The effect of a refraction is more probable cause when ra-
dio waves are propagating through surrounding thermal plasma.

Size of the Orion KL rigid body rotating disk of is equal 8 A.U., and
the rotation period is around 170 days. The ejection velocity of a bipolar
stream (molecules of the water vapor) is equal to ~5 km/s and further at
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distance an ~1 A. U. increases to ~50 km/s. The velocity of the molecules
of hydrogen, having smaller molecular weight than the water molecular,
is significantly higher, that defines a collisions pumping of the maser ra-
diation. Maser sources located in the peripheral region of the NGC 4258
galaxy have Keplerian movement, and rigid body rotation in the central
part of a disk, diameter of which is equal ~0.02 pc, and the rotation pe-
riod T= 750 years. Kinematics of the studied objects AGN: the M 87,
1803+784, 3C 345, 3C 454.3 NGC 4258 and Cyg A — similar and cor-
responds to the vortex nature. The Seyfert galaxy of NGC 1275, a radio
source 3C 84 is double system.

INTRODUCTION

The structure of the object — its image is the fullest source of informa-
tion about its nature and the processes proceeding in it. It belongs and to
objects of the Universe. Informational content of the image is defined by
angular resolution. Especially it belongs to compact quasi stelar objects —
quasars. Their nature in many respects remained mysterious and inacces-
sible to direct researches, especially in the radio waves. The method of Very
Long Baseline Interferometry — VLBI allowed to overcome this difficulty
[MatBeenko, 1983]. Angular resolution reached mas allowed to find emis-
sions of relativistic plasma fragments, the visible velocity of which exceeding
velocity of light, and determined limit brightness temperatures 7, = 10? K
[MarBeenko m mp., 1965]. But plasma stream source problems, its warm-
ing up up to the relativistic temperatures, ejections with visible light speeds,
in many respects remained unresolved and were written off for mysterious
black holes. Ultrahigh angular resolutions to arch microseconds of arc were
necessary for the solution of these problems. Improvement of the VLBI
methods of measurements, increase of sensitivity of elements of the VLBI
networks, methods of data processing allowed to reach the limit angular
permissions reaching tens microseconds of arc. Quasars are surrounded
by thermal plasma which transparency limits visibility of their nucleous at
long centimeter—decimeter radio waves. Certain restrictions are imposed
also by the interstellar medium scattering the passing radio emission. The
scattering angle in an arcsecs corresponds to 6 = 107 )»2|sin b|_0'5 , Where
A is expressed in centimeter, b — galactic latitude. For a wave of 1 cm the
scattering angle corresponds to ~1 pas. At small galactic latitudes of |p| < 10°
scattering sharply increases because of influence of the environment of me-
dium of the spiral arm Galaxy. However on short radio waves restriction,
is defined by sensitivity of elements of the interferometer the relation signal/
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noise by the defined ratio {(7,,T,,)/(7,,, Tsm)}o‘s, where T, — antenna
temperatures on the source and 7, . — total noise temperature of system.

Development of technology, including creation of low-noise amplifiers
of mazerny type, construction of large precision antennas, allowed to reach
limit sensitivity even on millimetric waves. Construction by National radio-
astronomical observatory in Sokorro of specialized VLBA system opened
unique opportunities of researches of thin structure of radiation sources in
a wide range of radio waves, including the millimetric. Now the angular
resolution reaching 10 pas. This resolution corresponds to a corner under
which the electron orbit in atom of hydrogen from the distance exceeding
1 meter is visible. “Radioastron”, a space element, overcame restriction of
resolution determined and Earth sizes. Ample opportunities for research of
superthin structure of kernels of the main objects of the Universe — galaxies
are open. Discovery of powerful maser radiation in lines of a hydroxyl on a
wave of 18 cm [Weaver et al., 1965] and of water vapor on a wave of 1.35 cm
[Cheung et al., 1969] accompanying formation of stars and planetary sys-
tems [LlxnoBckuii, 1966], allowed to investigate structure of their active
regions that significantly advanced our ideas of the processes proceeding
in them.

Origin of galaxies belongs to the beginning of formation of a mat-
ter. The movement of a matter is followed by formation of whirlwinds in
which the matter moves on a spiral trajectory to the center. In process of the
movement there is an ejection of the bipolar ouflow which is carrying away
excess angular momentum. The residual substance drops out on the cen-
tral massive body — a black hole, which gravitational field accelerates and
stabilizes formation of system. The central regions — the nucleous proceed-
ing in them processes in many respects remained a riddle that is connected
with their compact sizes. Ambartsumyan V. A. proposed that the beginning
of formation of stars is connected with processes other than gravitational in-
stability, but what is it, the question remained open [Ambartsumyan, 1953].
Below the main observation data on superfine structure of a number of gal-
axies with active nucleous and regions of the stars formation are considered.

PECULIARITIES OF THE STRUCTURES

We will consider features of fine structure of active nucleus of a number of
galaxies 3C 84, 3C 345, 3C 454.3,1803+784, M 87, NGC 4258 and Cyg-
nus A; star formation regions Orion KL and W3 OH. They are united by the
vortex nature similar to the whirlwinds observed over a sea surface. We will
consider peculiarities of these objects.
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1. Whirlwinds

Instability of progress movement of air streams, in a particular, over a sea
surface, leads to formation of whirlwinds. Water drops “highlight” struc-
ture of a whirlwind, process development kinematics. The air stream ar-
rives to a whirlwind and flow on a spiral to its center. Rotation velocity of a
stream increases exponential and significantly exceeds a radial component.
In process of accumulation of excess angular momentum there is an ejec-
tion of bipolar outflow in the direction of a rotation axis. It is as a result
formed coaxial tubes — the nimbuses surrounding the central high-speed
stream. Height of nimbuses grows as approaching the center that is defined
by increase of their speed, Fig. 1a to a Fig. I¢ (see p. 6). In one of cas-
es “short moustaches” — the tangential directions of a nearby low-speed
stream of Fig. 15 are observed. The similar three element telescopic coax-
ial structure is shown in Fig. 1c. Two side streams is observed in case of a
whirlwind at the big height. Interaction with surrounded medium collimates
and accelerates the rotating streams and corresponds to the gasdynamic de-
cision [AbpamsiH, MatBeeHko, 2012]. Whirlwind life time usually doesn’t
exceed ten minutes. The similar phenomenon is observed in active region of
star formation in Orion KL. We will consider its features.

2. Orion KL

The vortex structure is observed in a dense molecular cloud of OMC-1 of
a gas-dust complex of the Orion Nebula. The distance to it corresponds to
~500 pc and 1 mas corresponds to 0.5 A. U. Temperature of gas doesn’t ex-
ceed several tens degrees Kelvin. The powerful maser radiation of molecules
of water vapor accompanying processes of formation of stars and planetary
systems allocates thin structure of active region. The spectral measure-
ments at water vapor lines A = 1.35 cm allowed to allocate and define thin
three-dimensional structure of active region and its kinematics [bepk,
1973; Burke et al., 1971]. The high-organized structure representing a chain
compact a component, distributed along the S-shaped extended com-
ponent corresponding to the bent disk observed from an edge, Fig. 2 (see
p.7) is found. The disk sizes — a whirlwind reach to 28 A. U. [demu-
yeB, MatBeeHko, 2004; MatBeeHko u ap., 2004]. The surrounding matter
of a gas-dust complex arrives on a disk, flows on a spiral trajectory to the
center which tangential directions correspond to a chain compact a com-
ponent. The remote fragment of outflow is observed in remote part of the SE
direction, Fig. 2. The arising excess angular momentum is carried away by a
bipolar outflow. Change of velocity of the orbital movement of fragments
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of a whirlwind are shown in the right lower part of Fig. 2a. As a result the
Keplerian movement of a outflow passes to peripheries of a whirlwind in
solid-state in the central part of a disk, with a diameter of 15 A. U. The cycle
time of “disk” makes about 170 years. Velocity of the local rest system is
equal 7.56 km/s. The remain of medium drops out on the formed central
body. Velocity of ejected of matter exponential increases as approaching the
center. Distance between nozzles equally 8 uas or 0.004 A. U. The sizes of
the nozzles don’t exceed 3 uas or 0.0015 A. U. [MarBeenko, CuBaKoOHb,
2008]. The brightness temperature at the nozzle exit in maser emission cor-
responds to 7, = 10” K.

The bipolar outflow is located almost in the sky plane. The radial com-
ponent of speed of bipolar outflow doesn’t exceed ~0.15 km/s [[Iemuues,
Matseenko, 2010]. Ejection velocity of a outflow in the sky plane reaches
v=5km/s. The stream is accelerated and at distance to an order ~2 A. U.
its speed exceeds v > 40 km/s. Velocity of the molecules of hydrogen owing
to smaller of molecular mass considerably exceeds the velocity of the water
vapor molecules that defines a collisions pumping of mazerny radiation. In-
teraction with environment medium collimates and accelerates the rotating
outflows [Ad0pamsiH, MaTtBeeHko, 2012]. The rotation of a outflow increased
the line width and corresponds to the period of <5 months [MarBeeHKoO,
2004]. Gasdynamic instability of the ejection of outflow causes the pre-
cession defining conic spiral structure with the dispersing step, and the jet
reactive influence bends a disk, giving it the S-shaped form. The expected
low-velocity outflow isn’t observed because of insufficient velocity for gen-
erating of maser radiation.

2a. W30H

The star forming regions of the gas—dust complex W 30H has been investi-
gated in the main hydroxyl radio line at 1665 MHz, A = 18 cm [MaTBeeHKO
u ap., 2014]. The object W3 OH located in in the Perseus arm at a distance
of 2.2 kpc and is observed in the transverse direction that reduces consider-
ably the scattering. Observations with a limiting angular resolution on the
Evpatoria—Ussuriysk radio interferometer have shown that the angular sizes
of individual compact structures ~2 mas and their brightness temperature
reaches T, = 10" K. Radio maps have been obtained in both circular po-
larizations with angular resolutions from 5 to 200 mas. An angular size of
1 mas corresponds to 2 A. U. Two vortices detected among the structures.
A compact source — star surrounded by two pairs of components corre-
sponding to the tangential directions of the arms seen edge on is observed
in region A. The disk diameter is about 260 A. U. The surrounding material
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flows along the arms toward the center and ejected in the form of a rotat-
ing outflow observed at a distance up to 10* A. U. The outflow accelerates
and collimates because of its interaction with the surrounding medium.
The second vortex observed in left-hand circular polarization. The bright-
ness temperature of the central compact source is 7, = 10" K. The orbital
velocity of the flow along the arm decreases as the center is approached
from 0.2 km/s at a distance of 200 A. U. to 0.1 km's ' at 140 A. U., suggest-
ing rigid-body rotation. The positions of three sources in orthogonal circu-
lar polarizations identified. The line splitting reaching Af= £10.6 kHz, and
corresponding to a magnetic field H = 7.6 mG. A number of fragments are
observing only in one of the polarizations. We will consider the main ob-
jects of Universe — galaxies.

3. Galaxy

Results of spectral researches in infrared radiation testify to similar ki-
nematics of our Galaxy. Keplerian movement of gas flow in remote parts
passes in solid-state in the central part — a bar, the disk observed from an
edge. Excess angular momentum is carried away by a bipolar stream, the
speed and temperature of which grows as approaching the center, Fig. 3 (see

p. 10).

4. NGC 4258 (M106)

The galaxy of NGC4258 belongs to seyfert and represents a two-arm spi-
ral with a bar, z=0.00154 of Fig. 4 (see p. 11). The distance to it is equal
6.4£0.9 Mpc and 1 mas corresponds to ~0.035 pc. Velocity of the central
part is 472+4 km/s. In a continuum bipolar emission, with prevalence of
radiation of one of streams is observed. The expiration of streams defines
solid-state rotation of a disk, a visible edge — bar. Powerful maser radiation
of a galaxy in lines of water vapor allowed to investigate its fine three-di-
mensional structure. Maser radiation is concentrated in two peripheral and
the main central group of the profile [Greenhill et al., 1995; Miyoshi et al.,
1995]. We will consider their features.

Remote groups

Spectral lines in remote parts of a profile correspond to two groups of
sources — to the tangential directions of streams of sleeves of Fig. 4. Ra-
diation of the left group which is moving away from the observer consist-
ing approximately of 6 compact sources. They are located at distance
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4.5 < R<8mas or 0.18 < R< 0.32 pc from the center. Velocity of removed
source of the groups in the local rest system V= 1245+2 km/s that cor-
responds to the rotation period 7'= 770 years. Velocity of an internal source
of V, ,=1450£2km/s and the rotation period 7'~ 700 years [Greenhill
et al., 1995; Miyoshi et al., 1995]. Radiation of the right, coming nearer
group of a component consisting of three sources significantly lower. They
are located at distance 5.5 < R < 6.5 mas from the center and have nega-
tive velocity — (350—450) km/s, Fig. 4. Velocity of sources of both groups
correspond to the kepleplerian movement round a black hole, the mass of
M= 3.6-107MS - Average time of a rotation of sources ~750 years. An av-
erage component of velocity of the movement in the radial direction
V.0~ 10 km/s.

Central group

The main maser emission is concentrated in the central group of the com-
ponents. Radiation is determined by the tangential directions of the streams
in the center disk — bar [Matveenko, 2013]. The failure of emission in
the center of a profile contents 6 components is dividing into two groups.
Intensity of radiation a component exponential increases as approach-
ing the center with ~0.4 to ~4 Jy. Linewidth of radiation a component
doesn’t exceed Av < 0.5 km/s. Velocity of the components lie in limits —
55<v<55km/s concerning the center of the profile v =485%1 km/s.
This value specifies the velocity of local system of rest of v, ¢, =472+4 km/s
[Greenhill et al., 1995]. Sources of maser emission are distributed along
extended structure, 0.6 mas or ~0.024 parsec and oriented at an angle
(83%£2)°. Maser sources are the tangential directions of a two-arm spiral
[Matveenko, 2013]. The gradient of relative location of a component from
velocity corresponds to dp/dv = 3.70%0.02 pas/km/s or to speed gradient
dv/dp = 7970%+40 km/s/ps [Greenhill et al., 1995] that assumes rigid-body
rotation of a disk with period T'= 750 years [MarBeenko, 2013].

Maser emission of the central group of sources begins with R = (0.3 mas
distance or ~0.01 ps and exponential increased as approaching the center.
A pumping of maser emission — the infrared radiation of the central region.
Remove of maser emission In the center of disk determined by increase of
density and temperature of the matter. The size of active area — the size of a
nozzle of a high-speed stream of <0.06 mas or ~0.002 pc. Radiation of the
ejecting matter is observed in a continuum.

Maser emission of external part of arm fragments with on the Keple-
rian movement determined by a collisions, acceleration of streams. The
increased velocity of the hydrogen molecules relatively molecules of water
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vapor is defined by considerable difference of their masses. Further rela-
tive velocity of the molecules is leveled and the maser radiation decreases.
At approach to the center the radiation pamping starts working and maser
emission exponential increases [MaTBeenko, 2013].

5.CygA

Researches of superfine structure of a number of objects with active nucleus
in the band of the millimetric—centimetric lengths of waves in a continuum
established similar features of structure and kinematics. We will consider a
radiogalaktika Cyg A (z = 0.056) which is removed on distance of 249 Mpc
and 1 mas corresponds 1.13 pc. It is one of the few galaxies in which bila
outflow jet and conterjet is observed by Fig. 5 (see p. 14). In infrared radi-
ation brightness of a conterjet exceeds jet brightness. The direction of ejec-
tion of a flow of jet in the sky plane relatively a disk corresponds to a corner
near 50°. Observed darkening of the central part is defined by absorption
of IR radiation by disk dust. Researches of thin structure of a galaxy on
waves of millimetric band with the angular permission of ~0.1 mas showed
that jet size exceed the sizes of a conterjet more than twice, Fig. 5a. The
bipolar high-velocity outflow of relativistic plasma is located between two
strips which corner of a divergence is equal to ~4° Fig. 5b. Velocity of the
ejecttion of high-velocity outflows doesn’t exceed v < 0.06¢. Thus jet accel-
eration to the light velocity seen near 3, ~ 1 at distance about 1.5 mas or
a parsec is noted. Then delay of Fig. 5c [Boccardi et al., 2014] is observed.
On wavelength A = 2 cm at resolution to @ = 20 uas it is allocated over fine
structure [MarBeenko, Cenesznen, 2015a]. Sizes of a conterjet <0.8 mas
there are significantly less than jet ~3 mas that is determined by accelera-
tion of the last. The brightness temperature of a outflow at the exit of a
nozzle corresponds to 7, 410" K. The central high-speed bipolar stream
is located between parallel chains of compact components, the carried on
~0.7 mas or ~0.75 ps. The chains correspond to the tangential directions of
walls of a low-speed stream. At resolution ¢ = 50 uas and ¢ = 100 pas of
Fig. 5e and Fig. 5f extended components of chains and on a detection limit
components of the following low-speed stream with a diameter of 1.8 mas
or 2 pc are noted by asterisks. Diameters of surrounding tubes — low-ve-
locity streams correspond ~75 pc and 2 pc. The ring currents contracting in
rings which tangential directions are observed in the form of fragments of
chains are excited in walls of the rotating plasma tubes. Ring currents form
the magnetic fields like the solenoid sent lengthways to an axis of a coax-
ial bipolar stream. The central high-velocity jet is observed from distance
of 0.2 mas, Fig. 5b. The lowered radiation is observed and on millimetric
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waves and is defined by absorption in thermal plasma of a disk unlike ab-
sorption in IR spectrum on a dust component.

6. The radiogalaxy of M 87

M 87 — a radio source Virgo A — the nearest galaxy with typical struc-
ture a nucleous and one side jet, is at distance of 16.75 pc and 1 mas cor-
responds 78 mpc. It is one of the first objects which structure was inves-
tigated by the VLBI method on wavelength A =18 cm, Fig. 6 (see p. 17)
[Biretta, Jwen, 1995; Reid et al., 1989]. Velocity of fragments in jet are
small v=(0.03+0.02)c. The attention to a possible limb, surrounding jet,
and existence of a counterjet was paid attention. As follows from observa-
tions on a wavelength A = 2 cm, the velocity of the fragments located at dis-
tance to p = 0.5 pc from a core is equal to v =(0.04£0.02)c and increases
to (0.5—1)c at distance p=1pc, and 2c¢ at p = 200 pc correspondently
[Kellermann et al., 2004] and further to 6¢ at distance of 500 pc. It assumes
acceleration of a stream throughout Jett and confirms Shklovsky’s assump-
tion [LLkmoBckwmit, 1969] about compensation of losses of radiation of rela-
tivistic electrons.

Researches of superthin structure of a galaxy on lengths of waves
A =2cm and A = 3 cm showed that diameter of a high-speed bipolar stream
doesn’t exceed 0.05 mas (~4 mps) [MarBeenko, Cenesnen, 2011, 2014,
2015b]. The spiral structure of a high-speed flow of jet and a counterjet are
mirror to reflections of each other. Observed difference of the sizes of their
streams in ~2.5 of time is defined by the increased jet velocity. The stream
is surrounded with parallel chains a component, the walls of a low-veloci-
ty hollow stream of corresponding to the tangential directions Fig. 65 and
Fig. 6¢ [MatBeenko, Cenesnen, 2011]. Diameter of a tube of jet increases
in process of removal with & = 1.0 mas (0.08 pc) at the exit of a nozzle and
to @ =2 mas (0.16) pc) in remote part. Low-speed counterjet at a wave 3 cm
has the shorter sizes and the form like a bell of Fig. 65 determined by reduc-
tion of diameter of a nozzle during ejection of a stream.

The central region of a core of a galaxy of M 87 on the wavelength
A =2 cm in the increased scale is shown in Fig. 6¢. In the center the struc-
ture — the disk observed from an edge and oriented orthogonally to a
high-speed bipolar stream is allocated. High velocity the stream has a helix
form. The brightness temperature of a stream at the ejector exit on a wave
A=2cm reaches T, = 10" K. The radio emission the ejected of relativis-
tic electrons of a bipolar outflow exponential falls down to minimum de-
tectable level at distance ~1 ms or ~0.08 pc, Fig. 64. Radio the emission of
electrons in jet is watched far limits of time of their radiation. Acceleration
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of a stream compensates losses of radiation and defines jet afterglow out-
side the distances determined by time of their life. From visible peripheral
part of a disk there is an ejection of a low-velocity bipolar stream — parallel
chains.

Extended structure of a bipolar stream of a galaxy on a wave A =7 mm
resolution of 0.3x0.6 mas it is given in Fig. 6f. In outflows bright impreg-
nations fragments are allocated. Diameter of a low-speed stream — a tube
increases from ~0.1 pc at the nozzle exit to ~0.2 pc in remote part. In rotat-
ing a tube the currents contracting in rings which tangential directions are
observed in the form of chains a component are excited. Ring currents form
a magnetic field like the solenoid, coaxial to a stream.

7. 1803+784

BL Lac object, which red shift of z=0.68, is at distance of 2700 Mpc
and 1 mas corresponds ~5 pc. On radio to the card of a galaxy on a wave
A =18 cm with the angular resolution ¢ =2 mas or 10 pc are observed a
compact core and cone-helix jet with the bent axis Fig. 7a (see p. 21), an
epoch 1993.4 [Britzen et al., 2005]. A high-speed jet and counterjet are al-
located at angular resolution ¢ = 0.1 mas Fig. 7b. Peak value of intensity of
radiation 0.372 Jy/beam corresponds to a compact source — a nozzle of a
counterjet which brightness temperature is equal to 7, = 23-102 K. Jet ra-
diation starts being shown with distance of 0.6 mas or 3 pc at an exit out of
limits of dense part of a disk. The nozzle is surrounded by ring structure
with fragments diameter of &,= 2.7 mas or 14 pc. The ring represents a
nozzle of the low-velocity outflow surrounding high-speed jet and deter-
mined visible peripheral part of the disk oriented parallel to the sky plane.
The tangential directions of a low-speed flow of jet — a wall of a tube are
observed in the form of parallel strips with fragments. Diameter of a tube
corresponds to diameter of a nozzle, Fig. 7b. Observed expansion of a low-
velocity outflow of a conterjet from the ejector like a bell determined by de-
lay of reduction of diameter of a nozzle in process of ejection of matter. The
similar form has jet, but it smooths out the big length exceeding the size of
a conterjet more than by 4 times. Diameter of an external low-velocity out-
flow of jet is equal 4.2 mas, Fig. 7b.

At higher frequencies fragments of structure near a core are allo-
cated [MatBeenko u ap., 2010]. On wavelength A = 3 cm with the resolu-
tion @ = 0.05 mas, epoch 2006.09.06, as well as earlier, is observed the ring
structure with fragments corresponding to a nozzle of a low-velocity out-
flow with a diameter of 1 mas or 5 pc, Fig. 7c. Radiation of the disk doesn’t
exceed 0.2 % of peak /= 1.21Jy/beam. The bright compact source —
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a nozzle of a counterjet and the counterjet are before a disk and its bright-
ness reaches 7, = 12:10 K. The jet outflow ejected in the opposite direc-
tion and becomes seen only from distance of 0.4 mas or 2 pc at an exit
out of limits of the dense absorbing part of a disk. Jet is surrounded with a
low-velocity stream which tangential directions are observed in the form of
parallel chains. This structure is observed and on wavelength A =2 cm, an
epoch 1997.03.13, resolution ¢ = 0.1 mas, Fig. 7d. With increase of frequen-
cy jet is observed from the smaller distance equal to 0.2 mas or 1 pc. On a
wavelength of A =2 cm fragments and an internal low-velocity stream are
allocated with diameter of ~0.3 mas or ~1.5 pc. On wavelength A = 7 mm an
epoch 2000.04.05 resolution @ = 0.02 mas jet is observed from distance of
0.12 mas or 0.6 pc. Peak value at the exit of a nozzle of a ounterjet equally
[=0.46 Jy/beam or T, = 10" K. Diameter of ring structure — low-velocity
jet is equal 0.23 mas or 1.2 pc that corresponds to the size of a nearby low-
velocity nozzle. Diameter of a outflow increases in process of removal to
2.5 pc at distance of 1.5 mas or 8 pc Fig. 7e. The central region and the ring
structure is given in the increased scale in Fig. 7f. Here pieces of straight
lines showed orientation of the polarized emission almost orthogonally to
a ring [MatBeenko u ap., 2010]. Brightness of a high-velocity stream at the
exit of a nozzle corresponds to /= 1.21 Jy/beam or 7, = 10" K.

8.3C 345

3C 345 — the known quasar (z = 0.595) removed on distance of 2500 Mpc
and 1 mas corresponds 3.79 pc. The structure contains a core and one side
jet. In the central region there is a thermal plasma observed in emission
lines in optics. Absorption in recombination radio lines of the 3 cm band
shown that thermal plasma surrounding a core region Fig. 8a (see p. 25)
[MarBeenko u np., 2005]. In this regard, the central region of a core is vis-
ible only on millimetric — short centimeter of wave lengths. Researches of
thin structure of a quasar on lengths of waves A =2 cm and A = 7 mm with
the resolution ¢ = 20 uas established existence of a conterjet and allowed
to define its features of Fig. 86 [MaTBeenko, CuBakoHb, 2013; MaTBeeH-
ko, Butuen, 1999]. Jet and counter jet structures correspond to the conical
spiral with a variable step and the bent axis and are a reflected of each other
of Fig. 8c. The structure of a bipolar stream in the increased scale on wave-
length A =7 mm an epoch 5.04.2000 is given in Fig. 84, the peak brightness
of Ipeak = (0.876 Jy/beam and an average view of epoch of 24.01.00-15.04.01
Fig. 8e, I, =~ 1.0Jy/beam. Jet sizes exceed conterjet approximately by
7 times that is defined by his acceleration of Fig. 84. The brightness tempera-
ture of the ejector reaches 7, = 2-102 K. Brightness of high-velocity outflows
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exponential falls down at distance to p = 2.5 mas that is determined by ra-
diation losses of the ejected relativistic electrons of Fig. 8f. Acceleration of
a outflow offsets losses of electrons and jet radiation is observed at a great
distance.

In the center of active area on a wave A = 7 mm are allocated structure,
orthogonal to a high-speed bipolar stream which corresponds to the cen-
tral visible part of the disk observed from an edge, Fig. 8¢. The disk has a
small inclination to the sky plane that reduces brightness of nearby part of
jet. From remote part of a disk with a diameter of 0.22 mas or 0.9 pc eject-
ed a low-velocity bipolar stream which diameter increases from 0.25 uas
(~0.9 pc) at the nozzle exit to 0.65 mas (~2.5 pc) at distance p mas ~2 mas
(~8 pc). Brightness of a disk and fragments of low-velocity outflows don’t
exceed 1 % of peak value, Fig. 8¢ and Fig. 8e.

Researches of kinematics of fragments of a high-velocity outflow of jet
on a wavelength A = 7 mm showed that the velocity of the ejection of matter
doesn’t exceed <0.06¢, and exelerated until 8¢ at distance about 0.5 pc of
Fig. 8g. The movement of fragments with this velocity had been at distance
to 2 pc and further is slowed down to initial level [MaTBeenko, CuBakoHb,
2013]. Observed changes of velocity of fragments perhaps, are defined by a
refraction of the passing radiation in surrounding thermal plasma of accel-
eration zone limits.

On wavelength A = 2 cm are observed jet in the form of the cone with
the bent axis and conterjet Fig. 84 epoch 02.11.2012 and Fig. 8i epoch
30.10.1998 resolution ¢ = 50 uas and @ = 20 uas respectively. The bright-
ness temperature of a nozzle reaches 7, ~ 7- 10" K and T,= 50-10'> K. The
central high-speed flow of jet is surrounded with the low-velocity compo-
nent observed at distance to 10 mas or 35 pc of Fig. 84. Its diameter in-
creases from 0.4 mas (~1.5 pc) to 1.5 mas (~6 pc). The initial part of jet is
surrounded with parallel chains a component the distance between which
corresponds to ~0.5 mas or ~2 pc, epoch 2000.02.04, resolution ¢ = 20 uas
of Fig. 8. Peak brightness of Ipeak = 1.82 Jy/beam or T, = 30-10 K. The
high-velocity bipolar outflow has an appearance of the dispersing spiral
with a variable step and the bent axis, determined by gasdynamic instabil-
ity and jet influence on a disk [MaTtBeenko, Butuen, 1999; MaTBeeHKoO,
2001].

9.3C454.3

3C 454.3 — blasar, object with active core, a disk orientes in the sky plane
and a outflow is ejecting in the direction on the observer. The distance to a
blazar (z = 0.859) is equal 2200 Mpc and 1 mas corresponds to 4.3 pc. The

51



radio structure is similar to structure of a quasar 3C 345 and consists of a
compact core and spiral cone-shaped jet with a variable step and the bent
axis, Fig.9a (see p.34), wavelength A =2cm, resolution ¢ = 0.1 mas.
The visible structure practically repeats on waves A = 2.5 cm and A = 3 cm,
Fig. 96 and Fig. 9c. Distinctive feature is the arc-shaped fragment of struc-
ture which is peripheral part of a disk with a diameter of 3.4 ms, arches
(15 pc). The structure is similar to a Seyfert galaxy 1803+784. Brightness of
an arc fragments on the considered lengths of waves an epoch 2006.06.15
is equal 70, 60 and 30 mJy/beam and corresponds to a spectrum with a
low-frequency cut off, with a spectral index in low-frequency part a = 1.7.
Brightness of fragments is small and the positive spectral index possibly
is defined by transparency of the thermal screen, but not a reabsorption.
About same growth of the brightness temperature of the ejector with short-
ening of wavelength from T, = 410" K to T,= 5-10'? K respectively.

10. NGC 1275 Seyfert galaxy

A radio source 3C 84 is at distance 110 Mpc and 1 mas corresponds 0.55 pc.
Its nature is up to the end not clear. On one representations it is the facing
galaxies [Minkovsky, 1957], on another — the blowing-up galaxy [Burbidge,
Burbidge, 1965]. Observed splitting of spectral lines of the central region
assumes the relative velocity of radiation of the making fragments reaching
~600 km/s [du6ait, 1969]. The first observations on global VLBI network
on a wave of 1.35 cm established double structure of object [MaTBeeHKO
u ap., 1980; ITaymuuu Toc u ap., 1978]. The subsequent studies superfine
structure of a galaxy on a wavelength 2 cm during 2005—2010 showed that
the object consists of the active region and two ears located at distance of
5 pc to the North (X=—10°) and 6.5 pc to the South (X= 170°) respec-
tively [MarBeenko, Cenesnen, 2016]. The structure of object with the res-
olution ¢ =0.4 mas is shown in Fig. 10a (see p.35) epoch 18.11.2005,
peak value of brightness of Ipeak = 2.17 Jy/beam. Observable, the separation
of ears is defined by decrease of the activity of a core. Active region con-
sists of two parallel identical structures carried in the sky plane on 0.5 pc
in the direction 45°, Fig. 105, an epoch 18.11.2005, resolution ¢ = 50 uas.
Each structure consists of a disk, a core and a bipolar stream. The disk ob-
served from an edge is foriented in the sky plane under a corner 60°. Bi-
polar outflowers are directed towards “ears”, Fig. 105. High-speed bipolar
outflowes of east and western systems are surrounded with low-velocity
components — tubes, diameter of &, = 0.6 mas, arches (0.3 pc). The fol-
lowing couple, diameter of &, = 1.5 mas (0.8 pc) and &, = 2.6 mas (1.4 pc)
connected in the uniform structure surrounding the central outflows of
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Fig. 105 and Fig. 10c an epoch 27.10.2009, @ = 0.05 mas, arches and bright-
ness of [ = 144Jy/beam. The brightness temperature of the ejector
reaches Yi ~ 410" K. Systems are gravitationally connected among them-
selves [[Iknosckuit, 1978]. The observed spliting of spectral lines reaching
~600 km/s decides by their orbital movement round the center of system on

the period of ~5- 10° years, and their weight corresponds M = 10'M

sun’

ANALYSIS OF RESULTS

The conducted researches of thin structure and kinematics of active astro-
nomical objects, type of the fields of education of stars and cores of galax-
ies testify to their vortex nature similar to terrestrial tornadoes. Formation
of whirlwinds — result of instability of progress movement of a matter. The
matter, surrounding space, flows on a helix to the center of a whirlwind
and is ejected, in process of accumulation of excess angular momentum,
in the form of the rotating bipolar stream. Structures like the coaxial tubes
surrounding the central high-speed bipolar stream are formed. Velocity of
matter and temperature of plasma exponential increase as approaching the
center, reaching relativistic values. The rest drops out on the formed cen-
tral body which gravitational field accelerates and stabilizes process [Adpa-
MsiH, MatBeeHko, 2012]. The visible sizes of the rings nozzles of bipolar
streams and conformity angular and linear values are provided in Table. Di-
ameters nozzles of the high-velocities outflows are less the reached resolu-
tion. In remote objects of & < 0.2 pc. The sizes of nozzles of the galaxies
located at the minimum distances, galaxies of M 87 and Cyg A lie within
0.001 € Z_ < 0.02 pc. In a nearby galaxy of M 87 size comes nearer to the
measured value ~0.001 pc. On a measure an overflowing from the periphery
to the center of a disk thermal plasma is warmed up to the relativistic tem-
peratures. The brightness — electronic temperatures at the exit of a nozzle
lie within 5-10" < 7, < 20-10" K.

The sizes of nozzles nearby low-velocity outflows approximate-
ly on order exceed the sizes of a high-velocity stream and lie within
0.07< &, < 3.0 pc. In the course of ablation of excess angular momen-
tum — the ejection of matter diameter of a nozzle decreases therefore the
low-velocity outflow structure formed like a bell, for example, of M 87. The
sizes more remote nozzles practically by 3 times exceed the sizes of an in-
ternal nozzle of &, = 3&,. The most remote nozzle is observed in object
1803+784 equally &, ~ 14 pc and practically corresponds to visible part of
a disk. Ablation of excess angular momentum leads to rigid body rotation of
a disk.
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Diameters of nozzles of jets

Object D, 7, @, |, |pc/mas
Orion KL, A. U. 0.05 |15 — — 0.05
NGC 4258, pc ~0.003 0.02 | — - 0.038
Cyg A, pc 0.02 0.75 | 1.8 — 1.13
M 87, pc 0.001 0.07 | — - 0.078
1803+784, pc <0.2 4 7 14 5

3C 345, pc <0.1 0.9 1.8 | — 3.79
3C454.3, pc <0.2 1.5 34 | 15 4.3
3C 84, pc 0.03 0.3 0.8 | 2.6 0.55

Interaction with surrounding medium, accelerates and collimates the
rotating outflow. The jet structures and a counterjet are identical and are
mirror reflection of each other. Aerodynamic instability of the ejected of
streams causes an axis precession — formation of structure of a stream like
the conic helix with a variable step, and jet influence bends an axis and the
plane of a disk. This purely gasdynamic phenomenon occurring in neutral
environments is also observed as in terrestrial conditions in the form of tor-
nadoes, and star formation regions, and galaxies. In small whirlwinds the
mass of matter is insufficient for formation of the central massive body that
limits time of their life.

In case of the electroconductive medium — in walls of rotating plasma
tubes are excited of the ring currents. The structure like the solenoid, which
magnetic field coaxially to a stream is formed. Progress movement excites
the magnetic power tube surrounding a stream, or ring magnetic fields of
opposite directions in the disk plane. The magnetic field of system, is de-
fined by kinetic energy of plasma: flowing in a disk, the ejected outflowers
and dropping out on the central body. The rotary component prevails. The
excited magnetic fields in addition stabilize and accelerate process of forma-
tion of system [A6pamsiH, MatBeenko, 2012; Lovelace, Berk, 1991].

The expiration of a bipolar outflow equally probability in both parties,
as is observed in neutral mediums — the whirlwinds arising in free space
over a surface of the earth and star formation regions. However, in case
of electroconductive medium of galaxies, asymmetry is observed. The in-
creased size and emission of relativistic electrons of jet at the distances ex-
ceeding time of their life testify to it. The visible sizes of jet and a counterjet
differ several times confirmates that difference. Their movement with “fro-
zen” magnetic fields is along and opposite the general field of system that
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leads to acceleration or to braking of outflowers jet and a counterjet. Cir-
cular components of magnetic fields can have a certain impact. Velocity of
ejection of outflowers doesn’t exceed <0.1c. In some cases, in particular, a
quasar 3C 345, a galaxy Cyg A, accelerations of fragments of jet at distances
in some pc to visible superlight velocity are observed. But probably it is de-
termined by passing of a radio emission along surrounding thermal plasma,
by phase velocity — a refraction.

CONCLUSION

Researches of superfine structure of regions of star formation and active
cores of galaxies established identity of their structures and kinematics with
the whirlwinds observed in terrestrial conditions. Instability of progress of
gas leads to a turbulence and running off on a spiral to the center. Excess
angular momentum is carried away in process of its accumulation by the bi-
polar rotating out flowers. Velocity of streams exponential increase as ap-
proaching the center. The rest of medium drops out on the central body
which gravitational field accelerates and stabilizes process. The mass of ter-
restrial whirlwinds is small for formation of a massive body, respectively it is
not enough also time of their life. Collimation and acceleration of streams
decides by interaction on their environment.

Ring currents — longitudinal magnetic fields are excited in the elec-
troconductive environment in plasma of a disk and the rotating outflowers.
Corresponds to a component of progress, a surrounding magnetic tube and
ring magnetic fields of opposite rotation of the top and lower part of a disk.
A source of a magnetic field is kinetic energy of matter. The rotary com-
ponent of the movement prevails. Magnetic fields in addition stabilize and
accelerate formation of system. The expiration of flows of jet and a counter-
jet is equally probability, but happens along and opposite a magnetic field
of system that them accelerates or brakes. Visible superlight velocity of the
movement of fragments of streams are defined by the phase — velocity of
propagation of radio waves in surrounding thermal plasma.
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