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TE3UCHI INICCEPTAIINI

IIPOIIECCHI DHEPI'O- I MACCOOBMEHA
MEXKY TAJJAKTUKAMMU "
OKOJIOTAJIAKTUYECKOM CPEIOM

Huccepmayusa wa couckarue yuenot cmeneny, dokmopa
PUBUKO-MAMEMAMUYECKUT HAYK

Huccepraiiusi TOCBAIIEHA UCCIEIOBAHUIO ITPOIIECCOB
obMeHa SHeprueil 1 MacCoit MEXK Ty TaJJaKTUKAME U OKPY-
JKaromeit cpenoit or Havaga (GOpMUPOBAHUSA TEPBBIX
3Be3]1 BO BcesleHHO#T 0 COBpEMEHHOI SIIOXH, OIIPe/Iesie-
HUe (PU3NIECKUX YCJIOBUI 1 HAOJIIOAATE/IbHBIX TPOSIBIIE-
HUY, XapaKTEPHBIX JIJId 9TUX IIPOIECCOB.

[naBubIMEu HapaB/ieHUSIMA PAOOTHI SBJISIOTCS: U3Y-
qenne (GOPMUPOBAHUs MEPBBIX O0BEKTOB BO DBcesen-
HOM, MCC/IeIOBaHNE BJIUSHUS HECTAHIAPTHBIX MCTOTHU-
KOB MOHU3AIMU U HATPEBA HA TEIJIOBYIO U MOHU3AIMOH-
HYIO 9BOJIIOIMIO ra3a Ha KPacHBIX cMemeHusax 2 = 10-50;
HCCJIEIOBAHNE HECTAIIMOHAPHLIX IIPOIECCOB NOHUBAINN 1
OXJIAZKICHUST aCTPOMUINIECKON TIIA3MBI C TETHI0 WHTEP-
IpeTanyuu HabTIOMATEIbHBIX JAHHBIX 110 A0COPOITMOHHBIM
CHCTEeMaM B OKOJIOTAJAKTUIECKON Ccpejie; ompejeeHne
YCJIOBHIA JIJIsl 32 POXKIEHUST MAJIAKTUIECKIX BETPOB.

OcHoOBHBIE pe3yJIbTATHI PAOOTHI.

e Omupejesiennl ycioBus jist 3bdEKTUBHOrO 06pa3oBa-
nus mostekysn HD 3a ¢oporTamMu yaapHbIX BOJH B Iep-
BUYHOM T'a3e.

e [loka3aHo, YTO CyIIECTBOBAHUE HECTAOMIIBHBIX TaCTHI]
TEeMHOIl MaTepuu B MMOCTPEKOMOMHAIMOHHON Bcesen-
HOl TPOSIBJISIETCS B CBOMCTBAX IJI00AJBHOIO CUTHAJIA,
bIyKTyarusax spKOCTHOM TEMIIEPATYPHI U CTATUCTUKI
abCcopOIMOHHBIX cucTeM (MM «Jiecay) B JmHEA 21 cM
aTOMAapPHOT'O BOJIOPOJIA.

e YkazaHO Ha yBejgudeHHe 3(HPEKTUBHOCTH TEPeMeIn-
BAHUS TSKEJIBIX JIEMEHTOB B IIEPBBIX IIPOTOTAJAKTHU-
KaX IPHU CXJIONBIBAHIHN OCTATKA CBEPXHOBOI M Ha BO3-
MOXKHOCTH OOPA30BaHUSA 3BE3]I CJIEIYIONIErO IIOKOJIE-
HUsI C METAJUIMYHOCTHIO BBINIE 3HAYEHUs] «KPUTUYE-
CKOIl METaJLIMIHOCTH ».

e YKa3aHbl WHTEPBAJbl MPUMEHNMOCTA PABHOBECHBIX
GyHKIMNH OXJAaxKIeHnus B (POTOMOHU3O0BAHHOM ODOTa-
IIEHHOM TSI?KEJIBIMU JIEMEHTAME ra3e.

e OnpejiesieHbl yCJIOBUSL ISl MIOsIBJIEHUS] BBICOKOI KOH-
nenTpaiuu nona kucaopoga O VI B raze moj jeiicTBu-
€M TaJAKTHIEeCKOIO0 U BHETAJJAKTUIEeCKOI0 MOHU3YIO-
IET0 M3JIyI€HUS.

e Yka3aHO, 4TO HpHU y4ere 3(PHEKTOB pPa3BUBAIOIIIX-
¢ THAPOJAMHAMUYECKUX HEyCTOHYMBOCTel B 000J104-
Ke CBEPXHOBOH TEIIOBasi SHEPI'HUs HA[AeT 3HATUTEb-
HO 3 deKkTuBHe, YeM CJielyeT U3 MPUBLITHBIX TPEI-
CTaBJICHUI, OCHOBAHHBIX HA OJJHOMEPHBIX C(hEePUIECKH
CHUMMETPHYIHBIX PACIETAX.

e Haiineno macmrabHoe cOOTHOIIEHHE MEXKTY dPdek-
THUBHOCTBIO HarPeBa ra3a CBEPXHOBBIMU IO PEHTTEHOB-
CKUX TEeMIEPATyp, TEMIIOM BCIIBIIIEK CBEPXHOBBIX U
ILUIOTHOCTBIO OKPY2KAIOIIEr0 ra3a.

THESES REVIEW

PROCESSES OF ENERGY AND MASS
INTERCHANGE BETWEEN GALAXIES
AND CIRCUMGALACTIC MEDIUM

Thesis for the degree of Doctor of Sciences

The thesis is dedicated to the study of processes of
energy and mass interchange between galaxies and cir-
cumgalactic medium from formation of first stars in the
Universe to the modern age, determination of physical
conditions and observational manifestations typical for
these processes.

The main directions of the research are as follows:
the study of formation of first objects in the Universe;
the investigation of impact of nonstandard sources of
ionization and heating to thermal and ionization evolu-
tion of gas at redshifts of z = 10-50; the study of non-
stationary processes of ionization and cooling of the as-
trophysical plasma with the purpose of interpreting ob-
servational data from absorption systems in the circum-
galactic medium; determination of conditions for origin
of galactic winds.

The main results of the thesis are as follows:

e Conditions for effective formation of HD molecules be-
hind the shock wave fronts in the primary gas were
determined.

e It was shown that the presence of unstable particles
of the dark matter in the post-recombination Universe
manifests itself through properties of the global signal,
fluctuations of brightness temperature and statistics of
absorption systems (or “a forest”) in the line 21 cm of
atomic hydrogen.

e It was pointed out that efficiency of the mixing of
heavy elements in first protogalaxies at a supernova
remnant collapse increases, and the formation of next-
generation stars with metallicity higher than “a criti-
cal metallicity” is possible.

e Intervals of applicability of the equilibrium cooling
function in the photoionized gas enriched with heavy
elements were determined.

e Conditions for appearance of high concentration of
oxygen ion OVI in gas under the action of galactic
and extragalactic ionizing radiation were determined.

e It was shown that if effects of developing hydrody-
namic instabilities in a supernova envelope are taken
into account, then the thermal energy falls much
more effectively than it follows from traditional be-
liefs based on one-dimensional spherically symmetric
calculations.

e The scaling relation between efficiency of gas heat-
ing by supernovae up to X-ray temperatures, super-
novae outburst rate and density of surrounding gas
was found.
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e [Ipenckazana BpeMeHHas 3aJIepXKKa MEXKJy HadaJIoM
BCIBIIIKHA 3B€3/1000pa30BAHNS 1 aKTHBAINEI TaTaKTH-
YeCKOI'0 BeTpa, BO3HUKAIOIIETO B pe3yJbTaTe KOJLIeK-
TUBHOTO JIEAICTBUS BCIIBIIIIEK CBEPXHOBBIX.

E.O. Bacuaves.

HABJIIOJIATEJIbHBIE
XAPAKTEPUCTUKU N3JIYYEHU S
BJIA3APOB B

PAJIVIO /OTITUYECKOM /TAMMA
JIMATIABOHAX

Aluccepmanyus na couckanue yuwenot cmenery Kanouda-
ma PusuKo-MameMamuieckur Hayx

Juccepranuonnasi paboTa MOCBSIIEHA KOMILIEKCHO-
MY UCCJIEIOBAHUIO HADJIOATENbHBIX XApaKTEPUCTUK OJia-
3apOB U CBSI3U WX U3JIy9EeHUs B PA3IUUHBIX JIMANA30HAX
9JIEKTPOMArHUTHOTO CIIEKTPA.

OcHoOBHBIE pe3yJIbTaThbl PAOOTHI.

e B pabore ncciieioBanbl HAOIOIATEIHHBIE XaPAKTEPH-
cTUKU 0J1a3apOB U CBSI3b UX M3JIYYEHUs B PA3JIAIHBIX
JIara30Hax JeKTPOMArHUTHOrO criekTpa. Ilpenscras-
JIEHBI PEe3yJIbTaThl MHOTOYACTOTHBIX HAOJIIOJEHUI Ha
PATAH-600: u3mepenus IIOTHOCTH [TOTOKA U AHAJIN3
PAJIMOCIIEKTPOB JIJIsi HECKOJIBKUX COTEeH OJIa3apOB.

e BroisiBiieno, 9To COCTOsIHUE JIALIEPTUJ] B PaHo/Aalia-
30HE BJINsIET HA BEJIUIHHY KO3 dUImenTa KoppeJss-
MU [OTOKA B PAJINO/UAIIA30HE U HOTOKA OT 00JacTh
00pa30BaHUs IMTUPOKUAX JIMHIH.

e AHaju3 M3JIydeHUs B PAIUO- U MaMMa-UANa30He 110
nanaeiM PATAH-600 u Fermi-LAT sBoigsua 3nagu-
MYIO KOPPEJISIIINIO JJisi 000UX TOJIK/IaCCOB 01a3apOB —
JIAIIEPTU] U KBa3apoB C IUIOCKUM CIEKTPOM — JIJIst
BCEX PACCMOTPEHHBIX PAJMOYACTOT U IBYX TraMMa-
moJsioc. Pe3ysbTar TOBOPUT B IMOJIB3Y TECHON B3aMMO-
CBSI3W TaMMa- U PAJIHOU3JLY Y€HUsI, 0OPA30BAHUS X U3
OJTHOW TIOIYJISITTUN (DOTOHOB W CJIYKUT TIOTBEPIK/IE-
HUEM CHHXPOKOMIITOHOBCKOI'O MEXaHM3Ma, HM3JIyIeHUsI
B Osazapax. BrersiBiieHo, 9T0 K03ddUIMenT KoppeJs-
MU W3JIyYEHUs] B PAJIUO- W TaMMa-IHAITA30HE UYB-
CTBUTEJIEH K PACCMATPUBAEMON IacTOTe JJIs KBa3apoOB
C IUIOCKUM CIIEKTPOM.

e [IpuBomsiTcst pe3y/bTaThl OIEHKU 3HAYEHUs] YaCTOTHI
MaKCHMyMa CHHXPOTPOHHON KOMIIOHEHTBI CIIEKTPAJIhb-
Horo pacupegesenus suepruu (SED) nist BeiGopru
875 Gstazapos u3 Habmogareabuoro cnrcka PATAH-
600. Ha ocroBe sTOro0 nposejieHa Kiaaccudukarms oJia-
3apos 1o tuiy SED u HaiijieHo pasjinune B pacipe/ie-
JIEHHH 9TOTO IapaMeTpa JiJisl IBYX MOJIKIACCOB Oira3a-
pOB.

o [IpuBosgaTcs pe3yabTaThl KBa3MOJIHOBPEMEHHBIX Ha-
6monennit B ontuaeckoM (ITEMCC-1000, CAO PAH)
U pajrojiraa3oHne Jjis MecTu 61a3apoB ¢ OYeHb HU3-
KOYaCTOTHBIM MAKCUMyMOM CHUHXPOTPOHHOI'O H3JLyde-
Husi (VLSP).OueneHo 3HavYeHNe 9acTOThI MAKCUMYMa
CHHXPOTPOHHON KOMITOHEHTBHI U MOATBEPKICHA KJIAC-
cudukarmsa kak VLSP mis Tpex u3 Hux.

e The time lag between the beginning of star formation
burst and activation of galactic wind arising due to col-
lective action of supernovae outbursts was predicted.

E.O. Vastliev.

OBSERVATIONAL CHARACTERISTIC OF
BLAZAR EMISSION IN
RADIO/OPTICAL/GAMMA-RAY RANGES

Thesis for the degree of Doctor of Philosophy

The thesis is dedicated to comprehensive analysis of
observational characteristics of blazars and a relation be-
tween their radiation in different ranges of electromag-
netic spectrum.

The main results of the thesis are as follows:

e Observational characteristics of blazars and a rela-
tion between their radiation in different ranges of
electromagnetic spectrum were studied. The results
of RATAN-600 multifrequency observations are pre-
sented: flux density measurements and analysis of ra-
dio spectra for several hundreds of blazars.

e It was found that the state of BL Lac objects in radio
range influences the coefficient of correlation between
the radio flux and the flux from a wide-line formation
region.

e Analysis of radio and gamma-ray emissions from
RATAN-600 and Fermi-LAT data revealed a sig-
nificant correlation for all considered radio frequen-
cies and two gamma-ray bands for both blazer sub-
classes — BL Lac objects and flat-spectrum quasars.
The result suggests that there is a strong relation be-
tween gamma-ray and radio emissions, that they arise
from one photon population and it confirms synchro-
Compton mechanism of radiation from blazars. It was
found that for flat-spectrum quasars the correlation
coefficient in radio and gamma-rays is sensitive to a
considered frequency.

e Frequencies of the maximum in the synchrotron com-
ponent of spectral energy distribution (SED) were es-
timated for a sample of 875 blazars from the RATAN—
600 observational list. Thereupon, the SED-type clas-
sification of blazars was carried out and a difference in
distributions of this parameter for two subclasses was
found.

e The results of quasi-simultaneous observations in op-
tical (Zeiss-1000, SAO RAS) and radio ranges for
six blazars with very low-frequency maximum of syn-
chrotron emission (VLSP) are adduced. The fre-
quency of the maximum in the synchrotron compo-
nent was estimated and the classification of three of
them as VLSP was confirmed.
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PesynbraTel anamm3a CleKTpaJIbHBIX CBOMCTB UCTOY-
HUKOB MOTYT OBITh UCIOJIB30BAHBI B JAJBHEHIINK IKCIIe-
PUMEHTAJBHBIX ¥ TEOPETUIECKUX HCCIIEJTOBAHUIX IIPU-
POJIbI OOBEKTOB U MEXAHU3MOB MX U3JIydeHusl. VIHTepak-
TUBHBII KaTaJior u3Mepenuii oobexkTos Tuna BL Lacertae
SIBJISIETCSI TIOJIE3HBIM MHCTPYMEHTOM B U3yYEHUH BOJIIO-
WY CHHXPOTPOHHBIX PAIUOCIHEKTPOB, KPUBBIX OJIECKa 1
IePEMEHHOCTH 3TOrO THUIA 0JIa3apOB.

T.B. Mydgaxapos.

PA3BBUTUE CUCTEM PETICTPAIINN
PAJIIMOACTPOHOMMWYECKUNX JTAHHBIX
1 IIOBBIINTEHUE YYBCTBUTEJIbBHOCTNI
PAAMOTEJIECKOITIA PATAH-600

Huccepmayusa na couckanue yuenol cmenenu Karnouda-
Ma METHUYECKUT HAYK

B pabore npencraBieHbl pe3yabTATHI, MOJIYYEHHBIE
aBTOPOM B OOJIACTH IIOBBIIIEHUS IyBCTBUTEIHHOCTHA U
JIOJITOBPEMEHHO# CTAOMILHOCTH PAbOTHI PATUOMETPOB
KOHTUHYYMa, TIPU MPOBEJIEHUH PAINO0ACTPOHOMUIECKUX
unaburogennii Ha PATAH-600. CosepinieHcTBOBaHNE aB-
TOPOM CPEJICTB W METOJIOB PETrUCTPAIIUU PaIHOACTPO-
HOMUYIECKUX JAHHBIX MPUBEJIO K JIYUIIEeMY TOHUMAHUIO
MPUYINH HECTAOMILHOCTEH TMOKA3aHUN paInoaCTPOHOMU-
yeckoro mpueMHuKa (paguomerpa). ITokasano, 9To CO-
BPEMEHHBIIl HEOXJIAXKJAEMbIll PaJIMOMETD MOXKET OBITh
IIOCTPOEH TIO0 CXEME <«PIUOMETPA IMOJTHOM MOITHOCTHUS.
Pagmomerp mipu 5TOM 1EMOHCTPUPYET HA IPAKTHUKE PaC-
YeTHYI0 9yBCTBUTEJIHHOCTH HA MACIITA0AX BPEMEHU JI0
10 ¢, 9TOo Kak pa3 COOTBETCTBYeT BPEMEHHU IIPOXOKJIe-
HUS TOYEYHBIX PAIUOUCTOUYHUKOB U€pe3 HEIMOIBUXKHYIO
JuarpaMMmy HalpaBjeHHOCTH pajuoreeckona PATAH-
600. Ha macmrabax Bpemenu no 100 ¢ Takoii pagmomerp
WMeeT IyBCTBUTEILHOCTD BBIIIE, 9€M Y MOLYJIAIIMOHHOTO
pajuoMerpa.

OcHoBHOE BHUMAaHHE aBTOp yJeams 6opbbe ¢ n36bI-
TOYHBIMU IIIYMaMHA B PAJNOMETPe: BHEITHUMHA (MMILYJIbC-
HBIE PAJMOIIOMeXH) U BHyTpeHHUMHE (myM Buga 1/ f, ko-
TOPBIi B JINTEPATyPE CBA3BIBACTCH C (PIIYKTYAIUSMA YCHU-
Jernus B paguomerpe). Ilocrpoenue cucTeM UMILYIbCHO-
ro nomexonogasiaenus na PATAH-600 nmossosmio 6osee
yeM Ha 10 jieT npoiIuTh HAOJIIOMEHUS B AEIIMMETPOBBIX
Juarnazonax Ha JumHax BoyH 13, 30 u 50 cm. B pesyib-
Tare GopuObI ¢ nrymoM Buza 1/f B cucreme perucrpa-
Y, HU3KOYACTOTHOI W BBICOKOYACTOTHOM YaCTAX CXe-
Mbl PaJMOMETPa ABTOPOM IOJIYYEeH <«HUJIeasbHbI» (s
Mmacrmtabos Bpemenn j1o 10¢) paguoMeTp TOJHONW MO
HOCTH C TIPEJICIbHO HU3KUM Ha, CETOJHSANTHUI JI€HD IITy-
MoM Buja 1/ f. aHHBI pe3ysbraT HOJIydYeH BIepBbIE.

II.T. ITvibynes.

The results of analysis of spectral properties of the
sources can be used in further experimental and theo-
retical study of the nature of objects and mechanisms of
their emission. The interactive catalog of measurements
of BL Lac objects is a useful instrument in the study
of synchrotron radio spectra evolution, light curves and
variability of blazars of this type.

T.V. Mufakharov.

DEVELOPMENT OF RADIO
ASTRONOMICAL DATA RECORDING
SYSTEMS AND RATAN-600 RADIO
TELESCOPE SENSITIVITY
ENHANCEMENT

Thesis for the degree of Doctor of Philosophy

The thesis presents the results obtained by the author
in enhancement of sensitivity and long-term stability of
operation of continuum radiometers during radio astro-
nomical observations with RATAN—-600. Improvement of
means and methods of radio astronomical data record-
ing made by the author led to a better understanding
of causes of instability in readings of a radio astronom-
ical receiver (radiometer). It was shown that a modern
noncooled radiometer can be constructed according to
the layout of “a full-capacity radiometer”. In so do-
ing, the radiometer demonstrates in practice the design
sensitivity on time scales up to 10 s, which corresponds
strictly to the passage time of point-like radio sources
through the fixed RATAN—600 directional diagram. On
time scales up to 100 s, the sensitivity of such a radiome-
ter is higher than that of a switching radiometer.

The author placed special emphasis on fight against
excessive noises in radiometer: external (pulsed radio
interference) and internal (the noise of the type of 1/f
which is connected in literature with fluctuations of ra-
diometer amplification) noises. The construction of pulse
interference suppression systems at RATAN-600 allowed
us prolonging observations in the decimeter wavelength
ranges at wavelengths of 13, 30 and 50 cm for more than
10 years. As a result of fight against the noise of the
type of 1/f in the recording system, low-frequency and
high-frequency parts of radiometer layout, the author
obtained an “ideal” (for time scales up to 10s) full-
capacity radiometer with currently limit low noise of the
type of 1/f. Such a result is obtained for the first time.

P.G. Tsybulev.



