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oqnnurnJibHOro onnoHeHTa Ha ,uuccepranmo Jlecoaoro Cepre.SI Bna,n;HMupoauqa 

«Pe3yJibTaTbl HCCJie,UOBaHHH MHKpOB0JIH0B0ro H3JIY'ieHH.SI CoJIHu;a: 11HcrpyMeHTapHH H 

Ha6mo,uemurn, npe,ucTa.BJieHHOH Ha C0HCKaHHe yqeHOH CTeneHH ,UOICTOpa q>H3HKO­

MaTeMaTHqecKHX HayK no cnen;HaJibH0CTH 1.3 . 1 - <l>H3HKa K0CM0Ca, aCTpOHOMIDI 

3a no'iTH 30 rreT, nocagm;eHHbIX .[{BYM HHCTpyMeHTaM, CCPT H CPf, .[{HccepTaHT npo.[{eJiarr 

KOJioccaJibH)'IO MHOf03TaIIH)'10 co3H.[{aTeJibH)'10 pa6ory. 3TO MO.[{epHH3fillH.SI CCPT, co3,[{aHHe 

MaKeTa 6y.[{ym;ero pa,n;HoreJIHorpaq>a H, HaK0Heu;, pa3pa60TKa H C03.[{aHHe COBpeMeHHOfO CPr. 

IlpH 3TOM Ha Ka)K,ZJ;OM 3Tane pa6oTa C .B. Jlecoaoro conpOBO)K,[{aJiaCb Ba)l(HblMH HayqH.blMH 

pe3yJibTaTaMH, norryqeHJil,IMH Ha OCHOBe OpHmHaJibHOro Ha6mo,uaTeJibHOfO MaTepuarra. 

Ilep6ble 06e 2/la6bl nocagm;eHbl MO.[{epHH3fil\HH CCPT, C03.[{aHHOro no HHHIJ;HaTHBe H no,[{ 

pyKOBO,UCTB0M f.}I. CMOJibKOBa, H MaKery H0BOro MHOfOBOJIHOBOro pa,n;uoreJIHorpaq>a. Cy.[{.SI no 

«oqu:u::i;eHHbIM» H306pa)KeHH.SIM .[{HCKa CoJIHI~a, pa3pa6an,maeMblli C 60-x f0.[{0B MOHoqacTOTHblli 

(5,73 ffu;) CCPT npoHrpbmarr NoRH H VLA, norryqarom;Hx 6onee KaqecTBeHHbie Kaprbl CoJIH.qa. 

Ilo3TOMY B03HHKJia Heo6XO,UHMOCTb C03.[{aHIDI COBpeMeHHOfO IIIHpOKO.[{Haila30HHOro 

pa,uuoreJIHorpaq>a. B TO )Ke apeM.SI C .B. JiecoaoMy y.[{arrocb M0.[{epHH3HpoaaTb CCPT H norry'iHTb 

PM Ba)l(HblX pe3yJibTaT0B 0 CBOHCTBax pa3JIH1IHbIX q>a3 BCIIblIIIeK H oco6eHHOCT.SIX TOHKOH 

CTpyKrypbI HX pa,uHOH3rryqeHIDI. CoBMemeHHe IIIHpOK0fO noJI.SI 3peHH.SI C BbIC0KHM 

IIpOCTpaHCTBeHHbIM pa3pemeHHeM, Heo6xo,uHMOe .[{JI.SI norryqeHIDI 6bICTpbIX H306pa)KeHHH 

CoJIHu;a, npuaerro ,UHCCepTaHTa K BbIB0.[{y 0 C03,[{aHHH pa,uHOTeJieCK0na aneprypHoro CHHTe3a C 

6oJibIIIHM 'iHCJIOM aHTeHH He6oJlbmoro ,uHaMe-rpa. CHa1Iarra 6bm co3.n;aH 10-aHTeHHblii MaKeT CPr, 

3aTeM 48-aHTeHHl>IH CHHTe3HpyIOm;HH HHCTpYMeHT B HHTepaarre qacT0T 4 - 8 rru;. OnTHMaJibHbIM, 

II0 MHeHmo .[{HCCeJYfaHTa, .SIBJI.SleTC.SI .[{Hfilla30H 3 -24 ffu;, IIO,IJ;eJieHHl>IH Ha TpH 0KTaBbI, qTO 

rrpHBeJIO K KOHq>Hrypaium H3 TpeX THII0B aHTeHH H Tpex T-o6pa3HblX aHTeHHbIX peIIIeTOK. 

B mpembeu 2JlQ6e n0Ka3aHbl B03M0)KHOCTH CPf B pemeHHH COBpeMeHHblX 3a,ZJ;a1I q>H3HKH 

CoJIHu;a, .[{JI.SI K0TOpbIX He06XO,IJ;HMbl H306pa)KeHIDI H cneKTpbl pa,n;H0H3rryqeHIDI HCT01IHHKOB B 

Ka)K,[{OH o6rraCTH ,UHCKa CoJIHu;a c BbIC0KHM npocTpaHCTBeHHbIM, 1IaCT0THbIM H BpeMeHHbIM 

pa3pemeHHeM. B ,IJ;HCCeprau;HH cq>OPMYJIHpOBaHbl OCHOBHbie Tpe60BaHIDI, K0T0pbIM ,U0Jl)KeH 

y,uoarreTB0p.SITb CPf. K HHM ornoc.SITC.SI, HanpHMep, 6orrbIIIOH .n;HHaMuqecKHH ,z:i:uana3oH 103, 

BpeMeHH0e pa3pemeHHe He xy)Ke 1 C H B03M0)KH0CTb Ha6mo,ueHHH B .uayx KpyroBbIX 

n0JI.SIPH3fillH.SIX. IlOBblmeHHbie Tpe60BaHIDI K pa,uH0TeJieCK0ny H0B0ro n0K0JieHH.SI Bbl.SIBHJIH 

Heo6xO,UHMOCTb pemeHH.SI CJI0)KHbIX TeXHH'IeCKHX 3a,uaq, K0TOpbie ycnemH0 peIIIHJI C .B. 

JleCOBOH. 3ro H nepexo.n; OT B0JIH0B0,!J;0B K B0JI0K0HHOH onTHKe, C03,ll;aHHe u;Hq>pOBblX 

rrpHeMHHK0B MHOfOB0JIH0B0ro reJIHOrpaq>a C pemcTpau;HeH ,z:i:ayx KpyroBbIX noJI.SipH3anHH, 

K0MIIeHCfil\H.SI reOMeTpH'IeCKHX 3a,uep)KeK, K0ppeKIJ;IDI pa3H0CTH q>a3 ( q>a3HpOBaHHe TaK0ro 

CJIO)KH0fO HHCTpyMeHTa - HenpOCTa.SI 3a,uaqa), nporpaMMHOe o6ecneqeHHe CPf -TeJieCK0na 

aneprypHoro CHHTe3a, BKJIIO'Ia.SI rrporpaMMbI 'iHCTKH H306pa)KeHHH COJIHe1IHoro .[{HCKa H ero 

q>parMeHTOB. 

B 1'em6epmou 2Jla6e ,UHCCeprau;HH npe,z:i:CTaBJieH PM Ba)l(HbIX q>H3H'IeCKHX pe3yJibTaTOB Ha 

Mo,uepHH3HpoBaHH0M CCPT. Pa,uuoacTpoHoMHqecKHe cnoco61,1 onpe,z:i:eneHH.SI aeJIH'iHHl>I u 

KOHq>HrypanHH MarHHTHblX noneif a aKTHBHbIX o6naCT.SIX CoJIHI~a .SIBIDIIOTCSI a Hacrogm;ee BpeM.SI 

HaH6orree Ha,ZJ;e)KHbIMH, a qaCTHOCTH, npHMeHSieMI>Iii ,!J;HCCepraHTOM MeTO.L{ K0p0HaJibHOH 

MarHHTOrpaq>HH. BeJIH'iHHa nonepe1IHOH K0MnOHeHTbl MarHHTH0ro noJI.SI, 15-25 r c Ha BbIC0Tax 

70-140 TbIC. KM OT q>orocq>epbI, r,z:i:e B03MO)KHa CMeHa 3HaKa II0JI.SIPH3anHH H3rryqeHH.SI, norrytieHa 

a .[{HCCep Tfil\HH MeT0,UOM CTepe0CKOIIHH. Ha BbIC0Te 130-140 TblC. KM Ha,ZJ; II.SITHaMH onpe,z:i:erreHbI 

3HatieHH.SI MamHTHbIX norre:ii, K0T0pb1e nopsr,z:i:Ka 30-40 fc. KoM61rnau;HeH .n;aHHbIX CCPT, PATAH-



600 H NoRH noc-rpoeHa 3D-c-rpyK'l)'pa KOpOHlUThHbIX HCTOqJJHKOB. IlpH 3TOM rora onpe.z:i;erreHIDI 

BbICOTbl rnpope30HaHCHOro HCTO'IHHKa HCn0Jib30BaJICSI MeTO.l{ BpameHIDI CoJIHI(a. 

B .l{HCCepra,nHH no~eHbl CBH.l{eTeJibCTBa no.SIBJieHIDI ycKopeHHbIX 3JieKTpOHOB Ha 

npe.n;HMIIYJibCHOii CTa,zuiH BCilbIIIlKH. Ha npHMepe IISITH co61,1THii onpe,n:eneH1,1 rrprucrnqecKH Bee 

q>H3W:IecKHe Ba)KHI,Ie napaMeTpl,I HCTO'IHHKOB, BKJII01IaSI xapaKTepHCTHKH 3JieKTpOHO~, 

ycKopeHHhIX .z:i;o :3Heprnii 2 M3B. IIorryqeHI,I YKa3aHIDI Ha HaJIH1IHe 3JieKTpH':lecKHx noneH, 

ycKopmml(HX 3apsi:)KeHH1,1e -qacTHI(I,I. Onpe.z:i;erreHa BeJIH"!HHa nJia3MeHHOro napaMe-rpa P « 1, "ITO 

CBH,AeTeJibCTBYeT O .l{OCTaTOlffiO xopomeM y.z:i;ep)KaHHH nJia3Mbl B HCTOtJHHKax. BLUIBJieH0 TaIOKe 

OTCYTCTBHe npouecca «HcnapeHIDI» xp0Mocq>ep1,1 Ha paHHeii CTMHH BCnbIIIIKH, "ITO He 

• comacyeTCSI co «CTaH.l{apTHOH» MO.l{eJibIO BCnl,lillKH. Ha .l{JIHHe BOJIHbl 5,2 CM 3a nepH0.l{ 2000-

2003 rr. no~eHI,I pa3Mep1,1 H KOOp.z:i;HmlTbl OKOJIO CTa HCTO'IHHKOB 6bICTponpoTeKaIOII(HX (::S 1 C) 

co61,ITHH u orrpe.z:i;erreH npeffMYmecTBeHHblH THII BOJIHbl y HCTO'IHHKOB - o6bIKHOBeHHaSI MO.l{a, "ITO 

CBH.l{eTeJibCTBYeT O IIJia3MeHHOM MeXaHH3Me PMHOH3~eHIDI. 3ro aec1,Ma He06bl1IHO rora 

H3~eHHSI CoJIHI(a Ha .l{JIHHe BOJIHbl OKOJIO 5 CM. O6menpHHSITbIM MeXaHH3MOM H3~eHIDI 

BCIIJieCKOB pa,nHOH3rrytJ:eHIDI CoJIHI(a Ha 3THX .l{JIHHax B0JIH C1IHTaeTC.sI rHpOCHHXpOTpOHHbIH 

MeXaHH3M. 

B nRmou ZJla6e H3JIO)KeH p.si:.z:i; HHTepeCHI,IX opHrHHaJibHbIX pe3yJibTaTOB, no~eHHI,IX Ha 

48-aHTeHHOM MaKeTe CPr H Ha C03.l{aHHOM CPf. Bo-nepBbIX, 3TO BCnJieCKH B nomomemrn, 

KOTOpbie, KaK o6Hap~rr .l{HCCepraHT, BbI3BaHbI 3KpaHHpOBaHHeM rnpope30HaHCHOro H3JIY1IeHIDI 

HCT01IHHKOB BbI6pocaMH KOMIIaKTHbIX BOJIOKOH, co.z:i;ep)KamHx IIJIOTHYIO XOJIO.l{ffYIO nJia3MY, Bo­

BTOpbIX, 6rraro.z:i;ap.si: BbICOKOMY npOCTpaHCTBeHHOMY pa3pemeHHIO .l{BYX pa,zu10TerreCKOIIOB, CPr H 

EOVSA, y.z:i;arrocb onpe.z:i;errHTb pa3Mep HCTOqJJHKa ncnnecKa 11 Masi: 2023 r. B aKTHBHOH o6nacTH 

NOAA13294, ~ 2,2", "ITO no3BOJIHJIO oueHHTb .si:pKocrey10 TeMneparypy 6x101° K H c.z:i;erraTb 

BbIBO.l{ 0 ero KOrepeHTHOH npHpo.z:i;e. B .l{HCCepranHH npe.l{JIO)KeH MeXaHH3M H3JIYlleHIDI -

3JieKTpoHHbIH I(HKJIOTpOHHbIH Ma3ep (ECM) Ha BTOpOH rapMOHHKe rHpoqacTOTbI 3JieKTpOHOB. 

IlpH 3TOM npe.z:i;noJIO)KeHO, "ITO BCIIJieCK reHepHpye-rc.si: «nOJIOH» no CKOpOCTIIM nonyJISII(HeH 

3HeprHqHI,IX 3JieKTpOHOB npH HaKJIOHHOH HH)KeKI(HH 3JieKTpOHOB B KOpOHaJibHYIO IleTJIIO. 

3.z:i;ecb HY)KHO 3aMeTHTh, 'ITO Ha HHKpeMeHT HeycTOH"!HBOCTH 3QM 6oJibme BJIH.sieT He 

caMa q>opMa pacnpe.z:i;eneHIDI 3JieKTpOHOB (hollow beam HJIH horseshoe), a aeJIHqJiHa Koeyca 

IIOTepb MarHHTHOH neTJIH - rronymKH c MarHHTHbIMH npo6KaMH. KpoMe Toro, npH onpe.z:i;erreHHH 

HCXO.l{HOro IIOTOKa p8,ZUIOH3~eHIDI HY)KHO yqeCTb U:HKJIOTpOHHOe nomomeHHe p8,ZU10B0JIH B 

KOpOHe Ha rnpoypoBHSIX SWc, s = 3,4, KOTOpoe He3Ha1IHTeJibHO JIHIITh B Y3KHX «OKHax» B.l{OJib 

MarHHmoro noJI.sI (Stepanov et al. ApJ 524, 961, 1999, DOI 10.1086/307835). ~ BbIXo.z:i;a 

H3JIY1IeHIDI qepe3 «OKHa>> Heo6XO.l{HMO HH.D;yl(HpoBaHHOe paccemHe BOJIH, reHepHpyeMbIX 3I{M 

(3aiiu;ea H .z:i;p. Ac-rpoH. ~H. 82, BbIIl. 4, 368, 2005). 

B I(eJI.sIX .l{HCCepTa,nHOHHOH pa60Tbl YKa3aHbI, B qacTHOCTH H3MepeHIDI KOpOHaJibHbIX 

MarHHTHbIX noJieii. O.D;HaKO .l{HaIIa30H CPf C MaKCHMaJibHOH qacTOTOH 24 ffu; (.l{JIHHa BOJIHbI 12,5 

MM) II03BOJI.sieT HCCJie.n;oBaTh H 6orree my6oKHe CJIOH COJIHe1IHOH aTMocq>epbI, HanpHMep, 

nepexo.z:i;ey10 o6rraCTb - terra incognita, B6JIH3H KOTOpOH HatJ:HHaIOTC.sI npoueccbI BCnbIIIIetJ:HOro 

3HeproBbI.l{eJieHIDI. 

Ilo nOBO.l{y noJI.sipH38.UHH CeKYH.l{HbIX H cy6ceKYH.l{HbIX BCIIJieCKOB yKa)KeM, "ITO. 

npeo6Jia.z(aHHe B HX H3JIY1IeHHH 061,IKHOBeHHOH BOJIHbI MO)KeT 6bITh He TOJibKO H3-3a IIJla3MeHHOro 

MeXaHH3Ma p8,ZU10H3JIY"!eHIDI, HO H, KaK YKa3aHO B .l{HCCepra,nHH, npH pacnpocTpaHeHHH 

H3rrytJ:eHH.sI qepe3 o6rracTh KBa3HIIOnepe1IHoro MarHHTHOro nOJI.sI. O.z:i;HaKO ecTb eme O.l{Ha 

HHTepecHaSI B03MO)KH0CTh rora H3~eHIDI B BH.l{e 06bIKHOBeHHOii MO.l{bl - 6oJiee Y3KHe OKHa 

BbIXO.l{a pa,nHOH3JIYlleHIDI B.l{OJib MarHHTHOro noJI.sI rora He06bIKHOBeHHOH MO.l{bl (B 100 pa3 no 

cpaBHeHHIO C 061,IKHOBeHHOH) H3-3a I(HKJIOTpOHHOro nomomeHIDI B TenJIOBOH IIJia3Me Ha 

ypoBWIX 2wc H 3wc, ~eJIO B TOM, "ITO reHepHpyeMoe 3I{M H3Jiy1IeHHe He nona,naeT B 3TH OKHa, a 



HHJzyI(Hpoarurnoe pacce.SIHHe pa,n;HOBOJIH o6pa3yeT KOH,ZJ;eHCaT H3rryqeHH.Sl B6JIH3H «OKOH» Bl>Dm,na. 

TipH 3TOM HaH6orree 6rrarorrpIDITHl>Ie ycrr0BH.Sl WU! BblXO,ll;a peamI3YIOTC.Sl WU! o6bIKHOBeHHbIX 

BOJIH (Stepanov et al ApJ 1999; 3ai-inea :u ,np. A)!( 2025). Ilo3TOMY rroIDIJ):n3au:ux BLIXo,nsm:i;ero 

H3nyqeHH.SI ,ZJ;0JI)KHa COOTBeTCTBOBaTl> 061,1KHOBeHHOH BOJIHe. 

Ha CTP.143 rrpH OIIHCaHHH 3e6pa-CTPYKTYPl>I rrpHMeHeHO He oqeHl> y,naqHOe Bl>lpIDKeHHe: 

«Ha rroaepXHOCT.SIX ,ZJ;BOHHOfO IIJia3MeHHOfO pe30HaHCa, pacrrpe,nerreHHl>IX rrorrepeK IIeTJIH». He 
rrorrepeK, a B,ZJ;OJII, IIeTJIH, ro eCTI, a pa3JIHqHl>IX no Bl>ICOTe qaCT.SIX BCIIl>IIIIeqHOH rreTJIH ( CM. pHC.6 

a Y<l>H 186, .N'!~lO, 1090, 2016. DOI: 10.3367/UFNr.2016.05.037813) 

B HaCTO.Sira;ee apeM.SI 3aMeqaTeJII,HOH KOM6HHaI(HeH pa,n;HoreJIHorpaq>a C ,nHHaMHqecKHM 

crreKTporpaq>oM a M~OB0M ,nHarra3oHe ,nmm B0JIH o6na,n;ae-r LOFAR, KOTOpbrn: perac-rpHpycr 

rrponecc1,1, rrpo:ucxo,n.srra;He B cpe,nHeH H BI,ICOKOH K0p0He CoJIHI(a. y CPf Ha 11acTOTaX 3-24 rru 
HMeeTC.Sl B03M0)KHOCTI, H3yqaT1, He TOJII,KO KOpOHY, CoJIHI(a, HO H rrepexo,nHyIO o6naCTI,. BIDKHO, 

qro Ha o,nHoii rrrrora;a,n;Ke HC3<l> CO PAH a yp. Ea,n;ap1,1 BMecTe c CPf pa6oTaeT 

IIIHpOKO,ZJ;HaIIa30HHI,IH (50-3000 Mfn) crreKTp0IIOJI.SIPHMeTp. 3ro II03BOJI.SieT rrpocrre,nHTh 

,ZJ;HHaMHKY aKTHBHI,IX COJIHeqHI,IX co6l>ITHH OT aepxHeH xpOMOCq>ep1,1 ,no BI,ICOKHX, ~ 2R0, crroeB 

KOpOHl>I. 

Bl>ICKa3aHHI,Ie 3aMeqaHH.Sl HH B KOeH Mepe He CHHiKruoT I(eHHOCTI, Hacro.srra;eii 

,ZJ;HCCePTaI(HOHHOH pa60TI,I. C03,ZJ;aHHe pa,n;HoTeJieCKOIIa HOBOro IIOK0JieHH.Sl - CPf, OTKpI,IBaeT 

urn:pOKHe B03MOiKHOCTH WU! HCCJie,nOBaHH.Sl BI,ICOK03HeprHqHI,IX rrponeccOB Ha CoJIHI(e, 

BJIH.SIIOra;HX Ha KOCMHqeCKYIO rroro.ny H KJIHMaT 3eMJIH: BCIII,IIIIKH, a1,16poc1,1 KOpOHaJII,HOH MaCCJ:,I, 

reHepanH.sr Bl>ICOK03HeprffqffbIX qacTHI(. Co3,naHHe 6a3 ,naHfilIX CCPT H CPf TaKiKe .SIBJI.SieTC.SI 

KpyrrHI,IM ,ZJ;OCTHiKeHHeM ,ZJ;aHHOH MHOrorremeii pa60TI,I. ,[.(HcCePTaI(H.Sl «Pe3yJII,TaTI,I 

HCCJie)l;OBaHHH MHKpOBOJIHOBOro H3rryqeHH.Sl COJIHI(a: HHCTpyMeHTapHH H Ha6JIIO,neHH.SI» 

IIOJIHOCTJ:,IO COOTBeTCTBYeT Tpe60BaHH.SIM, rrpe,n1>.SIBJI.SieMl>IM K ,ZJ;HCCePTaI(H.SIM Ha COHCKaHHe 

yqeHOH CTerreHH ,noKTOpa q>H3HKO-MaTeMaTHqecKHX HayK TiorroiKeHHeM BAK O rrpHCyiK,neHHH 

yqeHl>IX cTerreHeii. CTPYKTYPa ,nHccepTaI(HH, cocro.srra;eii H3 II.SITH rrraa, rrornqHa H rroJIHo 

OTpaiKaeT 3TaIIbl C03,ZJ;aHH.Sl CPf H HayqH:r,Ie pe3yn:r,TaTJ:,I Ha6JIIO,neHHH. Aaropeq>epaT 

COOTBeTCTByeT co,nepiKaHHIO ,n;HccepTaI(HH. TiocTaBJieHHl>Ie B ,D;HccepTaI(HH 3a,D;aq}I H rrorryqeHHl>Ie 

pe3yJil>TaTl>I COOTBeTCTBYIOT rraCII0pTy crreI(HaJII,HOCTH 1.3. 1 - <l>H3HKa KOCMOCa, acTpOHOMIDI, a 

ee aBTOp, Cepreii Brra,n;HMHpOBffq necoaoii, HeCOMHeHHO 3acrryiKHBaeT rrpHcyiK,neHIDI yqeHOH 

CTerreHH ,D;OKTopa q>H3HKO-MaTeMaTHqecKHX HayK. 

Oq>HI(HaJil>Hl>IH OIIIIOHeHT 

,D;OKTOp q>H3HKO-MaTeMaTHqecKHX HayK 

HayqHI,IH pyK0B0,ZJ;HTeJIJ:, r AO p AH, qrr,-Kopp. p AH A.B. CTerraHoB 

<l>e.n;eparr1,Hoe rocy,n;apcrneHHoe 610,n;iKeTHOe yqpeiK,nemie HayKH 

frraBHa.SI (TiyJIKOBCKa.SI) aCTPOHOMHqecKa.SI o6cepBaTOpID1 PoccHHCKOH aKa,D;eMHH HayK 

no~oa1,m a,n;pec: 196140, PoccH.sr, CaHKT-TieTep6ypr, TiyrrKoacKoe mocce, 65, r AO PAH. 

Terreq>oH 812 604-98-43 ,no6. 70-03, 3JI.rroqrn:stepanov@gaoran.ru 

Tio,n;rrHCb A.B. CTeIIaHOBa 3aaep.SIIO :-:: ~? -, /' I 
~ ~ 

YqeHbIH ceKpeTapb r AO PAH • ... ~- ,\ ~ 
KaH,D;H,n;aT q>H3HKO-MaTeMaTHqecKHX'.HayK ~·' - -----, O.IO. EapcyHOBa 

\: 

6 HO.SI6p.SI 2025 r. 


