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PEHTFEHOBCKUE CBOWUCTBA YOANEHHbIX PAOUOrPOMKUX KBA3APOB
No OAHHbIM XMM-NEWTON U SWIFT/XRT

O6pabomaHb! u npomodenupoeaHbl peHma2eHoeckue AaHHbIe CrymHuUKoebix HabnrodeHuli XMM-Newton u Swift/XRT ebi60pku paduo2poMKux
Kea3apoe C KpacHbIM cMeuwjeHuemM z>1 no Kpocc-koppensyuu paduokamanoza PKS u kamanoza ASIIT BepoHa u BepoH. [nsi nod2oHku cnekmpoe
8 duana3oHe 3Hepauli 0.3-10 keB ucnonb3oeanack Modeslb cCmMerneHHo20 KOHMUHYyMa ¢ OmpaXeHuUeM U Mo2/0ujeHuUeM, ¢ 3KCrIoOHeHYuanbHbIM
3aeasloM Ha BbICOKUX 3Hepausix Onisl ecex Kea3apoe ebI6OpKU, KpoMe epasumayuoHHO-lIuH3080lU cucmembl PKS1830-211, k komopol 6bina

npumeHeHa modesb ¢ d8yMs homMOHHbIMU UHAeKkcamu. CpedHue 3HaYyeHUs1 Napamempos no ebl6opke: homoHHbIi uHdekc I = 1.5940.04, aHepausi

3aeana Ec=77 keV, napamemp ompaxeHusi R = 3.2, nnomHocmb noanowarowell Mamepuu Ha Jiy4e 3peHus Nu=4.2*10°" cm™>. Bce o6bekmsi
8bl6opKuU, 3a uckmoyeHuem PKS2000-330, deMoHcmpupyrom 3KCMoHeHUUanbHbIlU 3asan Ha 3Hepausix Huxe 100 keB, e coenacuu ¢ ebieodaMu
cnuH-napaduambi Ons1 paduo2pomkux ASII.

Knrodeenie cnoea: ASII, kea3apbl, peHmzeHoeckue HabnrodeHus
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KOCMOMNOrIYHUM WBUAKUA PALIOCHAJIAX "SPARK" SIK HETEMJIOBE
BUMNMPOMIHIOBAHHSA BIi YOAPHOI XBUJll HABKOJIO HAANPOBIAHOI CTPYHM

HadnpoeidHi KocMiyHi cmpyHU MOXymb 6ymu nomyXxHumu O)xepeslaMmu Hemensj08020 eUNpPoMiH8aHHs. BunpomidoeaHHs1
8id ydapHoi xeusi Haekoslo npukacrnoeoi obracmi mMae xapakmep ey3bKoHarnpaeseHux cnanaxie. [TokazaHo, wjo eidkpumuil y
2007 p. Ha 64-vmempoeomy padiomeneckoni lMapkc minicekyHOHul no3azanakmu4Hulli weudkul padiocnanax FRB010724 "spark”
Heomomo)xHeHoi npupodu Moxe O6ymu nosicHeHUli SIK CUHXPOMPOHHEe eurnpoMiHeaHHsI 8i0 yOdapHOi xeusi HaeKoJlo
npukacnoeoi obnacmi HadnpPoegidHOI KOCMIYHOI cmpyHU eHep2emu4YHo20 Macwmaby, 6nu3bko2o do Benukozo O6'cOHaHHS.
Tpueanicmb, nomik i yacmoma padioeunpomiH8aHHs criocmepexyesaHo20 crnasaxy 0obpe y3200XXyrOmMbCsl i3 3anponoHo-
eaHorw Moldemnro. Hapasi eusieneHo we n'smb weudkux padiocnanaxie 3 nModi6HUMU xapakmepucmuKamu, wo nidkpinnroe
MosiCHeHHS Yb020 sieula K 8UNPOMIHIO8aHHS 8i0 Memesib KOCMiYHUX CIMPYH.

Knroyoei cnoea: kocmivyHi cmpyHu, weudkuli padiocnanax, Hemernsoee 8unNPOMiHIO8aHHS, yOapHi xeuJii.

1. Betyn. MinicekyHaHWI pagiocnanax 6yno BUSIBNEHO rpynoto BYeHUX Ha 4oni 3 Jlopimepom y 2007 poui [1] nig vac
06pobkn apxiBHUX OaHWX, OTPUMaHUX MNpu cnoctepexeHHi MarennaHoBux Xmap Ha 4yactoti 1.4 [Tu 3 gonomoroto
64-meTpoBoro pagioteneckona lNMapkc B Asctpanii. Cnanax 6yno nomiyeHo B AaHux Big 24 nunHsa 2001 poky 3a BcecBiTHiM
KOOPAMHOBAHMM 4YacoM i BiH 3HaXOAMBCS NpMONU3HO Ha Tpw rpagycu niBaeHHiwe Manoi Marenanosoi Xmapw. lMoTik Big
pagiocnanaxy F =30 £AH, TpuBanictb T <5 mc. BnactuBocTi cnanaxy He A03BONSATb acouitoBaT MOro 3 isvyHuMmn
auwamun, wo mornm 6 Biabytncs B Hawi Manaktuui un Manim MarenaHosin Xmapi. CyyacHi mogeni Anst BinbHUX
€IeKTPOHIB KOCMIYHOT NNa3mm A4atTb MOXIMBICTL po3paxyBaTy, Lo cnanax Biabyecs Ha BiacTaHi r <1 Mk, Wo Bignosigae
YyepBOHOMY 3MilleHHI0 z < 0.3 . [aHi 3a noganbwi 90-roanHHI CNOCTEPEXEHHSA Nokasanu, Wo Takui pagiocnanax siBnss
coboto oaMHNYHE siBuLLEe, To6TO ocobnmBy nogito. Y 2013 poui 3'ABUNocst NOBIAOMIEHHSA NPO BIAKPUTTS Ha pagioTerneckoni
Mapkc Wwe 4oTMpbOX pajiocnanaxie nosaranakTuyHoi npupoau. CrnocTepexyBaHe siBuLLe OTpUMano odiuiiHy Hassy —
wBuakui pagiocnanax (adr. Fast radio burst). Ui votupnm pagiocnanaxu — FRB110220, FRB110627, FRB110703,
FRB120127, BusiBneHi npu o6pobui aaHux 3a 2011-2012 poku, MaloTb xapakTepucTuku, nodibHi 4o "cnanaxy Jopimepa",
sakomy 6yB npucsoeHnt Homep FRB010724 (aHr. "spark", "Lorimer burst"), Ana H1ux 4yepBOHE 3MilLEHHSA Z NeXnTb B Mexax
Big 0.45 po 0.81, notik BapitoeTbes Big F= 0.4 A4 go F=1.3 AH, TpuBanicte Bia T =1.1 mc go T = 5.6+0.1 mc [2].
HewopnaeHo 3 gonomorow pagioteneckony obcepBaTopii Apecibo BUSIBIEHHO LWe oauH WwBuakui pagiocnanax FRB
121102, wo 6y 3ageTtekToBaHun npu obpobui 1,4 Mu nynscapHoro ALFA ornsagy, Y niBHiYHIN niBkyni HeGa B perioHi
"anakTnyHoro aHTU-ueHTpy. Tpmeanictb cnanaxy T = 3+0.5 mc, noTik F = 40 mAH [3]. MixkHapogHa rpyna BYeHUX Ha Yoni
3 Nlaypoto Cnitnep i3 PagioactpoHomiyHOro iHCTUTYTY Makca MNnaHka B BoHHi, (HiMevumnHa), wo 3avmanncsa obpobkoro
AaHux no FRB121102, BBaxatoTb, LLIO B CEpeOHbOMY LLLOXBUNMHM B HEDI BinOyBaeTbCs ciM WwBMaknx pagiocnanaxie [3]. Tak
SIK icCHye UinvMn Habip WBMAKMX pagiocnanaxis i3 nodibHMMKU xapakTepucTukamu, e [O3BOMsSE 3p00MTH NPUMYLLEHHS MPO iX
ofHakoBy npuvpoay. [NponoHyeTbCs Kinbka MOSICHEHb KOCMOJSIONYHMX LUBUAKUX paiocnanaxis, Taki sik: BUOyx HagHOBOI,
cnanax Big MarHetapy 4u 3nuTTS PensTUMBICTCbKMX 00'€KTIB — YOPHUX AipOK abo HEWTPOHHMX 3ip. ICHYE TaKoX MOSICHEHHS
ansa "cnanaxy Jlopimepa" FRB010724, sanponoHoBaHe Bavacnati y 2008 poui [4]. Llen pogiocnanax Bganocs NOSICHUTU K
erneKkTpoMarHiTHe BUNPOMIHIOBaHHSA BiA CamMONepeTuHy i aHirinauii YacTMH1 HaaNPOBIAHOT KOCMIYHOT CTPYHU EHEPreTUYHOro
Macwtaby Benvkoro O6'egHaHHSA 3i CTpyMOM | = 10° TeB.

KocmiuHi cTpyHu npepctaBnsitoTb cobol OfuH i3 TMNIB TOMOMOriYHMX AedekTiB, SKi MOrnuM yTBOpHOBATUCA Mig 4vac
hasoBMXx Mepexonis nomis 3i CNOHTaHHWM MOPYLUEHHAM cUMETPIii y paHHbomy BcecsiTi. Mpuknagom Takoro ¢asoBoro
nepexoay € dasosuii nepexig Teopii Benukoro O6'egHaHHs (TBO) — BigaineHHs cunbHOi B3aeMogii Bif enekTpocnabkoi,

wo Bigbyeca 3a 1073°

C 3 MoMeHTy Benukoro Bubyxy. KocmiyHi CTpyHW — KBa3iOAHOMIPHI (3 TOBLUMHOK MOPSAKY
d ’“Tf1 ~107%0 cm, pe N — eHepreTnyHUn macwTab dpasosoro nepexogy, pisHu y sunagky TBO n=nrgo ~10'6 leB)
6e3KoHeYHi (B MeXax HalIoro KOCMOMOFYHOIO rOpU3OHTY) YK 3aMKHYTI B MEeTMi MacuBHi (Maca (HaTar) oavHWLI JOBXWHU
-~ n2 ~10% r/cm ana TBO-CTpyH ) CTPYKTypM, ki MOXYTb BifirpaBaTu BaXIMBY pPoOsib SIK B KOCMOJOMYHOMY acnekTi, TaK

i B pi3HOMaHiTHMX acTpodpisnyHnx npossax. Ha pisHux eTtanax esonwouii BcecBiTy neTni KOCMiYHMX CTPYH MOXYTb
BignoBiAaTn 3a (OpMyBaHHA CTPYKTYP; YTBOPEHHS 3rylieHb TEMHOI MaTepii; MarHeToreHesuc; BNnvMBaTu Ha iOHi3auinHy
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icTopito BcecBiTy nig Yac paHHLOro 30peyTBOPEHHS; BiANOBIAaTN 3a HAASIULLIOK HENTParbHOro rigporeHy Ta sickpasi NNAMK
Ha kapTax 21 cM BUNPOMiHOBaHHA. KOCMidHi CTpyHM MOXyTb ByTW criocTepexyBaHUMK 3aBOSKU TakMM acTpodisuyHum
nposiBaMm £k rpaBiTaLiiHe MIKpOniH3yBaHHS 3ip Ta rpasiTauiiHe nNiH3yBaHHA Ha HECKiIHYEHHUX CTPYHax; BUMPOMIHIOBAHHSA
€eneKTpPOMarHiTHUX XBUIlb Ta BUCOKOEHEPreTUYHUX YaCTUHOK i3 KiHKIB Ta KacniB Ha (HagnpoBiAHMX) CTPYHaX; TaKoX MOXYTb
NPOSABAATUCS Y CTOXaCTUYHOMY (POHI rpaBiTaLinHMX XBUMb Ta cranaxaMmv BUNPOMIHIOBaAHHS rpaBiTauiiHUX XBUIb.

Ha cborogHi icHyloTb Kinbka noBigoMIreHb Npo MOXIMBE eKCrnepuMeHTarnbHe BIAKPUTTS KOCMIYHMX CTPYH. Tak, aBTopu
[5] mpoaHnanidyBanu cnykTyauii 6rnmcky neplioro BigoOMOro rpasiTauinHo niHzoBaHoro ob'ekty Q0957+561 — ue aBa
300paXkeHHs KBa3apa, YTBOPEHOrO rpasiTauiiHMM NiH3yBaHHAM Ha HaAMacWBHIN ranaktuui. BiactaHb Mix 306paxeHHAMU
HabnmkeHo ckragae 6". AckpaBicTb ABOX 300paXkeHb pi3Ha, NpoTe dnyKTyauii iXx 6MCKy NOBMHHI NOBTOpPtOBaTH chryKTyauii
6nmcky mkepena. Tak Sk iCHye pisHWLA B X04i MPOMEHIB Bif, LMX ABOX 3006paxeHb OO0 cnocTtepiraya, To dnykTyauii 6nmcky
306paxeHb 3MiweHi Ha 417,1 nobu. o nybnikauii po6otu [5], To6T0 Ao 2004 poky, Lo rpasiTauiiiHy NMiH3y cnocrtepiranu
Ginbw Hixx 1500 Houew. MpoTte y 2004 p. NpPOTAroM AESKOro Yacy CrnocTepexeHHs 6yno nomidyeHo, Wo B NEBHINA AinsHUi
cnekTpa Ha HECUMHXPOHHI bnyKTyauii HaknagalTbCsl TakoX CUHXPOHHI. Lii dnykTyauii 6ynu nosicHeHi nponboTom neTri
CTPYHW, LLIO CBOIM rpaBsiTaLinH1M nonem BHecna 36ypeHHs B 306paxkeHHs KBasapa.

3HayHa KinbKiCTb acTpoisnYHNX NPOSABIB OYIKYETHCA Bif, HaANPOBIOHWX KOCMIYHUX CTPYH — TOMOMOriYHMX AedekTis,
BCepeavHi SKMx MicTaTbcA 6e3macoBi HOCIi 3apsay (HynboBi MogwM) WO, pyxatuncb 6e3 onopy, noBoadTb cebe Ak CTpym
B34OBX CTPyHM. Kpim rpaBiTauiHOi Aii, HAaOnNpoBIgHI CTPYHW reHepyBaTUMyTb PI3HOMO TUMY €reKTPOMarHiTHe BUMPOMiI-
HIOBaHHA Ta MOTOKM eneMeHTapHUX YacTuHoK. OcobnvBoO edeKTMBHO Taki mpouecu MNpoTiKaTUMyTb B OKOMi KacniB —
Hernagkux, 30ecopmMoBaHuX yHacnigok pyxy obnacren cTpyHu, siki MatoTb hOpMy CKNaku, BEPLUWHA SIKOi OfHOMOMEHTHO
Jocsarae WBMaKoCTi, Gnn3bkoi A0 LWBUAKOCTI CBITNA. IHLWe NOBIAOMMEHHS MPO MOXITMBE CMOCTEPEXEHHSA KOCMIYHOT CTPYHU —
BiAKpuTA wBeuakoro pagiocnanaxy FRB010724 ("spark”, "Lorimer burst"), onucaHoro BuLue, Ta horo noganblue NOSCHEHHS
SIK cnanax Bif kacna Ha HaAnpPOBIAHIN KOCMIYHIN CTPyHI [4].

B uin poboTi MM MPOMOHYEMO anbTepHaTUBHE MOACHEHHS ANA KOCMOMOrivyHoro weuakoro pagiocnanaxy FRB010724 sk
CMHXPOTPOHHE BMWMPOMIHIOBAHHSA E€MNEKTPOHIB, MPUCKOPEHUX Ha (POHTI yAapHOI XBWUMi HaBKOMO MPWKacnoBOi o6mnacTi
HaANpPOBIOHOI KOCMIYHOI CTPYHU. | Tak sk y BcecBiTi icHye NpmMGnM3HO OAHOPIAHMI PO3Moain NeTenb KOCMIYHUX CTPYH, TO
noganbLui BiOKPUTTS WBMAKUX pagiocnanaxis 403BONATE NPUNYCTUTH iX 3B'A30K i3 NETNAMU KOCMIYHWUX CTPYH.

Jeski cyyacHi ekcnepumeHTanbHi AaHi faloTb MOXIMBICTb HaknacTn obMexeHHs1 Ha napameTpu cTpyH. OfHUM 3 Takux
€eKCNepuMEHTIB € BUMIpIOBaHHA nepiodis nynbcapiB. [lynbcapy — HEMTPOHHI 30pi, WO BUMPOMIHIOIOTb CTPOro nepioanyHi
pagioimnynbcu. Tak sk KOCMiYHI CTPYHU MaloTb BENWKY MiHINHY FYCTUHY i OCLMMIOITL 3 PENATUBICTCEKUMN LUBUOKOCTAMU,
BOHM TeHepyloTb MOTYXXHi MOTOKM rpasiTauiHux xBunb. [paBiTauiiHi xBuni manu 6 BHOCUMTM 306ypeHHs B MepiogunyHICTb
nynescapy. [laHi BMMipioBaHHA NpeacTaBnsioTb OCOONUBUIA iHTEpeC, agXe Aal0Tb MOXIMBICTb HaknactTu obMexeHHSA Ha
napaMeTpu HaanpoBiOHUX CTPYH, L0 BUMPOMIHIOIOTL HE NuLe rpaBiTauifiHi, a 1 enekTpoMarHiTHi xBuni. CniBBigHOLIEHHSA
MiXK MOTY>KHOCTSIMM BUMPOMiHIOBAHHS rpaBiTaUiiHUX XBUITb Ta €NTEKTPOMArHiTHUX XBUITb 3aNeXuTb Big CTPYMy B CTPYHI [6].

KocMmiyHi cTpyHM dhopMytoTbCA Ha MOYaTKOBUX CTafisix eBontouii BcecsiTy, Wwo npuBoanTb A0 iX BNAMBY HA (DOPMYBaHHS
BenmkomacliTabHoi cTpykTypyn BcecBiTy, noBHoro cnektpa nykTyauii ryctuHu Ta pnykTyauii KOCMIYHOrO MiKpO-
XBUIbOBOrO BUNPOMiHIOBaHHS. OOMEXeHHS Ha napameTpu CTPYH HaKnagalTbCs 3i CNOCTEPEXEHb aHi3oTponii KOCMIYHOro
MiKPOXBWLOBOrO BUMPOMIHIOBaHHsS. BumiptoBaHHs cnykTyauin Temnepatypu Oynu npoBedeHi 3 JOMOMOroH KOCMiYHMX
anapatis WMAP, wo npautoBaB Ha HaBkonosemHin opbiti y 2001-2010 pp. Ta kocmiuHoi obcepsaTopii lMnaHk, wo
dyHkuioHyBana y 2009-2013 pp. Cnektp cnykTyauin Temnepatypu B Mexax MNOXMOKM BMMIPIOBAHHS rayCiBCbKUN,
BiAXWNEHHS Bif raycoBocCTi Manu 6 BHOCUTK KOCMiYHI CTpyHU. lNpoTe BigxuneHb He Byno BMABNEHO, L0 HaKnagae HacTymnHi

OOMEXEHHs Ha HaTAr CTPYH: Gp/CZ <1.3-107" gns KocMiUHNX cTpyH Hamby-loTo, Gp/c2 <3.2.1077 Ans KOCMiYHMX
CcTpyH abenesoi mogeni Xirrca [7].

2. HagnpoBigHi cTpyHU B KOCMi4Hin nna3mi. Tunosa goxuHa neTni /| BU3HaA4YaeTbCA cniBBigHOLWEHHAM [ ~ act , Ae
t — KOCMOIOriYHMA MOMEHT 4Yacy. [ns aHaniTM4HUX OLIHOK 3pY4YHO po3rnsgaTy dpiaMaHiBCbKy KOCMOMOriYHY MoAernb 3

ryCTUHOW MaTepii, piBHOK KpUTWYHIN (6e3 A 4neHa), KOCMOSOrYHUIA MOMEHT Yacy t = t0(1+z)’3’2 ,ae ty = (2/3)H51 —yvac
xuTTA BeecsiTy, z — YepBoHe 3MilleHHs1, Hy— nocTinHa Xa66na. MapameTp o :l"Gp/c2 BM3Ha4yae Temn BTpaT eHepril

CTPYHOI BHacmigoK rpasiTaLinHOro BUNPOMIHIOBaHHSA Ta 3anexuTb BiA eHepreTnyHoro macwtaby dpa3oBoro nepexoay, nig
yac akoro cTpyHa ytBopunack, I' ~ 50 — 6e3poamipHun napameTp [8], G — rpasiTauinHa ctana. lNeTni cTpyH nepiognM4Ho
OCLMIIOKOTh, Pi3Hi AINSHKM CTPYHW NMPU LIbOMY PyXalTbCs 3 Pi3HUMU PENSTUBICTCHKUMM LUBUAKOCTAMM, Tak LUO Lonepiogy
Ha HUX yTBOpIOOTbCS kacnu. [linsaHka npykacnoBoi obnacTi Ha xapaKTepHil BnacHin (B HEpyxoMoMy CTaHi) BigcTtaHi Al Big

BEPLUMHM Kacna npu ocUMnaLinHnx oopMyBaHHSX Kacna npuckoproBatumeTbes Ao JlopeHu-gaktopy yg =1/ 17132 ~I/Al,
B=vs/c,ne vy— WBNAOKICTb Kacna. TpmBaricTb KacnoBoro ABMLLA A1 30BHILLHBOTO crocTepiraya

1o = at(1+2)[(2y3) = atg (2(1+ 2)243). (1)
CTpyHV pyxaloTbCA B MKranakTWyHi nnasMmi 3 XapakTepHUMW napameTpamMun: KOHLEHTpaLis MPOTOHIB i enekTpoHiB

3

n=ng=n,= 10‘7(1+z)3n_7 CM™~, MarHiTHe none B = BO(1+z)2 = 10‘7B_7(‘I+z)2 lc (TyT i Aani npMnMemMo No3HayYeHHs

n,7=n/10’7,B,7=B/10’7 i T.iH.). Tpn ocumnauiax neTni B MDKranakTM4HOMY MarHiTHOMy Mofi B Hill BMHMKaE
€NeKTPUYHUIA CTPYM i:k,-ezBOI/h, Ae k; — nocTiHa, e — 3aps4 enekTpoHa, /i — noctiHa [NnaHka. CTpym nopopxye

HaBKOMNO CTPYHW BracHe MarHiTHe none. loHi3oBaHa KOCMiYHA nnasMa He MOXe MPOHMKHYTU B 06nacTb CUMbHOrO
MarHiTHoro nons 6ins cTpyHW, Tomy npu obTiKaHHI CTPYHW Ha AesKii BiACTaHi rg Bi4 Hei POpMYeTbCA yaapHa XBUMs, LU0

pyxaeTbcs 3 JlIopeHL-thaKkTopom Y, = V..
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Po3rnaHemo ynbTpapensiTUBICTCbKY yAapHY XBWITHO HABKOMO NpukacroBoi obnacTi cTpyHu. OCHOBHWIA BKMag B ryCTUHY

eHeprii 3a PPOHTOM yAapHOI XBUNi AAKOTb PENATUBICTCLKI NPOTOHN €, ~ €5 . 3 aHanidy AaHWX LWOAO YNbTPAPENATUBICTChKUX

XBUIMb B KOCMOJOMYHUX rama-crnanaxax BifoMo, L0 MarHiTorigpoavHamiyHi npouecu 3a (pOHTOM MPUBOAATL 4O nepenadi
AesKOi YaCTMHM TEenrnoBOi eHeprii MPOTOHIB [0 eNEKTPOHIB (TaK LU0 e, = €,65,6, ~0.1) Ta A0 reHepauii TypbOyneHTHOro

MarHiTHOrO Nonst (Tak O eg = €,65,65 ~ 0.1), BENMUYMHA SIKOTO 3HAYHO NEPEBULLYE BENMHMHY BMOPOXEHOTO MarHiTHOro nons
By ~1.44/8ncey 2ysm}/2n""2 = 2.8.10°y;n"Pel 2 T'c, ne m, — maca npotoHa. MpopoBXyluM aHarnorito 3 ynsTpapers-

TUBICTCBKMMU YAAPHUMW XBUMSIMU B Frama-crianaxax, BBaXaTUMEMO PO3MNOAiN PENsSTUBICTCHKUX eNEKTPOHIB B MicnsyaapHin
obnacti cteneresum N(y,) = K'y,” (npuiimaemo p = 2.2, ik Ans rama-cnanaxis) [8].

MpuCKOpEHi enekTpoHM, pyxawuucb B MarHiTHOMYy nofi nicnsiyaapHoi obnacTi, BUMPOMIHIOBATUMYTb CUHXPOTPOHHI
(POTOHM B LUMPOKOMY iHTEpBani eHeprii. [ina BigganeHoro cnocrtepiraya CMHXPOTPOHHE BUMPOMIHIOBAHHS Bi NpYKacnoBoi

obnacTi Ha CTpyHi KOHLEHTpYyBaTUMETbCA Yy BY3bKOMY MyyKy 3 KyTom 8~1/y . — KyT MK HanpsMkom pyxy kacna i

HanpsiIMKOM [Ixeperno-crnocTepiray. Yactota CUHXPOTPOHHUX DOTOHIB AN enekTpoHiB 3 JlopeHL-akTopoM v B JIOKarnbHin
CUCTEMI KOOpAMHAT piBHA:
v=_2B2 2 )
2nmegc
Mpn nepexogi Oo cucTeMu BiAnMiKy 30BHIWHBOMO crnocTepiraya, 4actoTta 3cyBaTumeTbcs Ha [onnep-caktop
6 =1/(y,(1-BcosB,)), ona 6,<1/y,6 ~y,. PexnMm CUHXPOTPOHHOIO OXONOMKEHHA BU3Ha4aeTbcs JlopeHu-thakTopom

€MNeKTPoHiB v, , WO BUCBIMYIOTb 3a rigpoAavHaMivyHUA yac. [4ns MoBiNbHOrO OXONMOAXKEHHS Y. . >Vomn » B€ Yemn —
MiHiMarnbHUIA JIopeHL-(hakTop ereKTPOHIB, JILE ENeKTPOHN 3 eHEeprieto GinbLIoo v, . (heKTUBHO OXOSOKYHOTLCS, 8 OCHOBHA

KiNbKICTb  €NeKTPOHIB  MOBINbHO BTpayae eHeprito MOPIBHAHO 3 rigpoAvHaMiyHUM 4YacoMm. MakcuMyMm MnOTYXHOCTI
BUMPOMIHIOBaHHA ANS 30BHILLHBOrO CriocTepirada npunagae Ha 4yactoTy

obs eBy, d 4 4 12 ,1/2.2 _1/2

viS & Ve mi =1.9-10%ys(1+2)"“n_Fes _€g 5 Tu. (3)
m 4nmec e,min 1+ 2 s 7 “e,~1*B,~1

MakcrmyM crnekTpanbHOro NoToKy A 30BHILIHLOrO crnocTepirava:

Ay (P-12 424282 4%n 2612 ol
Fobs =Mé‘)3(1+z)=2.6~10*38 Ts A 27 i :/26‘*1 f’ L epri(cm? -Tu-c) (4)
' 4ndf (1+2)%((1+2)"“ -1)

VT Vo :%anA//ys— o6'em BunpomiHiotoyoi obnacti, K',A — koediuienTtn, d; = 3fgc(1+ z)1/2((1+z)”2 —1)— coTomeT-

pUYHa BiACTaHb Big 3eMHOro crnocrtepirada go obnacTi BunpomiHioBaHHSA [8].

3. KocmonoriyHun wBnakui pagiocnanax sik CMHXpOTPOHHe BUNPOMiHIOBAHHA Bif Kacrna Ha CTpyHi. 3acTtocyemo
onucaHunh B nonepegHboMY PO3Aifi CueHapi CUHXPOTPOHHOIO BUMPOMIHIOBAHHS €NEKTPOHIB, NPUCKOPEHUX Ha (PpOHTI
yAapHOI XBWMi HABKONO MpUKacrnoBoi obnacti HagnNpoBiOHOI CTPYHW ANs MOSICHEHHS MiNiCeKyHOHOro nosaranakTU4HOro

pagiocnanaxy. TpusanicTb cnanaxy, a omke i TpuBaniCTb KacrnoBOro fiBULLA Ha CTPYHi PiBHI T, =5.1073 C, YepBOHe

3miweHHa z~0.3, omxe 3 dopmynu (1) moxemo 3HanTn JlopeHu-akTop Kacna: vy =3.4.10%4"3. YacTtoTy, Ha Ky

npunagae MakCMMyM BUMPOMiHIOBaHHSA 3Hangemo 3 copmynu (3): v?nbs =2.9.10%0y4/3 [y, Todi 9K 3apeecTpoBaHa

yactoTa papgiocnanaxy vobs —1.4.10° y. Omxke, onsa Oyab SKOro 3HAYEHHSA o 3 MOXITMBOrO ANS CTPYHWU MPOMIKKY

3HaveHb 107" <a<107® 3apeecTpoBaHe BUMNPOMIHIOBAHHA MOTPAMNmAe Ha AiNSAHKY CNekTpa v, 2v>v,, e V, —

YacToTa CaMOMOrNMHAHHA (OMB. MOBHUIM CMEKTP CMHXPOTPOHHOIO BUMPOMiHIOBaHHA B poboTi [8]). CnocTepexyBaHuin
1/3

obs
noTiK Bif pagiocnanaxy F‘,"bS =Fv?ﬁfax VoT =3.107% epr/(CM2 -y -c). BukopwucrtoBytoun cpopmyny (4), oTpumaemo
Ym

F‘,"bs =1.7-1080%6/% =3.10722 (—:‘pr/(cwl2 -y -c), 3Bigkn 3Haxogvmo 6e3po3MipHUIA NapameTp, LU0 BU3HAYaE eHepreTUHHUA

MacLuTab, nig vyac SKoro faHa cTpyHa yTeopuniach o = 3 -1 08, €eHepreTn4HWn macwtab ¢as3oBoro nepexogy m ~ 10"® TreB.

OTxe, MM NPOMNOHYEMO NOACHUTU LWBMAKMI pagiocnanax FRB010724, sapgetektoBaHun Teneckonom Mapke y 2001 p. sk
CUMHXPOTPOHHE BMWMPOMIHIOBAHHSA E€MNEKTPOHIB, MPUCKOPEHUX Ha (POHTI yAapHOI XBWUMi HaBKOMO MPUKAcnoBOi o6mnacTi
HaanpoBigHOT CTpyHW. BigkpwTi nisHile wWBMAKI pagiocnanaxy MOXyTb MaTtu aHanoriyHy npupody. AnbTepHaTMBHA
MOXIUBICTb — MOSICHEHHSA chanaxy efiekTPOMarHiTHUM iMMAyfbCOM BUMPOMIHIOBAHHSA Bif, CTPYMOHECY4Ooro kacrna Ha
HaANPOBIOHIN CTPYHi — Oyae po3rnsiHyTa B HACTYMHIN ny6nikauii.
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KOCMOJOIMMYECKHUIA EbIC'I:PbIVI PAOVUOBCIIECK "SPARK" 5
KAK HETENNTOBOE U3NYYEHUE OT YOAPHOWU BOJIHbI BOKPYI CBEPXIMPOBOAALLEN CTPYHbI

Ceepxnpoeodsiyyue KocMu4ecKue CmpyHbl Mo2ym 6bimb MOWHbLIMU UCMOYHUKaMU Hemerna08020 usy4eHusi. U3ny4eHue om ydapHol 80sIHbI
80OKpy2 npukacrnoeoli obnacmu umeem xapakmep y3KOHanpaesieHHbIX ecnbiwek. [lokazaHo, Ymo omkpbimbiii 8 2007 2. Ha 64-memposom
paduomeneckone lMapkc munnucekyHOHbIU eHe2anakmu4veckuli paduoecnneck FRB010724 "spark™ HeomoxdecmenéHHol npupodbi Moxem 6bimb
06BbSICHEH KaK CUHXPOMPOHHOEe u3jlydeHue om ydapHOU 6OJIHbI 80Kpy2 npukacrnoeol o6nacmu ceepxnpogodsiuieli KOCMUYecKolU CmpyHbI
3Hepzemuyecko2o mMacwmaba, 6nu3koz2o Kk Benukomy O6beduHeHuro. [MpodomkumenbHOoCcMb, MOMOK U 4Yacmoma HabnodaeMo20 ecrniecka
XOpowo coasiacylomcsi ¢ npedsioxeHHol Modesnbio. Celiyac ebisiesieHO ewe Nimb 6bICMPbIX PaduUOBCIIECKO8 C MOXOXUMU XapakmepucmuKamu,
4mo nodkpernsisiem o6bsiCHEeHUE 3Mo20 sI8J/IeHUsT KaK U3JlydeHue om rnemesib KOCMU4eCKUX CMPYH.

Knrodeenblie cnoea: kocMuyeckue cmpyHbl, 6bICMpPbIlU paduoescieck, Hemernsoeoe u3sy4yeHue, yoapHbie 80JIHbI.

L. Zadorozhna, Ph.D. in Phys. and Math. Sci.,
B.l. Hnatyk, Dr. Phys. and Math. Sci.
Taras Shevchenko National University of Kyiv, Kyiv

COSMOLOGICAL RADIO BURST "SPARK" AS A NONTHERMAL RADIATION
FROM SHOCK WAVE AROUND THE SUPERCONDUCTING STRING

Superconducting cosmic strings can be powerful sources of nonthermal radiation. Radiation from the shock wave around near-cusp region has
the character of targeted bursts. It is shown that opened in 2007 on the 64-meter radio telescope Parks millisecond extragalactic fast radio burst
FRB010724 "spark" with unknown nature can be explained as synchrotron radiation from shock wave around near-cusp region of the
superconducting cosmic string with the energy scale close to the Grand Unification scale. The observed duration, flow and event rate are in good
agreement with the proposed model. Currently detected five fast radio burst with similar characteristics reinforce the explanation of this
phenomenon as radiation from cosmic string loops.

Key Words: cosmic strings, fast radio burst, non-thermal radiation, shock waves.
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KOPENSALII PEHTFEHIBCbKUX CMEKTPAJIbHUX NAPAMETPIB Ons
AKTUBHMUX AQEP FANAKTUK 3A JAHUMMU KATAJOrIY SWIFT/BAT AGNS

CmeopeHo 8ubipky 65 zanakmuk 3 akmueHumMu siOpamu 3a OaHumu kamano2y Swift/BAT AGNs. [IpoaHanizoeaHo
peHmeeHiecbki cnekmpu, ompumaHi cynymHukamu XMM-Newton ma INTEGRAL y cymapHomy Odiana3oHi eHepeil 0,5-
300 keB. fns o6'ekmie eubipku susHa4eHO maki cnekmpanbHi napamempu: ¢pomoHHul iHOekc I, napamemp 8iOHOCHO20
eiobumms R, exkeieaneHmHa wupuHa EWe. niHii Fe K,, sHympiwHsi ceimHicmsb I, eHepeisi ekcnoHeHyiliHo2o o6pi3aHHs E..
OmpumaHo oyinku kopensayili 'R, EWeek-l, I'-E;, EWeek-Ny. Kopensiyia M'-R ompumaHa okpemo dnsi 2canakmuk Celighpepm 1
ma Celighepm 2; ecmaHo8/IeHO, W,0 80Ha He € cusibHolo. lNapamemp eiOHOCHO20 8i06umms Onsi Celighepmie 2 Ha Manux
cmerneHeauUX Moka3HUKax cucmeMamuy4yHo euwull, Hix ons Celigpepmie 1, wjo Mmoxe 6ymu eKka3ieKkoro Ha e Hecok eidbumms
8id 2a30-nus08020 Mopy.

BcTtyn. 3rigHo i3 WMpoKo NpuiiHATO YHidhikoBaHoto Mogennto [1] Tunu aktmBHux spep ranaktuk (AAD) Big CendepT 1
po CewdepT 2 BiOpIi3HATBCA NULLE OpieHTaLie0 BiAHOCHO NpoMeHs 30py. BBaxatoTb, L0 AXepeno BUMPOMIHIOBAHHS B
AAl npencrtaBneHe akpeuinHMM OWCKOM Ta MOr0 KOPOHOK No6nu3y HagMacuBHOI YOpHOI Aipn. OCHOBHUM MEXaHi3MOoM,
SIKUIA BiQNOBIAAE 3@ pPEHTreHiBCbke BUMPOMIHIOBAHHSI, BBaXaloTb 06epHeHe KOMMNTOHIBCbKE PO3CiloBaHHSI TENMOBMX (HOTOHIB
ynbTpadioneToBoro fianasoHy He rapsymx enekTpoHax KOpoHW. Lle BUMPOMIHIOBaHHS MOXe MaTtu PidHi cnekTpanbHi
BMacTUBOCTI 3anexHo, Hacamnepen, Bif reomeTpii KOPOHW, ii cTaHy Ta cTaHy akpeuii [4, 21, 22, 24]. OkpiM UbOroO,
CMOCTEPEXHI BNacTMBOCTI Pagio-ry4HOro Yy TMXOrO [pKepera rnoB'a3yloTb 3 TEMMOM akpewii Ta CrniHOM YOpHOI Aipw.
HasaBHICTb HaBKOMNOSAEPHOro rasonuiioBOro TOPY CUMbHO BMSIMBAE Ha MPOSIBM JiHIA MOMMMHAHHA Ta BUNPOMIHIOBAHHS
(oco6nmBO Ha HamBaXNMBILLY Ta HaWsICKpaBilLy MiHil0 peHTreHiBCbkoro Aianas3oHy — Fe Kq 3 eHeprieto 6,4 keB), a Takox Ha
(POTOHHUI HOEKC (CTEMeHeBWI MOKa3HMK cnekTpa). YCi Ui daktopy Hanpsimy BNAMBalTb Ha 3HAYEHHS ChekTpanbHUX
napamMeTpiB, Takux K NOrMMHaHHS, eKBIBaNEHTHI LUMPUHW MiHIii, 3HAaYEHHS BiAHOCHOrO BiAOUTTS, CBITHOCTI Ta BXXe 3ragaHoro
doToHHOro iHAekcy [14], TOMy BMBYEHHS LMX NapaMeTpiB Ta iX Kopensuin Ao3BoNnsae aHanidysatu isvyHi npouecu, siki He
MOXYTb CMOCTepiraTUCb HanpAMy Yyepes BifAaneHiCTb ranakTuk Ta oObMexeHi MOXNUBOCTI 3AaTHICTb iIHCTPYMEHTIB.

Ona pocnigkeHHa uMx nNuTaHb HamMu cknageHo BMOIpKY ranakTvk 3 akTMBHMMW si4pamMuM Ha OCHOBI 22-MiCSMHOTO
ornsigy Heba cynyTtHukom Swift. 3 gaHoro ornagy 6ynuv Buny4YeHo yci NoaBiliHi peHTreHiBCbki cuctemmn Ta 6nasapu. Mu
Bubpanu nuwe Ti ranaktuki, AN SKMX MOXHA OAHOYacHO nobyayBaTWM PEHTIEHIBCbKi CMEKTPU 3 BUKOPUCTAHHSM
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