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IMMOMCK HU3KOMHTEHCUBHBIX IIOMEX U PACITIPEIEJEHUI
XAPAKTEPUCTUK TPAH3UEHTHBIX CUT'HAJIOB B IAHHbIX
JEKAMETPOBOI'O Ob30OPA CEBEPHOI'O HEBA

IIpeamer u uens pabotsl: Camoil cnodxcHol 3a0auel UcCIe008anUs MPAH3UEHIMHBIX CUSHANI08 ABNAEMCA 00KA3AMEeNbCMBO
UX KOCMUHECKO20 NPOUCXOJICOeHUA. B dexamemposom ouanaszone He cywjecmayem Hu 00H020 paduomeneckond, KOmopulii no
appexmusHoll nrowadu (a 3Hauum, u no MeHOBEHHOU Yy8CMEUMENIbHOCMU) Xoms Obl npubnudxcanca Kk napamempam YTP-2.
Dmo ucknouaem 603mMOHCHOCHL NOOMBEPAHCOCHUS. KOCMUUECKO20 NPOUCXOHCOCHUS, HUBSKOUHMEHCUBHBIX CUSCHANL08 HA KAKOM-
aUb0 Opy2om He3a8UCUMOM PadUomeneckone OanHo20 ouanasona. I103momy 8axcHocms NPOBEOEHUs 6CEBO3MOINCHBIX MECTO8
OJ151 NPOBEPKU BO3MOIICHO20 HOMEXOBO20 NPOUCX0IICOCHUSL CUSHATIO8-KAHOUOAMO8 Hellb3si nepeoyenums. B pabome nposodumcs
ananu3z pacnpeoenenuii XapaKmepucmuk 0OHAPYHCEHHIX MPAHZUEHINHBIX CUSHANIOS8 U NOUCK 803MONCHBIX HUSKOUHMEHCUBHBIX
nomex 8 OAHHbIX 0eKamempo8o2o 0630pa NY1bLCAPO8 U UCHIOYHUKOS MPAH3USHIHO20 U3TYYEHUs. Ce8ePHO20 Hebd.

Merons! u MeTonoorus: Obpabomka daHHbIX 0030pa € Yeblo NOUCKA CUMMEMPUYHBIX NO 8PEMEHU 3ana30bl6aHUsL NOMeX U3-3a
Mepyanuil Ha HeOOHOPOOHOCAX UOHOCHEPHOU NAAZMYL, UMEIOWUX YACOMHO-6PEMEHHBLE 3A6UCUMOCTIU, KOMOPbIe NOX0JICU
Ha OUCNEPCUOHHOE 3aNna30bl8AHIe 8 MENHC36€30HOLL Cpeoe.

Pesynwrarsl: Cpagrerue pacnpedenenuii maxux Xapakmepucmux, Kax CUSHAL/Wym u mepa OUCnepcuu, NOKA3bleaem CyuecmeeH-
HOe omauyue nPOOemeKmupOBAHHbIX 8 RPOBOOUMOM 0D30pe CUSHATIO8 O 2UNOMEMUYECKUX NOMEX, KOMOopble umeau 0bl makoe
Jice 3HAUEeHUe CMEeWeHUs HUMICHUX Yacmom paboie2o OUana3oHa no OMHOUEHUIO K GEPXHUM, HO 6MeCMO 3ana30bl6aHUs XapaK-
mepu306anuch vl onepedcenuem. Dmu paziudus nOOMEEPI’COAOm cUnoOmesy 0 mom, Ymo OOHAPYICEHHbIE 6 NPOBOOUMOM
0630pe mpan3ueHmuvle CUSHATbLL HOPOIICOAIOMCI UCIOYHUKAMU KOCMUYECKO20 PAOUOUSTYYEHUS.

3akmoueHune: Pacuupenue Konyca paouousiyueHus pasiuiHbiX munos HempoHHbIX 36e30, 60abULoe Y2n060e U BpeMenHoe pac-
cesnue 8 0eKamemposom OUAna3one Modjcen O0bACHUMb OeMeKMUpPOsanue 6OIbU020 KOIUYECMEA OOUHOYHBIX CUCHANIOS8
€ YHUKATbHBIMU 3HAYEHUAMU Mep OUCTepCUU, M. €. PA0A UCOYHUKOS MPAHIUCHNO20 USTYYCHUSL.

KiroueBble clioBa: 0630p, 00UHOUHBII UMRYIbLC, NOMeXA, Mepa OUCHePCUlt, MepYaHus, 0eKamemposslli OUanda3oH

1. BBenenue TpeOyeT OYeHb TINATENIBHO MOAXOAUTH K MEPBO-
HadyaJbHOMY BBIOOPY KPUTEPHUEB aBTOMATHYECKOTO
MOMCKAa U TPEeIyCMAaTPUBATh 3HAYUTEIIBHOE YUCIIO
TECTOB, OTCEUBAIOLIUX JIOKHOMOJIOXKUTEIBHBIE pe-
3ynbTarthl. B camoil mOgHOM Mepe 3TO KacaeTcs Kak
pa3 u3ydeHUs TPAH3UESHTHBIX CUTHAIIOB (B TabHEH-
IIIeM TPaH3UEHTOB), KOTOPhIC HEBO3MOXHO HAaOIIIO-
JIaTh MHOTOKPATHO, a, CJIeI0BaTeNIbHO, KPUTEPUH OT-
0opa CUTHAJIOB JOJOKHBI OBITH 3apaHee BHIOpPaHBI
OUYCHb KeCTKHMH. [IpruMepoM mepBoHAYATLHO He-

OmHoM 13 XapaKTEPHBIX YePT COBPEMEHHON HAOITIO-
JlaTeIbHOM aCTPOHOMMUH SIBJISIETCA YPE3BBIUAHO BO3-
pociiee KOJTWYeCTBO HaOMIONAaTEeNbHBIX JAHHBIX.
Spxuii ToMy npyuMep — IPOBOIUMBIN Ha paIuOTENEC-
rxonie YTP-2 mexameTpoBwIif 0030p ceBEpHOTO Heba
C TIEITBIO TIOVICKA TYJILCAPOB M HICTOYHHIKOB TPAH3UEHT-
HOTO m3nydeHws (B mampHeimem O0630p) [1-7].
Heo6xoamMocCTh IpakKTHIECKH TTOJTHOW aBTOMaTH3a-
LIMH TIPOIIECCOB IIOMCKA OOHEKTOB IO OTIPEACTICHHBIM
MIpU3HaKaM (BKITFOYAs U CO3aHNE CaMOOOyJatoInX-

cst anropuT™MoB — machine learning u deep learning) ~ TEKTHPOBAaHHA CUI'HAJIOB B paaunoobcepBaTopun
[Mapkc, 9acTh KOTOPBIX 3aTeM Oblia BBIAEICHA B

© B. B. 3axapenxo, U. II. Kpasuos, 5. I0. Bacunsesa, 0006}/}0 IpyIHiry — IEPHTOHbI [8] 'Z[aHI)HeHIHee Hx
A. A. Konosanenko, O. M. Vnesaos, B. JI. Konsaun, 2018 HN3Yy4YCHHE IT0Ka3aJio, YTO C OUCHDb OOJIBIION BEPOAT-

YIA4HOTO MOAXO0/a MOTYT CIIYXHWUTb PE3YJbTaThl Ac-
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HOCTBIO 3TO 6BIJ'II/I CHUI'HaJIBbI OT MHKpOBOJ’IHOBOﬁ neuu
B MOMEHTHI BBIKITIOUEHHUSI MarHETPOHA, CITEKTP KOTO-
PBIX OBLT OIM30K K CIIEKTPY, KOTOPBII UMEIOT KOPOT-
KM€ IIUPOKOIOIOCHBIE CUTHAJIBI HEHTPOHHBIX 3BE3]1
n3-3a JUcuepcun B Mex3Be3gHout cpeae (M3C)
C YaCTOTHOH 3aBHCHMOCTBIO f . YCTAaHOBHTE, SB-
JISUTACH JTY TIPUHSATHIE CUTHAIIBI TOMEXaMHU W OBLITH
MOPOXKJEHBl KOCMHUYECKUMH HUCTOYHHKAMH, CTaJIO
BO3MOKHBIM TOJIBKO C TIOMOIIBIO aHAIIN3a BCEX JIOC-
TYTIHBIX XapaKTepUCTHK CUTHAJA (BKJIFOYAst JIOKAIb-
HOE BpeMsi IPUX0/1a) M yueTa HarpaBIeHUs] OOKOBBIX
JICTIECTKOB PaHOTEIECKOIIA.

IToaTOMY OCHOBHOI 3a1a4€ii ITOCIIE 3aIIUCH U IPEN-
BapUTEITHHOM 00pabOTKH (OYMCTKHA OT MOIIHBIX IT0-
MeX W yCTpaHEeHUs IUCIEePCUOHHOU 3alepKKA —
JeIMCTIEpTUPOBaHs) BceX JaHHbIX O030pa sIBIIsIeT-
CA OTCCUBAHNEC HU3KOMHTCHCHUBHBIX ITIOMEX, KOTOPbLIC
MOTYT TPOSIBUTHCS TMPY HAKOTUIEHWH CHUTHAJIOB TI0
ygactoTe. Hy’)kHO cka3aTh, 4TO HE TOJIBKO BaXKHBIM,
HO M NPaKTHYECKH €IMHCTBEHHBIM HMEIOIIHUMCS
B PacropsDKEHHH HCCIeloBaTeneldl KpUTepueM sB-
JIAeTCsl UCTIEPCUOHHOE 3amasasiBanue B M3C koc-
MHYECKHUX HIMPOKOIMOIOCHBIX KOPOTKHX CHUTHAIIOB
(IMUTENTBFHOCTBIO SAMHULIBI-IECATKI MAJUTUCEKYHT).
VYBennuenue BpPEMCHH paCCCIHNAd K HU3KHUM YacCTo-
TaM (KOTopoe ObUTO 0OHAPYKEHO Y TaK Ha3bIBAEMO-
ro “Lorimer burst”) Mo>keT OBITh HAIEKHBIM KPHUTE-
pHEM TOJBKO B TOM Cllydae, KOT/a CHUTHAI MPEBbI-
IIaeT IIyM B apIuaasHoH nojoce (Hampumep 4 MI 1)
6omee yeMm B 8—10 pa3 (Touka ¢ MHTEHCUBHOCTHIO
1/e~0.3679 ot MakcuMyMa JOJDKHA 3aMETHO IIpe-
BBILIATH IIyM). Takoe NpeBBIICEHHWE CUTHANIa Haj
IIYMOM B JIEKAMETPOBOM JIMAIla30HE JaXKe Ha KPYTI-
HEHIIIeM paJrioTeNIeCKOIIe MUPa U TPAH3UEHTHBIX
pamroacTpOHOMUYECKUX CHTHAJIOB TOJYYUTh HE
yaaeTcs.

He nMest BO3MOKHOCTH OTEPETHCS HA JIOTIOJIHU-
TENbHBIE KPUTEPUHU J0KA3aTeIhCTBA KOCMUYECKOTO
MIPOUCXOKICHHUS HM3IydeHHs, MBI UMEEM BO3MOXK-
HOCTb UCKJIIOYUTH BCC U3BECTHLIC HCTOYHUKU IIPEI-
TToJIaraéMbIX HU3KOMHTEHCUBHEIX IIOMEX, YaCTOTHBIE
3aBHCHUMOCTH KOTOPBIX OJU3KH K 3aBUCHMOCTSIM
TPAH3UCHTBIX CUTHAJIOB. CaMbIM Ba’XHbIM, C Hameun
TOYKHU 3pEHUSs, IBUJICS TECT, B KOTOPOM OBLIT ITPOBE-
JIeH TIOUCK CUTHAJIOB, UMEIOIINX BPEMEHHYIO 3a/1ep-
KKy HEe f 2, a —f %, T. e. KOrja HH3KHE 4acTo-
THI OIIEPEXKAIOT BBHICOKHE C TaKOW K& aOCONFOTHOM
BPEMEHHOU 3aJep>KKoH. [leHHOCTh 3TOro TecTa coc-
TOUT B ABYX BaXXHBIX ACIICKTax. BO-HepBBIX, qacTo

BCTPEYAOMIAsCS HAa JIEKAMETPOBBIX BOJHAX MOJY-
JSIMS UHTEHCUBHOCTH KOHTUHYaJIbHBIX HCTOYHHKOB
U3ITy4eHHS] HOHOC(EPHBIMU MEPLIAHUSIMHU UMEET JJOC-
TaTOYHO LIUPOKHUI CIEKTP M MOXOXKHM YaCTOTHBIM
HaKJIOH (pHcC. 1). AlpruopH HENB3s UCKITIOYUTH TOTO,
YTO 3HAYUTENbHAsl YaCTh NMPHHATHIX CUTHAJIOB SIB-
JsieTcss KOPOTKUMH TI0 BPEMEHU MEpIaHUsIMHU KOcC-
MHYECKOTO paJiMOHU3IIyueHHss Ha HOHOC(EPHBIX He-
OTHOPOAHOCTAX. M, 4TO OUeHBb Ba)KHO, 3ama3blBa-
HUE ¥ ONepe)eHNe HIKHIX YacTOT 110 OTHOIIEHUIO
K BEpXHHUM BCTPEYAETCS MTPH MEPIAHUSIX C TPHUOIH-
3UTENIBHO OJIMHAKOBOW BEPOATHOCTHIO. [loaTOMY
MPOBEPKa HAIWYHS CHUTHAJIOB C 33JEPKKOH MEXIY
YacTOTaMM, HPOTOPLMOHANLHONH — f 2, Mpeanono-
KHUTEIBHO MO3BOJIHT BBISIBUTH JOJIIO CUTHAJIOB, T10-
POKIEHHBIX MEPIAHMAMHE (U C 3aBUCHMOCTBIO f 7).
W, BO-BTOpBIX, €CIW HCIOJIB30BaTh WHBEPTHPO-
BaHHBIE 10 BpEMEHH JaHHbIe HaOmoaeHui (puc. 2),
a He c03/1aBaTh MPOTrPaMMy JIeTUCTIEPTHPOBAHHS TTO]T
“o0OparHyto” mepy nucnepcur DM, TO MOKHO Mpo-
BEPUTH, HE MIPOAYLHPYET JIN UMEIOLIAsICS IPOrpaM-
Ma 00pabOTKN Kakue-mubo apTedakThl.

Hano ckasare, 4To 1o 3arpadyuBaeMoOMy BpeMe-
HHU CcueTa 3TOT TEeCT A0JblIe OOBIYHOTO KOHBeWepa
00paboTKu AaHHBIX, TpuMeHsemoro B O063ope.
Ho xapakTepHbIe 4epThl CHTHAJIOB C “TpsSMOi”
”00paTHO” MepaMu JUCIIEPCHH MOKHO TOJTYYHUTh
y>Ke TIpY aHaJIN3€ 4acTH JaHHBIX. VIMEHHO pe3yibTa-
TaM 3TOTO TeCTa W BHIBOJAM M3 HHX IOCBAIICHA
HacTOSAMAs CTaThs.

Bo BTOpOM paznene omnmcaHbl 0COOEHHOCTH OT-
0opa “karmuIaToB” (IPEANOIOKUTEIHLHO TPAH3UCH-
TOB KOCMHYECKOr0 MpoucxoxiacHus) B O030pe
Y BIIUSTHUE HA HUX TaKUX [apaMeTpPOB, KaK IMIMPUHA
HMIYJIbCa U €ro HIMPOKOIOJIOCHOCTh. B TpeThem
paszere MpUBEIeHEI pe3yJIbTaThl CPAaBHEHUS TPUMED-
HO 85 % mannbrx O630pa ¢ “IpsAMoir” Mepoi amc-
niepcun 1 10 %, o6paboTaHHBIX ¢ “00paTHONH Mepoit
ncriepcuu. B yetBepToMm pasjene mpoBeneHo 00-
CY)KIICHHE TIOJyYeHHBIX PE3YJIbTaTOB, CACTIaHbl BbI-
BOJIBI O MPEAIOIaraéMbIX HCTOYHUKAX PagHOHU3ITY-
YeHWs] 1 HAMEUYeHBI TePCIEKTUBHBIC HAIpPaBICHUS
JANbHENIINX UCCIAEA0OBAHUM.

2. Kpurepun oT00pa JaHHBIX

Kak yxe OblT0 YITOMSHYTO BBIIIE, KOHBEHEepHas 00-
pabotka maHHBIX O030pa CIy>KHAT IS OYUCTKH OT
MOIIHBIX paguonoMeX [4], yCcTpaHeHUs TUCIEPCHOH-
HOM 3aJIep>KKH € OIPENIeJIEHHBIM LIaroM B IUaraso-
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Tlouck HUBKOUHMEHCUBHBIX NOMEX upacnpe()eﬂenuﬁ Xapakmepucmuk mpaH3ueHmHrblx CUCHAN1086 6 OAHHBIX 6el<amemposozo...

Puc. 1. IIpumepsl IUPOKONIOIOCHBIX MEPLUAHUH C pa3IMYHBIM YaCTOTHO-BPEMEHHBIM HAKJIOHOM. J{IUTEIbHOCTh Kaipa COCTaB-
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Puc. 2. Curnansl mynscapa B0809+74 mHBepTHpOBaHBI BO

BpEMEHH JJIsl aHallu3a ¢ “00paTHON” IHCIEPCHOHHON 3aBU-

CUMOCTBIO (CJ'IGBa). CnpaBa JUIsL CPABHCHU S TPUBCICHBI UCXOO-
HbIC JaHHBIC

He 0-+30 mx/cM?, a TaKkKe MOCISIYIONIET0 CYMMH-
pOBaHUs JaHHBIX IO YacTtoTaM. [lpu ananuze uHau-
BUAYITBHBIX COOBITHI BO3MOKHOCTH PETYKIINH JIaH-
HBIX OTpaHWYeHbI. VX HCXOMHBINA 00hEM COCTABIISET

OKOJIO cTa TepabaiT. g ciiernoro mowcka TpaH-
3MEHTHBIX CUTHAJIOB BO BCeM auanazone DM c ma-
rom 0.01 nx/cm?® cymmupoBanme 4096 4aCTOTHBIX Ka-
HAJIOB C Pa3HBIM BPEMEHHBIM CIIBUTOM MEXIYy HUMU
Tpedyercs mpoBoauth 3000 pa3 (mMosICHEHHE JAaHO
Hmke). [loaTomy mmocie o0paboTkH KOIMIECTBO JaH-
HBIX YMEHbIIAaeTcsl Bcero Ha ~ 27 %.

Kak 6pu10 ymomsiHyTO B [9], IIMpHHA UMITYIBCOB
JUTS U3BECTHBIX IyJIBCAPOB CONOCTaBMMA (MU OOJIb-
1Ie) ¢ BPEMEHHOM paspelaronieil crnocoOHOCThIO
B O0630pe (8 Mc). MozensHbIe pacyeTsl HOTEPH YyBCT-
BUTEJILHOCTH IIPH HETOYHOM COBIaJICHUH HCTHHHOM
MepBI JUCTIEPCHH U IPOOHOH (€ KOTOPOii MPOBOANTCS
orepanysi JeAUCIEPTUPOBaHU) B IPEAION0KEHUH,
YTO UMIYJIEC UMEET IPSIMOYTOIBHYIO0 POPMY, MOXKHO
npoBectu 1o ¢popmysie [10]:

FvSDM —

Vo

—2L = —— (" erf (§). 1
= S erf(0) M
3nech F;,, — NOTOK, PACCUUTAHHBIN C OLIMOKOMH 110
Mepe aucnepcuu ODM; F — WUCTUHHBIN MOTOK;
erf(---) — ¢ynkusa ommbox; { — Oe3pasmepHas

(GyHKIWS,
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d =6.91-10‘38DM%, )

rme Af — momoca gacrot (16 MI'm), W — murens-
HOocTh curHama (100 mc), f — meHTpaspHas 4acTo-
ta (0.024 I'Tm). [Ipu >THX mapaMeTpax u JOIMYCTH-
MOM YyXyAIIeHu! cooTHomeHus (1) He Oopie, 4emM
Ha 5 %, 3Hauenne ODM, momyuenHoe u3 (1) u (2)
nomkHo ObITh MeHblie 0.005 mk/cm®. To ecTb mpu
“criermoM” TOUCKE CUTHAJIOB IYJIBCAPOB M TPAH3HEH-
TOB JIJIA IOJTYYUCHU A PE3YJILTATOB IIPHU HE3HAYNTCIIbHBIX
MOTEPAX B COOTHOIICHUN CI/IFHa.H/ IIyM XKEJIaTCIbHO
MMETh Iar NpoOHOW Mephl JAucIepcun He Oolee
0.01 nx/cm?. TIpu ymenbinernn W (4T0 CripaBeuTHBO
JUTs peasIbHOTO CUTHAJIA) 3HaueHne 0DM  OIDKHO IIpsi-
MOTIPOTIOPIIMOHATIFHO YMEHBIIATHCS, YTO CIEIYET U3
16

O pm(f-f2).
2.4210331

Ha puc. 3 npuBeieH npumep qeAucreprupoBaHusL

co 3HadenueMm SDM =0.01 nx/cm’.

ITo ocu abcruce AaHO BpeMsi B CeKyHIaX (HUX-
HsA IIKaja) U B oTcuerax ¢ Af =8 Mc (BepxHAA
mkana). Eciu npeanoiaokuTs, 4To MUPHHA UMITYIIb-
ca W paena 0.1 ¢ (mpumepHo 12 oTcueToB), TO
OYEBHU/IHO, YTO 3HAYUTENIbHAS YaCTh UMITYJIbCa JacT
BKJIJ] PH HAKOIUIEHUH I10 YaCTOTE, U MPOUTPHILI
(1-Fypy, /F) cocraBut ynomsiHytsie 5 %. Ecin
e W pasna, mHanpumep 0.032 ¢ (4 oTcuera), TO, B
3aBHCUMOCTH OT TOTO, Kakas 4acTh B CIIEKTpE
OyzleT CUNTAThCS EHTPATBHON (FITH T7e OymeT Mak-
CUMaJIbHAs IJIOTHOCTh MTOTOKA TPAaH3UEHTA), MOTe-

hopmyner W = At =
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Puc. 3. Ilpumep geaucneprupoBaHus CO 3HAUCHUEM
8DM =0.01 nk/cm?

Y CUTHAJIA TPU UHTETPUPOBAHUHU OYIyT 3HAUNUTEIIb-
HO cymiecTBeHHee (B 3+5 pa3 OonbIie). DTo 3Ha-
YUT, 4TO I KOPOTKUX CUTHAIIOB MTEPBOHAYATIFHOE
onpenenenne npodHoit DM tpeOyer yTOYHEHUS
JUTSL TIOJTYYSHHUSI MAKCUMAaJIbHOTO TIPEBBIIICHUS CHT-
Hana Hajg mymMoM. CrenyeTr Takke OTMETHTH, 9TO
yBenuuenue mrara ¢ 0.01 nk/cm® mo, Hampumep,
0.002 mk/cM® mpHUBENET K YyBEIWYCHUIO BPEMEHHU
cuera MPUMEPHO B 5 pa3, MOCKOJIBbKY Omepanus je-
JUCTIEPTUPOBAHUS SIBISIETCS caMOMl 3aTpaTHOU
[0 WCTOJIb30BAaHHOMY KOMIIBIOTEPHOMY BpPEMEHHU.
Kpome Toro, B 5 pa3 yBenuuarcs 3aTpaThl Ha BbI-
00p TpaH3UEHTHBIX CUTHAJOB UCCIIEJOBATEIIEM BO
BpeMs BU3yaJIbHOTO aHAJIN3a MOTYyYEeHHBIX PE3YIIb-
taTtoB. [lo3TOMY sICHO, 4TO Iar 1Mo Mepe AHUCIEp-
cuu ObLI BRIOpaH TaKKe U3 COOOPAKCHUN MUHUMU-
3alMy BpeMeHH 00paboTKH.

ITockonbKy mepBUYHAS] OYMCTKA OT PATAOTIOMEX
HalpaBJieHa TOJIHKO Ha YCTPaHEHUE CUTHAJIOB C HY-
JIeBOU (ITMPOKOIMOJIOCHBIX KOPOTKHHMX CHUTHAJIOB)
1 “OecKkOHeYHOM” (Y3KOMOIOCHBIX TIOCTOSTHHO CYIIIe-
CTBYIOIINX CUTHAJIOB) MEPOH TUCIIEPCUH, TO OUHC-
TKa HE KacaeTcsl CKOJIBKO-HUOY/Ib TUCIIePTHPOBaH-
HBIX WJIH KaKUM-TO 00pa3oM MOIYJIUPOBAHHBIX 10
4acTOTe CUTHAJOB. Tak KakK THIBl paguoroMex
OYCHBb Pa3HOOOpa3HBI, KOHBEHEp TMEPBUYHOU 0O0-
paboOTKU NETeKTUPYET OT HECKOJNbKUX EIUHUIL
JI0 HECKOJIBKHUX COTEH ThICAY ‘‘COOBITHI” 3a ceaHC
HaOmoneHu! anutenbHOoCcThI0 OoT 10 1o 15 .
Crnenyer ocTaHOBHTHCS Ha BBIOOpe mopora 5.5G,
IIe ¢ — CpeaHeKBaapaTHYecKoe OTKJIOHEHHE.
[Ipu HaNMMYUK TOJNBKO IIYMOBBIX CUTHAJIOB C HOP-
MaJbHBIM PacIpeeIeHHeM 3TOTO 3HaYCHHSI OBLIO
OBI BITOJTHE AOCTAaTOYHO. OIHAKO TPYTHO IPEATIO-
JIOKUTh, YTO TIOMEXHU MCKYCCTBEHHOTO TPOUCXOXK-
JeHUsT OyayT MOMYUHATHCS HOPMAIbHOMY 3aKOHY
X0Tsi OBl MOTOMY, UTO TOJ HIMPOKOBEMIATEb-
Hbl€ CTaHIINH BBIIENICHBI ONpeIelIeHHbIe YaCTOTHI.
Kak mokaspIBaeT OMBIT, KOJUYECTBO ACTEKTHPYe-
MBIX COOBITHI CYIIECTBEHHO BBIIIE, TOTO, YTO OKHU-
naetcst 1S 0eoro Imyma, U orneparopy MpuXoIuT-
sl BU3yaJIbHO OTCEMBATh MOABIISAONIEe OOIbITHH-
CTBO curHaioB. To ecTh IS peasbHOW CHTyaIluu
MOPOT OKa3bIBacTCS 3aHMKCHHBIM. Ho, y4uThIBas
TO, 4TO IIPH BHIOPAHHOM IIIAre 1Mo Mepe AUCIePCUHU
MBI 3a9acTyl0 He IoMajJaeM B MaKCUMyM COOT-
HOIICHUS CUTHAJ/TIIYM JJIS ITHPOKOTIOIOCHBIX CHT-
HaJIOB KOCMHYECKOTO TIPOUCXOXKICHUS, TPUXOTUTCS
KCII0JIb30BaTh BBIOPAHHBINA MMOPOT JETECKTHPOBA-
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Hus 5.56. Jlanee Oyzner mokas3aHo, 4TO €€ OTHUM
LIEHHBIM acIeKTOM IPHMEHEHHs TecTa c “o0pat-
HOI” Mepoli nucnepcuu OyneT BO3MOKHOCTH Iepe-
OTIpeIeJIeHUs] MOpoTra 1eTeKTUPOBAHMUS.

OOBIYHO BCE MOMEXHM KOHIEHTPHUPYIOTCA B 00-
JIACTH HYJIEeBOM Mepbl aucniepcui. OHY UMEIOT IaHC
NPOSIBUTHCS TIpH 3HaueHUsIX DM Oonee 2 +3 mk/cm?,
HO TOJIbKO B TOM Cllydae, €CJIH 3aKOH 4aCTOTHO-
BPEMEHHOW 3aBHCHUMOCTU OY€Hb TOYHO COOTBET-
CTByeT 3aKoHy mucrepcuu (f2). OTnuume moka-
3aTensi CTeNeHH OT 2 TOJbKO Ha oauH mpoteHT (0.02)
TIPUBOIUT K TOMY, YTO IIIMPOKOTIOJIOCHBIN CUTHAI (Ha-
npumep 20+25 MIm) npu meaucrieprupoBaHIHI

“BBIBAJIMBAETCA” U3 OKHA MIMPUHON 180 MC Kakom-
TO cBoell yacTeio (“‘locBedeHHAs” MEHTpaIbHas
4acTh CIIEKTPOrpaMMbl UMITyJIbca Ha puc. 4, mpa-
BbIil BepXHUH yroi). B 3ToM oTHOIIEHUH IHUPOKO-
mojocHBIN Teneckon YTP-2 nmaer kapauHaIbHBIN
BBIUIPHIII [IPH OTCEMBAHMM IIOMEX C YaCTOTHOM
3aBUCUMOCTBIO, OTIMYHON OT 3aKOHa UCIEPCHH,
M0 CPABHEHHUIO C y3KOMIOJIIOCHBIMU CHUCTEMaMH (CM.,
Hampumep, [11]).

Jis ynaneHus paguollOMeX HCIONb3YIOTCS BH-
3yaJIbHBII KOHTPOJb U MPOrpaMMa MOITyaBTOMAaTH-
YECKOIO OIpPEJENICHUs] MapaMeTPOB TPAH3UEHTHBIX
CUTHAJIOB (BBIOOp ydyacTKa OCTaeTCs 3a ONeparo-

<12 < 0>

parts M of pariz

3

2 L -

; i 20.63-24.75
=1F
-2

Jl:I 20 ] Bl Bl 108

2

|:| - 16.50-20.63
=1k
=2

1] 20 L] 6l -2 108

Puc. 4. Ilpumep aHau3a JaHHBIX CHTHAJIOB-KaHANUIATOB: CIIEBA BBEPXY —yCpEIHEHHE [0 BpEMEHH, CJIeBa BHU3Y — 3aBUCHMOCTh
“Mepa IUCIepCHI — BpeMs” B TPEXMEPHOM 1 IByXMEPHOM BHJIE, CIIPaBa BBEPXY — JSAUCIIEPIUPOBAHHAS CIIEKTPOTrpaMMa HMITYJTbca
U CIIpaBa BHU3Y — YCPEAHEHHUE 10 YaCTOTE BO BCEH MOJIOCE U B YETHIPEX CMEKHBIX Mosocax. Mepa Auciepcun CUrHaa, Iipu KOTopoi
JIOCTUTaeTCsl COOTHOIICHHUE CUTHAII/IIIYM OKOJIO 12, paBHa 7.448 nk/cm® (ipH IIEpBUYHOM aHAIIM3¢ COOTHOIICHHE CHTHA/IIYM ~ 7)
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POM, HO MAKCMMYM COOTHOIICHUA CI/II‘HEUI/HIYM B MH-
TepBajne 1no BpemeHu 0.5 ¢ U Mo Mepe Jucnepcuu
0.2 nx/cm® onpenmensercs mporpamMmoii). Mcciemo-
BaTeNlb OTMEYAET HA ABYMEPHON 3aBUCUMOCTH “Mepa
TUACIIEPCUU — BpeMs~ OAWHOYHBIC COOBITHSA, KOTO-
pBI€ HE OTHOCSTCS K KAKUM-TTHOO CTPYKTypaM, T. K.
0OBIYHO PATMOTIOMEXH MPOSBIISIOTCS B BUIE HAKIIOH-
HBIX “Ty4eil” MOBBIIIEHHOW HHTEHCUBHOCTH. Kpome
TOT0, HTHOPUPYIOTCSI OJUHOYHBIE OTCUETHI C COOT-
HOILICHUEM CUTHAJ/IIYM MeHee 6.

Pesynbrarom siBisieTcst Gaiil TaHHBIX, KOTOPBIHA
BKJIIOYAET:

— IIOJIOKCHUC ILICHTpA Jy4Ya B MOMCHT IIpUXOa
TPaH3UEHTHOTO CUTHAJIA,

— BpeMs IpUXojia 3TOro CUTHaja,
(1o 3THM NIByM MapameTpaM BBIYUCIIAIOTCS KOOPIH-
Hatel J2000 ¢ yuyeToMm 3BE3HOTO BPEMEHH Ha MO-
MEHT (PUKCAlMU TPAH3UEHTHOTO CUTHAJIA),

— poOHYI0 Mepy JUCTIEPCHH, TIPU KOTOPOii cy1iie-
CTBYCT MAaKCUMAJIbHOC COOTHOILICHUEC CI/IFHaJ'I/HIYM )41

W
o

Hacrora, MI'nm
S
S U

®daza

— MaKcUMallbHOE 3HAYCHNUE COOTHOIICHHSI CUTHAJ/
IIyM.

Janee nanHbie, B KOTOPBIX 0OHAPYKEH TPAH3HUEHT,
AQHAIM3HUPYIOTCS CIIEHUATIEHON ITPOrPaMMO, ITOKa3bl-
BalOIIel OTHOBPEMEHHO Pa3IMIHbIE XapaKTEePHUCTUKI
curnana. [lpumep ananmsa npuseneH Ha puc. 4. B
JIEBOM HIDKHEM YTy B TPEXMEPHOM M JBYMEPHOM
BUJIE TIPUBEJIEHA 3aBUCUMOCTh “Mepa JIUCIIEPCUU —
BpeMs”. B meHTpe KaXAoW MaHeNId MOXKHO JIETKO
BBIJICJIUTH TIOBBIIIIEHNE UHTEHCUBHOCTH. Ha nBymep-
HOW TIaHeNM 3TO TOBBIIIEHHE MMEET XapaKTEePHYIO
(hopMy (0OBaJI C HAKIIOHOM OT JIEBOTO BEPXHETO yIJIa
K MpaBoMy HIKHeMY). IlockonbKy Ha 3TOW MmaHenmn
npeacTasieHsl S0 maros Mo Mepe Aucrepcu (1o Bep-
tukamn) 1 100 mo BpeMeHH (110 TOPU30HTAIN), BU/I-
HO, 9TO STOT OBaJ BKIIIOYAE€T HECKOJIBKO IECSITKOB
Touek. HarmsamHoe o0bscHEeHNEe BOSHUKHOBEHHUS T10-
JOOHOTO MakCHUMyMa HHTEHCHBHOCTH MIPUBENICHO Ha
puc. 5. 3toT dakT OyAeT BaXKeH MPU CPaBHEHUHN CHT-
HAJIOB-KaHIUIATOB C PaJAHOIIOMEXaMH.

ADMI‘IK'CM_3
III|III|I|I||I||'|‘_0.2

10.02

{ —0.02

0 1
®aza

Puc. 5. MakcyMaIbHBIN OTKIIMK Ha 3aBUCUMOCTH “‘Mepa JIUCIIEPCHU — BpeMs” BOSHUKAET IIPH COBIAACHUH TPoOHOH DM, ¢ KOTOpoii
TIPOBOJMTCS IEMCIIEPIUPOBaHKE, M UCTUHHON DM curHaia (aj1s ImyJibcapoB — I10CIIe IIPOBEICHNS HAKOIIEHUS PsiJia UMITYJIbCOB —
Ha 0CH a0CIMCC 3Ty POJTb BBIMONHSACT (asza neproaa). [Ipu npoOoHoi DM MeHbIlIe HICTHHHON, MAKCUMYM HAaKOILICHHOTO T10 4acTOTe
CHT'HAJIa CMelaeTcs K 0oJee mo3HeMy BpeMeHH, pu IpoOHOit DM GoJbliie HICTUHHOW — K OoJiee paHHeMy [9]
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HawnGonee BaXHBIM BONpOC — HE SBISIOTCA JHU
CHUTHAJIBI, IOI00HBIE IPEICTaBIEHHBIM Ha puc. 4, TH-
MTUYHBIMHU HE TOJIBKO JUIS UMITYJIBCOB ITYJbCAPOB (TIpH-
MepHl OyIyT MPUBENEHBI HIKE), HO M ISl UCTOYHH-
KOB KOHTHHYaJIbHOTO HM3JIy4YeHHUs, HHTEHCHUBHOCTH
KOTOPOTO CHJIBHO MOIyIupyeTcs 3¢ deKkramu Mep-
anuii (cMm. puc. 2)?

HecmoTpst Ha TO, 9TO TIpH 00pabOTKE MAHHBIX
0030pa uCHob3yeTCs (UIBTP BEPXHUX YaCTOT C
yacToToi cpesa 0.25 1’11, MOXKHO MPEANOI0KHUTh, YTO
Hauboyiee UHTEHCUBHBIE U KOPOTKHUE IMOBBIIICHHS
WHTEHCHBHOCTH KOHTHHYaJIbHBIX HICTOYHHKOB MOTYT
MIPOXOIUTH CKBO3b (PMIIBTP B OTOOpakaTbcs B BHIIE,
MTOXO)KEM Ha TPaH3MEeHTHbIE CUTHaJbL. Kpome Toro,
MOXXHO TIPEATIONOXKHUTh, YTO BpPEMEHHas 3a/IepiKKa
(xoTOpast U TPaH3MEHTHBIX CUTHAJIOB IPOTIOPIIHO-
HaJbHA f °) JUIA KOHTHHYAIbHBIX CHTHANOB, MOJI-
BEPIIINXCs BO3AECHCTBUIO MEPLIaHHM, MOKET UMETh
1 06paTHbIA 3HAK (—f ). MOKHO MPeNoI0KUTH
TaKkke, 4TO MporpaMMa KOHBEHEepHOH 00paboTKu
OmK1O0YHO UACHTH(DUIUPYET KaK IIUPOKOIIOJIOCHBIE
TPaH3UEHTHBIE CHUTHANBI CIIy4aiiHO COBIIAJAIOIINe
HaOOPHI Y3KOMOIOCHBIX PAAHOIIOMEX.

JJ1st MpoBEpKH STUX MPEAIONI0KEHUH ObLT TPOBe-
JIeH aHalu3 3alKceil B MEepBYIO ouepenb MpH TeX
TIOJIOKEHUAX JTyda aHTEHHBI, KOTOPhIE UMEIH MaKCH-
MaJbHBIN 3eHUTHBIN yron (z =50°+60°, T. e. ckio-
Henue O =—10°-+0°). [Ipu 3TUX 3HAYSHUSIX TOTKHBI
MaKCUMaJIBHO MpPOsSBUTHCS 3()(eKT MepuaHuili u
JETEKTUPOBAHUS HCKYCCTBEHHBIX PaJlONOMeEX.

brina pa3paborana mporpaMMa HHBEPTHPOBAHUS
CIEKTPOrpaMM I10 BPEMEHH, YTO HO3BOJIMIIO Mpea-
CTaBUTb TMIIOTETUYECKUE CUTHAJIBI C ONEPEKEHUEM
10 HU3KHM 9acTOTaM (C 3a[IeP>KKOH, IIPOIIOPLIMOHAIIb-
HOH —f %) Kak TO0f00HbIE TPAH3HEHTHBIM CHIHA-
JlaM KOCMHYECKOTO MPOUCXOKIEHUS C 3aJepPKKON
MEXIy HIDKHUMH U BEpXHUMH YacTOTaMH, IIPOIOP-
IHOHATBHOH + /2. TIporpaMMbI CIeIyIONHX 3Ta-
moB 00paboTku He OyayT “3HATH”, KAKOW CHUT-
HaJ MPUXOJUT HAa MX BXOA, M OyayT 00pabaThiBaTh
OZIMHAKOBO KaK peajbHbIC, TAK U TMIIOTETUYECKHE
CUTHAJIBI.

Ha Hacrosiiumii MOMEHT mpoBejeHa o0padoTKa
npuMepHo 95 % manubix O030pa, a B Tecte ¢ “00-
paTHOH” Mepoi nucnepcuu oOpaboTaHO OKOJIO
10 %. BaxHelilnee OTIHYHE 3aKIIOYACTCS B TOM,
YTO Cpeau CHUTHAJIOB, IPOJICTEKTUPOBAHHBIX C “00-
paTHOIT” Mepoii TMCTIepCHH, HE HaliIeHO TIOKa HU OJ1-
HOTO, KOTOPBIA YHOBIETBOPsI Obl BceM TpeOoBa-
HUSM, TPENbsABIIEMbIM K CHUTHAJaM-KaHIWZaTaM:

HaJIM4YKE TOCTATOUHON ITMPOKOIIOIOCHOCTH, IIPUCYT-
CTBUEC BBIPAKCHHOT'O MaKCHMMyMa KaK B CyMMap-
HOU IToJI0Ce aHaJN3a, TaK U B CyOIT0JI0CcaX OTIENBHO,
u T. 1. CpaBHEHHE TIPUBEACHO Ha puC. 6.

3. Pesyabratsl

[Tockonbky Ha koHel 2017 T. BBIAEIEHO OKOJIO ThHICS-
9y curHanoB-kaHAumatoB (mpu 410 “momockax”—
3amucsx Jrydeit paauoteneckona Y TP-2 ¢ gmurens-
HoOcThIO ceaHca oT 10 mo 15 4), cpenusis yacrora
JETEKTUPOBAHUS COCTABIIIET IPUMEPHO OHO COOBI-
THE 3a 5 4 HaOmrofaeHui. J{muTenbHOCTh MPOBEpeH-
HBIX Ha HACTOSIIINH MOMEHT JIaHHBIX C “‘00paTHON”
Mepo# aucrnepcun coctapiseT okono 500 4. U mo-
CKOJIBKY HHM OJIHOTO CHTHana ¢ “o0paTHON” mepoi
JMICTIEPCHH, COOTBETCTBYIOIIETO BCEM KPUTEPHIM, HE
BBISIBJICHO, MOKHO YTBEP>KAaTh, YTO BEPOSITHOCTD JIe-
TEKTUPOBAHUS CUTHAJIOB-KaHIUIATOB B 3TOM CIIy4yae
Ha JiBa opsiika Hrke. HecMoTpst Ha TO, 4TO IOJTHO-
IIEHHBIX KaHIUJIATOB B 3aIHUCAX C “‘00paTHON” Mepoit
JUCTIEPCUH HE BBISIBIEHO, MBI MTPOBEIN CPaBHEHHE
MEXy CUTHAJIaMH C “OpsAMON” MEpoH JUCIepcuu
¥ TEMH CUTHAJIaMHU C “00paTHOI’ MepOor TUCIIEPCHH,
KOTOpbIE TPEBBICMIIM BBIOPaHHBIN MOpPOT OOHApy-
xeHus. OueHb BaXXHO, YTO 3TO JIa€T BO3MOXHOCTb
BBIOOpa HOBOTO Mopora (Hampumep 8c), OTCeKaro-
LIET0 BCE CUTHAJIBL, TPOAETEKTUPOBAHHBIE C “00paT-
HO"” MEpOH ANCTIEPCH.

Ha puc. 6, a npuBeneH npuMep AeTEKTUPOBAHUS
curHana ¢ “obpatHoil” DM. Ha mpaBoii wactu
puc. 6, a BUIHO, YTO B CyMMAapHOH MOJIOCE CYIIECT-
BYyeT c1a0blii MaKCUMyM, HO B CyOIojocax COOTBET-
CTBYIOLIETO MakcuMyMma He HaOmomaercs. Jlis Ha-
DIAJHOCTH Ha JByMEpPHOM 3aBUCHMOCTH ‘‘Mepa Jiic-
nepcum — BpeMs” Ha puc. 6, a, 6 0003HaYEHBI IEHTPHI.

Ha na puc. 6, a, KOTOpbIii ObLT MOTYYEH MpH 00-
paboTKe MHBEPCHOM CIIEKTPOrpaMMbl U J1aJl MaKCHU-
MyM COOTHOIIICHUSI CHTHAN/IIyM (=7) mpu Mepe
aucnepcun —4.560 mK/cM?, B IIEHTpE 3aBUCUMOCTH
“Mepa IHCTEPCUU — BpeMs HE BHIHO IMpU3HAKA
CYIIECTBOBaHMS HAKJIOHHOTO OBaJIa, TOKa3aHHOTO Ha
puc. 5. To ects mporpamMmma otbopa KaHIUIATOB
3a(hukcupoBaa NPEBbILICHUE IOPOra B HECKOJIBKUX
TOYKax (He MEHee JIByX), HO OHU HE SIBJIAIOTCS Ya-
CTBIO OTHOCHTEIIHO OOJIBIIOTO KOJIMYECTBA TOUEK
XapakTepHoro oBaya. A Ha puc. 6, 6 3TOT HaKJIOH-
HBIM OBaJI XOpOIIO BUAEH (TIOKa3aH Ha BBIHOCKE).
Uto 3TO 03HaYaeT ¢ TOUKU 3pEHUS CIIEKTpa CUrHaua?
N3 puc. 5 xopomo BUIHO, YTO HENPEPHIBHBIN OBal
MOJTy4€eH U3 JOCTATOYHO MPOOIKUTEIHLHOTO IHUPO-
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Puc. 6. Pazmiuns B netektupoBanun nomexu (a) ¢ DM = —4.74 nx/cm® u tpansuenta (6) ¢ DM =5.538 —4.74 nk/cM’. B uentpe
JIBYMEpHO 3aBUCHMOCTH ‘“‘Mepa AUCIIEPCHU — BpeMs1” Ha pHc. 6, O BUIEH HAKIIOHHBIN OBaI
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KOTIOJIOCHOTO curHajia. lIpeacrtaBum, 4To cUTHAN
MMeeT MaKCHMYM TOJIBKO Ha HEKOTOPBIX YacTOTaXx,
Pa3HECEHHBIX JOCTATOYHO JaJIeKO B CIIEKTpe (Ha-
npumep Ha gactoTax 20, 25 u 30 MI'm Ha puc. 5,
JIeBBIE TIAHENH), a JIUTEIHHOCTh €T0 COCTaBIISET
OlMH orcyeTr. Toraa mpu MajeuiieM U3MEHEHUU
MpOOHOW Mephl AUCTIEPCHUU MPOCYMMHUPOBAHHBII
[0 9aCTOTE CHUTHAJ ‘‘pa3BaIUTCS’, T. €. 3HAUCHHE
COOTHOIIICHHUS CUTHAJI/IITYM CTaHET OJU3KUM K 1, 94TO
Y TIPOUCXOIIUT C CUTHAJIAMHU TTOMEX.

Od4eBuIHO, YTO TP IEPBUYHON 00pabOTKE B CITy-
Yae MUPOKOIIOIOCHOTO c1ad0T0 CUTHANA, ECITH TTPOO-
Hass DM HeTOYHO coBHagaeT ¢ UCTUHHON DM nMm-
myJbca, To, noactpausas DM ¢ marom 0.002 nk/cm?
pu 00paboTKe “KOPOTKHM” KOHBEHEpOM, MOXKHO
3HAYUTENHFHO YIYUYIINTh COOTHOIIEHHE CUTHAII/IITyM
(cm. puc. 3 u 5). [ns caydaliHBIX MAaKCUMYMOB HH-
TEHCHUBHOCTH WJIM CIy4ailHO COBIIABLIMX HECKOJIb-
KHX Y3KOIIOJIOCHBIX TMOMeX Takoro 3¢ dekra He Ha-
OmromaeTcs.

Ha puc. 7 oTnenbHO BbIIEIEHBI JBYMEPHBIE 3aBU-
CHUMOCTH ‘‘Mepa aucrepcuu — BpeMs” (£25 maros
no DM co 3nauenneM mara 0.004 nx/cm® u +50
L1aroB M0 BPEMEHHU C MHTEPBAJIOM 8 MC) JUIsl CUTHa-
JIOB, MPONETEKTUPOBAHHBIX C “IpsIMON™ U “o0pat-
HOI” Mepamu aucnepcun. Ha pucyHke siBHO 3ameT-
HO XapaKTepHOEe pa3ziuinue MEXJIy CUTHalaMH-KaH-
nuaataMu (ClieBa) ¥ CUTHAJIAMH, HAWJEHHBIMU TIPU
aHaJIM3€e C AUCIIEPCUOHHON 3aBUCUMOCTBIO, TPOIOp-
IHOHANBHOH —f 2. XapaKTepHbIil OBaj IS CHT-
HaJIOB-KaHIUIATOB BHJICH B CIIy4ae Ka)KA0TO CUTHa-
Jia ¢ “npsiMoii” mepoii mucniepcur. HeOobiime capu-
I'M OT LIEHTPA CBA3aHbI C TE€M, YTO AJISI MAaKCUMH3a-
UMM COOTHOLICHUSI CUTHAI/IIYM OBUIH MOI0OpaHBI
OoJiee ToUHAS IPOOHAs MEPHI TUCTIEPCUN M BPEMEH-
HOM OTCYET, IPHU KOTOPBIX CYIIECTBYET MAKCHUMYM
CUTHAaJA.

Jli1st cuTHAJIOB, HAWIEHHBIX TS ““00paTHOI MEPHI
mucnepcuu (— ), TaKkoro IUPOKOTo MAKCHMYMa ¢
HAKJIOHHBIM OBajioM He Habmomaercs. Kak mokasa-
HO Ha puC. 0, a, TOMEXH U LIYMbl MOTYT CO3JaThb
MaKCHUMYM CHUTHaJjIa, IPEBBILAIOIINI OPOT 0OHApY-
)keHus 5.56. Ho nanpHelnne NOoNbITKH yBEIUYUTh
COOTHOIIICHHE CUTHAJI/TITYM ITPY aHAIH3E “KOPOTKUM
KOHBelepoM (mpu BappupoBaHuu DM B mpenenax
0.01 nx/cm?) pesynbrara NPaKTHYECKU HE YIyUIIAOT.
OTO CTAaHOBUTCS OYEBHIHBIM NPU CPaBHEHHH pac-
TpeesIeHIH COOTHONIICHNUSI CUTHAJI/ITYM JIJIsl CUTHA-
JIOB C TMCTIEPCHOHHBIM 3arla3/bIBaHueM f > 1 —f 2.
Ha puc. 8 mokazans! (B orapupMuuecKkux KOOpau-

HATax) COOTHOIICHUS CHTHAJI/IITYM JUIS IPOJICTEKTH-
POBaHHBIX CHTHAJIOB ¢ “nipsMoii” (puc. 8, a) u “ob-
patHO#” (puc. 8, 6) MepamMu THUCIIEPCHUH.

Paznuumne o4eBHAHO HE TOJIBKO B 3HAYEHHIX
COOTHOILICHHS CUTHAJI/IIYM, HO U B pacnpeclieHUN
JTaHHBIX Ha rucTtorpamme. KonmnyecTBo curnanos N
¢ “obparnoii” mepoit qucniepcun pasHo 100, TOIBKO
OIMH W3 HUX MPEBHIIIAECT 3HAYEHHUE COOTHOIIEHHS
curHan/mrym, pasaoe 7 (7.11c). [lng curaanoB-xaH-
JUJIATOB COOTHOIIEHNE CUTHAII/IIYM AOCTHTraeT 25,
MPUYEM B pacrpeeIeHUH IPUCYTCTBYET CTEIEHHOM
“XBOCT”, KOTOPBII XapaKTEpEeH IS paclpenencHus
BEPOSTHOCTH TOSIBIICHUS] aHOMaJIbHO WHTEHCUBHBIX
1 TUTaHTCKUX UMITYJIBCOB MyJIbCapa B 3aBUCHMOCTH
OT UX DHEPTHH.

Yro kacaeTcs KOIMWYECTBA 3apErHCTPUPOBAHHBIX
CUTHAJIOB-KaHAMJIATOB M T€X, KOTOPHIE MPEBBICHIN
YPOBEHb IETEKTUPOBAHHMS, IOTYyUYSHHBINA IPU JAHHOM
TecTupoBaHuu, TO U3 Oosee 1000 curHamom Tex,
KOTOpBIE IPEBOCXOIAT 3HAYEHNE COOTHOIIIEHHS CUT-
HaJI/IIyM, paBHOE 8, OKa3bIBaeTcs okoio TpeTH (380).

Crenyromas xapakTepUCTHKa — paclpeaesieHrne
KOJIMYECTBA KaHIUIATOB II0 Mepe Jucrepcuu. AB-
TOMAaTHYECKUE U TOITyaBTOMaTHYECKHE MTPOLETYPHI
0TOOpa MO3BOJIJIM OTCEATH OOJBIIOE KOIMYECTBO
MOIIHBIX PaJIUONIOMeX, PACTIOIOKEHHBIX BOJIM3H HY-
JEeBBIX Mep Aucnepcuu. HTepBan Mep Aucnepcuu
ot 2 o 30 mk/cM® MPUMEPHO COOTBETCTBYET pac-
crossHusiM 0.1+1.5 DK B HanpaBJICHUU HA LEHTP
lanakTUKK U HECKONBKO OONBIIMM PACCTOSHHAM B
JIpYTUX HampaBieHUsX (puc. 9).

Ha puc. 10 mpuBeaeHo pacnpeaeenne, moiaydeH-
HOE B IpenbIayIiel Hamel padote [3] s 550 cur-
HaJOB-KaHJM/IaTOB, IPOAETEKTHPOBAHHBIX HAa Hada-
1o 2017 1. B rexymiem O630pe. Ha pucyHke MoXHO
CPaBHEHHUTh XapaKTEPHOIO BHUAA paclpelelieHHe
TpaH3ueHTOB 1Mo DM (a) co cMOIENMpOBaHHBEIM Ha
OCHOBAaHUH NTApaMETPOB U3BECTHBIX MYJIbCAPOB pac-
npeaeneHueM (6) ISl MyJIbcapoB, KOTOPHIE TIPEIITOo-
JIOKHUTENBHO MOXKHO OyneT HaOnomaTh B MPOEKTE
SKA (Square Kilometer Array) [12]. Bunx rucror-
pamMM oueHb cxoX. OH 0OBSCHSETCS TEM, YTO BHa-
qase yaajieHue OT HaOIroaaTellsi MPUBOAUT K yBEIH-
YeHUI0 00JIacTH, A€ PacHoararoTcsi UCTOUHUKH
(myabcapsl ninu Tpan3ueHTsl). Ho 3aremM cBeTUMOCTh
cl1a0bIX UCTOYHHKOB JIENIAET WX HEOOHAPYKHUMbIMU
U1 paguoTeneckona. M, camoe maBHoe, U3-3a yBe-
JIMYEHUS PACCESIHUS UMITYJIbCHOTO PaAHOM3ITyYCHHS
B M3C c pocToM pacCTOSHHUS 0 €r0 MCTOYHHKA
HMITYJIChl YMEHBIIAKOTCS MO AMIUIMTYAE, “‘pa3ma-
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Puc. 7. ]IByMepHBIC 3aBHCHMOCTH “Mepa aucrepen —epemst” (0.1 nx/cv*mo DM u £400 Mc 0 BpeMeHH): CHIHATbI-KaHI1-
natel, HalaeHHbie B O030pe, (CeBa); 3aBUCUMOCTH 1S “00paTHOIT” MephI IUCIIEPCHH, TUCTICPCHOHHOE 3ana3/IbIBaHHE IPOIIOp-
LIUOHANBHO — f 72, (ctipaBa). []y1s cUrHaIOB-KaHH/IATOB XapaKTEPHO HAIMYME HAKIIOHHOTO OBaJIa MOBBIIICHHOI HHTEHCUBHOCTH
B LIGHTpE JIByMEPHOM 3aBUCUMOCTH. J{J151 CUTHAJIOB, HAliICHHBIX IIPY MHBEPTUPOBAHUH CHIEKTPOTPAMM, TAKOTO LIIMPOKOI0 MAaKCHMYMa

He HaOromaeTcst

3BIBAIOTCS 10 BPEMEHH, U TOCIICIOBATEIHHO HITY-
[I1€ UMITYJIbCHI CTAHOBATCA HEPA3NHYUMBIMUA. DTH
nBa ¢akTopa MPUBOIAT K TOMY, YTO 32 MAKCHUMY-
MOM THCTOTPaMMBI CIeAyeT NaJCHUE Yuclia OOHa-
PY’KUBAEMBIX UMITYJIbCHBIX UCTOYHUKOB U3ITyUCHHUS
1o MuHIMYMa. C TTOHIKEHUEM YacTOTHI U3-3a POC-
Ta IPUMEPHO B 4-11 CTENEeHN MOCTOSTHHONW BPEMEHU
paccessHUsI MakCMMyM Ha AMarpamme JOJDKEH IMO-
SIBIATHCA OpPU BCE MEHBIIUX 3HaueHus DM, 4to

COOTBETCTBYET IIOBEIEHUIO TUCTOTPAaMM Ha IIpHUBe-
J€HHOM PHCYHKE.

OTOT pUCYHOK BaXKEH U151 IOHUMAaHUS TOT0, KaKoH
BHJ paclpeiesieHusl CBUIETENbCTBYET O JE€TEKTH-
pPOBaHUM HCTOYHUKOB KOCMHUYECKOTO W3IIydECHUS.
CpaBHHM pe3ylbTaThl, NOITY4YE€HHBIE IJI1 CUTHAIOB
c “mpsiMoii” M “00paTHON” MepaMu AHMCIEPCHH.
Ha puc. 11 nmpuBeneHo pacrpeneieHue NpuMEpPHO
1000 curunanoB-kaHIUAATOB (@), HAHICHHBIX TIPU 00-
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Puc. 8. CooTHOIIEHHE CHTHAII/IIYM (B JTOTapUPMUIECKIX KOOP-
JIUHATAX) U TPOAETEKTHPOBAHHBIX CUTHAJIOB € “HpsiMoi” (a)

s 99

1 “o0patHoii” (6) MEepaMu UCTIEPCUI

pabotke manubix O630pa (“npsamas” DM). Kak Bun-
HO, Oonee mosnHas BeIOOpka (1000 coObITHH,
puc. 11, a) uMeeT MpaKTUIeCKH TAKOU e XapaKTePHBII
BUJI, Kak u npeabinymast (550 coOwituid, puc. 10, a).
Ha puc. 11, 6 nokazaHo pacnpejielicHue CUTHAJIOB,
MPOIETEKTUPOBAHHBIX C “00paTHON” MepoH AncHep-
cuu (100 coObrTrii). OHO UMEET COBEPILICHHO JpY-
ryto ¢popMmy. MakCUMyM HaXOAMTCSl Ha MajbIX 3Ha-
YeHUsIX Mepbl aucrnepcud (3 nx/cm® — 15 % ot 00-
1Iero KojudecTBa coObITuii). CurHanos sxe ¢ DM B
uHTEpBajge 10-+3(0 mK/cM® Bcero okomo 25 % ot
obmiero uncna. [TockoIbKy MakCUMyM THCTOTpaM-
MBI TATOTECT K MaJIbIM ME€paM AUCIIEPCUH, ITIOBECIAC-
HHUEC TUCTOI'paMMBbI Iropa3ao JIeT4e O6T)$ICHI/ITL HaJIHnu-
YHUEM IIHUPOKOIIOJIOCHBIX ITOMEX C YaCcTOTHOH 3aBH-
CHMOCTBIO OJIH3KOM K — /2, KOTOpBIE JUIATCS BCETO
HECKOJILKO JIECATKOB CEKYH]I.

JloTIOMTHATENFHO CIeAyeT CKa3aTh, YTO HEKOTO-
pBI€ CHTHaJBl UMEIOT JOCTATOYHO ONM3KHE 3Hade-
HUS Mep aucnepcud. Eciiu oHu UCXOAST U3 OMHOU U
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Puc. 10. CpaBHeHHE XapaKTEpHOTO BUJA TUCTOIPAMM pac-
MpeaeNieHns 0OHAPYKUBAEMbIX HCTOYHUKOB UMITYJIbCHOTO
panuounsiydeHus B tanHoM O0630pe (a) ¥ IPOTHO3UPYEMOTO
obOHapyxeHus B mpoekTe SKA (6) [3] B 3aBHCUMOCTH OT MEPHI
JTUCTIEPCHU

TO# ke obOnactu Heba, TO CIIeqyeT MPOBEPUTH, HE
MOPOMKTAIOTCS JIM 3TH CUTHAJIBI UCTOYHHKAMH I10-
BTOPSIONIETOCS U3TYUYCHHUS, TAKUMHA KaK HOPMallb-
HbIC PAJUOMYNIbCAPBI WM BPAIIAIONIUECS Pano-
TPaH3UCHTHI.

U emie ofHO pacrnpesencHue TOBOPUT B MOJb3Y
JETEKTUPOBAHUS MMEHHO KOCMHYECKUX CHUTHAJIOB.
IMocne ompenenceHus TaTAKTUYCCKUX KOOPIMHAT
PaCCUHMTHIBANIOCH paclpeelieHie KaHIuIaToB IO
rajaktTadeckon mmpote b (puc. 12, a). Hecmotpst
Ha TO, YTO HEUTPOHHBIC 3BE3/[bl KOHIICHTPUPYIOTCS
B 00JIacTH IICHTPALHON YacTH AWCKa [ amakTukw,
Ha TaKuX HEOOJIBINX PACCTOSHUAX (COTHH MapCeK)
aToT 3¢ ekt 3amereH crnado. Pacnpenenenne 6mu3-
KHUX ITyJbCapOB 3TO MOATBepkaaet (puc. 12, 6).

Puc. 9. CxemaTiuecKH IpeicTaBiIeHa 001acTh [ anakTiky, ToCTyITHasI IU1sl HabrofeHui B Hactosimem O630pe
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Puc. 11. TuctorpaMmsl pactpesesIeHHi 10 Mepe AUCIIEPCHU
npumepHo 1000 curHanos-KaHAWAATOB, IIPOAETEKTUPOBAH-
HbIX B O030pe (a) u 100 curHanos ¢ “o0paTHBIMU™ MEpaMH JJUC-
niepcud (0)

TeM He MeHee O4EBHIHO, YTO MOJIYYEHHOE pac-
npezieIeHUe IOCTATOYHO CHMMETPHYHO OTHOCHTEITh-
HO nucka ["anakTuku u 6osee MoJ0BUHBI HAWACHHBIX
COOBITHI pacrojararTcs B UHTEpBane —30°+30°,
Kpome Toro, cieyer OTMETHTB, YTO JETEKTUPOBa-
HUIO UMITYJIBCHBIX CUTHAJIOB B HAIIPABJICHUH LICHTPa
W aHTHUIEHTpa |'aJakTUKMU MPU MajablX b CHUIBHO
MelIaeT 3aMETHOE yBEJUYEHHE SIPKOCTHOW TeMIie-
parypsl rajakrudeckoro ¢ona (cMm. puc. 6 B [9]).
OTHUM MOXET OOBACHATHCS OTCYTCTBHE YBEIWYCHMS
KOJIMYECTBA TPAH3WEHTOB MpH MabIX b (puc. 12, a).

4. BoiBoabI M MEpPCHEKTHBBI

Cromb 60MBLIOE YKCIIO BBISIBICHHBIX TPAH3UEHTHBIX
CUTHAJIOB, 3HAUYEHUS Mep AMCIIEPCHIl KOTOPBIX Ha-
JIEKHO OTIMYMMBI OT 3HaYEHUH MEp AUCIEPCUI U3-
BECTHBIX MYJIbCApOB U APYT OT Apyra, Tpedyer
o0BsicHeHHA. MBI cuuTaeM, YTO OHO MOXKET OBITh
CIIETYIOIIHM.

[TockonpKy KOHYC U3ITy4YEHH MyJIbCAPOB pacIlu-
psieTca npumepHo B 2 pasa [9] naxe B cinydae O1au3-

80

40
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0 L Il L L ] L L | ! 1 1 1 1 1

-60 -30 0 30 60 b,°

Puc. 12. TucrorpaMMbl pacupezielieH!il 10 TraJaKTHIecKon
mupoTre HaigaeHHbIX B O030pe CHUTHANOB-KaHAUAATOB (a)
M M3BECTHBIX IynbcapoB ¢ DM <30 nx/cm® u mepuomom
>0.2 c(0)[13]

kux yactor (100 u 25 MI'1), koau4ecTBO JAOCTYII-
HBIX JUI HaOJIIOAEHUS MyIbCapOB PACTET IPUMEPHO
B TOH ke mponopuud. s 6onee BHICOKHX 4acTOT
Kopnecowm [14] nonydena 3aBucumocts f 2, T. e.
pu noHWkeHnn 9actoTel ¢ 1400 Ml (tae oTKpHI-
TO OOIBIIMHCTBO MyNbcapoB) a0 100 MI' cpeaamit
npodmiib TaKKe pacUIMpseTcs MOYTH B 2 pasa.
Kpome Toro, ¢ moHmxkeHueM 4acTOThl d(HPEKThI
pacnpocTpaHeHUs] PUBOJAT K JOMOJHUTEIHLHOMY
paCIIMPEHHIO KOHYCa N3ITydeHus. 3aBUCUMOCTh €TI0
pacimMpeHust OT YaCTOThl MOKET OBITh KaK MPsMOII-
POTIOPIMOHANBHOM, TaK ¥ UMETh CTETIeHb OOJIbIIe
€IMHUIIBL. YTIIOBOE paccestHie OJHO3HAYHO CBSI3aHO
C BPEMEHHBIM, KOTOpPOE MMEET 3aBUCHMOCTh IpH-
MepHO f . O[HAKO MHTEHCHBHOCTD H3Ty4eHHs IPH
OonpmInX yrimax Takxke magaet. [loatomy onpenene-
HUe 3QPEKTUBHOTO TOTOIHUTENFHOTO PACITUPEHHS
KOHYCa M3JTy4eHHUS 3a CUeT paccesHUs MOKa IMpes-
CTaBJISIETCS 3aTPYAHUTEIBHBIM.

BTtopriM (hakTOpOoM, KOTOPBIM TakXe CUIBHO
BJIHSIET HA yBEJIMYEHUE KOIMUIECTBA OKUAAEMBIX CUT-
HAJIOB, SIBIISIETCS IETEKTUPOBAHNE UMITYIIHCOB OT Bpa-
marormuxcst Tpan3ueHToB (RRAT — rotating radio
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transient). [1o oueHkam, UX Konn4ecTBo B 2—3 pasa
MIPEBHIIIACT KOJTMIECTBO MymnbcapoB [15]. X koHyc
W3ITyYeHUs, O-BUANMOMY, TaK)Ke UCTIBITHIBAET Pac-
IIMPEHHE K HU3KUM YacToTaM. TONBKO 3THX JBYX
(dakTOpoB (pacupeHne KOHyca U3IYUYCHUS] U y4eT
RRATS) noctatogno, 9T00b 0OBSICHUTH KOJTUIECTBO
TPaH3UEHTHBIX CUTHAJIOB, MPOJETEKTUPOBAHHEBIX B
HameM O030pe ¢ COOTHOLIEHHWEM CUTHAN/LIIyM 00-
nee 8 (~400 coObiTuit).

TpeTbuM (HakTOPOM MOXKET SBISATHCSA OITU3KOE
paccTtositHue 10 Habmromarens. MIMeroTcs mpoTHBO-
peYMBbIE JaHHBIE O COPAJMYECKOM U3TTyYEHUH O/IU-
HOYHBIX PAIMOTUXUX PEHTTCHOBCKUX HEUTPOHHBIX
3Be3n (XDINS) [16]. X xonudecTBO TakKe CUUTa-
€TCS 3HAYUTENHHBIM (MIPAKTUIECKH TAKUM XKe, KaK U
YUCI0 “HOPMAalIbHBIX” pagHoNyibcapoB). Bromne
BO3MOYHO, 4TO paauonzrydeHus oam3kux XDINS,
TaKKe KaK M APYTUX OMM3KUX HEHTPOHHBIX 3BE3],
JIOCTaTOYHO IS UX OOHApy>KEHUs] B HH3KOYACTOT-
HOM paguoAHarna3oHe.

B-ueTBepThIX, CYIIECTBYET HEKOTOPOE KOJTMYECTBO
MyJIbCapOB, KOTOPBIE MMEIOT KpyToH (Topsaka —3)
CHEKTPAIBHBIA MHIEKC U, COOTBETCTBEHHO, YMEHbB-
LICHWE TUIOTHOCTH MOTOKa Ha BBICOKHX YacTOTaX
(manpumep PSR B0943+10). Takue HCTOYHHUKH TaK-
K€ MOTYT OBITh HEOOHApYXKUMBI Ha BBICOKHX Yac-
TOTaX, HO MPU 3TOM MOTYT BHOCUTH CBOHM BKJIAJ
B yBEJMUEHHE KOIWYECTBA TPAH3UEHTHIX CUT'HAJIOB
B JIEKAMETPOBOM JIMAIa3oHe.

B-mateix, He0OX0MUMO BKJIIOUWTH B YHCIIO TIpe-
TEHJEHTOB Ha JETEKTHPOBAHUE MUIIHUCEKYHIHEBIE
MyJIbCaphbl C TUTAHTCKUMH MMITylIbcaMu. M3-3a pac-
ceguust B M3C KOpOTKHE THTaHTCKHE HUMITYJIbChI
PaCIIMPSIOTCS U IOCTUTAIOT XapaKTePHBIX JITUTEIb-
HOCTeU, KOTOPBIX AOCTATOYHO JJIsi OOHAPYKEHUS B
Hamem OO030pe, a OTCYTCTBHE MX HOBTOPEHHS C
4acTOTON “00BIYHBIX”” HMITYJIECOB (JIECATKU U COTHH
TepII) TTO3BOJISIET JIETKO BBIACTUTH HMITYJIBCHYIO KOM-
MTOHEHTY Ha (pOHE TaJaKTHIECKOTO IIyMa.

lectbiM (hakTOpOM, BHOCSIIIUM BKJIAJ B YBEJIH-
YEeHHE YHCIIa JeTEKTUPYEMBIX TPAH3UEHTOB, MOXKET
SIBIATHCS KOMOWHAIINS HEKOTOPHIX MPENbIAYIINX, a
HWMEHHO: aHOMaJIbHO-MHTEHCUBHBIE JINOO TUTAHTCKHE
HUMITYJIBCBI OJM3KUX CIa0BIX IMyJIbCApPOB.

Kpowme Toro, cTouT 0OTMETUTH, 9TO B YHCIO 3ape-
THUCTPUPOBAaHHBIX KaHAWJATOB MOTYT BXOJHTH TaK-
K€ CUTHAJIBI OT HCTOYHUKOB HEU3BECTHOW NPUPOJIBI
KaK 3eMHOTO (TTOMEXH ), TaK 1 KOCMUYECKOTO ITPOHC-
XOXKIICHUSI.

B manpHeiimemM Mbl cobupaemcsi IpOBEPUTH, HE
SIBIISIIOTCSI JIA OY€Hb OJU3KKE MO Mepe JUCIIEPCHH
CUTHAJIBI POSIBIIEHUEM OJJHUX M TEX e UCTOUHHUKOB
mnydenns. [yt aToro HeoOxoamMo pa3padboTarh
AITOPUTMBI COTIOCTABJICHNS TAPAMETPOB UMITYJTHCOB,
KOTOpBIe OyAyT MOATBEP)KAATh WU OIPOBEpPraTh
MPEATOIOKEHHE O TOM, YTO CHUTHAIBI C OIH3KOI
MepoH Jucrepcuu, 0OHapyKeHHBIE B pa3HbIe ITHH,
MOPO’KJTAIOTCS ICTOYHUKAMH TTOBTOPSIOIIETOCS U3-
mydenus (myascapamu win RRAT). Umerno mosTo-
My TIOWCK TOBTOPSIOMIErOCs M3ITyUeHHUs B JTAHHBIX
JEKaMETPOBOTO 0030pa IyJIbCApOB M TPAH3HUEHTOB
SIBIIAETCS CIEAYIOUIUM J3TarloM HAIIUX HCCIea0Ba-
HUH ¥ OJHUM W3 CaMbIX MIEPCTIEKTUBHBIX HaIlpaBIIe-
HUH N3y4eHHsI TPAH3UEHTHBIX CUTHAJIOB.
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SEARCH FOR LOW-INTENSITY INTERFERENCE
AND DISTRIBUTIONS OF TRANSIENT SIGNALS’
CHARACTERISTICS IN THE DATA

OF DECAMETER SURVEY OF NORTHERN SKY

Purpose: The most challenging problem of transient signal
research is to prove their cosmic origin. There is no radio
telescope at decameter wavelengths, which has an effective area
(i.e. instantaneous sensitivity) at least close to the UTR-2 radio
telescope parameters. This fact excludes the possibility of con-
firming the cosmic origin of detected low-intensity signals at some
other independent radio telescope of this frequency range. There-
fore, it is impossible to overestimate the importance of carrying
out all possible kinds of tests to check the probable interference
origin of candidate signals. In this work we analyze the distribu-
tions of detected transient signals parameters and search for pos-
sible low-intensity interference in the decameter pulsars and tran-
sient sources survey of the northern sky observational data.
Design/methodology/approach: Search for interference caused
by ionospheric plasma-related scintillations, with a time-fre-
quency response symmetrical to signals with dispersion delay
induced by interstellar medium.

Findings: Distributions of signal-to-noise ratios and dispersion
measures appear to be very different for transient signals detec-
ted in the survey and the hypothetical interference with the
same absolute value of shift in arrival time between a lower and
a higher frequency, but its opposite sign. This supports the
hypothesis of the transient signals detected in the survey being
generated by cosmic radio sources.

Conclusions: Broadening of radio emission cone of various types
of neutron stars along with high angular and temporal scattering
at decameter wavelengths could explain the large number of indi-
vidual signals at unique dispersion measures, and, hence, a large
number of transient emission sources.

Key words: survey, single pulse, radio frequency interference,
dispersion measure, scintillations, decameter wavelengths
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[MOIIYK HU3bKOIHTEHCUBHUX 3ABAI 1
PO3ITIOAIIB XAPAKTEPUCTUK TPAH3IEHTHUX
CUTHAJIIB YV JAHUX JEKAMETPOBOI'O
oAy INIBHIYHOI'O HEBA

Ilpeomem i mema pobomu. HalickiiaTHIIIIOO 3a/1a9€I0 y JOCITi-
JOKEHHI TPaH31EHTHUX CUI'HAJIB € JOBEJCHHS iX KOCMIYHOTO
MOXO/KeHHS. B lekameTpoBoMy /iania3oHi He iCHY€ KOAHOTO
paxioreneckony, sKuil 3a eQEKTHBHOK ILIOLICIO (a OTKe,
132 MHTTEBOIO Uy TJIUBICTIO) X04a 6 HabJIIKaBCs 10 TapaMeTpis
VYTP-2. Lle BUKIIFOYa€ MOXKIIUBICTb ITIATBEPIAXKEHHS KOCMIYHOTO
TIOXO/DKEHHS HU3bKOIHTEHCUBHHX CHTHAJIIB Ha Oy/Tb-IKOMY iHILIOMY
HE3aJIeKHOMY PaJiOTeIeCKOIll JaHOTO Jiana3ony. Tomy Bax-
JIMBICTh BUKOHAHHS PI3HOMAaHITHUX TECTIB JJIS MEPEBipKH
MOJKITHBOTO 32Ba/I0BOT'0 TIOXO/DKEHHS CUTHAJIiB-KaHANIaTiB He-
MOJJIMBO TEPEOliHUTH. B po0OTi aHANI3YIOTECS PO3NOILIH
XapaKTEPHCTUK BUSIBJICHNX TPAH31€HTHIX CHTHAIIB 1 TIOIIYK MOXK-
JIMBHX HU3bKOIHTCHCUBHHUX 3aBa]] y JaHUX JEKaMEeTPOBOTO OIVIsI-
Iy TIyIbcapiB 1 JpKepes TPaH3i€HTHOTO BUIPOMiHIOBAHHS
MiBHIYHOTO HEOA.

Memoou i memoodonocisa: O6poOKa JaHHUX OITISIY 3 METOIO I10-
LIYKY CHMETPHYHHX 32 4aCOM 3aIli3HIOBAHHS 3aBaJl uepe3 Me-
PEXTIHHS Ha HEOTHOPIHOCTSIX 10HOC(EPHOIT IJTa3MH, 110 MAIOTh
YaCTOTHO-YACOBI 3aJIEXKHOCTI, CX0XI1 Ha AUCIIEPCiifHe 3aITi3HI0-
BaHHS B MIDK30PSHOMY CEPE/IOBHIILI.

Peszynomamu: TTopiBHSHHS PO3IOALTIB TAKMX XapaKTEPUCTHUK,
SIK CHTHAJI/IITYM 1 Mipa JIUCIIepCii, TOKa3ye CyTTEBY BIAMIHHICTh
MIPOJICTCKTOBAHUX Y BAKOHYBAaHOMY OTJISIZII CHTHAJIB BiJI T1ITOTe-
TUYHUX 3aBaJl, sIKi My O Take 5K 3HAUCHHS 3MIILCHHS HIKHIX
4acTOT poOoYOoTo Jiama3oHy BiZHOCHO BEpXHIX, ajie 3aMiCTh
3aIli3HIOBAHHS XapaKTePH3yBaJUCh OU BHIIEPEIKCHHSIM.
L1i BiIMiHHOCTI T ITBEP/KYIOTh TIMOTE3y PO TE, 1110 BUSBIICHI
Y BUKOHYBaHOMY OIVISZIi TPAH31€HTHI CUTHAJIN IIOPOJKYIOTHCS
JDKeperiaMy KOCMIYHOTO Pa/iiOBUIIPOMIHIOBAHHS.

Bucnosox: Po3umpeHHs KOHyca palioBUIIPOMiHIOBaHHS Pi3HHX
THUIIB HEWTPOHHUX 3ip, BEJIMKE KYTOBE 1 4aCOBE PO3CIFOBAHHS
B JICKAMETPOBOMY [lialla30HI MOXE MOSCHUTH JICTEKTYBaHHS
BEJIMKOT KUTBKOCTI OIMHOYHMX CUTHAIIIB 13 YHIKAJIIbHUMU 3HAYCH-
HSIMH Mip AUCTIepCii, TOOTO STy JKepes TPaH3IEHTHOTO BUITPO-
MiHIOBaHHS.

Kniouogi cnoea: ornsy, OMAHOYHHIT IMITYIIBC, 3aBaJia, Mipa JIHic-
Tiepcii, MepeXTiHHS, AeKaMeTPOBHIT Aiara3oH
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