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PaccmaTpuBaloTces poGiaeMbl, CBSI3aHHbIE ¢ HAOMIONEHUSIMU ¥ MHTEpIpeTaluneil GU3ndecKux MexaH!3-
MOB, JIEXaIIIUX B OCHOBE TeHepallMy KeCTKOTO JIEKTPOMAarHMTHOTO U3JTyYeHUsI TPO30BBIX pa3psiioB. Jlaet-
¢s1 00630p COBPEMEHHBIX MPOOJIEM MOHUMAaHUST TPUPOIBI aTMOCHEPHBIX BCITBIIIEK FTaMMa-U3JTy4eHUsT U3 aT-
Mocdepsl 3eMian. AHAJIU3UPYIOTCS Pe3yJIbTaThl OPOUTAIBHBIX HAOMIOACHMWI, B YaCTHOCTA Ha CITyTHUKE
“BepHoB”. O0CYXIal0TCsI BO3BMOXHOCTU OpOUTAIBLHBIX HAOMIOIeHNT aTMOC(EepHBIX TaMMa-BCIIbIIIIEK Ha
KOCMMYECKMX arraparax (popmara Kyocar, naeTcs olrcaHue perucTpupyolleil anmapaTtypsl. PaccMarpu-
BaeTCsl METOAMKA JIaAbOpaTOPHOTO 3KCIEPUMEHTA C JJIMHHBIMU UCKPaMM, MOJACIUPYIOIIEro 3JIeKTpUude-

CKMe pa3psabl B IPO30BBIX O0IaKax.
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1. BBEAEHUE

Kak m3BecTHO, 3eMHass aTMoc(gepa OXBaThIBAET
IIUPOKUI CHEKTp SIBJAECHUI, KOTOpbIE SIBISIIOTCS
MIpeaAMETOM M3YYeHUsI Pa3IMYHBIX HAayYHBIX AUCILIM-
MJIMH, B TOM YHUcJie TeoPU3NKN, PU3NKKU OJIMKHETO
KOCMOCa, KJIMMATOJIOTUM, OWOJIOTMM, TJIaHETOJIO0-
rUU. DTO SABJICHUS, BKIIIOUYAKOIIINE KpAaTKOBpEMEHHbIE
BCOBIIIKM 3JIEKTPOMArHUTHOTO M3JIYYECHMS — 3JIeK-
TPOMArHUTHbBIC TPAH3UEHTHI, U MOTOKU YACTHUIL BbI-
COKMX DJHEpruii, KOTOpHEIE pPacHpOCTPaHSIOTCS CO
CKOPOCTSIMM, OJIM3KUMU K CKOpocTH cBeTta. [1pume-
paMM TpaH3UEHTOB B ONITUYECKOM JMAara3oHe SIBJIsI-
IOTCSI CIIPAMTHI, IXeTHI, 3JIb(bl (Transient Luminous
Events, TLEs) [1], a B )keCTKOM AMamna3oHe 3JeKTPO-
MarHUTHOTO CIIeKTpa — BCIBILIKU raMMa-U3ITy4eH s
13 atMocdepbl 3eMiid, HabIogaeMble Ha KOCMUYe-
ckux annapartax (Terrestrial Gamma Flashes, TGFs)
[2, 3], 1 Bo3pacTaHUsI MOTOKOB raMMa-U3JIydeHUs,
perucTpupyemMble Ha3eMHBIMU YCTaHOBKAaMU BO Bpe-
ms rpo3 (Thunderstorm Ground Enhancements, TG-
Es) [4]. a5 monyyeHust uHGopMaluu o6 3TUX siBJe-
HUSIX UCHOJIB3YIOTCSI pa3HOOOpa3Hble HAyUYHbIEC TIPU-
OOpHI 1 METOABI HAOTIONCHM I, BKITIOUYast Ha3eMHBIEe 1

KOCMMHNYECKNE NTUCTAaHUOHWOHHBLIC M3MECPECHUA B pa3-
JIMYHBIX JUAaIla30HaX 3JICKTPOMAarHUTHOIO CIICKTpa.

IMpenmomaraercst, 4TO BCIJIECKU XKECTKOTO 3JIEK-
TPOMArHUTHOTO W3JIydeHUs, HaOJomaronmecss U3
atMocdepsl 3eMIIn, 00yCIOBISHBI TOPMO3HBIM M3JTY-
YEHUEM 3JIEKTPOHOB, YCKOPEHHbBIX B CUJIbHBIX DJICK-
TPUYECKUX TIOJISIX TpPO30BBIX 00nakoB. CuiabHOE
3JIEKTPOCTATUYECKOE T10JIe€ B IPO30BbIX OOJ1aKax Mo-
poxnaer Tak HasbiBaeMble “yoOeramolue” 3JeKTpo-
Hbl, KOTOpble MHUIIMUPYIOT JIaBUHbI PEISITUBUCT-
cKkux yoerarommx 37ekTpoHoB (Relativistic Runaway
Electron Avalanches, RREAs), koTopbie TpUHSTO
CUUTATh UCTOUHUKOM raMmMa-usiay4eHus rpo3. Takue
JIJABUHBI MOTYT Pa3MHOXAaTbCS B 2JIEKTPUUYECKOM TO-
Jie 3a cUeT PeJIITUBUCTCKOTO MeXaHU3Ma OOpaTHOM
CBSI3M, OCHOBAaHHOTO Ha Mpolieccax B3auMOIeCTBUS
raMMa-KBaHTOB, 3JIEKTPOHOB U ITO3UTPOHOB [35, 6].
OHeprun yactulli B RREA orpaHuyeHbl cBepxy
0OJIBIIMMY MOTEPSIMUM Ha TOPMO3HOE W3JIy4YeHUE;
T€M HE ME€HEe OHM MOTYT IOCTUraTh BEJIMYWH B Jie-
catku M»3sB. Topmo3Hoe usnydeHHWe W OOpaTHOE
KOMIITOHOBCKOE pacCesiHUE YCKOPEHHBIX JIEKTPO-
HOB Kak pa3 1 HaOJI10/1a10TCs B BUJE BCTIBIIIIEK XKECT-
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KOro 3jieKTpoMarHuTHoro manydeHus tuiia TGF u
TGE. B HekoTOpbIX CiiyyasiX IYYKM SHEPTUUYHBIX
3JIEKTPOHOB MOTYT BBIXOJUTH BIOJb CUJIOBBIX JIM-
HHMII MarHUTHOTO MOJISI B OKOJIO3€MHOE KOCMUYE-
ckoe TipocTpaHcTBO. IlomoOGHBIE aTMocdepHbIe
anekTpoHHble myuyku (Terrestrial Electron Beams,
TEBs) naoaonanuce B 3kcnepumente GBM Ha
opb6uTanbHoOii o6¢cepBaTopum um. D. @epmu [7].

TGF u TEB 00b1YHO HaOII0HAIOTCS C TTIOMOIIBIO
JIETEKTOPOB F'aMMa-KBaHTOB U 3JIEKTPOHOB BEICOKUX
DHEPIUii Ha KOCMUYeCKMX amnmaparax. IloToku ram-
Ma-KBaHTOB UM JIEKTPOHOB MHOIIA MOTYT TaKXKe Ha-
OJII0AaThCS C TIOMOIIBIO Ha3eMHBIX YCTAaHOBOK, €CJIU
X UCTOYHUKW HAXOMSATCS HAa HU3KUX BBICOTAX B aT-
Mocdepe, OamKe K MOBEPXHOCTU 3eMJIM, UTO JaeT
BO3MOXHOCTh TaMMa-KBaHTaM U 3JIEKTpOHAM U30e-
KaTh MOIJIOIIEHMS Y pACCESIHUS B BO3MYyXe M JOCTUYb
JerekrTopa [8, 9].

Eme ogHMM BaXXHBIM METOIOM MCCIEIOBaHMSI
MPOLIECCOB, MPOUCXOMSIIUX B 3JEKTPUYECKUX pa3-
psifax, IBJsieTCs MX JJabopaTOpHOE MOIEIMPOBAHUE B
9KCMEpUMEHTaX C IJUHHBIMU ucKpamu [10—12].
YcnoBus 1abopaTOpHOIro 3KCIepruMEHTa 00ecIIeuymn-
BalOT HcclenoBareyisiM 0oJibliie BO3MOXHOCTEH OT-
HOCHUTEJIBHO YCJTOBUIA U3YYEHUST €CTECTBEHHBIX MOJI-
HUI1, TaK KaK ONTUYECKUE KaMephbl U 1eTeKTOPbI MO-
YT ObITh TapaHTUPOBAHHO PACMOJIOXEHbI BOJU3U
paspsiia, a mapaMeTpbl CaMOro pas3psiia Takxke Mof-
JIAI0TCS KOHTPOJIIO. YKa3aHHOE OOCTOSITEbCTBO Ae-
JIaeT 1ab0paTOPHBI SKCTIEPUMEHT MO OOHAPYKEHUIO
9HEPIrUYHbIX (DOTOHOB, CO3MAHHBIX JIMHHOW MC-
KpOIi, TTIOJIE3HBIM KaK C TOUYKU 3PEHUS PA3BUTUS TEO-
puu paspsiia BooOIlle, TaK W IS U3YyYeHUSsl ecTe-
CTBEHHBIX MOJIHUI B YaCTHOCTU. B aTOM cityyae mist
pPETUCTpAIMU KECTKOTO 3JIEKTPOMAarHUTHOTO W3JIy-
YEHUSsI, KOTOPOE MOXKET BO3HUKATh B TTOJJOOHBIX KC-
TeprUMEHTax, MOXHO MCIOJb30BaTh W almnaparypy,
OTHOTHUITHYIO C TOW, YTO MPUMEHSIETCS B OPOUTAIb-
HbIX HAOIIONEHUSIX.

2. OPBUTAJIbHBIE HABJITOAEHUA
BCIIbIIIEK XKECTKOI'O
SJIEKTPOMATHHUTHOTO U3JIYYEHHWA
N3 ATMOC®EPHI 3EMJIN

2.1. Tpanzuenmusle seaenus 6 ammocgepe,
C83AHHbIE C 2PO308bIMU PA3PA0AMU

AtMocdepHBIe BCITHIIIKY TaMMa-N3JIydeHUsT ObI-
JIU OTKPBITHI C MTOMOIIBIO AETEKTOPAa KOCMUYECKHUX
ramMMa-BcIuieckoB BATSE Ha opOutanbHOI 00cep-
Baropuu uM. Komrnirona (CGRO) [13]. B HacTos1iee
BPEMSI OHU KUCCJIEAYIOTCS C ITIOMOIIbIO OPOUTATBHOTO
ramMa-Tejieckona Fermi/GBM [7] u B akcriepuMeH-
Te ASIM [14] Ha MeXxnyHapomHOH KOCMWYECKOMN
cradHuuu (MKC).

K HacToseMy BpeMeHU 3aperucTpupoBaHO (B
OCHOBHOM ¢ Ttomo1ibo annapatypsl GBM Ha opou-
TanbHOM oOcepBaTopum Fermi) Gonee 2700 TGF B
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nmmamna3oHe sHepruii 10 kaB—40 M»B, cpemussa ga-
CTOTa PEerucTpalyu COCTaBJISIET OAMH BCIIECK 3a
~4 cyt [7, 15]. HakomieHHas1 Ha CETOOHSIIHUMN IeHb
CTaTUCTHKA II03BOJISICT ClIeIaTh BHIBOJ 00 OCHOBHBIX
Gu3MYECKMX XapaKTepUCTUKAX BCIbIIIEK raMMa-13-
JiyaeHusl U3 atMocdepbl 3emMan. DTU COOBITUSI Ha-
OJIIOHAIOTCS KaK O4eHb KOPOTKME BO3pacTaHUSI MH-
TEHCUBHOCTU KE€CTKOIO PEHTTe€HOBCKOIO UM raMMa-
n3nydeHus. Tak KaK B KaXJIOM OTIEJIbHOM BCILIECKE
OOBIYHO PETUCTPUPYIOTCS BCETO JIMIID IECITOK TaM-
Ma-KBaHTOB, UX CBOMCTBa HCCJIEIYyIOT B OCHOBHOM
METOJaMM CTAaTMCTUYECKOro aHam3a. MeauaHHas
cpenHsst amuTenbHoCcTh TummaHoro TGF cocrasisier
~0.1 Mc. BOJIBIIMHCTBO BCIJIECKOB SIBJISIIOTCS OIHO-
IMUKOBBIMM, JTUIITh HEKOTOPbIE M3 HUX UMEIOT KPUBEIC
Oecka, cogepxkainue aBa nmuka. [1pu aToM nuku go-
BOJILHO aCUMMETPUYHHEI [16] 1 MOTYT GBITH aIllIPOK-
CUMUPOBAHbI KPUBOI OJ1ecKa TUTIA “OBICTpOE Hapac-
TaHUe, SKcnoHeHIuanbHbIA crran” [17]. I1pu momy-
YeHUM CpedHel KpMBOI OyiecKa ITyTeM yCpeTHEHMUS
npoduiieii Bcex BCIUIECKOB, 3apeTUCTPUPOBAaHHEIX B
skcriepuMernTe RHESSI, 6b11 mosyuen Oonee nim-
TENbHBIN (~5 MC) MO CpaBHEHUIO C IIMKOM ITbeJecTall
[18], mpupona KOTOporo A0 KOHIIA He SICHA, OJHAKO,
OH MOXET OBITh OOYCJIOBJIEH OCOOCHHOCTSIMM aJITO-
puT™Ma ycpeaHeHusl. MHTEHCUBHOCTb U3JTy4eHUS BO
BCILJIECKE MOXKET COCTaBJISITb OT HECKOJLKUX [0
~100 ¢oToHOB/CM%C.

HabGaonaeTcss oOpbIB B paclpelnejeHUu aTMO-
cepHBIX rTaMMa-BCIUIECKOB IT0 HAOJII0maeMOI MHTEH-
CUBHOCTH CO CTOPOHBI CJIA0BIX COOBITHIA, KOTOPBIA,
MO-BUIVMMOMY, MOXET OBITh OOBSICHEH aInapaTypHOI
CeJIEKILIMEH, T.e. HeIOCTaTOYHOII YyBCTBUTEIBHOCTBIO
PETUCTPUPYIOIINX MPHUOOPOB, a HE OTpaxKaeT peallb-
HOE OTCYTCTBUE BCIIBIIIECK MaJioii MHTEHCUBHOCTH,
TaK 3kKe KaK U ITafaloluii XapaKkTep 3TOro pacipencie-
HUSI, 9TO, MO-BUIMMOMY, OOYCJIOBJIECHO pa3dopocoM
BEJIMYMHBI PACCTOSTHUS A0 UCTOYHMKA (00JIee MHTEH-
CUBHBIE COOBITUSI — OoJiee OJIM3KUE, MeHee MHTEH-
CUBHbIE — OoJiee JajieKue), a He MICTUHHBIM pacIpe-
JIeJIeHUEM MHTEHCUBHOCTHU B UCTOYHMKE. JIJIs1 110y~
YeHUsT MCTUHHOIO pacHpeIeicHUsI COOBITUI II0
SIPKOCTH TpeOyeTcs OoJiee TOUHAas JTOKAJIU3als NC-
TOYHMKA BCIUIECKA, YTOOBI 3HATh PaCCTOSTHUE IO He-
ro OT TOYKY HAOJIIOACHMSI.

Dueprerudeckuii cnektp TGF o6b1yHO M3y4alor,
CYMMUPYS Bce (POTOHHBI IO BceM BcruieckaM. Criek-
TPBI OTACBbHBIX BCILJIECKOB B MMPUHIIUIIE TOXOXU, HO,
TeM He MeHee, HaOIomaeMble Bapuallii CIICKTpa OT
COOBITHSI K COOBITHMIO HE SIBIISTIOTCSI CIIyYaifHBIMU.
B cpaBHEeHUU ¢ JaHHBIMM HAOJIOACHUI PEHTIEHOB-
CKOTO M3JIyYeHMsI B TPO30BOM O0JIaKe CIIEKTpP CIOBHU-
HYT B CTOPOHY OOJBIINX HEPTUM (MAKCUMYM B paii-
oHe 300—500 k3B). DT0 TOBOPUT O OGOJIBIIONI IJINHE
YCKOPEHUSI 3JICKTPOHOB 1 OOJILIINX MOTEPSIX TaMMa-
U3JIyYeHUs B aTMocdepe, YTO IIPSIMO COOTBETCTBYET
teopun. Criektpel TGF, 3apeructpupoBaHHbIE Ha
cinytHuke AGILE, nmpocTuparmoTcst 40 3HEpTUid Mo-
psaka 100 M»B u onchIBaloTCsI CTEIEHHOM 3aBUCH -
ToM 100
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MOCTBIO C U3JI0MOM [19]. DTo yKa3bIiBaeT Ha IIPUCYT-
CTBME DJIEKTPOHOB COITOCTABUMO OOJIBIIMX SHEPTUI,
X0Ts1 unciieHHble Mogean RREA oObIUHO IIpencka-
3bIBalOT OOpe3aHMe CIEKTpa 3JIEKTPOHOB B paiioHe
10 MaB.

Cuurtaetcs, ytro TGF o0ycioBiieHbl TOPMO3HBIM
H3JIyYeHHEM YCKOPEHHEBIX YOeTaloIInX 3JIEKTPOHOB B
IPO30BBIX 001acTsX [6]. KoMnmyecTBO TaKMX 3JIEKTPO-
HOB B ucTouyHUKe TGF MHOTOKpaTHO YBEeIMUNBaETCSI
3a cyeT RREA, pa3BuBarommxcs B CUJIbHBIX 3JICK-
TPOCTAaTUYECKMX IIOJISIX TPO30BBIX 001akoB. Pac-
CMaTpUBAIOTCSI HECKOJIBKO Bepcuit Moaeneit RREA B
3aBUCUMMOCTH OT HaJIMYUS WU OTCYTCTBUS “peyIsITH-
BUCTCKOI1 00paTHOM CBSI3U”, BOZHUKAIOIIEI 3a CUeT
0o0pa3oBaHUs BJIEKTPOH-MO3UTPOHHBIX Iap ramMmma-
kBaHTaMu [20—22]. XoTs 1 cyuTaeTcs, 4TO OOJIbIIOE
YMCJIO YaCTUIl, T€HEPUPYIOILIMX IaMMa-u3JIydeHue
TGF obycnoieno RREA, onHako npupoja Hayajlb-
HBIX yacTul, mopoxnaromnx RREA, no cux mop He-
JIOCTaTOYHO SICHA, U 3TO CIIPaBEIJIMBO HE TOJBKO JJIsl
BCILJIECKOB, PETUCTPUPYEMbBIX B KOCMOCE, HO TaKKe 1
IUIST TeX, KOTOpPbIE PEruCTPUPYIOTCS Ha3eMHBIMU
nerekropamMu. OHM MOTYT ObITH HEIIOCPEICTBEHHO
CBSI3aHBI C SIBJICHUEM MOJTHUU, OYyIy9U “TETIOBBIMH
yOeralommMu”’ 3JIeKTPOHAMM, YCKOPEHHBIMU B CUJTb-
HOM IIE€PEXOTHOM 3JEKTPUUECKOM IT10JIE MOJTHUEBBIX
Juaepos [23]. B mpoTuBHOM ciiydae (XOTs1 Obl U3pe/-
Ka) “cestHble” YaCTHUIILI MOIVIM Obl IIPOUCXOAUTH OT
IIMPOKUX aTMOC(HEPHBIX JIMBHEM, BHI3BAHHBIX KOC-
Mudeckumu dydamu. [Toka He sSICHO, CylIECTBYET JIU
MPUIMHHO-cJIencTBeHHasl CBs13b MexXXny RREA, TGF
u TEB [24], naxke HECMOTpsI Ha TO, YTO BPEMEHHOE
cosnagenne mexny TGF m ymapoM MomHUM OBLIO
obHapyzkeHO BcKope nocie oTkpbiTust TGF [25].

MHorna BCHBIIIKY TaMMa-U3Iy4eHUST PETUCTPU-
pYIOT Ha3eMHbIMU ycTaHOBKaMHu [1, 2]. BpeMeHHBbIe
U3MEpPEeHMsI COOBITUI, HAOIIOOABIINXCS HA3EMHBIMU
cpenctBamu yepes3 40 Mc mocse Hayajga TPUITepHOM
MOJIHIM, YKa3bIBAaIOT Ha X BO3MOXKHYIO CBSI3b C IIPO-
1IeccaMy BHYTpHU 00J1aKa, pacIioJIOXKEHHOIO Ha BBICO-
T€ HECKOJIbKO KUJIOMETPOB HaJl TTOBEPXHOCThIO 3eM-
M. DTV HabmoneHns npusBenu JBaiipa u ap. [2] K
MPENnoJ0XEHUI0, UTO HabJIonalolecs] Ha TTOBEpX-
HOCTH 3eMJIU BCIIBIIIKY TaMMa-U3Iy4eHISI BO3HUKA-
10T BHYTPU TPO30BOT0 00J1aKa, pacrloJIOXXEeHHOTO Hal
MecToM HaOmoneHwuii. Baiip u ap. [2] Takke mpen-
MOJOXWIN, YTO IIOXOXME TramMMa-BCHBIIIKU, CBSI-
3aHHbBIE C TPO30BBIMU O0OJIaKaMU, MOTY HaOJI01aThCs
n3 kKocmoca B Buze TGF, ata rmmore3sa rmo3mHee ObITa
MOATBEPXKAEHA B OKCIIEPUMEHTaX Ha CHYTHUKE
RHESSI. Opnako, BO3MOXHO, MEXAy TaMMa-
BCOBIIIKAMM, HAOJIONABIIMMUCS Ha IIOBEPXHOCTU
3emnu, u TGF umeercs pasnuuue, 3aKitodaroliieecs
B TOM, YTO IIePBbIE, BEPOSITHO, BO3HUKAIOT B HIDKHEI
yacTu o0Jiaka, HalpaBJIieHbl BHU3 U MHULIUUPYIOTCS
TPUTTEPHBIMU MOJIHUSIMU B OOJIBIIEH CTEIIEHU, YEM
€CTECTBEHHBIMU BHYTPUOOJIaYHBIMY MOJTHUSIMU.
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Asnenne TGF no cBoeit mpupone cesi3ano ¢ TEB.
DNeKTPOHBI (M TTO3UTPOHBI) TMOO 0OPa3yIOTCsI HEMO-
cpenctBeHHO B pesynbrate RREA, 1160 reHepupy-
10TCs 3a cueT KOMIITOHOBCKOTO paccessHus Uiad 00-
pazoBaHus 1ap ramma-kBaHTtamu TGF, 3akpyuuBa-
I0TCs B pe3yibTare JIJapMOpoBCKOTro BpallleHUs BAOJb
CUJIOBBIX TUHUIA MArHUTHOTO T0JIS1 3EMJIU, TIPOXOIST
yepe3 IpO30BYyI0 00JIaCTh M BBIXOIST B aTMocdepy
[22]. NHOTHA MyYKY TaKUX 3JEKTPOHOB MOTYT Mepe-
ceKaTbCsl CO CIIyTHUKaMU U caMoJietaMu. Ha camom
nene, Oosbllasi 4yacTh UIMTEJIbHBIX (MUJUIMCEKYHI-
HbIX) COOBITHI, PErucCTpUpPyeMblXx Ha CITyTHUKAaX
RHESSI, Fermi/GBM u AGILE, kak BCHBIIIKHA
raMMa-usay4eHusi, MOryT ObITb 00ycioBieHbl TEB,
HETMOCPEACTBEHHO MoNagaloIInX B KOCMUUECKUH arl-
napaT. B skcnepumenTe Fermi/GBM Ttakxe peru-
CTPUPOBAJIUCH TTO3UTPOHBI (BMECTE C JIEKTPOHAMM)
B coonITusix Tumia TEB [24].

CymiecTByeT HEOOBSICHEHHOE HECOOTBETCTBUE
Mexnay ImobanbHbIM pacripeneieHuemM TGF (o0y-
cioBieHHbIX RREA) 1 MoTHUSIMU, 3aKITI04aroIeecs
B TOM, 4TO OonbiimHCTBO TGF mpoucxogut Ha HU3-
Kux reorpadpmnueckux mupotax. IlomoodHoe reorpa-
duueckoe pacrnipeaeneHue TGF moxer ObITh cien-
CTBHUEM TOI'O, YTO OOJBIIMHCTBO MHUCCUI1, B KOTO-
peix onu Hao6mwpaauch (CGRO, RHESSI, uwm.
®epmu, ASIM AGILE), uMeau opOUTHI ¢ MabIM
HaKJIOHEHUEM, T.¢. HaOJIOJeHMS B HHUX BEJIHUCH
MPEUMYIIECTBEHHO B IIPUAKBATOPUAIbHBIX 00JIa-
CTSIX U coBnageHue MecT peructpauuun TGF c
rPO30OBBIMU OOJACTIMU MOXET OBITh CIICACTBHUEM
TaKMX HaONIOZATEIbHBIX YCIIOBHI. B 3TOM miraHe
UCKIIIOYMTEIbHO BaXHBIM MPEICTaBISIOTCS Ha-
omoneHus TGF Ha KocMUYecKUX aIlIraparax ¢ op-
OuTaMM, WMEIIIMMHU OoJbllee HaKJIOHEHHE,
BILIOTh J0 TMOJSIpHBIX. Takyo opOuUTy, B YaCTHOCTH,
MMeJI KOCMUYecKUii arrapat “BepHoB”.

IMToxoxast HeoIpeneIeHHOCTh UMEET MECTO U C
orpeaeIeHeM XapaKTepUCTUK 00JIaCTH YCKOPEHUS
3JIEKTPOHOB, KOTOPasi MOXKET ObITh COCPEAOTOUYEHA Y
rpPO30BOTO 00J1aKa Ha KOHIIAX MOJHHUEBOTO JIMAepa
[26]. DaekTpOHBI MOTYT TakXKe OOpPa30BBIBATHCS B
KPYMHOMACIITAOHBIX  3JIEKTPOMArHUTHBIX  MOJSX
rPO30BHIX 00J1AaKOB [2, 27], B TOM YMCJIe ¥ HAJl TPO30-
BeIMM oGiakamu [28—31]. BrmosHe BO3MOXKHO, 4TO
BCe TPU MPEMIOXKEHHBIX MeXaHM3Ma padboTaloT, HO 10
CUX TIOp BOIIPOCHI OTHOCUTEIbHO MHTEHCUBHOCTU U
CHEKTpa YCKOPSIEMBIX 3JIEKTPOHOB, TaK XK€ KaK U O
Mpeaese yCKOPUTEIbHOTO PeXXMMa OCTAlOTCS 10 KOH-
11a He ICHBIMMU.

ITposicHeHue »TUX AeTajleil U TOATBEpPXICHUE
(U1 OmMpoOBEepXKEHME) MPUUYMHHBIX CBSI3EU MeEXIy
RREA u MonHusiMu OyoyT BaXkKHBIM IIIarOM B CTOPO-
HY CO3[IaHMsI CaMOCOIJIaCOBaHHOM (hpu3nvyeckoi Mo-
nenu siBneHust TGF 1, BO3MOXHO, B CTOPOHY pellie-
HUS NpoOJeMbl UHULIMUPOBAHUS MoHUi. M3yue-
HYE MOJIHMI MMeeT O4YeHb BaKHOe IpaKTUYecKoe
3HaueHue B IUIaHe obecrneyeHus1 0e30MacHOCTH
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(GYHKIIMOHUPOBAHUS SJIEKTPUUECKUX CETEil M TpaHC-
IMOPTHBIX CHUCTEM. DTO MOXET C HeM30eKHOCTHIO
IIPUBECTU K CO3MAHUIO MOAECIM IIPOTHO3UPOBAHUS
rpo3, OJM3KOM K BBIPAOOTAHHOI MeEXIYHApOMTHBIM
COOOIIECTBOM MOJIEIN “KOCMUYECKOM MOTroabl”, KO-
TOpasl MpeacKa3bIBacT aMIUIUTYIY OMAacHBIX (haKTo-
pOB, TaKMX, KaK IOTOK U CIIEKTP KOPITYCKYJISIPHBIX
HEUTpaIbHBIX BBICOKOHEPTMYHBIX YACTULL, KOTOPHIE
MOTYT IIPEACTaBIISITh OMACHOCTh IJISI OE30TKA3HOTO
(GYHKIIMOHUPOBAHUS BBICOKOTEXHOJIOTUYHBIX CH-
CTeM.

2.2. Habarwoenus TGF ¢ sxcnepumenme “Bepros”

Lenplii pgng  COyTHUKOBBIX 3KCIIEPUMEHTOB,
MOCBSIIEHHBIX UCCICAOBAHUIO TPO30BOIl aKTUBHO-
CTU U B YaCTHOCTU aTMOC(EpHBIM TPaH3USHTHBIM
SIBJICHUSIM U TaMMa-BCILIeCKaM 13 aTMOcdephl 3eM-
A, OBUI BBITIOJHEH B TocaenHee BpeMs B MIY
uM. M.B. JlomoHocoBa. Cpean HUX YK€ pealii3o-
BaHHBIE IIPOEKTHI “YHUBepcUTeTCKUii-TaThsaHa”,
“Yuusepcurerckuii-TaTtesgaa-2” [32] m “BepHoB”
[33, 34], a Takke ciiyTHUK “JloMmoHOCOB” [35].

C noMouIbIO IETEKTOPA XKECTKOTO PEHTI€HOBCKO-
ro U raMma-M3JIydeHUsl, yCTAHOBJIEHHOTO Ha CITyT-
HuKe “BepHOB”, ObLIO 3aperuCTPUPOBAHO HECKOJIb-
KO ramMMa-BCIUIECKOB 3€MHOTO MPOUCXOXIAEHUS U
HECKOJIbKO AecsaTKkoB KaHauaatoB B TGF [9]. B co-
CTaBe amnrapaTyphl Ha CITyTHUKe “BepHOB”, moMUMO
npuodopa 1jis perucTpaliuy BCIbllIeK TaMMa-u3iyye-
HUSI 36MHOTO U KOCMOJIOTMYECKOTO MPOMCXOXKIC-
HUS, TaKXKe BXOAWUJIU TTPUOOPHI IJIs1 U3yUYEHUST BBICHI-
MaHUM MarHUTOC(EPHBbIX JEKTPOHOB PEISITUBUCT-
CKUX U CyOpEISITUBUCTCKUX DHEPTU, HAOIIOACHUA
TPAaH3UEHTHBLIX CBETOBBIX SIBIGHUII B aTMocdepe
3eMiu, a TakxKe UCCIeOBaHUS 2JIEKTPOMArHUTHBIX
ToJieit B OKOJIO3EMHOM MPOCTPAHCTBE.

Peructpanus TGF ocyiiecTsisinachk ¢ IOMOIIBIO
onokoB API'D-1 u JAPI'D-2 npubopa API'D, korto-
pBIii obecrieunBajl PErucTpalio MOTOKOB U CIeK-
TPOB KECTKOTO 3JEKTPOMArHUTHOIO WU3JIyYeHUS C
9HEeprueil raMMma-kKBaHTOB B nuarazoHe E = 0.01—
3.0 M»sB, anekrponos ¢ £=0.2—15 M3B u iporoHOB
¢ E=4—100 M»B [33]. IeTekTOpHBIE Y3J1bI MpHUOOpa
COCTOSIIM U3 CHUHTUWLISILIMOHHOTO (DOCBUY-AETEK-
Topa 1 POoToyMHOXUTEAA. CHUHTULIISITOP (OCBUY-
JieTekTopa OblI BbIMOJHEeH M3 KpuctayuioB Nal(Tl)
toyuHoi 0.3 cMm u guametrpoMm 13 cm u u3 CsI(TI)
ToJuHOM 1.7 cM 1 nuamerpoM 13 cm. Ob6a Kpucrani-
Jla HAaXOAUJIUCh B ONTUYECKOM KOHTAKTE U TOMellle-
HBI B 3alIUTHBIN Yexojl. OHU OBLIM OPUEHTUPOBAHBI
B Haaup (B CTOPOHY 3eMIJIN).

B xonme skcnepuMeHTa OCYIIECTBISIIaCh Hempe-
pBIBHAs 3anyCh IIOKa3aHWil HOEeTEeKTOPOB OJIOKOB
API'D-1(2) B nByX pexumax: “MOHUTOPUHIOBOM” U
“nmocoobITUiiHBIM” (event by event). JIis obecrneye-
HUSI CHHXPOHHOM paGOThI BCeX IETEKTOPHBIX Y3IJIOB C
XOPOIIIMM BPEMEHHBIM pa3pelieHueM KaKIbIi y3el
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KCIIOJIb3YET UHUIIUATM3AlIMIO0 BHYTPEHHETO TaiiMepa
B MOMEHT TIPUX0/a CUHXPOUMIIYJbCca ¢ OOpTa CITyT-
Huka. TaiimMmep Kaxmoro ys3jia mmMmeeT nepuon 15.48
MKc. CTabuabHOCTE TaiiMepa ~ 107> no3BosseT obec-
MEYUTh TOUHOCTh CUHXPOHM3ALIMU ~ 15 MKC.

B “MoHUTOpMHTOBOM” peXXnMe ST KaxKIoTo Oe-
TEKTOPHOTO y3J1a 3a BpeMsl akcrno3uuu (1 c) usme-
psieTcsl CpeqHWI MHTerpajbHbIM CYET ramMMa-KBaH-
TOB OTHEABbHO I Kaxmgoro kpucrtamaina Nal(Tl),
CsI(Tl) u cymmapHbIii cueT B 00OMX KpUCTaJLIax.
MuHuMasibHasi TOPOroBasi HEPIrusl perucTpupye-
Moro kBaHTa coctaBiisieT ~10 k3B musa Nal(Tl) u
~25 k3B nnsa CsI(Tl). Takum o6pa3oM, B “MOHUTOP-
HOM” pexXrMe UMEIUCH IMTPAKTUYECKU HETIPEPBIBHbIE
BpEMEHHBbIE PsSJbl YCPENHEHHBIX 3a 1 ¢ ckopocTteit
cyeTa ramMMa-KBaHTOB c 3Heprusimu >10 k3B B
Nal(Tl) u >25 kaB B CsI(TI).

B “nocoOpITUiiHOM” peskuMe s KaxKII0Tro JeTeK-
TUPYEMOI'O TaMMa-KBaHTa (PUMKCHUPOBAJIMCh BpPEMS
pEruCTpanny 1 3Ha4CHMS KOTOB aMIIJIMTYIBI, TT03BO-
JISTIOIIYE ONPeAe/INTh, B KAKOM YaCTU AeTEKTOpa IIPOo-
M30IIUI0 B3aUMOJICHICTBUE 1 KaKasl SHEPIrysl BBIACIIM -
JIach B KpUCTaJIax.

ITockonbKy ramMma-BCIJIECKHM 3EMHOIO IIPOUC-
XOXIIEHUSI XapaKTepPU3YIOTCsS OTHOCUTEIBHO Mallbl-
mu gautenbHocTaMu (<1 mc), mist mx orbopa uc-
MOJb30BAIUCh JaHHBIE, MOJyYeHHbIE B “IIOCOOBI-
TUTHOM” pexknMe. B mprakBaTOpuaibHBIX 00JIACTIX
raMMa-KBaHTHI pETUCTPUPOBAIIMCH IIPAKTUIECKU Oe3
NOTEPb, YTO TaKKe OJIarorpusiTCTBOBAIIO ITOUCKY
raMMa-BCILIECKOB 3€MHOIO IIPOMCXOXIEHMS, TaK
KakK OHM HaOJII0Zal0TCSI B OCHOBHOM HaJl 00JIacTIMU
aKTMBHOIO Ipo3000pa30BaHUsl, T.€. B IIPUAIKBATOPU-
aJIbHBIX PETMOHAX.

Jlas oTbopa raMMa-BCIUIECKOB HMCITOJb30BaJIOCh
YCJIOBHE 3HAYMMOTIO IIPEBHIIICHUSI CpeaHero (POHO-
BOI'O cYeTa Ha BpeMEeHHOM MHTepBaje 1 Mc OmHOBpe-
MEHHO HE MEHee YeM B IBYyX AeTekTopax. ITocKoabKy
TGF umeroT xkecTKuii crekTp, ObLJI0 MPUHSTO pellie-
HHe paccMaTpUBaTh IS IIOMCKA KAaHIMIATOB TOJIBKO
coOBITHS ¢ 3HeproBeiaeeHueM >400 k3B, Bkirouas
T€, IJIsI KOTOPBLIX SHEPrOBLIACICHMUE IIPEBBIIIANIO
penesl SHEPreTUYeCcKoro Jruana3oHa.

B pesynbraTe 66110 0TOOpaHO MHOXECTBO BO3pac-
TaHW, OMHAKO OOJIBIMITHCTBO U3 HUX 0KA3aJIOCh CBS-
3aHHBIMHU C pETUCTpAILIEH TSKEIBIX 3apsSKeHHBIX ya -
CTUIl TaJIJaKTUYECKUX KocMudeckux Jydeit. Ilocie
MCKJIIOUEHUS BO3pACTaHWII MTHTEHCUBHOCTH, CBSI3aH-
HBIX C pETUCTpAIIME TSKEITBIX 3apssKeHHBIX YaCTUII,
OCTaJIMCh COOCTBEHHO KaHAUAATHI B raMMa-BCILJIEC-
KU1 36MHOTO IpoucxoxaeHus. Bcero 0b110 0TOOpaHO
5 HageXXHBIX COOBITHI, KOTOpPBIE MHTEPIIPETUPOBA-
Jguck, Kak TGF [9].

beut Takke TipoBeAeH OTOOP KaHAWIATOB B ram-
Ma-BCIUIECKU 3€MHOTO MPOUCXOXAEHUS Mo OoJjee
“MSITKOMY” KpPUTEPHUIO, HE BKIIIOYABIIEMY TpeboBa-
HUE COBITAJICHUSI 3HAYUMbBIX BO3pAaCTAaHWUIA WHTEH-
CUBHOCTM B HECKOJIbKUX JleTeKTopax. CoracHo 3To-
Tom 100
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Puc. 1. Kapra reorpacduyeckoro pacnpeneneHust KanmunatoB B TGF no naHHbIM ciyTHuKa “BepHOB” (KpacHbIe TOYKM) U

UMUTALIUI 3aps’K€EHHBIMU YaCTULIaMH (CI/IHI/IC TO‘{KI/I).

MYy KPUTEPUIO OTOMPAJINCh COOBITHS, IJISI KOTOPBIX B
oTAenbHOM aeTekTope 3a 400 MKC perucTpupoBaIoCh
He MeHee 5 TaMMa-KBaHTOB B 9KBaTOpHUaIbHBIX 00J1a-
CTSIX M He MeHee 7 B MOJISIpHBIX. B TIipuakBaTopmnaib-
HBIX 00JIaCTsIX OBLIO OTOOPAHO HECKOJIBKO JIECATKOB
COOBITHIf, KOTOPblE MOIYT pacCMaTpuBaThCd, Kak
kaaougaTtel B TGF. Kapra ¢ reorpagpudeckuM pac-
npeaejeHrueM 3TUX COObITUI N300paxeHa Ha puc. 1.
g cpaBHeHMsT Ha Heil TakKe MPUBEIECHO pacripe-
IeJieHUue COOBITUI, SBISIOIIUXCS WMMUTALASIMU
BCILJIECKOB 3apsDKEHHBIMU YaCTULIAMMU.

Yrto KacaeTcs IOJISIpPHBIX OOJIACTEi, TO IS AaH-
HBIX, TTOJTY9EHHBIX ¢ TTOMOIIBIO aeTekropa JAPI'D-11,
JIJISI KOTOPOTO BpeMs 3KCITO3UILIUU OBIJIO HAaUOOJIb-
IIMM, OOJILIIMHCTBO BO3paCcTaHUI B MOJISIPHBIX 00-
JIACTIX ObUIM MMUTALUSIMU BCIJIECKOB TSDKEIBIMU
3apsKEHHBIMUM YaCTULIAMU KOCMUYECKUX JIydyeid, U
TOJILKO OJIHO, 3apeructpupoBaHHoe 22.11.14 B
05:05:03 UT, MmoxxeT paccMaTpuBaThCSI KaK KaHINIAT
B raMMa-BCIUIeCKH [34]. DTo coObITHE HAOMIOAAIOCH
Haa AHTapkTuaoit (cMm. puc. 1). Cpeau coObITHIA,
OTOOPAHHBIX TT0 60JIee XECTKOMY KPUTEPUIO, TaKKe
OIHO OBLIO 3aperMCTPUMPOBAHO Had AHTAPKTUAOMN
(77.6° 10XHOI1 IMPOTHI Ha puc. 1).

BricokonmmpoTHBIe KaHAMIATHI 3aCTyXKUBAIOT OT-
nenbHOTO o6cy:kmeHus1. Ilo cpaBHEeHHMIO ¢ OpyruMH
kaHnounataMu B TGF 3T coOBITHUSA OTIMYAIOTCS
OoJipllIeil MIMTEILHOCTRIO ~2.5 Mc. Boabiyo mim-
TEJILHOCTb COOBITUII MOXHO OBLIO OBl OOBICHUTH

ACTPOHOMMUYECKHUM KYPHAJ

Tom 100 Ne 1

POXIeHNEeM KOPOTKOXUBYIIIMX U30TOMOB B MaTepura-
Jie IeTeKTopa 1Mo BO3IeiCTBUEeM SHEPTUYHbBIX 3apsi-
KeHHBbIX YacTull. Ho mpu perucrpaumnm 3apsskKeHHBIX
YacTHUIl HA UarpamMmMe “sHeproBbIACIIeHIE — BpeMs”’
JIOJIKEH MPUCYTCTBOBATh XapaKTEePHBIN “XBOCT”, UTO
B CIyYae paccMaTpUBaeMBIX COOBITHI He HaOJroga-
eTcs. AJbTepHATUBHOE OOBSICHEHNE MOXET 3aKJII0-
4yaThCs B TOM, YTO UMEJIO MECTO JiBa MOC/Ie10BaTeb-
HBIX, ITepeKphiBarommxcss Bo BpeMeHu TGFE. B ka-
YyeCcTBE BO3MOXHOTO (pakTopa MMUTALMM TaMMa-
BCIUIECKOB MOTYT TaKXXe paccMaTpUBaTbCsl PEIsTU-
BUCTCKME 3JIEKTpoHbI. OmHAKO B KaHajax AETeKTU-
POBaHUSI BJIEKTPOHOB HMKAKMX 3HAYMMBIX BO3pacTa-
HUI BO BpeMsl perucTpaiyu BCIJIECKOB He Haboa-
JIOCh. XOTSI OOHO3HAYHO OIPEIE/IUTh IIPUPOAY ITUX
KaHIUIATOB MOKa He yIaloCh, (GOpMaIbHBIX OCHOBA-
HHUI BBIYEPKHYTHh BBICOKOIIMPOTHBIE BCIUIECKU W3
qucaa kKauounatoB B TGF vet. Eciu 3TM KaHIUOATHI
oynet moarBep:xKaeHbl Kak TGF mpu mocnenyroiem
aHaJIM3€e NAaHHBIX, TO BIIEpPBbIE OyneT OOHapykeHa
TGF-akTuBHOCTh B BBICOKMX IIIMPOTaX, BEPOSITHO,
He CBsI3aHHAas C TPO30BOI aKTUBHOCTHIO.

2.3. Ilepchekmuegbl UCNOAb30BAHUSA CHYMHUKOG
gopmama kybcam ons nabarodenuii TGF

B nmocnentee BpeMss B MOCKOBCKOM YHUBEPCUTE-
Te pa3BUBaeTCd COOCTBEHHAs] KOCMHMYECKAsT IPO-
rpaMMma, HallpaBJieHHasl Ha cO3daHue MYJIbTU-CITyT-
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Ta6mma 1. Pusnko-TeXHNIeCKNe XapaKTepUCTUKU TTPU-
oopa

Peructpupyemere l'amMa-kBaHTHI,
THITBI YACTHIL 3JIEKTPOHBI

Jlviaria3oH 3HEpProBhIIeIeHU N 0.03—3.0 MaB
DbdheKTHBHAS [LUIOLIANb 64 cm?
JInHaMWYeCcKUii Tyana3oH 0—10% cm2
BpemeHHOe pa3peleHue 10 Mxc
l'aGaputHbie pa3aMephl 90 X 90 x 50 MM
Macca 400 r
Hamnpsckenne nuranust 75B
DHepronoTpebieHe 1.6 Bt
DHepronoTpedieHre 0.2 Br
11¢poBoro ysia

HUKOBOM TPYIIIIMPOBKM, ITO3BOJISIONICH B peXUMeE,
OJIM3KOM K peaIbHOMY BPEMEHU, OIIPEACIsITh paara-
LIIOHHYIO OOCTAaHOBKY B 3HAYUTEJILHOM YacTH o0Jia-
CTH 3aXBaYE€HHOW pagvanyy, BIJIOTh 10 OPOUT IJIO-
OaJIbHBIX HAaBUTALIMOHHBIX CIIYyTHUKOBBIX CHCTEM U
reocTallMOHAapHOM OpPOUTHI M OCYILIECTBISITH MOHU-
TOPUHT 3JIEKTPOMATHUTHBIX TPAH3UEHTOB B BEpPXHEM
arMocgepe [36—38]. B xone peanuzanuu 3Toii Mpo-
rpaMMBI OCYIIIECTBJIEH 3aImycK 11 KocMHUYecKux ar-
napatoB (KA) Tuna kybcat. Ha cerogHsiiiHuii 1eHb
Ha OKOJIO3eMHOM opOouTe (PYHKIMOHUPYIOT 6 TaKMUX
KA, xoTophbie peryJisipHo IepeaaoT HayudHyIo 1 Tejle-
METPUYECKYIO MH(POPMALUIO. DTU COYTHUKU (PYHK-
LUOHUPYIOT Ha IIOJISIPHBIX OpOUTaX BHICOTOI OKOJIO
550 kM 1 HakJIOHeHHEeM oKoJ10 98°. Ha HuX ycTaHOB-
JIeHa ONHOTHUIIHASI ammapaTrypa i MOHMTOpPHMHIA
KOCMUYECKOI paaualuu, a Ha AByX yCTaHOBJIEH MPU-
Oop IJis1 perucTpanuu yabTpahuoIeToOBOTO U3Iyde-
HUS aTMOochepbl 3eMJTH.

st peructpaumuy Ha cnyTHUKax popmara Kyocat
Pa3JIMYHBIX KOMIIOHEHTOB KOCMUYECKOI paaualiui,
B TIEPBYIO OYepeIb SJIEKTPOHOB BHICOKUX SHEPTUI U
raMMa-KBaHTOB, paszpabortan mpubop eKoP [39].
Hnst peructpauyu TGF u ramMmma-BCIIECKOB acTpo-
dusndeckoil Tpupombl mpubop ObUT mOpaboTaH, B
TIePBYIO OUEpeIb B IUTAHE YBETMUICHUS PETUCTPUPYIO-
nieit wiomanu (64 cm?). Takoit npu6op (JdeKoP-2)
yCTaHOBJIEH Ha [OByX cHyTHMKax ¢opmara 3U
(Skoltech-1B, Skoltech-2B), koTopble ObLIN BbIBEIE-
HBI Ha opOuTy 8 aBrycra 2022 1.

Du3nNKo-TEXHUYECKME XapaKTepUCTUKHU TTpudopa
NpuUBEACHBI B Ta0. 1.

B npnbope amanTupoBaHbl HOBEMIIINE pEIICHUS B
00J1acTU AETEKTUPOBAHUS TPUHUKAIOIINX U3Tyde-
HUI HAa KOCMUYECKUX arnapartax. JleTeKTopHbIi y3e
nprubopa COCTONT M3 4 NACHTUYHBIX (POCBUY IETEK-
TOPOB — CHUHTWIISIIIUOHHBIX KpucTtayuioB CsI(T1),
Kaxaplii pazmepom 40 X 40 X 10 MM B KOMOMHALINY C
IaCTMHAMM M3 TUJIaCTMACCOBOTO CUMHTHUJLISTOpA
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TaKOTO K€ TIOTIePEYHOro pa3mMepa U TOIINHON 5 MM,
TTOMEIIEHHBIX B CBETOHEIIPOHUILIAEMBIN KOPITyC U3
amomuHu. I1py 3TOM TOJIIMHA 3allIMTHOTO KOXKyXa
CO CTOPOHBI BOAHOTO OKHa He TmpeBbimaer 0.1—
0.2 MM, 9TO OOecIeuYnBaeT MOPOT PETUCTPUPYEMBIX
kBaHTOB ~30 kx»B. B BapmaHTe IJIsI CITyTHUKOB
Skoltech o1 cAUTHIBAHUS CUTHAJIOB OT KaXXIIOM CEK-
ouu (POCBUY JETEKTOPAa MCIOJIb3YIOTCS 4 BAKYYMHBIX
dotoymHoXuUTeNs1 (oTeyecTBeHHbIe PDY-85). Bme-
CTe C IUIaTaMU MMUTAaHUS U aHAJIOTOBOI U LU(ppOBOit
IEKTPOHUKU TIPUOOP MPEacTaBIIsIET COO0M eNMHYIO
CcOOpKY, amalTUPOBAHHYIO HEIMOCPEACTBEHHO IS
YCTaHOBKHU B KOCMMYECKMIA amnmapar TUIla Kyocar.

DJIeKTpOoHMKa IIprubdopa obecrieunBacT 00padoOTKy
CUTHAJIOB U UX OLM(PPOBKY, BhIpabaThIBAIOIINX BTO-
pUYHOE HU3KOBOJITHOE MNUTAHWE W HaIIpSDKEHUE
~30 B mag poTormprneMHUKOB, a TAKKE OCYIIIECTBIIS -
IOIIMX HAKOIJICHUE U Tiepeaady JaHHbIX. DYyHKIINO-
HaJIbHasl CXeMa aHaJIOTOBOI1 3JICKTPOHUKU IIPUBEIEC-
Ha Ha puc. 2.

AHanoroBasi 4acTb 3JIEKTPOHUKMW BBITIOJHSIET
MpUeM U YCUJICHWE BBIXOAHBIX CUTHAIOB C 4 DY,
¢dopmupoBaHue UMMyjbca 3alpoca Ha 0O0paboTKy
COOBITHS, a TAaK:Ke GOPMHUPOBAHNE CUTHAJIOB, TTOMIJIC-
Xalux oludpPOBKe U aHAIU3Y C TTOMOIIbIO MUKPO-
KOHTposuiepa. s yBeanueHUs] HaaeKHOCTU OCy-
IIECTBISIETCS pa3aeibHass oO0paboTKa CHTHAJIOB OT
IByX 1map @Y. JIns Kaxmoi nmapbl OCyIISCTBASIETCS
aHaJloroBO€ CYMMMPOBAHUE BBIXOJHBIX CUTHAJIOB
2 OBY. ]I pa3aeieHus ciaydaeB B3aMMOJIeiiCTBUS B
Pa3IMYHBIX CUMHTUJISITOPAX U3 BBIXOAHBIX UMITYJIb-
coB Kaxoit mapsl PDY hopMUpyIOTCS ABa CUTHAJA!
CUTHaJl OBICTPOTO KOMITOHEHTAa, MPOMNOPLIMOHAIb-
HbBII KOJIMYECTBY CBETAa, BbIACICHHOMY B JIETEKTOPE B
Havayie umiyiabca (B mepBble ~200 HC), U CUTHAI
MEJIJIEHHOTO KOMITOHEHTA, MPONOPIUOHAIbHBIN KO-
JIMYECTBY CBETA, BbIACICHHOMY B IETEKTOPE B MOCJIE-
JIYIOIINEe HeCKOIbKO MUKpOCeKyH I (~2 MKc). CymMa
5TUX CUTHAJIOB WCIIOJIb3YETCHd JJIsl OMNpeAeaeHus
SHEpPruu, a OTHOIIEHUE — JIJIsl OTpeaeIeHUs CIIH-
TWUISITOpA, C KOTOPBIM TMPOM3OIILIO B3aUMOIEH-
CTBUE.

Iudposasg 9yacTh 3JIEKTPOHUKM BBIITOJTHEHA Ha
HU3KOIIOTPEOJISIOINX MUKPOKOHTpPOJIIEpax. DHEp-
rororpedieHue IMGPOBOro y3jla BHYTPU KaxKmol
natel He peBbimaeT 0.2 Br. MuKpoKOHTpoOJIIED 110
MIpePbIBAaHUIO OT JETEKTOPHOM 3JIEKTPOHUKM MOCIIe-
JIOBATEAbHO IIPOM3BOIUT OLIM(PPOBKY YyKa3aHHBIX
BBIIIIE YeThIpeX (110 ABa OT KaXKIOM mapbl) CUTHAJIOB
Ha cBouX Bxoaax. LludpoBble 3HaYeHUS 3aIIMCHIBA-
IOTCSI B IAMSITh, OTHOBPEMEHHO (DUKCHUPYETCS BpEMSI
COOBITHS IO BHYTPEHHEMY TaliMepy MUKPOKOHTPOJI-
nepa. CyMmmapHOe BpeMsI OM(GPOBKHU U 3alIUCH B T1a-
MSTh cocTaBisgeT ~10 MKc. MUKPOKOHTpPOJUIEP TaK-
K€ MPOBOAMT aHAIMU3 IIOJYyYEHHBIX 3HAUYEHUM C
LIEJIbIO U3MEPEHUS YKClia B3aMMOAECHCTBUM C 3a0aH-
HBIMU IIapaMeTpaMM, IIPOM3OLICOIINX 3a OIpee-
JIEHHBIII MHTEPBaJI BpeMeHU (MOHUTOPUHTOBBIE CKO-
ToM 100
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BxonnHoe oxHo (0.15 MM Al)

IMnactuk 4 MM
CsI(TI) 10 mm
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Puc. 2. @yHKIIMOHaAIBHAS CXeMa aHAJIOTOBOI 3J1eKTpoHUKH ITpuoopa deKoP-2.

poctu cueta). [Ipy MONIy4eHUM COOTBETCTBYIOIICA
KoMaHAbI HM(PPOBOIi y3esl HaunHaeT GPUKCUPOBATh B
MaMsITA IIPHUOOpPa UCXOAHBIEC aMIIMTYIHbIC TapaMeT-
PBI ¥ BpeMsI KaXI0TO B3aMOACMCTBUSI, TPOBOMS TI0-
JIpOOHbBIE UBMEPEHUSI B MHTEPECYIOIINI NCCaea0Ba-
TeJISI MOMEHT BPEMEHU.

W3 3nagyennii, 3adpnKCUpOBaAaHHBIX B ITAMSITA ITPU-
oopa, GopMUPYIOTCS OJIOKM JaHHBIX IBYX OCHOBHBIX
TUIOB: “MOHMTOPHMHI”, COASPXKAIIWKA YMCIIO COOBI-
TUI ONpeneJeHHOro TUIIA 3a €AWHUILYy BpEMEHU U
“MaccuB”, coaepxXKallMil IepBUYHBIC TaHHbIC IJIsI
OIpeIeICHHOIO YHCJIa COOBITUI. DTU OJIOKM TaHHBIX
XpaHSITCS B DHEPrOHE3aBUCUMOI ITaMsITU IIprubdopa.
ITo xomaHAe ¢ OopTa CIyTHMKA 3TU JaHHEIE IIepe-
coutatorest yepe3 uHTepdeiicel CAN mwm UART B
namsiTb 00PTOBOro KOMIIbIOTEPa, WJIM Ha paauonepe-
JaTYUK B 3aBUCHMMOCTU OT apXUTEKTYyphl KOCMHYE-
ckoro anmaparta. HayyHbsle naHHbIe TUAIIA “MOHHMTO-
pUHT” 1 “MaccuB” MOTYT IIepeaaBaThCs OJOKaMHU I10
120 6aiiT mo 3ampocy B BuAe KOMaHIbl, yKa3bIBalO-
LIei YMCJIO 3aIlpalliiBacMbIX OJIOKOB.

OCHOBHOI pexX1M paboThI arnapaTypbl — AeXKyp-
HBII, KOTIa TpUOOPHI BKIIFOYEHBI M GYHKIIMOHUPYIOT
BCE MX COCTaBHBIC YacTu. B 11e1s1x 9KoHOMMUM 3HEp-

ACTPOHOMMYECKHWN XYPHAI

Tom 100 Ne 1

MU BO3MOXHO BKJIIOYEHME TOJIbKO LIM(PPOBBIX Y3/10B
npubopa i rnepenayr yKe HaKOTUIEHHbBIX JTaHHbBIX.
Takke BO3MOXHO BKJIIOUEHME TOJBKO OIHOM IM0JIO-
BUHBI JETEKTOpHOro yana. [lepekiioueHue Mexiy
pexXruMaMu padoThI TPHUOOPaA OCYIIECTBIISIETCS 10 KO-
MaHJaM ¢ 3eMJIu.

CrnenyeT OTMETUTh, YTO TEXHOJOTUYECKUI obpa-
3en npubopa JIeKoP-2, maeHTUYHEI JeTHBIM 00-
pasnaM, YCTAaHOBJICHHBIM Ha CITYyTHHUKAaX, MOXET
OBITh UCITOJIB30BAH JIJISI pETUCTPALIUY PEHTT€HOBCKO-
ro M3JIyYEeHUS B 9KCIIEPUMEHTAaX 110 JIJabopaTOpHOMY
MaKETUPOBAHUWIO BJICKTPUUECKNX Pa3psiioB C IJIUH-
HBIMU UCKpaMU, UMUTHUPYIOIINX MOJTHUEBHBIC.

3. METOAMNKA JJABOPATOPHOTI' O
BKCITEPUMEHTA C JJIMHHBIMHA
NCKPAMMU 110 MOAEJINPOBAHUIO
SJIEKTPUYECKOI'O PA3PANA
B ATMOC®EPE

BoNbIIIMHCTBO YCTAHOBOK [JIST M3YYEHMS JUIMH-
HOI UCKPBI UMEIOT OJIM3KKE MapaMeTphbl: pa3psiIHbII
npoMexyTok 0.7—1.5 M, HanipstkeHne 0.8—1.6 M3B,
BpeMsI HapacTaHUs UMITYJIbCa HATIPSDKEHUST — OKOJIO
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Puc. 3. BuyTpeHHee ycTpoiicTBo namepureabHoro 6ioka. / — cuetunk BJACT, 2— ALIT L-card E20-10, 3 — MuHUKOMIIBIOTED,

4 — menuakoHBeptep, 5 — AKB.

1 Mkc. CTeneHb AeTATbHOCTH ITOJIy4aeMbIX CBEICHUIA
00 U3JTydeHUU UCKPBI 3aBUCUT OT BBIOOpA IeTeKTOpa
¢$OTOHOB, B YACTHOCTU OT XapaKTEePUCTUK CLIMHTUII-
JIIIMOHHOIO Marepuaia. B KkauecTBe CUMHTHILISTO-
poB mmupoko npumeHsiorcss BaF2 um LaBr3(Ce+),
BBITOOHO oTianyvaroirecs ot Nal myymimm pasperire-
HUEM I10 SHEPIUU U JIYYIIUM pa3pelleHueM 1o Bpe-
MeHU: okoJio 150 ke mpu sHeprun KBaHTOB 1 MaB.

3HAYNTENbHBINA BKJIAJ B 9KCIIEPUMEHTAIIBHOE VC-
clieqoBaHWE IIMHHOM UCKPHI caesiaH B padoTtax [40—
43]. C ucrojib30BaHUEM reHepaTopa ¢ HalpsKeHUEM
2 MV ucciienoBaHBbI ITOJIOXKUTENbHEIN [40] 1 oTpuna-
TenbHBIN [41, 42] pa3psanbl, X CpaBHUTEIIBHOE OITH-
canue nipuBeaeHo B [43] (¢ pacctosiHueM 1—1.5 m
MEXIy BJIeKTpomaMu). PeHTreHOBcKHMe KBaHTHI (C
sHeprueii Boire 30 k3B) 1 sHeprUYHbIC 3JIEKTPOHHI,
n3JydyaeMble pa3psiioM, peruCTPUPOBAIUCH C TIOMO-
IIbIO JETeKTOpa Ha OCHOBe cuMHTUIUIATOpa LaBr 3
(Ce+). IlokazaHo, 4TO XapaKTepHasl 3aperucTprupo-
BaHHasl PEHTI€HOBCKAsl BCIILIIIKA CO3JAa€T CUTHAaJ
JIETEKTOpa JIMTEILHOCTBHIO 0Koyo 100 HC 1 cocTouT
n3 10* GpoToHOB. BCIBILIKA UMEIOT 3HEPTUIO B HE-
cKoimbKo MbaB; nipeobiamaroniast sHEpTUs B CIIEKTPE
onieHeHa Kak 200 kaB.

ITpumeuarenbHO, YTO Aake KAYeCTBEHHbBIE XapaK-
TEPUCTUKKU PEHTITEHOBCKOIO W3JIyYeHMs paspsjaa,
MO-BUAMMOMY, CUJIBHO 3aBUCAT OT JeTajeil MmocTa-
HOBKU 3KCIIEPUMEHTa, HE CBOAUMBIX K OCHOBHBIM

ACTPOHOMUWYECKHWM XYPHAJ

nmapaMeTpaM, OOBIYHO YKa3bIBAEMBIX IIPU OIMCAaHUU
SKCIIepUMEHTaJIbHOM ycTaHOBKHU. Tak, B [44] onnca-
HO HAOJII0IEHUE CePUU OTACAbHBIX OTKJIMKOB CIIUH-
TUJIJISITOPOB IIPUA OOHOM pa3psiac; IpU 3TOM B DKCIIE-
puMeHTe [45] TIpm Tex Ke MmapaMmeTpax Habarozancs
TOJILKO OAWH OTKJIMK, IO BPEMEHU COOTBETCTBYIO-
Ui cTpuMepHoOii ¢aze. B akcriepumeHTax [45] Tak-
Xe ObUIO OOHApYXKEHO PEHTIEHOBCKOE M3IyYeHUE,
BpeMsI TOSIBJIEHUSI KOTOPOI'O MPUXOAUTCS Ha CTaauIO
CKBO3HOTO TOoKa. KomuecTBeHHOE OTJIMYNE B CTPOE-
HHMU YCTAaHOBKM (IJIMHA Pa3psiAHOIO IIPOMEXYTKA 2 M
st [45] u 1.5 M agis [44]) He 0OBsICHSIET KaueCTBEH-
HOT'O U3MEHEHMUS B TeHepalliy U3JIyYeHHUS].

B paborte [46], B KOTOpOii paccMaTpUBaeTCs BJIM-
sIHE YCKOPEHHBIX B pa3psiaie 3JIEKTPOHOB Ha pe3yJib-
TaThl 3KCIIEPUMEHTOB C ICKPaMU pa3MepOM HOpsiaKa
MeTpa, CAeJIaH BBIBOM, UTO 3HAYMTEIbHAs YaCTh 3ape-
TUCTPUPOBAHHBIX COOBITUI CBsSI3aHa HE C PEHTIEHOB-
CKUM HU3JIy4YECHUEM, a C BO3IEHCTBUEM YCKOPEHHBIX
9JIEKTPOHOB Ha CLHUHTWLUISITOPBHI. ODTO SBISETCS
MPUHLUUTHUATLHBIM OTJUYUEM OT CUTYaIlUU C PEHTTe-
HOBCKMMM JIy4aMH, 3apEeTUCTPUPOBAHHLIMU B 3KC-
nepuMeHTaX ¢ MOJHHUEl, KOToa pacCTOSIHUSI OT HC-
TOYHMKA PEHTTEHOBCKOTO U3JIydeHUsl (MOJHUM) MO
JIETEKTOPOB COCTAaBJISIOT COTHU 1 OoJsice MeTpoB. 1o
HallleMy MHEHUWIO, TTOATBEPXKIAeMOMY pacyeTaMu C
nomoiibto naketra GEANT4 [21], BausiHHE OBICTPBIX
2JIEKTPOHOB HEOOXOAUMO YUYMTBIBATh IUISI CPaBHU-
TeJIbHO KOPOTKUX (0K0J0 1 M) pa3psigoB, Koraa aar-
Tom 100
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YUKW HAXOMSTCSI Ha HeOOJIbIIOM PACCTOSIHUM OT pa3-
psia UIU Ha ero OCH.

s vccnenoBaHusl peHTTEHOBCKOTO M3JIyYeHMUSI
JUIMHHBIX UICKPOBBIX pa3psiIioB aBTOPaMM MCIIOJb30-
BaJICSI TeHepaTop MMIYJIbCHBIX paspsamoB (ITMH)
BHMUII P®AILI B 1. UcTpa, KOTOPHII O CBOMM T1apa-
MeTpaM HauboJiee aJieKBaTeH I'PO30BEIM pa3psiiaM B
OTHOIIIEHNN T€HEPallMU BHICOKOIHEPTUIHBIX M3JTy-
yeHUii. OCHOBY H3MEPUTEJLHOTO KOMILJIEKCa CO-
CTaB/IsIIOT M3MepuTenbHble O0ioku (MB), xoTtoprhle
MPEICTaBISIOT CO00I KOMITBIOTEPHBIE CUCTEMBI COO-
pa naHHbIX. B coctaB b, nipencrasieHHOro Ha puc. 3,
BXoaUT peHTreHoBcKmii cueTunk BJICI' pupmbr “Ac-
nekT” JlyOHa, BBIXOI KOTOPOTO ITOCTYNAEeT Ha BXOJI
ogHoro u3 kaHaioB ALIIT E20-10 dupmer JI-kapn.
Ha Bropoit Bxon AILLIl momaeTcss TpUITEpHbIA UM-
nynbe. ALLTT coenunen mo USB ¢ MamorabapuTHEIM
MePCOHATBHBIM KOMITBIOTEPOM, 010K MUTAHUS KOTO-
pOro 3aMEHEH Ha OPYroil, No3BOJISIIOIIMI paboTaTh
ot HantpsokeHud 12 B. Kpome Toro, B Ub ycrtanosien
MeJIMaKOHBEPTEP ISl TIOAKIIOUEHUSI K ONTUYSCKUM
KaOeJIsIM JIOKaJIbHOI CeTH, a TaKXKe IIPUEMHMK OITTH-
YeCKMX CHUTHAJIOB CHMHXPOHHU3alMM (TPUTTEPHOTO
uMmnyabca). s muTaHUsT UCIONb3YIOTCSl TeJieBbie
aKKyMYJISITOPBl HampsbkeHueM 12 B u eMKOCTbIO
17 A-4. AKKyMmyJIsITOpa XBaTaeT Ha 6 4 paOOTHI.
B xauectBe koprniyca b mncrnonb3oBaH KopIlyc nep-
COHAJILHOTO KOMITbIOTEpPA, M3TOTOBJICHHBII U3 J0-
CTaTOYHO TOJCTOI CTajau, KpOoME€ TOTrO, B MeECTax
CTBIKOB CbeMHBIX MaHeJIei UMEIOTCSI OTINTAMITOBAH-
HbIe KOHTAKTHBIC JICHECTKH, IOBHIIIAIOIINE Kaye-
cTBO 3KpaHupoBku. B cezone 2020 r. mrss UMb ov1m
M3TOTOBJICHBI JOMOJHUTENbHBIE KOpPITyca U3 JIUCTO-
BOM MeJIM, 3aMETHO YMEHbBILIMBIINE 3JIEKTPOMATHUT-
HbI€ HABOJIKM Ha CUTHAJI pEHTTEHOBCKOTO CYETUYMKA.

Cxema 3KCNEepUMEHTAIbHO YCTaHOBKU, pacro-
JIoXeHHoil Ha Tepputopuu BHUL P®ALI, npen-
cTaBJieHa Ha puc. 4. UsMeputenbHOoe 060pynoBaHue
pa3BepHYTO Ha TpeX MO3ULUsIX: A — nabopaTopus,
b — paspsimHasa miuockocTb, B — 3kpaHupoBaHHas
Oynka mrg Buaeokamep. Ha paspsimHoil miockoctu b
YCTAHABJIMBAIOTCS U3MEPUTEIbHBIC OJIOKU CUMMET-
PUYHO OTHOCHUTEJIbHO BEPTUKAIBLHOIO CTEPXKHS, C
KOTOPOTO JOJIKHBI CTAPTOBATH OTPUILIATEILHBIE JIH-
nIepbl. Kaxkabiii 1aMepuTeaIbHBINM 0JIOK COeAVHEH JIO-
KaJIbHOI CEeThIO C CEpBEPOM, PACTIOJIOKEHHBIM B Jia-
6oparopun. 1o 3Toi JTOKAJTBHOM CeTU MepemaroTcs
JaHHBIE O TIPOU3BEICHHOM paspsie.

O011ast CMHXpOHM3AIIUSI OCYIIECTBIISIETCS TI0 CUT-
HaJIaM C 3JIEKTPUYECKOU aHTEHHBI-IIapa, pacliojio-
XeHHoi Ha paccTossHum 50 M ot TUH. AHTeHHa mmoz-
KJIIOYeHa 4Yepe3 BBICOKOOMHBIN AENUTENb K ONHOMY
u3 BxoaoB ocuuuiorpada Tektronix. ITo mpeBbliiie-
HUIO TOPOTOBOTO YPOBHS Ha 3TOM BXOZE MPOUCXOAUT
3aIlyCK pa3BepTKU ocHuaorpada u GopMupyercs
curHan 3amycka pa3BepTku TTJI ypoBHSI, KOTOpBIA
yepe3 npeodpasoBarenb TTJI curHaaoB B onTuye-
CKue Mepeaercsl Mo ONTOBOJIOKOHHOMY Kabeto Ha

ACTPOHOMMYECKHWN XYPHAI

Tom 100 Ne 1
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Puc. 4. CxeMa skcniepyMeHTaIbHOM yctaHOBKM Ha TUUH
6 MB BHUII 900, r. ctpa. I — NMOTeHLIMATbHBIN 3JIeK-
tpon 'MH, 2 — BepTUKaJIBHBIN CTEpPXXEHb Ha pa3psIIHOM
IUIOCKOCTH, 3, 4, 5 — nuameputeabHbie 610k (MUB) peHT-
TEHOBCKOI'O M3JIy4eHUsl, 6 — pa3BETBUTEIbHBIN MOIYIb
OINTUYECKUX Kabesiel CBSI3U U CUHXpOHU3auuu, 7, § —
yIpaBIsIONIe KOMIBIOTEPHI (HOYTOYKM) 151 Kamep 4Pi-
cos, 9 — MPUEMHUK ONTUYECKUX CUTHAJIOB CUHXPOHU3a-
uuu, 10, 11— ckopocTtHbie Kamepsl 4Picos, /2 — BbICOKO-
OMHBII AeIUTENb HANIPSIKEHUSI, 13 — 2JIeKTpUYecKast aH-
TeHHa — mmrap, /4 — mynsr ynpasienus TMH, 15 —
ocuiiorpad Tektronix, /6 —MenuakoHBepTep, MPeod-
pa3ylolIMii CUTHAJbl JIOKAJbHOW CETU B ONTUYECKUE,
17 — mepenaTymK CUCTEMbl CHHXPOHM3AIMU, TIpeobpasy-
romnii TTJI curHansl B onTideckue, /8 — CBUTY TS J10-
KaJIbHO ceTu, 19 — kommbioTep (HOYyTOYK) cepBep coopa
JIAHHBIX.

pa3BETBUTENILHLIIT MOAY/Ib, C BhIXOAA KOTOPOIO OIT-
TUYECKUEe CUTHAIbI MOCTYIAT Ha YCTPOMCTBa 3a-
IycKa MU3MepUTEIbHBIX 0JIOKOB U Buacokamep. Ilo-
por cpabaTbiBaHUS ocHuniorpada BBICTaBIISIETCS
Tak, YTOOBI OH COBITIAAJl C HAYAJIOM CTPUMEPHO-JIH-
JIepHoii a3kl pa3psiaa.

B miporiecce mccienoBaHmii He yIaaoCh BBISIBUTD
3aBUCMMOCTHA BO3HMKHOBEHUSI PEHTTEHOBCKOTO M3-
JIydeHUs OT TaKWX MapaMeTpOB 3KCIIEpHMMEHTa, KaK
IUTMHA Pa3psITHOTO TIPOMEXYTKa, TOJISIPHOCTD TIPH-
JIOKEHHOTO HANpsDKeHUs, TeMIieparypa M Biax-
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Puc. 5. Cxema (cieBa) 1 BHEIIHMIA Bu (CrpaBa) BEICOKOBOJIBTHOM ycTaHoBKU [ TH-1 MB, UT1® PAH, r. Huxxuuit HoBro-
pon. I — 6awmng 'MH, 2 — narpysouHslii pesuctop R — yacTb pe3auctuBHOro nenurens paspsanHoro Hanpsbkenuss R—Ry, 3 —
pesucTop R, nenmrenst HanpsokeHMs, 4 — pa3psIIHBII TPOMEXYTOK, 5 — pe3ucTop R, myHTa 3a3eMIIEHHOTO 271eKTpona, 6 — BbI-
COKOBOJIBTHBIN TpaHchopMaTop 1 Beimpssmutenib (1o 100 kB) 3apsina konaeHcatopoB TMH, 7 — ynpapnsioniyii KoMmbloTep
YCTAaHOBKU, & — MYJIbT YIPABJICHUSI U KOHTPOJISI 3apsSIAHOTO U IMycKoBoro yctpoiictB [MMH, 9 — KOHTpoJbHBII ocuiorpad,
Ha KOTOPBIN BBIBOISITCSI CUTHANBI C pe3ucTopoB R; u R,, mpomnoplroHaibHbIe HaNIpsIKEHUIO U TOKY paspsina. Kpome toro,

3TOT OCI_[I/I]UIOI‘paCb UCITOJIBb3YETCA KakK (bOpMI/IpOBaTeJ'H) CUTHaJIa CUHXpOHM3alIuun OJisd CKOPOCTHBIX BUACOKAMEP U PpECHTITCHOB-

CKHMX CYHETUMNKOB.

HOCTb OKpyXarliero Bosnyxa [47]. Kak mokazanu
SKCIEPUMEHTEI, COOBITHSI, COOTBETCTBYIOIIHNE OC-
HOBHBIM IIpUM3HAKaM PErucTpalliy PEHTTEHOBCKUX
KBaHTOB, ObUIN pacIipelieeHbl JOCTAaTOYHO ClIydaii-
HO II0 BpEMEHU OTHOCHUTEJIbHO Hayajia JUIACPHOM
CTaguM U COITIOCTABUMBI ITO BEPOSITHOCTHU C PETUCTPa-
e poHOBOTO PEeHTIeHOBCKOTO usiydeHus. Cpen-
HsIsl DHEPIUsl PErMCTPUPYEMbIX B BKCIIEPUMEHTAX
doToHOB coctaBmia nmpuMepHo 80 k3B mpu Hamps-
XXeHusX pa3psiaoB 2—2.5 MB.

st mpoBemeHMsI 3KCIIEPUMEHTOB B YCIIOBUSIX,
AHAJIOTMYHBIX UMEIOIINMCS B OOJIBIIMHCTBE UCIIOJIb-
3yeMBIX IS 9TOro ycTaHOBOK [40, 44, 46], GbL1 MO-
nepausupoBadn [MH-1 MB, naxopsuuiics B UT1®
PAH. CtpykTypHas cxeMa yCTaHOBKM IIpeACcTaBIeHa
Ha puc. 5.

I'MH-1 MB cocrout n3 13 3taxeii, Ha KOTOPBIX
HaXxoAsATCd KOHIEHCATOPhI 00I1Ieil eMKOCThbIo 1 MK®D
Ha atax. KoHaeHcaTopbl MOTYT 3apsixkaThCsl 10 Ha-
npskenus 100 kB, T.e. HanpskeHME pa3psiga MOXKET
nocturaTth npuMepHo 1 MB ¢ yaetom KI1/I ycTtanos-

ACTPOHOMUWYECKHWM XYPHAJ

k1. ECTh BO3MOXHOCTb CMEHBI IOJISIPHOCTH paboye-
ro HanpskeHus. B HacTosmee Bpems BenyTcs padbo-
Tl o ocHamenmio 'MH-1 MB wusmepureapbHBIM
00opynoBaHMEM, aHAJIOTUYHBIM MCIIOJIb3yeMOMY Ha
I'MH B Hctpe. PacnosoxxeHue BBICOKOBOJBTHON
YCTaHOBKM B 3aKPBLITOM MOMEIICHUY UMEET KaK I10-
JIOXUTENbHBIE, TaK M OTpULIATEIbHbIE CTOPOHHI.
K orpunarenbHbIM MOMEHTaM MOXHO OTHECTH Ha-
JINYKMe CTeH, IIOTOJIKAa 1 MHOTOYMUCISHHBIX METaJLJIM -
YeCKMX KOHCTPYKIIUiII B HEIIOCPEACTBEHHOM OJIM30-
CTH OT BBICOKOBOJIETHOTO OOOpPYIOBaHUsI, YTO IIPU-
BOAUT K MCKaXEHUSIM BJIEKTPOMATHUTHBIX ITOJIEi
pa3psaoB, a TakKKe K BO3MOXHOCTU BO3HUKHOBEHUS
KOPOHHBIX pa3psiA0B Ha OKPYXKaIOIIMX 00bEKTaX, CO-
30AI0MIMX MOMEXH UISI PeTUCTPAlUM U3JTyIeHUI HC-
KpoBoro paspsga. K II0I0XWUTeTbHBIM CTOpOHAM
MOXHO OTHECTH BO3MOXHOCTh KPYIJIOTOOAUYHOM pa-
0OTBbI, HE3aBUCUMOCTb OT IIOrOJbl, BO3MOXHOCTh
yIOOHOTO pa3MEIIECHMUsI MCITBITAaTeIbHOIO 000pyHO-
Banus Bokpyr 'MH u T. 1.

ToM 100
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4. BAKJTIOYEHHUE

HecMmoTpst Ha 3HauyuTeNbHBIC YCWJIMSI, HaIlpaB-
JIEHHBIE Ha UCCIIEIOBaHUSI PEHTTEHOBCKOTO U TaMMa-
U3JTy4eHUsI, BO3HUKAIOIIETO TIPU TPO3OBBIX pa3psi-
Jax, JeTalbHbIE XapaKTepUCTUKU, YCIOBUS TeHepa-
LIMM Y MEXaHU3MBbI TAKOTO U3TyUYEeHUST OCTAIOTCSI Clla-
00 m3ydeHHBIMU. JlaHHasg TpoOiemMa IIPOIOLKaeT
OCTaBaThCsl OMHOM M3 HamboJiee aKTyaJbHBIX MpPO-
671eM (PUBUKY MOJTHUHU U €€ TIpUIoXKeHU. OHa Hemno-
CPEICTBEHHO CBsI3aHa C M3YyYeHUEM Pa3HOOOPa3HBIX
MPOLIECCOB, ONMPEACSIONINX TUHAMUKY 3JIeKTpUYe-
CKUX pa3psinoB B atMocdepe 3eMin U nx 3P eKTHl, B
TOM YHCJIE TIPOLIECCOB MHUIIMALIUYA U PA3BUTHUSI CTPU-
MepoB U JuaepoB. Mcrojib30BaHUE CITyTHUKOBBIX
CpEICTB HAOJIONEHUS 32 BHICOKODHEPTUYHBIMU 13-
JIy9YEHUSIMU BO BpeMsI TPO3 MO3BOJISIET MOIYy4aTh 00-
11yI0 KapTUHY PaclipoOCTPaHEHHOCTH 3TOTO SIBJICHUS,
OIHAKO IS BEISICHEHUSI MEXaHU3MOB UX FeHepanuu
HEOOXOOUMO MCHOJIb30BaHUE U OPYTMX METOIOB,
TaK1X KaK JJabopaTOpHOE U UMCICHHOE MOICIMPOBa-
HUE 3JIeKTpUIECKUX pa3psaoB. COBMECTHOE UCTIOb-
30BaHME PA3IUYHBIX METOJIOB HAGIIOOECHUST U MOJIe-
JIMPOBAHUSI BBICOKO®HEPTUUHBIX M3IYYCHUM, CBSI-
3aHHBIX C TPO30BOM aKTUBHOCTbBIO, IPEICTABIISICTCS
OIHUM U3 HamboJjiee MepCHeKTUBHBIX HaNpaBIeHU
COBPEMEHHOI reo(PU3UKHU.

OPMHAHCHUPOBAHUME

PabGora BbIMOJIHEHA B paMKax mpoekTa HalumoHaib-
Horo ueHTpa ¢uzuku u Matematuku (HIIDM) “Dkc-
nepruMeHTaJIbHasl JiabopaTopHasi acTpodu3uka U Ieo-
dusuka”.
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