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OpOIIO M3BECTHO, YTO aT-

mocdepa 3emuu npospau-

Ha U1 3JIEKTPOMATHUTHO-
IO U3JIYyYEHUS B PAAUO- U ONTHU-
YECKOM /IMANA30HAX, A JJIA U3Jy-
YEHUA JPYTUX JJIUH BOJH — HET;
3TO B NPHUHIUINE U CHENTANIO BO3-
MOJKHOM K1U3Hb HAa 3emiie. Co Bpe-
MEH JPEBHUX UBUINU3AUN Erumn-
Ta, 'peuun u Kurag u 10 HEgaB-
HUX JHEN YEJOBEK U3Y4YaJ 3BE3JI-
HO€ HeOO MCKIIOUUTENBHO IJ1a34-
MU, NPaBAd, C HEKOTOPBIX IOP
BOOPYXEHHBIMU  OHNTHYECKHUMU
npubopamu. C cepegunnl XX B.
cTajsa OYpPHO Pa3BUBATHCH PaJUO-
ACTPOHOMMS, 4 C IOSIBJIEHUEM pa-
KET W CIYTHUKOB HA4YaICA OyM
raMMa-, PEHTIE€HOBCKOM, YJIbTPa-
(puonerosBoit, UHPPAKPACHOU U
MUKPOBOJIHOBOH (OXBATBIBAIOICH
MUJIZTUMETPOBBIN U CYOMUJIIUMET-
POBBINI MHTEPBAJIBl JJIHUH BOJIH)
ACTPOHOMMUU.

CerogHs MHUPOBOE HAy4YHOE
COOOIIECTBO BKJIAJBIBAET T'HUI'AHT-
CKHE CPEJICTBA BO BCE HOBBIE U HO-
BbIE TPOEKTH MO HMCCIELOBAHUIO
Bcenennou. ToabKo 32 MOCIEIHUE
IATH JIET HA OPOUTY ObLIA BBIBEJE-
Ha 1enad GAOTUINA KPYITHBIX ACT-
pOo(PU3NIECKUX CIIYyTHUKOB, TAKUX
Kak «Chandra» (HACA, 1999) u
«XMM-Newton» (EKA, 1999),
NpEJHA3ZHAUYEHHDBIE I U3YYECHUS
He6a B PEHTTEHOBCKOM JIMAIA30-
HE JUIMH BOJIH C O€CIpEeNeeHTHEI-
MU YYBCTBUTEIBHOCTBIO, CIIEKT-
PaJIbHBIM U YITIOBLIM Pa3peHIeHU-
AMH; 06CEPBATOPUA TaMMa-JIydelt
«MuTerpan> (EKA, PockocMmoc,
2002); peHTIeHOBCKAasA U IaMMma-
MUCCHUA [JII M3Yy4YEHHUd TaMMa-

© INaBnuHckuit M.H., Buxauuun AA,
Pesnusues M.I'.,, Apednes B.A,, 2005

| Muxaun Huxkonaeguu Ilagrunckuil, 00x-

mop PuUIUKO-MAMEMAMULECKUX HAYEK, 3a0M.
oupexmopa HKH PAH no wayuHoti pabome.
Obnacms HAYUHBLX UHINEPECO8 — PeHmzeno-
6CKAL ACMPOHOMUSR, HAYUHOC KOCMUHUECKOE
npubopocmpoenue. IIpurnuman axmueroe

 yuacmue 6 npoexme <I'panam», cervac —

00UH U3 PYKOBOOUMENel 110020MOBKU HOBO
acmpopuunecrkoi  muccuu  «Cnexmp—
Penmeen—Ilamma».

Anexceii Arexcanopoéuu Buxaunun, 0ok-
mop Pu3UKO-MaAMeMmMamuecKux Hayk, 6edy-
WUl HaYuMHbelll COMPYOHUK 0MmMOend acmpo-
PUUKU 6bLCOKUX IHePUll MO020 e UHCMIU-
myma. Jlaypeam Iocyoapcmeennoil npemuu
PP ona monoowvix yuenwvix (2003). Cneyua-
AuUcm 6 o0baacmiu Habar0amensHoll KoCmo-
J02UU.

Muxaun I'ennaoveéuu Peenueues, xan-
ouoam @PuU3UKO-MAMEeMAMUYECKUX HAYK,
cmapuiuii Hayunoiil CoOmpyonux mozo e
omoena. Hayunvie unmepeco. c643aHbL ¢ UC-
caeooeanuem AaxkKpeuyuu Hda pPenimueuc-
mcrue 06sexmal.

Baoum Anexcanoposuu Apegves, xarou-
oam  PUSUKO-MAMEMAMULeCKUX  HAYK,
cmapuiuil Hayunoiii COmpyoHux mozo e
omoend. SaHumaemca IKCNePUmMeHmdalbHblm
USYUEeHUCM DeHM2eHOBCKUX 0BO0LUHbLX 36€30.
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BCIIECKOB «Swift> (HACA, 2004).
B 3TOoM rosy K HHUM IIpuCOe-
JUHUICA  SAMNOHCKHUH  CIYTHHUK
«Astro-E2» ¢ 3epKaJbHBIM pEHTIE-
HOBCKUM TEJECKOIIOM, B (DOKAJIb-
HOH IIZIOCKOCTH KOTOPOIO YCTa-
HOBJICH IIEPBBIM PEHTIE€HOBCKUI
6omoMeTp (OH 0OOECHEUUT PEKO-
PAHOE 3HEPreTUYECKOE paspelle-
Huem AE/E = 0.001); B 2007 1.
CIHIA rmIaHupyIOT 3a1yCTUTD CITyT-
HUK «Glast» 11 HaOJI0ICHUI ACT-
podU3UIECKUX OOBEKTOB B JKECT-
KUX I'dAMMa-1y4ax.

Y konbibenu
3HEepru4YHbiX GOTOHOB

[Toj acTpo(U3UKON BBICOKUX
SHEPTUHU OOBIYHO MOJPA3YMEBAIOT
PEHTIEHOBCKYI0O U T'aMMa-aCTPO-
HOMUIO. CaAMBIE pA3JIMYHBIE (PU3U-
YeCKUE MPOIECCHl, TPOUCXOJ-
MHUE B KOCMOCE, COIPOBOXKAAIOTCSA
reHepanuen 60JbIIOro YMUCia Bbl-
COKOZHEPTUUHBIX (DOTOHOB. PeHT-
F€HOBCKOE€ M TaMMa-U3JIydeHHUE
C 9HEPruAMU OT fosen k3B (1 k3B
COOTBETCTBYET A = 1.2 HM) /10 Jie-
CATKOB M3B MoxeT renepupo-
BATBCS B XOJI€ NPOILECCOB TPEX
OCHOBHBIX THUIIOB — TEIUIOBBHIX,
T.€. BEMIECTBOM, PA30TPETBHIM 10
~10"—10" K (19 CDABHEHUA: TEM-
neparypa Gporocdepsl CaMbIX I'O-
pAYUX 3BE3/l HA HECKOJBKO MO-
PAAKOB HUXKE), HETEIUIOBBIX (Ha-
NpUMEDP, NPU JBUKEHUU DENATU-
BUCTCKHUX 3JEKTPOHOB B CUIbHOM
MAarHUTHOM IIOJIE  BO3HUKAET
CUHXPOTPOHHOE U3JIYy4YEHUE) U
SAJIEPHBIX.

Ecnu renepanus peHTIEHOBC-
KOTO U IaMMa-U3JIy4EHUN B JIBYX
MOCJHEJHUX CIy4ddX MOXKET OBITH
JIETAJIBHO H3y4yeHa Ha 3eMie, TO
pa30orpeTh BEMECTBO /10 MUJLIHAP-
JJOB TPaAyCOB U COXPAHUTBH €0
IIPU 3TOU TEMIIEPATYPE B TEUECHUE
JUIUTENLHOTO BPEMEHH B J1a60pa-
TOPHBIX YCJIOBUAX HEBO3MOXKHO.
TOJNIBKO KOCMUYECKUE OOBEKTH —
NPUPOJHBIE JA00OPATOPUH, B KO-
TOPBIX  PEANU3YIOTCA  TAKUE
9KCTPEMATbHBIE YCIOBUA, — I03-
BOJIAIOT IPOBOJUTD MOJOOHBIE HUC-
craefpoBanud. B mopsajke ysenuue-
HUSA PA3MEPOB 3TO YEPHBIE JIBIPH,
HEUTPOHHBIE 3BE3/IbI U HENIBIE KAP-

JIUKU B COCTABE TECHBIX JIBOMHBIX
cucreM B Hamen lanakTuke, ax-
THUBHBIE APA TAITAKTUK (CBEPX-
MACCHUBHBIE YEPHBIE JBIPBI) U T'O-
PAYUH '3 B TAIAKTUKAX U CKOILIE-
HUAX FAIAKTUK.

HNurepecHeidmue OOBEKTH —
YEPHBIE [JBIPBI U HEUTPOHHBIE
3Be3bl. OHM 06PA3YIOTCA B KOHIIE
JUIMTENBHON 3BOJIOIUU MACCHUB-
HBIX 3BE3Jl B PE3YJIBTATE I'PABUTA-
LUOHHOI'O KOJIJIAIICA LEHTPAIb-
HOI 4YaCTH 3BE3/JbI — B3PbIBA
CBEPXHOBOM. Eciam macca CKOJI-
JATIICUPOBABIIETO OCTATKd MEHb-
me, yem ~3 My, TO BO3HHMKAECT
HEUTPOHHAs 3BE€3Jd — HEOObI-
YAMHO IJIOTHBIM (C IJIOTHOCTBIO
~10"1r/cM% 9TO CPaBHUMO C ILIOT-
HOCTBIO B ATOMHBIX AJP4X), KOM-
NaKTHBIA (paguycoMm ~10KM) u
OBICTPOBPAIIAOMIUICA  OOBEKT
C CHUJbHBIM MAT'HUTHBIM IIOJIEM,
COCTOSAIMUNA B OCHOBHOM U3 HEHUT-
ponos. Ecnu xe 3Ta Macca 60Ib-
e, TO, KaK IPEJCKA3bIBAET OOI[ad
TEOPUA OTHOCHUTENBHOCTH, 06pa-
3yeTCd 4YepHad AbIpa. Y 4EPHOU
JBIPBI HET XKECTKOM IIOBEPXHOCTH,
€€ pasMep XapaKTEPU3YETCA TaAK
HA3bIBAEMBIM 2DABUMAUUOHHBIM
paouycom — TpaHULEH, 32 KOTO-
PYIO U3 BHYTPEHHEN 00JACTH HUY-
TO HE MOXET BBIUTU. B mpocTpaH-
CTBE 3TA BHYTPEHHAA 00J1ACTb OT-
pPaHUYEHA IOBEPXHOCTHIO, UMEHY-
EMOU  20PU3OHMOM  COOLLIMUIL.
YepHble JLIPBI U HEHUTPOHHBIE
3BE3/bl YACTO HA3BIBAIOT DPEIATH-
BUCTCKUMH, WUJIU KOMIIAKTHBIMH,
OOBEKTAMU.

OJIMHOYHBIC HEUTPOHHbBIE
3B€3/Ibl, KaK MPABUJIO, ABIAIOTCA
CIA0BIMU UCTOYHUKAMHU JIEKTPO-
MAarHUTHOTO HU3JIy4EHUA, 4 OJU-
HOYHAA YEPHAA JIbIPA CaMa 10 Ce-
6€¢ BOOOIIEC HUYEIO HE HU3Iy4daeT
(HEOONBIIOE U3NYUEHUE MOXKET
COIIPOBOXK/JATh IIOIVIOLIEHUE JIbl-
pOM OKpYXalowero rasa). OQHAKO
€C/IN YepHad Ablpa WIK HEUTPOH-
Had 3BE3[d UMEIOT BO3MOXHOCTD
IPUTATUBATD K Ce€O€ BELECTBO,
HAIIpUMEP, HAXOJAACh B JABOMHON
CUCTEME C HOPMAJIBHON 3BE3/I0M,
CUTyAlUsI PE3KO MCHAETCA. YKe
B IIEPBLIX PAKETHBIX 9KCIIEPUMEH-
Tax B 60-¢ rojsl 6610 OGHAPYKE-
HO PEHTI€HOBCKOE U3JIyYEHUE sP-
yaumen HEUTPOHHON  3BE3JbI

B Hamed lamakruke (CKOPHIUOH
X-1 — on oxkasanca B 100000 pas
apue, yeM CoJIHIE) — KOMIIOHEH-
Ta JBOMHOU CUCTEMBL. 32 CIEAVIO-
mue 40 ser 6bI0 OTKPHITO He-
CKOJIBKO COTEH SIPKUX PEHTIEHO-
BCKUX UCTOYHUKOB, GONBIIUHCTBO
13 KOTOPBIX BXOJUT B JIBOHMHBIE
CHUCTEMBI.

Jleno B TOM, 4TO 34 MCKJIIO4Ye-
HUEM AHHUTHIALMN BEIMIECTBA U
AHTHUBEIECTBA, HanboIee apdek-
TUBHBIM MEXAHU3MOM BBIJCIEHUSA
SHEPTUU CIYKUT aKkpeyus — ma-
JEHUE BEIECTBA B CHJIBHOM Ipa-
BUTALIMOHHOM I10JIE KOMITAKTHOT'O
o6pexTa. Korja yepHas Jplpa Win
HEUTPOHHAS 3BE3/1d 3aXBATBHIBACT
JOCTATOYHOE KOJHUYECTBO TIa3a,
MOTEPSIHHOTO OOBIYHON 3BE3/0-
KOMITAHBOHOM, JIBOMHA4d CHCTEMA
MOXET CTATh MOIMHENIIUM UCTOY-
HHUKOM PEHTI€HOBCKOTO H3Jyye-
HUA. B TECHBIX IBOMHBIX CUCTEMAX
peanusyerca crnenupuIecKkun pe-
KUM AKKPEUU — OUCK08asA aAK-
xpeyusn. Tas, neperexaomuu C
HOPMAaJIbHON 3BE3/IbI, UMEET 60JIb-
HIOM yIJIOBOM MOMEHT. B pesyisb-
TaTe 0OPA3yETCsA AKKPEIMOHHBIN
JUCK, BEIECTBO B KOTOPOM OBICT-
PO BpaMAETCA MO MOYTH KPYro-
BBIM OPOUTAM M MEJIEHHO JPEN-
dyer B CTOPOHY KOMIAKTHOTO
o6bekTa. Ipend conpoBOXAACTCA
HarpeBOM BEIIECTBA, U IPU NPUL-
JIMKEHUN K KOMIIAKTHOMY OOBEK-
Ty TEMIIEPATYPA I'a3a CTAHOBUTCSH
HA4CTOJBKO BBICOKA, UTO OH HAYHU-
H4€T U3JIy4aThb B PEHTIEHOBCKOM
JuanasoHe. MexaHusM JUCKOBOM
AKKPEIUU ObI NPEATOXKEH [
OOBACHEHHUS NPUPOABI PEHTIEHO-
BCKMX HCTOYHHUKOB COBETCKUMH
acrpodpusnkamu H.JM.IIakypoil u
P.A.CrousieBoiM B 70-¢ 1obI XX B.
[1]. DTOT MEXAHU3M JIEUCTBYET HE
TOJIBKO B TECHBIX JIBOMHBIX CUCTE-
MaX, HO U B dKTUBHBIX A/|paxX ra-
JIAKTUK, IJl€ [EHTPAAbHAsA CBEPX-
MACCUBHAA YEPHAA AbIPA (MACCON
10°—107 My) HOIJIOMAET MEXK3BE-
3JHBIM TI'a3 U JaXE OT/CJIbHbIC
3BE3/BL.

HabnogeHus IOKa3aau, 4TO
MHOI/IAa YEPHBIE JBIPBI U3JIY4aAIOT
3HAYUTENBHYIO YACTh JHEPIUHU
B JKECTKUX PEHTIEHOBCKHUX JIy4ax
(aneprusa ¢goroHos 6ompme 10—
100 x3B). ®oToHB ¢ NmOJO6HOU
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Puc.1. CxemaTtnueckoe M3obpaxeHne aKKpeLMOHHOrO NOTOKA BOKPYT
YepHOM AbIPbl C MANbIM TEMAOM aKKpeunu sewectsa. OnTMYeCKMU TONCTHIN
QKKPELMOHHBIM AMCK NOAXOAUT K YEPHOM AbIpe CNPABA M CNEBA, HO He
NPOAOCAXAETCS A0 €€ rOPU3OHTA COBBITUM (YepHbIM KPYXOK B LEeHTpe),

a npeepaLLaeTcs B ONTUYECKM TOHKYIO ropsvylo KOPoHy (mokasaHa cepbim).
DoToHbI, BEIXOASLWME U3 AKKPELLMOHHOTO AUCKA (M30BpaxeHbl KpAcHOM
CTPenkoi), pacceMBaloTcs B ropsyel KOPOHe HA 3NEKTPOHAX M npuobpeTaioT

6onbwyio aHepruio.

(popMOH cmexkTpa HE MOIYT BO3-
HUKHYTb B PE3YJILTATE CAMOIO HU3-
JIYUEHUA AKKPEIIMOHHOIO JJUCKA.
B reoperuyeckux paboTax, BBI-
MOJMHEHHBIX B 80-€ oAbl [2], 66110
MOKA3aHO: BEPOATHEE BCETO, UBIY-
YEHUE HA OOMNBIIUX YACTOTAX €CTh
CIEACTBUE IEPEKAUKU IHEPTUU OT
BBICOKOHEPIUYHBIX (TOPAYUX)
3JIEKTPOHOB K (POTOHAM (TaK Ha-
3pIBa€Masg KOMIOTOHU3ALUA (POTO-
HOB). B HacTosmee BpeMsa HauboO-
Jlee TomnynspHa KOMOMHHPOBAH-
Had JIBYX30HHAd MOJIEIb AKKPEIU-
OHHOTO IIOTOKA4: a4KKPEIMOHHBIN
JUCK BOJIM3U KOMIAKTHOI'O OOb-
€KTa ucnapsercss, obpasysa rops-
4yI0 KOPOHY, B KOTOPOI1 U IIPOUC-
XOJUT KOMITOHHU3AIUs PEHTTE-
HOBCKUX (POTOHOB (puc.l).
OCHOBHAs [0/l HEPI'UU, BbI-

MAKTHOTO OOBEKTA, MPHUYEM, KAK
MTOKA3BIBAIOT PACYETHI, IPEUMYIIIE-
CTBEHHO B PEHTI€HOBCKOM JHAIla-
30HE 3HEPruil. MMEHHO MO3TOMY
PEHTIE€HOBCKOE U3JIyY€HUE OKA3bI-
BA€TCA CaMbIM  3(PEKTUBHBIM
MHCTPYMEHTOM /I UCCIIEJOBAHU
KOMIIAKTHBIX 00beKTOB. Popma
CIIEKTpa doToHOB BECbMA
YYBCTBUTEIbHA KAK K MapaMeTpaM
KOMIIAKTHBIX OOBEKTOB, TaK U
K TapaMeTpaM aKKPEIUOHHOTO
JUCKA W OOJNACTH, COAepKAIEN
BBICOKOOHEPTUYHBIE 3TEKTPOHDL.
Hanpumep, eciim B KA4€CTBE KOM-
MAKTHOTO OOBEKTA BBICTYNIAET
HEUTPOHHAA 3B€3/]a C CHUJIBHBIM
MATHUTHBIM TIOJEM HAaNpPIXKEH-
HOCTbIO 10"*—10" I'c (mua npume-
pa, HAIPSKEHHOCTb MATHUTHOT'O
nons COJIHIIA HE IPEBBIIAET

BAHO BO BPEMEHH, U IBONHAA CUC-
TeMa OYIET BBITIAJLETD KAK PEHTIE-
HOBCKHMII IylbCap. Beicokas nepe-
MEHHOCTb PEHTIE€HOBCKOI'O H3JIy-
YEHUSA KOMIIAKTHBIX OOBEKTOB —
UX OTJIIMYUTENbHAS yepTa. [Ipuuem
3Ta MEPEMEHHOCTb MPOSBIAECTCA
H4 BCEX BPEMEHHBIX MACIITA6AX —
OT MUKPOCEKYH/]] 10 NECATKOB JIET
(BpeMeHHU CyIECTBOBAHUA PEHT-
I'€HOBCKOU 4aCTPOHOMHUM), A4 AMII-
JUTYA U3BMEHEHUA HHTEHCUBHOC-
TH MOXET JJOCTUTaTh MIECTU-CEMU
MOPAJKOB MO BeanuuHe. CaM Xa-
paKTEp MEPEMEHHOCTHU PEHTIEHO-
BCKOT'O H3JIYYCHUSI MOXKET OBITb
PAa3JIMYHBIM B 3dBUCUMOCTH OT
CBETUMOCTH OOBEKTA.

Ha ctpaxe
nepeMeHHoro 6necka

B 90-¢ roabl poccuiickue acr-
podusnyecKkue 0O6CEPBATOPUU —
PEHTTECHOBCKUM MOAYIb «KBaHT»
OpOUTANBHON CTAaHOUU «MHUpP» U
ACTPO(PU3NYECKUH CIIYTHUK «I')pa-
HAT», B CO3/JAHUU U IKCIIYATALIUU
KOTOPBIX NPUHUMAIU Yy4aCTHUE
corpynHuku MKH, — 6pinm nuse-
paMMu OTEYECTBEHHOU 3KCIEPU-
MEHTAJIBHOU acTpodusuku. OHU
MMO3BOJIMIN HE TOJBKO OTKPBIThH
HECKOJIBKO JECATKOB PEHTTEHOBC-
KUX UCTOYHHUKOB B Hameln lanak-
THUKE, B TOM YHCJIE KAHJUAATOB
B YEPHBIE JABIPB, HO U HUCCIENO-
BATb UX CHEKTPHl B HNIMPOKOM —
Tpu nopsjaka no sa”epruam (1) —
9HEPTEeTUYECKOM JIMANA30HE.

Perucrpanus U3JIy4YCHUS
CUAbHO TIEPEMEHHBIX HCTOYHU-
KOB, CIIEKTPBI KOTOPBIX MPOCTHU-
paloTCAa HA HECKOJIBKO MOPAAKOB
BEJIMYUH IO HEPIUAM — OT JIO-
jen k3B go coren k3B — BecbMa
CIOXHA4 3a/1ay4a. J[eJio B TOM, 4TO
HAa TAaKOHW [UANlAa30H 3HEPIUn
NPUXOJUTCSA HECKOIBKO CHOCO-
60B B3AUMOJENCTBUSA PEHTIEHO-
BCKUX (POTOHOB C BEMECTBOM.
IIpyn ManblX 3HEPrUAX npeoodia-
naetT GoToaPPEKT, NpU IHEPTUAX
BBIIIE HECKOJBKUX JECATKOB K3B
JOMUHHUPYET  KOMITOHOBCKOE
paccesanue, a Ipu 3HEPTUU (POTO-
Ha OK0oJIO M3B HaunHaercsa obpa-

gensiomerics IpHM  akkpeuuu, ~1IC), TO pEHTI€HOBCKOE U3/Iyde-  30BAHUE 3IEKTPOH-IO3UTPOH-
JOOJ/DKHA M3JIy4aTbCsl BONM3M KOM-  HHE OYAET CWIBHO NPOMOJYJIHUPO-  HBIX IHap. JJag perucrpanuun
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Puc.2. CnekTpbl MOWHOCTM TUAMYHON QKKPELMUPYIOLWEH YePHOM AbIPbI
(Nle6enb X-1) u HeiTpoHHo 3Be3papl (Tep3an 2). Kpusas ana HelTpoHHOM
3Be3Abl cnagaeT npu 6onee BbICOKUX YACTOTAX, AAXKE €CAM YHECTb PA3HULY
B MACCAX KOMNOKTHbIX 06beKTOB (LBETHAS KPUBAS ANS YEPHOM AbIPbI
nepecynTaHa ¢ yietom 3Tol pasvuubl) [3]. 910 rosopuT o ToM, YTo
HEeWTpPOHHAs 3Be3aa ropaspo 6onee nepeMeHHA HA BBICOKMX YACTOTAX.

CIIEKTPA PEHTTEHOBCKOT'O UCTOU-
HHUKA B HMHUPOKOM 3IHEPTETUYEC-
KOM JIMalla30HE Tpebyercs pabo-
T4 HECKONbKHUX PAa3TUYHBIX Ji€-
TEKTOPOB OJHOBPEMEHHO, YTO
JJAJIEKO HE BCErJa BO3MOXHO.
PenTrenoBckoe wu3iay4eHUue HeE
yaaeTcs (pOKyCHPOBATBH, KAK 3TO
nenaeTcs B ONTHKE. TONBKO I
MATKOI'O PEHTIEHOBCKOTO JUAIa-
30Ha (3HEpPruu (OTOHOB MECHBIIE
~10 k3B) MOXHO HCIOJbB30BATDH
meneckonv. Kocozo nadeHus —
AHAJIOT OOBIYHBIX ONTHUYECKUX
TEJIECKOIIOB. B Teseckonax Koco-
ro MHajgeHuA PEHTIEHOBCKHUE
KBAHTBHI OTPAXKAIOTCA TMOJ| MaTbIM
YIJIOM B (POKYC TEIECKOMA METAJI-
IU4eCKUM (OOBIYHO TO30JI0-
YEHHBIM) 3€PKAJOM, UMEIOMUM
(opmy conpsKeHHOro napado-
joujga — runepobosonja Bpalie-
HUS. DTO TO3BOJSIET TOJYIUTH
peajbHOE U300PAKEHUE YUACTKA
He6A B PEHTTEHOBCKOM JIMaNa30-
HEe W HA0JIOJATbh HE TOJBKO TO-
YEYHBIE, HO U NPOTAKEHHBIE 00b-
€KTBbl, HAIPUMEDP CKOIJIEHUA Ta-
TaKTUK. Hamnyumee yraioBoe pas-
peneHne JOCTUTHYTO TAKUM CIIO-
CO60M Y PEHTIEHOBCKOTO Teje-

cKkomna Ha cnyrHuke «Chandra» n
cocrapngeT ~0.5”, 4TO yXKe CpaB-
HUMO C PA3PEMIEHUEM HA3EMHBIX
ONTUYECKUX TEIECKOMOB. YTOOHI
IIOCTPOUTHh HU300pakeHue B 60-
JIe€ XKECTKOM JHalld30HE, IIpUMe-
HAECTCS  Memoo  KoOupyrouseli
anepmypul. B aToM MeTOJE TIEpE]
JETEKTOPOM IIOMEIIAIOT 3KPAH U3
NIPO3PAYHBIX U HENPO3PAYHBIX
I PEHTTEHOBCKOI'O H3IYYE€HUA
31eMeHTOB. Henpospaunsie aje-
MEHTBI OTOPACHIBAIOT TEHD HA JiE-
TEKTOP, U IO IOJOXECHUIO OCBE-
MIEHHBIX U 34TEHEHHBIX YYACTKOB
JETEKTOPA MOXKHO BOCCTAHOBUTH
MOJIO)KEHNE MCTOYHHMKA Ha HeEOe.
MeTo/ 1O3BOJIAET PEKOHCTPYU-
pOBaTh U30OPAKEHUE, NAKE E€CIU
B IIOJIE 3PEHUA TEJIECKOId HAXO-
JUTCS HECKOJBKO TOYEYHBIX HC-
TOYHHUKOB. OOBIYHO YITTOBOE PA3-
pelmeHne TaKUX TEIECKOIOB I0-
pAZKa YITIOBOM MUHYTBI IYI'H.

Ha cerogHgamunm JeHb OJHa U3
Hanb60JeE UHTEPECHBIX 3314 —
3TO JOKA34Th, YTO YEPHBIE ABIPHI
JEUCTBUTEIIBHO CywmecTBYIOT. Ilo-
Ka TBEPAO YCTAHOBJIEHBI TOIBKO
NPU3HAKH, 1O KOTOPBIM MOJXKHO
ONPEJENUTh, YTO KOMIAKTHBIN

00OBEKT B JBOMHOM cucteme HE sB-
JIA€TCA 4ePHOM Ablpoit. Ecim mac-
€4 KOMIIAKTHOT'O OOBEKTA MEHBIIE
2—3 My, TO 3TO HEUTPOHHAS 3BE3-
J1a 1an 6enplil Kapauk. Ecim Kom-
MAKTHBII OOBEKT MPOABIAET CEOH
KaK PEHTI€HOBCKUN IyIbCAP JIUOO
OT HETO PETUCTPUPYIOTCA HEIE-
pUOANYECKUAE PEHTIEHOBCKHE
BCIUIECKH, BBI3BAHHBIE TEPMOA/IED-
HBIM I'OPEHUEM AKKPEIIMPOBABIIIE-
I'O BEHIECTBA, TO 3TO HEUTPOHHAA
3Be3/1a. Jlaxke eciam MacCca KOMIAKT-
HOTO OOBEKTA 3ABEIOMO OOJbIIE
MAaKCUMAJIbHO BO3MOXKHOIM MaCCHI
HEUTPOHHOM 3BE3JbI, TO U B 3TOM
cayvyae Henb3da co 100-mporent-
HOI YBEPEHHOCTBIO YTBEPXKAATH,
YTO HAOJIOJAEMBIH OOBEKT — Yep-
Hasd JpIPd, TdK KAK HY’KHO YCTaHO-
BUTb HAJIMYUE TOPU3OHTA COOBI-
TUI B JAaHHOM OObeKTe. IToaToMmy,
CTPOTO TOBOPH, /IO CUX IOP OOHA-
PYXKEHBI TOJBKO KAHOUOAMbL 6
yeprule 0biPbl, HO HE CAMU YEPHBIE
JBIPEL. JJOKA3aTh CYHIECTBOBAHUE
YEPHBIX ABIP — 3HAYUT IOJYYUTH
Haubosee CEPLE3HOE MOJTBEPK-
jJeHue oOuel TeoOpuu OTHOCHU-
TeJIbHOCTU. OJJUH U3 BO3MOXKHBIX
IyTel pEIICHU ITON 3aJa4Yn —
HCCIIEJOBATh IEPEMEHHOCTD PEHT-
TE€HOBCKOI'O M3JYYEHUHA Hd BBHICO-
KMX 4yacToTax. OKa3bIBAETCA, UTO,
B OT/IMYUE OT HEUTPOHHBIX 3BE3[,
KaHJAUAATHl B YEPHBIE JBIPBI IPAK-
TUYECKU «HE MIYMAT» HA YACTOTAX,
NPEBBIIAOINUX YACTOTYy Ob6palie-
HHA BEIECTBA HA BHYTPEHHUX OP-
6UTAX AKKPELTMOHHOI'O JUCKA BOK-
pyr' Y€PHBIX JIBIP, T.€. HA BPEMECH-
HBIX MacmTabax MeHee 4YeMm
~10 Mc [3]. AMmIATy/a IEepemMeH-
HOCTH B CHEKTPAX MOIIHOCTHU
HEUTPOHHBIX 3Be3] (pypbe-06pa-
32 PEHTICHOBCKOU KpUBOH Oiec-
Kd) Hd 4YaCTOTAX BBIINIEC HECKOJIb-
KHX COTEH I'epll Ha MOPS/IOK BHIIIE,
YEM Y KAHOHHUYECKOTO KaHAUAATA
B uepHble AbpIpel Jlebeap X-1
(puc.2). 910 OOBACHAETCA BKJIA-
JJOM PEHTTEHOBCKOTO H3JIy4E€HHH,
IFEHEPUPYEMOTO HA MOBEPXHOCTU
HEUTPOHHON 3B€3Jbl. OTCYyTCTBUE
TAKOI KOMIIOHEHTHl B CIEKTpE
MOIIHOCTHU Y€PHOU ABIPBI TOBOPUT
00 OTCYTCTBHUM TAKON IMOBEPXHOC-
TH, 4 CJIEJJOBATENBHO, CIIYKUT KOC-
BEHHBIM MOJTBEPKIACHUEM HaJIU-
Yy TOPU3OHTA COOBITUI.
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OT dHHUIMAALUMU
00 FAMMQO-BCNNECKOB

Ecnu aneprua pOoToHA IPEBBI-
IIAET HECKOJIBKO JIECSATKOB K3B, ero
NPUHATO HA3bIBATH T'AMMa-KBaH-
ToM. C 2002 1. corpyanuku MKH
PAH aKTHBHO Y4aCTBYIOT B paboTe
06CcepBaTOpUN ramMma-nyden «MHu-
TErpau», TEJECKOIBl KOTOPOH MOY-
TH Ha TOPAJOK YYBCTBUTEJIbHEE
TEJIECKONOB obcepparopun «I'pa-
HaT». Kak u Ha «I'paHare», B npubo-
pax ob6cepsaropun <«MHuTerpan»
JUIA TIOJYYEHHUA U300pPaXKEHUN UC-
[IOJb3YETCA METOJ KOAUPYIOIEN
anepTypul. Bricokoe aHEpreTuyec-
KO€ pa3peleHue CHEKTPOMETPA
SPI ob6cepBaropun <«MHTErpal»
MO3BOJNAET IPPEKTUBHO PETUCT-
PUPOBATD Y3KUE 3MUCCUOHHBIE JTH-
HUM HA SHEPTUAX B COTHU M THICA-
un K3B. JIMHUM CIIyKAT YHUKAJIb-
HBIM HCTOYHUKOM HH@OpMALUU
O S/IEPHBIX NPEBPAICHUAX BEIle-
crBa B laynaxkruke. fpyanmen ram-
Ma-JTUHHUEN OKA3bIBAETCA IMHUA HA
aHeprum 511 k3B, KoTOpasa BO3HU-
KaeT HpI/I AHHUTWJIAITNN SJ'[CKTpOH-
IIO3UTPOHHBIX 11Ap (PUC.3).

[TO3UTPOHBI  (AHTUIJIEKTPO-
HBI) IPEJCTABIAIOT COH0I HAUbO-
JIE€ PACIPOCTPAHEHHYIO (DOPMY
anTuBenecrsa B lanmakruke. lle-
JBIA pAJ PA3JUYHBIX IO CBOEH
NpUPOJie MPOIECCOB B aCTpOPu-
3UUYECKUX OOBEKTAX MOXKET IIPU-
BOJUTD K POXKIEHUIO MO3UTPOHOB.
Haubosee BaXHBIA M3 HUX —
B-pacmaz, mpu KOTOPOM HU3OTOIIBI
HCIIYCKAIOT MO3UTPOHBL. s acT-
pO(dU3UKN €CTECTBEHHBIM IOC-
TABIIMKOM MO3UTPOHOB BLICTYIA-
€T, HANIPUMED, paACHaj pajuoak-
TUBHOI'O U30TONA ANTIOMHUHUA Al*
CO BPEMEHEM KU3HU OKOJIO MMUII-
JIMOHA JIET. DTOT U30TOI 0Opasy-
€TCS KaK B 3B€3/laX Tumna Boub-
(ga—Pane*, Tak U npu B3PLIBAX
CBEPXHOBBIX; €TI0 KOJIUYECTBO Xa-
PAKTEPU3YET COBPEMEHHBIN TEMII
3B€34000pa30BaHuA B [aJaKTHKE.
CTOJNKHOBEHUE IO3UTPOHA C
3JIEKTPOHOM MOJXKET ITIPUBECTU
K AHHUTWIAUU — HCYE3HOBE-

*3Beszpl Ta Bosba—Parie — ropsune
3BE3/IbI OUEHD BBICOKOM CBETHMOCTH C fIP-
KMMH Y IMTUPOKUMH CTIEKTPATbHBIMH JINHU-
AMHM BOJOPO/IA, T€NHs, 430Td, YIJIEpOoAd U
KHCJIOPOJIA.

441074 | ﬂ
- 31074 |
k¥ r
s
o
o L
9 L
8 2410
- L
B
Q
Sl L
1074 |
'T_+t*¢-¢-;._+"-‘+—-- - o
0 - . &
I I T S T L PR [T T SRS A S N U SR L
490 500 510 520 530

3Heprug, k3B

Puc.3. Cnektp nanyuenus u3 obnactu ueHtpa FanakTtuku B paroHe aHepruu
511 kaB. YepHoi kp1BOM NOKA3AH BKNAA OPTO-NMO3UTPOHHOTO KOHTUHYYMA,
LBETHOM — NMHMUS OT NAPA-NO3UTPOHMUA [4].

HHUIO O0CUX YACTHUI] U POXKJICHUIO
BMECTO HUX JBYX WJIU TPEX POTO-
HOB. IMEHHO 3TH (DOTOHBI U CIIO-
COOHBI 3apPErUCTPUPOBATDH IPU-
60prl «MHTErpanar.

[IpakTuyecku BCE NPOLECCHI
HNPUBOAAT K OOPA30BAHUIO «TOPs-
YUX»> IO3UTPOHOB, T.€. Y4CTUL], KU-
HETHUYECKAd 3HEPIUsd KOTOPBIX
CPABHMMA WU IPEBBIMAET HUX
Mmaccy nokos. Ilpu Takux sHepru-
AX BEPOATHOCTb Ipouecca (uiu
CEYCHUE) AHHUTUIALUUA BECbMA
MaJIa, U IO3UTPOHBI, KAK [IPABUIIO,
YCHEBAIOT NOTEPATb 3HAYUTEIb-
HYIO 44CTb CBOEHW HEPIUU [0 TO-
I'0, KaK IPOU30M/IET AHHUTUJIALIUA.
Bpemsa Mexay pOXKACHUEM U AHHU-
I'UIALUEN TIO3UTPOHA MOXET COC-
TABJIATb MUJUIMOHBI JIET, B TEYECHUE
KOTOPBHIX IO3UTPOH IMOCTENEHHO
ApendyeT OT MECTA CBOETO POXK-
JEHUA JJO MECTAd HUCYE3HOBEHUS.
Ecin BEImecTBO Ha IIyTU IIO3UTPO-
Ha JIOCTATOYHO XOJIOAHOE, TO J0
AHHUTWIALMY IIO3UTPOH 3aXBAThI-
BA€ET NEKTPOH U OOPA3YET TAK Ha-
3bIBAEMBIN «IIO3UTPOHUN» — CBOE-
ro poJd aHAJIOT ATOMA BOJAOPOJA,
B KOTOPOM POJIb IOJOXUTEABHO
3APSDKEHHON YaCTULBI BBIIIOJIHAET
O3UTPOH. IIpocymecTBoBaB He-
JOJIroe BpeMs, HO3UTPOHNUH AHHU-
TUIUPYET, UCITYCKAA JKECTKUE I'aM-
Ma-nyuu. ITo B3aMMHOM OpHEHTA-
LUYU CIMHOB 4YaCTUL, PA3JIUYAIOT
[Ba TUIIA IIO3UTPOHUA — IApd- U
OpPTO-IIO3UTPOHUIN. AHHUTWIALUA
apa-MO3UTPOHUA TOPOKAAET /1BA
KBAHTA C 3Hepruen 511 k3B, Toraa
KdK OPTO-IIO3UTPOHUM AaHHUIUIIU-
pyeT ¢ 06pa3zoBaHUEM TpeX (POTO-
HOB PA3/IMYHbIX SHEPIUH, CKIA/bI-
BAIOIUXCA JJII MHOTHUX COOBITUU
B HENPEPBIBHBIN CIIEKTP. CIIEKTPO-
meTp SPI cnocobeH perucrpupo-
BaTb 0O€ 3TU KOMIIOHEHTHI (PUC.3)
U OIIPEAEIATh COOTHOLIEHUE MEX-
[y KOJIM4ECTBOM OPTO- U I1apa-II0-
3uTpoHUsA. M3Mepenue mapamer-
pOB JHMHHUHM MaPa-NO3UTPOHUA
MO3BOJAET CJIENATh BBIBOJABL O
CBOMCTBAX CPEJIbI, B KOTOPOW PO-
UCXOAUT AHHUTHJIALUSL.

Ecim mccnegoBaHue aHHUTH-
JIALUU IO3UTPOHOB CTAJIO JOCTYII-
HO TOJIBKO B IIOCENHEE AECATUIIE-
THE, TO 34raIKa raMMa-BCIIECKOB
BOJIHOBAJIA MCCIefoBaTENEn 60-
nee 40 net. B cepenune 60-x ro-
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JJOB AMEPUKAHCKUE CHOYTHUKU
«Vela», npegHA3HAYEHHBIE [
Ha6JII0/JEHUA 32 AJAEPHBIMUA B3PHI-
Bamu Ha Teppuropun CCCP, o6Ha-
pYyXuIM ApKUE U KOpPOTKUE (OT
JIONEN 10 JECATKOB U COTEH Ce-
KYHJ) BCIUIECKH TI'dMMa-HU3JIyde-
HUA. XOTA IO CBOEMY XapaAKTEpy
9TU  BCINUIECKH  HAIIOMHHAIU
BCIBIMIKM B MOMEHT AJIEPHBIX
B3PBIBOB, IPUXO/UJIN OHU U3 KOC-
MMYECKOI'O IPOCTPaHCTBA. Cpasy
JKE€ CTAJIO MOHATHO, YTO B UCTOY-
HHUKAX I'dAMMa-BCIJIECKOB JOJIKHBI
pEANU30BLIBATHCA CAMBIE IKCTPE-
MaJbHBIE COCTOAHUA BEIECTBA U
YTO OHU CMOTYT IIOCTYXUTD IPEK-
pacHON nabopaTopued Ajasd UC-
CJIIEIOBAHUS BEIIECTBA B IIOJ00-
HBIX COCTOSHUSAX.

Hecmorpsa Ha 60nbIIME YCH-
Jud, IPUPOJd KOCMUYECKAX T'AM-
Ma-BCIIJIECKOB JIOJATOE BPEMA OC-
TABAJIACh HEPa3rajanHoi. ToibKo
B KOHIIe 90-X TOJOB O6BUIO YCTa-
HOBJIEHO, YTO UCTOYHUKHU BCILIEC-
KOB PACITOJIOKEHBI HA KOCMOJIOTH-
YECKUX PACCTOSAHUAX, T.€. PACCTO-

AHUAX, CPABHUMBIX C Pa3MEPOM
Ha0/I10/1aeMO¥ YacTU BceneHHOM.
DTO CTANIO BO3MOXKHO 61arojaps
HAOMIOJIEHUAM TAK HA3BIBAEMBIX
[IOCJIECBECYCHUN TIaMMa-BCILIEC-
KOB. OKa3aJI0Ch, 4YTO MOCJIE APKOH,
HO KOPOTKOI BCIBIIIKK B I'aMMa-
JUANa30HE MCTOYHUK BCIJIECKA
eme J0Aro (Ha NPOTSKEHUU AHEN
1 OOJIE€) U3NYYAET B APYIUX JUa-
Ma30HAX CIEKTpPa 3JIEKTPpOMAr-
HUTHOTO U3NYYEHUS — OT PEHTTE-
HOBCKOTO /IO PaAuoO. B XKeCcTKOM
PEHTIEHOBCKOM JHUAMa30HE IO-
J0OHOE TOCIECBEYEHUE OBIIO
BIIEPBBIE OOHAPYKEHO 1O JAHHBIM
obcepBaropun «I'paHar».

B Hacrosmee BpeMA ynaercs
HA6MI0JaTh IIOCJECBEUYCHHUSI T'aM-
Ma-BCIJIECKOB HECKOJBKO pa3
B TOJ. DTUMH HAOMIOJEHUAMU 34-
HATBl MHOT'ME KDPYIHENIINE HAa-
3eMHBIE U OpOUTATBHBIE 0O6CEPBA-
TOPUU. BHIIO yCTAaHOBIEHO, YTO
10 KpaMHEH MEpE 4aCTb raMMa-
BCIUIECKOB CBSI3aHA CO B3PLIBAMU
CBEPXHOBBIX, TOUHEE, C BHIOPOCOM
BEIECTBA M JHEPTUMU BJOJIL OCHU
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Puc.4. UckniountenbHo sspkoe ontTuyeckoe nocnecseveHme raMma-ecniecka
GRB 030329 B nepebie HeckonbKko 4acoB ero 3atyxaHus [5]. JaHHbie

HabnogeHuns Ha Teneckone PTT150.

BPALIEHUA CKOJIIANCHPOBABIIETO
AAPAa MACCUBHON 3BE3/IBI.

B MKU HAOIIO/IEHUS TOCIECBE-
YEHUN I'aMMa-BCIIECKOB IIPOBO-
garcsa Ha Poccuiicko-Typenkom
MOJYyTOPAMETPOBOM ONTHYECKOM
teneckone PTT150, BBeJEHHOM
B CTpol B cepeaune 90-X rojgos
NIPU Yy4aCTUU COTPYAHUKOB MKU
PAH. OH CTaJ HNEPBBIM TEJIECKO-
IIOM CPEJHEr0 KIacCa, KOTOPHIH
OBLT HABEJICH HA ONTUYECKOE MOC-
JIECBEYEHHUE BCIJIECKA 29 mapra
2003 1. — OTHOTO M3 OIMKANIINX
U APYANIIUX T'dMMA-BCIUIECKOB,
34PETUCTPUPOBAHHBIX B IOCIEN-
HHE HECKOJbKO jeT. B xoje HA6-
JIOJICHUI OblIA HAUOOJIEE TOUYHO
n3MepeHa Kpusag 6JeCKa ONTHU-
YEeCKOI'o nociecseueHus (puc.4).
BrnocineacTsuu Ha MECTE€ HUCTOU-
HHMK4 3TOI'0 I'aMMa-BCIUIECKA OBl
06HApPYXKEHA CBEPXHOBAA.

[TouTn BCE paHee pErucTpupo-
BABIIMECH TaMMa-BCILUIECKH, [0
KOTOPBIX Yy/JaBaJOCh HU3MEPUTH
paccToAaHue, NPOU3ONUIIN B JaJe-
KAX TaJAKTUKAX (IIPU KPACHBIX
cMemenuax ot 0.3 10 4) U Xapak-
TEPU30BAIIUCH OTPOMHON SHEPIU-
€U, MEHAIOUEHCA B AOCTATOYHO
Y3KOM Il aCTPO(PU3UKU HHTEP-
Base 10°—10* 3pr (B ycioBUAX
M30TPOIHOI0 PACHPOCTPAHEHUA
U3JIy4eHuns). BBICKA3BIBAIOCH
NPEJANONOXKEHUE, YTO MOJHOE
SHEPTOBBIICICHUE BCIJIECKA €CTh
BEJIMYMHA YHUBEpPCaabHaA. OjHa-
KO psj HabmoaeHuil «Muarerpana»
MMOKA3BIBAET, YTO TaAKadA IPOCTAA
KapTHHA, CKOpEE BCEro, HEBEPHA.

3 pekabpsa 20031 B 224
01 mun 28 ¢ BcemupHoro speme-
Hu Tteneckon IBIS obcepsaropun
«Mlaterpam»  3apeEruCTPUPOBAI
ramma-scmieck GRB031203. Ero
[IOJIOKEHUE Ha Hebe ObLIO olpe-
JICJIEHO C TOYHOCTBIO 2.5, U 3T
CBEJICHUS OBUIH PACIPOCTPAHEHBI
C NOMOIBIO IHTEPHETA B PEKOPJA-
Hoe Bpema — depe3 18 ¢ mocie
Ha4and BCIUIECKA, T.€. KOIZd CaM
BCIUIECK €Ile IpogoKaics. Clyc-
TS HECKOJIBKO 4YaCOB TEIECKOIBI
op6uUTaNBHON obcepBaTopuu
«XMM-Newton» 3aCEKIN HA MECTE
GRB031203 3aTyxamomun peHrre-
HOBCKUM MCTOYHHUK, KOTOPBIA
BIIOCTIEACTBUMU OB 3dPETUCTPU-
POBAaH TAaKKE€ HA3EMHBIMHU PaJUO-
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U ONTHYECKHMHU TEIECKOIAMHU.
HanpHEUImue HAOAIOAEHHU ITI03BO-
JUAU  OOHAPYXUTH TaNaKTHUKY
¢ KpacHbIM cMmemeHueMm 0.1055
(paccroganue oxoso 1300 MiH
CBETOBBIX JIET), I'I€ MIPOU3OUIE]
raMMa-BCIJIECK, a4 CHYCTS HEC-
KOJIBKO HEJIE/Ib — U CBEPXHOBYIO,
CBSI3AHHYIO CO BCIUIECKOM. AHAIN3
JAaHHBIX ob6cepsaropuu «MHTEr-
pan» IIOKAa34JI, 4TO BpﬁMCHHbIC nu
CHEKTPATbHBIE XAPAKTEPUCTUKU
raMMa-BCIJIECKA GRB031203
BIIOJIHE OOBIYHBI IS OOBHEKTOB
3TOr'0 KJIACCA; B YACTHOCTH, OC-
HOBHA4s 3HEPTUS ObIIA BBICICHA
B BUJI€ I'aMMa-(OTOHOB C IHEPTHU-
e 6onee 200 k3B. OpHAKO IOJ-
Hasl SHEPTUS, BBICTUBIIAICA NPU
3ToM (<10°° 3pr B HIpeAnonoxe-
HUU U3O0TPONHOCTU UBIYYCHUS),
0Ka3a71ach B COTHU pPa3 MCHBIIE
0KH/IA€MOM JIJIsI OOBIYHOI'O T'AM-
Ma-BCIUIECKA [6]. [JaHHBII PE3YIib-
TAT ONPOBEPI I'OCHOJCTBOBABIIECE
MOCIEAHUE TATh JIET NPEACTABIIE-
HHE O TraMMa-BCIUIECKAX KaK O
«CTAHJAPTHBIX CBEYAX», HMEIO-
UX IPUMEPHO OJHY U TY XK€ CBE-
TUMOCTb. Teneppb €CTh CEPbhE3HbIC
OCHOBAHUS MPEJIONATATh, 4YTO CY-

LIECTBYET KJIACC I'AMMa-BCILIECKOB
B COTHM U THICAYU pa3 cnabee us-
BECTHBIX /10 CHUX IOp. OTAa HOBAA
MOomyasaI s MOXKET OKa3aTbCAa
BECbM4 MHOI'OYUCJIEHHOMU, 4 HE
yIaBaJIOCh OOHAPYXKUTH €€ /10 He-
JABHET'O BPDEMEHMU JIUIIb U3-34 HE-
JOCTATOYHON YyBCTBUTEJIBHOCTH
npubopos.

PeHTreHoBsckas
«aApXeonorusa»

H3-32 aKKPEINH OKPYXKAIOIETO
ra3a U IbIIU MOHIHCI:IIIICC BHCTI'a-
JTAKTUUECKOE PEHTIEHOBCKOE H3-
JYYEHUE BO3HUKAET BOIMU3U aK-
TUBHBIX sJIEp TATaKTUK — MpPEJ-
MOJIOKUTENBHO CBEPXMACCUBHBIX
YEPHBIX [JBIp B HUX IIEHTPAX.
COOCTBEHHO, COBPEMEHHAA TEO-
pus HE IpeiaraeT HUKAKUX Jpy-
IUX KaHAUAATOB HAa POIb OOBEK-
TOB CO CTOJb OOJBIION MaCCOM.
Iny6oxne 0630pbl  HEOOJIBIIUX
Y4aCTKOB HeHa B CTAH/JAPTHOM

PEHTIEHOBCKOM JIUana3oHe
(2—10 k3B), mposepeHHbIE 006-
cepBaropusimu  «Chandra» wu

«XMM-Newton», 3aperucTpupo-

BAJIM 3HAUUTENBHOE YUCIO TAKUX
HCTOYHUKOB B [JANEKUX TIalaK-
THKaX, 2 0030p BCEro Heba B MAT-
KOM PEHTTEHOBCKOM AMAMA30HE
(<2 k3B) ob6cepsaropun ROSAT
MOATBEPJUI, YTO U B GIU3KUX Ia-
JAKTUKaX HAOGIIONA€TCA MHOTO
CBEPXMACCUBHBIX UYEPHBIX JBIP.
OIHAKO PEHTTEHOBCKOE H3JyYe-
HHUE TAKUX HU3KUX dHEPTUH JIETKO
MIOTJIONAETCS MBUIBIO U T'a30M, KO-
TOPBIIT OKPYXKAET II€HTPAIbHBIE
YACTU TATAKTUK, TO3TOMY MOXKHO
OBLIO OKHJATDH, YTO HA CAMOM JIeJIE
JOJIg AKTUBHBIX AJEP HAMHOT'O BBI-
me. Tak Kak B TOCJIEJHEE BpeMd
CTaJIO NOHATHO, YTO HAJIHUYHUEC U
AKTUBHOCTD CBEPXMACCHUBHBIX
YEPHBIX JIBIP B FAJTAKTUKAX MOXET
OKa3bIBATh 3HAUUTEIBHOE BIIUA-
HUE HA (POPMUPOBAHUE U IBOJIO-
IO 3BE3JHOTO HACEJIECHUSA U
MEXX3BE3/JHOTO 434 TAAKTHK, Tpe-
60BAIOCH MMOJYIUTb OOJIEE TOUHBIE
OLIEHKM UX 4MCIa. BbUl IPOBEJEH
HOBBII 0630 BCETO HEDHA, C/IENTAH-
HBIM HA OCHOBE HAOJIOAEHUHN 00-
cepsaropuu RXTE (puc.5) B 601ee
MIUPOKOM /Malla30HEe 3HEPrum
(3—20 x3B) [7]. B urore yaanoco
OOHAPYKUTH OOJBIIOE KOJUYECT-

Puc.5. O630p Bcero Heba B guanasoHe 3—20 k3B ob6cepsatopun RXTE 8 1996—1999 rr. OTMmeueH psag U3BECTHBIX
uctouHunkos [7].
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Puc.6. Usobpaxenne obnactu Llentpa Manaktuku (cneea). MokasaHbl spyaiiume HENTPOHHbIE 3BE3/bl, YEPHBIE AbIPbI
M nonoxeHue monekynspHoro obnaka Sgr B2. Cnektp nanydyeHus monekynspHoro obnaka Sgr B2 (cnpaea).
KpecTuku — skcnepumeHTanbHble AAHHbIE, LLBETHOM WTPUXOBOW KPMBOM MOKA3AHbI PE3YAbTATH PACYETA ANSi MOAENM
M3Nny4YeHHUs MoneKynapHoro obnaka, o6ny4yeHHOro CBEPXMACCUBHOM YepHOM Abipoi Sgr A* B ueHTpe Hawe
Fanaktukn npumepHo 300 ner Hasag [9].

BO AKTUBHBIX fJiep ceudepToBC-
KMX TaJaKTUK BTOPOTO THMNA* —
C CUJAbHBIM BHYTPEHHHUM IIOIJIO-
IIEHUEM, BBI3BAHHBIM, BEPOSATHO,
OGONBIIUM KOJUYECTBOM  IIBLIU
B FJIAKTUKE IO XOJY JIy4a 3PEHUS,
a TAKXE IMMOKAa3aTh, YTO B CJIAOBIX
AApaxX IOTJIOLEHUE B CPEJHEM
cunpHee (6OJbIIE IBLIU?), YEM
B ApkuX. [TosydeHHBIN pe3yasrar
MO3BOJISIET TOYHEE OI[CHUTD dHEP-
TOBBIJICJIECHUE B PAMOHAX CBEPX-
MACCUBHBIX YEPHBIX JBIPp B JIO-
KaJIbHOU BceneHHO.

A 4TO K€ MPOUCXOJUT C APOM
Hamen Tanakruku? XoTd wH3-32
CKOTIEHUS T434 U NBUIN [[EHTPANb-
Has 4aCTh Hamen [anmakTuku He-
JJOCTYIIHA HAOTIOEHUAM OITHYEC-
KUX TEJECKOIOB, UCCIENOBAHNUA B
NH(PPAKPACHOM JJMANA30HE NOJ-
TBEpAUIH, 4TO B llenTpe Hamen
lFamaktuxkm  (SgrA*) nHaxopuTCA
CBEPXMACCHUBHASA 4Y€pHAsd [JbIpa C
maccoit 6onee 10°M,. ITo aHano-
M C JIDYTUMHU TaTaKTUKAMH Ha
3TOM MECTE MOKHO OBLIO OXHUIAThH
HAJIMYUS CUJIBHOI'O PEHTTEHOBCKO-
ro UCTOYHHUKA — AKTUBHOIO S/pa.
OmHAKO HAOGIIOJEHUS, BBIIIOJHECH-

* CeripepTOBCKUE TATAKTUKA BTOPOTO TH-
1d — KJIACC TAUIAKTUK C APKUMU 3BE3/1006-
PA3HBIMU AZPAMUA U CUJIBHBIMHU 3ATIPEIIEH-
HBIMH M Pa3pPEMIEHHBIMU CHIEKTPATBHBIMU
JIMHUAMU BOZIOPOJA CPAaBHUMOM IIHMPHHBL.

Hble B 90-¢ rogpl 06cepBaTOpUECH
«['panar», moKkasann, 4YTo HA MECTE
Sgr A* TaKOro UCTOYHHUKA HeT. JJa-
KE€  OOBIYHBIE PEHTTEHOBCKHUE
JIBOMIHBIE, B OOJBIIOM KOJIHUYECTBE
pacnonoxxeHHsle B6aM3U llenTtpa
lalaKTUKY, OKA34JIUCh HA TPU-4Ye-
TBIPE MOPA/KA OOJIEE APKUMHU, YEM
CBEPXMACCHUBHAA YepHad AbIpal
YT10oOBl Pa3zo6bpaThHCA C ITHUM
napagokcoM, obcepparopus «MH-
Terpan> IpoBeIad JIUTENbHYIO Ce-
puI0 HAOMIOJEHUN parioHa LleHT-
pa Tlamakruku. bnarogaps BbICO-
KOW YyBCTBUTEJILHOCTH U XOPO-
HIeEMy YIJIOBOMY Pa3PENIEHUIO Te-
neckona IBIS ypanoch 3aperucr-
PUPOBATDH KECTKOE PEHTIEHOBC-
KO€ U3JIYYEHUE OT MOJIEKYIAPHO-
ro obsaka Sgr B2 B o6macTu ranax-
THUYECKOTO LeHTpa. [Ipupoja aro-
IO PEHTIEHOBCKOTO H3JIy4EHNUH,
TAKKE OTKPBHITOro Gomnee 10 ser
Hasaj «'panarom» 8], crana npej-
METOM KAPKUX JAUCKYCCHUH. BblIo
MOKA3aHO, 4YTO HabaojgaemMoe
PEHTIEHOBCKOE U3JIy4EHUE MOTIJIO
ObITb MCHYIIEHO B IIPOIJIOM
CBEPXMACCUBHOM YEPHOM JIBIPOU
Sgr A* 1 OTpPa)XEHO MOJIEKYJIAP-
HBIM T'd30M M4CCHBHOTO 00JaKa,
HAXO/JAMEroCad Ha PaCCTOAHUU
BCero 350 CBETOBBIX JIET OT Sgr A*.
Ceflyac CBETUMOCTb Sgr A* He
npessimaeT 103 apr/c, B TO Bpe-

Ms Kak 350 jer Hazajy (s HaO-
JIIOAATENA HA 3€eMJIE) OHA JOJIKHA
6b112 OBITH B MUJUIMOHBI pa3 60JIb-
me — Ha yposHe ~10% 3pr/c. Ta-
KO€ OTpaxeHue [J06aBUIO Obl
B M3JIYUECHUE MOJIEKYISAPHOTO 06-
JMaKa (PIYOPECHEHTHYIO JIMHUIO
xenesa (6.4 kKaB) U KEeCTKUIT peHT-
I€HOBCKHUI KOHTUHYYM. OJHAKO
3TO OBUIO HE E€UHCTBEHHOE BO3-
MOXHOE 06bsicHEHHE. TONbKO U3-
MEpEHHUS B )KECTKOM PEHTI'CHOBC-
KOM /IMaIla30HE, IPOBE/ICHHBIC
obcepsaropueit «MHTErpan», No3-
BOJIMJIM TIO/ITBEP/IUTD, YTO MOJICNb
C PEHTIEHOBCKUM 3XOM IPOILIOH
AKTUBHOCTH Sgr A* HAWIYYINIUM
00pa3oM COrnacyercs ¢ Habmoze-
Husmu (puc.6). B pesynsrare mo-
JEIbHBIX PACYETOB OKa3aJI0Ch
BO3MOHBIM OIPEJCIUTh HUCXOJ-
HBII CIIEKTP HU3JIydeHUs Sgr A* co
csetuMocTeio ~10% 3pr/c [9]. Ho
JTAKE TAKAsl CBETUMOCTH OYEHDb Ma-
72 1O CPaBHEHUIO CO CBETHU-
MOCTBIO AKTHUBHBIX f/ICP I'AJIAKTHK.

Usmepsem BceneHnyio

HNccnenoBanus, HalEeJICHHBIE
Ha OIpeJeleHne 3HA4YEHUHU OC-
HOBHBIX KOCMOJOTHYECKUX Mapa-
METpPOB, KOTOPBIE ONHUCHIBAIOT
COCTOSTHUE U 3BOJIIONUIO BeeneH-
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HOU, B TTOCJIECAHUE HECKOIBKO JIET
JIOCTUTJIM KA4YE€CTBEHHO HOBOTI'O
YPOBHA TOYHOCTU. BmecTo one-
HOK IIO IOPSAJKY BEJIUYUHBI CTa-
HOBSTCS BO3MOXHBIMU H3MEpE-
HUS IIOCTOSHHOU Xa66na H,, ma-
paMeTrpa IMIOTHOCTU BENMECTBA BO
Bcenennoit Q, KOCMOJOTUYECKON
MMOCTOSHHOW A W T.JI. C OTHOCH-
TEJbHONU NOTPEIHOCTBIO OKOJIO
10%. MHOTHE UCCIEJOBATECIN Xa-
PAKTEPU3YIOT TAKOE IIOJIOXKEHUE
JleJI KaK 3Py IPELU3UOHHBIX U3ME-
pEHUI, KOrja Ha NEPBBIN IUIAH
BBIXO/IIT HE CTATUCTUYECKUE,
4 CUCTEMATHUYECKUE MOTPEHIHOC-
TI/Iy HpI/ICyH_[I/IC TEM WU UHBIM ME€-
ToAaM usMepeHuil. ITo aTon npu-
YMHE /I H4JEXHOI'O OIpejelie-
HUS 3HAYEHUN KOCMOJOTHYECKUX
apaMeTPOB TPeOyeTCs cornmacue
MHOTHUX HE3ABUCUMBIX METOJOB.
CKOTIJIEHUS TAaMAKTUK, CAMBIE MaC-
CHUBHBIC TPABUTALIMOHHO CBA3aH-
HbIE OO'BEKTH BO BceneHHOH, ur-
paoT 0COOYI0O pOJIb B PEHIEHUU
MOJOOHBIX KJIACCUYECKUX 3a7ad
KOCMOJIOTHUH, TaK KaK TEMII 3BO-
JIIOIIMU CKOIJIEHUM Ha OOJIBIIUX
KPACHBIX CMEICHUAX YYBCTBUTE-
JIEH K 3HAYEHUIO OCHOBHBIX KOC-
MOJIOTUYECKUX NTAPAMETPOB.

HajmexHee BCEro MaCCHUBHOE
CKOILJICHUE TI'dJJAKTUK MOKHO pac-
IIO3HATH 11O HpOTH)KCHHOMy pCHT-
T€HOBCKOMY M3JIyUCHUIO TOpsdeit
MEXTAJIAKTUUYECKOU TJIa3MBbl. DTO
BBI3BAHO TEM, YTO MACCA TOPAYETO
rasza ¢ remneparypoi ~107 K, na6-
JIIOJIAEMOTO B PEHTIE€HOBCKOM [IU-
anasone, B ~10 pa3 GoJjblie, 4yem
MaccCa BCEX 3BE3J] B TaJAKTUKAX,
BXOJSIIUX B CKOILJIEHUE. PeHTre-
HOBCKHE TEJIECKONbI MMO3BOJAIOT
JJOBOJIBHO JIETKO JIETEKTUPOBATH
CKOIICHUSA B JUANIA30HE KPACHBIX
cmemeHun 0.5—1, r71e 3BOJIOIHU-
OHHBIE 3PPEKTHI YKE JOCTATOYHO
BBIPA)KEHBI, HO BCE €I1lE BO3MOKHBI
JTOBOJIBHO JI€TAJBbHBIE UCCIETOBA-
HHUS KaXJI0Tro o6bekTa. Habmome-
HUS, BBIIIOJHEHHBIC CIYTHUKOM
«ROSAT» B TeyeHHE BOCBMH JIET
€ro paboThl, AAIOT JOCTATOYHBIN
HA0I0/1aTEIbHBIN MATEPUAT IS
COCTABJIEHUA OOMUPHOIO KATAJIO-
ra JaJIECKUX CKOIUICHUI,

Hauunas ¢ 1996 r. 8 UKU Be-
JETCS CACTEMATHYECKasa pabdora
[0 AHAIM3Y APXUBHBIX HAOJIIOZE-

HUH criyTHUKA «ROSAT»> u mocie-
NYIONUX ONTHUYECKUX Habo]e-
HUMW HAUJEHHBIX JAJCKUX CKOILIC-
HUM IaJakTuK. g IOucKa npors-
JKEHHBIX OO'BEKTOB Pa3pabOTaAHbI
CIEIUAIBHBIE AJITOPUTMBI aHAJIU-
32 PEHTTEHOBCKUX U3006PAKEHUN,
MO3BOJIAIOINE OOHAPYKUBATH UC-
TOYHUKHU OYEHDb MAJON NHTEHCUB-
HOCTH, IIPABUJIBHO UX KJIacCUU-
LIUPOBATh U HU3MEPATb OCHOBHBIC
napamerpsl. I1o pesyasraTaM Io-
UCKA TOJOOHBIX OOBEKTOB ObLI
COCTABJIEH CAMBIA H6OJBIION OMy6-
JIMKOBAHHBIM KAaTaJOT JIaJEKUX
CKOILJIEHUN, cojepxamuin 203
OOBEKTA U MOKPBHIBAIOMINK B CyM-
Me TeJNeCHbI yron 160 xBajgpar-
HBIX T'paaycoB (xaramor 160d).
B 2003—2004 rr. 6B112 3aKOHYEHA
paboTa Mo pacmUpeHuIo 0630pa
710 400 KBaZpATHBIX IPaAycoB. s
MPOBEAECHUA ONTUYECKUX UJICHTHU-
(pukanuil CKOIIEHUH U3 0630pa
400d ucnonp3osanca Poccuricko-
Typeuxunnt teneckon PTT150.
[Tocnenyomue MUCCIEROBAHUA
JJAHHBIX CKOIIJIEHUI IO3BOJUIN
ONPELENUTh TEMI HUX 3BOJIOLUU
npu z = 0.5 (T.. HA MOMEHT BpE-
MEHHU NIPUMEPHO 5 MIPJ. JIET Ha-
3a]), KOTOpas NPOABIAETCA B U3-
MEHEHMHU COOTHOIICHUN MEXKIY
OCHOBHBIMHU I1apamerpamu (Mac-
Cd, TEMIIEPATYypa U CBETUMOCTD),

1, 4TO HAuOOJEE UHTEPECHO IS
KOCMOJIOTUYECKUX U3MEPEHUI,
B MX IPOCTPAHCTBEHHOMN ILJIOT-
Hoctu. Ha puc.7 nmokasaHa (yHK-
LU PACIPEJEICHUSA MACC CKOILIE-
HUI, U3MEPEHHBIX Npu 2 = 0.4—
0.8. BupHO, 4TO NPOCTPAHCTBEH-
Has IUVIOTHOCTH CKOIUIEHUM JaH-
HOM MACCBHI TafideT npuMepHo B 10
pa3 IO CPaBHEHUIO C KOJIMYECT-
BOM TaKUX K€ CKOIIJIEHHUIT HA HU3-
KHUX KpacHBIX cMmewmenuax [10].
[IaHHBIKM TEMII 3BOJIOLMHU ITO3BO-
JIg€T OTPAHUYUTh KOMOMHAIIUIO
3HAYEHUN NMApAMETPA IUIOTHOCTH
BceseHHON U KOCMOJIOIMYECKOU
IIOCTOSIHHOU (pHUC.8).

B macrosamee BpeMms CIYTHUK
«Chandra» cimengur 32 JaJECKUMU
obbexTamu u3 063opa 400d (Bce-
ro oxono 40 cKomleHuH Ha
z>0.35). Oxujgaemas TOYHOCTb
OIPEJEIECHUA IBOJNIOLUN pacCIpe-
JEJICHUs CKOIUICHUI II0 MaCCaM
B PE3YJIBTATE 3TUX HAOIIOLECHUU
JOJIZKHA OBITh JOCTATOYHOH, 4TO-
Obl HAUTHU AMATA30H BO3MOXKHBIX
[1apaMETPOB TEMHON SHEPTUMU.

PenTreHoBckue HAOIIOACHUS
6JIM3KUX CKOIUJIEHUI, BBIIIOJHEH-
HBIE OPOUTAIBHBIMU OHCEPBATO-
puamu «Chandra» un «XMM-
Newton», MO3BOJUINA TAKKE Je-
TAJIbHO UCCIEA0BATH MHOI'HE IIPO-
11eCChl, BO3HUKAIOMUE MPU CAnd-

1075 |

N(>M), Mnk-3

1013

10% 10
M, M,

Puc.7. MuterpanbHblie pacnpepenerus no macce 6APMOHHOM COCTABASIOWEN:
ckonneHuin npu 0.4 < z < 0.8, ganteie karanora 160d (BeigeneHo cepoim);
6nmsknx ckonnenni gna 0.01 < z < 0.2, us pabotul [10] (rony6bim).
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Puc.8. OrpaHuyeHns Ha 3Ha4YeHUs napameTpa
NAOTHOCTU U KOCMONIOrMYECKOW NOCTOSIHHOMN,
nosny4Yaembie C MOMOLLbIO PA3IMYHBIX METOAOB: MO
HabnwopeHnsm ceepxHoebix | Tuna SNla; no
perucTpauum MUKpOBONTHOBOFO PENUKTOBOro $GOHQ;

1.0

no U3y4YeHHuto 3BoNouUnn CKOMAEHUM ranakTuk.

HUM MaCCHUBHBIX CKOIUICHUAX Ta-
JIAKTHUK.

H3o6paxeHue CKOIIJIEHUS
1E0657, MONy4eHHOE CIyTHHUKOM
«Chandra» (puc.9), ICHO yKa3blBa-
€T Ha CYIEeCTBOBAHUE MOUHOM
yApHON BOJIHBI, KOTOPYIO BBI3BI-
BAET JBUXKEHUE IIJIOTHOT'O OCTATKA
BJIETAIOMETO MEHEE MACCHUBHOTO
CKOIUICHUA TaJIaKTUK. AHaIu3
npodund yAapHOU BOJHBI MO3BO-
JIIET YCTAHOBUTH CKOPOCTD BJIETA,
OLIEHUTb 3HEPTUIO, NEPEAAHHYIO
OT IPOTOHOB K 3JIEKTPOHAM B Oec-
CTOJIKHOBUTEJIIbHOMN YaPHOM BOJI-
HE, U3YYUTb BEPOATHBIE MEXAHU3-

Jluteparypa

Ealoll

P.1377—1386.
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MBI YCKOpCHI/IH pC]IHTI/IBI/ICTCKI/IX
YACTHUI[, OTBETCTBEHHBIX 34 IPO-
TSDKEHHOE PAJIUOU3IYUYCHUE CKOII-
JeHUul. B 1aHHOM OObeKTE yaa-
JIOCh TOYHO U3MEPUTHh IPOCTPAH-
CTBEHHOW paCIpeLeNeHUE I'PABU-
TUPYIOIEH MATEPUU METOAOM
cnaboro muH3uposanud [11]. Oka-
32J10Ch, YTO ILIEHTP MACC BJIETAIO-
IIETro CKOIUICHHUA CABUHYT OTHO-
CUTEJIBHO LIEHTPA MACC €ro 6apu-
OHHOW KOMIIOHEHTBI, MaCCa KOTO-
pott onpesenseTcs HabMI0AaEMbIM
B PECHTICHOBCKOM [JUAIa30HE I'd-
30M. OTOT CJBUI — BEPOATHO,
€JIMHCTBEHHOE HAa CETrOJHSINTHUMN
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Puc.9. YaapHas sonHa (4epHbiit TpeyronbHuk cnpaea)
B ckonneHnu ranaktuk 1E0657 no paHHbIM
o6cepeatopum «Chandra». Kontypbl cooTBeTctyloT
pacnpeaeneHuto NNOTHOCTU MATEPUMU, U3MEPEHHOMY
meTopom cnaboro nuHsuposanus [11].

JeHb NPAMOE YKA3dHHUE Ha CyIe-
CTBOBAHME TEMHOU MATEPUHU.
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B paMkax HEOOJBIION CTATHU
HEIb3sl OXBATUTb MHOroObGpasue
HAYYHBIX 32/1a4 U (PU3BUUYECKUX
IIPOLIECCOB, KOTOPLIE OTHOCATCS
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I'Mii — MOXHO OIPAHUYUTHCA
JIAIIb HECKOJbBKUMH NMPUMEPAMH.
3arajiok mMoka O4YeHb MHOTI'O, HO
CTPEMUTENBHOE PA3BUTHUE ITOTO
HAPABJIEHUA UCCIENOBAHUN BCE-
€T HAJEXKAY, 4TO UX YAACTCA
pasrajarh.m
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