


AcmpocjJU3UKa 

raMMa-aCTpOHOMMs:I 

M TeMHas:l MaTepMs:I 

A .M . rAJIbITEP, 
}J.Ol:l.'TOp CPli3J1KO-M3TeMaTwlecKHx HayK 

HaUHoHaJJbHhIH Hccne}J,oBaTenbCKHH: JlllepHltlH YH.liBepCHTeT 

"MI1<l>I1", 

<l>H3HQeCKHH HHCTIlT)'T liM . IT.H. JIe6e.lleBa PAH 


raMMa-H3nY'feHHe 

HaH60nee BbICOKO-

3HepreTH'feCKaR 'faCTb 

KOCMH'feCKOrO 3neKTpO

MarHHTHOrO H3nY'feHHR . 

,QO HaCTORUjerO BpeMe

HH ljenblO Ha6nlOI/eHHii 

B 3TOM 3HepreTH'feCKOM 

I/Hana30He 6bmO HCCne

I/OBaHHe q,H3H'feCKHX 

npOljeCCOB reHepaljHH 

H paCnpOCTpaHeHHR 'fa

~3 "CTOP"" OTKPblTlMl 
TE MHOIit MATEP"" 

B 1930-x rr. Bbl,qafOll1"e
C~ aCTpOHOMbl R OOPT, 
<1l. l.\B"KK" H 3 . Xa66n , 
Ha6nfOAa~ CKonneH"~ ra
naKT"K, 06paTHn" BH"Ma
H"e Ha He06blYHO BblCOKHe 
CKOPOCT" Bpall1eH"~ nep"
cjJepHCiHblX ranaKT"K BO
Kpyr ~eHTpa CKonneH"~. 

06b~CHeH"eM 3TOMY MO~ 
na cnY>+<"Tb HeBHA"Ma~ 

B OnTHyeCKOM ,q"ana30
He, pacce~HHa~ no BceMY 

© raJIbnep A.M. 

CKonneH"fO H KOH~eHTpH
pyfOlI1a~c~ K ~eHTpy ,qo
nonHHTenbHa~ MaTep,,~. 

TeM caMblM yBen"YHBa
eTCH Macca CKonneHVlH, 

" rpaB"Ta~HOHHble CHnbl 
np"T~>+<eHH~ y,qep>+<"BafOT 
nepHcjJepHL<Hble 6bICTPO
Bpa'4afO'4"ec~ ranaKT"
K". CKPbITa~ yaCTb Be
'4eCTBa MeTaranaKT"K" 
nonyY"na Ha3BaH"e TeM
HOL< Hn" Aa>+<e YepHoCi Ma
TepH" (3eMn~ " BceneH
Ha~, 2006, NQ 1). 

CTHIj BblCOKHX 3HeprHii B 

KOCMH'feCKOM npocTpaH

CTBe. CerOI/HR K 3THM 

Hay'fHblM 3al/a'faM l/o6a

BHnOCb eUje 0l/HO Ba~

Hoe HanpaBneHHe : HC

Cnel/OBaHHe npHpOl/bl 

TeMHoii MaTepHH. raMMa

aCTpOHOMHR n03BonHT 

C{jenaTb CYUjeCTBeHHblii 

BKnal/ B peweHHe npo

6neMbl TeMHoii MaTepHH. 

C Tex nop C pa3BHT"
eM BHeaTMOCcjJepHoi:1 aCT
POHOMH" Ha6nfO,qanHCb H 
APyrHe npO~BneH"~ TeM
HO~ MaTep"". Hanp"Mep, 
3cjJcjJeKT n"H3HpOBaH"~ 
(OTKnOHeHHe nyya CBe
Ta Ha HeB",q"MOM 06beK
Te) n03Bon"n 06HapY>+<"Tb 
TeMHYfO MaTep"fO BO MHO
rVlx BHeranaKTVlyeCKVlX 
06beKTax, B TOM y"cne" B 
HaweCi ianaKT"Ke. npe,q
nonaranOCb, YTO TeMHafi 

MaTep"~ COCTO"T H3 HeCi
TP"HO (Ha"nerYaCiw"e 
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ATOMhl 
4,6% 

TeMHaR 
:mepru51 

72% 

TeMH.aR 
MaTeprur 

23% 

B 2001-2003 rr. ~3y~e

H~eM pen~KToBoro ~3ny

~eH~51, 06pa30BaBWerOC51 
Ha nocneAH~x 3Tanax ro
p51~e" cTaA~~ 3BonKl~~~ 
MeTaranaKTVlKVl B MOMeHT 

3apO)l(AeH~51 BceneH
HO~ , 3aH~ManaCb aMep~

KaHCKas:! KOCM~yeCKa~ 

06cepBaTOp~51 "WMAP" 
(Wilkinson Microwave 
Anisotropy Probe - M~KpO

BonHOBoe ~ccneAoBaH~e 

aH~30Tpon~~), Ha3BaH
Ha51 B ~eCTb PyKoBoA~Te
n51 npoeKTa fJ.. Y~nK~Hco
Ha. C06paHHa51 "WMAP" 

H eHTpOHbl 
10% 

ct>OTORbt 
15% 

f/.MarpaMMbl pacnpeAeneHMR MaTepMM (3HepreTM4ecKM;' 6a
flaHc) B MeTaranaKTMKe a HacTORL14ee apeMR (aaepxy) M 4e
pe3 380 TbIC . neT nocne HalJana ropRlJeC1 cTaAMM 3aonIOLlMM 
MeTaranaKTMKM (BHM3Y). Ha paHHeC1 cTaAMM 3BonIOLlMM MeTa
ranaKT/lfKM ( 13,7 MnpA neT Ha3aA) npeo6naAaHMe TeMHO;' Ma
TepM/If 6bfflO el..L4e 6onbwe. 

~H¢OpMa~~51 n03Bon~na 

y~eHblM nOCTpo~Tb caMYKl 
AeTanbHYKl Ha ceroAH51w
H~~ AeHb KapTY ¢nYKTya
~~~ TeMnepaTypbl pacnpe
AeneH~51 M~KpoBonHoBoro 

~3ny~eH~51 Ha He6ecHo" 
c¢epe (3eMn51 ~ BceneH
Ha51 , 2004, NQ 3, c. 110). 
~ccneAoBaH~e nOn51p~3a

L\~~ pen~KToBoro ~3ny~e

H~51 C60nee BbICOK~M pa3
peweH~eM , ~eM "WMAP", 
BblnonH~na B 2010
2011 rr . eBpone"CKa51 KOC
M~~eCKa51 06cepBaTOp~51 

"nnaHK" (3eMn51 ~ BceneH
Ha51, 2009, NQ 5, c. 43-45; 
2010, N2 6, c. 111). 

Ha py6e)l(e XX-XXI BB. 
CTano 51CHO, ~TO ycpeA
HeHHafi nnOTHOCTb TeMHo~ 

MaTep~~ B MeTaranaKT~
Ke B HeCKonbKO pa3 npe

He~TpanbHb,e Cna60B3a~

MOAe~CTBYKlLl1~e ~aCT~

~b') ~n~ KaK~X-TO APyr~x 

~aCT~~, HO 1'10 C~X nop ee 
np~poAa OCTanaCb He~3

BeCTHO~ . 

OC06b'" ~HTepeC K npo
6neMe np~poAbl TeMHO" 

MaTep~~ B03H~K nocne 

AeTanbH~x ~ccneAoBaH~~ 

npOCTpaHcTBeHHoro ~ TeM
nepaTypHoro pacnpeAene
H~S:! KOCMVlyeCKoro M~KpO

BonHOBoro (pen~KToBoro) 
~3ny~eH~51 , 3anOnH51Kl
Ll1ero MeTaranaKT~Ky. 

BblwaeT nnOTHOCTb 06bl~
HO" (6ap~OHHOL<) MaTep~~, 
~3 KOTOPOL< COCT051T ~3
BeCTHble HaM He6eCHbie 
06beKTbi. B 3HepreT~~e

CKOM 6anaHce Bce~ Hawe~ 
MeTaranaKT~K~ OKono 
72% COCTaBn51eT TeMHa51 
3Hepr~51 , 3a TeMHo~ MaTe
pHe~ OCTaeTC51 23°k ~ Ha 
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MunnHMeTpOH "fAMMA-400" 

PaJl,ItOaCTpOH "CneKTp.M" "CneKTp·Y<ll" 

"CneKTp·P" "CneKTp·Pf" 
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W K8n8 3neKTpOMarHMTHO · 

ro M3nY4eHMR M AMana30Hbf 
M3MepeHMM CYl1.4eCTBYfOl1.4MX 
POCCMMCKMX KOCMM'-IeCKMX 
npOrp8MM. 

06blYHYfO 6ap"OHHYfO Ma
Tep"fO np"XOA"TC~ OKO
no 5%. CeroAH~ np"pOAa 
TeMHoi'i 3Hepr"" , npo~s
n~fOlljei'ic~ S YCKopeHHoM 
paCW"peH"" MeTaranaK
H1K~, Vl TeMHo~ MaTep~~ -

ABe Ha"60nee cepbe3
Hble np06neMbi KOCMono
r"" , aCTpOHOM"", qm3"
K~ 3neMeHTapHbix YaCHll.-I , 

¢"3"K" KOCM"yeCK"X ny
yei'i (3eMn~ " BceneHHa~ , 
2006, NQ 1). ACTPO¢"3"Ye
CK"e "CCneAOBaH"~ npo
AomKaT POCC"i'icK"e KOC
M"4eCK"e o6cepBaTOp"", 
npeAHa3HayeHH~e An~ 

pa60Tbi BO sceM 3neKTpO
MarH"THOM cneKTpe OT pa
A" O- AD raMMa-A"ana30
Ha. 

TEOPET"4ECK~E MO~En~ 

'-lTO >+<e TaKoe TeMHa51 

MaTepVl7l? YyeHble MHorVlX 

CTpaH M"pa, TeOpeT"K" " 
3Kcnep"MeHTaTopbl, 3aH"
MafOTC" pa3raAKoi'i np"po
Abl TeMHoi'i MaTep"". Y>Ke 
BbIAS"HYTbl pa3n"YHble r"
nOTe3bl " OKono AeC~TKa 
TeOpeT"YeCK" X MOAenei'i. 
np" :nOM 60nbW"HCT BO 
cnel1"an"CTOB npeAno
naralOT, YTO TeMHa71 Ma· 

TepL-171 COCTO L-1T L-13 T7I>Ke· 

nblX YaCT"l1, B03H"KW"X 
Ha paHHei'i CTaA"" pa3B"
T~51 H awe~ BceneHHO~. 

CerOAH~ 3TO OCTbIBwa~ 

("xonOAHa~") TeMHa~ Ma
Tep"~, ee YaCT"l1bl Aon>K
Hbl o6naAaTb, no Kpai'iHei'i 

Mepe, cneAYfO llj"M" csoi'i
CTBaM~: 

- rp aS"Tal1"OHHbIM S3a
"MOAei'icTS"eM , S03MO>KHO 
cna6blM, np" 3TOM APyr"e 
B3a"MOAei'icTS"" OTCYT
CTByfOT; 

- cTa6" nbHOCTbfO "n" 
nep"OAOM eCTeCTseHHoro 
pacnaAa 60nee S03paCTa 
Hawei'i MeTaranaKT"K"; 

- B03MO>KHO, 60nbwoi'i 
Maccoi'i, B AeCOTK" " Aa>Ke 
TbIC~Y" pa3 60nbwe Mac
Cbl HYKnOHa. 

YaCT"l1a C TaK"M" 
CBoi'icTBaM" nonY4"na 
Ha3BaH"e "S"Mn" (a6
6peB"aTypa, cOCTasneH
Ha~ "3 nepBblX 6YKS cnos 
weakly interacting massive 
particle - cna60S3a"MO
Aei'iCTsyfOllja~ MaCC"BHa~ 

YaCT"l1a) . 
CpeA" MOAenei'i eCTb 

TaK"e , rAe YaCT" l1bl TeM
HOi'i MaTep"" "MeIOT 3neK
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Tp~yeCK~~ 3apRA, "n~ Ta
K"e, rAe Macca yaCT"~bl 

MHoro MeHbwe 3neKTpoHa 
(B YaCTHOCT", aKC"OHbl) . 
CYlljeCTBYIOT MOAen", B KO
TOPblX TeMHall MaTep"ll 
:no 06bl4Hoe BelljeCTBO, 
HO COBepweHHo xonoAHoe 
" nOTOMY He "3nyyalOlljee 
H" B OAHOM ~3 A~ana30HOB 
3neKTpOMarH"THOrO "3ny
yeH"il. 8 MOAenRX yaCTO 
"cnOnb3yeTcR nOHRT"e ro
pll4e~ TeMHo~ MaTep"", 
TO eCTb yaCT"~ , "MelOllj"X 
cy6penRT"B"CTCKYIO CKO
pOCTb. 

50nee nOAP06HO OCTa
HOB"MCR Ha Ha,,60nee 
pa3pa60TaHHblX, Ha Haw 

TeOpeT"YeCK"X 
MOAen5lX cynepc"MMeTp"" 
"MHoroMepHoro npOCTpaH
CTsa , B KOTOPblX LilMelOTCrI 

yaCT"~bl , npeTeHAYlOllj"e 
Ha ponb B~MnOB. 

MOAenb cynepc..M-
MeTp .... CBIl3blBaeT cpep
M"OHbl (4acT"~bl C nony
4enbiM cn"HoM) " 6030Hbl 
(YaCT"4bl C ~enblM cn,,
HOM) TaK"M 06pa30M, 4TO 
y Ka)l(Aoro <jJepM"OHa no
RBnReTCR cynepnapTHep 
6030H, 06naAalOllj"~ Ta-
KLIlMVI >+<8 KsaHTOBblMVl 

4"cnaM", 3a "CKnlOye
H"eM cn"Ha, a y Ka)l(AO
ro 6030Ha - cynepnapT
Hep <jJepM"OH , np" 3TOM 
B3a"MOAe~CTB"R Me)l(AY 
4aCT"4aM" "n" Me>KAY "X 
COOTBeTcTBylOllj"M~ cy
nepnapTHepaM" np"BOART 
K OA"HaKOBbIM pe3ynb
TaTaM. TaKoe C"MMeT
p"4Hoe COCTOIlH"e cpeAbl 
Morno CY'4eCTBOBaTb Ha 
paHHe~ CTaA"" pa3B"T"R 
MeTaranaKT"K", KorAa 
TeMnepaTypa, KaK npeA
nonaraeTCIl, AOCT"rana 
np"MepHo 1 029 K, yTO CO-

CxeMbf caM08HHUfl1nfH-i1111 11 

pacna,q8 Y8CTV14 reMHOM Ma
repul1 C 06pa30B8HueM 113
Be CTHb/X '-I8CTML4. TeMHbfMI1 

npRMoyroflbHI1K8MI1 OTMe'-le

Hb/ npOMe>Kyro'-lHble cj)U311'-1e 

CKl1e npOLteCCbl 8HHUfl1flRLJ,UI1 

11 pacnap,a , KOTopbfe p83flU 

'-{BlOTCH p,nR YK838HHbfX '-{a

CHILi· 

OTBeTcTByeT B3a"MOAe~

CTB"IO yaCT"4 C 3Hepr"eo; 
1015 138. 8 3T"X ycnOB"RX, 
KaK cneAyeT "3 Teope
T"4eCKO~ MOAen" , Morn" 
pO)l(AaTbCR HOBbie YaCT"
4bl, B TOM 4"cne " cynep
C"MMeTp"YHble 4aCT"4bl C 
Macco~ Ha HeCKonbKO no
PIlAKOB 60nbwe Macc HYK
nOHOB. KpoMe TOro , OH" 
Morn" 6blTb He~Tpanb
HblMIII \.1 cTa61.1nbHblMIII, a 

ecn" pacnaAan"Cb, TO CO 
BpeMeHeM nonypacnaAa, 
MHoro 60nbw"M BpeMeH" 
)I("3H" MeTaranaKT"K". 
TaK"e yaCT"~bl nonY4"n" 
Ha3BaH"e He~Tpan"HO (xl 
8a)l(HbiM CBOL<CTBOM He~

Tpan"HO RsnReTCR TO, 4TO 
np" CTonKHOSeH"" APyr C 
APyroM OH" MoryT aHH"r"
n"pOSaTb (caMOaHH"r"n"
pOBaTb). l"noTeT"YecK"e 
He~Tpan"HO - 6neCTllllj"~ 
KaHA"AaT Ha ponb S"Mna! 
OCTanocb "X TonbKO 06-
HapY>K"Tb. 

MOAenb MHoroMepHo
ro npocTpaHcTBa TaK)I(e 
npeAcKa3blsaeT yaCT"
~bl, KOTopble MoryT npe
TeHAoBaTb Ha ponb Ya
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CT"lI TeMHO~ MaTepVlVl. 

Vi3BeCTHO, YTO Hawe cjm

3"YeCKOe npOCTpaHCTBO 

yeTblpeXMepHO: TpVl npo

CTpaHCTBeHHble KOOPAVI

HaTbl " yeTBepTa~ BpeMeH

Ha~. npeAnOIlO>+<"M, YTO 

Y"CIlO npOCTpaHCTBeHHblX 

KooPAVlHaT He TPVl, a n~Tb 

"Il" el1\e 60Ilbwe . 3TO, Ha 

nepBbl~ B3rIl~A, HenpVl

BblYHOe, HO npOCToe npeA

nOIlo>+<eHVle npVlBOAVlT K 

"HTepeCHbIM nOCIleACTBVI

~M: AonOIlHVlTeIlbHble KO

OPAVlHaTbl C03AalOT YCIlO

BVI~ An~ nO~BneHVI~ HOBblX 

yaCT"~. BnepBble onVlca

""e B3aVlMOAe~CTBVI~ Ya

CT"~ B paMKax MHorOMep

HO~ MOAeIlVl npeAIlO>+<"IlVl 

MaTeMaTVlK TeOAOp KaIlY

~a VI ¢Vl3V1K <PeIlVlKC KIle~H 

B 20-x roAax npowIloro 

BeKa. BnocneACTBVIVI B 

paMKax TaKVlX MOAeIle~ 
npeACKa3aHO CYl1\eCTBO

BaHVle T~>+<eIlbIX yaCTVllI C 

HeHyneBo~ 3HeprVle~ (Mac

CO~) B AononHVlTenbHOM 

"3MepeHVlVI , VlnVl, KaK ce

roAH~ rOBop~T, VlMelOl1\VlX 

B036Y>+<AeHHoe COCTO~

H"e B AonOIlHVlTeIlbHOM 

Vl3MepeHVlVI. npVlMepOM 

TaKO~ yaCTVI~bl - KaHAVI

AaTa Ha POIlb CKPbITO~ 

MaCCbl - ~Bn~eTC~ B-60

30H KaIly~a - Kne~Ha (B,,) 

C Macco~, aHaIlOrVlYHO~ 

He~TpaIlVlHO. OHVI TaK>+<e 

MOrn" pOlKAaTbC~ B paH

He~ MeTaraIlaKTVlKe, KO

rAa TeMnepaTypa cpeAbl 

6blna AOCTaTOYHO BeIlVlKa 

An~ 06pa30BaHVI~ yaCTVllI 

TaKO~ MaCCbl. OHVI MoryT 

caMoaHH&.1rVlnlo1pOeaTb Y! 

pacnaAaTbc~. 

METOAbl VI PE3ynbTATbi 
nOVlCKA YACTVll\ TEMHO~ 
MATEPVIVI 

rIlaBHbl~ BblBOA, CIle

AylOl1\"~ "3 paCCMOT
peHHblX MOAene~: B pe

3YIlbTaTe aHHVlrVlIl"~"VI '" 
pacnaAa Bkk VI X Ha 3aKnlO
411ITenbHQM 3rane n05Jsnfl· 

IOTC" 06blYHbie YaCT"'lIbl. 

nOCKonbKY 3TVI npollec

Cbl npoVlcxoA~T B KOCM"

yeCKOM npOCTpaHCTBe, B 

nOTOKax KOCMVlyeCKoro 

"3IlY4eHVI" MoryT np"'CYT
CTBOBaTb yaCTVI~bl OT aH

H"rVlIl~~VIVI VI pacnaAa, TO 

eCTb "cIleAbi" TeMHO~ Ma

TepVlVl. B03MOlKHbi np"Mble 

VI KOCBeHHble MeTOAbl pe

r"CTpa~VlVI 3T"'X YaCTVllI . 

npRMble MeTOAbl 

I. HenocpeACTBeHHaR 
perMCTpallM" aKTa ynpy
roro B3aMMoAeiicTBMR 
'laCTM4 TeMHoi1 MaTe
pMM C "APOM Ofibl4Horo 
Bel1\eCTBa. np" ynpyroM 
B3aVlMOAe~CTBVlVI 4aCTVI~a 

TeMHO~ MaTepVl" (HanpVl

Mep, He~TpaIl"HO) nepe
AaeT yaCTb CBoe~ 3Hepr",,,, 

~APY, C KOTOPblM CTaIl

K"BaeTC". 3Ha" 3Hepr"'l0 
~Apa OTAayVI VI npeAno

IlOlKVlTeIlbHYIO CKOPOCTb 
4aCH1l...\bl TeMHO~ Mare

PVl", MOlKHO onpeAeIl"'Tb 
ee Maccy. B HeCKOIlbKVlX 

CTpaHax pa60TaeT OKO

IlO ABaA~aTVI nOA3eMHbiX 

YCTaHOBOK, np"'MeH~IOl1\VlX 

pa3IlVlYHbie Bel1\eCTBa '" 
VlcnOIlb3YIOl1\VlX pa3n"'4
Hble MeTOAbl perVlCTpa~",VI 

3HeprVlVl "Apa OTAa4V1 , Ha 
KOTOPblX npeAnOIlaraeT

C~ 3aper"CTpVlpOBaTb aKT 

paCCe"H"~. BepO"THOCTb 
ynpyroro pacce~HVI" ya-

CTVI~ TeMHO. MaTep"VI 

Ha 06blYHOM Bel1\eCTBe 

Kpa~He Mana, " pe3ynb
TaTbl Vl3MepeH"'~ AaneKO 

HeOAH03Ha4Hbi. ViMeIOTC" 

IlVlWb yKa3aHVI~ Ha Mac

cy BVlMna, paBHylO 5-25 

MaccaM npoTOHoB. CYl1\e

CTBOBaHVle yaCT"~ TaKo~ 
MaCCbl npaKTVlyeCKVI He 

npOTVlBOpeY"T TeopeTVI

yeCKVlM MOAeIl"M, OAHaKO 

TorAa OHVI AOIllKHbl 6b1Il" 

6bl pOlKAaTbC" B 3KcnepVl

MeHTax Ha CYl1\eCTBYIOl1\VlX 

yCKOp"Tenl'lX. 

II. LjacTVI~bl TeMHO~ Ma

TepVIVI MoryT pOlKAaTbC~ 

npVl B3a"MOAe~CTB"" yc
KopeHHblX yaCTVI~ C M"We

HblO . B 3TOM cnyyae "'3Me

p~IOTC~ MaCCbl VI :mepr"" 
Bcex Vl3BeCTHbiX 4aCTVllI, 

pOlKAeHHblX BO B3a"'MO' 

Ae~CTBVlVI, VI CpaBH"BaIOT

C~ C paC4eTHO. nonHO~ 
3HeprVle", KOTopa~ 110IllK

Ha 6blIla BbIAen~TbC~ B 

3TOM B3aVlMOAe"CTBVI". 
3TO MeTOA nOl1CKa He

AOCTalOl1\ei1 MaCCbl ("n" 
3Hepr""). AalKe Ha 60nb
WOM aAPOHHOM KOIlna,,

Aepe (6AK; 3eMIl~ VI Bce

IleHHa~, 2010, NQ 3, c. 37), 
rAe BbIAeIleHHal'l BO B3a"
MOAe"CTBVIVI 3HeprVll'l MO
lKeT AOCTVlraTb 7 T3B, 

He 06HapYlKeHO pOlKAe
HVle yaCTVllI TeMHO~ Ma

TepVl" BnnOTb AO MaCCbl 
OKOIlO 150 r3B. B03MOlK

HO, Macca BVlMna 60Ilbwe, 

HO TorAa HYlKHa 6ciIlbwa~ 

3Hepr"" ny4Ka YCKopeH
HblX 4acTVI~ . MO>+<HO Ha

Ae"TbC~, 'ITO np" BblXOAe 

60Ilbworo aAPOHHoro KOIl

Ila"Aepa Ha paC4eTHbl. 

ypOBeHb yCKopeH"~ MO>+<

HO O>+<VlAaTb pOlKAeH"" 
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0,3 

BTOpII'IHble qaCTHll,h1 

KQCMWlecKoro ll31I)'t CeHIDI 

MOCKaneHKO - CTpOHI' 

• IIaMclla 
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yaCT~l1 TeMHO~ MaTep~~ 

60nbWe~ MaCCbI. 
KOCeeHHble MeTOAbl 

CBOA"TCR K nonblTKaM 06-
HapY>K~Tb npoAYKTbl aH
H~r~n"l1~~ ~n~ pacnaAa 
yaCT~l1 TeMHo~ MaTep~~ 

B nOToKax 3ap51>KeHHOrO 
~ He~TpanbHoro KOCM~

yeCKorO ~3nyyeH~". Teo
peT~K~ npeAnaralOT, Ka
3anOCb 6bl , AOCTaTOYHO 
npocTO~ cnoc06 nO~CKa 

ecn~ He yaCT~l1 TeMHO~ 

MaTep~~ , TO ee cneAoB 
B nOTOKax KOCM~yeCKoro 
~3nyyeH~", yTO 03Haya

eT 06HapY>KeH~e oc06eH
HOCTe~ e ero 3HepreT~ye
CK~X cneKTpax. npOTOHbl 

~ 3neKTpOHbi YCKOP"IOT
C" B ~CTOYH~KaX KOCM~
yeCK~X nyye~ - OCTaTKax 
ceepxHOBblX B Hawe~ fa

naKT~Ke. nOTOK 3T~X nep
Bli1YHbIX YaCTvH..\ SeJlI.o1K, li1 

cpeA~ H~X TPYAHO ~CKaTb 

3Heprrur, r3B 

cneAbl OCTaTKOB yaCT~l1 

TeMHO~ MaTep~~. Apyroe 
Aeno aHT~yaCT~l1bl (n03~
TPOHbl, aHT~npOToHbl, aH

T~Ae~TpoHbl, "Apa aHT~
ren~51), B03H~KalOllj~e B 
KOCM~yeCKOM npocTpaH

CTBe np~ B3a~MoAe~CTB~~ 
nepB~YHOrO KOcM~ye

CKoro ~3nyyeH~51 C Me>K
3Be3AHbiM ra30M . Vlx no

TOK cYlljeCTBeHHo MeHbwe 
nOTOKa npoToHoB ~ 3neK

TPOHOB, ~ B HeM Y>Ke ner
ye 06HapY>K~Tb cneAbl aH

H~r~n5ll1~~ ~n~ pacnaAa 
yaCT~l1 TeMHO~ MaTep~~. 

CneAbl TeMHO~ MaTep~~ 
MO)KHO nOI.1CKaTb TaK)Ke 

B nOTOKax He~TpanbHblx 

yaCT~l1 - He~Tp~HO ~ raM

Ma-KBaHToe. 

K HaCT05llljeMY epe-
MeH~ Ha~60nee Ba>K-

Hbl~ pe3ynbTaT nonyyeH 

B Me>KAYHapoAHOM pOC
C~~CKO- ~Tanb"HCKOM KOC

/luarpaMM8 OTHOWeH/lfR no
TOKa n03/ifTpoHOS K nOf1HOMY 
nOTOKY 3neKTpoHo8 /If n03M
rpOHoB. OTf1Ul/Ue 3KCnepl1
MeHT8f1bHbIX A8HHbiX or reo

peU14eCKI1X pac4erOB npu 
M8f1bIX 3HepUff1X 06bRCHR

eTefl conHe4Hoi1 MOAynR4/1f
eM nOTOKQS nepSMYHOrO KQC

M/lf4eCKoro M3nY4eHMR , npu 
BblGOKUX 3HeprMRx - 60nee 
AeranbHbfM paCCMorpeHM
eM npoqeccoB YCKopeHMR 
48CT/lf4 B acrpocjJM3W-I8CKMX 

06beKT8X, HanpMMep nynbca
pax I MI1M np0 L4eCC8MM C8MO
8HHI-trMf1R14/if/if M pacna,48 48
CTM4 T€MHOVt MarepMM . 

M~yeCKOM 3KCnep~MeHTe 

"pVlM-nAMEfiA". Ha Mar

H~THOM CneKTpOMeTpe, 

YCTaHOBneHHOM Ha VlC3 
"Pecypc-AK1 ", C 2006 r . 

npoBOA"TC5l npel1~3~OH' 

Hble ~3MepeH~" nOTOKOB 
BblcOK03HepreT~yeCK~X 

3ap5l>KeHHbIX KOCM~ye

CK~X nyye~ (3eMn" ~ Bce
neHHa" , 2007, NQ 1, c. 56), 
B TOM y~Cne ~3MepeH~e 

3HepreT"yeCK~X CneKTpOB 
n03~TpOHOe ~ aHT~npO

TOHOB BnnOTb AO 3Hepr~~ 
200-300 f3B. 

Pe3ynbTaT SneyaT· 

n51lOllj~~! nOTOK n03HTpO
HOB, OTHeceHHbl~ K 06

lljeMY nOToKY n03~TpOHoe 
~ 3neKTpOHOB, paCTeT C 
3Hepr~e~ , 

npeeblWa5l paCyeTbl 3TO

ro OTHOWeH~5l no cYllje

CTBYlOllj"M MOAen5lM re
Hepal1~~ , YCKopeHH" ~ 

pacnpocTpaHeH~51 KOCM~
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YeCK~X nyye~ B ranaKT~
Ke. 3TO 03HayaeT, YTO cy
lljeCTByeT He~3BeCTHbl~ 

paHee AOnOnH~TenbHbl~ 
~CTOYH~K n03~TpOHOB . 

CpeA~ B03MO)l(HbiX 06b
~CHeH~~ AOnOnH~Tenb

HOro nOTOKa n03~TpOHOB, 
KpOMe 60nee AeTanbHOrO 
paCCMOTpeH~~ np04eCCOB 
yCKOpeH~~ 4aCT~4 B aCT
pocp~3~4eCK~X 06beKTax. 
cp~ryp~pyIOT np04eCCbl ca
MoaHH~r~n~4~~ ~ pacnaAa 
4aCT~4 TeMHO~ MaTep~~ . 

3TO npaKT~4eCK~ nepBoe 
B03MO)l(HOe npO~BneH~e 

cneAOB TeMHO~ MaTep~~. 
Ecn~ npeAnOnO)l(~Tb, YTO 
B AononH~TenbHOM ~CTOY
H~Ke pO)l(AaIOTC~ ~ 3neK
TPOHbl, TO OTHOC~Tenb

HaH pOJ1b :noro V1CTOYHVlKa 

B nOTOKe KOCMV1Y8CKV1X 
3neKTpOHOB Mana. TaKoe 
Manoe AononH~TenbHoe 

Kon~YeCTBO 3neKTpoHoB 
06HapY)l(eHo np~ ~3Me

peH~~x Ha cneKTpoMeTpe 
"nAMEnA". OAHaKo nOTOK 
KOCMV1Y8CKV1X aHHmpOTO

HOB, TaK>K8 1I13MepeHHblV! 

C nOMOlljblO np~6opa "nA
MEnA", COOTBeTcTByeT 
KnaCC~yeCKO~ MOAen~ re
Hepa4~~ ~ pacnpOCTpaHe
HlI1H KOCMV1yeCKlI1X nyyeVl B 

ranaKT~Ke. 

Pe3ynbTaT ~3MepeH~~ 
OTHOweH~~ ef(a+ + e-) no

CxeM8 npllfHLfl1na perMCT
pa4"" BbicOK03HeprMl.IHoro 

r8MM8 -113nyYeHI1f1 8 Kano
pl1Merpe . no yrny pa3nera 
3neKTpOHOB M n03MTpOHOB 
MO)KHO onpel1enflTb Hanpaa
fleHMe npuner8 r8MM8-KS8H

nyY~n B HaY4HO~ n~Tapa
Type Ha3BaH~e "aHOManb
Hbl~ 3cpcpeKT nAMEnA". 
B pe3ynbTaTe 3Kcnep~

MeHTa ''nAMEnA'' CTam' 
paCCMaTp~BaTb B Ka4eCT
Be OAHoro ~3 B03MO)l(H blX 
BapHaHTOB perHCTpa4~H 

4aCTH4 TeMHO~ MaTep~H 

TaK)I(e H pacnaA YacT~4 
TeMHoii MaTep~~ Ha 06b1K
HOBeHHble YaCT~4bl. OT
MeTI<M, YTO AMep~KaHCKoe 
cpl<31<yeCKOe 06lljeCTBO 
(APS) BKnIOY~nO pe3ynb
TaT 1<3MepeH~~ OTHowe
HI<~ nOTOKOB KOCM~YeCKI<X 
n03~TpOHOB ~ 3neKTpOHOB 
(3Kcnep~MeHT "nAMEnA"), 
Hap~AY C 3anYCKOM 50nb
woro aAPOHHoro Konna~
Aepa B >KeHeBe, B Yl<cno 
AeC~TI< nyywl<x HaYYHblX 
pe3ynbTaToB 2008 r. 

MOAenb cynepc~MMeT

p~~ I< MHoroMepHoro npo
cTpaHcTBa npeACKa3blBa
lOT TaK)I(e B03MO)l(HOCTb 
nOI<CKa cneAOB aHHHrl<
n~41<1< I< pacnaAa yaCTI<4 
TeMHo~ MaTepl<1< B nOTO
Kax KOCMl<yeCKOrO raM-

e- I , e+ 

Ma-"'3ny4eHI<~ (3eMn~ ~ 
BceneHHa~ , 2007, NQ 6). 
B 4aCTHOCTI< , MO)l(eT npo
V1CXOAL-1Tb caMoaHHV1nU1H

4"'~ YaCT"'4 TeMHoii MaTe
pHH Ha ABa raMMa-KBaHTa 
(MOAenb MHoroMepHo
ro npOCTpaHCTBa) Hn~ Ha 
raMMa-KBaHT H APyrylO ya
CT~4Y (MOAenb cynepc~M
MeTp~~) . npOAYKTbl 3T~X 
npo4eccoB (raMMa-KBaH
Tbl) AOn)l(Hbl ~MeTb CTporo 
onpeAeneHHYIO 3Hepr~lO. 

TaK, B cnyyae caMoaHH~
r~n~4~~ Ha ABa raMMa
KBaHTa Ka>KAblV! 1113 HI.1X 

06n~aeT 3Hepr~e~, paB
Hoii Macce yaCT~4bl TeM
Hoii MaTepH~. B cnyyae 
caMoaHHHrHn~4H~ Ha raM
Ma-KBaHT ~ APYrylO yaCT~
4Y raMMa-KBaHT TaK)I(e 6y
AeT ~MeTb onpeAeneHHYIO 
3Hepr~lO , 3aB~C~lI\YIO OT 
MaCCbl BTOpO~ 4aCTH4bl. 
B nlO6oM cnyyae npl< pe
rHCTpa41<1< raMMa-KBaHTOB 
Mbl I<MeeM Aeno C "nI<He~
yaTblM" raMMa-lI13nY4e

Hl<eM, KOTopoe Heo6xo
AI<MO BblAenl<Tb Ha cpOHe 

KOHBepTOp 

KOOPAHHaTHbIH: 
AereKTop 

~ \\ II KaJIOpHMe-rp 

18 M era 3Hepfli11O. 

I 
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w~pOKoro 3HepreT~yeCKO

ro CneKTpa raMMa-KBaH
TOB OT APyr~x npOl.jeCCOB, 
npo"cxoA~llj~x B KOCMO
ceo B yaCTHOCT~, TaK"M~ 
MoryT 6blTb TOpM03Hoe " 
C~HXpOTpOHHoe ~3nyye

H~e 3neKTpOHOB, 06paT
HOe KOMnTOHOBCKoe pac
Ce~H"e 3neKTpOHOB. 

1I13MepeH~~ KOCM~

yeCKoro BbICOK03Hep
ren1LJeCKOrO raMMa-l.13

nyyeH~~ npOBoA~n~Cb 

B 1991-2000 rr. Ha raM
Ma-TeneCKone "EGRET" 
(100 M3B - 30 13B) aMe
p~KaHcKo~ KOCM~yeCKO~ 

06cepBaTop~~ "KOMnTOH" 
("CG RO") . CeroAH~ ~3
MepeH~~ oCylljecTBn~IOT

C~ C nOMolljblO 60nbworo 
raMMa-TeneCKona "LA T" 
(20 M3B - 300 13B). yCTa
HOBneHHoro Ha aMep~

KaHcKo~ KOCMl.14eCKO~ 

06cepBaTOp~" "<Pe pM~" 

("GLAST", 3anYlljeHa B 
~IOHe 2008 r.; 3eMn~ ~ 

BceneHHa~, 2008, NQ 5, 
c. 58), ~ He60nbworo raM
Ma-TeneCKona "GRI D" 
(30 M3B - 50 13B). pa60
TalOlljerO Ha "Tanb~HCKo~ 
KOCM"YeCKO~ 06cepBaTo
p~~ "AGILE" (3anYlljeHa B 
anpene 2007 r. ). 3a npo
weAwee BpeM~ OTKPblTO 
OKono ABYX TbIC~Y A~C

KpeTHblx ranaKH14eCKl.1X V1 

8HeranaKTl.1yeCKl.1X l.1CTQY
H~KOB. 3aper"CTp~pOBaHO 

3JlCKTPOH - 1I0·nrrPO ~llliut napa 

AMep~KaHCKaR KOCMI1'-/e

CK8R o6cepBaTop~R 'tPep

MI1" ("GLAST", 3anYUjeHa a 

I1IOHe 2008 r .) c 60nbWI1M 

r8MM8 -TeneCKonOM ULA r ' 
(ao ape3Ke), I1CCneIlYIOUjl1M 
acrpocjJM3vf4eCKl4e o6beK 
Tbl B AMana30He 20 M3B
300 ( s8. PI1CYHKM NASA . 

A~¢¢y3Hoe " "30TpOnHoe 
raMMa-~3nyyeH~e (ranaK
n'l\,.jeCKoe III BHeraflaKTV\

yeCKoe). H~ B OAHOM "3 
Ha6nIOAeH~~ He 3aper~

CTp~pOBaHO "n~He~ya

Toe" BbICOK03HepreT"Ye
CKoe raMMa-~3nyyeH~e 

OT A~CKpeTHbIX raMMa-~c
TOYH~KOB, a TaK>Ke B A~¢

10 
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JIe6e.!(h X-3 

KapTa He6a B raMMa-AHana30He 300 M38 - 100 138 , no AaHHblM TeneCKona "LA T" Ha KocMH4ecKo';; o6cepBarop"" 'tPepM" ". 
flPKBfI TOl..fK8 B 4 e HTpe AHcKa ran8KTHKJ4 - HBH6 onee a epORTHbJi1 HCTOllHHK raMMB-H3JlY4eHHR OT a HHHrHflRq HM 48CTH4 reMHoH M8repmf . 
P" CYHOK NASA. 

~ 
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cPY3HOM ~ ~30TpOnHOM ~3
nY'leH~~ . OAHaKO nOTOK 
A~cPcPy3Horo ranaKT~'le

CKoro ~3ny'leH~R , 3aper~

CTp~pOBaHHbl;;; TeneCKO
nOM "EGRET", OKa3anCR 
Bblwe paC'leTOB no Knac
Cl-1yeCKoa::1 MOAeJlVl reHe

pa~~~ ~ pacnpoCTpaHeH~R 

KOCMl-1yeCKI-1X nY4e~ 1-1 no
3Bonlo1n npeAnOnO>KIo1Tb, 
'lTO npeBblweHlole HaA 
paC'leTaM~ - pe3ynbTaT 
BKnaAa npo~ecca caMoaH
Hlo1r~nRLlIo1Io1 'lacTIo14 TeMHo;;; 
MaTeplo1101 B AloicKe Io1nlo1 B 
oKonoAloicKoBO;;; 06nacTiol 
4eHTpanbHo;;; 'laCTIol la
naKTIo1KIo1. nocneAYIO~lo1e 

1013MepeHIo1R A"cPcPY3Horo 
"3nY'leHIo1R Ha TeneCKO
ne "LAT" He nOATBepA"nlol 
AaHHbie "EGRET" nOTOKOB 
raMMa-1013nY'leHIo1R B6n"3101 
A"CKa lanaKTIo1K", HO He 
"CKnlO'llo1nlo1 np"CYTCTBIoiR 
Clo1rH8na QT TeMHO~ MaTe

PIo1" B LleHTpanbHO;;; 06na
CTIol lanaKT"K". 

laMMa-aCTpOHOMIo1'le
CKlole Ha6nIOAeH"R npo-
BOARTCR TaK>Ke Ha3eM
HblMIol YCTaHOBKaM", 
perIo1CTp"pYlOlljIo1M" KOCMIo1
'leCKoe raMMa-1013nY'leHlole 
CBepXBbICOKO;;; 3Hepr"101 
(- 50 13B - 100 TaB) no 
'lepeHKoBcKOMY "3nY'le
HIo1IO aneKTpoMarHIo1THoro 
KacKaAa, B03H"KalO~ero 

B BepxHe;;; aTMoccPepe nplo1 
KOHBepCI-1~ KQCMV14eCKoro 

raMMa-KBaHTa. laMMa-Te
neCKonbl H.E .S.S. (pacno
nO>KeHbl B HaMIo16"101; 3eM
nR 101 BceneHHaR , 2009, 
NQ 2) , "MAGIC" (KaHap
CKlole oCTpoBa, V1cnaHIo1R) 
" "VERITAS" (Ap"30Ha, 
CWA) He aaperlo1CTplolpOBa
m1 "nVlHe~yaTorO" raMMa
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~3ny'leHIo1R OT A"CKpeTHbIX 
Toyel..1HblX lo1CTQYH\IIKOB. 

V13Y'leH~e A"cPcPY3Horo 101 
10130TponHoro raMMa-1I13
nY'leHIo1R AnR nOA06HbiX 
YCTaHOBOK C O'leHb Y3KO;;; 
anepTYpo;;; He3cPcPeKTIo1B
HO. 3HepreT~'leCKOe pa3
peWeH"e, He06xOAloiMoe 
AnR TOro, ~T06bl B 06~eM 
3HepreTIo1~eCKOM cneKTpe 
BblAen"Tb n"HIo1IO He60nb
WO;;; aMnn"TYAbl B 3T"X 
YCTaHOBKax, HeAoCTaTO~

HO. 
TaKIolM 06pa30M, aCTpo

HOMIo1~eCKlole Ha6nlOAeHIo1R 
raMMa-"3ny~eHIo1R , npo
BeAeHHbie Ha COBpeMeH
HblX TeneCKonax, He A8JlII\ 

onpeAeneHHblX pe3ynbTa
TOB no per"CTpa4"" cne
AOB ~aCTIo1L1 TeMHO;;; MaTe
P"". nO~eMY " ~TO HaAo 
AenaTb? 

nplo1 OTBeTe Ha Bonpoc 
"no~eMY?" He06xOAIo1MO 
BcnOMHV1Tb , 4TO nocneA
Hlo1e pe3ynbTaTbi npRMO
ra nOVlCK8 48cn"'L\ TeMHoi1 

MaTep"101 Ha 50nbwOM aA
POHHOM Konna;;;Aepe yCTa
HOB"nlol H">KHIo1;;; npeAen Ha 
"X Maccy - 150 13B. COOT
eeTCTseHHO 3HeprV1~ raM
M8-KS8HTOB OT 8HHVmAJT51

LI"101 Io1nlo1 pacnaAa AOn>KHa 
6blTb paBHa ~nlo1 60nbwe 
3TO;;; 3Heprlo1" . Ha3eMHbie 
raMMa-TeneCKonbl MoryT 
perlo1CTp"pOBaTb KOCMIo1
4eCKl.1e raMM8-KS8HTbl C 

3Hepr"e;;; 60nee 50 13B, 
HO C 3HepreT"4eCKIo1M pa3
peWeH"eM Bcero nlo1Wb 15
20%. B CBOIC 04epeAb, co
BpeMeHHble KOCMIo14eCK"e 
raMM8-TeneCKonbl V1MeIOT 

HIo13KYlO 3cPcPeKTIo1BHoCTb 
1013-aa ManOCTIo1 caMoro no
TOKa raMMa-KBaHTOB. Ho 

caMoe Ba>KHoe: 3Hepre
T"'leCKOe " yrnoBoe pa3
peweH"e COBpeMeHHO;;; 
annapaTYPbl AnR per"CT
pa4~101 nlo1He;;;4aTOro raM
Ma-"3nY4eHIo1R C 3Heprlo1e;;; 
He 60nee 100 13B HeAo
CT8TO"-lHbl. 

MO>KHO n~ npeoAoneTb 
TeXHIo14eCK~e TPYAHO
CT"? MO>KHO nlo1 c03AaTb 
raMM8-TenecKon , 1-13Me
PRIO~";;; raMMa-KBaHTbl C 
3Heprlo1e;;; 50-1000138, 
4ero Tpe6YIOT TeOp"R " 
pe3ynbTaTbi 1013MepeH";;; 
Ha 50nbwoM aAPoHHoM 
Konna;;;Aepe? MO>KHO n" 
yny4w~Tb B 3TOM Alolana
30He yrnoBoe 101 3HepreT"
4eCKoe pa3peweHlo1e, 4ero 
Tpe6ylOT pe3ynbTaTbi no
cneAHlolx ~3MepeH";;; KOC
Mlo14eCKoro 

4eHV1H? 

C 3TO;;; LlenblC HaY4
Hble KonneKTIo1Bbl <!lIi1AH 
(ronOBHaR opraHIo13a~"IR) , 
HV1>1Y MV1<!lV1, Ii1<!lB3, <!JTIi1 
Io1Ii1KIi1 PAH pa3pa6aTblBa
lOT r8MM8-TeneCKon cne
AylO~ero nOKoneHIo1R 
'TAMMA-400". npeAno
>KeHlole c03AaTb ero AnR 
n0lo1CK8 B nOTOK8x BbICQ

K03HepreT"4eCKOroranaK
T"4eCKoro (Alo1cPcPY3Horo) 
raMMa-1013nY4eH"R n"H"" 
OT caMoaHHlo1rlo1nRLI~" 4a
CTIo14 TeMHO;;; MaTeplo1101 B»
CKa3aniol ellje B 1990-x rr. 
aKaAeM"K B.n. '"H36ypr" 
AOKTOP cP~3"'KO-MaTeMa
TIo14eCKiolX HayK n.B. Kyp
HOCOBa. B HaCTORlljee Bpe
MR B npoeKT BHeceH PRA 
YCOBepweHCTBOBaHIo1;;;, B 
TOM 4101cne perlo1CTpa4101R 
BbICOK03HeprIo14HO;;; aneK
TpOH-n03Io1TpOHHO;;; KOMno
HeHTbl. 

http:4eCKl.1e
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Ycrpoi1cTBO raMMa-Tene
CKona "lAMMA-400 ": K
MHorocnoi;fHblif KOHBeprop; 
AC - aHn1CoBna~aTenbHbli1 
c<;eT<;~K,- anc (C l, C2) -Bpe 

MRnpone TH8R cucreM8 .. KIJ 
KooPAMH8THble nonynpoBoA
HMKOBble AereKTopbl; KK1 
~ KK2 - Koopfj~HaTHo-"yB
CTBMTenbHbfe KanopMMerpbl ; 

oAK - 60KOBb/e fjeTeKTOpbl 
KanopMM8rpoB; HI'. - HeM
TPOHHb/ii fjeTeKTop,- C3, C4
A8r8KTopbl AflR or6opa 8bl

cOKo3Hepn1l.fHblX l.facn14. 
P~CyHOK ([W1AH. 

"rAMMA·400" - TEI1ECKOn 
HOBo ro nOKOI1EH~~ 

rnasHbl~ 3neMeHT C"
CTeMbl per"CTpa~"" BbICO
K03HepreT"yeCKOrO raM
Ma - "3nyyeH"~ no npoeKTy 
"iAMMA-400" - KOHBep
TOp, COCTO~Ll1"~ "3 TOH
K"X cnoeB BonbcjJpaMa, B 
KOTOPOM HeB"A"Mbl~ raM
Ma-KsaHT npespaLl1aeTC~ 

(KOHSepT"pyeT) B 3neK
TpOHHO-n03"TpOHHYIO na
py. Me)t(AY CnO~M" BonbcjJ
paM a pa3MeLl1aIOTC~ TOH
K"e KOOPA"HaTHO-YYB
CTB"TenbHble AeTeKTopbl, 

"HaBIIraTop" 

"3MepRIOLl1"e HanpaBne
H"e AB")t(eH"~ 3neKTpOHa 
" n03"TpOHa. nocne BbIXO
Aa "3 KOHBepTopa 3neK
TpOH " n03"TpOH nonaAa
lOT B KanOp"MeTp, C03
AaHHbl~ Ha OCHOBe He
OpraH"YeCK"X C~"HT"n-

n~~"OHHbIX Kp"CTannOB 
(Csi " BGO). B HeM 3neK
TpOH " n03"TpOH c03Aa
lOT 3neKTpOHHO-cjJOTOH
Hble n"BH". YeM 60nbwe 
3Hepr"R 3neKTpOHa " no-
3"TpOHa, TeM 60nbwe ya
CT"~ B Ka)t(AoM "3 n"BHe~. 
KanOp"MeTp "3MepReT 
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naHenb 
CORHe'-l.HOH 

6aTapeH 

cyMMapHYfO 3Hepr~fO n~s
He~ . 3Ta 3Hepr~~ ~ ~S

n~eTC~ 3Hepr~e~ raMMa
KSaHTa. 

B 06Ll1eM nOTOKe KOC
M~YeCKIIIX nyye~ Aon~ 

raMMa-KsaHTOS He 60nee 
0,01 %. OCHOSHYfO Maccy 
COCTasn~fOT 3ap~ll<eHHble 

yaCTIII4bl - npOToHbl, 3neK
TPOHbl, n9rK~9 ~Apa, KO
Topble npIII npOXOll<AeHIIIIII 
yepe3 KOHsepTOp MoryT 
C03AaBaTb 3<jJ<jJeKT, CXO
ll<III~ C raMMa-KsaHTaMIII. 

faMlom-TeneCKon 
rAMMA-400 

KOCMlI1.,eCKa5I 
rrnaTcpopMa

"Hasm-aTOp " 

Cny*e6Hb1e 
CHCTeMbl 

YTo6bl ~CKnfOYIIITb nOAo6
Hble C06bIT~~ , Bbl3saHHbie 
3ap~ll<eHHbIM~ YacT~4a

M~ , np~xoA~TC~ ycnOll<
H~Tb peanbHYfO cxeMY Te
neCKona P~AOM ClllcTeM, 
<jJIIIKClllpyfOLl1~X npOXOll<Ae
Hille yep93 TeneCKon 3ap~
ll<eHHbIX yaCT~4. 

npell<Ae Y9M nOCTpOIIITb 
raMMa-TeneCKon 'TAMMA
400", 6blna npOBeAeHa 
ceplll~ paCY9TOS An~ on

Tl'IM"3a4"111 KOHCTPYK4111111 , 
069CneYIIISafOLl1e~ ero OC

POCCMMCKMM raMMa-rene
CKon 'rAMMA-400", KOTOPblii 
npeAnonaraeTcR YCTaHoBHTb 
Ha KOCMM'-IecKYIO nnaTcjJop
My 'HaSMra TOp". P"CYHOK 
<lJ/IIAH. 

HOBHble xapaKTeplllCT~K": 

A"ana30H per~cTp"pye

MblX 3Heprlll~, TOYHOCTb 

1113MepeH"~ 3Hepr,," raM
Ma-KBaHTOB III HanpaBne

HIII~ IIIX np"neTa, TO eCTb 
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OrlleJIeHHe 
OT 

paJf OIffiOrO 
6n OKa 

nOnO)l(eH~H ~CTOl.jH~Ka 

raMMa-KBaHTa Ha He6ec
HO" ccjJepe. Pe3ynbTaTbi 
paCyeTOB nOKa3blBafOT, 
YTO A"ana30H 3Hepr"" CO
CTaBnReT OT 100 M3B AD 
3000 r3B, TOYHOCTb "3
MepeH"R 3Hepr"" - OKono 
1% np" 3Hepr"" 100 r3B, 
a yrnoBoe pa3peWeH"e 
(TOYHOCTb onpeAene-
H"R HanpaBneH"R np"
neTa raMMa-KBaHTOB npVl 

Tex )l(e 3Hepr"Rx) - 0,01°. 
TOYHOCTb onpeAeneH"R 

3Hepr"" " HanpaBneH"R 
ABVl)l(8HVlH raMMa-KBaH

TOB, YBen"YeH"e rpaH"l1bl 
"3MepeH"R AD 3000 r3B -
Bce 3TO B HeCKonbKO pa3 
nyywe, yeM y cOBpeMeH
HblX KOCMW-IeCKVlX raMMa

T8neCKonOB, 8 TOM '-IVlcne 

"LAT" KOCM"YeCKO" 06
cepBaTOp"" "ctlepM"". 

5e3ycnoBHo, 3T" xa
paKTep"CT"K" Aon)l(
Hbl 6blTb nOATBep)l(AeHbl 
npYl Ha3eMHbiX VlcnblTaHVl

rlX raMMa-TeneCKona, Vl B 

nepByfO OyepeAb Ha nyY
Ke YCKopeHHblX YaCT"11 Ha 
50nbwoM aAPOHHOM Kon
na"Aepe. 

K KOHI1Y 2017 r. pa60
Tbl no c03AaHYlIO raMMa

TeneCKona 'TAMMA-400" 
Macco" 2600 Kr " no
Tpe6nReMo" MOll1HOCTbfO 
2000 BT, ero Kan"6pOB
Ke " TeCT"pOBaH"fO Bcex 
C"CTeM npeAnonaraeT
CR 3aBepW"Tb. TenecKon 
'TAMMA-400" YCTaHoBRT 
Ha KOCMVl'-leCKO~ nnaT

cjJopMe "HaB"raTOp" Ha
YYHO-npO"3BOAcTBeHHoro 
06beA"HeH"R "M. C.A. na
BOYK"Ha. Ha 2018
2019 rr. HaMeyeH 3anycK C 
nOMoll1bfO PH "npOTOH-M" 

PaCKpbITHe n~eJl e J:t 
6 ~TapeH 

GxeMB Bb/soAa Ha pa60l.fYfO 
Op6MTy POCCMMCKOM KOCMM
l.feCKOM o6cepsaTopMM C raM-
Ma-TeneCKonOM 'iAMMA
400". PMCYHOK HnO MM. 

G.A. flBSOLJKMHB. 

POCC""CKO" KOCM"YeCKO" 
raMMa-06cepBaTOp"" Ha 
3nn"nT"YeCKYfO op6"TY C 
nep"reeM 500 KM " anore
eM 300 TbIC. KM. np"6n"
3"TenbHO yepe3 rOA no
cne Ha"lana noneTa "3-3a 
Bn"RH"R nYHbl Op6"Ta KOC
M"YeCKO" raMMa-06cepBa
TOP"" npeBpaT"TCR nOYT" 
B KpyroByfO, C P~"yCOM 
OKono 150-200 TbIC. KM. 
Ell1e yepe3 HeCKonbKO neT 
OHa 6YAeT HanOM"HaTb Ha
yanbHYfO. 

Ha raMMa-TeneCKone 
'TAMMA-400" nnaH"py
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CPABHI1TEflbHblE XAPAKTEPI1CTI1KI1 rAMMA-cnEKTPOMETPOB 

KOCMVI"leCKlile raMMa-TeneCKonbl HaaeMHble raMMa·TeneCKonbi 

VERITASTenecKon EGRET AGILE LAT rAMMA-400 HESS-II MAGIC-II 

KaHapcKIo18 
ApVl30Ha,VlTam.1RCTpaHa CWA CWA P OCClo1R HaM1016~ul oCTpoea, CWAVl cnaHIIlR 

0,03-30 0,Q3-50 0,1-100 0,1- 3000 AliIana30H 3Hep >50 >50 >100 
rl'll1 , ra8 
Yrnosoe pa3pe 0,1 0,5 0,1 0,1 - 0,01 0,1 0,1 
weHlIle, rpaAYc (E, - O,5roB) (E., - 1 roB) 
(E, > 100 roB) 

3Hepren1yeCKOe 20 -1 1550 10 15 15 
pa3peweHl'le, % (E, - 0,5 roB) (E, - 1 roB) 
(E, >100 roB) 

eTCH OCYll.1eCTB"Tb W"PO
KYfO nporpaMMY aCTpoqm-
3"4eCK"X Ha6nfOAeH"~ . 
CpeA" OCHOBHblX l1ene~ 
l1eHTP Hawe~ ranaKT"
K" , rAe, B03MO)!(HO, pac
nOnO)!(eHa 4epHa~ Ablpa, 
a TaK)!(e 06nacTb BOKpyr 
l1eHTpa, B KOTOpO~, nO-B"
A"MOMY, cocpeAoT04eHa 
OCHOBHa~ Macca 4aCT"11 
TeMHo~ MaTep"". 06beK
TaM" Ha6nfOAeH"~ ~Bn~
fOTC~ TaK)!(e M"KpOKBa3a

Pbl B Hawe~ ranaKT"Ke, 
Hanp"Mep C"CTeMa ne
6eAb X3 (OTKpbITa B raMMa
A"ana30He POCC"~CK"M" 
Y4eHbIM" ell.1e B 1972 r.), 
OCTaTK" cBepxHoBblX, Ha
np"Mep Kpa60B"AHa~ TY
MaHHOCTb, MoneKynHpHble 
06naKa, APyr"e ranaKT"
K" C aKT"BHbIM" ~ApaM" . 

Ka)!(Abl'1 AeHb npeAnona
raeTC~ nonY4aTb OKono 
1 00 r6a~T HaY4Ho~ "H
<jJopMal1"" . 

AO)!("AafOTC~ BH"MaH"R 
" HeCKonbKO COTeH raM
Ma-"CT04H"KOB, nOKa He 
OTO)!(AeCTBneHHbIX H" C 
OAH"M "3 "3BeCTHbIX aCT
POHOM"4eCK"X 06beKTOB. 
Y4aCTH"K" npoeKTa yBe
peHbl , 4TO B 3HepreT"4e
CKOM A"ana30He OT 1 AO 
3 x 1 03 r 38 6YAeT 3ape
r"CTp"pOBaHO n"He~4a
Toe raMMa-"3nY4eH"e OT 
caMOaHH"r"n~l1"" "n" 
OT pacnaAa 4aCT"11 TeM
HO~ MaTep"" B l1eHTpanb
HO~ 06naCT" ranaKT"K" 
" BHe Hee. TaK)!(e 6YAeT 
"3MepeH cneKTp ranaKT"
4ecKo~ 3neKTpOHHO-no-
3"1TPOHHO~ KOMnOHeHTbl 

>1 >13Y4eHbl ero oc06eHHo

CX9Ma MMKpOKB83apa fle
6e,ljb X3 - O,ljHorO M3 MCTO_
HlIfKOB Bb1COK03Heprw-IHoro 

raMM8-H3nYlleHVlR (pe KoHcT
PYK4"R no ,ljaHHbIM ''<PepM'' ''). 
P"CYHOK NASA (a,ljanTM
poaaH). 
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CT", KOTOpble MoryT 6blTb 
CB~3aHbl C TeMHO~ MaTe

p"e~ . 
60 BpeM51 nOAroToB

K" CTaTb" n051B"nOCb co
06~eH"e (Ch. Weniger, 
arXiv.org/abs/1204.2797) 0 
Ha6nIOAeH"" raMMa-n"H"" 
C 3Hepr"e~ 129,8 136 aT 

4eHTpa Hawe~ lanaKnt
K" . :;lTD pe3ynbTaT 06pa
60TK" X. BeH"repOM ony6
n"KOBaHHoro B HaYYHO~ 
neyaT" BTOpOrO KaTanOra 
AaHHbIX, nonyyeHHblX C no
MO~blO TeneCKona "LAT" 
KOCM"yeCKO~ 06cepBaTO
P"" "<!lepM"". A"CKYCC"51, 

pa3BepHYBWa51C51 BOKpyr 

n"H"" 129,8 13B, e~e pa3 
nOAYepK"BaeT B8>KHOCTb 

npOBeAeH"51 rny6oKoro 

0630pa B raMMa-A"ana30

He, KOTOPbl~ npeAnonara

eTC~ npOBeCT" TeneCKO
nOM ''IAMMA-400". 

i1H(/JOpMatjUJl 

TeMHaJl MaTepl1J1 BcBepx
CKonneHl111 Abell 520 

BhlJlOJlHeHHOe B 2011 r. 
Hccne~OBaHHe CTOJlKHOaeHHH 

ranaKTHK 8 MaCCHBHOM CKon

JleHHH Abell 520 B OpHoHe, 
pacnOnO>l<eHHOM Ha pacCToR
HliM 2,4 Mnp,ll, CR. neT OT 3eM

JIH, nOCTaSHnO nepe)], aCTpo

tPH3HKaMH HOBhle BOnpOChl 0 

npHpoLle TeMHoH MaTepHH. 
PacnpeLleneHHe TeMHoH If 

06bIQHOH M3TepHH B CKOIIJle

HliM ranaKTH.K orrpe,nemllOT 
no rpaBHT3UHOHHOMY 803

neHCTBHfO Bell.(eCTS3 CKon

JleHlUI Ha CBeT ranaKTHK, H3

XOllHWHXCSI 33 HHM. Y'-leHble 

YCTaHOBHJlH, "TO Y Abell 520 
M3CCHBHo e TeMHoe JI,lI,PO, B 

KOroPOM HeT HpKHX ran3K

THK. 1{aCTJiQHO H,lI,pO CoeTQ

HT )13 otJeHh ropjlqero raJa 
(OIlHa H3 q,OPM 06hlQHOrO 
Bew;eCTBa) , Ha6mo.n;aeMoro 
no peHueHOBCKOMY H3nyQe

HlHO, 3aperHCTpHposaHHOMY 

l<OCMHyeCKOH 06cepaaTopHeH 

"t.{aH.llpa". 66nbmaH 'tIaCTb 

ueHTpanbHOH qaCTH CKOD

neHHJI , CKopee Bcero, Co.nep

)tOtT TeMHYIO M3TepHIO. 3TO 

6h1J1o 06HapYlKeHO B 2007 r ., 
HO TOr,lla ,llaHHble nOCqHTaJJH 

HeHa.ne>KHhlMH: corrraCHO 06

WenpHHJlThlM npe'[(CTasneHH

11M, TCMHaH MaTepHJI H 06hIq

HOe BeweCTBO nO.llBepraroTC1I 

.llei1cTBHIO O.llHHaKOBbIX rpa

BHTau,HOHllhlX CHn H n03TOMY 

.£lOn>KHbI6bITb O)l,HHaKOBO pac

npe)l,eneHbl B CKonnem·tH . 0.0.
HaKO H306pa)f(eHHe, ITOrrYlfeH

Hoe KTX B 2008 r. (eM. CTp. 1 
OOJJO)f(Kll), nOK33hlsaeT, 'lTO 

BH.nHMble r3naKTHKH He KOH

u,eHTPHpyroTCH TaM, r)J.e eCTb 

TeMH3g MaTepmL B03MO>KHO, 

3TO pa3nH'lHe 06YCJJOaneHO 

oc06eHHOCTHMH .nBH>KeHHJI 

60JJbWHX raJJaKTHK B OOhIQ

HOM rpaBHTaUHOHHOM none. 

O.D.HoH H3 npH'tffiH HaOJlIQ.nae

Moro B KllaeTepe Abell 520 
pa3.aeJJeHJ.UI .nByX SH,[(OB MaTe

pHli MO)KeT 6bITb CTonKHOBe

HHe rarraKTHK B u;eHTpe CKOD' 

rreHJ.UI, B pe3YJIhTaTe KOToporo 

HX oT6pocJ{rro K ero Kparo, a 

TeMHa${ MaTepHJI OCTanaCb B 

ueHTPe CKonneHHR . Ho BOC

npoH3secTH TaKO" sapHaHT 

C DOMOm:bK) KOMnblOTepHoH 

MO.llerrH yqeHhIM He Y.D.anOCb. 

,llJ>yroe 06'bHCHeHHe 3aKJIK)

qaeTCR B TOM , 'lTO caepXCKon

JleHHe Abell 520 eq,opMHpO
BanOCb rrpH CTOJIKHOBeHHH 

He ,llBYX, a Tpex CKonneHHH 

ranaKTHK. BepO.SITHO, TeM

Hax MaTepJ.UI sce-TaKH 83aH

MO.lleHcTByer C 06hI'LHbtM Be

lIleCTBOM HJIH caM3 C co60H 

He TonbKO rpaBHTaUHOHHO H 

nOTOMY cnoco6Ha " CJIHnaTb

CR" n pH npOXOlK.lleHHI< IlPyT 
Qepe3 .npyr3 06rr3KOB TeMHOH 

MaTepHH. 

IbyqeHHe Ilpyroro Mac
CHBHON CI(QITneHJ.UI, "TIyn$l" 

(1 E 0657-56, paenOJIQlKeHO 
B 3,4 Mnp.n ca. neT OT Hac), 

nOKa3a.no, qTO HHor.£la TeM

Ha& MaTepH${ cne)l,ye-r 3a ra

n3l<THK3MH H TonbKO roPRLfHH 

r33 OCT3ercx B UCHTP3JJbHOH 

Lf3CTH. B03MO>KHO, 3TO CBX3a

HO c 60rree CrrO>KHbIM .o.HHa

MHqeCKHM npou;eCCOM, qCM 

B CKOJlJleHHH Abell 520. 'lTO
ObI BbIJrCHHTb, K3K H3 caMOM 

.aene TeMHaH M3TepM MHJi

eT Ha 06hI'lHYlO, Heo6xo.aHMbI 

.aaJIbHeHIIIHe HCCne./lOB3HHJI. 

TIpecC-peJlH3I1HcTHryTa 
KTX,NASA, 

2 MapTa 2012 r . 
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