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Kocmuuyeckoe MUKPOBOJIHOBOE U3JIyYeHHUE
U TEMHAasi MAaTepus

PaccmatpuBaeTca BONpPOC O BO3MOXHOM MPOUCXOXAEHUN OOHOTO U3 KOMMOHEHTOB TEMHOW
MaTepun, HanomnHsawwWwen ranaktukn. OTnNpaBHOM TOYKOWM SBNSETCA aHanu3 «cyabObi»
3BE3HOMO 3NIEKTPOMAarHMTHOrO W3Ny4eHns B YCNoBusAX BeyHon BceneHHon. Ha ocHose
COMOCTaBMIEHNs cpefHero BpPEMEHW >KU3HW 3Be3dbl B aKTUMBHOW (ase un BpemeHu
CYLLIEeCTBOBAHNSI HEMOMMOLUEHHOW YacTu €€ M3MyyYyeHus [ernaeTcs BbiBOL4 O HamnorHeHuu
BceneHHOM 3BE3AHLIM  3MEKTPOMArHUTHbIM - M3nydyeHnem. OpgHako ecnu  UCXoauUTb U3
CYLLECTBYIOLLMX KOHUEMNUMA, a Tawke OOHapYyXEeHHOro KpacHOro CMeLLeHMs B ChnekTpax
Oanékux ranakTuk, fobaBneHne HOBOMO U3NYyYeHUst K yXe nMetollemycs Bo BceneHHon Byaet
COMpPOBOXAATbCA «UCHE3HOBEHWEM» W3My4YeHWUs B CamoW OJIMHHOBOMHOBOW obnactu, T. e.
OynoeT HabnogaTbCsl HApyLLEHWe 3aKoHa COXpaHEeHWsl aHeprni. BosHukaeT rmaBHbI BONPOC:
MoxeT nm beccnefHo ucdesaTb U3NyvyeHWe, a BMecTe C HUM u 3Heprua? OTBeT paértcs
oTpuUaTenbHbIA, U OH 0BBbACHAETCA NMPUBNEYEHMEM MEXaHW3Ma OUCCUMMNATUMBHBLIX NOTEPL MpU
pacnpocTpaHeHumn n3nyvyeHmsa npoctopammu BeceneHHon. [Insg 3Toro BBOAMTCS NpeanosiokeHne
O HanuuMM cpefbl areHTa, B3aMMOLEWNCTBYHOLLEro C KBaHTAMWM U3MNYYEHUS C MOMOLLbIO
ype3amepHo cnabbix cun. BbickasbiBaeTcs rmnotesa, 4To (POTOHbI, Monaswuve B obnactb
HU3KMX YacTOT (MUKPOBOJTHOBOW AnanasoH 1 Brnmskue K HemMy amanasoHbl), CNOCOOHbI B cpefe
areHTa nonapHo ob6beanHATLCA, Co3aBas HEMTparnbHble YacThLbl YPE3BbIYANHO ManbiX Macc
(mopsigka 0.0013 aB). 311 yacTuupbl — 6030HLI - ABNAOTCA YacTMLaMu camoro areHTta. Micxoas
N3 NpPUpPOAbl areHTa, 0ObACHAITCSA HeKoTopble HabmnpaTenbHble AaHHblE, OTHOCALMECH K
ConHeyHon cucteme (yBenuyeHue paccrtosHua mexay ConHuem n 3eMmnén, «nnasaroLlee»
3HayeHVe rpaBUTALMOHHOW MOCTOsSIHHOW G, nyKTyauum KOCMWYECKOro MWKPOBOSHOBOrO
N3ny4yeHnst), a Takke oOHapyXeHHble OTKIMOHEHMWs, HabnaaBwWmMecs B TeYeHUe psga net B
YCKOPEHMAX KOCMWYECKMX annapaTtoB NpW TrpaBMTAUMOHHBIX MaHEéBpax BOMM3n 3emnu
(Galileo, NEAR, Rosetta, Messenger, Cassini). Kpome aToro, faHHasi rmnote3a OTHOCUTESNBHO
NPOVCXOXOEHUS W CBOWCTB areHta OObSACHAET HeKOoTopble pe3ynbTaTbl NlabopaTopHbIX
nccrnegoBaHun: bnykTyauum ckopocTen NpoTeKaHNs XMMUYECKUX U BUOXMMUYECKMX peakumm,
apend «Hynsi» BbICOKOTOYHbLIX MNPUOOPOB U, BO3MOXHO, perlakCauUoHHbIE MNpOLEeCcChl B
yrpyrux TBepabiXx Tenax. [naBHble BbIBOAbI: KOCMWYECKOE MUKPOBOSIHOBOE MW3MyvyeHue
SIBNAETCA OCTATKOM 3BE3QHOr0 WM3My4vyeHus, a cpeda areHta — 3TO KOMMOHEHT TEMHON
MaTepun, TECHO CBSI3@HHbIN C KOCMUYECKMM MWKPOBOSMHOBBLIM M3nydeHueM. [pyrue
KOMMOHEHTbl TEMHOW MaTepun — 3TO yraclume 3BE3abl, pasfuyHble X XONoAHble oparMeHThl,
BKIIHOYAs ra3bl M MNbifib, U, BO3MOXHO, MHble Gonee rnybokne CTpyKTypHbIE YPOBHU MaTepum.
Knroveenbie crioga: 3BE34HOE U3NyYEHUE; KOCMUYECKOE MUKPOBOJSTHOBOE U3/TyYeHUE; MEMHast
Mamepus.

BBepeHue

MopaBnstowan yactb Tepsemon COnHUEeM 3Heprun npuxXoamMTCa Ha JOro
anekTpoMarHuTHoro wusnyydenust (3U). CpaBHuBasd MpOAOSKUTENBHOCTL aKTUBHOWM
XW3HN Hawen 3Be3dbl C MPOJOIHKUTESNTIbHOCTLIO CYLLECTBOBAHUA B KOCMOCe eé
N3y4YeHUsi, MOXHO 3aMeTUTb, YTO CyLeCTBEHHbIN doparmeHT A ConHua HamHoro
NnepexunBeér BO BpPEMEHUM CBOW WCTOYHUK. Takoe yTBepxaeHue cnegyetr w3
0606LeHna HabngaTenbHbIX AAaHHbIX, MONYYEHHbLIX COBPEMEHHbBIMU Teneckonamm,
CNocoBHbIMY 3arnsiHyTb B CaMble OTAaNEHHbIE Y4aCTKM KOCMOCa.

Monarasi, 4to nNoaoGHbLIM oObpa3om Bed€T cebs u3nydeHwe BCexX 3BE3M,
BceneHHaa 6yget HanonHatbca 3. B 31O m3nydeHve BXOOMT JOMS U OT SPKUX
ronyobix 3BE€3[, Nepuon XW3HW KOTOPbIX COCTaBNSeT BCEro [AeCATKA - COTHWU
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MUISIMOHOB feT, a WX W3Ny4YeHMe XMBET BO MHOrO0 pa3 Aofblue, YeM camu
NCTOYHUKMN.

M3 paHHOro conocrtaBneHust crieqyeTt BaXKHbl BbiBOA: BO BceneHHon SOMKHO
HakannmBaTbca AU 3B€34. O6paTHOM CTOPOHON 3TOro BbiBoga OyaeT nocTteneHHoe
HaKoMneHne XonogHoro OGapMOHHOIO KOMMOHEHTa B BMAE OCTbIBAOWMX U YyXe
OCTbIBLUMX 3BE30 U MX BCEBO3MOXHbIX hparMeHTOB, BKIHOYas MbifieBble U ra3oBble
obnaka.

K atomy BbiBOAYy Heobxoammo [obaButb HabniogatenbHble pes3ynbTathl,
CBA3AHHbIE CO CMELEHUSIMWU B CMEeKTpax WU3NyyYyeHus ranaktuk. OTU [AaHHble
CYyLLIeCTBEHHO YTOYHSAIOT npeacTaBneHHyto BbllLE KapTuUHY: CMeKTp
3NEKTPOMAarHUTHOIO U3ry4yeHnsi, CBOBGOAHO pPaCNPOCTPAHAIOLErOCs KOCMUYECKUM
NPOCTPAHCTBOM, MOCTENEHHO OyaeT cmewaTbCA B KpacCHYK CTOPOHY. [lpudem,
cornacHo HabnogeHusam 3. Xabbna, aTo cmelleHne cnektpa 6yget Tem Gonblue,
Yyem Janblue ranaktuka HaxoauTtcst oT HabnwaaTtens. 3TOT BbIBOA OTHOCUTENbHO
cyobbbl QW 3BE34 HaxoouTCA BHE TMPUMBA3KM K CYLWECTBYHOLWMM  (PU3NYECKUM
TeopusiM, Tak Kak OCHOBaH Ha HabnioaaTenbHbIX AaHHbIX.

B obwenpuHaton Teopun bonbworo B3peiBa (BB) cyabba 3OW 3Bésg
npeacraBnaeTcs Tak: U3nydeHue, NoABMBLUMCH OfHaxAbl, Aarnee OyaeT NoHeMHory
HakannmMBaTbCs, U XUTb CBOEWN >XMU3HbIO HE3aBMCMMO OT BCEW OCTallbHOM MaTepumn
BceneHHon. K Tomy e, 310 m3nyyeHne 6ydeT NOCTOAHHO CMeLWaTbCs B CTOPOHY
AJIMHHBIX BOJSIH BCNEeACTBME paclIMpeHUa MNpOoCTpaHCTBa Nog AeNcTBUEM TEMHOM
SHepruu.

CornacHo Bo3pacty BceneHHon (13.8 munnuapaos net, (bB)) 6onblias yactb
3BE3QHOMO WU3MYYEeHUs, MMEKLWEroca Ha [aHHbIM MOMEHT BO BceneHHon, yxe
AOIMKHA HaxoauTbCs B 0OnactM HU3KUX YacToT. Ho yanuHeHwe BOMHbI cBOGOAHO
ABWXKYLLLEroCs KBaHTa O3Ha4aeT COOTBETCTBYIOLLUEE YMEHbLUEHME €ro 3Hepruu, u
KBaHT CO BPEMEHEM MNPOCTO MUCYe3aeT, a BMECTE C HUM UM MNepBOHaYarnbHas ero
3Heprus.

OTOT Nepexoa YacTu aHeprim GaprMoHHOro BellecTBa 3BE3g B QW npmBoauT K
OCTbIBaHMO BceneHHOM U OOHOBPEMEHHO K OTPULI@HUIO €€ CYLLECTBOBAHUS B TOM
BMOe, KOTOpbIM MOXHO Habnwogate cendac. B dwuHane Takoro nogxoga Oypet
TennoBasa cmepTb BceneHHon.

Ho Tak nn Bcé obcTonT Ha caMoM Aene, Kak 3To yTBepxxaaetcs B Teopun bB?
Cnegyetr nu oxupgatb, 4TOo [lpmpoga npegoctaBut 3U  UCKMIOYUTESBHYIO,
abconoTHyto cBoboay, Gnarogaps KOTOPOW KBaHTbl U3MNYYEHUS CMOTryT BEYHO
6nyxgatb npoctopamn BceneHHoOM M B3aMMOOenCTBOBaTb TOMbKO B Cryvae WUX
NpPSIMOro nonagaHns B Kakme-To 6apunoHHble hparMeHTbl MaTepun?

OTBeT: ckopee - HeT, Yem — aa.

HeT, xoTs 6bl noTomMy, 4TO B [pMpoae BCE HaxoAUTCS BO B3aMMOCBS3U. JTO
KpaTKun OTBET N OH 13 punocodpun. C ToUkM 3peHns pusnkm nogobHas abcontoTHas
ceBoboga HEBO3MOXHA YXe MOTOMY, YTO 3IEKTPOMAarHUTHblE KBaHTbl HaAeseHbl
Mpupogo BMNOMHE  KOHKPETHbIMM  «0bs3aHHocTsMM». OHM  obecneuymBatoT
B3aMMOAENCTBME 3aPSPKEHHbIX YacTul, poXOakT napbl «4acTvua - aHTM4YacTuuay
GapuoHHOM MaTepum M T. 4. DNEKTpoOMarHUTHoe B3avmogenctene obecneuvvsaeT
CNULWIKOM MHoroe B lNpupoae n No3ToMy ero KBaHTbl HE MOryT ObiTb OTCTPaHEHbI OT
nobbIX B3aMMOLEUCTBUN MPU UX PACNPOCTPAHEHUN KOCMWUYECKMMMU MPOCTOpPaMU.
Cesa3b QM ¢ octanbHON maTepuen obsizaHa ObiTb, U 3TO yTBEPXKAEHUE HE AOIMKHO
Bbl3blBaTb COMHEHMW. Bonpoc nuwb B TOM, kKakuMm obpa3oM M C YEeM KOHKPETHO
MOXeT B3aUMOAENCTBOBATb 3TO U3NyYeHMe.
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Moatomy, ecnun npuaepxmBaTbCA UOEM O BEYHO CyLLUECTBYHOLWEN U
passuBatoLlencs BcerneHHOW, TO MpoTMBOpeYMe MeXay I9TOM uMAeen U rNaBHbIM
BbIBOOOM OTHOCUTENbHO 3BE&3AHOro AW roBOpuUT O TOM, YTO YTO-TO YMyLWEHO B
rOCMOACTBYHOLLMX Teopusix, paccMaTpmBaloWMX MpoLeccbl pacnpoCTpaHeHus
N3Ny4eHNss KOCMUYECKUM MPOCTPaHCTBOM. [pn 9TOM CTaHOBUTBLCHA OYEBUOHLIM, YTO
elule OOIMKHbl OCTaTbCs KakMe-TO He BCKpbITble U He uccredoBaHHble MeXaHU3Mbl
obpaTHOro nepexoga 3HEpPrun OT €€ INEKTPOMarHUTHOM OpMbl K BGapMOHHOMY
KOMMOHEHTY.

Ana BCKpbITUS 3TUX MEXaHM3MOB B OCHOBE [JanbHeKlero aHanusa
MCNONb3yeTCa MHasi WHTepnpeTauus HEKOTOPbIX OCOOEHHOCTEN B MNpUBEOEHHbIX
Bbllle HabniogaTenbHblX pesynbTtatax. HoBas wuHTepnpeTauuss ucnornb3yeTcs B
coyeTaHUn C O4HMM U3 MEeXaHM3MOB, [alLMM OCHOBHOW BKNag B obLiee kpacHoe
CMelleHVe B CrekTpax ranaktuk, - C pacCesiHUeM 9Heprum KBaHTOM MNpwu €ero
ABWXeHun npoctopamu BeceneHnHon [1,3,4].

1. N'mnoTe3a

[anbHenwne paccyXgeHuss OCHOBaHbl Ha MNPeanosioKeHUn O  Hanuymm
ANCCUMNaTUBHBIX NOTepb Npu ABwXKeHun OU B Mex3BE3OHOM MNpoCcTpaHcTBe. OTOT
MEXaHU3M CYMTaeTCA OCHOBHbIM, BHOCAWMM HambonblWnin BKag B KpacHoe
CMelleHne B CrekTpax usnyyeHus ranaktuk. Kpome 3Toro, ucnonb3yeTtcs akT
HanuumMs 60onboro MUKPOBOMNHOBOro doHa [5], 4yTo TpebyeT AOMOMHUTENBbHOro
YTOYHEHUS XapaKTepa pacCcedHns aHeprum (oToHamMn B 3aBUCUMOCTU OT LOTUHBbI
BOJSIHbI.

HakoHeu, B oTnpaBHOW ©0asnc BkNOYaeTcs eweé oanH HabnoaaTenbHbIN
pesynbTaTt: UHTEHCMBHOCTb KOCMUYECKOrO0 MUKPOBOJSTHOBOIO M3MyYEHUS HE TOSbKO B
pasbl MPEeBOCXOAUT CYMMapHYH WHTEHCMBHOCTb BCEX W3BECTHbIX WCTOYHUKOB
AAHHOro msnyyeHust Bo BceneHHow, HO eweé vmeeT n 6Gonblne M3MEHEHUS BO
BPEMEHM - Bapuaumm NHTEHCMBHOCTH [6].

[MaBHbIN BOMPOC O B3aMMOOTHOLUEHUM ABYX (hopM mMaTtepumn - 6GapuoHHON U
OW - craBuTca Tak: GygeT Ny OCTaBLUEeCHA 9NeKTPOMarHUTHoe U3rnyyvyeHue, He
nornoweHHoe 6apuvoHHbIMM obbekTamu BceneHHon, GnyxpgaTb Be4vHO, yONMHASA
CBOIO BOJSIHY, USIN OHO, NOCe NPOXOXOEHUS OFPOMHbIX PACCTOSAHUN, BCE-TaKN ynaeT
B «HeObITWe», nepeaas BCIO CBOK 3HEPTUI0 KAKOMY-TO eLLE He OTKPLITOMY areHTy?

OTBeT Ha 3TOT BOMPOC [OAéTca Takou: npeobrnagawowas 4acTb KBAHTOB
N3y4YeHunsi, He NOrNoLWEHHbIX BapMOHHBIMU dparMeHTaMmun MaTepumn, He ByaeT BeYHO
6nyxgaTte npoctopamu BceneHHon, a nepergér B uHyo opmy matepun. [JaHHbIN
OTBET, C NOCMneaylwWnM ero yToyHeHneM, 6asmpyetca Ha runotese O HanuMyuu B
NMPOCTPAHCTBE  HEKOTOPOro  areHTa, B3auMMOAEWCTBYIOLLEro CO  3BE3[HbIM
3NEKTPOMArHUTHbIM U3fTy4YEHMEM U MPUHUMAKOLWMM OT Hero aHepruo [1]. MNpu aTtom
areHT OyaeTt nepefasaTtb MOMYyYEHHYO 3HEPruo Hasag, 6apnMoHHOMY KOMMNOHEHTY, 3a
CYET APYruX, y>K€ N3BECTHbIX COBPEMEHHOM (Pn3NKe B3aMOLENCTBUN.

MoaTomy BbIBOO OTHOCUTENBHO AW 3BE34 M rMNoTes3a O HanMyMM areHta —
9TO OCHOBa B MOCTPOEHUN MexaHu3Ma obpaTHOW nepegaynm aHeprum ot AU K
GapuoHHON maTepuu.

Ho npexge HeobxoaMMO OTMETUTb CneayloWnin NPUHUUNUANBHbLIM MOMEHT:
MEXaHU3M pacCesHUsA SHEPrnn KBaHTaMn U3ry4yeHusi B npouecce Ux ABMXKEHUS — 3TO
He eOWHCTBEHHbIM MexaHu3M, obecrneumBalomMi KpacHOe CMeLLeHUe B CrekTpax
Aanékmx ranaktmk. OgHUM TONMbKO 3TUM MEXaHU3MOM He yaaéTcs O0ObACHUTL BCe
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0COBEHHOCTN B paccMaTpuBaeMbIX CMeKTpax, Ha KOTopble yKasblBaloT pe3ynbrathbl
nccnegoBaHnn XantoHa Apna [2], BapwHu v gpyrnx cneumanmcTos.

Ho B gaHHon paboTe MexaHn3m OUCCUMMNAaTMBHbIX NOTEPb CYATAETCA OCHOBHOM
NPUYNHON MOTEPU 3JHEpPrun KBaHTOM MpU  €ero [OBWXEHUN B KOCMUYECKOM
NPOCTPAHCTBE (ranakTU4eckoMm 1 Mexranaktnyeckom). lNpu aTom ocTaétcsa BHe nons
3peHus BKIag B KpacHOe CMeLleHWe OT BO3MOXHOro BnvsiHus adpdpekta [onnepa,
KOTOpbIN Ha OHe AUCCUMNaTUBHBIX MNOTepb Ha 6oNblUMX ranakTM4yeckux W
MeXranakTU4eCckux pacCTOAHNAX CYUTAETCS CYLLLECTBEHHO MEHbLLMM.

MpuHMMasa rmMnoTesy O paccesHUU 3Heprun POTOHOM MNpPU ero ABMXEHWUMU,
cnefgyet OTMETUTb, YTO MpejnosiaraeMblii MEXaHU3M MHOMMMWU UccrnegoBaTenamu
noaBeprancs XXECTKON KpUTUKe. JTa KPpUTUKA CBA3aHa C BO3MOXHOCTbIO paccesiHus
¢OTOHOB nNpW B3aMMOOEUCTBUM C MonagarvWmMMmca Ha UuX NyTM Yvactuuamu
GapuvoHHon matepun  [4]. TloaToMy, ecnu NPUHATb, YTO areHT — 3TO YacTuubl
GapvoHHOM MaTepuun, NycTb Aaxe Havbornee nérkne M3 HUX - 3NEKTPOHbl, TO B
pesynbtate npsimoro addekta KomntoHa OygeTr npoucxoantb U3MEHeHue
HanpasfeHns uMnynbca POToHa, YTO LOSMKHO NPUBOANTL K Pa3MbITUIO N300paXKeHUN
KOCMMNYECKNX 0O bEKTOB, KOTOPOE pearnbHO He HabngaeTcs.

CepbE3HOCTb OaHHOr0 BO3pPaXeHUs MOXeT OblTb CYLLECTBEHHO YMEHbLUEHa,
€Cnn runoTesy 3HepreTUyeckux noTepb AOMOMHUTbL TeM, YTO B3auMOLENCTBUE
MeXay KBaHTOM U3Iy4YeHUa U areHTOM cpefbl pacrnpoCcTpaHeHUst MOXeT ObITb OYeHb
cnabbiM, a caMu YacTUUbl areHTa MOryT MMeTb OYeHb Manble maccbl. Kpome aToro,
AAaHHOe B3aMMOAEWNCTBME MOXeT MpuBOAUTL K  paauanbHO-CUMMETPUYHOMY
BO3MYLLEHNIO Cpedbl areHTa OTHOCUTENbHO BeKTopa umnynbca goToHa. B aTtom
crnyyae W3MEHEeHUs HanpaBfieHUsl [OBWXEHUS KBaHTa MOXeT W He ObiTb, a,
crnepoBaTtenbHO, He ObITb M PA3MbITOCTM M30OPaXKEHUIN ranakTuK.

MoMMMO yKasaHHOro, Mpu MOCTPOEHMM MexaHu3Ma obpaTHon nepenaydn
9Heprum HeobxoanMO y4ecTb eLlé OOUH 3HaYMMbIV pe3ynbTaT — 6onbliasa NAOTHOCTb
KBAQHTOB MMKPOBOSTHOBOIO U3STy4eHUsI NO CPaBHEHUIO C MAOTHOCTLIO (POTOHOB ApPYrnX
AnanasoHoB [5]. bornee Toro, wnx aHepreTndyeckas MNOTHOCTb MNPEBOCXOAMUT
CYMMapHY 9HEpPreTU4EeCKyo NOTHOCTb KBAHTOB OCTaslbHbIX AMana3oHoB NpUMepPHO
B 20 pas. Takoe siBHOe BblAerieHne MUKPOBOJSTHOBOrO Amana3oHa Ha (poHe MOJSIHOro
crekTpa u3nyvyeHnsa 3Be€3q He MoxeT ObITb crydanHon aHomanuen lMNpupoabl. 3gech
cpabaTtbiBaeT eCTeCTBEHHbIN MexaHu3M, B pesynbTaTe KOTOporo v Habnwogaetcs
Takon 6onbLuon n3bbITok N MMEHHO B 9TOM AuanasoHe, K TOMY Xe, C NepeMeHHON
BO BPEMEHM MIOTHOCTLIO [6].

[nsa cornacoBaHns BCeX NpMBEAEHHbIX Bbille HabnogaTenbHbIX pe3ynbTaTos
paccMaTpmBaeTCsa Creayowmnn MexaHnamMm B3anMoaencTBMS Mexay cpeaon areHTa u
.

B AnanasoHe, HauMHasa OT XECTKMX ramma-niyden nm Oo Hayvana AgumanasoHa
OTHOCUTENbBbHO ASIMHHbLIX BOSH, AUddepeHuman aHepreTM4eckux noTepb KBAHTOM
N3Ny4yeHnst Npu ero B3aMmMoLencTBUN CO CPeaon areHTa HOCUT NMPUMEPHO JIMHENHbIN
XapakTep, Kak no aHeprum OTOHA, Tak M MO NIOTHOCTM cpedbl areHTa. W3-3a
MarnocTu KOHCTaHTbl B3aMMOLENCTBUSA IHepreTudeckme notepu byayT mansiMm gaxe
Ha 6ONbLUMX MeXranakTM4eckmx ANCTaHUnNAX.

Mpubnumxkaacb k obnactu ©Oonee AfVHHBIX BOSH, HAYMHAET MEeHSATbCS
WHTEHCMBHOCTb B3aMMOLEWNCTBUA MeXOy KBaHTOM W3Ny4YeHWd W cpedon areHTa:
B3aMMoOeNcTBMe cTaHoBuUTCA Oonee 3dpdEKTUBHBIM U HENMUHEWHBIM MO 3HEPrun
doTtoHa. [Opyrumn crioBamu, HavyMHaeT YyBeNUUMBATLCA MOAYMb rpagueHTta
SHepreTMyeckux NoTepb Npu NPUBNMXEHNN ANUHBI BOMHbI KBAHTa K MHApaKpacHOMY
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AnanasoHy. [anblle ykasaHHbIn MoOyfb PacTeéT C yBeNUYEHUEM ANNHbI BOSIHbI
BMMOTb 4O MUKPOBOSIHOBOTO AuanasoHa.

Ho npegnonaraemoe ycurneHue paccesiHMA  9HepruM  KBaHTamu C
yBENMYEHNEM OJIMHbI UX BOSHbI HE peluaeT Bcex npobnem. [Jeno B TOM, 4TO ecnu ¢
nepexogoM K HU3KMM 4acToTaM OCTaHOBWUTBLCS TOSMbKO Ha HannyMm MexaHusma
b6onee apdeKTUBHbIX ANCCMNATUBHBIX MNOTEPb, OOBACHUTE Hanuune 6GonbLion
NAOTHOCTU MUKPOBOJSTHOBOIO U3MyYEeHUs U, K TOMY Xe, CYLLeCTBEHHO MEeHSIoLencs
BO BpeEMEHMU, BPSA NN NOSTy4UTCA.

He nonyuutca notoMmy, 4TO B pamkax npegnosiaraeMoro MexaHusma
B3anmogencteusa «3W — areHT» MUKPOBOSTHOBOE MU3IydYeHue OOSMKHO W fanblue, u
paxe bonee adpekTMBHO, OTAaBaTb CBOK 3JHEPruto areHTy. [Mo3ToMy He BUAHO
NPUYMH ONs nosiBNeHns 60nblIon NPOCTPAHCTBEHHOW MAOTHOCTU MUKPOBOSHOBOMO
n3ny4yeHusi, a Tem bonee, e€ BapmMaunin BO BPEMEHM.

Ho B AOMMHHOBONHOBOM AnanasoHe Hanuume ©Gonee adpdeKTUBHOMO
B3aMMOOENCTBUA Mexay areHToM U  dOTOHOM YKasbiBaeT Ha crnefyloulyto
BO3MOXHOCTb: B 3TOM AManas3oHe BOSIH C MOMOLbLIO CUM, OEWCTBYHOLLMX MexXay
POTOHOM W areHToM, [LOSMPKHO HayuHaTbCA 3PPEeKTUBHOE B3aMMOLEWNCTBUE YXKe
HenocpeacTBEHHO MexXay (PhoToHamu. JTO B3avmopencTsne obs3aHO NpUBOAUTL K
KakmuM-TO BGonee cylecTBeHHbIM nocrneactesusiM B cyabbe camoro msnydexus. To,
4yTo nopgobHoe B3auMmogencTBne Mexagy POTOHaMW  MOXHO  OONYCTUTb,
CBMOETENbLCTBYIOT pesynbTaTbl WUCCegoBaHUM CBOWUCTB (DOTOHOB, MOSTyYEHHbIE
nccnegoBaTenbCKUMK rpynnaMm 1 KpaTko npencTtaBfieHbl B nogbopke coobLlieHun
NHTEepHeTa «HekoTopble cBOMCTBA (DOTOHOBY.

YKa3aHHbIN MOMEHT OTHOCUTESIbHO (OOTOH - (POTOHHOrO B3aUMOOENCTBUS
ABNSAETCA KMNOYEBLIM, U, €CNN OH BEPHbIN, TO OH NPUBOANUT K naee NpOUCXOXAEHUS
camMoro areHTa, B3aumogencTByollero ¢ O 3BE34 M yKasblBalOLWEro Ha KaHan
obpaTHOM CBsA3M, NO KOTOPOMY nepenaértcsa aHepruns AU 6apuoHHOMY doparmMeHTy
BceneHHon.

2. AreHT

BbickasbiBalOTCA NpeanosioXeHns:

-areHT SBMSEeTCA OUCKPETHOW cpeaon, pacrnpefenéHHOM B KOCMWUYECKOM
NPOCTPaHCTBE;

-B3aMMOAENCTBME MEXOAYy areHToM U OTOHOM He MOXeT ObiTb
3HaYUTENbHbIM.

[MocnegHee npeanonoXeHuWe cuYMTaeTcsa cnpaBeanuBbiM B obnactm 4acTtoT
N3Ny4yeHusi, B KOTOPbIX BU3yanbHO W annapaTHO YyaaéTca Habnwgatb W
nokanusoBaTb Ha HebecHon cdepe UCTOYHUKM n3nyyvyeHus. Kpome atoro, 4Yactuupl
areHTa MoryT UMeTb OYeHb Marble Maccbl, OBHapy>XeHne KOTOPbIX MOITO fnexaTb 3a
npegenamu annapaTtHOM TOYHOCTU paHee NPOBOAUMbIX N3MEPEHUN.

B kauectBe OCHOBHOM MNPUYUHbLI MNOSIBIEHUS OO0MbLION NPOCTPaHCTBEHHON
NNOTHOCTN MUKPOBOSHOBOIro A MoxeT ObITb HanM4yMe creayrowero npouecca.

®OTOHbI MWKPOBOSHOBOIO Auana3oHa B3auMOAEWCTBYIOT mMexgy cobon c
NOMOLLbIO CUST, KOTOPblE MMEKTCA MeXOy KBAaHTOM M3fnyvyeHus u areHTom. [lpum
onpeaenéHHbIX ycnoBusax (paBHble, HO MPOTUBOMOSOXHO HamnpaBfeHHbIE UMMYIbChI
(POTOHOB, OAMHAKOBbIE MONAPU3aALNN, Marble «NpuUerbHble» PacCTOAHUSA, U T. A.)
«HOBOE» W paHee HeHabnwgaemoe B3aMMoOLENCTBME MPUBOAUT K OObeauHEeHMUto
ABYX MMWKPOBONHOBbLIX (POTOHOB. WTOrom Takoro obbeanHeHuss OypeT nérkas
HenTpanbHasa 4YacTtuua.
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Mpegnonaraemble 4YacTULbl UMEOT Marible MacCbl U Marnble SHEpPruM CBA3N,
4YTO MO3BOSSIET HEKOTOPbIM M3 HUX pacnagaTtbCsl Ha KBaHTbl MPU BO3MYLLEHUU WX
cpeabl. OTUM 0BCTOATENLCTBOM ONpeaenseTcs NnepemMeHHasi BO BpEMEHM NNIOTHOCTb
KOCMMYECKOrO MUKPOBOJSTHOBOTO N3MNYYEHUS.

B npocmpaHcmee Ha OCHO8€ MUKPOBOJIHOBbLIX KB8aHMO8  U3/yYeHUs
cozdaémcs cpeda U3 HepesniamueUuCMCKUX HelmparbHbIX Yacmuy, masioli Macchbl,
Umo ycmaHaesueaem HEeKOmopoe O2paHUYeHUe Ha MI0OmMHOCMb  3Hepauu
MUKpOBOSIHOB020 OU 3a cuyém npeobpasosaHusi e20 (hOMOHO8 8 yKa3aHHbIEe
yacmuupbl.

OT0 ueHTpanbHaga rmnoTtesa.

Ha nepBbii B3rnsa, TONbKO YTO CKa3aHHOE KaXeTcsli AOCTAaTOYHO CMESbIM U
HAYEM He TMOAKPEnnéHHbIM yTBepXaeHnem. Ho 9To He coBceM Tak. 370,
OEeNCTBUTENbHO, TMNOTe3a, HO OHa nosiBUNachb Kak cneacrtsme obobuieHns Oonee
LUMPOKOrO  Kpyra 9KCNepuMeHTanbHOro Martepuana, 4em 3To Obifno  noka
npeacraeneHo. O6 3TUX 3KCNEpPMMEHTamNbHbLIX M HabnwgaTenbHbIX pesynbraTtax
HWXe ByaeT natTn peyb.

M3 Bbllwe ckaszaHHOro crnegyet, 4To AU, pacnpocTpaHstoleecs NpocTopamm
BceneHHon, npubnuxasicb K 4aCTOTHOW 0BnactM YCUMNEHHOro B3auMMOLENCTBUA C
yacTuMuamMu areHTa, HauMHaeT 3HauYnTenNbHO ObICTpee pacxogoBaTth 3HepPruto 1 bonee
CYLLECTBEHHO YANUHATbL OSIMHY BOSHbI HA €OUHULY NponaeHHoro nyTtu. oatomy B
onpeaensemMblx No KpaCHOMY CMELLEHUIO PacCTOSHUAX A0 OanéKnx ranakTuk (3akoH
Xabbna nnwoc addekt [Hdonnepa) uUMeeTcss HENMHENHOCTb, He YYET KOTOpOW
NpPUBOAUT B pacy€Tax K 3aBblLLEHHbIM raniakTU4eCKUM OUCTaHLUSAM.

OpgHako npeacTaBfeHHbI MexaHM3M He MoXeT cpabaTbiBaTb Kak HeKui
noeanbHbli QUNbTP AN 3BE3AHOMO 3MEKTPOMArHUTHOINO M3NyYeHUs, Tak Kak Aans
Takoro npeobpasoBaHust (POTOHOB B NErkKMe MaccoBble YacTulbl HeobxoauMmbl
onpeaenéHHble ycnosusi. MoaTomy Kakas-To YacTb U3NYYEHNA MOXET HE «MonacTb»
nod npoueaypy npeBpalleHMs B 4YacTuubl, M 3TO u3nydyeHue panble Oyger
pacnpoCcTpaHATbLCA NpocTopaMn BceneHHon, no-npexHemy oTaaBasi CBOK 3HEPruto
areHTy.

Mpepnonaraemble HeWTpanbHblE YacTULbl, NO-BMAUMOMY, MOryT ObiTb OBYX
BMAOOB, €CNU WUCXOAUTb M3 NPUNUCbIBAEMOro (POTOHY CMMHA, PaBHOMO eAuHULE.
MepBbI TN 4YacTUL, — 3TO YacTUubl C HyneBbiM cnuHoM. OHu obpasyroTca npu
00begMHEeHUN Ha BCTPEYHbIX Kypcax OBYX, OMeHb OGNM3KMX No aHeprm, OTOHOB C
OAMHAaKOBbIMW MPOEKUMSIMUA CMMHOB Ha HamnpasneHune [OBWKeHUs (O4MHaKoBble
cnvpanbHocTh). BTopas kateropms 4actuvuy — 3TO YacTuubl, NONy4Yaemble Mpu TEX Xe
YCINOBUSIX, HO CNUParnbHOCTUN (POTOHOB MPOTMBOMOSIOXKHbBIE N MO3TOMY YacTuLbl ByayT
UMETb CMWH, PaBHbIN 2.

YacTtuubl ¢ HyneBbIM CMMHOM B YCINOBUSIX KOCMOCa, rae Temnepartypa 6nmuska k
abconoTHOMY Hynto, O6yoyT MO CBOMM CBOWCTBAM YEM-TO HarNoMuHaTb ra3oByHO
cpeay, B KOTOPOW AOSMKHbI NPUCYTCTBOBATb CNabo BblpaXXeHHbIE CTONKHOBUTENbHbIE
npouecchbl Mexay Yactuuamu.

YacTtuubl BTOpoKn kateropuun, obnagatowime CNnMHOM 2, Mo NPUYUHE Hanuyus
CMWH-CMMHOBLIX B3aUMOOEWNCTBUA CMOIYT OpPraHM30BbiBaTb [OCTATOYMHO pPa3sBUTLIE
KnacTepHble CTPYKTYpbl. Hannume Takux knactepHbiX CTPYKTYP AOSMKHO NPOSIBMATLCA
B HEKOTOpbIX MpoLeccax, kak B KOCMUYECKMX Maclitabax, Tak n B niabopaTopHbIX
NCNbITAHUSX.

O6a TMna YacTuy, y4acTBYyHOT B rpaBMTaLMOHHOM B3aUMOAENCTBUMN.

88



OTKpbITbIE NHPOPMALIMOHHbIE N KOMMbIOTEPHbIE UHTErPUPOBaHHbIE TexHonornm, Ne 82, 2018

MpumepHble Maccbl YacTul 3TUX OBYX KaTeropui MoryT 6biTb OLEHEHbl U3
OMbITHOM KPMBOW MO MNSIOTHOCTU pacnpeneneHns KOCMUYECKOro MUKPOBOSTHOBOIO
N3ny4YyeHnsi, 4OCTAaTOMHO XOPOLLO COOTBETCTBYIOLLErO pacnpegeneHuto NnaHka ans
Temnepatypbl 2.75 °K. Mpu Takoi TemnepaType MakCUMyM B pacrnpeaeneHum
9HEepreTU4Yeckon MNMNOTHOCTU MPUXOOAUTCA Ha LMAWHY BONHbI 1.9 MM. OToM AnvHe
BOJIHbI KBAaHTa COOTBETCTBYET YacTuua, Macca KoTopou npumepHo pasHa 0.0013 3B.
Eé BennunHa 6onee 4em Ha BOCEMb NOPSAKOB MEHbLLE MACChl MOKOS ANIEKTPOHA.

B OononHeHue MOXHO 3aMeTUTb, YTO npeanonaraemMble 4acTULbl-6030HbI
OyayT UMeTb HENPEPLIBHbLIN CMEKTP MAacC, Tak Kak U3 MMEKLLMXCS acTponanyeckmnx
AaHHbIX HE BWOHO KakMx-iMbo npu3HaKoB, KOTOpble MOrnuM Obl yKkasbiBaTb Ha
BO3MOXHYH AMCKPETHOCTb MX CnekTpa. M3-3a pasnuyHbiX CMMHOB Yy ABYX HabopoB
yactTuy ux B3aumopenctsnme ¢ 6HapuoHHOM MaTepuen, ckopee Bcero, byaer
OTNMYaTbCA, TaK KaK CMMH-CMMHOBOE B3aUMOAENCTBME MOXKET OKa3aTbCA JOCTAaTOYHO
CYLLLeCTBEHHbIM, YTO ByaeT NpMBOANTL K AONOMHUTENBLHBIM 3ddekTam, B TOM YnUcne
N B CUIbHbIX FPaBUTALNOHHbIX MNOMNAX.

Ecnun BCE, TONbKO 4YTO nNpeacTaBrieHHOe, COOTBETCTBYET AENCTBUTESTbHOCTH,
TO B HM3KOYACTOTHOM AmanaszoHe 3/ BO3MOXHbI HE TONbKO npouecchbl 0bpasoBaHus
NErknx 4YacTtuy, Tam e crnegyet oxmaaTb U UX paspylleHUss U3-3a Maron SHeprum
cBa3n. B aToMm cnyyae nog AeNCcTBMEM BHELLHMX BO3MYLLEHUI HENTPanbHas Yyactuua
MOXET pacnagaTtbCsl Ha ABa KBaHTa, KOTOpble, Nponasa onpeaeneHHoe paccTosiHMe
(N0 3eMHbIM MepkaM OHO MOXET oKas3aTbCA O4YeHb OonblKM), MOryT BHOBb
COEOUHUTBLCS C APYrMMU aHanorm4yHbiMn POTOHAMN, JaB HOBbIE TakMe Xe YacTuubl.
BepoaTHOCTb Takom BCTpeuun OBYX POTOHOB AOCTAaTOYMHO HU3Kasi, HO OHa He paBHa
HYH0.

Moatomy cpema wm3 aTmx vactuy OyaeT npeacraBnATb cobon cucTemy,
YYBCTBUTESbHYIO K Mpoueccam, npoucxogsawmm B obrnactu nNpoCTpaHCTBEHHOW eé
nokanusaumm. B 3Tom cpege noctynawuwee 3Bé€3gHoe 3W, pgocturwee
MMKPOBOSTHOBOIrO AnanasoHa, MUKPOBOSIHOBbIE KBaHTbl U3Ny4eHUs OT Gnvkanwmnx
ranakTuyeckmx o6beKTOB, pacnaj caMmx YacTul Ha POTOHbI M3-3a BO3MYLLEHUN U
nocrnegywwas accounaumsi (POTOHOB B Te e YacTuubl CO34alT JlOKamnbHbIN,
MEHSAIOLLMNCS BO BPEMEHN MUKPOBOSTHOBOM KOCMUYECKUA (POH.

MogBogos  wuTOr  CKasaHHOMY, MOXHO cAenatb  BbIBOA4, 4YTO  3TU
HEepPensTUBMUCTCKME HEeNTparbHble YacTuubl — 3TO U €CTb areHT, B cpeae KOToporo
ABmxeTcs 3Bé€3gHoe OW, nepenasas eMy CBOK aHepruto. [1oaTomMy areHT siBnsieTcs
NPOAYKTOM 3BE3HOr0 3fIEKTPOMArHUTHOrO U3fyyYeHusl, U1 OH OAE€T OCHOBHOMW KaHan,
Mo KOTOPOMY OCyLLEeCTBNsSieTCs nepefaya aHeprum ot O kK 6apuoHHOMY KOMMOHEHTY
BceneHHoW.

3. CBouncTBa areHTta

[Onsa 3amblkaHna MexaHu3amMa obpaTHoM nepegayn 3Heprum oT OUM K
BapMOHHOMY KOMMOHEHTY HeobxoaMMO OTBETUTb Ha OYepenHOM BOMPOC: Kak 3ToT
areHT, norfy4as OT 3fEeKTPOMarHUTHbIX BOSIH SQHEPrMl0 CcHavana 3a CuYeT
«TOPMOXEeHUs» POTOHOB, @ NOTOM 3a CYET 00beanHEHUS1 (POTOHOB B YaCTULbI 3TOrO
e areHTa, nepegaeT Nofy4YeHHy SHeprno obpaTtHo, 6aprMoHHOM COCTaBMSAOLEN?

CuuTtasga rpaBMTaUMOHHOE B3aMMOLENCTBUE (PyHOAMEHTaNbHLIM A1 MaTepun
B LUenom, npegnonaraemMbiin areHT 06s13aH B HEM y4yacTBOBaTb, U OH BygeT oTaaBaTtb
NosTly4eHHyo oT O 3Hepruo OCHOBHLIM UIPOKaM rPaBUTaALMOHHOIO B3anMOAENCTBUS
BO BceneHHon, T. e. ranaktukam n ux ckonneHmam. NoaTomy areHT He MoXeT ObITb
paBHOMEPHO pacnpenenieHHbIM No BCeMy MpPOCTpaHCTBY BceneHHon. Y4yacTBys B
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rpaBMTaLMOHHOM B3aMMOAEWNCTBUWN, OH OyaeT cTekaTbCA K BOMblMM TAroTeLWwmMM
maccam. CnepoBaTtenbHO, Hanbornbllee KONMYEeCTBO areHTa creayetr oxuaaTb B
ranakTMkax U ux CKOMneHusx, B punameHTax, COeANHSIOWMNX CKOMMEHUS, a TakkKe B
cTeHkax Bongos. M, HaobopoT, B MeXranakTm4ecknx npoctopax nnoTHOCTb areHTa u,
COOTBETCTBEHHO, MMOTHOCTb MUKPOBOSTHOBOIO M3ry4yeHus 6yayT MUHUManbHbIMMU.

B ranaktukax areHT sBMNSETCA OCHOBHbIM «MOCTABLUMKOM» KOCMUYECKOro
MWKPOBOJSTHOBOIo (poHa cpasy no AByM KaHanam. [lepBbln KaHan — 3T0 CMeLlleHune
4YacTOTbl 3BE3AHOMO 3MIEKTPOMArHUTHOIO U3Ny4Y4eHns B MUKPOBOSIHOBOW AManasoH 3a
CYET MNOTEepU SHEeprun usrydyeHMem npu B3aMMOOEWUCTBUM C areHToMm. Btopoun -
paspyleHne Ha MUKPOBOSTHOBbIE KBAHTbl COBCTBEHHbIX YacTuL Nof BO3AENCTBUEM
BHELHNUX BO3MYyLLUEHUA. JTO O3HavaeT, 4Tto B nwobon ranaktmke B npegenax
BblAeneHHOW o06nactm YypoOBEHb JOKaNbHOIO MWKPOBOSIHOBOrO (oHa OyaeTt
onpenensaTbCs:

-NNOTHOCTbIO 3BE&3gHoro 3W, nonaBwero B obnactb HabnwoaeHns wu
AOCTUrLLIEro B HEN MUKPOBOSIHOBOIO AManasoHa,

-HenocpeacTBEHHbIM U3MNyYeHMEM B JAaHHOM AuanasoHe BOSH 6rvkanwmmm
obObeKkTamun aTOM ranakTuku,

-MMeEoLLIENCS NITOTHOCTLIO areHTa,

-UHTEHCUBHOCTBIO BO3MYLLEHUS cpedbl areHTa, UcxoasLlero oT npoueccoB B
paccMaTtpMBaeMon ranakTMke W MNpUBOASALEro K pacrnagy 4acTul areHTa Ha
MUKPOBOJSTHOBbIE KBaHTbI.

[MoaToMy cpefda areHTa He MOXeT npeactaeBnsaATb cobon OAHOPOLHYH U
N3OTPOMHYK CTPYKTYPY Oaxe B npeaenax ogHowm ranaktuku. [na atom cpegbl 6yayT
XapakTepHbl NPOTAKEHHbIE NU3MEHEHNSA €€ NNOTHOCTU U HanpaBfeHHOCTU ABMXKEHUS
noA BNUSHWEM FPaBUTALMOHHbBIX CUIT OCHOBHbIX raniakTU4ecknx o6beKToB.

PaccmaTtpuBaga 6onee KOHKPETHO BOMNPOC pacnpeaeneHus areHta Ha npumepe
KaKnX-TO JOKamnbHbIX obnacten Hawewn [anaktuku, crnegyer oxugatb B HUX
HEeMNoOCTOSIHCTBO BO BPEMEHM KaK MSIOTHOCTU areHTa, Tak W NAOTHOCTU
MUKPOBOSHOBOIo hoHa. OBnacTu ¢ OTNMYaLWMMUCS KOHLEHTPAUNAMWN areHTa MoryT
OblTb OTHOCUTENBHO NPOTSKEHHLIMU, U NOITOMY HEKOTOpPble HeBOMbLINE N3MEHEHNS
B rpaBUTALNOHHbBIX B3aMMOOENCTBUAX MOryT MNPOSIBNATbCS HENOCPEeACTBEHHO B
npegenax CoOMHEYHOM CUCTEMbI B TeYEHMEe BCEro BpPEMEHM MPOXOXAEHUSA €l
ranaktmyeckoro obrnaka C MHOM MNMOTHOCTLIO areHta. [pyrmmu cnoBamu,
NPOXOXAEHUEe 30Hbl U3MEHEHUSI KOHUEHTpauun areHTa OTHOCUTESIbHO MOCreAHero
€€ 3HayeHus, HesBHO MOnaBLUero B Kakme-TO pes3yrbTaTbl SKCMNEPUMEHTOB, UMK
CKpPbITO BoOwWewero B pacyéTbl 4epe3 3HavyeHVe  «(yHOaMeHTanbHOW»
rpaBUTaLMOHHOM MOCTOSIHHOM, MOXET OAUTbCA rogamu. OTO AOSMKHO NPUBOAMTL K
HEKOTOPbIM, TPYAHO MOHMMAaEMbIM PaCXOXOEHUAM Mexay HabntogaTenbHbIMU ¢
pacyY€THLIMK pe3ynbTaTamu.

[OoNONHUTENBHLIMM LUTPUXaMW K CKOMMEHUIO areHTa BOMM3nM ueHTpanbHbIX
yacTel ranakTuk MOryT CRyXuTb cregywowune 3amedaHus. Haxogdacs B6nv3sm
OCHOBHOIO CKOMMEHUs 3BE3[ KaK [MaBHbIX WCTOYHUKOB 3reKTPOMarHUTHOro
M3Ny4YeHUss N MaKCUMasrbHOW €ro MNPOCTPAHCTBEHHOW KOHLEHTpaUWUKW, areHT,
HECMOTPS Ha HE3HAYUTENbHOCTb CUNT B3aMMOOENCTBUSA C M3rNyYyeHuem, crnocobeH
«NPUHATBY Ha ceba COOTBETCTBYHOLLYIO OO0 aHeprun AU HenocpeacTBEHHO BONN3K
MCTOYHUKOB. [103TOMY B TEpMUHAX NPUBBIYHBLIX MOHATUA TemnepaTypa cpedbl areHTa
B pasHbIX JlOKanbHbIX 0BMacTsax ranakTMKM MOXeT OTNu4aTtbCs, MNyCTb Aaxe W
He3Ha4YUTEeNbHOro, 13-3a Hann4nsg BO3MYLLEHUS YacTul, areHTa nanydvyeHmem. ViHbimu
crnoBamMu, nMpouecC He3HauYUTeNnbHOM paguanbHOW nepedayn BO3MYLLUEHUS OT
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OoTOHa HenocpenCTBEHHO B cpefy areHTa OyaeT nNpuBOAWUTb K pacCesiHUIO YacTuL
areHTa gpyr Ha gpyre, T. e. ero Temnepatypa 6yaeT nosbiwaTtbcs. Kak KOHKPETHO 1
4YTO U3 ITOrO crieayeT — BOMPOC OTKPbITbIN.

[MonyTHO MOXHO 3aMeTUTb OTHOCUTENBHO OCOBEHHOCTEN KPaCHOro CMeLLEeHNS
B CMNeKTpax Janékux ranaktuk. Ecnu npocTpaHCTBEHHOe pacnpeeneHne areHta
npeacTaBneHo npasaonogobHO, TO BOMPOC O KPaCHOM CMELLEHUU B U3NyYeHUn
ranaktuk 6ygeTt cBA3aH He TOMbKO C BO3MOXHbIM HavanbHbIM YaCTOTHbIM COBUIOM
MO MPUYMHE KaKMX-TO OCOOBLIX YCNOBUIN, B KOTOPbIX HAXOASATCA U3nyyawLlme aToMbl B
aapax  akTMBHbIX ranaktuk. OCHOBHOM M OONbLUOWM 4YacTOTHbIA casur 6yaet
onpenensTbCcsa eweé ToM CROoXHOW reoMeTpmuen NPOCTPaAHCTBEHHOIO pacnpeaeneHuns
areHTa, KOTOpoe npeacTouT MNPOWTU U3MNyYeHUo Ha nyTu K Habnwogateno. U
OCHOBHas npobrnema 34eCb He TONMbKO B ranakTukax, BCTpedarlolmxcs Ha nyTu
OBWKEHNSA U3NYyYeHUs, HO U B TOW CIIOXXKHOM reoMeTpum punameHToB, B npenenax
KOTOPbIX M3nydeHne OyaeT BbIHYXOEHO ABMraTbCA OT MCTOYHMKA K Habnwogatento
yepes cpefy areHTa, HanomnHswwero aTM gunaMmeHTbl. [lloMMMo reomeTpumn 3gech
Ba)kHYO pOfib UrPaEeT M NITIOTHOCTb areHTa, KoTopas NoKarbHO MOXET U3MEHATLCS.

N3 Bbie nepeyvncrieHHbIX CBOWCTB areHta cnegyet 3amedaHve. OHO
KacaeTca TOM pOfM KOCMWYECKOrO MWKPOBOSTHOBOIO W3My4YeHUs, KOTOpYyl eMy
NblTalOTCA  Npuvaatb B [OKa3aTeNbCTBE  HEKOTOpbIX  (pyHOAMEHTamnbHbIX
XapaKTEPUCTMK KOCMWYECKOro MpPOCTPaHCTBA B LENOM. YuuTbiBass BCE Bblle
CKa3aHHOEe OTHOCWUTENbHO areHTa, HeobxoauMMO OTMEeTUTb, YTO pasnuuve B €ero
NoKarnbHbIX NSIOTHOCTAX, HanMyMe TeYeHU B ero cpeae, a Takke oTnuums, nycTb U
HebonbLuMe, B NloKanbHbIX TeMnepaTypax NpuaatnT MUKPOBOSHOBOMY U3ITyYEHUIO OT
paspyleHnsi 4YacTul areHta OcOobBeHHOCTM NOoKanbHOro XxapakTtepa, Ha KoTopble
HaKNagbIBalOTCH XapaKTEPUCTUKM OT WHbIX ranakTM4yeckux W BHeranakTu4yeckmx
MCTOYHMKOB  3TOMO  W3NYyYeHus. Moatomy  uMcnonb3oBaTb  KOCMWUYECKOE
MUKPOBOSIHOBOE M3My4YeHWEe B KayecTBe KpUTepusi OAHOPOAHOCTU U M3OTPOMHOCTM
NPOCTpaHCTBA, WM YyKasaTensl KakoW-TO HamnpaBfeHHOCTU OBWXKEHUS OBonblumx
CKOMNSIEHUN ranakTuK crieayeT OCTOPOXHO, TaK Kak (pmkcmpyemoe B HabnoaeHUsx
MUKPOBOSIHOBOE M3fyYeHMe MOXeT HecTu B cebe CylleCTBEHHbI OTnevyaTok
noKanbHbIX CRyYanHbIX COObITUNA.

4. KocBeHHOe nNoaTBepXAeHue Hanu4uusi areHTa
Makpockonuieckuit ypoBeHb

Kak yxe oTmedanocb, cnegyeT oxugaTb HepaBHOMEPHOE pacrnpeneneHve
areHTa B npegenax ranaktuk. Ecnm B HekoTopow ranaktuyeckon obnactu
HabniogaeTcs BbiCOKasi 3BE3OHAsA aKTUBHOCTb, B HEW W B OnNMKanmMX K HEW
nokanbHbIX obnacTtax dygeTt HabnogaTbCA NOBLILEHHANA U, K TOMY Xe, NepeMeHHas
MNOTHOCTb KOCMWYECKOr0 MMWKPOBOSIHOBOrO M3nydeHusi. B MnedHom [yTn,
Hanpumep, noA InokanbHOM 00MnacTbid MOXHO MOHMMAaTb 00nacTb HaxoXOeHus
CornHeYyHon cucTteMbl B LIENOM, OTAENbHOMW €€ NnaHeTbl, NMOBEPXHOCTHbIX YacTeMn
nraHeTbl.

Omodaya 3Hepa2uu MaKpoOCKonu4Yeckum obbekmam. [MaBHOe Ha3HadeHune
areHTa — 310 OobpaTHasa cBA3b AN ¢ BapumoHHon maTtepuen BceneHHon. [MoaTomy
areHT, ABNSASICb Cpefon HEeUTparbHbIX M O4YE€Hb NErKUX YacTul, Y4acTBYHOLMX TONbKO
B rPaBUMTAUMOHHOM B3aMMOAEWCTBMM C OGapuMOHHbLIM BELLECTBOM, CrnocobeH
NPOHUKaTb B MakpooObeKTbl KOCMOca (3BE3Abl, NfIaHeThbl, acTepouibl, Nbifb U T. 4.).
Moa BO3@enCTBMEM aTOMapPHbIX U MONEKYNAPHbBIX NPOLLECCOB, 3apSXKEHHbIX YacTuL,
a B 3BE€34ax elWeé M OYeHb BbICOKMX TemnepaTtyp nnasmbl, OTAESbHblE 4YacTuubl
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areHTa MOryT paspylwaTbCa Ha HU3KO3HepreTuyeckme OTOHbI, OTAaBas I3TUM
MaKpooHbEKTaM CBO 3HEPTULO.

B aTOoM cnydae, HeCMOTPSA Ha Marnble MacCbl YacTuL, areHTa, OTHOCUTESNbHO
XONnogHble KocMuyeckne oO6bekTbl OyayT nonyvaTb [OOMNOSHUTENbHYH, MYCTb U
HeBOMbLUYD 3HEPruio, a And ropsymx O6bekToB — 3TO OyaeT He3HaYUTESbHbIM
OoXnaxgeHnem, HO C MPUTOKOM Marnown 3Heprun. Hanpumep, ons 3emnun obnako
areHTa — 3T0 JOMNOSTHUTENbHbIA UCTOYHUK SHEPTUN K OBYM U3BECTHBIM - CONTHEYHOMN U
reotepmanbHor, a pgnsa ConHua — YacTMYHOE MOHWXKEHWe TemnepaTypbl
NOBEPXHOCTU, K TOMY Xe, HepaBHOMEPHOE.

K Bonpocy o nonyyeHun aHeprum u3 kocmoca obbektamum CoOnHEYHOM
CUCTEMbl MOXHO [J06aBuUTb, 4YTO UMelTCA paboTbl, B KOTOPbIX YKasblBalOTCH
HEOOHOPOOHOCTM KOCMWYECKOW cpedbl, B KOTOpble MepuoauMyeckun nonagaer
ConHe4yHasa cuctema npu CBOEM ranakTu4eckom OBVMXKEHUWN BOKPYr LieHTa [ManakTuku
MW npu  OOMOMHUTENbHOM  BOMHOOGpa3HoOM  (KonebaTenbHOM)  ABMXKEHUU
OTHOCUTENbHO MNMIOCKOCTU ranakTU4eckoro Aucka. 3T HeOoOHOPOOHOCTU cpeabl
NPMBOAAT K MNEpPUOAMYECKOMY W3ObITOYHOMY TennoBblAeneHnto B 0ObekTax
ConHeyHOM cUCTEMbI, KOTOpOE OOBACHAETCA HanMuMeMm TensnoBblAeNsALero
(haKkTopa KOCMUYECKOIro NPOMCXOXAEHUS. DTN pe3ynbTaThl NpeacTaBneHbl B paboTax
[10,11].

AHOManuu pa32oHo8 Kocmu4eckux anmnapamoe. CofnHe4yHas cucTema
HaxoOuTCs B NMOCTOSIHHOM [ABWXEHUM Yepe3 MMraHTCKOe ranakTuyecKoe CKoMfeHune
areHTa. B areHTe, nycTb n HeGonblime, ByayT CylwecTBOBaTb KonebaHnsa nNioTHOCTH,
KOTOpble CBSi3aHbl C npoucxoaswumun B [anakTtuke npoueccamu, W OOSDKHbI
HabngaTbCa NnokanbHble HanpaBneHHbIe nepemMeLleHnsa 6onNbLUMX ero YacTen.

OTnnuma B KOHUEHTpaUMaX W HanpaBfeHUAX ABWXKEHUS areHta MOXHO
npeactaBuTb B BUAe Hanuumst 6onblunx ero «obnakoB» C pa3HOM MMOTHOCTb. B
3TUX obnakax Takke MoryT ObiTb cBou, Gonee Menkue no NPOCTPAHCTBEHHOM
NPOTSPKEHHOCTM N BPEMEHU CYLLEeCTBOBaHMA konebaHusi B KOHLUEHTpauusix areHta
(kocmmnyeckast «TypOyneHTHOCTbY, «Psibby»).

ConHeyHas cuctema, nonagas B o4YepedHyd o6nactb C  M3MEHEHHOM
NAOTHOCTBbIO areHTa, cama CBOMMW rpaBUTAUMOHHbIMKW nonsmy ConHua u nnaHeT
OyneT KoppekTMpoBaTb €ro NPOCTPaHCTBEHHOe pacnpegeneHne. CnegosaTtenbHO,
Mexay OBYMsSI B3aUMOAENCTBYOLWNMN o6bekTamn CONHEYHOM CUCTEMbI, Hanpumep,
mexay 3emnén un JlyHon, OOMmKeH CylecTBoBaTb «MOCT» B BUAE reOMeTpuyecku
O0POPMIMEHHOIrO OTKNOHEHUSI B MAIOTHOCTU areHTa, okpyxatowero 3emnto un JlyHy.
MNOTHOCTb 4YacTuy, B 3TOM «MOCTUKe» OyaeT pearnpoBaTb Ha COOTBETCTBYHOLLME
Bapvaumm MrOTHOCTM areHTa B Onukanwen Kk 3emne OKpeCTHOCTM MPOXOAMMOro
ConHeyHomn cnuctemon obnaka.

Bonblwmne obnaka ¢ MHOM MNNOTHOCTbIO areHTa ConHeYyHas cucTtemMa MOXeT
NpOXoauTb B TEYEHWEe HECKONMbKMX 3eMHbIX neT. Ha npoTskeHun Bcero 3Toro
BPEMEHN N3-32 YMEHbLUEHNS, UNN YBENUYEHNSA NIIOTHOCTU areHTa ByaeT M3MeHsTbCA
COOTBETCTBYHOLMM 06pa3omM 1 cmna rpaBUTauMoOHHONO BO3AENCTBUS HA KOCMUYECKME
006bekTbl. He y4éT AOMONHUTENbHbLIX CUM, MOSBNAIOLWMXCA 3@ CYET YyKasaHHbIX
N3MEHEHUN MNOTHOCTU areHTa, MOXeT MPUBOAUTb K PaCXOXOEHMIO PACYETHbIX
YCKOPEHUIA KOCMUYECKMX annapaToB OT pearnbHO N3MepsieMblX 3Ha4YEHU.

Bo3amoxHO, 9TMM 3amMeyaHnmem MoryT ObiTb OOBSACHEHbI aHOManuu,
Habnogaswmeca B TeyeHWe psaga NeT B MOMYYEHHbIX YCKOPEHUAX KOCMUYECKUX
annapatoB Galileo, NEAR, Rosetta, Messenger n Cassini npu1 ux rpaBUTauMOHHbIX
MaHeBpax B npegenax ConHe4yHon cuctemsl.
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Bapuauyuu epasumayuoHHoU «rnnocmosiHHolU». B paboTe [12] npuBogaTcs
pe3ynbTaTtbl U3MEPEHUN Ha MPOTSHKEHUM pada neT 3HaYEeHWn rpaBUTaALUMOHHOWN
«noctosiHHon» G . U3 aTux pesynbTaToB criegyeT, YTO CTaTUCTUYECKM 3HAYMMble
nepuoanyeckme OTKMOHEHUS B 3HadyeHusx G, Habnwgaemble B TedeHue psja
MecsaueB, [JOCTOBEPHO YKasblBalOT Ha HanmMynMe UuX CBA3M C  B3aUMHbIM
pacnonoxeHnem 3emnu, JlyHbl u ConHua. OBHapyXeHHble pUTMbI C nepnogammn 28-
30 n 14-15 cyToKk 6NU3KM K CMOEPUYECKOMY U CUHOAMYECKOMY MYHHbIM Mecsuam
(27.3 n 29.5 cyTokK). OTa NEPUOLMYHOCTb yKa3blBaeT Ha HanuMyme COeaAMHUTENbHbIX
«mocToB» Mexay 3emnén, JlyHon n ConHuem. B ykasaHHbIX «MOCTax» LOMKHbI ObITb
OTNIMYNA B KOHLIEHTpaUMsX areHTa Mo CPaBHEHUIO C OCTarlbHOW ero cpenown, B
KOTOpPOW HaxoauTcs 3emnsi.

Ha d¢oHe oOHapyxeHHOW NepUogMYHOCTU B 3HAYEHUAX rpaBUTaALMNOHHON
«KOHCTaHTbl» Habnwgaemble pas3bpocbl - NOMUMO annapaTHbIX U MeTOANYECKUX
OWNBOK N3MEPEHN - MOXHO CBA3aTb C Hanuumem konebaHui NAOTHOCTWU areHTa,
KOTOpble NPUBOAAT K UIBMEHEHMIO FPaBUTALMOHHOIO MPUTSXKEHUSA TES, UCNONb3YEeMbIX
B onblTax. He yunTtbiBaeMas n MeHsLWascsa co BpeMeHeM AOMOMHUTENbHAsA cuna co
CTOPOHbI Cpefbl areHTa, aBTOMATMYECKM BKNHOYaeTcs B OWUOKN  n3MepeHun
«KOHCTaHTbI» rpaBUTaALMOHHOIO B3aUMOAENCTBUS.

UN3meHeHue acmpoHoMu4YecKol eOuHuUybl. [peacTaBneHHON ponbio areHTa
KaK y4acTHWKa rpaBUTaLMOHHOIO B3aMMOAENCTBUS MOXHO OOBACHUTD N yBENUYEHUE
acTpoHomunyeckon eguHuubl (AE), koTopoe cocTtasnsieT okorno 15 caHTUMeTpoB B rog
(yBenu4yeHune paccrosiHus mexay ConHuem n 3emMnén).

Mpupoct pacctosHna mexagy ConHueM U Hawen nnaHeToM MOXHO
npeacTaBuTb Kak OYeHb Marnoe W3MEHEeHMEe T[PaBUTALMOHHOW  KOHCTaHThI,
nosBNAKLLEECs B HEN 3a CHET U3MEHUBLLENCA NIOTHOCTU cpeabl NPUTArMBaroLero
areHTa, B kKotopyto nonana ConHeyHas cuctema. OYeHb Manoe yMmeHbLleHne Cubl
CO CcTOpoHbl CosnHua, Npy NMeoLLEncs TPaeKTOPHOW CKOPOCTU NSlaHeThl, NO3BoNseT
el HayaTb oO4YeHb HebonbluMe CMeLWeHUss NOo KacaTerbHOW noa AeNCTBUEM
LEeHTPOBEeXHbIX cun. MHbIMM crnoBamu, He YYTEHHOE U3MEHEHWE B rpaBUTaLMOHHOM
BNUSHWUM Cpefbl areHTa Ha cuny B3aumoaencTems 3emnsa — ComHue «CnvcbiBaeTca»
Ha U3MEHEHNEe KOHCTaHTbl B3aMMOLENCTBUA.

OTO NULWb cxemaTuyeckas MonbiTka OTPasuTb pearibHOe BIUSHUE U3MEHEHUS
cpeabl npebbiBaHNS ConHEYHOM cucTeMbl Npu e€ asmxeHun B [Manaktuke. K Tomy xe
aTa nonbiTka NpUBNMXKEHHas, Tak Kak cuuTaeTcs, 4YTo mMacca ConHua ocTaértcsd
HenameHHon. Kpome aTOro, 3a npegenamm OUEHKM OCTannCb He Y4YTEHHbIMU
pasneHne AW ConHua u ero BeTtpa. HO cO BpeMeHeM BO3MOXHbl U3MEHEHUS
KOHUEHTpauun areHta. Ecnn yepes Heckonbko net ConHevyHas cuctema BOWAOET B
ranaktnyeckoe obnako MHOW NIIOTHOCTM areHTa, byaeT obHapyXeHO MHOe rofoBoe
OTKIOHEHMNE B aCTPOHOMWYECKON eanHuLE.

MukpoeosiHogoe u3ny4eHue u3 ueHmpa [anakmuku. MakcumarnbHas
KOHUEHTpauus areHTa OXngaeTcs B 30HE CUMbHbIX FpaBUTAUMOHHLIX nonen. K atnm
nonam B ranakTtukax, B NepByl oyepedb, OTHOCATCHA Nons BOMAM3M LeHTpanbHbIX
CBEPXMACCMBHbIX YEPHbIX Oblp. MMetowasncs B LeHTpe 4YépHas Ablpa B AAHHbIN
MOMEHT MOXeT oKa3aTbCA MaCCUBHOW, T. €. He UMEeTb SBHOIO akKpeuWoHHOro amcka
n3 6apuoHHOM MaTepum N He UMETb U3FyYeHUs B BUOUMOWN unu Bonee XecTKon
obnacTn aNeKkTPoOMarHUTHOro CnekTpa.

Ho nog penctBnem CUNbHOrO rpaBUMTaLMOHHOIO MOns Ablpbl areHT Oyaer
CcTeKkaTbCs K Hel, 1 OH MoxeT obpas3oBbiBaTh CBOW, B 0bLLEM criyyae, HEBUAMMbIN B
ONTUYECKOM OmanasoHe «aKKPEeUWMOHHbIM» OMCK. Hanpumep, BO3MOXHa cuTyauus,
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Korga pacnpefeneHne HavyanbHOM KOHUEeHTpauun areHTa B obriake n ero gBmxeHue
TaKOBbl, YTO foOKanbHag 4acTb cpefbl areHTa MOXeT UMEeTb HEKOTOpPbI MOMEHT
nMMyrbca OTHOCUTENbHO LEHTpanbHOW YEpPHOW Ablpbl, UM camMa BpallaroLasica
Abipa, nnu GbIBLUNA aKKPEUMOHHBIN ANCK U3 GApUOHHOM MaTepumn «3aTsHYT» 4acTb
obnaka areHTa BO BpaweHue. B 3Tux cnydasx akKpeumoHHbI OUCK U3 areHTta
BO3MOXEH.

B aToM pgucke OyayT npoucxoguTb MPOLECChl, OT4YacCTU aHanornyHble
npoueccamM B rasonblfieBbIX akKpeLMOHHbIX auckax. [pucyTcTBne B TakoM Aucke U3
areHTa HebonblOoro KonuyectBa paspexeHHon ©OapuvoHHoW nnasmbl Oyaer
cnocobCTBOBaTb pPa3pyLUEHMO 4YacTuL, areHTa W, COOTBETCTBEHHO, MOSIBIIEHUIO
AOMOMHUTENBHOMO  U3MNyYeHUss W3  OKPeCcTHOCTM [Ablpbl. B TOM uucne, u
MMUKPOBOJSTHOBOIO AnanasoHa.

MoaTtomy o6GHapyxeHHoe Teneckonom Planck «cTpaHHOe» MUKPOBOSHOBOE
cBeYyeHne M3 LeHTpa Hawen Manaktuku [7], He Haweawee obbACHEHMS B pamkax
CYLLIECTBYIOLLMX TEOPUI, ABMNSETCH Kak pa3 cneactesMeM paspyLleHUs YacTul, areHTa
nog BIIMSHUEM BO3MYLLUEHUA. OTU BO3MYLLUEHUA MNPOUCXOOAT B OKPECTHOCTU
ranaktMyeckoro sgpa, rge noMMMo akKpeumoOHHOro AmMcKa, COCTOSLWEero U3 vacTtuy,
areHTa n nerkon npumMecu NbiIM M nnasmbl, MOryT HaxoAuTbCA obnaka TEMHOro
KOMMNoOHeHTa MaTepun. Kpome aTOro, npoueccbl, NPOUCXOAALME  BHYTPU
LEeHTparnbHOro CKOMSIeHUs MonoabiX 3BE3M, TaKKe MOryT NpUBOAUTL K paspyLUEHUto
areHTa c nosiBNieHNeM MUKPOBOSTHOBbIX KBAHTOB.

MogobHOe MUKPOBOSIHOBOE WU3MyYeHMEe MOXKEeT UCXOAUTb OT  MHOIUX
LeHTpanbHbIX CBEPXMACCUBHbIX YEPHbIX ObIP B ranakTukax.

Pe3synbmamsbi akcnepumeHma ARCADE. Hanbonee 3Ha4MMbIM KOCBEHHbIM
NoOATBEPXOEHNEM HanuMuMa areHta M pacnaga ero 4actuy Ha MUKPOBOSIHOBbIE
KBaHTbl SBNAIOTCA pe3ynbTaTthl, Mony4vyeHHble ¢ nomowbo paguometpa ARCADE
(Absolute Radiometer for Cosmology, Astrophysics and Diffuse Emission).
Kocmuyeckoe areHtctBo NASA npeactaBuno  pesynbtaTtbl  MUCCregoBaHUN
MUKPOBOSIHOBOIO N3ny4YeHns, NonyYeHHble c MOMOLLbHO 3TOro
BbICOKOYYBCTBUTENBHOIO paguomMeTpa, MOAHATOro Ha BbicoTy 35-37 kKM B
AHTapkTnge u B wtate Texac [6].

Bbino obHapyxeHO MOoLHOEe MUKPOBOSTHOBOE U3MyYeHne, npesbilatollee B 6
pa3 aHanorMyHoe Mu3rny4vyeHne BCEeX WU3BECTHbIX Ha TEKYLUMA MOMEHT KOCMUYECKUX
MCTOYHUKOB BMeCTe B34TbIX. HO 6bonee 3HaunmbIiM 6bIn cnegyowmnn akT: B Te4eHne
36 4YacoB namepeHun gatumkamu 6binm 3aMKCMPOBaHbI 3HAYUTESbHBIE U3MEHEHWS
WHTEHCMBHOCTU MUKPOBOSTHOBOIO N3ITy4eHUs1 BO BPEMEHU.

[aHHble pe3ynbTaTbl NPSAMO YKa3blBalOT Ha (PaKT HanuMyuus fnokasibHbIX MO
KOCMUYECKMM MepKaM MCTOYHUKOB 3TOr0 WU3Sy4eHUsl, KOTOpble MOryT AO0CTaTO4YHO
ObICTPO MEHSATb CBOK WMHTEHCMBHOCTb. Hanuyme Bokpyr COMHEYHOM CUCTEMbl U
nnaHetTbl 3eMns areHTa U ero BO3MYLLEHUS MOTOKaMXM KOCMUYECKOW paguauuu,
COMNHeYHbIM AW, COMNHEYHbIM BETPOM WM WHBbIMU FanakTUYeCKUMU MCTOYHUKaMU
BO3MYLLEHUA NMPUBOAAT, KaK yKasblBanocb Bbile, K HabnogaemMbiM GryKTyaumnsm
MWKPOBOJSTHOBOIO (poHa.

MuKpockonmyeckun ypoBeHb.

K BbICkazaHHOMY Bbille MPeAnOfIOXKEHNIO OTHOCUTENBHO pPONM areHta B
MaKpockonuyeckmux macwTadax, Heobxogmmo Ao0aBuTb, YTO M3MEHEHUsI B cpende
B3aMMOOENCTBUS KOCMMYECKUX OOBEKTOB, CBSI3aHHble C HanM4YMemM areHta u
HEMNOCTOAHCTBOM €ro MIfOTHOCTM, MOryT MposiIBNATbCA W Ha 0Oonee HU3KUX
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CTPYKTYPHbIX YPOBHAX Matepuun. Hanbonee cyiecTBeHHO 3TO JOIMKHO NPOSBASATLCS
Ha Tex ypoBHsIX 6apMOHHOM MaTepum 1 B TEX NpoLeccax, B KOTOPbIX UCMOMNb3YyTCA
HU3KO3HEpPreTU4Yeckne peakumnm Ha OCHOBE 3NEKTPOMAarHUTHbIX B3anmoaencteumn. B
9TOM Crlydae MUKPOBOJSITHOBOE M3IyYeHue OT paspyllaeMblX YacTuy, areHTa MoXeT
BbICTYNaTb B PONn AOMOSTHUTENBbHOIO MHULMaTopa (NpoBokaTopa) COOTBETCTBYIOLLMX
peakunin.

BnusiHue Ha ¢hbnykmyayuu ckKkopocmu rnpomeKkaHusi 6uoxumMu4yeckux u
XumMu4eckux peakuyul. Psp HesaBucuMmblix nabopaTopuin mccrniegoBann CKOpOCTH
NPOTEKaHUA BUOXMMUYECKUX N XUMUYECKUX peakuni, a Takke CKOPOCTU HEKOTOPbIX
dm3mMyecknx NpoueccoB, BKNOYaa pacrnagbl  PagVUoaKTUBHBLIX — SNEMEHTOB.
PesynbTaTthl 3TUX nccnegoBaHui npeactasreHbl B 0630pHbIX paboTtax [8,9].

Llenbim pagom nabopatopun 6b110 06HapY>XEHO YCTOMYMBOE COBMadeHuWe B
TOHKMX  CTPYKTypax rucTorpamm  (CXOACTBO  FUCTOrpamMM), CBSI3@HHbIX C
MaKpOCKOMNYECKNMU (PNYKTYyaUNAMM CKOPOCTEN NPOTEKAHUS YKa3aHHbIX peakuun, a
Takke NepuognuyHOCTU MOSBNEHUA 3TUX COBNALEHUN, HECMOTPS Ha NPOUCXOXOEHUS
rMCcTorpaMm B UCCnegoBaHUAX COBEPLUEHHO pa3HbIX NPOLECCOB, B pa3HbIX YCNOBUAX
N B pasHbix nabopatopusax. 3Tn coBnageHnsa Habnwganucb Ha NpoTsXKeHun bonee
COpoOKa ner.

He nblTasscb 06bSACHUTE CaMO NPOUCXOXOEHNE TOHKUX CTPYKTYP rMCTOrpamm,
BHMMaHMe obpalwjaetca Ha HabnwgaTtenbHble pes3ynbTaTthl, KOTOpble MOKa3blBatoT,
4YTO UMEETCH MOYTU CTporas NepuoauyHOCTb B MOSIBIIEHUM CXOACTBA FMCTOrpaMm.
Kak nokasaHo aBTopamu, Habniogaemass nNepuoavyHOCTb CBsi3aHa C CYTOYHbIM
BpaweHneMm 3emnu, rogoBbiM eé aBwkeHnem BoOkpyr ConHua, a Takke C
OTHOCMUTENbHLIM NnonoxeHnem 3emnu n JlyHsbl [8].

MpuBogumblie B paboTax BpEMEHHbIE Nepuoabl N0 CXOACTBY rmctorpamm (24
yaca, 4YyTb 6onble 27 cyTok u 365.2 CyTOK), OOMOMNHUTESNTbHO NOATBEPXAAt0T, YTO
CYLLECTBYIOT COEOUHUTENbHbIE «MOCTbI» Mexay 3emnén mn JlyHon, 3emMnénm wu
CornHuem, B KOTOpble nepuoandeckn nonagatrT nccnegosaTtenbckne nabopaTtopum.
Tak Kak areHT - aKTMBHbIA YYaCTHWK rpaBUTALUMOHHOIO B3aMMOAEWCTBUSA, B ITUX
«MOCTax», KaK yxxe yTBepXganoch, A0SPKHa ObiTb MHAs MNAOTHOCTb YacCcTUL, areHTa no
CPaBHEHWIO C WX CpeaHer MMOTHOCTbID B OKOMO3EeMHOM npocTpaHcTee. [lpu
BpallleHUn nnaHeTbl BOKPYr COOCTBEHHOW ocu nabopaTtopun nepnognyecku
nonagaroT B 3TU «MOCTbI» U pexe B 30HY UX HanoXeHusa Apyr Ha gpyra, korga JlyHa
pacrnonoxeHa Ha NuHun mexay 3emnen n ConHuem.

[Mpepnonaraemoe nM3MeHeHWe KOHLUEHTpauuu areHTa o3HavaeT U U3MeHeHue
KOHUEHTpaLum MUKPOBOSHOBOIO U3NyyYeHUs OT pacnaga 4YacTul areHTa, BNusarLero
Ha aKTUMBHOCTb peareHTOB, T.e. Ha CKOPOCTb TEYEHUs peakuuin, onpenensieMbixX
3NeKTpoMarHuTHeiMM B3ammogenctenammu. Ocobo 3HaYMMbIMKM  30€Cb  SBMAKOTCA
pes3ynbTaTtbl, KOTOpble MOfyYeHbl ANd MOMeEHTa Bxoga nabopatopum B
COEOVHUTENBHBLIA «MOCT», Hanpumep, mexay 3emnén n JlyHor, n MoMeHTa Bbixoda
N3 Hero. 3T ABa MOMEHTa CBsi3aHbl C NepexooM CrnyTHUKa 3eMnim Yepes NNoCcKoCTb
roOpM3oHTa B TOYKE pacnosioxXeHus nadopatopun.

Ecnn BBectn ocpefHEHHbIe 3HAYeHUs1 MAOTHOCTU areHTa U UHTEHCUMBHOCTU
MUKPOBOSIHOBOIO U3Iy4eHUs BOKPYr 3emMnn BHE YKa3aHHOro «MOCTa», a 3aTeMm
HEnocCpeaCcTBEHHO B COEOMHUTENIbHOM «MOCTUKE», TO WX 3HadeHus OyayT
pasnuyHbiMU. B panioHe He4yéTkon u cnerka nykTympylowen reoMeTpudeckon
NOBEPXHOCTW, OTAensawwen 3TM ase obnactm (MOBEPXHOCTb COEAMHUTENBbHOMO
«MOCTa»), byayt Habnogatbcs nykTyauum rpagueHTa nnoTHOCTM areHta M,
COOTBETCTBEHHO, MHTEHCMBHOCTU MUKPOBOJSTHOBOIO U3My4YeHMS.
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Hanuune Takux, norpaHuyHbiXx  nykTyauui npuBoauT K  Oonee
CYLLLECTBEHHbIM MaKpPOCKOMUYECKUM (pryKTyauusam B CKOPOCTAX OUOXMMMUYECKUX W
XUMu4decknx peakumi. lNMoatomy nepexon nabopatopun U3 30HbI «4UCTOrO» BIANAHUS
nnaHeTbl Ha paccMmaTpuBaeMble NpoLecchbl B 06nacTb «4UCTOrO» BANSHUS «MOCTa»
N obpaTHbIN Nepexon OTpakatTCsl HA MaKpPOCKOMUYECKUX (PnyKTyaumusix CKOpoCTen
peakunin.

Kpome aToro, 3gecb nposBnsieTcs ewé ofHa OCOBEHHOCTb BIIMAHUA Ha
peakuuu pacnpegeneHus areHta B OKpy)XatlleM Hally nraHeTy npocTpaHCcTBe — B
apbekTe «3epkanbHOCTU» TOHKUX CTPYKTYp ructorpamm. CyTb ero B TOM, 4TO
rMCTOrpaMMbl  MaKpOCKONMUYECKUX (oryKTyaunn CKOpPOCTEN peakuui npu Bxoae
nabopatopun B COEANHUTESbHBIN «MOCT» Mexay 3eMnén un JlyHon — Bocxog JlyHbl -
OYEeHb YaCTO MMEIDT 3epKanbHOe OTpaXXeHne CTPYKTYp, HabnogaeMblx y rmctorpamm
9TUX Xe peakuun npu BbiIxoge nabopaTopum N3 COeOUHUTENBHOrO «MOCTa» - Mpu
3axoge JlyHbl 3a NIMHMIO FOPU3OHTA.

Adpeld Hyns ebicokomoYHbIx npubopos. VimewTca n opyrne npoLecchl,
KOTOpble MOryT npoTekaTb 6onee MHTEHCMBHO 3a CYET areHTa. Tak, Hanpumep, B
TBEPAbLIX YNPYyrMx Terax WUMeKTCd HebonbliMe MakpocKonuyeckne obnactm c
pa3HbIM HanpsKeHHO-4eOpPMUPOBaHHLIM COCTOsIHMEM. [MonagaHue 4acTuy areHTa
B MeXaTOMHOe MNPOCTPAHCTBO YYBCTBUTENBHOrO 3fieMeHTa MW3MepUTESNbHOro
npubopa n nx paspyLleHne Ha KBaHTbl U3Ty4eHUss MOryT MHULUUNPOBATb BHYTPEHHNE
npouecchl, NPUBOASALLME K NOKaNbHOMY YMEHbLUEHUIO BHYTPEHHUX HarnpsikeHun 3a
CYET MECTHOr0 NacTUYECKOro TedeHns. 3To, B CBOK Ovepeb, OTpaXaeTcs B LienloM
Ha yNpyrMx XapakTepucTuKax 3reMeHTa, MWCMNOfb3yeMoro B  BbICOKOTOYHbIX
nameputenbHblx npubopax. Bo3MOXHO, C 3TUM OOCTOATENLCTBOM M CBSA3aH, Tak
Ha3blBaeMbIN, Opend Hyns B BbICOKOTOYHbIX Npubopax, paboTarowmx Ha OCHOBeE
NCMNONb30BaHWs YNpyrux afieMeHTOB.

O6o6waa TONMbKO 4YTO  CKa3aHHOE, MOXHO  MNpeanonoXuTb,  YTO
periakCaunoHHbIe NPOLECCHl, NPUBOASALLME K UBMEHEHUIO HEKOTOPLIX XapaKTepUCTUK
TBEPObLIX TEN CO BPEMEHEM, MOrYT YaCTUYHO WHULMMPOBATBCH MUKPOBOSTHOBbLIM
n3ny4yeHmem OT pacnagaroLmMxcs YacTul areHTa. ..

lMpeacTtaBneHHble BbiWe UMHTepnpeTauun HabnwaaTenbHbIX pe3ynbTaToB
KOCBEHHO NOATBEPXAalT nNpeanosiokeHne, 4YTO KOCMUYECKOEe MUKPOBOJSTHOBOE
N3Ny4eHne He SIBNSETCS OCTbIBLUMM OCTaATKOM M3nydyeHus oT bonbworo B3pbiBa, a
ABMSAETCA «NPOAYKTOM» 3BE3AHOr0 M3nyyeHus. OHO «KMBET» CBOEN OUHAMWUYHOW
XW3HbIO, Y4aCTBYS BO MHOIMX npoueccax, nponcxogsawmx so BeceneHHom.

BbiBoAbI

B paHHoOm paboTe npencrtaBneHa CBA3b SNEKTPOMArHUTHOrO M3MNyyYeHus u
OapuoHHOro parmMeHTa mMatepum B Buae MoAenn, oTpaxawowenhn OOMEHHbIN
MexaHu3M, Heobxoanmbl OAnNg cTtaumMoHapHocTM BceneHnHon. Mogenb cTpouTcs Ha
OCHOBE psifa NpeanonioXeHWUn, creayrwmnx U3 aHanmsa HabngatenbHbIX AaHHbIX
acTpodu3nkn M pesynbTatoB nabopaTtopHbix uccnegoBaHun. Kpome aToro, aTa
MOAESlb OCHOBaHa Ha MHOW MHTepnpeTaumm HEKOTOPbIX pe3yribTaToB MO CPaBHEHUIO
C O6LLENPUHATBLIM MOAXOLAOM.

MpencTaBneHHyo Bbille CXEMY MOXHO paccMaTpmBaTth Kak cxemy obpalleHus
9NEeKTPOMAarHUTHOIO  U3Ny4YeHUs MO  3aMKHYTOMY  LUMKIY:  3feKTpoMarHuTHoe
nany4yeHme 6apmoHHON MaTtepun, pacrnpocTpaHeHne OTOHOB C nepeaavyen IHeprum
areHTy, obpasoBaHMe U3 MUKPOBOSHOBLIX (POTOHOB YacCTuL, areHTa, gpend areHTa K
TArOTELWNM MaccaMm, ydactTme areHTta B BapMOHHbIX Npoueccax Yyepes3 nocTtaBky UM
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«3aTpaBo4HbIX» (POTOHOB. [locrnegHMn MOMEHT B yKa3aHHOM LMKIe O3Ha4vaeT, 4To
MUKPOBOJSIHOBbIE (POTOHbI, NOSABASKOWMECS OT pacnaga YacTuy, TEMHON maTepuw,
MOrYT «HaMnoOMHATBCA» 3JHEeprnen OT MPOLECCOB, MPOMCXOOAWMX B cCUCTEMaAxX U3
BGapuoHHbIX YacTuu, a CobOCTBEHHast JHEPrusi «3aTpaBOYHbIX» (POTOHOB MOXET
BHOCWUTb CBOM BKNap B yLUMPEHUE NNHUIA B CEKTPax U3ryyYyeHus.

[aHHbIA KpyroBOM MNpoLecc, CyWeCTBOBaHME KOTOPOro MNPOrHO3MpyeTcs B
ranakTuvkax - OCHOBHbIX a5ieMeHTax BceneHHON, - He NPOTMBOPEYUT BTOPOMY Havany
TepMoanHaMUKN, Tak Kak 6eckoHeyHasa BceneHHas He MOXEeT cuMTaTbCsl 3aMKHYTOMN
CUCTEMOWN, U MO3TOMY ITOT MpOLECC He cnefyeT paccMmaTpuBaTtb Yepes npusmy
3aKOHA «HE YMEHbLUEHNS SHTPONUNY.

[nsa 3amMblkaHMs npouecca KpyroBoro ABWKEHWS MaTepum Bo BceneHHowm
HeobxoQMM BTOPOW MEXaHW3M — MEXaHu3M yTunmsaumm oTpaboTaHHOro 3BE3AHOrO
MaTepuana u npeobpasoBaHUs €ro B MCXOOHbIA CTPOUTENbHbLIN MaTtepuan Angd
reHepaumm HOBbIX 3BE€3g, T. €. B Bogopod. [lpegnocbinku, ykasbiBallme Ha
CYyLLLeCTBOBaHME Takoro MexaHnsma, yxxe MMelTcsa cpean HabnogaTenbHbIX JaHHbIX
actpodomsmkn. Hanpumep, Hanmume OGonblIOro KonmMyecTBa Bogopoda B
ranakTMyeckux W  MexXranaktmyeckmx obrnakax, 4YTO B  YCMOBUSX  BEYHO
cywiecteyowlen BceneHHoW o0OOHO3HAYHO YyKasblBaeT Ha Hanuyine MexaHu3MoB
pereHepaumMm Bogopoda W nepepaboTkM 3BE3OHbLIX OTXOAOB, MO3BOMSAOLLMX
noagepXxumBaTtb HEKOe cpefHee COOTHOLUEHME B ranakTukax Mexagy BOAOpOoAOM W
TSOXKENBbIMU XMMUYECKUMM SNIeMEHTaMM.

[MpedcmasneHHas cxema 83aUMOOMHOWEHUST MEXOY 38E30HbLIM U3/Ty4eHUEM
u 6apuoHHOU Mamepuel, rno3eossiem coeflamb OCHOBHOU 8bI800 U3 OaHHOU
pabombi: azeHm — amo cyu,ecmeeHHasi Yacmb mEMHOU Mamepuu BceneHHoll.
OcmanbHas eé Yyacmpb 0bycrioerieHa mycKibIMU 38€30amu, XOST00HLIMU OcCmamkamu
yeacwux 38630 U, B0O3MOXHO, eWwé Kakumu-mo bonee aryb60KuUMU CMPyKMypPHbIMU
YPOBHAMU Mamepuu.

«Cnegpl» areHTa - TEMHOW MaTepuu uccrnepoBaTensiM ObliM U3BECTHbI C
pabot A. lleH3naca n P. YuncoHa, koTopble eweé B 60-x rogax oBHapyxmnu
MUKPOBOSIHOBOE WU3NnydeHne Kocmoca. Ho oHo 6bino MHTEpPNpeTMpOBaHO Kak
ocTaBLleecs usnyyeHue ot bonbworo B3pbiBa.

CnepyeT [obaBuTb, YTO B HayudHbIXx paboTax yxe BbiCKasblBanacb Maes o
BO3MOXXHOW MNPUYACTHOCTU TEMHOM MaTEPUN K KOCMUYECKMM pUTMaM 3HOOreHHOWM
akTmBHocTn 3emnu n gpyrnx Ten ConHevHon cuctemsol [10,11].

MpeanckasaHus

MpeacTaBneHHylo cxemy B3aMMOOTHOLIEHUM ABYX (POpM MaTepun MOXHO
ocnapmBaTb. HO KpuTepmem MUCTUHbI ABMASETCA SKCMEPUMEHT U TOSMbKO OH MOXET
nn6o noaTBepAuTb, NMOO ONPOBEPrHYTL BbillEe MU3NOXEHHbIN noaxod. [1oaToMy Hmxe
NPMBOANTCHA HECKONbKO 3KCNEPMMEHTOB, Pe3yrbTaTbl KOTOPbIX MOXHO Mpeackasathb,
NCXOAs U3 NpeaCcTaBreHHON BbllLe CXEMbI.

1.B paspexéHHon HuskoTemnepaTypHOM nriasme WMMYyrbCHble ra3oBble
paspsagbl OOMMKHbI NPOBOLMPOBaTL paspylleHuve 4YacTul areHTa U npuBOAUTb K
HebonblWOMY U36bITOYHOMY MUKPOBOSTHOBOMY M3ryyYeHuto. M36bITouHOe usnyveHue
OygeT oTnnYaTbCca OT ero CpeHero 3Ha4YeHns B cnyyae HaxoxaeHus nabopatopumu B
obnactm coeanHUTENbHOrO «MocTay Mexay 3emnén wun JlyHon. Heobxoguma
XopoLlas TOYHOCTb annapaTHbIX U3MEPEHUM.

2.B TennoBom u3nyyeHuu Ten JorkHa HabnogaTbCA CylWlecTBEeHHas Oons
NMapHOro poXxaeHusi OTOHOB, K TOMY >e€, CNyTaHHbIX (CBA3aHHbIX) (POTOHOB.
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PoxaeHne nap ocyllecTBAsSieTCA 3a CYET paspyLUeHUs 4acTuy, areHTa aTOMHbIMU
konebaHnamn B TBEPAbIX Tenax. [lonydYaemble B uMTOre Takoro paspylleHus
«3aTpaBoYHbIE» (OOTOHbI HAMOMHAKTCSA 3JHEPrnem A0 HeOobXOAMMbIX YPOBHEW W
Aanblue UCMYCKalTCAa Kak KBaHTbl TEMIOBOrO U3My4YeHus.

3.Kak yxe oTMevanocb, M3 LEHTPOB HEKOTOPbIX ranakTuK C MacCUBHbIMU
LeHTpanbHbIMU YEPHLIMK AblpaMN MOXET UCXOOUTb MUKPOBOSIHOBOE U3NyYeHne npu
aKkKkpeumn «4YUCTOro» areHta W paspyweHun ero yactuuy. [loaTomy ranaktuka
AHgpomena kak Havmbonee 6nm3kad U C yaavyHOM OpUEHTaUMen OTHOCUTESbHO
3eMHOro HabntgaTens — 9To XOpOoLUM BapuaHT ans NPOBEPKM HANN4YMs yKa3aHHOro
n3nydyeHns. OTBET MOXHO NONYYnTb.

4.BO3MOXHa OTHOCUTENbHO MpOCTas NpoBepka rMnoTesbl AMCCUMNATUBHBIX
NoTepb Ha OCHOBE KaTtanora akTMBHbIX ranaktuk. CyTb NMpPOBEPKM B Crepytoliem.
Ecnv areHT nmeeT OTHOCUTENBbHO BbICOKYIO KOHLUEHTpauuio B ranaktukax, TO
MneyHbin [yTb He aBnaeTca ucknoyeHem. CnegoBaTenbHO, COMNMacHO NOMOXEHUIO
ConHeyHOM cUCTEMbI B ranakTM4eckoM AWUCKE Ha paccTosiHuM npumepHo 55% ero
paguyca OT LieHTpa, B KOHyCe C BEepPLUMHOW Ha Hawleun nraHeTe U OCbo CUMMETPUM,
npoxoasilen Yyepes LeHTp ManakTukun, AOMKHbI HabnaaTbCs KBasapb! (3a BbIYETOM
LeHTparnbHOW 30HbI, 3aKPbITOM ranakTM4eckon nbinblo).

Ecnn TenecHbn yron npuv BeEpLUMHE TaKoro KoHyca He O4YeHb 60nbLluon,
N3nyyYeHne OT KBa3apoB NepeaHero nrnaHa (kBasapbl, U3NyYeHne KOTOpbIX MO MyTh K
HaM He MPOXOAWUT 4epes rano Apyrux ranaktuk) Oyget npoxoauTb BONM3M Hawen
ranakTMyeckon nnockoctu. B aTom cnyyae gucrtaHumsi, npoxoaumast U3nyvyeHuem B
npegenax Hawewn [anaktvku, 6ygeT Gonblle, YeM aHanornyHas OUCTaHums Ans
M3Ny4eHUst OT KBas3apoB, HaxOOsAWMXCA B KOHyce oObpaTHOro HanpasneHus
(npumepHo 1.55 paguyca npotue 0.45 paguyca gucka MnedHoro NyTu).

Odpyrmumu cnoeamu, pasHuua B OUCTaHUMSX ONS ABYX HanpaBfeHui B Hallen
[[anakTvke coOCTaBUT NPUMEPHO paguyc aucKa e€ cnuparnbHOM YacTu.

OTa pasHuua B MPOXOAMMOM pacCTOAHUM W npegnonaraemMoe yBenuyeHue
KOHUEHTpauMM areHta K ranakTM4ecKoMy LEeHTPYy [OOSKHbl cKa3aTbCA Ha
ANCCUMNAaTUBHBIX NOTEPSAX M3My4YEeHMs KBA3apoB NepenHero nnaHa: B KOHyce NpsiMoro
HanpaBneHMst noTepu [OOMKHbl ObiTb 6onblwe, 4YemM B KOHyce obpaTHoOro
HanpaeneHus. OTO MpeackasaHue MOXHO MOonbITaTbCs NPOBEPUTb, UCMONb3ys
KaTanoru KBa3apos.

Ho ecTb Bonpoc: He CBeOET NN «Ha HeT» 3Ty pPasHOCTb BKNag TEMHOW
MaTepumn 6onbLIOro rano Hawewn ManakTukn?
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KocmiuHe MikKpOXBHJILOBE BUIIPOMIHIOBAHHA | TEMHA MaTepist

Poarnsgaetbcs NUTaHHA MPO MOXITMBE MOXOKEHHSI OLHOrO 3 KOMMOHEHTIB
TEMHOI MaTepil, dKka HaNOBHIE ranakTuki. BignpaBHOK TOYKOK € aHani3 «4oni»
30PSAHOTO erieKTpoMarHiTHOro BUNPOMIHIOBaHHS B yMoBax Bi4HOT BcecsiTy. Ha OCHOBI
3icTaBneHHs cepefHbOoro vacy XWUTTS 3ipKM B akTUBHIN pasi i Yacy iCHyBaHHA He
NOrNIMHEHOI YacTUHWU 11 BUMPOMIHIOBAHHSA pPOBUTLCA BUCHOBOK MPO HAaMOBHEHHS
BcecBiTy 30psiHAM eneKkTpoMarHiTHUM BUNPOMiHIOBAHHAM. OQHaK SIKLWO BUMXOOAUTU 3
ICHYHOUMX KOHLENUIN, a TakoX BUABNEHOro 4YepBOHOrO 3CyBY B CMEKTpax Aariekux
ranakTuk, JodaBaHHs HOBOroO BUMPOMIHIOBAHHSA OO BXe iCHyro4oro y Bcecsiti 6yae
CYNpOBOIKYBATUCH «3HUKHEHHSIM» BUMNPOMIHIOBAHHA B CaMi  JOBroxsBuSibOBOT
obnacti, T. E. byge cnocrtepiraTucss NOPYLIEHHA 3aKoHYy 306epexeHHs eHeprii.
BuHMKae ronoBHe NUTAHHA: Y1 MOXe 6e3CnigHO 3HMKATU BUMPOMIHIOBAHHS, a pa3oMm
3 HUMM i eHepria? BignoBigb [a€TbCA HEraTMBHUK, i MO0 MOXHA MOACHUTU
3anydeHHAM MexaHi3My AWCUNaTMBHUX BTPaAT MpuM MOLUMPEHHI BUMPOMIHIOBaAHHS
npoctopamu Bcecsity. [Ons UbOro BBOAUTLCA MNPUNYLLEHHS MPO HasIBHICTb
cepefoBuLla areHTa, B3aeMoOAi€e 3 KBaHTaMW BUMNPOMIHIOBAHHA 3a A0MNOMOroH
HagMipHO cnabkux cun. BucnoBnioetbca rinotesa, Wo GOTOHM, WO noTpanunm B
obnacTb HM3bKUX YacToT (MIKPOXBUITbOBOI Aiana3oH i 6nmn3bKi 4O HbOro AianasoHu),
30aTHi B cepenoBulli areHTa nonapHo o6'eaHyBaTUCH, CTBOPKOKOYM HEWTPanbHi
YacTUHKM Haa3su4amHo Manux mac (6nuasko 0.0013 eB). Lli yacTuHkM - 6030HU - €
YaCTUHKaMK camMoro areHTta. Buxogsuum 3 npupoan areHTta, NOSACHIOKTLCA AesiKi AaHi
crnocTepexeHb, Wo BigHOCATLCA A0 COHAYHOI cuctemun (30iNbLUEHHA BiACTaHi M
CoHuem i 3emneto, «nnaeakye» 3Ha4YeHHs rpasiTauivHoI nocTinHol G, dnykTyauil
KOCMIYHOIO MiKPOXBUIbOBOIO BUMPOMIHIOBaHHS), @ TaKoX BUSIBMEHI BiAXWUMEHHS, IO
crnocTepiranuca NpoTAarom psiay PoKiB B MPUCKOPEHHAX KOCMIYHMX anapaTiB npu
rpaBiTauinHux mMaHeBpax nobnusy 3emni (Galileo, NEAR, Rosetta, Messenger,
Cassini). Kpim uboro, gaHa rinotesa LWOAO MOXOMKEHHSA | BMacTUBOCTEN areHTa
NOSACHIOE AesiKi pesynbTatv nabopaTopHMX AocnigpKeHb: yKTyauil LWBUOKOCTEN
NPOTIKaHHA XiMiYHMX i BIOXIMIYHMX peakuin, Apend «Hyns» BUCOKOTOYHMX Npunagis i,
MOXIMBO, penakcaulinHi npouecn B NPYXHUX TBepaux Tinax (CTapiHHA maTepianis).
[[ONOBHI BUCHOBKM: KOCMIYHE MIKPOXBUBLOBE BUIMPOMIHIOBAHHS € 3aliMwKoM
30PSIHOrO BUMPOMIHIOBaHHS, a cepefoBULLE areHTa - e KOMMOHEHT TEMHOI MaTepil,
TICHO nNOB'A3aHUA 3  KOCMIYHUM  MIKPOXBUITbOBUM  BUMPOMIHIOBAHHAM.  |HLLI
KOMMOHEHTM TEMHOI MaTepil - ue 3racni 3ipku, Ppi3Hi X XxonogHi dparMeHTn,
BKITHOMAKOYM rasu i nun, i, MOXNMBO, iHWi 6inbLu rnboKi CTPYKTYPHI piBHI MaTepii.

Knroyoei cnoea:. 30pAHE BUMNPOMIHIOBAHHS;, KOCMIYHE MIKPOXBUITbOBE
BUMPOMIHIOBAHHSA; TEMHa MaTepis.
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Cosmic microwave radiation and dark matter

The question of the possible origin of one of the components of dark matter
filling the galaxies is considered. The analysis of the “fate” of stellar electromagnetic
radiation under the conditions of the eternal Universe is taken as a starting point.
Based on a comparison of the average lifetime of a star in the active phase and the
lifetime of the non-absorbed part of its radiation, it is concluded that the Universe is
filled with stellar electromagnetic radiation. However, based on existing concepts, as
well as the red shift found in the spectra of distant galaxies, the addition of new
radiation to the existing in the Universe will be accompanied by the “disappearance”
of radiation in the most long-wave region, that is, there will be a violation of the law of
conservation of energy. The main question arises: can radiation as well as energy
disappear without a trace? The answer is negative, and it is explained by the
involvement of the mechanism of dissipative losses during the radiative transfer by
the expanses of the Universe. For this purpose, an assumption is introduced about
the presence of an agent's medium interacting with quanta of radiation with the help
of excessively weak forces. It is hypothesized that photons that fall into the low-
frequency region (microwave band and ranges close to it) are able to pair up in an
agent's medium, creating neutral particles of extremely small masses (about 0.0013
eV). These patrticles - bosons - are particles of the agent itself. Based on the nature
of the agent, some observational data related to the Solar System (increased
distance between the Sun and the Earth, the "floating" value of the G gravitation
constant, scintillations of cosmic microwave radiation), as well as detected deviations
observed during spacecraft acceleration with gravitational slingshots near the Earth
(Galileo, NEAR, Rosetta, Messenger, Cassini). In addition, this hypothesis regarding
the origin and properties of the agent explains some of the results of laboratory
research: scintillations of the rates of chemical and biochemical reactions, floating
"zero" of high-precision instruments and, possibly, relaxation processes in elastic
solids (material aging). The main conclusions: cosmic microwave radiation is a
remnant of stellar radiation, and the agent's medium is a component of dark matter,
which is closely associated with cosmic microwave radiation. Other dark matter
components are extinct stars, their various cold fragments, including gases and dust,
and possibly other deeper structural levels of matter.

Keywords: stellar radiation; cosmic microwave radiation; dark matter.
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