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1 O6masg XapakKTepPUCTUKA JAUCCEPTAIUN

AxryanbHocTh paboTei. Tema muccepranuu akTyabHA, MTOCKOJBKY abCOPOIIMOHHBIE CIEKTPHI
KBa3aPOB COJEPKAT YHUKAJIbHYIO HH(POPMANIO O (PUBUIECKUX CBONCTBAX M XUMUIECKOM COCTABE
MEXKTAJAKTUYIECKON! Cpelbl B pa3Hble KOCMOJIOTHECKHE SIIOXU, YTO 0OYCIOBJIEHO CIEYIOUMME UX

CBOMCBaMMu:

I. A6copOruoHHbIE CHCTEMBI IEPEKPBIBAIOT IIUPOKUHA Jualla30H (PU3HIECKUX HapaMeTpoB: NyT
ot 10 eMm™2 10 102! em™2, MeTaIHIHOCTS Z OT HECKOTBKUX COMHEUHBIX 70 107374, Temme-

paryps! ot 100 K 10 10° K, nuamason xpacubIx cMemerwuit ot 0 10 7.

II. KBazapubie abCOpPOIIMOHHBIE CIIEKTPRI HECYT WHMOPMAITHIO 0 (PUBNIECKUX YCIOBUAX, XUMUYIE-
CKOM ¥ MBOTOITHOM COCTaBe ra3a BO BCEM JOCTYITHOM HaOIIONeHUAM 00beMe BeeneHHol, BKIIIO-

YJawuieM BCHO 6apI/IOHHyIO MaCCy M TUIIOTETUYIECKOE TEMHOE BEUIIECCTBO.

ITII. CoBpeMeHHBIE TEIECKOIBI 00ECIEUNBAIOT TOYHOCTE OIPEe/eHNs IIEHTPOB JIMHUH IOTJIONTe-
mus pemre 1 mA (orrocmTensras TowHocTs SA/A ~ 1077). CpaBHeHMe BBICOKOTOYHBIX OTHO-
CUTEJIHbHBIX TOJIOXKEHUH JIMHMI B KBA3aPHBIX aOCOPOIMOHHBIX CHCTEMAX C MX JIAOOPATOPHBIMU
3HAYEHUAMEI OTKPBLIBAET BO3MOKHOCTD IPOBEPKU (DYHIAMEHTATbHBIX (PU3MIECKUIX IPUHITUIIOB

TaKUX, KaK IIOCTOAHCTBO (bI/IBI/I‘{eCKI/IX KOHCTAQHT HA KOCMOJIOTHUYECKOM BpeMeHHOﬁ IIKaJIe.

Pe3koe moBemenne kadecTBa Habmomenumii kBazapos (S/N > 100, R > 50000), csi3anHOe C
BBOJIOM B CTpoii Testeckonos nosoro nokonenus (Keck, VLT, SUBARU u ap.) tpebyer adbdexrus-
HOTO U HamOOJIee TMOJTHOTO PelleHnsi OOPATHBIX 33184 CIIEKTPOCKOINY U PA3BUTHUS TEOPETUIECKIX
mozeseit nporeccoB (pOPMUPOBAHUS PABIUIHBIX CUCTEM IIOIJIONIEHUs. Pe3yIbTaThl TaKUX MOIe-
Jiell ¥ mHTepIpeTaIus HaOI0IeHN Ha MX OCHOBE SBJISIOTCS OCHOBHBIM WHCTPYMEHTOM W3y IEHUS
buU3nIECKUX XAPAKTEPUCTUK BHETAJTAKTUIECKUX NuM@PY3HBIX 00JAKOB Ha PA3IUIHBIX CTATUIX
nX KOCMOJIOTUYECKOMN 9BOJIFOIIVN. HOBBIH_ICHI/IG TOYHOCTHU PEMICHUA O6paTHLIX 3aa49 OTKPBIBAET
BO3MOYXKHOCTH JIJIsT KOJIMYECTBEHHOTO aHAIN3a XUMUIECKON 9BOJTIONINY BEIECTBa, BO Beeernoit u
UCCJIETOBAHNS TTPOUCXOMKICHUS TSXKEIBIX DJIEMEHTOB B MEXTAJaKTUIECKOM ITPOCTPAHCTBE.

IIpn unciaerHoM MoOzeMpPOBaHUY TpoduIet JUHU TOTVIONMIEHNST PA3IMIHbIX NOHOB B KBa3ap-
HBIX a0COPOIMOHHBIX CHCTEMaX HEOOXOAMMO MPWHWUMATH BO BHUMAHWE, 9TO KPYITHOMACIITAOHBIE
JIBUOKEHWSI Ta3a W €ro IJIOTHOCTh KaK (DYHKIUK TPOCTPAHCTBEHHOUW KOOPAWHATHI YaCTO HOCAT
caydaitabiil xapakrep. OHAKO CTaH apPTHBIE METOAWKW, IMUPOKO UCIIOIb3yeMble Tpu 0bpaboTke
abCOPOIMOHHBIX CIIEKTPOB, HE NEJAI0T PA3JINUNS MeXIy I0DabHOM BIOJIb Jyda 3PEHUs U JIO-
KaJabHOM opmamu KO3 PUIEeHTa TIOTJIONEHUS B CIIEKTPAIbHOM JIMHUU, 9TO IPUBOIUT B O0IIEM
CIydae K HEKOPPEKTHBIM OIeHKaM (DU3nvIecKnx mapaMeTpoB. [1oaTomy BO3HUKIA HEOOXOAUMOCTD
epecMOTPa, Ha, COBPEMEHHOM yPOBHE Psi/la MEXaHU3MOB (DOPMUPOBAHUS CIEKTPAIbHBIX JTUHUHA B
CTOXaCTUYECKUX CPe/iaX ¥ pa3paboTKM HOBBIX aJITOPUTMOB [IJIsi aHAJIM3a A0COPOIIMOHHBIX CUCTEM,

COAEPXKaAIUX JIMHUU MOHOB B PA3/IMYHBIX CTAANAX MOHUIAINN.



Ilenp paboTshr:

(a) paszpaborka momesneit hopmupoBaHus TpoduIeil CIeKTPaIbHBIX JIMHUN B TYPOYIEHTHBIX CPe-
Jax C KOPPEIUPOBAHHBIMY MOJISIMU TLJIOTHOCTH I'a33 U CKOPOCTH;

(6) Ha OCHOBE PaCCMOTPEHHBIX MOJEseH — pa3paboTKa METO0B PEIICHHs 0OPATHBIX 33149 CIIEK-
TPOCKOIIUU C UCIOJb30BAHNEM HOBEUIINX aJTOPUTMOB CTOXACTUYIECKON ONTHMU3AIUY;

(B) obpaborka m mHTEpHpPETANUS HAOIIOAATEBHBIX JAHHBIX 110 aOCOPOIMOHHBIM CIIEKTPAM KBa-
3apOB, MOTYIEHHBIX HA KPYITHEHITNX COBPEMEHHBIX TEIECKOIaX;

(r) usy4yeHme XUMUIECKOTO COCTABA U KHHEMATUIECKUX CBOHCTB MEXKIAJIAKTUIECKUX IIOTJIOIIA0-
mux 00J1acTell ¢ 1e/IbI0 BhISICHEHUS TIPUPOIHI KBA3APHBIX aOCOPOIIMOHHBIX CUCTEM ¥ WX SBOJIIOIIHT
B 3aBUCUMOCTH OT KPACHOTO CMEIIEeHN;

() m3ydveHwe Ha PA3JIUIHBIX KPACHBIX CMEIIEHUAX (hDOPMBI CIIEKTPA YIBTPahUOTIETOBOTO MeTa~
rajjakTudeckoro (boHoBoro majaydenus B obsiactm Hepruit or 1 Ryd g0 10 Ryd nmo ontuyeckn
TOHKUM abCOPOIMOHHBIM CHCTEMaM, COAEpPKAIUM JUHUU MOHOB B ITOCIEIOBATEIbHBIX CTAIUIX
MOHUBALINY;

(€) npoBeneHME NPENU3MOHHBIX M3MEPEHUH IIOI0KEHWH JIMHUH B CIEKTPAX KBA3apOB C LEJIBIO

[IPOBEPKYU HEM3MEHHOCTH (PyHIAMEHTATHHBIX (PU3NIECKUX KOHCTAHT 338 KOCMOJOTUYECKOE BPEMS.

Bamauu. st JocTrXKEHNST yKa3aHHBIX [eJiel ObLIN TOCTaBIEHbI U PEIIEHBI CIELYOIINE 33/ [a9u:

1. UccnegoBanue 3aBucuMocTy (GOpMbI TPOMUIst abCOPOIMOHHON JIMHUKA OT ONTHUYECKOU TOJI-
[UHBI, aucnepcur GUIyKTyaiui 1 IPOCTPAHCTBEHHBIX KOPPEeJISALUil 1MoJis CKopocTu (yCaoBust

Me30TypOYJIEHTHOCTH ).

2. NzmepsieMOCTh KMHETUYECKON TEMIIEPATYPHI 110 TPOMU/ISAM JIHHUH METAJIIOB, 00Pa3yIOINXCs

B CTOXaCTHYIECCKHUX CpeaaX.

3. Ilpoeenenme pacueroB meromom Morrte Kapmo npodwmeit 6uierger Hi1+D 1 ¢ nensio ompee-
JIEHVsI OTHOCUTEIBHOTO COJEPKAHUS JefiTepus B pAHHUE KOCMOJIOIWYIECKHe SI0XU (IPOBEPKA

Teopun 00Pa30BAHUSA JIETKUX 3JIEMEHTOB B MEPBUYHOM HyKJjeocunTese, BBN).

4. O6paboTKa ¥ aHAIU3 ONTUYECKU TOHKUX CHCTEM IIOIVIOIIEHUs C IIeJIbI0 BOCCTAHOBJIEHUs (DU-
SUYCCKUX IIapPaMETPOB U XMMUYIECKOI'O COCTaBa I'a3d, a TaK2KE€ OLIECHKN CbOpMI)I CIIEKTPpa MOHU-

3yrommero (hOHOBOTO u3/ydenus (II0JHOE pelmenne 00PATHOM 3a/1a49u CIIEKTPOCKOIINN ).

5. Mccnenosanme HENMPO3PAYHOCTU MeXKTaakTuaeckoit cpeapt B simanu He 11 Ly (acdbdexr Tana-

ITerepcona) B MPOMEKYTKe KPACHBIX CMeIeHuit oT z ~ 1.5 10 z ~ 3.5.

6. IIpoBenenme BHICOKOTOUHBIX n3MepeHuil nojoxkenuit gunuit Fe Il B abCOpOIMOHHBIX CHCTEMAX
C KPAaCHBIMHU CMEIIEHUIMHA z > 1 ¢ IeNIbI0 TTPOBEPKY HEU3MEHHOCTH (DYHIAMEHTAIbHBIX (hU3u-

YeCKNX KOHCTAHT Ha KOCMOJOTHYECKON BpeMeHHOfI IIKaJIe.

Metoasbl. Ilpu perennn mepedncjieHHBIX 3aJa9 WCIOIB30BAINCH METOIBI PSAga Pa3IesioB Teo-

peTH‘IeCKOﬁ a,CTpO(bI/ISI/IKI/I U MaTeMaTUIeCKON CTaTUCTHUKH, CPEOAN KOTOPBIX HamboJiee BasKHBIMUI



ABJIAIOTCA MEPEHOC M3JIyYCHHUA B CICKTPAJbHBIX JIMHUAX B CTOXACTAYECKUX KOPPEIUPOBAHHBIX

cpeZiax W HEJUHENHOe OIEHWBAHUE MapPaMeTPOB (DU3UIECKUX MOJIEIel.

B merome perennst 06paTHOM 33a9H CIIEKTPOCKOIINN HNCIOJIB30BAHBI HOBEHIIINE aJITOPUTMBI CTO-

XaCTUIECKON OnTuMu3aruu, O0IbINas 9aCTh KOTOPBIX SBJISIETCS COOCTBEHHOM pPas3paboTKoit aBTo-
pa.

YucsenHoe MOAEIMPOBAHIE MOHU3ANAU XUMUIECKUX JIEMEHTOB B MOIVIOIAIOIINX OOJIaKAX IIPO-
BoausIoCh ¢ ucnosbzoBanuem nporpamMmbel CLOUDY (Ferland 1997).
Hayuynas HOoBM3HA paboThl. B nuccepramuu gnepevie TPOBEAEHO CUCTEMATHIECKOE 0OCYXK/1e-
HU€e IIpOIeccoB (GopMupoBaHus abCOPOIMOHHBIX JIMHUM B CTOXACTUYECKUX CPEJax C KOppPesu-
POBaHHBIMU (DIYKTyalusIME IO CKOPOCTH, a TAK¥Ke 6MEeP6bie PACCMOTPEHO DEIIeHHe IOJTHON
006paTHO 33JaUM CIEKTPOCKOIINH, BKIIOUAIOIIEH BOCCTAHOBIeHNE (DU3NIECKUX TTapaMeTPOB Cpe-
JIbI, U3MepeHne KOHIEHTPAINY XUMUIECKUX JIEMEHTOB U OIEHKY (POPMBI CIEKTPa NOHU3BYIOIIETO
¢donoBOro M3NyueHus. Pe3ysibTaThl NpeCTaRIEHb! B euHON (hopMe, yI00HOMN [1JIsT MCIIOIH30Ba-
HUA B YUCJIEHHBIX PDaCY€TaX TEOPETUIECCKUX CIIEKTOB MOTJIOIIECHUA, ITO HeO6XO,IH/IMO JJ1d aHaJIU3a
KBa3apHBIX a0COPOIIMOHHBIX CUCTEM. Psin aaropuTMoB pelreHus oOpaTHBIX 33734 SBJISEeTCS OpU-
TMHAJIbHON pa3paboTKoil aBTOpA.

B pesysibraTe npoBeneHHOrO MOZEJUPOBAHUS ONTHYECKN TOHKMX MEXKIaJaKTUIeCKux mud-
(dy3HBIX 00/IaKOB MIPEJIOKEH €IUHBIM MOJAX0I K aHAIN3y aOCOPOIMOHHBIX CHCTEM C JIMHUSMU

METaJIJIOB.

1) Bnepsble cucreMaTHUecKu pPacCMOTPEHO (hopMUpOBaHMEe NPOMUIIs CIEKTPAIbHON JIMHUKM B
cpefie C KOPPeJUpPOBAHHBIMY CJIYUaHBIMU TOJSIMU. Y ATE€HBI TPU OCHOBHBIX 3(deKTa: KOHeU-
Had KOPpeIdIuoHHAs JIWHA IO CKOPOCTH, JIOKAJIbHOE M3MeHEeHWe OTHOCUTEIBbHOH cTelle-
HY WOHW3AIWU JIEMEHTOB B 3aBUCHUMOCTH OT IJIOTHOCTH T'a3a, CYNEPIO3UNNAS 30H PAa3IUIHON
CTeleHN WOHW3AIMU IpU (HDUKCHPOBAHHOM 3HAYEHUU PAAMAIBHOM CKOPOCTH BHYTpU podu-
JISl CHEKTPAJIbHOM JIMHUY, BO3HUKAIOIIAA B PE3YJIbTaTe UPPEryJISAPHBIX JIOIJIEPOBCKUX CIBUTOB

JIOKQJTHHOTO KO3 DUIMEHTA TTOTJIOIEHNUS.

2) Paspaboran meroj oneHKr (hU3MYECKUX IIaPaMETPOB MOTJIOMAIOIIETO Ia3a [0 JMHUAM UOHOB,
HaOJTIOIAEeMbIX B ONITUYIECKU TOHKUX abCOPOIIMOHHBIX cucTeMax — 0bpaTHbIi Mmeron MouTe Kap-
jo (MCI). Ilposenen peTanbHbIR aHAIU3 MHOTOYUCIEHHBIX CUCTEM C KPACHBIMU CMEIEHUSIMU
1.5 < z < 4.2. Haiinena KOppersdnuoHHasl 3aBUCUMOCTD JUCIEPCUN PATUAIBHBIX CKOPOCTEHt
OT pa3Mepa TOIVIOMANEr0 00/1aKa, MO3BOJSIONAA 3aKIIIUTh, ITO ITH CUCTEMbBI SBJISIOT-
CS BUPHAJIM30BAHHBIMU U CBSI3aHHBIMU, C OOJIBINON BEPOSITHOCTHIO, C JAJEKUMU TaJaKTHKAMU
wiy ux Tajo. HaiieHo Takke, 9TO CHCTEMBI C MEHBIUMA PA3MEPAMU UMEIOT CUCTEMATHIECKH
O6JIBINIE KOHIIEHTPAIMN MeTaJuIoB. I1loKa3aHo, 9TO HEKOTOphIe abCOPOIMOHHBIE CHCTEMBI 00-
JIQJAI0T XapaKTEePUCTUKAMY, TUIHYHBIMU JJIsi BEICOKOCKOPOCTHBIX 001ak0oB (HVC), xoropsie

HaDOJ/II0JaI0TC B raJyio Hameld [amaxrukm.

3) O6mnapyxen kracc cucrem ¢ N(H1) ~ 10'7 em™? (mmxnmit kpait LLS, Lyman Limit Systems),



MMEIOIIMX YPEe3BBhIYaiiHO HU3KYI0 MeTa/yindHoCTh, Z < 0.00175, u pa3mepsl BJIOJIb JIy4a 3pe-
HUS IOPsIIKA COTeH KIc. B sTux cucremax orxomenue [Si/C| me mpessimraer 0.3. Eciu nannsie
CHUCTEMbI ABJIAIOTCA IIPOTOTAJIaKTUICCKUMU O6.Ha,Ka,MI/I, O6OI‘&HL€HHI)IMH IpoAyKTaMu 3BE€3JHOT'O
HYKJIEOCHHTEe33 PAHHUX 3BE3JHBIX MOMMYJIANWiA, TO udMepenHoe 3uadenue [Si/C| o3nagaer, 4To
HavaIbHAs QYHKIUS MACC STHX 3Be3/IHbIX MOIIY/IAMil HMeeT BepxXHioto rpanuty My, < 25 Mq.
TeMm caMBIM He TIOJTBEDPKIAETCS KOCMOJIOTHYECKUH CIIEHAPHii, B KOTOPOM Ha DAHHUX CTaIW-
sx sBostronuu Beesennoit (z > 10) obpazoBbiBasiuchk 3Be3761 ¢ Maccamu M > 100 Mg, tipu

KOTOpoM oxkuzjaemoe ornomenue [Si/C| > 1.

4) Tloka3aHO, YTO COIEPKAHNE METALIOB B MEXXTAJTAKTHIECKUX abcopbepax KpaiiHe HEOTHOPOI-
HO, C BAPUALUAMY OT II0OYTH COJHEYHBIX OTHOCUTEIbHBIX KOoHIeHTpanuit 10 1/1000 connedHbIx.
IIpu 3TOM BBICOKOMETA/IMIHBIE CUCTEMBI MEPEMEXKAIOTCA C cucTemMamu 0e3 merasyioB. Takoe
[TOBEJIEHNE TIO3BOJISIET CUMTATH BHIOPOC BEIIECTBA M3 TAJIAKTHK OCHOBHBIM MCTOYHHUKOM 00OTa-

MIeHU A MEXKTaJIAKTHIECKON Cpeabl TAXKEJIBIMA JJICMEHTaMMH.

5) Husa omeHku (hOPMBI CIIEKTPaA MOHUSUPYIOUIErO W3JIydeHus pa3paboTaHa CIIENUaJbHas Tpo-
1eypa, OCHOBaHHAS HA MOAX0JaX TEOPUU ILJIAHWPOBAHUS dKCIepuMeHTa. JlaHHAsS mporeaypa
TO3BOJISIET BOCCTAHOBUTH (POPMY CIIEKTPA MOHUIYIOIIEr0 W3JIYUYEHUs B CIydasix, KOT/a B CUCTe-
Me HabJII0MaeTCs MHOT'O JIMHUN METAJIJIOB Pa3IUYHbIX cTaquit nonn3anuu. CrIeKTpbl, BOCCTAHOB-
JIEHHBIE 110 a0COPOIMOHHBIM CUCTEMAM C Zahs ~ 3, JIEMOHCTPUPYIOT 3HAUUTEIBHYIO JIEIPECCUT0
koHTHHYyMa Mexay 3 u 4 Ryd. Takag dopma cnekTpa MoOXKeT OBITH OObICHEHA MEKTaJIaK-
tuaeckuMm noryiomenueM B jmaun Hell Lya (acdbdekt Tana-Ilerepcona na renuum) u nomazgep-
JKUBAET TUIMIOTE3Y O MPUCYTCTBUYM 3HAYUTEILHOTO KojaudyecTBa Hell Ha z = 3 Kak pe3y/brara
ero ‘3arsaayroit’ (delayed) pemonusanuu. IIpu 3TOM OCHOBHOI BKJIaJ B MOHUIYOMuUi (HboH Ha
1.38 < z < 3.0 BuoCaT kBazapsl 1 AGN, BKjIa,1 3B€3IHOI COCTABJIAIONIEH He IPOCIeKNBACTCS.
Ouenen Takxke BepxHUil npegesn Ha 1000 YO (HOTOHOB, MOKUIAIONINX TAJAKTUKA U JAFOIIAX

BKJIAJ] B METAralaKTUIeCKuil (POH MOHUIYIOIIEr0 U3JIydeHust: fese < 0.05.

6) [Ij1st BBICOKOTOUHBIX M3MEPEHNit BO3MOXKHBIX (DIyKTyaluii TOCTOSTHHOW TOHKOH CTPYKTYDBI (v
paspaboTaHa crenuajbHas METOAMKA, OCHOBAHHAS HA UCIOJIBb30BAHUM OT/EJIbHBIX SKCIIO3UIHI
u paboTaromas ¢ Pa3IUIHBIMYU JUHUSIMA TOJIBKO OZHOrO moHa — Fell. 9T0o mo3Bosmwio n3ba-
BUTHCSL OT MHOI'MX CUCTEMATUIeCKUX F(PDEKTOB 1 3HAUUTEIBHO IIOBBICUTH TOYHOCTH U3MEPEHUit
Ao/« va oTnenbHbIX 3HaYeHHAX 2. C IOMOIIBIO JAHHONW METOAUKHA MOJYIEHO CAMOEe TOYHOe Ha
TeKyIuii MOMEHT OIDAHUYEHNE OTHOCHTEIHHOIO M3MEHEHWs [TOCTOSHHOW TOHKOM CTPYKTYDPHI
Aa/a ma kpacHoMm cMemenmn z = 1.15, (Aa/a) = (—0.07 £ 0.84) x 1075, a Takxe ykasa-
HEe Ha BO3MOXKHOe m3MeHenme Aa/q Mexy sruM 3HadermeMm u Aca/a = (5.4 £ 2.4) x 1076,

obuapyxenroMm Ha z = 1.84.



OcHoBHbIE IIOJIO2KEHU A, BbIHOCUMbIE€ Ha 3all[UTY.

1. Pa3paboTka MeTo/1a BBICIINX MOMEHTOB 0DOOIEHHOT0 ypaBHEHUS TIEPEHOCA, [IJTsI pacdera pac-
IpeJIe/IeHNs] BEPOSITHOCTH MHTEHCUBHOCTH u3jydenust P([)) BHyTpu mpodusist JIUHUM TOIJIO-
[IIEHAS B CJIy9ae KOHEIHON KOPPEISIIHOHHON IJIMHBI ITOJI CKOPOCTH KPYITHOMACIITAOHBIX TBU-

JKeHnii rasa.

2. Pazpaborka Merosa peleHus 0OpaTHBIX 3334 CIIEKTPOCKOIINY C UCIIOJb30BAHNEM HOBEHIIINX
AJIPOPUTMOB CTOXACTUIECKOW ONTUMU3ANUU JJjisd 00IIero ciydas (hopMupoBaHust Tpoduiei
CIEKTPAJBHBIX JIMHUN B TYpOYJEHTHBIX cpefax ¢ (QIYKTYUPYIOMEH IOTHOCTHIO Ta3a U CIIy-
JalHBIM TOJIeM cKopocteit. Omnpenesierre Ha €ro OCHOBE (PU3NIECKUX XAPAKTEPUCTHK MEIKTa-
JIAKTUYECKUX TA30BBIX ODJIAKOB, WX JIMHEHHBIX PA3MEPOB W CTEMEHW ODATAlleHUs TSXKEIHIMI

QJIEMEHTaMM. I/I3M€p€HI/I€ coaepzKaHue ,Z[eI'/JITepI/IH B PaHHHUE KOCMOJIOTUYICCKHUE IIIOXU.

3. Pazpaborka aaropurma BOCCTAHOBJIEHWST (POPMBI CIIEKTPA MOHU3YIOIIETO (POHOBOTO M3JIyde-
Husi. VI3ydeHne Ha €ro OCHOBE HENPO3PadHOCTH MeXKrajiakTudeckoro rasa B juauu He Il Lya u
JVHAMUKY BTOPWYHOM IIOTHOM MOHM3AINY MEXKTaJaKTHIECKOTO TesIUs B IMIMPOKOM [IHala30He

KPaCHBIX CMellleHuit oT z ~ 1.5 10 z ~ 3.

4. PazpaboTka METOINKY ¥ IPOBEICHNE TPEIU3NOHHBIX W3MEPEHU BO3MOXKHBIX W3MEHEHU 3HaA-

YeHu beH,I[a,MeHTaJIbHI)IX (1)1/13I/IquKI/IX KOHCTaHT B Pa3HbIE€ KOCMOJIOTHUICCKUE SIIOXHU.

Hayunas u nmpakTuyeckas 3HAYUMOCTb. Pe3yIbTaThl CHCTEMATHYECKOTO OTMCAHUS TIPOTIEC-
coB ¢opmupoBaHus npoduieit abCOPOIMOHHBIX JIUHUN B CTOXACTUYECKUX CpPEIaX MOTLYT IIpHU-
MEHSIThCS TIPY aHaJU3€ W WHTEPIPETAINN CIIEKTPOB ToryoleHus Aud@Py3HbIX 00/1aK0B, HaOJTO-
JlaeMBbIX B MEXK3BE3JHOU cpefe Hamelr lajakTuku, OIMKafmmx raJakTUK, a TaKyKe TAJaKTHUK,
yIAJIeHHBIX Ha KOCMoyiormaeckne paccrostaus. Ocobbiit mHTepec mpeacTaBasgoT pa3paboTaHHbIe
B AuCCEPpTalii METOAbI DPEIEHUA O6pa.THbIX 3aa49 CIIEKTPOCKOIINHN, KOTOPBIE YK€ UCIIOJIB30-
BaJINCh TIpU paboTe CO CIEKTPAMU KBa3apOB BBICOKOTO DPAa3PEIIEHUs B CEKTOPE TeOPEeTHIeCcKOi
acrpodusuku ®TU mm. A.®. NModde PAH, 8 Esponeiickoit FOxuoii Obceparopun (MomxeH,
Tepmanust), B Acrpornomuueckoit o6cepsaropun [ambypra (Iepmanusi), B AcrpoHOMUYECKO# 06-
ceparopun Tpuecra (Uramus), 8 Acrpodusugeckom nenrpe Kamudopruiickoro yausepcurera
B Can duero (CIIA), B Hanmonasbroit acrporoMuveckoit ob6cepsaropun Anonun, B Tokuitckom
MYHHUIUTAILHOM YHUBEPCUTETE U B acTpodusndeckoM 1eHTpe yuuBepcurera Ocaxa (HAmommust).
Meronpl anan3a abCOPOIIMOHHBIX CIIEKTPOB KBA3apOB, Pa3pabOTaHHBIE aBTOPOM, MOTYT Hali-
TH OBICTPOE TMPUMEHEHUE W [AJIbHENIee Pa3BUTHE. JTO KACAETCS TIPEXKJIE BCEro yabTpaduolie-
TOBBIX CIIEKTPOB MEXK3BE3HOTO TOTJIOIIEHNS, KOTOPble HabOIOJA0TCT Ha OpOUTAIBHBIX 0bCep-
BaTopusx. [losydeHHbIe Pe3yIbTATHl UPE3BBIYANHO BAXKHBI /sl TPOBEPKY COBPEMEHHBIX TEOpUii
XUMUYIECKON SBOJIIOIAY BEIECTBa BO BceeHHO# HAa KOCMOJIOTHYECKOW BPEMEHHOM ITKaJIe, 8 TaK-
JKe JIJIS U3YYEHUs TJIODAJIBHBIX JIUHAMUYECKUX IIPOIECCOB, CBABAHHBIX CO BTOPUYHON MOHU3AIMEH

MEeXTAJIAKTIHUICEKOTO Ta3a. B ciiydae moATBepKAeHNS BapUaINN IOCTOSHHON TOHKON CTPYKTYPBI



a Mexay z ~ 1 u z ~ 2, nanpHelinre aHaJ0ruYHble U3MePEHusi MOTyT ObITh MCIIOJIB30BAHBI JIJIsT

BBISICHEHUS IIPUPO/IbI TEMHOM HEPIUU U €€ YPABHEHUS COCTOAHUA.

Amnpobarusa paboThl u myosuKaiu. Pe3yibraTsl pabOThl HEOMHOKPATHO JTOKJIAIbIBAINCH HA
cemmHapax cekropa Teoperudeckoit acrpodusuku ®TU um. A.D. Uodde PAH (C.-Tlerepbypr),
Acrpornomuuaeckoro mwacruTyTa uM. B.B. Cobosesa, C.-IlerepOyprckoro rocyjapCrBeHHOIO YHU-
Bepcurera (C.-Ilerepbypr), Ha OBIIErOpOICKIX aCTPOHOMIUECKUX CeMUHapax B VIHCTUTYTE TTpH-
kiaauoit acrporomun PAH (C.-Ilerepbypr), Ha cemunapax MHCTUTY T KOCMAYIECKUX UCCIIEI0BA-
anit PAH (Mocksa), CrnenunansHoit acrpocdusnyeckoii obcepsaropun (H. Apxwiz), Esponeiickoit
103kHOM o6cepBaropun (Mromxen), Tambyprckoii acTpoHoMudeckoit obceparopun, BepinHCKo-
r'0 TeXHWYECKOTO yHuUBepcuTera, Actpodmsndeckoit kadenpbl OpaHk@dypTCKOTO YHUBEPCUTETA
(Opaukdypr/Maitn), Taiigeasbeprckoii acrporoMuueckoit obcepsaropuu, [lapukckoro mHCTH-
TyTa acTpoHoMmu, Acrporomuueckoit obcepraropum B Tpmecre, HammowaasHoi acTporoMmde-
ckoit obcepsaropun Anornn (Tokno), HCcTuTyTa KOCMuIUeckoro Tesreckona (Banrumop), O6cep-
BATOPUM MHOTO03ePKAILHOTO Testeckona (Tycon), a Takke mpeCcTaB/IsjiuCh Ha OTEYECTBEHHBIX U
MEXK Iy HAPOIHBIX KOH(DEPEHIUAX:
‘Precise spectroscopy in astrophysics’ (Aveiro, Portugal, 2006), ‘The Scientific Requirements
for Extremely Large Telescopes’ (Cape Town, South Africa, 2005), ‘From Lithium to Uranium:
Elemental Tracers of Early Cosmic Evolution’ (Paris, France, 2005), ‘Probing Galazies through
Quasar Absorption Lines’ (Shanghai, China, 2005), ‘Acmpofusuka evicoxur smepeuti cezodus
u 3aempa’ (UKW, Mocksa, 2003), ‘Astrophysics, Clocks and Fundamental Conctants’ (Bad
Honnef, Germany, 2003), ‘Recycling Intergalactic and Interstellar Matter’ (Sydney, Australia,
2003), ‘CNO in the Universe’ (St-Luc, Switzerland, 2002), ‘New Trends in Theoretical and
Observational Cosmology’ (Tokyo, Japan, 2001),  Chemical Enrichment of Intercluster and Intergalactic
Medium’ (Vulcano, Italy, 2001), ‘Deep Fields’ (Garching, Germany, 2000), ‘The Light Elements
and Their Evolution’ (Natal, Brazil, 1999), ‘Building galazies: From the Primordial Universe to
the Present’ (Les Arcs, France, 1999), ‘Early Universe: Cosmological Problems and Instrumental
Technologies’ (C.-Tlepep6ypr, 1999), ‘ Toward the First Light of HDS' (Tokyo, Japan, 1998), ‘ The
Birth of Galazies' (Blois, France, 1998), ‘19th Texas Symposium on Relativistic Astrophysics’
(Paris, France, 1998), ‘Particle Cosmology’ (Tokyo, Japan, 1997), ‘Primordial Nuclei and Their
Galactic Evolution’ (Bern, Switzerland, 1997), ‘Structure and FEwvolution of the Intergalactic
Medium From QSO Absorption Line Systems’ (Paris, France, 1997), ‘18th Texas Symposium on
Relativistic Astrophysics’ (Chicago, USA, 1996), ‘QSO Absorption Lines’ (Garching, Germany,
1994), ‘Quantum Physics and the Universe’ (Tokyo, Japan, 1992), ‘Acmpogusuxa cezoons’ (H. Hos-
ropozx, 1991), ‘Plasma Astrophysics’ (Tenasu, I'pysus, 1990). ¢ Qusuxa 36e30 u 2asaxmur’ (Toipa-
Bepe, Dcronust, 1988), ‘Investigation of Galazies with Ultraviolet Continuum’ (H. Apxsr3, 1986).
OcHoBHOE copeprkaHme auccepTanuu onybJInKOBAHO B 54 CTAThAX, CIIMCOK KOTOPBIX IIPUBEIEH

B KOHIle aBTOpedepara.



Crpykrypa u o6bem guccepranmu. /luccepranust cocrout u3 Beejgenus (riasa 1), 0CHOBHOTO
conmepxkauus (TIaBel 2-7), 3ak/oueHus (riaBa 8) w cimcKa muTUpyeMoit jsureparypsl. [lepBast
riaBa 063opHas. B Hee BomIM HAPSIY C HAHHBIME W3 IUTUPYEMOU JINTEPATYPHl PAHHUE PE3yJib-
TaTel aBTopa (pabore! |1, 5, 6, 9, 11-17, 20, 22|, npuBeseHHbIe B COUCKe IIyOIMKAIUi IO TEMe
JIICCepPTAluK), pe3yJIbTaThl, nosydenanse Ha 6 M Teseckone PAH (pa6orsr [2-4, 7, 8, 10]), u 60-
Jiee 11031H1e pabOThl, BHIIIOJIHEHHBIE 10 APXUBHBIM CIIEKTPAM KBa3apoB, HAOJIFOJABIIUMC Ha 8.2
M Teseckore EBpomneiickoit FOxmuoit O6cepBaropun (pabots! [34, 36, 38, 42, 43, 47, 52]). ['maBa 2
OCHOBBIBaeTCsa Ha paborax [18, 19, 21, 23, 35]; maBa 3 — Ha paborax [22, 24, 25, 28]; riaBa 4 —
Ha paborax [26, 27, 29, 30-32|; rnasa 5 — na paborax [33, 37, 39, 45]; riaa 6 — Ha paborax [40,
49, 50, 53|; raBa 7 — Ha pabotax [44, 46, 48, 51, 54].

Ilonubiit 06bem muccepramuu cocrasiasger 308 crpanur, Briaodas 90 pucyrkoB. Cnmcok jaurepa-

Typbl HacYnTHIBaeT 264 HANMEHOBAHMUSI.

2 Coaep>KaHue JUCCEPTAITAN

Bo Beesennu (mraBa 1) obocHoBaHA akTyaabHOCTH TeMbl guccepranuu. B § 1.1 nan kparkuit
0030p OCHOBHBIX XapaKTEPUCTUK ONTHYECKUX CIEKTPOB KBa3apoB U Kjaccudukanusa abcopOiu-
OHHBIX CUCTEM. PacCMOTDEHBI OCHOBHBIE PE3YJIBTATHI UCCIIEI0BaHMY abCOPOIMOHHBIX CUCTEM, CO-
npsi>keHHbie ¢ paboramu asropa. B § 1.2 obcyxkjaercs obacrs (popMUpOBaHUSs HENPEPHIBHOIO
CITIeKTpa KBa3apa M aCCOMUUpPOBaHHbIe abcopbrmonnsle cuctemsl ¢ y3kuvu (FWHM < 30kmc™ 1)
JIMHUSIMU TIOTJIOIIEHNUST MOHOB PA3/JNYIHBIX MeTasuIoB. CanTaeTcs, 9T0 9T CUCTEMbI 00Pa3yIoTCs B
0bJ1akax ra3a, BEIOPOIIEHHBIX W3 BHYTPEHHUX 00JiacTell comepKaleil KBa3ap rajakTuku. M3yde-
HU€ KOHIIEHTPAINI 3JIEMEHTOB B ACCOIMUPOBAHHBIX CUCTEMAX ABJISETCS BAXKHBIM METOIOM IIOJIY-
yeHust WHEPOPMAIMU 0 XUMUYIECKOW IBOJIIONNK BEIIECTBA B OKOJIOKBA3aPHBIX 0bjacTsx. MHOTO-
quCjIeHHbIe aOCOPOIMOHHBIE CUCTEMBI C KPACHBIMU CMEIIEHUSAMY Zahs < Zem PACCMATPUBAIOTCS B
§ 1.3. IlockobKy OCHOBHOI IIPEAMET MCCAEIOBAHUM IUCCEPTAIIMN — MEXKTAJTaKTUIEeCKIE Ta30BbIe
obJ1aka, B 9TOM pa3sjieJie MPUBOAATCS (DU3NYECKUE [TapaMeTpbl U XUMUYECKuil coctaB abcopbiu-
OHHBIX CHCTEM C JIy9eBBIME KOHIEHTPAIISIME aToMapHoro sogopona Np1 < 1017 cv~2 , xoropsie

0bpasyioT Tak HasbiBaeMblil ‘Lya jec’.

B rraBe 2 paccmarpuBaercs 06001eHIe ypaBHEHUS IEPEHOCA U3y YEHUS B 9aCTOTaX CIEKTPAb-
HOV JIMHWW Ha, CIydail, KOT/Ia JInHA CBODOMIHOTO mpobera (hOTOHA CPABHUMA C KOPPESITMOHHOM
JmHOM ¢ cydaitHoro moss ckopocteit. B acTpodmiamdeckoit inreparype 3TO yCI0BUE TOIYIUIIO
Ha3BAHUE ME30MYPOYACHMHOCTD, B OTIIUIUE OT MUKPOTYPOYAEHTNHOCTU, TIPU KOTOPOI KOPPEJIs-
[IMOHHAS JJIMHA, MHOTO MEHbINE JJIUHBI CBOOOIHOTO mpobera hOTOHA, U MAKPOMYPOYACHIMHOCTY
B IIPOTUBOTIOJIOKHOM CJTyJae.

Paccmorpenne mMe30TypOyIeHTHOrO pexuMa (pOPMUPOBAHUS TPOQMUIS JIMHUNA CJIYXKUAT BBE-
JIEHHEM K PEIIeHuI0 00X 0OpaTHBIX 33Jad crekTpockoruu. [losromy B § 2.1 00bsICHSIIOTCS

YCJIOBUSI IPUMEHUMOCTHA MUKPO- U Me30TypOyJIeHTHOrO mpubsnxkenuit. Tak, ecju ruapoanHaMu-
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YeCKOe T10jIe CKOPOCTEN M3BECTHO TOYHO, €r0 YUYeT B MPOIECCAX MMEPEHOCA M3JIYUEHUs HE COCTAB-
Jiser mpobiieMbl. B 9ToM ciryuae JoKambHBIH Ko3dhdurment nornomenus koP (A, v) ucubThIBaET
JIOTLJIEPOBCKOE CMEIEHNE HA, BEJUYMHY JIOKAJIHHONH KOMIIOHEHTHI BEKTOPA CKOPOCTH, Mapa/LiIe/ib-
HOM Jiy4y 3penus (dbysknus ¢ omuceiBaer npoduas koabdunmenta nornomenus). OgHako BO
MHOTHEX acTpou3UIecKuX OOBbEeKTaX I0oJie CKOPOCTH uMeeT 0ojiee Wjin MeHee CTOXACTUYECKYIO
TMPUPOY, U TTOITOMY TPoO/IeMa TepeHoCa W3JIYUEHUsS B 9aCTOTaX CHEKTPAJBHBIX JUHUN CTaHO-
BUTCS JOBOTBHO CIOXKHON. CaMoe TpoCToe U MUPOKO UCIOIB3YEMOE PEIeHne — 3TO MpeHedpedb
BCEMW BO3MOXKHBIMU KOPPEJISALUSIMA TIOJIst CKOpocTel (MUKpOTYpOyieHTHOCTS). B 9T0M 11pubiin-
JKEHUW JIOKAJIbHBIH KO(DhUIMEHT TIOMVIOMEHNUS K) 3aMEHSIETCsI €r0 CPeIHIM 3HAYeHWeM (k) ), Ipu
9TOM YCpeIHEHUE MPUMeHseTCs K (pyHKIuu npoduiis Ko3dduIiineHTa moTJIOMeH s, 8 YPABHEHNTE
mepeHoca coxpanseT cBoto dhopmy (cm., Crouruep 1981). [TokazsiBaeTcst, 9T0 MUKPOTYPOYJIEHTHOE
IpubJIMKEHNE OIPABIAHO, KOT/Ia JINHA CBOOOTHOTO 1pobera (hoToHA MHOTO OOJIBINE KOPPEISIHI-
OHHOH JJTUHBI ¥ KOT/I3, UMEETCSI JJOCTATOYHO OOIBIIIOE YUCTIO TYyPOYJIEHTHBIX sTI€EK BIOJIb KaXKI0TO
Jiyda 3penust. Kciim 9Tu yIoBrsi He BBIIOJIHSAOTCS, TO PEIIeHUs] CTaAHIAPTHOIO YPABHEHUsI TIepe-
HOCa MOTYT JIaBaTh HENPABUJIbHBIE PE3YJIBTATHI.

Haercss kparTkuii 0630p OCHOBHBIX IIOJIOXKEHUI TEOPUU IIEPEHOCA MUBJIyUYeHUS B KOPPEIUPO-
BaHHBIX CJIydaiiHbIX cpegax, passuroit Tpasunrom u ero corpyauukamu (Gail et al. 1974; Gail,
Sedelmayer, Traving 1975; 1980). B pamkax 3Toif Teopun CKOPOCTH KPYITHOMACIITAOHBIX JIBU-
JKEHUI v M WHTEHCUBHOCTh M3JIyYeHus [y PacCMaTPUBAIOTCS Kak JBE CIydaiHble (DYHKIUH MTPO-
CTPAHCTBEHHOMW KOODIWHATHI § BAOJL Jiy4a 3peHus. ECau cpema OMUCHIBAETCS TOJBKO €€ CTaTH-
CTHYECKVMHU XapPaKTEPUCTUKAMMU, ONPEJeJeHNe TOYHOrO 3HadYeHus [)(S) CTAHOBUTCS HEBO3MOXK-
HBIM. MBI MOXXEM TOBOPUTH TOJBKO O CTATUCTUIECKUX XAPAKTEPUCTUKAX WHTEHCUBHOCTHU TAKUX,
KaK, HApuMep, cpegnee 3uadenne () ), KOTOpoe, COrIACHO OIPEJIeJICHHUIO, eCTh JIMDO CPeJIHee 10
aHcam61i0, b0 CpejHee 10 MPOCTPAHCTBY (WMJIM BPEMEHHN ).

B § 2.2 nan BbIBOj, 000DOIIEHHOIO YpaBHEHUS NEPEHOCA, KOTOPOE IPUHUMAET BUJ YPABHEHUS
®okkepa-Ilnanka mist BepositHocTr P(s;v, I)) dv dI) HAXOXIEHUS B TOUKE S PAIUAJIBHON KOM-
[IOHEHTHI CKOPOCTU CO 3HAYEHUEM MEXKIy U U U + dv ¥ MHTEHCHUBHOCTH WM3JIydeHus Mexay Iy
u I\ + dIy (cm. ypasuennme (1)). ITokaswiBaercs, uTo mpn ycuoBuu Tyy << 1 BHYTpH mpodmuist
JuHuA (TIEe Ty ¢ — €CTh OTHOIIEHHEe KOPPETSIMOHHON ITMHBI K CpejHell JInHe CBOOOJHOTO IPO-
6era ¢dpoToHa Ha JJIMHE BOMHBI A Tipu u = v/oy = (), HU TPOMUIL JIVHUN, HA €€ SKBUBAJEHTHAS
IIVPUHA HE 3aBUCST OT KOPPEISHMOHHOM 1nabl ¢ (MUKPOTYPOYIeHTHOCTR). YctoBue Ty < 1
BCErJia BBINOJHAETCA B KPbUIbaX juauu. C Apyroif CTOPOHBI, €CIM B IEHTPe JUHUM Tyy 2, 1 1

&
Ot 2, Uth, TOTIA TPOMUIb JUHUNA U €e SKBUBAJICHTHAS IIMPUHA 3aBUCAT OT , U MBI UMEEM CJIy-
qait mezorypOysenTaOCTH. (3/1€CH Of — CPEAHEKBaApATUIHAsS TYPOy/JEHTHAs CKOPOCTh, & Uty —
TEIIOBAsL CKOPOCTH ).

91 3¢dPeKTh TOAPOOHO paccMaTpUBAOTCA B § 2.3 Ha mpuMepe GOPMUPOBAHUS TPOdUIeit
a6GCOPOIIMORHBIX JIMHIIH UeTBepToit momoxuTenbHol cucrembl ATl « X '3F momexynsr CO n

CpaBHEHUA DE3YJIBTATOB UX aHaAJIN3a, IIOJTy9IC€HHBIX B O6IHerI/IH5{TOM MI/IKpOTyp6yJ'IeHTHOM opu-
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OJIMKEHNH, C MCXOJHBIMU TIAPAMeTPaMy Me30TyPOYIEHTHON MOJe/IN. DTOT TIPUMEDP OU€Hb HATVIST-
HBIN, TOCKOIBKY TOI0CHI CO COCTOAT U3 ONTUYIECKH CUIBHBIX U CJIAOBIX JIUHUN, KOTOPBIE JTOIKHBI
10 Pa3HOMY PEAarupoBATh HA KOPPEIAIUOHHYIO AuHy. [l0Ka3pIBAETCS, 9TO BJIMSIHUE KOPPEISIU-
OHHO# JJIMHBI HA NPOMUIb JIMHUM YCUJINBAETCA C yBeawdeHueM JiydeBoit konmenrpanuu CO u
mpu N(CO) ~ 10'° em~2 momoca (2,0) He MoxKeT 6BITH aJEKBATHO OINMCAHA B PAMKAaX YIIPO-
IEHHO# MUKPOTYpOyIeHTHOM Mogenn. HeobXoauMo renaTh TOMOMHUTETbHBIE TTPEATIOI0KEHUS O
6ostee CIIOKHON CTPYKTYpe abCOPOIMOHHOTO 00J/1aKa (BBOIUTH JOTMOTHATEIBHOE IUCIO Gostee MeJl-
KIUX O00JIAKOB C PA3JIMIHBIMK (DU3NIECKUMH T1apaMeTPAMU B KarKJOM W3 HWUX) JJIsi TOTO, ITOOBI
[TOJIyIUTHh COOTBETCTBUE MEXKJY MHUKPO- U Me30TypOyseHTHbIM npoduisivu. Takum obpa3om Ha
YUCJEHHOM IIPUMepe MOKA3bIBAETCs, KAK M3HAYAIBHO OJHODOIHAS MOJETb MOYKET OBIThH HEIpa-
BUJIFHO IIPOMHTEPIPETUPOBAHA ¥ TPAHC()OPMUPOBAHA B HEOJHOPOIHYIO.

B § 2.4 me30TypOy/teHTHOE TPUOIMKEHIE NCTIOIB3YETCs /Il aHAJIIN3a PEATBHBIX CIIEKTPOB IT0-
[JIOIIEHMsI, 0OPA3yIOIUXCS B MEXK3BE3IHOM cpee Tory6oit KoMmakTHOM rasaktuky I Zw 18 (Mrk
116). Uzyuenue Y® cnekrpos, nonyuennnix Ha FUSE (Far Ultraviolet Spectroscopic Explorer)
nokazaso, uro cogepxanue N, Ar, Si, u Fe B neitrpasbnom raze (Vidal-Madjar et al. 2000) 3ua-
YUTENBHO OTJIMYAETCS OT COEPKAHUSL STUX IEMEHTOB B noHn30BaHHOM rase (Izotov et al. 2001).
g nuarepnperanun HabmoaeHn! [z0tov et al. mpeamoXuan MOmeab, COCTOSIIYI0 U3 ABYX TOJI-
CUCTEM CO 3HAYUTEIHHBIM OTJINUAEM METAIUIHOCTH: IIPOTO3BE3THOE BEIECTBO, 0OPA30BAHHOE
B PeaKIMsIX TEPMOsIEPHOTO CHHTE3a Ha PAHHWUX CTAJUsIX pacimmpeHusi ropsideit Beesennoit, un
ra3 B H I 30Hax, 000OraIeHHbIil PO yKTaMu 3BE3IHOTO TepMOsiziepHOro cunTe3a. ObHapyKeHue
IIPOTO3BE3THOTO Ta3a MOIJIO OBl MMEeTh BarKHOe 3HaUeHHue JJjIs KOCMOJIOTHYecKux moxesneit. On-
HAKO OKa3aJIOCh, UYTO y4eT KOPPEIAINOHHBIX 3(MMOEKTOB /1aeT ONUHAKOBYIO OIEHKY COIEDKAHUS
MEeTaJIJIOB KaK B HEMTPaJbHOM, TAK W B MOHM30BAHHOM Ta3e rajakTuku 1 Zw 18, koTopas BIosHE
COTVIACYEeTCsI C MPeJICKA3aHIAMI TEOPUX HYKJIEOCHHTE3d U M3MEPEHUSIMU B APYIUX KOMIIAKTHBIX

roJiyObIX rajlaKTHKAX.

B rmaBe 3 paccmorpeno dpopMupoBanue Ipoduia abCOPOIMOHHON JTUHUN P YCJIOBUH, KOTIIA,
qucjio Typ6yﬂeHTHLIX d49€€K Ha JIy‘{e 3peHnd HE OYECHb 6OJH)HIO€, 9TO IIPUBOAUT K HEIIOJIHOTE
CTATUCTUYIECKON BBIOOPKMU.

B § 3.2 paccuuThiBaroTCS I0BEPUTEIbHBIE WHTEPBAJIBI JIJIsi TEOPETUYECKUX WHTEHCUBHOCTEH C
IIEJIBI0 KOJMIECTBEHHOIO ONMCAHMS OTKJIOHEHU M HabJIF0aeM0l HHTEHCUBHOCTH B TPOOUIIE JIMHUK
or cpenueit Benumumanl (I)). Iyig 3T0ro HEOOXOAUMO BBIUYUCIUTL PACIPEIE/eHHe BEPOATHOCTU
BesimunHbl [y. CylecTByer aBa moaxoaa Jyist pemienust 3roi 3agaun. OuH 13 HUX 3aKJIH0IAETCS
B BeruncsieEnn P(s;v, I)) HEMOCPeICTBEHHO 13 0000IIEHHOT0 YPaBHEHUS TIEPEHOCca

oP 10 p 5 OP 0
%7%(” to %)*a—A

C TIOCJTEYIONUM WHTETPUPOBAHNEM pe3ysbrara 1mo v. OJHAKO 3TOT mMomxom Tpebyer GOIbImx

[ko®P (Ix — S)\)] , (1)

YUCJIEHHBIX PACYETOB. AJIBTEPHATUBHBIN MOIX0, Pa3pabOTAHHBIN aBTOPOM, 3aKJ/IFOYAETCA B BbI-

YUCJIEHUN BBICIINX MOMEHTOB PP OTHOCHUTEIBHO I)\, 9TO MOXKHO COe/IaTh OTHOCHUTEJ/IBHO IIPOCTO. B
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HaleM ciydae Habop MOMEHTOB onpeje/sieT (PyHKIUIO0 PACIPe/IeeHNs] OHO3HAYHO, TOCKOJIBKY
nuana3on u3MeHeHuit [y xomeunsiit: 0 < I,/Iy < 1. YMuoxkas ypasuenue (1) Ha cremens I§ u

“HTErpupyd 1o Iy, mosyanm

0 ; 10 0 ; )
% = 7% (UQ)\,]' +a? %) —Jro® (@ — SA@xj-1) (2)
e
QM:/I{P(S;U,I,\)dIA. (3)
0

Taxum 06pa3oM, MbI IPUXOUM K CHCTEME PEKYPPEHTHBIX aud depeHnnaabHbIX ypaBHeHuit (2).
JanbHelimee ypoIieHne moy9aeTcs TP PACCMOTPEHUN YHUCTOTO TOTJIONIEHMS, KOTIa (DyHKIWSs
ucrounukoB Sy = 0. [lo paccuuTaHHBIM MOMEHTaM (Iﬁ\) MOKHO BOCCTAHOBUTHL KYMYJISITUBHYIO
dyukuio pacnpenenenus g 1. Ilociae 9TOro cTaHOBUTCHI BO3MOXKHBIM OINPEIEINTH HHTEPBAT
uHTeHCUBHOCTEH BOKDPYT (I)), B KOTOpOM Hab/0naeMasi WHTEHCUBHOCTH MOYKET HAXOAUTHCS C
33JaHHON BEPOATHOCTLIO.

B § 3.3 mompobHO ommChIBaeTCS MPOIEAypa BOCCTAHOBJIEHUS PACIPEIECHUsST BEPOSITHOCTH
P(s;v,xy), tme x) = I\/Iy. IlokasbBaercs, 9To B obmmem cirydae dpopma npoduist abcopOImoH-
HOY JIMHWYW BJIOJIb OJHOTO JIyda 3PEHUS aCUMMETPUYHAs, YTO ABJISETCS CJIEICTBUEM KOPPEaAnuii
B TIOJIE CKOPOCTEH MIPU OTPAHWYEHHOM YHUCTE TYPOYJIEHTHBIX S9€eK C XapaKTepPHBIM pa3zmMepoMm £.

B § 3.4 Beramcistiores ycioBable uarencusHoctu gy (L, ug) — oxkupaemMoe 3Ha9€HNE MHTEHCHUB-
HOCTH TIOCJTIE TTPOXOXKIEHU 0bJIaKa TONIUHON L TpH yCIOBUHU, YTO CKOPOCTH TIEPBOit TypOyJIeHT-
HOU guefiku paBHA Ug. ECIM pacCMaTpUBAETCS JIMHUS TTOTJIONIEHNs, 0Opa30BaHHas BIOIb OJHOTO
JIy9a 3PEHWsI, MBI 3HAEM, ITO TOJHKO 00HG PEAM3AINS CIyYaifHOTO TIOJIS CKOPOCTEH OMpeiesisieT
ee HabII0maeMbIil TPOMWIb, TOCKOIBKY B TeUEHNe HAOIIONEeHN JTI00ble KPYTHOMACIITAOHBIE TBU-
JKEHWsI 1a3a BHYTPH 00/1aKa MOKHO PACCMATPUBATH KaK ‘3aMOpOXKEHHBIE' (HET HU BPEMEHHOTO, HI
[IPOCTPAHCTBEHHOTO ycpeaHenst ). B j1060it Touke BIosb Jiy4a 3peHust (1, B 9aCTHOCTH, Ha KPasiX
ob/1aKa) KOMIIOHEHTa CKOPOCTH MMEET CBOE OIIpeJieJIeHHOe (3apaHee HEM3BECTHOE) 3HAaYeHWe U,
KOTOpOe He MeHSeTCs 3a BpeMs dKcrnosuimu. B sTom ciaydae 60ee nHGOPMATUBHO CPABHUBATD
¢ Haburogenusivu He (1)), a ycioBHyo naTeHCcUBHOCTH )\ (L, up).

[MokasbiBaeTCS, YTO BAPUAIWMU O /Uy, JJisl PA3JIUIHBIX MOHOB BHYTPU OJHOTO 06JIaKA MOTYT
MIPUBOIATH K PA3IUIHBIM CMEIEHUIM TEHTPOB TIKECTH abCOPOIMOHHBIX JIUHUN W, KAK Pe3yJIb-
TaT, K PA3JUYHBIM PAJUAIBLHBIM CKOPOCTSIM, TIOCKOJIBKY MapaMeTphl 0 /vy, WHAWBUIYABHBI It
KaXKJIOTO JIEeMEHTa.

B § 3.5 paccmarpuBaeTcst OTHOCHTEIBLHO TPOCTON UNCIEHHBIN METOJ, C TIOMOIIBI0 KOTOPOTO
MOXKHO TIPOMOJIEINPOBATH (POPMUPOBAHME TTPOMUIISA JIMHUN TTOTJIONIEHNs] B TyPOYJIEHTHOM Cpee.
CroxacTrudeckoe IoJie CKOPOCTeH OMUCHIBATHCS MAapPKOBCKUM IIPOIIECCOM, BUJ KOTOPOT'O T'eHepH-
pyercs npouenypoit Moute Kapiso. B otnuune oT npouenyp ycpeaHeHWs, ONIMCAHHBIX B IIPEIbI-

OyIuX pasaenax, ¢ moMoIrso Meroga Morre Kapsio Mbl BeIuC/IeM HETOCPEACTBEHHO TPOdhIIH
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JIMHUH, COOTBETCTBY IO €IMHCTBEHHON PEeaN3AINH CIy 9aifHOTO TTO/Isi CKOPOCTEH, 9TO TI03BOJIS-
€T TIPOBOJUTDH MPSMbIE CPABHEHUS ¢ aOCOPOIMOHHBIMY JIMHUSIMU B CIIEKTPAX UCTOYHUKOB KOHTHU-
HYyaJIbHOT'O U3JIy9eHUs, KOTOPble MOXXHO CYUTATH TOYEYHBIMU. J[eMOHCTpUDYETCs MIEHTUIHOCTD
pe3yabraToB Meroma Monre Kapio u pemrenuit 0000IEHHOTO yYpaBHEHUS MEPEHOCA C PACIETOM
JIOBEPUTEIbHBIX MHTEPBAJIOB. [IpuBonsaTcs duciaenHble npuMepsl ¢ npoduasavu jgubauit H1 u D1
Lya, xoTopble MOKa3bIBalOT, YTO OmeHKa oTHomeHus D/H odeHs dyBcTBUTENbHA K MOZETBHBIM
MPEITOMOKEHNIM U UTO TTIPUMEHEHNE TPOCTOT0 MUKPOTYPOYIEHTHOTO TPUOIMKEHUS MOXKET TIPHU-

BOAUTH K pasbpocy 3uadennit D/H, ne nveromux dbu3ndeckoi NpuanHbL.

B ryiaBe 4 paccmorpena obparHasi 33/1aUa CIEKTPOCKOIUU I[IPU MTOCTOSHHON ILJIOTHOCTH Ta3a,
KODJIa, OIeHKa, (PU3MIECKUX [IaPAMETPOB CPEJIbl IIPOU3BOIUTCI 00HOBPEMEHHO C BOCCTAHOBJIEHUEM
pacupenesieHnsa IIoJad CKOpOCTel v(s) KpynHOMacCITabHbIX JBvKeHui. JIaHHBINA 1104X0/] IIpUMe-
HUM K aHaau3y npoduiieil JUHUN NOHOB, UMEIOMUX O/IN3K1e TOTeHIINAIb HOHU3AINN, IIOCKOJIBKY
OHHU TPACCHUPYIOT ra3 OJHOHN IIJIOTHOCTH.

B § 4.2 maerca ommcanme obparaoro meroma Monte Kapino (RMC, Reverse Monte Carlo)
¥ TPUMEpP ero mpuMeHeHus Ay anaaun3a npoduss omennst Hi+D1 Lya. RMC npunamiexunr
K KJIACCy aJI'OPUTMOB CTOXACTUYECKONW ONTUMU3AINH, MTPEIHAZHAUYEHHBIX JJIsl PEIIeHUs 3329 B
KOH(PUTYPAIMOHHBIX TTPOCTPAHCTBAX OOJIBINON pa3MepHOCTH. B oT/iMdure 0T CTaHIAPTHBIX METO-
o8B MonTte Kapiio, mpu KOTOPBIX T€HEpUPYIOTCs CIydaiiHble KOHMUrypamu (pusnaeckoit cucre-
MBI JIJIsl Olipejiesieruns cpeaanx xapakrepuctuk, RMC ucnonib3yer sKCrepuMeHTaIbHbIE JTaHHBIE
7 moJ0upaeT HADOD MAapaMeTPOB MOJE/IHU, IPU KOTOPOM BOCIPOU3BOAATCS JAHHBIE HAOJIOACHUIA.
CroxacTryeckasl OMTUMA3AINS O3HAYALT, UTO HAIIPAB/ICHNE IBUXKEHUsI B TPOCTPAHCTBE IapaMeT-
POB OmpefieNieTcs He YCIOBUEM CTPOTOT0 YMEHBITEHUS X2, KaK 9TO MPOUCXOIUT B TPAJUEHTHBIX
MeTomax, a mo BepogTHOCTH exp(—Ax?/T) > &, rae & — clydaiiHas BeJMUWHA, PABHOMEPHO
pacrpenenernnas Ha orpeske [0,1], Ax? = x?,; — x? n T — ynpaBsomuii mapamMeTp MeToza.
BeposiTHOCTHBIH BHIGOP JOMYCKAET JBIIKEHME He TOJbKO B Hampasjenun Ax? < 0, HO u B Ha-
IIPABJIEHUE BO3PACTAHUS X2, UTO IIO3BOIAET OOBLEKTHOHM (DYHKIUH BHLIGHPATHCA U3 JOKAIBHBIX
MUHAMYMOB ¥ TapaHTUPYET CXOAMMOCTH K TyiobaibroMy muaumymy (Metropolis et al., 1953).

Ajyropurm RMC nipumensijicst Jijisi U3MEpPeHu COJepKaHus AefTepus B MeKIraJJaKTHIeCKOM
raze Ha OOJBIIMX KPACHBIX cMemeHusax (z ~ 3). Amamuz npodueit 6imenasr H+D Lya B a6-
COPOLMOHHBIX CHEKTPax KBa3apos, nouydenubix Ha 10 M reseckone Keck, nokazas, aro D/H ~
3 X 10_5, 4TO mpubIM3UTESHFHO B 1.5 pasa BBINIE MO CPAaBHEHWIO CO cpeqHuM 3HadeHweM D/H
B Mex3Be3nHON cpeje nameit [amakruku. V3mepennoe 3uavenne D/H maxomures B cormacuu
C TEOPUSIMA XUMUUYECKOH SBOJIIOIMU BEIECTBa BO BCeJIEHHOM, COTJIACHO KOTOPBIM OTHOCHUTEJIh-
HOE COflepXKaHue JedTepus YMEHBIMAETCI ¢ KOCMOJOTHIECKUM BPEMEHEM, TIOCKOIBKY JedTepunii
"BeIropaer'B mpoIeccax 3BE3IHOM SBOJIIOIVH.

B § 4.3 paccmarpuBaercss mpoleaypa U3MEPEHWsT KWHETHYECKOW TeMIEepaTypPhl M0 JIMHWSIM
MOHOB, MMEIIMX 10100HbIe TPodUIN 1 NPUOIN3UTE/ILHO PABHbBIE IOTEHI[MAJIbl MOHU3AINY (Ha-

npumep, C11, Sill, Fe11). O6parabie 3a1a4uu 10J06HOTO POJIa, SABJISIIOTCI NAOLO 00YCAOBAEHHDLMU.
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ITapamerps 10X0 0OYC/IOBJICHHBIX 33189 IPE3BHIYANHO IyBCTBATEIHHBI K OIMUOKAM B TaHHBIX,
YTO TPUBOAUAT K OOJNBINMM JUCIEPCUSIM OIEHOK. Jlyis mx perneruit pa3paboTaHbl CreAaIbHBIE
meronsl (Tikhonov, Arsenin 1977; Tonuapckuit, Yepenamyk, Aroma 1978; Wu 1997). O6mumm
[TO/IXOZ0M, CTAOWIM3UPYIOIIUM pEIIeHne, SBJSETCH J00aB/IeHNe K 11e/€BO (DYHKIMU PEeryJis-
pusupyouero ciaraeMoro (mrpaduoit (byHKIUK), KOTOpas OTCIEXKUBAET OOJbIINE OMMOKYU B
OIIEHKAX 11aPaMeTPOB.

Pazpaborarras aBTOpPOM BBIYUCIUTEIbHAS TPOIEIyPa OCHOBBIBAETCS Ha, TPeoOpa30BaHWUM
Dypbe abcopbInOHHBIX poduiieil ¢ mocaeayonell MUHIMU3anuell 1e/ieBoil yHKINYU MEeTOI0M
suTponuiino#i perysnsipusaiun (ERM, entropy-regularized minimization). Beraucienus ua mo-
JIeJIbHBIX CIIEKTPaxX TMOKA3a/d, 9TO KUHETHUIECKas TeMIepaTypa MOXKeT ObITH OIeHEeHa, ¢ TOodY-
HocTeio 10-15%. Ilpumenenue mporeaypsl ERM K peasbHBIM CreKpaM — IPOMUIAM JIHHUH
Cit u Sitl B cucreme z = 3.572 B crnekrpe Q1937-1009, npueesio K OLEHKE TeMIEpPaTypPhl
Tiin =~ 14000 K. HezaBucuMoO OT BBIOpPAHHON METOAUKK OOPAOOTKH CIIEKTPOB, OIEHKH TEMIIE-
paTypsl 10 JmHUAM MeTa/UI0B u H 1 M0/KHBI COBIAIaTh, €C/IN ITOTJIOMIAIOIIAs 30HA, OJHOPOIHAS.
VmeHHO TaKue OLEHKU MOJIYyYMJINCh JIist cucTeMbl 2z = 3.572, obpaboTanuoit mporeaypamu RMC
u ERM.

B rnnaBe 5 obparnas 3amaga 0obobiaercsa va cirydait nepemenHoit mrotaocTr. MeToab BOCCTaHOB-
JieHUsT (PUBUIECKUX MAPAMETPOB Tra3a, B KOTOPOM (DIYKTYUPYIOT U CKOPOCTb, U IJIOTHOCTH, MMe-
0T HauboJIee MUPOKY0 TPUMEHUMOCTE [IPU aHaju3e abCOPOIMOHHBIX CUCTEM C JIMHUSIMA WOHOB
PA3IUYHBIX CTaAui MOHM3ANWH. [[0Ka3bIBAETCS, YTO TPAJUIMOHHBIN MUKPOTYPOYIEHTHBIN MO
XOJI, pean3yeMblii B IPOIEIyPe PA3JIOKEHNs CJIOKHBIX Tpoduteit Ha hONTTOBCKIE KOMITIOHEHTHI,
YaCTO JaeT BeChMa, MCKAYXKEHHBIE OIEHKU METAJINIHOCTH W OTHOCUTEIBHBIX KOHIIEHTPAIWA 3/Te-
MeHTOB. CllelyeT OTMETHUTD, UTO ITU MapaMeTPhl UPe3BBIYAWHO BBIXKHBI JJI TPOBEPKU TEOpUii
XUMUYECKOH SBOJIIOIINN MEKTAJIAKTUYIECKOTO Ta3a U BBIACHEHUA MCTOTHUKOB IIDOUCXOXKIECHUA Me-
TaJIJIOB.

OcHOBHBIE ypaBHEHWS BBIBOASTCA B § 5.2, T/ie TakyKe MPUBOIUTCS OMUCAHUE MOIUMUIIADO-
BaHHOTO 00parHoro Meroma Monre Kapio (MCI). Oriuare MCI or MeTona, OMMCAHHOTO B TJIaBE
4, 3aKJII09a€TCS B MCIOIb30BaHNY 00jIe€ IyBCTBUTE/IHHOTO BEPOSITHOCTHOTO KPUTEPHS Ipu 0TOO-
pe pemennii (crarucruka Ilammca BMecTo GOIBIIMAHOBCKON) U aJaNTUBHOM CXeMBbl W3MEHEHUs!
mapamerpa T B 3aBHCHMOCTE OT JJOCTUTHYTOTO YPOBHS X2. TO MO3BOJIMIIO 0GECIEYUTE OBICTPYIO
CXOIMMOCTb METO/a K TJIO0ATBHOMY MUHUMYMY.

Tecruposarnne MCI Ha uncieHHOM TpUMepe MPUBOAUTCA B § 5.3.

B § 5.4 paccmaTpuBaeTcs TPWHIUTT MUHUMYMa CKOPOCTH M3MEHEHWsI SHTPOIUH C IIETHI0 OT-
6opa Hambosiee BEPOSTHBIX KOHMUTYyparmit mosieit ckopocTs v(s) u mWIOTHOCTH N(S), BOCCTAHAB-
JmuBaeMbIx mporeaypoit MCI.

B § 5.5 060061matoTcst pe3yJibTaThl, TOIy YeHHbIe U3 aHaIu3a ¢ momobio MCI MEOroOUnCIeHHBIX
onruaeckn Tonkux (Nyy < 1017 cm™2 ) abCOpOIMOHHbBIX CHCTEM C TUHUSME METAJI/IOB, UCHTH(Y-

[IMPOBAHHBIX HA PA3HBIX KPACHBIX cMemeHusx (1 < z < 4.2) B CmeKTpax BBICOKOTO Pa3pPEIIeHUsT
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Puc. 1: Msmepennnle 3Havenns qucnepcuu paguabHBIX CKOPOCTeii, 0,, B CHCTeMaX ¢ MeTaJLIaMH
B 3aBUCHMOCTHU OT IIPOM3BEAEHUS IIOJIHOM JIy4deBOii KOHIIEHTpAalluy ra3a Ha JIMHEHHBIN pa3Mmep 06-
JIaka BJIOJIb Jiydua 3penus, NyL. Koppensnusi mexxay sTuMmu nmapamMerpaMy AJisi BUPHUAJIN30BAHHBIX
CHUCTEM BBITE€KAET U3 COOTHOIIIEHUSA a'g ~M/L ~nuL = NuL, T.€. 0, ~ (NHL)l/Q. BoasunmHcTBO cucremMm
¢ JUHeHHLIMYU pa3MepaMu [ > 1 KIC pacHojIoXKeHbI BJOJIb IMyHKTUPHOM JIMHUN, MMeEIoNIeill HaKJIOH
k ~ 0.3 B Jorapudmudeckux KoopauHatax log(o,), log(NuL), 9TO MOXKHO paccMaTrpuBaTh KAK XOPO-
Illee corJjiacue ¢ OXKUAaeMbIM cooTHommeHneM (k = 0.5) [JIsi BUpUAIM30BAHHBIX CHCTEM, CBSI3aHHBIX C
rajakTukamu. CucreMsl ¢ MeHbIuMHU pasMmepami (L < 1 kiic) o6pasyrorcsi, I0-BUJUMOMY, B BBICOKO-
CKOPOCTHBIX BBIOpOCax ra3a u3 rajJakTHMK C aKTUBHBIM 3Be3oobpa3soBanueM. TeMHBIMU KBajipataMu
(cM. Tak>ke puc. 3) OTMeUYEHEI CUCTEMBI, UMeIOIMe pa3Mepsl mopsifka 100 Kiic, HU3KWe qUcIIepCcun

ckopocTeii (o, ~ 20 KM ¢~ ') u upesBbIuaiiHo Hu3KkMe MeTasumuHocTu (Z ~ 0.0017Z5).
o)

HECKOJIbKHUX KBa3apOB. OcHoBHBIE BBIBOJBI CJIEAYIOIUE:

1. Jlucmepcuu cKOpOCTel KPYTHOMACIITAOHBIX IBUKEHUH Ta3a TOKA3hIBAIOT KOPPEJISITHIO C Pa3-
MepaMu IOIJIOIMIAONUX 00/IAKOB, UTO MO3BOJISET 3aKII0YUTH, 9TO ITU CUCTEMbI sIBJIAIOTCS BU-
PpraJin30BaHHBIMU U CBA3aHHBIMU, C 6OJIBHIOI‘/JI BEPOATHOCTBHIO, C HAJIEKNMU TaJIAKTUKAMUW WJIN
ux raigo (cM. puc. 1). ITokazaHo, 9TO HEKOTOPHIE aOCOPOIIMOHHBIE CUCTEMBI 00JIAAI0T XapaK-
TEPUCTUKAMU, TUIWIHBIME JJIS BBICOKOCKOPOCTHBIX 00/1aK0B (HVC), KOTOpBIE HAOJIIONAI0TCS

B raJio Hameit ajlakTnkn.

2. Copep:kaHne METAJJIOB B MEXKTaJJaKTHIeCKuX abcopbepax KpaiiHe HEOTHOPOIHO, C BapHUAllU-
SIMH OT TIOYTH COJIHEYHBIX OTHOCHTEJIbHBIX KoHIeHTpaunuit 10 1/1000 comneunwix. IIpu srom
BBICOKOMETAJIJINYHbIE CUCTEMBI IIEPEMEXKAIOTCA C cucTeMamy 0e3 MeTayjioB (CM. npuMep Ha

puc. 2) Takoe IIOBEAECHUE ITIO3BOJIAET CIUTATH BI)I6pOC BEIIIECTBa U3 I'aJIaKTUK OCHOBHBIM HMCTOY-
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HE 0515-4414

Z/Zg 1/2 1/3

0 0 1/10 0 1/70 0 5 QS0
)

z: 1.385 1.500 1.602 1.667 1.674 1.681 1.697 1.71

log N,z 137 133
(01’1’172 150 152 14.1 144 151 153 136
log ny: -3.8 -38 -34 2.7 -2.0
(em™

L(kpe): 2.1 17 0.9 14 0.02

Puc. 2: IIpumep pacnpesesienus a6copbIMOHHBIX CHCTEM BJOJIb OHOTO JIyda 3peHHus B HalpaBJie-
Hum Ha KBazap HE 0515—4414 (cxeMaTHM9YHO OTMeYeHbI TOYKAMM BJOJb ocu). KpacHble cmeneHus
abCOpOUOHHBIX CHCTEM, Zahs, M CAMOrO KBa3apa, Zem , HOAIUCAHEI II0J OChIO, U3MEPEHHEIE MeTaJl-
nuuHoctH (Z/Zo) — Hap ocklo (ABa 3HaYEeHMsI B OLHON BEPTHUKAJILHOM KOJIOHKE OTHOCSTCS K JIBYM
cHCTeMaM, UMEIOMUM GJIM3KUe KpacHble cMemmenus, |Av| < 150 km ¢! ). HyneBble MeTALIAYHOCTH
03HA4aloT, YTO KpOMe BOJAOPOJHEIX JIMHUI JIaiiMaHOBCKOM cepUM B CHCTEMaX He yJaeTcsi obHapy-
KWUTH JPYTUX JIMHWH AaTOMOB WMJIM WOHOB B JIOCTYITHOM CIEKTPaJIbHOM auamasone ot 3300 A no
10000 A. AGcopbep Ha zaps = 1.697 OTHOCHTCH K acCOIMUPOBAHHBLIM cucTeMaM. COOTBETCTBYOIIE
JiydeBble M 00beMHbIE KOHIIEHTpAIlUH, a TaK>kKe JIMHEMHbIe pa3sMepbl abcopbepoB pacloJIOXKEHBI B

HUXKHeH Yactu cxembl. Pe3ynbrarsl nosry4uens: B pa6ore Levshakov et al. (2003).

HHNKOM O6OI‘aHIeHI/IH MeXKTaJIaKTHIeCKON Cpeabl MeTaJlJIaMU. CucreMB! ¢ MEHBIIIMHA pa3MepaMun

MMEIOT CHCTEeMATHIeCKH OOIIbIINe CONepPIKaHusI MeTA/IoB (CM. puc. 3).

3. O6HapyKeH KJIaCcC CUCTEM, UMEIOIUX UPE3BBIUAHO HU3KYI0 METAIMIHOCTD,
Z < 0.001Z5, m pa3mMepsl BIOJb JIyda 3PEHUS MOPSIIKA COTEH KIIC (OTMEYEHbI TEMHBIMU KBA/I-
paramu Ha puc. 1 u 3). B srux cucremax ornomenue [Si/C| ue npessimaer 0.3. Eciu nannbie
CHUCTEMBbI ABJIAIOTCA IIPOTOTAJIAKTUICCKUMU O6JI&K&MI/I, O6OI‘a.H_[eHHLIMI/I IpoaAyKTaMu 3BE3JHOTO
HYKJIEOCWHTE33 PAHHWX 3BE3JHBIX MOIYJIANWiA, Tormaa u3MepenHoe 3uadenue [Si/C| ykaswiBa-
€T Ha TO, 9TO Ha4YaJIbHad beHKIII/IH MaCC 3THUX 3BE3/JHbIX HOHyJIHHI/Iﬁ nMeeT BEPXHIOIO I'Da-
auny My, < 25 M. Tem caMbIM He IOATBEPK/JIAeTCS KOCMOJIOTHIECKHUH CIeHapuil, B KOTO-
POM Ha pAHHUX CTaaudax dBojonuu Beenennoit (z > 10) 06pa30BLIBAIKCH 3BE3/BI C MACCAMUA

M > 100 Mg, aro npuseso 651 k orHomenusaM [Si/C| > 1.

B ryaBe 6 npoBojuTcs Mcce/j0BaHNe PACIIPE/IEIEHIS SHEPINY NOHUIYIOIErO N3JIy YeHNs B CIIEK-

Tpe MEeTaraJakTUIeCKOr0 MpOuCXoxkaeHus: B obmactu suepruit or 1 Ryd mo 10 Ryd. Haercs omu-
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Puc. 3: Mamepennbie oTHOCUTE/IbHBIE KOHIIEHTPAITUHN YTJIePoa B CHCTeMaX C Pa3HbBIMU JTMHEHHBIMEI
pa3sMepamu BAOJb JIyda 3peHusi. CucremMarudecKu 6oJiee BBICOKOE COZIeP>KaHMe TAXKeJIbIX 3JIEMEeHTOB
HaGiofaercsi B 6ojlee KOMIAKTHBEIX cucreMax. TeMHbIMu KBagpaTtamu (cM. Tak>Ke puc. 1) orMedeHb!
cucTeMbl, UMeloIe pa3Mepsl nopsizka 100 kic, Hu3KKMe aucnepcuu ckopocrei (o, ~ 20 kM cfl) "

4pe3BBIYaAiiHO HU3KMe MeTanauaHoctu (Z ~ 0.001Z5).

CaHWe aJIrOPUTMA, TTO3BOJISIFOIIEIO BOCCTAHAB/IMBATEH CIIEKTPAJbHYI0 (POPMY METArajak THIeCKOro
U3JIyYeHNs B 9TOM JUAa30He SHEPTUM U3 aHAIN3a ONTUYECKU TOHKUX abCOPOIMOHHBIX CHCTEM C
JIMHUSIMY KOHOB B TIOC/IE0BaTeIbHBIX cTaguax noruzanun (Sil-Si1v, C1—Civ, N1, Nv, O vi).

B § 6.1 obcyxmaeTcst COBpEMEHHOE COCTOsTHIE TIPODJIEMBI U (popmyiupyercs 3aaa4a. CoryiacHo
OOIENPUHATON TOUKe 3peHus, (POHOBOE MOHUIYIOIIEE U3y IeHrne 00yCIOBIEHO CYyMMapPHBIM BKJIa-
JIOM OT KBa3apOB, aKTUBHBIX TaJaKTUUECKUX f1ep W 3BE3MTHOTO HACEJEHUS MOJIOABIX TAJIaKTUK,
a ero CuekTpaJbHasg (opMa OmpemesseTca TPOecCaMy TMOTJIONIEHNS B MEXKTAJIaKTHIECKON cpe-
ne. Iosromy Y® hon 10/12KEeH SBOSTIOIIOHUPOBATEH 38 KOCMOJIOTUIECKOE BPEMS U3-3a PA3IUIHBIX
apIUaIbHBIX BKJIAJ0B OT KBAa3apPOB W TAJAKTHK, & TaK¥Ke M3-33 MEHSIOIeHCa Hemrpo3paTHOCTH
MEXKIaJIJAKTUIeCKOU Cpeabl, BBI3BAHHOW BTOPUYHONW MOHU3AMEN BOLOPOAA W I'eud.

B uacrHOCTH, B TOC/TEnHee BpeMs MIMPOKO IUCKYTUPYETCsl BOMIPOC O BJUSHUU PAIAAINH,
noKuaaIel (escaping) raJakTuKM, Ha IIEPEMEHHOCTH CIEeKTpa (hPOHOBOTO M3JIydeHus, oOHApY-
JKEHHY0 TI0 CIyTHUKOBBIM HabsromeHusM Jjeca Hell Lya. OpHako 9TOT TUTIOTETHYECKU BKJIAT,
OT TaJAKTHUK OKa3aJ Obl HEMOCPEICTBEHHOE BINSHUE Ha CIIEKTPAIbHYIO (DOPMY MOHU3YIOIIETO W3-
Jydenws, neas ee oyee MaATKoi B amanazone A < 912 A mo cpaBHeRWIO ¢ UMCTO KBa3zapHBIMT

cekrpamn (Giroux, Shull 1997; Leitherer et al. 1999). Takum 06pa3om, BOCCTAHOBJIEHWE CIIEK-
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TPABHON (DOPMBI METATATAKTUIECKOTO M3JIYyIEHUST JAET BOZMOKHOCTD OIEHUTEH OTHOCHTETHHBIH
BKJIJ] TAJIAKTUK U KBa3apoB B YP (oH HA pa3IMIHBIX KPACHBIX CMEIEHUSX.

B § 6.2 paccmarpuBaeTcs mpolreypa BOCCTAHOBJIEHUS! CIIEKTPAIbHON (HOPMBI HOHUZYIOIIErO
donosoro uznyuenus, MCISS (MCI+Spectral Shape). Ilponeaypa ocrnoBana aa MeToauke byHK-
WU OTKJIVKA U3 TeOpuu manuposanus skcnepumenta (Hanmumos, Yeprosa 1965; Hamumos 1971;
Anyep, Mapxkosa, I'panosckuit 1971; Box, Hunter, Hunter 1978). IIpoBepka MeToma Ha MOIE/b-
HBIX CITeKTpax mokasbiBaeT, uro MCISS ycmemso cripaBaseTcs ¢ BOCCTAHOBIEHUEM CIIEKTPAIbHOM
($OPMBI HOHUBYIOMIETO W3JIYyIEHUS IO ONTUIECKN TOHKUM aOCOPOIIMOHHBIM CHCTEMAM.

[Ipaktuueckoe mpumenenne MCISS x ananm3y HabIIOIaeMBIX CHCTEM M3JIO0XKeHO B § 6.3.
YacTh U3 9TUX CHCTEM WMEIOT KPAaCHBIE CMEIIEHUST BOIU3N 2z ~ 3. DTOT JUAMA30H KPACHBIX CMe-
IEHUH TPeICTaB/IsIeT 0COOBIM MHTEPEC, MOCKOIBbKY OH COOTBETCTBYET KOCMOJIOTHMYECKON 3IOXe,
korga Hell eme He 6b11 noHOCTHI0 noun3oBan (Reimers et al. 1997). Ilpucyrcreue B MexKraJiak-
THYECKOU cpejie 3aMeTHOT0 KosimdecTBa He 11 Biiuster Ha (hopMy cuekTpa (DOHOBOTO HOHUBYIOIIETO
usayuenus B quanazone suepruit £ > 1 Ryd (cm. puc. 4) u3-3a peKOMOMHAIIMOHHOTO W3J1y Y€HUst
quann Hell Lya (smuccuonnasa merans Ha 3 Ryd), aByxdoToHHOrO M3IyueHUs (MPOTSKEHHAS
smuccust B obiactu E < 3 Ryd) u nornomenus B kontunyyme Hell mpu E > 4 Ryd (Haardst,
Madau 1996; Fardal et al. 1998). O6wenpunstas Ha cerogsmuuii qeHb (HOpPMa CIEKTPaA B 3110-
Xy z = 3, moJlydeHHas w3 MOJeJabHBIX pacueroB Haardt, Madau (1996), mokasana Ha puc. 4
HEIPEPBIBHOW KPUBOii. B TO ke BpeMs CIEKTPhI, BOCCTAHOBJIEHHbIE HAMU II0 aOCOPOIIMOHHBIM
cucreMaM C z ~ 2.4 — 3, 1eMOHCTPUPYIOT PE3KOE TIOHMKEHNE WHTEHCUBHOCTH B Juana3oHe F > 3
Ryd (puc. 4). MbI uHTEpIpETHPYEM 3TO TOHWMKEHWE Kak moryomenue B junnn Hell Lya B Lya
obsakax um B qudDy3HOM rase, HEIPEPHIBHO 3ATOTHSIONIEM MEXTaJaKTUIECKOe MPOCTPAHCTBO
(06061ennbit acdext ana-Ilerepcona).

ITo Benuuuue genpeccun muTeHCcHBHOCTU Tipu F > 3 Ryd moxnHO omenuts 3¢ dexkTuBHYyO
ONTUYECKYI0 TOJIIWHY HEIPEPHIBHO PACIPEIEIEHHOI0 MEXKIaJaKTAIeCKOro ra3a B Jimauu Hell

Lya, Tgf)H, ¥ TPOCTEUTDh 33 €e M3MEHEHWeM B 3aBHUCUMOCTH OT 2. Ha pmc. b mokasaHa Takasd

3aBUCUMOCTh Tgf)n OT KPACHOIO CMeIleHus (TeMHBbIe CUMBOJIBI) HAPAIY C HENOCDPEJCTBEHHO W3-
MEPEHHBIMU HETIPO3PAYHOCTAMN MeXTaJIaKTUdeCKOoH Cpeabl (CBeT.HLIe CI/IMBOJIBI), OII€EHEHHBIMU 110
HabTIoernsaM Ha opbutansHoit obcepBaropun FUSE. CooTBeTcTBrE MEXKIY NMPIMBIMU U3MEpe-
HUSIMU U BBIYUCIEHHBIMHY 110 BOCCTAHOBJIEHHBIM CIIEKTPAM MOXKHO CUUTATDH YOBJIETBOPUTEIBHBIM,
XOTsI HAIW 3HAYEHUS] MOy IUInch cucreMarndeckn Boime Ha 20-40% (~ 1 — 20). Dra pasuuna
MOXKeT OBITH OO'bSIICHEHA CIEAYIOIUMY TPUINHAMA. BO-TI€PBBIX, MbI UCIIO/IH30BAJIN TPUOINKEHUE
dOpMBI JIeTTpeccuy KOHTHHYAJBHOTO u3jaydenus Mexay 3 u 4 Ryd mpocroit crymneHbKoit, KOTO-
pOe He YYHMTHhIBAET BO3MOXKHOM Oojiee CioxHOU (popMbl 10j10Ckl Toryionienns |ana-Ilerepcona.
Bo-BrophiX, rimybuHa Jenpeccun Ompeie/isieTCss B OCHOBHOM OTHOCUTE/bHBIMU WHTEHCUBHOCTSIMMU
quaunit C11, C1il u C1v. Oxnako norenman noruzanuu C 111 (3.52 Ryd) 6am3ok x magany jeca
He1r Lyg (3.56 Ryd). ITosromy momomauTensubiii adpderr Tana-Ilerepcona Ha 3Toit remmeBoit

JINHUW MOYKET BJIMSATH Ha u3MepseMmyo om0 noua CIIT u creayromniero 3a auM C1V. 9Tu Heompe-
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Puc. 4: IIpumep mMomenbHOro crieKTpa (POHOBOTO METATAIAKTHUYECKOTO HMOHMU3YIONIEro U3JIydeHUs
Ha z = 3 (HempepbIBHasi JIMHWS), BhIYuciIeHHoro B paGore Haardt & Madau (1996), u cnekrpos,
BOCCTAHOBJIEHHBIX mnponeaypoit MCISS (mrpuxoBble M IIyHKTHUPHEIE JIMHHAM) 110 aGCOPGIMOHHBIM

cucreMaM C JIMHUAMM METAJIJIOB.

JEeJIeHHOCTH MOTYT IPHUBOIUTHL K IIepeolieHKe pacueTHOI BeJMYUHBI Tgf)n uwa 0.1-0.2. C npyroit

CTOPOHbBI, U3MEPEHUS T&%H o gauuabiM ¢ FUSE Moryr gaBarh 3aHUKEHHBIE 3HAYEHUS] U3-38, [IPO-
0J1eM, CBSI3aHHBIX C BhIUNTaHWEeM (hOHA U YCTAHOBIEHUEM HYJIh-TIYHKTA B KOPOTKOBOJHOBOW UaCTH
criekTpa, coorsercrByiomeit z < 2.555 (Fechner et al. 2006).

BoccranoByIeHHBIE CIEKTPHI B guana3oHe 2.4 < z < 3 IOKa3bIBAIOT 3aMeTHBIE (DIyKTYyaluu
dopMbl, B YacTHOCTH KecTKocTy Tpu ' > 4 Ryd. Onnako 9t GrIyKTyannn OqHO3HAYHO CBI3AHEI
C TpoIeccaMy 1IepepaboTKM KBa3apHOTO M3JIYUEHMs MeXKTaJIaKTHIeCKoil cpenoil, a He BKJIAJIOM
3BE3/IHBIX MCTOYHWKOB. 3BE3JHAS COCTABJSIONIAS TPUBEIa Obl K OUY€Hb KPYTOMY HAKJIOHY CIIEK-
Tpa B obsiactu smepruit £ > 1 Ryd (nokasaresns cremennoro crmekrpa o < —2.0 mpu 1 Ryd
< E < 3 Ryd) u nonmxenuto unrencuHoctu Ha 3 Ryd, Torma Kax pacCMOTPEHHBIE CHCTEMBI
TPeOYIOT OTHOCHUTEJIBHO KECTKUX CreKTpoB (v > —1.6) m 3aMeTHOr0 MUCCMOHHOIO NHUKA HA 3
Ryd B coueranuu co 3HauuTeNbHBIM OCaabjeHMeM uiaydenus npu F > 4 Ryd — re. geraneii,

KOTOpPbI€ OAJHO3HAYHO YKa3bIBalOT Ha IIPOUECCHI IIOIVIOIIEHUA B JIAIMaHOBCKOM KOHTHHYYME He1r
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PI/IC. 5: SBOJIIOI_II/IOHHaSI 3aBUCUMOCTb HEIIPpO3pavYHOCTU B JIMHUU Henl Lya Me2KrajJJakTu4ieckoro

rasza, 7as!(z). CBeTIbBIMM CHMMBOJIAMHM OTMeYeHBbl MpsIMble u3MepeHus no Y® cmekrpam HE 2347—
» 'GP

4342 (Zheng et al. 2004), HS 170046416 (kBagparukm — Davidsen et al. 1996, nepedyepkHyThIe
kBazaparuku — Fechner et al. 2006) n Q 115743143 (Reimers et al. 2005b). TemHbBIMU cHMBO-
JIaM¥ IIOKA3aHbl U3MEPEHMs 10 BOCCTAHOBJIEHHBIM CIIEKTPaM (POHOBOIO MOHU3YIOIIEr0o WM3JIyIEeHUSI:
poM6uKHM M mnepeBepHyTble TpeyroabHuku — Agafonova et al. (2005); TpeyrosbHUKY, KBaJpaTu-
KU U oKpyxkHoctn — Agafonova et al. (2006). OTmeueHHBIE BEPTUKAJIBLHBIMYU OTPE3KAMU OMINGKY

COOTBETCTBYIOT YPOBHIO 3HAYUMOCTH lo.

C TIOCTIEAYIONINM PEKOMOMHAIIMOHHBIM TIePEU3IyIeHNEM B JTMHUAX TEJIUSI.

®opwmbl BoccTaHoBIeHHBIX Y® criekTpos npu z < 2 (cM. puc. 6) okazannch Gojiee KeCTKUMI
B auana3one F > 3 Ryd mo cpaBuenuio ¢ momenbHbIME criekTpamu u3 paborsr Haardt, Madau
(1996). OgHa W3 TPUYMH TAKOTO PACXOXKIEHWS 3aKJIH0YAETCS B TOM, UTO 9TU aBTOPHI HCIIOIb-
30BaJId MCKAXKEHHY0 CTATUCTUKY 00jakoB Ly« Jeca npu z < 1.8, B KOTOPO# OTHOCUTEIHLHOE
comepxkanve cuibHBIX H 1 abcopbepoB OBLIO 3aBBINIEHO, YTO IIPUBEJIO K HEIOOIEHKEe HHTEHCUBHO-
ctu Y® wmzsiygenns B obmactu £ > 4 Ryd.

Bennunna monmxkenuns naTeHcuBHOCTH Y P KoHTHHYyMa Ha 4 Ryd mcnonb3oBanachk s OIeH-
ku adexTusHO syueBoit konnenrpanuu He 11. Haiinennsiit pasépoc 3navenutt N (He 1) me npe-

seimast 40% Boxpyr memmansr 1.2 x 10 cm™2 . Kpome 3T0r0, BOCCTAHOBJIEHHbIE CITEKTPHI MOKa-

21



1/

0.01

—
=
o

E, Ryd

Puc. 6: IIpumep mMomesbHOro creKTpa (POHOBOTO METATAIAKTHUYECKOTO HMOHMU3YIONIEro U3JIyYeHUs
Ha z = 1.8 (HempepbIBHasi JIUHUs), BhIYKUCIeHHOro B paGore Haardt & Madau (1996), u cnekrpos,
BOCCTAHOBJIEHHBIX mnponeaypoit MCISS (mrpuxoBble M IIyHKTHUPHBIE JIMHHAM) 110 aGCOPGIMOHHBIM

cucreMmaM C JIMHUAMM METAJIJIOB.

3LIBAIOT Pa3HOoOOpasue GOpM € TeHIeHIHEeH K OOJIbIINM CIEKTPAJLHLEIM HHIEKCAM B JUAIIA30HEe
1 < E < 4 Ryd (o > —1.4, meauannoe 3Ha"eHUE (peq = —1.0). DTU CHEKTPBI ABISIOTCA,
O-BUAMMOMY, BHYTPEHHUMHU CITEKTPAMU KBa3apoB, T.e. X (opMa He MCKayKeHa TOTJIOMIEHNEM B
MeXKraJIaKTU4IeCKOl cpeze.

B mommep:xky 3TOT0 BBIBOMIA MPUBOIATCS Caeayromme Habogareabubie dpakTel. Vcmonn3ys
HECKOJIbKO PEHTTEHOBCKUX 0630poB, B pabore Ueda et al. (2003) uccmemoBamach KOCMOIOTHIECKasT
sBostiorua pyukiwn cBeruMocT AGN. Bbuio HalIeH0, UTO COMYTCTBYIOMAS IPOCTPAHCTBEHHAS
mrorHOCTh Haubosee sipknx AGN (kBa3apoB) uMeer MUK Ha z ~ 2 ¥ MOC/IE 9TOTO GBICTPO YMEHb-
maercst. OIHAKO MPOCTPAHCTBEHHAS TIJIOTHOCTH MEHEee SPKWX, HO Ha MOPSIKU 0ojiee MHOIOUYNC-
senHbIXx AGN mpomomKaeT BO3pacTaTh BILIOTE A0 z < 1. C Apyroii cTopoHb!, pe3yIbTaThl 0630pa,
akTuBHBIX rajaktuaeckux saiaep Ha FUSE nmpu z < 1 (Scott et al. 2004) mokazasnu, uro menee

apkue AGN obagaior 60jee KeCTKIMH CIeKTpaMu (meq = —0.6) B amamazome 650-1000 A
(0.9-1.4 Ryd).
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Puc. 7: Cpennessseniennnie crieKTphl norsomenus Fell, oTox/lecTBJIeHHbIe B cucTeMe z = 1.84 B
kBazape (Q 1101-264 (HopMHpOBaHHEIE MHTEHCHBHOCTHY IIOKa3aHbI rucrorpammamu). HymneBoe 3Ha-
YeHVe paJialbHON CKOPOCTU COOTBETCTBYET Zahs — 1.838911. HenpepsiBHbIe KpUBbIe — MOJEJJIbHBIE
CIIEKTPHI, BBIYUCJIIEHHbIE U3 COBMECTHOro aHaiusa JuHuii Fell. BeprukanbHble nyHKTHUpHbIE JIU-
HHUJ OTMeYaloT MOJIO>KeHNsI KoMIIoHeHT kKoMmIuiekca Fe 1. HopmuposanHubie ocTtaTkm, (.Ffal —F7 bs) /iy
MOKa3aHbI TOYKAMU (FOPU3OHTAJIbHEIE IIYHKTHPHBIE JINHUY OrPAHUYNBAIOT uHTepBaa +1o. TosicThie
rOPU30HTAJIBHEIE OTPE3KU OTMEYAaloT yYaCcTKY Ipoduieii, BKIIOYEHHbBIE B IPOLELYPY OITHMMN3aIIL.

1

Juamazonsr v < —50 kM ¢ ! mw v ~ —30 kM ¢ ' B mpodune auann Fell GrenaupoBansl ciaabeiMu

TeJ1ypuvecCKuMu JIMHUsSAMW.

Takum 06pa30M MBI IIPpHUXOJUM K BaXKHBIM BBIBOJAaM, 9YTO HM3MEHCEHUE 2KECTKOCTH CIIEKTDa
MeTarajakTudeckoro Yy P U3JIYICHUA ITPOU3O0IILIIO MEXK Y KOCMOJIOTHIECCKUMU IMMOXaMU 2 ~ 24 m
z ~ 18, 1 9TO MeTaraJJaKTU4IeCKad Cpeda CTaHOBUTCA IIOJTHOCTBIO Hpospaquf/'I B Jimanu He Il LyO[

npu 2 < 1.8, T.e. B 9Ty 3MOXY 3aKOHUMJICS TIPOIECC PEMOHMIAINY MEXKTAJTAKTHIECKOTO TeJIHs.

B rsaBe 7 mznaraercs Hanbojiee mociIemoBaTeIbHAS METOAMKA, KOTOPasi pa3paboTaHa s BbI-
COKOTOYHBIX Iu(PEPEeHITNATHHBIX W3MEPEHUN TOCTOSHHON TOHKOM CTPYKTYPBI (v (E e? / hc) oo

a6COp6HHOHHBIM CIIEKTpaM KBa3apOB. OnuceiBaemMble METOABI IIO3BOIAIOT IIOJIYYUTH MHIWBUIY-
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Puc. 8: y? kak dyukmusa passHocTH pagManbHBIX cKopocreit Av mexay auaumamvu Fel 1608 u
AN2382,2600 A (umcno cremeneiit ceoGomwr v = 305). Bepmmna mapa6Goaer x%(Av) mpu Av = —0.18
KM ¢! maer nHauGosee BepoaTHOe 3HaYeHne A/ = 5.4 ppm. Y pOBEHE 3HAYUMOCTH 10 onpeensercs

ycaosuem Ax? =1 (ITpuxoBasi IMHUS), YTO OIPUBOIUT K oA, = 0.08 kM c !, nmm OAa/a = 2.4 ppm.

anbHyI0 o1eHKy Aa/a = (o, — a)/a, CpaBHEMYIO IO TOYHOCTH C BeaumumHo# (Aa/«r), ycpen-
HEHHO# M0 GOIBIIOMY KOJUYIECTBY CUCTEM C pa3nIudHbIME z. CleayeT cKa3aTh, UTO MIPU UCCIET0-
BaHWM T'MIOTETUYECKUX Bapualiil o Ha KOCMOJIOTMYECKON BPEMEHHOM IKaJle TaKue yCpegHeHUs
He’KeJIaTe/IbHBI, TTOCKOJIbKY OHU He ITO3BOJISIIOT OTC/IENTH CUCTEMATHYECKNE OIMIMOKM, TTPUBO/ST
K (PUKTUBHO 3aBBIIIEHHO TOYHOCTU U TOTepEe MHGMOPMAIIUN O BO3SMOKHBIX U3MEHEHUIX (v BHYTPU
MHTEPBAJIa YCPETHEHU .

Pe3y/ibTaThl COBPEMEHHBIX ACTPOHOMUYECKIX U3MEPeHnil y106H0 BhIpaskaTh B equuuiax 1070
(1 ppm, parts per million). CooTBeTCTBEHHO, TOYHOCTH, O KOTOPBIX WJET PE€Ub, COCTABJISIOT
HecKOIbKO eamaun ppm. Ilo 143 cucremam (mamnbie ¢ 10 m resmeckona Keck), ycpemnenubim
B jmmamazone 0.2 < z < 4.2, 60 momydeno (Aa/a) = —5.7 £ 1.1 ppm (Murphy et al.
2003), T.e. COrIACHO 3TUM OI[EHKAM 3HAYeHWe (¢ ObLIO MEHbIIE B PAHHUE KOCMOJIOIHIECKHUE JIIOXU.
Omrako pegysabrarsl ¢ 10 M Temeckona He OBIIN TMOATBEPKIEHB HE3ABUCUMBIMUA N3MEPEHUSIMU
Ha Temeckone VLT, B KOTOPBIX aHAIM3UPOBAIUCH 23 cucTeMbl M3 auanasoHa 0.4 < z < 2.3:
(Aa/a) = —0.6 + 0.6 ppm (Chand et al. 2004).

[TockombKy B 9THX M3MEPEHUSIX CPABHUBAJINCH JJIMHBI BOJH PA3JIMIHBIX MOHOB, BO3MOXKHBI
CUCTEeMaTUYeCKre ONMNOKY, CBSI3AHHBIE B TIEPBYIO OYEpPEh C HEOTHOPOIHOCTHIO MOHM3AIMOHHOM

CTPYKTYpPBI Horomaomeoro obaaka. Ciemyer Tak»Ke OTMETUTh, UTO HIPOMUIN PA3HBIX JIMHUH
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MOHOB MOTYT UCHBITHIBATH JOIIOJITHUTEJIbHBIC NCKa2KEHN A, BHISBaHHBIE Sd)d)eKTa.MI/I KOHEYHOM’ KOp-
PEJISIIMOHHOM JIMHBI TIOJIsSI CKOPOCTEH, KOTOPbIE UYBCTBUATEBHBI K OTHOIIIEHWIO TEIJI0OBON MUpH-
HBI JIMHUU K CPEIHEKBAAPATUIHON TypOyJIeHTHON CKOPOCTH.

OTHU YUCTO METOAMIECKUE TPYIHOCTH MOXKHO 000HTH, UCTIOIB3YSl JIMHAN TOJBKO OJHOTO MOHA,
umanpumep, Fe 11. Havmu 6611 pa3BuT COOTBETCTBYIOIMINH METO, I KPAaTKOCTH HazBaHHbIH SIDAM
(Single Ion Differential & Measurement). C moMoIs0 9T0Oro MeToa yaaeTcs JOCTUYh TOYHOCTH
nopsizika 1 ppm Jyisi HHAUBUAYAJbHBIX 3HaueHnit Ao/ (z).

B § 7.2 npencraryen anajau3 cucreMbl jquHUi Fe l1, 0TOXK I€CTBIEHHBIX HA Z,hs = 1.15 B criek-
tpe kBazapa HE 05154414 (zey = 1.73, V = 14.9). Biarogapst BBICOKOi SIPKOCTH 3TOr0 KBa-
3apa omenka Aa/a Ha z = 1.15 WMeeT HAWBBICIIYIO HA CETOAHSIIIHUN JEHb TOYHOCTh: Aa/a =
—0.07 £ 0.84 ppm (Levshakov et al. 2006).

B § 7.3 onucanbl HabsromeHns u aHaau3 Apyroro sipkoro keazapa Q 1101-264 (zey, = 2.15,
V = 16.0), B xoropom cucrema JuHuit Fell oroxnecrsiena na z = 1.84. Haburogenus sToro
kBa3apa Obwmm nposegensl Ha VLT B despase 2006 roga no nporpamme ESO 076.A-0463. Pe-
3yJIBTEPYIOIIee CIIEKTPaJIbHOE pas3pentenue coctasisio 3.95 km ¢t (FWHM) B romy6oit gactu
ciektpa (A ~ 4500 A) m 3.75 kv ¢! B kpacwoM mmamazone (A ~ 7000 A). Takum o6pazom HOBbIE
JlaHHBIE OBLIU TIOJIy YeHbl C HAMBBICIIIMM Ha CErOAHSIIHUY JIeHb CIeKTPAJbHBIM PAa3pEeIleHrneM, J10-
CTYIHBIM B HCCJIEJIOBAHUAX aOCOPOIMOHHBIX CIEKTPOB KBA3apOB Ha OONBINNX TeJecKomax (Iist
cpaBHeHud, pabodee paspemrenne Ha 10 M Temeckomne 6-7 kv ¢! ma VLT — o1 5.5 10 7 km ¢~ 1).
Bropoit BaxkHO# 0CO6EHHOCTHIO HOBBIX CIIEKTPOB sIBJISETCS H0JIee TOTHAST KAJTMOPOBKA OTIETHHBIX
SKCIIO3UITHH, TTOCKOJIBKY JIAMIIBI CPABHEHHUS HE PA3HOCUJIUCH BO BPEMEHU HA HECKOJBKO YacOB TIO-
CJle 9KCIIO3UINY CIIEKTPa KBa3apa, a CHUMAJIACh CPa3y 2Ke II0CIe Hee.

Pezysprupyromme npoduan jmuauit Fe Il mokazansr Ha puc. 7. B cymmaprOM criekTpe OTHO-
mrerme S/N = 100 ma A ~ 4566 A m S/N = 120 ma A\ ~ 6765 u 7382 A. /Ise mezaBucumbie
npoueaypsbl peaykuuu ganabix (1D u 2D) npusesu K nNpakTHYECKW OJMHAKOBBIM CDEIHEB3BE-
meHHBIM cekTpaM Fe 11, OnruMmaibHoe pernenne, MTOKa3aHHOe HETPEPHIBHBIMY KPUBBIMU Ha, PHUC.
7, 6bL10 HalieHo st 16-kKoMmoreHTHON Mojesu. [looxkeHnss KOMIIOHEHT OTMEYeHbl BEPTUKAJIb-
HBIMU MYHKTUPHBIMU JIMHUAMMN.

Anains 0THOCUTENBHBIX PaJualbHBIX cKopocTeit juauii Fe 1l A\1608 u A2382/2600 mpuBouT
K Beqmmumae Aa/a= 5.4+ 2.4 (puc. 8).

CpaBrenne Aa/a= 54 + 2.4 ppm wa z = 1.84 ¢ Aa/a= —0.07 £ 0.84 ppm nwa z = 1.15
yKa3bIBAeT HA BO3MOXKHOEe m3MeHeHnme A/ mexay smoxamu z ~ 1 n z ~ 1.8. Tlosoxxuresuoe
snavenne Aa/a B smoxy z ~ 1.8 mokaseiBator Takxke manuele Chand et al. (2004): Aa/a=
2.4 £ 1.2 ppm, ycpentenubie o 8 cucremam u3 waTepBasa 1.5 < z < 2.0. C apyroit cropoHsbI,
pesysbrarel Murphy et al. (2003), ycpeaHeHHBIE TIO 3TOMY K€ MHTEPBAJLY KPACHBIX CMEIeHWi
(16 cucrem) mator Aa/a= —5.4 + 4.5 ppm. Eciu pesyasrarer Chand et al. u namm n3mepenus
coracyroTcs Ha ypoBHe 1o, 3uavenune Murphy et al. cymecTBerHO oTIM9aeTCs U, 9TO BECbMa CY-

IIeCTBE€HHO, UMeeT HpOTHBOHOJIO)KHBIfI 3HaK. MOXHO HaJedTbCd, 9TO JIaJII)HefIHII/Ie nccjie10BaHndg
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C BBICOKHMM CIEKTPAJIbHBIM Da3PEIUICHUEM IIPDOACHAT 3TOT BOIIPOC.

3 OcHoBHBIE PE3YJIbTaThbl 1 BbBIBOAbI

1. UccnenoBano BiusHUE KOHEYHON KOPPEJISIMOHHON [JIMHBI CJIy9aiiHOTO II0JIs CKOpPOCTE Ha
dopmupoBanue mpodueit uHWMH TOIONEHUS (Me30TypOy/IeHTHOe mpubinkenne). [Tokazamo,
YTO pa3HOIVIACHE B OTHOCUTEJIBHBIX COJEpKaHUsAxX MeTasuioB B 3oHax H1 u H 11 B Mexx3Be31HOM
cpeze rostyboit komrakTHOM rasakTuky | Zw 18 caumaercs, ecyin mpoduin JUHUH TOTJIOMEHUST
Ar, Si u Fe ananuzupyiorcs ¢ yaeroM 3pHeKTOB KOHETHOM KOPPETATTNOHHON JTIHHEL. [T0CKOITE-
Ky COIIOCTaBJIEHUE JAHHBIX O XMMUIECKOM COCTaBe r'a3a B PA3HBIX TaJaKTUIECKUX KOMILIEKCAX
C Teopueit 3B€37000pa30BAHNS U TEOPUEH XMMUIECKON SBOIONNY BelecTBa B0 Beegenmoit nr-
paeT TMEepPBOCTEIIEHHOE 3HAYEHNE B COBPEMEHHBIX WCC/IEIOBAHUIX, ME30TYPOYIEHTHBIN MOIXO,

UMEET BazKHOE€ IIPAKTUYICCKOE SHAYCHUE.

2. Pazpaboran MeToj BHICIITX MOMEHTOB OOODIIEHHOTO ypaBHEHUS MEPEHOCA, JJIsi PACIYETa Pac-
TIpeJIe/IeHNsT BEPOSITHOCTY WHTEHCUBHOCTY W3/IyUeHus [y BHYTPHU MPOMUIIsS JUHUU TOTJIOIEHUS
[IpY HEMOJIHOM crarucTudeckom ancambjie. [lokazano, 9To B 00IIEeM Ciiydae JiydeBasi KOHIIEH-
Tpaius BHyTpu npoduss juanu, N,, MOXKeT ObITh HalijleHa B OIPEIe/IeHHOM JI0BEpUTETHHOM
WHTEpBaJie, BeJIMYMHA KOTOPOI'O0 3aBUCUAT OT TypPOYJIEHTHBIX XapaKTEPUCTUK IIOTVIOIIAIOIIETO

ra3a. HOJ'Iy‘IeHHI)Ie PE3YJIbTAaThl IPOBEPEHBI U IMOATBEP2KICHBI METOI0OM MomuTte Kapﬂo.

3. Paspaboranbl MeTOmpl pelieHuss OOPATHBIX 3aJ1ad CIEKTPOCKOIMU HA OCHOBE AJITOPUTMOB
CTOXaCTUYeCcKO# onTuMuzanuu (npub/IV>KeHne MOCTOSHHON TJIOTHOCTH rasa). [IpakTuueckoe
HCIIONIB30BaHue obparHOoro Merona MorTe Kapmo mokazaHO Ha IpruMepe M3MepeHHS OTHOCH-
TEJBLHOTO CONEPXKAHUS JedTepus B MEXTaJaKTUIecKux Iuddy3HBIX 00IaKaxX ¢ HU3KOH Me-
TaJLIMIHOCTHI0. [loKa3aHo, UTO IIepBUYHOE CojepKaHue neiirepusi 6sm3ko K Bejmanue D /H ~

3.0x107°, uro mpubam3nTeHHO B 1.5 Pa3 BhIIIE, WeM B MEK3BE3IHOM Ta3e B Hamlel LasakTike.

4. Jlist BRIYMC/IeHN KNHETUYECKON TeMIIEPATYPHI ra3a 10 JIMHUSIM METAJIJIOB, MMEIOIINX M0J00-
vele mpoduan, pasdpaboTaHa BHIYUCIUTEIbHASA MPOIEAyPa, OCHOBaHHAs Ha Mpeobpa3oBaHum
Oypre abcopOIMOHHBIX Mpoduiell C TOCIeAyONEell MUHUMU3AINEN 11eJIeBOil (DYyHKIUU MeTO-
JIOM 3HTPONUAHOM peryssipu3anuu. Paccanransr npumepsl ¢ gunusmu C11, Sill u Fe1l. [Toka-
3aHO0, 9YTO KUHETUYECKAs TeMIIepaTypa BOCCTAHABIUBAETCA ¢ TouHOCTHI0 10-15% mo cnekTpam

C BBICOKUM OTHOLIeHWeM curHasa K mymy (S/N ~ 100).

5. HeranpHO paccmoTpeHo ¢opMupoBaHue Npoduieil CleKTpaabHBIX JUHUN B TYpPOYJIEHTHBIX
cperax ¢ QUIYKTYUPYIOIUMU IJIOTHOCTBIO Ta3a U CAydailHbIM mojeM ckopocreii. IIposenen
araan3 3(@eKToB, CBA3AHHBIX C HEOJHODPOJHON MO JIydy 3pEHUs CTENeHbI) MOHU3AIUU pPas-
JINYHBIX XUMWIECKUX IEMEHTOB. Pa3zpaboTaH aJrOpuT™M pelreHus TOJHOW 00paTHON 3a1a9u ¢
BOCCTAHOBJIEHUEM CTATUCTHUYECKUX XAPAKTEPUCTUK IIOJIel IJIOTHOCTH U CKOPOCTH U OIJHOBPE-

MEHHOU OIEeHKOU (PU3NIECKUX MAPaMETPOB MOTJIOIIAOIIET0 00IaKa.
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6. O6Hapy)KEHO, UTO JUCIEPCUN CKOPOCTEH KPYTHOMACIITAOHBIX JBUKEHUI ra3a KOPPETUPYIOT
C pa3MepaMHu IOIJIOMIAIONIX 00/1aK0B. V3 9TOro ciremyer, 9To Takue abCOpOIMOHHBIE CHCTEMBI
ABJIAKOTCA BI/IpI/Ia,JH/I:BOBaHHI)IMI/I n CBS{SaHHI)IMI/I, C 6OJII)HIOI7I BepOHTHOCTbIO, C JaJICKUMU T'aJlaK-
THKaM{ W uX rajo. [lokasaHo, 9T0 HEKOTOpbIE aOCOPOITMOHHBIE CHCTEMBI 00JIaJal0T XapaK-
TepI/ICTI/IKaMI/I, THUITMYIHBIMHA JJI BbICOKOCKOpOCTHbIX T'a30BBIX O6JIaKOB, KOTOpre Ha6JIIO,ILaIOTC5I

B raJio Halreii 'ajlakTUKH.

7. Haiizeno, 94To comepkaHne METAJIJIOB B MeXTajJaKTHIeckux abcopbepax KpaiiHe HEOIHOPO/I-
HO, C BApMAIUSIMK OT OYTH COMHEYHBIX 10 KoHmeHTpamuit B 1000 pas Huxke comnednsbix. [Ipn
9TOM BBICOKOMETAJINYHBIE CUCTEMBI TIEPEMEKAIOTCS C CUCTeMaMu 0e3 MeTasioB. Kpome Toro,
TaKOe IIOBEJIEHHE ITO3BOJIAET CUMTATH BHIOPOC BEIIECTBA M3 IAJAKTUK OCHOBHBIM HCTOYHHKOM
0DOoTaIIEHNS MEKTAJAKTAIECKOM Cpeabl MeTa/iaMu. 1[0Kka3aHo, 9T0 CHCTEMBI C MEHBIIUMH Pa3-

MepaMu UMEIOT CUCTEMATUYICCKHN 06BN KOHIECHTPAIINX METaJIJIOB.

8. Ob6HapyKeH KJIACC CHCTeM, MMEIIINX YPe3BBIYAHO HU3KY0 MeTajndHocth, Z < 0.00174,
U pa3Mepbl BIOIb JIyda 3peHus IOpsiAKa COTeH Kic. B stux cmcremax ormomenue [Si/C| me
npesbimaer 0.3 dex. Eciu nanfabie cCuCTeMbl SBISIIOTCS TPOTOTAJAKTHIECKUME 001aKkaMu, 000-
raleHHBIMI TPOJyKTaMU 3BE3/IHOI0 HYKJIEOCMHTE3a PAHHUX 3BE3HBIX HOIYJISINH, TO n3Me-
pennoe 3uadenue [Si/C| ykaseiBaer Ha TO, 9TO HaUa/JbHAs (DYHKIWS MACC STUX 3BE3IHBIX I10-
nynanuit mveeT BepxHIoO rpanuny My, < 25 Me. Tem caMbIM He IIOITBEPK/IETCA KOCMOJIO-
IMYEeCKWil CIleHapuii, B KOTOPOM Ha PaHHWX CTaiusX sBosoruu Beemennoit (z > 10) obpaso-

BBIBAJIUCH 3Be3/bl ¢ Maccamu M > 100 Mg, uro npuseso 661 K orHomerusm [Si/C| > 1.

9. Pa3paboTaH aJTOPUTM BOCCTAHOBJIEHUS (DOPMBI CIEKTPa MOHUBYIONUIETO METAraJJaKTUIECKOTO
n3nyvenus B guanazone sHepruit or 1 Ryd no 10 Ryd mo ontuyecku ToHKUM abCOPOIIMOHHBIM
cucreMaM, COZEp2KalluM JIMHUW MOHOB B TOCJIEJOBATEJIBHBIX CTAANAX MOHU3AIIUU. I/ICCJIe,D;O-
BaHBl CUCTEMBI C JIUHUIMH METAJJIOB B MHTEpBaJaX KpacHBIX cMemeHuit 1.5 < 2 < 19 u
24 < z < 3.0. Obuapyxensl QayKTyaruu (HGOpMbI CIEKTpa MOHU3YOIEro udayderus. [lo-
Ka3aHO, 9TO 3TU PUIYKTYalln¥ BHI3BIBAIOTCS PA3HBIMU MPUYMHAMA HA OOJBIINX W MAJbIX 2. B
marepBaje 2.4 < z < 3.0 uamenernus HOPMBI CIIEKTPA BBI3BIBAIOTCS B OCHOBHOM ITPOIECCAME
IIepeHoCa KOHTUHYAJIHLHOTO M3JIyUYeH!s KBA3apOB B MEXTAJTAKTUIECKON Cpee C IepeMeHHOM
IIJIOTHOCTBIO TIa3a. HpI/I MEHBIINX KPaCHBIX CMEIIECHUAX, KOTrda MEXKIaJIAKTUYEeCKU a3 Cra-
HOBUTCSI TIOJHOCTHIO TPO3PAYHBIM B JaiMaHOBCKOM KOHTmHyyMe Hell, duykTyanuu GopMbl
CIEKTpa yJIbTPapUOIeTOBOr0 (DOHA CBA3AHBI C BHYTPEHHUMU XAPAKTEPUCTUKAMU H3JIYIEHUS

CaMHUX KBa3apOB ¥ BJINSHUEM OJIMXKANIIEro K IOIVIOMIAIOIIEH 00JacTh cocea.

10. U3yuena Hempo3padHOCTH MeXKTrajJakTuIeckoro auddysnoro raza B juaun He Il Lya. Ompe-
JleJTeHa HBOTONMOHHAS 3aBUCUMOCTE 9TOM HEMPO3PAYHOCTH B AUANA30HE KPACHBIX CMENeHuit
1.8 < z < 3. [lokazano, 9To moCTe z = 2 BTOPUYHAS MOHUBAIMS TEIUS MPAKTUIECKU TOTHO-

CTHIO 3aKaHYMUBaACTCA.

11. B BoccTanOB/IEHHBIX (DOpMaX CIEKTPOB (POHOBOTO m3yueHus B 00aacTu sHepruit £ > 4 Ryd
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He 00HAPYKEHO HUKAKUX MIPU3HAKOB MATKOM KOMITOHEHTHI, KOTOPBIE MOYXKHO OBLIO OBl 0XKUIATH
OT 3BE3/IHOTO HACEJIEHUS MOJIOMBIX TAJAKTHUK C aKTUBHBIMU IIPOIECCAMU 3BE31000pa30BAHUSI.
Takum 00pazoM, MeTarajakTUIecKuil (DOH MOHUIYIOIIEr0 M3JIydeHus Ha 2 ~ 3 U z ~ 2 ¢op-

MHDPYETCA B OCHOBHOM M3JIYyYECHUEM KBa3apPOB M aKTUBHBIX I'aJJaAKTHYIECKUX AOED.

12. Ha aByx kpacubix cmemenusx z = 1.15 u z = 1.84 npoBeeHbl TPEIu3nOHHBIE U3MEPEHUsT
BO3MOXKHBIX BapHUaluil IIOCTOAHHOU TOHKOHU CTPYKTYpPBI, IIPEBBIMIAIOIINE II0 CBOEH TOYHOCTHA
HOYTH HA TOPSJIOK Ipeablaynme pe3yabrarsl. Haiinennsie sesmmanasl Aa/a= —0.07 £ 0.84
ppm (z = 1.15) u Aa/a= 5.4+ 2.4 ppm (z = 1.84) yka3bBaloT Ha BO3MOXKHOE U3MEHEHUE (¥

MeX Iy smoxamMu 2 ~ 1 u z ~ 1.8.

3akJ/rouenue

JleTaJibHOE TEOPETUYECKOE PACCMOTPEHUE IIPOLECCOB (POPMUPOBaHUS Ipoduieil abcopOIuoH-
HBIX JIMHWN B YCJIOBUSX, OJIM3KHUX K PEAJbHBIM, U CIEKTPaIbHLIE HCCIESOBAHNUS C Pas3pelleHneM,
OpUOIMAKAOIMKUMCI K TEIJIOBLIM IIMPUHAM JIMHUI MeTa/lIoB, a TaK:Ke pa3pabOTaHHLIE METOIbI
pelleHnss 0OpaTHBIX 3aJa49 CIEKTPOCKOINK C HCIOIb30BAHMEM HOBEHINNX JOCTHXKEHUI B 00Ja-
CTH MHOTOMEPHON OTTUMU3AINK Tal0T OCHOBAHUS PACCMATPUBAThL NTaHHYIO paboTy KaK BarXKHBIH
BKJIAJ B Pa3BUTHE HOBOI'O HANPABJIEHUS MCCAEIOBAHUI B HADJIIOAATEILHON KOCMOJIOMMU — OIpe-
JIEJIEHVE C BBICOKON TOYHOCTHIO (PU3MUECKUX MAPAMETPOB M XUMUIECKOTO COCTABA, MEKTAJIAKTH-
YECKHUX Ta30BBLIX 00JAKOB B IMMPOKOM IHAIIA30HE KPACHBIX CMEINCHWN M M3ydeHne Ha 0a3e 3TUX
[IapaMeTPOB 3BOIIOIUOHHEIX IPOIIECCOB B MEKIAIaKTUIECKOM Ia3e Ha KOCMOJIOIMYECKOH BpeMeH-

HOI mIKaJie.
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