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BBEJAEHUE

Bo BceneHHON HeMmaso 3arajJlo4HbIX M HEIOCTATOYHO H3YYEHHBIX OOBEKTOB:
TaKue Kak KBa3apbl, HEUTPOHHBIC 3BE3]Ibl, TEMHAsl HEPrusa U TemHasi marepus. Ho,
KOHEUYHO K€, OJTHUMH U3 CAMBIX HHTEPECHBIX OOBEKTOB SIBJIICTCS YEPHBIC JIBIPHI.

UepHble IbIpHI — OJMH U3 OY€Hb HEMHOTOYHUCICHHBIX IPUMEPOB B MCTOPHUU
HayKH, KOTJla TEOpHsl pa3BUBajaCh BO BCEX JETASX KaK MaTeMaTHdecKas MOJEb,
MPAaKTUYECKU  HE  HUMed  OKCIEPUMEHTAIbHBIX  MOJATBEPXKICHUN  CBOEH
cripaBeiuBocTH. YUepHasi Jpipa, BO3MOXKHO, Hanbojee (aHTacTUyeckass U3  BCEX
KOHIIENIUN, CO3/IaHHBIX YEJIOBEYECKUM Pa3yMOM.

Uto xe Takoe 4epHbIE IbIPHI M 4YTO OHU U3 cebs mpencraBisaoT? Ecnu
CIIPOCUTH Pa3HbIX YUEHBIX — aCTPO(DU3UKOB U (PU3UKOB — OHU MOJOUAYT K OTBETY C
pa3HBIX CTOPOH. ECTh JHIUKIONEINYECKUE CIOBApU, KOTOPBIE 3aKPEILISIOT
OTIpeIeICHNS U Tal0T KOHKPETHBIE OTBETHI, HO €MHCTBEHHO BEpHOH (POPMYyIUPOBKU
HE CYIIECTBYET.

[Tpodeccop PAH Cepreii [TonoB onpeaenseT yepHbie AbIPH KaK MAaKCHMAaIbHO
KOMITAKTHBI OOBEKT, KOTOPBIM HE IEMOHCTPUPYET CBOMCTB MOBEPXHOCTH.

UEpHOW IbIpOM TMPHUHATO CYUTATh MECTO B KOCMOCE, TIJe OOBEKTHI,
IBIDKYIIMECS CO CKOPOCTBEO CBETa, HE MOIYT OKa3blBaThb COIMPOTUBJICHUE
rpaBUTAllMM. IJTO OTHOCHUTCS W K CaMHUM 4YacTUIlaM CBeTa. ['paBUTAIIMOHHOE
MPUTSHKEHUE TaKOW CHJIbI BO3HMKAET M3-3a CXKATUS MaTepud B  KPOIIEYHOE
MPOCTPaHCTBO. UYepHbIE ABIPHI — 53TO TMOTAaCHYBIIME 3BE3/IbI, B CHJIY CBOHUX
(dbu3nyeckux O0coOEHHOCTEH, 00JIaaroue BBICOKOW IUIOTHOCTHIO W MOIIHOM
rpaBUTALIACH.

YepHbi€ IBIPBI — 3TO «JIBIPHD» B MPOCTPAHCTBE U BPEMEHH, BOZHUKAIOIIIUE U3-32
OYCHb CHJIBHOIO HCKPHUBIJICHHS IPOCTPAHCTBA M H3MEHEHHUS XapaKTepa TEUCHUS
BPEMEHU B CTPEMHUTEIIBHO B3PACTAIOIIEM IPABUTALIMOHHOM IOJIE.

bonpmioe  KOIMYECTBO  KOCMHYECKUX  (DEHOMEHOB  MOTYT  BJIUATH
Ha CYILIECTBOBAHUE >KU3HU, HO OJHM U3 HUX BaxkHee [Jpyrux. YepHble IbIpbI

NpUHAAJeKAT UMEHHO K Oojiee BaXKHBIM, Onarogapsi CBOEH YHUKaJIbHOW NPHUPOJE.
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Her npyrux o0bexToB BO Beenennoit, Tak ke 3((EKTHBHO MpeBpalalONInX
Marepuro Bi3Hepruro. Huuro Bo BceeneHHOM He AEHCTBYET Kak TMIaHTCKas
Bpallaronascs JJeKTpuueckas Oarapesi, CIOCOOHas BBITAJKUBATh BEIIECTBO
CO CKOPOCTBI0, OJIU3KOM K CBETOBOM, HA ICCATKU ThICSIY CBETOBBIX JIET.

UepHble IbIpbI HHTEPECHBI B MEPBYIO OUYEpe/lb KaK SKCTpEMajbHbie OOBEKTHI.
3acacbiBaronias TAra, KOTOPYI CO3Jal0T YEpHbBIEC JbIPbI, O€3BO3BPATHO MOTJIOMIAET
BCE, UTO IOMANAET NOJ €€ IeicTBhE. Takoe MpeIcTaBlIeHUue U 3HAHUE O TOM, YTO Ha
CaMOM JieJ€ BO BCEJICHHOM CYIIECTBYET MHOKECTBO Pa3HbIX YEPHBIX [bID,
00s13aT€JIbHO BBI3OBYT BOIPOC: @ MOXKET JIU U 3€MJIsl B KaKOM-TO MOMEHT TOXE
MOCTPAATh OT TAKOW HAIACTH?

HenaceiTHOE uynoBmIle, cuisiee B IEHTpe Hamed ['amakTuku, crocoOHO
MOBJIMATH HE TOJIBKO HA MPUTOIHOCTh 3€MJIM JIJIsl )KM3HU JIIOJIeH, HO Jake U Ha caMo
CYILIECTBOBAHUE HAIIEH IJIAHETHI.

brnwxkaiiias yepHas asipa ynaineHa ot 3emiu Ha 3000 cBeroBbix jeT. OHa
Ha3eIBaeTcss V616 Monocerotis, miu V616 Mon. Ee Bec mocturaer 9-13 macc
Counnia. bunapHblii mapTHEp 3ToM AbIpbl — 3Be3Aa B noamacchl ComnHiia. Eme ogHa
OTHOCUTEIBHO Onm3kas Kk 3emiie BopoHka - Cygnus X-1. Ona pacrmomaraercs oOT
3emuin B 6 ThICSYaX CBETOBBIX JIET U BecUT B 15 pa3 Gonbmie ConHila. OTta yepHas
KOCMUYECKasi AbIpa TOKE UMEET CBOETO OMHAPHOIO MapTHEpa, ABUKEHUE KOTOPOTO U
nomoraet orcieauTs Bausinue Cygnus X-1.

AKkmyanpHocms padomel 3aKIIOYAETCI B TOM, 4YTO HU3YYEHHUE MPUPOJIbI
YEpHBIX  JBIp  IMO3BOJIIET  CYHIECTBEHHO  pACIIUPUTh  HAIIE 3HAHUE O
(hyHIaMEHTAIBHBIX CBOMCTBAX MIPOCTPAHCTBA U BPEMEHH.

Tema 4YepHBIX ABIp ABISAETCS OAHOM W3 AKTYAIbHEWIIMX TEM COBPEMEHHOU
aCTPOHOMMH, aCTPOPU3UKU U KOCMOJIOTHH, TaK KaK ATU OOBEKTHI MOMOTAIOT JIYUIIle
MOHSTH YCTPONCTBO HAIIEH BCEIEHHOM, C MOMEHTA OOJIBIIIOTO B3pPhIBA MO HACTOSIIINAN
JIEHb, a TAKXKE TIO3BOJIAT MOHATh, YTO OYJIET C HAIIICH BCEICHHOM.

OnHako NoJJMHHAS POJIb YEPHBIX JbIP, UX "peaHasHauenue” 1y Beenenno,

HaxoauTcCs JAJICKO 3da paMKaMHu aCTPOHOMHWH U (bHBI/IKI/I 9JICMCHTAPHbIX YaCTHII.


https://vidstyle.ru/kak-vrashchaetsya-solnce-bolshaya-enciklopediya-nefti-i-gaza.html

Ilenvto Oanmoit pabomoer SABISIETCA W3y4YEHUE IIOHATUS YEPHBIX AbIp U MX
CBOWCTB, a TaKXe U3YUYEeHHUE CBSI3U IPOLIECCOB 3B€31000pa30oBaHus ¢ (POPMUPOBAHUEM

raJIaKTHUK WU YCPHBIX ObIP.

3aoauu:

1. 3yuuTh nipupoay 4EpHBIX ABIP, BOBMOXKHBIX MEXaHU3MOB X 00pa30BaHMS
U SBOJIIOLMH.

2. I3y4uuTh CBSI3M MPOIECCOB 3BE37000pa3oBaHus ¢ GOPMUPOBAHUEM TAIAKTUK
Y YEPHBIX JIBIP.

3. IlpoBectn 0030p JAUTEpaTYphl KACAIOMIMXCS COBPEMEHHBIX HCCICIOBAHUMN
YEPHBIX JBIP.

Oo0veKkm uccnedo6anusn: Y€pHbIE ObIPHIL.

Ha ocHOBe COBpeMEHHBIX TEOpUM M KOHICMIMKA B JIaHHOW paboTe
paccMaTpHUBAIOTCS MOJCIHM YEpPHBIX IbIp, WX Kiaccu(uKaius, CBOHCTBA, TEOPUHU

IMPOUCXOKIACHHUA, OTKPBITHA COBPCMCHHBIX YYCHHBIX.



1 YEPHBIE JbIPHI - TAMHCTBEHHBIE OB BEKTHI HAIIEN
BCEJEHHOW

Emie 1o nosiBieHust TEOPUM OTHOCUTEIBHOCTH acCTpOHOMaMU Obljla BhICKa3aHa
TEOpHs O CYIIECTBOBAHUM YEPHBIX BOPOHOK. [locie myOnukanuu Teopun DUHIITETHA
OBLIT IEPECMOTPEH BOMPOC TPABUTAIMH U B IPOOJIEME YEPHBIX JbIP MOSIBUINCH HOBBIE
PEATIOJIOAKEHHUS.

B nHacrosiiee Bpemsi, CylecTBYIOT JBa MOHATUS (peHOMEHa «4epHas Jpipay. C
TOYKM 3peHMs] GU3MKH OWHIITEHHA YepHas Jblpa — 3TO 00JIACTh HKCTPEMAIBHOTO
WCKpPUBIICHUS TPOCTPAaHCTBA M BPEMEHHU, OOYCJIOBIEHHOIO OIPOMHOW Maccoi
PacoJIOKEHHOTO B HEM KOCMUYECKOT0 TeJla, 00eCIeUnBAOUIEr0 HACTOIBKO CUIIBHOE
IPaBUTALMOHHOE MPUTSHKEHUE, YTO MOKUHYTh ATY O0JAacTh HE MOTYT Ja)K€ KBAaHThI
CBETa, KOTOpbIE Ha JaHHBIA MOMEHT SBJISIOTCS CaMbIMU OBICTPBIMH YacTULAMU
U3BECTHBIMU 4enoBeuecTBY [1]. B To ke BpeMsi 4epHYIO IbIpY MOXKHO ONPEICIHTH,

KaK KOJOCCabHYIO MACCy M MIIOTHOCTb, CKATYIO 10 OY€Hb MaJIbIX pa3MepoB (puc. 1).

Pucynok 1 — Mopenb «4epHOM ABIPHI»

Nudopmanusi, kacarouiasics 4YepHbBIX Jblp, MO OOJbIIEH YacTH HOCHUT
TUIIOTETUYECKUM XapakTep. YUYeHble M3y4aloT HMX II0 KX BO3IACHCTBUIO Ha

IMPOCTPAHCTBO U U3JTYUCHHUIO.



WuTepecHsblil QakT: yepHas AbIpa Ha caMOM Jelie He uepHas, a OeclBeTHas U
po3payHas, T.. OHAa HEBUAUMAS, €€ MOXHO pas[IsSAeTh TOJBKO IO
IPaBUTALMOHHOMY PaJNyCy, KOTOPBI Kak Obl MCKPUBISET MPOCTPAHCTBO U BpPEMs
BOKpyT. IlpencraBineHuss © pUCyHKM YEPHOW IbIPbl — BCETO JIMLIb BBIMBIIUICHHBIE
HarJIsIHbIE MOJEIH.

A 3HAUUT YBUJETh ATOT KOCMUYECKUN OOBEKT HEpEalbHO, BEb OH MOIJIOLIAET
BECh CBET, MOMAJAIOIMKA B €ro IMPOCTPAHCTBO. YYEHBbIE JOKA3bIBAIOT HaJIUYHE
YEPHBIX [JbIp, ONHPAsACh HA aHAJIU3 JBJKECHHSI MEK3BE3HOTO Ta3a U TPACKTOPHUHU

nepeaBKEeHU 3Be3 (puc. 2).

Pucynox 2 — HarnsinHoe npecraBiieHue YepHOU JbIPBI

[Ipu »TOM 4YepHasi nbIipa BeAeT ceOs, KaK KPOBOXKAIHBIM XUIIHUK: 3aTATHBas
KEPTBY, 3aCTaBISIET €€ PAa3JIETeTbCs Ha KJIOYbS. OTH OYEHb «IIPOKOPIUBHIE)
KOCMHYECKHE OOBEKTHI CIOCOOHBI C HECKPHIBAEMBIM aIMETUTOM TOTJIOTUTH U
KOCMHUYECKHE KOpabOJiv, W JIy4d CBETA, M 3BE3JHYIO IbLIb, Ja U HE OYCHb KPYITHBIC
3BE€3/Ibl, TUIA HAIIETO, €CJIM OHU OKa)XXyTCs HEmoAaneKky. A B IMOCIEIHEW CTaauu
ucYe3auid 00beKT HAUYMHAET W3JIy4aTh MPOIIAJIbHBIA CBET, MPEXKIE YeM CTaTh
HeBUAUMBIM. [Ipudem, 3TU mOpollaibHbIE JTy4Yd — PEHTTEHOBCKHE, YTO U JaJI0

BO3MOXXHOCTb Y4YCHBIM YBHUICTDH YI[I/IBHTeJILHBIﬁ mponecc. Co CIICOHAJIBHBIX


https://vidstyle.ru/kakoi-samyi-bolshoi-kosmicheskii-obekt-sverhskoplenie-galaktik.html
https://vidstyle.ru/kak-nazyvalsya-kosmicheskii-korabl-yuriya-gagarina-alternativnye-versii.html

CIYTHUKOB OBLIO CII€JaHO PEHTTEHOBCKOE H300pakeHHE YEepPHBIX OOBEKTOB, Ha

KOTOPOM BHJIEH SIPKUN LEHTP, SIBISIOIUIACS NUCTOYHUKOM H3JTydeHus aydyen (puc. 3).

Pucynox 3 — KomnbroTepHast Mojieb uepHoit apipbl. Mmmoctpanus: NASA [2]

OOpazoBaHue 4YEpHBIX JBIP BEAET K  HM3MEHEHHUIO  BOKPYr  HUX
MIPOCTPAHCTBEHHO-BPEMEHHBIX XapakTEePUCTHK. Bpems OyaATo cxKuUMaercs oA
BJIUSITHUEM OTPOMHOM T'paBUTALMM U 3aMEIJIICTCS. 3BE3/bl, OKa3aBIIMECS Ha MYyTH
YEepHOM BOPOHKH, MOTYT YKIOHSTbCA OT CBOEr0 Mapuipyra M JaXe MEHATH
HalnpapJICHUE JABWKEHHS. YepHble IbIpbl MOIJIOMIAIOT SHEPTUI0 CBOEH 3BE3JIbI-
JIBOMHUKA, YEM TAK)KE MPOSBIISIIOT CEOs.

Korna 3Be3na ymupaer, ¢ HeM IPOUCXOAST YAUBUTEIbHbBIC NMpEeBpalieHus. 13-
3a AeduuUTa BOJIOPOA, MOCTENEHHO BBITOPAIOUIETro, CTaperolas 38e34a NpruoaBisieT
B pa3Mepax, 4YTO BIOCJIEACTBUU MPUBOAUT K €€ B3pbIBY (puc. 4). [locie Toro, kak 310
MIPOUCXOJIUT, OCTHIBIIAS 3B€3/1a MOIBEPTACTCSI MOUTHOMY BO3JIEUCTBUIO T'PABUTAIIUU U
CTAHOBUTCS HEOOJBIIMM, IO MEpKaM KOCMOCa, TeJIOM, HO C MOIIHEUIIIUM
TPaBUTAIIMOHHBIM TIOJIEM, BTATHBAIOMIUM B CeOS BCE, YTO OKAXETCS B 30HE

HOCTYIIHOCTH.


https://vidstyle.ru/moshchnyi-elektromagnitnyi-impuls-vozdeistvie-na-elektronnye-sredstva-chto.html

Pucynok 4 — Mopenb B3pbIBa CTaperoNieii 3Be3/1bI

B 1963 rony yueHnbiMu ObutH OOHAPY>KEHBI KBa3aphl - KOCMUYECKHUE OOBEKTHI,
SIBJSIFOIUECS THTAaHTCKUMH HMCTOYHUKAMU paguounsnydeHus [3]. MHorourncieHHbIC
HCCIJIEIOBaHMSI JOKA3bIBAIOT, UTO KBa3ap — 3TO OrPOMHBINA, OECKOHEUHO ABMKYIIUNCS
KOTEJI CMEPTOHOCHOTO Ta3a. MoONIHEHIINA UCTOYHUK SHEPTUU OO0BEKTa HAXOJIUTCS
BHYTpPHM, B CaMOM CEpJLE KBazapa. JTO OrpomHas uepHas nbipa. KBazap Becur
CTOJIBKO €, CKOJIBKO BECSAT MUJUIMAPABI COJHIL (pUC. 5).

PacnonararoTcsi OoHM OY€Hb JANEKO OT Hallled TaJaKTHUKUA - UX YAAJIEHHOCTh
COCTaBJISIET MUJUIMAP/ABI CBETOBBIX JIET OT 3eMiid. YTOOBI OOBSICHUTH Ype3BbIYAITHO
BBICOKYIO aKTMBHOCTh KBa3apoOB, YUYEHbIE BBEIW TMIOTE3y O TOM, YTO BHYTPU HUX
pacrojararTcs YepHbIe IbIpbl. DTa TOUKA 3pEHHsI ceiuac sBISETCs OOIIETIPUHITON B
Hay4dHbIX Kpyrax. MccnegoBaHusi, KOTOpble MPOBOAWIMCH B T€UeHHUE mnociennux S50
JIET, HE TOJIKO MOATBEPININ JAHHYIO TUIOTE3Y, HO U MPUBEIN YYEHBIX K BBIBOAY O
TOM, 4YTO YEPHBIC JBIPbl €CTh B LEHTPE KAXKAOW TANIAKTUKA. B 1eHTpe Hamen
TJIaKTUKU TAK)Ke €CTh TaKOM OOBEKT, €ro Macca COCTaBIIAET 4 MUJUIMOHA COJTHEUHBIX
Macc. OJrta yepHas Jbplpa HocUT HaszBaHue «Ctpenenr A», W IOCKOJBKY OHa

PpacCIIoJIOKCHA OJIMIKE BCETO K HaM, €€ 0OJIBIIIE BCETO HUCCIICAYIOT aCTPOHOMBI.
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Pucynok 5 —Macchl 4epHBIX JbIp

2 HICTOPHUSI OTKPBITUSI TEMHOH MATEPHAY Y N3YUEHUE
YEPHbIX JIbIP

BriepBble T€OpEeTUUYECKOE CYIIECTBOBAHUE YEPHBIX NbIP, €LIE 33JI0JIr0 J0 UX
(haKTUYECKOT0 OTKPBITUS MPEeAnofiokua HekTo JI. Muuen (aHrIuiCKui CBSIIEHHUK
u3 rpadcTBa Mopkump, Ha 10cyre yBIeKarolmiics acTpoHoMueii) B nanexoM 1783
roay [4]. [To ero pacueram, ecnu Hamre COJIHIE B3Th M CXAaTh J0 pajuyca B 3 KM,
oOpasyeTcsi HacTOJIBKO OoJibiias (MPOCTO OTPOMHAs) CHJIA TPaBUTAIMU, YTO JTAXKE
CBET HE CMOXKET €€ MOKUHYTb.

Nnes o «yepHOM npipe» Bo3HMKIA B 1916 rony, korma ¢usuk LIBapiimmisg
(puc. 6) pemran ypaBHeHus OiHIITeiiHa. MareMaTHka TpUBEIa K BBIBOAY O
CYIIECTBOBAHUM KOMIIAKTHBIX OOBEKTOB, BOKPYI KOTOPBIX BO3HHMKAET TOPU3OHT
COOBITUIT C WHTEPECHBIMU CBOMCTBAMHU. [ OpH30HT COOBITUH — 3TO 00JacCTh
IIPOCTPAHCTBA, OKPYKAKOIIAsl YEPHYHI IbIpY, MOMNAB B KOTOPYIO BELIECTBO YK€
HUKOI'/Ia HE CMOXET MOKUHYTh 3Ty 00JaCTh ¥ MPOBAIUTCS B YEPHYIO JbIpY. CBET elie

MOXKXCET HIPCOJA0JICTL OIPOMHYIO CHIIY I'paBUTAlMN, ITOCJIATH IMOCICAHHUC IIOTOKHU OT
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https://www.poznavayka.org/astronomiya/solntse-unikalnaya-zvezda/

mpornagaromero BCueCTBa, HO TOJIbKO B TCUCHUC HEOOJIBIIIOTO IMPOMCIKYTKA BPCMCHU,

ITOKa maJgaromiec BCIICCTBO HE MOIMAZICT B TAK HA3BIBACMYIO 30HY CUHTYJIAPHOCTH.

Pucynoxk 6 — Kapn IIBapummibi, HEMEUKHAN acCTPOHOM,

OJHH N3 OCHOBOIIOJIOXKHHKOB TGOpeTPI‘{eCKOﬁ aCTPO(I)I/ISI/IKH

[lozxke, B 1918 romy o0 BOmpoce 4YEpHBIX JAbIp B KOHTEKCTE TEOPUHU
OTHOCUTEIBLHOCTH MHUCAN BEJIMKUN YUeHBIH ANbOepT DHHIITEIH. Y3BecTHO, 4TO cuiia
TATOTEHMS, KOTOpas CO3JaeTCsi Ha IOBEPXHOCTH JIOOOW IUJIaHEThl, OOpaTHO
MPONOPLIMOHANIBHA KBAJIpaTy €€ pajanyca U IpsiMO MpOINOpUUOHaIbHa ee Macce. s
ATOro HEOECHOTO Tejla MOKHO ONPEAEIUTh NOHITHE BTOPOH KOCMUYECKON CKOPOCTH,
KOTOpasi HEO00XO0auMa, 4TOOBl MPEOAOJIEeTh 3Ty CUiIy TAroteHus. s 3emnu oHa
paBHa 11 km/cek. Ecnu sxe macca HeOecHOTO Tesa OyJeT YBeIMYUBAThCS, a TUAMETP -
Ha000pOT, YMEHBIIATHCSA, TO BTOpasi KOCMHYECKAasi CKOPOCTh CO BPEMEHEM MOKET
MPEBBICUTh CKOPOCTh CBeTa. M MOCKOJIbKY, COrJIaCHO TEOPUU OTHOCUTEIBHOCTH,
HUKaKoH OOBEKT HE MOXKET JABHUIaThCs OBICTPEE CKOPOCTU CBETa, TO oOpa3yercs
00BEKT, HE JAIOLUH HUYEMY BBIPBATHCA 3a €r0 MpPEeIEIbl.

B 1939 r. yepHbIe ABIpHI, IpeACKa3aHHBIE OOIIEH TEOpHEH OTHOCHTEIBHOCTH,
Obutn MaTemaTuuecku obOocHoBaHbl P. Omnmenrevimepom u X. ChHaitnepom. K.
[IBapumniaba — OCHOBOIOJOKHUKOM TEOPETUYECKON aCTPOPU3UKH, BHECIIUN
3HAUUTENBHBIN BKJAJ B TEOPUIO 3BE3AHBIX arMochep U OOIIyI0 TEOPHUIO
OTHOCHUTEJILHOCTH, TAKXKE MPUILIET K aHAJIOTHYHBIM PEIICHUSIM.

HecMmoTps Ha TO, YTO OCHOBHBIE KOHIEMIINYU CYIIECTBOBAHUSI TEMHON MaTepUu
ObUTH pa3paboTaHbl €IIe B MPOIIJIOM CTOJIETUH, CAMO TOHITHE «UE€PHOU JBIPBI» OBLIO
BBesieHO B 1967 roay JIx. Yumiepom (puc. 7). Bece, 4To BHYTpH YepHOH ABIPBI — 3TO
aCTEpOU/bl, CBET, MOIVIOLIEHHBIE €H0 KOMETBI, KOIJa-TO NPHOJU3HIOCH CIHUILIKOM

OIM3KO K I'paHHUIIaM 3TOTO 3arai04Horo 00bEKTa U HE CyYMECJIO UX ITOKUHYTb.
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https://www.poznavayka.org/fizika/teoriya-otnositelnosti/
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Pucynok 7 - JI)xon Yunep, aMepukaHCcKuil PU3MK

Kaxk 651 Tam HM ObLTO0, 1 J[. Muyen, u Anpbept DMHIITEHH, U J[)KoH Ywuiep B
CBOMX paboTax TMpeArnoyiarajd TOJbBKO TEOPETUUYECKOE CYIIECTBOBAHUE ITHUX
3araJIoyHbIX HEOECHBIX 0OBEKTOB B KOCMUYECKOM MPOCTPAHCTRE.

B 1970-x romax amepukanckuii cnyTHUK "YXypy" (Ha ogHOM U3 appUKaHCKHUX
nuanekToB - "CBoOona") 3adukcuponan cnenuduiyeckoe peHTTeHOBCKOE U3TyUYCHHUE.
C Tex mop "dyepHas Jpipa’ CYHIECTBYET HE TOJIBKO B pacyeTax, Tak Kak OOHapY>KUTb
"qyepHyI0 ABIPY" MOXKHO MO CIENU(PUIECKOMY PEHTTEHOBCKOMY M3ITy4YEHHIO, KOTOPOE
oOpasyeTcsi, Korjia OHa 3aCachIiBaeT B Ce0s BEILIECTBO.

Nmenno 3a stu uccinenoBanus HoOeneBckyro mpemuto 2002 rojga moaydus
Pukkapmo Jxakkonu (puc. 8). Pukkapmo J»KakKOHH, aMEpUKAHCKHH (U3HK
UTaJIbHCKOTO MPOUCXOXKAeHus, JaypeaT HobeneBckoit npemun no ¢usuke B 2002 T.

«3a CO34aHHc peHTFCHOBCKOﬁ dCTPOHOMHHU H I/I306peTeHI/IC PCHTI'CHOBCKOI'O

teaeckomnay [4].

Pucynok 8 - Puxkapno Jl>kakoHu, aMEepUKaHCKUM (PU3HUK
UTAIBIHCKOTO TPOUMCXOXKCeHUs Jaypear HobeneBckoit

npemun no ¢uszuke B 2002 T.

BcemMupHo  W3BeCTHBIM  y4Y€HBIH,  aHIJIMHUCKUN  (PU3UK-TEOPETHK U
nomynsipu3arop Hayku CruBeH XokuHr (puc. 9) paspabaTblBal TEOPHIO

BO3HUKHOBCHHUSA MHpA B PC3YJILTATC bonsbiioro B3pbIB4, a4 TAKXXE TCOPHUIO YCPHBIX
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nelp. OH BBICKa3ajd TUIOTE3Y O TOM, YTO YEpPHBIE ABIPHI MAJIOM MacChl TEPSAIOT
DHEPTUI0, UCIyCKas HW3IydeHue (Ha3BaHHOE €ro MMEHEM) IO TOPU30HTY COOBITHUN
YEPHOM IBIPBI, U, B KOHIIE KOHIIOB, «YMHUPAIOT).

DTOT TUI U3TYyUYCHUS 3HAUUTEIIHHO YCI0XKHSET )KU3Hb COBPEMEHHBIM YUEHBIM -
BE€JIb U3-32 3TOT0 OTKPBITUS B TEOPUU YEPHBIX ABIP MOSBUIOCH HEMAJIO TPYAHOCTEM.
B knaccuyeckoit (u3MKe CyHIECTBYET IMOHSATHE BakyymMa. OTUM  CIOBOM
0003HayaeTcs IMOJIHAs IyCTOTa M OTCyTcTBHE Martepud. OJHAKO C pPa3BUTHEM
KBaHTOBOU (DM3UKHU MOHATHE BaKyyma ObLIO BUIOM3MEHEHO. YUEHBIC BBISICHUIIH, YTO
OH 3aI0JIHEH TAaK HA3bIBAEMBIMH BUPTYIbHBIMH YaCTHULAMH - IOJI BO3ACHCTBUEM
CUJIBHOTO TIOJISI OHM MOTYT mpeBpatuthes B peanbHble. B 1974 rogy C. XoxkuHr
BBISIBWJI, YTO TMOJOOHBIE TMpEBpalieHUs] MOTYyT MPOUCXOJUTh B  CHJIHHOM
TPAaBUTALIMOHHOM IIOJIE YEPHOM JBIPHI - BO3JIE €€ BHEIIHEW T'PAHUIIBI, TOPU30HTA
coObITuil. Takoe poxaeHUe SBISETCS MAPHBIM - TOSIBJISETCS YacTUIA U aHTUYACTHIIA.
Kak mpaBuno, antudactuiia oOpedyeHa Ha MajJeHHWE B YEPHYIO JbIPy, a dYacTulla
yneraer. B pesynbrare ydeHble HaOMIOAAIOT HEKOTOPOE H3JIyYEHHE BOKPYT ATHX

KOCMHUYECKHX 00beKTOB. OHO M MOJYYMIIO Ha3BaHUE U3ITYYCHHS XOKHHTA.

Pucynok 9 — CruBeH XOKUHT, aHTIUNUCKUA (PUBHK-

TEOPETUK U MOITYJISAPU3ATOP HAYKH

B xozxe 3TOro M3iaydeHMs TO BEIIECTBO, YTO BHYTPU YEPHOMU ABIPHI, MEAJIEHHO
ucnapsiercs. Jpipa TepseT maccy, Ipy 3TOM HHTEHCHUBHOCTh M3JIy4YeHUsI OOpaTHO
IIPONIOPLIMOHAJIBHA BEJMYMHE KBajapara €€ Maccbl. VHTEHCMBHOCTH H3IIy4YEHMS
XOKMHIa HUYTOKHO Maja 0 KOCMHYECKMM MepKam. Ecim mpeanosokuTh, 4To
CyILIecTBYeT JbIpa Maccoil B 10 conHu, M Ha Hee HE NMONaAacT HU CBET, HU Kakue-

anbo MaTepuaigbHble 0OBEKTHI, TO JaXKe B ITOM Cly4yae Bpems ee pacraga Oyaer
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YyJOBHUIIHO BenauKO. JKW3HB TakoW JbIpel OyAE€T NPEBOCXOAUTH BCE BpeMs
CyILLECTBOBAaHM Halle BeeneHnHol Ha 65 MOPSIIKOB.

OnHOM W3 OCHOBHBIX HIpo0JIeM, KOTOpas NOSBWIACH IIOCIE OTKPBITUS
u3NyyeHus: XOKWHTa, sBigeTca npobiema morepu uHPopMmaruu. CBs3aHa OHa ¢
BOIIPOCOM, KaXKYIIMMCS Ha NEPBBIA B3I OYEHBb MPOCTBIM: YTO MPOU30MAET, KOIa
YyepHasl plpa UCHapuTcs MONMHOCThI0? O0e Teopuu - Kak KBaHTOBas (PU3UKA, TaK U
KJIACCHUYECKasl - HUMEIOT [eJ0 C OINHCAHWEM COCTOsIHUS cucteMbl. OO0nanas
uHpopMaluel 0 HavyaJbHOM COCTOSIHUM CHUCTEMBI, NPU MOMOUIM TEOPHUH MOXKHO
onucarb, KAKUM 00pa3oM OHa OyJIeT MEHATHCS.

[Ipu 3TOM B mpolecce 3BOIOUMU MH(pOpPMAUs O HAa4YaJbHOM COCTOSIHUM HE
TepsieTcsl - JCHCTBYET CBOEro poja 3aKOH O coxpaHeHuM uHpopMmanuu. Ho ecnu
YyepHasl Ablpa UCIAPUTCS MOJHOCTBIO, TO HAOMIOaTeNb TepSeT MHPOPMALUIO O TOU
yacTu (PU3MYECKOTO MHpa, KOTOpbIM Korjaa-to momnai B Jblpy. CTHBEH XOKUHT
cuMTaji, 4yTo MHGOpMalUs O HAYAJIbHOM COCTOSIHUM CHUCTEMBbl KaKHMM-TO OOpa3oM
BOCCTaHABIIMBAETCS TOCJIE TOro, KaK 4epHas Jblpa UcHapwiach NojgHOCThiO0. Ho
TPYIHOCTb COCTOUT B TOM, YTO IO ONPEIEICHUI0 W3 YEpPHOM JABIPBI Iepenada
MH(}OpMaAMU HEBO3MOXHA - HUYTO HE MOYKET OKUHYTh TOPU3OHT COOBITHIA.

B xone mociemHux wucclieoBaHWNA OPUTAHCKUX M ABCTPATHHCKUX YUECHBIX
ObUIO BBISBIEHO, YTO MHOTHE 4YEPHbBIE IbIPhl MMEIOT TEHACHLUU K OBICTpOMY
YBEIIMYEHHIO, IIOCTENEHHO ImpeBocxoas wmaccy ConHoa B MWUIMAapAbl  pas.
VYBenuunBaTCs 3TH KOCMHUYECKHE o0sacTu, Ojaroaapsi BCachblBaHHIO MMM Ta30B,

MOCJI€ Yero MPOUCXOAUT 00pa3oBaHMe BOKPYT CIMpaiu U oTBepcTus Aucka (puc. 10,

11).
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Pucynok 10 — Mogens cTpoeHus YepHOH ABIPHI

Pucynox 11 — HarnsigHoe npeactaBieHue KOCMUYECKON 00J1acTH, Tae

IMPOUCXOIUT 06p330BaHI/Ie CIIMpalIn U OTBCPCTUA AUCKA

3 TEOPUU OBPA3OBAHMS YEPHBIX J1bIP

UToOB! MOHATH, KaK BO3HUKAET YepHAs JbIpa, HAJO BCIIOMHHUTH O TOM, KaKOB
KU3HECHHBIN ITUKJI 3Be3]1bI [5].

3Be3na oOpasyeTcsi, Korja 00JbIIOe KOJIMYECTBO raza (B OCHOBHOM BOJIOPO/A)
HAYMHACT CXXUMAThCS CHJIAMH COOCTBEHHOTO TPABUTAIIMOHHOTO MPHUTSDKCHUSA. B
nporecce CKaTHs aTOMBI ra3a BCE Yalle M 4Yalle CTAJKUBAIOTCSA JIPYT C JPYrOM,
JIBUTAICh CO BCE OONBIIMMH H OOJIBIIUMH CKOPOCTSIMH. B pe3ynabrare ras
pa3orpeBacTcs U B KOHIIC KOHIIOB CTAHOBHUTCS TAKMM TFOPSYMM, YTO aTOMBI BOJOPO/IA,
BMECTO TOTO 4TOOBI OTCKaKUBaTh JIPYT OT JIpyra, OyAyT CIUBaThCs, 00pa3ys Teiuil.
Termo, BeIIESAIONICECS B ATOW pEaKIMU, KOTOpass HAlOMUHAET YIPABIIIEMbI B3PHIB
BOJIOPOJTHOW OOMOBI, U BBI3BIBAET CBEUCHHE 3Be3JIbl. V3-3a JOMOJHUTEIHHOTO TeIlia

JaBJICHUC Ta3a BO3paCTacT A0 TEX II0P, IMOKa HE YPABHOBCCHUT I'PABUTAIIMOHHOC
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MPUTSHKEHUE, TOCJIE YEro ra3 IMepecTaeT CHKUMATHCS. DTO HEMHOTO HAlOMHHAET
HAAYThId PE3UHOBBIM IIAPUK, B KOTOPOM YCTAaHABJIMBACTCS PABHOBECHUE MEXKIY
NABJICHHEM BO3[yXa BHYTPH, 3aCTaBILSIIOLIMM IIAPUK Pa3qyBaTbCs, U HATSKEHHEM
PE3UHBI, TIOJT IEHCTBUEM KOTOPOTO Mapuk cxumaercsa. [logoOHO mrapuky, 3BE3[IbI
OyIyT JOJITO OCTaBaThCi B CTaOMJIBHOM COCTOSIHUM, B KOTOPOM BBIJEISIONIUMCS B
AJIEPHBIX pEaKLMIX TEIIOM YPAaBHOBEIIMBAETCS IPaBUTALlMOHHOE NTpUuTsKkeHue. Ho, B
KOHIIE KOHIIOB, Y 3B€3/Ibl KOHYUTCS BOJOPOJ U JAPyrue BUJIBI iAEPHOTO TommBa. Kak
HU TapajioKcalbHO, HO 4YeM OoJibllie HaudalbHBIN 3amac TOIUIMBA Yy 3BE3J/bl, TEM
OBICTpEE OHO MHCTOIAETCS, MOTOMY YTO JUIsi KOMIICHCAIlUM TPaBUTALMOHHOIO
MPUTSDKEHUS 3BE3/I€ HAZ0 TEM CUJIbHEE pa3orpeThesi, 4yeM OoJibllie ee Macca. A yem
ropsiuee 3Be3/1a, TeM ObICTpee pacxoayeTcsl ee TOIUIMBO. 3amaca ToruBa Ha CoHile
XBAaTUT TMPUMEPHO Ha ISTh THICSY MUJUIMOHOB JIET, HO 00Jiee TSKENbIe 3BE3[IbI
M3PacXOAyHOT CBOE TOIUIMBO BCETO 3a CTO MUJUIMOHOB JIET, T. €. 32 BpeMs, ropasio
MeEHbllIee Bo3pacra BceenenHou. M3pacxomoBaB TOIUIMBO, 3B€3/la HAYMHAET
OXJIAKIATHCS M CKHUMATHCS, & BOT YTO C HEW MPOUCXOAUT IMOTOM, CTaJO MOHSTHO
TOJBKO B KOHIIE 20-X TOJIOB HAILIETO BEKa.

Ha nanHbIii MOMEHT TPU3HAHHBIMU CUUTAIOTCS YETHIPE ClLICHApHsl 00pa30BaHUs
yepHbIX J6Ip [1].

1. T'paBuTaniMoHHBIN Koyanc (kKaracTpodudyecku OBICTPOE CKATHE TIOJ
NEeUCTBUEM TPABUTAIIMOHHBIX CHJI) JIOCTATOYHO MACCHBHOM 3BE3/Ibl Ha KOHEYHOM
sTarne ee ku3Hu. Camblil pacOpOCTPaHEHHBIN CIICHAPUIl.

2. Konnarnc neHTpaibHONW 4YacTU TajJaKTHKWA WK MPOTOrajakKTHYECKOIo rasa.
UepHble IBIPHI ABISIOTCA PE3YJIbTATOM KOJUIANCOB, MPOUCXOIAIIMX B KOCMOCE. ITO
MOET OBITh CTOJKHOBEHHE KPYMHBIX KOCMHUYECKHUX TEJI WM B3PBIB CBEPXHOBBIX
3BE3/I.

3. ®opMupoBaHHE YEPHBIX TP cpa3y mocie bosbmoro B3pwiBa. YepHble
TBIPBI, CPOPMUPOBAHHBIC IO TAKOMY CIIEHAPHIO, IPUHATO HA3BIBATH IEPBUYHBIMH.

4. BO3HUKHOBEHHE B X04€ AACPHBIX PCAKIHUAX BBICOKHUX BHCpFHﬁ.
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4 CTPYKTYPA YEPHOM JBIPHI

BoinenstoT 4 rpaHulibl YEPHBIX JBIP.

[lepBas U3 rpaHull YEPHOU ABIPHI HA3BIBAECTCS NPEOe1oM CHAMUYHOCHIU. ITO
rpaHuna oOJlacTH, TMOMNajas B KOTOPYIO IOCTOPOHHUM OOBEKT YK€ HE MOMKET
HaXOJUThCA B COCTOSIHUM MOKOS M HAYMHAET BPAIIATHCS OTHOCHTEIBHO YEPHOMU
JBIPBI, YTOOBI YJIEpP)KaThCs OT MaJICHUS B HEe.

BTopoii rpaHuiiell Ha3bIBAEMON 20PU3OHMOM COObIMUI TIPUHATO CUUTATh
«TOYKOHM HEBO3BpaTa» BOKPYT YepHOU JbIpbl (puc. 12). OH He saBisieTcs pusnueckon
MMOBEPXHOCThIO, @ TOJIBKO OTMEYAeT TIpaHully cepuueckoid oOJacTH, CKOPOCTb
MOKHUIaHUsI KOTOPOM paBHA CKOPOCTU cBeTa. UeM OOJbIIYyI0 Maccy UMEET 4€pHas
npipa (4em OoJibliie B He€ MPOBAIUIIOCH BEIIECTBA), TEM CUJIbHEE €€ rpaBUTallUs, TEM
OoJibliie pa3Mepbl 3ToM cdephl (ropru3oHTa COOBITHI). ['OpU30HT COOBITUI — IpaHUIla
yepHOU IbIpbl Pamuyc 3Toi 00yiacTH W MPUHATO HA3bIBaTh TEM CaAMBIM paouycom
lsapywunvoa - pacCTOSTHUE MEXy dTOW TpaHUIIEH U OECKOHEUHO TUIOTHBIM SIPOM
(puc. 12) [1]. D10 TO MecTO, I/Ic HAYMHACTCS NCKPUBJICHHUE TPOCTPAHCTBA U BPEMCHH.
OH ompeznensier pa3Mep YEpHOM IbIpbl B KOCMUYECKOM MpocTpaHcTBe. Hampumep,
panguyc I[lIBapummnbaa s CBEPXMACCMBHOM YEPHOM [bIPhl B LIEHTPE HAaIIEH

["anakTuku paBeH MpUMEPHO 16 MITH KM.

LieHTpasibHaa CUHIyNApPHOCTb
papuyc LLiBapuwunbaa

rOPU30HT CObbITUI

¢doToHHan chepa

Pucynok 12 - CtpykTypa 4epHoii AbIpHI [6]
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[To cpaBHEHUIO CO 3BE3AHBIMU OOBEKTAMH YEPHBIE AbIPHI KPOLIEYHBIE, IOTOMY
YTO UX Macca C)KMMAETCSI B OY€Hb Majible 00bEMBI MO JEHCTBUEM HEMPEOO0IUMOIO
I'PaBUTALIMOHHOIO AaBieHusA. Hampumep, paguyc 4epHOW ABIPBI MAacCOM C IUIAHETY
3emiIsl COCTaBIISIET BCETO HECKOJIBKO MHJITUMETPOB. CaMble O0NbIINE YEPHBIE JBIPHI
UMEIOT Maccy MWUIMOHOB COJHII M pa3Mepbl, CPaBHUMBIE C Pa3MEPOM OpPOUTHI
3emiu Bokpyr CounHua (Takas 4€pHas 1bIpa HaXOJUTCS B LIEHTPE HAIICH TaJaKTUKH).
Manenpkue 4€pHbIE IBIPbI MOTYT UMETh Maccy 3-5 CoJIHI UM pa3Mep B HECKOJIBKO
NecATKOB KriioMeTpoB. J10 B 1010 pa3 MeHble HacTosmiero paanyca 3emian. OgHo
U3 CaMbIX HENOHSATHBIX W HEOOBSICHHUMBIX CBONCTB YEpPHOW JbIpBI — €€
CUH2YJIAPHOCMb, T.€. BCE BEIIECTBO YEPHOU JBIPBI, COOPAHHOE B OECKOHEYHO MAIIyIO
TOYKY OECKOHEYHOH IUIOTHOCTM B CaMOM ILeHTpe 4epHoil abipbl (puc. 12). Kakx
TOJIBKO BEILIECTBO OKA3bIBAETCS BHYTPU OOJIACTH, OrPAaHUYEHHON TOPU30HTOM
COOBITUH, OHO HAYMHAET «MajaTh» K ILEHTpYy dYepHol Ablpbl. CuibHeWIIas
rpaBUTALlUsl CKUMAEeT BEIIECTBO B TOYKY, KOTOpas HHUYTOXKHO Majla U o0yajgaer
OECKOHEYHOM IUIOTHOCTHIO. CyIEeCTBYET MPENINONIOKEHUE, YTO W3BECTHBIE JHOISM
3aKOHBI (PU3UKHU MOTYT HE PabOTaTh B ATOM TOUKE.

3necb He paboTarOT 3aKOHbI (PU3UMKH, U B MPSMOM CMBICIE HMEET MECTO
noJiHbl xaoc. CUHTYISIPHOCTB HENb3s HaOnonaTh u3BHe. U cymiecTByeT n oHa Ha
caMoOM JieJie — 3arajika, KOTOpYIO MbITAIOTCS PEIIUTh aCTPOPUUKH.

Domonnaa cghepa — oOpazoBaHHASI CBETOM c(epa BOKPYI YEPHOH ABIPHI, B
KOTOPO# (POTOHBI BPAIAIOTCS 110 KPYTOBBIM opOuTam [7].

VY3HaTh HAa MPaKTUKE, YTO BHYTPU YEPHOU IIbIPbI, HEBO3MOXHO, TTOTOMY YTO
YPOBEHb TPABUTALMM KOCMHUYECKON BOPOHKH HE TO3BOJISIET HUKAKOMY OOBEKTY
BBIPBAThCS U3 30HBI €€ BIAUSHUA. [10 MHEHUIO YUEHBIX, BHYTPH YEPHOM JBIPHI MOJHAS
TEMHOTA, BeJlb KBaHThl CBETa MCUYE3al0T B HeWl Oe3Bo3BpaTHO. lIpennonaraercs, 4to
BHYTPU YEPHOM BOPOHKHM HMCKa)kaeTcs MPOCTPAHCTBO W BpPEMs, 3aKOHBbI (PU3UKU U
r€OMETPUM B O3TOM MECTE€ HE JEWUCTBYIOT. Takue OCOOEHHOCTH YEPHBIX [bIp
IPEINOJOKUTENBHO MOTYT MPUBOJAUTh K 0Opa30BAaHUIO AHTHBEIIECTB, KOTOpPBIE Ha

I[aHHBII\/'I MOMCHT HC 3HAKOMbI YUYCHBIM.
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5 BU1bl YEPHBIX /IbIP

Boigensitor mATh THIOB 4YepHBIX JAblp Bo Bceenmennoir [8]: mepBuuHEbIE,
CBEPXMACCHUBHBIE, YEPHBIE ABIPHI MPOMEKYTOUYHBIX MACC, YEPHBIE JIBIPbI 3BE3HBIX
MacC Y KBAHTOBBIE YEPHBIE ABIPHI.

UepHble BOPOHKH JIETSATCS MO BUAAM, UCXO/sI U3 crioco0a ux 00pa3oBaHUs:

1. YepHble 00bEKTHI 3Be3JHBIX MACC 3apPOXKIAIOTCA B KOHUE JKU3HU
HEKOTOpBbIX 3Be3A. Ilocne moJHOro BBITOPAaHMS TEPMOSIEPHOIO TOIUIMBA U
IIPEKpAIICHUs] PEaKIUU 3Be3/la TEOPETUYECKH JOJDKHA HadaTh OCTBIBaTh, 4YTO
IIPUBEIET K YMEHBIIEHUIO BHYTPEHHETO JABJICHUS U CKATHIO 3BE3/bI IO IEUCTBUEM
rpaButanny. l[lomHOE cropanwe 3Be3apl M OKOHYAHME TEPMOSIAECPHBIX pPEAKIIMMA
IIPUBOJMT K CHKATHIO 3Be3/bl. CoKaTHE MOXKET OCTAHOBUTHCS HA OIIPEICIICHHOM JTarle,
a MOXET NEepelTH B CTPEMUTENbHBI T'PaBUTAIMOHHBIA KoJUIamnc, Osaromaps
KOTOpPOMY U 00pa3yeTcst uepHasi JbIpa.

2. CBepxMacCMBHBIC YepHbIe BOPOHKHM. YUEHBIE YTBEpPKIAKOT, 4YTO
CEpJLIEBUHON OO0 ralakTUKH SABISIETCS CBEPXMAaCCHBHas BOPOHKA, 00Opa30BaHUE
KOTOPOH SIBJIIETCS] HAYAJIOM MOSIBJIEHUS HOBOM TaJIaKTUKU. CBEPXMACCUBHBIE YEPHBIE
IBIPBI — 3TO 00BEKTHI, uMeronue Maccy ot 105 go 1010 mumuapaoB mace CosHila
(macca mnHamet 3Be3nbl — 1,9885-1030 kr). CBepxMacCHBHBIE 4YEpHBIC IbIPHI
oOHapy>KeHbl BO MHOYKECTBE T'aJIaKTUK, BKJItouass Mieunslil myTs. OOpa3yroTcst Takue
JBIPbl NPEUMYILIECTBEHHO IMOCTEIIEHHBIM HApallMBAHUEM MAacChl 3a CUET Ipolecca
NpUpAIIeHUsT Macchl HEOECHOTO Teja IyTeM aKKpeUMH — TPaBUTALMOHHOTO
MPUTSKEHUS MAaTEpUH U3 OKPYXKAIOIIETro IMpocTpaHcTBa. Kak HU CTpaHHO, Takue
IBIPBl MOTYT UMETh IJIOTHOCTh Ja)X€ MEHBbUIYIO, YeM Yy Bo3ayxa. CHHTYISpPHOCTH B
HUX pAacIoJIOKEHa OuYeHb JajeKo OT Topu3oHTa coObiTui. Camas TsKenas
CBepXMaccHBHas 4epHas nbipa Maccod 21 mapa macc ConHila HaxoguTcs 3a
npenenamu Hamed [amaktuku B rajmaktuke NGC 4889 B coszBesnun Bosoch
Beponuku. YepHast nbipa MPOMEKYTOUHBIX (CpEHHMX) MacCc — 4YepHas Jplpa, macca
KOTOpPOM 3HAUYMTENbHO OOJIbIlIe MAacChl YEPHOM JBIPHI 3BE3/IHOM MAaccChl, HO TOpas3zio
MEHBIIIE MAacChl CBEPXMAaCCHMBHOM 4YEpHOW IbIpbl. Macca TakoM 4YEpHOU HBIPHI

coctapiusier or 100 mo 10000 macc Connua. YepHbIX HObIp CPEOHUX Mace
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HACUMTHIBAET JOBOJHHO Majo BO BceneHHOW, M MexaHM3M HX O0pa30BaHUA
HEWU3BECTEH.

3. IlepBuunbie 4YepHble abIpbl. Croga MOTYT OTHOCUTBCS — ABIPBI
pa3IMYHOM Macchl, BKJIIOYAsh MUKPOJABIPBL, 00pa30BaBIIMECS U3-3a PACXOXKICHHUN B
IUJIOTHOCTH MAaTepun W cuwie rpaButanud. OAHAKO pacOpOCTPAHEHBI JbIPHI
OTHOCUTEIBHO HEOOJBbIIOW Macchl M pa3mepa. Takue IbIpbl — 3TO BOPOHKH,
oOpa3oBaBIIMecs] B Hayaie 3apokjaeHus BceneHHol. llepBuuHblE uYepHBIE IBIPHI
chopMupoBanuCh cpa3zy 1mnocie bonbmoro B3pbiBa, B MOMEHT HauyajibHOIO
pacumiupenus BceneHHONW. 3aMETUTh HMX MOXHO MO HU3JIYYEHUIO XOKHUHTa, JH00
HaOIr0Aas 32 TOBEPXHOCTHIO COCEAHUX 3BE3/I.

4. BoJsiocaTtasi yepHasi AbIPpa OTHOCHUTCS K BOJIOCATBIM YEPHBIM JIBIPAM.
OTnnyaroTcs 3TH ABIPHl HAIMYMEM Jydel, TOXO0KMUX Ha BOJOCKH. lIpeamnosnaraercs,
4TO 3TH (POTOHBI M TPABUTOHBI COXPAHSAIOT YacTh MH(POpPMAIUM, MONAJAI0IIEH B
YEPHYIO JBIPY.

S. KBantoBbie yepHble AbIpbI [9]. [ToABISIFOTCS Kak pe3ysbTaT SIIEPHBIX
peakuMii U KUBYT HENPOAOJDKUTENBHOE BpeMsl. KBaHTOBbIE BOPOHKH MPEACTABISAIOT
HanOOJIBIIMN MHTEPEC, TaK KaK MX M3YyYEHUE MOXKET MOMOYb OTBETUTHh HA BOMPOCHI
o Mpo6JieMe YEPHBIX KOCMUYECKUX OOBEKTOB.

CorylacHO TEOpHM YEpPHBIX AbIp B LIEHTPE IMOYTH BCEX TajaKTUK HaxOoIATCS
OTPOMHBIE YEpHBIE ABIPHI C MACCAMH OT HECKOJbKMX MHWJLUIMOHOB JO HECKOJbKHX
MUJJIMAPIOM COJIHEYHBIX Macc. VI cpaBHUTENBHO HEAABHO YYEHBIMH OBLIM OTKPBITHI
JIBE caMmble OOJIbILIME YEpHBIC JIbIPbI, U3BECTHbIC HA CETOAHSIIHUN MOMEHT, OHHU
HaxoAATCs B IByX Onmznexanux rajaktukax: NGC 3842 u NGC 4849.

NGC 3842 — camas sipkas rajJakThKa B co3Be3auu JIbBa, OT HAC HaXOAUTCS Ha
paccrossHnM 320 MUJUIMOHOB CBETOBBIX JIET. B LIEHTpe HEe UMEThCSI OTPOMHAs YepHast
IbIpa Maccoil B 9,7 Muiimmapaa COJIHEUHbBIX Macc.

NGC 4849 — ranaktuka B ckomienue Koma, Ha paccrossuuu 335 MUIIIMOHOB

CBCTOBBIX JICT OT HAC MOKET IMIOXBAJIMTCA HC MECHEC BHYMHTGHBHOﬁ IIGpHOI\/i I[BIpOﬁ.
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30HBI ACHCTBUS TPABUTALMOHHOTO TOJS 3TUX 2ULAHMCKUX YEPHBIX Oblp, WIN
TOBOPS aKaJIEMUYECKUM SI3BIKOM, UX TOPU30HT COOBITHH, MPUMEPHO B 5 pa3 OosbIie
nuctanuuu ot Connua 1o [Inyrona!

Ho ectp B 0OmUpPHOM CEMEWCTBE YEPHBIX IbIP U COBCEM MaJICHBKHE
MpeAcTaBUTENU. Tak caMas Kapiukosas 4YepHas Ovlpd, OTKpPbITas YYEHBIMU Ha
HACTOAIIMM MOMEHT IO CBOEH Macce BCEro JUIlb B 3 pa3a MPEBOCXOAUT MaccCy
Hamero ConnHma. I[lo cyTw 3TO TeopeTHUeCKHii MHUHUMYM, HEOOXOTUMBIA IS
oOpa3oBaHMsI YEpHOW JbIpbl, OyIb Ta 3Be3Jja YyTh MEHbIIE, JbIpa Obl HE
o0pa3oBayache.

UYepHbie ABIPHI SBISIIOTCS CBOETO PO/ «TAJAKTUYECKUMHU TBLUIECOCAMM,
MOTJIONIAIOIIMMH BCE BOKPYT ce0sl, U B TOM YHCII€ U JpyTrue YepHbie IbIpbl. HegaBHO
acTpoHOMaMu ObLJIO OOHAPYKEHO MOEAaHUE YEPHOU JBIPHI U3 OJIHOM TAJIAKTUKE €I1Ie
OOJBINION YepHOM OO0XKOpOM U3 JPyrol TalakTUKWA. Takue AbIphl HA3bIBAIOT

kanubanramu (puc. 13).

Pucynox 13 — UepHble ABIPHI - KAHUOATBI

6 COBPEMEHHBIE NCCJIEJOBAHUSA YEPHBIX /IbIP
UYepHble ABIPbI COCOOHBI 3aXBaThIBaTh B JIOBYIIKY BEIIECTBO, HaXOJSIIEECS

pAOIOM, KakK HUKaKOM ,Z[perfI 06’I>€KT; OHH — CBOCIro poJaa «BCCICHCKHUE CIOOKH.

21



BemecTBo namaer B yepHyro Jbipy nocterneHHo [10]. OHO ABMXETCS C OrPOMHBIMH
CKOPOCTSIMH, TPUOINKASICh K TOPU3OHTY COOBITHM, 3aKpy4YHBAsCh CIUPAJIBIO
B TUIIEPCKOPOCTHBIE METIIN, €CIIM YepHas Jblpa BpaIllaeTCs.

Korga acTpoHOMBI TOBOPST O TOM, YTO BEWIECTBO MOTJIOMIAETCSA YEPHOU IBIPOH,
OHM TIOJIPa3yMEBAIOT HEKOTOPbIE AMU30JUYECKUE COOBITHS, «PadOUMl ITUKI,
NoJOOHBIA BpallleHHWI0 OeNbs B CTUpAJIbHOM MamuHe. YepHas Jplpa Kak Obl
MyJIbCUPYET, OHA TO MOIJIOLIAET BEMIECTBO, TO OCTAETCS B MOKoe. Tak, yepHas IpIpa,
pacrmoyio)keHHasi B IIEHTpe Hamie [amakTuku, ceddyac HaXOJUTCS B CIIOKOHHOM
COCTOSTHMH, HO OHa, TOJJOOHO BCEM YEPHBIM JIbIpaM, MOXKET «BKIIOYATHCS» BpeMs
OT BPEMEHHU.

WHTEepecHO MOHATh B3aMMOCBS3b ATHX ILUKJIOB C OOIIMM MOTOKOM BEILECTBA
BHamel [amakTuke, aTakke BIUSHUE OSTOM YEPHOM JBIPhl Ha CIIOCOOHOCTH
CoHe4HOM CUCTEMBI MOACPKUBATH YCIOBUS, IPUTOIHbBIC JJIS KU3HU JIFOJICH.

Ananurrueckuii 0630p [11, 12, 13, 14] crareii mokasai, 4To pabOYMii LMK
YepHOUW IBbIpHI CBSI3aH C JBMIKCHHEM 3BE3]] B FJIAKTHKE, B IEHTPAIbHOW 00IacTH
KOTOpOM 53Ta uepHas JAbIpa pacnojiokeHa. Te e NpoIecchl, YTO OTIPABISIOT
BEILIECTBO B UEPHYIO ABIPY, TAKMUM 00pa3oM, 3aIyckas ee pabouuil UKJI, BIAUSIOT U HA
3Be3/bl. DHEPrusi, KOTOpas UCXOAUT OT CUSIOIIEN YepHOU IBIpHI B IUKE ee pabouero
IIMKJIa, o0oramaeT TaJlakTUKy M CIIOCOOCTBYET HOBOMY 3BE€3J1000pa30BaHMIO (pHC.
14). Takast B3aMMOCBS3b OYCHb Ba)KHA JIJIsI TIOHUMAHUS ITPUPOJIbI TaTaKTHKH.

3Be3mbl  BTAJAKTUKE  MOTYT  OBITh  KPacHOBATBIMH,  KEIITOBATHIMHU
u rony0oBaTeiMU. ['0yOble 3Be31bI OOBIYHO OO0Jieeé MACCHUBHBL. Bpemsi uX >Ku3HU
HEBEJIMKO, WX BHYTPEHHEE TOIUIMBO CrOpaeT 3a HECKOJbKO MHJIJTMOHOB JIET. DTO
O3HAyYaeT, 4TO €CJIM Bbl OOHApyXHBaeTe ToJayOylo 3Be3Ay Ha HOYHOM HeOe, TO BbI
BUJIUTE MOJIOJYIO 3BE3HYI0O CHUCTEMY M yKa3aHHsS Ha CKOpOE pPOXKIACHUE U ruoOelb
3BE3/bI.

ACTpPOHOMBI 3aKJIFOUMIIM, YTO €CJIM OIL[CHUTh KOJMYECTBO BCETO MCIYIIEHHOTO
KaKoW-HUOY/Ib TaJaKTUKOW CBETa, TO €€ IBET OKAXKETCA MPOMEXKYTOUHBIM MEXIY
KpacHOBaThIM U roigy0oBaTeiM. Ecniu ramaktuka kpacHasi (HaxoJsmiasicsi B «kKpacHOU

MoCjacaA0BaTCIbHOCTH» HaA 3BOJIIOHI’IOHHOI>1 I[HarpaMMe), TOOHa CKOpeC BCCTO
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AIUTATITUYECKAs], aroiyoast (HaxomsImascs B «rojiyooM 00Jiake» Ha dBOIOIMOHHOM

auarpamMme) — CupajibHasl.

TE3MME-NINYHEHNE e

PeHTreHoBckoe MIRYHEHKE o
50 ThIC. CBETOBMX NeT
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YPOBEHb aKTMBHOCTH UEHTPAALHOM YEPHOM AbIpH

Pucynox 14 — 3¢ dexTsl uepHOil IbIpbI

N3yuast qpyrue Oamkaifiiie K HaM COupaibHbIC TaTaKTUKH, YUECHbIE HE HAIIUIH
BHHUX CJIEJIOB TOTO, YTO YEPHBIC IBIPHl OTKAYMBAIOT OOJIBIIYIO YacTh JHEPTHH,
KOTOpasi BJAMsUIAa HAdTH CUCTEMbl Ha PACCTOSHMSIX BTHICSYM CBETOBBIX JIET.
B HEekoTOphIX cllydasiX MOIIHOE YIbTpadUOIETOBOE U PEHTIEHOBCKOE W3IIyYECHHE
OT BEILIECTBA, MAJAOLIET0 Ha YEPHYIO JBIPY, MOXKET CO3/1aBaTh 00JaCTH aKTUBHOIO
MCTEYEHHS] HArPETOro raza u3 cucteMsl (puc. 15). DT MOTOKU ABUKYTCS Yepe3 30HbI

3B€37000pa30BaHus TAIAKTUKH MOJOOHO TOMY, KaK ABMXKETCS TEIUIbIA aTMOC(EPHBIit
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(GpOHT HaJ MOBEPXHOCTHIO 3eMiIH. TOUHBIN MEXaHU3M TOTO, KaK 3TH TIOTOKH BIHSIOT
Ha 3B€3/1000pa30BaHuEe, HEU3BECTEH, HO U3BECTHO, YTO OHHM 00JIaatoT OOJBIION

SHEPTUEH.

Pucynok 15 — I'onyOble 0051acTH B CKOTUIEHUH TajakTuk [lyms

YKa3bIBarlOT Ha TCMHYIO MaTCPHIO

BaxkHO OTMETUTb, YTO HEIABHO AaCTPOHOMBI OOHAPYKWJIM, YTO HaIla
[NamakThka Kak pa3 HaXOIWUTCS Ha DBOJIOIHOHHOM CTamuu «3ejeHor moiauHbDy [10].
OTOT PakT 03HAYaAET, YTO CBEPXMACCHUBHAsI YepHas JIbIpa, PACHOJIOKEHHAs B LICHTPE
Hameil ["anakTuku, MOXeT 001a1aTh OBICTPHIM pabOYMM IMKJIOM, YTO HEOXKHJIaHHO,
MMOCKOJIbKY OHAa HE BBITVISIIUT aKTUBHOW COTJIacCHO HaOmofaeHusM. OHa TPOSBIISET
ce0sl TOJIBKO TI0 XapaKTEePHBIM HCKPUBIICHUSIM OPOUT 3BE3] B IICHTPAIHHON 00JIacTH
lNanaktuku. Y Mo 3TUM JaHHBIM MOKHO OIIEHUTh €€ MaccCy BCEro B4 MJIH COJIHEUHBIX.
CornacHO HaIIMM MPEIBIAYIIUM PACCYXKISHUSIM, 3Ta 4YepHas JAblpa JOJKHA OBIThH
AKTUBHOW.

Cpenu Bcex MeCT BOBCEX TrajlaKTMKaX BO Bcel BcelleHHOW 4eloBeuecTBO
BbIOpAJIO JJi1 CBOEr0 OOMTAHMSI UMEHHO Takoe MecTo. OJTHAKO HMKTO HE MOT 3HAaTh

3apaHee, 4YTO Hama [ajmakThka Jana yOeXHWIe MPONKOPIUBONH UYEPHOU JIbIpe.
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BnpouewMm, ObITh MOXET, MEXKAY TaKUMU OOBEKTaMU M BOBHUKHOBEHUEM >KU3HH €CThb
B3aMMOCBS3b.

JICHCTBUTENBHO, OKa3bIBACTCSA, YTO CHUTyallHs KapAUHAIBHO W3MEHUJIACh
COBCeM HeaaBHO. MbI HaOmI0aeM pPEHTIEHOBCKOE W3IyYeHHUE, MCXOJAIIee OT
MEX3BE3/IHBIX O0JIAKOB Ta3a, KOTOpBIE PAcIoyIoKeHbl Ha paccTossHUU 300 cBETOBBIX
JET OT FaJIaKTUYECKOr0 IEHTpa. DTO 03HAYAET, YTO BOJIM3M TralaKTUUYECKOIO LIEHTpPa
300 mer Hazang OBUIO BBHIOPOIIEHO PEHTIEHOBCKOE U3JIYYEHHWE B MIJUIMOH pa3
0oJIbIIIE, UEM CeHyac.

B 2010 r. HeOonbmiasg rpymnma u3lapBapICKOro yHUBEpCUTETa OOBSIBUIIA
0 TOM, YTO TyCKJasi, HO OOIIMpHas 00J1acTh, BUAUMAS B TaMMa-U3ITy4YE€HUH, IBHIKETCA
U3 BHYTpeHHUX oOjacteil ramaktuku. OHa paccpeioToueHa I10 MPOCTPAHCTBY HU
MMEET BHJ TMAapbl My3bIPEH, KaXAbId Pa3MEpOM OKOJO 25 ThIC. CBETOBBIX JET.
[ToncBeueHHble POTOHAMM TaMMa-U3ITyUYEHUS], 3TH Iy3bIPH MOTYT OBITh PE3YJIbTATOM
AKTUBHOCTHU LIEHTPAJILHOM YepHOU IbIphl, npousoueamei 100 Toic. JeT Ha3an.

Ecau Mueunsiii [lyTh mOmuuHSIETCS TEM K€ 3aKOHaM, YTO W HaOJIIOJaecMbIe
HaMM JECATKM ThICAY TajakTHK, TO Hallla TaJaKTUKa JOJDKHA COJEpXkKaTh
PETYJSPHYIO B CBOEH aKTMBHOCTH YEPHYIO JBIPY, MYCTh JaK€ U HE CaMyIO OOJIBIIIYIO
unpoxopauByro. M B 11000 MOMEHT MBI MOMKEM OXXMJATh BCIBIIIKH €€
I'PABUTALIMOHHON aKTUBHOCTH.

Hecomuenno, Hama ramaktuka Mieuneii [lyTe m cBepxmaccuBHas 4depHas
Iplpa BE€ IICHTpE — OCOOEHHBIE, MOTOMY YTO HMEHHO B Hameh [amaktuke
3apoauiachk pa3yMHas Ku3Hb. (CBepXMacCMBHAas Ye€pHas IbIpa B LUEHTPE HaUIEH
ralakTuku Mneunbiii [lyTh cyiecTByer, HO IMpelCTaBiseT cOOOM MBbUITMHKY (XOTS
Y IOBOJIBHO YBECHCTYIO — B 4 MJIH COJIHEUHBIX MAacC) OTHOCUTEIBHO Pa3MEPOB BCEH

["ajmakTukn.
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3AK/IIOYEHUE

MEl kMBEM B yIMBHUTEIBHOM Mupe. HaM xodercs MOHATH TO, YTO MbI BUIAUM
BOKpYT, M CIPOCHUTH: KakoBO HpoucxoxiaeHue Bcenennoil? Kakoe mecto B Hew
3aHMMAaEeM Mbl, 1 OTKYyJa MBIl M OHa — BCE 3TO B3suioch? [louemy Bce NMPOUCXOAUT
UMEHHO TaK, a He MHaue?

N3ydeHne YepHBIX IBIP, BO3MOXHO, IOMOKET YEJIOBEYECTBY OTBETUTHh HA
BOIPOCHI, KOTOPBIE CTaBWJIM U CTaBAT Inepen co0oil ydeHsle, pumocodbl U mpocTo
OOBIYHBIE JTIOH.

CHauana 3aKOHOMEPHOCTM UM 3aKOHbl ObLIM OOHApY)XEHbl TOJBKO B
aCTPOHOMUHM U €Ill€ B CUMTAHHBIX Ciay4asx. Ho mo mepe pa3sBUTHs LUBUIM3ALNH, U
OCOOEHHO 3a TMOCIEAHUE TPHUCTA JIET, OTKPHIBAIUCh BCE HOBBIE M HOBBIC
3aKOHOMEPHOCTH M 3aKOHBbI. 3aKOHbl TpaBUTAlUMM ObUIM HECOBMECTUMBI C €IlIe
HEJIaBHO OBITOBABIIEH TOUKOM 3peHHMs, 4To BceneHnas He U3MEHSIETCSI CO BPEMEHEM.
CormacHo oOmeld TeoOpUuH OTHOCUTEIBHOCTH, B MPOLUIOM JOJKHO — OBLIO
CYIIIECTBOBATh COCTOSIHUE C O€CKOHEYHOM IIOTHOCTHIO — OOJIBIIION B3PBIB, KOTOPBIA
Y CTaJl HAYaJOM OTCUETA BPEMEHH.

Ecnmu MBI JEHCTBUTENBHO OTKPOEM IIOJHYHO TEOPUIO BO3HUKHOBEHHS
BcenleHHOH, B YaCTHOCTH IyTEM H3YYEHUS U TEOPUM BO3HUKHOBEHMS YEPHBIX JBID,
TO CO BPEMEHEM €€ OCHOBHBIE ITPUHLUIIBI CTAHYT JOCTYITHBI HIOHUMAHUIO KaXA0To, a
HE TOJIBKO HECKOJIBKUM crienuanucTam. M Toraa Bce Mbl, CMOXKEM NPHUHSTH YHaCTHE B
IUCKYCCUM O TOM, MOYEMY TakK IMPOMU30LLI0, YTO CYLIECTBYEM MBI U CYIIECTBYET
Bcenennas.

Wtak, B paMKax CBOETO HCCJIENOBaHUS ObUIM MPEINPHUHSTH MEpBble IIaru,
pelIeHs TOCTaBICHHOU MPOOJIEMbI: Mbl IO3HAKOMUJIUCH C IPUPOAON YEPHBIX JBIP, C
TEM, YTO MPOUCXOAUT B UX OKPECTHOCTAX M YTO MOKET MPOUCXOIUTh BHYTPU CaAMHUX
nplp. 1lokasano, yrto Hama ramaktuka Mieunsii IlyTe u cBepxMaccuBHas 4epHas
Iplpa BeE€ LEHTPE — OCOOCHHbIE, MOTOMY YTO HMMEHHO BHamel ['amakTuke

3apOJIIJIach pa3yMHasi )KHU3Hb.
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HecMoTpst Ha Becb MNporpecc, IOCTUTHYTBIM B HMX HW3Y4YEHUH, MPUPOJA
MPOCTPAHCTBA U BPEMEHU YEPHBIX JBIP B OOJIBIION MEpE €Ile OCTASTCs 3aral0uHOil.
S Oyny mnpomomkaTb CBOE HCCIEIOBAaHUE M CJHEAUTh 32 COOBITHSMU

OTHOCHTCJIbHO YCPHBIX ABIP.
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