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OBIIA A XAPAKTEPHUCTUKA PABOTHI
CrpykTypa auccepTrauum

Muccepranust COCTOMT U3 TPeX HACTel, KaXKAa% U3 KOTOPLIX COAEpMUT Beefesue (o6zop
JIMTEPATYpPbl), Pa3fensl, 3aKIOueHHe U BLIBOABL JlHCCEPTaLMA TakiKe COJZEPIKMT CIHCOK
ymreparypst (170 naumenosanuit) u 9 IprIIOKenHil.

Obumit ofbeMm guccepranyuu cocraiser 182 erpammis, Bxmovas 45 pucyHkos 1 5 Tabsmm.
B P

AxTyansHocTs paboTsl

IlepBas 4acTh AMCCEPTAIMH MOCBSIIEHA HAXOXKIEHUIO HOBBIX TOUHBIX PEIIenyit
A5 3JEKTPOMarHMTHbIX MOJICH OKOJIO FOPH30HTAa YEPHOR ABIPHI.

B nocneanee BpeMst IMPOKo 06CYKAAI0TCS Pa3THYHbIE MOJEH YCKOPEHHA YaCTHIL OKOJIO
KBa3apoB, OKOJIO CBEPXMAacCHBHEIX 1epabIX Abtp (CMY/L) B a1pax rajlakTHK M 0KOMO YepHLIX
JBIP 3Be3JHBIX MACC B Hallel ragakTHKe.

Kpasaps! npospisor cedd kak KOMIAKTHBIE, MOUbIE HCTOYHHKH 3J€KTPOMATHUTHOrO
n3Tyvenua, objajaomye B psfe CIy4aeB Y3KOHANPABIEHHLIMM MOMILIMU Bhibpocamu
(IrKeTamu) M ABIAIONIECS, CKOPee BCEro, aKTHBHBIMH SAPaMM rajakTHk. VX usyueHue
0COBEHHO MHTEPECHO B CBA3M C HCCIEJOBAHMAMU CHIXPOTPOHHOTO HATYHeHHs: U 06PaTHOTO
KoMnTonosckoro paccesiuda 0T Y3KOHAIPABIEHHBIX BHIBPOCOR, HABMOMASMEIX B IIUPOKOM
CHeKTPe OT pajuo 10 TramMa AuanazonoB. OcofeHHO BLICOKOe YIVIOBOE Ppa3pellelHe,
peanusyemoe pasno-MHTEPEPOMETPAMH, YKAZLIBALT Ha WCKIIOYUTETLHO MAJIYlo LIMDUHY
cTpyu (CPaBHUMYIO C TDaBUTALMOHHBIM DaJdycoM) IO Mepe NpHOMKEHMA K Hepuoi
Apipe. st ofbsiCHeHHs YCKODEHMS YacTHI] OKOJIO TAKHX PeISTHBUCTCKUX OODBEKTOB
(4epHEIX ABIp M HEHTPOHHBLIX 3Be3N) OOBIMHO PACCMATDPUBAIOTCA IBA BUOA MEXAHH3MOB:
YCKODEHUE IEKTPUYECKHM TONeM M MATHUTOPUIPOJMHAMUUYECKOS yekopemue (Mexaumsm
Bnendopaa-3uaeka [1]). B ocnope 3Toro MexamusMa JexuT MAPHHTOrHADOAHHAMUYECKAT
mozens (MII) mnasmel, axkpenupylolell Ha BpPamIAONyIocs HepHylo AupY. Baarogaps
npoueccy Bapauua-Ilerrepcona 2] akkpenus Moxer HPOMCXOAUTD TONBLKO ¢ SKBATOPUANLHOI
IIOCKOCTH, TI0ITOMY UMEET CMBIC] MOAEJIHPOBATH AKKPEUHMIO, KaX CYNEPIO3HIUIO KOTbLEBHX
TOKOB B IJIOCKOCTM 3KBaropa. Takoe MOJAENUPOBAHME KOPPEKTHO, €CJM POJKACHME map
MHAYUUPOBAHHBIM 3JIEKTPUHECKAM NOJEM TNPUBOAMT K TOKAM MHOTO MEHBLUIMM, teM
Konblesoll Tox-ucrounuK, Idext Xoykunra (3] pox/JeHus YaCTHI Ha FOPHIOITE B JaHHO
MOZEN npeHedPEXIMO MaJl, IOCKOIBKY P KOMITOHOBCKOM JAJIHHE BOTHBL YACTHIB MHOTO
Metibillelt eM PaAMYC KPUBH3IHEL IIPOCTPAHCTBA OH A3ET OYeMb Maiylo nompasky. [lns
3JIEKTPOHOB 3TO COOTBETCTBYeT YepHoii Anipe (Y1), Macca KoTopoit Boanie, ueM MpAMepHO
10-18 04,

Vexopeiie 3MEKTPUYECKMM [OMNEM U CAMO €T0 CYLIECTEOBAHME HEPA3PLIBIO CBA3ANO
€ MaJioil [UIOTHOCTBIO IIa3Mbl B paccMarpusaeMoM 00neMe (Bakyymnoe npubimxenue).
VYeI0BUS BAKYYMHOrG nNpubiuzkeHus, NO-BHIMMOMY, DeaH3yloTcs B Marnutocdepax
nynbcapos i wekotopsix tunor CMYJ, (Bnenadopna (4], Bapbumi u Jlonro 5]). B srom
CllyYae BOSMOXKHO YCKOpeHMe HaCTHLL 10 Opeieibto Bbicokux suepruit (Kapaaes [6]).



Tlpenennnas xonuenTpanus 3apanos, OpH KoTopoit eme paboTaer BakyyMHoe npubnuienue
onpegensiercs gopmyo# (Fongpaiix u Joxymnan [7]):

< [(QH)] 1 nems H -2 3

2rce P 10°Tc o ()

BILECB Q- yrjioBast CKOPOCTbH BpalneHus, H - XapakTepHasa BeJIMYAHA MArHUTHOrO IOJS,

€

P - nepuon Bpamenus, ¢ - CKOpoCTs CBeTa, e - 3apsx diekrpona. M storo Beipaxkenus
BHIHO, YTO JUIfi THIWYHBLIX KBa3apoB OMKHO OmiTh: me < 1072cM~3, QTmerum, 4ro B
ME2KTAJITAKTHYECKOM TIPOCTPAHCTBE T, = 10-8 CM—3, B lalaKTHKE N, =~ 1em~3. Hanmuuue
YePHOH JILIPHL B UEHTPE TAK XKe BeJIeT K YMEHbIIeHu10 n, 861131 Hee. KpoMe Toro MarsnTHsIe
nons okono CMYJI moryT gocrurats Bemuynnsl nopaaxa 10°Te (Kapaames [6]). B mo6om
Clly4ae BONpOC O NPUMEHUMOCTH BaKYyMHOr0 NIpUBIMKeHHs JOCTATOYHO CII0KHBIA U DOJDKEH
pewarbes ¢ yyetoM pusuxn Y1,

Jna nonuManusi acTpoM3MKK KBA3APOB TakxKe HMeeT 0OJbLIOe 3HAaYeHHe M3ydeHHe
B3aMMOJENCTBUS IJEKTPOMATHUTHLIX [ON€fl C IPaBUTAUMOHHBEIM [O/EM Bpaujaoueica
Y4epHOR OBIpBIL.

B -GombuunncTee paboT, Ha KOTOpblE NPHBEEHBI CCHUIKM B 3TOH 4aCTH, BHIMHC/IEHHS
3JEKTPOMATHUTHOrO OISl NPOBOAATEA € Ucmos3osanueM (3+1)-popmamuama. B ornuune
oT »TuX paboT 3nech Byaer mcrons3oBad ofiexoBapuanTHHIN dopManuaM obuiel Teopun
ornocurensiocTy (OTO) n e 6yaer ncnonssosano npubamxenne ML - BmopoxentocTn
MATHUTHBIX CHJIOBBIX JIMHMMA B ILIa3My, YTO BEZET K YCJIOBHIO PABEHCTBA HYJIIO CKAaJIAPHOrO
IPOU3BEJIeHMA 3NEKTPHHECKOr0 W MaruuTHoro noselt (Geccunosoe nose). B atom paspere
NPEANOIaraeTcs, YTo BakyyMHOe NMPHO/IHMIKeHHe BbINOIHACTCS, YTO II03BOJUT PACCMOTPETh
CTPYKTYPY 9JIeKTPUYECKOrO II0JIs1, BO30YKNaeMOro BPAIAIOIUMCS AKKPELMOHHBIM JUCKOM
C TNOMOMJAJIBHBIM MAarHMTHbIM noseM. llocTanoska 3Toft 3ajaum asasoruusa pabore
Joifua [8], namemuero CTPYKTYpy 9JIEKTPHYECKOrO IOJISl, CO3AABAEMOro MUIIOJNBHRIM
MArHUTHEIM NOJieM, BMOPOKEHHEIM BO Bpalaionyocs 3se3/ly. Kenu nposoauux Bpamaeres
BMECTE C BMOPOKEHHLIM B HEr0 MAIHMTHBIM MOJEM, TO BO Bpaluaioileics cucTeMe, TAe
fIPOBOJIMMK MOKOUTCS, BHYTPH HErO 3NEKTPHYECKOe NoJie JOKHO OTCYyTCTBOBATh. [lostoMy B
HHEPIMABLHOM CUCTeMe BHYTPH NPOBOAHUKA 3-32 HATMYHS] MAMHUTHOTO NOJIS MHAYLUPYETCS
2JIEKTPHYECKOE 1I0JIe, KOTOPOE CO3/aeT MOBePXHOCTHBIA 3apan (B wacTHOM ciiydae Iyist
MATHUTHOIO JMMOA C KB3/PYIONLHEIM pacnpegesenneM). DTOT IIOBEPXHOCTHLINA 3apsi
M SBISETCS MCTOMHAKOM BHEIIHEro 3IEKTPUUECKOro nons. B auccepramuu pacemorpena
aHANOTHYHAs 33]a4a IS AKKPElIMOHHBIX JMCKOB pasHoit opMbl.

Bropas wacTe AMCCEpTaUMM TMOCBSIIEHA HAXOXKIAEHHIO HOBBIX 3pdexkToB y
CTAUMOHAPHBIX KPOTOBLIX HOP.

Tlocnentue HeCKONbKO NET B Hay4npix NyOIMKaLMsAX NO PesSITHBUCICKOR acTpodusnke
3aMETHO BO3POC/IO KOJIM4YECTBO pabor, nocBawlenHbix TepMuiy "wormhole". B nepesone ¢
aHIVIMICKOrO 3TO 03HAYAeT «YEPBAYHAs HOPay.

B mannom pasjiene 6ysiet ucnossaosaThes Tepmun "kporosas nopa”. [Touemy e Tepmun
MEPEBOAUTCA MMEHHO KaK «KPOTOBast HOpa»?



Cooteercraytouuit anrauitickut repmun WORMHOLE neoanosHauno nepesogurcs Ha
pyccruil 83u1k. BO3MOKHLL PazRBIE BAPUANTH! EPEBO/IA ITOFO TEPMUHA.

B 2004 rogy cpeau pycCKOroBOPAIMX (OH3NKOB, HMEIOLIHX Iy DINKALMY 110 3TOI TeMaTHKe
OLIIO NPOBEEHO 1'ONIOCOBANUE A BbIGOpPa PYCCKOTO TEPMHHA, B HEM Y4acTBOBAJIN:

Kupuan Bponnuxos, Hukoaa#t Kappames, Cepreit Kpacnukos, Mropes Hosukos,
Maprapura Cadonosa, Cepreit Cymikos, Anexcannp IHaukui.

To6enuna TepMun «KPOTOBAS HOPas.

Benseck nayunux nybmuxamuit 10 KpOTOBBIM HOPAM BIOJIHE AHAJIOTHMEH TaKOMY Ke
Bertecky B 70-e rojpl POLLIOrO BEKa N0 YePHBIM JBIPaM, KOTOphIE B TO BpeMsi (Takxke KakK
M KDOTOBBIE HODHI ceif4ac) CYMTANHCh CBepXaK30TuueckuMH obvekTamu. Ceityac, Bugumo,
9TOT BCIJIECK WHTEpECa CBA3aH ¢ OTKPHITHEM «TEMHOH IHEPTUM», yPABHEHHE COCTOAHUA
KOTOpoit MozBoseT (B npuiuIe ~ Kak Gyer 1okasano nanee) 06pa30BLIBATS CTALMONAPHDIE
KPOTOBbIE HODBI.

Pemenne cambix axTyaJbHBIX BONPOCOB acTPOMHIMKM MOMKET OKa3aThCsl BechbMa
NapajOKCaJIbHBIM 1 HENPUBBIYHBIM C TOYKM 3PEHUs CYIIECTBYIOWMX HAYWHBIX JOTM.
B Hacroslee Bpems B acTpoU3MKE M, B HacTHOCTH, B KOCMOJOIHH OTKPHITO MHOTO
neobprunoro. Hanomuun ueropuio sonpoca o kporosbix Hopax (KH) s actpoduszuxe:

B 1935 roay nosBmiach nepeast cepné3Has paboTa Mo KPOTOBBIM HOPaM DiiHmmreliHa
u Pozena [9]. B aroit pabore aBTOPH HCHONBL3YIOT TEPMUH MOCT VI ONMCAHUS
CBOEro FUNOTETHUECKOIO OOBEKTa, KOTOPHI CEroAHs MpaBuiibHee HAa3LIBATL HEMPOXOIMMON
xpotopoit mopoit (HKH). Diimwreiin ¢ PosenoM nuuryr: «9T1i pellenns BKIOYAOT
MaTeMaTH4eCKOe NpeJCTaBjeHre O GHUINYECKOM NPOCTPAHCTBE, KaK O I[POCTPaHCTBE
JBYX OJMHAKOBbIX 00JIacTell, COEIMHEHHRIX MOCTOM». JT0 OBIa 3aMeuaTenbHas uzes,
OJJHAKO MATeMATH4eCKad MOJAENb, NPeIocKeHHas aBTopaMy, He 6biia koppexrhol. [lepsoit
coBpeMeHHOlt paforofi 1o sToMmy Bompocy Oblia crarba Yumnepa B 1955 roay |10} B
aToi pabore mpuBoguTCA mMepBan Juarpamma KpoToBod Hopnl. B 1957 roay B masecrnoit
pabote [11] Musuep n Yumiep nepseIMH IpeIJIOKKUIH TepMHH wormhole ana ¢usmnueckoi
0bLIECTBEHHOCTH.

B nuccepTanuy npeIPHHATS NONBITKA JOKA3aTEAbCTBA TOPO, 4TO PAA ACTPOPUIRUECKHX
obbexToB MoryT okasarbes BxogaMH B KH. 9tu KH Moryr saBasdThest OCTaTKaMu
oT UHQIAUMOHHOH 310Xy B 3soromun Bceenennoit. Mogens xaoruveckolt uuistuum
SIBJIFETCS OCHOBOM COBPEMEHHON KOCMOJIOIUMH K IIPE/TIONATAeT CYIECTBOBAHNE, KPOME Harlell,
6eCKOHe‘{HOFO KOJIM4YeCTBa IPYIrUX BCEJE€HHBbIX, BO3HUKAIOLIUX B CKaJlS{PHOM noJne B’paSHbIX
ofslacTAX M pa3HLle MOMEHTH BpeMeHH, o0pasys ‘“NIpoCTPaHCTBEHHO-BPEMEHHYIO meHY”
[12-14]. IlepBuunbie NpoCTpaHCTBEHHO-BpeMEHHBE TOHHENM (KPOTOBbIE MOPBI) BEpPOATHO
CYIleCTBYIOT B MCXOAHOM CKAlaApPHOM mose [15], OHM BO3MOXHO cOXpanswTCA noOCie
nndaauun [15-17], cBaA3bIBaIOT pasiuuHble PaiioHbl Halell i APYTHX BCEJIEHHBIX, OTKPbIBAS
YHHMKAJbHYIO BO3MOKHOCTH MCCJeIOBAHMs MHOrodjieMenTHOH Bceenenuoit n obnapyskenus
HOBOI'O THNA OOBEKTOB ~ BXOAOB B KPOTOBBIE HOPHI. ’

Onnako ananmuz mogeneit KH nokasmisaer, wro jis uX cyluecTBoBanHst neofxoanmma
MaTepust ¢ HeobbIynpIM ypaBsenueM cocrosuns 18-20]. YC nomkHo 6biTh 2HU30TPONHBIM,
a BejiMuMNa wy = py/¢ nomkua GbiTe Memsme —1, kak y anromuoit matepru (p| -
CYMMapHOe JaBjeHue BJIOJb KPOTOBO HOPBI, € - CymMMapHas IUIOTHOCTh 3HEPIUM BCEX

[11



Puc. 1: CneBa - mosiess xa0THyecKoit nudbasmontoi Muoroanemertholi Beenensol 6e3 KpoToBsIx
HOp, CIPABA - TOXKE, HO ¢ KPOTOBBIMH HOPaMH.

KOMIIONENT Marepnn B Kporopoii Hope). CyluecTBoBaHMe TaKoif MATEPHH NBIAETCH IOKA
npe/onoxKennem (21].

3iech paccMoTpeHbl MOJENH, Ie OCHOBHBIM MaTepPHAJIOM JUIA KH, 06,13,1A101HM BCEMH
11€0BXOMMMBIMH CBOMCTBAMM SIBIISETCS [IPOHUBLIBAIOIIEE €8 CHNBLIOE MATHWTHOE 110€, a
anToMHas MaTepHsi HYXKHA TOJIBKO B BHAe Majoil Aofapku, W HaobopoT, MOIeIu, Iie
OCHOBHLIM MaTepuanom sBisercd danToMuas dHeprsa ¢ YO GnuzkuM K BaKyyMHOMY:
(p/e = —1) » nobaBkoil MJIOTHOCTH HEPrHM MATHHTHOTO 10AdA. IIPH 3TOM HEKOTOphLIE W3
Haﬁﬂ}Dﬂ,aﬂ:MNX ACTPOHOMUYECKHUX ofLekToB MOTYT OKa3aThCH BXOAaMHU B KPOTOBBLIE HOPLI.

Tperbs 4acTs JUCCEPTALMM MOCBAIMIECHA HAXOXMKIECHHUIO HECTALMOHAPHBIX
AHATMTHYECKHMX M YMCJIEHHBIX DEIeHNi y YepHBIX JbIP M KPOTOBBIX HOP.

Hecranuonapueie zagaun g OTO uMeloT NpHHIMOUAILHLIE OTIMYHS OT AHAJOPMYHBIX
3aja4 B [UI0CKOM npocTpaHcree-Bpemenn. B wactnocri, 8 OTO k addexram npusiceHus
(munavuky) Marvepun gobasnmores AuHamuveckue sddextsl fedopManuy KOOPAUHATHOMN
peuterku. OTIMyYATE OJHO OT JAPYroro, Kak npasuio, DoiBaeT oueHb caokHo. B mannoit
YACTU JUCCEPTAUWA TION TEPMUHOM <«ABUMeHHe» [10pa3yMeBaeTCs cylneprnosding JUHAMWUKH
u aedopmaruu.

B nmocneiiee secatwieTue ObLIO AOKA3AHO, WTO B0 Beeaennoil B Goapinux macmrradax
JOMMHMDYeT HeoOblumasi MATEpHs, NONYy4YHBIUAA HA3BaHue «TemuoM smeprums (22, 23]
Temna:a DHEPTHA HapymaeT TaK Ha3blBaeMblE <«CUIbHLIE 31[3})?3'1‘“‘1&(:1(“&‘ yCJ‘lOBﬂH»
M BO3MOMKHMO HApYIIaeT «ciabble sHEpreTHveckue yciopus» [24]. B pabore [22]
paccMaTPUBAach MATEPHH, KOTOPAA HAPYIUAET BCE SHEpreTHyeckue yenorus [24]. Dot sug
MATEPHHA [T0JIy4HJ1 Ha3BaHue (haHTOMHON MaTepHH, /1A KOTopoi

E+p” <0, (2)

Ijie £ - IIOTHOCTE IHEPTUH, P - PaAHaIbLOe fasnenne [25, 26].

Bo wmuorux paborax mocjejHero BpeMEHH PaccMATPHBAINCH IIPOLECCH € yHacTHeM
ayromuoil Matepun. Croga orsocsres paborbl 0 akkperus chaHTOMHON MaTepun Ha
seprble Abtpsl (ev. Hanpumep [27-31]) u npouecesi ¢ yuacTuenm kporossix nop |16, 24, 32-48|.
TTpupojia cHECYIAPHOCTH BHYTPH ePHBIX /LI i KPOTOBLIX HOP paccMoTpena B padore [49).

]



B pa6orax Kapaawesa, Hosuxosa u Illankoro [50-52] u auxoro (53] 6si1a paceMmorpena
rUmoTesa O TOM, YTO HEKOTOpwle acTpodudnuyeckue o0LekTH (HANPUMEpP HEKOTOpbie
AKTUBHBIE SAPa ajaKTHK WM HEKOTOPhIE KBA3apbl) MOLYT ObITb BXOJAMHM B KPOTOBbIE
sopbl. HanoMHuM 4T0, KpOTOBLIMU HOPAMK HA3LIBAIOTCH B OOIIEH TEOPHM OTHOCHTEIBHOCTH
TONOJIOrHMECKHE TOHHENH, COeJMHsIoUIMEe OTaalienHble obnacTu npocrpanctsa Beenennoit
(em. manpumep [9, 11, 15, 25, 26, 54-56] umnu, faxe, 0671aCTU B Pa3NBIX BCENEHHBIX B MOJENH
MHOXecTBeHHbIX Beenennnx (57]). 3necs BynyT npensoxentt 6onee TOYHLIE RPU3HAKY LK
KPOTOBbIX HOP H 4ePHLIX AbIP B HECTALHOUAPHOM ciy4ae (OBMHX JOKTBHBIX CnipeaeneHuit
B HECTAL(UOHAPHOM CJly4ae, KAK BLISCHSIETCS, HE CYIIECTBYET).

B pabore [58] ObUla 3HAJIMTHYECKM DelleHa 3ajava aKKpelud ObIJIeBON MaTepuu Ha
KpoToBylo HOpY Dinnca-Bponnuxosa! (25, 26] ¢ nocnesyionmm BozHUKHOBeHHEM HepHO
neipt Peitcnepa-Hopaerpema.

B paGorax [32, 35, 36] 6nuta npoananmsupoBana caeiymomas npobuema: Pacemorpum
BCroAy mycroe cdepudeckoe noge Taroresus (none Ileapuumnraa). Takoe mpocrpancTso-
BpEM# UMeeT TONOJIOTHIO KpoToBoit nops! ("Mocr Ditturrelina-Posena” [9]) n onnceisaerca
metpukoit Kpycxana [59-62), cm. ofsop B [55]. Coorsercreyromee npocTpancTBo-BpeMa
COCTOMT U3 JBYX aCHMITOTHYECKM-ILUIOCKMX NPOCTPAHCTB (ZBYX Bcejlenubix) Ry u Ry,
coemuenHbix "KpoTosoil Hopoit". Kax ussectno (cM. [55]), nabmonarens B R, ne moxer
[oc/iaTh CHrHad B Ry 1 HaoGopor. Kaxapiil Takoii CHI'HA/ BXOAUT BHYTPhL 4epHON ALIPHI
(suyTpb T-06n8CTH, OrpaHUHEHHON IPABMTAIMONNBIM PALKYCOM Ty - CM. [55]) u newstexmo
nocruraer cuniryaaproctd = (0, obpasyrometica puyrpa T-oBnactn. Takmm obpasom,
moct Ditnmreiina-Posena senserca nenpoxoaumodt kporosoit nopoit (HKH). B paBorax
{32, 35, 36] nokasano, uro ecim ofmy4ars Takyro HKH rpasurtupyonmM sk3oTHyeckum
U3JIydeHHeM (U3MydeHueM ¢ IUIOTHOCTHIO dHeprru ¢ < 0, cM. [36]) ommospemenno u3 R,
n R, Bcenemnnix, to HKH npespamaerca B npoxogumyio kporosyio uopy (ITKH) u
obmen cursanamu Habmosateneit 8 Ry u Ry crasosurcs BosmoxubiM. Takas npouenypa
- opuospemenroe obsyuenne HKH c oboux cropon R; u Ry, BRITISAMT MCKYCCTBEHHO, T.K.
Tpebyer corslacoBanHbix AeficTBull nabmoareneit B By u Ry, xoTs1 oOMeH curnanaMu MexAy
unMu 3apanee (g0 npespaienuss HKH 8 IIKH B pesyabrate 06i1y4eHns) HeBO3MOKEH.

Ienn u 3agauu paborbl

Huccepranmonnas paboTa nocsaneHa axTyaJbHBIM BONPOCAM COBPEMEHHOH (QH3MKK
M  HMEeT BAXKIOe 3HAYEHHMe [i8 acTpOU3UYECKMX [PHIOKEHMA. D10  BONPOCH
3MEKTPOLMHAMUKN YEPHBIX AbIP M BOMpPOCHI, CBA3AHHLIE C IUIIOTE30H KPOTOBHIX HOP —
DPEASTHBUCTCKUX OOBHEKTOB, SIBJSIOMUXCA TOIOJOTMYECKHMH TOHHENSIMH, CBSSLIBAIOIUMU
orfanennse obaacTu Hawed Beenennoit wiu faxe 061acTi Pa3HBIX BCEJIEHHBIX.:

ABTrop ABNAETCA OAHYM U3 HHHLMATOPOB AKTHUBHOro 00CYy K AEHMS ITHX BOTIPOCOB B Haluelt

! B mozmenu (B [58]) kpoTonas Hopa Dnanca-BpoHHIKOBA NOA/EPKUBANAC PASMATLHLIM MATIHTHLIM NIOTIEM
1 haHTOMHOK MaTepuelt B BUAE SK30THHECKON NBUIA ¢ OTPHLATEBHON NIOTHOCTBIO 3HEpruM (enle oM
BOIMOXKHBIM BAPUAHTOM MATEPHU ANS NOAEPKAHNUA TAKOH KPOTOBOI HOPH SRJIACTeA MHAMOe Be3Maccosoe
CKaaApHoe noae).



crpane. Bo Bcem Mupe HpobaeMsl 31EKTPOAMHAMUKA YEPHBIX ABIP ¥ (PU3NKN KPOTOBEIX HOP
B HaCTOAllee BpeMs WIMPOKO 00Cy K 1a10TCA.

B jmccepraijponHoil pafoTe pemaloTes CieLyiolue 3a0aun:

1. Haxox/ienue rpaHuvHbIX YC/IOBMM JJif OJOMAA/IBHEIX 3/IEKTPOMArHUTHBIX NOsel Ha
TOPH30HTE YEPHO ABIPH B TEH30PHOM OAXOE.

2. Haxoxnaenne IBYX HOBBIX TOYHBIX DelI€HHHt oOLIEH TEOPMH OTHOCHTENLHOCTH JUIS
3/eKTPOMATHATHLIX NOJE]l B BakyyMe B MPUCYTCTBUM 4€PHO AbIpnl. DT0 yuumnonsipHo-
BHAYKLUMOHIBIA ¥ MArHATHO-TPABMMAIHATHBIN MEXaHU3MBI.

3. B paccmorpenHbix  OOMEPeNSITUBMCTCKHX MOJENAX HCCIIEAYETCA  YCKOpPEeHue
3apAXEHHBIX YACTHL, BAOJIb OCH JMCKA U KOJUTMMAUMs BAOIL Hee.

4. Tloxasano, ¥ro BHIUEONHMCAHHBIE MOJENH JAIOT VIS SHEPTMH YCKOPIEMBIX 4aCTHIL
BenuyuHy nopsinka sneprun 8 MII-Mopensx Tuna Baenagopaa-3naexa.

5. HaxoxzeHue peleHHst ANs KPOTOBBIX HOP, CKOJMb-YPOAHO MAJIO OTIUYAOIUMXCS OT
npenensHoll vepuoli apipul Pelicnepa-HopacTpeMa u nMeomyx Dpu 2TOM CKOMb-YIOAHO
MaJ1oe KOJIMYECTBO IK30TUYECKOl (daHToMHOM) MaTepuu.

6. Haxoxeuue TpaekTopuil Jyueil cBeTa, NPOXOARNIMX YePE3 KPOTOBbIE HODBI.

7. Haxoxnenpe xapakTepHbIX M NPHHLMIHANBHBIX OTIHYHA B CPaBHTALUOHHOM
JIMH3MPOBAHUM CBETA KPOTOBBIMM HOPaMHU, O3BOANUUX (B NPUHUMIE) OTAMYATL MX OT
ApYTHX 0OBEKTOB.

8. Haxoxuieuue Teoperutueckoro cnextpa tumna log(N)-log(S) aas ramma-scnieckos,
Hab101aeMbIX 4epe3 [OPJOBUHY KPOTOBOW HOpHl M CpDaBHeHMEe HalfleHHOro CneKkTpa co
CHeKTPAMK AN HEKOTOPBIX COT-raMMa-pelHTepos.

9. Nokazatesnnerso Jlemmsl: B kpagparuunom npubaHKeHHH 110 [IAPAMETPY BPAILEHHA Y
KPOTOBBIX HOP co ¢pepuaecKoil ropIOBIHOM (MK CBOAAILMXCA K TAKOBBIM KOODAMHATHLIMA
1ipeoBbpa3zoBaHNsIMH) KOMUYECTBO (HaHTOMHOA MaTepHn OKONO TODJIOBUHBI He 33BHCHT OT
CTeneHn BpallleHus.

10. Haxospenne noxasbHbIX NPU3HAKOB CYIUECTBOBAHMS HECTRIMOHAPHBIX YEPHBIX JbIP
M KPOTOBBIX HOP.

11. Usyuenune puHamuxy aHTOMHON MaTePHH [IPU €€ aKKPELMH HA. YEPHBIE [bIPHL.

12. Haxoxkjenue 10BOro K/jacca KPOTOBHIX HODP € MAarHATHBIM TOJE€M R aHTOMHOM
MBUILIO.

13. Haxoxzenne TouHOro caMocoryiacoBaHHoro peluennst {runa pewenus Tonmena
win  Onmenreiimepa-Craliiepa) Al aKKPeLURM NLUTM B TPUCYTCTBUH  PajHaibHOrO
AJIEKTPHYECKOTO WM MarHuTHoro moss. Hajifenmoe pelueHse ONMCHIBAET AUHAMUKY
depuux AHp {Tuna Peficuepa-Hopacrpema), kporoswix Hop (ruma Dnnuca-Bpounukosa) u
Mysnsruscesnennoit (¢ JIamBaa-unenom).

14. Mayvenune caMocornacoBaHHOM aKKpeuuu (HauTOMHOR MU Ha UEpPHYIO APy THIA
Peticuepa-Hopacrpema.

15. Vizyuenne caMocorniacoBaHHO! akKpeuuy OGLIYHOM NMbUIM Ha KPOTOBYIO HODY (Tuna
Suunca-Bpounukopa).

16. Haxoxaenne pewieHus JIJs TOJYNPOXOJUMBIX KPOTOBBIX HOP KaK pesy/bTara
akkpelus HaHTOMHO MAaTEPHH Ha YEPHBIE ABIPHL

17. BelnonHeHue ananu3a yCTOHYMBOCTM IJISI HEKOTODBIX MOJefell KPOTOBHIX HOp M



HAXO®TEME KBasHyctoilBoil {no JIRIYLosY) MOSEIH KPOTOBOH NOPEL

Hayuntje NOMoaCINS, BEIHOCHMBIC HA RALTHTY

. [aligenn! Ana HoBEX  peliehws  obmel  TE0pWM  OTHOCHTEIBHOCTH A
DAGKTPOMATHNTURX NoRtell © BAKYYME B OKDECTHOCTH weprofl Aplpbn  YHHHOIApHO-
MHIAYKIHONHOE M MATCRMTHO-TPABMMarHuTnoe. B otmwriue or panee nalneunsix perepwit
runa Bnesndopna-3waska (B Maruurnol THADOAMIAMMKE), HOBLIE PEMIEUMA MOUYT
GuITh WCMONLICBAHE! NIA HIYHEHME 3MEKTDOAMHAMUKH MEPHRX AP 2Be3IHBIX  MACC,
rag B OKpL‘CTHO(‘,TH mpH30HTa MAOTHOCTERY TUTASME BOMKIID rlpe:-!eﬁpeqb Il ICNoL3CEATE
LAKy¥MEoE TpnbIxeie.

Dry pesyieraTi onyGankosant! & (2, 5.

2. Iy “"kpoToweix top" cbopmyTitporanz W Aokazana Jlemma: B ksagparoiinoss
nprlrixeHEy 0o NAPAMETDY GPAeRUa ¥ KPOTOSMX Hop o ceputtecioll rapaoasiiod (any
CROAMMXCA K TAKOBLIM KOODJUMHATHEIMI N[eo0pasCBallUsMA) KOMHYIECTEO 2K30TUYCCKOH
MATEDHE OKO10 COPICBHEEL HE JABHCHT OT CTENENH BRANENK.

10T pesyaTar omybankosan B [11].

3. Hafimen BOuBG KAACC KPOTOEBX UOP € MACIHTHEIM NOJEM W DAHTOMHOH OBLILIO.
Tounce camocornaconmuice pemenns Tommena {uan Onnenrefmepa-Ciaiigepa) nua
AKKPELMM MELIn 0DOOIMEHO M2 CAYHAR NDHCYTCTANRS padMalLMOrC 3ISKTPHMECKOrD Wau
MArMHTHOrO noist. Haligernoe pemensye ontcuBaeT ARHAMAKY YepHLIX apip (THna Peiicnepa-

Hopaerpesma), kpoTonux uop (Tuns Juninca-Bpoumnxoea} M Mymruscenennod (¢ Mambaa-
qaehom).

91n peaynurary onytinuxosants & (14, 18]

4, PaipaborauHRIMA B AMCCEPTAUME METOaMH ABATUTHYECKM JOKA3AHH HOBLIE
PEIYNLTATEL CAMOCOTAACORIHHAT ARKPEUMA KIOTHUCCKOH MATEPHY Ha HEPHYI0 OMpY 1RO
Peiteniepa-lfoprerpesta OIpueo s K Noangenmio «1oaodl CHATYJIADHOCTHS, 4 AKKPRUHS
ofislHoll MATEepUR Ha KPOTeRYK HOpY (Tuna Snavca-Bponsukora) npusoant K obpazosaumia
qepHcii Ablpr THNa Peficrepa-Hopnerpema, DT peayiLTaThl NpeKpacHo CONTACYIOTCA C
TTHCJIERH LM paJ:HETaMH JLITE paﬁHbIX THUOBR MaTepHi.

Srn pezyarraTh onybnkosanm B [14, 17-19).

JlocTonepliocTt PLOYRETATOE AMCCEPTAIHI

JlocToREpHOCT PA3Y.TRTATOR, BRIBOJOE H HAYYHEIX MOJ0MKEHHH JIMCCEPTAlFONHOH paboTEl
OBECHETHBASTER:

- KoppekTHOCTBI0 TOUTDOCHHA MATEMATHHeCKMX MOUeneil hUSHYECKMX CHOTEM B
[POCTRANCTEAX ¢ HETPHRHARLHON ToqoaorHel M HeTPHUENATLIBIME IPMTHHILIMK CBASAM,

- KoppeRTiocTs10 NPoBEAeIHLY MATENATITIECKIX IIDeobpasoeaiii H pac eron;

- Coritacuen MONYIEHHMX B JARCCEPTALHT PE3yIRTATOR € HIBECTHLIMH DEIyInIATRMI;

- COOrReTCTEHEM AMUIATHHECKMX DE3YISTATOR M DRIBGAOR PEIVILTATAM "HCHEHHOID
MOIRJIHPOBEHUA TA OOYTHX MORSIEN MaTep il B ARAAOTHHIBIX THAATRNIIX yCA0BHAX,



Hayunas nosmsna

B nuccepranuy nonyuenss; cI8IYIOMEE HOBEE DE3YILTATEL

1. Hadipewnl apa  sHomelx  pemrenna  obuell  TEODWM  OTHOCHTe[BHOCTH  mid
EKTPOMABCITHTHEIX IOMel B BaKyyMe B UPACYTCTHMH YepHoW IRIPED  YHRIDIAPNG-
PAHLY KOMOTIHOE |1 Ma.ruwruo—rp&ﬁhm&rnm:ﬂoe.

2. Haligensl HOBRG XaDawTepHEe H NDHOHIRANLULE OTIHUMA B TPABUTANNOHLOM
JMH3MPOBAHY CBELS KPOTOGBIMM HOPAMM, MOIBOSAIONME (B OSpHHLMIE) OCAfiRTH X
0T ApyIMX OOLEKTOR: YCHUeHHE APKOCTH ¥ OTASThHDLX Ofuerxron (#almojaemelx wepes
TopRoRANY) oBNaTHO- MPOTOPEROUATLENG WX CPEMNE TACTHOCTR B ZAHHOM MECTE TOPIOEHHEL
KpOTOBOH tOpLL

3. Brepeue chopmynupopaka w mowasana Jlemma: B kpagpaTyunod opubmnxenmnu oo
DapeMeTpy BPANIEHEST Y KPOTOBLIX nop €O oePuiecKOl roproRpHol (RIH CBONSIMXCS
K TAKOBHIM KODPAMHNATHEME nDeoiDazoBatinAMu) wonwuerTio hanTouTol MATepHl DKOND
COPIORKMA] HE 3ABACHT 01 CIRMEHN BPALIGHUA.

4. Haiimen HoBbIT Knace KPOTOEBIX HOP ¢ MaCHMTHEIM HOJeM H GRUTOMHOR DEUIBO.

5. Tooe camocornacosantoe petaenne Tonmena (wom Onnenrefinepa-Ciafigepa) gaa
AKKPEUNM HELTH BTepARle 0GoBIieno Ha ey s NPRCYTETENA PAIHAIEHOTO BAEKTPITECKOTD
IR MATHETHOTO Mo, B pesyastare Haf1eHO HOBOE, TOMHOE H CAMOCOIIACOBAHEOE PELIEHHE
Ins SHESMHKE MepHEX peip (Tuna Peficrepa-Hoprerpema), kRpoTosmix Hop (THna Damawea-
Bpounuikosa) v Myartuscenessob (o MlasBuarunenon).

6. C momMollpio HARENHOCD petienuA BIEPEEE AHAJATHISCKA A0KA3AHO, TTO AKKDEUnH
QaHTOMHON NELTH Ha 4EPHYIO IBIPY NPUBOIHT K HOARIEHHI) <TONOH CHHIYWIADHOCTHS, A
aKkpernus oSO LN 2 KPOTOBYID HODY NPHBOINT K obpazosanie yepnod apips! Tulta
Pciicrepa-Hopaetpema.

Anpobanya paborkr

OcnoBrpie  Marepyanks  gaccepTauMonHoil paborbl  JokMasepisamich u
oDCYKAANHCE HE CeAYIOIHEX KOHGMEPCHINAX o HAY HLIX HIKOIax:
- «Texas in Tuscany - XXIs, Hranua, Propelinnd, nexabpt 2002;
- «Mexaynapoanan ulkoaa no thustks wepumx apps, Cpanuvs, Koponea, Kapasece, mai
2003;
- BAK-2004 {Beepocentickas acTponosirieckas xongeperuus), Poccus, Canxr-erepbypr,
agryeT 2004,
- ¢IAU Symposiums, [Heefiyapus, Tozamia, mont 2004;
- «lammoBexan wkola no Acrponesuns, Yrpanua, Qgecea, asrycr 2007;
- «Koudepennna, noceamennas navatn Llecennyas, ¥Ykpanua, Ogecea, aeryer 2007
- BAK-2007 {Brepoccutickay acTpoMoMuneckan kongepennna), Pocens, Kazane, centafipl
2007,
- RUSGRAV-13 «13-n Pocenfickas Tpaburatuotinad Kowdepennuns, Pocena, Mockea,
mous 2008,
- GRACOS-2009 «II Poccaiickaa Irkoita T ITPasHTSlAK H KOCMOJI0IRKHs, Poccus, Kazune-
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Anpuuk, asryct 2009,
- NEB 14 «Ilocneasine Orkprrrust B ['papurammuy, I'peuns, Huuna, nionn 2010;

- «CoppeMenuste npobaeMbl TPABHTALNH, KOCMOJIOTHH H DEJISTUBHCTCKON ACTPOUIMKH»,
Pocens, Mocksa, mionn 2010.

A TakiKe HA CEeMHHapax:
- Cemusap 1o rpaBUTAUMM K KOCMOJOTMM WM. JesibMaHoBa locydapcTeeHHOro
acTponoMuieckoro uuctutyta umenn I1LK.Ilrepubepra MIV;

- Cemunap 8 UHACAH (Yupexaenue Poccuiickoit akanemuu nayx "lucruryr acrponomun
PAH"}, Mockaa;

- Cemunapst AKI] ®UAH nm. I1.H. JleBegena, Mockpa;

- Cemunap B pucruryte uM. Hunbca Bopa {Janus, Konenraren);

- Cemunap B nefaroru4eckoM ynusepeurere uM. Tepuena, Cankr-1lerepbypr;
- Cemunap 8 HUMAD MTI'Y, Mockea.

- Cemunap 8 ONAH, Hybna.

Ha peuenzupyemule nyGamkaumu asropa NpuBOAHTCs npumepro 40 = 50 HOpMaibHBIX
unTHposanuii (no cucreme ADS).

Cuncok ny6nmkanuii apTopa 1o reMe JUCCepTaluy

1. A A. Manxut u AJO. Angpees, Juuamukae obpazosanus zopusonma cobwmuil, 2KITO, 116,
353 (1999).

2. A. Ulauguit, Axcuaavnas Mmaenumocmamuxa xotbteéczo more & nose Keppa, 2KOTO, 120,
1062 (2001).

3. A. Mlankuit, Obwepeasmueucmeroe uckpusAenue 6uTpeaod cCmpyrmypu nyavcapa, Ilucema B
AXK, 79, 353 (2001).

4. AA. Mamkuit u H.C. Kaprawes, Hudyxyuonnsiil ycxopumeads xocMUuvecxuT ayuell Ha ocu
axxpeyuonnozo ducxa, AZK, 79, 708 (2002).

5. A. Wanknit, Yrunoaapras UHOYKUUR 3GMEZHUNENHOZ0 GKKPEYUONNOZO JUCKA 60XKDPY? “epHoil
Owipw, ITuceMa B A2K, 29, 184 (2003).

6. A. Waukuit, Mocmu Dinwmetna - Posena (wormholes) u ocobennocmu zpasumanuonnozo
aunsuposanus na nux, AXK, 81, 579 (2004).

7. A. Waukuit, Fcmb au C6430 NAOMHOCIIU NEPEUNHBIT “EPHWI OWp 6 20AQKTNUKE C TREMTOM
XOCMOADZUNECKUT 20MMa scnaeckos, ADK, 83, 867 {2006).

8. H.C. Kapnames, 1.[1. Hosukos u A.A. laukuit, Meznumnse monneau (KPOTOBBIE HOPH)
e acmpogusuxe, AXK, 83, 675 (2006).

9. N. Kardashev, I. Novikov and A. Shatskiy, Astrophysics of Wormholes, 1. J. Mod. Phys. D, 16,
909 (2007).
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10. 1.4, Hosuxos, H.C. Kaprames u A A. IManxwit, Muozoxomnonenmuan Bceaennan u
acmpousuxa xpomoswr nop, YOH, 177, 1017 (2007).

11. A. Iaukuii, pozoowdemue HOTMONROS “epe3 KPomosvie HOPHL U BAUAHUE GPOUEHUR HA
xoAunecmeo Panmomnot momepuy soxpyz nuz, AXK, 84, 99 (2007).

12. A. Ulanxwit, Jurnamuxa danmomnot mamepuu, JKITD, 131, 851 (2007).

13. A. Mlanxuit, Hepsuunve uépnme Svipw u acmepoudnan onacrocms, Becruux Mockosexoro
Yuusepcurera. Cepus 3. Qusuka. AcrpoHomus., 4, 48 (2008).

14. AA. Dlauxwi, .. Hosukos u H.C. Kaprawes, Junamuvecxes modeas Kpomaosoti HOpot u
modeas Myavmueceaennod, YOH, 178, 481 (2008).

15. A. Wlauxuit, Obpas neba dpyeoti sceacnnot, nabarodaembill MEPE3 20PAOSUNY KPOMOGOT HOPDL,
Y®OH, 179, 861 (2009).

16. .M. Hosukos, A.T. Hopowkesuy, U.JT. Hoeuxos u A.A. [lauxuit, Toaynpozrodumsie xpomoevie
HOP U npobaema yemotivueocnu cmamusnox xpomosnz Hop, AXK, 12, 1155 (2009).

17. A. Doroshkevich, J. Hansen, 1. Novikov and A. Shatskiy, Passage of radiation through worm-
holes, 1. J. Mod. Phys. D, 11, 1665 (2009).

18. A.A. Nauxwuit, A.I. Hopomxesy, J1.V1. Hosuxos u U.J1, Hosukos, Axxpeyus sssomuneckot
mamepuu Ha vepryro Oupy Peticnepa-Hopdempema, 2K3TE, 137, 268 (2010).

19. A. Doroshkevich, J. Hansen, D. Novikov, I. Novikov, Dong-Ho Park and A. Shatskiy, Physics
of the interior of a black hole with an exotic scalar matter, Phys.Rev. D, (81), 124011 (2010).

20. A. Pozanenko and A. Shatskiy, On a possible connection between wormholes and soft gamma
repeaters, GRAVITATION & COSMOLOGY, (4), 259 (2010).

COOEPXKAHHUE PABOTHI

Juccepranms cOCTONT W3 TPEX JacTell, KaxkAas U3 KOTOPLIX COLEPIKUT BBeldenue (o630p
JIMTEPATYPBI), PA3AENLl, 3alJIOYEHHe X BuBoABL. JluccepTaums TaKiXe CONEPMUT CIHCOK
JIUTEPATYPSI U IPUNOIKEHHUS.

I. HoBble TOYHBIE pelleHMA NI IEKTPOMATHMTHBIX Hosiell OKOJIO TOPH3OHTA
4YEepPHOH ABIPHI

Ilepsaa 4acTe cocrour U3 0630pa JIUTEPATYPH M TPEX Pa3feNoB:

Paznen 1.1: «<Upansunsie yeiaopus B 3/€KTPOANHAMEKE Ha TOPUSOHTE YEPHOHK ARIPHI»

Jna pewenus BCex 3ajia4 B NPUCYTCTBMA YEPHON JbIpHl HeoOXOAMMO ONpPEenENHTh
rpaHf4Hble YCIOBUA, KOTOPbE [O/LKHHL ObITh HANOXKEHBI Ha KOMIIOHEHTHI TEH30pa
aJlekTpoMartuTHoro nosst (IMII), HeobxoauMble IS HAXOXKEHAS TOCAEAHUX.

Bo-nepBrix [01KHLL BHINOMHATHCS KIACCHYECKHE PAHUYHbBIE YC/I0BHA: Ha BeckotednocTn
BCE KOMIOHEHTHI [0JIS1 JO/KHBI OOPATUTBCH B HY/lb.

Bo-BTOpHIX K KJIacCHYECKOMY HOMMKHBI J00aBHTLCS elle rPaHUYHBIE YCAOBHS Ha TOPU3OHTE
uepHoit gpipbl. Oty HeoBXonuMBI U1 TOTO, YTOOb! B CUCTEME OTCUEeTa CBA3aHHOl co CBOBOAHO
napawoumm nabmonarenem (CITH) npun nomnere x ropusonry ne Bo3HMKIO anOManuil B
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Puc. 2: Usobpaxkena npaBas, BEpXHAA YeTBEPTb KAPTHHBLI JIMHUH 3€KTPOMATHHTHOIO MOAA B
cucTeMe. DNEKTPHYCCKOE I10JIe NOKA3aHO NYHKTHPHBIMHM, MArHUTHOE - CIUIOMHBIMY JIHHMAMH. B
IIEHTPE CHCTEMB] - YepHasl AbIpa. B akpaTopHansHOil II0CKOCTH, HA paccTosHul R = 3ry RaxoauTes

IEHTP AKKPEUMOHHOrO JMCKa MIMPHHE! 20 = 1rg.

€ro JBUIXKEHMH, CBA3aHHBIX ¢ yckopenueM SMII (aHoMannn BeAyT K HADYIIEHHIO YCIOBHS
npobrocTn anekrTpuyeckoro 3apsaaa CITH 2).

B cBaam ¢ TeMm, 4YTO 3eCh OymeT HMCIONb30BAN TEHZOPHBLT (2 He BeKTOpHbIN)
I0AXoH K PeLEeHdIo 3aJa4¥l U paccMaTpMBAIOTCA TOJBKO IIOJOMAAJIbHBIE KOMIIOUEHTBI
INEKTPOMATHUTHLIX TIOJIEH, TO MCHONAL3OBAHNE TPAHUYHEIX YCIOBHA, HallIeHHBIX paHee B
BEKTOPDHOM NOAXORE, CT2HOBUTCA HEBO3MOXKHLIM.

B peaynbTate BLIMHCAEHNI IPAHWYHEIE YCI0BUA HA TOPUIOHTE A7 nojouaaibHoro DMIT
B CUCTeME BPAIIECHHUsT OTIOPHBIX HauogaTeell MMEIOT BUA:

Fp—0; F*-0. {3)

Pasnen 1.2: «O0mepenaTHBUCTCKAN YHUNIOIAPHO-UHITYKUMOHHBIA MEXAHN3M I'eHepaly
3JIEKTPOMATHUTHOIO NOJIA BOKPYT YEPHOI ABIPHI B BaKyyMe»

B pazgerne uaififnens CTPyKTyPa M BEIWMYKHA SAEKTPOMACHUTHOLO OIS, CO3LABALMOrO
BpPAIIAICIIUMCA aKKPEUHOHBbIM JHCKOM c BMOPO)KGHHbIM B Hero noJIOHJa/1bHbIM MAarHuTHBIM
nosieM. Blie aucka npenmonaraerca BakyyMHoe NpuGIZKeHYe.

2 Bonee noapo6no obcyskjietue 3Toro TpeGopatna MOXKHO HaliTr B paborax |63} v [64].

13



ViToroBeie Bulpaxkenust peutenys aiis SMIT npeacrapasiiorcs B BUiE:

k4

_ 2aq M(D—r+ M — Msinfcosy)
agro =22 [ ( = "
0
— — — 2 1 . — — -— ¥
+R[(r M)(R - M) Msmecols);p] R-M-(r M)sxn@cosw]) dp ()

D? = (r— M)+ (R~ M)? - M?—2(r — M)(R — M)sinfcosp+ M*(sin 8 cos p)?
q = —mRaFo/2 = -gQRZaHo, Foy=—Fn/Q, Fa, = —Fp/.

3nece (I - yrnopas CKOpOCTb Bpaienus Iucka, Hg = —ﬁo(rzﬁgzw/z) /V/1=1g/R -
XapaKTepHasd BETMYNHA MAIHUTHOTO NOJISt B LEEHTPE CUCTEMBL, IIPY OTCYTCTBUM YePHOMN AbIPHL.

HafinenHoe MarnuTHOE NOJe ABMACTCA KB3APYIIONLHBIM M0JIEM JBYX 3KBATOPHAJLHLIX
¥ NPOTHBONOJIOXHEIX KOJBLLEBBIX TOKOB B TOHKOM JUCKE. JTO TOJe ABJIAETCA MPUIMHON
TI09BJIEHH A KBAJPYNO/JIbHOI0 3JIEKTPUIECKOTO I10JIA, KOTOpOe B Hpﬂ6ﬂH7KeHPlPX TOHKOI'O JUCKA
MOXKeET sbITb NIPEeACTABJIEHO B BAAE NONA ABYX HNPOTHBOIOJOXKHO 3apAXKEHHBIX KoJiel B
SKBATOPUATILHOM MIIOCKOCTH - CM. pHC. 2. Ilo 210l npuuiHe JaHHAA MOAE/b HOCHT Ha3BaHue
YHUMONAPHO-NHAYKIMOHHON (MOENs YHANOAAPHOrO MHAYKTOPa B aCTpO(PU3NKE ONMCAHA
Hanpumep B [7]).

HlanHast Mogesb SBNAEICH TOYHO PACCYMTAHHON BaKyyMHOH  MOZENBIO  JUIsA
AJIEKTPOMATrHUTHOIO [10J14.

Pazpgen 1.3: «O6wepenaTuBRCTCKUE MArHHTHO-IPABUMATHUTHELA MEXAHU3M IeHepanUn
3/1EKTPOMATrHUTHOTO NOJIT BOKPYr YepHON ALIPEI B BAKyyMes.

B pasgene paccuurano siekTpHueckoe Tone, co3naBaeMoe cn1abo Bpallalomeics YepHoi
ZABIPOH, B3aMMOJAENCTBYIOUeH C BHEIIMMM MATHUTHLIM TOAEM KOJbuesoro Toka, Kak
BUAHC M3 BBIIUEH3JIOKEHHOIO, 3ITO JIEKTPUUYECKOE II0JI€ HMeeT KBa‘I(pyHOﬂbeIﬁ Xapakrep
U TIPHYHHON €ro NOsAB/ICHUA ABIAETCA AMIIQJLHOE MArHUTHOE II0Jle, B3aUMOJEHCTByIOUee
C IpaBHUMarHMTHbBIM NOJEM ‘{epﬂoi«i JAbIPHI. HO 3TOH npayune A&llﬂlﬂﬁ Mexanu3M HOCHT
HA3BaHWE MATHUTHO-TPABHMarHHTHOIO.

Pemenye, yA0B/IeTBOPSIOUILE TPAHKYNEIM YCJIOBHAM HMEET BUA:

'
Adr,0) = / VR o/ 2 dr | sind' df | dgf |
0 -7

=l F=rwA

T ~0
U(/ig) = -—4—”—958,(1"26,&)
foy = ——(1-2). {1+ 2y :'3’_)[2 cos OH, — 4nj*r2 sin 6] — sinB(2 + ) He/r b (5)
” 41rrg T r 72 ¥

*

. it sin @' ' 00 = - R
Ae(r.0) = / T S0 COSC 0 3iT Ging/af' | do' |, Ap=A, = ~rsinfA
0

17— 7| ro -
= - Dp(sin 0 A¥) 1~ .
A=A - QuA H, = ———~, Hy/r=- L8.(rA%
t t Hgp, r rsinf » 0/ r( )
Peluesne RaAXOANTCST UTEPALMSIMY, B HAMAIbHON MTepaluy nonaraem r, = 0.
Obosnauenns B  (5): wumnaekc "0" -  coorsercrBylOmAT  BeJMYMHA  Ha
npeAbiAy el MTepalni, b = JPO(r — )88 — 0)/ V=9 + £=0.(rF§¥),
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[7 =2 = r2 4 72 —~ Zrri{cos feos & + sinfsin & cos '), § - yrom aknona BeKTOpa I K
oen 2, 8 - YIO HRCIONS BEKTODA T K OCH 2, ¢ - YTO MENKAY NPOSKIHAME BeXTopos T
¥ 7 HA MIOCKOCTH, OPTOrONAIBHY ucu 2, VINTErpHpOBALEE NPOBOANTCH B EBKITHAOBOM
NpGCTRAHCTES BHE HIEI-PB. C pa,]l}l)’COM Ty..

HecuoTpa 2 To, 910 Najizennoc pemsenne (5) HaxoiuTeR METONOM WVERMIMA, 310 he
CiiHREET €0 AKTYRILNGCTIH, TUK. npif apaHes .'S'EI,ELB.HHOFI TOVMHOCTI CrO NMEXGHAJICHNe ARIAETCA
necpasfenio GoNee MPOCTOM 38/1a4el, YenM HAXOHKARNNC ITOND JKE PELeiHA B BUAL PHAR {1.X.
70T pst BOAN3U HCTOMUHKOB NONH HMEST 0YeHb NJIOXYIO CXOINMOCTD).

Tomyueunoe (B nunsfinon TpUBAHKEHVN Tiv YIIOBM CKOPOCTH EPALICHAA HeDPHOMN Q)
BiapaACnMe NI 2IeKTPOMACIUTHOTO Lot JoNxie Brits aofaeielo K phlpaeduam Al
ISR, HONYHEHHKM B OTRDERLUIYIIEM DiEness [GHHCLJBMQLU,HM YRANOIADHO- BIIY KIMOHNLIT
sexanttang, B arod eryvae omcaiite Aoeh BRAINAET B cebA 506 CCHOBILIE MEXAHMIME! 1
BaKYYME.

11. Hopure adhperTil ¥ cTaMONAPHEY KPOTOBSIX HOP

Bropas uacrek cocToMy 43 0030pa NHTEPATYDLI U HIECTH PA3EIOR:

Pazgen 2.1: «Obuipie caoHCTRA CrAUAGUAPHEIX KPOTOBLIX HODD.

MosHO JATH pAZHHE OUPEISIenyy KPOTOELIM HOPa, COOTReTCIBYIUHE NPHCYTCTBHIO
HTH QTCYTCTEHKS ¥ HUX TOPHIEIOHTOE — CM. Ceny U0 TasThE AMCCepTATINA. OGmHM JNH BCEeX
ONpEIETeHni AETAETEA CBONCTRO, COTNIACKD KOTOPOMY KPOTORAR HOPA J0KHA COSTHHATH
mMeway coboll fRe ACHMIITOTHSECKY TInoCKu obnacTd npocrpancrra. Meeto cogpuuchud n
HalhibaeTed KpoTosoft n0pof, a ero NeTpatbHLEIl y4a0TOK - IOPAOBUHOR KPoT1osol 1HOPL.
HpocrpanreTpo-spems BOANIN FOPRORESE] KPOEUBOH NODM AOCTATDMHO CIILHO HCKDHBJEHO.
B aroift gactH SYAYT PACCMOTPENLI TOABKO R)OXGHMbE Kporoshie moput (Traversable
Lorentzian Wormboles), Te. Te, 4¢pe3 XOTODHES MOUYT LPOXQIMTE (PIHYCKHE TEIA.
Crenpeate;bio ¥ TAKMX KPOTOBHX HOQ HE LOJRKHO BLITE [OPHIOHTOE.

Pangen 2.2: «Pemenue 175 MATHHTNEX KPOTOBLIX HODS.

B paznens paccMOTPEUA MORSIE KPOTOBOH ODEL, NOIREREKUBACMAT IMEKTPOMATTTTURIM
noneM © Masloll foBaBKoN (halTOMHON 3HepPriH, MOJCIL KPOTOBOH HOPLI, NONLEPKHEAEMO
KOMOOZALAeR MalHHTIOrG Hond U GaRToMEOR 9ueprint ¢ clepHueckl CHMMETPIIILIM
}‘paBHelI]leM COCTOANAA, & TaksKe MOUeTh ¢ MAMHHTHLIM [IOJCM B 'iJ&II'DOMHGﬂ MATEHIA ©
aHA3OTPOMILIM YPABIERKEM COCTOAHMA, [[oka3aHo, UIT0 MACTHOCTh HANTOMAOA SHEPrHH
M MX IK3OTHIHOCTH MOrYT OuITH CKOMh ¥rogno Madwisii. Jna puemtero mabmomgarests
BXOI B KDUTGEYI0 HOPY OKA3BIBAETCH MAMHMTHLIM MONOICIeM MaKpPOCKOIMYECKHX PA3MepOB.
Axxpena ofiI¥H0/l MaTEPKH 114 BXOA B KPOTGBYIO HOPY MOMKET IPHROARTE & 0fpazokanuio
9epuofl JUPLT ¢ DAAHAJILITHIM MarIMTHEM yodem. ParcMaTDHBaeTed BOIMOMNOCTL TOTO,
4TO HEKOTODBIE AKTHBHbIE TANRKTIYECKHE £IPA # ODLEKTE! [RAAKTHKH ABIHIOTCH BXOA3MH
{CYIECTBY I0IMMHE KM HLIBINEMEK) B MAIUMHTIILE KPOTOBBIE MOPHI  PACCMATPHBASTCH
BOSMOACIOCTD CYIIECTBORAHAAE WHPOKOTG CLEKTPA MACC KPOTOBLIX 1OL OT MU LIHADIOR MACC
Coarna @o Maccn) Mopsaxa 2 KL Buany oTCYTCIBME FOPH3ONTA, AN Taknx oShexToR
ne paboraer adbdpert Xoykwura {Mcuapesus), NOITOMY ONH MOTYT COXPAHHTRCH Ha
KOCMOTIOMMHECKHX MHTEPRATAX BPEMENA Jawe Eciy UX Macca Menrpite 109n



Puc. 3: Ovknorenue qurroror KH ¢ w = -2, loxasane tpamccopma qDOI‘K-JHUB, CUKNOH AN
#a yron A 0T nepROMAuATREOr Hanpastenus. CiEEa - DOXOJMILHE TSpES TOPIOBHHY, EpH
MOJOBIK DETEISUBT DapaMeTpax {Opn A << fig s 2.6821). Cupava - e wpoxcignmme epes
rapaosany (DpH A > ke ). Hncitami ¥ RONUOR KpHebE 0G03ITAYCh] JSHEN AN GO0 THCTCT Y RN
IpIIERRELK DApaMeTpor (B apywruax o). Koopameare §), {1 ofosususior axeaTopdainHyio
uAGCrOCTh paceesmey dwronn {f « Howp, [ — - s}

Pampen 2.5 «BHyTpoHuee rpas-iMu3wposauie CReT. K DOToThL HaODaMicy .

CanMblil Mpoeroll tuoveb ofuapykite KH - 210 0afI0Is b 98pez ero FORMORHNY KaKRe-
JlHaCl 06'}36‘3{'1‘!:1.' I'IZ'MI}')}‘II\-IEP ST EE'JIH ]‘f:,‘QMe'l‘pH}l MHDE PLARNACICH 0 PAsHhe C'J'f)pl'}libl
POPIIOBHALL TO PAsHbIM GYIET « TEMI TeieREs Bpemend ¢ pazinx cropos KH. Caenernne
31010 ByieT LoWBIeEKe Kpacuoro {aik Rorerusoro) cMemensa OTOHOD, NMPUXOEsITNY
HEPRs FORAOBRHY KH C}"IIIQC'['BBHH&H TRYTIMCT T 5 2TOM CHOCOGS - DTIHYETR CMCIOILITHE 0T
AOUNCPORCKOTD, CBAZANNOID C IRHAGHHSM MOTOWHMEKL.

Hpyrelt ciocoft Sariouaercd B DoM, L0 CEETOnON  CMTUAN Of FRETI, IDOROAMIIND
sepes ropoiesay KH, ponmen yeubiruzats et oTionctii GoTonok {mssaposadie)
HA. RCKPREJIEHHGH Teowerpud, OUpejeld OPHICRRARE mapaserp b mas  dwrona,
orwmonsenoro KH: A = L/E - omvowenrue yraozort MOMERTA K SHEPTHH (OTOHA Ha
6%1{()}[(}‘[!106"[‘?{-

BoeanoKILL BRa. BADMAINTE AMUSHDOBLHHR:

L. DOTOH HE IPOXGTHT 4ePEt TODACBHEY, QCTARAACE, BCE BPEMY B QAIDHR WACTH BCEASHHOH.
g'l'OT BalHalT OTHOCHTC K d’)O'l'GH&I\o{_\ KO rGpLIe HMORT JOCTRTOTHO 60.-’{1—;LLIE{C {l‘[O CPARLEM
€ PRAMYCUM PODIORKAED) UPHLENIhe TAPAnerPel i oTKUOHAIOTC {Kak W LofisREo GEITh)
TPALHTAIHOLHML T30,

2. Coror NPOXOART HEPET MOPIORATY B APYIYID YA0TH BLeeRHOH. DTO OTHOCWTCR K
POTOHAM, KOTODRIE HMERT OOCTATGIHO MATLE (TG Cpaodemmg ¢ Pafuycoy TOPIOERITE)
OPUIEILILE HaPaMETPblL, SA8cl APyIad 3asHCHMOCTE BOTONE OTKAOIARKICH 110 bopaye
cobupaomed vouxel Innsbl ¢ QDIRYCIbM DACCIDREUEN NOPSAKS. paidyca roprobeis KH.
B omydae gpyedx IPABHTAIMOHHGIX HEHTPOR 318 POTOHE LOrmoImancs Bul A0ECPXHOCTLIO
eI,

Ha puc. 3 mpercTonient) rpHewiopia duoToenos, nalisouse quenero g KL oo =

-2 s uTors pUCYIEA BIANO, 4TO0 NDE IPHUSITRILR TapaMerpax DiIMsiMy K KPHIHSMCCKoMY
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Puc. 4: CreBa Ha PHUCYHKE TOKa3aHa 32BUCAMOCTb BHAMMONW Uepe3 rOpJOBHHY IUIOTHOCTH 3BE3L
J(h) mps b € (0, Amaz) # 6 = 0.001. Crpasa - BuiuMoe u306pakenwe 1eba Ipyroi BCEICHHON uepes
ropnosutty KH mipr Ngiars — 00.

snauednio (he) orors moryr orkaonsrbes KH nHa 6oneuime yras (Gonee 2r).

Pazgen 2.4: «O6pas Heba npyroil Beetennol, Habo1aeMblii yepes ropaoBUHY KPOTOBOH
HOPHI».

fIyers, B Apyrodt Bcenennoit ects N 3Be3 OxuHMaKoBoil crerumoctd 1 N >>> 1. Ilyers
BCE 9TH 3BE37(bl PABHOMEPHO PacIipejieiedsl 110 Hebechoit cdepe B APYroi BeeleHHO.

Habmoparens B Haueit BCeMeHHOH cMOTpst uepes ropaosuny KH na 3sesgpi B mpyroi
BCEJIEHHOH BUAHT MX HEPABHOMEDHOE PAClpENe/icHHE B IOPIOBUHE. DTO CBA3AHO C TEM, 4TO
ropnosuna KH npenomaster # uckaskaer cper oT atux 38e31. OUeBHAHO, YTO 3TH HCKAKEHNS
GyayT HEHTPaabHO-CHMMETPHYHEL, C HEHTPOM - B lieHTpe ropaosusk KH.

Tlycrs Teneps HabmogaTeilb CMOTPUT TOIbLKO Ha YaCTbh ITHX 3BE3JL, BHIAMMBIX €My uYepes
TOHKOE KOJEI0, UEHTD KOTOPOro ~ B UEHTPE TOPJIOBHHEL, PAIHyC Koabua h 1 ero Tonmuna dh.
Tem camuiM nabronarens obozpesaer TenecHbilt yroi df) Heba apyroit BCeseRHOM, NpuueM
d(l = 27|sin ] df. 3mecy (k) - yron OTKIOHEHHs Syl CBETa OT CBOETO NPSMONMHEHRHOIO
pacnpocTpanenns’, mpoxoaAmux Hepes ropnosuny KH. Tax xax nosnnmit TenecHwi yron
pased 4w, To mabmozaTens BUART B sToM kombue dN = N dQ/(4m) ssesn?. Ilpn arom
BRIMMAst MAOTHOCTH 3Be3) (Ha eQUHUIY Milomaan xoibia dS = 2nhdh) ects J = dN/dS.

Taxum ofpazom, noxyyaeM:

J Nlsing| d8
(=" ®)
Amh d
3 Tlop, GPAMOBUHERHIbIM PACHPOCTPAHEHHOM CHMTACTCR (N0 OPEelENeHUMIo) NPOXOWKIGHUE YA Yepes UCHTp
ropnosunn KH.
4 Tax Kax yron OTKAOMeHAs crera ¢ MOXKeT GuiTh GoNblue T, TO H MOAKBIE TCRCCHBIH YTOA GKAIHBACTCS
Gonslite 47, HO 9T 3IMENA CBOANTCA K APYTOH KOHCTANTE (BMECTO 477) ¥ He WIIHSET na WTOTOBHIY pe3yILTAT.
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N_stars=1051

N_stars=9653 T Nostaissarinz

Puc. 5: O6pas spesanoro neba apyroit BeeseHHol, HabmoaaeMbi# yepes ropiosuny KH ¢ § = 0.1 npu
PA3HBIX 3HAYEHUAX TOHOTO YHC/Ia 3Be3/l (JOCTATOYHO SPKUX A5 Habmomenns). IpKocTh Kax 0%

3BE3/b1 HA PUCYHKE TIPOTIOPIMOKANILHA €€ Pa3Mepy.
Jis npon3BonnHOK Merpuku cepnyecKoil KPOTOBOH HOPBI:
2 _ 20(z) 742 y@)\ ™! 22 (402 | 32 3 T
ds* = @) dt? — 1~T dr*-r? (df® +sin® 0 dp®), z=— (7)
To

B pabore [65] nonyyena zasucumocts O(h):

e el

_ h/q .
oy = 2/ 22/(1 — y/z) (e~ — 1?[(qz)?) ol <

zo

Otcrona nomyvaem:

4 _12 i e dz
dh a2 T=yfz [ - w2/
gt

9)

Hcnonsays dopmyasi (6), (8) u (9) MoKHO HafiTy BBIPAKEHNE 1A BAJMMON IIOTHOCTH 3BE3T
J(h) B xporosoii Hope - cm. prcytku 4 u 5.
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Unrerpan B ypasnennu (9) pacxoaurcsi, HO NOAHBIA Yron OTK/IOHEHUS (OTOHE Omgs B
(8) - womeden. IlostoMy pacxosumocTe B (9) npu h = Ry, CBAZ2HA ¢ MaTeMaTHYeCKH-
6eckoHeYHOH HAOTHOCTBIO 3BE3JL B 3JEMEHTe TEJNeCHOro yraa npu h = hpue. OTa
MAaTeMaTHYECKast CHHIYASPHOCTL He CBSI3ana ¢ (HU3MYECKHMM NMPOLECCaMH, & yCTpaldeTcs
nabsonenuem asroit obnacru KH na mobom ¢usnueckom mnpubope, Bcerna nmerolem
KOHEYHOe YIJIOBOe Pa3pelleHre, KOTOpoe M onpeseser Hab/0JaeMyI0 IJIOTHOCTb 3BE3A B
asteMenTe Tenecoro yria (emecto (6)) B6aAu3M h = Ay,

Mckaxenre nyveit cpera, npomemumx uepes ropaosudy KH, cesizano me tombko ¢
riepepacnpe/iesienieM ILTOTHOCTH 3B/, HO ¥ C W3MEHEHHEM MX BUAXMON APKOCTH. A HMEHHO:
¢ yBeTUYeHMeM NPHUEILHOTO napaMerpa R, IPKOCTb 3BE3Ab MEHAETCH. DTO CBA3AHO C TEM,
4TO IIPU YBEJIWYEHHH PATUYCa KOJIbL@ i, YEPed KOTOPOE MPOXOIUT CBET 383, N3MENSETCS
M 3JeMEHT TeJleCHOro Yrjia, B KOTOpSifi 3T0oT cBeT paccensaerca. CooTBercTByMOLIEE
H3MEHeHHe APKOCTH 3Be3Rbl NPONOPUUOHANLHO BemudnHe k = dS/df). Iostomy nonnas
BUAMMas SPKOCTL BCEX 3B€3J, BHUMMBIX C €JMHHUIH ILIOMAIH BHILIEONMHCAHHONO KOJbLA,
ecth dN - £/dS (o6paTHO NpoNOpPLMOHANEHA CpeHeil B ANMON IJIOTHOCTH 3BE3/ B
ropaosune KH). 3ror pesynsrar ne 3asncut or Mogenn KH.

Tlpu N — 0o oTaesibHBIX 3BE3] yoKe CTAHOBUTCS He BHAHO - OHHM Pa3MA3bIBAIOTCH H3-32
OrPaHUYeNIHOTO YIJIOBOTO paspellenus HabmoparenabHoro npubopa. [lostomy n3 pasencrsa
k-dN/dS = N/(47) cnenyer HesasucuMOCTb OT h cpeiHeil SPKOCTH HIJy4eHu#, T.e. ee
onnoporiocTH. 11pu manbix e 3nadennsx N B KH OynyTr snaum ormensusie 3peszael, Te.
6yzner oTCyTCTBUE OHOPOLHOCTH.

Paspen 2.5: «O B03MOXKHOA CBA3M MeXIY KPOTOBBIMH HOpaMd H COQT-raMMma-
pennrepaMus.

B paspene nokazana NpRHUMOMAIBHAA BO3MOMMOCTL Hab/IONEHNS TaMMa-BCIJIECKOB
4epe3 ropJsiouHy xporosoi Hopwl. Halinennsle TeopeTuuecky CNEKTpHl MOIMHOCTH THIla
(log N —log S) or TaxuxX raMMa-BCILUIECKOB COBNBAOT (B NpeAenax NOrPemsocTH) ¢
HalMIOaeMbIMU CTIEKTPaMi OT HekoTopbix codr-ramma-penurepos (CIP). Opnaxo paa
rapaHTHPOBAHHOrO HaOIIOAEHKA THIIMYNEIX TaMMA-BCIUIECKOE OT CBEPXHOBhIX TUna 14 wepes
rOPJIOBHHY KPOTOBOIl HOPHI, HeoBXOAUMO NPUCYTCTEME CaMOjt KPOTOBOH HOPHI Ha yAaJleHHn
nopsnka 1 + 5 Ik or nac (u Ha NpUMEpPHO TAKOM JKe YAAJIEHHM OT TaMMa-BCILIecKa). JTo
BECbMa MAaJIOBEPOSTHO, €C/IM NPEMIIONONUTb, YTO B APYTof BCEJEHHON PACCTOTHUA MEXKIY
raMMa-BCIUICCKAMH TAKHe JKe, KaK U B Halued. ’

Pazpen 2.8: «Coxpanenne xomuecrBa haHTOMHON Martepun sbau3n Bpawaomeics
KpOTOBOIt Hopm B upubmmwkenun cnaboro spamennsis. B pasgene nokaspiaercsi, yro
BPAleHHe KPOTOBBIX HOP He BAMSAET Ha KOJTUYECTBO (GaiTOMHON MaTepyy, OKpy aloimel ux.
JloKA3aTeNbCTEO BRITONHENO B KBAIPATUYHOM NPUOJIMIKEHUH N0 11apaMeTpy BPalleHus Ljis
KPOTOBLIX 1OP €O chepUHeckoil TOPAOBMHON (MK CBOARIIMXCS K TAKOBBHIM KOOPAMHATHBIM
npeobpazonannem).

HeobxonumuiM  ycloBreM (KBa3u) CTALUMOHAPHOTO CYILUECTBOBAHMS KPOTOBBIX HOp
ABNAETCA Hamuuue danToMHOA MaTepud BOIM3M €e TrOpAOBMHBL. 10 ofofuieHHast
Tononoruueckass teopema Mopuca-Topna [66], nokasansas st Jo6oit crauuoHapoit
KPOTOBOH HOPbI, HE3ABHCHMO OT €€ BPailleHus.

Bonpoc o wonudectse dantomHoit matephit oxoso ropaosunst KH uccaenosancs B
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paborax Teo [67] u Kydurunra [19]. TIpuyem B pabore Kydurnura naxe nenaercs
0111"60‘"{0& yTBep)K,ZIEHPXe, 4yTO B KpOTOBOﬁ HOpe BpallgHHEM MOXKHO CBECTH KOJIU'1ECTBO
anTOMHON MaTepuH K HYIO.

B owmmune or stux pabor 3zecy bymer BrumonHeH aManu3 i upubimxenns cnaboro
ppauenus (npubnwkenue Jlense-Tuppunra). IIpu 910M B NpeCTABIENHO HUXKE METPHKe
GeapazMepHbiii NApaMeTp BPALIEHUs BXOJUT JIMHEHO, HO B HTOrOBOE BBIPAXKEHUE STOT
HAPAMETDP BXOJUT KBRAPATUHHO. DTO NPOTHBOPEMHE MOXKeT BLITh ycTpaHeno CreyroluMu
PACCY K ACHUAME:

Beskast KpoToBast Hopa cO cepuyeckoil OPIOBUHON B KBaApPaTHUHOM Npubnmskenun
10 [apamerpy BpauleHHst Moxer ORTb npuseneHs K Merpuke tuna Jlemse-Tuppunra
BMIICOUHBIMY NpeobpazopainaMu koopauHat {cuM. [68], §104).

Merpuyecknit Tensop Bpawawomeiica KH B npocreiiem ciiytae Moxer ObITb mOydYeH
nobapnenyeM HeAMaroRaIbLHOTO uyeHa K cdepudeckn cummerpuanoii Metpuke KH. Toraa
METPHKA IPUHUMAET BUL:

ds® = gu(l) - [d8%] ~ [dl%] ~ v2() - ({d6°] + sin? 0 [de®)) + 2f(1) -sin® 0 - [dt - dg].  (10)

Merpuka st KH moxer 6brrb 3anucana B suse (10) TonbKo npn MefsIeHHOM BpalueHuu. B
IPOTHBHOM CJIy4ae B MeTpuueckue kodhhuuyenTh BORIET 3aBUCUMOCTD OT §, TOMUMO TOrO,
YTO 3T3 3ABUCHMOCTb BXOJUT B Giy U Jpp-

OGosuauum o - Hynesofi 4-BexTOp (POTOHA, MMEIOMErO HYJEBOR YINIOBOH MOMEHT
OTHOCHTENILHO LEHTPA CucTeMbl. Tax Kak yTViOBOH MOMEHT ONPEAe/ACTCA KOBAPUAHTHON

KOMITOHeHTO# 4-CKOpPOCTH, Te 7y, = ( 1o onpenienenuio. ToTIa 0 NPEACTABIACTCA B BHAE:
o =Fp-{1/4/¢%1,0,0}; o' =F-{Vo* -1,0,¢%//g?}; oc'=0, (11)

anech Fy - mobas dynxuust. Dty dyuxupo yaobuo subpars pasnoit: Fy = 1/gug”. B atom
cnyqae out = 1, roe U - 4-CKOPOCTh MaTepur B el yKe CONyTCTBYIomEN cucTeMe oTCHETa.
JRasxapt CKANSpHO YMHOXaeM ofe dacTH ypapHeuudl Ditnlureiina na 4-Bexrop of u
nonyyaem:
Ry o' o* = 81Ty o' of = 8711, (12)

Ckansp I npamo npornopumonasien usMmepAemofl HabMOmaTesieM IUIOTHOCTH 3HEPIUM B
CHCTEME OTCUETa CBA3AHHOH ¢ HOTOHOM.

JIEMMA:

B kpaapaTMyHoM NPHOIMIKEHMH NO NapaMeTpy BPAallleHMsl Y KPOTOBBIX HOD
co cdepuyeckoii ropaoBMHON (MIn CBOASINMXCH K TAKOBBIM KOODAWHATHBIMU
npeobpazoBaHnaMy) Konnvecrsoe (HaHTOMHONE MATEPMHM OKOJIO rOPJIOBUHBI He
3aBMCHUT OT CTENEHM BPAICHUS.

Joxazarenscrso:

B cdepuuecku-cummMerpuunoii KH danrtomnag Marepus mnposasiser ceba 0Koso
ropsosutbt {eM. {15]). Haitngém suauenwe cxanispa na ropaosnne (Ilp) ana spamaroweiics
KH. Ina storo yuréM, uro r' = 0 ua roémsmxe, a awbas npoussoanad no ! mosxker
6BITb 3aMeHelra; -al-,z - T,:;ZT-. HO3TOMY Ha ropJIoBHUHE HYIHO YYUUTLIBATDL TOJALKO WiEHb) Ges
TIPOH3BOAHBIX M CO BTOPOIT IPON3BOAHOM 110 [.
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Taxam oGpazon, NTyHassM 7 TOpIGsHIe:

i N FA3cos?d — 1)] '

Hu = j‘12
o
T Gurt

(13)
Henonsays paceysaenys, AHOTRYNbE cepirecKa-CHMMETpHBOMY cryvat (ou. (15[},
yhescaemen, 4To M B cayvae spanuoueiics KH mcergp ecth obaactes ¢ damromuofi
MATEPHEH.

ITpurieM uxTErpan no BeemMy TemecsoMmy yruy 40l =sinddidy or BempmHer
Il saer vTawxoe xce 3HAUGHKE A KOJu4CeCTRA «paHtTOMIOl MaTepi: rGauan
rOpAOBHHEE]L, KAK ¥ B CIy4ae OTCyTeTbha apamennn KHS,

Ofipariy RUMMAHEC, UTO B UTOrosoM Bhipaskenud {13} HapaMeTp BpRILENHS DXOIHT
KBanpatTiine, & o mexoitod metpuke {10) sTor ke napamerp Bxogur neidno. Has
TOED "(FOOHT YCTPAMMTE OT0 MPUTHRODEMAE PACcCMOTDHM avanor empameuns (13) anx
upoussaasuod merpuxe KH co cdepudeckold ropnosuvoll (Me yIMTHMEMONER MANGUTS
BpalleHna) - oM. paboty Teo [67]:

ds* = N*R, 0} dt? — &™) dR2 — r(R) - [d6° + sin 6 {dyp — w( R, §)dt)?] (14
2 2 .

a1 wpsin®§  (Nysind} i

o=~ )t~ S+ s ()

Ha casom jene i pafore Teo n merpuueckux koadubunuentax et u r? vakse cogepmprea
SuslcHMocTR or ¥Iha § (310 cootrercrayer WH ¢ necdepuvcckoii opnosumoii) 1o B roM
cayuac xosdbunuents mpy auddepennuanax d6® u sin?fde® B obmem cryuse Tome
Bomnen Genvb pasuniM (Kax M y MeTpuk Keppa}, a He oZumm M TeM e {r?) wax o (14)
iy Teo.

Moatomy merpuka Teo HE ARTASTCA METPUKCH CAMOTD O0WIErD BHIa 4 €00 PRIBOIR 414
KH ¢ necdhepuueckoii ropacsunoi (min 7% KH e cenammxes K TAKOBEIM KUOPHNATHSIM
npeclpasosanmen) e BEPHLL

Joxaxem Tepepr, yro Bupaxenus {15} connagasT mo gopue c (13).

Jergo aokazaty, wro DephRe WIElkE 3THX HLIDAXKENHH coBmanaivr H covreetcTRylor KH
fea Bpamenus.

Bropo# *uieu s npasoil wactn {15) cooTsercrnyer nonpaskaM 4-I'c HOPARKA M BLHLLE 7O
DAPAMETPY BRSIENUA, T.K. B TIABROM TPUSIRMKENIA yII0EAs CHOPOCTS W ECTH KOHCTANTA,
a 5 pnpasenunt (159) cTonT ee npoussonHas no vray. [losromy namMuil “tien B Hamem
NpUBNEHEHHH MOXHO He Y HTLIRLVTE. KpoMe Toro, B wamen npubayaensv ilense- Ty ppunra
W e0Th KONCTAITTE 10 CITPEIelen .,

Hocieuuit wiel Tep@MCMBRATCE B Hy:KHoM npnbamelan b pAng:

[(\/Nﬁ(R) + N{(R) cos? 9) P 9] o N1 —3c0s?d)

r2sind/NNR) + N{Rjcostd TN

{16)

rag beLTo yutena, '1To N2 =z N2 R) + NF{R)cos® § u 1 uyaesow npubamxenas Ni e asucur
ot {, a B creTyioieM nPRITIKENER 3a0HCHMOCTE, OT NaPaMErPa BPALEHES KBEIPATHYHAK.

* MnTerpan oT RTOPOIo "LIcHA B KEAIPATHEX ckobrax (13} ofpamacTes B uyas.
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D10 Bhipaxkenne cosnmafaer 1o ¢opMe ¢ (13) n ycrpansercs HHTEIPHPOBAHHEM IO
TENeCHOMY YTy, YTO ¥ NoKa3blBaeT Jlemmy.

1II. HecrauyonapHuie aHaIUTHYeCKHE ¥ YUCIIEHHBIE PellleHNsl Y YePHBIX AbIPp U
KPOTOBBIX HOP

TpeTks 4acTh COCTOMT M3 0b630pa NUTEPATYPhI 1 BOCHMM Pa3fesioB:

Pasgen 3.1: «JlokansHble MpU3HAKY CYNIECTBOBAHUS YEPHEIX JBIP 3 KPOTOBLIX HOD».

OBb14HO OmpeAesieHye YepHOil AbIPHI CBA3BIBAIOT € HAIMYMEM TOPU30KTa cobbiruil [69].
Tak nasbiBaloT rparuny o6JaCTH MPOCTPAHCTBA-BPEMEHH M3 KOTOPOH CBETOBBIE CHIHAIBI
He MOryT yiTH Ha (cBeToByio) GeckomednocTs. OfHAKO 3TO ONpeIENeHHE HEeNOKAJbHO
it TpebyeT 3HAHUS BCErO PEIIEHM PACCMATPUBAEMON 3a1a4M, BCeH 3BOJIIONMH CHCTEMBI
BILAOTL 10 OeckonewHO 6YAYIIMX MOMEHTOB BpeMeHM. B mocrenmee BpeMsa Bce dvalle
HPEIJIATaeTes PACCMATPUBATb HEPHYIO ABIPY Ha OCHOBE JIOKAJIBHBIX ONPEAe/IeHUit CBOHCTB
npocTpancTea-Bpemenu. Tak B padore {69) npennaraercs cunTarth rpannuedt depuolk ALIps!
J0BymedHsii ropusont suiumoctu [70). Tax Ha3biBaoT ropusOHT BHAMMOCTH, KOTODHIH
o6aa%aeT CISAYIONIAM CBOMCTBOM: MOy Ve HAPYXKY Jy4u CBETA CXONATCA BHYTPH TOPUIOHTS
H PacXoJATCs BHE €ro.

B CBA3M ¢ BO3MOKHOCTBIO B32UMONIPEBPALIEHUS YEPHBIX JBID ¥ KPOTOBBIX HOD (cM. fanee)
ofpefesenye 1A FOPU3OHTOB BUAUMOCTH MOXKHO Pa3iennTs Ha Asa THna (cM. [32]):

1. Ilpocrpancreentononobupil (11 Hyaepolt) ropusout Buaumocty (IIITHT).

2. Bpemenunono6uuii ropusont Bugnmocty (BIIT).

Onpeaenenvem [IITHT sBaserca npocTpaHcTBeHHOMOJOOHBIA MM HyneBOH MHTEPBAJ
MEXY JpyMA GauskumMu  cOBHITMAMM, NeXalMMH HA PACCMATPHBAEMOM LOPHIOHTE
suAuMocTH, coorsercTaenno BII onpesmensercs kax BpeMenMnoZoGHLIA HHTEPBA MEMILY
TaKkumu ke cobbiTHamu. JIokalbHOe oOmpejgneHue [Jf ITMX TOPH3OHTOB B HYJNEBLIX
KOODJMHATAX 3AITHCHIBAETCA TaK:

du du
" —] <0 — 17
THTHT: Z|, <0 BIIT" dvh>0 a7)

3aech ¥ Janee ungexcom “h" 0G03HaUEHBI BEJMUHMHBI HA POPUZOHTE BUAUMOCTH.

WurepecusiM  npuMepoM  CymecTBOBaHu® npoxomuMoit B 060MX  HampaBleHusix
KOCMOJIOTMYECKO! KPOTOBO¥ HOPH, He cofepxauleli HHKaKkHX TIOPH30HTOB, ABJIAETCH
JIMHAMUYECKas MOZeNb, onucanuas B pabore (41}, 5 xoTopoil Taxoke maercs ompeaenenne
FOPJIOBHHBI TIO IPOCTPaHCTBEHHO-TIOACBHOMY CEYEHMIO.

Mo:KHO 32KJIIOMMTb, YTO R “EPHAA AbIpa ¥ KPOTOBas HOPA MO CBOEH CYTH SABAAKTCR
0OBEKTAMH, KOTOPHIC XapaKTePUIYIOTCs HE/OKAIbHEIMA MOHATHAMY.

Tem He MeHee MPU3HAKOM CyUIECTBOBAHMH YEPHON [bIPbl MOXHO CYHTATh HAIMMHE
JoBy1eusoro ropusonta suanmocty ITITHT.

Kpotosoit nopoit ciesyer HasblBaTh TOHHE/b, COEAHHAIOUMA OTAANEHHbIE OOMACTH
npocTpaHcTBa Beenennolt (unu  pasMbix BeeJeHHBIX) M XapaKTepHOH 0coBeHHOCTBIO
ero CYUeCTBOBAHHUSA ABJIACTCA HaJAU4Ke TroOpJIOBUHDI, OTIPE,HGJISIGMOQ, Hanpnmep, no
npOCTpaHCTBeHHO—ﬂOlesHOMy CEeYEeHHIO.
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Crepayer TNOA4EPKHYTb, YTO HANWUME JIOKATIbNLIX [(PHSHAKOB  CYMNIECTBOBaHHA
PAcCMaTPHBAEMBIX DEJISTHBHCICKMX OOBEKTOB OueHb BaXXHO NIl UX TEOPETHHEeCKOro
HCCIIe0BANNA.

Pazpen 3.2: «/lunamuka dpanToMuoil MaTepuns.

Metpuueckuit Tenzop B ChepPHYECKH-CUMMETPHYHOM Ciydae yaobuo BhIGpaTh
CJIe/y IOUIMM:

ds? = e’ di*-e*dR%-eHdSP2. (18)
3neck €* = 12, tae 4xr? - nnowaas cephl BOKPYr HEHTPa CHCTEMb], BEJIMYMHBL T, U M A
spistiorcs GysrumaMu R u t.
Onpeleanm ypapHenue coCTOSHNA MaTEPUi:

p=pL=p=uE, E—(1+5). (19)

Tockonbky 1pu § = 0 pasiuyc TOPHIOHTa HE MeHAeTCA, TO IPH Majbix § - ol MeHseTcs
cnabo. By paccMaTpuBaTh YpaBHEHHMS NPH T = T'p, TO MOXHO 3aIHCATh:

dv|, =pdt+ v dR. (20)
Wom: d
V'F = ir'-r’ & . (21)
dt F=rj=Const
Wnrerpupys nomyyaem:
' = /exp(A— A, + v —1,) -exp (V[l] -u), (22)

3nech Obutm BBeAeHm obosnavenus: (1] = (rp,0) u [2] = (Rh,t), npuuem Tax, wro
TY) = T[z] = T, OTCIONA

w/é
. . &
T = STrEOR: c Ry - [1 +w¥], ¥= \/exp (Vlll ~ V[z]) = (-E%;) . (23)

710 TOYHOE BHIpAXKEHHe [ W3MEHeHHs DaJuyca ropu3oHTa - He 3aucauee or §. T.o.
HANPAaBJ/IeHHE CMELIEHUs] FOPU3OHTA ONPEJENsSeTCsl HAYAbHBIMH YCIIOBUSIMK pacnpesieniesnst
MaTepuH. YC/IOBUEM YMEHbLIEHUEM pajiyca ropusonra asasercs: w¥ < —1.

Orciopa BUHO, YTO NP Mabix § 3DdeKT «PacTBOPEHHA» HEPHOH AblpbI JOCTATOMHO
maji. OCHOBHOR BBIBOA COCTOMT B NOATBEPIKAENMA IMIIOTEIHI O BO3SMOMCHOM “‘pacTBOpeHun’
“epHOI AbIPBl PAaHTOMHONR MaTepueit.

Pazpen 3.3: «Ananuritieckoe pelleHue AJist aKKPeLy Ha 3aPAKEHHYIO HEPHYIO AbIPY».

B srom pa3spene paccMoTpeHbl NpoOieMbl CBA3aHHbIE € aKKpeuued aHTOMHOMA
MAaTepHH Ha 3apmxeHHyio depuyio apipy Peiicuepa-Hopacrpema. Ypapuenus Diinmrefina
A5t cpepHYecK-CHMMETPHYHOR MOJIeIM akKpeluy (aHTOMHOR INbLIM HA YepHYIo ABIPY
Peiicnepa-Hopacrpema npounrerpuposanbl ananuTuyeckd. Haiigeno npunuunuanshoe
U3MeHeHNEe XapaKTEPUCTHK PelLietnst, CBA3aHHOe C I10/ aKKpelueil 1 UCYeIOBEHnEM YEPHO
LBIPBL. :

Pacemotpum uepuyro asipy Peitcnepa-Hopacrpema ¢ zapsgom g (saekTpuueckum Hiu
maruuTHeiM) n Maccoil M. TlycTb akkpenupyowmas MaTepus pacrpejesiena BHe FOPU30HTA
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u npescTaBiAeT coboil rPaBUTHPYIOLLYI0 GAaHTOMHYIO NbLTH (€ OTPUIATENBHON IIIOTHOCTHIO
anepruu € < 0).

,HJ'IH AHANIUTHYECKOIO HCCIEJOBAHUA HUCHOIL3YEM MaKCHMaibHO-YIPOIMEHHYIO MOJELb,
TEM He MeHee IIO3BOJIAIOMIYK? aNEKBATHO OIHCHLIBATH aKKPEHHIO cbanromuoﬁ MaTepuu U
4epnyio anpy Pedicnepa-Hopacrpema (ofnanaomyo, Kak M3BECTHO, HE TOJBKO BHEIHNM,
HO ¥ BHYTpeHHuM ropusontToM). Ilosnsas MaTepusa B MOAENM ABISETCH CynepHO3MLHel
MATHUTHOTO TOAs ¥ PAnTOMHOM b, TeHzop oHepruU-UMMYAbes Takodl MaTepuu
[PeACTaB/IAETCS B CIeAYIOLIEM BUIE:

4% 0 0 0 €000
0 +5% 0 0 0000
= r 24
Tn 0 0 -Z o |T{oooo @
0 0 0 —L 0000

8T’

Brarosaps rugpomMHAMUYECKO! HE3ABMCUMOCTH CJIOCB MHUTH APYI OTHOCUTENRHO APYTa,
MOKHO TPOMHTETPHPOBATD YPABHENHs! ABHIKEHHS VIR [IBUIM AHAJOTHYHO PElIEHN0 34184
Tonmena (em. [71, 72]). Tlo cyru, sTo Ta ke 3aa4a TonsMeHa B LEHTPATLHO-CHMMETPHIHOM
INEKTPUECKOM (I MATHUTHOM) NI0JIE [J1sl HE3APSIAKEHHOMN MBI

Vpapnenus DiiHIITeHA, COOTBETCTBYIOT METDHKE

ds? = dr? — 2R GR? — 12(r, R) (d6? + sin? 6 dig?), (25)

Brenem obosnaienne:

2[m(R)-m(Ry)]

R
S(R) = % /87r£,- R*dR = B , §=854+2/R-¢/R. (26)
Ry,

Benmmauna S uMeer cMblcAd  yABOeHHOrO  (KBa3u) HBIOTOHOBCKOTO  NOTEHUHATA
HEINEKTPOMArHUTHON aKKpenmpyoumeli MaTepud B HAYaJbLHBIA MOMEHT, cocrosmeil u3
nbiTH (BHE FOPHIOHTOB).

Hanee nngexcoM “I” obo3HauaeM BCe BeJIHYHHBI B HauaJIbHBIN Momenr T = (. 3amamum

HAYaJIbHOE paclpeenenie BeUYUHb T !
7'2

ot

(=12 (R) 27

i

Brifiepem B nasansiriii MoMenT Maclitab koopaunatht R B (44) Tak uro:
=R (28)

ST0 BO3MOXKHO CHENaTh B CIy4ae MOHOTOHHOIO u3MeHenns dyHKIMK T o Koopaunate R B
HAYAIBHEI MOMEHT (BHeE 4ePHOM IBIPHL).

Onpeaenum HavanbHOe nojoxkenne ropusonta kak Ry = M + / M? — ¢2.

Hecneayem noapobuo YacTHR ciyyall HAYABHBLIX YCIOBUI COOTBETCTBYIONUX HYJIEBOM
CKOPOCTH r?'l‘. (R)=0.

Bsegem obozuauenus:

§=qfrs, F=r/ri, Rn=Rufri, F=1/ri. (29)
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W3 ypasnennit Dimmreiina caepyer:

_ 1 5 2 =1/DH
rob= g5 S - Rt 2 - /R (30)
QOb6osnatan:
Scollapse = —Rh + 262 - qQ/Rh (31)

nenocpencrsenno 13 (30) MoxkHO yBeAUTHCA, MTO B HAMAMBMBIA MOMenT pu S > Scolopse
HauaJbHOe YCKOpeHue 7, |; OTpULATeIbHO, IOSTOMY NbUIb HAYHET KOJIIaNCHpOBaTh.

B pesysnbraTe MOKHO MNOJY4NTb BbIpaXKeHHe A1A cKopocTd V' B cilyyae H3MeHAIUXCs
BO BPEMEHH TOPU30HTOB 74 (IPH aKKPEeUMd MaTepun):

z:(52—5—'5"/&;»—1%;1)52+(5+Rh+§7/1§h)f—l?

Vv ~ -
(1+¢ ~ 85— /Ry ~ Rp)®

(32)

TIpu oTCyTCTBMM 37€KTPOMATHHUTHOTO [OJA TO BbIPa’KEHUE COBNAJACT C pelllelldeM A
Kosancupytouleit nsumi (cm. [73]). Pagnycs: ropusonTa BUAMMOCTH COOTBETCTBYIOT KOPHSIM
ypasuenus V2{(r) = 1:

P (S+ R+ R+ =0 (33)

Otcrona:

= % [s +Ry+@ R % \/52 + 2SRy +2S@/Ry — 22 + B2 + @4/1"2,3] (34)

CymecrsoBanne BTOporo (MeHBLIErO) KOPHS O3HAYAET HANH4HE BTOPOrO (BHMyTpEHHEro)
ropusoHTa 74, = 0 B cucTeme.

W3 (32) 1 (34) B 9aCTHOCTH BHAHO, YTO PH AKKPEUHH HA YEPHYIO AbIPY (PAHTOMHON HbLIH
¢ £ <0uS <0 ropu3onTH MOTYT MCHesHYTH: Benuuuua V2(F) He mocTurner B 5TOM ciydae
eIMHULBl BO BCelt obacTu coomx smavenuit. Ilpudem snavenne norenuuasia S = Sy, mpu
KOTOPOM 4epHast JLIPa CTAHOBWICS B PE3YILTAaTe aKKPEUMH TPeeIsHOi (KOPHH yPaBHEeHUR
V2(7) = 1 cTaHOBATCA KPATHBIMHM M DABHBIMH T), = §) ONPEIENAETCA BHIPAKEHeM

~ - - - 2
St = Seotopse +20(1 — @) = 24— Fon — P/ Fn = — (\/Rh —infR) <0 @39)

Huddepenumpopanne (33) no R naer

2+
" 8mwe; R,

Lk S 36
MR 07k S — Ry~ @/ R 26)

Yenosue 27F-S — Ry —@*/Ry > 0, cornacko (34) Bumoansercs mcerge, nosTOMy 3HaK
npagoit 9acTH 3aBHCUT TOJIbKO OT 3HaKa €. 1.K. B 9TOM pazlefie pacCMaTPUBAETCH TOIbKO
caysait konnanca matepuit (S > Scollgpse), TO Ha BHEWIHEM rOPH3OHTE BRIuMocTH Gyser
MOHOTOHIIOE YBeIHYeHHe KOOPAKHATH B ¢o BpeMeHeM, 3TO 3HAHT, 1TO Ha 3TOM FOPUIOHTE

dR

Eh>0 . (37)

V3 dopmyn (36) 1 (37) creayer BaxKHBIA BbIBOL:
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IIpu noIOXKUTENLHBIX SHAYEHUAX £; PAAUYC FOPU3OHTA Ty, ByAET yBenu1nBaThCs
IpM aKKpeuuu, nosromy takoit ropusonr 6yger IIITHI-tuna. CoorsercrBeHHO
NpH OTPHUATENBHBIX 3HAYEHHSIX £; Pa/nyC ropu3oHTa GyZer yMeHbIaThcs HpH
aKKpelud, MOITOMY B TakOM cjay4ae ropusorr Gyser BIII-Tunma. Axkkpenus
dbanromuoit neM ¢ S < S, IPHBOANT K OTCYTCTBHUIO KOPHeii y ypaBuenusa V2 = 1,
a 3HAYMT K MCYE3HOBEHNIO TOPAU3OHTOB, A 3HAYMT M MEPHOH ALIPHI.

Duanueckn KOPPEKTHBLIM PacCMOTPEHHUE 3TOM MOAENH (¥ MOEIN U3 CIE/YIOLIETO Pa3ea)
MOXET GLITH TOAPKO JJ0 MOMEHTA BOIMOKHOIO [1epecedeHHs MbIIEBEIX COER, DTO CBAZAHO
€ TeM, YTO fIoCHie MepecedeHns B COMYTCTRYIOMEH MATEPHH CUCTEME NOABIIAETCA BCTPEHbI
NOTOK 3HEPIUK (OT MEpecekaeMBIX C0€B MaTePHH), KOTOPLLI He yuTen B TEH30pe SHePTHu-
HMITYJIbCA. Hepece‘ieﬂne coceqHUX CJI0EB MaTepHH COOTBETCTBYET 6ECK0H€‘1H017[ NJIOTHOCTH
SHEPrUH. ITO COOTBETCTBYET yCJOBHMIO T, = 0. ducbdepenumuposanue sripaxenus 7(r, R)
no R nossoaser onpegemuts dynxuuto 7. (r,S) B sBHOM BHe. Anajornuno pabote [58]
obosnauum S° = RS, u1, omyckas IpOMeKYTOHHBIE IPOMO3JKHME BBIYUCIEHHS, NPUBEAEM
OKOHYATE/BHLIN PE3YILTAT A/1d STOH yHKIMH:

(1 =7) [(Sy = @S’ ~ 20+ 28°)(2F" - SiF) — P(S+2D(2S +5 24 +67)) |
2(S - )8}

281 ~ )81 = (8" =24 +2) (S, =38)  —=re v
n . 1-7 S 7 — g2) - arct
QFan ( )( 1 Q) reig

=1+

5:(1-7)
Sif = ¢
(38)

Wenonpsosats 37y GopMmyay AR ONpemesienns MOMEHTAa TEPECceveHMs HECOCeNHUX B
HAYANLHBI MOMEHT CJIOEB HEJB3d, T.K. NepecedeHrie ¢ HeCOCeHHUMH CIIOAMH He NPHBOLUT
HH K KaKiM 0COGEHHOCTAM [T TBUTH.

OTMeTHM OuH BAXKNBIl [NA 3TOro pasjeis haxkt: NPH HEGOMBIIMX OTKIOHEHHAX
noteHuymana S or Hyns cyuecrsyer auanason § € (0,Gmez) B xoTOpOM T, > 0 BLIOTL O
T = Tstop - ITEpECEHECHHE CTIOER OTCYTCTRYET.

Baegem obosnavenne s usnveckod ANKUHLI, OUpeAesIOme TPOSOIbHLIE PACCTOSHUS
B MOJeNHu:

e

Wr R) = / M dR (39)

R

CxopocTh U3MeHeHHs ITOH JJIMHbI ONPeaesiseTCs BhIPaKeHHeM:

1, = / Arorzgp (40)
R

C nowmous1o npeoSpazosanus koopaunar dR = —~Rd§/§ nonyuaem:

=y

i

Rr
l,:/ =R g7 41
= i 4 (41)
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qQjReap.2 q/R=0.4

-

Puc. 6: I'padux byukuun L, (F) - coorsercTByer neBoil BepTHKATBON oCH, & rpadbuku YLKyl
V2(#) u r (F) - npasoft epruxamsHot ockt (A1 § = 0.2 - cuepa u § = 0.4 - cupasa). [paduxs

nocrpoers s cnyyas § = 0. B oboux caysasnx {(Faiep) > 0 1t 7 (Fsiop) > 0.

Jnst Haxoskzenust pynkuun Rr . nnddepennupyeM no R Bbipaxkenne gis T .2

rr = Ta = DA =N)8T+ (= AFET - &) - 201 =) _
272 /(1=7F) (57 — @)

{1 =S — 2§+ 28 + 2§
274/ =787 ~ )

Ucnonssys sorpaxxennst (38) u (42) moxmo paccunraTh KbBaspaTypy (41) mim cxopoctu

(42)

u3Mentenna LIMnb! [ - cM. puc. 6. 3aMeruM, 4To B OTAHUME OT ', 3Ha4eHHE |, He obpamaeTcs

B HyJlb B TOUKE T = T'sgop. ITO CBA3AHO C BOIHMKHOBEHHEM CHHIYIAPHOCTA Y DYHKLMH T, B

R
JaHHOH TO4Ke.

Jnst obecneyenna nenpepwibiocTn Gynkuun [ (7) B Touke T = Ty HeobxommMo
NPEANIONIOKUTb, 9TO TOCHE JOCTHAKEHMS TOYKH Tgop PAAMyC T M AduHa | Hawumaior
YBETRYUBATbCA (MO MOCTIDKEBHA TOYKW Tsop PAAMYC T YyMeHpIIANCH, & AnuHa [
ysenwuuBanace). Iagxocts dynkuun [ (T) B TOUKe T = Ty, obecllednBaeTCA PABEHCTEOM
Hymo yukunu T, B 9T0il Touke. [Toaromy ecnn nepeceueHne c€10e8 OTCYTCTBOBAIO IO

T = Tatopy TO U MOCTI€ 3TOr0 MOMEHTA CJIOH Cpaly He Nepecexyrcs (T,K, €>‘

He obpaniaercs
B HyJIb).

Takum ofGpaszoM, B ONMCLIBAEMOIl MOAEIH €CTb <«TOPJOBMHA» M MOJEIDH
obiazaer csoiicTBaMu «MocTa» - cM. [T4].

ITpu HeGoAbIMMX OTKIOHEHHAX NAPaMeTPoB Mogean oT Ry, = g u § = 0 BuillieyKa3aHHbIA
PESYNLTAT KapAUHAILHO He MEHseTcs, 103ToMy nocie ucdesuopenua [IITHI (npu S < 0)
Moziesb Gy/IeT OMHUCHIBATD NOJYIPOXOAMMYIO KPOTOBYIO HOPY — oM. [75]. :

Paspen 3.4: «AuamnTudeckoe peilieHue JAIst aKKPEUKRH Ha KPOTOBYIO HOPY».

B kavectse ncxonnoil Mogeny KpOTOBOH HOPBI ByeT UCIONB30BATLCA CTATHYHAH MOJEAb
SJ'I.HHC&—BPOHHHKOBE, B KOTOpOﬁ rpaBUTALlMOHHLIE YCKOpeHNs Be3Je TOXJJAECTBEHHO pPaBHbI
nymo. Takum ofpasom, sdibexTusHble Maccsl obeux BxomoB B ropiosuny KH pasnwi
HYJIIO, XOTs! PEOMETPHA TPEXMEPHOI'O NPOCTPAHCTBA, KOHEUHO, OTINYAETCSA 0T JBKIMIOBOM
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Puc. 7. Ouarpamsmu {r): 1 - sa% ceevopums reopeskecwux, 2 - faa v = const, 3 - s
TOPHIONTA EFIHMACTH M By TPEHHErD CODIMAMTR, 4 - 073 Opegeansors EpeMearn CoTaioBKe, & -
ONA TOPAOGHML + =4, 6 - II4 MOMENTS Tepeceqelia COCCIMKX CHOeB TRAAE, 7 - SABUCHMOCTH
s{ri} = 0.7{rsfg — 1) - exp(2 — ri fg} - Macurral LIS DOTHYHIEL § MO BRPTHEATEHON OCH COBIIASART C
macuiTalion spiMens £

veomerpui. Takas MOAEAL NpuBeiens ¥ OPOsHANMIRpobaia B paborax [54, TGl B amux
pafoTax BeA MATeDHs B MOJSIAX RONAETCA TATOTEOMIMM CHATHPILIM nodeM. JlorHTeckun
pa3buTHer 0 0bobluetyeM STHX MoZeNeli OKAISTACH DKBUBATENTHAN JAMEHA CKATAPHOIO
TONY Ha CYUEPTIOIHLMIO ITEKTPOMATHUTHOMO NONE X NBLEBON METeDHYM, Yre o OHIO
CO2TA0 HaMHK, S0 LOFECILI0 HPHMEHNTE i PACHEry MOJSIH MeTOAR! 2adass Toamena {(eu.
[71, 72, 77]) ofobiteunbie 1 pa3BATEE aRTOPOM.

IipocTefinies cpepureckt-CHMMETPIYHOE 1t CTATHYHOE Delienue yParHeruil Dinmreiina
A CIRTUMNON, Be3Maccoroi KpoToroil Hop rMeeT prd (oM, |54]):

ds® = dt? — dR — r2(df? Lsinfde?), rPR) =+ R, (43)

B obwewm caysae pemense mowxer Huite IMUAMUTECKIM, TOTS METPUKA ICDpENUCHIBACTCL B
BH/IE:
ds? = dr? — MNP GRE _ 27 BY (dBF + sin? B di®), {44

Tetzop neprau-vMnynbea Takol MarepHH npefcTaBiseTca B osuie (24) Anatorayno
peltenyiy § NPeIBYTIEM PARTONS BRSIAM OEOANANRNNE:

1

33 L
1 1 .
s(r) = — f Bar(e, ~ culrin AR = — f 8re? dr; +2f—_ (1 - ri) (45)
[} 1

Bemuunna 5 umeer oMuicn YAROEHNOD MBXTONORCKOID DOTEMIIHATE ELNCROH MATEPHI,
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U3OLITOYHOMN 110 OTHOWIEHRIO K ILTOTHOCTU TNbLIM CTATUYHOIO pellieHus: £4 = ——qz/(47rrd) B
HavyaJbKblif MOMENT.

AnanorMuHO  pemenMio 8 npejbloylleM  pasjene, noayvaeM AlA  PeINEHHA,
COOTBETCTBYIOIIEro KPOTOBOH HHope:

(s +2¢*/ririfr — 5 — ¢* fr} — ¢*/r*
1—s—g/r?

Viz rie)‘/r?n = r:‘:/Fl = (46)
Ilpu g = 0 70T pesy/LTAT COBNAJAET € PellenneM Ast KoLiancupylomed nnuin (M. (73]).
Hcenonesys: dopmyny (46), MoxkHO caienaTh Psij BaXKHBIX BEIBOJOB:

1. O6pasoBanue roOpy3oHTa BO3MOMKHO He BCErZa, a TOJALKO HPH AOCTATOYHO

GonnuMxX MapaMmerpax s:
s>23(1—i> (47)
Ty Ti
IMocne noswnenusn ropuzonrs KH cranosurcs "Henpoxopumoii”. Oprako eme go
AJOCTUAKENUA MOPH30HTA MOXKET BOZHUHKHYTDL lIEPECEICHHE CJI0EE NbLIH.
2. O6nacTte 3Havenuss GyHKuMM t(r,7;) OrpaHMYEHA MAKCHMAIBHRIM BpeMeHeM
taop (OT HAYAIA ABMIKEHMH JO OCTAHOBKH):

_arils +29°/7F)

= Yo+ @I “

Bpemst tup cooTBeTcTBYer oTkaoHeHuts Ar = sri/q? or Havansnoro nonomenus. Ipu
MalpIX OTKJIOHEHMAX (COOTBETCTBYIOIMX MAJIKIM 3HAYEHMAM §) BO3HUKAIT
rapmornyeckue xonebanua ¢ nepuonom T = 2ty = 2073 g

3. CymectsoBanue Broporo (MeHbIUEro) KOpHA B ypaBHeHmum V3(r)=1
OQ3HAYACT NOABJICHNE BTOPOro (BHYTPEHHET0) TOPU3OHTA B CUCTEME - CM. PUCYHOK 7.

Pazgen 3.5: «Anannrudeckoe peienue 4158 MynnTHBCeennoil».

B kadecrBe nasbHeitmero pasBaTHA H 0DOGUIEHHA METOAA, DACCMOTDEHHOTO B ABYX
npeapiaylux paspaenax, no npegaokenmo H.C. Kappamesa, B Monenn 6bin Benen
Kocmonorudecknit A-wien. Ero BBefenue 1O3BOMHIO NONYUHTb NPUHIMNMATLHO-HOBOE
peluenne s cratHdeckoit M cdepuveckoit Mojeam Mysnbrupcenentoit. DT1a Momenb
npeicTaBiser coboil GeCKoHeuHoe UMCI0 cHePHUECKMX MHPOB, COEANHENHBIX TOPJIOBRHAMH.
J10 nepsas aHATMTHYECKaA MOJENb TAKOIO POIa.

Hatigennoe petenne pis MyasTupceneHHON MOxeT 0bJajaTh NONOKNTENLHON 1OIHON
IUIOTHOCTBIO SHEPIMH BO BCEM NpocTpancTBe. Kpome TOro, JaHHOe PELIEHUE TeM 2Ke METOOM
MOXKHO 0606UIMTh 1A CITy 4ait ARHAMHYECKOM MOJIEIH, BHIBEIEHHOM M3 NO0XKEHUs PABHOBECHS
n3bnitkom (UM nejocTaTKOM) NHUTM WM A-Uiena.

Pesyssrarsl ¥ MeToAn! 9TOr0 M NPEABUAYLIETO Pa3aelioB MOTYT WMCNOAb3OBATHCA NPH
ofCyAEHMN BOIMOXKIIOHN 3BOMIOUKK KPOTOBLIX HOP B PasnuyHbix Moaensx Beenenuoft.

[lpi1s ¢ MONOKHTENBLHOR MacCOi, HIOLITOYHAS 10 OTHOWICHHIO K &4 YCKOpHETCH K
LEHTPY B HauallbHhili MomenT (6e3 A-dunena). A-uien 6e3 u3bLiTouHOil NbUIM IIPUBOAMT K
pasayBaollieMyCsl pelleHdio B Hadanplbii MoMent. Ha ropaosune KH norennyan s =0, a
A-4neH Ha ropyiosute JaeT HeHyneBol BKaak B yeKopeHne MaTepu. CKOMIEHCHPOBATb ITOT
BKMaj, Ha ropnosute (u BO:m3M nee) nevem - npu r, =7, =0 u r = ¢. T.o. cratuunoro
pemenus aas KH ¢ pagnycom ropnosunet r, = g u A-unenom He cywecrsyer.
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Pre. 8 Yonornoe wsofpoxewne nadinemsoro pomcuns gnn Mymonecenenwod (zaBuckmocts
+ri( &)

Tem ne Menee Takoe peiuetve cymecrayer 11d KH ¢ A-anenon 1 ¢ vy 3£ 4. Do cramimme
petlenHe NerKo noayHTh K3 HCXCANRIX ypasiiennii {npn yotosuax v, =0 nr,, = 0.

Merpure erarwanoit KB onpeuenscrea smpasenuey (43) ¢ yuerom Toro, yro Temeps
T(R) £+ RE

Torna nomygaes: rfﬁ =1~ /r? ~Ar® u JeTKO HAXOJUM DoIpaxeHde 4R DANRYCa
FOPIIOCHHET T

1 /1 —dig?
M1 =0 = rgz_..—ﬁ_‘iﬁq?(uz\qﬂ) {mpn AgF = 0),  {40)

8, TAKKE sasucumocTs {7

2R) = 1 — /1 = 1Ag% - cos(2vAR)

28 (50)
PacTpenenetie £ 417 2TOTO PEmemita MMeer Bt
A e
== I (51)

T.o. & craTramon pemeduy ¢ A-11eHoM PagHRYC TOPNOBHHLL H NAGTHOCT TLIUIH OKAZBLEAIOTCH
fowiie, wenm Dea A-wieHa.

Nanwas naoracers BHEPTHUR R CTATHUNOM PELEHHMH © A-unenon DbaBHa!

I 7
¢ _ 30 ;
= 8%  Brrd (52)

VenoBue HEOTPHRUATATLIOCTH Benm il T DO BceM NPOCTPAHCTEE (TPM T 2 7, ) HMeeT DR
y 3 .
T =0 npua:mfzﬁ {53)

Taxam ofpazon, B MDHCYyTCTRHE A-4iIcHAa MOFYT G&ITh HANACHEL PeUIEHHR MIA
KPOTEBEIX HOP € TOJMKMTEALHON II0FHOCTRIG HOMHoH SHePrsfi.
W3 (30) MomHO NOIyYUTE MAKCMMAILUG-INTYCTUMB DAREYC CTATHENON MeTpREN ¢ S

“LieHow:
2 L4/~ 47Ag?

Tmas = TN

—

{npu Ag® — 0). {54)

=l

SMpn  sTOM  NeloCTMOMAA  BEAMMENE 7. = 45/r° — Ar  mower Oure  HONY4cHA  Apammm
anddrepeitpporansen srpakenaa {(50).



3a sTnM paguycom Beenennas onsth HAYMHAET CYKATHCS A0 HOBOMH rOPJOBHIIBL.

Pemenune (50) onuckiBaer crathmunyio MyapTuscenennyo (Multiverse) c
HeCKOHEMHBIM YHCIOM FOPIOBMH - ¢M. pucyHok 8. ITpu orcyrersuu 3apsaaa (¢ = 0)
3TO pellleNue OKA3LIBAETCS KOCMOJOTMYECKHMM perleHMeM 6e3 KPOTOBOit Hophl,
COOTBETCTRYIOIIUM 3AKPHITONH usorponnoii moxeau Beenennoii - cu. §112, [68].

[pu usbriTke (WM HeNOCTATKE) MNbLIEBOH YacTM MAOTHOCTH 3HEPruu Wix A-unena
oTnocurenso (51), Haiinennoe pemetue A1 My/abTHBCe/IENHOM CTAHOBATCH AMHAMUYECKHUM.
AHaTNTHYECKOE ero MCCIIeA0BAlNE 3aTPYJHEHO HEOOXOAUMOCTHIO PEllIeHUs anrebpauteckoro
ypaBHesnst 4-fi crenmeuu U BHIMUCHEHUEM TIPOMO3AKOH KBaJPaTyphl Aid Onpejfenenus
MOMEHT2, Nepeceenus C0EB NbLIN.

Pazpen 3.6: «TlomynpoxomguMble KpoTOBLIE HOPB! KaK DPe3YNLTAT aKKpelun haHToOMHOM
MATEpHH Ha YEPHBIE JBIPLI».

B pasgene paccMaTpuBalorcs (PU3NUECKHE IPOLECCH, BOBHMKAOMME OPH OOJyueHrn
Henpoxomumoit kporopoit vopsl (HKH) caMorpaBuTHpyIomms 3K30THIECKHM M3y YEHHEM.
Tlokaszano, yro npu obsryueHun Takoil KpOTOBOIi HOPHI TOJBLKO M3 HAIUErO NPOCTPAHCTHBA
BOSHHKAIOT YC/IOBMA JJIs IPOXOXKAENNA CUCHAJIOB U3 APYroro npocrpancrsa B Hawe. Ilpu
3TOM CMI'HaJBl B OOPATHOM HAlpaBlEeHHU Yepe3 KPOTOBYIO HOpy IpoiiTu He moryT. Taxue
KPOTOBbIE HOPHI Ha3plBawT nonynpoxomumeimu (ITTTKH).

B pasnene noxazaHo, uTo ecau 06Iy4aTh ¢ ONHOM CTOPOHLI HENPOXOAUMYIO KPOTOBYIO
HOpy, sBIsOUlefics MocroMm DjHmreiina-Posena (seunoit wepmoit u Geio Awmipoit),
sk30THHecKuM namydenneM, To HKH npespamaerca B IIIIKH u vacts uudopmatuu us
ApYroit BCEeSIEHHON CTAHOBUTCH, B NMPHHIHIE, JOCTYNHA HabiogaTesio B Haluell BCeeHHO.
OHaK0 HPOXOkKAEHHEe CHTHAIOB B IPOTHRONOIOAKHOM HATPABJIEHMH (U3 BCEJIGHHON — OTKY/a
IPOBOAIOCH H3MYUeHUE B APYTYIO) NO-IPEKHEMY HEBOIMOXHO. OTMETHM, UTO €CNU [OSIHAS
sneprusa obnydenus meubure ucxomnoii Maccst HKH, o nocie obmyyenus wactb curnanos
u3 Apyroit Bcenennokt Oyzer mpuxogutp x nabmiomareno B named Bcenetno# ¢ Gonblumm
KpacHbIM cMmelnenneM. Kpome Toro, B pasgjene paccMmorpenbl nekoTopwle csolicrsa ITKH,
BozuHKatomux npu obinyvennn HKH ¢ obenx cropon.

B saxmouenne szameruM, yro B pabore [17] wmciemwo paccmaTpuBanach curyauus,
KOTJa MEPBONAYaLHO CTATHYECKAS KPOTOBad HOPA BO3MYUIAETC MMITYJIBCOM OGBIMHOrO
6e3MACCOBOrO CKAIAPHOro NOJIA U3 Hallell BCeJIeHHOM, HeCylIero NOJOKHUTENLHYIO SHEPTHIO.
Takoe Bo3My1EHNE UEPE3 HEKOTOPOE BPeMs BEET K KOJIancy KpoTosoi nopsl. Oanaxo, ecim
CpPa3y Nocile TaKOTo BO3MYIIEHUs HOCAATh U3 HAllel BCeNelHOM B KPOTOBYIO HOPY TUIATEIbHO
o7100paHHEL 10 HHTEHCUBHOCTH UMIY/ILC IKIOTHUECKOTO H3JLyveuus, TO MOXKHO NPOAINTD
Ha HEKOTOPOEe BPEMs CYIIECTBOBAHHE NPOXOAMMOIl KPOTOBOH HOPBL.

Pazgen 3.7: «Ananu3 yeTORUYMBOCTH UEKOTOPBIX MOJEAe{l KPOTOBLIX HOP».

B stoM paszene paccMoTpeHnl npoiembl YCTOWUMBOCTM HBYX PAa3HBIX MOAEMed
CTATUYECKUK KPOTOBBLIX HOP OTHOCHTELHO BO3MYUIEHU N0 chepuHeckuM MoJaM.

1. Anamu3z YCTONYMBOCTH KpPOTOBOH HODS!, BOMAEPXKUBAEMON MHHMBIM CKaJsiPHbIM
[OJIEM NOKa3aJl € KCIOHEHLUHAAbHYIO UeYCTON'HBOCTE. JTOT Pe3yjLTaT JAEeMOHCTPUPYET
HeycToftumBocts pewenns ana KH BDanuca-Bpomuuxosa sonpexu pabore [76] u v
CoOTBeTCTBHM ¢ Bonee Mo3AMMMy (He3aBRCHMBIMA) ucCrenoBanusany [44, 46].

2. AHanu3 yCTOHYMBOCTH KPOTOBOI HODPBI, MOAAEPKUBAEMOIl PaIHAAbHBLIM MATHHTHBIM
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00JeM H (DAHTOMION THNED OOKAZAT NRueliitil POCT BOUMYIIEHRE oMol M3 KOMDOHENT
METPHYECKOTO Ten3opa {OCTANLHBIE KOMIGNENTE OKa3IBIBaioTCH yeTotunseiMn). loatomy
BTOP&A MOIENS MUMKET CHHTATBCA YCToitunrol Ko BeeM ceprieckHM MOIaM BOSMYIIEHRA 38
WCRJIKFIENAEN TPOACALEOLD PAANAARHOTG ABIDKEIMS TELTH TI0 WHEPLHE . DTa MOA OUEFMIHA
€ YYBTOM OTCYTCIEHA CHN TPABMTANEY B WCXCAHoA Mogenn. HapacTanue aToll Momb 0eNb
MELTEHN0E: OHO MPONOPIHOHATEBNO BpemeHn. (JeBiyno, 470 2TA MOfa MOXET DuiTs Nerko
LBOAABIEHE H T.0. MOJeIE HLTHeTCH KBasHycToineol {yeToifueoil no JIanynosy ).

DT peIyALTATHl NOKAZMEBA/OT, 4To Juke LA oapolt v Toft ke KH eompoc of
YOTOAMMEOCTY He MMeeT OqH03Naqaorn oTEeTa, NoIToMY ASHHLH BoOpoe (BechMa c.nommlﬁ)
JOTAED M3YHaTLO ATA KOHKPETION MOAEIY KPaTOE0l HopL DETATLHD,

Pazgen 1.B: «Yucienune peieHns g0 AKKPEIH PASHRIX THRIOE MATEPHH A5 ZepHLIE
JABIPEL H EPOTOBLIE HOPHS.

MeTonom WHCAENHOIO MOAENHPOBAHES B DASLLNE NOKA3AHO, TT0 BUASUTHIECKAE KLIRONE]
© BOBMOMKHOCTH MCUEIHOEeMUR rapuzoHTos ¥ “If 1pekpacho cOTIACYRIICA ¢ “IACIeHHHMA
pacHeTanmy.

B xauecTBe MATEPHM pACCMOTpENL! eficToRTensiioc P u memvoe ¥ cramspnue moaa
{cxkamapiioe none ¥ - Owie ¢ OTPMIATEIBHEM KRhyTHieckmm iepom). Togs ¥ o O
HEFABMCHMBT ADYY OT IPYIit. )

[pu axxpenuy dantomnod Matepun wa Y[ Pedicnepa-Hopaerpesma susmusii ropwzonT
EuMocTy cranosarea BIIT-Tuna, eHyrpennnit ropusont swausocTy cranceyres [JITHT-
‘THUA, MOABNACTCH [OPH3CHT ropsweHuo. Ilorom ereunlt » BHyTpeHnmi FOpPHSOHTS!
CNABAOTCH W WCMeRAM0T, OTKPLBAA A48 HEBOAATENs NEHTRAILEYH CHHTYTHPHOCTD.
Ee mabnionesve oporupopenmr npunouny "kocmmuecked ueszypm”  [55], Ro sToT
OpuAnMn  pafoTaeT TONBKO UPH  BRINCSHEHMM SHEPTETHUECKHX  YOIOSHI, koTOpPEBS
OKA3WEAITCA TNAPYIIENHBIMH  BIaromapa  UpRCYTCTEM  antoammoli  matepwu.  Tem
CAMBIM [HEIYTETETE! BHAARTUMECKUX UCCHEAOBAIMT NpeAMIyMX DusgeioB OKAILIBAITCH
NOAHOCTLI0 IOMTEEPARLIEHE] MHCTEHEIM MOJSIHPOGAHHEM.
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