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13.A. Xll)Klll!I( 

06w,aH xapax:mepucmux:a auccepmau,uu 

AKTYaJihHOCTh TeMbl 

OTKpblTHe HeHTpOHHbIX 3Be3,ll (nynbcapon) rrpenocTaBH1IO B pacnopJilKeHne COBpeMeH

HOH q>H3HKH YHHKa1IbHYIO acTp0qJH3lI'ICCKYIO na6opaTOplIIO nmr H3y'leHHJI paBHOBeCHbIX 

n lllIHaMH'leCKlIX CBOHCTB MaKpOCKOIIH'leCKOH JlllepHoii MaTepnn. 8To OTKpbITHe CTH

Mynnponano aKTlIBHbIH IIOHCK 3qlqJCKTlIBHbIX MeTOll0B MaTeMaTH'ICCKOro MO,llC1Illp0BaHlIJI 

MCXaHH'leCKHX ,llBHlKeunii MaTepHa1IbHOro KOHTHHyyMa, HaXOllllll!CI'OCJI B 3KCTpeMa1IbHbIX 

ycnoBHJIX ( cnepXBbICOKHe II1IOTHOCTH, CBepXMOll!Hble .nanneHHJI lI CBepXCH1IbHble MarHHT

Hble nonJI), nenocTHlKHMbIX B JeMHbIX ycnoBHJIX. TeopeTn'lecKne nccne.nona~nJI nocne.n

nnx 1IeT, 3aTparnna10111ne JlllepHble acneKTbI q>lI3HKlI ne1'hpOIIIIbIX 3BC3ll, B 3Ha'lnTe1IbHOll 

Mepe yrny6nnn npe,ncTaB1IeHHJJ o6 ypaBHeHHlI COCTOJIHHJI JlllepHOH MaTepnn n KnHeTnKe 

qJa30BbIX nepexonoB B 3Be3,llHOM JlllepHOM ne111ecTBe. Pa3pa6oTaHHble K nacTOllll!eMy Bpe

MeHn MeTOllbl anann3a 3Be31{HOH 3B01IIOl!Hll II03B01IJIIOT C BbICOKO:ii: TO'IHOCTblO paccqnTaTb 

npoqinnn nnoTnocTn, .nanneHnll, .TeMnepaTyphl n .npyrnx nennqnn, orrpenemno111nx rno-

6anbHble paBHOBeCHble rrapaMeTpbI neii:TpOHHbIX 3Be3n lI II03B01IJIIOT cnenaTb BbIBOll O 

TOM, 'ITO He.npa 3TlIX K0MilaKTilblX o6beKTOB lIMeIOT CTpaTHq>IIIIlIPOBaHHYIO CTpyKTypy. 

He CMOTpll Ha 3Ha'IHTe1IbHbIH rrporpecc, KOTOpblii 6hl1I ,UOCTllrHyT B IIOHHMaHnlI paB

H0BeCHOro -COCTOJIHlIJI HCHTpOHHbIX 3Be3n, oco6eHHOCTlI KpyrrHoMaCIIITa6HbIX .UBH)KeHHH 

JlllepHoro Be111ecTBa nynbcapoB H3y'leHbl B MeHbIIIen: CTeneHn. B 3TOH CBJl3ll npe.ncTa

B1IJieTCJI CBOeBpeMeHHbIM pa3BlITHe MaTeMaTn'leCKHX MO,neneii:, a,neKBaTHO OTpalKaIOIIIlIX 

KOHTHHYa1IbHYIO MeXaHHKy caMorpaBHTnpy10111eii: JI,nepHo:ii: MaTepun JI MaKpOCKOilII'leCKYIO 

31ICKTpO,nJIHaMJIKY B01IH0BbIX npoueccoB, crroco6HbIX pacnpocTpaHJi:TbCJI B CH1IbHO 3aMar

Hll'ICHHO:ii: npoao,nJ1111eii: ll,Uepao:ii: cpe.ne. B HaCTOJIIIIe:ii: .nnccepTaunu npuao,nllTCll apry

MeHThl, CBHllCTe1IbCTBYIOil!He O TOM, 'ITO MaKpOCK0illI'leCKaJl llllepHal! MaTepHll B Heii:TpOH

HbIX 3Be3,nax o6nanaeT CBOHCTBaMJI TBepnoro .neq>OpMHpyeMoro q>epMH-KOHTHHyyMa lI 

CKOMileHcnponaHHOH Cll1IbHO 3aMarHH'leHHO:ii: Il1Ia3Mbl. Ynpyroe none,neHue JlllepHoii MaTe

pm•. MonenupyeTCJI Ha OCHOBe ypaBHCHllli 31IaCTOllHHaMHKH, cpaBirnTe1IhHO He,naBHO cqiop

MynupoBaHHbIX B MaKpOCKOITH'leCKOH TeopHJI K01I1ICKTlIBHbIX JlllCpHbIX .UBHlKeHJIH (ruraHT

CKHe pe3oHaHchl u .neneHue), o6ecnetJHBaIOil!HX onncaHue aHH3oTponHhlX yrrpyrux ,neqiop

Mauu:ii: Jll{epHoro qiepMH-K0HTHHyyMa B C0OTBCTCTBHJI C 3aKOHOM fyKa. IIpnHHMaJl BO 

BHHMaHJie TOT q>aKT, 'ITO rrpucyTCTBIIe CBepXClI1IbHOI'O MarHHTHOI'O II01IJl B Henpax HeH

TpO!IHOH 3Be3llhl npnnaeT 31ICKTpOH-JlllepHoii: II1Ia3Me (Ae-q>Me nemecTBa nynhcapa) ynpy

rJie CBOHCTBa, BbipalKaIOIIIHCCJl B cnoco6HOCTH pacnpocTpaHJITb B03MY111emrn anbBeHoB

CKlIMJI, cy111ecTBeHHO norrepe'IHh!MH, B01IHaMH nponeneno HCCJle.z:lOBaHne Hepa,nuanhHh!X 

MarHHTOII1Ia3MCHHhIX K01Ie6aauii: Heii:TpOHHOH 3Be3llhl Ha OCH0Be ypanHeHHH MarmnorJI

,npo,nuHaMHKH. 

lleJiblO paoOTbI JIB1IJlCTCJI MaTeMaTH'leCK0e MO,nenupoBaHHe KpynHOMaCIIITa6Hh!X 

q>1IYKTyauuii: ll,Uepaoro ne111ecTBa B ae.npax ueii:TpoHHon: 3Be3,nhl n: Bhl'IHCJieune nepuo,noB 

uepa,nn:anbHh!X rpaBJITaIIH0HHO-ynpyrnx n: MarHUTOIT1Ia3MeHHhIX KOne6aHHH. B paMKaX 

paCCMOTpeHHhIX Mo,neneii: pemeHhl CJJe.ny10111n:e 3a,na'III: 

• Bh1'1JIC1IeHh1 qacT0Thl JI nepno,nh! co6CTBCHHhIX rno6anbHhIX rpaBIITaIIH0HHO - yrrpy

rJIX cqiepounanhHhIX ll TOpCHOHHhIX Hepa,nllanbHhlX nynhcaunii: HCii:TpOHHOH 3Be3,nhl 

• pacc'lnTaHbl nepn:o,nbl nonepXHOCTHhIX cq>epon:,nanbHhIX JI TOpCHOHHhIX K01Ie6aHn::ii: 
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rrepmpepn:ii:HOH o60JIO"IKH Heii:TpOHHOH 3Be3.llbl 

• ,naHa KJiaccnqmKaumr, aHaJIHTll"lecKoe npe.ncTaBJieHl!e l! "ll!CJieHHble oueHKH qacTOT 

n nepno,noB co6CTBeHHbIX MO.ll Hepa,nllaJibHbIX aJibBeHOBCKl!X KOJie6aHHH Heii:TpOHHOH 

3Be3.llbl 

• npoBe,neHo cpaBHeHne 3JiaCTO.llHHaMH"leCKOro n rn.npo.lll!HaMl!"lecKoro no.nxo,noB K 

onncaHHIO caMorpaBl!THpy10meii: g,n;epHoii: MaTepnn 

HayqHa»: HOBH3Ha H npaKTHqecKa»: ueHHOCTb 
B npe.ncTaBJieHHOH .llllCCepTaUHll BnepBble pa3pa6oTaHbl MaTeMaTl!"leCKHe Mo,neJil! rpa

BHTaUHOHHbIX ll MarHIITOilJia3MeHHbIX Hepa,nHaJihHbIX KOJie6aHHH HeHTpOHHhlX 3Be3,n, OCHO

BaHHbIX Ha npe,nCTaBJieHllll O g,n;epHOM BemecTBe Heii:TpOHHOH 3Be3.llbl KaK ynpyroM qiepMll

KOHTllHYYMe, o6na,na10meM CBOHCTBaMl! CKOMileHCl!poBaHHOH MarHl!TOaKTllBHOH JIJia3Mbl. 

O,nHllM ll3 rnaBHbIX CJie,ncTBllll pa3Bl!TOro 3JiaCTO.lll!HaMl!"leCKOro rro.nxo.na K rrpo6neMe 

co6CTBeHHbIX Hepa,nl!aJihHbIX rryJihCaUl!H Heii:TpOHHOH 3Be3.llbl JIBmieTCJI rrpe.llCKa3aHl!e .llBYX 

BeTBeii: Hepa,nl!aJihHbIX rpaBl!TaUl!OHHO-yrrpyrllX KOJie6aHl!ll - cq>epOll.llaJibHOH ll TOpCl!OH

HOH, o6ycJIOBJieHHbIX l!CKJIIO"ll!TeJihHO .lll!HaMl!"leCKOH yrrpyroCTblO BbipOlK.lleHHOro Heii:

TpOHHOro qiepMl!-KOHTllHYYMa • 

Ha OCHOBe 3HepreTl!"leCKOro Bapl!aUl!OHHOro rrpl!HUl!Ila pa3pa6oTaH MeTO.ll Bhl"ll!CJie-

Hl!JI nepl!O.llOB 3Tl!X KOJie6aHllll. 

B paMKaX MarHl!THOH rll.llPO.lll!HaMl!Kll rrpoBe.neHO ,neTaJibHOe ll3Y"leHl!e .llJlllHHOBOJIHO-

BbIX MarHl!TOilJia3MeHHbIX IlYJibCaUllll Heii:TpOHHOH 3Be3.llbl; rrpe.nrroJIOlKl!TeJibHO HH.llYUll

pyeMbIX B Ae-q>a3e BCilbIIIIKOll CBepXHOBOH rrpll poJK,neHllll rryJihCapa l!Jlll KOMrraHhOHOM B 

.llBOHHOH Cl!CTeMe. BrrepBbie pacc"ll!TaHbl crreKTpbI aJibBeHOBCKl!X Hepa,nl!aJibHbIX IlOJIOll-

.llaJihHbIX ll TOpOl!,naJibHbIX MO.ll. 

Anpo6aum1 pa6oTbl 
OcHOBHble pe3yJihTaTbl ,nl!ccepTaUl!ll .noKna,nbIBaJil!Ch Ha ceMl!Hapax JIBTA, JIT<t> 

(Olf5Ilf, .Ily6Ha) LBL (Berkeley, USA), APCTP (Seoul, Korea), CapaTOBCKOM l! EpeBaH

CKOM YHl!Bepcl!TeTax, 6bIJill rrpe.ncTaBJieHhl ll .llOKJia,nbIBaJil!Cb Ha MelK.llyHapO.llHbIX KOHq>e

peHUl!JIX: "MeTO.llbl Cl!MMeTpllll B q>ll3l!Ke" (1ly6Ha, 1996); "<l>ll3l!Ka KOMilaKTHbIX 3Be3.n" 

(Pusan, Korea, 1999); 19-blii: TexaccKl!ii: Cl!MIT03llYM rro peJIJITl!Bl!CTCKOH acTpoq>ll3l!Kll ll 

KocMonorllll (Paris, France, 1998). 

IIy6JJHKaUHH 
Ilo pe3yJibTaTaM .llllCCepTaUllll orry6JillKOBaHO BOCeMh pa6oT. 

O6'beM H cTpyKTypa ,llHCCepTaUHH 
.IlllccepTaUl!JI COCTOl!T ll3 BBe,neHllJI, qeTbipex rJiaB, 3aKJIIO'IeHl!JI ll rrpl!JIOJKeHllll. Crrll

COK Jil!TepaTypbI co.neplKl!T 115 Hal!MeHoBaHllll. IloJIHblll 061,eM .lll!CCepTaUl!l! - 100 CTpa

HHU MaIIIl!HOill!CHOrO TeKCTa, BKJIIO"laJI IIIeCTb Ta6JillU ll qeTblpHa.nuaTb pllCYHKOB. 
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Coaep:»ca11.ue pa6ombz 
Bo BBe,lleHHH o6ocHOBaHa aKTYaJihHOCTb pa6oThI, .naHo KpaTKoe Oill!CaHl!e CBOHCTB 

Heii:TpOHHbIX 3Be3,n, Cq>OpMyJillpOBaHbl uem1 .lll!CcepTaUl!ll ll KpaTKO l!3JIOJKeHO ee co.nep

lKaul!e. 

B nepBOH rJJaBe BBO.llJITCJI 3aMKHyTaJI Cl!CTeMa HeJil!HeHHbIX ypaBHeHl!H 3JiaCT0.lll!Ha

Ml!Kll, .llOIIOJIHeHHbIX ypaBHeHIIeM IIyaccoHa .llJIJI rpaBl!TaUl!OHH0ro IIOTeHUl!aJia ll l!CCJie

.llYIOTCJI HYJih-TeMrrepaTypHble KOJie6aHl!JI Heii:TpOHHOro qiepMll- KOHTl!HyyMa. CllcTeMa 

3JiaCTO.llHHaMl!"leCKl!X ypaBHeHHH caMorpaBl!THpy10meii: Jl.llepHoii: MaTepllll HMeeT cne.ny

lOIUHH BH.ll: 

dp oV; _ O 
dt + pox; - ' 

dV; oP;k au 
p-+--p- = 0, 

dt OXk OX; 

dP;j OVj oV; oVi 
-d + P;k~ + Pjk~ + P;j~ = 0, t VXk VXk VXk 

tl.U = -41rGp 

(1) 

(2) 

(3) 

(4) 

r.ne p - IIJIOTHOCTb Jl.llepHOH cpe,nbl, V; - KOMIIOHeHTbl IIOJIJI CKOpOCTH yrrpyrnx CMeru;eHn:ii: 

H P;j - TeH3op yrrpyrnx HaIIplllKeHHH (rro IIOBTOp-!{IOIUHMCJI HH.lleKCaM IIO.llpa3yMeBaeTCJI 

cyMMHpOBaHne), G - rpaBHTaUHOHHaJI IlOCTOJIHHaJI. IlepBoe H3 ypaBHeHHH, (1), rrpe,ncTa

BJIJleT co6oii: ypaBHeHne HerrpepbIBHOCTH. YpaBHeHHe (2) OIIHCbIBaeT .llBHJKeHne IIOTOKa 

Jl.llepHoro BemecTBa. YpaBHem1e (3) KOHTponnpyeT .llHHaMHKY BHyTpeHHHX HaIIplllKeHHH. 
l 

3qiq>eKTbl rpamnau1111 paCCMaTpHBaIOTCJI B HhIOTOHOBCKOM rrpn6JIHlKeHHH - ypaBHeHIIe 

(4). 
B rrepBOM rraparpaq>e paccMaTpHBalOTCJI HYJih-TeMIIepaTypHbie BOJIHhl B H30Tporr

HOH Jl,nepHoii: cpe.ne Ha OCHOBe 3JiaCTO.llHHaMH"leCKl!X ypaBHeHHii:. lfcrroJib3Yll CTaH,napT

Hblii BapHaUHOHHblii rro,nxo.n IIOKa3aHo, "ITO rrpn B03MymeHHJIX, corrpOBOJK.llalOIUHMHCJI 

JIOKaJihllbIMH aHH30TpOIIHbIMH HCKa)KeHHJIMH q>epMH-pacrrpe.neneHHJI B ,HMIIYJihCHOM rrpo

CTpaHCTBe (.neq>opMaUHJIMH qiepMH-cq>epbI), KOJie6aTeJibHblii OTKJIHK HeiiTpOHHOro q>epMH

KOHTl!HyyMa o6HapylKHBaeT CBOHCTBa THIIH"IHble .lllIJI TBep.noii .neqiop11,mpyeMoii cpe.llhl 

H xapaKTep113yeTCJI .llBYMll BOJIHaMH yrrpyrnx CMeIUeHHii - npo,nOJibHOii pacnpocTpaHJI

IOIUeiicll C q>a30BOH CKOpOCThIO C/ = /3[i,vF H rronepe"IHOH C q>a30B0ll CKOpOCTbIO Ct = 
VF/../5, VF-rpaHl!"IHaJI CKOpOCTb <t>epMH. 

Bo BTopoM naparpaqie paccMaTp11BaeTcJ1 3a,naqa o pacnpocTpaHeHHH B03MymeHHii:, 

coxpaHJIIOIUHX H30Tp0IlHIO paBHOBeCHOro 4>epM11-pacnpe.neneHIIJ1. IloKa3aHo, "ITO B 3T0M 

CJiy-qae KOJie6aTeJibl!blll OTKJIHK Heii:TpOHHOll MaTepHH rrpol!BJIJleT CBOHCTBa OCUHJIJIJITOp

HOro IIOBe,neHHJI BbipO)K.lleHHOll qiepMH-)Kl!,nKOCTH, KOTOpoe xapaKTepH3yeTCJI crroco6Ho

CThIO pacnpocTpaHJITb B03MymeHHJI HCKJIIO"IHTeJibHO rrpo,noJihl!bIMH HYJib-TeMuepaTyp

HbIMH BOJIHaMlf IlJIOTHOCTH co CKOpOCTblO CL = VF//3 - HyJieBoii: 3BYK JlaH,nay. 

Bo BTopoH rJJaBe CTpoeTCJI CTaH,napTHaJI O.llHOpo.nHaJI MO,neJih Heii:TpOHHOii 3Be3.llbl, 

q>H3H"leCKaJI ueHHOCTb KOTOpoii: 3aKJIIO"laeTCJI B TOM, "ITO Olla II03BOJIJleT B aua'.Jil!TH"le

CKOH q>opMe IlOJIY"IHTh oueHKH paBHOBeCHbIX rrapaMeTpOB 3Be3,n. B CTaH.napTHOl1 Mo,neJIH 

Heii:TpOHHaJI 3Be3,na ll.lleaJIH3HpyeTCJI cq>epH"IeCKOii: o.nuopo.nHoii: Maccoii: HeCJKHMaeMOro 
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seruecTBa, 06na.na10ruero CBOMCTBaMlI HepeJil!TlIBlICTCKOro Bb!pOlK.[(eHHOro Heii:TpOHHOrO 

<pepMlI- KOHTlIHyyMa, CKOH.[(eHCllpOBaHHOro CllJiaMll co6CTBeHHOro Tl!roTeHllll .no IIJIOTHO

CTeii:, 6Jill3KOM K HOpMaJibHOM ll.[(epHOM IIJIOTHOCTll. YpaBHeHllll paBHOBeCllll llMeIOT Bil.[(: 

'v Po = Po v'Uo 

D.Uo = -4rrGpo, 

(5) 

(6) 

r.ne P0 , U0 II p 0- pacrrpe.neneHnll .nasneHnll, HbIOTOHoBcKoro rpaBnTauuo1rnoro rroTeHun

ana II IIJIOTHOCTlI COOTBeTCTBeHHO, lIH.[(eKCOM "O" IIOMe'IeHbl paBHOBeCHble pacrrpe.neneHUll. 

Bcne,ncTBlllI o,nHopo,nHOCTlI pacrrpe.n:eneHllll IIJIOTHOCTlI l!.n;epHoro serueCTBa Heii:TpOHHOM 

3Be3,nhl, 3a.n;aqa HaXOJK,neHllll paBHOBeCHblX pacrrpe.neneHlIM .n:asneHllll lI rpaBIITaUlIOHHOrO 

IIOTeHIIllaJia o6na.naeT cqiepuqecKOM CllMMeTpneii:, II03TOMY see .[(aJibHeii:rrrne Bbl'IlICJieHllll 

rrpolI3BO.D:lIJilICb B cqiepn'IeCKOM ClICTeMe KOop.nnHaT. Pacrrpe.n:eneHne rpaBnTaUlIOHHOro 

IIOTeHUllaJia, l!BJil!IOlllerocl! perneHne ypaBHeHllll IlyaccoHa co CTaH,napTHb!Mll rpaHlI'I

Hb!Mll ycnOBlll!Mll, OTpalKaIOIUllMlI Herrpepb!BHOCTb rpaBUTaUlIOl!HOro IIOTeHllllaJia lI ero 

rrepBOM rrpOlI3BO.ZJ:HOM Ha rpaHnue rnapa pa.n:uyca R, ,naIOTCll COOTHOilleHlll!MlI: 

utn = - 2
; G po(r2 

- 3R2
), r::; R, (7) 

u.ex _ 
0 -

4rrR3 Gpo, 
3r 

r > R, 

r,ne Ujn II U(!/ rpaBUTaUlIOHHb!M IIOTeHUllaJI BHYTPlI lI BHe 3Be3.[(bl COOTBeTCTBeHHO. Pe

IlleHne (5) ,nnll Po c yqeTOM (7) u rpaHlI'IHhIM ycnoBIIeM Po= PN, r = 0 orrpe.n:enl!eTCll 

Bb!palKeHneM: 

Po(r) = PN(Po)-(2rr/3)Gp~r2
• (8) 

BenlI'IUHa PN lIMeeT CMblCJI .n:asneHllll J1.ZJ:epHoii: MaTeplllI B ueHTpe 3Be3.[(bl lI l!BJil!eTCll 

OCHOBHOM xapaKTeplICTlIKOM, Hecymeii: lIH<pOpMaUUIO 06 ypaBHeHlllI COCTOJ!Hllll ll.[(epuoii: 

MaTeplllI II, TaKlIM o6pa30M, CBJ13b!BaIOlllal! Jl.n;epHyIO <pll3lIKY C <plI3lIKOM Heii:TpOHHb!X 

3Be3.n;. lb ycJIOBllll cso6o,nHoii: OT Harrpl!lKeHllll IIOBepXHOCTlI Po(R) = 0 II rrpu 3a,naH

HOM IIJIOTHOCTII II3 (8) orrpe,neJill!OTCll pa,nHyc lI Macca Heii:TpOHHOM 3Be3.n;hl B CTaH.n;apTHOM 

Mo.n;enH: 

R= M = (4rr/3)poR3. (9) 

Bo BTOPOM rraparpa<pe OIIIICb!BaeTCll MeTO.[( rrony'IeHllll crreKTpa co6CTBeHHblX qacTOT ue

pa,nllaJibllblX KOJie6aHIIM HeClKIIMaeMoii: MaCCbl caMorpaBlITllpy10mero Heii:TpOHHOro qiepMlI

KOHTlIHYYMa, OCHOBaHHOM Ha 3HepreTU'IeCKOM BapnanIIOHHOM rrpnHUUIIe. CyTb 3TOro Me

To.n;a 3aKJIIO'IaeTCll B cne.ny10rueM. IlepBb!M 3TaIIOM ClICTeMa 3JiaCTO.n;IrnaMU'IeCKlIX ypas

HeHnii: JIIIaHepu3yeTCll IIO.[(CTaHOBKOM su.na: 

p-+ Po+ op(= 0), V;-+ V;0(= 0) + oV;, P;;-+ o;;Po + o P;;, U-+ Uo + o U, 

BTopb!M 3TaIIOM ypaBHeHIIe Ha 3BOJIIOUIIIO qinyKTyauHii: CKOpOCTlI IIOTOKa CKaJillpHO YMHO

lKaeTCll Ha oV II IIOCJie lIHTerpllpOBaHllll ITO 061,eMy 3Be3.[(bl IIpllBO.[(lITCll K ypaBHeHlIIO 

3HepreTII'IecKoro 6anaHca: 

~ f !p0 oV2dr - f o P. · ooV; dr - .f [po oU o½ - o P. · oV:] du· = 0 Qf 2 IJ OX• I SJ J S > 
V V 3 S 

(10) 

4 

KOHTponIIpy10ruero coxpaHeHIIe ::meprllll B rrpouecce Kone6aHnii:. TpeTblIM ::narroM rrpou3-

so,nIITCl! pa3,neneH1Ie rrpocTpaHCTBeHHblX II BpeMeHHblX rrepeMeHHblX 3aMeHOM oV(r, t) = 
eL(r)aL(t), oU(r, t) = ¢,L(r)a(t)L, 3.[(eCb e(r)- BeKTOpHoe IIOJie MrHOBeHHblX CMelUeHUM, 

¢,( r )- rrpocTpaHCTBeHHal! qacTb <pnyKTyauIIii: rpaBIITannoHHOro IIOTeHUllaJia, a( t )- HOp

MaJibHal! KOOp.[(IIHaTa, orrpe,neJill!OIUal! 3aBIICllMOCTb OT BpeMeHlI <pnyKTYlIPYIOIUllX rrepe

MeHHbIX, L- MYJibTllIIOJibHblM rropl!.[(OK KOJie6aHllM. TpeTbe ypaBHeHirn ::maCTO.[(IrnaMII'Ie

CKOM ClICTeMbl rrocne 3TlIX rrpeo6pa3oBaHnii: rrpllBO.[(lITCll K BMJJ;y: 

oP;; ~ 2P(r)U;;, 1 (aeL aeL) U;; = - -• + - 1 aL(t) 
2 ox; OX; 

(11) 

JlnHeii:Hal! 3aBlICllMOCTb BeJill'IllH oP;; OT TeH3opa yrrpyrux .n:eqiopManllii: U;; rosop!IT 0 

TOM, 'ITO JIUHeMHble B03MyrueHllll, pacrrpocTpaHJIIOIUlleCJI B l!.ZJ:epHOM cpe.n:e Heii:TpOHHblX 

3Be3.n;, IIO.[('Illllll!OTCJI 3aKOHY fyKa. Ilocne.n;HllM 3TaIIOM B ypaBHeHlle 3HepreTll'IeCKOro 

6anaHca rro.n;cTaBJIJ!eTCJI Bb!palKeHIIe .[(Jlll OP;; II CHCTeMa 3JiaCTO.[(HHaMH'IeCKHX ypaBHeHHM 

CBO.ZJ:HTCJI K raMHJibTOHHaHy HOpMaJibHblX Kone6aHnii:: 

d1i . 
-=0, 
dt 

M ·2 ,_,. 2 
1{ = ~ + l\,LaL 

2 2 ' 
(12) 

r.n:e 1i- raMHJibTOHHaH Hepa,nuaJibHblX KOJie6aHnii:, a rrapaMeTpb! HI!epuun ML n JKeCTKO

CTH KL orrpe.neneHbl cne,nyIOIIIHM o6pa3oM: 

: ML=! PoeiLeiL dr, 
V 

1 (ae/ aef) 2 

KL= 2 / Po ox· + ox· dr. 
V J • 

(13) 

qaCTOTbl co6CTBeHHblX Hepa,nHaJibHblX rrynbcaunii: orrpe.n:enl!IOTCJI KaK WL = JKL/ML. 
Ilpll Bb!BO,ne Bb!palKeHHll .[(Jlll JKeCTKOCTH KL Mb! rrpeHe6penm IIOBepXHOCTHb!MH 3q>q>eK

TaMH. IlaHHoe rrpn6nnJKeHne MOlKHO TpaKTOBaTb KaK 3JiaCTO.[(HHaMH'IeCKlIH aHanor ru

.npo.n;nHaMH'IeCKoro rrpn6nnlKeHHll KaynnHra. BeKTOpHb!e IIOJlll MrHOBeHHb!X CMerueHHM 

ei, BXO.ZJ:llllllle B orrpe.n;eneHIIe rrapaMeTpOB JKeCTKOCTH H HHepUHH, l!BJIJIIOTCJI perneHHJIMH 

ypaBHeHHll Jlarrnaca, .ZJ:OIIOJIHeHHblM ycnosneM HeClKHMaeMOCTH. Co6cTBeHHble MO.ZJ:bl ue

pa.nnanbHbIX KOne6aunii: KJiaCCHq>HUHPYIOTCll KaK cqiepOH.ZJ:aJibHble (S- i.m.na), OIIHCbIBae

Mble IIOJIOMJ];aJibllb!M perneHUeM H TOpCHOHHble (T- MO.n;a), OIIHCbIBaeMble TOpOMJJ;aJibllblM 

perneHneM. 

B TpeTbeM rraparpaq>e BbIBO.[(HTCll crreKTP qacTOT Hepa,nllaJibHbIX cq>epOMJJ;aJibllb!X 

rpaBHTaUHOHHo-yrrpyrnx Kone6aunii: n o6cyJK,naeTcl! ycnosne cTa6HJibHOCTH S-Mo,nhl. Ilnll 

HaXOlK.[(eHHll crreKTpa Heo6xo.n;HMO 3HaTb BeKTOpHoe none MrHOBeHHblX CMemeHHM H rrpo

CTpaHCTBeHHOe pacrrpe.neneune rpasnTannouuoro rroTeHunana. CqiepoMJJ;anbHble Hepa

.nnanbHble rrynbcaunn OIIHCb!BaIOTCll IIOJIOMJ];aJibHbIM perueHHeM ypaBUeHHll Jlarrnaca .[(Jlll 

ITOJIJI MrHOBeHHbIX CMerueHHM 

N. e(r) = _P_rotrotrrL PL(µ)= NpgradrL PL(µ), 
L+l 

µ=cos 0, (14) 

r.ne PL-ITOJIHHOM JlelKaH,npa CTeneun L. IlpoH3BOJibllal! KOHCTaHTa B Bb!palKeHHH .[(Jlll ITOJIJI 

ynpyrnx nonoMJJ;anbHhIX cMememrii: onpe.n;enl!eTcll H3 ycnoBHll KaynnHra: 

[ 
LoPo] =0 

p ¢,L - er 8r r=ll,, -+ N. - 3 
p- L(2L+l)RL-2 " 

(15) 
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BapHau;:irn: rpaBHTall;HOHHoro IlOTeHD;HaJia JIBJIJleTCJI perneHHeM ypaBHeHHJI JlanJiaca co 

CTaH.napTHbIMH rpaHHqHI,IMH YCJIOBHJIMH. CxeMaTHqeclme npe.ncTaBJieHHe ,IJ,BHlKeHHH Be

ruecTBa a CJiyqae Hepa,D;HaJibHbIX KOJie6aHHH ,IJ,JIJI IlOJIOH,!l;aJibHOro H TOpOH,IJ,aJibHOro IlOJieii 

CMerueHHH npe.ncTaBJieHO Ha pHCYHKax 1 H 2. 

P11c. 1 CxeMaTl14ecKaR 11nn10cTpau11n Hepa,11,11anbHblX ccpepo11,11,anbHblX Ksa,11,pynonbHblX ( cnesa) 

11 OKTynonbHblX (cnpasa) Kone6aH11i1. 

P11c. 2 CxeMaTl14eCKaR 11JintocTpau11n Hepa,11,11anbHblX TOpC11OHHblX Kone6aH11ii: cnesa - KBa

,11,pynonbHblX 11 OKTynonbHblX cnpasa. 

BhlqHcJieHHe K03cpqmu;HeHTa )KeCTKOCTH H Maccoaoro rrapaMeTpa npHBO.UHT K CJie,ny

IOIUeMy crreKTPY co6CTBeHHhlX qaCTOT ccpepoH,D;aJibHbIX KOJie6aHHii: 

w2 = w2(2L + l)(L -1) [1 - r 5 (
2
L - l)] 

' 
0 4(2L+l) ' 

r.ne w5 = 3EN/4M R 2 , r =Ea/EN; Ea II EN- IIOJIHble rpaBIITaUIIOHHaJI II J1,UepHaJ1 3Hep

rHH neiiTpOHHOH 3Be3,Ubl COOTBeTCTBeHHO. lb rrpIIBe,UeHHOH cpopMyJihl BH,!l;HO, qTo HHlKaii

rneii MO,UOH JIBJIJleTCJI KBa.npyrroJibHaJI. CTa6HJibHOCTb KOJie6anHii orrpe,neJIJleTCJI ycJIOBHeM 

w2 :::; 0 H3 KOToporo CJie,nyeT qTo ccpepOH,D;aJibHble KOJie6aHHJI HeiiTpOHHOH 3Be3,Uhl Tepl!IOT 

YCTOHqHBOCTb IIpH f :::; 4/3. 

6 

., 

B qeTBepTOM naparpacpe .naeTCJI Bb!BO.U qacTOT TOpCHOHHhlX Hepa,nHaJibHbIX rpaBHTa

UHOHHo-ynpyrHX KOJie6aHHH H o6cylK.naeTCJI HX CTa6HJibHOCTb. feoMeTpHqecKHH CMhlCJI 

TOpCHOHHbIX KOJie6aHHH npol!CHJleT CJie.nytoruee rrpe.ncTaBJieHHe TOpOH.UaJibHOro IIOJIJI CKO

pOCTH yrrpyrHX CMerueHHii: 

JV= N1rotrrL PL(cos0)aL(t) = [n(r,t) x r], (16) 

r.ne 

n(r,t) = N1gradrL h(cos0)aL(t) 

- IIOJie yrJIOBOH qacTOThl .UHcpcpepeHUIIaJibHO-BpamaTeJibHbIX KOJie6aHHH. KoHCTaHTa Nt 
HaXO,UHTCJI H3 rpaHHqHoro ycJIOBHJI: 

JV(r, t)lr=R = [no X r] no= aL(t)gradPL(µ) -+ 
1 

Nt = RL-1" ( 17) 

C yqeTOM BbipalKeHHJI IIOJIJI CKOpOCTH (17) ,UJIJI crreKTpa qacTOT Hepa,nHaJibHbIX TOpCHOH

HblX KOJie6aHIIH rroJiyqIIM: 

2 1 2 [ wt = 2w
0
(2L+3)(L-1) l-f5(2L+l)] 

4(2L + 3) ' 
(18) 

r.ne Wo II r 6bIJIH orrpe,neJieHbI BbIIIle. lb 3TOH cpopMyJihl CJie,nyeT, qTo HIIlKaiirneii ycToii

qHBOH MO,UOH JIBJIJleTCJI KBa.npyrroJibHaJI, Tepl!IOIUeii CBOIO CTa6HJibHOCTb rrpn ycJIOBIIH 

r:::; 1.15. 
Ha pHCYHKe 3 rrpIIBe,UeHO cpaBHeHHe rrepIIO,UOB ccpepOH.UaJibHbIX II TOpCIIOHHbIX IIYJib

cau;Hii BblqHcJieHHble B cTaH.napTHoii Mo,neJIII 3Be3.Uhl c rrapaMeTpaMII M = 0.3M0 IIR = 12 
KM. 'i3II,nHo, qTo rrepHO.UbI TopcIIOHHhlX rrynhcau;IIii HeCKOJibKo Bblrne qeM rrepHO.Uhl ccpepo

H.UaJihHhIX. 

10 .. 

~ 
a.. 

10 .. 

r--,r,..........,...,..............,....,....,.......,-.-~ 

M = o.sM ••• 
R = 13 km 

r = 10
13

g/cm
3 

0 2 4 6 8 10 12 14 16 18 20 22 

L 

P11c.3 nep110,11,bl ccpepo11,11,anbHblX 11 TOpC11OHHblX MO,11, Kone6att11i1 Bbl411CneHHble B paMKax CTaH

,11,apTHOH Mo,11,en11 ,11,nn Hei1TpOHHoii 3Be3,IJ,bl c Maccoi1 M = 0.5.M0 11 pa,11,11ycoM R = 13KM. 

Bo BTOpoii qacTII 3TOH rJiaBbI paccMaTpIIBaIOTCJI Hepa,nHaJibHhle IIYJibcau;nn CTan.napT

HOH MO,UeJIII HeiiTpOHHOli 3Be3,Ubl Ha OCHOBe ypaaneHHH rn.npo,nIIHaMHKH H rrpoBO.UHTCll 

cpaBHHTeJibHbIH aHaJIII3 3JiaCTO.UHHaMHqeCKOro II rH.npo,UIIHaMHqecKoro rro.nxo.nos. 
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PaBHOBeCHble rrapaMeTpb! HeIITpOHHOII 3Be3,llbl B rllJlpO,lll!HaMnqecKOM rronxone orrpe

nemnoTClI amw10rnqHo 3JiaCTO,llllHaMnqecKoMy. IlOJih3YlICh MeTO,llOM, orrncaH!lb!M Bb!IIIe 

n yqnTb!BaJI, qTo BOJMymeHnlI naBJieHlllI B cnyqae rnnponnHaMnKn pacrrpocTpaHlIIOTClI 

ll30TpOIIHO, OP;; = OPO;j, rnnponnHaMnqecKne ypaBHeHlllI MO)KHO CBeCTll K ypaBHeHlllO 
HOpMaJihHb!X KOJie6aHllll. MacCOBblll rrapaMeTp n K03cp<jmuneHT )KeCTKOCTll B naHHOM 

cnyqae nMeIOT BllJl: 

ML= J Po(lel dr, /CL= f (PL+ Po<f) (fdu;. (19) 
V s 

Ilone MrHoBeHHb!X cMemeHnII B rnnpon1rnaMnqecKoM rronxone orrpenenJieTclI qepe3 rroTeH

UllaJihHYIO cpyHKUllIO ( = "v?j}. TaKOe rrpencTaBJieHne lIBJilieTClI CJie,llCTBlleM Toro, qTO 

He3aTyXaIOmne B03MymeHlllI B )KllJlKOCTll pacrrpocTpaHlIIOTClI B Bnne rrponoJihHhlX 3BY

KOBb!X BOJIH. YqnTb!BalI ycnoBne HeC)KllMaeMOCTn, ,llJilI ?jJ rronyqnM ypaBHeHne /1?/J = 0. 

PeIIIalI 3TO ypaBHeHne C rpaHllqHb!Mll ycJIOBlllIMll ?p ~ oo, r = O; oV,.(r) = rlr=R ,llJilI 

IIOJilI MrHOBeHHb!X CMemeHllll nMeeM: 

(L - l L - LRL-2 "vr h(µ). (20) 

Bb!qncJieHne llHTerpanoB (refe-8) IIpllBO,lllIT K xopoIIIo ll3BeCTHOII cpopMyJie KeJihBllHa ,l(JllI 

crreKTpa co6CTBeHHb!X Hepa,llllaJihHb!X KOJie6aHllll: 

2L(L - 1) 
( K)2 2 ---::-;--:- ,, 
wL = wa 2L + l w~ = GM/R3

, (21) 

ll3 KOTopo11 cnenyeT, qTo Hll,KaIIIIIeII Mon011: lIBJilieTclI KBanpyrroJihHalI. Han1rq1re Hll)Kall

IIIeII KBanpyrroJihHOH Monbl KaK B :inacTon1rHaM1rqecKoM rronxone TaK 1r B rHJ1ponnHaM1r

qecKoM lIBJilieTClI 06m1rM CBOHCTBOM CTaHnapTHOH Monenll. 

B JaKJIIOqeHnll BTopo11 rnaBbl rrpoBeneHo cpaBHeH1re :inacTon1rHaM1rqecKoro ll r1rnpo

n1rHaMnqecKoro rronxonoB B paMKax cTaHnapTHOII Monen1r. Hall.lleHo, qTo qacTOTbl pac

cq1rTaHHble rronyqeHHble B paMKax :inacTon1rHaMllKll B 1.5-2 pa3a rrpeBb!IIIaIOT r1rnpon1r

HaM1rqecK1re. 0TMeTllM TaK )Ke, qTo OCHOBHb!M OTJillqlleM 3JiaCTOnllHaMllqecKoro rronxona 

lIBJilieTClI HaJinq1re HOBOII MOnbl KOJie6aHllll (T- Monb!), KOTOpalI He B03HllKaeT B r1rnpon1r

HaM1rqecKOM cnyqae. 

B TpeTbeii: rJiaBe ll3JiaraeTClI CTpaTll<pllUllpOBaHHalI MoneJih HeIITpOHHOII 3Be3nbl. 

Heo6xonm.mcTh IIOCTpoeHlllI naHHOII MoneJill CBlI3aHO c TeM, qTo COBpeMeHHble 3B0JIIOUll

OHHble pacqeTbl rrpencKaJb!BaIOT HeonHoponHoCTh pacrrpeneneHlllI anpoHHoro BemecTBa: 

6onee IIJIOTHOe Mpo (Kop), llMeIOmero pannyc Re 1r MeHee IIJIOTHYIO rrep1rcpepllHHYIO 060-

noqKy ( KpacT). B OCHOBe CTpa Tll<pllUllpOBaHHOII Monenn Jie)KllT rrpenrroJIO)Kel!lle, qTo paB

HOBecuoe pacrrpeneneH1re IIJIOTHOCTII llMeeT Blln cTyrreHhKll, p = Pc, r ~ Re; p = 
P, Re < r ~ R, a Bee B03MymeHlllI, llHnyunpoBaHHble, Ha IIpllMep, OCTaToqHb!Mll cpnyK

Tyau;lllIMll BemecTBa IIOCJie B3pb!Ba CBepXHOBOII, coxpaHlIThClI TOJihKO B rrep1rcpepllHHOM 
cnoe. 

B rrepBoM rraparpacpe rrepBoII qacT11 paccMaTpllBaeTClI Janaqa HaXo,KneHlllI paBHOBec

Hb!X pacrrpeneneun11 rpaB1rTau11ouuoro rr0Teuu11ana ll naBnemrn. llnlI peIIIeHnlI 3TOII 3a

naq1r llCCJienyIOTClI Tpll o6JiaCTll: BHyTpeHHllll MaCCllBHblll Kop, rrep1rcpepllIIHalI o6onoqKa 
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Ta6mtu.a 1. nep1,10.11.bl PL [s Mi,!KpoceKyH.a.ax) ttepa.11.1,1anbHblX rpas1,1Tau,1,1otttto-ynpyrnx c<j>epo-

1,1,IJ,anbHblX (s-Mo.a.a) 1,1 TOpCi,!OHHblX (t-Mo.a.a) KOne6att1,1ii, Bbl41,1CneHHble B paMKaX 0.D,HOpO.D,HOH 

1,1 cTpaT1,1<j>1,1u,1,1posaHHoii Mo.a.ennx HeiiTpoHHoii 3Be3.D.bl. M0 = 1.98E+33 r- Macca conttu,a, R-
pa.11.1,1yc HeiiTpOHHoii 3Be3.D.bl, h = R-Rc- TOnl.l.l1,1Ha nep1,1<j>ep1,1iittoii 06ono4K1,1, Pn = 2.8E+14 

r/cM3- cpe.D.HRR R.D.epHaR nnoTHOCTb, Pc 1,1 p- nnOTHOCTb Kopa 1,1 nep1,1<j>ep1,1iiHOH o6on04Ki,1 

HeiiTpOHHOH 3Be3.D,bl COOTBeTCTBeHHO. R 1,1 h .D,3Hbl B K1,1noMeTpax, a p l,IMeeT pa3MepHOCTb 

[1013r/cM3]. 

IlapaMeTpbI 3Be3,llbl S-Mo,na T-Mo.na 

M/M0 R h Pc/Pn p P2 P3 P4 P1 P2 P3 

1.67 0.60 1.19 1.56 2.20 5.56 3.00· 2.02 

1.57 10.6 0.80 2.8 2.24 1.31 1.58 1.87 5.01 2.74 1.87 

1.48 1.00 1.40 1.60 1.76 4.66 2.59 1.79 

0.99 0.60 1.19 1.51 1.93 5.04 2.74 1.85 

0.94 10.0 0.78 2.0 1.40 1.30 1.53 1.73 4.65 2.56 1.75 

0.88 0.98 1.39 1.55 1.65 4.33 2.41 1.67 

0.52 0.62 0.63 0.76 0.88 2.37 1.30 0.88 

0.50 9.0 0.76 1.5 0.28 0.68 0.77 0.83 2.21 1.23 0.84 

0.46 0.96 0.73 0.78 0.80 2.07 1.16 0.81 

n BHeIIIHlilI o6JiaCTh. llnlI HaXO)KneHlllI rpaBllTaUllOHHOro IIOTeHUllaJia B Ka)K,l(Oll ll3 3TllX 

o6nacTeII peIIIaJIOCh ypaBuenlle Ilyacccma c rpaHllqHb!Mll ycJIOBlllIMll, OTpa,KaIOIIlllMII He

rrpepb!BHOCTh rroTeHunana ll ero rrepBoH rrponJBonH011 ua rpau1rue nauHb!X o6nacTeII . .Ila

BJieu1re HaxonIIJIOCh ll3 ypaBHeHllll rHJ1pon1rHaM1rqecKoro paBHOBeClllI, 3a!IllCaHHb!X ,l(JllI 

ll,llpa 1r rrep1rcpeplllIHOII o6onoqKll c ycJIOBlleM uerrpepb!BHOCTll ua rpaH1rue KOp-KpacT II 

KouequocTll B ueuTpe. 

Bo BTOpOM rraparpacpe paccMaTpllBaIOTClI HepanllaJihHble KOJIC6aHlllI rrepllcpCplllIHOro 

CJIOlI HeIITpOHHOII 3Be3nbl B 3JiaCTon1rnaMIIqeCKOM rronxone. IloJih3YlICh MeTonoM, OIIllCaH

Hb!M BO BTOpOII rJiaBe, ypaBHeHlllI 3JiaCTO,llllHaMllKll, orrpeneneHHble ,llJilI rrepncpepllIIIIOII 

o6onoqKn CBO,lllITClI K raMIIJihTOHllaHy HOpMaJihHb!X KOJie6aHIIII. IlpII 3TOM, K03cpcpllUlleHT 

)KeCTKOCTll ll MaCCOBblll rrapaMeTp llMeIOT TOT )Ke BllJl, qTo ll ,l(JllI CTaHnapTHOII Monen11. 

B TpeTbeM ll qeTBepTOM rraparpacpax BblqncJilIIOTClI crreKTpb! ccpeponnanhHb!X ll TOp

CllOHHb!X Kone6ann11. Ilpouenypa naxo,Knemrn crreKTpoB B cTpaTncpm:i;11poBaHHOH Monenn 

ananornqHa rrpouenype BBeneHHOII B CTannapTHOII Monen11. Y CJIOBlle HeB03MYIIICHIIOCTll 

KOpa Bb!pa,KaeTClI B rpaHllqHOM YCJIOB!lll HeIIpOHllUaeMOCTll nnlI CKOpOCTll IIOTOKa Beme

CTBa: 

ef = o, e~ = o, r = Re, 

nnlI IIOJIOll,llaJihHOro n TOpOllJlaJII,HOro IIOJiell CMemeHIIII COOTBeTCTBeHHO. 3Tll cpopMyJibl 

3nec1, He rrpllBO,lllITClI ll3-3a CBOeII rpoMo3nKOCTll. IIonyqenHble B pa.MKax CTpaTll<pllUll

poBaHHOH MO,lleJill crreKTpb! ccpeponnaJihHOII II TOpCIIOHHOII BeTBeII KOJie6aHllll conep,KaT 

nIIrroJILHYIO Mony, lIBJilIIOIIIYIOClI H11,Ka1III1e11 cTa6HJILH011 Mono11 ( :inI cpopMYJib! Jneci, He 

IIpllBOnlITClI ll3-3a CBoeii: rpoM03,llKOCTll). 3TOT pe3yJihTaT lIBJilieTClI OCHOB!Ib!M OTJillqn

TeJihHb!M rrpll3UaKOM naHHOII MonemI OT cTaunapT!IOII. B rrpeneJih!IOM cnyqae, Korna 
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paJlHyc Kopa CTpeMHTOI K HJJIIO rronyqeHHble crreKTpbI rrepexO,!UIT B COOTBeTCTBJIOIUHe 

crreKTpbI CTaH.n;apTHOH Mo.n;emi:, a qacTOThl ,ll;HIIOJibHhIX MO,ll; CTpeMJITCJI K HJJIIO. OT

MeTHM, 'ITO B OTJIH'IHH OT o.n;Hopo.n;HOH Mo.n;eJIH B KOTOpOH e.n;HHCTBeHHhIM rrapaMeTpOM 

JIBJIJ!eTCJI IIJIOTHOCTb, B CTpaTmjmu:11:poBaHHOH MO,ll;eJIH He3aBHCHMhIMH JIBJIJIIOTCJ!.TpH rra

paMeTpa: Pc - IIJIOTHOCTb mpa HeHTpOHHOH 3Be3,ll;hlj p - IIJIOTHOCTb rrepmpepHHHOH 060-

JioqKH H h = R- Re - TOJIIUHHa rrepmpepHHHOH o6onoqKH HenTpOHHOH 3Be3.n;bI. Pe3JJihTaT 

pacqeTa cqiepOH,ll;aJibHhIX H TOpCHOHHhIX rrepHO,ll;OB B 3aBHCHMOCTH OT 3THX rrapaMeTpoB 

rrpe.n;cTaBJieH B Ta6n11ue 1. 
Bo BTopofi qacTH TpeTbeH rnaBbl paccMaTpHBaIOTCJI rrpHJIHBHb!e KOJie6aHHJI HeHTpOH

HOH 3Be3.n;hl B paMKax ru.n;po.n;nHaMnqecKoro rro.n;xo.n;a. P aBHOBeCHhle pacrrpe.n;eneHHJI .n;a

BJieHHJI H HbIOTOHOBCKOro rpaBHTaD;HOHHOro IIOTeHD;HaJia HMeIOT TOT JKe BH.n;, qTo II B 

3JiaCTO,ll;HHaMnqecKOM 110.n;xo.n;e. Ilone MrHOBeHHhIX CMerueHHH HaXO,ll;HTCJI rryTeM perneHHJI 

ypaBHeHHJI Jlarrnaca C rpaHH'lHhIM ycJIOBHeM HellpOHHUaeMOCTH 

er= 0, r = Re; oV,.(r) = rlr=R• 

IIony'leHHhIH ClleKTP, KaK H B 3JiaCTO,ll;HHaMHqecKOM 110.n;xo.n;e, co.n;eplKHT HHJKanrneIO 

,ll;HIIOJibHJIO Mo.n;y, CTpeMJIIUJIOCJI K HJJIIO IIpH Re --+ o, a caM crreKTp B 3TOM cnyqae 

COOTBeTCTByeT crreKTpy KOJie6aHHJI IIOJIHOH MaCChl 3Be3.n;hl, IIOJIJ'leHHOMY B CTaH.n;apTHOH 

Mo.n;enefi. 
B 3aKJIIO'leHHH TpeTbeH rnaBbl cpaBHHBaIOTCJI 3JiaCT0,ll;HHaMnqecKHH H ru.n;po.n;11HaM11-

qecKHH 110,ll;XO,ll;hl B paMKax CTpaTmpuu;upoBaHHOH MO.n;eJIH, a TaKJKe cpaBHHBaIOTCJI rrpe.n;

CKa3aHHJI CTaH.n;apTHOH H CTpaTHq>HUHpOBaHHOH MO,!l;eJIH. 

B 'leTBepTOH rJiaBe OIIHCbIBaIOTCJI 3JieKTpOMarHHTHhle CBOHCTBa Jl,!l;epHoro Berue

CTBa HeHTpOHHOH 3Be3,!l;hl. CymecTByeT MHOlKeCTBO CBH,!l;eTeJibCTB B 110Jlb3J Toro, qTO 

Bell{eCTBO He.n;p HeHTpOHHOH 3Be3.n;hl CHJibHO 3aMarHH'leHHO. O.n;Hopo.n;HaJI MO,ll;eJib, yq11Tbl

BaIOIUaJ1 CHJibHJIO 3aMarHnqeHHOCTb mepHoro Bell{eCTBa 0CHOBana Ha rrpe.n;rroJIOlKeHHH, 

qTo He.n;pa HeHTpOHHOH 3Be3,!l;hl HaXO,!l;JITCJI (xoTJI 6bl qaCTH"'IHO) B HOHH3HpOBaHHOM co

CTOJIHHH, T.e. o6na.n;aeT CBOHCTBaMH CKOMIIeHCHpOBaHHOH IIJia3Mhl (Ae-q>a3a). OTJIH~H

TeJibHOH oco6eHHOCTbIO IIOCJie.n;HeH JIBJIJ!eTCJI B03MOlKHOCTb 110.n;.n;eplKHBaTb He3aTyxa10ruue 

MarHHTOrH.n;po.n;HHaMnqeCKHe KOJie6aHHJI AnbBeHa. MaTeMaTnqecKHM 6a3HCOM Mo.n;eJIH 

CJIJlKaT MarHHTOrH.n;po.n;HHaMHqecKHe (Mrn) ypaBHeHHJI: 

dV 1 
p- = -VW +-(BV)B 

dt 471' ' 

divB = 0, 

B2 
W=P+ 871'' 

oB = rot[V x B], at 

(22) 

(2.3) 

r.n;e p - IIJIOTHOCTb, V - CKOpOCTb cpe.n;hl, B - HaIIpl!lKeHHOCTb MarHHTHOro IIOJIJI II 

w - MarHHToru.n;pocTaTHqecKoe .n;aBJieHHe (d/dt - cy6cTaHD;HOHaJibHaJI rrpOH3BO,ll;HaJ!). 

Ilp11 3TOM TaK lKe rrpe.n;rronaraeTCJI, qTo MarHHTHOe IIOJie IIOCT0JIHHO II HarrpaBJieHHO B,ll;OJib 

IIOJillpHOH OCH, a MarHHTHble CHJIOBhle JIHHHH IIOJIHOCTbIO BMOpOlKeHbl B BeruecTBO 3Be3,ll;bl. 
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P11c. 4 ,011arpaMMa P - B noKa3blBatoll.laR npeAeJlbl 113MeHeHHR MarHHTHoii 11HAyKu1111 B 11 

nepHO,llOB p ,llJlR 113BeCTHblX Ha cero,llHRWHHii ,lleHb nynbcapos (oTMe4eHbl Kpy>KKaM11). npR

Mble Jll1Hl111 COOTBeTCTBYIOT pac4eTaM KBa,llpynoJlbHblX nepHOAOB BblnOJlHeHHblX B paMKax 

O,llHOpOAHOii MO,lleJ111 AJlR KOHKpeTHblX 3Ha4eHl1ii nJlOTHOCTII p. 
B rrepBOM rraparpaq>e IIOKa3aHO KaK Ha OCHOBe MeTo.n;a H3JIOlKeHHOro BO BTOpon rnaBe 

II rrpH ycJIOBHH, qTo rpaBHTaD;HOHHaJI CTerreHb CBo6o.n;bl 3aMopolKeHa, oW = 0, a MarHH

TOIIJia3MeHHhle OCD;HJIJIJIUHH JIBJIJIIOTCJI e.n;HHCTBeirnofi CTerreHbIO aKTHBHOCTH IIJia3MeHHOll 

cpe.n;hl, Mrll- ypaBHeHHJI CBO,!l;JITCJI K raMHJibTOHHauy HOpMaJibHhIX KOJie6aHHH: 

MLa + KLa = o, 

r.n;e ML - HHepu;HJI If J{L - 2KeCTKOCTb rn.n;poMarHHTHhIX KOJie6a1rni:'i: 

ML= f p(;(;dT, 
V 

[{L = ..!!:...f h;h;dT, 
41T 

V 

(24) 

(25) 

3,!l;eCb h;- rrpocTpaHCTBeHHaJI qacTb aapnau;HH MarHHTHOro IIOJIJI, KOTopal! orrpe.n;eJrneTCll 

Bhlpa2Keu11eM: 

8(; 
h;=Bkaxk· (26) 

Bo BTOpOM rraparpaqie rrpnae.n;eHbl apryMeHThl B IIOJib3Y 3JiaCTO,!l;HHaM11qeCKoro xapaK

Tepa MrllaKOJie6aHHH. 

B TpeTbeM rraparpaqie Bblq11cJIJ1eTCJI crreKTp qacTOT Hepa.n;HaJibHhIX IIOJIOI1,!l;a.JlbHblX 

Mrn - KOJie6aHHH. IlpH IIOJiyqeHHH aHaJIHTHqeCKoro au.n;a qaCTOT Mrn - KOJie6aHHl1 11 

'lHCJieHHhIX pacqeTOB HCIIOJib30BaJIOCb perneHHe ,!l;Jlll IIOJIJI MrHOBeHHhIX CMell{eHHJ1, IIOJiy

qeHHOro B paMKaX cTan.n;apTHOH MO,!l;eJIH. BhlqHcJieHHhIH cneKTp co6CTBeHHb!X qacTOT 

IIOJIOH,ll;aJibHOH Mrll - MO,ll;hl HMeeT BH,ll;: 

w; = !l!L(L-1)2L + 1 
2L-1' 
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2 VA - ·-···2, nA = R2 - 41TpR (27) 



r.n:e nA - ecTeCTBeHHaJI e.n:HHHUa 'IaCTOTbl' aJibBeHOBCKHX MarHHTOIIJ1a3MeHHh!X OCUHJ1-

m1umii. lb 3TOH q>OpMyJihl BH,n:Ho, 'ITO .ll:HIIOJlbHaJI MO,n:a He l!BmleTCJI co6cTBeHHOH .ll:Jlll 

raMHJlbTOHHana IIOJIOH,n:a.Jlbllh!X MarHHTOIIJ1a3MeHHhIX Kone6aHHH. OTMeTHM, 'ITO 'IHCJleH

Hble 3Ha'IeHHJI rrepHO.ll:0B COOTBeTCTBYI<mi:He 'IaCTOTaM rroJiy'IeHHhIX crreKTpOB rrorra,n:aIOT 

s HHTepBaJI OCHOBHh!X rrepHo.n:os rrynbcauHii H3BeCTHh!X na cero.UHlllllHHH .uenb rrynbcapos. 

IIocne.uHee YTBep)K.uenHe .ueMOHCTpHpyeTCJI .UJIJI cq>epoH.UaJibHh!X Kone6aHHH Ha pHCYHKe 

4, r.ue IIOKa3aHa .UHarpaMMa p - B' KPY)KKaMH OTMe'IeHbl H3BeCTHble rrynbcapbl. 

B 'IeTBepTOM rraparpacpe Bh!BO.ll:HTCJI crreKTp TOpOH.UaJibHh!X aJibBeHOBCKHX KOJie6aHHH. 

C y'IeTOM Bblpa,KeHHJI TOpOH.UaJibHOro IIOJIJI MrnoBeHHh!X CMellJ;eHHH CTan.uapTHOH MO.UeJIH 

crreKTp KOJie6anHH HMeeT BH.U: 

w; = O~(L2 _ 1/L + 3 
2L-1 · 

(28) 

IlpH 3TOM HH,KaH!lleii ycTOH'IHBoii Monoii llBJilleTCll Ksa.upyrroJibHall. B -ra6nHue 2 rrpHBe

.n:enh! rrepHO.IJ:hl IIOJ10H.UaJibHOH H TOpOH.UaJlbHOH MO.U aJibBeHOBCKHX Hepa.UHaJibHh!X rrynh

cauHii Heii:TpOHHOH 3Be3.Uhl, Bbl'IHCJieHHble B O.UHOpO.UHOH Mo.uenH. 

Ta6m1ua 2. nep110.Abl PL rno6anbHblX Hepa,A11anbHblX nono11,AanbHblX 11 TOpO11,AanbHblX 

MarHl1TOr11.APO.A11HaMl14eCKl1X (Mr .n) Kone6aH11ii, Bbl411CneHHble B np116n11>1<eHl111 nocTORHHOro 

nonR MR ceMeiicTBa O.AHOpO.AHblX MO,Aeneii HeiiTpOHHblX 3Be3.A C napaMeTpaMl1, yKa3aHHblM11 

B nepBblX 4eTbl pex KOnOH Kax Ta6n 11 Ubl 

IlapaMeTphl MO.UeJIH IloJIOH,n:aJibHaJI Mr Il-Mo.n:a TopOH.UaJibHaJI Mril-Mo.ua 

M/M0 R, KM B, 1013 
re P2,c P3,c P4,c P2,c P3,c P4,C 

2,0 1,93 1,18 0,86 1,27 0,90 0,70 
0,9 10,6 4,0 0,99 0,61 0,44 0,65 0,46 0,36 

6,0 0,67 0,41 0,30 0,44 0,31 0,24 
2,0 2,19 1,34 0,98 1,43 1,01 0,79 

1,1 10,6 4,0 1,12 0,69 0,50 0,74 0,52 0,41 
6,0 0,75 0,46 0,34 0,49 0,35 0,27 
2,0 2,53 1,55 1,13 1,66 1,17 0,92 

1,4 10,2 4,0 1,30 0,80 0,58 0,85 0,60 0,47 
6,0 0,87 0,53 0,39 0,57 0,40 0,32 

Bo BTOpoil 'IaCTH, aHaJIOrH'IHO IIOCTpoeHHJIM TpeTbeH rnaBhl, 'IaCTOThl aJibBeHOBCKHX 

Mrn - KOJie6aHHH paCC'IHTh!BaIOTCJI B paMKaX CTpaTHq>HUHpoBaHHOH MO.UeJIH. 

Ilo aHaJIOrHH C O.UHOpo.unoil MO.UeJiblO aJibBeHOBCKHX OCUHJinllUHH B rrepBOM rraparpacpe 

rrony'IeH crreKTp IIOJIOH.UaJlbHhIX, a BO BTOpOM TOpOH.UaJibHh!X MarHHTOIIJ1a3MeHHh!X 'Ia

CTOT. B o6oHX CJIY'IaJIX crreKTphl co.uep)KaT .UHIIOJibHYIO MO.UY, a s rrpe.uenbHOM cny<Jae 

Re = 0 BOC!IpOH3B0.llllTCJI crreKTphl o.unopo.n:Hoil Mo.uenH. 

B 3aKJ1IO'IeHHH 'IeTBepTOH rmi.Bhl cpaBHHBaIOTCJI rrpe.ucKa3aHHJI CTaH.uapTHOH H CTpa

THq>HUHpoBaHHOH Mo.ueneii. 

B 3aKJIIO'leHHH ccpopMyJIHpoBaHbl OCHOBHble pe3yJibTaTbl .UHCCepTaUHH. 

B rrpHJIO)KeHHllX A, B H C rrprrsenenbI q>opMynhl rr HHTerpaJihl, HCIIOJib3YIOillHecx B 

Bhl'IHCJieHHJIX. 
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Ha 3aw,umy ebzoeu2a10mcJI c11,eoy10w,ue pe3yabmambz 

1. CcpopMynrrposan 3JiaCTO.UHHaMH'IeCKHH rro.uxo.u, B paMKaX KOToporo 6h!JI0 IIOKa3aHO, 

'ITO x.uepHblli cpepMH-KOHTHHYYM .uorryCKaeT pacrrpOCTpanenrre .UBYX THIIOB yrrpyrrrx 

BOJ1H - rrpo.UOJibHOH, pacrrpocTpaHJIIOilleliCJI C q>a30BOH CKOpOCTblO c, = ff5vF H 

rrorrepe'IHOH co CKOpOCTblO Ct = V1!5vF, r.ue VF- eCTb rpaHH'IHaJI CKopo~Tb <l>~pMH. 

2. Pa3BHT saprrauHOHHhlli MeTO.U, II03BOJ1lll0Illllli C e.UHHh!X II03HUHH rrony'IaTb co6-

CTBeHHble crreKTPhl 'IaCTOT cq>epOH,n:aJibHhIX H TOpCHOHHhIX rpaBHTaUHOHHO-yrrpyrHX, 

a TaK )Ke co6cTBeHHble 'IaCTOThl nepa.UHaJlbHh!X MarHHTOIIJ1a3MeHHh!X MO.U. 

3. Brrepsble paCC'IHTaHbl co6CTBeHHble 'IaCTOThl rno6aJibHhIX cq>epOH,n:aJibHhIX rr TOp

CHOHHh!X Iiepa.UHaJibHh!X rpaBHTaUHOHHO-yrrpyrHX IIYJibCaurril neilTpOHHOH 3Be3.Uhl 

H HccnenoBaHa ee ycTOli'IHBOCTb OTHOCHTeJibHO yrrpyrrrx .ueq>opMaUHH. Ha OCHOBe 

'IHCJleHHhIX 3Ha'IeHHH rrepHO.UOB, COOTBeTCTBYIOillIIX 'JaCTOTaM IIOJIY'!eHHhIX crreK

TpOB c.uenan Bh!BO.ll O TOM, _'ITO Hepa.UHaJlbHble KOJie6aHHJI He HMe!OT OTHO!lleHHll K 

IIYJ1bCHpy10rri:eMy pa.urroH3JIY'IeHHIO Heii:TpOHHh!X 3Be3.U, HO BIIOJIHe Bepol!THO, 'ITO 

HMeHHO 3TH Kone6aHHJI rrpol!BJIJIIOTCJI B rrepHO.UH'!eCKOH rrocne.uosaTeJibHO<::TH' MH-

KpOHMIIYllbCOB ,ZlJIHT~bHOCTb!O 10-4
c. . 

4. B paMKax CTpaTHq>HUHPOBaHHOH MO,ZlenH HeilTpOHHOH 3Be3.Uhl rrccne.uosaHhl co6-

CTBeHHhle cq>epOH.UaJibHble rr TOpCHOHHble Hepa.uIIaJibHble KOJ1e6aHIIJI rrepIIq>epIIHHOll 

o6oJIO'IKH rrynbcapa. IloKaJaH<>, 'ITO HII)Kailrneii: ycToil'IIIBoft Mo.uoil 3TIIX Kone6anIIil 

JIBJIJleTCJI .UIIIIOJlbHaJI, B OTJIH~HH OT rno6aJibHhIX KOJie6anrrft HeHTpOHHOli 3Be3.Uhl, 

B crreKTpe KOTOpbIX HH)Kailrneil MO.UOH JIBJIJleTCJI KBa.upyrroJibHaJI. IlIIIIOJlbHaJI MO.Ila 

IIOJIBJIJleTCJI 6naro.uapll neo.uHopo.uHOCTII pacrrpe.ueneHHJI IIJIOTHOCTH s He.upax Heii:

TpOHHOH 3Be3,Zlbl. IIo.u'IepKIIBaeTCll, 'ITO CTpaTHq>IIUHpOBaHHaJI MO,ZleJib MO)KeT oKa-

3h!BaeTCJI 3q>q>eKTHBHh!M cpe.UCTBOM II3y'IeHHJI rrpo6neM acTpoceilcMOJIOrIIII II c6oeB 

IIYJibCaUIIH Heii:TpOHHbIX 3Be3,Zl. 

5. Ilpose.ueHO cpaBHeHHe 3JiaCTO.UIIHaMH'!eCKOro II rH,n:pO.UHHaMH'IeCKOro IIO.UXO,ZlOB K 

rrpo6neMe Hepa,ZlHaJibHh!X rrynbcaurril HeHTpOHHhIX 3Be3.U B CTaH.uapTHOH H CTpaTH

q>HUHposa1rnoil MO,ZleJIJIX. IIo.u'IepKHBaeTCll, 'ITO rnaBHh!M OTJIII'IHeM pa3BHTOro 3Jia

CTO,ZlIIHaMII'!eCKOro 110.uxo.ua JIBJIJleTCJI crroco6HOCTb Heii:TpOHHOH 3Be3,Zlhl coseprnaTb 

Hepa.UHaJlbHble TOpCHOHHble KOJ1e6aHIIll, cyrri:ecTBOBaHrre KOTOpbIX 3arrperri:eHO rII

.UPO.UIIHaMIIKOH HeC)KIIMaeMOH HeBJl3KOH )KH,n:KOCTII. Pa3l1II'IHaJI rrprrpo.ua BOCCTaHa

BJIHBaJOillIIX CIIJ1 ccpepOII,ZlaJibHh!X KOJie6aHHH B 3J1aCTO.UHHaMHKe H rH,n:pO.UHHaMHKe 

rrpOllBJIJleTCJI B TOM, 'ITO '!aCTOThl, rroJiy'leHHble Ha OCHOBe 3JiaCTO,ZlHHaMH'IeCKOro 

rro.uxo.ua 0Ka3h!Ba!OTCJI B 1.5 - 2 pa3a Bh!IIIe rH,n:pO.UHHa.J\fH'!eCKHX. 

6. B paMKax O.UHOPO.UHOH H CTpaTHq>IIUHPOBaHHOH MO,Zleneil II3y'!eHbl Hepa.UIIaJibHble 

MarHIITOIIJ1a3MeHHble aJibBeHOBCKIIe Kone6aHHJI Heii:TpOHHOH 3Be3.Uhl II srrepBble rro

ny'IeHbl crreKTphl '!aCT0T Hepa.uHaJibHh!X II0JIOH,n:aJlbHh!X H TopoH,n:aJibHOH aJibBeHOB

CKHX MO,Zl. IloKa3aHo, 'ITO Mrn - KOJie6aHHJI IIMe!OT cyrri:ecTBeHH0 3J1aCTO,ZlHHaMH

'IeCKHH xapaKTep. 
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7. IIonyqem,1 qncneHHhie orreHKH rrepno.noB Hepa,nnaJihHhIX aJihBeH0BCKHX KOJie6aH1fll n 
Haii.neHO, qT0 MarHHT0IIJia.3MeHHhle IIYJihcarrnn MoryT 0Ka3h!BaTh BJIH.l!Hlle Ha ,lJieK
Tp0MarHHTHYIO aKTHBH0CTh IIYJihcapoB n B03M0lKH0 Ha6JIIO,naThC.ll KaK 10-100 ce
KYH.D:Hhle M0.D:YJI.l!IIHH pa,nH0H3JiyqeHH.ll rryJihCapa. 
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