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1. BBEAEHUE

Heitrponnsie 3Be3/1b1 ObLM 0OHApy2KeHbl B 1967 T.
KAK WUCTOYHUKHU UMITYJIbCHOIO PaUOU3IyICHUS —
MyIbCapbl [g:] D710 coObITHE IIPOU3OILIO DOoJiee YeM
qepe3 30 JieT mocse TOro, Kak CyIeCTBOBAHUE TAKUX
3Be3J] ObLIO IPEJICKA3aHO AaCTPOHOMAMH, HCCJIE0-
BABIIUMH CBEPXHOBBIE 3BE3JIbI I-'_Q], U TEOpeTUKaAMH,
3aHUMABIIMMUCS BHYTPEHHUM CTPOCHUEM 3Be3]T I'_S,'ﬁf]
JleTaabHO HMCTOPHUST TEOPETHHUECKOTO IIPE/ICKA3AHUS
BO3MOYKHOCTH ~ CYIIECTBOBAHWS HEHTPOHHBIX —3BE3/I
N3JI0’KeHa B pabore E;] ITocste aTOrO BBIJIAIOIIETOCS
OTKPBITHSI WHTEepeC K (U3NKe HEHTPOHHBIX 3Be3]]

* E-mail: gkogan@iki.rssi.ru

594

pe3ko Bo3poc. OTKpbITHE PEHTTEHOBCKUX IIyJIhCAPOB
['6] [IOJITBEP/IAIO UJIEI0 O TOM, YTO PEHTTeHOBCKUE
UCTOYHUKN MOILYT OBITH CBSI3aHBI C HEHTPOHHBIMEU
3Be3/[aMU, U BBI3BAJIO HOBYIO BOJIHY AaKTUBHOCTH B
HCCJIEIOBAHUYT HEUTPOHHBIX 3BE3JI, MTPOJIOJIZKAIONLYIOCS
10 cux 1nop. OHUM U3 OCHOBHBIX BOIIPOCOB, KOTOPOMY
OBLIIO TIOCBSIIEHO OOJIBIIIOE YUCIO PADOT, SIBJISETCSI
00bsiCHEHNE CBETUMOCTH HEHTPOHHDLIX 3Be3. s
00bsICHEHNST PEHTTEHOBCKON CBETUMOCTH HEHTPOHHBIX
3Be3] HamboJsiee pa3pabOTaHHON SIBJISIETCS MOIECID
aKKperyn, [pUMeHsgeMasi s HEeHTPOHHBIX 3Be3/I,
BXO/ISIIIIAX B COCTAB JBOWHBIX CHCTEM [7_7.]
Pagnonznytienne mynbcapoB 00bICHIETCS TIPOIEC-
caMH B MarHuTocdepe BpaIaroIieics 38e31bl [:_‘g] Hpy-
rasi 9acTb pabOT MOCBAIMIAETCS BHY TPDEHHEMY CTPOEHUIO
HEHTPOHHBIX 3BE3]I, ONPEJIEJICHIIO IPEJIesIa UX MACCHI.
B nammoit crarhbe MBI paccMOTPHUM TTPOOJIEMBI, CBI3AH-
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HbIE CO CBOMCTBAMU BEIIECTBA B KOpE HEHTPOHHON 3Be3-
apr ipu mtotaoctsax 1010 < p < 1013 r/em®, u moka-
JKEM, 9TO TaM MPOTEKAT (DU3NIECKUE SBJICHUS, BaXK-
HbIE JIJI PA3JIMYHBIX aCTPOMUINIECKUX TPUIOKEHUIA.

2. KPATKUI OB30P IIYTU
®OPMUPOBAHUA HEMTPOHHBIX 3BE3/l B
KOHIIE SIIEPHOM 3BOJIIOINU

Ob6pazoBanre HEHTPOHHBIX 3BE3J] IMPOUCXOIUT, CO-
[JIACHO COBPEMEHHBIM IIPE/ICTABJIEHUSM, IIPU HECTAIlU-
OHAPHBIX IIPOIECCAX, CBAZAHHBIX CO BCIIBIIIIKAMU CBEPX-
HOBbIX. OObsiCHEHNE HADIOAAEMOl SHEPIeTUKU CBEPX-
HOBBIX OBLIIO OJIHOI M3 I'VIABHBIX IPUYHH IIPEICKA3AHUST
CyIIECTBOBAHMS HEHTPOHHBIX 3BE3[T [g] Wccnenosanne
[OCJIEHUX CTA/Hil SBOJIIOINHU 3B€3/] C HEN30€KHOCTHIO
MIPUBOJUT K BBIBOLY O HEOOXOIUMOCTHU CTAJUH THIPO-
JIUTHAMUYIECKOTO CXKaTHs, BeayIeil K 00pa30BaHUIo Heil-
TPOHHO 3BE3/IbI [g] CoruracHo Teopun 3BE3/THON IBO-
JIIOTMY, KapTUHA O0Opa30BaHUsi HEATPOHHBIX 3BE3J U
YEPHBIX JIBIP BBITJISIIUT CJIELYIONUM 06pa3oM. Y 3Be3/I
¢ maccamn M ~ (8-12)Mg Ha crajmy KpacHOro -
ranTa B pesyibrare peakmun 3He! — C2 + o — O
0bpa3yeTrcs BHIPOXKIEHHOE YTJIEPO/IHO-KUCIOPOHOE S/
po. IIporece yBenmaenns: BBIPOXKIEHHOTO s/Ipa U IIOTe-
psi Macchl ODOJIOUKM WIYT ILIABHO JIO TeX IOp, IIOKa
Macca d/ipa He CTaHeT OJIM3KOH K YaH/IpaceKapOBCKO-
My mipezienty. st MosteKystpHOTO Beca . = A/Z = 2,
9TO COOTBETCTBYET XHUMUYECKOMY COCTaBy U3 yIJie-
poJia U KHCJIOPO/IA, “aH/IPACEKAPOBCKUIl IIPEJesl eCTh
Mcy, =~ 5.8 Mg /u? ~ 1.45Mg. Ilpu macce sapa 60.1b-
1I1e TPee/IbHOI TPOUCXOIUT HEYIEPXKUMBII POCT TLIOT-
HOCTH U TeMIepPaTypbl (JaBJIeHUE BLIPOXKICHHBIX JIEK-
TPOHOB HEJIOCTATOYHO) U PA3BUBAETCST B3PBIBHOE IOPE-
HUE yIJIepojia, PEe3yIbTATOM KOTOPOI'O SBJIAETCS II0JI-
HBII pa3JjeT ¢ apdeKkTamMu B3pbIBa CBEPXHOBOI Tumna la
El-(_i] B upormecce sBosmonmum MaccuBHbIX 3B€31 ¢ M 2>
2 12 M©® Te e TeMIeparyphbl, IPU KOTOPBIX UJYT Pe-
Ak 00Pa30BAHUsI U TOPEHUsI yIJIEPOJIa, JTOCTUTAIOT-
Cd 1IPU MEHBIIUX IIOTHOCTSX (3JIEKTPOHBI HEBBIPOXK-
JIEHbI), ¥ CIIOKOIHOe TOpeHHe IPOJIOJIKAECTCS BILUIOTH
J10 00pa30BaHus siJIpa 3BE3/IbI U3 IJIEMEHTOB YKEeJIe3HO-
ro mmka. [lpu mocitemyrorieit 9BOIONUNA UIYT TOJIBKO
dAJIEPHbIE PeaKIMu C IOIJIONeHneM SHepruu. B mpo-
1ecce MOTEPHU SHEPTUM U3JIyUYeHUeM HEHATPUHO U IIpH
pasBajie Keje3a M3-3a BBICOKOH TeMIepaTypbl 3Be3-
Ja TepseT THAPOIMHAMUYECKYIO ycToWdnBoCTh. [Ipu-
YUHON IIOTEPU I'MIPOJAUHAMUYECCKON YCTONYNBOCTH AB-
JISIeTCsT YMEHBIIIeHHe ToKasaresist ajauadarsl v < 4/3
13-33 HEHTPOHU3AINN U Pa3Baja siep KeJIe3HOTO M-
ka [[1]. B pesymsrare xo/utamca Taknx sjep o6pasy-

IOTCS rOpsivre HEHTPOHHBIE 3BE3/bI, YTO COIPOBOXK A~
ercsi cOpOCOM 0DOJIOYUKHN U MOSIBJIEHUEM CBEPXHOBOI TH-
ma II. OTKpbITHE HEATPOHHBIX 3BE3J — ILYJIBCAPOB —
B OCTATKaX CBEPXHOBBIX HAOJIIOMATEJHHO IIOTBEDIH-
JIO BBIBO/JT O CBSI3U CBEPXHOBBIX C DOXKJIEHUEM HEWTPOH-
HBIX 3Be3. Hambosiee BaXKHBIM OBLIO OTKPBITHE OBICT-
posparrarorierocs myiabcapa PSR 0531 + 21 B moJioiom
ocTaTKe CBEPXHOBOM 1101 HazBanneMm KpabosugHas Ty-
MaHHOCTH |:_1-2:] TymanHOCTH, CBSI3aHHBIE C OCTATKAMU
B3PBIBA CBEPXHOBOI, OOHAPYXKEHBI BOKDPYT IIyJIHLCAPOB
PSR 0833 — 45, 0611 4 22, 2021 + 51, 1154 — 62 u ap.
Takum 0O6pa3oM, UMEIOTCS KaK TEOPEeTUIeCKHe, Tak W
HabJIIOJIATEIbHBIE CBUJETEIbCTBA B T0JIB3Y 00pasoBa-
HUs HEHTPOHHBIX 3BE3/] B PE3YJIHTATE HECTAIIOHAPHOIO
poriecca, ITPUBOJIAIIETO K B3PBIBY CBEPXHOBOM. 37eCh
OyZeT pacCMOTPEH XUMUIECKUIT CcOCTaB 000JI0UEK Heli-
TPOHHBIX 3B€3]l B IIPOIECCE UX OCTBHIBAHMS, a TaKXKe
TEPMOINHAMUKA BEIECTBA B IIPUCYTCTBUN HEPABHOBEC-
HBIX [-TIPOIECCOB, COMPOBOKIAIONINX KOJIIAIIC U OCTHI-
BaHUE HEUTPOHHBIX 3BE3/I.

B mporiecce octhiBanms B Kope HEHTPOHHOMN 3BE3THI
00pa3yercss HEPABHOBECHBIN CJIO, B KOTOPOM aKKYMY-
smpyercs samac suepruu 10 104 spr [13,14]. Hepaso-
BECHOCTD COCTOUT B OOJIBIIIOM M30BITKE HEHTPOHOB, ITO
MIPUBOJUT K TOSIBJIEHUIO CBEPXTS2KEJIBIX sjiep BOJM3U
rpaHuIlbl yeroituuBocTu, (, = 0, U HAIUIUIO CBOOOJI-
HBIX HEHTPOHOB. MeyienHast 9BOIIONMS HEPABHOBECHO-
ro cJ1os 3a caeT audHy3un HeUTPOHOB B ITyOb 3BE3IbI
[E-E_;] MOXKET OBITH OTBETCTBEHHA 33 OOJIBIIYIO IIPOJIOJI-
JKUTEJIbHOCTh PEHTTeHOBCKOM ceermMocTi ~ 10% ser.
Hecrammonapubie mporieccsb! B HEATPOHHOI 3BE371€, BbI-
3bIBaeMble, O-BUIUMOMY, 3BE3J0TPICEHUSIMU, COIPO-
BOXK/IAIOTCS CKAYKOOOPa3HBIM YMEHBIIIEHUEM IIePHOIa
[:_1-(_5,:_1-?] HanbHefimas peaKkcarus, Mpu KOTOPO PoCT
[IePUO/Ia BO3BPAIIAETC K CPEJIHEMY 3HAYUEHUIO, CBsI3a-
Ha, BEPOSITHO, C B3AUMOJEICTBUEM CBEPXTEKYUNX BUX-
peif B siIpe HefiTpoHHoOil 3Be3/bI ¢ ee Kopoit [8]. 3pes-
JIOTPsiCEeHNe IIPUBOUT K BBIHOCY HEDABHOBECHOT'O BEIIle-
CTBa HAPY?KY, B3PBIBHOMY BBIJEJIEHUIO SHEPIUU U MOTJIO
OBI OO'bSICHATH HAOJIIO/IaeMbIE Y-BCIBIITKI [:_1-5_)‘,2-()‘] B l'a-
sakTuke n BOMM3M Hee. [Ipm pasiere HepaBHOBECHOTO
BEINIECTBA MEXK3Be3/[Hasl Cpejia 0DOTaIlaeTCsl TsAZKeIbl-
MU 3JI€MEHTAMU.

3. ®PUBNYECKUNE IIPOITECCHI B
OBOJIOYKAX HEMTPOHHBLIX 3BE3]I

OJ1HUM 13 BayKHBIX 9TAIIOB YBOJIIONNN SIBJISIETCS CTa-
JMsl ropsideil HeHTPOHHONI 3Be3Ibl [:_2-]_]] B pacuerax
JUHAMHUKN KOJLJIAIICa [:_2-2] IIPU JIOCTUKEHUS SJIEPHBIX
IJIOTHOCTEH, COOTBETCTBYIOIINX HEUTPOHHBIM 3BE3/1aM,
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B BEIIIECTBE JIOCTUTIAETCsI TEMIIEPATYPa, IIPEBBIIIAIOIIAst
2 - 101 K. B aTuX yCIOBHAX B BelecTBE BO3MOYKHO
ObICTpOE TPOTEKAHUE Pa3IUYIHBIX PEaKINii, KOTOpPbIE
[pu OOBIYHBIX TEMIIEPATYPaxX WIYT YPe3BbIYailHO Me/l-
JIEBHHO W3-3a BBICOKOI'O KYJIOHOBCKOTO Oapbepa B, co-
CTaBJISIIOIIETO
2122

s (1)
rne A — cpejHee GapuOHHOE YHUCJIO, Z — 3apsijl siji-
pa. st B3auMoieiicTBUs IPOTOHOB C sIIPAME PYIIIIbI
xenesa B ~ 7 MsB. Cpeansist TemoBast SHEprus mpo-

TOHOB COCTaBJIAET

T
109 K°

By = (2)

= ng =0.133Ty MaB, Ty =
TemrepaTypbl B CTAIMOHAPHBIX 3BE3/IaX, KaK [TPABH-
10, ne ipesbrmator 107 K, kT < B/10, nostomy 1ipn
3BE3JHBIX YCJOBUIX KYJIOHOBCKUN Gapbep MOJTHOCTHIO
OTIPEJIEJISIET CKOPOCTH SIJIEPHBIX PEaKINil ¢ 3apsi’KeH-
HBIMU YacTuraMu. Kcjim reMeparypbl JI0CTATOYHO Bbl-
COKHU, TaK YTO CKOPOCTHU SJIEPHBIX PEAKIUHA BEJTUKH 110
CPABHEHUIO CO CKOPOCTSIMU JIPYTUX IIPOTIECCOB, M3MEHsI-
FOIIUX [JIOTHOCTh U TEMIIEPATYPY B BEIIECTBE, TO MOYK-
HO CUMTATH, YTO OTKPBITHI BCE KAHAJIBI SIJIEPHBIX PEaK-
nuit. B aroM cirydae BeIecTBO HaXOJINTCS B YCJIOBUSIX
JIETAJILHOIO PABHOBECHS 110 SIIEPHBIM peakiusam. JIs
XapaKTEpHBIX MPOIECCOB B 3BE3/IaX YCJIOBUS JIETATb-
HOTO PABHOBECHS TI0 sIJIEPHBIM PEaKIUsAM JOCTUTAIOT-
¢, ecm TemrepaTypa npesbimaer T > (3-5) - 109 K
[:_1-1:] S nepuble peakiuu He U3MEHAT OTHOIIEHUE IMOJI-
HOro uucsia Heiirponos N, (B CBOGOIHOM U CBA3AHHOM
COCTOSIHUAX) K IIOJIHOMY 9ncJIy IpoToHOB Ny. ITosromy
MOKHO BBectH mapamerp Ry = N, /N, u paccmarpu-
BaTh sJIEPHOE PABHOBECHUE TIPU 3a[aHHOM Ry [:_Z-Z_i] On-
HAKO B PeasbHbIX (PU3NIECKUX CUTyalusdX Ry MeHseT-
csl B pe3yJibrare [S-IporeccoB u, BOOOIE TOBOPSI, 3aBH-
cuT OT BpemeHu. [Ipu HEKOTOPBIX YCJIOBUSIX CYIIECTBY-
€T BOBMOYKHOCTD MCKJIIOYUTDH 3aBUCUMOCTH OT BPEMEHH,
HAIPUMEDP B YCJOBHUSIX [MOJIHOTO TEPMOJIMHAMUIECKOTO
DPABHOBECHSI, KOT/Ia U IO [-TIPOIECCAM OCYTIECTBIISET-
cst jietasbHoe pasHosecue [24]. B npupose wame Bee-
IO BCTPEYAETCS CUTYaIUsi, B KOTOPOH TPY/HO BBIIOJI-
HUTH YCJIOBUSI TIOJTHOIO TEPMOINHAMUYIECKOTO PABHOBE-
cust. DTO CBS3aHO C OTPOMHBIM Pa3JIMYUEM BO BpeMe-
HAaX MPOIECCOB B SIJIEPHBIX U CJIA0BIX B3aNMOMIEHCTBUSIX
T LTgupn T 25 10° u ¢ oTCyTCTBHEEM paBHOBECHS
JLJI KAKOTo-Jiub0 pojia d9acTull (HeHTPUHO), yIacTBYIO-
UX B IIporieccax. B 9TUX yCJIOBUSX MOXKHO, DA3/Ie/InB
[IPOTIECCH Ha OBICTPBIE U MEJ[JIEHHbIE, PACCMATPUBATD
JIeTaJIbHOE PABHOBECHE 110 OBICTPBIM MTPOIECCaM U KIHE-
TUYECKIe yPaBHEHUS JJIs ME/JICHHDBIX 11potieccoB. [1pu-
M€ep TaKOH CUTyali BO3HUKAET HA CTAJINU KOJLJIAIICA
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3Be3bI pH moTHOCTAX p < 10'2 1/cM® u Temmepa-
rypax 5-10° K < T < 10'° K. Bemecrso mpo3padHo
JIJIsl HEHTPUHO, U JIJIsl HEPO HET PABHOBECUS, MEYKLy TeM
KaK CyIIeCTBYeT JeTajJbHOE PABHOBECHE JIJIsI sIJIePHBIX
peakiuii. BaskHbIM YaCTHBIM CJIydaeM siBJISICTCS KUHE-
THYECKOEe paBHOBECHE IO [3-IIpoleccam [2-5,:_2-(_3'], KOra
CyMMapHasi CKOPOCTh YMEHBIIIEHHUsT PABHA CYMMAaPHOIA
ckopocTu yBesndenus Ry, T. e. Ry ocraeTcs IMOCTOSH-
HBIM.

4. OBPABOBAHUE HEPABHOBECHOTO
CJIOSI B OBOJIOYKE HEMTPOHHOU
3BE3/IbI

4.1. OcTriBaHuEe 000JIOYKMN HEWTPOHHOI 3BE3AbI
mocJie B3pbIBa CBEPXHOBOM

Korma temmeparypa B 000JI0YKE CTAHOBUTCS HU-
xe Ty < 4-10° K, BpeMs peaknuii ¢ 3apsArKeHHBIMI
JaCTUIAMEU HAYUHAET IPEBBINIATH BPEMs OCTHIBAHUS.
IIpu miorroctsix p >~ 10° v/em® BemecTso cocrout
U3 sijiep, HEWTPOHOB M PEJISITUBUCTCKHU BBIPOXKIEHHBIX
3JIEKTPOHOB. B 3TUX yC/IOBUSIX BO3MOXKHO ITPOTEKAHUE
peakmii ¢ HeiiTpoHaMu, (POTOOTIIEIJIEHNE W 3aXBaT
HEHTPOHOB, (B-pacuajibl IpU €3 > £, U € -3aXBATHI
upu €g < €f.. 3J€ch €3 — dHEprus [B-pacuaza -
pa, €5, — dHeprusd PepMn 3T€KTPOHOB, ONpeeseMas
CJIETYTOTIIIM 00Pa30M:

.
fhe - 106 1 /cn®

Efe = Mec?

(3)

apr,

vae pte = 1/%.(Z;/Ai)x; — 9uCI0 HyKJIOHOB Ha OJIMH
9JIEKTPOH, Z; — BECOBasl KOHIEHTPALNS §-TO SJICMEHTA.
Onenum xapaxrepHoe BpeMs (HOTOOTIIEIICHUs Hefi-
TPOHA Ty B 3aBUCHMOCTH OT €0 SHEPIHU CBA3U B SIpe

1o dopmyste [27]
1 3373/2 -
— =6.95- 10T, (541, %

- )t w

Snecs Qne MsB — sneprusi cBsizu HeiiTpoHa B sijpe,

11,605 Que
Ty

(Gtn) — ceuenme peaxtmu A(n,v)(A + 1), ycpeanen-
HOE TIO TJTAHKOBCKOMY paciipe/iesiennio (poToHoB. Torma
nns oy, ~ 161, Ty < 0.04Q 6 TOTyIAM Ty > 107 ser,
T.e. ipu Ty < 0.4 HEHTPOHBI ¢ dHEPTUEH CBA3U Q) >
> @Qnp = 10 MsB npakrudecku He OTHIEIISIFOTCS OT
siipa. Takum 00pa3oM, B CHCTEME MMeeTCs PaBHOBeCue
10 PEAKIUSIM C HeHTPOHAMU JIJIST siJIeP, UMEIOIINX dHEP-
IUIO CBsI3M I0cjenHero Heifirpona menbine 10 MsB.



MITP, Tom 156, Boir. 4 (10), 2019

HepaBHOBeCHbI Cnoli B KOpe HETPOHHbLIX 3BE3A. . .

Z)

Ob6acTb JeneHus
U Q-pacraia

A

Puc. 1. ObpasoBaHue XMMU4eckoro cocTasga Ha cTaguu orpa-
Hu4eHHoro pasHosecusi. Jlunus @, = 0 oTgensier obnactb
CyLLecTBOBaHUS spep, AmHua Qn, otgensiet obnacts I, rae
HEBO3MOXXHO hOTOOTLLENIEHME HERTPOHOB, oT obnacTeli II un
III. LLiTpuxoBble IMHUN — YPOBHW MOCTOSHHOIO €5 = (Qp —
—Qn, €8, < €8y < ... < €y B obnactu I Qn > Qns,
B obnactn II Qn < Qup, €5,e > €. B obnactn 11T Q,, <
< Qnb, €f,e > €3. 3aWITpuxoBaHHas obnactb abed onpepens-
eT rpaHnubl 3HaveHnii (A, Z) npu orpaHn4eHHOM paBHOBeCUY
¢ pannbIMn Qup(T) n gf,6(p). JIunus co wTpuxoekoii cnpasa
oTgensietT obnacTtb feneHus U q-pacnaga, us m@]

IIporiecc obpazoBammst HEPABHOBECHOT'O XUMUIECKO-
ro cocrasa Bujiet Ha cxenme puc. . Ha miockocrn (A,7)
HAHECEHbl T'DAHUILI JEJeHUsS U YCTONIUBOCTHU siIIEP.
[Tpocaenum Tpek usmenenust (A, Z) s sijpa, Haxos-
MErocs B OKPYZKEHUU HEUTPOHOB, COCTABJISIIOIINX IO~
JIOBUHY U O0Jiee BeCOBOH joJyim BerecTBa. llaockocTh
(A, Z) pazbura Ha Tpu objacru:

obsacts I: Q. > Qup,

obaacts II: 0 < Qp < Qnp M €5 > €5 e,

obiacts III: 0 < @, < Qnp 1 €5 < €fpe.

IIpu BBICOKOIT KOHIIEHTpAIMK HEATPOHOB sijipa C
GoJibiM (), OYIAyT 3axXBaTbiBaTh HEWTPOHBI U IEpeii-
ayT u3 obsactu I B obsractu 11 u 111 BHe 3aBUCHMMOCTH
ot £3. IIpu srom obpazyrorcs aapa ¢ O0JIbIIIM U30BIT-
KOM HEITPOHOB, PACIIOJIOKEHHBIE JAJIEKO OT «JOJIUHBI»
crabunbHOCTH siyiep. B obmactu 111 mvmeercss paBHOBe-
CHe 0 PeAKIMsAM C HeHTPOHAME; [-TIPOIECCHI 3aXBaTa
3JIEKTPOHOB ¢ 00JIb10i1 Heprueit Pepmu Bcerja BeLyT
K YMEHBIICHHIO Z WU3-3a HEPAaBEHCTBA €3 < Efe, U B
pesyJibTare BCe siipa U3 3TOU 00JIACTU yMeHbIIAT Z U
mona IyT B 00JI1aCTh, PACIOJIOXKEHHY IO HUYXKe YPOBHs ab.
C xpyroii croponsbl, B obsiactu I paBHOBeCcHe 110 peak-
[IUSIM C HEHTPOHAMHU COTIPOBOXKJIAETCS €~ (-paciaiamMu
C yBeJIMYeHHEM 7, TIOKa BCe sijipa He MONaJyT B 00-
JIACTH, PACIIOJIOKEHHYIO BbIMIEe YPOBHS cd. Mbl BuanM,
9TO B YCJIOBUSIX ONPAHUYEHHOTO DABHOBECHS XUMUYE-
CKUII COCTaB BEIIECTBa OLIPEAE/IACTCH JOBOJLHO Y3KON
obJracTbio 10 A u Z, orpanuveHHoil rpanunamu abced.
Brixosa 3a mpesesnbl 910l 00/1acTH HE TPOUCXOINT W3-
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32 OTCYTCTBHS JOIMYCTHMBIX [-TIPOIeccoB u (hOTOOT-
meruternit Heiitpona. IIpuw @Qnp <1 MsB u Ty < 0.4
0CTAETCA TOJLKO OJIHO JIPO, HAXOJISAIIEeCs Ha IPAHUIIE
YCTOHYHBOCTH, /11 KOTOPOT'O

(5)

5ﬂ:Qp_Qn%Qp:5f,e~

JIOnOTHATETLHBIMU  TIPOIECCAME  TIPU O6Gpa30BaHUM
HEHTPOHHO-U3OLITOIHBIX AJIED ABJSIOTCS UX JIeJICHUE,
a-paciaji U NuKHosiepHble peakiun tuna 2(A,7) =
(24,27) F_2-§'] JIjist OUEHKU BJIMSTHUS (-paciajia
U JIeJICHHs] $IJIEP PACCMOTPHUM CBOMCTBa SIJIEp, HAXO-

JIATIAXCS  JTAJIEKO OT  «JIOJUHBI» cTabuabHocTu. Jlo
CHX TIOp He CYIIECTBYET KAKO-JIMOO CTpOroil Teopuu
U pacdera HapaMeTpOB TaKUX sijiep U TeMm OoJiee
9KCIIEPUMEHTAJBHOIO0 MAaTEPUAJIA TI0 THAYKETIBIM fA/IpaM,
HaXOJIATIAMCS TJIYOOKO B 00/IaCTH HECTAOUILHOCTH.
WMurepnommpyst onenku [I. 9. Hemuposckoro, mpu-
OJIMKEHHO MPUMEM, UTO I'DAHUIA YCTONIMBOCTHU siIEP
OTHOCHTEJIBHO HCHAPEHUs] HEHTPOHOB HPOXOIUT IIPH
A =47 nna Z > 6, u sHeprusl CBsA3U MPOTOHA HA ITO

rpatune pasta [[4,26,30]

Z
Qpb = (33 — 7) M>sB. (6)
IIpu Z < 6 Besmuauna (Qpp ObICTPO yMeHbINaETCs. Jl1st
XOJIO/HOTO BemecTsa ¢ yderoM (B), (G) momyaaem BbI-
paxkeHue JijIsl 3apsijia sijipa 4y Ha I'paHuIe HEHTPOHHOM
CTaOMIILHOCTH:

p6 1/3
u) G

e

Zo=1(33—e5.) =7 |33—0.511 (

Ao =42.

3aech €5 gano B MaB, pg p/105 r/enm®. Tlpen-
IMOJIOZKUM, UTO KOHIIEHTPAIUs HEWTPOHOB CTOJIb BEJIH-
Ka, 9TO, JIayKe KOTJIa BCE spa HAXOMATCS Ha TPAHUIE
YCTORYIMBOCTHU, B BEIECTBE eIle MHOTO CBOOOTHBIX Hell-
TpoHoB. Ilpnm €7, > 33 MsB B mamem mpubmxkeHnn
HE CYIIECTBYET YCTOMIUBBIX SJI€P U 3aXBAT JIEKTPOHOB
HAYNHACT WJITA HEPABHOBECHO, UTO MPHUBOIUT K OBICT-
pOMYy HarpeBy |'_,§1:—',_§Z_’)], 00pa30BaHUIO HOBBIX 3apOIbI-
IIEBBIX sIJiep W IPHUXOJY BEIIeCTBa B COCTOsIHUE, OJIM3-
KOe K SIJePHOMY PaBHOBECHIO [:_1-4_‘] Buyrpenusis rpa-
HUTA HEPABHOBECHOTO CJIOSI TIPUOJIMKEHHO JIEKUAT TIPH
IUIOTHOCTHU po U JABJIeHUN P,

33

3
m) ~2.7-10Mp, v/en®,  (8)

pwue-loﬁ(

p_g

4/3
) ~2-10% gun/cm’. 9)
He

Py ~1.2-10" (
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Ipu aToM pie > 41 py > 1012 r/em®. Brenmmssa rpanmia
HEPaBHOBECHOI'O CJIOA OLpeliesidercd I'paHuneil ycroi-
quBocTu saep ¢ @, = 0 orHOCHUTENBHO mHenenusi. Vc-
[IOJIB3YS SIMIIUPUUIECKYIO (DOPMYILY [1JIsi IEPUOJA IOy~
pacnajia, mojrydaem |‘._1-4_i]7 qro npu Z < 153 = Znaa
BpeMsd mosrypaciaa npesbimaet 3- 107 jer. Ipuamvas
Ha, BHEITHEl TpaHutie ciosd 1 = Lpaqz, TOJyIaeM Ia-
pameTpsl

11

0.511 (10)

3
P1 = e - 106 ( ) ~ 1010,“6 F/CMBa
P2

4/3
) ~2.5-10% gua/em®.  (11)
[Le

Py ~12-10% (
Ipu g > 4 uveem py > 4- 1010 r/em®. Macca cios M,

OIIEHUBAECTCA U3 COOTHOIIEHMA, CJIEYIONEro mu3 yCJio-
BUsd paBHOBECHA TOHKOI'O CJIOA,

47t

GM

Ml = P2 ~ (01*1)P2 ~ 2. (102971030) =

= (1071073 My, (12)
JUIs HefTpOHHBIX 3Be3]] ¢ Maccamu (1.4-0.5) M. Heiir-
POHHBIE 3Be3/IbI MEHbBINEH MacChl UMEIOT OOJIbIINI pa-
Jyc U 0oJiee TOJICTYIO ¥ MACCUBHYIO HEPABHOBECHYIO
060s10uKy. IIpumem sHepruto (Q, BbIIAEISEMYIO [IPU [Ipe-
BpAIEHUN CMECH HEHTPOHOB M CBEPXTSKEJILIX SJIED B
paBHOBECHOE cocTosiHme, pasHoil Q ~ 3-1073M c2. Tor-
Jla TIOJIHBIH 3amac SHepruu B HEPABHOBECHOM CJIOE CO-
craBur Qior = NMyc® ~ (10*® — 10%°) spr ana weii-
TPOHHBIX 3Be371 ¢ Maccamu (1.4-0.5) M, coorBercrBeH-
no. Takum obpazom, HefiTpoHHasT 3BE3/1a 00Ia/1a€T 3a-
[1aCOM HEPIruu, 00EeCHeUInBAIONINM BO3MOYKHOCTD IIPO-
SIBJIEHUST €e HaDJII0/IaeMOil aKTUBHOCTU 0€3 BHEITHUX
UCTOYHUKOB SHEPIHM.

4.2. CrkaTue XOJIOTHOTO BellecTBa Ipu
aKKpenumn

XuMU4IecKuil siJIepHbIA COCTAB XOJIOJIHOT'O BeIle-
CTBA, COOTBETCTBYIOIINNA MUHUMYMY SHEPIHH IIPH 3a-
namHoii MIoTHOCTH, paccumran B pabore [34]. Ipum
miornoct p < 3 - 10° r/em® MuHIMaTLHON SHEprUM
coorsercTryer spo Fe®S. Ilpu yBesmmraenny mioTHOCTH
pacter sHeprusg PepMm 3JeKTPOHOB £f, U IO JOCTHU-
JKeHUN BEeJIMYUHBI €7 . = @), — @y, = €g4z TIOCTEIOBA-
TEJILHO IIPOUCXOMAT JIBE PEaKINU 3aXBaTa 3JEKTPOHA,
9TO CBA3AHO C OOJIBINEH SHEPTUEH CBIA3U T€THO-TeTHBIX
siJIEP 0 CPABHEHUIO C Y€THO-HEUETHBIMU:

(A, Z)+e — (A, Z—1)+v,

B (13)
(A, Z 1) 4e = (A, Z—2)+v,
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Fe® + e~ — Mn®® + v, u

Mn® 4+ e~ — Cr’® 4 . (14)
Bropas peakiusa 1menoykn mpoxojuT HEPABHOBECHO U
COTIPOBOXK a€TCsT HarpeBoM (cM. pasf. 5). Ecim marpes
HEJIOCTATOYCH JIJIsT IIPEO/I0JIEHHST KYJTOHOBCKOTO Dapbe-
pa, TO IpH YBEJIWUYECHUN IIJIOTHOCTH IIPOIECC HEHTPOHNU-
3AIUN TIPY TOCTOSHHOM A TTPOJIOJIZKUTCS JTO TTOSIBJICHUST
sJIpa Ha TPAHUIE HEUTPOHHO crabuabnocTn ¢ Q, = 0.
IIpn masbeiieM pocTe TJIOTHOCTH 3aXBaT JIEKTPO-
Ha fJIPOM COIIPOBOXKJIA€TCA MCILyCKaHUEM O/JIHOI0 WJIn
HECKOJIbKIX HEUTPOHOB:

(A, Z)+e - (A—k,Z—1)+Ekn+uw. (15)
DTOT TPOIECC MPOJOJIKACTCS BJIOb KPUBOU HA TIIOC-
koctu (A,Z) ¢ @ = 0 10 Tex HOp, HOKa HE IOABUT-
¢ A7PO ¢ MAKCHMAJIBHO MMEIONAMCH 3HadeHueM (.
Ilo onenkam [:_S-Q'] Qpmaz =~ 33 MsB saupa yriepona c
Z =6, A = 22. Kak ykazano B pacore 4], upn mamnn-
HeifieM pocTe IUIOTHOCTH HEBO3MOXKHO 00pazoBanne
YCTOMYUBOIro fAapa, HO3TOMY IIPU JlalbHelneil HeidTpo-
HU3AIUU IIPOU30IIET IIepEeCTPOiKa AJepHOT0O cocTaBa 1
ImepexoJ], B HOBOE ycToitunBoe cocrosguame. [Ipm srom ns-
3a CUJIBHOI HEPABHOBECHOCTH [3-IIPOIECCOB IIPOU30iiIeT
WHTEHCUBHBII HAIPDEB M BO3MOXKEH IIEPEXOJ K COCTO-
AHNIO, OJIN3KOMY K IIOJIHOMY S$IJIEDHOMY DaBHOBECHIO.
Kak mosrydeno B pabore [51:], IIpU CUIBLHO HEPABHOBEC-
HOl [B-peakiuu ¢ & f.e > EBAZ B TEILJIO IIEPEXOJIUT OKO-
10 (1/6)ef.. Ilpu €4 = 33 MaB B Temso nepexomur
npubausurebao 6 M3B Ha peaxkiuio, 9To cOOTBETCTBY-
et spauenmo T =~ 5 - 10'9 K, mpu KoTOpoM BO3MOXKHO
[IPEe0/I0JIeHNe KYJIOHOBCKOIO Oapbepa 1 Iepexo/i K paB-
HOBECHOMY COCTaBYy. YTJIEPOJHbINA coctaB ¢ Z = 6, A =
= 22 coorsercTByer wiorHOCTH po ~ 1012 13 (§).
Tounprit pacdyeT IBOIIOIUN XUMHYECKOTO COCTaBA
XOJIO/THOT'O BEIEeCTBA IIPU CXKATUU, C yIETOM JIeHCTBUS
SIIEPHBIX CUJI W JApyTruX (DaKTOPOB B CMECH sifiep U
Heitrponos, ciean B pabore [2§]. o cpasmenmio c
[14] B paGore [28] yureHbI HMUKHOSIEPHBIE DEAKIMM
CJIUSIHASA $1J1€D, KOTOPble HAYMHAIOTCH IIPU IIJIOTHOCTH
1.4 - 10'2 r/em®, mpu cocrase A = 32, Z 9. B
pe3yJbTraTe MUKHOIEPHON PEaKIINU MOSBIISETCS AP0
A =64 —k, Z = 18 u k cBobosubIx Heiirponos. B
pe3yabTaTe JAJIbHEHIero cxKaThs ITPOUCXOIAT 3aXBa-

ThI JIEKTPOHOB C UCIAPEHUEM HEHTPOHOB, BILIOTH JI0
obpazoBanus supa A = 33, Z = 9 upu mwiorHocTH
3.3-10'2 r/cM3. Jlasee pacdeT mo106HOTO CTYEHIATOTO
IIPOTIECCA TIPOJIOJIZKAJICS JIO TIJIOTHOCTH D - 1013 p / ev®. B
pabore [:_Z-S] OTMEYAETCs TAK¥Ke, YTO IIPOIECC COIIPOBOK-
JaeTcs HePABHOBECHBIM HAI'PEBOM, UTO MOYKET IpUBE-
CTH K COCTOSIHUIO IIOJIHOI'O PABHOBECHUsI, OJIHAKO B pac-
Jerax 9TO HE PAacCMaTPUBAJIOCH.
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HepaBHOBeCHbI Cnoli B KOpe HETPOHHbLIX 3BE3A. . .
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Puc. 2. Harpes xonopgHoro BeuwiecTBa npy HepaBHOBECHOM
(B-3axBaTe: a) PyHKLUA pacnpefeneHns 3NeKTPOHOB nepeq
HeliTpoHnsaumein, T = 0; 6) dyHKUNs pacnpeseneHnst dek-
TPOHOB MOC/IE HEPABHOBECHbIX 3aXBaTOB; 6) PyHKUNs pacrpe-
[LeNeHusi 371eKTPOoHOB nocne penakcauuu, 7' > 0

Paznuuanbie acmekTbl cTpoeHmss U PUBMIECKUX

CBOIICTB BelleCcTBa B KOPE HEHTPOHHBIX 3BE3[[ U3JI02Ke-

bt B 0630pax [33,56].

5. HATPEB ITP1 HEPABHOBECHBIX
PEAKIIAX CJIABOTO B3AVUMOJIENCTBUSI

Ecmun npu mmskoit Temmeparype sueprus Pepmu
JIEKTPOHOB JIOCTUTAET PA3HOCTHU dHepruit Ajs, Mponc-
xomuT [-3axBar JIeKTpPoHA (HEHTPOHM3AIMS) C Hepe-
XOJIOM ME2K/ly OCHOBHBIMU COCTOsiHUSIMU anpa (A, Z) u
anpa (A, Z — 1). Hanpumep, s aapa Fe®® meiirpo-
Hu3aus ¢ obpazosanmeM sapa Mn®S maummaerca npu
efe = Az = 3.8 MaB. Ilpu srom mporecc nporexa-
€T PaBHOBECHO U BCsl SHEPIHUs 3aXBAYEHHOIO DJIEKTPO-
HA [EPEXOUT B SHEPTUIO TOKOs siyipa. [Ipu GbicTpom
KOJIJTATICE 3BE3/TbI 9JIEKTPOHBI HE YCIIEBAIOT 3aXBATHTh-
Csl sIIpAMU U BO3HUKAET CUTYAIWs, KOTJA Ef o > Aqs.
IIpm sTOM 3aXBaT 97IEKTPOHOB IIPOXO/IUT HEPABHOBECHO,
SHTPOIMS PACTeT U BEIeCTBO HarpeBaeTcsi. Poct Tem-
epaTypbl IPU HEPABHOBECHON HEHTPOHUBAIINN TTPOUII-
JIIOCTPUPOBAH HA PUC. Q: rJie TIOKA3aHO KaK CTYIEHbKA
B pacopejeseHun 3JIeKTpoHoB ¢ 1T = ( pa3MbIBaeTCsd
U 3JIEKTPOHBI PUOOPETAIOT HEHYJIEBYIO TEMIIEPATYPY.
HepasroBecHblil Harpes nipu [(-3axBarax ObLI BlIEpBbIe
ucceosan B pabore [31], Bekope 3arem GnuT HesaBu-
cumo pacemorpet B [33] u nosanee — B [34,87]. Bor-
payKeHue sl CKOPOCTH HAarpeBa MPU HEPABHOBECHOI
HEHTPOHUSAINH CIC/yeT U3 BTOPOro 3aKOHA TePMO/iu-
HAMUKI JUIsl IEDEMEHHOIO COCTaBa, JacTull [38]:

P
dE—= dp = TdS+ Y pyidn; = dQ = —Q” dt. (16)
P i
31ech S — 10JIHASI SHTPOLUSI, [1t; — TEPMOIUHAMUIEC-
KHIil TOTeHIHa/ 9acTull copTa i, 6 = Aja/me c?. Jls

3aXBaTa XOJIO/IHBIX JIEKTPOHOB II0JIyIaeM CKOPOCTH Pe-
aknun W, u CKOpOCTbh HEATPUHHBIX 1OTEPh (), B BU-

ne [39]
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Ufe
gz In2 / 2 1/2 2
We="~——— u’ —1 u(u —0)“du =
g9z (Fti2)z J ( ) ( )
gz In 2
- ———[Fo(use) — Fo(d
9z (Ftl/g)zl[ 0( f) 0( )]
peakiuii Ha gApo B cekyumy, (17)
In2 "

_ 9z n 2 2 1/2 37, _
Qv = —————MeC / u? =)V 2u(u—8)3du =
9z (Fti2)z J (W' =1) " ulw=9)
_gz W2 2

9z (Ft12)z
x [Fe(uge) — Fo(8)] apr-c ! ma sapo. (18)

31ech gz U gz/ — CTATUCTUIECKHE BECA COOTBETCTBEH-
HO MCXOJIHOTO M KOHEYHOTO sijpa, Z' Z =1, upe =
= (gf,e/mec?) + 1. na dyukuun Pepyu

x

Fo(z) = /(u2 C 1) 24y — 6)2du (19)
1
u termoBoit pyuknuu Pepmu
F.(x) = / (u? — )Y 2u(u — 6)3du (20)

1

AHAJUTUIECKNE BhIPAYKEHUs JIaHbI B pabore ['_.3-9] Lorst
HEPEJIATUBUCTCKUX AJIeP 1 XOJIOJIHBIX JIEKTPOHOB NMe-
€M

-1~ mA,ZAC?,

~ 2
Ht,z = MA zC,  Ht,Z

21
Hte zz':f,e"_’rne 02 ( )
Us (16) ¢ yueronm (17)-(21) nosydaen
I—= [(ﬁf,e+me02—AZ'Z)W(a)—Q(a) naz =
gz In2 2
= N4 ZzMeC” X
9z (Fti)2)z 47
X {(uge—0) [Fo(uge)—Fo(8)] —Fe(use)+Fe(0)}. (22)
Jast uge > 6 > 1 mveem
u5e o5
Fo(uge) = g , Fo(0) =
ub 56
Folup) ~ L2, F.(8) ~ —, 23
(uge) = 2 R0~ % (23)
dsS gz In2 2 U?ve — ¢
— AT —————ng gMeC .
dt a9z (Ftl/Q)Z’ 4.z 30

MpbI BHM, 9TO MPHU CUJILHON HEPABHOBECHOCTH B CPEJI-
HeM Ha Harpes ujeT 1/6 1acTb, a U3JIyueHne HeHTPUHO
yHOCUT 5/6 9HEprum 3aXBATYEHHBIX JTEKTPOHOB.
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Puc. 3. HarpeB XOsI04HOro BewecTBa nNpn HEPAaBHOBECHOM

,6—3aXBaTe: a) paBHOBeCHbII7I /B—SBXBaT 31IEKTPOHA NPU €7 =

~ A12; 6) HepaBHOBeCHbIﬁ nepexon Mmexagy oCHOBHbIMU COCTO-

AHUAMUW NPU Ef ¢ > A23; 6) HepaBHOBeCHbIﬁ nepexon mexay

OCHOBHbIM COCTOAHMEM Ha4YaJ/IbHOroO sA4pa M BCEMU AOMNYCTU-

MbIMU COCTOAHUAMU KOHEHHOIO sA4pa, KOrga aHeprus BOB6y)K—
AEHNSA Ecp S Efe — AIQ

Fe Mn"® Fe

HepaBnoBecnasi meiffTpoHm3anuss TP  KOHEIHOI
TeMIeparype TakKyKe IIPUBOIUT K POCTY SHTPOIIUH,
OHAKO 3TOT 3(PHEKT yMEHBITAETCs ¢ POCTOM TeMIIe-
paTypsl npu (UKCHPOBAHHOM €. llpn nambpHeiimem
pocTe TeMIepaTypbl HADEB CMEHSIETCH OXJIAXKJIEHU-
eM, B TOM 4YHCJE U3-32 OTKPBITUS JOMOJTHUTETbHBIX
KaHAJIOB POXKJEHUs U CBOOOJIHOIO pa3jera HeiTpu-
Ho. TepmopmHaMuKa HEATPOHUBAIUKM TPU KOHEYHON
TeMIeparype BeIlecTBa UCCae0BaHa B pabore ['ﬁI(_]‘]

IIpm ufe > 0 > 1, Korja SHEPTUs 3JTEKTPOHOB
HAMHOT'O IIPEBOCXOJUT PA3HOCTH MAacCC siJiep B OCHOB-
HOM COCTOSIHUH, SHEPIeTUYECKH CTAHOBUTCS BO3MOK-
HBIM 3aXBaT JIEKTPOHA Ha BO30YyKIEHHBIE COCTOTHUS
KOHEYHOTO sijipa. [lpu cHsitum BO3OY2KI€HUS BBIJIEIIs-
eTCsl TeIJIO, KOTOPOe YBEJINIUBAET TEITOBOH 3 dekT
HepaBHOBECHOW HelTponnsaruu. B padore [:ﬁil:] Harpes
C YyYeTOM TePeXO/I0B B BO30YKJIEHHOE COCTOSIHUE OBLT
paccuuTan B Hanbosee IMPOCTON MOJIENHN siJIep, COCTOs-
mux u3 hpepMu-raza HeMTpoHOB 1 TpoTOoHOB. [losy eno,
9TO CPEHSIS SHEPIUsl BBLIETAIONINX HEHTPUHO COCTAB-
nger €, ~ 0.6e7, B cpasuenun ¢ Beauaunoil (5/6)ey .
[IpU TIepexo/iax MeXKJy OCHOBHBIME cocTosausiMu. Co-
OTBETCTBEHHO, Ha HAIPEB M POCT SHTPOIUHU B CPEITHEM
naer npubamsuTensHo 0.4€f . TO CPABHEHMIO C BEJIH-
unnoit (1/6)e,e B cilydae JABYyX OCHOBHBIX COCTOSIHUIL
sapa. 3axBaT Ha BO30YKJICHHOE COCTOsTHUE KOHETHOTO
siJIpa IPOUJLTIOCTPUPOBAH HA PHC. ;}"6.

6. ACTPO®PU3BNYECKUE ITPOABJIEHUA

HepasnoBecubrit HarpeB HEHTPOHHON 3BE3/IbI TIPH
aKKpeluu B JABOMHON cucremMe paccMaTpUBaJiCsd BO
mHOrmX paborax (cm., mampumep, [#3]). O6pasopamme
HEPaBHOBECHOI'O CJIOdA IIPU aKKpelnuu Ha HEeNTPOHHYIO
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Puc. 4. CxemaTudeckasi KapTWHa HepPaBHOBECHOrO CJOsi B
HEMITPOHHOI 3Be3fe: a) B CMOKOWHOM COCTOSiHWM, 0) mochne
3BE3J0TPSACEHNS U SAEPHOMO B3pbiBa

3Be3/ly MOXKET IPUBOJUTH K OTKJIOHEHUSIM OT aKCHAJIb-
HOH CUMMETpUU B HEATPOHHON 3Be3e U U3JLYyYCHUIO
rpaBUTAIIOHHBIX Bo/IH. B paGore [43] 6bu10 1pesmo-
JIO?KEHO, YTO TAKOe MU3JIydYeHNe I'DABUTAIMOHHBIX BOJIH
OrPAHUYIUBAELT POCT IEPHUOA IPU JIUCKOBOI aKKpEIuH,
9TO0 00BICHSAET HADIIOJAEMOE OTpAHUYIEHHE YTJIOBOIT
CKOPOCTH BPAIIEHNS MUJIINCEKYH/IHBIX IIyJIHCAPOB.

HepasnoBecnbrit Harpes pu KOJLIaICe 3Be3/1bI ¢ 00-
pa3oBaHHEM HEATPOHHOI yYWTHIBAJICS BIIEPBBIE B Pac-
gerax CKaTHs IMEPBUYHO XOJIOIHOIO BEIIECTBa B pado-
tax |4, §5]. Tlocre mosisenust paGorsr [31] yuer Ha-
rpeBa IIpU HEPABHOBECHBIX [-IIPOIeccax yUUThIBAJICS
MIPAKTUYECKN BO BCEX TEOPeTHIeCcKux paboTax Io uc-
CJIEZIOBAHMIO KOJUIAICUPYIONIMX CBEPXHOBBIX (CM. Ha-
npumep, ['(_l-(i, '(_l-z:])

B nepsoii pabore 110 HarpeBy B pe3ysbTare HepaB-
HoBecHofl HefiTponmsamun [l pacemarpusasocs mos-
Jlep:KaHrne CBETHMMOCTH MAaCCHUBHOI'O 0eJIoro KapJinKa
[IpyU HEUTPOHUSAIMH ¥ OOPA30BAHUY MAaJIEHBKOTO XPO-
MOBOT'O sIfpa HOBOI (a3bl ¢ OTHOCUTEJHHON Maccoit
Mypew/M < 3-1073, Ipu KOTOPOM COXPaHSIETCsT YCTOH-
YUBOCTH OTHOCHUTEJILHO KoJutarca. Kak mokazasu pe-
3yJILTATHI pacdeTa OCThIBaHUs 0OEJIOro Kapiuka, ¢ yde-
TOM HEPABHOBECHOI'O HATDEBA BPEMsi OCTBIBAHUS Ha 10~
CJIEJTHUX CTAJUAX MOXKET YBEJIUIUTHCA B HECKOJIBKO Pa3
[EIE_;] DT0 KacaeTcs TOJTbKO MACCUBHBIX OEJIBIX KAPJIMKOB
B YKA3aHHOM BbIllle WHTEpBaJje Macc. HelirpoHusarust
2KEeJIE3HOI'O S/[pa IIPOUCXO/UT B J[BE CTYIIEHU, BTOPAs U3
KOTOPBIX HJET HEPABHOBECHO, CM. DHUC. Ba, 0.

[Ipu obpazoBannyM HEPABHOBECHOI'O CJIOSI B MOJIO-
JO0# HeATPOHHOU 3Be3/1¢ B HEM, HAPALY CO CBEPXTAZKe-
JIBIMHU sIIpaMu, obpasyiorcs Heitrponsl. [lox meiicTBu-
€M T'PaBUTAINY CBOOOIHDBIE HEHTPOHBI TUMPYHIAPYIOT
BHYTDb 3Be3/bI 4epe3 KOPY, B KOTOPOUl (pOpMUpPyeTCst
KYJOHOBCKUiT Kpucrasi. Boigenenne Temia mpu aud-
dy3un HEUTPOHOB CYIIECTBEHHO 3aMeJJIsIeT OCThIBAHUE
HEATPOHHON 3Be31bl, HOALCPXKUBAA €€ CBETUMOCTDL Ha
yposre 1036-1034 spr/c B Teuerne ~ 10 xer [15].

Baxnyio posb MOXKeT ChIrpaTh CyIIECTBOBaHUE
HEPaABHOBECHOI'O CJIOA B MOJIOJION HEHTPOHHON 3Be3-
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HepaBHOBeCHbI Cnoli B KOpe HETPOHHbLIX 3BE3A. . .

Jie Jiist 00'bsICHEHUST HECTAIIMOHAPHOTO MTOBEICHIS 00b-
€KTOB, U3BECTHBIX II0J[ HA3BAHUEM <«MSTKHE IaMMa-
noBropuresny. Habstoaemple 0T HUX HepPeryJisipHbIE
BCIIBIIIKYA 9aCTO OObSICHSIOTCS BBIJICJEHUEM SHEPIHH
[IpU AHHUTWIANAA aHOMAJIBHO OOJIBIIOrO MAarHUTHOTO
nosg B ~ 10 Tc B HeATPOHHLIX 3Be31aX, HA3BAHHBIX
«Marmerapamus. AJIbTepHATHBHAST MOJEJIb CBSI3aHA CO
BCIIBIINIKAME B PE3yJIbTaTe siJIEPHOTO B3PbIBa IPU Jle-
JIEHUU CBEPXTSZKEJIbIX 3JIEMEHTOB, BHIHOCUMBIX HA IIO-
BEPXHOCTb B pe3yJIbTaTe Pa3BUTUA HEYCTONYMBOCTEN,
NPUBOJSANIAX K 3Be3/10TpsiceHnio. CXeMaTnIecKn Kap-
TUHA B3PbIBA [IPEJICTABICHA HA PUC. E]:, CM. [:4_1-9',5(}']

Hamnast MoJie/Tb PACCMATPUBAJIACD /ST O0bICHEHU ST
KOCMITIeCKITX ramma-seriieckos B 1975 1. 4], samomro
JI0 TOTO, KaK OBLTIO OOHAPYKEHO UX KOCMOJIOTHIECKOEe
[TPOUCXOKICHIE.

dunancupoBanue. Pabora oiepkana Poccuiic-
KUM HayvHBIM (osoM (rpanT Ne18-12-00378).
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