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OBIIAA XAPAKTEPUCTUKA PABOTDBI

AXTyaJbHOCTb T€MBI JJUCCEPTAUU. TeMa JuccepTaiun aKTyalbHa, IT0CKOJIb-
Ky CBg3aHa ¢ UCC/IeIoBaineM HeHTPOHHBIX 3B€3/1. HefiTponmbie 3BE3/1bI 09eHb KOM-
MAKTHBI U COJEP’KAT CBEPXILIOTHOE BEIECTBO (C IJIOTHOCTHIO B HECKOJBKO pas3

BBIIIE s/[ePHOI TIOTHOCTH py = 2.8 x 10 r/ CM3), KOTOPOE MOXKET COCTOATH U3
HEeHTPOHOB, IMPOTOHOB, JIEKTPOHOB, MIOOHOB, THIIEPOHOB, a TaKxKe IK30THIECKOIT
MaTepun (THa OO30HHOIO KOHJIEHCATA WJIN ILJIA3Mbl CBOOOJHBIX KBAPKOB). DTO
BEIECTBO MOYKET OBITH CBEPXTEKYUHNM 38 CUET dAJIEPHOTO MPUTSKEHNT MexK Ty Oa-
puonamu (¢ kpurudeckumu Temieparypamu ~ 10° — 101 K u sbime) u mozxer

coJlepKaTh cBepxcuiibHoe MaruuTHoe noje (B ~ 101 —10' Tc u soume). B utore
HEHTPOHHBIE 3BE3BI TPEJICTABISIOT COOOI YHUKAILHBIE TPUPOJIHBIE JTaDOPATOPUN,
KOTOPBIE MO3BOJISIIOT UCCIe0BAThL CBOMCTBA BEMIECTBA B SKCTPEMAJIBHBIX YCIOBH-
ax. HecMmoTpst Ha MOITHBII TTporpece HAOTIOAATEHHON acTpOPU3NKN U pa3BUTHE
TEOPUH HEHTPOHHBIX 3BE3]I OCHOBHAs MPOOJIEMa COCTaBa U YPABHEHUs COCTOSHUA
CBEPXILIOTHOTO BEIECTBa TTOKa He PellleHa, XOTs pelieHre MOKET ObITH MOy IeHO
yKe B HeTaJEKOM Oy/IyTeM. DTUM U 00bICHAETCS MOCTOSTHHO PACTYIINI MHTEpecC
K HEHTPOHHBIM 3BE3JIAM.

1 mpaBuIbHON MHTEpHpeTanun HaOI0eHNT HeOOXO MO MOJIeTNpOBaHNe
Pa3/IMYHBIX MTPOIECCOB, MTPOUCXOIANINX B HEHTPOHHBIX 3BE3/1aX, C UCIOJIb30BAHI-
€M COBPEMEHHBIX TEOPETHYECKNX JAHHBIX O CBEPXIIJIOTHOM BeIleCTBe, BKJIOUasd
TpaHCIIOPTHBIE cBoiicTBa. HegaBume KadecTBEHHO HOBbIe HAOJIIOIEHUS OCTHIBAIO-
IMIX W30JMPOBAHHBIX HEHTPOHHBIX 3BE3]1, aKKPEIUPYIONNX HEHTPOHHBIX 3BE3/T
B COCTaBe PEHTIEHOBCKMX TPAH3MEHTOB, PEHTIEHOBCKMX CBEPXBCIIBIIIEK aKKpPe-
IUPYIOMIIX HEHTPOHHBIX 3BE3/1, BCIBIICTHON U KBa3UCTAIIMOHAPHON aKTUBHOCTH
MarHuTapoB (AHOMAJIbHBIX PDEHTIEHOBCKUX IYJIbCAPOB U UCTOYHUKOB MSATKUX IO~
BTOPSIONIIXCST TAMMAa~BCILIECKOB) MOYKHO 00bSICHUTD JIAIID € MTOMOIIBIO HAJIEKHO
KNHETNYECKOH TeOpPUH BEIEeCTBA B 9KCTPEMAJIbHBIX YCJI0BUIX. Pazsutne n npume-
HEHUe TaKUX TeOPUil, MpeIPUHATOEe B JTUCCEPTAIINH, aKTYAILHO W CBOEBPEMEHHO.

Ilemu padotrbl. Pa3Burie KMHETHYECKON TEOPUM BelleCTBa HEHTPOHHBIX 3BE3I,
npexKje Bcero ¢ yuérom adpdekTa 3aTyxanus Jlangay npu oOMeHe MmolepedHbIME
[IJIA3MOHAMU B CTOJIKHOBEHUAX 3aPAKCHHBIX YaCTUIl, U IPUJIOZKeHNEe Pe3yIbTaTOB
K HCCJIEJJOBAHUAM OCTBIBAHUSI MOJIOJIBIX HEATPOHHBIX 3BE3J, TEILIOBOI peJlakca-
M1 HEeWTPOHHBIX 3BE3J] C IleperpeToii Kopoii B PEHTIeHOBCKUX TpaH3UeHTax U
9BOJIIOIUM MArHUTHOI'O MOJI HENTPOHHBIX 3BE3I.

Hayuynas HoBu3Ha. Briepsbie paccunTaibl TEIJIOIPOBOIHOCTD U CABUIOBA Bsi3-
KOCTh B KOpe U dJipe HEATPOHHOI 3Be3/Ibl, a TaKzKe 3JICKTPOIIPOBOJHOCTL B 4]I-
pe 3Be3bl, ¢ yuéTroMm 3aryXanus Jlamgay. BriepBble BBITOIHEHO MOJETNPOBAHEE
OCTBIBaHHSI HEHTPOHHBIX 3BE3/I ¢ HOBOIl TEILIOIPOBOIHOCTBIO 1 IIOKA3aHO, UTO -
dexT 3aryxanusd Jlanmay B siipe 3Be31bI MOXKET 3aMETHO BJIUSTH HA OCTHIBAHHE
MOJIOABIX 3BE3/I, BHYTPU KOTOPBIX 3aBEPIIACTCsS TEIIOBas pesakcalus. Bbimos-
HEHO MOJICJINPOBAHNE TEIJIOBOI peslaKcallii IIeperpeToil KOpbl aKKpPeIupyIoIeil
HEHTPOHHOIT 3Be3/Ibl B PEHTIeHOBCKOM TpaH3ueHTe KS 1731-260, 4T0 1m03BOIIIO
HAJIOZKUTH OT'paHnYeHd Ha ITapaMeTpbl HEHTPOHHOI 3Be3/Ibl U CBOCTBA BEIeCTBa
€€ KOPBbI.

JlocToBEpHOCTh HAYYHBIX PE3YJbTATOB. /[0CTOBEPHOCTH PE3YJILTATOB 00EC-
reveHa MCIOJIb30BAHIEM COBPEMEHHDBIX METO/I0B KMHETUYECKON TeOPUHU TIJIOTHOTO



BEIICCTBA U COBPEMEHHBIX BBIYUCIUTEIBHBIX IIPOTPAMM 110 MOJICIUPOBAHUIO CTPO-
€HUSI U 9BOJIIOINN HEHTPOHHBIX 3BE3]I, & TaKyKe CpaBHEHUEM pe3YJIbTaTOB, IJie 9TO
BO3MOXKHO, C pe3yJbTaTaMu JIPYTUX aBTOPOB.

IIpakTuieckass 3HAYMMOCTb PAOOTHI. Pe3yibTaTbl pacuéToB KUHETHMIECKIX
KO3 PUINEHTOB TIJIOTHOTO 3BE3IHOIO BEIECTBA, ITPOBEJIEHHBIX B JINCCEPTAIINH,
peJCTABICHB B BUJIE AITPOKCIMAIIMOHHBIX (POPMYJI, YIOOHBIX JIJIsT UCTOIb30Ba~
HUS B BBIYUCTUTELHBIX ITPOrPaAMMax, KOTOPhIe ITpeHa3HaAueHbI JIJIT MOJIeINPOBa-
HUS pa3IMIHBIX ITPOIECCOB B HENTPOHHBIX 3BE3/1aX. [Ipex e Bcero, 310 MOsI€/IMpo-
BaHNe OCTHIBAHUS OOBIYHBIX N30 TMPOBAHHBIX HEMTPOHHBIX 3BE3/], OCTHIBAHUS Mar-
HUTAPOB, TEILJIOBOI IBOJIIONIH aKKPEIUPYIONNX HEHTPOHHBIX 3BE3/] B PEHTICHOB-
CKUX TPAH3UEHTAX, SBOIOTIH MATHUTHBIX TT0J1€il HEHTPOHHBIX 3BE3/T, X BHYTPEH-
Hero JindepeHnnaJ bLHOTO BpallleHusd, 3aTyXaHust KojiebaHnii HeHTPOHHBIX 3BE31
(BkJIIOUast KojiebaHusl, CBA3aHHBIE C M3JIyYeHNeM TPABUTAIOHHBIX BOJIH ), PEHTIe-
HOBCKUX BCIIBIIIIEK U CBEPXBCIIBINIEK TP B3PBIBHOM $1JIEDHOM TOPEHUHN B ITOBEPX-
HOCTHBIX CJIOSIX HEHTPOHHBIX 3BE3.

PesynbTarTsl pacdéToB KMHETHIECKIX KOI(DDUIIEHTOB MJIOTHOTO BEIIECTBA MO-
I'YT OBITH UCHOJIB30BAHBI U JIJIsT MOJIETUPOBAHNUS TTPOIECCOB, TPOUCKOIATINX B Oe-
JIBIX KapJInKaX, a TaKKe B BBIPOKJIEHHDLIX spax TMIaHTOB U CBEPXTUTAHTOB. B
MEPBYIO OYepe/ib 9TO MOJEIUPOBAHNE OCTHIBAHUS OEJIBIX KAPJIUKOB (KaK METOJ
OIpeJie/IeHIs UX BO3PACTa), MOJICIMPOBAHNE 3aTyXaHusl KOJIeOaHuil B ropsianx Oe-
JIBIX KapJiuKax (J11st ObICTPO pa3BUBAIOIIETCsS CeficMOIOTHE HEJTBIX KAPJIMKOB), MO-
JleJTMpoBatne pa3orpeBa 1 B3PhIBa MACCUBHBIX aKKPEINPYIONNX OeTbIX KapJInKOB
KaK CBEPXHOBBIX THIIA la (OJMH 13 OCHOBHBIX METOJOB U3MEPEHUsT PACCTOSTHUIT B
KOCMOJIOTUH ).

OcHOBHBIE TI0JI0XKEHUSI, BBIHOCUMbIE Ha 3aIIUTYy.

1. IlocTpoenne Teopum  pacdeT TEIJIOMPOBOIHOCTH W CJABUTOBON BA3KOCTU BbI-
POKJIEHHBIX JIEKTPOHOB B 000JI09KaX HEHTPOHHBIX 3BE3]1 38 CUET JIEKTPOH-
9JIEKTPOHHBIX CTOJKHOBEHUIT ¢ yaéToM 3pdeKkTa 3aTyxanns Jlangay mpu o0-
MeHE ITONEePEIHbIMI I1JIa3MOHAMMU.

2. ITocTpoenne Teopun n pacyeT TEIJIOMPOBOIHOCTH W CIBUTOBOI BI3KOCTH JIEK-
TPOHOB U MIOOHOB B siJipax HEHTPOHHBIX 3BE3JL ¢ yUETOM dpeKTa 3aTyxXaHus
Jlanjiay n BJIUSHUS CBEPXTEKYUYECTH ITPOTOHHON COCTaBJIAIONIEH BelecTBa Ha
CTOJTKHOBEHUS 3JEKTPOHOB W MIOOHOB C MTPOTOHAME 1 MEXKTY COOOiI.

3. Beramcienne aHU30TPOIHOTO SJIEKTPOCOIPOTUBJICHUS 3aMarHUIeHHbIX SIeP
HEHTPOHHBIX 3BE3/T, COCTOAINX 13 HYKJIOHOB, 3JIEKTPOHOB 1 MIOOHOB, C YIETOM
s dekTa 3aTyxanus Jlangay n cBepXTeKydecTr MPOTOHOB.

4. Pacuér TerioBoii 9BOJIIOIIK MOJIOJIbIX HEHTPOHHBIX 386311 (1epBbie 10-300 Jiet
mocjie 00pa3oBaHNUst), BHYTPU KOTOPBIX MPOUCXOJUT TEILIOBAs PEJIAKCAINS, C
YIETOM BJIMSHUS 3aTyxXanud Jlamngay Ha TerIonpoBOIHOCTD 3BE3/IHOTO BeIle-
crBa. Anasms HaOsojeHnit octatka CBepxHoBoit 1987A, HalpaBIeHHBIX Ha
obHapyKeHne HeHTPOHHOI 3Be3/Ibl, KOTOPasi MOIJIa 00pa30BaThCs MPU B3PbIBE
CeepxHOBOIi (HO J10 CHX TI0p He 0OHapyzKeHa). BBIBOJL 0 TOM, 9TO HEHTpOHHAST
3Be3/1a MOrJia 00pa30BaThCsl, HO IIOKa HeHabJIrogaeMa.

5. MopgenupoBaHue TemIoBOI pelakcallu HeHTPOHHOI 3Be3JIbI ¢ KOPOii, Iepe-
IpeToil B Ipoliecce JTUTE/IHbHON aKKPEIUN, B PEHTTEeHOBCKOM TPAaH3UEHTHOM
ucrounuke KS 1731-260. VuTepuperaliust HaOJII0I€HNII TEILIOBOIO U3JIyYeHUs
NCTOYHHUKA ITOCTIe OKOHYAHNs aKKpPEInn 1 HaJOKEHIEe OTPaHMICHN Ha Iapa-
MeTPbl HEHTPOHHOI 3Be3/1bl U (PUBNIECKIE CBOICTBA €€ KOPHI.



Armpobariust paboTbl m IIyOJuUKammm. Pe3ysibTaThbl, BOLIEIIINE B JIHCCEPTa-
1o, nosydensl B epuoj ¢ 2006 o 2008 roj 1 ommyOJIMKOBAHBI B CEMU CTAThAX B
pedepupyeMbIX XKypHaJax 1 B IsTH Te3ucax KoHdepeHuuii. Pe3yibrarTs! 1oKIa-

e ))

JILIBAJIICL Ha Beepoccuiickux kondepennusx: “Acrpodusnka BLICOKIX SHEpIruii
HEA 2006 (Mocksa, 2006) u HEA 2007 (Mocksa, 2007); “@usnka HeATPOHHBIX
386311 (Canxr-Ilerepbypr, 2008); Hayuno-koopanuannonnast ceccust “Vccemosa-
Hust HewjieasbHol asmbl’ (Mocksa, 2006); HA HTOrOBOM ceMuHape MO (hU3MKe
1 ACTPOHOMHUH 110 PE3YJIbTaTaM KOHKYPCa I'PAHTOB J/Id MOJIOALIX yIeHBIX CaHKT-
[Terepbypra (Cankr-Ilerepbypr, 2006); Ha cemunape J1abOpaTOPUH SKCIIEPUMEH-
TaJIbHOM s1/iepHOitl pusuku yansepcurera . Horp-/lam (CIIIA, 2007), Ha pabouem
copermannu “Complex Physics of Compact Stars” (Ladek Zdroj, Poland, 2008) u
Ha ceMuHapax cexkropa Teoperndeckoii acrpodusukun OTU um. Modhde PAH.

CrpykTypa n 00beM AMCCEPTAIIUMN.

Huccepranmsa coOCTOUT U3 BBEJIEHUS, TSATH TJIaB U 3aKII0UYEHNUs, COepKuT 166
CTpaHUIL [TeYaTHOI'O0 TEKCTa, B TOM 4ncje 39 puCyHKOB, 3 TaOJUIBI U CIIUCOK JI-
TepaTypbl, BKJIIOHaIONUi 155 HauMeHOBaHUIA.

OCHOBHOE COIEPZKAHUE PABOTHEI

Bo BBesienuu obocHoBaHa aKTyaJbHOCTH TEMBI JIUccepTaIun, chopMyInpoBa-
HBI TIeJT1 pabOThI, HayIHasl HOBU3HA, JIOCTOBEPHOCTL PE3Y/ILTATOB, TPAKTUYUECKas
3HAYMMOCTH U OCHOBHBIE TTOJIOYKEHNS, BHIHOCUMbBIE Ha 3aIIHUTY.

I'maBa 1 sBisiercss o030pHOit. B pasdese 1.1 onmcanbl CBoHCTBa BelecTBa, Oe-
JIBIX KapJIMKOB. besble Kap/ MK — KOMITAKTHBIE 3BE3/bI ¢ Maccoil ~ 0.6 M), rie
M., — macca Commnna, u pagmycom ~ 10* kM, 06pasyrorcs Ha KOHEIHBIX CTa N
9BOJIIOIUK He CJIUIIKOM MaccuBHBIX 38631 (M, < 10My; uHjeKe * OTHOCUTCS K
3Be3JIe-TIpeIIecTBeHHNIEe). S1pa Ge/ibiX KapJUKOB OOBITHO COCTOSIT U3 YIJIepojia
1 KHCJIOPO/Ia U COJIEPYKAT BbIPOXKAEHHBIN 9/IeKTPOHHBII ra3. OT rpaBUTAIIMOHHOIO
CZKaTUsT OHM YIEPXKUBAIOTCA JTABJIEHIEM BBIPOXKIEHHBIX 3JIeKTPoHOB. Pasdes 1.2
MOCBSAIIEH HEHTPOHHBIM 3BE31aM. HeliTpoHHbIe 3BE3/1bI BOSHUKAIOT ITPU KOJIJIATICE
maccuBHbIX 3BE311 (M, 2 10M,); ux yCTORIMBOCTD MOJJIEPKIUBAETCS JaBI€HIEM
BBIPOXKJIEHHOII HECUMMETPHUYHOM sijiepHoil MaTepun. HeilTporHast 3Be37a COCTOUT
M3 MaCCHBHOTO sijipa (COJEpKalero OJHOPOIHYIO SIIEPHYI0 MaTEepHIo), KOTOPOe
OKpY»KeHO TOHKOI Kopoii. B pasdese 1.2.1 KpaTKo OIKMCaHO CTPOEHNE KOPbI Hefi-
TponHoit 3e3abL. [Ipu miornocTax p < pyp ~ 4 x 10M r/em® (Bo BHEMmHEI KOpe)
OHa COCTOUT U3 MOHOB (ATOMHBIX $1/Iep) 1 BBIPOXK/ICHHOT'O 9JIEKTPOHHOTO Ta3a. [1pu
OOJIBIINX TJIOTHOCTSAX (BO BHYTPEHHEl KOpe) B BEIECTBE TOSIBJISIIOTCsT CBOOOHbIE
HelTpoHbl. KpaTko onmcana MoIe/ b CriIayKeHHOI0 PABHOBECHOIO SIJIEPHOIO COCTa-
Ba, KOpBI 383716l [1]. Pasdea 1.2.2 MOCBSAIMEH CTPOCHUIO s1/IeD HEHTPOHHBIX 3BE3I.
Bremmne gapa HeHTPOHHBIX 3BE3JT COCTOAT U3 HEHTPOHOB, C IMPUMECHIO ITPOTO-
HOB, 9JIEKTPOHOB U MIOOHOB. [Ipu yBeqmyenun rmioTHOCTH B TJIyOb 3BE€3/IbI MOT'YT
BO3HUKATH T'UIIEPOHBI U /UM 9K30THIecKne (hasbl BerecTsa. B aucceprarym nc-
110JIb30BaHbI HYKJIOHHbIE MOJIEJIH siJiep HeHTPOHHBIX 3BE31. OIucaHbl IapamMeTphbl
ISTH YPaBHEHWI COCTOSHNS AAePHOI MaTepu; OHU OTBEYAIOT IMMHUPOKOMY CIIEKTPY
MoJies1eli HeTPOHHBIX 3BE3/I.

B pasdene 1.3 onumcano sBjeHHe HYKJOHHON CBEPXTEKY4YeCTH B HEHTPOHHBIX
3BE31ax. Hamname cBepXTeKydecTn cieyeT u3 MIKPOCKOIIMICCKIX TCOPHil 1 CBs-



3aHO C IPUTSTUBATEIBLHON COCTABJIAOIIEH TOTEHINAa MEXKHYKJIOHHOTO B3anMO-
neiictBust. HelirTpoHbl MOTyT OBITH CBEPXTEKYUNMI KakK BO BHYTpPEHHeE Kope, Tak
U B dJipe HEATPOHHON 3Be3Jibl, TOIJ/Ia KAaK HMPOTOHHAsI CBEPXTEKYYeCTh BO3HHUKA~
er, B OCHOBHOM, B sijipe [2]. IIporoHHasi cBepXTeKydecTb 03HAYAET MPOTOHHYIO
CBEPXIIPOBOINMOCTh. TeopeTnveckne 3HaUeHUs] KPUTHIECKUX Temueparyp 1., u
T¢p nepexojia HEITPOHOB 1 IIPOTOHOB B CBEPXTEKYydee COCTOSHUE CUJILHO 3aBUCAT
OT MeToJla y4éTa MHOINOYACTUUYHBIX B3AaMMOJEHCTBUN 1, KaK MPaBUJIO, JeXKaT B
npegenax Tm, = 105 — 1010 K u T,, = 10° — 10'° K [2].

I'maBa 2 “Bnugnue 3aryxanus Jlanmay Ha KHUHETUKY BBIPOYKJIEHHBIX 3JIEKTPO-
HOB” TIOCBSIIEHA TEIJIOIPOBOIHOCTH U CJIBUTOBO BSI3KOCTH ILJIOTHOIT 9/IEKTPOHHOM
11a3Mbl. Takoe BemecTBO COJEPXKUTCS B KOPe HEHTPOHHOI 3Be3bl, B siapax Oe-
JIBIX KQpPJINKOB, & TAKyKe B BBIPOXKIEHHBIX d/IpaxX KPACHBIX THTaHTOB. B pasdese 2.1
HpUBEIEH 0030p JUTEPATYPHI. [[0AIEPKHYTO, ITO aBTOPHI HMPEIIECTBYIONIIX Pa~
60T HEKOPPEKTHO YUUTHIBAJIN IIJIA3MEHHOE SKPAHUPOBAHIE JICKTPOH-3JIEKTPOHOI'O
B3aUMOJIEIICTBHS B PEJISITUBUCTCKOM 3JIEKTPOHHOM Tase. A MIMEHHO, SHEPIusl B3au-
MO/ICICTBUA 3JIEKTPOHOB COCTOUT U3 POIOJILHOM (aﬂeKTqueCKOﬁ) 1 TIOIIePEeYHON
(MarauTHOi) vacteit. [IpogobHast 9acTh OTBEYALT CTAHAAPTHOMY KYJIOHOBCKOMY
B3aMMO/ICHCTBIIO, KOTOPOE SKPAHUPYETCsI IIPENMYIEeCTBEHHO CTaTHIeCKUM 0Opa-
3oM. [lomepednast 4acTh OTBEYAECT PEJIITHBUCTCKOMY, TOK-TOKOBOMY B3anMO,I€ii-
crButo (min cujte Amrepa). DKpaHUPOBAHIE TAKOTO B3AMMOJIEHCTBIS TPUHITUIIN-
aJibHO Jipyroe. OHO ollpejieideTcsd JUHAMUYIECKUM ITPOIECCOM — OEeCCTOJIKHOBH-
Te/bHBIM 3aTyxaHueMm Jlanmgay. Bo Bcex paborax, MOCBAIIEHHBIX KHHETHIECKIM
KoadduiimeHTaM B KOpe HEHTPOHHBIX 3BE3/I, SKPAHUPOBAHUE 00EUX COCTABJISIO-
X B3aUMOIEICTBHSI IIPeIIo/Iarajaoch oanHakoBbIM. Ha BayKHOCTH yuéra pasjin-
qust B TUIIE SKPAHIPOBaHUst ObLIO BliepBbie yKazaHo | eitzesnoeprom u [lerukom (3]
B paboTe, MOCBAIIEHHON KHHETHIECKIM KO3 UImeHTaM yIbTPape/dTUBICTCKOM
KBapKOBOIl 1J1a3Mbl. ABTOPBI MOKA3aJ/I1, ITO JIJIsSI YIBTPAPEJATHBUCTCKAX TaCTHUIL
pe3y/IbTaT KaueCcTBEHHO OTJIMYAETCA OT CTaHJIAPTHOrO pe3ysbTara Jjisd (hepMu-
cucreM. B yiabTpapesgTHBUCTCKOM IIpejese JIOMUHHPYET TOK-TOKOBOE B3anMO-
JleficTBre, YTO HMPUBOJAUT K CYHIECTBEHHOMY YBEJIUYEHUIO YacTOT CTOJIKHOBEHMIT
1, KaK CJIeJICTBUE, K YMEHbIIEHNIO KITHeTHYecKnX Kodddunnentos. B pasdeae 2.2
10/IpOOHO PACCMOTPEH MATPUYHBIN 9JIEMEHT OllepaTopa B3aUMOJCHCTBUS B PeJIsi-
TUBHUCTCKOM BelllecTBe. 3aryxanue Jlanjgay Hambojiee CyIIeCTBEHHO B XOJIOIHOM
CHJILHOBBIPOXKJeHHOIT mmasMe, ¢ TeMueparypoil T < T, rae Tpe — 9JIeKTPOHHAS
IJ1Ia3MeHHas TeMilepaTypa. B aTom mipejiesie XapaKTepHbIl MaciiTad SKpaHUpO-
BaHUSI ITPOJOJILHBIX B3aUMOJIEHCTBUI ONpeJIe/IsieTcsl BeJIMIMHON ¢y — BOJHOBBIM
auciom Tomaca-®@epmu, h2q5 = 4e?p%. /(Thvre), TIE Pre U Upe — (DEPMU-UMITYJILC
1 CKOPOCTH 3JIEKTPOHOB. B TO »Ke BpeMmsi, XapaKTepHblii MaciiTad SKpaHupOoBa-
HUS TTOTIEPEYHBIX B3aMMOJIEICTBII, Olpeiedtonuiica 3aTyxanneM Jlangay, onn-
CchIBaeTCs BOJHOBBLIM uncioM A ~ (wqdvpe/c?)'/3, rae ¢ — ckopoers csera, hw —
SHEPIUs, IepelaHHas TP JEKTPOH-3JIEKTPOHHOM CTOJIKHOBeHnN. [locKo/bKy B
BBIPOKJIeHHOM BetrecTBe hw ~ kpT' <K e, T/I€ [le — XUMIIECKUN MOTEHITTAJ JJIEK-
TPOHOB, TO BBITIOJTHAETCS yeioBre A < gy. DTO 03HAUAET, UTO MOIIEPETHOE B3ANMO-
JleficTBIE SKPAHUPYETCsI Ha, CYIIECTBEHHO OOJIBINNX MacIiTabax, YeM IIPOJI0JIbLHOE.
CaeoBaTeIbHO, CTOJIKHOBEHUSI, CBSI3aHHbBIE C TIOIIEPEYHBIM B3anMOJICCTBIEM, B
PEJISITUBICTCKOM BEIECTBE sIBJIAIOTCs DoJiee YacThiMu 1 3pPeKTuBHbIMU. B Hepe-
JISTUBUCTCKOM IIp€JIe/ie MOIepeuHoe B3auMOJICHCTBIE MOJIAB/ISICTCS MHOYKUTEIEM
~ Vg€



B pasdese 2.3 npoBesién pacdéT 3JIeKTPOHHOM TEIIONPOBOJIHOCTH Kee U CJIBU-
I'OBOIi BA3KOCTHU 7e, O0YCJIOBJICHHBIX 3JIEKTPOH-3/IEKTPOHHBIMU CTOJTKHOBEHUSIMH,
¢ yUETOM IPABUJIBHOIO IJIA3MEHHOr0 3KpaHuposatus. CranapTHbiM 06pasom [4]
IIOCTPOEHO BapUallUOHHOE pellleHre KUHETUYEeCKOT'O YpaBHEHUs U [PUBEJ/IeHbl UH-
TerpaJibHble BhIpazkeHus /i 3(pHEeKTUBHBIX YaCTOT CTOJKHOBEHN. Bhraucienns
IPOBEJIEHBI B MAJIOYTJIOBOM TIPHOJIMKEHUN (C YIETOM MAJOCTH HMITYJIBCOB, IIe-
pelaBaeMbIX IIPU CTOJIKHOBEHHUSAX 9JIEKTPOHOB). B pasdese 2.3.1 nosydenbr ana-
JIUTUIECKIE BBIPAYKEHUSI [T Kee U Tee B 4eThIpEX pexkumax (I-IV) ajmekTpon-
9JIEKTPOHHBIX CTOJKHOBEHU. DTU PEXKIMbI PA3THIAIOTCS MEXKTY COOOI CTENEeHbIO
PEJIATHBU3MA TLJIA3MBI, OIICBIBAEMON MapaMeTpoM 4 = vpe/c (u — 1 B perkumax

ITulVuu— 05 pexnvax [ n 1), u napamerpom 6 = /3T,./T (0 < 1B

pexknmax [ u IIT u 6 > 1 B pexxumax 11 u IV). Hanbosree HeoObIIHO BBIT/ISAIAT
KuHeTn4IecKne Koy duinentor B peskume [V (yabTpapeasaTuBuCTCKas I1a3Ma Mpu

T < Tpe):

_ mkpeq) B Thneprec(hgoc)??
~ 216((3)a?’ e = T 60¢L a2 (R T)PP

(1)

'%ee

/1€ N — KOHIEHTPAIHs 9JIeKTPOHOB, o« = 1/137 — nocTosiHHast TOHKO# CTPYKTYPHI,
kp — mocrosunag Bonbimana, ((3) = 1.202 u & = 1.813. B srom ciyuae Ten-
JIOIIPOBOJTHOCTD Kee HE 3aBUCHT OT TEMIIEPATYPhI (TOrja Kak jyist (hepMU-CHCTEM
o6bruno £ o< T71), a caBuroBast BA3KOCTb Nee X T /3 (BMecTO 0ObIUHOI 3aBU-
cumocti 7 o< T2). KpoMe mccieioBainst acCUMITOTHK, Kee U Tloo BBIYHCJICHBI 1
AIPOKCUMUPOBAHbBI AHAJTUTUICCKUME (DOPMYJIaMHU, CIIPABEIJIMBBIMI KaK B PEXKI-
max [-IV, Tak n B nepexoHbIX ciydasx.

Pasden 2.4 conep:Kut 00Cy»KJieHIE OCHOBHBIX PE3YJILTATOB U UX ITPUJIOKEHUI.
B pasdene 2.4.1 BBIIOJIHEHO CpaBHEHME TEILJIOINPOBOIHOCTH Kee C JIEKTPOHHOI
TEILJIONPOBOJHOCTBIO Ko, OOYCJIOBJICHHON 3JIEKTPOH-UOHHBIMU CTOJTKHOBEHUSIMI.
TTosiHAs 3JIEKTPOHHAS TEeIIONPOBOIHOCTL BbIParKeHa KaK kg & = Koo + /-ie_il. Panee
CUNTAJIOCH, UTO Kei BCET/IA JOMUHUPYET. Y UET 3aTyxXanud Jlangay mpu 371eKTpoH-
9JIEKTPOHHBIX CTOJIKHOBEHUSIX TTOHIKAET Kee (B PsAJIE CJIYUACB HA HECKOJBKO 110~
pﬂLLKOB), Jlesiast e€ KOHKYPEHTOCIIOCOOHO € Kei. BO BHyTpeHHell Kope HelTpoH-
HOit 3Be3/T6r ipn T’ < 10" K TerIonpoBOHOCTD Kee CTAHOBUTCS JIOMUHUPYIOMIEH.
Pazden 2.4.2 nocBsIIEH NpUMeEpaM HCIOJIb30BaHUS HOBBIX 3HAYEHUI TEeILIOIPO-
BosHOCTH. B pasdene 2.4.2.1 KpaTKo OmncaHbl Pe3yIbTaThl PACIETOB IBOJIIOINOH-
HBIX TPEKOB KPaCHBIX TUTAHTOB |5]. ABTOpDBI 5] yeTaHOBHIM, YTO MCIIOJIB30BAHIE
pPe3yJIbTATOB JIUCCEPTAIMU TIPUBOJUT K CMENIEHUIO TEOPETUUECKOrO IMOJIOXKEHUS
K& BeTBU KPACHBLIX I'MIaHTOB Ha jauarpamme [epirmnpynra-Paccena. B pasdene
2.4.2.2 onmcaHo BJIMSHNIE HOBbIX 3HAUEHUI TEIJIONPOBOHOCTH Ha BPpeMsl BBIXO/Ia
TEILJIOBOII BOJIHBI U3 KOPBI HEUTPOHHOI 3Be3/bI Ha MOBEepXHOCTH. [lokazano, 4To
HOBasl TEILJIOITPOBOTHOCTD MOXKET ITPUBOJIUTDH K 3aMe/[JIEHNIO BLIX0/1a BOJIHBI Ha 110~
BEPXHOCTBb B HECKOJIBKO pa3 (JIjIst JIOCTATOYHO XOJIOHOM 3Be3JIbl, ¢ 3(heKTUBHOM
TemiiepaTypoit opepxnoct T < 3 x 10° K; 3Ha490K 00 03HAYAET TeMIIepaTypy,
3MepsIeMYI0 VIAJIEHHBIM HADJIIOIATEIEM ).

Paszden 2.4.3 NMOCBAIEH pe3y/braTaM PacdéTa BSI3KOCTU Moo U CPABHEHUIO 7)eq
CO CJIBUTOBOIl BSI3KOCTBIO 7)o, OOYCJIOBIECHHON 3JIEKTPOH-UOHHBIMEI CTOJTKHOBEHI-
avn. HecmoTpst na To, uTo 3aryxanue JIangay MOHUKAET 7)ee B HECKOJIBKO pas,



9TOI'0 HEJOCTATOYHO, 4TOOBI IIOBJIUATEL Ha, IIOJIHYIO 9JIEKTPOHHYIO CABUI'OBYIO BA3-

KOCTDb 1) = (ne_el + 17;11)_1. Bwmecte ¢ TeM, BA3ZKOCTH 7ee CYIIECTBEHHA B ILIA3ME
nérxux noHoB npu 1" 2 T),.. Ona TaKkKe MOXKeT OBITH CyIIeCTBEHHA BO BHYTPEHHE
Kope HefiTponHoil 3se31bl (ipu p = 108 r/em® u T < 107 K), ecim npoucxoaut
3 heKTUBHOE BHIMOPasKIBaHUE ITPOIIECCOB IIepedPOca B 3JICKTPOH-HOHHBIX CTOJIK-
HOBeHUAX [6].

B pasdese 2.4.4 npoaHamsnpoBaHa CABATOBas BSI3KOCTDb B s/IpaX IIYIbCHPYIO-
X OesIbIX Kap/ImKoB. [lokazaHo, 4To oHa HeJ0CTATOYHO 3P DEKTUBHA, JIJId 00ec-
HeYeHnsl 3aTyxXaHust HaOJIoMaeMbIX IyJbcanuit. Pa3den 2.5 siBisieTcss KpaTKUM
3aKJIIOUeHUEM TJIaBbl 2.

I'maBa 3 “TemnionpoBOIHOCTD U BA3SKOCTD sIJI€p HEMTPOHHBIX 3BE3/T IOCBSIIIEHA,
N3yYCHUIO BINSHUSA 3aTyXaHud JIaHiay Ha TEIIoNpOBOIHOCTD U BA3BKOCTH MHOTO-
KOMIIOHEHTHOI I1JIa3MBbl s1JIep HEMTPOHHBIX 3BE3]] ¢ YIETOM BO3MOXKHOI IIPOTOHHOIT
cBepxTekyuect. B pasdeae 3.1 npupenén kparkuit 0030p jaureparypbl. B pasde-
A€ 3.2 TOCTPOEHO BapHUallMOHHOE pellleHle CUCTeMbl KHHETHYECKUX YpaBHEHUIl B
MHOTOKOMIIOHEHTHO TI/1a3Me JIJIsi 3a/1a49 TEeIJIOIPOBOJIHOCTH W CJIBUIOBOI BSA3KO-
cru. [lepenoc Teria u UMITyJIbca B TAKOIl Ij1a3Me OCYIIECTBIISETCS 3JIEKTPOHAMH,
MIOOHAMH U HEUTPOHAMMU, & IPOTOHBI SIBJISIOTCA IACCUBHBIMU PaCCEUBATEIISIMHA,
HPUIEM HEATPOHHBIN U 3JIEKTPOH-MIOOHHBII TPAHCIOPT MOXKHO pacCMaTpPUBATH
He3aBUCUMO (BBULY HEI(DMEKTUBHOCTH CTOJKHOBEHN 3apsi?KeHHBIX YACTHI] C Heli-
TPOHAMI ).

HacToThl CTOJKHOBEHUIT 3apsi?KEHHBIX YaCTUIL [TPOAHAJIM3UPOBAHbI B pasddene
3.3. B pasdese 3.3.1 paccuuTaH MaTPUUHBINA 9JIEMEHT JIEKTPOMArHUTHOIO B3a-
uMoIeiicTBHsI 6€3 NCIOIb30BaHUs MaJIOyIJIOBOIO IMPUOJINKEHUS U ¢ YIETOM IIpa-
BIJIBHOT'O TIJIA3MEHHOI'0 SKPAHUPOBAHUSI. Y YT€Ha MHOMOKOMIIOHEHTHOCTD ILJIa3Mbl
(IIpH 5TOM BbIpasKeHHsl JIsd KBa[PATOB SKPAHUPYIOIIIX UMITYJILCOB g3 1 A% j1071K-
HBI OBITBH TIPOCYMMUPOBAHBI 110 BCEM THIIAM 3apsi?KeHHBIX JacTuil). B pasdese 3.5.2
YaCTOTHI CTOJIKHOBEHUII BBHIUKMCJIEHBI B MAJIOYIJIOBOM HpUOJIMKeHuN; pasdes 3.3.3
MOCBSIIEH TTONPABKAM K MaJIOYTJIOBOMY TTPUOTNKEHUIO.

KBaJipaT MaTpUIHOIO 9JIEMEHTA OllepaTOPa B3aNMOIEHCTBISA MOXKET OBITD IIPe/I-
CTaBJIEH B BUJIE CYMMBI TPEX cyiaraeMbIX. IlepBhie JiBa cjiaraeMbIX OTBEYalOT IPO-
JIOJTBHOMY U TTOIIEPEYHOMY SKPAHUPOBAHUIO, TOIJIa TaK TPEThE cjiaraeMoe Cojiep-
KUT 00a BKJIaJa. AHAJIOIMIHOE MPEJICTAaBICHIE NMeeT MECTO JIIsi YaCTOT CTOJIK-
Hosenuii. [Ipn m1ocTaTouno HUBKMX TeMIepaTypax B 4acTOTax CTOJKHOBEHUI J10-
MUHHDYET CJIaraeMoe, CBsi3aHHOE C IMOMEePETHbIM SKPAHHPOBAHUEM (3aTyXaHueMm
Jlaryay). Ilpu 9T0M 3/IeKTPOHHBIH 1 MIOOHHBIIT TPAHCIIOPT PACIEILISIOTCST, 1 JIJIsT
KUHETUIeCKUX KOI(DMUIMEHTOB JaCTUIL COPTa ¢ (JIEKTPOHOB UJIM MIOOHOB) TOJIY-
JaIOTCA BbIPaYKCHUS:

) 7 kpcph, ) w2chd

c = 54C(3) h2OZ ) nC = 7]

2
= < (kgT)™"*, (2
c 55;5704 Qt(hCQt)1/3( B ) ) ( )

rjie uniekc (t) ykasplBaeT Ha nomnepednoe szaumoseiictsue, a i*q; = (da/m) > ph,
i

Ke = K

(cymMmpOBaHUe BEJIETCS IO BCEM COPTAM 3apsi?KeHHBIX 1acTull). Boipazxkenue (2)
SIBJISIETCST YHUBEPCAJIBHBIM, IPUMEHUMBIM JJIsI JTF000I0 KOJTMYECTBa 3aPSIZKeHHBIX
YaCTHIl B IIasMe. B 9acTHOCTH, OHO MOKeT OBITh MCIIOJIb30BAHO IIPH HAJUINH TH-
[IEPOHOB B sijipax HEATPOHHBIX 3BE3. JlJist ciyuast gacTul] TOJIBKO OJHOIO COpPTa



(2) nepexomut B (1). 3amevaresabHO, UTO BhIpazKkeHne (2) s K, MPOTOPIUOHAIb-
HO KBa/IpaTy (pepMU-UMITY/Ibca YaCTHUIILI-IIEPEHOCUNKA U He 3aBUCUT OT COCTaBa
m1a3mMbl. HeoObIunble TeMIiepaTypHble 3aBUCUMOCTH K. U 7). ABJSIOTC CJIEJICTBU-
eM JINTHAMIYECKOTO XapaKTepa IJIa3MEeHHOTO SKPaHUPOBAHUS MOTEPETHOr0 B3au-
MojeiictBust. Pasdena 3.5.4 TOCBSIIEH OIlEHKE OTKJIOHEHHIl ITOCTPOEHHOIO Bapua-
IIMOHHOI0 PEIieHns OT TOYHOIo PelieHns KuHeTu4deckoro ypasHennsd. [Tokaszano,
4TO 9TO OTKJIOHeHHEe He npesbimaer 10%.

B pasdene 3.5.5 paccMoTpenbl HEATPOHHAST TEILJIOIPOBOIHOCTD Ky W CIBUIOBAS
BA3KOCTb 1), OIIPEJIeIsieMble CUJIbHBIMU B3aNMO/IeHiCTBUSIMI HEHTPOHOB ¢ HEHTPO-
HaMu U TipoToHamu. [IpuBesennl Boipaykerust Baiiko u ap. |7| m1st Ky, B pamkax
TOT'O K€ TI0JIX0/Ia BBIYHUCJICHA BA3KOCTD 7),. BBIUNC/IEHIST OCHOBAHBI Ha, COBPEMEH-
HBIX TEOPETUIECKUX pacuéTax cedeHuil HyKJIOH-HYKJIOHHOTO PaCCesHuUs, CorIacy-
IOIMINUXCS ¢ MMEIOIIUMICS SKCIEePUMEHTAIbHBIMI JaHHBIME. Kpome Toro, y4TeHbI
9P DeKThI cpejibl, IPUBOJIAIINE K U3MEeHEeHIIO 3(PHEeKTUBHOI MacChl HyKJIOHOB. Pe-
3yJIBTAThI AIlIPOKCUMUPOBAHbBI (POPMYJIAMU, 3aBUCIIIIMU TOJIBKO OT KOHIICHTpa~
it 1 3pHEKTUBHBIX Macc JacTull. Kak cjejcTBre, OHU MPUMEHUMBI K ITHPOKOMY
KJIACCY HYKJIOHHBIX YpaBHEHUIl COCTOAHUSA sijiep HEHTPOHHDBIX 3BE3]I.

B pasdene 3./ paccMoTpeHO BJIMsiHUE NIPOTOHHOI CBEPXTEKYUYeCcTH Ha KUHETH-
yeckne Koadunuentol. B paszdese 3.4.1 omnmcaHo n3MeHeHne IJIa3MEHHOI'O 9Kpa-
HUPOBaHUS B CBEpXTeKydeM ciydae. [[poToHHast cBepXTeKy4decTh He MEHsET MpOo-
JIOJTHHOT'O B3aUMOJIEHCTBUS 3apsyKEeHHBIX YacTUIIBI, HO BJINAET Ha MonepedHoe. Xa-
pakTep MPOTOHHOIO SKPAHUPOBAHIST MEHSIETCSI C MHAMUIECKOro (3aryxanue JlaH-
7ay) Ha craTnaeckuil. B ciydae cusibHOM IPOTOHHOMN CBEPXTEKYIeCTH UMEHHO TTPO-
TOHHBIH BKJI&J JJOMUHUPYET B SKPAHUPOBAHUH ITONEPETHBIX B3anMojielicTBHil. Xa-

pakTepHbI MacmTad HOIepeYHOro SKpaHupoBanust, Ay = [WQQZPA /(4he)]'3, rae
h2qt2p = (da/m) pQFp, olpejiesiercs Beanannoi ceepxrekydeit mesn A. ITockosinb-

Ky A ~ kpTi,, B CUIbHOBBIPDOXKJIEHHOM CBepXTeKydeM BemiecTse Ay < qo. Cote-
JIOBaTE/IbHO, COXpaHseTCs JOMUHUPYIONas POJib MOTEPEeYHbIX B3aWMOJIEHCTBUIA.
zmenenne m1a3MeHHOTO SKpaAHUPOBAHUS MPUBOJUT K U3MEHEHUIO YACTOT CTOJIK-
HOBEHHUII BCeX 3aps»KeHHBIX 4dacTuil. B pasdese 3.4.2 paccMOTpPeHbI CTOJIKHOBE-
HUsI B IIOJICUCTEME JIEKTPOHOB U MIOOHOB. Mo ukaiys 4acToT CTOJKHOBEHUI
3a CYET MPOTOHHON CBEPXTEKYYECTU ONMUCHIBACTCS (PpaKTOpaMU TOJIABIECHUS, JIJIsT
KOTOPBIX IMOJIyYeHbl ACUMIITOTHYECKNE BbIpayKeHus B Ipejiesie CUILHON CBEpXTe-
Ky4ecT! U alllPOKCHUMAIIMOHHBIE (PDOPMYJIbI P HIPOU3BOJIbHON CBEPXTEKYIECTH.
CusibHast IPOTOHHAST CBEPXTEKYUECTh, IIPUBOJISINAs K CTATUICCKOMY ILJIa3MEHHO-
My SKPaHUPOBAHUIO, BOCCTAHABINBACT CTAHJIAPTHYIO 0 (PEPMU-CUCTEM TEMIIe-
PATYPHYIO 3aBHCHMOCTb YacTOT CTOJKHOBeHnit v o< T2. Pasdea 3.4.3 mocBsmén
BJIMSTHUIO CBEPXTEKYYECTU Ha CTOJIKHOBEHUs 3JIEKTPOHOB U MIOOHOB C IIPOTOHAMIU.
Takme CTOJTKHOBEHUs TOJIAB/IAIOTCA 38 CUET YMEHBIEHUST KOJIUIECTBa HOPMAaJIb-
nbix nporonos npu 1" < 1T,,. Kpome Toro, yureno necoxpatenue 4ucjia 00roJo-
OOBCKIX KBa3W4acTur (KBa3UIIPOTOHOB), W PACCMOTPEHO TPU BO3MOXKHBIX IIPO-
mecca B3aMMOJICHCTBUST — CTOJKHOBeHHE (ep—ep), pachaj (e—epp) U CIusHIe
(epp—e). B pesyibrare, nsmMeHeHne 9acTOT CTOJKHOBEHU{T JIEITOHOB C TIPOTOHA~
MU OIIMChIBaETCs (paKTOpaMy IOJABJIEHHSs, JIjIsI KOTOPLIX IHOJIYYeHbl aCUMIITOTH-
decKre U allpoKCUMAIMOHHbIe BbipaykeHus. C yMeHbIIeHHeM TeMIeparypbl (B
mpejiesie CUJIbHOM CBEPXTEKYUIeCTH) 9TH (haKTOPbI IKCIOHEHIMATBHO TOABIISIIOT
yKa3aHHbIE 9aCcTOThI CTOJKHOBEHMIA,
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B wrore mporoHHasi cBepxXTe-
Ky4eCThb IPUBOJIUT K BOCCTaHOB-
JICHHIO CTaHJAPTHBIX TeMIlepaTyp-
HBIX 3aBUCHUMOCTEHl KMHETHIECKUIX
KO9(DPUIUEHTOB (Key X T u
Nep o< T72). Paszdea 3.4.4 mnoces-
MIEH BJIMSTHUIO ITPOTOHHOM CBEPX-
TEKY4eCcTH Ha HEHTPOH-TIPOTOHHBIE
CTOJIKHOBEHHUsI. IDTO CYIIECTBEHHO
OoJiee CJIOyKHasl 3ajlada, B KOTO-
poil MBI OI'DAHMYNJINCH MOJE/Ib-
HBIM PacdeéToM (paKTopa TOjaBJIe-
HUsI 9aCTOTHI CTOJIKHOBEHUIT ITPO-
TOHOI CBEPXTEKYYeCTHIO.

B pasdese 3.5 npoanasmsupo-
BaHbl OCHOBHBIC PE3YJIbTaThl IJla-
Bbl 3 M uX Hpuioxkenusi. Pasdes
3.5.1 TIOCBAMIEH TEILJIOIPOBOIHO- lg T [K]
CTU K = Key, + Kn B HECBEPX-

TEKydeM sJipe HEHTPOHHOH 3Be3- T
1 1 uc. 1. TemwionpoBosHOCT JEKTPOHOB U MIOOHOB
AbL.Ha puc. L TEILIOUPOBOMHOCTD - (;xuphbie JUHAN) U TEIJIONPOBOJHOCTD HEHTPO-

SJIEKTPOHOB 1 MIOOHOB Key (>KUDP-  pop Kn (TOHKHE JIMHUM) B 3aBUCHMOCTH OT TEMIIe-

HbIE JINHU ) CDABHUBAETCSI C TEILJIO- PATyphl B Hﬁpe HeﬁT%)HHOP”I 3BE3JIbI C YI%E}BHGHHGM
HpOBO,Z[HOCTbIO HeﬁTpOHOB Kn (TOH— COCTOAHUA KMaJId, aHAXapuliianjiaec u aBCEHXOJI-

nma (APR) [8] mus miotnoctun p = 4 x 10 r/em?.

Kue jimann). Bujao, aro 3aTyxarie
g CIIOIIHBIE JIMHA OTBEYAIOT CJIyYai0 HECBEPXTEKYUe-
Jlangay IOHMIKAET Ky HA HECKOJIb- 10 BemecTBa; MTPUX-TYHKTHPHBIE I TITPHXOBBIO TI0-

KO HOpHrH\KOB7 ﬂeﬂaﬂ eé MEHDBIIIE /{]n CTPO€EHDbI JIJIfd BEIIeCTBa C HpOTOHHOfI CBEPXTEKYy4e-
(Torma Kak pamee camTanoch, yrto CTbio (mpn o, =107 1 9 x 10° K).

Key > Kn). Emé pas ormernm, 410

B HECBEPXTEKYYeM BeIIeCTBE K, HE 3aBUCUT OT Temieparypbl. B pasdese 3.5.2
paccMOTpeHa TEIJIONPOBOIHOCTD B CBEPXTEKYUEM sijIpe 3Be3/bl. M3Menenue ias-
MEHHOI'0 9KDAHUPOBAHUS IIPUBOJUT K IIOBBIIIEHUIO Koy, (PHUC. 1, MTPUXOBBIE JIH-
HIUN) ¥ BOCCTAHOBJIEHUIO CTAHIAPTHON TEMIIEPATyPHON 3aBHCHMOCTH; TEILIONPO-
BOJIHOCTD Ky, CPABHUMA C fy 1ipu Ty 2 3 % 107 K.

Pasden 3.5.3 1OCBAINEH BINSHUIO 3aTyxaHusd JlaHaay Ha OCThIBAHIE MOJIOIBIX
HEHTPOHHDBIX 3BE3JI, C BO3PACTOM JI0 HECKOJBLKUX cOTeH JieT. [locTpoeHbl KpuBhIe
OCTBIBaHUS MOJIOJbIX HEHTPOHHBIX 3BE3/] C HOBOIT M CTApOil TEILJIOIIPOBOJHOCTHIO.
Bazknoit BeJIMUMHON sIBJISIETCS BpeMsl pejlakcalun t,., onpejeseMoe Kak MOMEHT
HanboJiee OBLICTPOrO MaJleHNsT CBETUMOCTH IIPH OCTBIBAHUK MOJIOJBIX HEHTPOHHBIX
3BE3]I; 9TO BpeMsi 0ObIYHO Bapbupyercss oT t, ~ 30 jer no t, ~ 300 jer. Ilo-
Ka3aHo, YTO MCIIOJIL30BAHUE HOBOW TEIIOMPOBOJIHOCTU MPUBOJNT K YBEJIMICHUTO
t,. Ilpm 9TOM KpuBbIe OCTBIBAHUS Ha TOC/ELYIOMEd cTajaun ocThiBanus (t > t,.)
He 3aBHUCAT OT TEILJIOIPOBOIHOCTU B sijipe 3Be3bl. Hanbosbiee yBeanyuenue t, —
B HECKOJIbKO pa3 — JOCTUTAETCS MPHU OCTHIBAHUN HEHTPOHHOI 3BE3JIbI ¢ MaJIeHb-
KM BHYTPEHHHUM SIJPOM, B KOTOPOM Pa3peIiéH MOITHBIN MPsAMOil ypPKa-IIPOIece
HEUTPUHHOI'O SHEPTOBbIICICHMSI.

TertoBoe n3yuenne MoJIoIbIX 388311 (t ~ t,) HuKora He HabsOMa10Ch. [1pu-
BeJICHHBIE PACUYETHI COIIOCTABJICHBI C PE3YyJIbTaTaMU IIOMCKa HEHTPOHHOI 3Be3/IbI B
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ocrarke Cpepxuosoit (CH) 1987A. Todednoro mCTOYHNKA B 9TOM OCTATKE IMOKA
He 0OHapPY?KEeHO, HO YCTAHOBJIEH BEPXHUIT IIpeJie/l Ha PEHTTEHOBCKYIO CBETHUMOCTD
LE(0.5-2 k3B) < 2x 103 spr/c npu t &~ 13— 14 jier (nanpumep, [9]). Ucnomnbzo-
BaHUe HOBOMH TEIIONPOBOIHOCTH YCI0XKHSIET COIOCTABIEHNE KPUBBIX OCTHIBAHI
¢ HabJIIOJIEHISIME, TTOCKOJIbKY Ha IepBOM 3Talle OCThIBaHUsI, t < t,., TUIIUIHBIE
3HAYEHUST CBETUMOCTH 3Be3JIbl B HECKOJIBLKO Pa3 00JIbIle HAO/II0/[aeMOT0 BEPXHEro
npeaena. MoxKHO TpeJIoyKNTE JIBA OCHOBHBIX CIIEHAPUs, JIOMYCKAIONINX 00pa30-
BaHIe HefiTpoHHOI 3Be3b! mocsie B3pbiBa CH 1987A. CoracHo nepBomMy n3 HIX,
HefiTpoHHAsT 3Be3/1a 00pa30BaJiach, HO IOKa eIé CKPbITa B ILJIOTHOH 000JI0UKe B
IIEHTPE OCTAaTKa CBEPXHOBOIT. BTOpOil BapuaHT COCTOUT B TOM, UTO 00pa30BaBIasi-
cst HefiTpoHHast 3Be31a 0b1a1aeT KOpoTKuM (¢, < 13 J1eT) BpeMeneM pestakcalliu u
ycriesia OCTBITh K MOMEHTY HaOJtogennit. Teopus J10mycKaeT TaKyio BO3MOXKHOCTD
[IPU HAJIMIUH [PSIMOTO YPKa-IIPOIecca B sJipe 3Be3/Ibl, IIPH IOaBIeHII HeHTPOH-
HOIT TEIJIOEMKOCTH B KOPe HEHTPOHHO CBEPXTEKYYECThIO, & TAKIKE B IIPEJIITOJIOKE-
HUU 00 aHOMAJILHO BBICOKOI TETJIONTPOBOIHOCTH BO BHYTPEHHEHN KOope HeUTPOHHOMN
3Be3/IbI (3a CUET crerudnIeckoro KOHBEKTHBHOIO TIEPEHOCA TeILIa, BOSHUKAIOIIE-
IO B CBEPXTEKYYEM BEIECTBE).

Pasdeavt 3.5.4 u 3.5.5 nocesitensl pe3yibraTaM pacdéTa CIBUTOBOM BSI3KOCTU
B siJIpe HEHTpPOHHOI 3Be3bl. B pazjene 3.5.4 paccMoTpeHa CABUTOBasi BSI3KOCTD
n = Mep + T B  HECBEPXTEKydeM CnBuroBasi  BSIBKOCTD
9JICKTPOHOB M MIOOHOB 7)e;, 3aMeT-
HO TIOHUZKAETCsI 38 CUET 3aTyXaHUsI
Jangay. Ipu p = 4 x 10 r/enm?®
u T < 10° K s10 HOHMZKeHUe Mo-
JKeT JIOCTUTATh MOPSIIKA BEJTNUNHbBI
n 6osiee. CaBurosasi BA3KOCTDb Hel- = :
TPOHOB 1), COIIOCTaBJICHA C MINPO- _ i
KO HUCIIOJIb3YEeMBbIMU PE3YJILTATAMI 20:
®ayepca u Uro [10], mosydennb-
MU JIJIT OJTHOTO YPaBHEHUS COCTOs-
HIA BellecTBa. [lokazaHno, 4To pe-
syabraThl [10] 3aBbimaoT 7, npu-
omm3uTenbao B 40 pa3. YUET MHO-
royacTUIHbIX 3P@EKTOB B ILIOT-
HOM BeIEeCTBE, CBA3AHHBIX C TOHU-
»KeHneM 3 QEKTUBHBIX MacC HYK-
JIOHOB, TIPUBOJIUT K 3aMETHOMY 110~
BBIINICHUIO CJIBUTOBOI BS3KOCTH.

dAJpe.

24 —

22}

T

161

14t
6

[Tosryuennble BbIpayKeHUs I
My U Ty ABIAIOTCA YHUBEPCAJIb-
HBIMU U IIPUMEHIMBI JIJIsT HTHPOKO-
ro KJjiacca ypaBHEHUIl COCTOSHUSL.
Panee cunTasoch, 4To 7y > ey
Mpr cymecTBeHHO TOHU3UIN 00a,
kovdunmenta. Okaszanoch (puc.
2), YTO 7ey, U 7y HPUMEPHO OJHOIO
nopsijika. [Ipu Gobmmx Temiepa-
Typax JOMUHUDPYET 7)e,, TOIJIA KaK

Puc. 2. CaBuroBasi BSI3KOCTb 3JEKTPOHOB M MIOO-
HOB 7)o, U CIIBUTOBas BA3KOCTL HEHTPOHOB 7, B 3a-
BUCUMOCTUA OT TEMIIEPATyPhl B HECBEPXTEKYdeM W
ceepxrekydeM (¢ T., = 10° K) saupe weiiTrpon-
HOW 3Be3sbl ¢ ypaBHeHuem cocrosaus APR st
p = 4x10' r/em®. Kpussble, momedennnie ‘SF’, oTse-
YAIOT CBEPXTEKYYECTU IIPOTOHOB, TOT/Ia KAK OCTAJIb-
Hble KPHUBBIE MMOCTPOEHBI JJIsi HOPMAaJbHOI'O Belle-
cTBa. TOHKAas CIJIONTHAS KpUBas TOKA3bIBAET BEJIU-
YUHY 7)ey, BBIYHUCICHHYIO TOJBKO € YIETOM OOMeHa
[IPOJIOILHBIMU TIJIA3MOHAMU.
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IPU MaJIbIX TEMIEPATYPax Mg, X T-5/3 (3a cuér saryxanus Jlanmgay) u 7, wur-

paeT OCHOBHYIO POJIb. DTO COOTHOIIEHNE MEXKJTy CJABUTOBBIMU BAZKOCTSIMMU, OJI-

HAKO, CHJILHO 3aBUCUT OT 3(P@PEKTUBHBIX Macc HYKJOHOB. Ha puc. 2 BrIOpaHO
* *

my = my = 0.8 my, rie my — Macca CBOOOIHOIO HYKJIOHA.

B pazgene 3.5.5 onucano BAusHUE MPOTOHHOM CBEPXTEKYYECTH HA CABUTOBYIO
BASKOCTb. CBEPXTeKy4ecThb CYIIeCTBEHHO HOBBIMIACT 7)oy, BOCCTAHAB/INBAs TEMIIC-

PATYPHYIO 3aBUCHMOCTD 7)o, < 1% (puc. 2). B cBepxTeKydeMm BemecTse 7, 10-
MUHUPYET HaJT 7,. Kpome Toro, B pasjesne 3.5.5 BBIIOJHEHO CpaBHEHNe C/IBUTOBOM
1 00BbEMHOI BSIBKOCTH B sIJIpe 3BE3/Ibl U IIOCTPOEeH IPOMU/Ib CABUIOBON BSI3KOCTU
10 BCeil HEMTPOHHOI 3Be3/Ie.

B pasdese 3.6 Kparko pe3roMUpOBaHbI OCHOBHbBIE BBIBOJIBI TJIABBI 3.

I'maBa 4 “9/1eKTPOIPOBOJIHOCTD sIJep HEHTPOHHBIX 3BE3J’ IOCBAIIEHA BJIMS-
HUIO 3aTyXanud Jlanaay na 9/1eKTpPOIpOBOIHOCTD 3aMarHiIeHHbIX d/1ep HeTpOH-
HbIX 386311, [lociennsiss HeobXoMMMa JIjIsi N3y YeHUs SBOJIIOMII MarHUTHOIO I10JIs
3Be3/1bl. Vcnoib30BaHHbIl B ri1aBe 4 hopMasin3M aHaJIOrMIeH OIMCAHHOMY B TJla-
Be 3; BMECTe C TeM UMeeTCs psiJi OTIn4nii. B nepByto ouepe/ib OTJINIHS CBSI3aHbI
C HaJMYIUEeM MArHUTHOI'O T0JIsl, KOTOPOe B IJlaBax 2 U 3 He yYUTbIBaJI0Ch. Pasden
4.1 copiep:KuUT BBeJICHIE W 0030p JinTepaTypbl. B pasdene 4.2 mpusejieHa cucrema
KNHETUIECKNX ypaBHEeHWil B MArHUTHOM TIoJie. B OTCyTcTBHE MArHUTHOTO TIOJIS
OCHOBHBIMH TIEPEHOCUNKAMHI 3apsijia SABJIAIOTCA 3JIEKTPOHLI 1 MIOOHBI. [Ipu nasu-
YU MArHUTHOIO T10JIs JIBUZKEHUE JIETKUX 3JIEKTPOHOB U MIOOHOB IOIEPEK T10JIS
JIOCTATOYHO 3(PPHEKTUBHO 3aMarHI-
YUBAETCS BpalleHUeM 3TUX YaCTHUI]
BOKPYT MAarHUTHLIX CHUJIOBBIX JIW-
HUIT, TOT/Ia KaK Ha JIBUXKEHHNE Mac-
CUBHBIX [IPOTOHOB MarHUTHOE T10JIe
BisieT cjabee. [1o3ToMy HPOTOHBI
MOT'YT 3aMETHO MEHSATH 3JEKTPO-
IIPOBOJIHOCTL  TTONEPEK MAaTrHUTHO-
ro noJd. IIporonusiit Tpancropr,
B OCHOBHOM, OIIPeJIEJIsIeTCsl CTOJIK-
HOBEHUSAMU TIPOTOHOB C HEHTPO-
Hamu. Takum obpaszoMm, HEOOXOIM-
MO peliaTh CUCTEMY KUHETUYECKNX
ypaBHEHUlt JIJis BCEX COPTOB 4Ya-
CTHI] TIJIa3Mbl B MATHUTHOM IIO-
Jste. Takoe perrenne OBLIO HalIEHO
dAxosnesbivm u [anei6roBeIM [11]

JIIA IBYX-, TPEX- U YETbIPEX- KOM- Puc. 3. K
_ uc. . OMIIOHEHTBI TEH30pa 3JIEKTPOCOIIPOTUB-
IIOHEHTHOT'O BemeCTBa' B MalHIT JICHUs B 3aBUCUMOCTHU OT TeMIIEpaTypbl B Belle-

Hom nose B LIPOBOIMMOCTL 0 U cre ¢ ypasHenueM coctoanua APR mpu mrormo-
JIEKTPOCOIIPOTUBJICHUE R = 5'_1 CTH p = 4 x 101 F/CM3 JJIS pa3J/IMYHbIX 3Ha4YeHUi

[J1A3Mbl CTAHOBSITCS TEH30PHLIMK MAIHHTHOTO MO (smavenus 1g B [['¢| ykasanbr y

BeJITIIHAME, AHI30TDOITHBIMI OT- KpuBbIX). CIUIONIHbIE JTMHUMA — IOIEPETHOE COIPO-
TUBJICHHE, IITPUXOBbBIE — XOJIJIOBCKOE. CHJIOIHH&EI JIN-
HOCUTEJILHO HAlPpaBICHIA MAMHIT-  gyg nomeuennast R|, n300pazaeT IPOAOIBHOE CO-

Horo moJjsd. Tenzop R comep:KuT HPOTHB/ICHUE.
TPU HE3aBUCUMbIE KOMIIOHEHTBI —

Ig R [c]
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IpoJioJIbHOE (110 oTHOmeHNIO K B) snekrpoconpoTusienue R, MomepedHoe s/IeK-
TPOCOIPOTHUBJIEHNE R | U XOJUIOBCKOE Rp; aHAJOIMYHYIO CTPYKTYPY HUMEET TEH-
30p 0. Pemenust pabornt [11] comepkar Besmuunbl S,; (aHAJOIHYHBIE YaCTOTAM
CTOJIKHOBEHU{T), OMUCBIBAIOIINE TEMII OTePH UMITY/IhCA [PU CTOJKHOBEHUSAX da-
CTUIl COPTOB ¢ U i. B pasedese 4.5 BbIUMCIIEHBl BEJMYUHBI S, OlpeJe/isieMble
CTOJIKHOBEHUSIMU 3apsizKEHHBIX YaCcTHUll, ¢ yuéroMm 3aryxanus Jlangay. [Ipu srom
BJIMSTHUEM MATHUTHOTO MOJIs HA IJIA3MEHHOE SKPaHIPOBAHIE ITPeHeOPeraaoch (4To
JLIsl TUIIMYHBIX YCJIOBHIL B s1Ipax HeHTPOHHBIX 388311 jonycerumo npu B < 1012 Te).
Breraucsenust aHaJIOrMYHbBI TPOBEJIEHHBIM B pazjese 3.3. TeMmiiepaTypHasi 3aBHUCH-
MOCTB S, probperaer i Sy o< T°/3 (BMecTO cTamjapTHOIl 1yist (hepMu-cucTeMm
sapucuMocTi Se; o< T2) BesescTBIe IUHAMIYECKOro XapaKTepa 3aTyXaHus Jlan-
nay. B pasdene 4.3.1 npoanann3npoBaHa CKOPOCTb HEHTPOH-ITPOTOHHBIX CTOJIKHO-
BeHuit Sy, (BBIUMCIIEHNST AHAJIOITYHBI IPOJETANHLIM B passese 3.3.5). B pasdene
4.3.2 paccMOTpeHbI CKOPOCTH CTOJIKHOBEHUIT 9JIEKTPOHOB 1 MIOOHOB € HeHMTpOHAa-
M.

Paszden 4.4 conepkut obCy:KieHre pe3yabTaToB ryiaswl 4. B pasdese 4.4.1 pac-
CMOTPEHA, 3JIEKTPOIIPOBOIHOCTH HECBEPXTEKYUEro sijipa HeHTPOHHOI 3Be3bl. Pe-
3yJIbTAThI pACYETOB IIPUBEIEHBI Ha puc. 3. DddekTo! 3aTyxanus JIangay oka3biBa-
0T 3aMETHOE BJIMAHUE Ha MPOJOJIbHOE 3j1eKTpoconporusyienue R. Ipu nusknx

Temeparypax R o 753, Tpu T ~ 108 K 31eKTpoconpoTHBIeHne R| B nBa
pasa BbIIEe, YeM IOJIyUYaJIoch O cTapbiM pacdétam. [Ipu Takoit Temmeparype u
npu B < 10" T nonepeunoe conporusienne R | IPaKTHYECKN COBIAJAET ¢ R|

(puc. 3) u TakzKe MOBBIIAETCS TPUMEPHO B JBa pasa. [Ipn 6OIBIIX MATHUTHBIX
MOJISX WJIN TIPU MEHBINNX TeMIlepaTrypax R MOJTHOCTHIO ONpeiesisieTcss HelTpOH-
IPOTOHHBIMU CTOJIKHOBEHUsIMH. XOTsl TpU MaJibix 1’ 3 deKkThl 3aTyxanns JlaH-
Jlay CYIIeCTBEHHO U3MEHSIOT YaCTOThl CTOJIKHOBEHUI 3apsizKeHHBIX YacTHIl, OHU
IpaKTUIeCKn He BusioT Ha R . B pasdese 4.4.2 onncana 5/1€KTPOIPOBOIHOCTD
CBEPXTEKYUNX sJlep HENTPOHHBIX 3BE3/. KadecTBEHHO pacCMOTPeH caydail CHib-
HOIl HEHTPOHHOI CBEPXTEKYyUYeCTH B OTCYTCTBHUE MPOTOHHOM. B 3ToMm ciyuae Heii-
TPOHBI TTOJTHOCTBIO BBITIQJIAIOT U3 CUCTEMbl KHHETHYECKUX ypaBHeHuil. Kak cje-
CTBHE, MOTIEPEYHOE JIEKTPOCONPOTUB/IeHNe K| CTAHOBUTCH MPAKTUIECKN He 3a-
BUCSIIIUM OT MarHUTHOTO 10Jis U paBHbIM R . Bimganue saryxanua Jlangay cra-

HOBHTCS 3aMeTHBIM. Kpome Toro, B pasaene 4.4.2 n3yden ciaydail CBEPXTEKYJInX
IIPOTOHOB TIPU HOPMAaJILHBIX HeiiTponax. B 9ToM ciydae MpPOTOHBI MEPEXOIAT B
CBEPXIIPOBO/IAIIEE COCTOAHIE, & MarHUTHOE T10JIe Pa3duBaeTCsd Ha TPYOKHM ¢ KBaH-
TOBAHHBIM MAarHUTHBIM ITOTOKOM, IHOJJAEPKUBAEMBIM CBEPXIIPOBOIIIINM TOKOM.
[IpoBognMOCTD 2Ke HOpMaJIbHOI KOMIIOHEHTHI I1J1a3Mbl, OIINCHIBAIOIIAs 3aTyXaHHIe
HOPMAJIbHBIX TOKOB, MOJAUMUIIMPYETCA TaK »Ke, KaK U JIPyrue KHHEeTUIeCKne KO-
s durmentsl (Kak onucano B pasjene 3.4). DIEKTPOCOMPOTHBICHNE HOPMAJIb-
HOM cocTaBJisitolteil miasMbl (IIPOJI0JIBHOE U TIONEPeYHOe) 3aMETHO MOHUKAETCSI.
B npesene cunbHONI MTPOTOHHON CBEPXTEKYUECTH OHO OIPEIeNsieTCs] CTOJIKHOBEHT-
SIMH 3JIEKTPOHOB W MIOOHOB C HEHTPOHAMI.

B pasdene 4.4.5 onuncanbl clieHapun 9BOJIIONNN MATHUTHOTO MOJIA B sSIpax Heii-
TPOHHBIX 3BE3J1. [loryduennbie B ry1aBe 4 pe3ybTaThbl OTJINYAIOTCH OT U3BECTHBIX
KOJIMYECTBEHHO, HO HEe KadecTBEHHO. BcjiejicTBUe 3TOro OHM He BJIUAIOT Ha, UC-
cJIeJIOBAHHbIE paHee OCHOBHBIE OCOOEHHOCTHU HBOJIIOLNKI MAIHUTHOI'O IIOJISI B sijipe
HefiTpoHHOIT 3Be3/1bl. Cpelin HUX CJIe/lyeT BhIACIUTH CUJIbHOE yBejndeHne R | 3a



7% [MK]

Puc. 4. Teopernueckue KpuBble OCTBIBaHUs HEHTPOHHBIX 3BE311 Maccoii (a) M = 1.6My u (b)
M = 1.4Mg), u (c) 3Bé371 06erx Macc B CpaBHEHNH ¢ HAOJIIOIEHISIMI PEHTIeHOBCKOIO TPAH3UEeHTa,
KS 1731-260. Bpemsi t oTcunThiBaeTCS OT MOMEHTa OKOHYaHUs akKKpernu. KpuBbie onmcanbl B
tabsuie 1 1 B TeKcTe.

CUYET MPOTOH-HEATPOHHBIX CTOJIKHOBEHNUIT (CM. puc. 3), MPUBOJAIIEE K 3aMETHOMY
YMEHBIIIEHUIO BPEMEHU 3aTyXaHUsI CUJIbHBIX MAarHUTHBIX T0JIeH B sIpax HEHTPOH-
HBIX 3BE37. B 9Tofl cBaA3M 0c0OOEHHO BayKHO KOPPEKTHOE BBIYUCJIECHUE BEJTUINHbI
Spn. Paszden 4.5 aBideTcd KpaTKUM 3aKJ/IOUCHUEM IVIaBbI 4.

B I'maBe 5 jana mHTeprnperalusi HaOJIOJAEHUI PEHTI€HOBCKOI'O TpPaH3UEHTa
KS 1731-260. Pasden 5.1 siBnsiercst BBejleHIeM. PeHTreHOBCKIE TpaH3UEHThI IIPE/I-
CTaBJIIOT CODOil JIBOIHBIE CHCTEMbI, COCTOMAINNE U3 HEHATPOHHOI 3BE3JIbI U MAaJIO-
MaCCHUBHOT'O KOMIIaHbOHA. BpeMs oT BpeMeHU BO3HUKAIOT TePUOJIbl aKKPEIH Be-
I[eCTBa Ha HEMTPOHHYIO 3BE3]1y, pa3de eHHbIe JIJIMHHBIMU I€PUOaMI OTHOCUTE b
HOT'O CIIOKOIicTBUSI. BoJIBbITYIO YacTh BpeMeH! TaKue MCTOUYHUKH HADJIIOJIAI0TCs B
CIIOKOIHOM COCTOSIHUHE, C PEHTTeHOBCKIME cBeTuMocTamu < 10%* spr/c. Omgnaxo
B IIEPHOJ] aKKPEIUH, JJINTEJIbHOCTh KOTOPOl OOBIYHO COCTaBJIsIET OT HECKOJIbKIX
JIHEl 710 HECKOJIbKIX MECATIEB, CBETUMOCTh PE3KO BO3PACTACT, JOCTUTasl 3HATCHMIT
~ 103" —10% spr/c. Ocobennocts ncrounnxa KS 1731-260 cocrout B TOM, 9TO OH
HAOJTIOIAJICT B aKTHBHOM COCTOSTHUE JI0JITO, He MeHee 12.5 jier. Cumraercs, 9To
BO BpeMs aKKpenun IIyOOKO B KOpe HEeHTPOHHON 3Be3JIbI MPOUCXOJIAT sJIepHbIe
peaKInu, MporpeBatolie 38e3/1y (T.H. MOJe/b rIybOKOro mporpesa Kopei [12]).
[Ipn mauTenbHON aKKpennn Kopa HEeHTPOHHON 3Be3/bl MepPerpeBacTCsd W BBIXO-
JINT U3 COCTOSTHUSI TEIJIOBOIO paBHOBecHs ¢ siiapom. HaburromaeMast TerjioBas pe-
JIaKCcalnsl 3Be3/1bI T0CIe OKOHYAHUS aKKPEIUU OITPeIe/IsIeTcss CBOMCTBAMI MMEHHO
Kopbl. Takag penakcanus Had/IIoa1ach KaK N3MeHeHnne MoToKa TeIJIOBOTO U3JTy-
dqeHnsg paccmarpusaemoro ncrodnnka KS 1731-260 [13] (Toukn wa puc. 4). Bpemsa
peJiakcaluu coCTaBIIO MOPsIKa, 0JHOTo rojia. CTosib ObICTpast peslaKcallis CBUIe-
TEJILCTBYET B I0JIb3Y MOJIEIN Ileperperoil Kopbl. HabsiroeHns 1 nHTepIpeTas
OCTBIBAHUS KOPBHI HEMTPOHHOI 3BE3/Ibl TPEJICTABIIAIOT YHIKAJILHYIO BO3MOXKHOCTD
110 UCCJIEJIOBAHNIO HEHTPOHHBIX 3BE3]I.

B pasdene 5.2 onmcana monesib riiyboKoro mporpesa Kopbl. B pasdese 5.3 onn-
caHa IporpaMma pacdéTa OCThIBaAHUsSI HEHTPOHHBIX 3BE3JI, UCIOJIb30BAHHA JIJIs
mojiesinpoBanns. Ona paspaboTaHa B ceKTope Teoperndeckoit acrpoduzuku OTU
[14] u crenmanbHO MO UGUIUPOBAHA JIJIsT PACCMOTPEHUsT OBICTPBIX DPeJIAKCAI-
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Tabnuna 1. Kpusble ocThiBanus Ha puc. 4

Ne kpusoit T3y  Cocras TemrmonposBomnocts (CBepXTeKydecThb Eiot
MK  xopsr B KOpe B KOpe 10* spr
la 0.8 A HOpMaJIbHadA yMepeHHasd 2.6
2a 0.8 GS HOpMaJTbHAas HeT 1.9
3a 0.8 GS HOpMaJTbHAas yMepeHHast 1.8
4a 0.8 A HOpMaJibHAas CcHIbHAS 2.6
ba 0.8 A HU3Kas yMepeHHast 0.6
6a 0.8 A HOpMaJIbHAs yMepeHHas 1.9
1b 0.8 A HOpMaJlbHasd yMepeHHas 2.3
2b 0.8 GS HOpMAaJIbHAA HeT 1.7
3b 0.8 GS HOpMaJIbHAs yMepeHHast 1.5
lc 0.67 GS HOpMAaJIbHAs HeT 2.4
2¢c 0.63 GS HOpMAaJIbHAs HeT 2.4

OHHBIX IIporieccoB. Pasden 5.4 couepKut pesyJsbTaThl MOAEINPOBaHusI. Kpupbie
OCTBHIBaHUS U HAOJII0/IaTe/IbHbIC JaHHbIe NTpUBeJeHbl Ha puc. 4. [lapamerpsr Kpu-
BBIX OCTBIBaHUs CBejeHbl B Tabsmiy 1. Mcmosib3oBasiachk HOpMaJjbHAasT TEILIONPO-
BOJIHOCTb B KOpe (XapaKTepHasi JJisi KPUCTAJLIMIECKON CTPYKTYPbI KOPbI) U MO-
Je/ibHast HU3Kast TEIIONPOBOHOCTE (OTBevatolast aMmopdHoMy BerecTBy ). [Ipe-
I10JIaraJIiCh JIBe MOJIC/I HEMTPOHHO CBEPXTEKYYEeCTH B KOPE 3Be3Ibl — YMEepeHHasd
U CIJIbHAST; YaCTh KPUBBIX OCTBIBAHIS [IOCTPOEHA 0e3 yuéTa cBepxTeKydecTn. Kpo-
Me TOrO, BApbUPOBAJICS COCTaB KOPbI — paBHOBecHBIN (GS) 1 aKKperupoBaHHbIiH
(A).

Oneprus Fioy, 3aTpadeHHast Ha HAPEB KOPBI, ONPEJE/ISICTCA TEMIIOM aKKpe-
mun M. U3 nabmogennit KS 1731-260 B aKTUBHOM COCTOSIHHH II0JIydU€Ha OIeH-
Ka B < 2.4 x 10% apr (m1s Beibpannoii Mojien TiryGoKoro IIporpesa KOphbl).
Kpusble ocThIBaHUS, IPUBEAEHHBIE Ha PUC. 4, PAKTHIECKHI YIOBJIETBOPSIOT STOMY
yesioBmio (eMm. Tabsmiy 1).

Ha puc. 4a u 4b npe/iooKeHo, 9To TeIioBast PejaaKcalst KOpbl 3aBepIeHa
K MOMEHTY JIBYX IOCJIeIHIX HaOJIIO/IeHIil; Ha puc. 4¢ IPeJIoI0KeHo 00paTHOe.

Bce kpuBble, coryiacyromecs ¢ HabII0AeHUSIMI, OTBEIAIOT BBICOKOI TeILIonpo-
BogHOCTH. KpuBast 5 Ha puc. 4a orBeYaeT HU3KOI TEIIONPOBOLHOCTH; OHA IIPUBO-
JIAT K CJUIIKOM JI0JIToi penakcaruu. Js moaenn 3e3anl ¢ maccoit M = 1.6 M
JOCTUTAETCs JIydlliee coryiacue ¢ Habmomennsamu (puc. 4a), dem mst M = 1.4M
(puc. 4b), MOCKOJIbKY yBeJMYIeHIe MacChl BJI€IET YMEHbIIEHIe TOJIIMHBI KOPbI I
0oJiee OBICTPYIO pesakcanuio. st JTocTiKeHnsl coriacus ¢ HaOJIIOMCHUSIME Ke-
JIaTeIbHO HAJIMYINe HeHTPOHHOI cBepxTeKydecTn (puc. 4a,b u tabi. 1).

Hauydiiee corsiacue ¢ HaOJIIOAEHUSIMU, B IIPEJIIIOJI0XKEHUN O 3aBEPIIEHHOCTU
peJlakcaluu, JIOCTUraeTed JJjist KpuBoil 1 Ha puc. 4a. dTa KpuBasi OTBEYACT 3BE3/IE
¢ M = 1.6Mg ¢ akkpennpoBaHHOI KOpPOit, ¢ HOPMaJIbLHOM TEIIONPOBOIHOCTHIO 1
yMEpPEHHOI HeHTPOHHOM CBepXTeKydecThio. Ecn He mpeioiararsb, 9To TeILI0BasI
peJiakcalusi 3aBepiieHa, To KJIacC TeOPeTHIECKIX MOJIeJIell, COrIacyonuxcs ¢ Ha-
OJIFOJICHUSIMU, PACIIUPAETCA. DTO IPOUJLIIOCTPUPOBAHO Ha PHC. 4¢, IJie corjiacue
JIOCTUTAETCs JIJIsT 3BE3/] 00enX Mace, He Ipeiroarasi HefTpOHHON CBEPXTEKydecTr
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NI aKKPEIUPOBAHHOI0 cOCTaBa KOpbI. JIJ1s1 TpoBepKN 3aBepIIeHHOCTH TEILIOBOIT
pesakcalun HeoOXoInMbI JtaibHeiinme nadogerns KS 1731-260.

PesysibraTbl HAO/IIONEHUN 1 TEOPETUUECKUE PACUEThl HE YIaéTCsl COIJIacOBATD
IPU HAJIMYIUN MOIIHOTO (HEMOaBJIEHHOTO CBEPXTEKYUeCThIO) MPSIMOr0O ypPKa-TIpoO-
1ecca HEHTPUHHOTO OCTBLIBAHUS B sSjpe 3BE3/bl. [Ipn Hammanm Takoro ypka-1po-
1ecca BpeMeHHOI MaciiTab 17100aIbHOIN0 OCTBIBAHUS 3BE3/Ibl ObLI ObI CPABHUM C
MacIITaboM OCThIBaHMUsT KOPBI. [IporpeB KOpbI cTast Obl HEBO3MOZKEH (HEOOXO/ MBI
cautikoM Oostbiie o), a eé peakcariysi 6biia Obl CJUITKOM ObICTPOI.

B pasdene 5.5 npupesenbl BeIBOJBI IviaBbl b. HaOsogaemyto pesiakcannio B
KS 1731-260 M0KHO 00bsICHUTH B paMKax MOJE/IN TJIyOOKOT'O IIporpeBa Kophl, 0e3
HCIIOJIb30BAHUS HECTAHIAPTHBIX MHPEIIOJOKeHNT O CTPOeHNN HEHTPOHHON 3BE3-
JIBL.

B zakiarodyenun chopMy/InpOBaHbl OCHOBHbBIE PE3YJIbTAThI JIMCCEPTAINNL:

1. IlocTpoena Teopust M BBIIOJHEH PACUYET JIEKTPOHHON TEIJIOIPOBOIHOCTU M
C/IBUIOBOI BSIBKOCTU B KOpe HEHTPOHHON 3Be3/IbI 3a CUET 3JICKTPOH-3JICKTPOH-
HBIX CTOJKHOBEHUIT ¢ ydeToMm 3aryxanus Jlanmay. Ilokazano, uto B pendarn-
BICTCKOM 3JIEKTPOHHOM rasze 3aTyxXanune Jlamjgay 3aMeTHO CHUXKAET yKa3ai-
HbI€ TEILIONPOBOIHOCTL U BSIBKOCTH U M3MEHsIET UX TEeMIIEPATyPHYIO 3aBUCH-
MOCTB (TI0 CPABHEHUIO CO CTaHJAPTHON 3aBUCHMOCTBIO B CHJIBHO BBIPOKJIEH-
HBIX (PePME-CHCTEMAX ).

2. ITocTpoena Teopns M BBITOJTHEH PACIET TEIJIOIMPOBOIHOCTH U CJIBUTOBOI Bs3-
KOCTH 3JIEKTPOHOB W MIOOHOB B HYKJIOHHBIX sIJIpaX HEHTPOHHBIX 3BE3J] C yde-
ToM 3aTyxaHus JIaHgay 1 BO3MOXKHON CBEPXTEKYUYeCTH IIPOTOHOB. 3aTyXaHue
Jlanmay (py HOPMAJIBHBIX POTOHAX) CYIIECTBEHHO CHIZKAET KUHETHUECKIE
KO DUIIMEHTHI 110 CPABHEHUIO C TEeMU, KOTOPbIE HCIIOJIb30BaJINCh PaHee, 1
MeHdgeT X TeMIlepaTypHYyIO 3aBUCUMOCTD, a CHJbHasA MPOTOHHAsT CBEPXTEKY-
YeCTh BOCCTAHABJINBAET TEMIIEpATYPHYIO 3aBUCHMOCTD, OOBITHYIO JIJIsI (pepMU-
CUCTEM.

3. PaccanmTano aHm30TpomnHOE 3JeKTPOCOPOTURICHNE 3aMarinIeHHbIX HYKJIOH-
HBIX d/Iep HeUTPOHHBIX 3BE3]T ¢ yUeTOM 3aTyxanusd Jlangay m cBepxreKkydecTn
IIPOTOHOB JIJISI HECBEPXTEKYUUX WM CUJIbBHO CBEPXTEKYUHUX HelTpoHoB. [Ipn
HUBKIX TeMIIepaTypax TeMIepaTypHas 3aBUCHMOCTD 3JIEKTPOCOIPOTUBICHUS
BJIOJIb MAIHUTHOT'O T10JIs IIPHOOPeTaeT XapaKTep, HeCTaHIapTHBIA 111 (hepMu-
cucreM. Kak u mpu oleHKax co ctapbIMu KO3 OUIneHTaM1 3/1eKTPOCOIIPOTUB-
JIEHWS, IPUCYTCTBIE HOPMAJILHBIX HEUTPOHOB KapIMHAJILHO YCKOPSET JIMCCH-
A0 MAlHUTHOIO II0JIs B dpaX HEMTPOHHBIX 3BE3L.

4. BBIIoJIHEHO MOJEINPOBAHIE OCTBIBAHUS MOJIOABIX M30JMPOBAHHBIX HEHTPOH-
HbIx 386371 (Bozpacra 10-300 sier). IlokazaHo, 4To OCThIBaAHNE MOYKET CHILHO
3aBUCETDH OT TEIJIOIPOBOTHOCTH s1/ipa 3Be3/1bI. [Ipogenantbie pacI€Thb NCITOIb-
30BaHbI JIjIsI 00bsICHEHHSI PE3Y/IbTaTOB IIOMCKA MOJIOIONH HETPOHHOI 3Be3/1bI B
ocratke Cepxnonoit 1987A. Takas 3Be3/1a Moryia 00pPa3oBaThCs NP B3PHIBE
CBepxHOBOIL, HO JI0 cUX MOp He obHapyKeHa. CJie/IaH BBIBOJ, 9TO 00Pa30BaB-
I1asicst 3Be371a BIIOJIHE MOXKeT ObITh II0Ka HeHabJIrojaeMa, b0 IIOTOMY, YTO OHA,
BCE ellle CKPBITa HEIPO3padHOil BHYTpeHHell JacThio 00010ukn CBepXHOBOI,
OO OHa HEe CKPBITa, HO YCIEeIa CUJIbHO OCTBITH 3a CUeT OBICTPOIl TelIoBOi
peaKCaIm.

5. BpImosimeno MoieinpoBaHue TEIJI0OBOI peslakcallni aKKpeupyIoneil HeliTpoH-
HOIT 3Be3JIbI B peHTreHoBCcKOoM TpansueHTe KS 1731-260 mocse nepexojia us
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peknuMa, JIJTUTEIHbHON aKKpeIun B CIOKOHOe cocTosHue. [Tokazano, 9To Ha-
OJIIO/IEHUST TPAH3UEHTa MOXKHO OOBSICHUTH B PaMKax MOJIEIH TJIYOOKOTO IpO-
rpeBa KOPbI [PU UCIOJIB30BAHUN CTAHAPTHBIX (HE 9K30TUYECKUX) MojieJieil
HeiiTpoHHoit 3Be3/1bl. [Ipu aToM HeitTponnas 38e31a B KS 1731-260 He j1012K-
Ha OCTBIBATH C IMOMOIIBIO TPSAMOTO YPKa-IIPOIlecca, TeIJIONPOBOTHOCTL B ee
KOpe JI0JIZKHA OBbITh BBICOKOII, a camMa KOpa TOHKOIL.
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