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BE HEMUTPOHABIK, TAAO SAPOCbIH 3EPTTEY

Kasipri TaHAQ 3K30TMKAAbIK, SAPOAAP MHTEHCUBTI TOXIpUOEAIK 3epTTeayAe. [ar0 SAPOAAPAbIH
KYAOHABIK, KYpeYiH TEOPUSIAbIK, 3ePTTeY, XKEHIA SAPOAAPAbIH PAAMOAKTMBTI LUOFbIPAAPMEH OTKI3IAETIH
TOXIPMOEAIK 3epTTeyAepAl >KOCrapAayFa >KaHe OAapAbl TYCIHAIpYyre MaHbi3Abl. PaAMOakTMBTI
LLIOFbIPAAPMEH OTKIi3IAETIH 3epTTeyAep aTOM SAPOCHIHBIH, KYPbIAbIMBIH TAAAQYAbI YKaHa aknapaTTapmeH
TOABIKTbIPA, (DM3MKaHbIH 6acka CaAacblHAAAQ KeH KOAAQHbLIC —TanTbl, MbICAAFA  SIAPOAbIK,
acTtpodum3smkaaa.

3amMaHayu a3HYKAOHAbI SSIAPOABIK, (hM3MKa CaAaCbIHAQAQ, FAAO SAPOAAPAbI 3EPTTEY ©3€eKTi MaceAe
60AbIN TabbiAaAbl. OCbiHAAM SIAPOAAP OPOMTAAAPbIHBIH PAAMYCTapbl, 6acka HYKAOHAAPMEH SAPOADIK,
BpeKeTTecy AMarnasoHblHaH BAAEKANAA YAKEH BOAYbl MyMKiH. [aA0 SIAPOCHI (hM3MKAChIHbIH, ©3iHAIAIK
epeKLLeAiri, OHbIH SIAPOAbIK, PEAKLMSIAAD MEH SIAPO KYPbIAbIMbI MEXAaHWU3MIMEH Tbifbl3 GaiAQHbIChIHAQ.

Kyrpey rano sApoAapAbiH KacveTTepiH 3epTTeyAe €H MaHbi3Abl KYPaAAapAbiH Gipi 6oAbImn
Tabbiraabl. OCbIHAAM peakuMsAapAa YAETIATEH OOALLIEKTEPAIH YCaK, KypaMmAapFa GOAIHIM bliAbipayblHaH
AAbIHaTbIH aKMapart, TOAKbIHABIK, (DYHKUMSAHbIH FaA0 GOAIriHiH KacMeTTepi >kanAbl Giayre MyMKiHAIK
Gepeai. Faro 9ApOAAPABIH, KYMpeyiH KYAOHABIK, epic e3repyimeH, GaiAaHbiCKaH eki (yw) 6eAleKTiH
KOHTMHYYMFa OTYi peTiHAE KapacTbipyFa 60AaAbI.

ByA >XyMbIC SAPOAAPABIH KYAOHABIK, KYMpPeYiH KBaHTTbIK, TOCIAMEH TEOPUSIABIK, 3epTTeyre apHaAfFaH.

"Be ran0 SAPOCHIHbIH, SHEPreTMKAAbIK, AEHIEMAEPIHE ChIPTKbl MarHUT epICiHiH ocepi 3epTTeAAi.
SApoOAbIK, acepaecy peTiHAe Byac-CakcoH >kaHe [aycc TypiHAEr MoTeHUMaAAAPAbI KOAAQHA OTbIPbIr,

JHEPreTUKAAbIK, AEHFEMAEPAIH XKIKTEAYI CaHAbIK >KOHE aHAAMTUKAAbIK, dAiCTepMeH ecenTeaai. ''Be
SAPOCHI, HEMTPOHAbIK TaA0 peTiHae '9Be KabbikliacbiHaH XeHe 6ip HelTpoHHaH Typaabl. CoHaan-ak,

11Be 9APOChIHbIH, HETI3ri KyMiHAErT opTalla KBaApPaTTbIK, 3aPSATHIK, PAAMYCbl CAHABIK, TYPAE ECENTEAAI.
TyiiiH ce3aep: SAPOABIK raA0, KYAOHADIK, KYMPeY, 9K30TUKAAbIK, IAPOAbIK, KYMAEP, SHEPreTUKAAbIK,
cnekTp, LLIpeanHrep craumMoHap TeHAgeyi.
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Investigation of the neutron halo of the "'Be nucleus

Exotic nuclei are the subject of intensive experimental research. Coulomb breakup are relevant for
interpretation and planning of experiments in radioactive beams. These investigations have opened new
prospects in studying the structure of nucleus and have found applications in other areas of physics,
including nuclear astrophysics.

The halo is one of the most intensively studied objects in modern low-nucleus physics. The mean
radii of certain nucleons orbits may be larger than nuclear interaction range. A characteristic feature of
halo nuclei physics is correlations between the mechanism of nuclear reaction and structure.

The breakup is one of the important tools for studying halo properties. In these reactions, the
information from dissociation of projectile into fragments could be used to conclude about the properties
of halo part wave function. With a good approximation, the breakup could be regarded as a transition
from the bound state of two (three) particles to the continuum, due to the changing Coulomb field.
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'"Be HEHTPOH/IBIK Iajlo SIPOCHIH 3epPTTEY

This paper is devoted to a theoretical study of the Coulomb breakup of halo nuclei in a quantum
approach. The energy levels of the halo of the ""Be nucleus are calculated, taking into account the
influence of an external magnetic field, i.e. the splitting of energy levels by numerical and analytical
methods using two different potentials is calculated: in the form of Woods-Saxon and Gauss. The ''Be
nucleus is regarded as a neutron halo consisting of '°Be core and one neutron. The root mean square
charge radius of the ""Be nucleus in the ground state is also calculated numerically. This work is the
initial stage of the work on the investigation of the breakup of halo nuclei in the quantum-mechanical
approach.

Key words: Halo nucleus, Coulomb breakup, breakup cross section, exotic states of the nuclei,
stationary Schradinger equation, energy spectrum.
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MN3yuyeHne HEMTPOHHOIO rano siapa '"Be

IK30TUYECKME 9APa IBASIOTCS NMPEAMETOM MHTEHCMBHOIO 3KCMNEPUMEHTAAbHOIO MCCAEAOBAHMSI.
TeopeTnyeckme MCCAeAOBaHMS KYAOHOBCKOrO pasBaAa raAo SAEp akTyaAbHbl AAS MHTeprpeTaumu u
NMAQHMPOBaHUS SKCNIEPUMEHTOB MO U3YUYEHUIO AETKUX SAEP Ha PAAMOAKTMBHbIX Myykax. MccaepoBaHUs
C My4YKamm paAMoaKTUBHbBIX IAEP OTKPbIAM HOBbIE MEPCMNEKTHBbI B U3yUYeHUU CTPYKTYPbl aTOMHOTO SApa
M HaLUAM LLUIMPOKME MPUAOKEHMS B APYTMX 06AACTIX (DU3MKM, BKAIOUAS SAEPHYIO aCTPOU3MKY.

[ano sApa SBASIOTCS OAHMM M3 HaMbBOAEe MHTEHCMBHO UCCAEAYEMbIX OObEKTOB B COBPEMEHHOM
MaAOHYKAOHHOM iaepHoi pusmke. CpeaHne paanycbl OpOUT HEKOTOPbIX HYKAOHOB 3TUX SAEP MOXeET
ObITb 6OAbLLIE, YEM AMAMa3OH SAEPHOrO B3aMMOAENCTBUS C APYrMMM HYKAOHamu. XapakTepHOM
0COBEHHOCTBIO (DM3MKM SAEP C FaA0 SIBASIETCS TECHAs B3aMMOCBSI3b MEXaHM3Ma SIAEPHOM peakumu 1
CTPYKTYpBbI.

Pa3BaA SIBASETCS OAHWMM M3 BaXKHbIX MHCTPYMEHTOB AAS M3YUYEHWSI CBOWMCTB rano gaep. B atmx
peakumsx, uHgopMaumMs, MocTynawolas oT AMCCOUMALMM CHapsiAa Ha dparMeHTbl MOXeT ObiTb
MCMOAb30BaHa, YTOObl CAEAATb BbIBOA O CBOWMCTBAX FAaAO 4YacCTW BOAHOBOW hyHKUMM. C XOpOLIMM
NPUOAMXKEHMEM, Pa3BaA FaA0 SAPA MOXHO PacCMaTpMBaATh Kak MepexoA OT CBSI3aHHOrO COCTOSIHWS
ABYX (Tpex) YacTuL, K KOHTUHYYMY, B CBSI3 C U3MEHSIIOLLMMCS KYAOHOBCKUM MOAEM.

AaHHas paboTa nocesuleHa TEOPETUYECKOMY UCCAEAOBAHMIO KYAOHOBCKOIO pa3BaAa rano siaep B
KBAHTOBOM MOAXOA€. PacumTtaHbl 3HepreTmuyeckme ypoBHWM rano sapa ''Be, ¢ yyeToM BAUSHMS
BHELLHEro MarHMTHOMO MOASI, T.€. BbIYUUCAEHO PacCLLENAEHNE SHEPreTUUYECKUX YPOBHEN UMCAEHHBbIM U
AHAAUTUYECKMM METOAAMM C UCMOAb30BaHMEM ABYX Pa3HbIX MOTeHUMaAoB: B (popme Byac-CakcoHa m
laycca. dapo '"Be, nmelolee Kak HEMTPOHHOE raAo, COCToAWMI M3 Kopa '°Be M 0AHOro HenTpoHa.
TakKe UMCAEHHO BbIUMCAEH CPEAHEKBAAPATUUHbBIA 3apsAOBbIA paanyc siapa ''Be B OCHOBHOM
cocTosHMK. ITa paboTa IBASETCS HaUaAbHbIM 3TaromM paboTbl MO MCCAEAOBAHMIO Pa3BaAa raAo SAEp B
KBAHTO-MEXaHWYECKOM MOAXOAE.

KAtoueBble cAOBa: rano  $APO, KYAOHOBCKMI pasBaa,
CTauMoHapHoe ypaBHeHue LLIpeanHrepa, aHepreTMuyeckmii CriekTp.

3K30THn4eCkKmne COoCTogaHnd  dAep,

Kipicne

He#TpoHabIK Tano sapofiapibl ajfalllKbl peT
1985 xbutbl Tanuxaro xoHe T.0. [1,2] aHbIKTaFaH,
01 JXKepAe MyHAall SK30THKaJBIK JKyHenep sapo
KaOBIKITAIAPEIMEH  THIFBI3  OalIaHBICTHI  KOHE
IUQPyY3UAIBIK SIIPOJIBIK OYITIIEH KopiianFaH. by
JKyHenep HEHTPOHABIK TYPAKTBUIBIK IIEKapachlHA
YKaKbIH OpHATacKaH KeiOip jxeHiJT, HEUTPOHBI apTHIK
PanuOaKTHBTI SAPONApIBIH HETI3ri Kyinepinae
aHpIKTaFaH [3]. BypeiHma rago TeK HYKIOHIBIK
TYPaKTBUIBIK IEKapachlHa J>KaKblH OpHaJlacKaH
PanuoaKTUBTI AApojapAa FaHa maiiaa 00JIysl MyM-
KiH Jien ecenTeireH. Anaiia eTKeH Y3 KbUIIBIK-
TeIH S0-1Ii  SKBUIAPBIHBIH ~ asfFbIHIA, TaJOHBIH

ampUIybIHAH OYphIH, ba3h OHBIH HEHTPOH Hemece
MTPOTOH SMUCCHSIIAPBIHBIH Ta0aJIbIPbIFbIHA HKAKbIH
TYpaKTHl siApoyiapia fa maiima 0oy MYMKIHAITiH
Oomwkaran OonatbiH [4]. ConbiMeH Kartap, [5-9]
YKYMBICTap/ia TYPaKThI Bc simpochIHbIH 3.09 (1/20)
Mb»hB KosfaH Ky#i paaMychl YJIKEUTUITeH Tajo
KYPBUIBIMBIHA Fie 00JIa alaThIHbl KOPCETLITeH.

Hykmormap MeH KiacTepiepAiH HSMHUCCHSICHI
apKbLTBI BUIBIPANTHIH ©Mip cypy yakbIThl a3 (1072
CeK) sApOJapAblH pPaguyCTapblH OJIIey TeK
SIIPOJIBIK peakiusiapaa raHa MyMKiH. J[on ochIH-
Jail Kyiiep sapoyiap CIeKTPOCKOIUSACHIHIA HETi3Ti
peJIIi OHANIEL.

JKakpiH yakpITTaH Oepi KO3FaH Kyiieperi
SOpONIap PAAUYCHIH TIXKIpUOEPIiK aHBIKTAYIbIH
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Typa 9MicTepi KETULAIPUTII XKoHE YCHIHBUIFAH 0oa-
TBIH, OJIap — TYPJACHAIPUITeH TUPPAKITHSIIBIK MOJIET
[10], cepmimci3 KyObIIMansl manbipay afici [11,12]
JKOHE aCHMITTOTHKAJIBIK HOpMajnay Kod(hdHUIIHEeHT-
tep omici [13]. Ocwl amictepain Oapibirb [10-13],
opTaliia KBaApaTThIK SApoap paanyChlH aHBIKTayFa
MYMKIHIIK Oepei.

Kynonnplk Kyiipey raio sApOHBI 3epTTeyre
apHaJFaH HETI3rl  KypangapiaelH Oipi  O0JbIIT
TabbuTa bl Kyiipey KMMachl rajio KYpbUIbIMbI Typa-
TBI TMaiganel akmnaparka ue. Ocwinaiima, Oyl Ta-
KBIPBIT KapKBIHIBI SKCIIEPUMEHTAIIBIK JKOHE Teo-
PUSUIBIK 3epTTeysep MoHi Oonbin TalOeansl. ["amo
APONAPHIHBIH  apachlHaa, ''Be sAapockl epekie
MOHTe Hue, ce0eOi OHBIH KYpBUIBIMBIHBIH Kapa-
MadBIMIBIIBIFBI HAKTHI TEOPHSUTBIK 3EPTTEY JKacayra
MyMKiHOIK Oepeni. IIsHIBIFBIHAA, "Be SIIPO-
ChIHBIH Gaiinanbickan Kyitnepin ''Be smpo koHe
onci3 OaliaHBICKAaH HEWTPOH PETIHIE CUMNATTayFa
Oonanel. blasipayasl exiOesekTi OaitlaHBICKaH
KYHIEH SIIPOHBIH HBICAHAMEH COKTBIFBICY TPOIIECi
Ke3iHJe ©3repeTiH KyJIOHABIK epic ocepiHeH Ooia-
THIH Y3AIKCI3IIKKE aybICy pETiHAE KapacThIpyFa
Oomazpl [14].

JKyMbIcTa CBIPTKBI MarHuT epiciniy ''Be sapo-
CBIHBIH HETI3Ti KYHiHE ocepi 3epTTene[i, dHepre-
THKQJIBIK JCHTCUIICPIiH KIKTeTyl CaHIBIK >KOHE
AHAJMTUKANBIK TYpAE ecenTenei. AHaTUTUKAIBIK
omic peTiHme OipiHII peTTi aybITKy TEOPHUSCHI
TaganraH [15].

SAnpo panuycsl eH ipreii jkoHe MaHbI3AbI CUIAT-
TaManapelHeIH Oipi Ooneim TaObLIambl. HykimoH-
HYKIIOHJIBIK 9cepiiecy IKOHE SAPOJBIK MaTepusi
KacHEeTTepiH KaMTy apKbUIbI, OJ SAPOJIBIK PU3NKaaa
FaJlaMJIBIK POJT aTKapaabl, COHJBIKTAH CTAaHIAPTTHIK
niaManapJaH aybITKyIbIH 631 SIPOJBIK KYPBUIBIM-
HBIH KapIWHAIAB ©3repyiMeH OaiaHbICTHl OOyl
MyMKin [5]. Byn skymbicta Herisri kyitmeri ''Be
SIIPOCBIHBIH OpTAllla KBAJAPATTHIK PAIyChl CAH]IBIK
TYpJE eCemnTeIi.

1. IlpeauHrepaiH cTauMoHap
HIemyaiH CAaHIBIK aicTepi

Ecen Illpenunrepain cramuoHap TeHIAEYiH
(ILIT) mremnry apKpUTBI MIBIFA/IbL:

TeHAeyiH

HYnim = ENUnim - (D
ToNKBIHIBIK (QYHKIUSHBI MBIHA TYpIE pajnai-
OBl KOHE OYPBINITHK (GYHKOASAIAD — apKbUIBI
JKIKTECEK:
lelm(r) = RNl(r)Ylm(H; (P), ()
ISSN 1563-0315

MyHIarsl Yy, (0, @)- chepanbik GyHKIH.
9cepIiecy TaMIIIbTOHHAHHI [16]:

Ho(r) = =30 + Vs () &)

Conia TOIKBIHABIK GYHKIMSHBIH Ry (1)
paauanabl Oeiri yIniH Kejaeci TeHACY Il ajlaMbl3:

h? h2l(l + 1)

Tttt T + Ve () Ry (r) =

=E Ry (7), “4)

mym

MYHJaFbl U = — KeNTipiireH Macca, my, M
)koHe M= m, +m, — colikec HEHTpOHAAp, KAOBIKIIIA
KoHe ''Be AIpOCBIHBIH Maccachl.

LT mrermimin (4) mexapaiblk mapTTap KesiHue
kepi urepanus [17], akpiprbi-aiibipbiM [18] xoHe
oTki3y [17] caHABIK omicTepiH KoJgaHa OTBIPHII
TabaMBbI3.

Ry (r) = const,r = 0
{ Ryi(r) » 0,r - } )

Kepi urepamus omici menrimMre XETKUTIKTI Te3
JKUHAKTAIybIMEH cumaTtTanaabl. HoTwkeHiH gommi-
TiH YyiJecrneyniiik OOWBIHIIA TeKCepy KaKeT.
Ecentey  cwmi3dachibiy  gonairi  A;= |[E® —
E (i_1)| <107® Ten. Tennmeyne exiHmn perTri
TYBIHABIHBI [ 15] )KyMBICTa TOJBIFBIPAK CHITATTAIIFaH
AKBIPFBI-aBIPBIM  aNIPOKCUMAIUACHIH KOJIAAHBIII,
ecenTey ChI30achl YIIIH BIKIIaMayFa OOJajbl. T €
[0,7,,] mHTepBaNBIHAA T} OOMBIHIIA pagUajIIbl TOP
eHTi3ineni, piHFaiie! 0oy yurin R(r)=R;6enrineyin
eHri3fi. OTKi3y ofici KeMeriMeH OipiHII uTepanus
YIIiH TOJKBIHABIK (DYHKIUS aHBIKTANAbl, OIaH
KeliH Hopmanay Tekcepiieni. Ocburaiiiia, 3HEp-
TeTHKAIIBIK JICHrel aHbIKTajdanbl. Tepic 3HepreTu-
KaIbIK KYHIep HOpManaHFaH jkoHe ' Be Qu3uKaibik
OalimanpickaH Kyiiepai Hemece [laynm mnpuH-
[MUIIMEH THIABIM CaJbIHFaH KYWJIepi cumaTTanjbl
[16].

1.1  Hormxkenep: ''Be
CHeKTpi

(4) Tenpeyingeri Vs moteHIMAIBI "Be kaObIk-
achl JKOHE HEUTPOH apachIHAAFHI iIIKi ocepiiecyai
KepceTell KOHE OpPTANBIK MYIIE MEH CIHH-Op-
OHWTANABIK ocepiiecy MYIIECIHEH TYpasbl, ON1 Hei-
TPOH-KaOBIKIIIA CAJBICTBIPMAJIbI KO3FaJIBICHIHBIH L

IHEPreTUKAIBIK
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OYpBIIITHIK MOMEHTI oHe I HEWTpPOH CHHHIH
eckepeni [14,16]

Ver(r) = Vo(r) + LIV, (7). (6)
(6) TeHneyinaeri opTaablK MOTCHIUAL:
VO (T‘) = _Vl f(T', ROJ a)' (7)

myHarbl Bync-CakcoHasik Gopm dakrop:

f(r,Ry,a) = [1 + exp (r_RO)]_l. (8)

a

CrnimH-opOuTanapIk acepiuecy [14]:

V() = VLS% % f(r, Ry, ). )

[lorenuman mnapameTpnepiniH MoHuepi [16]
KYMBICTaFbIIal TaHJaJIFaH:

V120=59.5 M3B, V5, = 40.5 M3B,
Vs =32.8 MaB ¢m?, a=0.6 M, R=2.669 M,

myHaarel V; — Bync-CakcoH mOTEHITMATBIHBIH
TepeHairi, a — muddysaimk, Ro - IBe SIIPOCBHIHBIH
pamuycsl (Rg= 1.2 A ™). Vg cTannapTTsl MoHi p-
KaOBbIKIIa SAPOCHl  VIIH [S TIOTEHIMAJIBIHBIH
TePEeHJIIr YIIiH KoJaansiiamsl [1].

Hormxecinze ''Be HEUTPOHJBIK Tallo SApPO-
CBIHBIH DHEPreTUKAaJbIK AeHreinepi anpiHap: =0
YIIiH HerTisri Ky# sHepruscel Ey=— 0.5013 MaB, /=1
KoszfaH kyd ymiH E;= — 0.1844 MbB. Aunsiaran
HoTIKenep [16] KYMBICHBIHBIH MOIMETTepiMEH
COMKeC Kellemi.

2. "Be smeprusi JeHreisiepiHiH CHIPTKbI
MArHMT OpiciHiH dcepiHeH xkikTenyi (3eeMaHABIK
KIKTETY)

ChIpTKBI MarHuT OpiciHIiH ocepiHeH SApo-
JapablH MarHUT MOMEHTTepi Oenrinmi Oip amamMeH
KaJlpITacaabl J>KOHE SAPOJIBIK JHEPreTHKAabIK
JICHTeilyiep apachbIHIArbl aybICYJapabl OakKpLIay
MYMKIHZIr maiiga Oonamel, OCHl 9pTYpii OarbiT-
TapMeH OainaHbicKaH: Oenrimi Oip  KULTIKIEH
CoyJIeNieHy ocepiHeH 0O0JaThIH aybIcynap. S apoHbBIH
SHEPTeTHKANBIK JeHreinepin kBanrray 21 + 1
MOHZAEpIH KaOBUIMAWTBIH SAPOHBIH  OYPBIMITHIK
MOMEHTTEPIHIH KBaHTTHIK TaOUFATHIHBIH CalIapbl
Oomnbin TabbUIAABI. | CIMHAIK KBAaHTTHIK CaH (CIHH)
%2 eceyik Ke3-KeIreH MOHII KaObulmaid ayajbl.

OHeprusi JCHrelNIepiHiH MarHuT OpICIHAE KIK-
TeNyiH SOPOJIBIK 3€eMaHbIK JKIKTENy JIel aTayra
Oonampl, OWTKEHI OJI MarHWT OpICIHIETI JJeK-
TPOHJIBIK JICHICIIIEP/IiH KikTenyiHe ykcac (3eeman
addexkrici) [19].

Pamuanaer  lpenunrep TeHmeyin (4) AI/,;
CHIPTKBI ©PICTi KOCY apKBLIBI XKa3albIK:

h2 d? I+ 1)
V) + AV RO =
2m dr? + 2mr? V) + A | Ri(r)
= ER;(r), (10)
MyHIaFbl AV, KOCBIMIIIA — IIOTCHUMAN — HEHTPOH

CIMHIHIH CBIPTKBI MarHUT ©piciMeH ocepiiecyiH
CUNATTalIbl, COHABIKTaH, )KOFaphIIa al ThIIFaHIaM,
"Be meilirponmsik Tamo supockl "Be+n xyiteci
peTinae KapacTwIpbinagsl koHe AV =B-u,-S,
peTiHme aHBIKTananpl; B — MarHuTTiK epicTiH
KEepHEYJIIri, i, — HEUTPOHHBIH MAarHUT MOMEHTI,
ASn —CHUHHIH OCBKE MPOEKIUACh.. HeWTpoHHBIH
cnuHi s=1/2 0oJifaHABIKTaH, CIIMHHIH O€JriJIeHreH
0afpITKa MPOCKIMSCH €Ki MOHre ue Oomansl: +1/2
xoHe —1/2. IIT-ne Ry (1) TONKBIHABIK (YHKIHACHIH
CITMHIIK TOJKBIHIBIK (YHKITASFA aJIMACTEIPY KaKeT
R(r) = Ry(r) * Xm, MYHAaFBl Y,, €Ki KOMIIO-
HEHTTI CIUHOpP OOJNBIT TAaOBUIAABI, al CIHHIIK
oneparopiyiap — 2 X 2 ejmemaeri MatTpuuanap. Opic
z oci OolipIHIIA OaFbITTANFaH JKarnail ywiH: §, =

1 (1 O
iE(o —1)90]
ChouHIIK  TONKBIHABIK ~ (DYHKIUSHBI  CHTI3e

oteipbin, T exi TeHneyre KIKTENETIHIH Kepyre
Ooylanpl, OCBUTAWIIAa JIEHTeH BIFBICYJNApPBl MBIHA
TYPAE aHbIKTaJabl:

1
NG )
AE, 1 =< Rin|5B tnlRyy) >

)

AE,, 1 =< RO =B - wa|Rey) >

Hdon conaii epic X Hemece y ocTepi OOWbIHIIA
OarpITTalyBbl Ke3iHIE NEeHrei BIFBICYNapblH OHAl
ecenTeyre O601aIbL.

ApBI Kapail CIIUHOp €HTi3y apKbUIbl DHEPIHS
BIFBICYJIAPBIH €CeNTeY YIIiH KOMIBIOTEpPIiK Oar-
JIapjaMaHbl TYPJICHIIpeMi3, cojlali MaTpuIaiap
JKOHE BEKTOpJap caHbl €Ki eceneHeni. bypeiHaa
OCiHEIICHTeH CaHIbIK oJICTep KO TaHbIIa b

Anponsik acepiecyni OeliHeney yIniH Tmapa-
MeTpiepi Oipinmni OemiMmae kenripinren Bync-
CakcoH MNOTEHIMaNbl KOJIAHBUIABI JKOHE oJic-
TeMeHi Tekcepy yuiH [aycc ¢opmackiHAaFb!
MTOTSHITAT KOTaHbUIABI [21]:
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_(L)z 2
V(r) =Vye 1o/ =V,e 9", (12)

/=0 ymin motennman tepeHairi Bync-Cakcon
MOTCHIMANBIHAAFbINal TaHganael Vy =59.5 MbaB,

L =0.117 ¢pM~2. 1-cyperre

NOTEHIIHANl eHi g = z
HETi3ri KyH YIIIH paauangsl KOOpJUHATacChIHA
GaitmansicTel Bync-Cakcon xone [aycc moteH-
Haapbl KOPCETLITeH.

Heri3ri kxyit ymia HoTmxenep 1- kecreme Kep-
cerinred. CaHIBIK HOTWKENEP aHAJIUTUKAIBIK IIe-
IIIMICPMEH CaJBICTHIPBUIAbI, AHATUTUKAIBIK pe-
TiHAE ayBITKy TEOPHUSCHIHBIH OIipiHIN peTi TaH-
nannasl [15].

AVBITKYy TeOpHsCHI OOHMBIHINA DHEPTUS BIFHI-
CyJaphl:

AE1 = fooRO(r)AVl(r) Ry(r)dr.
2z Jo )

AE 1= ["Ry(AV_1(r) Ry(r)dr. (13)

Opic kepreymiri 0.1-men 2000 T'ayccka meiiin
©3repTiIIIi; HOTHKEINEp aHATMTUKANIBIK IIeNIiMIep-
MEH JKaKChl ColKecC KeJeTiHI KOPIHill TYp.

2-cyperte +1/2 (a cypet) xoHe -1/2 (b cyper)
CHHUH TIpoeKIuanaph! yirin ''Be s-KyHiHiH TOIKbIH-
IeIK  QyHKIWsUIapel  KepcerinreH. Byac-Cakcon
(WS) nmorennmans! yuiiH kapamen, ['aycc (G) mo-
TEHIMAIIBl YIIIiH KbI3BIMEH OenriieHreH. MarHut
epici e3repreH Ke3ie TOJNKBIHABIK (QyHKIHIAp
e3repMeiii.

r, fm

0 T T T T == T T 1
1 2 3 4 5 6 7

-0 . —ws
B Gaussian

V(r), Mev
b
o

1-cyper — ''Be Herisri kyii yurin paguanst
alfHpIMaJIbICHIHA OaiinaHbIcThl Bync-CakcoH xoHe
Taycc nmoTeHuManaapsiHbIH GopMach

1-kecre — ChHIPTKBI MarHut opici acepinen ''Be Herisri KyHaeri 3Heprust bIFBICYbI

Rm=8 AanT.Teop.(Bz) AEcaHA(BZ) AEcaH.(BZ) AanT.Teop.(Bz) AEcaH.(Bz) AEcaHA(BZ)
M=200 Taycc Bync-Cakcon laycc Bync-Cakcon
B (Gauss) ms=+1/2 CIIMH NPOCKIHSCHI ms= — 1/2 CITUH NPOEKIHUSICHI
0.1 0.0003 0.0003 0.0003 -0.0003 -0.0003 -0.0003
1 0.0030 0.0030 0.0030 -0.0030 -0.0030 -0.0030
10 0.0300 0.0301 0.0301 -0.0300 -0.0300 -0.0300
100 0.3008 0.3008 0.3008 -0.3008 -0.3008 -0.3008
200 0.6016 0.6016 0.6016 -0.6016 -0.6016 -0.6016
300 0.9024 0.9025 0.9025 -0.9024 -0.9025 -0.9025
400 1.2033 1.2033 1.2033 -1.2033 -1.2033 -1.2033
500 1.5041 1.5041 1.5041 -1.5041 -1.5041 -1.5041
1000 3.0082 3.0082 3.0082 -3.0082 -3.0082 -3.0082
2000 6.0165 6.0165 6.0165 -6.0165 -6.0165 -6.0165
" 8 —Ws . ——Ws
i —G < G
0,2 “( \ 04 | ,‘f" \ﬁ\‘
| PN
oo 02 | N
o o 's 015 ko o ’
02| | 7 fy fm g 3 )
y Vo r, fm
0,4 \ 4 ] \l f J
’:_/
e 04| V
-06]
a) b)

2-cyper — a) CIuH XOFapsl OarbITTanFan keaeri (+1/2) sxxone
b) cniuH TemMeH OarbITTanFaH Ke3zeri (-1/2) paguanasl TONKBIHIBIK (YHKIISL
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3. "Be raJio ssipoCHIHBIH Pagnychi

Snpo emmewmi ipremi KacueTTepiH 0ipi 0BT
TabbLIaJIbl JKOHE OHBIH KO3y MEH OalJIaHbIC
SHEPTUACBIMEH KaTap SAPOJBIK ITOTEHIIMAIBIH
IUarma3oHbl MEH TEpeHJITiH aHBIKTay VIIH
Kosiganbaael. [Ipotonnap MeH HelTpoHAap YIIiH

<r?>=

[p)r2df _ [p() pryrtdr

KEHICTIKTIK Tapajy opTypJi Ooia anaThIHABIKTAaH,
ocipece Oyl KYOBUIBIC Talo sapojapia epeKIie
OakplIaHaIbl, SAPO  eJmeMAepiH OelHeney i
Oipuemre omici Oomansl [22]. Melcanbl, SIPOHBIH
opramia KBaJpaTTHIK 3apsAATHIK Paguychl (rms)
MBIHA TYPJE aHBIKTAIa b1

""Be ramo smpochIHBIH HErisri Kyii ymiin 2s-
KYWiHIH TOJKBIHIBIK (DYHKIFSCHIHBIH KBaHTTHIK
caumapet N = 2,1 =0,m = 0:

1
Wyoo(r,6,9) = - R(r)Yoo,

1
Van
YIIiH HopManianFaH cdepanslk GyHkmus [15]. Onga
(14) TenneyiH TONKBIHABIK (QYHKIUSHBIH PaIAAIIbI
Oediri yIIIiH KaiTa jka3aMbI3:

MYHIaFbl Yy = N =2,1 =0,m = 0 ky#i

=2 _ [®,2p2

72 = [ r*R*(r)dr. (15)
Ocbutaiiiia SIIPOHBIH  OpTamia KBaJIpaTTHIK

3apsIITHIK (TMS) PaguyChIH aHBIKTayFa OOomabl:

Trms = Uooorsz(r)dr.

Hormxeciane ''Be smpockl ymiH opTama
KBaJpaTTHIK PaJMyC MOHIH almblK, < Top? > =
2.2268 ¢m Bync-CakcoH moTeHIHANB! YIIIH XKOHE
< Tep? = =2.1344 ¢m Taycc yiin.

(16)

2-kecre — ''Be sAmpOCHHBIH opTama KBaIpaTTHIK
3apSAATHIK (rmS) pagrycsl

YKymeicrap: <712 >, fm
Snponbik MomiMeTTep 6a3zacsl [22] (2.4630+0.0150)
Jlazepiik ciekTpock.[23] 2.466
Bync-Cakcon 2.227
I"aycc 2.134

[pmadi — [pa)P)dr

_ fooolpz(r) rtdr o o 4
= o - fo Ye(r) rdr. (14)
Z-KCCTGHC AJIbIHFaH HIOTHXKCIICPD SAPOJIBIK

MOTIMETTEDP KOHE AKCICPUMEHTAJIBIK JKYMBICTAp
[22,23] Ga3acel OOWBIHINA 9IEOMETTIK MOHACPMEH
CaATBICTBIPBUIAIBI.

KopbITbIHABI

CaHabIK 9icTi Ko1aHa OTHIPBII, OYII )KyMbICTa
TecTTik Oarmapmama pertige [14,16] xymbic-
TapbIHJAFBl CUSKTHI SIAPOJIBIK dCepiecyli CUIaTTay
yurin Byzc-CakcoH MOTeHIMANbIH KOsk, 'Be
SIIPOCHIHBIH  DHEPTCTHKANBIK JIEHTeiIepi Kailra
KaHFBIPTHULABL ''Be sapockl ''Be KaGbIKIIachHAH
JoHe Oip HEWTPOHHAH TYpaThIH HEHTPOHIBIK Irajio
perinzae KapacTeipbuiansl [14,16].

Conpnaii-ak ["aycc xone Bync-Cakcon ¢opma-
CHIHJIAFBI €Ki OPTYPJi MOTCHIHMAIAAPILI KOJITaHa
OTBIPBITl, MAarHUT OPICIHIH 9CcepiHeH JHEPTUs
JeHreinepiniy bIFbIcysl ecenTenai. CaHAbIK HOTH-
KeJlep aHATMTHKAJIBIK IIeIIiMAepre ColiKec Kelei,
AQHAJIMTUKANBIK PETiHAE AaybITKy TEeOPUSCHIHBIH
OipiHIII PETi TAHIAJIBIIT aTBIHIB.

Kymbicta opTYpiai SIIPONBIK TOTEHIHAIIAP
yuin ''"Be saapochIHBIH Herisri KyiiHiH opTama
KBaJIPATTHIK 3apsITHIK PAJNYChl CAHBIK €CEeNTeI,
OJ1 KBl HKCTIEPUMEHTTIK HOTHXKEIIEPMEH >KaKChI
yinecim Tabassl.

By KyMBIC KBaHT-MEXaHUKAIBIK JJICTE rajo
AOpONapAbIH KYHpPEyiH 3epTTeyre apHajfaH >Xy-
MBICTapIbIH OacTankpsl Ke3eHiI OOJBIT TaOBLIIaIbI.
Beiicranmonap LT mrenryaiH caHABIK OAiCiH KOJI-
JaHa OTBIPBII, CBHIPTKbI ©PICTiH Taj0 SAPOCHIHBIH
KyHpeyiHe ocepiH TOJNBIK 3epTTey KOCTIapiaHya.
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