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CoriacHO TEOpUM aTOMHBIX U sIepHBIX oOosouek [1-4], mepuoanueckue
3aKOHOMEPHOCTH B aTOMaX M AaTOMHBIX SApaX OOBSICHSIOTCS, MPUHIIUIIOM
[laynu, KOTOpBI TPUMEHSETCS OTICILHO B OTHOIICHUHM DJCKTPOHOB H
HYKJIOHOB, 3allOJHSIONINX SIEPHBIE U AJIEKTPOHHBIE 000JI0UYKH COOTBETCTBEHHO.
C nmpyroii cTOpOHBI, B MOJEINISIX KBAHTOBOW XPOMOJIMHAMHKH, KOTOPHIE IIHPOKO
UCTIONB3YIOTCS JIJIST MOJICITUPOBAHMSI aJpOHOB U aTOMHBIX siep [5-8], HykioHbI
IPEJCTABISIOTCS KaK COCTABHBIE YACTHIIbI, COCTOSIINE U3 KBAPKOB.

B pabGorax [9-11] cdopmynupoBaHa MOJCIb METPHKH aJIPOHOB,
yJIOBJICTBOPSIONIAS] OCHOBHBIM TPEOOBaHUSAM (DU3UKU SJIEMEHTAPHBIX YaCTHI] U
KOCMOJIOTHH, & TAK)KE PACCMOTPEHA JMHAMHKA KBAPKOB, B3aUMO/ICHCTBYIOIIUX C
nonem Sura-Mwuica. [lomydeHbl pe3yiabTaThl 1O MAarHUTHBIM MOMEHTaM
0apHOHOB, COTIIACYIOIINECS C SKCIIEPUMEHTOM C BBICOKOM TOUYHOCTHIO. B pabore

[8-9] «k

MOJCIUPOBAHUIO OSHCPIruM CBA3HM HYKJIOHOB B AaTOMHBIX sAApax. BBIBG,Z[CHO

[12] paccMoTpeHO TpPUMEHEHHE MOJACIH JUHAMHKH KBapKOB

YPaBHCHHUC DHCPIUU CBA3HM HYKIIOHOB B 3aBUCHMOCTH OT COICPZKAaHHA KBAPKOB.

[lokazaHo, 4YTO KBapku B sApax oOpa3ylT OO0O0JOYKH, aHAJIOTHYHBIC
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AJIEKTPOHHBIM oOOosioukaM. B HacTosimieir paboTe pas3BuTa 0O0BEIUHEHHAS
MOJISINTb 3JCKTPOHHBIX M SJICPHBIX 000J0YEK, B KOTOPOU 3JICKTPOHBI U KBapKH
NPEJCTABISAIOTCS KaK COCTAaBHBIE YACTHUIBI, COCTOSIIIUE M3 DIIEMEHTAPHBIX
gyacTul mpeoHoB. [loka3zaHO, 4TO B TaKOW MOJAETH HAOIOJACTCS CUMMETPHS
STICPHBIX M AJIEKTPOHHBIX 000JIOYEK.
OcHoOBHbIE YPABHEHHSI MO/1eJIH METPUKH a/IPOHOB

PaccMOTpUM IEHTpaTbHO-CUMMETPUYHYIO METPUKY BHa [ 7-13]

Y =h,w'w! =-dt? +e”dr? +dq® +s *(q)dj

d’s (1)

=-ks
dq

w' =dt,w? =&dr,w® =dq,w* =sdj

— i .
3xecs Ny =h" - merpuuecknii temsop mpocrpamcrtBa MHHKOBCKOTO

curnatypsl (- + + +), K =CONSt - rayccosa kpuBm3Ha KBagpaTHYHON (OPMBI

dg®+s?@)dj ?, dymxkums N =n(r,t) onpenensercs myreMm pemenus
ypaBHeHuit SIHra-Mwmiuica [13]. Bcromy, riae He OroBOpPeHO, HCIONB3YETCS
CHCT€Ma EIWHHMI[, B KOTOPOM KOHCTAHTBI CKOPOCTH CBeTa W IlmaHka paBHBI
¢ IMHHUIIE.

Cpenu Bcex peleHuiil ypaBHeHuit SIlHra-Muinica, B ciiydae Metpuku (1), ecTh
TaKoe, KOTOPOE BBIpAKaeTCs yepe3 AILIMITHYECKYI0 (yHKIHI0 Beiiepiirpacca

[13]. B aTOM ciiyuae ypaBHEHUS MOJACIH MPUBOAATCS K BUay [9-12]:

AE A KD =AL t=tera,

A=312A(t 1¥12;9,,9,), (2)
1 k 1 k
b11:'b22 :§A' E1b33:b44 ZEA' §1b12 :b2120.

3necs o6osHaueHo: 92,93- wmBapmantel ¢ynkimu Beitepmrpacca, mpudem

— 12 . . y
g, =k “}/12; ty, — cBobonHEIi mapamerp, CBA3AHHEIA C BHIGOPOM HAYaN
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. - ij —
KOOpJIMHAT; b|j +b i 2(h b|j h i =T TEH30p DHEPrUU-UMITYJIbCA MaTEPHUH.
OTmeTuM, 4TO B ATUX 0003HAYCHUSIX YPaBHEHUS DUHINTEIHA UMEIOT BU/T

b; +b; +bh; =R, 3)

b=h" b;; R; - Tensop Puuun.
B Metprke (2) MOJKHO ONpeNeNuTh Je(eKT pelleTKH THIA My3bIps. B obmactu
my3sIpsi  cumtaeM, uto A =Kk %, a Bo BHemHeil 00IaCTH pelieHne 3aJaaiuM B
Buje (2), umeem

A’ =k? & =0, |t|<t,

A=312A(t /1312,9,,0,). € = A, [t|>t, “

Ha rpanumax myssIps HelpepbiBHa QyHKIMA A U ee epBas IpoU3BOIHAs,
k:\/ﬁ'&(toli/ﬁ’gl’gz)’p\:O1M:to 5)
B uyacTHOM cnydae pemeTkd ¢ HWHBapUaHTaMHM 3aJaHHBIMA B BHJIEC
g, = «/E y O3 = 1, waxomum MEPBBI HOJIb M COOTBETCTBYIOIIECE 3HAYECHUE
napamMeTpa METPUKH t,=3.0449983,k =2.1038034 | Ormerum, uro

METpPUKa BO BHYTPEHHEH OOJacCTH IIy3bIps SBISETCS TPEXMEPHOH, MOCKOIBKY
HE COICPIKUT PATUATLHON KOOPAUHATHI. JIeHCTBUTEIBHO, HCIIONIB3YS YPABHCHUS
(1) u (4), HaxomuM

Y =-dt® +dg” +cos®(Vkq +qo)dj ? (6)
AHaNOTMYHO CTPOMTCS PEUICHUE JJIsl APYTHX KOpHEH BTOporo ypaBHeHwus (5).
Bce 9T perieHus OTIMYalTCs TOJIBKO pa3MEpOM ITy3bIpsi, TOTAA KaK 3HAYCHUE
napamerpa K e mMensercs.
Besikuii  Ty3bIph  MOXKHO —BBIBEPHYTh HaW3HaHKy, ITPOCTO W3MCHUB Ha
NPOTHBOIOJIOXKHBIE HepaBeHCTBA (4). B 3ToM ciiydae MOXXHO ONpEACTHUTH
METPUKY BO BHEIIHEW OO0JIACTH ITy3bIpsi, HUCIONB3YS pEIICHHE IePBOro
ypaBHeHHsT (2), Tak, 4TOOBI METPHKAa BHEIIHETO MPOCTPAHCTBA COBIANA C

MeTpukoi Hamreir Bcemennoit [9]. Hakower, TpeTuil THI YacTHII MOYHO
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COCTaBUTh KaK KOMOMHAIMIO JABYX MEPBbIX, B PE3yJbTaTe BO3HUKAET ITy3bIPb,
OTpaHUYEHHBIA 000JOYKON KOHEYHOW TOJIIHHBI.

[Ipeobpazyem meTpuky (6) k cTaHgapTHOMY BHIY. J{Jsl 3TOTO YMHOKUM
obe uactu BeIpaxkeHHs (6) Ha mocTosHHOE uMcia0 - K M BBemeM HOBBHIE

NEPEMCHHBIC, OTINYAIONUECA OT CTapbIX IICPCMCHHBIX Ha MMOCTOSIHHBIN
MHOXHTETb /K , B pe3yibraTe HaXOIuM
— 2 2 iin 2 2
Y® Y,=dt°-dg“- sn“qdj (7)
Mertpuka (7) ucnoab3oBaiach sl MOACTMPOBAHUS CTPYKTYPbl OAPHOHOB, B TOM

yuciie npotona u Herdtpona [9-10], a Takke atomubIX siaep [11-12].

JIMHaMHKa KBapKOB
JInst onvcaHus JWHAMUKA KBapKOB BO BHYTPEHHEH 00JIaCTH MY3BIPS C
METpUKOH Buja (7) pacCMOTPUM CHUCTEMY YpaBHEHHUH J[Mpaka BO BHEIIHEM T10JIC
Sura-Muica. OtmeruM, 4yTo coryiacHo (2) B meTpuke (7) TEH30p SHEPTHH
UMITYJIbCa SIBJISICTCS MOCTOSTHHBIM. ClieoBaTeNbHO, OyIeM Mpearnoiarath, 4To
nosie Slura-Mwuiica Bo BHyTpeHHEH 0OJaCTH IMy3bIpsi CBOJMUTCS K HEKOTOPOM
COBOKYITHOCTH KOHCTaHT. B HacTosIIel MoJIen HCITOIh30BaHbl TPU KOHCTAHTHI,
a caMo IOJIE OMUCHIBACTCS CKAJSIPHBIM U BEKTOPHBIM ITOTCHIIUAIOM
B, =(" A
Kpome Ttoro, Oyaem y4HTHIBaTH SJIEKTPOMArHUTHOE II0JIe, KOTOPOE
TCHEePUPYIOT KBapku. Mcmonme3dys pesynbratel pabotel [14], mpeoOpaszyem
ypaBHeHHe Jlupaka K KpUBOJIMHEHHBIM KoopauHatam (7). Mmeem cucremy

YpaBHEHUU
i9"(N L+ i, AV 2 = My 4 (8)

m b
3neck 0603HaueH0 9 Oans AnY arMuy - MaTpumer Jupakxa, mapameTpsl

B3aMMOJICUCTBHS, BEKTOPHBIN MOTEHIMAJ, BOJIHOBas QPyHKIus U 3(pPeKTuBHAS

http://gj .kubagro.ru/2013/03/pdf/61.pdf



http://ej.kubagro.ru/2013/03/pdf/61.pdf

Hayunsiit s)xypran Kyol'AY, Ne87(03), 2013 rona 5

Macca IIOJsI KBapKa a BXOAMIICTO B COCTAaB YaCTHUIbI b coorBercTBEHHO.

Marpuibl JJupaka B metpuke (7) UMEIOT BHT

8@ 0 0 0% 20 0 0 - ie! 0
o.¢c001 0 0+ , ¢ O 0 e 0 =
g = . g = ; +
0 0 -1 0° S0 el 0 0 -

éo 0 0 -1 é el 0 0 0

88 0 0 -sing e cosq9

g _¢ O “O e’ cosq  sing :

¢ sing - € cosq 0 o =

é- e’ cosq - sing 0 0 5

B »stux o6o3HaueHusx omeparop Jupaka B wmeTpuke (7) MOXHO

MPEACTaBUTh B (hopme

. j
gmNm:goﬂt+gqﬂq + g 1TJ’
snq

[TockonbKy KBapKu 00JaAar0T ANEKTPUUECKUM 3apsI0OM, OHU TEHEPUPYIOT
JIEKTPOMAarHUTHOE II0JIE, MOCPEACTBOM KOTOPOTO B3aUMOJEUCTBYIOT APYT C
apyroMm. Jljig omnucaHust 3TOTO B3aWMOJCHCTBUSA HCHOJB3YEM YpaBHEHUS

KBaHTOBOH 3JICKTPOJAUHAMHUKH B (hopme

ad.y 9" . = (T7 - N)AT ©)
3nece @ =€°/hC - mocrosHHAs TOHKOH CTPYKTYpHl, Y & =Y ng,y . -
comnpsukeHHbIi (Mo DpMuty) BekTop. TakuM 00pa3oM, mpearnogaracM, 4To TOKH
U 3apsapl KBAPKOB CYMMHPYIOTCS, CO3/1aBas KOJUICKTHMBHOE I0JIe, C KOTOPBIM
KBapKH B3aUMOJICHCTBYIOT B COOTBETCTBHH C YpaBHeHUsAMHU (8).
Cucrema ypasuenuii (8)-(9) ucmosp3oBanach IS MOICIMPOBAHHUS IHHAMUKH
KBapkoB B ciaydae OapuoHoB [10]. B mpocreiimem ciydae, B KOTOPOM
YUYUTBIBAETCS TOJBKO OJHO AJICKTPOMArHUTHOE TOJie, MOJACIb COAEPKHUT 15

HEJIMHEWHBIX YPAaBHEHUW B YACTHBIX NPOU3BOAHBIX. J[JI1 MOHMXKEHUS IOpsIKa

CHCTEMBI IpeacTaBuM penieHue ypaBHeHui (8)-(9) B popme

http://gj .kubagro.ru/2013/03/pdf/61.pdf
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e f.()

Qf i

y :e-iwt+iLj Q Z(q)e _
: ¢ ify@)

gif4(q )e’ ;?jd

3nece L.W - mpoekumst yrioBoro MOMEHTa Ha BBIIENCHHYIO OCh H

1-O:

(10)

DHEPTUsI CUCTEMBI COOTBETCTBeHHO. CucTema ypaBHeHUWH [lupaka mns cirydas
npezacrapiaeHus pemeHus B Gopme (10), mpuBoUTCS K BUIY,
fi(=(L+a,A,sinq)(f cotq + f,) + f, +
(My, +W - g,F ,)(f38NnQ - 1, cosq)
fg=(L+0q,A sinq)(f, - f,cotq)- f,cotq -
(mab tW- qabF b)(fB cosq + 1=4 Sincl)
fg=(m,, - w+q,F,)(f,sing - f,cosq) +
(L+0,A snq)(fycotq + f,) + f,
f@=-(my - w+q,F,)(f,cosq + f,sinqg) +
(L+0,A snq)(f; - f, cotq) - T, cotq

(11)

3necs npeamonaraercs, uto A = At Ay Fy =FtF .

OTMETHM, YTO Macca U 3aps ABISIOTCS WHIWBUIYAIbHBIMHU IS KasKIOTO
KBapKa, 4 MOMEHT W DHEpPIUsl BCEH CHCTEMBbI BBLIOMPAIOTCS M3 YCIOBUS
00pa30BaHKs CTOSYMX BOJIH BJOJb MEPHUAMOHAILHON KOODIAMHATHI. Bhrumciss
TOK B JIeBOM yacT ypaBHeHus (9) u oneparop Habya B IPaBOM 4acTH, HAXOIUM
YPAaBHEHMS, OIMCHIBAIOLINE >JIEKTPOIMHAMUUYECKYIO YaCTh TOTEHIMATIA

_ 3 & .,0 _
ad.y .9 . —aqabga f, ;a =-F¢- F¢cotq, (12)
i=1

8.y .0'Y . = 2a0,(ff, - T, fs)a =- A$- Agcotq + sinA;q :

y.gY.=0
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3/ech MO MHACKCY a OCYIIECTBIISIETCS CyMMHUPOBAHHE MO BCEX KBapKaM,
BXOJISIIUM B cUCTeMy. Takum oOpa3zoM, B ciiydae OapHOHOB 3a7ava CBOAUTCS K
perieHuto cucteMbl u3 14 0ObIKHOBEHHBIX NU(hEepeHITUATBHBIX YPABHEHHM.

Kak wu3BecTHO, 3JEKTPOMArHUTHBIC CBOWCTBA JJIEMEHTAPHBIX YaCTHI]
XapaKTEPHUIYIOTCS IICKTPUICCKAM 3apsi;IOM U MAaTHUTHBIM MOMEHTOM. [ToaTomy
napameTpsl moJist Slura-Musuica, urypupyromue B ypaBHeHusx (11), mA0/KHBI
OBITH CBSI3aHBI C BEIMYMHOM 3apsaaa U MarHUTHOTO MOMEHTa CHCTEMbI KBapKOB,

KOTOPBIC OIMPCACIIAOTCA CIICAYIOIIUM 06pa30M

Pi2 & ,,0

Q = fVay .9V . =4p (dasinga,ca f°+ (13)
0 ei=1 a
p/2

1. . N : i
m, =2 QAVIr i1, =2pm, g sin®aday .9y . =
0
p/2

4pm, Fasin®qq a,(f.f, - f,1,),
0 a

B kadectBe eauHuIIBI HU3MEpPEHUA Macchl Bo3bMeM 1 MbB, Ttorma
napameTpsl noJig SHra-Muiuica, BEKTOPHBIM MOTEHUMAI U 3HEPIUS CHUCTEMBI

OyIyT BeIpakaThCs B eauHuIlaXx MaB. Enunuiieit MarHuTHOro MOMEHTa B 3TOM

cinydae sBisercs Mg =1.0219978mg; e Ny -  MarmerTon bopa.

CoMHOXKHTEIIEM 3ACCh BBICTYIIACT YABOCHHAA MACCa 3JICKTPOHA, BBIPAKCHHAA B

IMPUHATBIX CAMHHUI[aX MACCHI.

MopaeJib HYKJIOHOB

Biusinue  BEKTOpHOrO  MOTEHIMAla Ha  [apaMeTpbl  OapHOHOB
uccienoBanoch B padote [10]. Beuto ycTaHoBjI€HO, YTO MacmTad U3MEHCHHS
napaMeTpoB BeKTOpHOro mosst SHra-Mwusmica He mnpeBbimaer 1 M»3B.
CreroBaTesbHO, MOKHO MCKIIFOUMTH 3TO IOJIE U3 PACCMOTPEHHS], 3aMEHUB €0
CKaJIIPHBIM MOTCHIIMAIOM, BIMSIOMUM Ha 3 dekTuBHYIO Maccy kBapkoB [11-

12, 15]. Pemenune cuctembl ypaBHenuidd (11)-(12) ¢ HyneBbIM BEKTOPHBIM

http://gj .kubagro.ru/2013/03/pdf/61.pdf
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noTeHuuasioM SHra-Musuica MOXHO TOJYYUTh B BHUJIE pAlla MO CTEHEHSAM
napamerpa @ . Jliug CHCTEMBI KBAapKOB OCHOBHOE COCTOSHHME C HYJIEBBIM

MOMEHTOM TmpeacTaBisieTcss B crTaHgaptHoM Buae (10) ¢ mocTOSHHBIMU
dyuxmsvu i ;
L=0,f, =1, f,=0f,=1,=0, (14)
B cinyuae (14) cucrema ypaBHenuii (11) ¢ HyJlIeBBIM BEKTOPHBIM
MOTEHIMAIOM IPUBOJNUTCS K BUIY:
204 (Mg - W) oy =0, W, =-my, (15)
Bbruucisisi KOMIOHEHTBI 4-BEKTOpa TOKA, M HCIOJB3YS MEPBOE YCIOBHUE

HOpMEpOBKH (13), HaxoauM

2
ab?

j°= fai + gjb =@+ mjb)f

j' =2f,0,8nq =-2m, f2sing,

0 _ ’ _ 1
P e = )

HCHOJ’II)SYCM IMOJIYYCHHBIC PC3YyJIbTAThI AJII BBIYMCIICHUA MAIHUTHBIX MOMCHTOB

(16)

HEHUTpOHA U mpoToHa. OOmKe CBOWMCTBA MCCIENYEMBIX HYKJIOHOB M KBAapKOB
npejcTaBieHbl B Ta0numax 1-2. Eciu npeanonoXuTh, 4YTO B COCTaBe MPOTOHA
kBapku Tuna Y HMMEIOT MPOTHBOIOJIOKHO HAIPABICHHBIC CIHHBI, @ B COCTAaBE
HelTpoHa kBapku O MMEIOT MPOTHBOMONOKHO HAMpABIEHHbIE CHMHBI, TOTIA
MarHMTHBI MOMEHT IIPOTOHA 3aBMCUT OT >(dektuBHOM Maccel J kBapka, a
MarHUTHBIH MOMEHT HEHTpOHa 3aBHCUT OT 3(dekTuBHONU Macch U kBapka. B

9THUX IMPCAITOJOKCHUAX HAXOANM

2m,, 0.,

/ = _
T e me)

,b=n,p;a=u,d. (17)

B cinyuae nporona mmeem M, /M, =1.5544916° 10° cootBeTCTBEHHO

ypaBHeH#ue (17) umeer aBa KOPHS

m,, = 0.00699556 MeV ; 142.948MeV (18)

http://gj .kubagro.ru/2013/03/pdf/61.pdf
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Jlst Heitrpona M, /My, = - 1.06479466 ° 10°° 4 s¢dextuBHas macca U kBapka
MMEET J[Ba 3HAYCHUS:

m,, = 0.0023958 MeV ; 417.397MeV | (19)

CrneoBaTesIbHO, B KQKIOM CIydae HMeeM JiBa KOpHs ypaBHeHus (17). Onun u3
HUX COOTBETCTBYET OYCHBH MajOi SHEPTHMH KBApKOB IMOPSJIKa HECKOIBKUX KIB.
Bropoii kopens (18) 6am30k K Macce 3apsbkeHHOro mu-me3oHa - 139.57018

M5B, a BTopoii kopeHsb (19) 61130k K BeJTMUUHE MAaCChl TPEX MH-ME30HOB.

Ta6mmma 1. CBolicTBa 6aprOHOB

Svmbol | Spin [Chargs hlzzs Barvontumber Hyperchares Izoepin QuarkComtant
P : 1 |83827203 1 1 t [Dyovwnuark, Up(uark, UpQuark]]
r -1 |93B27103 -1 -1 [Down{uankBar, Up{uarkBar, Up{uariBar]}
1 o 23056538 1 1 t [DownCuerk, DownQuerk, UpQuark]]
T 0 |93058536 -1 -3 B1608545 -1 = [DownCuanBar, Down(uarkBar, UpQuarkBar]]

Ta6mmma 2. CBolicTBa KBapKOB

Symbol |3pin |Charge | Mass |BaryonMNumber |Bottomness |Charm |Hypercharge |Isospin | Strangeness | Topness
u |2 22 : 0 0 : : 0 0
T 1 — 22 —_§ 0 0 . L 1 0 0
d ! —1 5.0 1 0 0 1 : 0 0
a || 5.0 -1 0 0 -1 : 0 0

MopaeupoBaHue SJHEPIrUU CBA3U HYKJIOHOB B ATOMHBIX SiAPax

Kak u3BeCTHO, HYKJIOHBI OOBEIUHSIOTCS B aTOMHBIE sJIpa IO BIUSHUEM
anepHeix cwi. OJHAKO camMy SAJEPHBIE CWIBI JIOJTO€ BPEMSI OCTABAIHUCH
3araJikoi, He CMOTPSl HA MHOTOUYHCIICHHBIE ()eHOMEHOJIOTrHUecKrue Moenu [3-4].
3aMETHBI TPOTrpecc B MOJECIMPOBAHUMN SJIEPHBIX CHJI CBSI3aH C PAa3BUTHEM

KBaHTOBOM XPOMOJNHAMHUKHU N YHCJIICHHBIX MOI[eJIeﬁ HYKJIOHOB H JICTKHX AJCP

[5-8, 16].

http://gj .kubagro.ru/2013/03/pdf/61.pdf
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B pa6orax [11-12] pa3BuTa MOjCHIb, KOTOpas IO3BOJSCT OOBSICHUTH
OPUPOAY SACPHBIX CHI JUHAMUKON kBapkoB B merpuke (7). Ilpemmomaraercs,
YTO SAApa COCTOAT U3 000JI0YEK ¢ MeTpHKOoW Thna (7) ¥ TIIF0DOHHOTO KOHJCHCATa,
JUIA  OMHCaHHWsI KOTOPOro HcCmonb3yiotcss mozaenu [17-20]. B pabGore [12]
IOJYYEHO ypaBHCHHME DHEPIrUH CBSA3M HYKJIOHOB B aTOMHBIX SApax IIyTeM

Pa3JI0KCHUA 110 CTCIICHAM IINIOTHOCTH KBAPKOB B BUJIC

2

— 2.2 2
E,/(N+Z)=mn, +mng-Vn, -Vn, +Q,n,r,~ +Q,n,r,

2 3 6 (20)
+Qun,Nyr,” + Q. (N,Ny )" + Q. (NyNy)

3necs N, =Z/(Z+N), ng =N/(Z+N) _ pnorrocts IIPOTOHOB M

meiftporos; N, =(2Z+N)/(Z +N),n, =(Z+2N)/(Z+N)- mnoraocts

JBYX BHUJOB KBapKOB; Q - mapamerpsl B3aMMOIEHCTBHS KBapKOB,
YUUTHIBAIOMINX BKJIAJ KJIACTEPOB JEHTPOHA U aib(a-4acTULl B SHEPIUIO CBA3M,

m,Z, MmN _ cymmapHas mMacca MpOTOHOB M HEHTPOHOB, BXOMSIINX B COCTAB

a7apa, Vi Vg — xumuueckuii otenman U u d KBapKOB COOTBETCTBEHHO; Iq —

cpeaHui paanyc KBapKoBO 000J0UKH.

HHH 3aMbIKaHUA MOJCIHN ITOJIOXHUM

4
V:Eprq3:Z+N,VUZW,Vd :\/m§+V§nd2’3 (21)

[TepBoe ypaBHenue (21) omuchIBaeT 3aBUCHMOCTh 00BEMa U CPEIHETO

panuyca KBapKOBO# (SIEpHOI) 000IOYKH OT YUCIIa HYKJIOHOB, BTOPOE M TPEThE
ypaBHeHHs (21) ONMMCHIBAIOT 3aBHCHMMOCTh XMMHUYECKOIO IMOTCHIHAda (epMH-
ra3a peasSTHBHCTCKUX YaCTHIl OT MX IUIOTHOCTH [21]. durypupyromuii B 3THX
YpaBHEHUSX MACIITAOHBIMA MHOXHUTENb 3aaIUM KaK CPEIHIO BEIUYHUHY

MaKCUMallbHOU 3Hepruu u3 Beipakeruii (18) u (19), cinemoBarenbHO

V, = (142.948 + 417.397) / 2 = 280.173MeV (22)

Mozens (20)-(22) nonydeHa B CIEAYIOMUX MPEATOI0KCHHUIX:
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1) KaxIpli HYKJIOH B SJIPE TUCCOIMHPYET Ha OTHACIbHBIC KBapKH,
KOTOpbIE 00pa3yroT KBApKOBbIE OOOJOYKH. OTH OOOJIOYKHU 3arOJIHSIOTCS
NOCJIEI0BATEIBHO, MOAOOHO TOMY, KaK 3allOJIHAIOTCS 3JIEKTPOHHbIE 0OOJIOYKHU.
[TockonbKy k€ HYKJIOHBI COCTOSIT M3 JIByX THIIOB KBapKOB, TO CYIIECTBYIOT
000JIOYKH JIBYX THUIIOB, KOTOPBIE 3aIOIHA0OTCSA U 1 d KBapkaM#u COOTBETCTBEHHO.
B sToM ciywae sHeprus CBA3M, NMPUXOASIIAACA HAa OJUH HYKJIOH, 3aBUCUT OT
KOHIICHTPAIIMU KBaPKOB B 000JI0UKAX U OT YHEPTHH B3aUMOJICHCTBHS KBAPKOB,

2) KBapKM KaXIoro THma o0pasyioT ¢epMu-Tas, o00Jaaaronuii
XUMUYECKUM TOTEHIIMAJIOM KaK Yy PEISTUBUCTCKUX dYacTuil. OTMETHM, UTO
OOBIYHO 3TO TIPEHAINOJIOKEHHE OTHOCHUTCS K CaMHM HYKIOHAM, IO3TOMY
CTaHzapTHasi (opMyJsia SHEPIHMHM CBSI3U COJEP)KUT CJaraeMoe, OMHCHIBAIOIIEE
KAHETHYECKYIO SHEPTHIO HYKJIOHOB [4, 22-24];

3) mpu nOucconuManMM Macca HYKIIOHA PacXOoJyeTcss Ha BO30YXKIEHHUE
KUHETUYECKOW SHEPTUU KBapKOB M HA CO3JaHHE CBSI3CH MEXy KBapKaMH;

4) BO BHYTpEHHEH 00JacTh Iy3bIpsi KBAPKH OOBCTUHSIOTCS B KJIACTEPHI
MIPOTOHOB, HEUTPOHOB, sijIep ACHTPOHA U alb(a-dacTHil.

OtMeTnM, 4YTO BhIpaXKeHHE (23) MO3BOJISET MOJCIUPOBATH C BBICOKOM
TOYHOCTBIO DHEPTHIO CBSI3M HYKJIOHOB B S/Ipax M30TOMOB Pa3IMUHBIX AJIEMEHTOB
[12]. Knactepbl simep JCTKHX 3JEMEHTOB, KpPOME BOJIOpPOJda W TejHs, HE
yuuTbiBatoTcsi B Mojenu (20), HO, OUYEBUIHO, YTO MX y4YET CBOJUTCS TOJIBKO K

MMECPCONpCaACICHUIO ITIapaMCTPOB MOACIIN.

Homnaras B ypasrerun (23) Qu = Qy =0 npuxomum x Momenu ¢ Tpems
napaMeTrpamMu — puc. 1, B KOTOPOW BBIIEICH BKJIAJ[ MTAPHOTO B3aHMMOJICHCTBUS

KJIACTEPOB NPOTOHOB M  HEWUTPOHOB. CpenHee 3HayeHUE MapaMeTpa

B3aUMOJICUCTBUSL KJIACTEPOB HYKJIOHOB COCTAaBIISIET <an> = 2.4321MeV | 410

Oomm3ko K macce U kBapka. CpenHee 3HA4YCHHE TapameTpa B3auMOJICHCTBUS

KBapKOB COCTABIISET IIPH STOM BCETO <Qud > =0.1847MeV
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Puc. 1. 3aBucuMOCTb apaMeTPOB B3aUMOJEHCTBUS KBAPKOB U KJIaCTEPOB
HYKJIOHOB B SIAPAaX H30TOINOB PA3JIUYHBIX XMMHUYECKUX JJIEMEHTOB OT 4YHUCIA

MIPOTOHOB.

CTpyKTypa KBapKOBBIX 000/104€K

[IpaBuno 3amofHEHUsT KBApKOBBIX OOOJIOYEK C Y4YE€TOM OO0pa3oBaHUs
KJIACTEPOB MOJKET OBbITh BBIBEJICHO M3 IMPEICTaBICHHON BBIIIE JUHAMHYECKON
mojienu [12]. VuuThiBas, 4TO SHEPTrHs CBSA3M KBApKOB OTHOCUTEIHHO Maja, a
SHEpPrusl CBSI3U KIACTEPOB HYKJIOHOB NPUOIM3UTENIHO paBHA Macce KBapKa,
MOKHO TMPEANOJIOKHUTh, YTO Hambojee BEpOSITHOM KOMOMHAIMeW sBIseTCs
coueTaHue Tpex KBapkoB. [Ipu 3ToM 00pa3yroTcst KIIacTephl, MOX0XKHUE TI0O CBOUM
cBOMCTBaM Ha HyKIOHbI. CorimacHo mepBoMy ypaBHeHHIO (16) MIOTHOCTH
KBAapKOB BO BHYTpEHHEH 00MacTH My3bIpsS  SIBISIETCS  TOCTOSHHOM.
CrenoBaTeNbHO, COCTOSTHUE TaKOM CHCTEMBI OIIPEIEISIeTCS TOJIBKO YHEPTHEH.

ChopmynupyeM MpaBUIO 3alOJHEHUS OO0OJOYEK: €CIM JBE YaCTHIIBI

061anaoT dHeprueil  Ei Kaplif, To BEPOSTHOCTH TOTO, YTO TPETh YACTHIIA

http://gj .kubagro.ru/2013/03/pdf/61.pdf
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obnanaromas sHeprueil Ei.i00pasyeT ¢ HMMH KIacTep, MpPONOpPIUOHATbHA

pemmunne - B, E.° (3HaK MuHyc OGYCIOBIEH TeM, 4TO DHEPIHS CBS3H
SIBIISICTCS OTPUIIATENIHON, TOT/Ia KaK BEPOSTHOCThH SIBISICTCS TOJOKHUTEIBHOM
BeJIMYMHON). [10CKOJIbKY CTATHCTHKA KBApKOB OMPEACISICTCs pachpeciieHHeM
depmu, TO B pe3ysbTaTe IPUXOANM K MOJIENH, HCCICIOBAHHOM B paboTax [25-
27]:

KT

Ei+1Ei = e)(p[( Ei ) Vq)/T) 1 (23)

3nece Vo T K - sheprus, xummueckumii moTeHIHMAn, TeMmmepaTypa
CUCTEMBl U IapaMeTp MOJENIM COOTBETCTBEHHO. Bce pasMepHble BETUYMHBI B
Mojienu (24) umerot pa3mepHocTh MaB.

Ha puc. 2 npencrasiena oudypkannonnas guarpamma mojaenu (23), mo
KOTOpOW OMpeAeNseTcss MPaBUJIO 3allOJIHEHUS KBAapKOBBIX 000J0uYek. MEl
nopeanoyiaraéM, 4YTo BCS JuarpaMma B I€JIOM  OINMKCHIBAeT sIEpHbIE U
JJIEKTPOHHBIE  000JI0ukH. JleMCTBUTENbHO, KakK CcleAyeT W3 JIaHHBIX,
NPUBEICHHBIX Ha pHC. 2, CYIIECTBYeT JBa TuMa 0O0O0JI0YEeK, KOTOpHIE
COOTBETCTBYIOT MaJIOW W 0OJIBIION BenMunHe mapamerpa K | a Taxxke nBa THma
00071049€eK ¢ Majoi U OOJIBIION BETMYMHOM OTHOUIEHUS SHEPTUH K TEMIIEpAType
IIPH 3aJIaHHOM BennunHe napamerpa K .

Jlanee 3ameTuM, 4YTO B clydyae aAua0aTUYECKOro pacHIMpeHUs
PEIIATUBUCTCKOTO Ta3a ()epMUOHOB BBIITOJIHACTCS COOTHOIIeHUE [21]:

VT ® = const (24)

Orcrona Haxomum, uro | = Tofo/Tq, rme mapamerpsr To:To
XapaKTepHU3yIOT COCTOSIHHE sapa. ClieIoBaTelIbHO, YPOBHH  SHEPTUH

onpeaensaoTes B Mojaenu (23) B cienyroliei yHUBepcaabHOU hopme

http://gj .kubagro.ru/2013/03/pdf/61.pdf



http://ej.kubagro.ru/2013/03/pdf/61.pdf

Hayunsiit s)xypran Kyol'AY, Ne87(03), 2013 rona 14

2 K
exp( - x, +b)+1’

— XiTolo (25)

fq

b=- 4
T

Logl-E/T]

Wor

\

LR

0
A4 N\

10+

Puc. 2. budypkanmonnas auarpamma mozaenu (23) HWUTIOCTPUPYIOIIAS
IPABUIIO 3alOJHEHUs 000JI0YEK B aTroMax W B sapax (0OOJOYKH BbIIEICHBI

CHHEW U KpacHOW pPaMKOHW COOTBETCTBEHHO).

AnnabaTHyecKhe TPOLECCHl CBS3BIBAIOT DJIEKTPOHHBIE M SIIEPHBIC
000JI0YKH IIyTeM OOMEHa dYacTHI[AMH B peaknusx Oera-pacmamga. MOXHO
NPENOI0KNUTh, YTO TpOIlecC OOMEHAa YacTHIAMH B YKa3aHHBIX pEaKIUsIX
OCYIICCTBIISICTCS 32 CUST W3MCHEHHsI MaciiTaba 000J0YeK MPHU BBIMOJIHCHUN
ycnoBus (24). Torma w3 (25) HaxoauM, YTO MAacIITad IUIOTHOCTH SHEPTUH
U3MEHSCTCS KaK OTHOIICHHM Paauyca SJCKTPOHHON OpOMTHI K pajnycy sjpa,

uto cocrapuger nopsaka 10° IlapameTp Momenmu HpH 3TOM H3MEHSETCS B

http://gj .kubagro.ru/2013/03/pdf/61.pdf
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npepenax 4.59£ K £1000 | CnenosarensHo, B ciydae aauabaTHUECKHX

MIPOIIECCOB UMEEM OIICHKY
K =Ky(r/r)" . (26)

3neck mapametpsl K, K xapakrepusyior cocrosinue atoma.
Takum oOpa3zoM, Teopus KBApKOBBIX O0O0JIOUEK ITO3BOJISIET OOBCIUHHUTH

QJICKTPOHHBIC U AACPHBIC 000JIOYKH B paMKax O,Z[HOI\/’I MOJICIIN.

Teopusi NpeoHOB U CHMMETPHSA FJIEKTPOHHBIX U SIIEPHBIX 000/109€eK

Bo3Hukaer Bompoc, e€clii  KBapKOBbIE OOOJOYKH OXBATBIBAIOT U
AJIEKTPOHHBIE O0O0JIOYKH, TO, YTO TOTJA MPEICTABIAIOT COOOM 3IIEKTPOHBI?
Paccmotpum teoputo [28-31], corimacHO KOTOPOH 3JCKTPOHBI U KBAPKH COCTOST
U3 DJIEMEHTAPHBIX YacTHUIl IPeoHOB. CBOWCTBA MPEOHOB U COCTaBHBIX YACTHUI] —
KBapKOB U DJICKTPOHOB, MPUBE/ICHBI B Ta0JHIIE 3.

Ta6muna 3. CBoiicTBa IPEOHOB M COCTABHBIX YacTHIl [28-29]

Yacrtuma CuMBOI Cnoun 3apsin CocraB
[Tpeon a Ya 1/3

[Tpeon b % -2/3

[Ipeon d Ya 1/3

AHTUAUIPEOH 0 1/3 {bd}
AHTUAUTIPEOH 0 -2/3 {ad}
AHTUIUTIPEOH 0 1/3 {ab}
KBapk u Ya 2/3 {abd}
KBapk d Y5 -1/3 {bbd}
DIIEKTPOH e’ VZ! -1 { bbd }

[IpuBeneHHas BbIllie MOZEIb KBapKOBBIX 0000uck (24)-(27) u ee
OndypkanoHHAs aUarpaMMa Ha pHc. 2 HE MEHSETCS IPHU yYeTe CTPYKTYPHI

KBApKOB U 3JICKTPOHOB. Ho IIPaBUJIO 3aIIOJIHCHHUA OTHOCHTCA B 3TOM ClIy4dac K

http://gj .kubagro.ru/2013/03/pdf/61.pdf
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peoHaM, a HEe K KBapkaM U DJIeKTpoHaMmM. B pesynbTaTe Takoil 3aMeHBI
BO3HHMKAET CUMMETPHS SJIEKTPOHHBIX U KBAPKOBBIX 000JIOUCK.

Chopmynupyem MOJENIb SHEPTUH CBSI3H C YYETOM HAIMUYUSA CTPYKTYPbI
AJIEKTPOHOB U KBapKOB:

1) xaxaplii HYKJIOH B SIpE JUCCOLMUPYET Ha OTICIbHBIC KBapKH, KOTOPHIE
pacnagaroTcs Ha IPEOHHI,

2) MPEOHBI KKIOro THMa o0pa3yroT (hepMu-ra3, 00JIagaroNui XUMHIECKAM
MOTEHITUAIIOM KaK Y PEISITUBUCTCKUX YACTHII;

3) mpu JAuCCOLMAIlMM Macca HYKJIOHAa PAacXOIyeTcsl Ha BO30YXKJICHHUEC
KMHETUYECKOW SHEPTUHU NMPEOHOB U HA CO3/IaHUE CBSI3eH MEXTy ITPEOHaMU;

4) Bo BHYTpPEeHHEH O00JacTH My3bIpsS MPEOHBI OOBEAUHSAIOTCS B KIacTePhl
KBapKOB, JJEKTPOHOB, IPOTOHOB, HEUTPOHOB, sJep JACHUTpoHa, alibda-
YJaCTHI] ¥ IPYTUX SA7EP;

5) cymiecTByeT CHMMETPHUS  JJCKTPOHHBIX M SJEPHBIX  000J0YEK
3aKJIIOYAIONIAsACS B TOCJIEAOBATEIBHOCTH 3aIlOJIHEHUS AJICKTPOHHBIX U
MIPOTOHHBIX 000JIOYEK.

C y4eToM CJIeNaHHBIX MPEANONIOKEHUH BbhIpakeHue sHepruu cBs3u  (20)

IIPUHUMACT BUJI.

5
E,/(N+Z)=mn, +mng+mn,- a vin +... (27)
i=1

3meck Ne — MIOTHOCTB BMEKTPOHOB, Vi:MNi - XMMHMYECKHUIl MOTEHIMAT U
IUIOTHOCTh TISAITM BHJIOB TIPEOHOB, (DUTYpHPYIONIUX B COCTaBE KBAPKOB H
3JMIEKTPOHOB. YpaBHeHHe (27) MOKHO paccMaTpuBaTh Kak OOINYI0 MOJEIb
aToMa, C YYe€TOM OHEPTUM CBSI3M SApa M DJIEKTPOHHBIX O0O0JIOYEK B
COBOKYITHOCTH C MOjeJibio (25), onuchIBaroOIei MPaBUIO 3aOIHEHHUS SACPHBIX
U 3JIEKTPOHHBIX 000J04eK. OHAKO peaabHO BKJaJ] MPEOHOB B DHEPTUIO CBSI3U
HYKJIOHOB HE€ OTJIMYAEeTCAd OT BKJIaJa, KOTOPBIM MNAlOT KBAapKH, COTJIACHO
ypaBHeHuto (20). IlosToMy coxpaHsSIOTCA BCE pPe3yJbTaThl, IMOJYYCHHBIC Ha

OCHOBE MOJICJIM KBapKOBBIX 000s109eK [12].

http://gj .kubagro.ru/2013/03/pdf/61.pdf
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Hakonern, 3ameTrum, 4YTO MOJENb IPEOHOB SBISIETCS CEKTOPOM B
pacmupenun CtaHmapTHOW Mozaenu Ha ocHoBe Teopuu y3ioB [30-32]. B atom
CMBICIIE TpPEJIOKEHHasi BbIIIE MOJEIb IPEOHOBBIX O00O0JOYEK SBISETCS
pacIIMpEeHUEeM CTAaHJIAPTHOW KBAHTOBOM TEOpUHU, OOBACHSIONICH CTpOEHUE
aTOMOB W aTOMHBIX siyep [1-4]. Kak u3BecTHO, 110100KM€e B CTPOCHHH SIICPHBIX U
AJIEKTPOHHBIX 000JI0UEK OBIJIO YCTAHOBJICHO METOJaMU KBAaHTOBOM MEXaHUKH Ha
ocHoBe mnpuHimna Ilaymu [3-4]. B mHacrosmieit pabGoTe ImoKa3aHO, YTO
CYLIECTBYET CHUMMETpPHsI B OpraHM3alMH SIACPHBIX U AJIEKTPOHHBIX 00O0JIOYEK,
oOyCIIOBJICHHAsT HaJMYMeM €JMHOTO MEXaHHW3MOM 3allOJIHEHUs 000JI04eK

TUIMMOTCTUYCCKUMHU YaCTUIIAMH IIPECOHAMMU.
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