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I. BBEHJEHHUE

Hyxnon npencraBnser coboil cROXXHYI0 CHCTEMY, U ero CBOMCTBA B fAfpe
HU3MEHAITCA [0 CPaBHEHMI0 CO CBOMCTBaMH CBOOOAHOTO HyKJIOHa. MeHserca
pa3Mep HYKIJIOHA, 3JIEKTPHYECKHUH M MarHUTHaIA (popMpaKTOpbl, MATHUTHBIA
MOMEHT, MOJAPHU3yeMOcTb, 3ddexTBHAA Macca U T.I. O6 3TOM CBHIETENs-
CTBYIOT MHOTOYHCJIEHHblE€ IaHHbIe, ITOJIyUeHHbIe B IMpoIiecce BCEro pa3BHTHA
AnepHOH (u3MKH. Mogens KHpansHOro MellKa CBM/ v, yCIewHO OIMMCHI-
BaOLafAl CTPOEHHE M CBOMCTBA CBOOOMHOro HYKJIOHA, MOXET OBITh MpHUMe-
HeHa B fijlepHO# (u3MKe, U OHA JaeT BO3MOXHOCTb HCCIIeIOBAaTh CBOMCTBA
HYKJIOHa, HaxonALeroca B aape ' 2~ 4/

B TeueHHe HeCKOJHPKHMX MMOCJIEIHHX JIET HHTEpeC K HccilefoBaHHI0 H3Me-
HEHHI HYKJIOHA B fiipe 110 CPAaBHEHHIO ¢O CBOGOAHBIM HY KJIOHOM ObUI BbI3BaH
obHapy)XeHHeM H3MeHEeHHA CTPYKTYpHOH (hyHKUMM HyKJIOHa B aape — EMC-
3¢)(1)e1<'ra/ 5 . Opgno w3 mpocreitiuux 06BACHeHHH 3ITOro 3beKTa COCTOAIO
B TOM, YTO HMITYJIbChl KBapKOB, COCTaBIAKLIMX HYKIOH, YMEHbLIAKTCA
IJIA HYKJIOHA B ANEPHOM BellecTBe, M IJIA 3TOrO IMpeAnojIaraioch, YTo pa3-
Mepbl HyKJIOHA YBeIHYMBAIOTCA NMpuMepHOo Ha ~ 20 *30% 78/ XoTA B MHBIX
noaxonax EMC-addexr ymaerca omucath M 6€3 3THX MNPENIIONIOXEHHUMH i ,
B pane paboT oObIuHBbIE OJIA AZEpPHON (H3NKH 3KCIIEpUMEHTHI ObLIK IIPOAHa-
JNU3NPOBaHBI C LIEJIbIO MOJIYYUTh CBENEHHA 06 M3MeHeHHHM pa3MepOB HYKJIOHA
B Agpe. IIpu 3TOM aBTOpbI pPa3IMYHBIX Hccne/uoaanm"a MPUXOAAT K CyLIecT-
BEHHO pa3JIMUHBIM 3aKJIloueHHAM. B paboTtax 8/ 43 omwrroB mo KBa3HyMpy-
roMy pacCefHMI0 3JIEKTPOHOB Ha OCHOBaHMM Mopaenu depMH-Ta3a H3BJIEKa-
Jach 3apANOBaA IUIQTHOCTh fAdpa (1A 08 Pb) M cpaBHHBajlaCh C paccyu-
TaHHOM TeOpeTHdeCKM B pamkax momenu '?/ .. U3 3Toro cpaBHeHMA [Ienanoch
3aKJIl0YeHHe O HeOOXOOMMOCTH yBeJIMUEeHHUA Da3MepoB IIPOTOHA He MeHee
yeM Ha ~20+%30%. Ho 3TOT BHIBOIL MOET GbITh BMOJIHE CIIpaBEAJIMBO IIO-
CTaBJIeH IOJ comuenne /1% | Tak kxak TouwocTh mozenu’? He BbicOKa,
M CYLIECTBYIOT MHble, 6oJiee peasIMCTHYECKHEe pacuerbl 3apAHOBOM IUIOTHO-
ctan /1V | ma u monens depMHu-Taza MOXHO B JIyulleM cjlyyae HCIIONL30BATh
ML ONA KaueCTBEHHOT'O M3yueHHA B3aMMONENCTBHA 3JIEKTPOHOB C AAPaMH.
Omucannie riIybOKOHEYNPYroro ee’-paccefiHiA C mepefayeil HMMIysbca
q ~ 600 MaB/c Ha cpenuux agpax (Ca, Fe) Tpebyer 712/ yamenenus 3JIeKTpH-
yeckoro c¢opmpakTopa HyKJIOHA, YTO, COrJIACHO pa60Te/ 1% , MOXeT ObITh
CBfA3aHO C YBeJIMUeHHEM €ro pasMepos. B/ 43 aHaJOTHMHBIX OIBITOB
TaK>ke JeJlaeTCA BBIBOI O TAKOM H3MEHEHHH 3JleKTpHueckoro ¢gopmdakropa
HYKJIOHa, KOTOPOMY COOTBETCTBYeT yBeJlMueHHe panuyca HYKJIOHa He Me-
Hee ueM Ha ~ 20%. Ho u3 aHanusa Y-CKelIMHTa B MHKJIIO3UBHOM € e’-paccesi-
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poB HykiioHa. B pabGore 718/ Gpin IpeNpPHHAT OGIMPHLI AHATH3 ONBITHBIX

IaHHBIX [10 YIPYTOMY PacCesHHI0 3J1eKTPOHOB Ha TKeNbIX ANpax IJIA [T0Jy-
YeHHA 3apAMOBOTO pajuyca MPOTOHAa B AnepHOM BellecTBe. OKa3aaoch, UTo
(B mpUHATHIX mpuOmKenusax 16/ ) Haunyumee omucaHHe SKCIEPHMEHTaIb-
HO HaOIIOOaeMBIX CeYeHHI ynpyroro 1pacce;:mm{ anekTpoHoB ¢ E= 500 MsB u
nepenaveit ummynabca 4 = 2+3 dM ~ Ha 49 Ca u 98BNi, nonyuaerca mpu
YMeHblIEHHN pajiuyca I, npoToHaHa ~10%, Ha 1165y | 1248n | gao6opor,
rpy yBesiHueHuu T'p Ha ~10%, a Ha D8Py — Ges chcoro HU3MEHeHHH Ty .
C Tol1 e 1enbl0 — OOHApy>KUTh U3MeHeHHe pa3MepoB HYKIJIOHA B ANEPHOM
BelllecTBe — ObUI NpenpHHAT B pabore /1% amanus ynpyroro paccesHus
npoToHoB ¢ E = 1 I'sB Ha sagpax. AHalIU3 NPOBOLWICA B paMKaX TEOpPHU MHO-
roKpaTHOrG paccesHus ['mayGepa /177 | B KoTOpyio pasMep HyKJOHa I'y BXO-
OWT yepes aMILUIUTyHdy NN -paccesHHsa B AnepHoM BemlecTse. IIpu 3ToM pac-
npeeieHHe TOYeUHBIX HYKJIOHOB B flpe, BXofsiilee B Moxens ['aybepa, BbI-
YUCIISIJIOCh COIJIaCHO pa60Te 71/ Oxaaanom;/ 0/ yro Hamnyumee onucaHue
paccemmﬂ Ha AApe 8 Ca IoJiyuaeTcA Ipd yBenuueHuu Ty Ha ~ 1,5%, Ha

40 Ca — 6e3 BCAKOro H3MEHEHUA Iy , @ HA BCeX MHBIX PACCMOTPEHHBIX AAPax
( 44Ca 42 Ca, BTy , D8 Ph ) — npu yMeHbleHUU Ty Mo KpaliHeit Mepe
Ha ~ 3% WIK HECKOJIbKO Goitee.

Kak BHAMM, pasjdyHble aBTODPHI, O-pa3HOMY OOpabaThiBaA pasjIMdHbIE
ONBITHLIE JaHHbIE, IOJIYYaloT pe3yJIbTaThl, U3 KOTOPBIX Heb3s CAEJIaTh OIpe-
[leJICHHOTO 3aKJIIOUEHHA O TOM, KaK MEHseTCA HYKJIOH B ANEPHOM BelleCTBe
10 CPaBHEHHIO CO CBOOOIHBIM HYKJIOHOM. IIpu 3TOM Halo OTMETHUTBh, YTO aB-
TOpbI PACCMOTPEHHBIX BhIllle paGOT He ONPENeNsT, KaKyl0 UIMEHHO BeIHUMHY
[IOHMMAIOT OHH IIOJl pa3MepaMH HYKJIOHa, ero paliycoM ry : pasmep R o06-
J1acTH, TIe 3arepThbl COCTABIIAIIIME HYKIOH KBapKH, cpe)mpm KBaIpaTHUYHbIN
3apsANOBBINA paguyC HEHTpOHa < , > % u poTOHA <rp2 , pasmep obmnac-
™ NN’.BzauMomeiicTBuA U T.II. Ho 3TH BeJIMYMHBI, UMeIoLIe pa3IHYHbIN du-
3MUeCKHil CMBICJI, MOTYT CYLLIECTBEHHO ITO-pa3HOMY HM3MEHATHCA B SANEPHOM
BelecTBe, U pa3jInuHble paCCMOTpEHHbIe Bhlille (hU3HUUECKUEe ABIIEHNA Onpene-
JIAIOTCA pa3HbIMU BetnuuHamu R, < rﬁ >/‘ U T.n. I3 aHanu3a pa3UYHBIX
OIIBLITOB MOJIYYAIOTCA CBENEHUS O Pa3/IMYHBIX XapaKTEepHCTHKaX HY KJIOHa, CBA-
3aHHBIX C ero pasMepamMu. HanpuMmep, HeTpYIHO IOHATH, YTO U3 ONbLITOB IO
YIpPYroMy paccesHHIo 3JIeKTPOHOB MOJXHO CHeNaTh BbIBOJ, 00 M3MEHeHUH Be-
JIMYMH <T 2 % <r2 >% xapaKTepH3yHOILUX pacrpeziesieHne 3J1eKT PUYecKoro
3apsana HyKJ'IOHa HO He o6 U3MeHeHHH R HemocpencTBeHHO. B pAne ciyuaeB
U3 OMBITOB HM3BJIEKAIOT M3MEHeHHe 0P HMIyJibca KBapKOB, COCTaBIIAOLINX
HYKJIOH, a 3aT€M IOJIy4aloT COOTBETCTByoLee 3TOMy 0P H3MeHenue SR
KOTOpOE IpH 3TOM, pa3yMeeTcst, CYIleCTBEHHO 3aBUCHT OT T€OPETHUECKOH- Mo-
IeJH, UCIIOb3yeMOH [JIA ONHCaHUA HYKJIOHA.

U3 cyuiecTBYIOLEro. aHaJIu3a ONBITHLIX JAHHBIX HEBO3MOXHO COCTaBHTDb
ceityac® onpeliesieHHY0 (GU3HYECKYI0 KapTHHY H3MEHEHUM, NPOHCXOMANIMX C
HYKIJIOHOM, [IOMeLIeHHbIM B fAllepHoe BellecTBo. [lenecoobpasno caenaTs 370
HMCXOIA U3 COBPEMEHHBIX TEOPETHYECKUX HpeILCTaBJ'IEHI/IH O CTPOEHWH HYKJIO-
Ha, OCHOBAaHHBIX Ha MOJeNH KupanbHoro memwka CBM

II. OITMCAHUE HYKJIOHA B AOEPHOM BELIIECTBE
COI'JTACHO CBM

CBoHCTBa KaK CBOGOOHOro HYKJIOHa, TAK U HaXONMAIIErocsi B ALEPHOM
BellleCTBE MOXKHO HCCJIeHOBaTh B MOJeld KUpainbHoro memkxa CBM 1 , e
CYILLIECTBEHHYIO POJIb UrpaeT B3aUMOMAeHCTBHe Ha [IOBEPXHOCTH MellKa 3afep-
TBIX B HeM KBapKOB C IMHMOHHBLIM nojeM. Cornacio CBM Mbl ormichiBaeM HY K-
JIOH (a Tax)ke M HUHble GapHOHBI — A g3 -pe3oHaHC, penepoBCKHil PeSOHAHC
T.I.) KakK B IyCTOTe, TaK U B siJlepHOM BeIlleCTBe IJIOTHOCTH P JarpaH)XHa-
HOM B3alMOIEHCTBYIOIINX KBapKOBOI'O B ME@30HHOIO MoJIei

£CBM = ‘Eq + &+ Lint (1)
£, =[iTldq - BlOy, (2)
8, =-7%2 + 0,7 /2 - FU(p)7/2 - (3)

- % S (02-1-k2-T(w,k, p)7 z(t,?), M(w,k,0) =

w,k @,

- ~—5§[em(iysr;/f)]qﬁs, h=c=m =1, f=066. ' (4)

Baecs @y =1 BHyTpn Meluka u @y = 0 BHe ero, a § ¢—TIOBEPXHOCTHAA §-
dynkuusa. B — BakyyMHOe mamiieHHe, BXonsllee B CBM/ V| Benmuuna xoTo-
poro B maJibHEHIINX pacyeTax MeHAETCs B npenenax, HOMYCTHMbBIX COTrJIaCHO
pe3ynbTaTaM COBPeMEHHBIX uccenoBanuii/ 18/ . Hanuune B (3) nonapwusa-
LIMOHHOTO OIlepaTropa MHOHA B ALEPHOM BellleCTBe fi( p) OTIINYaeT 3TO BbI-
pakeHHe OT JiarpaH>kuaHa cBoboxHoro mnojysa. B CBM cBoiicTBa Mellka-HYK-
JIOHa B ANEPHOM BelleCTBe MEHHIOTCA [0 CPaBHEHHIO C MyCTOTOH MMEHHO
BCJIEACTBHE W3MEHEHHA YpaBHEHHUs ITHOHHOTIO IOJIA 7 us-3a HaJIMYUsA NoJsA-
pH3alMy ALEepHOU Cpexsl I (w,k, p). [Ipx 3ToM MbI OMHCbIBaeM B HaH-
HO# paboTe, KaK U B MPEIbIOYIIUX 72”47 , ME30OHHOE TIONIe B Cpelie, UCIOJIB-
3ysa BemuudHy Il1(p ) , XapaKTepusylollylo cpelHHe CBOHCTBa AEPHOrO Be-
1IeCTBa U MHMOHHOTO MOJIA B HeM, MOJOOHO TOMY, KaK B 3JIEKTPOJMHAMUKE
CpenHHe CBOHCTBa Cpelbl OMUCHLIBAIOTCA AMSJIEKTPHYECKOH HMPOHHIIA€MOCTBIO
¥ MarHiTHOM BOCIPHMMUYHMBOCTBIO. YUeT MOJIAPU3aLHM Cpenbl MJiAd MHOHHOIrO
nojs, B3alMO/IEHCTBYIOLIEro ¢ KBapKaMH Ha IIOBEPXHOCTH MellKa-Hy KJIOHa,
O3HauaeT yuyeT HapaAly C OMarpaMMoil (4a) Tak)ke M BCeX OHarpaMM THIIA
(46), comepallUX YaCTHYHO-ILIPOYHBIE, H306ap-nmpoqnme U T.I. BO30OYyX-
IleHHA B cpelle ¢ KBaHTOBBIMH YHCJIaMH ITNOHA.
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’W\_‘/ (43.)

ﬁ:’\/\/\@\/xw (46)

Bce atu TIPOLECChI YUTEHbI B BETUUMHE ﬁ (w ,l_{, e). Honﬂpgaaunouﬂmﬁ omne-
patop Il (0,k,p) u yuxuua I'puxa nuona T (w,%,p) B AnepHOM
BellleCTBe NMOAPOOHO HCClefoBauch B paboTax /187 | D3Tu BeNMUMHBI MOHO
TIONIyUuTh U3 UMCNEHHBIX pacueToB coryacHo 19/  u Mcrosb30BaTh B Haib-
HeHlleM NpH BBIUMCIEHUH pa3fIMyHbIX (PU3HUECKHUX BENHUMH, KaK 3TO [efa-
nocs, Haripumep, B ' 2/ . B nanHo# pa6oTe Mbl BOCIIONb3yeMCH Opu P = p,
(rIOTHOCTH OOBIYHBIX sALEp), MOJIyYEeHHON HAa OCHOBAHHH YHMCIEHHBIX pacye-
ToB /87 . annpokcuManuent Il (w K, p), Kak 3TO [OeaJioCh HaMH- paHee B
psazie pa6ot /21:2-4/  Takas anNpOKCHMAlUMA NPH p = p, MepefaeT 3aBUCH-
mocts Il oT p,w,K | BROJHe npuemIeMa A HALIMX HCCIEHOBaHH
BIMAHUA SIEPHOrO BellecTBa HA CBOWCTBA HYKIIOHA. B _3Toi amniipo KCHMaiuu
(cm. 721/ ) Bripaxenue (3) B s/lepHOM BellleCTBE NIPUHUMAET BAL
<

1 _ > >
2 T (a(R)a?- y(K) (k= k)%= 52) 7%, (1.7) = (3a)
1 D2ty ICIPLIEI YO
2%[3(1‘)((“ n_ﬁ(t,r)) +(y(K)(k=-k )" +a )n§ (t, ),
roe

VaZ+ 2BAEbYa - 5ab/2, 022 0; 3(p) =0: pO=15; ¢ = 11

© =

0, w, <0; p,=pg +5dx/c; d=0,2; A =005
b=06:02=clp-p)+ 5drko=kZin(p-p2); k = 1,3; k= 3; (36)
{1,6, k < 3k, 08, k < 3k,
a = : -
(k) L1406k /k)%, k> 3k, v () {1_0,2(31{0/1;)2, k > 3k, .

Kak BuaHo, annpokcumauns (3a), (36) TakoBa, uro npu Gombuuux k >> k
CHEKTP NMHOHOB B AJEPHOM BelleCTBe

(k) = (@B% + (k -k )Zy(k)*%/Va(k) (38)
NpaKTHYEeCKH COBIIaXaeT Co CrIEKTPOM CBOGOJ.IHI:IX TMTHOHOB

1
k) = (1 +k®H%  (0(k) >k, ko o). (3r)
Bapuonrsl B CBM npepcraBnsaioT co6oii cTalMoHapHbie cocToaHua Wy
CHCTEMEBI U3 TpeX KBapKOB, 3allepPThIX BHYTPH MEILIKOB C Pa3JIMYHBIMH ITOJIHBI-
MH CIIMHHAaMH KM H30CMHHAMH U HX npoeKuuAamMH. Bo Bcex pacuerax pasee Mbl
nojiaraeM Meiokx cdepHuecKH-CUMMeTpHuHbiM, BonHoBaa dyukuua cdepn-
yeCKOoro MeuKa-HyKJIoHa (paguyca R ), T.e. OCHOBHOTO COCTOSIHHMA Tpex

>
KBapKOB C [IOJIHBIM CIIMHOM G ¥ M30CIIMHOM 7 M HX IPOEKLUAMH 0, , rz',
cTpouTeA -06bMHBIM 06pazoM’ V' u3 ¢yHKUMA KBApKOB B COCTOAHMAX 18 2 ;
n N Jo(pr)

1]
q WB=—T—T—""\., 9>,.
1s” Janr 1(an)31(pr) Xy,

’

N2-R3(x®—sin®x)x"*, x=pR, ip(2) = VI gy ()

. 2z +%
KoopauHaTHy0 BOJIHOBYI0 (PyHKUHMIO 3alHilleM B BUAE IIPOHM3BENEHHA KOOP-
OUHATHBIX QYHKIMH KBapKOB, 8 CIHH-M30CMHMHOBYIO (CIMH-apOMATHYECKYIO)
IIOCTPOMM M3 OOBIMHBIX CIIMHOBBLIX M H30TOIM-CIIMHOBBIX QYHKLMI CMelIaHHOM
cumMerpun’ V| JIns MHBIX GApHOHOB, T.e. MHBIX COCTOSIHMII TPeX KBAPKOB,
BOJIHOBaA (GYHKUMA CTPOMTCA TaKuUM ke obGpa3om. CpefiHee MHOHHOe IoOJIE
@ =<7 > B CTaUMOHapHOM COCTOAHMM omnpepensercsa cornacHo (3), (4)
ypaBHEHHAMH

() =-fdF T(F-T) <88, (1)/6(,) >, (5)

roe

= R 3 R ikr
D(t) = [dtT(p,Fat) = (20) 2 fdk T (p, k,0)e
_'1 > 2 >9 - (6)
Ly (pyw,k) = " = k" -1 - I(p, 0, k).

B nycrore p =0, II = 0 umeem oGbIuHOE BhIpaXkeHHe

(r) =- e_r/4rrr, (6a)

a B ANEPHOM BellleCTBe, HCNOJIL3YyA anmpokxcumaumio (3a), (36), mosyuaem

1

Dz a(k)e - y(k)(k-k,)E- 3%, (66)



N —r
D(r)=-2_Te (k_sin(k_r) + L cos(k - /X
i) +=cos(k r)), r_ = .
Py (k,sin(k 1) . (k1) c =2 (66)
U3 paBeHCTBa HyJIIO TOKa Uepes MOBEpXHOCTh MellKa, iy =0,u naBnenns Ha
ero nosepxHocru, 9 TH*/9 X, = 0, monyualoTca ypaBHeHHs

<Glem(iy, dr/0)1a>, = 0, (N

F) (8)

-2B = 5 <?1[e'xp(iy5 ¢r/DHla>_,
r

omnpeneNArIe pasMep Melika R U SHepruu 3amepThiXx B HEM KBapKoOB P .
B (), (7), (8) cpenHee Gepercs Mo CTAMOHAPHOMY COCTOSHHIO CHUCTEMBI;
3HaYOK s yKa3blBaeT, 4TO 3TH COOTHOLUEHHA BHIMOJHAIOTCA Ha TPaHHIle Mell-
ka. Ilonpo6GHoe ucciesoBalne U pellleHHe CHCTeMbl ypaBHenuit (5), (7), (8)
B npubnmxenmn chepruyec KH-CHMMETPHYHOTO MellKa-HYKJIOHA OBbIIIO BHIIOJ-
HEHO HaMH paHee B paboTax /%38/ nmns Pa3JIMYHOM IUIOTHOCTH ANEepHOro Be-
LIecTBa p , H 3IeCh HET He0OGXOLMMOCTH MOBTOPATE 3TH pacyeTbl. MbI nipuBo-
[MM Jajee JHIIb OCHOBHbIE pe3yNbTaThl, MonyyeHHbe B /= 3/ mia pagmyca
R memka-HyKJIOHa B AEPHOM BellleCTBE OOBIYHOH IUIOTHOCTH p, . B ¥ Bee
YPaBHEHHsA PellaTIUCh 6e3 MPENIIOIoKEeHHA O MaIOCTH ¢ , a B’?  wmpl orpa-
HUYIINCH JTHHEHHBIM NpHOImKeHreM Mo ¢ . Kak 6BbUIO IIOKAa3aHO B THX pa-
60Tax, CMATYeHHe MMOHHOH MOJbI B ANEPHOM BellecTBe (u3-3a HanuuuA I1(p)
B (3), (6)) BBI3bIBAaeT yCHIEHMe NOJA ¢ MelKa-HyKJIOHaA, YTO B CBOIO OUe-
penb BemeT K yMeHblieHMI0 R . BelunciieHHbIe coOrjlacHO paGotaM /2, 3/ ge.
nuuyuHel R 151s cBo60OHOrO HYKJIOHA M JJIi HYKJIOHA B ANEPHOM BellecTBe
OOBIYHOH IUIOTHOCTH p, NpuBeldeHs! B Tabnuue. Kak BuauM, R B anepHoM
BellleCTBe YMEHbIUAeTCs Ha HecKonbko, ~ 4%7%, npouentos. Hago ormeTurs,
YTO IPU 3TOM IIPOHUCXOOMT TaKXe YMeHbLIeHHe U MMIyJibca KBapKOB P ,
npaBjAa, KpaiiHe He3HauuTeJIbHOe, Bcero Ha ~ 1+2%. Pasymeercs, npu 3T0M
ocraeTcA X = PR> 1, kak Toro TpebGyeTr COOTHOLIEHWE HeOIpeneNeHHOCTH.
Kak BuapuM, ecnu U3 KaKHUX-THOGO OMBITOB (HanpHMep, ) u Oymer coe-
J1aH ONpeXesIeHHBIA BHIBOM, 00 yMEHBUIEHHH P, STO YMEHbLIEHHWE OTHIOLb
He ecTh oDsA3aTeNbHOE CiiedcTBHEe yBeanueHHA R . K coOMOCTaBiIeHMIO OITBIT-
HBIX JAHHBIX C pacyeTaMH MEI ellle BepHeMCs, a Teleph yuTeM KBaHTOBEIE
¢y KTyaluy MHUOHHOIO ITOJIA, YTO II03BOJIAET BBIYMCIINTE CpeJHUe KBaJpaTHy-

HbIe 3apAL0BbIe PAINyChl HYKIIOHOB < r; > B AIEPHOM BeElIECTBE.

II1. BRIYMCJIEHWUE - CPEJHET'O KBAIPATHUYHOTI'O 3APAIOBOI'O
PAINYCA HYKJIOHA B AJEPHOM BEIIECTBE

IMTuonHOE Jrone B (3), (4) comep>xuT HapAAY CO CPEeIHUM KJIaCCHYeC KUM
moneM ¢ =<7 >, omnpezgensieMbplM coBMmectHo ¢ R, p wu3 (5), (7), (8),
KBaHTOBble (DIYKTyaluu: 7 = $+ n , <m>=0. IIponmaraTop HNUOHHOIO MOJA
coriacHo (3), (3a), (36)

wo.

L d_ﬁeiﬁ(i’-;?)-m(ﬁ’)lxo—yol
<T[na(x)ﬂ/3(y)]>=5a/39a(x‘5’)=5a6(2") f a(k)-w(k)-2 (9)'

-
CrnexTp muoHoB ® (K) B AnepHOM BellecTse U B mycToTe JaH GopMyIaMu
(3B), (3r). dna manpHeHIINX pacyeTOB yIooOHO BBECTH ellle BeJIMUUHY

P iEE-D)-ieE)|[x -y | :
T/: (x-y) = [ dk_‘ o oo (9a)
20 (k)

KoTOpasa oTiuuaerca oT (9) oTcyrcTBueM MHoxutens 1/a( K ) mon wmrerpa-
nom. IIpu yueTe B3aMMo/eHCTBHII KBAHTOBOTO MMOHHOTO MOJNA 7 C KBapKa-
MM MbI oTpaHHuuMcA B £i;;  06blunbiM B CBM NHHEHHBIM npHOIHKeHHEM
I10 MMOHHOMY IOJIIO

L .4y, w7a 10
=——— . mr . .
qm of s (10)
Takum o6pa3oM, MEI criepBa CTPOUM MeliI0K-HYKJIOH — CTallUOHapHOE COCTO-
AAHUEe CHCTEeMBbl TpeX KBAapKOB CO CPeIHUM IMOHHBLIM II0JIEM , U 3Ty 3apauy

MBI MO>X€M DeLIUTh TOYHO, He Mperoiiaras MaloCcTH $ , @ 3aTeM B3aUMOIeii-
CTBHE C KBaHTOBBIM IMMOHHBIM IIOJIEM YUHUThIBaeM KaK BosMyueHue (10).
Taxoe npubnmxenre B CBM npuemnemMo Aj1s BbIAICHEHHUA (PHU3UYECKOro MeXa-
HHU3Ma U3MEHEHMH, MPOUCXOAAIINX C HYKJIOHOM B fA€PHOM BellecTBe, U II0-
1
JIyYeHHUs pa3yMHBIX PU3HUECKHUX OLEHOK MHTEpPECYIOLIUX HAC BETUYUH < rn2p>~/§
kvy <. !
Baaumoneiicteue £ gr (10) HyKJIOHa ¢ PIYKTyauUsAMH MHOHHOTO I10JIA
npexIie BCEro mNpHBeleT, KaK M3BecTHo /%~ %4/ | K H3MeHEHWI0 COCTOAHUA
HYKJIOHA
~ % -1 ]
Yy = ¥y2z, 2, =1-1d%(E)/IE |g_y (11)
3pmechk COOGCTBEHHO-3HEpPreTHUECKasd YaCTh HY KJIOHA.
. - -> -> > -y > - iEr
SN (E)=[dx fdx, fdr X y(xy, X, 1) Wy(x ) Py (x,)e . (11a)
HHrepecyrolllaa HaC BEIUYHHA

2

s = fair%y(¥), N=n,p (12)

<r
onpejieNAeTCs, OUeBUIHO, pacHpeiesleHHeM 371eKTPHUeCKOTO 3apAza Hy KIOHa
Pyl T ), KoTopoe B HamweM nojxone CBM Mbl nosyyaeM, BLIYHCIIAS CpeLHee
3HayeHHe onepaTopa 3apAda < Q@ > B OCHOBHOM COCTOSIHHH MellKa-HY KJIOHA,
KOTOpDBII OMHUChiBaeTcA cooTHouwleHHAMH (1) - (12) c yueTom M B3aumozei
creua (10) KBapKOB,COCTABIAKIINX MeLIOK, C KBAHTOBbIM ITHOHHBIM I10JIEM

.



_q, 7., a4 _ _A LA
pN_pN+pN'pN_<Qq>N’ py= <Q, > (13)

{ MHOHHOT'O0 Q, TMOJel onpenessoT-
(3), (3a):

Onepartopb! 3apAfia KBapKoBOro Qg
ca narparkuanamu £ u £

Q, = ey, (1+r,)/2 - 1/3)a:,

q
~ > . +_> > J - (t’ > , _
Q, (t,T)= ie: | 2_’ ﬂ“’"k(t'r)at’ %»,naf,kxt ,r)a(k’) (14)
w, k wy k
—8—2 7t (t,T)a(k) T oL t,Di: t=t
at o,k K olhr O

€ — 3apan nportoHa. A cBo6oaHOro nmuoHHOro mond a = 1. Cpenuue 3Haye-
HHUA ONepaTopoB 3apAla B CTALMOHAPHOM COCTOSIHMH CHCT€MbI B3aHMOIEHCT-
Bylomux noineit (1) - (4), (10) BbhluUMCIAEM B pefCcTaBJIEeHMH B3auMOMeHCT-
Bua /22-2%/ .

py (1) = <R |T(AS)| Wy> = <Wy|A|¥y> = <Uy|A|¥y>z,, (15)
rae cpefHee GepeTcs No COCTOAHMIO HEB3aMMOMIEHCTBYIOILMX MoNlel, a § -MaT-
puua onpenenserca £ 4, (10)
L eoq4
S =Tewl[ifd qu"(x)]. (16)
B (15) A — HenpuBoAMMAaA BeplIMHHAA 4aCTh, COOTBETCTBYIOIAA OnepaTo-
py Q . Ilpu Boluncnenun 2y (1lla) u cpeguux (13) orpanuummca B S -
Mmarpuue (16) HuswuM (BTOpbiM) nopankoM mo X 4, (10). Ilpu atom, ko-
HeuHo, He 0bOs3aTenbHOo B ¢pyHKIMM (11) u BeIpakeHuu (15) cumraTh Mastoit
BemnunHy 0% y (E)/J0E | gy u genath B (11), (15) pasnorxenue no

He#. [Ina mioTHOCTH 3apsAfa MoJyyaeM BhIpayKeHUS

MOE gefi2 <T@, (x)fa*x, fd'x, x
x 8g(F) (A (X)) ygrm (X)) a(xy):) x (17)
x 8, (F ) (A (Xp) ygr 7 (X)a(x ) D>y 2y,

e 4 ATd (—— fa*x ratx,x (18
pN(l’)=Z1<| q(>{)1>N+ q ye i 2

>

——

e e —————

x 8 (TG AR yg rr(x)a(x;) 1) x
X 8 (1) (1 0(xg) g7 7 (X) A (X)) Y >y 24, x =T, t.

YcpenHeHue 31ech LENTA€TCA MO CTALMOHAPHBIM COCTOSAHMAM MeIKa-HY KJIOHA
C oIlpellesIeHHOM MMpOoeKuHel H30CMKHa, T.e. AJIA HeHTPOHa WM ITPOTOHA, BOJI-
HOBBIe (PyHKIMM KOTOPBIX MMOCTPOEHbI U3 BOJHOBBIX QyHKINA KBapKOB, Kak
3TO onucaHbl Bbliue, [Ipyu Beruncienun (17), (18) He Hamo yuHTBIBaTh MpoLiec-
Chl, I'le BKJIIOYEHHE B3aUMOIENCTBUA C IHQHHBIM IIOJIEM MEHAeT COCTOSIHHE
HYKJIOHA [O H IIOC/Ie AEeHCTBMA omeparopa Q , T.K. BCe 3TH IPOLIECCHI yiKe yu-
teusl B (17), (18) npucyTcTBHEM B HUX MHOXMUTENA Z 4 , IPOHCXOOALIEro
OT INepeHOPMHPOBKH BOJIHOBHIX (yHkuuii HykyioHoB (11). IIpu pacuerax
B HallleM MOJAX0Ie HeH30eXKHO IMpenIIonoXKeHHEe O TOM, YTO BO BCEX COCTOSAHHU-
fIX CHCTeMBbI B3aMMoeicTByoumx noneit (1) - (4) Tpu KBapka BCerga CBs-
3anbl B GapuoH (HYKJIOH, Agg3-u306apy, u T.4.) . Bo Bcex nmpoueccax B3aumMo-
IEeHCTBHE MOJIA CO BCEMH TpeMs KBapKaMH, 06pa3ylomuMu OaproH, IIPOUCXO-
IUT B ofiHOM Touke X =t, T . Torma us (17), (18) nonyuaem

Ty el .4 4 .9 a , dan?
pN(r)_—4—f2fd x,d xz[-a—t_@a(x—xl) @B(x -x )—.‘Ca(x—xl)a—tﬁﬁ(x -x)x
-> - - > (19)
X 85 (rl) 88 (1'2) EA ka(rlrrzvtf' t2) (ysﬁ)NA(}% TB))\N zl ’, X=x"
> 1 4 4
ey () =_;__2f 7% (475, 3 (yg 7 )y £, (25— %) (yg 7 )y y x
(20)

%Gy @ E,t -0 @ @)y 0y F il tot) 2y + (G(X))ygy - 24

B (19), (20) B HameM npubmmxeHun Boiia GpyHkuusa I'puHa Melka B coc-
TOAHHMH .

oo ¥, ()W, (R) ie(t=t)
2> =2, df A A.

G,,(r,T°,t’-t) = e

AM ) _L 27 i

21
“ By +¢-10E) ’ (31)

N = n,p 0O0OO3Hauaer HeATPOHHbLIE U MPOTOHHbIE COCTOAHMA, & CYMMHpPOBa-
HHe 0 A BKJIOYAeT pa3jIMyHble COCTOAHMA OApHOHOB: HYKJIOH, Agg-M306apy
H T.I., KaK C IOJIOXKHTENILHOM, TaK U C OTpULIaTeNbHOM 3Heprueit E )\ .B Hameit
monenu | E ) | ecTs, oueBunHO, mpocto Macca 6apuoHa. B Beipaskenue (19)
IaeT BKJIAZ nuarpamma (22a),a B (20) — guarpamma (220).



(22)
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BONHHMCTaA JTMHMA 3]IeCh COOTBETCTBYET IponaraTopy muoHa T , crutouwnas —
¢yuxmuu 'puna G menika. KpecTHKOM co WITPUXOBAaHHOH JHHUEH 00603Ha-
YeH olepaTtop 3apAfa. 3alITPUXOBAaHHBIA KPYXOK B (22B) COOTBETCTBYeT
BEpIUKMHHOM YaCTH, coOepikalleil xuarpaMmel (22a, 6) . Hanuuue B (19), (20)
MHOXUTeNsA 2y , BOSHUKLIETO BCIIE[CTBHE I1€PEHOPMHPOBKH COCTOAHMI
HYKJIOHa, COOTBETCTBYET yueTy BKJaja OZuarpamMm tuma (22B) /22-24/ Ana
COBCTBEeHHO-9HEPT eTHUeCKOM YaCTH,ONpeenAouei z , B HU3LeM (BTOPOM)
nmo £ g, (10) mopagxe umeem

Sy (B) = _&28_ = _#milj AX,f dr 8. (X,) 8,4(Xy) x

x (ygr Ina Gy (R o) B =Ko, 1) (yg 7 D\

(23)

B manbHeHIUHX pacyeTax Mbl OrpPaHHUMBaeMCA B CYMMax IO IIPOMEXYTOUHBIM
cocroaansaM A B (19) - (23) (BHyTpeHHHe JNMHHMM Ha OUarpaMMmax (22))
yYeTOM HHU3IIKUX OApPHOHHBIX COCTOSHHMII — HYKIJIOHa U Agg -u300apsl, u Hc-
[IOJIb3yEeM IJIfl UX MaccC 3KCIIePUMEHTAIbHbIE 3HAYEHUA. . .

IMonApusanusa AKepHOro BellecTBa, T.e. Hamuune Il (p ,0, k) B abPex-
THBHOM Jlarpaibkuane <, (3), (3a), mpuBomuT, Kak ABCTBYeT U3 (5), (6),
(66), (14) He TONBKO K U3MEHEHHUIO CIIEKTPa IMHOHHBIX BO30OyxaeHmt o (k)
H npomaratopa muonHoro mona D (9), HO M K H3MEHEHWIO oreparopa 3aps-
oa @” MHOHHOTO MoJiA. 9To dopManbHoe cileAcTBHe U3 Buia 3¢ deKTHB-
Horo narpambkuana £, (3a) B ANepHOI cpefie MOXXHO JIETKO IOHATDH, YYH-
THIBas, YTO TOJIAPH3AIIUA ANEPHOHN cpelbl 00yCIoBIeHa IIpolecCaMH 4YaCTHYHO-
IOBIPOYHBIX, M306ap-ObIPOYHBIX M T.II. BO3OYXIEHHH ¢ KBAHTOBLIMH YMCIIAMH
nuoHa ¢46) . [THoHHoe BO36YyKHeHHe BKIIIOYaeT B ceOA CYNeprio3uLMI0 TaKHX
COCTOfIHMH, YTO NPHUBOAMT K H3MEHEHHIO IIpollararopa IIMOHA B ANEPHOM Be-
wecTse. [ToaToMy B cpemHee 3HaueHHe < Q , > B cCpelie al0T BKJa/ Ipowuec-
Cbl, IIpe/ICTaBJIeHHble AUarpaMMaMH BUIa

DT e

|~ S ———

UcnywenHplt MewKOM-HYKJIOHOM BHDPTYalIbHBIA MHOH pAacIpOCTPaHAETCA
B AnepHOil cpene. OmnepaTop 3apaAfa (KpeCTHK CO IITPHXOBAHHOW JIMHHE)
BCTpeyaeTCsi Telepb He TOJBKO B MUOHHOHN JNHMHUHM (24a), HO TAKXKE U B HYK-
JIOHHBIX JIMHHUAX, BXOAAIIMX B YaCTUYHO-ABIPOUHBIE, H306ap-AbIPOUYHLIE M T.II.
BO30yx/neHusa (246). 3Tu mpouecchl yYTEHHI BHAOHW3MEHEHHEM OIepaTopa
3apAna MHMOHA, KoTopoe (hopMalbHO MONyYaeTcs U3-3a HATUUYUA TOJIAPU3alK-
oHHoro onepatopa II(p) B addexruBHOM narpamxuane £, (3), (3a).
ITocsre HECTOMHBIX, HO IOCTATOYHO I'POMO3AKHUX BHIYUCIIEHHH [TPUXOIHM
K OKOHYATeIbHBIM BEIpAXKEHUAM IJIA IIOTHOCTH 3apANa:
dk. k% .2

3 48
2 m(k).a(k)h(kR){_zuN(k) +2—5UA(k)}, (25)

2 o0
-1 R
Zl—l+ V{

u, (k) = (Ey+Eg +0 (k) %+ (Ey- Ey + 0 (k)75

p, (1) = (AT A%—-=—é%(AZ+ MNzpe,

2
T q .2 2
o )= [=AT S A+ B AL+ SEA R (o (1) 5100 Rt -0,

4 oo 2
vr! © dkk
AZ(r): f—1t

272 o a(k,)

Jy Oy (R Ak gly 33k g0 (K gR) ¢

x[@(k,) +E - By (0 (k) +E - E )% (0 (k )+E + B ) x
x (@ (kg) + Ep+ Ey) Ix(o (k) +o (k)7

2 Y
A= U yRYe (R-1)(j%rp) + §2(p)) [
4 ° 1 o

b 7

2
dk.k .2
————a(k)w(k)ll(kR)ub(k)

V- 5091‘4jf(pR)j f(pR)n'z/as.

Sumech Bemuunubl o (K), a (k) ompenenensl popmynamu (36, B, r), ana
CBODOAHOrO HyKJIOHa, OueBHIHO,a =1, MHmekc b= N, A 'y Ay ©u u,
yKa3blBaeT HYKJIOHHbIE M A -pe3oHaHCHBIe cocToAnuA, U3 aTux dopmy cpa-
3y 2ke BUIOHO, UTO 6€3 KaKUX-IH6O0 NONOJIHUTENbHBIX HOPMHUPOBOYHBIX MHOYH-
TeJlel repen BKJIaAaMHM pa3JIMuHLIX AuarpamMMm (24) umeem
e - .

[drp (1) =0, _fdrpp(r)= e. (27)
3apAan HyKIIOHAa, KaK U IOJDKHO ObITh, HE MEHAETCH OT BKIIIOYEHHA B3aHUMO-
meiicTBUA ¢ MHbIMU monamu /25 %/ | Coxpanenue 3apafa MellKa-HYKJIOHA

obecrieunBaeTcA MMeEHHO Onaromaps Tomy, uto Il (p) B .9” (3), (3a)
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YUMTHIBaeT W3MeHeHHe NpH Mepexone B cpeny He Toabko o (k ) D ,Hom
Q, — M3-3a NPOLIECCOB, THMA [IPEACTABIEHHBIX IHarpaMMaMH (246) . Popmy-
apl (25), (26) marot pacmpeneneHue 3apsja B MOKOALIEMCH MEIIKE-HyIJIOHE
C LIEHTPOM B Hauaie KOOPAUHAT. PeaysIbTaThl BHIYMCITEHHI IUIOTHOCTH P, P,
(25), (26) ¥ cpemHMX KBaAPAaTHYHbIX 3apAMOBBIX PafilyCOB <T 5 >% < rp2> A
cornacHo (13), (22), obcyaum B ciieAyioiieM pasfiesie.

1V. PE3YJIbTATH PACUETOB 1 X OBCYXIEHHE

[IpuMepsl pacueToB IUIOTHOCTH 3apAflia MeIlKa-HyKJIOHa B MycCToTe U
AZIepHOM BellecTBe OOBbIMHOM MJIOTHOCTH NpeCTaBieéHbl Ha PHC. 1 n2. Kak
BUAKUM, XOTA OOWIMI BHA 3aBUCMMOCTH P , (T ) AnA HYKJIOHA B AlepHOM
BelllecTBe OCTAeTCH TaKMM e, KaK W IJisi CBOOOJHOro HyKJIOHa, HMEWTCA
MeXAy HHMH M CyLIeCTBeHHble pasyiiuuA. OTH Pas3/IMYiA BbI3BaHbl YBETHYCHH-
eM "oGnaxa’ BUpTyalbHEIX muoHOB CBM, uto B CBOW Ouepennb 00ycloBIEeHO
CMAryeHreM MHOHHO# Monsl B Anpe. [IIOTHOCTb 3eKTPUIECKOrO 3apANa Heil-
TpoHa B cpeie py I < R CTaHOBMTCA NPUMEpHO B 5 pa3 Gonelle, yeM 1A
cBoGonHoro HeiitpoHa. IUIA NpoToHa, HAanpoTHB, mpHu [ < R IUIOTHOCTH
Pp (T ) HECKONIBKO yMEHBIUAETCH, NPUMEPHO Ha 15+20%. IlnoTHOCTH 3apsna
npu r > R, nenukom obycnoBneHHad HaTHYHeM MHOHHOTrO »obmaka’’, Bo3pac-
TaeT TIPUMepHO B 4 pa3a u CrajaeT CyLIeCTBEHHO MeJIeHHee, 1eM A ceobon-
HOro HyKIoHa. CpenHie KBaJgpaTHYHbie 3apAN0OBble PAIHYChl < rﬁ'pﬁ/‘ (12),
MOJIyYeHHbIe C .HANIEHHON IUI0THOCTRIO pn,p(r), NPHBENEHs! B Tabnuue.
PacueTpl cHeaHbl IS HECKONbKHX 3HaueHM mapamerpa B — BakyymHOro

IaBJIEHHA, MpHEMJIEMBIX COrJIACHO

pe3ynbTaTaM CYINeCTBYIOLIMX MC-
T crnefoBaHMH CpaBHeHue
<r 2n'p >A nna cBoGomHOro HyK-
JIOHa C OMBITHBIMH J@HHBIMH [HOC-
TaTouHo mNoApoGHO obcyxaanochk
B /21’  a 3gech MBI HCCIIELlyeM
u3MeHenue BenuwH R, p, <t >%
npM INOMeIleHHH MellKa-HyKJIOHa

Puc. 1. Pacnpedenenue naoTHOCTU 3aps-
Oa 8 cGOBOOHOM  HyKAOKe npu B=
\ = 0,1 IB/gm 3, R =0,975 Pm.Cnaou-
Has Kpueas — nAoTHocTs py( t ) 3aps-
0a 8 HeilTpoKe, WTPUXOBAHHAR — p,, ft)
‘s : 8 npoToHe. R — paduyc MeuKa-RyKao-
Ka. ITnoTHOCT npusedena 8 eOuHUYax
e/yina. (I1is t < R nAOTHOCT® Npo-
TOWHo20 3apAda pa3denena Ka 10).

—f—— . ® R

_____ Puc. 2. To e, uro Ha puc. 1, Ho

r “ 08 HYKAOHA 8 A0ePHOM 8eljecTge

o 06biynol naoTHoctu p=0,5 =
N = 0,I8pm"3. °

)
T
II
Ve

o
w

o
)

T T T T T
/

B anpo. Kax Bunum u3 tabnu-
1ibl, B AAEPHOM BellleCTEe Be-
JIMYHHBI < rﬁ'p >4 yBeIInYU-
BaIOTCsA, MTPUYEM 3TO yBeJInye-
HUEe Topa3fo 3HauyduTejILHee,
yeM yMeEHBbIIEHHE BEeJIUUYMH R ,
. p . Jnsa nporoxa <r I?I >

0,1

T T T T

0 ~—— yBeJIMUMBAETCA [PHMEPHO Ha
: 15%), a nns HelTpoHa - BOBOe.
Y S 2N HeTpynHo noHATSs, 4T0 U3 pas-

JINYHBIX OMBITOB M3BJIEKAIOTCH
CBEJIeHHSI O PA3THYHBIX BEJTH-
ynHax R, < rf, >" | xapakre-
PH3YIOLIUX pasMep HYIUIOHA B cpese. Tak, HAIIPHMep, K3 OIbITOB 110 YIIPYro-
My M KBaspynpyromy /8/  paccesHMIO 37IEKTPOHOB Ha ALPaX MOXKHO
NoyunTs <I % >”, HO He R, MOCKOJBKY 3TH NPOLECChl 06yCIOBIeHE! B3au-
MOJZIECTBHEM 3JIEKTPOHOB € 3TeKTPUYECKUM 3apHMIOM, a ero pacripejeeHune

Tabauya

Paduyc mewka-Hykaona R (Pm), umnyasc Keaémog pi{mgye 2),x = pR , cpednue
K@adparuuHbie 3apAdoable paduycol Heiitpora <t >"($M) u nporona <r§>l/‘(gSM ) ceo-
600K020 HyKnoKa ( p = () u HYKAOHA 8 A0EPHOM GeuiecTée HOPMAbHOU NAOTHOCTU (p=

=po= 050 = 0,18 ¢m™3 ) 0na pasauuneix eaxyymuvix Oaeaenuii B (I3B/pm3).

Pacyer genuyun R, p, x ¢B = 0,2 gbinoanen coenacno pabore ’? acB=0luB=
= 0,05 — coenacro &4

B 0,05 0,1 0,2

p 0 Po Y Po 0 Po
R 1,16 1,115 0,975 0,90 0,827 0,802
X 2,0 1,87 2,0 1,8 1,99 1,85
P 2,415 2,348 2,872 2.80 3,369 3,222
<r® A 0,262 -0,531 -0,270 -0,528 -0,275 0,515

2
<rp > 0,888 0,978 0,755 0,850 0,665 0,784
13



XapaKTepusyeTcss MMEHHO B&JIMUMHAMH <T 2 >% < r% >*%. IIpu 3ToM, aHamu-
3Upys paccesiHHe 3JIeKTPOHOB Ha ANpax, CenyeT YYMTBIBATh BKJIAZ B pacIpe-
IeJIeHHe 3JIeKTPHYECKOro e;apana B ;mpe He TOJIBKO IPOTOHOB, HO M HEHTpPO-
HOB, T.K. BEIMUMHBI < Iy >} <19 >% g AIpe MOTYT OKa3aTbCHA OQHOTO MOPsAL-
Ka. CoriacHO pesyJjbTaram Haumx MCCIIeIOBAHMI B TAKHX sipjeHuAx / 16,8 /
MoXeT o6napyx<m5ca yBenuueHHe 3¢ eKTUBHBIX pa3sMepoB NMPOTOHA B ALpe
< r% >*, Ho He Gosee, ueM Ha ~ 15%. I'nybokoHeynpyroe paccesHue JenTo-
HOB Ha ANpaXx ONpeNensieTcs, KaK MOXHO 3dKITIOUUTh U3 pabor /56 12-15/
umnynbcalvm KBapKOB p M pa3mepamu Meiika R, HO He BeJIH‘IPlHaMH
< r% >% | Amanus YOpyroro paccesaHus NPOTOHOB C 3Hepmen ~1 I'3B Ha
AOpax, nonoﬁnbm BBINIOJIHEHHOMY B , MOXeET HaTh, BUIMMO, OLEHKY
BelnuyuHbl R | XOTA OT pacmpeneileHUA 3JIeKTPUYECKOro 3apsifa B sApe ceye-
HMe paccesiHMA MPOTOHOB TaKyKe 3aBHCHUT. MOXXHO OTMETHTH, YTO U3 ITOTJIoLe-
HUSA AHTHHYKJIOHOB SIPaMM MO>HO TaKe MOJIYUHMTh CBEIeHHA 0 pasMepax R
HYKJIOHA B fifipe, HO TaKOH aHaJIN3, HACKOJIBKO HAaM H3BECTHO, HE IIPOU3BO-
owicAa. Kak MOXHO 3aK/IIOUMTh M3 HAIIHUX PacYeTOB, BO BCEX 3THX ABJIEHUAX
0OHapy xuTCA yMeHblIeHHe 3)GEKTUBHOrO pasmMepa HYKJIOHA B Cpefie Ha Hec-
KOJIbKO MPOILIEHTOB, IIPUYeM MMIIYJIbC KBApKOB TaK)Xe€ YMEHBIINTCA, IIPaBAa,
COBCeM HE3HAUUTEJIbHO. .

; Taxum ob6pa3oM, H3MeHeHHUA 3(PPEeKTUBHBIX pa3MepOB MeELIKa-HyKJIOHA
(v uMmynsca KBapKOB), KOTODbleé MOXHO WU3BJI€Yb U3 aHAIH3a Pa3JIMYHBIX
OIBITOB, OKAa3bIBAIOTCA Pa3JIMYHBIMHU, HO BbI3BaHbl OHU OHOM NPUYHUHOM — HU3-
MeHeHHeM CBOMCTB IMOHHOIO IOJIA B fAfepHOH cpene. Cienyer OTMETHTSH, YTO
HCIIOJIb30BAaHHbBIM B 3TO# paboTe NOAXOH MOIKHO IIPUMEHHUTE U IJIA HCCIIefoBa-
HUfA MHBIX CBOMCTB MelIKa-HYKJIOHA B ANEPHOM BelECTBE: MarHMTHOIO MO-

MeHTa, TIOJIAPU3YEeMOCTH U T.I. PadymeeTcs, Mbl mpoOBeJIH B JaHHOI paboTe Ka- .

YeCTBEHHOE HCC/IeOoBaHHe H3MeHeHMH, KOTOphle IpeTeplieBaeT MelloK-HYK-
JIOH B AlEPHOM BellecTBe, H He MOKeM MpPEeTeHN0BaTh Ha TOYHOE KOJINYECT-
BEHHOE OIIMCaHHe OIBITHBIX AaHHBIX. O CIpaBenJIMBOCTH IOJYYEHHOTO HaMH
OMHCAHWA MeliKa-HyKJIOHa B ANEePHOM BellleCTBe MOXHO OyHeT CYAHUTH I10 pe-
3yNbTaTaM HAJIbHEHLIEro TIIATEJIBHOTO aHajlW3a Pas3IMUYHBIX 3KCIIEPHMEHTOB.
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