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C OTKpblTH0M JiefiTpoHa ( 1932 I',) Ha'Ianacb 9pa su:tepHOH qJH3HKH, 6bICT

poe paaBHTae KoTopofi np1rneno B 40-50 rr, K po:au:temno MepHofi TeXHHKH• 

H qJH3HKH 9neM0HTapHbIX '!aCTHU, 

0 HefiTpOHe Mb! 3HaeM /:lOBOnbHO MHOI'O: /:lOCTaTO'IHO xoporno H3y'IeHO 

ero B3aHMo.nefiCTBHe C sr.npaMH .,. 6ea 9TOI'O He MOI'nH 6b!Tb IlOCTpoeHbl sr.nep

Hb!e peaKTOpb1; Mb! 3HaeM ero Macey, CilHH, MaI'HHTHbIH MOMeHT, 9neKTpH

'I0CKHH aapSIA - 3HaHHe 9THX xapaKTepHCTHK Il03BOnSieT HCnonb30BaTb HefiTpOH 

B Ka'IeCTBe y.no6Hefirnero HHCTpyMeJITa BO MHOI'HX accne.noBaHHSIX, HanpaMep, 

npa ,·aaytieHHH CTpyKTypbl KOHJ:teHCHPO,BaHHbIX,cpe.n. B nocne.nHHe I'OJ:lbl y.nanOCb 

COCTaBHTb KatieCTBeHHOe npe.ncTaBneHHe O CTpyKType HefiTpOHa, 0Kaaanocb, 

'ITO HefiTpOH npe.ncTaBnSieT co6ofi '!aCTHUY, HMeromyro J:lOBOnbHO cno~Hoe CTpoe

HHe, BO BCSI,KOM cny'Iae IlOBe.neHHe ero IlpH B3aHMOJ:tefiCTBHH C BeIUeCTBOM 

o6Hapy~HBaeT CBOHCTBa, npucymae HeTO'Ie'!HOfi 'IaCTHUe, 

Bee CBeJ:teHHSI O HefiTpOHe nonytieHbl nyTeM H3y'IeHHSI ero B3aHMOJ:tefi

CTBHH C APYI'HMH '!aCTHUaMH H nonSIMH, KaK H3B0CTHO, HMeeTCSI 'IeTb!pe THna 

B3aHMOJ:tefiCTBHfi: rpaBHTaUHOHHOe, cna6oe, 9neKTpoMaI'HHTHOe, cunbHOe, Ca

MOe cna6oe H3 HHX - I'paBHTaUHOHHoe. HefiTpOH SIBnSieTCSI eilHHCTBeHHOfi H3 

HMeIDIUHX Macey IlOKOSI '!aCTHU, na.neHHe KOTOpofi B rpaBHTaUHOHHOM none 

3eMnH 6bmO 3aq>HKCHpOBaHO 9KCnepHM0HTanbHO, n OKa He o6Hapy:arnHo HHKaKHX, 
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HeOlliHA8HHOCTell - HenTpOH BeAeT ce6g B rpaBHTaUHOHHOM none TaK llie, KaK 

o6hlqHoe MaKpOCKOllHqecKOe Teno. 

Cna6oe B38HMOAellCTBHe OTBeTCTBeHHO 38 pacnaA HenTpOHa Ha npoToH, 

sneKTpOH H aHTHHellTpHHO, HayqeHHe pacnaaa HellTpoHa BeAeTCH ABBHO H 

TeM He MeHee npoAOnlliaeT np~BneKaTb BHHM8HHe SKCnepnMeHTaTopoB: BeAb 

Aallie TaKaH xapaKTepncTHKa KaK nepHOA nonypacnaaa HenTpoHa Tpe6yeT yToq-
- - ' 

HeHHH - paCXOlliAeHHe M9lliAY paannqHbIMH H3MepeHHHMH BTpoe npeBhIIIIaeT 

OIIIH6Ky H3MepeHHll, 

Enaroaapg CHnbHbIM B38HMOAellCTBHHM B03MOlliHbl peaKUHH HeiiTpOHOB 

C HAPBMH, B STOll o6naCTH HAepHoii ¢H3HKH HaKonneH 6oraT9llIIIHll 9KCnepn

MeHTanbHblll MaTepnan, npaBHnbHO OCMbICnHTb KOTOpb!ll BPM nu yaacTCH 6e3 

llOHHM8HHH CHnbHbIX B38HMOAellCTBHll MelliAY sneMeHTapHblMH qaCTHUBMH, 

HaKOHeu, sneKTpOMarHHTHOe B3aHMOA9llCTBHe, 6naroaapsr KOT0pOMY y3-

H810T O TaKHX ¢YHA8MeHTanbHbIX CBOllCTBaX HefiTpOHa, KaK sneKTpH'leCKHll 

3apHA, AHllOnbHblll sneKTPH'leCKHll MOM9HT Fl sneKTpoMarHHTHaH CTpyKTyp~ 

HeiiTpoHa, 0THOCHTCH K o6naCTH, 0 KOTOpoii Mbl AYM89M, qTO 3HaeM ee AO

CTaTOqHQ xopOIIIO, Ilo KpaiiHefi· Mepe AO CHX nop He o6HapyllieHo HH 0AHOro 

gBneHHH, npOTHBOpeqamero KBaHTOBOll sneKTpOAHHBMHKe, Bo3MOlliHO, 'ITO 

o6HapyllieHne TaKoro HBneHHH CTano 6hI OTnpaBHb!M nyHKTOM HOBOll Teop1rn, 

pa3BHTHe KOTOpofi npnBeno 6bI K llOHHM8HHlO CHnbHblX B38HMOAefiCTBHll, 

II • 3neKTpHqeCKHH 3apHA HefiTpOHa 

Bonpoc o cymecTBOBaHHH y HeiiTpOHa sneKTpnqecKoro aapMa TecHo 

CBH38H C 6onee 061IlHM BOnpoCoM: noqeMy 3apHAbl BCex sneMeHTapHblX qac

THU paBHhI nn6o -t_ Q e , nn6o Hynro? HeiiTpoH OQhJqHo cquTalOT sneKTpnqec

KH HefiTpanbHOll 'l8CTHUefi, OAHaKO He cymecTByeT HHK8KHX TeopeTnqeCKHX 

3anpeToB Ha cymecTBOBaHne y HeiiTpoHa He6onbIIIoro 3apgaa, H sKcn~pHMeH

TanbHoe 06HapyllieHHe 9TOro 3apgAa 6bmO 6hI qpe3BbJqafiHO UeHHO ansr. TeopnH, 

B COBpeMeHHOll Te0pHH sneMeHTapHblX qaCTHU oqeHb BalliHYlO ponb Hrpa

IOT aaKOHhI coxpaHeHng sneKTpnqecKoro, 6apnoHHoro H nenTOHHoro aapHAOB, 

OKCllepHMeHTanbHO STH 38KOHbl llOATBeplliAeHhl C oqeHb BblCOKOll ToqHOCTblO 

H HBnHIOTCH a6<:onIOTHblMH, T,e. cnpaBeAnHBblMH ang Tpex THll0B B38HMOJ,leii-
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CTBHll sneMeHTapHbIX qaCTHU ( cnnbHbIX, sneKTpoMarHHTHhIX H cna6h1x). Ha

PMY C 38KOH8MH coxpaHeHHR 9Heprnn, HMnynbca H MOMeHTa KonnqeCTBa ABH

llieHHH OHH ynpaBnHIOT· npoueccaMH B38HMOAeiiCTB~g sneMeHTapHbIX qacTa.u. 

CynIHOCTb Tpex nepe•mcneHHbIX 3aKOHOB coxpaHeHHH 3aKn10qaeTCg B TOM, qTo 

y qaCTHU HMeeTCg TpH He3aBHCHMbIX Ha6opa 'lncen QI ' Bl ' LI ( sneK

TpuqecKnii, 6apnOHHblll n nenTOHHblll 3apMb!)' KOT0pb1e YAOBneTBOpHlOT COOT

HOIII9HHHM 

1 Q 1 "' const 

LB "'const 
I I 

BO BpeMeHH, 

BO BpeMeHn, 

1 L 1 "' const Bo BpeMeHH • 

( 1 ) 

MOlliHO llOKa3aTb ·
11 •21 , qTo npnMeHeHHe 38KOHa 

coxpaHeHHH sneKTPH

'lecKoro aapg,na BMecTe c aaKoHaMn coxpaHeHHg 6apnoHHoro H nenTOHHoro 

3apHAOB K li3BeCTHbIM peaKUHHM C sneMeHTapHblMH qaCTHUaMH He AaeT B03-

MOlliHOCTH onpeaenHTb COOTHOIIIeHHe MelliAY sneKTpHqeCKFIMH 38PHA8MH BCex 

sneMeHTapHb!X qacTHU, HanpHMep, OTCyTCTBne_ H3-3a coxpaHeHHg 6apHOHHoro 
+ 0 aapgaa peaKUHH p ➔ e +11 

Ii ApyrHx aHanorHqHbIX peaKUHll npnBOAHT K TOMy, 

qTo aapsra Q p npOTOHa OCTaeTcg HeonpeaeneHHblM OTHOCHTenbHO aapgaa 

Q e no3HTpoHa, Ha aaKOHa coxpaHeHng sneKTpnqecKoro 3apHaa B coqeTa-

HHH C 38KOH8MH coxpaHeHHg 6apHOHHoro Ii nenTOHHoro 38pHAOB He cne.nyeT 

o6g3aTenbHO, 'ITO sneKTPH'leCKHe 38PHAbl npOTOHa Ii sneKTpOHa paBHbl no 

a6conIOTHOll BenHqHHe, a 38PHA HenTpOHa paBeH Hynro, B Ta6nHue 1 llPHBOAHT

Cg qeTbipe Ha6opa qaCTHU, HanHqHe y KOTOpbIX paBHblX sneKTpnqecKHX 3apsr

AOB llOATB9PlliAaeTcg cymeCTBOBBHHeM COOTBeTCTBYIOIIlHX peaKunfi. 

Q :, 0 

ylp+p ➔p+p+ y) 

11o(p+p ➔ p -tp + 17 ) 

0 0 
K I ( K1 ➔217 ) 

0 0 + - 0 K2 ( K 2 ➔ 11 +11 +11 ) 
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.HcHo,. 'ITO )la)Ke ecnn ipllKCHpoBaTb IIIKany aneKTpn'lecKoro aapMa ll3MepeHneM 

Q e ' 3Ha'leHHSI Q p Ii Q n OCTaIOTCSI Heonpe)leneHHbIMll. T aK_llM o6pa30M, 

BOnpoc O ane·KTpH<iecKOM 3apm:ie HeiiTpOHa )lOll)KeH 6hITb peIIIeH 3KCnepHMeH

TallbHO. 

Bee 3KCnepllMeHTbI no nOHCKaM 3apm::ia HeiiTpoHa MO)KHO pa3)lellllTb Ha 

"npSIMhie" ll "KOCBeHHbie "• K nepBbIM OTHOCSITCSI OnhITbI no llOHH3aUllll ra30B 

HeiiTpOHaMn Ii aneKTpOCTaTll'leCKOMY OTKllOHeHHIO HeiiTpOHHoro nyqKa O'leHb 

Me)lneHHbIX HeiiTpOHOB. Han6onee paHHlle 3KcnepnMeHTbI .Un ISi no noHCKaM 

noHH3aunn raaoB HeiiTpoHaMn npnBenn K oueHKe Q < -1-1 Q I . lllannpo 
n 700 e 

Ii OCTYllllH 141 , nhITaSICb Ha6mo)laTb, OTKnoHeHne HeiiTpOHHOro nyqKa TennOBbIX 

, ·-12 
aeiiTpoHoB B OJlHOPOllHOM aneKTpocTaTnti:ecKOM none, )lann ouemcy Q < 6-10 IQ I, 

e e 

K KOCBeHHb!M 3KCnepllMeHTaM OTHOCSITCSI onhITbl no noHCKaM aapMOB HellOH1i31l-

poBaHHblX aTOMOB n MoneKyn 15 ,6, 71. B Han6onee TO'IHOH paooTe KnHra 151 

Haii)leHbI BepxHne npe)lenhI aapMOB MoneKyn H
2 

, D 2 Ii SF 
6 

• ABTOpoM 

6hma( npnMeHena MeTO)lllKa, 3tiKllIO'laIOIUaSICSI B ll3MepeHllll aapMa MaKpOCKO

nn'leCKOro 061,eMa raaa nocne "'lllCTKll" ero OT llOHOB Ii aneKTPOHOB, 

. CqnTaSI, 'ITO Q aToMa = Z 6Q +N Qn , r)le 6 Q = I Qe 1-1 Q n I, na oue-

HOK Q ( H2 ) ' Ii Q (D 2) MO)KHO nony'lllTb oueHKY Q n !Je3aBHCllMO OT 6 Q • 
..,,... . 

TaKaSI npoue/lypa )laeT Q n < 3, 10-2u I Qe I • TipeAnonaraSI 

na oueHKll Q(SF
6

) MO)KHO nony'l11Th Q < 2.10-22 1Q I 
n e 

)Ke, 'ITO 6Q=Q
0

, 

KocBeHHhie oueHKll 3Ha'lHTenbHO npeBOCXO)lSIT no CBOeii TO'lHOCTll npSI

Mbie, TeM He MeHee npSIMbie 3KCnepnMeHTb! cne)lyeT C'lllTaTb 6onee Ha/le)K

HbIMII-, TaK KaK He llCKllIO'leHo, 'ITO npn 061,e)lllHeHllll B aTOM 'laCTllUbI MoryT 

KaKnM-nn6o o6pa3oM ll3MeHSITb CBOH aapSI/l, TipeU!l3llOHHbIM npSIMbIM 3KCne-

' PllMeHTOM B HaCTOSIIUee BpeMSI cne)lyeT C'lllTaTb onhIT Illanna, EnnnMaHa Ii 

Be)lrBy)la /Bl. ABTOpaM )')lanocb C03)l8Tb npn6op qp.e3BbI'lallHO BbICOKOll yrnoBOll 

'lYBCTBIITenbHOCTll, ncnonh3YSI )lBa nocne)lOBa TenbHblX 6p3I'I'OBCKllX 

OTpa)KeH!lSI OT llBYX COBepIIIeHHbIX KpllCTannoB KpeMHllSI, TipHHUllnllallbHaSI CXe

Ma np116opa noKa3aHa Ha p11c. 1, a KpllBaSI, xapaKTepll3YIOIUaSI yrnoByIO 'lYBCT

BllTellbHOCTb ,- Ha p11c. 2. PeaynbTaTbI ll3MepeHHSI npe)lCTaBneHbI Ha pnc. 3 ; 

nocne o6pa60TKH nx no MeTO/lY HanMeHbIIIHX KBa/lpaToB nony'leHo 3Ha'leHne 

Q n = (-1,9;!:3,7}•10-lS lQe I 
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• OTKnOHllJOII{eii aneKTpOCTSTl!'leCKoii Cl!CTeMbI, 

OueHKll Q n = 6 Q MO)KHO nony'lllTb T8K)Ke ll3 KOCMOnor11qeCKllX coo6-

pa)KeH11ii, 'ITO 6hmo C/lenaHo, B 'ISCTHOCTH, nnTTllTOHOM H EOH)lll 1561• TipocToe 

paccMOTpeune paBHOBeCHSI rpaBHT8UllOHHhlX cnn npnTSI)KeHHSI Ii Clln aneKTpo

CTa TH'IecKoro OTTanKIIB8HllSI, o6ecne'IHB8IOIUero cyIUeCTBOBSHHe MaKpOBeIUecT

Ba, IlOKa3bIBaeT,. 'ITO Q < 10-
1fQ .!, a 3apSI)la 2•10-18 Q e OK83hIBaeTCSI )lO-n e 

CTaTO'IHo, 'IT06b! 061>SICH1iTb pacIUnpeuue BcenenHo:fi B paMKaX HbIOTOHOBCKOll 
MeXaHHKll. 

B PSI/le pa6oT /57 / npHBO)lllllllCb BbiCKa3bIBaHnSI O TOM, 'ITO MarHHTHbie 

nonSI 3Be3)l n nnaHeT ,B03MO)KHO, o6ycnoBneHbI BpaIUeHneM cna6o aapSI)KeHHbIX 

aTOMOB BOKpyr nonSipHo:fi OCH, l13 3TllX coo5pa:>KeHn:fi cneayeT, 'ITO Q n 

J:lOn:>KeH 0hITb nopSI/lKa 2.10- 19 Q c. 

ti nocn_eaHee BpeMSI pa3BHBaeTcSI KOCMonornqec~nii TIO/lXO/l K Teopnn 

aneMeHTapHbIX 'IaCTnu
1 

l 
02 

/ -B npnHUHne HMeeTC SI B03MO)KHOCTb paCCMa TpH

BaTb aneMeHTapHbie 'IaCTHUbl KaK IlO'lTH 
3aMKHyThie BceneHHbie, l13BeCTHO, 

aneKTpH'IeCKH HeiiTpaneH, a nonHaSI Mac-
'ITO 3aMKHyThI:fi MHp J:lOll)KeH 0b!Tb 

. /103/ 
ca ero J:lOll)KHa OhITb paBHa Hymo • Ecnn B TaKo:fi Mllp BHeCTll aneKTpn-

'IeCKllll aapSI)l f , To 3TOT Mllp nepecTaeT 0hITb aaMKHYThIM. Macca ero 

Tenepb OKa3bIBaeTCR OTnll'lHO:fi. OT HynSI, MlIHHManbHOe ee 3Ha'IeHne paBHO 
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m= ,/K , rne K - rpaBHT8IUWHH8SI IlOCTOSIHHaSI x/, EcnH p_aCCMaTpHBaTh 

Heii:TpOH C T8KOI"O pona TO'IKH 3peHHSI, TO B03M0)KHblii aneKTpH'leCKHii 3apsin 

ero non)KeH 6bITh Q < m ,,/'"K "" 10 - tsl Q I , 'ITO otJeHh 6nH3KO K npHBeneH-
n e 

HbIM Bb!We oueHKaM, TaKHM o6pa30M, BeCbMa ueHHbIMII 6hin1I 6hI npSIMbie 

onbIThI no no1ICKY aneKTPII'lecKoro 3apsina HefiTpoHa Ha ypoBHe 10-19 IQ,, I, 
CyweCTBOBaHHe 3apsina Heii:TpOHa He paBHOI"O Hymo HCKnIOtJHnO 6bl Heo6xonH-

MOCTh BBeneHHSI 38KOHa coxpaHeHHSI 6apHOHHOI"O 3apsrna /2/, 

nax 

III • 3neKTpH'leCKHH AHII01IbHbIH MOMeHT (3 hM) aeiiTpoHa xx/ 

B CBSl31I C 06Hapy)KeH1IeM HapyweHHSI CP-HHBapHaHTHOCTlixxx/B pacna-
0 

K -Me3OHOB 6bm CHSIT TeopeTH'leCKliH 3anpeT C HeBO3MO)KHOCTli cymecT-
' 

BOBaHIISI 3.UM aneMeHTapHbIX 'laCTIIU, B 'laCTHOCTII, HefiTpOHa. no CBOIIM 

TpaHc«t>opMaUHOHHbIM CBOHCTBaM 3.UM 'laCTliUbl SIBnSieTCSI nonsipHblM BeKTOpOM, 

HanpaBneHFlblM BllOnh CillIHa ( aKCHanhHblii: BeKTOp) 'l8CTIIllbI, IlO3TOMY B 

pe3ynhTaTe onepaUIIII o6paIUeHIISI BpeMeHII (1I3MeHeH1Ie HanpaBneHIISI BCeX 

CKOpOCTefi Ha o6paTHbie II 38MeHa Ha'lanhHOI"O COCTOSIHIISI KOHe'lHblM) OTHO

CIITEWhHble HanpaBneHIISI s.n M I[; CillIHa li3MeHSITCSI (ecnlI CillIH II 3.UM 6hWII. 

napannenhHblMH, TO Teneph OHli CTaHyT aHTHilapannenhHblMII). EcnH cymecT

ByeT T -IIHBapHaHTHOCTh, TO npS!MOe H o6pameHHOe BO BpeMeHII COCTOSIHHSI 

paBHOnpaBHbl H, cnenoBaTenhHO, Ha6n10naeMOe 3Ha'leHHe 3.UM non)KHO 6b!Th 

. paBHO Hyn10 191 • 

TToCKOnhKY MHOI"O'llICneHHble IlOHCKII HapyweHIISI T -IIHB8Pli8HTHOCTII 

0 
B npyrHX npoueccax, KpoMe pacnana K -Me3OHOB, He np1IBen1I K ycnexy, 

06Hapy)KeH1Ie 3.UM y HefiTpoHa 1InH y KaKofi-na6o npyrofi aneMeHTapHofi 

'laCTHUbl SIBHnOCh 6hI npS!MbIM noKa3aTenhCTBOM HeyHHBepcanhHOCTli npHHUHila 

T -HHBapHaHTHOCTH • 

xi · · 
AHanOI'li'IH8SI <jiopMyna JlnSI mo6oro Tena M8CCbl m cne)lyeT H3 IISITHMep-

HOli TeopHH nons;1 IO.E. PyMepa /104/. 

xx/
6 

. 
ll8HHOM pa3)lene paccMaTpHBaeTCSI Bonpoc O Bpom)leHHOM aneKTpHqecKOM 

llHil01IbHOM MOMeHTe HeliTpOHa. 0 HaBe)leHHOM 3UM CM, HHme. 

xxx/ T 
Hntt -HHB8PH8HTHOCTH B CHny H3BeCTHOli CPT-TeopeMbl, 
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B HaCTOSI!llee BpeMSI nnsi: IlO!iCKOB 3.UM HeiiTpOHa 11cnonb3YIOTCSI nBa 

aKcnep11MeHTanbHblX MeTona. C IlOMO!llbIO MarH!iTHo-pe30HaHCHOPO MeTona 

Pa611, TTepcenn, PaM3aii 11 CM!iT /lU/ B 1957 rony Hanrn11, 'ITO 3.[lM HeiiTpo
d 

Ha, neneHHhIH Ha sapsi:n aneKTpoHa, (-n) < 5.10-
2

0 CM, B 1965-1967 rr. B 
eo 

CBSI3l1 C o5Hapy,KeHl1eM pacnana K -Me3oHa Ha nBa aapSI,KeHHbIX n110Ha 
2 

IlO!iCKli 3.[lM HeHTpOHa 5hmli B0305HoBneHhl /l l, 121
• B 9TOM HOBOM aKcnep11-

MeHTe 11cnonb30BanCSI ny'IOK oqeHb MenneHHhlX HeiiTpOHOB (cpenHSISI CKOpOCTb 

60 M/CeK)' OTo5paHHbIX C IlOMO!llbIO 11aorHyTOH HeiiTpOHOIIpOBOilSI!llell Tpy5Kl1. -; 

noCTOSIHHOPO MaPH!iTHOPO nonSI Ho 
-TTy'IOK HeiiTpOHOB nonBeprancSI nefiCTB!ilO 

Ii c11nbHOPO aneKTPOCTaT!i'leCKOPO nonSI 

napannenbHO, n1160 aHT11napannenbHO nonro 
~ 

E , KOTopoe MO,KeT 5hITb n1160 
➔ 11

0 
• TTepneHn11Kynsi:pHO nonro 

➔ Ho np11no*eHo cna5oe rrepeMeHHOe rrone 111 C qaCTOTOll W , Pe3oHaHCH8SI 

qacTOTa paBHa 

Wo 
1 

=iI(µnH -t._dnE), 
(3) 

rne I -CIIIIH HeiiTpOHa, a µ - ero MarH!iTHhlll MOMeHT. l1aMeHeH11e pe3oHaHC-
n ·. 

HOH qaCTOTbl np!i o5pameHIIIl HarrpaBneHIISI aneKTpOCTaTII'leCKOPO rronsi: 

11w _ 2dnE 
0- ---· 

nl 

(4) 

'18CTOTbl W K w 0 
npoIICXOilIIT peaoHaHCHOe II3Me-

TTpII npII5nII)K8HIIII 

HeH11e opIIeHTaUIIII CilIIHa, 
corrpOBO)KllaIO!lleeCSI pe3KIIM H3MeHeHII8M !iHTeHCIIB-

HOCTII per11cTpupyeMoro ny'!Ka 
qacTIIU. 3.UM HeiiTpOHa MO)KHO onpenemtTb 

II3 cneny101Uero COOTHOlll0Hl1SI! 

d = ~ 
n 2 

/1N 

(Ett+E )~ 
t .1, dv 

(5) 

rne. /1 N - l13MeHeHIIe CKOpOCTII C'leTa, Bbl3B8HHOe II3MeHeHII8M aneKTPII'l8CK0-

ro rronsi: c E 1't Ha E ' 1'.I, 

rro qacToTe cIIepeNieHHoro nonH. 

dN 
dv 

- npOll3B0llHaSI OT 'IIICna OTC'leTOB 
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1-lyBCTB!iTenbHOCTb rrp116opa MO)KHO IIOBbIC!iTb 3a C'leT yBen11'1eHl1SI !iHTeH

CliBHOCT!i, 6onblllero aneKTp!i'leCKOPO nonsi:, . a T8K,Ke 38 C'leT 6onbllleii KPY

Tl13Hbl pe30H8HCHOH Kp!iBOH. TTocKonbKY KPYTl13H8 CBSI38Ha C lll!ip!iHOH peao

HaHCHOH nliH!ili, a lll!ip!iHa, B CBOIO O'lepenb, orrpenenSieTCSI IIp!iHUIIIlOM Heorrpe

neneHHOCTl1, TO BblPOllHO yBenII'III:E\l;ITb BpeMSI rrpoXO,KlleH!iSI HeiiTpoHa 'lepe3 

rrp116op. 

Ha pIIC. 4 IIpIIBeneHa IIpHHUIIIIIIanbH8SI CXeMa IIpII5opa 0KpIIll,KCKOH na5o

paTOPIIII, TTpII E = 120 KBICM II BpeMeHII rrpoxo*ne-Hl1SI HeiiTpoHa r =8•lo-3ceK 

nnsi: 3 LlM HeiiTpoHa 5hmo rrony'leHo 3Ha'leHIIe I 12 /: 

(~..J = (0,02 + 0,85)· 10-22 
CM, 

e 

Ha BeHCKOH KOH¢ep~Hlll1l1 B ceHTSIOpSI 1968 rona 5hlno C0061UeHO HOBOe 

3Ha'leHHe 
1131 

· d · -22 
(-'.!..) = (0,2 + 0,2)•10 CM, 

e -

BTopoii MeTon 5bm Hcnonb30BaH B BpyKxe11:BeHCKOii naoopaTopHH lllan

noM l1 HaTaHCOM 1141• TTp11 HanH'll1II 3L1M HeiiTp:iH BCTynaeT B norronHHTenb

HOe B38IIMOneiiCTBIIe C BHyTpIIaTOMHbIM KynoHOBCKHM noneM. CooTBeTCTByIO

!llaSI aMnn11Tyna B 6opHOBCKOM IlpH5nII,KeHHil IIMeeT BHn: 

b"= id 
n 

rne Z e -aapsi:n si:npa, 

Ze(l .-0 
-ti- Cosec0 ( p rt ) , 

V 
(6) 

1- f -aneKTpOHHblll aKpaHilPYIO!llllll ¢aKTOp, f 

¢opM¢aKTOP, xapaKTepll3YIO!llllll pacnpeneneHile aneKTpOHOB B aToMe, V -
➔ 

CKOpOCTb HeiiTpoHa, 2 0 - yron pacceSIHIISI, P -enHHl1'1Hblll BeICTOP rronHpll-

38Ulll1 HeiiTpOHa, 1i -ennHil'IHbIH BeKTop, xapaKTepuayromuii paccesimte 

1 ... ... 
rt= --(k-k ), 

2ksin 0 ° (7) 

... ... 
rne k II k O -BOnHOBbie B8KTOphl no Il rrocne CTOKnHOBeHHSI, AMrrnnTyna 

➔ 

(6) MHilMaH, MaKCilManbHa, Korna BeKTOp P rrapanneneH it , u MeHHeT 

CBOH 3H8K IlpII II3MeHeHilll 3HaKa rronSipll38Ullll HeHTpOHa. l1HTeHCIIBHOCTb pac

ceHHHSI HeiiTpOHOB 
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'I 

2 2 
J"' b +(b '+b "), (8) 

I'Ae b + ib' -aMil1IHTyAa SIAepHOI'O pacceSIHHSI. B CBOeM SKCilepHM0HTe Illann 

H HaTaHC HCKa1IH H3MeHeHHe HHTeHCHBHOCTH rrpH H3M9H9HHH 3HaKa Il01ISipH3a

UHH HenTpOHa; ITocK01IbKY OTHOCHTe1IbHOe H3MeHeHHe HHTeHCHBHOCTH 

~J 4b 'b" 
-y-= b2+b'2 

(9) 

TO Bb!I'OAHO BeCTH H3MepeHHSI Ha SIApax C Manon b • B OilbITe 6hl1l rrpHMe-

HeH MOHOKpHcTann CdS , HHT9HCHBHOCTb 0Tpa*9HHSI H9HTpOHOB OT II1IOCKOCTH 

(004) KOTOpOI'O orrpeAensi:eTCSI pa3HOCTbID aMIT1IHTYA KOI'epeHTHOI'O pacceSIHHSI 

Cd H s 
2 

J "' I a -a I • 
Cd " (10) 

a = (3,8+ i 1,2) qiepMH H a,, = 3, 1 qiepMH. B SKcrrepHMeHTe -3a TPH Me-
Cd · 

csi:ua Ha6nroAa1IOCb "' 4.108 
HefiTpOHOB. Bbl1IH rrpHHf!Tbl crreuHa1IbHbie Mepbl 

A1Ifl KOMileHCaUHH sqiqieKTOB IIIBHHI'epoBCKOI'O pacceSIHHSI, T.e. pacceSIHHSI, Bbl3-

B8HHOI'O B38HMOA0llCTBH0M M8I'HHTHOI'O MOMeHTa ABH*ymeI'OCfl H0llTpOHa C 

KY1IOHOBCKHM rroneM SIApa. AMil1IHTyAa STOI'O pacceSIHHSI TaK*e MHHMa, HO OHa 

o6pamaeTCSI B HY1Ib, eC1IH BeKTOp Il01ISipH38UHH TOqHO rrapanneneH BeKTOpy 

pacc.esi:HHsi:. 

0KoHqa T01IbHbill pe3ynhT8T SKcrrepHMeHTa 

d ( -22 (..::.n..) = +2,4 + 3,9)•10 CM. 
e -

TeopeTHqeCKHe OUeHKH SnM HenTpOHa qpe3BI,JqanHO pa3H006pa3Hbl H ,COI'1Iac

HO HM SnM HefiTpOHa MO*eT 6hITb 38K1l!OqeH B rrpeA91IaX lo-l9CM > dn> l0-31cM. 
• e 

OueHKH, IlpHBOAflmHe K Be110:q0:He "' 10-
22 

CM, OCHOB8Hbl Ha rrpeAil01IO*eHHH 

0 HapyIIISHHH T -HHBapH8HTHOCTH B cna61,1x B38HMOAeii:CTBHflX. C STOH Toq

KH 3peHHfl oco6eHHO *e1IaTe1IbHO YB91IHqHTb qyBCTBHT01IbHOCTb H3MepeHHll 

SnM Ha 1-2 IlOpSIAKa. B STOM HarrpaB110HHH BeAyTCSI pa60Tbl KaK B 0K-PHA

*e, TaK H B EpyKXeHBeHe. BecbMa rrepcrreKTHBHbIM A1Ifl yBe110:qeHHfl qyBCT-
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BllTenbHOCTH rrepBoro MeTona M0)K9T 5hITb rrpHM9H9HH9 ynbTpaxononHhlX Heil

TpOHOB, na10nrnx B03MQ)KHOCTb yBenH'-IHTb Bp9M5l rrpe5hIBaHH5l '-laCTHU B rrpH-

5ope 1151 , a BTOporo - HCJJOnb30BaHH9 MOHOKpHCTannoB C O'-l9Hb Mancil aM

rrn11Tynoil KorepeHTHoro pacceSIHHSI, B t.taCTHOCTH, CMeCH H30TOJJOB BOnb¢paMa, 

o5orameHHOH H30TOJJOM BOnb¢paMa-186. TipH COOTB9TCTBYIOIIJ9ll KOHU9HTpaUHH 

186 w u 5 aMJJnHTyna KorepeHTHOro pacceSIHHSl TaKOH CM9CH MQ)K9T b!Tb na)Ke 

paBHa Hyn10 /lB/ 

III • 8neKTpoMarHttTHaH cTpyKTypa neiiTpona 

1. 3neKrpoMaf'HHTHbJe dJOpMr/JaKTOpbr HeiirpoHa 

CBOHCTBa H CTpyKTypa KaKOil-nH50 aneMeHTapHOH t.taCTHUhl T9CHO CB5l-

3aHhl co CBOHCTBaMH npyr11x t.taCTHU, 3To o5cTOSITenbCTBO o6ycnoBneHO, Ha-

rrp11Mep, 
cymecTBOBaHHeM BOKpyr peanbHOJ:'0 HeilTpOHa o6naKa BUpTyanbHblX 

t.taCTHU, t.tepe3 rrocpeACTBO KOTOpb!X ocymecTBnSieTCSl B3aHMOA9HCTBll9 M9)KilY 

HeilTpOHOM H npyrHMII '-laCTHUaMH. XoTSI caMU BHpTyanbHble t.taCTUllbl B npHH

uurre He Ha6n10naeMbl, BCe a¢¢eKThl, Bbl3bIBa9Mbie HMU,, BIJOnHe peanbHbl TaK 

)K9, KaK peallbHbl smepHbie CUllbl, KOTOpbre nposrBnSIIOTCSl npH o6MeHe BHPTY

anbHhlMH M930HaMU. XapaKTepHbie pa3M9pbl o5naKa BUpTyanbHblX t.taCTHll on-

penenSIIOTCSl HX Maccoii. TaK, no rropSIAKY Benu'-IUHbl panHYC 
TT -Me30HHOrO 

1i 
o6naKa r , rne m 

TT 
-Macca TT -MesoHa, K -Me30HHoro o6naKa 

TT m TT C 

1i 
r "' --- , rne 
K mKc 

m -Macca H T.n. B HaCTOSIII!ee BpeMSI Ha!IIH 3HaHH5! 0 
K 

K -Me30HHOH H ApyrHX 5onee rny60KUX 
o5onot.tKaX HeiiTpoHa COBep!IIeHHO 

HU'-ITO)KHbl, K00-'-ITO Mb! 3HaeM TOnbKO O JJUOHHOH o5onot.tKe. 

3neKTpOMarHHTHa5l CTpyKTypa HeiiTpOHa ( unu B0051I!e HyKnOHa) 'MO)K9T 

rrpo5!BUTbC5! npH B3auMoneiicTBHH CHUM n106oil 3ap5!)K0HHOH t.taCTHUbl (Hanpu

Mep, rrpu pacceSIHHU aneKTpOHOB Ullll MIOOHOB Ha HyKnoHe H T,n.). HaH5onee 

( /17/) 
rronHo 11syt.teHo pacceSIHue aneKTpOHOB Ha HyKnoHaX CM., HanpHMep, • 

3aKOHbl aneKTPOMarHHTHOro B3a!IMOll9HCTBH5! t.taCTUU nocTaTO'-IHO xopO!IIO U3-

BeCTHb(, JJ03TOMY H3 naHHb!X no pacce5!HUIO MO)KHO CAenaTb Bb!BOllbl O CTpyK..; 

TY,P9 HyKnOHa. Tipe)K):19 .Bcero paCC'-IIITbJBaIOT Ce'-leHue pacce5!HH5! Ha T0'-19'-IHOM 

HYK1IOHe, Y'-IUTbIBa5! He TOllbKO sneKTpOCTaTU'-I9CKOe B3aHMoneilCTBHe, HO H 

14 

B3aUMoneiiCTBHe C HOpManbHblM H aHOManbHblM MarHHTHblMH MOM9HTaMH t.tac

THllbl. 3Ha5! 3TO cet.teHue, MO)KHO Bhl'-IHCnHTb pacceSIHHe Ha npoT5l)K9HHOM HyK

noHe, COCT05!1IJ9M H3 MHOrHX t.taCTHU, cyMMHPY5! BOnHbI, pacceSIHHble Ka)Knoii 

'-laCTHUeii. TipHeM, npHM9H5!9Mblll snecb, xopOIIIO H3B9CT9H H3 TeOpHH pacce5!

HH5! peHTreHOBCKHX nyt.teii, onHaKo, npH pacceSIHHH peHTreHOBCKHX nyt.teii npH

XOllHTC5! HM0Tb neno C yrrop5!ll0'-l0HHhlMH ueHTpaMH pacce5!HH5! B KPHCTannH

'-l0CKOH perneTKe, B cnyt.tae )K9 HyKnoHa pacrrpeneneHHe rrnOTHOCTH C'-IUTaIOT 

il:MeIOIIJHM HenpepbIBHblll xapaKTep. BcnencTBHe ~Toro cyMMa no OTnenbHblM 

rrapuuanbHblM aMJJnHTynaM pacce5!HH5! 38M9H5!9TC5! HHTerpanoM, KOTOpblll npH

H5ITO Ha3bIBaTb ¢opM¢aKTOpOM, 

CTporoe TeopeTH'-l9CKOe paCCMOTpeHHe naHHOro BOnpoca, ynoBneTBOp5IIO

IIJee Tpe5oBaHH5!M nopeHUOBCKOH H rpanHeHTHOH HHBap11aHTHOCTH B rrpH5nH)K9~ 

HHH, COOTB9TCTBYIOIIl9M ¢eilHMaHOBCKOH nHarpaMMe ( PHC. 5)' rrpHBOllHT K Bbl

Bony, '-ITO nnSI OJJHC8HH5! aneKTpOMarHUTHOH CTpyKTYPhl HyKnoHa nocTaTO'-IHO 

P11c.5, <PeiiHMaHOBCKaSI 1:marpaMMa pac

ceSIHIISI aneKTPOHa Ha npoTOHe 

B np116n11JKeH1111 110 e 
2 

llBYX ¢opM¢aKTopoB - F 1 H F 2 '5!Bn5!IOIIJUXC5! ¢YHKUH5!MH KBanpaTa rrepe-

naBaeMoro '-IeThipexMepHoro HMrrynbca q xi. 

xi 
HanOMH!IM, 'ITO npocTpaHCTBeHHb!e KOMJJOHeHThl 4-BeKTOpa 

rra11a10T C llMIIYITbCOM '18CTl!Uhl p I a BpeMeHHaSI paBHa i !L 
C 

3Hepr11si '18CTl!Uhl. 
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q2 =(p -p 
f I 

2 2 
) =(p -p ), 

r(e) l(e) (11) 

rae p I' pf ' p l(e)' p f(e) - Ha'lanbHble II KOHe'lHbie 'leTb!pexMepHbie IIMnynbCbl 

npoTOHa II aneKTpOHa. 

Mollrno noKaaaTb (cM,, Hanp1IMep, 
1181 ), 'ITO nplI E>> m xi, rae E 

aHeprlISI aneKTpoHa, a m - ero Macca, 

(2 E sin 0 /2) 2 

1 2 E . 2 0 + - Sin ---, 
M 2 

q2 ( 12) 

rae M -Macca HyKnoHa, 0 -yron pacceSIHIISI · aneKTpoHa. llnsr cnyqasr, on1I-

CbrnaeMoro cpeHHMaHOBCKOll_ 1l1IarpaMMOll ( PIIC. 5) q 
2 < 0 ( npocTpaHCTBeHHO-

. . 2 
noao6Hbie 3H8'l8HII SI q ) • FI (q ) ""'.lllIP8KOBCKIIll cpopMcpaKTOp, OillICbJBaIOIUIIH 

rrpocTpaHCTBeHHoe pacnpeaeneHIIe aapsrna HyKnoHa II cBsrsaHHoro c HIIM MarHIIT~. 

Horo MOMeHTa ll1IpaKa, F (q2) .lcpopMcpaKTOp ITayn1I, CBSI3aHHbIH c npocTpaH-
2 

CTBeHHblM pacnpeneneH1IeM aHOManbHOro MarHIITHoro MOMeHTa. ct>opMcpaKTO-

pb! BKnIO'laIOT B ce6sr cyMMapHblll peaynbTaT Bcex acpcpeKTOB, Bbl3BaHHblX mo-

6b!M 'llICnOM BIIpTyanbHb!X 'laCTIIU, Ha SI3bIKe /lliarpaMMbI, II306pa)l(eHHOH Ha 

PIIC, 5, 8TO 03Ha'laeT, 'ITO He )leTan1I31IPYIOTCSI B3alIMOJl8llCTBIISI, 1IMe10mue 

MeCTO B HyKnOH-cpOTOHHOll BepwHHe, ITOJl 3aWTpHXOB8HHOll o6nacTbIO nonpa3y

MeBaeTCSI nHWb CYMMapHblH peaynbTaT. 

8 rrpe)leJihHOM cnyqae HH3K11X 8Hepr1IH ( MaJib!X rrepe)laHHbIX IIMilYJibCOB) 1 

KOr)la cnpaBe)lJIIIBO HepeJISITIIBIICTCKOe rrp1I6JI1I)l(8H1Ie, cpopMcpaKTOpbl SIBJISIIOTCSI 

ct>yphe-o6pa38MII OT rrpocTpaHCTBeHHoro pacrrpeAeneH11sr aneKTPII'leCKoro 3a

psrAa p ( r') II MarHIITHoro MOMeHTa m ( r') • HarrplIMep, B cnyqae cqiep1I'lec

K1I-CIIMMeTp1I'lHOi1: 3apSI)l(eHHOH 'laCTIIUbl Fl (q) orrpe)lensreTCSI K8K 

F
1 

( q) = __!g_ J p ( r) sin ( q r) r dr , 
q e o 

(13) 

r)le p~r) -nnoTHOCTh pacnpeAeneHIISI aneKTPII'lecKoro 3apSIJla, O6pameH1Ie 

¢opMynbJ ( 1 3) ·JlaeT B03MO'lKHOCTb H8llTII 

xi 
.B paanenax 1 II 2 ncnonbayeTc SI_ cue Te Ma ennHHU, rne t, = c = 1 . 
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e 
p(r)=-- fF(q)sin(qr)q dq 

2112r ·o · 

00 

( 14) 

II B 8TOM CMbICne "KOHCTpy1IpOB8Tb" MO)lenb 'l8CTIIUbI. 

113 ( 13) cneAyeT, 'ITO F 1 (0) =l . AHanorn'lHO F 
2 

(0)= I • To'le'lHOH 

'l8CTllUei1: C 38pHAOM e e1i 
II IlOJIHb!M MarHUTHb!M MOMeHTOM --1-- + /1. 0 ' 

21\ C 

rAe µ. 
0 

= K 
efi 

21\tc 
1 cne)lyeT H83B8Tb 'l8CTllUY, )lnSI KOTOpoil: Fl ll F . 

2 

He 38BIICSIT OT q II paBHbl 1. lJaCTIIU8 IIMeeT aneKTPOM8rHIITHYIO CTPYKTypy 

TOnbKO B cny'lae, ecn1I FI ( q 
2

) II F }q 2) He IlOCTOSIHHbl, 8To YTBep)l(JleH1Ie 

SIBnSieTCSI TO'lHb!M onpeaeneHIIeM aneKTpOMarHIITHOH CTpyKTypbl 'laCTllUbl nplI 

2 
BCeX q /171. 

3Hasr p (r) II m (r ). , MO)l(HO onpeAenuTh cpeAHeKBaApaTn'lHhie aneK-

TplI'leCKIIH II MarHIITHblll paAIIYCb! 'laCTIIllbl 

2 'tJ 3➔ 
6F/(q

2
) 2=0 

<r2>= 
fr p (r d r 

= g -
e ➔ 3 ➔ 

F 
1 

(0) fp(r )d r 
( 15) 

<r2> = 
f r1m (r)d 3r' 6 F; (q 2 )q 2=0 = m r' ➔ 3➔ F 2 (0) fp (r ) d r 

( 16) 

B cny'lae Heil:TpoHa, Ansr KOToporo 

/llIYC onpe)lenSIIOT KaK 

F =0 
I ,n 

, cpeAHeKBaapaTII'lHbIH pa-

<r2 > 
e n 

ITplI Manh1x q2 

6F; n (q' )q2 =o 

F (0) 
l,p 

6 F' (q
2

)q 2 =o 
1,n 

cpyHKUIIH F MO)l(HO pa3nO)l(IITb B psra: 

F12(q2)=F (O)+q2F'2(q2)2o+••·=F (O)(I+.!_q2<r2> + ... ). 
, I ,2 I, q = 1,2 6 1, 2 

(17) 

(18) 

113 ( 18) BIIJlHO, 'ITO nplI q 2 ➔ 0 cpe)lHeKB8Jlp8TII'lHblH pa)lliyC orrpeaensr

eT HaKnOH qiopMcpaKTopa H MO)l(eT cny)l(IITb B 8TOM CMbJCne xapaKTeplICTllKOH 

qJOpM<paKTopa, ecnu rrocne)lHIIll He SIBnSieTCSI 6bICTpO MeHsr10mei1:csr <pyHKUIIeii: 
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q 2 • B rrpOTIIBHOM cny'lae 3Ha'leH11e < r 2·> He 6yneT CB513aHO C o6IUIIM rro-

BeneHlleM cpopMcpaKTopa. Ha (18) 11 (17) nn51 cny'la51 HettTpoHa rrony'l11M: 

F ( 2) 2 1 2 q .. q - < r > = ••. 
1,n 6 e n 

2 2 

(
2) q 2 · q 2 

F q "' F (0) (1 + -
6 

< r > + ... ) = 1 + - < r > 
2,n 2,n . m n 6 m n 

( 19) 

KaK y)Ke OTMe'lanocb Bb!llle, K8)Kllblll 113 cpopMcpaKTOpOB ft 11 F2 He 

OIIIICbIBaeT TOnbKO pacnpeneneH11e aap51na 11n11 MarHIITHOrO MOMeHTa. OnHaKO 

cymecTByeT CIICTeMa KOopn11HaT, B KOTOpOll KOM611HaUIIH cpopMcpaKTOpOB F 1 

11 F2 O'leHb TO'IHO COOTBeTCTBYIOT pacrrpeneneHlllO sneKTp11'1ecKoro aap51na 

II pacrrpeneneHlllO MarHIITHOrO MOMeHTa. H0Bb!0 cpopMcpaKTOpbl Bb!pa)KalOTC51 

'lepea F1 H F2 cnenyIOIUHM o6pa30M / 19 /. aap 51/lOBblli cpopMcpaK TOP 

2 

G (q 2) = Fl ( q 2 ) + _q K F ( q 2 ) ; 
E 4M 2 2 

(21) 

MarHIITHblll cpopMcpaKTOp 

GM(q2 )=F1(q_2) +K F2(q 2). (22) 

CooTBeTCTBY10Ill851 CIICTeMa KOopn11HaT aanaeTC51 Tpe60BaH11eM paBeHCTBa 

➔ ➔ 

Hyn10 rrpocTpaHCTBeHHblX KOMIIOHeHT BeKTOpa p I+ p I , B TaKOll CIICTeMe Tpex-

MepHbie IIMIIynbCbl Ha'lanbHOro II KOHe'lHOrO rrpoTOHa paBHbl II npOTIIBOIIOnO)K

Hbl IIO HarrpaBneHlllO, a COOTBeTCTByIOIUlle 3TOMY cny'lalO 3Hepr1111 on11HaKOBbl. 

BBeneH11e ·GE II GM , KpoMe Toro, rroaBon51eT yno6Hee o6pa6aTbIBaTb 

3KCIIep11Me_HTanbHhle, naHHbie. 

B HacT051Illee BpeM51 ocHOBHa51 n:HcpopMaU115I o GE II GM rrony'laeTC5I 

113 naHHbIX IIO pacce5IH1110 sneKTPOHOB Ha rrpoTOHaX H neHTOHaX. Ha pn:c. 6 H 7 
GMn 

np11Be)leHhl 3KCIIep11MeHTanbHble 3Ha'leHH51 H G En , coo5meHHb!0 

µn 

'Ha CT3HcpopnCKOH KOHcpepeHUIIII 1967 rona /20'!~ .8KCIIep11MeHTanhHO ycTaHOB-

neHO, 'ITO Me,KJlY G · , G II G cy1IIeCTByeT cneny10mee cooTHO-
Ep Mp Mn 

IIIeH11e: 
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L 
l 
' r, 

-I· 

G Ep ( q 2 ) = 
GM (q2) G . (q ~ 

_P __ ~~-

µ p µ n 

1 
"' -2· 

(1 +q /0,71) (23) 

OnHaKO B peaynbTaTe nocnenHHX O'leHb TO'lHblX 113MepeHllll, IlpOBeneHHbIX B 

BoHHCKOM YHIIBepc11TeTe 12 1 /' Oblnll o6Hapy)KeHbl He6onbllllle OTKnOHeHll51 OT 

3TOro COOTH01IIeH1151. 

2 G \12 
Ha p11c. 8 rrp11BeneHbl 3KCIIep11MeHTanbHbie naHHhie IIO G En rrpn: q ~.4(-e-~J. 

C 

TTyHKT11pHa51 rrp51Ma51 - HaKnOH Ilpll q 
2 = 0 - nony,:rnHa 113 naHHbIX no n -e -

B3811MonettCTBHIO. Crrnoll1Ha51 KpllB851 - peaynbTaT n11crrepCHOHHblX Bbl'lllCneHllll 

Xoxnepa II np. 
1221 • TToCKOnbKY 3Ha'leHll51 cpopMcpaKTOpOB H0llTpOHa rrony'lalOT 

113 aHan11aa 3KCIIep11MeµToB ITO pacce51HH10 sneKTpOHOB Ha nettTOHax, a CTpo

ra51 pen51TIIBIICTCK851 TeOpll51 neHTOHa OTCyTCTByeT, TO 3TII 3Ha'l0HH51 He SIB-

n51IOTC51 nocTaTO'lHO Hane)KHbIMII. Oco5eHHO 3TO OTHOCIITC51 K G En 

nhIX 
2 

q • Bonee nocTOBepHOll cnenyeT C'lHTaTb IIHcpOpMaun:10 0 

np11 Ma-

( aGEn) 
-- 2' a q 2 q=O 

rrony'laeMyro 113 3KCIIepn:MeHTOB IIO n- e -B3al!MOll0llCTBH10 ( CM. paanen "Baan:-

MoneHCTBHe HeHTpOHa C sneKTpOHOM"). 

2. llonHpH3VeMOCTb HeHTpOH8 

TToH51Tlle nonS1p11ayeMOCTII HyKnOHOB 5binO BBeneHO B CB51311 C paCCMOT

peH11eM BOIIpOCOB O pacce51HIIII cpOTOHOB II cpOTOpO)KneHHII IIIIOHOB Ha HyKno-

HaX 123,241 ' a TaK)Ke pacCe51HIIII HeftTpOHOB Ha T51~enbIX 51npax 
125,261 • Ha

p51ny C aap51llOM, MarHIITHbIM II np. MOMeHTaMII rron51p11ayeMOCTb ( sneKTpll

'leCKa51 11 MarHIITHa51) 51Bn51eTC51 xapaKTepllCTIIKOll 'laCTIIUbI, Heo6xon11MOCTb 

BBeneHll51 KOTOpOll illlKTyeTC51 coo5pa,KeHll51MII rronHOTbl orr11caHll51 B3allMOneu

CTBll51 sneMeHTapHbIX qaCTIIU. TTon51p11ayeMOCTb xapaKTep11ayeT necpopMaUlllO 

Me30HHoro o5naKa 'laCTIIUbl rron nettCTBlleM sneKTpll'leCKOro H MarHHTHoro 

rroneft, 0Ha paBHa Hyn10, ecn11 'lacT11ua o6nanaeT ,KeCTKOH HenecpopM11pyeMoft 

cTpyKTypou, 11n11 51Bn51eTC51 TO'le'IHO_u. 3Kcnep11MeHTanbHOe orrpeneneH11e Ben11-

'lllHbI non51p11ayeMOCTII HyKnOHOB rrpencTaBn51eT co5ou noBOnhHO cnO)KHYIO aa

)la'ly • iln51 IIpOTOHa 3TII 113Mepel!'.1151 'laCTll'lHO BbIIIOnHeHbI. OrrpeneneHa ero 

/27/ • 
sneKTpll'leCKa51 non51p11ayeMOCTb • qTO )1{8 KacaeTC51 HeHTpOHa, TO B 
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HaCTOSIIUee speMSI MO)KHO rosopnTh nnmh 06 9KCnepllM0HTanhHblX oueHKaX 

llHTepecyromnx Hae sennqnH. 3TH oueHKll MO)KHO rronyqlITb II3 OllbITOB C q>OTO-

HaMII ll HeiiTpOHaMll. 

a) PacceHHHe rjJoTOH0B 

p acceSIHIIe !pOTOHOB qaCTIIUaMII co ~nlIHOM 1 /2 II aHOMaJihHbIM MarHnT

HblM MOM0HTOM 6bIJIO pacCMOTpeHO B pSille pa6oT /23,24,28,29,30,31,32 ,33/. 

B o6nacTn ManhIX qacTOT, T.e. nplI w << m , rae w -qacToTa cpoToHa, · a 

m -Macca nlIOHa, ecTeCTBeHHO BOCnOJib30BaTbCSI paano)KeHII0M aMnnnTyJlbl 

pacceSIHIISI no qacT~Te cpoTOHa. B pa6oTaX 
123 ,28 ,291 

B aMnn1ITyae pacceSIHllSI 

paccMaTpnBaJIIICh qJieHbl, nlIH0llHbl0 no qacTOTe cpOTOHa. EbIJIO llOKa3aHO, qTO 

B 9TOM cnyqae llJlSI on1ICaHIISI pacceSIHIISI /lOCTaToqHO n1IWh Tpex xapaKTeplICTIIK 

qaCTIIUbI: aapSillbl, MaCCbl ll aHOManhHOro MaI"HIITHOI"O MOMeHTa. OaHaKO Ta

KOe on1IcaH1Ie He SIBJISieTcs;i 1Icqeprrbrnaiom1IM. B pa6oTe 
1281 

o6pamanocb BHII

MaH1Ie Ha B03MO)KHOe yqacTne B npoueccax B 06nacT1I HII3KIIX 9Hepr1Iii npoMe

)KyToqHbIX COCTOSIHIIii, OTBeqaIOWIIX BbICOKIIM B036y)KJ:teHIISIM HyKnOHa. n orno

meHIIe q>OTOHa HYKJIOHOM np1IB01l1IT K IIHllYUIIpOBaHIIIO B HyKJIOHe aneKTpliqecKO

ro ll MaI"HllTHOrO MOM0HTOB ll nocneayrorueMy nx 1I3nyqeHllIO. AHanornqHOe 

SIBJieHIIe II3B0CTHO B onTIIK0 non Ha3BaHII0M peneeBCKOrO pacceSIHIISI. AMnJill

Tyna peneeBCKOro pacceSIHIISI nporropUIIOHaJihHa KBanpaTy qacTOTbl y -KBaHTOB. 

EbmO noKa3aHo, qTO npn 9HepI"IISIX HII)K0 nopora pO)K/leHllSI n1IOHOB noao6Hoe 

paCCMOTpeHIIe nplIBOlllIT K He06XO/lllMOCTII BBeneHIISI llBYX HOBblX rrapaMeTpOB 

a II /3 -K09!pq>llUII0HTOB 9JieKTpnqeCKOll ll MaI"HIITHOii nonSip1I3yeMOCTII HyK-

noHa. 

OrrpeaeneHIIIO noHSITIISI nonSiplI3yeMOCTII llPII pacceSIHIIII q>OTOHOB II TeOplIII 

KOMllTOH-9cpq>eKTa Ha HyKJIOHe nocBSIIUeH U0Jlblll pSill TeopeTIIqeCKIIX pa6oT. Ehl

no llOKa3aHO, qTo nplI paCCMOTpeHIIII pacceSIHllSI cpOTOHOB ManhlX 9Heprnii Ha 

CllCTeMe co cn1IHOM 1 /2 c ToqHQCThIO llO qneHOB,_ Ky61IqHblX no qacToTe qio

TOHa, B cpopMyny anSI aMnJIIITYllbl pacceSIHIISI, llOMllMO 3apSina, MaCCbl II aHO

ManhHOI"O ·MaI"HllTHOI"O MOMeHTa, BXO/lSIT erue TPll napaMeTpa: a , {3 II 

<r! > -cpeaHeKsaapaTIIqHbiii pan1Iyc pacrrpeneneHIISI 3apSina. Eonee nonpo6Hhiii 

8H8JIII3 9TIIX pa6oT coaep)KIITCSI B 
1341 
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3HaqeHllSI a 
p II f3 P MO)KHO nonyqnTh ll3 onbITOB no ynpyroMy pac-

CeSIHllIO cpOTOHOB Ha llpOTOHaX rrplI 9HeprllSIX Hll)Ke rropora pO)K/leHllSI nnoHOBy 

AHann3 9TllX onhITOB BhlllOnHeH B pa6oTe 1351 • Pe3ynbTaThl aHann3a aaroT 

anSI npOTOHa: 

a 
p 

(cM. pnc. 

(0,9:!:0,2) .lQ-42 

9). 

3. 
CM I f3 P = (0,2+0,2)·10-

42
, 3 

CM 

CneayeT 38MeTllTh, qTo yqeT B ~OpMyJie pa3JIO)K0HIISI no qacToTe aMllJlll

TYllhl. pacceSIHl{SI qneHOB 6onee BblCOKOro, qeM icy61IqecKnfi, nopSillKa MO)KeT 

HeCKOnhKO ll3MeHIITh 3HaqeHne a 
p • lJT06bI llCKnroqn:Th n:x BnllSIHHe, cne-

ayeT BeCTII II3MepeHllSI npn 9HepI"llSIX y -KBaHTOB nopSI/lKa 10-20 Mas. Oa
HaKO 9TO CBSI3aHO C 60JihillllMII TPYllHOCTSIMll BCJiellCTBIIe CIInbHOI"O yMeHhWe

HIISI 1{3MepSieMOI"O acpqie!CTa C yMeHhW0HlleM 9HeprnlI. 

OueHIITb noJISiplI3yeMOCTb HefrTpOHa 3HaqlITenbHO 6onee CJIO)KHO, noCKOJib

KY H0B03MO)KH0 nonyqlITh npSIMbie 9KcnepnMeHTanhHbl0 aaHHbie no pacceSIHIIIO 

!pOTOHOB HeiiTpOHaMn. B 6yayrueM, B03MO)KHO, yaacTCSI nocTaBllTh npHMOll 

onbIT no CTOnKHOBeHllIO HeiiTpOHOB C nyqKOM f10WHOro na3e_pa, HO noKa anSI 

oueHOK nonSiplI3yeMOCTll HeiiTpoHa np1IX01l1ITCSI nonb30BaThCSI llHcpOpMauneii, 

nonyqeHHOii ll3 9KCnepnMeHTOB no KOMnTOH-scpcpeKTY, Hanp1IMep, Ha aeiiTOHe. 

3aTpyllH0HIIH npn aHan1I3e 9TllX 9KCnepnMeHTOB, TaK )Ke KaK II npn o6pa6oT

Ke 9KcnepnMeHTOB no pacceSIHllIO 9JieKTPOHOB Ha ll0llTOHax, CBSI3aHhI, B nep

BYIO oqepeah, C OTCyTCTBIIeM CTporoii penSITIIBllCTCKOii Teopnn aeiiTOHa. He

o6XOllllMO yqlITbIBaTb TO o6CTOSITeJibCTBO,. qTo B aeiiTOHe. HeiiTpOH HaXOlllITCSI 

B llBII)K0HIIII. Ha COBpeMeHHOH CTalllllI peJISITllBllCTCKOii Teopllll neiiTOHa 3aaa

qy 06 aq>cpeKTe llBII)K0HIISI MO)KHO peWllTb JllIWh npn6JIH)KeHHO, aenaSI PSlll aony

rueHnii, qTo B KOHeqHQM cqeTe B KaKofi-TO CTeneHll o6ecueHnBaeT nonyqeH

Hbie peaynhTaTbI. AHan1I3 9KCneplIM0HTanhHbIX llaHHblX no KOMnTOH-acpcpeKTy 

Ha A0llTOHe o6brqHo npOBO/lSIT B paMKaX llMnyJihCHOI"O npn6JI1I)KeH1ISI 1361 • OHO 

COCTOllT B TOM, qTo aMnnnTylla pacceSIHliSI Ha aeiiTOHe cqnTaeTCSI paBHOll 

cyMMe aMnJIHTYll pacceSIHllSI Ha CB060llHhIX npoTOHe II HefiTpOHe, npliqeM yqlI

TbIBaeTCSI pacnpeaeneHne 9TllX qaCTliU no llMnynhCaM TaKoe, KaK B aefiTOHe. 

OaHaKo, KaK noKa3aHO B pSille pa6oT 124,37 ,381 ' 9KCnepnMeHTanbHbie llaHHbie 

0 pacceSIHllll cpOTOHOB Ha aefiTOHaX , 39,4o, He yKnallbIBaIOTCSI B paMKll llM

nynhCHOI"O npn6nn)KeHnSI. Ha aMnnllTYllY pacceSIHllSI paCCMaTpnaaeMOI"O npo-
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PHc,9. 
3HepreTHqecKaR aaBHCHMOCTb ceqeHHR yrrpyroro paccegHHR !pOTOHOB 

Ha rrpoToHax rrpH yrnax 45 42 90° ~ CrrnournaR KpHBaR - pacqeT c 

rrapaMeTpaMH a p = •o,9•10- C,M 1 /3p= 0,2•10-
42 

CM
3

, TiyHKTHp-

H8R KPHBaR - pacqeT c rrapaMeTpaMH a = f3 =0 • CeqeHHe 4 p P au 

AaHO B eAHHHuax 10-32 CM2. 

24 

uecca B o5naCTH 8HeprHii 50-100 MaB OKa3bJBaeT CHnbHOe BnHRHHe cpoTopac

menneHHe A0HTOHa. OTOT HeynpyrHii npouecc HapMy C !pOTOp0)KA0HHeM ITHO

HOB npH 5onb!IIHX aHeprHRX AenaeT H0B03MO)KHbIM IlpHMeHeHHe HMnynbcHoro 

npH5nH)K0HHR K paCCMOTpeHHID KOMITTOH-acpcpeKTa Ha AeiiTOHe B IIIHPOKOH o6nac

TH aHeprHii. Bee 8TO npHBOAHT B KOHeqHoM cqeTe K TOMY, qTo AenaTb HaAe)K

Hbie 3aKnroqeHHR O nonRpHayeMOCTH HeiiTpOHa H3 aKcnepHM0HTOB no pacceg

HHID cpOTOHOB Ha AeiiToHaX HeB03MO)KH0, B OAHOH H3 nocneAHHX pa5oT 1811 

aBTOpbI, paccMaTpHBaR 8KCnepHM0HTanbHj',Ie AaHHbie no KOMnToH-acpcpeKTY Ha 

AeiiTOHe, npHIIInH K Bb!BOAY. qTo aneKTpHqecKaR nongpHayeMOCTb HeiiTpoHa 

He MO)K0T npeBbIIIIaTb nonRpHayeMOCTb npOTOHa 5onee, qeM Ha 40%, 0AHaKO 

8TOT Bb!BOA AenaeTcg Ha·ocHOBe HMITynbCHOro npH5nH)KeHHR H, KSK yTBep)KAa

IDT CaMH aBTOpbI, y~eT HeKOTOpb!X o5MeHHblX acpcpeKTOB, HaITpHMep, THITa rro

Ka3aHHblX Ha pHC. 10, MO)KeT IlpHBeCTH K 3HaqHTenbHO 6onb1IIeii BenHqHHe 

an • B 124 / o5pamanocb BHHMSHHe Ha TO, qTo H3yqeHHe npouecCOB y+ d ➔ d+y 

4 4 
Hy+ He -> He +y ITOMO)KeT ynpoCTHTb HHTepnpeTSUHID 8KCITepHMeHTanbHbIX 

AaHHbIX. 1-ITO KacaeTCR nepBoro npouecca, -To, BHAHMO, rrpH aHeprHRX nopRAKa 

HecKOnbKHX- AeCRTKOB MaB ero TPYAHO OT/l~~HTb OT npouecca y + d ➔ p+n +y, 

a acpcpeKT. ITOJIRpHayeMOCTH rrponopUHOHaneH KBaApaTy qaCTOTbl !pOTOHa H ripH 

oqeHb_ HH3KHX aHepI'HRX !pOTOHOB acpcpeKT Man. Bo3MO:lKHOCTb oueHKH a'n 

IlpH HayqeHHH peaKUHH y + He 4 -➔ He 4 
+ y paCCMOTpeHa B pa5oTe 132 /. 

B aTOM cnyqae BKnaA HeynpyrHX npoueccoB B aMnnHTYAY pacceRHHR aHaqH

TenbHO MeHbme,, qeM B cnyqae A8iiToHa, TaK KaK nopor cpoTopacmerrneHHR 

renHR AOCTaTO'IHO Bb!COK ( E .. 20 MaB). J\aK ITOKaaaHO B i32 I. H3Mepgg pac

CeRHHe !pOTOHOB Ha renHH ITOA yrnoM 90°, MO)KHO nony'lHTb 3HaqeHHe a : 

a= 1 e
2 

2 + -(-)<r >, 
3 M e (24) 

2 
.rAe <re> -cpeAHeKBSApaTHqHblH paAHYC renHR, H3BeCTHblii: H3 OilblTOB. no 

4 
e -He pacceRHHID, a nonRpHayeMOCTb renHR a = anuc1+2a P +2a n • 3Ha-

qeHHe a nucl MO)KeT 5hITb onpeAeneHO H3 Oilb!TOB no cpOTOpacmerrneHHID re

nHR, ecnH BOCITOnb30Ba TbCR H3B0CTHblM H3 JlHCITepCHOHHblX COOTHOIIIeHHii Bbl

pa)KeHHeM: 
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fro 
'lf-'lf 

PHc,10. 

a nucl 
=-1 f 

2 "2 

aE 1 dw 

w2 
(25) 

rne aE
1 

-nonaoe ceqeaue nurronbHoro rrornomeHHSI (¢oTOpO*AeHue MesoHOB 

BO BHHM8HH8 He IlpHHHM8eTCSI) ,I1HTerpan (25) MO)KHO oueHHTb, saMeHHB a El 

Ha Utot , 3TO naeT anucl = (70:!:4),10-42 
cM

3 , ToqHOCTb 9TOfi OUeHKH 

onpenenSieT BepXHIOlO rpaHHUY a n , ilaHHblM MeTO/lOM B03MO)KH0 orrpenenHTb 

aenuquHy a n , ecnu oaa ~ 5• 1 o-42 cM3• Onb!TOB no pacce SIHHIO ¢oTOHOB 

He renHH IlOKa HeT, KocBeHHaSI oueHKa nonSipn:ayeMOCTH HefiTpOHa MOllieT 

6bITb rronyqeHa H3 )laHHbIX no ¢oTOp0lli/l8HHIO Me30HOB /24.,33/: y+ p ➔ "+ + n 

y+ n ➔ rr-+p. Ha /lHCnepCHOHHbIX COOTHOIIIeHHfi MO)KHO nonyqn:Tb, qTO 
1331 

· 

a = ~ j dw I IE 
1 
I 

2
. + 2 iE ;/+..!.IE 21 

2
-

1
6 1 M /l, 

2rr w w2 3 

(26) 

t 

1 00 dw 2 2 1 2 1 2 
/3=-2f-?IIM l+2IMI +-\MI--IEI l, 

2rr W • I 3 3 2 6 2 
wt 

(27) 

rne E I H M i -napun:anhHbie aMnnHTYllhl p0lli/l0HHSI nHOHOB Ha HyKnOHe 

(aneKTpuqecKoro li. MarHHTHOro THnOB), Hs OITb!TOB no ¢oTOp0lli/leHH!O IlHOHOB 

26 

Ha npoToHax H nefiTOHax H3B0CTHO, qTo OTHOIII0HHe ceqeHHfi B6nH3H nopora 

a"-~ 1,3 1401. OoCKOnbKY aneKTpHqecKoe /lHnonbHOe p0)K/l0HHe IlHOHOB 
a + 

rr "- 2 "+ 2 
/lOMHHHpyeT npH 9THX aHeprHsix, MO)KHO cqHTaTb 1 qTo IE 1 I ~ 1,3 IE 

1 
I • OT-

crona, IlpHHHM8SI BO BHHM8HHe 3HaqeHHe a P , MO)KHQ nonyqHTb )lnSI HefiTpo-

Ha a ~ 1,2•10-42 cM3 , AHanorHqHaSI BenHqHHa nonyqeHa TaK*e B pa6oTe 1411, 
n 

BH/lHMO, HCTHHHaSI BenHqHH8 a 
n H8XO/lHTCSI B6nH3H nonyqeHHbIX 3HaqeHHfi, 

KaKHX-nH6o 9KCil0pHM8HTanbHblX oueHOK BenHqHHbI f3 . n He HMeeTCSI, 

~ PacceHHHe sellTpOHOB TH~enMMH sapBMH 

BepXHIOIO oueHKY aneKTpHqecKofi nonSipuayeMOCTH HefiTpOHa MOlliHO no

ny<rnTb, H3yqa51 pact:eSIHHe HefiTpOHOB Ha TSillienbIX SI/lpax. 0 OHSITHe aneKTpH

qecKofi nonSipH3yeMOCTH HefiTpOHa B CBSI3H C BOttpOCOM O pacceSIHHH HefiTpo-

HOB 6hilIO BB0/l0HO B pa6oTaX 
125 ,261 • B raMHnbTOHHaae B38HMq--_ 

. I 2 
nefiCTBHSI HefiTpOHa C Sl/lpOM IlOSIBnSieTCSI nononHHTenbHblH qneH Bli/l8 2 an E 

rne E -aneKTpuqecKoe none SI/lpa. B pa6oTe 126/ B 6opaoacKOM npu6nH)Ke

HHH BbJqucneHa aMnnHTY/l8 "rronSipH3aUHOHHOro" pacceSIHHSI HefiTpOHa B Kyno

HOBCKOM rrone SI/lpa: 

Ma Ze 2 sinKR 
£(0)=--n (-) KR( 2 2 

2R n K R 
+ · +si KR), (28) 

K 2 . 0 
rne = - sm -

:t 2 
R -panuyc Slllpa, M -rrpuaeneHHaSI Macca HefiTpoHa, 

B npennonO)K0HHH, qTo 9HeprHSI SIAepHoro B3aHMO)lefiCTBHSI He 3aBHCHT OT 

c nn:Ha, nonyqaeTCSI cnenyro1IIee Bbtpa*eHn:e nnSI nn:¢¢epeHun:anbHoro ceqeHn:SI 

ynpyroro pacceSIHHSI HenonSipH30B8HHbIX HefiTpOHOB: 

du 

dO 

2 I 2 'Ii 2 z 2 2 20 2 
If (0)1 +-K (--) (-e-) ctg- +2Ref (0)f(0)+f (0), 

0 4 n Mc lie 2 O 

rne f o< 0). -aMnnHTYll8 Slll0PHOrO pacceSIHHSI, 

(29) 

BTopofi qneH Bblp8)1{0HHSI (29) onHChIBaeT IIIBHHrepOBCKOe pacceSIHHe, 

B03HHK8IOIUee 6naronapSI B38HMO/leftCTBHIO MarHHTHOrO MOMeHTa aefiTpoHa 

e1i 
µn=K_n' 2Mc · C KynoHOBCKHM noneM Slllpa. 0 OCKOnhKY nonSipH38UHOHHOe 

27 



pacce.lIHHe o6ycnoBneHO A811bHOA8liCTBYIOIIIHMH cnnaMH, TO nonCKH s¢¢eKTOB, 

BbI3B8HHblX HMH npn 9HepI'H.IIX HellTpOHOB nop.1IAK8 HeCKOnbKHX MsB, cneAyeT 

BeCTH B HHTepBane ManhIX yrnoB( <10°). IToMHMO s¢¢eKTa, CBSI3aHHOI'O C nonsr

pnsyeMOCTbIO HeliTpOH8, B o6nacTH ManhIX yrnoB 6yAeT nposrBn.lITbC.11 TaK)Ke 

WBHHI'epOBCKOe pacce.lIHHe, OAH8KO, s¢¢eKT nocneAHeI'O MO)KHO AOCT8TO'lHO 

TO'lHO y'leCTb paC'leTHblM nyTeM. 

0CHOBH8.II TpYAHOCTb npn HHTepnpeTaUHH 9KCnepnMeHTanbHb!X A8HHblX 

38KnroqaeTC.II B y'leTe .IIAepHOI'O B38HMOAeliCTBH.II. ITocKonhKY He cymeCTByeT 

COOTBeTCTBYIOIIlell CTpOI'Oli Teopnn, TO npn y'leTe sip<peKTa .IIAepHOI'O B38HM0-

AellCTBH.II npHXOAHTC.11 npn6eraTb "K pasnn'!HOI'O p0A8 MOAenhHbIM npeACTaBne

HH.IIM. B nepBOM npn6nmKeHnn .IIAepHoe pacce.11Hne B o6nacTH yrnoB < 10° 

npH 9HepI'H.IIX Bb!We 1 MsB MO)KHO C'llIT8Th H30TponHbIM0 neliCTBIITenhHO, AnH 

HeliTpoHa, HCnbITaBWero B38HMOAeliCTBHe B o6naCTH C pam1ycoM R (p8AHYC 

.11Apa), onpeAeneHne HMnynhca B03MO)KHO nnwh c own6Ko:ii: !'! p "" ~- , 'ITO 

npHBOAHT K HeonpeAeneHHOCTH B Bbl'lHCneHHH yrna pacce.lIHUSI 0 tg0 = 

= ~ "' __!__ = ...! 
p pR kR 

TpOHa En"' 2 MsB, TO 

• Ecnn R "' 10-12 
CM, KHHeTH'lecKa.11 sHeprn.11 Heu

tg0 "' !_ H 0 "'18°, T.e. BnnOTb AO yrnoB 20° (n . 3 
MeHbllie) pacces!Hne paBHOBepOSITHO. B nepBblX pa6oTax, nocB.IIIIleHHbIX nay-

'leHHIO pacce.lIHH.11 HeliTpOHOB C 9Heprneli nopSIAKa HeCKOnbKHX MsB Ha Ma

nhie yrnh1 142 ,43 ,441, pesynhTaThI (nocne y'leTa WBHHrepoBCKOro paccesrHn.11) 

cpaBHHB8nlICh nn6o C 38BHCHMOCTbIO An.II .IIAepHOI'O pacce.lIHH.11 BHAa a(0) = 

=A+ B cos 0 142 ,431' nn6o C AII¢paKUHOHHOli ¢opMynou 
1441 • 11 B TOM' 

H B ApyroM cny'lae B noBeAeHHH An¢¢epeHUH8nhHOI'O Ce'leHH.11 B o6naCTH Ma

nbIX yrnoB 6hmH HaRAeHbl OTKnoHeHHSI OT yKa38HHblX 3aBHCHMOCTeli B cny'lae 

ypaHa, Topn.11 n nnyToHn.11. OTKnoHeHHli He Ha6n10Aanoch An.II 6onee nerKnx 

SIAep. Ecnn 9TH OTKnOHeHH.11 npnnncaTh BnH.IIHHIO s¢¢eKTa sneKTpH'leCKOH no

n.11p0ayeMOCTH HeliTpOHa, TO An.II 3Ha'leHH.II an nonyqaeTC.11 cnHWKOM 6onb

W8.II Bemr'lnHa an "' 1 o-4° CMS' 'ITO npOTHBOpe'lHT He TonhKO 9KcnepnMeH

TanhHO nony'leHHOli BenH'lHHe sneKTpH'leCKOli nonsrp0ayeMOCTH npOTOHa, OT 

3Ha'leHH.II KOTOpOli an He AOn)KHa OTnH'laTbC.11, Kasanocb 6hr, cnHWKOM 

CHnbHO, HO H uenoMy p.lIAY TeopeTH'leCKHX pac'leTOB, Bb!IlOnHeHHblX AnH HYK

/45 46 47 48 49/ 
noHOB ' ' t ' • B 6onee Il03AHHX 9KCnepnMeHTanhHblX pa6oTaX no 

pacCe.lIHHID H8 Manhie yrnbI /
50,5 l, 52 •53•54•55 /, nepeKpblB8IOIIIHX HHTepBan 
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f ,1 
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r. 

9HepI'Hli HeliTpOHOB OT 0,5 AO 14 MsB, peaynbT8Tbl H3MepeHHli cpaBHHBanHCb 

C paC'leT8MH, npoBeAeHHblMH Ha OCHOBe onT'li'leCKOii MOAenn SIApa. fOBOpHTh 

0 "K8KHX-nn6o onpeAeneHHblX 38KOHOMepHOCT.IIX B paCXO)KAeHHH Me)KAY pacqeT

HblMH H 9KCnepnMeHTanhHblMH A8HHbIMH noKa TpyAHO. TeM He MeHee, IlO-BH

AHMOMY, '!HCTO 'Kn8CCH'leCK8.II" onTH'l8CK8.II MOAenh HeAOCTaTO'lHO xopowo 

onHCbIBaeT Manbie yrnbl - BKnIO'leHHe AanbHOAe:ii:CTBYIDIIl8I'O noTeHUHana yny'l

waeT cornacue Me)KAY pac'!eT8MH H 9KCnepHMeHTOM. K T8KOMY BblBOAY npn

wen LB. AHHKHH nocne TIIl8TellbHOI'O aHannaa _9KCnepnMeHTanbHblX A8HHblX 

pa60T 142- 44 ; ,50-551' npHMeHHB AnSI paC'leTOB H~-- 8BM nporpaMMY, BKn!O'l8!0-

myro AanhHOAeliCTBYIDIIIHli noTeHmrnn BHA8 1/r 
4 

H n03BOn5IIDIIIYID HenocpeACT-

BeHHO B npouecce pac'leTa IlOA6upaTb napaMeTpbl onTn'leCKOll'. MOAenn, HCXO-• 

A.II H3 Hannyqwero YA0!3n8TBOpeHHSI 9KcnepHMeHTanhHblM AaHHblM no yrnOBblM 

pacnpeAeneHH.IIM pacce.11au.11 n nonHhIM ce'!eHH.IIM. 

B PHAe pa60T 158,59,60 ,61 / 6binH npenrrpHH.IITbl nonhITKH y'leCTh s¢¢eK

TbI, cnoco6Hbie Bbl3B8Tb paann'lHOI'O poAa aHOMannn B o6naCTH ManbIX yrnoB, 

OAHaKo, OHH He 6binH ycneWHblMH. HanH'lHe HeonpeneneHHOCTH B pac'leTax 

XOA8 SIAepaoro Ce'leHHSI pacce.lIHHSI cnnbHO yMeHhwaeT TO'lHOCTh Bepxaefi oueH

KH sneKTpH'leCKOli nonsrpnayeMOCTH H8liTpOHa, CAenaHHOli Ha OCHOBaHHH pac-

CMOTpeHHblX onbITOB. Mo)KHO nHlllh yTBep)Kna Th, 'ITO I a I < (2-3) 010-40cM3. 
n -

llpyro:ii: cepuefi OnbITOB, n03BOnSIIDIIIHX cnenaTb BepXHIOIO oueHKY an , 

SIBnSIIDTCSI 9KCilepnMeHTbl no paccesrHHIO HefiTpOHOB Ha T.II)KenbIX HApax B 06-

naCTH HII3KHX 9Heprnu (MeHhWe 100 K9B) 162 ,631• Ecnu npeACTaBHTb AH¢¢e

peHunanbHOe ceqeane paccesransr B BHAe: 

. aO oo 

a ( 0 ) = - [ 1 + I w O P O ( cos O ) ] , 
4 17 f=o L L (37) 

I'Ae a O -nonaoe Ce'leHHe noTeHUH8nhHOI'O pacce.lIHHH, H BOCnonb30B8ThCSI 

H3BeCTHblM npu6nn)KeHHblM COOTHOllleHHeM AnSI ¢as pacceSIHHSI Ha KOpOTKOAefi-

2£+ I 
CTBYIOIIleM noTeHunane srnpa O e "' ( k R ) ·' TO MO)KHO nerKo y6enHThC.II, 

'ITO B cny'lae 'lHCTO .11nepHOI'O B38HMOA8liCTBH.II K09~¢HUHeHT Wt OKa3hl

BaeTCSI nnHeliHOli ¢YHKUII8li 9HeprHH HeliTpOHa E • ITpu y'leTe HHTep¢epe11-

UHH SIAep11oro paccesrHHSI C nonsrpH3aUHOHHblM B w 1 
nosrBnsreTcsr qnea, npo-

nopUHOHanbHblli k , TaK 'ITO 
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I'Ae 

½ 
w 1 =aE+bE 

a/2 
b=-2,5 -10-4 M e z -i--3 • 

anZ2 

a~ 
0 

(38) 

(39) 

ecnn: aHeprmo E B (38) Bb1pmKaTb B K3B. TaKoii aHanH3 6bm rrpoaeneH B 

pa60Te 
162 I JlllH paCCeHHHH HeHTpOHOB C 3HepI'HHMH B JlHana30H0 50-300 K9B 

Ha Hnpax ypaHa n: npn:aen K oueHKe I an I < 20• 10-42 
cM3• Bonee yno6Hoii 

.u.nH uccnenoaaHHH HBllHe'TcH o6nacTb 9Heprufi Hli)Ke 50 K9B, nocK_OllbKY B 3TOH 

o6naCTH 9HeprHfi HenHH8HHaH 3aBHCHMOCTb WI OT E CKa3hIBaeTCSJ.c tlaM-

HOI'O 38M0THee. B pa6oTe 1631 6hinH npoaeneHbl onbITbl no H3y'leHHJO paf:CeH

HHH HefiTpOHOB B o6naCTH 9Hepruii OT 0,6 no 26 K9B (MeTOJl Bp0M0Hli npo

neTa, HMnynbCHbIH peaKTOp). B K8'10CTBe pacceHBaTenH 6hm BhI6paH CBHHeu, 

KOTOpbIH yno6eH TeM, 'ITO B H3y'laeMOH o6naCTH SHeprufi OH He HMeeT CHllbHblX 

HeHTpOHHblX pe30HaHCOB li 9TO npenoxpaHHeT OT HeonpeneneHHOCTH aHanuaa, 

CBH38HHOH C npeHe6pe)KeHHeM ponbIO pe3oHaHCOB. n ony'leHHhie naHHbie 6hmH 

o6pa60T8Hbl no MeTony H8HM0HblllHX KBa)lpaTOB COBM0CTHO C /l8HHblMH naHrc

/lOpq>a li np., ony6nHKOBaHHb!Mli B 1641• 8Ta o6pa60TKa npHBena K BblBOJlY' 

'ITO C BepOHTHOCTbIO 70% B0llH'IHHa a n ne)KHT B npenenax: 

-42 3., "' 
-4,7•10 CM < a n < 

-42 3 
6,1•10 CM (cM. puc. 11). 

8TOT peaynbT8T OCT80TCH /lO HaCTOHII18I'O BpeMeHH ny'IIIIefi npHMOH 9KCnepH- . 

M0HT8llbHOH OU0HKOH an 

B) no.rzsrpH3yeMOCTb HyK.rIOHOB BC.rie,aCTBHe 

He.rIHHeR~hlX s¢¢eKTOB s.rzeKTpO,aHH8MHKH 

no CHX nop IIIna pe'lb O nonHpuayeMOCTH HyKnoHa, CBH38HHOH C o6naKOM 

BHpTyanbHbIX nHOHOB, OKpy)KaIOIIlHX HyKnOH. 0/lHaKO BOKpyr HyKnoHa acerna 

1i 
HMeeTCH o6naKO BHpTyanbHbIX aneKTpOHHO-n03HTpOHHbIX nap pa/lHYCOM 2-- .. 

m C 

.. 10-11 . CM. Ha 9TO o6CTOHT0llbCTBO 06pa111anocb BHHMaHHe B pa6oTe 16~1• 
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G.>, 

0,4 
I 

I 

0 1 

. 2 ◄· -4 7·10 an' 
, -41 ' 

0,7·10 an 
ll3 1------+------•2 -

6,1-10 an' 

D,2 I I IF// .1 7,, I I 

0,11 JW 9" I I 1 

D 5D 100 150 KeV E 

.Puc.I 1. ,3aBHCHMOCTb WI OT aHeprHH HeiiTpOHOB. KpH-

Bbie paCC'IHT8Hbl no q>OpMynaM (38) H (39) npH 

q>HKCHpOB8HHOM a = 1, 91•10;..3 
H YK838HHbIX 

3Ha'leHHHX a n • ·To'IKH 1 - /l8HHbie H3 aTnaca/641. 

To'IKH 2 - A8HHbie, nony'leHHble B /63/. 
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KaK ObinO OTMe'leHo B 9TOll pa6oTe, B03MO}KHO, 'ITO 3aMeTHYIO ponb np1:1 pac

ceHHHl:I HyKnOHOB Ha HJlpax 1:1rparoT' Jll:larpaMMbl III9CTOI'O nopHJlKa no e , 

coaep}KaII11:1e 6noK pacceHHl:IH ¢oTOHOB KynOHOBCKl:IM noneM HJlpa. CooTBeTCT

ByroIIIaH Jll:larpaMMa npHBe)leHa Ha PRC. 12. ITonHblll Koa¢¢1:1u1:1eHT npH KBaapa

TH'IHbIX no 'laCTOTe qneHax B 9TOM cny'lae MO}KHO san1:1caTb B Bl:IJle /65/: 

00 a (w )d w 
(40) a "" I t 

t w2 
WI 

a =a +a 
t m e I 

rae a 
m 1:1 a - BKna)lbl OT M930HHblX 1:1 aneKTpOJll:IHaMl:l'leCKl:IX npoueccoB. 

e 

-, 

P11c.12. 

Hs-sa oco6eHHOCTeil: yrnoBoil: saB1:1c1:1MocT1:1 YP -pacceHHl:IH cymecTBeHHyro 

ponb np1:1 paccesiH1:11:1 Ha 6onbUJ1:1e yrnh1 np1:1 8Hepr1rnx nopsiaKa 50-100 MaB 

l:II'paeT TOnbKO M030HHaSI 'laCTb, T.e. am • Tip1:1 pacceSIHl:IH Ha Manhie yrnhI 

Hn1:1 IIp!I O'leHb HII3KHX 9HepI'IISIX CTaHOBIITCSI cymecTB0HHblM a¢¢eKT PO}K)le

HIISI aneKTpOHHO-n031ITpOHHbIX nap. TI OJlCTaBnSISI B ( 40) Ce'leH!Ie o6pa30BaHIISI 
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nap Ha npoToHe, nony'IIIM, 'ITO ape = 0,1.10-39 
cM3. TaKaSI 6onbUJaSI BenII

'll:IHa, HeCOMHeHHO, MO}KeT Ob!Tb ·ooHapy}KeHa, Hanp!IMep, np!I pacceSIHIIII npo

TOHOB Ha TSI}KenhlX sinpax. ilnSI aHanOI'l:l'IHOll oueHKl:I nnsi H9HTpOHa He?6XOJll:IMO 

3HaTb ce'1eH1:1e p0)KJl0HIISI e + e - nap Ha Heil:TpOHe. B 1651 
Bbl'IIICneHO Ce'le

Hl:le pO}K)leHIISI e + e - nap Ha aHOManbHOM MaI'Hl:ITHOM MOMeHTe HeiiTpOHa. 

PesynbTaTbl Bbl'll:ICneHl:ISI no ¢opMyne. ( 40) JlaIOT npl:I 3TOM BenH'll:IHY aen "" 

""10-44 CM3. 06Hapy}Kl:1Tb nono6HyIO Manyro Ben1:1'l1:1Hy B HeiiTpOHHblX 1:1 ¢oTOH

Hb!X OnbITax noKa He npencTaBnSieTCSI B03MO}KHbI~. 

B /66 / OT~e'leHO, 'ITO, B03MO}KHO, ' rnaBHblll. BKnan B a en aaeT a¢¢eKT 

pO)KJ:leHl:ISI nap, CBSI3aHHblll He C ~HOManbHbIM MaI'Hl:ITHbIM MOM0HTOM HeiiTpo

Ha, a C aneKTpl:1'10CKl:I sapSI}K0HHbIM n1:10HHblM o6naKOM, L11:1arpaMMbI, onHCbI

BaIOIIIl:le aneKTpOMaI'HIITHbie B3a!IMO)leil:CTBIISI HyKnOHOB, o6ycnoBneHHbl0' nonsi

PII3Y0MOCTbIO, CBSI3aHHOH C HanII'll:leM o6naKa Bl:lpTyanhHbIX aneKTpOHHO-no-

31:1TpOHHbIX nap nnsi npoTOHa II HeiiTpOHa, np!IB0Jl0Hbl Ha PIIC, 13. TIO nopsin

KY Ben1:1'11IHbl nonsip1:1syeMOCTh aneKTpOHHO-n031ITpOHHOI'O o6naKa B npoTOHe 

1:1 HeiiTpoHe /67 I: 

p n 

.,,..------..... 

P11c.13. 
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e2 1i 3 
a "'G (--)( ) ' 

(41) 
ep Ep 'lie 2m C 

e 

g 2 e 2 li 3 
a ,.G (- H--H 

2m C 
) ' (42) en En 1ic 1ic 

e 

rae G Ep H G En - cpeaHHe 3HaqeHH51 aap51)l0BOI'O tpOpMCpaKTOpa npoTOHa H 

HefiTpoHa, g -KOHCTaHTa cn:nbHOI'O B3aHMO)l0HCTBH51. 

nn51 npOTOHa ·GEp H3B0CTHO, H nO)lCTaHOBKa 3HaqeHHH KOHCTaHT B ( 42) 

aaeT a Ep "' 1,5-10-39 
CM3, qTo 6nn:3KO K 3HaqeHHIO, nonyqeHHOMy H3 Bblpa

)KeHH51 (40). 3ap51)l0Bb!H tpOpMtpaKTOp HefiTpOHa no )l8HHbIM /20,68,69/ B 06-

naCTH q
2 

= (0+-2) f-
2 

XI He npeBOCXOllHT 0,03-0,05. Bcne)lCTBHe STOI'O 

Benn:qn:Ha a 
en llOn)KHa 6hITb He6onbIIIOH H BP511l nn: M0)K0T cymecTB0HHO 

BnH51Tb Ha paCC051HHe HefiTpOHOB T51)K0nbIMH 511::tpaMH npn: paccMaTpHBaeMb!X 

SHepI'H51X, XOT51 lln51 OKOHqaTenbHOI'O 3aKmoqeHH5I Heo6xonHMbl 6onee TOqHbie 

pacqeThI, TaK KaK npn: B3aHMOnefiCTBHH H0HTpOHa C KynOHOBCKHM noneM Hnpa 

2 
B ceqeHHe )laJOT BKnaa pasnn:qHbie 3HaqeHH51 q • TTOMHMO SToro, KaK ·OT-

MeqeHO B pa6oTe 
1651 , MO)KeT cymeCTBOB8Tb cn:nbHa51 SHepreTn:qecKa51 3aBH

CHMOCTb s¢¢eKTa B o6naCTH nopora po)KneHH51 nap npn: CTOnKHOBeHHH HefiTpo

Ha C ,MPOM. B03MO)KHO, "ITO TaKOI'O poaa 51BneHH51 MOI'YT Bb!3B8Tb aHOMani,

HOe paCCe51HHe HefiTpOHOB TH)KenbIMH MpaMH Ha Manbie yrnhI B o6naCTH SHep

I'HH nop51)lKa HeCKOnbKHX MsB H He naJOT s¢qieKTa B o6naCTH O"IeHb HH3KHX 

SHeprnfi. Bo BC51KOM cnyqae )laHHblH BOnpoc Tpe6yeT nanbHefiI11eI'O n:ayqe

HH51. 

B paMKax Teopn:n: rpynn SU 
3 

H SU 
6 MO)KHO nonyqHTb COOTHOilleHH51 

Me)K)ly sneKTpn:qecKHMH H MaI'HfiTHbIMH non51pHayeMOCT51MH 6apHOHOB H M0-

30HOB 
1101 • TTpn: STOM OKa3bIBa0TC51, "ITO sneKTPH"IeCKHe nongpn:ayeMOCTll 

6apnoHOB CB513aHbl COOTHOilleHH51MH: 

a = a , a = a ,a == a 
P 2+ n E 0 2- s-

2y3 
a 2o-aAo=2(a Ao-an)=3aloAo, (43) 

x/ 1r-1 +13 -1 HMnynbc = 10 CM 197 Msa/c. 
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rne a 2 0 A O -MaTpH"IHb!H sneMeHT llBYXtpOTOHHOI'O pacnana 

0 0 
2 ~A +2y. 

AHanoI'n"IHbIM COOTHOilleHH51M yaoaneTBOp51eT MaI'HHTHa51 nonHpn:ayeMOCTb 6a

pHOHOB {3, 

B /71/ Ha OCHOBe Hepen51THBHCTCKOH KBapKOBOH MO)lenn: sneMeHTapHblX 

'IaCTHU, o6nanaJOIUHX s u 6 CHMMeTpn:efi, T8K)Ke nonyqeHbl COOTHOilleHH51 Me)K-

llY nonHpH3yeMOCT51MH 6apHOHOB H Me30HOB. B,. qacTHOCTH, B paMKaX STOH 

- 1 5 10-43 3 f3 ~ 1 2 10-43 3 
MO)lenH a =a ·, f3 p - , • CM , n - 1 • CM • 

P •n 

I1TaK, sneKTPOHbl H cpOTOHbl 51Bn51JOTC51 B3aHMHO nononH51!011JHMH cpeacT-

BaMH nn51 n:ayqeHH51 sneKTpOMaI'HHTHOH CTPYKTYPbl HyKnOHOB. ct>opMtpaKTOpb! 

G E H G M , xapaKTep1_1ayJ011JHe pacnpeaeneHHe aapH,Cla H MaI'HHTHOI'O MOMeH

Ta HyKnoHa, onpenen51JOTC51 npn: pacces:IHHH sneKTpoHOB. TTonHpnayeMOCTb, T.e. 

cnoco6HOCTb Me30HHOI'O o6naKa HyKnoHa ae¢opMHpOBaTbC51, npo51Bn51eTC51 npn: 

B3aHMOnefiCTBHH C ¢oTOHaMH. BHAHMO, cyIUeCTByeT TeCH85I CB5I3b Me)Kny ¢opM

¢aKTOpaMH H rron51pH3Y0MOCTbJO, onHaKO, noKa STOT BOnpoc He paCCMOTpeH. 

III • Bsa1:1MOJJ.eticrn1:1e Me)KJJ.Y HeiiTpoHoM 1:1 arreKTpOHOM 

( nc B381:1MO/J,eHCTB1:1e) 

a.) BBe.aeHne 

TTocKOilbKY HefiTpOH o6nanaeT MaI'HHTHb!M MOMeHTOM, TO cymeCTByeT 

O"IeBHllHOe, 3aBHC5Il1Jee OT cnn:Ha B38HMOAeHCTBHe an:nonbHbIX MaI'HHTHblX MO

MeHTOB HefiTpOHa H sneKTpOHa, a TaK)Ke 38BHC51IUee OT CKOpOCTH B38HMO)lefi

CTBHe MaI'HITTHOI'O MOMeHTa HefiTpOHa C sneKTpH"IeCKHM noneM llBH)KyllJeI'OC51 

sneKTPOHa. 3TH B38HMOAeHCTBHH, npHBOA5111JHe K MaI'HHTHOMY pacceHHH!O Men

neHHblX HefiTpOHOB Ha a TOMax, n:ccnenyJOTC51 MeTO)laMH HefiTpOHHOH onTHKH, 

ncnoIIb3YJOl1IllMH pacce51HHe Ha Manhie yrnhI, llHtppaKumo, OTpa)KeHne ll T.n. 

(cM., Hanpn:Mep, 172 ,731 ). He 38BHC5IIUee OT CIIHHa H CKOPOCTH B3aHMOneficT

BHe HefiTpoHa C sneKTpOHOM MO)KeT HMeTb MeCTO npn: HanH"IHH y HefiTpOHa 

npocTpaHCTBeHHOH sneKTpOMaI'HHTHOH CTpyKTypbl. B STOM cnyqae BHYTPH Hefi

TpoHa MOI'YT cymeCTBOB8Tb o6naCTH C OTIIH"IHOH OT Hyn51 nnOTHOCTb!O aap51-
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na. fl106aSI 3apSI)KeHHaSI 'laCTHUa, rrorrana10maSI "BHyTph" HeiiTpoHa, 6yneT rron

BepxrnHa B 8T0M cny'Jae neiiCTBHIO aneKTp0MaI'HHTHbIX CHn, B Ka'leCTBe 

061:,eKTa HCCnenoBaHHSI BMeCT0 aneKTpOHa. M0)KeT 6hITb .B3SITa n106aSI npyI'aSI 

3apSI)KeHHaSI 'laCTHUa. OnHaKo B cny'lae, HaIIpHMep, IIp0T0Ha MepH0e B3aHM0-

/l9llCTBHe M9)KllY HHM H HettTpOH0M HeJl0CTaT0'IH0 xop0llI0 H3Y'l9HO, 'IT06bI 

HlleHTHC}HiUHpOBaTb Manbill aneKTpOMaI'HHTHbill BKnan. llnSI llPYI'HX )Ke 'laCTHU, 

HaIIpHMep µ -Me30H0B, ocyrueCTBneHHe rrono6HbIX 0IIbIT0B II0Ka HeB03MQ)K-

HO H3-3a Hell0CTaT0'IH0 C0BepUieHHOll TeXHHKH 3KCIIepHMeHTa, 

Ce'leHHe pacceSIHHSI HettTpOHa aneKTp0HaM 0Ka3hIBaeTCSI Ha B0CeMh rro

PSlllK0B MeHbllie Ce'leHHSI SinepH0I'0 B3aHMoneiICTBHSI, TeM He MeHee, 6nar-ona-

• PSI HHTepcpepeHU11H Me)Kny yrrpyI'HM pacceSIHHeM MenneHHbIX HeiiTp0HOB Slllp0M 

H aneKTp0HaMH aT0Ma aT0 SIBneHHe M0)KHQ o6Hapy)KHTh, llHcpcpepeHuHanhHOe 

Ce'leHHe K0I'epeHTH0I'0 pacceSIHHSI MenneHHbIX HellTp0HOB C nnHHOll B0nHhl ,\ 

II0pSinKa pa3Mepa aT0Ma 0II11CbIBaeTCSI (6e3 y'leTa IIOI'noruemrn) C00TH0IUeHHeM: 

a(0)=\a +Zf(sin~)a 12 
,\ ne • 

(44) 

I'lle a Sill - aMIInHTyna K0I'epeHTH0I'0 SinepH0I'0 pacceSIHHSI, a ne - aMIInHTy

na pacceSIHHSI HeiITp0Ha Ha aneKTpoHe, f ( siii.O_) - aTOMHbill cpopMcpaKTOP nnSI 
,\ 

aneKTp0H0B, H3BeCTHblll H3 pacceSIHHSI peHTI'eH0BCKHX ny'lell 
1141 

OueHKH II0Ka3bIBaIOT, 'IT0 0TH0Cl1TenhH8SI BenH'IHHa norronHHTenhH0I'O 

BKnana B pacceSIHHe 

a ne 
~- ... 2Z1H--

a a (45) 

C0CTaBnSieT"' 1%, acpcpeKT TaKOH Ben11'IHHbI rroanaeTCSI H3MepeHHIO, B Heft

TpOHHOll q>H3HKe (n e ) -B3aHMOJl9llCTBHe rrpHHSIT0 OIIHCbIBaTb IIOCTOSIHHbIM 

8KBHBaneHTHbIM II0TeHUHanoM Vo 

Bhlpa)KeHtl:eM: 

, CBSI3aHHbIM C aMIInHTYllOll pacceSIHHSI 

3 

a 
ne 

~ MR V 
3 1i 2 0 (46) 
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3a panHyc R II0TemrnanhH0H SIMbI IIPHHHMaIOT KnacCH'leCKHll panHyC 

aneKTP0Ha 
e2 

~ 
2,8•1o-13 

CM, KoHe'IHO, II0TeHUHan Vo H0CHT 'IHCT0 

ycn0BHbill xapaKTep, II0CK0nbKY B naHHOll rrpo6neMe KnaCCH'l9CKHll paaHyC 

aneKTP0Ha He HI'paeT q>yHnaMeHTanbHOH ponH. 

6) 3KCIIepHMeHT8llbHble MeT0/1.bl 01Ipe11.eneHHH 

(ne) - B38HMOJJ.eiic TBHH 

CyrueCTBYIOT TPH aKCIIepHMeHTanbHbIX MeTOllB H3y'leHHSI ( ne) -B3aHM0-

neftCTBHSI, CT8BllIH9 K HaCT0SIIUeMy BpeMeHH y)Ke KnaCCH'leCKHMH, OJlHH H3 

HHX, BIIepBbie rrpHMeHeHHbill <PepMH 11 MapUiann B 1947 r-ony /75/. 0CH0BbI

BaeTCSI Ha Ha6nroaeHHH 0'leHh He6onhllIOll aCHMMeTpHl1 pacceSIHHSI TerrnoBbIX 

HeiiTpOHOB, o6ycnoBneHHOll 3aBl1Cl1M0CTbIO f ( sin° ) 
,\ 

OT yr-na pacceSIHHSI, B 

3T0M H aHan0I'H'IHbIX 0IIbITax cpaBHl1BaeTCSI pacceSIHHe TeIIn0BbIX HefiTpOHOB, 

HMeIOIUHX MaKCBennOBCKOe pacrrpeneneHHe II0 CK0p0CTSIM, rron yr-naMH 45 H 

135°. 1.JTo6hI 1136e)KaTb BnHSIHHSI MaI'HHTH0I'0 pacceSIHHSI, a TaK)Ke aqicpeKTOB 

MoneKynSipHOH llHcppaKUHH, B Ka'leCTBe pacceHB·a·Tenefi HCII0nh3YIOT 6naI'opon

Hhie I'a3bI, HMeIOIUHe 3aII0nHeHHhie aneKTp0HHbie o60JIO'IKH, B 'laCTH0CTl1, KCe-

HOH (Z =54) • Pa3H11ua Me)Kny £(45°)= 0,78 11 f (135°) = 0,52 o6ycnaB·-

nHBaeT aCHMMeTpHIO (n e) -pacceSIHHSI, rrp0SIBnSIIOIUyIOCSI Ha CHnhHOM q>OHe 

H30Tp0IIH0I'0 SinepH0I'0 pacceSIH11SI, B H3MepeHH0e 3Ha'leHHe aCHMMeTpl1H cne

nyeT BHeCTl1 rrorrpaBKY Ha Heon11HaK0Bbie I'90MeTpH'leCKl19 rrapaMeTpbI neTeK

TopoB H y'leCTb aCHMMeTpHIO, BbI3BaHHYIO TeIIn0BbIM llBH)KeHHeM aT0M0B raaa, 

BO MH0I'0 pa3 rrpeBbilllaIOIUYIO 11CK0Mb!H acpcpeKT, B peaynbTaTe H3MepeHHH <PepMH 

H Maplllann H rrocneay10ru11x 6onee T0'IHhIX 0IIbIT0B 
176,771 

6hrno rronytJeHo 

3Ha'leHHe VO =-( 3900 :!: 800) aB, 3HaK MHHYC C00TB9TCTByeT IIpHTSI)KeHHIO 

M9)KllY HeiITp0H0M H aneKTp0H0M, OcHOBHbIM Hell OCT a TK0M 0IIbIT0B rrono6Ho

I'0 THIIa SIBnSieTCSI 6onbll!aSI Ben11'1HHa rrorrpaBKH Ha acpcpeKT, BbI3BaHHbill TeII

noBbIM llBH)K9HHeM aT0M0B I'a3a, fnaBHblll BKnan B II0IIpaBKY BH0CSIT HettTpo

HbI, HMeIOIIIH9 0'19Hh 6onhllIYIO nn11Hy B0nHhI KaK pa3 B T0ll o6nacTH, r-ne OT 

MaKCBennoBCK0I'0 pacrrpeneneH11SI M0)KHQ )KJl8Tb OTKnOHeHHll, 3TO M0)KeT rrpH

BeCTH K HeIIpaBHnhH0MY Bbl'Il1CneHHIO rrorrpaBKH, B HaH6onee T0'IHbIX 3KCIIe-

PHMeHTaX rrorrpaBKa orrpenenSinacb 3KCIIepHMeHTanhH0 H3 H3MepeHHll C apr-o-

H0M 11n11 He0H0M, nnSI K0T0pbIX ( Il C) -pacceSIHHe He3Ha'll1TenhH0. 
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ITpeUH3HOHHbIM SKenepHMSHTOM, BbinonHeHHb!M no MeTony «t>epMH H 

Maprnann, sIBnSIIOTeSI H3MepeHHSI KpoHa H PHHI'O 1181 ' npoBe)leHHbie B AproHc

KOll na6opaTOPHH B 1965-1966 rr. H3MepeHHSI BenHeb Ha KeeHoHe, KpHnT0He 

H aproHe, He0H 6hln Henonb30BaH JlnSI npoBepKH npaBHnbHOeTH paeqeTa non

paBKH Ha aeHMMeTpmo, Bbl3BaHHyIO TennoBb!M ABHlKSHHSM raaa. BenHqHHa 

3T0ll nonpaBKH npeBb!IIIana HeK0Mblll a¢¢eKT )lnSI KeeH0Ha B 4 pa3a, )lnSI KpHn

TOHa - B 10 pa3 H nnsi aproHa - B 18 pa3. BenHqHHa aMnnHTYJlbl (ne )

paeeeSIHHSI onpenennnaeb H3 eoOTHOIIIeHHSI: 

aane 
R =l +811 -- ZM(l+ o ), (47) 

a" 

rJ:te R = 
a (45 °) 

a (135 °) 
- H3MepeHHaSI aCHMMeTpHSI C y'feT0M nonpaB0K Ha "noi1rny10" 

aeHMMSTpHIO, a -Sl)lepHaSI nnHHa_ paeeeSIHliSI, a,, -eeqeHHe paeeenHH~ 

d f =< f (45 ° )- £(135 °) > - yepenHeHHaSI no eneK'J'.PY HefiTpOHOB pa3HOeTb 

¢opM¢8KTOpoB, 

0 
a 

_n_e_< f 2 (45 °) -f 2(135 °)> -
2adf 

8 1T a ane < f (135 o ) >. 
a 

" 
BenHqHHa o He npeBbIIIIana 0,01. 3HaqeHHSI a JlnSI Xe H Kr 6binH 

onpe)leneHbl nyTeM H3MepeHH51 KpHTHqecKHX yrnoB nonHOI'O OTpalKeHHSI Hefi

TPOHOB OT noBepXHOeTefi elKHlKSHHbIX I'830B i KpOMe Toro, 3HaqeHHe a 

nnn Xe 6bmo nonyqeHo na onbITOB no nn¢paKUHH HefiTpoHoB Ha XeF 
4 

• 

OKOH•JaTenbHblll peaynbTaT SKenepHMSHTa: 

-16 
a =(-1,34 + 0,03)•10 CM 

ne 
HnH V0 = (-3720+ 90) 3B, (48) 

BTopofi MeTon neenenoBaHHSI (ne ) -B38HMOAefieTBHSI 6bm npnMeHeH XeBeH

eoM, p a6H H PeHHYOTepoM 
179,801• OH 3aKn10qaeTCSI B" Ha6n10neHHH 3aBHCH

MOeTH nonHOI'O eeqeHHSI paeeeSIHHSI OT nnHHbl HSllTpOHHOll BOnHbl B pafioHe 
0 

,\ "'1 A • AMnnnTyna sinepHOI'O paecenHHSI nonlKHa OCTaBaTbeSI rroeTOSIHHOll, 

B TO BpeMSI KaK ¢opM¢aKTOp f ( sinO ) o6yenaBnHBaeT 3aBHeHMOeTb non.:. 
,\ 

/79 80/ • 
HOI'O eeqeHHSI OT ,\ B pa6oTaX ' B KaqeeTBe paeCSHBaTeneH aB-

38 

TOpbl HCil0nb30Bann lKHAKHll eBHHeu, a 3aTeM lKHAKHll BHCMyT. Ebmo H3MepeH0 

0 
nonHoe eeqeHHe nnn lKHAK0I'O BHCMyTa B AHaIIa3oHe ,\ = 0,3 +-1,3 A. B 3TOM 

nnanaaoHe nnnH BOnH H3MeHeHHe ¢opM¢aKTopa BeneneTBne (ne) -B3aHMO

nefieTBHSI Bbl3b!BaeT H3MeHeHHe rronH0I'0 eeqeHHSI Ha 0, 1 6apHa. B H3MepeHHe 

cnenyeT BHeeTH norrpaBKH Ha npyrHe a¢¢eKTbI, TaK, norrpaBKa · Ha MelKaTOM

Hb1e HHTep¢epeHUHOHHble a¢cpeKTbl eocTaBnneT B yKa3aHHOM nnarraaoHe nnHH 

BonH 0,2 6apHa, Heo6XOAHMO BHeCTH rrorrpaBKY Ha a¢cpeKT 0THOCHTenbH0ll CKO

pocTH, o6ycnoBneHHOll Terrn0BblM ABHlKSHHSM aTOMOB MHIIIeHH, a TaKlKe yqeCTb 

BnHSIHHe 38XBaTa HSllTpOHOB B BHeMyTe H IlpHMSeSIX, Bee STO IlpHBOAHT K 

TOMY, qTo HeCMOTPSI Ha BblC0KYIO eTaTHCTHqeeKyIO TO'fH0CTb naHHOI'O MeTona 

o6ma51 TOqHoCTb ero He BenHKa, Han6onee ToqHoe 3HaqeHne Vo rronyqeHo 

3THM MS TOA OM B pa60Te MenKOHSIHa H np. 181/: VO = - ( 4340;:!: 140) SB, 

npnBeneHHaSI OIIIH6Ka SIBnneTeSI cTaTneTHqeeKOll, 

Eonee HanelKHblM 3KCilepHMSHTanbHblM MeT0A0M H3y'feHHSI (n e) -B3al1M0-

nefieTBHSI SIBnSleTeSI MSTOA KOMneHeauHH aMnnnTyn nnepHOI'O pacceSIHHSI npH 

0TpalKeHHH OT 3epKana. 8TOT Me Ton 5brn IIpHMeHeH l030M H np. B pa5oTai'82 ,831• 

H3BeCTHO, qTO IIOKa3aTenb rrpenoMneHHSI BemeeTBa nnsi HefiTpOHOB e nnHHOll 

B0nHbl ,\ naeTCSI C00THOIIIeHHeM: 

2; 
2 ,\ ~ 

n =1+ -- ""al N 1 , 
1T 

(49) 

ri:te N, -qncno qacTHU THIIa i B 1 cM3 BeIIIeCTBa, a 
1 

- nnnHa K0{'epeHT

H0I'0 paccenHHSI HSllTPOHOB 'faCTHUaMH THIIa i B HarrpaBneHHH Brrepen. Unsi 

HHTepeey10mero Hae cnyqasi (n e )-B3aHMonefieTBHSI: 

2 
2 X 

n =1+ -N(a +Za. ) • 
1T ne (50) 

nnsi npeUH3H0HH0I'O onpeneneHHSI OTHOCHTenb~OI'O II0Ka3aTenn npenoM

neHHSI ABYX BemeeTB H3MepSl!OT KPHTHqeeKHll yron 0 
0 

nonHOI'O 0TpalKSHHSI 

Ha HX rpaHHUe, rrpnqeM: 

xi 
TTocKOnbKY pe'lb llJ:10T O pacceSIHllll 110/:1 ManbIMll yrnaMll (Brrepea), q:iopM-

( sin 0 ) 1 qJaKTOp f -A-- = . 
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02=n2-n2 
C A B 

0«1), 
C (51) 

rne n A H n B -noKa3aTenH npenoMneHHSI llBYX BellleCTB, .Llnsr )KHJlKOro KHC

nopona H BHCMyTa, HCIIOnh30BaBllIHXCSI 1030M, H3 (50) H (51) MO)KHO rrony-

'IHTh: 

17 2 ( N O a0 ) ( - 0 e:N a -- -1 - N Z -N 
,\2 c BI BI N a BI BI o 

Bl Bl 

Z )a 
0 ne 

(52) 

rne a O H aB,I -aMIInHTY/lbl KorepeHTHoro pacceSIHHSI KHCnopona H BHCMyTa, 

HnepHoe paccesrHHe Ha KHcnopone Bcero nHlllh Ha 2% 6onbllle, 'leM Ha BHCMY

Te, B TO BpeMSI KaK aneKTpOH!IOe pacceSIHHe Ha BHCMyTe H3-3a 6onhllIOro 

Z BO MHoro pa3 6onhllle, 'leM Ha KHcnopone. BcnencTBHe aToro H3MepeH-

Hoe 3Ha'leHHe KpHTH'leCKOrO yrna 0 IIpHMepHO B paBHOll CTeIIeHH OIIpe-
c 

nensreTCSI HeCKOMIIeHCHPOBaHHb!M SI/lepHbIM pacceSIHHeM H (n e )-B3aHMO/lellCT-

BHeM. 8To yron COCTaBnSieT HeCKOnbKO MHHyT, 

CxeMa OIIbITa, BbinOnHeHHOro IOaoM H np., IIpHBeneHa Ha PHC, 14. AMII
a 

nHTY/lbl a H a ( HnH, TO'IHee roBOp51, a H OTHOIIIeHHe _o_ 
0 Bl Bl aBI 

~ 

i1000 
<o 
c::, I 800 

~ 600 
C, 

l 
~ 400 

§ 
~ 
6 

Oz 

_ o(t:$;] 742-
l<oAAl/MupotJaHHblU B, ..,..9-:'\ 
nyvoK HedmpoHOtJ 9, I ~ 

/ 

\ 

Teopemu11ecKaR 
· KpuRaR pacnpe8eAe-

/
9 I HUR namaKa c y11e-

. mOM pa3pcwa1014el1 

! ! \"'°"""'mu 
~ I j 

0,=~66MUH \ 

2001..-----~----,--~--=--:------' 
I 2 3 4 5 6 

8,MUH. 

Pac.14. CxeMa H pe3ynhT8TbI OilbITa l03a H AP, /83/, 
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6hrnH orrpeneneHbl rryTeM H3MepeHHSI Ce'leHHll paccesrHHSI nnsr CB060/lHbIX aTO

MOB IIpH SHeprHH rropsrnKa 10 SB, TTpH STHX 3HeprHSIX (ne) -B38HMO/lellCT

BHe He IIpOSIBnsreTCSI, TaK KaK ¢opM¢aKTOp rrpaKTH'leCKH paBeH Hyn10. nnsr 

rrepexona K KOrepeHTHbIM aMIInHTy/laM a H a 
Bl 0 

Heo6xon~Mo 6bmo orrpe-

nenHTb 3aBHCSiruee OT CIIHHa HeKorepeHTHOe pacceSIHHe B BHCMyTe. 8To cne-

nanH IIpH IIOMOIIIH /lOIIOnHHTenhHbIX OIIb!TOB c HeiiTpoHaMH 6onhll!HX nnHH BOnH, 

nnsr KOTOpbIX, KaK H3BeCTHO, HMeeT MeCTO nHlllh H,eKorepe.l{THOe pacceSIHHe, 

B peaynhTaTe 6bmo rrony'leHo 3Ha'leHHe: 

V
0 

= - (3860 + 370) 3B (53) 

MeTO/l OTpa)KeHHSI OT aepKana o6nanaeT rrpeHMyllleCTBOM rrepen OCTanbHb!MH, 

IIOCKOnhKY H3MepsreMblll s¢¢eKT B 3Ha'IHTenhHOll CTeIIelIH orrpenensreTCSI "c:a

MHM (ne) -B3aHMO/lellCTBHeM. OnHaKo, TaK )Ke· KaK H B pa6oTaX l 79 ,80,8l/, 

KOHe'IHb!ll" pe3ynhTaT OIIbITa IO~a H /lp, OIIHpaeTCSI Ha rrpenrrono)KeHHe, 'ITO 

B o6nacTH SHeprHii OT 10 SB /l0 Terrn0B0ll srnepHaSI aMIInHTy/la He 38BHCHT 

• /84/ 
OT SHeprHH HeHTp0H0B, Me)KJlY TeM, KaK 0TMeT}In XanrrepH I rrpH SHep-

rHSIX rropSI/lKa 10 SB Ha BHCMyTe H Ha KHCnopone MO)KeT rrp0HCX0/lHTh Heyrr

pyroe pacceSIHHe. EcnH 9T0 TaK, TO 3Ha'leHHSI a O H ani 6ynyT 0TnH'laTb

CSI OT 3Ha'leHHll, IIpHHSITbIX IOsoM, 'ITO C00TBeTCTBeHH0 H3MeHHT H K0He'IHhie 

pesynhTa.Tbl 0llbITa • .Llon)KHa 6hITb TaK)Ke yBepeHHOCTb B 0TCYTCTBHH KaKoro

nH6o BnHSIHHSI pesoHaHCOB B yKa3aHHOll o6naCTH 3HeprHii, Bee )Ke 6nH30CTb 

pesynhTaTOB, nony'leHHb!X TpeMSI pa3nH'IHblMH SKCIIepHMeHTanhHbIMH MeT0/la

MH, CBH/leTenbCTByeT 0 TOM, 'ITO, BH/lHM0, 0HH He CHnbH0 0TnH'laIOTC51 OT 

HCTHHbI, 

He/laBHO B MIOHXeHe KecTepoM C C0TPYllHHKaMH 
1851 

Ha rpaBHTaUH0H

H0M pe¢paKTOMeTpe HeiiTp0H0B 
1861 

MeT0/l0M 0Tpa)KeHHSI OT BHCMYT0Boro 

sepKana 6hrnH nponeneHbl O'leHh TO'IHbie H3MepeHHSI aMIInHTY/lbl K0repeHTHO

ro pacceSIHH51 BHCMyTa a Bl = (8,5234;!:0,0014),10:- 13 
CM. 8Ta aMIInHTYJW 

C0IIOCTannsrnacb C /laHHblMH 110 ce'leHHIO pacceSIHHSI npH SHeprHH HeiiTpOHOB 

5,2 9B a 
5 

(9,327± 0,002) 6apH, B pesynhTaTe 'lero nony'leHo: 

Vo - (3330 + 100) 9B, (54) 

41 



B Ta6mme 2 rrp1rne)leHbI peaynhTaTbI II3Mepemrii n e -BaaIIMOJleiicTBIIH, rrpo

BOJlIIBlliIIXCH aa rrepIIO)l c 1947 IIO 1968 ro)l, 

B) TeopeTif'leCKHH 8H8lIH3 (ne) -B38HMOt(eHCTBHH 

TionyqeHHaH B 9KCIIepIIM9HTaX BenIIqIIHa Vo o6b5ICHH9TCH B pa6oTax 

ct>on)lII 
187- 901 , KOTOpblll IIOKaaan, qTo IIOMIIMO scpcpeKTa, B03HIIKaJOwero BCne)l

CTBHe HanuqIIH y HeiiTpoaa o6naKa aapmKeHHbIX BHpTyanbHbIX qacTIIu, Jlom1rnH 

cymecTBOB8Tb MaI'HHTHblll 9cpcpeKT, KOTOpblll cne)lyeT 0)KII)l8Tb Ha TOM OCHOBa

HHII, qTO CB060)lHblll HeiiTpOH YJlOBneTBOpHeT ypaBHeHIIIO .nupaKa II o6na)laeT 

aHOManbHblM M8I'HIITHbIM MOMeHTOM, CBo60)lH85I JlHpaKOBCKaH qaCTIIUa He )lBII

)K9TCH B)lOnb rrp,HMOii, a "TaHuyeT" co CKOpOCTbIO CBeTa BOKpyr ToqKII, KO

TopaH )lBH)KeTCH paBHOMepHO co CKOpOCTb!O V • "TaHeu" qaCTIIllbl 3aXBa-

TbIBaeT o6nacTb paaMepaMII _L 
me 

, B cnyqae, HarrpuMep, sneKTpOHa, IIM9!0-

mero aapHJl e , 9TO JlBII)K9HIIe 9KBIIBaneHTHO ManeHbKOll IIeTne C TOKOM 

II B IIpIICYTCTBIIII MaI'HIITHOro rronH sneKTpOH Be)leT ce6H TaK, KaK ecnII 6bI 

OH IIMen HOpManbHblll MaI'HIITHblll MOMeHT 
e1i 
2mc 

, TIOMIIMO 9TOI'O cneJlyeT 

0)KII)l8Tb 9cpcpeKTOB, CBH38HHbIX C TeM, qTo JlBH)KeHHe 3apHJla He 6y)leT TaKIIM, 

K8KHM OHO 0)KH)laeTCH )lnH Toqe'lHOll qacTIIllbI, a 6y)leT IIO)l06HO JlBH)KeHHIO pac

rrpe)leneHHOI'O IIO KOHeqHoMy o6beMy aapH)la. 3TOT 9cpcpeKT Bbl3bIBaeT )lOIIOn

HIITenbHOe CMemeHIIe ypOBHeii ~ -sneKTpOHa B aTOMe BOJl,OpOJla H OIIIICbJBaeT

CH B TeOpIIII ilIIpaKa qneHOM, rrpe)lnO)K9HHblM ilapBIIHblM 
191 /. TaKIIM o6pa-

30M, "llPO)KaHIIe" ToqeqHOI'O sneKTPOHa IIpHBO)lHT K Ka)KymeiiCH KOHeqHoii rrpo

TH)KeHHOCTII pacrrpe)leneHHH ero aapH)la H HOpManbHOMy MaI'HHTHOMY MOMeH

Ty. 

B cnyqae HanuqIIH y qaCTIIUbI BHyTpeHHeii sneKTpOMaI'HIITHOii CTpyKTypbl 

Ka)KylllaHCH IIpOCTpaHCTBeHHaH IIpOTH~eHHOCTb 38pMa B03HIIK8eT II3 BHyTpeH

Heii IIpOT5I)K9HHOCTII H )lOIIOnHHTenbHOI'O "pa3M83bIBaHIIH", CBH38HHOI'O C "Jlpo

)K8HIIeM". LfTo6bl rronyqHTb II3 9KCIIepHMeHTanbHhIX )laHHbIX IIO ( ne ) -B3aIIMO

)leiiCTBIII0 IIHcp0pM8UIIIO O BHyTpeHHeii CTpyKType HeiiTpOHa, Heo6XO)lIIMO BbI

)lemrTb BKna)l scpcpeKTa, CBH38HHoro C "JlPO)KaHIIeM", 

. AMIInIITy)la pacceHHIIH JlHpaKOBCKOll qaCTIIllbI Ha cna6oM Me)lneHHO Me-

HSIIOllleMCH qIICTO sneKTpOCTBTIIqecKOM IIOTeHUIIane cp c; ) 6bma IIonyqeHa 

ct>onau 1901 
II3 o6o6meHHoro ypaBHeHHSI JlIIpaKa /88,92,931: 
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ABTOp!i ro~ 

~epMn n Mapmam1 1947 

XelleHc, Pa6H, 1947 PettayoTep 

_n_ 1951 

IOa, rapllett, 1952 
ro~6epr 1953 

Xa111ep111em, 
P1rnro, YoTeH- 1952 
6epr 

K~oym, Kpoa, 
1rnro 1956 

MeJIHOHHH, PyCTM, 
XelleHC 1959 

Kpoa, Prrnro 1966 

Kec:rep, H10Kep, 1968 
<I>eiu,3em;peJ1hA 

Ta6nHua 2 

MeTo~ V
0 

8ll iinTepaTypa IlpIHJ 8'18 Hll E 

PacceHHHe 
H8 Xe 

(300,±5000) L75J 

IlOJIHOe <. 5000 \_791 ce'leane Pb 

IIOJIHOe -(5300,±1000) l8oJ ce'leHne Bi 

0Tpallteane -(3860,±370) \.82,83) o T ae pHa JI a 
0

2
-Bi 

Pacceirnne 
l76} Ha Xe, Kr -(4100,±1000) 

Ar 

11aMepeane -(3900+800) L771 
J/lcnom,aoBaH~ 

aMTIJIHTY~ - . ~aHHhle paoo~ 
Xe,Kr L76) • 

IIOJIHOe -(4340,±140) . l81} ce'leHne 
Bi 

Pacceirntte -(3720,±90) (78} Ha Xe,Kr, 
Ar, Ne 

0Tpallteane -(3330:!;IOO) t_35] 
OT aepHaJia 

Bi 
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a tfJ + Mc i ~ □ n 1 n a A a Av 
y µ a X 1i t/J - ~ n=} fn y µ Aµ + 2 µ n y µ Yv □ ( a"J!:.. - -a-)] t/J= 0, 

µ . XV Xµ (55) 

I'Jle f O -nonHbIH sapsm JlHpaKOBCKOH 'laCTHUbI, µo -aHOManbHblll MaI'HHT-

Hblll n11nonbHbIH MOM9HT JlHpaKOBCKOH '18CTHUbl B cpopMe, BBe)leHHOH ITayn11 1941• 

OcTanbHhie qneHbI B aTHX psmax npencTaBnsnoT co6ofi: 6onee BbICOKHe pan11-

anbHb1e MOMeHTbI pacnpe.a.eneHHSI BHyTpeHHeI'O sapsina II TOKa, CBSI3aHHOI'O 

C ·qacTHUeH. B qacTHOCTH, qneH C K08cpcp11u11eHTOM f t onHCbIBaeT pan11anb-

Hyro npoTSI)KeHHOCTb BHyTpeHHer-o pacnpe.a.eneHHSI_sapsma, a Koacpcp11u11eHT c 1 

CBSI3aH co cpenHeKBanpaTH'IHbIM aneKTpH'19CKHM pan11ycoM: 

f "' l_ f r 2 p ( r) d r = ....£. < r 2 > , 
1 6 6 e (56) 

4neH c µ 
1 

B03HHKaeT Bcne)lCTBHe pan11anbHOH npOTSl)K9HHOCTH-MaI'HHTHOI'O 

MOMeHTa 'laCTHUhl. 

HTaK, B nepBOM 6opHOBCKOM np116nH)K9Hllll aMnn11Tyna pacceSIHHSI 6yneT 

HMeTb BHJl / 90/ • 

...... 
-lkr oo 1i 

"' M f l[c +--µ a ( k ) = - -2 e n=<> n 2Mc 
217fi 

+ 
n-1 

1 1i • 2 n ... 
.,,... (-- ) f + ... ] 1-,. ¢ (r) dr' ( ) 
~ 2Mc n-1 57 

... 
r-ne 1i k -11Mnynbc, nepenaBaeMhIH np11 pacceSIHHrr. B cnyqae ManbIX nepe-

naHHbIX HMnynhCOB cyIUeCTBeHHbI n11urb qneHbl C n = 0 II n =l: 

... Mc lkr ... 
aJk)=---%Je ¢(r)d;, 

2 1T1i 
(58) 

( 
... k) M 1i 1 "' ...... 

a 
1 

= - -- [ f + __ ( n )2 lkr 
2 ITU 2 1 2Mc µ O • + 2 2 Mc f o ] f e V' 

2 
¢ (r) d-;. (59) 

B cny'lae HeHTpOHa f = 0 II a ( k) uenHKOM 0TB9TCTBeHeH sa Ha6monae-
o 1 

MOe (n e) ·-B3aHMO)leHCTBHe. nnsi HCKOMOH aMnnHTYJlbI (n e) -pacceSIHHSI MO)K-

HO nony'IHTb (k ... 0): 
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a 
ne 

2M e 1i 
--[€ +--µ ]. 

1i 2 I 2Mc o (60) 

B 8TOM Bblpa)K9Hllll qneH, co.uep)KalUHH €1 ' B03HHK 6nar-onapSI HanH'IHIO. 

y HeHTpoHa pan11anhHOH npoTSI)KeHHOCTH pacnpeneneHHSI sapsi.a.a. 4neH c µ 0 

npe.a.cTaBnSieT co6oH MaI'HHTHbIH BKna.a. II SIBnSieTCSI cne)lCTBHeM ,, .a.po)KaHHSI 11 

qaCTHUbI, HMeromefi aHOManbHbIH M8I'HHTHbIH MOM0HT µ 
0 

• KaK OTMeTun 

~enn 1951 , Bafi:cKoncp nan npocTyro nonyKa'leCTBeHHyro 11HTepnpeTau11ro acpcpeK

Ta. TpaeKTpHeH .UBH)KYIU9I'OCSI HefiTpOHa SIBnSieTCSI cn11panb, no KOTopofi OH 

JlBff)KeTCSI co CKOpOCTbIO CBeTa C TaK, 'ITO nepeHOCHaSI CKOpOCTb paBHa 

CKOpOCTH JlBH)KeHHSI V • Ecn11 HeHTpOH HaXO)lHTCSI Ha paCCTOSIHHH R < [!.-
. -"le 

OT aneKTpoHa, TO HMeeT MeCTO MaI'HHTHOe CITHH-op611TanbHOe B38HMO.UeHCT

BHe aneKTpOHHOI'O TOKa C MaI'HHTHbIM MOMeHTOM HeHTpOHa. TTonc'leT 8TOI'O 

B38HMO)leHCTBHSI ITOK83bIBaeT, .'ITO C TO'IHOCTbIO .no MHO)KHTenSI 3 /4 OHO COB

rra1:iaeT c pesynbTaToM ~onnu. 

B_ocrronb30BaBIUHCb Bblpa)KeHHeM. ( 46)' 113 (60) MO)KHO rrony'IHTb! 

• 
2 3 1i ] 

V =3e(~) [c +-M µo 
o e2 I 2c 

V +V 
0€ I O µO 

(61)' 

TTo.a.cTaHOBKa 'IHCneHHbIX 3Ha'leHHH .a.aeT Vo = -4080 8B. CpaBHeHHe 8TOH 
µQ 

BenH'IHHbl C 9KCrrep11MeHTanbHbIMH )laHHblMH Ta6nHUbI 2 noKa3bIBaeT, 'ITO 6onb-

llIHHCTBO H3MepeHHH, sa HCKnro'leHHeM pa6oT 178 ,81 11 851 , CHnbHO npOTHBO

peqaIUHX .a.pyr- npyr-y, B npenenax onr1160K cor-nacyroTcsi co SHa'leH11eM V0µ0 • 

TaKHM o6pa30M, 'IT06bI BbISIBHTb BKna.a. VO( 11n11, HHbIMH cnoBaMH, 'IT06bI 
I 

H3MepHTb < r 2 > , Hy)KHO yBenH'IHTb TO'IHOCTb H3MepeHHH, a eme nyqure rrp11-
e n 

MeHHTb KaKyro-n1160 HOBYIO 6onee 'IYBCTBHTenbHYIO MeTO)lHKy. 

2 1/2 
Bee, 'ITO MO)KHO noKa CK838Tb O BenH'IHHe < r e> n 1 8TO TO, 'ITO 

OHa Mana 11, BH)lHMO, He npeBbIUiaeT 0, 1-10-13 
CM x/. HHTepeCHO OTMeTHTb, 

6 
• 2 • 

'ITO ecnu bl HellTpOH HMen <r e> n T8KOll )Ke, K8K y rrpOTOHa, TO ,KaK no-

K83bIBaIOT paC'leTbI, npoBe.a.eHHbie 11eHHH II np. 
1961

, .o.nSI V oc, nonyqaeT-

CSI 3Ha'leHHe 

V
0 

"' 16000 aB. 
f I 

Aaanor11qHaH BennqnHa anH rrpoToHa "'Q,8•10-13 CM (CM. /
9B/ ). 
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3HTb 

q 2 

AMIInHTYJ:lY a ne (HnH 9KBHBaneHTHb!H IIOTeHUHan Vo ) MO)KHO Bb!pa

qepea aneKTpHqecKHH ¢opM¢aKTOp Heii:TpOHa GEn • .llH¢¢epeHUHpysr no 

Bbipa)KeHHe (21) H BOCIIOnb30BaBll!HCb ( 19)' nonyqHM: 

2 
aG En <re>n 

(-) = --+ K ---. a q 2 q 2=0 6 4 1\1 2 C 2 

2 
1i 

(62) 

ITpHHHMasr BO BHHMaHHe (56) H cpaBHHBasr (62) c (61), MO)KHO nonyqHTb: 

a G y 2 a 
Ell\ o e (-., = -(--) 

a q 2 q 
2
=0 3 e 2 me 2 (63) 

TaKHM o5pa_30M, rrayqeHHe (n e ) -B3aHMOJ:{eHCTBHSI II03BOnsreT nonyqHTb 3Ha-

a GE 
qeHHe ~) 2 aq 2 q =O 

• ITpH 3TOM OCHOBHOH BKnaa B ( 
aGEn 
a q 2-\2,,,o J:laeT 

MarHHTHblH qneH, paBHbIH K _!_:___ = 0,0210 f 2 

· 4 M2 c 2 Bonpoc o aone BKnaaa 

qneHa, coaep)Kap.i:ero < r2 > , IIOKa OCTaeTCSI HeSICHbIM. 
e n 

r) H.sy'leHHe (ne) -B38HMO,l(eiicTBHSl Me TO,l(OM 

,l(HqJp8Kl.(HH Heiirp"oHOB Ha MOllOKpHCTanne BOllbqJpaMa 

KaK y)Ke OTMeqanocb Bblllle, qTo5bI aenaTb KaKHe-nH5o Bb!BOJ:{bl O BKna

J:le B aMIInHTYAY (ne) -paccesrHHSI qneHa, COJ:1ep)1<amero (I , HY)KHO -YBenH

qHTb ToqHOCTb H3MepeHHH C 10 J:10 1-2%. OaHaKO y)Ke H3MepeHHSI, Bb!IlOnHeH-

Hbie C TOqHOCTb!O "'3% paanrrqHbIMH MeTOJ:laMH (cM. pa50Tbl 178,8l,8BI), ITpH

BOJ:{SIT K peaynhTaTaM, OTnHqaromHMCSI apyr OT apyra 5onee qeM Ha '!eTblpe 

Oll!H5KH, H J:{aIOlllHM ITpH 9TOM 3HaqeHHSI f I , pa3Hb!e J:{a)Ke ITO 3HaKy. 

0CHOBHbIM HeJ:{OCTaTKOM 3THX MeTOJ:10B SIBnsreTCSI O'IeHb Manasr BenHqH

Ha Ha5nIOJ:{aeMoro a¢¢eKTa ITO cpaBHeHHIO C CHnbHblM Heil:TpOHHO-SIJ:lepHbIM B3aH

MOJ:{eHCTBHeM. ITosToMy Bceraa cymeCTByeT OITaCHOCTb BmISIHHSI Ha peaynb

TaTbl KaKoro-nrr5o Hey'!Tennoro sraepnoro a¢¢eKTa. TaK, B cnyqae H3MepeHHfi 

C BHCMYTOM H3MeHeHHe SIJ:lepHoro Ce'IeHHSI BHCMyTa Me)KJ:IY OH 10 3B BCero 

nHll!b Ha 1 /1000 J:lOnIO Bbl3bIBaeT H3MeHeHHe H3MepeHHOH aMITnHTYJ:lbl ( n e )

B3aHMOJ:{eficTBHSI Ha 10%. ITpH H3MepeHHSIX rronynpoueHTHoro a$¢eKTa C Toq

HOCTb!O, nyqllle 3%, Ha 5naropo.QHblX raaax HY)KHO TaK)Ke HMeTb a5conIOTHyIO 

46 

·1 

yBepeHHOCTb B OTCYTCTBHH BnHSIHHSI KaKHX-nH50 s¢¢eKTOB (HaITpHMep, BnHsr

HHSI, p -pe30HaHCOB,npHMeceii: nerKHX ra30B II -T.n.), J:{a!O!llHX nOlKHYIO aCHM

MeTpmo. B CBSI3H C 9THM npeJ:lCTaBnsreTCSI HHTepeCHblM HaHTH HOBblll MeTOJ:l 

HCCneJ:{OBB.HHSI (ne ) -B3aHMOJ:leHCTBHSI, B KOTOpOM H3MepsreMblll a¢¢eKT 5bm 

5bI 5onee 3HaqHTenbHbIM, ITocKOnbKY OTHOCHTel!bHblll BKnaa B Ce'!eHHe pac-

t-.a a 
ceSIHHSI OT (ne) -B3aHMOJ:lefiCTBHSI -- "' z 11 f ~- ' TO H3MepeHHSI 

a a 

BblrOJ:{HO BeCTH Ha TSI)Ke·noM SIJ:lpe, HMeIOmeM He5onblllOe a HJ:{ • B pa5ciTe
197 1 

OTMeqeHo, qTo BCne.QCTBHe HHTep¢epeHUHH IIOTeHUHanbHOro H pe30HaHCHoro 

pacceHHHH H30TOII BOnb¢paMa-186 J:{On)KeH HMeTb B o5naCTH TennOBblX 9Hep

rHii: HefiTpOHOB aHOManbHO ManyIO aMIInHTYJ:lY HJ:lepHoro pacceSIHHSI II npeano-· 

)KeHo npHMeHHTb 9TOT H30TOIT ansr onpeaeneHHSI a ne nocpeJ:{CTBOM H3y'Ie-. 

HHS! AH¢paKUHH HefiTpOHOB Ha CMeCH, o5orameHHOll 9THM H30TOITOM. ITocKon~

KY MeTannH'!eCKHH BOnb¢paM - napaMarHeTHK 1731 , MarHHTHOe pacceSIHHe 

He J:{On)KHO J:{aBaTb BKna.Qa B J:lH¢paKUHOHHbie ITHKH /72 ,731. B pa5oTe 
1981 

MeTOJ:{OM J:lH¢paKUHH HefiTpOHOB Ha MOHOKpHCTannax 5hina onpeaenena 3aBH

CHMOCTb OT 3HeprHH (oT 8 M9B J:10 0,13 3B)_ HJ:lepuofi aMITnHTYJ:lbl pacceHHHH 

CMeCH, coaep:11<ameii: 90,7% w 186 
• ITpH o5pa50TKe peaynbTaTOB y)Ke 3THX 

H3MepeHHll npHll!nOCb y'IeCTb (ne) -pacceHHHe, BKnaa KOToporo B CYMMap

HYIO aMnnHTYJ:lY COCTaBnsrn ,,, 20%. 

K HaCTOSilll0MY BpeMeHH npOB0J:l0Hbl H3MepeHHH .HHT0HCHBHOCTefi: 6psr-

o 
roBCKHX OTpa)KeHHll MOHOXpOMaTHqecKHX HefiTpOHOB c J:lnHHOH BOlIHbl 1, 15 A 

OT MOHOKpHCTanna, coaep)Kamero 90,7% BOnb¢paMa- 186 x/. l1HTeHCHBHOCTb 

Ka)KJ:{Oro OTpa)KeHHSI: 

N ( sin0 
hkE A-)= k I [ a 

2 sin0) a ] 
+ Z f ( --,\- hk£ ne 

-2Whk£ 
o 2 0 · e 

[ I f ( sin 0) orY2ctg- -2 l\kr -.--w' 
+ - ,\ hkl sin hkC 

rae k -ITOCTOHHHblll ansr BCeX H3MepHeMblX OTpa)KeHHll K09¢¢HUHeHT, a HJ:{ -

aMnnHTyJ:1a HJ:lepnoro paccesrHHH, A h'kC - ¢aKTop nornomenrrsr, Y'IHTbIBaeMhifi 

-2W • 
pacqeTHblM nyTeM, e - ¢aKTop .lle6asr-Bennepa, Y'IH Tb!BaIOlllH fi TennOBbie 

W B( sin0 )2 

Kone6aHHSI aTOMOB B pell!eTKe, = --,\- - rae B=const anH BCeX H3-

xi ABTop 6naronapeH A.M. EaJJarypoBy, T.A. Ma'leXHHOtt, r.c. CaMocBaTy, 
n.H. Cei:tnaKOBOH (OJ1$H1) tt H.B. PaHHeBy, n.E. ,:PbiKHHY ( cpXH), Bhmon-
HHBlllHM Il8HHbl8 H3MepeHHSI. 
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MepSieMblX oTpa)KeH!di:, 0 n . - yron CKOJlb)K9HHR, HaKOHeu, 'IJleH, COll9p)Ka-hkL . 

2 2 
lllHfi y Clj?; 0 / 2 , rile 

11 Z e 2 

y = 1/2 K {'-) ( ---) 
n Mc 1ic 

' Y'lllTbIBaeT lllBHHre-

pOBCKOe pacceRHlle. 3KcnepuMeHTaJlbHO 6h!JlH onpelleJieHbl llHTeHCIIBHOCTH BOCb

MH OTpa)K9HHfi: (110), (200), (220), (310), (400), (330), (420), (510). 3Ha

'19HIIR qiaKTopa lle6asi-Bannepa 6b!Jlll onpell9Jl9Hbl pacqeTHblM nyTeM, Ha oc-

HOBaHHll pa6oT 
199,1001• B peayJibTaTe o6pa60TKll qlOHOHHoro cneKTpa BOJlb

qipaMa, npuBelleHHoro B aTux pa6oTax, nony'leHo 3Ha'leHue B = 0,147 A2 , 

'ITO COOTB9TCTByeT lle6aeBCKOfi TeMnepaType 0 = 355°K. IToCKOJlbKY BKJlall 

lllBUHrepoBCKOro pacceSIHHR B (64) He npeBbllllaeT 3%, B nepBOM npH6JlH)K9-

. . Nhkfsin20hkf · ½ whkf ½ 
HHll HM MO)KHO npeHe6pe'lb. Tor Ila B9JlH'lllH8 ( ...;;._;_ _ _..;;~) e "'k (a +Zf na ) 

A hkf nkt ne 

llOJl)KHa JlllHefiHo 3aBHC9Tb OT Zf • Ha pnc. 15 9Ta 38BHCllMOCTb HJlJlIOCTpll

pyeTCSl Ha npHMepe OllHOfi H3 cepHfi H3MepeHufi. Ha p11c. 15 BllllHO, 'IT~ 

2t,OI 

260i 

--. . 
!ji 2.0 

'-

I 
c:l 22( 
~ 

'-...l 

::,-, 
200 

____ .,,,..,,,,,,---/ 

_,,// 

/~ 

1f/ 
,,,,✓ r·+ 

,.,.,,,,A· 

_ _.,,..,-/f 

+ + 

/~ ~----------------------
lbll 

-2ir 
KiO 

,ao· 120• llO• 60° JO. 

0 10 20 lll 1,11 SU 60 

Zr + 

Nhkf sin20hkf ½ w 
Puc.15. 3aBHCHMOCTb Bentt'II-IHbl ( A )e ·nkfoT Zf. 

hkf 

a II a - o,:moro 3HaKa, 'ITO cornacyeTC51 c 113MepeHHRMII ;9S/, B 
SIil ne 

peayJlbTaTe KOT0pb!X 6b!Jl0 nony'leHO, 'ITO a SlJl llJlR AaHHOfi 113,0TOilll'leCKOfi 
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CM9CII OTpauaTeJlbHa. H a6mollaeMa51 SCIIMMeTpllR pacce51HH51 Bb!3BaHa ( n e )- -

( a +f Z a )
2 

B3allMOAefiCTBll9M lI COCTaBJISieT R-1 = ( 1 IO) ne = 0 19 ' T.e. no'ITII 
2 ' 

(a +f(~IO)Z ane) . . 

B 40 pa3 npeBbllllaeT aHanorH'IHblfi aqicpeKT Ha KCeHOJie. O6pa60TKa ypaBJieH_llfi 

THila ( 64) J:lJlR BOCbMII ll3MepeJIJib!X 0Tp8)K9Hllfi no MeTOllY JiallMeJiblllHX KBall-

paTOB AaeT OTJI01lleJI11e 
a ne 

a 
• Cneu11anbJIO IlOCTaBJieJIHbie OilbITbI C no-

polllKaM11 BOJlbqipaMa - C ecTeCTBeHHOfi II lICCJl91lY9MOfi 1130TOilll'19CKIIMII CMe

C51MII no3BOJIIIJlll onpelleJIIITb cyMMapHyIO aMilJIIITYllY pacce51HH51 llJIR oTpa)Ke

HHR ( 110). 8T11 OilbITbI 6b!JlH IIpOB91l9Hbl Ha llBYX pa3HbIX ycTaHOBKaX C llBY

MSl Ha6opaMII o6pa3UOB, npuroTOBJl9HHbIMII pa3JllI'IHblM o5pa30M,' H llaJIH COB

nallaIOIII119 pe3yJlbTaTbl. ConocTaBJISl51 cyMMapHyIO aMIIJllITYllY llJlSl OTpa)KeHlI51 

(110) C OTH0lll9H119M 
•a 
~ 
a 

, MO)KHO onpelleJIHTb a • Bbmo nonyqeeo: 
ne 

-16 ) a = (-2,35•10 CM 
ne 

( V = -6500 9B) 
0 

co CTaTlICTll'leCKOH Olllll6Kofi OKOJlO 5%. Tiony'leHHa51 B9Jlll'llIJia ane CJllllllKOM 

CIIJlbHO OTJlll'laeTC51 OT peaynbTaTOB npe)KHUX 113MepeH11fi. Eb!Jlll npellilPIIHRTbI 

IIOilblTKII eafiTII IIpll'lllHY TaKoro 60JiblllOrO paCXO)KlleHIIR. B 'laCTHOCTII, rrpo

BOllllJlllCb OIIb!Tbl IIO 113MepeHIIIO pa3MepOB OTpa)KeHHoro OT KpllCTanna HeH

TpOHHOro ny'IKa lI IIX 3aBUCIIMOCTH OT OTpa,KeHIISl K OTpa)KeHn:IO. Pa3M9pbl 

IIY'IKa OK838Jll1Cb 3Ha'IIIT9JlbHO MeHbllle yrnOBOro paCTBOpa ll9TeKTopa, a 3aBII

CIIMOCTb OT yrna Eparra - H93Ha'l11TeJ1bHa. TIOCKOJlbKY KpllCTann o6orallJeH

HOro BOJlbqipaMa BblpalllllB8JlC51 ll3 ecTeTCTBeHHOH "aaTpaBKII", TO MO)KHO Obi

no onacaTbCSl llllqJqly3Hll ecTeCTBeHHoro BOJlbqJpaMa B o6orameHHOH II B CB51-

3H C 9THM - H3MeHeHHSl a BllOJlb BbiCOTbl KPHCTanna. Tio9TOMY 6bIJIH rrpoBe

ll9Hbl U3MepeHIISl IIHT91ICHBHOCTH OTpa)KeHIIH OT BepXHefi H Hll)l{Hefi IIOJIOBIIHOK 

1ICCJle1lyeMoro o6pa3Ua (o6paaeu opueHTn:poBaH BllOJlb earrpaBJieHn:51 pOCTa 

KpllcTanna) • H IIKaKIIX paCXO)Kll9Hllll Me)KllY HaKJIOHaMll IIpRMblX, TIIIIa IIOKa3aH

Hb!X ea pn:c. 15, orrpeAeJl5IIOIIIIIX OTHOllleHue ane/ a ' H8HlleHo ee 6b!JlO. 

TeM He Meeee rrpeAIIOJiaraeTCSl rrpOBeCTII llOIIOJlHIITeJibHblll aHaJlll3 lI30TOIIH

qecKOro C0CTaBa IICII0Jlb3yeMoro M0HOKpllCTanna. Bo3MO)KHO, 'ITO ea peaynb

TaTbl ll3MepeHllll OKa3b!BaIOT BJlHRHHe KaKn:e-nn:60 aqicpeKTbl, CBSI3aHHble C Mar

HIITHblM pacce51HlleM HeHTp0HOB, KOT0pble He IIMenn MecTa B npeAblllYIIIIIX 

Oilb!TaX. 
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Bo3MO)KHO, TaK)Ke, 'ITO HeKoppeTHO orrpe/leneHa BenH'IHHa B • 3Ha-

'I9HHe 8 OKa3hIBaeT cymecTBeHHOe BnHSIHHe Ha KOHe'IHhIH: peaynbTaT. B 

qaCTHOCTH, BenH'IHHa a ne = -1,45-10-
16 

CM (VO = 4080 3B) M0)!{9T 6hITb 

rronytieHa H3 Hall!HX H3MepeHHft, ecnH B3SITb B . = 0,26 A 2 ( 0 D "' 270°K). 

B CBSI3H C 3THM 3KCIIepHM9HThl IIO Herrocpe/lCTBeHHOMY orrpe/lenemno 8 

)lnSI BOnbq>paMa Kpai!:He )KenaTenbHhI. 

C uenbIO Bh!SICHeHHSI BnHSIHHSI MaI'HHTHOI'O pacceSIHHSI HaMH 6hWH rrpell

rrpHHSIThl IlOilhITKH o6Hapy)KHTb y aTOMOB BOnbq>paMa yrropSillO'IeHHhie MaI'HHT

Hhie MOMeHThI. TaKHe Oilh!Thl rrpe/lIIpHHHManHCb paHee H 3aKnIOtianHCb B IlOHC

KaX OTpa)KeHHSI ( 100) OT rropOll!K006pa3HblX o6pa3UOB ecTeCTB9HHOI'O BOnh

qipaMa /1 °I/. Ha 3THX H3MepeHHH: cne)lOBano, 'ITO µ < 0,3 µ ' Pile µ -
W B B 

MaI'HeTOH Eopa. B peaynbTaTe aHanOI'H'IHh!X H3MepeHHfi, rrpoBe/leHHhIX IlpH 

KOMHaTHOH: TeMrrepaType Ha MOHOKpHCTanne CM9CH, o6oraIIIeHHOH: BOnbq>pa-

MOM-186 (90,i%), Mb! rrony'IIInH, 'ITO µ < 0,004 µ 
W"' B 
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