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1. 

B pa60'!'.e uay,i:aIOTCSI aonpochl TeopHB 

THU, xaca.romuecu nayx ocnoBHM.x .TeM: 

cna61,1x B3aHMOA8ilCTBHil sneMeHTapHblX 'lac­
/ 

1) 'CBMMeTpHSI cnaoMX B3aHMOA8i!CTBHil B CBH3H C npooneMoi! nayx neliTpHHO H 

V -A ) - THllOM CB!l3H.' 

2) Hs0Tonu11ecxne caolicTaa cnaoMX asaHMonelicTBHli a ca usu c ,npaaunaMH 16. T I ½ 

H I 6. S I < 2 nnu nenenTonn1,1x npoueccos, npooneMoli /lBYX HellTpHHO H OTCYTCTBHeM 

Hei!TpanbHblX nenTOHHblX TOKOB - nnH nenTOHHblX, npoueccoa. 

n epaoi! Te Me llOCBHlll0Ha 'laCTb 1 ( § § 1-5). 

B 11aCTH 2 (§§ 1-8) HCCnenyroTCSI BOllpOCbI, OTHOCSIIllH8CH KO BTOpoi! T8Me. 

2. 

IlpencTaBneHH8 0 TOM, 'ITO B npupone cymecTBYIOT '18Tblpe Hei!TpHHHblX COCTOHHHH 

(naa BB/la nei!TpHHO) cymecTBeHHO OCHOBaHO Ha npennonO)K8HHH O nanH'IHH y nenToHOB 

coxpaHHIOillerocg KBSHTOBOro 'IHCna, nenTOHHOro aapHlla, He3aBHCHMOro OT cnnpanbHOCTH. 

OnpeneneHHaH H800XO/lllMOCTb BBeneHHH B qJH3HKy CTporo coxpam1~merocS1 nenTOHHOro KBaH­

Toaoro 1111cn,a anepBbie llOHBHnac~ TOnbKO . B CBH31l c, SKCTpanon,gunei! B03paCTaIOmei! TO'IHO­

CTH SKCnepHM8HTanbHblX yKa3&HUi! 06 OTCyTCTBHll 083Hei!TpHHHOro nepexona sn':n,T]:iOH-. 

MIOoH, µ .. e + ,y , µ .. 3 e. , e + Z .. Z+µ. Onpenenemrn nen"'OHHoro sapHJ:1a, cornacuo 

nepao11a11anLHOMY npenno)Kenuro 3enLnoau11a, Kouonuncxoro;-MaxMyna H MapKca (1953 r.), 
. ' . 

npH KOTOpOM sneKTpOH U MIOOH npH O)lHHSKOBhlX sneKTpn11ecKHX 38pHll8X pasnn11a10TCH 

3HSKOM nenTOHHOIO , 38pH):la, BBnHeTCSI npn 3TOM uanoonee 8CT8CTB8HHblM. 

YKasanaoe onpenenenne nenToHnoro aapHJ:1a a Teopnu yauaepcanbnoro 11eTb1pexqiepMH­

onnoro ( V -'A ) - asauMone'i!cTann, pasa11Toro <Pei!nMaHoM H renn-MaunoM, MapmaKoM 
I . , 

H CynapmaHOM, ll CaKypan, npHBO)lllT K npoTHBope'IHIO C, 3KCllepnMeHTanbHhlMH )l8HHblMH 

B OTHOW8Hllll napaMeTpa Mnmenn (p = 0 ) n nongpnsaunn 11acTHil B 
I 

meane· sToro npOTHBope11nH (paooTa aaTopa 1959 r.) nocTnraeTCH nyTeM ecTeCTBeHHoro, 
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o6o6memrn ( V - A ) - cxeMbt cnaohlx a3aaMoneilcTBHil nmr ·nenT0Hoa a aaenellllsi npen=ati­

neHmr O ABYX 3epKanbHhlX HeilTpHIIo; '!TO HarmlAHO OTpalKelIO B q,opMe MATpll'IBOI'O aneMeH-

Ta nm1 p. -pacnane 

G -
M = -:T < v ·y c1+y) ,,.ice~y Cl+•y ) v). 

v2 a 5 a 5 _ (1) 

3necb e , p. a V - cyTb '1eTblpeXKOMllOHeHTHbI8 nnpaKOBCK~e BOIUIOBbl8 qJyHKilHH aneK-

TpOHa, MIOOHS H 6e3MSCCOBOro HeilTpHIIO, 3HSK 

TOM onHoro '!eTblp8XKOMllOHeHTHOI'O H8ilTpHHO V 

YKS3bIBA8T Ha aHTH'ISCTHizy. 3JtBHBaneH­

/1/ 
B BBnIDOTCH naa ABYXKOMllOH8HTHhlX 

HeJlTpnuo V 11 
e 

V ., paana'laIOillHXCSI 3HaKOM cnapalibHOCTH nplI OAHHaKOBbIX 3Ha'!eHHSIX p. . 

nenTOHHoro aapSIAa. 

CxeMa cnaobIX B381IMOA8ilCTBIIil C ABYMSI ueilTpHHO, OAHHM nenTOHHbIM aapSIAOM H ·Y & -

CHMM8TpHeil nenTOHOB, _npennolKeHHSSI BBTOpOM B 1959 r., _OCHOBSHS Ha cnenyrom11x OCHOB­

HbIX nOIIOlKeHHSIX: 

1) L!eTbipe ocymecTBnSltomHXCSI B npHpone HeilTpHHHbIX COCTOSIHHSI cnenytoT H3 KIISCCH­

q,HK&I(HH HeilTpSnbHblX 6e3MSCCOBblX nenTOHOB no 3HaKy 1I8llTOHHOro 38PSIAB H irnpa1IbHOCTH 

(_co6CTBeHHblX 3HS'leHHit onepaTopa 'Y5 ) 

V V ii v,,. . p. . 
f +1 -1 -1 +1 (2) 

y5 +1 + 1 -1 -1 

2) narpaHlKHSH cna6bIX B3SIIMOAeilCTBIIil HHBSpHaHTeH. OTHOCIITelibHO cnenyromHX Ka1IH-

6poao'IHbIX ,y 5 -npeo6pa30BSHHli i 

e+ ➔ "t.Y5 
+ 

e • 
-t. 

p. + 
"'-y5p.-. 

3) nenTOHHbte aapMbl aneKTp0HS n MIO0Ha onpeneneHbl B BIIA8 ( 4) 

f 

Q 

e 

+1 

-1 

p. 

-1 

-1 

e+ ,,.+ 
-1 + 1 

+ 1 + 1 

. (3) 

(4) 

\ 

B TepMIIHSX .nayx H8ilTpHHO B 3TOil cxeMe ace nenTOHbl o6nanaIOT onpeneneHHhlMH KHpalib-

HOCTSIMH B cna6b!X B3SIIMOAeilcTBHSIX, HO nepB0HS'ISIIbHaSI ( V-A) - cxeMa o6o6meHB TaKIIM 

o6pa30M, '!TO K1Ip81IbHOCTH MSCCHBHblX ne!1TOH0B npHBSl38Hbi He K nenTOHHOMY aapru:iy ( on­

pene1ISIIOII!8MY •qacT11ny•), a K HX aneKTp11'1eCK0My aapMY • 

CXeMa cnaob!X B3aHM0neilCTBHil C 0)lHIIM nenTOHHblM aapMOM (2) - l 4} S1BnS18TCSI B 

HaCTOSIII!ee BpeMSI_MIIHHMBnb·Hoil, HaH6onee 3KOHOMHOil cxeMoil C ABYMSI HeilTpHII0, XOTSI 

B cny'!ae TOlKJleCTBeHuoro paaeHCTBa HylIIO HeilTpHHH0il MaCCbl H T0K0B0il (' V -A )-q,opMbl 

cna6oro B38HMO)l8ilCTBHSI He BII)lH0 onhITOB, K0T0pb!e M0rnH 0bI 0TnH'llITb ee OT cxeMbl C 

JlBYMSI paamI'IHhIMil, CTporo coxpaHSIIOmHMHCSI nellT0HHbIMH aapru:iaMH. 
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B §§ 3, 4 'IBCTH 1 o6CylKJlaeTCSI pa31IH'IH8 MelKAY CXeMOil cnaob!X B38lIMOJlellcTBHll 

C O)lHHM nenTOHHblM aapSl)l0M (2)- (4) II CX8M0ll cnaoblX B3aHMonellcTBHll C ABYMSI nen-., 

T0HHbIMH aapSIJlBMH lllBHHrepa, HHW~JllKHMbI H KaaaKaMH H y1taaaH1>I B03M0lKHble 3KcnepHMell­

Ta1lbHhle npOS!B1I8HHSI pa31IH'IIISI 3THX cxeM B cny'lae HapyweHHSI npennonolKeBHil <tiellHMBHa­

renn-Maaua 0 V -CBS13H HIIH TOK-TOKOB0il CTpYKTYpbI B38HM0)leilCTBHSI B KaKHX-TO cnaobIX 

nponeccax Ha KaK0M-T0 ypoaue T0'IH0CTH, a TaKlKe B cnyqae HanlI'IIISI KOHe'IH0il (Manoil) 

Maccbl HeilTp11uo. ITpencKa~aHHSI a 0TH?weHHH aoaMolKHOcT·u nopolKJleHHSI cnaohlMH aaauMo­

neilCTBIISIMII 3aTpaBO'IH0it MSCCbI Hei!Tpl;H0 11n11 3SpS!lKeHHblX ne'nTOHOB SIBIISIIOTCSI TaKlKe nplIH­

I(IIIlHBIIbHO pa3nH'IHbIMH B ABYX o6cylKnaeMblX CXeMax. Onucamte J:IBYX BHJl0B HellTpHHO O)lHOli 

'leTbipeXKOMilOHeHTHOil n11pa1tOBCKOil BonHOB0il q,yHKI(llell v M0lKeT HMeTb iieTpBBHa/IbHblll 

qJII3H'leCKHil CMb!CII_ (uMeIOT CMblCn, B npumune, 0nbITbl Tuna, yKS38HH0ro OKyHeM Ha 11-il 

)KeHeBCKOil KOHq,epeHitHH no qJH3HKe BbIC0KIIX aHeprull 1962 r.) T0nbK0 B cxeMe C 0)lHHM 

nenT0HHblM aapSl)l0M • 

B 3aK1IIO'leHHH 'laCTH 1 pa60Tbl o6cylK)laeTCSI 'Y5 - Knaccuq,HKan11S1 q,epMH-'laCTH B 

cna6ht~ B3aHM0neilCTBHSIX KaK B03M0lKH0e (uo He O0Sl3aTeJibHOe) naneK0 unymee o6o6meHHe 

nenT0HHOll cxeMhI (2) - (4); o6nanaromee CllHH-;BI)MOBOil· CHMMeTpHell. 

3 •. 

CHnbHhie aaanMoneilcTBHR anpoHoB o6nanaroT T0'IH0il H30Tonn'lec1toil CHMMeTpuell SU 2. 

Eonee 
O 

lKe BblC0KaSI, YIIHTSpHaSI CHMMeTpHSI su 3 RBnSleTCSI CHIIbHO HapyweHH0il AIISI 

3THX B3alIMonelicTBHil, HO H8CMOTpR HS TSKOe HapyweHHe, 3TB CIIMMeTpHSI, nO-BHAIIMOMY, 

HM88T CMblCJI H 0Ka3blB88TCR BeCbMS nnonOTBOpHoli npH H3y'leHHH CB0ilCTB anpoHoB. Bo BTO­

poil 'ISCTH- HSCTOS!meli pa60Thl H3Y'l88TCR B03M0lKHOCTb q,opMynHpOBKH H30TOnH'l8CKOll CHM­

MeTpHH KSK caoero pons BblCWeil, CHnbH0 ·aapywenHoll CHMM8TpHH cnaohIX B38HMoneilCTBIIil 

anpoHoa, a TSKlKe npennpnHRTS nonhITKa q,opMYnnpoaKn aapyweHHhIX naoTonnqecKnx caollcTB 

nenTOHOB. 

PaccMaTpHBaeTCSI M0A81lb C npoMelKyTO'IHhIMH aeKTOpHblMH 6030HSMH iI npennonaraeT­

CSI OAH0 o6m':e H30TOnH'leCKOe np_OCTpaHCTBO nirn anpoH0B, npoMelKyTO'IHbIX 6030HOB n nenTO­

H0B. ·npn TaKoM nonxone ~mnpn'lecKne npaanna I/',, T I= ½ n I/',, SI< 2 nm1 aenenTOHHhIX 

npoll_eccoa, a TSKlK~ npaanna I/',, T I= 1 , I/',, TI= ½ n OTcyTCTaHe aeilTpSIIbHblX nenTOHHhlX 

T0K0B,' 3KCnepHMeHTSllbHO yCTSHOBneHHble nnR nenT0HHblX nponeccoa, npno6peTSIOT CMbICn 

•npo=1,1x npaami• HapymeHnsr nsoTonn'leCKoil CHMMeTpHH cna61,1x aaauMoneilcTBnll. 

B § 2 pewaeTCSI sana'la o aKnto'leHHH nenT0HOB B wnaoHayro Monellb cna6hlx aaauMo-_ 

nei!CTBHli nH H .Hara. C aToll ll81lbIO npennonaraeTCSI H0BSSI q,opMyJIHpOBKS SHSIIOI'HH Me)K,[!.y 

cna6b!MH H aneXTp0MSI'HHTHblMH B38HMOA8fiCTBHRMH 3/IeMeHTSpHblX 'ISCTHIC, C0I'IISCHO KOT~poil 
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B c11a6b1e B3aHMo.<1elicTa1u1 axoi:1nT .ueliTpam,llbll! TO!t 603 H3Meueu,a11 CTpauuocTn, H30Tonn-· 

'10CKaSI CTpyx-rypa ·KoTOporo ( T_:_ Y / 2 , Y - rnneP3ap11i:1) IIBnB0TC.!I 'i:1ono1IHBT0JlbHOl!' 

• 
. no _o:z'H01II8HHIO It B30TOnn11ec1tol!. CTpyKType 9110KTPll'l8CKoro TOKa. Pa3BHBaeTC.!I npei:1cTaB1I8-' 

Hll8 Q TOM, 'ITO, OTCyTCTBll8 nenTOHH_bIX 'III8HOB B STOM TOK8 SIBIIB8TC.!I nposm/leHHeM H8. 01'­

CyTCTBll.!1 YHHBepcam,uocTn cnaobIX B3aHMOAel!CTBllll, a cymeCTBOBaHll.11 y nenTOHOB HapymeH• 
' ' . -

HbIX n30Tonn11ec1tnx caollcTB, noi:106uwx .cooTBBTCTByiomnM caol!cTaaM npoMelKyTO'IHbIX 6000-

HOB (cMelIIHBaHH8 'laCTllll ll3 pa3Jill'IHbIX ll30TOnll'l8CKHX MyJil,TnnneTOB). Peallll3allll.!1 TaKoro 

npei:1cTaBII8HHSI CB.!13bIBaeTCB C rnnoTe3oli O TOM, 'ITO B npnpoi:1e cymecTBYIOT eme He·OoHa-

PY_lK8HHbI8 Ha onbITe nBa HOBblX TlllK8/lbIX 3ap.!1lK0HBbIX nenTOHa e'+n P. ''!', 1toropb!8 Y'l~CT-

BY\OT B CIISObIX B3allMOAellcTBllBX COOTBeT~TB8HHO 8 nape C T8Mll lKEl uel!TpllllO Ve ll V p. , 

• 'ITO ll sneKTpOH n MIOOH. 

B § 3 oocyJKAaeTCSI B03MOlKHOCTb A8T8ltTllpOBaHHSI '1tac1tai:1Horo t-{IOOHa' p.'+ c Maccoll 

m >mk B onbITaX C H8l!TpllHO BbICOlrn;x aneprul!, KOT0pbl8 npOBOASITCB B HaCTO.!llIIee _Bpe- _. 

MB B Bp_yKX8l!B8H8 ll i!EPHe. Ilony'lellbl cj,opMynbI J:1/IH cneKTpOB B nOJIHblX eepo.11THOCTel! 

nenTOHHi.1x pacnanoa 

+ 

p.'+ no KaHallaM 

p.'+ .. ,,.+ + 2v 
I p. e. :+ J/e + v/l, (5) 

KOTOpbie_ xapSJtTepll3yIOTCB napaMeTpOM Mumenn p=O , a TAKlKe i:1nsr 'xmonuoro pacnai:1a, , 

p.'-+ .. 11++v,,_ (8) 

B npennonolKeHHR TOlKJl8CTB8HHOCTll cj,opMcpaKTOpa sToro pacnSAa C cj,opMcpaKTOpOM "p. 
2
:..pac-

USAa. B oonacTK Mace m .. 5 -10 
I 

mp. 'OCHOBHbIM paCUSAOM p., + 11BnH8TCSI OAHOnHOHllblll 

pacnSA ( 6), a npu eme 6011h1IIBX Maccax OCHOBHblMB CTaHOBSITCB 11enTOHHbl8 pa en SA bl ( 5) •. 
+ 

l1i:1eam,ru,1M npuoopoM J:1/ISI i:1eTe1t'l'npoeaHHH p.* B onbITe C v,,_ (OT ,r+ BIIB K -pacna-

)l0B) .!IBIIB8TCSI BOJ:IOPOJlHaSI ny3blpbKOBaSI KSM8pbl 0 B KOTOpol! peaKllllSI V + p ➔ n+ p.~+ 
p. , 

.!IBJIB8TCB 8AHHCTBeHHO B03M0lKHhlM 'ynpyr:uM' nponeccoM. BecbMa scj,cj,eKTBBHblMH TaKlKe 

MOryT OKa3aTbC.!I nOH(:ltH p.-+ ~penu nonOlKHT8lll,HO 3apSilK8HHbIX 'laC'l'Rll, conpoBOlKAaIO-

• mnx nosmneuu'e OAHHO'IHblX CTpaHHbIX 'laCTllll B onbIT8 C _v p. 

0 µ , 06cyll{Jl40TCH TaKlK8 runoTe3a O cymeCTBOBSHKH THlK81IOro HeliTpanbHOro nenToHa 

OOJI4Aa10mero T8MH __ lKe KBaHTOBbIMB 'IBC/laMH, 'ITO H MIOOH B MIOOHH00, Hel!TpHHO. Ta1toe 

'°6cyJKneHll8 npencTaBIIS18TCH CB08BpeM8HHbIM, nocKOJibKY uel!TpHHHbl8 9KcnepHM0HTbl npeno-

CTSBJIBIOT 0JlBHCTB8HHYIO B03MOlKHOCTb nopOJKA8HBH TaKuX nenTOHOB": ecnu OHll i:1el!CTBllT8lll,-
I 

HO cym~CTBYIOT. Ilony11eHbl cj,opMyJibl AJISI aepoSITHOCTel! nenTOHHbIX B nnoHHblX, pacn~noB }!,°. • 

HMe,omuecn s1tcnepHMeHTam,ubie naHHbie ( ocHoBHblM 3Jl8Cb .!IB.IBeTCB 11ncno ua6n10i:1aemuxc·sr 

nenTOHHbIX nap B• H8l!TpllHHb!X OUbITax) nOOBOIISIIO'I' 3aK/IIO'IHTb 1 'ITO, m 
0

•> 1 - 115 fsB. 

B §§ 4, 5 o6cyJKAa8TCSI B03MOlKHbil! oonee rny601tBl! _CMblCJI BapymeHHOll H30TOnu11e-
• I 

CKOl! CBMM0TpHH cnaObIX B3aBMOA8llCTBHll B CBSl3H C uneel! renn-MaHHa K 3axapua3eHa 

0 B03MOlKHOM BOCCTaHOBJI8HHB '11apymeHHoll CHMM0TPHB' B npenene QOlll,lIIHX nepena~Hb!X 
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4-HMnym,coB B3aHMOA8l!CTBYI01IIHX 'laCTllll,, IIIH3011HaB MOJ:18/lb. cnaobIX · B3aHMO)l0llCTBIIH nu II 

S!Hra H8COBM8CTHMa C TSltOH B03MOlKHOCTbIO. 

IloKa3aHo, 'ITO ycnoBK8 'MllHHMallbHOro' HapymeHllR H30TOllll'18CKOl! CIIMM8TpIII1 nony­

cnaobIX B3aIIMOJ:18HCTBUll SApOHHblX TOKOB C npoMelKyTO'IHbIMB 0030HaMB, npn KOTOpOM 8JlllH­

CTB8HHOll npu11uuol! uapymeHKB cnMMeTpKB 'npeneapuTem,iloro' B30Tonu11ecKI1 u11eapna11Tnoro . . . 
narpaHlKBaHa B3aBM0,!:18l!CTBBB .!IBJISl8TCSI CM81II8HH8 npOM8lKYTO'IIIblX 0030HOB C. OJlKHaKOBblMK 

CTporo coxpaHSIIOlIIKMBCH B cnaObIX B3aHMO)l8l!CTBKSIX KBSHTOBblMK 'IBCIIaMK! B8CbMa ecTe-

CTBeHHbIMK o6pa3oM npueonuT K npaeunaM OToopa 11"1 i I = ½ B 11"1S1< 2 K ll03BO-

IIB8T OO'bSICHKTb HapymeHHe yuueepcallbHOCTB KOHCTaHTbl CBS13K cnaob!X '18Tblpexcj,epMIIOHHbIX 

npoueccoe C II3M8H8HB8M CTpaHHOCTK KCXOASI K3 nonuoli YHKBepcallbHOCTB Ha ypoBH8 nony­

cnaobIX B3aBMO)l8llCTBBll. B paMKaX TaKOl! CX8Mbl. MKHHManbHOrO HapymeHHSI H30TmIB'l0CKOl! 

CKMM8TPKII cnaob!X B3aHMOAeilCTBKll llOSIBIIH8TCSI TaKlK8 KOHKp8THOll 'MeXaHK3M' HapymeHKSI 

CP-IIHBapuaHTHOCTK H81181I~OHHblX cnaobIX B3SKMOA8l!CTBHll Ta~HM o6pa3oM, _'ITO B npBOIIBlKe­

HBll oTCyTCTUIISI CM81Il8HBSI 0030HOB )lOJilKHbI Oblllll Obi BOCCTaHaBIIHBSTbCSI O)lHOBpeMeHHO KSK 

ll30T01Ill'18CKSSI CKMM8TpBB, TSK ll CP-uueapBSH'l'HOCTb. 

'Ilpei:1aapnTelll,Hbll!' n30Tonn11ec1tu u CP-aueapnaHTHbil! 11arpaHJK1IaH e3aHM0.<18l!CTBKS1 

C/ISObIX TOKOB C npoMelKyTO'IHblMll B8ltTOpHbIMB 0030H8MlI 3an11Cb!B88TCSI B Bll/l8: 

ri:1e 
xv 

a 

L ax 
g 

72 
j V ·xv.+ j D X D + 
a a a a 

0CTb H30TOllH'l8CKB B8KTOpHblH 0030H0 

• u(O) X u(Ol) 
la a (7) 

D 
Xa - H30CllHHOpHblil 1 xU<QJ -Hell-

a 

Tp81IbHbll! H30CKallsrpHblfl 0030H, a j v , i D a • a 
jU(O) _ COOTB8TCTBYIOllIH8 

a 
HOpMHpOBSH• 

Hbl8 anpoHHble TOKH. BBHAy· oTCyTCTBHSI uel!Tpal!bHblX nenTOHHblX TOKOB nenTOHHble 'l/10Hbl 

• v( ::!:) 
BKIIIO'l8Hbl TOIIbKO B 38plllK8HHblli H30B8KTOpHbiil TOK J • Macct,1 acex X-6o3oHoB 

a 

c_'IHTaIOTCSI paBHblMII, Mv= M0 = Mu= M. • CM81II8HH8 0030HOB ll3 pa31IH'IHbIX H30MYIIbTli-

nneTOB AOCTHraeTCH BKJIIO'l8HH0M B narpaHlKBSH CBOOOJlHblX nonell H8,!:IHSroHallbHOro Mar.COBO­

ro' 1111eua, 
• /';. L = -( _! ) 2 [ XV(+) X D(-i X V(•x D(tJ X vc9r~<~ XU(~~CO) 

2 (8) 

rne X
D(O) 
I B 

X ~(O>-cyTb ,nei!CTBHT01IbHSSI K MHHMSSI 'ISCTll KOMllll01tCHOro XD(OJ.nolISI. 

'Hei:1HarOH81IbHSSI Maces' B H8KOTOpOM CMbIC/le .!IBIIS18TCSI JlHHaMH'l8CKoll OCHOBHOII '1IIH30HOB' 

fla H Hnra. 

' Pe3yru.Tnpy10mee . Bblp8lK8HH8 AIIH narpSHlKHSHS IIOIIYCJISObIX B38llMO)l8i!CTBHli 3aplllKeH-· 

Hb!X SAPOHHblX II nenTOHHbIX TOKOB HM80T BHII: 

ri:1e 

.c!) 
f - CYTb aapS1lK8HHbl8 110llTOHHbl8 TOltH, 8 

c!> . 
L w = 4 [ ( r> + j V'+,l. j DC+} w<+> + ( ri _vc+> .oc+l.w, c+> k 1 J - J , + .c. ' 

(9) 
w -6oooru,1,cyTb CHMM8Tpll'1Hbl0 cynep-

noouuan X-nOIIelt. 
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.I. 

•. I 

t 

I 
f 

I ' .-
/ 

narpam1mau (9)· onHCblBaeT YHHBepcam,uoe nonycna6oe B3aBMO)l8ltCTBB8 B TOM ,CMblC-, 

ne, '!TO BM88TCSI TOnbKO O)lHS KOHCTSHTa CBSl311 )lnSI nenTOHHl>IX TOKOB;II SllpOHHblX' TOKOB .• 
_,_ 

,683 H3M8H8HHSI II_ C 113M8H8HH8M. CTpaHHOCTII II BXO)lSIT o6e B03MOlKHbl8 ri11uei!HO-H83SBIICII-

Mbl8 KOM6HHSllllll nocne)lHIIX, ( iv+ i °) . II ( i v_ i D). Cna61,1e nponecc1,1 c BllpTyam.HblMH 

w H W' -6030HaMH BCerna SIBflSIIQTCSI KOrepeHTHhlMII II IIHTepljiepupyIOT MelK)ly co6oi!, TSK· 

'!TO _OHII MoryT 6b1Tb oxapaKT8pH30BSHbl OOIJlllM s<jxjleKTBBHblM nponaraTO~OM. Tipa STOM noSIB.!." 

nsi10TCS1 TonbKO JlBa THna s¢¢eKTBBHblX nponaraTopoB - )lnSI nponeccoB 6ea 113MeHeHHSI cTpau­

HOCTB (KOHCTPYKTHBHSSI BHTep¢epeHllllSI) 11 )lflSI nponeCCoB C IISM8H8HH8M CTpaHHOCTH (necTpyK­

THBHSSI BHTep¢epeHllHSI). no STOi! npH'lHHe npH ManblX nepe)lSHHblX 4-HMnym,cax, q :i-+ O , 

KOHc:i-auTa cna61,1x B3SHMO)l8HCTBHi! C H3M8H8HlleM SllPOHHOi! CTpaHHO_CTH OKS3l>IBS8TCSI no-

)lSBneuaoi!. TionaBneHBe nponeccoB C HSM8H8HH8M CTpSHHOCTH JlOnlKHO ycunuBaTbCSI C poc-
2 • . • 

TOM q • '!TO Morna 61,1 B npHHilHne 6b1Tb 3SM8'18HO B Olll>ITSX C aHTHH8i!TpHHO BblCOKHX 

I - + - + 
. sueprui! (uaMepeuae oTuoweuusi ce'!euail peaKnui! v,, + ·p ➔A+µ u v + p ➔ n + µ ) , 

. r /.I' 
ecnu 61,1 61,mu . )lOCT!llKHMbl CTOnh 6onbWB8 n_epe)laHHbl8 11Mnyn1,c1,1, '!TO q 2 = M 2 

Jlnsi narpaHlKHaHa nonycna6blX B3SIIMO)lei!CTBHi! uei!TpanbHblX anpOHHhlX TOKOB nony­

'l8HO cnenyromee peaynbTHpyromee BhlpalKeuue: 

L<0>= 2•a/l I [v'2 i vcoi_ inco>-jncoi•] W'0l+[·'2i vcoi i ncoi 1· ncoi•] w<oJ + 
W . I V . 2 

(10) 

+ [ -i < /<~> i o'.o>> + v 2 f i uco>tw ~oi + [ i Cinco:. i ocoi5 + v 2 f i ucoil /o>. I 
. . . 

B npu6nHlK8HHH g 
2 

narpSHlKBSHhl ( 9) H (1 Q) o6eCll8'1BBaIOT CTporoe BhlllOnHeHHe npaBHn 

I/',. T. I=½ u' j/',.Sj<2 . nng nenTouu1,1x n uenenToun1,1x npoueccoB, 

narpaHlKBaH .. (10) npHBO)lBT K uapyweHHIO CP-BHBapBSHTHOCTH cna61,1x B3aHMO)l8HCTBHi! 

KOTOpoe o6cylKJlaeTCSI B § 6. 3a uapyweuue coxpaueuusi KOM6mtupOBSHHOlt 'l8THOCTB B ( 10) 

OTBeTCTBeHHhl w< 0> H w<O) -6030Hbl, KOTOp1>1e CBSl38Hbl O)lHOBp8M8HHO C TOKSMH, o6nS)la-
' 3 " "' , • U(0) D(0) D(0)• U(0) •· U(0) D(0) D(0)• 

IOWIIMH paanH'IHl>IMB CP-'18THOCTSIMH, J ll ( j - j ) , CP j =.+ j , CPj = +j 

8 STOM CMhICrie uapyweHHe CP, B OTnH'lll8 OT uecoxpaueHHSI npocTpauCTB8HHOi! 'l8THOCTH, 

SIBflSleTCSI 'noKanH30BSHHl>IMH'. Ecnn TOK jU(O). )l8i!CTBHT81IbHO S1BnS1eTCSI H30CKangpoM, TO 
I , • • 

B uenenTOHHhlX CP-ueHHBapuaHTHhlX npoueccax C H3M8H8HH8M CTpaHHOCTH )lonlKHO Bhmon-

HSITbCSI npaBHno j/',.T I=½ , T,e. nonlKHO 6hlTb 

K~ ➔ ,,++11-/K02 ➔ 11°+;,0 =2 • 

Ha cpaBueunsi c SKcnepnMeHTanbH1>1MH JlSHHblMH npuucTOHCKOi! 

0 
CP-'leTuocTH B K

2 
-pacnS)l_e cnenyeT oneuKa 

• 3 

f = 2. 10 • 

8 

( 11) 

rpynn1,1 o uapyweuu~ 

(12) 

·B § 6 o6CylK)laeTCSI TAKlK8 :runOTeaa O TOM, 'ITO CHMMeTpH'lHble uel!Tpam,u1,1e nenTou­

Hble TOKH, KOTop1,1e OTCyTCTBYIOT B CP-HHBapnaHTHblX cn_a6b1X B3SHMO)l8ltCTBHllX, BXO)li!T 

B CP-'18THblil: H30CKanSipHbll! ueil:Tpam,ublil: TOK j U(O) B IlOSTOMY MOr'yT o6napylKHTbCH 
a 

B MeHSIIOWIIX anpouuyro CTpaHHOCTb cna61,1x nponeccax, Olll!CblBSeMl,IX CP-He'leTHhlMll SMnnll-

TyJlaMu, uanp11Mep, B cneny10m11x pacnS)la,r 

+ 
K 

+ + 
➔ tr + e +~e 

K+➔ 11++ µ++ µ·-

K+➔ 11++ V + V 

0 
K02 ➔ 11+ f+f 

(13) 

Pacnan 
K

0 ➔ ,, + + ,, -; OllHCblBaeMhlil: CP.,.'!eTuoi! SMllnBTy)loi!, )lOnlKeH OTCYTCTBOBSTb, 2 

C noMoWbro (12) nonyqeua oneuxa 

+ -r+ <" e e >I r + 
• 7 

10 • 
(14) 

rne f = e llnll V • 'ITO Ha nopSl)lOK M8HbW8 SKCnepBM8HTanbHOro npenena l, l • 10-6, Hal!­

)l8HHOro 6epKn11-BHCKOHCBHCKOi! 
rpynnoi!. Ornll'll!Tb nepBll'IH1>1e nenT0Hu1>1e nap1,1 OT sneKTpo-,, 

MSI'HHTHO llHJlYllllpOBSHHhlX nenTOHHl,IX nap 

pe'luoi! (nocnennsisi - oT 

3SpSllK8HHl>IX nenTOHOB, 

B03MOlKHO npn B3MepeHHH npo)lOilbHOlt 

llHTep¢epeunnu cna6oro n sneKTPOMarHHTHoro BKnanoB) 

un11 none-

nonsipuaanuu 

8¢¢eKTl,I uecoxpaueHHH 'leTHOCTl! B sriexTpOMSrHHTHblX B3Sl!MO)lei!CTBHHX, cornacuo 

(12), O'leHb Manbl "a f 2 G 

Ecnu Macca npoM8lKYTO'IHl>IX 6030HOB He O'leHb BenBKa no CpaBH8HBIO C HyKnOHHOJ! 

MaccoA, TO B OllhlTax co BCTpe'lHIIl>IMH sneKTpOHHO-ll03HTPOHHblMH llY'IKSMH, B03MOlKHO, 

uenaneKoro 6ynymero1 nosmHTcu BHTepecuasi B03MOlKHOCTb peaouaucuoro polK)leHHsi onnuo11-
- + 

HblX CTpSHHhlX 'ISCTHn ( K + " H Jlp,). Tipn M w " 2 rsB H SKCnepnMeHTaflbuoi! WllpBHe 

cneKTpa /',. E " 1 MsB ycpe)lueuuoe peaouaucuoe ce11euue, 

UR= 2,r 2 ,\ 2 ( 2j + 1) _:L 
r 

r r 
I r~ (15) 

r)le r. =4·10-6
r 

ecTb napn11am,1tasi wnpnua pacnS)la npoMelKyTo'luoro 6oaoua Ha sneKTpouu~ 
(0) + - -2 

n03BTpOHHYIO llapy ·w ➔ e + e , rf =1 r" 10 MsB - napnuam,nasi WllpHHa OTHOCBT8flbHO 

uenenTouu1,1x pacnS)loB, j - cnHH 6oaoua, a r - nonuaH wnpuua w<oJ •6oaoua, paBuo 
- -34 2 
u R .. 10 CM • Cornacuo (lo)' )lOnlKHbl cymecTBOBSTb JlBS O'leHb BblCOKBX Y3KHX peaoua!l'-

ca B Ce'l8HHH o6pa30BaHHSI O)lllHO'IHl>IX CTpauu1,1x 'ISCTnn BCTpe'lHblMH 
sneKTPOHHO-ll03HTpou­

E 2R - E IR ::: M/4 • 
HblMB By'IKSMH, pacCToHHBe MelKJly KOTOpblMB paBHO 
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BoaMolKllo, 'ITO n 11peAene· 6om,nmx nepeAaHHblX 4-aMnym,con pom, HeA11aroHalll>HblX 

MaCCOBblX '1118HOB (8) CT8H8T npeire6pelKllMO Manoi! II cna61,1e B3811MOA8IICTBII!! 6yAyT TO'IHO 

OIIIICbIB8ThC!! CIIMM8Tpll'IHb!M narpaBJKll8BOM (7). TaKa.11 ll03MOlKHOCTh T8CHO CB!!31iH8 C r11-

IIOT830I! 0 TOM, 'ITO B yKa38BHOM npeAene nee cna6ble TOKll coxpaU!!IOTC!! 

2 
npll q ➔ ~ 

q" j" ➔ 0 

BbICK83blB88TC.II np8/l1IOnoJKeB11e, 'ITO 'np8/lB8pllT81IhHblll' narpaHlKllaH o6nanaeT T8KJK8 

CIIMMeTpnel!, ·6onee BblCOKOI!, 'leM ll30T01Ill'l8CK8!!, B03MOlKHO, YHllTapBol! CllMMeTp11el! 

BOCbMllPll'IHOr O nyTH. CymeCTneHHoe HapymeHHe YHIIB8pC81IbHOCTll KOHCTaHTbl CB!!31l Ami 

XU(O) -6o30H8 B narpaHlKll8H8 (7). (12), cne11yeT TOI"/18 paCCM8TpllB8Tb K8K YK838Bll8 H8 
U(O) . U(O) 

TO, 'ITO 6030H X ll Hel!Tp81IhHbll! ll30CK81IS!pHbil! TOK j , BKIIIO'ISIO!Illll! CIIMM8Tpll'I-

Hbl8 1181ITOHHbl8 napbl, !!BII!!IOTC!! CHHI"II8T8Mll B CMb!Clle TSKOI! 1 Bb1Cmel! CllMMeTpnn'. 
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