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B rrocrre.umi:e .uaa-TpH ro.ua aa:3epnrnrrcst 6onbllIOfi sTarr Hccne.noa,aHHA no 

/:J. - pacrra.uy' H8'i8Tbifi KnaccHqecKHMH pa60T8MH fl Hra H nH. 3TH pa60TbI IIpH

BenH K TOMY, 'iTO .MbI·MO:>KeM cefi'lac H8IIHCaTb OKOH'iaTeJibHbIA"BH.ll raMHJibTOHHa

Ha cna6oro B38HMO,lleficTBHSI, .Llo CHX nop TOJibKO .llJISI 0.llHOI'O sneKTpOMar

HHTHOI'O B38HMO.net!:cTBHSI cymecTBOBana aa_MKHyTast TeOpHSI, Tenepb 

MbI . HMeeM lI OCHOBbI TeopHlI .·;; - B38HMO.net!:cT~HA, 3aMeqaTeJibHO TO, 
. /1/ . 

'iTO y)Ke B nepaofi pa6oTe <l>epMn 1934 ro.na aaanMo.nettcTa:e:e 6bmo aanuca-

Ho IIO'iTH TaK :>Ke, K8K 9TO .uenaeM MbI ceftqac. Ecn,H 6bI <t>'epMH 3H8JI O Hecoxpa~ 

HeHHH qeTHOCTlI lI npO,llOJibHOM uettTpHHO, TO aeKTOpHast' q>OpMa B3BHM0,llettcTBHSI, 

BbI6paHH8SI <l>epMH no aHanorHH C sneKTpoMarHHTHbIM B38HMO,ll8ACTBH-8M1IIPHBena 

6bI ero K npaBHJibHOA TeopHlI, l1M_eHHO 9TB pa6oTa <l>epMH~ .llOIIOJIHeaaast T80pHeA 

• n C n· n xi . npO,llOJihHOI'O He.11Tp:irn.o aaaay. arraMa, H :U: .n.Hra t SIBJISI8TCSI OCHOBHOA 

COCTaBHOM 'iaCTbIO T8OpHH /' - pacnaaa. npaKTH'i8CKH Bee TeopeT:e:q_ecK:e:e 

pa5oTbit ony6JilIKOB8HHbI8 B npoMe:lKyTKe 1935-1936 rr., o6cy:lK,llaBµrne BO3MO:lK""". 

Hbre tpOpMbI B38HMO,ll8MCTBHSI, OK838JIHCb aeaepHbIMlI, Ka_K aeBepHbIM OK838JI0Cb 

lI 60JiblllHHCTBO 9KCII8pHM8HT8JibHbIX pa6oT, IIOCBSIUl 8HHbIX STOMY 'BOnpocy. 

BoapO:lK.ll8HHe cpepMHeBcKoA .. TeopHH _ ft ~pacnaaa, aorronHeHHoA Teop:e:ett 

IIpO,llOJibHOI'O H8ATpHHO 1 SIBHJIOCb ,llOCTH:lK8HHeM qeTbipex tpll3HKOB: MaplllaKa 1 

/3/ /4/ . . /5/ 
CyaaplllaHa , rerrrr-M aHHa :e: <l>eiiHMaHa • renn-MaHHy :lKe npHHaarre:lK:e:T 

pa6oTa, B KOTopoA 6bIJill yKa38HbI rrry6oKHe tpH3HtreCKHe crreacTBHst, K KOTOpbIM 

II.pHBOJlHT sneKTpOM8I'HHTHaSI aHanorHSI <l> epMH. 

Ha:0:6orree npocT_o OIIH_CbIBaeTc_H paCIIS.ll / -Me3OHOB, B STOM cnyqae 

Ha pacnaa HH'iTO He BJIHSieT, TaK KaK HH ~JieKTpoa, HH aeATpHHO, UH.~ -Me3OH 

ae yqacTByIOT B CHJibHbIX B38HMO,lleiicTBHSJX. 3neKTPOM8I'HHTHbI8 :lKe CHJibI npHBO

.llSIT JIHlllb K M8JibIM pa.nHaUlIOHHbIM nonpaBKaM. raMHJibTOHHaH-B3BHMO,lleiiCTBH8 

-pacna.na 38IIHCbIBaeTCSI B TaKOM BHae: 

xi 
nro6onbITHO, t{TO ypaaaeaHe ,llJISI npO.llOJibHOA qacTHUbI_ /nHKBH,llH-

pyromee CHMMeTpHro Me*.llY npaBbIM :e: neBbIMI 61,mo norryqeao eme 

B 1929 roay BefineM 121.- _· 
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Bee "18CTI:1Ubl B 9TOM B38l:IMO.UefiCTBI:ll:I :HBnSIIO-TCSI "npo.uonbHb!Ml:1
11 

t l:I B3al:IMO.Uefi

CTBI:le II09TOMY OIII:ICbIBaeTCSI_ nl:llllh O.U·HO,fi IIOCTOSIHHOfi. · ~ 1 Benl:l"Il:!Ha KOTopofi 

onpe.uenSieTCSI l:13 BpeMeH_l:I )KIJ3Hl:I. ,)'11 -Me30HOB ll OK83b!B80TCSI paBHOll 

-49 a 
/1,38±. 0,02/•10 · apr/cM • 

J!' - pa~na.u HefiTpOHa OIII:ICb!BaeTCSI aHanorl:l"IHOfi cpopMynofi. 0.uHaKo, TaK KaK 

HefiTpOll OKpy)KeH 1( . -Me30HHblM o6m;KoM, TO 9TO npl:IBO.lll:IT K "nepeHOpMI:1-

pOBKe IIOCTOSIHHbIX_"' 1:160 B peaynbTaTe Cl:lnbHOI"O B38l:IMO.UeficTBI:ISI_ HyKnOH. BI' -

pacna.ue y)Ke He BbI<frynaeT KaK .llBYXKOMIIOHeHTH85J "18CTI:1Ua. Bnaro.uapSI 9TOMY 

raMI:lnbTOHI:laH;..B3aIIMO.UeficTBI:le .unSI 9TOI"O cny"IaSI OIII:IChIBaeTCSI .C:BYMSI BemecTBeH

. Hb!Ml:I IIOCTOSIHHbllyl:II /nemecTB0HHOCTb IIOCTOSIHHOll cne.uyeT l:13 coxpaH0Hl:ISI BpeMeH-

HOil: qeTHOCTI:I Cl:lnbHOI"O B38l:IMO,ll0llCTBI:1SI/ l:I l:IMeeT BII.U: 

~ ~ W < e / f~ ( i T /s) f Y )< P f /cl ( i -t I\ Ys) / ~ > 
B nacToSimee BpeMSI ny"Illll:10 3H8"10Hl:ISI II,OCTOSIHHbIX 9t H I\ orrpe.uensr-

· ... c /6/ " .IOTCSI l:13 H3MepeHI:ln III:IBaKa C COTPY.llHI:IKaMII Bp0M0HH )KH3lrn: H0HTpOHa, rro.u-

x/ . 
O BpeMeHII )Kl:13Hl:I Tpl:ITI:ISI I l:I l:13MepeHI:ISI .BepOSITHOCTefi TBep)K,lleHHb!X ·.uaHHblMH 

. + +. 
0~ 0 nepexo.uon. 

BenII"IllHa IIOCT05Urnott ff14 onpe.uenn.eTCSl OIIblT8Ml:I reprapTa, H3Mepl:1Bllle-

ro BepoHTHOCTh. nepexo.ua O 4 - · N 14~ 3TH nocne.um1e peaynhTaThI .ua10T 

gf = 1141.±0,0l, 'ITO y.u1:1nnTenbHhIM o6paaoM conna.uaeT c np1:1ne.ueHHhIM Bhtllle 

ana"IeHneM 9Jv . Cne.uyeT, o.uaaKo,. nMeTb B - Bl:I.U·y, 'ITO TaKoe TO"IHOe conna.ti enn:e 

MO)KeT _OK838TbC51 aecKOnbKO HnnI030pHbIM, TaK .KaK .uaHHhie, Ilpl:IB0,ll8HHbie TeM 
. . . ' 0 l'f ,/le !l,6 l'D .H· 

*e reprapToM B 6onee noa.unefi cTaTbe .unn sr.uep , :tt • iv u .. . ., + + '. . .. 
/nepeXO,llbI 0 ..,. 0 I, ·.UBIOT 3H8"18HH!I, OTmPiaIOIUH0CSl Ha HeCKOnbKO npoueHTOB. 

J.1a .uaHHhIX no pacrra.uy uefiTpona 1:1 .uaniihIX reprapTa rronyqaeTC51 1:1 anaqeuHe 

.tr.n51 I\ /1,25 n1:160 1,15/ B aaBI:ICI:IMOCTI:I' OT Toro, OKa:>KeTcSI nH B8pHblM CTa-. 
. . 14 

poe 3R8"10HHe .on51 Bep051THOCTI:I pac~a.o_a /0 I HnH ~OBoe. 3a ncKnIO"I8HHeM 

9TOil: ue6onhlll01t Heorrpe.oeneHHOCTI:I MQ)K0M C"Il:IT8Tb, 'ITO 3H8"10HlUJ IIOCTOSlHHbIX, 

xi 
,Unn npHne.oeunoro BpeMenl:I )KH3HH HefiTpona H Tpl:ITI:IH yKaaaHHhie an-

TOpbI ,ll8IOT J t IJ, = 1170 ±_35 ceK 

1 t 'f1 
= 1132_± 40 CeK 
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OllHChlBaIOLUHX . /' - B3aHMo.uettcTBHe, MOT'YT OhlTb y:>Ke aaaeceHhl B CllHCKH 

<pyH.uaMeHTanbHhlX IlOCTOSIHHhlX B <pH3UKe sneMeHTapHhlX. 'iaCTHU, Hapst.uy; C T8KHMH 

llOCTOSIHHhlMH KaK aapst.u, Macca H T • .u • .Hcao, 'iTO_ KaKoe Ohl H3 3Ha'ieHHf!: no

CTOSIHHhlX He OKaaanOCb npaBHnbHhlM1 npe.ucTaBnsteTCSI Mano BepOSITHhlM, 'iTOOhl 

T-8c~~e/onH3KO~ COBna.ueHHe 9/V. H_ J;, SIBnstnocb Ohl 'iHCTOf!: ·cnyqaf!:HOCTblO, H 

reiin-MaHH anepsh1e yKaaan, 'iTO npH'iHHa sToro ne:>KHT a rnyooKof!: aaanorHH1 . 

cymecTBYlOLUett Me:>K.uy /3 - pacna.uoM H sJieKTPO.llHHaMHKott. EcnH Mhl cpaBHHM 

aanHCaHHOe Bhlllle fo - B3aHMO.Uef!:cTBHe C B3aHM0.U ei!:cTBHeM HyKn0H0B C sneKTpo

MarHHTHhlM noneM 

TO Mhl BH.llHM1 'iTO npH /\ = 0 3TH Bhlpa:>KeHHSI O'ieHb ll0X0:>KH .upyr Ha .upyra, 

npli'ieM sJieKTpoH-Hei!:Tp0HHOe none HrpaeT ponb sneKTp0MarHHTHOro nonst, a 

,, ,, < p / ~-' / __ n > xi .• np· .. ponb sneKrpoMa~HHTHoro ToKa HrpaeT TOK _nepexo.ua 4,., n 

STOM MO:>KHO HanOMHHTb, 'iTO KOS<pcpHuHeHThl nponopuHOHanbHOCTH - CHnhl B3aHMO

.uettcTBHSI · 91-/-vI H ·· -e B oooHx cny'iastx, o'ieBH.UHo, paaah1e. Xopo11Io Ha

aecTHo,, 'iTO B cnyqae sneKTpOMarHHTHOro a·aaHMO.Uei!:cTBHSJ. aapSI.ll 'npOTOHa ae' .. 

MeHSJeTCSI Ha-aa, Toro, 'iTO npoTOH OKpymeH "Ji -Me30HH~M oonaKOM. $TO ecTb 

cne.ucTB_He aaKoHa coxpaHeHHSJ sneKTpHqecKoro aapst.ua. renn-MaHH BhlcKaaan 

T'H.llOTeay, 'iT_O "TOK", KOTOphli!: OllHChIBaeT /' -pacna.u, coana.uaeT C SJieKTpo

MarHHTHhIM TOKOM, OTnH'i8SICb OT Hero TOnbKO a_aMeHofl: aei!:TpOHOB npOTOH8MH, 

'iTO B CHJIY aapSl.llOBott HHBapHaHTHOCTH SJ,!lepHhlX CHII He ¥eHHeT 'iHCIIeHHhIX 

KOSq:>q:>HUHeHTOB. Tor.lla B paMKa:X I'HilOTe3hI renn-MaHHa COBila.lleHHe ,3Ha'ieHHfl: 

HenepeHOpMHpOBaHHO:li: KOHCT8HThI, OilHChIBSlOLUett _}{,, -pacna.u, H nepeHOpMHpo

BaHHOtt KOHCTaHThI, OilHChIB8IOLUefl: j!J -pacna.u, ecTb npocTo cne.ucTBHe BeKTop

HOrci xapaKTepa B3aHMO.UettcTBHSI. PaalIH'iHe 3Ha'ieHHi!: 91-' H f//4'" .llOII:lKHO, co

rnacHO TeopeMe renn-MaHHa, onpe.uenstTbCSI MacmTaooM Hecnpase.unHBOCTH aapst

.uosott HeaaBHCHM0CTH H .um1 pacna.ua H8i!:TpOHa-onpe.uen~TbCSI pa3HO~Tbl0. Mace 

Hei!:TpoHa H npoTOHa IMaC1IITaoa 0,1 % I. OTHOCHT81IbHO IlOCTOSJHHOtt /\ 1. KOTO-

past OilHChIBa:eT llC8B.llOB8KTOpHoe B3aHMo.uettcTBHe ;, -pacna.ua, He cymecTsy-

eT no.uooHoro po.ua cooopa:>KeHHtt. T aKoMy aaaHMo.uettcTBHro HeT aHanora: a 

xi AHanorH'iHoe aaMe'iaHHe ohmo c.uenaHo eme paHbllle rep1IITei!:HoM H 

381Ib.UOBH'i8M /7 / • 
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sneKTPO.llHHaMHKe, H HHqTo He rapaHTHpyeT 3.lleCb HerrepeHOpMHpyeMOCTH aapsi)loB. 

MoMeT-6b!Tb nro6oIIb!THO aaMeTHTb, qTo aHanoroM TaKoro BaaHMO)lellCTBHSI 6bmo 

6bl BaaH-MO.ll eficTBHe MarHHTHOt'O rronroca /OJlHH H3 B03MO)KHblX Bapn:aHTOB Teopn:n: 

-KOToporo 6bm paCCMOTpBH eme B 1931 rO.llY .[{HpaKOMI. 

KpoMe paCII8.ll8 r -Me30H8 H paella.Ila aefiTpOHa cefiqac H3BeCTHbl H 

.apyrne rrpouecCbI, CB93aHHbie co cna6b!MH Baan:MO.lleficTBHSIMH. Tn:rrn:qHblM 

rrpnMepoM TaKHX npoueccoB siBnsieTcH pacna.ll · 1f -Meaoaa Ha aneKTpoH n: 

HeitTpn:Ho, aaxBaT ~ -MeaoHa rrpoToHoM, /' - pacrra.ll rn:rrepoaoB, cna6bie 

pacrra)lbl K-Me30HOB H T • .ll. HaqnHaH C pa6o~bl !OKaBa /1947 ro.ll/, )lenanHCb 

TllleTHbie IlOIIbITKH paCCMOTpean:H yan:BepcanbHOro B38HMO)leitcTBHst, KOTopoe 6bi 

o_nn:cano Bee naBecTHble cna6b1_e npoueccbI e.llHHbIM o6paaoM. Ceitqac stcao, qTo 

rrpn:qHHOll Hey)laq TBKOrO p0.ll8 OIIHC8HHll 6bma nyTaHHU8 C Bapn:aHTaMH B3aHMO-
. - ' . 

)leitcTBn:it. l1 TOnbKO cefiqac, nc~cne ycTaHoBneHHSI rrpaBn:nbHblX Bapn:a.HTOB B Teo

pnn: ~ -pacna.llOB, TaKoe BaaHMO.lleficTBHe MOMeT 6b1Tb Hann_caHo. 

.[{nsr Toro, qTo6bI Hann:caTb YHHBepcaJ:IbHYIO cpopMy B38HMO.lleikTBHst, BBo

.llliTCH /MapwaK, Cy.llapwaH, renn-MaHH, <t>eitHMa11/, TaK Ha3bIBaeMbifiJ "cna6b1fi 

TOK'(, KOTOpblfi COCTaBnsteTCst cne)lyIOlllHM o6pa30M: 

o6oaaaqHM CK06KC>it /-e ()) / BbipaMeHHe <e/y.,_ (1-tfs)/)) > • AaanorH-q

HOe BbipaM ean:e MhI 6y .ll BM BBO.llHTb H .llJist .llPYrHx nap qacTn:u. TT pH STOM .llnH 

rrpocTOTbI' o6oauaqeHHH_ Mb! ue 6y.lleM oco6o OTMeqaTb nepeaopMnpyroTcst n:nn 

HeT 3Ha'-i8HHSI IlOCTOHHHbIX, BXO.llHlllHX B r • Tor.Ila cna6bIM TOKOM Mb! Haao-
S• 

BeM cne)lyromee -BblpaJK BHHe 

j =- ( e r-v) .,- (;; r v) + (n r f ):+ (if rp). 
3TOT TOK OIIHCbIBaeT rrpouecCbI, npn: KOTOpblX IIOSIB~HIOTCH .llBB qacTHUbl /n:nn: 

n:cqeaaroT 8HTHqacTHUbII, H ero qeTbipe cnaraeMblX o6na.llaIOT cne.llYIOlllHMH 06-

lllHMH CBOllCTBaMH! 

a/ aapst.ll o6en:x IIOHBnHIOlllHXCSI qacTn:u paBeH 

6/ cyMMapHblfi HyKnOHHblfi aapst.ll paBeH o, 

Bl CYMMapHblll nenTOHHblfi aapH.ll paBeH 0 

1, D. Q 

4 JV= 0 

Lln=-0 

=-1 

- r/ Tpn: rrepBbIX cnaraeMbIX He MBHHIOT cTpaaaocTb, a nocne.z:taee cnarae

Moe yMeHbwaeT cTpariaocTb Ha e.llnmiuy Ll 5= 1 nnn O. 
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ToK, spMHTOaCKH conpmKeHHbii!: STOMY TOKY J 
npoueccbr 

H onHChIB810lllHi!: o6paTHbie 

~ 5 = 0 n nn 11 

HMeeT, O'leannHo, ann. 

i ~ (v re)+(v~)+(prn)+ (firA) .. 

B nepabIX ,tiayx 'lneHax TOKOa onepaTOpbI / t ?'leannao, ae nepeaopMHpoaaHhI. 

B TpeTbeM; HyKnOHHOM, 11neae nepeHop~npyeTcst onHa na nocTOSIHHhIX /\ 1 8 a 

noc11enaeM, 'leT.aepTOM, cnaraeMOM .nep.eaop_MHPYIO!CSI o6e IlOCTOSIHHhre, TaK K8K 

HHKaKHMH noaopoTaMH a H30TOilH'leCKOM npocTpaHcTae ero aenb3SI caecTH K 

sneKTpOMarHHTHOMY TOKY H nosTOMY . .llnSI aero TeopeMa O aenepeHOpMHpyeMOCTH 

aeKTOpHoft nocTOSIHHOi!: aecnpaaennnaa. 

B npHHUHne, K o60HM HanncaHHhIM TOK8M cnenoaano 6hr .ll0IlHC8Tb eme 

cnaraeMoe, conep2Kamee npyrne rnnepOHhI H • M hi sToro He 

cnenanH npoCTO .llnH .KP8TKOCTH, nocKonbKY .ll8HHbIX no pacnany T8KHX rnnepoHoa 

noK4 aeT, a no6aaneaae cooTaeTcTayromnx cnaraeMbIX ae npnaeceT an11ero 

npHHUHnnanbHO HOaoro. Mo2KHO 3aMeTHTb, 'lTO ecnn·npnnep2KHaaTbCSI Monenn 

COM /CaKaTa-OKyHb-M apKoa/ , a KOTopott ace 11acTHUbI .cocTOSIT H3 ayKnoHa 

H A I TO y2Ke aanHC8HHbie !l'O~H OllHCbIB8IOT ace ao3M02KHble pacna,llblx/. C 

Il0M0lllblO H8IlHC8HH0ro TOK a ace cna6bie aaaHM0.ll eiicTaHSI MOI"YT 6bITb HanncaHbI 

a KOMil8KTH0ii cpopMe 

,, . Cf .. + 
Mw: 7/fJJ , 

ii aa0,llHTCSI npocTo nnst Toro, 'lT06bI He MeHSITb cTapyro no.cT.0SIHHYIO I' ~pac

nana. Taxoe aanHcamrn o6nanaeT 0.llHHM aa2KHbIM caoi!:cTaqM: .MbI HCKnlO'lHnH 

ace a03M02KHbie KOM6HH8UHH 'l8CTHU, He HMelOlllHX 3apstnoa. TaKHe KOM6HH8UHH 

npnaon·ann 6b1 K aaaHMO.ll eii:cTan:io THna 

xi ct.>opManbHO npHHSIT0e aanncaaHe cna6bIX T0K0a HCKnIO'laeT cna6bie. 

npouecchi c / A S / > 1. 
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Ta6n11ua 
xi 

~ + (e rv) ~ (y) (ii (p) {Arp) 

v+e-+~te ,,.u-,-e-+v+v n➔p+e+v_ 11-p+e+v 

(v re) tr-e+v - K.- e+v 

t-i 1-2 :J.-3 l-t, 

(~ff) Vj-'t'-Yptv P'J)t'-,.n,+v A-p~+JJ 
:lf~+J) K7k'-t-Y 

t-t 1-3 t-11 

I· ' 

(pr n,) ,. p+n,?p+n l\-'1f-tp 

3-3 3-i, 

(pr11) !l+p~l'1-p 

Y-'I 

B npoueccax, OTB8~8IOlllllX npoH3Be,lleHllIO HyKnOHHOH CKOOKH Ha 

nenTOHHbl0 / jJ -pacna.!l HeiiTpoHa · H saxea_T JJ, -MesoHa npoTOHOM/ 

nepeHOpMHpyeTCSI TOJibKO nceB,llOBeKTOpHaB Il0CTOSIHH8SI, B pacnaLlax· 

rnnepoHOB · 1-4 ; 2-4 nepeHopMHpyroTc:B o6e nocT<;>BHHhie, HaKoHeu, 

"13 OCT8JlbHbIX npoueccax 3-3 ' 3-4 • 4-4 ' H3-38 nepeHOpMHpOBOK 

MeHBeTCSI CaMa cpopMa B38HMO.!leilcTBHSI H OHH He OilHCbIB8IOTCSI npoHs
Be,lleHHeM TOKOB, 
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H OllHCbIBanH 6bI HecyruecTBYIOIUHE! npoueccbr,< HanpHMep, npouecc pacnaaa f" 

Me30Ha Ha TpH aneKTpOHa 

/"'- - e--,. e++ e: 
HanHCSHHOe Bbipa)KeHHe am1 cna6oro B3aHMOaeiicTBHH, OllHCbIBaeT, KaK .HeTpyaao' 

BHaeTb, 10 pa3HbIX npoueccoB, KOTOpbre _nonY,:IaIOTCH, ecnH nepeMHOmHTb noqneHHO 

Ka)Kaoe cnaraeMoe, 

TOK J + • Be 8 8:H 

BxoaHruee B TOK J Ha Ka)Kaoe cnaraeMoe, BxoaS1ruee B 

'npoueccbI MO)KHO CB8CTH B_ Ta6nmiy 1, rae CTPO,KaM H CTOn6-

uaM OTBe'laIOT pasnH'IHbI8 cnaraeMbie B TOKax, a B KneTO'IKax HanHCSHbI THllH'IHbie 

npoueccbI, _OIIHCbIBaeMbI8 COOTB8TCTByIOIUHMH npOH3BeneHHH_MH. npH _8TOM B_Ta6nH

ue sanonaeaa TOnbKO oaaa ee nonoBHHa, TaK KaK KneTo'IKH, cTOHUlHe no apyry10 

cTopoHy aHaroHanH, oTBe11aroT o6paTHhlM npoueccaM. 

PacCMOTpHM C_Ha'lana HeaHaroaanbHbie aneMeHTbI 8TO:ll: · Ta6nmthr. K neTKa 

1-2, 0'18BH.rtHO, OllHCbIBaeT pacnan ~ -Me30Ha,. KneTKa' 1-3 OllHCbIBaeT o6bI'IHbI:ll: 

/-' -pacnaa He:ll:TpOHa, KneTKa 1-4 OllHCbIBaeT /' - pacnaa 11 °-p + e-/ V. ,, 
TaKO~ pacnaa 6,blll He,ll8BHO- ne:ll:CTBHTenbHO 06Hapym:eH. Er~ BepOHTHOCTb OKasa

naCb pas B 10- 20 MeHbWe, '!eM BE!pOHTHOCT.b 1 COC'IHTSHHaH C llOCTOHHHbIMH 1 B3H-

. TbIMH H3 '/' -pacnana HeiiTpOHa. hocneniiee o6cTOHTenbCTBO He 

Tem:,Ho, TaK KaK MhI y)Ke roBOpHnH, _'ITO B 8TOM cnyqae HeT OCHOBaHH:ll: cq"riT'aTb, 

'ITO nocTOHHHhle ocTanHcb TeMH )Ke· caMbIMH. KpoMe Toro, aaeprHH, · BbraenHeMaH 

npH /' -pacnaae /\ 
0 

rHnepoHa, y)Ke aocTaTO'IHO Bem:1Ka, H MoryT cKasaTbCSI 

cpopM-cpaKTOpbI 'laCTHU, 0 KOTOpbIX MbI 6y aeM roBOpHTb nanbwe. 

nepeiiaeM K cnenyrome:ll: cTpoKe. KneiTK~ 2-3 onl!CbIBaeT saxBaT /I"' -M_e~ 

soua HyKnOHOM, 8ToT npouecc aeoaHoKpaTHO Ha6n:ronancH B nerKHX Hapax H xo-
~ I . • 

TH 3Ha'leHHe COOTBeTCTByIOUlHX BepoSITHOCTe:ll: He _H3MepeHO aocTaTO'IHO TO'IHO, 

OHH HeCOMHeHHO HSXO,L:tSITCH B cornaCHH C TeOpHe:ll: YHHBepcanbHOI'O B38HMO,L:t e:ll:-
~ . , ' ,' . ' 

CTBHH. J:<neTKa 2-4 onHCbU~aeT B03MO)KffbI:ll: Jae aa6nroaaBwH:ll:CS1/ 11' -Me30HHbl:ll: 
' ' 0 ' . ,. ' 

pacnan · /) -rHnepoaa. :3T~ )Ke BSaHMoaeticTBHe OTBeTCTBeHHO aa cna6bt:ll: pac-

naa K-Me30HOB J<. -/'"' + _V , ecnH paCCMSTpHBaTb K-Me30H COCTOHUlHM H3 

SHTH '" 
0

' H npOTOHa. H aKOHeu, KneTKa 3-4 OllHCbIBaeT pacnan /\ '' -rHnepo-

HOB C HcnycKaHHeM 

noa-aHTHHyKnoH. 

:/( -Me3pHa, KOTOpbr:ll: paccMaTpHBaeTCSI KaK CHCT"eMa HyK-

KpoMe OilHCSHHbIX aenHaroaanbHbIX npou~CCOl3 B Ta6nHue HaXO,L:tSITCH 'leTbipe 
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iurnroHaJibHbIX npouecca, cyruecTBOBaHHe KOTOpbIX .eCTb cne.ucTBHe TeopHH. YHH-
, ',.. . .: . ' ' 

B.epcam,Horo B38HMO.ll9il:CTBHH H KOTOpbie .llO CHX nop He o6Hapym:eHbI 3KcnepHMeH-

T8JibHOe 

npH 3TOM pacceHHJie HeiiTpHHO ~ ·-MeaoHaMH ··HSJib3H c'eil:'l'.ac paCCMaTpH -

B8Tb B Ka'leCTBe B03MO:lli:HOil· 3KCnepHMe~TaJibHOil aa.ua'IHj. TaKm:e nem:HT aa rpa-

HHUSMH 3~_cnepHM9HT8' crra6oe B38HMO,lleii:cTBHe /\ 
0 

' C HyKJIOHOM.' 

OcTaIOTCH ,UBS npouecca, OTBS'laIOIUHe KJISTKaM 2-2 H 3-3, 0 KOTOpbIX 

6y.zieT CK838HO HSCKOJibKo' no.up66Hee~ O.uiiH H3 HHX - pacceHHHe HeiiTpHHO sneK

TpOHOM. Y.uHBHTSJibHO ym:e TO, 'ITO HSCMOTpSI Ha Kpail:He Manoe C9'19HHe 

3TOro npouecca, COBpeMSHHbie 3KcnepHM9HTaJibHbI9 B03MO:lli:HOCTH n03BOJIHJIH no-

. . ' /8/ 
.uoil:TH K HeMy B9CbMa 6iIH3KO. B paooTe Paii:Heca H Ko::rna HCCJI9,ll0B8JIHCb 

B03MO:lli:Hbie, HOHH3aUHOHHbI9 noTepH Heil:TpHHO B BeruecTBe. npH 8TOM aBTOpbI 

nocTaBHJIH ce6e aa.ua'ly - .HaiiTH BepxHIOIO rpaHHUY B9JIH'IHHbI MarHHTHoro MOMeH

Ta HSilTpHHO. OHH nony'IHJIH, 'ITO MarHHTHbiii: MOMSHT Heii:TpHHO He MO:lli:eT 6bITb 
. -9 . . 

BO BCSIKOM cny'lae 6onbwe, 'ISM 10 6opOBCKoro MarHeTOHa. B .ueiicTBHTSJibHO-

CTH y npO.llOJibHOro Heil:TpHHO MarHHTHoro MOMSHTa He MO:lli:eT 6bITb, H HOHtl3a

UHOHHbie IIO'l'epH HeiiTpHHO MoryT 6bITb CBSl38HbI JIHWb co cna6bIM B38HMO,D.eil:cTBH

eM H~,iiTpHHO C 3JI9KTpOHOM •. M O)KHO iioKaaaTb, 'ITO TaKoe B3aHMO.ueil:CTBHe no 
, .r 

. BSJIH'IHHe OTBe'laJIO 6bI HOHH3_SUHOHHbIM, IIOTepSIM Heil:TpaJibHOii '18CTHUbI C MarHHT-. ,, ···' , ,_, . ·~11 . ', . . 
,HbIM MOM9HTOM, paBHbIM 10,· 6opoBCKOro MarHeTOHa. TaKHM o6paaoM, 'IYBCTBH-

TSJibHOCTb aKcnepHMSHTa Bcero Ha. ,llBa nopSI.uKa OTCTOSIJia OT o6nacTH aq:i_cpeKTa. 

K com:aneHHlO, npocToe ycoBepweHCT~OB8HHe M9TO,UHKH PeiiHeca H KoaHa. He 

nosBonsreT cymecTBE;HHO npo.uBHHYThC.H Bnep~.u, H Heo6xo.uHMhl HOBbre H.UeH. 

HanOMHHM, O,llHaKo, iiTO eme COBCSM He.uaBHO C9'19HHe aaxBaTa HeiiTpHHO npo

TOHSMH Ha MH·oro nopH.llKOB ·OTcTosrno OT Tex· ce'leHHil: 1 KOTOpbre MornH H3MepHTb

CH B na66paTopHH · /'lyTb. JIH. He Ha 10/, a B nepBbIX pa6o~ax .[lHpaKa ·c'IRTarroCl', 1 
' . 

'ITO Ha6JIIO,ll9Hlie 06pa30BaHHH nap '{ :-ny'laMH nem:HT aa npe.uerraMH aKcnepH-

MSHTaJibH.bIX B03MO:lli:HOCTeii. K aK 6bI To HH 6brno, Ha6nro.ueHHe npoueccoB .pacceH';, 

HHH Heil:TpHHO aneKTpo.HaMH npe.ucTa,BJISISTCH 0'19Hb Ba:lli:HbIM, TaK KaK OHO no.u-

TBep,UHT HJIH onpoBeprHeT YHHBepcaJibHYIO TeopHlO cna6oro B38HMO.ll eiicTBHH B 

. · • xi 
H3JIO:lli: SHHOil: cl>,opMe. • 

x/Mom:eT 6bITb, n1060ilbITHO OTMSTHTb, 'ITO 'B TeopHH YHHBepcanbHOro B38HMO,Ueil:cT

BHst · npHHUHIIHaJibHO B03MO:lli:HO H3M9pHTb H 3HaK KOHCTaHTbI B38HMO.Ue1tcTBHH, B TO 

BpeMH KaK B npOCTOR CXeMe ,, -pacna.11a, B KOTOpyro BOJIHOBaH cpyHKUHSI HeiiTpHHO 

BXO.llHT JIHHSilHO, 3HaK erue He HMeeT, tpH3H'l9CKOro. CMbICn~. 6naro.uapH HHB,ll,PHaHT-

HOCTH B3aHMO,UeilcTBHH OTHOCHTSJibHO aaMeHbI }' - Ve ,cp .Ml - Me 1·r • 
A . ) / . / • 
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BTopott ~naroH~hbHhlil rrpouecc ~CTb cna5oe BaanMoneficTBlle ilyKnoHoB. 

Rcao, 'ITO B :,iTOM cny'lae 5eCCMbicneHHO .llYM8Tb. o5 H3MepeHllll rionHbIX. ce'leHntt . 

pacceSIHHSI, CBSl3aHHOT"O co cna5bIM B3aHMonettcTBlleM, TaK KaK 9TO B3allMOnettCTBlle 

HaKnai:tbIBaeTcSI .Ha aHa'lHTenb~O 5onee llHTeHCllBHOe stnepHoe pacceSIHlle, TO'lHaSI 

Be1!H'lllHa KOTOporo HaM HellaBeCTHa. noaTOMY pe'lb MO:>KeT llUTll O Ha5nroneHllll 

acpcpeKT0B1 KOTOpbie OTCy'rcTByIOT npll stnepHOM pacceSIHHH 1 a HMeHHO! acpcpeKTOB 1 

CBSI3aHHhlX C HecoxpaHeilne~ 'leTHOCTll~ 

.[lo cero BpeMeHll ll3BeCTHbl Tpll Tllrra· TaKoro copTa aKcrrepl!MeHTOB, ll3 

KOTOpbIX MO:>KHO rrony'lHTb oueHKY BepxHe:li rpaHHUbl B03MO:>KHOil Benll'lHHbl rrpIIMe
x/ 

cett CC?CTOSIHII:li, He coxpaHSIIOIUHX qeTHOCTb 

1/ OrrhlThl no HaMepeHIIIO npononbHOil nonstpHaauIIH HefiTpoHoB npll paccest~ 

HHH llX stnpaMll H~ yron O.Bepxmrn: rpaHllUa BenH'lHHbI npHMecett, nony'leHHbIX ll3 

aKcrrepHMeaToa, nopstnKa 4•1 o-6 / · Po5epTc H np/
91 I. 

Tf -Me30HOB nonstpH30BaHHblMH npoTOHaMll B HanpaBneHHH_ 
. /10// 

no ll npOTHB BeKTOpa nonstpHaauHH / .[l:>KOHC H np. • np11MeCb MeHbllle 

2•10~7; 

I 

I 
/e 

I 

P HC. 1 • .[lHarpaMMa ane~TpOMarHllTHOro. pacceSIHllSI. 

xi . · 
BenH'lHHa npHMeCH HaMepsteTCSI nonett . BpeMeHH, KOTOpoe -CHCTeMa npoBO.L:tllT 

· B cocT0SIHHSIX c rrpo'J'.IIBonono:>KHott 'leTHOCTbIO. 
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ilHarpaMMa pacna.o:a ;w --";' e --,. e-,. + e ~ 
KOTOpbIA npoxo.o:Hn 6bI qepea X O 

-MeaoH. 

3/' HayqeHHe HapyweHHSJ: qeTHOCTH a a:.o:epHbIX peaxnHSJ:X npH MallbIX 
- /11/ /12/ 

saeprHHX /Taaaep , BHlIKKHCOH / 0 BenH'IHHa npHMeceA MeHbwe, qeM 

s•10-8• 
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Hano HMeTb BBH.UY, O,llHaKo, .'ITO Bee STH oueHKH npOH3BeneHbI He.uocTaTo'I

HO aKKypaTHO, H TO'IHbie 3Ha'leHHSI rpaHHU MOI'yT H3MeHHTbCB, TaK KaK OHH 3aBH

CBT ,OT_ ps:1.ua TeopeTH'leCKHX npe.u.noJIO)KeHHfl:. KaK 6bI .TO HH 6bmo, BO Bcex STHX 

CJiy'laBx nony'leHHbie rpaHHUbI cymecTBeHHO OTCTOBT OT Toil o6naCTll, r.ue MO)KHO 

O)KH,llaTb BKna.z::r. cna6hIX B3aHMo.ueiicTBHfl:. Ecn:rr .ua)Ke q'IHTaTb, 'ITO nepeHOpMH

pOBKH llOCTOBHHbIX cna6oro B38HMO.uefl:cTBHH B npouecpax npH CTOJIKHQBe·Hllll. HyK

JIOHOB He CJIHlllKOM BeJI:HKH, TO .'IYBGTBHTeJibHOCTb _OilbITOB_ .llOJI)KHa 6bITb yaemiqe

Ha no Kpafl:Hefl: Mepe Ha 2 nopB,llKa,.uns:1 Toro 'IT06bI MO)KHO 6hmo paCC'IHTbIBaTb 

38MeTHTb STll scpcpeKTbI. M O)KeT, aoo6me i:'OBOpB, OK838TbCB, H :STO BBHJIOCb. 6bI 

OTKpbITlleM orpoMHOii B8)KHOCTH, 'ITO cymecTBylOT KaKHe-To .upyrHe npH'lllHbI .He

coxpaHeH:HB qeTH09TH B CHJibHbIX B3,!lHMO,llefi:cTBHBX, KOTOpbie npHBO,llHT K o6Hapy

>KeHHIO scpcpeKTOB_ 60Jiblllefl: BeJIH'lllHbI, 'leM MbI O)KH.uaeM. :3To eme 60Jibllle _npH_; 

.uaeT ueHHOCTb SKcnepHM8HT8M B STOfi: o6nacTH H noTOMY npe.ucTaBJIH8TCB O'leHb 

cy_mecTBeHHbIM Hafi:TH. HOBbie nyTH B noc_TaHOBKe OllbITOB B STOfi: o6nacTH. M Q)KHO 

eme 3_aMeTHTb B aaKJIIO'leHHe, 'ITO scpcpeKTbI, CBB3aHHbie C HecoxpaHeHHeM 'leTHO

CTH. rra-aa cna6oro aaa:rrMo.uefl:cTBHB1 He 6y.uyT aaps:1.uoao-HHBapHaHTHbIMH IB ra:-

MHJibTOHHaHe 6hlJIH TOKH j + , HO ue 6hIJIO TOKa 
·o 

I I, a· noToMy scpcpeK~ 

Thi CTOJIKHOBeHHB .uayx Hefi:TpOHOB 6y .UYT OTJIH'l8TbCB OT a~aJIOI'H'IHbIX scpcpeKTOB 

B CH_CTeMe HeiiTpoH-npoTOH. 

raMHJibTOH:HaH cna6oro B38HMO,ll8fi:CTBHB MO)KeT 6bITb HHTepnpeTHpOBaH 

HaI'1IB,llHbIM o6pa30M C IlOMOll~blO rHnoTe3bI O npoMe)KyTO'IHOM _Me3oHe co cnrr

HOM l. :3Ta I'HilOTeaa TaK)K0 B03HHKaeT H3 aHa1IOI'Hll C sn_eKTpO.UHHaMHKOfl:. 

K ynoHOBCKOe B3aHMO.ll efl:cTBHe npOTOHa H SJieKTpOHa OllHCbIB_aeTCB .uuarpaMMOfi: 

( prrc.l). 

npoTOH ucnycKaeT (pOTOH-'laCTHIIY C Maccofl: 0 H CilHHOM 1, KOTopaB norno

maeTCB sneKTpOHOM_. MO)KHO npe.ucTaBHTb ce6e, 'ITO. f' -pacna.n Hefi:TpOHOB 

OllHCbIBaeTCB aHa1IOI'H'IHOfi: .u:rrarpaMMOfi: (pnc.2 ), I'.ll e y)Ke npoMe)KyTO'IH8SI aoriHH

CT8B 1IHHHB OllHCbIBaeT HeKyIO BeKTOpHyIO 'laCTHUY t. OT1IH'laIOillYIOCB OT (pOTOHa 

TeM, 'ITO ee Macca He paBHa O H qeTHOCTb ee Heonpe.ueneHHa • TaKofl: MeaoH --
MbI H830BeM J -Me30HOB. 0'1eBH.llHO, 'ITO .ll1IB ll03HTpOHHOI'O pacna.ua Heo6xo-

;.... -t . 
,llHMO BBeCTll eme ll Me30H ..0, . /cooTBeTCTBYIOillero Hefi:TpOHHOI'O Me30H8 He' 

.uon)KHO cymecT aoaaT&, BBH.uy yKasaaHofl: BbIIII e 3apsr.uoaofl: HHBaprraHTHOCTll 
-+ 
-x - -Me30Ha npHBO,llHT K TOMY 1 'ITO npouecca, prrc.8/. ScpcpeXTHBHoe aae.ueHHe 
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cna6oe B38HMO.lleiicTBlfe nepecTaeT 6hlTb, CTporo I'OBOpSI, TO'!eT.JHhlM, a OKa3hl

BaeTCSJ paaMa38HHhlM Ha oonaCTb. nopSI,llKa K.OMilTOHOBCKOii .lllIHHhl X -Me30Ha. 

.H CHO, '!TO ecnlf npHHSITb Macey Meaoaa .ll0CT8TO'!HO 001IbUIOii, cymeCTBeHHO 

6onbUie, '!eM Macca HyKnOHa, TO pa.uuyc B3aHMO,lleiicTBHSJ 6y.ueT O'!eHb Man, H 

cxeMa 6y.u eT npaKTH'!eCKH 8KBHBaneHTHa cxeMe o6hl'!HOI'O TO'!e'!HOI'O B3alfMO.ll eii

CTBHSI. TonbKO npu aHeprusix '!acTuu, cpaBHHMhlX c Maccoii noKoH X ·-Meaoaa, 

.uon:>KHhl B03HHK8Tb HOBhle HBneHHH /aanpuMep, npocTo peanbaoe po:>K.ueaue X 
MeaoaoB/. XoTH cymecTBoBaaue ~ -Meaolia /ecnu ero Macey npuHHTb .uocTa...; 

TO'!HO 6onbUIOii/' u He npHBO,llHT K IlOHBneHHIO HOBhIX acpcpE!KTOB, TeM ae MSHee 

HHTepecHo · OTMeTHTb, '!TO y:>K e caM· cpaKT cymecTBo:saHHH IBHpT;yanbaoro/ K 
MeaoHa HaKna.uhrnaeT orpaHH'!eHHe Ha aHaK nocToHHHOii · /'. -pacna.ua B ".uua

roHanbHhlX0 acpcpeKTax. 3To nerKo BH.lleTh, ecnu aaMeTHTh, '!To ecnu pacna.u 

npoucxo.uun 6h1 '!epea X -MeaoH, To nocTOHHHast 6hma ohl _npouaBe.u eHiteM 

Il0°CTOSIHHhIX1 X8l}aKTepH3YI0IlllfX ,llBe BepUIHHbI Ha pHC .2. B cny'!ae .lllfaI'OHallbHOrO . ) . . 

B38HMO.ll ettcTBHSI o6e BepUIHHhI 0.lllfHSKOBhI~ If 8TO npoHaBe:0. eHHe 6hmO 6hi npocTO 

KBa.upaToM MO.llY1ISI HeKoToporo '!lfC1Ia /Hnlf npoCTO KBa.upaTOM, ec,m ccixpaHHeT

CSI KOM6HHHp_oBaHH.ast '!eTHOCThl. TaKHM o6paaoM, ecnu 6ht ·K -MeaoHbl cyme

CTBOBanu,. TO IlOCTOSIHHaSI B pacceHHlflf HeiiTpHHO a.ileKTpOHOB. lflllf aeiiTpOHOB npo

TOH8MH .uon:>KHa 6hITb nono:>KHTenbHoii, 

$To 'o6CTOSJTeribCTBO MO:>KeT 6hlTb B npHHUHne npoBepeHO no 3HaKy npo

.ll01IbHOi!: nonHpuaauuu, B03HHKBIQI!leii npu pacceHHHH HeiiTpoiioa npoToHaMH Ha 
0 

yron O • 3HaK TaKott nonstpuaauuu onpe.uensteTcst paaHoCTbIO cpaa H.uepHoro pac-

cestHHSJ _If cna6oro B3aHMO.Uei!:cTBHst. Ecnu cpaaa H.uepHoro pacceHHHH uaBecTHa 

lf3 aHanuaa pacceHHHH, TO OTCIO,lla HaXO.lllfTCl;I !{ 3liaK aMillIHTY.llbI cna6oro B3aH-

MO.uettcTBHH J CMopo.uHHCKHi!: If ¢,pa.uKuH/. 

O'!eBH.llHO, '!TO ecnu 6ht aMnnuTy.ua cna6oro ·BaauMo.ueiicTBHH oKaaanacb 

OTpHUaTenbHOi!: 1 TO 8Tlf~ caMblM I'lfilOTeaa X- M830Ha 6bma Ohl onpoBeprHyTa. 

CymecTBYIOT Boapa:>KeHHH, Bbl,llBHHYThle renn-M 8HHOM Ha nocne.uHett KOH-

cpepeHUHH B )KeHeBe, CBHaaHHhie c ucnycKaHHeM BHpTyanbHblMH ·X . ) 
-Me30H8Mlf 

raM~m-ny'!ei!: 0 3Ha'!liT81IbHaH BepoHTHOCTb T_aKOI'O acpcpeTa npHBO.lllf1Ia. 6hl K He

CYI!l9CTByIOI!l8My pacna.uy I'-' - _e..,. t . . 0.uHaKo, 6naro.uapH TOMY, '!TO CaMa 

TeopHH '!8CTHU c·o CillfHOM 1 paaBHTa nnoxo, TPY.llHO CKa3aTb, B KaKOii Mepe 

cymecTByIOT TaKoro po.ua o6mue TeopeTH'!ecKue coo6pa:>KeHirn, noaaonstromue 
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ceiitJac oTBepr~yTh cxeMy X -MeaoHa. Bo BCSJKOM cnytJae cxeMy X -Meao-

Ha MO:lKHO paccMaTpHBaTb KaK BeCbMa YAO0Hhiii MHeMOHHtJeCKHii npneM ,nmt aano-

MHHaHHn npoueccoB. 

.no CHX nop MbI paccMaTpHBanu Bee RBnemrn TaK, KaK 6y,nTO Ohl caMH no

CTOHHHbie He 3aBucem1 OT aHeprmi: tJaCTHU un11, BepHee, O_T nepe.z:taHHOJ."'O llMnynb

ca. B .z:teficTBMTenbHOCTH, y:iKe .z:tnn pacna.z:ta HeiiTpOHOB
0 

cne.z:tyeT ytJeCTb.· 'ITO 

1 .4-.epM., /l0-13
cMI·, ., sTo' o"'cTo"-HYK1IOHhI HMeIOT pa3MepbI HeCK01IbKO MeHbllle 4' ,. ,. u n 

T91IbCTBO npHBOJ:(HT K acpcpeKTHBHOii 38BHCHMOCTH nocTORHHbIX /' -pacna.na OT 

aHeprHii. nonpaBKH BeCbMa HeBenHKH, OJ:(HaKo, OHH HMeIOT npllHUHilllanbHOe 3Ha

tJ9Hlle. y:lKe .z:tnn pacna.z:ta HyKnOHOB /r.z:te OHM COCT8B1IRIOT 1IHWb J:(01110 npoueHTa/ 

H MOf'fT CT8Tb BnOnHe cymecTBeHHbIMH .nnn pacna.z:ta n.z:tep, U noaTOMY Ha HHX 

Mhl OCTaHOBHM6n HeCKOnbKO 6onee no.npo6Ho. 

nocKOnhKY MllKpOCKOUHtJeCKOii Teopllll 1i -Me30HHOJ."'O o6naKa. OKpy:lKaro-

mero HYK1IOH, He cymecTByeT, ,TO npHXOJ:(llTCH orpaHHtJHBaTbCSI. cpeH0MeHonor11tJe

CKHM OUHCaHHeM pacna.na, BBOJ:(51 no aHanor1111 C STOMHOii q:>ll3HKOii COOTBeTCTByro

IUHe CflOpM-cpaKTOpbI. p acna.z:tbl IIpOTH:lKeHHOJ."'O HyKnOHa y:lKe He 6y .z:tYT OUHCbIBSTb-

CSI np0CTOil: CKO0KOfi ( j5 r n) , KaK 8T0 cnpaBe.z:tnllB0 J:(1ISI pacna.z:ta T0tJetJ:-

HbIX tJ8CTllUt a Heo6xon:HMO HanucaTb CaM0e o6mee Bblp8:lK9Hlle J:(1IH 'I'0Ka /BeK

Topa V I 11, coo'TBeTcTaeHHo, noeB.z:tOTOK,8 /nceB.z:toBeKTopa If I, K0Topoe M0:lK

H0 C0CT813llTh 113 .z:tHpaKOBCKHX MaTpHU, 0illlCbIB8IOIUllX noBe.z:t eH11e CBO0OJ:(HbIX 

tJaCTHU co _CilHHOM 1/2. O6IUHH BllJ:( T8KllX. Bbipa:lKeHHii 6y.z:teT 

B enHtJHHbI V ,1... H ii"'- HBnstIOTCil cpyHKUHHMll HHBapllaHTHOH nepe.z:ta'lll llMnynbca 

i IKBa.z:tpaT pa3H0CTll tJeTbipexMepHbIX_ BeKT0p0B aHeprHM-HMnynbCa np0T0Ha 

H HefiTpOHa/ H HB115IIOTCSI cpop~cpaKTOpaMH, 0UllCbIBaIOIUHMH pacna.z:t HyK1I0Ha. 

8TH Bbipa:iKemrn M0J."'YT 0bITb ynpomeHbI, ecnH Mbl Hano:lKHM B9CbMa ecTeCTBeHH0e 

---1 
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ycnoBHe, 'IT06bI /' -pacna.u HeilTpOHa H /3 -pacna.u aHTHilpOTOHa OilHCbIBa- . 

JlHCb -- coaepweHHO O,UHHSKOBO. 3TO Tpe6oB8Hl!e BilOJlHe ecTecTBeHHO, IlOTOMY 'ITO 

KSK HeilTpoH, TaK H aHTRnpoTOH HMe!OT 0,UliH8KOBY!O npoeKUli!O 1!30TOilli'lecKOI"O 

~:mIIHa, H KpOMe KyJlOHOBCKOI"O B36HMO,UeilcTB1!5I, KOTOpbIM MbI npeae6peraeM, HeT 

Hl!KaKRX npli'IHH ,UJ15I IiX pa3J1H'IHOI"O noae.ueHHSI. ct>opM8JlbHO aTo yTBep)K,UeHHe 

npHBO,UHT K Tpe6oBS:HH!O IiHB8pliaHTH_OCTH .raMHJlbTOHOBOil cpyHKUiili OTHOCli_TeJlbHO 

.uayx nocne.uoaaTenbHhIX npeo6pasoaaHH1i. nepaoe npoHseo.u_RT a IISOTonRtiecKoM 

npocTpaHCTBe npeapamemre (I, = p _ H Ii3MeHSieT 3H8K 38p5I,UOB y 1( -Me-

soHa, a BTopoe ecTb sapg.uoaoe conpSI:>KeHIIe, KoTopoe npeapamaeT HyKnoH a aH-

TIIHyKnoH H Oil5ITb MeHSieT. 3HaK sapSI,UOB Jr -Me3oHa. / (} - npeo6pasoaa-

HHe nH H Hara/~ Tpe6oaamte HHBapHaHTHOCTii OTHOCl!TeJlbHO G- -npeo6paso-

BaHH.II npiiBO,UHT K TOMY t 'ITO KOaq:Jq>liUl!eHThI vl H /13 ,UO~:>KHhI 6hITb lJ8BHhI 

o. He COBCeM_ CTporo aio -M(?:>KHO nOK838Tb, ecnH 38Me·rHTb," 'ITO npli sapSI!lOBO?v. 

conp.lI:>Ke.Hl!H aneKTpOM8I'HliTHhI8 TOK H M8I"HliTHhill MOMeHT /.IIBJl.lI!OIUl!ecg aHano

raMH nep.BbIX aayx KOacpcpHuHeHTOB B VP,/ MeH.II!OT 3H8KH B TO epeMSI, KaK IiMilYJlbC 

/ aaanor TpeTbero Bhipa:>K eaHsi/ saaK He MeHSieT. TaKHM o6pasoM, pacna.u Heil

TpoHOB OIIHCbIBaeTCSI -'leTbipbM.II cpopM-cpaKTOpaMH, H Bee acpcpeKThI, CBsi3aHHbie . 

_c /-' '..: pacnlt.uoM HeiiTpOHOB, MOI"YT 6hITb npH 3°a,UaHHOM 3Ha'le~HH. 'i, Bbipa:>Ke~ 

HhI qepes ·qeTbipe 'IHcna. 3To, a 'ISCTHOCTH, cpasy pewaeT sa.uaqy o TOM, KaKoe 

'IHCJ'IO OilbITOB. Ha.uo npOH3BeCTH ,UJl.lI Toro, 'IT06bI BOCCTaHOBHTb BH,U r_aMl!JlbTO-
. ~. 

HHaua-B3SHl\10,U eilCTBH.II. illl.lI TOI"O 1 'IT06bI npHiiTH K 06hI'IH~MY OilHC6HH!O f' 
pacnaiia, aa.uo pasno:>KHTb cpopM-cpaKTophI a pSI.cthr" no cTeneH.IIM. ~ I<. lr.ue :R 

- pa3MepbI CHCTeMbI/' npH aTOM MhI nony'IHM o6bI'IHbI9 MaTpH'IHbie aneMea

Thi, B03HHK8!01UH8 npH y'leTe sanpeToB, CB5I38HHhIX C .lllIHHOll BOJlHhI nerKHX '18C

THU. vI HTepecao, JITO npH TaKOM paccMOTpeHHH OT'leTJll!BO npoSIBn.lieTcsi _ pasmtq

Ha.lI pOllb 9THX sanpeTOB H, TaK H83hIBaeMbIX, pen.lITHB_HCTCKHX sanpeToB, CBSI3aa

HbIX c ?.1anhIMH KOMnoueuTaMH TOKOB A H V 1 · ManocTb KOTophIX o6ycnoan·eaa 

M8J10ll CKOpOCTbIO OT,Ua'IH pacna.uaromeiicg CHCTeMbI. 3anpeTbI o60RX THilOB pas

JlH'IHO cKS:3hIBa IOTCSI a pa3HhIX nonSipHsauHOHHhIX ~cpcpeKTax, H no.upo6Hoe Hccne

.uoaaaHe 9TOI'O aonpoca_ .uon:>KHO 6b!Tb npe.uMeTOM OT,UeJlbHOil pa60TbI. 

Coo6pa:>K0HH5I, npHBe,U8HHbie ,UJl.lI OilHC8HH.II pacna.ua HeilTpOHOB, MOI"YT _6hITb 

o6o6meHh~. u 1ta cnyqaii pacnana npoHsBonhHOro .II.ct pa. 3.u ecb _ 'IHcno cpopM-cpaK

Topc>B 38BHCHT OT _CilHHOB H8'1BJlbHOI"O H KOH0'1HOI"O .II,Upa, Hr Boo6me roaopg, 
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CHJlbHO pacTeT c BeJJH'IHHOtt CIIHHa, TaK• 'ITO, KaK STO o6bI'IHO 6bIBaeT B snepH0tt 

qm3IrKe, .IIOJlHOe nccne.r:(0BaHHe i'SMHllbTOfj:HSHS BApa C QOllbll.IHM. CIIHH0M OK83bI

BaeTCSI oti:eHb TPYAOeMKHM; MbI He 6y.z:teM 3Aecb·· BbinHCbIBaTb cooTBeTcTByJOII.tHX 

Bbipa>KeHHtt nns ToKoB, 3aMeTHM TOllbKO, ti:To H3MepeHHe snepHbIX q>opM-q>aKTopoB 

naeT MH0T'O JlOIIOllHHTenbHbIX H.Hq)OpMaUHtt O CTpOeH~H BApa' H M0>KeT npHB8CTH 

K o6Hapy>KeHHIO HOBbIX. aq,q>eKT0B. OAHHM H3 TSKHX aq,q>eKTOB .LlOll>KHa 6bITb oT

HOCHTeJlbHO 0OJlbWaSI Bemiti:HHa B8p0SITH0CTH pacna.na .nrrs BbITSIHYTbIX SJ,nep,. ·cBSJ-

38HH8Sl C 0OllbWOil: B8JlH'IHHOil: ·11x KBa,npyIIOllbH0T'0 MOM8H1:8o 

'ITO B TSKOM st,npe, KPOM8 O0bl'IHbIX q>aKTOpOB 3a_npeTa _<J,. R 
,nati:H -HMeeTCSl eme 0.z:tHa BellH'IHHa, ,a HM8HHO - BbITSIHyT0CTb Sl,npa 

II.tSSI nops.nox BellH'IHHbI 0,1, KOT0past MO>KeT· BH0CHTb· BKJta.n B o_6myro BepostT

HOCTb pacnana, cpaBHHMbiii C BK118.Ll0M .npyrHX 3anpemeHHbIX MaTpl!'mbIX 8118M8H-
. . 

TOB Hmt name npeBOCXO.LlSIII.tHii ero. 8TOT aq,q,eKT HM88T TY :me npHpo.ny I 'lTO H 

OTHOCHTeJlbHO 001Iblli8SI Bep0SITH0CTb 8118KTp0MST'HHTHbIX KBa.ttpynonbHbIX nepexo

.Ll 0B B BbITSIHYTbIX SI.z:tpax. 

OcooeHHO HHTepeCHbIM SIBllSieTCSl HCC118.LlOBSHHe q>OpM-_q>aKTOpOB B 118T'KH~ .. 

st.z:tpax, .LlllSI K0T0pbIX eme cnpaBe.z:tllHB0 C118JlCTBH8 3apstAOBOA HHBapHaHTHOCTH.-
. . t 

B TSKHX cnyti:aSix B CHllY TeopeMbI re1111-M SHHa B8KTOpHbie' ct><;>pM-q>aKTOpbI .v, ( 9 ) 
n. Vt, ( f'} HMelOT Ty me npnp0AY, ti:To n anexTpoMarHHTHbie q,opM-q>aKTOpbx, onn-:-. 

CbIBaJOuiHe pacceSIHHe aneKTpOHOB Ha paccMaTpHB88MOM .st,npe /KOHe'IHO, npH 
t ·. . : . 

TOM >Ke 3H8'18HHH i / • Bemrti:HHbI q>OpM-q>aKTOp_OB ~lleKTp0MarHHTHbIX H /' 

pacna.r:(HbIX M0T'YT 0bITb nerxo CBSI38HbI .npyr C npyroM, ecnH npaBHllbHO y11ecTb 

HX H30TOnHti:8CKYIO 38BHCHM0CTb xi. noaToMy HMeHHO COBMElCTHOe H3Y'l~HH8. p -
pacna.na H paccesmHSI aneKTpC>HOB He0OJlbWHX aHeprHA. ~03B011HT B npHHIIHII8 · 

3Hati:HTeJlbHO ynpOCTHTb. onpenenemi:e q>OpM-q>aKTOpOB B 118i'KHX s:rnpax. Onpene

•11ea11e •rncna He3aBHCHMbIX. q,opM-q>SKTOpOB, K0TOpbIMH. 0IJHCbIBaeTCSJ /3 -pac'na.n 

H.z:tpa, IJ03B011SieT, Kp.OMe Toro, ycTaH0BHTb H C00TH0W8HHst, K0T0pbI8 HBK118.LlbIB8lOTCH 

Ha pa3JJH'lHbie 3anpemeHHbie MaTpHti:Hbie aneMeHTbI o6IUHMH cooopa:meHHSIMH CHM

MeTpHH. 3To TBK>Ke A0Jl>KHO CJly>KHTb TeM0fi: JlllSI .Ll81lbH8AWHX HCC118.LlOB8HHA. 

xi 
B /1. - pacna.n BX0,llHT onepaTop '[ ±. 1 OTB8'18lOII.tHfi:' 38. npeBpa'meHH& 

11, Z::, p j. B. aneKTpOM8T'HHTHbie nepexoixi,1 BXO.LlHT f :!: 'f'i • .. 

Of>i.,- -,_ .. ,f~llllhlil l!HCTlff~'T 

'! .t1C!"m-.!X 111.:CJlt:JlOHal'I< ', 

5!-16Jl"10TEKA 
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B cn;ri:a~e pacna.oa rHnepOHOB nono:>K.eHHe CHnhHO OCJIO)KHSJ9TCSit TaK K8K' 

'3.[lE!Cb ·H0T OCHOBaimii .on~ yMeHbW9HHSI •mcna cpop~cpaKTOpoB B, o6meM Bbfpa:>K.e-
,. • ' ' 0 

HHH c wecTH .uo 'IeT·b1pex, H noToMy, HanpHMep, nonHoe H3y'IeHHe pacna.oa I\ -

'IB_CTHUbI _npe.a;cTaBnSieT co6oii sa.oa>ry HecpaBH9HHO 6onee 'TPY.D:HYIOt 'I9M H3Y'I9HH8 

pacna.oa HeiiTpoHoB. 

B 38Kl!IO'I9HH9 Mbl MO:>K.e_M Tenepb eme pas no,u'IepKHYTh, 'ITO f' - pac-. 

: na.o BXO.D;HT ·ceiiqac K8K cymecTBeHHBH COCT8BH8SI <iacTh B cpH3HKy ane,MeHTapHbIX 

'IaCTHU H ero H3y'IeHHE! T9CHO npHMbIKaeT K H3y'IeHHIO .a;pyrHX npoueccoB B Toil 

o6nacTH, KOTOpyro Mbl 06.bI'IHO OTHOCHM K cpH3HKe BbiCOKHX 3HeprHii 0 C ,upyrott 

CTOpOHbI, y:>K.e cettqac · HawH 3H8HHSI O CBOiiCTBaX f . ' 

~pacna.oa HacTonhKO aenr 

KH, 'IT_O ·CBOeBpeMeHHO CTaBHTb 38.llB'Iy O 3H8'IHTenbHO 6onee WlipOKOM Hcnonh-

30B8HHH_· CBOiiCTB /3 -pacna.oa .onH H3Y'I9HHSI CTpyKTypbI sr.uep. · 

Pa6oTa nocTynHna B ns.oaTenhCKHii oT.a;en 
19 MapTa .1959 ro.a;a. 

nHTepaTypa 

:'I. E.Fermi, Zs.Phys. ·58, I6I (I9J4). 

:-2 •. H.Wey1; zs.f.Phys.56, JJO (I929). 

J. E~C.Sudarshan a. R.E,Marsohak, Proo.of the.I957 Padue-
Venioe ConferenDe. · 

' 

4. ILP.Feynmann a, M.Gell-Mann, Phys.Rev. 'ro9, I9J (I958). 
5. ·M:d~:11-Mann·, Phys .Rev. III, 362 (1958). 

6. O aenir'IliHe nociosrnH1:,1x /cM.' .a;oxna.a:/ M.Goldberger, 1958. · 
._ Annual International Conference on High Energy Physics 

at CERN. p.2JJ. . 

·· 7~ ·C.C.PepwTettu ~ .H.B._3enb.OOBH'I1 )KST<i>,ie, 698, /1965/ 

8 • ,C .L.C 0¥1au a~ F .Reiues, I07,. 528 (r°957). 

9. A.Heer,_'A.Roberts a. J_.Tinlot,cPh.Ys·.Rev. III, 645 (I958). 
IO. D.R.Jones, P.G.Murbya, P.L. 1 Ne11; Proo.Phys.Soc.72,429 

(I958). · . _ . _ -

II.· Tanner, llhys .Rev. 1Q1, I20 (I957). 

I2. ·D .H.V/i·lkihson _et all,· Phys .Rev. I09, I60J, I6IO, I6I4 
(I958) .: . - . . 


