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KaK noKa3anB MHoroqBcneaawe 3KcnepBMeHTW, upeyg 

xpaHeHBS ynLTpaXOHO,D;H:WX HeiiTpOHOB /' ffMKHYTWX COCy.D;aX 
MeHLWe TeopeTBqeCKB O>KB,D;aeMOrO ' • llo-BB,D;BMOMy, 
BKna,D; 3TOrO 3«1M)eKTa aHOManLHOH y6wnB HeiiTpOHOB B npe
,D;enax OWB60K onWTa O,D;BHaKOB BO BCeX BCCne,D;OBaHHWX 
cnyqasx. Cus3aaaoe c HBM Bcqe3HOBeHBe ynLTpaxono,D;
aoro HeHTpOHa npOBCXO,D;BT, ecnB OTHOCBTL ero Ha O,D;HO 
coy,D;a~eHBe CO CTeHKOH, C BepOSTHOCTLIO, paBHOH npBMepHO 
3.10- .llOCKOHLKY 3Ta BepOSTHOCTL He 3aBBCBT 3aMeTHWM 
o6pa:JOM OT BenBqBHW ceqeHBS 3aXBa Ta HeiiTpOHOB B 3«1M)eKT 
oco6eaao oTqeTnBBO nposunseTcs B uemecTuax c ManwM 
nornomeaBeM, TO TPY.D;HO ce6e npe,D;cTaBBTL, qTo aaoManBs 
BW3BaHa 3axuaToM aeiiTpoaou. B caMoM .D;ene, B 3TOM 
cnyqae npBwnOCL 6w .D;onyCTBTL KaKoii-TO ,D;OnonHBTenLHWH 
MeXaHB3M pacna,D;a BHB norno~eHBS HeiiTpOHOB, OTnBqHWH 
oT ucex B3BecTawx /ecnB, Koaeqao, oTpa>Karo~as nouepx
HOCTL qBCTas, T.e. Ha Heii HeT norno~a10~eii HeHTpOHW 
nneHKB/. 

ropa3.D;O 6onee BepOSTHO, qTo C~eCTByeT aHOManLHWH 
MexaHB3M aarpeua aeiiTpOHOB. B caMOM ,D;ene, aenL3s 6WTL 
3apaaee yuepeHHWM, qTo TeopBs npaBBnLHO yqBT:WBaeT Bee 
B03MO>KHWe MeXaHB3MW HarpeBa HeiiTpOHOB, OC06eHHO, 
KOr,D;a peqL B,D;eT 0 HeHTpOHaX npaKTBqeCKB HyneBOH 3HeprBB. 

EcnB BCXO.D;BTL B3 3KcnepBMeHTanLHWX ,D;aHHLIX, TO 
TaKOH ,D;OnOnHBTenLHLIH MeXaHB3M HarpeBa ,D;On>KeH 6LITL 
cneuB~BqecKBM .D;ns ynLTpaxono,D;HLIX aeiiTpoaou. B caMoM 
,D;ene, ceqeHBe Heynpyroro paccesHBS .D;ns oqeHL xono,D;Hwx 
HeiiTpOHOB, no- BB,D;BMOMY, He OTnBqaeTCS OT O>KB,D;aeMOrO /J( 
OcHoBaHHOe Ha 3TOM .D;ony~eHBe y>Ke 6wno c,D;enaHo auTopoM 
paaee B ~eHoMeHonorBqecKoe paccMoTpeHBe co,D;ep>KBTcs 
B neKUBB Ha BTopoii Me>K,D;yHapO,D;HOH WKOne no HeiiTpOHHOH 
~B3BKe B AnywTe I 41. llpe,D;nono>KeHBe o6 aHoManLHOM 3~
~eKTe Bcqe3HOBeHBS ynLTpaXOHO,D;HLIX HeiiTpOHOB 6y,D;eT 
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BhiUOJIHeHO, eCJIB ,AOUYCTHTb, 'ITO a3aHMO,AeBCTaHe CaJI3aHO 
c npou;eccoM, npoucxo,AJIU{BM a noaepxHOCTHOM cnoe oTpa
)1(8.JOIIJ;ero HeiiTpoHw aemecTaa. IIpocTeiiwHM JiamleTCJI.Aony
meHue o Hanuquu nornomaJOU{BX HeiiTpoHw npu:weceii a no
aepxHocTHoii nneHKe. 0.AHaKo a 3TOM cnyqae 3~eKT ap.II.A 

JIB 6wn 6w YHHaepcanLHw:w. BTopoe npe,AnonolKeHue, KoTopoe 
MOlKeT 6WTb C,AenaHO, COCTOHT a y'leTe aJIBJIHHJI TOrO, 'ITO 
OTpalKeHHe HeiiTpOHOa UpOHCXO,AHT He OT H,AeanbHO 3epKan&
HOB noaepxHoCTH. B caJI3H c 3THM paccMaTpuaanac& pon& 
HepoaHocTeii Ha oTpalKaJOmeii HeiiTpoHw noaepxHOCTH /S/. 
0,AHaKo 3TOT nyTJ. o6~JICHeHHJI aHoManuu noKa He npuaen 
K peweHHIO npo6neMw. 0TpalKeHue yn&TpaxonoAHwx HeiiT
poHoa He 06JI3aTenbHO JlanseTCJI H,AeanbHO ynpyrHM. IlpH 
3TOM, O,AHaKO, HeT Ha,AelKHhiX 3KCUepHMeHTanbHhiX ,AaHHhiX, 
no3aonJIJOU{BX onpe,neJIBTh, KaK pa3Mwaanac& 6w JIBHHJI Mo
H03HepreTH1feCKHX yn&Tpaxono,AHWX HeiiTpoHoa a pe3yn&
TaTe OTpalKeHHJI. BMeCTe C TeM ,Aa)l(e He6onbWOe pa3MWTHC 
3HeprHH, He3aMCTHOe ,AnJI O'leHb XOnO,AHhiX HCBTpOHOa, 
MO)I(eT OI<a~aTbCJI CYIIJ;CCTaeHHhiM ,AnJI yn&TpaxonO,AHhlX 

~ let B 6 U HeHTpOHOB' . . nJO OM cnyqae He HCKniO'IeHO, 'ITO C ManoH 
aepo.IITHOCTbiO HeiiTpoH npH OTpa)KeHHH cpa3y nonyqaeT 
3HeprHJO awuw noporoaoii. B cas3H c 3THM 3acny)KuaaeT 
paccMoTpeHHJI pon& .AHcilpai<u;uu HeiiTpoHoa Ha 6eryli{Bx 
noaepxHOCTHWX aonHax aemecTaa. XoTJI Ha npe,AaapuTen&
uoii CTa,AHH o6cy:>K,ACHHJI COaMeCTHO C cl».JI.IIIanupo Ka3a
nOCb, 'ITO C KOJIH'IeCTaeHHOB CTOpOHhl OHa He MO)KCT ,AaTb 
,AOn)I(HOrO 3~eKTa, ace lKC, no- aH,AHMOMY, pao;HOHan&HO 
o6cy,AHTh 3TOT aonpoc aHoa&. IIocKon&Ky K034xl>uu;ueHT 
OTpa)KeHHJI aenHK TOnhKO ,AnB yn&TpaxonO,AHhiX HeiiTpOHOa, 
TO ace 3cllcileKThl, CaJI3aHHhle C OTpalKeHHCM, O'leaH,AHO, 
6y,D.yT cneo;HciiH'IeCKHMH TOnbKO ,AnJI HHX. 

)l;nB paCCMOTpCHHJI nepeii,ACM a CHCTeMy KOOp,AHHa T, 
a KOTOpoii aonHa HCUO,AaH)I(Ha, T .e. a CHCTCMy, ,AaH)I(YIIJ;YIOCJI 
CO CKOpOCTbiO aOJIHbl V a • 3Ta CKOpOCTb V a , nopJI,AKa 
10 

5
cM/CeK aenHKa no cpaaHeHHIO C MaKCHManbHOB noporo-

aoii cKopocTJ.IO yn&Tpaxono,AHoro HeiiTpoHa - v 
0 

-
-10

2 
CM/CeK. Il03TOMY a ,AaB)I(YIIJ;CBCJI CHCTCMe KOOp,AHHaT 

yron ¢ Me)K.Ay CKopocTJ.IO HeiiTpoHa u oTpa)l(aJOmeii nnoc
KOCTblO Man /CM. pUC. 1/. 

tg ¢ = sin¢ = 

4 

v z 
v ' a 

/1/ 

~=~··--~- ~---- .....:O •. :::_::.:;o~-,~---

r,Ae V z - KOMUOHeHTa CKOpOCTH HeiiTpOHa UO HOpManH 
K noaepXHOCTH, a KOMUOHeHTOB CKOpOCTH V x a,AOnb noaepx
HOCTH MO)I(HO npeHe6pe'lb, T .K. V x << V O. JTOT yron cp MeHL· 
we HJIB paaeH yrny ¢ 0 , KoTopwii onpe,AenseTcJI noporoaoii 
CKOpOCTbiO /eM. puc. 1/ 

sin¢~ sin¢ 
0 

vo 
va /2/ 

r,Ae ¢
0 

- 10 _J . 

IlpH OTCYTCTaHH noaepXHOCTHOB aOJIHhl, O'ICaH,AHO, 6y,AeT 
TOnLKO 3epKanbHOe OTpa)l(eHHC UO,A TeM )l(e yrnOM cp K nnoc
KOCTH. IlpH HanH'IHH noaepXHOCTHOB aonHW a OTpalKCHHH 
,AOJI)I(HW ua6nJO,AaT&cs .AHcilpaKo;HoHHwe MaKCHMYMW. MaKcu
MYM nepaoro nopJI,AKa 6y,AeT Ha6JIIO,AaTJ.CJI ,AnJI yrna ¢' , 
KOTOphiB MO)I(CT 6WTb Haii,AeH H3 npOCThiX reOMeTpH'IeCKHX 
coo6pa)l(eHuii I CM. puc. 2/. 

r '- r" =A , /3/ 

r,Ae ,\ - ,AnHHa aOJIHbl HCBTpOHa a ,AaH)I(yiiJ;eiicJI CHCTeMe 
KOOp,AHHaT, a f 'H f" paaHbl: 

r' = Aa cos¢ H r " = A a cos ¢ ' . /4/ 

3,AeCb ,\ - ,AnHHa aOJIHbl noaepXHOCTHblX aonu. 0TCIO,Aa * a 

cos ¢ ' = cos rt. _ ~ _ 1 _ A 
'f' A - -

a A a' /5/ 

nOCKOnhKY cos¢ npaKTH'ICCKH paaeH e,AHHHIJ;e. 

TaKHM o6pa30M, a ,AaH)I(YIIJ;CBCJI CHCTCMC KOOp,AHHaT 
HCBTPOH MO)I(CT paCCCJITbCJI C TOB )l(e CKOpOCTbiO V a , HO UO,A 

~cl»opMyna-sine.'-sine= ±A/Aa, r,Ae e'u e- yrnw 
CKOnJ.)I(eHHJI T.'l. stne= cos¢, ucnon&3oaanac& eme PaneeM 
npu paCCMOTpCHHH OTpa)I(CHHJI caeTa OT aonH Ha noaepx
HOCTH aemecTaa. IlpH 3TOM OTMe'lanOCb, 'ITO 3~CKT ,AOJI)I(eH 
6WTb HC O'leHb Man, HeCMOTp.ll Ha ManyiO aMUJIBTY.AY aonu. 
3TOT aonpoc o6c~,AaeTcJI a pa6oTe 1913 r.JI.H.MaH,AenL
WTaMMOM /6/. B f!K>p:wyne /5/ HaMH aw6paH 3HaK MHHyc 
nepe,A A/A a , UOCKOnhKY Cos cp 6nH3KO K e,AHHHIJ;e. 
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Vca 
Vz f 

6 

A 

Puc. 1 

A a 

Puc. 2 

l 

B 

! 

yrnou ¢ '. Dpu nepexo,D;e B noKO.JI~YJOc• cucTeMy Koop,D;H
HaT HOpManJ.HaJI ICOMDOHeHTa CICOpOCTH 

v ' = v sin¢' 
z a 

ocTaeTc• HeH3Meaaoii. HeiTpoa nepecTaHeT 6wTJ. ynJ.Tpa
xono,D;Hwu, ecna 

v' = v sin¢' '> v sin¢ 
0 

• 
z a a /6/ 

3TO ycnOBHe, KaJC BH,D;HO 83 /5/, 6y,D;eT BWDOnBeHO, ecnu 
A/ A a - senH'IHHa ae o'leHJ. Mana• no cpasaeaaJO c e,D;u
HBUei. 3TOMY ycnOBHIO DOBepXHOCTHWe BOnHW B CaMOM 
Aene Y.AOBneTBopJIIOT. ,neicTBHTen~aao, MOlKHO OlKH,D;aTJ., 'ITO 
OCHOBHOI BKna,D; B DOBepXHOCTHWe BOnHW 6y,D;yT BHOCHTJ. 
BOnHW C 'laCTOTOi, 6nH3JCOi JC MaKCHManJ.HOii, T .e. C 
w- 10 13 • HM npH CICOpOCTH V - 10 5cM/CeK COOTBeT-

CTByeT A a- 10 -8cM. 
a 

Cne,D;osaTen~aao, TaJCoe oTpalKeuae B caMoM ,D;ene 6y,D;eT 

DpBBO,D;HTJ. JC HarpeBy HeiTpOHOB. 
TaiCBM o6pa30M, BODpOC COCTOBT TOnJ.JCO B TOM, MOlKeT 

nH 3TO pacceJIHHe o6'J.JICHBTJ. aaoMan~aaoe norno~eaae 
TaJClKe H ICOnH'IeCTBeHHO. AMDnHTy,D;a DOBepXHOCTHWX BOnK 
Mana. MOlKHO ,D;yMaTJ., 'ITO TO~Ha CnOJI Be~eCTBa, OTBeT
CTBeHHOrO 3a DOBepXHOCTHWe BOnHW, - DOpJI,D;Ka O,D;HOrO 
aTow:aoro cnoJI, T.e. d - 1o-8 cM. 

DnoTuocTJ. ynJ.Tpaxono,D;uwx ueiiTpouos 6wcTpo cna,D;aeT 
c rny6auoi. KaJC noJCa3auo B 14 •7 ~ nnoTHOCTJ. ax ua rny6a
ue z OT nosepxuocTu pasua 

-~~y'-;2_v2 
1i 0 z 

P =Poe /7/ 

DonaraJI d-10-,8 nony'IBM, 'ITO DOBepXHOCTHWB cnoii COCTaB
nJieT OT scero oTpalKaJOmero cnoJI senH'IBHy nopJI,n;JCa 

2md 2 2 
a= --y' v -v 

11 0 z 
- ±.d, 

Ao 
r,D;e A0 - ,D;nuua sonaw ueiiTpouos 

A = _h_ - 10 -S CM. 
0 m v 

0 

/8/ 

noporosoii ciCopoCTB 
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0TCIO,D;a a -Io-2 . BeJIH'IHHe a' O'leBH,IJ;HO, nponop:QHOHaJibHO 

OTHOWeHHe aMDJIHTY,D;W BOJIHW pacceSHHOB noBepXHOCTHWM 

CJIOeM K nOJIHOB aMnJIHTy,D;e. ~OJIS HeBTpOHOB, pacceSHHWX 

noBepXHOCTHOB BOJIHOB, ,IJ;OJDKHa COCTaBHTb, CJie,D;OBaTeJibHO, 

a
2 -lo-4

, 'ITO no nops.D;KY BeJIH'IHHW coBna,D;aeT c Ha6JIIO,D;ae

MWM B aHoMaJILHOM nornomeHHH. Mo)I(Ho BeJIH'IHHY a 2 

O:QeHHTb H HHa'le. HeTpy,D;HO, HCnOJib3YR ~OPMYJIW, npHBe· 

,D;eHHwe B I 7 I, no,D;C'IHTa TL K03~H:QHeHT oTpalKeHHs ynLTpa

XOJIO,IJ;HWX HeBTpOHOB OT O'leHb TOHKOrO H30JIHpOBaHHOrO 

enos TOJIIIlHHW d<<..\ 
0 

. OH oKa3wBaeTcs paBHWM * 

( .,2 1)2 
a2=k"2d2 n + . 

4n" 2 /9/ 

3,D;eCb k" 2 
• KBa,D;paT MHHMOB 'laCTH BOJIHOBOrO 'IHCJia ,D;JIS 

YJILTpaxono,D;HWX HeiTpoHoB I 4 •6 1 

2 2 2 
2 m (v -v ) 

k , 0 z 
= -------

2 11 
/10/ 

H n ,;2_ KBa,D;paT MHHMOB 'laCTH noKa3aTeJIS npenOMJieHHS 
/eM. 14;61 I 

n"2 

0TCIO,D;a 

v 2 - v 2 
0 z 

2 v z 

2 772 d 2 v 2 
a = ---(J). 

,\2 v 
0 z 

/11/ 

/12/ 

Ilonaras v 0 I v z = 2 , nony'IHM ,D;JIS a 2 BeJIH'IHHY B qeTwpe 

pa3a MeHLWYIO, 'leM B O:QeHKe, npHBe,D;eHHOB BWWe, T.e. 

DOpS,D;Ka 10-S. 3TH O:QeHKH DpHBO,D;ST ,CJie,D;OBaTeJibHO, no 

* 3TOT BODpOC 6y,D;eT paCCMOTpeH OT,D;eJibHO. 

8 

nopS,D;Ky BeJIH'IHHW JIH60 K 3~eKTY, O)KH,D;aeMOMY ,IJ;JI .. aHO

wanLHoro nornomeHHR, JIH6o K BeJIH'IHHaM, Ha nopa.D;oK 

MeHbmBM. IIOCKOJibKY, O,D;HaKo, 3~eKTHBHaS TO~H& d 
Onpe,D;eJieHa C TO'IHOCTbiO ,IJ;O 'IHCJieHHOrO K03~H:QHeHTa 
H BXO,IJ;HT B pe3yJILTaT KBa,D;paTH'IHO, TO TaKoe paCXO)I(,IJ;eHHe 

HeJIL3• C'IHTaTL HMeiOmHM pema10mee 3Ha'leHHe. 

H3 cKa3aHHoro BH.D;Ho, 'ITO aHoManH• B xpaHeHHH yJIItT

paxono,D;Hwx HeBTpOHOB, no KpaiHei Mepe, 'laCTH'IHO CB .. 3aHa 

C DOBepXHOCTHWMH BOJIHaMH, H 'ITO 3TOT BODpOC Tpe6yeT 

6onee ,D;eTaJILHoro TeopeTH'IecKoro paccMoTpeHH•. 

ABTop O'leHL npH3HaTeneH B.K.HrHaTOBH'IY 3a p•.D; 

o'leHL cymecTBeHHwx 3aMe'laHHi H B.H.RYmHKOBY 3a nno

.D;OTBopHoe 06Cy)I(,D;eHHe. 
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