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HEBOPOBCKASA MOJAEJb ATOMA BOJAOPOIA

B pabotax [1] u [2] mpemioxkeHbl BUXPEBbIE MOJEIW 3JIEKTpOHA W MPOTOHA. B maHHOMN
CTaThe MCCIEAYIOTCS CTOSYHME BOJHBI, MOPOXKICHHBIC TIPOTOHOM B OKpYyKaromieM d¢upe. IMeHHO
9TH BOJIHBI OMPEAENSAIOT AUCKPETHBIE CIEKTPhl ONTHYECKUX DJIEKTPOHOB U CHEKTPHI TOPMO3HOTO
u3nydeHusi. CTosiune BOJHBI BOJIHM3U MPOTOHA 33JaI0T SACPHBIC CUITHIL.

B paGote [1] BbimucaHbl ypaBHEHUsSI 000OIIEHHBIX AIEKTPOJUHAMHUYECKOTO U
IPAaBUAMHAMHUYECKOTO TOJEH. DJIEKTPUYECKHM 3apsA]l — HAadalbHOE YCJIOBHUE IS
ANEKTPOANHAMHAYECKOTO TOJSA, & Macca — OJHO W3 JABYX HAYaJbHBIX YCIIOBHM UL
IrPaBUAMHAMUYECKOTO TOJsI, CO3[JaBAEMOI0 3JIEKTPOHOM M MPOTOHOM. Eciu Obl MbI
3HQJIM TPAHWUYHBIE YCIIOBHS JUISl 3TUX MOJEW M BTOPOE HAYAIBHOE YCIOBHE MJIA
IrPaBUAMHAMUYECKOTO IMOJIsl, Mbl OBl MOMYYWJIM NOJHYI (U3HYECKYIO0 KapTHHY,
CO3[aBAEMYI0 JTUMH MOJSAIMH B OKPECTHOCTH IMPOTOHA M JJIEKTPOHA, a TOrAa IO
00001IeHHBIM (hopMyIaM JJIsl CUJIbI ONTKUCAN Obl KX B3aUMOJICUCTBUE.

Ho, Bo-niepBbIX, MBI B HACTOSIIEE BPpEMS HE 3HAEM 3TUX I'PAHUYHBIX YCIOBHM.
Bo-BTOpBIX, €CTh BCE OCHOBAHUS CYUTATh, YTO BAXHEUILIYIO pPOJIb B TAKOM
B3aUMOJECHUCTBUU UTPAET TPEThE MoJyie. Ero HEKOTOpBIE MPOSIBICHUS B COBPEMEHHOU
bu3HMKe paccMaTpUBAIOTCS B paMKaX TepMOJIUHAMHUKHU U ypaBHenus [lIpenunrepa.

bynem 310 mose HaspiBarh X-mosem. Ero ypaBHeHuss B Hacrosllee Bpems
HEHU3BECTHBI, HO MBI 3HAEM €ro 3apsaxa: 370 cnuH. VIMEHHO OH, Cyas IO BceMmy,
onpeeNsieT rpy0yr KapTUHY B3aUMOJCUCTBUS MPOTOHA W JJIEKTPOHA, TOTJAa Kak
AIEKTPUYECKOE W TPABUTALMOHHOE ITOJISI OTBEYAIOT 3a HIOAHCHI. 3ajadya HACTOAIIECH
CTaThU — HAa OCHOBE M3BECTHBIX AKCIIEPUMEHTAIBHBIX (PAKTOB JaTh UMEHHO IpyOoe
ONMCAHUE SIBJICHUS, OTJIOKMB HEKOTOPBIE OTTEHKH IO Jy4YlNX BpEMEH. Tem He
MEHee, KaK YBUIUT YWTaTelIb, U TAKOE€ OINKCAHHWE NOTPeOOBANO CYLIECTBEHHOIO
MIEPEOCMBICIEHUS PUBBIYHBIX MPEICTABICHUN.

HamomMuuM ocHoBHble (akTel U3 [1]. DJIEKTpOH M TPOTOH SBIAIOTCS
MAaCCUBHBIMHA  TOpaMH. YacTulpl, 3a4€puMBAIOIIAE TOpP, COBEPIIAIOT JBa
BpALLIATENBHBIX JBUKEHUS: B SKBATOPHAIBHON U MEPUAMAHHBIX IUIOCKOCTSX TOPA.

YrioBasi CKOPOCTh 3KBATOPUAIBHOTO BPAILEHUS DJIEKTPOHA

@, =8.1-10% payy/c, (1)
a paguyc OONbIIeH OKPY>KHOCTH, 33JIa0IIEH SJICKTPOH,
r,=3.8-10"u. )
Macca snekTpoHa

m, =9.1-10 % xr . (3)



Pannyc meHblIe OKpYyKHOCTH, 3a1A0IIEN TOP IIEKTPOHA,
P, =1.9-10 "y, 4)
a yrjioBasa CKOpOCTb MCPHUANOHAJIbHOI'O BpallICHUA
Q, =16.2-10%pagc. (5)

3HaK 3apsiia TOpa OMNpeNessieTcss TEeM, JIEBbIM WM MPaBbIi BUHT YTrOBas
CKOPOCTb JKBAaTOPUAJIBHOTO BpAIIEHUS COCTABISIET C YIVIOBOMW CKOPOCTBIO
MEpPUINOHAJIBHOIO BpaleHus. Moayme 3apsiia 3JIEKTpOHA U POTOHA

el =myw, =m,e, =7.3-10 " kr/c. (6)

Crnun TOpa €CTb MOMCHT HUMITYJIbCa MCPUIANOHAJIBHOI'O BpallICHUA:

me[pex(QeXpe)]:mepeZQe :%h’

TaK YTO CHOUH — BEKTOP U HAIpaBJI€H [0 BEKTOPY YIJIOBOW CKOpPOCTH
MEPHUINOHATILHOTO BPAILICHUS.
OTMeTHUM, 4TO

w,r, =Q,p, =C, (7)

IJIe ¢ — CKOPOCTb CBETa B CBOOOHOM 3upe.

Jlenast 3TO yTBEp>KIEHHUE, Mbl MPEANOJIaraeM, 4TO MPOCTPAHCTBO 3aMOJHEHO
HEeKol  cpemoil. OTHOCUTENBHO ASTOM Cpelbl Mbl HE JENaeM  HHUKaKHUX
NpEABAPUTEIbHBIX  MPENANOJOXKEHUH,  KpOME  Te€X,  KOTOpblE  CIIEIYIOT
HEMOCPEACTBEHHO W3 HU3BECTHBIX IKCIIEPUMEHTOB M HMX HWHTEPIIPETALMU B paMKax
TEOPUM DJIEKTPO- W TpaBUAMHAMUYECKUX Tojed. OAHUM M3 TAKUX CIIEICTBUN

ABJIICTCS  MHTEPIPETAlMs  DJIEKTPUYECKOM IOCTOSHHOM &€ Kak IIJIOTHOCTH

CBOOOHOTO 3(upa, MpU 3TOM
8
&p =1.87 -10" kr/m?, (8)
a MAarHUTHOW NIOCTOSTHHOW 14, KAK CKUMAEMOCTU CBOOOJHOTO 3(pHpa, IpHU TOM
_ —26 2
o =5.9-10" mc?/xkr. 9)

CkopocTh cBeTa B CBOOOJHOM  3(QHUpe  MOIy4aeT  ECTECTBEHHYIO
MHTEPIPETAINIO0 CKOPOCTH 3BYKa B HEM:

¢® =Y posy . (10)



PaBenctBo (7) o03HayaeT, 4YTO B OKPECTHOCTH DJJEKTPOHA ILJIOTHOCTh U
C)KMMAaEMOCTh 3(prpa COOTBETCTBYIOT €r0 CBOOOTHOMY COCTOSIHUIO, T. €. MOKOAIIUNCS
AJIIEKTPOH HE YBEJIMYMBACT W HE YMEHBIIAET TNPOU3BEACHUE IUJIOTHOCTU U
cKMMaeMocTH ddupa.

/lannvie no npomony. YTI0Basi CKOPOCTh €r0 IKBATOPUAIBHOTO BPAILIEHUS

o, =, 1836 = 4.41-10" pan/c, (11)

p

€ro 3KBaTOPHUAJIbHBIA PAINYC
r,=2.1-10""u. (12)
VYrioBasi CKOpOCTh €r0 MEPUANOHAIBHOTO BPAILLICHHUS
Q, =6.1-10*pan/e. (13)
JlokanbHast CKOPOCTh CBETA B OKPECTHOCTH MPOTOHA

U, =Qpp, = V2c~4.2-10% w/c (14)

BBIIIE CKOPOCTU CBETa B CBOOOIHOM 3¢upe. Tak yTO B OTIIMUME OT BJIEKTPOHA
IPOTOH M3MEHSIET MPOU3BEICHHUE IJIOTHOCTH W CHKMMAaeMoCTH 3(upa B CBoOei
OKpEeCTHOCTU. SIcHO, uTO 3Ta Aedopmainus JOJDKHA YObIBaTh C yBEIUYEHUEM
paccTosiHusl OT TPOTOHA M CXOJIUTHCS K CKOPOCTH CBeTa B CBOOOIHOM 3dupe.
OKCIIEpUMEHT TOBOPUT HaM, YTO Takoe yObIBAaHUE MPOUCXOIUT TUCKPETHO, IIATaMHU.
IIpu aTOM

u, =w,r, = C. (15)

nN—oo
311eCh @,, — yII0Basi CKOPOCTb; I, — palnyc Ha n-11are BUXPEH, MOPOKIECHHBIX
MEpUJMOHAIBHBIM  BUXpeM  camMoro  mnpoToHa.  CKOpOCTh u, MOKHO

MHTEPIIPETUPOBATH KaK JIOKAIbHYIO CKOPOCTh CBETA Ha A-11are.
SBnsieTcs 1, OJTHAKO, CXOAUMOCTh (16) MOHOTOHHOM?
OKCIIEPUMEHT OTBEYACT: HET. Mex Iy CKOPOCTSIMH U, ¥ ¢ IMEETCS 110 KpanHeH

MCpPC OJJHA CKOPOCTH
¢, =¢/137 =2.19-10°wrc, (16)

KOTOpasi MEHbIIE KaK U, , Tak X CKOPOCTH B CBOOOIHOM ddupe c.

HbiHe ckopocTh C; MHTEPHPETHPYETCS KaK CKOPOCThb DJIEKTpPOHA Ha
HaWHM3IIEeH OpOUTEe aToMa BOJIOPOJA. 37eCh €M AaeTcs Jipyras MHTEpPIpeTalus: 3TO



HaWMCHBIIAsl JIOKaJbHAasl CKOPOCTh CBETA B CHCTEME CTOSYUX BOJIH, TOPOXKJICHHBIX
IIPOTOHOM. BHYTpH 3TOro BUXpS 3JCKTPOH HAXOAMTCS y HEBO30YXKICHHOTO aTOMa
BOIOPO/IA.

CkasaHHOE O3HAYaeT, YTO MEXJy BeplmmHaMHu U, u C MMECTCs JOLIMHA, OT
KOTOPOH TMOIBEM MPOUCXOTUT KaK TPH yAAJCHWU, TaK W TPU MPUOIIKCHUH K
MIPOTOHY.

Cornacao (16)

C, =, (17)

rJe ( — yIjoBas CKOPOCTb, a [} — paguyc BUXps, MOPOXKIEHHOI'O MaTEpPUHCKUM
TOPOM B 00JIACTH C JIOKaJIbHON CKOPOCTBIO C;

PaccMoTpuM CKIIOH X0iMa OT ¢; K CBOOOIHOMY 3(upy, T. €. OT NPOTOHA.
[IpumeM crenyroniee ycaoBUe cCoXpaHeHus X-3apsja, T. €. ClIMHA:

m.C,I, =7 mmstBcexn=1,2,..., 137. (18)

31ech ¢, — JIOKaJIbHasi CKOPOCTh CBETA, a I, — pajnyc BUXps Ha n-miare. Takue
BUXpU HAa CaMOM JIeJi€ COBHAAAIOT C (DapajieeBCKUM MPEACTABICHUEM O CHIIOBBIX
auHUIX. B ganpHeieM Mbl UX Tak ¥ Oy/1eM Ha3bIBaTh.

dopmaibHO-MaTEMaTUUECKH cooTHolleHne (18) coBmagaeT c  ycloBHEM
KBaHTOBaHUS OOpOBCKUX opOUT. OgHAKO B JaHHOW UWHTEPHPETALUU OHO
npuoOpeTaeT SCHBbIM CMBICI 3aKOHAa coxpaHeHus 3apsaa X-nons. To, 4ro crpasa

CTOMT HMMEHHO /i, a He %h, O03HAYaeT, YTO CHJIOBBIC JIMHMH — OO30HBI, XOTS

MOPOXKICHBI (hePMUOHAMHU — MMPOTOHOM M 3JIEKTPOHOM. CTAaHOBUTCS SICHBIM, IMTOYEMY
YaCTOThl «oOpaleHuss Mo OOpPOBCKMM OpOWUTaM» HE COBMAJAIOT C YaCTOTaAMH
u3mydeHnsi. YacTOThl M3TydeHUs CBS3aHBI C 3aBUXPEHHOCTHIO CHUJIOBBIX JIMHUHA U
HUKAK HE CBS3aHBI C JBMKEHUEM DJICKTPOHOB.

Kak Bckope cTaHeT sicHO, B aTOMe BOJIOPOa dJIEKTPOH Ha «POAHON opOuTe» (B
HEBO30Y)KJICHHOM COCTOSIHMHM) BOOOIE TOKOWTCS. Ero opOWUTambHBII MOMEHT
IIOTOMY U paBeH Hyito. HakoHell, moguepkHeM elie pas: I, 34ech — paauyc BUXpeH,
a HE pacCTOSHUE OT IICHTPa MPOTOHA, €r0 MOYKHO MHTEPIPETHPOBATH M KaK JTHHY
BOJIHBI, COOTBETCTBYIOILYIO JIOKATbHOM CKOPOCTH CBETA C,,.

ITo mocTpoeHuIo JIOKAJIBHBIE CKOPOCTH CBeTa C py PHU IBWKECHUU OT 00JIACTH C

C1 K cBOOOIHOMY 2()Upy BO3pACTAIOT, KaK 71, T. €.
C,=w,f,=¢cnh, n=1,2,..,137.

A Toraa (18) MOXXHO Tiepenucarh CIeayoImmM 00pa3oMm:



h 527

r = = M. 19
" men 10%n 19
B gactHoCTH,
3, =3.85-10 Py, (20)
) = cl/rl =4.2.10% pan/c, (21)
w, =4.2-10"°n2pay/c . (22)
5 =137%w, ~7.8-10% pa/c, (23)

YTO BeCcbMa OJIU3KO K SKBATOPUATILHOMN yTIIOBOM CKOPOCTH AeKTpoHa (1).

Bepnemcs k cootHomenuto (20). Panguyc 137-i1 cunoBoil TMHUN TakKe OJM30K
K OonbllieMy paaunycy d3JeKTpoHa. TakuMm oOpa3om, mepBble 137 CHIIOBBIX JMHUN
OTIMYAlOTCd OT OoJsiee yHaJeHHBIX TEM, YTO HX paAuychl OOJblIE, a YIJIOBBIE
CKOPOCTH MEHBIIIE, YEM Y JJIEKTPOHA.

Jlo cuX mop MBI HMYEro HE TOBOPWIM O NOBEACHUM 3JIEKTpOHA. Ternepp Mbl
MOKEM CIEJIaTh HEKOTOPBIE MIPEANOIIOKEHNS Ha 3TOT CUET. MBI MOKEM YTBEPKAATh,
YTO 3JIEKTPOH B HEBO30YXJAECHHOM aToMe€ BOJOPOJA HAaXOJUTCS BHYTPH IMEPBOM U3
PAacCCMOTPEHHBIX HAMH CHJIOBBIX JIMHUWA. Ero opOUTanbHbIil MOMEHT paBeH Hyto0. Tak
YTO MBI MOKEM YTBEPKAaTh, YTO OH TaM MOKOUTCS. MOXKET JI OH IBUTaThCs?

Ha, moxet. Ho 4T00OBI OH MOT AJIMTEIBHOE BpeMs (B MPUHLHUIE OECKOHEUYHO
J0JIT0) HAXOJIUTbCA B JIBDKEHMHM, OH JIOJDKEH JIBUTaThCid B  YCIOBUSX
CBEPXIPOBOJAUMOCTH.

Kak mnokazano B pabote [3], TakuM YCJIOBUEM SBJISIETCS JBH)KCHUE C
YABOEHHOM JIOKAIBHOM CKOPOCTHIO cBeTa. Cyas MO0 BCEMY, IMEHHO TAKWE JABHUKECHHUS
COBEpPIIAIOT B MHOIO3JEKTPOHHBIX AaTOMAax JJIEKTPOHBI C HEPaBHBIM HYJIIO
OpOUTaTLHBIM MOMEHTOM.

Ho mouemy mociie nepexoja Ha 0osiee BHICOKYIO CHJIOBYIO JIMHHUIO 3JIEKTPOH
uziyyaet? [loTomy, 4TO Ha HEE€ OH MPUXOJUT CO CKOPOCTHIO MEHBIIIEH, YEM Ha ATOM,
0oJiee BHICOKOM, CHJIOBOM JIMHUH, HY>KHO JUIsl IBUKEHUS 0€3 TpeHusl.

JIBrKE€HUE ¢ TPEHHWEM MNPUBOIUT K M3IYYEHHUIO SHEPTUH, YTO BO3BpAILAET
AJIEKTPOH Ha Ooliee HU3KYIO opOuty. llapannenbHOCTh WM aHTUIAPAIETBHOCTD
CIMHA OJJIEKTPOHa M CHOMHA HOBOM CHJIOBOM JIMHUM JAeT KAapTUHY TOHKOTO
pacIEIUICHHUs] CIEKTpa, a MNapaJUyIeIbHOCTh WJIM aHTUIAPAJUIEIbHOCTh CIMHOB
ANEKTPOHA U MPOTOHA IIPU TAKOM IEPEXO0JI€ — KAPTUHY CBEPXTOHKOTO PACILIEILICHHUS
CIIEKTpA.

Cyns mo Bcemy, 3KBAaTOpUaJbHOE BpalleHHe Bcex 137 CHIIOBBIX JIMHHM



B3aMMOCBSI3aHO U OTPEIETISET MOJOKUTENbHBINA d1eKTpuueckuit 3apsia. [IpucyrcTBue
3NIEKTPOHA C TIPOTHUBOMOJIOXKHO HAIMPABICHHBIM SKBATOPUAIBHBIM BpalleHHEM
(oTpuIaTEeNBHBIM  3apsAOM) Ha OJHOM W3 CHJIOBBIX JIMHUA OCTaHABJIMBAET
’KBATOPHAJIFHOE BpAallleHHE KaK Y CHJIOBBIX JIMHUM, TaK U y JJEKTPOHA, YTO JEJaeT
aToM BOJIOPOJia AIEKTPUUECKU HEUTPATBbHBIM.

Bonopona, kak u3BecTHO, 00:1aJa€T CPOJICTBOM K AJIEKTPOHY, T. €. €T0 CHJIOBbIE
JMHUU JIOMyCKalOT IPUCOEIUHEHNUE eIlle OJHOI0 JIEKTPOHA U MIpEeBpalleHue aToMa B
OTpHUIATEeNbHbI HOH. [loueMy B OONBIIMHCTBE OPYTHX CIy4aeB 3TO OKAa3bIBAETCS
HEBO3MO>KHBIM, €I MPEACTOUT BBIICHUTH.

CuitoBast TMHUSA 1 00J1a1aeT KHHETHYECKOW SHEpPIHen

% m,c” = %ha)n. (24)

Ota sHeprusi Tpedyercst JUisi TOro, 4ToObl pa3pymuTh ee. ONbIT MOKa3bIBaET,
YTO JIJIs1 TOTO, YTOOBI BHIPBATH AJIEKTPOH M3 ATOM CHIIOBOM JIMHUH, TpeOyeTcs B n? pas
DHEPIUU MEHBIIIE.

[TosTomy dopmyina 1j1st SHEPTUU NIEPEX0/ia FIEKTPOHA C 1-i CUIIOBOM JIMHUU Ha
m-10 IPUHUMAET BU]

W, -W, =5 i (25)

B wactHOCcTH, mns mepexonma ¢ 1-ii cuinoBoil nuHuM Ha 137-10 TpeOyercs
SHEPTUs

1
W =Wyg7 = Zh(a)l - 0’137)/1372 =

=1.2-107% I —2.18-10 8 JIx = 7.5-10*3 B—13,65 B.

(26)

3HaK MUHYC O3HA4a€eT, YTO SHEPTUIO HAJIO 3aTPATUTh.
PaccMoTpuM Tenepp CKJIOH TOpbl OT MPOTOHA A0 OOJACTH C JIOKaJbHOU

CKOPOCTBIO CBETA (1.

JIoCTaTOYHO TOJHBIM aHANIW3 3/1€Ch BO3MOXKEH TOJBKO IOCJE MOCTPOCHHS
TEOPUU HEUTPOHA U MOJYYECHUS JTOMOJHUTEIbHBIX 3KCIEPUMEHTAIbHBIX JaHHBIX O
AJIEPHBIX CHJIaX B3auMOJEHCTBHS. B HacTosiiee BpeMs aBTOp TaKMMHU CBEJICHHUSIMU
He 00JaaeT, MoATOMY PUBEAEH NPeIBAPUTEIbHBIN aHAU3.

Chopmynupyem Te IpeAnoIoKEHUsI, B paMKaX KOTOPBIX Mbl OyJiIeM paboTaTh.

1. Ot ckopoctu U1q , pasuoii ckopoctu U p MEPHIHOHAIBLHOTO BPAIICHH
YaCTHIl, 3aJal0IUX MPOTOH, JIOKAIBHBIE CKOPOCTH CBETa yOBIBAIOT IUCKPETHO H

MOHOTOHHO J10 ckopoct Cq .



2. 3akoH COXpaHCHUA X-3ap5ma JJISL OTUX CHUJIOBBIX JINTHUNA UMEET BU

myu,r, =7, (27)
rac mp — Macca IIpoTOHaA.
ITockonbky
Uy =u, =4.2-10°w/e, (28)
Y190, (29)
G

DTy IMIOCTOSTHHYIO MOKHO HAa3BaTh OCTOSIHHOM SIAEPHOM CTPYKTYphl. Kak m s
BHEIIIHUX aTOMHBIX CUJIOBBIX JINHUM,

u,=rw, n=1,2,..,192. (30)
C yuerom (27) umeem

rr=npn, n=1,2,...,192, (31)

o, =o/n*,n=1,2,..,192.
3HaveHus I} U @y Haiigem u3 (27), (25) u (29)

= h/ myt; =1.4-10 ", (32)
@ =uy /1, =3-10% pae, (33)

r192 - 2.7 '10_14M,

g, = 0.814-10°, Uy, =2.2-10° =¢,.

Takum oOpa3oM, XOTA JIOKaJIbHas CKOPOCTh cBeTa y 192-i cuioBoil siaepHOi
JIMHUHA DPaBHA JIOKAIBHOW CKOPOCTH CBETA IEPBOM AaTOMHOM CHUJIOBOM JIMHHUM, WX
paguychl U YIJIOBBIE CKOPOCTH HE paBHbL. CleqoBaTENbHO, MEXKAY HUMHU JIOJDKHA

14 11
JeXaTh HEKOTOpast 00acTh ¢ JuymHamu BojiH ot 2.7-10""m mo 5.27 10" m.
IpesacraBiieHre 0 Hel JaeT PEHTIEHOBCKOE M3Iy4YeHHE. B MHOT03I€KTPOHHBIX
aToMax Ui 9THX JUIMH BOJIH PE3KO BO3PACTAET YJEIbHBIA Pacxoj] SHEPIUH IPH



JBIKEHUU DJIEKTPOHA, a CIEKTp M3IY4YEHHUs CTAHOBUTCS CIUIOMHBIM. OpjHako,
MIPEOJI0JIEB ITOT Oapbep, IIAEKTPOH MPU CPABHUTEIHHO HEOOJBIINX dHEPreTHUECKUX
3aTpaTax JIOCTUTaeT MPOTOHA.

MBI MOXKEM HMCTOJIKOBATh 3TO TaK: IMIPOMEKYTOK MEKAY Ujg, U C; 3allOJIHEH
OTPULIATEIBHO 3apsHDKCHHBIMU CHJIOBBIMH JIMHUSMU. OHU CO3[aI0T KYJIOHOBCKUN
Oapbep Ans dyeKTpoHA. SnepHble ke NMHUU U, 3apsOKEHBI IOJIOKHUTENBHO, YTO
MOMOTAET BJIEKTPOHY JOCTUYbL MPOTOHA. DT JIMHUU CIUIIKOM Y3KH JJIsl DJIEKTPOHA,
MIO3TOMY OH JIBUJKETCS, HE 3aCTPEBasi B HUX, YTO COOTBETCTBYET CILJIOIIHOMY CIIEKTPY
U3ITyYEHHUS.

JIBUKeHue MpOTOHA MPOUCXOAUT CUMMETPUYHO. OH TOPMO3UTCSI HA BHEIIHUX

ATOMHBIX JIMHUAX C,,, YCKOPACTCA B IIPOMCKYTKEC MCKIAY (iU U192 n CHOBa
TOPMO3HUTCA Ha AACPHBIX CHJIOBBIX JIMHHUAX Un .

Pa3MepI>1 IIPOTOHA IMO3BOJIAIOT CMY HAXOAUTHCSA BHYTPH BCCX CHJIOBBIX HHHHﬁ,
IIO3TOMY CIICKTPp €TI0 H3JIYUYCHHUA TOJIZKCH OBITH JAUCKPCTHBIM. Ho IIOCKOJIBKY JIMHHUHU

Un 3aPAKCHBI ITOJIOKHUTCIIBHO, 3aKPCIINTLCA CTaOMIBLHO B OJHOM M3 HHUX OH MOXKCT

TOJIBKO C Yy4YaCTUEM HEWTpPOHA, 4YTO MPEACTABIACT MPEAMET  OTAECIBHOIO
UCCIIEIOBAHHUS.
Tenepp HaM HYKHO KOJIMYECTBEHHO OLIEHUTH YHEPrETHUYECKYIO KApTHUHY IIPH

ABUIKCHHUHU OJICMCHTAPHBIX YACTHUI 11O CHUJIOBBIM JIMHUAM Un. I[BI/I)KCHI/IC QJICKTPOHA

CXOIHO C €ro JBWKEHUEM I10 JIMHUAM C,,.
IIycth

B = 1/192. (34)

Torma npu nepexoge or U1go K nMHMAM ¢ MEHBIIMM HOMEPOM DJIEKTPOH
JIOJKEH 3aTPaTUTh SHEPTHUIO

1
Wig, =W, = Eﬁ “Hrg, — @) (35)

Hanpumep, 4T00bI TOCTHYBL TPOTOHA JEKTPOHY HAJ0 3aTPATUTh SHEPTHUIO

%lgzh(G)lQZ_wl) =1.16-107" Ik —4.27 -10_14I[>K — )

=0.725>5B-2.67-10°5B.

Kak u 1151 BHENTHUX CHUJIOBBIX JMHUM, 3HAK MUHYC O3HA4YaeT, UYTO DJEKTPOHY
TpeOyeTcst 31a 3Heprus ais aprkeHus. Kosdduiuent B? mosBiasercss moTomy, uTo
ANIEKTPUUECKOE TI0JIE TMOMOTaeT AJIEKTPOHY mpeoaosieTs X-none. IIporony xe
AIEKTPUUECKOE I0JI€ MEIIIAET.

dopMyna 15l SHEPTUU ABUKEHUS IPOTOHA JIOJKHA UMETh BU/T



1
Wig, =W, = Eh(wl% —a,). (37)

B yactHOCTH, 4TOOBI JOCTUYB MPOTOHA, EMY IOTPEOYETCS SHEPTUS

% | i(@y9—;) = 4.28-107 [l —1.57 -107° [Tk =

=2.67>B-9.83-10°> B. (38)

bonee peranpHyr0 KapTHHY, IO-BHUAMMOMY, YAAacTCs IOJY4YUTh IOCIIE
BBUSICHEHHS KOHCTPYKLUMM HEUTpPOHA, MOTOMY 4YTO HKMEHHO HEHUTPOH HE JaeT
AIIEKTPUYECKOMY U X-TI0JII0 pa3dpocaTh MPOTOHBI B CIOXKHBIX siIpax.

B 3aknrodyeHue xorenoch Obl OOpaTUTh BHHUMaHHE YHUTATeNld Ha CXOJICTBO B
NOoBeACHUU Hpupa ¢ CBEPXTEKY4YEHd IHKUAKOCTH, a TakKXKe MPUITIACUTh K
COTPYIHHYECTBY O 3THUM M JIPpYyrUM (PyHIAMEHTaJIbHBIM MpOOJIEMaM 3JEKTPO- H
IrpaBUAMHAMUKU.
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