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B eBoeii JieKUlili SI XO'IY paeeKa3aTb 0 HeKOTOph!X rrpo6neMaX1 eBSI3hiBa-
X/. . 

IOIUMX OIITMKY e SillepHOH $R31IKOH • .HnepHaSI $H31IKa MHOI'He. I'Ollhl eBoero 

paaBRTRSI rrpeneTaBnSinaeb o6naeTbiO nayKn 1 eTOSIIUeii oeo6HSIKOM ..OT npyrnx 

paanenoB. <f>nanKM; B rrepByro oqepenb o6pamann BHnMaHne Ha T_o, 'ITO panno

aKTRBHhJii .. paerran IIpOReXOllllT He38B1Ie1IMO OT eoe.TOSIHliH epellhl 1 B KOTOpOH 

aaKJiro'leHhi pannoaKTMBHhie aTOMhi. To *e. nMeeT. MeeTo n llJISI Hnep. B Hnep-. 
HhiX peaKURSix. KpoMe Toro, aneprnSI SinepHhiX qaeTnu n $OTOHO!=~ I'8MMa-

ny<J:eii, KaK rrpaBimo, oqeHb, Bem!Ka rro epaBHeHRJo e aHeprneii eBSian. aneKTpo

HOB B BeiUeeTBe 1 1I II03TOMy K838JIOeb 6eapa3J11I'IHbiM eoeTOSIHlle BeiUeeTBa1 

qepea KOTopoe. OHM llBH)KyTeSI. Y'lllTbiBBJilieb TOJlbKO epellHRe xapaKTepneTHKll 

BeiUeeTBa - ero IIJIOTHOeTb ll aTOMHblll HOMep, 

XapaKTepHoii qepToii eoBpeMeHHoti HayKH SIBJISieTeSI He TOJibKO 

qpeaBhi'IaiiHoe yeno)I{Heane aliaHHii ~Ka)Klloii rra o6nacTeii rrcenenosaaHii, 

Tpe6yromee yaKoii erreunannaaurrrr nnSI soaMO)KHOeTn rrnonoTBopaoil: pa6oThi 

B neti. He Menee eymeeTBeHno, 'ITO see 6onee yrny6nSiroTeSI n see 6onbmee 

3H8'IeHHe I1p1I06peT8IOT eBSI3ll p83Jlll'IHb!X paHee K838BIUHXeSI HeaaBUeliMh!Mll 
• 

HayK. Terrepb K8)Kll0MY oqeBlillH01 'ITO· SillepHaSI $H3HKa He TOJlbKO HBXOllliT 

rrpnno)KeHnSI, HOB pSine·enyqaeB eBSiaana· e.npyrnMn o6naeTSIMR nayKH: e <f>n-

xr ' 
B ocHoBy TeKCTa rrono:n<eHa (c HeKoTopbiMH penaKUHOHHbiMH H3MeaeaH-

SIMH) neKUHst, rrpo'IHTaHHast· B arrpene 1968 r, B nenrrunre Ha ·aacenaHHH 4>n-
3H'IeCKoro o6mecTBa fllP 1 H J19KUHSI Ha TY lK9 TeMy1 COCTOSIBW8SICSI B HIOJie 
1968 I'.- B nHHnay B KypaTopHyMe Ho6eneBCKHX naypeaTOBo 
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3HKo~ 1 H oco6eHHO .C ~H3HKO~ TBepAoro Tena1 C XHMHe~1 6nonorne~1 MeAHUH~ 

HO~ H c MHorHMH pasAenaMH .TeXHHKH;KaK HH cTpaHHo, MeAneHHee Bcero 

pa3BHB8eTcg llOHHM8HHe rny60KHX cBgse~ Me~AY paSJIHqHbiMH pa3AeJiaMH 

C8MO~ gAepHO~ ~HSHKHo lla~e H Tenepb qaCTO AeJIRT gAepHyiD ~H3HKY Ha 

o6naCTH BbiCOKHX. H HHSKHX aHeprH~1 cqHTag HX He38BHCHMbiMHo Me~y 

TeM t C TQqKH speHng cymecTBa Aena TaKoe AeneHne aeo6ocHoBaHHO :n HMe-

eT 3HaqeHHe Jlllillb MeTOAHqecKoe. 

CBSI3b Me:1KAY HAepHO~ ~H3HKO~ ll OIITHK0~1 0 KOTOpO~ H 6yAy .roBOpHTb1 

B cyruHOCTU 6bin8 HSBeCTHa C caMoro .sapo~eHHg gAepHO~ ~H3HKllo TipeA

nono~eHHe1 xoTg H omn6oqHoe, o TOM1 qTo KaToitomoMnHecueHung · peHTre..

HOBCKO~-Tpy6KH Mo~eT 6biTb npHqHHO~ HCIIyCK8HHg peHTreHOBCKHX nyqe~, 

npnaeno1 KaK H3BeCTH01 EeKKepeng K IIOHCK8M1 np:n KOTOpbiX .6bin8- OTKpbi-

. Ta paAHOaKTHBHOCTb ypaHa. Ho y~e nepBbie OIIbiTbi noKasann, qTo xoTg 

niOMHHecueHUHg He Bbl3biBaeT nogBJieHHg npoHHK8IDIUHX HSJiyqeHH~1 HO 38TO 

nsnyqeHne paAHoaKTHBHhiX BemecTB B caMoM Aene cnoco6ao Bhi3biB8Tb moMn

HecueHunro. OtiHaKo ~acTHUhl paAHOaKTHBHoro nsnyqeHng_paccMaTpHBanncb 

rnaBHblM o6pa30M' K8K HCTOqJIHK aaeprHH AJIH B036y~eHng moMHHecueHUHH. 

lle~CTBHTeJibH01 K8K npaBHJ101 niOMHHeCUeHUHIO B TeX :1Ke BerueCTB8X M0:1KHO 

Bos6y:1KA8Tb n HHhiMH MeToAaMn, HanpnMep, caeToM nonxoAHme~ nnnHhi BOJIHhi. 

PasyM.eeTcg, 6bmo nsaecTHo, qTo cao~cTBa JIIDMH.HecueHUHH B Toil: :nnn 

HHO~ CTefieHH CBSI38Hbl C IIJlOTHOCTb!O HOHH38UHH H npo6eroM qaCTHUhlo 3Ty 

•. ........,____ 

cBH3b Tenepb qacTo ncnonhsyJOT B AeT~KTopax qacTnu. XoTH cso~cTBa qacTHU 

B C8MOM A9Jle BJIHHIDT Ha oco6eHHOCTH JliDMHHecueHUHH1 BCe ~e 

OHH He HMeiDT npHHUHIIH8JlbHOrO SHaqeHHH AJIH ee BOSHHKHOBeHng. 

Me~ny xeM eCTb SIBJieHHH1 B KOTOpbiX CBO~CTB8. qaCTHUbl CTOJlb ~e 

cymecTBeHHhi1 KaK· n onTnqecKne cBoficTBa cpenhr. BnepBbie aTo cTano, oqe

BHAHhiM rrocne nsyqeHHH ll BblHCHeH'nsr rrpHpOAbl SIBJieHIIH1 OTKpblTOro· BaBHJlOBbiM 

H qepeHKOBbiMe lle~CTBHTeJibH0 1 HanpaBJieHHOCTb HSJiyqeHHg onpe·nenHeTC~ 

H3BeC.THO~ ~OpMyJIOH 

f3 n 0 cos0~= l 
(I) 
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conep:1Karue~ 'oTHOIUel 

v· 
f3=-c 

B KO!OPY 

neHHH n 0 nnH qac• 

TipH aTOM fiJlOTHOCTb 

H8Mll li KBanpaTOM 3~ 

2 
W(w)=....!L 

. c 

He cnyqa~Ho aTo RBJ 

oHo namno runpoKoe n 

rn~ n ero CTOJib :1Ke 

6b!Tb1 . CTOHT o6paTH 

MOIUb!O raMMa-nyqefi 

THU IIpH Bb!Co'KHX ·aae 

nacTe~ S!nepHofi. ~nsE 

06pamy Bawe E 

caTb TaK: {3 n (w) co 

PaBencTBO aTofi aem 

qeCKHH CMbiCJle Many' 

CKJ181lbiB8eTC5! OT :6et 

~HTCR oco6eHHOCTb0 

qaC.THUo llnR HHX' BCI 

po~ cBsrsaHo nsnyqe 

_'M0:1K9T 6b!Tb 6eCKOHE 

HOll ~OpMHpOB8Hlil 

IIpORBJISieTCg/1/. nr 
AJlllHOll"' 1 TaK ·KaK 3 

0AH8KO AeJio.He B T 

ee sHaqeHne. 



c XHMIIeii, 6nonor1Ieii, Menmm":' 

HII cTpaaao, Menneaaee acero 

casiSeii Memny paanii"'HhiMII paanenaMn 

qaCTO nenRT nnepHyro ljJII31IKY Ha 

C"'IITaR nx aeaaBIICIIMhiMII. Me:lKLly 

neneaiie aeo6ocaoaaaao II liMe-

OITTIIKOH1 0 KOTOpO:if Sl 6yny · I"OBOp1ITh1 

.aapo:lKLleRIIR HnepRoii ¢nanKu. ITpen

'ITO KaTononroMIIRecueRUIIR peRTre.-

:if IICIIyCKaRIIR peRTI"eROBCKHX nyqe:if1 

KOTOpbiX .6btna- OTKphi

XOTR 

IlpORIIKaroUIIIX II3ny<IeRIIH1 RO 38TO 

_,..: 

caMOM nene cnoco6ao Bbi3hiBaTh moMII

aKTIIBRoro IIany<IeRIIR.paccMaTpiiBaniiCh 

pl"IIII nnH Boa6ymneRIISI niDMIIRecueRUIIII. 

ReCUeRUIIlO B TeX me BeUieCTBBX MOmRO 

""""' CBeTOM nonxonmue:if nniiHbi BOnHblo . 

linn 

3Ty 

qacTIIU. XoTSI csoiicTsa <IaCTIIU 

ace me 

B03RIIKROBeRIISio 

me 

cpenbi. BnepBbie STO cTano. oqe-

FnpaaneRROCTh IIany"'eRIISI onpe·nenSieTcSI 

co 

4 
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·I 
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conepmaUie:if ·oTROWeRIIe CKOpOCTII. qaCTIIUbi K CKOpOCTII CBeTa B' IlyCTOTe ) 

v 
f3=-; B KOTopylO CBOHCTBa cpenhi sxonHT qepea noKaaaTenh npenoM-

neRIISI n 0 nnSI qacTOThi w 0 , IIanyqaeMoii non yrnoM 

ITpii aTOM nnoTHOCTh sRepriiii IIany<IeRIISI onpenenSieTcSI 

RaMII II KBanpaTOM 3apSina 'laCTIIUhi e 2 II pasaa 

2 
W(w) = .JL w (1-

c2 
1 ) . 

f3 2
n 'w) 

() 
0 

K CKOpOCTII. 

TeMII me aenii"'II-

( 2) 

He cnyqa:ifRO STO SIBneRIIe MROI"O neT OTHOCIInii K o6naCTII OIITHKIIo Tenepb 

OHO l!awno WHpOKOe npnMeHeHIIe B IICCnenosaHIISIX C 'laCTIIUaMII BbiCOKIIX SHep

I"HH II ero cTonh me aaKoaoMepRo paccMaTp1IB8lOT B Sinepao:if ljlnanKe. MomeT 

6biTh
1 

CTOHT o6paTIITh BRHMaRIIe II Ra T0 1 'ITO SIBneRIIe 1 OTKpbiTOe C IIO

MOIUhlO raMMa-nyqefi paniiSI, Rawno rrpiiMeaeane s ljJII31IKe sneMeRTapRbiX qac

TIIU npH Bh!COKIIX ·aaepi"IISIXo 3TO oniiR H3 npHMepOB TOll CBli3H pa3nH'IHhiX o5-

nacTeii SIUepHO~ ljJII3HKII 1 0 KOTOpO:if SI I"OBOpiino 

06pamy sawe BHHMaane na ljlopMyny f3 n( w ) cos()"" 1. Ee Momao aann-

caTh Tar~: f3 n (w) ros () -1 = 0 , T.e. 

1 =oo. (3) 

1- f3 n( w) rosO 

PaseacTBO sToii senii'IHHhi 5ecKoHe<IHOCTII nMeeT srronae onpeneneRHhiii ljlnan

'!eCKIIii cMhtcn. l1anyqeane, unymee non yrnoM (J c ·<IacToToii w 1 KorepeHTHO • 
CKnallbiBaeTCSI OT 6eCKOHe'IHO 5onbWOH nniiRhl IIYTII <IaCTHUhlo B STOM conep-

... 

mHTCSI oco6eRHOCTh1 nMeiDUiaSI 5onhwoe aaaqeRne nnSI uany<IeRIISI 6biCTphiX 

qaC.THUo llnll RIIX' BCerna cyUieCTByeT HeKOTopaH· nniiRaonyTII e 1 1 C KOTO

poii csSiaaao nany<IeRue. B qacTHOCTH 1 B aljlljleKTe Basiinosa-'t:fepeHKOBa oRa 

'Mo)KeT 6biTb 6eCKOHe'IHO 6onbwoii." E.n.<Pe.iin5epr H83Ban STY nmmy e I , nnu

ROH ljlopMIIpOB8RHSI ljloTORa" II nan aRanll3 psma SIBneRIIH 1 B .KOTOphiX ORa 

npoSIBnHeTcSI/ 11. flii<IHO MHe 6onhwe lfPaBIITCSI naahiBaTh ee "KorepeRTHOil: 

nnnno:if" 
1 

TaK KaK anecb nMeeT. MecTo ne<ITO ananornqnoe aoaaM <PpeRenSI. 

OnaaKo neno. ne B TepMIIHononm, u ropaano cymecTBennee noSICHl!Th, s qeM 

ee anaqeane. 
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Ecnn qacTnua JlBH:lKeTcSI co cKopocTbiO v TO · sonHhi c qacToToii 

w B HanpaBneHHH e . OT paanH'IHbiX Y'IBCTKOB ee nyTn 6ynyT npHXOJll!Tb, 

KBK npaanno, He c _onnHBKOBOH ¢aaoii. Ecnn Bbi)lennTb Y'IBCTOK e t·= v t 1 

( CMo pH Co } ) 
1 

Ha . KOTOpOM HaKannnaaeTCSI p83HOCTb QJ83 71 
( - f 1 - STO 

n eCTb nnnHa KorepeHTHOCTn), TO nonyqaeTCSI TaKoe COOTHOllieHne: 

w t 1 1 
a=---= 

(4) 

11 j1-{3n(w}cos8\ 

Benn'IIIHa, cTOSilliBSI cnpaaa, onpenenSieT, TaKnM o6paaoM1 caoeo6paaHoe, na

MeHeHne M8ClliT808 BpeMeHH1 Bbi3B8HHOe TeM1 'ITO JlBH:lKeTCSI He .TOnbKO 

ci:leT, HO n qacTnua. TiocKonbKY a - 6eapaaMepHaSI ae.nn'lnHa, SI 6yny 

H83biB8Tb ee "KOSQJQJIIUHeHTOM KorepeHTHOCTH .. x/, 3TOT KOSQJQJHUI!eHT Beer-

Jl8 BXOJlHT B QJOpMynhi nanytieHHSI JlnSI 6biCTpO JlBH)KyllieHCSI '18CTHUbl. H B He

KOTOpbiX cny'laSIX Jl8)Ke onpe!lenSieT B03MO:lKHOCTb B03HHKH~BeHHSI nanyqe

HllSio TipuMep STOMY - s¢ljJeKT Baannoaa-'4epeHKOBa. 

llnSI HepenSITIIBHCTCKOii: '18CTI!Ubi1 ecnu {3 H8CTOnbKO Mano, 'ITO {3n( W )«1, 

TO MHO)KHTenb a paBeH e)lHHHUe. llnSI penSITHBHCTCKOft '18CTHUbi Kos¢¢n-: 

uneHT a .JlnSI onpeneneHHbiX yrnoe aenuK, n ero aeo6xonuMo y'IHTbtBaTb. 

KpoMe Toro, B BaKyyMe n B npenoMnSiromeii: cpene oH ae oJJ.nHaKoB, n aTo 

paanntiHe MO:lKeT CK83hlB8TbCSI Jl8:lKe JlnSI O'leHb BbiCOKIIX '18CTOT1 ecnii 

'18CTHU8 ynhTpapenSITHBHCTCK8SI, 

11any'leHne HaannoBa~4epeHKOBa aoaHnKaeT npu paBHOMepHOM JlBI!)Ke-

' HHHo B CBOe BpeMSI STO Kaaanocb II8p8JlOKC8nhHbiM1 HO B nanbHeii:meM ObinO 

BbiSICeHHo, 'ITO aToT cny'laii ae ~JliiHCTBeHHbiii. Terrepb xopomo IIaBecTHO 

npencKaaaHHoe eme B copoKOBbiX ronax TaK HaabrBaeMoe nepexonHoe nany

qeane/2/. Ecnn qacTnua, nauraSICh paBHoMepao, nepeceKaeT rpaanuy paa-

nena nayx cpen, HanpuMep na npenoMnsromeii cpenhr nonanaeT B BaKyyM, TO aoa-

HHKaeT nepexonHoe nany'leHne. ITnoTHOCTh aHeprnn nepexonHoro nany'leHHSI B 

e)lHHHUe TenecHOrO yrna non yrnOM 8 K H8IIpaBneHHIO CKOpOCTH '18CTHUb1 paBH8 

x/ rrv f3 >- 0 
llnnaa KorepeHTHOCTll f 1= vt 1 , otieBllllHO, paaaa f 1 =--a= 2· a, 

r)le A 0 - AnliH8 BOnHbl B nyCTO~e, COOTBeTCTBYIDlli8SI "'8CT'gTe w 

6 

i 
I 
I 

' 

j 
I 

W(w) 
e2{32 

4rrc 
sin 

2
8 I· 

Ka:lKJlbiH na 'lneaoa, 

npoCTOH QJH3H'IeCKH~ 

qacTHUhi, JlBI!rasmefi, 

BeHHO OCT8HOBHBllie~ 

ITepBbiii qneH B 

meii: nan:lKeHne y rpt 

oH naeT none aenpe 

ljJnuneHT ~peHenSI nn 

cpenbr. Hann'lne nx 

nytieHne ee aa6mon1 

nepaoro n TpeTbero 

ooSiaaHo aanntinro rr 

qacTHUbi, a aennqnJ 

flpn OTCyTCTBHH ri 

qneHaX CTOSIT COOTE 

THBHCTCKIIX CKOpOCTI 

OHH MOrYT.· OblTb aen 

PSIJl neT nep 

'ITO na)Ke onetiaTKa 

nach aeaaMetieHHoii, 

a:oe naytieijne ?Tore 

roaopHTh 66 nccnen1 

nyTeii nccnenoaaH 

M·Hoii n TiaQJOMOBbi:M 

Tl!BHbiM HCIIOnb30BI 

HHTeHCHBHOCTH H3n~ 
71 

6onhlliHM T , . 

x/ . 
3)leCh ()-:.. 

nocne npenoMneans 



1 TO BOnHhl C qaCTOTOfi 

yqaCTKOB ee nyTII 6y~yT npiiXO~IITb 1 
<f!asofi. Ecmr Bbi~eniiTb yqacToK £ 1 = v t 1 

pa3HOCTb <f!a3 1t ( - f 1 - STO 

nonyqaeTCSI TaKoe COOTHOllieHIIe: 

1 (4) 
~"':"' 

TBKIIM o6pa3oM1 CBOeo6pa3HO~ II3-

_TOnbKO 

a - 6espasMepHas:I aeniiqiiHa, s:~ 6y~y 

peHTHOCTIIvX/• 3TOT Ko:::l¢<PIIUIIeHT BCer

~ng 6bJCTpO ~BII:lKyiiJeilcg qaCTIIUbl II B He

B03MO:lKHOCTb B03HIIKHOBeHIISI II3nyqe-

{3 H8CTOnbKO Mano, qTo {3n( w}«l, 

nns:~ P.ens:ITIIBIICTCKOfr qaCTIIUbl Kos¢<f!II-. 

BeniiK1 II ero Heo6xo~IIMO yqiiTbiBBTbo 

OMn5IIOII!eH Cpene OH He OAIIH8KOB1 II 9TO 

~ns:~ oqeHb BbiCOKIIX qacToT, ecnn 

B03HIIKaeT npii paBHOMepHOM .r:lBII:lKe

napanoKcanbHb!M1 Ho B nanbHefirneM 6bmo 

HCTBeHHhiH. Tenepb xoporno II3BecTHo 

ronax TaK Ha3b!BaeMoe nepexonHoe IIsny

Cb paBHoMepHo, nepeceKaeT rpaHIIUY pa3-

romefi cpenhi nona~aeT B aaKyyM, TO Bo3-

0CTb sHepriiii nepexo~Horo IIsnyqeHIIs:I B 

() 
K. HanpaBneHIIIO CKOpOCTII qaCTIIUbl paBHa 

TTV f3 .\o I ' O'l9Bl!AHO, paBHa e I= --a= T a ' 
e, COOTB9TCTBYIDlli8H 'l8CT'gTe W 

6 

I 
I 
' 

I 

I 
i 

l 

I 
I. 
I 

I 

.. 
2 2 · r " 1 

W(w}= e {3 sin 201 l + --f 
4Trc l-{3~~ l+f3cos0 n 

12 
.(5) 

1 
1-{3n cos()' 

Ka~b!H II3 qneHOB 1 CTOSIIIJIIX no~ 3H8KOM KBa~paT MOAyns:~, IIMeeT oqeHb 

npOCTOH tPH3IIqecKIIH CMbiCno TpeTIIH · qneH B OTAenbHOCTII ~aeT nsnyqeHue 

qacTl!Uhi, nBnrai3rneficH. B cpen~ no HOpMann K noBepxHoCTII pa3nena n MrHo

BeHHO OCT8HOBHBlli9HCSI Ha ·rpaHHUe pa3nenaXf. 

TiepBb!H qneH B OTnenbHOCTII naeT H3ny"'.eHIIe qaCTIIUbl1 BHe3anHO H8'l8B

lli9H nBu:lKeHne y rpaHHUbi pa3nena II yrnenrneil B BaKyyM. BMecTe c TpeTbiiM 

OH naeT none Henpepb!BHO .r:lBH:lKYIIJ9HC51 'IBCTIIUblo. BenH'IIIHa . f - STO Kos<P-

<PnuneHT <l>peHeng nns:~ npenoMneHHofi BOnHhi, a . n - noKasaTenb npenoMneHIIR 

cpenbio Hann'lne nx o6'h5ICH5leTcH TeM, 'ITO 'laCTIIUa nBn:lKeTcR B cpene, a n3-

ny'leHne ee Ha6nronaeTCH B BaKyyMe. Ecnn f II n paBHbi 1, To pa3HOCTb 

nepBoro II TpeTbero 'lneHa TO'IHO paBHa Hynro. Hanii'IIIe cpenHero 'lneHa TaK~e 

o6s:~saHo Hannqnro rpaHIIUhl pasdena - sTo none sneKTpii'IecKoro II3o6pa:lKeHII51 

'l8CTIIUbi1 a Benll'IHHa r - KOS~IIUHeHT <f>peHeng ~nH OTpa:lKeHHOH BOnHblo 

Tipii .oTcyTCTBIIII rpaHIIUbi i pa3.(lena oH IIC'lesaeT.· MHo:lKnTens:~Mn npn Be ex 

qneHaX CTOSIT COOTBeTCTBYIOII!He Kos<P<PnuneHTbl KorepeHTHOCTIIo ilns:I Hepeng

TIIBilCTCKIIX CKOpOCTefi OHII paBHbl e.[lllHIIUe 1 HO npii penHTIIBilCTCKilX CKOpOCT5IX 

OHH MOryT · 6b!Tb Ben!IKII 11 C HHMil CBH38Hbl CyllieCTBeHHbJe OC06eHHOCTH HBneHil5lo 

Ps:~n neT nepexonHoe II3nyqeHIIe HacTonbKO He npiiBneKano BHHMaHIIs:I, 

'ITO ~a:lKe one'laTKa, conep:lKaii!aRcH B cTaTbe fiiH36ypra II Moen/2/, 6cTaBa

nacb l!e3aMe'leHHGHo npii:\1epHO ·}Q neT TOMY Ha3an Ha'lanoCb 9KCnepJIMeHTanb

HOe II3y'le.IJIIe ?roro g~lleH.IIR. TeopiiR xoporno nonTBepniinacb, II Tenepb MO:lKHO 

rOBOpiiTb 06 IICCnenoB8HIIH nepeXO.r:lHOrO II3ny'leHJI51 1 KaK 06 onHOM II3 B03MO:lKHbiX 

nyTeii: IICcnenoBaHII51 onTII'leCKIIX CBOHCTB TBep~biX Ten. KaK 6binO noKa3aHO 

. . n "' . 6 /3/ u •· 
MHOll II a'i'OMOBbiM B pa, OTe 1 nng 9TOII uenii MO:lKeT 0!<'838TbCH nepcneK-

TIIBHb!M IICnonb30B8HIIe penHTilBIICTCKilX 'l8CTI!Uo Ecnn COnOCTaBilTb Benii'IIIHbl 

HHTeHCIIBHOCTII II3ny'leHIISI non OCTpb!M (He O'leHb Man hiM) yrnoM II non yrnoM1 
7T 

6onblliiiM . T , To pe3ynbTaT oKa3b!BaeTc51 qyacTBIITenbHbiM K Benii'IIIHaM 

x/3· . ( "' ) . . necb 0 ~ yron B cpene aoourue roaopst. KoMnneKCHbiii , narorunii 0 
nocne npenoMneHliH caeTa a BaKyyM. TaKuM o6pa3oM. " 

nrosO '= Y.n 2
- sin 20 

7 

. 



neil:CTBHTeJibHOH ll Mill! MOM ;IaCTII noKa3aTeJISI npenoMJieHIISio: 113 TaKHX H3Mepe

HHH OHll MOryT' 6b!Tb, Hail:neHbi1 ecnn BOCnOJib30BaTbCH, pac<JeTHbiMH KpHBbiMH 1 

npn~eneH~hlMH'a/3/. 0nHaKO noKa HHKTO He npoaepnn1 B KaKoil Mepe 9TOT 

MeTon yno6eH. Bee :m:e MHoroe B onbrTax no nepexonHoMy nanyqeanro y~e 
• • J • 

BbiHCHeiio 1 n 1 KaK sc::erna1 s xone ncc~enoaaanfl paccesmcSI pHn HenopaayMe-

HHfi n aa6ny:m:neHnfi. BnnnMo 1 nonnnHHoe noitnMaHne Teopnn npnxonnTronbKO I . . . 

.,J 

nocne Toro 1 KaK SIBneane neTanbHO nayqeao Ha onbrTe. 

H He 6ynyT roBOpHTb 060 BCeM1 ,ynOMHHY TOJibKO o6 OllHOM CBOeM co6-

CTBeHHOM aa6ny:m:neHnn. Mae Kaaanocb aecoMHeHHhiM1 'ITO nepexonHoe nany

qeane - HBneane1 xapaKTepao~a nnsr onTn'lecKoil: o6nacTn cneKTpa. 

B caMoM nene 1 npu nepexone K o6nacTn peHTreHoBCKHX1 a TeM 6onee 

raMMa-nyqeii:1 Koa~nuneHThi f n n cTpeMSITCSI K enxmnue1 a r - K Hymo. 

Cpaay annHo1 'ITO no KpaiiHeil Mepe nnH HepenSITHBHCTCKOfi qacTHUbi ({3 « 1) 

BeJIH'IIIHa,. CTOSIIIJaSI non 3HaKOM KBanpaTa MOnynSI B ( 5) t npn 9TOM npaKTH

qeCKll 06pamaeTCSI B HYJibo 1·fTo KacaeTCSI penSITIIBliCTCKliX 'laCTHU, TO 3apaHee 

9TO He O,'leBIInHo Ami o6naCTll MaJiblX (} , B caMoM nene, nnH TaKnx qac-

THU B BaKyyMe 1 ecnn 0 6JIH3KO.K Hynro1 TO K09~~llUlleHT KOrepeHTHOCTll 

BeJil!K1 TaK KaK BeJill'll!Ha 1-{3, CTORUJaSI B aToM cnyqae B ;3HaMeHaTene ( 4) 1 

Mana. QqeB!IllH0 1 rrpll 9TOM nocTaTO'IHO He6oJibUJOro OTKJIOHeH!ISI n OT enll-

HHUbl, ,'IT.06bi 1- {3n _3aMeTHO OTJIH<JaJIOCb OT 1- {3 • TaKaS! 'IYBCTBJITeJibHOCTb 

K09#HUlleHTa KOrepeHTHOCTII K BeJill'll!He noKa~aTeJISI rrpeJIOMJI8HliSI rrpiiBOnnT 

K TOMY. 'ITO na:m:e npn r In I npaKTll'I~CKH paa'HoM ennHnue., TpeTnil: 

'IJI8H B ( 5) MO)KeT aaMeTHO OTJIII'IaTbCSI oT rrepaoro n 1 cneAoaa~enbH0 1 

m~pexonaoe nany<JeHne non ManhiMll yrnaM!I ·6yneT I!MeTb MecTo. TaK 1 ecnn 

nnsr HepeJISITHBliCTCKOH 'laCTIIUbi nepexonHoe JI3JIY'IeHII8 OT rpaHJIUbi MeTanna 

M:-IOro nHTeHCHBHee 1 qeM oT rpaHI!Uhi o6bi'IHoro npoapa<JHoro nnaneKTpnKa 

( TaK KaK a Me 'I' anne B8JII!Ka MHliMaSI qacTp noKa3aTensi npenoMneimsr ) 1 To 
, I • ~ 

nnsr peJISITJIBllCTCKOH <JaCTJIUbl ll MaJibiX yrnoB 9TO pa3nii'Ille HeCyUJeCTB8HHOo 

Dpn aToM ncnonbaoaaHne npoapa'IHhiX. cnoen Mo>KeT1 B qaciHocTn, o6ner<Jl!Tb 

cyMMllponaHne nepexonH.oro nany<Jeiinsr oT MHornx nonepxHocTeil: ll •reM. noBhi

Cl!Tb ~~eKTHBHOCTb perncipaun11 qacTIIUbi no ne'pexonHoMy Hany<JeHnro. Bee 

9Tll oco6eHHOCTH1 CBSI3aHHbi8 C 60JiblllOH llJIHHOH KOrep.eHTHOCTll 1 6biJill OTMeqe;.. 

Hbl cpa3y :m:e llpll paCCMOTpeHHII nepeXOllHOrO H3JIY'I8Hl!SI peJISITIIB.IICTCKOii. qa

CTI!Ubrf4/• iloa:m:e• 6biJIO BbiSICH8H0 1 'ITO nony.CTIIMO HCnOJib30BaTb He TOJibKO 

8 

~i;; 
'f 
ll:\ 

\ 
~~ '. ~~ 
j 

npoapa'IHbre cnon 1 · HO ·na:m:e 

OnHaKo cno:m:iraUJasrcSI npnBbi 

HHe1 xapaKTepHoe nnsr onTn 

'ITO n·ocTaTO'IHOCTb llJISl B03 

0'18Hh Manoro OTJIH'IliSI.flOKa 
I . 

TOJibKO B 60JiblllYI01 HOi· 0'1€ 

MO:m:HOCTb nOSIBJieHHSI <JaCTI 

CKa3biBaeTCSI TaK Ha3biBaeMJ 

MuKaansrHoM nnsr- TopMoaHorc 

'!HeM K09~~HU118HTOB KOrep• 

aonpoc nonpo6Hee. 

llnsr Bb!COKHX <JaCTOT fl 

· n(w ~ 

rne W P- TaK Ha3biBaeM 

}2 
• 3necb Wp=(----

m 

9JI8KTpOHa. llnsr. nerKHX ll 

He npeBbrUJaeT necHTKOB am 

COOTB8TCT~YIOIIJHX 1 HanpllME 

necSITKll KHJI09JI8KTpOHBOJib1 

acero JIIIUJb nopsrnKa Mnnnn 

'ITO B ~opMyne nnsr nepexc 

OTpa:»ceHHOH BOJIHbi MO)I{HC 
1T 

6JIH3KO K T ) 1 a MHO)Ij 

c 6onblllOH TO'IHOCTbiO paBH: 

·HyTCSI .TOJibKO nepBbiH ll Tp 

K ennHnue n yron (} · He 
• 2 

ll COS(} = l-' +• TO 113 !jJOJ 

W(w)=~(J2[ 1 
4~C . 1- f3+ _!!_ 

' 2 



ITpenoMnem!SI, 11a TaKIIX n3Mepe- · 

BOCIT0.1lb30BaT~CH_ pac'leTHbiMH Kj:>nBb!MII, 

HIIKTO HC ITpOB9p11.111 B KaKoU Mepe 3TOT 

B OITbiTaX ITO ITepeXOJlHOMY 113.1ly'leHIIIO Y*e 

IICC.Jle)lOBaHIIH pacceSinCSI pSIJl HenopaayMe

aL~JIIIHHOC ITOHIIMaHI!e TCOpllll I1pliXOJlliT TOJlbKO 
. ' 

II3y'leHo Ha OI1h!Te, 

,yiiOMSIHY TO.JlbKO 06 OJlHOM CBOeM C06-
·" 

113Jly-

oiTTI!'IeCKOH o6naCTII CIIeKTpa, 

o6nacTII peHTreHoBCKIIX, a TeM 6onee 

CTpeMSITCSI K CJlliHUUe,_ a f - K Hymo, 

JlJlSI HepenSITl!BliCTCKOH 'laCTliUhl ( {3 « 1) 

FBUJlp~Ta M~JlYJl51 B ( 5) 1 I!pll 3TOM rrpaKTH-

pen51Tl!BHCTCKIIX 'laCTIIU 1 TO 3apaHee 

, B caMoM nene, llJl51 TaKIIX 'lac

TO Koa¢¢nulleHT KorepeHTHOCTll 

aToM cny'lae B ;3HaMeHaTene ( 4) 1 

ae6onbll!oro OTKJioHeHn51 n OT enn

cb OT 1- f3 . TaKaSI 'IYBCTBIITen&Hocor'& 

'II!He ITOKa~aTeJI51 rrpenOMJieHIISI ITpiiBOJliiT, 

TpeTIIH 

, OTJIII'IaTbC51 oT rrepsoro n, cnenosaT-CJibHo, 

·6yneT IIMeT& MecTo, TaK, ecmr 

II3Jly'leHUe OT rpaHIIUhl MeTanna 

hi 06bPIHOrO rrpoapa'IHOrO Jlii3JleKTpl!Ka 

Mag 'laCTp I10Ka3aTeJI51 ITpenOMJieHIISI ) 1 TO 

' ' 
b!X yrJIOB 8TO pa3JIII'Il!e HeCyllleCTBei!HO, 

h!X CJIOeB MO)K9T1 B qaCTHOCTII1 o6ner'IIITb 

SI OT MHornx ITosepxHoCTefi II ·reM. ITOBhi-

'IacTHUhi IT~ ITepexonHoMy nany'leHnro, Bee 

JlJliiHOH KorepeHTHOCTII 1 6biJlii OTMeqe;;. 

peXOJlHoro 113Jly'leHII51 peJISITliB.liCTCKOH qa

t 'ITO ·n~ITYCTIIMO IICITOJlb30BaTb He TOJlbKO 

/8 

~r 
'l' t :l 

·~ 

• 
I!! 

Ilp03pa'lllbl0 CJIOII1 ; IIO ·name :CJlOII C ."'rrpOCBeTJI9HIIhiMll" ITOBepXIIOCTSIMII/5/ • 

OnnaKo cnomnBlllaSicSI rrpiiBhi'IHOCTb Toro, 'ITO rrepexona~e 113nyqenlle - SIBne-
• I 

ane, xapaKTepaoe JlJISI orrTH'IecKoii o6nacTn,· ITOMell!ano cpaay·*e aaMeTIITb, 

'ITO JlOCTaTO'IHOCTb JlJl51 B03HHKHOBCHII51 H3Jly'leHliR peJI51TllBHCTCKOH 'laCTIIUbl 

O'leHb Man oro OTJlli'Ill51- IIOKa3aTeJI51 rrpenOMJl9Hll51 OT e)ll!HllUhi (II I!piiTOM He 

TOJlbKO B 6Jnbll!YI01 H0 1 O'leBIIJlH0 1 R Mtllbll!YIO CTOpOHy) 03Ha'laeT II B03-

MO)KHOCTb l10SIBJleHII51 'laCTOT1 Jie)Kall!IIX BHe OITTII'leCKOH 06JiaCTllo 3necb 

cKa3hiBaeTCSI TaK naabmaeMbrfi 3¢¢eKT rrnoTHocTn, arrepBbre HafineHHhifi Tep

~nKaanSIHOM JlJISI·TOpM03HOro l!3Jly'leHII51/6/, KOTOpblll OIIpenen51eTC51 pa3JIII

'liieM K03¢¢11UIIeHTOB KorepeHTIIOCTU cpeJlhl II BaKyyMa, ·Pacc'MoTpUM 8TOT 

aorrpoc rronpo6nee, 

rne 

Lln51 BbiCOKIIX 'laCTOT IIOKa3aTC.1lb rrpenOMJleHIISI MO)I{HO IIOJlO)KllTb paBHhiM 

w -p 

w2 

n(w) = 1- __ P_ 

2w2 ' 
( 6) 

TaK Ha3b!BaeMaSI ITJia3MeHHa51 llJlll nellrMIOpOBCKaSI 'laCTOTa, 

Y2 
Wp=( ---- 3nec& N - rrnoTHOCTb aneKTpoHoB B cpene II m - Macca 

m 

8JleKTpOHa, Lln51 nerKIIX ll Cpe)lHIIX ITO aTOMHOMy eecy aneMeiiTOB h w P 

ae rrpeBbrll!aeT necSITKOB aneKTpoHBonbT, TaKnM o6pa3oM, nnSI qacTOT csexa, 

COOTBeTCT~YIOlllllX 1 HaiipHMep1 peHTreHOBCKIIM Jiy'laM C 8HeprlleH ¢oTOHOB 

)leCSITKII KIIJl08JleKTpOHBOJlbT1 OTJlii'IUe IIOKa3aTeJISI~penOMJleHIISI OT e)liiHIIUhl 

scero null!& rropSIJlKa MllnnnoHIIoii -nonn, B peayn&TaTe HeTpynao y6eniiTbCSI 1 

'ITO a ¢opMyne JlJI51 ITepexonHoro uany'lelln51 K03¢¢nuiieHT <PpeHenSI r JlJISI 

0Tpa)!<9HHOH BOJlHbl MO)KHO ITOJlO)KllTb paBHbiM HYJIIO ( ecnn () He O'l9Hb 

6JlU3KO K ; ) 1 a MHO)KIITenll II II f B TpeTbCM 'IJlelle ¢opMynhi ( 5) 

C 60JlblllOH TO'IHOCTblO paBIIbi CJliiiiiiUC1 ll IIOJl 3HaKOM KBaJlpaT MOJlYJl51 OCTa

HYTCSI . TOJlbKO rrepBbiH II TpCTHH '1.11911, .Ecnll1 KpOMe Toro, f3 O'leHb 6JIII3KO 

K e)lllHHUe II yroJI () H8CTOJlbKO M8Jl 1 'ITO MO)KHO ITOJlO)!{liTb sin()= 0 
2 

II COS() = 1...: -j-,. TO '.ll3 <jlopMyJlhl ( 5) JlJlSI O'leHb Bb!COKIIX 'laCTOT IIOnyqaeM 

1 
C

2 
0

2
[ ·e~ 

W( w) = 41\C 1- f3+ .. 2 
1 

1 ~-{3- ' () 2-:c;yr--+-+-p 
2 2;:;-z--

( 7) 
]2 • 

9 
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TiepexonHoe nsny'leHJte, TaKHM o6pasoM1 .onpenemteTCSI pasHOCTbto Koscpcpn

uneHTOB KOr~peHTHOCTH B cpene ll B BaKy~Meo llnR peHTreHOBCKHX nyqeft 

sTa -pasaocTb c 6onbmoii TO'lHOCTbto pasHa Hynro, no Tex nop. noka saeprn51 

qacTHUbl- ae··oqeHb sennKa n, cnenosaTenbHO, 1-{3 ·ae o'leHb Mana. TaKHM 

o6pasoM, nepexonHoe nsnyqeane B caM oM· nene. ae. pacnpocTpaageTC51 Ha 

o6nacTb ~eHTreHOBCKHX nyqeii. OnaaKo c ysenn'leHneM sHeprnn qacTHUhl 

senn'lnHa . 1 - {3 yMeHblllaeTC51 n, sHa'lnT, aa'lnHa51 c aeKoTopoii sHeprnn 
~ i (n npii nocTaTO'lHO ManoM 8 ) BTOpOll qneH CT8HOBHTC51 y:m:e OTnH'lHb!M 

oT nepBoro Jia:m:e nn51 6onblliHX w • q.fo6hl nogsnnocb nsnyqemre c saeprneii 

B nec51TKH KSB
1 

ay:m:Ha SHeprH51 sneKTpOHOB B COTHH MHnnHOHOB sneKTpOH- .' 

BOnbT. qeM 6onblll€ saeprnSI ·aneKTpOHOB1 TeM ·6onbllllle saeprnn cpoToHOB noSIB-

nSitoTC51 B nepexonaoM nsny'leHnn. 

HeTpynno onen~Tb rpann'lnyro qacToTy cneKTpa nepexonnoro nsnyqennH. 
.• w2 

B caMOM uene, ecnn ' ~ « 1 - {3 . 0 TOo KBK BHAHO H3 ( 7) 0 BellH'lHHB CTO-
- 2w. . 

HUIBSI B. KBSApSTHblX CK06KaX0 CTSHOBHTCSI 6nH3KOfi K nynro ASlKe llllSI 8 = 0, 
MOlKHO nono-

llnH oneHKH B Ka'leC-rBe ac!Jc!JeKTHBHOH rpaHH'lHOH qaCTOTbl W rp 
"'2 

lKHTb TaKyro 'lSCTOTYo llllSI KOTOpOH -::--+=1-/3. 2w ,rp 

nocKOllbKY 

1-/3 2 1 2 1 mc
2 2 

1-/3 = -z-(1-/3 )= -(-) ) 
1+/3 2 2 E 

m c 2 -· E rue E = - nonnaH aneprnSI qacTnUbi, .To "'rp="' -- , T.e. 
. ,/1-/32 __ . P mc2 

pacTeT npbnopnnonanbHO E • 3ToT peaynbTaT. 6bm anepB'hte nonyqeH ra-

pn6HHDM • /7/. 3To ca~sano nepexounoe nanyqenne c _¢nsnKoil _.'laCTHU BbiCOKllx 

aneprn:H. 

Tipn paCCMOTp€Hllll nsny'l€Hll51 qaCTHU B KOnneHCllpOB8HHb!X cpenax qaCTO 

npHXOllllTCSI BCTp€'l8TbC51 C H€0:1KHnaHHb!Mll pesynbT8T8MH, 3H8'lHT€nbHO OTnH

'l810UlHMll nx oT nsnyqennSI qacTHU .s. BaKyyMe. HanpnMep, aTOM nnn npyraSI 

CUCT€M8, HM€!0IUa51 OllHO nnu H€CKOnbKO B036y:m:neHHbiX COCTOSIHllllo npll nBn:m:e

Hllll B cpene Mo:m:eT nsnyqaTb naaqe 1 qeM B . .saKyyMe. 0Ka3biBaeTC51 0 ecnn 

CKOpOCTb nBH:1K€HllSI llp€BbiJlla€T. cpa30BY!O CKOpOCTb nnSI nsnyqaeMOll qaCTOTbl
0 

TO B03M0:1K€H CllOHT8HHblll nepeXOA H3 H€B036y;m:neHHOrO . COCTOSIHH51 .B B036y:m:

neHHO€ C usny'l€HHeM npu STOM cpOTOHa. 3HeprH51_38HMCTBY€TC51 npu STOM 

H3 KHHeTH'leCKOll SHepriiH 'l8CTHUblo C TO'lKH 3p€HII51 KnaCCH'l€CK0ll STOMY 

COOTB€TCTBy€T TaK H83biBaeMblll anoManbHblll scpcpe.KT llormnepa, paCCMOTp€H;.. 

Hbiii TeopeTu'leCKII 6onee qeM nBanuaTb neT TOMY Hasan. 

10 

'[' ,L 

. ' 

) 

. .R xoTen 6bi cKa3aTb 3necb r;>. cpaf 

·, pblX y:m:e HMen B03M0:1KHOCTb Bll€pBbl• 

B <PnsnqecKoM o6mecTBe' .RrroHHII/ 14/. 

IlHTepeC K OllbiTaM .Ha BCTp€'lHblX ny'lKI 

CB€T
1 

aanpasneHHblll HaBCTpeqy ny'lKY 6 

ny'lKY pen51THBHCTCKHX sneKTpbHoB. B 
CB€T M0:1K€T TpaHccpopMHpOBaTbCSI B raiV 

rnu, qeM 6onbllle sHeprn51 qacTHUbi ( c 

3KcnepHM€HT8nbHO .Ollb!T Tenepb C 

MOlUHblX HCTO'lHHKOB CB€Ta-nl!i3epoB. Ta 

se, u B CIIJAI 11/. llonycTIIM,. 'ITO m 

non yrnoM 8 0 K aanpaBneHHIQ CKOJ 

yrnoM 8 (puc. 2). <PopMyna. nnSI 

TpynHo noKasaTb, orrpenen51eTc51 oTHoi 

nmi pacce51HHoro ( T.e. n::inyqaeMoro) n 

HanullleM ee cHa'!ana nnSI cnyqag BaK) 

W= w
0 

1 - f3 cos 

1- f3 cos 

Ecnu pacceSIHHe npoHcxonHT Ha iiyneBo 

OCT8€TCSI HeH3M€HHOll! ·w = W O • Tio 

M8Ul!SI 'l8CTOTbl · 3ll€Cb B03MO:m:Ha. Qqe 

aano aanpaBHTb HaBcTpeqy ny'lKY qac 

cBeT na6nronaTb B HanpaBnemiil ny'lH 

w 
max 

1. 
wo-1---

0Tcrona .rmSI MaKcuManhHOii saeprn11 

hw = hw 
max 0 

(1.+{3)2 

1-{3 2 

E 
4hw (~ 

o m< 



o6paaoM, orrpe~enReTCR paaaocTbro Koa¢¢n

B cpe~e H B BaKy~Meo llnR peHTreHOBCKHX ny~ell 

TO~HOCTbiD paBHa aynro, ~o Tex rrop rroka aaeprnH 

n, cne~osaTenhHo, 1 - {3 He o~eHb Mana. TaKHM 

uany~eane B caMoM ~ene ae.pacrrpocTpaaHeTcH Ha 

O~aaKo c ysenn~eaneM aaeprnn ~aCTHUhl 
I 

H1 3Ha"'HT1 Ha"'HHaH C HeKOTOpO~ 8HeprHH 

BTOpO~ qneH CTaHOBHTCH Y*e OTnH"'Hb!M 
. ..-J 

w • lfio6bi rrogannocb nanyqeane c aaeprne~ 

3HeprHH aneKTpOHOB B COTHH MHnnHOHOB aneKTpOH- ; 

eprmi aneKTpOHOB1 TeM 6onbllllle 3Heprllll ¢oTOHOB ITOHB-

HanyqeHllllo 

rpaanquyro qacToTy cneKTpa nepexonuoro nanyqeunH. 
2 

. 1 T01 KSK BHUHO H3 ( 7) 1 Be.imqnHa CTO-

CTSHOBHTCH 6nH3KOH K Hynro USlKe unH (} = 0, 

sif>if>eKTHBHOit rpSHHqHOH qaCTOTbl W rp MOlKHO nono-
W 2 

KOTOpOil: ~=1-{3. 
2w ,rp 

1 t:~2 2 2 
= _-_,..._~..!....(1-{32)= .!..(~) ) 

1+ {3 2 2 E 

- E SHeprHH qaCTHUbl1 TO W rp= W P iijC2 , To eo 

3ToT. peaynbTaT. 6bm·-anepal>Ie nonyqeu ra

nepexonuoe nanyqeune c ,PnanKoil: .qacTHU BhlCOKHX 

B KOHAeHCHpOBaHHblX CpeAaX qaCTO 

peaynhTaTaMn, aHa"lnTenbHO oTnn

qacTnu .a aaKyyMe. HarrpnMep, aToM nnn ApyraH 

nnn HeCKOnbKO BOa6y)!{AeHHb!X COCTOHHH~ 1 npH ABH)!{e

Tb HHaqe1 qeM B BaKyyMeo 0Ka3b!BaeTCH1 ecnn 

I:JeBbiiiiaeT. ¢aaoayro cKo~oCTb AnH nanyqaeMo~ qacToTbi1 

·coCTORHIIH .B B035y)!{-

8TOM ¢oTOHa. 8Hepr'HH aallMCTByeTCH llpH 8TOM 

"laCTHUblo C TO"'KH 3peHHR KnaCCH"leCKO~ 8TOMy· 

•abmaeMbJ~ aHoManbHhi~ a¢if!eKT llorrrrnepa, paccMoTpeH;.. 

ABa~uaTb neT TOMY HaaaAo 

10 

[
,' 

.. ( 

H xoTen ·6bi cKaaaTb aAeCb o cpaBHI!TenbHO HOBbiX- peaynbTaTax, o KOTO

pbiX Y*e HMen" B03MO)!{HOCTb BrrepBbie KOpOTKO paCCKa3aTb · OCeHb!O 1967 I'o 

B <t>nanqecKoM o6mecTBe ·· Hrrounul 14/. B rrocne~ane ro~bl cnnhHO Boa poe 

llHTepec K OITb!TaM .Ha BCTpe"'Hb!X IIY"'K8Xo lfaCTHb!M cnyqaeM . 8TOI'O RBnHeTCH 

CBeT1 HarrpasneHHbl~ H8BCTpeqy ·lly"'KY 6b!CTpb!X .aapH)!{eHHhlX "18CTHU
1 

HarrpHMep 

ny"'KY penHTHBHCTCKHX aneKTpoaoa. B peaynbTaTe rrpn paccegmm BH~HMbi~· 

CBeT MO)!{eT TpaHc¢opMI!pOB8TbCH B raMMa-nyqn II rrpUTOM TeM 6onblllelt 3Hep

I'HH1 "leM 6onbiUe 8HeprHH "laCTI!Ubl ( CM. 1 Hallpl!Mep/ JQ/) 
0 

3KcllepnMeHTanbHo OllbiT Tellepb cTan ocyiUeCTBHM 6naroAapg IIOHBneanro. 

MOIUHhiX HCTO"'HIIKOB caeTa .. naaepoa. TaKIIe OllbiTbi Y*e llpOBOAHTCH II B M'ocK

ae, ll B CUJAI 11/ •· llonycTHM1 'ITO llepslliJ:Hbi~ cseT qacTOTbi w
0 rra~aeT 

110~ yrnoM 0 0 K aa11paaneunro cKopocTn aneKTpoaa n paccensaeTcH 110~ 
yrnoM 0 (pile. 2). ¢opMyna.~nH 11peo6paaqsaHHR qacTOTbi w

0 
, KaK ue-

Tpy~HO IIOKa3aTb1 Ollpe~enHeTCH OTHOIUeHneM K03Q¢HUHeHTOB KOrepeHTHOCTH 

AnH pacceHHHoro ( T.e. H3nyqae.Moro) H 11aAa10mero ( T.e. nornomaeMoro) caeTa. 

HaiiHllleM ee cuaqana ~nH cnyqag BaKyyMa: 

W= w
0 

1 - {3 cos Oo . 

1- {3 cos 0 
( 8) 

EcnH pacceHHI!e llpOHCXO~HT Ha Hyneao~· 'yron 0 = 0 0 , T01 KOHe."'H01 "laCTOTa 

OCTaeTCSI HeH3MeHHO~: W = W 0 •. TIOCMOTpHM1 KaKaH HaH6onblll8H . Tpaacljlop

MaUHH qacTOTbl ·a~eCb B03MO)!{Ha •. QqeBH~H0 1 'ITO ~ng 8TOI'O rrepBH"'Hbl~ CBeT 

HaAO HallpaBHTb H8BCTpeqy rryqKy "18CTHU ( COS 0 =- 1 ) , 

CBeT Ha6mo~aTb B HanpaBneHHH llyqKa "laCTHU (COS 0= 1 ). 

'0TCIO~a ~nH 

hw = hw 
max 0 

w 
max 

1 + '{3 
wo 1- {3 

MaKCl!ManbHO~ 8Hepriiii ¢oTOHOB HMeeM 
2 

(1 +13) E . 2 
--·~, 4hw (-~) • 

1 -{3 2. . . o m c .2 . 

11 

a pacceHHHbi~ 

Tor~a 11onyqHM · 

(9) . 

( 10) 



TaKnM o6paaoM0 MaKcnManhHaSI ::meprnSI pacceSIHHhiX tjloToHOB pacTeT, KaK· 

KBaJJpaT aneprnn qacTHUhi. .D.nSI aneKTpona npn aneprnn a necKonhKO. faa 

OHS COCT8Bn5IeT y)Ke COTHH MHnniiOHOB aneKTpOHBOnbT, T.e. nopSI.QKa 10% ero 

aHeprnn. Tipn aTnx, a TeM. 6onee 6onhiiiHX _aHeprnSix, HaJJo Y*e npnHnMaTh 

ao aH.nMaHne naMeHeHne aneprnn aneKTpoHa rrpii IIanyqeHIIII, II !jlopMyna ( 10) 

B 9TOM cnyqae CO.Qep)Kl!T nonpaBO'IHbiH qneH, '5{ .[l·nSI npOCTOTbl 6yny C'IIITSTh, 

'ITO ;;)Toft .KBSHToaoii nonpaaKoii MO)KHO npeH~6pe'Ih. TorJJa BCSI ·npo6neMa 

MO)KeT paCCMaTp1IB8TbCSI KnaCCII'!eCKII J. COBepiiieHHO aHanorii'IHO TOMCOHOBCKOMY 

paccesmmo. TaKoe paccMoTpeHIIe, npiironHoe Hr TonhKO nnSI .uan)KeHim qaCTIIUhi 

a aaKyyMe, no II a cpene, 6bmo nnSI cnyqasl cpenhr npoaeneno faii.IIIITIICOM 

II lihiTOBII'!eM/12, 1~/. 3necb MHe XO'!eTCSI o6paTIITb BHIIM 8Hlle Ha !jlopMynhi .Qn& 

npeo6paaoaaHIISI qacTOThi, KOTOpbre 6hinii .npoanannaiipoaaHhi niillib noa*e1a1141., 

c:t>opMynhi nnSI npeo6paaoaaHIISI qacTOTbi 'a cpeJJe MO)KHO no ananonm c ( 8) 

H8lliiC8Th TaK: 

·1-f3n 0 oostl 0 

{3n 
0
cos tJ < 1; {3 n ( W) OOS tl< 1; 

w =Wo 
1 -f3n (w)oostl 

( }I) 

f3nooos e 0 > 1; {3n ( w) oos e > 1. 

3necb n
0 

- noKaaaTenh npenoMneHnSI cpenbr nnSI ncxonHoil qacTOThl w 0 

Tipn a n(w)- noKaaaTenh rrpenoMneHnSI nn11 pacceSIHHoro caeTa qacTOTbi w 

n o = 1 n n( w) = 1, T,e, nn11 aaKyyMa, aTo ypaaHeHIIe, KoHe'!HO, nepexonnT 

a ypaaneHIIe nnSI cnyqaSI pacceSIHIISI 

(8), B .ueiicTBIITenhHocTII, onHaKo, 

CBeTa qaCTIIUefi t .[lBll)Ky!UellCSI B nyCTOTe 

ypaaneHne ( 11) conep)KIIT nae aoaMo)K-
. ' I 

HOCTH, II3 KOTOpblX TOnhKO O)lH8 UMeeT aHanor Jlnll pacceSIHHSI CBeTa B nyCTOTe, 

B caMOM J]ene, ecnii yron e J]OCT8TO'IHO aennK, TO f3n 0 cOS e 0 < 1. 

Torna 'IIICniiTenh nonO)KIITeneH
1

1I TaK KaK w- aenn'IIIHa nonO)KIITenbHaSI, TO 

n aHaMeHaTenh TSK)Ke non)KeH 6hiTh. nonO)KIITeneH, T,e. {3n ( w) cosO< 1 . .D.mt

paapeJKeHHOii cpenbr B cnyqae, ecnn noKa3aTenb npenoMneHIISI cTpeMHTCSI K enn

Hnue, aToT cneKTp B caMOM nene nepexonnT B crreKTp pacceSIHIISI cae-ra qacTn

ueil, naii)KyiUeiicSI a aaKyyMe, B nnoTHOi'I cpene npii ManhiX 80 II npn {3n0 nocTaTo'I-

HO 6onblliOM {3n 0oostl 0> 1 n aemrqnaa; · cTOSIIUaSI a qncnn'rene., oTpnuaTenbHa. 

0Tcrona cnenyeT, 'ITO n aHaMeHaTenh nonJKeH 6biTb oTpnuaTeneH, TaKHM o6p~;~-

12 

'• 

a oM, J3 n( w ) ros .0 > 1. TaKoii em 

CBeTa '!aCTIIUefi, .[lBII)Kyl1IellCSI B B! 

B cpene, HeCMOTpSI Ha oco6eHHOCT: 

'HopManhHhiM pacceSIHIIeM". Pace 

cnoco6oM, !jloToH h w 0 IIC'!eaae~ 

caeTa ( pnc, 2). 

HeTpynno y6ennTbcSI, 'ITO ao 

Ta, B caMOM ·nene, !jlopMyny nnSI 

BH.QH0 1 38llliC8Tb II TaK: 

{3 
{3n

0
costl

0
- 1 

W=Wo ------------------; 
1 -{3n(w)oostl 

Mbr 6yr;teM Ha3biB8Tb aTOT BHll pac 

CHMOCTH OT BenH'Il!Hbl 0 O. anec 

B caMoM. nene, ecnii 0 0 

Torna 'IIICniiTenh oTpiiuaTeneH II, 

II Hao6opoT. B o6onx cnyqagx 

n, cnenoaaTenbao, aHoManbHoe .pe 

cBeTa Ha qacTIIUe B ·aaKyyM e, rne 

Ubi. 

HeTpynHo y6ennThCSI, 'ITO a 

.QaeT HeO)KII.[lSHHb!MH OC06eHHOCTSI 

.D.onyCTIIM, 'ITO HCXOJlHblll nyiiOK 

( ros 0 o = 1) II pacceSIHHhiH CB 

(oostl= 1 ).l1HhiMII cnoaaMII 1 yron 

·aoo6me HeT pacceSIHIISI. Tio'ITII o· 

JlOnJKH8 MeHSITbCSI ( 8TO 06SI3aTenbHC 

OnHaKo !jlopMyna ( 1 2) npnaonnx 

THUS ynhTpapenSITIIBHCTCKaSI, ToE 

cnyqae '16CTOT8 .MOJKeT 6b!Tb oqeJ 

paaHo ennHnue. TaKIIM o6paacM, 



paCC9SIHHbiX tPOTOHOB paCT9T 0 KBK' 

TpOH8 ITpii SH9pi"IIII B H9CKOnbKO fsB 

T.e. nopH.r:tKa 10% ero 

Ha.r:tO y~e rrpiiHIIM8Tb 

Ha npu IIany'IeHHH, II ¢opMyna ( 10) 

'In9Ho 'fl .r:t·nSI ITpOCTOTbl 6y.r:ty C'IIIT8Tb; 

npeHe6pe'Ibo Tor.r:ta BCSI'rrpo6neMa 
_.J 

~COB8plli8HHO BHanOI"II'IHO TOMCOHOBCKOMy 

.. nu,-.nnuoe He TOnbKO .r:tnH .r:tBIDK8Hl!SI 'I8CTI!Ubl 

cny'IaSI cpe.r:tbi npoae.r:teHo fa:ltiiiiTIICOM 

cpopMynbi .r:tmt 

npoaHanu3HpoBaHbi numb IT03)K8 
1
BI 14/ •. 

.._"'""''-' 'a cpe.r:te Mo~Ho no aHanoriiii c ( 8) 

e < 1; {3 n ( w) cos 0< 1; 

( 11) 

{3n (w) cos 0> 1. 

Hl!SI cpe.r:tbi .r:tnH UCXO.r:tHOH 'I8CTOTbi w 0 t · 

paCC8HHHOI'O CB8T8 'I8CTOTbl w o Tipl! 

, 8TO ypaBH8Hl!8 0 KOH8'IH0 0 nepeXO.r:tHT_ 

CB8Ta 'IaCTHUeii:, .r:tBli)KYIII8HCH B nyCTOTe 

t ypaBH8HIIe ( 11) CO.r:teplliHT .r:tBe B03MO)K-

' 
T aHanor nnH pacceHHI!H caeTa B nycToTe. 

f3n 0 cos e 0 < 1 • 

w- BenH'IIIHa rrono)KHTenbHaH, TO 

rrono~nTeneH, T.e. f3n ( w) cosO< 1 llnSI-

ITOK838T8nb npenoMneHI!SI CTp8MIITCSI K 8.r:tH- . 

8XO.r:tiiT B CIT8KTp p8CC8SIHIISI CB8T8 'I8CTU

Cp.ene npu ManbiX 00 H IIpii f3no .r:tOCT8TO'I-

. CTOSIIII8SI B 'IIICnHTeneT OTpl!U8T8nbH8o 

.r:tOn)KeH ObiTb OTpiiUaTeneH, TBKIIM o6pa-

12 

'' 
·. 

·. 

a oM, {3 n( w) cos E > 1. T aKoii cneKTp . He nMeeT aHanora npu . pacc~SIHnn 

CB8T8 'I8CTIIU9H 0 .r:tBII~yiiieiiCSI B BaKYYM9o 06a 8TH cny'IaSI paCC8HfiiiH CB8T8 

B Cpe.r:te 0 H8CMOTpSI H8 OC008HHOCTII 0 CBSI38HHbi8 CO . cpe.r:toft, MO)KHO H83biB8Tb 

'HopManbHbiM pacceSIHIIeM"'. PacceSIHIIe caeTa npoiicxo.r:tiiT a.r:tecb o6bi'IHbiM 

CITOCOOOM 0 cpoTOH h Wo IIC'I8389T0 II ITOSIBnSieTCSI tPOTOH h W pacceSIHHOI"O 

caeTa ( piic. 2). 

HeTpy.r:tHo y6e.r:tiiTbCH, 'ITO B03Mo)KeH Ii IIHoii: MexaHII3M pacceSIHIISI cBe

Ta. B caMoM ·.r:tene, cpopMyny .r:tnSI 'IBCTOTbi pacceSIHHoro caeTa MO~Ho, o'Ie

Bll.r:tHo, 38ITIIC8Tb II TaK: 

f3n
0

cos0
0

- 1 
. f3n £FOS00 <1; f3n (w)cosO> l 

W=Wo ( 12) 
1 -f3n(w)cose J3n 9 cos 0> 1; f3 n( w )cos 0< 1 . 

Mbi 6y_r;teM HB3biBBTb aToT BII.r:t pacceHHIISI aHoManbHbiM pacceHHIIeM. B aaau-

CIIMOCTII OT Benii'IIIHbi 0 O 3,[18Cb Mbi TaK~e IIM88M .r:tBa cny'IBHo 

B caMOM .r:tene, ecnn e 0 .r:tOCTBTO'IHO BennKo,. TO f3no cos e 0 < 1' 

Torna/'IHCniiTenb oTpiiuaTeneH II, cne.r:toBaTenbHo, o6HaaTenbHO f3n(w)cos0>1 

u Hao6opoT. B o6onx cny'IaSix nu6o {3n 0 cos00>1, nn6o f3n(w)cos0 > 1, 

II, cne.r:toaaTenbHO, aHoManbHoe ~acceSIHIIe He IIMeeT_ aHanora npii pacceSIHIIII 

CB8T8 Ha 'I8CTIIU8 . B ·aaKyyM e, 1",[18 008 8TII Benl!'IIIHbi BC8I',[l8 M8Hbiii8 8,[11IHII-

Ubio 

HeTpynHo y6ennTbcH, 'ITO aHoManbHoe pacceSIHIIe a caMoM nene .o6na

.r:taeT H90)KII,[l8HHbiMII OC008HHOCTSIMIIo 

llonyCTl!Mo 'ITO IICXO.r:lHbiH nyiiOK CBeTa IIM88T H8IIpaBn8HII8 CKOpOCTII 'I8CTIIUbi 

(COS 0 0 = 1) II pacceSIHHbift CB9T H80niO.[l89TCSI B TOM ~e HarrpaaneHUII 
I 

(cosO= 1 ) .l1HbiMII cnoaaMII, yron. pacce.HliiiSI paBeH Hymo; T.e.,. Ka3anocb 6l.I, 

BOOOIII9 H8T paCC8SIHIISio TIO'ITU O'I9BII.r:tH01 'ITO 'IBCTOTa CB8T8 npu 8TOM lie 

.r:tOn)KH8 M8H~TbCSI ( 8TO OOSI3aTenbHO B cny'Iae ( 8) II Bcerna B03MO)KH0 .r:tnH ( 11)) • 

O.r:tHaKo cpopMyna (12) npiiBo.r:tnT .K IIHOMY peaynbTaTy. llonycTIIM, 'ITO.'Iac

Tnua ynhTpapenSITUBIICTCKBSI 0 T·.e. ' ( 1 -:-{3) << 1. Mbl 3HaeM, 'ITO B STOM 

cny'Iae 'I8CTOT8 -MO)K8T ObiTb O'I8Hb BennKa II n ( w ) rrpii STOM npaKTII'I9CKII 

paBHO e.r:tHHIIUe. TaKIIM o6pa3cM, liMe eM npu e 0 = e =0 

13 



.... 

cu =·wo cu 0 

f3n 0 -1 

1 - f3 
-8 . .. 

( 13) 

norrpaBKa 8 ' Y'IIITb!B8JOW8SI, 'ITO {3n (~) B ailaMeHaTene aaMeHeHO Iia {3, 

IIOJIO)KIITaJibHa1 Toeo HaCKOJlhKO yMeHbW8aT tJaCTOTy W (llei!cTBIITenbH01 nnsr 

O'laHb Bb!COKIIX tJaCTOT n ( cu) MaHbllie eniiHIIUbl ( CMo ( 6) ) 1 II1 cnenoBaTaJibHO 

1- f3n ( cu) B aaaMeHaTene ( 13) neMnoro 6onb!lle1 qe~ 1 -{3 ) • Ecnii He 

ytJIITbiBaTb rrorrpaBKY 8 , To qacToTa ( 13) aoapacTaeT rrono6Ho- ( 10), T.e. 

KaK E 
2 

• qTo KacaeTcsr nonpaBKH 8 , To rrpii aoapacTaHHII E-- oHa 

CTpaMIITCSI K IIOCTOSIHHOH Baffii'IIIHeX/ • TaKHM o6pa30M 1 IIOJlytJaeM, 'ITO rrpii 

aHOM8JlbHOM paCCaHHIIII B CaMOM nene MO)KaT IIpOI!CXOlliiTb 3H8'111TaJlbHaSI TpaH

ccpopM8UIISI tJaCTOTbl 113 H113KOH B Bb!COKYJO rrpii HyJieBOM yrne paccesrHIISio 

-· 3TOT pe3yJibT8T He 6yneT K83aTbCSI rrapanOKCaJlbHbiM, aCJIII IIpiiHSITb BO 

BHIIMaHIIe, 'ITO cpa30B81I CKOpOCTb ?BeTa 'l8CTOTbl W O MaHbllle, '!eM CKOpOC'I'b 

tJ8CTIIUblo qaCTIIUa o6rOHSieT CBeT1 II B CIICTaM e KOopniiHaT 1 - CBSI3aHHOH C qac

TIIUei!1 CBeT nBH)KaTCSI HaBCTpeqy tJaCniUe. TaKIIM o6pa30M1 STOT CJiytJaH 

B aeKoTopol! cTe!IeHn aKanii.aneaTeH cnytJaro paccesrHIIsr cBeTa Ha yron " 

AHoMaJihHOe pacceSIHIIe IIMeeT cywecTBaHHO llHOll MeXaHII3M1 'laM Hop

~~JlbHOe. J.lla oqeab· npocToro KBaHTOBoro paccMoTpeHIISI BbiTeKaeT cnenyro-
- I 14l .. . • 

wee ; npii paccesrunn IIcxonHhm rry'loK cBeTa ue ocna6n~eTcsr, a ycnnnaa-

eTcsr. BMecTo rrornoweniisr ncxonuoro cpoToua hw
0 

rrpoiicxoniiT IIHnyunpoBaH-

aoe IICrrycKaane ¢oToHa hcu , T.e. ¢oTOH hcu o 
0 

npeapamaeTcst B naa 

¢oToHa h w 
0 

, pacrrpocTpaHHJOWnecsr non. yrnoM 8 0 , II, KpoMe TOro, rro-

SIBJISieTCSI cpOTOH paCCaSIHHOrO CBeTa (piiCo 3). 

3apaaee 
1 

6ea norronHIITenbaoro auan11aa aenb3SI yTaep*llaTb1 'ITO c rroMOWhiO 

aHOMaJibHOro pacceHHliSI MO)KHO. yCIIJIIIBaTb rrepBII'lHblll rry'IOK. CB.eTa. B neii:CTBH.;. 

TenbnocTu onuoapeMeH!io c arioManbHhiM · paccesruneM 6yneT rrpoiicxoniiTh 11 .Hop.:.. 
7 

Manbuoe paccesrHne, rrpii KOTopoM caei ocna6nsreTcsr, n HY*HO aHaTb~ aepo-

x/Ecnn rrpnasrTh nnsr-rroKaaaTensr rrpenoMneansr, 'ITO aaancHMOCTb. n(w) 
oT w orrpenemieTcsr. ( 6), To, rronciaansrsr- ee B ( 13), aeTpynao aalt'I'n aTo 
rrpenenbaoe 3aaqealie 8 , cooTaeTcTayromee' 6onhiiiHM E: 

w 2 

8 = p 

2wJ ~n0-1) 

14 

HTHOCTb KaKoro II3 81 

ecnii cBeT ~arrpaBneH 1 

Ha nocTaTotJHo aeniiKl 

nene 6Y.neT 6onbllle, 'l 

Toro )Ke rropsrnKa, KaK 

O'leHb Mana, ~ Ili;>STO~ 

B na6opaTopHbiX yc 

TaHCIIBHOM ITY'IKe CBe~ 

pacceSIHHbiX cpOTOHOB 

ewe yqecTh pHn Henn 

HTHOCTb aHOMaJibHOrO 

o6Hapy)KIIMo aKcrrepiil 

1. E.n.ciJetia6epr. Ycl>l 

2. B.n.riiHa6ypr II H. 

· 3. Vl.M .cPpaHK. YclJH, 

cl>J.llAH, A-76, Moe 

4. Vl.M.cl>paaK. Ho6em 

397 (1964) IIJIII .. _cl>: 

5. B.E.hacpoMoB II Vl.JI 

6.- M.n. Tep-MIIKaansrH 

7. r.M.rapn:6SIHo- )KSTc 

8 0 J.ll.M.cl>paHKo- .l13Bo A 

9. B.fl.J:'IIH36ypr. II Vl.J 

10. cl>.P .ApyTJOHSI~ II E 

11. 0.4>~KyniiKOB1 10.~ 

1591 ( 1964_); Pl 

C.Bemporad, R.I 

1548 (1965). 

12. A.raii:niiTIIc. Panm 

L· 646 (1964). 

13. B.H.llb!TOBII'l. llAl 



wo 
f3n 0 -1 

1 - f3 

romaR, 'ITO f3n ( w) 

- 0 • 
,(13) 

a aHaMeHaTene aaMeHeHo Ha {3, 

OnbK? yMeHblllaeT 'laCTOTY W (llefiCTBHTenbH0 1 AnSI 

MeHbllle eanHHUhi (eM. ( 6) ) , n, cneaoaaTeni.iio . 
( 13) H91\IHOro 6onbllle 1 '19M 1 -{3 .. ) • Ecnn He 

, TO qacToTa ( 13) aoapacTaeT rroao6Ho · ( lO), T.e. 

nonpaBKH 8 , TO npn aoapacTaHHH E.. oHa 

aemi'IHHex/. TaKHM o6paaoM, rronyqaeM, 'ITO rrpn 

3Ha'IHTenbHaSI TpaH

Ofi a BhiCOKyro rrpn HyneaoM yrne pacceRHHSI. 

6yaeT KaaaTbCSI rrapaaoKcanbHhiM, ecnn rrpnHSITb ao 

CTb CB9Ta '!aCTOThl W 
0 

M9Hblll91 '19M CKOpOCTb 

CBeT, -II B CHCTeM e KOOpAHHaT, · CBSI3aHHOI1: C '!aC

eqy qacTnue. TaKHM o6paaoM, aToT cnyqafi 

cny'laiO pacceSIHHSI caeTa Ha yron 1T 

UM99T cymecTBeHHO HHOH M9XaHH3M1 .'!eM HOp-

oro KBaHTOBOrO paCCMOTpeHHSI BbiTeKaeT cneAyiO-

ocna6nSieTcSI, a ycnnuaa

hw0 rrpoHCXOAUT HHllyUUpOBaH-

' T.e. tPOTOH hw o npeapamaeTCSI B ABOI. 

IJGIHH!OliiU9CSI llOJ:l. yrnoM 8 O , u, KpoMe TOro, no-

Tenbaoro · aHanuaa aenbaSI yTaep:>K!laTb 1 'ITO c rroMoiUbiO 

~mo· ycunuaaTb rrepBU'IHbiH ny'IOK' cii'eTa. B nefiCTBH.;_ 

C aHoManbHbiM pacceSIHUeM 6yaeT rrpOUCXOJliiTb U HOp.:. . 
. ' 7 

KOTOpOM CBeT ocna6nSieTCSI, U HY*HO 3HaTb~ Bepo-

JlnSI· fiOKa3aTenSI npenoMn9Hl!SI1 'ITO 3aBHCHMOCTb • n( w) 
(6), To, fiOJlCTaBnSISI ee B (13), HeTpyJlHO HafiTH STO 
o , cooTseTcTsyromee 6onbwnM E: · 

w2 
0 = p 

2wJ ,Bn0-1) 
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SITHOCTb KaKoro U3 9TUX rrpouecCOB 6onbllleo Mo*HO llOKa3aTb1 OAH8K01 'ITO 

ecnu caeT ~anpaaneH a aanpaaneHnn cKopocTn aneKTpoaa u aaep~uSI aneKTpo-

Ha l{OCTaTO'IHO aenUKa, TO BepOSITHOCTh aHOManbHOro pacceSIHUSI'B CaMOM 

aene 6yaeT 6o~bllle 1 qeM HopManbHoro pacceSIHUSI.-OaHaKo aepoSITHOCTb-9Ta 

Toro *e nopRaKa1 KaK a¢<PeKTUBHoe ce'!eHue ToMcoaoacK~ro pacceRHUSI1 T.e. 

o'!eHb Mana, u n~aToMy ycuneaue caeTa 6yaeT HU'ITO*HO no KpafiHefi Mepe 

B na6opaTopHbiX ycnoBimx •. XoTSI aepoRTHOCTb rrpouecca Mana, Ho a nH

TeHcUBHOM ITY'!Ke CBeTa 'IUCnO cnyqaeB aHOManbHorq pacceSIHHSI1 T.e. 'IHCno 

pacceSIHHbiX tPOTOHOB I l{OmKHO. 6b!Tb 3Ha 1UITenbHbiM. npu 9TOM cne.llyeT 

eme y'!eCTb pSill HemiHefiHblX atiJ¢eKTOB1 KOTOpbie MOryT yaenU'IHTb Bepo

SITHOCTb aHOManbHOrO paCC9SIHUSI U MO*HO nyMaTb 1 'ITO STO SIBneHne' BITOnHe 
. I 
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