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KaK xopowo ~3secTHo, cneKTp peHTreHoscKoro nepeXOAHoro ~3-
ny4eH~H npOCT~paeTCH AO HeKOTOpO~w~p.> sen~4~Ha KOTOpO~ B03pac
TaeT nponop~~oHanbHO nonHo~ 3Hepr~~ 4aCT~~~ E. AnH 4acToT 
w > w~p. ~HTeHc~BHOCTb 6biCTpo naAaeT. Mo>KHO nono>K~Tb 

w E 
w "'..:;;:,p-(-), 
~p. ..;2 Mc2 

/1/ 

rAe M - Macca 4aCT~~~. a wp - TaK Ha3~saeMaH nna3MeHHaH ~n~ 
neHrM~POBCKaH 4aCTOTa cpeAbl, Ha rpaH~~e KOTOpO~ B03H~KaeT ne
peXOAHOe ~3ny4eH~e 

w2~ ~~ 
P m 

/2/ 

/N - nnOTHOCTb 3neKTpOHOB B cpeAe, e ~ m - 3aPHA ~ Macca 3neK
TpOHa/. np~ 3TOM, nOCKOnbKy rpaH~~a np~ W~p. He HBnHeTCH pe3KO~, 
a TOnbKO 3~~eKT~BHOH, TO B 4~CneHHOM K03Q$~~~eHTe ~OpMyn~ /1/ 
~MeeTCH HeKOTOP~H, He 04eHb 3Ha4~TenbH~H, np0~3BOn. 

no-B~A~MOMy, He HBnReTCR o6~e~3BeCTH~M, 4TO Wpp.~MeeT npo
CTO~ ~~3~4eCK~H CM~Cn. KaK 6vaeT B~UHO ~3 aanbHeHwero, oeHTre
HOBCKOe nepeXOAHOe ~3ny4eH~e pacnpOCTpaHHeTCH Ha o6naCTb 4aCTOT 
w < w ~p. , AnR KOTOP~X CKOpOCTb 4aCT~~bl npeBbiWaeT rpynnoey~ CKO
pOCTb CBeTa B cpeAe, 3Ty OC06eHHOCTb Wp , MO>KHO 6~no 6~ C4~TaTb 
cny4aHHbiM coenaAeH~eM, ecn~ 6bl oHa He g~na xapaKTepHa AnH w~po
Koro Kpyra RBneH~H, CBR3aHH~X C ~3ny4eH~eM 4aCT~~, AB~>KY~~XCR B 
cpeAe B TOM cny4ae, KOrAa AnR ero B03H~KHOBeH~H ~MeeTCH noporo
BaH CKOPOCTb. 

B caMoM Aene, AnR ~3ny4eH~H ceeTa AaHHOH 4aCTOT~ ecerAa cy
~ecTBeHeH noKa3aTenb npenoMneH~H, COOTBeTCTBy~~~H 3TOH 4aCTOTe, 
T.e. ~a3oeaR cKopoCTb ceeTa. 0AHaKo, ecn~ ~cKaTb noporo-
ey~ 4aCTOTy, AnH B03H~KHOBeH~H CaMOrO RBneH~H ~n~ HOB~X ero OCo-
6eHHOCTeH, TO OH~ ecerAa onpeAenH~TCR een~4~HOH rpynnoeoH CKO
POCT~ no cpaeHeH~~ CO CKOpOCTb~ 4aCT~~bl. 

B 1942 r. aeTop 3TOH cTaTb~ paccMoTpen oco6eHHOCT~ 3~¢eKTa 
Aonnepa e npenoMnH~~eA cpeAe/1/, BbiRCH~ncR PRA oco6eHHOCTeA, 
onpeAenReMbiX noKa3aTeneM npenoMneH~R, TaK~x, KaK cno>KHbiH 3~~eKT 
Aonnepa /pac~enneH~e AOnnepoecKoH 4aCTOTbl Ha HecKonbKo KOMno
HeHT/ ~ aHoManbHbiH 3~eKT Aonnepa /3~~eKT Aonnepa np~ ceepxcee
Toeo~ CKOpOCT~/. DblnO Ha~AeHO ycnoe~e, np~ KOTOpOM 3T~ 3¢~eKTbl 
B03H~Ka~T. 

roeopR 0 paccMOTpeHHOM MHO~ 3~~eKTe Aonnepa B cpeAe, B OAHOH 
~3 CBO~X neK~~H n.H.MaHAenbWTaM noA4epKHyn ponb ~a30BOH CKOpOCT~ _ .... ""' .. ""''. 
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CBeTa B 3THX RBneH~RX ~ ynOMRHyn BMeCTe C TeM, 4TO ~ rpynnoBaR 
CKOpOCTb TaK>Ke 6biSaeT CYI4eCTSeHHa*. Ha MO~ sonpoc OH OTSeT~n, 
uTa ~Men s s~AY ~MeHHO noporos~e RsneH~R s 3~~eKTe Aonnepa.npeA
nonaranocb, uTo OH~ cTaHyT npeAMeTOM Hawero cosMeCTHoro o6cy>KAe
H~R, OAHaKO 6one3Hb ~ KOH4~Ha n.~.MaHAenbWTaMa noMewan~ 3TOMy. 
OcTanOCb He~3SeCTH~M, KaK~e ~~3~4eCK~e coo6pa>KeH~R n.~.MaHAenb

WTaM SKnaA~San S 3TO yTsep>KAeH~e. 
4To KacaeTcR nonyueHHoro MHO~ noporosoro ycnos~R,TO ero csR3b 

c rpynnoso~ cKopocTb~ oKa3anacb 3neMeHTapHo~. To >Ke caMoe 6~no 
SbiRCHeHo ~ AnR ~3nyueH~R Bas~nosa-4epeHKosa /s cnyuae aH~30TPOH
H~x cpeA 3TO He 6~no 3apaHee oueS~AHO/. 06o seeM 3TOM MHO~ 6~no 
cKa3aHo no3>Ke s Ho6enescKo~ neK~~~ 1958 r. /3,4/. 

06paT~MCR K paccMoTpeH~~ 3Toro sonpoca AnR cnyuaR nepexoAHOro 
~3nyueH~R. AnR 3Toro RsneH~R oueHb cy14ecTseHHa sen~u~Ha TaK Ha-
3~BaeMo~ KorepeHTHo~ An~H~ /ee uacTo Ha3~sa~T An~Ho~ ~OPM~posa
H~R $OTOHa/. no onpeAeneH~~. KOTopoe 6~no AaHo e14e s 1942 r., 
KorepeHTHaR An~Ha pasHa /1/**: 

f'(uJ) ~' -~--"..V.. ________ . /3/ 
'" (1 - {3n(uJ) cos IJ) 

Oco6eHHO npocTo np~MeHeH~e KorepeHTHO~ An~Hbl f' s cnyuae peHT
reHoscKoro nepexoAHoro ~3nyueH~R, nocKonbKY oTpa>KeH~eM ~ npenoM
neH~eM sonH Ha rpaH~~e pa3Aena MO>KHO npeHe6peub. H3secTHO, uTo, 
ecn~« Uil<T~«tl"' 

CR S KaKo~-TO T04Ke, TO B03H~Ka~l4ee np~ 3TOM none TOpM03HOrO ~3-

nyueH~R onpeAenReTcR nonos~Ho~ KorepeHTHO~ An~H~, np~M~Ka~14e~ K 
TOuKe ocTaHoSK~. Hao6opoT, ecn~« uaCTI<1~a MrHoseHHO ycKopl<1nacb 1<1 
ywna s 6ecKOHe4HOCTb, TO none onpeAenReTcR nonos~Ho~ KorepeHTHo~ 
Ani<1H~ Y T04KI<1 YCKOpeHI<1R /3HaK~ nonR S 3TI<1X cny4aRX, KOHe4HO,npo
TI<1SOnOnO>KH~/. TpaeKTOPI<1~ uacTI<1~~. nepeceKa~14e~ rpaHI<1~Y cpeA~ 1<1 
SaKyyMa,MO>KHO pa361<1Tb Ha ASa yuaCTKa - S cpeAe AO rpaH~~bl pa3-
Aena ~ s saKyyMe - oT rpaH1<1~~ pa3Aena. 0TC~Aa cpa3y nonyuaeM, 
4TO 3Hepri<1R nepeXOAHOrO 1<13nyueH~R onpeAenReTCR pa3HOCTb~ nonR 
OT nonOSI<1H~ KOrepeHTH~X An1<1H S cpeAe 1<1 SaKyyMe. 3TO 3neMeHTap
H~M o6pa30M np~SOAI<1T K ~3secTHO~ $OpMyne AnR 3Heprl<11<1 nepexoA
Horo 1<13nyueHI<1R /s eA1<1HI<1~e TenecHoro yrna s HanpasneH~I<1 0 no oT
HoweHI<1~ K CKOpOCTI<1/ 

*YnOMI<1HaH~e 06 3TOM 1<1MeeTCR S ony6ni<1KOSaHHOM TeKCTe neK~~~ 
n.H.MaHAenbwTaMa/2/ 

~OHa 6~na sneps~e np~MeHeHa K paccMoTpeH1<1~ 3$¢eKTa Aonnepa, 
~ R Ha3san ee 30HO~ QpeHenR, TaK KaK Ha 3TO~ An1<1He $a3a 1<13ny
uaeM~X SOnH MeHReTCR Ha rr. 
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1 - f3 cosO 
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/4/ 

3AeC b npHHRTO SO SH~MaH~e, 4TO S o6naCTI<1 peHTreHOSCK~X uaCTOT 

2 

n:l- ~. /5/ 
2w2 

Oues~AHO, 4TO 3Hepr~R ~3nyueHI<1R He Mana AO Tex nop, noKa pa3-
HOCTb 0601<1X 4neHOS S KSaApaTHO~ CK06Ke Cyi4eCTBeHHO OTn~uHa OT 
HynR. AnR 3Toro, oues~AHO, Heo6xoA~Mo, uTo6bl 

2 w 
(1 - f3 coso) 5: _J!.._ f3 cos e. !61 

2w2 

npHMeM, S KaueCTSe noporOBO~ senH4HHbl Wrp. TaKy~, AnR KOTOpO~ S 
ypasHeHHH /6/ ~MeeT MecTo paseHcTso. TorAa cpa3y nonyuaeM 

v cos 0 ~ 
c --2--

1 + -~L-
2w2 

rp. 
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Beni<141<1Ha, cTORI4aR s npaso~ uacT~ /7/, He uTo HHoe, KaK rpynnosaR 
CKOpOCTb CSeTa W(uJ;,p) AnR uaCTOTbl Wrp· 
TaKHM o6pa3oM, ycnos~e nopora* 

v cos 0 ., W (wrp. ) • !81 

3To >Ke noporosoe ycnos~e ~MeeT MecTo AnR 1<13nyueHI<1R Basl<1nosa-4e
peHKosa 1<1 AnR cno>KHoro 1<1 aHOManbHoro 3¢¢eKTa Aonnepa. Ecn~ nopo
rosoe ycnos1<1e SblnonHeHo, TO s 3TI<1X 3¢~eKTax 1<13nyueH~e pacnaAa
eTcR Ha HeCKOnbKO KOMnOHeHT, npl<14eM no Kpa~He~ Mepe AnR OAHO~ 
cKopocTb uacT~~~ npes~waeT rpynnosy~ cKopocTb. B cnyuae peHTre
HoscKoro nepexoAHOro H3nyueHHR npH w < w rp. rpynnosaR cKopocT b 
MeHbWe W(wrp.) 1<1, cneAOBaTenbHO, AnR OCHOSHO~ uaCTH ~3nyueHI<1R 

CKOPOCTb uaCTI<1~~ npes~waeT rpynnosy~ CKOPOCTb CSeTa. no-SHA~MOMy, 

rpynnosaR cKopoCTb s noporos~x RsneHI<1RX 1<1rpaeT TaKy~ >Ke ponb, 
KaK 1<1 ¢a3oBaR AnR 3aAaHHO~ uacToT~. 06~uHoe nepexoAHOe 1<13nyue
H1<1e, TaK >Ke KaK 1<1 o6~4H~~ 3¢¢eKT Aonnepa, He RSnR~TCR noporos~
MI<1, 1<1 K H~M 3TO Henp~MeH~MO. 

*TaKO~ >Ke nopor ~MeeT MeCTO B 3¢$eKTe nnOTHOCTI<1 TOpM03HOrO 
~3nyueH~R, Ha~AeHHOM M.n.Tep-M~KaenRHuM/5 /. 06 3TOM R rosop~n 
e14e Ha 3ai4~Te ~<1M AOKTOPCKO~ A~CcepTa~~l<1. 3¢~eKT nnoTHOCT~ ~ 

peHrreHoBcKoe nepexoAHOe 1<13nyueH~e OAH03Ha4HO CSR3aHbl APYr c 
APYroM. 
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2 
3aAaB 3<)><)>eKH1BHYIO senVI4VIHY (} AilR AaHHoro v , a VIMeHHO (}- -~ 

E 
Vl3 /7/, s caMOM Aene MO~Ho nony4VITb wrp.• cornacy10~eecR c /1/. 

Cy~ecTBeHHO OTMeTVITb, 4TO s peailbHOM cny4ae c4eT4VIKOB nepe
xoAHoro VI3Ily4eHVIR VICnOilb3yeTCR CYMMVIpoBaHVIe vt3Ily4eHVIR OT MHO
rvtX rpaHVII..I paaAena. 11 TOil~vtHbl cnoes se~ecTsa VI npoMe~yTKVI Me~
AY HvtMVI npVI 3TOM, KOHe4HO, orpaHVI4eH~. 04eBvtAHO, 4TO BeilV14VIHY 
3HeprVIvt vt3 ypaBHeHVIR /4/ MO~HO YMHO~aTb Ha 4VICI10 rpaHVII..I pa3Ae
Ila TOilbKO B TOM Cily4ae, KOrAa npoMe~yTKVI Me~AY CilORMVI BeilVIKVI 
no cpaBHeHVIIO C Beilvt4vtHO~ KorepeHTHO~ AilVIH~, KOTOpaR B BaKyyMe 

E2 
pacTeT KaK -- • EcnVI 3TO ycnosVIe He BblnonHeHo, TO 3HeprVIR vta-

M2c4 
ny4eHVIR 6yAeT CHVI~eHa. 3To paccMaTpVIeanocb e~e e Ho6enescKo~ 

IleKI..IVIVI 1958 r. AilR Cily4aR BvtAvtMOro CBeTa VI ABVI~Y~YIXCR npOTOHOB. 
npvt 3HeprVIVI npOTOHOB 10 11 38 VI BVIAVIMO~ 06IlaCTvt cneKTpa KOrepeHT
HaR AilVIHa OKOilO 1 MM, HO npVI 3HeprVIVI 10 14 38 OHa AOCTvtraeT KVIIlO
MeTpa. 3Ta senVI4VIHa y~e HepaayMHaR, c T04Kvt apeHVIR na6opaTopHo
ro 3KcnepVIMeHTa. TaKVIM o6paaoM, AilR C4eT4vtKOB BVIAVIMoro cseTa 
npvt CBepXB~COKVIX 3HeprvtRX B03HVIKaiOT orpaHV14eHVIR, 3aBVICR~vte OT 
Mace~ nOKOR 4aCTVII..I~· 6~Tb MO~eT, CO epeMeHeM 3TO 6yAeT vtMeTb 
VI npaKTVI4ecKoe 3Ha4eHVIe AilR ceneKI..IvtVI 4aCTVII..I. 8 peHTreHOBcKo~ 
o6nacTVI cneKTpa VI3Ily4eHVIR TaKvte orpaHvt4eHvtR He3Ha4VITeilbH~ /oHVI 
MOryT npORBilRTbCR TOilbKO B caMO~ MRrKO~ 4aCTVI cneKTpa/. 
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PyKonvtcb nocTynvtna e VI3AaTeilbCKvt~ OTAeil 
18 aerycTa 1983 roAa 

<l>paHK H.M. P2-83-597 
0 noporosoH: qacToTe peHTreHoBcKoro nepexo~Horo H3nyqeHHH 

PaCCMOTpeHa CBH3b noporOBOH qacTOThl peHTreHOBCKoro nepe
XO~HOro H3nyqeHHH C rpynnoBOH CKOpOCTbffi CBeTa B Cpe~e. 06c~a
eTCH ponb KorepeHTHoi'! ~HHhi B cqeTqHKax nepexo~Horo H3nyqeHHJI. 

p a6oTa BbinOnHeHa B fla6opa TOPHH HeH:TpOHHOI1 cPH3HKH OlliiH. 

Frank I.M. P2-83-597 
On the Threshold Frequency of x-Ray Transition Radiation 

The relation between the threshold frequency of x-ray 
transition radiation and the group velocity of light in the 
medium is considered. The role of coherent length in transi
tion radiation counters is discussed. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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