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Huoicecopodckuii eocynusepcumem

aHHoOmayus
[IpennosxeHpl cXeMbl OIBITOB O MPOBEPKE OATTUCTUYECKONW TECOPHH, aTbTEPHATUBHON CIie-
[IUAJTLHON TEOPHUH OTHOCUTEIBHOCTH, U TI0 TIpoBepke 3¢ dekTa Puria meTomamu nazepHoi pu3nkw,
C IPUMEHEHUEM TeHEepPaTOPOB (PEMTOCEKYHAHBIX JIA3€PHBIX UMITYJIbCOB M BAaKyYMHOM 3JIEKTPOHUKH.
HccnenoBanbl cxeMbl IKCIEPUMEHTOB Ha YCKOPUTENSAX MO U3MEPEHUIO CKOPOCTH PEISTUBUCTCKUX
U yJIbTPAPEISATUBUCTCKUX YACTHUI] BPEMSIMPOIETHBIM METOAOM U MO CPABHEHHIO €€ CO CKOPOCTHIO
CBETa, a TAKXKE M0 TECTUPOBAHUIO COOTHOLIEHUI MEXIY CKOPOCTHIO, UMITYJIbCOM U SHEPIHUEH.

Cornacuo 6ammcruaeckoit Teopun Putna (BTP), npennoxennoit B 1908 r. B kauecTBe ajb-
TepHATHUBBI crienuanbHOl Teopun oTHOocuTenbHOCTH (CTO), BEKTOp CKOpOCTH CBETa €' OT ABHXKY-
LIErocsl UICTOYHMKA OIpPENEsIeTCsl KaK BEKTOpHAas cymMMa CKOpocTH V UCTOYHMKA B MOMEHT H3ITy-
YEeHUs1 U CTaHIApPTHOM CKOPOCTH CBETa ¢ OTHOCHUTENbHO McTouHuKa. Hamporus, B CTO ckopocTh
CBETa OJMHAKOBA BO BCEX CHUCTEMax OTCYETa U paBHA c. Jlo HaCTOSIIEro BpEMEHH CUUTAIOCH, YTO
Bce 3kcnepuMenTsl noareepxkaaoT CTO n npotuBopedar bTP. Ho psan oneiros [1, 2] cBunerens-
CTBYET B I0JIb3Y OAJUTMCTUYECKOI 3aBUCUMOCTHU

¢'=ct+V. (1)

JlnurenbHOE BpeMsl SKCIIEPUMEHTAIBHO HE yaBajoCh OOHApYXUTh 3Ty 3aBHCHUMOCTb, IIO-
CKOJIbKY HE YYMTBIBAJICS 3(PQPEKT Mepen3nyuyeHus: cBeTa B onTuueckux cpeaax. Kak mokaszan JIx.
®okc [2], Ha ocHOBaHMU TeopeMbl OBanbaa-O3eeHa, CBET C IJIWHOM BOJHBI A U CKOPOCTHIO
¢'=c+ V, npoxoas uepe3 cpely ¢ MOKa3aTenaeM MPeIOMIICHUS /1, epeu3nydaeTcsl cpelol u ABH-
JKETCsl Jlajiee CO CTaHAAPTHOM CKOpocThiO c. Ilo onenkam Pokca nepensinydeHue UAET Ha JUIMHE
SKCTUHKIMU [ = M/2m(n — 1), a mpu paccestHUH B IJIa3Me ¢ KOHIIEHTpaluei 3IeKTPOHOB N, [yinHa [ =
(NAro)™!, rae ro — KIaccHuecKnii paamyc SIeKTpoHa. Tak, mpH aHaniu3e HaGIIOACHHH IBOMHBIX
3BE371 3aBUCUMOCTH (1) He Oblia 0OHapy»keHa, MOCKOJbKY CBET Mepeusiydancs Ha JuiMHe [~ 1 cB.
roga [2]. Emé cioxnee 00OHApY>KUTh MEPEMEHHOCTh CKOPOCTH CBETa B JJAOOPATOPHBIX IKCIEPH-
MEHTaX, T.K. JUIsl CBeTa JJIMHA SKCTUHKIUU B Bo3ayxe /~ 1 mm (mpu n = 1,0003), a B onTHdecku
IJIOTHBIX Cpeaax, Tuma ctekia, / ~ 1 mkMm. Takum o6pa3om, CKOPOCTh CBETa OT ABMXKYIIUXCS HUC-
TOYHHMKOB YK€ B CAMOM Hayaje IyTH JOCTUrajla CTaHAapTHOI'O 3HAUEHMUS C.

Jns ofHO3HAYHOHM MPOBEpKH OammucTudeckoi 3aBucuMocTd (1) mpemaranoch MPUMEHUTH
demrocexyHnaubie nazepsl (B. [Toaropusrii [3], B. CokonoB [4]), AMTUTENbHOCTh UMIYJIBCOB KOTO-
pBIX (Aty~ 10" ¢) mosBosster m3MepsiTh pasHOCTH BpeMEH xoma Af ~ 10 ¢c y Iyueii, CKopocTs of-
HOTO U3 KOTOPBIX — ¢, a Apyroro — (¢ + V), npu IBUKEHUU BTOPOTO UCTOUYHHKA OTHOCUTEIIBHO Tep-
BOro co ckopocthio V. Ha mponérnoii 6aze L ~ 10 M nipu V' << ¢ pa3HOCTh BPEeMEH X0/J1a COCTaBUT

At=Llc—L/(c+ V)= LVIc* )
u obHapyxurcs (At~ Aty ) npu V'~ 100 m/c, noctixumoit B 1aboparopun. B CTO Bcerga Af = 0.
Taxoilt onbIT MOKHO BBINOIHUTE 1O cxeme B.M. Cekepuna [5] ¢ nmoaBmxHOM miatdopmoii, HO 6e3
3epKal U ¢ MPIMEHEHHEM B Ka4eCTBE UCTOYHUKA (DEMTOCEKYHIHOTO Jla3epa, MPUIEM CKOPOCTh UM-
MyJILCOB CBETA ONpeAeNseTcs 0 CUTHAlIaM JIByX JIETEKTOPOB B Hadaje M B KOHIE m1atdopMel. Bo
n30exaHue Nepen3yuyeHus: B BO3AyXe MyTh CBETAa OT MOMEHTA MCIyCKaHUS U 10 MOMEHTa PETUCT-
pauMu J0JDKEH IpoJierath B BakyyMme. T.e. u3iaydarenb U NPUEMHUKU M3JTyUeHHs CIeIyeT pa3Mec-
TUTh B BAKYYMHOM KaMepe U HUCKJIIOUUTh MTPOXO0KICHUE CBETA Yepe3 Mpo3payHbie cpenbl. [lockomnb-
Ky myTh Jiyya L = 10 M, a AnTuHa SKCTUHKIMHU / ~ 1 MM, TO AJI UCKJIIOUCHUS NIEPEN3TyUeHUs] BaKyyM
nomKeH 6bITh Topsiaka [/L=10", T.e. naBnenne mopsaka 10 ITa, 9TO JErKO peanu3yemo.

PaccmoTrpuM mpocteiiiyio cxeMy 3KCHEepUMEHTa — € NMPUMEHEHHEM OJHOIO0 JEeTEKTOpa U
JBYX ITOJBMKHBIX JIA3€PHBIX MCTOYHHKOB (HAIIPUMED, AUOTHBIX JIa3epoB ¢ Afy~ 10" ¢), cunrxpon-
HO TeHepupyroumux uMiyischl (Puc. 1.a) nim aAByX CBETOBOIOB Ha OBICTPO KPYTSILEMCS JTHUCKE,
CBSI3aHHBIX C HEMOJIBUKHBIM JIa3€pOM Yepe3 NEPUCKOMNYECKYIO CUCTEMY 3€pKall Ha OCH BpallleHUs
(Puc. 1.6). Beixoasl cBETOBOAOB pa3MeIleHbl B JUAMETPAIbHO MPOTHUBOIOIOXKHBIX TOUKax 1 u 2
JIICKA, KPYTAILIErocss ¢ 4aCTOTOM ®, TaK YTO OJMH MCTOYHHUK JIBUJKETCS K JIETEKTOpY, a APYroi —
ynansercsi co ckopocteio V' = oR. Hanbonee ygo6Ha cxema, o KOTOpOil o 0001y Bpallaroierocs

1



AUCKa IMPOJIOKEH CBETOBOJ KOJIBLCBOI'0 BOJOKOHHOI'O (beMTOCGKYHI[HOFO Jla3cpa € IByMsA BbIXOJa-
Mu 1 u 2. Toraa ycioBue CUHXpPOHHOW TeHEpalMd MUMITYJIbCOB Ha BbIXoAax | u 2 OyJeT BbIMOI-
HATHCSA aBTOMATHYCCKHU, €CJIN IIOCTaBUTh Ha OJHOM H3 BBIXOJ0B JIMHUIO 3anep>1<1<1/1 B BHJIC y‘-IaCTKa
BOJIOKHA JUTMHOHN b = mR. ®OTOIETEKTOP WU aBTOKOPPENSATOP HA PACCTOSHUU L M3MepseT 3a1epiK-
Ky
At=L/(c—V)—Ll(c+ V)= 2LVIc,

MEX]y UMITyJIbcaMH. YTOOBI paccTosiHUA L OT MCTOYHUKOB 10 (POTONETEKTOPA COBMAIH, CIEIyET
CKOJUIMMHUPOBATH JIA3CPHBIC JIYUH TaK, 4TOOBI CBET PEruCTprupoOBAJICA JIMIIb U3 TOUYCK 1lmn 2, paBHO-
YIlaJ'IéHHI)IX oT I{GTGKTOpa, HpI/I reHepauI/m I/IMHYJ'II)COB CI/IHXPOHHO C HpOXO)KI[eHI/IeM OTUX ITOJIOXKEC-
HUM. CI/IHXpOHHyIO TCHCPALIUIO MOKHO OCYHICCTBUTH MOCPEACTBOM OITOAKYCTHUYCCKUX HIIU DJICK-
TpOOHTI/I‘IGCKI/IX 3aTBOp0B, CI/IHXPOHI/I?;OBaHHI)IX C BpaHIeHI/IeM JAUCKa, J'II/I6O OpFaHI/ISOBaTB BHCIII-
HIOIO CHHXPOHH3AIUIO, MOIYJIUPYsl JOOPOTHOCTH Jia3epa C YaCTOTOW BpalieHus Aucka. UToOsl uc-
KIIOYHTH 3 (PEKThI yBIeUeHUs, OTPAKECHUS CBETA, B PE3YJIbTaTE KOTOPBHIX CKOPOCTH CBETA B CpEJIe
CJIIOKHBIM 06p8.30M 3aBUCUT OT CKOPOCTHU CpCIbl U ITOKA3aTCJIA NPCIOMIICHUA 71, UMITYJIbCBI JIa3€pa
MOKHO HCTIOJIb30BaTh B KAYECTBE MMITYJIbCOB HAKaYKH M CUTHaia (pump-probe). B takom ciydae
u3nyydarteneM OylyT aKTUBHbBIE I/IOHBIV Ccpenbl (SOﬂOKHC? Ha nepudeprn BpaIlaroIerocs TUcKa.
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Puc. 1. CxeMbl yCTaHOBOK 110 CPAaBHEHUIO CKOPOCTEH CBETA OT ABMIKYIUXCSI HCTOUHUKOB.

[Ipu BpalieHnn KONbLEBOIO BOJOKOHHOTO Ja3epa paCCUHXPOHU3ALUS U3ITyUYEHUsI UMITYJIbCOB
W3 OTBETBJIEHUU CBETOBOJAA | M 2 MOXET MPOU30MTH M 3a CYET nedopmaruu onToBosiokHA. [Ipu
BpALICHHH C YacToToit ® = 200 ¢ ' CBETOBO/A, IPONIOKEHHOTO BHYTPH CTATHHOTO IITHHIPA PATHy-
ca R=0,5 m, oTHOCUTEebHAs ne(opMalys ONTOBOJIOKHA ONpeaessieTcs AeGopManuei UInHApPa |
COCTAaBUT BEJIIMYUHY € = pRzon/ES~ 107, roe p u E; — muotHOCTh M Moaynb FOHra nns cramu. Ilpu
9TOM, U3MEHSIETCS JUIMHA BOJIOKHA U MTOKa3aTelb nperomieHus. B cymme tu 1Ba hakropa BeAyT K
MOSIBIICHUIO Ha JJIMHE BOJOKHA b = MR MeXIy BhIXoJamMH | M 2 CBETOBOAA JOMOJHUTEIBHON 3a-
nepxxku Aty ~ (bn/c)e ~ 1075 C, T.€. Ha MOPSAAO0K OOJIBIIE 0KUIAEMOM 3aICPKKHA Af ~ 107 C, BO3HHU-
Kalolle B paMKax OaITMCTUYECKON TeopuH 3a c4€T ABrKeHHs. [losToMy mis uckimoueHus n1oda-
BOYHOIO 3ala3JplBaHusl Af; KOMIIEHCHUPYIOIIUN y4acTOK BOJIOKHA (JIMHUIO 3aJ€p>KKHM) HAI0 Ipo-
KJIa/IbIBaTh TaK K€ MO OKPYXXHOCTH, KaK OCHOBHOE BOJIOKHO, YTOOBI YAJMHEHHUS AYT b BOJIOKOH
KOMIIEHCUPOBAJIH IPYT Ipyra.

BaxxHoe orinume GaMCTHUECKO TeOpuHu OT ONTHKH U nekTpoauHamuku CTO coctout B
TOM, YTO JUIMHA BOJHBI CBETAa B BaKyyMe€ — 3TO (DyHKLUS HE TOJBKO PETUCTPUPYEMOM HacCTOTHI
f = f(1-"V,/c). CautaeTcs, 94TO B BaKyyMe JUTMHBI BOJH A, A" OJTHO3HAYHO OMpECNIOTCs uepes f, 1

A=clf, N =clf’,
a B 0JTMCTUYECKOH TeOpUH JUIMHA BOJIHBI OT UCTOYHHKA C JIy4€BOIH CKOPOCTHIO V) COCTaBUT
N=(-V)f'=\ 3)

Taxkum 00pazom, IIMHA BOJHBI A” 3aBUCUT HE TOJIBKO OT M3MEPEHHOM YacTOTHI /', HO M OT JIy4eBOU
CKOPOCTH MCTOYHHKA V.. A L', BeIpaXeHHasl 4yepe3 4acToTy McTouHuka f = f'c/(c — V,), HanpoTHB,
COBMAJIAaeT C JTMHON BOJIHBI HETIOIBMKHOTO UCTOYHHUKA A = ¢/f = A ¥ HE 3aBUCHUT OT CKOPOCTH V.
Torma mpoBepUTh CHPaBENTUBOCTh OATUTMCTHYECKOW TEOPHH MOXKHO TYTEM M3MEPCHHUS -
HBI BOJIHBI CBETa A" B BaKyyMe OT MOABMXKHOTO HCTOYHHKA MOHOXPOMATHYHOM AJIEKTPOMArHUTHOM
BOJIHBL. [IpH 3TOM W3 yCIIOBHUSI OTCYTCTBUS TEpEH3ITydeHUs [ >> L cieayeT 00eclednTh BaKyyM C
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MOKa3aTesaeM TMPEJIOMIICHUS I PaJHOBOJIH CAHTUMETPOBOro auarnaszona n < 1+ A/2xnL =1,00016,
T.€. CO CTEINCHBIO paspexeHus >10 2. JITHHY paJHOBOIH CAaHTHMETPOBOTO AHAMA30HA MOXKHO H3Me-
pUTbH, YCTAHOBHB BJOJb ITyTH JIy4a JIBE aHTCHHBI M U3MEPUB 3aBUCHMOCTH ()a30BOTO CABHTA () CHT-
Haja Ha HUX OT ckopocTH V, uctounuka. B CTO npu ¢ukcanuu peructpupyemoit 4actotsl f ¢a3zo-
BBIM CIIBUT () HA aHTEHHAX HE 3aBUCHUT OT CKOPOCTH HcTOYHMKA, a B BTP 3aBucumocts (3) obHapy-
xutcs. [Ipu paccTosHUM MeX aHTeHHAMU L, 110 6amiucTudeckoi Teopuu (a3oBbIii CIBUT COCTABUT
¢ =2nL/N =2nLf /(c—V,),
yT0 otnuyaercs ot nporHoza CTO (2nL/A) Ha
AQ =2nL/\ —2nL/\ = 2nLf " V,/c*.

ITpu wacrote f =30 I'Tu (A= 1 cMm) Ha guue L = 10 M u ckopoctu V,~ 500 m/c paszuuna a3 co-
ctaBuT Ag = 0,01 — nerko peructpupyemyto Benuuuny. IIpu stom ncrounuk CBY-uznyuenus mne-
pecTpanBaeMoil 4acTOTHI f (7151 OCTOSIHCTBA ') HOJDKEH M3Iy4aTh [0 OCH BaKyyMHUPOBAHHOTO Ka-
Hana JuiHbl L, 1adbl CBY-BONHBI MPOXOANUIN BAAJIU OT CTEHOK KaHaia, 0e3 Mepenu3ayuyeHus: UMH,
T.e. He MeHss (a3oBoit ckopoctu (¢ — V) u caura a3 A¢g. CpaBHUTH cIBUT (a3 HA aHTEHHAX OT
MOJIBUYKHOTO M HETOJIBUKHOTO MCTOYHUKOB MOXKHO, CTaBs Ha IYTH BOJH JMAJICKTPHUECKYIO TLIa-
CTHHKY (IIPH 3TOM CKOPOCTh ¢ — V,, MEHs€TCs Ha ¢, a 4acToTa f’ COXpaHsAeTcs). ITO MO3BOJHUT HC-
CJIeI0BAaTh 3aBUCHUMOCTh A( OT TOJIIUHBI IUIACTUHKHU b 1O CPaBHEHUIO C JUIMHOW SKCTUHKIUU [ =
AM2n(n— 1). Tak, Ap =0 ipu b << [, u A@ = 2nLf'V,/c* npu b >> . TIpu cpaBHuMOCTH b ~ [ yaacTes
Ha0moaaTh cinoxkHoe pacnpeaenenue Ae(b). Uctounnkom CBY-u3mydeHus: MOKET CIY>KUTh TaKKe
CTYCTOK MOHOSHEPTUYHBIX AJEKTPOHOB (C OJMHAKOBOM CKOPOCTHIO V), BIETAIONIMX O] YIJIOM O B
MarHuTHOE T0JIe B W W3ITydYaromuX Ha IMUKIOTPOHHOM YacToTe f = eB/2mm Ha CKOPOCTH V., paBHOM
TIPOEKIMK Ha JIyd 3PSHHS I' CKOPOCTH BeyIiero rentpa Veoso ~ 10* kw/c. TIpi 95TOM MOCTOSHCTBO
M3ITy9aeMOU 9acTOTHI f = eB/2mm onpenenseTcsi CTENEHBI0 OJHOPOTHOCTH TOJISt B. A TIOCTOSTHCTBO
CKOpOCTH V), ompenensieTcsi CTENEeHbI0 MOHOYHEPTUYHOCTH SJIEKTPOHOB U MOCTOSHCTBA YIJIOB MX
BbuIeTa 0. Ha mpakTuke 01HOPOAHOCTH MOJISE MOKHO BbLAEpKATh ¢ TOYHOCTRIO AB = 0,1 % (Hampu-
Mep, BHYTpU ATUHHOTO COJIEHOMJA C YacTOi HaMOTKOW). COOTBETCTBEHHO BHOCHMBIN 3TUM pa3-
opoc ¢a3 cocraBut Benuuuny A@y= (AB/B)2nLf/c = 0,01, T.e. mopsiaKka TOYHOCTH, TpeOyeMOM A
BbIsiBIIeHUS 3 dekTa. Kpome Toro, y crycrka 3JeKTpOHOB HMEETCs pa30dpoc 4acTuIl Mo yriaM BiéTa
Ao = 0,001 B MarauTHOE TOJIE€, COOTBETCTBEHHO OYIyT pa3IN4aThCsl U MPOI0JIbHBIC COCTABIISIONINE
CKOpPOCTH HWCTOYHUKa V,. B wHTOre morpemHocTb U3MEpeHHOro casura ¢a3z A@q =
2nLf’A V,/c* = 0,01, T.e. MOPSITKa TOYHOCTH, HEOOXOMMOM IS BEISBICHHS d(DekTa.

Jpyrast Bo3MOkHas cxeMa MoABMXKHOTo reHeparopa CBU-curnana — ¢ mpuMeHEHUEM JBYX
KJIUCTPOHOB. [lepBblli HENMOJIBMKHBIA KIUCTPOH MOIYJUpYyeT MNOTOK 3jekTpoHoB CBY-monewm,
(hopMHUPYSI CTYCTKH 3JIEKTPOHOB, KOTOPBIE BO30YKIAIOT KOJIeOaHusi BO BTOPOM KIIMCTPOHE, BBICTpPE-
JICHHOM W3 3JIEKTPOMAarHUTHOW IYIIKH WJIM MarHUTO-KyMYJSITHBHON ycTaHoBKH. Ilpu sTom mon-
BUKHBIN KJIMCTPOH M3ITydaeT dJIEKTPOMArHUTHBIE BOJHBI, MpruobpeTaromue mo (1) CKopocTh Kimc-
TpoHa V,. Peructpupyemas npuéMHHKOM yacTtoTa Hainércs u3 sddekra Jomnepa mpu aBoitHOM
npeobpazoBanuu 4actoThl Kak f’ = f(1 — V,/u)(1 + V,/c), rae u — CKOpOCTh MOTOKA SIEKTPOHOB.

Tem cambIM [UII TOYHOTO M3MEpEHHUs (a3bl HAKIAABIBACTCS OTpaHUYEHHE W MHA TOYHOCTH
M3MEpEHUs] CKOPOCTHU U TIOTOKA DJIEKTPOHOB M CKOPOCTH MOABMXKHOTO KJIMCTPOHA, a TAaKXKE Ha CTa-
OWJIBHOCTh T€HEPALMK YaCTOThl NEPBUYHOTO KIMCTPOHA. TOYHOCTh M3MEpPEHUs u 3aJaHa MOTpell-
HOCTBIO H3MEpeHHs Harpsvkerns U B 2IEKTPOHHOM mymike i gocturaer 10°, TouHOCTh H3MepeHus
CKOpPOCTH V. TakKe BBICOKA U JIOCTUTAET 10° (pu >TOM NBIKEHUE OCTAETCS ¢ OOJBIION TOYHO-
CThIO PaBHOMEPHBIM BBUJY OTCYTCTBHS Ta3a B BaKyyMHOH KaMepe M MOCTOPOHHUX YCKOPSIOIINX
WIA TOPMO3SIIUX CHJI), €CIIM MPUMEHHTD Ja3epHbIN pajap, a CTaOMIbHOCTh T'€HEPALUU YacTOTHI f
cocraBmsier 107, Takum oGpasoM o6Lias TOYHOCTb M3MEpeHHs JacTothl f mopsaka 10°°, T.e. Af
=£+10"° oTkyzna morpemHocTs hassl A@s=2nLAf/(c — V) = 0,006, T.e. MEHBILIE 0XKUIAEMOTO (a-
3oBoro casura Ae = 0,01. Kpome toro, npu ABMKEHHUM UCTOYHHUKA, TOCKOIBKY BpeMs BHKEHUS T
orpanuueno (7'~ L/V'= 0,02 c), COOTBETCTBEHHO BMECTO MOHOXPOMATHYHOTO U3ITyueHHst OyIeT Ha-
OsronaThest CieKTp KoHeuHou mupuHbl Af ~ 1/T =50 I'. Otcroga monosHUTEIbHAS HEOTpeIeaEH-
HOCTb, CBA3aHHAS C KOHEUHOM IMPHHOIT CIIeKTpa, cocTaBuT A@y=2nLAf /(¢ — V) =107

Bricokme CKOpOCTH MOXHO peaiu30BaTh M AJS Ja3epHbIX UCTOYHHUKOB. Tak, Mpu BBICTpENE
METAJUIMYECKOTO KOJbIIa MArHUTOKYMYJIATUBHBIM T€HEPATOPOM W3 B3PHIBOMArHUTHOW YCTaHOBKU
JOCTUTHYTHI CKOpOCTH KoJiblia V' ~ 100 km/c. DTta ckopocTh coctabiser 1/3000 oT ckopocTu cBeTa
c. Torga, ykpenuB Ha KoJblLie JIETKUH T€HEPATOp JIa3epHBIX MMITYJILCOB (HApUMEp, BOJIOKOHHBIN
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Ja3ep) WM MPUMEHUB 3€pKajibHOE KOJBIO (OTpaxkaroliee (eMTOCEKYHIHbIE JIa3€pHbIE UMITYJIbCHI),
Ha auctaHuuu L ~ 10 M nomyunm Af = LVIc*~ 107" ¢. T.e. 3aBUCHMOCTB CKOPOCTH CBETa OT CKOPO-
CTH JIa3€pHOT0 MCTOYHHUKA (MJIM 3€pKajia) JIETKO MPOBEPUTH, HETIOCPEICTBEHHO U3MEPUB CKOPOCTh
CBETa II0 CUTHaJlaM OT JABYX Pa3HECEHHBIX Ha paccTosHuE L (OTONETEKTOPOB C OBICTPOIEHCTBHEM
~1 nc (kak y MIIM-¢potonerextopos ¢ osicTponeiictuem ~500 I'T'1y [6]), TG0 cpaBHUB MOMEHTHI
pEerucTpanyy UMIYJIbCOB, M3JIy4YEHHBIX IBYMs HCTOYHMKAMM, OJUH W3 KOTOPBIX HEMOJBMKEH, a
BTOPOI YKPEIUIEH HA MOJBUKHOM KOJIbLIE, U3JIy4asl UMITYJIbC B MOMEHT IIPOJIETa MUMO HEMOJBUXK-
HOT0 UCTOYHHKA. UTOOBI OCTHYH TPeOyeMOoil TOYHOCTH M CHHXPOHHOCTH MOMEHTOB H3Iy4YEeHHUs
HMITYJICOB, JIOCTaTOYHO, YTOObI B MOMEHT M3JIy4E€HMs MPOJOJIbHOE CMEILIECHUE MOABM)KHOIO HC-
TOYHHMKA OTHOCUTEIBHO HETOBUKHOIO ObLII0 MeHee Afc ~ 3 MM.

Kpome nccnenoBanus 3aBUCMMOCTH CKOPOCTH CBETa OT CKOPOCTH MCTOYHUKA, TaHHBIE METO-
JIBI TTO3BOJIAT YTOYHHUT 3HAYCHHE ¢, T.K. H3MEPEHHE MOMEHTOB PETHCTPAIHH ¢ TOYHOCTHI0 ~10 4 ¢
Ha myTH B 1000 M, IpoxoammMoM cBeToM 3a 3-107° ¢, 103BOMHT ¢ M3MepHTh ¢ TouHOCTHIO ~107' /10"
6~ 10" & Bemmumnsl, T.e. ~1 M/c. Tak MOXKHO MPOBEPHTH TIOCTOSHCTBO ¢ M 3aBHCHMOCTh CKOPOCTH
CBETa OT JJIMHBI BOJIHBI, FPABUTALIMOHHOTO MMOTEHIINAJIA, HAIIPaBJIEHNUs PacpOCTPAHEHUS CBETA.

Jlpyroe BO3MOXHOE MPAKTHYECKOE MPUIIOKEHUE SKCIEPUMEHTAIbHON MPOBEPKH OaIMCTH-
YECKOM TEOpUU — 3TO MOUCK CHOCOOOB KOMIPECCHUU ONTUYECKUX HMMITYJICOB M MPEOOpa3oBaHUS
4acTOThl CBETa, KOTOpble BeAyT M3AaBHA [7-9]. B HacrosIee BpeMsi KOMIIPECCUIO Ja3ePHBIX UM-
IIyJIbCOB OCYULIECTBIIAIOT IyTEM YMPIUPOBAHUS JA3E€PHBIX MMITYJIbCOB M MPOMYCKAHUS MX Yepes
nucriepcuoHHble cucteMbl [7]. Ilpu 3ToM, BO-HEpBBIX, MCXOAHBIM HMIYJbC HCKaxaercs. Bo-
BTOPBIX, CYIIECTBYET (h)yHIAMEHTAIBHBIA NpeneN UIMTEIBHOCTH WMITYJIbCA: MMITYJIEC HE MOXKET
ObITh KOpoue nepuosaa Hecymieil [8]. 3mech pacCMOTPUM HOBBIM METOA KOMIIPECCHU HMMITYJIBCOB,
OCHOBAHHBIN Ha CKATUW UMITYJILCOB TIO THIIOTEeTHIeCKOMY 3 dekty Purna [7, 9], koTopslii ciieqyer
13 OAJUIMCTHYECKONW Teopuu M moarBepxkaaercs onbitoM bémmens [2]. CornacHo 3¢ ety Putna,
CBET OT UCTOYHHKA C JIyUEBBIM (paouanbHuiM) yCKOPEHUEM d,, TPOXOAS MyTh L, mpeodpasyeT 1iu-
HY BOJIHBI A, 4aCTOTY f M JUIMTEIBHOCTb Af 1a3epHOr0 UMITYJIbCA, COOTBETCTBEHHO, KaK
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crenyer obecrnieunts La,/c* ~ +1. TIosToMy utst 1aG0paTOpHBIX AuCTaHImil L ~ 1 M Tpebyercs
a, ~+c*/L ~+10"7 m/c?.

OTO YCKOpPEHHE HEJIOCTHKUMO Ul CBETOU3ITYYaIOLIMX NMPUOOPOB, HO €ro JIEFKO COOOLIUTH
JEKTPOHAM WM MOHAM, M3JIy4arollMM CBET CaMOCTOSTENbHO (€CIM MCTOYHUKAMHU CBETA CIIyXKat
BO30YKJIEHHBIE MOHBI), JINOO OMOCPEOBAHHO (€CIIM MOHBI MEPEeU3TyyaroT najaoumii ceer). Takum
obpasom, 3¢ ekt Putna, a 3HaYNT M OayTUCTHYECKast TEOPHS TOCTYITHBI TS IPSMOM MTPOBEPKH.

Yexopenue a ~ 10" M/c* THIHYHO TS S7EMEHTAPHBIX YACTHIL, NETAIAX ¢ OKOTOCBETOBBIMHA
CKOPOCTSIMHU V' ~ ¢ B MArHUTHOM I10JI€ LIUKJIMYECKUX YCKOpUTENEH ¢ paguycom opout R ~ 1 m (Puc.
2). TIpy 5TOM HEHTPOCTPEMHUTEIbHOE yeKoperue a = V2/R ~ 10" m/c’. Tak, B cuHxpoTpoHe ekt
Putna mo3Bonut TpaHcHOpMUPOBATH Ja3epHOE W3IYUYCHHE NPU PACCESTHUM Ha IBUKYIIMXCS SJICK-
TpoHax. Kak nmpaBuio, 1a3zepHble UMITYJIbChI, PACCESIHHbBIE 3JIEKTPOHAMU, MPE0OPas3yIoT B yCKOPUTE-
nasx 1o 3hdekry Homepa (oOpatHomy 3ddexty Kommrona) mpu nopeni-dakrope y>>1 [8, c.
171; 10], uTo TpeOyeT MOLIHBIX YCKOPHUTEIEH ¢ OOIBIINM pacxonoM sHepruu. Dpdext Putna no-
3BOJIUT TpaHC(OPMHUPOBATh M3IyUEHUE Jake NpU Yy ~ | B MaJblX LUKIOTPOHAX, CHHXPOTPOHAaX U
HAKOMMUTEJAX MaJIOW MOIIHOCTH C HU3KUMHM CUHXPOTPOHHBIMHU NOTEPSMH, T.K. YXKe MpH V ~ ¢ ycKo-
penue gacTHi a ~ ag~ 10" m/c? (mpu L ~R~1 m). Ilpu y~ 1 paccesHHOe H3llydyeHUE 3apsja He
o0agaeT oCTpoi AMarpaMMoON HAINpaBIE€HHOCTH CUHXPOTPOHHOIO M3Iy4eHus, U 3(p(peKTuBHOCTH
TpaHchopMalMy 4YacTOThl PUTL-3(PPEeKTOM MaKCUMabHA JJISl U3TYUYSHUs, UIYIIETO BI0JIb BEKTOPA
YCKOPEHHsS a 3JIEKTpOHA (BIOJIb pajuyca opOuThl). JleficTBUTENBbHO, TuarpaMMa HalpaBiIeHHOCTH
IIPU TOMCOHOBCKOM (MJIM OOpPaTHOM KOMITOHOBCKOM) paccesHUM MMeeT BHJI BOocbMEpkH [11, c.
166], BBITATUBAIOIIEICS TTPU PEISATUBUCTCKUX CKOPOCTSX B HAIPABJIECHUU BEKTOpPA CKOPOCTH V.



HaKoNWTenkb
Puc. 2. Cxemsl TpaHCc(HOpMATOPOB YACTOTHI JIA3EPHOTO H3ITyUSHHS IIPH PACCeSTHUN Ha OaH4YaX 3IIEKTPOHOB,

LIUPKYJIHPYIONINX B HAKOIHUTENE: Il COKPALCHHUS JUTMHBI BOJHEI A (68€pX)) WIN IS pacTSKEHUS A (6HU3Y).

[Tockonbky mpu V'~ ¢ Bpemst T~ R/V nponéra GaH4a 3JIEKTPOHOB Yepe3 00JIaCTh Ja3epPHOTO
00JIy4eHus — MopsAKa HAHOCEKYHbI, JUTUTEIBHOCTD Ja3epHBIX UMITYJIbCOB JIOJKHA OBITh HE BBIIIIE:
At < 1. Y100HO IPUMEHUTH T€HEPATOPHI HAHOCEKYHIHBIX MM MUKOCEKYH/IHbIX UMITYJIbCOB, YaCTO-
Ta TIOBTOPEHMS KOTOPBIX paBHA 4aCTOTE OOPALIEHHUS FIEKTPOHHBIX CTYCTKOB (4aCTOTE YCKOPSIOLIE-
'O TIOJISl B CHHXPOTPOHE WIIM HAaKomHTee). ['abapuThl yCTAaHOBKHU 1O TpaHCHOpPMAIH CBETAa MOYKHO
COKpAaTHUTh B pa3bl, IPOMOPLUOHATIBHO COKPATHB L 1 R 1O HECKOJIBKUX CM. A CHU3UB paguyc opou-
Tl 3nekTpoHa R o 0,1 mMm, 6e3 u3meHenust L ~ 1 M, CKOPOCTh 3JIEKTPOHOB MOXKHO CHU3HTH 10
V ~c(R/IL)"* ~ 0,01¢ (ZOCTHXHMOI B 9IEKTPOHHOMN IMyIIKE), HAMHOTO COKPATHB YHEPrO3aTpaThl Ha
Pa3roH AJIEKTPOHOB, TEHEPALMI0 MAarHUTHOTO TOJISI U YMEHBILNB rabapuThl yCTaHOBKHU.

MouHocTh peoOpa30BaHHBIX UMITYJIbCOB PACCESHHOIO 3JIeKTpOHaMu n3nyueHus P = Py(1 —
e )= Pyt = PyNotx HalmérTcs 4epe3 MOIIHOCTh UCXOJHOTO H3JIydeHHs Py, ONTHYECKYIO TOJIILY
Oanua 31eKTpoHOB T = Nox << 1, rme N — KOHIEHTpamus 31eKTpoHoB, x =~ 0,001 M — TommuHa
nyuka, or = (87/3)ro° = 6,65:10 % M> — 5)PEKTUBHOE CEUCHHE TOMCOHOBCKOTO PACCESHHS, 7y —
KJIACCUYECKHM paJuyc 3JeKTpoHA. B MOLIHBIX CHHXPOTPOHAX XapaKTEpHOE YMCIIO YacTHUI] B UM-
nyasce Z~ 10°. TIpu rabapurax Ganda ~1 cmx1 cmx10 cM, koHmerTpamus coctasut N ~ 10% ev 2,
OTKyJa T ~ 107", te. P~ 107°P, — a¢dexTuBHOCTH MpeoOpa3oBaHus KpaliHe Mana. Ho B maio-
MOIIIHBIX YCKOPHUTENSAX C KOPOTKUM IIMKJIOM YCKOPEHMsSI U BBICOKHUM NN, MOXKHO JOCTHYb CYIIECT-
BeHHO Oousibimx 3HaueHuit KIIJl nmpeoOpa3zoBaHMs MOIIHOCTH, HampuMep, MPUMEHssS B KadecTBE
WH)XEKTOopa yckoputenb Ban-nme-I'paada, co3maBas motoku vactul 3()(eKToM B3pHIBHOH 3J€K-
TpOHHOU 3Muccuu. [Ipu 3tom N ~ 10° eM™, u s dexTuBHOCTH peodpazoBanus P ~ 0,0001P.

[Ipu putn-Tpanchopmanmuy 4acTOTHl CBETa B CHHXPOTPOHAX LHEHTPOCTPEMHUTEILHBIM YCKOpE-
HHEM @ C/IBUT Y4acTOTHI He mporopuuoHanen La/c’. YacToTa i JUTHHA BOIHBI CBETa MpeodpasyeTcs
o popmye (4), onHako a, # a = V*/R, u 3aBucumocts A' = A(1 + La/c?) 3amumercs Goiee CI0KHO
[12, 13], T.x. MeHsIeTCS Yol MeXAY I' U 'V 3a CUET U3MEHEHUSI HAMPABJICHUS HA UICTOYHUK A.

f'=11(1 + La,/c*?) = fI(1 — xV*/Rc), (6)
IJle X — CMElIeHNe NPUEMHHUKA OT LIEHTpa OPOUTHI.

B pamkax crnienmanbHoi u o61eit Teopun otHocutenbHocTH (OTO) npeobpazoBaHme YacTOTHI

CBETa IIPOUCXOUT UCKIIIOUUTENBHO 3a CYET nonepeyHoro 3¢ dexra lomiepa

2
f'=f I—I:—Z.

Jlaxke mpu CKOPOCTH AEKTPOHOB V ~ 0,95¢ (oueprus W= 1,13 M»aB), nonyuum f' = 0,31f, T.e. cHU-
XKeHHe 4acToThl cocTaBUT 60 %. A B OalIMCTUYECKOM TEOPHM BO3MOXKHO M3MEHEHHE 4YacTOTHI B
COTHH, ThICAYM pa3 npu Toi ke ckopoctd V. W ecou B CTO cnag 4acToThl OJMHAKOB JUIs JTyden
CBETa, PACCESHHBIX B HANIPABJICHUH K LIEHTPY U OT LieHTpa, B BTP Omike K LEeHTpy YacToTa pacTer,
a ot neHTpa — cHmwkaerca. B OTO s¢ddexr orcyTeTBYyeT, MOCKOIBKY MPUEMHUK HETIOABIKEH.

OTmeTuM, YTO MPU PACCESHUH HAa AJIEKTPOHHBIX CIYCTKaX MOHOXPOMAaTHMYECKOrO CBETa yac-
TOTHI f, TIOCJIE pAcCesHUsl CIEKTP YUIMPSETCS, MOCKOJIBKY B MPOIECCE PACCESHHS JUTMTEIBHOCTD
PACCESHHOTO MMITYJIbca Oyaer dukcupoBana T~ 107! ¢, T.e. orpaHHYeHHas JTHTETBHOCTD pacce-
SIHHOTO CHTHANA NPUBEAST K yIIMpeHHIo criektpa Ha Af= 1/t=10" T'm. Oxnako ko>(duument
KOMIIPECCHH g CBETa B TpaHC(HOpMATOpe OJMHAKOB Ha Bcex yacTtorax. Kpome Toro, iis npeodpazo-
BaHUS M3TyYSHHS TUTOCKOW BOJIHBI MIPU TEPEH3ITyUYEHUH B IUIOCKYIO BOJHY TPeOyeTcsl BRICOKas O1-
HOPOJHOCTh PACCEHUBAIOLIETO CI'YCTKA 3JIEKTPOHOB B IONEPEYHOM HAIPABJICHUU.
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JI1st COOOIICHHST DIIEKTPOHAM YCKOPEHHS dy ~ +10'7 M/c? MOXKeT CIIyXKHTb TaKKe dIIeKTpUHIe-
ckoe none E, B kotopoM a = Ee/m (tne e/m = 1,76~1011 Kn/kr — ynenbHBIN 3apsii 2JIEKTpOHA) AOC-
turaer 10" m/c” npu cpaBHETENBHO Mastoi HanpskéHHOCTH E ~ 10° B/M.
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Puc. 3. Cxema ycraHoBkH 110 ipoBepke 3¢ dekra Purna, npeodpasyroriero yactory cera f 1
JUTUTENBHOCTD Af Ta3epHBIX UMITYJIbCOB, PACCESIHHBIX YCKOPEHHO OBIKYIIUMHUCS 3JI€KTPOHAMH.

B paGorax [7, 9, 16—-18] aBTOp mpeIokui cXeMy yCTaHOBKH IO mpoBepke 3¢dexra Putia
(Puc. 3) B Buzme BakyyMHoM Kamephl (Puc. 4), rae mydok 3JIeKTpOHOB WIJIM MOHOB B Tojie £ mpHOO-
peraer yckopenne ~10'7 m/c’. JlazepHoe n3nydeHne ¢ Hecyleil YaCTOTOH f M ITHTEIBHOCTHIO HM-
mynbea Af ~ 1 nic pokycupyeTcst Ha My4dKe, pacCerBasiCh Ha AJEKTPOHAX (UM MOHAX) — BTOPUUHBIX
MCTOYHMKAX CBeTa. VX M3IydyeHue npoxoauT B BakyyMme myTh L ~ 1 M 10 cBeTouibTpa (OTCeKaro-
IIET0 CBET YacTOTHI f) U MOCTYMAaET B IETEKTOpP U criekTpoMmeTp. B ciydae cnpasenimuBoctu 3¢ dek-
Ta PuTna oHM 3aUKCUpYIOT CUrHal M3MEHEHHOM anurenbHOcTH At' u vactotsl f* (4). Ha cBero-
(buIbTpe CBET Mepen3yyaeTcs, U Jlajee yacToTa ero He MeHsietcs. Bappupys paccrosinue L 10 cBe-
To(puIbTPa, MOKHO IUIABHO MEHATH YacToty f. [lorpemHocTs Tpanchopmaimu yactotel Af’ ompe-
JIeTISIeTCSl B TIEPBYIO OYEPEh MOTPEINIHOCTHIO paccTOssHUSL AL, CBSI3aHHOM ¢ KOHEYHOW TOJIIIUHOU
MEePEen3TyHaromero CrycTka 1 KOHEYHOM TOJIIMHON Mepen3ayyaromiero ¢jaos B IIIACTUHKE, TaK YTO
AL ~ 1 mm. TToatomy mpu L =1 u 3HaunTeNnbHOM M3MEHEHHH 4acToThl (f' = gf ~ 1000f) momyuum
Af' = Af. A otHOCcuTenbHOE m3MeHeHue yacToThl (Af/f") = Afigf = AL/gL = 0,001.

B Teopun otHOCHTENBEHOCTH 3(deKT mpeoOpa3oBaHms YACTOTHl OTCYTCTBYET, MMOCKOIBKY (-
¢ext Jlomiepa mpakTUYECKH HE MEHSET YacTOTY CBETa, MEPEU3TyYEHHOTO B IPSMOM HAIPABICHUH.
HuutoxHble n3MeHeHus [ MPOUCXOIAT UCKIIIOUUTENBHO OT KBaapaTHuHOro 3ddexra Jomnepa

[Tpuuém ckopocTH, mpuoOpeTaeMble YaCTUIIAMHU 32 BPEMS JIA3EPHOTO UMITYyJibca Af ~ 102 ¢, cocra-
BAT V' =a,At~10° M/c, T.e. HEIOCTATOUHBI IS JOILIEP-TPAHC(HOPMALIMK YACTOTH CBETA B Pa3bl
(Afff~ 6:10°%) min renepaupn Y®- 1 PEHTTEHOBCKUX KBAHTOB TOPMO3HOTO M3iydeHus. He J0mKHO
HaOII0AaThCS U3MEHEHHUs 4acToThl U B pamkax OTO, T.k. NpuéMHHUK HE UMEET YCKOPEHHUSI.

B ciyuae noarBepxkaenus s¢dexra Putia qaHHbIN METOA MO3BOJUT TPaHCPOPMHUPOBATH HE-
CYLIYI0 YacTOTy M KOMIIPECCHPOBATh MMITYJILChl 0€3 pa3roHa YacTHIl 10 OKOJIOCBETOBBIX CKOPO-
CTeil, T.e. MPUMEHSS MPOCTOe 000PYIOBaHKUE IIPU MAJIOM PAcXoe PHEPrUH U MPOU3BOAS KOMIIpEC-
cuto ¢ BeicokuM KIIJI. Komnpeccop UMIyIbCOB MOKHO BBITIOJIHUTH B BHJIE BAKyyMHOTO OajloHa, B
KOTOPBI UCXOJTHOE U3JIyUEHHUE 3aBOJUTCS Yepe3 OKHO-TMH3Y U MPO3pauHblil a1ekTpo. CBeT Goky-
CHpYETCsl Ha Iy4Ke 3JEKTPOHOB (MOHOB), SMUTHPYEMBIX OOKOBBIM JIEKTPOZOM U MOMAJAIOUINX B
T10JI€ OCHOBHBIX AJIEKTPOJIOB, K KOTOPBIM MPUIIOKEHO MOCTOSIHHOE HAIPSHKEHUE WU IIEPEMEHHOE C
JaCTOTOH f, CJIEIOBAHUS J1a3epHBIX UMITyJIbCOB. Iloce paccesiHus Ha yCKOPEHHBIX IEKTPUUECKUM
0JIEM 3JIEKTPOHAX (MOHAX), U3TyYEHHE BBIXOJUT Yepe3 OTBEPCTHUE WIIM CETKY BTOPOTO 3JIEKTPOAA.
3areM Ha myTH CBOOOIHOrO mpoiéra L mmmyibc mpeodpasyercs mo sddexram (4) u (5), MeHss
JUTUTENIBHOCTh At' 1 yacToTy Hecymieh f'. [Ipeobpa3oBaHHBIN UMITYJIBC BRIXOAUT Y€pe3 BTOPOE OKHO
xomnpeccopa. Kosddumment xomnpeccuu g = (1 + La,/c*)”' ummyisca perynmupyercs H3MEeHEHHEM
noyst E (T.e. Bapuanueil yCKOpeHUs a) WIM MPOJIETHOW JUCTAHIIMU L — OTHajJeHUuEeM WiIu TpuOIIu-
KEHHUEM TepeHn3ITydaronel IIacTUHBI, TPUBOISIIECH CKOPOCTh CBETa K CTAaHAAPTHOM BEITMYHUHE C.

Jl1s1 SKCTIepuMeHTa MOYKHO TPUMEHUTH CYIIECTBYOITHE (HOTO3IeKTpoHHBIE Katoasl (POK), B
BUJIC KaTOJla M CETKH, MOMEUIEHHBIX B BaKyyMHBIN OayuioH. [Ipu ocBenieHnn Katona Ja3epHbIM H3-
Jy4YEHUEM U3 HErO BBUIETAIOT AJIEKTPOHBI, MONAAAI0MINE B AJIEKTPUUECKOE TMOJIe MEXKIY KaTOAOM U
cerkoit. [lpu Hanpsoxkennu U = 1000 B 1 Mexx351eKTpoaHOM paccTossHuH d = 1 MM, 1oje 10CTUraeT
kpuTHaeckoil Bexmanus E = Uld ~ 10° B/M nocratouroit st perucrpanmu 3¢ dexra.
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Puc. 4. Cxema KOMIIpeccopa UMITYIbCOB C YCKOPSIOIIMM 3JIEKTPOIOM-MHUKPOOCTPHEM.

Bricokux 3HaueHH £ MOXHO TOCTHYh IMTyTEM MUHHMATIOpH3aIUU 31eKTpoaoB (Puc. 4). Boszne
OCTpHUs C PAIAyCOM 3aKPYIJIEHUS 7 ~ 10° M HanpsokEHHOCTh ot £ ~ U/r mocturaeT 3HaueHUi
E ~10° B/M yxe npu U= 1 B. Takum 06pa3oM, TpaHc(OpMATOpP YaCTOTH CMOXET paboTaTh OT Oa-
Tapeiku, eciiu (POKyCHpOBaTh CBET Jiazepa Mepe OCTPUEM, C KOTOPOTo HIET IMUCCHUS HJIEKTPOHOB.
OcTpHué MOXKET CITY’KUTh HICTOYHUKOM 3JIEKTPOHOB WJIM MOHOB 3a CYET aBTOAIEKTPOHHOM, aBTOMOH-
HOW M XOJIOJHOW SMHUCCHUHU, WX OT (POTO3MUCCHH JIa3ePHBIM JIydoM. DdekT Putma MoxxHO npoBe-
PUTH U JJISI HEIPEPHIBHOTO M3TyUYCHUS BO30YKIEHHBIX HOHOB B DJICKTPHUUECKOM Toje £ ~ 10° B/m.

B paccmoTpenHol cxeme ycTaHOBKH 1o npoBepke ¢ dekra Putna (Puc. 3, 4) yactoTta f', kak
BHUJIHO 13 (4), 3aBUCHUT OT JIy4EBOTO YCKOPEHHUS IJICKTPOHOB d,, T.€. OT yCKopsrtoriero nojs E. [1pu
a, = -c*/L gactota [ crpemuTcs k 6eckoneunoctu (Puc. 5), u Manas Bapuanus a,, Ipu U3MEHEHUU £
WU L, BBI3BIBACT TUTAHTCKOE M3MEHEHHUe f. DTO OTKpPBIBAET MPOCTOM CIOCO0 MEepecTPOUKH 4acTo-
ThI CBETA U3 ONTHYECKOro B Y D-, peHTTeHOBCKUI U raMMa-nuanas3oH. Ilpu oOparHom 3Hake E, U a,

4aCcTOTa CHIKAETC, IIEPEBOSA ONITUYECKOE I/IsnyquI/Ie B K- 1 TeparepueBblii 1ana3oH.
M At =affi+La /et | Lo
MEM{ NC -

o =700 HM

10115 S Af=1ne

0,51 d,==10" mic*

L=c’la
L.ow
i 1 i L
0 0.5 F1.0 15 2.0
Puc. 5. I'paduk n3MeHEHUS [UITHHBI BOJHBI A' ¥ JUTHTEIIEHOCTH UMITYJTBCA

At' o a¢dexty Putma, B 3aBUCHMOCTH OT pacCTOSHUS MPUEMHIKA L.

0,0

I'maBHas oco6eHHOCTH A dekra Putiia — 370 3aBUCUMOCTD (4) YaCTOTHI, JUTUHBI BOJHBI U JJTH-
TEJILHOCTH MMITYJIbCa CBETa — OT JAMCTAHIMM L, MpoHeHHOM cBeToM B BakyyMme (Puc. 5). Ananmz
9TOM 3aBUCHMMOCTH IPU Bapuausax L —3T0 OCHOBHOW KpUTepHii poBepkH 3¢ dekra Purna.

OcHoBHOE 10CTOMHCTBO 3¢ (dekra Putia cocTouT B BOZMOXHOCTH HEOTPAHUUYEHHOTO CXKaTHUS
JUTUTEIIbHOCTU UMITYJILCOB At' 110 (4) 1 MOBBILIEHUSI UX MUKOBOM MoiHOCTH P’ 1o (5). 1o cnenyer
13 OJIHOBPEMEHHOT'O COKpAIlleHUs AJUTENIbHOCTH UMIYJbCAa U JJIMHBI BOJIHBI, TIEPUO/Ia CBETOBBIX
konebanuii (Puc. 5), ¢ mponopryoHalbHBIM YITUPEHHEM CHEKTpa. T.e. AIUTEIbHOCTh UMITYJIbCa
At', orpaHMYEHHAas CHU3Y MEPHOJIOM CBETOBBIX KojeOaHuit 7' m oOpaTHOU MUpHHON criekTpa 1/Af’
[8], MOXeT cTaTh CKOJIb YTOAHO MaJIOM, @ ”THTEHCUBHOCTh — CKOJIb YTOJIHO BBHICOKOM. B Touke F, rie
L = ¢*/a, peanusyercst abcommoTHas ha3oBast GOKYCHPOBKA, T.e. BOJHOBBIC (DPOHTHI, HCITYILICHHBIC B
pa3Hble MOMEHTBI, IPUXOAIT K MPUEMHUKY OJAHOBPpEeMEHHO. [Ipu 3TOM JlazepHOE U3IydYeHHE OCTa-
€TCsT MOHOXPOMAaTUYHBIM B cuiy moctosHcTBa f/Af" = fIAf. Tlpu HEOrpaHMUYEHHOM COKpPAIICHUH
JUTMHBI BOJIHBI A/, IpU AWaMeTpe amnepTypsl D, OECKOHEUHO CHIKAETCS NU(pPaKIUOHHAS PACXOIH-
MOCTh TTydka 6 ~ A'/D, T.e. BO3MOXHa peayn3aiius aOCOIIOTHO HE PACXOMSIIUXCS IMyYKOB, IPUMeE-
HUMBIX, HAaIIpUMED, B JaJIbHEH KOCMUYECKO# CBsi3u. HeorpaHnueHHOe c)kaTue UMITYJIbCOB M OeCKo-
HEYHBIM POCT UX MUKOBON MOIIHOCTH P’ BO3MOXHBI TaKXKe 32 CUET MPeoOpa30BaHUs UMITYIHCOB B
BaKyyMe, a He B cpefie, T/ie Ipe/ieibHasi MOIIHOCTh UMITYJIbca OTpaHUYeHA HeMHEHHBIMH S (dek-
TaMHu, MOTJIOIIEHHUEM U TPpoOoeM cpeibl O AeWCTBUEM MOIIIHOTO JIA3EPHOTO U3ITy4EHHS.

JnutenbHOCTh Af UMITyJIbCAa IPU KOMIIPECCUU OTpaHUYEeHA TOJIBKO JUCIIEPCUEN JTyUYEBBIX YC-
KOpEHU BO3JIe 3JIEKTPoOB Aa/a m pa3zdpocoM paccTosHHA AL 10 pa3HBIX TOYEK MOBEPXHOCTH
ANEKTPOAA, T.€. CTETIEHbIO HEOJHOPOTHOCTH SJIEKTPUUECKOTO OIS U TOYHOCTHIO U3TOTOBJICHHUSI TIe-
peusnyyarouieil miacTuHbI-puiIbTpa. OCHOBHOM KPUTHYECKUI KPUTEPUI — HEOJHOPOIHOCTD 3JIEK-
TPUUECKOTO MOJIs, onpezaenseMas (HopMoi AIEKTPOIOB, pa3MepoOM IMyyka U KOHIEHTpaluen iek-
TPOHOB B HEM, IOCKOJIbKY AJIEKTPOHBI CO3/Ial0T COOCTBEHHOE I0JIE, KOTOPOE HajaraeTcsi Ha BHEUI-
uee. [1pu KoHIEHTpawuH 21eKTpoHoB N = 10%° M~ (IpH B3PBIBHOM SIEKTPOHHOI IMHCCHI) COOCT-
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BeHHOE 1ojie 31eKTpoHoB AE ~ 10" B/m >> E ~ 10° B/M 1 3T0 I0JIe MEHSICTCS 110 CEUSHHIO MydKa,
nenas mosie HeoJHOPOAHbIM. C OHOM CTOPOHBI 3TO MPENATCTBYET MOTYYEHUI0O MOHOXPOMATHYHOI'O
U3ITy4€HUsl, HO C JPYTroi — MO3BOJISET UCKIIIOUNThH BHEIIHEE T0JIE — 3JIEKTPOHBI MOTYT YCKOPSIThCS
coGCTBeHHBIM ToneM. IIpu KoHIeHTpamuu mekTporoB N = 10'* M (mocTmxnmoii B mydukax u3
AJIEKTPOHHBIX MYIIEK) cTerneHb HeomHopoaHocT AE/E ~ 0,001, u nucnepcust yckopeHuid Aa/a ~
0,001. IIpu sTux ycnoBusIX mpenenbHasi cTeneHs kommnpeccuu g = 1/(Aa/a) ~ 10°. Ho st0 OrpaHu-
YEHHE YHCTO TEXHUYECKOTOo, a He (PyHIaMEHTaIbHOTO XapaKTepa: TEOPETHYECKH B IMOJISIX ¢ Ooiee
BBICOKOW CTENEHbIO OJHOPOJHOCTH M MEHbIIEH KOHIEHTpauuud N BO3MOXKHBI UMITYJIbCHI CKOJIb
YTOAHO Majol JyuTenabHocTH. KpoMe Toro, B UMITysibCce BCEra €CTh MPEEIbHO CxKaTasi HEHTpalb-
Hasl 4acTbh B BUJIe YETKOIO MHKa, U MbeJeCcTal ¢ MEHbIIEH HHTEHCUBHOCTBIO (KPbUIbs UMITYJIbCA).
Ecnu 1151 ynipoleHusi CYUTaTh UMITYJIbC HAPSKEHUS U UMITYJIbC JIa3€PHOI0 UCTOUYHUKA MPS-
MOYT'OJIbHBIM, TO BPEMEHHYIO CTPYKTYpy HCXOJHOIO M HpeoOpa30BaHHOI'O HUMILYJbCa C YHPIOM
9aCTOTBI MOXHO IMPEACTABUTH cieayromum obpa3om (Puc. 6). Buano, uro B pamkax CTO uMitybe
JUITUTENIBHOCTH At = t, — t; IMEET COBCEM MHYIO (OpMy, UeM clielyeT u3 OayuucTuieckoit reopun. B
CTO u3MeHeHHEe 4acTOThl UUCTO AOIUIEPOBCKOE (OT HapacTaHHUsl CKOPOCTH BO3HMKAET YMPIl YaCTO-
ThI) U TIPY YKa3aHHBIX MapaMeTpax gocturaet 3Hauenus Afy; = fV/c = faAt/c = fEeAt/mc = 0,003f. A
B BTP mpm Tex e mnapamerpax CHBHT YacTOTBI MOXET OBITh HAMHOTO BbIIE Af, = -
fLa,/c* = fEelmc* ~f. A TpH KPUTHYECKOM d,=-c*/L BO3MOKEH POCT HYacTOThl HA MOPSIKH
A= f(1 + La,/c?) ' — f>> f. Tlo s¢ddexry Purua nutencuBHOCTs ' MPeobpasyercs B TOH %e Ipo-
TOPLHH, 9TO U YacToTa f, T.e. ¢ koahdurmentoM kommpeccun g = (1 + La,/c?)"'. B cuy 3akona
COXpaHEHHS SHEPTHH B UMIIYJIbCE IUIOMAhL 1oa KpuBoit /'(f) u f(f) mpu nmroboM npeodpazoBaHUU
YacTOThl COXPAHUTCS HEM3MEHHOW M paBHOM HawanbHOU muomanu /(1) u f(t). [lo okoHyaHUHN UM-
IyJIbCa HaIpPsKEHUsI MHTEHCUBHOCTh M3JyU€HUs! BOCCTaHaBIMBaeTcsa Ha yposHe /. [Ipu sToM npen-
MI0JIaraeTCsl, YTO 3a BPEMsl MMITyJIbCa HANPSKEHUs. U UMITyJIbCa CBETA 3JIEKTPOHBI HE YCIEBAIOT I10-
KHHYTb 0071aCTh OOIyYCHHs JTA3ePHBIM MCTOYHHKOM. IIpH ITHTENbHOCTH mMmymsca Af~ 10772 ¢
SNEKTPOHBI JaXe MPH CPEIHeH CKOPOCTH MOpsAKa cBeToBOH V ~ 10° M/c mpoxomsT manbiii myTh
AL = AtV ~ 107" M, He ycreBast BbIATH U3 061acTH 061ydeHms. OHAKO paHee YCKOPCHHBIE DIICK-
TPOHBI OCTENEHHO BBIXOJAT U3 001acTH 00Iy4YeHHUs, COOTBETCTBEHHO CBET Iepeu3Tydaercs 6onee
ME/UIEHHBIMH 3JIEKTPOHAMH, U3JIy4€HHE KOTOPBIX NMPUXOAUT ¢ Ooibluel 3anep:kkoi. CoOTBETCT-
BEHHO Ha XBOCTE MMITyJIbCa HAOIIOAAETCS KPAaTKOBPEMEHHOE CHUKEHNE MHTEHCUBHOCTU (KOMIIEH-
cUpyrolee n30bITOK MHTEHCUBHOCTH TTOCIIE MPEKPAIICHUSI UMITYJIbCa), IOKa B 00JIaCTH O0IydeHHUs
HE OCTaHYTCS TOJIBKO JIEKTPOHBI, HE HCIIBITABIINE IEHCTBHS MOJISI, UHTEHCUBHOCTb CBETA OT KOTO-
PBIX Jajniee OCTOSTHHA U paBHa /. [Ipu 3TOM BBINONHSAETCS 3aKOH COXPAaHEHHs YHEPTHH, Na0bl TUIO-
aab o KpuBoil /'(¢) Oblia paBHA IIIOIIATU O] KPUBOU MCXOJIHOTO MMITYJIbCa 1(2).
AL E a=o A1 o, =i
}(‘ —— f ()

..... — TAE r e
/ ]rz% ap o

LA e

it+Llc it+Llc t+Lic |t+Llic
nt)(wl:! 43}{, 6. t! dlj('f/‘ tr

Mo g t+L(ctv+allc)

t+Ljc rLi(ctalle) t+LIctv) [
s 2. Y1 s

N,

¥ 5 t+LI(ctv+allc)

t+Llc t+L/(c+allc) t+Li(ctv) ¢
Puc. 6. [IpeoGpazoBanue 4acToThl M3iyueHus B TpaHcopmarope Putna. Cresa — Uit HENpEpbIB-
HOTO U3JTy4eHUs + UMITYJIbChI HaNlpspkeHUs E(f). a) HauaJabHBIN CUTHAN Cpa3y MOciIe Iepeunsiyye-
HU, 0) Ha pacctosiuuu 7 1o CTO, ¢) Ha pacctosiauu » o BTP, 2) To e npu v ~ ¢ u fAt ~ c. Cnpa-
6a — TO e, HO JUIsl UIMITYJIbCHOTO M3Ty4eHHs1. 0) HauanbsHblii curnai, e) Ha paccrossauu r o CTO,
orc) Ha paccrosiHud » 1o BTP, 3) To e B pensTUBUCTCKOM citydae, pu v ~ ¢ U fAt ~ c.




B ciyuae Habopa 371€KTpoHAMHU PENSATUBUCTCKUX CKOPOCTEH KapTHHA MpeoOpa3oBaHUsl WMITyJIbCa
YCIIO)KHUTCS, B TOM 4ncie 3a cuéT yrouHeHus popmynsl (4) npu yuére addekra Jomnepa u usme-
HeHHst ckopocth ¢'=c¢— V,. Orcioga yrounéHHast popmyna mpeoOpa3oBaHUs UIMTEIBHOCTH UM-
MyJibCca B CIy4yae U3JIy4YEHHUs CBETa B IPSIMOM HANPABICHUH M1OCJIE NEPEU3ITYUYEHUS
At':At(1+Kj LA
c c+V  (c+ V)2

B 5TOM ciyuae XBOCTOBasi 4aCTh UMITYJIbCA C)KaTa B MEHBLIEH CTENEHHU, YEM TOJIOBHAs 4acThb UM-
myJibca. B pamkax Teopuu OTHOCHUTEIBHOCTH IPEeoOpa3oBaHuE JINTEIbHOCTH UMILyJIbCa IpU pac-
CESTHUU B MPSMOM HaINpaBiICHUH BOOOIIE HE TPOUCXOUT.

OneHnM MOITHOCTh TPe0oOpa30BaHHBIX HMMITYJIBCOB. ECIM MCXOMHOE HM3IIy4YeHHE o0jamaet
MOIIHOCTBIO Py, TO MOIIHOCTH PACCESIHHOTO 3JEKTPOHAMHU H3JIy4eHHst cocTaBuT P= Py(l —e ") =
Pyt = PyNorx, rae 1= Notx << | — ontuyeckas TOJIIA CJI0s 3JIEKTPOHHOTO ITyuKa, /N — KOHIIEHTpa-
LS B HEM 3JIEKTPOHOB, x ~ 0,001 M — TonumHa myuxa, or = (87/3)r° = 6,65-10% M*> — sddexrus-
HOE CEYEHHE TOMCOHOBCKOI'O PACCESHHUs, ¥y — KJIACCUUYECKUI paauyc aiekTpoHa. [Ipu koHueHTpa-
LM DJIEKTPOHOB N = 10% M (moctrmxuMO# Tipu (POTOAIEKTPOHHON IMUCCHUU Ja3€PHBIM HUMITYJIb-
COM MJIM B IIyYKax B3pBIBHOM AJIEKTPOHHOM 3MHCCHHU, ¢ uMnyjbcamu ~100 1c), nomyuum P ~ Py-10°
’ [Ipu cxaTtuM UMIYJICOB B g = 10° pa3 u Bhie, u3 (5) ciaeayeT BO3MOKHOCTh TCHEPAIMH M-
IyJICOB FAMMAa-H3]Iy4EHHS C TMKOBOM MOIIHOCTBIO PABHOM, MM BBIIIE HCXOMHOI: P’ ~ P-10° ~ Py,

DkcrnepuMeHT nogooHoro tumna emé B 1950 r. muranuposan akagemuk C.M. BaBunos, umes B
BUIY Kak pa3 MPOBEPKY OaUIMCTHYECKOM TeopuH. Bynyunm mHoHepoM HENWHEHHON ONTHKH, B
1942 r. oH 3amHTEpEecOBaJICS TpaHCHOPMAIMEH ONMTHYECKOTO CIeKTpa B Bakyyme [19], anamornu-
HOM KpacHOMY CMEILEHHIO B CHEKTpax TajakTUK. BaBUIOB OTMETWI, UTO «DKCIIEPUMEHTAIIBLHBIE
MONBITKU (0€3 KaKUX-JINOO CepbE3HBIX OMBITHBIX WM TEOPETHUYECKHX OCHOBAHHI) BIMSTH CUIIOBBI-
MU OJIIMH Ha YacTOTY CBETOBOI'O IIOTOKA, HaunHaromuecs ¢ dapaznes 1 NpoaospKaroLuecs A0 Mo-
CJICTHETO BpeMeHH [9], HUKAKOTO MOJOKUTEIBLHOTO pe3ynbTaTta He ganm» [19, c. 133]. B 6amnucTu-
YECKOM TEOPHH 3TU OCHOBAHUS NOSIBWINCH. BaBUIIOB NpeIokKMI MOAYIMPOBATh CKOPOCTh IIyUyKa
HMOHOB, MEHSS1 BEJIMUMHY YCKOPSIOILEro MOJIs, U IPOBEPUTH NpEJCKa3aHHOEe Teopuel Purna n3me-
HeHue (asbl U, cleI0BaTeNbHO, YaCTOTHl MOAYJIMPOBAaHHOTO cBeToBoro curHana [20]. Ho cmepth
BasmiioBa B 1951 r. moMemiana eMy NOCTPOUTh YCTAHOBKY M OCYIIECTBUTH dKCIIEpUMEHT. Ero yde-
HUK A.M. boHu-bpyeBny Tak BUIOM3MEHWI CXEMY OIbITa, IPUMEHUB B KaU€CTBE MCTOUHHUKA JBH-
xyuuecs kpas ConHIa, 9YTO HE TOJIBKO HE MOIIM HaOMI0AaThes MpejackazaHHble BaBuiioBbIM 3¢-
(bexThI, HO 1 OaJUTMCTUYECKask TEOpUs HE MOTJIa OBbITh MPOBEpPEHa OJTHO3HAYHO [21].

B nocnennue roapl ObUIH MOCTaBICHBI SKCIIEPUMEHTHI IO MPOBEPKE OAITUCTUYECKON TEOpUHU

Ha YCKOPUTENAX, B YaCTHOCTH, KcriepuMeHT E.b. Anekcanaposa Ha cuaxporpoHe «Cubupb-1».

CKOPSAIOLLIA perekTop 1
ypeagHa'ruEl)p T At Lj_l;lr kabenb

Puc. 7. Cxema onrita E.b. Anekcanaposa.

B omnsiTe AnexcanapoBa [22, 23] Toke CpaBHUBAJIM CKOPOCTh MCIIYLIEHHOI'O 3JIEKTPOHAMU
CHUHXPOTPOHHOTI'O M3JIy4€HUs, CBOOOJHO MPOJIETAIOLIETO 3alaHHYIO IUCTAHLIUIO, U U3IIYyUYEHHUs, pac-
cestHHOTO cpenoit (Puc. 7). B nepBoMm BapuaHTe onbiTa AJEKCaHAPOBA U3MEPSIOCH BPEMsI IPOJIETa
CHUHXPOTPOHHOTI'O M3JIy4E€HUS — [I0 MOMEHTY €r0 perucTpauuu GoToAeTEKTOPOM OTHOCUTEIBHO MO-
MEHTa NMPHUOBITHS HIEKTPOHOB K pe3oHaTOpy. Bo BTOpOM BapuaHTe CpaBHUBAJIOCH BPEMsl pPETUCTpa-
UM U3JIydeHUs (OTONETEKTOPOM B Cilydasx, KOIZla KaHal BbIBOJA OTKPBIT, M KOTAA MEPEKPHIT
CTEKJIIHHOM IIJIACTUHKOM, KOTOpasi 110 Teopuu Putna, nepensinyyuB CBET, CHUXKAECT €r0 CKOPOCTh OT
¢ + V 10 cTaHAapTHOTO 3HAYEHUS ¢, CIBUTasi MOMEHT PETrUCTPAllii UMITYJIbCOB U3JIy4EHUS.
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Puc. 8. DxcieprMeHTaTBHBIE OCIIIUIOTPAMMBI CHHXPOTPOHHOTO M3ITy4YeHus [23] — 10 BHECEHUS CTEKISTHHOM
IUTAaCTHHKH (86epxy) U nocie BHeceHus (6ru3y). CTperkaMu OTMEUYEHBI UMITYJIECHl BTOPUYHOTO M3ITyUeHHS.

B nmepBoM BapuaHTe CKOPOCTb M3JTy4€HHsI COCTAaBHJIA ¢, @ BO BTOPOM — HE MOSABHIOCH J100a-
BOYHOM 3a7ep>KKU Af UMITYJIbCOB Ha 9 HC OTHOCUTENBHO OMOpPHOTO curHaia. Ho B paHHOl mocrta-
HOBKE OIIBIT HEJIb3s1 CYUTATh NPSIMbIM, @ BBIBOJ — OJHO3HAYHBIM. BO-NepBBIX, HANIPSIMYIO HE U3Me-
peHa cKopocTh 31eKTpoHOB V. OHa paccunrtana o ¢popmynam CTO, u3 xotopeix V= c [22]. Ho B
KJIacCHuecKoi (u3mke, Kak orMedan Putiy [24, c. 266], CKOPOCTh AJIEKTPOHA MOXKET IPEBBIMIATH C,
€CJIM UCKATh }/ KIIaCCHUYECKU 110 UMITYJIbCY p = mV, ipu m = const. Torna u3MepeHHbI 110 KpUBU3-
HE TPACKTOPUHU AJICKTPOHA B MArHUTHOM II0JI€ UMIYJIbC p = ymc = 450 MaB/c [22] cooTBeTCTBYET
ckopoctu V' = yc = 880c. IlosTomy 3anepxka Az, cieayromas u3 Teopud Putna, oTinMdHa OT 0XKU-
JlaeMoi B [22], 1 HYKHBI IPSIMBbIE 3aMEPbl CKOPOCTH AJIEKTPOHOB MPOJETHO-UMITYJILCHBIM METOJIOM
— T10 BpeMEeHH MpoJéTa 6a3bl, U3BMEPEHHOMY YCTaHOBJIEHHBIMU BIOJb 0a3bl JETEKTOpaMu YacTHil. B
YCKOPUTENE CKOPOCTh IEKTPOHOB HEIB3sI OMPENEIUTh OJHO3HAUHO, KaK OTHOIIEHHE JITMHBI UX Op-
6utel L k nepuony 7 yCKOPSIOUIETO MO WM UMITYJIbCOB U3TYYEeHHUs, T.K. 3TH MEPUOIbI OTIHUYHBI
OT mepuojia oOpalieHus JIEKTPOHOB, €CIH B YCKOPUTENE LUPKYIUPYET HECKOJIBKO CTyCcTKOB. MxX
YHUCJIO TOXKE HE M3MEPEHO HanpsMylo. ['MIore3y O €IMHCTBEHHOM CIYCTKE IKCHEPUMEHTATOpPHI
000OCHOBAJIM T€M, YTO B HAKOMHUTENb U3 JUHEHMHOIO YCKOPUTENsS 3aBOJMIICS OOuH cryctok. Ho, B
3aBHCUMOCTH OT JUIMHBI CT'YCTKA U (ha3bl yCKOPSIOIIETO MO, OH ACTUTCS Ha PSJ CTYCTKOB.

Bo-BTOpBIX, HET OIEHOK A()PEKTUBHOCTH TMEPEU3IIyUeHHUsI CTEKISHHOU TacTuHkor. Cpena
IepeU3NyqacT JIMIIb YacTh 3HEPTUU cBeTa. UeM ToJIlle U ONTUYECKU IUIOTHEE CIIOM Cpefbl, TEM
BBIIIIE JI0JI1 BTOPUYHOTO M3IIYUYEHHSI OT CPEJIbl CO CKOPOCTHIO € U HUXKE JI0JIsI IEPBUYHOIO CO CKOPO-
cThio ¢ + V. Kak nokazan @okc [2], oneHKa AIHHbI Tepen3IydeHus / IpuMeHUMa JHIIb JJIs1 CKOPO-
crert V <<c. A nnsa V ~ ¢ nimuHa [ MOKeT ObITh MHOTO MEHbIIIE WK OoJbIle. B mepBoM cirydae oc-
TATOYHBIN a3 B BAKYyMHOW KaMepe cpa3y MEPEU3IYUHUT CBET CO CKOPOCTBIO ¢, JINIIUB ONBIT CMBIC-
Ja. A mipu ociabJIEeHHOM MEePEeUu3y4eHUH CTEKIISIHHAS TUIAaCTUHKA MpeoOpasyeT JHIb MaTylo JTOJI0
SHEPTUM CBETA, U OCHOBHAS €0 YaCTh COXPAHUT CKOPOCTH ¢ + V, HE N3MEHUB OCLIWIIJIOTPAMMY .

M3BecTeH OMbIT C raMMa-u3iay4yeHHEM OT ABIXKYIIMXCS C PEISTUBUCTCKUMHU CKOPOCTSIMU
sIIep: OH HE BBISBWII OTJIMYMI CKOPOCTH U3IYyUYEHHsS OT CKOPOCTHU cBeTa [25, 26]. ®okc npoBén Tak-
K€ OTBIT MO U3MEPEHHUI0 CKOPOCTU M3IIyYEHHUS OT ABMXKYIIMXCS C PENSTUBUCTCKUMH CKOPOCTSIMH
n°’-me30H0B [27]. OH 1OKa3aln COBMAJCHHE CKOPOCTH M3TYYCHHs OT T -ME30HOB BIONb U IIPOTHB
BEKTOpPa UX CKOPOCTH [25], ¥ CU&N OMBIT PEIIAIOIINM MPOTUBOPEUNEM 0aJUTUCTHUECKON TeopuH [2].

Opmnako, kak orMetua cam k. @okc [2, 27, 28], 3TOT BBIBOJ HE BIIOJIHE OOOCHOBAaH, ITO-
CKOJIbKY TOYHO HE M3BECTHBI MEXaHMU3MbI pacraja U U3TyUYeHHs, O KOTOPHIX CYJST MO KOCBEHHBIM
JTAHHBIM, TaK K€ KaK O CKOPOCTH U3IyYaloIIMX YacTHUll, KOTOpas HE U3MEpeHa HampsMylo, a pac-
CUMTaHA B paMKaX HEKOTOPBIX JOMOJHUTEIbHBIX TUIIOTE3 U PEISITUBUCTCKOM KHHEMATUKH [29].

ABTOpBI SKCHIEPUMEHTA OTMEUAJIH, YTO U3IyUYEHHUE N0 MOCTYIUIEHUS B ETEKTOPHI MPOXOAUT
yepe3 HEMOJBUKHBIE CPeibl, T.€. MOXKET Mepen3nydarbcss UMH U IBUTaThCs Jaliee CO CKOPOCTHIO ¢,
yTpaTuB U30bITOK ckopocTH. B pabote [30] onenena anvHa nepeusinydeHust B atMmocdepe (5 K,
YTO MHOTO OO0JIbINE MPONAETHOM nucTaHuu B 60 M, OTYETo nepensnyueHueM npenedperanm). OaHa-
KO HET OILICHOK JJIMHBI TIEPEU3IyUeHUs B ONTUYECKU OoJiee TUIOTHOW OEpUILTUEBON MUIICHH U MU-
JapoOBOM OKHE, TJI€ JUTMHA SKCTUHKIUH / = AM/2n(n — 1) B ThICSIUM pa3 xopoye. T.e. ONBIT HE MOXKET
CBUCTEIHCTBOBATH MPOTUB OAIITUCTHUECKON TEOPHH.

JleficTBUTENBHO, BO BCEX NEPEUYUCIICHHBIX OMNBITAaX BBI3bIBAET COMHEHHME TMIIOTE3a, 110 KOTO-
poii cpefia MUIIIEHU U JIETEKTOPOB HE MEHSET CKOPOCTh PEHTI'€HOBCKHUX W ramMma-Iydel Hu3-3a ux
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CJT1aboro paccesTHus NEKTPOHAMHU CPEJIbI, BBUIY MaJIOi 3(PPEKTUBHOCTH TOMCOHOBCKOTO PacCesHUS
Y OTJIMYHUS YaCTOTHl PEHTIC€HOBCKHUX M raMMa-lydell OT pe30HAHCHBIX YAaCTOT PACCEUBAIOIINX CBET
BHEIIIHUX 3JIEKTPOHOB B aroMax. [loaToMy mokazarens npejoMIIeHUs 1 I TaKUX W3JIy4eHUH Mpu-
HUMAIOT PAaBHBIM €UHHUIIE, a JUIMHY SKCTUHKIMU [ = A/2m(n — 1) — cTOAb OONBIION, YTO TIEpen3y-
yeHueM npenedperarot. Ho, kak otmerun Y. Kanrop [29], et npsambix oneHok 7 u /. Kpome Toro,
W3Iy4YeHUE PACCEHBAIOT HE TOJBKO CBOOOJHBIC W BHEIIHUE SJEKTPOHBI aTOMOB, HO U 3JEKTPOHBI
BHYTPEHHUX 000JI0UEK, sI/Ipa, Y KOTOPHIX PE30HAHCHBIC YACTOTHI JIEXKAT B PEHTTEHOBCKOM M TaMMa-
Uana3oHax u KoTopble 3 (EeKTHBHO B3aMMOJEHCTBYIOT C M3IydeHHeM, obecrieunBas n # 1 u ma-
Jbie [, BBUAY MAJOCTH A PEHTI€HOBCKHUX M Tamma-iiydeil. Torga mnepensiiydeHHEe BO3MOXKHO M Ha
JUIMHAX / MeHee MUJUTMMETpa — JJI1 raMMa-JIy4eid B 3eMHBIX CpelaX, U MEHee aCTPOHOMUYECKOM
€IUHUIIBI — [ PEHTT€HOBCKUX W raMMa-yded B Mex3BE3HOM cpene. T.e. OnbIThl, B KOTOPHIX JTy-
YY LI CKBO3b MUILIEHHM [2, 27, 28] nnu Mex3BE3HYI0 cpeny [31], He mpoTuBOopedar teopun Pur-
na. /st peHTreHOBCKHX M ramMMa-iyded M3MepeHHbIH kod(p¢uiment npenomienus n # 1. Ecnm
0003HauuTh 7 = 1 + O, TOrAa AN PEHTTEHOBCKUX JIy4eH O = 10°-107. Tak, s peHTreHOBCKHX
nyueit ¢ sueprueit 30 k3B (A= 4-10"" m) B Boge & = -2,6:10" [32], a mmst y-1yueii ¢ sHepruei 1,2
B (A= 10""2 M) B crmmxone 8 = 1,5-107 [33]. Otciona
A A
= = (7
2nn—1 2

Y JUISL PEHTT€HOBCKUX JTydert coctaBuT /=~ 0,05 mm, a s ramma-nyueit / = 0,1 MM, 9T0 commocTaBu-
MO C JUIMHOUW TiepensnydeHus ontuueckux jydeit / ~ 0,001 mm. To ske BEpHO B OTHOIICHUH MEX-
3BE3QHOrO raza — JIUHBI /[ B HEM COMOCTaBMMBI B ONTHYECKOM, PEHTTCHOBCKOM U TaMMa-
nuana3onax. [loaToMy, mpoxoas CKBO3b JAETEKTOPHI U MIACTUHKH TOJIIMHON B HECKOJIBKO MUJLIH-
METpPOB, PEHTTEHOBCKUE U TaMMa-JIy49d MEePEeU3TyUdaroTcs, Tepsisi U30BITOK CKOPOCTHU, U B TIOJIOOHBIX
OTIBITaX HEJb3sl TOBOPUTH O MPSIMOM MpoBepKe OamucTuyeckoil Teopun. Tak U B MeX3BE3THOM rase
JUTSL PEHTTEHOBCKUX M TaMMa-Iy4yeil [UTHHBI [ CPaBHUMBI C JUTHHOW SKCTUHKIUYU [ AJI1 ONTUYECKOTO
m3nyuenus. [loatomy u aprymentsl bpauepa [31, 32] npotuB Teopun Putiia, ocCHOBaHHbIE Ha aHa-
JIN3€ TBOMHBIX PEHTIC€HOBCKUX MYJbCAPOB U HICTOYHUKOB raMMa-BCIIBILIEK, HE UMEIOT CHJIBI.

Tak, coryiiacHO OIIEHKE CKOPOCTH CBETa B Cpelie ¢* OT COMMKAIOIIEToCsl CO CKOPOCThIO V Hc-
TouHUKa [9], ¢ * BeIpaxaeTcs yepes3 NpuBeAEHHBIN TOKA3aTENb MPEIOMIICHUS 1™ Kak

c*=cn*=cl[n—Vi(c + V)],
TOTJa JIJIsl M3Iy4YEeHHsI SJICKTPOHOB ¢ V= ¢ moKa3arens NpejoMIIeHHs cTekiia n = 1,5 cTaHeT paBeH
n*=n-Vi(c+V)=1.

D10 Ha MOpSAKU yBenu4yuT [ = A/2n(n* — 1), 1 Ha TONIIMHE CTEKJISHHOW MJIACTUHKU B 1 MM CBeT
MOYTH HE MEPEU3TYUUTCS, MPOXOs INIACTUHKY CO CKOpPOCThIO ¢ + V. JIumb manast 10Jisi SHEpruu
MEPEU3NyYUTCs cO CKOpocThio ¢. He cnmyuaiiHo B ombiTe AJieKcaHIpoBa Ha ocumuiorpamMme [23]
BUJIHO, YTO TIPH yCTAaHOBKE TUIACTMHKU HA MyTH M3JIY4YEHHUsS BHICOTA UMITYJIbCOB CHU3MWIACH: TEp-
BUYHOE M3JIYYEHHE CO CKOPOCTHIO ¢ + J 0cnabiio, 1 BOSHUKIIM Mallble UMIYJIbCHI, 3aMa3/bIBAIOIINE
Ha At, = 17 Hc (Puc. 8). OHu He MOTYT OBITh pPe3yJIbTaTOM MEPEOTPAKEHUH, T.K. 33aJIepKKa OT JIByX
nepeoTpakeHuit Ha JuiHe S = 5,4 M OT mepeu3nyyaroiei IacTUHKU 10 (POTOAETEKTOpa COCTABUT
At =2S/c =36 uc. Ho At, = 17 Hc B npeenax nmorpentHoct (~1 HC) COOTBETCTBYET pacuETHOM 3a-
nepxkke At, = 18 HC BTOpUYHOTO U3ITyYEHUs, IEPEn3TyYEHHOTO MIIACTHHKOM CO CKOPOCTHIO C.

Ecnu npunepxuBaThCsi KJIACCUYECKON TEOPUH, CUNTAsE CKOPOCTh JIEKTPOHOB CBEPXCBETOBOM
V' >> ¢, cnepyeT COOTBETCTBEHHO BUJOU3MEHUTH popmyiy (7) Ast ATWHBI SKCTUHKIINH, HaWJEHHON
DoKCcOoM IJIsI HEPETSATUBUCTCKOTO cityvast. Tak, npu V >> ¢ nepeusiydeHre BooOIe HEBO3MOXKHO,
T.K. o runore3e Dokca [2] nepeusnydeHre — 3TO pe3yJabTaT MOTalleHus B pe3yibTare uHTepde-
PEHILIUU TIEPBUYHOTO M3IYUYEHHUS CO CKOPOCTHIO ¢ + V — BTOPUYHBIM, PACCESTHHBIM aTOMaMU CPEIbl
CO CKOPOCThIO ¢. OgHaKo mpHu V >> ¢ pa3HHIAa CKOPOCTEH 3TUX U3IyYECHUN CTOJb BEJMKA, YTO Ha-
pylIaeTcsl yCclIOBUE CHHXPOHH3MA, U MHTEP(EpPEHIMs] HEBO3MOXKHA — PACCESHHOE H3JIyUCHUE HE
MOJKET JJOTHATh MEPBUYHOE M3Ty4yeHHe. TeM He MeHee, B paMKax HEKOTOPBIX MPEANON0KEHUH, BbI-
ckazanHbIX B.B. KouapoBckum, popmyna mist jmussl / npu y >> 1 npruoOpeTéT Bua

[=Xy2n(n*—1).
Takast 3aBUCUMOCTD TMOJY4YaeTCsl B MPEIINOJIOKEHNUH, YTO HA BHYTPEHHUX 000JI0UYKaX aTOMOB IpH-
CYTCTBYIOT 3JIEKTPOHBI C PEISTUBUCTCKUMHU CKOPOCTAMHU, a UX KOHLIEHTpauus N yObIBaeT Mporop-
[IUOHAIBHO 1/y 1O CpaBHEHMIO C OOIICH KOHIIEHTpAIMEH SIEKTPOHOB Ny. A 1isl MHTEpPEepeHIINN
MIEPBUYHOTO U3TYUYEHUSI CO BTOPHUUHBIM JIOJDKHO BBIMIOJHATHCSA YCJIOBHUE CHHXPOHHM3MA, 1a0bl mep-
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BUYHOE U BTOPUYHOE M3JIyUEHHE JBUTAINCH C OJIM3KUMU CKOPOCTSIMH, OTIIMYHBIMU HE OoJiee 4eM
Ha AV. T.e. mepeusiydeHue cBeTa OT JIEKTPOHOB C JIOPEHU-(PAKTOPOM Y MPOUCXOAUT HA HIEKTPO-
Hax ¢ OJM3KUMHU CKOPOCTSIMH U C KOHIeHTpauueit N = Ny/y. B urore, 1ist [UIMHBI TIEpen3IydeHUS
= (Nkro)f1 = loy, tae lp= (Nokro)f1 — JJIMHA NIEPEU3TyYECHHs] CBETA OT HEMOABUKHOTO UCTOYHHUKA.

Ecnu xe koHueHTpauus N B BelllecTBe (IJ1a3Me) 3aJjaHa MaKCBEJIJIOBCKUM pacIipeieICHUEM

N = aVexp(-mV*/2kT)
(a — HOpMHPOBOYHBII MHOXKUTEIb, BKIIOYAIOMINNA TaKKe MHTEpBal cKopocTed AV, st KOTOpbIX
BBINOJIHAETCS YCJIOBHE CUHXPOHHU3MA), ITIMHA epen3TydeHust Hauaeéresa npu V = yc >> ¢ Kak
[ = (Nhro) ' = exp(mV2/2kT) aV*hro~ exp(y*b)/y*Au,

roe b = mc*/2kT, U= aczro. 31ech y4iu, B CUITy 9KCIIOHEHIIMANbHOTO yobiBanust N(V), uro ompene-
JSOUIeH, KpUTUYHOW OyAeT KOHLEHTpaluss N 3JIEKTPOHOB C HAMBBICIIMMHU CKOPOCTAMHU V, T.K.
JIEKTPOHOB C MEHBIIMMH CKOPOCTSIMM Ha MOPSJIKK OOJblle, a UX BKIaA B / MOXKHO yuyecTb Jo0a-
BOYHBIM KO3((uUIeHToM OIu3KuM K eauHuiie. CKOpoCcTh CBeTa CHMUXKAETCS 0 CTAaHIApPTHOTO 3Ha-
YEeHUs1 ¢ HE CKauKoM, a IUIaBHO, 10 Mepe KacKaJHOTO Mepeu3inydeHus BcE Ooyiee MeIIeHHbIMU
ANEKTPOHAMM, /Il KOTOPBIX BBINOJHSAETCS YCIOBUE CUHXPOHHU3MA C OCHOBHBIM (110 SHEPTUH) MOTO-
KOM Hu3iay4yeHus. Tak e IUIaBHO MaJacT MHTEHCUBHOCTH NIEPBUYHOIO M3IY4YEHHs] U PAaCTET UHTCH-
CHBHOCTb BTOPHYHOT0. II0CKONBKY TPH HOPMABHBIX YCIOBHSX BemuunHa b ~ 107, 1TiHA SKCTHHK-
UK [ CTAaHOBUTCSI OTPOMHOIM, T.€. Mepen3ayyeHue MPaKTUIeCKH OTCYTCTBYET, U NEPBUYHOE M3ITY-
YEHHE MOXKET MPOXOJUTh CKBO3b TOJICTBIE MPETPajibl MPAKTUUECKH HE Mpeolpa3ysich. PaccesHHble
HMITYJIBCBI TIPYU 3TOM BO3HHMKAIOT, HO HE BIMSIOT HA NIEPBUYHOE U3IYUYEHHUE, KOTOPOE HE MOTYT AOT-
HaTh W ToracuTh. [lepensiaydeHne MpoOUCXOAUT TaKKe Ha AJIEKTPOHAX BHYTPEHHUX 000JIOUYEK aTo-
MOB, KOTOpbIe MOTYT 00JaJaTh BBICOKMMH SHEPrUsSMH, T.€. ABUIaTbCs CO CKOPOCTSAMH MOpSIKa
CKOPOCTH CBETa, B TOM YHUCIJIE€ 3a CYET BO30Y)KJIEHHUS aTOMOB Cpelbl PEHTT€HOBCKMMHU U TaMMa-
JTy4aMHd CHHXPOTPOHHOro m3iaydeHus. [Ipu ux yuére niavHa nepeusitydyeHus: / MOXKET JOCTUTaTh
00b1yHbIX 3HaueHui / ~ 0,1-10 m. JleiicTBUTENBHO, AMEKTPOHBI ¢ 3Hepruei W =450 M»B o6pa3y-
I0TCA TIPYU NOTJIOIIEHNN KBAHTOB CUHXPOTPOHHOIO M3JIy4EHHsI COOTBETCTBYIOIIEH 3Heprun 2W, ec-
JM OCHOBHAS MPUYHMHA — 00pa30BaHUE 3JIEKTPOH-TIO3UTPOHHBIX map. /st a3Toro mporecca cedyeHune
TOTTIONIEHHS B CTEKIIE cOCTaBIseT 6 ~ 102 cM?/anexTpon. Takum 06pa3oM B CTEKIe, ¢ KOHICHTpA-
UEH aTOMOB ~10% CM73, B OJIHOM KyOMYE€CKOM CaHTUMETPE Ha KaKIbIi KBAHT TMOSIBUTCS HE Ooiiee
onHoro snektpona (<0,001) c sueprueit W ~ 450 M»aB. Ecnu y4yectb, 4TO B CHHXPOTPOHHOM H31TY-
yeHuu ¢ Makcumymom Ha 0,2 k3B [22] kBanTOB ¢ sHeprueit W =450 MaB mano, moiayuum, 4yTo ma-
1a KOHIEHTpawus N 57IeKTPOHOB SHeprun ~W, a jmuHa nepensmydenns [ = (NArg) ' orpoMHa.

COOTBETCTBEHHO, B KCIIEPUMEHTE AJIEKCAHAPOBA BTOPUYHBIE UMITYJIbChl OKA3bIBAIOTCS MaJIbl
[22], BBUAY craboro nepeusnyueHusi. ABTOPbI SKCIIEPUMEHTa WHTEPIPETUPOBAIN BTOPUYHBIN UM-
IyJIbC KaK HaBOJKY, BBUJIy €r0 HEyCTOMYMBOM aMIUIUTY/Ibl U COXPAHEHUsI TP 3aKPbITUU OKHA BbI-
Boja u€pHoit Oymaroil. Ho cuHXpoTpoHHOE M3nydeHue obnamaer mupokuM crekrpom ot MK- mo
PEHTI€HOBCKOTO Juamna3oHa [22] ¥ COAEPKUT, KPOME ONTHUYECKOW KOMIOHEHTHI, POHUKAIOUTYIO
CKBO3b OyMary KommnoHeHTy B Buje ganbHero K- (A = 50-2000 MKM) U pEHTT€HOBCKOTO HU3IIy4e-
Hus (¢ MakcuMyMoM Ha A = 61,3 A [22]), 5 dekTHBHO NepensTydaeMyro CTEKIOM M 3aMa3IbIBalo-
LIy}0 OTHOCHTEJIBHO ONTHYECKOM KOMIOHEHTHl Ha 18 Hc. [lelicTBuTensHO, (OTOAMOABI 00J1aAaI0T
HEKOTOPOH, IyCTh MAJIOH, YyBCTBUTENBHOCTHIO K MIK- M pEHTreHOBCKOMY M3IIy4eHHUIO, MEHSIOLIEH-
csl B 3aBUCUMOCTH OT HacTpouku PIN-guona. T.e. oTcyTcTBHE NMITYJIBCOB BTOPUYHOIO U3JIyUEHUS B
JOPYTUX CEPUSAX U3MEPEHUIN — 3TO pe3yJIbTaT U3MEHEHUs cxeMbl noakmoueHus PIN-nnona [22].

Bo BTOpOM BapuaHTE OmbITa CKOPOCTH ¢’ UMITYJIbCA CHHXPOTPOHHOTO M3IY4YCHHs UCKAIU KaK
V= Si/t,tne S1= 7,2 M — ANiMHA KaHaja BRIBOJA U3IYUYEHUS, T = 24 HC — U3MEPEHHOE BpeMsl TIPOIIE-
Ta UMITyJbCca, OTKyaa V= 3- 10% m/c. Bpewmsi T u3Mepsanu no MOMEHTY PErucTpalyd UMITyJIbCa OTHO-
CUTEJIbHO MOMEHTA €r0 M3JIyueHUs, C yUETOM BPEMEHU IMPOJIETA CTYCTKOB IO YCKOPSIOLIErO Pe30-
Haropa (Puc. 7) u dazoBoro cupura ¢z = 75,6° (6 HC) MOMEHTOB MPUX0JIa CTYCTKOB K PE30HATOPY
(Puc. 8) oTHOCHTENBHO MakCUMyMa YCKOPSIIOLIETO HaNpsyKEeHUs Ha ocluuiorpamme [22, 23]. 3a-
MepBI ¢’ TIPU ITOM COAEPKAT PAll HEOAHO3HAYHOCTEH: BO-IIEPBBIX, HE M3MEPEHA HANPAMYIO CKO-
pOCTh V 31€KTPOHOB (@ 3HA4YMT, BpeMs NPOJIETAa UMHU AUCTAHLUU S2 = 2,8 M 710 YCKOPSIOIIETO pe3o-
HAaTOPa); BO-BTOPBIX, 3aEPKKY T MOKHO U3MEPATh OTHOCUTEIBHO Pa3HbIX UMIIYJIbCOB B CEPUU; B-
TPETHUX, HEOJTHO3HAYHOCTh BbI3BAHA HEONPEIEIEHHOCTBIO 3HaKa HanpspkeHus U Ha ocLuiuiorpam-
Mme (Puc. 8). Pe3ynbprar onbiTa MOXHO TPaKTOBaTh U KaK MOJTBEPKIACHUE OANTUCTUYECKONU TEOPHH,
T.K. IIpU KJIACCUYECKON OLIEHKE CKOpPOCTU MIeKTpoHa V' = yc = 880c, OH JOCTUTHET pe30HATOpA,
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MpoWas myTh S> = 2,8 M MPAKTUYECKH OJHOBPEMEHHO € MPHUXOAO0M K JETEKTOPY CHUHXPOTPOHHOTO
W3IyYeHus1, MPOXOoasAIero myTh S = 7,2 M. 3agepxka coctaBuT At = Si/(V + ¢)— S»/V = 0,017 He.
Ecnu BepHO oT™MeEpATh a3y @s = 75,6° (6 HC) crycTKa OT MaKCUMyMa YCKOPSIFOIIETo HanpskeHust U
[22], oH npubyaeT K yCKOPSIOIEMY Pe30HATOPY OJAHOBPEMEHHO C perucrpanueil MMIyJbca CHH-
XPOTPOHHOT'O U3yYEHUs AETEKTOPOM, B IIOJTHOM COOTBETCTBUU ¢ ociuiorpammoit (Puc. 8).

WTtak, s MCKIIOUYEHUS] HEOJHO3HAYHOCTH CIIEAYET, BO-IIEPBBIX, HANPSAMYIO U3MEPUTh CKO-
POCTb 3JIEKTPOHOB; BO-BTOPBIX, OLIEHUTH BKJIAJ] IEPEU3ITYUECHUS, MEHSAS TONIUHY CTEKJISIHHBIX IJIa-
ctuH oT 1 MM 110 10 cM. B TakoM BHJIE OTIBIT MOXKET CTAaTh PEIIAIONINM U BOMTH B yueOHukH [23]. B
HBIHEIIHEM BUJE OH HEOJHO3HAYeH M HE HOB, IIOBTOPSISI CXEMy M HEIOYETHl OIbITa
A.C. Masmanumsuinu [34].

CraBuiICs TaKXkKe OIBIT 110 CPABHEHUIO CKOPOCTHU 3EKTpoHOB U3 yckoputens SLAC ¢ snepru-
eit 11 I'3B (y =22000) u ux cCMHXpOTPOHHOIO W3y4yeHus Ha 6aze S = 1 km [35]. [lerekrop peruct-
PHPOBATT YACTHIIBI ¥ UX M3IyHEHHE C 3a4epiKoit Af < 5:107'% ¢ (Puc. 9). Pe3ymbTaT TpakTOBAIM KAK
COBIMAJIEHHE CKOPOCTEH ¢ TOYHOCTHIO 10°® M MX paBeHCTBO ¢. A (PaKTHUECKH CKOPOCTH YACTHI[ H
U3ITyYEHUsl HE U3MEPSUIINCh, IOATOMY ONBIT HE MpOoTUBOpedyuT Teopuu Purtna. CornacHo GannucTu-
yeckoi Teopud, npu y = 22000 ckopocts 31ekTpoHoB V' = 22000¢ >> ¢, uro auwmsb Ha 0,005 % Hu-
xe ckopocTtH ¢ + V= 22001 ¢ ux usnydeHusi, OT4Ero AUCTAHLUIO S = 1 KM OHU MPOXOJAT C pa3phbl-

BoM At. =S/V—-S/(c+V)~T 10713 C, UTO YKJIQJIbIBa€TCA B U3MEPEHHBIN nHTEepBai Af, < 5- 102 c.
aetektop 1

-

6rok
UsMepeHuns
sagepxkn AT 'Ay;l'-l

7
e o . T/ CUHXPOTPOHHOE
.J. q;lﬁ- — yanyHerue |
geTtekTop 2

MULLIEHb 'SS_T V-uanyyeHme =c+ )

Puc. 9. Cxema onsita bpayHa.

AHAJIOTUYHBIN OMBIT, TOBTOPEHHBIA MPHU dHEPIUsaX 31eKTpoHOoB 15-20 ['3B [36], Toxe nmoka-
3aJ1 OTCYTCTBHE PAa3HULIBI CKOPOCTEN CBETA C TOYHOCTBIO Af < 1072 ¢, uto COIJIACYETCs C MPE/ICKa-
3aHHOM B paMKax Oa/UTMCTHYECKOW TEOPUH pa3HUIIEH MOMEHTOB peructpanuu A, ~ 3-10 7 c.

JI1g MCKJII0YEeHHsT HEOJHO3HAYHOCTH B TAaKMX OIBITaX CJIEAYET HENOCPEACTBEHHO U3MEPUTH
CKOpPOCTb YacTHUI[ U U3Iy4YEHUs, JUOO MPUMEHUTh JJIsl CPAaBHEHUS M3JTy4EHUE HEMOJBMXKHOIO HC-
TOYHHMKA. B 4acTHOCTH, y10OOHO MPUMEHUTH JJIsl CPABHEHUSI MTMKOCEKYHIHbIC MM HAaHOCEKYHJIHBIC
UMILYJIbChI, OTPAKEHHbBIE 3€PKAJbHBIM (DOTOKATOIOM, F€HEPUPYIOIIUM CTYCTKH 3JEKTPOHOB IS
yckoputens npsimoro neiicteus Ha 1 MaB. Ecnu yckopenue no ckopoctu V= 0,94¢ npousoaurcs
Ha KOPOTKOW JUCTaHLUU A ~ 1 M, pacXoxkIeHHEe MEXIY 3JIEKTPOHAMU U MMITYJIbCAMH JIa3epHOI0
U3IYYEeHUS COCTABUT T = 2h/c <7 HC. A pacxoxIeHUe MEXKIYy UMIYJIbCAMU SJIEKTPOHOB M JIA3E€PHO-
ro cBera Ha nponeTHoi 6a3e S = 1 km coctaBut mo CTO Atz = S/V —S/c = 0,2 mkc. Cornacao 6ai-
auctudeckoit Teopun Atp = S/v—S/c = -1,67 MKc, TIIe Knaccuueckas oleHka v = 2¢. Takum obpa-
30M, pasHuua Afg — Atz = 1,87 MKC HAMHOTO MPEBOCXOAUT HAYAJILHOE PACXOXKIEHHE MEXIY UM-
IIyJIbCaMU 3JIEKTPOHOB U U3IYUYEHHs T < 7 HC, Aa)K€ €CIM COKPATUTh AUCTaHIMIO S 10 4 M. A eciu
PErucTpupOBaTh UMIYJIBCHl CHHXPOTPOHHOTO U J1a3epHOro uainydeHus (uist kotopsix B CTO cko-
poctu paBHbI), pazHuna coctaBuT o CTO Atz = 0 mkc, a mo BTP Atz = S/(c + v) — S/c = -2,22 MKc,
YTO JIETKO 3aperucTpupoBaTb. OTMETHM, YTO B OMbITE [35] cpaBHUBAIM CKOPOCTH 3JIEKTPOHOB CO
CKOpPOCTBIO TOPMO3HOT'O T'aMMa-H3JIy4eHHs OT HEMOABMKHOW MUIIEHU U PETUCTPUPOBAIIU COBIAIE-
Hue ckopocteil. Ho u B 3TOM ciiyyae MCTOYHUK (JIEKTPOHBI B MULIEHH) ABUTAIUCH C PEISATUBUCT-
CKOM CKOPOCTBIO. Takxke MOXKHO CpaBHUBATb CKOPOCTH YaCTHIl U UX U3JIy4eHUs Ipu y ~ 1, T.e. npu
ckopoctu yactul V' ~ c. IIpu aTom B Teopun Purna ckopoctu V yactun u ux usnydenus V + c, Bo-
NEPBbIX, OYyJyT CUIBHO OTIMYATHCS B MPOLEHTHOM OTHOLIEHHWHU, BO-BTOPBIX, 3T Pa3HUIA MOXKET
OBITh TOYHO U3MEPEHA, TOCKOJIBKY Pa3HOCTh BPEMEH MPOJIETA COCTABUT MOPSIIKA HAHOCEKYH/I.

Jnst mpoBepku Oamumuctraeckoit Teopur M1 CTO Takke MOXKHO HMCIIOIb30BaTh OMBITHI 10 M3-
MepeHHI0 BpeMeHM Kn3HM MUOHOB. [Io CTO BpeMs KM3HM NMOABMKHBIX YAacTHI] PacTATMBAETCS
IIPONOPLIMOHATIBHO Y-(haKkTopy, a B OAIIMCTUYECKON TEOPUH BPEMs JKU3HU YaCTHIL HE 3aBUCHUT OT UX
ckopoctu. M3 ombITOB cienyer, uTo Bpems ¢ = L/V monéra yacTibl, Jake MpH CKOpocTu V = ¢
(npenensHoit Mo CTO), 3aMeTHO TPEBBIMIACT €€ TaOIMYHOE CpeTHEe BPEMSl J)KU3HU T, U TEM 3aMeT-
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Hell, yeM BhIme SHeprust yactuipl. [lomaramu, 9to 3to moareepxkaaet BoiBox CTO 00 maMeHeHHH
MaciTaba BpeMEHH MpHU ABMKEHUU, OYATO ISl TIOJBMKHOW YACTHUIIBI BpeMsl TeUéT MeAJICHHEH, U
OHa yCIieBaeT MPONTH 10 MOMEHTa pactaja Oonbmuii myTh L. Ho, kak nmokazan B 1959 r. I1. Pamnbe
[37] u B 1983 1. A.A. [lenucos [38], 310 BepHO Juib 1ipu V' < c. B kmaccuueckoil MEXaHUKE TaKOTO
OTpaHUYCHUS HET, U ¢ = L/V He U3MEHHUTCS, €CITU MPONOPIIMOHAIBFHO Iy TH L BBIPACTET CKOPOCTH V
yactuibl. OueBUHO, O0see ObICTPhIC YACTHUIIBI 32 BpeMs pacmajia IpOXOoAsaT OONbIINI My Th.

Tak, «mposieHue KU3HW» HaOII01aIu y MIO-Me30HOB (Mmroonog) [39]. B CTO Bpems ux xus-
HU t'= L/U pacCUUTHIBAIOT MO0 UMITYJbCY p = eBR (MI3MEpEeHHOMY 10 paauycy R KpUBU3HBI TPAEKTO-
pYY B MarHWTHOM TI0JIe B 3apsifa e), CBI3aHHOMY CO CKOPOCTBIO U PEISITUBUCTCKON (hopmyion

muv
p=——,
1-v2/c?

r7ie m — Macca MIoOHa. B GannmucTiuueckoi TeOpHH ero CKOpOCTh HailnéTces kinaccuuecku V = p/m,

U
N1-v2/c?

Ecnu B popmyne ¢ = L/V ckopocTh V 3aMeHHUTD Ha €€ BhIpakeHHUE Yepe3 U, TOTAa MOTYYHM
L t

T.€. popmyny CTO ansa npeoOpa3oBaHus BpEMEHHU:

t
f'=——=1y.
V1-v%/c?

Takum 00pa3om, coriaacHO OaNTMCTUYECKOW TeopuH, mpoder yactull L = t'V = tyc pactér He
3a c4€T poCTa BPEMEHM UX XKHU3HU ¢’ = fy P OrPaHMUEHHONW CKOPOCTH V = ¢, a 3a CU€T pocTa CKO-
poctu V = yc npu GUKCHPOBAHHOM BPEMEHH XU3HHM ' = t. VTak, BBIOOp MEXIy OaTHCTUYECKON
teopuet 1 CTO MOKHO caenath Jullb MyTEM NPSMbBIX 3aMEPOB CKOPOCTH ¥ Me30HOB. Jlo cux mop
PErUCTpaIMIO CTYCTKOB ocyiecTBisin BPM-narunkamu (beam position monitor), U3MepsironumMu
3apsiji, HABOJUMBIN MPOJICTAIOIIUM B BaKyyMHOU Kamepe crycTkoM. OHaKo, HU3K0e ObICTPOACHCT-
BHE MO3BOJISIET ONPENEATh TAKUM METOJOM TOJIBKO MONEPEYHOE MOJIOKEHUE ITyYKa B KAMepe, a He
€ro MpoAOJIbHOE CMEIEHUE, He0OX0IMMOe JIJIsl U3MEPEHHUsI CKOPOCTH. B mocienHee Bpems MosiBU-
JIUCH 3JIEKTPOONTHYECKUE AATYUKU, HETMOCPEICTBEHHO U C TUTAHTCKUM OBICTpOJEHCTBHUEM H3Me-
pAIOIIME BIIEKTPUUECKOE ToJie mposeTaronux cryctkoB [40, 41]. DTo OTKpBIBAET BO3MOKHOCTH
MIPSIMOTO U3MEPEHMS CKOPOCTH YaCTHI] B KAMEpe YCKOPUTEIIS Ha MPOJIETHOM JAJIMHE L.

Kak noka3zaHo BblIlle, SKCIEPUMEHTHI B 00JIaCTH (PU3UKU BBICOKMX SHEPIHid M MPUHIUIBI pa-
00ThI YyCKOpHUTEINEH He MPOTUBOPeYaT OaNTMCTUUYECKONH TEOpUH, T.K. B MMOJAOOHBIX OMbITAX HE BEAYT
MPSIMBIX 3aMEPOB CKOPOCTH YaCTHIl M X MU3JIydyeHus. Jlanee mpeaiokuM CXeMbl IKCIIEPUMEHTOB T10
PSIMOMY U3MEPEHHUIO0 CKOPOCTH YCKOPEHHBIX YaCTHUL, B YACTHOCTH Ha CHJIIbHOTOYHOM KOPOTKOMM-
nmysbcHoM yckopurene UII®D PAH u na nuneitnoM yckoputene Kypuarosckoro MuctutyTa.

HawuBbIcmiasi TO4HOCTh JOCTHKHMMA IIPH 3aMEPAX CKOPOCTH JJEKTPOHOB B JIMHEMHBIX YCKOPH-
TEJIAX TpAMOro aercTBus. Ilpu 3TOM Bce 37eKTpOHBI 001aJal0T OJUHAKOBOM PHEPTUEl U CKOpo-
CTBIO, YTO TO3BOJISIET T€HEPUPOBATH KOPOTKUE CI'YCTKH 3JIEKTPOHOB, JUUISl TOYHOTO U3MEpPEHUs Bpe-
MEHH NpOoJIETA CTYCTKOM AUCTAHLUU MEXITY ABYMs JeTeKTopaMu. KOpOTKHE CIyCTKH 31E€KTPOHOB,
HE0OXOIUMBIE ISl TOYHOTO U3MEPEHHUs MPOJETHOIO BPEMEHHU, MOTYT OBITh MOJY4YEeHBI IIpHU POTO-
NEKTPOHHON 3MHUCCUU C TOBEPXHOCTU XOJIOIHOIO KaTo/1a MoJ AEHCTBUEM NMHKOCEKYHAHOIO Jla3ep-
HOT'O MMITYJIbCA WJIM MPH B3PBIBHOM 3JIEKTPOHHOM sMuccuu [42, 43]. JlnnHa Takoro cryctka MOKeT
nocturath / ~ 1 cM, a Bpemst ero npojiéra MUMO JETEKTOpa U COOTBETCTBYIOIIAs JUINTEILHOCTh UM-
nyasca At ~ 107°-107" c. [Toaxomsmmmu [i71s1 SKCIIEpUMEHTa mapaMmerpamu [44] o6i1amaeT CHIIBHO-
TouHbl yckoputenb UIID PAH u yckoputens «Cunyc-5» [45]. Takxke MOTyT HaliTU IPUMEHEHHE
YCKOpHUTENH «Sinus-7» ¥ cyoHaHoceKyHIHbIe yekopuTenn Tuna «PAJIAH-220». B ta6nume 1 mpu-
BEJICHbI XapaKTEPUCTHKHN YCKOPHUTEIeH U pacu€THas AIUTEIbHOCTh nponéra 7 = L/V 6a3oBoit nuc-
tanuuu L = 10 M Ha ckopocTtu V' — B pamkax 6ammctuueckon Teopun u B CTO.
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w, )22 At, T(p), BpeMs T(p), BpeMs OTHOCHL.
HAUMCHOBAHHUE | DHEPTHS | HMITYJIbC JUTHHA nponéra nponéra ol6Ka
YCKOpUTES YacTHll, | YacTHIl, | UMIIyJbCa, (CTO), (bTP), ST = At/ ’T
MsB MbB/c HC HC HC
CHUJILHOTOYHBIH
yexopurens UITD ~0,7 0,85 17 39 20 ~60 %
«Cunyc-5» ~0,5 0,71 5 41 24 ~15 %
«PAJTAH-2205 ~0,3 0,55 0,2-0,45 45 31 ~1 %
«Sinus-7» ~1,5 1,24 40 36 14 ~100 %
Taoauna 1.

IIpenckazannsie CTO u BTP 3nauenus Bpemén nponéra 6a3el L otnuyarores B 1,5-2 paza: 310 OT-
JMYKE JIETKO BBIABUTH JieTekTopamu yactull. B yctanoBkax «PAJIAH-220» u «Cunyc-5» TOUHOCTb
JIOCTUTAET HECKOJIBKUX MPOLICHTOB, MO3BOJIAA ClIeiaTh BBIBOJ B MOJIb3Y OJHOM M3 Teopuil. B ycra-
HoBke «PAJIAH-220» 6a3a MmoxeT ObITh CHUXKEHA 10 L = 1 M ipu TouHOCTH M3MepeHus ~10 %.
ToyHoMy M3MepeHuIo NOAAAaETCs TOJIBKO 3HAU€HUE UMITYJIbCA p 3JEKTPOHOB (110 KPUBU3HE UX
TPAEKTOPHI B MarHUTHOM I10JI€), HA OCHOBAaHHWU KOTOPOT'O U MPOU3BEEHBI pacUEThI KIIaCCUYECKOM
U PEeNSATUBUCTCKOM ckopocTu B Tabuuie 1. 3HaueHre KHHeTUYeCcKol sHepruu W dacTull uamepser-
csi ¢ OONBIION MOTPEUTHOCTHIO (HAIpUMeEp, KaIOPUMETPHUECKUM MeTooM). B Tabmuie 2 mpuBo-
JIUM BBIPQKEHUS Ul CBSI3M KMHETUYECKOM dHepruu W, uMiryibca p U CKOPOCTH V' B KIIaCCHYECKOU
¥ PeIATUBHCTCKOM (u3nke (3Heprus mokos Wy = moc’, my — Macca 1okosi). CpaBHeHHe Kiaccuue-
CKHX M PEJIATUBUCTKUX 3aBUcUMOCTe W, p u V naér npocroii kputepuii nposepku bTP u CTO.

3apHci- Knaccuu. ¢pusuka (bTP) CTO
MOCTh
p(W) pz\/sz():\/zWWo/C p= W2+2WW0/C
p) V=pl V= P
=p/m
o \/mo2 +p*/c?
r-2-L% L Wy +(pe)
I(p) =—= =L AW+ (pe)”
V. ¢ pc c e
1
W) W =moV?/2 = p*/2mq W =Wy ————
VI-V2/c?
Taoauma 2

HemnocpenctBeHHO M3MEPUTH CKOPOCTh PENSITUBUCTCKMX YAacTHUILl MOKHO M B KOCMHYECKOM
BaKyyMe, pa3MeCTUB Ha OOPTYy KOCMUYECKOM CTAaHLIMU KOMIIAKTHBIA YCKOPUTENb, B TOM YHCIE Ja-
3epHBIA. B 3TOM citydae MOXHO 3aperucTpupoBaTh CKOPOCTh YCKOPEHHOTO CTYCTKa YacTHUI 10 Bpe-
MEHH €ero Mmposéra Uu3BecTHOW 0a30BOM AuCTaHIMU. MOMEHTHI BbUIETA U3 YCKOPUTEINS U pEerucTpa-
LMY JETEKTOpaMH, YCTAHOBJICHHBIMU Ha JIPYIOM CIIyTHUKE WJIM Ha MOBEPXHOCTH JIyHBI, onpenens-
IOTCS 110 CHHXPOHU30BAHHBIM aTOMHBIM yacaM. BpeMms mposnéra gocTuraer ceKyHabl, IpU BpeMeH-
HOM paspenreHiu 1etekTopoB ~107° ¢. T.e. CKOpPOCTh YACTHI[ MOYKHO H3MEPHTh C TOYHOCTBIO ~10°.
Ecnu cBepxcBeToBasi CKOPOCTb PEISTUBUCTCKUX YAaCTHUI] HOATBEPAUTCS, IKCIIEpUMEHTaIbHAs yCTa-
HOBKa CMOXKET HAaWTU U MPaKTUYECKOE NMPUMEHEHHE — JIJIsi CBEPXCBETOBOM CBsi3U B Kocmoce. [lo-
CKOJIBKY KJIACCHUECKasi CKOPOCTh 3JEKTPOHOB V = p/m = yc, MOXKET MPEBBIIIATh CBETOBYIO B THICAUY
pa3 (Hanpumep, B CHHXpOTpoHe «Cubupb-1» y ~ 10%), Tora curHam JOCTHTHET JlyHbl HE 3a CEKyH-
ny, a3a 1 Mc, a Mapca — He 3a MUHYTBHI, a 32 JECATHIC I0JU CEKYH/bl. DTO MO3BOJUT OPraHU30BaTh
CBEPXCBETOBYI0 KOCMUYECKYIO CBSI3b, BAXKHYIO 151 HaAEHOT0 ynpasieHuss AMC u cinyckaeMbIMU
annapaTaMy, a B IEpCHEKTUBE — I KMTHOBEHHOW» MEXIIAHETHOW U MEXK3BE3/IHON CBS3U.

Takum 00pa3oM, SKCIEpPUMEHTAJbHAS IMPOBEpKa OATTUCTUYECKOH TEOpPUHM HMEET Ba)KHOE
TEOPETUYECKOE U MPAKTUYECKOE, MPUKIAAHOE 3HaUYCHHE. ABTOP BBIPaKaeT MPHU3HATENBHOCTD IIPO-
¢deccopy HHI'Y M.U. bakynoBy u corpyauukam UI1® PAH B.B. Kouaposckomy, I'.b. Manbsikuny,
H.®. Anapeery u C.B. MypaBbEBY 3a UHTEPECHBIE UJIECU, JOMOJIHEHUS, KOHCTPYKTUBHBIE 3ameya-

HUS 1 O0BEKTHBHYIO KPUTHKY, CIIOCOOCTBYIOIIYIO YTOYHEHHUIO PaOOTHI.
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