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Ha ocHoBe HernocpencTBeHHOTo U 6e3 YIPOILAIIX AOMYIIEHUI BRIYUCIeHUs uHTerpaia ®ypbe BhIMOJTHEH
aHaJIM3 TIpoliecca MTPOXOXKICHUS TeparepreBbIX UMITYJIBCOB CO IIITSITTOBUAHOM orubaroleit u orudaroiieit Ban
bnanena yepes cioii pe3oHaHCHO-MOIIOLIAIONIEH cpenbl, onucbiBaeMoit Monebio Jpyne—Jlopenia. [Tokaza-
HO, YTO IO OKOHYaHMSI BPEMEHHOTO OTpe3Ka, MPEeIIMChIBAeMOro ypaBHeHUSIMU MakcBelia, u3ydeHue Ha
BBIXOJIE U3 CJI0SI OTCYTCTBYET, T.€. 3(p(hekTa “cBepXCBETOBOro” pacpoCTpaHEeHUS 3JIEKTPOMArHUTHOTO UM-
IyJibca Yepe3 pe30HaHCHO-TTONIoMIAoNIyIo cpeny nHTerpas dypbe He conepxkuT. [IpenioxkeHa abTepHa-
TUBHAsI MHTEPIIPETaLMsl CMEIeH!sI K HavyaJly UMITyJIbca MaKCUMMyMa Orudaroliieii, BBIXOASIIETO U3 CI0sI
U3TYYSHUS TIPU MAJTBIX ONITUYECKUX IITyorHaX (~1) cJlos Ha pe30HaHCHOI 9acTOTEe CPE/Ibl.
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BBEIAEHUE

B nocnennue necatuneTus omyO0JIMKOBaHBI MHO-
TOYMCJIEHHbIE HCCEeIOBaHUSI, aBTOPbl KOTOPBIX
TPAKTYIOT CBOU TEOPETUUECKUE U/UIN DKCIIEPUMEH-
TajibHbIe (CM., Hampumep, [1—17]) pe3yabTaThl Kak
000CHOBaHUE WJIM OOHapy:KeHHEe BO3MOXHOCTU KakK
CBEPXCBETOBBIX, TAK 1 JTOCBETOBEIX CKOPOCTEil pac-
MIPOCTPAHEHUSI 3JIEKTPOMArHUTHBLIX MMIIYJIbCOB B
pa3nuYHBIX cpemax. Ha 3Toit ocHOBe maiee pa3Bu-
JIVCh IIPENICTaBICHUS O “ObICTpOM” M “MemIeHHOM”
CBETE M CTalld aHaJU3UPOBATHCSI BO3MOXKHOCTU
yIIpaBJIE€HUSI CKOPOCThIO PACHPOCTPAHEHUS UMITYJIb-
coB (cM., HaripuMmep, [10, 16]).

B 11e10M TeopeTudeckmii BEIBOI O CBEPXCBETOBOM
pacrnpoCcTpaHEeHUU BIIEKTPOMATHUTHOTO WMITYJIbCa
3aBeJOMO ITPOTUBOPEUYMB. Bo-TIepBhIX, /151 €10 MoJjyJe-
HMSI BO BCeX CIIydasix IpuBJeKaeTcss nHrerpain Oypbe,
HEU3MEHHO BBIYMCIISIEMBII B TOM WIM MHOM ITpUOJIN-
JKeHUU, T.e. TIOCJE BBIMOJHEHUSI 3aBEIOMO HETOXIE-
CTBEHHBIX IPe00pa30BaHMIi MOOBIHTETPAJIBHOIO BhIpa-
KeHusl. B kauecTBe TaKOBOro HanboJIee YacTo MpuMe-
HSIETCSI TIEPBOE IPUOIIKEHNE TEOPUU TUCIEPCUU,
Ha OCHOBE KOTOPOTO chOPMUPOBAHO MOHSITUE TPYIT-
IMOBO1 CKOPOCTH paCPOCTPAHEHUS SJIEKTPOMATHUT-
HBIX WMIIYJIbCOB B NUCHEPTUPYIOMIUX cpenax (CM.,
HarpumMmep, [18]). Bo-BTophIX, caM o cebe nHTerpa
Ddypbe — TOMBKO MPOMEXKYTOUYHBIN 3TaIl OIMMCAHUS
Mpoliecca pacinpoCcTpaHEHUsI, TTOCKOJIbKY SIBISIETCS
pellleHMeM COBOKYMHOCTU ypaBHEHUIi, BKJIIOYAIO-
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1Ieif BOJITHOBOE YpaBHEHMeE 1S TTOJISI B Cpelie Y MaTe-
pHUaabHOE ypaBHEHME ISl ABVXKEHUS YaCTULL CPEIbI
oJ, Bo3aelicTBUEM T10JI. B cBOIO o4uepenn, BOJTHOBOE
ypaBHEHME €CTb MpPsSIMOE CJCACTBUE YypaBHEHMIA
MakcBeta, KOToOpble OrpaHUYMBAIOT CKOPOCTh pac-
IIPOCTPAHEHUST DJIEKTPOMATrHUTHBLIX BO3MYILIEHUIA
CKOPOCTBIO CBETA.

Yrto Kacaercs pabOT, OIMMCHIBAIOIINX IJTaHHBEIE
SKCIIEPUMEHTOB, TO aHAJIM3 TTIOKA3BbIBAET, UTO COJAEP-
>KaIUICsl B HUX BBIBOJ, 00 0OHApyKEeHUU “CBEpPXCBE-
TOBOI” CKOPOCTU paCIpOCTPpaHEHUsI BO BCEX CITydasiX
He OCHOBaH Ha PacCMOTPEHUM IIOJIy4eHHOIO Bpe-
MEHHOTIO X0/a Orudaroleii moias Ha IpUeMHOM KOH-
lle TpacCchl B LIeJIOM. 3a pe3ylabTaT 3KCIepUMEHTA
BCerga MpUHUMAETCSd B3aMHOE PAacIOJIOXKEeHUE Ha
BPEMEHHOIM OCH MaKCHUMyMa orubarwlieil (MHTeH-
CUBHOCTH) U3JTyYECHUSI, PETUCTPUPYEMOTO TIPUEMHU -
KOM, 1 MaKcumyMma orubdaroiieii (MHTEHCUBHOCTH)
KOHTPOJILHOTO UMITYJIbCa, Ha PacIIPOCTPaHEHUE KO-
TOPOro cpena BIMSHUS He oKasbiBaeT. I[Ipu 3TOM
MpeaBapuTeIbHO 00€ BpEeMEHHBbIE KPUBbIE IIPUBO-
JISITCSI K OMMHAKOBOI BLICOTE MAKCUMYMOB, UTO (haK-
TUYECKU O3HAYACT COMOCTABJIEHIE UMITYJILCOB C pa3-
IyaromuMucs sHeprusMmu. IlocienHee He MOXeET
paccMaTpuBaThCd KaK 3aBEAOMO MpUeMIIEMOeE.

Llenbro naHHOI pabOTHI SIBJISIETCS KPaTKOE M3JI0Ke-
HHE pe3yIbTaTOB aHaJIM3a TIpollecca ITPOXOXKICHUS
3JIeKTPOMArHUTHOTO UMITYJIbCa Yepe3 CJION pe3oHaHC-
HO-TIOIVIOIIAIOIIEH Cpeabl HA OCHOBE BHIYMCIEHUS H-
terpasia @ypbe, BHITIOTHIEMOTO 6e3 BBeICHUST KaKIX-
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Puc. 1. eomeTpus 3amaum.

JIMOO TIpeBapUTENIbHBIX YIPOIIEHUI MOIBIHTETPalb-
HOTO BBIP&XEHMSI, U OLIEHKa CTEleHW COOTBETCTBUSI
YTBEPXKICHNI O BO3MOXHOCTH “CBEPXCBETOBBIX” CKO-
pocTeii pacnpocTpaHEHUsI TEOPUU DJIEKTPOMArHUT-
HOTO I10JI51. Pe3ynbTaThl 4aCTUYHO M3JI0XKEHEI B [19].

1. TEOMETPHUA 3ADAUYN
N PACYHETHBIE COOTHOILUIEHUA

Paccmorpum reometputo 3amauu (puc. 1). ITycTs
pPE30HaHCHO-TOIJIONIAoIIas cpelia 3alOIHSIET MOy~
npoctpaHcTBO Z = 0. Ha ero rpanuiy z = 0 magaeT rmo-
rnepevyHasi UMITYJIbCHasl BOJTHA C BOJIHOBBIM BEKTOPOM
k w HampspxeHHOCTbIO Toutst £(0;7), t — Bpewmst. [loie
paCIpPOCTPAHSIOLIEToCs B Cpelie UMITYJIbca BO3Aeki-
CTBYET Ha MOMIONIAIOIINE MOJEKYJIbl U UHULIUUPYET
BO3HUKHOBEHHE TIPOCTPAHCTBEHHO-BPEMEHHBIX Ba-
puMalvii moasipus3aluu cpeabl U, Kak CJIeACTBUE, ee
nznaydeHue (cM., Harpumep, [20, 21]). IToxe uzayde-
HUSI cpelbl UHTepEpUPYET C TIOJIeM MPOXOASIIETo
MMITyJIbCa, TaK YTO HA PACCTOSIHUU Z OT TPAHUIIBI TTO-
JIYIIPOCTPAHCTBA HATIPSI)KEHHOCTb T10JIs TOMepeyHO
UMITYJTbCHOW BOJTHBI E(Z ;1) SIBISIETCSI PE3YJIbTATOM
KOTEPEHTHOTO CIIOXEHMS YKa3aHHBIX MoJieid pa3HOro
MIPOUCXOXKICHMUSI.

Oo611ee BeIpaxkeHue 11 uHTerpaia @ypobe, KOTO-
PHIN OMMCHIBACT HATIPSDKEHHOCTH CyMMAapHOTO TIOJIST
n3aydeHus, nmeet By, [ 18]

Ez:ry=Lx
2

- (1a)
X J' S (m) exp(—i%o(ﬁ((o) -1) Z) exp (iot') do,

e ' =t — Z/¢; ¢ — CKOpoCTh cBeTa; M = 27f’ f— va-
CTOTa; /(W) — KOMIUJIEKCHBIN MMOKAa3aTeNb MpeIoMIIe-

HUS cpenbl; S;(0) — KOMIUIEKCHBIMA CNIEKTP Hamps-
JKEHHOCTM TIOJISI Ha TpaHuIE TMOJYyNPOCTPaHCTBA
E(0;7). Tpu onucanuy B3auMoeiicTBIS U3TydeHUs
¢ raszoBoit cpenoit momenbio Hpyne—Jlopenna [22],
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MPUHUMAaEMOM TIPaKTUIECKH BO BCEX MCCIEIOBAHU-
sx, umeeM [ 18]

2 0 — o
() =1+ i -
2 ((o,i —0)2) + 48w’
w_ﬁ 200

e (o —002)2 1480

2 2
rne , = 4niNe / m; N — obbeMHas IUIOTHOCTb I10-
JIOIIAIONINX MOJIEKYJI, e U m —3apsii U Macca 3J1eK-

TpoHa; ®; = 2mv;; & =2ndv; dv — nomymmpuHa

Cl'[eKTpaI[bHOﬁ JIMHUU,; V,-j — PE€30HaHCHas 4acToTa.

Yroosl ¢dopmyna (la) comepkaja HapaMeTpbl
KOHKPETHOM CITeKTpaIbHOM TUHUU, IpeobpasyeM ee
C TIpUBJIEUEHUEM MPUHLIMIA COOTBETCTBUSI, aHAJIO-
TMYHO TOMY, KaK 3TO BbIIToJIHeHO B [23]. Torma BMe-
cto popmyinl (1a) morydum

~ L 1 P =
Ezir) = J; doS, (o)
X exp (—iAD(w) — W(W)/2 + ior') =

17 o
_ZC_[QdeE(m)exp(lmt)X (16)

in(v,)3o(w; - o)
((0,3- - 0)2)2 +4(8) @
21(v;) (3) @’

(03;- - 0)2)2 +4(8) o

X exp| —

e uv;) =Y(v;)Z nu Y(v,;) — onThdecKas TyorHa
CJIOST Cpelbl TOMIMWHBI Z 1 KO3(PGUIINEHT TTOIJIoIe-
HUS (TI0 MOIITHOCTH) CPeibl HA PE€30HAHCHOM YacToTe;
A®P(®) 1 T(®W) — YaCTOTHbIE 3aBUCUMOCTU AOTIOJHU-
TeJILHOTO Habera (pa3bl BOJHBI B CJIO€ U €r0 ONTHYE-
CcKoit mryouHbl. TakuM obpa3om, cortacHo (16) mis

HaxoXIEHUsI BpeMEeHHOTo xozia nonst £(Z;1') Tenepb
JIOCTAaTOYHO 3a/JaBaTh TOJbKO OMTUYECKYIO TIIYOUHY
MyTH Z Ha pe30HAHCHOM YaCcTOTe Cpebl, HO HE BEIH-
YUHBI OMpPEAEISIONINX €€ COMHOXUTECH B OTACIb-
HOCTH.

IlpencraBiaeHHbIE HUXE PE3YJbTaThl SIBISIIOTCS
ciencTBUsIMU popmyJibl (10) mist UMIyIbca CO LIS~
MOBUIHOM ornbaroiieil (najee — NUISTTOBUIHBINA M-
yJIbC):

E©;0 = Ayexp (i r)/(1+ (1/1,)") =

(2)
= A(0; 1) exp(ie' 1), |f| < oo,

TOM 68 Ne 1 2023
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Puc. 2. AMIUIUTYIHBIE CLIEKTPHI (KpUBBIE /) U YaCTOTHBIC 3aBUCUMOCTH JOIOJIHUTEIbHOTO Habera da3bl AD(w) (KpuBbie 2) 1
ONTHYECKO# ITYOUHBI €101 T(®) (KpHBbIe 3) IUIATIOBUIHOTO MMITyJIbCa (a) 1 umrtyibea Ban Branena (6) pu /' = v; = 380.1 TTiy;
dv =0.025 ITu; ©(vy) = 1:a) Ag= 1,4, = 105¢;6) 4y = 1.787, 1, = 10" c.

U uMIyJibca ¢ orubaromeii Ban bnanena (manee —
nMmItysibe Ban bianena):

£0:1) = Agexp(-(1,) (4, - n))exp (io'r) =
= A(0;r)exp(iw't), 0<r<t,.

V mepBoro nMmyiabca — 0ECKOHEYHO ITPOTSKEHHBIC
KpBLJIbsI, BTOPOIl MMeeT KOHEYHYIO IJIMTEIbHOCTB;
A(0; f) — nux ormbaromue. CooTBETCTBEHHO, B IIEPBOM
cilyyae BeJIMYMHA f,, ONIPeAesieT MOMEHTBHI BpEMEHHU,
MPY KOTOPBIX BBICOTA OTMOAlOIIEei MOCTyIaloero B
cpelly MMITyJIbca YMEHbIIIaeTcsl B ABa pa3a Mo cpaBHe-
HHIO CO CBOMM MaKCUMyMOM Mpu ¢ = 0, 1 BO BTOPOM —
€ro JUINTEJIbHOCTD.

Ha puc. 2a, 26 coBMecTHO M300pakeHbI YacTOT-
Hble XapaKTepUCTUKU cpedabl AD(w) u T(®) u um-
MyJIbCOB |S E(u))| COOTBETCTBEHHO UIISITOBUIHOTO U
Ban bnanena. 3HadyeHUs1 mapaMeTpoOB yKa3aHbI B
MOAMNYCY U BbIOpPaHbI TaK, YTO: a) MPU BbIOPAHHBIX
BeJIMUMHAX A, HayaJlbHblE PHEPTUU O0OUX UMMYJIb-
COB HOPMMPOBAHHbIE Ha 7, OAWHAKOBBI U PaBHBI
1.570; ©) 4yacTOTHBII WHTEpBaJ, TIPUXOASIIUIACI HaA
LEHTpaJbHbII MaKCUMyM aMIUIMTYIHOIO CIIeKTpa
UMITYIbCOB (KpuBble [), HaAxXOOMTCS B Mpenenax

3
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yJacTKa KPUBBIX 2, N300pakaloninX JOITOJTHUTETbHBIN
HabGer ¢a3bl, C OTPULIATSILHBIM YaCTOTHBIM I'pagueH-
toM. IlocenHee yciioBue IMPUHMUMAETCSI BO BCeX MyO-
JIMKALMSIX, TIOCBSIIIEHHBIX aHAIN3Y “CBEPXCBETOBOIO”
pacnpoctpaHeHus. Ilpu mmpuHe guHum 0.05 I'Tu
cpemHeKBaJapaTU4ecKas IIMPUHA KPUBBLIX I COCTaB-
sseT ~11.3 MIix (em. puc. 2a) u ~5.6 MIT1 (cM. puc. 26).
Hecymas umnynscoB f' = 380.1 I'Tu npuHaaaexxuT
TeparepleBoOMy JUarna3oHy U COBIAIAET C pE30HaHC-
HOI1 4aCTOTO# V;; MTHTEHCUBHO JINHUY MOIJIOILEHUST
aTrMoc(epHOro BOASHOIO mapa.

2. IE®GOPMALIMS OTUBAIOILIEN MMOJIA
HN3JIYYEHUA B CPEJE

IIpumepsl paccuuTaHHBIX MO (10) Ionel mpuBe-
JIEHbI Ha pYC. 3 ¥ HAIISAHO OTBEYAlOT HAa BOIIPOC O
CTEeINEeHU COOTBETCTBUS MPEACTABICHUS O “CBEpPXCBE-
TOBOM” CKOPOCTU 3JCKTPOMAarHUTHOTO MMITYJIbCa B
pe30HaHCHO-MoIJolIalolIeil cpeae uHTerpany Py-
pbe. 3HaueHUs MapaMeTpPoB 3[eCh T€ Ke, YTO W Ha
puc. 2; KpuBble I M300paxaioT Ormodarome KOH-
TPOJILHBIX UMITYJIbCOB U KpUBbIE 2 — Or0arolye u3-

JIy4deHUS E(Z; 1), TiepeceKarolero ImiocKocTh 7 = Z.

2023
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Puc. 3. Orubaroiuue nois usnydeHust npu z = 0 (kpusble /) 1 z = Z (KpuBbIe 2) IS LIUISIIIOBUIHOTO UMITYJIbCA (a) M UMITYJIbCa
Ban bnanena (0) (3HaueHUs TapaMeTPOB Te XKe, UTO M [IJIST PUC. 2); Ha BCTaBKaX — yBEJIMYEHHBIN MaciTao.

9HCpFI/IH KOHTPOJIbHOI'O MMITYJIbCa B oboux cirydadax
IIpUBECICHA K OHEPIMU BBIXOAAILICTO U3JTYYCHMUSA.

PucyHok 3a COOTBETCTBYET CiIy4yaro IISITIOBU/I-
Horo umIyJjibca. Ha BcTaBke cripaBa B yBeJIMUEHHOM
MaciiTabe mokazaHa 0071acTb MAKCUMYMOB KPUBBIX /
u 2. Kak 1 o0HapyXeHO B MHOTOUMCJICHHBIX 3KCIIE-
puMeHTax (cM. Bbilie) mpu T(v;) < 1, Makcumym
KpuUBOI 2 onepexaeT MakcumMyM KpuBoit /. Ha pu-
CyHKe omepexeHue cocranisieT Ar' = 0.0947,. Ha
BCTaBKe cJjieBa — (parMeHThl MEPEIHUX KPbLIbEB
KpuBbix / 1 2. Kak BUIMM, orubaroliiasi BbIXOASILETO
U3 CJIOS U3JTYYEHUS CJIEAYET 3a OTMOAaloIeil KOHTPOJIb-
HOTO UMITYJIbCA, T.€. KOHTPOJIbHBIN UMITYJIbC HAUMHAET
repecekaTh IJIOCKOCTh Z = Z paHbllle UMITYJIbCa, O -
cbiBaeMoro uHrerpaiom @ypwe (cM. popmyny (16)),
KaK 1 TOJKHO ObITh. [1pu 00CyXIeHUM 3KCTIepUMEH-
TaJIbHBIX JaHHBIX 3TOT acleKT HEU3MEHHO He pac-
cMmatpuBaeTcsd. K aHaIOTMYHOMY BBIBOY NTPUBOIST
KpuBble [/ 11 2 Ha puc. 30, OTBEYAIOIINE YXKE UMITYJILCY
Ban bnanena. CortacHo BcTaBKe Ha pUCYHKE, COOT-
HOILLIEHUE MEXIy abcuuccaMu MX MakKCUMYMOB CO-
XpaHsIeTCd TakKuMM e, 4YTO M Ha puc. 3a mpu

At' = 0.035¢,. OnHako y 06erX KpUBBIX OTCYTCTBYIOT

PAANOTEXHUKA 1 BJIEKTPOHUKA

YYaCTKH1, KOTOPBIE YKa3bIBaIM OBI HA TIPUXOM KaKOM-
TO IIOJIM COOTBETCTBYIONICH MM SHEPTUM U3IIYICHUS
10 MOMeHTa BpeMeHU t' = 0 (uu ¢ = Z/c), 4To U ciie-
IIOBAJIO OXUAATh.

Pucynky 3 coorBeTrcTByeT onTudecKas IIyOMHa
T(V;) = 1, Ipx KOTOPO#, KaK MOXKHO BUIETh, UMITYJIb-
CHI IIpaKTU4YECKH He aedopmupytorcsa. Ha puc. 4 u 5
MpeACTaBIeHbl COBOKYITHOCTU TTap KPUBBIX, aHAJIO-
TUYHBIX N300pakeHHBIM Ha puc. 3a u 30, TIpu 3Hade-
HUAX napamerpa T(v;) BioTh 1o 20. Kaxnas mapa
COJEPKUT Oruodalollyl0 KOHTPOJBHOTO MMITyJibCca
npu z = 0 (MyHKTUPHBIE KPUBBIE) M OTUOATOIIYIO M3~
JIydeHUs TIpu Z = Z (CIUIOIIHbIE KPUBbIE). DHEPTUs
KOHTPOJILHOTO MMITYJIbCa BO BCEX CIIydasX MpUBee-

Ha K 3Hepruu mnonst £ (Z;1), xoTopast ¢ pocToM T(V)
MOHOTOHHO yMEHBbIIIaeTcsI. MOXHO BUIETh, UTO yBE-
JIMYEeHNE OITUYECKOM IIyOMHBI COIIPOBOXIAETCS Ha -
pacTaHMeM MCKaxXXeHWI Oornoaronieif MCXOmHOro NM-
nyJbca, HO HE €€ HapacTaIOIIUM CIBUTOM B CTOPOHY
MEHBIIINX 3HAaUeHUI #'. B 0001X caydasx uCKaxKeHUsI
Oru0amIIMX NPOSIBISIOTCSI KaK BO3HUKHOBEHHUE J0-
MOJHUTEIbHBIX MAKCMMYMOB IIOJISI B TIpeAeiax Bpe-
MEHHBIX MHTEPBAJIOB C HAMOOJBIINMU CKOPOCTSIMU
Ne 1

TOM 68 2023
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Puc. 4. Ornbaromye LUISIITIOBUIHOTO MMITY/Ibca Npu z = 0 (kpuBsbIe /) 1 7= Z (kpusble 2) ipu (V) = 1 (a); 3 (6); 5 (8); 6 (1);
8 (m); 10 (e); 12 (x); 14 (3); 15 (m); 16 (x); 18 (;1); 20 (M) (ocTaNbHBIE ITAPAMETPHI TE XK€, YTO U IS PUC. 2).

U3MEHEHU1 BEJIUUUHBI TI0JIsI B Cpefie U, ClieaoBaTe b-
HO, ee ToJIsIpu3aluu (CM., Harpumep, [24]). Ilocaen-
HSIST B3aMMOCBSI3b 0COOEHHO BBIPAXKEHHO IMPOSIBIISICT -
csl Ha pUC. 5 Kak nocjeaoBaTelbHOe (popMUpoOBaHUE
IBYX TPYIIT MAKCMYMOB TIOJIS B HaYajie ¥ KOHIIE M-
nyiabca Ban bnagema (cM. puc. 5k—5M, KpuBbie 2)
MPU MaJIbIX BeJIMUYMHAX MOJIS MEXIY HUMMU.

JornoiHuTebHOE 000CHOBAaHNE MPOTUBOPEYNBO-
CTH BEIBOJA O BO3MOXHOCTH “CBEpPXCBETOBOIO” pac-
TIIpOCTPAaHEHUS TTOJIYYUM, aHAJTU3UPYS €Ile OIHY Xa-
No
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1

PaKTEepPUCTUKY IOJISI U3IydYeHUS TIpU Z = Z, a UMEHHO
MOJIOXEHNUE LIEHTPa TSDKECTU ero orubarolleit f,, Ha
BpeMeHHOI1 ocu. st ummyiibca (2) umeem

b (iv)) = [ #|E@e) dr [ [|E@oldr, @

COOTBETCTBYIOIICE BBIpaxkeHUe I umiryabca (3)
L (T(V)) TIoTydaeM 3aMEHOM HIXKHMX IIPEEIOB UH-
TerpupoBaHUs B (4) Ha HYJIb.
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Puc. 5. Orubaronue ummyinsca Ban branena mpu ¢ = 0 (kpusble /) 1 z = Z (kpusble 2) npu 1(v;) =1 (a); 3 (6); 5 (B); 6 (r);
8 (m); 10 (e); 12 (x); 14 (3); 15 (m); 16 (x); 18 (;1); 20 (M) (OCTaJIbHBIE TAPAMETPHI TE K€, YTO M JIJIST pUC. 2).

Ha puc. 6 mpuBeneHBI MOJIydeHHBIE TTOCTEI0BA-
TeJIbHBIM ITpuMeHeHueM ¢opmyi (16) u (4) 3aBucu-
MOCTH OT T(V;)) < 20 HOPMUPOBaHHBIX BEJIMYUH

TLIT](T(Vij)) = tLITl(T(V[j))/tp[ u
ZHZ(T(Vij)) =lin (T(Vij))/tn —0.5.

[NyHKTHpHAs TOPU3OHTAIb OTIPENEIISIET COOTBETCTBY-
FOIITMe BEJTMIMHBI TSI KOHTPOJIBHBIX MMITYIbCOB. Kak
BUAWM, MOpU BO3pPacCTaHUMU ONTUYECKONW NIyOMHBI
CMeIIeHHUE TTOJIOKEHMS IIEHTPOB TSKECTH B CTOPOHY
OTpHULIATENIPHBIX 3HAYCHWI BHaJaje 3aMelIsieTcs, a

PAANOTEXHUKA 1 BJIEKTPOHUKA

3aTeM CMEHSIETCSI Ha IIPOTUBOIIOJIOXHOE. OIHaKOo
BO3pacTaHUe BEJIUYUHBI T(V;) PABHOCUILHO YBEJIN-
YEeHHUIO MYyTU Z U B COOTBETCTBUU C MPEICTABICHUEM
0 “CBEPXCBETOBBIX” CKOPOCTSIX JOJIKHO OBIJIO OBI CO-
MPOBOXIAThCS HA PUC. 6 MOHOTOHHBIM YOBIBaHUEM
BEJIMYMH LIEHTPOB TSLKECTH 000MX MMIYJIbcoB. Kpo-
M€ TOTO0, COINIACHO pHUC. 6 TOJIOXEHUE LIEHTPA TSKe-
CTU 3aBUCUT OT (pOpMBI Ormbarouieii MMIyIbCHOM
BOJIHBI, MaJaolleil Ha TpaHuLy ITOJIyIIPOCTPaHCTBA.
I1epBoe mpubIMKEHNE TEOPUU TUCIIEPCUN TAKOM 3a-
BUCHMOCTH HE COOEPKUT B IIPUHIIUIIE.

Ne 1
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O “CBEPXCBETOBOM” PACITPOCTPAHEHHWHN SJIEKTPOMATHUTHOI'O UMITYJIbCA

tLlTl’ tLlT2 -

0.6
0.4
0.2

0 =
—0.2
—-0.4
—0.6

0.5

0 5 T(vy)

Puc. 6. CMenieHne IeHTpa TSOKECTH Orr0aloNieit n3myde-
HUSI, BBIXOASILIETO U3 CJIOST, IJISI LIJISITIOBUAHOTO UMITYJTb-
ca (kpuBas /) u umiynbsca Ban bnagena (kpuBasi 2) npu
BO3paCTaHWU ONTUYECKOM TITyOUHBI T(V,-j) (3HaueHus Ta-
paMeTpOB Te Xe, UTO U Ha puC. 2).

3AKJIIOYEHHME

BrinonHeH aHanu3 mpoliecca paclpoCcTpaHEeHUs
BJICKTPOMArHUTHOTO HUMIIYJIbCA B PE30HAHCHO-TIO-
DJIOLIAIOIIEH ra30BOM Cpelie Ha OCHOBE MPSIMOTO U
0e3 BBeICHMSI YIIPOIIAIOIINX JOITYIICHI BEIYMCICHUS
nHTerpaia @ypbe. B3anmoneiicTBIie oIS UMITYJIbCA CO
cpenoit onuceiBaeTcs Monenbio Ipyne—Jlopenna. Iu-
pUHA pe30HAHCHOM JIMHUM MOIIOIIEHUSI MHOTOKPATHO
MPEeBBIIIACT CPETHEKBAIPATUIECKYIO ITUPUHY CHEK-
Tpa UMITYJbCOB. JIJIs1 cllydaeB MMITyJibca CO ILJISIIO-
BUIHOI Oormbaroleil, MMeIonero 6eCKOHeYHO Ipo-
TSDKEHHBIE KPBUIbSI, M UMIIYJIbca ¢ ormbaromieit Ban
bnanena, uMeroniero KOHEYHYIO IJIUTEIbHOCTh, IIPU
pPacCMOTPEHHBIX 3HAYEHUSX MapaMeTpoB 3ajayi,
noka3aHo: uHTerpaa ®ypbe He CONEePXKUT U HE MOXKET
SIBJISIThCSI MICTOYHUKOM JT0KAa3aTeIbCTB BO3MOXKHOCTH
CYIIECTBOBAaHMS “CBEPXCBETOBBIX” CKOpPOCTEI pac-
MIPOCTPAHEHUSI 2JIEKTPOMATrHUTHBIX UMITYJILCOB B pe-
30HAaHCHO-TIOIJIONIAIONIEH cpere.

ABTOpBI 3asIBIISIIOT 00 OTCYTCTBMU KOH(PIMKTA
WHTEPECOB.

OPNHAHCHUPOBAHUE PABOThHI

PaGora BEIMOTHEHA B paMKaX TOCYyIapCTBEHHOTO 3a1a-
aHug UPD nMm. B.A. KortepHukoBa PAH.
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