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OBIIAA XAPAKTEPUCTUKA PABOTbI

AKTYaJlbHOCTh Te€Mbl. JJCKTPOMATHUTHOE HW3JIy4eHHUE CBOOOIHBIX
3apSOKCHHBIX YacTUL] BO3HUKACT B PE3YyJIbTATE€ B3aUMOACHCTBUSA YaCTULBI C
BEUIECTBOM U  sBisieTcss  (QyHAAMEHTAIbHBIM  (PU3UYECKUM  IIPOLIECCOM.
DJIEKTPOMAarHUTHOE U3TYyYEHHE 3apsiKEHHBIX YACTHUII, HAIPUMEDP, PEISITABUCTCKUX
AJEKTPOHOB, B BEIIECTBE, BO3HMUKAET B IIMPOKOM [HAMA30HE YaCTOT U MMEET
BXHOE 3HAYCHHE [IJII MHOTOYMCIICEHHBIX MPUMEHEHHWH Kak B 00JacTH
dbyHIaMEHTAIBHBIX HCCleNoBaHui [1], Tak W I8 pa3BUTUSI HOBBIX TEXHOJOTHIA
[2]. U3-3a CHOXKHOrO XapakTepa B3aUMOJICUCTBUS YCKOPEHHBIX YaCTHUI] C
BEIIIECTBOM M3JyUYCHUE CBOOOJHBIX 3apSLKCHHBIX YACTHI[ SIBISETCS MPEIMETOM
OOILIMPHBIX UCCIeNOBaHUl [3] B T€UEHUE MOCIEAHUX HECKOJIbKUX JCCATUICTHH U
OCTaeTCsl aKTyaJIbHOU TEMOM.

HoBpie TeXxHMYECKME BO3MOKHOCTH CTaBSAT HOBbIEC 3amaun. Hampumep, s
sddexTuBHON PabOTHl YCKOpPHUTENEW M KoJUlaiiiepoB HeoOxoauma pa3padoTka
METOJIOB TOJIydeHUs HH(OpMaIMu O TapaMeTpax Iydyka — €ro IOJIOKECHHH,
pa3Mepe W YrJIOBOW PACXOAUMOCTH. OMHUTTAHC [4] MyYKOB SABJISETCS BaKHBIM
napamMeTpoM ycKopuTeneH, 1 orpeaenset 3QPeKTUBHOCTh X UCTIOJIb30BaHUS.

Teopernueckne ¥  SKCIEPUMEHTAIBHBIE  MCCIEIOBAHUSA  IPOLIECCOB
3JIEKTPOMArHUTHOTO  M3JIyYCHHUS PEISTUBUCTCKUX 3apsDKEHHBIX  YAaCTUIl B
Pa3IMYHBbIX CpPEedax CTUMYJIHUPYIOTCS, IPEXKIE BCEro, INMEPCIEKTUBAMHU CO3aHUs
WCTOYHUKOB MHTEHCUBHOI'O M3JIYYEHMS [5] B cambIX pa3HbIX AUara3oHaX 4acToT.
OcBoeHME SKCHNEPUMEHTAIBHBIX METOJOB IMOJYYECHUS] HHTEHCUBHBIX MOTOKOB
(OTOHOB Pa3IMUHBIX SHEPTUN 3HAUNUTEIBHO PACIIUPUIIO ObI KPYT UCCIICIOBAaHUN B
obsacTsx oT (U3UKH KOHJICHCUPOBAHHOTO COCTOSIHUS 10 (DU3UKHU DJIEMEHTAPHBIX
yactull. M3BECTHO, UYTO B HEKOTOPBIX BELIECTBAX JICUCTBUTEJIbHAS 4YaCTh
JUAJICKTPUUECKON TTPOHUITAEMOCTH B PEHTIC€HOBCKOM JHAINa30HE 4acTOT BOIM3U
KpaeB JIMHUW TIOTJIONMICHUSI MOXET CTaTh OOJbIne enuHUIlbl. Torma oka3pIBacTCs
BO3MOXHBIM  BBIMIOJIHEHUSI TOpOra i1 BO3HUKHOBEHHUSI PEHTTE€HOBCKOTO

u3nyyenuss BaswioBa — UYepenkoBa. COBpeMEHHBIE [aHHBIE O YAaCTOTHOM
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3aBHCHUMOCTH KOMIUIEKCHOM JUAJIEKTPUYECKONW MPOHUIIAEMOCTH  Pa3IMYHBIX
BEIIECTB M03BOJISIIOT PACUIMPUTh UCCIIEOBAHMS KaK YACTOTHBIX TUANa30HOB, TaK U
BEIIECTB, B KOTOPHIX BO3MOXKEH TaKO# 3(PPeKT.

[TosiBUBILIMECS] TEXHMYECKHE BO3MOKHOCTH YCKOPEHHS MHOT03apsiIHbIX
MOHOB pacuMpwin cdepy MNpuUMEeHeHH 3Tux 3((EKTOB, U MOCTABUIM HOBBIE
3anaum [6]. Mcnonp30BaHMe YCKOPEHHBIX PESTUBHUCTCKUX MHOT03aPSAHBIX HOHOB
JUIA 3TUX LEJeH MOXKET 3HAYUTENIbHO YBEJIWYUTh BBIXOJ HU3IYUYCHHUS, TaK Kak
MOIIIHOCTh BO3HMKAIOIIETO M3JIyY€HHUS MPOIMOPLMOHATbHA KBajapary 3apsia
BXOJSIIMX B MUIIECHb YacTHUI]. B 1aHHOI CBSA3M CTOUT OTMETUTH, YTO B HACTOSILEE
Bpems B Poccun B OObeIMHEHHOM MHCTUTYTE SIIEPHBIX HcciaenoBaHuil (r. JlyOHa)
CO3/IA€TCA YHUKAIBHBIN yCcKOpuUTenbHbIM KoMIUleKC NICA [7] nns momydeHus
BCTPEUYHBIX IIYYKOB MHOT'03apsIHbIX MOHOB ¢ 3Heprueit nopsiaka 10 I'B/HyknoH.
Byaymue uiccnenoBanus Ha 5TOM YCKOpHUTENE AaayT HE TOJBKO OTBETHI HA MHOTHE
(dyHIaMeHTaIbHBIE BOIIPOCHI B PA3TUYHBIX HAMIPABJICHUSAX COBPEMEHHON HAYKH, HO
1 OyayT ciocoOCTBOBaTh CO3/IaHUIO HOBBIX TEXHOJIOTUH B HKCIIEPUMEHTAJIbHOU U

MPUKIAAHON (PU3HMKe.

Ienr padoTBI: YCTAHOBUTH MOJSAPHU3ALMOHHBIE U CIEKTPAJbHBIC
OCOOEHHOCTH pAJAUAIMOHHBIX MOTEPh JHEPrUU YCKOPEHHBIMHU 3apSKEHHBIMU
YaCTULIAMM B KOHJCHCHPOBAHHBIX Cpelax M Ha TIpaHULAX HX pasjena B

PEHTTCHOBCKOM, OIITUYCCKOM U TCPArcpuoBOM CIICKTPAJIIbHBIX AUAIIA30HAX.

B cooTBeTcTBUM € TOCTaBICHHOW LENbIO B JAMCCEPTALIMU PEIIATUChH
CIIEyIOIINE 3aAa4H:

1. YcraHOBUTH YIJOBbIE M MOJISIPU3ALUMOHHBIE OCOOCHHOCTH IMEPEXOAHOIO U
YEePEHKOBCKOI'O U3IYUYEHUS PEISTUBUCTCKUX YACTHUIl B aMOP(HBIX MOTIOMIAOLINX
MUIICHAX B Pa3UYHBIX CHEKTPAIbHBIX AHMANa3oHaX MPH W3MEHEHWU TOJIIUHBI
MUIIEHU U CKOPOCTH YaCTHII.

2. OnpenenuTsh yrioBble U MOJSPU3ANUOHHBIE OCOOEHHOCTH NEPEXOAHOr0 U

YEPCHKOBCKOI'0 HM3JIYyYCHHUA PEIATUBUCTCKUX 4YaCTUIl B TOHKHX MHUIICHAX C



HapylLIEeHHOM a3WUMYTAJIbHOW CHMMETPUEH B  PAa3IMYHBIX  CIHEKTPAIBHBIX
Uana3oHax.

3. YCTaHOBUTH BIUSHUE TMPOIECCOB M3MEHEHHS 3apsa pPeISITUBUCTCKUX
MHOTO3apsIHbIX ~ MOHOB  HAa  yINIOBOE  pACHpEACIICHHE  IEPEXOIHOTO
JIEKTPOMAarHUTHOT'O M3JIy4eHUs B OECKOHEUHOM cpelie, Ha IpaHuLe pas3zena IByX

Cpell ¥ B TOHKOW MUIICHU.

Haquaﬂ HOBM3HA OCHOBHBLIX p€3yJbTaTOB

1. VY cTaHOBIIEHBI CHEKTPAIbHO-YTJIOBBIE XapaKTEePUCTUKU
MOJISIPU30BAHHOTO  YEPEHKOBCKOTO  HWBJIYYEHHUS PEJSITUBUCTCKUX YacTUIl B
PEHTTEHOBCKOM, yIbTPa(UOIECTOBOM, ONTUYECKOM W TEeparepuoBOM
CIIEKTPAJIbHBIX JIMAMa30HaX TMPU HAKJIOHHOM BJIETE B MHUIIEHb KOHEYHOM
TOJIIUAHBI.

2. VYCTaHOBIEHO, YTO HApPYUIEHUWE a3UMYyTAIbHOM CUMMETPUU MpHU
HaKJIOHHOM BIJIETE€ PEISTUBUCTCKUX YACTUI[ B TOHKYIO MHUIIEHb NPUBOIUT K
OCHWJUISIIUSM ~ CHEKTPAJIIbHO-YIJIOBOM  IUIOTHOCTH W3JIydeHus BaBuioBa —
YepeHKoBa MO a3UMYTaJIbHOMY YTITy.

3. [TokazaHo, 4TO MpoIEecCchl HOHU3AMKU MHOT03aPsTHBIX HOHOB B CPEJIC
NPUBOJAT K CYIIECTBEHHOMY M3MEHEHHIO CIIEKTPaJbHO-YIJIOBBIX XapaKTEPHUCTHUK
MEPEXOIHOTO M3JIYyYEHUs] B HAIPABICHUH, MPOTHUBOIMOJIOKHOM JIBUKEHUIO HOHA,
KOTOPBIE BBIPAKAIOTCS B TMOSBICHUU JTOTIOJHUTEIBHBIX MAaKCUMYMOB HW3ITyUCHUS

BJIOJIb TPAHUIIbI Pa3aeiia BaKyymM-cpeaa.

HpaKTI/I‘IeCKaﬂ SHAYUMOCTDb MOJYYC€HHBIX pPE€3yJbTAaTOB COCTOUT B TOM,
4TO OHHM MOTIYT OBITh HCIIOJIBL30BaHBI Ipu pa3pa60TI<e HOBBIX HCTOYHHKOB H
QJICKTPOMAroHuTHOI'O HM3JIYUYCHUSI B Pa3JIMYHBIX CIICKTPAJIBbHBIX AWAIla30HAX,
MCTOAOB IWArHOCTHUKH IIApaMCTPOB M ACTCKTHUPOBAHHA ITYYKOB YCKOPCHHBIX

PEIATUBUCTCKUX YACTHUII.



OcHoBHBIE HAYYHDBIC IT0J0KCHHUHA, BBIHOCUMbIC HAa 3AIIIUTY

1. TopMmokeHHe 3apsyKEHHOM YacTHLBI B Cpele W MOTJIOIICHUE
U3JTYYCHUS MIPUBOJIAT K JIECTPYKTUBHOM uHTepdEepeHITNN ToJIeH
3JIEKTPOMArHUTHOTO M3JIYYEHHSI C PA3JIMYHBIX YYaCTKOB TPACKTOPUHU, YTO
MOJABIISAET OCHWIISALIMYI B YIJIOBOM PACHPEICIICHUH, a TIPU YJIbTPAPEIITUBUCTCKUX
SHEPTUSIX YaCTHUI[ BBIXOJ MEPEXOJHOTO H3JIYUYCHUS W3 MUIICHU KOHEYHOM
TOJIIIMHBI MPEBBINIAECT BHIXOJ YePEHKOBCKOTO U3JIYYEHUS.

2. [Ipy HaKJIOHHOM BIIETE€ PENSATUBUCTCKUX YAaCTHUI[ B MUIICHb YTIIOBOE
pacnpeaeneHue MOHOXPOMAaTHYECKOTO PEHTTE€HOBCKOTO YEPEHKOBCKOTO
m3nydyeHust BOmm3u K- m L-kpaeB MOIJIOLIEHUS] CTAHOBUTCS HECUMMETPHUUYHBIM,
WHTCHCUBHOCTb KOMIIOHEHTBHI M3YUEHHUS C MOJSpU3ALUCH B INIOCKOCTH H3JTyYCHUS
CTAHOBUTCS NpeoOjajarolief, a yrjioBas I[IHPUHA KOHyca M3IyUYCHUS
YMEHBIIIACTCS.

3. Hapyuienue a3uMyTaibHOW CHUMMETPUM TIPU HAKJIOHHOM BJIETE
PENSTUBUCTCKUX 4YACTUIl B TOHKYI0 MHUIICHb MPUBOAUT K OCIUJUISIIIUSM
CIIEKTPAJIbHO-YTJIOBOM IUIOTHOCTH YE€PEHKOBCKOI'O M3JIYYEHHMS MO a3UMyTaIbHOMY
yriy. MaTepdepeHIIMOHABIE MAKCUMYMBlI UMCIOT MaJIyH0 YIJIOBYIO ITUPUHY M MPU
JIOCTATOYHOW  KOJUIUMAIlMM  M3JIy4YeHHs] MOTyT  ObITb  pa3fesieHbl MO
MOHOXPOMATUYECKUM JIMHUSIM.

4, [Tponiecc MoOHM3ALMM YIBTPAPEIATUBUCTCKUX MHOT03apsIHBIX MOHOB
Ha TpaHMIlE paszjena JBYX Cpell M3MEHSET CIEKTPaIbHO-YTJIOBOE paclpe/iesieHue
MEPEXOHOIO0 PEHTICHOBCKOIO M3Jy4Y€HHUsSI B HAIMPABICHUM, MPOTUBOIOJI0KHOM
JBIDKCHUIO MOHA, BBIpAXKAIOIMUECS B TOSBICHUM Y3KHX MAKCHUMYMOB B

HaIIpaBJICHHUHU BJOJIb IIOBCPXHOCTH pa3JcCiia.

Metoapl ¥ 00beKTHI  HCCJIENOBAHMS. TeopeTHUecKUil  aHaIu3
CIICKTPAJIBHBIX W TOJSAPHU3AIMOHHBIX  OCOOCHHOCTEH  3JIEKTPOMArHHTHOTO
V3JIy4YEHUS PEIATUBUCTCKAX YaCTUI[ B BEIIECTBE MPOBOJMIICA HAa OCHOBE
YPAaBHEHUH M METOJOB KIACCUYECKOM DJIECKTPOJAMHAMHUKHU CIUIOIIHBIX CPEL.

Hucnennple pacdy€Thl CHEKTPATBHO-YIJIOBBIX PACHPEACICHUA WU HCCIEIOBAHUE



MMOJIAPU3aNMOHHBIX CBOMCTB NEpEeXOJHOr0 M YCPCHKOBCKOI'O HM3JIYUYCHUSA U
CpaBHCHHUC C HMMCHOIMUMMUCA ISKCIICPUMCHTAJIbHBIMHU JAaHHBIMH IIPOBOIWIJIOCH JIA

amop¢ubix mumienerr H,O, Si, Al, V, Ti, SiO,, Be, Au.

JlocToBepHOCTL HW  O0OCHOBAHHOCTH  IOJIOKEHHWIT W  BbIBOJIOB,
CoZlepKaIMXCSA B JUCCEPTAIMH, OOYCIOBJICHBI HCIIOJIH30BAHUEM W3BECTHBIX W
arpoOMPOBAHHBIX METOJIOB KJIACCHUYECKON AJICKTPOAMHAMUKHU JIJII  ONMHUCAHUS
KOTEPEHTHOIO M3JIYYEHHUSI PEJISTUBUCTCKAX YACTHUI[ B BEIIECTBE, XOPOLIUM
COTJIaCHEM pe3yJIbTaTOB pabOThl C JaHHBIMHM, TPUBEIACHHBIMH B Hay4YHOU

JIUTCPATypC I10 TCMC HCCHGHOB&HHﬁ.

Anpodanus OCHOBHBIX pe3yJabTaToB. Pe3ynbrarsl paboThl HEOITHOKPATHO
JOKJIQIbIBAIUCh ~ HAa  MEXKIYHapOJHBIX  KOH(MEPEHIUSAX U  COBCIIAHUSX:
MexyHapoiHOW HaydYHOM KOH(EPEHIMU CTYICHTOB, ACMHUPAHTOB U MOJIOIBIX
yueHbix «JloMmoHOCcOB-2020», 1. MockBa, 2020r.; 50-oit MexayHapoaHOM
TynuHOBCKON KOH(pEpPEeHIMHU MO (PU3MKE B3aMMOJECUCTBHS 3apSKEHHBIX YACTHIL C
kpuctamiamu  «®B3YK-50», r. MockBa, 202Ir.; 51-off MexayHapoaHOU
TynunoBckol KoHGEpEHIMHU 10 (PU3MKE B3aMMOJICUCTBHS 3apsSHXKEHHBIX YACTHIL C
kpuctammiamu  «®B3UK-51», 1. MockBa, 2022r.; 52-oii MexayHapoaHOi
TynunoBckol KOHGEpPEHIMHU M0 (PU3MKE B3aMMOJICUCTBUS 3apSHKEHHBIX YacCTHI] C

kpuctamamu «®B3UK-52», r. Mocksa, 2023r.

IMyoaukanuu. [lo Teme muccepranuu aBTOPOM OIMyOJIMKOBAaHO 4 HAy4YHBIX
CTaThbU M3 KOTOPBIX 3 - B )KypHaIax, BXOIANIUX B 0a3bl JTaHHBIX MEKIyHAPOIHBIX
WHJIEKCOB Hay4YHOTO nuTHpoBanusa Scopus u/mwim Web of Science u 1 - B [lepeuens
BAK P®, a Takxe Te3uchl 3 JOKJIAIOB B TPyAaX MEXTYHAPOIHBIX KOH(EpEHIIUIA.
OcHOBHBIC TYOJIMKAllMM aBTOpa OTMEYCHBI JUTEPOH A W TOMEIICHBI B KOHIIC

aBTopedepara.

JInuYHBIN BRJIAaA aBTOpa COCTOUT B TOM, YTO OHA BBIIIOJIHHJIA BCC OCHOBHBLIC
YUCJICHHBIC PACUYCTbl CIICKTPAJIbHO-YIJIOBBIX pacnpeaeneHHﬁ IIEPCXOJHOIro M

YEPCHKOBCKOI'0 HM3JIYUCHHSA B pPaA3JIMYHBIX MHIICHAX. OHpC}IGJ’ICHI/IC TCMBI,



MOCTaHOBKA 3aad, aHajiu3 U (POPMYIUPOBAHUE IMOJYYCHHBIX pE3yJIbTaTOB U
HAyYHBIX II0JIOKCHUN IMPOBOJUIUCH COBMECTHO C HAyYHBIM PYKOBOIMTEIEM U
COaBTOPAaMU COBMECTHO OITyOJIMKOBAHHBIX CTaT€ W JOKIAI0B, B MOJITOTOBKE

KOTOPBIX aBTOP aKTUBHO Y4aCTBOBAJI.

Crpykrypa M 00beM auccepraumu. Jluccepranusi COCTOUT U3 BBEACHUS,
ISITH Pa3zeioB, 3aKI04eHus, Oubnauorpaduu u3 63 HAaMMEHOBAHUM, U3JI0KEHHBIX

Ha 92 cTpanuax, BKIo4as 23 pucyHka v 2 TaOIHIIbI.

OCHOBHOE COIEP KXAHUE IUCCEPTALIMU
Bo BBegeHMM TIOJYEPKMBAETCS AaKTyaJIbHOCTh TEMBl JUCCEPTALUH,
chopMyJIMPOBAHbI 1IEJIM W 3aJaud UCCIIEIOBaHMs. YKa3aHa HOBH3HA, HAy4Has U
MPAaKTUYECKasl 3HAYUMOCTh TMOJYYEHHBIX pe3ynbTratoB. ChopmynupoBaHbl
OCHOBHBIE HAYYHbIE IOJIO)KEHHUS, BBIHOCUMbIE Ha 3alllUTy U 00OCHOBAaHA CTENEHb
UX JIOCTOBEPHOCTH. YKa3aHbl CBEACHUS 00 amnpodaluu pe3ynbTaToB U

HY6JII/IK3HI/I$IX I10 TCMC IUCCCPTALUH.

B mepBoM pasnesne aumccepTalMM JiaHa HCTOPUYECKAs PETPOCHCKTHBA H
0030p paboT mo paccMmaTpuBaeMon IMpobiieMe (GU3UKH KOHIACHCHPOBAHHOIO
COCTOSIHMS, a  HMMCHHO:  TIPOIECCOB  AJICKTPOMArHUTHOTO  M3JIyYCHUs
PEISATUBUCTCKUX 3apsOKCHHBIX YAaCTHII B PA3IUYHBIX Cpeliax, TCOPETUYCCKHE H
AKCIIEPUMEHTAJILHBIC UCCICAOBAHMS 110 KOTOPOH CTUMYJIMPYIOTCS TIEPCIICKTHBAMHM
CO3/IaHHs MCTOYHUKOB WHTCHCHBHOI'O M3JIy4YCHHs B pPa3HbIX JHMANa30HaX 4acToT,
geM W O00OCHOBaHA aKTyaJbHOCTh TEMBI HCCIIeoBaHHS. [IOCKOJIbKY H3IydCHHE
CBOOO/IHBIX YACTHII, HAIPUMED, PEIIATUBUCTCKHUX AJIEKTPOHOB CIIOCOOHO CO3/1aBaTh
AJIEKTPOMArHUTHOE M3JyYCHHUE B IMHPOKOM CIICKTPAJbHOM JHAra30He, OHO UMEET
BaXHOC 3HAYCHHWE [UII MHOTOYHUCIICHHBIX IPUMCHCHHUH, HampuMmep, sl
JCTEKTUPOBAHUS YACTHUI[ BBICOKOW SHEPruH, TUATHOCTHKHU IYYKOB YCKOPEHHBIX
YacTHII, CO3J]aHuUs JIA3ePOB Ha CBOOOJHBIX 3JIEKTPOHAX, MOITHBIX MHKPOBOJHOBBIX

N TCParcpuoBbIX UCTOYHUKOB H3JIYUCHUA, PA3BHUTHA BHeKTpOHHOﬁ MHUKPOCKOIINH,



MEIULUHCKONU TEpaluy, ONTUYECKOW CBA3U U APYyrux npumeHeHuil. Ilosromy
DKCIIEPUMEHTAJIBHBIE W TEOPETUYECKHME MWCCIECIOBAaHUS B OTOM HAIPABICHUU

AKTyaJIbHbI U IPCACTABJIAIOT 0O0IbIION HHTCPCC JJIA PA3JINIHBIX HpHHO)KeHPIfI.

Bropoii pasgen TMOCBAIIEH OMNUCAHUIO PE3YJIbTATOB  HCCIEHOBAHUS
YEPEHKOBCKOTO M NEPEXOJHOI0 M3IYyYECHUS B MOTJIOMIAIOLIECH Cpelle KOHEYHBIX
pa3MepoB, KOTOpPBIE HEOJHOKPATHO OOCYKJalIWCh B JHUTEpaType B KayecTBe
Pa3JIMYHBIX TPEACIBbHBIX YCIOBUW, B YACTHOCTH, MPH CBEPXBBICOKUX HSHEPTHIX
YaCTHI] WM B KECTKOM CIEKTpalibHOM 00sacTu. Bo BTOpoM pazzerne auccepranuu
paccMaTpuUBaeTCsl  BIMSHUE 3TUX  MPOLECCOB HA  CIEKTPaJIbHO-YIJIOBBIE
XapaKTEPUCTUKA BO3HUKAIOIIETO JJIEKTPOMATHUTHOIO M3JIyYCHUSI Ha OCHOBE
YpaBHEHUN MaKpOCKOMUYECKON 3JIEKTPOAMHAMUKU O€3 HCMHOJIb30BAHUSI KaKUX-
100 aCUMNTOTUYECKUX NpHOSMKeHn. Takoi moaxoJ mo3BOJSET, B YaCTHOCTH,
IIPOCJEANUTH 3a U3MEHEHUEM YIJIOBOI'O PACIIPEIEIICHUSI U3JIyYEHUS MPU MEPEeX0Jie
nopora wu3nydyeHus BaswioBa — UYepeHkoBa, a Takke MNPOAHATU3UPOBATH
BO3HUKAIOUIMHI IPU 3TOM BKJIaJ IEPEXOAHOTO U3TYyUECHUS.

Jlns pelieHuss COOTBETCTBYIOIIMX YpaBHEHUM MakcBesa M HaxXOKICHUS
AJIEKTPOMArHUTHBIX MOJIEW HAIMUKE TPAHUILl «BAKYYM — CpeJia» MOTPeOyeT CIIUBKU
HOPMAaJIbHOM M TaHTEHIIMATBHOM COCTaBISAIOMIMX ToJie Ha Hel. Takum oOpazom,
MBI I[IOJy4Ya€M CHUCTEMY YPAaBHEHUM JJIsI HOPMAJIbHOM M TaHIE€HUHUAJIBHOU
COCTaBJISIFOIIMX DJIEKTPUUYECKUX Tosiel. PemeHus 3ToMl CUCTEMBbl ypaBHEHUU
MO3BOJISIFOT ~ PACCUMTHIBATh  CHEKTPAIBHO-YIJIOBBIE M NOJISIPU3ALMOHHBIC
XapaKTEPUCTUKHU HM3ITyYEHUs] B TMOTJOMIAIONICH Cpee KOHEYHBIX pa3MEPOB Kak B
HalpaBJICHUU «BHEpea» (BIOJIb HAMpaBICHUS JIBUKEHUS 4YacTHUIbI) TaK U B
HaIMpaBJICHUM «Ha3a». [[puuemM, Takoil moxo ] MO3BOJIAET BAPbUPOBATH CKOPOCTH
YacTHUIl B BAKyyMe U B CpeJlie, MOJACIUPYs TaKUM 00pa3oM TOPMOXKEHHUE YaCTHII, a
TaKX€ U3MEHATH 3apsi/l YaCTHULl, MOJCIUPYs MPOLUECChl MOHMU3ALUNU WIIA MOJXBAaTa
3JIEKTPOHOB B CPE/I€ YCKOPEHHBIMU NOHAMM.

[IycTh CKOPOCTH 3apsKEHHOM YAaCTUIBI HAIPaBJIeHA MEPHEHIUKYISPHO

rpaHuIle pasjiesia JIBYX Cpell, a UMEHHO, BaKyymMa W CpeJlbl, U HalpaBUM OCb Z
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napajyiebHO MOCTOSSHHOM CKOPOCTH 4acTulibl V. O003HAUMM 3apsii YacTULIBI JO
BJIETa B cpeny yepe3 Z;e. Eciu mpu 3ammcu ypaBHeHMHM MakcBeiia B cpene
noJiaraTh, YTO MOJS CO3/AIOTCS TOKOM 3apsnia Zqe, IBIKYUIUMCS C TaKou ke
CKOpPOCTBIO, KaKk M B BakyyMe, TO @Dypbe-KOMIIOHEHThl HaNpsKeHHOCTEH
ANIEKTPUUYECKUX MOJIeH B MEepBOMl (CieBa, TO €CTh B BaKyyMe) U BTOpOM (cripaBa)
cpelax 3amuuIyTcs B CIEAyIIIeM Buae (mojaraeM, 4YTO MarHUTHas

MIPOHUIIAEMOCTD cpelbl U = 1):

E (k _iZle[wv ]6(a)—kv)+E,k 5(K2 —
1( ’a))_ZT[Z c2 kz_wz/cz 1( ,(1)) ( w /C ) (l)
iZiefwv k1 6(w— kv) .
E,(k w) = 2;2 [cz - E] ot E,(k, w)8(k* — ew?/c?). ()

rne Ej(k,w) u E,(k,w) — ®ypbe-KOMIIOHEHTBI aMILIATY/] CBOOOIHBIX TOJIEH B
BakyyMme nepen cpenoii E;(r,t) u B cpene E5 (1, t).

OneHky BIUSHAS TOPMOXKCHHUS YaCTHIIBI Ha CICKTPAIbHO-YTIIOBBIC
XapaKTEPUCTUKHU U3ITyUYCHUS] MOXKHO MPOBECTH, U3MEHSISI €€ CKOPOCTh Ha BBUIETE U3
MulieHd. PaccmaTtpuBasi cirydaid HOpMaabHOTO ITaJICHUS ITyYKa YaCTHI] Ha TPAHHILY
paszena, 3amuiieM HanpsHKEHHOCTH MOl B 001aCcTH 3a MJIACTHHKOM, TMojaras, 4To

CKOPOCTh YaCTHIIBI u3MeHuIach [A3]:

iZe|lwv' 6(w— kv")
2m? | c? k? — w?/c?

Ei(k w) = + E(k, )5 (k% — w?/c?), (3)

rie E5(k, w) — ®ypbe-KOMIOHEHTBI aMIUTUTY]] CBOOOIHBIX IMOJICH B BaKyyMe 3a
BTOpO# Tpanuieii cpeast E5(r,t). AMIUIUTYI6I CBOOOJHBIX MOJICH B YPaBHEHHUSIX
(1-3) HaxomsTCs W3 YCIOBUS HEMPEPHIBHOCTH TAHTCHIUAIBLHON W HOPMAJbHOM

KOMIIOHEHT I10JICH Ha I'paHuOax pasacia.
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Ha pucynke 1 mpuBelneHbl pe3yibTaThbl UYHMCICHHBIX Pacdy€TOB YIJIIOBOTO
pacripesiesieHrdss I[IUPOKOIOJIOCHOTO U3JIYYEHHUS B ONTHYECKOM JHala3oHe B
TOHKOM CJIO€ IIPO3PavyHOTO BemiecTBa, To ecTh Im( &) = 0, Tomumuuoit L = 1004,
rae A — JJIMHA BOJIHBI M, CJIEIOBaTEIbLHO, B ONTHYECKOM Juana3oHe L =~ 76 — 78
MKM, M TIOKa3aTejieM IPEIOMIICHUS N = Ve=133 B HaIlpaBJICHUH «BHOEPED B

OTHOCHTENIBHBIX CIMHULAX Zie?/m?c npu pasIMYHBIX SHEPIUAX 3apsKECHHOM

gactuubl.  Ilopor BO3HMKHOBeHMs wu3inydyeHuss BasunoBa — UYepenkoBa B

BBIODAHHBIX YCIOBHAX BO3HMKaeT mpH f > 1/+/e = 0.75 wmm y = 1.55, rae Tak
HasbiBaeMblii Jlopeni — paktop y = E /mc?. Ecau ckopocTh YacTHIBI TAKOBA, UYTO
MOpOr BO3HUKHOBEHHUsI u3NydeHus BaBuioBa — UepeHKoOBa HE BBINOJIHEH (CM.
pUCYHOK 1, @), TO XapakTep YIJIOBOIO pacCIHpeAesIeHUs] HOCUT OCLMLIUPYIOIINN
xapakrtep. Takoro poja OCUWUISIIUNA CIEKTPATIbHO-YTIIOBOM NIOTHOCTH U3IIyYEHUS
OOBACHSIOTCS MHTEPPEPEHIMI MEXy MNPOXOIAlIEH BOJHONM M OTPaKEHHOW OT
TPaHULl CPEBI.

[Ipy BBHINIONHEHUM YCIOBUS BO3HUKHOBEHUS W3IyuyeHUs BaBuioBa —
UepenkoBa B mpo3pauyHod cpene (cMm. pucyHok 1, ©) yrioBoe pacmpenesieHHe
HAYMHAET KOHIIEHTPUPOBATHCS B YIJIOBOM KOHYCE€ BOJIM3M UYEPEHKOBCKOTO yTiia
cos9 = 1/B\e, a chnekTpanbHO-yriaoBas IUIOTHOCTh M3JIY4ECHHS «BIEPEI»
BO3PACTAET C YBEJIMYEHUEM SHEPIHU U JIOCTUTAeT MaKCUMAJIbHOTO 3HAYEHUS (CM.
pucynku 1, B, r u n). [locinennee oOCTOSATEIHCTBO OOBICHSIETCS TEM, YTO B
IIPO3pavyHON cpene mnoJyisi u3ilydyeHuss BaswioBa — UYepeHkoBa KOIepeHTHO
CYMMHUPYIOTCSI CO BCEX YYaCTKOB TPACKTOPUM HAa BCEH TOJIIUHBI IUIACTUHKUA U
YBEIIMUEHHUE SHEPrUU M3IyUYEHUS MPEKpallaeTcs, KOrja IJIMHA KOT€PEHTHOCTHU
CTAaHOBUTCS PABHOM TOJILMUHE cpeapl. JlanbHenniee yBEIMYEHUE DHEPTUU
MPUBOJUT K 3aKOHOMEPHOMY YBEIMYEHUIO YEPEHKOBCKOI'O YIjla U TMOSBJICHUIO
LEHTPAJIbHOIO MakcumMyma (CM. pUCYHOK 1, €), CpaBHMMOro MO BEJIUYUHE C
YEPEHKOBCKUM. DTOT, YBEJIUUMUBAIOIIUICS C POCTOM PHEPTUU YACTHUI[BI MAKCUMYM,
MIPEACTABISIET COOOM BBIXOJ MEPEXOJHOTO M3JIYYCHHS, CKOHIIEHTPUPOBAHHOTO B

y3KOM HHTepBasie yriaoB 49 =~ 1/y.
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Pucynok 1 - YrioBoe pacrpeneneHue 3JeKTPOMarHUTHOTO U3ITyUEHUS «BIEPET» B
ONTHYECKOM JIMAIA30HEe YaCcTOT MPHU MPOXOKJACHUH TOHKOTO CIIOS IIPO3PAYHOM Cpeabl IpH
pa3auYHbIX SHeprusx yactui (a- y =1.5,0- y=155,B- y=2,r- y =10,

- y=10%,e- » =10°).

B onrtuyeckom mana3zoHe 4YAacTOT B MOPO3PAYHOM CpEAEe MOTJIOLICHHUE
U3ITy4YeHUs] B TOHKUX IUJJACTUHKAaX Oy/eT He3HA4YWTelbHbIM. bojee BakKHBIM
(aKTOpOM B ATUX YCIIOBHSX SIBISICTCS TOPMOXKEHUE 3apSIKEHHBIX YacCTHIL B CpeJIe.
N3meHeHne CKOPOCTH YacTHIIBl MPUBOAUT K JECTPYKTUBHOM HHTEphEpeHIINU
3JIEKTPOMArHUTHOTO U3JIyYE€HUs C PA3JIMYHBIX YYACTKOB TPAEKTOPHUH, YTO B CBOIO
odepeab BEIET K HCYE3HOBCHUIO OCHMILUIALMN B CHEKTPAIBHO-YTIIOBOM INIOTHOCTH
M3JIYYEHUS] U YMEHBIIEHUIO €r0 MHTEHCUBHOCTH. Ha pucyHke 2 WmocTpupyeTcs
BJIUSIHUE YMEHBILICHUS CKOPOCTM Ha BBUIETE U3 CpeAbl Ha  YIJIOBbBIC
XapaKTEPUCTUKHA DSJICKTPOMATHUTHOTO MW3JIYYEHUS] B YCJIOBHSX, KOrJa IMOPOT

n3nyueHus BaBunoBa — UepeHKOBA HE BBIIIOJIHEH.
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Pucynox 2 - BnusiHue yMeHbIIICHUST CKOPOCTH YaCTHIIBI HA YTIIOBBIC XapaKTEPUCTUKHU
AJICKTPOMArHUTHOTO U3JIyYEHUS B HAPABJICHUU «BIIEPEI» B ONTHUYECKOM JIMANAa30HE YacTOT
MIPH MPOXOKIEHUU TOHKOTO ci10s Tipo3padnoit cpenbl ( L =1004) mist paznudHbIX OTeph
ckopoctu gactuilel: a — 0%, 6 — 5%, B — 10%, r — 15%. [lopor BO3HUKHOBEHUS U3ITy4CHUS

BapuiioBa — UepeHnkoBa He BBINONHEH, ¥ =1.5.

JInst ucecnenoBaHys YIIIOBBIX M CIIEKTPAJIbHBIX XapaKTEPUCTUK NEPEXOAHOTO
1 YEPEHKOBCKOT'O M3JIyYEHHS] B PEHTTC€HOBCKOM JMAIla30HE YacCTOT U B YCIOBUSAX
NOTJIOIIEHNS M3JIy4YE€HHsI BOCIIOJIB3YEMCSl JTaHHBIMHM O YacCTOTHOM 3aBUCHMOCTH
KOMIUICEKCHOW JIMDJICKTPUYECKOW TPOHUIIAEMOCTH pPa3lIM4HbIX BeriecTB [9)],
Harpumep, s Oepwuina. B wacTtHocTH, mpu 3Heprum wusnydeHus 120 »B
NEUCTBUTENbHASS W  MHHMMas 4YacTH  JUAJIEKTPUYECKOW  IPOHHUIIAEMOCTH,
CooTBeTCTBEHHO, paBHEI Re( &) = 1,00696 u Im(&) = 8,57 -10™*. BriOepem
TonuHy miaactuHku L = 1004 u L = 1000A. IIpu suepruu xBantoB 120 3B 310
coctaBuT npuMepHo 1 mkm u 10 MxM. Kak u crmenoBano 0Xuaarh, HaIAYHE
MOTJIOIIEHHS, KOTOPOE OINUCHIBAETCS MHUMOM 4YacThlO JAUDJIEKTPUYECKON
POHUIIAEMOCTH, TPUBOJUT K JECTPYKTUBHOWU MHTEP(HEPEHIIMU U K YMEHBIIECHHUIO
MHTCHCUBHOCTU TE€PEXOJHOT0 H3JIyuyeHus (PUCYHOK 3, a M B) U H3IIyYCHUs
BasunoBa — YepenkoBa (cM. pUCYHOK 3, O, I') NpH YBEITUYEHUU TOJIIUHBI

IIJTAaCTUHKHM.
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Pucynok 3 - YrioBoe pacrpezenenue 3JeKTPOMarHiTHOTO U3JIyYeHHs B HAIIPaBJICHUHU
«BIIEpE» B PEHTTEHOBCKOM JHarna3one 4actoT (Aw = 120 3B) B OepuiuineBoil miacTUHKE
IPY SHEPTHU YaCTHUIL JI0 TOPOra BOSHUKHOBEHHUs H3ITydeHus: BaBuiioBa — YepeHkoBa
npu Yy = 2 (a, B), u mocJe nmopora npu y = 10 (0, 1)
npu tomuHax cpenst L = 1004 (8, 6) u L = 10004 (8, 1).

Ha pucyHke 4 nmoka3aHo CHEKTPalIbHOE paclpeelIeHUe 3JIEKTPOMarHuTHOTO
W3JIyYEHUSI B PEHTIEHOBCKOM JHMAIa30HE YacTOT, MPOUHTETPUPOBAHHOE O yIiIlaM
B TIepeHel nonycdepe BIOJIb HAMPABICHUS JBUKEHUS YaCTHIlbI, B OCpUILINEBON
wiactuake TonmuHon 1 mkM mpu Yy = 10 (K-kpait normomenust 111.5 3B).
Jlucniepcus IEMCTBUTENBHOM U MHUMOM YaCTHU JUDJICKTPUUECKON MPOHULIAEMOCTH
B Oepwuinu TpuUBEJCHA Ha BCTaBKe pHUCyHKa 4. MakcumanbHOE 3HaYeHUE
JICHUCTBUTENPHOM YacTH AMAJIEKTpUUecKod mnponunaemoctu Re(e) = 1,04718
JIOCTUTAETCs NpU 3Hepruu KBaHTOB 112 3B. ITopor 4epeHKOBCKOIO H3Iy4YEHUS
BO3HHMKAET B 3TUX YCJIOBHUSAX YK€ MIPU SHEPTUHU YACTHUL], COOTBETCTBYLIEH JlopeHiy —
daktopy Yy > 3. B ommune oT onThyYecKoW 00nacTH, TAE BIHMSHHUE TUCTICPCHH
JIUBJICKTPUYECKON MPOHUIAEMOCTH HECYLIECTBEHHO, M W3llydyeHue BasuinoBa —
UepeHkoBa HWMeEET IIMPOKOIMOJIOCHBIM XapakTep, B PEHTICHOBCKOM o0JacTu
CIIEKTpaJIbHasl IUIOTHOCTh W3JIyYCHUSI HMMEET SIPKO BBIPAKEHHBIM MAaKCUMYM B

001acTH 4acTOT BOJIM3H KpaeB JIMHU# morsorienus [Al].
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Pucynok 4 - CnekrpanbHoe pacnpeieseHue IeKTPOMarHuTHOrO U3/ 1yY€HUs B HAIPABICHUHN

«BTEpPE» B PEHTTEHOBCKOM JHAMAa30HE YacCTOT B OCPUIINEBOM TIACTUHKE TOMIIMHON | MKM

IIPY BBINIOJIHEHUH MOPOTa BO3HUKHOBEHMS U3iydyeHus BasuiioBa — Uepenkosa npu y = 10.
Ha BcTaBke: nucnepcust 1€MCTBUTEIBHON 1 MHUMOM 4acTH

TUDIIEKTPUIECKON MTPOHUIIAEMOCTH B OCPHILIHH.

B Tperbem pasnene ucciIenyrTCsl  OCOOCHHOCTH  PEHTI€HOBCKOIO
MOJIAPU30BAHHOIO IIEPEXOAHOIO0 M YEPEHKOBCKOI'O M3JIYYECHUS NIPU HAKIOHHOM
BJIET€ B MHIIEHb. XOpOLIO H3BECTHO, YTO B CiIy4yae HOPMAJIbHOIO IIaJCHUS
OBICTPON  3apsDKEHHOM YacTUIbl Ha TIOBEPXHOCTh paslieia BO3HHMKAIOLIEe
AJEKTPOMAarHUTHOE M3JIyYEHHE IMOJISPU30BAHO B TAaK HA3bIBAEMOM ILIOCKOCTH
U3JIy4eHUs, COJEpIKAIleW BOJHOBOM BEKTOpP M3IYy4YEHUs M HOpPMalb K
noBepXHOCTH. OOBIYHO TaKyl MOJISIPU3AIMI0 HA3bIBAIOT MpoaoibHO.  Ilpu
[aJICHUMA YaCTUIl Ha MHUILEHb IOJ YIVIOM K IIOBEPXHOCTU pasleiia ABYX Cpel
BO3HHUKACT  JONOJIHUTEIbHAs  IOJSpHU3alUsA  M3Iy4eHUsS B IUIOCKOCTH,
OPTOTOHAJIIBHOM IUJIOCKOCTH M3JIy4yeHUs. bynem Ha3plBaTh 3TO NONEPEYHOMU
MOJISIPU3ALUEN. Cnenyer  oxupaars, 4TO YyIJIOBOE  pacIpeiesICHUe
ANEKTPOMATHUTHOTO MU3IYyYEHHUsI C Pa3IMYHOW Mojispu3auui OyJIeT Mo-pasHOMY

3aBHUCCTH OT YyTJia BbUICTA YaCTHUI[ U3 CPCABI.



Pe3ynpTaThl pacdyeToB YIJOBOTO pacHpeieieHus NEPEXOJHOr0 U3IyYEHHUS
JUTSL TIPOJIOJIBHOM M TIOTIEPEYHOM MOJISIpU3aI[MU MMOKA3bIBAIOT, YTO MHTEHCHUBHOCTH
U3JIyYCHHS] B MAKCUMYyME YTIJIOBOrO PACHPEACICHUS HW3JIyYEHHS] C IPOJOJIbHON
NoJIApU3alMe MPAaKTUYECKHM HE U3MEHSIETCS MpU YBEJIMYEHUU Yyria BbUIETA.

Brixoa ke mepexoJHOro M3Iy4YeHHs] B MAKCUMYME YIJIOBOTO paCIpeleNICHUs ¢
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IIOIIEPEYHOM NOJIIPU3ALUEN CYIIECTBEHHO YMEHBIIAETCS.
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Pucynok 5 - YrioBoe pacrpe/enenue npoaoabHo NOIsSprU30BaHHOM (a, O, B) U MONIEPEYHO
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MOJIIPU30BaHHOM (T, JI, €) KOMIIOHEHT YepeHKoBckoro uznydenus ((f = 0.99) B

PCHTTCHOBCKOM IHUAIIa30HC YaCTOT B 6epI/IHJ]I/I€BOﬁ MUIICHU IIPH PA3JIMYHBIX YIJIaX BbUICTA

yacTul u3 mumienu: : (a,r) -y = 50°,(6,1) - = 70° u (B,e) - Y = 80°.
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Ha pucynke 5 1okKa3aHO YIJIOBOE pPacHpeleseHUE YEepPEHKOBCKOIO
U3IyYeHUsl JUId TPOJOJIbHOM M momepeunoil momspusammu (f = 0.99 u nopor
BO3HMKHOBEHHUSI YEPEHKOBCKOI'O W3JIy4YE€HHs BbINONHEH). [Ipu yBenuuenuun yria
BBUIETA WMHTEHCHUBHOCTH IIPOJOJIBHO NOJISIPU30BAHHOM KOMIIOHEHTBI HW3JIyYCHHMSI
3HAQYUTEIBHO BO3pAaCTaeT, B TO BPEMs KaK IONEPEYHO IMOJIAPU30BaAHHAS
NpaKkTHYECKUU ucuesaetr [A2].

—_
o
I
————
-
T e Tl W e e S —

dl/d6, oTH. en.

coso
X

Pucynok 6 - YrioBoe pacrpezesnenre npoaoabHO NOJIIPU30BaHHON KOMIIOHEHTHI
YEepPEHKOBCKOT'O U3TY4YCHHUS B PEHTITC€HOBCKOM JHara30He YacTOT BJIOJIb HAPABJICHHUS OCH X B
OepUIUTHEBON MUIIICHH MIPH PA3IMYHBIX YIJIaX BIJIETA YACTHUI] U3 MULICHU: TyHKTUPHAS
muand Y = 50°, mrpux-nykrupHas auausg Y = 70°. coomnas auaus P = 80°.

Ha ©pucynke 6 mpuBeeHO YIJIOBOE pacHpeleieHHe IMPOJI0JIbHO
MOJIIPU30BAHHON ~ KOMITOHEHTHI ~ W3NMy4deHUs. OTYETIMBO  MPOCIICKUBACTCS
YBEJIMYEHUE MHTEHCUBHOCTH M yYMEHbBILIEHUE YTJIOBOM HIMPUHBI PacIpelCICHHUS.
[locnennee  0OCTOSATENBCTBO  OOBSICHSETCA  yBelnMueHHEM  A(DPeKTUBHOU

KOTEPEHTHOW JIIMHBI U3JTyYCHHsI B MUIIICHU TIPU YBEIIMYCHHUHU yTJia BeuieTa [AB].
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YerBepThlii pa3iesl JIUCCEPTAUMU IIOCBAIIEH OINHMCAHUIO PE3YJIbTaTOB
UCCJIEIOBAHMUS MOHOXPOMATHYECKOIO YEPEHKOBCKOIO U3ITyYCHHUS B
yIbTpauoIETOBOM, ONTHYECKOM M TEpareploBOM CHEKTPalIbHBIX IUANa3zoHax
IIPY HAKJIOHHOM BJIETE 4acTHI] B MUIIEHb. Cpenyu MaTepualioB, pacCMaTpUBAEMBbIX
JUISl TEHEPALlMd MOHOXPOMATHUYECKOIO0 YEPEHKOBCKOIO HM3JIYy4YEHHUs B Pa3IMYHBIX
AMarna3oHax 4acToT, HanOoJyiee N3YYECHHBIM SIBISIETCS KBApLIEBOE CTEKIIO0. YTIOBOE
pacupenesieHue U3Iy4eHus ¢ IPOAOJIbHOM MOJSIpU3aUeil B INIOCKOCTU U3Iy4YEHUs
B 0e3pasMepHBIX eIUHMIAX Z2e?/m?c B yIbTpa(UONETOBOH, ONTHYECKOW M
TeparepuoBoil 00JacTsIX CIEeKTpa IMOKa3aHbl HAa PUCYHKE /. YTIIJioBas LIMPHUHA
4epPEHKOBCKUX MakcUMyMoB He mpesbimiaer 1072 rad, a caMu MakCUMyMBbI
U3IIyYECHHs] C PA3IMYHOM JUIMHOM BOJIHBI Pa3JEl€Hbl, YTO IMO3BOJIIET CHENaTh
3aKIIOYEHUE O BO3MOXHOCTH BBIIECJIECHUS MOHOXPOMATHYECKUX JIMHHM B
BBIOPAHHOM CIIEKTPAJIbHOM JIMAIMAa30HE.

B HenaBHell pabote [5] OblIM IpUBEIEHBI PE3YJIbTAThl SKCIIEPUMEHTAIBHOTO
MCCJIEIOBAHMS CIEKTPaJIbHBIX CBOWCTB ONTHYECKOTO0 U3NyuyeHus BaunoBa—
YepenkoBa. ABTOpaM BIEpPBBIE YJAl0Ch HAOIIOJATh KBa3MMOHOXPOMATUYECKOE
YEPEHKOBCKOE U3JTyUYEHHUE JIEKTPOHOB C 3HEpruen 855 M»B u kBapiieBoli MUIICHH
tonmmHOW 0,2 wMm. PacdeTsl CHEKTpaJibHBIX MAaKCHMYMOB — W3JIyYEHUS,
MOJISIPU30BAaHHOTO B TUIOCKOCTH H3IYYCHHUS, B YCIOBHSX OSKCIEpUMEHTa [5],
MpUBEJEHHbIE B Tabnuue 1, MOKa3bIBalOT YAOBJIETBOPUTEIBHOE COTJIacHe C
JTTAHHBIMHW U3MEPEHUM.

[Tpu BreTe B MHILEHb MOJ HEKOTOPBHIM YyriaoM 3¢ @(EeKTHBHAS TOJIINHA
MUIIEHU YBEJIMYMBAETCS, YTO YMEHbIIAET YTIOBYIO ITUPUHY YEPEHKOBCKUX KOJIEL.
[Ipu 3TOM, B OTIMYME OT HOPMAJIBHOIO MajaeHus, 3pQPeKTuBHAs TOJIIMHA IS
pa3HbIX HANpaBJICHUI U3JIy4YeHHs] B UYEPEHKOBCKOM KOHYCE 3aBUCUT OT
azuMmyTaibHoro yria. I[locnegHee oOCTOSTENHCTBO MPUBOJUT K TOMY, YTO (hasbl
OTPAXKEHHBIX OT I'PAHUL MUILIEHU BOJIH TENEPh HE MOCTOSIHHBI, & TAKKE€ HAYNHAIOT
3aBUCETh OT A3UMYyTaJIbHOro yria. Takum 00pa3oM, HapylIeHUE a3uMyTaIbHON

CUMMCTPHHU IIPHUBCACT K AOIIOJIHHUTCIbHBIM I/IHTep(l)epeHHI/IOHHI)IM OCIINIIIALNUAM U
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M0 a3UMYTaJIbHOMY YTJy. YTJIOBOE paclpeiefieHHe B 3TOM Cllydyae NMpUOOpeTeT

JIOBOJIBHO CJIOKHBIHM BHJ M HAanOOJIee SIPKO MPOSIBUTCS B TOHKUX MUIICHSX [A4].
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PucyHnok 7 - PaccuntanHoe yrioBoe pacrpeieieHne o NOIIPHOMY YTy B IUIOCKOCTH
YEPEHKOBCKOI0 U3JIy4eHHU (a3UMYyTaJIbHBIN yroa ¢ = 0) ¢ mpoaoibHON Noaspu3anueit
pensTuBUCTCKUX yacTull (Y = 250) B pa3IMYHBIX YaCTOTHBIX JAMAMNA30HAX B MUIICHH U3
IUIaBJICHOTO KBaplia B OJMKHEM yIbTpaduoaeToBoM auana3one npu P = 22°, L = 1004
(a); B onTriueckoM jauanaszone, npu Y = 22° L = 1004 (0); B TeparepiioBoM Juarna3oHe
npu Y = 60°, L = 104 ().
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Tabnuna 1 - Pe3ynbraThl U3MEPEHUN U PACYETOB CIIEKTPATBHBIX MAKCUMYMOB
ONTUYECKOT0 YEPEHKOBCKOI'O U3JTyUeHUsl, IPOBEJACHHBIX B [5] HA OCHOBE MOJENN
MOJISIPU3ALIMOHHBIX TOKOB, U PE3YJIbTATHI, IOJIyYCHHbIE HAMM.

Y, rpag. 24 23.5 23 22.5 22

A, HM (3kcn. [5]) | 370.9+0.7 | 404.6+0.4 | 451.5+£0.6 | 521.0£1.5 | 616.5%£7.1
A, Hm (Teop. [5]) | 379.6 413.0 457.0 518.5 610.3

A, Hm (Teop.) 379.6 413.0 451.2 501.8 632.0

PeBYJ'IBTaTBI pacdcToOB YIJIOBOro  pacCupCaciICHUs IMOJIIPU30BaHHOT O
N3JIYUCHUA BaBunoBa — UIepeHKOBa BOJIM3H Imopora B TOHKOM IIACTHUHKE W3

IIJIaBJICHOI'O KBAapIla IIOKAa3aHbl Ha PUCYHKC 8.

6.980E+06

6.108E+06

=

I~ 5.235E+06

3.960E+06
! 3.465E+06
{~ 2.970E+06
i~ 4.363E+06 I~ 2.475E+06
I~ 3.490E+06

- 1.980E+06

- 2.618E+06 - 1.485E+06

~ 1.745E+06

8.725E+05
0.000

1,980E+08

- 9.900E+05

4.950E+05

- 0.000

l 3,160E+05
2,765E+05

{~ 2,370E+05

1,733E+06
- 1,485E+06
- 1,238E+06 I 1.975E+05
- 9,900E+05 - 1,580E+05
I 7,425E+05 I 1,185E+05

[ 4.950E+05
2,475E+05
0,000

cosl, cosb,

~ 7,900E+04
3,950E+04
0,000

Pucynok 8 - PaccuntanHoe yrioBoe pacrpeziesieHne NoJspru30BaHHOTO U3IyYECHUS

BaBunoa — YepeHKoBa peNsATUBUCTCKUX 3JeKTpoHOB (f = 0.6) BOIM3UM mopora
(Ben = 0.59) B OummkHEM yabTpadHOIETOBOM aAuana3one uH BoH (A = 0.16 pm,
g '=2.729,&" = 2.7-107%) B TOHKO} MHILIEHH U3 IIABJIECHOTO KBapIia TOMIMHON 1.6 pum.

VYron MCKOY HallpaBJICHHUEM JABWIKCHUA YaCTHUIl U HOPMAJIBIO K IMMOBCPXHOCTHU MUILICHU !

P = 20° (a); Y = 30° (6); ¥ = 35° (B); ¥ = 40° (r).
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Takoe mepepacnpene/ieHne CIEKTPaIbHO-yIII0BOH IUIOTHOCTH HW3ITydeHUS
CYIIECTBEHHO YBEJIIMYMBAET €TO BBIXOJ B HEKOTOPHIX Y3KHX YTJIIOBBIX MHTEpBaJIAX
Y MOXET UMETh BOKHBIC NIPAKTHUCCKAE TIPUMEHEHUS, B YACTHOCTH, JIJI1 KOHTPOJIS

yrHOBOﬁ PaCcXoaAUMOCTHU ITYUYKOB YCKOPCHHBIX YaCTHII.

3aKITIOYUTENbHBIA MATHIN pa3/iell IuccepTaluu MOCBSIIEH TEOPETUUECKOMY
UCCIIEJOBAHUIO 0COOEHHOCTEM CIIEKTPAJIBHO-YIJIOBOT'O pacrpeneneHus
ANIEKTPOMATHUTHOTO M3JyYEHUsSI MHOTO3apsIIHBIX HOHOB. DKCIIEPUMEHTATIbHBIE U
TEOPETUYECKUE HCCIEAOBAHUS B3aMMOJEHUCTBUSA TSKEIBIX MHOIO3apsAHBIX
YIBTPAPEIATUBUCTCKUX HOHOB C KOHJIECHCUPOBAHHOM CpPENOW  IOCBSLICHBI
M3Y4YEHUIO0 (YHAAMEHTAIbHBIX MPOLIECCOB ATOMHBIX CTOJIKHOBEHUW B TBEPBIX
Ttenax. OJHUM K3 TaKHUX IPOLIECCOB SIBISIETCS NEPEXOAHOE WM YEPEHKOBCKOE
JNIEKTPOMATHUTHOE W3JIy4CHHE, CONPOBOXKAAEMOE M3MEHEHHEM 3apsAI0BOTO

COCTOSIHMSI MOHA MPU IIEPEX0JE U3 OJHOU CPelbl B IPYTYIO.

35
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25
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Pucynox 9 - YriioBoe pacnpeesieHue U31yuyeHus B HallpaBJIE€HUH «Ha3al» PEIITUBUCTCKUX
nonoB cBuHIa (JIopeni-daxrop y = 10), nepecekaroniux TOHKYIO 30J0TYIO IJIACTUHY, MPU
Pa3IUYHBIX 3HAYCHUAX KOHEYHOT'O 3apsa. DHeprus ucimyckaemoro kBanra hm = 500 3B,

TOJIIIIMHA IIACTUHBI L & 125 NM (uu nsaThaecsT JUIMH BOJIH).
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Pe3ynpTaThl HalIMX 4YMCIEHHBIX pacdyeToB [A7] yrioBOro pacrpeaesieHus
U3Iy4YEHUs] NOHOB CBUHIIA, MPOXOSAIINX YEPE3 TOHKYIO 30J0TYIO IJIACTHHY, IS
3HaYeHUs KOHEUHOro 3apsna Z, = Z; + 1 mpencraBiaeHsl Ha pucyHke 9.
be3pa3smepHass sHeprus HU3Iy4YEHHUs [JAETCs, KaK U BBIIE, B OTHOCUTEIBHBIX
enMHUIAX e?/m%c. DHeprus MCIyCKAaeMbIX KBaHTOB BBIOpaHAa B JMAIA30HE
BakyyMHOro yibrpaduoinera (how = 500 3B), a Tonmmua miactunsl L BeiOpana
paBHOW MATUAECITH JUIMHAM BOJH, TO €cTh L = 125 uM. Ocumisiuuu B yriIoBbIX
pacrnpeiesieHusIX CBA3aHbl C MHTEp(EpeHIMEed BOJIH, pPaclpOCTPAHSIIOIUXCS
BHYTPH IUIACTHUHBI B MPOTHUBOMOJIOKHBIX HaIpaBieHUAX. Kak Mmokas3piBaloT HAIIU
pacueThl, BBIXOJ M3JIyYCHMs] B HAINpPaABICHUM «BIEpPEI» B Cllydae H3MEHEHUs
3apsifia MOHA MaJI0 OTJIMYAETCSI OT CITydasi, TJe 3apsii MOHA MOCTOSHEH.

Takum 00pazom, eciu mpu Mepexo/ie YaCTHUIIBl U3 BaKyyMa B Cpelly 4acTuIla
U3MEHSET 3apsa (B HalleM Cclydae 4YacTHIa TepsieT DSJEKTPOH), TO MOKHO
MPEINOJIOKUTh, YTO BHE3AIHO TMOSBWJIACH «HOBAsS» YACTUIA C EIUHUYHBIM
3apsAA0M, ABMXKYIIASICS C TOM K€ CKOpOCThIO. B 3TOM citywae pesynbTupyrouiee
AIIEKTPOMATHUTHOE U3IydeHHE OyJeT TPEACTaBIATh COOO0H CyMNepHo3UIUIO
MEPEXOTHOTO M3IYUYCHHsS] MOHA M WM3JIYYCHHS, BBHI3BAHHOTO YIOMSHYTHIM BBIIIE
BHE3aIHO BBIMYIIEHHBIM (CTapTyromuM) 3apaaoM. O4eBUIHO, YTO CIIEKTPaIbHO-
VIJIOBBIE  XapaKTEPUCTUKH  TAaKOTO  M3JIy4YeHHS OyIOyT  OTIAMYAThCA  OT
XapaKTePUCTHK OOBIYHOTO TEpPEeXOAHOro u3iIydeHus. Hamboree cCyliecTBEHHYIO
OCOOCHHOCTh MOXHO HaOJI0JaTh B Cilydyae H3JIyuyeHUs «Ha3aa», TO €CTb B
HAIPaBIICHUHU, TPOTHBOIOJIOXKHOM JIBIDKEHUIO HOHa. Kak moka3aHO BbIIE, B
YIJIOBOM pACTpEAENCHUN HW3JIyuYeHUsT B PEHTITCHOBCKOM JHala3oHE YacToT
TIOSIBJIAFOTCSI Y3KHE€ MAaKCUMYMBI B HAMPaBJICHUH YTII0B, Om3Kkux K 17 /2. [IpuunHoi
MOSIBJICHUSI TAKMX MAaKCUMYMOB BO3MOXHO SIBISIETCS dPQPEKT MOTHOTO BHEIIHETO

OTPAKCHUA BUPTYAJIbHBIX (I)OTOHOB OT ITIOBCPXHOCTH MHUIIICHMU.
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B 3aki0ouenun copmMyaupoBaHbl OCHOBHBIE PE3YIbTAaThl U BHIBOJIBI:

e Ecinm CcKOpOCTh 4YAaCTUIBI TaKOBA, YTO IMOPOT BO3HUKHOBEHHMS W3IIyYEHUS
BaBunoBa — UepeHKoBa HE BBINOJHEH, TO XapaKTEP YIJIOBOTO pacIpeleiCHUs
NEPEXOAHOT0 H3JIYYCHHUS] HOCUT OCHWUIMPYIOIIUNA XapakTep, OOYCIOBICHHBIM
uHTep(EepeHIil MeXTy BXOASIIEH BOJHON M OTPaKEHHOM OT BTOPOM TpaHMIIBI
Cpenbl.

e [Ipy BBINONHEHWH YCIOBUS BO3HUKHOBEHHs HW3Iy4YeHHs BasuinoBa —
UepeHkoBa B NPO3pavyHOM CpENE CHEKTPAIbHO-YIVIOBAsA IUIOTHOCTh W3JIYYCHUS
«BIIEpE» BO3pACTacT C YBEIMYECHUEM OHEPrUH, JOCTUras MAaKCHUMaJbHOTO
3HA4YEHUS HA JJIMHE KOTEPEHTHOCTH, PABHOM TOJIIIUHE CPEJIBI.

e CHEeKTpaJIbHO-YIJIOBAs IUIOTHOCTh M3JIYYEHUsT B HAIIPABICHUM «HA3aI»
3HaYuTeNbHO ciabee. Hannuue cinaboro 4yepeHKOBCKOro KOHyca B HAaIlpaBiICHUU
U3IY4YCHUs] «Ha3ad» OOBSICHIETCd HAJIWYMEM OTPAKEHHOH BOJIHBI OT BTOPOIl
IpaHULbI pa3aena.

e Ilpu BbIcOKHX dHeprusx uactun (Y > 103) B yrioBoM pachpenencHun
U3JIy4eHUs1 B Cpelie KOHEUHBIX Pa3MEpPOB IMOSBIACTCSI MAaKCUMyM IEPEXOAHOIO
U3ITyYCHUsI, CKOHIICHTPUPOBAHHOTO B Y3KOM WUHTepBaie yrioB A9 =~ 1/y,
CPaBHMMBIM 110 BEIMYMHE C YEPEHKOBCKMM U YBEIMYUBAIOLIUNCA C POCTOM
DHEPIUM YaCTHUIBI.

e TopmMOXEeHHE 3apsHKEHHOW 4YacTULBI B Cpele U IOIVIOUICHUE H3IIy4EeHUs
OPUBOJAT K JIECTPYKTUBHOM MHTEepPEpEeHLUH TOJeH 3JIEKTPOMAarHUTHOTO
M3JIyYEHUS C PA3JIMYHBIX YYaCTKOB TPAEKTOPHUH, YTO B CBOKO OUEPEb NPUBOAUT K
VCYE3HOBEHUIO OCUWUISIUAA B CHEKTPAIBHO-YIVIOBOW IJIOTHOCTH H3JIYYEHHS U
YMEHBILEHUIO €70 UHTEHCUBHOCTH.

e [Ipy BBHINOJIHEHHH TMOPOrOBOrO YCJIOBUS B PEHTIEHOBCKOM o00iactu
CIIEKTpaJIbHAasl IUIOTHOCTh U3JIydeHus BaBuinoBa — UYepeHkoBa HMEET SPKO
BBIPQXCHHBI MAKCUMYM B 00JIACTH YaCTOT BOJIM3HM KPAEB JIMHUM MOTTIOIIECHUS.

e B omnuume ot onrthueckol o00JacTH, B KOTOPOM BIMSHUE JTUCIIEPCUU

,Z[I/IE)J'ICKTpI/IIICCKOI‘/JI IMPOHHULIACMOCTH B OCHOBHOM HCCYIICCTBCHHO M H3JIYyUCHHC



24

BaBunoBa — YepeHKOBa HOCUT WIMPOKOITOJIOCHBIM XapakTep, B PEHTICHOBCKOU
0o0JIaCTU CHEKTpaJibHAsl IJIOTHOCTb U3IYYEHHUS] HMEET SIPKO BBIPAYKEHHBIM
MakCUMyM B 0OJacTH YacToT BOJHM3U KpaeB mnorjiouieHus. s OepuiineBoi
MUIIEHd MaKCUMYM MSTKOTO PEHTI€HOBCKOTO H3JIyY€HHUS BO3MOXKEH B OOJACTH
sHepruu kpas K-nuauu nornomenust 112 3B.

e [Ipu «HAKJIOHHOM» BBUIETE YACTHUI[ U3 MUILICHU U3JIYYCHUE MOISIPU30BAHO
KAaK B IUIOCKOCTH M3Jy4E€HUs, TaK U B OPTOTrOHaJIbHOM K Hel. Ilpm yBenmuyeHun
yria BbUIETa OTHOCUTEIBHO HOPMalM K IMOBEPXHOCTU YIJIOBOE PaCIpEICICHUE
W3JIy4YCHUS CTAHOBUTCS HECUMMETPUYHBIM, WHTEHCUBHOCTH YEPEHKOBCKOIO
U3y4CHUsI KOMIIOHEHTHI C MPOJOJIBbHON MOJIIPU3ALMEN 3HAUYNUTEIBHO BO3PACTAET, a
yIJIOBas MIUPUHA YMEHBIIAETCH.

e [IpoBeneHHbIN aHaJIN3 CIIEKTPaJIbHO-YIJIOBBIX XapaKTEPUCTUK
YEPEHKOBCKOI'O U3JIyYECHUS PEIIATUBUCTCKUX YACTHUI] [P HAKJIIOHHBIX MAJCHUSIX Ha
TOHKME KBapIlEBble MUIICHU ITOKA3bIBACT MNPUHIHUIHAIBHYIO BO3MOMXKHOCTb
npuMeHeHus: sddexra IS CO3MaHUS MOHOXPOMATHYECKUX HAIMPaBICHHBIX
VUCTOYHHUKOB IIOJSPU30BAHHOTO M3JIYYEHHUS B  PA3JIUYHBIX  CIEKTPAIBHBIX
Jara3oHax, a Majas yrjioBas IIMpPUHA U3JIYyYEHUs] MOXKET OBbITh TOJIE3HA s
JAArHOCTUKHU YTJIOBBIX XAapaKTEPUCTUK IIYYKOB YCKOPEHHBIX PEISATUBUCTCKUX
YaCTHLI.

e Hapymienue a3umyTajibHOM CHUMMETPUM TIPU  HAKJIOHHOM  BIIETE
PEIATUBUCTCKUX YacTUILl B TOHKYKHD) MHUIIEHb NPUBOJUT K OCHWUIALUAM
CIIEKTPAJIbHO-YIJIOBOM INIOTHOCTH YEPEHKOBCKOI'O M3JIYYEHHMS 0 a3UMYyTaJIbHOMY
yriy. UaTepdepeHIIMOHHBIE MAKCUMYMbl UMEIOT MaIyl0 YIJIOBYIO IIUPUHY U MPU
JIOCTaTOYHOW  KOJUIMMAIlMU  M3JyYeHHUS  MOTYT  OBITh  pa3lelieHbl IO
MOHOXPOMATHYECKUM JUHHUAM. OUYE€BHUIHO, YTO YIJIOBas PacXOJAMMOCTb ITydKa
yacTull OyJIeT BIUSTh Ha IHUPUHY HUHTEPPEPEHIIMOHHBIX MakCUMyMOB. [loaTomy
3h(PeKT MOXKET HAUTH TMPUMEHEHUE JIsi JTUATHOCTHKU YTJIOBBIX XapaKTEPHUCTHK
MY4YKOB YCKOPEHHBIX PEIATUBUCTCKUX YaCTHII.

e CHeKTpaJIbHO-YTJIOBbIE XapaKTEPUCTUKU U3JIYyYEHUS MHOT03apsiIHBIX HOHOB

nIpn HU3MCHCHUHN HX 3apsga B CPCAC OTIMYANOTCA OT XAPAKTCPHUCTHUK O0OBIYHOIO
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NepexXoOAHOro m3iydeHus. Hawbonee CymEecTBEHHYI0O OCOOCHHOCTh MOKHO
HaOmIOaTh B CiIydae W3IyYeHUsS «HA3aa», TO €CTh B  HaIPaBJICHUH,
MIPOTUBOIIOJIOKHOM JIBIDKCHHIO MOHA. B yriioBoM pacmpejelieHud H3JIyYeHUs B
PEHTTEHOBCKOM  JHMAala30He 4YacTOT TMOSBIISIOTCS y3KHE€ MAaKCUMyMBI B

HaIlpaBJICHUH YTJIOB, OJIU3KUX K 1T /2.
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