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OHIHATBEHOTO ONIOHeHTa 1.¢.-M.H., mpodeccopa Pénopoa Muxauna Bragumuposuya
0 nmucceprannoHHou pabore HukonaeBoii Mpunb AsnekceeBHb!
«YacTOTHO-YIIIOBOE paclpeIe/ICHHE TeParepLoBOro H3IydeHus IpH (UIAMEHTAINH
(eMTOCEeKYHHOTO JIa3epPHOr0 HMITYJIbCA B I'a3axy,

IIPE/ICTABIIEHHON Ha COMCKaHUe YYEHOMN CTENeHH KaHauaaTa
(u3suko-MaTeMaTHYECKHX HayK 110 crenuansHocTH 1.3.19. Jlaszepras ¢pusuka

Huccepranvonnas pabora M.A. HukonaeBoit MoCBAIIEHA TEOPETHYECKOMY
MCCIICIOBAHUIO XapaKTEPUCTHK TEpareploBOr0 HU3JIy4YeHHUs, FeHEepUpyeMoro B
BO3/YLIHOM IUIa3Me MpH QuiaMeHTalud GeMTOCEKYHIHOTO M3JydeHHs Jla3epa Ha
canpype C THTAHOM B TPeX OCHOBHBIX CxeMmax: (puiaMeHTalus 6e3 3aTpaBKH,
(unameHTanss BO  BHEIIHEM JJIEKTPOCTATHYECKOM  II0JI€, JBYXI[BETHAs
¢bunamenTanus. B cuiy cl0XHOrO 4acTOTHO-YIJIOBOTO COCTABA M3JIyYEHHS] TAKHX
TepareploBBIX HCTOYHMKOB IIPH MX HCIIOIB30BAaHUM HEH30EXHBI KOMIIPOMHCCEHI
MEXIy TOJHON HEPruel M3JIy4yeHHs M 3KCIIePUMEHTAIBHON BO3MOXXHOCTBIO €I
noctaBkd Ha obpasen. Tak, Haubonee 3ddexTHBHOE NMpeobpa3zoBaHHe SHEPIUU B
TI'nm nmanaszoH pgocTuraercs mNpW  ABYXIBETHOM (UIaMEHTAllMM, OJHAKO
auarpaMMa HalpaBJIeHHOCTH B 3TOM ciydyae uMeeT (opMy KOHyca ¢ GOJIBLIMM
YIJIOM pacTBOpa, TO ecTh TpebyeT cOopa ¢ UCIOJIB30BAaHUEM 3€PKall C JJOCTATOYHO
Oonbioi ameprypoil. KomruiekcHas xapakTepu3alys 3aBHCHMOCTH YacTOTHO-
YIJIOBOTO CIEKTpa M DJHEPrud TeparepLoBOro H3Iy4eHHs (QuiamMeHTa OT
napaMeTpoB 3KCIIEPUMEHTa SBJSAETCA, TaKUM o0Opa3oM, HEOOXOauMOM s
ONTHUMH3ALMK JAHHOTO MCTOYHHMKA U IOJyYEHHs 3aJaHHBIX XapaKTEPUCTHK I10
SHEPru¥ WJIM HANpPaBJICHHOCTU H3IIydeHHs, 4TO OOYyCIIOBIMBAET AKTYaJIbHOCTh
MPOBEAECHHBIX UCCIIEI0BAHHMA.

PaspaboTaHHble M NpHMEHEHHbIE B JUCCEPTALMH ITOAXOJBI IO3BOJISIOT
BOCITPOM3BOJIUTH M IPE/ICKa3bIBaTh PE3yIbTaThl TJAOOPATOPHBIX SKCTIEPUMEHTOB I10
reHepalyy TepareploBOro U3Iy4eHHUs MPH HeMTOCEKYHIHOM (UIaMeHTAalUH, YTO
YKa3pIBa€T Ha BBICOKYI0O TEOPETHYeCKYH H MPAKTHYECKYH 3HAYHMOCTh
NPOBEIEHHOTO HCCIIEOBAHMUS.

JluccepTauiusi COCTOMT M3 BBEJIEHHUS, IISITH IJIaB TEKCTa, 3aKiaodenus. PaGora
comepkut 138 crpanuny, Bkmodaer 34 pucyHka, 1 Tabmuumy u 146
6ubnuorpauyecKux CChUIOK.

Bo BBeaenum npuseseHbl oOlLIMe CBEJEHUS O JUCCEPTALMOHHOU padore,
TaKWE€ KaK aKTyaJlbHOCTh BBIODAaHHON TeMbI HCCIIEIOBaHUS, LENH W 3ajayw,
Hay4YHasi HOBH3Ha, TEOPETUYECKasl U MpPaKTHYeCKasi 3HAYUMOCTh, POPMYJIUPYIOTCS
BBIHOCHMMBIE Ha 3alllUTy IIOJIOKEHHUs, a TakKe IpuBeleHa HHpoOpMaUHs o
myOIMKaLMAX COUCKaTeNs ¥ JaHHbIe 00 anpoOauu pe3yabTaToB paboThl.

IlepBasi raaBa auccepTaluy NpeacTaBisieT coboi 0030p JUTEepaTyphl IO
redepauuu TI'1 u3nydenus npu GpuiraMeHTaLHH.

Bo BTopoii riaBe onucaH OCHOBHOM TEOPETHYECKHH  ammapar,
UCIOJIb30BaHHEIM B pabore. OmnucaHo ONHOHAIPABIEHHOE  YpaBHEHHE
pacnpocTpaHeHHs, IO3BOJISIOLIEE CaMOCOIIaCOBaHHO OIHUCHIBATH
pacnpoCTpaHEeHHE JIa3€PHOIO U3Iy4YeHUs] U FeHEPUPYEeMOro B BO3AYLIHOM IUIa3Me
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TepareproBoro u3iry4deHus. IIpusenen BeIBO HEMMHEHHOrO (OTOTOKA CBOOOIHBIX
3JIEKPOHOB BILIOTh 10 4YJIEHOB BTOPOIO MOPsJAKAa MAJOCTH IO IOJIO JIa3epPHOIo

umiyJbca. ITockonbKy OCHOBHOM BK/IaJ B FeHEpALUIO TepareprloBOro H3MydeHHs
BHOCUT MMEHHO (OTOTOK CBOOOJHBIX JJIEKTPOHOB, OOCY)KIAETCS TNPUIOKEHUE
CHCTeMBbl ypaBHeHUH i ¢orotoka (2.9)+2.11) ans Tpex cxem reHepanuu
TeparepLioBOro M3JIy4yeHus B 3KcnepuMeHTe ((punameHT Ge3 3aTpaBKH, (GpUIaMEHT
BO BHEILIHEM I10J1€, JBYXLIBETHBIH (pHIIaMEHT).

Tperpst rnaBa mMocBslleHa TepareplLoOBOMY H3Iy4YeHHIO (GuiaMeHTa 0e3
3aTpaBKH. B riaBe npuBesneHsl pe3ynbTaThl JKCIEPUMEHTOB, MPOBEIEHHBIX B
®UAH, nemMoHCTpHUpyIOIIHe HapylIeHHE OCEBOM CHMMETPHH YaCTOTHO-YTJIOBBIX
pacnpezie/ieHUid TepareploBoro u3ny4eHus ¢unameHTa Oe3 3aTpaBKH Ha
BelIeNIeHHOM 4vactore okono 1 TI'u. Ilokasano, 4YTO0 TONBKO (OTOTOK,
aCCOLIMMPOBAaHHBIM CO CBETOBBIM JaBlIeHHEM, 00eCleYHBaeT OCECHMMETPHYHOE
panuansHO-monsipuzoBaHHoe Tl wu3nydeHwe, B TO BpemMs Kak (HOTOTOK,
aCCOLMMPOBaHHBI € TMOHAEPOMOTOPHOM CHJIOH, SIBISETCS  HCTOYHHKOM
nsyxmozoBoro TI'm myuka, mNONSPHU30BaHHOIO NapaUIeNIbHO MOJISPU3ALIUH
nazepHoro ummynbca. [lonaBnenuwe kommoneHThl Tl u3mywyenus Ha 1 Tln,
NOJSPU30BAHHON  INapajulesIbHO  JIa3epHOMY  HM3JIY4YEHHIO, BO3MOXHO IIPH
NEeCTPYKTUBHOM MHTep(QEpeHLHUH TMOoJieid, HaBeAEHHBIX OJTHMH MeXaHH3MaMH
BTOPOro mnopsiaka Manoctd. Ilocnmenuuii mnaparpad riiaBel  MOCBSILEH
TepareploBOMY H3ITy4YeHHUIO (pUIaMeHTa B C1ab0M BHEIIHEM 3JIEKTPOCTATHYECKOM
rmoJie. YCTaHOBIJIEHO, YTO NEPexXo] Mexay pexuMaMu «puiaMmeHTa 6e3 3aTpaBKu»
H «pHIaMeHTa BO BHELIHEM O3JIEKTPOCTATHYECKOM II0JIe» OCYLIECTBISETCS MpH
HaNpsDKEHHOCTU BHewHero mnois okoino 3 kB/cm. Tem cambiM 00ocHOBaHa
BO3MOXXHOCTb IpeHeOpedb TOKAMU BTOPOr'o MOpsAKa MaJIOCTH IpH onucanuu T1 1
U3JIy4yeHUs (UIaMEeHTa B JJIEKTPOCTATUYECKOM IIOJI€ C HANPSDKEHHOCTHIO
10 kB/cM, koTOpOE paccMOTpeHO aanee.

YerBepTass rJjiaBa IMOCBSIIEHA MOJEIMPOBAaHUIO (HIAMEHTAlHH BO
BHEIIIHEM  JJIEKTPOCTAaTHYECKOM 1ojie. B 4YHCIEHHOM  MOJeNMpOBaHHH
BOCIIPOU3BE/IEH 4YaCTOTHO-YIJIOBOM CIIEKTP TeparepuoBOr0 H3JIyYeHHUS TaKoOro
UCTOYHHMKA M IIPOJEMOHCTPUPOBAH IEpexo]| AuarpaMMbl HalpaBlIeHHOCTH OT
pacnpezieleHuss C IUIOCKOM BEpIIMHOM K KOJIBLIEBOMY IIO Mepe pocTa
HabmozaeMol  4acTOThl  TeparepuoBoro  u3mydeHus. C  momormbio
uHTeppepeHunoHHOW Mozenu TI'1 u3nydeHHs B AajibHEH 30HE IMOKa3aHO, YTO
KJIIOYEBBIM TapaMeTPOM, OIpPEJENISIONMM XapaKTepHble YacTOThl YKAa3aHHOT'O
nepexona, a TaK)Ke Yrojl pacTBOpa KOHyca JMarpamMMbl HaIlpaBIeHHOCTH Ha
BeIcOKMX Tl yacToTax, sBIsSeTCs CKOPOCTh (PPOHTA MOHU3ALMHU B pUnaMeHTe, He
COBIAJalolIasi C rPyNIoOBOM CKOPOCTBIO UMITYJIbCa B IMHEHHOM cpeje.

IIsTasi riaBa NOCBSLIEHA MOJEIMPOBAHHIO JBYXLBETHOW (UIIAMEHTALIUH.
B nepBoM maparpade riaBel pPacCMOTPEHO MCIIONB30BaHHE Pa3IMYHBIX
KOMOMHALUH 4YacTOT HUMILYJIbCOB, OOpa3yIOUIMX [BYXLBETHBIA (UIaMEHT, |
NIPOJAEMOHCTPUPOBAHO, YTO Ha JHepruro resepupyemoro TI'm wusnyuyenus
OKa3blBaeT BIUSHHE KaK MOLIHOCTH JIOKAJIBHOIO HCTOYHHKA, HauOoiblas Ipu
UCIIOJIb30BAHUM 3aTPaBKM Ha 4acTOTax, BABOE OOJbIIEH WM MEHBLIEH YacTOTHI
OCHOBHOTO JIa3epHOTO HMITyJbca, TaKk M 3(P¢eKThl pacnpocTpaHeHHs,
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yMeHbIIaomue  3(Q(PEeKTHBHOCTh  NpeoOpa3oBaHUS TNPH  HMCIOIb30BaHHU
HM3KOYacCTOTHOM 3arpaBku. CrenaH BbIBOA, YTO B KOHTEKCTE TIe€HEpalMu

TEeparepuoBOro HM3Iy4€HHUA IIPpHA ,IlBYX].IBeTHOﬁ (bHHaMeHTaL[HH UCIIOJIb30BaHUE
HMITyJIbCOB  CpeIHEro  HH(pPaKpacHOro Juamna3oHa LeJecoo0pa3Ho  IpH
COXpPaHEHHH «KJIACCHYECKOi» cXeMbl cO ciaaboil BTOpOH rapMOHHMKOH, HO HE B
cllydae, €CJIM JJTHHHOBOJIHOBBIN UMITYJIBC SIBJIACTCS 3aTPaBOYHBIM.

B  nocnemyrommx —mnaparpadax  IiaBbl  QHAJIM3MPYETCs  BIHMSHHE
OTHOCHUTENBHON (ha3pl MeXIy HMITyJbCaMH, (OPMHUPYIOIMMHU JBYXIBETHBIN
¢unamenT, Ha quarpammy HanpasieHHOCTH TI' u3nydenus. OCHOBHOE BHUMaHHUE
YJIEJIEHO CIIy4al0 OTHOCHUTEJIBHO UTMHHOTO (HIAaMEHTa MO CPaBHEHHIO C JUTHHOM
da3oBoro paszberaHusi rapMOHHK B BO3JyXe. B cormacuum ¢ 3KCIEPUMEHTOM,
npoBeneHHbiM B  ®OUWAH, mnokazaHo, 4Tro KousbLeBas 4YacTb JHarpamMMbl
HANpaBJIeHHOCTH OTHOCUTENIbHO HEYyBCTBUTE/IbHA K yKa3aHHOH (aze M Hecer
Oousbiryro yacTh 3Hepruu B T1'1 fuanasone.

B 3aKJII0YEeHHH chopMyIUpOBaHbI OCHOBHbIE pe3yJIbTaThl
JAUCCePTALlMOHHOM paboTHI.

B uenom auccepranus O4YeHb XOPOIIO HamucaHa. BaxKHOH OCOOEHHOCTHIO
KaK caMo# JMCCepTaliK, TaK U OOIIero xapakrepa Hay4HON paboThl COMCKATEs
ABJIIETCS TeCHOe coTpyaHuyecTBo ¢ paboroit rpynn B PMAHe u B MI'Y, rae
OCYLIECTBJISUIUCH 3KCIIEPUMEHTANIbHBIE HCCIIeJOBAHUS 10 TeMaTUKe JaHHOU pabo-
Tel. [IpHYeM BO MHOrHX ClIydasiX 3TO COTPYAHUYECTBO NMPHHUMAIO (OpMY COB-
MECTHBIX ITyOJIMKalMiA, B KOTOPBIX COMCKATEJIEM OCYIIECTBISAIOCh TEOPETHYECKOE
OCMBIC/IEHHE TIOCTAHOBKH 3a/1a4 ¥ HHTEPIPETalUH MOJyYEHHBIX PE3yJIbTaTOB H UX
MareMaTH4YeCKoe MOJeNupoBaHHe. B HEKOTOPOM CMBICIE 3TO M €CTh Hauboiee
IIEHHBIH XapaKTep TEOPETHKO-IKCIIEPUMEHTAIBHON HayqYHOH paboThI.

BBuy cka3aHHOTO CYMTalO, YTO AuccepranuoHHas pabdora M.A. Hukonae-
BOM BBINOJIHEHA HA BBICOKOM Hay4yHOM YpPOBHE, B JJOCTATOYHOM CTENEHH arnpoOu-
poBaHa MyOJUKALUSIMH B COOTBETCTBYIOLIMX MCCIIENOBATEIbCKON 00JacTH Hayd-
HBIX JXypHajaX (B TOM 4YHCJI€ BBICOKOPEMTHHIOBBIX) M JIOKJIaJlaMi Ha KOH(epeH-
LUSAX Pa3IUYHOIO YPOBHS.

ABTOpedepaT COOTBETCTBYET TEKCTY AUCCEPTALMOHHOM PabOTHI.

B kauyecTBe MeJNKUX 3aMeYaHui 10 TEKCTY paboTsl OTMEYY, Hal[pUMEp, YTO B
noanucu K Pucynky 4.10 Ha ctp. 90 roBoputcs o0 pe3yibraTaX U3MEPEHHH, OTMe-
YeHHBIX KpaCHbBIMH U CHHMMHM Kpyramu. Ho mpu BceM MOEM XKejlaHWH s HE CMOT
HAWTH Ha 3TOM PUCYHKE HH OJHOM TOYKH, OKpAIlEeHHOW B CHHMH LBeT. BMmecTo
3TOTr0 €CTh YE€PHBIE TPEYTOJIBHUKH. ITO TO, YTO CIIE0BAJIO YKa3aTh?

Jlanee, Ha ctp. 89 mepen pucyHkom 4.9 ecth (pasa “npu UCIOIB30BaHUH
2-M JIeKTPOIOB ...” , TJI€ YTO-TO SIBHO HEBEPHO.

Hy u HakoHel, B 1. 3 3aKIFOYeHUS] TOBOPUTCA O “IECTPYKTHBHON HHTEpde-
PEHLMH TepareproBbIX BOJH, M3JIydyaeMbIX (POHTOM HMOHM3AlMH, PACIpPOCTPaHs-
IOIMMCS CO CBEPXCBETOBOM CKOPOCTHIO”. Xopomio 66110 ObI B TEKCTE OOBIACHUTD,
KaK peajJu3yeTcs CBEpPXCBETOBas CKOPOCTb ()POHTA MOHM3ALMH, HACKOJIBKO 3Ta
CKOPOCTH IPEBBIIIAET CKOPOCTh CBETa, U KaK 3TO MPUBOJUT K JIECTPYKTHBHON HH-
Tep(epeHLun.




Pazymeercs, yKa3aHHBIE 3aMe4aHusi He BIMSIOT HA OOIILYIO MOJIOKHUTENbHYIO
OLIEHKY M 3HAYUMOCTbH JAUCCEPTAIIMOHHOTO MCCIIEI0BAHUA.

Cuyrato, YTO  JMCCEpPTAIUSA «YacTOTHO-YIVIOBOE ~ pacnpe/e/icHue
TeparepLoBOro M3lIy4YeHHs NpH (uIaMeHTauun (eMTOCeKyHIHOro Ja3epHOro
HMIIyJIbca B ra3ax» cooTBeTcTBYyeT creunanbHoctd 1.3.19. Jlasepnas ¢usika (1o
DU3MKO-MATEMaTHYECKMM HayKaM), a HMEHHO HalpaBieHHIO HCCIeI0BaHHMH
«3. HenuueliHast ONTHKA; reHepauusi FTapMOHHK M CYNEepPKOHTHHYMA; BBIHYXKIEH-
Hble paccesHMs; HEJMHEHHO-ONTHYECKHe MaTephalbl; (GOTOHHbBIE KPHCTAJIbl H
yCTpOMCTBa», @ TaKKe KpUTepusM, ompenenéuubiM mm. 2.1-2.5 «Ilonoxenus o
NPUCYKAECHUH YUEHBIX cTereHel B MocKOBCKOM rocy/1apCTBEHHOM YHUBEPCUTETE
umenu M.B. JloMoHOCOBa», NpeabsBIsSeMbIM K KaHAWIATCKUM AUCCEPTALMIM, H
odopmiieHa cornacHo npuiioxerusM Ne 8 u 9 «llonoxeHust 0 coBere Mo 3aumuTe
JMccepTalMii Ha COMCKaHMe y4E8HOM cTeneHH KaHauaaTa HayK, Ha COMCKaHue yué-
HOIi cTerneHu JOoKTOopa HayK MOCKOBCKOIO rocy/1lapCcTBEHHOIO yHHBEPCHTETa HMe-
un M.B. JlomoHocoBa», a eé aBrop — Hukonaesa Mpuna AsiekceeBHa — 3aciy-
)KMBAeT NMPHUCYXKIAEHHUs el yd4éHOM CTeneHH KaHaMaaTa (pU3HKO-MaTeMaTHYEeCKHX
Hayk no crieuuansHoctd 1.3.19. Jlazepnas dusuka.

OduinanbHbli ONIIOHEHT:

NOKTOp (DU3MKO-MaTeMaTHYeCKHX HayK, npogeccop,
rnaBHbIN Hay4HbId coTpyaHuk otaena TUAM LIEHU
WUnctutyTa obmeit ¢pusukn um. A.M. [Ipoxoposa Poccuiickoi akaileMHu HayK

®énopos Muxaun BaaguMuposuy

«Oh  C2 2025 .

KoHTakTHbIE JaHHbIE:
ten.: +7 (499) 503-87-77 (n06. 2-57)
E-mail: fedorov@ran.gpi.ru

CrieunanbHOCTh, 0 KOTOPOH 0QHLIHaILHBIM ONMTOHEHTOM
3alIMIIEHa IOKTOPCKas AUCCepTaLIMs:
01.04.21 — nasepHas ¢pu3uxa

Anpec Mecta paboThI:

119991, r. Mocksa, I'CI1-1, yn. Basunosa, a. 38

denepanbHOe rocyaapcTBenHoe OrokeTHOe ydpexkaeHne Hayku DejepasnbHbli
ucenenoBatenbekuii neHtp «Muctutyt 0oOwe# ¢usukn um. AM. Ilpoxoposa
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