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IIpsimoe mpopacTtaHre TOMEHOB B MOJIIPHOM HAIpaBJIeHUM HCCIEIO0BaHO Ha MpuMepe hOpMUPOBAHUS
U30JIMPOBAHHBIX KIIMHOBUIHBIX TOMEHOB M MAaCCUBOB JIOMEHOB Ha HETOJSIPHBIX cpe3ax HuobaTa JTUTHS
MPY MPUIOKEHUH EKTPUYECKOTO TTOJISI 30HIOM CKaHUPYIOIIEeTro 30HA0BOTO MUKpocKora. PocT nomeHoB
MIPOMCXOINT 3a CYET reHepalluy CTYIeHEW W IBVXKEHUS 3apsisKeHHBIX KWHKOB BIOJIb 3apSI>KEHHBIX TOMEH-
HBIX CTEHOK. MonesinpoBaHue NMPOCTPAHCTBEHHOTO pacpeaesieHusl TSl T0Ka3ajio, YTO TeHepalus CTy-
TeHel BOJIM3U BEPIIMHBI JOMEeHAa B OCHOBHOM BBI3BaHa BO3[IeCTBUEM BHEIITHETO TOJIS, a TIPSIMOe Ipopac-
TaHWe OOYCJIOBJIEHO NBMXXEHWEM KMHKOB B T0JIe, CO3IaBaeMOM COCETHUMU KMHKaMu. CKaHUpOBaHME
30HIOM C TIPUJIOXKEHHBIM HAIPsKEHUEM MTPUBOIUT K CAMOOPTraHU30BaHHOMY (hOPMHUPOBAHUIO MAaCCUBOB
JIOMEHOB C YepeIOBaHUEM UTUH: YIBOCHUEM, YUIETBEPEHUEM U XaOTUIECKHM MOBEACHUEM MO/ NeUCTBUEM
TIETIOJISIPU3YIOLINX MOJIeH, CO3MaBaeMbIX TPEMSI COCETHUMMU JOMEHAMMU.
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BBEAEHUE

CerHeToaJIeKTpUUeCcKe MaTepuajbl 001aJaloT
HUCKJIIOUMTEIbHO OoratbiM HaOOpOM  TOJE3HbBIX
CBOIICTB, BKJIIOYAs ITbE€30-, IIMPO3IEKTPUIECTBO, HE-
JIMHEHHHO-ONTUYECKHE U 3JEeKTPOOoNTUYEeCcKue 3@-
¢exThl 1 MHOTHE Apyrue. OTMETHM, YTO BCE BaXKHEIC
JUIST IPUMEHEHUST XapaKTepUCTUKU 3aBUCAT OT HO-
MeHHOM cTpyKTypHl [1]. Co3maHue cTaOMIbHOI NO-
MCHHOM CTPYKTYphl C 3aJaHHLIMM IHapaMeTpaMu
(“moMeHHast MHXKeHepUsl” 1 “UHXeHEePUST JOMEHHBIX
CTEHOK”) MMO3BOJISIET CYIIIECTBEHHO YIyJIlIaTh Xapak-
TEPUCTUKH YCTPOMCTB 3a CYET MPOCTPAHCTBECHHOM
Moyt cBoMcTB [2—4]. Hanboltee ycrenHo no-
MEHHasi WHXEHEPUSI MCIIOJIb3YeTCsI MJIsl U3TOTOBJIC-
HUS 3JIEKTPOOTITUYECKUX Y HETMHEMHO-ONTUYECKUX
YCTPOMCTB, TAKMX KaK IIpe0o0pa3oBaTeIn YaCTOTHI Jia-
3€pPHOTO UBJIYUYEHUS C peKOPAHOUN 3(p(HEeKTUBHOCTHIO
Ha OCHOBE TEPUOAUYECKU IMOJSIPU3OBAHHBIX KpU-
CTaJIJIOB, TIPEMMYIIECTBEHHO CeMeMcTBa HMobOaTa
sutust (LiINbO;, LN) [5—8]. PazBuTtue metonos no-
MEHHOU WHXEHEpUU TpeOyeT U3ydeHUs 3BOIIOLUU
JIOMEHHOIT CTPYKTYPHI IIPU II€PECKIIOUECHUN TTOJISIpY -
3a1nu [8] ¢ MCIoabp30BaHMEM BO3MOXKHOCTEN B3aM-
MOJIOMOJHSIIOLIMX METOIOB BU3yalu3allud JOMEHOB
C BBICOKUM IIPOCTPAHCTBEHHEIM pa3pellIeHUEM.

IlepBBle M306pakeHUsI CTaTUYECKON MTOMEHHOI
CTPYKTYPHI B CETHETOJIEKTPUKAX OBIIIN MOJTYISHBI C

IMOMOIIIBIO ONTUYECKON MUKPOCKOIIUU B KpUCTaJJIaX
cerHeToBoii cou [9] u TutaHara 6apus (BaTiO;, BT)
[10]. In situ onTmyeckass BU3yaJM3allysl 3BOJIIOLNHA
JIIOMeHHOI1 cTpyKTypbl B BT nipu nepexitoueHun no-
JIIpU3aliMU B 3JEKTPUYECKOM I10JIe MO3BOJIUIA BbI-
SIBUTb CTAJWIO MPSIMOTO MPOpacTaHWs KOHWYECKUX
nomeHoB [11, 12]. B manbHeilieM noMeHHast CTPyK-
Typa pa3JIMYHbIX CETHETORJEKTPUKOB H3yyajach C
KCIOJIb30BAHUEM METONOB BU3yau3alluy C BBICO-
KUM MPOCTPAHCTBEHHBIM pa3pellieHueM, TaKUX Kak
CKaHUpYyOIIasl 2JieKTpoHHass Mukpockonus (CHOM)
[13] 1 cunoBast MUKPOCKOMNS MThE303JIEKTPUISCKOTO
orkiimka (CMIIO) [14, 15]. OnHako UCCIIeI0BaHUS
KMHETHUKU IOMEHOB B 00pasiiax ¢ MoJISIPHbIM CPe30M
(BbIpE€3aHHBIX NEPIEHANKYJISIPHO MOJISIPHOM OCH) HE
MO3BOJIWJIM HEMOCPEACTBEHHO HAOJII0AaTh POCT J10-
MEHOB B 00beMe KpucTayuia. B pesyabrate ObICTPHIi
pPOCT IOMEHOB B TOJISPHOM HarpapjieHuu (IpsiMoe
MpopacTaHue) 10 CUX MOP HeTOCTaTOYHO U3YyUeH U3-
3a OTPAaHUYEHHOTO MPOCTPAHCTBEHHOTO pa3pelle-
HUS ONTUYECKO MUKPOCKOTIUY U HEMPUMEHUMOCTH
METOIOB BBICOKOTO pa3pellieHus.

M3BecTHO, YTO 3BOIIIOLIMST JOMEHHOM CTPYKTYPHI
IIPU TIEPEKITIOYCHUH TTOJISIPU3AIA 13 MOHOIOMEH-
HOTO COCTOSIHUSI UMeeT MocieaoBaTeIbHble OCHOB-
HBbIC CTAIUN: 80 6HeulHeM nose TIPOUCXOIUT BO3HUK-
HOBEHNE HOBBIX IOMEHOB, TIPSIMOE UX IIpOpacTaHue,
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Puc. 1. OcHOBHbBIE CTaIUU IBOJIIOLIMY JOMEHHOM CTPYKTYPbI ITPU MEePEKITIOYSHUU MTOJISIPU3ALIUU: 6 H0Ae — BOSHUKHOBEHUE HO-
BBIX IJOMEHOB (@), mIpsiMoe IpopacTaHue 10MeHOB (0), 60KOBOI pOCT JOMEHOB (B), CAUSIHUE JOMEHOB (T); HOC/Ae BbIKAOUEHUS

1045 — CaMOTIPOU3BOJIBHOE 0OpaTHOE TepekitoueHue ().

OOKOBOI POCT TOMEHOB M UX CIVSHUE, a nocAe Bbl-
KANOUEeHUS] 6HeUHe20 Noasi — CaMOIIPOU3BOJIBLHOE 00-
paTtHoe Tepekmouenue (puc. 1) [16]. IIpssMoe mpo-
pacTaHue JOMEHOB C 3aps>KEHHBIMU CTeHKaMM TIpe-
obamaeT Ha CTaguM IIPSIMOTO IIpOopacTaHUsI, Koraa
BO3HUKAIOIIHE Ha MOJISIPHBIX TIOBEPXHOCTSIX TOMEHBI
OBICTPO PACTYT B MOJIIPHOM HalpaBjieHuu (puc. 10),
M Ha CTaJIuM 00OpaTHOTO MepeKII0UeH s, KOTaa yaau-
HSTIOTCS HECKBO3HBIE OCTaTOYHBIE JOMEHBI (prC. 11T).

In situ-BU3yanu3anus MpsiMoro rpopacTaHusi Mpu
MepeKII0YEHU U NMOJISIpU3alvy B IJIaCTUHAX C MOJISIP-
HBIM CpPe30M 3aTpyldHeHa, MOCKOJIbKY B 00bemMe Ofi-
HOBPEMEHHO OBICTPO PACTeT MHOXKECTBO JOMEHOB, a
M300paKeHUsI CTaTUUECKUX KOHUYECKMX TOMEHOB
Ha MOMEPEYHBIX CEYCHUSIX CYIIIECTBEHHO NCKAaXalOT-
Csl AaXke MPU HE3HAYUTENIbHBIX OTKIIOHEHUSIX CEUCHUST
oT nossipHoro HarpasiaeHus [17]. Kpome Toro, BbI-
SIBJICHUE JJOMEHOB C TIOMOIIbIO CEJIEKTUBHOTO XUMU -
YeCKOTo TpaBJICHUSI CYILIECTBEHHO U3MEHSIeT UX pop-
my [18].

Tonbko ucnonb3oBanne CMIIO g HabGmone-
HHSI pOCTa JOMEHOB B IUIACTMHAX OJTHOOCHBIX CETHe-
TO3JIEKTPUKOB, BBIPE3aHHBIX BIOJIb MOJISIPHOI OCU
(HEeNOJISIpHBIN cpe3), TPU JIOKAJIbHOM ITPUJIOXKEHUU
MOJIsI C MOMOIIBIO MPOBOISIIEIO 30HIA CKAHUPYIO-
mero 30HmoBoro Mukpockorna (C3M) mo3BOJIWIO
HEIOCPEACTBEHHO U3YyYUTh CTaAWIO MPSIMOTo Mpo-
pacTaHus ¢ BBICOKMM MPOCTPAHCTBEHHBIM pa3peliie-
HueMm [19]. K mpeumyliectBaM MeToda OTHOCHUTCS
BO3MOXHOCTb KOHTPOJIMPYEMOTIO CO3IaHUsI C TIOMO-
mpio C3M oguMHOYHOTO AOMEHAa, pacTyIIero BAOJb
MOBEPXHOCTU KPUCTAJJIa, U €T0 BU3yaIM3aluu C Ha-
HOMETPOBEIM pa3peleHueM MetogoM CMITO B Toit
Ke yCTaHOBKe.

JlokanbHOE MepeKTioYeHre MoIsIpU3auy B TIIa-
ctuHax LN ¢ HemoJsIpHBIM CPEe30M HCCIIeI0BAIOCh
npy MPUIOXKEHUU BJIEKTPUYECKOTO MOJsI C MOMO-
IIBI0 MeTaJTImuecKoii uribl [20], 2JIeKTpOHHOTO JIyda
[21, 22] u mpoBoasiero 3oHaa C3M [19, 23, 24]. TTo-
Ka3aHo, YTO MocJje MpeKpallleHUsl NeCTBUSI BHEIII-
HEero IoJisi HaOJlomaeTcsd 3HAYUMTEbHOE OOpaTHOe
MEePEeKII0YeHUE, KOTOPOEe MPUBOIUT K M3MEHEHUIO
pa3MepoB 1 (OPMBI KIIMHOBMIHOTO JOMEHA 1 TaxKe K
00pa3oBaHMIO JOMEHa C IIPOTUBOIIOJOXHBIM Ha-
npasieHueM P, [23]. BoisiBieHa kiaoueBast poJjib UH-
KEKTUPOBaHHOTO 3apsifa [24—29] u aKpaHUPOBaHUS
npuioxeHHoro noJjs [30—33]. O6HapyXeHHbIE B3a-
nMoAeHCTBIEe TOMEHOB 1 (OPMUPOBAHUE CaMOOpPTa-
HU30BAaHHBIX JOMEHHBIX CTPYKTYp Ha HEIOJISIPHOM
cpese kpuctaia LN, neruposanHoro MgO (MgOLN),
IIpY JIOKAJTBHOM TIEPEKITIOUEHUN OBLTA OOBSICHEHBI
BJIMSIHUEM 2JIEKTPUUECKOTO MOJIsI, CO3AaHHOTO Ha 3a-
psKEHHBIX JToMeHHBbIX cTeHKaxX (3/IC) K1MHOBUIHBIX
JIOMeHOB [24, 27].

LN npencraBasieT cod0i OMHOOCHBIN KPUCTAILI C
cummetpueit C3v (R3¢) B CerHETORJIEKTPUUYECKOit
daze 1 IpoCTOit HOMEHHOM CTPYKTYPOIi, COCTOSIIIEI
n3 180°-HbIX JOMEHOB. DJIEKTPOOITUYECKUI 3P-
G eKT MO3BOJISIET in Sifu HAOMIOOATh KUHETUKY TOMe-
HOB onrudyeckumu metomamu [34]. ITostomy LN
MOXHO paccMaTpuBaThb KaK MOJEIbHBIM KpuUCTaJLI
JUJISl U3y4YeHUsI KUHETUKU ToMeHOoB. biaromapst MHO-
TOYMCIIEHHBIM MpPaKTUYeCKUM TMpuMeHeHusiM LN
CTaJl TIPU3HAHHBIM JIUJIEPOM B MCHOJB30BAHUU J0O-
MEHHOI uHXeHepuu. g yBeJudeHus nmopora or-
TUYECKOTO TMOBPEXAEHUS MPOU3BOASAT KPUCTAILIbI
MgOLN, 13 KOTOpPBIX M3TOTAaBJIMBAIOT MEPpUOIIIE-
CKU MOJISIPU30OBaHHbIE BJIEMEHTHI U151 TipeoOpa3oBa-
HUSI IJIMHBI BOJIHBI J1a3epHoro usnydeHus [8]. Takum
obpa3om, KpucTtaiibl cemeiictBa LN gBiIgroTCSI Ham-
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OoJee T POKO HMCITOJIb3YEMBIMHU TICPUOANYICCKH I10-
JIAPpU30BaHHBIMU CETHETORJICKTPUKaAMM U, KaK CJICI-
CTBUCE, HauboJjiee IIOIMYJIAPHBIM MaT€puajloM OJIsd
MUKpPO- 1 HAaHOOOMEHHOM NHXCHCPHU.

TeopeTnueckuit moaxoa K 0ObSICHEHUIO MPSIMOTO
IIpopacTaHusI JOMEHOB OCHOBAH Ha MOMACIU IIPO0OsI
CETHETORJIEKTPUYECKIX HOOMEHOB, IPEIIOXKEHHOMI
M. MonoukuM u coasT. [35, 36]. B aTtux paGorax
OOBSICHSUIM  DKCIIEPUMMEHTAJIbHO HaOJII0IaBIIIeeCs
CKBO3HOE MpopacTaHue AOMEHOB IIPU JIOKAJbHOM
MEePEeKIIOYEHUN TTPOBOASIIIUM 30HA0M C3M B TOJI-
croii mmactuHe KoHrpysHTHOro LN (CLN) ¢ moisip-
HBIM CPE30M M YTBEPXKIAIN, YTO “IIPOOOI CErHETO-
BJIEKTPUYECKOTO JOMEHA SIBJISIETCSI SKCTpeMaJIbHbIM
MPOSIBJICHUEM KYJIOHOBCKOM HEYCTOMYMBOCTH...”
[36]. CornacHo Mopneau MOJIOLKOro, “aBMXKYIIEN
CUJIOI MPOOO0sI CETHETOIEKTPUUECKOTO TOMEHA SIB-
JISIETCS ... BHYTPEHHSISI c1Jjla, BO3HUKalolas o1aroaa-
Psi YMEHBILIEHUIO SHEPIrUM OETIOSIPU3YIOIIETO I10JIS
npu yaauHeHun gomeHa” [36]. Takum o6pas3oM, oc-
HOBHas MAes MOIEIM OCHOBaHA Ha yTBEPKICHWU,
yto cymectBoBaHne 3/1C HeBO3MOXHO M3-3a 3HAUM -
TEJIbHOTO YBEJIUYEHUsI ACTOSIpPUIYIONIEH SHEPruu.
OnHako B HACTOsIIee BpeMsI YCTAHOBJIEHO, YTO 3TO
YTBEepKIEHUE OIMMOOYHO, M METACTaOMIBbHBIC IO-
MeHHBbIe CTpYKTYphI ¢ 3[IC He TOIbKO aKTUBHO U3Yy-
YaloTCsl 9KCIIEPUMEHTAJILHO U TEOPETUISCKHU, a TaK-
K€ KOHTPOJIMPYEMO CO3MAIOTCS B Pa3IUIHBIX CETHE-
ToasekTpukax [37—40].

OO6pa3oBaHue JOMeHa ¢ MoJsipu3alyeil, Harpas-
JIEHHOI B IJIOCKOCTM IIJIACTUHBI C HETIOJISIPHBIM Cpe-
30M, IIPU JIOKAJHbHOM IIPUJIOXKEHUM IIOJS 30HOOM
C3M OBIITO BIIEPBBIE TEOPETUUECKU PACCMOTPEHO
H. IlepueBbiM 1 A. XOJKUHBIM Ha ITPpUMEpPE OMHOOC-
HBIX CErHeToaeKTpukoB LN M TaHTajmara IUTUS
LiTaO; [41]. PaccuuTaHHble paBHOBECHbBIE pa3Mepbl
pAaCTYIIMX B OJIIPHOM HaIlpaBJIeHUH JOMEHOB KJIMHO-
BUIHON (DOPMBI OIpPEAC/ISUINCH ITPOCTPAHCTBEHHBIM
pacrnpenesiecHUeM TTOISIPHON KOMIIOHEHTHI 3JIEKTpUYe-
ckoro 110;141. ITo3mHee MpoBeaeHHBIE SKCITEPUMEHTAb-
HbIC MCCJIEAOBaHMS MOKAa3ajlu, YTO JJIMHA JIOMEHOB
MHOTOKPATHO MIPEeBOCXOIUT TEOPETUIECKHE OLICHKU,
T.e. JOMEHBI PacTyT M B 00JIaCTU C TMPEHEOPEKUMO
MaJIbIM 3HaY€HUEM MOJISIPHOI KOMIIOHEHTHI noJIs [19].

B Hacrosieit padoTte nmpencTaBieHbI pe3yJIbTaThI
CUCTEMATUYECKOI0 3KCHEPUMEHTAIBLHOTO MCCIEN0-
BaHUS WHAYLMPOBaHHOro 30HAOM C3M mpsiMmoro
MpopacTaHusl JTOMEHOB Y CaMOOPraHM30BaHHOTO
¢bopMUpOBaHUSI MACCUBOB IOMEHOB ITPU CKAHUPOBa-
HUM 30HIOM Ha HEMOJISIPHBIX Cpe3ax KPUCTaIOB
CLN nm MgOLN. IlomydeHHBIC pe3yAbTaThl OOBSIC-
HEHbI B paMKaX KWHETUYECKOTO MOAX0/a.

OKCITEPUMEHT

HMccnenoBaHo MHAYLIMPOBAHHOE 30HIOM Iiepe-
KodyeHne mnoasipusanun B IoractuHax CLN wu
MgOLN ¢ HemnmoJsIpHBIM CPE30M, BBIPE3aHHBIX Mep-
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NEeHIUKYISIpHO ocsiM X 1 Y. PocT m301MpoBaHHBIX
JIoMeHOB u3yydascs B mmactuHax MgOLN TonaiumHon
400 MxM 1 1 MM, a pOopMUPOBAHNE MACCUBOB JIOME-
HOoB — B rutactuHax CLN TomnmmHoit 400 mxMm. Bee
TUIACTUHBI OBIIM M3roToBJIeHbI Yamaju Ceramics
(SImoHUsT) ¥ MMeEM IIePOXOBATOCTh MOBEPXHOCTE
He OoJjiee 1 HM.

JlokanbHOe MepekoYeHre NoasIpu3alii MpoBo-
JINJIOCH C TIOMOIIbIO MHOTO(DYHKIIMOHAIBHOM TLJIaThI
coopa manHbIx N16251 (National Instruments, CILIA)
U BbICOKOBOJIbTHOTO ycrummtenst Trek-677B (TREK,
Inc., CIIIA). JIomMeHHast CTpyKTypa co3gaBajach U
BU3YyaJIM3UPOBAJIACh C TOMOIIbIO 30HI0BOI HaHOIa-
o6opaTtopun NTEGRA Aura (NT-MDT Spectrum In-
struments, Poccus). Mcnoab3oBanuch KoMmepue-
ckne 30Ha6I NSCI18 ¢ THTaHO-TIJTATUHOBBIM ITPOBO-
IsamuM  TokpeiTieM  (MikroMasch, BDctoHus) c
panuycoM KpUBU3HBI 35 HM, pe30HAHCHOM YacTOTOM
70 kIt m xectkocthio 3.5 H/M. g Busyanuzanuu
JIOMEHOB Ha MOBEepXHOCTU Mcnoiab3oBaau CMIIO c
MPUJIOXKEHUEM TEPEMEHHOIO HaIpsiKeHUs aMIUIv-
Tynoii 3 B m yacToToi1, majekoi oT KOHTaAaKTHOTO pe-
30HaHca 30H1a. M30JIMupoBaHHbIE TOMEHBI CO3/aBa-
JIU OAMHOYHBIMU TMPSIMOYTOJLHBIMU UMITYJIbCAMU
aMITIMTYIOM Up o140 1o 200 B 1 mIUTENBLHOCTBIO f,0T
10 mc 1o 10 c. ITpu nepeKIoYeHUU 30H1 OTBOIMIIN OT
MOBEPXHOCTHU 0 OKOHYAHUS MEPEKIIOYAIOIIeT0 M-
nyibca (withdraw switching mode), 4ToObI U36€XKaTh
CaMOITPOM3BOJILHOTO 00OpaTHOTO TiepekatodeHus [23].
MaccuBbl TOMEHOB CO3[IaBajIi CKAHUPOBAHWEM 30H-
noM C3M ¢ (puKcupoBaHHOM CKOPOCTBIO 1 MKM/C 1
MOCTOSIHHBIM HaIpsizkeHHeM B guana3zoHe ot 100 mo
250 B. Bce 3kcrnieprMeHThl IPOBOIUIN TTPU KOMHAT-
HOIi TeMnepaType B IMIOTOKe a30Ta C KOHTPOJUPYEMOT
BiaaxHocTbio (RH).

PE3VJIBTATBI 1 UX OBCYXIEHHUE

M3onupoBaHHbIE KIMHOBUIHBIC JOMEHBI 00pasy-
IOTCSI BOJIM3M 30H/1a B 00J1aCTH C HalpaBJIeHUEM MO~
JIIPHOM KOMIIOHEHTBI 10JIs1 £, TIPOTUBOIIOIOXHBIM
CHOHTAHHO! TOJISIPU3allMi, U PACTYT B MOJSPHOM
HanpasjieHuu Z (puc. 2a, 20). TunuuHas dopma no-
MEHa MpeacTaBiieHa Ha puc. 20.

JnvHa noMeHa yBeJIUUYUuBaeTCsl MpONnopLUOHATb-
HO aMILJIMTyJe UMITyabca (puc. 3a) u jorapudmy ero
anutenbHocTu (puc. 30). [TonoOHbIE 3aBUCUMOCTHU
panuyca JoMeHa OT aMIUIMTYIbl U JJIUTEIbHOCTU M-
yJibCa HAOIIOAATUCh TTPU JIOKAJBHOM TEepeKIIIoYe-
HUU Ha mosipHbIX cpe3ax LN [42, 43]. OTMeTuM, 4TO
IJIMHa nfoMeHa gocturaia 30 MKM, YTO 3HAYUTEJIbHO
MIPEeBBIILIAJIO TEOPETUUECKYIO OlieHKY [41]. BmecTe ¢
TeM pacyeT MoKasall, YTO MoJIsipHast KOMITIOHEeHTa Io-
na E, ,, cosnaBaeMmoro 3oHaoM C3M, okanu3zoBaHa
BOJIM3M 30HAA B 00OJacTM IMAaMETpOM ~1 MKM M Ha
OOJIBIIIMX PACCTOSTHUSIX IPEHEOpEeXXKMMO Masa (puc. 2B).
Bbonee Toro, cam (pakt cTabUJIBHOTO CYIIECTBOBAHUS
JIOMEHOB C 3apsI)KEHHBIMU CTEHKAMU MTPOTUBOPEUYUT
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Puc. 2. CxeMa MHAYLMPOBAHHOTO 30HAOM MEPEKIIOUEHUSI MOJISIPU3aLIMU Ha HETIOISIPHOM Cpe3€ OMHOOCHOTO CErHETOAIEKTPH -
Ka (a). CMIIO-u3o6paxkeHue noMeHa, co3gaHHoro B ruactuie MgOLN X-cpe3a npsiIMOYTOJIbHBIM UMITYJIbCOM aMILTUTYIOM
U, =200 B 1 murensHOCTEIO £, = 5 ¢ (6). IIpocTpaHCTBeHHOE pacIpele/eHIe MOJIPHON KOMIIOHEHTHI ITOJIs, CO31aBacMOro
30H10M C3M (B). Cxema cTylieH! Ha JOMEHHOM CTEHKE C 3apsiKeHHBIMU KMHKaMu 424 u 121 (). CxeMa KIMHOBHUIHOTO JOMEHa

C 3apsIKeHHOM TOMEHHOM CTeHKO ¢ KuHKamu h2h ().

OCHOBHOIT uaee Momeau Mojtorkoro [35, 36]. Ilo-
3TOMY JJIsl OOBSICHECHMS MOJYYEHHBIX 3KCIIEPUMEH-
TaJIbHBIX PE3YJIbTaTOB ObLI MCIIOJb30BaH KMHETHUYE-
CKMI1 MOAXod, OCHOBAHHBIN HA aHAJIOTUU POCTa KpU-
CTaJIJIOB ¥ TOMEHOB [ 16, 44, 45].

3aBUCUMOCTb IIMPUHBI OCHOBAaHUS JOMEHA OT
HaIpSKEHUWSI, pacCUMTaHHas B TNPUOTIKEHUM TO-
YeqHOTO 3apsijia [46] ¢ yueToM eMKOCTH 30Ha, UMEeT
Bun [47]:

Wy (Utip) = kw (Utip - Uth.st)1/2 5 (1)

e k,, MPOMOPIIMOHAIIBHO TTOIBMXXHOCTU CTYIEHEH,
Uy, « — TIOPOTOBOE TIOJIE TSl TEHEePAIUU CTYTICHE.

ComtacHO KMHETUYECKOMY IIOAXOAY 3BOJIIOLIMS
JIOMEHHOI CTPYKTYpPBI MIPEICTABISIECT COOOI ITpuMep
TBepaoda3Horo ¢a3oBOro IMpeBpalleHUsT MepBOro
pona 1 ompenesieTcs IIpolieccaMy 3apoabllieoopa-
3oBaHus [48, 49]. Panee ObUIO chOpPMYIUPOBAHO
YTBEPKIEHUE, YTO MEXaHU3M POCTa KPUCTAJIJIOB MO-
XKeT OBITh IPUMEHEH HE TOJILKO K IPaHMILIAaM MEXIY
TBEPIBbIM TEJIOM U XUIKOCThIO, HO ¥ K TPaHUIIaM pa3-
JieJla B KpUCTANIMYECKOM cpefie, Koraa Ha obe ¢a3bl
pacripocTpaHsieTCsl OOWHAKOBash KpHUCTa/UIMYecKasi
pellIeTKa, KaK ¥ B CeTHETORJIEKTPUIECKUX JOMEHHBIX

creHkax [50]. JoMeHBI, pa3neieHHbIe JOMEHHBIMU
CTeHKaMM, aHAJIOTUYHBI (hazaM, pasfaeaeHHBIM Ipa-
HULIAaMU pas3feia. B aToM ciaydyae pocT moMeHa B ce-
THETOBJIEKTPUKE paccMaTpyBaeTCsl MO aHAJIOTUU C
pPOCTOM KpHUCTaJIa. DBOJIIOLIMS JOMEHHOM! CTPYKTY-
pBl B TIoJie OOyClOBJeHA TeHepalueil 3aponbliieii
pa3IMYHBIX pa3MepPHOCTEN C MPEeUMYIIEeCTBEHHOM
OpHEHTAaIMEei CIIOHTAHHOM IoJIIpu3aLuu (puc. 2B, 2r).
CKopoCcTU  3aponbilieo0pa3oBaHUsl  MPOIMOPLMO-
HaJIBHBI IPEBHILIEHUIO JIOKATBLHOTO MOJIsT Hal ITOpO-
rOBbIMU 3HAaYeHUSIMU. Takoi moaxon ObLI YCIEIIHO
HOpUMEHEH UISI OOBSICHEHUSI 3BOJIOLUU TOMEHHOI
CTPYKTYPbl W SKCIIEPUMEHTAJbHO Ha0JI01aeMOTO
pa3HooOpa3ust GopM U30JIMPOBAHHBIX TOMEHOB |14,
44, 45]. JlomeHHasi CTeHKa IIepeMeIaeTcs B pe3yJib-
TaTe TeHepalyy CTyITeHe U IBVKEHUS KUHKOB [4].
I1pu nepexmoueHn B 0ObeMe TeHepalus dJIeMeH-
TapHbBIX CTYIMEHEN TOJLIMHONM B OJHY IOCTOSIHHYIO
SIYEUKU MyTeM JIBYMEPHOTO 3apOjbliie00pa3oBaHUS
MPUBOIUT K MOSBJICHUIO TTaphl 3apSIsKEHHBIX KUHKOB:
ronoBa-k-rojioBe (head-to-head, h2h), 3apsKeHHO-
My TOJIOXKHUTEJIbHO, M XBOCT-K-XBOCTY (tail-to-tail,
121), 3apsiKeHHOMY OTpULaTeIbHO (puc. 2r). OTKIIO-
HEHHasI OT MmoJisipHoro HanpasiieHus 3/1C comepXut
PETYJISIPHO PACITOJIOXKEHHBIE 3apSIKeHHbIE KWHKU OJ1 -

KPUCTAJJIOTPA®US Ne 5
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Puc. 3. 3aBucUMOCTY JUIMHBI TOMEHa (a, 0) ¥ IIMPUHBI JoOMeHa (B, T) OT aMIUIUTYIbI UMITYJIbCa e PEKIIOYEHUS JUTMTSIbHOCTBIO
0.5 ¢ (a, B) ¥ OT WIMTEJILHOCTU UMITyJibca amIuiutynoit 100 B (0, r). [Tnactuna MgOLN X-cpesa.

Horo Tumna (puc. 21). JIB>KeHre KUHKOB SIBJISIETCST pe-
3yJIbTATOM OJHOMEPHOTO 3apojbliieco0pazoBaHus [4].

O6e BepOSITHOCTU 3apOibIlie00pa3oBaHus MPO-
TMOPLIMOHATBHBI TIPEBBILIIEHUIO TTOJISIPHOM COCTaBIIS-
IOlllel HEOMHOPOIHOIO M 3aBUCSILETO0 OT BPEMEHU
JIOKQJIBHOTO TIOJISI, YCPEMHEHHOTO 0 00BheMY 3apo-
npiia, E.,(r, ) Haa NOpOroBbIMU 3HAUYCHUSIMU Eyy ;
(Ense 1 Eg ) [51]:

AE‘loc.z.i (r’t) = Eloc.z (rst) - Eth.i' (2)

E,,., SIBISIETCS CYNEPIO3UIINEN TTOISIPHBIX KOM-
MOHEHT HECKOJIbKUX TOJIei: BHEIIHEro nojs (Ey,,),
CO3IaHHOTO 30HIOM C TMPUJIOXKEHHBIM HaMPSKEHU-
eM; aenossgpusytomiero mnonus (Ey,,), CO3IaHHOTO
CBSI3aHHBIMU 3apsIaMU, JIOKAJIN30BAHHBIMU B OCHO-
BaHWY KJIMHOBUIHOTO TOMEHA, 1 3apsKEHHBIMU K H-
KaMu; TOJIsI BHEIIHeTo 3KpaHupoBaHus (E,,,), co-
3MAHHOTO TIepepacipene/ieHueM 3apsiIoB Ha TIOBEPX-
HOCTU BOJIU3U 30HMA 32 CYET TOKA MEPEKITIOUYeHUS 1
WHXEKTUPOBAHHOIO 3apsia; MoJjisi 00beMHOTO 3Kpa-
HUpoBaHUA (£} ,), CO30AaHHOTO MEIUIEHHBIM IIepepac-
TIpeneieHneM O0OBeMHBIX SKPAaHUPYIOIINX 3apsIoB 1
TMOBEPXHOCTHOI1 MPOBOAMMOCTHIO [4, 14, 44, 45]:

Eloc.z (r’t) = Etip.z (I’, t) -

3
_[Edep.z(r’t)_Escr.z(r’t)]_Eb.z(r’t)' ( )

KPUCTAJIJIOTPA®UA  Tom 68 Ne 5 2023

ViiupeHue IoMeHa 3a CUeT pocTa OCHOBAHUS
0OyCJIOBJIGHO TeHepalueil CTyIeHeil, B OCHOBHOM
1o, AeCTBUEM MOJIIPHOM COCTaBJISIIOLIEN BHEIIHE-
ro moJisi, coznaBaemoro 3oH10M [41]. IToneBas 3aBu-
CHUMOCTb CKOPOCTU I'€HEpPALIMU CTYIIEHE UMEET BUJ,

dnx/dt(E) =k (Eloc.z - Eth.st)a (4)

rae n, — KOHLEHTpalus cTyneHeit, £y, ¢ — moporosoe
ToJIe T TeHepalluy CTyleHel, K — KO3 hUIINEHT.

Co3smaBaeMoe 3apsKEHHBIMM KUHKAMM AETIOJIS -
pu3ylollee MoJjie CTUMYIUPYET UX ABUKEHUE, U TI0JIe-
Basl 3aBUCUMOCTb CKOPOCTH ABUKEHUSI KMNHKOB BbI-
paxkaeTcs CIeAyIoIUM 06pa3oMm:

Vi (E) = my (Eloc.z - Eth.k)a (3)

rae |, — MOABUKHOCTh KMHKOB, Ey,, — TTOPOTOBOE
ToJie ABUKEHUST KHHKOB.

IIpocTpancTBeHHOEe pacmnpenenenue E,,., LIS
KJIMHOBUIHOTO JOMEHA MPU MePEeKIIOUSHUN IMPOBOISI-
M 30H10M C3M MOAeTUpOBaIOCh METOAOM KOHEU-
HBIX 3JIECMEHTOB C MCITOJIb30BaHMEM KOMMEPUYECKOTO
nmaketa COMSOL Multiphysics. PaccMarpuBaiicst 3017,
C3M B dopme KoHyca ¢ nonaychepruaecKM KOHIIOM:
BBICOTa KOHMYECKOM YacTu 1.5 MKM, yroji KoHyca 40°
u paguyc 30 M. ITpunoxeHHoe HanpsbkeHue +100 B.
HomeH nmen ¢opmy MOJIOBUHBI KOHYCA C DJIJTUIITU-
YeCKUM OCHOBaHMeM mupuHou 250 HM, TITyOMHOM
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Puc. 4. Pe3ynbraThl pacuera MoJsipHbIX KOMIIOHEHT TT0JIei TPy MepeKTIoYeHU 30HI0M KJIMHOBUIHOTO TOMeHa Ha Y-cpese.
ITpocTpaHcTBeHHbIE pacripeaesieHus (a, B, 1) U 3aBUCMMOCTH ToJieil Ha TOMEHHOM CTeHKe OT pacCTOsIHUS OT 30H1a (0, T, €):
Eiip, 7> BHELIIHEE [TOJIE, CO3NAHHOE 30HAOM (a), Eep, , — Egcr. ,, OCTATOYHOE IETIONSIPU3YIOLLEe MoJIe, codnaHHoe foMeHoM ¢ 3[1C (6),

Eloc.z» CYMMapHOE II0JIe (11).

20 uM 1 mymHOoM 6 MKkM. [Ipenrmnonaraaock, 4YTo noJje
JIETIONISIPU3AalIMM Y OCHOBAHMS JOMEHa NOJHOCTBLIO
CKOMITEHCUPOBAHO BHEIITHMM 3KPaHUPOBAHUEM.

Bbi1 nipoBeieH pacyeT MPOCTPAaHCTBEHHOTO pac-
npenenacHUs MOJSIPHBIX KOMIIOHEHT 3JIeKTPUYECKUX
noJieit Ha Y-cpese: Ey, ,, CO30aBaEMOro 30HI0M (puc. 4a),
Eyep, — Eserz» CO3MaBaEMOro KMHKaMu (puc. 4B), u
obuiero 3HaueHus £, , (puc. 4x). Pacuet 3aBrcuMo-
CTH ITOJISIPHBIX KOMIIOHEHT 3TUX MOJIei Ha JOMEHHOM
CTEHKE OT pacCTOSIHUS OT 30Ha (puc. 40, 4r, 4¢) no-
KasaJl, YTO MPU MPSIMOM MpOpacTaHUU JOMEHOB IBU-
KeHHE JTOMEHHBIX CTCHOK BbI3BaHO I'eHepalueii aJie-
MEHTapHBIX CTyIIeHEe BOMM3M 30HAAa Mo, AeiiCTBUEM
Ey,, ¥ IBUKEHUEM 3aPSKEHHBIX KUHKOB BJIOJIb J10-
MEHHOM CTEHKMU B ITOJIIPHOM HaIlIpaBJIeHUH I10]I ACii-
crBueM Ey,, — E,,. Takum o6pasom, npsmoe npo-
pacraHue JOMEHOB BIAJIM OT 30H1a, B 00JIaCTH C TIpe-
HEOpeXMMO MaJloii  BEJMYMHOM  CO31aBaeMOro
30HIOM TIOJIsSI, BBI3BAHO IBMKCHMEM KWHKOB IIO[I
JIEUCTBUEM OEMOJISIPUBYIOLLETO MOJIsd, UHAYLIMPOBAH-
HOTO 3apsi)KEHHbIMU KUHKaMU.

IMpenyioXXeHHBIIT MeXaHU3M MOXET OBITh ITpUMeE-
HEH U U1 OOBSICHEHUS JIOKAIbHOTO MePeKITIOYEHUST
Ha TIOJISIPHOM cpe3e OOBbeMHBIX 00pa3lioB. B aTom

cilyqae JUIsl MpSIMOTO TIPOPACTAaHUs AOMEHA TOCTa-
TOYHO T€HEPUPOBaTh CTYIIEHU Ha IOMEHHOI CTeHKE
Ha TIOJISIPHOM MOBEPXHOCTU, U JIOMEH YIJINHSIETCS B
MOJISIPHOM HAMNpPAaBJICHUU 34 CYET IBUXKEHUSI KUHKOB
B I10JI€, CO3/1aBAEMOM COCEIHUMU KUHKAMMU.

INepekmoueHre TTyTeM CKaHUPOBAHMS CMEIICH-
HBIM 30HAOM C3M 1ipuBOAUT K (OPMUPOBAHUIO
MacCUBOB KJIMHOBUAHBIX JTOMEHOB C YepeIOBaHU-
eM OauHbI (puc. 5a). He oOHapyXeHO CyleCTBEeH-
HOTO pa3judus B MEpuoJe MacCuBa, a TaKXe B
¢dopMe u IJTMHE TOMEHOB [JISI TIepeKIIYeHUS Ha X-
n Y-cpesax.

CpenHss IjMHA U IIEPUOJ JOMEHOB B MacCHUBax
MIPONOPLUOHAJIBHL aAMIUIATYIE IIE€PeK/II0YalOIIero
umMItyibca (puc. 56, 5B). Takast 3aBUCUMOCTD UIMHBI
XapakTepHa IUISI pOCTa M30JUPOBAHHBLIX HOMEHOB
MPU JIOKAJIbHOM TIEPEKITIOUEHUN Ha HEIOJSIPHBIX
cpe3ax LN [19].

CraTucTMYeCKMii aHajiu3 MacCHUBOB JTOMEHOB
TTO3BOJIVUT pa3aeUTh TOMEHEI 110 IJTMHE Ha TPU TPYII-
nbl: Kopotkue (S5), cpennue (M) u nauHHble (L)
(puc. 5t). IIpu aTOM HabIOAATIOCH YepeIOBaHE 10~
MEHOB pa3HOM UIMHBL. B KaxkmoM MaccuBe cocylie-
CTBOBJIM HECKOJILKO PEXMMOB YepeIOBaHUS JIJIMH

KPUCTAJUUIOTPA®UA  Ttom 68 Ne 5 2023
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Puc. 6. CMITO-u306paxeHNs: pa3IUdHbIX PEKMMOB U3MEHEHMSI IJIMHBI B MACCUBaX JOMEHOB: yaBoeHuUe (a), yueTBepeHue (0),
xaoc (B). 3aBUCUMOCTbD JOJIU PA3IMIHBIX PEKMMOB OT aMILUIUTYIbI UMITYJIbCa Up (r). I'pacdhuk moBTOpPEHMSI IJIsI MACCHUBA, TIOJIY-

YEHHOTO B peXUMe yueTBepeHus ().

C Pa3IMYHON NMEPUOINYHOCTBIO: YIBOECHUE, YUETBE-
peHue u xaoc (puc. 6a—68).

B pexume ynBoeHMsT 4epenoBaICh JOMEHBI IBYX
rpyni (puc. 6a), a IpU y4eTBEPEHUU — ITOCIEI0Ba-
TEJIbHOCTU W3 YEeThIpeX JOMEHOB Tpex Irpymnm: L—S—
M-S (puc. 606). B xaoTudeckoM pexkume TOMEHBI
Pa3IMYHBIX TPYMIT paCIpPEeAcsINCh HEYTTOPSIA0YEH-
HO (puc. 6B). AHAJIOTUYHBIC PEXMMBI YepeIOBaHUS
JIOMEHOB OB MOJIy4eHEI B [27] TIpu CKaHUPOBaHUU
3a3eMJIEHHBIM 30HA0M C3M. DT1oT 3(hPeKT OBLT OT-
HECEH 3a CYeT 3JEKTPOCTATHUYCCKOTO B3aMMOJCHi-
CTBUSI COCEAHUX KIIMHOBUIHBIX JOMEHOB.

CraTucTUYeCcKMii aHAJIU3 IJIMHBI JOMEHOB B Mac-
CMBax IO3BOJIMJ BbISIBUTH JIMHEMHbIE 3aBUCUMOCTU
OT HANIPSKEHUS CPeAHEN UIMHBI JOMEHOB B KaXXI0M1
rpyrre (pyUc. SB) U 10U JOMEHOB Pa3INYHBIX PEXU-
MOB (pHC. 6r). YBeauueHNe HAIPSKEHUS TIPUBOIUT
K YMEHBIIIEHUIO IOJIM YYEeTBEPEHUSI U YBEJIUUYCHUIO
IIOJIK Xaoca, Py 3TOM J0Js1 YABOCHUST TPAKTUUECKHU
He MeHsieTcsI (puc. 6r).

JJ1g cTaTUCTUYECKOTO OMMCAHUS MAaCCUBOB IOMe-
HOB OCTpOeHa KapTa Bo3Bpara (rpacduk Ilyankape),

KPUCTAJIJIOTPA®UA  Tom 68 Ne 5 2023

TIPEICTaBIIAIONIAs COOO0M MCITOIb3YEeMBIi TS OLIEHKU
caMoITomoousI B Ipolieccax rpaduK IMOBTOPEHUST — 3a-
BUCHMOCTB IJTMHBI KAXKIOTO ToMeHa B Maccuse (/, + 1)
oT IIHBI nipensinyiero (/,) [52] (puc. 6m). A1uHBI
OBUT HOPMUPOBAHBI Ha JUTMHY CAMOTO ITTMHHOTO JT0-
MeHa B MaccuBe. JIIs pexkrMa yIeTBepeHUS 9epeno-
BaHUE IUTMH TOMEHOB B MaCCUBE ITPUBOIUT K DOPMU-
POBAHMIO YETHIPEX KJIACTePOB Ha TpacuKe ITOBTOpe-
HUsI, COOTBETCTBYIOIIMX YEThIPEM ITapaM COCETHUX
nomeHoB (L—S, S—M, M—S, S—L) (puc. 6m). Kom-
MMaKTHOE PacIoIoXKeHUEe KJIacTepoB Ha rpaduKe CBU-
JIeTeJIbCTBYET O BBICOKOM YMOPSIOUYEHHOCTH TOJY-
YEeHHBIX MAaCCUBOB.

CamoopraHmn3oBaHHoe (HOpPMUPOBAHUE MacCCHU-
BOB IOMEHOB OBLJIO PACCMOTPEHO B paMKaX KUHETH-
YeCKOro noaxona. IIpyHMManoch BO BHUMAHKE, YTO
[0JIe Ha CTEHKE OYEPEeIHOro pacTyIlero AoMeHa B
MAacCHUB€ COAEPKUT BKJIA ACIIOISPUBYIOLINX IIOJIEIHA,
CO3[aBaeMbIX COCEIHUMU JOMEHaMu. MoaeaupoBa-
HUE ITOKA3aJI0, YTO [JIs1 OObSICHEHUS HAOII00aeMOro
yepemoBaHUs IJIMH HEOOXOAMMO YYMTBHIBATH BIIMSI-
HUE I0JIei, CO3MaBaeMbIX TPEMSI MPEAbIAYIIUMU 10~
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MeHamu [27]. 1o onpenelieHns] TJIMHBI HOBOTO JIO-
MEHa HMCMOJIb30BaJIUCh pacyeTHble 3HauyeHus £,
IIJISI BCeX HaOJII0JaeMblX KOMOMHALIMI TPEeX COCETHUX
nomeHoB (L—S—M, S—M—S, M—S—L u S—L—S).

SAKJIIOYEHHME

DKCNepUMEHTAIbHO MCCIEA0BAHO TIPSIMOE TIPO-
pacTtaHue U30JIMPOBAHHBIX JOMEHOB U MAaCCUBOB JI0-
MCHOB, BO3HUKAIOIIMX B pe3yJbTaTe UHAYLINPOBAaH-
HOTO 30HIOM NEePeKIIOUECHUS Ha HEMOJISIPHBIX cpe3ax
KPHCTaIJIOB HUOOaTa TMTHSA. JIoMEeHBI CO30aHbI M BU-
3yaJIU3UpOBaHBl C BBICOKMM IIPOCTPAHCTBEHHBLIM
paspelIeHreM ¢ MOMOIIBIO CKAHUPYIOIIE 30HI0BOI
MUKPOCKOIINH. K.HI/IHOBI/I)IHI)IC JOMEHbBI C OTHOILIC-
HUEM JUIMHBI K IupuHe 10 30 U 3apssKeHHBIMU 10-
MEHHBIMU CTEHKAMM POCJIU B TMOJSIPHOM HallpaBJie-
HHUWN.

IIpoBeneHHEII pacyeT MoKa3ajl, YTO co3aaBacMast
30HAOM IIOJISIpHAsT KOMIIOHEHTA MOJis ITpeBbIIIajia
MOPOroBOe 3HAUCHME I POCTa IOMEHOB TOJILKO B
o0Jractu paguycom ~1 MKM, Torma Kak JJIMHa JoMe-
HOB JOCTUTAJIa IECATKOB MUKPOMETPOB. DTOT PaKT
ObLT pAaCCMOTPEH B paMKax KWHETUYECKOTo MOIX0/1a,
OCHOBAaHHOI'O Ha aHAJIOTMM pPOCTa JOMEHAa U KpU-
crayuta. OOcyXnajicss MEeXaHu3M pocTa JOMEHOB 3a
CUET reHepaluy CTYICHE! 1 IBUKEHMS 3apsSKEHHBIX
KMHKOB. [Ip1 3TOM CKOpOCTU TeHepalluK CTyIIeHel 1
JBIDKEHUSI KUHKOB 3aBMCSIT OT IIPEBBIIIEHUS TIOJISIP-
HOI COCTaBJISIIOLLECH JIOKUILHOTO T10JIS1 HaJl TIOPOTOBbI-
MU 3HAYCHUSIMU. YUMTBHIBAJIUCH BKIIAAbI B BEIUYMHY
JIOKaJIbHOTO TOJIsI: BHEIITHETO MOJIST, CO31aBaeMOI0 30H-
JIOM, JETOJISIPU3YIOIIETO MOJIsI, CO3JaBaEMOro 3apsi-
>KEHHBIMM KMHKAMU, ¥ SKPaHUPYIOIIUX I1ojieil. Pacuer
MMPOCTPAHCTBEHHOTO pacIipeeeH sl JIOKAJTbHOTIO OIS
rokKasajl, 4To MpsiMoe MpopacTaHue IOMeHa 00yCIOB-
JIEHO TeHepalueil CTyIIeHel B OKpECTHOCTHY 30HIa U
JIBUKEHUEM KMHKOB B JETIOJISIPU3YIOIIEM II0JIE, CO-
3MaBa€MOM COCEIHUMM KUHKaMHU. DTOT MeXaHU3M
IMO3BOJIMI OOBSICHUTh POCT JOMEHOB B 00J1aCTH BIa-
JIM OT 30HIA C TpEeHEeOpPeXXMMO Majioil BEJIMYMHON
BHEIITHETO TTOJISI.

IlokazaHo, 4YTO CKAHUPOBAHUE 30HIOM MPUBOAUIO
K (OpPMUPOBAHUIO CAaMOOPTaHW30BAaHHBIX MAaCCHBOB
KJIMHOBUAHBIX JTOMEHOB C 4YepeloBaHWEeM JUIMHBI.
B xaxxnom MaccuBe cocyiliecTBOBaIM U3MEHEHUS 11 -
HbI JOMEHOB C Pa3JIMYHOUN MEePUOIUYHOCTBHIO: YIBOES-
HUe, yuyeTBepeHue 1 xaoc. JloJu pa3IuyHbBIX MOI B
KaXJIOM MacCHUBe€ 3aBMCEU OT MPUJIOXKEHHOIo Ha-
npskeHus. [ToctpoeHue rpadrka MoBTOPEHUS MO~
TBEPAWUJIO BBICOKOE YMOPSAOUYEHUE WCCIEAYEMbIX
MaccuBoB. DOpMHUpPOBaHWE CAMOOPTAaHW30BAHHBIX
MaCcCHUBOB JOMEHOB OOBSICHEHO B paMKaX KMHETUYe-
CKOTO MOJX0/1a C YYETOM BJIUSHUS AETOJSIPUYIOIINX
MnoJieit, co3gaBaeMbIX TPeMsl COCENHUMMU TOMEHAMMU.

HpeﬂﬂO}KCHHI}Iﬁ ME€XaHM3M ITpopacTaHUA AOME-
HOB MOXET OBITh IIPUMCHECH I MTHAYLHUPOBAHHOTO
30HAOM IICPEKIIOYCHUA ITOJIAPpU3allM Ha ITOJIAPHOM

LIYP u np.

cpe3e 00beMHBIX 00pa31ioB. B aToMm cirydae niist mpsi-
MOTO MpOpacTaHUsl JOMEHa JTOCTaTOYHO TeHEePUPO-
BaTh CTYIIEHU Y TOMEHHOM CTEHKU Ha MOJSIPHOM IO~
BEPXHOCTH, a YIJIMHEHNE IOMeHa B 00beMe BbI3BAHO
JOBU2KCHHUEM 3apsA’KECHHBIX KWHKOB B ITOJIE, CO3JaBac-
MOM COCETHUMHU KMHKaMU. [1olydyeHHbIE pe3yIbTa-
TBI U UX OOBSICHEHNE OYIYyT UCITOJb30BaHBI IUIST CO-
BEPIICHCTBOBAHMWA METOJ0B [lOMCHHOVI NHXXEHECPUU
MPU CO3IAHUU PEryISIPHBIX JOMEHHBIX CTPYKTYp B
CETHETORJIEKTPUYECKUX KpUCTalJIax.

HMccnenoBaHue BBITIOJIHEHO NpU  (PUHAHCOBOM
nomuepxke Poccuiickoro HaydyHoro ¢onHaa (rpaHT
Ne 19-12-00210) ¢ ucrioabp30BaHUEM O0OOPYIOBAHUS
VIKII “CoBpeMeHHbIe HaHOTexHoJioTUn” YpdDY
(per. Ne 2968), mommepXaHHOTO MWHHCTEPCTBOM
HayKHU U BrIciero oopasoBaHus P® (nmpoekt 075-15-
2021-677).
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