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BeeneHnmne

IHDaHHadg paboTa OpM3BaHa ONMCaThb dABJeHMe Y maaydeHMd (majee:
IICU-UBJIyYEHME) C TOUKM SBPEHMSI KBAHTOBOM MEXAHUKU U TEOPUU
nojier. PaboTa LeJIMKOM M IIOJIHOCThIO OCHOBAaHa Ha YepHOBUKAaX
CTaplero HaydHOT'O COTpyIOHMKa Muxawmsiora CrTenaHa CepreeBuua -
coTpynHMka X16. Teopusa NCU-IOJS chbopMyJMpoBaHa IJlaBOM
SKOJIOTMUECKOM BKCIeIULMM OOKTOPOM HaykK SArpoM ®amprOHCOM B

paMKax MCCJIeIOBaHUM TICU-UIIJTYyUEeHUS .

YnpoumweHHas TeOopus MNCU-UBIYyYEeHUS

CaM TepMMH IICH-IIOJIE SABJISETCS TPUBMAJILHEIM Ha3BaHWEM
COBOKYIIHOCTM OUEHb CJIOXHHX OMBUUECKMUX I[IPOLeCCOB, CBSABAHHEIX C
KBAaHTOBOM MexXaHMKOM. OCHOBOM “noja” 4ABJiSeTCS HalpaBJIEHHOE
BJIEKTPOMATHUTHOE MBJIyUeHME IepPeMeHHBX YacCTOT C IOJIMHAMM BOJH
MeHbme yeMm 107! M, uUTO oTBeuaeT TaMMa-UBJIYUYEHMO, TaKMM oBpasoM
foJjiee NPOABJIEHE KOPIYCKYJISPHEE CBOMCTBAa, 4YeM BOJIHOBEE, OTCIIA
cllenyeT, 4YTO IJiS ONMCaHMS B3TOTO ABJIeHMS HamboJiee NOIOMIeT
MCIIOJIE30BaHMe QOopMaIMCTUUYECKOY MOIesM MU3JIyUdeHMd.

Ha »ToOM BO3MOXHOCTHL ONMCATH ICU-UBJIyUYeHUE M3BECTHEIMM HayKe
crnocobaMm mMcUepneBaeTcd MO0 B JaJIbHEMIMX MCCJeIOBaHMAX 3TOTO
ABJIEHUS MOXHO BCTPETUTH MHOXECTBO Pa3HALMXCS MexOy cobom

bmsUUeCckUx NPOABJIEHUN.

IOiig Jiydmero MOHMMaHMS NOPUMPOIbE NICU-U3JIYyUeHUsS, CTOUT BBECTU
TepMMH ¥ KBaHT” (ICM-KBaHT) . [ICM-KBaHT - YCJOBHOe OOO3HaueHUe
JacTulpl, obJjlafapiey SHepIMeM M MacCoM, KOTOopasd IOBMXETCH CO
CKOPOCTBI CBEeTa, €€ XapaKTepUCTUKM CONOCTaBMME C I'aMMa-KBaHTOM
a caMoO M3JydeHMe C IaMMa-M3JIydeHMeM, HO B OTJIMYMM OT
[IOCJIeOHEeT O ICU-UBJIYyUEeHME He CIOCOOHO K MOHM3AUUMM IIPU CXOXUX
XapakTepUCTUKax. B pesyJbTaTe S2KCIEPUMMEeHTa C OOJIydeHMEeM IaHHEBEM
TUIIOM M3JIYUeHMS aTOMOB PasJIMUHBIX BEUIECTB HEe YHOaJIOCh IIOJIYUUTDH
MoOHM3Upynmero sdpdexTa C OTAEJIEHMEM SBaAPSAXEHHBIX UYaCTUIL
(PJIEeKTPOHOB) , JIMOO MX NepexXOIOM Ha BBEICUIMM DHEPIreTUudeCKUM
YVPOBEHb B IIJIaHETAapPHOM MOIEeJIM aTOMOB. TakKxe He GCHO, [oueMy IIpUu
TaKMX BBICOKUX YPOBHSX HANPSAXEHHOCTU DBJIEKTPUUECKOTO IIOJIS B
obJlacTM IOeMCTBUSA IICU-TIOJIEN HEe MNPOUCXOIUT MOHMBALUM KUCIIOopoda C
obpasoBaHMEM O30Ha. YPOBEHb paIualuM B MecTax IPpOoBeleHUs
Kanamubpaluumy M 3aMepPOB MHTEHCUMBHOCTM IICU-TIOJIEM COIIOCTaBUM C

YPOBHEM BHEe IICU-BOBMYIEHMM, YTO B OUEpPeIHOM pas3 MNOoATBepXIaeT



OTNIMCAaHHY BHIIE aHOMaJIMI M OOUMM KBAHTOBHBIM IapaloKC JaHHOTO

ABJIEHMA .

Ha ocHOBaHMM [NOJIYyUYEHHEIX CBEIEHUM, OOHapyXeHa chneumpmueckas
peaklLMsa aHoMaJIbHOTO ofOpasoBaHMS TUlla “KpucTajJl” Ha BO3IEWCTBUE
BJIEKTPOMATHUTHOTO MBJIYUYEHMUd, KOTOpasd MNPOABJIAESTCS B
BOCIIPOMBBENEHUM MOUHOM aHOMAaJIbHOM aKTUBHOCTU C
pacInpoCTpaHeHMEeM B IIPOCTPaHCTBE TOPCUOHHEIX I10JIEM,
CONPOBOXIANIMUXCHA BCIIJIECKOM IICU-M3JIydeHMsS. B jabopaTOpHEX
YCJIOBMAX yIAaJIOCh C IIOMOUBI ONPEemeJIEHHOM [IOCJIeNOBaTEeJIbHOCTU
yacTorT, obpasyoumux pan Tensopa, NOJNYUUTh PETYJIMPYEMEM MCTOUHUK
IICU—-BOJIH Ha OCHOBaHMU KpucTaja. CTPpyKTypy S3TOI'O aHOMAaJIbHOTO
obpa30BaHMA IO KOHIlA M3YUMTh HEe yJaJloCb, B CBS3M C HEeXBATKOM
HYyXHOT'O ODOOpPyZHOBaHMA. B xome mccIemoBaHMM OBJIO yCTAaHOBJIEHO,
uyeM [OpOo3padHee M UMlle KpucTajyl (6e3 BKIKUEHWUM, TPEelMH,
[IOBEPXHOCTHEIX [IOBPEXIEHUl), TeM CTaOMIJIbHEN U PaBHOMEPHEN I[IOTOK
IICU—4YaCTHl, UYMCTOTa ONpemejyigajiaCh C IIOMOWBI MHNOJAPMUI3ALMOHHOT'O
MMKPOCKOIIa BM3yaJIbHEIM MeTOIOM. Ha HaHHEM MOMEHT CYULIEeCTBYEeT IBE
TUINIOTE3E M3JIyUeHMS [ICUM-BOJIH Uepes3s KpucTalul. llepBasg: CTPyKTypa
KpUcCTajljla COOEPXUT B cebe OonpemeJIeHHHM 3allac IICU-DHepIuH,
KOTOopasad HauMHAEeT PaCIpPOCTPaHATHCH B INIPOCTPAHCTBE IIPU
BO3OYyXIOEHUM DBJIEKTPOMATHUTHBEIM M3JIyUeHMEM CTPYKTYPH KpMcTaja.
Bropasg 3akjioyaeTcd B TOM, UYTO KPMUCTAJJ ABJISEeTCS HEKUM
PETPAHCIATOPOM IICU-3HEPIUM, KOTOPYK OH OepeT M3 30Mpa B MOMEHT
CTUMYJIMPOBAHUSA CTPYKTYPH KpMCTaJlJla BJIEKTPOMAaTHUTHEIM MU3JIyUeHMNEM
ONpEemeJIeHHEIX YacCTOT. MuMxXaWJOB NPUIOEPXMBAJICS BTOPOM IMIOTESEL,
OTTAJIKMBASsACh OT Hee OH cobpaJjl NepBBM NPOTOTHUII ICH-LJIEMAa,
CIIOCOOHOTO KOHIEHCHUPOBATH IICU-UBJIyUeHMe, BO3Bpallas IICHU

n3JydeHre obOpaTHO B »OMPHOEe noJe.

MOJIYJ'IFII.‘[MOI—II—IBIﬁ IIOOABUTEJNIb IICU-UBJIYYeHNsT — KOHCTPYKLMS

MonyJIAUMOHHBIM TIOJaBUTEJIbE CoOpaH Mo cxemMe MuxaljorRa, NPpOBeIeHa
KaJIuOpOBKAa BHECEHH HEKOTOPBE M3MEHEHMS B KOHCTPYKLUMIO C ee

MOIepHM3alLMeN .

Psan aHTeHH. MuXalMJIOBBIM OBLJIO BEISCHEHO, UTO NIpM (aszoBOM
MOIYJIALUMYM HECKOJIBKMX aHTEHH yOaeTcsa OoOUMTbCca ocyabljeHus
ICU-MBJIyYEHNI, [IOBTOMYy CaM WJIEM-IIOOABUTEJILE NPENCTaBJISET COOOU

HeKoe rnomodbue praoa HeOOJIbIIMX AHTEeHH, KaxOoasa mus3 KOTOPEIX NVMeeT



CcrieuMalJibHOEe HallbJIeHMEe DBJIEMEHTOB KpMCcTalljla C IIOMOULI
AHOIMYECKOT'O MeTOoIa B YCJOBMAX OJIM3KUX K BakyyMy IIpU
[IOCTOSHHOM II€PEeMEHHOM WMBJIYUEeHMM IMalas30Ha dYacTOT OT PEeHTIeHa
0O TaMMa-M3JydeHus. [Ipolecc HaMNbUIEHMS MIET IOBOJIBHO MEIJIeHHO,
orpaboTaTh M BOCIPOM3BECTM TEeXHOJIOTMIO OUYeHb CJIOXHO. [Jd
KaueCTBEHHOT'O HallbJIeHMS HeOOXOIMMO MCIIOJNIbL30BAaTH I[1POMBIIIIEHHEIM
PAaCHOHNIMTEJIL, TOJIIMHA HanegieHus coctasjsgeTr 0,1 mm. Heobxommma
nocJjenymias BHISPXKA OeTaJIey C HalbJIEHVMEM B aBTOKJIABE IIPU
TeMmnepatrype 580K, UTO maeT HANBUIEHMIO IOONIOJIHUTEJIBHYID TBEPIOCTb
Y COIPOTUBJIEHME MEXaHUYECKMM IIOBPexIeHMsAM. Takoe HalblJIeHUue
obecrneumBaeT ONepPaTOPy [NaCCUBHYK 3allMTy, KOTOpas HeobOxomuMma BO
BpeMs MepeKJInUeHMS MJIEMAa-IOOAaBUTEJIsI Ha HOBHIM IOMana30H, 00 BToM

HUMXe .

Koupencarop. CIlyXmMT OJId KOHIEHCHPOBAHMSA IICU-UIJIYUYEHUS U
BO3BpPAllEHUA €I'0 IO I'MINoTese MumxanmjoBa B 20MpHOe nojie, Jamubo IJid
AKKYMYJIVMPOBaHMA C [NOCJEeNyK UMM 3alaCaHueM ICU-2HEPIUM B
BJIEMEHTAaxX KpucTajla no runorese daiproHca, PACIOJOXEHHEIX Ha
OOKJIalKax KOHIeHcaTopa. KaxXOel 3JIeMeHT SABJISeTCH BBITOUKOM U3
aHOMAJIBHOT'O 00pasoBaHMsA “KpMCTaJl” BBEICOKOM YMCTOTEH.
NpenBapUTEJIbHO KaXOHM KPUCTAJIJI MCCJeOyeTCs Ha CIOCOOHOCTDH
TEeHEPUPOBAHUSA [ICM-BOJIH, B3TO HeOOXOIMMO HOJIA oIpenejieHus (asOBHX
COBUI'OB IICU-UBJIYUEHMS KAXIOOI'O KpUCTalJja, IOJ8 OaJlbHeNel
HACTPOMKM Ha MUKPOKOMIBITEpe—-aBTOMaTe camMoro mjema. Camm
OOKJIaIKM KOHIIEHCaTopa CBS3aHbB MexIy coboM jaToM (asuMpOBaHHOTO

CIOBUI'a M COIJIlaCcOBaTeJIAd.

MuxpokoMnelTep-aBTOMaT. CIiel, NporpaMMa CJYyXUT IOJ8 NOLCTPOMKM
caMoT O IJIeMa M YacTOoT KoJieBaHUMM JIOKAJIbHBIX TOPCMOHHEIX I10JIEV, C
noMombio MeTona Jlazapsa oOHa CcrnocobHa Ha OCHOBAaHUM M3MEeHEeHUM
TOPCUMOHHOTO M3JIYyUEHUMS M SBHEePI'UMM I'aMMa-KBaHTOB MOMEHTAJIBHO
OIpEenesInTh IO IOCJeIOoBaTeJIbHOCTHM Teljopa 4YacTOTy IICU—-BOJIH, TeM
CaMEBIM TIEPEKJIIUMBE BO3DYXIEeHMEe KPUCTAJIJIOBR B npormdazy. KomnwioTep
oCylmeCcTBJIgeT ODOpPaTHY CBA3b, peryaupyda paboTy BCero HoIaBUTEeNd
¥ NOoACTPamMBas €ro K yCJOBMAM IIOHOABJIEHMSA IMalla30Ha IICU—BOJH,
KOTOPEIM OOJIydeH OIlepaTop. B KauecTBe 3alacCHOM CUCTEMEL
ImomaBJIEHMA aHTEHHEI IIJIeMa IIOKPEBEITEI CIlIeliMaJIbHEIM HallblJIEHMEM
KpucTajja, TeM CaMblM O0eCleuMBaeTCsd SBHAUUTEJIbHOE CHIWKEHME
VHTEHCUBHOCTU IICU M3IJIYUEHMS OO IIPMEeMJIEMBIX SBHAUYEHMUM, Jaxe C

BEIKJIOYEHHBEIM KOMIIBIOTEPOM—aBTOMATOM.



[puuIMO Pa6GoTH UJIeMa MNOLABUTEINS

[NIaccuBHass Bammra. [lpy OOJyUeHMM HIJIeMa I[ICU—BOJIHAMM PasHBEIX
IOIManasOHOB Ha aHTEHHAaX 3a CUeT HAabBJIEHMS BOSBHMKAET KOJIJIAaIC
ICU—-BHEPIMUM, KOTOpas KOHIEHCUPYETCS HAa KOHIEHCATOpE UM CTEeKaeT
B 20UPHOE IOJIe Uepes KPpUCTAJIJIMUeCKMEe SJIEMEHTH JIMOO
AKKYMYJIMPYETCSa Ha TeX Xe nBJieMeHTax. Takad paboTa HasblBaeTCd
[IaCCMBHOM, Tak KakK IIPM MOIHOM ICU-M3JIydeHUM (Heobxommmo oT 10
MCTOUHUKOB, TakKoe KoJMUeCcTBO B UA3 He oOOHaApPyXeHO) IMNOJaBUTEJb
foJjiee He CIHOCODEeH CHOpaBJIATbCS C NOTOKOM KOHIEHCUPYEMOM
DHEPIUM, UYTO MOXET NPUBECTM K YaCTUUHOMY OOJIYyUEHMIO ollepaTopa
IICM-BOJIHAMM. [lpM NOCTOAHHOM MCIIOJIB30BAHMM [IACCUMBHOM 3alMUTH
HalbJIEHME MCTOHYaeTCs, IPU TOoJIMHe HalbieHmsa MmeHbme uyeMm 0,05
MM OIlepaTop HauMHaeT [NoJiydaTh “0Oe30mnacHywn” o3y NICU-U3JIyUeHUd,
Ipy TOJIIMHE HamnewleHus MmeHblle yeM 0,01 MM DOCHenCcTBUS OOJIydeHUS
MOT'yT OEITE HeOOpaTuMbl. B J1abDOpPaTOPHBIX YyCJIOBMAX BBEISBJIEHO, YTO
IPpM CaMBIX MOIUIHBEIX IIMKax aKTMBHOCTM IICU-MBJIydaTejyier B UA3
CKOPOCTb MCTOHUeHMsa HamnwbuleHus paBHa 0,001 MM B uyuac BpeMeHM II0

Boabmom semjie. KozdpdmumeHT OesonacHoCcTM K=2 nOjid TakoM CHUCTEMEI.

AxTMBHAs BammMTa. AKTMBHAS 3allMTa XapaKTepusyeTcsa oOpaTHOM
CBA3bI0, KOTOpAad KOPPEKTUpyeT paboTy NpoTudas 3JIEMEHTOB
KpMcTajljla M KOHIeHCaTopa, TeM CaMbBM [IOoACTpamBasd IJaTy
basmMpoBaHHOTO CHOBUTI'A [0l M3JNydyeHMe udepes pan Tewnsopa. Ha
IOICTPOVKY KOMIIbIOTEpa—-aBToOMaTa TpebyeTcsa orT 1 IO 2 CeKyHI, B
53TO BpeMs 3auuTy obecrneumBaeT €€ IIaCCuBHag 4YacThb. Pan Tennopa
¥ 4YaCTOTH 3apaHee NpenyCTaHOBJIEHH Ha GJem namMaTb. Takxe
KOMIIBIOTEP CONEPXUT BKCIEPUMEHTAJIbHYI NPOTPaMMy 10 BHEYUMCIIEHMIO
npormdas, OpoTrpaMMa PaccuMTaHa Ha CKaudKy IICU-UIJTydeHUs (B
pesysibTaTe neperpera JMOO NOTEPUM NUTAHUSA ICU-UIJydaTesau B UAS
MOTYT HapyllaTb I[IOCJeIOBaTeJIbHOCTL Tewnyopa, B TakKOM CJydae
npenyrazaTh CJAeOyRlyld YacTOTy HEBO3MOXHO) . B Jj1abopaTOpHEX
YCJIOBUAX yIaJjioCh CMONEJIMPOBATbH HECKOJIbKO SHTPONINYECKUX
[IOCJIeNOBATEJILHOCTEN, B KOTOPHX NpoTpaMMa I10Kasajlia OTJIMUHBIM
pesyJbTaT - NOACTPOMKAa LJIEMa Ha HOBBIM IMalla30H OCYUECTRBRJISETCH

OO 5 cexkyHI.

BaknoueHne

TexXHOJIOTUA TNPOM3BOICTBA BeChbMa TPyIOoeMKa M SHepro3aTpaTHa,

TpebyeT OOJIBIHIOTO KOJMUeCcTBa OOOpPYIOoBaHMUS, 06e3 uepTexey co3IaThb



YCTPOMCTBO HEBO3MOXHO (OHM 3aCeKpeuUeHH) . I[lepell MCIOJIb30BaHMEM
HeobOxonouMa KaJmbpaluud IO “3TaJioHy”, MHaue BEeJIMK PUCK
HeNnpaBUJILHOM paboTe npudopa C MNOCJenyolMMM TpaBMaMM OJ1d
onepaTopa OT INICU-BO3IOEVMCTBUA.



