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OBIIXASA XAPAKTEPHCTHKA PABOTDI

AKTyanenocTs TeMbl. B HacTosilee BpeMs HCCMENOBAaHHA JHCIIEPCHOHHBIX CHII, K KOTOPBIM
oTHocaTca chnsl Ban—aep-Baaneca u Kasumupa, npuenekator Bce Gonblie BHumanusa. C ydyeToM
TEHACHUNH MHHHATIOPH3ALHH DIEMEHTOB JIEKTPOHHON TEXHHKH AUCIIEPCHOHHBIE CHIILI HAXOAAT BCE
Gonbllice MPUMEHEHHE HE TONBKO B YHCTO HAay4YHO{l, HO I TeXHOJMOTHYeCKoi o6nactu. Poct naTepeca k
3THM ABJICHHAM OOYC/IOBIEH Kak BHYTpEHHeil JIOrHKoii pa3sBHTHA KBAHTOBOH TEOPHUHM TONA M €ro
aKTyalbHLIMH NPHIOKEHHAMH B Pa3jIMYHbIX pa3fenax coBpeMeHHOH (H3MKH, Tak M NpHponoit
MUCHEPCHOHHBIX cunl. O0NacTe NpHMEHEHUs AUCTIEPCHOHHOTO B3aHMOJIEHICTBHSA BKIIOUAET (BHU3HKY
KOHJICHCHPOBAHHBIX CPEJ, H HAHOTEXHONOTHH, a TAKXKE KOMUIOWAHBIE H KPHCTAMIMYECKHE CHCTEMBI,
HCMONB3yeMble JUIS AArE3HH B  HAHOINTEKTPOMEXAHHUCCKUX CHCTeMax. JHCMEpCHOHHBIE CHITBI
OKa3bIBAIOT CYIECTBEHHOE BIHAHHE Ha Mpouecchl abcopOLMH B HAaHOCTPYKTYpax, B YacTHOCTH Ha
npouecch! abcopOumn Bogopoaa [1 —2].

Tak xak JHCMNEPCHOHHBIE CHIBI MPOSABIAIOTCA H CTAHOBATCA MNMpeoOnanarouiHMH Ha Mabix
pacCTOAHNAX MEXAY B3a"MOI[CﬁCTByIOHIHMH OGLCKTHMM, 3TH CHWJIB! AOJIrO€ BPEMsi H3Y4aJIUCh TOJBKO
TEOPETHYECKH BCIIEACTBHE HECOBEPINEHCTBA H3MEPHTENBHOI TeXHHKH. B HacTosee Bpems nmporpecc
B TEXHHKE MO3BONAET B OTAENBHBIX CIy4asX MpPOBOAHTE TPAMBIE H3MEPEHHS BETHIHHBI
JUCTIEPCHOHHOTO B3auMOfeHCTBHA. OAHAKO DKCHEPHMEHTANBHBIE HCCIEAOBAHHS SBISIOTCS BECHMA
JIOPOTOCTOALIMMH H HE BCETJa TEXHWYECKH BO3MOXHBIMH. [1o3TOMy mo-mpexHeMy npenctaBisioT
HHTEPEC TEOPETHHECKHE HCCE0BAHNS ANCMIEPCHOHHOTO B3aHMOACHCTBHIS Pa3INYHbIX 00BEKTOB.

ONeMEHTBI COBPEMEHHEIX  TMOMYMPOBOIHHKOBEIX MHHHATIOPHBIX MEKTPOMEXAHMYECKHX H
SNICKTPOHHLIX YCTPOHCTB B HACTOALIEE BpPEMS YMEHBUIMNHCH [0 HECATKOB M JaKe €IHHHU
HaHomeTpoB. [losToMy  HanGonee  aKTyambHBIM — NPEACTABIAETCA  U3ydeHHE  NPOSBIIEHHS
JMCTIEPCHOHHBIX CHN B CTPYKTYPax, KOTOPHIC aKTHBHO HCIIONB3YIOTCA B COBPEMEHHOH 3JIEKTPOHHOI
TEXHHKE, B YACTHOCTH, B CTPYKTYPax MeETaT-AUdICKTpHK—TonynposoaHnk (MIT). 3tu cTpykTyps
ABJISAIOTCA OCHOBOH TAKHX JNIEKTPOHHBIX KOMIOHEHTOB KaK KOHAEHCATOPEI, MOJNICBBIC TPAH3HCTOPHI,
npuOOphl ¢ 3apAA0BOI CBA3BIO, Ta30BLIC JIATYHKHA. P COBpEMEHHBIX MCCACAOBAHMIH MOKA3BIBACT, 9TO
ZMCTIEPCHOHHBIE CHITBL, MO-BHAHMOMY, SBISAIOTCSH MPHUYHHOI 0TKa3a HEKOTOPLIX NpHGOpOB, HaNpUMep,
ABNAIOTCA MPHIUHON «CXTOTIBIBAaHHA» 00K/IaNOK KOHIEHCaTopa, pa3MepHl KOTOPOro COCTaBISIOT
€IHNIB HAHOMETPOB.

Takum o6pazoM, Aans JjganeHeiillero KOHCTPYHpPOBaHHS W TMPOM3BOACTBA  PEaNbHLIX
HAHOpa3MEpHBIX  YCTPOHCTB  JJIEKTPOHHOH  TEXHHKH  HCOOXOANMO  JETAaNbHOE  M3yUeHHE
3aKOHOMEPHOCTeil AeHcTBHA MHCIEPCHOHHBIX CHI H 0CcOOeHHOCTEH HMX NPOSBICHUA B pealbHBEIX
HaHOPa3MEpPHBIX CTPYKTypax. B uacTHoCcTH, B CMOMCTEIX MOMYNPOBOIHHKOBBIX HAHOPA3MEPHBIX

CTPYKTYpax METAIUT-AHICKTPHK—TTONYITPOBOAHUK, BBIMOTHCHHBIX HAa OCHOBEC KpCMHHCBOﬁ MOJTOXKKH.
[_le.l'lb H 3aAaYH HCC/IeA0BAHHA,

Llenmvio anccepraunonHoil paboTHl ABNACTCA TEOPETHHECKOE HCC/IENOBAHHE BEIHIHHB

JAHCTIEPCHOHHBIX CHII, Z(eﬁcTByK)IL[HX B COBPCMCHHBIX HaHOPa3MEPHBIX CIIOHCTBIX CTPYKTypax



JNICKTPOHHOH TEXHHKH, H3TOTOBJCHHBIX HA OCHOBE MOJNYIPOBOAHHKOBOH MOHOKPHCTAJLTHYECKOH
KPEMHHUEBOIH MOANIOKKH, M OLCHKA BIHAHHS MapaMeTPOB CTPYKTYPH! Ha BETHYHHY ITHX CHIL

Jna nocTikeHHs TocTaBleHHO Uemu B paboTe HeoOXOAHMO ObUIO PELUHTH ClERyOLIHE
3aJa4u:

1) wccnenoBarh BHMSHHE CNOA OKCHAA HA MOBEPXHOCTH KPEMHHS Ha BENUYHHY €ro
JHCNEPCHOHHOTO B3aHMOJCHCTBHA € METAUIHYECKHM TEJIOM, HAXOAAIIEMCS HAa HaHOpa3MEpPHOM
PAcCTOSHNH OT KPEMHHS;

2) MccneaoBaTh | ONPeJeNTh BIHAHIE TONIIHHE CI0EB JHINEKTPHKA H METAJ/Ia Ha BENHYNHY
JaBNIEHNUA, CO3JABacMOrO OMCNMEPCHOHHBIMM CHJIaMM Ha CJI0H JM3IeKTpHKa B HaHOPa3MEPHOI
CTPYKTYpe METal—{HIIEKTPHK—TIONYTPOBOAHHK;

3) CpaBHHTD pe3yNETaThl PacueTa BENHYHHBI JHCIEPCHOHHBIX CHI, MONYYalomHecs MpH
HCTIONMb30BaHHI PA3IHYHBIX (PH3HKO-MATEMAaTHYECKHX Mofeneil MM OMHCAHHA MIEKTPOONTHHIECKHX
MapaMeTpoB pAaccMaTPHBAaEMOM HAaHOPa3MepHOH CIIOHMCTOH CTPYKTYpHI Ha OCHOBE KpeMHHeBOH
MOUTOXKH.

B pesynbrare npoBeieHHHIX HCCNEROBAKHIH pa3paboTaHbl CNEAYIOLIHE Hay4Hble NOJIOMKEHHS,
BLIHOCHMBIE 112 3ALIMTY:

1. BenuunHa AaBneHUs, CO3AAaBACMOro ANCHEPCHOHHBIMH CHJIAMH Ha CNO# JHINCKTpHKA B
CJIONCTO# CTPYKTYpE METall—IUIEeKTPHK~TONYTPOBOHHK Ha KPEMHHEBOI MOANOXKe, paccyiTaHHas
Ha OCHOBE CYLIECTBYIOLIEH TEOPHH, OYEHb CHIBHO 3aBHCHT OT TONIMHMHBI AHMIJIEKTPHKA, H TIPH €€
YMEHBUIEHHH 10 eIHHHI HAHOMETPOB BO3PAcTaeT Ha HECKOMBKO MOPAAKOB MO BENHYHHE, 2 HMEHHO OT
€IMHUIL MTacKanei 10 HECKOMBKUX Meranackaneii.

2. PacueTHas BeNIMYMHA JABICHHA JHCMIEPCHOHHBIX CHIT MPAKTHYECKH HE 3aBHCHT OT TOMIIHHBI
METaJUTHYECKOrO CJI04 B CIIOHCTOIl TBEPOOTENBHOH CTPYKTYpe Ha OCHOBE KPEeMHHS MpH pPEalbHO
HCMOMB3yeMBIX 3HAUCHHAX TOMIHHBE METAUTHYECKOTO CIOA.

3. EcrecrBeHHasd IUIEHKa OKCHAAZ, BO3HHMKAIOL[Aas Ha MOBEPXHOCTH KPEMHHA B BO3AYIIHOI
cpene, NPaKTHYECKH HE BIHACT HA BEHYHHY JHCIEPCHOHHOTO B3aHMOAEHCTBH MEXIy KpeMHHEBOH

MIAaCTUHOH H BHEIIHHM TIPOBOIHHKOM.

Hayunast noBu3na paboTsl 3aKII04aETCA B CNEAYIOLIEM.

|. BriepBole NpoBeleHO TEOPETHYECKOE HCCIAECAOBAHHE BCIHYMHBI JIICMEPCHOHHBIX CHII,
OelicTByrOIMX Ha cJoif AWAIEKTpHKa B CJHOHCTBIX CTPYKTYPax, H3TOTOBJIEHHBIX Ha OCHOBE
MIOJTYTIPOBOHHKOBOIH KPEMHHEBOH IMOATOKKH H HMCIOIIHX [apaMeTPhl, aHaJOTH4YHbIE TapaMeTpaM
HAHOPA3MEPHBIX CTPYKTYP, PEATbHO HCMOML3YEMBIM B IPOM3BOACTEE NMOMYTPOBOAHHKOBLIX MPHOOPOB.

2. BriepBble MpPOBENEHO TEOPETHYECKOE HCCACAOBAHHE BIUAHHA TOJIIHHBI METAIHYECKOro
c/os Ha BETHYNHY AaBJIEHHS, CO3AaBaEMOTO AHCIEPCHORHBIMH CHIAMH B HAHOPa3MEPHBIX CTPYKTYpax
METaUT-M3NEKTPUK—TOTYNIPOBOAHUK HAa OCHOBE KPEMHHEBOH MOMANIOKKH. YCTaHOBNEHO, 4YTO
pacueTHas BEIHMYHHA JHCIEPCHOHHOTO [JaBICHMS MpPAaKkTHYECKH HE 3aBHCHT OT TOJUHMHEI

METAJUTHYECKOro Cjiofs MNpH €€ pCajibHO HCHOOJB3YEMBIX 3HAUCHHAX H OT Monenci, KOTOPBIE



MCTIONB3YIOTCA JUTS ONMICAHHSA AM3IEKTPHYECKOH MPOHHIREMOCTH METaja.

3. BriepBble HCCIIEZ0BAHO H YCTaHOBIEHO CIUTBHOE BIIHAHHE TONIIHHE! JHAICKTPUUECKOTO CIOS
Ha BEMTHYHHY AABICHHS AUCTIEPCHOHHBIX CHJI, ACHCTBYIOIIX B HAHOPA3MEPHEBIX CIIOUCTHIX CTPYKTYpax
METAI-AMIICKTPHK-TONYNTPOBOAHHK HAa OCHOBE KPEMHHEBOH TOMIOXKKH. PacueTHoe 3HaueHHe
JAMCMEPCHOHHOIO AABACHHA MOXKET AOCTUIATh HECKOJIBKHX MErarnackanieil mpyu yMEeHbUICHHH TOJIIHHBI
JMHINEKTPHUECKOTO CNOA /10 €AHHHI] HAHOMETPOB.

Meroaamun  HecseoBanHs, HCHoONb3yeMbIMH B palore, aBasoTca Teopus JInduHia,
MaTeMaTHIeCKHE MOACAH AHIIEKTPHYECKOH MpPOHHLE@EMOCTH BEIECTB, TCOPHA aHAJMTHYECKHX
dyHxumii, Teopns QYHKIHI KOMIIEKCHOrO NePeMEHHOT0, TEOPHSA BHIYCTOB.

JocToBepnocTh Noay4ennbIX pe3yibTaToB ONpPeLesieTcs:

® KOPPEKTHBIM HCIONB30BAHIEM MaTeMaTUIECKHX METOHOB;

® [POBEJEHHEM DPACYESTOB C HCIIONB30BAHHEM DKCHEPHMEHTANBHBIX JAaHHBIX, MOMYYEHHBIX C
MOMOLUBIO H3MEPEHHIt BBICOKOI TOYHOCTH W HE CBA33HHBIX C H3YYCHHEM AHCHEPCHOHHOrO
B3aHMOJICHCTBHS,

® COBNAACHNHEM TMONYYEHHBIX pE3YNbTaTOB C OKCMEPHMEHTAMBHBIMH H  TEOPETHYECKHMH
JIAHHBIMH JIPYTHX aBTOPOB B T€X NpeAesbHBIX 001acTAX, TAC 3TO CPaBHEHHE BO3MOKHO;

e nyGmukanueii cTateil B pepepupyeMBIX HaydHBIX XypHaax;

e anpoOaryieil OCHOBHEIX HayUHBIX PE3YJILTATOB Ha MEXKAYHAPOAHEIX U BCEPOCCHIHCKUX HAYUHO-

TEXHHYECKUX KOHPepeHUHAX H CEMHHapax.

O06LeKT HCCMeA0BAHHA: HAHOPA3MEPHBIE CIIOHCTHIE CTPYKTYPBI  METaI—AHAIEKTPHK—
nonynpoBofHHK (A1-SiO,-Si) Ha oCHOBE MOMYNPOBOAHHKOBON MOHOKPHCTAJTHYECKOH KpeMHHUEBOit
TOJIOKKH.

“pal(l'll‘lECKafl 3HAYHMOCTD PE3YJIbTATOB paﬁon,l 3AKJTIOYAETCA B ClieaylolemM:

® [ONy4eHBl YHCIEHHBIE 3HAYEHHS, pacCUHTAaHHBIE Ha OCHOBe TeopHH Jlndiuuua, BemHYHHB
JUCMEPCHOHHBIX CHJI B HAHOPAa3MEPHBIX CJOHCTHIX CTPYKTypaX OJJIEKTPOHHOH TeXHHKH,
KOTOpblEe MOTYT OBbITb HCMOJBb30BAHBI MPH CO3MAHHH W KOHCTPYHPOBAaHHH HAHOPa3MEPHBIX

OJIEKTPOHHBIX ﬂpHGOpOB Ha OCHOBEC HCCIICNOBAHHBIX CTPYKTYP,

® [I0JYYECHBlI JAHHBIE O BLICOKOM (Bl'lJ'lOTb A0 HECKONBKHX MHa) pacuC€THOM 3HAYCHHH BEITHYHHBI
JAaBICHUA JAHUCNEPCHOHHBIX cun, KOTOpBIE NPEACTAaBIAT HHTCpEC  UIa (bH3HKH
TONYIPOBOAHHKOB H (1)"3}1](“ KOHACHCHPOBAHHBIX CPEA, ¥ CTABAT 3a4a4H MO Pa3sBUTHIO TCOPUH

AHUCNEPCHOHHOIO B3aUMOJCHCTBHA A paccmsmni’{ B CAMHHLBI HAHOMETPOB.

e pa3paboTaH W  MpoOIEN  TOCYAapCTBEHHYIO  PErHCTPAUMIO  KOMIUIEKC — POTpamMM
«KBaHTOBOMEXaHHUECKHIl pacueT JaBneHHs, okasbiBaeMoro cumoii Kasumupa Ha cnoit
mmnexktpuka B MIII-cTpykType, npH TonmpHax AudnekTpuka oT 1 M no 1000 am»

(CBHACTE/NBLCTBO O FocynapcTBeHHOH perncTpannu Ne 2012612343 ot 05.03.2012).



Anpo6auns padoTnl

OCHOBHBIC TOJMIOKEHUA U Pe3yABTaThl paboTBl AOKMAALIBANHCE M OOCYXKHanncs Ha 8
MEXAYHAPOAHBIX H BCEPOCCHIICKIX HAayYHBIX Y HAYUHO-TIPAKTHIECKUX KOH(EPEHIUAX:

1. X™ international conference “Quantum Field Theory Under the Influence of Extemnal
Conditions”. September 18 — 24 2011, Benasque, Spain.

2. XIV Bcepoccniickad kKoHbepeHIUs «PyHIaMEHTANBHBIC HCCICAOBAHIA M HHHOBAllM B

HAaHOHAMBHBIX HCCIEA0BATENBCKHX YHHBEpCHTETax». 13 — 14 Mas 2010, Cankr-TletepOypr.
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=

3. HI Bcepoccuiickuii ¢opyM CTyAeHTOB, acmHpaHTOB H MONOABIX YydeHsIX «Hayxa

VHHOBALIMK B TEXHHYECKHX YHHBepcuTerax». 28 — 30 oktabps 2009, Cauxr-IlerepOypr:

-
=

4. XI Bcepoccuiickas MonmoaexHas koHdepeHIMs 1o  (QH3MKE MNOMYNPOBOIHHKOB
MONYNPOBOIHHKOBOH ONTO- U HaHOANMEKTpoHHKe. 30 HosOps — 4 nexabps 2009, Cankr-TletepOypr.

5. XII Bcepoccuiickas Monoae)kHad KOH(peEpeHIHs No ¢H3NKE TOMYyNPOBOAHHKOB U
MOJTYTTPOBOAHIKOBOI ONTO- M HAHOINMEKTPOHHKE. 21 — 25 HoA6pa 2010, Cankt-Iletepbypr.

6. XI mexxayHaponHOH HayuyHO-TIpaKTHUECKOi KOH($pepeHIIMH «AHaIU3 U NMPOTHO3HPOBaHHE
cucreMm ympapneHus». 15 — 18 anpena 2010, Cankr-IletepOypr.

7. XIII Bcepoccuiickas MonoaexHad KoHpepeHUHs 1Mo (H3NKE TMOTYNPOBOAHUKOB U
MTOTYTIPOBOAHHKOBOI1 ONTO- U HAHOMEKTpOoHHKE. 21 — 25 Hoa0psa 2011, Cankr-TleTepOypr

8. MexayHapoaHsiii (GOpyM—KOHKYPC MONOABIX y4eHBIX «[IpoGnemsbl HeApONoNb30BaHHA»

cexuna «Hanorexromornm». 25 — 27 anpena 2012, Cankt-TTetepOypr.

IMySankannn

OcHOBHBIE  pe3ylbTaThl AHCCEPTALHOHHOM paGoThl onyONMHMKOBaHEI B 5  CTarhix o
8 noxmamax, M3 HHX MO TeMe auccepranuu 13, cpenan koTopelx 3 mnyONMUKanMH B BERYIIHX
PELCH3UPYEMBIX W3AaHHAX, PEKOMEHIOBAaHHBIX B AeHcrByiomieM rmepeune BAK, n 1 crates
onyOJTHKOBAHA B BEAYIEM MEXKIYHAPOIHOM XXKYpHAINlE ¢ BRICOKHM HHAEKCOM IIHTHPOBAHHSA (MMIAKT—
daktop 1,053). HMmeercs Takke CBHAETENBCTBO O TOCYAAPCTBEHHOH perucTpalMu KOMIUIEKca
mporpaMMm «KBaHTOBOMEeXaHHYECKHIT pacyeT JaBieHHA, okasbiBaeMorc cuioil Kasumupa Ha croi
mmanexktpruka 8 MIATT-cTpykType, npy Tommmueax auaiaektpuka ot | HM no 1000 HM» (cBHAETENBCTBO
0 rocynapcTeeHHoit peructpannu Ne 2012612343 or 05.03.2012).

Hayuynoe uccnepoBaHue 1no TeMe AuccepTallHOHHONH paboThl OBIIO OTMEYCHO IHIIOMOM
nobGenurenss ropoackoro koHkypca 2011 roma acnMpaHTOB BY30B M aKaJEMHYECKHX HHCTHTYTOB
Cankr-IlerepOypra mo pasneny “¢usnka” um npucyxkaeHnem npemun [pasurenscrea CaHKT-
Metepbypra.

HBa JA0KJ1aga Ha KOHCI)CpCHLIH}IX ObLUTI OTMEYEHBI JAUIIIOMaMH.

Jlnunslii BKAaA AnccepTanTa COCTOHT B IMMOCTAHOBKE Psijla 3a/a4 UCCIE0BAHUS, pa3paboTke
METOIMKH pacueToB cosmecTHO ¢ npod. IJI. Knumunuxoii, pazpaboTke n peannsanuy KOMILIEKCa
MpoTrpaMM pacyeTa Ha KOMMbIoTepax o0ILero MoJb30BaHuUs, BEINOTHEHHH BCEX YHCACHHBIX PacieToB,

Y4acTHE B aHATH3€ PE3yJILTaTOB COBMeCTHO ¢ npod. A.b. ®enopuossiM 1 npod. [LJI. Knumumniikoii.



Bueapenne

Pe3ynbTartel AHCCEpPTALHOHHOrO HCCIEJOBAHHA HCIONB30BAHBI MPH [POBEJEHHH HAYyHHO-
HCCIIEIOBATENBCKIX paboT, BEITTOMHEHHBIX MO rocyaapcTEeHHBIM KoHTpakTam Ne T1-184 or 16.07.2009 1,
Ne HK-5891IT ot 11.05.2010 1, Ne 16.740.11.0144 o1 02.09.2010 -

ABTOp  BRIpaxkaer OnmaromapHocTh  A.d.-M.H., npodeccopy rmashoit (TIynkoBCKoit)
actpoHoMH4eckoii obcepsaroprn PAH Knimvunukoit Iannae JleonnnosHe 3a 1ieHHEBIE KOHCYNETAlMH 1

MOMOIIIE B MPOBEEHHH H MPOBEPKE PE3YNLTATOB PACYETOB.
COAEPXKAHHE PABOTbBI

Bo BBeaennn 060CHOBEIBaETCA BHIOOP TEMBI HCCIIE0BAHHS H €€ aKTYanbHOCTh, CTABHTCA LENb
paboTsl, H AaHHOTHPYIOTCA OCHOBHBIE pewraemsie 3anaun. KpaTtko usnaraercs copepkanne paboTsl, H
(opMyTHPYIOTCS OCHOBHBIC TONOXKEHHS, BEIHOCHMBIE Ha 3alIATY.

B neppoii rnaBe mnpuBeAeHB! aHANHTHYECKUHi 0030p coCTOSHHUA TMpeaMeTHoit obmacti
HCCIEN0OBAHNA.

Jucnepcuonnele cunel (370 060OUIEBHOE Ha3BaHue cuin Ban-nep-Baameca n Kasumupa)
HCCneay0TCst BO BceM Mupe. HecMoTpst Ha aKkTyanbHOCTH MPOBOAMMBIX HCCIEIOBAHMIT, OHH BCE elle
HOCAT OTpaHU4eHHBI XapakTep, Kak B pELISHHH NPHKMIAAHBIX 3a4a4, TaK H B MaTeMaTHYECKOM
MOJICTHPOBAHNH. JTO CBA3aHO C TeM, 4YTO 3KCIIEPHMEHTANBHEIC HCCIEAOBAHHA AHCIEPCHOHHBIX CHIT C
XOpOUICH TOYHOCTBIO CTajlH BO3MOKHBI JIOCTATOYHO HEAABHO, H TO B OTJAENBHEBIX, CrElH(HIECKIX
cnydasx. Yame BCero HampAMYKO SKCTIEPHMEHTANBHO OMNPEACNTHTb HX BIHSHHE B CTPYKTYpax
OKa3bIBAETCA BECBMA CIIOKHO HITH HEBO3MOKHO.

IMosToMy npeactaBaseT ocoObli HMHTEpec NPOBEACHHE TEOPETHUECKOTO HCCIEN0BAHHSA
JMCMEPCHOHHOTO B3aHMOJCHCTBHA Pa3sNHYHEIX OOBEKTOB, pa3JeliCHHBIX paccTossHineM MeHee 200 HM.
C nauueit Touky 3peHns HanOoJiee aKTyalbHBIM ABJIACTCA W3YyUCHHE NPOSABICHUS JTHCTIEPCHOHHBIX CHIT
B CTPYKTypaX, KOTOpbIE aKTHBHO WCIMONB3YIOTCA B COBPEMEHHOH  OMeKTPOHHOH H
IMEKTPOMEXAHHYECKOH  TexHHKE. JTo  0OyCNOBNEHO TeM, HYTO  JNEMEHTHl  COBPEMEHHBIX
JJIEKTPOMEXAHNYECKHX M JJIGKTPOHHBIX YCTPOICTB YMEHBLIMIINCH /IO JAECATKOB H JAXKe eIHHHI
HaHoMeTpoB. Panee [3-4] B JKkcriepHMeHTanbHBIX HCCNEAOBAHMAX MPHKIAAHOTO Xapaktepa ObLIO
YCTaHOBJIEHO, 4TO AEiiCTBHE ANCHEPCHOHHBIX CHI HAa TAaKHX PACCTOAHHAX NPENSATCTBYET MPOBEICHUIO
HM3MEPEHNIT MapaMeTpoB HAHOBIEKTPOMEXaHHYECKHX CHCTEM W HX (YHKUHOHHPOBAHHID. OJTH
00CTOATENBCTRA AEMAIOT aKTYalbHOI 3aateil H3yueHHe 0coOeHHOCTEll NPOABICHNS ANCTIEPCHOHHBIX
CHJI, a TAKXX€ WX 3aBHCHMOCTH OT CBOHCTB HCIONB3YEMBIX MaTepHalioB B peanbHBIX CTPYKTYpPax
(n.1.1). Takoe nccnenoBanne MO3BOMNT ONPEAETHTb TOT pyOek, NPH KOTOPOM JIHCTICPCHOHHBIE CHIIBL
CTaHOBSATCA 3HAYHTENBHBIMH, M JACT BO3MOXHOCTbL YYETa HEXKENAaTeNbHOro ACHCTBHA 3THX ABICHHIT
WK, Ha00OPOT, UX HCTIONB30BAHNA B paboTe JMEMEHTOB MEKTPOHHOM TEXHUKH.

Bo MHOrHX  JKCMEpHMEHTANBHBIX  HCCJEAOBAHMAX  [10  OMpENEeHHI0  BETHYHHEI
JHCHEPCHOHHBIX CHJI  MEXIY MAaKpPOCKOTIHYECKHMH TelaMH HCIOMIB3YIOT Tena co  ciabo

HCKPHBJICHHBIMH  MMOBEPXHOCTAMH, PAAHYCh! KPHBH3HBI KOTOPBIX 3HAYUTCIBHO TPEBBIIIAKOT
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paccTosHue Mexay obbextaMH (R >> a). Hanpumep, B3anMoaeicTBie MEXAY MIOCKOH MIaCTHHOIN
(xaK mpaBHITO, U3 KPEMHHUA HIH MeTalna) H Metamtnieckoil cdepoit [4]. Bennuuny aucrnepcronnoro
B3aHMOJZICHCTBHA B 3TOM CIydae ONpPEACIUIH, KaK IKCHepHMEHTaNnbHO, TaKk W TeopeTHYeckH. Taxxke
OBUIH  HCCNEIOBAaHBl BO3MOXHOCTH MOIYNALMH CHIIBI B3aHMOJEHCTBHS C HOMOLIBIO OONydeHHs
MOJTYIIPOBOAHHUKOBO! IIACTHHBI JIA3€PHBIMH UMITyAbcaMi. OHAKO HCCAEN0BAHUE MPOBOAHIOCH JUTA
BAKYyMa, B TO BPEMA KaK OOJBIIMHCTBO HAaHOJICKTPOMEXaHHYECKHX CHCTEM Ha OCHOBE MOmo6GHOI
KOHCTPYKLIMH pa0boTaloT B BO3AYIIHON cpelle, B KOTOPOi Ha MOBEPXHOCTH KPeMHHEBOM MIACTHHEL
BO3HHMKAaeT cyoif ecTecTBeHHOro okHcia. Takoii cioif MOXeT OKka3bIBaTh BIMAHHE HA MOAY/AIMIO
BEMHYMHBI  AHCIMEPCHOHHOTO  B3aUMOAEHCTBHA  MEXIY MOJYNPOBOAHHKOBOM  IUIACTHHOM H
MeTaJTHYeCKoil cepoit npyu obnydeHnn MIacTHHBI a3epHBIMU UMIynbcaMy (r. 1.2).

dyHkunoHHpoBaHie Oonmbuiell  YacTH  MHKPO- W HAaHOBIEKTPOHHBIX  ycTpolicTs
OCHOBBIBAIOTCA HA MCITOJNB30BaHHH MONYMPOBOAHHKOBLIX MarepHanos. B Toxe Bpems oGbekTaMH
GONBIIMHCTBA HCCNENAOBAHMIT IKCIIEPHMEHTAIBHBIX H TEOPETHUECKHX paboT rmo u3yueHuo 3ddekta
Kasumupa no cHx nop ABNAOTCH JHIUB METANTHYECKHE TeNla PasNnYHBIX KoHpurypauuii. C
ydeToM oOmeld TeHNeHUHH K MHHHATIOPHU3AlHH COBPEMEHHOH JJIEKTPOHHON ammapaTypsl
NpeACTaBIACT HHTEPEC MPOBECTH ONpe/elieHHe BeNIHYHHBI AHCMNEPCHOHHBIX CHA IUIA CTPYKTYp,
NPUMEHAEMBIX B PEaNbHOIl 2JIEKTPOHHOIT TEXHHKE, BHITIONHEHHBIX HA OCHOBE NOMYNPOBOAHHMKOB, B
NEPBYIO 04YEPENb, TAKOTO PACMPOCTPAHEHHOTO, KaK KPEeMHHH.

B kadecTBe 0ObeKTa TakHX HCCAEAOBaHMH AHCHEPCHOHHBIX CHJA € HaleH TOYKH 3PEHHA
ONTHMANBHBIM ABMAETCA BBIOOD MHOFOCIOHHOH CTPYKTYpHl METalni—Iu3NCKTPHK—TOMYPOBOIHHK,
KOTOpasg WHPOKO HCMONB3YeTCs B COBPEMEHHOIT MmonynpoBoaHHkoBOi TexHuke [5]. Ha ocHoBe
BLIOpaHHOI AN HALIEro HCCASNOBAHHUA CTPYKTYpbl, a HMEHHO CTPYKTYpPBI allOMHHHI—OKCHA
KPEMHHSA-KPEeMHHH, H3roTaBIHBAIOTCA TAKHE LIHPOKO HCMONb3YeMbIE 3EKTPOHHBIE DJNEMEHTHI H
yCTpOHCTBA, KaK KOHIEHCATOPBI, IMOJEBBIE TPAH3HCTOPLI, MPHOOPHI C 3apAfA0BOH CBA3BIO, AATYHKH
Boziopoaa. DH3HUYECKHE H IMEKTPOONTHYECKHE MapaMeTphl TaKHX CTPYKTYP MOXKHO HaNpaBlICHHO H
YIpaBASEMO H3MEHATH B IIHPOKOM jauanaszone. [Ipy 3TOM BO3MOXXHO C JOCTATOYHO BBHICOKOIT
TOYHOCTBIO KOHTPONHPOBATh XapaKTep M 3HAYEHHE OJTHX HM3MCHEHHMIl H COMYTCTBYIOUIHX HM
napametpos (m.1.3).

I'naBa okaH4HBaeTCs OCTAHOBKOH LEMH AHCCEPTALMOHHO paboTHI.

Bo Bropoli mase muMccepTalii¥  MPEACTABNCHB  METONMKA  pAcyeTOB  BEJHYHHBI
JHCIEPCHOHHBIX CHMT H 000CHOBaHHS BbIOOpA TEXHOMOTHH HCMONB30BAHUSA TEOPETHYECKHX Monenei
JUIS  ONpe/eNeHust 3aBUCHMOCTH 9ToH BENHYMHBI OT peEallbHBIX CBOICTB  B3aUMOACHCTBYIOIIMX
00BEKTOB, KOTOPbIC BHOCAT BKJIA/ B MCIICPCHOHHBIC SBICHAA [4, 6].

OcHOBOI1 ANA TEOPETHYECKOr0 H3YYECHHsS IMCHEPCHOHHBIX CHI, HCMONb3yeMoil B AaHHOMN
pabote, spagercst Teopus Jluduina, Koropas SBNAETCA CNPaBEAMMBOH [UIS PAaCCTOAHHIA MEXAY
B32HMOJICIICTBYIOLIHMH TEJAMH OT HECKOJBbKHX CAHHHI 10 ThicAY aHrcTpeM. O0mniee BHIpaxeHHe AT

SHEPrUM AMCNEPCHOHHOTO B3anmoaeHcTBus E,(a, T) B cnyuae ABYX MONYNPOCTPAHCTB, Pa3AeIeHHBIX



IENbI0 WHPHHBL a, 6b1T0 MonydeHo B pabote Judnua [7), n B nansHeiiniem 06o6weHo Ha caydaii
CITIOHCTBIX CTPYKTYp [8], B TOM uHclie H ¢ NpOH3BOABHBIM YHcIoM cioes [11, 12]. 310 06obueHHOE

BBIPQKEHHE HMEET BT
o
Epp(a’T):% Z(I_Bﬂj f/ud’uzl“[l— ([)(Ir;l I‘J.) (IEJl’kJ_)] {1
T - 2

3neck kp — mocTostHHas Bonsumana; T — TeMnepatypa, Beipaxentas B Kenssuuax; 8y — cumpon
Kpowexepa; / = 0, 1, 2, 3,.. — uemoe wuucno; Kk — MOAYTs MNPOEKLUHH BONHOBOTO BEKTOpA
JNEKTPOMArHUTHOI BONHEI Ha TUIOCKOCTh IUIACTHH, MapajUIeNibHyl0 TpaHuile pasfena cpen;
&) =2mkgTl/h — uactorst MaunyGaper. HHAeKe ¢ HCMONB3yeTCA At 0GO3HAYCHHS MAarHHTHOM H

3MEKTPUUECKOIT COCTABISIOIIMX MEKTPOMArHHTHOTO MOJA.
3uaueHns kod(pQPHINEHTOB oTpaxkeHHs (OpeHens R,S’)(iﬁ,,kl) " R‘g”)(igf,,kl) it IBYX
nossipi3anuii magaromwet MMEKTPOMarHHTHOH BONHB! BEITHCIISHOTCS MTPH MHUMBIX 3HAYEHHSAX 9aCTOTHI:

k() _ (g 1) k) k()

(111}, _ R([ i) (§ k )_._—/_ 2)
R Jhy )=t —————> ,
™ (Igl -L) 85")’([(")*'85”)1(,(") rrL (n) +[(( )
3HCCB HCIIONB3YCTCA o0o3HaueHHe
K[(") 3)

NpHYeM 3HAYEHHS mnnempnqecm{x MPOHHUAEMOCTEH  BBIYHCIAIOTCA TPH MHHMBIX 3HAYCHHIX
MaLy0apoBCKOi 4acTOTBI e (&1); € — CKOPOCTh PaclipoCTPaHEHNS DIEKTPOMATHUTHOH BOJHEI
B BaKyyMe.

Ecnu oana w3 nuacTuH Ui obe mpeAcTaBnaroT coboil CIOHCTYIO CTPYKTYpY, TOTA2 K FpaHHLe
pasjiena MPHMBIKAET CNIoii TONMUMABL d W3 MaTepHana ¢ AHANeKTpuHeckoit nporHuaeMoctsio £''(w), a
OCTaNbHAS JaCTh TUTACTHHBI BBINONHEHA U3 MATEPHANA ¢ AHIMEKTPHYECKON MpoHHLaeMocThio €' (w).

(0)

HpH 9TOM JaBJICHHE HA IIENTb, 3aMOJHEHHYIO MAaTEpHaANIOM C €', TaKXKE ONpEACHACTCS BBIPAXKEHHEM

1), ro xoadduumentsr ROGE Lk, ), R(”) i€ s,k { ) B 9TOM BBIpOXXCHHH HMCIOT GoJiee CIoKHEIA Bua [4]:
" TR q [ZLE p

“l.)(,é“ )+r(hl)(,§“ e 2Ky
1+ (ol)(’E-y k ) ||)(1§“ ) B

3HaveHue IlHCl'leCHOHHOﬁ CHJIBI MOXXHO OMfPCACAUTE MO HW3BECTHOMY BLIPAKCHUIO IS

R (i, k) = @)

cBoOOAHOI SHEpTHI:
oE, (a.T) ‘
da

Oaunm 13 mapamMeTpoB AHCMEPCHOHHOTO B3aHMOACHCTBHSA ABNACTCA JAABJICHUEC

Fla,T)=- )

JHCTIEPCHOHHEBIX CHIT Ha pasfensromuil mposoasuie obsekTl coil. PopMyna uis onpeneneHus

BEJIHYHUHBI AABICHUA, CO31aBAEMOro AUCNEPCHOHHBIMH CHNIAMH Ha cnoii, HAXOAANIHHACA B COCTOSHHH



TEMIOBOTO paBHOBeCHA pH TeMneparype T (B KenbBuHax), OyaeT HMeTh BUA:

)
kBT w( 5[0) EZK’ “

Pla,T)=- kydk K¢

=t Jrackuki %r,§°v‘><ia,,kl)»-;(’ﬂ)(ia,,h)

3Hak “MHHYC” 37€Ch MOKAa3bIBACT, YTO B3AUMONCHCTBYIOIIME TUTACTHHBI MPHTATHBAIOTCA O

-1 (6)

JICCTBHEM INCMEPCHOHHBIX CHIT, BOSHUKAOIIHMX MEXAY HUMIH.

PaccMmorpennsie BolpaxeHus (1) — (6) And onpeneneHus MapaMeTpPOB AUCIEPCHOHHBIX CHIT
MOKa3bIBAIOT, YTO X BEIHUMHY OMPEACNAIOT TAKHE MapaMeTPhl, KaK PacCTOSTHHE MEKAY MPOBOAAILIMMHU
CIOSAMH, AHNEKTPHUECKAs POHHLIAEMOCTb BELIECTB, TEMIIEPATYpa.

Jing npoBeACHHS YHCIEHHBIX pAcuyeToB HEOOXOMHMMO 3HATh 3HAYCHHA JHIEKTPHYECKHX
NPOHUIIAEMOCTEH BCEX PacCMaTpHBAEMEBIX CPell MPU MHHUMBIX 3HAYEHHSAX YacToTHl (if), KOTOphIE
BEIYHCIAIOTCS C HCMOJBb30BAaHHEM pasNHYHBIX MPHOMIKEHHBIX MeToaoB [5, 6], OCHOBaHHBIX Ha
H3MEPEHHH BEUIECTBEHHOH H MHHMOH YacTeit KOMIIEKCHOTO MOKa3aTeNs NPEenoMIICHH.

B wHacrosmeli paboTe auCMEpCHOHHOE B3aHMOICHCTBHE HMCCNENOBANOCh A  clydas
KPEeMHHEBOH MIAaCTHHBI, TOJUIWHA KOTOPOH, KaK MpaBuio, cocTasnseT okono 150 — 200 mkm. [Tootomy
B COOTBETCTBHE C paHee MPOBEACHHBIMH HCCIENOBAHUAMH, BEPHBIM OYAET CUHTAaTh TAKYIO MIIACTHHY
SKBHBAJICHTHOI1 MOJYNpOCTpaHCTBY {9].

Beipaxkenue ans onpeneneHHs OHMIEKTPHYECKolt MPOHHIAEMOCTH KPEMHHEBOH MIACTHHBI ©
PAaBHOMEPHO pacTIpeesieHHBIM 3apaaoM B o0beMe MONyMpOBOAHHUKOBOH MITACTHHBI ¢ cOOCTBEHHOIM
KOHUEHTpauMeid MeHee 10"7 em umeer Bua:

10,73 o},
g +(DSi ’

3ech ITAa3MEHHas YACTOTA [T KPEMHHS ws; = 6,6:10'° pan/c.

g (%)=1035+ @)

[MoBenenne audACKTpHYECKOH MPOHHLACMOCTH JH3INECKTPHYECKOTO C0s AHOKCHAA KPEMHUA,
o0pa3ymoerocs Ha NOBEPXHOCTH KPEMHUEBOH NIaCTHHBI, I0CTaTOYHO TOYHO OMHCBIBaeTcs Gopmynoil
JUISL IBYXOCHHIUTATOPHO# MOJIENTH M XOPOLILIO COMNIAacyeTCH ¢ 3KCIepHMEHTANBHBIMH JJaHHBIMH [6, 10]:

2 2
€si0, (&)=1 +%+L—I§—9% ®
@y +8 o, +§

3necks uCnonB3yIOTCA chreayiounie oboszHaueHus: cyy = 1,098; wur = 2,033-10I6 pan/c;
cir=1,703; w;r = 2,88-10" pan/c.

IMpy uccnenoBaHHH MOAYMSILMH Na3epHBIMH HMIYIBCAMH BETHYHHB! JHCIEPCHOHHBIX CHII,
KOTOpBIE ASHCTBYIOT MEXKIY KPEMHUEBO TUIACTHHOI 1 30JI0TOoi cdepoil, pasaeneHHEIMU BO3IYWIHON
weneto (g = 1), XopowHM NpuOIHKEHHEM UL OMHCAHHS AUITEKTPHYECKOH MPOHHLIAEMOCTH 30/10Ta

ssnsercs {4, 10]

oy p.Au > &
e, (it)=1+ E? +JZ:|:(1) +&° +Y;€ ®

3pech mnasMeHHas 4dacToTa MU 3o0f0Ta (O 13,671~10lS pan/c, g wj, y; — mapameTp,

pou
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4acToTa ocHMMAAUAT 1 KO3(hGUIHEHT 3aTyXaHius COOTBETCTBEHHO, 3HAYCHHS KOTOPBIX IUIA 30J10Ta
TIpHBE/ICHB! B IPHIOKEHHH.

Jins GonpmnHcTBa peanbHo HenonbyeMbix MITT-CTpyKTyp B KadecTBe METAIIMYECKOTO CIIOs
OOBIMHO HCMONB3YIOT AMOMHHHN. JIns omicaHus KOMIUIGKCHON JHANEKTPHYECKOl MPOHUIAeMOCTH
aNtOMHHHS, KaK TIPaBHIO, HCMONB3YIOTCA JBE MOMeNH — Moaens JpyRe HIH IUa3MeHHas MOXENS.
Pasmuune oTHX Momeneii 3akmovaeTcAs B pa3sHOM ydeTe JHepTHH paccesHHA B Iporeccax
CTONIKHOBEHHSA CBOOOJHBIX JNCKTPOHOB MPOBOMIMOCTH C MOHAMH DELIECTKH M BIAHAHUA MEX3OHHBIX
MePexooB.

B mMonmenn Jlpyne AuafekTpHyuecKas MPOHAIIAEMOCTh AMFOMHHHA ONPEICISIETCS BEIPAKEHHEM

Sfx)l (iE_,): 1+

o
e (10)
EE+y,)

rae wpy a1 = 13 3B — nna3sMennas yactoTa 1 ya = 6,45 M3B — napamerp penaxcanuu [11].

Tak HaspiBacMas mnnasMeHHas MOAENb OMNHCAHHA  JUAICKTPHUYECKOH MPOHHLAEMOCTH
AJIIOMHHHS ABIAETCA XOPOILHM NPUONIKEHHEM B 00NaCTH TONIIMHEL CIOA MEHEE CTa HaHOMeTpoB [4,
10]. B oroff MomenH yuUHMTHIBAETCA MABIDKCHHE OJIEKTPOHOB 0€3 CTOJKHOBEHHS C  (hoHOHAMHM
KpHCTa/uIHYeckoil  pemierkn  Martepnana.  Ilpw  9ToM  cBoGOjHBIE  SNMEKTPOHBI B BEIIECTBE
PaccMaTpHBalOTCA KaK PaBHOMEPHO paclipefielleHHoe o0ako, TO eCTh Mua3Ma. YpaBHEHHE AN 3ToH

MOJENTH ANDIEKTPHUECKOIT MPOHHLIAEMOCTH aNIOMHHIS HMeeT BHA [6]:

En(iE)=1+2 g (11

B uccneayemoit MIAI-cTpykType TOMIUHMHEI JHIICKTPHUECKOTO CJIO MOTYT COCTABMATH
€NHHHILl HAHOMETPOB, MOITOMY JUIA OMPEACTCHUS BETHYHHBI AHCIEPCHOHHOTO B3aHMOJECHCTBHS
Heobxonuma Oonee mnonHas wWHGOPMALIHA JUIA  OMMCAHHS AHIIEKTPHYECKOH NPOHHIAEMOCTH
MaTepHalioB B BeCcbMa OOJILIIOM AHAMaz0He YaCTOT, BIJIOTE 10 & = 658 5B.

Kak n3BectHo [4], npuMenenne nipoctsix Moaenei (10) u (11) B oGnacTi ¢TOAb BBICOKHX 9acTOT
ABMAETCA HEBEpHBIM. TTo3TOMY IS MpOBEACHHS BBHIUHMCICHHI JABMEHHS IUCOCPCHOHHBIX CHI IS
AUana3’oHa TONHH AHDIEKTPHYECKOro c¢nod oT ¢ = 40 HM 10 @ = | HM MBI HCHONB3YEM
3KCMEepHMEHTANBHBIE AaHHBIE [12] A7 KOMINMEKCHOTo MoKa3aTeNd MpeioMacHHs JUIA JMana3oHa
vactoT ot & = 0,04 5B no & = 10 k»B. 3raueHne AHINCKTPHUECKOI MPOHMIIAEMOCTH BAOIL MHHMOIT OCH
YACTOT MO’KHO BEIYHCIINTB C MOMOMIBIO AHCICPCHOHHBIX COOTHOILIEHHH Kpamepca—Kponnra [4, 13}

(IF,)—1+ j ,(m) j‘ (“’_) f : (12)

TC o,

Tpr 2TOM HCHONK30BANH 3HAUSHHS TUTA3MEHHON 4YacTOTHl M NapameTpa pelakcauMu s
aNOMEENSA, TPEACTABNCHHBIC paHee.

B TpeTbeii rnane npeicTaBNeHb! Pe3yNETATHl TEOPETHUECKOTO HCCIEAOBAHHSA 0COOEHHOCTEI
NposABIEHNA AMCMEPCHOHHBIX CHI B HAHOPA3MEPHBIX CIOHCTHIX CTPYKTYpax Ha OCHOBE KPEMHHA,

BBITIOJIHEHHOIO H& OCHOBE TCOPHH Hu(bunma.



OpnHoii Hanfonee IIHPOKO HCTIONB3YEMOH CIOMCTON CTPYKTYypoH sBAsSETCA KpeMHHEBas
MIACTHHA C JHOKCHOM KPeMHHs Ha MOBEPXHOCTH, KOTOpLIi JIHG0 GOpMHUPYIOT TeXHOMOTHYECKH, THOO
KOTOpBIiT 00pa3yeTcsi €CTeCTBEHHBIM MYTEM H3-3a OKHCJAEHHsS MOBEPXHOCTH B BO3AYLIHOH cpene.
Takue CTPYKTYPhE CITY:KaT OCHOBOI Pa3IHYHBIX MEKTPOHHBIX H MHKPO3IEKTPOMEXaHHYECKHX CHCTEM.
JUTs HcceMoBaHHS BIHSIHHA OKHCIEHUS MOBEPXHOCTH KPEMHHEBOI IUIACTHHBI HA €€ ANCIEPCHOHHOE
B3aMMOACHCTBHE C BHEIUHHM IMPOBOAHHMKOM OBUTa TEOPETHYECKH paccYUTaHa BO3MOXKHOCTh
MOAYIAUMH BEMHYHHBI JUCMIEPCHOHHBIX CHI MEXKIAY KPEMHHEBOH IUmacTHHOit M 3010Toif cdepoit
paauycoM R = 100 MkM, pa3aeneHHBIX BO3AYLUIHON npocnoiikoif mupaHoH a MeHee 500 um (n. 3.1). B
XOJI€ TPOBEAEHHBIX TEOPETHUYECKHX HCCNENOBAHUH OBUIO YCTAHOBJEHO, YTO HalH4YHE NMJICHKH OKCHAA
HA TMOBEPXHOCTH KPEMHHEBOH TIUIACTHHBI NPUBOAMT K HEKOTOPOMY YMCHBIUEHHIO pacyeTHOIl
BEMTHYNHB! AMCNEpPCHOHHBIX chi. Tak Ha paccrosuusx a = 50, 100 u 200 uM cuna yMeHbIIAETCs
cootBeTcTBeHHO Ha 2,8; 1,6 1 0,85 %. TaxuM obpa3om, ¢ yBeNMYEHHEM PACCTOAHHA OTHOCHTENBHOE
BIHAHHE TOJLIHMHBI CNIOA AMOKCHIA KpeMHHs Ha cuiy Kasumupa majgaer. OaHako BeNHYHHA
OTHOCHTENBHOTO M3MEHEHHS CHIIBI PACTET C YBEIHYEHHEM PAacCTOSHHS.

Panee B pabGore [14] Obla 3IKCTIEPHMEHTATRHO MPOAEMOHCTPHPOBAHA BO3MOXKHOCTh
MOOYJIALHH B YCJAOBHAX BBICOKOTO BakKyyMa BeJHYHHBI JHUCTIEPCHOHHBIX CHJI  0OMydeHHEM
MOBEPXHOCTH KpPEeMHHEBOH TIUIACTHHBI JIa3epHBIMH HMIynbcamd. Hamu Obla mpoBeneHa oOLEHKa
BITHAHUS CIIOA AHOKCHAA KPEMHHS Ha MOBEPXHOCTH KpeMHHA Ha cury Kasumupa u ee H3MeHeHHE oA
Bo3AciicTBHeM nasepHoro oOnydeHus. [IpoBeneHHbIE pacyeThl [MOKA3alH, YTO BO3MOXHOCTB
Monynsuun cunsl KasnMupa nasepHbBIMH UMIOYnbCaMH COXPaHsAeTCA M B BO3AYUIHOI cpene, xoraa
TIOBEPXHOCTh KPEMHHEBOH TMIaCTHHBI MOKpbITa IUeHKol okcupa (pucyHok ). Hammune Tonkoit
IEHKH  ¢ab0  BAMAET Ha BO3MOKHOCT TAaKOH MOAYMALMH, KOTAA pPACCTOSHHE MEXAY

B3aHMO/ICHCTBYIOLIMMH TeaaMH Masto (opsaxa a = 100 HM H MeHee).

a =300 um

254
204 a =200 um
2 159
.
104 a =100 um
54 a=501m
L] T T L} T
1 2 3 4 5 d, 1M

PHCyHOK | — PacueTHas 3aBHCHMOCTh OTHOCHTEIBLHOTO M3MEHEHHS myﬁm-n,l MOOYIALHH

III/ICHCPCHOHHOﬁ CUJIBI ¥ OT TONUIHHBI IJICHKH OKHCJIAa Ha KPDEMHHH d NpH pasIHYIHBIX PACCTOAHHAX @



Mexay chepoil 1 nracTHHoI

TakuMm obpazom, ObUIO YCTAHOBNEHO, YTO OKHCJICHHE MOBEPXHOCTH KPEMHHEBOH IMIACTHHBI
cnabo BUUAET Ha BENHYMHY AHCMEPCHOHHOIO B3aHMOAEHCTBHA KpEeMHHA C METANTH4YECKHM
anektporoM. [IpH yBenHYEHHH pacCTOSHHS MEXAY B3aHMOAEHCTBYIOWMMH 00BEKTAMH BO3MOXXHOCTh
MOIYISIHH BEMTHYMHBI AHCTIEPCHOHHBIX CHNT OOMYYEHHEM KPEMHHEBOH MOBEPXHOCTH Ja3epHBIMH
HMITYTbCAMH CHHXKAETCs, OJIHAKo 5Ta o0JacTh MpeAcTaBiAseT MEHBIIHIT MpaKTHYECKHIT HHTepec, Tak
Kak cunsl KasuMupa cTaHOBSTCA CIHIIKOM MaNbIMH MO BETHYHHE.

B nyHxte 3.2 aMccepTauMH TpeAcTaBlIeHbl pE3yIbTAaThl TEOPETHUECKHX HCCIENOBaHHI
0coGeHHOCTEH MPOABICHHA AUCTIEPCHOHHBIX CHIJI B HAHOPA3MEPHBIX CIOHCTBIX CTPYKTYypax MeTani—
nuanexrpuk—tonynposonuuk (MAIT) Ha ocHoBe KpeMHHEBOIH TOJUTOXKKH.

B uacrHocTH, moanyHkT 3.2.1 MOCBALIEH TEOPETHYECKOMY MCCIEAOBAHHIO 3aBHCHMOCTH
JABIIEHHS, CO3aBAEMOro AMUCMIEPCHOHHBIMU CHIAMH Ha AMDJIEKTPHYECKHIl ClToi JHOKCHIZ KPEMHUA B
M/ H-cTpykType, OT TOMILHHBI METAITHYECKOTO CJIOS, KOTOPHIT Bolmonuex w3 amtoMunns. TpuHsras
B pacdeTax TOMUIHHA AMMIEKTPHYECKOIO CIIOA, Ha KOTOpPBIH OKa3bIBAIOT JaBfeHHE JHCIEPCHOHHBIE
cunel, coctasnsina a = 80 uMm. IlpsMele uncneHHsle pacueTHl OBUTH TPOBEAEHBI JUIA PasITHYHBIX
TONMIHH MeTajundeckoro cnos o, paBHeix S50 uM, 100 HM m 1 mxm. 3HadeHHs naBieHHs
JHCTIEPCHOHHBIX CHI, TONYYEHHBIE € HCTONB30BAHMEM [UIa3MEHHON MoOJeNH JAMIIEKTPHYECKOH
MIPOHUIIAEMOCTH AMIOMHHHA, COCTABHIIH, COOTBETCTBeHHO, —5,515 Ta, —5,517 Tla u 5,517 Ma. Ilpu
HCMoNb30BaHUH Moaea Jpyne Ut OMHCAaHHUs AUIMEKTPHYECKOi MPOHNIAEMOCTH CIOS ANMIOMHHHSA
BeSHYHHA JABAEHHS AHCHEPCHOHHBIX CHJ, PAacCUHTaHHAsf NMPH 3THX K€ TOMIHHAX METANTHYECKOro
cnost, cocraBmsieT —5,489 Ia, —5,491 Ila, —5,491 Ila. 3uak MuHYC, B COOTBETCTBHH C YpaBHeHHeM (6),
OTBEYAET CHIIE MPHTHKEHHA.

H3 nosydeHHBIX JAHHBIX CJIEAYET, YTO yBEIHYCHHE TOMIMHBI cJIof amtoMHHHA Gonee 100 HM
HE TPHBOANT K YBENMHYEHHIO pacueTHOH BENMHYHHBI JABNEHH Ha CROH AMINEKTPHKA, 3aKITIOYEHHBIH
MexIy ANOMHHHMEM H KpeMHHEM. YMEHBLIICHHE ke TOJWHHBI MeTaHyeckoro cnos ot 100 uM no
50 ®M ymeusilaer nmaBneHue Bcero Ha 0,03 %. Medbplmue TOMUMHBI METAJUVIM3AIHKU  PEOKO
HCHONBL3YIOTCA Ha NMPaKTHKE.

PacxokzeHne pe3ynsraToB pacdyera AHCIEPCHOHHBIX CHJI C HCIIOMB30BAaHUEM PACCMOTPEHHBIX
Mozeneit Ans OMHCAHHS AMINEKTpHYeckolf MPOHHLIAeMOCTH BElEeCTB (TUIa3MEHHON MOIETH ¥ MOAIENTH
Hpyne) ue npesbiiaer 0,5 % — 3To BeChbMa BHICOKOE COBMAACHHE PE3YIbTATOB BBIYUCICHHH IUTA
MaJbIX PaccTOAHUI Mexay o0bexTaMu.

[MonyvenHble pacueTHLIE 3HaUEHHS UCTIEPCHOHHOTO JABIEHHS 110 NOPAAKY BEMHYHHBI XOPOLIO
COTNACYIOTCS C pe3y/ibTaTaMH JIKCMEepHMEHTOB MO M3MEPEHHIO AHCHEPCHOHHBIX CHI B ONHM3KHX IO
napametpaM cucteMax. Hanpumep, sddextiBHOE naBneHne MexIy OByMs 30J0THIMH IUTaCTHHaMH,
pa3eneHABIMH BaKYYMHOIl IIENBI0, H3MEPEHHOE € BBICOKOIi TOYHOCTHIO, cocrtasnsgeT — 1,1 Ila mpu
wpuHe menu 162 HM [15]. Tak kak ¢ yMEeHBUIEHHEM PAaCCTOSHHS 3TO AaBIEHHE BO3pACTacT MPHMEPHO

00paTHO TPOTIOPIMOHANBHO YETBEPTOIl CTEMCHH PacCTOSAHHA, MMOITOMY HPH paccMaTpHBacMoH HaMH



mupuHe went a = 80 HM OHO JIOMKHO COCTaBHTh BeNHuYHHY Okofio 15 Tla. 3onoto W amoMunHii
ONM3KH MO CBOEMY BIIMSHHIO HA AUCMEPCHOHHBIE CHIIBL. 3aMEHa OIHOH M3 METATHYECKNX MIIaCTHH HA
KPEMHHERBYIO TMIPUBEAET K YMEHBIUEHHIO BEHYHHB THCIIEPCHOHHEIX I npiMepHO Ha 30 %. Takum
00pa3oM, YMCHCHHBIH pacdeT MOKa3bIBAET, YTO MAABEHHE MEXAY aNlOMHUHMEBOH M KPeMHHEBOI
NIacTHHAMH, pa3fcIcHHEIMH BakyyMHoft menblo uupunoii 80 uM, cocrasmstet —10,5 [a.

B moanyHkTe 3.2.3 m1aBel 3 HccieROBaHa 3aBHCHMOCTb BENMYHHBI JABIEHHA, CO31aBaEMOro
NUCMEPCHOHHBLIMU CHITAMH Ha cnoif anokcuaa kpeMuus B MJATI-cTpykType, OT TOMWKHBL 3TOTO Cl1os.
BeludcieHus BEAMYMHBI JABIEHHS AUCHEPCHOHHBIX CHIT MPOBOAMIHCE C HCMONB30BAaHHEM MOIETH
Ipyzae (10) u nmnasmenHoit mogenn (1) s onHcaHus AMDIEKTPHYECKOH NPOHMNIAEMOCTH aTIOMHUHHS
npu ero tonmuuHe d = 100 M. B pesynbTare Gbi10 YCTaHOBIEHO, YTO ¢ YMEHBIUICHHEM PAaCCTOSHHSA g
ot 80 uM no 40 HM MexIy MPOBOASILMMH CIOAMH METa/ia ¥ MOAYIPOBOAHMKA, TO €CTh B 2 pa3a
BEIMYMHA JIaBneHns GricTpo BospactaeT: oT —5,5 Ma no -67,3 [Ma, To ectb moutw B 12 pas.

Korna paccTOSHHA MEXAy B3aHMOACHCTBYIOU[HMH CNOSMH CTAHOBATCA €IIE MeEHbUIE M
COCTABNAIOT EAHHALEI HAHOMETPOB, AN OMpe/eleHNUs BEIHYHHBI AHCIEPCHOHHOTO B3aHMonelcTBns
HeobxonuMa Gosee monHas HHGOPMAUMA JUIA  ONMHCAHHA JHIIEKTPHYECKOH NPOHHUAEMOCTH
MaTepHaloB B BECbMa GONBLIOM QHAMa3oHe 4acToT, BIIoTh 10 & = 10 k3B. ITosToMy uccnenoBanus
JUCHEPCHOHHBIX ¢l B MJITI-CTpyKType npH TONNIMHAX JHINEKTPHUECKoTo cios Menee 40 HM
NIPOBOJHIIMCE C HCIIONB30BaHHEM BHIPOXEHN (12) JUIA ONMHCAHHA JHANEKTPHYECKOIl TPOHHIIAEMOCTH
amOMHHHA B pamkax mopenn Jlpyae v nasmensoil mozenu. [na onucaHHs AHINEKTpHYECKOIl
NPOHHLIAEMOCTH KPEMHHS TAKXKE HCTONb30Banack Gonee TouHas MOIENE MPH BEIMHCICHHAX BEJTMIHHBI
JVCMEepPCHOHHOTO JaBNeHHs B ucenenyemoit MII-cTpyxtype.

Pe3yneTarTsl NPOBEACHHBIX BBIYNCIEHHH Ha ocHose Teopuu JInbumiua moxasanH, 4To mpu
TONUIMHE [OMIEKTPUYECKOTO CNOS MEHBblIE, YeM a < 5 HM, pacyeTHas BEIHYHHA [ABICHHS
JHCTIEPCHOHHBIX CHA MoxeT gocturate -8 MIla (-82 atm.) B cTpykType aniOMHHHH-IMOKCHI
KpeMHHsS-KpeMHHil. To ecTh BeNM4HHA MABIEHHUS QHCIEPCHOHHBIX CHJI MOMKET YBENMYHBATHCS B 10°

pa3 npu yMCHBUIEHHHN TOJHHBI AH3JICKTPHYICCKOro CJIos B 40 Pa3 B COOTBETCTBHH C 310 TEOpHCﬁ

(pucyHok 2).
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PHCYHOK 2 — PacueTHas 3aBHCUMOCTH JABIECHHS ARCNCPCHOHHBIX CHII OT TOJIIIHHBL
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JZHAIEKTPHUECKOTO CJIOA, COCTaBJIAIoLIEit AeCATKH — eAMHHIBI HaHoMeTpoB B M[I-cTpykType

[TonyyeHHas BeanyHHa OaBJEeHHSA He 3aBHCHUT OT THIA MofenH, BEIGpaHHOH JUIA OMicaHHs
JUIEKTPUYCCKOH MPOHHUREMOCTH amoMuHus: Jpyne HIM nnasMeHHas. PacxoxaeHue pe3yabTaTos
BBIYHCIIEHHH C HCTIONB30BaHHEM PA3HEIX Mozeleil pacuera cocTaBmiio MeHee 1 %, UTO XapakTepH3yeT
BBICOKOE COBMAJEHHE MONYYEHHBIX Pe3ynbTaToB NpH Manbix (MeHee 40 HM) TOMIIMHAX XHOKCHIA
kpeMHNs B Hceneayemoii MI-cTpykType.

B noamynkre 3.2.4 paccMoTpeH ciaydail pacdeTa BEJIMYHMHBI JUCMEPCHOHHBIX CHI B
HEPENIATHBUCTCKOM Mpeesie IpH TONILMAAX AN3NEKTpHYeckoro ciaos MeHee 5 HM B MTI-cTpykType.
DTo CBA3aHO C TeM, YTO TaKHE PacCTOAHHA CTAHOBATCA COMOCTABHMBIMH IO BEJIMYHHE C JJIHHOH
BOJIHBI, XapaKkTepHOil Anf cHeKkTpa MNONIOWeHHA Marephana. JInst OLEHKH BEJMYMHBI JaBJIECHHA,
OKa3bIBAEMOT0 JHCIIEPCHOHHBIMH CHJIAMH Ha CJOil AHOKCHAA KPEMHHA, B CITy4ae HEpeNATUBUCTCKOrO
npegena Obla paccuntaHa KOHCTaHTa [amakepa Ins ABYX Mojeneit, NCTIONB3yeMBbIX 1S ONMHCAHUA
AMINEKTPHUECKOI TMPOHAIAEMOCTH AMIOMUHHA, Ta NOCTOARHAA okasanack pasroil H = 1,61-107'° ik
npH BBIYHCIEHHH C Hcronk3oBaHneM Mozxenu Mpyne, m [ = 1,60-10"° JIx — B ciyuae pacuera c
HCMONB30BAHUEM IIa3MEHHOI MOACTH. Ot0 CBHOCTECIBLCTBYECT O TOM, HYTO pe3ym,Tafr BBIYHCIICHHI
JMCNEPCHOHHOTO [JAaBIEHHS H B ClIy4ae HUCMONb30BAaHNA HepeNaTHBHUCTCKoro mpeaena B MII-
CTPYKTYpe HE 3aBHCHT OT MojeNeil, KOTOpble HCMONMb3YIOTCA [UIS ONHMCAHHA XH3NEKTPUHECKOI
MNPOHHUAEMOCTH  AaMIOMHHHA.  3HA4Y€HHE  JMCIIEPCHOHHOTO  JIaBIEHHA,  PAcCYHTAaHHOE B
HEPENATHBUCTCKOM fpefiefie MNpH  TOAU{UHE AMDNEKTPHYECKOro ¢los a4 = 3 HM COCTaBJAeT
—3,01-10° Tla, To €CTh OTNHHYACTCA OT €rO IHAYEHHA, PACCAUTAHHOTO B PEAATHBUCTCKOM CyHae MeHee
yeM Ha 3 %. TaxkuMm oOpazoMm, 171 NpeABapUTENbHOH OIEHKH BEIHYHUHBI AHCIEPCHOHHOTO
s3anmozaeiicTeua 8 MATT—TpykType ¢ 04€Hb TOHKHM JHMEKTPHKOM (TOHBIIE 5 HM), MO-BHIHMOMY,
BO3MO)KHO HCIMONB30BaTh Gosiee npocTyio GopMyny Ul HEPENATHBHCTCKOTO Cy4ast, KOT/a JaBlcHUE
00paTHO [IPOTIOPLHOHANBHO Ky0y pacCTOSHHA MEXAY MPOBOIALUUMH CIOAMH.

3aknouenne

B nocneanee Bpems Benyuuie MHpoBbie nafopaTopuM M KpymHeHIIHE MPOH3BOAMTENH
JNMEKTPOHHOH TEXHHKH BEAyT AKTHBHBIE Pa3pabOTKH JNMEKTPOHHBIX YCTpOIHCTB B BHAE CNOHCTHIX
CTPYKTYp Ha ocHoOBe Kpemuia. [IpH 3TOM Hamnuo crpemsieHHe Uit d((EKTHBHOIO YIpPaBJICHHS
JNIEKTPOHHBIMH IIpOLIECCaMH B KPEMHHH HCIONIb30BaTh Bce OoNee TOHKHE CIIOH AMANEKTPHKA MEXAY
META/LTHYECKHM 3ICKTPOJOM H KpeMHHeM. B pexopaHbIX cryvasX TOMMMHA AHINEKTPHYECKOTO Cos
YMeHBIIAETCSI OO0 HECKONbKHX HaHomeTtpoB (@ < 3,0 Hm) [16]. DBomnsmmsaCcTBO Takmx
MOMTYNPOBOAHHKOBEIX MPHOOPOB CO3MAIOTCA MO OYeHL CIIOXKHON TeXHomoruun. DTo MPHUBOAMT K
3HaYHTENBHOMY YBENHUEHHIO HX ce0ecCTOMMOCTH, NMPHYEM HHOTAAa HAaHOpa3MEpHBIE NIEKTPOHHBIE
yCTpoiicTBa OKa3BIBAIOTCS HepaboTalOWIMMH H, Kak TMoka3aHo B paborax [3, 10], npuunHoii
HEHCTIPABHOCTH B psJiE CNTy4aeB CTAHOBATCA HMEHHO XHCIIEPCHOHHBIE CHITEL.

TakuM o0Opa3oM, ocTaeTcs AaKTyalbHBIM [OCTaBIeHHAas B Hadale IMPOBEACHHA JaHHOTO

HCCIICAOBAHHA LEJIb OMPEACTICHUA BEIHYHHBI AHCMEPCHOHHBIX CHI, ,ueﬁcmyroumx B COBPEMCHHBIX



HAHOPa3MEPHHIX CIIOMCTBIX CTPYKTYPAX, H3TOTOBICHHLIX H2 OCHOBE MOHOKPHCTAIIMYECKOIO KPEMHHSL.
Ora uenb ObUIa JOCTHTHYTa MyTeM BLIMONHEHHA pacdeToB Ha OCHoBe Teopuu Jlndmmma c
HCHONB30BAaHAEM pa3paboTaHHBIX TEXHOMOTHIT pacueTa.

B xozme paGoTel GBUIO YCTaHOBNEHO, YTO pacueTHas BEeIMYNHA JUCIEPCHOHHBIX CHII, KOTOpas
JeiicTByeT MEXKRY KPeMHHEBOH IIACTHHOH M METANTHYECKUM TENIOM, HaXOAAUHMHCA B BO3IYILHOM
cpefe, cnaGo 3aBucut or o6pa3oBaHMA Ha TMOBEPXHOCTH KPEMHMEBOH MMAaCTHHBL TOHKO#
JHINEKTPHUCCKOH NIICHKH THOKCHIA KpeMHHUA. B paMKax obIEenpuHATOH TeOpHH AHCIIEPCHOHHBIX CHIT
OBUIO  TEOPETHYECKM WCCIENOBAHO MPOABICHHE JHCTICPCHOHHBIX  CUN, JCHCTBYIOIWHX Ha
nuonextpudeckuii crnoit B MAII-cTpyKType Ha OCHOBEC KpUCTalla KpeMmHHs. B pesynbrare Ml
MONYHHIH, YTO C YMEHBUICHHEM TOMMUHUHBI C0A ANOKCHIA KpeMHHA oT 80 HM 10 3 HM pacueTHas
BE/THYMHA JABNCHHs JUCTIEPCHOHHBIX CHI Ha JTOT CJIOH pe3Ko, Ha WIECTh MOPAAKOB, BO3PACTACT MO
monymo npumepHo ot 5 Ila mo 0,3 MIla, uto MOXET oOKa3aTb CYIIECTBEHHOE BIHSAHHE Ha
byHKUHOHNPOBaHUE MPUGOPOB. PazymeeTcs, AN TOMMIMHBI HIIEKTPHKA B €AHHHIB HAHOMETPOB, TO
€CTh B HECKONBKO aTOMHBIX CIIOEB, MMOHATHE AHINEKTPUHECKOH MPOHHLAEMOCTH, HCIONL3YEMOE B
Teopuu JInduinia, He SBASCTCS BMONHE KOPPEKTHBIM. Pe3ynmbTaTel, MosydeHHsle A 3Toit oGnacTy,
HMEIOT OLEHOUYHBI} XapaKTep.

MonyueHHsle 3HaueHHs JaBICHUSA  AHCIEPCHOHHBIX CHA TNpH  MajbliX  TONIIMHAX
JMDNEKTPUYECKOTO crost (MeHee 5 HM) XOpouIo COMACYIOTCA C HEpEeNsTHBHCTCKHM crocobom
PacCMOTpEHHs. UCIEPCHOHHOTO B3aHMOACHCTBHA. PacxXoxaeHHe pe3ynsTaToB BBIYHCICHHA ¢
HCTIONB30BAHHEM PENATHBHCTCKOTO H HEPEIATHBHCTCKOTO PACCMOTPEHHSA COCTaBNAET MeHee 3 %.

TeopHs AMCHOEPCHOHHBIX CHJI B HACTOAIEE BPEMS CHHTAeTCs MpHMEHHMOH B obmactH
pacCTOsHMIT MeXLy B3anMoeiicTByromiMu oGbekTamMu Meree 500 am. B obnacTu Manbex paccTosHui
(eAMHHMLBI aHICTPEM) AHUCHEPCHOHHBIE CHIBl CTAHOBATCA CPaBHHMBIMH 110 BEJHYHHE C APYTHMH
OOMEHHBIMM  B3aHMOJECICTBHAMH M BHOCAT BKJaA B BEIMYHHY moNHOH SHepruu  obmero
B3aHMOJCHCTBAA B BHOE cnaraeMoro. [loka B3aMMOIEHCTBYIOIIHE TeMa COXPAHAIOT CBOKO
WHANBHAYAJbHOCTB, TO €CTh He HaOmomaeTcs MEePeKpBITHS 3NEKTPOHHBIX 00OJIOYEK aTOMOB, BKAAJ
JVICMEPCHOHHBIX CHJT B MOJHYIO SHEPTHIO ABAACTCA CYUIECTBEHHBIM. JINs omnpeneneHHs HEKOTOPOTOo
KOHEYHOr0 3HAYEHHA BEJMYMHBI JAHCMCPCHOHHBLIX CHJI HCHONB3YIOT Ppa3siH4HbIE BapHALHOHHbBIE
METO/IBI, AHAJIOTHYHBIE PACUETY MEKTPOHHBIX 000NOUYEK MOEKYN (METO NIEKTPOHHEIX KOppessuui,
(parmMeHTanNiA MONEKYNSAPHBIX 00ONOYEK M T.JA.), KAXKABIT M3 KOTOPBIX aleKBAaTeH B OYEHL Ma/IOM
[Marna3oHe pacCTOSHHUI.

TakuM 06pa3oM, MOTYYEHHBIE B IaHHOI paboTe BBICOKHE 3HAYEHHA AABJIEHHS INCTIEPCHOHHBIX
cHJl, ISHCTBYIONIMX MEXAY TPOBOAAIIMMHE CIOIMH B HAHOPA3MEPHOI CIOHCTOI CTPYKTYpE anioMHHUI
— NMOKCHI KPeMHHS — KpEMHHI{, MOTYT SIBHTBCA OTIPaBHOMH TOUKOIl MCCENOBAHASA, UENBI0 KOTOPOTO
GyaeT pellleHHe BOMPOCa O MpEAeNnax MPUMEHHMOCTH OOIUENPHUHSATOH TCOPHH QMCTIEPCHOHHBIX CHIL
ComnocTasieHHe NOMYYeHHOH pacueTHOH BEMHYHHBI JABICHHSA, CO3JaBacMOr0 AHMCTIEPCHOHHBIMU

CHJIaMH Ha Clofl auoKcHaa KpEMHHA, C neHCTBHEM JpPYTHX CHII, HMCHOUIUX MECTO B nccneuyeMoﬁ



CTPYKTYPE, NOKA OCTaeTCa 3amadeil 1as ganbHeHnIuX l!CCﬂCHOBﬂHHﬁ, KOTOPLIC XKENATCIBHO CBA3ATH C

IKCTIEPUMEHTANBHBIMH HCCIICIOBAHHAMH 3TOI0 ABJICHHA.

QOcHoBHBIE pe3yJILTAThI:

1. Bneperie nonydeHa pacueTHast BeJIHYITHA JaBICHHA, CO3/aBAEMOr0 JHCIICPCHOHHBIMH CHIIAMH
B HaropasmepHoilt MJTI-cTpykType Ha ocHOBE KpeMHHCBOMN MOANOKKH, H YCTAHOBIEHO 3HAYNTENBHOE
BO3PaCTAHHE JTOr0o JaBACHHA (IO HECKOJNBKHX Meramackaneif) mnpH yMEHBIUSHUM TONIIMHGI
AUINEKTPHYECKOro CNos A0 SAHHHII HAHOMETPOR.

2.  YCTaHOBIEHBI  OCHOBHbIE  3aBHCHMOCTH  pAacueTHOH  BEAHYHHBI  JHCTIEPCHOHHOIO
B3aHMOACHCTBHA OT I'eOMETPHUECKHX H IEKTPOONTHYECKHX MapaMETPOB CIOEB HAHOPa3MEpHO
CITOMCTOH CTPYKTYPH! Ha KPEMHHEBOIl MIAcTIHE B AHAMA30HE PEAILHO HCTIONB3YEeMbIX 3HAUYSHHH 3THX
napaMeTpoB.

3. VYcradoBneHo cnaboe BAUAHHE HCMONB3yeMbIX  (PH3HKO-MaTeMaTHHeCKMX MOZeNeit,
HCTIONB3YEMBIX AN ONUCAHHSA AHMIEKTPHYECKOH NpOHHUAEMOCTH COEB HaHOpa3sMmepHoit croucroit
CTPYKTYPbl Ha OCHOBE KPEMHHs, Ha PE3YNLTaThl BBIYHCICHHS BEJHYHHBI JABITEHHS JHCIICPCHOHHBIX
CHIL.

4. HccnenosaHo BMHAHHE ¢J08 AHOKCHAA KPEMHHS Ha TMOBEPXHOCTH IOJYNPOBOXHHKOBOH
HOUTOKKH Ha BO3MOXKHOCTE MORYIALMH BEJHYHHBE JHCIIEPCHOHHOTO B3aHMOZAEHCTBUA B BO3AYINHOI
cpeae MexAy KPEMHHEBOH MUIaCTHHOIl © BHEIMHHM TPOBOJHHMKOM JIA3€PHBIMH HMNYNbCaMH H
0J1Yy4€HBl 3aBHCHMOCTH PacyeTHOI BENHYHHBLL AUCTIEPCHOHHBIX CHI OT OKHCJCHHS IOBEPXHOCTH
KPEMHHEBOi MIACTHHBI.

AKTYyanbHOCTe  pe3ynbTaToB paboTEl MOATBCPIK/ICHZ AaKTaMH BHEAPCHHS MONYYCHHBIX
pe3yNbTaToB B HAYUHO-HCC/IEAOBATENbCKHE paboThl, [IPOBEACHHBIE IO FOCYAaPCTBEHHBIM KOHTPaKTaM
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