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O13bIB Benymeii opranusanun
Ha IHCCepTallMOHHYI0 paboTy Emenbsinenko Kupuina AnexcanapoBuua
«BJIMSIHUE TUCKPETHOCTH BEIIECTBA U 3APSIJIA HA
IIOBEPXHOCTHBIE CHJIBI B HAHOPA3BMEPHbBIX CUCTEMAX»,
TIPEACTABICHHYIO HA COUCKAHHE YYEHOM CTeNeHN KaHauIaTa (buzuko-

MaTeMaTHYeCKUX HayK 1o crieruansHocty 02.00.04 — Dusnyeckas XUMus.

1. AkTyaibHOCTB paGoThI

Huccepranus K.A. Emenssrenko HIOCBAMICHA PEICHHIO 3ana4 (hU3ndecKoi
XUMHH, CBSI3AHHBIX ¢ pa3paboTKOM MOIXOM0B Ul OMHCAHMUS HaHOPa3MEPHBIX CUCTEM
C YHETOM IHCKPETHOCTH CTPOEHHS BElIeCTBA W 3apsia, Mmo3ToMy, Ge3ycCIOBHO,
ABISIETCSA aKTyallbHOM, TIOCKOJIBKY 3aTparuBaer BOIIPOCBI  paclIMpeHust o6nacTu
[IPUMCHUMOCTH TEOPUH [TOBEPXHOCTHBIX CHJI Ha CHCTEMBI, KOTOPBIEC, C OZIHOM CTOPOHEI,
HE MOTYT OBITb OIIMCAHBI B paMKax MAaKpOCKOIIUIECKUX MPUOIHKEHHU, a ¢ Apyroi —
CJIMILIKOM BEJIMKH Ui MHUKPOCKOIIUYECKOTO pacemotpenus. Tak, Gpopmainbro, Teopus
OO npumennma nump [POCIIOWKAM TOJILHHON B HECKOJIBKO HaHOMETPOB.
Paszpaborannsie B AUCCEPTALMU  TIOAXOABI 110 YYETy BIHAHHUS JUCKPETHOCTH
3APSUKCHUA  [IOBEPXHOCTH  HA  9JIeKTPOCTATHYECKHE U BaH-/I€P-BaaJIbCOBBI

B3aHMO/ICHCTBHS MO3BONISIIOT HE TOJBKO OLIEHHUTE KOPPeKTHOCTH pesynbraros JIJIOO



[I0IX0a, HO U KaYECTBEHHO U KOJHYECTBEHHO OOBSCHHUTH MOBCACHHE CHUCTEM 34

npeaejiaMu 9YMCTO MAaKpOCKOITHYECKUX U MHKPOCKOIIHYECKHUX ITOAXOOA0B.
2. Ouenka coaepkanusi paGoTbl, ee 3aBepUICHHOCTH

PaccmarpuBaemas nuccepranuonsas pabota NMeer TPAAULIHOHHYIO CTPYKTYpY
U COCTOMT M3 BBEJCHHs, 0030pa JIUTEpaTyphl, pe3yibTaTOB HCCIENOBAHUS M HX
00CYKICHHS, U3II0KEHHBIX B TPEX [T1aBaX, BHIBOAOB H Ooubnuorpaduyeckoro crmcka.
Marepuan usnoxen Ha 121 cTpaHuie, Bkio4aer 39 PUCYHKOB W 8 Tabmuil.

bubnuorpadudeckuii cnvcok conepxut 177 HauMeHOBaHUIA.

Bo BBexennn aBTOp 060CHOBBIBAET AKTYaNILHOCTE PaboTEI, bopMyITHpYeT LEeb

U OIIPEACIIACT pellaeMble 3aaa4uu.

B nepBoii r1aBe aMmcceprauMm mnpuBeneH 0630p OTEUECTBEHHBIX U
MEXyHAPOAHBIX IyONUKALMH, MOCBSIIEHHBIX PA3IMYHBIM TIOAX0AaM 10 OMMCAHKIO
HTOBEPXHOCTHBIX CHII B KOJUIOMJIHBIX chcTeMax. KpuTtnueckuii aHanus iureparypHbIX

AQHHBIX MO3BOJIMII aBTOPY PabOTEI OCTATOYHO TOYHO CHOPMYITHPOBATH COBPEMEHHBIE

Hp06HEMBI obJractu HCCJICAOBAaHUA MMOBEPXHOCTHBIX CHIL.

Bo Bropoii rmiaBe jucceprauMu mpearaeTcs MomXon K - OMUCAHMIO
TIOBEPXHOCTHBIX CHJI B CHCTEMaxX CMaYMBarOIIUX AUIEKTPUYECKUX TUIEHOK TOIIUHOMN
B HECKOJIBKO HAHOMETPOB Ha IOBEPXHOCTH 3JIEKTPOJIUTOB € Y4YeTOM psija
0COOeHHOCTEH TakuX cucTeM. Tak, YUHTHIBAIOTCS HAJIHYMe 3apsijia TpaHULBl pasjena
STIEKTPONUT/IUINIEKTPUK M HEOOXOIMMOCTE AUCKPETHOIO PAacCMOTPEHHsS 3apsi/ioB.
Kpome Toro, mnpu omnmcanum cucrems YUUTBHIBAIOTCS pPAaCTBOPEHHUE BOILI B
AMIIICKTPHHECKOH TUICHKE, CHIIbI H300paKeHHus, CBI3aHHbIE C TIONApU3aLHeii rpaHuUIl
pasneia, TnMob-AUIMOoIbHOE B3aMMOICHCTBHE PACTBOPEHHBIX MOJIEKYI BOJIBI MEXIY
CO0OM M, MOCPeICTBOM BOXOPOIHOM CBSI3H, ¢ SJIEKTPOIIMUTOM. JIIsl 1OoCTpoeHws
CaMOCOIIaCOBaHHOIO MOJX0/1A, aBTOP PEIAET 3a/1a4y 110 paclpeieIeHUIO TIOTEHIHAaIa
CAMHUIHOTO 3aps/ia, PacIioNOKEHHOIO B 9JIEKTPOJIUTE BONU3K Mex(a3HOM rpaHHULI ¢
TJIEHKOH. 3aTeM, C TIOMOIIBIO METOA BRIPE3aHHOTO IACKA, NePEeXOIHT K pacyeTy IoJIs,
CO3/1aBAEMOTO pa3yMoOPsII0IEHHBIM aHCaMOIIEM IUCKPETHBIX 3apsioB. IToiyueHHbIe

COOTHOIIEeHUSA JJIs IIOTEHIIHMAJIOB HCIIOJIB3YIOTCA AJIA HaXO0XJIECHUSA



CaMOCOITIACOBAaHHBIX BEJIMYMH PACKIMHHUBAIOIIEr0 NaBJICHUS M aICOPOIMU BOIBI B
IUIEHKE TIPU Pa3jIMYHBIX TONIIMHAX IUIEHOK U 3apsDKeHUsx rpaduisl. Kak 6wuio
MOKa3aHO aBTOPOM, aHalM3 H30TePM PaCKIMHHMBAIOIIETO [aBICHUA B IUICHKAX
Pa3IMYHBIX YIJIEBOAOPO/IOB TMO3BOJISET KOJIMYECTBEHHO PACCUUTHIBATE PABHOBECHBIE
TOJIIMHBL  CMa4YMBAlOLIMX IUICHOK. Mcmonp3oBanue pa3pabOTaHHOrO —MOAX0OIa
MO3BOJIMJIO  BIIEPBHIE  KAaYeCTBEHHO M  KOJMYECTBEHHO OIHUCATh  SBJICHHE
HEMOHOTOHHOIO PAaCTeKaHWA-CKATUsl Kalelb O€H30Ja [0 ITOBEPXHOCTH. bBbIIO
TOKa3aHO, YTO TaKoe I0BejeHHe 00yCIIOBIEHO PaCTBOPEHUEM BOABI B JMOJIEKTPHKE,

IIPUBOJSAIINUM K CYLIECTBEHHOMY U HEMOHOTOHHOMY M3MCHCHHIO IMOBEPXHOCTHBIX CHJI

B CMa4YHMBalOIHUX IMJIEHKAaX.

B rTperbeli rmaBe uccienyrorcs 0COGEHHOCTH — BaH-Iep-BaalbCOBBIX
B3aUMOJIEHCTBUH B HAHOPA3MEPHBIX CUCTeMaX. ABTOp 060CHOBBIBAET HEOOXOIHUMOCTh
UCTIOJb30BAaHMSI METOAA CBSI3aHHBIX OCLUUIMPYIOUIMX IMIIONEH IS TAKMX CHUCTEM,
KOTOPBIH, C OJHOW CTOPOHBI, YYMTHIBAET IUCKPETHOCTh CTPOEHHS BELIECTBA W
0COOCHHOCTH (POPMBI HAHOYACTHII, & C APYrOH — MO3BOJIAET PACCUNTATh MOMPABKH HA
MHOIOTE/IbHBIC B3auMozeiicTBUA. CpaBHEHUE Pe3y/IbTaTOB, MOJIyYEHHBIX P pacyeTe
BaH-/IeP-BaA/IbCOBBIX CHJI OTHM METOAOM, C IOJYy4YEHHBIMH HA OCHOBE WIMPOKO
MCTIONB3yeMBIX B JIUTEPAType MaKpOCKONHYECKOTO M MHKPOCKOMHYECKOrO MapHO-
AAMUTHBHOIO IIONXOJOB, IIO3BOJIMJIO aBTOPY YTOUHHTH OOJACTH MPUMEHMMOCTU
mocnefHUX. B guccepranmMu  npoaHaNM3MpOBaH —WIMPOKMH  KPYT  CHCTEM
B3aUMOJICHCTBYIOIIMX HAHOYACTUIl W JUISI CHCTeM, paHee B JHUTeparype He
paccMaTpuBaeMbIX, IMPEUIONKEHBl SMIUPUUECKHE COOTHOLICHUS UISI 3aBHCHMOCTH
SHEPrUM  BaH-NIEP-BAAJILCOBOTO  B3aHUMOACHCTBHMS ~ OT  PACCTOSHHA — MEKIY
HaHowyacTuuamu,. K mnpumepy, GbUIO yCTaHOBIEHO, YTO B IHIMPOKOM JHANA30HE
PacCTOAHMI MEX/ly HAHOYELIYHKOM M YacTULeH, a TaKKe HAHOUEITYHKOH 1 BHCKEPCOM
(HUTEBUIHON HAHOYACTHIIEH) HAONIONAETCS CTENeHHAas 3aBHCHMOCTD SHEPIruu
B3aUMOJZICHCTBUS OT PaCCTOSAHMS C IIOKazaTessiMu cTeneny 4.25 1 4.2, COOTBETCTBEHHO.
IIpoananusupoBas BIHAHHE MHOTOTENBHBIX B3aHMMOLCHCTBHA, aBTOp IOKa3ajl

BaXXHOCTb HX Yy4ye€Ta MOJI1 KOPPEKTHOIO0 ONMUCAHHA BaH-J1€p-BaaJJbCOBBIX CHJI B

HAaHOPa3MEPHBIX CHCTEMAX.



B 4erBeproii ri1aBe aBTOp NPUMEHSET allpoOXPOBAHHBINA B peAbIAYIIEH I1aBe
nmoaxon K CHCTEMaM OJHOKOMIIOHEHTHBIX M MHOIOKOMIIOHEHTHBIX CMa4MBarOIIUX U
CBOOOIHBIX IJIEHOK. MCIonp30BaHMe TAKOTO IMOAXOAA MO3BOJIMIIO H3YYHTh BIIHSHHE
JlaTepabHbIX pa3sMEpOB IIJIEHOK Ha WX U30bITOuHBIE dHepruu. Kpome Toro, ObLIo
[I0Ka3aHO, YTO M3MEHEHHWE CBOWCTB IUICHOK IIPH MPOCTPAaHCTBEHHOM OrPaHUYEHHH
CHUCTCMbI IIPUBOAMT B ClIy4a€ CBCPXTOHKMX CMA4YMBAIOILIUX U CBDﬁO,[[HBIX IMJIEHOK K
OTKJIOHEHHIO OT 3aKOHOMEPHOCTEH, Mpe/IcKa3bIBaeMbIX MaKpPOCKOIIHYECKOM Teopueii.
[IpoaHanu3npoBaHbl 3aBUCUMOCTH M30BITOYHBIX JHEPTUM OT TOJIIMHBI U PACCUUTAHBI
KOHCTaHThbI I'amakepa /17151 CBOOOHBIX IUIEHOK YIVIEBOAOPOJIOB, @ TAKIKE CMAaYMBAIOIIX

IJICHOK YITICBOAOPO/A0B Ha MMOBEPXHOCTHU Te(bJ'IOHa.

IlpoBeneHHBIA aBTOPOM aHaAlIM3 BKJIaga MHOIOTEIBHBIX B3aWMOJEHCTBHUIA
TMOKa3al, YTO MapHbIM BKJIaJ BO B3aUMOIEWCTBUE Ia€T JOCTATOYHO HETOUHYIO OLIEHKY
JUIst ©30BITOYHOM BaH-Jep-BaalbCOBOM PHEPrUM TUIEHKH. [Ipu 3TOM, eciu [ IIIeHOK
C ManplMM  JIaTepaJbHBIMM  pasMepaMH  IpeHeOpeXeHHWe  MHOIOTEIbLHBIMU
B3aUMOJICHCTBUSIMH BEJIET K CYIECTBEHHOM HeI001eHKe H30BITOYHOM SHEPIUH, TO JUIA
CUCTEM C OONBIIMMHM TONEPEYHBIMH pa3MepamMy  BJMSHUE MHOTOTENILHBIX
B3aUMOJZICUCTBUI MMeeT OoJiee CIIOKHBIA XapakTep, U, B 3aBUCUMOCTU OT TOJILUHBI

HpOCJ’EOﬁKI/I, MOXET IIPUBOOUTH KaK K IEPEOLICHKE, TaK U K HEJOOIIEHKE U30BITOYHBIX

SHEPrUi.

[Ipumenenue pa3paboTaHHOIO JUCCEPTAHTOM MOAXO0/A K MHOTOKOMITIOHEHTHEIM
CHCTEMaM ITO3BOJIMIIO TAK)KEe PacCUUTaTh KOHCTAHTHI B3aMMOIEHCTBHSA PaCTBOPEHHOM

B IIJICHKE YITIEBOAOPOJ0B BOAEI C OTpaHUYUBAIOIIIUMU IJIIeHKY (1)&38MI/I.

JlocTOBEpHOCTL Pe3y/IbTATOB H O0O0OCHOBAHHOCTL BBIBOAOB 00ECIIEUYEHEI
TEOPETUYECKON 0GOCHOBAHHOCTBIO HCIONB3YEMBIX ABTOPOM IOAXOIOB, COMVIACHEM
PE3yIbTaTOB C pe3yjapTaTaMH JPYIMX aBTOPOB, a TaKXKE C HMEIOIUMUCS
SKCIIEPUMEHTANIBHBIMU JaHHBIMU. ClIe/lyeT TaKKe OTMETHTH anpoOal|io MONTyYeHHBIX
pe3yNbTaTOB Ha OTEYECTBEHHBIX M MEKIAYHAPOAHBIX KOH(PEPEHLHUAX, a TaKXKe B

BI:ICOKOprITHHI’DBBIX MEXAYHapOOHBIX HAYYHBIX U3JaHUAX.



IIpakTHyeckasi NEHHOCTH NOMYYCHHBIX  pe3yJbTaTOB COCTOMT B
BO3MOJKHOCTH 00Jjiee TOUHOTOo [IPEJICKa3aHUs ITOBEICHHUSI, YIIPABIICHUS YCTOMYMBOCTHIO

H TIpoleccaMu CaMOOpraHu3alliy KOJUIOMAHBIX CHUCTEM HAa OCHOBE MpeNI0XKEHHBIX

aBTOPOM TIOJIXOOB.

K 3ame4eHHBIM HaMu HeoCTaTKaM AUCCEPTALIMA MOXKHO OTHECTH ClEYIOIIHE:

1. Ilpu npeacTaBlIeHUM pe3yNBTAaTOB WMCCENOBAHUS 3aBHCHMOCTH SHEepPruu
B3aMMOJICHCTBHUS KyOU4eCKUX HAHOYACTHIL OT B3aUMHO OpHeHTanuu (yria noBopora)
ci1e710BaJio ObI BMECTO HEMOHATHOTO TepMUHA «3a30p» BBIPA3UTh PACCTOSHHE MEX]LY
KyOHKaMH B 3aBHCHMOCTHU OT PAacCTOSHUS MEeX]1y LIEeHTpaMH KyOHKOB.

2. Ilpun 3anucu BbIpakeHUs ISl OTEHIMANA (2.29) u (2.30) cnegopano 6er
OOCYAMTH BOTIPOC O CXOIMMOCTH ITONyYEHHbIX PsI0B, IIOCKOJIBEKY, Ha TIePBBIM B3IVIAL,
OHH HECKOJIBKO OTJIMYAIOTCS IPYT OT Apyra.

3. loanucu K HEKOTOPBIM PHCYHKAM, B YAaCTHOCTH K pucynkam 2.5 u 2.6,
M3JIMIIHE JJAKOHUYHBI, YTO 3aTPyAHSIET UX [TOHUMaHKE,

CnenanHele 3aMe4aHMs He CHHIKAIOT OOWIeH ITONIOXKHUTENBHON  OLIEHKH
AUCCEPTALMHU K UX MOJKHO PacCMaTpUBaTh KaK MOXKeJIaHus U1 HajIbHENIIero pa3BUTHS
paboTsl. [luccepranusi mpencTaBuseT coGoil  BBIMOTHEHHOE Ha BBICOKOM YpPOBHE
Hay4qHOE UCCIIeIOBAHKE HA aKTya lbHYIO HAayuHYIO TeMy. ABTopediepaT B IOJHOI Mepe
OTPaXaeT OCHOBHOE COMCPIKAHUE TUCCEPTALIMH, BHIBOABI SIBISIIOTCS 000 CHOBAHHEIMIL
OCHOBHBIE pe3yNETaThI ¥ BBIBOIBI 10CTATOYHO IONHO OTPa)K€HBI B OTKPBITOH 11€4aTu B
CeMH HayuHBIX IMyOIMKALKAX B JKypHAIaX, PEKOMEH/I0BAHHBIX BAK, a raxxe npoum
anpodauuio B MHOIOYMCIEHHBIX JOKJIAgax Ha POCCHHCKHMX ¥ MEXIyHApPOIHBIX
KOH(EepEeHLUsX.

Pesynbrater muccepraunonnoit paGotsr K.A. Emenbsnenko MOI'YyT OBITh
MCII0JIb30BAHBI B JICKUMOHHBIX KypcaxX U HAyYHO-UCCIIEN0BATENbCKOM pabore B PXTV
uM. Menneneesa, MI'Y um. M.B. Jlomonocosa, MOHX PAH, UMET PAH u OPYTUX
HayqHBIX — OPraHH3aUMAX, 3aHUMAIOMIUXCA pa3pabOTKOH W HWCCleNOBaHHEM
HaHOPa3MEPHBIX CHCTEM.

[Togonst wrorm awnamusa paccMaTpUBaeMoOl  Hay4HO-KBaTH()UKALMOHHOM

paboThl, ClexyeT OTMETHTBb, 4YTO aucceprauus K.A. Emenssnenko sBisercs



CaMOCTOATENbHON 3aKOHYCHHON Hay4HOH paboTol Ha aKTyalbHYIO TeMy, 110 00beMy
HCCIIEIOBAHMH, HAYYHON M IPAKTHYECKOH 3HAUYMMOCTH COOTBETCTBYET KPHTEPHSAM,
YCTaHOBNEHHBIM 1. 9-14 [lonoXeHHs O NPHCYKIAEHHH YYEHBIX CTETICHEH,
YTBEPXKIEHHOro nocraHoBieHneM [lpasutensctBa Poccuiickoit ®epepanuu ot 24
centsiops 2013 r. Ne 842 (B mocnennei penakuuu 2016 roma) mis KaHAMIATCKUX
Aucceprauui, a ee aBrop, Emenbanenko Kupwin Anexcannposud, 3acilyKUBaeT

NPUCYXKACHUA YICHOH CTeNEHH KaHauaata (U3MKO-MAaTeMaTHYECKUX HAYK 10

cneunanbHoctd 02.00.04 —busnveckas xumus.

3aKmo4eHue NPUHATO HA 3acCeNaHMKM HAyYHOTO CeMHUHapa kadeapsl BEICIIEH
marematnki PI'bOY BO «Poccuiickuii rocynapeTBenHsIi yausepcutet HeTr 1 raza

(HNY) umenn .M. T'y6xunax». ITporokon Ne 3 ot «09» anpenst 2018 r.

3aBenyrommii kadeapoii BuicuIeii MaTeMaTHKH,

AOKTOPp (pu3.-maT. HAYK %@7 B.B. Kanunnun

DelepabHOE TOCYIapCTBEHHOE GIOKETHOE 00pa3oBaTelbHOe yupexxJieHHue BbIC-
mero obpasosanus «Poccuiickuil rocy1apcTBeHHbINH yHUBepcUuTeT HeTU U rasa
(HaLMOHANBHBIN HCCIIe10BATENBCKHI YHUBEpCHTET) MMeHH .M. ['yOxunay»
Anpec: 119991 , r. Mockga, JIeHMHCKUIA npocit., 1. 65, kopr. 1, aya. 1410
Tenedon: +7 (499) 507-86-73

dakc: +7 (499) 507-88-77

Caiit: http://www.gubkin.ru

e-mails: com@gubkin.ru, vm@gubkin.ru

Ioanucr Bacuiaus Banepbsinpsnua Kasnuuna 3aBepsIo:

HavanbHUK

oTaena kaapo l0.E. Wupses



