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OT3bIB BEAYUIEH OPTAHH3ALIUH
Ha guccepraumio Bayanna Huknrel Bacnasesn4a
«HeenenoBauae HOHHOTO H MOJIEKYASPHOTO TPAHCOHOPTA B DHOCEHCOPAX HA
OCHOBE TEEPIOTE/ILHBIX HAHOMOP HI HHTPHAA KPeMHHA», NPEICTABISHNYIO HA
COHCKAHME YHEHOH CTENENH KananaaTa GHINKO-MATEMATHYECKHX HAYK No
cneunaabnoeT 1.3.2 — Mpudopsl B MeTOAL! IKCNEPHMERTAILHOH QHINKR

Hucceprauvonnas  pabora Baymmra H.B. «MHccnemopanme wnonnoro w
MOMEKYIPHONO TPaHCnopTa B GHOCEHCOPAX HA OCHOBE TEEPIOTENEHBIX HAHOMOP H3
HUTPHIE KPEMHHS: [TOCBAIIEHA W3IVHEHHIO TPAHCIOPTA HOHOB H OMONOTHYECKHX
MOEKYTAPHEIX COCIMHEHHI B HAHOPA3MEPHBIX Nopax, chOPMHUPOBAHHEIX B TOHKHX
HEMPOHHUAEMBIX TBEPUOTENBHEIX MemOpaHax, HMIYYeHHIo W paspaboTke METONOB
ONTHYECKOTO YNPaBIeHHs MHOHHON NPOBOJHMOCTRI) HAHOMOpP, B TOM, 4HCne ¢
MIA3MOHHBIME  HAHOAHTEHHAMH, 4 Takke  MCCNeNOBaHHIO  TIOOXOOOR K
KOHTPOMHpYEMOH  (ukcauny  OeKOBRIX COSJHHEHHH B NOpax ¢  [NOMOMIBIO
IMEKTPHYECKOTO MoNiA. AKTYANEHOCTE BRINOTHEHHOH paboThl ONpeienseTcs WIHPOKHM
CNEKTPOM MOTEHIHATILHLIX NPHMeHEHHH TBePIOTENbHEIX HAHOMOPOBLIX CEHCOPOB,
oDecneyMBalOIINX  BOIMONKHOCTE JIETEKTHPOBAHMA M  HCCACIOBAHHA OIHHOYHBIX
monexysn. PaspaboTka HOBBIX BRICOKOMpHeKTHBHEX OHOCEHCOPOE HAa OCHOBE
TEEPAOTENLHBY HAHONOP ©4eHh BocTpeboBaHa B MoONeKynapHoH Ouonormu M

MeqHIIHHE.



Muccepranud vanoxena Ha 130 cTpaHHUAX H COCTOHT H3 BBENEHHH, TPEX 1Ak,
IAKMKMEHHA H CITHCKR THTENATY DR, BEAKMAK0WEro 106 HCTOMHHEDB,

Bo peeneHHH 0DOCHOBRIBASTCH AKTYANBHOCTE HCCIE0BAHNA, obo3HauaKoTCd
uenb  paboTel Mo sadaw, [OCTABIEHHBIE MNepen  asTopoM, (QOpMYTHPYIOTCH
JAMHIIAEMEIE TONOKEHME, OIpeleNdlOTcd HAYYHAd HOBH3IHA M NPAKTHHECKad
JHAYHMOCTE JAHCCEPTALIHH, BBLICIACTCH THYMHBIH BKNAX aBTOpA B JOCTHKEHHE
npeaCTapNeHHBIX Pe3vIbTATOR.

[Mepeas rmaea npencrasnser coboil NMTepaTypHEIl 0030p, coAepKAllHI
KPaTEYI0 HCTOPHEO JAETEKTHPOBAHHA OIHHOYHRX MONEKY] B HAHONOPOBRIX CHCTEMAX,
OCHOBBL TEOPHH HOHHOIO TPAHCMOPTA B TEEPAOTENBHBIX HAHOMOPAax, OMHCAHHE
NPHHLATA JeTEKTHPOBAHHA MOJIEKYI [0 H3MEHEHHAM HOHHOTO TOKa [pH
NPOXO#ICHAH Nopsl Guonorndeckoidl Monexynoil, a Takke onucanHe Hanbonee
OOMyAAPHEIX  MATEPHANOB [INA TBEPOOTENbHBIX MeMOpaH, METO/0B CHHTE3a
cpoboHBIX MemOpad © GOpPMHPOBAHHA B HHX [Op C JAHAMETPOM B eIHHHIE
HEaHOMETPOB,

Bropas maga nocBAlleHd ONHCAHHIO KAKOYEBOH [UIA [IMCCEPTALIHH METOIHKH
W3rOTORNEHHA MemOpaH M3 HHUTPHIA KPeMHHA H pPEeIVILTATOB €€ MPHMEHESHHH.
[pencrapnensl H3oOpaweHHs 00pa3llon, NOMYYEHHLIE METOMAMH ONTHYECKOH H
WIEKTPOHHOH MHKPOCKOIHH, [PHBOAHTCH pacnpeleNeHde II0 pa3MepaM HaHomop
onHOoH cepuH. OnHcana asTOPCKAs KOHCTPYKUHA H TEXHOIOTHA HIrOTOBIEHHA AYECK
I8 TPOBEJeHHs SKCIICPHMEHTOBE [0 HOHHOMY TPaHCMOpTY B Hadonopax. lamwe
oDCTOATENBHO  ONHCAHE  METOAMKA  IMOAroTOBKH  00pasuoB M MPOBEIEHHA
IKCMEPHMEHTOB N0 I¢TEKTHPOBAHMIO OJHHOYHEIX OHOTOIMUECKHX MONEKYN H HX
(PHECALMH B HAHOTIOPOBEIX CHCTEMAX,

B TpeThLEH rase NpeacTaBIeHb pPe3vILTATEL NpoBeIeHHBIX
JKCTIEPHMEHTANBHBIX HCCNEA0BAHMI 110 MOHHOMY TPaHCNOPTY B HAHOMOpax, ero
ETHH}'TEHIIHII OMTHYSCKHM HEJI}"-[EHHEM B ..'_"I.H-}"K H{H-FHEHTH.K - L‘-q}ﬂH}“EHPUBﬂHHHM
KBASHMOHOXPOMATHYECKHM CBETOM Jasepa ¢ JUIHHON BomHel 632 HM C BEICOKOR
BEMHYHHON NIoTHooTH soummoctd B 10 kBr/em® #H  [IHPOKONONOCHBIM
HeQOKYCHPOBAHHBIM H3/IYYEHHEM TaJIOTEHOBOH NaMnbl ¢ HA MOPALKH MeHbIIeH
NAOTHOCTRE  Mouipoetd 35 wmBriom®.  [lpueonstes  pesynsTarel  Kak  Ha
cthopmupoBaHHeix B SiN, MemOpanax OIMHOYHBIX [Opax, Tak M Ha nopax,
GYHUHOHANHIHPOBAHHEIX  30J0TBIMH  HAHOGHTEHHAMH,  CAYKALIMMH  1as
KOHIEHTPALHH ONTHYCCKOID H3MYYEHHA B 00NacTH HAHOMOPE! 38 CYET MIasMOHHLIX
PE3OHAHCOR. IKCIEPHMEHTR! BLINONTHEHB! Kak Ha OydepHoM pacTBope XN0pHIa KajlHs
KK TAKDBOM, TAK H Ha collepalieM OHOIOrHYecKHe MOIEKYIIbL.



Ha mam B8], OCHOBHLIE HayUHBIE PesylBTaThl, NOIYYCHHBIE B PaMKax

NPORENEHHOM HCCNEN0BAHHA, CCAYIOLWHE,
|. PaspaBoran M ONTHMH3MPOBAH KOMILIEKC TEXHONOMHYECKHX [POLICCCOB

waroToBRNEHHA amopdHEn SiN, MemOpan TonuKEoH oT 25 HM H (OpPMHpOBaHHI
B MMX OIHHOYHBIX  HEHOPAIMEPHBRIX  [O0p ©  KOHTPOJHPYEeMBIMH
reoMeTpHueckiMH  mapamerpami.  Kpome Toro, oTpaboTaHa  METOAMKA
(opMuponankg Ha nosepxHocTH SIN, MemOpaH MIa3MOHHBIX HAHOZHTEHH HA
ocHone sonoTa (Au) pazMepanu = 600 HM, TpeqHAZHAYEHHBIX U YIIPABNICHAA
TPAHCIIOPTHRIMH CBOHCTBAMH OIHHOYHBIX HAHOTOP OCPEACTBOM BO30YKICHHS
MOBEPXHOCTHOND [UIA3MOHHOTO pe3oHanca.

2. Tlposeneno HCCASIO0BAHHME BAHAHHA COOKYCHPOBAHHOND A38PHOND HITYHEHHA
(mmuna Bodnsl 632 HM, uHTeHcHBHOCTE 10 kKB1/cM?) HA HOHHBIH TpaHCNOPT B
OOMHOYHBIX HAHOMOPAX C AMAMETPOM —~ 5 HM. YCTaHOBIEHO, YTO B BOJAHBIX
pacteopax KCl, onTHueckoe of/yYeHHe NPHBOLHT K POCTY [POBOAHMOCTH
oaMHOYHEIX SiN, Hanonop Ha 6%, a 118 HAHOMOP C NIAIMOHHBIMA AHTCHHAMH
poecT npoeoaHMocTH coctanaseT 10%.

3. TlpoaeMoHCTPHPOBAHA BOIMOKHOCTL PQEKTHBHOIO YNPABIEHHS HOHHBIM
TPaHCNIOPTOM B HAHOTIOPAX ¢ HCMO/IB30BAHHEM LIHPOKONOIOCHOND ONTHYECKOTO
HANYUEHHA TAN0TEHOBOH [aMIEl ¢ HHTErPANlBHOH NIOTHOCTRIO MOUIHOCTH 35
sBr/em®. Obnyuense SiN, HAHOMOPE € NIa3MOHHBIM KOHUCHTPATOPOM
HPOKOMOIOCHBIM H3TYYEHHEM NPUBOJMT K POCTY €€ MPOBOIHMOCTH Ha 33%.

4. PazpaBoran u orpaGoraH MeTonl HMMOOHIM3AUHH OSMKOBBIX MOJEKYN Ha
npusepe 208 nporeacom B 0GNACTH OIHHOYHEIX HaHonop guameTpoM 8-10 M
B MemOpaHax H3 HHTPHA2 KPeMHHS 100 BO3ZEHCTBHEM BHCLIHETO
anekTpuyeckoro  noas. [lpeanomentsifl MeTon (OpMHPYET OCHOBY LA
HeclefoBaHt QYHKIHOHATEHON aKTHBHOCTH OeIKOBELX KOMIUIEKCOB B pe#HME
PeankHOrD BPeMeHH.

Pesynerartel, nonyueHHelie  Bayawsem o Huxkntod  BacuiaeeBddem B
aucceprannonnoil pabore «Mecnenosanne HOHHOTO M MONEKYNTAPHOTO TPAHCHIOPTA B
GHOCeHCOpaX Ha OCHOBE TBEPLOTENbHBIX HAHONOP H3 HHTPHIA KPEMHHAR, 00JajaoT
HayyHoll HOBM3HOA H NpakTHYecKOH 3HAMHMOCTHIO, DAIUPYIOTCH HA JETANBHOM
AHATHIE HayuHBX HConegoBaHuii B gaHHoi ofmactu. B pabore mnoapoGHO
PACCMOTPEHBl  KIIOYEBHIE XAPAKTEPHCTHKH TBEPAOTENLHEIX HAHONOP, HOHHOIO H
MOIEKYISPHOTO HAHONOPOBONO TPAHCNOPTa, AeTaNBHO OMHCAHBl METONHKH CO3TaHMHA
HAHOMOPOBEIX 00pPasloB H WIEKTPOXHMHYECKHX H3MEPHTENBHBIX A4CCK, 8 TaKHe
cneuuHKa NpOBEIeHHA IKCIEPHMEHTAILHBIX HCCIeI0BaHHHH,



K OHCCEPTALHH, OJHAKO, HMCHOTCH HCKOTORRIC BONPOCH! H 3aMEMAHHA:

1. TTacruibie DPaBoMCpHbIN, 0 MOCHHID apnlopo, ADNIACTCA [piMeicing LR
MAKPOCKONHYECKD XapakTePUCTHKH, KaK «ylelbHan NPoBOJAHMOCTEY, K NopamM
AHAMETPOM B eIHHHIEI HAHOMETROE ¢ OUeBHIHO HEOIHOPOIHLIMH CBOHCTBAMH
10 CeHeHHEO MOpPhI?

2. B rase | aucceprauHH (IHTEpaTYpHOM 0030pe), HA Halll B3IMAJA, HE XBaTaeT
ONHCAHHA IHEPreTHYECKDH CTPYKTYPBI TOHKHX IUICHOK SiNy, B YaCTHOCTH,
HIHPHHEI 3aNpemieHH0 3046, Bonpoc cassad ¢ 3upeRTHBHOCTRIO NOTMOLEHHA
MmarepuanoM MemOpaHel C©BeTa, CTHMYIHPYIOLIETO HOHHBIH TpaHcnopr, c
3a1eHCTBOBAHHBIMKH TIHHAMH BOJIH.

3. M3 rexcra aucceprauui HeScHO, NPOBOIAT JIH INEKTPHYECKHl TOK CIIOIIHEE,
HOMHHAIBHO CBOGOIHEIE OT NOP, MEMOPaHEI, M KAKOBbI BEIIMYHHE! ITHX «TOKOB
}'TE"'-IIEHI} o {,'-FHIH-!EH]-'II(_} L K&Fﬂlﬂ'E‘PIILIMH RURIE ]]Pﬂﬂ-ﬂ,‘lHMHK SKCTlﬂPHMEHIﬂE
ToKamu B | HA,

4. Ha erp. 83 u 94 npusogsTes 3Hauends napamerpos k w d moaens,
ONHCHIBAIOILER  3aBHCHMOCTD MPOBOAHMOCTH MOpel  OT KOHUEHTPAIHH
oyiheproro pacteopa KCl, HO He NPHBOAATCA NOrPELIHOCTH ONPEIEIEHHA ITHX
BEHYMH,

5. Heckoapko YOHBHTENBHO, HTQ ABTOP OIPAHHYMBAET CHEKTP HMATYYEHHS
ranoreHoBoi naMnel auanazodom 400 — 1000 #M, B TO BpeMa KAK HIBECTHO, 9TO
OCHOBHAS YacTh CHEKTPA TEMIOBbLIX HCTOMHHKOR H3NYYEHHA NPHXOAMTCA Ha
HHppakpacHyIo 00IaCTh.

6. B sammuiaeMoM noiomeHdd | noveMy-To He YIHOMHHAeTeH TUIASMOHHBIR
pe3oHaHC 307M0TOH AHTeHHBI-0abOuKH Ha onHHe Bonamml — [430 mM, xoTs
VIIOMHHAETCH B TEKCTe Ha cTp. 89 M snnseTcs Haubonee CHIBHLIM Ha puc. 29(a).

7. B obsope (crp. 27), Ha Hawl B3rnAd, MCNMIL3YETCA HEYIA4YHBIH MEPEBOI C
aHrTHIiCKOTO «ion current rectification» KAK «HOHHOE BEITIPAMJIEHHE TOKa», B TO
BpeMA KAK KOPPEKTHBIM GYIeT «BHIMPAMISHHE HOHHOMO TOKa»,

YEKazaHHbIe JAMCHHAHHA, B TO WS BPOMA, HE CHEFAERNIT UE‘I'I.LI.Eﬁ HEHHOUTH pHGU'TI:I H
He BIHAKT Ha ¢¢ obulyio NOACKHTEABHYI oOueHKy. [duccepraunondas pabota
Bavauna H.B. npeacrasnger cobofi 3apepuieHHoe HocnenosaHHe, obnajaiolee
IHEYHTENBHOH T[ﬂ_‘:«”—lllﬂﬁ HEHHOCTRI. .JIIGETDBEPHDETI: Nooy4YeHHBIX Pe3yILTATOR
MOATHEPHIAETCHE  HX  JKCMNEPHMEHTAlIBHON  BOCHPOHIBOJAMMOCTRIO H  XOpolleH
KOppesiHed ¢ pesyIETATAMH YHCISHHONO MOJenHpoBaHns. [lonokeHns, BEIHOCHMbIE
Hd 34UIHTY, ABIHIOTCH B JOCTAaTOYHOH CTENeHH 00OCHOBAHHEIMH,



F'E"!-}'Iih'l'ﬂ’t"hl.. MpeicTaBICHHBIC B PH.EUT’E, MOTYT OBITE HCNOABIOBEAHBI HaY4YHBIMH

KONIeKTHRAMK, paboTaiouMy B 00macTAX OHOMOTHUCCKHX H TBEpAOTENBHBIX
HAHOIIOP, HCCTEIO0BAHMAX HOHHOTO H MONEKYSPHOIO TPAHCNIOPTA B HAHOPAIMEPHBIX
CHCTEMAX, 4 Takwe anamiia GHoTorHyeckHx Monekyll. Kpome Toro, pesyiisTarsl MOryT
GpiTh BOCTpeDOBAHBE B HAYUHO-OOPA3OBATENBHBIX [EHTPax H [PEANPHATHAX,
IAHHMAILKCA MOAYNPOBOJIHHEOBEIMH W DHOMETHIMHCKHMH TEXHOIOTHAMH, B TOM
yucne B MHeTHTYTe amamurueckoro npudopoctpoenus PAH (Canxt-TletepBypr).
HayuHo-HCCnenoBaTelbCkoM  HHCTHTYTe OHoMenuumuckoi xumud  HM. B.H.
Opexopuya (Mocksa), Hucruryre OHOOpraHHYeckoH XHMHH HM. AKajleMHEDB
MM, Wemskuna 1 KOA, Opunnnnkosa PAH (Mockea), HayyHo-NpOH3BOICTBEHHOM
kommanmn CHHTOM (Mocksa), Q00 «Hanonopyer (Cepnyxos), AQ «Cpetnana-
Jnexrpornpudop (Caunxr-lerepbypr), 000 «TpoOHUKHA HHMKEHEPHLIA UeHTPS
(Mocksa, Tporuk).

OcHOBHLIE MONYYeHHbBIE PE3VIETATE AMCCepTaUMOHHON paboTel omyBaHKoBaHE!
B 1] nedMaTHBIX TpyIax, M3 KOTOPHIX 5 BXOAAT B NepeveHs wypHanos BAK, a 6
nyOAMKaUMi BXOAAT B MesavHapoiaHele pedeparHeHele 0a3nl gaHHbIX, Takwe
pesysTaThl paboTel ObUTH NPEICTARIEHL! HA MHOPOYHC/ICHHBIX KOH(QEPEeHUHAX
MENIYHAPOIHOID M BCEPOCCHIICKOTO YPOBHA.

Juccepraguonuas padoTa COOTBETCTBYET NacnopTy crnenwansHocTn 1.3.2 -
[puGopsl ¥ sMeTomsl SKcrepuMenTansHol dusuxn (oyextel 1, 6 «Msyuenwe
dH3IMYeCKHX HBICHHA M NPOLECccoB, KOTOphE MOrYT OBITE HCNOIL30BAHBl AN8
COIMANMA NPHHUMNHANBHO HOBEIX TPHOOPOB M METONOE 3SKCNEPHMEHTANLHOH
ipuznkuy, «PazpaboTka B coinanme IKCIEPHMCHTANBHBIN YCTAHOBOK JUTA NMPOBEIeHHA
IKCTIEPHMEHTANEHEIX HCCIEN0BAHHI B PAXTHYHEIX 06n1acTaX Gu3HEH» ). ABTOpedepar
MONHOCTRIO W TOYHO OTpaKaeT colepiaHue aucceprauMu, OCHOBHBIE Pe3yNbTaThl
nuccepTalnoHHoil paboThl ABNAIOTCA HOBBIMH M MOJNY4eHBl 3BTOPOM BIEPBBIE,

Jlucceprauna COOTBETCTBYET KPHTEPHAM, YCTaHOBNeHHEM B [locranornennn
[Mpasureasctea PP or 24.09.2013 n Ne 842 ¢ yuerom usMeHeHHH B gonoiHeHni «O

MOPAAKE MPHCYAISHHA YYeHBIX cTeneHeiiy, NpelTbARIAeMEIM K JIMCCEpTALMAM HA
COHCKAHHE YHEeHOH CTeneHH KaHiAniara (QH3HKO-MAaTEMATHYECKHX Hayk, 4 ee¢ aBTop,
Baynun Hukura BacunbeBud 3aciyaHBaeT NPHCYEICHHA CTEMeHH Kanauiara
M3HKO-MaTeMaTHYeCKHX Hayk no cneguaneHoctH 1.3.2 — [Ipubopel W MeTodsl
IKCIEPHMEHTATEHON (DH3HKH,

Jloknan no guccepraunonHoil pabote Bayauna H.B. sacnywan u odcykaen Ha
COBMECTHOM  HAYYHOM  ceMHHape Kadeapsl KBaHTOBOH  3IEKTPOHHKH H
panHOCHERTPOCKONHH, Kadelpsl ONTHKH H HaHo(oTOHMEM, Kadelpsl MEIHUHHCKOA
thHImKH H HEYUYHO-HCCAe10BaTeNbCKo nabopaTopHH MATHHTHOH
pagHoCneKTpockonkn ¥ KpanTosoil srexTporukl M. C.A. Anetmrynepa Huerutyta
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duankn Kasanckoro desepanshoro yuusepcuteta (mpotokon Ne2 ot 18.09.2025
rona).

OTIBIE COCTABMAN:

Janeayonmil Kadeapoil KpaHToBOH WIEKTPOHHKH H PATHOCTIEKTPOCKONHH
Huctaryra disngn Pefepaisnore rocy1apcTBeHHOTO
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VHHBEPCHTET ',

e, +7 (917) 394-21-92,

grapec: 420008 Kazaue, va. Kpemicackas 18

e-mail: Roman. Yusupovi@kpfu.ru
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Jasegyommii kadeapoil oNTHER B HaHODOTOHIMKH
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Ten. +7 (917) 269-56-85,

anpec: 420008 Kazane, yn. Kptvnencras 18

e-mail: skbarmrizegail.co

Xapunues Cepreit Cepreenuy

Creiends 0 BeIVIeil opraHuiainm:

heepaTEHOe TOCYIAPCTECHHOY dBTOHOMHOE 0DPAI0RITENBHOC YHPEHICHHE BRICILETD obpaioBaHin
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Tenedou: +7 (843) 233-71-09

E-mail: public.mail@kpfu,ru
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