Hao6epexHoueaHuHckuii uHCTUTYT (puiman) ®PI'AOY BO

«Kazanckuil (IlpuBoskcekuiil) peaepajbHbIi YHHBEPCHTET»

Hmozosean nayunas konghepenuyus

2018 200a

CoopHux 00K1a008

Hao6epe:xubie YesHbI
2018



YK 378:001 (063)
BbK 74.484.7 (2Poc.Tar.-2Ha6epexnbieUenns)s431HUU
n93

HroroBass HayuHasi koH(pepenuus: (2018; Hadepexubie Yeannl Mtorosas Hayd. KoH].
npod.-mpenoA. coctara, 2 ¢espais 2018 r. [Tekcr]: cO6-k ITOKIAI0B / OA PEN. A-pa TEXH.
Hayk JI.A. CumonoBoii. — HabGepexxubie Uennbl: M3parenbcko-nonurpaduueckuil HEeHTp
Ha6epexxnouenaunckoro nacruryra K(INH@Y, 2018. — 409 c.

JlaHHbI COOPHUK COAEPKHUT CTAaThH IpenojaBaresiei, MPUHABIIMX yyacTue B Mtorosoi
HaydHOW  KOHGepeHIMu MpodeccopCcKo-IpernogaBaTeIbCKoro cocraBa  HabepexHo-
yenHUHCKOro uHctutyra KOV, cocrossmeiics 2 despans 2018 roma. Temaruka crateit
OXBaThIBA€T IIUPOKUH KPYr BOIPOCOB B OOJACTH TEXHUYECKHUX, SKOHOMUYECKUX U
I'YMaHUTapHBIX HayK.

OmeemcmeeHnHblil pedaKmop
JIOKTOp TEXHHUUYECKUX HayK, Ipodeccop

JIL.A. Cumonosa

OmeemcmeeHnnwlii cekpemapbn
E.A. Knemenmvesa

© HabepexHOUETHUHCKUI
uHCcTUTYT KOV, 2018 roxg



Applications for the Environment and Energy Conservation (Part 1). Journal of
Intelligent Transportation Systems: Technology, Planning, and Operations.
2013. Vol. 17. Iss. 1. P. 1-2.

dazymn /. /1.,
KaHO. mex. HayK, 00YyeHm,

Maspun I'. B,
KAHO. XUM. HAYK, OOYEeHM

YasTpapuiabTpanus 3MyJdbCHH THIIA «MACJI0 B BOAE» TUHAMHYECKON
MeMOpaHOH HEeWJIOH-TIOJTUCTHPOJI

JInst pazfeneHust BOAOMACSHbIX 3MyJabcuil (BMO) tuna «macio B Boae»
B Pa3UYHBIX OTPACISAX TMPOMBIIUICHHOCTH HWCIOIB3YIOTCS MeMOpaHHBIC
METOJIbI, Takue Kak MukpoduiabTpamus u yiaeTpadmwibTpanus [1-6]. B
npoleccax pas/esieHus: SMYJIbCUN 4acTO MPUMEHSIIOT MOJUMEpPHbIE MeMOpaHsbl,
oOJnafaroue BHICOKOM CTENEHbIO CeNeKTUBHOCTU. HemocTaTkaMu moMMepHbIX
MeMOpaH B mpoliecce yiabTpaduibTpalud npu pazaeneHun BMD sBustoTcs
HU3Kasl MPOHUIAEMOCTb, CHM)KEHHE YIEIBbHOW IMPOU3BOJUTEIBHOCTU 34 CUET
oOpa3oBaHMsI TEJEBOrO CJOS Ha IOBEPXHOCTH MEMOpaH, HEAOCTaTOYHAs
MEXaHW4YecKas MPOYHOCTh, BBICOKME paboune faBiaeHus. OgHUM U3
HallpaBJI€HUI i1 YCTpPaHEHUS BbBIIIECKAa3aHHBIX HEJOCTATKOB SIBIISECTCA
UCIIOJIb30BAaHUE JAMHAMUYECKUX MEeMOpaH, B KOTOPBIX BBICOKAs CTENEHb
paszeneHus 00ecreunBaeTCs 3a cueT 00pa30BaHUSI TOHKOTO CJOSI KOJUTOMTHBIX
4acTHll, POPMUPYEMBIX HA MMOBEPXHOCTH IMOJIOKKHU U B MIOpaX MEMOpaH 3a CUeT
bunbTpauu  KUAKOCTH, COJEpKalle pas3zienseMble KOMIIOHEHTBHI, 4Yepes
meMmOpanbl [7]. Jns ¢opmupoBaHus AMHAMUYECKUX MEMOpaH MPHUTOJHbI
KOJUUJIOMIHBIE YaCTHI[bl, HEUTPAIbHBIE OPraHUYECKUE MOJIUMEPBI, OPraHUYECKUE
Y HEOPTraHWYECKUE MOIUIIIEKTPOIUTHI. JMHAMIUYecKkue MeMOpaHsbl MOIy4yaroT Ha
MOPUCTBIX OCHOBAaX MHKPOPWIBTPALMOHHBIX U  YIbTPadUIbTPAIMOHHBIX
MeMOpaH ¢ pasmepom nop oT 0,01 MKM g0 5 MKM Ha CaMbIX pPa3JIHYHBIX
MaTepuanax — MOPUCTBIX MeTalllaX, KepaMHKe, MOJMMEPHBIX IJIeHKax [§, 9].

JluHaMHYeCKU CJIOW Ha TOBEPXHOCTH W B TOpaxX MHUKPODMIBTPAIIMOHHOM
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MeMOpaHBbI CMEIIAEeT (GUIBTpALIMIOHHBIE CBOMCTBA B CTOPOHY
yabTpaduiIbTpallu, 4YTO  TMO3BOJISIET Oosnee  3PEGEKTUBHO  U3BJICKATH
OpraHU4eCKUE COCTUHEHHS.

DKCHEPUMEHTAIbHAS YacCTh.

B nanHoil pabore ommchIBaeTCs CHOCOO MOMYYEHHs] JAMHAMUYECKUX
MeMOpaH “HenoH-nonucTupon” (HeinoH-I1C), koTopbie HCCIENIOBaHbI IS
yIbTpauIbTpamoOHHOTO pasaeneHus BMDO.

JlnHamMuyeckui CJIOM HAHOCWJICS Ha IMOBEPXHOCTH
MUKPOPUIBTPAIIMOHHON MOJUMEPHOM MeMOpaHbl U3 HeloHa (pa3mep nop 0.45
MKM), TIyTeM (QOpMHUpOBaHUSI Ha T[OBEPXHOCTU TMOPUCTOH  OCHOBBI
MOJIyIIPOHUIIAEMOT'O  CJIOS M3 TMPUCYTCTBYIOUIMX B (UIBTPYEMOM BOJHOM
pPacTBOpPE alleTOHA B3BEIIEHHBIX MHUKPOYACTHUIl MOJUCTHPOIA, HAXOASIIUXCS B
IUHAMUYECKOM  paBHOBecMH ¢  pacTBOpoM. CyCHeH3Huio  MOIY4YWIH
pactBopernnem [IC B areroHe, mocjiae B pacTBOp B cooTHoONIeHnH 1:1 mobaBuimm
JUCTWIUTMPOBAHHYIO BOJy. YCJIOBHUSI TOJYyYEHUS] JUHAMUYECKUX MEeMOpaH —
teMriepatypa cycnensun 25° C, konuentpauus [IC B pacTBope aneroHa ¢ BoJ10i
— 0.5 r/aM’, 06BEM CYCHEH3MH MPONYIIEHHBIH depe3 GuabTp - 50 cM’, Thm
bunpTpanu — TynuKoBas, pabodee maBieHue ¢uiabTpauu coctaBuio 0.1
MlIla. IIpouentHoe coaepxxkanne IIC omnpenensuiocs TpaBUMETPUUYECKUM
METO/IOM [0 Macce MEMOPAHBI 10 U TIOC]Ie MOAU(PUITUPOBAHUS.

HccnenoBanne cMaymBaeMOCTH 00pa3lioB MeMOpaH MPOBOIUIOCH C
rcnoJyib3oBanuem anmnapara mapku «Kruss DSA 20E», xoTopselii mo3BoJisieT
OMpENEIUTh KPaeBOM yros cMauyMBaHUsSl Karuied IUCTUIUIMPOBAHHOM BOJABI Ha
MOBEPXHOCTH MEMOPaHHBI.

JUist  oKas3aTtesnbcTBa MPUCYTCTBUS  MOJMCTUPOJAa HAa IOBEPXHOCTH
HEMIoHOBON MeMOpanbl, cHUMauch MK-criekTpbl MCXOAHON W TUHAMHYECKON
MemOpanbl «HeinoH-IICy» ¢ ucnonszoBannem UK-Oypre ciektpomeTpa Mapku

«MHppaJIIOM OT-08» B nuTepBane dactor 600 — 4000 cm™.
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C nomo1po 30H10BOro Mukpockona Mapku «MultiMode V» npoBeneHbl
UCCJIEIOBAHMSI TOBEPXHOCTU M Tomnorpaduu Bhille OO03HAYEHHBIX MEMOpaH
[10].

PesynbTaThl 1 00CyXKACHUE.

B  pesynmbratre  00paboTKM  MUKPODUIHTPALMOHHON  MOTUMEPHOU
MeMOpaHbl u3 HeWinoHa smyibcued [IC B BOIHO-alETOHOBOM pacTBOpE
MOJIy4eHbl J1Ba 0Opasia memOpan «HelnoH-IICy» ¢ copepkaHueM MOCHEIHETO
2,6 u 4,1 % (macc).

[MoaTrBepxknenueM ocaxaenuss [IC Ha mnNOBEepXHOCTH MeMOpaHbl W3
Heismona ciyxatr UK-cnektpel. Tak, B UK-criekTpe HeisioHa HaOIr0aar0TCS
CIIGYIONIIE XapaKTePUCTHUESCKHE MOJIOCHl Hormomenus, cM : 3412,4 (N-H),
29226 cm™ 1 29554 e’ (BanenTHbie kosebanust CH, rpynme) [14, 15], 1715,3
cm” (C=0). Tocne momudukamun B MK-crektpe MeMmOpanbl «HeitmoH-ITCy»
MOSIBJIIOTCSA TIOJIOCHI  TIOTVIONIEHUsT B obmactu 1635 oM’ u 1539 om,
xapaktepHbie 1 [1C u oTHOCsIMECS K KoJieOaHUsIM OE€H30JIbHOTO KoJiblla [16,
17], a Takke XapakTepHbIE TOJNOCHI ¢ MAKCHMyMaMu moriomenus 530,4 cm™ u
779,4 cM™', oTHOCAMMECS K BHEIUIOCKOCTHBIM 1e(hOPMALIHOHHBIM KOIeOaHHIM
C-H ¢enmnbHO# rpymnisl.

KocBennsiM moareepxkaeHueM ocaxaeHuss IIC  Ha moBepXHOCTH
HEHUJIOHOBOM MeMOpaHbl CIy)KaT M300pa)K€HUsS MOBEPXHOCTH U Tomorpaduu
BBIIIICHA3BaHHBIX MEMOpaH, MpeICTaBJICHHbBIE Ha pHC. 1.

B kauyecTtBe OCHOBHOrO TOMOrpaUueckoro mnapameTpa YYUThIBAIACH
BBICOTA TMOBEPXHOCTH B JAHHOM TOYKE OTHOCUTEIHHO 0a30BOW IJIOCKOCTH,
KOTOpasi B JAHHOM CJlydae MpEACTaBISET IUIOCKOCTb, CONPHKACAIOIIAACS C
CaMOW HMKHEU TOUKOM paccMaTpUBAEMOU IIOBEPXHOCTH.

OdeBHIHO, YTO HUCXOAHAs MeMOpaHa WMeeT B OOJIBIIMHCTBE CBOEM
BBICTYIIBI Haj Oa3zoBoil nmuHHer oT 0,25 mxm mo 1,5 mxMm. HaumbGonee wacto
BCTPEUYAIONIEECS 3HAYEHUE BBICOTHI TOBEPXHOCTH HCXOAHON HEHUIOHOBOM

MeMOpaHbl OTHOCHTEIIbHO 0a3oBoi mnuHUU cocTaBiasger 0,8 Mxm (puc.la).
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Hanecenne Ha MOBEpXHOCTHh MCXOMHON MeMmOpaHnbl ciost u3 [IC cmocoOCcTByeT
TOMY, YTO BBICOTa BBICTYNOB MOJU(DUIIMPOBAHHOIO oOpasiia, B OOJBIITUHCTBE
cBoeM, coctasisieT ot 0,75 mo 2,75 MkM, a HauOoJIbIlIee KOJIMYECTBO BHICTYIIOB
UMEIOT IepoxoBatocTh 1,25 m 2 MM (puc.10), 4TO CBHUAETEILCTBYET 00

aare3uu [IC Ha MOBEpPXHOCTU HEMIIOHOBOM MOIJIOKKH.

1.2e4(,

ted|- |

8000} |

8000} ! :

: 6000( |
6000 :
4000}~ !

Number of events
Number of events

4000}
- 2000

2000

Hilhg

A
3

mqlllhupnlmlw
0.5

0 __ fuud”””” | ! “I“I-l”“H“ml%llllﬂl;uuquUUUuu. i ¢ _(;
o o5 1 15 2 25 3B

Topography [pm]

Topography [pm]

Pucynok 1 - M300paxeHuE MOBEPXHOCTH ¢ COOTBETCTBYIOIIUMHU TOMOTpadhUISCKUMU
TUCTOTpaMMaMi MeMOpaHBbI: a) UCXOHON — HEMIIoH; 0) MoauduimpoBanHoi — «HernoH-11C»
¢ conepxanueM [1C 4,1 % [10]

Hanecenne  cmogs  IIC  pe3ko  u3MeHsieT  ruApouiIbHOCTh
MOAU(PUIIIPOBAHHON MEMOpaHHbI.

[To m300pakeHUsIM, TIpEACTaBICHHBIM HAa puc. 2 a, 0, OYEBHIAHO, YTO
HaHeceHue ciiosi [IC Ha MOBEpXHOCTh HEWJIOHOBOM MeMOpaHbl CHOCOOCTBYET
VBEIMYECHHUIO KpaeBoro yrjia cmauuBanus c¢ 44.5° npo 106.2°, uro

CBUJIETEILCTBYET O TMOBBIIIEHUU TUIAPOPOOHOCTH MeMOpaHbl «HEUIoH-TICy.
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JlanHoe OOCTOSATENhCTBO, II0 BCEH BUIUMOCTH, SBISCTCA CICACTBHEM

MU3MEHEHUS! XUMUYECKOU CTPYKTYPBI HOBEPXHOCTH OINBITHOM MEMOpaHBI.

Pucynox 2 - M300paxeHus cMauynBaeMOCTH Karuiel TUCTUUTMPOBAHHON BOABI MEMOpPaHBI: a)
UCXOJHOU U3 HelnloHa; 6) nuaamuyeckoit HeinoH-I1C (conepskanue 11C — 4,1%) [10]

[Tocne nanecenus cnost [IC Ha TOBEPXHOCTh HEMJIOHOBOM MEMOpPaHBI
IIPOUCXOJIUT CHUYKEHUE YIEIbHON MPOU3BOJUTEIBHOCTH MOCIEAHEN HECKOIBKO
MeHee yeM B 10 pa3 3a cyeT MHTEeHCMBHOTO HakoruieHus: yactuil [IC B mopax u
MOBEPXHOCTH MeMOpaHbl. MakcumanbHas MPOU3BOAUTEIBLHOCTh HCXOJHOU U
AMHAMMYECKUX MeMOpaH HaOJIoAaeTcs MpU MPOMYCKAHWU JUCTUILTUPOBAHHOM
BO/IbI.

JlJis BOCCTaHOBJICHHSI MCXOTHOM MPOW3BOJIUTEIBHOCTH MEMOpaH MocCie
dunbTpanun SMynbcun oobemoMm 500 cM’, TIPOBOAMIACH MOiKa MeMOpaH
oOpaTHON NPOMBIBKOW C MOMOIIBIO 5 %-HOro pacTtBopa JIoAeuuicyibdaTa
HAaTpus U C MOCIEAYOIEN TPOMBIBKOW TUCTUILIMPOBAHHON BOJOM.

PesynbraTel paznenenus BMDO ncxoaHOW M MOJYyYEHHBIMH B PE3YJIbTATE

monaupukaru mem6panamu ot HIT mpencrasnens B Tabauie 1.

Tabmuua 1. Crenens pazaeneHust HepTenpoykToB u3 1%-Hoit BMO

HanMeHoBaHHE Conepxxanne | Konuenrpanus He(l)sTeHPOI[yKTOB, Crremets
MOJTUCTHUPOIIA, MT/TM o
MeMOpaHBI o OYUCTKH, %
% (110 mMacce) HCXO THAS MOCJIC OUMCTKHU
Heiinon - 6600+660 34.4
Heitnon-I1C 2.6 100661007 740+74.0 93.5
Heitnon-T11C 4.1 351+£35.1 96.5

ITo nannpIM TabmuIbl 1, oueBUIHO, YTO cTeneHb yaaienus HIT uz BMO c

MOMOIIBI0 MCXOAHON MeMOpaHOW W3 HEilIoHa 3HAUMTENBHO HIDKE, YeM MpH

pasaciiCHU C HUCIIOJIb30BAHHUEM JUHAMHYCCKUX MCM6paH
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[IpoBeneHHBIMU pacueTaMu OMPEACIICHO, UTO MOCE HAHECEHUSI TUHAMUYECKOTO
CJIOSI W3 TIOJMCTUPOJIa Ha TIOBEPXHOCTb HEWUJIOHOBOM MEMOpaHbl CTEIEHb
yaanenus HIT u3 1%-noii BMO yBennuuiiocs Ha 62 % [10].

BeiBoapl. Ilo pesynbTaraMm HCCIEIOBAaHUM ONPENECICHO, YTO HMCXOJHAs
MeMOpaHa M3 HeisloHa crocobHa 3anepxkuBath HII u3 smynbcun co cpenHum
pa3mepom dacTuil 6osee 450 HM, TP KOTOPOM CTEIIEHh OYMCTKH COCTaBIAET 34
%. Ilocne Hanecenus quHamudeckoro ciaost u3 [1C, ceneKTUBHOCTh pa3/iefeHus
HIT u3 smynscum «MHkam-1» yBenmuumnack Ha 62 %. Ilpu stom, pasmep
nmponyckaemplix MeMOpanod wactury HII coctaBunm 151 HM u  MeHee.
OnpeneneHo,  4TO  TOBEPXHOCTh  HEWJIIOHOBOM  MeMOpaHbl  TIOCIIE
monupuuupoBanus [IC cranoButcs 6onee ruapodoOHOIl. Tak ke BBHISBICHO,
4TO B pe3ynbTate MoaudunrpoBanus memOpansl [IC nmpoucxoaut yBeandeHue

IIEpPOXOBATOCTU OBEPXHOCTU MEMOPaHHI.
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MoaupuuupoBaHHbIe KOMIIO3UIIMOHHbIE MATEPUAJILI HA OCHOBE
0TXO0/I0B /IP€BECHOI0 BOJIOKHA U AKTUBMPOBAHHOIO YIJIsl KAK
nepcrneKTUBHbIE MATEPHAJIBI VI 0YMCTKH BOJAHBIX PACTBOPOB OT
HOHOB TSI2KeJIbIX METAJUIOB U He(pTEeNPOAYKTOB

HedrenpoaykTel M HMOHBI TSDKENBIX METAIJIOB SIBIASIOTCS OJHUMH U3
HanOoJIee OMACHBIX 3arpsA3HEHUNM BOAHBIX 00BEKTOB. OHU OKa3bIBAIOT BPEAHOE
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