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Cexknus 1.
XapakTepuzanus, TMarHoCTHKa, CepTUDUKAINS, CTaHTapPTHU3AIUS
YTJIEPOIHBIX HAHOMATEPHUAJIOB.

Cexkuus 2.
[IpuMeHeHHE YIiepOIHBIX HAHOMATSPHAIOB.


http://www.catalysis.ru/
http://www.nanosciencelab.info/ru/belszm.shtml

MMPOT'PAMMHBIA KOMUTET:

JOBPEI'O Kupnaa  BuxkropoBnu
O00KMOp u3UKO-Mamemamuieckux Haykx,

3amecmument OUPeKmopa No HAYYHOU
pabome, UMTMO HAH Benapycu

YNXKHUK Cepreit AHTOHOBHY
OOKMOp MexXHU4ecKux Hayk, npogeccop,
unen-xkoppecnonoenm HAH Benapycu,
Inasnoi  yuenwviti  cexpemapv  HAH
benapycu,

3as. nabopamopueu Hanonpoyeccos u
mexnono2uu, MTMO HAH Benapycu

BOPOJYJISA BaneHTuH AJieKceeBHY
OOKMOp MexHu4eckux Hayk, npogheccop,
ynen-koppecnonoenm HAH Benapycu,

3as. nabopamopueti OuUcCnepcHvix
cucmem, UTMO HAH Benapycu

ITAPMOH Baaxenrnun HukouaaeBnu
OOKMOp XUMUYECKUX HAYK, npogheccop,
akademux PAH, oupexmop, UK CO PAH

HOCKOB Anekcanap CrenaHoBu4
OOKMOp MexXHU4ecKux Hayk, npogeccop,
3amecmument OUpeKmopda Nno HAYYHOU
pabome, UK CO PAH

Cexpemapuam

BEJISI'MH Aunexkcer AHaTOJIbeBHY
Kanouoam XumMuyeckux Hayk, OOoyeHm,
Yuenwiii cekpemapo, UK CO PAH



HAYYHASA
INPOI'PAMMA
CEMUHAPA
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Bpems 22 anpeJisi, HOHeACJIbHUK 23 anpeJisi, BTOPHUK
9:00-9:15 Perucrtpanus yuacTHUKOB
9:15-9:30 OTkpeITHE CEMUHApA
9:30-9:55 VI-1-1

9:55-10:20 Ya-1-2
10:20-10:45 Ya-1-3
10:45-11:10 Y-1-4

11:10-11:30

11:30-11:50

11:50-12:10

12:10-12:30

12:30-12:50

12:50-14:10

14:10-14:30

14:30-14:50

14:50-15:10

15:10-15:30

15:30-15:50

15:50-16:10

16:10-16:30

16:30-16:50

17:00-18:00

18:00-19:00

19:00-21:00

[TpubbITHE POCCUIICKUX
YYaCTHHKOB, Pa3MEIICHNC B
TOCTUHHIIC

IIepepsiB Ha Kode

V]I-1-5

VII-1-6

VII-1-7

VI-1-8

Ooen

VJI-1-9

VII-1-10

VII-1-11

VI-1-12

IlepepniB Ha Kope

V]I-1-13

VII-1-14

VII-1-15

IKCKYpPCHUA 10 TOPOIY

ITocemenue TEATPa

IIpocpamma cemunapa

Cmp. 4
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Bpemsn 24 anpeJs, cpeaa 25 anpeJisi, YeTBepr
9:00-9:15
VII-2-1
9:15-9:30
, , V]-2-2 TemaTnueckue d3KCKypcuu
7:30-9:35 10 HHCTHTYTY H
9:55-10:20 | YHA-2-3 IPOGUIBHEIM
IPEANPUATHIM
10:20-10:45 | Y24
10:45-11:10 | Y23

11:10-11:30

IlepepsiB Ha Ko(e

IlepepsiB Ha KO(e

11:30-11:50 | Y-2-6
11:50-12:10 | Y]I-2-7 Kpyrasie cTomsl,
OCYXJCHHE BO3MOXKHBIX

12:10-12:30 | Y-2-8 IIPOCKTOB
12:30-12:50 | YI-2-9
12:50-14:10 | Oden Ooen
14:10-14:30 | Y-2-10
14:30-14:50 | Y-2-11

TemaTnueckue
14:50-15:10 | YO-2-12 MEPOIIPHUSATHSI,

3akpbITHE CEMHUHapa

15:10-15:30 | Y-2-13

15:30-15:50

IlepepniB Ha Kode

15:50-16:10

V]I-2-14

16:10-16:30

V]I-2-15

16:30-16:50

17:00-18:00

ITocemenue MBI o
HaHoTexHoJiorusM u KT

18:00-19:00

19:00-21:00

OTOBITHE POCCUMCKUX
Y4aCTHUKOB

IIpozpamma cemunapa

Cmp. 5
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23 anpeJisi, BTOPHUK

9:30

yYa-1-1 Jleguenko JILM. Hanonopucreie MOJU(PUIIUIPOBAHHbBIE
yTIepOoHbIE MaTeprasbl B COPOLIMOHHBIX U KATAIMTUYECKUX MPOLIECCaXx.
Moknaouuk: Jlesuenko Jlhoomuna Muxaiinosna, HWHX CO PAH,
r. HoBocubupck

9:55

Y-1-2 Beoseun A.A., Muwaxos H.B., Hocxkos A.C., Ilapmon B.H.
CuHTe3 M XapakTepuzalus YIIEpOIAHBIX BOJOKHUCTBIX HAHOMAaTEpUaJIOB
Pa3IMYHOr0 MOP(POIOTUIYECKOTO TUTIA.

Jloknaouuk: Beosieun Anexceii Anamonvesuy, IK CO PAH, r. HoBocubupck

10:20

Ya-1-3 Qunamos C.A., ['ynuxesuu A.A. O NEUCTBYIOINUX HA TEPPUTOPUH
TaMOKeHHOTO coro3a TY u 'OCTax Ha HaHOMAaTepHaJIbI.

Joxknaouuk: ['ynkeeuu Anna Anamonvesna, U'TMO, r. Munck

10:45

Y-1-4 Kysneyos B.JI. CuHTe3 W XapakTepu3aluMs yIVIEPOIHBIX
HaHOTPYOOK.

Joxknaouux: Kysueyos Braoumup Jlveosuu, UK CO PAH, r. HoBocuGupck

11:10 Kode-opeiik

11:30

Ya-1-5 Eneyxkuu IIM., Axoenese B.A., Ilapmon B.H. YrinepoaHsie
MaTEepHaIbl U3 BEICOKO30JIbHOW OMOMACCHI: TMOTYyYEHUE U XapaKTepru3aliusl.
Joknaouuxk: Eneyxuii [lemp Muxaiinosuu, UK CO PAH, r. HoBocubupck

11:50

Y]I-1-6 Jlebeoesa M.B., Kysueyos A.H., Eneyxuu I1.M., Axoenes B.A.,
Ilapmon  B.H.  HccnegoBaHWe€  MHUKPO-ME30ONOPHUCTBIX  YIVIEPOJAHBIX
MaTrepuagoB B KAadyeCTBE DIJIEKTPOJOB KOHJEHCATOPOB C  JABOHHBIM
ANEKTPUUYECKUM CIIOEM.

Joknaouuk: Jlebeoesa Mapuna Banepvesna, IK CO PAH, r. HoBocubupck

12:10

Ya-1-7 Axpemxosa I'.C., @Qunamoe C.A, ['yukesuu A.B. W3mepeHue
3 PEeKTUBHON TTOBEPXHOCTH YTIISPOJTHBIX HAHOMATEPUAJIOB.

Joknaouux: Axpemkosa I aruna Cemenosna, U”TMO, T. MuHck

Ilpoepamma cemunapa Cmp. 6
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12:30
YI-1-8 Q@unamos C.A., bamvipes E.B., Kyuunckuu I'.C., I'yukesuy A.B.
Mertponoruueckue OCHOBBI XapakTepusauu HaHOMAaTepPUaJIoB.

Cranpaptu3zanusi U3MEpEeHUH.
JHoxknaouuk: Qunamos Cepeeu Anexcanoposuy, U'TMO, r. MuHck

12:50 IlepepsiB Ha 00e]

14:10

YI-1-9 Moceenxos C.U., Kysuneyos B.JI., Hwenko A.B., Jlapuna T.B.,
Pomanenko A.U., Traues E.H., Maxcumenxo C.A., Kyoscup I1.11., Obpazyosa
EJI., boxosa C.H., Cycnses B.HU. ViccnenoBaHue B3aUMOCBSI3€M CTPOEHUS
HAHOYTJIEPOAHBIX MarepuasioB (yriepoAa JIYKOBUYHOM CTPYKTYpbl U
MHOTOCJIOWHBIX HAHOTPYOOK) C X 3IEKTPOPU3NYESCKUMH CBOMCTBAMHU.
Joknaouuk: Moceenkoe Cepzeti Heanosuu, UK CO PAH, r. HoBocubOupck

14:30

Y-1-10  bamwipes E.B., Kyuunckuu I'.C., Quramoe C.A. CnekrpanbHbie
ONTUYECKHE METO/IbI UCCIICIOBAHNSI HAHOMATEPHAJIOB.

Hoknaouuk: bamuvipes Eecenuu Buxmoposuu, UTMO, r. Munck

14:50

Y-1-11  Jlauunosa-Tpemvax C.M., Eeceesa JILE. Tanaesa C.A.
Tennoduzndyeckre CBOWCTBA YIiIEPOJHBIX HAHOMATEPHUAJIOB M IOJMMEPHBIX
HAaHOKOMIIO3WTOB B IIUPOKOM JIHAITa30HE TEMITEPATyp.

Joknaouux: /lanunosa-Tpemvax Ceemnana Muxaiinoeua, U”'TMO, r. MuHck

15:10

YA-1-12  Jloopezo K.B., Ko3naueee U.A., bpuu M.A. TepmorpaBuMeTpusi B
XapakTepu3aluu JUCIIEPCHBIX YTIEPOJAHBIX HAHOMATEPUAJIOB.

JHoxknaouux: /loopeco Kupunn Buxmoposuy, UTMO, r. MuHck

15:30 Kode-0Opeiik

15:50

Y-1-13  Kapnosuu B.A. Xapakrtepuzauus IHCHEPCHOTO YIJIEPOIHOIO
HaHoMmaTepuaia no noraouiennto CBY uznydenus.

JMoxknaouuk: Kapnosuy Buxmop Apxaovesuy, HUUAIL BI'Y, r. Munck

16:10

Y-1-14  Xyooneti A.JI. XapakTepu3zanus CTPYKTypbl MaTepuajia MeTOJI0M
aTOMHO-CUJIOBOM MUKPOCKOIIUU.

Jloknaouuk: Xyooneii Anopeii Jleonuoosuy, U'TMO, r. MuHCKk

Iipoepamma cemunapa Cmp. 7
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16:30

YA-1-15  /[po30 E.C. YrinepoaHble HAHOCTPYKTYPbI KaK 30HIbI U OOBEKTHI
UCCIIEIOBAHUS 111 aTOMHO-CUJIOBOM MUKPOCKOIIHUH.

Joknaouuk: /[po3zo Enuzasema Cepeeesna, U'TMO, r. MuHCK

24 anpeJs, cpeaa

9:05

Y-2-1 Mancyposa U.A., @omun C.B., Baecanos B.E., Konanuna O.IO.
Moaudukanuss HaNMOJHUTEICH 3JIACTOMEPHBIX KOMIIO3UIIUKM YTJIEPOIHBIMU
HAaHOKOMIIOHEHTaMHU.

Joknaouuk: Mancyposa Hpuna Anexceesna, 'OY BIIO «Bsatl'V», r. Kupos

9:30

Y-2-2 bayman IO.U., Pyones A.B., Jlvicakosa A.C., Bopowunos B.A.,
Muwaxoe U.B., Beoseun A.A., lllyoun FO.B., Centomun ['.E., Byanos P.A.
CuHTE3 U MPUMEHEHUE PA3YNOPSTOUCHHBIX YIIIEPOAHBIX HAHOCTPYKTYP.
Joxknaouuk: bayman FOpuii Meanosuy UK CO PAH, r. HoBocubupck

9:55

Y]-2-3 Baecanos B.E., Pewemnsx B.B., Hepeoosa E.B., Jlomaxun C.M.
[IpuMeHeHne YIJIEPOIHBIX HAHOTPYOOK [IJIi  CO3JaHUS  TOJHUMEPHBIX
KOMITO3UITMOHHBIX MaTEPUAIOB TTOHMKEHHON TOPIOYECTH.

Joknaouuk: Pewemnsax Buxmop Bumanvesuu, Bnl'Y, r. Bnagumup

10:20

Y-2-4 Qunamos  C.A., bamwipes E.B.,  Kyuunckuu I.C,
Anexcanoponey A.C. @yHKIIMOHAIM3AIMUS YTICPOIHBIX HAHOMATEPUATIOB JIJIS
MPOMBIILIEHHOTO MIPUMEHEHHS.

Joknaduuk: Qunamos Cepeeu Anexcanoposuy, UTMO, r. MuHck

10:45
Ya-2-5 Jlabynoe B.A. YrnepoaHble HAHOMaTE€pUalbl B 3JIEKTPOHHUKE.
Joknaouuk: Jlabynos Braoumup Apxunosuy, BI'YUP, r. Munck

11:10 Koge-0peiix

11:30

Y]I-2-6 Kamanuna H.B., Bacunves I1.A., Cmyoénos B.U. YrineponHsbie
HAHOCTPYKTYPBHI B ONITHKE.

Joknaouuk: Kamanuna Hamanus Bnaoumuposna, ®I'YIl «HIIK I'OU um.
C.U. BaBunosay, r. Cankr-Iletepoypr

Ilpoepamma cemunapa Cmp. 8
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11:50

Y -2-7 betinuna H.IO. TIpoaykTel mepepabOTKH MPUPOTHOTO CIAHIIA.
UCCJENOBAHUSI W TEpPCIEKTHBBl  NPUMEHEHUsT B  MPOU3BOICTBE
KOHCTPYKIMOHHBIX U (PYHKIMOHAJIBHBIX YIJIEPOJAHBIX MAaTEPHUAIIOB.
Jloknaouuk: beununa Hamanusa FOpwvesna, ®T'YII «HUUrpadur», r. Mocksa

12:10

Y-2-8 Baeanos B.E., llempynun C.FO., Ilonoeé M.IO., Pewemnsx B.B.
KoMIo3uioHHbIE  CTPOUTENbHBIE MaTepHallbl Ha OCHOBE I[EMEHTHBIX
BSOKYIIMX U YIJIEPOJHBIX HAHOTPYOOK, 00JIaalolUX TMOBBIIICHHBIMU
(bU3HKO-MEXaHUYECKUMH, AKCIUTYaTallHOHHBIMU u HOBBIMU
(GyHKIIMOHATHHBIMHA CBOMCTBAMHU.

Joxknaouux: [lempynun Cepeeu FOpvesuu, Bnl'Y, r. Bnagumup

12:30

Ya-2-9 Komapose A.M. Coznanne MOAU(PUUUPOBAHHBIX YIIEPOIHBIMH
HaHOMAaTEpHAIAMU NU3HOCOCTOMKNX KEPAMUYECKUX TOKPBITUN HA AITFOMUHUU.
Jloknaouuk: Komapos Anexcanop Heanosuuy, OVIM HAH benapycu,
r. MuHck

12:50 IlepepsiB Ha 00ex

14:10

YA-2-10 Koanawukos B.JL, Meuari A.A., Mucnux M.II
MoaudurnupoBanue  CTPYKTYpbl  TEIUIOM3OJSIIMOHHOTO  ABTOKJIABHOTO
STYEUCTOr0 OETOHA YIIIEPOJHBIMU HAHOMATEepHUAJIaMH.

Hoxknaouuk: Mucuux Mapus [lemposua, BI'TY, r. Munck

14:30

Y-2-11  Iyuxesuu A.A., Quramos C.A., Axpemxosa I'.C., /lpo3o E.C.
buoGe3onacHocTh  yriaepoaHblx HaHOMaTepuaioB. DOU3MKO-XUMHUYECKHE
MexaHu3Mbl. HopMaTUBHbBIE TOKYMEHTHI.

JHoxknaouuk: /[pozo Enuzasema Cepeeesna, U'TMO, r. MuHck

14:50
V-2-12  Jluxonobos B.A., Ilvanosa JILT, Ceoanosa A.B.
MoaudurupoBaHHbIC yTIIEPOTHBIC COpOCHTBI MEIUIINHCKOTO 51

BETEPUHAPHOTO HA3HAUCHHS.
Joknaouux: Ivsanosa Jluous I'eopeuesna, UIIITY CO PAH, r. Omck

15:10

YA-2-13  Kyocup I1L11., Maxcumenxo C.A., [llyba M.B. OyHKIIMOHATHHBIC
AIIEKTPOMATHUTHBIE MaTepUaIbl HA OCHOBE HAHOYTIEPO/a ISl MM- U CyOMM-
Jrana3oHa 4acToT

Jloknaouuk: Maxcumenko Cepeeti Agpanacvesuy, HUUAIL BI'Y, r. Munck

15:30 Kode-0Opeiik

Ilpoepamma cemunapa Cmp. 9
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15:50

Y-2-14  Hoeuxosé B.Il. llepcneKTUBHBIE CUCTEMBI I HAKOIUTEIECH
SHEPIUU Ha OCHOBE HAHOPA3MEPHBIX YIVIEPOAHBIX MATEPHUAIIOB.

oknaouuk: Hosukos Braoumup IIpoxogvesuu, HIILL o
marepuanoBenenno HAH benmapycu, r. MuHCk

16:10

YA-2-15  HUsaxnux A.B., Kopnux B.U., YHuocux C.A., Heaxnux B.II,
byxmunoea M.A. HoBble nnepcnieKTUBBI IPUMEHEHHUS rpauTa B IPOU3BOICTBE
IJIACTUYHBIX CMa304YHbIX MATEPHUAIIOB.

Joknaouuk: Heaxnux Baaoumup Ilanmeneesuy, UTMO, OHNM HAH
benapycwu, r. Munck

16:30

Y-2-16  inunescxuu O.M. @yniepeHCOAEpKAIIUE MOKPHITHAS B IMapax
TpEeHHUS.

JHoxknaouux: [lInunesckuu 30yapo Muxatinosuy, U'TMO, r. Munck

25 anpeJs, yeTBepr

?".e(f)l?amuqecme 9KCKYPCUU NO UHCIMUMYIY U NPODULLHBIM NPEONPUATNUSM.
11:00 Kode-0Opeiik

11:30

Kpyanviii cmon no nepcnekmugHviM cO8MECmMHbIM NPOEKMAM.

12:30 IlepepsiB Ha 00e1

14:00

Temamuueckue meponpusamus.

Ilpoepamma cemunapa Cmp. 10
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HAHOITIOPUCTBIE MOJINPUILINPOBAHHBIE
YIJIEPOAHBIE MATEPUAJIBI B COPBIIMOHHBIX 1
KATAJIMTHYECKHUX ITPOLUECCAX

JleBueuxo JI.M.

Deodepanvroe 2ocyoapcmaeHHoe b10NHcemHoe yupedcoeHue HayKu

HUncmumym neopeanuueckou xumuu um. A.B. Huxonaeea CO PAH

OpHMM W3 TPUOPUTETHBIX HAINpaBICHWH, B OOJACTU CO3JaHUS HOBBIX
(YHKIIMOHANbHBIX MAaTEpUaJIOB C 3aJaHHBIMM CBOWCTBAMH, SIBJIAETCA
MOJy4Y€HUE HAHOMOPHUCTHIX MOAU(PUIIMPOBAHHBIX MAaTEPHUAJIOB HA OCHOBE
YIIEPOA-yTAEPOAHBIX U YIIAEpOaA-QTOPYTIACPOAHBIX MATPUIL] C COPOIIMOHHBIMU
U KaTaJUTUYECKUMU CBOMCTBAMH.

B  Hacrosimieit paboTe paccMaTpUBAIOTCA ~ CIOCOOBI  MOMYYEHHS
CEJICKTUBHBIX COPOEHTOB M KaTaJlu3aTOPOB C NPUMEHEHUEM IIPOLECCOB
OKUCJIEHUS M XUMHUYecKO wummoOmnu3auud. CoBpeMEHHBIMU (PU3HKO-
xumuueckumu Merogamu (@ypore - UK, KP-cnekrpockonueir, OMBP ¢
mukpoananuzaropom EDX, POOC, EXAFS-cnekrpockonueii, TepMAUYECKUM
aHamM30M, JIU(QPAKIUOHHBIMH, aJCOPOLMOHHBIMU METOJaMH) TPOBEACHA
UACHTU(UKALMST HAHOPAa3MEPHBIX CTPYKTYp Ha YIJIEPOAHOM MOBEPXHOCTH
MaTepuaioB, YCTAHOBJIEH HUX COCTaB, TEKCTypHbIE M CTPYKTYpHbIE
XapaKTEpPUCTUKU, a TAKXE BIHMSIHHE IIOPUCTOM CTPYKTYpbl M IPUPOAIBI
IIOBEPXHOCTU COPOEHTOB Ha X COPOIIMOHHYIO CIIOCOOHOCTh U CEJIEKTUBHOCTD
[0 OTHOLUEHHUIO K PSAY KaTHOHOB M aHUWOHOB (OJIArOpOAHBIX, TOKCHYHBIX U
Ap. TEPEXOAHBIX METAUIOB M MX KOMILIEKCOB). lcciiemoBaHbl MEXaHU3MBI
B3aMMOJICHCTBUS Hona, xyopa, Opoma, MOJUMEPHOM KPUCTAIIIMYECKOH U
aMOp(HOW CYpbMSIHOM KHCJIOTBI C OKHCIEHHBIMU YIJIEPOJ-YyTIEPOJHBIMU U
TUJIPOJIM30BaHHBIMU yTIEpoA-(pTOpyraepogHsiMu MaTpuaMu. OOHapyKeHO

06pa30BaHHe IMOJIMMCPHBIX IINICHOK I10 TUITY KOOPAMHAITUOHHOTI' O

Tesucwvl 00k1a008 Cmp. 12
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B3aumonencTBus [IPI" (ruapoKCUIbHBIX, KapOOKCUIIBHBIX, KapOOHUJIBHBIX,
JAKTOHHBIX, alleTUJIALETOHATHBIX) C MOHAMU PTYTH, HATPUS, KAJIbLIUA.

B cratnueckux u JUHAMUYECKUX U3YUYEHbI TPOLIECCH COpOLUU Hg2+, Hgo,
Pb>’, Cd*, Ni*’, Cu®’, Na’, Ca’, Cs", Sr*", Au’", Pt*, Pt , Pd*" us
pacTBOPOB ~ Ha  OKHCJIEHHBIX  YIJIEPOAHBIX M THAPOJIM30BAaHHBIX
dTopyrineponHbIX  copOeHTaxX W  KaTaluTU4YecKas  aKTUBHOCTh  Ni-
KaTaJIM3aTOPOB.

Ha ocHoBaHWU MOJTyYEHHBIX U30TEPM COPOLMH, TPOBEACHHBIX PACUETOB C
npUMEHEHUuEeM ypaBHeHud axacopoumu (JIsurmropa, ®@peiliHmmxa) u
IIPUBJICYCHUEM JIAHHBIX JPYTUX METOJOB IPEAIOJaracMbplii MEXaHH3M
copOIMU KOMIUIEKCOB psAJla METAIOB M3 PAacCTBOPOB Ha HAHOMOPHUCTHIX
YIJIEPOAHBIX MaTepHagax BKIIIOUAET B ce0s HECKOJIBKO CTaMiA:

- CO3JaHHE IIyTEM OKHCIEHUS YIVIEPOAHOW IIOBEPXHOCTH AKTHBHBIX
neHTpoB O-comepkammx MOJU(PYHKIUOHAIBHBIX TPYIIN, B TOM YHCIE
00J1aIa0IUX XeJaTUPYIOLUMU CBOMCTBAMU;

- B3aumozercteue O-conepKaluX MOBEPXHOCTHBIX (DYHKIIMOHAIBHBIX
rpynn ¢ KOMIUIEKCAaMH METaJUIOB B IIpoliecce copOLUU U3 PaCTBOPOB.

IIpennoxkensl Hambonee NPOCTbIE M TEXHOJIOTMYECKHE  CHOCOOBI
MOJyYeHUs MOAU(PHUIIMPOBAHHBIX HAHOKOMIIO3UTHBIX COPOEHTOB CEpHH
HYMC, ®C, ®YKM wu katanuzatopoB cepuu Y KH.

CopOeHThl MOKa3adu CBOIO BBICOKYIO 3KOJOTMYECKYI 3(()EKTUBHOCTH
IPU U3BJICUYECHUH PTYTHU U3 TA30BBIX M KUJAKHUX CpPEl, HATPUSA U KalbLUs W3
pacTBOpPOB XJIOpUJa JNUTUSA, PYyOMAMs, LE3Usl U3 MOJENIbHBIX PacTBOPOB,
KaJUMsl, HUKEJS, CBUHIIA, MEJY, [IMHKA U3 CTOYHBIX BOJ M BOJA BogoeMoB. Ha
copoent HYMC-1 nns u3BiedeHUs PTYTH H3 Ta30BBIX W IKUAKUX CPET
CO3/1aHbl TEXHUUYECKUE YCIO0BUs. B HacTosdIee BpeMs COPOEHT UCIOIb3YETCs
Ha OAO «H3XK» 1 OO0 «CubPtyTh».

Karanuzarop YKH npoiuen nexoBple UCIIBITAHUS B PEAKLUN PA3JI0KEHUSA

TUIIOXJIOpHTA JIUTHA.
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CHUHTE3 U XAPAKTEPU3ALIUA
YIVIEPOJAHBIX BOJTIOKHUCTBIX HAHOMATEPHUAJIOB
PA3JIMYHOI'O MOP®OJIOT'HMYECKOI'O THUIIA

Bensgarun A.A.l’z, MurniakoB I/I.B.l’z, HocxkosB A.C.l’z, [Tapmon B.H."?

1
Hnemumym kamanusa um. I'.K. bopeckosa CO PAH

2 . . .

Hosocubupckuti cocyoapcmeenuviti mexHuyecKuti yHugepcumem

3 . .
Hosocubupckuii 2ocyoapcmeentblil yHugepcumem

VYHukanbHple (U3MYECKHE W XMMHYECKHE CBOMCTBA  YIIEpOIHBIX
HaHoMmarepuanioB (YHM) nenaior ux 0co00 MpUBIEKATEIbHBIMU KakK C
dbyHIaMEHTAIbHON, TaK M C MPUKIATHOW TOYKW 3peHus. OHU WHEPTHHI,
0o0naaroT pa3BUTON TMOBEPXHOCTHIO M MOPUCTOCTHIO, XAPAKTEPU3YIOTCS
BBICOKOW XMMHMYECKOM W MEXaHMYECKOM CTaOWJIBbHOCTBIO, XOpOIIeH
AJIEKTPOIPOBOIHOCTRIO, Onarofaps 4yeMy HaxXoIsT HIMPOKOE MPUMEHEHUE B
azcopOLMM U KaTajau3e, JJisl OYUCTKU BOJBI U BO3/lyXa, XpaHEHUs SHEPTUH, a
TaK)Ke B KQ4eCTBE MOJIU(PUKATOPOB JUIsI KOMIIO3UITMOHHBIX MAaTEPHAIIOB.

Cpenu YHM umenno yraepoansle HaHoTpyOku (YHT) u HaHOBOJIOKHA
(YHB) npunsto cuutath Hambosee mnepcrnekTuBHbIMH. B cTpykTtype YHT
rpadeHoBbIC MJIOCKOCTH OPUEHTHUPOBAHBI B KOHIIEHTPUYECKUX CIOSAX BIOJIb
ocu TpyOKH, B pe3yjbTaTe 4Yero MOBEPXHOCTh NpeJACTaBieHa Oa3albHBIMU
rpansmu. B cnydae YHB rpadeHoBbie TUIOCKOCTH PaCIOIORKEHBI B BHJIC
OTZIEJIbHBIX KOHYCOB BJOJIb OCH BOJIOKHA, & IOBEPXHOCTbH IIPEJCTaBIICHA
HCKIIFOUUTEIBHO NPU3MAaTUUECKUMHU IrpaHsmu [1].

HaubGonee pacnpoctpaneHHsIM crocoOom cuHTe3a YHB sBasercs
KaTaJIUTUYECKOE PA3NIOKEHHE YIJIEBOJOPOJAHOIO ChIPbs, IMPOTEKAIOUIEe IO
MexaHu3My KapOouaHoro nukina [2]. Ctpykrypssiii Tun YHB onpeaensiercs
B3aMMHOM OpHUEHTalMel rpadeHOBBIX CIOEB B TEJI€ HUTHU, KOTOpas, B CBOIO
ouepeb, 3aBUCUT OT COCTaBa Karajlu3aropa, TeMIepaTyphbl mpouecca, a

TaK>Xe IPUPOJIbI YTIEPOICOAEPKAIIETO TPEAIIIECTBEHHHKA.
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Pacmmmpenne accoprumenra YHM  npencraBasercss  OOHUM U3
AKTyaJIbHBIX HANpPaBJICHUW COBPEMEHHOM XMMHH YIIIEPOAHBIX MaTE€pUAIIOB.
VHukaneHOe coueranue cBoiicTB YHB mno3Bonser paccmarpuBaTh HX B
KayecTBE MEPCIEKTUBHBIX MOAUPUIMPYIOMUX J00aBOK, YIYUIIAIOIINUX
(bU3HKO-MEXaHUYECKHE XapaKTePUCTUKH KOMITO3ULIMOHHBIX MaTepuaios. s
UCTIOJB30BAaHUSI B CMA30YHBIX MaTepuangax HOBOTO IIOKOJIEHUS OCOOBIif
WHTEPEC TPEJCTABISAIOT BBICOKO nedekTHbie «mepucTteiey YHB (puc. 1a).
YHB cronuaroii u KoakcHMalbHO-KOHUYECKOH Mopdoisioruu (puc. 16 u 1B)
MOTYT OBITb YCHEIIHO HCIIOJB30BAHBI S  HAHOMOAU(DHUIIMPOBAHHS

CTPOUTCIIbHBIX MAaTCPHUAIOB, BKIIIOYasa 6CTOHBI, aC(i)aJ'ILTO6CTOHBI u 6I/ITYMBI.

Puc. 1. Mukpochumxu YHB paznuunot mopgonocuu:

a) «nepucmoley; 6) cmonuamvie; 8) KOAKCUATbHO-KOHUYECKUE.

B Nucturyre karanuza CO PAH co3gana onbITHas NWIOTHAs yCTaHOBKA
C POTOPHBIM PEAKTOPOM, MO3BOJISAIONIAs MO3TAITHO MACIITA0MPOBATh MPOIIECC
nonyyenus: YHB sxenaemoit mopdornoruu. [l cMHTE3UPOBAHHBIX 00pa3loB
U3Y4YEHbl KHHETHMUYECKHE 3aKOHOMEPHOCTHM HAKOIUIEHHs YIrJiepoja IIyTeM
PAa3JI0KEHHS PA3JIUYHOTO YTJIEBOJOPOJHOIO ChIPbsSl B IPOTOYHOM PEAKTOPE C
Becamu Mak-bena. MeTomoM AIEKTPOHHOM MHUKPOCKOIIMM — BBICOKOTO
paspemenusi (HREM) uccnenoBana mopdoiaorus moSTy4eHHBIX YIJIEPOIHBIX
HAaHOHUTEW. METOIOM pacTpOBOM CIEKTPOCKONMNHN U3YyUYE€HA MAaKpPOTEKCTypa U
nopucTtasi CTpykrypa oOpasnoB. CrenaHbl MNPEANOJIOKEHHUS O BIMSHUU
TEMIIEPATYPbl CUHTE3a M pa3Mepa aKTHMBHOM YAaCTHLbI HAa paCIOJI0XKEHUE

rpa)eHOBBIX MIIOCKOCTEHN B Teje 00pa3yOIINXCsS HAHOYTJIEPOIHBIX HUTEH.

Jlumepamypa
[1].  C.Pham-Huu, et. al. Journal of Catalysis, 240 (2006) 194.

[2]. P.A. bysanos, B.B. UecnokoB. Kamanus 6 npomviuinennocmu, 2 (2006) 3.
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O JEMCTBYIOIINX HA TEPPUTOPUU TAMOKEHHOI'O
COIO3ATY UTOCT HA HAHOMATEPHAJIBI

®unaroB C.A., ' yukenu A.B.

Hncmumym menno- u maccooomena um. A.B. Jlvikosa HAH Benapycu,

2. Muncxk, yn. I11. bpoexu, 15

Crneunduka H3MEpeHUl XapaKTEepUCTUK HAHOMATEpUAJOB NpHUBENA K
HEO0OXOIMMOCTH OOEeCIeYeHUsl €AMHCTBA HM3MEPEHUN COCTaBa, CTPYKTYPHI,
pa3Mepa U CBOMCTB HAaHOMATE€pUAIOB M BO3MOXHOCTH OOecreueHus
IPOCIEKUBAEMOCTH 3THX CBOMCTB K ATAJIOHY COOTBETCTBYIOLIEH BEIUYHMHBI
[1-6]. MexXIucCUMIUITMHAPHBIM  XapakTep HAHOTEXHOJOrMH mNoTpebdoBal
cozmanuss B 2005 romy B pamkax MexXAyHapoAHOM OpraHu3auuu IO
CTaHIApTU3ALUU (UCO) Texunueckoro  komurera  MCO/TK229
«Hanotexnomorum» u co3manus TexHudeckoro komutera MOK/TK113
«Crangaptuzanusi B 00JIaCTU HAHOTEXHOJIOTMHM JUISl D3JIEKTPUYECKUX U
AIEKTPOHHBIX U3JEIUN U CUCTEM.

Cozmanme TY wm T'OCT w©Ha HaHomaTepwalibl  TOTPeOOBAIO
METPOJIOTUYECKOr0 00eCleUeHusl eAMHCTBA U3MEPEHUI JUIMHBI B TUAIIa30HE
1-1000 BHM ® co3gaHUsT MEpP C HAHOPA3MEPHBIMU NapaMeTpaMu IS
KaTMOpPOBKU D3JEKTPOHHBIX M AaTOMHO-CHJIOBBIX MHUKPOCKOIIOB, a TaKke
BBeaeHus: cootBercTBytomux ['OCT P 8.628-2007 «I'ocynapcTBeHHas
cuctemMa o0ecnedeHUs €IMHCTBAa  U3MepeHuil. Mepbl  penbedHble
HAHOMETPOBOI'O  JMana3oHa W3  MOHOKPUCTAJUIMYECKOTO  KPEMHHUSI.
TpebGoBanusa k reomeTpuueckuM (opmam, JUHEHHBIM pa3MepaMm U BBIOODPY
Marepuana s uzrotoieHus», ['OCT P 8.629-2007 «['ocymapcTBeHHas
cuctemMa o0ecnedeHUs: €IMHCTBAa  U3MepeHuil. Mepsl  penbedHble
HAaHOMETPOBOI'O JIMANa30HAa C TpanelueuadibHbIM HpPOPUIeM 3JIEMEHTOB.
Meronuka nosepkn», 'OCT P 8.630-2007 «l'ocymapcTBeHHast cuctema
oOecrieueHust eIMHCTBA U3MEPEHN. MHUKPOCKOIBI CKaHUPYIOIIHUE 30H/I0BbIE

aTOMHO-CWJIOBBIE H3MepuTenbHble. Metoauka mosepku», ['OCT P 8.631-
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2007 «l'ocymapcTBeHHasi cucTeMa OOECHEYEeHUs E€IUHCTBA HW3MEPEHUMU.
MUKpOCKOIIBI ~ 3JIEKTPOHHBIE ~ pPacTpOBbIE  M3MepUTeNbHble. Meroauka
noBepku», ['OCT P 8.635-2007 «I'ocynmapcTBeHHass cuctemMa OOeCIeueHUs
€AUHCTBA M3MEpPEHHI. MMUKpPOCKOINBI CKaHUPYIOUIME 30HJIOBBIE ATOMHO-
cusnoBble. Meroauka kanubpoku», ['OCT P 8.636-2007 «['ocynapcTtBeHHas
cucteMa oOecleyeHus: €JUHCTBAa U3MEpPEeHU. MUKpPOCKONBI 3JIEKTPOHHBIE
pacTpoBBIE. Meronuka KaJIMOPOBKUY, I'ocCTt P 8.644-2008
«locynapcTBeHHass cucTeMa OOECHeYeHHs] €IWHCTBA U3MepeHui. Mepbl
penbedHble HAaHOMETPOBOIO JHarna3oHa € TpamneleuJalbHbIM poduaem
3JIEMEHTOB. Meronanka KaJIUOPOBKUY, Irocrt P 8.696-2010
«locynmapcTBeHHass  cucteMa  oOecrieueHuss  €JUHCTBA  W3MEpEHUH.
MeXINI0CKOCTHBIE ~ PACCTOSHMS B KPUCTAUIAX M PaCIpEesIeHHe
WHTEHCUBHOCTEH B JIU(PPAKIUMOHHBIX KapTUHAX. MeToauKa BBINOJHEHUS
U3MEPEHUN C MOMOIIbIO AMeKTpoHHOTO Audpaktromerpay, [OCT P 8.697-
2010 «I'ocymapcTBeHHass cucTeMa oOOeCHeUYeHUs EIUHCTBA H3MEPEHUH.
MEeXIUIOCKOCTHBIE PAcCCTOSIHUSL B KpUCTAUIax. METOIMKa BBINOJIHEHUS
U3MEPEHUI C TOMOUIBI0 MPOCBEYMBAIOLIETO 3JIEKTPOHHOTO MHUKPOCKOMIA,
['OCT P 8.698-2010 «I'ocymapcTBeHHasi cuctema OOECIICUeHMs] €IUHCTBA
u3MepeHuid. Pa3MepHble nDapaMeTpbl HAHOYACTHI] M TOHKUX IUICHOK.
Meroauka  BBINOJHEHUS  U3MEPEHHA € TOMOUIBIO  MaJoOyIJIOBOIO
pentreHoBckoro audpakromerpay, OCT P 8.700-2010 «['ocynapcTtBeHHas
cuctemMa oOecreyeHus: €AUHCTBAa u3MepeHui. MeTtonuka wu3MepeHui
3G (HEKTUBHON  BBICOTHI  IIEPOXOBATOCTH  IMOBEPXHOCTH C  [OMOIIBIO
CKaHHMPYIOLIEr0 30HJ0BOr0 aTOMHO-CHUJIOBOI'O MUKPOCKOIIa».

B nocnegHee Bpemsi pa3paboTaHbl M BBEIEHBI B JICHCTBUE
MexrocyaapcTBeHHbIE CTaHAAPTHI (CHI): Iroct 8.591-2009
«locynapcTBeHHass cuctemMa oOOeCnedYeHHsl €IWHCTBA HU3MepeHuil. Mepbl
penbedHble HAHOMETPOBOTO JHama3oHa C TpamnelueuJalbHbIM Mpoduiem
aneMeHTOB. Mertonuka mnosepkm», ['OCT 8.592-2009 «I'ocynapcTrBeHHas
cuctemMa o0ecreyeHus €IMHCTBA  u3MepeHuil. Mepsl  penbedHbie

HaHOMCTPOBOI'O Auaria3doHa n3 MOHOKPHUCTAJLNIMICCKOI'O KpCMHHUA.
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TpeOoBaHug K reoMeTpuueckuM (opmaM, JUHEHHBIM pa3MepaM U BbIOOPY
Marepuana g usrorosieHus», ['OCT 8.593-2009 «l'ocynmapcTBeHHas
cucteMa oOecreyeHus: €AMHCTBA M3MepeHUN. MUKPOCKONbI CKAHUPYIOUIUE
30HJOBBIE aTOMHO-CWJIOBBIE. Metoauka moBepku», ['OCT 8.594-2009
«l'ocymapcTBeHHass  cuctemMa  oOOeCleYeHUsT  €JMHCTBA  W3MEpPEHUH.
MUKpOCKOIBI 3JIEKTPOHHBIE PACTPOBBIE. METOAMKA ITOBEPKM».

[Ipenmonaraercss BBeIEHUWE B JEHMCTBUE B KadyecTBe cTaHAapTroB P
MexayHapoaHbelx  cranmaproB  MCO/TS  80004-3(2010), HCO/TS
27687(2008), MCO/TR 12802(2010), UCO/TR 11360(2010), MBK/PAS
62565-2-1(2011) u MBK 62624(2009) a Taxxke Oonee 20 craHaapToB
pa3paboTtanHbIX B PO.

B Pecniybnuke benapych pa3paboTanbl U BBEICHBI B JCHCTBHE CTaHIAPTHI
CTb CTb 2209-2011 «Marepuansl HaHOPAa3MEpPHBIE YIJIEPOAHBIE U
HEYTJIEpOAHbIE W KOMIIO3UTBI Ha MX OCHOBE. Meron omnpeneseHus
AJEMEHTHOIO  COCTaBa C NPUMEHEHHEM  JJEKTPOHHBIX  PAacCTPOBBIX
U3MEPUTENBHBIX MHKPOCKOIOB» (moctaHoBieHue [occrangapra Pb ot
28.06.2011 Ne 40) u CTBb 2210-2011 «Marepuansl HaHOpa3MEpHbIE
YIJIEPOAHBIE W HEYIVIEPOAHBIE M KOMIIO3UTBI Ha HX OCHOBE. MeTon
ONPENEIICHUs] I1apaMETpPOB C IPUMEHEHHMEM JJIEKTPOHHBIX PACTPOBBIX
M3MEPUTEIBHBIX MHMKpPOCKOINOB» (moctaHoBineHue [occrangapra Pb ot
28.06.2011 Ne 40, ycraHaBnMBaeT METOJ OINPEAECIEHUs JIMHENHBIX Pa3MEpOB
HAHOPA3MEPHBIX CTPYKTYD).

Jlumepamypa:

[1]. Kpyruxos B.H. Metponoruueckoe oOecnedeHue, CTaHAApTU3alUs U OLEHKa
COOTBETCTBUS HAHO-TEXHOJIOTUN U HAHOWHAYCTpHUH. Y.2.

[2]. Kpyrukor B.H., 3omorapesckuii FO.M., Anapromeuxkun C.E. // Merpomnorus. -
2008. - Ne3. - C.3-14.CocrosiHuE U TEHACHUMHU Pa3BUTHs €BPOINEUCKON HAHOTEXHOJOTHH.
Matepuansl «NANOFORUM 8» M. : BHUMO®MU. - 2008. - C. 248.

[3]. Tonya IILA. Merponoruss u CcTaHgapTH3alMds B  HAHOTEXHOJOTHUSIX U
HaHouHAycTpuH. // 3mepurensHas Texauka. - 2008. - Ne 5. - C. 5-10.

[4]. JlaxoB B.M. Merponorudeckoe oOecrieueHue, CTaHAapTU3alus U OlEHKa
cootBeTcTBUsA HaHoTexHoJoruii / B.M. Jlaxos // Komnerentnocts. - 2008. -Ne2. - C. 31-
35.

[5]. Oxpenunos B.B. Crangaptuzauus u merposiorusi B HaHoTexHosorusax. - CII6.:
Hayxa. - 2008. - C. 260.

[6]. Ceprees A.I'. Beenenue B Hanometposoruto. Bmagumup: U3a-so Bal'V. - 2010. -
C. 296.
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CHUHTE3 U XAPAKTEPU3AIIUA
YIJIEPOJAHBIX HAHOTPYBOK

Ky3snenos B.JL

Hncemumym kamanuza CO PAH, 2. Hosocubupck

VYraepoaubie HaHOTPYOKH (YHT) mmpoko UCHONB3YOTCS ISl CO3/IaHMS
HOBBIX KOMIIO3UTHBIX MAaT€pHAJIOB HAa OCHOBE MOJUMEPOB, METAIJIOB U
KepaMUK, a TaKxke Il pa3padOTKH KOMIIOHEHTOB HOBBIX DSJIEKTPOHHBIX
ycTpoiictB. Hanbonee pacnpocTpaHeHHbIE METOAbl MOJYYEHUS OATUX
MaTepuaiaoB 0a3UpYyIOTCS Ha XUMHYECKOM OC&XKIEHUHM YIilepoja Ha
MOBEPXHOCTH METAJUIMYECKUX KaTAIM3aTOpPOB IpU Temmeparypax oT 500 mo
2000°C. Hecmotpst Ha MHOrooOpa3ue ycjaoBUH MOIYYEHHUS Pa3IUYHBIX TUIIOB
YHT wmexanu3mbl ux ¢GOpMUPOBAHUS HUMEIOT OOIME 3aKOHOMEpHOCTU. B
3aBUCUMOCTH OT arperaTHOTO COCTOSIHUS KaTaJTUTUYECKUX YACTHUL] BBIIEISIOT
JIBa THUIA MEXaHM3MOB pPOCTa: «ra3-xKuaKocTb-TBepAoe» (VLS) m «ras-
TBepHoe-TBepaoe» (VSS). JlaHHble MEXaHU3MbI XapaKTEPU3YIOTCS HAIHMYUEM
oOmux craamii: 1) axkTUBaUMeW YIVIEPOACOAEPKAIIMX MOJIEKYJ Ha
MOBEPXHOCTH YACTHUIl KaTanu3aTopa (AJi1 HU3KOTEMIIEpaTypHBIX MPOIIECCOB),
2) pacTBOpeHHEM B 00BbEME WM IPUIOBEPXHOCTHOM CJIO€ METaNINYECKOU
YacTULIbI aTOMOB yrieponaa, 3) o0Opa3oBaHHMEM IIOBEPXHOCTH pasjeia
(uaTEpdeiica) MeXIy METaUIMYecKor JacTuieid u TpyOkou 4) nuddysueit
pacTBOPEHHBIX aTOMOB yriepoAa K TMOBEPXHOCTH uHTepdeiica u 35)
BCTPaUBAHUEM THX aTOMOB B PACTYILYIO TPYOKY.

B HWK CO PAH pa3BuBaerca  MeTOAOJOTUS  pa3pabOTKU
BBICOKOCEJIEKTUBHBIX KaTanu3atopoB cuHTe3a YHT, koTtopas Ga3zupyercs Ha
OPEANoNOXKEHUH 00  ONpeAeNdmioniel  poiu  3apojbllnieo0pa3oBaHuUs
(GparMeHTOB pacTymMX OO0pa3oBaHUN Ha TOBEPXHOCTH METANTMYECKUX
YaCTHUL] HA TUN YIJIEPOAHBIX OTJIO0XKEHHUM. B wacTHOCTH, TEpMOAMHAMUYECKUI

aHaJIM3 YCJIOBHM 3apobllie00pa30BaHus pacTylled TpyOKU WM KpUCTalia B
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COUCTaHMM C aHaau3oM (a30BBIX JWarpaMM MHOTOKOMITOHEHTHBIX
METAJNIMYECKUX CUCTEM IO3BOJISIET CPOPMYITUPOBATH HEOOXOAUMbIE YCIOBUS
JUISl CEJIEKTUBHOIO MOJyYeHUsI T€X WJIM UHBIX TUIIOB HAHOTPYOOK yriepoaa. C
ITUX OOITUX MO3UIIMKA paccMaTpPUBAIOTCs BIUssHUE HA pocT YHT nmpomoTopos,
pa3MepoB METaUIMYECKUX YacTHIl, YCJIOBUH MPOBENIEHUS IMpoliecca, crnocoda
aKTUBAIIMM KaTaJu3aTopa. ODTO TPHUBEIO K pa3paboTKe HOBOTO crocoba
IIPUTOTOBIICHUS HaHECEHHBIX METAJUIMYECKUX KaTaJau3aTopoB,
MO3BOJISIIOIIET0  MOJIy4aTh BBICOKOJMCIEPCHBIC OKCHUIHBIE HOCHUTEIU C
TOMOT€HHBIM PacOpeAeI€HUEM B HUX MOHOB METAJUIOB MOATPYIIIBI KEJe3a.
Nx BoccTaHOBIEHME B KOHTPOJHMPYEMBIX YCJIOBHUSX ITO3BOJIIET MOJIy4YaTh
YaCTHUIIBI METaJIa Y3KUM pacipeesicHueM o pazmepam, o0yclaBIuBarone
pocT HAHOTPYOOK 3aJlaHHOTO JauaMmeTpa. Pa3zpaboTaHbl KaTalIM3aTOpHI,
MO3BOJISIONIMX CUHTE3UpOBaTh MHOrocionnble YHT ¢ BapbupyembiM
pacrpeneneHueM TpyooK 1o AuaMeTpy U YucToToM Bollie 95 %.

Jns xapakrepuzanuu Y HT ucnons3oBanu mupokuii Habop Gu3nueckux u
XMMHUYECKUX METOJIOB. B wacTHOCTH, AJisl IOYy4YEHUS CBEIICHUN O CTPYKTYpe
u Mopdonorun TpyOOK TMPUMEHSINM MPOCBEUMBAIOIIYI0 M PACTPOBYIO
AIEKTPOHHBIE MHUKPOCKOIIUU B COYETAHUU C METOJaMu
SHEPTOANCIICPCUOHHOTO aHalln3a, PEHTTeHOBCKYr mudpakmuio (PDA),
CHEKTpOCKOonHuio KomOuHarmonHoro paccesHust (KP), ancopOrmonHbie
METOAbl AHAIM3Aa YAECIbHOM ITOBEPXHOCTH M IIOPUCTOM CTPYKTYphl. s
aHaJIn3a IIOBEPXHOCTHU YHT UCIIOJIb30BAIN PEHTITEHOBCKYO
(OTORIEKTPOHHYIO CIEKTPOCKOIHUI0, HH(QPAKPACHYIO CHEKTPOCKONUIO U
METOJIbl XUMHUYECKOTO aHain3a. DJEKTPOHHBIE M TPAHCIOPTHHIE CBOMCTBA
TpyOOK HCCIIEIOBad METOJaMHU HU3MEPEHHS TEMIIEPATyPHBIX 3aBHCHMOCTEH
ANEKTPONPOBOJAHOCTH M  MarHeTOpe3ucTUBHOCTH. Ilpu  wuccnenoBaHuUsAX
CBOWCTB KOMIIO3WIIMOHHBIX MaTepuasioB, coaepxkamux YHT, oObsaHO
UCTIOJIB3YIOT TIOXOJbl, TUMUYHBIC JJISI M3Y4YCHHS 0a30BbIX KOMIIOHEHTOB U

OpUEHTHUPOBAHHBIX Ha creu(pUKy o0s1acTeld MPUMEHEHUS.
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YIJIEPOJHBIE MATEPHUAJIBI U3 BBICOKO30JIbHOM
BUOMACCHBI: IIOJIYYHEHUE U XAPAKTEPU3ALIUA

Eneukuii [1.M., SkoBnes B.A., [Tapmon B.H.

Hncemumym kamanuza um. I'K. bopeckosa CO PAH, 2. Hosocubupck

Pactutenrnass Ouomacca C TOBBIIICHHBIM COJCPKAaHUEM  30JIbHOM
KOMIIOHEHTBhl TPEACTAaBIsICT MHTEPEC KaK MPEAIIECTBEHHUK MOPHUCTHIX
YTIEPOJHBIX MaTepHalioB Oyiarojaps TOMY, YTO MUHEpaJIbHAs YacTh MOXET
BBICTYIIaTh B KA4eCTBE MPUPOAHOrO TeMIIaTa JUisi  OOpa3yroIIuXxcs
yIIEpOaHBIX MaTepuasnioB. Hawmbornee pacmpocTpaHEHHOM W JTOCTYIHOMU
OuomMaccoil Takoro tumna sipisierca puconas menyxa (PII), koropas moxer
cojiepkath B cBoeM cocTtaBe 13 — 29 Bec. % 30JIbHOM KOMIIOHEHTHI, Oojee
95 % koTopoi coctaBisieT aMOphHbIN AMOKCH KpeMHus [1].

B nannoit pabore PII wucnonb3oBamu [ MOJYYEHHUS YTIEPOIHBIX
MaTEpPHAIOB C MPEUMYIECTBEHHO MUKPO-, MO0 ME30MOPHUCTON TEKCTYPOHU.
[Ipensapurtensuo PII kapOoHM3UPOBaAIM B KUIISIIEM CJIO€ KaTajlu3aTopa Mpu
450-600°C ¢ TONyYEHHEM YIIIEPOA-KPEMHE3EMHBIX HAHOKOMIIO3UTOB
(C/S10y,).

Mesonopuctbie  yriepoAHbIE MaTepUalbl OBLIM TOJYYEHBl MyTeM
tepmoobpadotku C/Si0, ¢ kapbonaramu Hatpus u Kanusa npu 750—1000°C
JUlsl ynaneHuss (a3bl B BHUIE BOJOPACTBOPUMBIX CHJIMKATOB. Y IelbHas
noBepxHocTh M0 BOT (Agpsr) 00paszuoB cocraBmia 650 — 1700 M2/F, o0beM
mop (Vs) — mo 1,5 em’/r, monst mesomop — 6oxee 80 % mo o6bemy. JlaHHbIE
MaTepualbl MOTYT HAUTH MPUMEHEHHE B KQU€CTBE HOCUTENEH KaTaau3aTopoB,
a7cOpOCHTOB U MaTEPHUAJIOB JIJIsl CYNIEPKOHIEHCATOPOB.

[Ipumenenue mmenouedt mnsg  aktuBaruu  C/Si0, npu  700-900°C
MO3BOJIUJIO TOJIYYUTh YIJIEPOAHBIE MaTepuaidbl C MPEUMYIIECTBEHHO
MHUKPOIIOPUCTON TEKCTYpPOH, yIelbHOU MmoBepxHOCThI0 1Mo BOT Gomee 3000

2 3 3
M/r, Vy 10 3,0 em’/r u V, 1o 1,9 cm”/r. VIX uccnenoBanye ¢ NpUMEHEHUEM
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METO/Ia HEeJOKadbHOW Teopuu ¢yHKmuoHanta tiotHoctn (HTOIT) [2]
MOKa3aJio, YTO OHU OO0JaJal0T YIEIbHOM MOBEPXHOCTHIO, OJNM3KOW K
IpeIebHO BO3MOXKHOM [UIS YIIIEPOIHBIX MaTepranoB (okomo 2630 m*/r [3]).
TecTupoBanue IMOKa3al0 TEPCHEKTUBHOCTh WX TMPUMEHEHHS B KadecTBE
AKTUBHBIX MAaTEpUAJIOB CYINEPKOHJEHCATOPOB, a TaK K€ aJcopOeHTOB
BOJIOPOJIa U METaHa: EMKOCTh 10 BOAOpOAY aocturia 6,3 Bec. % npu 77 K u

50 arm.; emxocth o CHy — 41 Bec. % nipu 273 K u 60 atm. (puc. 1).

] 500, &3 o - 900, 41 %
. 81 850, 5,8 % . 40 4 '
. TS B H%
[ % 1) . o
g 700, 4,7 % @ 30- 700, 28 %
-~ 44 . 750, 27 %
e =
2 3- 3 20
O
2 a
92 o
g Q
< g 10- )
L (@) < @7
o+— 0 — 7 77
0 10 20 30 40 50 60 0 10 20 30 40 50 60 70
P, atm P, atm

Puc. 1. U3omepmvr aocopbyuu 60o0opooa (77 K) (a) u memana (273 K) (6) na

MUKPOROPpUCMBIX YeNlepoOHbIX Mamepuanax uz PIII

Jlumepamypa

[1]. FO.B. Jlapuues, IL.M. Enenxuii, ®.B. Ty3ukoB, B.A. Sxosnes, Pa3pabotka
TEXHOJIOTHH TOJIYYCHHS TTOPUCTBIX YTIIEPOI-KPEMHE3EMHBIX KOMIIO3UTOB U YTJIEPOIHBIX
MaTepuajoB M3 PHCOBOM IIETyXH, HCCIEJOBAHUE WX TEKCTYPHBIX M JUCIEPCHBIX
XapakTepucThk, Katanus B mpomsltieHHocTH, 2 (2013) 72 (6 newamu,).

[2]. E.A. Ycrunos, B.b. ®enenonos, B.A. fxosnes, I[I.M. Enenknii, Xapakrepuzarus
MMOPUCTOM CTPYKTYPHI YIJIEPOJIHBIX MATEPHAIOB C MPUMEHEHHEM TEOpUH (HYyHKIIMOHAJA
motHocTH, Knnetnka u xaranus, 48 (2007) 629.

[3]. II.M. Enenkunii, Cunres u HUCCcIIeJOBaHuEe YIJIEPOI-KPEMHE3EMHBIX
HAaHOKOMITO3UTOB, ME€30- U MHUKPOIIOPUCTBIX YTIIEPOJHBIX MATEPUAIOB U3 BHICOKO30JIHHON

O6romaccer // Jlucc. Ha COMCKAaHUE yU. CT. KaH[. XuM. Hayk (2009).
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UCCJIEAOBAHUE MUKPO - ME3OIIOPUCTBIX
YIJIEPOJIHBIX MATEPHUAJIOB B KAYECTBE
JIEKTPOJI0B J1JIsI KOHJAEHCATOPOB C ABOMHBIM
IJEKTPUYECKHUM CJIOEM

Jle6eneBa M.B., Ky3uenos A.H., Enenkuii [1.M.,
Axosnes B.A., [lapmon B.H.

Hnemumym kamanuza um. I'K. bopeckosa CO PAH, 2. Hosocubupck

KonaeHcaTopbl ¢ JBOMHBIM 3JIEKTPUYECKUM CIIOEM MPEACTABISIOT COO0M
AIIEKTPOXUMUYECKHE YCTPONCTBA XPAHEHHS IHEPTUHU, KOTOPHIE MOTYT OBITh
UCIIOJb30BaHbl KaK OTIEJIbHO, TaK M B JOINOJHEHHE K APYTUM HCTOYHUKAM
TOKAa, TaKUM KaK aKKyMYyJSITOPbl WM TOIUIMBHBIE 3yieMeHTHI. [IpunHiun
paboThHI TOJIOOHBIX YCTPOMCTB 3aKITFOYACTCS B PA3ACIICHUH 3apsiia Ha TPAHUIIE
paznena ga3 mOBEpXHOCTH AIEKTPOJA U SIEKTPOJIUTA.

VYriepoaHbie MaTepuabl, MOTy4yaeMble U3 PUPOJTHOTO BO30OHOBIIEMOTO
CBIPbS, ABJISIOTCS MEPCIEKTUBHBIMU MaTepUaiaMu I CO3[aHUsl SJIEKTPOIOB
JUIsl KOHJIGHCATOPOB C JBOWHBIM BJEKTPUUYECKUM clioeM. MX BbIcOKas
pa3BUTas TIOBEPXHOCTh TO3BOJISIET HAKAIUTMBATh OOJBIIOE KOJUYECTBO
sHeprun [l], a JOCTYNHOCTH ChIpbS JEHAET WX NPUBJICKATEIBHBIMUA C
SKOHOMMYECKON TOUKHU 3PEHHUS.

MHUKpPO-ME30IIOPUCTBIE  YIIIEPOAHBIE MaTEpHalbl, HWCIOIb30BaHHBIE B
JaHHOM paboTe, ObUIM TMOJYYEHBI HU3 PUCOBOM MmIenyxu [2, 3] U UMEIOT
momaaes mosepxHoctu or 890 mo 3000 M>/r. VcclieioBaHne eMKOCTHBIX
XapaKTEPUCTHUK MIPOBOANIIOCH AIEKTPOXUMUYECKUMU METOJaMHU
(UMKIMYecKasi BOJIbTAMIIEPOMETPUS U XPOHOMOTEHIIMOMETPHUS) B BOJHBIX
ANEKTPOJIUTAX.

bpulo moOKazaHO, 4YTO 3aBUCMMOCTh YJAECIBHOM €MKOCTH OT IUIOLIAIH
IIOBEPXHOCTH OmNpeAesieHHOW no merony bOT mis uccinenoBaHHBIX yrien
uMeet JuHeHyo dopmy (Puc. 1 A).
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Pucynok 1.(4) Coomnowenue mexncoy yoenbHOU eMKOCmbIO U YOelbHOU
nosepxnocmoio. (b) 3asucumocms yoenibHoU eMKocmu om nAOMHOCMU MOKA
Pa3psdACceHUs i HUCMO20 U MOOUDUYUPOBAHHO20 NOJUAHUTUHOM Yelepood C

Sor) = 2230Mm°/2. (anexkmponum: 1M H>SO,).

JUIs  yaydIeHusT EeMKOCTHBIX —XapaKTePUCTHUK IMOBEPXHOCTh  Obliia
MOJU(UIIUPOBAHA  MPOBOMAIIMM  TOJMMEPOM,  TMOJUAHWIMHOM. Ha
pucyHke 1b mpencraBieHa 3aBUCHMOCTb YIEIbHOH €MKOCTH OT IUIOTHOCTH
TOKa Pa3psHKCHUS JUIT YUCTOTO M MOAU(PHUIIMPOBAHHOTO TOJUAHUIMHOM
yriiepoga ¢ IUoniaap0 moBepxHocTu 1o bOT 2230M/r. Monaudukamnms

ITOBEPXHOCTH MTPUBOJUT K 3HAYUTEIIBHOMY YBEIIMYECHUIO YICIIbHOU €EMKOCTH.
Jlumepamypa

[1] A.G. Pandolfo, A.F. Hollenkamp, J. Power Sources, 157 (2006) 11.

[2] P. M. Eletskii, V. A. Yakovlev et al., Kinetics and Catalysis. 49 (2008) 708.

[3] P. M. Eletskii, V. A. Yakovlev et al., Microporous and Mesoporous Mat. 121

(2009) 34.
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U3MEPEHUE D®dPEKTUBHON MOBEPXHOCTHU
YIVIEPOAHBIX HAHOMATEPHUAJIOB

Axpemkosa ['.C., ®unaros C.A., I'yakeBnu A.B.

Hncmumym menno- u maccooomena um. A.B. Jlvikoea HAH benapycu,

Munck, yn. 1. bpoexu, 15

CoBpeMeHHbIE  TEXHOJIOTMYECKUE  MPOIECChl,  OCHOBAaHHBIE  Ha
WCIIOJb30BaHUM HAHOPA3MEPHBIX YTIEPOJAHBIX MATEpPUATIOB, OMNPEACISIOT
HEOOXOJIMMOCTh HCCIEJOBaHUSl IUIOMIAAM TOBEPXHOCTH U  TMOPUCTOM
CTPYKTYpbl MaTEpHajOB C MPUMEHEHUEM METOJ0B (U3UYECKOU COPOIUH.
AncopOrvs ra30B Ha BHEUTHEN W BHYTPEHHEH MOBEPXHOCTH HAHOMATEPHAJIOB
SBJISIETCS BaKHBIM HWHCTPYMEHTOM IS ONPEACJICHUS HX COPOILMOHHBIX
XapaKTepUCTHUK, CBA3AHHBIX C OKCIUTyaTallMOHHBIMU CBOMcTBamu. B
HACTOSIIIIEE BpEMsI XOpPOIIO M3Y4YEHBI aJCOpPOLMOHHBIE CBOWCTBA Kak
NPUPOJIHBIX TPaPUTOB W TEXHUUYECKUX MapOK yriepoaa — YIIEepOAHBIX
ancopOEHTOB  C  OAHOPOJAHOW  Heclneuu(UYEecKO  MOBEPXHOCTHIO,
o0nagaronMx  BBICOKOM  YYBCTBUTEIBHOCTHIO K  MPOCTPAHCTBEHHOMY
CTPOCHUIO MOJIEKYJ a/icOpOaTOB, TAK M CBOMCTBA KOMMEPUYECKU JOCTYIHBIX
YIJIEpOAHBIX HAaHOMAaTepHUasioB (puc. 1).

DKCIepUMEHTAIbHBIC JTAaHHBIC 0 CEJICKTUBHBIX CBOMCTBax
HAHOCTPYKTYPUPOBAHHBIX YIJIEPOJHBIX aJCOPOCHTOB MOTYYE€HBI C MOMOIIbIO
aHaJIU3aTopa MOPUCTOCTU M yAenbHOM moBepxHOCTU ASAP2020 kommnanuu
«Micromeritics» (CILIA) mo opuruHanbHBIM METOJUKAM, PEATU3YIOLIUM
meron JlyOunmHa-PanymkeBuua [1-4], mnpomeammM METPOJIOTHYECKYIO
skcnepTr3y. (OCHOBHOM UENBIO IPOBOAUMBIX HCCIEAOBAHUN  SIBISIIOCH
OomnpeleNicHHe  YACIbHOM  TMOBEPXHOCTH  MaTepHalioB,  COPOIMOHHOMN
CIIOCOOHOCTH TIPU MCIOJIb30BAaHUU B KauecTBe abcopOarta a3oTa U BOAOPO/IA,
onpeaeleHue pa3MepOB HAHO-, MUKPO- U ME30IOp C LEJIbI0 ONpeneseHus

ONTUMAJIBHOTO Ccroco0a (PYHKIIMOHANM3AIMN TMOBEPXHOCTU YTJIEPOIHBIX
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copbentoB. [IpakTuueckas 3HAYUMOCTH PE3yJLTATOB PAa0OOTHI OMpPENEISICTCS
BO3MOXHOCTBIO CO3J]aHUSI HOBBIX BBICOKOA((EKTUBHBIX COPOCHTOB U
BO3MOXHOCTbIO MOJIETUPOBAHUS TEIIOMAaCCOOOMEHHBIX IMPOILIECCOB B TaKHUX
copbentax. [lomyueHHble pe3yiabTaThl MOTYT OBITH HCIIOJNB30BAHBI TSt
Pa3BUTHUS MOJIEKYJISIPHO-CTaTUCTUYECKON TEOpUU aACOpOIMU M3 Ta30BOM
(da3bl HAHOCTPYKTYPHUPOBAHHBIX YTIEPOAHBIX aJCOPOECHTOB U MPHU CO3TAHHUH

I'CTCPOIrCHHBIX KAaTaJIN3aTOPOB.
——

Puc. 1. Cmpykmypa nepcnekmusHvlX HAHOCMPYKMYPUPOBAHHBIX VeaepOOHbIX
copbenmos (ciesa—mepmopacuiuperHlil 2pagum, cnpasa —

@yHKYUOHANUIUPOBAHHbIE V2ellepOOHble HAHOMPYOKUL)

Jlumepamypa

[1]. I'perr C., Cunr K., AxcopOrus, yaenpHas MOBEPXHOCTh, TOPUCTOCTh. M.: Mup, 1984.

[2]. Dollimore D., Heal G. R. An improved method for the calculation of pore size
distribution from adsorption data // J. Appl. Chem. 1964. Vol. 14, No 1. Pp. 109—-114.

[3]. Ayounnn, M. M. CpaBHeHHE pa3IWYHBIX METOJOB OIIEHKH pPa3MEPOB MHKPOIOP
yraeponusix afgcopoentos // M3B. AH CCCP. Cep. xum. 1987. Ne 10. C. 2389-2390.

[4]. Qyounua M.M., AncopO6rus u mopuctocts, M., 1972; C6. “CoBpeMeHHBIC TPOOIEMBI
Teopun aacopoun”’, M., 1995.
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METPOJIOT'MTYECKUE OCHOBBI XAPAKTEPU3AIIUU
HAHOMATEPHAJIOB. CTAHJIAPTU3ALIUS
U3MEPEHUN

®unaroB C.A., barsipes E.B., Kyunncknii I'.C., ['ynkeBuu A.B.

Hncmumym menno- u maccooomena um. A.B. Jlvikoea HAH benapycu,

Munck, yn. 1. bpoexu, 15

OTHOCUTENBHO HU3KHH YpPOBEHb HMHQPACTPYKTYpPhl OTEUECTBEHHOM
HAaHOWHJYCTPUU, B YACTHOCTH, METPOJIOTUYECKON 0asbl, CHEPKUBACT
pa3BuTHE pabOT Ha 0a3e HaKOIUIEHHOTO MOTEHIINAIA.

Pa3BuTtne HaHouHaycTpuu TpeOyeT METPOJOTHUUECKOTO O0eCrneueHus
MPOAYKIIMU U TEXHOJOTHIl HAHOWHJYCTPUU HA OCHOBE CO3/IaHMS STAJTOHHBIX
CpPEACTB U METOJMK BBIMOJHEHUS] U3MEPEHUs, IOBEPKH, KAIMOPOBKU U
UCIIBITAHUSI MCHOJIb3YEMBIX B HAHOMHAYCTPUM CPEJCTB H3MEPEHUM, HUX
rapMOHU3ALMK C TPEOOBAHUSMHU MEXIYHAPOJIHBIX CTAaHAAPTOB B 00JACTH
HAHOTEXHOJIOTUH, oOecreueHus O0e30MacHOCTH CO3JaHUsT W TMPUMEHEHUS
00OBEKTOB HAHOMHIYCTPUM HA OCHOBE OIEHKH M  TOJTBEPKICHUS
COOTBETCTBHS IPOIYKIIMU U TEXHOJIOTHH.

B pamkax mnporpammbl CI' «Hanortexnonorus-CI'» pa3zpaboTanbl u
BBelNeHbl [ ocymapcTBeHHble cTaHmapTtel Pecnybnmuku  bemapych 1o
ONPENEIICHUI0 TapaMeTPOB M DJIEMEHTHOTO COCTaBa HAHOPa3MEPHBIX
YIJIEPOJIHBIX M HEYIJIEPOJHBIX MATEPUAIIOB U KOMIIO3UTOB Ha MX OCHOBE C
IIPUMEHEHUEM DJIEKTPOHHBIX PAaCTPOBBIX H3MEPUTEIIBHBIX MUKPOCKOIOB C
CUCTEMOW MHUKpOaHaiu3a, pa3pa0oTaHbl W BBEICHBI B JEHCTBUE
METPOJIOTUYECKH  aTTECTOBAHHBIE METOJMKUA  OMNpPENECICHUs JIMHEHMHBIX
pa3sMepoB, 3JIEMEHTHOIO COCTaBa, TEIUIOBBIX, ONTHUYECKHU, CIEKTPAJIbHBIX,
MPOYHOCTHBIX XapaKTEePUCTUK YIJIEPOIHBIX u HEYTJIEPOIHBIX
HAHOMATEPHUAJIOB M KOMIIO3UTOB Ha UX OCHOBE; MPOBEJEHBI JIaDOpaTOpHbIE

UCCJIEIOBAHMS U BBINOJHEHA Banuaauus paspadoranHeix MBU. Bnepsbie B
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OpAaKTUKEe pa3paboTaHbl M  M3TOTOBJIEHBl TEXHUYECKHE  MPOTOTHIIBI
HACTPOEUHBIX OOpa3LOB Ui ompeiesieHuss (pa3oBOr0 COCTaBa YIICPOAHBIX
HAaHOMATEPUAJIOB M TEXHMYECKHE MPOTOTHUIIBI HACTPOECUYHBIX OOpa3LOB s
ONpENENECHUs] 3JEMEHTHOTO COCTaBa HaHoMarepuayioB. IIpoBeneHHbIE
nabopaTopHble UcTibITaHUs Bcex MeToauk (MBU), nonrBepanian ux BHICOKYIO
5¢(HEeKTUBHOCT, TPH  OMNPENEICHUH TeIUIOPU3NUECKHUX W ONTHYECKUX
XapaKTEPUCTHK HAHOPA3MEPHBIX MATEPUAJIOB M KOMIIO3UTOB HAa UX OCHOBE,
UCCIICIOBAHUM  CBOWCTB  IIOBEPXHOCTM M JIMHEMHBIX  pa3MeEpOB
HAHOPA3MEPHBIX MaTEPUATIOB, MCCIECIOBAHUU AJIIEMEHTHOIO H (Pa3oBOro
CcOCTaBa YIVIEPOJHBIX M HEYIVIEPOJHBIX MATEpUATIOB M KOMIIO3UTOB Ha HX
ocHoBe. Bammpmanus MBU (memoHcTpanusi OpUrOAHOCTH METOIMKH ISt
pElIeHNs MPEANoJIaraéMbIX 3aJa4), BBIIOJHEHHAs B XO0Jl€ MHOIOYMCIIEHHBIX
DKCIIEPUMEHTOB  II03BOJIMJIA  IOJYYUTh  JOKAa3aTelIbCTBA  TOYHOCTH,
MPAaBUJIBHOCTH, BOCIPOU3BOAUMOCTHU (MPELU3UOHHOCTH), U30UPATEIbHOCTH,
JUHEWHOCTH M YCTOMYMBOCTH (poOacTHOCTH) pa3pabOTaHHBIX METOAUK
BBINIOJIHEHUS WU3MEPEHUN M TMOATBEPAUTHh MPABWIBHOCTh MPEIJIOKEHHBIX B
METOJMKaX CTaTUCTUYECKUX METOJ0B OOpaOOTKU pe3yJbTaTOB HCHBITAaHUM,
[IPABUJIBHOCTh ONPEAEICHUs JOBEPUTEIBHBIX HWHTEpPBaJIOB MeToauK. Ha
OCHOBE BBINOJHEHHBIX JA0OOPATOPHBIX MCHBITAHUNA METOAUK BBITOJTHEHUS
U3MEPEHNUI W IPEICTABICHHBIX BaJUIALMOHHBIX OTYETOB, ITOJIYYEHBI AKThI

MeTpoJiornueckoi skcneptussl benl UM nHa pazpabotannsie MBU.
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NCCJEJIOBAHUE B3AUMOCBS3EN CTPOEHUSA
HAHOYTJIEPOJHBIX MATEPHUAJIOB (YT JIEPOJIA
JYKOBUYHOM CTPYKTYPbHI U MHOI'OCJIOMHBIX
HAHOTPYBOK) C X DJIEKTPOPU3NYECKNUMHA
CBOHNCTBAMMU

MoceeHKOB C.I/I.l, Ky3Huernon B.H.l, HNimenko A.B.l, Jlapuna T.B.l,
Pomanerko A.1.%, Tkaues E.H.>, Maxcumerxo C.A.>, Kyxup LI,
O6pasuosa E.J1.*, Bokosa C.H.%, Cycmsies B.J1.

IHHcmumym kamanuza CO PAH, 2. Hosocubupck, Poccus
° Unemumym neopeanuveckoii xumuu CO PAH, e. Hosocubupck, Poccust
3HHcmumym s0eprvix npoorem BI'Y, e. Munck, berapyco
*Unemumym obweii pusuxu PAH, 2. Mockea, Poccus

5 - .
Tomckuii 2cocyoapcmeennvlil ynugepcumem, 2. Tomck, Poccus

VYriepoaHele  HaHOMATEpHANIbl  SBJSIOTCS OAHUM M3  KIIKOYEBBIX
KOMIIOHEHTOB  Pa3BHUBAIOUIMXCS HaHOTeXHoJorui. B  nmaHHoi pabote
IPOBEJCHO CPaBHUTEIIBHOE MCCIIECOBAHUE 3JEKTPO(U3UUECKUX CBOMCTB
YIJIEPOAHBIX HAHOMATEPHAIIOB PA3JIMYHOrO CTPOEHHUS, & UMEHHO YIJEpoJa
nykoBuuHOM  cTpykTyphl (YJIC), sp’/sp’ KOMIO3MTOB U YIIepOIHBIX
HAHOTPYOOK. YTIEpoJ JTyKOBUYHOM CTPYKTYphl TMPEACTABISET COOOMU
BJIOKEHHBIE JIPYT B Jipyra (ysepeHomnono0Hbie cepbl, 00beAUHEHHBIE B
arperaTthl HECKONBKMMH Je(EKTHBIMH BHELIHUMH O00OJOUKAMHU. sp /sp’
KOMIIO3UTHI UMEIOT cxonHoe ¢ YJIC cTpoeHue, oAHAKO, 32 CUET YACTUYHOMU
rpadHUTH3AIMH, SApa TEPBUYHBIX YACTHI[ COAEPHKAT AIMA30INONOOHEIH sp°
yraeposi. Muorocolinbsie yraepoauasie HaHoTpyOkun (MYHT) npencrasnsitor
co0Ol KOaKCHaJIbHO pACIOJIOKEHHBIE IMJIMHIPBL, OOpa3oBaHHBIE U3
CKpY4YeHHBIX TpadeHononoOHbIXx crnoeB. He cmoTpst Ha TO, 4TO Bce OHH

., 2
OTHOCATCSL K CEMEUCTBY Sp~ MAaTepUajoB, B CHIIy BapuUallud CTPOCHUS OHU
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o0JaaaroT pa3audHbIMU AeKkTpodusnyeckumu cBoiicteamu. B UK CO PAH
paszpabotanbl criocoOsl moaydeHus u moaudukaiuu MYHT u YVJIC, koTopsie
MO3BOJIAIOT TOJIy4aTh HAHOYTJIEPOJHBIE MATEpUANIBl C KOHTPOJUPYEMOU
crpykrypou. Jns MVYHT takumum napameTpaMu SBISIOTCA OTHOLICHUE
JUIMHBI K JMaMeTpy, pasmep sp’ (parMeHTOB, oOpasyIolMX CIOH TPYOKH,
cTpykTypa arperaroB, mis YJIC — pa3mep NEpBUYHBIX 4YacTHIl, pa3Mep
arperaToB, 1Ie(eKTHOCTh OOIIMX TpadeHOBBIX 000IOYECK.

C wucnonb30BaHUEM HAHOYTJEPOJIHBIX MATEpPUAIIOB B  KayecTBE
MOJEJBHBIX CUCTEM OBbLIO MPOBEJCHO UCCIEAOBAHUE UX IIEKTPOPUZUUECKUX
CBOWCTB B 3aBUCHUMOCTH OT CTPYKTYpbl. bpUIN HCClenoBaHbl TEMIIEpaTypHas
3aBUCUMOCTb  3JIEKTPONPOBOAHOCTA M MarHetoconpoTtusienus [1, 2].
OOHapy»XeHO, YTO B 3aBUCHMOCTH OT CTPYKTYpbl MAaTE€pUajOB HM3MEHSETCS
TUIl TPOBOJAMMOCTH. TakXe MPOBEICHO HCCIEAOBAHUE JJIEKTPOMArHUTHOIO
OTKJIMKa B oOmactu rurarepioBeix 4vactor [3], MK-mmanazone [4] u B
BUAUMOM H Y® pguanazonHax [4], YTO IIO3BOJUIIO BBISIBUTH BIIMSHHUE
CTPYKTYpbl M  TlapaMeTpOB  YIJIEPOJHBIX HAHOMATEpUAIOB Ha  HUX
MOTJIONIAIOIINE U OTPAXKAIOIINE CBOMCTBA B 3TUX JIUANA30HaX.

Jumepamypa
[1].  V.L. Kuznetsov, S.I. Moseenkov, A.V. Ischenko, A.I. Romanenko, T.I. Buryakov,
O.B. Anikeeva, S.A. Maksimenko, P.P. Kuzhir, D.S. Bychanok, A.V. Gusinski, O.V.
Ruhavets, O. Shenderova, P. Lambin, Phys. Status Solidi B, 245 (2008) 2051.
[2]. A.LL Romanenko, O.B. Anikeeva, T.I. Buryakov, E.N. Tkachev, K.R. Zhdanov,
V.L. Kuznetsov IN. Mazov, A.N. Usoltseva, A.V. Ischenko, Diamond & Related
Materials, 19 (2010) 964.
[3]. P.P. Kuzhir, A.G. Paddubskaya, S.A. Maksimenko, V.L. Kuznetsov, S.I
Moseenkov, A.I. Romanenko, O.A. Shenderova, J. Macutkevic, G. Valusis, and Ph.
Lambin, IEEE TRANSACTIONS ON ELECTROMAGNETIC COMPATIBILITY, 54
(2012) 6.
[4]. V.L. Kuznetsov, S.I. Moseenkov, K.V. Elumeeva, T.V. Larina, V.F. Anufrienko,
A.L. Romanenko, O.B. Anikeeva and E.N. Tkachev, Phys. Status Solidi B, 248 (2011)
2572.
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CHEKTPAJIBHBIE OIITUYECKHUE METO/1bI
NCCIEAOBAHUA HAHOMATEPHUAJIOB

bateipes E.B., Kyunncknii I'.C., ®unatos C.A.

Hncmumym menno- u maccooomena um. A.B. Jlvikoea HAH benapycu,

Munck, ya. I1. bBposku, 15

[IpoMbIlUIEHHOE MOTYyYEHUE YTIEPOJHBIX HAHOMATEpUaIOB BO MHOIOM
ompenensieT pa3BUTHE METOAOB XapaKTepu3aluu 10 CHEKTPaIbHBIM
ONTUYECKUM XapaKTepUCTHUKaM. MeToa KOMOMHAIIMOHHOTO PacCesHUsl CBETa
(PamaHOBCKasi CIIEKTPOCKOMNHMSI) B T€UEHHE MHOTHX JIET OCTAeTCsS OJHHM H3
HauoOosee pacnpocTpaHEHHBIX METO/I0B aHajau3a YTJIEPOIHBIX

HaHoMmarepuasioB (YHM), B Tom uucne ¢ AEKOPUPOBAHHOM MOBEPXHOCTHIO

(puc. 1).

Signal A= InLens  Date :13 Apr 2009 Time :13:42:05 [l Mag - 194.57 KX 200 nm

Puc. 1. ©paemenm nosepxnocmu yenepooHo2o 80J10KHA C HAHECEHHbIM

kamanuzamopom (Ni) u yenepoonozo onokna oekopuposanno2o YHT.

CrnexTpbl KOMOMHALIMOHHOTO paccesiHud ceeta YHM (puc. 2) cBsizaHbl ¢
UX CTPYKTYpPOM W COAepXaT JIMHUW, COOTBETCTBYIOIIHE HMX COOCTBEHHBIM
KosnebaHusiM, B CBs3u ¢ yeM Kkosiebanuss YHT MoxHO pasgenuTh Ha JBe
IPYIIbl: BHYTPUIUIOCKOCTHBIE, WM TAaHTCHUHUAJIbHbIE, KOJeOaHUS H

paauaabHbBIe KOJeOaHus.
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Puc. 2.Cnexmp kombunayuonnozo paccesnus yeiepooHblx HAaHOMAmMepuaios

Taurennuanbasie konedbanuss (D-, G-, D’- u G’- MOJbI) IPEACTaBISIOT
coboif konebanusi rpadUTOBON IIOCKOCTH M UMEIOT YacTOThI, OJU3KHUE K
4acTOTaM COOTBETCTBYIOIIMX KoJeOaHuil rpaduTa, TOraa Kak paaralibHbIC HE
UMEIOT aHAJIOTOB U SIBJIAIOTCS OTJIMYUTENBHOW OCOOEHHOCTHIO HAHOTPYOOK.
Haunbonee unTeHcMBHasg (-MOJa COOTBETCTBYET KOJIEOAHMSIM H€aTbHOU
rpaduTOBOIT pemeTky n umeet gactoty 1590 cv™'. B cinyuae YHT BosHuKaeT
BBIJICJICHHOE HAMpaBJICHUE U, aHU30TPOMHUSI CBONUCTB Ipa)UTOBON PEIIETKH, B
pesynbrate dero (G-moma pa3gensercs Ha TpU ONM3KUX IO YacToTe
koneOanus. Paznuunie 4acTtoT 3THX KOJeOaHHl 0OpaTHO MPOMOPIUOHAIBHO
muamerpy YHT u npu amamerpe mopsiaka 3 HM He mnpeBbimaer 10 cm™.
D-Moxmy cBsI3bIBAaIOT ¢ Hamu4yueM Je(eKTOB B TpadUTOBBIX IUIOCKOCTAX, YTO
OOBSCHSET W3MEHEHHE €€ WHTEHCHBHOCTU MO OTHOIIeHHi0 K G-mozme B
paznuuHblx oOpas3nax. Tak Ha3piBaemasi, pajuanbHas JbIXaTelbHas MoOJa
(radial breathing mode) He wumeeT aHaMOroB B CIEKTpax Trpadura u
COOTBETCTBYET He KosieOaHusiM rpaduToBoil pemerkd, a Bceil YHT kak
€IMHOW MOJeKyJbl. [lonoxkeHue 3TOM JIMHUM B CHEKTPE CHUIIBHEE BCETO

3aBUCHUT OT AWAMCTpPa YHT wu no3Bojser OIIPCACIIATL HC TOJIBKO HaJIM4YUC

260
YHT B 00pa3iie, HO U UX AUAMETP. DTa 3aBUCUMOCTb UMEET BUI: Viy, =

d

b
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rae d- nuametp YHT B Hanomerpax, ogHako [uisl pa3nuuHbix ThrnoB YHT
KO3 (PUIIMEHT B UUCTUTENE MOYKET HE3HAYUTEIBHO OTIMYATHCS.

Takum oOpazom, Hanmuume B crnektpe KP G-monpl u  paauanbHOM
IbIXaTeJIbHOM MOJBI, a Takke D-mMoabl, CMEIICHHOW OTHOCHUTEIBHO
COOTBETCTBYIOIIETO KoJjebaHus rpadura roBOpuT o Hanuuuu B oopazne YHT
HEOOJIBIIOTO AUaMETPa, OJTHOCTEHHBIX JTUOO JIBYCTCHHBIX.

Tak xak B OOJBIIMHCTBE HCCIEAYEMbIX 00pa3iioB MHorocreHHoie YHT
npeoOJialatoT HaJl OJJHOCTEHHBIMU, B PE3yJIbTaTe YEro M CIEKTPhl 00pas3IoB
OTJINYAIOTCSA OT CIIEKTPOB OAHOCTEHHBIX YHT: B cimydyae mHOorocrennsix YHT
BO30Y’)K/IaloIllee U3Iy4YeHHE B3aUMOJIEUCTBYET C BHEIIHUMU TpPyOKaMu,
UMEIOITUMHU OOJIBIION JuaMeTp (0T HECKOJIBKUX HAHOMETPOB J0 HECKOJIBKHUX
JIECSITKOB HAHOMETPOB), TOT/la KaK BHYTPEHHHE TPYOKH DKPaHUPYIOTCS.
YyuthiBas 00paTHYIO NPONOPLUHUOHAIBHOCTh AMAMETPY caBura D-Mozbl u
pacmierienuss G-MOJIbI, OTIUYMS ITUX JIMHUN B CIEKTPE OT JIMHHUKA Tpadurta
CTAHOBSITCSI HAMHOI'O MEHBIIE Pa3pelICHUs] CIIEKTpPa, a CJIEAO0BATEIBHO HE
MOTYT OBbITh OOHApY>KEHBI JKCIEPUMEHTaNbHO. Takum oOpa3oM, B ciyuae
MHOrocreHHbix YHT B crekrpe OTCyTCcTByeT paauanbHas Mona, a D- u
G-MOzBI MPAKTHYECKH HEBO3MOXXHO OTIMYUTH OT D- m G-mon rpadwura.
Opnako B cnektpax MHoroctreHHbiXx YHT wunTencuBHocth G’-MOIbI Ha
MOPSAJIOK HIDKE MHTEHCHBHOCTH D-MofbI, Torma kak mius rpadurta G’-mona
MMEET WHTEHCUBHOCTH Oouiblllyto, yemM D-mona. OmnpenenuTh HalIUuue B
00pa3ie MHOTOCTEHHBIX YTJEPOAHBIX HAHOTPYOOK MOXKHO MO HAJUYHUIO B
KP-cniektpe D- u G-mon u ciaboii mo oTHomieHut0o K HUM G’-MOJbI NpHU
OTCYTCTBUU paJMaTIbHON MOJbI, B TO BpEMsl, KaK Hanu4uue cuiabHou G’-MOJIbI,
HE YCTyMaromieil Mo MHTEHCMBHOCTH D-Moje, xapakTepHO st aMOphHOTO
rpadura. B cimydae, korga MHTEHCUBHOCTh G’-MOJbI HUYKE WHTEHCUBHOCTHU
D- u G-Mox, HO cpaBHMMA C HUMH, MOXHO HPEAMNOJIONKUTH HAIU4YUE B
obpasie cMecu rpaduta m YHT, oHaKO KOJWYECTBEHHBIN aHAIU3 OrPaHUYCH
3aBUCUMOCTBIO HMHTEHCHUBHOCTM (’-MOABI Kak OT THUOA YIJIEPOJHOU

CTPYKTYpBI, TaK 1 OT ynopsinoueHHoctr YHT.
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TENIJIO®U3UYECKUE CBOUCTBA YIJIEPOJHBIX
HAHOMATEPHAJIOB U IIOJIMMEPHbIX
HAHOKOMIIO3UTOB B HINPOKOM JAUAITA30OHE
TEMIIEPATYP

HannnoBa-Tpetesak C.M., EBceeBa JI.E., TanaeBa C.A.

Hncmumym menno- u maccooomena um. A.B. Jlvikosa HAH Benapycu,

Munck, yn. 1. bpoexu, 15

OKCIIEpUMEHTAIBHO ~ HUCCIENOBaHbl  TEMJIO(PU3UYECKHE  CBOICTBa
YTIEPOJHBIX HAHOMATEpPHUAIOB, MPOU3BEACHHBIX B HWHCTHTYyTE TeIIO- U
maccooomMena wuMm. A.B. JleikoBa HAH  bemapycu. IIpoBenensl
CPABHUTENbHBIE HCCIEAOBAHUS OUYMLIEHHBIX YTJIEPOIHBIX HAHOCOJEpIKAIIUX
MOPOIIKOB Pa3IMYHbIX Moaupukanui B Auana3zoHe temneparyp ot —100°C
1o 150°C.

[IpoBeneHbl  3KCHEPUMEHTAIbHBIE  HMCCICIOBAaHUS  BIMSHUS  THUIIA
(MHOTOCTEHHBIE U OJIHOCTEHHBIE YTJIEPOJAHBIE HAHOTPYOKH, a’3poCcuii, OEMHUT,
aKTUBUPOBAaHHbIM yroiab) u KoHmeHTpamuu (or 0 mgo 3,0 mac.%)
HAaHOHAMOJHUTEAS HAa TEIUIONPOBOJHOCTE M YIEIbHYIO TEIIOEMKOCTb
3MOKCUIHBIX HAHOKOMIIO3UTOB B Auarna3zone temneparyp ot —150 no +175°C.
MakcumalibHOE YBeJIMYeHUe TeIIonpoBogHoCTH (B 1,5 pa3a) Habmonaercs B
uHtepBasie KoHueHtpaiuid ot 0,1 mac.% po 1,0 mac.%. JlanbHelmee
IOBBIIICHHE KOHLIEHTPALUY TPUBOAUT K YMEHBIIECHHUIO TEIIONIPOBOIHOCTH.

BBeaenue yriepoiHbIX HAHOHAMOIHUTENEH, ColepKaIUX MHOTOCTEHHbBIE
U OJIHOCTEHHBIE YIIEPOJHbIE HAHOTPYOKH, B 3IMOKCUIHYIO CMOJIy IPUBOJUT K
3HAYNUTEIPHOMY HW3MEHEHHUIO TEMIIEPaTypHOTO MHTEPBAJa CTEKJIOBAHUS
HAaHOKOMIIO3UTA, IPUUEM TEMIIEPATYpPbl IEPEX0/Ia B BBICOKOIIACTHUECKOE U B
CTEKJIO00pa3HOE COCTOSHHE HAYMHAIOT  CYLIECTBEHHO  3aBHCETh  OT
KOHIEHTpAIlMd ¥ TUMA YTIepoaHOoro HaHoHamnojHuTens. CyiiecTByer

KpUTHUYCCKasa CTCIICHb HaI10JIHCHUA HAHOKOMIIO3HUTA, Inpu KOTOpOfI
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IPOUCXOJUT CYUIECTBEHHOE IIOHM)KEHHE TEMIIEpaTypbl CTEKJIOBaHUS (HA
40°C).
HccnenoBano BiMsiHUE acOpOMPOBAHHOW BJiard B HaHOHAIOJIHUTEJE HA
CBOMCTBA HE TOJBKO HAHOHAIIOJIHUTENSA, HO U MTOJIMMEPHOIO HAHOKOMITO3HUTA.
N3y4eno BIIMSTHUE 3HAKOIIEPEMEHHBIX TEIUIOBBIX Harpy3o0kK
(TEpMOLIMKIIMPOBAHMSI) HA TEIIONPOBOIHOCTD MOJIMMEPHBIX HAHOKOMITO3UTOB.
Paccmorpena BO3MOKHOCTb ITOBBILICHUS TEILIONPOBOJAHOCTH

HaAHOKOMIIO3HUTOB.

TEPMOI'PABUMETPUSA B XAPAKTEPU3ALIUN
JAUCHEPCHBIX YIVIEPOIHBIX HAHOMATEPHUAJIOB

Ho6pero K.B., Ko3nauees U.A., bpuu M.A.

Hncmumym menno- u maccooomena um. A.B. Jlvikoea HAH benapycu,

Mumnck, yn. 1. Bpoexu, 15

TepmorpaBumerpust (TI'), 6e3ycioBHO, oAMH U3 HauMOOJIee MOCTYIHBIX
METOJIOB YCPEIHEHHON MO MaKpOCKOIMUYECKOMY O0BbEMY XapakTepHu3aluu
JTUCIIEPCHBIX  yriepoaHbix HaHoMmarepuasioB ([AYH). Ilpencrasmisiercs
MHTEPECHBIM  CO3JAHHE METOJIHUK DJKCIIPECC XapaKTepHU3aluu  TaKUX
MarepuanoB Ha ocHoBe TI. IIpu atom B ocHoBe TI' nexar sHepreTndeckue
MapaMeTpbl  BEUIECTBA, HANPAMYIO CBSI3aHHBIE CO  CTPYKTYpOH U
KOMITOHEHTHBIM COCTaBOM JUCIEPCHBIX YIIIEPOAHBIX HAHOMATEPHUAIIOB.

B nokmage mnpuBoasTcs 00o00imieHHble JaHHble 1Mo T[T  anamuzy,
BBIITOJTHEHHOMY Ha ycraHoBke MOM Q-1000 cucrems! Ilaynuk - Ilaynmx
OpIpu Uisl pa3iuyHbIX JHUCHEPCHBIX YIVIEPOAHBIX HAHOMATEPHAIOB CPEAU
KOTOPBIX  HAaHOAJIMAa3HbI  TOPOIIOK, TEPMOPACHIUPEHHBIN  Tpadur,
MUPOJTUTUYECKUN TpaduT, aKTUBUPOBAHHBIN yTOJb, TEXHUYECKUN YTIIEPOI,
YIJIEpOAHBIE HAHOMATEPHUAJIbI, TOJYYEHHBIE 110 PAa3IMYHbIM TEXHOJOTUsAM. 110

KPpUBBIM IIOTCPU BC€Ca IIPpH HArpeBCc C HCIOJIb30BAHUCM CIICHUAJIbHBIX
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QIrOPUTMOB  O0pabOTKM  JAHHBIX IS KaXJOr0 BHJA JIUCIIEPCHBIX
YIJIEPOJIHBIX HAHOMATEPHUAJIOB OINPEICIUINCh TEMIIEpAaTyphl Havalla ¥ KOHIIA
pPa30XKEHUs, TEMIIEPATYPbl MAKCUMAIbHONM CKOPOCTH PAa3l0KEHHUSI, & TAKKE
JIOJM TOTEpPU Beca IpU 3TUX TemIeparypax. McciaemoBaHusi mpoOBOIUIIKNCH
IpyM OJMHAKOBBIX JJIS BCEX BHUJOB MATEpPHAJIOB YCJIOBUSIX HarpeBa MpHU
aTMoc()epHOM JaBJIEHUU B OKHCIUTENbHOM uW B uHepTHOM cpenme. Ilo
pe3yibTaTaM HCClIeIOBaHUK ObUIa COCTaBJICHAa KapTa, ITO3BOJISIOIIAS
MIPOBECTH MPEBAPUTEIIbHYIO KJIacCU(PUKAIMI0O HAHOMATEPUAIOB

[IpuBeneHsl pe3yapTaTbl MOJIEKYJSIPHO- TUHAMHAYECKOTO MOJEIUPOBAHUS
nupoyin3a (QysuiepuTa, MPOBEACHO CpPaBHEHHE C AKCHEpPUMEHTaTbHBIMU T
nanHbiMU. [loka3aHa METOAMKa BOCCTAHOBJIEHUS CTPYKTYPHBIX MAapamMeTpOB
JIVH na ocHoBe naHHbIx T1T'.

ITockonbKy XapakTepu3alusi JUCHEPCHBIX YTIIEPOIHBIX HAHOMATEPHUAJIOB,
NpEeIHA3HAYCHHBIX JUI  CHENU(PUYSCKAX MPUIOKEHUU  Tpearoiaraet
noyryuyeHre uHGOPMAIUK O KOMIIOHEHTHOM COCTaBE M CTPYKTYpe, TO BCTaeT
BOIIPOC O BO3MOXXHOCTH ucMoib3oBaHuss TI' jqis OGosiee cnenuduueckon
xapaktepuzanuu. JJisi 3Toro TpeOYIOTCsA ajeKBaTHBIE TPYIIIOBBIE MOJEIH
cocTaBa JUCIEPCHBIX  YIJIEPOJAHBIX  HaHOMarepuajioB. B  nmoknazae
0o0CyKJaeTcsi BO3MOXHOCTh TPYIIOBOTO aHajlin3a MHOTOKOMIIOHEHTHBIX

AUCIICPCHBIX YITICPOAHBIX HAHOMATCPHUAJIOB METOAAaMU TCPMOI'PABUMCTPHH.

Tesucwvl 00k1a008 Cmp. 36



«Yenepoomnvie nanomamepuanvl: xapakmepusayus u npumenenuern, Munck, 23-25 anpens 2013 a.

XAPAKTEPU3ALIUA AUCIIEPCHOI'O
YIVIEPOAJHOI'O HAHOMATEPHAJIA 11O
HOI'JIOIIEHUIO CBY U3JIYUEHUSA

Kapnosuu B.A.l, JlabyHOB B.A.z, OmxaesB BB’ , Poqnonosa B.H.!

"HHY «Uncmumym soepuvix npoonem» BI'Y, Munck, berapyco
’VO «Benopycckuii 20cydapcmeennvlii ynugepcumen uHGopmamury u
paouosnexkmponuxuy, Munck, berapyco

3 . .
benopycckuii cocyoapcmeennuiii ynusepcumem, Munck, benapyco

Bo3pacrarommii  Kpyr OpHKJIaJHBIX  BO3MOXXHOCTEH  yIJIEPOJHBIX
HAaHOMATEPHUAJIOB ONPEIEISAET aKTyalbHOCTh CHCTEMHOW XapakTepU3aluu
3JEKTPOAUHAMHUYECKNX CBOMCTB YIJIEPOIHBIX HAaHOMaTepuaios [ 1-3].

OCHOBHBIMHM 3JEKTPOPU3NYECKUMH [apaMeTpamMu, XapaKTEepPU3yIOLIUMU
paguoMarepuanbl ¢ TOYKH 3pEHUS PaKTUYECKOro0 UcnoJib3oBaHus ux B CBY
nuaria3oHe, SBIAIOTCA KodhduimeHT otpakenus [ (@) u ocinabieHue
A(@)snekTpoMarHuTHOW BOJHBI  [4]. [l u3ydeHHs B3aMMOJACHCTBUS
YIJIEPOAHBIX HAHOMATEpPUAJIOB C OJJIEKTPOMArHUTHBIM  HU3JIyYEHHEM B
HIMPOKOM JHMarna30He YacTOT, B YACTHOCTH 3(PPEKTUBHOCTH SKPAHUPOBAHUS
UHTEPECHBl ~ KOMIUIEKCHBIE  MAarHuTHas (@ W  JUAJIEKTpUYECKas
MPOHUIIAEMOCTD &(®).

PaccMOTpeHbl BOJIHOBOAHBIM, AHTEHHBIM U PE30HAHCHBIM METOMBI
XapakTepHu3anus IIEKTPOJUHAMUYECKUX CBOICTB YTIEPOIHBIX
HaHOMaTepuasoB [5]. B oCHOBY mocTpoeHHs cXxeM H3MepeHus: ociabieHus
A(w) n xoddpdunenta oTpakeHus: [ (@) TMONOXKEH MNPUHIUIT Pa3IeIbHOTO
JNETEKTUPOBAHUs CUTHAJIOB IMAAI0LIEH, IPOLIEANIEH U OTPAXEHHON BOJIHBI B
BOJIHOBEIYLIEM TpakTe. B OCHOBE pPE30HAHCHOTO METOAAa ONIpPEIEICHUs
OUBJIEKTPUYECKOM  NPOHUIIAEMOCTH  JIEKUT  HU3MEPEHHE  U3MEHEHUS

JOOPOTHOCTH Pe30HATOpa MPHU MOMEIICHWH B HETO0 00pasiia MCCIeAyeMOTro
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Marepuaina. BenuunHa & @) BbIpakaeTcs yepe3 OTHOIIEHUE JOOPOTHOCTH C

00pa3IoM U UCXOJHOU TOOPOTHOCTH:

Lo

g ! =
g0/ \ 0
0

rae Q) - H00OpOTHOCTH pe3oHaropa Oe3 ob6pasma, QO

pe3oHaTopa ¢ 00pasioMm, g - (hakTop 3aroTHEHUs [6].
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Puc.1. Cmpykmypnvie cxembr uzmepenus ociadnenus u Kodggduyuenma

ompasiCeHU BﬂeKmpOMLIZHMWlHOIJ 60JIHbl yeﬂepoaﬂbmu Hanomamepuailamu.

Ha ocHoBe BBICOKO,ZIO6pOTHI)IX IMAPOKOAUAITIA30HHBIX PE30HATOPOB

pa3paboTaHbl METOAUKH U OO0OpYJIOBaHMUE IS MPEHU3UOHHOTO H3MEPEHUs
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XapaKTepUCTHK YIJIEPOAHBIX HAHOMATEPUAIOB M HAHOKOMIIO3UTOB Ha HX
ocHoBe B CBY nuanazone [7]. IlpeacrtaBieHbl CTPYKTYpHBIE CXEMBI U
MeToAauKa u3mMepeHui. OnucaHa cnenuanbHasi BOJHOBOAHAS U3MEPUTEIIbHAS
CEeKIUS.

[IpuBeneHbl pe3ysbTaTbl HM3MEPEHHM  XApaKTEPUCTUK  YIIIEPOJIHBIX
HaHomaTepuanoB B CBY nuanazone.

[IpuBeneHsl pe3yabTaThl VCCIIEIOBAaHUN 1o CO3JaHUIO
paauonoriomatoumx Marepuanos (PIIM) ¢ ucnonab3oBaHHEM yIIIEpOJIHBIX
HAaHOMATEpPHAJIOB HA OCHOBE pacyeTa ocjladieHuss U KO3(p(UIHEHTOB
oTpaxxeHus Juist 3aJaHHbIX ToamuH PTIM 1 u3MepeHHbIX 371eKTpOoPU3UIECKUX

XapaKTePUCTUK co3aaHHbIX PITM.
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XAPAKTEPU3ALIUA CTPYKTYPbI MATEPUAJIA
METOJOM ATOMHO-CUJIOBOM MUKPOCKOIIUN

Xynonen A. JL

Hncmumym menno- u maccooomena um. A.B. Jlvikosa HAH Benapycu,

Muwnck, yn. I1. bpoexu, 15

B noknage mpuBeneHsl mpuMEpPhl MOAUGUIMPOBAHHUS OCTPHUS 30HIA
aATOMHO-CUJIOBOTO MHKPOCKOIIA YTJIEPOIHBIMUA HAHOTPYOKaMH, IIPEACTaBICHbI
pe3yJbTaThl HUHJACHTUPOBAHUS IOBEPXHOCTH MaTepuaia  yriepoaHou
HAHOTPYOKO#M, TIOKa3aHbl BO3MOXHOCTH  XapaKTepH3allMu  SIUHUIHON
HAHOTPYOKM Ha »KECTKOM IMOJJIOKKE, OMUCAaHbl OCOOCHHOCTU BBISBICHUS
Mopdosioruud chepruueckol YacTUIlbl YTiepojia B BBICOKOMPOYHOM YYTYHE.
Taxke, NTPOWLIIOCTPUPOBAHBI BO3MOXKHOCTH  HCIOJIB30BAaHUS aTOMHO-
CHUJIOBOM MUKPOCKOMHUHU JUIsl XapaKTEepU3allMu CTPYKTYpbl U CBOMCTB
MOKPBITUI, TOHKUX TIJIEHOK U KOHCTPYKIITMOHHBIX MaTepuasoB. [loka3aHo, 4To
Metoq ACM mO3BONSET ONPENENsITh W3MEHEHHUE IUIOIIAJAN IOBEPXHOCTH,
HalpuMep, IOCJIE€ TpPaBJICHUS WA CHEIUAIBHOIO TEKCTypUpPOBaHUS
MOBEPXHOCTU. PaccMOTpeHbl KOMIUIEKCHBIE METOJUYECKHE TOAXOIbl K
OMPENICICHUI0 MEXaHUYeCKUX ¢  (U3UYECKUX CBOMCTB  Marepuara,
YCTAaHOBJIEHUID  €r0  TEPMOMEXAHMYECKMX  XapaKTEPUCTHK,  OIICHKE
TPUOOJIOTUYECKMX CBOWCTB  TOBEPXHOCTEH, HW3MEPEHUIO MHKpPO- U

HAHOTBEP/IOCTH.
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YIVIEPOAHBIE HAHOCTPYKTYPbI KAK 30H/IbI U
OBBEKTHI HCCJEJJOBAHUS JIJISI ATOMHO-CUJIOBON
MHUKPOCKOIINA

Hpo3n E.C.

Hncmumym menno- u maccooomena um. A.B. Jlvikoea HAH benapycu,

Munck, yn. 1. bpoexu, 15

NHTeHcuBHOE  pa3BUTHME  aTOMHO-CWJIOBOM  MuKpockormuu (ACM)
MO3BOJIMJIO JIOCTUYh YHUKAJIbHBIX HAYYHBIX pE3YyJbTATOB B PA3TUYHBIX
obnacTsax Qu3uku u Ouosoruu Ojarogapsi HOBBIM JKCIIEPUMEHTAIBHBIM
BO3MOKHOCTSIM: HAHOMETPOBOE IPOCTPAHCTBEHHOE PA3PELICHUE NP aHAIIN3E
MMOBEPXHOCTH, HEPA3PYLIAOIIAN XapakTep HCCIECIOBAaHUNM [ LIUPOKOTO
Kjlacca oOpa3loB U Cpell, BO3MOXHOCTh JIOKAJIbHOW OLICHKA (U3UKO-
MEXaHUYECKUX CBOMCTB MUKPO- U HAHOOOBEKTOB. O1HUM 13 00bekTOB ACM-
uccienoBaHuii cranu yraepojanbie HaHOCTPYKTypbl (YHC). Ilpuuem wnx
U3Y4YCHHUE BENIETCA B JBYX HAINPABJICHUSIX: BU3YyalW3allMsl, OIIEHKA (PU3UKO-
MEXaHUNYECKUX CBOMCTB U B3aumojeiictBue YHC ¢ OHONIOrHMYEeCKUMU
oO0bekTamu. PaccmaTpuBaeTcsi BO3MOXKHOCTh ucnoib3oBanus YHC B
KauecTBE KypbhepoB JHOO «HAHOWUTI», JOCTABIAIONIMX B JKUBBIC KIIETKU
paszinuHble O€NKH, HYKJIEWHOBBIE KHUCIOTHI, JekapctBa [1, 2, 3]. Takxke
BO3MOXXHO  TPOAHATU3UPOBATh  OuopacmpenerleHue W TOKCHYHOCTh
HAHOTPYOOK, MCIIOJIb30BaTh UX B KAUECTBE KapKaca JJisi TKAHEBOW MHXKEHEPUHU
[4].

C npyroii ctoporsl YHC Hanuim npuMeHeHUE U B Kau€CTBE OCTPUM A
aTOMHO-CWJIOBBIX MHUKpoOcKomnoB. IIpoctpancTtBenHoe paspemenne ACM Bo
MHOI'OM ONpeAeNsieTcsi reoMeTpueit octpusi 30Haa. OObIYHBIE 30H/bI UMEIOT
nupamMugaibHyto ¢GopMy 30HIa JUOO B BHJIE KOHyCa, C paguycoM

3aKpyrjeHust octpusi, kak mpaswio, 20-40 M. OpgHako HCIOJIb30BAHUE
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YHCnana mogupukanun ACM-30H4a, O3BOJIMIIO YMEHBIIUTH Pa3MeEP OCTpUs

B HCCKOJIBKO pa3, TCM CaMbIM ITOBBICUTD PAa3pPCIIAOITYIO CITOCOOHOCTb.
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[2]. Chen X., Kis A., Zettl A., Bertozzi C.R. A cell nanoinjector based on carbon
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[3]. Neves V., Heister E., Costa S., Tilmaciu C., Flahaut E., Soula B., Coley H. M.,
McFadden J., Silva S. R. P. Design of double-walled carbon nanotubes for biomedical
applications Nanotechnology 2012; 23: 365102-365110.

[4]. Lu F.S., Gu L.R., Meziani M.J. et al. Advances in bioapplications of carbon
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TEOPETUYECKOE U OKCHEPUMEHTAJIbBHOE
NCCIEAOBAHUE METAIVIOMATPUYHBIX
KOMIIO3UIINOHHBIX MATEPHUAJIOB HA OCHOBE
HAHOYIJVIEPOJA

Baranosn B.E.l, Pemernsk B.B.l, EBnokuMoB I/I.A.l,

[IuBoBapoB r.n>

i . .
Braoumupcruii cocyoapcmeennsiii ynugepcumem
um. A.I'. u H.I'. Cmonemosuvix, 2. Bnaoumup
2 .
TexHono2uyeckuti UHCIMUMYm C8epXmeepobiX U HOBbIX VelepOOHbIX

mamepuanos, 2. Tpouyx

OnHMM U3 IEPCHEKTUBHBIX CIIOCOOOB MOBBIIEHUS (PU3UKO-MEXaHUUECKUX
CBOWCTB METAIOB SIBJSIETCA CO3JJaHHE KOMIIO3UTOB, HCIIOJIB3YIOIIMX B
Ka4yeCTBE HAIMOJHUTENS YIIepOoJHble HAHOJO0ABKH Pa3IMuHON CTPYKTYphl. B
HACTOSALIEH pabote IIPEACTaBIICHbI pe3yJIbTaThl UCCIIEOBAHUs

HaHOKOMIIO3UMTOB Ha OCHOBC MCTAJIOB aJIIOMHMHHA W MCAU KU YIJICPOAHBIX
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HAHOCTPYKTYpP:  MHOTIOCJIOMHBIE  yriepojaHble HaHOTpyOku (MVYHT);
dbymnepur  (C60). MHcecnegoBaHusi  BBIMOJHEHBI € MCHOJBb30BaHUEM
CTPYKTYPHBIX METOOB: DJICKTPOHHAsI MUKPOCKOMHUS; PEHTI€HOCTPYKTYPHBIN
ananmu3 (PCA); cnektpockonus komOuHaimonHoro paccesinusi cseta (KPC);
muddepeHnranbHas CKaHUPYIOIIAsi KaJOPUMETPHSl; a TaK KE TCOPETUUYECKHU,
METOJaMU KBAaHTOBOU XUMHH.

Jna nonyyenuss HKM cucremsl antOMUHHNM-HAHOYIJIEPOJI B KAadeCTBE
MATpHUIbl MCIOJIB30BAIA TEXHUYECKHM YUCTBHIA amoMuHuii mapku  AJl0.
MenHbple HaHOKOMITO3UTHI MOJYy4Yadd C MPUMEHEHUEM IOPOIIKOBON Meau
I[IMC-1 (pa3mep otnenbHbIX yacTull He TpeBbIaeT 63 MM, mo I'OCT 4960)
u HaHopazmepHas wMeap (50 mm  TY  1791-003-36280340-2008).
MexanoaktuBanmonnyro  (MA)  00paOoTKy  HCXOAHBIX  MaTEpHUAJIOB
OCYIIECTBJISUIM B IUIAHETAPHBIX MEJBHULIAX, NP BAapbUPOBAHUM BPEMEHU
00pabOTKH M YacTOTHI BpalieHus IeHTpaibHoro Baja oT 400 mo 900 o06/MuH.
JIns npenoTBpalleHusT OKUCIEHUS U MPOTEKAHUS JIPYTHX HEXKEJAaTeJIbHbIX
peakuuii, Bce oONepaluMd C MOPOUIKAMH aJTIOMUHHUS W HCXOAHBIMU
KOMITOHEHTAaMU TIPOBOJWIN B 3alOJITHECHHOM aproHOM IEpPYaTOYHOM OOKCe
BRAUN 7042 npu uucrote raza e xyxe 0,1 ppm. J[jiss moaroToBku cMmecei
HA OCHOBE MEJIHBIX IMOPOILIKOB NMPUMEHSIACH TEXHOJOTHUA CYyXOro U MOKpPOTO
CMEILIECHHS B aTPUTOPAX U IJIAHETAPHBIX MEIbHUIIAX.

MexaHOaKTUBUPOBAaHHbBIE MOPOIIKM Ha OCHOBE AIOMHUHHS CIHEKald B
KaMepax THUIAa «IOPIIEHb — LWIMHAP» Mo xnasineHnem <0,8 I'lla, mpum
HarpeBe 10 Ttemmeparypbl 280-300 °C u BpeMEHHM HM30TEPMUUYECKOMN
BBIIEpKKM S5 MuH. Ilpenenm mpoyHOCTH MpU CKATUU  ONPEACANN I
oOpasnioB guamerpoM 5,0 MM H BBICOTOM 6-7 MM Ha YHHUBEpPCaIbHOUN
paspbiBHOM MamuHe Instron 5982, OObeMHBIE 3aroTOBKM  MEIHBIX
HAaHOKOMIIO3UTOB  IOJY4Yald METOAOM OJIHOOCHOIO IIPECCOBAHHUS U
NOCJIEAYIOLIEr0 CIIEKaHUs, a TaKXKe C IPUMEHEHUEM METOJa TOpsSYEro
ra30CTaTHYECKOro IMpeccoBanust mnpu Temmeparype T=950°C; naBneHue

aprona P = 130 Mlla, Bpems BbAEpKKHN — 3 Haca.
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Pe3ynbTaThl MEXaHUYECKUX UCHBITAHUNA (IPOYHOCTh M IUIACTUYHOCThH Ha
CKaTue, U3MEPEHNE MUKPOTBEPAOCTH, UCIIBITAHNE HA PACTSHKEHUE) TTOKA3aIH,
YTO CBOMCTBAa HAHOKOMIIO3UTOB Ha OCHOBE AJIIOMHHUSA U MEIH, MPEBBIIIAIOT
CBOMCTBA MATPUYHBIX MATEPHUAJIOB, a TAKKE PAJa MPOMBIIUIEHHBIX CIUIABOB
Ha ux ocHoBe Ha 50% u Oosee. B 000Mx MaTpUuHBIX MaTepuanax Hauboliee
3¢¢deKkTUBHON  ympouHsAOmEeH  100aBKOW  SIBISUTUCH byniepeHs.
Hanokxomno3zutsl ¢ npumenenueM Y HT uMenn mpoyHOCTh aHAIOTUYHYIO WIIU
HECKOJIbKO HUXKE, YEM Ha OCHOBE (PYJIIIEPEHOB.

Kak mnoxa3zanmu pe3ynpTaTbl PEHIN€HOCTPYKTYPHOIO aHAJIA3a, B IIPOLECCE
MEXaHOAKTUBALIMM CPEIHUIN pa3Mep KPUCTAJUINTOB ATOMHHUS YMEHBIIAECTCS
oT ucxogHoro paszmepa 250-300 um 10 40-90 HM, B 3aBUCHMOCTH OT THUIIA U
koHreHTpanimu YHC. C yBenuuenneM koHueHtpauuun YHC creneHp u
CKOPOCTb H3MEJIbUYCHHS YBEIMYUBAIOTCS, YTO OOYCIIOBJIEHO 3aMeJJIEHUEM
IIPOLIECCOB PEKPUCTAILIAZALUN.

Teopernueckne HCCIENOBaHUA, BbINOJIHEHHbIE MeTogoM DFT ¢
UCIO0JIb30BaHUEM (yHKUMOHaNA mioTHocTd B3LYP u nporpamMmmHoro nakera
PC GAMESS, noarBepawyiii  U3BECTHYIO  TUIIOTE3Y  MOBBIIMICHUS
MEXaHUYECKUX CBOMCTB, 00yCJIOBIIEHHOTO oOpa3zoBaHHeM
METaJJIOYTIEPOIHBIX KOMIUIEKCOB [1-3]. TepmoanHaMuyuecKuil aHaJIN3 TaKxKe
CBHUJETEIBCTBYET, YTO TAKUE PEAKLIMU BO3MOXHBI U SJHEPTE€TUYECKHU BBITOJIHBI.
Teopernyeckue pacyeTsl TOKa3ajld, 4YTO HAOIIOAAEMOE YBEJIUYEHUE
MEXaHUYECKUX CBONCTB MOXET OBITh CJICICTBUEM B3aMMOICHCTBHSI KATHOHOB
MeTaioB ¢ m-o0onoukamu noBepxHocTH YHT, B pesynbrare HMOHM3AIUU

aTOMOB METAJJIOB KUCJIOPOI0COAEPKAIMMH (PYHKIMOHAIBHBIMU IPYIIIAMH.

Jlumepamypa
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YIVIEPOA-@TOPYIJIEPOAHBIE 'MBPU/IHBIE
HAHOKOMITIO3UTHBIE MATEPUAJIBI JIJ15
YCTPOWCTB XPAHEHUSA U IPEOBPA3OBAHUSI
JHEPI'MHU

MutekuH B.H., JIeBuenko JI.M.

Deodepanvroe 2o0cy0apcmeeHtnoe D10AHCemHoe YupedtcoeHue HayKu

HUncmumym neopeanuueckou xumuu um. A.B. Hukonaesa CO PAH

Hensto HUOKP sBnsimace pazpaboTka MPUHIIMIIOB U METOAOB CO3JaHUS
HOBBIX THUIIOB HAaHOKOMIO3UTHBIX MaTepuasnioB (HKM) u ¢yHkumMoHambHBIX
MaTEepHAIIOB HA OCHOBE HEOPTaHWYECKHUX YTICPOIAHBIX M (PTOPYTIEPOTHBIX
ITOJIMMEPHBIX MATPHIL U1l UX IPUMEHEHHS B KAUECTBE JICKTPOAOB JINTUEBBIX
XUMHUYECKUX HCTOYHUKOB Toka (XUT), a Takxke 53JIEKTPOAHATUTHYECKUX
CEHCOpOB U TipeodpazoBateneii MK-u3mydenus B 2IeKTPUUECKHE CUTHAJIBI.

OCHOBHBIM METOJIOJIOTUYECKUM MPUHLMUIIOM HAIpPaBICHHOTO CUHTE3a
HKM c 3agaHHbIMH CBOMCTBaMHU SIBJIIETCSI OCYIIECTBIICHHE MEXK(a3HBIX
XMMHYECKHX CBSI3eH HAHOGIOKOB Sp— M SP°—YIIEpOAa YIICPOAHBIX H
GTOPYraepoIHBIX ~ MaTPUI] HAa  OCHOBE  CBEPXCTEXHOMETPUYECKOIO
dropyrnepona CF, 5133 ¢ HApY>KHBIMH aTOMaMH IMOBEPXHOCTH HAHOOJIOKOB
WIM YacTHI] BEIOPAHHOTO YIJIEPOAHOTO0 MaTepHalia IpU MEXaHOXUMUYECKOM
MEXKYaCTUYHOM  B3aMMOJICCTBUM, COIMPOBOXKIAIOIIEMCS  00pa3oBaHUEM
JIETYy4ero KOMIIOHEHTa (JeruapaTaldd W JAp.) U XUMHUYECKON Mexda3zHOM
CIIMBKOW MEXIY B3aUMOICHCTBYIOMIMMHU HAHOOJIOKAMHU UCXOHBIX MAaTPHII.

Pazpabotansl MeTonpl cuHTE3a U (PU3UKO-XMMHUYECKON JTMAarHOCTUKHU
nonuMepHbIX Heopranndeckux HKM Ha ocHoBe me3odazHoro yriepona,
tepmopacmupentHoro rpadura (TPI'), dTopyrieponHbix HaHOpa3MEpPHBIX
MaTtepuasoB U (YHKIMOHAIBHBIX KOMIIO3UIIMOHHBIX MaTEepUalOB Ha HX
OCHOBE, O00JIaJIalOIIUMHU BBICOKOW JJIEKTPOXUMUYECKON WM TEPMUUYECKOU

YYBCTBUTCIIbBHOCTBIO M CCICKTUBHOCTBLIO K 3aJlaHHBIM ITapaMeTpaM CPCbl, C
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OpOrpaMMHUPYEMBIM COYETaHHEeM THIPO(YOOHOCTH M TUAPOPUIBHOCTH, C
BBICOKOM XHMHYECKOM W TEPMUYECKOM CTaOWIBHOCTHIO M 3aJlaHHBIMU
MEXaHUYECKHMH CBOMCTBAMH (KECTKOCThIO MJIM THOKOCTHIO) [1, 2].

Coznmanbl HOBBIE (DYHKIIMOHATBHBIE HAHOKOMIIO3UTHI - HE HMMEIONIUE
ananoro yraepojcoaepxamie HKM Ha ocHOBe yriepoa-QTopyriepoHbix
HaHOKOMNO3UTHBIX MaTpul tuna Y ®DYHKM, ruaponuszoBannsie YOYHKM,
a takke HKM s 35IeKTpOaHAIMTUYECKUX CEHCOPOB HAa OCHOBE CHUCTEM
“TPI'-Pt(Pd)”, BeicokoappexTuBHbIX KaTo 0B @YKM nepBUUYHBIX JTUTHEBBIX
XUMUYECKUX UCTOYHUKOB TOKa (ylelbHas eMKocTh 10 680 MAY/T) U nuTHii-
HOHHBIX akkymyisitopoB “TPI" — Si” (yaenpHas emxocth a0 400 MAuU/T).
Pazpabotku 3amuimienst 15 natentamu PO u CIIIA (coBmectHo ¢ H3XK).

[Ipenynoxkena u 3amaTeHTOBaHA KOHIIENIMS HOBOTO THUIIA 3JEKTPUYECKOTO
XUMHYECKOTO YTJepoJicofepkaliero HaHokoHTakta (mateHT RU 2398312).
Pa3paboTanbl M wHcnobITaHbl HOBBIE THIBI AeKTpoaHblXx HKM, B T.u.
YIIIEPOACOEpIKAIUE  PE3UCTUBHBIE  MaTepuaidbl C  MOBEPXHOCTHBIM
YIJIEPOAHBIM XUMHUYECKMM HAHOKOHTAKTOM (TOKOCHEMOM) C IIHMPOKUM
[MATIA30HOM PETyIHPYeMbIX yaenbHbIX comportuBieuii 0.1-10% Omecwm,
HKM nnsa nutueBbix XUT, Ha mOpAI0K NPEBOCXOSAIINE MO TNIOTHOCTH TOKA
paspsiia U3BECTHBIC PHIHOYHBIC M MAaTeHTHBIE aHajord u Ha 30-40% Oonee
SHEProeMKHE, YEeM JIyUIIHE SIMOHCKHE KaTOlbl, HOBbIE HAaHOKOMIIO3UTHbIC
marepuansl s TepmonapHbix ceHcopoB HTCII-UK. Co3nanbl HOBbIE THUIIBI
YIJIEPOAHBIX HAHOMOPUCTBIX MATPHUIl JJIsi XpaHEHUsl TUAPUIHBIX (a3 u
HAaHOKOMIIO3ULIMOHHBIE YTIIEPOICOAEPKAIINE TEPMOCEHCOPHBIE MaTEpUabl U
tepmonapsl ¢ ko3gduuuenrom TepmoIC ~ 17 mxB/°C npu 20-100 °C.

HUOKP noapnepxkanbl ['ockonTpaktamu PocHayku NeNe 02.434.11.2001

ot 14.04.2005 1 02.513.11.3112 ot 07.05.2007.
Jlumepamypa

[1]. Murekun B.H. / HoBeiimue 351eKTpoHbIE MaTepUabl I JTUTHEBON XUMHUYECKON
sHepretuku // HoBocubupcek: M3n-s0 OAO H3XK, 2001. 162 c.

[2]. Levchenko L.M., Mitkin V.N. et al. // Journal of Fluorine Chemistry, 2011, vol. 132,
No 12, pp. 1134-1145
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MOJUDPUKAIIUSA DJTTACTOMEPHBIX KOMIIO3UILIUH
YIVIEPOAHBIMU HAHOKOMIIOHEHTAMMU

MancypoBa I/I.A.l, domMuH C.B.l, BaranoB B.E.z, Konanuna O.IO.I,

) 1
[Toropensckuit N.I1.

'"®rBOY BIIO “Bamckuii 2ocydapcmeennviii ynugepcumem”

‘@I'BOY BIIO “Bradumupckuii 2ocyoapcmeentuiii yuusepcumem”

VYrnepoaHele HaHOMAaTepualdbl HUTEBUIHOTO CTPOEHUS — YIJIEPOJHBIE
HaHoTpyOku (YHT) u nanoBosokona (YHB) sBnsitoTCS NMOTEHIHMANTBHBIMU
Moaupukaropamu pe3uH onarogaps CBOUM MEXaHUYECKUM,
neopMalMOHHBIM M CIIEHAIbHBIM cBoWcTBaM. MHorocrennsle YHT, He
CMOTpPSI Ha BBICOKYI0O MEXaHMYECKYIO MPOYHOCTh CIIOCOOHBI K KPUTHUYECKUM
nedopManusaM u3ruba, pacTHKEHUS, CKATUSA, KOTOPHIE OCYILIECTBIISIIOTCS 3a
CUET MEepPEeCTPOMKH CTPYKTYphl O€3 HapyUIECHUs CIUIOMIHOCTH, UM MPHUCYIIL
Teneckonuueckut dpdext u, Hakonery onn camu no cede (YHT u YHB)
o0JamaloT  KaydyKomoJoOHBIMH  cBoiicTBamHM. Kpome Toro, BechMma
MPUBJICKATEIBHBIM  SIBJSIETCS  CIIOCOOHOCTH ~ CBEPXMAJIbIX  J00aBOK
VIJIEPOAHBIX HAHOYACTHUI[ BIUATH Ha HAIMOJEKYJSIPHYIO  CTPYKTYpPY
MOJINMEPOB, CIIOCOOCTBYIONIYIO HUX YINpOouHEeHUIO [l], a Hamuuue OONbIION
IUIOLIAAN MOBEPXHOCTH - HA BO3MOXHOCTb peanu3anuu 0oisee 3hPpexTuBHON
nepegayv Harpy3Ky OT MaTPUIIbl K HAOJHUTENO [2].

Lesnbro paboThI SABJISIETCS UCCIIEOBAHUE MEXaHUYECKUX,
neOpPMAITMOHHBIX, JJICKTPUYECKUX, TEPMUYECKUX H HWHBIX CBOWCTB
ByJIKaHu3aTtoB, MoauduinmpoBanubix MYHT, YHB paznuunoit mopdonoruu
U XUMUU TTOBEPXHOCTH; OIICHKAa MHTETPAIbHON TOKCUYHOCTH HUCCIIEAYEMOTO
YIJIEPOJHOTO HAHOMATEpUaia METOJIOM OMOTECTUPOBAHUSI.

AxtuBHoe ucnonb3zoBanue YHT u YHB B snacToMepHBIX KOMITO3UIUSIX
CACPKUBACTCS UX MIIOXUMU TEXHOJOTUUECKUMH CBOMCTBAMU: CKIIOHHOCTBIO K

arperupoOBaHMIO, CIIOKHOCTBIO JHCHEPIUPOBAHUS 1O HAHOYPOBHS U
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YCTOMYMBOTO pacIlpelelieHnss B KaydyKoBOM cpene. B cBsa3m c 3TuM
TpeOyeTcs pa3paboTKa CeNHaIbHBIX MOAX0A0B K MOAU(UKAIIMN PE3UHOBBIX
CMeECeU, ONTUMHU3ALUSA PEKUMOB PESUHOCMELIEHNS.

B pamkax IOCTaBIEHHBIX 3a7a4  MCCJICIOBAaHbl  HAIlIOJHEHHBIC
BYJIKAHM3aThl HAa OCHOBE Kay4yyKOB OOIIEro M CIELHaIbHOIO0 Ha3HA4YeHMUs,
CoJepKallie  HUCXOAHble W  (PYHKIMOHAIM3UPOBAHHBIE  YTJIEPOJIHBIC
HAHOCTPYKTYPBI.

VYcraHoBieHO BAMSHUE MOAM(PUKAIIMM HAIMOJHUTENEH, B YaCTHOCTHU
TEXyIJIEPOJA BBICOKOW, CpENHEH W MAJIOW AKTHUBHOCTH HUCXOJHBIMU
YIIEPOJHBIMM HAHOYACTHULAMHU C IUIOIIAAbI0 ImosepxHoctw oT 100 mo
324 M’/r Ha CTPYKTYPY ¥ CBONCTBA BYJIKAHH3ATOB.

[Tpennoxensl cnocoObl HAPaBJIEHHOW (DYHKIIMOHATU3ALUU YIIIEPOJHBIX
HaHOCTPYKTYp i (OpMHpPOBAaHUS ONTHUMAJIBHBIX, C TOYKH 3pPEHMS
pPELEnTypOCTPOEHUS MOJIEKYJISIPHBIX OCTaTKOB M (DYHKIIMOHAJIBHBIX TPy HA
nopepxHocty YHT u YHB.

C noMouipl0 Ppa3iIUYHBIX TECT-O0BEKTOB (OaKkTepuu, MpPOCTEHIINEe U
BBICIIIME KMBOTHBIC) [3, 4] HCCIeI0BaHbl TOKCUKOJIOTHYECKHUE CBOMCTBA psiaa
MCIIOJIb30BAaHHBIX I MOAU(DUKALUN PE3UH YIJIEPOJHBIX HAHOMATEPUaJIOB B
CPAaBHEHUM C TEXHUYECKHUM YTJIEPOJOM, TPAAUIMOHHBIM HANOJHUTEIEM

pe3uH.

Jlumepamypa

[1]. BausHHe «romMeonaTu4ecKux» A00aBOK yriIepoJHBIX HAHOMATepUAIOB HA CBOMCTBA
MOJIMYpeTaHoBbIX 3nmactomepoB / D.P. bapammmnua, E.I'. AtoBmsn, A.A. I'puiyk u np.
WNuctutyTt npobnem xumuueckoit pusuku PAH.

[2]. Dispersion and functionalization of carbon nanotubes for polymer-based
nanocomposites: A review / Peng-Cheng Ma, Naveed A. Siddiqui, Gad Marom //
Composites: Part A. - 2010. P. 1345 - 1367.

[3]. Meroasl omnpeneneHusi TOKCUYHOCTH W OMNACHOCTH XUMHUYECKHX BEIIECTB
(roxcuxometpus). [lox pexn. [Ipod. M.B. Canoukoro. M., “Menununa”, 1970. 350.c.

[4]. MP 01.018-07 Meroauka omnpeaeneHUss TOKCUYHOCTH XHWMHUYECKHX BEIIECTB,

MOJIMMEPOB, MaTEPHAJIOB U M3/AEIIHH ¢ TOMOIIbI0 OnoTecTa “OKomoM”.
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CHUHTE3 U ITIPUMEHEHHUE PA3ZYHOPAJOUYEHHDBIX
YIVIEPOJAHBIX HAHOCTPYKTYP

bayman IO.I/I.I, Pynuen A.B.z, JIbicakoBa A.C.° , Bopommios B.A.4,
Mumrakos U.B."? , Bensrun A.A.1’3, [Iy6un IO.B.z, CemoTuH F.E.4,
Bysttos P.A.'

"Hnemumym kamanuza CO PAH, 2. Hosocubupck;
Unemumym neopeanuyeckoii xumuu CO PAH . Hosocubupck;
I Hosocubupckuii 20¢y0apcmeen il mexHudeckuti yuusepcumen,
2. Hosocubupck,

4 o
Hnemumym xumuu u xumuueckou mexnonocuu CO PAH, 2. Kpacnospck

OpnHo W3 mpeuMymiecTB yriiepoanbix HaHOTPYOok (YHT) n HanHOBOIIOKOH
(YHB) 3axntouaercss B TOM, 4TO OOJIBIIMHCTBO HMX CBOMCTB MOTYT OBITh
VU3MEHEHbl U CKOPPEKTUPOBAHBI, B 3aBUCHMOCTH OT LEJIECBOTO MPUIIOKECHHUS.
OcHoBHOM MeToA cuHTe3a YHB oCHOBaH Ha KaTalIUTHUYECKOM Pa3IOKCHUU
yraeBogoponos Ha Fe-, Co- wiu Ni-copepxanux katanuzatopax [1].

B 3aBucuMOCTM OT mWpUPOABI pa3laraeMoro ChIphsi 00pa3yloTcs
HAHOCTPYKTYPUPOBAHHBIE MPOIYKTHI, OTINYAIOIIHUECS 110 CBOEH MOP(OIOTUN
[2]. Hanpumep, mnpu pasnoKeHUU XJIOP3aMEIICHHBIX YTIIEBOJIOPOJIOB
bopMUpPYIOTCS pa3ynopsoYeHHbIe, e(pEeKTHhIE HAHOBOJOKHA, KOTOpHIE
OBLIIM Ha3BaHbI «0aMOYKOTIOOOHBIMUY WU «IEPUCTBIMUY [3,4].

B noknane OymyT mpencTaBieHbl pe3yJIbTaThl UCCIENOBAHUS CTPYKTYPHI U
CBOWCTB YIJIEPOJIHOTO MPOAYKTA, 0OPA3YyIOIIErocsl B pe3ysibTaTe pa3ioKeHUS
KOMITOHEHTOB XJIOPOPTaHUYECKUX OTXOJOB IO «MEXaHU3My KapOWIHOTO
nukiaa» ¢ nonydenuem YHB [5]. [Iporiecc ocymiecTBIsan ¢ UCTIOJIb30BaHUEM
MACCHMBHBIX CIUIaBOB HA OCHOBE HHUKEIS B KauyeCTBE KaTalnd3aTopa.
YCTaHOBIEHO, 4YTO B PE3yJIbTaT€ KOHTAaKTa XJIOPYIJIEBOJOPOAOB C
MAaCCHBHBIMU H3JCIIHUSIMHU MPOTEKACT UX YTJIEPOJIHAS 3PO3Hs ¢ 00pa3oBaHUEM

aKTUBHBIX LEeHTpoB pocta YHB (cM. puc.l). AKTUBHOCTh KaTajau3aToOpoB Ha
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OCHOB€ MAaCCHBHBIX CIIJIaBOB (MeTaJ'IJ'IOB) B HCCKOJIBKO pa3 IPCBbIMIACT

AKTUBHOCTBb TPpaAUIIHOHHBIX HAHCCCHHBIX KaTaJIn3aTOPOB [6]

Puc. 1. Cuumox [19M. Akmuenviu yenmp ocma VHB, cghopmuposaswutics
U3 HUKelb-MeOH020 cniasa npu konmaxkme c 1,2-ouxnopamarnom npu 600°C.

B noknage takxe OyayT NMpeACTaBiICHbI pPe3yibTaThl KaTAIUTUYECKOTO
pasznmokeHust 1,2-mUXJIOp3TaHa Ha MOJCIBHBIX HHKEIEBBIX cIutaBax Ni-M
(M =Cu, Co, Cr), IpuroTOBJICHHBIX METOJOM COOCAXKICHUS M CIEKAHHS
COJICU-TIPEAIECTBEHHUKOB.

CrpykTypa 00pa3yrommxcsi YrJIepoIHbIX HAHOBOJIOKOH XapaKTepU3yeTcs
BBICOKOM  J1€()eKTHOCTbIO M, KaK CIEJCTBUE, pa3BUTON  yAeIbHOU
TIOBEPXHOCTBIO (10 400 M°/r). Takue MaTephaIbl ABISIOTCS NEPCIEKTHBHBIMU
no0aBKaMHd K CMa304yHbIM MarepuanaMm. PesynbTaThl MoKa3aiu, 4YTO
nobasnenue ~ 0.05% YHB nepucroit Mopdonoruu B cocTaB MUHEPAIBHOTO
Maciaa NPUBOAUT K 3HAYUTEIBHOMY YMEHBLIEHUIO TEMIEPATYPhl €ro
pa3orpeBa U CHUKEHUIO KOHTAKTHOTO U3HOCA B HECKOJIBKO Pas3.

Pabora BhImonHeHa mpu (UHAHCOBOM MOANEp:kKe rpaHTa Poccuiickoro

®onpa Oynnamentanbubix MccnenoBanuii (mpoekt Ne 12-03-31729).
Jlumepamypa

[1]. DO.I. Pakos, Ycnexu xumuu 76 (2007) 3.

[2]. A. Shaikjee, N.J. Coville, Carbon 50 (2012) 3376.

[3]. A. Nieto-Marques et. al. Applied Catalysis A-general 332 (2007) 237.

[4]. W.B. Mumakos u np. Jloxnansr Axkagemun Hayk, 386 (2002) 33.

[5]. B.B. Uecnokos, P.A. BysHoB, Ycnexu xumuu 69 (2000) 675.

[6]. FO.U. bayman u ap. Katanus B npomsbitmenHoctu 2 (2012) 18.

Tesucwvl 00k1a008 Cmp. 50



«Yenepoomnvie nanomamepuanvl: xapakmepusayus u npumenenuern, Munck, 23-25 anpens 2013 a.

HPUMEHEHMUE YIVIEPOJAHBIX HAHOTPYBOK UIA
CO3JAHUA HOJIMMEPHBIX KOMITIO3UIIMOHHBIX
MATEPUAJIOB MIOHUKEHHOU T'OPIOYECTHU

Baranos B.E.l, Pemernsx B.B.l, Hedenonra E.B.l, Jlomakuu C.M.2

1 . .
Braoumupcruii cocyoapcmeennsiii ynusepcumem um. A1 u H.I'.
Cmonemosulx, 2. Braoumup

2 .
Hnemumym o6uoxumuveckou guzuku PAH um. H-M. Dvmmanysna

CHIDKEHHE TOpIOYECTH TMOJUMEPOB SBJISETCS OAHOM H3 Haubolee
aKTyaJIbHBIX TPOOJIEM COBPEMEHHOTO MaTepuanoBeneHus. JlJis ee pereHus
IMIUPOKO HCTOIB3YIOTCS J00aBKM (QHTHMHPEHBI) HAa OCHOBE TaJIOT€HOB,
IpOU3BOAHBIX (pochopa, THAPOKCUIOB METAIJIOB, HAHOYACTHI] Pa3IUYHOU
npuponbl. B pabortax [1, 2] mig CHUXKEHHS TOPIOYECTH TOJUIIPONUIICHA,
NOJIMMETUIIMETAKPWIIATA U JIPYTUX IOJMMEPOB MPUMEHSIIUCH YIJIEPOIHbIE
HaHoTpyOku (YHT). B mHacrosieit paOoTe BBIMOJHEHO UCCIEA0OBaHUE
Brnusinua YHT Ha roprouects nonustuieHtepedranara (I1TD).

B uensx paBHomepHoro pacnpeneneHus YHT B oObeme MOIMMEPHOIO
BOJIOKHA, TIOJIy4a€MOI'0 B YCIIOBHUSX PEAJIBHOIO TEXHOJOIMYECKOIO IPOIIECCa,
Oblla pa3zpaboTaHa OpUTHHAJIbHAS METOJMKA BBEICHUS HAHOTPYOOK B
Mpoliecce M3rOTOBJIEHHS BOJIOKHA BKJIOYArolas B ceOs MpelBapUTEIbHYIO
bynmmammzanuio YHT u nmomydenue MoaudUIMPOBAHHBIX TPaHyl JUIsl UX
MOCJHEAYIOUIETO0 BBEAECHUS B pacIiylaB COBMECTHO C HOATOTOBJIEHHBIM
¢dKCOM.

Ha ocHoBaHMu uccienoBaHuil ¢ MMPUMEHEHUEM PACTPOBOU 3JIEKTPOHHOU
MUKPOCKOIIUM M MEXAaHWYECKUX UCIBITAHUNA BOJIOKOH CJelaH BBIBOJ O
paBHoMepHOM pacnpeaenennn YHT B wmarpune I[I9T®. Pesynprarsl
uccinenoBanuii MeroqoM TI'A cBUAETENBCTBYIOT O HE3HAYUTEIHHOM BIIMSIHUU
YHT Ha nepBuuHyr cTagul0 TepMuueckorl  nectpykuuu [IOTO,

XapaKTEPU3YIOMIYIOCS pa3pblBOM AGUPHBIX CBszedl. CTaOmimM3upyromui
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sbpdekr VYHT Habmomaercss Ha BTOpPOM CTagud TEPMOJECTPYKLHH,
IPOTEKAIONIEH N0 paIUKATbHOMY MEXaHU3MY.

Ilpy  TepMuuecKOW  AECTPYKLMU B  IIPOLIECCE  MCIBITAHUM  HA
BOCILJIAMEHSEMOCTh KOMIIO3ULIMOHHOT'O Marepuala Ha0JII0/1a10Ch
YBEJIMUEHUE BbIX0JIa KOKCOBOI'O OCTaTKAa B CPABHEHUH C YUCTHIM IOJIUMEPOM.
IlockosbKy B~ HAQHOKOMIIO3UTaXx  HA  OCHOBE  IOJIMIIPOIMUJICHA,
HOJUMETHIIMETAaKpIiIaTa M JIPYTUX [OJIMMEPOB Tak e HaOIrAanoch
YBEJIMYEHHUSI BBIX0/1a KOKCOBOT'O OCTaTKa, 3TOT 3(PPEKT ObLT 05KHU1a€MbIM.

Teopernueckne uccnenoBanus B3aummoneuctsus YHT ¢ omuromepamm
[I9T® u III1 ObIM BBIMOJHEHBI C MCMIOJb30BAHUEM IOJIYIMITUPUUECKOTO
Merofa KBaHTOBOM xumuu PM3 wu mporpammuoro makera PC GAMESS.
PaccmarpuBanioch B3aumojeiictBue onuromepoB [I9T®, coxepxamux 2
MOHOMEpHBIX 3B€Ha C OOKOBOH TMOBEPXHOCTHIO (PparMeHTa OIHOCIOWHOMN
YHT (6, 0), ™MoaupuuupOBaHHON pPa3IMYHBIMU (PYHKIHMOHAIBHBIMU
rpynnamu (OH, COOH, F) a Tak e OAHO W3 BO3MOKHBIX HalpaBJICHUN
pEaKuuu B 3TUX CUCTEMAX.

Ilonck paBHOBECHOIO COCTOSIHMSI CUCTEMBI CBHUIETEIBCTBYET O TOM, UTO
onuromep  [I9TD  B3aumopeiicTByer ¢  (PYHKIMOHAIW3UPOBAHHOMN
nosepxHocTh0 YHT mo munons-nunossHOMY MexaHusmy. HesnauurtenpHoe
U3MEHEHHUE MOJICKYJISIPHOW 3JIEKTPOHHOU CTpYKTypbl [IDT® (3aceneHHOCTh
ATOMHBIX OpOHWTaNel, 3HaYeHUs! JBYLUEHTPOBBIX MHTErPajoB NEPEKPbIBAaHUS
KOBAJICHTHO  CBA3aHHBIX  aTOMOB)  IIO3BOJIIET  CHAEJIaTh  BBIBOJ O
HecylecTBeHHOM BiusiHuM YHT Ha xapaktepuctuku cBsizeit B [IDTO.

PacueTHble 3HaUEHUS PHEPTUU CBSA3H (DYHKUIIOHATBHBIX TPyN ¢ OOKOBOU
noBepxHocThi0 YHT He mpeBbImaroT 65 KKaja/MoJb, 4TO CBUICTEIBCTBYET O
BBICOKOW BEPOSITHOCTU OTPbIBA (PYHKIMOHAIBHOW TPYMIBl OT MOBEPXHOCTHU
YHT npu narpeBe. B cuny momsipHocTH CBsI3W (DYHKUMOHAJIBHBIX TPYHI C
noepxHocTer0 YHT cnenyer oxxuparte, 4TO paspbiB CBA3U COIPOBOXKIACTCS
MOHM3alMEN KaK IMOBEPXHOCTH, TaK M (PYHKUMOHAJIbHOW Trpymmbl. MoHbl

(I)YHKI_II/IOHEUII)HBIX rpyni XuMUICCKU aKTUBHBI, 1 MOT'YT BCTYIIaTh B PCAKIIUIO
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¢ omuromepamu [I9T®. B macrosimieir pabore paccMaTpuBalioCh OJHO W3
BO3MOXHBIX HampaBieHui peakuuu. Cuutanoch, 4YTO (PYHKIIMOHATIBLHON
IPYIIONA OCYIIECTBISETCS OTPBIB MPOTOHA, B PE3YJbTATE YETO MPOUCXOIUT
MOoHU3alMs osmromepa. B pesynbrare xumudeckas akTuBHOCTh YHT wu
YyIJIEBOAOPOJOB  3HAYUTENIBHO  yBenuuuBaercs. [louck  paBHOBECHOro
cocrossHusg cuctembl [IDOT®-YHT cBuaeTenbcTByeT O BO3MOXKHOCTHU
o0pa30oBaHMsI KOBAJICHTHBIX CBSI3€U MEXIy MOHAMHU aToMoOB yriepoaa [[DTD
nu YHT. DOtum MoxkeT ObITh OOBSCHEHO 3aMEUICHHE BbIXOJla TOPHYHUX
YIJIEBOJOPOAOB B ra3oByl0 (azy M  MOBBILIEHUWE  KOJIHMYECTBA
KapOOHM3UPOBAHHOTO  OCTaTKa MpU CropaHuu  noiaumepa. MoKHO
MPEANONOXKUTh, YTO PACCMOTPEHHbIM MexaHu3M BiausHud YHT Ha
KapOOHHU3AIMIO TOJUMEPOB MOXKET OBITh O0000IIeH I  Pa3IuYHBIX
YIJIEBOJOPOJHBIX  COCAUHEHUHM, HAaXOMAIIMXCS B  KOHJICHCUPOBAHHOM

COCTOAHHNU.

Jlumepamypa
[1]. Azat D. Rakhimkulov, S. M. Lomakin, I. L. Dubnikova, A. N. Shchegolikhin, E. Ya
Davidov, R. Kozlowski // J. Mater. Sci. — 2009.
[2]. Kashiwagi T. Flame retardant mechanism of the nanotubes based nanocomposites.
Final report. Prepared for US Department of Commerce Building and Fire Research
Laboratory National Institute of Standarts and Technology. — September, 2007.
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OYHKINOHAJ/IM3AIUA YIVIEPOJIHBIX
HAHOMATEPHAJIOB UIA ITPOMBIIIJIEHHOI'O
NPUMEHEHUASA

®unaros C.A., bateipes E.B., Kyuuncknii '.C.,
Anexcannponern A.C.

Hncmumym menno- u maccooomena um. A.B. Jlvikosa HAH Benapycu,

Munck, yn. 1. bpoexu, 15

Paznuunbie o0sacTu  WCMONIB30BAaHUS  YIJIEPOAHBIX HAHOTPYOOK U
HAaHOCTPYKTYPUPOBAHHOTO  yriiepoja  TpeOyloT  HalWyusi Yy  HHX
cnenupuyecknux (yHKIMOHAIBHBIX CBOWMCTB, KOTOpBIE OMNPEIESIOTCS
OCOOCHHOCTSIMH HMX  CTPYKTYpbl M CTPYKTYpbl WX  TOBEPXHOCTH.
JIOTIOJTHUTENIPHYI0 BO3MOKHOCTb YJIYUIIE€HUS (DYHKIIMOHAJIBHBIX CBOMCTB
yriepoaubix — HaHoMarepuanoB  (YHM)  obOecreunBaeT  xuMuueckas
MoIU(UKALUSI WX TOBEPXHOCTH IyTeM OKHCIEHUs, (HTOpHUpOBaHUS, JTHOO
dbopMupoBaHUs Ha TMOBEPXHOCTU (YHKIMOHAIBHBIX Tpynm. [lpu 3TOM
(GyHKIIMOHATBHBIC TPYIIIBI, PACIONOKEeHHbIE Ha moBepxHOCTH YHM MoxHO
UCIIOIB30BaTh JJIs (PUKCAIMU KaTain3aTropa, MOJU(PUKAIIUU CMauyuBaeMOCTH,
st yBenudeHus: 3G(HEKTUBHOCTH dJIEKTpoKaTanu3a, s npumanus YHM
CBOMCTB, HEOOXOAMMBIX [IJISl UX HCIIOJIb30BaHUSI B KauecTBE >(P(HEKTHUBHBIX
aJIUTUBOB B MOJIUMEPHBIC U KOHCTPYKIIMOHHBIE MAaTEpUATBI.

Tpanuuuonuo [1-6] dynkumonanuzanuo nosepxunoctu YHM mpoBoast
JUIMTEITBHBIM TEPMHYECKHM OKHCICHHeM mpu Temmeparypax 250-280°C,
00paboTKOI B CMECAX KOHIICHTPHUPOBAHHBIX KHCIOT C MOCHIEIYIONeH
IIPOMBIBKOM B BOJE M CYIIKOW, 0OpaOOTKOW B KHIISIIEH a30THOM KHUCIOTE.
Takue Moaxo/ibl SHEProeMKH U HE MO3BOJISIIOT OPraHU30BaTh HEMPEPHIBHBIN
nporecc (GyHKIUOHANHM3AIMN TMOBEPXHOCTH. K MEepCHeKTHBHBIM METO/IaM
dyHKuMoHaNM3auMu noBepxHocth YHM  crienyer OTHeCTH  METObI

XuMuueckoro ocaxjaenus u3 napa (CVD) coBMmelieHHbIE ¢ TPOIIECCOM pOCTa
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VIJIEPOAHBIX HAHOTPYOOK, OTBEYAIOUIME TPEOOBAHUSAM COBPEMEHHOIO
IPOU3BOJACTBA U  00ECHEeUMBAIONIME BOCIHPOU3BOAUMOCTDh  PE3YyJbTATOB

cuHresa (puc. 1).

e TR 0 IR, LEEE

Puc. 1. Maenemponnuwiii paspsao 6 yemanoske CVD cunmesa yenepoonsix

HAHOMPYOOK U CMPYKMYpa (hopmMupyemvix 20pu30HmanbHo ynopsaoodenuvix YHT

PaccmoTpensl  nmpyrue  MeTOABI,  CBSI3aHHBIE C  BO3JCHCTBHEM
AIIEKTPOMAarHUTHOTO  W3JIy4EHUS]  MHKPOBOJHOBOIO  JMana3oHa WU
KOMOMHAIMM MHKPOBOJHOBOTO H3JIyYEHHUS C XUMHMUYECKOW Mojupukanuen
MOBEPXHOCTH, MO3BOJISIIOIIME 00pa3oBaTh (PyHKIMOHANIBHBIE TpyIibl C=0 u
N-H; ¢ropupoBanane YHM u ux (QyHKIIMOHATBHBIX MPOU3BOIHBIX C
NEePCHEeKTUBAMY MPUMEHEHHUS] B HAHOKOMITO3UTAX, JIEKTPOHHBIX YCTPOUCTBAX
51 CMa3Kax; METOAUKHU MOIH(PUKAITAH MMOBEPXHOCTH YHM
KHCIIOPOACOJIEP)KAIIMMH ~ TpyHIamMd, OpPraHUYeCKHUMH, B TOM  4HCIIE
aMUHOCOJEpXKAIUMH, (pparmeHTaMu Uisi 3(PQGEKTUBHOTO CBA3BIBAHUS C
MaKpOMOJIEKYJIaMHd U (DU3HKO-XMMHUYECKOE HCCIEIOBAaHUE TOIYyYCHHBIX
MaTepUaioB JUIsl OCIEAYIOIIEr0 TPUMEHEHHS B TPOU3BOICTBE TOJUMEPHBIX

MaTCpUaJIOB, B KaTaJIM3¢€ U IP.

Jlumepamypa
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HPUMEHEHMUE AJIVIOTPOIIHBIX ®OPM YIJVIEPOJA
JJISA HOBBIIHNEHUSA DOOPEKTUBHOCTHU
O YHKINOHAJIbBHBIX 9JIEMEHTOB 2JIEKTPOHUKHU 1
BO3OBHOBJIAEMbIX HCTOYHUKOB I'EHEPALIUU U
XPAHEHMUA DOHEPT'UA

JlabyHos B.A.

benopycckuti I'ocyoapcmeennuiti Ynusepcumem Ungopmamuru u

Paouosnexmponuxu, Munck, yn.Il. Bposxu, 6

B pabGore ¢dopmynupoBaHO HW = YACTHYHO  PEAM30BAaHO  HOBOE
MIEPCIIEKTUBHOE C HAYYHOM M NPAKTUYECKOW TOUYEK 3pECHUS HANPaBICHUE
uccnenoBanuii «lIpuMeHenue amnoTponHbix (GopMm yriepoaa (MacCHUBOB
YHT, cnoés rpadena u ruOpuanbsix HaHocTpykryp YHT — rpaden) nmns
NOBBIICHUS 3(PPEKTUBHOCTH (PYHKIIMOHAIBHBIX JIEMEHTOB 3JEKTPOHUKH MU
BO30OHOBJIIEMBIX HMCTOYHUKOB TE€HEpallMd W XpaHEHWsl HJHeprum». s
peanu3any 3TOrO HampaBlieHWs pa3paboTaHa enuHas YHUPHUITUPOBAHHAS,
ocHoBaHHas Ha XI1O nmpoueccax, TEXHOJIOTHS MPOU3BoIcTBAa MaccuBoB YHT,
rpadeHa U TUOPUIHBIX HAHOCTPYKTYp HA HMX OCHOBE, COBMECTHUMAs C
TEXHOJIOTUEH MUKPOAJIEKTPOHUKU. OTO 3HAYUTENIBHO CHU3BUT CTOMMOCTH
pa3pabOTOK ¥ KOHEUHBIX TPOJAYKTOB U TMPUBEAET K TMOBBIMICHUIO
BOCIIPOM3BOJIMMOCTH M CTAOMJILHOCTH MOJIy4a€MbIX PE3yJIbTaTOB.

B pamkax sTolt YHM(UIIMPOBAHHOM TEXHOJIOTHU BIIEPBBIE B MHUPOBOM

MPaKTUKE CHUHTE3UPCBAHbI THOPUAHBIE HAHOCTPYKTYPBI, MPEACTABIISIONINX
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co00l MacCHBBI BEPTUKAILHO OPUEHTHUPOBAHHBIX YTIEPOIHBIX HAHOTPYOOK C
IUTAHAPHBIMU TPa(eHOBBIMU CIIOSIMH, PACIIONIOKEHHBIMU Ha MX MOBEPXHOCTHU
(YHT/rpaden  nHanocTpykTypbl). Pa3paboraHa  TEXHOJOTMsI  CHHTE3a
TUOPUIHBIX HAHOCTPYKTYp, TMPEACTABISIONIMX Cco00il ciou rpadeHa
(CIUTOIIHBIE W XJIOMBEBUIHBIE) B COYETAHMHM C MACCHBAMH TOPU3OHTAILHO
OPHMEHTHUPOBAHHBIX  YIJICPOJHBIX HAHOTPYOOK HA WX  IOBEPXHOCTHU
(rpaden/YHT nanoctpyktypsl). [lokazano, 4to ruOpuHbIE HAHOCTPYKTYPHI
00Jlalal0T  YHUKAJIBHBIMH TI0  CPaBHEHUIO C  JIIOOBIMH  JIPYTHUMU
HAHOCTPYKTypaMu CBOWCTBaMHU.

C ucnoJsib30BaHUEM 3TOM TEXHOJOTUHU yke co3aanbl YHT sMucCcuOHHBIE
YCTPOMCTBA C YHUKAJIbHBIMH XapaKTEPUCTUKAMH (TUJIOTHOCTH TOKA dMHCCHUU
1-10 A/cm®); SKpaHBI IEKTPOMArHATHOTO m3TydeHust B CBU nmamasone c
koapurentom 3aryxanus 50 ab; mosydeHbl MarHUTHBIE XapaKTEPUCTUKU
MaccuBoB YHT, KOTOpbIE MO3BOJAT CO34aTh NATYMKU MArHUTHOTO IOJA U
MarHuTHBIE  yYCTPOWCTBA  XpaHeHUS W  00paboOTKH  HMHQPOpPMAIINH,
MPEBBIIAIONINE IO CBOMM  XapaKTEPUCTUKAM  HW3BECTHbICE  MHPOBBIC
JIOCTUKEHUS. [Tonyuensl peABapUTEIbHbIE pEe3yJbTaTHI,
CBUJICTEJIBCTBYIOIIME O TOM, YTO MPUMEHEHHE YHU(PUIIMPOBAHHOTO MOJX0/1a
MO3BOJISIET Hambojee palnuoOHATBHBIM IYTEM TOBBICUTH A()PEKTUBHOCTH
OPraHUYECKUX COJHEYHBIX 3JIEMEHTOB, TOIUIMBHBIX 3JEMEHTOB, JUTHUEBBIX

OaTtapei U CylepKOHICHCATOPOB.
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YIVIEPOJAHBIE HAHOCTPYKTYPbBI B OIITUKE

Kamanuna H.B.1’2’3*, BacunbeB H.H.l, Crynénon B.I.

T0A0 «'ou um. C.U.Basunosay», Kaoemckas nunus, 0.5, kopnyc 2, Cankm-
Ilemepbype, 199053, Poccus. *E-mail:nvkamanina@mail.ru
‘CII6IATY «JIETHy, ynuya Ipogeccopa ITonosa, dom 5, Canxm-
llemepbype, 97376, Poccus
SCIIBTY « UTMO», Kponsepickuii npocnekm, 0.49, Cankm-ITemep6ype,
197101, Poccus

ITocne otkpeiTus pymiepeHoB (1985) u yrnepoaubix HaHOTPYOOK (1991)
B ONTORJEKTPOHUKE ObUI OMNpPEAENIeH psij TMEPCIEeKTUBHBIX HAMNpPaBICHUH,
CBSA3aHHBIX C pa3pabOTKaMU M HU3YYEHUEM CBOMCTB OPraHUYECKHX U
HEOPTaHUYECKUX  MAaTE€pUaJIOB,  CTPYKTYPUPOBAHHBIX  YIJIEPOJIHBIMU
HaHOOOBeKTaMH. Ha ocCHOBe paHee MpoBEeAEHHBIX HcchenoBanuii [1-3] u
HBbIHE C/IEJTAHHOTO aHaIn3a, B JaHHOUN paboTe MoKa3aHo BIUSHUE YTIEPOIHBIX
HaHOCTPYKTYD Ha U3MEHEHHE CIIEKTPAIbHBIX, MPOYHOCTHBIX,
doTtopedpakTUBHBIX, (POTOMPOBOJHUKOBBIX M JUHAMUYECKUX CBOMCTB
HEOPraHWYECKUX U OPraHMYEeCKUX MAaTepUalioB, @ UMEHHO YCTaHOBJIEHO, YTO:
1) B HAHOCTPYKTYPUPOBAHHBIX OPTaHUYECKUX MaTepraiax Ha OCHOBE MaTpUIL
C M3HAYAJIbHO CYIIECTBYIOIIUM JIOHOPHO-AKLUENTOPHBIM B3aUMOAECHCTBHEM
perucTpupyercsi 0aTOXpOMHBIN CIABUT B CIIEKTPaX MOTJIOIICHUS U YBEIUYCHUE
JIOKaJIbHOU MOJISIPU3YEMOCTHU €AVMHULIBI o0BbEMa Cpenbl;
2) CBETOMHAYLHMPOBAHHOE W3MEHEHUE T[OKa3aTeis MpeIoMJIEHUs B
HaHOCTPYKTYPUPOBAHHBIX OPraHUYECKUX MaTepHallax Ha IMOPSAOK U Ooliee
NPEBOCXOAUT TAKOBOW MJIi YUCTBIX MAaTPUYHBIX CTPYKTYp; 3) MOJBHKHOCTH
HOCHUTEJIEN B OPraHUYECKUX HAHOKOMIIO3UTAX, 110 KpaHeW Mepe, Ha MOPsI0K
IPEBOCXOJUT TAKOBOE 3HAYEHHE [JIl MCXOJHBIX MATPUYHBIX cucteM; 4) B
wuakokpuctamueckux  (KK)  HaHOCTpYKTypUpOBaHHBIX  3JeMEHTaXx

6BICTpOI[CI>iCTBH€ MEPCKIIOUCHUA IJICKTPOOIITHICCKOTO OTKIIMKA MOXKCT OBITH
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YBEIIMYEHO, N0 KpauHEeW Mepe, B 2-5 pa3, B CPAaBHEHUM C TPaAULMOHHBIMU
uHepuroHHsiMu  JKK-cMecsiMu  Ha  ocHOBe  1maHOOM(eHWIoB; 5)
CTPYKTYpHUPOBAHUE MTOBEPXHOCTH HEOPTaHUYECKUX MaTepruaioB
YIJAEPOAHBIMU HAHOTPYOKaMM TNPUBOAUT K YBEIWYEHHUIO NPONMYCKaHUS U
CHM)KCHUIO OTPa)KEHMS, @ TAK)KE K CHIDKCHMIO IIEPOXOBATOCTH IIOBEPXHOCTH;
6) MNOpPOYHOCTP HA UCTUPAHHUE U MHKPOTBEPAOCTb HEOTPAHUYECKUX
MaTepUaJIOB IIPU JA3€PHOM OCAXICHUM HA UX IOBEPXHOCTH YTIIEPOAHBIX
HAHOTPYOOK yBEJIMYMBAETCS HE MeHee, yeM Ha 6-10%, mo cpaBHEHHIO C
YUCTBIMM MATPUYHBIMH CUCTEMaMHU; 7) CTPYKTYpUPOBAHUE IOBEPXHOCTH
HOJSIPOUIHBIX IUIEHOK YIJIEPOJHBIMM HAHOOOOBEKTAMM IPUBOAUT K
YBEIIMYEHUIO MPOMYCKAaHMUS MapajIeIbHOM KOMIIOHEHTBI CBETOBOIO Jyd4a,
COXpaHss, IPAKTUYECKH, HAa  HEU3MEHHOM  yPOBHE  IPOIIyCKaHHUE
OPTOTrOHAJIBHOM COCTABJISOLICH.

OTMeTuM, 4YTO OCHOBHAs MpPUYMHA HCIIOJIb30BaHUSA (PYJUIEPEHOB,
IIYHTUTOB, rpadeHOB (M KBAHTOBBIX TOYEK) CBs3aHA, HAa HAIl B3IV, C UX
YHUKAJIbHOM CUCTEMOM JHEPreTUYECKUX YPOBHEM, BBICOKUM 3HAYECHUEM
CpPOJICTBAa K OJJICKTPOHY, OOJIBIIONW TOBEPXHOCTHOM JHEPTHEH; OCHOBHAS
IPUYMHA UCIIOJIb30BAaHUS YIJIEPOAHBIX HAHOTPYOOK U rpadeHOoB 00yciIoBIEHA
UX BBICOKMMH MPOYHOCTHBIMHU NApAMETPAMHU B CBSI3U C HATMYHUEM OOJIBILIOTO
KOJIMYECTBA TPYIHO pa3pymmMblx C—C cBs3el, BBICOKOM MPOBOJAMMOCTEHIO,
BBICOKOM ITOBEPXHOCTHOM DHEpPruMeH, a Takke MaJOoCThl0 IOKa3aTess
MPEJIOMJICHUS YTIEPOAHBIX HAHOTPYOOK Ha ypoBHE n=1.1.

Uccnenosanus mnopaep:xkanbl rpaHtoM POOU Nel(0-03-00916 (2010-
2012), Ne13-03-00044 (2013-2015), a Takxe OLIT HTb nporpammoii, mpoext
«Monaynasitop ¢ II9B» (2011) u CH OKP «Hanokoatunr-I'ON» (2012-2015).
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HNPOAYKTHBI IEPEPABOTKH INTPUPOJHOI'O CJIAHIIA.
NCCIIEJOBAHUSA U NEPCIIEKTUBBI IIPUMEHEHUS B
IMPOU3BOACTBE KOHCTPYKIHIMOHHbBIX U
OYHKIIUOHAJIBHBIX YIVIEPOAHBIX MATEPHUAJIOB

benmnua H.1O.

OAO “Hayuno-ucciedo8amenbCkuil UHCIUmMym KOHCMPYKYUOHHbIX

mamepuanos Ha ochoge epaguma « HUHzpagpumy»

JIJisi pOM3BOJICTBA M3ACNIUNA W3 MCKYCCTBEHHBIX TpadUTOB C BBHICOKUMU
MOKa3aTeNIIMA TUIOTHOCTH, TPOYHOCTH, TEIUIO- W DJIEKTPOIPOBOJHOCTH |
pagualiiOHHONW CTAOWJIBHOCTH TIPUOPUTETHBIMU SIBIISIFOTCS TEXHOJIOTHH,
MO3BOJISIIONIUE W3 YTJIEBOJOPOIHOTO CHIPbsl TOJYYUTh HAMOJHUTENh U
cBs3yromiee (KOKC W TeK), U3 KOTOphIX mpu o0padborke mo 2600-3000 °C
oOpa3zyeTcst yraepos B aJuIOTpoITHON Moaudukanuu rpadura.

[lepenoBbie TEXHOJIOTUH, MIPUMEHSIOIINE COBPEMEHHbBIC
KOHCTPYKITMOHHBIC TpadUTHI, MPEABSIBIAIOT IOBBINICHHBIE TPEOOBaHUS K
OJTHOPOJHOCTH, TIJIOTHOCTH, YHCTOTE CHIPHEBBIX MATEPHAIIOB, TMPUYEM
BRXHEHUIIMMU SIBIISTIOTCS HHU3Kasl 30JbHOCTh M HHU3Kash CEPHUCTOCTH, a TaKXKe
OTHOPOJHOCTh ~ TI0  CTPYKType  KOKCA-HAIOJHUTENS W BBICOKHE
XapaKTEPUCTUKHU CIIEKAEMOCTH U KOKCYeMOCTH TeKOBOU MaTpuiisl. HedTsiabie

KOKCBI 1 IICKU CCTOAHA HC YAOBJICTBOPAIOT IPCABABICHHBIM Tp€60BaHI/IHM.
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OgHuM W3 MEepCHeKTUBHBIX  BUAOB  ChIpbS  JUISL  YIJIEPOIHBIX
KOHCTPYKIIMOHHBIX M (YHKIIMOHAJIBHBIX MAaTEpHAIOB SBISETCA CMOJIA
TEPMUYECKOI nepepaboTKu MPUPOJHOro roprovero cianua [Ipubdantuiickoro
Oacceitna. M3 ciiaHIieBoi CMOJIBI MOTYYalOT MPOIYKThI, KOTOPHIE HEBO3MOKHO
MOJIYYUTh U3 HE(TH, YIIIeH U TOPIOYUX CIAHIEB IPYTUX MECTOPOXKIeHUN. 13-
3a BBICOKOTO cojiepkaHus B ciaHue kucioponaa (9-10%), Oonplryto 4acTh
CJIAHLIEBOM CMOJIBI COCTAaBIIAIOT KHUCIOPOIACOAECPKAILME COCAUHEHMS, B TOM
yucie BOJOpacTBOpuMbIe (¢eHosbl. CraHueBoe Macio JUisi MNPONUTKH
JIPEBECHHBI OTJIMYAECTCS HU3KOM TEMIIEPATYPOU 3aCTBIBAHHSI, YTO MO3BOJSAET
YCHEWIHO NPUMEHATh €r0 3UMOW M B MOJSPHBIX YCIOBHUAX. OIOKCUIHASA
CMOJIa Ha OCHOBE CJAHIIEBBIX (DEHOJOB OTBEP)KIAETCS MpPH TeMIeparypax
omu3kux k 0 °C.

Ocratox armocdepnoit auctwisiuun (OAJ]) crnaHieBoil cMoiibl U
IPOIYKTHl €r0 OKHMCJIEHUS SBIIIOTCS LIEHHBIM CBIPHEM JJII MaJOCEPHUCTHIX
IEKOB U KOKCOB Pa3jIMYHON CTPYKTYpbl M CBOMCTB, KOTOpbIE MOTYT OBITbH
UCIIOJIb30BaHbl B  MPOM3BOJICTBE TI'paUTUPOBAHHBIX AIIEKTPOJOB IS
METAJTypruM, AHOJIHBIX MacC M OOOMOKEHHBIX AaHOAOB JUISl TOJTY4YEeHHS
TIOMUHUS, aHTU(DPUKIIMOHHBIX TPaQUTUPOBAHHBIX MAaTEPUAJIOB, a TAKXKE JIJIS
W3TOTOBJIEHUS U30TPOIHBIX IpaUTOB Il aTOMHOU 3HEpreTuku. [IpoayKTsl
ObUTM ToNydeHbl Ha KokcoBoil yctaHoBke VKG OIL AS (r. Koxtna-fpsge,
Ocrtonus), uccnenoBanbl U ucneitanbl B OAO «HUUrpadur», a Takxke Ha
ANEKTPOAHBIX 3aBoaax Poccum.

N3 muctunnsatoB kokcoBanuss OAJl moiyyarOT KOKChI, OTJIMYAOIIHECS
NOBBIIIEHHBIM COJICPKAHUEM HWIrOJIbYATBIX CTPYKTYPHBIX COCTaBIISIIOLINUX,
IPUTOJIHBIE I POU3BOJCTBA IPAaQUTHUPOBAHHBIX 3JIEKTPOJAOB U HHUIIIEICH
KPYIHBIX CEUEHUHM, paboTaloIMUX TMPHU TOBBIIIEHHBIX IJIOTHOCTAX TOKA.
HcnbiTanus B IpoU3BOACTBE NPOLUINA Ha peaAnpudatun «Ykpl padury.

CnaHueBble pe30pPUMHBI TakK€ MOTYT OBITh HCIOJb30BaHbl IS

IMOJIY4YCHHs KOKCa, KOTOpBIﬁ ITOCJIC Fpa(bI/ITI/ISaL[I/II/I SABIIACTCA CBIPbEM  IJIA
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CHUHTE3a HCKYCCTBEHHOIO HWHCTPYMEHTAJBHOIO ajmasa ¢  XOpouleu

mopdosorueit yactuil Mmapku AC15 u AC6 o I'OCT 9206-80.

50 um

Koxce uz pezopyuna nonyuen Cunmemuueckue aimasvl u3
OAO «HUHzpagumy. Dpe3opyuro8020 Koxca nonydernvl 8 PI'LY
«MHUCuCp.

KOMITO3UIIUOHHBIE CTPOUTEJIBHBIE MATEPHUAJIBI
HA OCHOBE HEMEHTHBIX BAKYLHIUX U
YIVIEPOJAHBIX HAHOTPYBOK, OBJAJTAIOLINX
HOBBIIHEHHBIMHA ®U3NKO-MEXAHUYECKUMMU,
IKCINVIYATAHUOHHBIMHU 1 HOBBIMHA
®YHKIIMOHAJBHBIMA CBOMCTBAMU

Baranos B.E., Ilerpynun C.1O., [TonoB M.}O., PemeTnsix B.B.

Braoumupcruii cocyoapcmeennsiii ynusepcumem umenu A1 u H.I'.

Cmonemosulx, 2. Briaoumup

B Hacrosimee BpeMs OETOH SBJISETCS CaMbIM PACIPOCTPAHEHHBIM
KOHCTPYKIIMOHHBIM CTPOUTEJIBHBIM MaTepuasioM B Mupe. I[IponsBoacTBO
OeToHa U xKene300eToHa B MUPOBOM AKOHOMHKE COCTaBJIsIET Oojiee 6 Mipj m>.
Tak B EBpore B cTpoUTensCTBE HA OJTHOTO YEJIOBEKA B I'0Jl U3TOTABIMBACTCS
npumepro 2-3 m*, B CIIIA 3-4 v, SImonun 7-9 m* Oerona [1]. Yaoyumenue
OCHOBHBIX CBOWCTB MaTe€pUajlOB HAa OCHOBE IIEMEHTHBIX M THIICOBBIX
BSDKYILUX SIBJISIETCS MPUOPUTETHOMN 3a/aueil CTPOUTENbHBIX MaTepUaiOBEIOB
Bcero Mupa. [lepcrneKTUBHBIM U aKTUBHO Pa3BUBAIOLIMMCS B MTOCIEIHUE TOIbI

CITOCOOOM  TTOBBIIIICHUS (I)PIBHKO-MCX&HI/IIIGCKI/IX N OKCINTyaTallMOHHBIX
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XapaKTEPUCTHK LIEMEHTHBIX KOMIIO3UTOB, a TaK € MPUAAHUE UM HOBBIX
(GYHKIMOHATBHBIX CBOMCTB SIBJIAECTCS MOAU(MUKAIUS MATPUIIbI YTIIIEPOIHBIMU
HAaHOCTpPYKTypamu [3].

Ha ceromgusimiauii neHp Ha 0a3e IEHTpa YIJIEPOJHBIX HaHOMATEPHAJIOB
Biianumupckoro rocy1apcTBEHHOIO YHUBEPCUTETA BEAYTCSI UCCIEA0BAHUS 110
OPUMEHEHUIO MHOTOCJIOWHBIX YyriaepoaHblx HaHoTpyOok (MVYHT) nns
CO3JaHUsl BBICOKOIIPOYHBIX U JOJTOBEYHBIX LEMEHTHBIX KOMIIO3HUTOB.
W3BecTHO, dYTO mpenBapuTeNbHas MOBEPXHOCTHAS (YyHKUHMOHAIM3ALUA
MVYHT MoxeTr oOka3plBaThb BIIMSHUE HA CBOWCTBA PE3YJIbTUPYIOLIETO
Matepuasnia. JlaHHbIE  TIPOBENEHHBIX  JIAOOPATOPHBIX  HKCIIEPUMEHTOB
JEMOHCTPUPYIOT, YTO BBEJACHHUE B 00BEeM O€TOHA COTBHIX JOJEH MPOIEHTa
YIIEPOAHOI0 HAHOMOIU(UKATOPA CIIOCOOCTBYET MOBBILICHUIO TPOYHOCTHU 10
40-50%, mpu STOM B Ciy4yae HCIOJIb30BAHUS (DYHKIIMOHAIM3UPOBAHHBIX
MVYHT BO3MOXHO YCKOpPEHME CPOKOB TBEPACHUS MaTepuana, a TaK xKe
YIY4ILIEHUE PEOJIOTUYECKUX MOKa3aTesneil 0eTOHHOM cMmecH [4].

[IpumeHeHue  yriiepoJHbIX  HAHOMATEpPUANIOB  TaKXKe  SBJISETCA
MEPCIEKTUBHBIM B LIEMEHTHBIX KOMIIO3UTaX Ha 3aMOJIHUTENSAX, COACPIKAIINX
pEeaKIMOHHbIE MUHEpaJbl, TAKUE KaK aMOpP(HBIN KpeMHE3eM, OmaJ, XallleJoH
U JIp. YTIiepoJHble HAHOTPYOKH CIMOCOOCTBYIOT WHTHOMPOBAHUIO HIEIOYHO-
CHWJIMKAaTHON peaklMH MEXAY MOBEPXHOCThIO PEAKLUOHHOIO 3aIOIHUTENS U
mieJioyaMu  TUJPAaTUPOBAHHOrO  LeMmeHTa. llpu 3ToM  moBbIIAeTCS
JIOTOBEYHOCTh MaTepuaia [5].

N3BecTHO, 4TO yriiepoHble HAHOTPYOKH U HAHOBOJIOKHA MOTYT 00J1a/1aTh
BBICOKOM  3JIeKTpomnpoBojsuiell  crnocoOHocThi0 [2]. Takum  obOpaszom,
JTUCTIEPCHOE apMHUPOBAHUE MATPHIIBI YIJIEPOJHBIMA HAHOTPYOKAMU TO3BOJIUT
MOBBICUTH 3JIEKTPOIPOBOTHOCTH OETOHOB, U B CITydae MOSIBICHUS KaKUX-TH00
ne(pEeKTOB CTPYKTYphl MOJ BO3JCHCTBHEM MPUKIAABIBAEMOI Harpy3ku Oyner
IPOUCXOJUTh  H3MEHEHUE JIJIEKTPOINPOBOJHOCTH. Bblle oTMeEdeHHOE
(¢u3nuecKoe SIBIIEHUE MOXKET ObITh IOJIO)KEHO B OCHOBY CO3/IaHHUSI HOBOTO

Hepa3pylIaloIIero crnocoda KOHTPOJIS KayecTBa u3Aenuii u3 OeToHa u
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xene3zo00eroHa. IIpy 3TOM JHMAarHOCTHKa COCTOSIHUSI KOHCTPYKLMU MOXET
NpPOM3BOAMUTBCS B TEUYEHHME  BCEro  CpoKa  JKCIUTyaTtainuu,  0e3
HEIMOCPEACTBEHHOI0 YYaCTHs YEJIOBEKA U B TPYAHOJOCTYITHBIX MECTaX.

JUis moHUMaHMUS (PU3UKO-XUMUYECKUX TIPOLECCOB MPOTEKAIOLUX IPU
ruApaTalry HEMEHTHBIX CUCTEM B IpucyTcTBUU Y HT Mcnosib30BaHbl METOIbI
KBAaHTOBO-XMMHUYECKOTO MOJCIMPOBAHUA, IO3BOJIIOLIME pPacCMaTpUBaTh

MPOLIECCHI CTPYKTYPOOOpa30BaHUsI HA HAHOYPOBHE.

Jlumepamypa
[1]. Tyces B.B. IlpoGiemMbl co3ganusi HaHOMaTEPHAIOB U PAa3BUTHUS HAHOTEXHOJIOTHH B
cTpoutenbeTBe // HaHOTEXHOJIOTMM B CTPOMTENbCTBE: HayuyHbI MHTepHET-)KypHa. M.:
IHT «HanoCtpoutenbctBoy. 2009. Ne 2. C. 5-10.
[2]. Paxo O.I'. Xumusi u nmpuMeHEHUE YTIEPOIHBIX HAHOTPYOOK // Ycmexu XUMHH. —
2001. Ne 10. c. 934-937.
[3]. Nanotechnology in Concrete / Sanchez F. and Sobolev K. // Construction and
building materials, Vol. 24, No. 11, 2010. P. 2060-2071.
[4]. «OmnbiT npuMeHeHus TyOyJSpHBIX YIJIEPOJHBIX HAHOCTPYKTYpP B CTPOUTENbHBIX
marepuanaxy» / [lerpynaun C.I1O., [TomoB M.IO. u ap. / HaHOTEXHOJIOTHH B CTPOUTEITHCTBE:
HayuHbli MHTepHEeT-RypHaI. M.: IIHT «HanoCrpourensctBo». — 2012. — Ne 5. — C. 65-
80. URL: http//www.nanobuild.ru,
[5]. «Jlerkue 6eTOHBI HA OCHOBE MEHOCTEKIIA, MOAU(PHUITUPOBAHHBIC HAHOCTPYKTYpaMm» /
[TormoB M.I1O., Ilerpynun C.}O. u np. / HaHOTEXHOJIOTHH B CTPOUTEIBCTBE: HAYUYHBIN
WNutepuer-xyprain. M.: IIHT «HanoCrpourensctBo». 2012. — Ne 6. — C. 41-56. URL:

http//www.nanobuild.ru
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CO3JAHUE MOJNPUIIUPOBAHHBIX YIJIEPOJIHBIMU
HAHOMATEPUAJIAMU U3HOCOCTOMKHUX
KEPAMMYECKHUX MOKPBITUI HA AJTIOMUHUEBBIX
CIIJTABAX

Komapos A.1.

Obveounennwiti uncmumym mawunocmpoenus HAH benapycu

Mumnck, yn.Akademuueckas, 12

MeToa MHMKPOAYTOBOIO OKCHAMPOBAHMS IMO3BOJISIET (OpPMUPOBATh Ha
IOBEPXHOCTH CIUIAaBOB AJIOMUHUS KEpaMHUYECKOe IMOKpPBITHE, OOJsajarouiee
BBICOKUMU (U3HKO-MEXaHUYECKUMU XapaKTEePUCTHKAMU "
WU3HOCOCTOMKOCTBIO. Bmecte ¢ TeM, TpagulMOHHBIE TEXHOJIOTHYECKUE
pelieHusl He Bcerga 0o0ecneuMBalOT IOJYyYEeHHE MOKPBITHM ¢ TpeOyembIM
YPOBHEM CBOMCTB Ha HEKOTOPBIX THIIAX aJIOMHUHHEBBIX CIJIABOB, B YACTHOCTH
CWIIyMHHAaX M CIUIaBaX C BBICOKUM cojepxaHueM marHus. Kpome Toro,
Opouecc  IMOJAY4YEHUs  IOKPBITUA B TPAAUIMOHHO  HCIOJb3YyEMBIX
IIEKTPOJIUTAX ABJISETCS TOCTATOUYHO MPOJOJIKUTEIBHBIM.

B noknazne mpeacTaBieHbl pe3yJbTaThl MO UCIOJIB30BAHUIO YTIEPOIHBIX
HaHomatepuanioB (YHM) B mpouecce mnonydeHus: MOKPBITUM Ha CIUIaBax
QITIOMHUHUSL. B Ka4yecTBe TaKUX MaTepuaioB NPUMEHSJIACh
anmasocojepkaiias muxta. [lokazano, yto qo6aska YHM B 3ieKTpoauT 1ist
MUKpPOAYTOBOIO OKCUJMPOBAaHUS AJTOMUHHS W €ro CIUIABOB YBEJIWYUBAECT
CKOPOCTb (POPMHUPOBAHUS KEPAMUUECKOTO CJIOSI U €r0 TONIIMHY, KOTOpasi, o
CPaBHEHUIO C 0a30BBIM JJIEKTPOJIUTOM, B 3aBUCHMOCTU OT COCTaBa CIUIABOB
Bo3pactaer B 1,5-2,8 paza, nmocruras 180-220 MkMm. DTO TO3BOJISET
CYLLIECTBEHHO COKPAaTUTh MPOJOJLKUTEIBHOCTh Ipolecca (HopMupoBaHUs
HNOKPBITUH. MonudunupoBaHHbie YIJIEPOIHBIMU HaHOYACTHULIAMHU
KepaMHUUECKHE NMOKPBITHS XapaKTepu3yoTcs Oosiee AUCIIEPCHON OJJHOPOIHOM

CTPYKTYpPOHl C MEHbIIEH NOPUCTOCTHIO M HMMEIOT MOBBIMIEHHbIE (PU3NUKO-
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MEXaHUYeCKue M TpuOOTeXHUUYecKkue cBoiicTBa. Tak, MHUKpPOTBEPIOCTh
MOJU(PUIIMPOBAHHBIX ~KEPAMUUYECKUX TMOKPHITUH, CHOPMUPOBAHHBIX Ha
crutaBe J[16, nocturaer 25 I'Tla. Ha cnmaBax cuctembl Al-Mg, mmpoko
UCIIOb3YEMBIX B KOCMHYECKOM M ABHUAIMOHHOM TEXHUKE, IOJIYYEHbI
MOKPBITUSL ¢ ypoBHeM MmukpotrBepjaoctd a0 20 I'Tla (cmmaB AMr6), uro
3HauuTenbHo (B 1,5-1,7 pa3) mnOpeBOCXOAUT OSTOT MOKa3aTelb s
HEMOAU(PUITUPOBAHHOTO MTOKPHITHSI.

MopaudunupoBanue TOKPBITUN YIJIEPOJHBIMU HaHOMaTepuajiaMu, a
TaK)XK€ TMOBBIIIEHHOE COJIepKaHue B HUX KopyHaa o-Al,O; mpuBoguT K
CHUKEHUIO KOod(PuIilmeHTa rpaHuyHoro Tpenus B 1,2—1,5 pa3a no cpaBHeHHIO
C TMOKPBITUEM, MOJYYEHHBIM B 0a30BOM 3JIEKTPOJUTE MPU OJIHOBPEMEHHOM

MOBBIIICHUHU €T0 U3HOCOCTOMKOCTH B 5,5—6 pas.

MOAUOULTUPOBAHUE CTPYKTYPbI
TEINJIOU30JAINNOHHOI'O ABTOKJIABHOI'O
AYEUCTOI'O BETOHA YIVIEPOAHBIMH
HAHOMATEPHUAJTAMMU

Konnammukos B.H.l, Meuaii A.A.z, Mucauk M.I1.2

1
Hncmumym menno- u maccooomena um. A.B. Jlvikoea HAH benapycu,
Muwnck, yn. 1. bpoexu, 15

2 o o o
benopycckuii I'ocyoapcmeennwlii mexuoiocuyeckuli ynugepcumen,

Munck, yn. Ceeponosa 13a

B Hacrosmee BpeMs TNEPCHEKTUBBI HCHOJB30BAHUS  YTJIEPOIAHBIX
HAaHOMAaTEPUAJIOB B IPOMBIIIJICHHOCTH CTPOUTENIBHBIX MAaTEPUAIIOB BBI3BIBAIOT
OTPOMHBIN UHTEpEC. ITO OOBSICHSAETCS TEM, YTO YIJIEPOIHbIE HAHOMATEPHUAIIbI
B BECbMa MAJIbIX KOHIIEHTPAIUMAX CHOCOOCTBYIOT YJIYUILICHHIO (PU3HKO-

MCXAHHYCCKUX XAPAKTCPHUCTHUK CTPOUTCIIbHBIX MAaTCPHUAJIOB.
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B nanHoli paboTe paccCMOTpPEHbI BO3MOXHOCTH  HMCIOJIb30BaHMS
YTIEPOJHBIX HAHOTPYOOK B MPOU3BOJICTBE ABTOKJIABHOI'O SYEHCTOrO0 OETOHA
MOHWKEHHOW TIIJIOTHOCTH. VccienoBaHnbl pa3iauyHbie BapuaHThl  BBOJA
YIIEPOIHBIX HAHOTPYOOK B SYECHUCTOOETOHHYIO CMECh. Y CTaHOBIICHA
BO3MOXHOCTh (POPMUPOBAHUS TJIOTHON MEIKOKPUCTAILTMYECKON CTPYKTYpPhI
MEKIIOPOBBIX MEPETOPOJIOK MPHU UCIOIB30BAaHUU YIJIEPOJHBIX HAHOTPYOOK B
KauyecTBE IIEHTPOB  HampamieHHOW  kpuctamusanuu. Kosdduiment
KOHCTPYKTHUBHOI'O Ka4yeCTBAa HAHOMOIU(DUIIMPOBAHHOIO SYEUCTOr0 OETOHA C
mI0THOCTBIO 300 Kr/M> HPEBBIMIAET YPOBEHb OOBIYHOrO 06pasia B 1,5-1,9
pasa, 4TO SBISETCS MPEANOCBHUIKON JJI SHEPro- U pecypcocOepekeHus B

IMPONU3BOACTBC JAaHHOT'O MaTCpHrajia U €ro IpUMCHCHHUH B CTPOUTCIIBLCTBC.

BUOBE3OIMACHOCTD YIVIEPOAHbBIX
HAHOMATEPHAJIOB. ®U3UKO-XUMHNUYECKHUE
MEXAHUW3MbI. HOPMATUBHBLIE JOKYMEHTbDI

I'yakeBuu A.A., @unatoB C.A., Axpemkona I'.C., [Ipo3n E.C.

Hncmumym menno- u maccooomena um. A.B. Jlvikoea HAH benapycu,

Mumnck, yn. I1. Bpoexu, 15

[IpyumeHeHne  yriiepoAHBIX HAHOMATEPHAIOB  OTKPBIBAET  IIMPOKHUE
IIEPCIIEKTUBBl B IICJICHANPABICHHOM IIOJy4Y€HUM MaTEpPHalIOB C BBICOKOU
MEXaHUYECKON MPOYHOCThIO, OCOOBIMH CHEKTPATbHBIMU, SJIECKTPUUECKUMH,
MAarHuTHBIMA U XMMHWYECKHMH CBOMCTBaMH, Takue mMaTepuasnsl YK€ HaxXOASaT
IIPUMEHEHUE B MUKPODJIEKTPOHUKE,  DHEPreTHUKE,  CTPOUTEIBCTBE,
XUMHUYECKON MPOMBIIUIEHHOCTH, HAYYHBIX MCCIIEIOBAHUAX. Y UYUTHIBASI, POCT
WCIIOJIB30BaHUs YIVIEPOAHBIX HAHOMATEPUAIOB M YBEIMYEHUE UX KOHTAKTa C
YEeJIOBEKOM U  JIPYTUMH  OHOJIOTMYECKHMMH  OO0BbEKTaMU HEOOXOJIUMO
OCYILIECTBUTHh BCECTOPOHHEE HCCIEIOBAHHE BOIIPOCOB IMOTEHIHAIBHBIX

PUCKOB MX HCIOIb30BaHus [1-5].
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OU3UKO-XUMUYECKHUE  MEXaHU3Mbl  B3aUMOJACHCTBHS  YTIJIEPOJIHBIX
HaHOMAaTepHAJIOB ¢ OMOOOBEKTAMU ONPENEISAIOTCS YBEIUUEHNE XUMUYECKOTO
NOTEHI[Malla BEIeCTB Ha Mex(a3HOU TpaHUIE C BBICOKOW KPUBHU3HOHM, Ha
KOTOPOW M3MEHEHHUE TOIIOJIOTUU CBS3M aTOMOB Ha IIOBEPXHOCTHU IPUBOJIUT K
U3MEHEHHUIO MX XUMHUYECKUX ITOTEHLMAJIOB, BCIEACTBUE YEro H3MEHSAETCS
PacTBOPUMOCTb, PEAKLIMOHHAS U KATAIMTUYECKAsE CIIOCOOHOCTh HAHOYACTHIL U
UX KOMIIOHEHTOB. BbICOKas  yjenbHas  IOBEPXHOCTb  YIIIEPOAHBIX
HAHOMATEPUAJIOB  YBEIMYMBAET HUX  aJCOPOLMOHHYIO  CIIOCOOHOCTb,
XUMHUYECKYIO0 PEAKIIMOHHYIO CIIOCOOHOCTh M KaTaJIUTHYECKUE CBOMCTBA. DTO
MOJKET MPHUBOJUTh, B YACTHOCTU, K YBEJIWYEHHUIO MPOAYKIUH CBOOOIHBIX
PaaMKaIoB U AKTUBHBIX (POPM KHUCIOPOA U K MOBPEXKACHUIO OMOJIOTMYECKUX
cTpyKTyp. Hebonbiime pasmepbl yriiepoJHBIX HAHOYACTHIl MO3BOJISIIOT UM
IPOHUKATh B KJIETOYHBIE OpPraHe/ulbl W, TEM CaMbIM, HU3MEHSTh (YHKIUU
onocTpykTyp. PazBurasi moBepXHOCTh HAHOYACTHUI] MO3BOJIIET UM MOIJIOAThH
Ha €JIMHHUIYy Macchl BO MHOrO pa3 Oousiblle afcopOUpyEeMbIX BEILECTB, YEM
MaKpOCKONMYECKHE JHUCIIEPCUHU, BCIEICTBHE YEro BO3MOXKHA, aJcOpOLMs Ha
HAaHOYACTHUIIAX PA3IMYHBIX KOHTAMUHAHTOB U OOJIErYe€HUE UX TpaHCIOpTa
BHYTpb KIETKHU. IIponecchl nmepeHoca HaHOYACTULl B OKPYXKAIOLIEH cpene ¢
BO3AYIUHBIMM W BOJHBIMM NIOTOKaMH, WX HAKOIUICHHE B II0YBE, BOJE
OTJIMYAIOTCA OT MPOLECCOB, XapaKTEPHBIX Il MakpoyacTul. COBpeMEHHbIE
JAHHBIE TOBOPAT O TOM YTO YIVIEPOJHBIE HAHOYACTULBI HE IOJBEPrarOTCs
onorpaHcopMalii YTO MNPUBOAUT K HAKOIUICHUIO HAHOMATEpPHAIOB B
pPaCTUTENIBHBIX, JKMBOTHBIX OpraHM3Max, a TakkKe MHUKPOOpPraHu3Max,
repeaye 1o nUIeBOU LEIH.

HeoOxomumo mpoBeneHne MEpONpUSITUNA MO KOHTPOJIO W OTPAHUYEHUIO
BO3JICUCTBUM YTIEPOAHBIX HAHOMATEPHAIOB, BKJIIOYAIOLICE OrPAHUYCHUE
BUJIOB HCIIOJb30BAaHHUS HAHOPA3MEPHBIX MaTepuaioB, TpeOOBaHUA B
UCIIOJIb30BAaHUU TEPCOHAIBHOTO 3aIIMTHOTO OOOpYJOBaHUS U CPEICTB
WHIMBUYAJIbHOM 3alllUThI, OTPAHUYEHHE BRIOPOCOB B OKPYIKAIOILYIO CpELy, a

TAKXKC TpC6OBaHI/I${ 10 IMpOBCACHUIO HCITLITAHUI AJI1 TTOJIYYCHHA AAHHBIX O
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BO3MOXHOM BPCJIHOM BOBHCﬁCTBHH Ha JKMBBIC OPraHU3Mbl WU OKPYIKAIOUIYIO

cpeny.

Jumepamypa
[1]. OcHOBBI TOCYIAapCTBEHHOH IOJUTHKH B OO0JIACTH OOECIICYCHHS XUMHUYECKOH U

Oouonoruueckoi Oe3omacHoctu Poccuiickoir ®Denepanuu Ha nepuon a0 2010 roma u
nanpHEeHyo mnepcrekTuBy (yTBepxkaeHo Ilpesumentom Poccuiickoit denepanuu 4
nekadpst 2003 romga N [1P-2194).

[2]. TlocranoBnenue ['7maBHOro rocyaapCTBEHHOrO CaHUTAapHOro Bpaua Poccuiickoi
O®enepaun N 54 ot 23.07.2007 r. "O Haazope 3a MNPOAYKLMEH, MOJyYEHHOU C
MCIIOJIb30BAaHUEM HAHOTEXHOJIOTMH U COJIEprKallleil HaHOMaTepUabl'.

[3]. Omnenka Oe30MacHOCTH HaHOMATEPUATIOB: MeETOAUYECKHE peKOMeHAauu, M,.:
OI'Y3 "O®enepanbHblil LEHTp TUTHEHBI U 3nuaeMuosiornu” denepanbHOM CiyKObl IO
Ha/30py B cpepe 3amuThl mpas noTpedurenet u Giarononyqus yenoseka, 2007.

[4]. Texawueckuit oryer ISO/DTR 13121 "HaHOTeXHOJOTHH - MPOIECC OIICHKUA PUCKA,
C03/1aBa€MOro HaHoMaTepuaioM"

[5]. Texuumueckuit otuer ISO/DTS 11888 "HanorexHoioruu - XxapakTepu3alus
MHOT'OCTEHHBIX YIJIEPOAHBIX HAHOTPYOOK - (hakTOpbl Me30CKONUH (HOpMBbI"

MOAUOULHUPOBAHHBIE YI'VIEPOJIHBIE COPBEHTDI
MEJUIHUHCKOI'O U BETEPUHAPHOI'O HASHAYEHUA

ITesuoBa JI.T'., JInxono6oB B.A., Cenanosa A.B.

Deodepanvroe 2o0cyoapcmeeHtoe D10AHCemHoe YupedtcoeHue HayKu
HUncmumym npobnem nepepabomru yene8000po0o8 Cubupckoeo omoeieHus

Poccuiickoti akademuu nayx, Poccus, . Omck

DKonornyeckoe HeOIaromnoixyyue OKpYXKarolled Ccpeasl, pas3IndHbIe
3a0oNeBaHus, TMPUBOAAIIME K HAaKOIUICHHIO B OpraHU3Me ueJoBeKa
TOKCHUYECKHX BELIECTB, MOTPEeOOBAIM HOBOTO MOAX0/1a K PEIIEHUIO TPOOIEMbI
COXpaHEHHWsT BHYTPEHHEW Cpeapl, TaKk Kak B JaHHOW CHTYyalllH
MEJIMKaMEHTO3Hasl Tepanusi crana manoddextuBHoi. JlanHas npobiema
peleHa NMPUMEHEHHEM B MEIUIIMHCKONW MPAaKTUKE METOJI0B COPOIMOHHON
JETOKCUKALIMKM OpraHu3Ma (reMocopOIusi, JHTEPOCOpOLHUs, BYJIbHEPOCOPOLIHS

U JIp.) C IPUMEHEHHUEM COPOIIMOHHBIX MaTEPUATIOB.
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JUisg copOLMM TOKCUYECKUX BEIIECTB Pa3IMYHON MOJEKYISIPHOW MacChl U
OpUpPOABl  OCOOBIA HMHTEpeC MPEJCTaBISAIOT  YIJIEpOJHbIE  COPOEHTHI,
OTBEYAIOIIHNE TPEOOBAHUSIM MEIUIIMHBI.

N3BecTtHO, uTO psAn 3a0o0sieBaHUil (OHKOJOTWYECKHE, WH(EKIMOHHBIE,
ayTOMMMYHHBIE U Jp.) CBSI3aHbl C HAKOIUJICHUEM IMaTOJIOTMYECKUX BEIIECTB
oenkoBori mpupoAbl. s wux dPGEKTHBHOTO JICUYEHUS HCIOJIB3YIOT
reMOCOpOIHMIO C MPUMEHEHHEM COPOSHTOB CIEIM(PUUSCKOr0o JICHUCTBUA. DTO
CBA3aHO C TEM, YTO TMaTOJIOTMYECKUE BEIIECTBA OEIKOBON MNPHUPOIbI
(6emokcBsizaHHBIE META0OJUTHl M TOKCHHBI, aHOMAaJIbHBIC O€NKH; OCIKOBBIC
METa0OJIUTHI MATOT€HHOW MUKPOQIOPHI; HEKOTOPbIE aHTUTE€HbI, COEPKaIUe
OeIKOBYIO 000JIOUKY U JIp.) UMEIOT CJIIOKHYIO CTPYKTYpY U (hopMmy, OOIbIINE
pasmepbl. [l X BBIBEJACHUS M3 OWOJIOTHYECKUX KHUIAKOCTEH TpeOyroTcs
COpOIIMOHHBIE  MaTepHalibl, O00pa3ylolre KOMIUIEMEHTApHBIE  CBSI3H,
0OyCJIaBIMBAIOIIUX WX CHEHU(PUYECKOE JEUCTBHE C BBICOKON CTENEHbIO
CEJIEKTUBHOCTH.

OmHo W3 WIMPOKO HKCHOJIB3YEMBIX HAMNpaBICHUW  PETyIUPOBAHUS
aJICOPOITMOHHBIX CBOMCTB COPOEHTOB JUIsl MPUIIAHUS MM CHEIU(UUECKUX
CBOMCTB - XuMuyeckoe MoauduuupoBaHusi noBepxHocTtu. CyiiecTByer
HECKOJIbKO OCHOBHBIX MIPUHIIMIIOB XUMHUYECKOT0 MoAuduinpoBanus [1]:

- CO3/laHh€ Ha TIOBEPXHOCTHM MATPHUIl XUMHYECKH CBS3aHHBIX
(yHKUMOHANBHBIX Tpymi (KapOOKCUIIbHBIE, d(PUpPHBIE U Jp.), CIIOCOOHBIX K
B3aMMOJICUCTBUIO C DPA3JTMYHBIMA OHMOJOTHYECKH AKTUBHBIMU BEIIECTBAMU
(amuHOKHCIOTaMH, (hepMEHTAMU, aHTUTEIAMH U JIP.);

- BBEJICHHE B MATPHUILy a30Ta, CEPhl U IPYTUX reTepOoaTOMOB,;

- HAaHECEHHUE Ha TTOBEPXHOCTh MATPHIIBI MOJTUMEPHON TJICHKH, UMEIOIICH B
CBOEM COCTaBe (PYHKIMOHAJIbHBIC TPYMIbI, MOAXOASAIINE IJI CBS3bIBAHUS
OMOJIUTaH/IOB.

B noxmnane npuBoAsTCS pe3ysbTaThl MO0 CUHTE3Y, UCCIEIOBAaHUIO CBOMCTB
¥ TIPUMEHEHUI0 MOIU(DHUITMIPOBAHHBIX YTIAEPOIHBIX TEMO- M DHTEPOCOPOSHTOB

MEIUIMHCKOIO M BETEPHMHAPHOI'O HAa3HAY€HHWs, pa3padaThIBa€MbIX Ha 0Oaze
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®denepanbHOr0  roCyJIapCTBEHHOIO  OIO/PKETHOIO  YUPEXKACHUS  HAyKH
HuctutyTa npobiieM nepepaboTku yriieBoaopoaoB CHOUMPCKOTO OTAENIeHUs
Poccuiickol akajeMun HayK MOJ PYKOBOJCTBOM J.X.H., Ipodeccopa, UjieH-
koppecnonaenta PAH Jluxono6osa B.A. [2].

[IpennoxenHsie cnocoObl MOAUGHUIIMPOBAHUS HCIIOJIB3YIOTCS BIIEPBbBIC
NPUMEHUTENIBHO K YIJIEPOAHBIM IeMO- M 3HTepocopOeHTaM. BbrliOpaHHBIE
HanpaBieHUs MOJIU(ULUUPOBAHUSA YIJEPOAHONW MOBEPXHOCTHU MO3BOJIAIOT
NOJIYYUTh IIMPOKHM CHEKTp 3(PPEKTUBHBIX CHEHUPUUECKUX YTIEPOIHBIX
MaTEepUaAJIOB  MEIMIMHCKOTO W  BETEPHUHAPHOIO HA3HAYEHHUS HOBOI'O

ITIOKOJICHUA.

Jlumepamypa
[1]. Xwumwus npuBUTHIX MoBepxHOCTHBIX coenuHenudt / Ilon pen. I'.B Jlucuukuna. M.:
OU3SMATIIAT, 2003. 592 c.
[2]. B.®. CypoBukus, JL.I'. [IesinoBa, JI.C. Jly3sauna, Poc xum. XK. (K. Poc. Xum. O6-Ba
uM. JI.M. Menneneesa). T.LI. Ne5 (2007) 159.

O YHKINOHAJIBHBIE DJIEKTPOMAI'HUTHBIE
MATEPHUAJIBI HA OCHOBE HAHOYIJVIEPOJAA JJIA
MM- U CYBMM- IMAITA3OHA YACTOT

Kyxwup ILIIL., Makcumenko C.A., [llyoa M.B.

HUY "Hncmumym soeprnvix npoonem” bencocynusepcumema,

va. Boopyiickas 11, 220030 Munck, berapyco

Han o630p BemonusieMbix B HUU AIT BI'Y uccnenoBanmii mo co3gaHuto
(GYHKIHMOHAIBHBIX 3JIEKTPOMArHUTHBIX MAaTEPHAIOB JUIsl TUTarepluoBOTO U
TEpareproBOro JAMana3oHOB 4YacTOT. [IpencraBneHbl HSKCHEPUMEHTHI IO
HAOJIIOZICHUIO AHTEHHBIX CBOWCTB yriiepoaHbix HaHoTpyOok (YHT) B
TEeparepuoBOM JHana3oHe W IMO0Ka3aHO KakK 3TOT A(PQPEeKT MOKeT ObITh
UCIIOJIB30BAaH Uil  co3daHusl  (DYHKIMOHAJIbHBIX  MaTepuajoB  C
NIEPECTPauBAEMOl [0 4YacToTe MoJocoil mnoromeHusd. IIpeacraBineno
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TEXHOJIOTUYECKOE PELICHUE CO3JaHusl KaTMOPOBAHHBIX MO JUIMHE KOPOTKUX
(mo 1 mukpona mmunoit) YHT. B naneHelt undpakpacHOl U TepareproBoi
00JacTAX YacTOT PACCMOTPEH 3JIEKTPOMATHUTHBIA OTKIMK MHOTOCTEHHBIX
HAaHOTPYOOK KOHEUHOW mmuHbl. [lokazaHo, YTO CHIIBHOE JEHOJIAPU3YIOIIEE
nosie BHemHUX cioeB YHT okpanupyer BHyTpeHHue ciou. Iddexr
SKPAHUPOBKU TMPEIIIOKEHO HCIOJIb30BaTh B COCAWHUTEIBHBIX JIMHHUSIX Ha
OCHOBE MHOTIOCTEHHBIX HaHOTpyOok. IIpoBeneHo sKcrnepuMEHTAIBHOE
HCCIIEIOBAHUE DJIEKTPOMArHUTHOTO OTKJIMKA IMOJIMMEPHBIX KOMIIO3UTOB Ha
OCHOBE KOMMEPHYECKH JOCTYIIHBIX OAHOCIOMHBIX M MHOrociovnslx YHT u
amopdHoro yriepoaa B X (8-12 I'T'), Ka (26-37 I'Tu) u W (78-118 I'Tr)
YaCTOTHBIX JaMana3oHax. [IpoBEeIEHO BOCCTAaHOBJIEHUE IUAJICKTPUYECKON
IIPOHULIAEMOCTH KOMIIO3UTOB IO JAHHBIM pPAaCCEsSHUA. Y CTAHOBJIEHO, YTO
0.5% YHT B snokcuaHOW CMOJie, IIMPOKO MCIOJIB3YIOIICHCS B aBUOHUKE,
00€CIeYnBaIOT BBICOKYIO CTENEHb 3JEKTPOMArHUTHOM 3KpaHUpoOBKH (70-
75%).

[IpoBouTCS CpaBHUTENbHBIN aHaIU3 3(PPEKTUBHOCTH 3JIEKTPOMArHUTHOU
(OM) oKpaHUPOBKM B MHKPOBOJIHOBOM JHAalla3oHe, OOCCIeYnBaEMOM
yJIBTPATOHKUMU (10 HECKOJBKHX JIECITKOB HAHOMETPOB) IUICHKAMU
MUPOJUTHYECKOTO YIJIEPOJA HA KPEMHHUEBOW NOJIONKKE, IUICHOYHBIMU
CTPYKTypamMu THIIa COHJIBHY (lIBa, TPU MOHOCJOs TpadeHa, pas3ziciieHHbIE
noJuMepoMm, — noiuMmerunMerakpuiatom, [IMMA), yriaepoaHsiMu nieHaMu
(nopuctoctb 85-99%), ¥ MOTUMEPHBIMH KOMITIO3UIIMOHHBIMUA MaTepHallaMU C
HaHOpa3MepHbIMU  yriepoaubiMu  HanojHutensmu  (YHT, rpadurosbie
HAHOTUTACTUHKHU, aMOPQHBIN YIJIEpOa Pa3IUYHON IUIOMIAAM TOBEPXHOCTH,
TepPMOpACHIUPEHHBI  TpaduT,  yriaepox  JYKOBUYHOW  CTPYKTYpHI).
IIpencraBieHsl nepBBlE pPE3yNbTAThl IKCIIEPUMEHTAIBHOIO HCCIEN0BAHUS
ANIEKTPOMATHUTHOTO OTKJIMKA YJIBTPATOHKUX (B THICSAYM Pa3 TOHbBIIE, YeM
mHa OM BOJIHBI M B THICSUU Pa3 YK€ CKMH-CJIOA) IJIEHOK MUPOJIUTHYECKOTO
yriepoaa, npennpunarsie B HUM SI1 BI'Y B nauane 2013r. YcraHosieHo,

YTO HAHOYyIJIepoAHas IuleHKa TommuHou 20-25 HM (nipu ckuH-cioe 15
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MHUKpPOH) OKasbiBaeTcad crnocodoHo mnoryomarb 30% wmomuoctn OM
U3ITyYEeHHs] CAHTUMETPOBOTO JUANa30Ha.

[lomyyensl  mepBble  PE3yJIbTAThl  MCCIAEJOBAaHUS  BO3MOXKHOCTEH
MoauduiupoBanus GochaTHBIX KEpAaMUK MUKPOPA3MEPHBIMU COCAMHEHUSMU
o6opa u YHT. YcranoBieHo, 4TO yCOBEPIICHCTBOBAaHHASI METOJIMKA BBEACHUS
Oop-comepKaluX KOMIIOHEHTOB B alOMO-(OC(haTHYI0O MATPHUIy MO3BOJSET
JOBOJUTH KOHIEHTPALHIO sep 6opa 10 2,243 *10%*/cM™, 4To 3HAYNTENBHO (B
20-30 pa3) Oombllle MaKCUMalbHO BO3MOXXHBIX KOHIICHTpalui simep Oopa,
JOCTHKUMBIX B TPAJAUIIMOHHO UCIOIB3YEMbIX [UJIsl 1IE€JIe 3allluThl OT
HEHUTpPOHOB MaTepuanax (O6opupoBaHHbI mnoiaudTHIEH). KomOuHupoBaHue
HaIlOJTHUTEJIEH — MUKPOCTPYKTYPHBIX coeauHenuit 6opa u YHT — obecnieuut
3G (HEKTUBHYIO 3aLIUTY OT MOHU3UPYIOIIMX H3IY4YEHHUs Hapsiay C BBICOKOU
AIIEKTPO- U TEIMJIONPOBOJIHOCTHIO NOJIy4aeMbIX KOMITO3HUTOB.
Monmuduiuposanre ¢ocharo 2 macc. % VYHT npuBomur Kk cCkauky

MIPOBOJIUMOCTH Ha 13 MOPSAIKOB.

NEPCHEKTUBHBIE CUCTEMBI J1JIs1 HAKOIIUTEJIENA
JHEPI'M HA OCHOBE HAHOPA3MEPHBIX
YIVIEPOJAHBIX MATEPHUAJIOB

Hosukos B.I1.

Hayuno- npaxmuueckuit yenmp HAH Benapycu no mamepuanosedenuio,

Mumnck, ya. 11. bposxu, 19

Cynepkonaercatopsl (CK) mpeacTaBisitoT OO0 AIEKTPOXUMUYECKUE
HAKOIMUTEIM DHEPrUM  CcoyeTarolmue B cede  XapaKTepUCTHUKU  Kak
KOHJ/ICHCATOpa, TaK M akKymyJsitopa. Dinektpoabl CK cocTosT M3 MOPUCTHIX,
ANIEKTPONPOBOIHBIX MATEPUAJIOB C BBICOKOW YyAEITBHONH TOBEPXHOCTHIO
IPOIMUTAHHBIX AeKkTpoiauToM. Hakormnenue sueprun B CK mpoucxomut 3a

C4eT 00paTUMOro Inepepacupee’eHus: 3apsaoB B ABOMHOM 3JEKTPUUYECKOM
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CI0€ Ha TIpaHULE >JIEKTPOJIMT/3JIEKTPOA IMOJA JEHCTBUEM MPHUIOKEHHOTO
AIIEKTPUUECKOr0 MOTeHIMa’ia. B OONBIIMHCTBE Cily4yaeB MaTepHaloM s
U3roTOBJIEHNA 2J1eKTPOoA0B CK ABISAIOTCS HAHOCTPYKTYPUPOBAHHBIN YIIEPOI.

IlepcriekTuBBl KOMMeEpUeckoro wucnois3oBanuss CK B TpaHcnopre,
AJNIEKTPOHUKE, U B CUCTEMaX PE3EPBHOIO HAKOIUIEHUS SHEPIMHM 3aBHCHUT OT
psana xapakrepuctuk CK, a nMeHHO: yaenpHON HakomuieHHOW sHepruu, KIIJ{
YCTPOWCTBA, YICIbHOW MOIIHOCTH, pabo4ero auamazoHa TeMIeparyp,
MAaKCUMAJIBHOTO YHCJIA IUKIJIOB MEPE3apsaKh, CTOMMOCTH YCTPOWCTBA IO
OTHOILIEHUIO K HAaKOJICHHOW 3Hepruu. [lo cux nmop xapakrepuctuku CK He B
IIOJIHOM Mepe yAOBJIETBOPSIOT TPeOOBAaHUSAM MOTPEOUTENEH.

Hamu npennpuHsaTel MONBITKM NMOBBICUTH XapakTepuctuku CK 3a cuer
MoOIU(pUKAIMA  YIJIEPOJHONM  KOMIIOHEHTBI  3JIEKTPOJHOrO0  MaTepuala.
IloBblIIEHNE YAECIBHBIX XapAKTEPUCTUK JOCTUTHYTO 3a CUET:
® CHHTE3a 17} UCIIOJIb30BAHUU B ANEKTpoAax HOBBIX
HAaHOCTPYKTYPUPOBAHHBIX  YIVIEPOAHBIX  MarepualoB,  TaKUX  Kak
rpadeHONOJO0HBIM  YIJIepoJ,  yIJEpOAHbIE  KapKachl,  YIJEPOJIHBIC
HaHOTPYOKU;

e ONTUMM3ALHMHM TOPHUCTOW CTPYKTYpPY JJIEKTPOJHOTO Marepuaja 3a CYET
CO3JaHus KOMIIO3UTOB Ha OCHOBE HECKOJIBKUX dopm
HAaHOCTPYKTYPUPOBAHHOI'O yIIEPOAA;

e (yHKUHAHATU3ALMU IIOBEPXHOCTH YIJIEPOAHOTO Marepuaa
XUMMUYECKMMU  TpyNIaMd  WJIM  HAaHOYAaCTULAMH, CHOCOOHBIMH K
OKHCIIUTEIIbHO-BOCCTAHOBUTEIBHBIM PEAKLIUIM;

e BBEJCHUA B COCTAB DJIEKTPOJHON KOMIIO3ULIMHU IIPOBOSIINX IOJIUMEPOB C

QJICKTPOAKTUBHBIMH TI'PYIIIIAMHU.
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HOBBIE INEPCIIEKTUBbBI IPUMEHEHUSA TPA®PUTA B
HPOU3BOACTBE IIVIACTUYHbBIX CMA3OYHbIX
MATEPHUAJIOB

HMBaxHuk A.B.l, Kopuuk B.I/I.z, Ymxuk C.A.l, NBaxHuk B.H.l,
ByxtunoBa M.A.'

IHHcmumym menno- u maccooomerna um. A.B. Jlvikoea HAH benapycu,
Munck, yn. Il. bpoexu, 15
O6vedunennviii uncmumym mawurnocmpoenus HAH Benapycu,

Mumnck, yn. Akademuuecxas, 12

W3ydensl crieayromue MyTH MOBBIMIEHUS 3(P(GEKTUBHOCTH MPUMEHEHUS
OOBIUHBIX U C PaCIIMPEHHBIMU CTPYKTypaMu IpauToB.

1. Co3nanue KOMIIO3UIIMOHHBIX JUCIIEPCHBIX (a3, COCTOALIMX U3 YACTHUIL
MEJIKOAMCIEPCHOr0 rpauta U MaTpULbl B BUAE KUIKOKPUCTATINYECKOU
CTPYKTYpBl TPAJUIIMOHHOW IuCIepcHOM (a3bl MIACTUYHBIX cMa3ok. JlaHo
000OCHOBaHHUE, YTO KOMIIO3UTHI MOTYT OBITH CO3/JaHbl NPU IEPEXOJE OT
OOBIYHBIX (TIPOCTHIX) AUCIEPCHBIX (a3 mpucymmx, Hanpumep, Jlutony-24 u
Conunonam, K KOMIUIEKCHBIM JIMTUEBBIM JuctiepcHbIM (pazam tuna UTMOJI
150 1 cMemaHHbIM IUCTIEPCHBIM (pa3aM Ha JIUTUEBO-KaJbLHUEBBIX COJISIX THUA
NTMOJI JIK. KoMmno3unuoHHbIE JUCTEPCHBIE  (a3bl  MCKIIOYAIOT
arimoMepupoBaHue rpadura, TMOBBIIAIOT KOJUJIOMJIHYIO  CTaOMIIbHOCTh
CUCTEMbI, YMEHBIIAIOT pa3pyllieHue AUCIepcHor (a3bl aHTUPPUKIIMOHHBIMU
nobaBkamu rpadura.

2. HWcnonp3oBaHue IpauTOB NOCIE MHTEPKAIUPOBAHUS M PACIIUPEHUS
€ro NEePBUYHOM M BTOPUYHOU CTPYKTYp. B mepBoM ciiydae NOBBIIIAKOTCS
TPUOOTEXHUUECKUE XAPAKTEPUCTUKH rpaduTa, NpUOIMKasCh K TAKOBBIM IS
mucynb@uaa monubaeHa. Hamm Oblim  mosmydeHsl oOpaslbl CMAas3oK C
paznmuuHbiMA  Jo0aBkamu: Tpadur C-2, aucynbdun MoiaubjaeHa U

TepMopaciupeHnbiii rpadut. Ilo pesynbTaTaM HCCiIeIOBaHUS BUIHO, YTO
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IPOTUBO33ANPHBIE TMOKA3aTeIH TEPMOPACIIUPEHHOTO TpaduTa MPEBHIIIAIOT
nokaszarenu rpaputa C-2 W CpaBHHMBI C [OKa3aTelsIMH AUCYIbduaa
MOJINOIEHA.

Bo BTOpOM citydae mociie pacuiMpeHusi BTOpUYHOM CTPYKTYphl rpadura
KOpPEHHBIM 00pa3oM MEHSIOTCS PEOJIOTHYECKUE XapaKTepUCTUKU Tpadura.
Hcnone3yss rpaduT ¢ pacUIMpeHHON BTOPUYHON CTPYKTYpOH, Hampumep,
TEPMOPACIIUPEHHBIN TpaduT, MOTYT OBITH MOJIyYEHBI TUIACTUYHBIE CMA3KH C
HOBBIMH 00Ji€€ BBICOKMMHU 3KCIUTYyaTallMOHHBIMH MapaMeTpaMu.

2.1. Ocob0 TepMOCTOWKHE CMa3KM C TEMIIEPAaTypOd 3KCIUTyaTaluu 0
600°C. OO6nacTh WX NPUMEHEHUS] — METAJUTyprus, MEYHOE IMPOU3BOACTBO,
CHELTEXHHKA.

2.2. PaananMOHHO-CTOMKHE IUIACTUYHBIE CMa3Ku Uil OOOpYyIOBaHUS
AIEPHON PHEPreTUKHU. B coueTaHnM ¢ TEPMOCTOMKOCTBIO 3TU CMa3Ku JOJKHBI
OBITh BHE KOHKYPEHITUH.

2.3. Cma3ku Uil CO3JaHUsl TEPMOCTOMKHUX IUIAKUPYIOIIUX MOKPBITHH,
COCTOSIIMX M3 YIJepoJla W KOMIIOHEHTOB aJCOPOLMOHHOTO CJIOSl 30HBI
TPEHUS.

[IpuBenensl pe3ysbTaTbl CO3JaHUs OWHAPHBIX JHUCIEPCHBIX (a3,
COCTOSIIIMX M3 BBICOKOMOJIEKYJISIPHBIX COJIEd WIEJOYHBIX METAIOB U
TEPMOPACIIUPEHHOTO rpaduTa, BBEJICHHOTO B PEAKTOp Ha CTaJAMM CHHTE3a
MaTpuilbl. MUKPOCTPYKTYpa HOBOW OMHApHOM IUCIEPCHOM (pa3bl AeTalbHO

N3y4dCHA C IMOMOIIBIO 3JICKTPOHHOI'O CKaAaHUPYIOMICTO MUKPOCKOIIA.
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OYJIUIEPEHCOAEPKAILIUE ITOKPBITHUSA B ITAPAX
TPEHUSA

HImuaesckuii D.M.

Hncmumym menno- u maccooomena um. A.B. Jlvikoea HAH benapycu,
Munck, yn. 1. bpoexu, 15

UccnenoBansl TpUOOTEXHUYECKHE CBOMCTBA JIESTUPOBAHHBIX (yJIepeHaMuU
nokpeiTuii Ha ocHoBe MeTtamioB (Ti, Ni) m okcumo-xepamuku (Al,O3).
JlernpoBaHue NOKPBHITUN OCYIIECTBIISIIOCh Pa3HBIMU METOJAMU: UCTIAPEHUEM
U COBMECTHOM KOHAEHCAIUEH B BAKyyMe, DJICKTPOJIUTHUYECKUM OCAXKICHUEM
(yneTpa3BykoBoe cMmemieHne pactBopa Cgy B TONYOJE C BJIEKTPOIUTOM,
BBeieHuEe BojiopacTBOPUMBIN Cgo(OH),4 B 2JIEKTPOJIUT), METOIOM TTOJIMBA UITH
nponuTku pactBopoM Cg B TOITYyOJIE.

[TokazaHo, YTO MOKPBHITUS HUKENb-QysiepeH U TUTaH-QYIJIEPEH UMEIOT
HU3KUN KO3(PQUUMEHT TPEeHHUsI, HEIMHEHHO 3aBUCSUIMI OT KOHLIEHTPALUU U
JIOCTATOYHO BBICOKYIO aJIF€3MOHHYI0 MPOYHOCTHh K MCXOJHBIM METaJUlaM U
crekay. Tak, ana nokpeituil Ti-Cgp KO3(pPuUMEHTH TpeHUs (MpU CKOPOCTU
ckompxkennst 0,12 mc”' u Harpy3ke Ha octpu€ pasHOU 3,0 10° HMZ) Ha
CTEKJITHHOM Tookke coctaBuian 0,16-0,17, Ha TUTAHOBOM MOJJIOKKE —
0,11-0,12, a aare3uoHHas NPOYHOCTb MOKPBITHA TUTaH-QYJJIEPEH Ha 3TUX
nojyioxkkax paBHa 0,62 ITla u 0,84 I'Tla, coorBercTBeHHO. IIpenen
MPOYHOCTHU MOKPBITUH cocTaBisieT 8,9 I'TIA, a moaysb FOnra— 91 I'Tla [1].

Bricokass MpOYHOCTh 3TUX TOKPBITUH OOBSCHSACTCS ABYMS TPUUYMHAMH:
a) HAHOPa3MEPHOU CTPYKTYpoOH, 0) 0Opa3oBaHUEM XUMHUYECKOTO COCAMHEHUS
T1,0yCesp. BpIcOKME NPOYHOCTHBIE M TPHUOOTEXHUYECKUE XAPAKTEPHCTUKH
nokpeITuit Ti-Cgp 11 Ni1-Cgy 0OecreunBaroT UX NPpeuMyIIECTBO B CPABHEHUU C
YUCTBIMU CJIOSIMU TUTaHa, HUKENS U Qyimepurta. s NOKpbITUN U3 YUCTOTO
GdymiepyuTa pU MOBBIIICHHBIX HArpy3Kax PEXHUM CKOJIBKEHHS MEPEXOIUT B

pe3aHue.
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BiimoueHne (ysiepeHoB B KepaMHKy ¢ KOHueHTparmed 0,15 mr/cm’
COMPOBOXK/IAE€TCS YMEHbIIEHHEM KO3 UIIMeHTa TpeHHs] B Mape KepamHKa-
ctanb B 1,5 pasa, u3Hoca cranu - B 8 pa3 v CylIECTBEHHON MHTEHCU(DUKauen
craauu npupadotku. Habmomaercs Takke 3HAYUTENbHOE CHIDKEHHE M3HOCA
cranu (mpuMepHo B 8 pa3 mpu konuenrpamuu Cgo 0,15 Mr/cm® u B 3 pasa -
s 0,45 MF/CMZ). IIpy 3TOM cCpenHee 3HAYEHUE HWHTEHCUBHOCTHU
W3HAIIMBAaHMUS HAa YCTAHOBUBILIEKCS CTaJAUM B TMEPBOM CIIy4a€ COCTaBJISET
[=2,0-10” mr/m, Bo BTOPOM— 3,7-10° Mr/m. Crenyer npu 3TOM 3aMETUTh, YTO
IpU HCCIECIOBAHHBIX PEXUMAX HCHBITAHUN M3HOC OKCHUIOKEPAMHKU HE
3aperucTpupoBaH [2].

Huskue 3HaueHuss kKodQPUIIMEHTOB TPEHHS OOBIACHSIOTCS BO3MOXKHOU
CMEHOU MexaHu3ma TpeHusd. DyinepeHsl BCIEACTBHE 3aMKHYTOCTH BCEX G-
CBS3€d MOIYT TPOSIBIIATH CBOMCTBA MOJIEKYJSIPHOTO  MOJUIMITHUKA.
CpaBHeHHE TPOYHOCTHBIX XaPAKTEPUCTUK TMOKPBITUH C MPOYHOCTHBIMU
XapaKTepUCTHUKAMH YEJIOBEUECKON KOCTH (MPOYHOCTh Ha pacTsukenue 120 —
175 MIla, a moxyns FOnra 17 -27 MIla), a Taxxe ¢ XxapaKTepUCTHKaMH psija
KepaMUYEeCKUX OMOMaTEepHaIoB YKa3bIBAET HA BO3MOXXHOCTh MCIOJIb30BAHMS
Ti-Cgo MOKPHITHI TPU U3TOTOBJICHUH YHIOTPOTE30B. ANPOoOAIHs MTOKPHITUI
Ha KOHKPETHBIX u3aenusax mnokazana: mana Ni-Cg yBenMueHue pecypca
paboTel nmucka anmaszHoro pexymiero Ha 20-25% (KBTM-OMO), a nmns
nokpsitus Al,O3-Cg myaHcoHa npecc-(hpopMbl MIACTMACCOBBIX M3JEINN — B

14 pa3 (M3X «ATnanrt»).
Jlumepamypa

[1]. Bwurass [1.A., Hnunesckuit .M., [llnuneckuit M.3., HanorexHomoruu: Hayka u
npon3BoACcTBO. 2009, Ne2. C.12-16.

[2]. Burasp ILA., [nunesckuii 9.M., Komaposa B.U., Komapos A.U., XKXopuuk B.N.
Ctpyktypa u  TpuOOJOTMYECKHE CBOWCTBA MOAM(PUIMPOBAHHONW  (QyuiepeHaMHU
OKCHJIOKepaMUKH. //Dyriepensl U pymiepeHononooneie crpykTypsl. Munck: U'TMO um.

A.B. JIeikoBa HAH Benapycu, 2005.- C 15-21.
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