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INVESTIGATION OF STRUCTURAL PROPERTIES
OF CARBON NANOATERIALS

B. A. Baitimbetova', Yu. A. Ryabikin’, Z. A. Mansurov’

'K. 1. Satpayev Kazakh national technical university, Almaty, Kazakhstan,
*Institute of physics and technology, Almaty, Kazakhstan,
3Institute of Combustion Problems, Almaty, Kazakhstan.
E-mail: baitim@physics.kz

Keywords: carbon nanotube, carbonization, nanocrystal of graphite system, carbonate-carboxylate compounds.

Abstract. The structural features and properties of the carbonisation iron-chrome spinel matrix with a deve-
loped surface, containing carbon nanosized structure were investigated by IR, Mdssbauer X-ray spectroscopies. In
the carbonized iron-chrome matrix were identified absorption lines corresponding to nanosystems and carbonate-
carboxylate compounds and polyaromatic fused systems. The most obvious finding to emerge from this study is the
carbon nanotubes, that at elevated temperatures is formed multiple "single" C-C linkages resulting collective modes
carbon nanostructures, including carbon nanotubes. Based on the X-ray phase investigation of obtained structures is
showed the presence of graphite nanocrystals size vary with increasing temperature. In the study of the Mdssbauer
spectra were identified the phase composition of obtained the samples. It was found that the temperature increases
observed maximum content of iron carbide.

VIK 539.216; 539.2; 538.91-405

UCCJIEJOBAHUE CTPYKTYPHBIX CBOMCTB
YIVIEPOAHBIX HAHOMATEPHAJIOB

B. A. BaiitumGeroBa', FO. A. Pa6ukun’, 3. A. Mancypos®

'Kasaxckuii HaLMOHAIBHBIN TexHUUecKuil yauBepcuTeT nM. K. M. CarmaeBa, Anmatsl, Kaszaxcran,
2DUBHKO-TEXHUIECKHI WHCTUTYT, Anmartsl, KazaxcraH,
*UnctutyT npobiem ropenns, AnMatel, Kazaxcran

KnioueBble cioBa: yriiepopHas HaHOTPYOKa, HAyIJIepO’KMBaHWE, HAHOKPUCTAUIBI Ipadura, KapOOHATHO-
KapOOKCHJIaTHBIE COETMHEHHH.

AnHoTtanusi. VccnenoBaHbl CTPYKTypHBIE OCOOEGHHOCTHM M CBOMCTBA HAYIJIEPOXKEHHOH MaTpUIIBI JKelle30-
XPOMOBOU HIMHUHENH C Pa3BUTONW NMOBEPXHOCTHIO, COAEPKAILEH YIIE€pOIHbIE HAHOPAa3MEPHBIE CTPYKTYPbl METOIaMU
HK-®Dypbe, meccOayrpoBckoii 1 peHTreHoda3oBoii criektpockonuu. Meronom UK-Dypre ciekTpockoniu ycTaHOB-
JeHo o0Opa3oBaHHEe KapOOHATHO-KapOOKCWIIATHBIX coeluHEHHH. I[Ipy TOBBIMIEHHBIX TeMIeparypax 00pa3yoTCs
MHOTrouucieHHsle “oxuHapHble” C-C cBs3H, 00yClIOBIEHHbIE KOIJIECKTUBHBIMA MOJJAMHU YTJIEPOJIHBIX HAHOCTPYKTYP.
PenrtrenoasoBblie ¥ccienoBaHUs MOIYYEHHBIX CTPYKTYp MOKa3alnd HAIMYME B HUX HAHOKPHCTAJUIMTOB rpadura,
pasMepbl KOTOPBIX 3aKOHOMEPHO HM3MEHSIOTCSI C YBEJIMYEHHEM TeMmmeparypsl. [Ipu m3ydeHnn meccOayspoBCKHX
CHEKTPOB WAECHTU(HUINPOBaH (a3oBBIil COCTAB MOMYUCHHBIX 00PA3IOB M yCTAHOBICHO, YTO C YBEIMUCHHEM TEMIIe-
paTypsl HaOIIOAIOTCS MAKCUMAIbHOE COIEPKAHUE KapOuaa xKemesa.

BBenenue. B mocienane roapl HaHOHAYKa aKTyallbHEHINAs 1 HanOoJiee TMHAMUIHO Pa3BUBAIOIIASCS
00J1aCTh COBPEMEHHOM (PM3UKHU TBEPAOTO Tela. HaHOTeXHOIOTHH TTOIapHIA YE€TIOBEUECTBY HOBEIM B3TIIS
Ha MPUBBIYHBIE MaTEPHaIbl, OCHOBHBIM M3 KOTOPBIX CTaN YTJIEpOJ. Y MEHbIIEHUE Pa3MEPOB JIIEMEHTOB B




ISSN 1991-346X Cepusa pusuxo-wamemamuyeckas. Ne 6. 2015

MHKpPOCXEMAaxX BBI3BAJIO HOBBI MHTEPEC K YIJIEPOIHBIM U YTIEBOJOPOJHBIM MaTephanaM CO CTOPOHBI
AIEKTPOHHOM MpoMBIIIeHHOCTH [1-3].

OOBIYHO yTIIEpOJHBIE HAaHOPa3MEpPHBIE CTPYKTYpPhl 00pa3ylOTCsl B pe3yibTaTe XHMHUYECKHX Ipe-
BpALICHUH yIIepoACOepKAIIX MaTepHalioB MPH MOBBIIICHHBIX TeMIIepaTypax. YCIOBHSA, CIOCOOCT-
BYIOIIME ITOJOOHBIM IPEBPAILLCHUSAM, BeCbMa pa3sHOOOpa3Hbl. Tak, yIrJiepoAHBIE HUTH W YTIIEPOAHBIC
HaHOTPYOKU MOTYT OOpa30BBIBATHCS M B NPOLECCE KATAIUTHUECKOIO Pa3jIoKEHHs YITICBOJOPOAOB IIPH
CpaBHUTEIBHO HM3KHX Temmeparypax [4-10]. Meron momydeHus yriepogHbIX HAHOTPYOOK Ha OCHOBE
HayTJIEPOKUBAHUS MaTpPULBl SBISIETCA NMPOCTBIM M 3KOHOMHUYHBIM. [I03TOMy OH C yCcHEXOM MOXKeT
UCIIOIb30BAThCA I MOIYy4YEHNs] HAHOCHCTEM C LENbIO, HAIPUMED, U3YUECHHUS PAJla UX CBONCTB.

Lenpto HacTosimiedl paboThl SBISETCS HCCIEAOBAHHE CTPYKTYpBI, ONTHYECKHE CBOWMCTBAa M KoJje-
OaTenbHBIX MOJ YIJIEPOAHBIX HaHOTPYOOK Meromamu MK-Dypbe, peHTreHOBCKOW M MeccOayIpOBCKOM
CHEKTPOCKONHH, IOTYUYEHHBIX IIPH HAYTJIEPOKUBAHUH MATPHUIIBI KEJIE30XPOMOBOM IIMTMHEIH.

MeTtoanka 3IKCHepUMeHTa. DKCIEPUMEHTHl 10 HAYIJIEPOKMBAHUIO SKEJIE30XPOMOBON IITTHHETH
MPOBOAMIINCH HAa MPOTOYHOW MHUPOJM3HON YCTaHOBKE C HCIOJB30BAaHHEM TOpIOYel MponaH-OyTaHOBOH
cMmecu. beun HayrnepoxxeHs! 3 cepur 00pa3LoOB HpH CICAYIOUIMX YCIOBUsAX. B mepBoil cepun oOpasnos
CKOpOCTh MOTOKA CMECH cocTaBiisia =60 MiI/MUH NIpU BpeMeHHU HayriepoxuBanus 7=30 muH. Bo BTO-
poii cepun - W=75mn/mun, =60 mun. Temneparypa Hayraepoxusanus (Ty) mepBoil 1 BTOpoii cepuu 00-
pasioB m3MeHsIach B mpeaenax Ty=300+800°C uepes 50°C. B TpeTheii cepuu 06pasnoB W=50 mi/MuH,
7 =180 mun, Ty =600+850°C. [{ns Bcex THX CepHil OMPEIESIOCh COACPIKAHNE YIIIepoaa B o0pasiax.
KonuuecTBo yriepoaa, OTIOXUBIIETOCs Ha MOBEPXHOCTH HCCIEAYEMBIX 00pa3IoB, ONpeaessiid METOIOM
C)KUTaHUSI HAaBECKH B KHCJIOPOJE C MOCIEOYIOLUIMM MOIJIOLNIEHHeM O0pa3yloleiicss IBYOKHCH YTJIepona
pacTBOpoM ruznpookucu O6apus. IIponieHTHOE comeprkaHue yIiIepoaa pacCUMTHIBAIM U3 PA3HUIBI HABECOK
HAYTJIEPOXKEHHBIX OOPAa3IOB /10 U TOCJE CKUTaHWA. M3ydeHne HaHOCTPYKTYp B HAyIJIEpOKEHHOM Mart-
pHLE MIIMUHETN MPOBOIMIOCH C MCIIOIB30BAHUEM PAa3NIUYHBIX (U3MUECKHX METONOB: PEHTIC€HO(A30BOrO
anamm3a 1 UK-®ypbe criekrpockonuu. Da3oBeIii cocTaB o0Opasiia MUCCIEMOBAICI C ITOMOIIBIO PEHTIe-
HoBckoro audpakxromerpa JPOH-3M. IlonydeHHble CIEKTPBl HACHTUPUINPOBAIUCH C HUCIOIb30BAHHEM
pentrenoBckoit 6a3el gqanubeix JCPDS. Usmepenust MK-crekTpoB uccnenyeMsix 00pa3oB NpOBOAMIN Ha
HK-cnekrpomerpe UR -20. O6pa3upl roToBUINCH B BUe TaOJIETOK, CIPECCOBAHHBIX U3 HAYTIEPOKECHHON
HInuHeau ¢ foodaskoi KBr.

Pe3yabTaTthl u 00cy:KI1eHUSs

Metonom peHTreHoda3oBoro anaiamza oOHApYy>KEHBI HEKOTOphle 0COOEHHOCTH OOpa30BaHUs YTJie-
POJIUCTBIX OTJIOKEHUH B MATPHIIEC KEIC30XPOMOBOW IIMHHEIN OT TEMIIEPATyphl HAyTJICPOXKUBAaHUS Ha
oOpa3max TpeTheil cepuu. BhUTO yCTaHOBIEHO, YTO B YTIEPOAUCTHIX OTIOKEHUSX, 00pa3yrIIuXCs MpH
ITHPOJIH3E YIIEBOIOPOIOB B obnactu Temmeparyp 700-850°C, mapamie bHO HMEIOT MECTO MPOLECCH, Kak
¢dopmupoBanus rpadura, TaKk ¥ W3MEHEHHUS Pa3MepoOB €ro KPUCTAUIMTOB. M3 aHanmm3a MONyIIMPUHBL
PEHTTEHOBCKOTO THKa (PUCYHOK 1) OLIEHWBANHCh pa3Mephl KPUCTAJUIUTOB TpaduTa. Y CTAaHOBJICHO, YTO C
TIOBBIIIIEHHEM TeMIIepaTyphl HAO0JaeTCs YBEIMIeHHEe pa3MepPOB KPUCTAIIUTOB rpaduTta oT L=6 HM mpH
700°C o L=22 um npu 850°C (tabmuna 1) ¢ MEKIITOCKOCTHBIM paccTosiieM d=3,374.

Ta6muua 1 — IporieHTHOE CollepkaHue yrieposa U pa3Mep KPUCTAJUTUTOB Ipaduita OT TEMIIEPaTyphl
HPH Pa3iIMYHbIX YCIOBHUAX HAYIJIEPOXKUBAHUS

0 C, %
T,°C L, am
W=60 ma/muH, =30 MHH. W=75 ma/mun, =60 MHH. W=50 ma/musn, =180 MuH.
Ucx. — - - —
500 - 2,01 - -
550 - 3,25 - -
600 3,29 3,46 0,38 -
650 3,53 3,61 0,74 -
700 4,89 4,15 1,70 6
750 6,13 6,05 6,56 8
800 7,7 7,89 7,00 14
850 - - 7,70 22
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Pucynok 1 — IHTEHCHBHOCTH ITMKOB yTIJIepo/ia B 3aBUCUMOCTH OT 20

Ortor (akT Takke CBHIACTEIBCTBYET M 00 YIUIOTHEHHH YTJEPOIHBIX OTIIOKeHWH. Ha pucynke 2
IpecTaBlIeHa 3aBUCUMOCTh U3MEHEHUS pa3MepPOB KPHCTAIMTOB IpaduTa OT TEMIEPaTypHl.

C DNOBBIICHHEM TEMIEPaTypbl HAyIJIEPOKUBAHMS HAHOPA3MEPhl KPUCTAJUINTOB M HMHTETpajbHAs
WHTEHCHBHOCTH CIIEKTPOB KPHCTAJUIUTOB TpaduTa PacTyT 3a CUET YBEIWYCHHUS 0Opa3yrouerocs KOJH-
yecTBa yriaepona (tabmuna 1 u pucynku 2, 3). MuHuManbHas MIUpUHA JHHUM CHEKTpa rpaduTa mpu
temneparypax 850°C CBHIETENBCTBYET O TOM, 4TO HpH 3Toil Temmeparype rpadguT Hmeer Goiee
YHOPSA0YEHHYIO KPUCTATHIECKYIO CTPYKTYpY, YeM MpH NpeAbaymux Temmneparypax. Pedaexcer C(002)
HAa CIIEKTPAX M3MEPEHHBIX 06pasoB (HUKCHpyOTCs B obmacti yrmoB 26=15,25°. Kpome Toro, mpu
HCCIIeIOBAaHHBIX TeMIlepaTypax HaOmoaaTes peduiekckl poMonueckoit cuaronnn Fe;C B o0nactu yrios

26=25,75". D10 CBHIETENBCTBYeT O HATMYHH Kapbuma xemesa FesC B MaTpHie HayriepoKEHHOI
IITTHHEIH.

LM 22 [ 400
20+
18+
300 .
161
141
124 200
10+
8 {
64

100

700 750 800 850 900 T.C

T T T T
700 750 800 850

T,°C

T

900

PucyHnok 2 — 3aBHUCUMOCTB pa3MepOB KPHCTAJUIUTOB Pucynok 3 — 3aBUCHMOCTH HHTETPaTbHOW HHTCHCUBHOCTH
OT TeMIIepaTypsl HayTIePOKHBAHUS yTJIepoJa OT TeMIepaTyphl HayTJICpOKUBaHUS
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Mecc6ayspOBCKHe CIEKTPh HCXOHOM ¥ HAYIIEPOKEHHOM npu Temneparypax 700-850°C maTpuiibt
KEJIe30XPOMOBOH LINMHENN U3 TpeThell cepuil 00pa3uoB npuseneHsl Ha pucyHke 4. Ilpu uccnenoBanuu
JTAHHOW MaTpHUIBI METOAOM MeccOay’pOBCKOI CHEKTPOCKONUHU IMOIYYEH NOCTAaTOYHO CIOXHBIM CIIEKTD,
KOTOPBII YKa3bIBaeT Ha HAJIMUUe B Hell Oobimoro konmdectsa a3 (pucyHok 4, tabnuua 2). [puunnamu
BO3HHKHOBCHHS TAaKOW CUTYallMHd MOTYT OBITh CleAyromue GakTopbl: HECTEXHOMETPHsI cocTaBa 3Tux (a3,
HaJIM4ue TpUMeceil, aMopHoe cocTossHUuEe psaa (a3 U HapylIeHHE CTPYKTYPHOTO WJIM MarHHUTHOTO

nopsinka B gazax [11, 12].

Ay

Pucynok 4 — MeccOayspoBCKHE CIIEKTPBI 00pa31oB

Ta6myma 2 — ©a30BbIi cOCTaB M OTHOCHTEIBHOE COAEPIKAHME JKelle3a OT TEMIEePATyPhl HAYTIICPOKUBAHUS

®Da3oBbIl COCTAB M OTHOCUTEIIEHOE COACpIKaHUE KEJIE3a

T,°C Fe;04, % Fe'?, % Fe™, % FesC, %
(+0,22) (0,51) (+0,18) (+0,25)
Vcx. 24,34 57,39 18,27 —
700 13,3 69,92 16,78 —
750 — 5731 16,8 25,89
800 — 50,17 17,85 31,98
850 — 44,44 28,58 26,98




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

B nanHOM ciydae HaMH HCTIOJIB30BaHO OMMCAHUE CIIEKTPA, OCHOBAHHOE Ha JIMHEHHOH CyNepro3uluu
NapUUaIbHBIX CIIEKTPOB C KBAa3MHEIPEPHIBHBIMU paclpeAeieHusMu napameTrpoB. OOpaboTka Takux
cnektpoB BhimoiHeHa nporpammoli DISTRI-M, koTtopas mo3BoJisieT BOCCTaHABIMBaTh (DYHKIHIO pac-
npeesicHUs] MapaMeTpoB MeccOay3pOBCKOTO CIIEKTpa M30MEPHOTO CIBUTA, KBaAPYMOJBHOTO pacIiel-
JICHHSI, CBEPXTOHKOTO MarHUTHOTO TIOJIA U IIUPHUHY pe3oHaHcHoW muHuH [13]. Criektp ucxomnoro obpas-
I1a COCTOMT U3 JBYX CEKCTETOB C IIapaMeTpaMH, COOTBETCTBYIOLIMMHU aTOMaM >Kelle3a, HaXOASAILIEerocs B
TETPAadAPUUECKUX M OKTadAPHUUECKUX MO3UIUAX okcuaa xenesza Fe;O4 [14]. BHyTpeHHAsS yacTh criekTpa
XOpOIIO OMHUCHIBAETCS ABYMSI KBaApYNOJbHbIMU IyOseramu. llepBblii ay0Oner mo BeIMYMHE KBaj-
PYIOJIBHOTO PAaCLICIUICHUS W H30MEPHOTO CIBUIa COOTBETCTBYET aTOMaM >KE€Je30, HaXOAALIErocs B
JIByXBaJICHTHOM XUMHUYECKOM COCTOSHUHU. BTOpPOIt 1yOieT cOOTBETCTBYET aToMaM >Kejne30, HaXOIAIIerocs
B TPEXBAJIEHTHOM COCTOSIHUH, TapaMeTPbl KOTOPOTO MPHUBEACHEI B Tabnuie 2.

Crienyer OTMETHTh, YTO BHYTPEHHSISI 4acTh CIIEKTPa KaueCTBEHHO HE M3MEHSETCS B 3aBUCHMOCTH OT
TEeMIepaTyphl HayTJIepoXuBaHMUs. UTo KacaeTcs MOJICIEKTpa OKCHIA JKejle3a, TO [0 Mepe YBeIMYSHHUS
TEMIEpPaTyphl OTHKHIra, €ro MAPLHUATBHBINA BKIaJ B CyMMAapHBIN CIIEKTP YMEHBIIAETCS J0 MOIHOTO HCYE3-
HOBeHHs npH TemnepaType 750°C. BOCCTAHOBIEHHOE TIPH STOM KeIe30 B3aHMOICHCTBYET C YIIepOIoM,
o0pasys kapoun xenesa Fe;C.

HccnenoBanus, mpoBeneHHBIE, METOJOM MeccOayIpOBCKOM CHEKTPOCKOMHM TMOKa3ald, YTO MpH
temmepatypax 750—-850°C oGpasyercs uactuia kapouma Fe;C. MakcuManbHOe copepikaHue Kapouiaa
32% nabogaercs B o6pasie HayrnepxenHoM mpu 800°C, koTopoe npuBeneHo B Tabmuiie 2.

Ha o6pa3oBaHne HaHOCHCTEM B HAyTJIEPOKEHHON MaTpPHUIE KEJIE30XPOMOBON LIMHMHENN YKa3bIBAIOT
Takxke U uccienaopanusa ee Merojgamu UK-Dypbe cnexkrpockonuu. MK-criekTp HayriaepoKeHHOW Mpu
temneparype Ty=850"C MaTpUIBI KeIe30XPOMOBOH IIIMHHENN U3 TPETheH CepHi 00pa3IOoB IPUBEICH Ha
PHUCYHOK 5.
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Pucynok 5 — UK-criektp Hayrieposxkernoit npn 850°C mmusesm

[pu temneparype 850°C B o6macti 502-633 cM' HMEIOTCS IONOCHI MOTJIONICHNS CPEIHEH WH-
TEHCHUBHOCTH, IIPUHAIJICKAILIME OKKCIAM METAJLIOB, BXOIAIINX B COCTaB MIMUHEH. [10J0CH moriomeHus
B guamnasone 700-1200 em’! cBszanmI C necopOurel ancopOMpPOBAHHOTO KUCIOPOAA U C YBEIHMUEHHEM
nomn csiseit -C-0O-C- u -C-C-. B o6nactu crektpa 300-1650 cM™' nMeeTcst psiji pa3peleHHbIX TTOJI0C
MOTJIONICHUsST MaJloW W CpeJHEeH WHTCHCUBHOCTH, KOTOPBIC CBS3aHBI C HAKOIUICHHEM KapOOHATHO-
KapOOKCHIIATHBIX COSIMHEHUH, a TakkKe ¢ 00pa3oBaHneM HaHOCUCTeM. [1oIoCk! mormomeH s B Tuana3one
1422 cm™ 06yCIIOBIICHBI TOTIOMEHHEM KOILUIEKTHBHBIX MOJ| YIJIepoaHbix HarocucteM [10, 15], koTopsie
BCTPEYAIOTCSl B YIJIEPOAHBIX HAaHOCTPYKTypax. Ilo cBoeil CTpyKType HAHOCHCTEMBI MOTYT paccMart-
pUBaTBhCS KaK TPEXMEPHBIE aHAIOTH apoMmaTmdeckux coenuHeHwi [15]. Takxum obpaszom, UK-cnexTpo-
CKONIMYECKHE WCCIIeOBAaHMs TakKe IMOATBEPXKIAIOT (PakT 00pa3oBaHHS YTIEPOTHBIX HAHOCTPYKTYD B
MAaTpPHUILIE JKEJIE30XPOMOBOU IITUHEINH.
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3akimouenne. [lonyuennsie pe3ynsratel K- @ypbe cIeKTpOCKONUYECKUX HCCIEA0BaHUH Ipouecca
HaYTJICPOKUBAHUHU JKEJIE30XPOMOBOH INNHMHENIHM IO3BOJIOT YTBEP)KIOAaTh, YTO B IIPOLECCE HAYIJIEPO-
JKUBAHUSI TIPOMCXOAUT 00pa3oBaHME KapOWAOB METAIIOB, BXOAAIIMX B COCTaB >KEJIE30XPOMOBOIT
IIMWHET U B JAajbHEHIIEM pa3ioKeHHe 3THX KapOWIOB ¢ 0o0pa3oBaHMEM YIiepoAa M YIIepOJHBIX
HaHOCTPYKTyp. Ha OocCHOBaHMH 3THMX HAaHHBIX MOYKHO CIEJIaTh BBIBOZ, YTO KOJICOAHUS «OJUHAPHBIX»
-C-C-cBsi3eil yIJICPOAHBIX HAHOPA3MEPHBIX CTPYKTyp HaGmomarorcs B aumamasone 1300-1650 cm™.
[103TOMy €CTh OCHOBAHHS TPEIIOIOKHTb, UTO TOJIOCH! MOIIOMEHHS B AuanaszoHe 1422 cm™' 06ycios-
JICHBI TIOTJIOLICHUEM KOJUIEKTUBHBIX MOJ YIJICPOIHBIX HAaHOCHUCTEM (MHOTOCIOWHBIE HAHOTPYOKH, (yi-
nepeHbl M HaHOHUTH). Ilo cBoel cTpyKType HAaHOCHCTEMBI MOTYT PAacCMaTpHUBATHCS KaK TPEXMEPHBIE
aHaJIOTH apOMaTHYEeCKUX COeIWHEHUH. PeHTreHo(}ha30BbIM aHAIM30M YCTAaHOBIJICHO, YTO C ITOBBIIICHHEM
TeMIepaTypbl HaGIIONACTCS yBEIUUCHHE Pa3MEpOB KPUCTAILIHTOB rpapura or L=6 um mpu 700°C 1o
L=22 um nipu 850°C ¢ MexrIockocTHBIM paccrosianeM d=3,374.I1pu n3yueHnn MeccOaydpOBCKHIX CIIEKT-
poB uaeHTHGUIMPOBaH (Ha30BbIi COCTaB MOJyUYSHHBIX 00pa3lOB U YCTAHOBIICHO, YTO NPU TEMIlepaType
800°C B HeM HaGmONAaETCA MaKCHMAIBbHOE coeprkannue (32%) kapOuaa Keesa.
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KOMIPTEKTI HAHOMATEPHUAJIJIAPABIH KYPHLIBIM/IBIK KACUETTEPIH 3EPTTEY
B. A. Baiitiv6erosa’, FO. A. Psioukun’, 3. A. Maucypos®

1K. . CorbacB aThIHIAFbI YITTHIK TEXHUKABIK YHUBEpCUTET, AnMaThl, KasakcraH,
2Du3KKa-TeXHUKATBIK WHCTUTYT, AnmaTtsl, KazakcTas,

*¥auny npo6emanapsl HHCTHTYTHI, AnMaThl, KasakcTan

Tipek ce3mep: KOMIPTEKTI HAHOTYTIKIIE, KOMIPTEKTEINiHY, KOHICHCUPIICHTEH IPpadUTTiH HAHOKPUCTAIHUTTEPI,
KapOOHATTHI-KapOOKCHIAT OalTaHBICTAPEI.

Annoranus. KypaMbrHIa KeMipTeKTi HaHOONIEM Il KYPBUTBIMBI Oap OeTi JaMbIFaH KOMIipTEKTEITeH MaTpH-
[aJarbl TEMIPXPOMIBI HIMUHEIIH KYPbUIBIMIBIK epekimenikrepi MeH KacueTiH WK, peHreHdasaibik jxoHE Mecc-
Oayasp criektpockor dicrepimer 3eprrey. UK-Dypbe criekTpockon oiciMeH 3epTTENIHIN OThIPFaH KOMIPTEKTENreH
TEMIpXpOM/Ibl MaTPHLIala HAHOKYHENIEpiH, COHBIMEH KaTap KOHJEHCHPJICHICH MOJIHMAPOMATHKAIIBIK XKYHenep, Kap-
OOHATTHI-KapOOKCHIIAT KOCBUIBICTAPBIHBIH JKYTY CBI3BIKTApblHA HIEHTU(HKALMs Kyprizingi. Temmeparypa >kora-
pbuiaraH caiibie kenren “napa” C—C OaitylaHbicTap MEH TONTACKaH KOMIPTEKTI HAHOKYPBUIBIMAAP MOAAIAPbl, COHBIH
ilIiHAe KOMIPTEeKTI HAaHOTYTIKLIETEPAiH TY3UIeTiHI KepceTiireH.PeHTreHdasaibk 3epTTey allblHFaH YITiJe HaHO-
KpHucTalibl TpadUTTIH KOMIPTEKTeHY TeMIepaTypachl >KOrapbularaH cailblH apTaThIHBIH KepceTTi. Meccoayap
CHEKTpJIepiH 3epTTey OapbIChIH/IA KOMIPTEKTENTeH YIITiie TeMIlepaTypachl >KOFapbliaraH calblH KapOHIl TeMip apTa
TYCTI.

IHocmynuna 03.11.2015 e.
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