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MOJUPUKALUA KOHCTPYKIHIMOHHBIX MATEPUAJIOB I1PU HACBILIEHUU
HAHOYACTUIAMMU NNTASMOXUMHNYECKOI'O CUHTE3A

Boasmakos B.U., Kanunun A.B., [IpuaHenpoBckas rocyiapcTBeHHasi akajgeMust
CTPOMTENbCTBA M apXuTeKTYpbl, Iinymkosa /.b., XHAY

Annomayua. Onpeodenen xumuueckuii cocmag Haunooucnepcuolx wxomnoszuyuti. SiC, TiC, TiN,
Ti(CN), AIN, Mg,Si, Mg;N,. Xumuueckuii cocmas CUHMeE3UPOBAHHLIX COeOUHEHULI omaeeuaem Cmexuo-
Mempuueckomy cocmagy. IIposeden ananuz MUKpoOOUPDPAKYUOHHBIX KAPMUH YACTHUY, NOKA3AHA NPU-
HAONEHCHOCb HAHONOPOWIKO8 K MEEPObIM KPUCALIUYECKUM MeNaM ¢ MemAlIuiecKoll Ce53bio.
Yemanoesneno, umo yacmuyvr kapbonumpuoa mumana Ti (CN) umerom epaneyenmpuposaunyio, a
yacmuywvl kapdouoa kpemuus (SiC) — 2eKCazoHANbHYIO KPUCMALIUYECKYIO peuwemKy. bviiu nposedenul
IKCHEPUMEHMbL NO NOBEPXHOCHHOMY MOOUPUYUPOBAHUIO CIaAleli HAHONOPOWKOBLIMU KOMNOZUYUAMU
na ocrnoge Ti (CN) u SiC. Ycemanoenena s¢ppexmusnocmv npumeHenuss HaHOOUCNEPCHBIX KOMRO3UYULL
npu 6bINIABKe KOHCMPYKYUOHHLIX cmanel. B pesynomame moouguyuposanus cmanu 091 2C nanono-
powxom Ti (CN) nosviuenvl Xapakmepucmuxy npoYHOCHU, RAACHUYECKUe CEOUCEA U YOaPHAs 6513~
xocmb. Q60CHOBAH 8bIOOP HAHOOUCNEPCHBIX Nopouikos Kapoowumpuoa mumarna Ti (CN) ¢paxyuu
menee 100 Hm 6 Kauecmee MOOUPUKAMOPO8 HU3KOAe2UPOBaHHbIX cmanel. Tlonyuenvl Heobxooumbie
Kpumepuu 8bl00pa HAHONOPOUIKOBLIX MOOUPDUKAMOPOS: HEPACMBOPUMOCHb 8 PACHAAGE, COOMGEm-
cmeue KpUCmaiIuyeckux peuemox Mampuye cmani, copazmepHoCmy ¢ KpUMmuyeckum paouycom 3a-
PoobIUa ayCmenuma npu KPUCMALIU3ayul. Ycmanoeien Mexanusm 63aumooelicmeus pacniasa cma-
JU CO CI0eM HAHOOUCNEPCHOU KOMNOZUYUL.

Knrwouesnvie cnosa: nanooucnepcHasi KOMnosuyus, Mooupuyuposanue, nia3moxXUMudeckull cunmes,

KOHCMPYKYUOHHAA CMAJjlb, MEXAHUYECKUE CGOIZCWIGCI, Kpucmaﬂﬂoepaqbuuemue napamempbul.

BBenenue

Ananu3 padoT MOCIEAHEr0 IECATHIICTHS B
00JIacTH MaTepHaIOBEICHUSI MOKa3bIBAET, UTO
BHHMaHHE HCCIIENoBaTeliell COCPEelOTOUeHO Ha
M3Y4YCHHUH MaTEepPHaJIOB, COACPIKAIIUX CTPYKTYP-
HBIC AJIEMEHTHI HAHOMETPOBBIX Pa3MEPOB.

HaHocTpykTypupOoBaHHbBIC MaTepyabl IPE-
CTaBIISIIOT 000 0c000€ COCTOSIHWE KOH/ICHCH-
pOBaHHBIX (ha3 BEIIECTB — MaKPOCKOIMUYECKHE
aHCcaMOIIM YacTHIl C pa3MepaMH B HECKOJIBKO
HaHOMETpOB. HeoObIUHbIC CBOMCTBA 3THX MaTe-
pHaioB 00YCIIOBJIECHBI YHUKAIBHOCTHIO CBOMCTB
OTJCIBHBIX YaCTHUI[ M XapaKTePOM B3auMOJICH-
CTBHS MEXKIY HUMH.

O¢dPeKTUBHBIM CIIOCOOOM TMONYYCHHUS BBICO-
KOKAYeCTBCHHOM MPOMYKIIUH SBJSCTCS MOJIH-
¢uIMpoBaHue cTajiell HAHOAUCIICPCHBIMH MaTe-
puaiaMyd NPy HU3KOM HMX pacxoze. [losTtomy
WHYKCHEPHBIC PEIICHUs P BbIOOPE HAHOIHUC-
MEPCHBIX KOMIO3MIIMI 0a3upyrOTCsS Ha OIpese-
JICHUM ONTHMAJILHOIO KOMILIEKCA MX Iapamer-
POB, cocTaBa, PU3NKO-MEXaHUYECKHX CBOMCTB U
TEXHOJIOTUHU MOJyYCHHSI.

YuuTeiBasi YHUKaJIbHOCTh CBOMCTB HaHOKpH-
CTAJUIMYECKUX MaTepHaJIOB, O00BEIUHSIONIMX

BBICOKHE XapaKTEPUCTHKH MPOYHOCTH W ILIa-
CTUYHOCTH, CIIEIyeT CUUTATh aKTyaJIbHBIMH UC-
CIIC/IOBaHMS, HAIpABJICHHBIE HAa Pa3BUTHE TEX-
HOJIOTUK MOAUGUIUpYoMeld 00paboTKH BBICO-
KOKQYeCTBEHHBIX KOHCTPYKI[MOHHBIX  CTalleh
HAHOJMCIICPCHBIMH KOMITO3HUIIUSIMH  33JJAHHOTO
COCTaBa, KPHUCTALIMYCCKOW CTPYKTYpHI U pa3-
MEPHO-TONOJIOTHYECKUX apaMeTpoB.

AHaau3 nyoJuKanui

Pa3paboTky HOBBIX MaTepHalioB M TEXHOJIO-
THA MX MOJTy4eHHs OOIIENpPU3HAHHO OTHOCST K
OCHOBaM SKOHOMHUYECKOT0 pa3Butus. OMHUM U3
MPHOPUTETHBIX HAINPaBIICHUH Pa3BUTUS COBpE-
MEHHOTO MaTepHajOBEICHUs SIBISIFOTCS HaHO-
MaTepuanbl M HaHOTeXHoJoruu. KoHcTpykiu-
OHHBIC HAHOCTPYKTYpHBIC MaTepHalbl 3aHHMa-
I0T 0c000€ MECTO B KpYyry MaTepHajoB C OCO-
OCHHOCTSMHU CTPYKTYpPHI U CBOMCTB [3, 4, 6-8].
Hcnonp3oBaHue KpPYyMHBIX YacTUI] MOIU(HKa-
TOPOB paszmepoM Oonee 10 MKM B METaJUTypryuu
MIPOU3BOJICTBA CTaJIei JOCTATOYHO M3ydeHo [1].
Hcnonb30BaHNI0 HAHOAUCIIEPCHBIX YACTHIL JUIS
yIpaBieHUsl CTPYKTYpOH CTalieil TOCBSIIEHO
Maino pabot. Tak, B padore [9] nmpu Moanuduim-
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POBaHUM HHM3KOJIETMPOBAHHON CTalld TYTrOILIaB-
KHMMH KOMITO3UIIMSIMH YCTaHOBJICHO 00Opa3oBa-
HHUE JUCIIEPCHBIX CTPYKTYp — C OJHOPOIHBIM
pacnpenencaueM ynpouHstomux ¢as. OmHako
clleflyeT OTMETHTh, YTO B JIAHHOM paboTe He
MPOBEIECH TEPMOAVMHAMUYIECKHI aHaIN3 YCIIo-
BHIA TPOTEKaHUS MOAU(DUIIMPYIOIIUX MTPOIECCOB
MPH KPUCTALIM3AIMHI PACIJIaBOB. DTO O3HAYAET,
9TO BO3HUKAIOT TPYAHOCTH, C MPAKTHIECKOM
TOYKH 3pEHUs,, MPH BBHIOOPE ONTHUMAIHLHOTO
KOMITOHEHTHOT'O COCTaBa M pa3MEpHOro Jauarna-
30HA MPUMEHIEMBIX HAHOKOMITO3HUIIHiA. ITO 00-
CTOSITEIBCTBO CBSI3aHO C TEM, YTO BBEICHHE Ha-
HOYACTHUI], B PAaCIIaB CYIIECTBEHHO H3MEHSET
IMOBCPXHOCTHRIC SABJICHHA Ha TI'paHUIC «MOIH-
(uKaTOp—pacriaB» M TEPMOAMHAMHUUECKHE T1a-
pameTpsI Imporiecca.

Jis pertiennst 3Tol mpooiieMbl B padore [5]
MpOoBeJicHa OleHKa 3()(EKTUBHOCTH NCHCTBUS
HaHOYACTHII MPH 00pabOTKe paciuiaBoB. Ycra-
HOBJICHA 3aBHCHMOCTh CTEIEHH PAaCTBOPHMOCTH
MoauduKaTopa B pacijiaBe OT TEPMOANHAMHIYE-
CKOWM yCTOMYMBOCTH TPOIECCa U Pa3HULBI TEM-
neparyp IUIaBJICHUS HAHOYACTHI[ M paciijaBa.
HecMoTpst Ha MpakTHUYECKYIO [IEHHOCTH IPHBE-
ACHHBIX JaHHBIX, HC paCCMOTPCHBI B JOCTAaTOY-
HOM CTENEHH OCOOCHHOCTH KpHCTajutorpaduye-
CKOI'0 CTPOEHHUSI HAHOKOMIIO3UITUH.

HOSTOMY €CTh OCHOBAaHHsA CUHUTATh, YTO HE-
A0oCTaTO4YHasA M3Y4YCHHOCTL BJIMAHUA TEPMOOAH-
HAMHYECKUX YCIOBHH U KPHCTAIIOrpapuIecKo-
IO CTPOCHHSI HAHOKOMITO3UIIMH 00YyCIaBIMBacT
HEOOXOMMOCTh TIPOBEAECHUS HCCIACIOBAHUN B
JaHHOM HaITpaBJICHHUH.

Lenb n mocTanoBKa 3aga4n

Lenpio mpoBeneHHBIX HCCIEAOBAaHUMN SBIIS-
ercs TOBBIIIEHHE MEXaHMYECKHX M IKCIUTyaTa-
LHOHHBIX CBOWCTB KOHCTPYKLHOHHBIX CTaJIei
MyTeM MOJU(HUIIMPOBAHHS PACIUIABOB HAHOJIUC-
MEePCHBIMU KOMITO3ULIUAMU C 3aJaHHBIMH KpH-
crajutorpaGuIecKuMH MapaMeTpaMu.

Jns mocTvKeHUsl MOCTaBJIICHHON I€H I10-
CTaBJIEHBI CIEAYIONINE 3aJaui: Ha TMPOMBIIIIIEH-
HOW YCTaHOBKE IUIa3MOXMMHMYECKOTO CHHTE3a
MOJTyYUTh HAaHOAWCIEPCHbIE KOMIO3MIIMM Kap-
OWJHOTO, HHUTPHIHOTO M KapOOHUTPUIHOTO
KJ1acca ¢ pasmepom dactuil 10 100 HM; ompene-
JUTh XUMUYECKUH cocTaB, (usnyeckue CBOM-
CTBa M KpHcCTaJUIOrpaduyecKkue mapamerpsl Ha-
HOYACTHI]; TPOBECTH OIBITHO-IPOMBIIUICHHBIC
MJIaBKM HU3KOJIETUPOBAHHBIX CTalell KIIacCoB
npounoctu C345, C355,C375 ¢ npuMeHeHHEM
HAHOMOJHM(HUKATOPOB;  YCTAHOBHUTH  BIHSHHE
3aJJaHHBIX KpUCTaUIOrpadUuecKuX MapaMmeTpoB
HAHOYACTHII Ha MOP(OJIOTHIO CTPYKTYPBI, KOM-

IJIEKC MEXaHWYECKUX CBOWCTB M H3HOCOCTOM-
KOCTb KOHCTPYKIIMOHHBIX CTaJIei.

HccnenoBanue HAHOMOPOUIKOB M UX
BJIMSIHUS HA CBOIICTBA AeTajieil

UccnenoBannss MomuGUIMPOBAHKS TPOBO-
I Ha KOHCTPYKIIMOHHBIX HHU3KOJIETHPOBAH-
HBIX CTJIAX C MPUMEHEHWEM HAHOIMCIEPCHBIX
momugukaropos: TiC, TiN, Ti(CN), SiC, AIN,
Mg,Si ¢ pazmepom gactury 30...100 am. Monu-
¢ukatopsl momy4deHsl B AO «Neomat» (Jlatsust)
Ha BBICOKOYACTOTHOM IIPOMBIIIICHHON YycTa-
HOBKE MIa3MOXUMHYECKOTO CHHTE3a
AEROXIDE P-25.

Jlnia reHepanyy miaa3Mbl UCIOJIB30BAIA BUX-
peBbIe MHAYKIIMOHHBIE TUIa3MOTPOHBI C Ta30BOH
cTabunu3aimen paspsiaa. VicxomHbie MaTepHaibl
JIO3UPOBAHHO BBOAWJIN B 30HY MOTOKa a30THOU
miasmel ¢ Temmepatypoit 5500-7500 °C. Ilpo-
M3BOIMJICS HarpeB, IJIaBJIEHHE, NCTIApEHUE BBE-
JICHHBIX MaTEPHUaJIOB U UX XHUMHUYECKOE B3aHMO-
neiictue [2].

UccnenoBanne pasmepoB W KpHCTajuiorpa-
(UYecKON CTPYKTYphl HAHOKOMITO3HUIIHN TIPOBO-
JWIA C HCIIOJIb30BAaHHUEM DJIEKTPOHHOIO TIPO-
CBEUMBaIOIIero Mukpockona OM-125 mpu yBe-
guuenun B 100.000 pa3 u mudpakromerpa
JPOH 2,0 B Cu-u3nyueHuu.

BeimnaBky u  MomuduIHMpOBaHHE —CTajel
[POBOJWIM B IPOMBINUIEHHONM WHIYKIIMOHHOMN
neun CAT emkocteio 100 kr mpu Temmeparype
1o 1600 °C. OtnuBku nedopMupoBaliv Ha TOH-
KOJINCTOBOM IIPOKAaTHOM CTaHE CO CTENEHBIO
nedopmanmu 40 %. MexaHUYeCKHUE UCTIBITAHHUS
HA PacCTsDKEHHS MPOBOJAMIM Ha CTaHAAPTHBIX
obpasniax mo ['OCT 1497-84 Ha pa3pbiBHOMH
mamuae [[/[-4. YV napHyro BI3KOCTh ONpeAeNsin
Ha MasTHHKOBOM Kompe 1o ['OCT 9454-80.

OneHky BIUSHHS MOTU(PHKATOPOB HAa DKC-
MJTyaTaliOHHbIE CBOMCTBA MCCIEAYEMBIX CTalen
MPOBOJIMIM METOJOM M3HOCOCTOWKOCTH Ha Ma-
muHe uctupanus CML-2 mpu morepe Maccel
HUCXOMHOro 0o0pas3iia HeMOAU(pHIIMPOBAHHOM
ctanu 0912C.

OCHOBHBIMH IIOKa3aTEIsIMHU CBOMCTB CTaJIeH,
OlNpe/esieMbIX B DKCIICPUMEHTE, BBIOpaHBI:
TeMIiepatypa, Bpems, INIyOMHa MPOIUTKH MO-
nudukaTopom, coctaB MoaupukaTopa, %o.

Kak ocHOBHBIE MOKa3aTenn MEXaHMYECKUX
CBOMCTB MPHHSATHL: TpeJed MPOYHOCTH, Mpere
TEKYy4eCTH, OTHOCHTEIbHOE YAJMHEHHE, OTHO-
CHUTEIbHOE Cy)XEHHe, ynapHas BA3KocTb. Oc-
HOBHBIMH TIOKa3aTelsIMH KpHUcTasutorpaduye-
CKHX MapaMeTpOB SIBJSUTUCH MEPUOJIBI KPUCTA-
JdecKoit peméTku (a, ¢ B A).
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XUMHUYECKUN COCTAaB HAHOAMCIIEPCHBIX KOM-
MO3HIIMH, TIONYYEHHBIX HA YCTAaHOBKE ILIA3MO-
XHUMUYECKOT0 CHHTE3a, MPUBECH B Ta0II. 1.

Heo0xoquMo OTMETUTH, YTO OCHOBY BCEX
WCCIICIOBAHHBIX KOMITO3UIIMHA COCTaBIISIOT DIle-
MmeHTHI (Al, Ti, Mg), oOpa3yromme XuMHIecKre
coenmuHenus. CojepikaHue DIIEMEHTOB B CBO-
00HOM COCTOSIHUU He3HAYUTEeNIbHO (10 20 %).

XapakTep pa3MepHOIr0 pacrpeleleHus Ha-
HOYACTHUI] COCMUHEHUH, TUIAa3MOXHUMHUYECKOTO
CHHTE3a MpHUBeJeH Ha pHcC. 1.

Crnenyer oOpaTuTh BHUMaHUE Ha TO, YTO Ca-
MBI MaJbIii JUana3oH pa3dpoca pa3MepoB Yy
gactul] Ti(CN) (10-70 uM), a caMblii OONBIIONH
pa3opoc pazmepos — y yactui TiC (10-250 am).
B pesynaprare TONYyYEHHBIX JAHHBIX MOXKHO
CIleNaTh BBIBOJ, YTO XapaKTep pacrpeereHus
pa3MepoB YacTHIl aCHMMETPHYCH.

Yacrunpl Ti(CN) ¢ nHambomblei IIOTHO-
CThiO (TaOj. 2) UMEIOT CPEIHHUI pa3Mep MEHEe
100 M, a 6onee nerkue (AIN u SiC) wactuiisl
uMeroT Oonbmid pasmep — 150-200 HMm.
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Puc. 1. T'mcrorpamma pacmpeneneHusi HaHO4Ya-
ctun Ti(CN), AIN, SiC, Mg,Si

OO0001IeHHBIE PE3YNbTAaThl  HCCICIOBAHMM
KpucTaorpaduueckux U (PU3NIECKUX CBOHCTB
HAaHOJUCIICPCHBIX MAaTc€puaioB IIPUBECIACHLBI B
Tabm. 2.

AHanu3 KpuctamwiorpaHuecKux —Iapamer-
pPOB  MOPOIIKOB,  3JEKTPOHHO-MHUKPOCKOIH-
YeCKMX HM300pPKEHUH YacTHII U UX MHUKPOIH-
(paKIMOHHBIX KapTHH MOKA3bIBAET, YTO UCKYC-
CTBEHHO CO3JaHHbIC IINIa3MOXHUMHWYECKUM CUH-
TE30M TOHKOAMCIICPCHBIC KOMITO3MIWHN NpUHAI-
JeKaT K TBEpABIM KpUCTAINIMYCCKUM BCHIC-
crBam (puc. 2). SiC u Ti(CN) coxpanuiu crio-
COOHOCTh K CaMOOTpPaHKE M MPEICTABISIIOT CO-
00if TUCKpETHYIO0 TpexMmepHylo cucremy. Cro-
COOHOCTh CHHTE3MPOBAHHBIX YACTHI[ CaMOOIpa-
HATHCA CJICACTBUC UX BHYTPCHHEIO KpHCTAJIO-
rpaMuecKoro CTpoeHus, Omarogapsi KOTOPOMY

aTOMBl YaCTHII-KPHCTAIUTMKOB PACIONararoTcs
Ha OMpEJENCHHBIX MPSIMBIX U IIOCKOCTSX KpH-
CTAJUIMTOB. DTOMY CIIOCOOCTBOBajia OOBbEMHAas
KOHJICHCAIUsl TUIa3MEHHOTO raza B IIpollecce
TTa3MOXUMHYECKOTO CHHTE3a, MO3BOJISIONIAS
YacTUI[AM HMMETh CBOOOIHYIO KpPHCTAJUIU3YIO-
HIYIOCST TIOBEPXHOCTh, YTO MOJTBEPKIACTCS B
pab6orax [10-12].

AHanu3  MUKPOIU(PAKIIMOHHBIX  KapTHH
KpPHUCTAJUIOB KapOWJla KPEeMHHUS MO3BOJHI yCTa-
HOBHTB, YTO OHH IO CBOEH KpPUCTAIUITMYESCKOU
CTPYKTYpE OTHOCSTCS K TeKCAaroHaIbHOW CHHTO-
HuM ¢ mapamerpamu a=3,08 A, ¢c=10,04 A. C
TEOPETUIECKOW TOYKH 3PEHUST MOXKHO IOJIarath,
YTO OrpaHKa dYacTUI[ CTPEMHTCS OOECIeYHTh
MaKCHUMAJIbHYIO TTOBEPXHOCTHYIO DHEPTHUIO MPH
MHHHMAJIBHBIX UX pa3Mepax.

DMeKTPOHHO-MHUKPOCKOITNYECKUI aHAIN3 Ya-
cruir Ti(CN) mokasan, 4YTO 4YacTUIBI HMEIOT
TpaHElEHTPUPOBAHHYIO KYOUUIECKYIO PEIIETKY C
napamerpom a=4,25 A. DTo cornmacyercs ¢ naH-
upivu 1151 TiC (a=4,319 A) u TiN (a=4,243 A)
[13].

CormocraBieHre H3MEPEHHOTO U PacyeTHOTIO
MeKIuTockocTHoro paccrostaus Ti(CN) Ha mu-
(paKIMOHHBIX KapTHHAX TOKA3aj0, YTO peleT-
ka Ti(CN) mnocTpoeHa Ha OCHOBE KapOWIa TH-
tana TiC, aTOMBI a30Ta HAXOMATCS B ITO3HMIHAX
aTOMOB yTJepoja, o0pa3ys TBepHblli pacTBOp
3aMeIleHHs a30Ta B KPUCTAJUIMYESCKOW pelleTKe
KapOuja THTaHa.

B cootBerctBuu ¢ »tuMm vactuibl Ti(CN)
(dhopMUpPYIOTCS B BHIE KyOOB HJIM TETParoHOB.
Ha 510 yka3piBatoT KOHMUTYpallul MPOEKIIHH
KpUCTaJJIOB TpH ux opueHtauuu [001], [111],
[110]. Yerkass MMHEHHOCTh CTOPOH MPOEKIUI
KyOOB yKa3bIBaeT Ha BBICOKOE COBEpPIICHCTBO
rpaneid u pedep Ti(CN). [NonydueHHbIe naHHBIE
COTJIACYIOTCS ¢ AaHHBIMHU pabot [13, 14]. B pa-
0otax [9-13, 16] ormedaercs, 4TO MOITYYCHUE
TTa3MOXUMHYECKHX HAHOAMCIEPCHBIX TOPOII-
KOB OOYCJIOBJICHO BBICOKHMHU CKOPOCTSIMH 00B-
EMHOW KOHJICHCAIIMH Ta30IJIaMEHHOTO TOTOKA,
YTO MPHUBOAUT K HECTAOMIBHOMY COCTOSIHUIO
HAHOJMCIEPCHBIX YacThll. PaHee mpoBeneHHBIC
TEOPETUYECKUE M JKCIEPUMEHTAIbHbBIC HCCIie-
JoBaHUS [5] ToKa3amd, YTO IS JTOCTHIKCHHS
TOHKOJIUCTIEPCHOW ~ CTPYKTYPhl ~ HU3KOJIETHPO-
BaHHBIX CTaJied HEOOXOANMOE KOJTHYECTBO IIEH-
TPOB KPHUCTAUIM3AIMN ayCTEHUTa pPa3MepoM
30...50 HM B pacmiaBe IOMKHO COCTaBIISITH
10°...10° mTt/cM’. DTO COOTBETCTBYET Pacxomy
0,08...0,15 % mac. HaHOMOM(UKATOpPaA OT Mac-
CBI pacriaBa.

O¢ddekTUBHBIM CIIOCOOOM CO3/IaHUS TOHKO-
JIMCTIEPCHOM CTPYKTYPBI U BHICOKOTO KOMITIEKCa
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MEXaHMYECKUX CBOWCTB KOHCTPYKIIMOHHBIX CTa-
Jell JUIsl CTPOUTENBHBIX COOPYKEHHMM aTOMHOMI
TEXHUKH SBISCTCS MOIU(PHUIIMPOBAHHUE pacIlia-
BOB TYTOIJIABKUMH HAHOAMCIEPCHBIMH KOMIIO-
3MIMSIMUA Ha OCHOBE THMTaHa [2, 5, 11]. HauGo-
nee d(GEeKTUBHBIM MOAUDUKATOPOM SIBIISICTCS
kapOoonuTpua tutana Ti(CN) c¢ pasmepom 4ya-
cturr 30-50 HM. DTa TyromiaBKas KOMITO3UIIHS
HUMEET T.II.K. — PElIeTKY MOI00HO T.II.K. penieTke
ayCTEHWTa U CHOCOOCTBYET 00pa30BaHMIO JTUC-
MEPCHON CTPYKTYpPBHI HU3KOJIETMPOBaHHBIX CTa-
Jieii. MexaHn4ecKne CBOMCTBa 00pa3IiioB, BhIpE-
3aHHBIX M3 Je(POPMUPOBAHHBIX MPYTKOB, MOCIE
TEPMOYIIPOYHSIONICH  00paOOTKH  OIBITHO-
MPOMBINIUIEHHBIX MapTHii ctaneit 0912 u 091°2C
10 W Tocie MOAU(UIIMPOBAHUS TPUBEICHBI B
Tab. 3 (MpUBEIEHBI CPEIHUE 3HAYCHUS CBOMCTB
o 7 obpasuam).

[Ipu paccMoTpeHUM MaccuBa JaHHBIX Mexa-
HUYECKMX HCIIBITAHUH YCTaHOBJIEHO, YTO B pe-
3yIbTaTe MOAU(MUIIMPOBAHNS HAHOIUCIIEPCHBIM
Ti(CN) moBbImarOTCsi MPOYHOCTHBIC ¥ TJIACTH-
YECKHUE CBOMCTBA CTaJIEd: G, IIOBBIIIAETCS B
cpenteM Ha 23 %; 6o, — Ha 19 %; & — Ha 23 %;
v —Ha 6 %. Ilpu sToM Hambosee 3HAYUTEIHLHO
MOBBIIIICHAE YIAPHOW BS3KOCTH B CpPETHEM Ha
39 % mo cpaBHEHHIO C HEMOAH(DUIIUPOBAHHBIM
COCTOSTHHEM. JTO JOKa3biBaeT 3(P(PEKTUBHOCTh
MO (PHUIINPOBAHHUS.

Jlnst OIEHKH BJMSIHUSL HaHOMOPOIIKOB Ha
JKCIUTyaTallMOHHBIE CBOMCTBA JETAJIEH NpPOBE-
JICHbl HCCIICIOBAHHS BIMSIHUSL TIyOWHBI TPO-
MUTKH CTAJIBHBIM PACIUIaBOM HAaHOIOPOIIKOB
Ti(CN) u TiC B Buae oOMa3Ku Ha BHYTpPEHHEH
MOBEPXHOCTH IUTeHOW (opMbl, (popmupyro-
med B Tpollecce 3alMBKH pabOvylo TOBEpX-
HOCTh JINTON aetaynn. CyIlleCTBEHHOE BIIUSHHE
Ha TIPOIECC MPOMUTKH HMEET OJHOPOJHOCTh
nopoumkoBo cmecu. [loaToMy cMecn HaHOMO-
pomikoB Ti(CN) m TiC roToBWIM myTem -
TENFHOTO TepeMEIINBaHUSI KOMIIOHEHTOB B aTT-
pUTOpe Ui JTOCTHXKEHHSI PaBHOMEPHOrO pac-
npenenenus [13]. CKIOHHOCTD CTaJIbHOTO pac-
TIaBa U HaHOIIOPOIIKOB K B3aMMHOMY MPOHHK-
HOBEHHIO OICHUBAJH IO IIyOHMHE MPOMUTAHHO-
ro CJIos Ha pabouell OBEpXHOCTH jaeraneh. Pe-
3yJIbTaThl 3aMEPOB MPHUBEICHEI B Ta0. 4.

AHanmu3 JaHHBIX TaOJHIBI MMOKAa3bIBAET, YTO
MPOMNUTKa ¢jo0s crainu HaHomnopoiikoM Ti(CN) B
cmecu ¢ Ti(CN) crnocoOcTByeT YBENUYESHHUIO
TITyOMHBI KOMIIO3WIIHOHHOTO CJIOSI TI0 CpaBHe-
HUIO C YHCTBIM KapOuaoMm THTaHa. HambGonb-
mryio (20-22 MM) IpPONMUTKY MMEET HaHOIOPO-
mok Ti(CN).

Pe3ynbTaThl mMccnenoBaHusl BIWSHUS TEMITe-
paTypsl 3alMBacMOro MeTayia ¥ BPEMEHH BBI-

JICPKKU pacijiaBa Ha TJIyOMHY HPOIMMTKH IMPH-
BEJICHBI Ha pUC. 2.

) / 1600°C

-» | 1360°C

Tmy©1Ha TPOIHTKH, MM

6 8

BpeMA BBIIEPKKH, MHH

Puc. 2. Bnusame TtemrepaTyphsl 3aJuBacMOro
METajla U BPEMEHU BBIACPKKU pacIuiaBa Ha
TITyOWHY MPOIMUTKH

OKCIEepUMEHTAIIFHO YCTaHOBIIGHO, YTO IO-
BBIILICHHUE TEMIIEpaTyphl 3aIMBAEMOM CTaH JI0
1600 °C m BpemMeHHM BBIJCPKKH paciiiaBa 0
8 MUH 3HAYUTENBHO YBEINYHBACT TIyOUHY MPO-
nuTky: o0pasiel cramu 091'2C B ucxomHoM co-
CTOSIHUM W TOCJE MPONUTKH HCIBITBIBAIH HA
HW3HOCOCTOWKOCTh, KOTOPYIO OIIEHUBAIU IO T0-
Tepe Macchl obpasia ¢ 12 no 20 mm. Pesynbra-
ThI WCIIBITAHUSI TI0KA3aJId, YTO HauOoyee BhICO-
KYI0 M3HOCOCTOHMKOCTh MUMeNa CTajb, MOIU(U-
nuposanHas Ti(CN). M3HOCOCTOMKOCTh MOJH-
¢urmpoBannoit cramu 0912C B 2,5 pa3za Bbllie
HA3HOCOCTOMKOCTH HCXOJHOW CTaJIu.

[ony4eHHble pe3ynbTaThl HUCHBITAHUH HKC-
TUTyaTalliOHHBIX CBOWCTB MOAM(HUIIMPOBAHHON
cranmu 091'2C MoOryT MMeTh Ba)KHOE MpaKTHYe-
CKO€ 3HauCHHE, MMOCKOJIBKY MO3BOJISIIOT 000CHO-
BaHHO TMOJXO/AUTH K BEIOOPY cOCTaBa M pa3Mmep-
HO-KpUCTaIuIorpaguyeckux mapamMeTpoB HaHO-
MoauduKaTopa.

C TeopeTHYECKOH TOYKH 3pEHHS TOIy4YeH-
HbIE SKCIEPUMEHTAIBLHBIC JJAHHbIC MPECTABIS-
10T Hay4HYI0O HOBHM3HY, a UMEHHO: pa3paboTaH
MeXaHHM3M B3aUMOJICHCTBHSI CTaJbHOTO paciuia-
Ba CO CJIOEM HAHOIUCIIEPCHOW KOMIIO3HIIUH,
KOTOpBI BKJIFOUACT CIIEAYIOIIUE MPOIECCHI:
HArpeB CJIOS HAHOMOPOIIKA 3a c4eT (PU3NIECKO-
ro Telula paciuiaBa, (QUIBTpAIUIO paciuiaBa B
MOpBI TIOPOIIKA, pachpenelieHie 4acThl] HaHo-
MOPOIIIKA B HMJIKOM paciuiare, auddy3noHHbIC
MPOIIECCHl MPH OXJIAXKACHUH MeTamia. JTH pe-
3yNBTAThl SIBJISIFOTCS MPEUMYIIECTBOM JaHHOT'O
uccnenopanus. OJHAKO HENb3s HE OTMETHTH,
YTO NMPU 00OCHOBAHWHU BHIOOPA MapaMeTPOB MO-
madukaropa W TPAKTOBKE  MEXaHHYECKHX
CBOWCTB cTayieil (Tabi. 3) HEe yYMTHIBACTCS W3-
MEHEHUE CTPYKTYPbl MOJU(QHUINPOBAHHONW CTa-
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mu. Taxass HeONpenerneHHOCTh HAKIIAbIBAET
OIIPE/EIICHHBIE OTPAHUYECHMS HA UCIIOJIb30BAHUE
MOJIYYEHHBIX PE3YJIBTATOB, YTO MOXKHO TPaKTO-
BaThb KaK HEJOCTATOK JAHHOIO MCCIEIOBaHUS.
HeB03MOXHOCTh YyCTPAaHUTH 3TU OIPAHUYECHUS B
paMKax JaHHOTO HCCIEIOBaHMS OOOCHOBBIBAET

MOTEHLIMAIbHO MHTEPECHOE HAYYHOE HalpaBJe-
HHUE JaIbHEUIUX wucchaenoBanuii. OHU MOTYT
OBITh OPHMEHTHPOBAHBI TAaKXKE Ha H3YUYCHUC
CBSI3U CTPYKTYpBI MPOMUTAHHBIX CJIOEB CTaH C

TeMIEpaTypHO-BPEMEHHBIMU

mporecca.

napaMeTpamu

Tab6muma 1 — XuMudeckuii COCTaB CHHTE3MPOBAHHBIX HAHOAMCIICPCHBIX COSTUHCHUI

Haumeno- CopepxaHue 3JeMeHTOB, % Mac.
BaHUE
marepuaia| Si Sicaos C Cenos N Al Alcgos Ti Ticgos- Mg
SiC 60... 1,0... 30... 2,0... [ 05... - - - - -
65 2,0 32 2,2 1,0
AIN - - - 0,1... 30... 60... 0,5... - - -
0,5 33 65 2,0
TiC - - 18...21 1,0... - - - 76... 1,0... -
1,5 80 1,5
TiN - - - 1,0... 20... - - 75... 1,0... -
2,0 23 78 1,5
Ti(CN) - - 15... 0,5... 19... - - 60... 0,5... -
17 1,0 22 65 1,0
Mg,Si 33... 1,0... - - 1,0... - - - - 63...
36 2,0 2,0 65
Tab6muma 2 — Kpucramiorpahuueckie U puU3HUECKUE CBOMNCTBa HAHOKOMITO3UIIAH
Mare- [pocrpancreenno- | Tun da- | Ilepuox Ee- [Tnot- Temmneparypa Pacuérnas
puan reoMeTpHYECKas 3Bl IICTKH, HOCTD, TUTABJICHUS yIenbHas mo-
¢dopma gactun a c Kr/m’ (pasnoxenus), BEPXHOCTb, M*/T
°C
SiC I'excaronannHas, Buenpe- | 3,080 | 10,04 3220 2830 54,8
TPUTOHAJIbHAS HUE Paznoxenus
AIN I'ekcaronaneHas Buenpe- | - - 2350 2200 64,6
HHE [TnaBnenus
TiC KybOuueckas Buenpe- | 4,319 | - 4920 3140 24,7
HHE [TnaBnenus
TiN KybOugeckas Buenpe- | 4,243 | - 5430 2950 21,6
HHE [TnaBnenus
Ti(CN) | Kybuueckas Buenpe- | 4,256 | - 4950 3120 24,0
HHE [TnaBnenus
Mg,Si KybOuueckas, 3ameme- | 6,338 | - 2920 1170 42,8
chepuieckas HUE Paznoxenus
Tab6muna 3 — Brusaue MoaudUIUpoBaHus Ha MEXaHMICCKUE CBOWCTBA CTayIeh
Mapka CocTosiHHE CTau MexaHnueckue CBOMCTBa
cTanu o, MIla | oo, MITa | 8% v, % KCU, MJx/M”
C345 Hemomudumuporannas 574 512 19,0 40,6 0,58
C345 MoaudunupoBaHHas 762 641 21,5 45,2 0,76
C355 Hemomudumuporannas 7657 568 18,2 43,0 0,58
C355 MoaudunupoBaHHas 8811 675 22,4 45,7 0,81

Tab6mumna 4 — I'myouna nporutku crajged C345 u C355 pa3auyHbIMU KOMITO3HITUSIMHU

Howmep onbiTa

I'nmyOuHa npormuTku, MM

Ti(CN), 100 % TiC, 100 % 50 % Ti(CN) +50 % TiC
1 18...20 15...17 17...19
2 17...19 13...15 15...17
3 16...18 13...15 15...17
4 20...22 15...17 17...19
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BriBoabI

[IpoBeneHHBIMH HCCIIEIOBAaHUSIMUA yCTaHOB-
JICHBI OCOOCHHOCTH KPHCTaLIOrpahuuecKoro
cTpoeHHs (PU3MYECKUX CBOWCTB HAHOAUCIIEPC-
HBIX COCAMHEHUH KapOWIHOro, KapOOHUTPHU/I-
HOT'O W CHJIMIIMJIHOTO KJlacca, KOTOpPbIE 3aKIO-
YaroTCs B COOTBETCTBUU IapamMeTpOB KpHUCTa-
JIMYECKON pPelIeTKH HAHOYACTHI] C KPUCTAJUIU-
YECKOM pemerko cranu. brnaromaps sTomy
(akTy MOKHO yTBEPX/IaTh, YTO UMEHHO HAaHO-
nucriepcHblii  kapbonutpua tutaHa Ti(CN)
Hanbosnee d3pPEKTHBHO BIMSACT HA MPOIIECC MO-
TGUIMPOBAHUS. DTO TPOSBISIETCS B TOM, YTO
gactuipl Ti(CN) ciyxaT LeHTpaMu KpUCTaILIU-
3alli¥, MO3BOJSIFONIMMH TONYYUTh JTUCIIEPCHOE
CTPOCHHE CTaJH, a CIIEIOBATENIbHO, U BBICOKUH
YPOBEHb MEXaHHYECKUX CBOWCTB.

AHamM30M MaccHBa JAHHBIX MEXaHHYECKUX
CBOMCTB J1e)OpPMHPOBAaHHBIX 3arOTOBOK YCTa-
HOBJICHO, 4TO MOAU(MUIUPOBaHNE KapOOHUTPH-
JIOM THTaHa TOBBIMIACT G, B cpeaHeM Ha 23 %;
002 — Ha 19 %; 6 —Ha 23 %; y —Ha 6 %. 0912 n
09I'2C; naubonee 3nauntensHo (Ha 39 %) mo-
BBIIIAETCS yAapHAs BA3KOCTb.

B pesynbraTte mpoBeAeHHBIX SKCIEPHUMEHTOB
YCTAHOBJIEH MEXaHW3M B3aMMOJICHCTBHUS CTalIb-
HOT'O paciulaBa CcO CJOEM HaHOIUCIIEPCHOH
KOMITO3UIIMH. Y CTAaHOBJECHBI TEMIIEPaTypHO-
BpPEMEHHBIEC IMapaMeTphl IPOIMUTKH , TIO3BOJISO-
IIHe TOJNYYUTh MAKCUMAaIbHYIO TIIyOMHY CIOs
npu Moauduimpoanuu Ti(CN).

YcraHoBieHa 3¢ (GEKTUBHOCTh IPUMEHEHHUS
HAHOJMCIEPCHBIX KOMITO3MIIUK B TPOMBIIUICH-
HBIX YCIIOBUSIX IPOM3BOJCTBA KOHCTPYKIIMOH-
HBIX CTajedl C MOBBIINICHHBIM KOMIUIEKCOM Me-
XaHUYECKUX U IKCIUTYaTal[IOHHBIX CBOHCTB.
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MODIFICATION OF STRUCTURAL
MATERIALS UNDER SATURATION BY
PLASMECHEMICAL SYNTHESIS BY
NANOPARTICLES

Bolshakov V.I., Kalinin A.V.,
Pridneprovskaya State Academy
of construction and architecture,

Glushkova D.B.,
KhNAHU

Abstract. The chemical composition of nanodis-
persed compositions was determined: SiC, TiC, TiN,
Ti(CN), AIN, Mg,Si, Mg;N,. The chemical
composition  of the synthesized compounds
corresponded to the stoichiometric composition. An
analysis of particles microdiffraction patterns was
carried out, it was shown that nanopowders belongs
to solid crystalline bodies with a metallic bond. It
has been established that Ti (CN) titanium
carbonitride particles are face-centered, and silicon
carbide (SiC) have a hexagonal crystal lattice.
Experiments on the surface modification of 09G2,
09G2S steels with nanopowder compositions based
on Ti (CN) and SiC have been carried out. The
effectiveness of using nanodispersed compositions in
the smelting of structural steels has been established.
As a result of the 09G2S steel modification with Ti
(CN) nanopowder, the strength, plastic properties
and toughness were increased. The choosing of
nanodispersed Ti (CN) carbonitride powders with a
fraction less than 100 nm as modifiers of low-alloy
steels was substantiated. The necessary criteria for
the selection of nanopowder modifiers was obtained:
insolubility in melt, conformity of the crystal lattices
with the matrix of steel, proportionality with the
critical radius of the austenite nucleus during
crystallization. The mechanism of a steel melt
interaction with a layer of a nanodisperse
composition was established.

Key words:  nanodispersed  composition,
modification, plasmochemical synthesis, structural
steel, mechanical properties, crystallographic
parameters.

MOJIUPIKALISI KOHCTPYKIIMHUX
MATEPIAJIIB ITPU HACUYEHHI
HAHOYACTHUHKAMMU, IO OTPUMAHI
IJTASMOXIMIYHUM CUHTE30M

Boabmakos B.1., Kaxinin O.B.,
IIpuaninpoBchbKa AepkaBHA aKajaeMist
OyniBHULTBA i apxiTekTypH
'nymkosa /1.b.,
XapkiBcbKuii HAiOHAJLHUI ABTOMOOLIBHO-
JOpOXHili yHiBepcUTeT

Anomauia. Busnaueno Ximiunuil ckiao HaHOOUC-
nepcuux komnosuyiu: SiC, TiC, TiN, Ti(CN), AIN,
Mg,Si, Mg;N,. Ximiunuil cKiao CuHme308anux cno-
YK 6ionogioae cmexiomempuyromy ckaady. Ilpose-
O0EHO aHaui3 MIKPOOUMPAKYIIHUX KAPMUH YACMUHOK,
NOKA3AHO HANENHCHICIb HAHONOPOWIKIE 00 MEepoux
KpUCmamiuuux mii 3 memaneeum 36 si3kom. Bcma-
HOBNEeHO, W0 dacmunku Kapoouwimpudy mumany Ti
(CN) maioms epaneyenmpogany, a kapoioy KpemHito
(SiC) — eexcaconanvhy kpucmaniuny peulimky. bynu
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npo6eOeHi  eKCnepuMeHmu 3 NOBEPXHe8020 Mo-
ouixyeanns cmaieii HAHONOPOUKOBUMU KOMNO-
suyismu Ha ocrnoei Ti (CN) i SiC. Bcmanoeneno
ehexmueHicmos ~ 3aCMOCYBAHHSL  HAHOOUCNEPCHUX
KOMRO3UYIL Ni0 4ac Uniaéku KOHCMPYKYIUHUX cma-
aeu. YV pesymomami moougixyeanns cmani 091 2C
nanonopowkom Ti (CN) niosuweno xapaxmepucmu-
KU MIYHOCMI, NAACTMUYHI GIACMUBOCI MA YOAPHY
8 ’A3KiCMb.

O0tpyHmosano eudip HAHOOUCNEPCHUX NOPOWKIE
xkapoouimpudy mumany Ti (CN) ¢pakyii menwe
100 Hm 6 sikocmi MOOUGIKAMOPI6 HUZLKOAC20BAHUX

cmaneti. Ompumano HeoOXiOHI Kpumepii 6ubopy
HAHONOPOUIKOBUX MOOUPDIKAMOPIE. HEPOZHUHHICIb 6
PO3NIasi, BGIONOBIOHICMb KPUCMANIYHUX —PEUimoK
mampuyi  cmani, CHIGMIpHICMb I3  KPUMUYHUM
paoiycom 3apooKka aycmeHimy npu Kpucmanizayii.
Bcmanoeneno mexanizm 63aemo0ii cmane6ozo pos-
niasy 3 wapom HaHoOUCNePCHOT KOMNO3UYIL.

Knrouosi cnosa: wnanooucnepcna Komnosuyis,
MOOUPIKYSaHHS, — NIAZMOXIMIYHULL — CUHME3, KOH-
CMPYKYIUHA CMATb, MEXAHIUHi 1ACTMUBOCI, Kpu-
cmanozpagiuni napamempu.



