CTKpbITbie UHPOPMALIMOHHBLIE 1 KOMIMBKTRDHLIE MHTErPUPOBaHHbLIE TexHoNnorn Ne 59, 2013
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A.1O. Mupropogckuii

0.0. bpysika

TexHonoruueckue NapameTpel HOTOKOR HOHOR PA3HLIX COPTOB,
IREPrui, 3aPaI0B U HJIOTHOCTH TCKOB JJifl HOAYYCHUS TpedyeMbIx
GUBHKO-MEXANPYLCKUX XAPAKTEPHCTHK d2TaNeH
¢ HAHOCTPYRTYDaMU

Heau. Aaporocm. Ya-m . H.E 2Kykosckoeo «XAWy; 3-8 um. Manbiuiesa;
XTI 3-9 um. Mansiwesa AV DonHIY, e. loprioska

Ha OCHOEE HPMBEOSHRBIX PACHETOB 3BENCHMMOCTEN [A3MaDs 3epHa, 0DbeMa HaHounacTepa u rmybuH erc
3GNeraHmnsi, MUCNa YACTKY B HEHOXNACTEPA 07 OHEPMMH 1 2aD80a uwoHa, & Take oBosujerus
3ABUCUMOCTEN DUBVKG-MEXBHUHECKUX XSPaKTEPUoTHK HarocTpyaryp (FHC) o7 pasmeps sepha noxasaxa
BOZMONKHOCTE BRIEOPA TEXHCAOMMMECKVX U (DUANYSTKMX TADAMETPOB NOTOKOR WOHOB ANA AGCTIHMEHUA
TREOYEMBIX (DUBUKO-MEXAHNUSCKIK X2pakTepreTk HT, ToNLWMHE! 1 Pa3Mena 3epHa.

Kntoueenle coea AanOCTPYKTYDbI, PA3MED 38PHE, UOHbI, TONLMHE.

Brenesue

Mpu peficTBUM MOHOB Ha MAETaNb YacTh WOHOB OCAKAZBTCS Ha MOLIOXKY,
00pasys 3ALMTHOE OKELITUE, HACTb TPCHUKAET BHVTDD KPUCTAIMAYECKOH PSLUSTKY,
now aToM 00pasyioTCs HAHOCTPYKTYDBI KAk Ha MoBEpXHOCTU maTepuana B Buge
NOKPLITYA HAHOMETPOBOM TOMWUHLI, TAK K1 HA rnybuHe, paBHOM PACCTOSHUSM, Ha
KOTORBIE NMPOHUKAOT MOHbI PABTIVHHLIX SHEPTUA, COPTOB ¥ 3apanos. Takum obpasom, Ha
NOBEDXHOCTY NMOATONKKA (POPMULYETCS TOKPRITUE, KOTOQ0E VMEST XOPOLLVID aaresuio K
NOANOXKKE 3@ CYET TOr0, YTO B HWWKHUX CCAX VIMEITCA aTOMbi, OAHOPOAHbLIE MO
XVMW4ECKOMY COCTaBY W CBOWCTBAM.

AHanus CCHOBHLIX JOCTUKEHKNA ¥ NUTEPATYR LI

[lpy B3auMOERCTBUM TOBEPXHOCTEN C NOHHBLIMU ITYHKAMW WIN NNa3MEeHHbIMK
NOTOKaMY Ha NOBEPXHOCTY TBEPLOro Terna i B 8o NoBepXHOCTHOM CIToe NpoTeKaeT pag
NpoUecCcos, KOTOPble OnNpefensicT KavdecTBO NnoNyyaembiX  MOKPbITAN, “X COCTaB,
CKOPOCTh VX HAHECEHUS 1 ONpedeneHHoe ka4ecTso usnenus. Nooueccss, npoxoasilme
BONM3M NOBEPXHOCTM, BINSIOT 8 OCHOBHOM Ha CKOPOCTbL HaHECEeHWUS NMOKPLITUS U COCTaB
nriedkn. Te nMpouecchbl, KOTOPbIE NPOTEKAdT B  NPUNOBEPXHOCTHOM  chioe,
obycnasnueatotr  obpasoBaHve  (GOPMUPYEMONK  CTPYKTYPbl W KAYeCTBEHHbIX
nokasatenen nokpbitus [1-18].

BeposaTHOCTL KaX[oro U3 rnpoLeccoB CIOXHBIM 00pasoM 3aBUCUT OT CBOMCTB
cammx woHoB (Macca, BenuuuHa 3apsaa), CKOPOCTU €ro  [OBMXKEHUS W yrna
CTONKHOBEHUA C TMOBEPXHOCTLH, a TawKke OT COCTasa, TeMnepartyph!, (U3UKO-
3HepreTvdeckux CBOWCTB. Bce 370 pacwmpseT AnanasoH BO3IMOXHLIX MMa3MeEHHbLIX
TEXHOMOTWA.

[MoaToMy Tak Ba)kHO MpoaHanusnposats OOCTAHOBKY NPy AENCTBUM PA3ITUYHBIX
WOHOE Ha NOSNOXKY W NPY KOHAEHCALMW Ha Hee NOKPLITUS.
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OTKPEITEIE HQOPMALMOHHLIE U KOMITBIOTEDHBIE UHTErPUpOBaHHbIe TexHonoriv Ne 59, 2013

PaGota BbLIMONHANACL B pamMkax nporpammbr MuHuctepctBa obpazoBakusg u
Haykn Ykpaunbl «Hoeblie u pecypcocheperalouie TEeXHONOrMW B SHepreTuke,
NPOMBILLAIEHHOCTH w arponpoMbILINEHHOM KOMMNeKce» (noacekums g
«AapokocMuYecKas TexHuKka “ TpaHcnopt») u no Temam: «Co3faHue duanko-
TEXHUHECKUX  OCHOB  MOBbILEHUA  KAYeCTB2  METEpManoB  a3poOKCCMUYECKMX
KOHCTPYKUMAMA» 1M «PaspadoTka TeXHONOTUYSCKUX OCHOE WHTErpupoBanus TexXHONIOMni
NNasMeHHo-uoHHeR ofBpaboTkn fAeTanel a’poKOCMUNECKOW TexHukky», «KoHuenums
CO3NGHUA HAHOCTPYKTYP, HaHO— ¥ TRALULMOHHLIX TIOKPHLITUA ¢ LOCTOM BRUSHWS
afpresun Ha  adextHooTs M pabotocnocobHocTe  gevanen AT, Al wn PUy,
XC3ROTOBOPHLIX paboT ¥ JOTOBCPOE O COTPYAHMIECTRS.

TlocTANOBEA 334394 i LUENW WCCHIegORAHKA

AencTsne 3aDANEHHLIX YACTUY HA KOHCTOYKUMOHHBIE MAETepLans! NPpUaoanT K
NoABMEHVIO  Ha  raybude  [080nkh0  BbICOKUX  Temnepatyp. oy pedficteu
MEAMBMAYAIbHBIX  MOHOB DA3HLIX CCRTOB W AHEDIWA, B 30HEe TENNOBLIT RO3ESACTRNA
SCTh BEPUSTHOCTS NORBNEHUAR TEMMEDATYPHBIX HANDMKEHWA JHAYNTENBEHON Bennunts:,
HTO MNOATREPMAAST BOIMOXKHMOCTb 3APOKASHMS NOKANLHLIY 30H, TOe ACCTAraToH
YCRnsWs NOSAINEHNA HanceTpyrTyp (11

Cxema, M300PaKEHHEN Ha PUC. 1, N03BONSST UCXOLs U3 32BUCUMOCTER (inavKo-
MEXAHUHECKUK  XapakTEPUCTUKKW  OT pasMepa 3epHa NOoNYyHuTh  TEXHONOrdeckue
NapameTpbt NOTOKOB WOHOB pasHbiX COPTOB,  3aDHACB W JHepiuwil, a TaKkke
COOTBETCTBYIOLLIX MAOTHOCTEN TOKOB.

Bce o970 roeoput © peansHOl  BCIMOXKHOCTA  yXKe celdac nonyuatb ©

NOGTATOYHOW  CTENEHbIo  JOCTOBEPHOCT  HAHOCTPYKTYPLL  C  NMPOFHOSMPYEMbIMM

CBOKCTBAMMA.

Paccmotpum nogpobHee peannsauuio 3Toro anropuTMa.

brnaronaps paspaCoTaHHON METOLMKE Ha OCHOBE CO30AHHON MOAENN JeicTBuA
VICHOB DAsAWuHbIX SHEpPruiA, COpPTOB, 2apRL08 U NNOTHOCTSI TOKOB NONy4aem none
TEMMEPATYD U TEMMEDATYDHLIX HAMDSKEHURA, 8 KOTCPOM Haxogum chbem, B KOTOpOM
peanusylotca Tpefyembie TEeMNepaTyph!, CKODOCTH WX HapacTaHusa, U OueHWBasM
YCKOPEHMR NpOoLecea 3a CYET ASWCTBUR TeMNepaTypHbIX HanpsiieHuni, KoTopble ele
HEeAoCTaTONHLE  ANs  0BPa30BaAHUA  HAHOCTRYKTYP, HC  KOTCPbIE  CYLUECTBEHHO
£nocobCTBYIOT UX 0OPa30saHMIO 33 CUET NONYYAEMbLIX TEMNSPaTYD W CKOPOCTeR ux
HapacTanma. Takum  obpasom, noayyaMB  30HY  oDpasoBaHus  HaHoKnactepa
(MaKCUManbHY:0 W MUHUManbHYr ryGuHy aaneraHus Hanoknactepa HCK) w ero
0DbemM, Bapbupya COPTOM, 3apSAOM 1 SHEPIMEN WOHOB, MOXHO 3arCfHWTh CIoW
AOBONBHO BONbLWON  TOMNUWMHLL  HAHOKNACTpeamMy, npuyeM Ans  KaK4Oro  Crios
BLIMUCIAEM MIOTHOCTL TOK&. 3Has 3aBUCMMOCTH (PaccunTaHHbLIe HaMy) pasmena sepHa
OT 3Hepruy, 3apsida n copTa vacTuubi, a Tawke no oueHke ®MX oT pasmepa sepHa,
MOXeM OnpefenuTb pasMep 3epHa, a cneposarensHo, U ®MX cnoes. B 10 xe Bpems
no napameTpam NoTOKOB MOHOB HaxO4vMM YUCND YacTul B HAHOKIAcTepe, No KoTopomy
onpegernsem, nopepxHocTHas (n<4) unn obbvemHas (n>4) HC.
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Pesynurarthi Hccneaosalus

Onpepgenenune Tpebyemoro pasmepa sepHa HC 4 puU3nYeCKUX napaMeTpos
rnoToka, obecneunBaOUMX ero nonyyeHune

BOCHOI1bL30BaATLCA

MOXHO
PHUIUKO-MEXAHNHECKNX

MaTepnanos

YAPO4HAEMbIX

psna

[ns

SKCNEPUMEHTANLHO
XapaKTEpUCTUK

3aBUCUMOCTHMA

NnonyvYeHHbiMy
(PMX) oT pasmepa

3asucumocTsmm [1].

unu - 0BodLIeHHBIMK

3-6)

(puc.

3epHa
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FWG. 7. Pedylibidibl 0DVOLWERNS 3aBNCMMOCTY MUKPOTBEPAOCTY OT pasMepa sepHa:
1 — MaKcUMarbHbie 3Ha4YeHns; 2 — MUHUMANbHbIC 3HAYEHUS

111




OTKDBITHIE MHDOPMALKGHHBIE i KOMIBIOTEPHBIE UHTErPUPOBaHHbIe TexHonorun Ne 59, 2013

Hanpumep, Ans MUKPOTBEPAOCTU (pMC. 7) N npepsena TekyyecTu OT pasmepa
3epHa (puc. 8) MOXHO BLIGPATL AUANAZOH PA3MEPOB 3EPHA, NO3ROASIOLINA NONYUUTL
Tpebyemble ®OMX. [lo 3aBucrMOCTAM pasmepa 3epHa, OT 2JHepru . 3apana
onpenensieTca nManascH MocrieSHuX.
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Fuc. 8. PeaynbtaTei 0006IUSHUA 3ARVCUNMOCT NDEAGNE TEKYIESTA 0T PasMepa 3epHa
no patore ‘

CueHKa BO3ZMOXHON % ToelyemMok TonuHs: cnos HC

1o paccunTanHbiv [20] 3aBUCUMOCTAM MEKCUMAIbHOW M MUHUMENEHOR rNyBuRbI
aaneraua cobema HC o7 aHeprun v 3apaga vova (puc. 8), suibupaioTes dusndeckne
napameTpbl NOTOKOB, obecrieunBawLLne 3anonHeHve cnoes No mybune, Heobxoaumo,
4TOOBI 00BbEeM Kawzoro cnoa Obint focTato«Ho  3ancnHed Ha 70...90%, dto
obecneuyunsaeTcs BbIBOPOM COOTBETCTBYIOLWEN NIOTHOCTY TOKA, KOTOpas ONpeaensercs
or ofwenmia HC (32BMCMMOCTU KOTOPOro ©T JHEpPrvKM ¥ 3apsifa WOHOB NOKasaHbl Ha
puc. 10), makcumanbHOW ¥ MUHUManRbHOW rmyBuHe 3aneradusi HAaHOCTPYKTYDbI (PWC.
11), NC KOTOPOMA MOXKHO MONYUUTb NNOTHOCTL TOK& B COOTBETCTBYIOLLEM NOTOKE WOHOE
A5 KaXZoro cnos:

hmaxi - hmz'ni
v
rae hmaxi " hmin,- — MakcuManbHas u MuHumanesas rnybuda saneranust o6bema HC B

Ji

er.

cnoe; ,

Vi — obbem HC B cooTBeTCTSYIOWEN CNOE,;
¢ — 3apsaf SNeKkTpoHa;

Z — 3apsifoBOe YMCIIO NOHE.
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Puc. 10. 3aBucumocTs obbema HaHOCTPYKTYP OT 3apsifa i IHeprum MOHOB
Mo; Hf, Ta, W, Pt

MocnenosatTensHOCTL BLIOOPA NOTOKOB MOHOR OCYLIECTBNAETCH Takum oCpasom,
4T06kI NOTOK UCHOB C MAaKCMManbHO BO3MOXHOM rnyGuHon (cMm. puc. 8) npOHUKHOBEHMSA
pBecneunsan Tpebyemyd rnybuHy HaHOCTPYKTYpUpOBaHHOTO cnos. Crneayrowmn noTok
MOHOB [JOSDKEH WMMeTh MakcuMmanbHyr rnybuHy, 6nuskyio K  MWHUMANbLHON
npefbliaywiero, M Tak A0 MUHUMANbHONM rmyBuHbi, T.e. [0 NOBEPXHOCTHOW
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HaHOCTPYKTYPb!, KOF4& YMCNC YacTUL B HaHOKNAcTepe - MEHee YeThipex
(cm. 3aBMCMMOCTM 4uCrna 4acTUL B HaKoKnactepe OT JHEeprui W 3apsaa WoHOB,
Hanpumep, puc. 11).
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Puc. 11, 32BUCUMOCTL MUCHA YECTUY B HAHOKNAcTePe O7 3apsiaa
n anepray nonns Y, Zr, Mo

MpyiMep BLIGOPEa TEXHONOTAYECKMX ¥ HM3UYECKUX NAPEMETPOB NOTOKOE KOHORB
PA3HBIX JHERTUI, COPTOR, 2aPAA AN HONYUYEHUA HAHOSCTPYRTYD
¢ TpebyembiMm QN TONWMHON ¥ DasMepaMK 3epHa

PaccmoTtpum cnyvan, korga TpebyeTca nOBEPXHOCTHEIM CIO¥M HAHOCTPYKTYDbL!
muxpoteepgocty 40 MMla, npegenom Texyvecry 2,5 Ma v TonwmHoR 2-10 . ‘
(lpoeeaa B NPeNOKEHHON NOCNSAOBATENLHOSTI pacyeTsl No rpadvikam puc. 5 v

. e g Fed
6, nomyuum Tpefyemuwit pasmep zepHa, copT, swepnmic E. u oapag uona G

- b — R S

MaKCUManbHYK ¥ MUHUMANLHYIO rryBuHy 3aneranng obbema HaHOoCTPYKTYRbl /4 W A,
OfveM HaHOCTPYKTYpbI VZ YUCNO YaCTWLl B HAHOKNAcCTEPe /1 i MIOTHOCSTE UOHHOrO

TOKa jz. LJ1R 8CeX PACCMOTREHHbIX CNOEB Pe3ynbTaThl NPUBESLCHL] B Tabn. 1.

Tabnuya 1
dusmueckue napameTphi NOTOKOB MOHOB COOTBETCTBYIOLLErD copTa, SHeprun Ez"

3apsafHOro bYMcna £, NNOTHOCTYU ToKa MOHOB ], npw nonydeHin HC Ha makcumansHon
1 MAHUMAaNEHONA ryduHax A u h,, ocbbema Vl npy Y4Kcsie YacTil B HaHoknacrepax #

Homep| Copr EI-, 7 a. .\ A, h,, V, Jir n
cnoga | uoHa 2B HM HM HM MMS A/M2

1 W | 200 1] 4 [910"1,710"] 2-10°° 1,3:10° 107
2 I Nf|1000 1] 5 | 10° |910"" | 210% 1,6 5
3 | Zr | 1000 {3 7 [810°] 10° | 2.10% 1,310 17
4 | Hf | 210* 3| 27 [ 210°] 810° | 2:107° 5,810° 510°
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10 n3BecTHO! BU3NYECKON XapakTepUCTUKe — NNOTHOCTY KOHHOTO TOKa — MOXHO
NONy4MTE TEXHONOMMUECKMe napameTphl — Hanpserne U, Tok gyrv [, noteHuman

nognioxku U, AnA 4€ro BOCNOMNL3yeMcs pesynbtatamy {2].

Bce 3TC nokasbiBaeT, YTO &CTk peanbHas BO3MOXHOCTL  NONYyueHUs
HaHOCTPYKTYP NOC BhiGpaHHLIM (DUINUECKUM ¥ TEXHOMOTMYECKAM NapamMeTpam noTOKOB
WUOHOB.

Buizon

MpegnoweHa meTonuka Bslfopa TexXHONOMMUYEcKnX Y (BU3KYSCKY NApamMeTpos
NOTOKOB WOHOB DASHLIX SHEPIMA, 3apAfoB M COPTOS LA NONYHeHus HaHOCTRYKTYD C
38aHHBIMY TOMUMHOR  (UH3UKO-MEXaHUHECKIMI XaPAKTEDUCTUKAMW, DAIMERUN 3ETHA.
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Moctyruvna s pe,u,axm?.so 07.06.2013

Texnosoriveckie napameTpu NOTOKIB I0HIB PI3HMX COPTIB, eHEPTiH,
3apsajiB 1 'YCTHH CTPYMIB AJIst OTPHMAHHA HeobXiiHMX (PizuKo-
MEXAHIYHHAX XaPAKTEPHCTHK €Taell 3 HAaHOCTPYKTYPaMH

. Ha ocHoBI npoBepeHUX pO3paxyHKIB aanexHsocTelrt posmipa 2epHa, 06'emy
HaHoKnacTepa, rmubnHy MOro 3ansraHdHs, YNCna YacToK Y HaHoKnacTepi sig eneprii Ta
3apsgy ioHa, a TaKkoX y3aranbHeHHs 3anexHocTed isnKo-MexaHivHUX XapakTepucTuK
HaHOCTPYKTYD BiA PO3MIpY 3epHa [AOBEAEeHO MOXIMBICTb BUBOPY TeXHOSIOrYHUX |
isndHMX napameTpiB NOTOKIZ iOHIB AN ACCArHEHHs NOTPIOHKX DisUKo-MexaHiuHuX
xapaktepuctuk HC, TOBIUWHM Ta DO3MIpY 3epHa.
Kmoveei cnoga: HAHOCTPYKTYPY, PO3MIp 3epHa, IOHW, TOBLMHA.

Tehnologicheskie parameters of the flows of ions of different
varieties, energy, charge and current densities to achieve the desired
physical and mechanical characteristics of parts with
nanostructures

On the basis of the calculation of the dependence of the grain size, the amount of
the nanocluster and its depth, the number of particles in the nanoclusters on the energy
and ion charge, as weil as generalized dependence of physical and mechanical
properties of nanostructures on the grain size shows the choice of technology and the
physical parameters of ion beams to achieve the required physical and mechanical
characteristics of the nanostructures, the layer thickness and grain size.

Keywords: nanostructures, grain size, ions and the layer thickness.
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