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AmMOMOOUNTLHO-00POIHCHBLIL UHCIMUMYM 20CY0APCHEEHHO20 8bICULE20 YHUEOHO020 3A6€0CeHUA
«/loneykuii HAWUOHANbLHBLIL MEeXHUYEeCKUIl yHUugepcumemy, 2. I oprosxa, Ykpauna

BbIBOP TEXHOJIOI'MYECKUX U ®PUSNYECKUX TAPAMETPOB IIOTOKOB
HMOHOB PA3HBIX COPTOB, DHEPTUI 1 3APSIOB JJIA IOJTYYEHUS CJIOEB
HAHOCTPYKTYP, TPEBYEMBbBIX PASMEPOB 3EPHA, TOJIINH

N PU3UNKO-MEXAHUYECKHUX XAPAKTEPUCTHUK

Pewanaco coemecmnas 3a0aua menionpoeooOHOCMU U MEPMOYNPY2OCMU, 6 pe3)bImame peuleHuss KOmopou no
npeonodceHHbIM Kpumepusm nonydenus Hanocmpykmyp (HC): no ouanasomy memnepamyp, ckopocmetl ux
HApAcmanusi u 6eIUYUH MEeMNEepamypHbix HanpsCeHUull Onpedensiucy 30Hbl Mamepuand, 2oe 6 obveme 0emanu
Paccuumanuvie 3Ha4eHus memMnepamyp, CKOpocmetl ux Hapacmanusi U memMnepamypHuIxX HanpsiceHuil obecne-
yueaiom noayueHue Hanocmpykmyp. Ha ocnoee npugedennvix pezyivmamos pacuemos 3a8ucumocmeti pame-
pa 3epna, 00vemMa HAaHOKAACMePa U 21yOUH e20 3ae2anus, YIUCd Yacmuy 6 HAHOKAAcmepe Om IHep2ull, Copma
u 3apada uoHa, a maxoice 0600WeHUs 3A6UCUMOCTEN PUUKO-MEXAHUYECKUX XAPAKMEPUCTUK HAHOCMPYKITYD
om pazmepa 3epHa NOKA3AHA BO3MONCHOCMb 8b100PA MEXHONOUYECKUX U UUUECKUX NAPAMEmPOo8 HOMOKO8
UOHO6 OJisi docmudicenus mpebyembvix gusuxo-mexanudeckux xapaxmepucmux HC, monyunul cnos u pasmepa

3epHa.

Knrouegule cnosa: nanocmpykmypul, pasmep 3epHa, UOHbL, MOTUJUHA.

[lpn nelicTBUM HMOHOB Ha JeTajb, YacTh HOHOB
OCaKJaeTcs Ha IMOJUIOKKY, 00pa3ys 3allUTHOE MOKPHI-
THE, YacTh INPOHMKAET BHYTPb KPUCTAJUIMYECKOW pe-
LIETKH, TIPH 3TOM 00pa3yroTCsi HAHOCTPYKTYPBI, Kak Ha
TIOBEPXHOCTH MaTepHaja B BHJE MOKPHITHS HAHOMETPO-
BOW TOJIIMHEI, TaK ¥ Ha IIyOWHE, PaBHON PacCTOSHUM,
Ha KOTOpblE NPOHHKAIOT HMOHBI PA3IMYHBIX JHEPIHH,
COpTOB M 3apsioB. TakuMm 00pa3oM, Ha MOBEPXHOCTH
MOATIOKKH (POPMHUPYETCSl TIOKPHITHE, KOTOPOE HMEET
XOpOUIYIO aJIre3Hi0 K IMOJIOKKE 3a CUeT TOro, 4TO B
HIDKHHUX CJOSIX MMEIOTCSl aTOMBI, OJJHOPOIHbIE IO XH-
MHYECKOMY COCTaBY M CBOHCTBaM.

HaHocTpykTyprpoBaHHbIE MaTepHaibl 00JIaaatoT
TIOBBIIIEHHBIMHA  (PM3UKO-MEXaHMYECKUMH  XapaKTepH-
CTHKaMH U TI03TOMY TEXHOJIOTHS MX TOJYYSHHUS! BaskHa
JUISl IIUPOKOTO MCIIONB30BaHUSI HAHOCTPYKTYp B aBHa-
LIUOHHO-KOCMUYECKON TexHuke. Bce 3T0 mno3BomuT
TaKXe TOBBICHTh PECYPC M HA/ISKHOCTH IMap TPEHUS 3a
CYET CHIDKEHUS! KOd(QQUIMEHTa TPeHHus, a TaKxKe dJIe-
MEHTOB KOHCTPYKIHH, paboTalomux IMpH JWHAMUYE-
CKHUX Harpyskax.

AHaJIN3 OCHOBHBIX 10CTHKEHHI
U JINTepaTypbl

[Ipu B3auMONENHCTBUU MOBEPXHOCTEN C MOHHBIMU
My4KaMHd WK TUIa3MEHHBIMHU MOTOKAMU Ha IOBEPXHO-
CTH TBEPJIOTO TeJla U B €ro MOBEPXHOCTHOM CJIOE€ MPO-
TEKaeT PAJl MPOILIECCOB, KOTOPHIE OMPEEIIAIOT KaueCTBO
MOJTy4aeMbIX MOKPBITHIA, UX COCTaB, CKOPOCTh UX HaHe-
CEHUsl U OIpeJleJIeHHOe KauecTBO u3nenus. [Iponeccsl,

MIPOXOAAIINE BOJM3M MOBEPXHOCTH, BIMSIOT B OCHOB-
HOM Ha CKOPOCTh HAHECEHUS TIOKPBITUS ¥ COCTaB IIJICH-
ku. Te mporecchl, KOTOpbIE MPOTEKAOT B IPHIIOBEPX-
HOCTHOM CJIO€, 00YCIaBIMBarOT oOpa3oBaHue (OpMU-
pyeMo#l CTPYKTYpbl M KadeCTBEHHBIX IOKa3aTeneil mo-
kpoITus [1-18].

BeposTHOCTE Ka)KAOro M3 TPOLECCOB CIOKHBIM
00pa3oM 3aBUCHT OT CBOIMCTB caMHX HOHOB (Macca,
BEIMYMHA 3apsia), CKOPOCTH €ro IBIKEHHS W yIia
CTOJIKHOBEHHSI C TIOBEPXHOCTHIO, a TAaKXKe OT COCTaBa,
TeMIIepaTyphl, (PU3UKO-IHEPreTHIECKUX CBOWCTB. Bce
9TO pacIIUpsieT IUana3oH BO3MOXKHBIX IUTA3MEHHBIX
TEXHOJIOTUH.

[TosToMy Tak BakHO MNpOaHAJIM3UPOBATH OOCTa-
HOBKY ITpY IGHCTBUH PAa3JIMYHBIX HOHOB Ha MOMJIOXKKY H
TIPY KOHJICHCAIIMX Ha Hee MOKPBITHSI.

PabGora BeImonHsANack B paMKax nporpammsl Mu-
HHUCTEpCTBa 00pa3oBaHMs U Haykn YKpauHbl «HoBble u
pecypcocOeperaromyie TEXHOIOTHH B SHEPreTHKe, Ipo-
MBIIIJIEHHOCTH UM arpoNpOMBIIIIEHHOM KOMILJIEKCE»
(moncexnmst 13 «AnpokocMHUUecKas TEXHHKa M TpaHC-
nopt») u 1o teMaMm: «Coznanne (PU3UKO-TEXHHUIECKHX
OCHOB TOBBIIICHUS] KauecTBA MaTEPUaAIOB adPOKOCMH-
YEeCKUX KOHCTpYKIMH» M «Pa3paboTka TexHomormye-
CKHX OCHOB HMHTETPUPOBAHHBIX TEXHOJOTHH IIa3MeH-
HO-MOHHOW 00pa0oTKM JeTanell  a’pOKOCMHYECKOM
TeXHUKW», «KOHLeNIus co3JaHusl HAHOCTPYKTYpP, HAaHO
W TPaJULHOHHBIX MOKPBITHH C y4ETOM BIIMSIHUS ajre-
3un Ha 3PQPEKTHOCT, M PabOTOCIIOCOOHOCTH JeTalei
AT, Al u PW», X0310roBOPHBIX padOT U JTOTOBOPOB O
COTPYJIHHUYECTBE.



ITocTaHoBKa 337244 U LIeJIH
HCCJICA0BAHUA

JleficTBre 3apsDKEHHBIX YaCTHI] Ha KOHCTPYKIIU-
OHHBIC MaTEPUANTBI TIPUBOJIUT K TOSBJICHUIO HA TITyOUHE
JIOBOJIEHO BBICOKUX TEMIIEpATyp, MPHU JICHCTBUU UHIU-
BHJIyaJIbHBIX HOHOB Pa3HBIX COPTOB U YHEPIHii, B 30HE
TEIUIOBOTO BO3JICHCTBHS €CTh BEPOSATHOCTH IOSBIICHUS
TEMICPATYPHBIX HATPSHKCHUN 3HAYWTEIIHOW BEITUYH-
HBI, YTO ITOJITBEPKIAAECT BO3MOXKHOCTH 3apPOXKJICHHUS
JIOKAJTBHBIX 30H, TJI€ JOCTHUTAIOTCS YCIIOBHS IMOSBIICHHUS
HAHOCTPYKTYp [1].

brimo paccMoTpeHo AeicTBHE IIMPOKOro Kpyra
nonoB: C, N, B, Al, V, Ti, Cr, Fe, Ni, Co, Y, Zr, Mo, Hf
Ta, W, Pt. Oueprum wactun, E=200, 2000, 20000 »B,
3apsiIOBOE YHMCIO HOHOB paBHo 1, 2, 3.

Henpro uccnenoBanust SBISETCS CO3[aHUE METO-
JIUKU BHIOOpA TEXHOJIOTMYECKUX U (DU3MUYCSCKUX Mapa-
METPOB MOTOKOB MOHOB ISl TIOYYCHUST HAHOCTPYKTYD
TpeOyeMBIX pa3MEpoB 3€pHA, (PUBUKO-MEXaHHICCKHUX
XapaKTEePUCTHK U TOJIIHH.

Pe3yJ1bTaTI)I HCCJICA0BAHUA

Onpeodenenue mpedyemozo pazmepa sepna HC
u puzuueckux napamempos nomoka,
obecneuugarOuux e2o noayueHue

Jlis psima yrnpodHsieMbIX MaTepHajoB MOXKHO BOC-
TIOJTE30BATHCS SKCIIEPUMEHTAIBHO MOJyYeHHBIMU 3aBH-
CUMOCTSIMH ~ (DU3UKO-MEXaHMYECKUX  XapaKTEePUCTHK
(®MX) ot pa3mepa 3epHa (cM. puc. 1-4) nim 06001EeH-
HBIMU 3aBUcHUMOCTsIMU [1].
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Puc. 1. 3aBucuMOCTs MUKPOTBEPOCTH
ot nponenTtHoro coctasa TiN B mokpsitin TiB,+TiN
(pa3mep kpucramios 3-10,2 um) [15]:
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A —E=3505B, «—E=5005B, x —E=1105B

Hwm, Ma
55

50

45

40 +—o

35 *

—9 XH, HM

30

1 3 5 7 9

Puc. 2. MukpoTBepA0CTh NOKPBITHS B 3aBUCUMOCTH
oT pa3Mepa Kpucrauia [ 16]: skciepuMeHTaIbHbIe 3HA-

yeHus npu ¢ — E=250 B
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Puc. 3. MukpoTBep10CTh NOKPBITHS OT pa3Mepa 3epHa
T10 IaHHBIM paOoTsI [17]
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Puc. 4. 3aBucUMOCTb MUKPOTBEPIOCTH OT pa3zmepa
3epHa 10 JaHHBIM paboTs! [18]

Hampumep, mist MukpoTBepnoctu (puc. 5) u mpe-
Jiesia TeKy4ecTd oT (puc. 6) pasmepa 3epHa MOXKHO BBI-
OpaTh Juama3oH pa3MepoB 3epHa [19], MO3BONSFOIIUIA
noyuuts Tpedyembix @MX. Ilo 3aBucHMOCTSIM pa3me-
pa 3epHa, OT PHEPTUU U 3apsijia OIpeenseTcsa quana3ox
TIOCIJIETHUX /IS OTydeHus] Heo0xoquMbIx PMX.
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Puc. 5. Pe3ynbTathl 00001ICHAS 3aBUCUMOCTH
MHKPOTBEPAOCTH OT pa3Mepa 3epHa:
1 — MakcUMaJIbHBIE 3HAUEHUS;
2 — MUHUMAJIbHbIE 3HAUEHUS
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Puc. 6. PesynbraTel 060011eHs 3aBUCHMOCTH TIpeiesna
TEKYUYECTH OT pa3Mepa 3epHa 1o padore [1]

Ounenka BO3MOKHOM M TpedyeMoii
ToIuHLI cjaoa HC

Ilo paccuntanHeiM [20] 3aBHCHMOCTSIM MakcCH-
MaJIbHOM W MUHUMAJIbHON TITyOWHBI 3ajieraHusi o0bema
HC or sHeprum u 3apsina moHa (puc. 7), BEIOMparoTCs
¢u3nyeckre mnapameTphl IIOTOKOB, O00ECIIeUMBAIOLINE
3aI0JIHCHUE CIIOCB MO MIyOWHE, HEOOXOIUMO, YTOOBI
00beM Kaxaoro cios Obut 3amoiHeH Ha 70-90%, uto
obecrieunBaeTcsi BHIOOPOM COOTBETCTBYIOLIEH IIOTHO-
CTH TOKa, KoTopas onpenensercst or oorema HC (3aBu-
CHUMOCTH KOTOPOT'O OT HEPTHH W 3apsiia MOHOB Ipe.-
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CTaBJICHBI HA PHC. 8) U MaKCUMAaJIbHOW U MUHUMAaJILHOH

TITyOVWHE 3aJjieraHnsi HAHOCTPYKTYpHI (puc. 7), Mo KOTO-

poil MOXXHO TMONYYUTh IJIOTHOCTh TOKa B COOTBETCT-

BYIOILIEM MOTOKE MOHOB JUISl KAYKIOIO CIOS:

hrnaxi - hrnini

——¢Z,
Vi

=
rae: hmaxi u hmini — MakCHMaJlbHas ¥ MUHUMAJIb-

Has riryouHa 3aneranust oobema HC B croe;
Vi
€ — 3apsL IEeKTPOHa;

7 — 3apsAaA0BOC YMCJIO MOHA.

— 00beM HC B COOTBETCTBYIOIIEM CIIOE;

[TocnenoBarensHOCTE  BHIOOpA TOTOKOB HOHOB
OCYIIECTBIISIETCS] TAKUM 00pa30M, YTOOBI IIOTOK HOHOB C
MaKCHMaJIbHO BO3MOXKHOM TITyOWMHOH (puc. 7) MpOHUK-
HOBEHHUs oOecrieunBan TpeOyeMyro TIyOUHY HaHOCT-
pyKTypupoBaHHOTrO cios. CIeayromuii TOTOK HOHOB
JIOJDKEH HMMETh MaKCHUMaJbHYIO0 TIyOMHY OJHM3KYI0 K
MUHHAMAJIBHOM TPEIBIAYIIETo, U TaK J0 MUHUMAJIbHOH
TJIyOWHBI T.€. /10 MOBEPXHOCTHOM HAHOCTPYKTYPHI, KO-
TJla YUCII0 YaCTHIl B HAHOKJIACTEPE MEHee YeThIpeX (CM.
3aBHCHMOCTH YHMCJIa YacTHIl B HAHOKJIACTEPE OT SHEp-
THH | 3apsiJia HOHOB, HalIpUMep, puc. 9).
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Puc. 7. 3aBucuMocTi MUHMMaNBHOH h; M MakcuMallbHOM h, TITyOMHBI IOTYYeHHsT HAHOCIIOS OT SHEPTuH (a)
u 3apsiia noHoB (0) (mons! Y, Zr, Nb, Mo)
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Puc. 8. 3aBucumocTh 00bEMa HAHOCTPYKTYP OT 3apsiaa u 3Heprun noHos: Mo; Hf, Ta, W, Pt
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Puc. 9. 3aBucumocTs uncia 4acTHIl B HAHOKJIACTEPE OT 3apsAAa U SHEpruu UoHos: Y, Zr, Mo

Ilpumep evidopa mexunonozuyeckux u puzuueckux
napamempos NOMOKO8 UOHOE PA3HBIX IHEPZUil,
copmos, 3apa0a 01 NOAYYEeHUs HAHOCMPYKIYP
¢ mpedyemvimu OMX, monwunoi
u pazmepamu 3epHa

Paccmotpum cityuaii, korna TpedyeTcs OBepXHO-
CTHBIA  CNOW  HAHOCTPYKTYPHl ~ MHKPOTBEPIOCTH
40 I'Tla, mpenenom Ttekydectu 2,5 I'lla u TommmHON
2-10° m.

[IpoBens B mpemIOKEHHOW MOCIENI0BATEIBHOCTH
pacueTsl U3 TpaduKoOB pUC. 5 U 6, MOIYIUM TpeOyeMbIit
pasMep 3€pHa, COpT, SHepruro E; u 3apsan woHa g,
MaKCUMAJBbHYIO U MHHHMAJIbHYIO TITYOHHBI 3aJICraHusl
obbema HaHoCcTpykTypel h; u h, (puc. 7). OObem

HaHOCTPYKTYphl — V; (pHC. 8), YMCIIO YaCTHIl B HAHOK-
nactepe — n (puc. 9) U NIOTHOCTH HOHHOTO TOKA jj ,

JIJISl BCEX PACCMOTPEHHBIX CIIOEB PE3YJAbTAThl MPEACTAB-
JIeHsl B a0 1.

ITo wu3BecTHON (PUIUUCCKON XAPAKTCPUCTHKE —
IJIOTHOCTA MOHHOT'O TOKA — MOYKHO TIOJTYYUTh TEXHOJIO-
TMYECKHUE TapaMeTphl Hanpspkenne — U, Tok ayru Iy

)
MOTeHIWan NOANOKKH Uy JUIA 4ero BOCHOIb3yeMCs
pe3yabTaTtamu [2].

Bce 370 mokaspIBaeT, 4TO €CTh peajbHask BO3MOXK-
HOCTb TTOJTy4E€HUsI HAHOCTPYKTYpP 1O BBEIOpAaHHBIM (QH3H-
YEeCKMM U TEXHOJIOTMYECKMM MapaMeTpaM IOTOKOB
HOHOB.

Tab6muna 1

duznyeckue napaMeTpbl IOTOKOB HOHOB COOTBCTCTBYIOLICTO COPTA, SHEPIUU El , 3apAJHOro 4Yncia Z , INIOTHOCTH

TOKa MOHOB i Tipy omydennn HC Ha MakcuManbHOM ¥ MUHUMAaJIbHOM rmyoune hy u h,, obvema V;,

IIpHU YUCJIC YaCTUIl B HAHOKJIACTEpaAxX n

Ne | Copr E;, 7 w hy, hy, Vi Ji> n
ciost HOHA 5B HM HM HM MM AM?

1 W 200 1 4 9-10 1,7.10" | 2:107%° | 1,3-10° 107

2 Nb 1000 1 5 10” 9-10™" 2:107 1,6 5

3 Zr 1000 3 7 8107 10” 2:10%° | 1,3-107 17

4 Hf 2:10° 3 27 2:10° 8107 2:10™® | 5810° [ 510°
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[pemiokeHa METOINMKA BHIOOPA TEXHOJIOTUICCKUX
U (U3NYECKUX MMApPaMETPOB TOTOKOB HWOHOB Pa3HBIX
SHEPTHUH, 3apsIOB ¥ COPTOB IS IMOTYICHUS HAHOCTPYK-
Typ C 3aJIaHHBIMHU TOJIIIMHOW, (PU3UKO-MEXaHUICCKUMU
XapaKTEePUCTHKAMHU, Pa3MEPOM 3epHa.
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PenenzenT: 1-p TexH. Hayk, npod., mpod. kad. «TexHOIOrHM IPOM3BOACTBA ABUALMOHHBIX JBHIATEINICH)
AMN. JonmatoB, HannonansHelii aspokocMuueckuii yausepcureT uM. H.E. JKykoBckoro «XappkoBckuil aBHaIu-
OHHBIM MHCTUTYT», XapbKOB, Y KpauHa.

BUBIP TEXHOJIOT'TYHHUX I ®IBUYHUX ITAPAMETPIB ITIOTOKIB IOHIB PI3HUX COPTIB,
EHEPIII 13APSIIB JIJISA ONEPKAHHS IIAPIB HAHOCTPYKTYP, HEOEXIJTHUX PO3MIPIB
3EPHA, TOBIIUH I ®I3BUKO-MEXAHIYHUX XAPAKTEPUCTHUK

0.0. bpysaka

BupinryBanack cymicHa 3ajada TEIUIONPOBIAHOCTI Ta TEPMOIPYKHOCTI, Yy pe3yibTaTi BUPINIEHHS SKOI IO
HaBeJIeHUM KpHTepisiM onepkanHs HaHocTpykryp (HC): mo miama3zoHy temmepaTyp, MIBUAKOCTEH iX 3pOCTaHHS Ta
BEJIMYMH TEMIIEpaTYpHUX HaANpYyKEeHb 3HAXOIIINCH 30HM Marepiaiy, Jie B 00’eMi jAeTaii po3paxoBaHi 3HAUCHHS
TEMIIEpaTyp, MBUIKOCTEH IX 3pOCTaHHS Ta TEMIIEpPAaTYpHUX HaNpyXeHb 3a0€3MeUYyI0Th OTPUMAaHHS HAHOCTPYKTYP.
Ha ocHOBI npuBeieHNX po3paxyHKiB 3aJI€)KHOCTEH po3Mipa 3epHa, 00’ €My HaHOKJIAacTepa, INIMOWHY HOro 3aJIsraHHs,
YHCIIa YaCTOK Y HAHOKJIACTepi B €Heprii Ta 3apsay 10Ha, a TAKOXK y3araJlbHEHHS 3aJIe)KHOCTEH (Pi3UKO-MeXaHIuHIX
XapaKTEPUCTHK HAHOCTPYKTYP BiJl PO3Mipy 3€pHa JOBEJCHAa MOXKIIUBICTH BHOOPY TEXHOJOTIYHUX 1 (hi3HIHHX
rapaMeTpiB MOTOKIB 10HIB JJIsI IOCATHEHHS MOTPIOHMX (i3UKO-MexaHIuHUX Xapakrepuctuk HC, ToBIIMHN mapy Ta
po3mipy 3epHa.

Karo4oBi ciioBa: HAaHOCTPYKTYpH, PO3Mip 3€pHA, 10HU, TOBIIMHA LIApPY.

SELECTION OF TECHNOLOGICAL AND PHYSICAL PARAMETERS OF THE FLOW OF IONS
OF DIFFERENT VARIETIES, ENERGY AND CHARGE FOR LAYERS NANOSTRUCTURES
REQUIRED GRAIN SIZE, THICKNESS AND PHYSICAL-MECHANICAL CHARACTERISTICS

0.0. Bruyaka

Heat conduction problem is solved together and thermoelasticity, resulting in solutions which on the proposed
criteria for fabricating nanostructures (NS): over a range of temperatures, and the growth rates of their values to
determine where the thermal stress of the material, where the amount of detail the calculated values of the
temperature, velocity of rise and thermal stresses ensure chiva-obtaining nanostructures. On the basis of the
calculation results of the grain size dependence, the volume of the nanocluster and its depth, the number of particles
in a nanocluster of energy, quality and ionic charge, as well as summarize the dependence of physical and
mechanical properties of nanostructures on the grain size shows the choice of technology and the physical
parameters of the flow ions to achieve friction buoy physical and mechanical properties of nanostructures, layer
thickness and grain size.

Key words: nanostructures, grain size, ions and the layer thickness.

Bpysika Oabra OJieroBHa — KaHA. TEXH. HAYK, IOUECHT Kadeapsl GU3UKH, ABTOMOOMIIEHO-TOPOXKHBIHA HHCTH-
TYT TOCYJapCTBEHHOIO BBICIIEro y4eOHOro 3aBeleHus «/loHenkuii HalMOHAIbHBIA TEXHUYECKHH YHUBEPCHUTET,
r. ['opnoBka, Ykpanna



