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NPEAUCIIOBUE

CnoBa ¢ mpHUcTaBKON «HaHO» (HAHOTEXHOJIOTHs, HAHOHAyKa, HaHOMa-
TepHalbl, HAHOTEXHNKA, HAHOCTPYKTYpa M Jp.) YK€ MPOYHO BOILIHA B
00MXO0J] HAYYHOU M HAYYHO-TEXHUYECKOHN JesATebHOCTH, XOTS YCTOM-
YyyBas OOIIENPUHATAs TEPMUHOJIOTHS elle JlaleKa OT COBEPIIEHCTRA 1
ee cTaHOBIleHHe mpojoinkaercs. [lpennmaraemas mMoHorpadwus sBIs-
eTcsl MPOAOJDKEHHWEM M pa3BuTHEM yueOHoro mocobus [1], co Bpe-
MEHH IyOJMKAIMM KOTOPOTO TPOILIO YK€ HECKONbKO JIeT. 3a 3TO
BpeMsl Ha PYCCKOM S3bIKE MOSIBWIINCh W JPyTHe KHUTH, B TOH WX
WHOW Mepe TMOCBALICHHbIE HAaHOCTPYKTYPHBIM MaTepuaiaMm (CM., Ha-
npumep, [2—12]). I1aTe n3mannii Beiaepskaga Mororpadus [13], He ro-
BOpSl O MHOTHX JPYTUX 3apyOeXHbIX KHUraX, B TOM YHCJE YHLUKIO-
neanyeckoro xapakrtepa [14-17]. Bce 5TO CBHUIETENBCTBYET O
3HAYUTEITFHOM MHTEpece K MaTepHaJoBeIYeCKON TeMaTHKe U O He0O-
XOAMMOCTH CHCTEMAaTHYECKOr0o OOHOBJECHUSI MOHOIpapUuEcKUX |
y4eOHBIX cBefieHui. Kpome Toro, moOyauTensHOM MpHINHON HamMca-
HUSl IaHHOW KHUTH SBUJIOCh M TO, YTO B MEPEUYHCICHHBIX W3JaHUIX
(dyHIaMEHTaIbHBIM aclieKTaM HaHOCTPYKTYPHOTO MaTepUallOBECHNUS
Y HOBBIM BO3MOXKHOCTSIM (KaK M K BBI30BaM CO CTOPOHBI HAHOTEXHO-
JIOTUM) yAemseTcs, Kak MpaBuio, HEI0CTaTOYHOE BHUMAaHUE.

[To MHeHMIO aBTOpa, 3TH BOMPOCH! SBIAIOTCA OYEHb BaXKHBIMHU KaK
B 00YYEHUU CTYJICHTOB U aCIIMPAHTOB, TaK W JJIsl TOTIOJTHEHUS 3HAHU I
uccrenopareneid u MHxeHepoB. OHM HAIIIM OTpaXeHHE B Psijie MHO-
TUX JOKJIAJI0B aBTOpa Ha POCCHICKUX M 3apyOeKHBIX KOH(EPEHITHIX
n wkonax (Mocksa, Cankt-IlerepOypr, EkatepunOypr, Mxxesck, Ho-
BocuOupck, benropon, Kaszamp, YepHoromnoBka, CheIKThIBKap, Kues,
Honeuk, Ceactononb, Munck, EpeBan, Xepuer Hosu, pe3nen, Ko-
nopago Crpunre, Puo-ne-XKaneiipo, Eitn T'enun, Llyky6a, Banranop,
Xap6wuH, JInccabon, Bapmasa, bapcenona, CanoHuku u mip.).
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ABTOpCKHE 0030pbI M CTAThH, OTHOCSIIINECS K 001aCTH HAHOCTPYK-
TYpHOT'O MaTepHaJOBeACHUs, MyOIMKOBaINCh B TAKUX JKypHalax, Kak
Yenexu gpusuueckux nayk, Yenexu xumuu, @usuxa meepoozo meid,
Quszuxa memannoe u memanioeeoerue, Poccutickuil Xumuyeckuil
arcypran, Poccuiickue nanomexnonoeuu, Hzeecmus PAH. Cepus ¢hu-
suyeckasa, Hanocmpykmyproe mamepuanosedenue, Mamepuano-
sedenue, Komnosumel u nanocmpykmypot, Journal Materials Science,
Materials Science Forum, Surface & Coatings Technology, Reviews
on Advanced Materials Science, Journal of Nano Research, u npy-
rux (U3UKO-XUMHUKO-MAaTEPUATIOBEIUECKUX U3JIAHUAX, Y KAKIOro W3
KOTOPBIX CBOS OTAeNbHas ayautopus. [loaTomy BromHe odeBHAHA U
HEOOXOJMMOCTh HW3JIOKEHUs TpeljiaraeMbIX OCHOB HaHOCTPYKTYp-
HOT'0 MaTepHAIOBEICHNS B 00bEIMHEHHOM U 0000IIIEHHOM BHJIE.

B koHIIe ipericioBys, BBEACHUS U KaXKIOW TIaBbl TOW MOHOTPa-
(uu MpUBEICH CIHCOK HCIIONB30BAHHON JMTEPAaTypPhl; [IUTUPOBAHUE
HOCHUT BBIOOPOYHBINA XapakTep, MPEeUMYIIECTBEHHO OTHOCACH K IIO-
CIIeTHUM 5—6 TO/1aM, IMOCKOJIbKY WH(OPMAIMOHHBIN TIOTOK B 00JIaCTH
HAHOTEXHOJIOTMHM M HaHOMaTEepHAJIOB Ype3BbIYaiiHO Benuk (cM. [Ipu-
nodxcenue [) 1 KakeTcs 1enecooOpa3HbIM OCBETHUTD JIMIIb MOCIEIHUE
My OJIMKaLH.

Cnenys [1], u3noXeHHe OCHOBHBIX MPOOJIEeM HAHOCTPYKTYpPHOTO
MaTepuanoBefieHus OyJIeT COCPEelOTOYeHO B OCHOBHOM IPHUMEHH-
TeJIbHO K KOHCOJMAMPOBAHHBIM HaHOMaTrepuajaM Ha OCHOBE MeTaj-
JIOB, CIIJTABOB, WHTEPMETAIIMIOB, TYTOIUIABKUX COENWHEHWA W Yac-
TUYHO TIOJYIPOBOJHUKOB; TOJUMEPhI PACCMATPUBAIOTCS B OTpaHU-
YeHHOM o0beMe. AyauTopus (CTYIEHTHI, aCTUPaHThI, IPETo1aBaTelNy,
WCCIIeJIOBATENM ¥ MHXKEHEPHI), TSt KOTOPOW HAaIlMCcaHa 3Ta KHHUTra, MO-
KeT ObITh TOBOJIBHO IIMPOKOH, BKJIIOYAs KaK CHELHMAINCTOB-HAHOTEX-
HOJIOTOB, TaK W COOCTBEHHO (PH3MKOB, XMMHKOB, MaTepHaTOBEOB,
OHMOJIOroB, MEXaHUKOB, MEJIMKOB, TEXHOJIOTOB H JIp.

ABTOp NpH3HATENEH MHOTHM CBOMM JpPY3bSM M KOJUIEraM 3a Mo/I-
JIepXKKy B TMPOBEIEHUH MCCIIEZIOBAaHNH 1 MOATOTOBKE cTaTeil, 0030poB
n noknanoB. OcobeHHo xouercsi mobnaromaputs C.M. AnnommHa,
A.I'. Anekcenko, M.B. Anpumosa, M.1. AnsimoBa, M.A. AHaHsHA,
M.B. AcraxoBa, A.JI. byuauenko, P.3. Banuesa, B.H. Bapioxuna,
A.A. Bunokypogna, I[I.A. Buta3sa, H.H. I'epacumenko, A.M. ['ne3epa,
IO.U. T'onosuna, B.B. T'onbsosa, C.B. JlobaTtkuHa, M. A. JlomalHeBa,
B.K. EropoBa, A.E. EpmakoBa, B.M. Hesnesa, I'.B. Kanunnukona,
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B.B. u C.B. Kimouapessix, FO.P. Komo6osa, T.E. KoHcTtanTuHOBY,
N.N. Kopobora, E.A. Jlepamesa, B.A. JlaBpenko, A.I'. JlanuHa,
10.B. JleBunckoro, A.I'. Mepxanoga, }0.B. Munsmana, }0.C. Heya-
esa, H.U. HockoBy, U.A. Ouasko, C.C. Opnanbsna, A.Jl. [Tanaciok,
B.E. Ilanuna, JI.H. [latpukeeBa, B.®. Ilerpynuna, A.Jl. [Tomoraiisno,
A.B. Parymo, B.®. PasymoBa, I'.b. Cepreesa, B.B. Ckopoxona,
W.I1. CyznaneBa, B.I1. Tapacosa, JI.1. Terensbayma, FO./1. Tperbs-
koBa, B.H. Tpowumxkoro, JI.U. Tpycosa, B.C. Yp6anosuua, C.A. ®upc-
ToBa, A.B. Xauosna, B.H. UyBunsaeena, E.®. leky, C.I1. [lunkuna,
J.B. Ilranckoro, a Takxke 3apyOexHbix komier A. Beitollahi,
A. Cavaleiro, R. Chaim, G.-M. Chow, M. Dariel, Z. Dashevsky,
J. m M. Desmaison, M. Edirisinghe, N. Frage, H. Gleiter, Y. Gogotsi,
H. Hahn, J. De Hosson, Zh.-Q. Hu, L. Hultman, V. Krstic, K. Lu,
K. Ma, M. Mayo, S. Milonjic, Ch. Mitterer, M. Muhammed,
A. Mukherjee, J. Musil, M. Ristich, M.C. Roco, V. Teixeira,
Th. Tsakalakos, D. Uskokovich, S. u M. Veprek, S. Zhang u
V. Zhitomirsky 3a HeM3MeHHBIH UHTEpeC U 3PPEKTUBHYIO MOMOILb.

Crnenyet Takke ¢ 071aroJJapHOCTbIO OTMETHTh CyOCHIMpPOBaHKE Ha-
mux padot B 20052011 rr. co croponsr PODOU (MHHLIIMATHBHBIC Ha-
yunble poekTsl Ne 05-03-32248, 06-03-90566 BHTC, 08-03-00105 n
11-02-92471, 6 ananuTuyeckux 0030poB U 6 TPEeBEI-TPAaHTOB) U MPO-
rpaMMm (QyHaameHTanbHbIX uccnenoBanuil [Ipesuauyma PAH Ne 7
«Pa3paboTka MeTOJIOB TOJIYUYCHHSI XUMUYECKUX BEIIECTB U CO3JIaHUE
HOBBIX MaTepuanioB» U Ne 22 «OcHOBBI (PYHIAMEHTATBHBIX HCCIIEO-
BaHUH HAHOTEXHOJIOTUH ¥ HAHOMATEPHUAJIOBY.

ABTOp Hajzeercs, yTo MOHOrpadus O6yaeT crmocoOCTBOBATH pacIlu-
peHHIo W yriayOleHnIo uccieloBaHuii B 00JacTi HaHOCTPYKTYPHOTO
MaTepHuaoBeICHUSI.
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BBEAEHUE

[Ipexxne yem mpucTynaTh K pacCCMOTPEHHIO OCHOB HAHOCTPYKTYPHOTO
MaTepHajJoBeieH!s, 00CYJM HEKOTOpble OOIIUEe BOMPOCHI, OTHOCS-
mpecs K TEPMHUHOJIOTHAN, OCOOCHHOCTSIM COBPEMEHHON HAyKH O MaTe-
puasiax, MyJIbTH- U MEeKIAUCIUIUTMHAPHOMY XapaKTepy HaHOTEXHOJIO-
MM W HAaHOMATepPHaJiOB, HOBBIM TEHJCHIIUSAM KOHBEPIC€HTHBIX
TEXHOJIOTUH.

«Hano unm He HaHO» — mona TakuM HasBanueM B 2007 r. ObLia
omyOJMKOBaHA CTaThsl aBTOpa ATOH KHUTH [B.1], mocesmieHHast BO-
MpPOCy, BOJHOBAaBIIEeMY MHOTHX Y4eHbIX. JlMCKyccusl Ha 3Ty TeMy He
MIpEeKpamaeTcs u Mo ceil JeHb, OCOOCHHO B CBS3H C MpoOIeMaMu BbI-
JIeNleHUs] TPAaHTOB U O(hOPMIICHHS MTATEHTOB, XOTs MHOTHE OOIIeHayd-
Hble TEPMHUHBI TaK)Ke HE UMEIOT YeTKHX omnpezeieHud. B amepukan-
CKO uTepaType HaHOHAYKY OMpPENeNsioT KaK COBOKYTHOCTh 3HaHUI
O CBOICTBax BellecTBa B HAHOMETPOBOM MacIITade, a HAaHOTEXHOJIO-
THI0 — KaK YMEHHe IIeJICHANpaBIeHHO co3aBaTh 0OBEKTHI (C 3apaHee
3a]aHHBIMH pa3MepaMH, COCTaBOM W CTPYKTYpOH) B IHama3oHe paz-
MepoB npubamsutensHo 1-100 aM [B.2]. Koponesckoe obmecTBo Be-
JTUKOOPUTAHNYN ONpe/eNsieT HAHOTEXHOIOTHIO KaK CO3/laHue, aTTecTa-
U0, TIONlyYeHHE W TPUMEHEHHE CTPYKTYp, YCTPOWCTB M CHCTEM C
KOHTPOJIMPYEMBIMH pazMepaMu u (GOpPMOIl HAHOMETPOBOTO Mac-
mraba.

B oredecTBeHHOI MTEpaType HAHOTEXHOJIOTUYECKHE TEPMUHBI U
OTIpeIeNIeHHs TTOIPOOHO 00CYKIAIOTCS B PsZie UCTOUYHUKOB (CM., Ha-
npumep, [B.3-B.6]). [IpeanoskeHsl pa3ndHble BapHAHTBI OTpeeie-
HUSI HAHOTEXHOJIOTHI M 0OTMEUaeTcs, YTO ATOT TEPMHH, KaK 1 MHOTHE
NpyTHe TIOKa HE MMEeT OJHO3HAYHOTO OmpeAeneHus. TepMruH «HaHO-
TEXHOJIOTHS» HOCHT XapaKTep coOMparenbHOro MoHsThsi. Yacto B ero
CMBICIT BKJIaJIIBAIOT M TEXHOJIOTHIO, U (DYHIAMEHTAIIBHYIO HAYKY, Y4TO
CO3/1aeT TPYAHOCTH JJs OJHO3HAYHOM TpakToBKH. Hambomnee ymad-
HBIMHU Ka)KyTCsl ceQyIoLKe OnpeaesieHns, ucnoib3oBaHHble B [Ipor-
pamMMe pa3BUTHA HaHouHAycTpuu B Poccuiickoit denepauuun 110
2015 . [B.4]:

e HaHOmMexHO02uU — HTO TEXHOJIOTMHU, HANpaBJIEHHbIE Ha CO3Ja-
Hue 1 (nn) 3¢ (HeKTHBHOE MPAKTUIECKOe UCTIOIh30BAHNE HAHO-
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00BEKTOB U (MJIM) HAHOCUCTEM C 3aJaHHBIMU CBOWCTBAMHU M Xa-
paKkTepUCTUKAMU;

® HAHOO0OBLEKm — 3TO 0OBEKT, IMHEWHBIN pazMep KOTOPOTO XOTs ObI
B OJIHOM HAIpaBJIEHUU UMEET BennuuHy nopsaka 1-100 uM;

e HaHocucmema (B TOM YHUCIIE HAHOMAaTepuay, HAHOYCTPOWUCTBO) —
9TO CHCTEMa, KOTOpas B KauecTBE CTPYKTYPHBIX JIEMEHTOB CO-
JEP’)KUT HAHOOOBEKTHI, ONMpPEEAIOLINe e OCHOBHbIE CBOMCTBA U
XapaKTePUCTUKH.

Jlnst oOLIHOCTH U B3aMMOCBSI3M MHOT'OYHCIIEHHBIX TEPMHUHOB B 00-
JIACTH HAHOTEXHOJIOTUM M HAHOHAYKU TaKXKe HCIOJb3YeTCsl MOHSITHE
HaHOOOBEKTa, KOTOPBIi onpexaensercs [B.7] kak BeliecTBo, MaTepual,
KOMITIOHEHT, YCTPOICTBO MIIM CHCTEMa C XapaKTEPHBIM pa3MepoM, 10
KpaiiHell Mepe B OZIHOM M3MEPEHUHU, B IPUMEPHOM MHTEpBasle OT J0-
neit HaHoMmetpa Ao 100 M. Hkuuil npegen sToro uHTEpBaga omnpe-
JieNsieTcsl pa3MepaMH aTOMOB U MOJIEKYJI, @ BEpXHHUI He HeceT HUKa-
KoM (pU3MuecKkoil WM XWMHUYECKOHW Harpy3kd M SBISIETCS YHUCTO
YCIIOBHBIM. Torza HaHOTEXHOIOTHUIO MOKHO ONpPENENUTh KaK TE€XHO-
JIOTHIO HaHOOOBeKTOB. HaHOHayka — 3TO Hayka 0 HAaHOOOBEKTax, Ha-
HOMAaTepHal MpeJCTaBIsieT COO0H MaTepual Ha OCHOBE HAHOOOBEKTOB
(0HO-, IBYX- MM TpeXpa3MepHBIX; U30JUPOBAHHBIX WM CKpEIUIeH-
HBIX; KPUCTAIJIMYECKUX, aMOP(HBIX MM HNOPHUCTHIX), HAHODU3NKA —
(¢u3rKa HAHOOOBEKTOB, HAHOOMOJIOTHSI — OHMOJIOTHS HAaHOOBEKTOB U
T. a. Takoe ompeneneHue MO3BOJISET, C OAHOW CTOPOHBI, M30EKATh
MHOECTBEHHOCTH ONpe/IeJIeHUI sl TEPMUHOB B chepe «HAHO», a C
IpYroil CTOPOHBI, OOBEAMHSAET 3T TEPMMHBI C KJIACCHUYECKUMH 3H-
LUKJIONEJUYECKIMU ONpe/eNeHNsIMA HAayKH, TE€XHOJOIMH, MaTepHa-
JoBeAeHus, PU3UKH, XUMUH U T. A. OQHAKO (OPMHUPOBAHHE MTOHSATHIA-
HOTO armapara B HAHOTEXHOJIOTHH M HaHOHAyKe BCe elle MPOooJiKa-
eTcsl, ¥ fanee OyAeT MCIOIb30BaThCs TEPMUHOJIOIHA, Hanbojee 4acTo
yHoTpebisieMass B MEXKIyHApOAHOM U OTEUECTBEHHON HAay4HOMW JINTe-
parype B 3TuX obnactsax. [log HaHOCTPYKTYpHBIMU (HaHOKPUCTAIIIH-
YeCKUMH, HaHOKOMIIO3UTHBIMH, HAaHO()A3HBIMU, HAHOBOJOKHHCTBIMHU
U T. I.) MaTeprajgaMu OyZeM MOHUMAaTh TaKHe MaTephasbl, B KOTOPBIX
OCHOBHBIE CTPYKTYPHbIE 3JIE€MEHTbl (KpUCTAJUINTHI, BOJOKHA, MOPBI,
CJIOM U JIp.) He MpeBbIatoT Mo pazmepam ~100 HM, o KpaiiHeil Mepe
B OJIHOM HaIpaBlIeHHH.

Hauwnnas ¢ 2005 ., MacTuTyT ipo6iemM MaTepuanioBeaenus Harmo-
HaJIbHOH AKaJeMuH HayK YKpauHbl (OMH M3 BEAYLIMX B MUpE Mate-
pHAIOBETYECKUX [IEHTPOB, KOTOPOMY aBTOp 00s13aH CBOMM CTaHOBJIE-
HUEM KaK Hay4HOro paOOTHHMKA) BBIYCKAaeT MEXKIYyHapOAHBIH Kyp-
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Han Hanocmpykmypnoe mamepuanosedenue. HaHOCTPYKTYpHOE
MaTepHaloBeIcHUE — 9TO HayKa 0 HaHOMaTepuanax, U3ydarolnas B3a-
MMOCBSI3b CBOWCTB C OCOOCHHOCTSIMU X HAaHOCTPYKTYPHI M COCTaBa B
TECHOM CBSI3U C TEXHOJIOTUEH M3TOTOBJICHHUS U HUCIOJIB30BAHUS C yue-
TOM SKOHOMMYECKOTO U 3KOJOrHuecKoro (GaktopoB. Takum oOpazom,
BBIOOp ONTHUMAIbHOW HAHOCTPYKTYpPHI M COCTaBa IPOBOAWTCS HE
TOJBKO Ha OCHOBE COOTHOUIEHWH TUMa cgolicmea—cmpykmypa (co-
cmae), 9T0 TPAKTHUKYETCS B OOBIYHOM MAaTEpHANOBEIECHUW, HO M C
Y4ETOM OIEepPaTUBHOM B3aUMOCBSI3U C HAHOTEXHOJIOTHUEHN M YCIOBUAMU
CTaOMIBbHOM AKCIUTyaTalluK C TOUKH 3PEHUSI SKOHOMUYECKON U IKOJI0-
rudeckoii sddexTuBHOCTH. Takoe 0ObeMHEHNHe MaTepHATOBEIIEC-
KHX, TEXHOJIOTMUYECKUX, IKOJOTUIECKUX M YKOHOMUYECKHX TOJXO0/I0B
MOXET JaTh 000CHOBaHHbIC d(h(DEKTHBHBIC PEKOMEHIALMU JJIsi U3r0-
TOBJICHUSI KOHKYPEHTHOCIIOCOOHBIX HAHOMAaTEepHAIIOB. ITO MHOTOMAc-
mra0Has 3a/1a4a, B PEIICHUU KOTOPOH IMITUPUYECKUAE U UHTYUTHUBHbBIE
METO/IbI BEITECHSAIOTCS CHCTEMHBIM aHAIM30M C HCIIOJIb30BAaHUEM KOM-
MBIOTEPHON TEXHUKH.

Lenecoobpa3Ho Moa4epKHyTh, uTO B mociaeanue 10—15 net cospe-
MEHHOE MaTepHalIOBEICHNE B IIEJIOM JIMIIAETCS YUCTO PElEenTyPHOTO
XapakTepa U CTaHOBUTCS, MO CYILECTBY, CAMOCTOSITEIbHBIM €CTECT-
BCHHOHAYYHBIM HAIPaBJICHUEM, PaBHOINPABHBIM C (QU3UKOU, XH-
MUel, MeXaHuKoW, Ouonorueit u Haykamu o 3emiie. OO0 3ToM cBHjIE-
TeJIbCTBYET ONBIT KpyMHeHmux yHuBepcuteToB mupa [B.8]. Hampu-
Mmep, B KeMOpumke cTyneHTaM ecTeCTBEHHOHAay4HOTO (haKyibTeTa
YUTAIOTCS JIEKIUU 10 (PU3KMKE, XUMUHU, OMOJOTHH ¥ MaTepuaoBese-
HUIO Ha MJIQJIIIUX KypcaX, a Clenuanu3anus Mo kadeapaM HadmHa-
ercs ¢ 4 kypca. B MI'Y um. M.B. JlomoHocoBa, Onarogapsi uHuLMA-
tuse akaj. t0./]. TpeTbsikoBa, ObLI cO3/1aH (aKyJIbTET HAYK O MaTepH-
ayax ¥ OCYLIECTBISETCS MOATOTOBKA CHEIMAINCTOB 10 HANPaBICHHIO
«Xumus, GuU3vKa U MeXaHWKa MaTepUaioB» C OCOOBIM aKIEHTOM Ha
HaHOMAaTepuasbl. s MOATOTOBKH CIIEHMAIUCTOB MO HAHOTEXHOJIO-
run B MI'Y cozman Hay4dHO-00pa30BaTeNbHBIN HEHTP, 00BEeIUHSIO-
LW yCUITUSL XUMUKOB, (PU3UKOB ¥ OHUOJIOTOB C Pa3HbIX (paKyJIbTETOB.

YMECTHO Takke MOAYEPKHYTh, YTO TEPMUHBI «METAID», «MeTal-
JIOBEJIEHUEY», «METAJUTyPrus» 3a pyOe)KOM MPAKTHUECKH HCYE3TH B
HA3BaHUSAX MHCTUTYTOB M KYPHAJIOB, YCTYNMHUB MecTO OoJiee OOIIUM

*
Crnenyer OTMETHTB, YTO Ha HEOOXOAMMOCTH yueTa CTPYKTypPbl B KypPHAKOBCKOM

COOTHOLIEHHUH cBoticmeo—cocmas odpaTuil BHUMaHue akan. M.B. Tananaer ewe B
80-x rogax XX Beka.
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MOHATHSIM — «MaTepHaj», «MaTepHaJOBEACHUE», «TEXHOIOTUS Marte-
puanoB». He roBops o Takux >xypHanax, kKak Acta Materialia n
Scripta Materialia (B KOTOpBIX CJIOBO «materialia» BBITECHHIIO
«metallurgica»), pyHIaMEHTANBHBIN OIIOT METAIUIOBEACHHUS, Ky PHAI
Zeitschrift fur Metallkunde, nmeromyii BEKOBYIO MCTOPHIO, HENABHO
nepeuMeHoBaH B International Journal of Materials Research. Mate-
puanoBeayeckas MpobieMaTHKa celiyac OXBaTbIBAET METasibl, WH-
TePMETaNIuAbI, MOJTYNPOBOJHUKH, OKCHJbI, KapOHWIbl W JApyTHe
TYronjaBKHe COEAMHEHMs, MOJIMMEPhl M COEOUHEHHs YTIJepoaa,
a TakkKe THOpUAHBIE KOMIIO3WTHI (COAepiKalllde HEOpraHUu4YecKue H
OpPraHUYEeCKHEe, «HEKUBBIE» U «KHMBbBIE» KOMIOHEHThI). DTO KacaeTcs
1 paboTbl MHOTHX HMCCIEIOBATEIbCKUX KOJJIEKTMBOB — MHCTHTYTOB,
kadeap, nabopaTopuil U aaxe rpymi. Y3Kas MeTanjoBeadeckas, Ke-
paMudeckas W MOJMMEpHas ClelUaan3alydy MOCTENIEHHO HCYe3aroT,
ycTtynas mMecto Ooliee HMIMPOKOMY MaTepHaJOBEAYECKOMY TMOAXOIY.
Taxue xe TeHIEeHLNUN POCIEKUBAIOTCS U B TEMAaTUKE KPYIIHbIX MaTe-
puanoBeayecKux KoHgepeHuud, KoHrpeccoB u T. 1. Ulupoko
W3BECTHBIC aMEepUKAaHCKUE opraHu3anuu — OOIIecTBO MUHEPAJIOB, Me-
TaJIJIOB U MaTepuanoB 1 MaTepuanoBeayeckoe 00IEeCTBO — €XKEr0AHO
OPOBOJAT MO 1—2 MeponpusiTHS C MPEeICTaBUTENLCTBOM HE TOJBKO
MaTepHajJoBe/IOB, HO U XUMHUKOB, (DU3UKOB, OMOJOTOB, MHIKEHEPOB,
TEXHOJIOTOB, CIEUUAIMCTOB B 007acTH MH(MOPMALMOHHBIX TEXHOJO-
ruif ¥ Hayk o 3emuie (Kaxjoe MeporpusTiue coctout u3 30-50 cummo-
3UyMOB, a 00llee KOJIUYECTBO YYACTHUKOB JOCTUraeT 1—2 ThICSY; 1O
WUTOraM H3Jal0TCSi MHOTOTOMHBIE TPY/bl), HE TOBOPS YKE O YACTHBIX
KOH(EepeHInsIX ¥ ceMHHapaX. Takoro ke IUIaHa MEpONpUSTHS, HO
B MeHblIeM MaciuTade npoBonsiTcs Penepanueid eBponelicKux mare-
pHaIOBETYECKUX OOLIECTB.

Bce orMedueHHOE B MakCUMaJIbHOW CTENEHU XapaKTEpHO U IS UC-
CIIEIOBAHMH CaMbIX PAa3IUYHBIX HAHOMATEPUAIOB, TJE€ TPAHHLBI
Mexay ¢uznkoi, xuMuei u Ouonorueil emie 6onee crepthl. HaHo-
CTPYKTYpHOE MaTepHanoBeleHHe ceiyac BBIIEINIOCh B LIMNPOKOE
MEKIUCUUIITMHAPHOE HAYYHOE HaTpaBleHHe, KOTOPOE SIBIISIETCS €Ba
JIM HE aBaHTrapIHbIM. DTO MOKHO IIPOCIEANTH 110 HHTEHCUBHO yBEJIH-
YuBalOIieMycsi WHPOPMAIMOHHOMY TMOTOKY (cM. [lpunoowcenue 1),
a TaKKe MpU aHaJIM3e COJIEPKAHUS U CCBUIOYHOIO armapara craTe,
MOCBSLLIEHHBIX HMCCIEJOBAHUSM B HAaHOHAyKe M HAHOTEXHOJIOTHSX.
Tak, B pabote [B.9] ormeuaercs, yto 151 dyHnameHTanpHas npei-
MeTHast kareropus (u3 obriero yucia 175, 1. e. 6onee 85%) oTpaxka-
nach B cofepxannu 30762 craTeid, ormyOJMKOBaHHBIX B TeYeHHE 1-T0
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nonryroaus 2008 r. B 6onee gem 6000 meprogndecKuX U3IaHUH, KOTO-
prie BxonaT B 0a3y nannbix SCI (Science Citation Index — nnaekc uu-
THPOBaHWs HAYYHBIX cTaTheil). Ha ocHOBe 3TOM ke 0a3bl NaHHBIX ObLI
COCTaBJICH CITMCOK W3 YIIOMUHABIIMXCS BhIle 175 QyHIaMeHTaIbHBIX
MpeIMETHBIX KaTeropuil. MHTepecHo, 4To OIyOJMKOBaHHbBIC CTaThU
comepkanmi Oojee 1 MITH CCBIIOK (T. €. B CpeIHEM MPHUMEPHO
33 cCBUIKM Ha OJIHY CTaThlo). B o0mieM oObeMe myOauKaiui mo 3Tum
HANpaBJICHUSIM NPHUHAJICKHOCTh K MaTePHANIOBEJCHUI0 M XUMUHU
Obuta pomuHHpytomel (coorBerctBeHHO 50% wm 44%), HO TakKe
ObUTM OTMEYEHBI (PU3NUecKas, OMOMEIUIIMHCKAs, UHKCHEepHAsl, KOM-
MBIOTEpHAS W JPYTHE HAMpPaBIEHHOCTH (CIeayeT MPHHUMATh BO BHH-
MaHHe OTHOCHTEIhHOCTh KOJIMUYECTBEHHBIX TOKa3aTeseil Mo MpUHajI-
JIEXKHOCTHU CTaTell Ha OCHOBE KITFOUEBBIX CJIOB, MMOCKOJIBKY 3TO OTHECe-
HUE TPOBOJUTCS aBTOpaMu crareii). Tem He MeHee W3 Pe3yJIbTaTOB
[B.9] xopolio BUAeH MYJIbTH- U MEXKIUCIHUIIMHAPHBINA XapakTep Ha-
HOTEXHOJIOTUH W HAaHOMATePHUAOBEACHHS, a TAKXKE BBISBIACTCS WX
B3aMIMOCBSI3b C OOIIMMHU €CTECTBEHHOHAYYHBIMH HATIPABICHUSIMH.

DTH 0COOCHHOCTH HAHOTEXHOJIOTHI U HAaHOMATEPUAIOBEACHUS KaK
HEJIb3s JTy4Ille COOTBETCTBYIOT Hiee KOHBEPTEHTHBIX TEXHOJIOTHMA, KO-
TOpasi B MOCJIEJIHEEe BpeMsl MOJydaeT Bce OOJIblee pacipoCTpaHeHUE
(cm., Hampumep, [B.10-B.13]). Dt TexHomorun oOBEAMHSAIOT BO3-
MOJKHOCTH HAHOTEXHOJIOTUH, OMOTEXHOJIOTHH, WH(POPMAIMOHHBIX WU
KOTHUTHBHBIX TexHosiorui (a60pesuarypa HBUK; B anrnuiickoit Bep-
cuu NBIC: N — nano, B — bio, I — info, C — cogno). B ocHOBe KoTHHU-
THUBHBIX TEXHOJIOTUH JIC)KHUT U3y4YECHUE TPOIIECCOB MIO3HAHUS, HCCIIE0-
BaHWE CO3HAHUS U IMOBEIEHUYECKNX OocoOeHHocTell nnmyHocTtd. OTme-
yeHo 20 ocHoBHbIX TeHaeHuuid pazsutus HBUK, koTopeie B TeueHue
ommkaiimux 10-20 yet no/mkHb ObITh peanuzoBadbl [B.10]: kopen-
HbIE I3MEHEHHS B CEHCOPHOH M KOMITBIOTEPHOU TEXHUKE; alallTHPYIO-
1yiecs K BHEIIHUM YCJIOBUSIM MaTepUabl; HOBbIE METO/IbI 3aIUTHI OT
OMOJIOTUYECKOTO, SACPHOTO M XUMHUYECKOTO OpYXKHS; TOKOpEHHe
JIAbHETO KOCMOCa; HOBBbIE MEMIIMHCKHE U MHUIIEBbIE MTperaparhl, HH-
TepQeichl Ui NPSIMOTO B3aMMOCUCTBUS MEIKIY UEIOBEYSCKHM MO3-
TOM W MallMHAMH; YCUJICHHE TBOPUYECKUX CITOCOOHOCTEH ¢ TMOMOIIBIO
HOBBIX MHCTPYMEHTOB U T. .

VYerpanss y3Ky0 CHelUann3aliio COBPEMEHHON HAayKH, CHHEpTe-
THYECKass KOHBEPTEeHINSA (T. €. B3aMMOYCHIIMBAIOIIEE CXOXKICHHE, a HE
MIPOCTO B3aUMO/IONIOIHEHUE) HanOoJiee MEPCIEKTUBHBIX HAYKOEMKHX
HaIlpaBJIEHUI MO3BOJUT, C OAHOW CTOPOHBI, CO3AaTh MPUHLUIINAIBHO
HOBBIE CHCTEMBI (HalpuMep, aHTPOITOMOP(HEIE, T. €. IMHTHPYIOIIHE






MNaeBal
PA3SMEPHbIE 3Q®®EKTbl B HAHOMATEPUAIAX

Bnaronaps pa3HooOpa3HbIM ITpUeMaM HAaHOTEXHOJIOTUU U HOBBIM Me-
ToAaM W3Y4YeHHUs CTPYKTypsl W coctaBa (cM. [lpunoocenue II),
CIIEKTp MaTepualloBeIYECKUX HCCIENOBAHUI 3HAYUTEIBHO pacllu-
pUICS W KaueCTBEHHO BUJOM3MEHUIICS, YTO MOYKHO MPOUJUIIOCTPH-
pOBaTh CIEAYIOLUMU IPUMEPAMMU:

e [PH BBISBJICHUHU BIUSIHUS OCOOCHHOCTEH CTPYKTYphI Ha CBOHCTBA
CYLIECTBEHHO YBEJIMYHIICS JMala30oH pa3MepoB M (OPMbI KpHUC-
TaJUTUTOB (BKIFOYCHHUH, OJIOKOB U T. 11.);

e TIPAaKTHYECKH CHSUIMCh OTPAaHWYCHHUS IO COCTaBY OTJHEIbHBIX
KOMIIOHEHTOB HAHOCTPYKTYpbI (T. €. MOSBHJIACh BO3MOXKHOCTb
M3yYEHUS JTFOOBIX KOMITO3HUTOB);

e OOHAPYXHUJIOCh 3HAYUTEIILHOE BJMSHUE XapaKTEPUCTHK MOBEPX-
HOCTE# pasiena Ha CBOWCTBA HAHOMATEPUAJIOB;

e OOJIBIIIOE PACIIPOCTPAHEHUE TMOJYYUIIH METOJIbI KOMIIBEOTEPHOTO
MOJICJIMPOBAHUSI.

Bce mepeuncneHHoe ano BO3MOXKHOCTh YITYOHTh WMEIOLIHECsS
MPEJICTABJICHUSI B OOJIACTH OCHOBHBIX AaCIEKTOB HAaHOCTPYKTYPHOTO
MaTepHaOBEICHUST — TPOOJIEMBI pasmepHbuix 2¢hhexmos N IPOOIEMBI
cmabunbHocmu Hanocmpyknyp. VI3noxeHHbIe nanee pe3yJbTaThl B
OCHOBHOM Oazupytorcsi Ha 0030pax [[.1-1.4] U HEKOTOPBIX HOBBIX
JIAHHBIX.

1.1.Ponb pasmepHbIX 3dpcheKkToB 1 noBepxHOCTEN
pasgena B (hM3MKO-XMMUYECKUX CBOMCTBAX
HaHomaTepuarnos

[Tpo6ema pasmepHbIX 3¢ (HeKToB (T. €. BAUSHHUS XapaKTepHBIX pa3Me-
POB 3epeH, yacTHll, (a30BBIX COCTABISIOIINX, IIOP HA CBOICTBA MaTe-
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pHaJoB M BELIECTB) OXBAThIBACT NPAKTHUUECKH BCE PA3HOBHUIHOCTHU
HaHOMAaTEpHaNoB (KOHCOIMIMPOBAaHHBIE OOBEKTHI, HAHOMOPOIUKU M
HAaHOYACTHIIbI, HAHOIMOJIYTPOBOJHIKH, HAHOMOIUMEpPHI, HaHOOHOMa-
Tepuabl, HAHOIIOPUCTBIE CTPYKTYPBI, HAHOTYOYIApHbIE OOBEKTHI, Ka-
TaJIU3aToOPbl, CYyNpPaMOJIEKyISIpHbIE CTPYKTYPbl, HAHOCTEKJIA U Ap.).

Pa3smepnsbie 3¢exT 1aBHO M3ydalOTCs B XUMUH, (PU3UKE U MaTe-
puanoBeaenun. Xopomo uszecTHol Gopmyinsl Jlammaca (I.1), Tom-
cona (1.2, 1.3), Tonmena (1.4), Tomncona (I.5), Xomma—Ilerua (1.6),
Hab6appo—Xeppunra—Ko6uma (1.7) u [Muneca (1.8), orpaxaromue Bius-
HUE paJyca Mopbl WIM YacTHULbI (7) HA KamWIsipHoe nasieHue (P),
JaBJIeHHE HACBIIEHHOTO Tapa (p), pacTBOpUMOCTh (C) M TOBEPXHOCT-
HYIO 9HEpruio (G), a TaKkKe BIUSHUE pa3Mepa 3epHa (L) Ha TBEpIOCTh
(mpounocts (H, G;), CKOPOCTh MO3y4decTH (€), KOdPPHUIHUEHT BS3-
KOCTH (1) ¥ BIUSHUE OTHOCUTENILHON TOJIIMHBI IJIEHOK (f) Ha MpOBO-
JUMOCTB (A):

P=2cy/r; (L.1)

_ [2Q0, .
p(r)=p, eXPL T | (1.2)

_ [2Qo0, |

Cc=20C, eXpL T J (1.3)
o(ry=—— - 26/r (1.4)
A = 0,50/ [In(1/f) + 1,5]; (L.5)
H (o) = Ho(op) + AL™; (L6)
§~1/1% (1.7)
1/m = DA AL*kT). (L.8)

B dopmymax (I.1-1.8) Q — aToMHBII (MOJEKYISpHBIH) 00BEM; MMOJ-
CTPOYHBIH 3HaK «0» oTHOCHUTCS K 3HaueHusMm p, C, o, H, or u A 14
MJIOCKMX MOBEPXHOCTEH M KPYMHO3EPHHUCTHIX 00pa3loB; kK — MOCTOSH-
Has bonbimana; 0 — korcranta Tonmena; /= A/l (f < 1); [ — niuHa cBo-
6omHOTO TIpObETa dIEKTPOHA; a — Nepruoa pemeTkd; B popmyre (1.7)
p =2 s ciayvas nuddy3nonHo# nonzydectu no Habappo—XeppuHnry,
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a p =3 — nna quddy3noHHo#N mon3zydectr 1o Kobiy; A — moctosHHAS;
D — xoapunment nuddysun.

Hackonbko ke TmpuMeHHMBI 3TH (OpMYIbl A HaHomaclradba?
Pones pasmepHbIX 3 ¢deKToB BechMa 3HAYMTENbHA B KOHCOIHAUPO-
BaHHBIX HaHOMAaTepuallax, B KOTOPBIX HaHO3epHAa (HAHOKPHUCTAJI-
JUTHI) HAXOAATCS HE B W30JMPOBAHHOM MIIM cla00 CKpEIIeHHOM
BHJIE, @ B KOHCOJIMIUPOBAHHOM COCTOSIHUU. JTH KOMMAKTHI (00beM-
Hble KOHCOJHMIUPOBAaHHBIE HAHOMATEPHAIbl), TJIEHKA M MOKPBITHS
MOJYy4YaloT METOJIaMH MOPOUIKOBOW M TMJIEHOYHOM TEXHOJIOTHM, WMH-
TEHCHUBHOM TIACTUYECKOH NedopMannu, KOHTPOIUPYEMOU KpUCTa-
nM3anuei 13 aMop(HOTO COCTOSIHHS M APYrUMH cnocobamu. B Ta-
KnX (HEMOJMMEpHBIX) HaHOMaTepuajgax CTPyKTypa OOBIYHO pac-
CMaTpHBaeTCsl Ha OCHOBE M3BecTHOU kiaccudpukanuu [. [nsiitepa,
KOTOpas MpeayCcMaTprUBaeT YeThIpe TUIA CTPYKTYP MO0 XUMUYECKOMY
COCTaBy W pacmupeleieHuio Qa3, a TakKe TPH PA3HOBUIHOCTH IO
¢dbopme (tabu. I.1).

Tabnuya I.1.
Knaccudukanms KoHCOIUANPOBAHHBIX HAHOMATEPUAIOB
10 COCTaBY, pacnpeeaeHuIo u opme
CTPYKTYPHBIX cocTaBJsiiomux [L.5]

MHorodasHsbili coctas

. Cratuctnyeckoe
(‘DopMa OD.HOd)aSHbIVI pacnpenenexve MaTtpuyHoe
cocTaB pacnpene-
NaeHTYHbIE |HenpeHTUYHble neHune
rpaHnubl rpaHuupl

MnactuHyartas

Ctonbyartasa

PaBHOOCHas






