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HanoTexHOonoruss — COBOKYIHOCTb METOJIOB, OMNepauui, KOTOphIe
MO3BOJISIIOT CO37aBaTh OO0BEKTH pasMepamu oT 1 no 100 HaHOMUKpPOH. DTH
00BEKTHl 007aatoT 0cOOBIMM CBoOiicTBamMu. biaromapst ocoObIM cBoifcTBaM
HaHOMAaTEPHAJIOB, OHM IIMPOKO MCHOJB3YIOTCS B HAyYHBIX HCCIEIOBAHUSIX U
BCE yalle BHEAPSIOTCS B  MOPOM3BOACTBO. Ha  cerogHsmHuid  JeHb
HAaHOTEXHOJOTUH — OJHAa W3 HamOoiee IEepCHEKTUBHBIX BETBEH pPa3BHUTHA,
MO3TOMY OHHM IIMPOKO  W3Y4alOTCSl M HEIWIOXo  (hpMHAHCHPYIOTCA.
HanorexHonornn He 00ONUIM CTOPOHOH M YIAaKOBOYHOE IPOHM3BOACTBO,
IIOCTETICHHO TMOSBJIIOTCS HOBBIE pa3pabOTKH, HO HE BCE BHEAPSIOTCS B
IIPOM3BOJICTBO, IPOX0As Oojee TIaTeIbHOE TecTHpoBanue. HekoTopsie n3 HUX
pPaccCMOTPUM HIDKE.

Hanokancysbl A1 MeJUIMHCKUX NPenapaToB

B xome HemaBHUX HCCIEIOBAHUI OBIJIO YCTaHOBJIEHO, YTO B IIpolecce
muddy3un TBEpABIX MaTepHaNoOB 00pa3ylOTCsl HaHOKAICyibl. HaHOKpucTaibl
KoOayibTa (UIAPMKH, COCTOSIME BCErO M3 HECKOJbKHX THICSY AaTOMOB)
MOMEIIANIN B Cepy, MoJiydajcs cyibdaT KodajbTa, Mocjie U3yuyeHHs ¢ MOMOUIBIO
MHKPOCKOTIa  BBIACHWJIOCH, YTO CTPYKTypa O0Opa30BaBIIMXCS 3JIEMEHTOB
IIpe/CTaBIsIa COOOH HE mapsl, a oJsle cepbl, IpuueM Kaxaas u3 chep nouru
0€3 MorpeIHOCTH OBTOPsLIA NpeaAblayInyro. [1000HBII 3KCIIEpUMEHT MTPOBEIH
C APYTUMHM NapaMH MaTE€pHAIOB: KOOAIBT U JKEJIe30 B Iape ¢ KMCIOPOJIOM, cepa
W KagMHH, pe3yiabTaT IoATBepawics. TakuMm  ujaeanbHBIM — cdepam
HaHOMETPOBOI0 MaciiTaba MOXXHO HalTH Maccy NpUMeHeHuil. BHyTpp 3THX
chep MOXHO TIOMEIIaTh JIEKAPCTBEHHBIE CPEACTBA JUII IOCTENIEHHOTO
JIO3MPOBAHHOTO BBINTyCKa B TeJe MalueHTa. Vcroap30BaTh X MOXKHO TakXke B
onTuke ¥ XuMuW. [Ipou3BOACTBO Takux cdep HE TpeOyeT CIOKHOIO
TEXHOJIOTUIECKOTO MPOIIecca 1 JIeNaeTcs B «ouH 3axoa» [1].

Kuarparsl SIkoBiieBa

Poccuiickuii mpodeccop 1. SkoBneB mpumyman cocod yImakoBKH JHOO0TO
sna. Vcenenys knarpaTonofoOHble coeiMHEeHus Ha Oa3e rpadura, OH BBISICHUI,
YTO MOJICKYJIbI TTaXy4nX BEIIECTB M JE30/I0PAHTOB, MIIM K€ MOJIEKYJIBI CaMBIX
arpeccHBHBIX BELIECTB M CWJIBHBIX OKHCIMTENEH, TaKMX KakK AMOKCHJ XJIopa
MOTYT OBITh HOIITYYHO YNAaKOBaHbI B TpaduToBYI0 000704Ky. MonekymnspHas
HaHOYIAKOBKa OECKOHEYHO JOJITO COXPAaHSEeT CBOM COCTaB M HMHEPTHOCTH,



OJIHAKO TIPH HEOOXOAMMOCTH OHA MOXKET OBITh BCKPBITA M HCIIOJIB30BaHA II0
CBOEMY Ha3HAYCHUIO, HATIpUMeED, KakK Ae3040paHT, Ae3uHpexTop, mapdiom [1].
IIporpamMupyemasi ynakoBka JJIsl JKMAKOCTeH

Taxkoif BUI ynakoBKu ObUT pazpaboTaH amepukaHCcKoi kommanued “Ipifini”.
WNHxeHepbl  CHOPOEKTUPOBAIM  KOHTEHHEp, Ha IOBEPXHOCTH  KOTOPOIO
YCTaHOBJICHbI HECKOJBKO KHOIOK, Ha)KaTHEM Ha KOTOpbIE IPOU3BOJIUTCS
BIPHICKUBAaHWE B JKWAKOCTh Pa3IMYHBIX J00ABOK: TaKoil CBOEOOpas3HBII
onengep. C moMombI0O TakoW «OyTBUIKM» MOXHO J00aBUTh B HAaIMTOK
pa3yMuHbIe apoMaThl, BKYCOBBbIE NOOABKU, KpacuTeld U T.II. B MarasuHe BbI
CMOXKETE KYIHUTh OOBIYHYIO KOJIY M CAMOCTOSITENILHO BHIOPATh BKYC, LIBET, 3alax
HamuTKa, A00aBisAs BKyC aHaHaca, IIOKOJaJa C BHIIHEBBIM apoOMaToM,
KOHTPOJIMPOBATh COAepkaHne KodenHa B HamuTKe. OKpPacuTh Ta3UPOBKY WIH
JpYroil HaIMTOK MOXHO B JIOOOH M3 HECKOJBKHX MWJIJIMOHOB IIBETOB. Takoe
pEIICHNE B YIAaKOBKE CMOXET OOBEIMHNTh HECKOJIBKO MPOJYKTOB KOMIIAHUH B
OIIMH, TJie HMOKyNaTeldb B JIIO0OH MOMEHT CMOXKET CaMOCTOSITEIHHO BBHIOPATH
KETaeMbIil BKYC, IBET M T.I. TeXHHYECKHE OCOOCHHOCTH 3TOH YIIAaKOBKH HE
COOOIIAIOTCS, HO OHAa CMOXET CTaTh YCICIIHBIM MPOGKTOM B IHIIEBOH,
napdroMepHoit nim gaxe GpapMareBTHUeCKOH MPOMBIILICHHOCTH [1].

HanoOymara
B ApxkaH3ackoM YyHHMBEpPCHUTETE MCCIIEIOBATEIN CHHTE3UPOBANIM HOBBIM
MaTepuan — Oymary M HaHOBOJIOKHA. Ee, kak um 00ObluHy0 Oymary MOXHO

CKJIaIbIBaTh, MSTh, PE3aTh, OJTHAKO B HEH €CTh PsJ OCOOEHHBIX CBOWMCTB, HE
npucyImux oObrgHOM Oymare. C MOMOIIBIO METO/Ia THAPOTEPMAIBHOTO HarpeBa
OBUTH MOJTy4eHBI AJIMHHbIE HAHOHUTH M3 TMOKCHJIAa THTAaHA, MpeoOpa3oBaHHBIC B
IUTOCKHEe MeMOpaHbl. B urore mosryunics matepuan Oesoro msera, ¢ MepBOTO
B3MUIIa OYCHb HANOMMHaOmMi Oymary. OmHAaKo 3TOT MaTepHan SIBISETCS
OTHEYNOpPHBIM W HMEET BBICOKHME (UIbTpYyIOIIMe cBoiicTBa. Ha cragmm
SKCIIEPUMEHTa M3 Takoi OyMmaru yke cienaiad HpOOMPKH, TapelKH W YallKH,
JUIL 3TOTO TOHAAOOWIHNCh TOJBKO HOXHHMIBL Takag Oymara B CBOeM
IIPUMEHEHWH HE OTpPaHMYCHA IIOCYIOH, ee MOXKHO MCIOJIh30BATh B BOCHHOM
OOMYHIMPOBaHHH, KaK JJIEMEHTHl OTHEYIOPHOTO KOCTIOMAa MM B KauecTBE
GbuIbTpa pasNMYHBIX KUAKOCTEH, NO3UPOBAHUS JIEKAPCTBEHHBIX NPENapaToB U
Jake JUId PaslioXKECHHS OMACHBIX BEIIECTB — OT OOBIYHBIX 3arpsi3HUTENCH
cpeabl 10 XMMHYECKOro Opykus. Bcemu sTuMu cBoiictBamu HaHOOymara
00s513aHa XMMHYECKOH MHEPTHOCTH U OTHEYNOPHOCTH — TaKOoi Martepuan 0e3
BUIMMBIX U CTPYKTYPHBIX M3MEHEHHH BblIEpxkHUBaeT TemnepaTtypy ao 700 °C.
Oro u300peTeHHe yXKe NPOXOAWUT IATEHTOBAaHWE M KJIET WHBECTOPOB IS
pasBepThIBaHMs Mpou3BoAcTBa [1].
IHoaumep ¢ HaHOTPYOKaMH

B xome mocnemHMX HWCOBITAaHWA OB CAETAH MIAr K  CO3/IAaHHUIO

CBEPXIIPOYHBIX IOJMMEPHBIX coenuHeHui. IlosydeHHBII B pe3ynbrare



HCCIEOBAaHUN MaTepHaa SBIIETCS KOMIIO3HMIMOHHBIM, B HEM HCIOIb3YETCS
OOBIYHBI HEHJIIOH W yriepofgHble HaHOTPYyOkW. KommosuTHBIN MaTepuai
MOTYy4aloT METOJAOM Mex(pa3HOH NOoNMMMEpH3aluy, B pPE3ydbTaTe dero
HAaHOTPYOKH PAaBHOMEPHO PACHpENENSIOTCS M0 BCEH AIMHE MaKpOMOJCKYIIBI.
HccnenoBaTenn Takke CMOIIHM MOAEPHHU3MPOBATH CBOMCTBA ITOJNMMEPA ITyTEM
BBE/ICHHS AJIKWIBHBIX CETMEHTOB, WIM YIJIEPOJHBIX crelicepoB. Crelcepbl
CBSI3BIBAIOT MEXIy COOOH CerMeHTHl M O0ECIeUMBAIOT KOBAJICHTHYIO CBS3b
MEXAYy HAHOTPYOKaMH UM MakpoMOJIeKynamMH. FIMeHHO 53Ta CBsI3b Jaer
KOMITO3UTY €ro MpOYHOCTHBIE W ympyrue cBoiictBa. Co3maTh IOJOOHBIN
Marepuasl 0e3 creficepoB HEBO3MOXKHO — Marepuall IOJy4aeTcs CIHUIIKOM
xpynkumH. Eme ogHOW 0COOEHHOCTBIO JAHHOTO Marepuana SBISETCS TO, UTO
€r0 MOXKHO MOJYYUTh C Pa3IUYHBIMA MOJECPHU3NPOBAHHBIMH CBOMCTBAMHU — B
Iporecce MPOM3BOACTBA MOXKHO HM3MEHITH MEXaHHMUYECKHE, HIICKTPHIECKUE U
TEpPMHUUYECKHE CBOWMCTBA monnMmepa. Takoi mMarepuan o0s3aTeIbHO HAWAET CBOE
MECTO, KaK B yIIaKOBKE, TaK M JAJIEKO 3a ee mpenenamu [1].
Hanok1eii ¢ 00paTHBIM CBOWCTBOM

Bce MBI 3HaeM, 4TO, €CJIM CKJICHTh YTO-TO CYIEPKIEEM — Pa3beIUHUTH ITO
OyneT KpaiiHe TsKeJo, a CAeNaTh 3TO aKKypaTHO, HE TOBPEAMB CKIICCHHBIC
JieTany — HeBo3MOXkHO. Temneps 310 cnenark Oyzaer npouie. He tak naBHO Obuia
paspaboraHa HOBas (opMmyla Kies, KOTOPbIi CIocoOeH mnpuoOpeTaTh WM
TEpSATh CBOM KJIESIIME CBOMCTBAa NPOCTHIM HakaTHMEeM Ha KHOMKY. IIpouecc
MIPOM3BOJICTBA TAKOTO KJesi He 0CO00 CIIOKHBII: B OOBIYHBIA KJIEH D00aBISIOT
OKCHJ J>KeJle3a, NOMEUICHHBIH B CJ0M HaHodacTWI] okcujaa kpemuus. [lpum
HaJIMYUHM MarHUTHOTO TIOJISI BBICOKOM YacTOTHI, YACTHIIBI KOJICOMIOTCS B TaKT C
IojJeM, W B JOJNM CEKyHIbl Macca 3arBepieBaeT. [ pazbequHEHHsS BHOBB
TaKKe MCIIOJIBb3YeTCs BHICOKOYACTOTHOE MAarHUTHOE II0JIe TOH K€ YacTOTHI, HO
HEMHOTO OOJbIIeHi WHTCHCHBHOCTH. TakoW KJEH TIO3BOJIIET CKJICHTH [1Ba
a0coMOTHO JFOOBIX Marepwaia, Oyap To Oymara W JepeBO WM IDIACTHK C
KOXei, HO JOJDKHO COOJIIOAaThCs E€IMHCTBEHHOE YCJIOBHE: OJHMH U3
CKJICMBACMBIX MAaTEpHajJIOB HE HOOJDKEH MNPOBOJUTH TOK. OTa TEXHOJIOTHUS
YCHEIIHO Tpoluia J1IabopaTOpHbIE WCIBITAHUS W HAXOJIWUTCS Ha CTaauu
¢uHanpHOTO TecTUpoBaHus. [IpuMeHeHHE TakoW TEXHOJIIOTMH MOXKET OBITh
camoe pazjIM4yHOe, MHOTroe OyZeT 3aBUCETh OT CTOMMOCTH €€ IPOW3BOJICTBA U
peanm3aiym.

Hanosaky 1 HAHOKOMIO3HTHI

3HAUYNTEIHHO YCKOPHUTH M HEMHOTO YJEUIeBUTh HPOHU3BOJICTBO JIAKOB
NIPU3BaHbl ITOMOYb acceMOJIepbl — HaHO-POOOTHI, COOPIIUKH MOJEKYJISIPHOTO
HaHompou3BojcTBa. C MOMOLIBIO 3TOH pa3pabOTKM HM3rOTOBHUTH JIAK MOKHO
MIPAaKTHYECKN 32 MUHYTY (pacTBOp IOJMMEpPa B PACTBOPHUTEIE), B TO BPeMs Kak
COBpPEMEHHBIE TEXHOJIOTHH IPEAyCMaTpUBAIOT MHOIOYacoBOE pPaCTBOPEHHE
Oucepa moaumepa, TpeOYIOT TIOYTH CYTKH BO3IYIIHOHN CYIIKH, Ha0bl MOIYyYaTh



CTOMKYI0O K CMBIBAaHMIO KpPAacoO4HYI IUICHKY W3 BOJHO-AWCIIEPCHOHHBIX
komnosuruii. Hampumep, coBpemennsie BJl-kpacku TpeOytor 10 mHEW mis
JOCTH)KEHHS CTOMKOCTH XOTsS OBl K aTMocepHbIM ocagkaM. [lapannensHo mus
3THX HAHO-POOOTOB pa3padaThIBAIOTCA APYTHE HOBBIE MOJEKYJBI C HOBBIMHU
CBOHCTBaMH, OTIMYAIONIMMHUCS OT YK€ HCIOIB3YeMBIX HE  TOJBKO
KOJIMYECTBEHHO, HO ¥ TPHHIUIUAIBLHO KadecTBeHHO. Ilpum pasBuTHn
TEXHOJIOTUSI MOXKET BBIWTH JaleKo 3a Tpelenbl IedaTH YIAaKOBKH H
UCIIONIb30BAaThCl B MOJIEKYJSIPHOM  TIPOM3BOJICTBE CTPOUTENBHBIX,
JIAKOKPACOYHBIX ¥ MAaTepHaJOB CIIEHAJIBHOIO Ha3HAYeHMS Ui psaa
OTBETBJICHUHIIPOMBIIIIIIEHHOCTH.

Takum o0Opa3oM, MOXKHO cHenaTh BEIBOJ, YTO TIIporpecc B 0OJacTu
HAaHOTEXHOJIOTUI MO3BOJIIET CO37aBaTh HOBBIC (DOPMBI YITAKOBKH Ha OCHOBE
TIEPCIIEKTHBHBIX MaTEPHAJIOB C YHUKAIbHBIMHI CBOHCTBAMH.
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[udpoBas >KMBOMHCHL W UYEpUCHHE SBIAIOTCA HEOTHEMJIEMOH YacThIO
IIPOEKTUPOBAHUS, HECMOTPs Ha CYHIECTBOBAHHWE NpuiIokeHud g 3D-
MOZAeIUpoBaHus. TpaJUIIMOHHBI TPOMBIIUICHHbI JAW3ailH HA4YMHAETCS C
IIJIOCKOIO 3CKH3a, KOTOPBIM MOC/IE BU3YalbHOM OLEHKU KIMEHTA UCIOJIb3YETCS
JUIS co3nianust TpexmepHoi moxaenu.llepexon ot umen 2D k BoimonHeHUo 3D-
MOJIENIM OCTAETCS OJHHMM M3 KIIFOYEBBIX ITANOB B Pa3paboTKe TU3aifHEPCKOTrO
IIPOEKTA U MOJKET 3aHMMATh y CIIELUAIUCTOB 10 HECKOJIBKUX HEJEIb, IO3TOMY
JM3aliHephl JIOJDKHBI OBITH KpaliHe pa300puMBBI B OTHOMIEHHH TOTO, KaKHe
MIPOEKTHI MOAXOJAT K CTaJAUU TPEXMEPHOIO MOJETUPOBAHUSI.

Co3nanune IIPOEKTa npu MOMOIIU HHCTPYMEHTOBBUPTYaJIbHOU
PEealbHOCTHUIIO3BOJISIET YKOHOMUTH BpeMsl, MOCKOJIbKY dTan 2D mpomymen, a
JM3aliH N3HAYaILHO pa3padaThIBaeTcs B TPEXMEPHOM IPOCTPAHCTBE.



