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Tarbsana AnekcangpoBHa ToHyHII
Atiaac Hosbix IIpodeccui.
HoBble MmaTepuaJbl
1 HaHoTexHoJioruu. IIpodeccun,
KoTOpble nosaBarca 10 2030 roga

http://www.litres.ru/pages/biblio_book/?art=51939165
ISBN 9785449859129

AHHOTaAMSA

Eciu BBl onpenenuiauchk ¢ BBHIOOPOM MpodeccHd, CBA3aHHOU
C HOBBIMM MaTepyialaMd W HAHOTEXHOJOTHMSIMU, TO OTHalTe
MpelnoYTeHre MepcreKTUBHBIM Mpodeccusim.B  Takom  ciyuae,
Bl Oygere ©Oosiee BOCTpeOOBaHBI Ha pBIHKE Tpyla IMOCHE
OKOHYaHMs1 OOyUYeHHUs! TIO CBOEW CNENUAIbHOCTH, TaK Kak JaHHBIX
npod)eCCHOHANIOB TIOKa HE CYIIECTBYeT WJIM WX HeIoCTaTo4yHo.[lo
BcTpeun B bynymem!C yBaxkeHneM K Hamum uutatensm! ['pymma
TancBuk.
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[Mpodeccus Gmuxkaiiero Oymymiero. Hobie
MaTtepuasibl 1 HAHOTEXHOJIOT MU
Berynuienue
Atnac Hosbix IIpodeccuit
ITpodeccnn, kotopeie ncuesnyt no 2030 roga
IIpodeccun, kotopeie nosiBaTesa 1o 2030 roga
HanotexHomnorus
KoHer 03HaKOMHTENTBHOTO (pparMeHTa.



Ataac Hossix IIpodeccnii.
HoBble MaTepuabl
1 HAHOTEXHOJIOT M
IIpodreccun, KoTOphIE
nosasarca no 2030 roxa

Cocmasumenw TatbssHa AnexcannpoBHa TOHYHIT
Cocmasumenwv Buktop I'enHagpeBuy CyxaHOB

ISBN 978-5-4498-5912-9
Co31aHO B MHTEJUIEKTYaJIbHOM M3J1aTesIbckou cucteMe Ridero



IIpodeccus 6anKkanIIero
oyaymero. HoBble MaTepHaJibl
N HAHOTCXHOJIOT'NHN
['ne yuutcs. Kak ocBouts. Kak nooutscs ycnexa. [Ipeumyire-

crBa. BocTpeGoBaHHOCTh Ha phIHKE TpyAa. MaTtepuaibHblii UH-
Tepec.



Berynuienune

Ilpu ewvioope npodpeccuu Bwvt pewunu cesazamv ceoro
acu3nb ¢ Hosblmu mamepuanramu u HAHOMEXHOAO0ZUSIMU.

Moorcem ovtmsb, Bol moavko umo oKoHuUUAU WKOAY UAU Pe-
wuau cmeHums npodheccuro.

B 5moii kHuze Mol nOOpodHO pacckadicem, Kaxue npoghec-
cuu 8 chepe Hosbix mamepuanos u HaHomexuHon02uii 0yoym
eocmpedosansvl 8 Oauwdcaiiuiem Oyoyuem u KaxKue aKkmyano-
Hbl celluac.

Hmak, npuzarawaem Bac é oaudxcaiiuee oyoyuee Hosvix
mamepuanos u HaHomexHoaoz2ui!

Ecau Bbl cronTe Ha mopore Bbioopa npodyeccun, o0y-
YeHHUs UJIH CMEHBI PO/Ia IeATEJbHOCTH, TO MPeaynpesk/aa-
em Bac!

B 6mmkaiimee BpeMsi MHOTHE NMPO(pecCHH MOTEPSIOT
CBOI0 aKTYyaJbHOCTb.



Ataac Hosbix IIpodeccnin

B camoe Omikaiiiee BpeMsi MICUE3HYT U CTaHYT HEBOCTPeOo-
BaHHBIMU 57 mipodeccui.

OnHako nosaBatcs HOBbIE 186.

Hosble npodeccun NOsBSAIOTCS MOYTH KaKAbli IeHb, a CTa-
pble TEPSIOT AKTYaJIbHOCTb WM K€ TPaHC(OPMHUPYIOTCS BO UTO-
TO COBepIlIeHHO HoBoe. Poccuiickuii 0Opa3oBaTesbHbIi MPOEKT
«Atnac HoBeix [Tpodeccuii» netaabHO OMUChIBAET BCE MPEICTO-
SIIMe U3MEHEHMU .

Artnac Hoeeix [Tpodeccuii co3nan ist TOro, 4ToObl HOBOE pa-
6ouee MOKOJIEHUE CMOIJIO MTPABUIIbHO U PAIIMOHATIbHO Pa3BUBaTh
HaBBIKM JIJIs1 HeoOXoauMoi afganTanuu B Oynymem. [To nmporxo-
3aM 34 oTpaciu IpoiayT Yepe3 KpailHe paJrKaJbHbIE IIepeme-
HbI, YTO TMOCIYXKUT CO3[JaHUI0 HOBBIX MPO(eCcCcruil U UCUYE3HOBE-
HMIO cTapbiX. Hiske Bbl MOXXeTe U3yUUTh CIIMCOK YCTapeBaIOIIMX
Y HOBBIX MPOheCcCuid.



IIpodreccun, kKoTOpbHIE
ucue3nyr a0 2030 roga

Humennexmyanvuvie npogeccuu
Oyxranrep

CMETUMK

MEHeJLKep 10 KpeauTam
CTaTUCTUK

creHorpaduct/ pacimpoBIIUK
KoInupaunrep

KOPPEKTOp

OWJIb/I-pelakTop
MOHTHUPOBIIUK JAEKOPAIUiA
OnoIMoTEKAPh
JOKYMEHTOBe[l/ apxuBapuyc
TypareHt

UCIIBITATEN b
nyOnep/kackazep
IOPUCKOHCYJIBT

HOTapHyc

OAHKOBCKMIA OIEPAIIIOHUCT
MakJiep/ puaJiTop
9KCKYPCOBOJL

AQHAJIMTUK

KYPpHAJIICT



CHIOPTUBHBIN aHATIUTUK

pedepeHt

MIePEBOTUMK

OIepaTop rOCyAapCTBEHHBIX YCIIyT
JIOTUCT

JIMarHOCT

CUCTEMHBIN aJMUHUCTPATOP

Paodouue npogpeccuu
JucrieTyep

HITypMaH

IIPOBU30P

ounerep

BaxTep

mdrep

NApKOBIIMK

onepatop call-ienTpa
NOYTaJIbOH
BBICOKOIPO(PECCHOHAIBHBIN ¢/X paOOTHUK
Kypbep

CMOTPUTEJB 3aJ1a B My3€ee
MAIIMHUCT TOBAPHOIO COCTaBa
uHcnektop AI1C

OXPaHHUK

TOPHSK

H1axTep



(pacoBmuk

BapIIUK

Oy pUJIBITIVK

npopad

PaOOTHHK TPAHCHIOPTHOTO TEpPMHUHAJIA
iBest

HOCHUTBIITUK
OETOHIIUK

PaOOTHUK XUMYHUCTKH
o(pULIAHT

TpeHep



IIpodreccun, kKoTOpbHIE
nosasarcda 10 2030 roxa

Meouuuna:

NT-Mennk

Apxutekrop MenoOopynoBaHHUs

buoatuk

['eHeTMYECKMIT KOHCYJIBTAHT

CereBout Bpau

KoHcynbTaHT 10 310pOBOM CTapOCTH
DKcnepT NepcoHM(pUIIMPOBAHHON METULIMHBI
[TpoeKTaHT XU3HU METUITMHCKUX YUPEKIACHUN
TkaHeBbIi UHXEHED

Pa3zpaGoTurk KnbepnpoTe30B U UMILIAHTATOB
NT-T'enetux

MornekyaspHbIi TUETOIOT

OnepaTop MeAUIIMHCKUX pOOOTOB
Kmuanueckuii 6nonH(pOpMaTHK
MenuumHCKi MapKeToJIor

R&D Menegxep 31paBOOXpaHEHUS

Cmpoumenwvcmeo:

APXUTEKTOP SHEPTrOHYJIEBBIX JJOMOB

Crienanmuct 1o nNepecTporKke U yCUJIEHHIO CTaphIX CTPOUTENb-
HBIX KOHCTPYKLMI



[IpoekTuposimk 3D-neyatn B CTPOUTEBCTBE
DKOAHAJIMTUK B CTPOUTEIIbCTBE

[TpOEKTUPOBILIMK TOCTYITHOM CPE/Ibl
BIM-MeHenxep-npoeKTUPOBIIUK

[Tpopad-BoTuep

[TpoekTupOoBIIMK UH(PPACTPYKTYPbl KYMHOT'O JIOMa»
Crienmanuct no MOIEpHU3ALMY CTPOUTEIbHBIX TEXHOIOTUI

beszonacnocmu:

Menemxep HempepbIBHOCTH OM3HECa

Jn3aiiHep-9proHOMHICT HOCUMBIX YCTPOKCTB JITs1 O€30MacHO-
CTH

[TpoeKTUPOBIIMK JIMIHOM OE30MaCHOCTH

Crenyaauct mo MpeogoNeHuI0 CUCTEMHBIX SKOJIOTMYECKHX
Karactpod

JIMCTaHIIMOHHBIN KOOPAMHATOP 0E30MaCHOCTH

AyauTop KOMIUIEKCHOUM Oe30MacHOCTH B MTPOMBIIIIJIEHHOCTH

Asuauus:

Pa3paboTuyrK MHTENIEKTyaIbHBIX CUCTEM YIIpaBJIeHUs JUHA-
MUYECKOUN TUCTIeTYepu3alen

[TpoekTupOoBIIMK MHMPACTPYKTYPHI IJ1s1 BO3AYXOIUIABAHUS

TexHOOr pelUKIMHIA JIeTaTeIbHBIX arnapaToB

[TpoexkTupoBIMK MHTePdEcOB OECIMIOTHOW aBUAITN

[TpoeKkTHPOBITUK AUpPHKAOIICH

AHAIUTUK KCIUTYaTallMOHHBIX JAHHBIX



NHxenep mpou3BOACTBa MAJION aBUAIIUN

Kyavmypa u uckyccmeo:

ApT-OlLEHIIUK

Science-xXyaoxKHUK

JIMYHBIN THIOTOP MO ICTETUYECKOMY Pa3BUTHIO
TpeHep TBOPYECKUX COCTOSTHUM

KypaTop KOIJIEeKTUBHOIO TBOPUECTBA

Oobpa3zosanue:

Pa3paboTurk MHCTPYMEHTOB OOyUYeHHWsI COCTOSIHUSIM CO3Ha-
HUS

Urponenaror

Pa3paboTunk 0Opa3oBaTeIbHBIX TPACKTOPHIA

Tpenep no ManHa-(puTHECY

DKOIPOIOBETHUK

Opranuzatop NpOEKTHOrO OOyUEHH ST

ThroTOp

Nrpomacrep

Moneparop

MeHTop crapranon

Koopaunarop ob6pa3oBartenbHON OHIARH-TIIAT(OPMBI

Typuzm u 2z0cmenpuumcmeo:
APXUTEKTOp TEPPUTOPHI
KoHcbepk poOOTOTeXHUKH



JHu3zaiiHep JTOMOJIHEHHOW peaTbHOCTH TePPUTOPUIA
Pa3paboTurk Typ-HaBUTaTOpOB

Pa3paboTumK MHTEJIEKTyaIbHBIX TYPUCTHUECKHUX CHCTEM
Bpenn-meHemkep MpoCTpaHCTB

Pexuccep MHAMBUYabHBIX TPOCTPAHCTB

Meoua u pazeneuenus
JluzaitHep BUPTYyalIbHBIX MUPOB
ApPXUTEKTOP BUPTYAIbHOCTU
HuzaiHep sMouun

IIpontocep CMBICTIOBOTO OIS
Urponpaktuk
MeauanoauencKku
PazpaboTunk meauanporpamMm
Wupoctunucr

PepakTop arperaropoB KOHTEHTa

Kocmoc:

NnxeHep-KOCMOIOPOKHUK

Kocmoreonor

WHxeHep crcTeM KU3HEOOeCIIeYeHU ST

Kocmoobuosor

Memnemxep KOCMOTYpU3Ma

[TpOEKTUPOBIIMK KU3HEHHOTO HUKJIa KOCMUYECKUX COOPY-
JKEHUM

APXUTEKTOP UHTEJIEKTYaJIbHBIX CUCTEM YIPaBJICHUS



Cmpoumenv «YMHBIX» 00pO2

WHKeHep 1o 0e30MaCHOCTH TPAHCIIOPTHOW CeTH

MPOEKTUPOBIIMK KOMIIO3UTHBIX KOHCTPYKIIMW [UIsl TpaHC-
MOPTHBIX CPEJICTB

MIPOEKTUPOBIIVK BHICOKOCKOPOCTHBIX JKeJIe3HBIX OPOT

TeXHUK MHTEPMOJIAIbHBIX TPAHCIIOPTHBIX PEIIeHUH

MPOEKTUPOBIIMK MHTEPMOIAIBHBIX TPAHCIIOPTHBIX y3JIOB

OIepaTop KpOCC-JIOTMCTUKU

buomexnonozuu:
CUCTEMHBII OGMOTEXHOJIOT
APXUTEKTOP KUBBIX CUCTEM
ypOaHUCT-3KOJIOT
o6rodapmaxosor
TIAPKOBBIIA KOJIOT

Inepzozenepayus u HaAKON1eHUe SHepeUU

JU3aliHEP HOCUMBIX SHEPrOyCTPOVCTB

METEOIHEPTETUK

CTIEIMAIIUCT 110 JIOKAJIBHBIM CUCTEMaM SHEProcHaOKeHu s
IIPOEKTUPOBLIVK SHEPrOHAKONUTENIEN

IIPOEKTAHT CUCTEM pEKyIepalyu

pa3pabOTUYMK CUCTEM MUKPOTreHEpaLu

MEHEKEP 110 MOJEPHU3ALIMY CUCTEM SHEPrOreHepalu



Boouwiii mpancnopm

CHELMAINACT 110 HABUTALIMY B YCJIOBUAX aPKTUKU
CUCTEMHBIN UHXEHEP MOPCKOU MH(PPACTPYKTYPhI
HIOPTOBBIN 3KOJIOT

lobobrua u nepepadomra noae3HbIX UCKONAEMBIX
KOOPAMHATOP paclpeAesIeHHbIX MPOXOAYECKUX KOMaH/]
onepatop BILJIA s pa3Beku MECTOPOXKIEHUI
WHKEHEP POOOTU3MPOBAHHBIX CUCTEM
VHXEHEP-UHTEPIPETATOP JaHHBIX TEJIEMETPUU
9KOAHAJIUTUK B TOOBIBAIOIIUX OTPACIISIX

CUCTEMHBIN TOPHBIN UHKEHED

Memaanaaypeus

MPOEKTUPOBIIMK 000PYIOBAHUS TOPOIIKOBOW METAJLTY Prir
KOHCTPYKTOP HOBBIX METaJIJIOB

9KO-PEIMKJIEp B METAJLTY Prur

cynepBaiizep o00OpyIOBaHUS

Jleexkasa npomviuunennocmo

MPOrPAMMHUCT IEKTPOHHBIX «PELENTOB» OfIEXKIbl
CHELMAIUCT MO PELIMKJIMHTY OACK bl

9KCHEPT M0 340POBOM OLEKIE

MPOEKTUPOBUIMK HOBBIX TKaHeW

TEXHO-CTUJIUCT

pazpadorunk U T-unTepdeiicoB B JIETKOU MPOMBIIIIIIEHHOCTH



Hnoycmpusa oemckux mosapos u cepsucos

IKCIIEPT MO «00pazy OyayIiero» pedeHka

ApPXUTEKTOP TPAHCMEIUIHBIX MPOTYKTOB

CITELIMAJIACT IO JETCKON MICUXOJIOTMUYECKON O€30IMaCHOCTU
ynpasieHel gerckuMm R&D

Dunancoswiii cekmop

MeHekep (poHAA MPSIMBIX MHBECTULIMI B TAJIAHTIMBBIX JIIO-
e

MYJIbTUBATIOTHBIN MEPEBOIUUK

Pa3pabOTUMK MEPCOHATIBHBIX IEHCUOHHBIX IJIAHOB

MeHe/Kep Kpaya(aHIMHIOBBIX M KpPayIWHBECTUHIOBBIX
atgopm

OLIEHIIIMK UHTEJUIEKTYaJIbHOM COOCTBEHHOCTH

Meneoxcmenm

KOOPJIMHATOP MPOrpaMM Pa3BUTHSI COOOIIECTB

KOOPIMHATOP MPOU3BOJICTB B PaClpeieieHHbIX COOOMIECTBAX
NPOEKTUPOBIIMK MHIABUIYAIbHON (PMHAHCOBOW TPAEKTOPUH
MEHEKEP TI0 YIPABJICHUIO OHJIANH-TIPOIaKaMu
NIePCOHAJIbHBIN OpeH/1-MeHeKep

MEHETKEP MO KPOCC-KY/IbTYPHON KOMMYHUKAIIMN
KOPIOPATUBHBIN aHTPOIOJIOT

MeHeIKED MOpTdeiss KOPIIOPATUBHBIX BEHUYPHBIX (DOHIOB
MOJIEpaTop COOOIIIECTB MOJIb30BaTENIeH



BUPTYaJIbHBIM a/IBOKAT
TpeHaBotyep/ popcantep
9KOAYIUTOP
TaliM-MeHe [ Kep
TaM-OpOKep

Couuanvuas cgepa

9KOBOXKAThIN

CMEIUATIMCT [0 OPraHU3aluM  TOCYAAPCTBEHHO-YACTHBIX
NIApPTHEPCTB B COLMAJIBHOM cepe

MEIMATOP COIUATBLHBIX KOH(IMKTOB

Moziepatop 1aTOpMbl MEPCOHATBHBIX OJarOTBOPUTEIBHBIX
IporpaMm

CTIEIUAJIHCT T10 Al Tallii MUTPAHTOB

COIMAJIbHBI PAOOTHHUK IO aJalTalliy JIoJer ¢ OrpaHuYeH-
HBIMHM BO3MOKHOCTSIMU Yepe3 UHTEPHET

CMIEIUAJIICT 10 KPay/ICOPCUHTY OOIIECTBEHHBIX TTPOOIEM

Mojiepatop IaThopMbl OOIIEHUsI C TOCOPraHAMU

HT-cexmop

MPOEKTUPOBIITUK HEUPOUHTEpdencoB
KHOEPTEXHUK YMHBIX Cpe[y

Kyparop UH(POPMAIIMOHHON O€30MacHOCTH
KOHCYJIBTAHT MO O€30MacHOCTU JIMYHOTO Mpoduis
Kubepcie0BaTelb

NT-aynurop



pazpabotumk mozenen big data

M pOBOYN JTMHTBUACT

UT-TIPOTIOBETHUK

CETEeBOM I0PUCT

nu3aiiHep uHTepdencon

aApXUTEKTOP MH(OPMAITUOHHBIX CUCTEM

Hogvle mamepuanvl u Hanomexxoao2uu

cneyuaaucm no 6e30nacHocmu 8 HAHOUHOYCMpuu
NPOEKMUPOBUWUK «YMHBIX MAMEPUAN08»

2aa3up

PEUUKAUHZ-IMEXHO.102

NPOEKMuUpPOSUUK HAHOMEXHOA02ZUUECKUX MAMEPUA.N08
CUCTEMHDBIIL UHIICEHEP KOMNOZUMHBIX MAMePUa.nos

Pooomomexnukxa u mawunocmpoenue

MPOEKTUPOBLIMK JOMAIIHUX POOOTOB

MIPOEKTUPOBIIMK MEAUIIMHCKIX POOOTOB

NPOEKTUPOBUIMK HepouHTEpGECcoB MO yIpaBIeHuo podo-
TaMU

MPOEKTUPOBILIMK JETCKON POOOTOTEXHUKU

VHKEHEP-KOMIIO3UTUYMK

IIPOEKTUPOBLIUK- SPrOHOMUCT

oreparop  MHOTO(bYHKIIMOHAJBHBIX ~ POOOTOTEXHMUYECKHX
KOMILJIEKCOB



Inepzocemu u ynpas.nenue Inep2zonompedaeHueM

9MEKTPO3ANPABIIIK

Pa3pabOTUUK CHCTEM SHEPronoTpedIeHust

CHCTEMHBIN MHKEHEP MHTEJUICKTYaIbHbIX SHeproceren

SHEProayIuTop

HAJIAJYMK/KOHTPOJIEP SHEpProcered Uil pacnpeesieHHOU
SHEPreTUKU

MAapKeTOJIOT SHEPreTHUECKUX PHIHKOB

Ceavckoe xo3siicmaeo

arpoOHOM-3KOHOMHUCT

CeJTbCKOXO3SICTBEHHBIN KOJIOT

orepaTop aBTOMaTU3UPOBAHHOM CEIbXO3TEXHUKHU
cutu-pepmep

I'MO-arponom

arporHdopMaTuK/ arpoKMOEpHETHK

Hmak, dopozue nawu wvumamenu,

BbIOEpEM W3 JIAaHHOTO CITMCKA Halle HarmpasjieHue: «HoBbie
Martepyajbl 1 HAHOTEXHOJOTUM» U YBUANUM, KaK CTaTh rpodec-
CHOHAJIOM OJIMKaiiiero Oymymiero.

Hoegvle mamepuanvt u HaHOMexHON02UU

® cneyuaaucm no Ge30NACHOCIMU 8 HAHOUHOYCIMPUU
® NPOEKMUPOBUUK <YMHBIX MAMEPUAN08»

® 2qa3up



® PeUUKAUH2-MEXHO0.102
® NPOECKMUpPOBUWUK HAHOMEXHON02UUECKUX MAMEPUA.108
® cucmemHbwlil UHJCEHED KOMNO3UMHbBIX mamepuaioe

PacckaxeM o kaxxaon nmpodeccun nmoapooHee.



HaHnoTexHoJgorus

Marepuan u3 Bukurnenuy — cBOOOTHON SHIMKJIONE NN

HanortexHondrust — o6nacts (hyHAAMEHTATBHON W TTPUKJIA]I-
HOWM HayKW Y TEXHUKH, UMEIOIIAsl JIEJ0 C COBOKYIMHOCTBIO TEO-
peTuveckoro 0OOCHOBaHMS, aHAIM3a U CHHTE3a, a TAKKe METO-
JIOB ITPOM3BOJICTBA Y PUMEHEHUSI ITPOAYKTOB C 3a/IaHHOM aTOM-
HOW CTPYKTYpPOH IMyTEM KOHTPOJIMPYEMOI'O MAHHUITYJIMPOBAHUS
OT/IEJIbHBIMY aTOMaMU Y MOJIEKYJIaMHU.

Ha ceronusiinuii nens (2018—2019 ronel) B Mupe HET equ-
HOTO CTaH/apTa, OINMCHIBAIOIIETO, YTO TAKO€ HAHOTEXHOJIOTUH
Y HAHOTIPOIYKIIUS.

Cpeau 1oaxoJoB K OIpPEAeIeHUIO TOHSITUSI «HAHOTEXHOJIO-
T'UW» UMEIOTCS CIIEAYIOLIHe:

B Texanueckom komurete ISO/TK 229 1og HAaHOTEXHOJIOTH-
sIMU TIoAipa3zyMeBaetcs cnenyioiee: [1]

3HAHUE U YIIpaBJIeHUe MPolIeccaMu, Kak MPaBUIO, B MacIITa-
0e 1 HM, HO He uckKoUarIee macitad MeHee 100 HM B of-
HOM WJIN OOJiee U3MEPEeHUsIX, KOTJIa BBOJI B ISCTBHE Pa3MEPHO-
ro apdexTa (sBACHNS) PUBOAUT K BO3MOKHOCTU HOBBIX TTPU-
MEHEHUI;

UCTIOJIb30BaHKE CBOMCTB OOBEKTOB M MATEpUAJIOB B HAHOMET-
pPOBOM MaciiTabe, KOTOpbie OTJIMYAIOTCS OT CBOMCTB CBOOOTHBIX



aTOMOB WJIM MOJIEKYJI, & TAKXKe OT OObEMHBIX CBOMCTB BEIIIECTBA,
COCTOSIIIIETO U3 3TUX aTOMOB WJIA MOJIEKYII, [JIsl CO3/IaHusI Oojiee
COBEPIICHHBIX MaTePUaJIOB, MPUOOPOB, CUCTEM, PeaU3yIOIInuX
9TU CBOMCTBA.

Ha teppuropuu Poccuiickoit denepaiiiy NoHsATHE HAHOTEX-
Hosoruit ycraHosieHo B 'OCT P 55416—2013 «HanoTtexHos10-
run. Yactb 1. OCHOBHbIE TEPMUHBI U ONIpeAeieHusI» [2], a UMeH-
HO:

COBOKYITHOCTb TEXHOJIOTUYECKUX METOAOB, MPUMEHSIEMbIX
JUIsl U3yYeHUsl, IPOEKTUPOBAHUS U TTPOM3BOJICTBA MaTEPUAJIOB,
YCTPOUCTB M CHCTEM, BKJIIOYAs IeJieHANpPaBJIeHHBIII KOHTPOJIb
U yIpaB/ieHUE CTPOEHHEM, XMMUYECKUM COCTaBOM U B3aMMO-
JIECTBUEM COCTABJISTIOIINX MX OTICIBHBIX 3JIEMEHTOB HAHOOMA-
a30Ha.

CornacHo «Konnenmu pasputusi B Poccuiickon denepa-
UM padoT B 001aCTH HAHOTeXHOIOrui Ha nepuon 10 2010 ro-
na» (2004 r.) [3] HAHOTEXHONOTUSI OINPENEISAETCs], KaK COBO-
KYITHOCTh METOJIOB 1 MPHEMOB, 00ECIICUMBAIOIINX BO3MOXHOCTb
KOHTPOJIUPYEMBIM 00pa30M co3/1aBaTh U MOTU(UIIMPOBATH 00b-
€KTbl, BKJIIOYAIOIIKE KOMIIOHEHTHI ¢ pazmepamu MeHee 100 HwM,
XOTs1 ObI B OJIHOM U3MEPEHUH, U B PE3YyJIbTATe ITOTO MOy YHBIITIE
MPUHLIMITUATILHO HOBBIE KAUeCTBA, O3BOJISIOIIUE OCYIIECTBIISAThH
WX UHTErpalyio B MOJHOIUEHHO (DYHKIIMOHUPYIOUIUE CUCTEMBI
OoJIBIIIErO MacITaoa.

[TpakTHUecKuid acreKT HAHOTEXHOJIOTWMH BKJIIOYAeT B ceOst
MIPOM3BOJICTBO YCTPOMCTB M MIX KOMITOHEHTOB, HEOOXOIUMBIX JIJISI



Co37aHus1, 0OPadOTKN U MAHUMYJISAIMA aTOMaMHU, MOJIEKY/IaMK
u HaHovactuiamu. [logpazymeBaeTcs, 4To He 00sI3aTeNTbHO 00b-
eKT JIOJKEH 00J1aJ1aTh XOTh OIHMM JIMHEHHBIM pa3MepoM MeHee
100 HM — 3TO MOTYT OBITh MAKPOOOBEKTHI, ATOMAPHASI CTPYKTYypa
KOTOPBIX KOHTPOJIMPYEMO CO3/IAETCS C pa3pellieHHeM Ha ypOBHE
OTJIEJILHBIX aTOMOB, JTMOO ke colepkaiiue B cede HaHOOObEeK-
Thl. B Gosiee MUPOKOM CMBIC/IE 3TOT TEPMHUH OXBATHIBAET TAKKE
METO/Ibl IUArHOCTUKY, XapaKTEPOJIOTHH U UCCIIEIOBAHUI TaKHMX
0OBEKTOB.

Hanomexnonozuu kauecmeenno omauuaromes om mpaou-
UUOHHBIX OUCUUNAUH, TIOCKOJIBKY Ha TaKMX Maclutadax IMpu-
BBIYHBIE MAKPOCKOITMUECKHE TEXHOJIOT U OOPAILIEHUs C MaTepH-
€1 4aCTO HENPUMEHUMBI, 3 MUKPOCKOIIMYECKUE SBJICHUS, TIPe-
HEeOpPEeKUTENIBHO c1abble Ha MPUBBIYHBIX MacIiTadax, CTAHOBSAT-
Cs1 HAMHOTO 3HAUUTEJIbHEE: CBOWCTBA U B3aUMOJENCTBUS OTIE/Ib-
HBIX AaTOMOB ¥ MOJIEKYJI UJIM arperaTtoB MOJIEKYJI (HallpuMep, CH-
a1 Ban-ep-Baainsca), kBaHTOBBIE 9(P(PEKTHI.

HaHoTexHOJIOrHust U B 0COOEHHOCTH MOJIEKY/IsIpHAs TEXHOJIO-
T'Yisl — HOBbIE, OUEHb MAJIO UCCIIEI0OBAHHBIE TUCHUIUINHBL. OCHOB-
HbIE OTKPBITHS, ITPEICKa3bIBAEMBIE B 3TOM 00JIACTH, TIOKA HE cJie-
nanpl. Tem He MeHee, MPOBOIUMBIE HCCIEIOBAHUSA YKE JAIOT
IIPAKTUYECKUE pe3ynbTarhl. Vcnonp30BaHne B HAHOTEXHOJIOTUN
NIEPEIOBBIX HAYYHBIX JOCTUKEHUN ITO3BOJISAET OTHOCUTD €€ K BbI-
COKHMM TEXHOJIOTHSIM.



Pazeumue coepemennoi 3neKmpoHuKu WAET 10 IIyTH
YMEHBIIEHUsI pa3MepOB YCTPOUCTB. C Apyror CTOPOHBI, KJIaCCH-
YecKHe METOfbl TPOM3BOJCTBA MOAXOAAT K CBOEMY €CTECTBEH-
HOMY SKOHOMHYECKOMY U TEXHOJIOTMYeCKOMY Oapbepy, Korjaa
pa3Mep YCTPOWCTBA YMEHBIIIAETCS] HEHAMHOIO, 3aTO 9KOHOMMU-
YeCcKHe 3aTpaTrhl BO3pACTAIOT SKCIOHEHIMaIbHO. HaHoTexHO0-
Tdsl — CIIeIYIOINIA JIOTUYECKUI 1Iar pa3BUTHUsSI JIEKTPOHUKHU
U JIpYT'UX HAyKOEMKHX MPOU3BOJICTB.

Hanouacmuuwt

CoBpemMeHHas TEHIEHIMS K MUHHATIOPU3AIK TTOKa3aa, 4To
BEIIIECTBO MOXET MMETh COBEPIIEHHO HOBbBIE CBOWCTBA, €CiU
B3SITh OU€Hb MaJIEHbKYI0 UYaCTHUILy 3TOro BeriectBa. YacTuiibl
pazmepamu ot 1 10 100 HAHOMETPOB OOBIYHO HA3BIBAIOT «HA-
HoyacTUlamMu». Tak, HarpuMep, OKa3aJIoCh, YTO HAHOUACTHUIIBI
HEKOTOPBbIX MaTepUajioB MMEIOT OYeHb XOpOIIMe KaTaauThde-
CKHe ¥ aJICOpOIMOHHBIE CBOMCTBA. [Ipyrue Matepuasibl OKa3bl-
BAIOT yJAMBUTENIbHbIE ONTUYECKHUE CBOWMCTBA, HAIIPUMEpP, CBEPX-
TOHKME TUIEHKM OpPraHMYeCKUX MaTepuajioB MPUMEHSIOT IS
MIPOM3BOJICTBA COHEUHbIX Oartapeii. Takue Oarapeu, XOTb U 00-
JIAIAl0T CPaBHUTESIbHO HU3KOWM KBAHTOBOHM 3(h(heKTUBHOCTHIO,
3ato OoJiee NEMEBbl U MOTYT ObITh MEXaHUYECKU TMOKUMU. Y1a-
eTcsl JOOUThCSA B3aMMOJEUCTBUSI MCKYCCTBEHHBIX HAHOUYACTHII
C MPUPOJHBIMU OOBEKTaAMU HAHOPA3MEpPOB — OeIKaMU, HyKJIeH-
HOBBIMU KHCJIOTaMH | Jip. TiatenbHO OYMIIIeHHbIE HAHOYACTH-
1Bl MOTYT CAMOBBICTPAUBAThLCS B OMPEAeIEHHbIE CTPYKTYpPhI. Ta-



Kasl CTPYKTypa COAEPKUT CTPOrO YIOPAIOUYEHHBIE HAHOYACTULIBI
M TaK)Ke 3a9aCTyIo MPOSIBIISIET HEOOBIYHBIE CBOWICTBA.

Hanomeouuyuna u xumuueckasi npoMulul1eHHOCHb

HanpaBieHue B COBpeMEHHOU Me/IUIIMHE, OCHOBAHHOE Ha UC-
MOJIb30BAHMY YHUKAJIbHBIX CBOWCTB HAHOMATEPUAJIOB U HAHO-
O0OBEKTOB 7151 OTCJICKUBAHUS, KOHCTPYMPOBAHUS U U3MEHEHM S
OUOJIOTMYECKUX CHCTEM YesIOBeKa Ha HAHOMOJIEKYJISIPHOM ypPOB-
HE.

/HK-nanomexnon0zuu MCTioNb3yl0T crielM(prUIYecKue OCHO-
Bbl MoJieKys1 JIHK 1 HyKJIeMHOBBIX KHUCJIOT J1J151 CO3[aHUs Ha UX
OCHOBE YETKO 3aaHHbIX CTPyKTYp [10].

[TpOMBIIIUIEHHBI CUHTE3 MOJIEKYJT JIEKAPCTB U (papMaKOJIOr -
YeCcKuX MpernapaToB YETKO onpeaeaéHHou (opmbl (OUC-TIenTH-
JIbl).

Komnvromepol u Muxkposnekmponuka

LlenTpanbabie iporieccopsl — 15 oktsa0ps 2007 roga Komma-
Hus Intel 3asBUIa 0 pa3pabOTKE HOBOTO MPOTOTHIIA MTPOIECCO-
pa, coaepKallero HAMMEHbIIIMN CTPYKTYPHBIM JIEMEHT pa3Mepa-
MU npuMepHo 45 HM. B nanbHeiiieM KoMIaHusi HaMepeHa J10-
CTUYb Pa3MepOB CTPYKTYPHBIX 3JIEMEHTOB A0 5 HM. OCHOBHOM
KOHKYypeHT Intel, komnanuss AMD, Takke JaBHO UCIIOb3YeT I
IIPOU3BOJICTBA CBOMX IMTPOLIECCOPOB HAHOTEXHOJIOTMYECKUE MTPO-
IIeCChl, pa3paOOTaHHbIe COBMECTHO ¢ Kommanued IBM. Xapak-
TepHBIM OTJIMYKEM OT pa3padorok Intel sBsieTcss mpuMeHeHne



JOIOJIHUTENIBHOrO M3ompyouiero ciod SOI, npendarcryoie-
ro yTeYKe TOKa 3a CUET AOMOJHUTEIBbHON U30JISLMU CTPYKTYD,
(bopmupyoIMX TpaH3UCTOP. Yke CYIIECTBYIOT padoune o0pas-
1l IPOLIECCOPOB C TPAH3UCTOPAMHU pa3MepoM 14 HM U ONbITHBIE
obpasipl Ha 10 HM.

sKécmkue oucku — B 2007 romy ITutep ['prondepr u Ansdept
®epr nonyunsin HobGeneBckyio nmpeMuio no (pusmke 3a OTKpbI-
tie GMR-3¢dekTa, no3ponsoniero npou3BOAUTh 3alKCh JaH-
HBIX Ha JKECTKHX JIUCKAaX C aTOMapHOM IUIOTHOCThIO MH(popMa-
117078

CkaHUpYIOLIUI 30HJOBBII MUKPOCKOI — MUKPOCKOIT BHICOKO-
IO pa3pelleHusi, OCHOBAaHHbII Ha B3aMMOJIEICTBUY UIJIbl KAHTU-
JieBepa (30HAa) C MOBEPXHOCTHIO KcclieryeMoro oopasiia. OOby-
HO M0/l B3aMMOJEVICTBUEM TOHUMAETCs NMPUTSKEHUE WM OT-
TAIKMBaHWE KaHTWJIEBEPA OT MOBEPXHOCTU M3-3a cujl BaH-nep-
Baanbca. Ho npu ucnonb3oBaHuU crieUaIbHBIX KaHTUJIEBEPOB
MOXHO M3y4yaThb JIEKTPUUECKUE M MArHUTHBIE CBOKCTBA IIO-
BepxHOCTH. C3M MOXeT uccienoBarbh Kak IPOBOASAIINE, TaK
Y HETMpOBOJSAIIME MOBEPXHOCTH JIaxe 4epe3 CIIOW KUIKOCTH,
YTO MO3BOJISIET padoTaTh ¢ oprannyeckumu Mosekynamu (JJHK).
[IpocTpaHcTBEHHOE pa3pellieHrue CKAaHUPYIOIIUX 30HJOBbIX MUK-
POCKOIIOB 3aBUCHUT OT XapaKTEPUCTHK MCIHOJIb3YEMbIX 30H[IOB.
Pa3pemienue gocturaer aToOMapHOro Mo TOPU30HTAIM U CyIIe-
CTBEHHO MPEBBIIIAET €ro M0 BEPTUKAIIN.

Hanoanmenna — 9 ¢espansa 2005 roga B nadboparopun bo-
CTOHCKOTO YHHMBEpCcUTeTa OblTa TOMydYeHa AaHTEHHA-OCLIMILIS-



TOp pa3mMepamu nopsiaka 1 MKM. DTO yCTPOICTBO HACUMTHIBAET
5000 MHJITIOHOB aTOMOB M CIOCOOHO OCIIMJUTMPOBATH C YaCTO-
Tor 1,49 rurarepii, 4TO MO3BOJISET MEpeAaBaTh ¢ €€ MOMOIIbIO
OrpOMHBIE 0OOBbEMBI MH(POPMAITUHL.



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npenocraBieH OO0 «JIutPec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha JIutPec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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