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HanotexHosiorusa- 001acTh GpyHAAMEHTAIBHOM U IIPUKJIAHOM HAYKU U TEXHUKH,
MMEIOIAas AEJI0 C COBOKYITHOCTBIO TEOPHTUYECKOrO0 0O0CHOBAHHUA, MPAKTUYECKUX
METOZ0B UCC/IEA0BAHNA, aHAIN3a U CHHTE3a, a TAK)KE METOIOB IIPOU3BO/CTBA U

IPUMEHEHUs NPOAYKTOB € 33/IaHHON aTOMHOM CTPYKTYPOI1 yTEM KOHTPOJIHUPYEMOTO
MaHHUITYJIMPOBAaHUA OTAEJIBHBIMH aTOMaMH H MOJIEKYJIaMU.

Ha ceroqHAIIHUM JIEHb B MUPE HET €JMHOr0 CTaH/IaPTa, OIIMCHIBAIOLIETO, UTO TAKOE
HAHOTEXHOJIOTUHU X HAHOIIPOAYKIIHA.

Cpeau noaxoa0B K ONPEAEICHUIO MOHATHA «HAHOTEXHOJIOTHH» UMEIOTCA
CJIeYyIOIIHeE:

1. B Texunueckom komurere ISO/TK 229 noa HaHOTEXHOJIOTUAMU
IO Pa3yMEBAETCA CIIEAYIOLIEe:

1. 3BHAaHHE U yIIPaBJIEHHE IIPOLIeCCaMU, KaK IIPaBUJIO, B MacuiTabe 1 HM, HO
HEe HCKJIIoYaroee Maciutab MeHee 100 HM B OJHOM WK 00J1ee H3BMEPEHU X,
KOIZIa BBOJ, B AEUCTBHE pa3MepHOro addexra (AB1eHUs) IPUBOIUT K
BO3MO>KHOCTH HOBBIX IPUMEHEHUH.

2. HCIIOJIb30BaHNE CBOUCTB OOBEKTOB 1 MaTEPHAJI0B B HAHOMETPOBOM
Macirade, KOTOphIe OT/IMYAOTCA OT CBOMCTB CBOOOJHBIX ATOMOB HJTH MOJIEKYJL, a
TAKXKE OT OOBEMHBIX CBOMCTB BEILECTBA, COCTOAIIEr0 U3 3THX ATOMOB HJIH
MOJIEKYJI, IJIS CO3MAHMsA 00JIee COBEPIIEHHBIX MATEPHAJIOB, IIPHOOPOB, CHCTEM,
PEATHUIYIOIIUX 3TH CBOHCTBA.

2. Ha Tepputopuu Poccutickoit @eepanyiy TOHATUE HAHOTEXHOJIOTUH
yctaHOBJIEHO B I'OCT P 55416-2013 «Hanorexnosoruu. Yactsd 1. OCHOBHEIE
TEPMUHEI U OIIPEZeJIEHUA», 3 HMEHHO:

1. CornacHo «KoHnenuu passutus B Poccuiickoit ®emepanyuu pabor B
00J1aCTU HAHOTEXHOJIOTUH Ha IIEPHOJ A0 2010 roaa» (2004 r.) HAHOTEXHOJIOT U
ONIPEAEIAECTCA, KAK COBOKYITHOCTh METOZIOB 1 IIPUEMOB, 00ECIIEUNBAIOIIHNX
BO3MO>XHOCTb KOHTPOJIHPYEMBIM 00pa30M CO34aBaTh H MOAH(PHIIMIPOBATE
OOBEKTHI, BKIIOYAIOIIEe KOMIIOHEHTHI C pa3MepaMH MEHee 100 HM, XOTs ObI B
OZHOM M3MEPEHHH, H B PE3YJIBTATE HTOr'0 MOIYyUYUBIINE NPUHYUNUANLHO HOBbLE
Kauecmea, MO3BOJIAIOIIUE OCYIIECTB/IATh UX HHTETPALUIO B IOJTHOLIEHHO
(QYHKIIMOHHUPYIOIIHE CUCTEMBI O0JIBIIEro Maciraoa.

lIpakTyecKn aceKT HAHOTEXHOJIOTHMY BKJIIOYAET B €05 IPOU3BOACTBO YCTPOICTB
1 UX KOMIIOHEHTOB, HEOOXOUMBIX [ CO3AaHUA, 00pabOTKH U

MaHHITYJIAUA aTOMAaMHU MOJIEKYJIaMH U HaHOo4YacTuuamu Ilogpa3symeBaercs, 4To HE
0053aTebHO 0OBEKT AOKEH 00J1a/1aTh XOTh OAHHM JTHHEHHBIM Pa3MePOM MeHee
100 HM — 3TO MOI'YT OBITE MaKPOOOBEKTHI, ATOMApHAaA CTPYKTyPa KOTOPBIX
KOHTPOJIUPYEMO CO3/Ia€TCA C pa3penieHueM Ha YPOBHE OTAEJIbHBIX ATOMOB, JIN0O ke
coziepkanue B cedbe HaHOOObeKTHI B OoJ1ee MpPOKOM CMBIC/IE 5TOT TEPMUH
OXBATBIBAET TAKXKE METOAbI IUATHOCTUKH, XapaKTEPOJIOTHH U UCCIEAOBAHUN TAKUX
O0OBEKTOB.




HaHoTexHO0JI0rnu Ka4yeCTBEHHO OT/IMYAIOTCA OT TPAAUIIHOHHBIX JUCLMILINH,
IIOCKOJIBKY HAa TAKHX MAacIluTabax MpuBBIYHBIE MAKPOCKOIIMUECKUE TEXHOJIOTUH
oOpaieHus ¢ MaTepyuen 4acTo HeIIPUMEHHMBI, 8 MUKPOCKOIIMYECKUE ABJICHUS,
npeHeOpeXUTENbHO ¢J1adble HAa MPUBBLIYHBIX MaciTabax, CTaHOBATCS HAMHOTO
3HAYUTEJIbHEe: CBOMCTBA U B3aUMOJAEUCTBUSA OTAEIbHBIX AaTOMOB M MOJICKYJI WIH
arperaToB MoJIEKYJI (Hanpumep, cuiisl Bau-aep-Baanbca), kBanToBbIe 3 DEKTEI.

HanoTrexHosiorusa 1 B 0COOEHHOCTH MOJIEKYJISAPHAS TEXHOJIOTUS — HOBBIE, OUEHb
MaJIO HCCJI€0BAHHbIE JUCHUIINHBI. OCHOBHBIE OTKPHBITHA, IIPEACKA3bIBAEMbIE B
3TOM 00s1aCTH, II0OKA He CleJIaHbl. TeM He MeHee, TPOBOAMMBIE HUCCIEIOBAHUA YKe
JAI0T IPAKTHYECKHE PEe3YyaAbTaThl. VICIIOJIb30BaHUE B HAHOTEXHOJIOTHH II€PEIOBBIX
HAYYHBIX OCTHXKEHUH I1I03BOJIAET OTHOCUTD €€ K BBICOKMM TEXHOJIOTUSIM.

Pa3BuTHe COBpEMEHHOU 2JIEKTPOHUKHU HET 110 IIyTH YMEHbIIIEHHUS Pa3MEPOB
ycTpoHCTB. C APYTOH CTOPOHBI, KJIACCUYECKHE METOABI IIPOU3BO/ICTBA IIOAXOAAT K
CBOEMY €CTECTBEHHOMY SKOHOMHUYECKOMY U TEXHOJIOTHYECKOMY bOaprepy, Koraa
pa3Mep yCTPOMCTBA YMEHBIIIAeTCA HEHAMHOI0, 3aTO 9KOHOMUYECKHE 3aTPATHI
BO3PACTAIOT 3KCNOHEHIMAJIbHO. HaHOTEXHO/I0THA — CJIEAYIOLIUM JIOTHYECKHUH IIar
Pa3BUTUA 3JIEKTPOHHUKH U IPYTUX HAYKOEMKHX IIPOU3BO/CTB.

HcTropusa

MHorme MCTOYHHMKHY, B IIEPBYIO OYEPEb AHIVIOA3BIYHBIE, IIEPBOE YIIOMHHAHHE
METOZI0B, KOTOPHBIE BIIOCJIEICTBUU OYyAYT Ha3BaHbl HAHOTEXHOJIOTHEH, CBA3BIBAIOT C
U3BECTHBIM BBICTYIUIEHHEM Pruuapaa PernHMaHa « BHU3Y NO/IHbIM-NOAHO Mecma»,
CACJIAHHBIM MM B 1959 roay B Katu@OopHUNCKOM TEXHOJIOTHYECKOM HHCTHUTYTE HA
€KEerogHoM BCTpeuye AMepUKaHCKOro pusuyeckoro obmiecrsa. Puyapy Geituman
IPEANOI0XKUI, YTO BO3MOXKHO MEXaHNYECKU IIEPEMELIATh OANHOYHBIE ATOMBI IIPH
[IOMOII MaHHUITYJIATOPA COOTBETCTBYIOIIETO pa3Mepa, 10 KpaliHel Mepe, Takou
IIPOIIECC HE IPOTHBOPEYMII OBl H3BECTHBIM HAa CETOMHAIIHUH IeHb (PU3NUECKUM
3aKOHaM.

OTOT MAaHUILYJIATOP OH IPEAJIOXKUII JeJIaTh CJIEAYIOIINM criocoboMm. HeoO6xomumo
IOCTPOUTDH MEXaHH3M, CO34ABaBIINM ObI CBOIO KOIIHIO, TOJILKO HA MOPAIOK
MeHbIIY10. CO3aHHBIN MEHBIINHA MEXaHU3M J0JKEH ONATH CO34aTh CBOIO KOITHIO,
OILATH HA NMOPAMIOK MEHBIIYIO U TaK /10 TEX IIOP, II0KAa pa3Mephl MEXaHH3Ma He OyayT
COM3MEPHMMEI C pa3MepaMH NOpsAAKa OMHOro aroma. IIpu aToM HeoOGxogumo OyzeT
fieJlaTh U3MEHEHHA B YCTPOMCTBE 3TOr0 MEXaHU3MA, TaK KaK CHJIbI FPDABUTAIUH,
AEUCTBYIOILIYIE B MAKPOMUPE, OyAyT OKa3bIBaTh BCE MEHbBIIIEE BIUAHHUE, a

CIJIbI MEXKMOJIEKYJIAPHBIX B3aUMOAEHUCTBMN U Bau-nep-BaasnbcoBel bl OYAyT BCe
OoJIbIIIE BJIUATH HA paboTy MexaHusMa. [Tocseauuii aTan — mosydeHHbIH MeXaHU3M
cOOEpET CBOXO KOMUIO U3 OT/IEJIbHBIX ATOMOB. IIPHHIMIINAIBHO YHCIIO TAKUX KOITHE
HEOrPaHUYEHHO, MOXKHO OyZleT 3a KOPOTKOE BpeMA CO31aTh IIPOU3BOJILHOE YHUCJIO
TaKMX MAlIHH. ITH MAIIUHBI CMOT'YT TAKMM K€ CII0COO0M, TOAaTOMHOM COOPKOIA,
coOMpaTh MaKpOBEUTU. DTO IO3BOJIMT CAEIATh BEIM HA MOPAAOK JElIeBJIe — TAKUM
poboram (HaHOpOOOTaM) HY>KHO OYAET AATh TOJILKO HEOOXOIMMOE KOJITHYECTBO
MOJIEKYJI ¥ SHEPTHIO, U HAITUCATh IIPOrpaMMYy JJIsi COOPKH HEOOXOAHMMBIX ITPEAMETOB.
/10 CHX MOp HMKTO HE CMOT ONIPOBEPTHYTH 3TY BO3MOXKHOCTD, HO H HUKOMY IIOKA He

YAQI0Ch CO3A4aTh TaAKME MEXaHM3MEI. BoT kak P. ®ertHMaH onucas nmpearosiaraeMbli
UM MaHUIIYJIATOP:



«fl Iymao o CO3JaHHUH CUCTEMBI C 3JIEKTPHYECKHUM YTIPABJIEHHUEM, B KOTOPOU
HCII0JIb3YIOTCA U3TOTOBJIEHHBIE OOBIYHBIM C11OCOOOM «00CyKHBaIOILHE pOOOTHI» B
BH/I€ YMEHbIIIEHHBIX B YEThIPE pa3a KOIIUH «pyK» oneparopa. Takue
MHKPOMEXaHH3MbI CMOTYT JIETKO BBINIOJIHATH ONEepaliy B yMEHbIIIEHHOM MaciiuTabe.
A roBOpI0 0 KpOLIEYHBIX poOOTaxX, CHAOXKEHHBIX CEPBOABUTATENAMH X MAJIEHBKMMHU
«PyKaMH», KOTOPbIE MOTYT 3aKPy4YHBaTb CTOJIb K€ MaJIeHbKHE OOJITHI M TaUKH,
CBEPJIUTh OYEHb MAJIEHbKUE OTBEPCTHUSA U T. . KOpoue roBops, OHU CMOTYT
BBIIIOJIHATD BCE paboTel B Maciurabde 1:4. [y 3TOro, KOHE4YHO, CHavasia CJIEAYeT
H3rOTOBUTh HEOOXOAUMbBbIE MEXaHU3MBbI, MTHCTPYMEHTHI U PYKN-MaHHUITYJIATOPHI B
OJHY YETBEPTYIO OOBIYHOM BEJIMYMHBI (HA caMOM JieJie, ICHO, UTO 3TO O3HAUYaeT
YMEHBIIIEHUE BCEX IOBEPXHOCTEN KOHTAKTA B 16 pa3). Ha nocsiegnem aramne atu
yCTpouCTBa OyAyT 000py/10BaHBI CEPBOBUTaTEAMU (C YMEHBIIIEHHOMH B 16 pa3
MOILIHOCTBIO) U MPUCOEAUHEHBI K 0OBIYHOM CHCTEME 3JIEKTPUUECKOTO YIIPaBJIECHHUA.
[1ocisie 3TOrO0 MO>XHO OyzAET MOJIL30BATHCA YMEHbBIIIEHHBIMH B 16 pa3 pykaMu-
mManumnyasaTopamu! Chepa npumeHeHNA TAKUX MUKPOPOOOTOB, a TaKKe
MHKPOMAaIIHH MOXXET OBITh JOBOJIBHO IIIMPOKOM — OT XUPYPTrUYECKHUX OIEPaIHH 10
TPAaHCIIOPTUPOBAHUA U ITEPpEepad0TKU paAUOAKTUBHEBIX MaTePHAJIOB. fI HazerCh, 4TO
MPUHIUI IIPE/JIara€MOM IIPOrPaMMBI, a TAK)KE CBA3aHHBIE C HEH HEOXKUJAHHBIE
Ipo0JIEMBI U OJIECTAIIIE BO3MOXKHOCTU MMOHATHBI. BoJjiee Toro, MO>KHO 3a[yMaThCs O
BO3MOX>XHOCTH JAJILHEUIIIETO CYIIIECTBEHHOr0 YMEHbBIIIEHUS MacCIITab0B, UToO,
€CTECTBEHHO, OTPEOyeT AaTbHEUIITNX KOHCTPYKIIMOHHBIX H3MEHEHUH H
MOJHU(MHUKAIMU (KCTaTH, HA ONIPEEJIEHHOM 3Talle, BO3MOXKHO, IIPUAETCA OTKA3aThCA
OT «PYK» IIPUBBIYHOMN (DOPMBI), HO ITIO3BOJIUT U3TOTOBUTH HOBBIE, 3HAUUTEJIHHO
OoJiee coBepIIEHHBIE yCTPOICTBA OUCAHHOIO TUIA. HUYTO He MelmaeT NpooKUTD
3TOT IIPOIECC H CO3AATH CKOJIBKO YTOAHO KPOIIEYHBIX CTAHKOB, IIOCKOJIBKY HE
NMeEETCA OrPAaHUYEHUH, CBA3AaHHBIX C Pa3MeEIleHUEM CTAHKOB HJIN UX
MaTEPHATIOEMKOCTHI0. X 00Bh€M OyzieT Bceraa HAMHOTO MeHbIIe 00bEMa MPOTOTHIA.
JIerko paccyuTaTh, YTO OOIIMHI 00BEM 1 MJIH yMEHBIIEHHBIX B 4000 pa3 CTAHKOB (a
CJIEZI0BATEJILHO, X Macca UCII0JIb3yEMbIX /I M3TOTOBJIEHUS MAaTEPUAJIOB) OyzeT
COCTaBJIATh MEHee 2 % OT 00bEMA U MacChl OOBIYHOTO CTAHKA HOPMAJIbHBIX
pa3mepoB. IIOHATHO, YTO 3TO CPa3y CHUMAET M P00JIeMy CTOUMOCTH MaTepUaIoB. B
NPUHIIMIIE, MOXKHO ObLIIO OBI OPraHM30BaTh MUJIJTMOHBI OAMHAKOBBIX MUHHATIOPHBIX
3aBOJIMKOB, HA KOTOPBIX KPOIIEYHBIE CTAHKH HENIPEPBIBHO CBEPJIMIIM OBl OTBEPCTHA,
IITAMIIOBAJIH JE€TAJIH U T. I1. IT0o Mepe yMeHbleHus pa3MepoB MbI Oy1eM IOCTOSHHO
CTAJIKMBAThCA C OYEHb HEOOBIYHBIMU (PU3UIECKHMMU ABJICHUAMH. Bcé, ¢ ueM
IPUXOAUTCA BCTPEYATHCA B 2)KM3HHU, 3aBUCHUT OT MacIITabHbIX (pakTopoB. Kpome Toro,
CYILIECTBYET €IlE U ITpobiieMa «CJIUMIaHUA» MAaTEPHUAJIOB O, AEHCTBUEM CHJI
MEXMOJIEKYJIADHOIO B3aUMOJAEHCTBUA (TaK Ha3bIBaeMble CHJIbI Ban-zep-Baasnbca),
KOTOpasa MOKET NPUBOAUTE K 3(pdHeKTaM, HEOOBIYHBIM JJI1 MAaKPOCKOITHYECKUX
Macurtabos. Hanpumep, raiika He 6yzer oTaeasaThCsa OT 60/1Ta HOC/Ie OTKPYYHBAHHMA,
a B HEKOTOPBIX CIydadx OyZeT IVIOTHO «IIPHKJIEUBATHCA» K IIOBEPXHOCTH U T. JI.
CymecTByeT HECKOIbKO (PU3UYEeCKUX PO6JIEM TAKOTO THIIA, O KOTODHIX CJIEAYeET
[IOMHUTD IIPU IPOEKTUPOBAHHUH U CO3JAHUU MHKPOCKOITMYECKUX MEXaHU3MOB. »




POyHAaMEeHTAJbHBIC IT0JJIOKCHU A

HaHnouyacTHubl

CoBpeMeHHas TeHAEeHIMA K MUHHATIOPU3AIMH II0KAa3aJ1a, UTO BELECTBO MOKET
HMETh COBEPIIIEHHO HOBBIE CBOMCTBA, €CJIM B3ITh OUEHb MAJIEHBKYI0 YACTULLY 3TOTO
Berecrsa. YacTuipl pa3MepamMu OT 1 10 100 HAHOMETPOB OOBIYHO HA3bIBAIOT
«HaHo4YacTuaMu». Tak, HalIpuMep, OKa3ajoChb, YUTO HAHOYACTUI[bI HEKOTOPBIX
MaTEPHAJIOB UMEIOT OUE€Hb XOPOLIHEe KATAJTUTUUECKHUE U afCOPOIIMOHHBIE CBOHCTBA.
JIpyrue MaTepuasibl OKA3bIBAIOT YAUBUTEAbHbBIE ONITUUYECKHE CBOMCTBA, HAIPUMED,
CBEPXTOHKHE IVIECHKU OpraHUYEeCKHUX MAaTepHaIOB IPUMEHAIOT [J1s

IPOM3BO/ICTBA COJIHEUHBIX OaTtapeii. Takue 6aTapeu, XO0Tb ¥ 00/1a1a10T CPAaBHUTEIBHO
HHU3KOH KBAaHTOBOM (P PEKTUBHOCTHIO, 3aTO D0JIee AelIeBbl U MOTYT OBITH
MEeXaHHUYeCKH TMOKUMHU. YaaeTcsa JoOUThCS B3aUMOAENCTBUA UCKYCCTBEHHBIX
HAHOYACTHI] C MPUPOJAHBIMHU 00bEKTAMU HAHOPA3MEPOB — OeJIKaMH, HyKJI€MHOBBIMHU
KUCJIOTaMU U Ap. TIaTesbH0 OUnIeHHbIe HAHOYACTULIBI MOTYT CAMOBBICTPAUBATHCA
B OIIPEJEJIEHHBIE CTPYKTYPHI. Takasa CTPyKTypa COAEP>KHUT CTPOro YIOPpAAOUYEHHBIE
HAaHOYAaCTHIIBI M TAKXKE 3a4aCTYIO IIPOSABJIsET HEOOBIYHBIE CBOHCTBA.

HaHOOOBEKTHI AeIATCA HA 3 OCHOBHBIX KJIacCa: TPEXMEPHbIE YACTHULIbI, II0JIy4YaeMbIe
B3PBIBOM IIPOBOJHUKOB, IIJIAa3MEHHBIM CHHTE30M, BOCCTAHOBJIEHHEM TOHKHX
IUIEHOK U T. II.; AByMEPHBIE 00BEKTHI — IJIEHKHU, IIOJTy4aeMbIE METOIAMHU
MOJIEKYJIAPHOTO HacstauBanusa, CVD, ALD, meToo0M HOHHOIO HaCJIauUBaHHUA U T. 1.,
OJHOMEPHBIE 00BEKTHI — BUCKEPHI, 3TH OOBEKTHI ITOJIYIAIOTCA METOA0M
MOJIEKYJIAPHOIO HaCJIauBaHM A, BBEJEHHUEM BEILECTB B

LMJIMHIPUYECKHE MUKPOIIOPHI U T. AI. TakoKe CyIleCTBYIOT HQHOKOMIIO3UTHI —
MaTEPUaJIbl, II0JIy4YeHHbIE BBEJICHHEM HAaHOUACTUL] B Kakue-1n00 matpunbl. Ha
NAaHHBIA MOMEHT OOIIMPHOE MPUMEHEHHE IIOJIYYII TOJIBKO METO/]
MUKPOJIUTOIPAPUHU, ITO3BOJIAIOIIUU II0JIy4YaTh HA IIOBEPXHOCTH MATPHUI] IIJIOCKHE
OCTPOBKOBBIE OOBEKTHI pa3MEPOM OT 50 HM, IPUMEHAETCSA OH B 3JIEKTPOHUKE; METO/]
CVD u ALD B OCHOBHOM IIPUMEHAETCA IJIA CO3/IaHUsA MUKPOHHBIX IJIEHOK. [Ipoune
METO/Ibl B OCHOBHOM HCIIOJIb3YIOTCS B HAYUYHBIX LIeJIAX. B 0coO0eHHOCTH cotepyer
OTMETHUTh METOABI HOHHOI'0 U MOJIEKYJIAPHOTO HACJIAUBAHMSA, IIOCKOJIBKY C UX
IIOMOIIBIO BO3BMOXKHO CO3JaHHE PEaIbHBIX MOHOCJIOEB.

Oco0BIi KJIacC COCTABJSAIOT OPraHNYEeCKUe HAHOYACTHIIBI KaK €CTECTBEHHOr0, TAK U
HCKYCCTBEHHOT'O IIPOUCXOKAECHUAA.

IToCKOJIbKY MHOTHE (PU3NYECKHUE U XUMUYECKHE CBOMCTBA HAHOYACTUIL, B OTJINYHE OT
00BbEMHBIX MaTEPHUAJIOB, CHJIBHO 3aBUCAT OT UX Pa3Mepa, B IIOCJIEAHUE I'ObI
IPOABJISAETCA 3HAYUTEJbHBIU HHTEPEC K METOAAM U3MEPEHUA PA3MEPOB HAHOYACTHI]
B PaCTBOpAaXxX: aHAJIN3 TPAEKTOPUHN HAHOYACTHIL, JUHAMHYECKOE

CBETOpacCCessHUEe, CeAUMEHTAILMOHHBIN aHAJIN3, YIBTPA3BYKOBBIE METOBI.

CamoopraHuszanusa HAHOYACTHUIL 1 CAMOOPraHU3YIOIHECH IIPOIECCHI

OAuH U3 BaXKHEHUIIINX BOIIPOCOB, CTOAIIUX IIepe] HAHOTEXHOJIOTHEN — KaK 3aCTaBUTh
MOJIEKYJIBI TPYIIIIUPOBATHCA OIPEAEJIEHHBIM CIIOCOOOM, CAMOOPraHHU30BbIBATHC A,
4YTOOBI B UTOTE NOJYYUTH HOBhIE MATEPHAJIBI WIH YCTPOMCTBA. DTOMH MPo0IEMOMH
3aHHUMAaETCA pa3gesl XUMHU — CylIpaMoJieKyasspHasa XuMusa. OHa u3ydaeT He
OTAEJIbHBIE MQJIEKYJIBL, & B3AUMOAEHUCTBUS MEX/ILY MOJIEKY/IAMH, KOTOPbIE CIIOCOOHDI




YIIOPAIOUUTD MOJIEKYJIbI ONIPEeAEJEHHBIM CI10c0O0M, co3/1aBast

HOBBIE BellecTBa U matepuasbl. OOHAIE)KUBAET TO, UTO B IIPUPO/IE ACHCTBUTEIBHO
CYLLECTBYIOT OA00HbBIE CUCTEMBI U OCYILIECTBAAIOTCA NM0A00HBIE ITpouecchl. Tak,
M3BECTHB! OMONOJIUMEDPDI, CTOCOOHBIE OPraHU30BLIBATLCA B 0COOBIE CTPYKTYPHI.
OauH U3 IpUMepoB — OeJIKM, KOTOPhIE He TOJIbKO MOI'YT CBOPauYMBaThCA

B 17100y pHYI0 (DOPMY, HO M1 00pa30BLIBATh KOMILJIEKCHI — CTPYKTYPHI,
BKJTIOYAIOIIINE HECKOJIBKO MOJIEKYJI OE€JIKOB. Y>Ke cerHuac CyLieCcTByeT MeTO/l CHHTe3a,
MCIIOJIL3YIOIUHI cnenduueckye cBorucTea MmoJiekyssl JTHK.

Bepérca kommiementapuasa IHK (kIHK), k ogiHOMY U3 KOHLIOB I1I0COeAUHAETCSA
moJiekysa A wiu b. meem 2 Bemecrsa: ----A 1 ----b, re ---- — ycjI0BHOE
n3obpaxenue oguHapHon mosiekysbl JJHK. Teneps, ecyiu cMe1IaTsy 3TH 2 BELIEeCTBa,
MEXAy AByMA oaguHapHbIMH Henoukamu JIHK obpa3yioTca BogopoaHbIe CBA3H,
KOTOpPbIE NPUTAHYT MOJIEKYJIbI A U B APYT K Apyry. YCJI0BHO H300pa3uM IMOJIydEHHOE

OKOHYaHHA IIpoliecca.

OaHaKo ABJIEHUA CAMOOPraHU3aIMU HE 3aMbIKAIOTCS TOJIBKO HA CIIOHTAHHOM
YIIOPAZOYEHUU MOJIEKYJI H/HMJIU UHBIX YaCTHI] B pe3yJIbTaTe UX B3aUMOECHCTBHA.
CymecTByIOT U ApyTUE MPOILIECChl, KOTOPHIM MIPHUCYIIA CIIOCOOHOCTD K
CaMOOpraHuU3aluy, He ABJIAIOIIUECS IPEAMETOM CYITPaMOJIEKYIAPHON XUMHH.
OAHUM U3 TaKUX IPOLIECCOB ABJIAETCA SJIEKTPOXUMHYECKOE aHOHOE
OKCHAUpOBaHue (AaHOAUPOBAaHME) AJTIOMUHNA, 38 UMEHHO Ta €ro pa3HOBUHOCTD, YTO
IPUBOAUT K GOPMUPOBAHUIO IOPUCTHIX aHOAHBIX OKCUAHBIX IUIEHOK (ITAOII).
[TAOII npencraBiAOT cob0i KBa3UyNOPAI0UEHHbBIE ME30OIIOPHUCTBIE CTPYKTYPBI C
[IOpaMH, PacroJIO>KEHHBIMH HOPMAJIBHO K IIOBEPXHOCTH 00pa3ia H HUMEIIINMH
AUAMETP OT €OUHHUIL 1O COTEH HAHOMETPOB U JIJIMHY OT J0JIEH 0 COTEH
MHUKPOMETPOB. CyIleCTBYIOT IIPOLIECCHI, IO3BOJIAIOIIHE B CYILIECTBEHHOH CTEIIEHH
YBEJIMUHUTH CTEIIEHD YIIOPAAOUYEHHOCTH PACIIOJJI0KEHUA IIOP U CO3aBaTh HA OCHOBE

ITAOA HaHOCTPYKTYPHUPOBAHHBIE OHO-, IBYX U TPEXMEPHbIE MACCHBBI.

IIpoOJsema 0Opa3oBaHUA arJyIOMEPaTOB

HacTtuupl pasMepaMy NOpAAKa HAHOMETPOB MJIM HAHOYACTUIIBI, KAK NX HAa3bIBAIOT B
Hay4YHBIX KpyTrax, UMEIOT OJHO CBOMCTBO, KOTOPOE OUYEHb MEIIAET UX
MCIOIb30BaHNI0. OHU MOT'YT 00pPa30BBIBATh aIJIOMEPATHI, TO ECTH CJIMIATHCA APYT C
apyroM. Tak Kak HAaHOYACTHI[BI MHOr00O0EIAIOIIM B OTPaCIAX

ITPOMU3BOZICTBA KEPAMHKH, METAJJIYPI'HH, 3Ty IIpo0IeMy Heo6XxoauMo pemaTtb. OgHO
13 BO3MOXKHBIX PEIIEHUN — UCII0JIb30BaHUE BEUIECTB — JUCIIEPrEeHTOB, TAKUX

KaK IIUTPAT aMMOHHA (BOJHBIN PAaCTBOP), UMUAA30JIMH, OJICHMHOBBII

cnupT (HepacTBOpPUMBIX B Boze). FIx M0kHO 100aBJIATH B cpeny, COAEPKALIYIO

HAaHOYACTUIIBIL.




