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NPUMEHEHUE COBPEMEHHBIX JOCTHXXEHU ®U3UKHU TBEPJIOTI'O TEJIA
B IKOJIbBHOM IIPEINIOJJABAHUUN

B noboii ompaciu mexHuKku ucnojio3yromcs ceolicmea m@epdoeo meJja. mexanudecKkue, menjioevle,
aneKmpudecKue, MAasHUmHvle, onmuyeckue u m. 0. Bce Oonvuiee npumeHeHue 6 MeXHUKEe HAXOOSM
Kpucmanivl.

MoHoOKpUCTaIIBl  psa DJIEMEHTOB W MHOTMX XHUMUYECKUX BEIIeCTB 00JagaioT
3aMeyaTelIbHBIMM ~ MEXaHWYECKUMH, DJIEKTPUUYECKHUMH, MArHUTHBIMU W ONTHUYECKUMU
cBoiictBamu. Tak, HanpuMmep, ajiMa3 TBEp)Ke JOO0ro APYyroro MUHepasa, BCTpEYaroUlerocs: Ha
3emne. Kpucrtamnasl kBapua u  CHIOAbI  O0JNAJAIOT  PSIIOM  DJIEKTPUYECKUX  CBOWCTB,
o0ecrevyrBarOIMX UM IIMPOKOe MpUMEeHeHue B TexHuke. Kpucramisl ¢uroopurta, TypMaluHa,
UCJIaHJICKOTO IMaTta, pyOMHAa M MHOTHE JpYyrue HaXoAAT NPUMEHEHUE MpPU M3rOTOBJIECHUU
onTUYeckux npudbopos. K coxaneHuto, B mpupojie MOHOKPUCTAIIBI OOJBITMHCTBA BELIECTB 0€3
TpEellMH, 3arpsi3HeHUd U JIpyrux JAe(eKTOB BCTPEYAIOTCs PEIKO. DTO MPUBEIO K TOMY, YTO
MHOTHE KPUCTAJIbl HA MPOTSIKEHUM ThICAUYETIETUN JIIOJIM Ha3bIBAIOT APAroLE€HHBIMU KaMHSMHU,
anmas, pyoOuH, candup, aMeTHCT W JApyTrHe JAparoleHHble KaMHU J0JIT0e BpeMs IEHWINCH
JI0JbMHU OY€Hb BBICOKO B OCHOBHOM HE 3a OCOObIe MEXaHWYeCKHe WU JIpyrue (uznueckue
CBOICTBa, a JMIIb U3-32 CBOEH peakocTu. Pa3BuTHe HAyKuM M TEXHUKU MPUBEIO K TOMY, YTO
MHOTHE JIparolieHHble KaMHU UM TIPOCTO PEKO BCTPEUAIOIIUECS B MPUPOJIE KPUCTAIIIBI CTAN
OUeHb HYKHBIMU JIsl U3TOTOBJICHUS JieTaneil mMpuOOpPOB U MAIIWH, 7S BHITOJHEHHs] HAYYHBIX
HUCCIIEJOBaHMIA.

[ToTpeOGHOCTH, BO MHOTHX KpHCTajlax BO3pOcCia HACTOJIBKO, YTO YAOBJIETBOPUTH €€ 3a CUET
pacmMpeHusi MaciTtadoB BBIPAOOTKM CTapblX MPUPOIHBIX MECTOPOXKACHUN OKa3aloch
HEBO3MOXKHO. Kpome TOro, [jisi MHOTMX oOTpaciieid TeXHUKH U OCOOEHHO MJisi BBINOJIHEHUs
HAy4YHBIX MCCIIEJOBaHUI Bce yallle TpeOyKTCS MOHOKPUCTA/LIbl OUY€Hb BBICOKMIA XUMHUYECKOU
YUCTOTHl C COBEPIICHHOW KpUCTAJUIMYECKON CTpykTypoil. Kpucramiel, BcTpewaromuecs B
npupojie, STUM TpeOOBaHUSM HE YJIOBJIETBOPSIIOT, TaK KaK OHU PACTyT B YCJIOBHUSX, BechbMa
Janekux oT wuaeanbHbiX. Takum oOpa3oM, BO3HMKIA 3aqadya pa3pabOTKHM TEXHOJIOTUU
HUCKYCCTBEHHOTO W3TOTOBJICHUSI MOHOKPHUCTAJIJIOB MHOTMX OJEMEHTOB W  XHMHUYECKHUX
coenuHeHuil. Pa3paboTka CpaBHUTETBLHO MPOCTOrO CHoco0a W3rOTOBJICHUS IParolieHHOTO
KaMHs " TPUBOAMT K TOMY, YTO OH MepecTaeT ObITh JparolleHHbIM. OOBSICHSIETCS 3TO TEM, YTO
OOJIBIIIMHCTBO JPAaroleHHbIX KaMHEW SIBJISETCS KpUCTalJlaMU HIMPOKO PpaclpOCTPAHEHHBIX B
NpUpOJIe XUMUYECKUX IJIEMEHTOB M coeluHeHui. Tak, aiMas 3To KpucTallil yriepoaa, pyouH u
candup KpUCTaJIIbl OKUCH AIFOMUHUS C PA3IUYHBIMU TPUMECSMH.

[IpumeHeHus KpUCTaIOB B HAYKE M TEXHUKE TaK MHOIOYUCIIEHHBI U pa3HOOOpa3Hbl, UTO
WX TPYJIHO nepednucinThb. [loaToMy orpaHMuuMcsi HECKOJIbKUMU Mpumepamu. Camblii TBEpIbIA U
CaMblif peIKUi U3 MPUPOJIHBIX MUHEPAJIOB - aliMa3. 3a BCIO UCTOPHIO YEIOBEYECTBA €r0 OOBITO
Bcero okojio 150 T, XoTs B MUPOBO# aimMa3o00bIBaIOIICH MPOMBIIIJIEHHOCTH ceiiuac paboTaer
MOYTH MUJUTMOH 4YesioBeK. CerofHs ajiMas, B EPBYIO Oo4Yepe/ib, KAMEHb-paOOTHUK, @ HE KaMEHb-
ykpaienue. Okono 80% Bcex 10ObIBaeMbIX MPUPOTHBIX aIMa30B M BCE UCKYCCTBEHHBIE alMa3bl
UCIIOJIb3YIOTCSl B IPOMBILIIIEHHOCTH. POJib aiMa30B B COBpEMEHHOM TeXHHUKE TaK BeJIMKa, YTo, M0
nojicueTaM aMEepUKaHCKUX HKOHOMHCTOB, MpEKpallleHHe MPUMEHEHUs] ajiMa3oB IMPUBEIO Obl K
yMeHbllleHrto MoiHocTd npombiiienHoctu CIIA BaBoe. Ilpumepno 80% mpumeHsieMbIX B
TEXHMKE alMa3oB WJAET Ha 3aTOYKy HMHCTPYMEHTOB M PE3LOB - "CBEpXTBEPJbIX CILIABOB'.
AJMa3bl CITy’)KaT OMOPHBIMU KaMHSAMU (MOAMIMITHUKAMHK) B XPOHOMETpPAx BBICIIETO Kiiacca JJIst
MOpPCKHX CYJIOB W B JApPYrHX 0C000 TOYHBIX HABUTAIIMOHHBIX Npubopax. Ha ammazHbix
MOJIIMITHUKAX HEe O0OHAPYKUBAETCsl HUKAKUX ciieoB u3Hoca naxe nocie 25 000 00®oopoToB.

Heckonbko ycTymasi anMasy MO TBEpIOCTH, COPEBHYETCS C HUM IO pa3HOOOpasuio
TEXHUYECKUX MPUMEHEHUH pyOuH - OJIaropo/IHbIid KOpyHI, okuch amromunust Al,Os ¢ kpacsiiei



PUMECHIO0 OKUCH XpoMa. MUpOBOE MPOU3BOACTBO MCKYCCTBEHHBIX pyOuHOB mpeBbimaeT 100T.
B roa. M3 1 kr cuHTeTHYecKkoro pyouHa yaaetcs u3roroButh okono 40 000omopHBIX KaMHel
JUist yacoB. HezaMeHUMBbIMU OKa3ajanch pyOMHOBBIE CTEPKHHM Ha (abpuKax MO0 M3rOTOBICHUIO
TKaHEell M3 XMMUYECKOro BoJiokHa. Ha m3rotoBnenne 1 M TKaHM M3 MCKYCCTBEHHOTO BOJIOKHA
TpeOyeTcsi U3pacxoA0BaTh COTHHU ThICSY METPOB BOJOKHA. HUTeBoAMTENM M3 caMOro TBEpIOro
CTEeKJIa U3HAIIMBAIOTCS 32 HECKOJIbKO JTHEH MPH MPOTSHKKE Yepe3 HUX MCKYCCTBEHHOTO BOJIOKHA,
aratoBble CHOCOOHBI paboTaTh A0 JIByX MECSEB, PyOMHOBBIE HUTEBOAMTEIM OKA3bIBAIOTCS
MPAKTUYECKU BEUYHBIMU.

HoBas o6macth i MIMPOKOTO MPUMEHEHUs pyOMHOB B HAY4YHBIX HCCIEIOBAaHUAX U B
TEXHUKE OTKpBLIACh ¢ M300peTeHHEM PYOHMHOBOTO Ja3epa - Mpudopa, B KOTOPOM pPyOWHOBBIA
CTEep)KEHb CIIY>KUT MOIIHBIM HCTOYHUKOM CBETa, HCITyCKAEMOT0 B BUJIE TOHKOT'O CBETOBOTO JIyyYa.
HckmrounTenpHas pojb Bbllajla Ha JONI0 KPUCTAJUIOB B COBPEMEHHOW 3JIEKTPOHHKE.
BoNbIIMHCTBO TOMYNPOBOJHUKOBBIX 3JEKTPOHHBIX MPUOOPOB M3rOTOBJIEHO U3 KPHUCTAIOB
repMaHusi WM KPEMHHUS.

Ilve3z0onekmpuueckue u nuposnekmpudeckue ceoticmeéa. B Nunum u Ha lleitnone c
JIPEBHUX BpeMeH, ObUIO U3BECTHO, YTO KPHUCTAUIbI TypMalIMHA, MOJIOKEHHbIE B TOPSUYIO 3011y,
CHauasia MPUTITUBAIM, a 3aTeM OTTAJIKUBAJIM YaCTHUIIBI 30JIbl. DTO SBJICHHE CTajO M3BECTHO B
EBponie B 1703 r., KOrja royjaHjacKue KyIbl MPUBE3NU KpUCTAUIBI TypMaiuHa c LleinoHa.
Kapa Jlunnedt B 1747 r. pan TypMmajivHy HaydyHOE Ha3BaHHE. DJICKTPUUECKH KameHb (tapis
elektricus). [Tozxe 310 sBACHHME OBUIO Ha3BAaHO MHPOIJIEKTpUuecTBOM. OHO 3aKIOYaeTcs B
NOSIBICHUU AJIEKTPUYECKUX HAMPSDKEHUH Ha TpaHsAX KpUCTallla IpY HarpeBaHuU.

[IposiBneHus: Mbe303JIEKTPUUECKUX CBONCTB KPUCTAIIJIOB BIEpBble ObUIM YCTaHOBIEHBI B
1880r. CymniHocTh 3TOTO SIBJCHUS 3aKII0YAETCs B TOM, YTO €CJIM K I'PaHsIM TaKMX KPHUCTAIIJIOB
MOJBECTH JJIEKTPUUECKOE HAMpsHKEHHE, KPHUCTAIbl  Ie(OPMHUPYIOTCSA: CHKHUMAIOTCS WU
pactaruBatoTcs. M Ha000poT, eciii CKUMATh WM pacTArMBaTh MbE30KPUCTALI, Ha €ro rpaHsix
BO3HUKAIOT 3JIeKTpuueckue HampspbkeHus. Kak mpaBuio, Bce NMUPORIEKTPUUECKHE KPUCTAILIIbI
SIBIISIIOTCSI TIbE30JIEKTPUKAMM, HO HE BCE MBbE303JEKTPUKU OO0JIAJa0T MUPOIIEKTPHUECKUMHU
cBoiictBamu. Cpenu 3ameyaTelbHBIX MHUHEPAJIOB OCHOBHBIMU IbE303JIEKTPUKAMHU SIBISIOTCS
MOHOKPUCTAJIJIBI KBaplla M TypMajuHa. W3 MHOTOYHUCIEHHBIX KpUCTALIOTrpapuuecKux
MoOIUGUKAIMA  KBaplla B  KauyeCcTBE  MbE30DJIEKTPUKA  HUCMOJNB3YeTCsl  4Yalle  BCEro
HU3KOTEMIIEpaTypHBIN a-KBapll, yCTOMUUBBIN 10 TemnepaTypbl 573T.

[Ibe30nmekTpruyeckue U MUPORIEKTPUUYECKHE CBONCTBA KPUCTAIIIOB MCIOJB3YIOTCS B
TEXHUKE yke MHoro jer. OIHO W3 NPUMEHEHUN MbEe303JEKTPUKOB H3BECTHO OYKBajIbHO
KaXJI0My. DTO 3BYKOCHHUMATEIM B CTapblX  IMPOUTPHIBATENSAX, KOTOpbIE MPEBpPaIIAlOT
MeXaHUYeCKUe KoieOaHus UTiibl Ha rpaMMOGOHHOMN MIACTUHKE B DJIEKTPUUECKHE TOKU, KOTOPbIE
3aTeM YCWJIMBAIOTCS M MOJAIOTCS Ha JAMHAMUK. Ha aHanoruyHoil ocHOBE Mbe303JEKTpUUECKUe
CBOICTBA KPHUCTAIIJIOB UCTOJIB3YIOTCS B YJIbTPAa3BYKOBOW TMIPOAKYCTHKE, NE€(PEKTOCKONHNH, IPU
U3yYEHUH CBOMCTB Ta3oB, )KUJKOCTEH W TBEPIBIX TeJ, JJs U3MEpeHUs JaBJIeHUN W BUOpauuii,
OpU  M3rOTOBJIIEHWH CTAOMIIM3aTOpOB U (QWIBTPOB paauoyacToT. B mocnenHee Bpems
MbE30KPUCTAIIBl UCTIOIB3YIOTCS Al  pabOThl JaMIBI-BCIBIIKKU MpU QoTorpadupoBanuu. [lo
3aMbICIly M pacueTaMm H3o0peraTenss MpU MEXaHUYECKOM yjaape MO KPUCTay BblIeNseTcs
KOJIMYECTBO SHEPTUH, IOCTATOYHOE JIJISl BCIBILIKU AJIEKTPUYECKOM JTaMIIOYKH.

CoBpeMeHHbIE TEXHUYECKHE TpeOOBaHUS K MbE30KPUCTAIIIIaM OYEHb BBICOKH: TpeOyeTcs,
4YTOOBI B KpUCTajule OblT y4acTOK pa3mepoMm He MeHee 12x12x1,5 mm 6e3 BcAkuX /1e(eKTOoB,
TPELIMHOK, BKIOYeHU U T. 1. [lockoiabKy B MPHUPOAHBIX KpUCTALIaX PEAKO yIaeTcs HalTu
no/Io0HbIe YYacTKH, B TEXHUKE Bce Oosiee v Oosiee MCMONb3YIOTCSI UCKYCCTBEHHbIE KPUCTAILIIbI
KBapIia v IPYruX MHUHEPAJIOB.

Onmuyeckue ceoticmea. W3 pa3iuyHBIX ONTHYECKUX CBOWCTB 3aMedaTelbHBIX
MUHEPAJIOB B TEXHUKE LIEHSTCS MOYTH T€ YK€ CaMble, KOTOPbIE OMpPENEsSOT UCIIOIb30BaHUE ITUX
MUHEpaJIOB B KAUECTBE YKPALICHUIA: IPO3pavyHOCTh, JBYIPEIOMIICHNE, MOIIPU3YIOIIUE CBOICTBA
U T. 1. MHOrMe U3 Hac XOpOLIO 3HAIOT MCKYCCTBEHHOE 'TOPHOE COJHIIE" ammapar, HIHUPOKO



npuMeHsieMblii B MenuiuHe. [lpu BKIIOYEHMHM OTOT anmapar HW3dy4yaeT YAWBUTENbHBIN
yibTpaduoneToBblii cBeT. Jlamna B annapare caenaHa He U3 OOBIYHOTO CTEKJIa, @ U3 KBapLIEeBOro,
KOTOpOE B OTJIMYME OT OOBIYHOTO MPOMYCKAaeT HHPPAKPACHYIO, & OCOOCHHO YJIbTPAPHOIECTOBYIO
YacTH CMEKTpa CBeTa. JTH JIyYH MOUCTUHE SIBISAIOTCS 1IEIeOHBIMH, @ KpOME TOTO, MPUJIAIOT 3arap
YeJI0BEUYECKOU KOXKeE.

[lpumeHeHre KBapUEeBOM JaMIlbl HE OrpaHMYMBAETCS TOJNBKO MeauuuHoi. OHa
UCTIONB3YETCSl B OPTaHWYECKOW XWUMHHM, MUHEpPAJIOTUH W JAPYTHUX OTpacisxX Ui H3YUYeHUs
BEIIECTB B yJIbTpaduoIeTOBbIX Jyyax. Jaxe ¢puiaTenucTsl Npy U3y4eHUH MapoK MpuOerarT K
TIOMOIIIM JTOW JIaMIIBl. OHA MO3BOJISIET OTIAMYaTh (alblIMBBIE MapKu OT Hactosmux. Ksapil
yIoTpeOIsieTcss B TEXHUKE W Uil ApYrux 1eneit. Yuctelie Oe3nedeKkTHbie KPUCTaTbl TOPHOTO
XpycTanis uayT Ha U3TOTOBJICHUE TIPU3M, CTIEKTPOrpadoB, MOISPU3YIOMIMX MITACTHHOK.

Jpyrum 3amedaTtesibHbIM MUHEPAJIOM, IPUMEHSIEMbIM B ONTUKE, ABJISIETCS (QIIOOPUT. DTO
YHUCThIe TpO3pavyHble OecHBETHbIE WM c1a00 OKpallleHHble KpPUCTAUIBl. MX 1EeHHBIMU
CBOWCTBAMH SIBJISIIOTCS HM30TPONMHOCTh, HE3HAYMTEIbHAs JUCTEpPCHs, HU3KUK Kod(duimeHt
OpejoMJIeHUs M, TaK € KaK y TOPHOro XpycTais, BbICOKas CIOCOOHOCTb MpPOIycKaTh
UH(pakpacHble ¥ yJIbTpaduoIeToBbIe Tyud. DIIOOPUT MCIIONIB3YEeTCs JJIsl U3TOTOBICHHS JIMH3
TEJIECKOTIOB U MUKPOCKOTIOB, JJIsS U3TOTOBIICHUSI TIPU3M CHEKTPOrpadoB U B IPYTUX ONTHUECKUX
npubopax. Camoe OouplIOe 3HAUYEHHWE UMMEET HCIOJb30BAaHUE ONTHUYECKHX CBOWMCTB
3aMeyvaTeNIbHbIX MUHEPAJIOB, CBS3aHHOE C HM300pETCHHMEM Jla3epa - ONTHYECKOTO KBAHTOBOTO
rereparopa. CnoBo "nmaszep” mnpexacrtaBiseT co0oi COKpalleHHe aHriuMickux cioB Light
amplification by stimulated emission of radiatiogcunenue cBerta Mpu BBIHYXICHHOM
u3nydeHuu. [IpuHimn paboThl J1a3epa JOCTaTOYHO CIOXKEH, Ul TeHepaliy dJIeKTPOMAarHUTHOTO
U3JIY4YCHUS] B HEM HCIIONB3yeTCs JHEeprus, KOTopas BO3HHMKAET IMPH Tepexojie aTOMOB WIIH
AJIEKTPOHOB M3 OJTHOTO PHEPTreTHUECKOTo COCTOsIHMA B Apyroe. llepBbiii nazep OblI co3aH B
1960 r. Ha pyOuHe, B KOTOPOM HE3Ha4yMTellbHas yacTh MOHOB Al Obula 3amellleHa WOHAMH
XpoMa. DTOT ja3ep u3inydal SpKuid cBeT ¢ JauHOM BoJHbI 694,3HM. C moMoIpo pyOHMHOBOTO
Ja3epa OBUIO TPOBEJCHO TOYHOE OIpeesicHUue (JIoKalus) paccTosHUs OT 3emiu 10 JIyHBI.
3aTpatrhl SHEPrUU NPU 3TOM HE MPEBBILIATN SHEPTUHU CTOPAHUS AECATKA CIIUYEK.

B Hacrosimiee Bpemsi mpUMEHEHHE J1a3epoB B TEXHUKEe Bce Oosiee pacmmpsiercs. OHM
UCTIONB3YIOTCS JJ1s1 U3y4eHUs] GU3UKHU TU1a3Mbl, TIPU XUPYPTUUECKUX OIEpalusiX, B TeJICBUICHUN
JUIl Chb€MOK U TepeJayd M300pakeHusi, Al CBEpJIEHUs] U CBapKM MeTauloB U T. 1. M XOrs B
nocjeHee BpeMsl TOSBUIIMCH Jia3epbl U Ha JPYyTUX BeIIeCTBaxX, HaNpUMeEp, Ta30Bble WU
TIOJTYTIPOBOIHUKOBBIE J1a3ephl. MuHepan pyOWH TO-TIpeKHEMY OCTaeTcs OJHUM W3 HamboJjee
yHOTpeOUTENbHBIX MaTepuasioB. lIpemmylecTBa pyOMHA 3aKJIIOYAIOTCS B €0 BBIJAIOIIUXCS
MEXaHUYECKUX CBOWCTBAX: B €r0 TBEPIOCTH, TEILUIOTOYHMOPHOCTH M YCTOMYMBOCTH B CHIIBHO
arpecCUBHBIX YCIOBHSX. M3 NIpyrux KpUCTaNTMUECKUX BEIIECTB Ui JIa3€POB HCIOIB3YHOTCS
QIIOMUHUEBO-UTTPUEBBIE TPAHATHI, (QIIOOPUT U PAI APYTHX MPEUMYIIECTBEHHO NCKYCCTBEHHBIX,
KPHUCTAJLJIOB.

O6mactT TpUMEHEHHUsT MHUHEPAJIOB, Bce 0OoJiee pacHIUpSIIOTCS, NajbHEHIee pa3BUTHE
HayKHM TPOJOJDKAET BBISBISATh B HUX BCE HOBBIE M HOBBIE CBOMCTBAa. PyOMHOBBIE cTekia B
WITIOMUHATOpaX M MpuOopax KOCMHYECKMX Kopalsel, CBETOBOJbI M3 TOPHOIO XpycTass,
MO3BOJISIFOIIME MPAKTHYECKH MTHOBEHHO IepellaBaTh ¢ MOMOIIBIO JIa3epHOTO Jyya IPOMaJHOe
KOJINYECTBO MH(OPMALIMH, aIMa3bl B KAUECTBE JIETEKTOPOB SICPHBIX M3ITyUEHHH, TaXke MPOCToe
nepevyrcaeHre MOKa3blBaeT, YTO 3aMeyaTelbHble MUHEpalbl HAXOAATCS Ha CaMOM MepeHEeM
Kpae HayKu M TeXHUKU. PocT moTpeOiieHuss MHHEpaaoB He oOecreyuBaeTcs MPUPOJIHBIMU
MECTOPOXKICHUSMHU, TI0ITOMY Bce Oojee M Oojiee paciIupseTcsi CHHTE3 MHUHEpajoB, WX
HCKYCCTBEHHOE MPOU3BOCTBO HA 3aBOJIAX.

3a mocieqHMe HECKOJIBbKO JIET B MHPOBOE CO3HAaHHE OBICTPO BOIIIO KpPaTKOe CIOBO C
OOJNBIIMM TOTEHIIHAIOM. JTO CJIOBO - «HaHO». [IpucraBka «HAHO» - O3HAYaeT OJIHY
muwumapany. Oaun Hanomerp paBen 1/1000000000merpa. Hanonayka — 3TO HM3ydeHue
(GyHIaMEHTaJIbHBIX MPUHIIMIIOB MOJEKYJSIPHBIX CTPYKTYp, MO MEHbILIEH Mepe OAMH pa3mep



KOoTOpbIX paBeH oT 1 10 100 HaHOMeTpoB. JlaHHBIE 2JIEMEHTHI Ha3bIBAIOTCS HAHOCMPYKMYPAMU.
Hanomexnonoeuss — 3T0 NpUMEHEHUE NAHHBIX HAHOCTPYKTYP B IOJIE3HBIX HAaHOCKONMMYECKUX
YCTPOMCTBAX.

Kpucrannsl, nogoOHbIe oy, caeNIaHbl U3 HOHOB M Ha3bIBAIOTCS MOHHBIMU. Kpucramnisl,
CCJIaHHBIE U3 aTOMOB, HA3bIBAlOTCS aTOMHBIMM, a CAEJAHHBIE U3 MOJIEKYJ, - MOJEKYJISAPHBIMHU.
Takum o00pa3om, cojib (XJIOpUI HATpUs) — 3TO HMOHHBIM KpuUCTaul, a caxap (caxaposa,
C12H22011)- 210 MosekynsapHbIi kpucTtami. KpucTaaisl MOKHO BBIpalllMBaTh M3 pPacTBOpa,
UCTOJb3Ysl KPUCTAJIBI—3apObIILIH, YTO BKJIIOYAET MOMELIEHHE HEOOIBIIOro KprcTaiia B MeCTo,
I7ie €CTh 0OJIbIIIe COCTABISAIONIMX €0 MaTepuasoB, MOCIe YEro 3TUM KOMIIOHEHTaM pa3pelaroT
UMUTHPOBATh CXE€MYy MaJieHbKOTO KpucTamia, uiau 3apoibimia. KpemHueBbie 060Ky,
UCITIOJIb3yEMBIE U1l CO3AAHUSI MUKPOUYMIIOB, CO3JAI0TCs, NN «BBIPALIMBAIOTCS», UMEHHO TaKUM
o0Opazom.

Pa3yMHO BbIOMpas KpUCTaIBI—3apOJIbIIIN U YCIOBUS POCTa, MOXKHO CAENaTh TaK, YTOOBI
KPUCTAIJIBI MMeNU HeoObuHble ¢opMbl. Yapnsz Jlubep u ero rpymma B ['apBapiackom
YHUBEPCUTETE HCIIOJb30BaJIM HAHOpPa3MEpHbIE KPUCTAJUIbl Il BBIPALLMBAHUS JUIMHHBIX,
CTEPXKHEMOJOOHBIX KPUCTAIJIOB YIJIEPOJHBIX HAHOTPYOOK, TaKUX CTPYKTyp, Kak Qochun
UpUIMS WM apCeHM]l Tajuldsd, M TaKUX aTOMHBIX KpPUCTAJJIOB, KaKk KpeMHUH. [laHHbIE
HAHOINIPOBOJA HMEIOT IOPA3UTENbHbIE MPOBOJAILLME CBOMCTBA, a TaKXE HCIOJB3YIOTCS BO
MHOTHUX 00JIACTSX ONTUKHU U SJEKTPOHUKH.

Hdnst  cOOpkM  HAHOCTPYKTYp  MCHOJB3YIOTCS ~ HEKOTOpbIE COBCEM  HOBBIE
MOJYMOJIEKYJISIpHbIE KOMIIOHOBOYHBIE OJIOKM. J[ByMsI TakMMM HaHOCTPYKTYypaMH SBISIOTCS
YIIepoAHble HAaHOTPYOKM W HAHOCTEPXKHHU, KOTOpPhIE MOXKHO CJesaTh M3 KPEeMHHs, JIPYTuX
MOJIYITPOBOJIHUKOB, METAJIJIOB WIIM JIAXKeE JAUJIEKTPUKOB.

Bce 3Haror rpaduT Kak uepHbI Marepuasl B KapaHjamiax. HaHoydeHble OYeHb
UHTEPECYIOTCSl WMH, TMOCKOJbKY  MpH CKPYYMBaHMU B TpPyOKy Takue CETKH MMEOT
yAuBUTENbHbIE  cBoiicTBa. Takme umauHApel rpaduta  Ha3bIBAIOTCS  YIVIEPOJHBIMU
HaHOTpyOKaMu. HanompyoOku — 3TO OJIMH U3 MEPBBIX HAHOPA3MEPHBIX CTPYKTYP, MOCTPOSHHBIX
Ha MOJEKYJIIPHOM YpOBHE, U OHM JEMOHCTPUPYIOT JEWCTBUTEIBHO 3aXBaThbIBAIOIINE
buznyecKre 1 dIeKTpUYECKrUe CBOCTBA.

OueHKM CcHequalvucTOB OTHOCUTENBHO TOIO, HACKOJBKO MPOYHOH MOXKET ObITh
yriepojHasi HAaHOTpYOKa, pacXoAaTcs, HO J1abopaTopHbIe UCCIIEOBAHUS YXKe TMOKa3aiH, YTO UX
npenea MpPOYHOCTH TMPU  pacTsbKeHMM MoxeT B 60 pa3 mpeBbllaTh 3HAYCHUS IS
BBICOKOKAUECTBEHHOW cTaiu. MHOrve yueHble YTBEP)KIAloT, YTO HAHOTPYOKH — 3TO HE TOJIBKO
NpoYHeHlIne Marepuanbl M3 KOrjJa-iud0 CO3JaHHBIX, OHM BXOJAT B YUCIO MPOYHEHIIMX
MaTepUasoB, KOTOpble BOOOIE MOXHO co3laTh. HaHOTpYyOKM HE TOJBKO MMEIOT YKa3aHHYIO
MPOYHOCTh, HO OHU K TOMY K€ €lle JIETKUE U THOKUeE.

®u3nyecKkue CBOMCTBA HAHOTPYOOK NOCTATOYHO MOPA3UTENbHBI, HO UX 3JEKTPUUECKUE
CBOICTBAa MOTYT OKa3aThCsl Aaxke elle Oojee 3axBaThlBalolUM. M3ydas ¢opMmy HaHOTPYOKH,
yYeHble MpeacKa3ald, YTO 3JIEKTPOHbl MOTYT MPOHOCUTHCS MO TpyOKe, Kak MO MPOBOAHHKY.
HanoTtpyOku BenyT cebsi 10J00HO CBEPXIPOBOJHUKAM, MPOBOAS 3JIEKTPUUYECTBO 0Oe€3
conpoTuBieHusi. OnbIThl APYrUX  YYEHbIX TOKa3ajld, 4YTO HAHOTPYOKM BedyT cels Kak
nonynpoBoaHuKU. CyllecTBylomlasi Teopusi YTBEpKIaeT, YTO HAHOTPYOKHU MOTYT JeicTBOBaTh
aM00 Kak CBEpXIPOBOAHMKHM, JUOO Kak IMOJYyNPOBOJHUKHM, B 3aBUCHUMOCTH OT TOYHBIX
nponopuuii TpyOKH M TOro, Kakue MaTepHalibl, KpoMe yriepo/a, BBeJICHbI B MaTPHULLy TPYOBI.

He Bce nHanoTpyOku caenansl u3 yriaepoaa. KpemHueBble HaHOTPYOKHM Takke HMIMPOKO
pacrnpoCcTpaHEeHbl, XOTSl HEYTJepoiHble TPYOKH Ha3bIBalOTCS HaHOMPOBOAaMU. PasHocTOopoHHUE
AJIEKTPUYECKUE CBOMCTBA TAHHBIX HAHOTPYOOK M HAHOIIPOBOJIOB B HACTOSLIEE BPEMSI U3yUaOTCs
JUTS1 TIOJTyYEeHHsS] HAHOCKOMMMYECKUX 3JIEKTPOHHBIX YCTPOMCTB.

C cepenuHbl MPOIIOTO BEKa B aCTPOHOMMHM CTaJl TPUMEHATHCS GOTOrpaduIeCKuii METO/]
peructpauuu u3nyudeHus. B Hacrosiiee BpeMmsl OH 3aHMMAeT BEAYIIEE MECTO B ONTUYECKUX
METOJaX AaCTPOHOMMHM. JIIHUTENbHBIE AKCHO3ULMM HAa BBICOKOUYBCTBUTEJBHBIX IUIACTUHKAX



MO3BOJIAIOT TOJIy4aTh (hoTorpaduu OoueHb CJIa0BIX OOBEKTOB, B TOM 4HCIE TaKUX, KOTOpHIC
NPaKTUYECKH HEJOCTYMHBbI JUld BHM3yalbHOro HaOmojeHus. B ominume oT riasa,
¢dororpaduyeckas dMyJIbCHsI CIIOCOOHA K JUIMTEIBHOMY HAKOIUICHHUIO CBETOBOTO 3(ddeKra.
OdeHb BaXXHBIM CBOMCTBOM  QoTrorpaduu  sBISETCS IMMAHOPAMHOCTH.  OJHOBPEMEHHO
perucTpupyercs CiI0KHOE U300paXKeHne, KOTOpOe MOXKET COCTOSITh U3 OYeHb OOJIBIIOro Yyuciaa
aneMeHTOB. CyIIIECTBEHHO, HAKOHEII, YTO WHpOpMaIHs, KOTopas noydaercs: pororpapudecKkum
METOJIOM, HE 3aBHCUT OT CBOWCTB TJjla3a HaOJIOIATeNs, KaK 3TO UMEET MECTO NMPH BH3YaJbHBIX
HabmoneHusix. dotorpaduueckoe u300paxkeHHe, MOTYYEHHOE OJHAXKIbI, COXpaHSETCS Kak
YTOJIHO JIOJITO, U €r0 MOYKHO M3y4aTh B Ja0OpaTOPHBIX yciaoBusaX. DoTtorpaduueckas SMyIbCHsI
cocTouT M3 3epeH ramougHoro cepedpa (AgBr, AgCl u mp.; B pas3ivuHBIX COPTax SMYJIbCHH
NPUMEHSIOTCS pa3Hble COJIM), B3BEUICHHBIX B kejdartuHe. [lon neiicTBMEM cBeTa B 3epHax
OMYJbCUM TPOTEKAIOT CJIOXHBIE (POTOXMMHUYECKHE MPOLECChl, B pe3yJbTaTe KOTOPbIX
BBIJICNISICTCSl MeTauInyeckoe cepedbpo. YeM OoJbllie cBETa TMOTJIOTHIOCH JaHHBIM yYacCTKOM
IMYJIBCUH, TeM Ooubliie BhiiensieTcs cepedpa. O6macts criektpa 3000-5000E Ha3pIBalOT MHOTIA
¢pororpaduyeckoit (anamormyno BuzyanpHoi, 3900-7600 E). UroOwl caenate 3MyJIbCHIO
YYBCTBUTEILHOW K KEITHIM M KPacHBIM JIy4aM, B He€ BBOJST OpPraHUYECKHE KpPACHTEIH —
CEHCUOMITU3aTOPHI, pacuupsonme o0nacThb CIIEKTpaIbHOM YyBCTBUTEJIHHOCTH.
[TanxpomaTuyeckre 3MyJIbCUM — 3TO CEHCHUOWIM3MPOBAHHBIE SMYJIbCHM, UYBCTBUTEIbHBIE 0
6500-7000E (B 3aBucuMOCTH OT copTa). KpuBble CrieKTpaibHON 4yBCTBUTEIBHOCTH PA3TUUHBIX
AMYJIBCHM IIMPOKO MPUMEHSIOTCS B aCTPOHOMHUYECKON U 00BbIYHOM doTorpaduu. 3HAYUTEIBHO
pexke BCTpevaroTcss UHGpaxpoMaTUYeCKre dMYJIbCHH, YyBCTBUTEIbHBIC K HHPPAKPACHBIM JIy4am
no 9000E, unorna u no 13000E. 3Be3nsl Ha doTorpadusix BHIXOIAT B BUAE KPYXKKOB. UeMm
spue 3Be3la, TeM OOJBIIET0 JHaMeTpa TOIy4aeTcsl KPYKOYEK IMPH MAHHOW JKCIIO3UIUH.
Pasnuune B amamerpax  (oTorpapuueckux  M300paKeHWid  3Be3N  SIBISETCS  YHCTO
dororpaduyeckum 3PGHEeKTOM M HUKAK HE CBS3aH C UX MCTUHHBIMHM YTJIOBBIMH JTUAMETPAMHU.
HayuHoli 00paboTke moaBepraroTcsi, Kak IMPaBHIO, TOJIBKO CaMH HETAaTHUBBI, TaK KaK IpH
neperneyaTke NCKaXkaeTcs 3aKIII0YeHHAs B HUX WH(pOpMaIHs.

B acTpoHOMHU HCMONB3YIOTCS KaK CTEKJISIHHBIE TJIACTUHKH, TaK W IMeHKU. [InacTuHku
NpeINOYTUTENIbHEE B TEX CIydasiX, KOTJia 10 HEeraTuBaM M3y4aeTcsi OTHOCHTEIBHOE MOJIOKEHHE
00bekToB. CpaBHUBAsI MEX]Ly cO00# GoTorpaduu oHON M TOM ke yacTu Heba, MOJyUYeHHbIE B
pasHble JHHM, MeCSbl U TOJbl, MOXHO CyAWTh 00 H3MEHEHMSX, KOTOpble B 3TOH 00sacTH
npousonuid. Tak, cMelleHre MabIX MIaHeT U koMeT (Koriaa oHM HaxozsTcs faaieko ot CosHia
U XBOCT €Il HE 3aMETEH) Cpeld 3Be3]] JIErKO OOHAapy)KHMBaeTCs MPH CPaBHEHHM HETaTHBOB,
MOJYYEHHBIX C UHTEPBAJIOM B HECKOJIBKO CYTOK.

CoOcTBeHHBIE TBU)KECHUS 3BE3]], a TAK)KE OT/CIBHBIX CTyCTKOB MEK3BE3/IHOTO BEIIeCTBA
B Ta30BBIX TYMaHHOCTSIX U3y4aroTcst 1Mo GoTorpadusiM, MorydeHHBIM Yepe3 O0JbIINe HHTEPBAIIbI
BpPEMEHH, UHOT/Ia JOCTHUTralolIMe MHOTHE AecaTHieTrs. M3MeHeHne Oinecka nepeMeHHbIX 3Be3,
BCIIBIIIKM HOBBIX WM CBEPXHOBBIX 3Be3]l TOXE JIerko OOHapy>KMBaeTcsi MpU CpPaBHEHUU
HEeTaTHBOB, TIOJYYCHHBIX B pa3Hble MOMEHTHl BpeMeHH. /[l wuccinenoBaHus TOHOOHBIX
U3MEHEHUH MCIIONB3YIOTCS CHelMaIbHble MPUOOPBI — CTEPEOKOMIIapaTop W OJMHK-MHUKPOCKOTI.
CrepeokoMmapaTop CiayXHT A oOHapyxeHus nepemenieHuid. OH npenacTasiseT co0oil cBoero
pona crepeockor. OOe TUIACTMHKH, CHSTBHIE B pa3HOE BpeMs, paclojiararoTcs Tak, YTO
ucclieioBaTeNlb BUIUT WX W300paKeHHsI COBMEUICHHbIMU. Ecnm kakas-nubo 3Be3na 3aMeTHO
CMECTHJIaCh, OHa «BBICKOUUT» U3 KAPTUHHOW IMJIOCKOCTU. BIMHK-MUKPOCKOI OTIWYaeTCs OT
CTepeoKoMIIapaTopa TEM, YTO CIEIUAIbHONW 3aCIOHKON MOXHO 3aKpbIBaTh JHOO OIHO, JIMOO
npyroe uzo0paxkeHue. Eciau 3Ty 3acioHKy ObICTpO KoJje0aTh, TO MOXKHO CPaBHHMBATH HE TOJBHKO
MOJIOXKEHUs], HO M BEJIMYMHBI M300paKeHWH 3Be3] Ha o0euX TIJIacTHHKax. V3MeHeHue
TIOJIOXKESHUS WM U3MEHEHUE 3BE3/THON BEJIMYHMHBI ITPH ATOM JIETKO 00HAPYKUBAIOTCSI.

TouHble U3MepeHust TIOJI0KEHHUs 3Be3]] Ha TUIACTHMHKAX MPOU3BOAATCS Ha KOOPAWHATHBIX
U3MEpUTENbHBIX — npubopax. [lodyepHeHne HeratuBa  NPHOIM3UTENBHO  OMpeAessieTcs
NPOM3BECHUEM OCBEIIEHHOCTH E Ha MpoJo/mKUTENBbHOCTh AKCHO3ULMU t. DTOT 3aKkoH



Ha3bIBACTCS 3aKOHOM 83aumozamecmumocmu. OH BBITIOJIHIETCS Oosiee WM MeHee XOPOILO JIUIIb
B OTPaHUYEHHOM HMHTEpBaJie OCBEUIEHHOCTH. J[JIs1 KaX10ro copra 3MyJIbCHM, MPU KOTOPBIX OH
Haubonee »sddekTuBeH. B dYacTHOCTH, OYEHb YYBCTBUTEIbHbIE  KHHO- M (POTOIIECHKH,
npeHa3HaYeHHbIe 7151 KOPOTKUX AKCIO3MLIMHN, HE TIPUTOHBI ISl ITTUTEIbHBIX, TPUMEHSIEMbIC B
actpoHoMuu. DoTorpadusi Mo3BosIAE€T MPOBOJAUTH (HOTOMETPUUECKHE HCCIeIOBaHUs aCTpo-
HOMMYECKUX OOBEKTOB, T.€. OMPENENSITh KOJIUYECTBO, UX SPKOCTh U 3BE3/IHYIO BenuuuHy. Jliis
3TOro HeoOXOJUMO 3HaTh 3aBUCUMOCTb MOYEPHEHMs HEraThBa OT OCBELIEHHOCTH — MPOBECTU
KaauOpoBKy HeraTuBa. UToObl HM3MepUTb CTENEHb MOYEPHEHHUs, HaJ0 MPOMYCTUTh CKBO3b
HEraTMB CBETOBOHM My4YOK, MHTEHCHUBHOCTb KOTOPOTrO peructpupyercs. UToObl MOCTPOUTH
XapaKTepUCTHUUECKYI0 KpPUBYIO, Ha OSMYJbCHIO BIEYATHIBAETCS H300paKeHHE HECKOJIbKUX
(oObruHO mopsiika 10) mutoma ok, OCBEIEHHOCTh KOTOPBIX HAXOIUTCS B U3BECTHOM OTHOIICHHUH.
Orta onepalusi Ha3bIBaeTCs KanubpoeKol HeraTuBa. 3Has XapaKTePUCTHUYECKYIO KPUBYIO, MOYKHO
CpaBHHMBaTh OCBEIIEHHOCTH, COOTBETCTBYIOIIME pa3jMYHbIM TOYKAM HeraThBa, U B cllydae
NPOTSDKEHHBIX 00BEKTOB, TAKMX KaK TYMAaHHOCTH WJIU IIJIAHETHI, MOCTPOUTH UX MIOPOTHI. ITOTO
JOCTaTOYHO [ OTHOCUTENBEHOU GoToMeTpuu (T.. M3MEPEHUs OTHOIICHUS SIPKOCTH U OJiecKa).

s abcomoTHON (oTomerpun  (T.e. M3MepeHHe aOCOMIOTHBIX 3HAYEHHH SIPKOCTH W
Omecka) HEOOXOJMMO TIPOBECTH, KpOME KaluOpOBKH, elle U craHpaptusauuio. s
CTaHJApTU3ALMH HAJI0 BeyaTaTh Ha SMYJIbCHIO U300pakeHUe MIIOLIAIKU C U3BECTHOM SIPKOCTBIO
(1711 MPOTSDKEHHBIX MCTOYHUKOB) MJIM MMETh HA HEraTHBE 3BE3/Ibl C M3BECTHBHIMH 3BE3JHBIMU
BenuurHaMu. [lpu oTHocuTenbHON (DOTOMETPUM TOYEUHBIX OOBEKTOB KaluOpOBKa Jenaercs
OOBIYHO MO 3Be3JaM C HU3BECTHBIM OseckoM. Jlns wu3MepeHHs TOYEepHEeHUsT HeraTuba
NpUMEHSIOTCST  (OTOoRNIeKTpuUYeckue MukpooromMeTpel. B 3THX mnpubopax HHTEHCUBHOCTH
CBETOBOI'O IMy4YKa, MPOIIEIIEr0 CKBO3b HEratus, u3Mepsercs (oTodeMeHTOM. [ aBHBIN
HEeloCTaTOK QoTorpadMyeckoil TMIACTUHKA MpPUEMHHUKA W3JIy4YeHUs] — OTO HelMHeiHas
3aBUCUMOCTh TOYEpPHEHUsI OT OCBELIEHHOCTH. Kpome Toro, mouyepHeHHE 3aBUCUT OT YCIIOBHii
o0paboTku. B pesynbTaTe TOYHOCTH (POTOMETPUUECKMX M3MEPEHUH, MPOU3BOIUMBIX
dororpadudeckuM MeTOJ0M, OOBIYHO HE MpeBbImaeT 5-7 %.

PazButue $huszuku TBepA0ro Teia M JOCTHIKEHHs B 00JIACTH TBEPAOTEIbHOW TEXHOJIOIUU
o0ecrevyusii  BO3MOXKHOCTh TPOMBIIUIEHHOTO HW3TOTOBJEHUSI CTaOWJIbHBIX (POTOMPUEMHUKOB,
NPUTOAHBIX IS KCITyaTallud B MH(paKpacHOi OOPTOBOM ONMTHKO-3JIEKTPOHHOHW ammapaType.
VYcnexu B 9TUX 00/1acTAX 3HAHUM MO3BOJMIM CO3/1aTh B MOCIEAHUE TO/bl JUHEHKU U MaTPHLIbI
MPUEMHUKOB C  BBICOKOW TIUJIOTHOCTHIO YYBCTBUTENBHBIX 3JeMeHTOB. g ¢opmupoBaHus
BBIXOJ/IHOTO CHTHAJIa armnaparypbl HEOOXOMMO MOOUYEPEAHO U3MEPUTH IIEKTPUUECKUE CUTHAJIBI,
MOCTYMAIONIME C KaKJOro dJeMEHTa JIMHEHKUM. MOXKHO CKasaTh, JOJDKHO OBITh oOecreueHo
nocie0BaTeabHOe MOJKIIOUYEHHE DJIEKTPUUECKUX MPOBOJHUKOB OT OTAEIbHBIX 3JEMEHTOB K
oOuiemy Bbixofy. [TyTem Takoro «orpoca» 4yBCTBUTENbHBIX MJIOLIAA0K, PACTOI0KEHHBIX B P,
BbIpa0aTbIBa€TCsl 3IJEKTPUUYECKUN CUTHAJN, COOTBETCTBYIOIIMK OJHOM CTPOKE H300paKeHUs.
[Iponiecc mepektoYeHus: SIEKTPUUECKUX LIerel 4yBCTBUTEJIbHBIX 3JEMEHTOB B ammaparype
OCYUIECTBIISIETCS CTIELMAIbHBIM 3JIEKTPOHHBIM MEPEKIIIoUaTeIeM MOCIE0BATENBHOIO IEHCTBUS.
B wurore inuHeiika TNPUEMHUKOB OOECIEYMBAET CTPOYHOE CKAaHUPOBAHHME H300paKEeHUs
JJIEKTPOHHBIM, a HE MEXaHUYeCcKuM crnocoboM. B Hopelimux Hambonee mNepcrHeKTUBHBIX
oOpa3uax uHGpPaKpacHO ammapaTypbl Bce 4Yalle HCHOJIb3YIOTCS TBEPAOTEIbHBIE CXEMBI,
oOecrneynBaronve mprueM U o0paboTKy CUrHajia ¢ JIMHEWKH UM MATPULbl B OJTHOM YCTPOMCTBE.

[TepBbIX /1Ba KOPOTKMX COOOLIEHMs TPyMHIbl aMEPUKAHCKUX HccliefoBaTeneil o0 sToi
HOBOW wHJlee B oOjacTu (U3MKU TBEPAOrO Teia M 00 ee IKCIEepUMEHTANbHON MMpoBepKe
nosiBuiiuck B 1970roay. [Ipubopsl ¢ 3apsdoeoii cesa3b0 — Tak OB HaA3BaH 3TOT KJIACC YCTPONCTB
— TpUBJIEKaM K cebe upe3BblYaliHBIA MHTEpEC M 3a MPOLIeIINe Mociae UX U300peTeHUs TOJIbI
HAlLIM caMoO€ WIMPOKOe MpPUMEHEHHE B YCTPOMCTBaX (OpMUPOBaHUS H300paKeHUH B
BBIYMCIIUTEIILHON TEXHHUKE, B yCTPOUCTBAX 0ToOpakeHust nHpopMaryuu. C TOUKH 3peHUs] GU3UKH
pUOOPHI € 3apsAA0BOM CBSI3bI0 MHTEPECHBI TEM, UYTO DJIEKTPUUYECKHUI CUTHAT B HUX TPEACTaBJICH
HE TOKOM WJIM HAampspKeHUEM, a JJIEKTPUYECKUM 3apsiioM Npubop ¢ 3apsaoBOM  CBSI3bIO



MpeACTaBIsIET COOOM JIMHEWKY JJIEKTPOJOB Ha HW30Jupylole ocHoBe. HaHeceHHoW Ha
MOBEPXHOCTh TOHKOM MJIaCTUHBI MOTYNPOBOIHUKA. OOBIYHO MO/ METAIUTMYECKUMHU JIEKTPOAAMHU
pacroioxkeH u3oupyronmi cioil okucia SiO,, a B KauecTBe MOJTyIPOBOAHUKOBOIO Marepuaa
ucronp3yercst Si. B pesynbrare oOpasyercst kak Obl COHIBHY: MeETalll — OKHCENl —
NOJYNpOBOJHUK. B mpubopax ¢ 3apsaoBoil CBs3bIO TMOSBISETCS BO3MOXKHOCTh, I0/aBast
HanpspDKeHWEe Ha MeTaJUIMYECKHe 3JIEKTPOJbl, BO3JEHCTBOBATh Yepe3 M30JIATOP Ha IMOJOKEHHE
HHEPreTUYECKOro YpOBHs, CABMras €ro BHU3 OT TOPU30HTAIBHOM JIMHMM B MecTax
pacronoxeHust 3J1eKTpoaoB. B urore Ha rpanuue paszaena Si - SiQ sHepreTuyeckas quarpaMma
OyzeT mpeacTaBiATh cOOOH HE POBHYIO, a XOJMHCTYIO MOBEPXHOCTb, Ha KOTOPOW BIaJWHBI
OyIyT pacmosIoKeHbl MOJ TEMHU 3JEKTPOJaMH, K KOTOPBIM IPHIOKEHO HampspkeHue. Jls
HarjisiJHOCTU BIIAJWHBI 3TOI'O penbe(ba Ha BHCPFCTH‘{CCKOP'I auarpaMme MnpeacTaBJIAOT B BU/C
SIMBI € TJIOCKMM JTHOM M BEPTUKAJIbHBIMH CTEHKaMH.
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