117296 MockBa, JleHnHCckMin NnpocnekT, 64-A, «KBaHT»
Ten. : [095] 930-56-48
e-mail: bquantum@sovam.com (c nomeTkoun “KBaHT”).

Ne 6 - 1999 r.

0. HocoB

OT TPAH3UCTOPA -
K NICKYCCTBEHHOMY PA3YMY?

© KBaHT

Wcrionb3oeaHue unu pacrnpocmpaHeHue amoa2o Mamepuana
8 KOMMEPYeCKUX Uessix
803MOXHO JlUlWb C pa3pelwieHusi pedakyuu

G

Vivos voco

Ob6pasoBareribHbI  CETEBOW BbINYCK

VIVOS VOCO! - 30BY XUBbIX!

http://www.accessnet.ru/vivovoco



OT TPAH3NUCTO

K MCKYCCTBEHHOMY

BITYET TAKAA IIPUTYA. bJI-

ay TeliTcy BO cHe SBUJICS IbsI-

BOJI MO JUYNHON HUIIEro N
BBITTPOCHJT MEJTBYANTITYI0 YACTHYKY TOTO,
YyTO JIeKaao B ocHoBe GorarcrBa B.T.
[IpocHyBUINCH HAYTPO, MUJLIHAPJIED
OOHAPYIKUJI, UYTO €ro TUTaHTCKass (pup-
Ma IepecTaJia cyiecTBoBarh. He o6an-
KpOTUJIach, He pyXHyJa — GeccrenHo
ncuesa. [bsIBOJI YHEC mMpamn3ucmop.

«ATOMD» NEeKTPOHUKN

[la, 6e3 TPAaH3UCTOPOB U COCTOSIIINX U3
HUX MHKPOCXEM CTaJI0 GBI HEBO3MOJK-
HBIM CYIECTBOBAHUE HE TOJbKO KOM-
IbIOTEPOB U KOMITBIOTEPHBIX IIPOTPAMM,
MPOCJTaBUBIINX W 060TaTUBIINX [eiiT-
ca, HO U COBPEMEHHOTO TeJeBUICHNUS,
ay/IMOTEXHUKN, MOOUJIbHBIX Tesedo-
HoB, VHTepHeTa u emie MHOIOIO U3

_—~

b.ITTNTA

pa ~
DA3YMYC

TOTO, YTO OG'bE/IMHSIETCS B HAIIIEM TIPe/I-
CTaBJICHUU NIOHATUEM 3JIEKTPOHUKA. A
6e3 2JIEKTPOHUKHM HEMbICJIUMA U CaMa
CEeTOMHSANIHSA Ku3Hb. [loaToMy BmoJI-
He 3aKOHOMEpHO, 4YTo yxozasmui XX
BEK BCE yYallle OCO3HAETCS YesoBeve-
CTBOM KaK BeK 3JIeKTPOHUKH, BeK TPaH-
3HICTOPA.

[IpumeuaresbHO, YTO B IPOIIJIOM,
1998, rony TpaH3ucTOp OTMETHJ CBOK
MOJTyBEKOBOU 106uJeil — B OCJaeHUT
ntoHbcKUN feHb 1948 roma amepukan-
ckas dpupma «bBemr reredon mabopa-
TOPUC» TPOJEMOHCTPUPOBaia 00IIe-
CTBEHHOCTH TOJIbKO UTO N300 PETEHHBIN
3JIEKTPOHHBIN MPUOOP, 0 KOTOPOM Ha-
zaBtpa «Hpio-Mopk TaiimMe» coo6m-
Ja 6yrauaHo u 6e3 nagoca: «Paboune
3JIEMEHTBI TTPUOOPa COCTOIT U3 JBYX
TOHKHX MTPOBOJIOYEK, TIPUIKATHIX K KY-
COYKY MOJYNPOBOAHIKOBOTO Bellle-

cTBa... BelecTBo ycuanBaer TOK, MO/I-
BOJMMBIN K HEMY TIO OJTHOH TTPOBOJIOY-
Ke, a Jpyras TMPOBOJOYKA OTBOJUT
ycuieHHbd ToK. I[Ipu6op moxa HasBa-
HUEM <«TPaH3UCTOP» B HEKOTOPBIX CJIY-
yagx MOJKHO HCII0JIb30BaTh BMECTO
9JIEKTPOHHDBIX JIAMIT» .

[la, UMEHHO TaK BBITJISAIE] TTEPBbII
TPAH3UCTOP, W HEYAWBUTEJILHO, YTO
Jlake CHEeIMaJIuCThl He Cpa3y CMOTJn
pasrasnaeTb ero TpuyMdanbHoe 6yay-
mee. A MeXay TeM IpeJCTaBJEHHBIH
npubop MOT yCHJIUBATDh W TE€HEPUPO-
BaTh 9JIEKTPUUECKIE CUTHAJTBI,  TAK)Ke
BBITIOJHATh (PYHKINIO KJI0YA, MO KO-
MaH/ie OTKPBIBAIOIIETO WM 3alupalo-
METo 3JeKTpUYecKyto 1enb. M, 4To
NPUHIUITHAJIBLHO BaJKHO, BCE 3TO OCY-
MIEeCTBJISJIOCH BHYTPU TBEPJIOTO KPUC-
TaJlja, a He B BaKyyMe, KaK 3TO TIPOUC-
XOJUT B aJieKTpoHHOM jamte. OTcioa

Wnmoctpayms B.Bnacosa
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CJIe[IOBAJI 1eJblil HaGop TOTEHIINAb-
HBIX JOCTOUHCTB TPAH3UCTOPA: MaJbie
ra6apuTbl, MeXaHWYeCcKast IPOYHOCTD,
BBICOKAs HAJEKHOCTD, TPUHIUITHAD-
HO HEOTDAHWYEHHAs [0JITOBEYHOCTD.
UYepes Tpu-ueThIpe roja, Korjpa ObLIu
pa3paboTaHbl 3HAYUTENBHO GOJIEE CO-
BEPIIECHHbIE KOHCTPYKIIUU TPAH3UCTO-
POB, BCE 3T 0XKI/IaeMble JOCTOMHCTBA
HAYaJl CTAHOBUTHCS PEAJbHOCTBHIO.

YecTb OTKPBITUS TPAH3UCTOPHOTO
apderra, 3a xoropoe B 1956 romy
6bLia npucyxaena HobGenmeBckast mpe-
mus 1o ¢usuke, Bpimana Y.I[Iloxau,
x.Bapouny, Y. Bpammeiiny. Xapax-
TEPHO, YTO BCe TPOe ObLITH 6JINCTATE -
HBIMU (UBUKAMU, IeJeHANPaBIEHHO
meImuMu K 3ToMy oTkpbitTuio. HIok-
JIVL, PYKOBO/ITEJTb IPYIIIIbI HCCJIE0BA-
TeJIeI‘;I7 €Ile B IIpe/IBOEHHbIE TO/Abl YN~
TaJ JIEKIUU TI0 KBAHTOBOH TEOPHHU T0-
JIYTIPOBOJTHIKOB U TIOATOTOBILT PyHIA-
MeHTanbHylo MoHorpaduio (o pas-
HbIM IIpUYNHAM €€ u3/laHne 3ajiepra-
ngock 10 1950 T.), KOoTOpasg Hajgo./ro
CTaJla HACTOJBHON KHUTON <«IIOJIYTIPO-
BOJIHUKIICTOB» BCETO MHpa. Bpicovaii-
mas kBamuduranus bapamHa Kak
(JusuKa-TeopeTNKa MOATBEPK/ICHA HE
TOJIbKO M300pETEHNEM TPAH3UCTOPA U
npeackaszanrieM psjga 3G@PeKToB B 1M0-
BeJeHnN MOJIyIpOBOJHUKOB, HO U TEM,
yTo no3aHee, B 1972 rogy, coBMecTHO
C ABYMsI [IPYTUMH WUCCJEJOBATEJISIMU
on 6611 toTopHO (1) yaocroen «HoGe-
Jisi» — Telepb 3a CO3/laHHe TeOpUH
CBEPXITPOBOUMOCTH. BparTeiin, caMbrit
cTapuii B TpyIie, K MOMEHTY H300pe-
TEHWS TPAH3WCTOPA UMeJI 3a TJIeYaMu
MATHAIIATHIETHUN OTIBIT MCCJIE0BA-
HUS TIOBEPXHOCTHBIX CBOWCTB TIOJIY-
ITPOBOJIHUKOB. XOTSI CaMO OTKPBITHE
TPaH3UCTOPHOTO 3¢ deKTa IBUIOCD 10
HEKOTOPOH CTEIeHU CYACTIUBOH CJIy-
yaliHOCTBI0 (rOBOPS CETOAHAIIHUM SI3bI-
KOM, OHU TIBITAJNCh U3TOTOBUTD 10.le-
601l TPAH3UCTOP, a U3TOTOBUIN OUNO-
JAPHBIL), TEOPETHYECKast MOAr0TOBKA
uccJieoBaresieil o3BoJINIa UM IpaK-
THYECKH MTHOBEHHO OCO3HATH OTKPbI-
TOE U MPE/ICKA3aTD IIeJIbI P TOPA3/I0
60J1ee COBEPIIEHHBIX yCTPOUCTB. MHBI-
MU CJIOBAaMH, CO3[aHUE TPaH3UCTOPa
0Ka3aJI0Ch MOJ] CUJIy JHIIb (U3UKAM,
KOTOPbIE 110 HEOOXOAMMOCTH BJIAJIENH
ele 1 MUHUMYMOM H300PeTaTebCKuX
HaBbIKOB (cuTyalust, BO MHOIOM aHa-
JIOTUYHAS CO3/IAHUI0 ATOMHOIN 60MOBI U
pSAIy APYTUX OTKPBITHIT BTOPOH MOJIO-
BuHBI XX BeKa, B KOTOPBHIX «IEePBYIO
CKPUIIKY» Chirpaiu Gpu3uku).

Y Hac B crTpaHe TpPaH3UCTOP ObLI
Boctipou3sse/ieH B 1949 roxy Bo dps-
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3MHCKOI /1a60paTopyu, BO3TJIABJIsIE-
moit A. B. Kpacunosuvim, KPyIHBIM y4e-
HBIM, 006JIaJaloNUM IIUpOYaiIIei
apyAuLInel.

OpmHako BepHEMCS K TIPEIMETY pas-
roBopa. [lonayajsy MHOTHE KOHCTPYK-
TOPBI TPAAUIMOHHON PaJUOATIIapaTy-
pPBbI BCTPETHUJI TPAH3UCTOP HACTOPO-
»KeHHO. HetoctaTku y IepBbBIX TPaH3H-
CTOPOB, YBBI, JeHCTBUTEIBHO OBLITH.
Jlesio B TOM, UTO 2epManuii — NONYIPO-
BOJHWK, M3 KOTOPOTO OHU U3TOTABJIU-
BANCh, B CHJIYy CBOUX (DUBMUECKUX
CBOHCTB oGecrieunBas pabouyio TemIie-
parypy TpaHsuctopos Jjuiib 10 70 °C,
a 3TOTO BO MHOTHX MPUKJIATHBIX 33/1a-
yax 6bLI0 HepocTatouyHo. Kpowme Toro,
TEXHOJIOTaM HUKakK He yaasajioch (zna
TaK U He yAaJ0Ch) «06y31aTh» XUMU-
YeCKYI0 aKTUBHOCTD TIOBEPXHOCTH Tep-
MaHWMEBBIX KDPHUCTAJIIOB, YTO BEJIO K
HeCcTaGUIbHOCTH ITapaMeTpoB, 0COOEH-
HO 3aMETHOM MTPH TIOBBITIEHHBIX TEMTIE-
parypax. Ho cosmarenu HOBbIX Ha-
MPABJEHNI 3JEKTPOHUKH — GOJIBITIX
BBIYUCJIUTENbHBIX MAIIUH, YCTPOUCTB
PaKETHO-KOCMUYECKOTO Ha3HAYeHUS,
MIHHATIOPHON MEPEHOCHOH paanoar-
napaTypbl — BCTPETUJIU TPAH3UCTOP C
BOCTOPKEHHBIM 3HTY3Ua3MOM: ObLIO
04eBUIHO, 4TO 6e3 Hero 3TH HOBbIE
HaIpaBJIEeHNs TTPOCTO HE CMOTYT CyTIle-
CTBOBaThb. BMecTo KPUTHKHU W3 3TOTO
Jarepsi HECJOCh JIWIIb OJHO — <Jla-
Baii». /[laBaii MeHbIme rabGapuThl |
6OJIBINY IO HAJIEKHOCTD, O0JIbInee Gbic-
TPOJIENICTBIE W MEHBINYIO CTOMMOCTD.

Bo BTOpPOIT MOJIOBUHE TSATHIECATHIX
TO/IOB B Pa3BUTHH TPAH3UCTOPOB MPO-
U30lIeJ] Ppellaloluil KauecTBEHHbI
CKAuOK: BMECTO TepMaHUsS CTaJTH ¥C-
MOJTb30BaTh JIPYTOH TIOJYTTPOBOTHIK
— xpemnuti. B urore pabouasi temiie-
patypa TPaH3HUCTOPOB BBIPOCJA [0
120—150 °C, mpu 3TOM MX Xapakre-
PUCTHKH COXPAHSJIN BBICOKYIO CTa-
6UIBHOCTD, a CPOK CJIYKOBI TPHOOPOB
cTas npakTudecku GeckoreurbiM. Ho,
MOKATYyH, TJIaBHOE 3aKJ0YaIoCh B
toM, uto B 1959 roay amepmkaHckoii
dupmoit «Daiiepyaitag> TPUMEHU-
TeJTbHO K KPeMHUIO 6bLIa paspaboTa-
Ha TaK HasbIBaeMasl NIAHAPHAS MeX-
Hos0zus. 1lpuHIUIINANDBHBIM 3/1€Ch
ObLJIO TO, 4TO TOHYANIIAA IIJIEHKA JU-
OKCHJla KPEeMHUs, BbIpallleHHAs] TPHU
BBICOKOH TeMIlepaType Ha MOBEPXHOC-
TH KpPUCTaJJIa, HAIEKHO 3allHIIaeTr
KPEMHHUI1 OT arpecCUBHBIX BO3/ICHCTBUI
1 SABJISIETCS OTJIMYHBIM U30JSTOPOM. B
3TOH IJIEHKE CO3/Aal0T «OKHA», Yepe3
KOTOpbIE, TaKKe MPU BBICOKOU TeMIIe-
paType, B TIOJYNIPOBOIHUK BBOJISAT Jie-

rupyiomiie 106aBKU — TaK U3TOTABJIH-
BaioTcst parMeHTsl Oyayiiero mpuéo-
pa. 3areM Ha M30JIUPOBAHHYIO OT 06be-
Ma MMOBEPXHOCTb HATBLISIOT TOHKOILIE-
HOYHBIE AJIOMUHUEBBIE TOKOIO/IBOJIBI
K aKTUBHBIM 30HAM — U TPAH3UCTOP
rotoB. OCOGeHHOCTSIME POIEcca siB-
JIIETCS TO, 4YTO BCe BO3AEWCTBUI Ha
MJIACTUHY OCYIIECTBJISIOTCS B OJTHOI
MJIOCKOCTH U 4TO 06eCcIeYnBaeTCs OJ1-
HOBpeMeHHast 06pabOoTKa THICSY U M-
JIMOHOB TPAH3UCTOPOB HA TIJIACTUHE, a
9TO BeJIET K BbICOYAMTIIEH CTeNeHn BOC-
MPOM3BOIUMOCTH U3eauil u (anrac-
THYECKOW TPOM3BOIUTENLHOCTH. A YTO
ele HaJI0 OT TeXHOJOTUH ?

MeTogaMu NJIaHAPHOHM TEeXHOJOTUU
JIETKO 00€CIIeYnTDh M30JISIIUI0 TPAH3H-
CTOPOB OT TOJJIOKKH W JPYT OT JIpPY-
ra, a OTciojla JIUIIb IIar 0 CO3aHUs
unmezpanoioli cxemvr (MuKpocxemw).
M sroT mar 6bL1 coemaH B TOM JKe
1959 romy (B 3TOM rogy — cOpoKaJer-
Huit 06unei!). Viges uarerpanum, T.e.
CO3/IaHUS 9JEKTPOHHBIX CXEM C aK-
TUBHBIMU U TACCUBHBIMH KOMIIOHEH-
TaMU ¥ WX COCIUHEHUSIMH B €IUHOM
TEXHOJIOTHYECKOM TpOoIlecce, 3Ta ujes,
OYeBW/IHAS B CBOEH TPUBJIEKATENbHO-
ctu, 6yJIOpaKIIa CIEIHATICTOB [[aB-
Ho. C n3o6pereHneM TPAH3UCTOPA CTa-
JIO SCHO, YTO WHTErpaIis peasbHa,
pa3paboTKa MJaHAPHON TEXHOJIOTUU
OKOHYATEJbHO 3aKpblIa 3TOT BOIPOC,
O/THOBPEMEHHO OTKPBIB 3Py MUKPO-
INIEKMPOHUKU.

Tunuanas MUKpocxeMa IpeICTaBIsIeT
co60ii KpeMHUEBBIN KpucTamK (qut),
B IIPUIIOBEPXHOCTHOI 06J1aCTH KOTOPO-
TO M3TOTOBJICHO MHOKECTBO TPAH3WC-
TOPOB, COEJIMHEHHBIX MEXAy Cco60i
MJIEHOYHBIMH AJTIOMIUHUEBBIMU JIOPOXK-
KaMH B 33JaHHYIO 3JIEKTPUIECKYIO CXe-
My. B mepBoil Mukpocxeme «MHOXe-
CTBO®» COCTOSIJIO BCEro Juib u3 12
TPaH3UCTOPOB, HO Y3Ke Uepes JBa Toja
ypoBeHb uHTerpanuu mnpesbicua 100
9JIEMEHTOB Ha 4YuWIe, a K cepeanHe
60-X ro10B cTAIHN JOMIHUPOBATD 60IDb-
mue wuHTerpaibubie cxemb (BUC),
COJIep>Kalliie THICSYN 3JeMeHTOB. 1
MOIILTO-TT0EeXAJ0.

Ha mnepsblii B3rasga, ¢ pa3BUTHEM
MUKDPO3JEKTPOHUKYN TPAH3UCTOP <«pa-
CTBOPUWJICS» B MuUKpocxeMme. PacTo-
puiics, Ho GeccJieTHO He ncye3. Bo6pas
B ce6s1 Bce OT TPAH3UCTOPa, MUKPOCXe-
Ma JKUBET U TI0 CBOMM CIIeln(pnIecKuM
3aKkoHaM. «TpaH3ucTop — KpeMHUH —
TJIAHAPHAS TEXHOJIOTUS » BOT TP KUTA,
Ha KOTOPBIX TOKOUTCSI COBpEMeHHAas
MUKDPO3JEKTPOHIKA, BepHee, He MOKO-
UTCs, a pa3BUBAETCS, W Pa3BUBAETCS



4

GelieHbIMU TeMIaMu. KUThI 0OKa3aanch
KPEMKUMHU U CMBITIJIEHBIMU — OHU JAIOT
3TOM TOHKe Bce, 4To Hajmo. U kak Obl B
JaJIbHEIIIeM He CKJIaIbIBaIach cyap6a
TPAH3UCTOPa, OYEBUIHO, UYTO OH YK€
BIIpaBe ObITh IPUYUCIEHHBIM K CAMBIM
3HAUUMBIM MTPUOOPETEHHSIM YeI0BeYe-
cTBa B XX BeKe, TaKUM, KaK aBUalls,
aTOMHasl SHEPTHUsI, TeJeBUIEHHUE. ..

Mpepensbi
«MAOTHOCTU NaMSATN»

Mukpocxema o6Jiajgaer teM 6OJIbInEi
nHQOPMAITMOHHON MOIIHOCTBIO, YeM
60.JTbITIEeE KOJTMYECTBO TPAH3UCTOPOB OHA
COJIEPIKUT, T.€. YeM BBIIIE 1I0MHOCNG
unmezpayuu. A aTo onpeeaseTcs Mu-
HUMAJbHBIMM Pa3MepaMu, KOTOpbIe
croco6Ha BOCIIPOM3BOANTL TEXHOJIO-
THs, T.€. T€M, YTO Ha3bIBAIOT NPOEKM-
notmu nopmamu (d_ . ), Ha KoTOpbIe
BIIpAaBEe OPUEHTUPOBATHCS TOMOJOT —
Pa3pabOTYHK CTPYKTYPbI MUKPOCXEMBI.
ITO KOMILJIEKCHAs XapaKTepUCTHKa
TEXHOJIOTUHU: Ha30BUTE Benuunny d .-
— U crenuagucT 6e30MM60THO YKaKET,
Kakoe 060py/I0BaHNE U KaKUe THITOBbIE
mporeccbl 06paboOTKH KPEMHUEBBIX
IJIACTHH MCIIOJIb3YIOTCS, KAKOBBI Pas-
Mepbl 3TUX IIJIACTUH ¥ CTEIeHb UX
COBEPIIEHCTBA, HACKOJBKO CTEPHUIbHBI
MPOU3BO/ICTBEHHBIE TOMEIIEeHNS, U
JlaXke TMEePevYrcJuT 0COOEHHOCTH Opra-
HU3AIMU TPYIA.

CoBpeMeHHDbBIIl ! BbICIINIT MHPOBOIL
YPOBEHb, XapaKTepHU3yomuiics Besu-
unnoit d_. = 0,25 MkM, nossojser
€03/1aBaTb MUKPOCXEMbLNAMANU EMKO-
cThio 256 M6UT 1 MUKponpoueccopbi ¢
20 muH Tpan3uctopoB. Okumaercs,
yro B XXI Bex MHUKPO3JEKTPOHUKA
Boitger ¢ d . = 0,15—0,18 Mkm u ¢
BYETBEPO GOJIBIIMM OOBEMOM TMAMITH
o/THOIT MUKpocxeMbl. Marust nudp 3a-
BopaxkuBaet: 2000 rox — 1 T'éut! [Ias
moJib30BaTeJiell 3TO O3HAYaeT, 4YTo B
OJIHY MUKPOCXeMY MOKHO Gy/IeT 3ariu-
catb 15 MUHYT TeJEBU3UOHHOTO [eii-
CTBHSI C ayIUOCOIPOBOXKIEHUEM. A
k2010 —2012rosaM okuaeTcs a’min =
= (0,05 - 0,07 MKM 1, COOTBETCTBEHHO,
o6beM mamaru 65 T'éur (manpumep,
Bech cepras « CeMHAIIATh MTHOBEHWIT
BECHBI» — Ha OJHOM KpuCTaJe!).

OO6partiM BHUMAHWE, YTO MPUBE/IEH-
HbIe U PBI XaPaKTEPU3YIOT POCT YPOB-
HA wuHTerpainmu G6oJiee pe3Kuil, 4eMm
~1/d2 . DT0 06YyCJIOBJIEHO TeM, YTO

min

IT.e. ypoeenv 1997 — 98 z2.; docmosepivie
npoOMbLUIEHHDIe NOKA3AMENU MOKHO NONY-
YUMo AUWb cnycms 200-06a om MOMEHMA
omcuema.

KBAHT:- 1999/Neé

IPOTPECC MUKPOIJIEKTPOHUKU UJET He
TOJIBKO 1O mapameTpy d . . Tak, ymenb-
meHne 1e@eKTHOCTH KPEMHUS MTO03BO-
JIUT YBEJIWYHUTDH TJIOMAIb OTAEJbHOTO
YWIIa — 32 TPU MPEACTOSIINX T[4 OHA
BO3pacTeT pasa B TOJTOPA U JJIA ca-
MBIX KPYIHBIX OGPa3iloB [IOCTUTHET
npubansurtenbho 3 X5 cM. Beero ke 3a
M0JIBEKA CYTIECTBOBAHUS MUKPOAJICKT-
ponuku (1.e. k 2010 r.) mromanpk Ynna
yBesanuutcs: npuMepHo B 1000 pas, a
ypoBeHb uHTerparuu — B 10 miapa pas.
[l cpaBHEHMS yKaXKeM, 9TO B 3JIEKT-
POTEXHHUKE 34 CTOJIETHE CO JIHS H300pe-
TEHUS 3JEKTPOMOTOPA MOIIHOCTD, OT-
HeceHHas K eJIMHUIIE eT0 Beca, BO3POC-
jgapa3 B 10— 15, 1 3T0 MPeNnogHOCUTCS
KaK OIIEJOMJISIIONNI yCIleX, a MUKPO-
9JIEKTPOHHbBIE JOCTUKEHUST BbI3bIBAIOT
y HIUPOKO#T ITyGJIUKH JUIIb OJIHY Peak-
IO — «I0YeMy He 60JIbIe?».

[Ipu Bceit BaxKHOCTH BBICOKOM TJIOT-
HOCTH pa3MelIeHUsI TPaH3UCTOPOB B
YuIle, 3TO, TeM He MEHee, He eJINHCTBEH-
HBII TTOKA3aTeNb er0 «CIIOCOOHOCTE .
Ecau B MUKpOCXEMY TTaMSITH BbI 3allH-
CaJTH COJIeP’KIMO€ KHHUT 11eJ10i 6u6.T10-
TeKH, HO JIJIT HAXOXK/IEHUS U U3BJeYe-
HUS HYKHOH KHHUTH TpebyeTcs, CKa-
JKeM, [IeHb, TO 3TO yKe Oymer He 6u6-
JUOTEKA, a <3JEKTPOHHAS BEpCHUA»
CBAJIKH.

Eute ocrpee BpemeHnOit hakTop BbI-
CTYMAaeT TP OI[eHKe MHUKPOIPOIECCO-
poB. OYeHb YacTo peub UAeT 0 paboTe
«B peaJbHOM MacliuTabe BpeMeHu» , TH-
HUYHBII TPUMep — 3TO 06CYET TpaeK-
TOpUHM JieTdmell Ha Bac BPaXXecKoi
pakeTbl M BbIJaya HEOOXOJUMBIX KO-
MaH[ A8 ee TepexBata. MuUKpompo-
[[ECCOP-<TYTOAYM» B TaKOH CHUTyalluu
BaM TIOTIPOCTY He HYK€H, KaKoil Obl
UHTEJIIEKTYaJIbHON MOIIbIO OH HU 06-
aagan. (Kak B maxmartHoM OGJuie:
«3agymasica — npourpani».) K cuac-
TBIO, YMEHbBIIIECHIE Pa3MepOB TPAH3UC-
TOPOB CHOCOOGCTBYET ¥ TOBBIIIEHUIO
ckopocTn o6MeHa nHpopMaIueit; oleH-
KM TmokasbiBaioT, uro K 2010—2020
TOJaM MAKmMosvle UACMOMb. MUKDO-
cxeM JocTurHyt sHauenust 2—3 [T,
T.e. B 3—4 pasa NPEBbICAT BBICIINN
COBPEMEHHDII YPOBEHbD.

YMecTHO CTIPOCUTD, a BO3MOXKHO JIN
COEJIMHUTH B eIUHYI0 CXEMY MUJITHOHBI
TPaH3UCTOPOB U IIPU ITOM He TIepe3am-
KHYTb coelinHeHus? Her, HeBO3MOXK-
Ho. HeB03MO3KHO, ecsti BecTH pa3Bo/I-
Ky IO OJHOW IMOBEPXHOCTH, TaK CKa-
3aTh, MO OJIHOMY «TEXHUYECKOMY 3Ta-
xKy». [loaToMy y>ke 1aBHO TpaccHpOB-
Ka CJIO’KHBIX MUKPOCXEM OCYIIeCTBJIS-
eTCsl B HECKOJIbKUX YPOBHSIX: Ha IJIEH-

Ky /JIUOKCHIa KPEeMHHS, MOKPBIBAIO-
MIyIO YUII, HAHOCAT TEePBYIO NAyTHHKY
AJIIOMUHUEBBIX [OPOXKEK, 3areM IIo-
BepX HUX BBIPAIIUBAIOT BTOPYIO IJICH-
Ky IUOKCH/Ia KDEMHYS, Ha Hee HAHOCST
CJIeIyTONIYI0 ATIOMIHUEBYIO Ay THHKY
u T.A4. B xakux-To Mecrax B U30/MpYy-
IOIUX IJIEHKaX IPOJeNbIBAIOT OTBEp-
CTHSI-KOJIO/IIIBI, Yepe3 KOTOPbIE OCYIIe-
CTBJISIIOT COEJMHEHUS TAyTUHOK pa3-
HBIX yPOBHE# B euHyIo cxemy. (3ame-
THUM JUIS CPAaBHEHHUS, 4TO CETb BOJO-
ra3o-3JeKTPO-TeJe-KOMMYHUKAIII
MockBbl ¢ ee 1 —2 MUJLTHOHAMUT KBap-
THP CPOJMHU PA3BOJKE CPEIHEHbKOI
MHUKpocxeMbl Havasra 90-X roJjoB — ¢ ee
TPACCUPOBKOI CIIPABUICS OBI PSIAOBOI
1eXO0BOii TOMmoMOT.) B cOBpeMeHHBIX
MHKPOCXeMaX MPUXOIUTCS HCIOTIb30-
BaTh 4 —5-yPOBHEBYIO Pa3BOJKY, ue-
pe3 15 ser meno poiimer mo 8—10
«aTaxkell». A oblasa 1JanHa MEKCOe -
nenuit npesbicut 10 kM(!), Tak uTO
06exaTb X caMblil GbICTPOHOTHIT Ke-
HUel| CMOXKeT JIMIIb 3a 1noJadaca. 1 Bce
3TO Ha KpHCTaJlJIe MJIOMA/bI0 B Tapy
JIECSITKOB KBAJIPATHBIX CAHTHMETPOB.

Eme omgna mporHosHas nudpa — K
2010 roxy croumocTb 6uta mHMOpPMA-
I[1M, XPAHUMOTO B MUKPOCX€EMe TaMsi-
T, ymenbimutcs g0 0,0000001 menta.
Tak uro 3a 10—15 1EHTOB MOXHO
6ynet Tpuo6pecT OJHOKPUCTATHHYIO
3JIEKTPOHHYIO BEPCHUIO BCEHl MKOJbHO-
BY30BCKOI TIPEMY/IPOCTH: BCe yUeOHMU-
KW, BCe 3a/[aYHUKU C OTBETaMHU, BCE
CIIPABOYHUKH /14 €I1Ie U SHIINKJIONEeINI0
Brpujauy. COynercsi, HAKOHEI-TO, Be-
KOBEYHAs] MEYTA MBICJISIIETO YesJoBe-
yecTBa 06 UIEATBHOI MIMapraike.

[IBa 3ameuanus k ckazaHHoMy. [Ipo-
I[EHTOB JIEBSIHOCTO MUKPOCXEM B MHpE
MIPOU3BOJUTCS C TTPOEKTHBIMI HOPMa-
mu 0,8 —1,5 MKM, a NpuBeIeHHBIMU
BbIIlE PEKOPAHBIMU HUQPPaAMH MOTYT
MOXBACTATHCS UMb HECKOJIbKO GUPM-
JIUJIEPOB, TJIaBHBIM o6pasom u3 IOro-
Bocrounoro perunona (maxe He u3
CIIIA), u JuIlb OPUMEHUTENBHO K
cXeMaM HaMsITH, IS KOTOPBIX Xapak-
TepHA MPOCTeNInasl peryaspHasi TOTO-
Jorus. U Bropoe. Hamu syymne 3aBo-
abl (IIpeskie BCero —3esIeHOrpajicKue
«Anrcrpem» u «MHUKDPOH») YBEPEHHO
BBIJIEP)KUBAIOT [OCTUTHYTBIE paHee
1—1,5 MKM, ¥ peajbHO IPOCMATpPU-
Baercst matepBaJ 0,8 —0,5 MKM — ypo-
BEHD BIIOJIHE MTPUCTOMHBII, TIO3BOJISIO-
MU MAcCOBO 3KCIIOPTUPOBATH MIKPO-
CXEMBI.

Wctopusa mnojckasbiBaer, 4TO IpuU
KaKOM-TO YPOBHE MHTerpanuu nensoe-
JKEH TUCCOHAHC MEXKy TeXHOJIOTHYec-



OT TPAH3UCTOPA - K UCKYCCTBEHHOMY PA3YMYVY? S

KO MOTITBIO YHTIA U €TO MUKPOTIPOIIEC-
COPHBIM HHTeJIeKTOM. Bee HacToiiun-
Bee OOKaTbIBAeTCS WISl HelpOHHO20
TMPUHIINIIA OPTaHW3AIUN CBSI3EH MeX-
Iy TPaH3UCTOpPaMM, TIOJAOOHBIX TeM,
KOTOpBIE ONPEAENIIOT (PYHKITMOHNPO-
BaHMUe YeJ0BeuecKoro Mosra. 1 ecam B
HayaJle TPETHETO THICSUEJETHS] TEXHO-
JIOTTYEeCKUe AOCTKEHUS TAPMOHITYHO
JTOTIOTHATCS a/IEKBATHON CXEMOTEXHU-
yeckoii dunocodueil, ToO MbI YBUAUM
He TPOCTO MUKPO3JIEKTPOHHUKY J/€BS-
HOCTBIX TOJ0B, Pa3pocuIyiocs BO
CTOJIbKO-TO pa3, a CTaHeM CBHJETEJNS-
MU (OPMUPOBAHUS €€ KaueCTBEHHOTO
HoBoro o6smmka. Kakoro? Ocranoch He
TaK YK JIOJITO JK/IaTh.

ITporunosst, nporuossl... Mucruuec-
KOe CTpeMJIeHne 3arJIsTHy Th B Oy ryliee
TpHUCYIIe caMoOil IPHUPOJE YeJOBEKa.
DakTUYeCKN OCHOBOIOJIATAIONIIM TI0-
JIO)KEHUEM TIPU TPOTHO3aX B MUKPO-
3JIEKTPOHUKE SIBJISIETCS IaBHO TIOJIMe-
YeHHAss 3aKOHOMEPHOCTb: <«YDOBEHb
MHTETPAIMN MUKPOCXEM Y/IBAMBAETCS
Kaxapie 1,5 rogas. AMepUKaHITBI Ha-
3BaJIM 3TO «3akonom Mypas, no nme-
HU TIEPBOOTKPBIBATEJIS.

Ho 6yner s atot 3akoH, dakTuyec-
KI OTHOCSIIUICS K MPOILIOMY, CIpa-
BE/IJTUB 1 BIIPE/Ib, XOTs1 ObI HA GJIMKAT-
mue 10—20 ser? Oreer mpobyaeMaTi-
yeH. Bo BCsIKOM ciryuae MHOTHE cepb-
€3HbIE CTIEINATNCTDI YTBEPIKIAIOT, UTO
najieko 3a ypoBeub 1 ['6ut Mukpocxe-
MBI BOOOIIe HEe YHIYT.

CueHbl KKpeMHVueBowt
XKN3HU»

B MHUKPO3JEKTPOHUKE HEPACTOPKUMO
COeINHSAETCS MHOXKECTBO PAa3HOPO/IHBIX
TEXHOJOTUYECKIX MPOIECCOB, Y KaX-
JIOTO U3 HUX CBOM (DU3UKO-XUMHIUYECKHE
OCHOBBI, 060 BCeM Cpa3dy He pacckKa-
3aTh. Ho 06 CX0HOM MOy ITPOBO/THY-
Ke TOBOPHUTb HAJI0 06s3aTeJbHO, KaK-
HUKaK 970 — (yHIAMEHT.

Wrak, ecam B Hauaje cJaeayionero
Beka Gy/IeT co3/[aHa HAKOHEII-TO «KJIeT-
ka» (MHKpocXeMa) HCKYCCTBEHHON
JKU3HM, TO OHA, HECOMHEHHO, OyIeT
KPEMHUEBOI. JTO BPOJie TIpe/oIpeie-
JieHus cBbITIE. «B 3eMHOI KOope KpeM-
HUI UTpaeT TaKylo ke MepBOCTEIEeH-
HYTO POJIb, KaK YIJIepO/] B )KUBOTHOM 1
pacturenbnom mupe» (Bombmas Co-
BeTcKasg OHIUKJIOIeansa). Kpemuuii
pacnosaraercs B IV rpymmne ta6auirer
MemnneneeBa, Kak pa3 HoJ| yTJIEPOIOM.
A yHUKaJbHAS POJb YIIEpoja B KU-
BOii TIpupojie 00YCJIOBJEHA TEM, UYTO
MESK/IY €T0 AaTOMaMU CYIIEeCTBYIOT ITPOY-
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Hble XUMUYECKHE CBSI3H, B PA3PbIB KO-
TOPBIX TaKX€ IPOYHO MOTYT BCTPau-
BaTbCsS aTOMBI JPYTHUX 3JEMEHTOB —
KIICJIOPO/Ia U BOJOPO/Ia TIPEXKIE BCETO.
W3 artux anementoB — C, O, H — B
pa3anYHbIX KOM61/IH8,I_II/I$IX n COCTOUT
Ha 98% o6Ias Macca BCETO JKUBOTO Ha
3emite. Heuto mopmo6uoe npucyiie u
KPEMHUIO: 3aTI0;THEHHOCTD 1 IPOYHOCTD
COGCTBEHHBIX XUMIYECKIX CBSI3€H, BO3-
MOXXHOCTb BCTPAWBAHUS B UX PA3pbIB
APYIUX 3JIEMEHTOB, CYIIECTBEHHO W3-
MEHSIONTNX CBONCTBA KpUcTaia. Pas-
PbIB CBA3U B YIJI€POJHOM COEAUHEHNN,
BBI3BIBAEMBIN CJ1a6BIM (PUBHOTIOTHYEC-
KM BO3JIEHCTBUEM, MPEICTABJISET CO-
6011 3JIeMEHTAPHBIN aKT POKAEHNUS GU0-
JIOTHYECKOTO UMITYJIbCA; PA3PbIB CBSI3U
B KPEMHHEBOM MOHOKPUCTAJLJIE T[] JIeHi-
CTBHEM TeIlJIa, CBETA, 3JIEKTPUUIECKOTO
MOJIST MOJKET 3HAMEHOBATD 3JIeMEHTap-
HBII akT hopMUpOBaHUS HHDOPMAIIH-
OHHOTO MMITyJIbca. Kpome Toro, 3ama-
Chl KPEMHUSI Ha 3eMJie HMPaKTHYeCKH
HeOTpaHWYeHHbIE: K NPUMEPY, MECOK
Ha MOPCKOM ILJISIKE HANOJIOBUHY CO-
cTouT U3 KpeMuus. Kpemuuii — Bropoii
110 PacIpOCTpaHeHHOCTH d1eMenT (11ep-
BBl — KUCJIOPOL).

Ho kpemunii mnasutcs npu 1420 °C,
U He TIPOCTO CJ/IeIaTh almnaparypy s
BbIpalllUBaHUA KPEMHUEBDBIX KPUCTAJ-
708 (OHM BBITATMBAIOTCA M3 PacIlia-
Ba), COXPAHSIONLYIO CTEPUILHOCTD IIPH
CTOJIb BBICOKOIT TeMmmeparype. Ilepsoie
KpeMHueBble MOHOKPHUCTAJJIbL 6bIJII/I
pa3MepoM ¢ MU3HHEIL, TIOTOM Ha KaKoe-
TO BpeMs TeXHHMKa 3aJepKajach Ha
cauTkax auamerpoMm 40 MM, K KOHILY
CEeMUIECATBIX CTAaHAAPTOM CTaJ [ua-
metp 100 MM, a k 2010 —2012 ronam
O’KUJIAETCSI, YTO INAMETP KPeMHHUEBBIX
cautkoB gocturaet 400 —450 Mm.

ABTOpY [10BEJIOCH B3KUBYIO IIO3HAKO-
MHTbCS C AMEPUKAHCKUM CTAaHKOM Pas-
nesku Ha «Baany (MIaCTUHBI) TpeX-
coTMULIMeTpoBbIX (ysKe!) CAUTKOB
KpeMHU. DIaKWi MAaCCUBHBIN MeTaJI-
JMYECKUN KOJOCC B TOJTOPA YeJIOBe-
yeckuX pocra. MHaue Henmb3a — Ha
XJTUITKOM OCHOBAaHUYT HUKAKUX TOYHOC-
Tell He MOMyYnIb. A TOYHOCTH U paH-
TAaCTHYECKUMU He Ha30BelIb — 6JIeTHO-
Baro Oyaer. CompoBosxkiaionuii Gy-
HIYHO TaK MH(MOPMUPYET, UTO IOCJIe
YUCTOBON 06PaGOTKH BBICOTA MHUKPO-
HEPOBHOCTEH Ha TOBEPXHOCTH KpEM-
HUEBOH TLTACTUHBI He TIPeBbIaeT 1 HM
(3T0 HasbIBAETCHA <IIEPOXOBATOCTHIO»
— 0CTPOYMHO, He npasia au?). OnHa-
KO TI0CJIe OKOHYaTeJbHOIH 06paboTKu
paboueil MOBEPXHOCTH ILJIACTHHDBI €€
MIepOXOBaTOCTb CHIKaercs 10 0,1 HM.

Pa3Be He 4y10: Be/ib TONEPETHUK KPEM-
HHEBOro aToma 0koJjo 0,5 am?!

Ho ecim 61 Bce CBOAMIOCH TOJIBKO K
YCTPaHEHHIO TIIepOX0BaTOCTH! Y BBI, KAk
6Bl TIIATEJBHO HE BBIPAIIMBAJICS CJIU-
TOK, M/[€aJbHAsT KPUCTAINIECKAS Pe-
HIeTKa BO BceM o0beMe HEeJOCTIKIMA:
B KaKOM-TO y3Ji€ CJIy4ailHO He OKa3bl-
BaeTcss aToMa KpEeMHWs, T/le-TO BHe-
JIpsieTCSI HEKOHTPOJIUpYyeMast TIPUMeCh,
IPU OCTBIBAaHUM 06PAa3yIOTCS MHKPO-
TPENMHKHU U [IePeHarpssKenHbie 06a-
cTv # T.m. TpaH3ucTOp, W3rOTOBJIEH-
HDBII HA MECTe CTPYKTYPHOTO gedeKTa,
KaK IIPaBUJIO, OKA3bIBAETCS HETOHBIM.
«OtaBaBaHNe» CTPYKTYPHBIX HECO-
BEPIIIEHCTB CTAJIO TJIABHBIM JI€JIOM Me-
TAJIJIOBEJIOB, W CIIPABJSIOTCS C 3THM
OHU HEIIJIOXO: B JIy‘{H_II/IX COBpeMeHHbIX
mIacTuHax comep:xurcs menee 200
nedeKToB Ha KBAJPATHBIH METp, a K
2010 rony o:kuZaeTCst CHUKEHUE 3TOTO
MoKasareJisl enie Ha MOPSI/IOK.

3aMedeHo, 4To KOT/[a OJHH PBYTCS B
KOCMOC, JpyTHEe <HAa3JI0» UM OypsT
CBEPXTJIYOOKYIO CKBAKUHY B 3€MHOI
Kope, U306peTeHus TeJecKona U MUK-
POCKOIIa HETIPEMEHHO COCE/ICTBYIOT IPYT
C IpyroM. A YTO eciiu KpEeMHHUEBBIE
KPUCTAJLIBI C/IEaTh OYE€Hb MaJIEHbKHU-
mMu? YroObl MOHSTH, Y€r0 IMPH 3TOM
MOJKHO OKM[AaTh, HAJ0 3arJsHyThb B
KBAWMOBHILL MUKPOMUP.

ATOM KpeMHUSI B KPUCTAJLJIE TTPOTHO
CBSI3aH C YETBHIPbMSI COCETHUMU aTOMa-
M (cXeMaTWYHO, B IJIOCKOCTH, 3TO
HILIoCcTpUpyeTcd pucynkom 1) . Kpem-
HUN YeTbIPeXBAJEHTEH, TOITOMY BCe
3JIEKTPOHBI BHEITHUX OPOUT OKa3bIBa-
I0TCSI CBS3aHHBIMU. JTU CBI3U OJHO-
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3HAYHO OOBEMHSIOT BECh KPUCTAJLI B
eINHOE TIeJI0e, B KBAHTOBYIO CHCTEMY,
YCJIOBHO XapaKTePHU3YIOIyIocs HEKOU
30HHOU Ouazpammot, T.e. HABOPOM dHeP-
TeTUYECKUX YPOBHEll, Ha KOTOPBIX MO-
TYT pacIoJjaraTbCsl BaJeHTHBIE 3JTEKT-
POHBI, CTPOTO IO /1B Ha KAXK/IOM YPOB-
ue (puc.2). VI3MeHEHWAM COCTOAHUS

C60600mbiil Ceobod
aNeKmMpPOn GO00ONAIL vpogens P

30HA )
N __ v___

3anpewennas

30Ha
Eg
Ypoeenv B
Cosiaaniii Banenwmmnas
30Ha

eKMPOH
Puc.2

3JeKTPOHA COOTBETCTBYIOT €ro
Iepexo/bl ¢ OJHOTO YPOBHS 30HHOM
JarpaMMBbl Ha KaKo#-To ApyToii. KBaH-
TOBBIIl XapaKTep MPOIECCOB NMPOSIBJIS-
eTcsl B TOM, YTO TIPU 3THX IMEPEX0/ax
SHEPTusl 3JEKTPOHA MEHSIETCS CKAYKO-
06pa3HO, W TOJBKO €CJU <«CKAUKU»
OuYeHb MaJieHbKHE, KaXkeTcs, YTO OHa
M3MEHSETCS MJIABHO. DJIEKTPOHDI, CBS-
3aHHBIE C aTOMaMH, Ha 30HHON quar-
paMMe 3aIOJHSIOT BCe YPOBHU BaJIeH-
THOH 30HBI, TI03TOMY U3MEHEHUE COCTO-
STHUSI CUCTEMBI, T.€. KPUCTAJJIA, HEBO3-
MoxkHo. Ho ecau npuioxurtbh 3Haun-
TeJIbHOE YCUJINE, TO BaJeHTHAs CBA3D
paspbIBaeTcs 1 napa 3JeKTPOHOB 00pe-
TaeT BO3MOXKHOCTH CBOGOHO TiepeMe-
MAThCS 110 KPUCTAJLITY — IIPU TTPUJIOKE-
HUU 3JIEKTPUYECKOTO IOJS ABMKEHUE
TAKUX CBOOOTHBIX 3JIEKTPOHOB 06pasy-
eT Tok. Ha A3bIKe 30HHOMN AMarpaMMbl
Pa3pBIB CBSA3H MPOSABISAETCS B TOM, YTO
TIPH TOTJIOTEHIH KPUCTAJIOM MTOPIUU
oueprun AE 2 E | 3/IeKTPOH I3 BaJICH-
THOW 30HBI TTEPEXOJUT B CBOOOIHYIO,
T/le WMeeTcs MHOXKECTBO HEe3aHSITBIX
6JIM3KOPACTIONIOKEHHBIX dHEPreTHyec-
Knx yposHeil. (3amernm, uTO <«CKau-
KI» 3JIEKTPOHA B <IIPOCTPAHCTBE AHEP-
THWif»> HE COMPOBOXKIAIOTCS CKOJBKO-
HUGYAb 3aMETHBIM H3MEHEHWEM €ro
HOJIOKEH WS B PEAJIbHOM IIPOCTPAHCTBE. )

[apamerp E , HasbiBaeMblil wupu-
HOU 3anpeweH ol 30HbL, SBJISETCS BaXK-
Hel1ei XapaKTepUCTUKOM KpUCTaslia:
Korjza Eq < 0, 1 2B, BemecTBO BejeT
ce6a KaK nmpoBogHuK (Merasn), a npu
E, 2 3,5 9B — xak usousirop. B mpo-
MEKYTOYHBIX CJIy4YasX MBI IMeeM J[eJI0
C TIOJIyIPOBO/THUKOM — TaKOB U KpeM-
HUil ¢ sHEpruei Eg = 1,1 3B. Eciu B

KBAHT:- 1999/Neé

KPUCTAJLJI BHEJPUTH HEMHOTO WHOPO/I-
HbIX aToMOB (910 OGecreunBaercs Jie-
TUPOBAaHUEM PACIIaBa TPU BBIPAIIH-
BaHUM CJMTKA), €ro MeXaHHWYecKue
CBOWCTBA 3aMETHO He W3MEHSIOTCS,
O/IHAKO 30HHAsI [MarpaMMa peBHOCTHO
OTCJeXXNBaeT TOHYANIINe HIOAHCHI.
Ecaun atom mpumecu NSTHBAJEHTHBIH
(dpochop P, Hampumep), TO ofHa u3
€r0 BAJICHTHBIX CBsI3€l HE 3aI0JIHSIETCST
YeThIPEXBAJEHTHBIMU COCEJISIMU 1 CBO-
GOMHBII 3JEKTPOH 0O6pa3yercss OueHb
JETKO — Ha 30HHON amarpamMMe 3TO
HPOSIBJISIETCS B TOSIBJIEHUM 9HEPTeTH-
YeCKOTO YPOBHS BOJM3H CBOGOTHOM
30HbBI. AHAJIOTUYHO HTOMY, ATOM TPEX-
BasentHoil npumecn (6op B, mampu-
Mep) 06pasyeT ypoBeHb BOJIM3H BaleH-
THOIT 30HBI — JIETKO «BIIPBITHBAIOIINEY
Ha HETO BAJIEHTHDBIE 3JIEKTPOHBI CO3/Ia-
10T WJLTIO3WI0 PEAJbHOTO TMOSIBJIEHUS
€BOGOJIHOTO TIOJIOKUTENBHOTO 3apsi/ia,
Ha3bIBAEMOTO ObIPKOU.

[Hopuus sueprum AE, mnepenaBae-
Masi KpUCTAJLTY /UJIst 3a6poca aJIeKTPo-
Ha C HIDKHETO YPOBHS Ha BEpPXHHUI,
00BIYHO OTOGUPAETCST OT HIEKTPHUECKO-
ro moJisi. A npu O6pPaTHOM IEPEXo/ie
HJIEKTPOHA TOYHO TaKasi K€ TOPIUs
SHEPTUY BbIJEJIIeTcsl B BUJe KBAaHTA
usaydennsa ((poroHa), AIMHA BOJIHBI
KOTOPOTO OTIpeJesIsieTcsl IPOCThIM CO-
ornomenneM: A (um) =1240/AE (3B).
Tax, st UCITYyCKAHUST «TEMHO-KPACHO-
ro» ¢orona (A =700 uM) Heo6X0oaHU-
MO, 4TOGbI 3JIEKTPOH COBEPIIUJ Tepe-
xoJ Mexay ypoBuamu ¢ AE = 1,8 3B,
a JUIST TeHepaIny «CuHero»? (orona,
Ha JPYTOM Kpai0 BU/MMOTO CHEKTPa
(A =480 um), — ¢ AE =2,6 3B. Kax
BUJIUM, KPEMHUI € €ro HauGOJIbIINM
BO3MOKHbBIM 3HauenueM AE = E =
=1,1 5B H1 ogHOMY U3 5THX TpeGOBa-
HUIl He Y/IOBJIETBOPSET, MOTOMY-TO U
HeT KPEeMHUEBBIX CBeTO/010B. Hao
etife 100aBUTh, YTO HE BCSIKUI EPEXO]T
HJIEKTPOHOB BO3MOKEH — JIJIST KAXK0TO
MOJIyTIPOBOIHUKA JIefICTBYeT CBOH Ha-
6op «mpaBuJ 3anperas. Hanpumep, B
KPEMHUU TI€PEXO]] «BHHU3» Yepe3 BCIO
3alpeNieHHyi0 30Hy IPOUCXOJUT He
PSIMO, & MHOTOCTYIIEHYATO, C BbI/IeJIe-
HHEM HECKOJIbKUX IOPIH SHEepPrum,
KOTOpBIE JINIIb B cymme jaior E .

PaccMoTpenHble TIOHATHS — IIUPUHA
3alpenieHHON 30HbI, TI0JI0KEeHUE YPOB-
Hell TPUMECHBIX aTOMOB, Pa3pelleH-
HbIE U 3aTIPeleHHbIe 2JIEKTPOHHBIE TTe-
PEXO/Ibl — €CTh HEKUEe KOHCTAHTBI, KO-

2 Boobwe-mo na KOPOMKOBOIHOBOM KPAIO
BUOUMO20 CREKIMPA HAXOOUMCS PUOSeMOBbLIL
ceem, HO OH NPAKIMUYECKU NOYMU He UCTOTb-
3yemcsi.

TOPbIE OIIPEJIEISIOTCS TPUPO/ION Bellle-
CTBa, a XOYEIlb YTO-TO HU3MEHUTH —
noa6upaii Apyroii mosynposogaauk. Ho
¢usuka He 6bl1a 6BI PUNKOI, ecsu
6Bl TIepUOINYECKN He OMPOKHbIBAJIA
COOCTBEHHDIE «HE3bIOIEMbIEY [TPE/ICTAB-
Jenusi. CkazaHHOE BBIIIE CIIPABE/JIN-
BO, MOKA KPUCTALT Ge3rpaHuveH, HO
aToMaM, PacloJIOKEHHBIM Ha TTOBEPX-
HOCTH, HEYEM <«HACBITUTb» OJHY U3
BaJIEHTHBIX CBs3ell (Hampumep, Her
«cocefa» cjieBa, Kak Ha pucynke 1). B
CTPYKType 30HHOU [uarpaMMbl TOSB-
JISIIOTCST YPOBHU «IIOBEPXHOCTHBIX CO-
CTOSTHUI» , TTOJJOGHBIE TPIMECHBIM YPOB-
HSIM B o6beMe.

W sto He Bce. [Ipu manbix pasmepax
KPUCTAJJIa BHYTPM HEr0 BO3HHUKAIOT
3HAYMTEJbHbIE MEXAHWYECKUE HAIps-
JKEHUST — MEXaHU3M 3/IeChb TOT e, 4TO
U TIPU CXKATUY KAILJIU JKUJAKOCTH CHJIA-
MU ITOBEPXHOCTHOTO HATsKeHus. UeM
MEHbIle KPUCTAJJ, TeM CUJbHEe OH
CXaT, a cXKaThe, Kak JaBHO yCTaHOBJIe-
HO, BBI3BIBAET M3MEHEHUE BEJTUIHHDI
E,, a mepeaxo u rpancdopmarmio
«TpaBUJ 3amperay. TakuMm o6pasoM,
YMEHDIIasi pa3Mepbl KPUCTAIA, MOXK-
HO BO3/ICIICTBOBATb HA €r0 <«CBATas
CBSITBIX» — 30HHYIO IMArpaMMy. ITO —
K8AHMOBO-PAIMEPHBILL IGhchexm.

A 1IpM KaKHUX pa3Mepax MOXKHO CUU-
TaThb KPUCTAJJ «MajeHbKuM»? [lpes-
CTaBUM /I TPOCTOTBHI KDPEMHUEBBII
Ky6UK, BI0Jb pe6pa KOTOPOTO PacIo-
aaraercs 100 atromoB. Toraa poms mo-
BepXHOCTHBIX atoMoB (60000 mT.) ot
nX KoJmuecTBa Bo BceM o6beme (1000000
IIT.) COCTaBUT BCero 6%, U BPsi/ JIM IIPH
3TOM KBAaHTOBO-pa3MepHble 3(DHEKTHI
MOTYT MPOSIBUTHCS B MMOJIHOI Mepe. Ho
npu 10 aTomax Ha pe6poO [0 MOBEP-
XHOCTHBIX aTOMOB cocTaBut 60%,
CUTYyAIUs U3MEHUTCS HA IPSIMO TIPOTH-
BOTIOJIOXKHYT0. IlomepeyHnK aTOTO KYy-
6uKa 6JIM30K K O HM — TaK POJUJICS
TEePMUH <«Hanokpucmaais. Iloxoxe,
YTO HAHOKPUCTAJLIBI 00Pa3yIoTCsI B TAK
Ha3bIBAEMOM MOPHCTOM KPEMHUM, KOT-
Jla B pe3yJibTaTe CIelNuaIbHO AJIeKT-
poXUMHUYECKOl 06pabOTKY TIACTHHBI
CO3/aeTcs TEKCTypa W3 TOHYANIINX
KPEMHHUEBBIX BOJIOCKOB, TIOJI06HAS CIAI-
Koii Bare. Bo BcsikoM ciryvae, cBeueHme
TAKUX CTPYKTYP HAGJIIO/1aJI0Ch, TAK YTO
MOKHO HauyuHATh (HAHTA3UPOBATH O
MHIKPOCXEMaX, COUETAIONIX 3TEKTPH-
YecKUe U CBETOBbIC CBSI3M, HAJIESKHBIE U
6e3prHepIioHHbIe. O6PETYT M HAHOK-
PHCTAJIbI BOCHPOU3BOJUMYIO TEXHO-
JIOTUIO, BCTPOUTCS JIM TOT HPOEKT B
TPAJUIINOHHYI0 MWKPOIJEKTPOHUKY ?
Ouenb 6OJIBIION BOIIPOC. ..



