NOYEPK MOJ1OO0CTI,

WK paccKa3 0 TOM, KaK U3BNeK/IN U3 XUAKOIo a3oTa NonynpoBofgHNKOBbIe lazepbl,
3acTaBUNM WX HenpepbIBHO U3N1yYaTh NP KOMHATHOI Temnepatype
W nepemecTUNN 4acToTy H3ny4yeHnda B fUana3on BUANMOro ceera

P. CBOPEHb, cneumnanbHbIii KOppeCcnoHAEHT XypHana «Hayka v XXU3Hb».

CAOBa 3T — «HYA€BOM IMKA» — y3a-
KOHEHHBIN CTPOUTEABHBIM TEPMUH, OH
OTHOCUTCS K COOPY>KEHHUIO TOM YaCTH 3AQHUS,
KOTOpas AeKUT HU)KE YPOBHS 3eMAH, HUKE
HYA€BOM OTMeTKHU. [Ipoiiie roBOpsi, «<HyA€BOU
LIHMKA» — 5TO 3aKAaAKa hyHAaMeHTa. IMeHHO
C HEro, C 3TOr0 IMKAQ, C 3TOTO KOMIIAEKCa
CAOKHBIX U TPYAOEMKUX paboT HaUMHAETCA
CTPOUTEABCTBO AI0G0T0 06BeKkTa. [ToTOM BHI-
pacTaroT Ha NPOYHOM (PyHAAMEHTe STaXKH,
TIOSIBASTFOTCST HAPSIAHBIE MHTEPBhEPH], YIOTHBIE
KBapTUPHI, OBICTPOXOAHBIE AUMTHL, U yKe
Mano KTO 3aAYMBIBAETCS O TOM, C YErO HAYu-
HaACS AOM.

Bo BCAKOM Aeae MMEIOTCS CBOU «HyAEBHIE
LIIMKABI», CBOM HEBUAUMEBIE MUDY (DyHAAMEH-
TaAbHBIE PAOOTHI, HICTUHHOE 3HAYEHUE KOTO-
PBIX 3a4aCTY¥O IOHUMAIOT AW b CTIEITUAAVICTHL.
Celfyac HaM IPEACTOUT UHTEPECHAas BCTpeya C
TPYIION Y4EHBIX, KOTOPHIE CETOAHS PaboTaroT
Ha nepepHeM Kpae OU3NUKH MOAyIIPOBOAHHU-
KOB, CO3AQIOT (DYHAAMEHT AASI SAEKTPOHUKU
3aBTPALIHETO AHS. OTO AaypeaThl IPeMUU
AeHMHCKOTO KOMcOMOoAa 1976 ropa ViBau Ap-
ceHtbeB, [1é1p Komnbes, Bauecras MunrypHeii
u Banepuit PymsHneB. AAsi BCTpeUH ¢ HUMU
MBI OTTIPABASIEMCS B /A€HUHTPAA, B OpAeHa A\e-
HyrHA DU3NKO-TeXHUYECKUM UHCTUTYT UMEHU
A. ®. Modde Akapemun Hayk CCCP, uau, kak
ero MHOTAQ KOPOTKO Ha3bIBaroT, Oustex. Ham
KOHEYHBIHM IMYHKT — AaGopaTopusi KOHTAKT-
HBIX SIBA€HIH B IOAYIIPOBOAHUKAX. PykoBoaut
€10 YAEH-KOPPEeCMOHAEHT AKapeMUuU HaykK
CCCP, raypeat Aenunckoii npemun JKopec
Hpanosuy ArGEPOB.

HayuHbIl pyKOBOAWTEAB MOAOABIX (DU3UKOB
U CaM AOBOABHO MOAOA! B MApPTOBCKUE AHU
1977 ropa, KOTAQ €ro MUTOMIIBI TOTOBUAMCEH
K noe3pke B MOCKBY Ha Bpy4YeHUe NIPEMUN
AEHUHCKOTO KOMCOMOAQ, AAGDEPOBY KCIIOA-
HUAOCH COPOK CeMb. Y IpUMepHO B 3TO ke
BpeMsi OH MOT OBl OTMETUTDH ABAALIATUIISITH-
AeTHe cBoelt paboTel B Oustexe. Hayunnie
uHTepeck Ar(époBa Bceraa OBIAM CBSI3aHEL
¢ HU3NKOM NOAYTIPOBOAHMKOB. EMy, B yacT-
HOCTH, OCYACTAUBUAOCH OT CAMBIX ITEPBHIX
CTyneHel pa3BuUBaTh PyHAAMEHTAAbHBIE

KWCCAEAOBAHYS TaK HA3HLIBAEMBIX reTeporiepe-
XOAOB B ITOAYTIPOBOAHUKAX.

COTBOPEHUE ITEPEXOAA

CaM TepMUH «TeTepoIePEeXOABI» Ha pycC-
CKHH SI3BIK, HaBEPHOE, CAEAYET IePEeBeCTH
KaK «IIepPexOABl MeJKAY Pa3HOPOAHBIMM dac-
TAMUY».

MEI XOpOLIO MOMHEM e1llé CO IIKOABHBIX
BPEMEH, UTO BCe BellleCTBa MOYKHO PA3AEAUTH
Ha ABE IPYIIIBI — IPOBOAHUKY U AUAEKTPUKY
(n30AsTODEI). B 1epBHIX, B IPOBOAHUKAX, €CTH
CcBOGOAHEIE 3AEKTPUYECKYE 3apsIAbL, @ B AU-
3AEKTPUKax CBOOOAHBIX 3apsIAOB HET. Mexkay
TIPOBOAHUKAMU U AUIAEKTPUKAMY HaXOAUTCS
elé opHa 60ABIIIAs TPYTINA BELIECTB, KOTOPHIE
HA3BIBAIOT IOAYIIDOBOAHUKAMHU. B moaympo-
BOAHHUKAX caMux 1Mo cebe ecTb cBOOOAHEIE
3apsAbL, HO MX BO MHOTO THICSTY pa3 MEHBIIE,
4yeM, CKaKeM, B MeAu UAU Keaese. [Tostomy
TIOAYTIPOBOAHUKY CaMU IO ce6e MPOBOASIT TOK
3HAQYUTEABHO XyJ)KE, YeM KAaCCUYeCKue Mpo-
BOAHUKM — METaAAHIL.

O6paTtuTe BHUMaHNe Ha OTOBOPKY «CaMu
o cebe» — OT He€ HAUYMHAETCS MYThb K YAU-
BUTEABHBIM SIBA€HUSIM, KOTOPHIE Kak pa3 u
ONPEAEAMIAN MHTEPEC COBPEMEHHOM TEXHUKU
K ITIOAYTIDOBOAHUKOBEIM MaTepHaAaM.

Dwu3uKy C BUPTYO3HOM TOYHOCTHIO HAy4YU-
AWUCH IPOU3BOAUTE C MOAYNIPOBOAHUKAMU
pa3AMYHEIE Ollepany, KOTOPble MOJKHO 00b-
EAVHUTH OAHUM ITOHSATUEM — «AETUPOBAHUEY.
OTO «AermpoBaHUE» €CThb He YTO MHOE, KakK
BBEAEHUE PA3AWYHLIX IPUMECeN B YUCTHIN
TIOAYIIDOBOAHUKOBBINM MaTepuaa. [Ipumeceti,
KOTODPHIE Ad’Ke B HUYTOXXHBIX KOAMYECT-
BaX — MUAAMOHHBIE U MUAAMADAHBIE AOAU
MIPOILIEHTa — PAAUKAABHO MEHSIIOT CBOMCTBA
«CaMoro 1o cebe» MOAYIIPOBOAHUKA.

AelicTBUe IpUMeCcel B CaMOM yIPOILEH-
HOM BHAE MOJKHO ONMCATh TaK: OHU 3aHU-
MAaIOT MeCTa B KPUCTAAAUYECKOM penIéTke
OCHOBHOTO BelIeCTBa; B Pe3yAbTaTe TaKOH
3aMeHBI B MOAYIIPOBOAHHKE PE3KO BO3pac-
TaeT KOAWYECTBO CBOOOAHBIX 3apsiAOB, U IO
CBOWM CBO¥CTBaM OH 3aMETHO IPUOAMIKAETCS
K METAAAMYECKOMY NPOBOAHUKY. [Ipuuém
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Jlezuposarue noaynpoeodrUK060z0 KpUCmaila,
mo ecmb 66edeHue onpedeéHHbIX npuMmecell,
co3daém 6 HéM cpasHumMenbHO GoNbULOE KONU-
yecmeo c60600HbLX INEeKMPULECKUX 3apAJ08,
OMPUYAMENbHBLX — SNEKMPOHO08, UNU NOJLONCU-
menvHblX — «doipor». OCHO8a 8cex NoAYnpoeod-
HUKO08bLx NPUGOPOE — Mo prn-nepexod, zpanuya
Medncdy yuacmramu Kpucmania ¢ duipoLHoii npo-
8odumocmoio (30Ha p) U INeKMPOHHOIL (30HA n).

MIOCAE BBEACHUST HEKOTOPHIX IIPUMece — UX
HA3BIBAIOT AOHODAMU — B IIOAYIIDOBOAHUKE
TIOSIBASIIOTCSI CBOGOAHEIE SAEKTPOHE]; Ha Kap-
THHKaX B IOITyASIPHBIX OpOIIopax ux 0ObIYHO
n306pakaroT B BUAE 3TaKUX MAaACHBKUX 1LIa-
PHKOB MAM KPYJKKOB C KMHHYCOM» B CEPEAUHE.
Apyrue IpuMecH — UX Ha3bIBAIOT aKIIenTopa-
MU — CO3AQIOT B IOAYTIPOBOAHIKE CBOOOAHEIE
MMOAOJKUTEABHBIC 3aPsIAbI;, HQA KADTHUHKAX UX
TOKE€ PUCYIOT B BUAE MAaA€HBKUX LIAPUKOB
HAM KPY’KKOB, HO YK€, KOHEUHO, C KIIAIOCOM»
B cepepmHe. [IpyyéM B TAKOM PUCYyHKe 3Ha-
YUTEABHO GOABIIIE UCKA)KAETCd UCTUHA, YeM
TaM, TA€ B BUAE LIAPUKOB N300pa’karucCh CBO-
60AHBIE SAEKTPOHEL. AeAO B TOM, YTO CBOGOA-
HBIX, IOABHUJKHBIX YACTHUI] C IOAOJKUTEABHBIM
3apSIAOM, C KIIAIOCOM», B IOAYIIPOBOAHUKOBOM
MaTepuaie Boob1ie HeT. VX pOAB BBITIOAHSIIOT
TaK Ha3BIBAEMBIE «ABIPKU» — ITOAOKUTEAD-
HBIE€ 3apPAABI HEIIOABUJKHBIX AQTOMOB C HEAO-
CTAIIMMH 3AeKTPOHaAMM Ha opbure. Takoi
aTOM MOYKET IIePeXBAaTUTh IAEKTPOH Y CBOETO
COCeAQ, U Telleph YoKe TOT CTAHET HOCUTEAEM
MTOAOKUTEABHOTO 3apsiAa. B pesyarTate OBICT-
pOro mepecKakuBaHUs 3AeKTPOHA M3 aTOMa B
aTOM B [TOAYTIPOBOAHUKE GyAeTIepeMelaThCs
«ABIDKa», OyAET ABUTaThCS IOAOKUTEABHBIH
3apsia. IToAyIIpOBOAHMKOBEIE MAaT€PHAAEL C
AOHODHBIMU IIPDUMECSMHU HA3BIBAIOT MOAY-
IIPOBOAHUKAMMU THUIIA «I1», @ C aKUEIITOPHBIMUA
MIPUMECSIMH — IOAYTIPOBOAHVUKAMH THUIIA <P,
IhaBHOE BOALIEGCTBO HAYMHAETCS TaM, TAE B

OAHOM KPHCTaAAe CONMPUKACAIOTCA yYaCTKU
C 3AEKTPUYECKOM MPOBOAUMOCTBIO PA3HOTO
Tuna. Takasg o6AacTb CONIPUKOCHOBEHHUS
HA3BIBAETCST PN-TIEPEXOAOM, U 3TOT IIEPEXO0A
€CTb OCHOBA IIOYTH BCEX 3AEKTPOHHBIX IIOAY-
NIPOBOAHUKOBEIX TPUGOPOB.

Y>ke OAMHOYHHIHM pn-TIepPexoA eCTh OCHOBA
BIIOAHE 3aKOHYEHHOTO 3AEKTPOHHOIO IPU-
60pa — 3TO AMOA, KOTOPHBIH NMPOMYCKaeT TOK
TOABKO B OAHY CTOPOHY, TOABKO OT 30HBI P K
30He n. OH AeAaeT To, YTO PaHbllle IOpYYaAu
5A€KTPOBAaKYyMHOMY AMOAY, PaAuOAaMIIe
C ABYMSI METaAAMYECKUMH 3AEKTPOAAMH. A
TPEXCAOMHBIN «IIUPOT» — KPHUCTAAA C AByMSI
IepexoAaMH, TO €CThb CO CTPYKTYPOM p-N-p UAU
CO CTPYKTYPOI N-p-N — 3TO YK€ YCUAUTEAb-
HBIH Ipu6op, TPAH3UCTOP.

KPUCTAAABI ITEPEMEHHOTI'O COCTABA

OCHOBOM TPAAUIIMOHHBIX IMOAYIDOBOA-
HHUKOBBIX AMOAOB UAU TPAH3UCTOPOB BCErAd
OBIA OAHODOAHBIHM NMOAYIPOBOAHUKOBBIHM
KPHUCTAAA — TepMaHHM UAM KpeMHUHN. B
CcaMOM KDHUCTAAAE, KaK y’Ke TOBOPHUAOCH,
ObIAM 06AQCTH C PA3HBIMU NIPUMECSIMH, HO
OCHOBHOM MaTepuaA OCTaBaACsd HEeM3MeH-
HBEIM. A BOT B reTepOCTPYKTypaxX He TOABKO
CO3AA0TCA 06AQCTH C Pa3HBIMU CBOOOAHBIMU
3apsiA@MH — SA€KTPOHAMHU U «ABIDKaMm». B
reTepoCTPYKTypax IO Mepe BhIPALIUBAHUSA
KpHCTaAAQ MEHSIOT CaMy €ro OCHOBY, caMoO
BELIECTBO, U3 KOTOPOTO CTPOUTCS KPHUCTaA-
AMYeCKas pelIéTka.

HauwunaroT, Hanpumep, BeIpAlUBATH MO-
AyIPOBOAHUKOBBIN KPHCTaAA U3 apCeHHAA
raaausi GaAs, a IPOAOAKAIOT BEIPALIIUBAHUS,
3aMeHsisi YaCTUYHO UAUM MOAHOCTBIO @TOMEI
TaAAuST HA aTOMBI aAlOMuHYS. TakuM o6pazoMm,
reTeponepexos — 3TO KOHTAKT Pa3AWYHBIX
10 XUMHUYECKOMY COCTaBY ITOAYIIPOBOAHUKOB,
OCYILIeCTBAEHHBIN B OAHOM KPHCTAAAL.

AAst 4ero oHU HYKHBI? AAS YEro IMpoCTOH
OAHOPOAHBIN KPHUCTAAA 3aMEHSITh CAOKHBIMU
reTepocTpyKTypamMu? KoHeuHO ke AeraeTcs
3TO PAAU ONPEAEAEHHBIX IPAKTUYECKUX BHI-
urpsinrert. Co3paHue reTepoCTPyKTypP eCTh
MPUHIUITHAABHO HOBBIH CIIOCO0 yIIpaBAEHUSA
(bU3NYECKUMY TPOIECCAMH, KOTOPHIE POXC-
XOAAT B IIOAYIIPOBOAHMKOBOM Ipubope. OyeHs
OTAQAEHHO 3TO HAIIOMUHAET CO3AQHUE CAOXK-
HEIX MHOTO3AEKTPOAHBIX PAAUOAAMIT — YTOOEI
YIOPABASATH ABUJKEHUEM 3aPAAOB B AAMIIe,
YAYYIIATh €€ YCUAUTeAbHBIe CIOCOGHOCTH, B
6GaANOH BBOAMAM AOIIOAHUTEABHBIE 3AEKTDPO-
ABI — CTABUAU AOIIOAHUTEABHBIEC CIIUDAAU U



CEeTKU Ha Iy TH SAeKTPOHHOTO Ay4a, TOPMO3UAKN
HAM YCKOPSIAML SAEKTPOHEI SIAKTPUIECKUMU
TIOASIMH, COKMMAAM AEKTPOHHBIE IOTOK CBOETO
POAA OTPaKAIILIMIMY IAACTHHAMU. B moAymipo-
BOAHUKOBEIHM KPUCTAAAUK He BA€3elIb, YTOOH
KaK-TO MOBAUWSITHL Ha ABM)KEHHUE 3apsiAOB B
HéM. Ho 3aTO TOHKMMEH TEXHOAOTHMYECKUMHU
mpuéMaMu, CO3AaHUEeM TreTepOCTPYKTYD,
MOJKHO BAUWATH Ha PuU3NYeCKHe CBOUCTBA
KPUCTAAAMKA B OTIPEAEGASHHEIX €r0 y4acTKax 1
VIMEHHO TaKuM CII0c060M AOOUBATHCS HYKHBIX
XapakTepuctuk Gyayuiero npubopa.

O TOM, 4TO 3TO AQET B PA3AWYHBIX IOAY-
TIPOBOAHMKOBBIX Ipu6Gopax, pacCKa3bBaloT

PUCYHKU Ha CTp. 23.

YETHIPE MUKPOBUOI' PAOUN

OTtMeueHHas npeMuei AeHMHCKOTO KOMCO-
MoAa paboTta oduIIMaAbHO HA3bIBAETCS TakK:
«[ToAyyenme 1 HICCAEAOBAHKE HIMPOKO30HHBIX
TBEPABIX PACTBOPOB COeAMHeHmM A B, u co-
3AaHME Ha UX OCHOBe 3(D(DeKTUBHBIX NHIKEK-
IVUOHHBIX UCTOYHUKOB U3AYYESHU B BPIAPIMOfI
obaacTtu cekTpa». [Ipeskae 4eM MOSICHSTD,
4YTO CTOUT 3@ 3THUM HA3BAHHUEM, IIOINPOCUM
aBTOPOB PabOTEI IPEACTABUTHCS U XOTs OBI B
HECKOABKHX CAOBaX paccKasarb o cebe.

— BriayMaete, Ayuitie 1o ardaButy ? [Toxka-
Ay¥icTa... 51 ApcenTtreB MiBan Hukutuy. Popma-
cs1 B Boponeske B 1943 ropy, B cembe pabouero.
CaM To)Ke TOUIEA TIO 3TOM AMHUYN — paboTan
CTOASIPOM, a CpepHee 06pa30BaHueE TOAYYHA B
BEYEPHEMN HIKOAL. Y)KE TAe-TO B CAMOM KOHIIE,
B AECSITOM KAQCCe, I0-HACTOSAIIEMY IIOHSIA, 4YTO
3TO 3a YAUBUTEABHO NHTEPECHas Belllb — -
3uKa. Ml mpoCcTo-Taku HEOTBPATUMO 3aXOTEA
paboTaTh UMEHHO B 5ToH obaactu. ITocTynua
B Boponexkckuii yauBepcureT Ha pusdak. A
yepes NATh AT 3aBepIIArOII Ve ary B CBOEM
BBICLIEM 006pa30BaHUN — IOATOTOBKY AUIIAO-
Ma — AeAan B AeHUHTPaAe. BeIA 1 HanpaBAeH
B OAVH OYE€HBb XOPOLINN UCCAEAOBATEABCKUM
HMHCTUTYT, OAHAKO JKe MOopaboTaa B HEM BCETO
HeAeAu ABe. B cTyaeHueckoM o61esRuTIY CO-
CeA IO KOMHATe paccKa3aA MHe O HEKOTOPBIX
paboTax, KOTOpbIE B TO BpeMsi BeAuch B Ous-
Texe, U 51, He IIOAYMaB A@XKe, YTO (pOpMarbHO
He UMEI0 Ha 3TO [TPaBa, CTaA TOTOBUTH AUTIAOM
110 PU3TEXOBCKOM TeMaTHKe. X0AuA K 2Kopecy
ViBaHOBUYY, KOTOPHIH B TO BpeMsi ObIA KaHAU-
AATOM HAyK ¥ PYKOBOAWA OYEHb HEGOABIION
rpynmnoi. CKaHAAQA TOTOM B AeKaHaTe, KOHeY-
HO, OBIA GOABIION, HO KPATKOBPEMEHHBIN. A
JKU3Hb OKa3aAach HABCETAA CBS3QHHOM C Ae-
AOM, 0 KOTOPOM MeYTaA. 3aKOHYUB YHUBEDCHU-

TeT, CHauana paboTan cTapiiuM AaGopaHTOM
B (pusTexoBckoM durnane. [Torom cayxba B
apMmy, ABa ropa B 3aBOACKOM AabopaTopyu Ha
TIOAYTIDOBOAHMKOBOM IIPOM3BOACTBE. B mtore
Auiib B 1973 ropy mOCTyIHMA B aCIUPAHTYPY
B AabGopaTtopuro AadépoBa u CMOT BOBCIO
BKAIOYHMTBCS B AeA0. BcmoMuHaro, 4To Korpa
npuiéa, To BetepaH Auma lap6y30B BCTpe-
TUA MeHsI TakuMu croBamu «51 paboTaro A0
ABEHAAIATU HOYM». A MHe, MeXAY MPOYUM,
MMEHHO TaKo¥ pabOThl ¥ XOTEAOCH.

— 5 Komnbés [Mérp Cepreesuu. B npouirom
ToAy OTMETHA CBOE TpuplaTtuaeTne. JKeHar,
JKeHa — HH)KeHep-xuMuk. CeiHy Aaréiie
4 ropa. K HeIHellIHe CBOel HayYHOM TeMaTu-
Ke MPHULIEA AOBOABHO IIPAMBIM U, HABEPHOE,
TAMAYHBIM Ty TEM. OKOHYUA IIKOAY C 30A0TOH
Mepaasto. [TocTynua Ha pusnyeckuii Pakyab-

Ceemousnyuaouuii 0uod mosxcem damo Aa3epHOe
(KozepenmHoe) U3NYUeHUe TUULL LOCTE MO020, KAK
MOK HAKAYKU NPEeBbLCUm HeKOmOopYio nopozosyio
BeAUNUHY U 6 pTi-nepexod 6y dem nocmasaimuca He-
06x0uMO€e KOULECTE0 3TLeKMPOHO8 U «JbLDOKY.
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TeT AeHUHI'PDAACKOTO YHUBEPCUTETA, OKOHUHA
ero B 1970 roay ¢ oTAmuneM. AMIIAOM IIHCAA
110 NOAYIIPOBOAHMKOBBIM NpuGopaM — TyH-
HeABHBIM AMOAQM, pa60TaA HAaA HUM UMEHHO
B 3TOM Aabopatopuy, y 2Kopeca MBanosuya.
3A€eCh J)Ke OKOHYHA aCIIUPAHTYPY B CEMBAECSIT
TPEThEM I'OAY M IIOYTH CPa3y JKe 3al[UTHUACS.
Tema apuccepTaninoHHOM paboOTHL yoke ObIAA
HEIOCPEeACTBEHHO CBs3aHa C rerepomepe-
xopaMu. PaGoTy B 3TOM 06AQCTH HAUMHAAU
BMecTe co CAaBoM MUILIYPHBIM, HAYWMHAAY OT
€aMoro HyAs1. 3AeCh, HaBEPHOE, YMEeCTHO Cpa3y
JKe CcKazaTb, 4To CAaBa, Tak jKe, Kak U Baws
ApceHTbeB, TeXHOAOT. OHH KaK pPa3 U AeAaloT
9KCIIepUMeHTaAbHBIE TTOAYTIPOBOAHUKOBBIE
CTPYKTYPHL. A s, Kak 1 Banrepuii Pymsniies,
rpy60 roBOps, U3MEPUTEAB: MBI HCCAEAYEM
MOAyYEHHBIEe CTPYKTYPHI, U3MepsieM uX Ia-
paMeTpHl, PU3NYECKHe XapaKTEePUCTHUKH.
Ho, koHeuHo, BCs paboTa B 11eAoM 06111as, Bce

HTupuna 3anpewéHHoil 30HbL JAHHO020 KPUCTLATL-
NULECKOZO 8eUecmea C613aHA ¢ NAPAMEMPOM
pewémru — paccmosnuem mexcoy OAUNaTUUNY
amomamu.

B mpéxcomnoneHmnom meepiom pacmeope 2anauii-
uHOUl-ocop amomot 2arAUA U UHOUA pacnona-
2aomes CAYHallHbiM 06pa30M NO 3AKOHAM CIamu-
CIMUKU; NAPAMemp PeuLémxu, WUPUHa 3anpeu,éHHoll
30HbLU, CLeP08AMENbHO, ONIUHA U3NYYaeMOTL 80/LHbL
3a8UCAM OM NPOUEHITH020 COOMHOULEHUA UCXOOHbBIX
coeduHenull UHOULl-hocop u 2annuil-gpocgop.

BMeCTe AyMaeM, CIIOPUM, HaMedaeM, YTO M KaK

AEAaTh, €CAH YTO-HUOYAL He IOoAydaeTcs. B
HallleM AeAe BeADb Yallle BCero 4To-HUOYAb He
TOAy4aeTcs. M Hy>KHO MHOTO pa3 npo6oBaTh,
MEHSITh, IPOBEPSITH ¥ CHOBA MPOOOBATH, ITOKA
HOAYUYHUTCS TO, YTO XOTEAOCH.

— MuypHeiii BssyecraB AHppeeBud. Bos-
pacT — TPHALATH ABa. AO 30A0TOM MeAaAU
B LIKOAE HEMHOTO HE AOTSIHYA, IIOAYYHA Ce-
pebpsiHy0. 3aKOHYMA TOT )K€ UHCTUTYT, YTO
u "Hau JKopec MBanoBuy — ADTU umenu
B. U. YapsaHoBa (AeHuHa). U, Mexxay npodmM,
TOT JKe (PaKyABTET — SAEKTPOHHOM TeXHUKU.
ITo BO3paCTy CpeAu HALIWX 51 Ha BTOPOM Me-
cTe — ceryac MHe 32 ropa. A pouke — 7 AeT.
Kuncay Hauboaee BayKHBIX COOBITHUI B )KU3HU
HY)KHO CKOP€e BCero OTHECTH Te, KOTOphIe
IIOMOTAU MHE CTAaThb TEXHOAOTOM. MH, KCTa-
TH, He BCErAa AOCTaTOYHO BEPHO IOHHMAaeM
CaMO 3TO CAOBO — «TEXHOAOTHSI», CUUTAEM,
YTO CO3AATEeAb HOBOM TEXHHMKH — 3TO KOH-
CTPYKTOP, YTO UMEHHO OH pa3pabaThiBaeT
HOBHIEe IPUOOPHl ¥ MAWIUHBL. A TEXHOAOT
BpOA€ GBI IPOCTO MOMOLHUK KOHCTPYKTOPA:
OH NOACKA3bIBAET, KAK MOJKHO HU3TOTOBUTH,
«BOIIAOTHUTH B ME€TAaAAe» TO UAHU MHOE KOH-
CTPYKTOPCKOe TBopeHue. Ho B AeiCTBUTEAB-
HOCTH BO MHOTHX OOAACTSIX TEXHUKH Ceryac
BCE ObIBAET I0-APYTOMY — UMEHHO TEXHOAOT
U CO3AAET HOBRIM nMpubop. BozpMmute, K npu-
Mepy, POTOIAEMEHT, AU CBETOU3AYYAOIIMH
AMOA, UAU TTOAYIIPOBOAHUKOBHIM Aazep. Uto
B HUX €CTh, C TOYKM 3PEHUST KOHCTPYKTOpa?
MUKPOCKOITMYECKUH KPUCTAAA, AEPIKATEAD,
KOpITyC U Iapa BEIBOAOB. [AaBHOe, 4TO eCTb
B aTUX npubopax, cGOpMHUPOBAHO B CAMOM
Kpucrasnre, cOpMUPOBAHO OY€HBb TOYHBIM
BBEAECHHEM ONPEAEAEHHBIX IPUMeECEN, CO3Aa-
HHEM pR-TIePexoAa C Hy’KHBIMU CBOMCTBaMHU.
U cperaHo 3TO BCE IMEHHO TeXHOAOTaMHU. Tak
BOT, TEXHOAOTOM 51 CTaA, K CAOBY CKa3aTh, He
B MHCTUTYTe U He Ha «CBeTAraHe», TAe Mpo-
paboTaa ABa ropa. TeXHOAOTOM s CTaA 3AeCh,
B ®OusTexe, B OTPOMHOM CTeneHu Gaaropapsi
CTaplieMy Haulemy ToBapuily Aume Tpe-
TbIKOBY. OT HEro U MOAYYHA 51 HACTOsALLee
«YYBCTBO TEXHOAOTHM».

— Pymsanues Baaepuit AMutpuenud. B
Halllel IPyTIie 3aHUMAaKoCh TeM ke, yeM [leTta
Konbes, — usmepenusimu. U 6uorpacdusa y
MeHs IOYTH TaKas JKe, KaK y Hero: POAMACS
TO>Ke B COPOK LIECTOM, LIKOAY TO’KE OKOHYHA
C 30A0TOM MEAAABIO, @ UHCTUTYT C OTAMYUEM.
Ho, npaBaa, Apyrol HUHCTUTYT — TOYHOM
MexaHuku u ontuku — AUTMO. K >Kopecy



ViBanoBuyy nomaa, mpopaboTas ABa ropa B OT-
PaCAEBOM MHCTHUTYTE, U, IPU3HAIOCH, IOHAYAAY
6BIAO AOBOABHO TSIKeAO. Ml BOT ¢ [letpom
CepreeBuueM paboTaru B OAHONM KOMHATE, U 5T
TepBOe BPEMSI A@’Ke He OYEHB IOHNMAA, YTO OH
A€AdeT, — B NCCACAOBAHUSIX IIOAYIIDOBOAHU-
KOBBIX CTPYKTYP U NPUGOPOB UCIIOAB3YIOTCSA
3HAKOMBIE MHE PAAMOTEXHUYECKHE METOABL
u npubopH], HO eCTh Macca 0COOeHHOCTel,
TOHKOCTEHM, KOTOPBIE HY’KHO He MPOCTO IO-
HSTBH, HY’)KHO 'AyOOKO IpOYyBCTBOBaTh. K
CYaCThIO, IEPUOA «IIPOYYBCTBOBAHUS» OBIA
KpaTKUM. OTOMY CIIOCOGCTBOBAAO APYKECKOe
U B TO JKe BpeMsi TpeboBaTeAbHOE OTHOLIEHUE
TOBAPMUILEH, YTO, KCTATH, XapaKTEPHO AASI BCEM
Haurer Aabopatopuu. B Kakoii-T0 MOMEHT MHe
TIOKA3aA0Ch, YTO MOXKHO MHOTOTO AOOUTHCH,
€CAM CO3A@BaTh MOAYIIPOBOAHUKOBEIE FE€TEPO-
CTPYKTYPHI Ha OCHOBE YETHIPEXKOMIIOHEHTHBIX
COEAVHEeHMM, TAKUX, CKaKeM, KaK MHAUM-TaA-
Auti-pocop-artomunnin. [Topo6HO0E pearo-
JKEHUE B TO BPEMS BIIOAHE MOTAO ITOKa3aThCs
TIPEKAEBPEMEHHBIM — y HaC ellé He BCE 6BIA0
SICHO M1 C TPDEXKOMIIOHEHTHLIMY CTPYKTYPaMU.
U xoTs1 nepBoe BpeMsi pebsiTa CMOTPEAU Ha
HAEI0 CKENTUYECKY, OHU HE OTMaXHYAUCH OT
Heé. XOPpOoI1LIO, YTO IOTOM MBI BCE BMECTe Pa3o-
6panuchk B npobaeMe, U YETHIPEXKOMITOHEHT-
HbIe coeprHeH s momAn. OHY AeHCTBUTEALHO
IIO3BOAUWAU MOAYYUTH XOPOIINe Pe3yABTATHI,
paHee He AOCTVKUMBIE.

B ka)xa0OM pacckase MOAOAOTO (pu3ukKa, B
KaKAOM, KaK CKa3aA KTO-TO U3 HUX, MUKPO-
6uorpaduu, KOHEYHO, OYeHb MHOTO Cyry6o
AWYHOTIO, CBOET0, HenoTopuMoro. Ho nmHOro
06111ero BO BCEX 3TUX YETHIPEX HAYYHBIX CTap-
TaX, MHOTO TAKOT'O, YTO CMEAO MOJKHO Ha3BaTh
TUIMYHBIM AAST HAILIUX MOAOALIX AFOAEH, BHI-
OpaBuIuX MyTh B HAYKY.

IIpexxae BCero, y BCex MOYTH OAWHAKOBEI
TAAQBHBIE ABUKylINe CHUABL HQ 3TOM IIyTU —
HMHTepeC K AeAy, K HayyHol npobaeme. U He-
TIPeMeHHOE CTPEMAEHNE K TOMY, YTOOBI TBOE
AEAO CAYIKUAO AFOASIM, OOLIECTBY — B K&KAOM
U3 YEeTBIPEX MUKPOPAcCKa3oB OBIAM TaKue,
HAIpUMep, CAoBa: «...paboTy MoxHO GyaeT
CUUTATh 3a@BEPLIEHHOMN, KOTAQ B HALIUX AO-
MaxX IOSIBSITCS IOAYTIPOBOAHUKOBBIE IIAOCKHE
TEAE3KPAaHHL...», UAHU «...3Ta FeTePOCTPYKTypa
€CTBh YJKe HEKUI PearbHEBIHM BKAGA B CO3AQHUE
TIOAYIIPOBOAHUKOBBIX U3AyYaTEeAEH AASL CBe-
TOBOAHOY CBSI3U, KOTOPAsi OTKPOET AIOAIM
HOBBIE OT'DOMHBIE BO3MOYKHOCTH OOLIEHUS... »,
HAM «...KOHEYHO JK€ €CTh CMBICA TPATUTB F'OABL
Ha paboTy C 3TUMU KPUCTAaAAAMHU — OT HUX

ACXUT IIYTh K ONTUYECKUM BBIUUCAUTEADB-
HBIM MAllIWHAM, KOTOPBIE MOTYT COBEPUIUTH
PEBOAIOIINIO B TEXHUKE U B CaMOM Hallel
JKU3HU...».

Mmuoro obuiero u B Tex 4aCTsIX YETHIPEX
MuKpobuorpaduii, KOTOpble OTHOCSATCA K
dopMupoBaHNIO cienuancTa. M k gpopmupo-
BAQHUIO YEAOBEKA. Y BCEM YeTBEPKU MOAOABIX
aKapeMIYeCKUX (PU3MKOB 3a IAeYaMU CTYAEH-
YyeCcKHe TPYAOBBIE CEMECTPHI — Y OAHUIX Ha
LIeAVHE, Y APYTUX B Oprrasax 6e TOHIIMKOB HA
aarékoMm Cesepe u AarbHeM BocToke mau Ha
JKEAE3HOAOPOKHOM CTPOUTEABCTBE B IIPUKAC-
nuiickux cremsix. O6 3TOM pacCKa3bIBaAOCH
BCETAa C KaKuM-TO OCOOBIM IMMOABEMOM, U He
MOJKET OBITH HUKAKUX COMHQHPIfI, TPYAOBEIE
CEMECTPHI CAEAAAY CBOIO GOABIIYIO BOCIIMTA-
TeABHYIO paboTy, TOMOTAM OTIPaAyHpPOBATh
UIKAAY JKU3HEHHBIX I.l;eI-II-IOCTeI‘/'I‘

[ ns yemuoipéxxomnonenmmnozo meépdozo pacmeopa
cyujecmeyem GonbUlas 06aAcCMb 803MONCHBIX CO-
Yemanuil UcxodHvLX 8euiecma ¢ 60abULUM HA6OPOM
BHAYEHUIL NADAMEMDPA PEULEMKY U WLUDUHbL 3anDe-
WEHHOLL 30HbL (ONUHBL USNYULAEMOTL 60NHbL).

B o6viunoil pn-cmpyxmype (neduviit pUCYHOK)
2NeKMPOHbL U «JbiPKU» 3a Cuém Jud dy3uu npoxo-
0am cPABHUMENRLHO DANEKO 8 «uYydcue» 06RaACmU;
8 d8oitnoil zemepocmpyxmype (CpeOHULL PUCYHOK)
mamepua ¢ 60RbULOTL WUPUHOTL 3anDeUéHHOLL
30HbL KaK Gbl OMMANKUEAEM 3JLEKMPOHbL, TLO8bL-
uLaem ux KOHYEeHmpayuo 6 camom pnnepexode;
AHALOZUYHLM 06DA30M 6 MPOTHOIL zemepocmpy -
mype (npaswiilt pucyHox) é paiione pn-nepexoda
no8bvlULaeMCa KOHYEHMPAYUs « JbLPOK».
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«Hayka 1 Xu3Hb»

O6pasosanue zemepocmpyKmypsl MOACHO nped-
cmaeume cefe KAK Pe3yLbman 6bipauie aHUsS
KPUCM AL ¢ 00HO8PEMEHH O 3a MEHOIL UCXOOH 020
sewecmea; 6 JanvHelluleM 8 MAKOM KPUCMATLLe
«ILEPEMEHHOZ0 COCIMABA» MONCHO CO30AMb 30HbL
Pa3HOIL NP08oIUMOCTIU ¢ NOMOWBIO 00bILHOZO
NezuposaHus.

Cxema sKCnePUMEHMANLHOL YCMAHOBKY O
co3danus zemepocmpyxkmyp. OHU o6pasyomes
HA KPUCTAAAUYLECKOL NOJN0INCKe 8 pe3yabmanme
nocnedosamenvHol SNUMAKCUL (HAPAUWUSAHUS)
PABAUBHBLY NOAYNPOSOOHUK0BbLX COCOUHEHUIL U3
HUIKUX PACIMBOPOS; NOCTe 04ePeIHOUL INUMAKCUL
nodeUNCHAR LaACMb 2PAPUMOB020 KOHMEIIHEDA
nepemewjaencs, U Had NOJLOHCKOIL OKA3bLEALTCSA
cnedyouyuil pacmaeop.

COI03 U3AYYEHUA 1 TOKA

BHuMaTeABHBIN YUTaTEAD, HABEPHOE, 06pa-
TUA BHUMaHUe Ha TO, YTO B HallleM paccKase
YoKe HEeCKOABKO pa3 MeAbKAaAU YIIOMUHAHUS
00 yCTPOMCTBAX, B KOTOPHIX TA@BHOE ASHCTBY-
Iolllee ANIO — CBeT. 1 BCce OHU — CBETOBBIE
KOMITBIOTEPHI, AA3€PHI, NAOCKUI TEACBU3UOH-
HBIM 3KPaH, ONTUYECKasl CBsi3b, COAHEYHBIE
SAEKTPOCTAHIUY — B 3THUX YIOMMHAHUAX
OBIAY CBSI3@HBI C IOAYTIDOBOAHMKAMU. A AeA0
3A€eCh B TOM, YTO YoKe C IePBLIX CBOUX LIAroB
¢du3uKa NTOAYIPOBOAHUKOB BCTYTIMAA B COIO3
C ONITHKOM, U B HAIIA AHU COIO3 3TOT CAEAAA
HeMaAO NpeKpPaCHHIX IOAAPKOB TeXHHKe.
Taxux, HanpuMep, Kak NOAYIIPOBOAHUKOBBIE
$OTO3AEMEHTHI, IPeBpalllaoliie CBEeTOBYIO
SHEPTUIO B 3AeKTPUYECKyIO,— M3 HUX, B
YaCTHOCTH, COOpaHbl MaHeAu COAHEYHHIX
Gartapei, KOTOpbIe KOPMAT 3AEKTPOIHepruen
KocMmyecKue kopabau. Viau Takux, Kak cBe-
TOAMOABI, U3 KOTOPHIX COOMPAIOT UG POBLIE
TabA0 MHOTUX MUKDPOKOMIBIOTEpPOB. Man,
HaKOHell, IOAYyIPOBOAHUKOBBIE Ad3€epPHI,
npeaMeT UCCACAOBAHUN Hallleli YeTBEPKU
MOAOABIX (DU3UKOB.

[MoAynpOBOAHMKOBHIN Aa3ep — 3TO TOT
xe pAuoA. Miam, ecau TouHee, ONIPEAEAEHHOTO
THUNA MOAYIIPOBOAHUKOBBIN AUOA IMPU OIpe-
AEAEHHBIX YCAOBUAX MOJKET AQBATh Ad3ePHOE
usAydeHue. Koraa Auoa BKAIOYEH B IIPSIMOM
HaIpaBAeHUU U NPOIYCKaeT TOK, TO K pi-Te-
pexoay ¢ 06eux CTOPOH ABIJKYTCS 3apSIABL: U3
30HBI N — 3ACKTPOHBI, U3 30HBI D — «ABIPDKU».
B y3ko# o6aactu pn-nepexopa OHU PeKOM-
OUHUDPYIOT, 00BEAUHAIOTCI — CBOOOAHBIE
SAEKTPOHH 3aHMMAKOT MecCTa B aToMax C
HEAOCTAIOUIUMU SAeKTPOHaMHu. U KaKABIM
TaKOM aKT peKOMOMWHAIUK CONMPOBOXKAAETCA
BBIA@ACHHEM MTOPIIUY SHEPTUH, 4aCTOo BEIOpa-
ChIBAHMEM KBaHTa CBeTa MAU MH(PAKPACHOTO
usAydeHus. HacToTa (AAMHA BOAHBI) U3AyYe-
HUSI 3aBUCUT OT TaK Ha3bIBA€MOH IIUPUHHI 3a-
MpPeLEHHON 30HBI AQHHOTO ITIOAYIIPOBOAHUKA.
OTO HACTOABKO Ba)KHAs XapaKTePUCTUKA, YTO
0 Hell CTOUT CKa3aTh HECKOABKO CAOB 0C060.

Domozpadusa, NOAYLEHHAA C NOMOULbIO MUKPOCKO-
na (yeenuvenuenpumepro 6 2000 pa3s), nosgonsem
yeudemu «paspes» zemepocmpyKmypuvl U3 mpéx-u
YeMmbLDEXKOMNOHEHMHbLX MEEPJbLX Pacmeopos.
Beepxy — zpaui usmenenus WUPUHbL 3anpe-
WEHHOTL 30HbL U XUMULECKUIL COCINA8 PA3AULHBLX
YHacmios zemepocmpyKmypol; 6 CKoGKaAX YyKa3ana
JLezupyrouan npuUMech, ona co3daém neobxodumotil
mun npogodumocmu; uHdexcol x Uy omobpaxcaiom
codeprcaniie mozo UNU UHO20 COeJUHEHUA 6 MEED-
dom pacmeope.



OAeKTpOHEI Ha op6uTax aToMa MOryT o6Aa-
AQTh CTPOTO ONIPEASAEHHBIMH 3allaCaMH 3Hep-
THH, UAY, HHBIMH CAOBAMH, MOTYT HMETB CTPOTO
OIpeAeAEéHHbIE SHepreTuyecKkue ypoBHu. Mx
MPHHSTO 0TOOpakaTh TOPH30HTAABHBIMH AH-
HUAMH Ha AMarpaMMe ypoBHel — yeM G0AblIe
SHEPrHsi SAeKTPOHA, TEM BhILIE PACIIOAOKEHA
AuHHA. CaMble BBICOKHE — YPOBHH BHELIHHX,
BaACHTHBIX 9AeKTPOHOB, KOMIIAEKT 9THX YPOB-
HeH Ha3bIBAIOT BAAGHTHOM 30HOH (3AeCh CAOBO
«30Ha» He UMeeT HuYero obu1ero ¢ paoHaMu
KPHCTAAAQ, C €T0 30HaMHU I U P; MIPOCTO ABa
pa3HBbIX MMOHATHS HAa3BAaHBI OAHUM H TEM JKe
CAOBOM «30Ha»). MOXXHO KaKMM-TO 006pa3zoM
enié 60AblIIe YBEAHYUTH SHEPTHIO SAEKTPOHA,
HO IIPH 3TOM OH y’Ke YHAET U3 aTOMa, CTaHeT
cBOOOAHOM YacTunel. Takue 3AeKTPOHBI KaK
pas ¥ Y4aCTBYIOT B CO3AQHUY TOKQ, UX Ha3bIBa-
FOT 9A€KTPOHAMH IPOBOAMMOCTH. A KOMIIAEKT
3HEePreTHYeCKUX YPOBHEH 3THX SAeKTPOHOB
obpasyeT TaK Ha3bIBAEMYIO 30HY IIPDOBOAU-
MOCTH — OHA, KOHEYHO, BEIIIIe, Y4eM BaACHTHAs
30Ha. M He IPOCTO BHILIIE — MEKAY BAACHTHOH
30HOM U 30HOH NPOBOAMMOCTH BCETAQ CYILLIECT-
BYeT CKauOK; €CTh HEKOTOPHIH AMaNa30H 9Hep-
TeTHYEeCKUX COCTOSIHUM, B KOTOPHIX 9A€KTPOH
B IPHUHITUIIE HE MOKET HAaXOAUTHCS. VIMeHHO
«B MIPHHIIAIIE» — 3TO 3aNpelieHO 3aKOHaMHU
KBAHTOBOU MeXaHUKH. BOT 3TOT pmama3oH
3aNpPeLEéHHBIX COCTOAHHUHN, 3aNpeléHHbIX
YPOBHEHN M HA3BIBAIOT 3alPeLIéHHON 30HOMH.
OHeprusi 9AeKTPOHOB, HX JHEPreTHYeCKUH
YPOBEHb U3MEPSIIOTCS B SA€KTPOH-BOABTAX,
B 9THX JK€ €AMHHIIAX U3MePSETCs U IIMPUHA
3anpelIéHHON 30HH], TO €CTh Pa3AHYNe 3Hep-
TeTHYeCKUX ypoBHel. 1 mocaepHee — ompe-
AEASIETCA LIMPUHA 3aIPElEHHON 30HB CAMUM
MTOAYTIPOBOAHHUKOBBIM BELIECTBOM, €70 XUMH-
YeCKUM COCTaBOM U CTPYKTYPOH.

PekoM6uHanus napel 3AeKTPOH-«ABIP-
Ka» — 3TO, IO CYTH AeAQd, IEPEX0A SIAeKTPOHA
W3 30HBI IPOBOAHMOCTH B BAaAE€HTHYIO 30HY.
OHeprus, KOTOPYIO TepsieT AeKTPOH, KakK
pa3 U pacxoAyeTcsl Ha u3AydyeHue. U oHa,
3Ta 9HEPrus, eCTeCTBEHHO, TeM OOABLIIe, 4YeM
BBILIE JHEPreTHYEeCKasi CTYMIeHbKA, C KOTOPOH
«COPBITHYA» 3A€KTPOH. A yeM O60AbILIas IHED-
I'Hsl BAOKEHA B KBAHT U3AYYEHHUs, TEM BBHILIE
€ro 4yaCTOTa, KOPOYe AAMHA BOAHBL

B 30He MpPOBOAMMOCTH TaK XK€, Kak U B
BAA€HTHOM, MHOTO OAM3KHUX YPOBHEHM, U U3
06AacTH pn-mepexopa, rae peKOMOUHUDPYIOT
SAEKTPOHBI U «ABIPKH», HAET H3AyYEeHHE
Pa3HBIX, XOTSI U AOBOABHO OAHU3KHX YaCTOT.
W3ayyeHue, pa3zyMeeTcsi, MOSIBASIETCST AUIb

TOTAQ, KOTAQ Yepe3 pn-nepexop UAET TOK, H
PaCXOAUTCSI OHO IO KPUCTAAAY BO BCe CTOPO-
Hel. [Toka 3To elé He Aa3ep, Tak paboTtaert,
CKa)KeM, CBETOAUOA — CO3AAA TOK, MOAYYHA
cBeT. UTOOBI IOAYYHTh A@3€PHBIMN AYY, TO €CTh
MOHOXPOMATH4YeCKOe, KOTePEeHTHOe U3AyYe-
HHE, Hy’KHO, YTOOBI BBITTIOAHSIACS LIEABIH PsIA
0coObIx ycaoBuil. [AaBHOE U3 HUX — HYJ)KHO,
yTOOBI OAHOBPEMEHHO MHOTHE SAEKTPOHBI H3-
Ay4yanu Ha 6Au3Kkux yactotax. Ha oyeHb 6an3-
KHUX. A AAST 3TOTO, B CBOIO OYePeAb, HY)KHO,
YTOOBI 6OABILIOE KOAMYECTBO IAEKTPOHOB IOA-
HSIAOCh Ha OYeHb OAU3KHEe SHepreTuiyecKue
CTyNeHbKH B 30He mpoBopuMocTH. U uTor,
K COKaAeHHIO, He OYeHb PapOCTHBIN: YTOOBI
TIOAYYHTB AQ3€PHOE U3AYYEHHE U3 PR-TIepexo-
AQ, HY)KHO IIPOITYCTUTD Yepe3 Hero 60AbLION
TOK. DTOT TOK He YTO HHOe, KaK HaKaykKa, OH
MOCTaBASIeT B pN-TIEPEXO0A CAMHU U3Ay4YaTeAH,
MOCTaBASIET SIAEKTPOHBI U «ABIPKU».

B orpoMHOM Aa3epHOM CeMeNCTBe IO-
AYIPOBOAHHUKOBBIE Aa3€PHl BEIACAATCA
HECKOABKMMH HEIOBTOPHUMBIMH 0COOEHHOC-
TAMH. B HUX, HanIpHUMeD, AETKO YIIPaBAATH
MHTEHCHUBHOCTBIO H3AYYEHUST, MOAYAUPOBATD
€ro, — AAS 3TOTO AOCTATOYHO NPOCTO MEHATH
CHAY TOKA Yepe3 IePexoA; 3TH Aa3ePhl MUHU-
aTIOPHBI, TOABKO OHH ITIOKA MOTYT Ha PaBHBIX
BOWTH B COBDEMEHHYI0 SAeKTPOHUKY, TA€ Pa3-
MepEHI AeTareH U3MEePAI0TCS MUAAMMETPAMH
U MHKpOHaMH. Vpes MOAyIPOBOAHUKOBEIX
A@3epoB MOSIBUAACh AT ABAALIATh HAa3aa, Ha
3ape KBAHTOBOM 3AEKTPOHHMKH; OTPOMHBIN
BKAQA B €€ peaAn3alluio BHECAU COBETCKHUEe
(bU3UKY, TAaBHBIM 06pa3oM B Mockse, B Ou-
3uyecKoM HHCTUTyTe uMeHH I1. H. AeGeaera,
u B AeHuHrpaae, B Guatexe. B TeyeHune cpas-
HUTEABHO KOPOTKOTO BpeMeHHU ObIAY HaliAeHBI
AECATKH IOAYIPOBOAHUKOBHIX MATEPHAAOB
AN A@3€POB, CO3AAHBI KOHKPeTHBIE TPUOOPEL.
OAHAKO AOATHE T'OABI OCTaBAACS IPAKTUYECKU
HEYCTPAHUMBIM TAABHBEIM HEAOCTATOK IIPH-
60poB — HEOOXOAUMOCTb GOABLIOTO TOKA
Hakayku. V3-3a 3TOro, B YaCTHOCTH, AQ3€pHI,
paboTamliue B HEIPEPBIBHOM PeXKUMe,
MPUXOAUAOCH CHABHO OXA@KAATh, OOBIYHO
AO TEMITePATyPhl JKUAKOTO a30Ta — A0 77°K,
TO eCThb A0 MHHYC 196°C. U uMeHHO mpes
reTeponepexoA0B OTKPHIAA IIYTh K PE3KOMY
CHMDKEHHIO TOKA HAKQYKH.

B noAynpoBOAHMKOBOM Aa3epe ¢ MPOCTel-
LIel reTepOCTPYKTYPOM OpHA U3 obracTen
KPHCTaAAQ, CKakeM, 30Ha p, obpa3oBaHa u3
ABYX pa3HBIX BellecTB. [IpuyéM BelllecTBo,
KOTOPOE HaXOAUTCSI AQAbLIIe OT PR-TIEPEX0AQ,
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uMeeT GOABIIYIO IIMPUHY 3alpelléHHON
30HHL 1 6Aaropapsi 3ToMy OHO Kak OBbI OTTaA-
KHUBAET B CTOPOHY PR-TIEPEX0Aa IAEKTPOHH,
KOTOpHIE 3a cYéT Auddy3unu HeusbexHO
MIPOAE3AIOT Ha YY)KyIO TeppuTtopuio. B 6oaee
CAOKHOMU CTPYKTyPe elllé U BellleCTBO 30HEI It
MOAOHPAIOT C TAKUM PAC4E€TOM, YTOORI B HEé
3a cueT Audpy3nn He MPOTEKAAU «ABIPKUY». B
Ppe3yAbTaTe B Y3KOM 00AACTH CAaMOTO IIEPEX0AA
«6eCNAaTHO» MOBBILIAETCS KOHIIEHTPAUUs
SAEKTPOHOB U «ABIPOK», & 3HAYUT, Y7Ke Hy>KeH
MEHBUIN TOK AAST HAKQUKY Aa3epa. M nosiBasi-
FOTCA TeTEPOAA3EPH], AQIOLIHE HEeIIPDEPLIBHOE
HU3Ay4YeHMe IPYU CPABHUTEABLHO BHICOKOM TeM-
rnepaType, BIIAOTbL A0 KOMHATHOM. U BhIlIe.
BriepBrie B MUpe TaKue Aa3epbl ObIAM CO3AAHBI
B @uaTtexe B 1969 roay.

OTO TOABKO IPOCTO F'OBOPUTCS «KPHUCTaAA
06pa30BaH U3 ABYX Pa3HBIX BellleCTB». B peli-
CTBUTCABHOCTHU JKe CTBIKOBKA ABYX BellleCTB B
OAHOM KPHCTaAAE AMST Aa3epa — AEAO OYeHb
caoxxHOe. [Tpexxae Bcero Hy’)KHO C BBHICOKOM
TOYHOCTBIO COTAACOBATh IOCTOSTHHYIO PEILET-
Ky — PacCTOSTHUSI MEJKAY @aTOMaMU MCXOAHBIX
BenlecTB. EcAu mocTosiHHast peliétka GyaeT
pa3AMYATHCS XOTS OBl HA HECKOABKO COTBIX
AOAEH QHTCTPeMa, TO HUKAKOTo Aa3zepa He
TIOAYYMTCSI, BCE U3Ay4YeHUe NOTuOHeT BHYTpU
KPHCTAAAQ, Ha ero BHYTPeHHUX AedeKTax.
Kpome Toro, AOAKHBI OHITH TOAOOPAHH TEM-
IepaTypHbIe U ONTUYECKIE XapaKTePUCTUKYU
MaTepuaroB. [Tepexop OT OAHOTO MaTepHuana
K APYTOMY AOAJKEH CONPOBOKAATLCS OIIPEAe-
AEHHBIM M3MeHeHHeM IIUPUHBI 3allpelllHHOM
30HBI — B 3TOM-TO U CMBICA TeTeponepexoaa.
[TpuyeM 3anpeniéHHasi 30Ha aKTUBHOM 00Aa-
CTHU AOAKHA 06eCrieynBaTh 3apaHHYIO AAUHY
BOAHBI UBAYUYCHUS. KCTaT[/I, KWMEHHO 3Ta CTO-
poHa Aera Gbira IPEAMETOM MCCAEAOBAHUM
repoeB Halllero IOBeCTBOBAHUS.

Aenro B TOM, YTO IepBHIE TeTepOAa3epPHl
u3Ay4aAu B MH(MPAKpPaCHOM U KpacHOU 06-
AQCTSIX — 3aIpelIéHHasi 30Ha U3AYYaollero
BeIlleCTBa, KaK IPaBUAO, TOAYYAAACh AOBOAB-
HO y3KOM. M 3apayua CTaBUAACh TaK: CO3AATH
reTepoOCTPYKTYPYy ¢ 6G0oAee LINPOKO30OHHOMU
u3Ayyamuei o6aacTeio. PaboTE BEAUCH C
TPEXKOMIIOHEHTHBIMU TBEPABIMU PAaCTBOPAMU
coepuHenusi A,B,, B TO BpeMsl y)Ke TPAAULIY-
OHHBIMY; OGO3HaYeHue A,B, TOBOPUT 0 TOM,
4YTO B COEAMHEHNEe BXOAST SJA€MEHTHI TpeTbeﬁ
U nsTOM rpynn Tabaunsl MeHAeAeeBa, Ha-
npuMep, dhocdop u uapui (InP) uam raarnin
u MbILIBSIK (GaAs). TBEpABIH pacTBOP — 3TO,
IO CYTHU AeAd, THOPUA ABYX KPHCTAAAOB, OH

BBIPALMBAETCA U3 PACNAABa, B KOTOPOM eCTh
KOMIIOHEHTHI U OAHOTO U APYTOTO. A XapakTe-
puctuky rubprpa 3aBUCAT OT COOTHOLLIEHUS
3TUX KOMIIOHEHTOB.

[Toncku HOBHIX MAaTePHUAAOB AAS reTe-
POCTPYKTYP — 4YPe3BHYAMHO TPYAOEMKas
3KCIepuMeHTaAbHas1 paboTa. BeaéTcs oHa,
pa3yMeeTcsi, He BCAENYIO, Ka’KAbIH HOBHIM
Pe3yAbTAT AHAAUBUPYETCS C MO3ULVHM TOHKOM
TeOpUU NOAYNIPOBOAHUKOB, U3 HEro U3BAE-
KQIOTCA KaKue-TO MOAe3HbIe BHIBOABI AAS
CcAepayroIux npob.

HccaepoBaHUE CAOKHBIX TPEXKOMIIOHEHT-
HBIX PAaCTBOPOB NIPUBEAO K TAPAAOKCAABHOMY,
Ka3aAoCh OBI, BEIBOAY: HY)KHO elé GoAblile
YCAOJKHUTB CUCTEMY, OT TPEX BellleCTB Nepei-
TH K YeTBIpEM. PaboTaTh C YeTBIPEXKOMIIO-
HEHTHOM CHCTeMOM, KOHEYHO, CAOJKHEHN, yeM
C TPEXKOMIIOHEHTHOM — Pe3KO BO3pacTaeT
YHUCAO BO3MOJXHBIX KOMOMHAITUM HCXOAHBIX
BelIeCTB, HO OAHOBPEMEHHO U OOABIIE BO3-
MOJKHOCTEH AASI COTAQCOBAHUS Pa3ANYHBIX
o6AacTel CAOKHOM reTepOCTPyKTyphL. MiMeH-
HO CAGAAB TPYAHBIH LIAT K YeTHIPEXKOMITOHEH-
THBIM TBEPABIM PACTBOPAM U HAyaB, O CyTH
AEAQ, HOBBIM PayHA UCKAHUM, MOAOABIE (DU3U-
KU B UTOTe AOOHAMCE yCIIeXa: CO3AQHHbIE UIMU
reTepOCTPYKTYPHI AAAU AQ3ePHOE U3AyYeHUE,
U CABUHYAAQCh, HAKOHEIl, BBEPX caMa 4acToTa
HU3AYYEHUST — YAQAOCH NOAYYUTH OPAH KEBBIHM
AQ3ePHBIN AYY U A@KEe 3eAEHBIH.

U enié opmH pe3yAbTaT — O HEM pacCKa3hl-
BaeT sKopec VMBanosuy ArGEpPOB:

— PaboTa, yaocToeHHas npemuu AeHUH-
CKOTO KOMCOMOAQ, He IPOCTO HAaXOAUTCA Ha
IepeAOBHX pybeskax MUPOBOM HAyKH, pe-
3yABTATHI PAOOTHI HAa PSAE YYAaCTKOB AQAEKO
MPOABUHYAMCH 3a 3T pyOexu. BeimoaHeH-
HBIE B YCAOBUAX KECTKOM KOHKypPEHUIUHU C
KPYNHBIMH Hay4yHbIMU neHtpamu CIIA u
SInoHuM, 3TU UCCAEAOBAHUS AAAU Halllel
CTpaHe AMAUDYIOLIee IOAOJKEHUEe B OAHOM
U3 BOKHBIX 00AacTel (PU3UKY ¥ TEXHOAOTUU
MMOAYIIPOBOAHUKOBHIX IpUGOPOB. X0oyeTcsa
0Cc060 OTMETHUTh, YTO METOABI UCCAEAOBA-
HUU U TeXHOAOTHUYECKHE NPUEMBI OBIAU
MOAY4YEHBl CAMUMHU MOAOABIMU (DU3UKAMU,
a He WX CTapuwuMM ToBapuuamu. Y, Takum
0o6pa3oM, Ba&XKHBIM Pe3yABTaTOM BCEM 3TOMU
paboTHl HY)KHO, HABEPHOE, CUUTATh POXKAE-
HYe YeTBIPEX CePbE3HBIX UCCACAOBATEALH CO
CBOMM Hay4YHBIM IOYePKOM. ViccaepoBaTerel,
YMEIOWYVX NPUHUMATh CAaMOCTOsITEeABHEIE Pe-
ureHus1 ¥ 6paTh Ha ce6s1 OTBETCTBEHHOCTD 3a
UX PE3yABTATHL






