TpaH3ucTopHasa ucropusa. N3obpereHme TpaH3UCTOPOB U pa3BuUTUe
noJZ1iynpoBOAHUKOBOM 3JIEKTPOHUKM

F'vypeeBa Onbra

UN306peTeHne TpaH3nCTopa, CTaBLIEE Ba)XKHEHLNM AOCTMXKEHUEM XX Beka, CBSI3aHO C MMEHaMu MHOIMMX 3aMeyaTesibHbIX yYeHbIx. O
TEX, KTO CO34aBasl N pa3BnBaJl rnoJsyrnpoBOAHUKOBYIO /IEKTPOHUKY, U MNOUAET pedb B 3TOM CTaTbeE.

PosHo 50 ner Hasaa amepukaHuam [xoHy BbapauHy, Yontepy bBpatrenHy u Yunbamy LWoknn (puc. 1) 6bina npucyxaeHa
Hobenesckasi npemus no dusmke «3a nccnefoBaHus B 061acTv NoNynpoBOAHNKOB M OTKPbITUE TpaH3MCTopa». TeM He MeHee, aHanu3
WUCTOPUN HayKU OAHO3HAYHO CBUAETENbCTBYET, YTO OTKpbITME TpaH3UCTOpa — 3TO HEe TOJIbKO 3ac/yXeHHbl ycnex BapawvHa,
BpatTeiiHa u LWoknun.

Iweow bapouu

-

Yommep bpatTeid Yinuam Lowns

Puc. 1. Jlaypeatbl Ho6enesckoi npemum no c¢busuke 3a 1956 rop

MepBble onbITbl

PoxxaeHne TBepAOTENbHOM 3/1IEKTPOHUKM MOXHO OTHeCTM K 1833 rogy. MIMeHHO Torga Marvikn ®apagent (puc. 2), aKcnepuMeHTupys
C cynbduaom cepebpa, obHapyxun, 4To NPOBOAMMOCTb AAHHOro BellecTBa (@ 3To 6bl71, Kak Mbl Tenepb Ha3blBaeM, NONYNpPOBOAHUK)
pacTeT C MNoBblWEHMEM TemnepaTypbl, B NPOTUBOMOJSIOXHOCTb MPOBOAMMOCTM MeTasnsoB, KOTopas B AAHHOM C/lydyae yMeHbluaeTcs.
Mouemy Tak nponcxoamt? C yeM 370 cBaA3aHO? Ha 3Tu Bonpockl ®apaaein OTBETUTb He CMOT.

Puc. 2. Maiikn ®apageii u ero naboparopusa

Cneaytowein Bexon B pasBUTUW TBEpAOTENbHOM 31eKTpoHWKM cTan 1874 roa. Hemeukuint ¢dwmsmk depauHaHa bpayH (puc. 3),
6yaywuii HobeneBckuii naypeat (B 1909 roay OH MoOAy4YuT MPEMUIO «3a BblAaKOWMKACA BKIah B co3gaHuve 6ecnpoBOOYHON
Tenerpadum») nybnmkyeT cTaTbld B XypHane Analen der Physik und Chemie, B KOTOpolM Ha MNpUMepe <«eCTeCTBEHHbIX W
WCKYCCTBEHHbIX CEPHbIX MeTaslsIoB» OMUCbIBAET BaKHeklllee CBONCTBO MOJyNPOBOAHUKOB — MPOBOAUTbL I/TIEKTPUYECKMIN TOK TOMbKO B
OZIHOM HanpasfieHun. BoinpsMnsoLee CBOMCTBO KOHTAKTa NOSyNnpoBoOAHMKA C METaIoM NpoTUBOpeYnno 3akoHy Oma. BpayH (puc. 4)
nbiTaeTcss 06bACHUTL HabnwaaeMmMoe siBIeHME W MPOBOAUT JalibHeWllive wuccneaoBaHusi, Ho 6e3pesynbTaTHO. SBNeHWe ecTb,
06bsicHeHus HeT. o 3Tol NpuYnHe coBpeMeHHUKM BpayHa He 3auHTepecoBasnCb ero OTKPbITUEM, U TONbKO NSATb AECATUNETUN CNyCTS
BbINPAMASAIOLLME CBOWNCTBA NOSYNPOBOAHMKOB 6bIIN MCNOIb30BaHbl B AETEKTOPHbIX MPUEMHMKaX.



F'oa 1906. AMepukaHcknii uHxeHep NpuHnud Buttep Mukapa (pyc. 5) nonyyaeTt naTeHT Ha KpucTanamueckuin agetektop (puc. 6). B
CBOE 3asBKe Ha noslyyeHune naTeHTa OH nuueT: «KOHTaKT Mexay TOHKMM MeTalsInyeCKMM NPOBOAHMKOM U NMOBEPXHOCTbIO HEKOTOPbIX
KpUCTanan4yeckmx matepuanos (KpeMHWIN, raneHuT, NUpUT U Ap.) BbINPSAMASET U AEMOAYIMPYET BbICOKOYACTOTHbIN NEePEMEHHbIN TOK,
BO3HMKAIOLWMIA B aHTEHHE NpU NpUeMe paanoBOTH>.

Puc. 5. N'punnud Mukapa
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Puc. 6. MpuHuMnuanbHaa cxeMa Kpucrtasuimyeckoro aerekropa NMukapaa

TOHKMIA MeTanIndyeckuii NpoBOAHMK, C MOMOLLbIK KOTOPOr0 OCYLUECTBASNCS KOHTAKT C MOBEPXHOCTbK KpUCTassia, BHELWHE O4YeHb
HaMoMMHan Kowauuni yc.

Kpuctannuueckuii getektop lNMukapaa Tak u ctanm HasbiBaTb — «Kowauui yc» (cat's whisker).

YT06bl «BAOXHYTb >XW3Hb» B JAeTekTop [lMkapaa W 3acTaBuTb ero ycronumBo pabotatb, TpeboBanocb HanTM Hambonee
YYBCTBUTENIbHYIO TOYKY Ha MOBEPXHOCTM KpucTanna. CaenaTb 3To OblNO HenpocTo. Ha cBeT MosIBASIETCS MHOXECTBO XWUTPOYMHbIX
KOHCTPYKLMI «Kowayero yca» (puc. 7), obneryarowmx MOUCK 3aBETHOW TOYKW, HO CTPEMWUTESIbHbIA BbIXO4 Ha aBaHCUEHY
paAnOTEXHUKUN INEKTPOHHbIX SlaMM HaZoNro oTnpasnseT AeTekTop MNMykapaa 3a Kyauchl.

I

Puc. 7. BapyaHT KOHCTPYKLIMW «KOLUAQ4YUM yC>»

W Bce e «KOoLauymii yC» HaMHOro NpoLle M MeHbLle BaKyyMHbIX AWOAOB, K TOMY e HaMHOro acddeKTMBHee Ha BbICOKUX YacToTax.
A 4YTO ecnn 3aMeHUTb BaKyyMHbIA TpWoA, Ha KOTOPOM Oblla OCHOBaHa BCS paAMO3NIeKTPOHWMKA Toro BpeMmeHun, (puc. 8) Ha
NoNynpoBOAHUK? BO3MOXHO 1n 3T0? B Hauane XX Beka noAobHbIN BONPOC He AaBasl NOKOS MHOMMM YYeHbIM.

Puc. 8. BakyyMHbI¥ Tpuopa

JloceB



CoBeTtckas Poccusa. 1918 roa. o nnyHOMy pacnopsixeHuio JleHnHa B HuxkHem HoBropoge co3gaeTcs paamoTexHuyeckas
nabopatopusa (puc. 9). HoBass BnacTb OCTPO HyXxpaeTcs B «becnpoBosoyvHon TenerpadHoin» cesasn. K pabote B nabopatopum
NnpuBAEKalOTCa NydlMe paguvouHXeHepbl Toro BpemeHn — M. A. boHu-bpyesud, B. M. BonoramH, B. K. JlebeanHckuin, B. B.
TaTtapvHOB 1 MHOrne apyrue.

Mpuesxaet B HuxHuMm Hosropoa n Oner Jloces (puc. 10).

Puc. 10. Oner Bnagpumuposuu Jloces

Mocne okoH4YaHUa TBEpPCKOro peasnbHOro yuunuwa B 1920 rogy v HeyaauyHOro nocrynieHnss B MOCKOBCKMI MHCTUTYT CBSA3M Jloces
cornaceH Ha ntobyto paboTy, Tonbko 6bl NpuHANM B nabopaTtoputo. Ero 6epyT nocbifibHbIM. O6LWEXUTUSA NOCbIbHBIM HE NoflaraeTcs.

17-neTHuii JloceB roToB XWTb B MOMeLWeHUN nabopaTopum, Ha NECTHUYHOW niowanke nepes 4YepaakoMm, TONbKO 6bl 3aHMMAaTbCS
NO6UMbIM AenoM.

C paHHero BO3pacTa OH CTpPacTHO YyBfieKascs paanocsBssblo. B roabl MepBoit MupoBOKM BOWHbI B TBepu Oblna MOCTpoeHa
paavonpueMHas CcTaHumsl. B ee 3ajaum BXOAMIO MPUHMMaTb COOOLLEHUS OT COH3HMKOB Poccuum no AHTaHTe u ganee no tenerpady
nepenasaTb ux B [leTporpaa. JloceB yacTto 6biBan Ha pPaAMOCTaHLMKM, 3HAN MHOMMX COTPYAHMKOB, MOMOraa UM M He MbICIUA CBOK
AanbHenwyo XusHb 6e3 pagmotexHukn. B HuxHem HoBropoae y Hero He 6b1s10 HUM CEMbWM, HWU HOPManbHOro 6biTa, HO 6bIN0 rNaBHoOE
— BO3MOXHOCTb oblaTbCa €O crneumanucramm B obnactu pagvocBa3W, MNepeHMMaTb WX OMbIT WM 3HaHusa. [locne BbINOSHEHUSA
HeobxoauMbix paboT B nabopatopum emMy paspellany 3aHUMaTbCs CaMOCTOSITE/IbHbBIM 3KCNEPUMEHTUPOBAHUEM.

B TO BpeMs MHTepec K KpUCTaNIMYeCKUM AeTeKTopaM NnpakTUyeckn oTCyTcTBOBas. B nabopaTopum HUKTO 0CO60 He 3aHMMascs 3Town
Temoli. MpuopuTeT B UccnenoBaHuax 6bln oTAaH paauvonamnaM. JloceBy Oo4YeHb xoTenock paboTaTb CaMOCTOsTeNbHO. lepcrekTuBa
MOJlyYNTb OFPaHUYEHHbIW y4YacTok paboTbl «MO flaMnaM» ero HUMKakK He BAOXHOBASET. MoxeT 6biTb, MMEHHO MO 3TOW MPUUYMHE OH
BblBUpaeT AN CBOMX MCCNefoBaHWUI KpUCTannmMyeckuii geTektop. Ero uenb — ycoBeplleHCTBOBaTb AETEKTOp, cAenatb ero 6osnee
YYBCTBUTENbHbLIM U CTabuibHbIM B paboTe. MpucTynas K akcnepuMmeHTaM, JloceB owMB60YHO Npeanonaran, YTto «B CBSA3W C TEM, UTO
HEKOTOpble KOHTaKTbl MeXAy MeTassloM U KPUCTASJIOM He MOoAYMHSIOTCA 3akoHy OMa, TO BMOJSIHE BEPOSATHO, YTO B KonebaTeNbHOM
KOHTYpe, MOAK/IIOYEHHOM K TaKOMy KOHTaKTy, MOTYT BO3HUKHYTb He3aTyxatowue konebaHua». B To BpeMs yxe 6bl10 U3BECTHO, YTO
AN caMoBO36YXAEHWS OAHOM /Wb HENUHEWHOCTM BOJIbTAMNEPHOM XapaKTePUCTUKU HEAOCTAaTOUYHO, JAO/KeH o06s3aTenbHo
NPUCYTCTBOBaTb Majatolimii yyacTok. JTto6oli rpaMoTHBIN crneunannuct He ctan 6bl 0XuaaTb YCUIeHUs OT AeTekTopa. Ho BuYepallHuit
LUIKOSTbHUK HUYEro 3Toro He 3HaeT. OH MeHsieT KpUCTansbl, MaTepuan Urfbl, akkypaTHO HUKCUPYET Nonydyaemble pe3ynbTaTbl U B O4WH
npeKkpacHblii AeHb 06HapyXMBaeT UCKOMble aKTUBHblE TOYKW Yy KPUCTaNIoB, KOTopble ob6ecneynBaloT reHepaumnio BbICOKOYACTOTHbIX
CUrHasnoB.

«Bce ¢ geTcTBa 3HalOT, UTO TO-TO M TO-TO HEBO3MOXHO, HO BCEraa HaxoAMUTCS HeBeXAa, KOTOPbIA 3TOro He 3HaeT, OH-TO U AenaeT
OTKPbITUE», — LWYTWUA DAHLUTENH.

CBOM nepBble UCCef0BaHNS reHepaToOpHbIX KpUCTanioB JIoceB Npou3BOAMI Ha MPOCTENLEN cxeMe, NpeacTaBAeHHOM Ha puc. 11.
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Puc. 11. Cxema nepsBbiX OnbiTOoB JloceBa

McnbiTaB 6o0nbluoe KOMMYECTBO KPUCTaNNIMYECKUX AETEKTOpoB, JIOCEB BbISCHWA, YTO Jlyylle BCEro reHepupylT konebaHus
KpucTannbl UWHKUTa, MOABEpPrHyTble cneuuanbHo obpaboTke. [N MoSlydeHUss Ka4yeCTBEHHbIX MaTepuanoB OH pa3spabaTbiBaeT
TEXHOJIOTUIO MPUFOTOB/IEHUS LIMHKUTA METOAOM CMaBNMBaHUSA B 2/IEKTPUYECKOWN Ayre eCTeCTBEHHbIX KpUCTannos. MNpu nape LMHKUT
— yronbHoe OCTpue, Mpu nopayve HanpsixxeHus B10 B monydvancsa pagvmocurHan c ASMHOW BOMHbI 68 M. MNpW CHWXEHUW reHepauuu
peanusyeTcsl YCUUTENbHbIV PeXUM AeTeKTopa.

3aMeTuM, YTO «reHepupyrLwWnii» aetekTop 6bis1 BNepBble NPOAEMOHCTPUPOBaH elwwe B 1910 rogy aHrMNCKNUM DU3MKOM YUbSMOM
Nkkn3om (puc. 12).

Puc 12. Yunbam NreHpn Ukkns

HoBoe ¢usnyeckoe sIBIEHME HE MpPUBMEKAET BHUMaHWUS CMeuuanucTtoB, U O HEM Ha Kakoe-TO BpeMsa 3abbiBatoT. MKkN3 Toxe
OWNBOYHO O6BSCHST MEXAHU3M «OTPULLATENbHOMO» COMPOTUBIIEHUS UCXOAA M3 TOrO, YTO COMPOTMBIIEHWE MOSYNPOBOAHMKA NajaeT C
yBe/IMYEHWEM TeMMepaTypbl BCIEACTBME TEMIOBLIX 3P HEKTOB, BO3SHUKAIOLWMX Ha FPaHULE «METana-MnoaynpoBOAHNK> .

B 1922 roagy Ha cTpaHuuUax Hay4Horo xypHana «Tenerpadus n tenedoHus 6e3 npoBoaoB» MNOsiBASIETCS nepBas ctaTbs Jlocesa,
NocCBsLLEeHHas YCUAMBaKWLWeEMy U reHepupyloweMmy Jaetektopy. B Hell OH ouyeHb noApobHO oOnucCbiBaeT pe3ynbTaTbl CBOUX

3KCNepuMeHTOB, MpuyeM ocoboe BHUMaHWe yaenseT obs3aTelbHOMY MPUCYTCTBMIO Majalowero y4yacTka BOJIbTaMMepHon
XapaKTEPUCTUKN KOHTAKTa.

B Te roabl JloceB akTMBHO 3aHUMaeTcs camoobpa3oBaHueM. Ero HemocpeacTBEeHHbIM pykoBoauTenb npodeccop B. K. NlebeanHckunin
NMoMOraeT emy B U3y4YeHun pagnmodusnku. JlebeamHCcKmii NOHMMAET, YTO ero MOJI0AOM COTPYAHUK CAeNan HacToslee OTKPbITUE U TOXe
nblTaeTcs gatb 06bsacHeHne HabnwagaeMoMy addeKTy, HO TLWeETHO. PyHAAMeHTaNlbHash HayKa TOr0 BPEMEHM elle He 3HAeT KBAaHTOBOM
MexaHWKW. J1oces, B CBOIO o4epesb, BblABUIaeT rmnoTesy, YTo rnpu 60N1bLOM TOKE B 30HE KOHTaKTa BO3HMKAET HEKUIN 3NeKTPUYECKUI

paspsg Hanogobue BONBLTOBOM AyrM, HO ToNbko 6e3 pasorpeBa. DTOT pas3psi 3akKopauuBaeT BbICOKOE COMPOTUBIEHME KOHTaKTa,
obecneumnBas reHepaumio.

Nnwb yepes TpuauaTb NIET CyMeNnn NoHATb, Y4TO cobcTBEHHO 6bI1o0 OTKpbITO. CeroaHsa Mbl 6bl ckasanu, 4To npubop JloceBa — 31O
ABYXMNONOCHUK ¢ N-06pa3HOoi BOIbTaMMEPHON XapaKTEPUCTUKON, MU TYHHENbHbIN AMOA, 3a KOTOpbIM B 1973 roay sSiNOHCKUIA BU3NK
JNleo Ucakn (puc. 13) nonyumn HobenesBckyto Npemuio.

Puc. 13. Jleo Ucaku



PykoBoacTBO Hmxeropoackow nabopaTtopuu noHMMano, 4YTo CepuiHO BocnpomsBecTn addekT He yaacTca. HemHoro nopabotas,
[eTeKTOpbl MPaKTUYECKU Tepsiiv CBOWCTBA ycuieHust U reHepaumm. O6 oTkase OT flaMn He Morno 6biTb M peun. TeM He MeHee
npakTMyeckas 3Ha4MMOCTb OTKPbITUS JloceBa Gblsla OrPOMHOWN.

B 1920-e roabl Bo BceM Mupe, B TOM uucrie M B CoBeTckoM Coto3e, paavoniobUTENbCTBO MPUHUMAET XapakTep 3MUAeMUM.

CoBeTckue pa.qmomoGMTenM NMOJIb3YHTCA HpOCTeVILUVIMVI AETEKTOPHbIMU MNMPUEMHUKaMK, COGpaHHbIMVI no cxeme LllanowHUKOBa (pVIC.
14).

Puc. 14. [leTekTOpHbIY NpueMHuUkK LLlanowHMKoBa

[nsi NoBbIWEHUS FMPOMKOCTM U AafibHOCTU MpUEMa MPUMEHSIIOTCS BbICOKME aHTEHHbl. B ropogax NpuMeHsTb TakuMe aHTeHHbl 6bIs10
3aTPYAHUTENbHO W3-3a MPOMBIWJIEHHbLIX MOMeX. Ha OTKPbITOM MECTHOCTUM, rAe MNpPakTUYEeCKM HET TMOMEX, XOpOoWuid NpUeM
paguMoCUMrHanoB He BCerga yAaBasJiCs M3-3a HM3KOro KayecTBa [JAeTeKTOpoB. BBeaeHMe B  aHTEHHbIM KOHTYp MNpUeMHuKa
OTpULATENbHOMO COMPOTUBIIEHUS AEeTeKTopa C LUWHKWUTOM, MOCTAB/IEHHOMO B PEXMM, 6IU3KUA K CaMOBO36YXAEHWIO, 3HAUUTENbHO
yCUANBaNo MNpuMHMMaeMble CUrHanbl. PaavontobuTtenaM yaaBanoCb yCnbllwaTb CaMble OTAaNE€HHble CTaHUMKW. 3aMeTHO MoBbllwanach
nsbupaTtenbHOCTb NpuemMa. M 3To 6e3 UCNob30BaHUS 3N1EKTPOHHbIX namn!

Namnbl 6bIMM He feweBbl, NpUYeM K HUM TpeboBasics cneumanbHbii UCTOYHUK MUTaHWUA, a AeTekTop JloceBa Mor paboTtaTb OT
06bIuHbIX HaTapeek A1 KapMaHHOro oHapuka.

B uTOore okasanocb, UYTO MPOCTble MPUEMHUKM KOHCTPYKLMM LLanowHMKoBa C reHepupylowuMn KpucTanaiamu npeaocTaBsioT
BO3MOXHOCTb OCYLUECTBNIATb FETEPOAUHHbI MpUeM, SBASBLUMIACA B TO BPeMs MOCAEAHMM C/IOBOM pPaAMOMpPUEMHON TEXHUKU. B
nocrneayowmnx cratbsx JIoCeB OMUCbIBAET METOAMKY ObICTPOrO0 MOMCKA aKTUMBHbLIX TOYEK Ha MOBEPXHOCTU LMHKUTA W 3aMeHsaeT
yronbHoe ocCTpve MeTannumyeckuMm. OH fAaeT pekoMeHZaluuu, Kak crepayeT obpabaTtbiBaTb KpUCTanabl U MNPUBOAUT HECKOJIbKO
NpakTUYECKNX CXEM ASISi CaMOCTOATEeNbHOM c6OpKN paanonpueMHUKoB (puc. 15).
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Puc. 15. NpuHuunnuanbHas cxema kpucraguHa O. B. JloceBa

YCTpoiCTBO JloceBa MO3BOSET HE TOMbKO MPUHMMATb CUMHasbl Ha BONbLWKWX PACCTOSIHUAX, HO M NepedasaTb MX. Paanoniobutenu B
MacCOBOM MOpsiAKE, Ha OCHOBE [AETEKTOPOB-reHepaToOpOB, M3roTaB/IMBAOT paavonepensaTunku, NnoiaepXuBatolmne cBasb B paanyce
HECKOMbKUX KUTOMETPOoB. Bckope mspaetcsa 6powtopa JloceBa (puc. 16). OHa pacxoauTcs MAIZIMOHHBIMU TUPaXKaMu. BOCTOpXXeHHble
pagnoniobutTen nucanu B PasfiuHble Hay4yHO-MOMYMSPHbIE XXYpPHasibl, YTO <«MPW MOMOLIM LMHKUTHOrO [AeTeKTopa B TOMCKe,
Hanpumep, MOXHO YC/bllaTe MOCKBY, HUXKHUI 1 Aa)ke 3arpaHnyHbIe CTaHLumn>»,
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Puc. 16. Bpouwopa JloceBa, uspaHue 1924 ropa

Ha Bce cBou TexHuueckue pelleHus JloceB nony4yaeT naTeHTbl, HaUMHas C «[JeTeKTOPHOro NpUEMHUKA-reTepoanHa», 3asiBeHHOro
B Aekabpe 1923 roaa.

CrtaTtbu JloceBa meyvyaTarTCs B TakKUX XXypHanax, kKak «XI3ToO», «[oknaabl AH CCCP», Radio Revue, Philosophical Magazine,
Physikalische Zeitschrift.

JloceB CTaHOBUTCA 3HAMEHUTOCTbIO, @ BeAb EMY elle He UCMONHUNOCL U ABajuaTtun net!

Hanpumep, B peaakToOpCKOM npeamcnoBum K ctatbe JloceBa «OcuunnupyrolimMe KpucTanibl» B aMepuKaHCKOM XypHane The
Wireless World and Radio Review 3a okTa6pb 1924 roga rosoputcs: «ABTOp 3ToWM cTaTbM, rocnoaumH Oner JloceB u3 Poccun, 3a
CpaBHUTENbHO KOPOTKMIA MPOMEXYTOK BPEMEHN Npuobpen MUPOBYI U3BECTHOCTb B CBA3M C €ro OTKPbITUEM OCLMIIMPYIOLWLMX CBOWCTB
Yy HEKOTOPbIX KPUCTaNI0B».

Apyroii aMepukaHckuit xypHan — Radio News — npuMepHO B TO e BpeMsi Ny6/MKYeT CTaTbio Moj 3aro/loBKOM «CeHcauMoHHoe
n306peTeHne», B KOTOPOK oTMeyaeTcs: «HeT Heo6X0AMMOCTU A0Ka3biBaTb, YTO 3TO — PEBOJIIOLUMOHHOE paanousobpeTeHne. B ckopom
BpeMeHM Mbl 6y[EM rOBOPUTb O CXEME C TPEMS MM LIECTbI0 KPUCTa/laMy, Kak Mbl FOBOPMM CEMYAC O CXEMEe C TPEMSI WU LUECTbIO
YCUANTENbHLIMU flamMnaMu. MNoTpebyeTcss HECKOIbKO NET, YTOObl MrEHEPUPYIOLWMNA KPUCTasT YCOBEPLUEHCTBOBASICA HACTO/IbKO, YTO6bI
CTaTb Jlyylle BaKyyMHOW flaMnbl, HO Mbl NPeACKa3biBaeM, YTO TaKoe BPeMsl HacTynuT>».

ABTOp 3TOl cTaTbh Xbloro MepHcHek HasbiBaeT TBEPAOTE/bHbIA MPUEMHUK JloceBa — KPUCTAaAMHOM (KpUCTann + reTepoavH).
MpyvyeM He TOMbKO HasbiBaeT, HO M MpPefyCMOTPUTENIbHO PErucTpMpyeT HasBaHue, Kak TOproByk Mapky (puc. 17). Cnpoc Ha
KpUCTaAnHbl OFPOMEH.

af the necdlihmeg
The mumizers dza-

Puc. 17. Kpucrannuueckuin aetektop Jlocesa. MsrotossieH B Radio News Laboratories. CLUA, 1924 rop

MIHTepecHo, 4YTO KOrha B HWXKXEropoAcKykt nabopaTopuio mpuesXkatoT HeMeuKue paauMoTeXHUMKM, YTOObl JIMYHO MO3HAKOMUTLCS C
JloceBbIM, OHW He BepsT CBOMM rnasaM. OHW MopaxkatoTCs TanaHTy M HOHOMY BO3pacTy u3obpeTtaTens. B nucbMax M3-3a rpaHuubl
JloceBa BenuMyanu He MHaye Kak npodeccopoM. HUKTO M MpeacTaBUTb He MOr, YTo Mpodeccop elle TONbKO MOCTUraeT asbl HayKW.
BrnpoyeM, oueHb CKOpo JloceB CTaHET 61ecTAMM PU3MKOM-IKCMEPUMEHTATOPOM UM €eLle pa3 3acTaBMT MUP 3aroBOpuUTL O cebe.

B nabopatopuun C AO/MKHOCTM PacChbi/IbHOrO0 ero nepesoasT B NabopaHTbl, NpeaocTaBnsioT xunbe. B HmxHem Hosropoae Jloces
XeHUTcsa (NpaBaa, HeyAayHo, Kak OKa3asocCb BNOCAEACTBUKN), obycTpanBaeT CBOM 6bIT M NpoA0IKAET 3aHUMATbCSA KpUcTaanamu.

B 1928 roay, no pelweHuo NpaBUTeNbCTBa, TEMATUKA HUXEropoackon paanonabopaTtopumn BMecTe C COTPyAHWKaMW nepefaeTcs B
LleHTpanbHyto paanonabopatoputo B JleHMHrpaje, KoTopasi, B CBOK oyepeab, TOXe MOCTOSIHHO peopraHusyeTtcs. Ha HOBOM MecTe
JloceB npoponxaeT 3aHMMaTbCs NONYNPOBOAHWKAMKU, HO BCKoOpe LleHTpanbHyk paanonabopatoputo npeobpasosbiBaoT B MHCTUTYT
paAnoBeLLaTeIbHOrO NpMeMa M aKyCTuK. B HOBOM MHCTUTYTe CBOSI MporpaMMa WCCefoBaHUi, Tematmuka paboT cyxaetcs. JlabopaHTy
JloceBy ynaetcst yCTpOUTLCS MO COBMECTUTENLCTBY B JIEHUHIPpaACKUii GU3NKO-TEXHUYECKUI MHCTUTYT (JIOTU), rae y Hero nosiBnsieTcs
BO3MOXHOCTb MPOAO/IKUTE UCCNeA0BaHUSA HOBbIX duamvecknx adpdekToB B nonynpoBoaHukax. B koHue 1920-x ropgos y Jlocesa
nosiBUiachb naes cosaaTb TBEPAOTE/NbHbIM aHANOr TPEX3NEKTPOAHON BaKyyMHOM paamMonammsbl.

B 1929-1933 rr., no npeanoxenuto A. ®. Nodde, JloceB NpoBOAUT UCCNEA0BAHUSA NONYNPOBOAHNUKOBOIO YyCTPONCTBA, MOSTHOCTbIO
NOBTOPSIOLLEro KOHCTPYKLUIO TOYEYHOro TpaH3ncropa. Kak n3BectHo, NpuHUUN AeNCTBMS 3Toro nprubopa 3ak4vaeTcs B ynpaBneHum
TOKOM, TeKyLMM MexAay ABYMS 3/1eKTpoAaMu, C MOMOLLbI AOMOMHUTENBbHOMO 31eKTpoaa. JloceB AeUCTBUTENbHO Habnwogan AaHHbIN



3 deKT, HO, K COXaneHuto, obWwmni KOIPPULMEHT Takoro ynpaBneHUs He MO3BOMASA MOAYy4YUTb yCUNIeHue curHana. [ns aTon uenm
JloceB ucnonb3oBan ToNbko KpucTann kapb6bopyHaa (SiC), a He kpuctann uuHkuTa (Zn0O), MMeBLIEro 3HauuTeNbHO fyyllne
XapaKTEPUCTUKK B KpUcTanaudeckom ycunutene (Yto ctpaHHo! EMy nu He 3HaTb O CBOWCTBax 3TOro kpucrtanna.) [lo HepaBHero
BPEMEHW CUYMTaNoCb, YTO MOCAe BbiHYyXAeHHOro yxoaa us JIOTU JloceB He Bo3Bpallanca K uaee rnosynpoBOAHUKOBBLIX YCUITUTENEN.
OpHako CcywecTByeT AO0BOJSIbHO JOOOMbITHbIM AOKYMEHT, HanucaHHbIM camuMm JloceBbiM. OH gatmpoBaH 12 utons 1939 ropga u B
HacToswee BpeMs XxpaHutcsa B [lonuTexHMYyeckoMm My3ee. B 3TOM AoKyMeHTe, o3arfnaBfieHHOM <«Xu3HeonucaHue Ornera
BnaanmupoBuua JloceBa», KpoMe MHTEPECHbIX aKTOB €ro XW3HU COAEPXKMUTCSA U NepedeHb HayuyHbIX pe3ynbTaToB. Ocobblit MHTepec
BbI3bIBAKOT Cleaylolme CTPOKU: <«YCTaHOBMIEHO, 4YTO C MOJIYNpPOBOAHMKAMM MOXeT ObiTb MOCTPOEHa TPEexX3/eKTpOoAHasi CUCTeMa,
aHanornyHas Tpuody, Kak W Tpuoa, Aatollas XapakKTepuUCTMKM, MOKasblBalowuMe oTpuuaTesibHOe cOonpoTuBfieHue. DT paboTbl B
HacTosiLee BpeMs MOArOTaB/MBAOTCA MHOK K NevaTu...».

K coxaneHuto, rnoka He ycTtaHoBsieHa cyabba aTux paboT, KoTopble MOraM 6bl NOMHOCTbIO U3MEHUTb NpeacTtaBneHne o6 mcropumn
OTKPbITUS TpaH3MCTOpa — CaMOro peBO/IIOLMOHHOIo n3obpeteHna XX Beka.

PacckasbiBas o0 Bblgatowemcsa Bknage Onera BnagummpoBsunya JloceBa B pa3BUTUE COBPEMEHHOM 3NEKTPOHUKM, MPOCTO HEBO3MOXHO
HE YNOMAHYTb O €ro OTKpPbITUN CBETOMU3NYy4alOWEro amoaa.

MacwTab 3TOro OTKPbITUS HaM elle TOSbKO MPEeACTOMT MOHSTb. [poMAeT He Tak MHOr0 BPEMEHM, U B KaXAOM AOMe BMECTO
NPUBbLIYHONM NlaMnbl HaKanMBaHUa ByayT ropeTb «3/1eKTPOHHbIE reHepaTopbl CBETa», Kak HasBasn cBeToanoabl Jloces.

Ewe B 1923 roay, sKCnepuMeHTUMpys C KpuctaamHamu, JloceB obpaTun BHMMaHWe Ha CBEYEHWE KPUCTaasoB Npu MponycKaHuu
yepes Hux anekTpuyeckoro Toka. OcobeHHO spKo CBeTUNUCb KapbopyHaoBble aeTekTopbl. B 1920-e rogbl Ha 3anaje siBneHue
3NEKTPONOMUHECLIEHLMM OAHO BpeMs Aaxke Ha3sbiBanu «cBeT JloceBa» (Losev light, Lossew Licht). JloceB 3aHAnCA M3y4deHMEM WU
obbsACHEHMEM MONYYEHHOW 3neKTpontoMuHecLeHumMn. OH nepBbiM OLLEHWT OrPOMHblE MEepCreKTUBbl TakUX UCTOYHWKOB cBeTa, 0cobo
noAvepkuBasl UX BbICOKYI SPKOCTb W b6bicTpoaencTBue. JloceB cTtan obnajaTenem nepBoro naTeHTa Ha M306peTeHue CBETOBOMO
penenpmbopa C 31eKTPOSIIOMUHECLEHTHBIM NCTOYHMKOM CBETa.

B 70-x rogax XX Beka, Korga CBeTOAMOAblI CTanu LWWMPOKO MPUMEHSATbCS, B XypHane Electronic World 3a 1907 roa 6bina
obHapyxeHa cTtaTbs aHrnuyaHuvHa FeHpu PoyHaa, B koTopol aBTop, 6yayum coTpyaHuMkoM nabopaTtopum MapkoHu, coobuian, 4to
BMAEN CBeYeHWe B KOHTakTe kKapbopyHAOBOro AeTekTtopa Mpuv Mojavye Ha Hero BHELWHEero 3/eKTpuyeckoro nons. Hukakux
coobpaxeHuit, obbsiCHSAWMX GU3NKY ITOrO0 SBEHWUS, HE MNpUBOAMNOCL. [laHHas 3aMeTKa He oOKasajla HWKaKoro BJIUSIHUS Ha
nocneaymwuime uccnenoBaHms B 0671acTM 31eKTPOSIOMUHECLIEHLMN, TEM HE MeHee, aBTOp CTaTbW CerofHs oduuManbHO cyMUTaeTcs
nepBOOTKPbIBaTENIEM CBETOANOAA.

JloceB He3aBMCMMO OTKPbIST SAB/IEHME INEKTPOSIIOMUHECLIEHLMN U NPOBEN PSA UCCIeA0BaHUI Ha nNpuMepe Kpuctannia kapbopyHaa.
OH Bblgenun apa GU3NYECKN pasINYHbIX SBNEHUS, KOTOpble HAbMOAAITCS NPU pa3HON MONSPHOCTM HaMpPsXXeHUs Ha KOHTakTax. Ero
HECOMHEHHOW 3acnyron siBnsetcss obHapyXxeHue addekTa npeanpobonHON 3SNEKTPONOMUHECLEHLUNM, HA3BAaHHOM MM «CBeYeHune
HOMEp OAWH», U WHXEKUMOHHOW 3MeKTPOSIIOMUHECLUEHUNN — <«CBeYeHue Homep ABa». B Hawwu aHu 3ddekT npeanpoboriHon
NIOMUHecUeHUnmn LLINPOKO npuMeHseTcs npu co3gaHum 3NEeKTPOSIIOMUHECLEHTHbIX  AUCMJIEEB, a WHXEKLMOHHas
3/1EKTPOIIOMUHECLIEHLIMS  SIBNISIETC OCHOBOW CBETOAMOAOB W MOJYNPOBOAHMKOBbLIX Jfla3epoB. JloceBy yAanocb CyLEecTBEHHO
NPOABWUHYTLCA B MOHUMaHUN OU3MKN STUX SBIEHWUIA 3al0/IT0 A0 CO3JAaHWsl 30HHOW Teopuu NMonynpoBoAHWKOB. Brnocneacteuun, B 1936
rogy, CBeyeHwe HoMep OAWMH ObII0 3aHOBO O6HapyXeHo dpaHuy3cknuM ¢pusnkom XXopxem [decTtpuo. B HayyHOW nuTepaType OHO
M3BECTHO MNoA Ha3BaHueM «3addekT [ecTpmo», xoTs cam [ecTpuo NpUMOPUTET B OTKPbITUM 3TOro siBneHus otaasan Onery Jlocey.
HaBepHoe, 6b110 6bl HecnpaBeasMBO OcCMapuBaTb NpuopuTeT PoyHAa B OTKpbITUM cBeToamoza. W Bce xe Henb3s 3abbiBaTb, 4TO
n3obpertatensamum pagmo no npaey cuuTaroTcs MapkoHu 1 NonoB, XO0TA BCEM M3BECTHO, YTO PAAMOBOSHbI NMepBbiM Habnoaan Mepu. U
Takmx NpMMepoB B UCTOPUM HAYKU MHOXECTBO.

B cBoen ctatbe Subhistory of Light Emitting Diode n3BecTHbIi aMepUKaAHCKUIN yYeHbl B 06/1aCTU aNeKTpontoMmHecLeHumm UroH
Jlo6Hep nuweTt o JloceBe: «CBOMMWM MUOHEPCKUMWU UCCefoBaHUsSMM B obnacTv cBeToAMoA0B M (POTOAETEKTOPOB OH BHEC BKiaA B
6yayLwmii nporpecc onTu4eckon cBa3u. Ero mccnenoBaHusa 6blaM Tak TOYHbI M ero nNybnuvkaumm Tak $ICHbl, 4TO 6€3 Tpyaa MOXHO
npeacTaBuTb Celvac, 4To Toraa npoucxoamno B ero nabopatopuu. Ero MHTYWUTMBHBIN BbIGOP M MCKYCCTBO 3KCMEpPMMEHTa MpPOCTO
N3YMIISIOT>.

CerogHsi Mbl MOHMMaeM, 4YTo 6€3 KBaHTOBOM TeOpMM CTPOEHMS MOSYNPOBOAHMKOB MPeACTaBUTb pPasBUTUE TBEPAOTENLHOWN
3NEeKTPOHUKM HEBO3MOXHO. l03TOoMy TanaHT JloceBa nopaxaeT BoobpaxeHue. OH C CaMOro Hauyana BuAen eaunHyr (uUanyeckyto
NpUpoAYy KPUCTaZAMHa U SIBMIEHUSI UHXEKLNOHHOM JIIOMUHECLIEHLIMM U B 3TOM 3HAUYMTEIbHO OMepeauns CBOE BPeEMS.

Mocne Hero MccreaoBaHUs AETEKTOPOB M 3MEKTPOSIIOMUHECLEHLMM MPOBOAMINCE OTAENbHO APYr OT Apyra, Kak CaMOCTOATeSbHble
HanpasfieHusl. AHanM3 pesysibTaToB MOKa3bIBAET, YTO Ha MPOTSXKEHUU NOYTU ABAALATM JIET Nocie nosiBfeHns pabot JloceBa He 6bin0
CAENaHO HMYero HOBOTO C TOYKM 3PEHUst MOHMMaHUs (BU3MKK 3TOro sABneHus. Tonbko B 1951 rogy amepukaHckuii dusmk Kypt
JlexoBel (puc. 18) ycTaHOBMWI, UTO AETEKTUPOBAHME WU 3/IEKTPOSIIOMUHECLIEHLNS UMEIOT eAMHYI0 MPUPOAY, CBA3aHHYO C NoBeAeHWeM
HoCuTenel Toka B p-n-nepexonax.






NPUTOK AO/MKEH OblN MPOUCXOAUTb MOA BAUSHUEM 31€KTPUYECKOro MoJsl, CO34aBaeMoro Mexay yrnpasisiolwmnM 3/1eKTPOAOM U HUTLIO,
TO ecTb bnarogaps nonesomy 3ddekTy. Ons 3TOro HUTb AOSIXHA 6biTb UMEHHO MNOSYNPOBOAHMKOBOW. B MeTanne CAMWKOM MHOMo
3/1EKTPOHOB N HUKAKMMU NOASMU UX HE BbITECHULLUb, @ B AN3N1eKTpMKe CBOOOAHbIX 3/IEKTPOHOB MpaKTUYeckn HeT. LLoknu npucrtynaeTt
K TeopeTnyeckuM pacyeTaM, OAHaKO BCe MOMbITKM MOCTPOUTb TBEPAOTEbHbIN YCUAUTEb HU K YEMY HE NMPUBOAST.

B To xe Bpemsa B EBpone Hemeukue pusnkm PobepT Monb n Pygonbd Xunw cosganu Ha ocHoBe 6poMmaa kanusa paboTtarowwumii
KOHTaKTHbI/ TPEX3NEKTPOAHbIN KPUCTANISIMYECKUI YCUNUTENb. TEM HE MEHEE, HUKAKOW MpaKTUYeCKOoW LIEHHOCTU HEMeLKMI npmbop He
npeactasnsan. Y Hero 6bi1a oyeHb HU3Kasa pabouast yactota. EcTb cBegeHus, uto B nepBon nonosuHe 1930-x rogoB TpexanekTpoaHble
NnonyrnpoBOAHUKOBbIE ycunauTenu «cobpanu» u aBa paanontobutensikaHageu Jlappwu Kalisep v HOBO3enaHACKUIA LWIKONbHUK PobepTt
Agamc. Agamc, B AanbHelweM CTaBlni paguOVHXXEHEPOM, 3aMeyall, YTO MY HUKOrAa He NpUXoanno B ronioBy oOpMUTL NaTEHT Ha
n3obpeteHne, Tak Kak BClO MHDOpMaLMIO ANS CBOEro YCUAUTENs OH MOo4YeprnHysn M3 pagaumontobUTeNnbCKUX XYPHanoB W ApYrux
OTKPbITbIX UCTOYHUKOB.

K 1926-1930 rr. oTHocsTca paboTtbl KOnuyca Jinnmendenbaa (puc. 19), npodeccopa J1eMnuUMrckoro yHuBepcuTeTa, KOTOpPbIN
3anaTeHToBas KOHCTPYKLMIO MOSyNPOBOAHUKOBOIO YCUUTENS, B Halle BPEMS M3BECTHOrO Noj HasBaHMEM MOJIEBON TpaH3ncTop (pwc.
20).

Puc. 19. Onuyc JiunneHndenng
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Puc. 20. NarteHT HO. JIunueHdenbaa Ha NosieBO TPaH3UCTOP

NunneHdenbn npeanonaran, 4To NpuU Nofgave HanpsHkeHusa Ha cnabo npoBoAasAWwmMn MaTtepman 6yaeT MEHSATbLCS ero NPoBOAUMOCTb U
B CBSI3M C 3TMM BO3HUKHET YCUJIEHUE 3JIEKTPUYECKUX kKonebaHui. HecMoTpsa Ha nonydyeHue naTeHTa, co3gaTb paboTtatowmit npubop
Nunuendensa He cymen. MpuunHa bbina camas npo3aunyeckas — B 30-x rogax XX Beka elle He Halwocb HeobXxoAMMOro matepuana,
Ha OCHOBe KOTOPOro MOXHO 6bl/10 6bl M3roTOBUTL paboTatowmnii TpaH3ucTop. IMEHHO NMO3TOMY ycunus 60MbLUMHCTBA@ YY€HbIX TOro
BpeMeHn Obinv HanpaBneHbl Ha u3o06peTeHwe 6onee CNOXHOrO 6MMONSPHOro TpaH3ucTopa. TakuMm obpasoMm, MbiTaAncb 060MTU
TPYAHOCTU, BO3HUKLUNE NPU peann3aunmn nosesoro TpaH3ncTopa.

PaboTbl no TBepaoTenbHoMy ycunutento B Bell Telephone Laboratories npepbiBatoTcs ¢ HavyanoM BTopoit MMPOBOW BOVHbI. YUNbSM
LLIoknn n MHOrMe ero KoJsinern oTKOMaHAMpOBaHbl B pacrnopsi)XeHMe MUMHUCTePCTBa 060poHbI, rae paboTatoT Ao KoHua 1945 roaa.

TBepAoTe/ibHas 3NeKTPOHMKA He NpeacTaBissa UHTepeca AN BOEHHbIX — AOCTMXKEHUS UM MpPeAcCTaBAS/INCE COMHUTENbHbIMU. 3a
OAHMM UCKNtoYeHneM. [leTekTopbl. OHM-TO Kak pas U OKa3asncb B LIEHTPE UCTOPUYECKUX COBBLITUIA.

B Hebe Hap Jla-MaHweM pasBepHynacb rpaHaAnosHas 6uteBa 3a bpuTaHuio, gocturwias anores B ceHTsbpe 1940 roga. MNocne
OKKynauuu 3anagHoi EeBponbl AHrANSA ocTanacb oAWH Ha OAMH C apMagon HeMeukux 6oMbapAMpPOBLLMKOB, paspyLlamLwmx 6eperosyto



060pOHY M NOArOTaBAMBAKOLWMX BbiCaAKy MOPCKOMO AecaHTa Ana 3axBaTa CTpaHbl — onepauuio «Mopckoit neB». TpyAHO cKasaTb, YTO
cnacno AHIMAUIO — 4YyAo, PelunTeNbHOCTb NpeMbepa YMHCTOHa Yepunnns wavm paavMonoKalMOoHHbIe CTaHUuK. MosiBUBLUMECS B KOHLE
30-x roAoB pafapbl MO3BOASAN ObICTPO M TOYHO OBHApyXuBaTb BpaXKeckMe caMosieTbl WU CBOEBPEMEHHO OpPraHM30BbIBaTb
npotuBogeicTame. MoTepaB B Hebe Haa BpuTaHuelt 6onee ThiCSYM CaMONETOB, FMTNEepoOBCKas epMaHusi CUIbHO oxnajena K uaee
3axBaTa AHrnum B 1940-M 1 npucTynunaa K noarotoske 6auukpura Ha BocToke.

AHMIMK 6bINM HYXXHbI paZapbl, pagapaM — KpUCTassIMdeckne AeTeKTOpbl, AeTeKTOpaM — YUCTble FrepMaHUin U KpeMHUI. epBbIM, 1
B 3HAUYUTENbHbIX KOMMYECTBaAX, Ha 3aBodax W B nabopatopusx nosiBuiacs repMmaHmin. C KpeMHUEM, U3-3a BbICOKOW TeMnepaTypbl ero
06paboTkKn, CHayasa BO3HUKIM HEKOTOpble TPYAHOCTWM, HO BCKope npobnemy pewwunn. Nocne 3Toro npeanoyteHne 6bi10 OTAAHO
KpPeMHUIO. KpeMHuIi 6bin AelleB No CpaBHEHUIO C repMaHmeM. UTak, TpaMnanH ANnsa npbikka K TPAH3MCTOPY Obis1 NpakTU4yecku roTos.

BTopasi MMpoBasi cTana nepeoii BOMHOM, B KOTOPOM HayKa, Mo CBOEN 3HAa4YMMOCTU A5t nobeabl Hah BparoM, BbICTYMua Ha paBHbIX
C KOHKPETHbIMU OPYXXENHbIMU TEXHOMOMUSIMU, @ B YeM-TO M onepeansia ux. BCMOMHMM aTOMHbIN M pakeTHbI NpoeKkTbl. B 3TOT cnmcok
MOXHO BKJTIOUWTb W TPaH3UCTOPHbIA MPOEKT, MPEeAnoChbiIKM AN KOTOPOro 6bliM B 3HAYUTENLHOM CTEMEHW 3aN0XKeHbl PasBUTUEM
BOEHHOW paanonokauuu.

OTKpbITHE

B nocnesoeHHble roabl B Bell Telephone Laboratories HaunHatoT dopcmpoBaTh paboThl B ob6nactu rnobanbHoM cBA3mM. AnnapaTypa
1940-x romoB wucnonb3oBana ANs YCWIeHWs, npeobpa3oBaHWs W KOMMyTaLMuM CUrHanoB B abOHEHTCKUX uensX ABa OCHOBHbIX
3/IEMEHTA: 3J/IEKTPOHHYIO JlaMny W 3NeKTpoMexaHuyeckoe pene. OTU 3neMeHTbl O6blinm rpoMo3akn, cpabaTbiBann MeaneHHo,
noTpebnsaMm MHOTO 3HEpPruM WM He OT/IMYaNUCb BbICOKOW HAAEXHOCTbK. YCOBEPLIEHCTBOBATb WX 3HA4YMIO BEPHYTbCA K uaee
ncnonb3oBaHua nonynposoaHukoB. B Bell Telephone Laboratories BHOBb co3pgaeTcs nccnenoBaTenbckasa rpynna (puc. 21), HayyHbIM
pyKoBOAUTENEM KOTOPOW CTAHOBUTCS BEPHYBLUMIACS «C BOMHbI» Yunbam Loknu. B komaHay BxoaaT Yontep BpatreiH, [xoH BapauH,
[>xoH MupcoH, bepT Myp n PobepT MNbHMN.
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Puc. 21. r. Moppeit Xunn, wrtat Hero-)xepcu, CLUA, Bell Laboratories. Mecto po)xaeHue TpaH3ucTopa.

B caMoM Hayane KOMaHAa NPUHUMAET BaXKHENLee pelleHne: HanpaBuUTb YCUIMSA Ha M3yUYeHne CBOMCTB TOIbKO ABYX MaTepuasioB —
KPEMHUS W repMaHus, Kak Haubosiee MNepCcreKTUBHbIX AN peanvsauuu MocTaBfeHHOW 3ajayu. EcTecTBeHHO, rpynna Hadvana
paspabaTtbiBaTb npeaBoeHHy uaet Loknn — ycunutens ¢ addekToMm nons. Ho 31eKTpoHbl BHYTPWM MOSYNPOBOAHMKA YMpPSMO
UrHopuvpoBanu nwbble U3MEHeHUsl MoTeHuMana Ha ynpaBnswouweMm snektpoge. OT BbICOKMX HAMpPSXeHWn W TOKOB KpUCTansbl
B3pbIBa/INCb, HO HE XesNann U3MeHATb CBOE COMPOTUBIIEHME.

Hap stum 3apgymancs TeopeTuk [xoH BapauwH. Loknu, He nonyumB 6bICTpOro pesynbraTa, oxjagen K TEMe U He MNpuHMMan
aKTMBHOro y4yactmsi B paborte. BapavH NpeanonoXun, 4To 3HauyMTeNbHas 4acTb 3/IEKTPOHOB Ha CaMOM Jefle He <«pasrynvBaeTr»
cB060AHO MO KpuCTan/y, a 3acTpeBaeT B KaKMX-TO JIOBYLUKax y CaMOi MOBEPXHOCTM MOSYNPOBOAHMKA. 3apsaj 3TUX «3acTpsABLUMX>
3N1eKTPOHOB 3KpaHUpPYyeET NMpuKIaabiBAaeMOE U3BHE Mosie, KOTOpPoe He MpOoHUKaeT B 06beM kpuctanna. Bot tak B 1947 roay B ¢usmky
TBEPAOro Tena BOLWJIA TeOpUs MOBEPXHOCTHbIX COCTOSHWNW. Tenepb, KOrga, Kasanocb, MpuUMHa HeyAad HalkAdeHa, rpynna Hadana
6osee OCMbICNIEHHO peanu3oBbiBaTb uaet 3ddekta nonda. [Apyrux wuaer npocto He 6bino. Cranu pasnuyHbiMu  crniocobamm
obpabaTbiBaTb NMOBEPXHOCTb rEpMaHusl, HafesCb YCTPaHUTb NIOBYLUKU 31eKTpoHOB. [epenpoboBann Bce — XMMWUYECKoe TpaBreHue,
MeXaHWYeCcKy MOJSIMPOBKY, HAaHECEHWE Ha MOBEPXHOCTb Pa3fIMyHbIX NaccueaTtopoB. KpucTanibl NOrpyxanu B pasiMyHble XWUAKOCTH,
HO pe3ynbTata He 6bi10. Torga pewunnv MakCMManbHO JIOKanuM30BaTb 30HY YMpaBieHus, ANS 4Yero oAWH M3 TOKOMpPOBOAOB U
ynpaBnsowWmii 31EKTPOA M3roTOBUAM B BuAe 6/IM3KO pacnonoXeHHbIX MOAMPYXUMHEHHbIX Uroiovek. DKcnepuMmeHTaTop BpaTTeiiH, 3a
nnevyamm KoTtoporo 6bin 15-neTHuiA onbIT paboTbl C pas3IMYHLIMKW MOAYNMPOBOAHMKAMW, MOF MO 25 4acoB B CYTKM KpPYyTUTb PY4YKM
ocumnnorpada.



TeopeTuk bapauH Bcerga 6bli psAoOM, FOTOBbIN CYTKWM HanponeT NpoBepsATb CBOM TeOpeTUYeckue Bbiknaaku. Oba uccnegosatens,
Kak roBOpWUTCSA, Hawnu Apyr apyra. OHM MpakTUYEeCKM He BbIXOAMAM W3 nabopaTopuu, HO BpeMs W0, a CKOMbKO-HMBYAb
CYLLECTBEHHbIX Pe3y/bTaToB Mo-NpexXHeMy He 6bis10.

OfHaxAabl BpaTTeliH, usgepraHHblii OT Heyaay, CABMHY UFOIKW MOYTK BIJIOTHYO, 60see Toro — c/lyyaliHo nepenyTan MonsipHOCTU
NpvKNaabiBaeMblX K HUM MOTEHLMANOB. YUEHbI He MOBEpPUN CBOMM rnas3aM. OH 6bl1 MopaXkeH, HO Ha 3KkpaHe ocuwmnnorpada 6bi10
SABHO BMAHO YCW/IeHWe curHana. TeopeTuk BapauvH oTpearvpoBasl MOJIHUEHOCHO M 6e30WKn604HO: 3ddeKTa NMons HUKAKOro HET, U
[leNo He B HeM. YCU/IeHMe CWrHana BO3HWKAaeT Mo Apyroi npuuuHe. Bo Bcex npenbiAylinMxX OLEeHKax pacCMaTpuBaivCb TOJIbKO
3MEKTPOHbI, KaK OCHOBHble HOCUTENIM TOKa B FepMaHUMEBOM KpUCTasnse, a <«AblpKU», KOTOPbIX ObIIO B MWIJIMOHbI pa3s MEHbLUE,
€CTECTBEHHO WrHOPWPOBanNUChb. bBapaAWH MOHSN, YTO AEN0 UMEHHO B «AblpKax». BBeaeHWe «Ablpok» uepe3 OAMH 31ekTpos (3ToT
npouecc HasBanuW WMHXeKUMel) Bbi3blBaeT HemsMepuMmo 60/blUNA TOK B APYyroM afekTpoge. M Bce 3To Ha (poHEe HEW3MEHHOCTU
COCTOSIHWSI OFPOMHOI0 KOJIMYECTBA 3/1EKTPOHOB.

BoT Tak, HenpeackasyeMbiM obpa3oM, 19 gekabpsa 1947 roga Ha CBET MOSBUIICSA TOYEYHbIM TpaH3ncTop (puc. 22).
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Puc. 22. CrpaHuua paboueit Tetpagu bpartreiiHa. 19 aekabps 1947 r.

Ta A

CHayana HoBOe yCTPOMCTBO Ha3BasiM repMaHMeBbIM TpuoaoM. bapanHy n BpaTtTeliHy Ha3BaHMe He NMoHpaBunock. He 3By4vano. OHu
X0Tenu, 4tobbl Ha3BaHWe 3akaHuMBanocb Obl Ha «TOpP», MO aHaNoOrmMM C Pe3nCTOpOM WM TEPMUCTOPOM. 34eCb MM Ha MOMOLb
NPpUXOAUT UHXEHep-3NeKTPOoHWMK [xoH [Mnpc, KOTOpbIM NpekpacHO Bnagen CcroBOM (B AanbHeEWWEM OH CTAaHET W3BECTHbIM
nonynsipu3aTopoM Hayku u nucatenem-gpaHrtactoMm noa ncesgoHumom J. J. Coupling). Mupc BCNOMHWUA, 4YTO OAHMM W3 NapaMeTpoB
BaKyyMHOro Tpuoaa ClyXUT KPYyTU3Ha XapaKTepUCTUKKU, MOo-aHrnuickn — transconductance. OH npeanoXxun Ha3sBaTb aHaNOrM4YHbIN
napameTp TBEpAOTeNbHOro ycunutens transresistance, a caM ycunutenb, a 3T0 C/I0OBO NMPOCTO BEPTENOCh Ha A3blKe, — TPaH3UCTOPOM.
Ha3BaHne BCeEM MOHPaBUIOCH.

Yepes HecKoNbKO AHeW nocsie 3aMevyaTesibHOro OTKPbITUS, B KaHYH PoxaectBa, 23 aekabpsa 1947 roja coctosiiacb npeseHTaums
TpaH3ucTopa pykoBoacTBy Bell Telephone Laboratories (puc. 23).

Puc. 23. ToueuHbi TpaH3ucTtop bapaunHa-BpartTeiiHa



Yunbam Loknu, koTopbii npoBoawn OTnyck B EBpone, cpouHo Bo3BpaTtuncs B AMepuky. HeoxuAaaHHbI ycnex BbapauHa wm
BpaTtTeniHa rnyboko 3ageBaeT ero camontobue. OH paHblUe Apyrux 3agyMancs O nosynpoBOAHVMKOBOM yCUNUTene, BO3rnasuna rpynny,
Bblbpan HanpaBfeHWe WCCnefoBaHWM, HO Ha COaBTOPCTBO B «3BE34HOM» MaTeHTe npeTeHgoBaTb He Mor. Ha d¢doHe Bceobuiero
nnkoBaHus, 6bnecka n 3BoHa 60KanoB C WaMnaHckuM LWoknun Bbirngaen pa3oyapoBaHHbIM M MpayHbIM. W TyT NpoMCXoAUT HEYTOo, YTO
Bcerga 6yaeT CKpbITO OT Hac nefieHoM BpPeEMeHW. 3a OAHYy HeAento, KOoTopykt Bnocneactsum LLOKAM Ha30BET CBOEW «CTpacTHOMW
Hepener», OH CO34aeT TEeOpPUK TPaH3UCTOpa C p-h-NepexofaMu, 3aMeHMBLUMMU 3K30TUYECKME WIOSI0YKM, M B HOBOFOAHKK HOYb
n3o6peTaeT NJIOCKOCTHOM BMNONSPHbLIA TpaH3nUcTop. (3aMeTuM, YTO peanbHO paboTarowmnii GUNONSPHBIA TPAH3MUCTOP 6bl1 M3rOTOBJIEH
Tonbko B 1950 roay.)

MpeanoxeHne nNpuHUUNUANbHON cxembl 6onee 3dODOEKTUBHOrO TBEPAOTESIbHOrO YCUUTENS CO C/I0EHOW CTPYKTYpPOW YpaBHSO
LLloknu B npaBax Ha OTKPbITUE TpaH3MCTOpHOro addekTa ¢ bapavHbiM 1 BpaTTeiHoM.

Uepes nonroga, 30 uioHs 1948-ro, B Hbto-Mopke, B wTab-kBapTupe Bell Telephone Laboratories, nocne ynaxuBaHus Bcex
HeobX0AMMbIX MaTEHTHbIX (OpManbHOCTEN, MpoLia OTKPpbITas MNpe3eHTauus TpaH3ucTopa. B To BpeMs yxe Hayanacb xonogHas
BoviHa Mexay CLUA n CoseTckmM COKO30M, MO3TOMY TEXHUYECKME HOBMHKM MpEXAe BCEro OLEHMBaNUCb BOEHHbIMU. K yauBReHuUto
BCEX MPUCYTCTBYIOLIMNX, 3KCMepTbl n3 [leHTaroHa He 3auMHTepecoBajIMCb TPaH3UCTOPOM WM MOPEKOMEHAOBasM UCMONb30BaTb €ro B
C/IyXOBbIX annapaTax.

Yepe3 HecKosbKO fleT HOBOE YCTPOWCTBO CTasi0 HEe3aMEeHUMbIM KOMMOHEHTOM B CUCTEME YyrpaBrieHuss 60eBbIMUM pakeTamu, HO
WMEHHO B TOT AeHb 6/IM30PYKOCTb BOEHHbIX Crlaciia TPaH3UCTop OT rpuda «CoBEPLUEHHO CEKPETHO».

XypHanucTbl oTpearMpoBanu Ha usobpeteHne Toxxe 6e3 0cobbix 3MOUMIA. Ha COpoOK LeCTol cTpaHuue B pasgene «HoBocTu paamos»
B rasete «Hbto-Mopk TaliMc» 6bina HameyaTaHa KpaTkas 3aMeTka 06 M306peTeHWy HOBOro PagMoTeXHUMYECKOro yCTpoKcTBa. WU
TONbKO.

B Bell Telephone Laboratories He oxuaanu Takoro pa3BuUTUS CO6bITUIA. BOeHHbIX 3aka3oB C MX WeapbiM (PUHAHCMPOBAHMEM He
npeaBuaenocb Aaxe B OTAANeHHOM nepcrnektvBe. CpoOYHO MPUHMMAETCS pelleHMe O MpoAaXke BCEM XXEeNakwwWMM JIMLEH3UI Ha
TpaH3uctop. Cymma caenkum — $25 Tbic. OpraHmM3oBbIBaeTCs y4ebHbI LEeHTP, NMPOBOAATCS CEMUHApbI ANS CreunanmcToB. PesynbTaTthl
He 3acTaBnsAT cebs xaatb (puc. 24).
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Puc. 24. CepuitHoe Npou3BOACTBO TPAH3UCTOPOB. OAHO U3 NepBbiX pek/laMHbiX 06baBneHui. CLUA. ®eBpanb 1953 roaga

TpaH3ucTop 6bICTPO HAXOAUT MPUMEHEHME B CaMbIX Pa3/IMUHbIX YCTPOMCTBAX — OT BOEHHOI0 M KOMMbIOTEPHOrO 060pyAOBaHUSA [0
noTpebuTenbCKOM 3NEKTPOHUKU. WMHTEepecHo, 4YTo nepBbili MNOPTATUBHbLIA paavONPUEMHUK [OJIF0e BpPeMsi Tak M HasbiBanun —
TpaH3ucTop.

EBponeiickuii aHanor

PaboTbl MO CO3A4AHUIO TPEX3EKTPOAHOro MOMYMNpPOBOAHUKOBOrO YCUUTENS BEMUCb U MO APYryld CTOPOHY OKeaHa, HO O HUX
M3BECTHO HAMHOMo MeHblle.

CoBceM HepaBHO 6enbruickuii uctopmk ApmaHg Ban Jdopmen u npodeccop CraHdopackoro yHmsepcuTeTa Malikn PuopaaH
obHapyxunmn, 4to B KOHUe 1940-x rogos B EBpone 6bln n30bpeTeH M gaxke 3anylleH B CEPUD «poAHOM 6paT TpaH3ucTopa»
bapanHa-bpaTtTeiHa.

EBponeiickux nsobpertaTteneit TO4eYHOro TpaH3ncTopa 3Banu MepbepTt ®paHy MaTtape u MeHpux WMoraHH Benkep (puc. 25). MaTtape
6611 dU3MKOM-aKCNepuMeHTaTopoM, pabotan B Hemeukol dupme Telefunken n 3aHWMMancsd MWUKPOBOJIHOBOW 3/IEKTPOHWUKOM U
paanonokauuen. Benkep 6onblwe 6bi1 TEOPETUKOM, AOArOe BpeMs npenogasBasn B MIOHXEHCKOM YHUBEPCUTETE, @ B BOEHHblE roAbl
Tpyauncsa Ha nidteadde.



Puc. 25. NU3o6peTaTtenu TpaH3uTtpoHa Nep6epTt Marape u NeHpux Benkep

Bctpetunmucb oHu B Mapwuxe. MNocne pasrpoma dawmcTckon FepMmaHum oba dusmka 6binn npurnalieHol B eBponemckmn dunnan
amepukaHckor kopnopaunn Westinghouse.

Ewe B 1944 roay MaTape, 3aHMMasCb MOSynpOBOAHMKOBbLIMU BbINPAMUTENAMU A1 pafapoB, CKOHCTPympoBan npubop, KOTOpbIi
Ha3Ban AyoanoaoM. DTo 6biia napa paboTalowmx napansiesibHO TOYEYHbIX BbINMPSMUTENEN, UCMOb3YIOWNX O4HY U Ty Xe MAacTUHKY
repmaHusl. Mpu npaBuabHOM noabope napaMeTpoB YCTPOMCTBO MOAAB/SNIO WyMbl B MNpuMeMHOM 6noke pagapa. Toraa MaTtape
0bHapyXun, 4to KonebaHusi HanpsXXeHus Ha OAHOM 3JIeKTPoAEe MOryT 06epHyTbCS M3MEHEHMEM CUJbl TOKA, MPOXOoAsiLero 4yepes
BTOPOW 311€KTPOA. 3aMeTMM, YTO onmcaHne nogobHoro adpdekTa coaep)xanoch ewe B nateHTe JiunneHndenbaa, U He UCKIKOYEHO, YTO
MaTtape 3Han 06 3ToM. Ho kak 6bl TaM HM 6bI10, OH 3anMHTepecoBancs HabaaeMbIM AB/IEHMEM M MPOAOIXKAN UCCeA0oBaHuUS.

Benkep npuvwen K uaee TpaH3UCTOpa C APYroW CTOPOHbI, 3aHMMasiCb KBAaHTOBOW (DU3MKOW M 30HHOW Teopuei TBepaoro Tena. B
camMoM Hayane 1945 roga oH co3faeT CXeMy TBEPAOTEIbHOrO YCUIUTENS, OYeHb MOXOXEro Ha ycTpoicTeo Loknu. B MapTe Benkep
ycneBaeT ero cobpatb M UCMbITaTb, HO €My NMOBE3/10 He 60/blle, YEM aMepMKaHLaM. YCTPOWCTBO He paboTaerT.

B Mapuxe MaTtape n Benkepy nopy4atrT opraHu3oBaTb MPOMbIW/IEHHOE MPOU3BOACTBO MOSYNPOBOAHUKOBLIX BbINpAMUTENEN ANS
dpaHuy3ckon TenedoHHONM ceTn. B koHue 1947 roaa BbINpSMUTENM 3anycKaloTcs B ceputo, U y MaTape ¢ BenkepoMm nossnsercs
BpeMs Ans BO306HOBNEHMS uccnenoBaHuin. OHM  NpUCTYynawT K JallbHEMWWM 3KCNepuMeHTaM C AyoavoaoM. BasoeM  OHM
M3roTaBAMBAIOT NNACTUHKU U3 ropasno 6onee 4MCTOro repMaHus M nony4darT CTabunbHbih 3D@EKT ycuneHms. Yxe B Hayasne UoHS
1948 roga Matape n Benkep co3gatoT cTabunbHO paboTalolmii TOYeUHbI TpaH3uCcTop. EBponenckuii TpaH3MCTop MNOsIBASETCS Ha
nonroga Mnosxe, 4yeMm ycTpoucTso bapavHa v BpatTteitHa, HO abcontoTHO He3aBucMMO OT Hero. O paboTe amepukaHueB MaTape u
Benkep He MOrnM Hu4yero 3HaTb. lepBoe ynoMWHaHWE B Mpecce O «HOBOM paAMOTEXHUYECKOM YCTPOWCTBe», BbiweaweM u3 Bell
Laboratories, nosBunocb Tonbko 1 nons.

JanbHerwasn cyabba eBponenckoro n3obpeTeHns cnoXxunacb nedasnbHo. MaTape u Benkep B aBrycre noAroTOBW/IM MATEHTHYHO
3asaBKy Ha u306peTeHne, HO (paHuy3ckoe 61pO MaTEeHTOB O4YeHb AOMT0 M3y4yano AOKYMEeHTbl. Tonbko B MapTe 1952 roaa oHwu
NnonyyatoT naTeHT Ha M306peTeHMe TpaH3UTpOHa — Takoe Ha3BaHue Bblbpanu HeMmeukue GU3MKKM CBOEMY MOSYNPOBOAHMKOBOMY
ycunutento. K ToMy BpeMeHu napuxckuii dumnman Westinghouse yxe Hayan cepuiiHOe MNpPOM3BOACTBO TPaH3UTPOHOB. OCHOBHbIM
3aKasumMkoM BbICTynano NoytoBoe MUHWUCTEPCTBO. Bo ®paHuUMM CTPOMNOCH MHOIO HOBbIX TeNnedOHHbIX NMHWUI. TeM He MeHee, Bek
TpaH3MUTPOHOB bbis1 Hegonor. HecMoTpsl Ha TO, YTO OHM paboTanu yylle U AoNblue CBOEro aMepuMkKaHcKoro «cobpaTa» (3a cuyeT 6onee
TwaTenbHol cbopkKn), 3aBoeBaTb MUPOBOWN PbIHOK TPAH3UTPOHbLI He cMor/n. Brnocneacteum dpaHuUy3ckue BlacTyM Booblle oTKkasanaunchb
cybcmampoBaTh mccnenoBaHMs B 061acTy MOAYyNpPOBOAHMKOBOM 3NEKTPOHMKM, MEPEKUYMBLUNCL Ha 6onee MacwTabHble siaepHble
npoekTbl. JlabopaTopuss MaTape m Benkepa npuxoauT B YMaAoK. Y4yeHble MPUHUMAlOT pelleHMe BepHYTbCS Ha poauHy. K Tomy
BpeMeHn B [epMaHMM HauYMHAETCS BO3POXAEHME HAayKM U BbICOKOTEXHOIOMMYHOM MPOMbILWLNEHHOCTU. Benkep ycTpamBaeTcs Ha paboTy
B NabopaTopuio KoHUepHa Siemens, KOTOPYK BMOCAEACTBMW BO3rnaBuT, a MaTtape nepeesxaer B [ccenbaopd M CTaHOBUTCSH
npesmaeHToM Hebonbwon koMnaHuu Intermetall, BbinyckatoLle nonynpoBoAHUKOBbIE MPUGOPHI.

MNMocnecnosue

Ecnn npocneanTtb cyabbbl amepukaHues, To JxoH BbapavH ywen u3 Bell Telephone Labora-tories B 1951 roay, 3aHancs Teopuei
CBEpXNpoBOAUMOCTM 1 B 1972 roay BMecTe C ABYMS CBOMMU yuyeHUKaMu 6bin yaoctoeH Hobenesckol npemun «3a pa3paboTky Teopumn
CBEpXMNpoBOAMMOCTU», CTaB, TakuM 06pa3oM, eAUHCTBEHHbIM B UCTOPUW YUYEHbIM, ABaXAbl HOGENeBCKUM naypeaToM.

Yontep bpaTtteitH npopaboTan B Bell Telephone Laboratories 4o Bbixoga Ha neHcuto B 1967 rogy, a 3aTeM BEpPHY/ICS B CBOW pOAHOM
ropoj v 3aHsanca npenojaBaHueM GU3MKM B MECTHOM yHUBEPCUTETE.

Cyabba Yunbsama Loknu cnoxunace cneaywowmm obpasoMm. OH nokupaaeT Bell Telephone Laboratories B 1955 roay u, npu
durHaHcoBolM nomowm ApHonbaa bekMaHa, OCHOBbIBaeT hMpMy No NpomM3BOACTBY TpaH3uctopos — Shockly Transistor Corporation. Ha
paboTy B HOBYK KOMMaHWIKO MepexoasT MHOroe TaslaHT/IMBble YYeHble U MHXEHEepPbl, HO Yepe3 ABa roga H60MbLNHCTBO U3 HUX YXOAST
oT LLoknu. 3aHOCUYMBOCTb, BbICOKOMEPUE, HEXENaHWe NMPUCTYLUIMBATLCS K MHEHUIO KOJIIEr U HaBsA3uMBasa naes He NOBTOPUTb OLINGKY,
KOTOpYt0 OH gonycTtun B pabote ¢ bapanHbiM 1 BpaTTteiiHoM, aenatoT cBoe Aeno. KoMnaHua pa3sanvBaeTcs.

Ero 6biBwMe coTpyaHuku [opaoH Myp u Pobept Hoic npu noaaepxke Toro xe BbekmaHa ocHoBbiBaloT dupmy Fairchild
Semiconductor, a 3aTteM, B 1968 roay co3gatT cobcTBeHHYO KOMNaHmio — Intel.

MeuTta LUOKAM MOCTPOUTL MOSYMPOBOAHMKOBY 6M3HEC-uMMNeputo 6blla NpeTBopeHa B XM3Hb APYyrMMKM (puc. 26), a eMy onsTb
[locTanacb posib CTOPOHHero Habntoaatens. MpoHus cyabbbl 3akitoyaeTcss B TOM, 4YTo ele B 1952 roay MMeHHo LLoknan npeanoxun



KOHCTPYKLMIO MOMEBOr0 TpaH3MCTOpa Ha OCHOBe KpeMHus. TeM He MeHee, koMnaHusl Shockly Transistor Corporation He BbinycTMna
HM OAHOro NoseBOro TpaHamcropa. CerogHs 3TO YCTPOMCTBO ABSIETCS OCHOBOM BCEN KOMMbIOTEPHOM MHAYCTPUMN.
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Puc. 26. OBosroumnsa TpaH3ucTopa

Mocne Heynaum B 6usHece Loknu cTaHoBUTCA npenogaBaTtenieM B CTaHAdOpACKOM yHUBepcuTeTe. OH uMTaeT 6nectawmne nekumnm
no dusnke, TMYHO 3aHMMAETCS C acnupaHTamMu, HO eMy He XBaTaeT 6blJIol C/laBbl — BCEro TOro, YTO aMepuKaHLbl Ha3blBAlOT EMKUM
cnoBoM publicity. Woknu BkAo4aeTcs B O6WECTBEHHYK XW3Hb WU HayMHAET BbICTyNaTb C AOKAaAaMy MO MHOMMM COLMasnbHbIM U
Aemorpaduyeckmm BornpocaM. [lpeanarasi pelweHus OCTpbiXx Mpo6sieM, CBSI3aHHbIX C MEpeHacefieHNeM asnaTCKUX CTpaH w
HauMOHaNbHbIMKU PasNYUSMU, OH CKATbIBAETCA K €BreHWKe M pacoBOW HeTepnuMocTu. lpecca, TeneBUAEHWE, HayuHble XXypHasbl
O06BUHAIT €ro B 3KCTpeMuM3Me U pacusMme. LIoknM CcHOBa <«3HaMeHUT» WU, TOXOXe, WCMbITbIBAET YAOBNETBOPEHUE OT BCEro
npoucxoasiiero. Ero penytaumMm n Kapbepe y4eHoro npmuxoamt koHeu. OH BbIXOAMUT Ha NMEHCUI0, NepecTaeT co BCeMU 06LaTbCs, Aaxe
C CO6CTBEHHbLIMU AETbMU, U AOXMBAET XN3Hb 3aTBOPHUKOM.

PasHble ntoan, pasHblie cyabbbl, HO BCeX X 06beanHSEeT NPUYACTHOCTb K OTKPbITUIO, KOPEHHbIM 06pa3oM M3MEHMBLLUEMY HaLl MUP.

OaTty 19 pekabps 1947 roga MOXHO MO MpaBy CYUTATb OAHEM POXAEHMS HOBOM 3MoXM. Havancs orcyeT HOBOro BpemeHu. Mup
WarHysa B 3py UMMPOBbLIX TEXHOMOMNNA.
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