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Beryniienue

KoMy naHo mpaBo KBaM(PHUITMPOBATH HOBYIO TEXHOJIOTHIO KaK PaJHKaIbHO
HOBYIO, WJIM TOBOPS SI3BIKOM JKYPHAJIUCTOB — PEBOJIONUOHHYIO? DTOT BOMIPOC
BOJTHOBAJI MHOTHX YYE€HBIX Mupa. Ha Hamm B3risi, camplid TIOJIHBIA OTBET HAa ATOT
BOIPOC JIajl UCTOPHUK, UCCIEA0BATENb PA3BUTHUS AJIEKTPOHUKH U IJIEKTPOTEXHHKH,
PYKOBOJIUTENb IIIKOJbI KOMMYHHKAIUi B BeCTMHUHCTEPCKOM YHHUBEPCUTETE,
npodeccop bpasa Buncron (B.Winston) B cBoeli kaure "Media Technology and
Society. A History: from the Telegraph to the Internet": "...mepmun "pesonroyus”
ABNAEMCSL  PUMOPUYECKUM HNPUEMOM U €20 6000uje COBEPULEHHO HEBEPHO
npUMeHsAms Ol ONUCAHUSL PA38UMUSL UHQDOPMAYUOHHBIX U KOMMYHUKAYUOHHBIX
mexuono2ull. B OelicmeumenvHocmu dice 6 UCMOPUYECKOU JIeMONnUCU MONCHO
Hab00ams OoJiee MeONeHHbl MeMNn USMEeHEHUL, YeM Npeonoaasaemcs, a maxice
pe2yNsApHOCMb 8 NOAGNeHUU UHHOBAUUOHHBIX CMPYKMYp U UX nocieodyujee
Maccogoe pacnpocmpaneHrue, Komopoe Moxlcem cmams Mo0envio OJisl 6CexX MaKux
usmenenuu'. OJHUM U3 TIPUMEPOB Takoil "peBomonuu" MOXKET ObITh HUCTOPHUS
Pa3BUTHS MOTYPOBOTHUKOBON TEXHUKHU.
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Konctpykiuu nepBbix ToueuHbix 1uooB (Myseir OOO "EITOC")

Pa3zpabotku B chepe nHPOpMaIMOHHBIX 1 KOMMYHUKAIIMOHHBIX TEXHOJIOTHMA
Yalie BCEro OTHOCST K "KOMIIBIOTEPHBIM Haykam', HO JIaTh ONpPEAEICHUE, YTO Ke
Takoe "KOMIBIOTEpHbIE HAyKH'" JOCTAaTOYHO CJIOKHO: OJIHM CUHTAIOT HX
byHIaMEHTAIBHBIMU HAayKaMu, JAPYrHe — MEXKIUCIUIIMHAPHBIMUA HAy4HO-
TEXHUUYECKUM HCCJICOBAaHUSMH, TPETbU — HOBOM KuOepHeTukou. OmHaKo Mo
OTHOIIICHHUIO K HayKe, 3HaHHE KOMIIBIOTEpa 3aHUMAET TaKO€ ke MOJIOKEHUE, KaK
3HaHWE (PUINYECKUX HMHCTPYMEHTOB OTHOCUTEIBHO K (Qu3uKe. 3adacTyr K
KOMITBIOTEPHBIM HayKaM OTHOCST 3HaHHUS B 00J1acT MHGOPMAIMOHHBIX CHUCTEM,
CpEIICTB KOMMYHHUKAI[MU, aBTOMATU3al[MU U KOHTPOJISI, CPEACTB MAaTEMaTUUYECKOTO
MOJICJIMPOBAHUS, @ TAKKE CPEJICTB aBTOMATU3UPOBAHHOIO MpoekTupoBanus. Ho mo
CyTH Jena, BCE 3TO BO3HUKIO IMEPBOHAYAIBHO W3 3JEKTPOHHUKHU. [lo3aTomy,



HCCIIENYs] HCTOPUIO MOJYIPOBOJHUKOBOW TEXHUKH KaK COCTaBHOM 4aCTH UCTOPUHU
BO3HUKHOBEHUs  JJIEKTPOHUKH, Mbl  OJHOBPEMEHHO  pacCMaTpuBaeM W
IIPEAIIOCHIIKH TOTO, YTO CEMYAC HAa3bIBAIOT KOMIIBIOTEPHOU PEBOJIFOLIUEN.

HepBbIe ONbITHI C NOJYIIPOBOJHUKAMM

[TonynpoBOJHHUKHK, KakK HOBBIM MaTepuan ISl SJIEKTPOTEXHUKH, CTaju
NPUMEHSTH TOJBKO B CEpEMHE MPOILIOro BeKa, a TEPMUH MOIYNPOBOAHUKU OBLIT
BIIEPBBIC TMPENJIOKEH M UCMHOJB30BAaH B MYyONMKAIIMM HEMEUKOro (usmka
Kenuc6epra B 1914 rony.

[lepBble ke MccaeAOBaHUS MOJIYIPOBOJHUKOB ObLIM MPOBEAECHBI Maiikiom
®apaneem B 1833 rogy. Ilpomomxas pabotbl cBoero yuurtens Xomndpu J[IBw,
dapageem ObLT YCTaHOBIEH TOT (PaKT, YTO AJIEKTPONPOBOJHOCTH CEPHHUCTOTO
cepedpa ¢ poCTOM TEMIIEPATypPhl MOBBIIIAETCS B OTIMYHUE OT METAJIIOB, Y KOTOPBIX
OHa C POCTOM TeMIepaTypsl nagaer. B mocnenytonue roasr @apaaeit Habmroman
Takue ke 3(PGEeKThl elle B psjie pa3IMYHbIX MaTepuajoB, 4YeM COOCTBEHHO U
OTKPBIJI HOBOE HAallpaBJIEHUE B OKCIEPUMEHTaNbHOU (Qu3uke — (U3uKy
MOJIYTPOBOJTHUKOB MJIM KaK Ha3bIBIM €€ B TO BpeMsi — Kpuctamiopuzuky. Ho
KaK OTJeIbHasi OTpaciib Hayku, (PU3UKa MOJYIPOBOJHUKOB OTACIUIACH OT 00IIei
¢busuku Toapko B 1930-x romax.

B TO0 Bpems wuccinenoBateld HE HMMEIM HU TEOPETHUYECKOW, HU
HKCIIEPUMEHTAJIBLHON 0a3bl JUIsl MCCIEAOBAHMS IMOJYIMPOBOJHUKOB, MO3TOMY Ha
HEKOTOPOE BpPEMsI M3YUYEHHE ITOIYNPOBOJHUKOBBIX KPHUCTAIIOB IMPOU3BOJMIIOCH
OYEHb MEJICHHO M OCTaBajOCh B TEHW U3YYEHHMS JIPYTUX HANpaBJIE€HUN B (PUBHKE.
Tak mpomomkanoch A0 Tex mop, nmoka B 1873 roay He ObLI0O OOHApPYKEHO, YTO
CONMPOTHUBJIEHUE Marepuana ceyneHa (Se), KOTOPbI UCIOJIb30BANICS I U30JSIUU
TenerpadHoro kabensi, U3MEHSIETCS] MPU OCBEIICHUH. DTO OTKPBITUE MPOU30LLIO0
YUCTO CIy4alHO BO BpeMs MPOBEJACHUs paboT MO MPOKIAJIKE TelerpapHoro
ka0enst MeXy AHTIIMEH U KOHTHHEHTanbHOUM EBpormoit. [loaToMy nMeHHO paboThI
B HOBOM oOTpacid (9JAEKTPOMArHUTHBIA Tenerpad) mpuBenn K Hayary
MCIIOJIb30BaHUs MMOJYNPOBOIHUKOBBIX MAaTEPUAIOB B AIEKTPOTEXHUKE.

N300peTenue iekTpuUYecKoro rejaerpaga

Jlo cepenunbl XIX BEKa OCHOBHBIM M €IWHCTBEHHBIM BHJIOM CBSI3U MEXKIY
KOHTHHEHTaMU ObUIa TapoxojHas modta. O COOBITHUSX M HOBOCTSX W3 JIPYTUX
CTpaH JIIOJM y3HABaju C OIMO3/IaHMEM Ha IeJIble HEJEIW, a WHOT/Ia U MECHIIbIL.
[TosToMy co3mgaHue HdJeKTpuyeckoro Tenerpada sBUIOCHL '"peBosoinuei" B
KOMMYHUKaIuu jrofei. [lociae Toro, kak 3Ta TeXHUYECKasi HOBUHKA MOSIBUJIACh B
OOJBIIMHCTBE CTPaH, a 3€MHOM 1ap onoscaiu TejaerpadHbie JIUHUA, HEOOXOUMBI
OBLIM TOJIBKO Yachl WJIM MUHYTHI, YTOOBI BaKHEUIIIME HOBOCTU CTaJIH U3BECTHBIMHU
Ha BCEX KOHTHMHEHTAaX 36MHOTO IIapa. DIEKTpUUYECKuil Tenerpad siBUJICS OJHUM U3
BOKHEHIIMX M300peTEeHUN B HMCTOPUU YEJIOBEUECTBA M TMOJTOJKHYJ YYEHBIX K
OypHOMY Pa3BUTHIO CPEJICTB CBSI3U.

st paboThl AyeKTpuueckoro Tejerpada HMCHOIb30BANICS JJICKTPUUSCKHMA
TOK, KOTOPBIN MPAKTUUYECKHU CO CKOPOCTBHIO CBETA MEepeMEeIIaliCsl 0 MPOBOHUKAM
¥ TIEPEHOCUJI COOOIIeHHsI Ha OoJbiiue paccTosHus. Kaxmoe HOBOE OTKPHITHE B



AIIEKTPUYECTBE MPAKTUYECKU Cpa3y K€ HAXOAWIO NPUMEHEHUE B Pa3IUUYHBIX
croco0ax CBSI3H.

CxeMa nsnekTpuyeckoro Tenerpada pokaanach ¢ OOJbUIMMU MYYEHUSMU,
TaK KaK BCE €€ DJIEMEHThl ObLIM HAa TO BpeMs TEXHUYECKUMHM HOBHUHKamH. B
KaueCcTBe MCTOYHUKA DJIEKTPUUYECTBA HCIOJIB30BAIUCH JJIeKTpuueckue 'cyxwue"
Oarapeu. HenaBHO M300peTEeHHBIE AIEKTPOMArHUTHBIE pelie HAIILIU IPUMEHEHNUE B
KauecTBe YyCUIuTeNe-kommyTatopoB. lMccienoBanuch paziuyHble METAIBI B
KAueCTBE 3JIEKTPUYECKHUX MPOBOJOB, A I HUX MPOBOAWINCH TOUCKU W30JISALHUU.
Breibupanuch crnocoObl perucTpanuu MeperaBaeMbIX TeJerpadHbIX CHTHAJOB,
co3JaBajach CUCTEMA UX KOJUPOBAHUS U PETPAHCISLUU.

OgHuM M3 caMbIX BaXKHBIX OTKPBITUM B Tenerpaguu OBLIO TO, YTO
COOOIIEHUST MOXKHO OBLIO TIEpeaBaTh MO OJHOMY MPOBOJY, €CIIU 3a3€MJIHUTh €T0
JIpYyrol KoHell B TOuke npuema. Ilocie 3Toro cranu Ha OJHOW CTAaHLIMM TPAKTa
nepeauynd 3a3eMIIATh TOJIOKHUTENbHBIA TMOoJoc Oarapeu, a Ha JApyrod -—
OTpHUIIATEIBHBIN, TIPH 3TOM OTIa’da HEOOXOAUMOCTh TSHYTh BTOPOM MPOBOJ, Kak
ATO Jenalid B Havase. "3emiia" mpu 3TOM SIBJISUIACH MPOBOJIHUKOM JIJIsi OOpaTHOTO
TOKA.

CaMyto O0JIBIIYIO POJIb B CTAHOBJIEHUHU DJIEKTPUUECKOro Tenerpada coirpai
Comiosn Mop3ze. OH moTpatui OOJBIIYI0 YacTh XU3HU HA pa3BUTHE 3TOTO
cpencTna cBsi3u. HecMoTpst Ha TO, 4TO 1Mo npodeccuu OH ObLI XyJ0KHUK U OYEHb
c1a00 pa3dupasncs B TEOPETHUECKUX BOIIPOCAX IIEKTPUUECTBA, €T0 HACTOMYUBOCTh
U CIIOCOOHOCTh B MPUBJICYEHUU HYKHBIX JIFOJIEH, MO3BOJIMIM CO3AaTh F€HUATBHO
IPOCTYIO CUCTEMY NE€peladyu COOOUIEHUI MO MPOBOAAM Ha OOJIbIIME PACCTOSHUS.
[Ipaktrueckn Bce Comroamo Mop3e npuxoawioch AenaaTh caMoMmy. Bo Bpems
a3pabOTKU CXeMbl CBOEro Teierpada OH Hajaelal MHOTO OHIMOOK, Haxons U
UCIIpaBJIsisl KOTOpbIE, pa3BUBa MPAKTUKY JJIEKTPOCB3U. biarogapst ero ombitam
CTaJIO MOHSATHO, YTO HEOOXOAMMa HAACKHASI U30JISIUS OTOJICHHBIX AJICKTPUUYECKUX
MPOBOJIOB; I yCHWJIGHHUS CJaObIX CHTHAJIOB, IepelaBaeMbIX II0 JIMHUH,
HEOOXOMMO MPUMEHEHHE AJIEKTPOMArHUTHOTO pelie; Lenb NnepeJayl cOOOIeHn
JIOJDKHA COCTOSATHh W3 MHOTHX CIENYIOIIMX JAPYr 3a APYTOM IPOCTBIX CETMEHTOB
tenerpadgHoro Tpakrta. llepByro TenerpadHyr0 JIMHHIO JJIMHON 64 KM
MPOKJIaAbIBaIM Mexay Bammurronom n bantumopom. Ee pemmnu npokinaasiBaTh
IOJI 3€MJIE, HO BCKOPE BBIACHWIOCH, YTO W30JSILUS HE BBIIEpXkala CHIPOCTU U
00pa3oBajoch 0OJIBIIOE KOJUYECTBO KOPOTKUX 3aMbIKaHUU B JIMHUU. BpemeHnu Ha
pazOupaTenbCTBO C M3OJSIMENd He ObUIO M MPOBOAA CTAIM TMOJBELIMBATH HaJ
3eMJIei Ha CIIeMANIBbHBIX TeJerpadHbIX CTOI0aX.

Pazpaborannas cxema Ttenerpadguoro ammapatra Mop3e ObLla TpocTa u
oueHb d(pdextuBHa. Iloaromy 5>TOT »dnekTpuueckuid Tenerpad MOTYUUI
HIMpoyaiiliee pacrnpocTpaHeHWe B MUpE, a pa3paboTaHHas IOJ PYKOBOJCTBOM
Mop3e cucremMa KOOUPOBAaHUS COOOIICHMH MCIONB3YeTCs M CEerojHsA B
JTHOOUTETHCKON PaInOCBS3H.
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Cxewma aniextpudeckoro tenerpada C. Mopze

B niepBrix cBOMX omnbITax Mop3e UCIOIb30Ball I CBOEH LEIN TOJIBKO OJHY
AJIEKTPUUECKYI0 Oarapero, MOITOMY TMepefaTh CUTHAJl Ha UCHOJHUTEIHLHOE
YCTPOMCTBO OH MOT TOJBKO Ha HEOOJbIIOe paccrosiHue. Yem anuHHEe ObLI
MPOBOJI, TeM OOJIbIIE ObUIO €ro COmpoTHBIeHNE. TOHKUN AIEKTPUUECKUI TIPOBOJ
Jerko paspsiBasics. [loaToMy B nanbHeieM TenerpadHbie MPoBoia CTaIU JIeNaTh
WM OOJIBIIIOTO CEYEHUS WIIH K€ B BHJI€ MHOTOXKUJILHOTO TUIETEHOTO Kabers.

M3omnsiius mpoBoAOB AOCTaBIsAIA TaKKe MHOTO HenpusaTHocTel. Heobxoaqum
ObLT Kabenb OOJNBIION MPOTSIKEHHOCTH, MPOYHOCTH U HU30JMPOBAHHOCTH, YTOOBI
MPOKJIALIBATE €T0 MOJT BOJION Ha OOJIBIIINE PACCTOSHUS U HA OOJIBIIUX TTyOHHAX.

ITonbITKH COEAUHUTH IEKTPUUYECKON CBA3bK0 KOHTUHEHTAIBHYIO EBpony u
Anrnuo Havdanuch emnie B 1840 romy, korga aHmmickuii npodeccop YUTCTOH
MPEACTABWII HA PACCMOTPEHHUE MapilaMEeHTa MPOEKT MPOKIAIKH I0JBOJIHOIO
ANIeKTpUUEcKoro kabenst oT anrnuiickoro /[lyBpa k ¢paHiry3ckomy Oepery, HO He
MOJIy4YWJI COIJIachsi, COOTBETCTBEHHO W JeHer. Mew NnpokiIaakud o[ BOAOU
tenerpadHbIx kabenei, yepes aBa roga nepexBatuia Cemiodns Mop3se, KOTOpbIi K
TOMY BPEMEHHM y)Ke CBs3ain TenerpadusiM kabemem Gepera 6yxTsi Hpro-Mopka u
o0ecnieuns rmepefadyy Mo HEMYy COOOIIEHMsI C HCIOJb30BaHHMEM COOCTBEHHOTO
3aImaTeHTOBAHHOTO Koja— Koaa Mop3se. B kome Mop3e OykBbI MpeacTaBIISIFOTCS
KOMOHWHAITUAMH KOPOTKHX U JITMHHBIX curHajioB — "touek" u "tupe". Torma xe
OH Tmpejackazan, yTto ckopo teinerpad cpsbker Crapwiii CBer ¢ HoBbiM. Uto
COOCTBEHHO M Mpou3onuio uepe3 gecstuierve. I[lpaBna, tenerpadnas cBs3b
npopaboTana BCEro JIMIb OJUH MECHll, Moclie Yero Tenerpad 3amoJiKk HaBcerja.



OCHOBHOM TpPUUMHOM OBICTPOTO BBIXOJAA W3 CTPOs TelerpadHON JUHHHM ObLIO
HU3KOE KadyeCTBO M30JSILUU DJEKTPUUECKUX IPOBOJHUKOB. B TO Bpems
OCHOBHBIMHM MaTe€pUalaMU JJIsl UX HU30JSLUHN CIYKWIM HaTypaJlbHbIE MOJUMEPBI:
KaydyK M TryTTamepya, a CHapyXu KaOeiab oOBHBajics OpOHEW U3 CTaJbHOU
IPOBOJIOKU. {711 MpUOpPEX)HBIX Y4acTKOB OpOHIO Ha KaOesle M3roTOBJISUIM B JIBa, a
TO U B TPU CJI0S JUIS 3aLLIUTHI OT PHIOAIIKUX CHACTEH U AKOpel Kopaliien.

B 1873 romy anrnmiickuii ¢uszuk Y. CMHUT TpeIoKUIl KCIOIb30BaTh B
KayecTBE M30JALUU celeH. TeXHONOTus H30JSIIUKU Oblla CIEIyIOIIeH: CceleH
HarpeBaiu 10 Temnepatypsl 220 — 230 °C, mpu KOTOpO# OH MEPEXOAMII B KUIKYIO
¢azy, a mocse 3TOro ero HAaHOCHJIM Ha MEIHBIA MPOBOJHUK B KaUECTBE H30JIATOPA.
[Tocme ocThIBaHHS CEIEHOBOTO CJIOS TOJy4yandach CpPaBHUTENIBHO TOJICTas
"cTexnsHHAs" u30ALMA HA TenerpadHom kadene. [Ipu ucnpITaHuAX 3TOTO Kades
B KadecTBe TenerpaHoOi IMHUU OH OOHAPYXKWJ HHTEPECHOE SBIICHHE: TPHU
OCBEILIEHUHU JaXe OYEeHb Cla0bIM "IyHHBIM" CBETOM YJelbHas HPOBOJAUMOCTb
kabenst u3MeHsuiach. [IpUuMHON TakKoro SBJIEHHS OKa3aJlUCh WHTEPECHbIE
3¢ ¢deKThl, 0OHApYKEHHbIE B H3OJSIIMOHHOM Martepuaie kabens. VMIMeHHO 3Tu
3¢ (EeKThl JErIu B OCHOBY IEPBBIX CEJIEHOBBIX (DOTOCOMPOTHUBIEHUHN, CEPUITHOE
MIPOU3BOJICTBO KOTOPBIX HAa4YaJIOCh B 1876 roxy.

CnpaBka: CeneH — XUMUYECKUH 2eMeHT 16 rpymiel, 4-ro mepuoja B MepHoANnYECcKOM
cucteme MeHzeneeBa, MeeT aTOMHbIN HoMep 34, o603HayaeTcs cuMBosioM Se (J1atT. Selenium).

Cenen Obut oTKkpbIT B 1817 rony bepuennycom u ['aHHOM IpH Mccle10BaHUU OCAKOB,
KOTOpble 00pa30BHIBAJIUCH B CBHHIIOBOW Kamepe MpU MPOU3BOJCTBE CEpHOU KUCIOTHI. HOBBIH
AJIEMEHT M3-3a XUMHUYECKOro cxojacTBa ¢ 3iemeHToM Temnyp (Te) Obul Ha3BaH TpedyecKuM
cioBoM "cesneH", uTo o3HadaeT "nyHa". IloduTH MATHAECAT JIET CelleH OcTaBaJiCcs J1abopaToOpHOU
penkocteio. Haumnas ¢ 1873 roma, ceneH Havan MPUMEHSTCS U1l CO3AHUS (POTOIIEMEHTOB U
TOT TOJA SBWJICS HAyajJoM IIMPOKOTO TNPOHUKHOBEHMs CEJI€HAa B PAa3JIMYHbIEe OTpaCiu
IPOMBINUIEHHOCTH. Ha cerogHsmHuii AeHb celeH HaxOOUT NPUMEHEHHWE B METAJTypIuH,
XUMHYECKOM IIPOU3BOJICTBE, MEKTPOHUKE U METULIMHE.

B mnpupome cemeH Bcrpeuaercs B coctaBe Okojio S50 MHHEpaJoB, TeM HE MEHee,
COJIEpKaHUE CEJICHa B 36MHOM KOpe HE MPEBHIIIACT 1,4*10°%. MuHepainsl, cofiepkaiiue ceiaeH
NPECTaBISAIOT COO0M OONBIION YaCThIO CEJICHU Bl TSKETBIX METAJIOB, TAaKHWE KaK OeplearnaHuT
Cu,Se, naymanuaut AgoSe um npyrue. CeneH OOBIYHO MPHUCYTCTBYET B CyIb(QHIaX: MHPHUTE,
rajieHUTe, XaJIbKONUPUTE, — B KOHIIEHTpALMAX MOpsAKa COThIX mpoleHTa. Hanbonee kpymnHble
3amachl CeJeHa MPUYPOUYEHBbl K THAPOTEPMANIbHBIM CYJIb(QHUIHBIM MECTOPOXKICHUIM —
KOJTYeJaHOBBIM, METHO-LIUHKOBBIM, METHO-MOJIUOI€HOBBIM U MOJTUMETATITUIECKUM.

B coBpeMeHHOI MPOMBIIUIEHHOCTH CEJIEH MOIy4al0T HECKOIbKUMU CIoco0aMu:

e II3BieyeHHEM U3 MEAbCOJEPXKAIUX dJICKTPOJIUTHBIX IIJIAMOB U  IIJIAMOB
CEpHOKHUCIOTHOTO U LEJUTI0I03HO-0yMaKHOTO MTPOU3BO/ICTBA;

e 1I3BieyeHune U3 MOOOYHBIX MPOTYKTOB CBUHIIOBOTO IPOM3BOJICTBA;

e [losyueHne BTOPUYHOTO CeJIeHA U3 YTHIN3AUH KOMUPOBAILHOTO 000pYyJOBAHUS.

CeneHoBble (HOTOCONPOTHUBIICHUS] CTajJM HCIOJNb30BATHCA B PA3TMYHBIX
ontuyeckux npubopax. Bo3HHKIa MOTPEOHOCTH OOBSICHUTH MPUYUHY HTOTO
SBJICHUS U HauyaThb IOMCK HOBBIX CBETOYYBCTBHUTEIBHBIX MarepuanoB. Tak Ha
pyOexe nBaaIaroro crtojieTus (U3MKKA HAYald JCTAITBHO HM3ydaTh pPa3IUvYHbIC



MaTcpHraibl, KOTOPLIC 11O UX CBOICTBaM HeNb3s1 ObIIIO OTHECTH HU K IMPOBO/ITHUKAM,
HH K JUIJICKTPUKAM.

du3nyecKkue Npouecchl B MoJynpoOBOAHUKAX

dopmupoBaHUE MPEACTABICHUN O (PU3HMUECKUX MpOIEccaX, MPOUCXOASIINX
B TMOJYIPOBOAHHUKAX, 3aTPYAHAIOCH MHOr00OpazneM OOHAapy>KEHHBIX SIBICHUH.
[IpoBogs uX wucciaenoBaHus, WieH HanMOHAIBHOW aMEpPHUKAaHCKOW aKaJaeMuu
Onmun  [.Xomn B 1879r. OTKpBUI TambBaHOMArHUTHBIA  3(pdeKkT B
IIOJIYIIPOBOJHUKE C TOKOM, IOMEUICHHOM B MarHuTHoe 1one. CyTblO 3TOro
SIBJIEHUSI ObLJIO BO3HUKHOBEHHUE IIONEPEUYHOTO 3JIEKTPUUECKOIrO MOJII U Pa3HOCTU
IOTEHIIMAJIOB B IOJYNPOBOAHUKE, IO KOTOPOMY IPOXOJIUT IJIEKTPUYECKUH TOK,
IIpY IOMELICHUM UX B MarHUTHOE I10JIE, IIEPIICHIUKYJIIPHOE HAIIPaBICHUIO TOKA.
TeopeTuku Tex JIeT MOIVIM OOBSICHUTH MOBEJCHHE AJIEKTPOHOB B MeETaijiaX, HO
OOBSICHUTh TaKOE IMOBEACHHUE IOJYIPOBOJAHUKOB B MarHUTHOM IIOJIE OHU HE
MOTJIN.

Tem He MeHee, yxxke B Hauaine XX BEKa MNPUPOJA BJIECKTPONPOBOAHOCTH
MOJIYIPOBOJHUKOB TOJIyYHJIa TPABWIBHOE OOBSCHEHHE. JTOMY YyCHeXy B
3HAYUTEIBHON CTENEHH CHOCOOCTBOBAIM pabOThl HEMELUKOrO 3JIEKTPOXHMHKA
N. Kenurcbeprepa.

Kenurcbeprep paccyxnman ciaeayroumuMm — obpazoM.  [IpoBoammMocTb
ONpEENSIeTCs] BEIUYMHONW TOKA, KOTOPBIM MPOTEKAET Yepe3 CEUYECHHE IUIOMIA/IbIO
1 M%, 101 JeiiCTBHEM BNEKTPHUECKOro IOJs HANpsukeHHocThio 1 B/M. TTockombky
IEKTPUYECKUI TOK - 3TO YINOPSJAOYEHHOE BUKEHHUE 3apsUKEHHBIX YaCTHUL, TO OH
OyZAeT 3aBUCETh OT KOHIIEHTPAIMM 3THUX YaCTHUI, CKOPOCTH UX YIMOPSIOUYEHHOTO
JIBVKCHUS M BEJIMUYUHOM MIEPEHOCUMOI0 Ka)JI0W YaCTUIIEH 3apsa:

Q=N*v*q (1)

Takum  oOpazom, Kenurcbeprep mpeamonarai, 4YTO  HM3MEHEHHUE
AIIEKTPUUECKOW MPOBOAUMOCTH TOJYMPOBOJHUKOB 3aBUCUT OT KOHIIGHTpAIlMU B
HEM DJICKTPOHOB.

3apsn 4acTHIlBI ( SIBISIETCSA MOCTOSHHBIM, HE 3aBUCAIIUM OT TEMIIEPATYPHI.
[TooToMy pJaHHYIO BETWYMHY MOXHO HCKJIIOYUTh U3 COHCKa (DaKTOpOB,
00yCJIaBIMBAIONTNX 3aBUCUMOCTD ITPOBOJIMMOCTH OT TEMITepaTyphl.

CxopocTh ABMKEHHUS YacTUll V ¢ TeMrepaTypou Bo3pacraeT. Ho temnoBoe
JBIDKEHUE YacCTHUIl SBISICTCS HE YIOPSIOYCHHBIM, a XaOTHYHBIM. Bo3pacraHue
CKOPOCTH XaOTHYHOTO JIBM)KCHHS YBEITMYUBACT YHCIIO CTOJIKHOBEHUHN dTUX YACTHII
JpyT C APYTOM, U B pe3yibTaTe CKOPOCTh YIOPSAIOUEHHOTO MepeHoca 3apsaa V (a
UMEHHO JTO SBJISIETCS OO0S3aTENIBHBIM TPU3HAKOM DJIEKTPUUYECKOTO TOKA)
yMeHbIaeTcsi. B pesynprare mpOBOAUMOCTH JIOJDKHA YMEHBIIATHCS C POCTOM
TEeMIIepaTyphl, YTO MBI U HAOJIFOIa€M B METAIIIaX.

OcraeTcs TPEANONOXKUTh, YTO C BO3pacCTaHUEM TEMIIepaTyphl B
MOJIYITPOBOJTHUKAX YBEIMYMUBACTCS KOHIICHTPAIMSI YaCTUI[ - HOCHUTENICH 3apsja.
[Ipydem 5TO yBenWYEHHE HACTOJBKO BEJIMKO, YTO TEPEKPHIBACT TEIUIOBOE
YMEHBIIIEHNE CKOPOCTH YIOPSAA0YSHHOTO TIEpeHOca 3apsia.



B cBoeit pabote, omybnmukoBanHoi KenurcOepreprom B 1906 romy, oH
nucai:  "llpu nogviuwenuu memnepamypvi 6 OKCUOAX U CYIbPUOAX YUCTO
NPOBOOSUUX UMU  CBOOOOHBIX KBAHMOB DIeKMpUYecmea - 91eKMPOHO8 -
yeenuuusaemcs, NOKAa He CMAHem NpeoelbHbiM, NOCle UYe20 UX NosedeHue
YROOOOAAeMCA MEMANIAM, 8 KOMOPHIX NPU HOPMATLHOU meMnepamype noumu 6ce
971eKMpoHbL c80000HDL" .

[TomuMO XapakTepHOW TeMIIEpaTypHOH 3aBUCUMOCTH B TPOBOJUMOCTH,
KJIacC TMOJIYIPOBOJHUKOB C TOUKH 3peHHs KeHurcOeprepa xapakTepusyeTcs erie
HECKOJBLKHUMH OCHOBHBIMHU CBONCTBAMU:

® BCIWYMHOMW UX YJIEJBHOTO CONPOTUBIIEHUS B MPEAETIAX OT 108 110 10 Om*M;
e OOJIBIIUMH 3HaUYCHUSAMU UX TepMo-3/[C B mape ¢ MeTaioMm;

e HecoOmoaeHneM 3akoHa OMa Ha KOHTAKTE MOJIYNPOBOJHUK-METAILT;

« UX YYBCTBUTEJIbHOCTHIO K CBETY.

Jpa KPUCTALTHIECKOI0 JeTeKTopa

CrnenyroomuM 3TanoM, KOTOPBIA MPUOJIU3WI PA3BUTHE TBEPIOTEIBHOU
DIEKTPOHUKH, CTajl0 CO3JAaHME IEPBOr0  KPHUCTALIMYECKOTO  JETEKTOpA.
CoOCTBEHHO TOBOpS, JETEKTOPbl CTAIHA JIOTMYECKUM MPOAOHKEHUEM Pa3BUTHUS
texHonorud cBsizu. B 1895 romy Aunekcannp IlomoB mpoBen mnepBbie
HKCIIEPUMEHTBI, KOTOpbIE TMOATBEPIUIN BO3MOXHOCTH  TeserpadupoBaHUs
COOOIICHUI C WHCMOJIb30BAHUEM DJJIEKTPOMAarHUTHBIX BOJH. HeszaBucumo oOT
[TonoBa, B BenukoOputanuu MapkoHH TIpOBENl aHAJIOTHYHBIC IKCIIEPUMEHTHI C
OTI03/IaHUEM B HECKOJBbKO MecsieB. Takum obpa3om [lormoB u MapkoHU OTKpBLTH
apy Tenerpaduu 6e3 MpoBOJIOB.

B cBoux omnbitax Anekcanap llomoB wucnosb3oBan HOBBIA HpuOOp —
JIETEKTOp PaJMOBOJIH (KOorepep). Y CTPOMCTBO Korepepa mokasaHo Ha pucyHke. OH
MpEACTaBIsyT  coOOM  HEOOJIbIIYI0 KOJIOY  3alOJHEHHYI0 METANTMYECKUMU
(OKUCTIEHHBIMU) OMWIKAMH, KOTOPBIC 3alOJIHSUIM TMPOMEKYTOK MEXKIY JIBYMSI
METAJUIMYECKUMHU  3JIEKTPOJAMH.  OJIEKTPOAAMH  CIYKWJIM  IUIATHHOBBIE
MIPOBOJIOYKH, TAK KaK 3TOT METaJJI OY€Hb CTOMKUW K KOppo3uu. B gaHHOU cxeme
KOrepep BBICTYIAJ B POJIU AETEKTOpA PaHMOCUTHAaIA.
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KoHcTpykuus korepepa (BU CBEPXY).
1-cTexnsiHHasg TpyOKa, 2-)KeJIe3HbI MOPOLIOK, 3-IIJIaTUHOBBIE AIEKTPOIbI,
4-nipoOku

PaGota korepepa OCHOBbIBaJach Ha TOM, YTO €ro COINPOTHUBJICHHE
YMEHBIIIAETCS B HECKOJBKO JECATKOB pa3 IMpU MNPUWIOKEHUH K HEMY
HE3HAYUTEIBHOTO BBICOKOYACTOTHOTO AJIEKTpOMarHutHoro mons. Ilpu stom
METaJUIMYECKU TOPONIOK (OMUJIKKA) HAMAarHUYMBAIOTCS M CIUIAIOTCS JPYr C
JIpyrom, o0ecreynBas Jy4IIyI0 AJIEKTPUUECKYIO0 MPOBOAUMOCTh. CONMpPOTUBIICHUE
TaKOr0 HAMAarHWYEHHOTO TMOPOIIKa Pe3KO YMEHbIaeTca. Takum oO0pa3oMm Korepep
BBITIOJIHACT (DYHKIMIO MPeoOpa3oBaHUsl DJIEKTPOMArHUTHOTO CHUTHAjla BBICOKOM
YaCTOThl B  DJJEKTPUUECKUW TOK HHU3KOM 4YacTOThbl, JPYTMMH  CJIOBaMU
OCYIIECTBIISIETCS JIE€TEKTUPOBaHUE paarocurHaia. [lomoBsiM ObLIO OOHAPYKEHO,
YTO €CJIM TOJCOCIUHUTH TenedOHHYI0 TpYOKy K BBIBOJIaM KOrepepa, TO B
MOMEHTBI MPUXOJa DJICKTPOMArHUTHOTO CHUTHAJIAa CIBIIIHBI IIEJYKH pPa3HOU
JUTUTEILHOCTH, TO €CTh KOrepep BBIACISCT (IETEKTUPYET) HU3KOYACTOTHYIO
COCTABJISIFOLIYIO 3JIEKTPOMAarHUTHOTO CUTHAJA.

B 1903 romy pabGornuk kommanuun NESCO (National Electric Signal
Company) Pemxunansn O6pu decceHieH MOMyYrIT MAaTEHT Ha '>KHIKOCTHBIN
OaperTep" — HNETEKTOpP, OCHOBAHHBIA Ha CBOWCTBAX 30HBI COMPUKOCHOBEHHUS
ANEKTPOAA U BJIEKTPOJIUTA. DTO YCTPOMCTBO CTajJO BAXKHEHIIMM OTKPBITUEM CO
BpEMEH Korepepa — 0yarogaps ero UCIoJib30BaHUIO ObUTa OCYIIECTBIIEHA MepBas
rojiocoBas cBsi3b. M3 nHeBHUKa DecceHaepHa: "Bo BpeMs MepBbIX HCHBITAaHUN
ObLTM TIEpeaHbl HE TOJBKO peub, HO U 3amucaHHble Ha (oHorpade peyeBbie
cooOmieHnsi W My3blka. Bce moilydaemble paguocOOOIIEHUs OTINYAIHChH
YETKOCThIO U Pa30OpPUYMBOCTHIO U B ATOM OTHOIIEHUU 3aMETHO BBIMTPBIBAIIN IO
CPABHEHUIO ¢ OOBIYHBIMU JIMHUSAM IMPOBOJIHOM CBSI3U".



oy

# \“ﬁ-

e SRS IR L 3Ty 4 - : = T v
IR X s o : g . 3 » it N ~
bt Taalen I SR AT

Pemxunansn deccenieH B ueHTpe ¢ coTpyaHukamu. bpant-Pok. 1906.

HecMoTps Ha Hayano nmpuMeHEHUs IJis TIepeIadn TOJI0COBBIX COOOIIEHUH C
1903 roga pamuocsszu, OecnpoBOAHBIE Tenerpadbl CyIecTBOBAIM emie Oosee
20 net. A mepBbI€ TOJIOCOBBIE BEIIATENIbHBIE PAAUOCTAHIIUU TOSIBUINCH TOJBKO B
1915 rony.

B 1906 rony amepukanckuii unxenep I'punnud Burrep [lukkapa nonydaer
MaTEeHT Ha U300pEeTeHUE KPUCTALTMYECKOTO AeTeKTopa. B cBOEl maTeHTHOM 3asBKe
oH nmumeT: "KOHTakT MeXay TOHKMM METAJUIMYECKUM MPOBOJHUKOM U
MTOBEPXHOCTBIO HEKOTOPBIX MAaTEpPHAIOB C KPUCTALIMYECKOW CTPYKTYypOu
(KpeMHUHM, NOUPUT, TAICHUT, TEPMAHUM U Jp.) BHIIPSAMISIET W BBI3BIBACT
JEMOIYJIALMIO BBICOKOYACTOTHOIO TOKA, KOTOPBIM BO3HHUKAET B AaHTEHHE IIPH
npueme paguoBoJiH". TOHKHI METaUIMYECKUil MPOBOJIHUK, C MTOMOILBIO KOTOPOTO
OCYILECTBIIAETCA KOHTAKT C MOBEPXHOCTHIO KPUCTAJUIA, BHEIIHE OUYEHb HAIIOMUHAII
KOILIAYyMe YCBI, I03TOMY B TE€XHHUYECKOU JIUTEPAType 4aCTO BCTPEYACTCS HA3BAHUE
3TOrO AeTekropa — "komauuid yc" ITukkapaa.



OnuH U3 NEPBBIX KPUCTALIMYECKUX TETEKTOPOB —
"Komauuii yc" [Iukkapaa

Cnpaska. Ilocnenyromee pa3sBUTHE PaAJAMOTEXHUKM NIPUBEIO K TOMY, 4YTO
KPUCTAIJIMYECKUM  JIETEKTOp TMOJNy4Yywsl BceoOulee NpHU3HAHHE, Kak HEOOXOAMMBIH U
CYIIECTBEHHBI  3JIEMEHT INPUEMHOTO  YCTpoOilcTBa, oOecneyuBaromuii  JeMOAYJSALUIO
MPUHUMAEMOro curHaia. Jlo mepBoil MHUpPOBOM BOWHBI BO BCEX MPUEMHBIX YCTPOMCTBAX
KOMMEpPYECKOr0 ¥ BOEHHOTO THIIOB Bcerna (urypupoBana KpHCTANIMYECKUN JETEKTOp,
BBIMOJHABUINKM (QYHKIMIO MpeoOpa3oBaressl CUTHajla BBICOKOM 4YacTOThl B CUTHAJI HU3KOU
YacTOTBHI.

B nepuon mepBoil MUPOBOM BOWHBI, KOIJa B PaJAMOTEXHUKY Hayanga BHEIPITHCS
JJIEKTPOHHAs JIaMIla, TOSBWINCH IEPBBIE JIAMIIOBBIE JeTeKTopbl. CHauama Ui 3TOH ILienn
MPUMEHSUTUCH JIBYXAJIEKTPOJHBIE, a TIOTOM M TPEXdJIEKTPOIHBIE JaMIbl. JlaMmoBbIE AETEKTOPHI
o0najanyu OJHUM CYLIECTBEHHBIM MPEUMYIIECTBOM IO CpPaBHEHHIO C KPUCTAJUIMYECKHUMHU
JIeTeKTopaMu Toro BpeMeHu. OHM oOecrneunBaii HaJIe)KHYI0 U YCTOMYUBYIO pabOTy MPUEMHHUKA,
4ero Helb3s ObUIO TOraa TOOUTHCS MTPU MOMOILM KPUCTAIUTMYECKHUX JIE€TEKTOPOB.

Kpucrannuueckue neTeKTOpbl U3TOTOBISUIUCH B TO BPEMS U3 €CTECTBEHHBIX KPHCTAJIJIOB
Pa3IMYHBIX MUHEPAJIOB — CBUHIIOBOTO OJiecKa, IIMHKHUTA, TUPUTA U PAAA IPYTUX, SBISIOMUXCS
MPOBOJAHHUKAMH AJIEKTPUYECKOTO TOKA C HU3KOW 3JIEKTPOIPOBOJHOCTHIO (TIOJYHIPOBOJIHUKAMH).
[Ipn HamMuMM TOYEYHOrO KOHTAKTa OJHOTO M3 3THUX IOJIYIPOBOAHHMKOB C OCTPHUEM TOHKOMU
METAJIJIMYECKON MPOBOJIOKH, CBEPHYTOM B BUIE MPYKUHKH, MOXKHO ObLIO NOOUTHCS 3ddekTa
neTekTupoBaHus. He Bce TOUKM MOBEPXHOCTH KpUCTaula o0jananud '"dyBCTBUTEIBHOCTHIO" K
JIeTeKTUpoBaHuio. ToabKO Mpu craboM HaXaTWHW NPYKUHKH HAa MOBEPXHOCTb KpHUCTallIa
JETEKTUPOBAaHUE MONTYy4al0och XopomnM. OnepaTopy IpHU HACTPOIKE MPUEMHUKA IPUXOIUIOCH,
TaKuM 00pa3oM, MOMHUMO HAaCTPOMKH BBICOKOYACTOTHBIX IIETMEH 3aHMMAThCS €Ile HACTPOUKOM
JIETEKTOpa, TaK KaK IIOCTOSIHHBIM KOHTAKT MEXAY METAUINYECKON IIPYKUHKOU U KPUCTAIIIIOM B
JIETEKTOpax TOTO BPEMEHM OTCYTCTBOBaJ. [IpykmHKa OOBIYHO YKpEIUIsIach Ha CHELHaIbHBIX



IIAPUKOBBIX IIAPHUPAX, [TO3BOJISIBIIUX BPYYHYIO PETyJIUpOBaTh KOHTAKT (puc). KoHTakT yacto
ObIBAJI HEYCTONYMB, JIETKO COMBAJICS OT COTPSCEHMSI U BBIXOJMII U3 CTPOS.

KoHcTpyKius mepBhIX KPUCTAIUIMYECKUX I€TEKTOPOB
1-ocHoBaHue; 2-cTOMKA € ApHUPOM; 3-phIKAYOK; 4-KOHTAKTHASI IPYKUHKA;
S-yameyka ¢ KpucTamiom 4; 6-BHIBOJIBI.

Takum 06pa30M, KpI/ICTaJ'IJ'II/ILIeCKI/Iﬁ ACTCKTOP, cmrpaBnmﬁ HUCKIOYUTCIBHO 6OJ'IBI_HYIO
MMOJIOKHUTCIBHYIO POJIb B HepBI)IfI nepuoa pasBUuTUA PAAUOTCXHHUKH, 06J1az[an B TO K€ BpEMA
psAAOM HCAOCTATKOB, KOTOPBIC CTAJIM BBIABJIATHCA IO MEPC TOr'0, KaK K allaparype Ha4daldu
MNPpEABABIATLCA 0osiee KECTKHE Tpe60BaHI/I5[. I'maBHBIM HEAOCTAaTKOM KPUCTAJLIMYCCKOTI'O
ACTCKTOPA, ABJISIJIUCH €0 HCYCTOI\/'I‘-II/IBOCTL B pa60Te " CJIIOXKHOCTb HaCTpOﬁKH.

B 510 ke BpeMs Ha KpUCTaJUIMUECKHE JIETEKTOPhl 00paTUIM BHUMAHUE Pl
KOMITAHUM U3 Pa3HBIX CTPaH MHUpA. PainoCBsA3b OUeHb HHTEPECOBAIA BOCHHBIX. Ha
HEKOTOpPOE BpeMS KPUCTAUIMYECKHE JETEKTOPbl CTAHOBATCA MPEIMETOM
uccienoBanuii. Tak, K mpuMepy, KomnaHuss MapKkoHU BKJIAJIBIBAET THICSYU (DYHTOB
CTEPJIMHIOB B HCCJENOBAHMS M NPOU3BOJACTBO KPUCTALINYECKUX JETEKTOPOB.
CornacHo apxuBHbIM JokymeHTam Poccuiickoii Axanemun Hayxk PAH, B
JIOPEBOIIOLMOHHON Poccun ucciieToBaHUsIMH U IPOU3BOJACTBOM KPUCTATNINYECKHUX
JIETEKTOPOB 3aHUMaJIOCh Pycckoe oO0mmiecTBo OecnpoBOOYHBIX TenerpadoB U
tenedonoB (POBTuT), kotopoe Obu10 co3nano B r.Kuere CemenoMm MouceeBruem
AlzenmreitnoM B 1906 rony Ha coOcTtBeHHbIE cpeacTBa. A yxe B 1908 rony B
Cankrt-IlerepOypre ykazom muaps Hwukonas II Oblio co3gaHo  akIMOHEpHOE
ob6mectBo POBTuT c ycraBHbIM KanuTtajgoMm 1,2 MiiH. pyOsel (Ha ceroaHsIIHuN



JI€Hb ATOT KaMTaJI COCTABJIsLI ObI MpuMepHO Oosiee 25 MUUTMOHOB TPUBEH).
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Marnas (rosneBasi) BOeHHasi paauoCTaHIUs
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Konnas PadInuoCTaHIA C 00EBBIM pacucToOM

Cpenu OCHOBHBIX IIEJICH 3TOro 00IIecTBa ObUIM U UCCIEIOBaHUs B 00JaCTH
MIPUMEHEHMUS TTOTYITPOBOJHUKOB.

B nauvane 1914 r., mepen camoit BoitHOM, KenurcOeprep omyOimnkoBai
NEPBBIN B HCTOPUU 0030p IO CBOMCTBaM MOIympoBoAHNKOB. B HEM Kenurcoeprep
BBOJIUT, HAKOHEI, MOHITHE "Kjacca MoaynpoBOAHUKOB": "IloaynpoBOJHUKAMU. ..
OyIyT  Ha3bIBaThCS  MPOBOJHUKKA C  METAUIMUYECKONW  TPOBOJUMOCTBIO,
CONPOTHUBJIEHUE KOTOPHIX OYEHb CHJIBHO HU3MEHSETCS C TeMImeparypoil..."
OnucpiBasi KOJIMYECTBEHHO 3aBUCUMOCTh IPOBOJUMOCTU OT TeMIEpaTyphl,
Kenurcoeprep npejyiaraet 3aBUCUMOCTb:

c=Ae—q/T (2), rne

T — mpoBOAMMOCTB

T — remniepatypa

A u q — k03 pULIHEHTHI, XapaKTepU3UPYIOIIre 00pa3er] MOTyIpPOBOHHUKA.

brnaronapsi omyOnukoBaHHbIM pabotam KenurcOeprepra, Ha MOIIHOCTSX
POBTuTa cTanu BelllycKaThCs MEPBbIE KPUCTAILUIUYECKUE JETEKTOPHI JJIsI BOEHHBIX
PaaNOCTAHIIHM.



Kpucramnuueckue gerekropsl npousBoactsa P.O.b. T. u T



Havano nepBoii MupoBOM BOWHBI OTOABHUHYJIO 33aJadyd HCCIEAOBAHUMI
MOJYNPOBOJHUKOB Ha BTOpod IaH. C TepBbIX JHEW BOWHBI BCE 3aBOJBI
paauonpoMeIlieHHOCTH B Poccun pabotanu, 4ToObl 00ECHEUUTh KaueCTBEHHOM
cBsa3pi0 Poccuio ¢ coro3HOM AHTaHTOM. DTO OBUIO KU3HEHHO HEO0OXOAMMO,
MIOCKOJIBKY TMPOBOJIHAsI CBA3b C COKO3HBIMH cTpaHamu Poccueit, @paniuenn u
AHrIMe npoxoawsia 4yepe3 TEPpUTOPUM MpOTHUBHUKA. Tak ykazom Hukonas I,
uMeHHO o6OmiectB0 POBTuT nomkHO OBUIO MOCTPOUTH B KpaTyailine CpOKU
HECKOJIbKO CTAllMOHAPHBIX PaJUOCTAHLMKN I CBA3U € cOoro3HMKamH. CoriiacHo
COXpaHUBIIMMCS MaTepuajgaMm, B TedeHuu 3 mecsieB 1914 r. ObUTM TOCTPOCHBI
3 paguoctannuu B [{apckom cene, B MockBe Ha XoabiHKe U B TBepH.

Coznanne TBepcKOW MPUEMHON PaJUOCTAHLIMK CHITPAJIO KIIOYEBYIO POJIb B
HUCTOPUU TOJIYIIPOBOJAHUKOBOW TE€XHUKH. VIMEHHO 37eCh COOpalicsi YHUKaJbHbBIN
HCCJIEI0BATENbCKUI KOJUIEKTUB BO riaBe ¢ mnpogeccopom B.K. JlebenuHckum u
M.A. bonu-bpyeBuuem.

CrnyuaiiHas BCTpeya B OJTHOM W3 NPUTOPOJHBIX (KaK WX Ha3blBAIM B TO
BpeMsi — JauHbIX) M0e370B mpodeccopa JlebenuHckoro c¢ eme HUKOMY
HEU3BECTHBIM IoHOMIEeH Ornerom JloceBbIM MOBNUsIAa Ha CyAbOYy NadbHEHIIEro
pa3BUTHSL TOJYIPOBOJHUKOBOM TeXHUKU. HesaypsigHpie 3HaHHs B 001acTH
bu3uKY, U ABHOE pBEHUE K paguoTexHuke mojonoro Onera JloceBa (Ha TO Bpems
OH YYMWJICS €Ill€ B IIKOJIE), MOJATOJKHYIU JIeOeAMHCKOTO K MOAMEPKKE IOHOIIHN B
ero HauumHaHusx. Tak Omner JloceB B cBow 15 mer Havanm wu3y4aTh asbl
paIMOTEXHUKHU HAa TBEPCKOUW paguOCTaAHIINY.

Onmner Jloces



B TO BpeMsi HUKTO HE MOT Ja)e MPEANOJIOKUTh, YTO ITOT FOHOIIA CMOXKET
NOOUTHCSI BCEMUPHOM ciaBbl. Bpems 11110, B cTpaHe BCE UBMEHHMIIOCh: OTPEKCS OT
npecrona 1napb Huxomait II, motom Obwto coszmano Bpemennoe IlpaButenncTBo,
notoM OKTAOpbCKasi PEBOJIOLMS, TpaxkJAaHCKas BoWHa u ronona. bmaromaps
uHTEpecy BpemMeHHOro mpaBUTENBCTBA K paguo, a TaKKe YCHWIHAM
B.K. JIe6enunckoro u M.A. bonu-bpynesuua B Hwmxnem HoBropone B Hauaine
1917 roma cozmaercs paauosiabopatopus. Ilo macmTabam  MPOBOIUMBIX
UCCIIEIOBAHUM M TIPOU3BOJMMOM MPOAYKIMUA B TO BPEMS, €€, HABEPHOE, MOKHO
Obut0 OBl cpaBHUTH ¢ '"cuinkoHOBOM nonuHoi" CIIA. Tak B cTeHax 3Toi
Hwuxeroponackon paanonadopaTopuu CO3JAr0TCsA IIEpBbIE MOIIHBIE
paguonepenaTuNKy, pPa3BUBACTCS TEOpUSl AHTEHH, MPOBOMSTCS YHUKaJIbHBIC
WCCJIENOBaHMUsI B O0JacTH paauocBsizu. B crenax mabopatopuu OBLIM CO3IaHBI
MEePBbIC MTPOCKTHI MOIIHBIX PAJMOCTAHIIMHN 1JII MAacCCOBOM paanodUKalMi CTPaHBI,
KaK B TO BpeMs MPHUHATO ObLIO TOBOPUTH — "IJIs1 cO3/MaHus ''ra3eTsl 0e3 Oymaru u
paccrosiHuit". B 1920 rony, B paguonadoparopun nossisiercs: Oner Jloces u uepes
HEKoTOopoe BpeMs noj pykoBojcTtBoM B.K. JleOGenuHckoro HauMHaeT MPOBOJUTH
MCCIIEIOBAHUS KPUCTAJUIMYECKHUX IETEKTOPOB.

B 1922 roxy, npoBo/isi OMBITHI ¢ KPUCTAIUIOM IIMHKUTA — MPOCTHIM OKUCIIOM
nuHka (ZnQO), OH JenaeT KPymHOe OTKPBITHE, KOTOPOE MONYYWIO NMpU3HAHUE HE
TobKO B CoBeTckom Coro3e, HO U BO BCEM MUDE.

CopaBka: IluHkut — (KpacHas LMHKOBas pyJa) pPeIKHil MHHepasl Kjacca IMPOCTBIX
okucnoB nuHKa. OTKpsIT B 1845 roxy aBctpuiickuM MuHepanorom B. XaiineHrepom.

OTtHocuTCs K IpOCTBIM OKcujaM. Ha3zBaHue monydusi 1o coJep)KaHHI0O B HEM IIMHKA.
Xumnueckuit cocras - Zn - 80,3%, O - 19,7%. Hepeako yacTh IMHKA 3aMeIaeTcsl MapraHieM
(Mn). OuyeBuAHO IpUMECH MapraHla SIBJISIFOTCS MPUYMHON OKPACKH.

CuHHroHHUs rekcaroHajibHas, BUJ CAMMETPUH JUT€KCAarOHAIbHO-ITUPAMUIAJIbHBIN.

ATOMBI IIUHKA 00Pa3yIOT FeKCaroOHAJIbHYIO MNIOTHYIO YIIAKOBKY, B KOTOPOH KK/l aTOM
(MOH) KHCIIOPO/1a OKPY>KEH YEThIPbMsI HOHAMH Zn 0 TeTPadipy.




OO6b1YHO 00pa3yeT CIUIOIIHbIE, TUCTOBATHIE U 3€PHUCTBIE arperatsl. KpucTamisl pa3sHbie
B BMJE TIE€KCaroHaJIbHOM IIPU3MBbl, KOTOpas HaBEpXY 3aKaHUYMBAETCA IeKCaroHaJIbHOU
MUPAMUJION, a BHU3Y - MOHOSPOM.

@usnueckue cporcTBa. Ymererii ZNO - OecuBerHbiid. M3-3a mpuMeceid mBET TEMHO-
KpacHBIM, SIPKO-KpacHBIM, OpaH)XeBO-KeNThld. Pucka - opamxeBo-xkentas. bieck Oau30k K
QIMa3HOMY, TOJyMeTAUTMUeCKUil. M3710M pakoBHCTBIA, XPYNKHHA. YIenbHBIA Bec - 5,68.
Tsepaocts 4,0-4,5. Mukpotsepaocts - 150-318. O6sagaer cBoiicTBaMH MOJTYIPOBOIHUKA.

Haubonee 3namenuTsie MecTOpoxkaeHUs HUHKUTA - @pankinnd @épHac u CrepanH-Xusul
B wrate Heio-/[xepcu (CIIIA), rae MuHepan BcTpedaercss BMecTe C OelbIM U KpPacHbIM
KaJbIIUTOM. TaM HaliIeHbl OUYeHb KpacuBbie 00pa3Ilbl, BECbMa IIEHHBIE C HAYYHON TOYKHU 3PEHUSI.
N3BectHb! Haxoaku nuHkuta B [lonbire, Vicnanuu m ABctpanuu. Korjga-to BaskHas IMHKOBAs
pyna, IUHKUT TMOCJIe MCTOIMICHUS aMEPUKAHCKUX MECTOPOXKIECHUH MPEBPATHIICS B HACTOSIIYIO
PENKOCTb ISl KOJIJIEKIIMOHEPOB KaMHS.

UccnenoBanus JloceBa moka3zayiv, 4TO KPUCTALIUYECKUM JAETEKTOP MOXKET
CIY)XUTh OJHOBPEMEHHO U YCWIHUTEJIIEM, MW T€HEPaTOPOM MaJIOMOIIHBIX
He3aTyXawmx Kojaebanuil. B HanOosbIeit cTerneHy 3 TUMU CBOMCTBaMH 00J1aaet
JIETEKTOpHAs Tapa: HUHKUT—YTOJb U IUHKUT—CTallb. [[pueMHHUK, B KOTOpPOM
WCIIOJB3YIOTCS YKa3aHHBbIE CBOMCTBA KPUCTAIMYECKOTO JETEKTOpa, IMOJyUHI
Ha3BaHue "kpuctaauH". [[peuMymecTBo KpUCTaauHA MO CPABHEHUIO C JIAMIIOBBIM
JIETEKTOPHBIM MPUEMHUKOM 3aKJII0YajJoch B TMPOCTOTE €ro yCTPOWCTBA U
JICIIIEBU3HE: OH IOTPEOJISIT Majio SHEPryH, a IS ero paboThl JTOCTaTOYHO OBLIO
HECKOJIBKHX AJIEMEHTOB CYXHX DJICKTPUUECKUX OaTapeil.

KoneuHo, B TO BpeMsi KPUCTaJUH HE SIBJSJICSA CEPHE3HBIM KOHKYPEHTOM JIJIst
JaMII, OH ObUI HEHAJC)KHBIM M Kampu3HbIM B pabore. Ho, TeM He MeHee, MHOTO
paauomo0uTeneil camu cobupanu kpuctaauH JloceBa, MOCKOIBKY HUCIIOIb30BAHNE
MOCJICTHETO JaBajo IMPOKOE TMoje s TBopyecTBa. K mpumepy, BOT 4TO OBLIO
HAlMCaHO O KPHUCTaIWHE B OJHOM U3 XypHaioB PammomroOutens 3a 1923 rox:



"...KpUCTalUHOM TOJBbKO B CaMO€ MOCIEAHEE BpEMs 3aWHTEPECOBANIKCH;
HECOMHEHHO — KPUCTAJUIMYECKUI JETEKTOp €LIE€ HE CKa3aj CBOETO IMOCIEIHETO
cioBa. Jlns  mrobutenss  TYT  OTKpBIBaeTCS  IIMPOKOE  MoJie ISt
HKCIIEPUMEHTHUPOBaHUs (IIPOU3BOJICTBA OIBITOB)."

OnuH 13 BapuaHTOB KpucTaauHa Jlocera



Ha CTpaHuIax 3STOIro0 JKYpPHajJa Mbl HaxXOAUM OJJCKTPHYCCKHC CXCMbI
PAa3JINYHBIX HpI/I60p0B, C IPUMCHCHUEM B HUX KPUCTAIIIMYCCKOI'O JCTCKTOPA.
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bnarogaps mpocToTe cXeMbl U JIETKOCTH B HacTpoiike, kpuctaaud Jlocesa
NOJy4YaeT MIMPOKOE pacHpocTpaHeHHWe. A CTaTbU aBTOpa JTOTO YCTpOMCTBa
HOSIBJIIFOTCSL B HAYYHO-TEXHUYEeCKoW nepuoanke kak Coserckoro Coro3a, Tak U B
UHOCTPAaHHBIX U3JIaHUSIX.

IIponomxast cBou  paborel, O.JloceB  HpPOBOAUT  HCCIEAOBAHUSA
KPUCTAUTMIECKUX JIETEKTOPOB, MOCTPOSHHBIX HA OCHOBE Pa3IMUHBIX MaTEPHAJIOB,
TaK KaK OH paccMaTpUBAET HE TOJBKO COEAMHEHHUE IIMHKUT-CTallb, HO U Apyrue. B
Tabnuie | mpuBeeHbl OCHOBHBIE €ro HapabOOTKH, KOTOpble meuatanuch B 1920-x
rojiax MpoILUIOTO CTOJETHS B PAAMOTEXHUYECKUX KypHATax.

Tabnuya 1
No | Kpucrann 3Hak [Tapa 3HaK VYceroit | [Ipumeuanue
n/n Opuil. K | HeMy pu- YUB. H
KpucTal JIOK. cuia
ny Harmpsi- | kone6
Hanpske JKEHUs | aHHU
HUS
1 [{uHKUT + Yroiub - 10 Konebanus cpaBHu-
2 [{uakuT - VYromnb + 7 TEJBHO JIETKO TOJTy-
3 uHKHT + Craib - 8-10 YJaroTCs MpU Hampsi-
4 HuaKHAT - Craib + 5 JkKeHuH B 8-12 BOJIBT
5 uHKHT + Mens - 7
6 [{uHKUT + [Hunx - 4
7 L{uakHT + Maruwii - 8 Koneban. momyd. jerko,
8 [TuHKUT + Bomsdppam | - 7 HO HEYCTONYHBBI
9 [uaKHAT + AFOMUHHN | - 2
10 | [uaKHT - AnoMuHul | + 3
11 | CBuHI. + Crann - 2-3
Oseck
12 | CBuHIIL. + Mens - 2 Hampsixk. 25—20 B.;
Oseck reHepaLus MoxydaeTcs
13 | CBun. - Menp + HET HE CO BCEMU
OJseck KpHUCTaJJIaMH.
14 | CpuHi. + Hukens - 2
OJeck
15 | IMupur + Cranb - 4
16 | [Mupwur + Yronb - 5
17 | XanpKonupur - [{nHK + 2 Koune6. nomyyarotcs
18 | XampKomupuT - AnmrfomMuaUR | + 2 TOJILKO C HEKOTOP. COPT.
XaJIbKOMIUPHUTA
19 | ®eppocwmmuii | + Yronb - 1 KonebaH. ouensb Heyc-
20 | ®eppocwmuuii | + I'padur - 4 Toitu. U nmonyvarorcs
21 | ®eppocwmimii | + Cranb - 1-2 JIMIIb C HEKOTOP. COpTa-
MU (QeppOCHITUIIHS,
Hanp. 15—20 B.




Taxxe O.JloceB paspabarbiBaeT H MyOJUKYeT METOJUKUA CO3TaHHS
KPUCTAUINYECKUX JICTEKTOPOB B JOMAIIHUX YcioBusX. OJHa M3 METOAUK,
onrcana B )xypHaiie Pagno Becem Ne9 3a 1924 roq: "... [Ing HauMHAIOIETO MOKHO
PEKOMEHIOBATh B35Th T'€HEPUPYIOIIEH Mapol KPUCTAT — IHUHKUAT U NPYKUHKY
— cTanb. uHkUT HEoOXOoAMMO BBIOpATH XOpOIlEro KadecTBa. Jlydine Bcero
NeperyiaBUTh IIMHKUT Ha BOJBTOBOW Jayre, TOTJa TeHEPUPYIOLIME KadyecTBa €ro
yBenuuuBaroTcs. OTHAKO NeperiaBKy He BCAKHI MMEeT BO3MOXXHOCTh CHIeNIaTh, U
MO>KHO, KOHEYHO, YIOTPEOJISITh IIUHKUAT O€3 TIEPETUIaBKHY.

AAEKTPOA

S0ALTORA g
AYTA UHHKNT
1

YrOABHAR TIAACTVIHA

IPOBOAN NK

VYronpHad 1iacTuHa

[TepenaBky MOXHO TIPOM3BECTH Ha BOJBTOBOW Jyre KHHOAIIapara,
OJIHAKO, TIPM MUHUMAJLHOM TOKe. [IMHKUT KiageTcs Ha YroJbHYIO IUIACTUHKY M
3aCBITIACTCS TEPEKUChI0 MapraHma (I TPEeIOXpaHCHHs] OT PACHbUICHHS TpU
BBICOKOM Temmeparype). Mexay KpucTauioM W BTOPBIM YTOJbHBIM 3JIEKTPOIOM
BO3HMKAET, MPU COOTBETCTBYIOIIEM MPUOIMKEHUH AJIEKTPOJOB, BOJIHTOBA IyTa,
KOTOpasi U IJIAaBUT MUHKUT. [[aBka mpooikaeTcss 10 MOMEHTA, TIOKa IUHKHUT He
MPEBpPATUTCS B OBAJbHBIM KOpOJIeK, Ha uTto morpedyercs 15—20 cexkynn. 3a
MJIaBKOW HAOMIOAAIOT Yepe3 3aKOMICHHOE UITH TEMHO-KPACHOE CTEKJIO.

AEPEBAMRAS V7 4 S
KOMOAKA éﬁ%

MO OROANMK

KoHCTpyKIMss HIMHKATHOTO IETEKTOpa



[locne milaBKM LMHKHUT OYMIIAETCS OT YEPHOW KOPKH M pacKallbIBaeTcs,
KPUCTAJUI 3aKpeIUIIeTCsl B 4YalleuyKy JETEKTOpa CBEXKHM H3JIOMOM Hapyxy.
IIpyxuHka nenmaercs w3 cranu B 0,2 MHJUIMMETpA TOJIIHMHONM M COCTOUT U3 2-X
BUTKOB (MaMeTp BUTKA 7—8 MM). JIeTeKTOp Il IPENOXPAHEHUS OT COTPACEHUs
Jy4llle BCErO CTaBUTh B OCOOBIN CTaHOUYEK."

B o3TOT K€ TIEpuOA  IOMOPHUCTBI  CTpPaHbl COBETOB  BBICMEMBAIOT
KPUCTAJUIMYECKHUE JIETEKTOPbI, HaJl KOTOPBIMH pPaguoo0uTeny "kongoBaiu" B
MOWCKaX YCTOWYMBOTO CUTHaMA. Takue BHICMEHBAHUS OBLIM HECITydalHBI, TOPOH
JaXe paJHoIOOUTENN CO CTaXEM TPaTWJIM MHOTO YacoB Ha MOUCK 'CTaOWUIIBHO
paboratomeii Touku". [ToaToOMy 9acTo J1t0au, OTJANICHHBIC OT PaaUOII0OOUTETHCTBA
TOBOPHWJIM, YTO B KPUCTAJIE AETEKTOpa CUAUT "HeuncTas cuia". ToJbKo B Hayaie
30-x romoB XX cT. OBUIO YCTAHOBJIEHO, YTO MPHUCYTCTBYIOIINE B KPHCTAJIaX
HEeXeJaTeNbHbIE MPUMECH BIHSIOT Ha "KauecTBO' pabOThI JETEKTOPOB.

[Tapx Ha paboTy PaIUOTIOOUTENS C KPUCTAITUTMYECKUM JETEKTOPOM

B 1928 rogy O. JloceB nenaer enie 0JHO BaXKHOE OTKPBITUE, KOTOPOE JIETJIO
B OCHOBY COBPEMEHHBIX CBETOIM010B. Mccneays kpuctamisl kapoopyHaa (kapOu
KpPEMHUsI), OH OTKpBIBACT OJJICKTpOIOMUHECIeHIInI0. [IlpuueM He wuMes HuU
TEOpPETUYECKONU 0a3bl, HU HEOOXOIUMOro TexHuueckoro obdopynoBanus O. Jloces
yTBEpPXKIAeT, 4YTO TMpUpOAa JABYX €ro OTKPBITHH (TeHepalus KojeOaHul u
CBEUCHME) U3HAYAJILHO UMEET €IUHYIO (PU3UYECKYIO OCHOBY.

Cnpaska: KapbopyHn, kapoun kpeMHHs — OHHApHOE HEOPraHMYeCKOe XMMUYECKOoe
COeIMHEHUE KPeMHHUs ¢ yriaepoaoM. Xumudeckas ¢popmyina SiC. B mpupone BcTpeuaeTcs: B BUIe
Ype3BbIYAIIHO PEIKOr0 MHHEpajda — MycCaHUTa. B OOJBIIMHCTBE CllyyaeB 3TOT MHUHEpal B
MIPUPOJIE BCTPEUACTCs KaK BKIIOUCHUS B MeTeopuTax. BrepBeie Obur 0O0HapyxeH B 1905 rogy



npu U3y4eHuH coctaBa Mereopurta u3 Kanrona J{nabno B Apuzone Aupu MyaccoHOM.

B 1932-1933rr. yxe B Jlenunrpaae O.JloceB moapoOHO wuccienoBal
dotope3sucTuBHBI  dPGPEKT, NPUCYIIMHA  MHOTMM  TOJYNPOBOJHUKOBHIM
maTtepuanam. MM, B yacTHOCTH, ObUIa MOKa3aHa BBICOKAs ()OTOUYBCTBUTEIHLHOCTD
dboTopesnctopoB Ha ocHOBe PbS (cynbdua cBuHIA, CBUHIIOBHIN Oiieck). B koHIE
1930-x rom0B BBICOKOUYBCTBHUTENIbHBIE (HOTOPE3UCTOPHI Ha OCHOBe PbS Obuim
pa3pabotanbl 1 B ['epManuu; oHM HaxoAWiau OOJIBIIOE MPUMEHEHHE BO BpeMs
Bropoit mupoBoii BoiiHbl. POTOPE3UCTOPHI HA OCHOBE PbS 110 cux mop sBIsOTCS
OJIHUIMH U3 CaMbIX IIUPOKO MPUMEHSAEMBbIX (POTOPE3UCTOPOB HHEGPAKPACHOTO
(MK)-nnama3zona, 0ocoOEHHO B TOJIOBKaX CAMOHABEACHHUS U B KOCMHUYECKHUX
CUCTEMax paHHEro oOHapyKEHUs 3aIlyCKOB PAKET.

CraHoBjeHue GU3MKH NMOJTYNIPOBOJHUKOB

B 1926 r. aBctpumiickuii ¢usuk, naypear HoOeneBckoil mnpemun OpBHH
[penunrep pa3paboTan TEOPHUIO [BMKEHHS MHKPOYACTHL, TaK Ha3bIBAEMYIO
BOJIHOBYIO MeXaHUKy. C €€ MoMOIIbI0 HAa4aJIoCh (POPMHUPOBAHUE MPEICTABICHUS
00 37eKTpOoHHBIX "aHcamOJIAX", 30HHOW TEOPUU BAJIEHTHOCTH W T.1. OgHa U3
NEPBBIX YAOBJIETBOPUTENIBHBIX TEOPUH MOJYHNPOBOJHUKOB OblLIa IOCTPOEHA
yineHoMm JIoHJoOHCKOrO KoposieBckoro oOmiectBa AsnaHom X. Bunbconom. OH
NPEMIOKWI "30HHYKO TEOpHUIO", IO KOTOPOM JHEPreTUYECKUE COCTOSIHUS
JIEKTPOHOB B TBEPAOM TEJE CO3aBaji HENpPEPbIBHBIE 30HBI. CIIOKUBILIEECS B 3TU
rOJIbl MPEJACTABIEHUE O CTPYKTYpE TBEPJOTO Tela MPUBEJIO K BBEACHUIO MOHATHUS
"neipku". Otu "Apipku" Benu ceOs TOJO0OHO BO3OYXKICHHBIM DJIEKTPOHAM,
XapaKTEPHU30BAINCH IMOABMKHOCTBIO M IUIOTHOCTBIO TOKa. TepMuH '"napIpouHas
IPOBOAMMOCTE"  BIOCJEICTBUM BIIEpBbIE BBET COBETCKMM (PU3UK 4JIEH-
koppecnionneHT AH CCCP S.1. ®penkens.

K navany 30-x romoB XX cr. HemenkuMm ¢(uszukom Bansrepom IlloTTku
HKCIIEPUMEHTAJILHO OBUIO YCTAHOBJIEHO JIBa THUIA MOJYNPOBOJAHUKOB —
"n30bITounble” U "AedexTHbie". K "H30bITOUHBIM" OH OTHOCHII MOJYIPOBOIHUKH,
KOTOpbIE UMENU OTpHUIlaTeIbHOEe 3HaueHue d(Ppdekta Xoswta. HerHe ux onpeaenstor
KaK MOJYIPOBOJHUKM n-Tuma (0T cioBa negative). "JlepekTHbIMU" Ha3bIBAINCH
o0pa3Iipl, UMEIOIIKE MOJOKUTENIbHOE 3HaueHre dpdekra Xoia, p-Tun (0T cloBa
positive).

BaxxHy!0 poJib B pa3BUTUH TEOPUH MOJYIPOBOJHUKOB B Hadase 30-X rogos
XX ct. chirpanm pabotsl, mpoBogumbie B CCCP moa pykoBOJICTBOM aKaJeMHKa
AbGpama ®enoposuya Nodde. B 1931 r. on onmyOamkoBan cTaThio C MPOPOYECKUM
Ha3BaHueM: "[1oynpoBOAHUKHN — HOBbIE MaTEPHAIIBI SJIEKTPOHUKH .

B nauane 30-x rogoB XX CT., IpaBUTEICTBO PA3BUTHIX CTPaH JA€Iald yIop
Ha CO3J]aHuE U pa3BUTHE paauoiokanuu. OCHOBHOM 3ajadeil, KOTopas cTaBUIach
nepes yu4eHbIMU, Oblla pa3paboTKa TEXHOJIOTUHU JaJbHEr0 OOHAPYKEHHUS JETSIINUX
oomOapaupoBikoB mpoTuBHHUKA. K cepeaune 30-x romoB XX cT. ObuUM
pa3paboTaHbl TEpBbIE PAAUOJOKALMOHHBIE CTaHIMU. B 3To0 Bpems Qusuka
MOJIYIPOBOJHUKOB  BBIIENWIach B OTACNIbHYIO HayKy, a HMHTEpec K



MOJIYITPOBOJTHUKOBBIM JIETEKTOpaM ObLT 0CO00 BBICOK. DTO OBLIO OOYCIOBIEHO
JBYMSI TPUYHHAMMU:

Bo-niepBbIX, MOIyNpOBOIHUKOBBIE JIETEKTOPHI (IMO/bI) MPUBJICKAIN K cede
BHUMaHHE (PU3UKOB, KOTOPbIE HHTEPECOBAIUCH MPOIECCAMU, MPOUCXOASIIMMH Ha
IpaHUIle KOHTAKTa METAJLI- MOJYIPOBOAHUK B IETEKTOPE.

Bo-BTOpBIX, HE CMOTpsi Ha TO, YTO B PAJUOTEXHHKE TOCIOACTBOBAIH
AJIIEKTPOBAKYYMHBIE  MPUOOPBI, KPUCTAUIMUECKUH  JIETEKTOpP  MPOJI0JIKAIU
NPUMEHSATh Ha YJIBTPABBICOKMX 4YacTOTaX, TJ€ OH OKas3ajcsi Hauboiee
3¢ (HEKTUBHBIM.

Tak, k mpumepy, 3 suBapsi 1934 rona Ha BacunbeBckom octpoBe B CaHKT-
[TerepOypre, ObUIN YCIENIHO MPOBEICHBI UCTIBITAHUS MIEPBOM IKCIIEPUMEHTATBLHON
YCTAHOBKM M0 MPHUEMY OTPAXKEHHBIX OT CamoJieTa pPaJAvOBOJH. B Heil Obuin
MPUMEHEHBI KPUCTAUTMYECKUE JAETEKTOPhI, KOTOPBIE MOJTBEPAUINA MPAKTUUYECKYIO
BO3MOKHOCTh pEIM3aALNH HIEH MO PaauOIOKaAIUH.

K cepenune 30-x romoB XX CT. OCHOBHOM 3amauedt nisi  (PU3UKOB,
paboTalmMX C TOJYNPOBOJHUKOBOM TEXHUKOW, Obula 3amada OOBIACHUTH
bu3nYecKy0 IpUpPOIy SBICHUN HA KOHTAKTE METAJI-TIONYypoBOAHUK. Hu onHa u3
TEOpUl TeX JIET €€ He OOBICHSIA. YUEHBIM YK€ YIAIOCh 3KCIEPUMEHTAIBHO
MOJIYYUTh CIUTOK KPEMHUS, Y KOTOPOTO C OJHOM CTOPOHBI ObLIa MPOBOJAMMOCTD
p-Tuna, a ¢ Apyrod n-tuna. Mcropued cranmo coObITHE, KOTJa COTPYIHUK
komnanun "Bell Labs" Paccen Oumn, BbIpe3anm ©u3 3TOro ciauTka oOpasell,
coJiepkaluii B cede p-n mepexoa. Ito Obuio B 1935 romy, KOTOphIA BEposITHEE
BCETO0 W HEOOXOJIMMO CUUTATh TOJOM CO3JIaHHMS pP-n Mepexojaa, KOTOpPhIA B
HACTOSIIIeE BpeMs SBJIAETCS OCHOBOM JUOJOB MW TPAaH3UCTOPOB, a TaKKe
WHTETPATbHBIX MUKPOCXEM U MUKPOIIPOIIECCOPOB.

B Coserckom Coro3e B Hawane 30-x romoB XX cT. MPOBOJUICS ILEJbIN
KOMIUIEKC TEOPETHYECKUX M AKCHEPUMEHTAIbHBIX HCCIIEIOBAHUI IPOLECCOB B
KOHTAKTax METAJUI-MIOJYNPOBOJHUK, & TAKKE KOHTAKTax IMOJIYNPOBOJHUKOB C
Pa3HBIM TUIIOM MPOBOJUMOCTH, KOTOPBIE MbI C€ilYac Ha3bIBa€M P-n MEPEXO0IaMHU.
IMeHHO B 3TO BpeMsl Hauall 3apOK1aThCsl OCHOBBI TEOPUU BBINIPSMIICHUS! TOKA Ha
p-n nmepexoe.

CopaBka. B 1937r. akan. A.®.Uodpde u A.B.Uodde obOpatmiu BHUMaHUE Ha
BO3MOXXHOCTh BBIIIPSIMJICHUS B KOHTaKTHOM CJIO€, 00pPa30BaHHOM ABYMS HOJYHPOBOJHUKAMH C
IPOBOJUMOCTBIO Pa3HOTO THMA. Teopusl BBIMIPSIMIICHHS B TaKOM cjoe 0e3 ydera KOHTaKTHOW
pPasHOCTH MOTEHIMaNoB ObuTa TOrna ke paszpaboraHa b.M. JIaBbIIOBBIM M BIIOCIEICTBUH
A.N. T'yGaHOBBIM.

I'pannia CONPUKOCHOBEHHS JBYX MOIYIMPOBOJHUKOB C MPOBOAMMOCTSIMU Pa3IHYHOTO
TUTIA XapaKTEpU3yeTCs TEM, YTO B TOHKOM MOTPAaHUYHOM CJIO€ MEXIAy HUMH HMEET MECTO
nepexo MPOBOJUMOCTH OJHOTO TUIA B MPOBOAMMOCTB JIPYroro tumna. B c¢Ba3u ¢ aTuM obsactu
COIIPHUKOCHOBEHHUSI JIEKTPOHHBIX UM JBIPOYHBIX MOJYMPOBOJHUKOB TOJYYHIM Ha3BaHHE
AIIEKTPOHHO-/IBIPOYHBIX TEPEXO0JI0B MPOBOAUMOCTU WM — KOpOYE — IEpPEeXoJ0B TuUma N—yp
Wi p—N.



Haunbonee mnocnmemoBaTenbHas TEOpHsl BBIMPSIMIICHUS TOKa Ha KOHTAKTe
pa3HbIX TOJYIPOBOJHUKOB Obuta pazpabotaHa corpyanukom OTU AH CCCP
bopucom Hocudosuuem JlaBbinoBbiM B 1938 r. OH mnpemsioxkusi COOCTBEHHYIO
TEOPUIO MPOXOKACHHE TOKA B JUOJHBIX CTPYKTYpax MOJYINPOBOJHUKOB, B TOM
YHCJIE€ C Pa3HbIM TUIIOM IMPOBOJIUMOCTH, HA3BAHHBIX TMO3JHEE P-N MEPEX0JaMHU.

WM Ot omyOIMKOBaHBI MaTEpHUAIIbI, COTNIACHO KOTOPBIM MPEJIoIarajoch
CYIIIECTBOBAHME 3alUPAIOIIETO CJIOS B CHEIUATIBLHO BBIPAIICHHOM MOHOKPHCTAILIE
repManusi, O0OBEM KOTOPOTO pa3rpaHUYEH MOBEPXHOCTHIO, pa3JesIonen
repMaHuil Tumna p u repmanuii Tuna n (puc). Pazpenstomas noBepxHocts ABBIT
SBIISIETCS. B OTOM CiIy4dae MOBEPXHOCThIO Tepexona tuma p-n. OO6pasoBaHue
3aMPAOIIEr0 CJ0d B MEPEXoJe TUNa p-n i1 TepMaHus IOJHOCTBIO
YKJIaJbIBAJIOCH B TEOPHIO OOpa30BaHUs 3alUPAIOIIErO CJIOSA B KOHTAKTE MEXKIY
JBYMSI pa3ieIbHBIMU MOTYNPOBOJHUKAMU C TPOBOAUMOCTBIO Pa3HOTO THUIIA.

BripanieHHbIli MOHOKPUCTAIII TEPMaHHUs, B KOTOpoM noBepxHOCTh ABBI siBiisieTcs rpanunei
MEXy FepMaHUEM TUIIA P U TEPMAHUEM THIIA N

OKCHepUMEHThl TMOKa3alh, 4YTO MpU TaKUX YCJIOBHUSIX OOpa3oBaHUs
3alMparoLIEero CJjaos MOTPpaHUYHas IUIOLIAAL MEXAY TIE€pMaHUEM TUNA P U
FepMaHuEM THUIIA N MOXET MMETh 3HAYUTEIBHYIO IUIOLIAJb W OIPAHUYMBACTCS
TOJIBKO BEJINYMHOMN BBIPAIIEHHOT0 MOHOKpHcTamia. [Ipu sTom Obuto 0OHapykeHo,
YTO MEepeXo] TUIA P-N MEXIY ABYMs pa3iIMuHbIMU 0ObE€MaMHU repMaHMs TUIA p U
TUIIA N B JTOM CIy4ae XapakKTepusyercss OoJyiblIeil OJHOPOJHOCTBIO U
YCTOMYMBOCTBIO, YE€M TIPU €CTECTBEHHOM OO0pa30BaHWM Ha MOBEPXHOCTHU
[IOJyIIPOBOAHUKA TOHKOIO CJIOSA C IPOBOAUMMOCTBIO JPYyroro THIIA B CiIy4ae
KOHTAKTa TOHKOT'O OCTPHs METAJUIMYECKON IIPYKUHKH.

beuto mpenckazaHo, YTO KOHTAaKT MEXIy ABYMs IHOJIYIPOBOJAHUKAMH C
PAa3IUYHBIMU TUIIAMU [POBOAUMOCTH JOJDKEH XapaKTEPU30BaTHCSA BOJIBTAMIIEPHON
XapaKTEPUCTUKOW HEJTMHEWHOTO TUIIA, PUCYIIEN KPUCTAIIMYECKOMY JUOY U YTO
TaKOW KOHTAKT MOET CIYKUTh JJI BBIIPSMIICHUS WM MPeoOpa3oBaHus TOKA.

Cnpaska. B HOpMaIbHOM KPUCTANIMYECKOM JIUOJE OCYHIECTBISETCS KOHTAKT MEXKIY
METaJUIMYECKOM, JaIe BCero — BOJIb(PaAMOBOM, KOHTAKTHOM MPYKUHKOU U TOJTYIPOBOTHUKOM
TUTA N WK Tana p. TakuM oOpa3omM, ONMUCaHHBIA MEXaHU3M 00pa30BaHUs 3aIUPAIOIIETO CIIOS B



KOHTaKTe MEXIy TOIYIMPOBOJHUKAMU THMA N ¥ TUMAa [, Kazaaoch Obl, HE HMEEeT
HEMOCPEJICTBEHHOTO OTHOIIEHHUS K KPUCTANIMYECKOMY JUOAY, HO MPOBEIEHHBIE UCCIETOBAHUS
MPOLIECCOB B KOHTAKTHOM CJIO€ TOJYIPOBOJHUKOBBIX BBIIPSIMUTENICH, BIEPBbIC MPOBEICHHbBIC
COBETCKMMH (DU3UKAMH, TTOKa3ayn, 4To 3T0 He Tak. B 1940 r. npod. B.E. JlamkapeB noka3saJ,
YTO B MEHO3AKMCHBIX H CeJICHOBBIX BBLINPSAMUTESX 3alUPAIOIIMA CJI0ii PacnosioxKeH He
Ha CcaMoOil MOBEPXHOCTH MOJIYNIPOBOJAHHMKA, 2 B €ro o0bemMe Ha He0OJbINOH IJyOMHE OT
NMOBEPXHOCTH, MNPUYEM TMOBEPXHOCTHBIA €0 MOJYNPOBOAHMKA  BBLINPSAMUTES
XapakTepu3yercsi NPOBOAUMOCTHIO JAPYroro THIA, 4YeM BeCb OCTAJIbHOI ero o0beMm,
HAXOSIIIUIICS MO APYTYI0 CTOPOHY OT 3alIUPAIOLIETO CJIOS.

3anuparouuii cI0i HaXOAUTCSI HE HA MOBEPXHOCTH IMOJYIPOBOJIHUKA, a B €r0 00beMe Ha
HEOOJIBIION TIyOMHE OT MOBEPXHOCTH M CYIIECTBYET B IMOJIYIPOBOJHUKE HE3aBUCHMO OT €rO
KOHTaKkTa C MeTauloM. Takoe MpelCcTaBiIeHHE O 3aluparollleM CJlIoe Jalo BO3MOXKHOCTH
OOBSACHUTH TOT (AKT, YTO B KPEMHHUEBBIX U TC€PMAHUEBBIX KPUCTAUTMYECKUX AUOAAX IPPEKT
BBIIPAMIICHUS, HE 3aBUCUT OT MPUPOABI METalsa KOHTAKTHOM MPYXUHKU. MexXy TeM, eciiu Obl
OH OIPENeIsUICS B OCHOBHOM KOHTaKTHOHM Pa3HOCTBIO MOTCHIIMATIOB, TO 3PQPEKT BHIMPIMIICHUSI
JOJIKeH OblT Obl BECbMa 3aMETHO 3aBHCETh OT MPUPOJbI METalsla KOHTAKTHOW MPYKUHKU. Tak
K€ OBLIO DKCIIEPUMEHTAIBHO JI0Ka3aHa BO3MOXKHOCTH BBIIPSIMIICHUSI B KOHTAKTE MEXKIY ABYMS
MOJIYTIPOBOJHUKAMU C 3JIEKTPOHHOM U JBIPOYHOM MPOBOJUMOCTHIO.

Takum o0pazoM, MOXKHO TOJIaraTh, YTO 3aUPAIOIIUM CI0M, 00pa3yIoIUics
B 00beMe TepMaHHUsi U KPEMHHUsI BOJIM3M OT MOBEPXHOCTU Ha TpaHUIIC pasjielia
MOJYNPOBOJHUKOB C DJEKTPOHHOM M JBIPOYHOM MPOBOAUMOCTBIO, SBIISIETCS
JTOMUHUPYIOIUM (aKTOPOM C TOYKH 3pPEHHUSI BBIMIPSMIICHHS B T€PMAHUEBBIX U
KPEMHUEBBIX JHOJAX. OTO HE HCKJIOYAeT TOr0, 4YTO B HEKOTOPBIX THUIIAX
MOJYNPOBOJHUKOBBIX  BBIIPSIMUTEICH  JAOMUHUPYIOIIUM  MOXET  SIBJISITHCA
3aMUpAONIMN  cloi, oOpa3yromuics BCIEACTBUE KOHTAaKTHOM  pa3sHOCTH
MOTEHIIUAJIOB HA TPAHUIIE METAIUI-MIOJIYIIPOBOJHUK. B HEKOTOPBIX CIydastX MOMXKET
UMETh MECTO COBMECTHOE JIEHCTBHE 00OUX 3alMUPAIOIINX CJIOEB.

bopuc /laBbi10B



B cooTBeTcTBHM € pe3ynbTaTaMu UCCIEN0BATENBCKUX PabOT OBLIO MPHUHSTO,
YTO BBIIPAMIICHHE B TAaKUX AHOAAX IMPOMCXOAUT 3a CYET 3aIMPAIOILIEro CIIo,
HaXoJsIIerocs B 00beMe repMaHusl UM KPEMHUsI Ha OYE€Hb HEOOJIBIION IiTyOuHe
OT IOBEPXHOCTU. ODTOT CJIOM CYIIECTBYET HE3aBUCHUMO OT TOrO, MMEETCA JIU
KOHTAaKT MEXAY METAIMYECKON IPYKUHKOW M IOBEPXHOCTBIO T€pMaHus WIN
KpeMHUS. 3anuparoluil ciioil oOpa3yeTcsi BCIEACTBUE TOTO, YTO B PE3YJIbTATE
00pabOTKU MOBEPXHOCTU I€PMaHUs U KPEMHHMSI B MPOLIECCE WX U3TOTOBJICHMS Ha
TUX TOJYNPOBOJAHUKAX B €CTECTBEHHBIX YCIOBHSIX OOpa3yeTcsi TOHYAWIINN
ITOBEPXHOCTHBIM CJIOM € TPOBOJAMMOCTBIO JAPYIOro THIIA, YEM IPOBOAUMOCTH
o0BbeMa ATUX MOIYIPOBOJIHUKOB.

B npennoxennoit b.W. /laBbioBEIM < Teopuu  BHEpPBBIE OBLIO  JaHO
TEOPETHYECKOE 0O0OCHOBAaHUE P-n MEPEXoa U BBEAECHO MOHATHE WHKEKIIUH.

Cnpaska: Nmxekuus — ¢pu3nyeckoe siBieHue, HabI0JaeMoe B MOIYIPOBOJHUKAX, IIPU
KOTOPOM IIpH IMPOIMYCKAHHUHU IJICKTPUICCKOI'0 TOKAa B IIPAMOM HAIIPaBJICHHUU YCPE3 p-n-nepexoa B
OpuUiekallux K Iepexoay o00JacTaX CO34al0Tcsi BBICOKME KOHIEHTPALUU HEPaBHOBECHBIX
("MHXXEKTUPOBAaHHBIX ") HOCUTENEH 3apsa.

Benuuunbel oOpaTHBIX TOKOB, paccuuTaHHble 1o Teopuu b.W. JlaBwinoBa,
OBLIIM HA MHOTO TIOPSJIKOB MEHbIIIE, HA0II0JAEMBIX B CYIIIECTBOBABIIUX B TO BpEMS
BBITIPSIMUTENSIX HA OCHOBE 3aKHCU MEIM U ceneHa. Kak mokaszanu mocienyrouue
HCCIIEIOBAaHUs, HA  NOPOTEKaHME  TOKa B  CYLIECTBOBABIIUX  TOIJAA
MOJYNPOBOJHUKOBBIX ~ BBIIIPSIMUTEIISIX  SIBJICHHME HWHXKEKIMHA HE  OKa3bIBajo
3aMeTHOro BiusHUA. OHO ompenensieTcs MpoueccaMu B €lI0€ 0ObEMHOIO 3apsiia
p-n- nmepexona. K coxanenuto, cBenenusi 006 uccienopanusx b.W. J[aBeiioBa Ha
CETOJIHSIIIIHUI J€Hb OTCYTCTBYIOT B CIIPABOYHHKAX O COBETCKHUX (Pu3nkax. ITOT
YAUBUTENbHBIA (AKT — PE3yNbTaT HE TOJBKO CIy4allHOW OMIMOKHU B €ro JUYHOM
nene, rae ObUIM MepenyTaHbl MHULMANBL. Bpewms, korga oH Tpyawiicd Ha OJaro
HAyKHU, HAJIOXUJIO TParuyecKuii OTrneyaTok Ha ero kapbepy (pusuka-reopetuka. B
1952 rony on 6bU1 yBOJIEH U3 KypuaToBCKOro MHCTUTYTA Kak ""HeOiaroHae:KHbIi"
rpaKJaHUH, HO BCE € CMOI MPOJOJIKATh CBOIO paboTy B MHcTUTyTE (DU3UKU
3eMiu, TJIe OH 3aHUMAJICS UCCIIEIOBAHUEM.

B 1941 rogy B.E. Jlamikape u K.M. Kocanoros, koTopble, Tak X€ KaK U
JlaBbioB mpuHamnexanu K JleHMHTpajackod mikosie (U3MKOB, JOKA3ald, YTO
BBINPSIMJIICHHE B JETEKTOpPax HA OCHOBE CTPYKTYPbI OKMCEIl MEIU — 3aKUCh MEIH
ONPEAEIACTCS TETEPOKOHTAKTOM MOJIYIIPOBOJIHUKOB P- U N-TUIIOB MPOBOAUMOCTH.
Mopnens ny1si oObsiCHeHUST TpUPOAbl (U3UKKA D3TOTO TMporecca Mpejiaraiuch
J.H. HacnenoeiMm u I'.b. AOayniaeBbM, HO, HECMOTPS Ha MHOTOYHCJICHHBIC
MCCIICIOBAHUS, TEOPHUS TMOJYIMPOBOJHUKOBBIX BBHITIPAMUTENICH HA OCHOBE 3aKHUCH
MEJIU U CeJIeHa B TeYEHUE MHOTHUX JIET He Oblia co3/aHa.

Conpaska. Korja ydeHble CMOTJIM MOHATH JA€TEKTUPYIONIUE (BBITPSIMIISIONINE) CBOWCTBA
P-N mepexoA0B, MPOMBIIUIEHHOCThIO CTAJIM BBIMYCKAThCSl Pa3IMUHble BEHTUJILHBIE YCTPOICTBA.



I[O MOSABJICHUA IINIOCKOCTHBIX KPEMHUCBBIX U I'CPMAaHHUCBLIX AUOA0OB MACCOBO IMPOU3BOAUINCH
CEJICHOBBIC JMOMbI, Ha0paHHBIE B CTOJOMKH WM X€ B IUIOCKHE KOHCTPYKIIUH, KOTOpBIC
paaroNIOONTENN Ha3bIBAHU "IIOKONIaAKamMu" (puc).

CeneHOBBIH BBIPSMUTEID MIO0CKONW KOHCTPYKIIUH (IIIOKOJIAIKA)




Cenenoeie cronouku (Myseir OOO "EITOC")

bnarogaps mpocTore yCTpONCTBa, HAACKHOCTH UX ACUCTBUS CEJIICHOBBIE BBIIPSIMUTEIN
OUY€Hb OBICTPO BBITECHUIIM BCE IPYrHe BU/BI BRIIpsAMUTENEeH. CeleHOBBIN BBIIPSIMUTENb COCTOUT
U3 Habopa OTIENbHBIX CEJICHOBBIX A0, Kakaas M3 KOTOPBIX SBISETCA 3JIEMEHTapHBIM
CaMOCTOSITENIbHBIM BBINIpsiIMUTENEM (auozoM). CerneHoBas miaiida MMeEET CBOMCTBO BEHTHIIA
(Imona), To €CTb XOPOIIO NMPOBOAUT TOK B OJTHOM HAIIPaBJICHHM (OT KEJIE3HOTO OCHOBAHMS K
KOHTaKTHOMY CIUIaBY) H OYCHB IIOXO — B 0OpaTHOM HaIlpaBJiICHUH (CM.pHUC.).

Cnnas kagmus, BUCMYTa U ONOBa

Cnon cenesnaa kaamus

Cnown cenexa

Cno# Hukens
N BUCMYyTa

OcHoBaknue (Keneao nnu anioMuHuA) | Orsepcrue B wanbe

KoncTpykius cenenoBoii maiobl (quoa)

CenenoBast maifba COCTOUT U3 AJIOMUHUEBON WM KEJIE€3HOW IUIACTHHBI KPYIJION MK
KBaJpaTHON (POPMBI, MOKPHITON C OJTHOM CTOPOHBI CIIOEM KPUCTALUTMYECKOTO CelieHa, KOTOPHIN
SBJISIETCS JIEKTPOJIOM C JIBIPOYHOM (p-THIT) MPOBOJUMOCTBIO. J{JIsl CO3/1aHMsI BTOPOTO AJIEKTPOAA
Ha TIOBEPXHOCTh CeJIeHa HAaHOCUTCS CIUIaB U3 0JI0Ba, KagMmus U BucmyTta. [lpu quddysun kaamus
B CeJeH oOpasyercss TOHKHMH CIIOH CeJeHHIa-KaJMHs, WMEIOIIHHA dJIEKTPOHHYI (N-THII)
npoBoAMMOCTh. Ha rpanuiie Mex1y ceeHOM U celleHUA0M-KaaMusl o0pa3yercs p-n nepexo/.

BenTunbHbple KauecTBa CEJIEHOBOM MIaObl Kak M BCSKOTO BEHTUJISL OIPENeNIoTCs
BEJIMYMHON €ro CONpOTUBIEHUS B IMPOBOJAIIEM (IIPSIMOM) M He HpoBojsmeM (oOpaTHOM
HalpaBJICHUN).

CoenuHsisi mMapajjIeIbHO WM TOCJENI0BAaTeIbHO TakKWe MIaildbl, MOXXHO coOpath
CEJICHOBBIM BBIMPAMUTENb JUIsl TOKA UM HANPsOKEHUs 10001 BETMUUHBIL:

1. ToxoBast Harpy3Ka CeJICHOBOW BBITPSIMUTEIHLHON MIAOBI OMIPEACNIIEeTCS €€ IIONIA IbIO.
MakcuManbHO JONYCTHMasl IJIOTHOCTh TOKA B MPSMOM HAINpaBICHWM HE JIOJKHA MPEBBINIATH
Besmunabel 100-200 MA/cm. JInst BeIIpsIMITEHUST OOJIBIIUX TOKOB TPUMEHSIETCS TapajlIeIbHOE
COEIMHEHUE IJIACTHH.

2. JlomycTiMOe 0OpaTHOE HANpsDKEHHWE HA CEJICHOBOHM MMIaiide COCTaBIsSeT BEITUYHHY
20-40 B, mostomMy s TPUMEHEHHUS CEJICHOBBIX BBIIPAMUTENCH mpu Oojee BBICOKHX
HaANPSDKEHUSAX CEJICHOBBIE IAai0bl COETUHSIOT MOCIEA0BATENBHO B CTOJIOBI.

K HenocraTkaM CeleHOBBIX BBIIPSIMUTEIEH OTHOCATCS:

1. Beicokass €MKOCTb, IO3TOMY OHU TPUMEHSIOTCA TOJBKO B HHU3KOYACTOTHBIX
YCTPOMCTBAX.

2. Huzkast pabovas Ttemmeparypa, He Bbime +75-125°C (mpu Oomee BBICOKOH
TEMIIepaType pacIuIaBiseTcss KOHTAKTHBIN CIUIaB KaJAMHUS C BACMYTOM U OJIOBOM).



K cepenune 40-x romoB XX croneTusi, NPOBEAEHHBIE TEOPETHUECKHUE
UCCJIEIOBAHMS TIOKa3adl HEOOXOJUMOCTh M BO3MOXKHOCTb CO3JJaHUE HOBBIX
MOJIYIIPOBOJJHUKOBBIX MPUOOPOB. [IpHunHOI 3TOMY MOCTY>KUI BCE TOT K€ UHTEPEC
BOCHHBIX K IMPUMEHEHUIO MOJYNpPOBOAHUKOB B paauoiokauuu. B CCCP nmns
pa3BepThIBaHUs PabOT MO PaTUOJIOKAIMK OBbUIM CO3[aHbl CHEIUATU3UPOBAHHBIC
Hay4YHO-HCCJIEIOBATEIIbCKUE U KOHCTpyKTOopckue Oropo: [IHMIM-108, HNUN-160,
KbB-1 u ap. Oti paboThl ObUIK "3aKPBITBIMU'', TO3TOMY Ja)Ke cedyac HET MOJHOM
uH(pOpMAIH 0 TeX paboTax, KOTOPHIE MPOBOAMINCH B 3TUX JJA00OPATOPHSIX.

o 1944roma B CCCP jnns  paguosioKalid — UCMOJb30BAIUCH
CBUY-gerextopel no cxeme O. JloceBa. IIpumeHeHne Takux IETEKTOPOB, Kak B
MOJICBBIX, TaK M B CTAllMOHAPHBIX YCIOBUAX OBUIO BEChbMa HEMPOCTOW 3aJadeH.
OOciy’)KMBaOIIEMy IE€PCOHAILY pPAJUOJOKAMOHHOM CTAaHUMU OPHUXOAHIOCH
TpaTUTh MHOTO BpPEMEHM [Jisl TMOUCKA '"CTaOMJIBHOW TOYKH" Ha IMOBEPXHOCTU
KpUCTAILIA.

YuuteiBas OonbIIyI0 BaxHOCTh jauamazoHa CBY paawoBonn s
pamuonokanuu, B [JHMM-108 Opina mocraBieHa 3amaya — pa3paborarh Oosee
HAJIe)KHOE TOYEYHO-KOHTAaKTHOE coeauHenne B Jnerektope CBY. [lanHoe
uccienoanue B apxuBax 3Hauutcs kak HUP "Kourtakt". 3a ero ocHoBy OblLI
OPUHAT BapUaHT CBapHOro (BBApHOrO0) TOYEYHOTO KOHTAaKTa MeTajlla C
KpUcTaJuiIoM repmanus. Ha pucyHke mpencraBieHa KOHCTPYKIUS T'€pMaHHEBOTO
IOJa, BBITOJIHEHHOTO Kak TouyHas Kkomus pgerekropa O. JloceBa, TOJIBKO
YMEHBIIICHHAsE B HECKOJbKO JIECATKOB pa3. Jluom mpexacrtaBisim  coOoit
KOHCTPYKIIMIO, B KOTOPOM TOHKas BoOJIb)paMoOBasi MPY>KUHKA CBOUM OCTpUEM
onupaiach Ha MOHOKpPUCTAJII TepMmaHus. [IpyXuHKa M KpUCTal KPENUIUCh K
MeTAJTHYeCKUM (JIaHIlaM, B KOTOPBIE 3alpPECCOBBIBAIUCH THOKHE KOHTAKTHI.
KoHCTpyKITust OT BJIaru U MOBPEXKACHUHN 3alllUIAIach KEPAMUUECKON BTYJIKON (CM.
PHUCYHOK).
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Bremnnmii BU1 KOHCTPYKIIMUA OT€UYECTBEHHOTO repManHueBoro auoaa tuna JAI'-11 4.
1-kepamudeckas BTysKa; 2 U 3 - MeTajuinueckue (IsHipl; 4 - BoinbhpaMmoBast
NPY>KUHKA; 5 - KpUCTALI0IepKaTelib; 6 - repMaHuii; 7 - BEIBOBI



JIisi  IpOM3BOACTBAa JETEKTOPOB JTOTO THIMA B OOJBIIOM KOJIHYECTBE
noTpeOOBATNCh MOHOKPUCTAIIBI TepMaHusi, COOCTBEHHOE MPOU3BOJICTBO KOTOPBIX
B TO BpeMs B CCCP oTcyTcTBOBAIIO.

Cnpaska: Kpucrammmdeckue OuoIbl, B KOTOPBIX KOHTAaKT MaJIOM IUIOINAAU MEXAY
IIOJIYIIPOBOJHUKOM ¥ METAJUIOM OCYLIECTBIISIETCS C IOMOILIBIO OCTPUS TOHKOW METaJNINYECKOU
IIPYKUHKH TOJYyYWIA Ha3BAHUE — KPUCTAJUINYECKUI U0/ C TOUEYHBIM KOHTAKTOM.

@OYHKIMOHUPOBAHNE HEKOTOPHIX MOJIYIPOBOJIHUKOBBIX BBIIPAMUTEIEH (KyIOPOKCHBIX U
CEJICHOBBIX), Pa3pab0TaHHBIX paHee ObLIO BO3MOXKHO IPHU PA3JIMYHBIX IUIOIMIASMX KOHTAKTa OT
CKOJIb YTOAHO MaibIX 10 Oonbmux. [Inomaab KOHTaKTa B TaKMX BBIIPSAMUTENISX ONPENEIISIET
cOOOH JIMIIb MPEeNIbHO JONYCTUMYIO BEIMYHMHY IPOTEKAIOLIEr0 TOKA, a TaKXe €MKOCTb,
KOTOPAsi IIYHTUPYET 3aIUPAIOIINMI CIION.

BenuunHa monmiaaM KOHTakTa B TEPMAHMEBBIX M KPEMHHUEBBIX IUOJAX HMEET IS
IPAKTUKU UX IPUMEHEHHUS OUY€Hb 00JIbIIOE 3HAUCHHUE:

Manasg nnomanb KOHTaKTa B KPEMHHMEBBIX M TI'€PMaHUEBBIX AUOJAX SBIAETCS HX
HECOMHEHHBIM JIOCTOMHCTBOM AJis puMeHeHusl B TexHuke CBY, Tak kak OHM XapaKTepU3yKTCs
MaJIOi €MKOCTBIO, KOTOpas IIYHTHPYET 3allparollMi CJI0H. JTa €MKOCTh B I'€pMaHHUEBBIX U
KPEMHUEBBIX AMOJaX UMEET BEIMUUHY nopsjka 1 nd, 6marogaps yemy ux U yAaeTcs MPUMEHSITh
B KaUE€CTBE CMECUTENIEH U JETEKTOPOB Ha CAHTUMETPOBBIX BOJHAX.

Kpucrannuueckue 1nopl TUIIa FEPMaHUEBbIX U KDEMHUEBBIX, B KOTOPBIX KOHTAKT MaJIOH
IUIOLIAN MEXY HOJYIPOBOJIHUKOM M METAJIJIOM OCYILECTBIISETCS ¢ MOMOILBIO OCTPUS TOHKON
METAJUIMYECKOU MPYKUHKH, HOCAT Ha3BaHNUE KPUCTAUIMYECKUX JUOJOB C TOUEYHBIM KOHTAKTOM.
Crnenyer mOAYEpKHYTb, YTO TOUEUHBIH KOHTAKT SIBISAETCS HEOOXOIAMMBIM JUIs CYIIECTBOBAHUS
3alUPAOLIEr0 CJI0S B TAKUX AUOAax. VM3BECTHO, YTO IpU YBEIMYEHHM IUIOIIAAM KOHTAKTa
MEXJy TrepMaHueM (WM KPEeMHHEM) M METAUIMYEeCKOH IMOBEpXHOCTHIO BBINPAMIISIONINE
CBOMCTBA TAKOTO KPUCTAIMYECKOTO MOA IIPOMAJAIOT, TaK KAaK IIPOINATACT 3alIUPAFOLINI CIOMN.
OTO0 00CTOATENBCTBO HCMOIB3YETCs, B YaCTHOCTH, NPH OCYIIECTBIEHHUM KOHTAKTa MEXIY
MIOJIyIPOBOJHUKOM M METAJUIMYECKMM OCHOBAaHHWEM IIaTPOHA, B KOTOPOM CMOHTHPOBAaH
repMaHMEBbIM MM KPEMHHUEBBIH AMOJ. 3a7aya 3TOr0 KOHTaKTa COCTOMT B TOM, YTOOBI CO3/aTh
MOJIHYI0  DJIGKTPUYECKYIO  IPOBOAMMOCTH  MEXAY BBIBOJAOM IaTpoHa U 00bEMOM
noJaynpoBoHUKa. OOpa3oBaHHE 3alUPAIOLIETO CJIOS B 3TOM KOHTAKTE CIYXXHMJIO ObI MOMeXOou
IpU UCHOJB30BaHUM KpUCTalmyeckoro auofa. KoHTakT 0e3 3amuparomiero ciosi Mexuay
MOBEPXHOCTBIO KpeMHMA (WIM TepMaHus) M METAUIMYECKMM OCHOBAaHMEM IaTpOHa
ocylIiecTBisieTcs 0aaroaaps TOMY, UTO TOBEPXHOCTh KOHTAKTA 3/1€Ch BbIOHMpaeTcs OOJIBIION.

Takum oOpa3zom, 3anuparomuil cjaoi MPOSBIAETCS B KOHTAKTE MEXAY KpeMHHUeM (MU
repMaHueM) U METAJJIOM JIUIIb B CIydae KOHTAKTa MajoM IUIOIMIAJH, T.€. TOYEUHOTO KOHTAKTA.
HopmanbHas miomanb KOHTakTa B KPUCTAUIMUECKOM IHOJE C TOYEYHBIM KOHTAKTOM HMEET
nopsiaok 10-6 cM>.

KoHTakTHas NpyXuHKa B KPUCTAJUIMUECKUX AUOJAX C TOUEUYHBIMA KOHTAKTAMH JI€JacTCs
U3 TOHKOW BOJBH(PPaMOBOI MPOBOJIOKH auaMeTpoM okoio 0,1 MM, 3a0CTpeHHOW Ha KOHIIE.
Bonbdpam npumensieTcst Ui KOHTAKTHBIX MPYXHUHOK BCJIEJCTBHE €r0 TBEPIOCTU U YIPYTOCTH.

[IpyunHa nponagaHus HEIWHEWHBIX CBOMCTB KOHTAaKTa METaula C IOJIYNPOBOJIHUKOM
IpY YBEJIWYEHUH IUIOLIAIM KOHTAKTa CBSi3aHa C HEOJHOPOHBIM COCTOSIHUEM 00pa3yrolerocs B
€CTECTBEHHBIX YCIOBUSAX ITOBEPXHOCTHOIO CJI0SI TepMaHUs WA KpeMHUs. [I0BEpXHOCTHBIN CIIOH,
KOTOpBIM, KaK YK€ YKa3blBaJIOCh, XapaKTEPU3YETCsl MPOBOAUMOCTBIO JIPYroro THIA, YEM AJIs
OCHOBHOTO oOOBeMa TepMaHHUs, HUMeeT '"MATHUCTYI" CTPYKTypy. OTO O3HadaeT, 4To B
MOBEPXHOCTHOM CJIO€ T€pMaHUsl IPUMECH, 00pa3yrolue NPUMECHYIO TPOBOJAUMOCTb 3TOTO CIIOS,
pacrnpezenieHsl HepaBHOMepHO. MmeroTcst HeGomble 006JacTH, I/ie IPUMECH MPUCYTCTBYIOT. B
TaKuX 00JaCTAX MPOBOAMMOCTH MMOBEPXHOCTHOTO CJIOS UMEET APYroi THUI, YeM MPOBOAUMOCTD
o0beMa repmaHusi, BCIEACTBUE Yero B HUX oOpasyercs 3amuparomniuii cioid. Ho psgoM ¢ takoi



HEOOIBIION 00MacThi0 (HEOONMBIIMM "TSATHOM') MOXKET OKa3aThes O0JIACTh, TJ€ MPUMECHBIX
aTOMOB HeET. B 3Toli 00JacTH OTCYTCTBYET MOBEPXHOCTHBIM CIION C MPOBOJAMMOCTBIO APYTOTO
TUTA, TMPOBOJUMOCTH OCHOBHOTO O0BbEMa TepMaHus, |, CJIEIOBaTelIbHO, HE oOpa3yercs
3anuparomiero ciaos. KoHTakT MeTaia ¢ TpOBOAHUKOM B A3TOW 00JacTH OyaeT IMO3TOMY
nuHeiHbpIM. CONMpOTUBIEHUE €ro OyAeT ONpeAeNsiaThCs TOIbKO CONMPOTHBICHHEM O0BeMa
nosynpoBogHuka. Eciam momaab KOHTAaKTa JOCTATOYHO BEJNHMKA, TO KOHTAaKT MeTalla ¢
MOJYIIPOBOJHUKOM OyJIeT OCYIIECTBIISATHCS HE TOJBKO uepe3 obiacTu "msATeH", Tae ecTb
MIPUMECHBIC aTOMBI, HO TakK)Xe W d4epe3 Te 00JacTH, IJe MPUMECHBIX aTOMOB HeT. Tak Kak
COMPOTHBIICHWE KOHTAaKTa B ATUX O00JACTSIX Majio, TO OHU OYIyT OKa3bIBaTh IIYHTHUPYIOIIEE
JIeiCTBHE Ha T€ 00JIaCTH KOHTAKTa, TJIe €CTh 3anmuparoniuii ciaoi. Takum oOpazom, mpu OOIbIION
MJIOIIA M KOHTAKTa B HEW OKaXyTCsl YYaCTKHU MOBEPXHOCTHU, B KOTOPBIX MPUMECHBIX IIEHTPOB
OYCHb MaJO WJIM BOBCE HET. JTH YYaCTKH M OYyJIyT HapyliaTh JIEWCTBHE 3alHMPAIOIIETO CJIOS B
COCETHUX y4JacTKaxX KOHTakTa. BeiencTBue 3Toro mpu O00MbIION Mtomaan OyayT HapyaTbes U
HEJIMHEHHBIE CBOMCTBA KOHTAKTA.

[TosToMy B KpaTuaiiiiiie Cpokd ObUIM pa3paOOTaHbl TEXHOJOTMU OUYUCTKU U
BBIpAIIUBAHUS T€PMaHUsI C HEOOXOAUMBIMU 3IEKTPOPU3NYESCKUMU CBOMCTBAMU.
NMenHo Ha 3Tux oOpasmnax ObuIM pa3zpaboranbl HOBble TUIEI CBY nmerekTopoB ¢
BBapHbIM KOHTAKTOM. KOHCTpYKIMSI OTE€UECTBEHHBIX T'€PMAHUEBBIX JHOJIOB
nuamna3zona CBY npuBezeHa Ha pUCYHKE.
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KoHcTpykins kepaMuieckux nmarpoHoB l-kepamuueckasi 0605104Ka; 2-KpeMHHif; 3-
BOJIb()paMoBasi KOHTaKTHAs MIPYKUHKA; 4-0TBEPCTHE B KEPAMUKE JIJIS 3aIIOTHEHUS TTOJIOCTH
BOCKOM; 5-KOHEI] IITBIPbKA; 6-r0JIOBKA BUHTA;
7-71Ba yCTAaHOBOYHBIX BUHTA 3aKPEIJICHUS MPYKUHOK B HYKHOM IOJIO)KEHUH.
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KoHcTpykius koakcnanbHOTo naTpoHa 1-BHENIHMM MPOBOIHUK; 2-IITH(T; 3-KPEeMHHIA;
4-KOHTaKTHas PY>KUHA; S-M30JAIMOHHAA 11aii0a; 6-BHYTPEHHHUI TPOBOTHUK.

[Tozmaee mupektop IIHWM-108 Axcenr MWBanoBumu bepr moOuics
BO3MOYKHOCTH OPraHMW30BaTh MPOMU3BOJCTBO MOHOKDHCTAJUIOB TIE€pMaHUs B
I'upenmere (['ocynmapcTBeHHBIM HayYHO-UCCIEAOBATEIBLCKUNH UM MPOCKTHBIN
WHCTUTYT PEAKOMETATMYECKON mpoMbltuieHHoCTH). [lonkmtouenue ['upeamera k
npo0JieMe MOTyYeHHs] TeépMaHUs ChIrPAJIO BAXKHYIO POJIb B JajbHEUIIIEM Pa3BUTHH
BCEU MOJyIPOBOJHUKOBOM 3JIEKTPOHUKHU.



Axcenb bepr

B I'mpenmere pa3paboTka TEXHOJIOTHHU MOJYUYCHHUS TepMaHHs IMPOBOIUIACH
HaunHas ¢ 1946 rona nox pykoBoactBoM Hukomnas [TaBnoBuua Caxbina. [TocTaBka
MOHOKPHCTAJIJIOB T€PMaHMS XOPOIIIETro KauyecTBa, HO HEOOJIBIIIOr0 JUaMeTpa ObLIN
HaJIaKEHBI TOJIBKO B 1953 rony.

Huxoomaii [TaBnosuy CaxbiH

B 1949 rony na ¢upme Bell Telephone Labs Obun pa3paboTanbl u
IPE/IOKEHBI TIEPBBIC MIOCKOCTHBIC TIMOJIbI HA OCHOBE T'€PMAaHHMS C P-N TIEPEXOIOM.
B sTom xe roxy Obina omybOnukoBana padota B. [lokmu "Teopus miIoCcKOCTHBIX
p-n mepexonos". [lomyueHHBIE AIKCIEPUMEHTAIBHO TOKH XaAPAKTEPUCTHKH P-N



MEePEXOJ0B OKa3aIUCh OJU3KUMU K PACUCTHBIM TIO TEOPHUH TMPEIIOKCHHON
b.U. NaBeinoeiM. B CCCP nepBas ctathsi 10 TepMaHUEBBIM p-N niepexoam Obliia
HampaBiiecHa B JkypHan "BectHuk wuHdopmamuu" A. KpacuioBelM B CceHTsIOpe
1949 rona.

4 centsa0pss 1952 roma Owuto  moamucaHo IlocranoBnenue CoBera
MunuctpoB CCCP o mnpoeaenun HUP "PazpaboTka repmaHHEeBBIX IHOJIOB
3aMEHSIONTUX MasoMolHble Jammbl" (mmmdp "I1mockocTh") CO CPOKOM OKOHYAHUS
B TpeTbeM kBapTase 1953 rona. IIposenenne HUP nopywanocs: @TU AH CCCP,
MHUM-108 u HHNHM-160. Ilpenmpustue I'mpeamer OBLIO NPUBICYEHO IS
pa3pabOTKN TEXHOJOTHH ToiydeHus Trepmanus. B mae 1953 roma B ®TU AH
CCCP X.W. AndepoBbiM ObUTH CO3/aHBI TIEPBBIC TIOCKOCTHBIE T€PMAHHEBBIC
muonbl. HUP "ITmockocTs" O6buta mpursiTa ['ocynapctBennoit komuccueit CCCP B
OKTSI0pe 1953 rona. Pa3paboTanHsle =~ AMOABI ~ WMMEIM  [apaMeETphl,
COOTBETCTBYIOIIME YTBEPKIACHHOMY TEXHHMYECKOMY 3aJaHUI0, a HaWIydllue
KOHCTPYKITMOHHBIE perienus Obuti 1ocTurnyThl B [IHWUN-108 u ®TU AH CCCP.

B 1954 rony B ®DU3MKO-TEXHUYECKOM HWHCTUTYTE OBUIM  CO3JaHBI
repMaHuEBbIE TUOJBI C AMAMETPOM p-n mepexona 10 3 cMm. Takxke B 3TOM ropy
ObLTM CO3MaHbl KOHCTPYKIIMU BBITIPSIMUTEICH C BOJASHBIM OXJIAXKICHUEM U
pabounmu Tokamu 10 200 A.

B mapte 1958 roga nmoctanoBienueM mnpasutenbctBa CCCP nns nepBoi
aTOMHOM TO/JIOJKHU, HAYaJIUCh paOOThl HAJ T€PMAHUEBBIMU BBIIPSIMUTEISAMHU Ha
TOKH B KaxxzoM juozae 1o 1000 A.

[To3nnee, pa3pabOTaHHBIE TEXHOJIOTUM U KOHCTPYKIIMM HOBBIX THUIIOB
JIUOJ0B ObUIM BHEJAPEHBI Ha 3aBoje "OiekTpoBwimpsimMutens" (r. CapaHck), Ha
KOTOpOM OBLJIO OpPraHW30BaHHO MX HU3roToBJIeHHE. bnaromapss reponyeckum
yeunusaM yueHblx CCCP, k Hauany 1960 roga 3aBoz "DIeKTpOBBIIPAMUTEND CTal
dbarMaHoM TPOU3BOJACTBA  IMOJYNPOBOJHUKOBBIX JHOJOB, a IPOBOJUMBIE
TEOPETUUYECKHE U IKCcIepuMeHTanbHbie padboTel yuensix CCCP ponroe Bpems
MO3BOJISUTH MPOAYKIIMU 3TOTO 3aBOjAa ObITh KOHKYPEHTOCIIOCOOHOW HAa MHUPOBOM
PBIHKE.

Takum o0Opazom, k Hayany 1960-X romoB MOMYNPOBOIHUKOBBIC TUOMIBI
MOCTENIEHHO BBITECHSJIM  3JIEKTPOBaKyyMHbIE OB [lomynmpoBOIHUKOBBIE
JIUOAbl MAacCOBO Hayajiud NPUMEHATh B PATUONPUEMHHUKAX, BHJICOJIETEKTOpPAX,
CBY-TexHUKEe U CUJIIOBOM 3JIEKTPOHUKE.

3aK/JII0YeHne

HecMoTpsi Ha MHOTrOJIETHHE MCCIIEIOBAHUS MOJYIPOBOJHUKOB, KOTOPHIE
BO3ZHMKJIM Oyiarojiapsi "nmabopaTopHOM Clly4ailHOCTH", TOJYNPOBOAHUKHU IO MPaBY
CTaJIM Ha3bIBaTh 'BTOPHIM 30JI0TOM" B Mupe. biarogaps IpuMEHEHHIO 3THX HOBBIX
MaTepUajoB yIajJoch JOOUTHCS BIEUATIIAIONIETO U HEMPEPHIBHO Pa3BUBAIOILIETOCS
nporpecca B BBIYUCIHMTEIIBHOM TEXHUKE M B KOMIIBIOTEPU3ALMH. A 3TO B CBOIO
ouepelb OTKPBUIO HOBBIE HANPABIECHUS Pa3BUTHS HE TOJBKO TEXHUKH, HO M
TEXHOJIOTHYECKOTO MPOTPECCa YEIOBEYECTBA.

http://www.icfcst.kiev.ua/MUSEUM/TXT/Diode r.pdf

OpuruHan cratby Ha caiite komnanuu I110C
http://www.epos.ua/view.php/pubs_computer history Ukraine diode
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