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PUC. 1.
XeHppuk BaH fep beitn
(1887-1948)

PUC. 2. p
Texepatop perynupyemoro
HanpAMKeHMA

anexrponpusog CUMeHca U cucTeMa
reHepaTop-aBuratens Bapn Jleonap-
71a, — KOTOPBIe GBI YHCTO IEKTPO-
MexaHmdeckuMu. [TosBieHue B Hadase
XX B. ra30pa3psAMHBIX U dJEKTPOBAKY -
YMHBIX IPHOOPOB [IO3BOJIHIIO YIIPaB-
JSTh MEXaHIMYECKUM IBIDKEHHEM YiKe
C MOMOIIIBI0 neKTpoHuKH. Kpome Toro,
9JIEKTPOHUKA IIOMOIJIA PEIIaTh 3a[adn
PperyJImpoBaHus FeHepaTOpOB 1 N36aB-
JICHUSI 9JIEKTPHIECKUX MAIIIUH OT HeHa~
IEKHOTO IIeTOYHO-KOJUIEKTOPHOTO Y3JIa.
ITo coBpeMeHHBIM IpeCTaBICHIAM
[2-4], yHKunOHANIBHOE OObEIUHEHIE
9JIEKTPUIECKOI MAIITMHBI (IBUTATEIIS
TN TeHEePaTopa) C 3IeKTPOHHBIMHE IPH-
GOpaMH IS ee yIIpaBIICHUS Ha3bIBACTCS
9JIeKTPOMEXAHOTPOHHBIM ITPe06pa3oBa-
tesiem (DMTII).

[epsbie OMTII s peryaupoBaHus
reHepaTopa IIOCTOSIHHOTO TOKa ObLIN
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onucanbl B 1920 T. B KHUre 3HAMEHUTOTO
YYEHOTO, CIEIUAINCTA B 2JIEKTPOBAKY -
yMmHOII TexHuKe n3 IOxuo# Adpuxn
Xennpuka Ban nep beitna (Hendrik
van der Bijl) (puc. 1) [5]. On poxu-
51 BO BpeMeHa aHII0-6yPCKOil BOMHBI
B CeMbe IIPeyCIIeBaIOIIero TOProBIla
B crosuie [Iperopus, rae u mosyans
6akanaBpckoe oOpasoBaHue.

Beitn mponosmkun o6ygenwue B Jlerin-
IUTCKOM YHUBEPCHUTETe, OB YIOCTO-
€H JOKTOPCKOH CTeleHH 110 GpU3uKe
U 3aHSJICS UCCIIEJOBAHUSAMU B HOBOI
TOrfa HayKe ajeKTpoHuke. B 1913 1.
BBIIAIOIINIACS aMEPUKAHCKUT (PU3UK
Po6eptr Musutukes (Robert Millikan)
npurnacui ero B CIIIA B komnaHuio
Western Electric g ucciaenoBaHus
U BHEIPEHUsI B JAIIbHIOK TeseOH-
HYIO CBSI3b IIEPBOTO 3JIEKTPOBAKYYM-
HOTO TPHOJa, n306peTeHHoro B 1907 T.
JIu ne ®opecrtom (Lee De Forest)
1 Ha3BaHHOIO UM aylMOHOM. beitn
CO3/aJ1 HECKOJIBKO YHUKAJIBHBIX KOH-
CTPYKIUH yCHJIMTEIbHBIX TPUOIOB
1 060CHOBAJI BOZMOKHOCTD UX MPH-
MEHEHUS U B U3MEPUTEJIbHON TeXHHUKe
7 JIeKTpUIecKuX MamuHax. B 1920 r.
o BepHyics B IOxHyI0 Adpuky, rae
BHEC OTPOMHBIN BKJIaJ, B pa3BUTHE
9JIEKTPOTEXHUIECKOU U CTaJIeIUTENHOM
IIPOMBIIIUIEHHOCTH, a TAKKe B BBICIIIEe
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obpasoBanue (Ha ImocTy pexropa IIpe-
TOPHAHCKOTO YHUBEPCUTETA).

CxeMa peryIupoBaHUsI HAIPSDKEHUS
reHepaTopa IIOCTOSIHHOTO TOKa beitra
IOKa3aHa Ha puc. 2 [5]. 3amaHHoOe BBIXOT-
HOeE HalIpsDKeHHUe, CHUMaeMoe C 0OMOTKI
sxops O, paconoxeHHOM Ha poTope,
IPONIOPIINOHATBHO HALIPSDKEHUIO Ha €r0
obmotke Bo36yxennst OB Ha craTope,
KOTOpasi BKITIOYEHA IT0CJIeI0OBATEILHO
¢ aynuoHoM AY, cofepiKaIliuM 00~
rpesusiit katox K (ot 6arapen BK), anon
A n cerky C.

Jist paboThl aynuoHa (Kak U 00bId-
HOTO BaKyyMHOTO TPUOJid) B PEeKHMe
yCuIeHUsI He0OXOIUMO HaIIIUe OTPH-
[[aTeJHHOTO (OTHOCHTEIBHO KAaTO/A)
CeTOYHOTO CMEIIEHUS, 9TO U 00eCIIedn-
Baercs moreripoMerpom PB [6]. [ToBb-
IIIeHHe IT0 KaKOH-TO IIPIYIHE BBIXOTHO-
To HaHpﬂ)KeHI/IH O6YCHOBI/IT yBeJ'II/I‘—IeHI/Ie
TOKa Yepe3 ay[JUOH U, CJIeIOBATeIbHO,
ClIeJTaeT CeTOYHOe HalpspKeHue 6oiiee
OTPULATEIBHBIM, YTO IIPUBENET K yMEHb~
IIEHHUIO TOKA Jepe3 ay[NOH 1 HaIIpsDKe-
HUS Ha 00MOTKe BO30Y>KIeHus, obecrie-
YUBast TeM CAMbIM BO3BPAT K 3alaHHOMY
BBIXOJTHOMY HAIIpSDKEHHIO.

151 peryupoBaHus TOKa TeHepaTopa
(puc. 3) B rens ero sikopst O BBOIUT-
cs moteHnuomerp PA, Hanpsxenue
€ KOTOpOro nofgaercst Ha cetky C depes
6aTapero OTPUIIATETBHOTO CETOTHOTO
cmernenus bC.

I1pu MOBBILIEHUHN IO KaKOK-JIN60
IIPUYHHE BEIXOJHOTO TOKA FeHepaTopa
HAaIIpsDKEHHe, CHIMaeMoe C Pe3HCTopa
P4 oraocurensro karoma K, cranoBurcs
60Hee OTpHHaTeHBHbIM, qTo yMeHI)H_Ia‘
eT TOK ayguoHa AY U, CJIe[OBaTEJIbHO,
HAIpsDKeHHe BO30Y/KIEHUsI, IPHBOJIS-
II1ee K YMEHBIICHUIO BBIXOHOTO TOKa
TeHepaTopa.

Ha mpaxTike k09 dUIneHT yCcrieHus
II0 MOIITHOCTH T'eHePaTopa HOCTOSIHHOTO
ToKa He mpesbimiaer 100 [1], moatomy
IIPU MOIJHOCTH JJIEKTPOBAKYYMHOTO
npu6opa B eIUHUIIBI BATT MOLTHOCTh
YTIPaBJIgeMOTO TeHepaTopa MIIH JJIeK-
TPOIBUTATelIsl He MOXKeT OBITh Golee
100 Br. OT0 puBesIo K MCIOIB30BAHNIO
BMECTO ayAnOHa 60jIee MOIITHBIX Ia30-
paspsimHbIX Ipr6OpPoB [7—11], mepBrIM
Cpefy KOTOPBIX CTaJl HeyTPaBIIgeMBbIil
PTYTHO-IYTOBO¥ BEHTUJIb, CO3[TaHHBII
aMepHKaHCKUM usobperarenem [Ture-
pom Kynep-Xsrountrrom (Peter Cooper
Hewitt) B 1901 r. [7]. 3a HuM mocieno-
BaJIN yIpaBJIsieMble IPUOOPHI — THpa-
TPOH, CO3IaHHbII B KoMmanuu General
Electric B 1914 r. BBIIAIOIINMCS aMepH-
KaHCKUM (usukom, maypeatom Hobe-
neBckoi npemuu Mpsunrom Jlenr-
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miopoM (Irving Langmuir), umeBIum
TOKTOPCKYIO CTelleHb [ eTTHHTeHCKOTO
YHUBEpPCUTETa, I UTHUTPOH, U300peTeH-
Hb11 B 1931 1. B KoMmmanun Westinghouse
AMEPUKAHCKIM HEKEHEPOM-9JIeKTPHKOM
Hocudom Crensinom (Joseph Slepian)
13 CeMBH €BPEHICKIX 9MUTPaHTOB 13 Poc-
cuu, HOJIY‘—II/IBI_HI/IM J:[OKTOpCKyIO CTEIICHb
TapBapzckoro yausepcurera [7, 9, 10].

IlepBbIit KOMMepPYeCKUI BEHTUIIb,
BBINYIII€HHBIM KOMIIaHHUEH General
Electric B 1902 1., BKJIIOYQJI PTYTHBII
katon K, mBa aHoma A u mopKuraio-
1uii 31eKkTpor 1, 3akimodeHHbIe B CTe-
kisHHYy0 Kooy KC (puc. 4) [7]. [Ipn
BBICOKOM ITOJIOKUTEIBHOM HAIIPSDKEHUN
Ha aHOJIE U Iofjade KPaTKOBPEMEHHOTO
IIOJIOJKHUTEIIBbHOTO I/IMHYJ'IBCa Ha I1oa-
JKUTAIOM[UAH 3JIEKTPOJ IPOUCXONUT
MOHM3AIIS [TAPOB PTYTH C (PHOTETOBBIM
CBCYCHUEM U BO3HHUKACT YCTOI/”I‘{I/IBaH
9JIeKTpUYeCKast TyTa, IIPOBONSAIIAS AHOT -
HBII TOK. BBIKIIIOYeHIe BeHTHIISA BO3-
MOYKHO JIUIIIB IIPU CHIDKEHUH aHOJHOTO
HAIPsDKeHNS WIN CMEHe eTo 3HaKa.

Hanuyne nByX aHOMOB MO3BOJISA-
eT 00eCIeYUTDb ABYXIIOIYIIePHOLHOE
BBIITPAMIICHHE IIMTAIOIIIETO HaIlpsiKe-
HUS Ha BXoje TpaHchopmaropa TP,
KaK II0Ka3aHO Ha pHC. 5, TZIe MOKU-
rajomuii anexTpon I1 sanuTan vepes
CTapTOBBII pesucrop P, a nBurarens
nocrosHHOro ToKa (II1T) BKItOYeH
MEXKJY KaTOJOM U CPeJHEel TOYKOMI
Tparcdopmaropa [8].

ITocme 1911 r. pTyTHO-AyTOBBIE
BBIIPSIMUTEIN CTAIH IIUPOKO IIPUMe-
HAThCA B nBurareisax 100 kBt, B Tom
Yuciie AJis TpaMBasg W Ha JKeJIe3HOM
nopore [7,9]. OnHako oHY ObUTH HEIIPH-
TOJHBI IJIS1 MOOUIBHBIX YCTPOMCTB,
IIOCKOJIBKY paboTajIu TOJIBKO B BEPTU-
KaJIbHOM IIOJIO’KeHHUU IIPH OTCY TCTBUU
TOJIYKOB U BHOpANuii, a Takke Tpe6o-
BJIU 3aLIUTHI OT IP06OS U He MOIIU
006eCIIednTh peryJnpoBaHie BHIXOM-
HOTO HaHpH)KeHI/IH. STI/IX HEOOCTAaTKOB
OBLIH JINIIIEHBI TUPATPOHBI (pHC. 6),
BKJIIOYAIOIIHE TTONOTPEBHBII KaTo[
K, anon A u ynpasnsomyio cetky C
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[eHepatop
perynupyemoro Toka

PUC. 4. «
Bentunb Kynepa-XbtouTra

PUC. 5. «
INT ¢ nuTaHueM ot cetn
NEPEMEHHOr0 ToKa

PUC. 6. «
TupatpoH
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PUC.7.p
JINT ¢ TMpaTpoHHbIM
BbINPAMUTENEM

PHC. 8. p
(0a3oBoe ynpasneHue

PHUC. 9. >
Cpeur da3 npu dasosom
ynpaBreHni

KonTponb
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—_
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PUC. 10. 4
TINT perynupyeMoi
CKOpOCTH

PUC. 11.
[0pwit ManoBu4 KocbKun

U TIOMeILIEHHbIE B CTEKITHHBIN 6aJuIoH b,
KOTOPBII HAIIOJIHEH IapaMy PTYTH WK
UHepPTHOro raza [7, 10].

ITpu oTCYTCTBUH CETOYHOTO HAIPS-
JKeHuda SJIeKTpOHI)I, I/ISIIY‘IaeMbIe
KaTOJIOM 32 CYeT TePMOIJIEKTPOHHOI
9MUCCHU, NOHU3UPYIOT MOJIEKYJIbI a3,
CO3/1aBast CBETALLYIOCS IIJTA3MY, XOPOLIIO
IPOBOJISIIYIO 3IEKTPIYECKHI TOK IIPU
BBICOKOM TIOJIOYKUTETHHOM aHOTHOM
HanpspkeHrd. OIHAKO ITPpU HeOOJIBIIIOM
OTPHIIATEILHOM HAIIPSDKEHUH Ha CeT-
Ke OTHOCUTEIbHO KaTo/a aHO/IHbII TOK
npekpamjaercs. TUpaTpoH Takxe
BBIKJIIOYAETCSI IIPU CMEHE MOJISIPHOCTH
AQHOIHOTO HAIIPSDKEHMUS.

KomMmepueckoe IpOU3BOJICTBO THPA-
TPOHOB Havanoch B 1928 r. Ha puc. 7
IIOKa3aH IPUMep IBYXIIONYIIEPUOTHOIO
BBIIpAMUTEIIS Ha THpaTponax T1 u T2
nist mutanus JIIT. Tpancdopmarop
TP1 nmopxiio4eH K NUTAIOIIENA CETH,
a Ha Tparcdopmarop TP2 momaercs
HaIpspKeHue KoHTpoJs ceTku [10]. Tou-
KOl B YCJIOBHOM 0003HAYCHHIH OTMEJaeT~
Cs1 Ta30Pa3PSIHBII BAKyyMHBII ITpHOOP.
Taxue BbITPSIMATENHN CTAJIH IPUMEHSITh-
cs cHayvaja B OeCIeTOYHOM cucreMe
BO30YKIEeHUS CHHXPOHHBIX I'eHepa-
Topos (1929 r.), a 3atem, B 1930-x rr.,
Il IATAaHUA SHeKTpOI[BI/IFaTeHeI;I
OT CeTH IIePeMeHHOT0 TOKa, HallpuMep
IJISL 97IeKTPOIIPIBOMIA CTAHKOB [2, 9].

OpHaKko pacCMOTpeHHbIE Ha PUC. 5
u 7 OMTII He obecrieyrBarOT U3MEHEHE
BEJINYMHBI BBIXOJHOTO HATIPSDKEHUS,
a CJIejOBaTe IbHO, U CKOPOCTHU JJIEKTPO-
nBuraTess. s npeBparieHus BhIIpsi-
MHTeJIsl Ha Ta30pa3psiHbIX TpHbopax
B YIIPaBJISIEMBIi1 OBbLI IIPEMIJIOJKEH TaK
Ha3bIBaeMBI (a3oBBIIl METOJ YIIPAB-
nenusd. B 1903 r. corpynnuk Kynepa-
Xsrourra [Tepcu Tomac (Percy Thomas)
3aIIATEHTOBAJ BBIIPSIMUTEIb C PTYTHO-
IyTOBOII JTAMIION, B KOTOPOM U3MEHEHMe
BBIXOJJHOTO HAIIPSDKEHMUSI JOCTUTATIOCh
3a CYeT BBEICHUS 3aIeP’KKH B MOMEHT
nomkuranus gamisl [9]. Konnenmus
MeToza ISl IBYXIIOJTYIIePUOLHOTO
BBIIIPSIMUTeJISI IOSICHSIETCS PHC. 8, T/e
cpenmHmit TOK aHona (1) ICp [IpU aKTHB-
HOU HanYBKe MN3MEHETCS 110 BeJIMYUuHEe
B 3aBUCHMOCTH OT BPeMEeHH 3a/IepyKKu T
[IOJKUTA JIaMIIbI (2).

IIpuMenuTEIBLHO K TUPATPOHHOMY
BBIIIPSMUTENIO (PHC. 7) U3MEHEHHE
Bpemenn T 3aiepsKKU MOIKUATA TOCTH-
raercst ¢IBUroM ¢haspl HAIIPSDKEHUSI
KOHTPOJISI OTHOCUTENILHO TTUTAIOIIIETO,
KaK [T0OKa3aHO Ha pHC. 9, T7ie KPaCHBIM
OTMeYeHO MUTA0IIee HAPSDKEHUE,
a CHHUM — HaIlpsDKeHHe KOHTPOJISI.
Eciu B IIOJIOXKHUTEJIBHBII OTYIIEPU-
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OJI HaIIpsDKEHUS Ha aHOJle THPATPOHA
HalpsyKeHNe KOHTPOJIS Ha CeTKe OTPH-
I[aTeJIBHO, TO TUPATPOH OyZeT BHIKIIIO-
4eH Ha BpeMs 3alepsKKu T 10 MoMeH-
Ta, KOT7IA HANIpsDKeHHE Ha CeTKe CTaHeT
II0JIO)KUTEJIbHBIM — TOTJja TUPATPOH
SAEOKETCAL.

Perynuposanue capura a3 cHavaza
GBLIO TeXHUYECKU TPYIHOBBIIOIHAMOMI
3ajiadeil, HampuMep B maTeHTe Toma-
ca Jid 3TOTO IPeJJIaragoch CI0KHOE
9JIEKTPOMEXaHNIECKOE YCTPOICTBO [9].
B cepennne 1930-X rr. 17151 9TOTO CTaIN
HCIIOJIB30BATH (Ha30CABUTAIOLI[HE MOCTEL,
1 Ha puc. 10 mokxasan npumep M CIy-
Yast OIHOIIOYIIEPUOJHOTO BBIIIPSIMU-
test [9-11]. 3mech 06MOTKA IKOPS IBH-
ratesns O nuraercs ot Tuparpona T,
ceTKa KOTOPOTO MOAIKJII0YeHa K (a3o-
CIOBHTAIOIIEMY MOCTY, COTep/KaIIeMy
BTOPHYHbIe 0OMOTKH TpaHcopmaTopa
TP, xonpencarop Cu rnepeMeHHbII pe3u-
crop R, perynupyromuit ¢asy curmana
KOHTPOJIf, & CJIEI0BATEIBHO, K CKOPOCTh
nsuraresns. O6MoTKa BO36YKIeHH
neuratens OB Moxer ObITh 3alIMTaHa
OT HeyIPaBJIAeMOrO TUPATPOHHOIO
BBIIPSAMUTENS HIH KPHCTAUITIECKOTO
ceseHoBOTO nuoza [l, n306peTeHHOro
B 1883 r. aMepUKaHCKUM HH)KEHEPOM
Yapnszom Ppurcom (Charles Fritts),
a TakKe MeIHO-3aKHCHOTO 3JIeMEeHTa,
KOTOPBIN NPEIJIOKIAJ aMePUKaHCKUIA
¢usux Jlapc I'pornans (Lars Grondahl)
B 1926 1. [12].

dopma BBIXOJHOTO TOKA BBITIPSAMHATE-
151 I ipu PpasoBoM ynpasieHnu (puc. 8)
II0Ka3bIBAET, YTO, IOMHIMO PETYIHpye-
MOTO CPeIHEro 3HAYEeHHsI, IPUCYTCTBY -
10T U BBICIIIME TAPMOHUKY, AMIUIUTY 1A
KOTOPBIX MOKeT focTidb 100% cpemHe-
TO 3HAYCHUS, YTO BBI3OBET JOIIOTHU-
TeJIbHBII pa3orpes gsuratenst. Kpome
TOTO, pe3Kre OPOCKH TOKa MOTYT IIpU-
BeCTH K IIpo60Io ero o6MoTKu. Bee ato
CIPaBeIINBO U IIPH PaCIPOCTPaHEHHOM
B HaCTOSAIIEE BpEMS METO/IE YIIPABJICHUS
LIMPOTHO-UMITYJIbCHOM MOLYJIALUER
(IIMIM). C apyroii CTOPOHBI, ABUTaTeIb
HOCTOSIHHOTO TOKA SIBJISIETCSI JIJIST yIIPaB-
JISTIOIIEN JIEKTPOHUKH BeChMa CIOKHOM
HarpysKoﬁ B BUJ€ HE TOJIbKO aKTUBHOTIO,
UHIyKTUBHOT'O U €MKOCTHOTO COIIPOTHB-
JieHns1, HO 1 MorHou mpotuBoD/IC. Bee
970 menaer DMTII oTmeapHBIM BUTOM
MEeXaTPOHHOTO MOJYJISI, TPEOYIOLIIM
CIIeI[TaIbHBIX METOJOB IIPOEKTHPOBA-
HUS 1 UCIbITaHui. [l eMy HazBaHue
B 1986 r. mpodeccop DnexTpoTexHU-
4ecKoro MHCTuTyTa uMeHu B. M. Vibs-
Hosa (ceitaac — CII6TOTY «JIDTU»),
3aCITyKeHHBIH JlesTenb Haykn Poccun,
kanuTa# 1-ro panra IOpuii [TaBrosuy
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KocpkuH, onpeeTMBIINI CYIIHOCTD
CaMOCTOSITEIBHON HAYKU 9JIEKTPO-
MeXaHOTpoHuKa (puc. 11) [2, 3, 13].

On oxonums Bricree Boenno-
MOPCKO€ yumIuile uMeHn [[3epsKuHCcKo-
ro B JIeHUHTpase, OCTAJICSI TaM Ha TIpe-
II0/IaBaTeJIbCKOM paboTe M 3aIUTUIT
TOKTOPCKYIO IUCCEPTAIINIO, 3aTeM Hepe-
ren B JIDTU, rue 3aBenoBai kadempoit
QNEKTPUYECKUX MAIIINH, IePeUMEHOBAH-
HOII IIpu HeM B Kapeapy dIeKTpomMexa-
HUKH ¥ 9JIEKTPOMEXaHOTPOHUKU.

TepMUH «271€KTPOMEXaHOTPOHHBIN
peo6pasoBaTesiby, UMEIOIINIT SHepre-
THYECKYI0 1 HHGOPMAINOHHYO ITO/ICH-
crembl, 661 y3akoHeH B TOCT P 50369-92
[4]. C xonma 1980-x rr. B Jlenunrpane
HEOIHOKPATHO IPOBOMIINCH CEMUHA-
PbI 1 KOH(pepeHIINH 110 IIeKTpoMexa-
HOTPOHHUKE, BKIIOYast ME&KIYHAPOTHYIO
KoHbepeHIHI0 B 1997 T. DileKTpoMexaHo-
TpOHHKa (Ha3bIBaeMas TAKXKe JEKTPO-
MEXaTPOHUKOI) ¥ CETONHSI Pa3BUBACTCS
B Psifie YHUBEPCUTETOB U HCCIIEIOBATENb-
CKHIX [IEHTPOB CTPaHsI [2, 3].

O cosmanuu OMTII, crtoco6HBIX
3aMEHUTH JeKTPUIECKIEe MAIIUHbL
C [IETOYHO-KOJUIEKTOPHBIM Y3JI0M (BEH-
THJIbHBIE JBUTATEJIN U T€HEPATOPBI),
a TaKKe perylImpyeMble aCHHXPOHHbIE
IBHUTaTeINH, GyeT paccKas3aHo B CIIEAYIO-
UX craTtbsax. @
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SMTII mostBUINCH B Havarne XX B. B CBSAI3W C HEOOXOLOMMOCTbIO PETYTINPOBATH CKOPOCTb
LBUraTesievt U HaTPsDKEHWE FeHepaTopOoB.

[TepBble YCTPOWCTBA [y1st PErYIMPOBaHWS TEHEPATOPA C 371EKTPOBAKYYMHbIM TIPU60pOM
(aymmoHom) 6bim ormeanst B 1920 r. B khure Beiina.

B 1901 r. KyTtep-Xb1oMTT co37jajl MOLLHbLVA PTYTHO-ZYTOBOV BEHTWIb A1 TIUTAHWSA
LBUraTesIs TIOCTOSTHHOIO TOKA OT CETU TIEPEMEHHOI0 TOKA, OfHAKO 3TOT BLUTPSMUTEIIb

ObU1 HEYTIPABTISIEMBIM.

Merop yTipaBneHvist ra30paspsnHbIMU PUHopamMm, HasbiBaeMblil GasoBbiM, U306pes
Tomac B 1903 r., 0fHAKO TIpaKTU4ecKas peain3alins cTajla BO3SMOXKHOW NWLIIL TIoC/1e
co3naHust TMpaTpoHa (1914 r) u urnmtpona (1931 r.).

B 1986 r. KocbKuH Tipeyioxw1 13y4arb B3auMHOe BIIUSHUE 371eKTPOMeXaHUHeCKUX
W 37NeKTPOHHBLIX KOMTIOHeHTOB IMTIT B paMKax caMOCTOATENILHOV HayKn

INEKTPOMEXAHOTPOHNKW.
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