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1. BBenenue

[locnenHne ABannATh JIET Pa3paOOTYMKN KOMIIOHEHTHOH 0a3bl i poBon
JNEKTPOHUKH aKTHUBHO TPEAIAraloT M MCCIEAYIOT pa3HooOpa3Hble MOAM(HKa-
UM TOJICBBIX TpaH3WuCTOpoB, Takwe kak FINFET, GAA FET, MBCFET,
Nanosheet FET, NCTFET wu 1. 1. [1]. Ilenbto aTux paboT SBIASETCS MOBBINICHHUE
OBICTPOICHCTBUS MPUOOPOB THIIA METAILT — OKHcel — noiynpoBogauk (MOIT)
WM METaJul — JUAJIeKTpUK — monynpoBogauk (MJII]) mytem yBemmueHus nx
kpytu3sabl. Cyns mo HaOdromaromeiics yxe Oonee AecsTd JIeT CTarHaluu CKO-
POCTHBIX XapaKTEPUCTUK KPEMHHUEBBIX IIU(PPOBBIX CXEM, IIPOPHIBHBIX PE3yJibTa-
TOB Ha 3TOM ITyTH ITOKa MOJIYYUTh HE Y/IAJIOCh.

CyTb 1mpo0JIeMbl T0CTaToYHO Tpocta [2]. s HOBBIMICHUS MPOW3BOIU-
TENBHOCTH TIpolieccopa HEOOXOIUMO YBEIHUYEHHE KOJHUYECTBA TPaH3HCTOPOB.
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HpI/I 3TOM HCO6XOI[I/IMO HC YBCIUYUTD, a 10 BO3MOXXHOCTH YMCHBIINUTDH, MAaCCy U
Fa6apI/ITBI MHUKPOCXCMBI. HOBTOMy TPAH3UCTOP HOJIKCH OBITh KakK MOXHO
MEHbLIE. YMEHBIIEHUE IUIOIIAN CEUEHUs KaHaJla MOJIEBOr0 TPAaH3UCTOPA IIPU-
BOOMT IIpU (I)I/IKCI/IpOBaHHOI‘/'I IIJIOTHOCTU TOKA K CHUKCHUIO IMOJIHOTO TOKa 4€pe3
HEro, T0 €CTb K YMCHLIICHUIO KPYTU3HBI. IToBbIlIEHHE IUIOTHOCTH TOKa 0O€3
YBCINYCHUA ITOABUKHOCTHU HOCHTEIIEN 3apsja, a NIOABMXKHOCTE IIPU YMCHBIIC-
HUHU pasMEpOB HE YBEIUYMBACTCH, BEAECT K YBEIMYCHUIO TEIUIOBBLIACIICHUS U
emie OONbIIEMY CHUXEHHUIO KPYTHU3HBI 32 CUET YMEHBIICHHUS MOJBUKHOCTH C
pOCTOM TEMMEPATYPHI.

IloBBICHTE KPYTHU3HY MOXKHO ITyTE€M VBEIWYSHHS IIHPHHBI 3aTBOpA.
HMeHHO 3Ta uaes JISKUT B OCHOBE OOJBITUHCTBA COBPEMEHHBIX MOIUMDUKAITII
IIOJICBBIX TPAH3HUCTOPOB. Ho IIWPpHUHA 3aTBOPA OrpaHUYCHA NCPUMETPOM IOIIe-
PEYHOI0 CCUCHM KaHalla TPaH3uCTOopa.

Tak>ke MOBBICUTh KPYTHU3HY MOJEBBIX TPAH3UCTOPOB MOKHO, YMEHBIIIAsI
JUTMHY KaHana u/uin yBenmunBas emkocts MOIT wmm MJIIT konnercaropa. Ho
¥ OTH CITIOCOOBI HATAIIKMBAIOTCS Ha CCPBE3HBIC OI'PAHUYCHUA.

B ZLaHHOﬁ pa60Te npeaiiaracTCia crneuruajlbHass KOHCTPYKIHA ITOJICBOIO
TPAH3UCTOpPA, KOTOpasAd IJIsI MOBBIMICHHA €TI0 KPYTHU3HBI ITO3BOJIACT HMCIIOJIB30-
BaTh SIBJICHUE Pa3MEPHOr0 KBAHTOBAHUS SHEPIUU JIEKTPOHOB B METAJLIIE.

2. KoncTpykuus ¥ npuHIun pyHKIHOHUPOBAHHUA TPAH3UCTOPA

Ha puc. 1 u 2 nokazaHa KOHCTPYKIIUS [TPEJIAraeMOro MOJICBOTO TPAH3H-
cropa ¢ MmeraumueckuM 3atBopoM (IITM3). Om mpencraBiseT coboii HaHO-
poBoJI (KaHaJ) C IByMsI OMHYECKUMH KOHTaKTaMH (MCTOK U CTOK) W BCTaBKOU
Y3 MeTayia rnocepeanHe (00JIacTh 3aTBOpa), a TAKKE JBa KOHTaKTa K 3aTBOPY,
OTJICJICHHBIX OT HETO JUAJICKTPUKOM. [[Jisi OlEHOK BBIOMPATUCH KOHKPETHBIC
MaTepUatbl 3JIEMEHTOB IPUO0OpPa, MOKa3aHHBIC HA PUCYHKAX.

HanompoBoa momkeH OBITH JOCTATOYHO TOHKHUM U 32 CYET Pa3MEpHOTO
KBaHTOBaHUS 00ECIIEYMBATh MAIYH) KOHIICHTPAIUIO COOCTBEHHBIX 3JICKTPOHOB
B KaHaJe ¥ BBICOKMI moTeHnuai bHbIi Oapbep [llorTku (mopsiaka 1 3B co cro-
POHBI METAJIJIa) HA FPaHMIIAX C 0OJNACTHIO 3aTBOPA NPH HyIeBbIX V; 1 V.

OO6acTh 3aTBOpA JODKHA OBITH BBITIOJIHCHA M3 METaula ¢ HU3KOW KOH-
LIEHTpaIUe 3JEeKTPOHOB IPOBOJUMOCTH, TO3BOJISIFOIIEH 3((EKTHBHO YIIpaB-
JIATh UX KOHLEHTPAUMEH IOCPECTBOM U3MEHEH s HanpshkeHus V.

JIMdNeKTpUK, OTACISAIONINI KOHTAKTHI 3aTBOpa OT 00JIaCTH 3aTBOpPA, J0J-
JKEH 00eCTeYnBaTh HAIUYNE JOCTATOYHO BBICOKOTO H IIHUPOKOTo (mrupuHa d;)
MMOTEHIIMATBHOTO 0apbepa, MPeIOTBPAIIAIONIETO YTEUKH.

[Ipu mpuitokeHUU K KOHTAaKTaM 3aTBOpPA OTPHIIATEIIBHOTO HAIPSHKCHUS
V; y ero xpaes mosiBisiioTcst 06nactu npocrpancTsennoro sapsaa (OI13) mmpu-



85%?8}?\1//1 I.AAi_[FieId Euffect Transistor with Metal Gate 277
. A. 110JIEBOU TPAH3UCTOP C METAJUIMYECKUM 3aTBOPOM

HoW W, a 3JIeKTpOHBI MepeMelIaroTca K HeHTpy 3aTBopa. CyMMapHOe KoJIude-
CTBO JJICKTPOHOB HC U3MCHACTCA, 4 UX KOHLCHTpAIUA B LICHTpS.J'ILHOfI obnactu
3aTBOpPA YBEIMUYMBACTCS 33 CUET YMEHbBIIECHH 3aHUMaeMoro oobema. YBenuye-
HHUEC KOHLCHTPAIMN 3JICKTPOHOB B 3aTBOPC IMPUBOAUT K ITOBBIIICHUIO DHCPTHUU
¢)epMH B HCEM U YMCHBIICHHUIO BBICOTHI IIOTCHIHNAJIBbHOI'O 6ap1,epa AE JJIs1 DJICK-
TPOHOB MEXKJly KaHaJIOM M 3aTBOpoM. B pesyiprare, MIOTHOCTh TOKA | TEPMO-
3JIEKTPOHHON 3MUCCHUU TIPU HEHYJIEBBIX 3HAUYECHUSX HampsbkeHus Vg okasbiBa-
ercs Gpynkuument ot V.
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Puc. 1. KOHCprKHHH IIOJIEBOTO TPAH3UCTOPA C METAJUIMYECKUM 3aTBOPOM.

Fig. 1. The design of the field-effect transistor with a metal gate

‘ Source ‘ Channel, GaAs Bi ‘Channel,GaAs Drain (Vis)
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Puc. 2. Ceuenue npubopa B miockocta XOZ.
Fig. 2. Cross section of the device in the XOZ plane

CHpaBCZ[J'II/IBa mpocTast OCHKa
alnJ JaV, = —V=1V /aV, — (kT) 1 (IAE /3V,), (1)
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rae: V — o0wvem obnactu 3atBopa; kg — mocrosiHHas bonbimana; T — abco-
JIFOTHAsS TEMIIeparypa.

Cuuras, uTo 007aCTh 3aTBOpPA MPEACTABIICT COOOH TapaIeNIeITUIIe]] C
JUTMHAMH CTOPOH Lgy, Ly, 1 L o nanpasnenusm OX, OZ u OY cooTBeTCTBEH-

HO, MOXHO IIOJY4YUTH HpI/I6J'II/I)X(eHHBIe BBIpa’XCHUA
v-tov/ov, = —(2/(L — 2W))aW/aV, )

(0AE/0Vy) = —(h/mg)(m/3(n + nl))3(2mg gmm)2
(L —2W)~3aW /aV,. (3)

3neck: h — nocrosnnas [lnanka; m; — 3¢ dexTuBHasS Macca SJIEKTPOHOB TIPO-
BOJMIMOCTH B 3aTBOPE;

n = no[L/(L = 2W)]; 3
Ny — KOHLEHTPALHs 2JIEKTPOHOB B 00BEMHOM MaTepHUaJie 3aTBOPa;
3
ny = (87T/3h3)(2nggmin)2; (4)
Egmin = (h2/8mg)[1/l‘§x + 1/Léz + 1/(L - ZW)Z] (5)

— MUHHMMAJIbHasl SHEPTHUSI DJIIEKTPOHOB B 00JIACTH 3aTBOPA.
W3 cootnomenuii (1) — (5) cmemyer dpopmyia

olnj [V, = (1/(L = 2W))[2 + (ksT) ™ (h/ my)
(/3(n + 1,))3 (2mg Egmin)?(L = 2W)"21(OW /3Y,). (6)

B aTOM BBIpakeHHM TEpBOE cllaraeMoe B KBaJIPaTHOW CKOOKE COOTBETCTBYET
YHUCTO KJIACCUYECKOMY H3MEHEHHIO 00beMa 00JacTH 3aTBOpPA, 3aHATOH 3JIeK-
TpOHaMH, Npu n3MeHeHuu W. Bropoe ciaraemoe nosiBisieTcs: U3-3a U3MEHEHMS
B 3TOH 00JIACTM MHUHHMMAJIBHOW JOIYCTUMOM 3HEPIHH JIEKTPOHOB U OOYCIIOB-
JICHO €€ pa3MEpPHBIM KBaHTOBAHUEM.

Hcnone3ys ogHoMepHoe ypaBHeHue [lyaccona, HETpyIHO MOTYYHUTh

W [0Vy = (g;/d;eng)[1 + (2&7 /gengd?) (9 — V)] ~V/2, (7)
re: & — AUDIEKTPHYECKas MPOHMIAEMOCTh JUAJIEKTPUKA; € — dIeMEeHTap-
HBII 3apAJ; € — AUANEKTpHYEcKas NPOHUIIAEMOCTh MaTepHaa 3aTBopa;

@ = —F/e+ (3h3(n +n,)/8m)*/3/2m e 8)

— DIEKTPOCTATHYCCKUH, a F — XUMHUYECKHHA MOTCHIUANBI DJICKTPOHOB B 3a-
TBOpE.
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st Toro, 9TO0BI TOAIIOPOTOBasi KPYTHU3HA TPAH3UCTOPA MPEBBICHIIA TEP-
MOSMHCCHOHHBIN npeaci, H606X0,I[I/IMO BBITIIOJIHCHUEC HCPABCHCTBA

¢ = (0InJ/oV,)(kgT/e) = )
= [&;/deng(L — 2W)(1 + (2¢f /eenyd?) (¢ — V,))2 1{2kpT /e +
+(h/mge)(m/3(n + 1)) 2myEgmin)2(L — 2W) "2} > 1. (9)

OtmeTuM, 4TO BTOpPOE, MPOMOPIHOHAIBLHOE MOCTOssHHOW [InmaHka criaraemoe B
(hurypHoit ckoOke BeIpaxkeHus (9), He 3aBUCUT OT TEMIIEPATYPHIL.

3. Pe3ysabTaThl pacueToB

[lonyyeHHbIE aHATUTUYECKUE BBIPAKECHUS SIBISAIOTCS NPUOIMKEHHBIMU.
Jia Oomee TOYHOTO MOAEIMPOBAHHA (DPYHKIMOHMPOBAHHUS IIPENIaraeMoro
TpaH3UCTOpa HEOOXOAUMO CaMOCOTIIacOBaHHOE pemeHue ypaBHeHuid [peanH-
repa, [lyaccoHa u mepeHoca B TpeXMEPHOM CTAIlIOHAPHOM ciiyyae. OHO MOXKeT
OBITh IPOBEACHO, HATIPUMED, B paMKaxX MOJENH, onrcaHHoi B padore [3]. Ho u
MPEICTABICHHBIX 37eCh (OPMYJ OCTATOYHO AJsl MPEABAPUTEIBHON OLIEHKH
xapakrepuctuk [ITM3.

Pacuersl mpoBogumuch B mpeanonoxenu, 4ro T = 300°K u Ly, =
Ly, = 25HM,L = 44 M.

Ha puc. 3 u 4 noka3zaHbl 3aBUCUMOCTH IIMPUHBI 00J1acTh obenHenus W n
KOHIEHTPAIH N 3JIEKTPOHOB MPOBOAMMOCTH B IIEHTPE OO0JIACTH 3aTBOpa OT
Hanpspkenus Ha 3atBope V. [lpu snagenunx I, < —0,925 B nabmonaercs pes-
koe Bo3pactanne W u kxoHmeHTpammu. OTMETHM, YTO aHAJIOTHYHBIA PE3KHH
POCT KOHIIEHTPAIMH JIEKTPOHOB B TOHKHUX IUIEHKaX BUCMYTa MIPU YMEHbILIEHUH
WX TOJIIIVHBI HAOFOaICs SKCIIEPUMEHTAIBHO [4].

Ha puc. 5 npexcraBiena 3aBUCUMOCTB napameTpa ¢ oT V; Ha HaualbHOM
y4acTKe BO3paCTaHMs, KOTOPBIH KOPPETHPYET C 0OJACTHIO PE3KOT0 POCTa KOH-
LEHTPALUH JIEKTPOHOB POBOAMMOCTH B LICHTPAJILHOM 00J1aCTH 3aTBOpA.

Ha puc. 6 mokaszaHbl KJacCUUECKHUH M KBAHTOBBIN BKJAJbl B BEIUMUUHY
dlnJ /dV, B muanazone HanpsokeHud Ha 3atBope oT 0 B g0 —0,875 B. Buano,
uro npu V; < —0,75 B KBaHTOBBIA BKJIaj B HOJANOPOrOBYIO KPYTH3HY TPaH3H-
CTOpa HAa4YMHAET MPEBHIIATh KIACCHYECKUHN, U TaTbHEHIINIA OBICTPBIA POCT Ta-
pameTpa ¢ nipu yObiBanuu Vy; CBS3aH MIMEHHO C KBAHTOBBIM BKJIAJIOM.

IToBenenue napamerpa & py BCcex 3HAYSHUSIX HAIIPSHKEHUH Ha 3aTBOpE, IPU
KOTOPBIX MPOU3BOMIIMCH PACUETHI, IPEACTaBIEHO Ha pHc. 7. BuaHo, 4To moamnopo-
roBas KpyTH3Ha pPacCMaTpMBAE€MOIO MOJIEBOro Tpansucropa mpu vy < —0,93 B
MOJKET B IECSITKH Pa3 MPEBbIIIATH TEPMOIMHUCCUOHHBIH pesien (3HaueHue & = 1).
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Puc. 3. 3aBucumocts HIUPUHBI obmactu O6C,HH6HI/I$I B 3aTBOPEC OT HAIIPSAYKEHUS Ha 3aTBOPE.

Fig. 3. Dependence of the width of the depletion region in the gate on the gate voltage
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Puc. 4. 3aBucumocTs KOHIEHTpPAIUU 3JIEKTPOHOB MIPOBOJIUMOCTHU B LICHTPE 3aTBOPA
OT HaIPsXKCHUA Ha 3aTBOPE.
Fig. 4. Dependence of the concentration of conduction electrons at the center of the gate
on the gate voltage
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Puc. 5. 3aBucumocTs mapaMerpa ¢ OT HAMPsHKEHHS Ha 3aTBOPE
Ha HaJaJIbHOM yJacTKe BO3PACTAHMUS.

Rice. Fig. 5. Dependence of the parameter & on the gate voltage
in the initial section of the increase
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Puc. 6. Kitaccuueckuii 1 KBAHTOBBIH BKJIA/IbI B TOAMOPOTOBYO KPYTHU3HY TPAH3UCTOPA.
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Fig. 6. Classical and quantum contributions to the subthreshold transconductance of a transistor
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Puc. 7. 3aBucumocTs napametpa ¢ OT HANPsDKSHHs Ha 3aTBOPE.

Fig. 7. Dependence of the parameter £ on the gate voltage

4. 3akaoueHune

B Hacrosmei#t paboTe mpemioxkeHa KOHCTPYKIHS ITOJIEBOTO TPAH3UCTOPa
C KaHaJIOM W3 HAaHONPOBOAA M 00JAacThIO 3aTBOpa W3 MeTayuta. s co3manus
HEOO0XOIUMOTO TTOTEHIUABFHOTO pesbeda /Ui AJIEKTPOHOB B KaHAJE U B 3aTBO-
pe TpaH3uUCTOpa HEOOXOAMMO, YTOOBI pa3Mephbl BJIEMEHTOB MpuOopa ObUTH
MEHBbIIE, YEM JUIMHA PAa3MEPHOr0 KBAHTOBAHUS JJIEKTPOHOB IPH TEMIIEpaType
(hyHKIIMOHUPOBAHUSL.

IIpu HyIIEBBIX HAMPSHKEHUSX Ha KOHTAKTaX 3aTBOpPA TPAH3UCTOP 3ameprT.
[I1oTHOCTH TOKa B HEM ONpEnNeNseTcsl KOHIEHTpanrueil coOOCTBEHHBIX HOCHTE-
JIeH 3apsa B HAHOIPOBOJIE (B KaHAJIE), KOTOpas MOKET OBITh C/elilaHa MaJIoi 3a
CYeT YMEHBIIIEHHI €0 TIONEPEYHOr0 CEYSHHS M COOTBETCTBYOMIETr0 d(h(eKTrB-
HOT'O paclIUMpeHHMsl 3anpelieHHON 30HbI. [Ipy npuioKeHun K KOHTaKTaM 3aTBO-
pa OTPHUIATEIHHOTO HANPSDKEHHSI KOHIIEHTPAIIKS JIEKTPOHOB B 3aTBOpPE B 00Ja-
CTH KaHaja yBEJIMYMBACTCS, a MOTEHIMANbHBIH Oapbep Ha TpaHUIEC 3aTBOP-
KaHaJl OHWXaeTcs. B pe3ynbraTe 3a cUeT MHXKEKTHUPYEMBIX M3 3aTBOpa 3JICK-
TPOHOB BO3PACTAET INIOTHOCTh TOKA B KaHAJIE.

IToamoporosasi KpyTU3HA TAKOTO TPAH3UCTOPA MOXKET CYIIECTBEHHO Ipe-
BBIIIATh TEPMOOMHCCHOHHBIA Tpeaes. DTOT Pe3yJbTaT SBISETCS CIEICTBHEM
pa3MepHOro KBaHTOBAHUS SHEPTHHU DIICKTPOHOB B 00J1aCTH 3aTBOpA.
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Annomayusn: C ucnonvzosanuem memooos ACM noomeepoiicoeHo Haruyue y Kiacmepos
[Coo@{H:0} ]k, oxpyarcenrozo puixaou o6onouxoii Horee meepoo2o YEHMpPAIbHO2O
A0pa, U NPOBeOeHbl OYEHKU CUTbL CYENIeHUsl A0PA C PIXA0l 000JI0UKO.
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1. BBenenue

BonbimmHcTBO puMeHeHu# bakubdona ¢ymiepeHa CgoB 37EKTPOHHBIX [1,
2], oprannueckux [3], xumuueckux [4] u Ouonornyeckux [5] HaHoOTEXHOIOIH-
X, MeaumuHe [6] cBA3aHO ¢ UCIOIB30BAHUEM KOJUIOMIHBIX CHCTEM. B yacTHO-
CTH, €r0 BOJHbIE KOJIOM/IHbIE PACTBOPBI SIBJSFOTCS TIPOMEKYTOUYHBIM 3BEHOM B
UCIIOJIB30BAHUU MX YHUKAIBHBIX CBOMCTB B PA3JIMYHBIX TEXHOJIOTHUECKHX TPH-
JIOKEHHUSAX.

Kaxk npaBuiio mouekysibl Cgo IPAKTHYECKH HE PACTBOPHMBI B Bojie. TeM He
MeHee, HEMPSMBIMHE CII0COO0aMH M3 HUX TIOIYYaI0T JOCTaATOYHO CTAOUIIEHEIE BOI-
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HBIE KOJUIOMIHBIC pacTBOPHI moTHOCcTHI0 10*—1,0 mg/ml [5, 7]. B mpomecce
MIPOTEKaHUS TAKOW PEaKIUU THIPATUPOBAHUS MPOUCXOJUT CTPYKTYPUPOBAHUE
(roaryJsiiusi) 00beMHOM BOJIBI BOKpYT 0akubosa Ceo ¢ HOpMUPOBAHUEM MPOYHOM
IByXMepHO# 2D-ceTku mepBoro ciost nuamerpom 1,6—1,8 nm, cocrosiero u3
n =20 MoJeKys Bobl 1 00pa30BaHUEM THAPATHPOBAHHOTO CyIEp MOJIEKYJIISPHO-
ro komiutekca dysmepena Ceo@{H20}n=20 (CsoFAS — Fullerene Aqueous Colloid
Solution [7]). Cornacro [8] okpy:katorue 6akr60T MOJIEKYITBI BOABI (POPMUPYIOT
nmoneka’ip — KBasu-chepuieckyro cTpykrypy u3 20 momekyn H,O, kaxmas u3
KOTOPBIX pacrojaraeTcs MpsSMo HaJ HEHTPOM Kaxaoro u3 20 MIecTHyToIbHBIX
koJen (hysiepeHa u 00pa3yeT ¢ 3TUM KOJIBIOM BOJAOPOHYIO TT-CBs3b. COriacHo
[7] BomHas 2D-ceTka ocTtaeTcs ctabuiabHOM 10 Temmeparyp 100 °C, a ee Temre-
paTypa IUTaBJICHHS [IPH HOPMAIbHBIX YCIOBUAX Ty, = 2,80 °C 3ameTHO OTiIM4a-
tot1cst 0T 1y, = 0 °C 00bIyHOM BoJbI. BriociencTBuu Ha OCHOBE PacyeToB C UC-
MTOJIb30BaHUEM TIEPBONPUHIIMITHBIX METOJOB OBLIO ITOKa3aHO, YTO Hamboee
SHEPreTHYECKU CTAOMIBHOU sIBIIsieTCsl KoMIUieke ¢yiepeHa Cgy ¢ THApaTHOMN
0001109KOH, cocTosiei u3 mectuaecstu N = 60 mosekyn Boabl Ceo(H20)s0 [9].

B 3aBucuMocTH OT KOHIEHTpaluu THAPO(PHUIBHBIE KOMITIEKCHI
Ceo@{H,0}, B KOMTOUIAHBIX pacTBOpax, B CBOI OUYEPEib, MOTYT acCOLUUPO-
BaTh JPYr C JAPYroM 3a CYET MX BOJHBIX O0OJIOYEK C OOpa30BaHUEM IIEJIOrO
Habopa cheprnaeckux kiaactepoB [Ceo@{H,O0} ]« (K — memoe umcio) pasmepa-
mu ot exunun (3,4; 7,1; 10,9; 14,5; 18,1; 21,8; 25,4; 28,8; 32,4; 36,0 nm [10])
1o coter (380—800 nanometpos [11]).

BaxkHocTh uCClIeZIOBaHUST JAMCIIEPCHOTO COCTaBa JIAHHBIX KOJUIOWJIHBIX
CUCTEM OIPEICISCTCS €Il U TeM, UYTO pa3Mepbl KJIIACTEPOB OKa3bIBAIOT 3HAUM-
TEJIbHOC BIHUSHUE HA UX ONTUYECKHUE (LIBET, MHTCHCUBHOCTD JIIOMUHECIICHIINN),
XUMHUYECKUE, MEXaHHYECKHe M 3JIEKTPO(PU3NYECKHEe CBOWCTBA W, KaK CIe[I-
CTBHE, HA CBOWCTBA KOJUIOUJHOTO PacTBOpA.

[IpakTruecku Bce M3 3TUX CBOMCTB HAIPSIMYIO CBS3aHBI CO BHYTPCHHUM
CTPOCHHEM TaKHX KJacTepoB. B wactHocTH, aBTOps! [12] B 2002 romy ommcanu
Mozeib chepuueckoro (ukocadapudeckoro) kinacrepa [Ceo@{H,O}n]13 nua-
MeTpoM 3,4 HM, cocTosiero u3 TpuHaanati K = 13 6axubonoB Cgy, OKpyKEH-
HBIX O0IIEH CTPYKTypUpOBaHHON BoaHON 000soukoit. [Tozxe (2020 r.) aBTOpEI
[13] mokasamu, 94TO YCTOWYMBRINA KiaacTep w3 (yUIEPEHOB B KOJJIOHIHOM pac-
TBOpE JOJDKEH UMETh TUIOTHYIO YIIAKOBKY MoJieKyll Cgp BHYTPH — TUIOTHOE SII-
PO ¥ PBIXJIYIO BHEIIHIOIO 000JI0YKY.

Hecmotpst Ha Oompmnoif 00beM HAKOIUIEHHOH WHGOpPMAIMH O CaMHUX
(dyiuiepeHax v UX TUAPATHPOBAHHBIX KOMIUJICKCAX, MEXaHU3MbI (DOPMHUPOBAHUS
cynepmonekyssipabix kinactepoB [Ceo@{H20},]k B BOAHBIX KOJIOMIHBIX pac-
TBOpPaxX, KOTOPbIE B KOHCYHOM HMTOIE€ M OIPEICIISIOT CBOWCTBA KOJUIOMHOTO
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pacTBopa, BCE €Ile OCTAKTCA MajJOU3ydeHHbIMU. IIpHUUMHON 3TOMY sIBIIsETCS
HEJOCTATOK 3KCIEPUMEHTANIBHBIX JAHHBIX O BHYTPEHHEM CTPOCHUHU TAKUX KJla-
CTEPOB, CBSI3aHHBIM C UX MOBBIILICHHON YyBCTBUTEIBLHOCTBIO K PA3JIMYHOIO POAA
BHEITHUM BO3JEHCTBHAM (HampuMep, BBICOKOW MOIIHOCTH JIyda AIEKTPOHHOTO
MHUKPOCKOIIA) M HU3KO# pa3perraroieil cmocoOHOCThIO Ha HAHOYPOBHE HEKOTO-
PBIX HCIIONB3YEMBIX aHAJTMTHYECKUX METOI0B (Harmpumep, DLS).

Hcxons w3 BBIIEH3IIOKEHHOTO, 3aadeil JTaHHOW palbOoTHI SIBISETCS HC-
CJIEIOBaHNE BBICOKOpa3pemaromuMu MetogaMu ACM BHYTPEHHETO CTPOEHUS
knactepoB [Ceo@{H20} ]k

2. MeToauka 3KcIepuMeHTa

Jus mpuroTtoBneHust BogHOTO pacTBopa ¢yiuepeHa Cgy HCIIOIB30BAIH
€ro HACHIIIEHHBIA PacTBOP B TOyoJie (YUCTOTON >99,99 % no ananusy HPLC
(High-performance liquid chromatography) c¢ xommentparmeii monekyn Cgo,
COOTBETCTBYIOIIEH MaKCHMaJbHOW pacTBOPUMOCTH ~2,9 wr/mi  (pacTtBop
Cs0:C7Hg). 3arem, macwimennsiii pactBop Cgp:C;Hg cmemmBanmm B OTKpBITOM
K0JI0€ C OJIMHAKOBBIM KOJIMYECTBOM TUCTHJUIMPOBAHHOW BOJBI U B TAKOM BUJIC
oOpabaThIBaM B YJIBTPA3BYKOBOW BaHHE NMpW KOMHATHOW Temmeparype. IIpo-
LEeAypY MPOJOJIKAIH JI0 TIOJHOTO MCTIAPEHUS TOMYOJIa U OKPAIIUBAHUS KHIKOH
(hazbl B CBETIIO-KOPUYHEBHIN 1IBET. B pe3ymibrare Takoil Mporeaypsl U3 pacTBO-
Pa MOJTHOCTHIO YAAISUICS OPraHUYECKUH PacTBOPUTENh B 00pa30BhIBAIICS C1a00
OonajecUMpyOLMi NOJIYNPO3payHblil BOJAHBIA KOJUIOMAHBIA PAacTBOP THUJIpaTH-
poBannbix kiactepoB [Ceo@{H,O}n]x u ux arperaros [14, 15] ¢ mpumechio
(bIIOKKYJT — B3BEIICHHBIX B 00BEME XJIONBEBUIHBIX CKOMIeHHH. O4YucTKa OT
(hIOKKYN ocymiecTBiIsIach myTeM meHTpudyrupoBanus npu 10000 o6/mMuH B
TEUEHHUE 5 MUHYT.

Jlyist mpuroToBiieHUs: 00pa3IoB U3 00beMa ATMKBOTHI MPEIIM3UOHHBIM J103a-
TOPOM OTOMpAJIM HAJIOCAIOYHYIO KHJKOCTh U PACKAlbIBAIM HA MOBEPXHOCTH
SMUTAKCHATIBHOTO KPEMHHUSI IBIPOYHOTO THTa TipoBoanmoctH (P-Si{111}). TTocme
BBICBIXaHHS KaIUTM AJIUKBOTHI BOAHO-KoJuTouaHble Kiactepsl [Ceo@{H20}]k
pasMepamH OT €JHHUI] IO COTeH HAHOMETPOB OKa3bIBaIOTCSI OPOYHOBCKUM 00pa-
30M PaccoCpeIOTOYCHEI IT0 TIOBEPXHOCTH AMUTAKCUATBHOTO CITOSL.

Uccnenosanne Gopmel knactepoB [Ceo@{H,O}n]k, ux dazoBoro cocrasa
U BHYTPEHHETO CTPOCHHUS OCYIIECTB/SUIOCH HA BO3IyX€ MTPH HOPMAaJIbHBIX YCIIO-
BHSX C HCIIOJIb30BAaHUEM aTOMHO-cuioBoro mukpockorna (ACM) NTEGRA-
SPECTRA mnpousBoactsa «HT-MAT» na 6a3e LleHTpa KOIJIEKTHBHOTO MOJIB30-
BaHus «MonekynapHas CTpyKTypa BemiecTBa» (eBacTOIOIBCKOTO ToCyAap-
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CTBEHHOI'O YHUBepcHTeTa. Bricokast ToyHOCTh (10 ropuzoHTanmu ~0.2 nm, a mo
Beptukanu ~0.04 nm) u yyBcTBUTEIBHOCTh MeTO1a ACM B IIUPOKOM MHTEpBa-
Jie U3MEPUTEJIBHBIX MACIITa00B, a TAKKE BO3MOKHOCTb MPELM3UOHHOTO YIIPaB-
aeHus cuiol Fis BO3IelcTBHS 30HAa Ha UCCIeIyeMblii HAHOOOBEKT Ha MUKPOH-
HOM M HAHO-YPOBHSX JI€AaeT ATOT METOJ MPEATIOUYTUTENLHBIM B JAaHHOM CIIy4ae
nepel BCEMH OCTAJIbHBIMU METOAAMU.

3. Pe3yabTaThl 3KCNIEPUMEHTOB

CornacHo o0ImKM (HU3HYECKUM IIPEACTaBICHUSIM, B3aUMOICHCTBHE 30H/-
IIOBEPXHOCTH JOJIXKHO OIPEAEIsIeTCs HE TOJIbKO MOJICKYISIPHBIMHM CHIIAMU B3aH-
MOJICHCTBHS 30HJIA C TOBEPXHOCTHIO, HO U MUKPOMEXaHHUYECKUMH CBOMCTBAMH
IMOBEPXHOCTH U MPHUIIOBEPXHOCTHOM oOnactu. Hampumep, U3 Teopun HEIUHEH-
HBIX KOJI€0aHMH XOPOILIO U3BECTHO, UTO HAJTMYNE CBA3H MEXKY JUHEHHBIM (OayIKa
KaHTUJIEBEpa) U HENMHEHHBIM (KJacTep) KoyeOaTelbHBIMU KOHTYPaMH MOXKET
MIPUBOJUTH HE TOJBKO K U3MEHEHUIO AMILTHTYIbI KOJI€OaHM, HO U K H3MEHEHUIO
(azer AB. CrtoxHOE KOHCTPYKTHUBHOE CTPOCHUE TMIPATUPOBAHHEIX KIIACTEPOB,
Cyas 10 BceMy, 00YyClIaBIMBAET HAIMYME Y HUX HEIMHEHHBIX MHKPOMEXaHHUYe-
CKHX CBOMCTB, YTO MO3BOJISIET PaCCMAaTPHBATh TAKHME HAHOYACTHUIIEI B KAYeCTBE
HEJTHHEHHBIX MEXaHHUYECKUX KojebarenbHbIX cucteM. Ha puc. 1 pa3nuuus B He-
JUHEWHOCTH MUKPOMEXaHHUECKUX CBOMCTB Pa3HBIX YUaCTKOB Kjactepa (sapa u
«1ryObI») cXeMaTHYHO 0003HAYEHBI BUIE PA3IHYHBIX MIPYKHUHOK C PA3HBIM IIa-
rOM U JUaMETPOM BHTKOB. B pe3ynbrare, Ha TOM y4acTKe MOBEPXHOCTH TUapaT-
HOM 0005109KkH — 00acTu G, 101 KOTOPOH PACIIOIOKEHO AP0, B3AUMOIECHCTBHE
30H]— MOBEPXHOCTh OYJICT OTIIMUATHCS OT aHAIIOTHYHOTO B3aUMOJCHCTBUS BHE
sToi obnactu (puc. 1, odinactu Q). B arom ciyuae, naxe eciau $a3oBblii cocTaB
IMOBEPXHOCTU IIYyOBI OYJIET OJHOPOJIHBINA, OOYCIIOBICHHBIEC SIAPOM JIOKAJIBHBIC
HEOJAHOPOIHOCTH MEXAaHHYECKUX CBOMCTB IPHUIIOBEPXHOCTHONH 00JacTH Ha
yuactke G (puc. 1) OyayT NpuBOAMTE K n3MeHEHHIO Pa3bl AO 1 BOSHUKHOBEHHIO
dbazosoro kouTpacta AO=A0O(X;Y), 4TO MbI U HAOJII0]AEM B IKCIIEPUMEHTAX.

VBennueHne WM YMEHBIIEHHWE CHJIbI MPHXKATHS KaHTHiIeBepa F 1mos-
TBEPAMIO HAIMYNE Y KIACTePOB HEOTHOPOIHBIX MEXaHHUYSCKHUX CBOMCTB U SIPKO
BBIP@KEHHON BHYTpeHHEH cTpykTypsl. Hampumep, mpu Fi< 36 NN xmactepsr
MPOSIBJISIIOT MPOCTYIO AUCKOOOpasHyio (GopMy. YBEIHMUYCHHE CHIIBI MPHKATHS
Fis> 36 nN mo3BoiiseT BEIABISATL Ha TOBEPXHOCTH KIIACTEPa YUYACTKU C HEOAHO-
POIHBIMH MUKPOMEXaHUYECKUMH CBOMCTBAMH, YTO TO3BOJISIET «IAIBIIMPOBATE)
WX BHYTPEHHEE CTPOCHUE M BBISBUTH 0] MOBEPXHOCTHIO HaIM4Yne 0oJee KecT-
KOW LEHTpaNbHON 00JacTH — sapa. TyT CTOMTh OTMETHTh, YTO HEOOXOIUMOE
JUISL peallM3allii TE€X WM HHBIX Iejici 3HaueHue Fi MOKeT BapbUPOBAaThCSA B
3aBHCHMOCTH OT Pa3MEpOB KJIacTepa M PSIKUMOB M3MEpeHHs (Hampumep, pe3o-
HAHCHOW 4acTOTHI f, aMIITUTYAbI Ayax U YIIPYTOCTH OAJTKU KaHTUJIEBEPA).
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cantilever ot % max

7 Si-substrate / %

Puc. 1. Cxema nonykoHTakTHOTO pexkxnma ACM-ckanupoBanus kinactepa [Ceo@{H20%}20lk:
1 — mtoTHOE s171pO KIIacTepa, 2 — phIxias 06onouka, Ky — koG HULIIeHT ynpyrocTy 6aaku
KaHTHJIEBEpa, Ky — KoadduimenT ynpyroctu sapa, Ky — Kod3QGUIMEHT yIpyrocTH phIXiion
000JIOUKH.

Fig. 1. Scheme of the semi-contact mode of AFM scanning of the [Cgo@{H,0},0]« Cluster:
1 is the dense core of the cluster, 2 is the loose shell, k; is the elasticity coefficient
of the cantilever beam, kg, is the elasticity coefficient of the core, ks, is the elasticity coefficient
of the loose shell

IIpu Gostee cupbHOM Bo3nmelcTBHH Fis> 42 NN mry6a Jerko «CIaupaeTcs
u orojsieT Oojiee kecTkoe sApo. JlaHHbH 3(dEeKT mpoaeMOHCTPUPOBAH Ha
[IPUMEPE OTHOCUTEIILHO HEOOJIBIIOr0 KiacTepa € IONEPEYHBIMU pa3MepamMu
d~70 nm. Ha pactpoBom ACM-H300pakeHHH BHHO, YTO BBHICTYIIAIOIIEE U3
THPATHON 000J0UYKH («I1yObI») sIIpo pasMepoM . OKPYIKEHO €€ OCTaTKaMH
(puc. 2a). DTo XOpOoIIO MPOJIEMOHCTPUPOBAHO U HA MPO(UIIC TOMEPEYHOro Ce-
genust h=h(X;y) (puc. 2a, A-A). PactpoBoe n3obpaxenne $pa3oBoro KOHTpacra
yKasbIBaeT Ha pa3nuyus B ()a30BOM COCTaBE BOIAHOM IIyOBI U Apa, a MpoHIb

morepeyHoro cedenusi AO=AO(Y) mo3BOJSET TOYHO OMPEACTUTH T'PAHHIBI HX
¢a3 (puc. 2b, B-B).

4. 3akiao4yenue

Takum 06pa3om, BO3HUKHOBEHHE (Ha30BOr0 KOHTPACTA Ha OJHOPOIHOM 110
cocraBy moBepxHOCTH Tpr e¢ ACM-CKaHUPOBAHHUH B MOJTYKOHTAKTHOM PEXHUME
MOJKET YKa3bIBaTbh Ha pa3In4uC MHUKPOMEXaHUYCCKUX CBOMICTB HeHTpaJ’IBHOI\/'I u
nepudepuitnoit  obmacreit  kmactepoB [Ceo@{H.O} k. IIpsameimu ACM-
HU3MEPEHUSIMU TOATBEPKICHBI BBIBOBI paboThl [12] 0 HaIMYKMU y KJIACTEPOB,



290

Electronics, photonics, instrumentation and communications
DIIeKTpOHHKa, (POTOHHKA, IPHUOOPOCTPOCHNE H CBS3b (2.2)

OKPY KEHHBIX PBIXJION 000J0YKOM, O0Jiee TBEPIOTO IEHTPAIBHOTO SIIpa, W MPo-
BEJICHBI OLICHKU CUJIbI CIISIUICHUS SIpa C PHIXJION 000IOUKON.

0 0.1 0.2

03 Y,um
Puc. 2a. PactpoBoe 300x300 Touek ACM
uzobpakenue penseda h = h(x;y) 0.4x0.4 um
y4acTKa HOBEpXHOCTH 06pa3na (Ama=30 nm u
Fis= 4 nN) ¢ nmpodunem h = h(y) ceuenns A-A.
Fig. 2a. Raster 300x300 points AFM relief
image h = h(x;y) 0.4x0.4 um of sample surface
area (Amax= 30 nm and Fi = 4 nN) with profile
h =h(y) of section A-A
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Puc. 2b. PacrpoBoe 300x300 touexk ACM
n3obpaxenue hazoBoro konTpacta AG = AB(X;y)
0.4x0.4 um y4acTka MOBEPXHOCTH C IpoduIeM

AB = AB(y) ceuenns B-B.

Fig. 2b. Raster 300x300 points AFM image
of the phase contrast A® = A0 (x;y) 0.4x0.4 um
of a surface section with a profile A6 = A0 (y)
of section B-B
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NOCAOKU MeHCOYHAPOOHO20 OUANA30HA 01 MAHEBPEHHbIX camoaemos. 1100x00 ocHosaH
HA NPUHYUNAX KOSHUMUGHOU MEeXHONO02UU, SKI0YAiowell COB0KYHHOCHb HpOYeccos
npuobpemenus, npeodpaz08anuss U UCHOIb308AHUA HAKONIEHHBIX 3HAHULL, Peanu3yemoll
Ha ocHoge 0ogepenHbix sviyucaumenvuvlx CHK nramgpopm.
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1. BBenenue

IlepBast oTeuecTBeHHas cHCTEMA CIENON MOCaJAKH METPOBOrO AHana3oHa
BOJIH ObLTa pa3zpaboTaHa AJsl HOYHBIX Mocagok OomOapauposuiukos JIb-3 Bo
BpeMs BouHBI ¢ Ouunsuaneit B 1939 roxy. CucrteMsl mocajaku, paboTamomue B
muarrazone MeTpoBbix BoimH MJIC, mMenm psn XapakTepHBIX HeIOCTaTKoB. B
YaCTHOCTH NPAKTHKa BBINOJHEHHUS aBTOMAaTHYECKHUX IOCaZoOK TpeOoBana crie-
IUATBHOTO paspenieHus ciry>k0b6 YB/] 1 3HaUYMTENBHOrO MPOAOIBLHOTO pasfie-



E}Fflll\]/g?)ﬁgg{gg?o Y.TT. et al. Microwave Radio Beacon Instrument Approach Landing System... 29 5
L.y ap. MHKpOBOHHOBaS{ CHUCTEMaA ITOCAaJAKU MaHEBPECHHBIX CaMOJIETOB...

JICHUSI CaMOJIETOB B MPOCTPAHCTBE MPHU 3aX0JI€ HA MOCATKY B YCIOBUSAX IIOXOM
BHJIUMOCTH, YTO CYIIECTBCHHO BIUIIO HA MPOMYCKHYI0 CIIOCOOHOCThH a3porop-
TOB. DTO OMPENCITUIIO JATHHEHIINN TIEPEeX0I PaIuOMasKOB, B MIEPBYIO OUepeab
JUTSI BOCHHOHM aBWAIlMH, B ICIIMMETPOBBIA auamna3oH [2]. B Hacrosmiee BpeMs B
BOCHHOH aBuanuu P® skcmmyaTHupyloTcss MOPaIbHO YCTapEBLINE CUCTEMBI Je-
uuMeTpoBoro auamasona [IPMIT-76. Passutue cuctem cotoBoii cBsizu GSM-
900, koTOpBIE pabOTAIOT B ATOM K€ JUANA30HE, OMPEIEITIIO HEOOXOAMMOCTh
niepeBoaa cucreM PCBH/ITPMI™ B MexayHapoIHEII nuama3oH [2].

2. IIpobaema cozpanusa MJIC

B pesynbrare Gomnbuoi moarotoBuTenbHoi padotsl B 1981 rogy UKAO
npuHsuia wiad nepexoja ¢ MJIC Ha ONpuHIUIIHAIBHO HOBYIO paguoOMasyHylO
CHUCTEMY CAaHTHMETPOBOTro nuara3ona BoiaH MJIC, 3atem B 1986 romy 3TOT 1U1aH
ObLI eme pa3 noarBepxaeH. B aror ke nepuox MKAO Obutn pa3paboTaHbl U
OIyONTMKOBaHBl PEKOMEHIOBAHHBIE CTAHIAPTHl Ha CHUCTEMY, BKIIOUCHHBIE B
[punoxenue 10. B nameit crpane nactutyrom BHUNPA nposogmnuces pabdo-
TBI 10 CO3JAHUIO COOTBETCTBYIOIIET0 000PYAOBAaHHS MUKPOBOJIHOBOW CHCTEMBI
nocagku (MCII) «IInanmapm» 1 npoBoauiauch ee ucnbitTanus. B 1989 rony cu-
crema «llmammapmy ycmemrHo mporuia TocyJapCcTBEHHbIE MCTIBITAHNS 110 KaTe-
ropuu |11 UKAO.

B nefictBurensHOoCcTH 10 Hactosero BpeMeHu cuctemsl UJIC u MIJIC
SIBIITIOTCS €MHCTBEHHBIMH CHUCTeMaMH, cTaHaaptusupoBanHeiMH MKAO, ko-
TOpBIE YJIOBJIETBOPSIOT TPEOOBAaHUSAM 00ECIIEUeHHs aBTOMATHYECKOH IMTOCAIKH
no Kareropun |ll, a cuctema MJIC sBrseTcss eIMHCTBEHHON albTEPHATUBOM
WJIC, xoropast MoxxeT ObITh cepTU(HUIMPOBaHA Ui OOeclieueHHs] HaBeICHHS
mipu nocajike o Kareropwsum I, 11 u 111 UKAO.

B 1995 rony, nmocne Toro, kak psn oopasuor cuctem MJIC B CIIA u
IOpyruX CTpaHax ObUIH Y)Ke 3aIlylleHbl B 3Kciulyaranuio, denepaibHoe ABua-
uuronHoe areHtrcTBo CIIA mpennoxuno MKAO 3amenuts MJIC Ha yxe Ka3aB-
IIyIocs TOTJa TOYTH TOTOBYIO IH(p(EepeHINATbHYI0 CIYTHUKOBYIO CHCTEMY
LAAS (DGNSS). UKAO cornacuiach ¢ yKa3aHHbIM TpEUIOKEHUEM, U Ha Bcee-
MUpPHOH KOoH(epeHIH B MapTe 1995 roma mpuHATHINA paHee IUIaH Iepexoja C
NJIC ra MJIC OblT OTMEHEH.

Opnako mociie 6osee yeMm 30-JieTHeH pa3paboTKU CIIyTHUKOBOW CHCTEMBbI
MEXIyHapoIHas aBHalMOHHAs oOuiecTBeHHOCTh Ha KoH(pepenumun MKAO B
2012 r. ne cmorna npusiaTh 'HCC B kadecTBE OCHOBHOTO MEXIYyHapOIHOTO
CPEICTBa HABHUTAIMM U ITOCAJKH U MPHIUIA K 3aKII0YEHUIO O TPOBEICHUH HC-
CJIEJOBAHMN MO CO3JAHUIO CHUCTEMBI, aJIbTEPHATUBHON CHUCTEME CIyTHHKOBOM
HaBUTAIIWU.
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VYyureiBas oneit BHUMPA B WacTu co3maHusi MUKPOBOJHOW CHCTEMBI
nocaaku (MCII) 2-caHTUMETPOBOTO M 6-CAaHTUMETPOBOIO THAMA30HOB, B TOM
YHCIie CO3JaHusI MUKPOBOJIHOBOM MOCAaIKu Ui OpOUTaIbHOTO Kopabis bypaH,
esecoo0pa3Ho mpoBecTH pazpadorky MJIC, B mepByto odepenn M Tocyaap-
CTBEHHOM aBHALIHU.

B mepBoii oredecTBeHHON MOHOTpaduu no paguomaskam 1936 r. [1], ee
aBTop npodeccop B. M. BaxkeHOB paccMoTpen yHHKaJIbHbIE OCOOCHHOCTH pa-
JUOMAasiKOB CaHTUMETPOBOIO MAIa30Ha BOJH Ha OCHOBE Y3KOHAIPAaBJICHHBIX
agTeHH. OmpenenuM Ha0Op MNPENMYIIECTB PagUOMasKOB MHKPOBOIHOBOTO
JMarma3oHa, ONpeelIoNX KOHIIETIINI0 €€ CO3JJaHis B COBPEMEHHBIX OCOOBIX
YCIIOBHSIX.

1. IToBeiienue Oe3omacHOCTH MoJeToB JIA 3a cdeT MOBBIIICHUS! TOYHO-
CTH OIpe/ieNiCeHUs] HAaBUTAIIMOHHBIX MapaMeTPOB HAa OCHOBE Y3KOHAMPaBIICHHBIX
IUarpaMM a3uMYyTabHBIX B YTIIOMECTHBIX aHTEHH.

2. Bricokast mpomyckHas criocoO0HOCTh (Temn BeImadu wHGOpPMAIUN 10
39 ') mpu 3HAYUTETHPHOM YMEHBLICHHH TWHAMHYECKOH OMIMOKH OIpeIeeHNs
HaBUTALIMOHHBIX MTAPaMETPOB JJIs1 BBICOKOCKOPOCTHBIX JIA.

3. DKOHOMUS TOIUIMBA 32 CYET ONTHMH3AINY TPACKTOPHH CHIDKEHHS TIPU
3ax0/Ie Ha MOCAKY.

4. CHWKeHWe BIUSHUS [IyMa JBHTAaTelell Ha JKWJIble MAaCCHBBI, PHIIETa-
OIIHE K adpOAPOMY 3a CUET HCIIOIb30BAHMUS «KPYTHIX)» TIIHCCAT.

5. O0ecnieueHre PEryJsIPHOCTH TOJIETOB U CHUKCHHUE UX CTOMMOCTH B
CJIOKHBIX METEO0YCIIOBHSX, B TOM YHCIIE B YCIOBUSAX apKTUYECKOTO CEBepa.

6. CokpaiieHre 00beMOB CTPOUTENBHO-MOHTaXHBIX paboT U3-3a MeHee
CTpOTUX TpeOOBaHMIA K pa3MEIIEHUIO 000Dy TOBAHHS.

7. ObecrieueHne MOCAJAKU CaMOJICTOB Pa3IMYHBIX THIIOB Ha HEOOOPYIIO-
BaHHBIE a3POIPOMBI, BKIIIOUAs MTOCAIKU caMoJieTOB-3ampaBukoB u BITJIA [3].

CoBpeMEHHBIH MOAXO0]] HA OCHOBE KOTHUTHUBHOCTH, TO €CTh COBOKYITHO-
CTH TIPOLIECCOB MPHOOpETEHMs, MPeoOpa3oBaHUs M MCIOIb30BAHHUS HAKOIICH-
HBIX 3HAHHUU C HMCIIOJI30BAaHWEM OTEUECTBEHHBIX BBIYHUCIUTENBHBIX IATGopM
mo3BossieT peannzoBats MCII Ha crenyromux MpUHLINTAX:

NPUHOMI KOTHUTHBHOCTH, KOTOPBII OMpenenseT apXUTeKTypy, amma-
paTHOe M MPOrpaMMHOE HCIIOJIHEHHE KOMILIEKCOB Ha 0a3e HAKOIUIEHHBIX TEO-
pETUUYECKUX 3HAHUH, ONBITA M YU€Ta BIMAHUS BHEIIHEH CPEIbl;

NPUHIOMI HePapPXHYeCKoil aBTOHOMHOCTH, TPeyCMaTpUBAaIOIIN MHO-
TOYPOBHEBYIO CTPYKTYpPY KOMITIEKCa,

NPUHOMI MarucTpajabHO-MOAYJIBHOCTH, O0eCleynBarOMUN OCTpOe-
HUE KOMIUIEKCa ¢ MpUMEHEHHeM 0a30BOro Habopa ammapaTHBIX M IpOrpaMM-
HBIX MonyJel (MMA).
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NPUHIUI OTKPBITOCTH APXUTEKTYPBI, KOTOPBIM ONPEIEISIET BO3ZMOXK-
HOCTB HOCJ'IC,E[yIOH_[eﬁ MOACpHU3AIMN KOMIUICKCA IIYTEM HapalluBaHUA WK 3a-
MCHEBI allllapaTHbBIX U NPOTPaMMHBIX Mo;[yneﬁ.

Brenenne KOrHUTHBHOW O00paOOTKH CHTHAIOB B a3UMYTAIBHOM M YIJIO-
MECTHOM KaHaJlaXx MOKeT OBITh pealln30BaHO Ha IMPEICTaBICHHOW Ha puc. 1
MUKpo-OBM.

IepenaTunk {: |

I

KoruutusHbIit - .
| Pannounrepdeiic
MOZYIIb
K npuémuuky T
-« 1 ﬁ
[ - BxoxHoii udposoit ARINC-429
— unrepdeiic CHIHAJIbHBIH : : MHUKpOKOHTpOILIED >
. JI-A, Ex, Er <#> nporeccop 1986BE3T l———————
Or npuénmmiica TUTHC 1892BM1031
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2 Mobaiit
03y @
2 Mobaiit
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PCI
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IIuna PCI

K CI[BY-M
Puc. 1. KorautusHas mukpo-3BM ¢ 06pabdotkoii curHanos nocagku MCII.

Fig. 1. Cognitive micro-computer with signal processing of the microwave landing system

Muxkpo-OBM peannzoBaHa Ha MUKPOIIPOLIECCOPHOM KOMITIEKTe «Myb-
THUKOP», KOTOPBIH MOIYYHII 3HAYNTEIIEHOE PA3BUTHE, B TOM YHCIIE H B KOCMUYe-
ckoii cepe. OCOOECHHOCTHIO KOMIUIEKTA SBJISCTCS peam3aIius B OJHOM YHUIIC
CUTHAJIGHOTO TPOIIECCOpa M BBEIYMCIUTEIBHOTO MpOIeccopa Ui BTOPUIHOM
00paboTku curHanoB W uHQOpManuu. [IpeacraBnsieTcs, 4To JyUisi TOCyHap-
CTBEHHOHN aBHanuu HeoOxoxmma mobOmisHas MIJIC, xotopas 3aMeHHT cyliie-
CTBYIOIIME MOOWILHBIC CUCTEMBI JICIIUMETPOBOrO Jiuana3ona [2].

3. TpeGoBanus k MoouabHoit MJIC

HaumenoBanmne TTX CIIM-M

1 YacToTHBIN Arana3oH 5030—5091 MI'11

2 30Ha JICHCTBYS:
— M0 a3UMYTY +40°
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HaumenoBanue TTX

CIIM-M

— [0 yIJIy MecTa
— 110 JaJbHOCTH

ot 0,9 mo 15°
He MeHee 37 KM

3 lupuHa j1yda 1mo a3uMyTy

He Oouee 2,8°

4 IllupuHa dydYa IO yIIy MECTa

He Goiee 2,2°

5 TorpetHocTr HaBeaeHuUs (cucTeMHbIe, ¢ P = 95 %)

ITo a3umyTy:

— HOTPENIHOCTD CIEIOBAHUS 10 TPACKTOPUHU +8,4 M

— LIYMBI CJIEJOBAHMS 110 TPACKTOPHU +32 M

— IIyMBI CHCTEMBI YIPABJICHHS +32 M

6 IorpemHocTy HaBeneHus (CUCTeMHEIE, ¢ P = 95 %) Io yray mecra:
— MOTPEIIHOCTh CJICAOBAHUS 110 TPAEKTOPUU +0,173°

— OIyMBI CIE€OBAaHMS IO TPACKTOPHU +0,053°

— OIyMBI CUCTEMBI YIIPABICHU +0,06°

7 Bpemst oOHapyKeHHs aBapUIHOTO COCTOSHUS
— M0 a3UMYTy
— 110 yTITy MecTa

He Ooutee 1 cex
He Oosee 1 cex

8 Kimaccs o6cmyxuBaembix BIIIT

1, 11, 111
(mmuHOHU 110 3500 M)

9 Pacuer 1151 CBepTHIBaHMS/Pa3BePTHIBAHHUS

3 yer.

10 Bpems cBepThIBaHUsI/pa3BepThIBAHUS 000Dy IOBAHUS

2—4 gaca

4. OueHka TouHocTH H3MepeHus: koopauHat BC npu padore MJIC

TouHOCTh W3MepeHHs YIIOBbIX KoopauHaT BC, Haxojsiierocs B 30HE
MIIC, onpesenseTcs cpeieKBaapaTuIecKoi omuoKoi o hopmyiie

0':\/0'5+O'a2, 1)

7€ G,— MNOTEHIUAJIbHAS COCTABIIIONIAs OINOKY;
0, — amnaparypHas COCTaBJIAIOIIAS OIINOKH.

[Ipu 3TOM mpeamnonaraercs, YTO CUCTEMATHIECKHUE OIIMOKH yYUTHIBAIOT-
Csl IpH KaIMOPOBKE anmnaparypsl.

AnmnaparypHble WM HHCTPYMEHTAJIbHBIE OIIMOKH BbI3BaHBI HECOBEP-
LIEHCTBOM TEXHHUKH M3TOTOBJICHMS aIllapaTypbl U METOA0B oTcueTa. OHU CBS-
3aHbl C HETMHEHHOCTBIO yCTPOMCTB 00pabOTKM, TUCKPETHOCTHIO OTCUETa, He-
CTaOMIBHOCTBIO pabOThI OTAEIBHBIX 3JIeMeHTOB. [loTeHnnanbHas (parokTyanu-
OHHasl) COCTaBJISIONIAsl OIIMOKM ONpPEAeseTcss BUIOM HCIIOIb3yEeMOro CUrHaja
U COOTHOIICHHEM CHT'HAJ/IIYM Ha BBIXOJE MPHEMHHUKA, a TAKXKe BIUSHHEM I10-
MeX, B YACTHOCTH, OTPAXCHUH OT IIPEJMETOB HAa MECTHOCTH.

B MJIC tounocth n3mepenus koopauHat BC cBsi3aHa Kak ¢ NOTPEIIHO-
CTSIMH OTIPEJIENIEHHUS] MECTOTIONOXKEeHH (a3UMyTa, yTiia MecTa U JalbHOCTH), TaK
U C HENpaBWILHOW Jemudpaimeil coaepkammxcs B npeamOyiie KOIOBBIX CO-
obmenuii: kona bapkepa, obecnieunBaromero CHHXpOHU3ALUIO MPHEMHHUKa (5
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pas3psanoB), koxga uaeHTH(UKAMK (QYyHKIHH, 00eCIEeUYNBAIOIIETO MPABUIBHYIO
uACHTH(GUKALUIO U3MEpeHUH paguoMaskoB (7 paspsmoB), a Takke Koja, Co-
JieprKaIero ocHoBHbIe naHHbIe (32 pa3psaaa). OCOOCHHO CYIIECTBEHHO HA TOY-
HOCTB 3aX0Za Ha TOCaIKy MOXET MOBIUATh HEMpaBWiIbHAs Aemnpanus M-
HUMAaJIbHOTO yIJla TJIMCCAlbl, YCTAHOBKH HYJIS a3UMyTa U KOd(pQPHUUUEHTA dyB-
CTBHUTEJIFHOCTH K CMELICHUIO CUTHajla, KOTOPbIM BBIYUCIACTCA B 3aBUCUMOCTH
OT PACCTOSIHUSL MEKIY a3UMyTalbHBIM MasikoM U TopuoM BIIII. HenpasunbHoe
JNEKOMPOBaHKNE ITOM MHPOPMAIH MOXET MPUBECTH K OIIMOKaM, MMPEBHIIIAI0-
muM 5 CKO, To ecTh K HapyIIEHHUIO EJIOCTHOCTA CUCTEMBI U BBIXO/Y 34 BHEIII-
HUE TPAHULBI «TYHHEJSD» TOCAIKH.

B HazemHOM 000pyIOBaHMM OCHOBHASI YacTh MOIPEIIHOCTH MPUXOIUTCS
Ha MOTPEUIHOCTh YCTAaHOBKU CTaTHUECKOW AMArpaMMbl HalpaBIeHHOCTH (a3u-
POBaHHOM AHTEHHOW pEIIETKH, JUCKPETHOCTH (pa3oBpaliatess U ajaropurMa
¢dasupoBaHusl.

Ha 6opty yri0oBbIe KOOPIAMHATEI ONPENENAIOTCS IO orudarommeil AnHaMU-
YecKOW JAMarpaMMbl HalpaBiIEHHOCTH, KOTOpas AJs KaKJIOTo yIJIOBOTO IOJIO-
xeHust BC ckimaapIBaeTcs U3 MHOXKECTBA CTaTUCTHIECKUX AuarpaMM. ITpu stom
HUCTOYHUKAMH OIIUOOK U3MEPEHUH SBIISIOTCS IIYMBI IPUEMHHKA, TUCKPETHOCTD
HU3MEPEeHUH U MEepeMELICHNUs AUarpaMMbl HAalpaBJICHHOCTH AHTEHHBI, OIINOKH
(uKcanuy BpeMEHHOTO TIOJI0KEHHSI UMITYJIbCOB CKAHUPOBAHUS M UCKKEHHS UX
(pPOHTOB, HECTAOMIBLHOCTD YAaCTOTHI, @ TAKXKE PACCEMBAHME CUTHAjla W €ro Ie-
peoTpakeHus OT MPEAMETOB Ha MECTHOCTH.

Ommbka n3mepenus yrioBeix koopanHat MJIC pacunbrpoBeiBaeTcs Ha
JIB€ COCTABJIAIONINE, KOTOPBIE TIO PAa3HOMY BIHUSIOT HA TOYHOCTh MOCAIKH:

PFE — uacte morpemnocty, npuBonsmas k cmenienuto BC ¢ 3agannoi
TPAEeKTOPHUHU MOCATKU U COCTOALIAs U3 IIyMa CJIeI0BaHMsI 110 TPAeKTOPUH U CMe-
LICHUS CaMOH TPAeKTOPHUHU OTHOCUTENBHO 3aJaHHOM. DTa OMMOKa 3aBUCHUT OT:

— JUCKPETHOCTH IIara CKaHMUPOBaHUs (NP Iare CKaHUPOBAHUS aHTEH-
Hbl 0,78 MKC M omnpeeNeHN TOUYKH NepeceYeHns Mopora ¢ UMITyJIbCOM C Ia-
rom 0,02 Mxc cymmapHas onmubka Haxoautcest B ipeaenax —0,8...+0,8 mMxc);

— OMOKHN IEHTPUPOBAHUS aHTCHHBI,

— npetida aHTCHHBI,

— MEpeoTPaKEHUH OT MPEIMETOB Ha MECTHOCTH (IUIs1 OTpE/EICHUs a3u-
MyTa);

— OTpa)XEHHUS OT MOBEPXHOCTH 3eMJIH (17151 OTIpeIeJICHHS yIila MECTa);

— [EHTPOBKH OOPTOBOTO MPHEMHHUKA.

CMN — 4gacTp NOTrpemHOCTH, BO3ACHCTBYIONIAs Ha OpraHbl yIpaBieHHs
BC, Ho He Bb3bIBatomas cMernieHus tpackropun. Omubkn CMN 3aBucsr or:

— BETPOBOI1 Harpy3KH Ha aHTEHHY;

— HEepeoTPaXEHUH 0T IPEAMETOB Ha MECTHOCTH,

— OTHOUICHUS CUTHAJI/IIYM B IPHEMHHUKE.
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OmnpeneneHue 3THX OMIMOOK OCHOBBIBA€TCA Ha MPOBEACHUHU CIIEKTpalb-
HOTO aHaJIM3a OIMUOOK U3MEPEHUHN M MPOBEACHUN (UIILTPALUN U3MEPEHUH Ye-
pe3 criuaxkuBaromuil GUIbTp, GUIBTP CISTOBAHUS MO TPACKTOPHH (BBIIEICHUE
PFE) u ¢punbTp aBmkeHns oBepxHocTel yupasienus (Beiaenenne CMN).

HckakeHre KOAOBBIX KOMOWHAIWN TpeamMOyIbl MOKET MPUBECTH K He-
BO3MOXKHOCTH Hcnonb3oBanusa nHpopmannn MJIC. CteneHp UCKakeHUS KOIO-
BOM KOMOWMHAIIMM, TO €CTh €€ JOCTOBEPHOCTH, OIICHHBACTCS BEPOSTHOCTHIO
OMMUOKN B N-pa3psIHOM KOJO0BOM coobOmeHnn — P,,. TpeOyemoe 3HadyeHme
BEPOSTHOCTH HEOOHAPYKEHHS OIMIMOKH, OCTAIOIICHCS Tocye mporecca aenud-
pauuu B npuemHuke MJIC, yctaHoBneHo KoMUTETOM 1O BCEMOTOIHBIM Orepa-
musm ICAO: ue Gonee 107° IpY MUHUMAJILHON MOIITHOCTH CHWTHaja U He Ooiee
10"° B KPHTHYECKHX TOYKAX 3aX0/[a HA IIOCAIKY.

s onpenenenns TOYHOCTHBIX xapakrepucTuk MJIC Ha pa3HBIX 3Tamax
MIPOEKTUPOBAHUS TIPUMEHSIINCEH PAa3TUNIHBIE METOIBI.

HartypHoe u mosiyHaTypHOe MojeanpoBanue cuctembl. Kak mokazamm
pe3yabTaThl MOACIUPOBAHMS, HA3eMHOE 000PYIOBaHNE BHOCHT TOJIBKO HU3KO-
gacToTHyI0 coctapisontyo (PFE), tak kak BHocuMas ®AP BbICOKOYACTOTHAS
cocraisromas (CMN) conmsmeprMa ¢ COOTBETCTBYIOIIEH COCTaBIISIOIIEH OOp-
TOBOM ammaparypbl 1 METOJaMH BTOPUYHOH 00paboTku (punbTpanueir) MoxeT
OBITH CBElIEHA K MUHIMYMY.

st 6opToBOM ammapaTyphl Hamboiiee 3HAYUTEIBLHBIMH (haKTopamu,
OTIPEICIISIFOIIIIMHI TOYHOCTD, SIBIISIOTCS:

— ypoBeHb BU-curnana (mrymMoBasi COCTaBIISIOIIAs );

— CKOPOCTh U3MEHEHHUS yIrioBoro nojoxenus BC;

— (opma orubaromieit BU-curnana Ha BBIXOJIE.

CraTtucTuyeckoe MoJe/IMpOBaHUEe HA MaTeMaTU4eCKoil Moaenu 0op-
ToBO# anmnapatypsl MJIC.

Pa3zpaborannast MaTemMaTHueckasi MOJICIb BKITIOYAJIA JIBE YaCTHU:

1. Mozenb OLIEHKM TOYHOCTA OOpPAOOTKU CHUTHAJIOB, COACPIKAIIMX HM-
ITyJIbCHI CKAHUPOBaHUs. MoIeh BKITFOUAET CIEAYIONIHE OJIOKH:

— umuTarnmio aemxeHns BC B 30He ¢ pacdeToM BPEMEHHOTO TTOIOXKEHUS
MPSIMOTO U OTPAKCHHOTO CHUTHAJIOB OTHOCHUTEIHHO MOMEHTA Hadajla CKaHUPO-
BaHMSI B OJJHOM HANpPaBICHUU U CUTHAJIOB OT MECTHBIX IPEIMETOB;

— (opmupoBaHrEe CyMMapHOTO curHaia Ha Beixojae ¢uibrpa HU B Mo-
MEHTBI, OTCTOSIINE JPYT OT JApyTa Ha IIar CKaHUPOBAHUS;

— CpaBHCHHE CHTHaJa C MOPOTOM W OIpeIeicHHe MOMEHTOB ITepecede-
HUS PPOHTOB CHTHAJA C TIOPOTOM;

— OIpeJIeJICHUEe HECOBMAJICHUI OOHAPYIKEHHBIX HMITYJIBCOB CO CTpPOOa-
MU, COPMHUPOBAHHBIMHY 10 UMITYJIECAM MPEABIAYIIETO ITUKJIA;
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— cyeT 00OHapYKEHHBIX UMITYJIbCOB U ONpE/IelIEHUEe H3MEPSAEMOT0 yTJia;

— ¢ubTpanys u3MepeHHii ¢ BeiaeneHueM coctasistomux PFE u CMN;

— craTucTUdeckas o0padoTKa pe3yibTaTOB MOJCIHPOBAHHS C OIpe[e-
neareM MO n CKO ommOku 1 ee COCTaBISIONINX.

2. Mopenb OLIEHKH BEPOSTHOCTH HEOOHAPYKEHUs KOJIOB MpeamMOyIbl U
ToYHOCTH AemndpoBKH Kona bapkepa.

B pesynbpraTe mpoBeIeHHOTO MOACTUPOBAHMS OBIIO MOKA3aHO:

— ommOKHu u3Mepenuii He npepsimaior 0,015°, a mpu OTHOIIICHUH C/1IT Ha
BBIXOjie AeTekTopa >35 nb cocrasimstor 0,01°;

— ommnOKa U3MEPEHUH CYIIECTBEHHO 3aBHCUT OT YPOBHS M METOJa (PHK-
Callii¥l CUTHAJIa U OTHOCHTEIHHOTO TIOJ0KEHHUS OTPAKAIOIIUX OOBEKTOB.

[Ipu 3TOM TIOKa3aHO, YTO METOJ] OTIPEIETICHHS IIEHTPa UMITYJIbCa IO TeH-
Tpy MJIOLIaJX MMITyJIbca UMeeT B 1,5—2 pa3a MeHbIINE OMNOKU, YEM METON
¢ukcanuu mo mepecedeHnio ¢poHTOB. HekoTopoe MOBBIIIEHHE TOYHOCTH (B
1,2—1,3 pa3a) MOKeT OBITh MOTYUYEHO 3a CUST IPUMECHECHHS WHTEPITOJISIINH JIJIs
OTpeie]ICHHs TOYEK 3aJaHHOTO YPOBHS Ha (DPOHTE U CPe3e UMITYJIbCOB, TaK KaK
3a CYeT IIYMOB MOYKET UMETh MECTO HECKOJIbKO MepecedeHnit nMIyJbca ¢ 3a-
JAHHBIM YPOBHEM TOpOra.

S. AHAJITMTHYeCKHUil pacyeT OIHnO0K
5.1. Onenka urymoBoii cocrasisiromeii omuéxu (CMN)

AHanmuTH4ecKasi OICHKa MO3BOJSET ONPENCNSITh IIYMOBYIO COCTaBIISIO-
1y (GIOKTYyallMOHHON ONMIMOKH, KOTOpas SBJISICTCS OCHOBHOW €€ COCTaRBJISIO-
meH, Tak KaK OIMMUOKHU, CBS3aHHBIC ¢ PACIPOCTPAHCHUEM PATHUOBOJH U MHOTO-
Jy4eBBIM PACIpPOCTpaHEHHEM TP HEOOIBITUX JATEHOCTSX, HEBEITHKH.

Jns ananmutudeckoit oneHku CKO 1rymMoBOH cocTaBIisrOIIEH OMIMOKH
HU3MEpEeHHMS IPUMEHUMA (opMyJia

AG° AGy,
o = =
2-./h-g 5. Ih . Bny  F
" 2Bsuoeo AF

h — oTHoOmIeHMe curHAN/ITyM Ha (HUITBTpE Orubaromie;

J — OTHOIIEHHE BHIOOPOYHONW YACTOTHI (DYHKIMH K MIUPHHE ITOJIOCHI
[IyMa BBIXOJHOTO (PUIIBTpa MPUEMHHKA, KOTOPas B /2 pa3 MPEBBIIAET MIHUPUHY
1moJiockl 3 ab;

AO — mmpuHa Jy4ya aHTECHHBI B Ipajlycax;

Bma — monoca npomryckanust ycwmrens [TY (26 x['m);

BBuneo — momoca npomnyckanus Bugeoycmnutens (20 k['m);

F — yacroTa oOHOBeHUs naHHbIX (13,5 'y uis asumyTa);

, TI1e 2)
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AF — mosoca cpesa BeixogHOTO (hrsibTpa mpuemunka (1,6 I'm).
OTHOILICHNE CUTHAJ/IIYM Ha BXOZAE NPUEMHHUKA opeaesnsiercss GopMyion
2:P1:1%+G1:G 2:03
160772 eP2eD%« pel
P1 — momHOCTh epenaTyurka;
P2 — uyBCcTBUTENBHOCTH MPUEMHHUKA,
G1, G2 — ko3¢ ¢punmeHTs yCuieHus nepetarolleil 1 IpueMHON aHTEHH;
L=L1+L2 — motepu B nepenaroueit u npuemHor ADC;
A — IUJIMHA BOJIHBL,
D — manpHOCTH Iepegadn CUTHATIA;
p — MOTEPHU IPU HECOITIACOBAaHHOH (uibTpanumy;
[} — moTepu mpu pacnpocTpaHEeHUH PaAXOBOJIH B aTMoc(depe, 3aBUCALINE
ot gansHOCcTH 10 BC u mnuaet BomHsl, pu A = 0,06 M (5100 MI'n) f = 107%03D,
[ITaroBasi pa3BepTKa NMPUBOJIUT K AUCKPETHOCTH OTCUETa U MCKAKEHUIO
¢dopmer currana. [Ipu mmpune yda 1°, ckopoctu pazseptku 0,02 rpag/mMKc u
LIMPUHE MOJIOCH! mporryckanud 20 kI MOrpemHoCTh u3-3a NCKaKEHHS (POPMBI
CUrHaja Majia.
[TorpemHocTh 3a C4ET TUCKPETHOCTH OTCYETA 3aBUCHUT OT IIMPUHBI IIara
pa3BepTku — AO ¥ WUpUHBI Iyya npu noporoBoM 3HaueHun — Aa. CKO mo-
TPELIHOCTH PaBHO :

, TIIE 3)

, (4)

rec=min{ab}, a=2% 20| 2% | b=pa-a

2 2A0

5.2. Ouenka PFE npu HaJlm4uM nepeoTpakeHuii 0T MeCTHBIX NPeAMeTOB

Owmmnbka onpeaeneHus: JUHAN Kypca CBA3aHa C YIJIOBBIM OTKIOHEHHEM
MaKCHMyMa JHarpaMMbl HaIllpaBI€HHOCTH (@) OT JTUHHUH, COBIAAIONICH C OChIO
BIIII, m MmoxeT OBITH OmipeaesnieHa o gopmyie

f(p+ot)
f (@)

K — Moynb OTHOIICHHMS MOJIS, OTPAXKEHHOTO OT MPEISTCTBUS, K OCHOB-
HOMY TIOJIFO B MECTE MIPUEMA;

f(¢p) — nmarpamma HanpaBICHHOCTH AHTCHHBI;

@t — yrJIOBOE MOJIOKEHHE MECTHOTO MPEIMETA.

Oumbka yka3aHHs JIMHHH Kypca TEM MEHbIIe, 4yeM OoJjblie KpyTH3HA
JIMarpaMMbl HAIPaBJICHHOCTH B MECTE MIPUEMA.

8=K2- , TJIe (5)
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5.3. Onenxka omu6oxk MJIC npu 3axoae HA MOCAAKY
MO BBIMUCJ/ICHHBIM TPACKTOPUAM

3axoJ1 Ha TTOCaAKY MOXET IPOU3BOJUTECS M0 BBIUYKCICHHBIM TPAaeKTOPH-
sIM, B YaCTHOCTH, IO BBIUMCJICHHOM OCEBOI JIMHUM.

B oranunu ot 3axona mo rauccazae Baoab ocu BIII npu 3axone mo BwI-
YUCJICHHON TPAaeKTOPUHU OFOKET OMTHOOK KPOME OIMHOOK, BXOIAIINX B COCTAaB
CHCTEMBI 3JIEMEHTOB (a3UMYTaJIBHOTO U YTIIOMECTHOTO MasgKOM U JallbHOMEpa),
BKJIFOYAET MOTPEITHOCTH PACUYETOB B BBHIYHCIHUTENIE CUCTEMBI, OMINOKH, CBSI3aH-
Hble ¢ pacrnojoxeHueMm aieMeHToB MJIC, To ecThb reoMeTpHio Ha3eMHOW CH-
CTEMBI ¥ 3aBHCHT OT Harpasienus noiera BC.

TpeboBaHus K omMOKaM JIJIsl 3TOTO CIydast 3a7af0Tcs B BUJE CYMMapHOI
OIIMOKN MECTOMOJIOXKEHHS B TOPU3OHTAIBFHON MIIOCKOCTH (B TOYKE HA BBICOTE
60 M Ham Toukoit Hadana orcuera MJIC mpu yrite rauccaas! 3°) U COCTaBISIOT
+15 M B rOpU30HTATBHON IJIOCKOCTH U +3,7 M B BEpTUKAIBHOU MIIOCKOCTH (7151
95 % wusmepenuii). [Ipu stom morpemnocts CMN He momkHa MpeBbIIATH
+7,3 M B TOPH30HTAIBLHOM ITOCKOCTH, +1,9 M B BEpTUKAILHOH TIOCKOCTH.

Urob6s1 cpaBHUTh Bo3MoxHOCTH MIJIC ¢ 3amaHHBIME TpeOOBaHHUSIMH
HEe0O0X0AMMO TIPOU3BECTH mepecdeT koopauaatr MJIC (a3uMyT — o , yroi Me-
cra— 0, ganbHOCTh — R) B IIpsiMOyrombHYI0 cucteMy koopauHat — X, Y, Z.

ANTOpUTM mepecdyeTra KOOpIUHAT OCHOBAH Ha PEIICHHU CHUCTEMbBI YpaB-
HEHUU, O3BOJISIIOIIECH HAWTH TOUKY MIEPECEUCHUS TPEX TOBEPXHOCTEMN

(x—dx,)’ +(z—dz,) +y’ =R’

y—dy, = 1g0-\(x—dx,)’ +(z — dz,)’ (6)
z—dz, =tga-(x—dx,)

rae dxg, dzg, dyg, dzy, dX,, dz, — xoopauHatel Touek crosuuss DME-P, asumy-
TaJBLHOTO U YIIIOMECTHOIO PAJUOMAsSKOB.

6. TpedoBanus k Tounoctu MJIC u ee 21eMeHTOB

Tpe60BaHI/Iﬂ K TOYHOCTH CHUCTCM IIOCAAKHN OMPCACIIAIOTCA NOITYyCTUMBIMHA
otkinonenusmu BC Ha Y4aCTKEC BU3YAJIbHOTI'O CHMIXXCHHA U B TOYKE IPU3CMIIC-
HUA, a TAK)KC MUHUMAJIBHBIX U MAaKCUMAJIBHBIX YIJIOB CHU)XCHUA I10 TIIMCCAIC.
Bce st XapaKTECPpUCTHUKHU 3aBHUCAT OT KAaTCTOPHHU 3aX0Ja Ha MMOCAIKYy.

I/ICXOI[H 13 3TUX JOIIYCTUMBIX OTKJ’IOHGHI/II\/'I, OMpPEACTIAIOTCA TpC6OBaHI/ISI K
XapaKTCpUCTUKAM CHUTHaJIa IpPU 3aXO0AC€ Ha IMOCAAKYy B FOpI/I3OHTaJ'ILHOI\/'I " BCp-
THKaJIbHOM TJIOCKOCTAX, KOTOPBIC IPHUBCICHBI B Ta6m/1ue 1.
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Tabmuma 1. TpeGoBaHUs K XapaKTEPUCTHKAaM CHTHAIA TP 3aX0Z€ Ha MOCaKY .
Table 1. Approach signal performance requirements

HavanpHbri . . .
. | Tounslit 3axoq Ha | TOYHBIN 3ax07] Tounsbrit 3ax01 Ha
Tumnosas omne- 1 HETOYHBIH u .
nocajky mo 1-i HAa TOCaKy IO MOCA/IKy 10 3-i
pauust 3aX0J] Ha .
KaTeropHu 2-it kKaTeropuu KaTerOpHH
TOCaIKY
TouHOCTH B B 15 M ot mo-
B 30 M ot no- B 0 M ot nosepx-
TOPHU30HTAb- BEPXHOCTH
o 220 m BEPXHOCTHU 3eMJII HOCTH 3eMJIH
HOM ILUIOCKOCTH, 16 (9.1 M) BeMiun 6.1 M (4,1 w)
95 % i 6,9 M (4,6 M) ’ ?
TouHOCTE B
BEPTHKAIBHOMN
P HET 6—4 M (3 ™M) 2wm (1,4 M) 2™ (0,5 m)
IJIOCKOCTH,
95 %

[IpuBenennsie B Tabnuie TpeOOBaHUS TPAHC(HOPMUPYIOTCS B TpeOOBaHUS
K TOYHOCTH ONpPEIeICHUS a3uMyTa, YIJIa MeCcTa U JATBHOCTH, C pa3eicHueM Ha
cocrapystrommue PFE, PEN, CMN, koTopsle npuBeeHbI B Ta0uIax 2, 3.

Tabsuua 2. TpeGoBaHHs K TOYHOCTH OIpe/IeiIeHuUsI a3umMyTa (JomycTumble ommokun — 95 %).

Table 2. Requirements for the accuracy of determining the azimuth (permissible errors — 95%)

Jucrannus ot BIIIT PFE PEN CMN
0 kM (Ha BBICOTE 15 M) 6 M (0,17°) 3.5Mm 32M
1 xm (APJ) 7™
37 km 8,4 M 0,1°

JonyctuMoe cHUXKEHNE
TOYHOCTH Ha KPasX 30HbI

JInneitno no +40 rpagycoB, MakCUManbHasl OIIMOKa Ha Kpasix

30HBI YBEJINYNUBACTCS

B 1,5 pa3a

Tabumuia 3. TpeOGoBaHMS K TOUHOCTH ONpPEIETeHHs yIiia MecTa (TomycTuMsle onmbkn — 95 %).

Table 3. Requirements for the accuracy of determining the elevation angle (permissible errors—95%)

Jucrannus ot BIIIT PFE PEN CMN
0 kM (Ha BBICOTE 15 M) 0,6 m (0,057°) 0,4 M 0,3m(0,05°—0,07°)
1 xm (APIT) 0,133° 0,066°
37 kM 0,16° 0,1°

I[OHyCTI/IMOB CHUIKXCHUC
TOYHOCTH Ha KpasixX 30HbL

JInneitno no +40 rpagycoB, MakcUMasbHAs OIINOKA Ha Kpasx
30HBI 110 a3uMyTy At PFE yBenuuuBaercs B 1,2 pasa, ams
CMN — B 2 pa3a. Ha npeaenbHO# ganbHOCTH — B 2 pasa

3aBucumocts CKO ommbok B nipesenax 30HbI BeIpaxaeTcs: popmynamu:

4

D
Oprp = 6~(1+3—7)-(1+0,5-—)-Ka,

D
Caune =32 (1403 7) - (1+0.3-

40

4

20"

()

(8)
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Ka = 1 npu yrie mecra 6 menpme 9°; 1+(9° — 0) 16° — mpm 9° < 6 < 15°; 2 —
pu 6 > 15°,

_ D 14

O = [PFE, +(02 - PFE,)-D/-1-(1+03- 0
c—¢&l

PFEg =0,6- (1+ 5_ )npu8>gl 9
PFEg=0,6-(6-5- _£709 < 0,6¢l.

&= ( 0.6 O9)npug &
Gy = CMNe- (1403 185) (1+0,3- U)
CMNe = 0,07’ npul|CMNeg| > 0,07°,
CMNe = 03- (1451 (10

£=5 15— ¢1”

c—09

CMNe=03-(6-5 ).

0,6-¢1-0,9

7. 3akja0ueHue

Co3znaHne MOOWJIBHOW MUKPOBOJIHOBOW CHCTEMBI MOCAJKH SIBIISICTCS aK-
TyallbHOW HayYHO-TEXHUYECKOH 3a/jauell B 1eJsIX MOBHIIeHUs dhdekTnBHOCTH
MIPUMEHEHUSI TOCYAApCTBEHHON aBUALMM, B TOM YHCIE BO BpPEMS JIOKAJIbHBIX
BOCHHBIX JCUCTBUI U JanbHeWmero pa3putus JIA, BKITtouasi caMOJIEThI CIIEIU-
apHoro HazHaueHus truna BITJIA.
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Annomayun: OOHOU U3 NEPBLIX OMEYECMEEHHBIX PAOUOINEKMPOHHBIX CUCIEM CHANd
nepsas aamnosas cucmema cea3u «bnokaoa-1» ona Mopckux Cun  paboue-
kpecmovsnckoeo Kpacrnozo @noma (MC PKK®), cozdamenem HayuHo-000CHOBAHHOU
KOHYenyuu NOCMpoeHUusi U pearuzayuu Komopoil Ovll nepevlii npedcedament ceKyuu
ceasu Hayuno-mexnuueckozo komumema MC PKK® npogeccop Hmanm I eopeuesuu
Opetiman — 3asedyiowuti (1917—1929) nepesoit 6 Poccuu rkagedpvl paouomexnuxu
Dnexmpomexnuueckozo uncmumyma um. B. U. Ynvanosa (Jlenuna), npamoii HacieoHux
dena A. C. Ilonosa 60 écex obaacmsax ux HAY4HOU U 0OWECMBEHHOU OeamelbHOCIU.
Hayuno-uccnedosamensckas u nedazocuueckasn desmenvhocms U. I'. @petivana, 8Kiro-
uawas U AKMUBHYI0 IKCHEPUMEHMATLHYIO padomy, 0aem OCHO8AHUe ONPedeumy e20
poab 8 UCmMOopuu paouomexHuku u paouodieKmpoHUKU KaK OCHOSAMENs HAYYHO-
UHDICEHEPHOLL WIKOIbL paouomexHuky 6 Poccuu.

Knrouesvie cnosa: paouomexwuxa, paouopusuxa, 1eKMPOHHAS. TAMNA, PAOUOIJIEK-
mponuka, U. I'. @peiiman, A. C. I[lonos, «bnokaoda-1», usnyuenue 31eKkmpoMacHUMHbIX
60/H, pacnpocmpatnerue paouosonn, JIDTH um. B. U. Yivanosa (Jlenuna), Hayuno-
mexnuueckuti komumem Mopckux cui.

Jna yumuposanus (FOCT 7.0.5—2008): 3onorunkuna JI. . Y UCTOKOB OT€YECTBEH-

HOM pagnodnekTpoHukH // THGOKOMMYHHKAIIMOHHBIEC H PATHO3ICKTPOHHBIC TEXHOJIO-
run. 2023. T. 6, Ne 3. C. 308—326.

Jna yumuposanus (FOCT 7.0.100—2018): 3omorunkuna, JI. . V ucrokos otede-
crBeHHO# paanodnekrpornku / JI. Y. Somoruukuna // HPOKOMMYHHKAITHOHHBIC 1
panuodsekTponusie TexHonmoruu. — 2023. — T. 6, Ne 3. — C. 308—326.

1. Beenenue

Bonbiiass coBerckas SHIMKIONEIHUS OMNPEACIACT TEPMHH «PaaNO3NICK-
TPOHUKA» KaK TEPMHH, OObEIUHSIOMNN OOIINPHBIN KOMITJIEKC 00JacTel HayKu
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U TEXHUKH, CBA3AHHBIX IJIABHBIM 00pa3oM ¢ MpolieMaMu Mepeaadu, Mpyu emMa u
npeoOpazoBanuss UHGOPMALUU C IOMOLIBIO 3JICKTPOMArHUTHBIX BOJIH; PaaHo-
JIEKTPOHMKA EPEKPHIBAETCS 110 JUANIA30HAM YacTOT C 3JIEKTPOAKYCTHUKOM.

K nepBoMy TakoMy yCTPOHCTBY MBI MOKEM OTHECTH «Tele(OHHBIN MPH-
eMHUK Jernenn», 3anareHToBaHHbIM A. C. [lonoBeiM B BeAylIMX €BpPOHEHCKUX
ctpanax u B CIIIA, B koTopoM nipreM HHGOPMAIMK B BUAC KOMOWHAITHI Teme-
rpadHOro Kona, MEpeaaBaeMoro C IMOMOIIBIO JIEKTPOMAHUTHBIX BOJIH, OCY-
LIECTBIISUICA C TIOMOIIBIO TIEPBOTO B MUPE (B COBPEMEHHOI TEPMUHOJIOTHH) T10-
JyTIPOBOJHUKOBOTO JMO/Ia ¥ TiepeaBajics Ha Tene(oHHbIe HayHuKy [1].

OpHOW W3 TEpBBIX OTEYECTBEHHBIX PaJAMO3JIEKTPOHHBIX CHCTEM cTaja
nepsasi nammoBas cucrema cBsizu «biokama-1» ams Mopckux Cun paboue-
kpectbsackoro  Kpacamoro @mora (MC PKK®), co3mareinem HaydHO-
000CHOBAaHHOW KOHIIETIIIMU TOCTPOCHHUSA W pean3aliid KOTOPOH OBbLT MEepBBIH
npeacenarens cekuuu cBs3u Hayuno-texuumdeckoro komurera MC PKK®
npodeccop Mmant ['eoprueBnu Ppeiiman — 3aBeayronmit (1917—1929) nep-
Boit B Poccum kadeapoli pannoTeXHUKH DIEKTPOTEXHUUECKOTO HHCTUTYTA UM.
B. U. ViesHosa (JIenuna) [2].

OcHoBHast U Hamboyiee SpKas YacTh HEMOJITOW W OYeHb MHTCHCHUBHOM
TBOpueckoil xu3Hu U. I'. @peiimana (1890—1929) coBnana co BpeMeHEM KO-
PEHHOT'O TEXHUYECKOr0 MEPEBOPOTa B HCTOPUU PAa3BUTHUS PAJUOTEXHHUKH: IEpe-
XOZOM OT TEXHHKH 3aTyXalolINX KOJeOaHUH C €€ YUCTO IMIIMPUIECKUMH OCHO-
BaMH IIPOCKTHPOBAHMUS K NPUMEHEHHUIO HE3aTYXAIOUIUX 3JEKTPOMAarHUTHBIX
koneOanmii. PammoTexnnka BO BCceM MHUpe B Hadale XX BeKa pa3BHUBAIACh
oueHb OypHO. OJHAKO MHOTOYHCIICHHBIE CTaThH, OMyOJIMKOBAaHHbBIC OONbIICH
4acThl0 B 3apyOCKHBIX XYpHanax, B OCHOBHOM OBUIM TOCBSILEHBI PEIICHHUIO
KOHKPETHBIX BOIPOCOB — M300PETEHUIO U TIOCTPOCHUIO HOBBIX IIPUEMHBIX MU
[EPEAAIOLUINX YCTPONCTB, HOBBIX JIEKTPOHHBIX MPHOOPOB, IPYIUX COCTABIISIO-
X paguocucteM. He ObII0 HaydHBIX padOT, 0OBEIUHSIIOMNX BCE HEOOXO0IU-
MBI CBEICHUSI JUIS HAyYHO-OOOCHOBAHHOTO IOJX0/a K PEUICHUIO MpaKTh4e-
CKHX 3aj]ad paAMOTEXHUKH, «COBMEIIAIONMX 3HAKOMCTBO C 33a/1adaMHt, KaK Teo-
PETUUECKUMHU, TaK U Y3KONIPAKTHUYECKUMMNY.

W nepsriit B Mupe Takor (yHmameHTanbHBIA Tpya — «Kypc pagmorex-
HUKW», W3aaHHblii 1Bax sl (B 1924 u B 1928 rr.) — co3man npodeccop JIenun-
rpajicKkoro 3nexkrporexuuueckoro uHctutyta (JIOTU) um. B.W. VYnesnora
(Jlenuna), 3aBenyroumii mepBoii B Poccum kadenpoil pagmorexnuku MmaHT
I'eopruesnu ®peiiman [3, 4]. OH 3a7105KMJI OCHOBBI HayYHO-WHKCHEPHOTO MO/~
X0Za K PELICHHUIO NMPAKTUYECKUX 3a1ad paguoTeXHUKU. Ero nekmuu, ocpemas-
LIM€ HOBBIE BOIIPOCHI PaJMOTEXHUKH, (POPMHUPOBAIH U HOBBIE KypPChbl, KOTOPBIE
y>K€ YMTaIH U Pa3BUBAJIM €T0 YICHUKH.



310 S(i:sTt(())ry of science and technology
pHsl HAyKH U TeXHUKH (5.6.0)

B uncne ero yuenukoB — BoimyckHUKkH JIDTU: akagemuxu AH CCCP
A. A. Xapkesuu, A. H. Illykun, unensi-koppecnonnientst AH CCCP B. U. Cu-
tdopos, C. f. Cokonos, mpocdeccopa b. I1. Acees, H. C. becuactros, M. I1. Jlo-
nyxadoB, H. M. UztomoB, M. ®@. Konrtoposuu, B. H. Jlenemmunckas, E. I'. Mo-
mot, C. U. ITardwmios, A. ®. lllopun, E. f. llerones u apyrue. MHorue u3
HUX CO3/aJii U CBOM Hay4YHbIE IIKOJIBI. MHOTHE BBITYCKHHKH KadeIpbl paaro-
TEXHUKH, pa3zaeneHHor B 1925 rogy Ha nBe — kadenpy crenuanbHOro Kypea
panuoTexHUKH, 3aBeaytomuii — npod. U. I'. Opeiiman, n xadenpy oOmei
pagroTexHukH, 3aBeayroumii — mpod. H. A. Ckpuukwmit (1878—1951) —
CTali PYKOBOJIUTENSAMH M BEAYIIMMH CHEIHAINCTaMU PATUOTEXHUYECKUX
NPEINPUATUN.

B 1960-x romax OBIJI0 HECKOJIBKO TOIBITOK M31aTh KHUTY 00 U. I'. dpeii-
MaHe. B perieH3uu Ha 0/1HY 13 HUX UCTOPHK Hayku ipod. b. A. OcTpoyMoB nmcan:
«HecomMHEeHHO, 4TO KHHra, OTHAIOIIAs MOJHKHOE TPYJaMm 3TOrO BBIJAIOIIETOCS
Y4€HOT0, TMOHEepa COBPEMEHHOH paJlOTEXHUKH, KaK €r0 4aCTO Ha3bIBAIOT, «yUH-
TeNs BCeX YUHUTeNel oT paAuMoTeXHUKN», HeoOxonuMma. be3 Hee ucropus coser-
CKOH paJHOTEXHUKH OCTACTCS HETIOJTHOM M MOXKET OKa3aThCsl IPEeBpaTHOM [5].

B monstue «pamunorexuuka» M. I'. @peliMan BHOCHI ropas3io 0olree riy-
OOKHII CMBICII, Y€M MPOCTO Mepeada cooOIeHuld 0e3 MpoBOAOB (pamuoTese-
rpadus u paauotencdoHus). B mepBoM HM3IaHUU €ro 3aMevyarelbHONH KHUTH
«Kypc paguorexunkm» (1924), Imaut 'eoprueBud gaer onpenencHne paano-
TEXHUKH KaK «COBOKYMHOCTH TEXHWYECKHX MPHUEMOB, KOTOPHIE ITO3BOJIIIOT Tie-
penaBaTh 3JCKTPHUECKYIO SHEprHio 0e3 MOMOIIM COSAWHUTEIBHOTO MPOBOJA
MEX/Iy MCTOYHUKOM W TIOTPeOMTENleM M HCIOJb30BaTh TaKyl OECHpOBOJIHO
mepeaBaeMyro dJIeKTprdeckyro sHepruio» [3]. Tlo CBHOETENBCTBY HCTOPHKA
paauotexuuku npod. W. B. bpenera (1974), umenno Mmant ['eopruesuy BBEn
MOHATHE «PaJUOTEXHUKa» — 3TO OINpeJesicHHe HOBOH HayKu BMECTO «Oecrpo-
BOJHOM Tejerpadum», «paanoTenerpadumny Win «paguoreiachorun» [16].

Paccmorpenue criucka HayuHbIX TpyAos M. I'. dpelimana, aHanu3 ux co-
JIepKaHMsl TIOKa3bIBa€T, YTO HAy4yHbIE TPYJbl YYEHOTO MOKHO COOTHECTH CO
CIIEYIOIUMH COBPEMEHHBIMH PYOpHUKaMH: panno(u3uKa, dJIEKTPOHHKA, 00-
1€ BONPOCH! PATUOTEXHUKH.

2. OT HCKPBI ¥ IYTH K YJIeKTPOHHOIi JaMme

Nmant ['eoprueny dpeiiMaH B TIOTHOW Mepe CIeA0Ball 3aBeTy mpodec-
copa A.C. IlonoBa — ¢QyHmameHnTanpHas Teopust MakcBeiuia — ['epma crana
HACTOSIIMM WHCTPYMEHTOM B €ro JalbHEHICH WHKCHEPHOW M HAy4YHOU Jies-
TenpHOCTH. Teopust MakcBeiuta Toiydnia JaibHEWIee pa3BUTHE B TPyHax
I'. Tepma u X. JlopeHnia, B pe3ynbrare 4ero Oblia co3faHa dJIEKTPOJIHMHAMHYC-
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ckas xaptuHa mupa. C 1895 mo 1904 roxsl muia yepena peBONIOLUOHHBIX OT-
KPBITUH W U3MEHEHHWH BO B3TIIAaX HA MPUPOJY BeIleH, TIPOUCXOIIII IIEPEX0]T K
HOBOM, COBpPEeMEHHOU (HU3HKe, PYHIAMEHT KOTOPOM 3alIOKWIN CIEIHaNTbHAS
TEOpUs] OTHOCUTEIBHOCTH U KBAaHTOBAs TEOpUs. BBUIO MOJIOKEHO HAYallo CO-
3IaHUI0 HOBOHM (PM3MUECKON KapTHHBI MHpa — KBAaHTOBO-PEISTHBUCTCKOM.
Bonwmme Bcero ®dpeiimana yBiaekaza TeOpHs DJIEKTPOMArHUTHOTO TIOJIA, (pU3HUKa
MIPOIIECCOB MEPEHOCA ANEKTPOMATrHUTHON SHEPTHH.

HasnauenHbIi TIOCI€ OKOHYAHUS DIEKTPOTEXHUYECKOTO MHCTUTYTA UM-
nepatopa Anekcannpa |l (3TU) momomHuKOM aenonpousBoauTens Mex-
JyBEIOMCTBEHHOTO paauorenerpapuoro komutera (MPK), WU.T. @peiiman
IPOIIIEIT XOPOIIYIO HIKOJY HAYYHOW W OPTaHU3aTOPCKOM pabOTHI, BIUTAJ CaMble
MepeIoBble UJer, TOSBISBIINECS B (U3WKE, B paauoTexHuKe. M3 3amuceii B
KypHanax 3acepannii MPK BumHO, 4TO HaydHBIE NUCKYCCHUH, KOTOPHIE BO3HU-
KaJId TIPY IPUHATHH PEIICHUH, ObLTH JTOCTATOYHO YaCThIMHU M BECbMa OYPHBIMHU.
B 3HaunTensHON CTETeHM MMEHHO Olarofaps CBSI3SM, TOSBUBIIMMCS 332 BPEMsI
pabdotet B MPK (1913—1918), y MmanTta ['eopruesuda chopMUpOBaics MIHPO-
Kuii KpyT 001eHus B cepe ero npohecCHoHaNbHBIX HHTEPECOB [6, 7].

[TosiBIeHne reHepaTOpOB HE3ATYyXAIOIUX KOJIEOAHWH OTKPHIBAIO HOBBIE
BO3MOYKHOCTH K Pa3BHTHIO CITIOCO00B TenedoHupoBanms 6e3 mpoBoaoB. Ha Tpe-
ThEM Che3Jle MHKEHEPOB-3JEKTPUKOB, BBITycKHHUKOB DTU, cocrtosBmiemcs B
1915 romy, M. T". ®peiiman BBICTYNHI OBAXKIBL C A0KiIagoM «CoBpeMEHHOE
COCTOSTHHE OECTIpOBOAHOTO TelehOHUPOBaHU» M coodmenneM «K mocieqaeMy
ycnexy paauorene(GoHUpoBaHMs O padoTax B 3TOM HaNpaBJICHUU B AMEpUHKE,
B KOTOPBIX 0c000€ BHUMaHHE YJEJIMI MEPCIECKTUBHOCTU MPUMEHEHUS HOBOTO
ANIEKTPOHHOTO TpHOOpa — mycToTHOTO pede. [8, 9].

C 1915 roma HMwmant I'eoprueBHdY COTPYOHHYA] C HAYIHO-HUCCIEIO-
BaTebCcKOW Jlaboparopueil Pammorenerpaduoro merno Mopckoro BeJOMCTBA,
otkpeiToro B [lerepOypre Ha 0a3e KpoHiurtaarckoii MacTepcKoi Jiisi H3rOTOB-
JICHHST ¥ PeMOHTa prbopoB Tenerpaduposanus 6e3 mposomos (1900). MmenuHo
rpecTaBuTeN (hJI0Ta HHUIIMHPOBAIU U, XOTSA U C TPYJIOM, IPOJIBUTAIIN Pa3BU-
THE MPAKTUYECKUX M HAyYHBIX pa0oT B oOsactu paauotexHuku (A. C. Ilomnos,
A. A. Pemmeprt, U. U. Penrapren, A. A. IletpoBckuii u ap.).

IMyonukyembie B mepuon ¢ 1915 mo 1924 roasl cratbd M KHUTH
W. T'. dpeiimana oTpakaroT MPaKTUYECKH BCE ATAIBI IEPeXo/ia OT UCKPOBBIX U
JIyTOBBIX METOJIOB I'€HEPUPOBAHUS IIEKTPOMATHUTHBIX KOJICOAHUH, KOTOPBIE OH
M3yvan eme B cTyneHdeckue rofsl B OTH, K 3IeKTpOMAaITUHHBIM U SJICKTPOH-
Ho-nmammoBeiM [10, 11, 12].

B cratpe «OcHOBHBIE 337a9u ISl MAIIMH BBHICOKOW YacTOTHI ISl Pajivo-
nepesavyn», B KOTOPOH OH, UCXOJNs M3 «OOIIHOCTH 3ajaud, KOTOpask CTaBUTCS
BCEM MOJOOHBIM MAaIlIUHAM (2eHepamopam 6blCOKOUACMOMHbIX KOLeOaHuti —
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JI. 3.), ¥ KOTOpasi COCTOUT B BO30YIK/ICHUH HE3aTYXAIOIIUX KOJIeOaHU B paIHo-
CeTW» OIpeleNsieT, C MH)KCHEPHOH TOYKH 3peHHs, HEKOTOphIe 00IIue TpeboBa-
HUS K MPOCKTUPOBaHWIO MamuH. W. ['. IpUBOIUT pacdeTsl, MOAYEPKUBAS TIPH
9TOM, YTO «CETh SBIIETCS Hamboyiee CyIIECTBEHHBIM OPTaHOM DPaarOyCTaHOB-
KH, TPeOYIOIIUM CO CTOPOHBI APYTUX OPraHOB, B YaCTHOCTU T'eHepaTopa Kolle-
Oanuii, momunHenus. CBONCTBa e PagMOCETH HE MOTYT MU3MEHSAThCs Oecrpe-
JIETHHO TIO JKEJIAHWIO, © UMEHHO B JIBYX Ba)KHBIX OTHOIICHHSIX, B OTHOIICHUU
3¢ (eKTUBHON BBICOTHI M1 €MKOCTH OHH BCTPEYAIOT MPEJIEN, CTABAIIUICS KOH-
CTPYKTUBHBIMHU cooOpakeHussMn» [10].

HanpHeimnii nyTh pa3BuTHs paauoanmnapaTtypsl mant I'eoprueBuy Bu-
Jle]1 B IPUMEHEHUHU JIEKTPOHHOM tamIibl. B ctathe «IIpuioxkeHue 31eKTpoOHHO-
ro pelne B pagauoTenerpadHOM Jeney», OmyOInKOBaHHOU B kypHale «Mopckoit
cOOpHHK», OH MOAPOOHO U OYEHb IOCTYMHO OOBSCHAET YCTPOMCTBO U pPadbOTy
HOBOTO TPHUOOpa, pacCMaTPUBAET BAPHAHTHI €r0 MPUMEHEHHUS B PaIMOTEXHHKE!
— KaK YCWJINTENS TIepEMEHHOTO TOKa, — KaK TeHepaTropa KojeOaHuil BEICOKOM
YacTOThI, — KaK BBIIPAMHUTENS KojebaHuil BhIcOkoW 4acToThl [12]. B navane
1917 r. Bemmuia B cBeT HeOonpmas Opomrtopa MmanTa ['eopruesnua «Kparkwuii
OYEePK OCHOB PAJAMOTEXHUKI», B KOTOPOU OBIIN M3JI0KEHBI (PH3NUIECKHE OCHOBBI
OecrpoBOIHON Tepenayn dHEeprud, 0coboe BHUMaHHUE YAETSIIOCH OIHCAHUIO
rporecca (OPMHUPOBAHUS DIIEKTPOMATHUTHOTO M3JIYYCHUS U 0030py TeXHHUYE-
CKHUX CPEJICTB, 00eCIIeUYNBAIOIINX €r0 FTeHepUpoBaHue. B paszene, mocBsIeHHOM
reHepaTopaM BBICOKOYACTOTHBIX 3JIEKTPOMArHUTHBIX KoJiebaHWi, 0cob0 oTMme-
4aeTCsl BO3MOKHOCTD UCTIOJIB30BAHMS ISl 3TOM IEITH 3JIEKTPOHHOM Jiamribl [14].

Eme nerom 1919 r. U. I'. ®peiiman nonan 3asBKy Ha «YCTPOUCTBO AJIs
MHOTOKPaTHOT'O Tele(hOHUPOBAHHSD», IATEHT Ha YCTPOWCTBO OH TOJYYHII TOJIb-
ko B 1925 r. (ITatent Ne 787 ot 30 oxtsops 1925 r.) [15]. VerpoiicTtBo maBaio
BO3MOXKHOCTh KOMMYTAIlMU KaHAJIOB Tepelaydl CUTHAJIOB ITyTeM MpPHUMEHEHUS
KaTOJHBIX TPYOOK-pacripeaenuTeNicil; Kakaas U3 HUX UMeNa Psij AJIEKTPOJIOB,
Ha KOTOpBIE MO IECTBUEM BPAIAIONIErocs 3JIEKTPUIECKOTO MM MarHUTHOTO
IOJIsI  TIOOYEPEAHO TaJaeT KATOAHBIA TIOTOK. OTH KAaTOAHBIE TPYOKH-
pacripenenuTeny BKIIOYArTCs B TeJIe(OHHBIC TMHUNA CBOMMH KaTOAaMHU U dIIEK-
TPOJaMH C IIENBI0 MONEPEMEHHOT0 MPUCOSAUHCHUSI a0OHEHTOB K JIMHUM IMPHU
MOMOIIM BPALIAIOLIET0Csl KaTOJHOTO MOTOKA, a AJsl 00ecreyeHus] uX CHHXpPO-
HU3Ma HUCHOJIb3YeTCs OOMIMI MCTOYHMK BBICOKOW YacTOTHI, JAOIIMA TOK JIJIS
000X KaTOJTHBIX paclpeaesnTeNel Ha TOM M Ha JAPYTroM KOHIIE JMHHHA. DTO
M300peTeHre HaMHOTO OIepeIio cBoe BpeMs. MHpopmanuu o ero mpaxkTuye-
CKOH peau3alyy HE BBISBICHO.

B 1921 roay W. I'. ®peiiman 3anumaeT MaruCTepCKy0 TUCCEPTALIMIO Ha
TeMy «O 3aKOHAX TMOMOOWS pagruoceTei», MOIydaeT MOJDKHOCTE Mpodeccopa U
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3aBefytomiero kadeapoi pagunorexuukun DTU. Hamo ormeruts, 4uro yxe ¢ 27
HOs0pst 1917 roga oH MpaKTUYECKU UCHONHSI AOJDKHOCTD 3aBelyIolero oopa-
30BaHHOM B AekalOpe 1916 roga xadeaps! paguoTenerpadHbIX CTAaHIUNA B CBA3U
¢ orcyrctBueM mpod. H. A. CxpuIkoro, «3acTpsBuIero» Bo BrmaguBocToke Ha
CTPOUTENBCTBE MOIIHOM paJrocTaHIuu 1uisi Mopckoro BegoMcTsa [6].

OJEeKTPOTEXHUUYECKHH HMHCTUTYT IOJDKEH OBUT BBITYCKATh HHKEHEPOB,
CIOCOOHBIX PAacCUMTATh U MPOEKTHPOBATh PaAnOAIIapaTypy Ha BCEX 3Tamax ee
pa3paboTKu U dKcIuTyatanuu. JJis 3Toro HeoOX0UMO OBLIO MOATOTOBUTH CO-
OTBETCTBYIOIIUE KYPCHI JIEKLUH, COCTAaBUTh YUYEOHUK 10 BCEM pasJiesiaM PaaHo-
texHuku. B 1921—1928 rogax Mmant ['eopruesud Bes oOIIMe U ClICLHATbHbIC
KypChl PaJMOTEXHUKH, a TAKK€ CMEKHbIE IUCLUILIMHBI (3JEKTPOBAKyyMHbIE
pubopkl, paxruon3MepeHust). B Te rogpl 4yTeHHe 3TUX KYypCcOB O3HAYaso, B CyIL-
HOCTH, CO3JJaHHE HOBBIX Hay4YHbIX AMCUUIUIMH. [Ipu kadeape pannoTexHUKH B
1921 rogy Obina opranu3oBaHa U nepsas B Poccun HayuyHO-y4deOHAsH 3JIEKTpPO-
BaKyyMHast j1abopatopust [6].

CpaBHUTENBHBIN aHATN3 OTEYECTBEHHOH M 3apyOe:kHOH Oubmmorpaduu
Havana 1920-X rogoB mmokasbIBaeT, YTo B Poccru MMENI0 MECTO SIBHOE OTCTaBa-
HHUE B HayYHBIX pa3pabOTKax IO 3TUM BompocaM. UHciIo opuruHagbHBIX paboT
ObUIO HE3HAYMTEJIbHBIM, B OCHOBHOM HalllM JKypHaJIbl II€4aTalld EePEeBObI CTa-
TeH 3apyOeKHBIX YUCHBIX.

3. «Kypc paaguoTexHuKm»

st pa3paboTKu KypcoB JIEKIMK U METOJIMKHU IPOBECHHUS MPAKTHUECKUX
3aHATHIA ¢ OyAyIIUMH MHXCHEPaMHU-PaIMOTEXHUKAMH TpeOOBajICsi HOBBI HH-
JKEHEPHBII MOJXO0/] K U3JI0KEHUIO TEOPUU PACIIPOCTPAHEHUS S1IEKTPOMATrHUTHBIX
BOJIH M OCHOBAaM pacyeTa paJuoannapaTypbl U paguocoopyKeHUH, yX0 OT «1ia-
puBtIero toraa smmuprsMa». O0 stom U. I'. dpeiiman mummeT B IpearcIOBHHA K
nepBomy m3nanuio «Kypca paguorexuukm» (1924 r.) PaspabarsiBasi Kypchl JeK-
uuii, Umant ['eoprueBud ctpemuicst K Tomy, 4ToObl cryneHtsl OTH u cnymare-
JIM BOCHHBIX aKaJleMUid, T1ie oH npenogaBai (Boenno-mopckoit u Boennoii snex-
TpoTexHUYeckor, Oyayiieli Boennoit akamemuu cpsizu um. C. f. Bynéunoro),
MPEICTABISII BCIO COBOKYMHOCTH 33ja4, BO3HHMKAIOUIMX MpH pa3paboTke pa-
JTUOTEXHUYECKUX CUCTEM, MOTJIM HAHTH CITOCOOBI MX MPAKTHYECKOTO PEIIECHUS C
HMHYXEHEPHOU TOUYKHU 3PCHHUS.

IIpexpacHoe BnajeHHE OCHOBHBIMH E€BPONECUCKUMU SI3bIKAMU U SITIOH-
CKUM, KOTOPBIH OH M3Y4HJI BO BpeMs pabOT 10 CTPOUTENbCTBY BraanBocTok-
CKOM paguocraHuuu, nos3soiauno Mmanty I'eoprueBuuy HCIONIB30BaTh BECh
HAKOIUICHHBIH K 3TOMY BPEMEHM OIBIT MHUPOBOW HAyKM IO PAJAUOTEXHHUKE.
ITpunsaTeil UM noaxo k moctpoeHuto «Kypca» B 3HaUNTENbHON CTENIEHU OCHO-
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BBIBAJICS Ha pe3yibTaTax padoT smoHckoro ydaeHoro [lenkman Kumypa 1912—
1913 rr. «OH BHepBbIe COOpaT UMCIOIIUECS SKCIIEPUMEHTAIBHBIC U TEOpPeTUYC-
CKHE NTaHHBIE B CTPOMHOE IEJ0€ TEXHUYECKOTO pacueTa pamuonepenadu. Ero-
TO U CJleAyeT IO CIPABEMJIMBOCTH CUUTATh OCHOBATEIEM PAJIUOTEXHHUKH Kak
CaMOCTOSITEIIbHOM HAYYHO-000CHOBAHHON OTPACIU TeXHUKNM [3].

Hamo ormeruth, uTO yke¢ B mepBoM m3fgaHuu «Kypca pagloTeXHUKID»
ObUTH HaMeueHBbI OCHOBHBIE ITyTH WHKEHEPHOT'O pacyeTa JIAaMIIOBOTO TeHEepaTo-
pa. OG0CHOBBIBasE BO3MOXKHOCTH UCTIOJIb30BAHMS AJIEKTPOHHOM JIaMIIbI ISl 3TOM
uenu, . I'. @peiiman paccmarpuBaeT npoliece (GOPMUPOBAHUS IEKTPOHHOTO
IIOTOKA B JIaMIIe, MAaTEMaTHYECKH OIMMCHIBACT YCIOBHSI €€ pabOThl B PEKUME
TEHEPHUPOBAHUS KOJCOAHMM, M3IaraeT OCHOBHI pa3paboTaHHOW MM «MeTOauKH
pacyeTa JaMIOBOrO reHEpaTopa», MOJyYMBIIECH CBOE 3aBEPIICHHE BO BTOPOM
nznannu «Kypca» 1928 r. [Ipod. A. A. UepHblieB B CBOEH peLieH3uH, B YacT-
HOoCcTH, rcall: «C BBIXOMIOM M3 TedaTu Kypca mpod. U. I'. dpeiimana Bocmon-
HSETCS CYIIECTBEHHBIM MPOOEN B PYCCKOW TEXHWYECKOHM JIHTEepaType, IMOCBs-
LIEHHOM BOIMpOCaM pPaguOTEeXHUKHU. Tpyd 3TOT MPeACTaBiseT OPUTHHAIBHO MO-
CTPOCHHBIN CIIENUATBHBIA KypC PaAUOTEXHUKHU, U3YUYEHHE KOTOPOTO MO3BOJISIET
HE TOJIBKO OCHOBATEJIIBHO O3HAKOMHUTHCS C COBPEMEHHBIM COCTOSIHHEM 3TOMH
BAKHOM OTpACiM 3JIEKTPOTEXHHUKH, HO TAK)XKE B 3HAYUTENBHOU CTENEHU JAET
YUTATENI0 BO3MOXXHOCTh MOJATOTOBUTHCS K CAMOCTOSITEIBHOMY PEUICHUIO TeX-
HAYECKUX 33/lad 0 MPOEKTUPOBAHHUIO U HCCICAOBAHUIO PATUOTEXHUUYECKUX
coopyxerui» [17].

@peiiMaH pacKpbIBaeT U FOPU30HTHI Pa3BUTHUS PaHOTEXHUKU. B coBpe-
MEHHON TEPMHUHOJIOTUU 3TH BOMPOCH MOKHO OTHECTH K 3a/auaM, paccMaTpu-
BaeMbIM B pamuodusuke. «JlampHEHIIMe BOMPOCH], BXOMASIIUE B COJIEPIKAHHUEC
PAaOUOTEXHUKH, KACAIOTCS U3IYUYEHHUS] SHEPIUM, €€ INpHEeMa U3 MPOCTPAHCTB U
HCTIONB30BaHusA. OKa3bIBACTCS, YTO DHEPTUS M3IYUaeTCs B DJIEKTPOMATHUTHOMN
(dopMe He TOJBKO MPU HUCKYCCTBCHHOM IPOIYCKAHUM TMEPEMEHHOIO TOKa IO
ONPEJEICHHBIM TPOBOJAM, HO U MPU OYEHb MHOTUX ECTECTBEHHBIX MPOLIECCAX
MECTHOTO, BCEMHUPHOTO M KOCMHYECKOTO MacimTaba. BBuay 3TOrO, mOYTH BO
BCSKOE BpEMs U TIOUYTH BO BCSKOM MECTE Ha MOBEPXHOCTH HAIICH 3eMJIA B JHU-
SIEKTPUUECKONW Cpelie MPOUCXOMAST DIICKTPOMATHUTHBIC IPOXKAHUS, KOTOpHIC
BOCIIPUHUMAIOTCS PaJUONPUEMHBIMU yCTpoiicTBamMu. st uccienoBareneid u
JHOOUTENICH TPUPOBI 3Ta HEBOJbHAS TECHAs CBSI3b PAJMOTEXHUKU C JICKTPO-
MAarHUTHOM JKU3HBIO MHUPA MPEACTABIACTCA BeCbMa LICHHOM, IJISl TEXHUKOB K,
CTaBAILIMX CBOCKO IENIbI0 MCHOJb30BaTh paAHOINEpenayy [jsli COBEPLIEHHO
OTIPEIICIICHHBIX, Hamepe] 3aaHHbIX MEHCTBUN, BO3HHKAET 3amada O0phOBI CO
BCAKUMH BO3MOKHBIMH BHJIAMU MPOU3BOJIHHOTO BMEIIATEIBCTBA CHJI MPHUPO-

ae» [3, c. 9].
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Heo0xoamuMo OTMETHTB, UTO 10 TOSBICHHUS 3TOH KHUTH CHCTEMAaTH3HPO-
BaHHOTO Kypca PaJIMOTEXHUKU HE OBbLIO MPAKTUYCCKH U B 3apyOEKHOU JIUTepa-
type. IloaTomy MMmanT I'eopruesnu @peiiMad MOXKET IO MPaABY CUUTATHCS OC-
HOBAaTeJIeM PaJNOTEeXHUKN KaK HHKeHepHoi Hayku. OH oTMedall, 9TO OCHOBHOE
BHUMaHUE 3a MPOIIeAIINe 1mociie u3oopereHus paauo roasl (¢ 1895 r.) yaens-
JI0Ch pa3paboTKe B OMPECICHHON CTENCHH BCIIOMOTATEIbHBIX I PaJUOTEX-
HHKH BOIIPOCOB: CO3/IaHUIO HOBBIX THUITOB M KOHCTPYKIIMHA T€HEPATOPOB HE3aTy-
XaIoMuX KoJaeOaHuH, dJIeKTPOHHBIX JamI. OCHOBHOMH ke 3amadell paTuoTeXHHU-
KM YUCHBIM CUMTal U3y4YEHHUE U PEILICHUE 3a1a4 ONTUMHU3ALUU IPOLIECCOB U3IY-
YCHHSI M IPUEMa 3JICKTPOMArHUTHON SHEPrHH, pa3pabOTKy MPUHIIUIIOB TOCTPO-
eHus paarocereii [18].

BricTynas Ha Top)kecTBEHHOM 3acedanuu B Mae 1925 roma, mocssimeH-
HoMm 30-1etHio uzobperenus paauo, Umant 'eoprueBud noguepkayi: «Oo0pa-
masch K paboTaM pojoHadaIbHUKA KaK Hallel, Tak M BCEMUPHOW paIHOTeXHHU-
ku Anekcanapa CremanoBuya IlomoBa, Mbl HE MOXKEM HE MPU3HATh, YTO OJHY
13 Hauboliee OpPUTMHAIBHBIX JleTallell ero M300pETeHUs COCTAaBIISET MMEHHO
paguocetby» [19]. U. T'. dpeiiman orMedaeT, yTo 60JIbIIas 4acTh paboT, BBIIOI-
HeHHbIX 3a 30 jer, ObLIa MOCBSIIEHA BOIPOCAM IeHEPUPOBAHUS KOJICOaHH BbI-
COKOHM 4acTOoThl. JTa, ¢ NPUHLUIMAIBHOM TOUYKH 3PEHUS, «BCIOMOTATEIbHAS
TEXHUYECKas 3ajauya» MOIVIOTUIIA MTOYTH BCE BHUMAHUE UCClenoBaTene. 3ana-
YU K€ MBIYYCHHS DHEPTUH, 3aJaud HM3yUCHHUs IEHTPaJbHOTO OpraHa paauo-
YCTAaHOBKH — PATHOCETH OCTAJHNCh «KaK-TO B TeHW». «bBUTO OBl €CTeCTBEHHO
oxunate, — mucan WM. I'. @peliman B cratbe «O0 IBOJIIOIMHN PATHOCETH, —
YTO pa0OThI PAIUOTEXHUKOB, CAMHM CBOHMM CYII[ECTBOBAHUEM OOSI3aHHBIX IPO-
HUKHOBEHHIO B 3TOT CIEUNHATIBHBIA KPYT SIBICHUM, OyAyT MOYTH HA BCE CTO
MIPOIICHTOB ITOCBAIIEHBI €T0 M3YYCHUIO M €T0 CUCTEMATHUYECKOMY OCBEIICHHIO.
Ha camowm nene Hudero momodHoro. He Gonee msiTh MpoOIeHTOB BceX HAYYHO-
TEXHUYECKUX Pa0bOT MO PaJMOTEXHHUKE M €IIe MEHBIIUN MPOIEHT MaTeHTHBIX
3asBOK U BOOOIIE M300pETEHUN KAacalOTCs TaK HA3bIBAEMOTO SIBJICHHSI DJICKTPO-
MarHuTHOTO m3aydenus» [20].

s pador U. I'. @peiiMana B 001acT aHTEHH XapaKTEPHO TO, YTO, pac-
CcMaTpUBas KaKyr-1u00 3a7ady, OH JIJaeT HE TOJIBKO TEOPETUUCCKUN aHaIU3, HO
U METOAWKY HWHKCHEPHOTO pacyeTa, a TAKKEe aHalli3 CIOCO00B AKCIIEPUMEH-
TaJbHOTO OIPEACNECHUS COOTBETCTBYIOIIMX HapaMmeTrpoB. TeopeTHueckue pe-
3yJbTAThI MTOATBEPKIAIACH OOJBIIUM KOJIUYECTBOM 3KCIIEPUMEHTAIbHBIX HC-
CJICJIOBaHUM, MPOBOJMBIINXCS HA KOPAOJIsX B PEATbHBIX YCIOBHUSIX PabOTHI pa-
JIMOCTaHLIMM. YKe KO BpEMEHHU BbIXOJIa B CBET nepBoro uznanusa «Kypca» mpo-
H30LUIH «COBEPILICHHO MCKJIIOYUTENIbHbIC U3MEHEHHSI KaK B TEXHUYECKUX MPU-
eMax paJuOTEeXHHUKHU, TaK U B TeX 3aJadaxX, KOTOPhIC OHA MPHU3BAHA PEIIATHY.
Cranu SICHBI MIPEUMYIIECTBA JIAMIIOBBIX METOIOB T€HEPHPOBAHUS HE3aTyXaro-
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mux Konebanuid. [loaTomy mis Broporo m3manus «Kypca pagHoOTEeXHUKN
(1928 r.) 3aHOBO OBLTA HaMKCaHa TJaBa O JIAMIIOBBIX TeHepaTropax, B KOTOPOM
u3Jarajcs Coco0 pacuera JIAMIIOBOTO TeHepaTopa.

Bo Bropom mzmanmm «Kypca paanoTeXHUKN», UCIPABIEHHOM H JIOTIOJ-
HeHHOM, MIMaHT ["'eoprueBud 0000 pe3yIbTaThl CBOMX TEOPETUYECKUX pa3-
pabOTOK M MOCJEIHUE JOCTHKEHHSI MUPOBOM paguoTeXHu4Yeckor Hayku. «[lo-
CJIeHUe HEMHOTHE Tobl, — mucan MimanT ['eoprueBud, — MpOU3BEIHN COBEp-
[IEHHO WCKJIIOYNTENbHbIE N3MEHEHHS KaK B TEXHHUYECKUX TpHUEMax pajnoTex-
HUKH, TaK U B TeX 3aJaydax, KOTOpble OHA Mpu3BaHa pazpemiarb. [loaTomy BO-
MpoC O MEPEU3JaHUM MOETO Kypca, MOJHATHIN ['0Cy1apCTBEHHBIM H3AaTEIb-
cTBOM B cpeaune 1927 rona, HOCTaBUII MEHS MEpe]l 3a/1aueii MOYTH MOJHOU ero
epepadboTKm.

OH nmcan: «$ cTpeMuics BBIIBHUHYTh Ha MEPBBLIM IUIAH TaKUE KOJIAYE-
CTBEHHBIC COOTHOIICHUS MEXIy PACCMATPUBAEMBIMH B PAAHOTEXHUKE SBICHU-
SIMH, KOTOPBIE MO3BOJIMIIA OBl MIPOU3BECTH 3aKOHUYEHHBIH TEXHUYECKHU pacueT
paboThl paguocTaHIMK. B 3TOM s pasolmencs ¢ yCTaHOBHBIIEHCS Tpaauiueit
COCTaBJICHUS KYPCOB PAJIMOTEXHUKHU, KOTOPasi COCTOSIA B TOM, YTOOBI OCBETHTh
MIPEUMYIIECTBEHHO (DU3UUECKYI0O CTOPOHY IIPOIECCOB, MMEIONINX MECTO IpH
pamuonepenade. IIpu ocBemennn (GU3MIeCKOr KapTUHBI KOJIWYECTBEHHASI CTO-
pOHa OTCTymaeT OOBIKHOBEHHO Ha 3aJIHWH TUIaH; B TEXHUYECKHX e pacyerax
Ba)KHA JIOCTATOYHAS] TOYHOCTH OMPENEICHHOTO KOJIUYECTBEHHOTO DPE3yJIbTaTa,
TTOJTY9EHHOTO XOTsI OBI ITyTEM PacCMOTPEHUSI HEKOTOPOTO (PMKTHBHOTO TIPOIIEC-
ca, DKBHBAJICHTHOTO B OTHOIIIEHNH UCKOMBIX BEIMYHH TEM IIPOIIeccaM, KOTOPhIS
MPOUCXOJT B AekcTBUTENbHOCTHY [4, ¢.3]. Ocobyio nmpu3HATEILHOCTh IMaHT
I'eoprueruu Beipaxaer npod. JI. 1. Mannenbiiramy, coBeTaMi KOTOPOTO OH
«BOCIIOJIb30BAJICS B HanOoJIbIIEH Mepey. [4, c. 4].

O coaepkaHWU M [IEHHOCTH HM3JI0)KEHHOTO B KHUTE MaTephalia JIAKOHUY-
HO ¥ O4YeHb MH()OPMATUBHO OBLIO CKa3aHOo B pereH3uu npod. /. A. Poxancko-
ro (¢ 1933 r. uwiena-koppecnonneara AH CCCP), koropas Obuia omy0JimkoBaHa
B Hauvare 1929 r., yxe mocie konumnsl W.T'. ®peiimana [19]. On mucan:
«Tonpko penkuil ¥ UCKIIOYUTENbHBIN TalaHT MOT CO3/JaTh MPOU3BEICHUE, KO-
TOpOE JOHKHO OBITh HACTOJBHOW KHUTOW BCAKOTO pajuoclenuanucTa. Tako-
BOM, HECOMHEHHO, OyJeT HOBOE W3IaHHE Kypca pPaTAOTEXHUKH TPOd.
N. T. ®peiimana. borarcTBo Marepuaia, OXBaTHIBAIOIIETO BCE 00JIACTH COBpE-
MEHHOW PaJUOTEXHUKH, CBEXKECTh CBEJICHUH, KOTOpPhIe OOHAPYKUBAIOT TEpe]
HaMU YIIOPHYIO pabOTy caMOro aBTOpa B Han0O0JIee BAKHBIX BOMPOCAX 3TOM MO-
JIOION HAYKH, UCKITIOYUTENIbHAS 3PYAUINAS, KOTOPasi COBMEIIAET 3HAKOMCTBO C
3aJla4aMi, KaKk TEOPETHUECKUMH, TaK U y3KOMPAKTUIECKHMH, TI0 HEOOXOAMMO-
CTH JUIsl paIUOMHKEHEPA, BCE ITO BMECTE Jenaet Kype WM. I'. HCKIIoUUTenbHBIM
SIBJIGHUEM Halllel TeXHH4ecKoi nuTtepaTypsl. C camoro Havana, rocie Oiects-
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LIEr0 TEOPETUYECKOIO BBEACHUS, aBTOP B IEPBOW IJaBE BBOJIUT YUTATENd B
TYIy BOIPOCOB, UMEIOIIUX OCHOBHOE 3HAUEHUE JJIs paauoTexHuku. CBoiicTBa
3JIEMEHTOB KOHTYpa, pacueT JIaMIIOBOTO IeHEpaTopa M APYTUX UCTOYHUKOB BBI-
COKOM 4aCTOThI, — BCE 3TO MOJIYYHIO MPEKPACHOE TEOPETUUECKOE OCBELICHHUE,
HO IIPU 3TOM Be€3/1€ IPUHATHI BO BHUMAHUE 33Ja4l TEXHUYECKOT0o pacuera. Mol
BHJIUM TOJIHYIO KapTHUHY T€HEPUPYIOIIETO YCTPOIMCTBA, €r0 AIEMEHTOB U YCJIO-
BHI ero paboThl, HE MEPErpyKEHHYI0 MaTeMaTHIeCKUMHU (HOpMyJIaMu WJIH Ba-
pUaHTaMu cXeM. JTa IJIaBa SIBJSIETCS HE TOJbKO OAHOW M3 JIy4llUX B Kypce, HO
psiMO 00pa3I0BOM U BBIIAIONIEHCS 110 MAaCTePCTBY M3NIoKeHus. He ocranaBmu-
BasICh Ha rjaBe 00 MCTOYHMKAX DHEPIHH U TpaHC(hOpMaIMK KoieOaHui, comep-
JKaIei MHOTO MHTEPECHOTO0 MaTepHalia IO BBIIPSIMUTEIHHBIM YCTPOUCTBAM U
BO30YXICHHUIO KOJICOAHMH B CBS3aHHBIX IEISIX, MBI 0COO0 OTMETHM TJIaBY YeT-
BEPTYI0, KAaCaOIIyOCs BOMPOCOB O CTa0WIM3alUK KOJeOaHUH U MOJyJUpOBa-
Huu uX. [1o mepBOMy BOIIPOCY 10 CHX TOP HET CBSI3HOTO M TIOJTHOTO H3JI0KEHUS,
U TIO3TOMY TOT OCHOBHOW MaTepuaj, KOTOpbIi Mbl HaxoauM B kypce U. I'., mo-
JKET CIIY>KUTh OCHOBaHHUEM JAJIs NajJbHEHIIEero pa3BUTUS UJIEH, HHTEPECOBABILUX
€ro B MOCJICTHUE TOJBI €ro JIEATSIIbHOCTA U IPUOOPETAIONIMX OCHOBHOE 3HAYe-
HHE B TEXHHUKE BBICOKOW YAaCTOTHI... ['0pa3mo OoibIe BpeMEH! aBTOp yAEIseT
BOIIPOCAM pacyeTa pajHoCeTH, KOTOPBIMH OH CaM MHOTO 3aHHUMAJICS B CBOE
BpeMs. JTta ofHa U3 riaB (M1aBa 5), B KOTOPOW MaTeMaTHUYCCKHU MaTepHal
(MHOTIa MOXET OBITH W3JHUIIHE TPOMO3JKUIN) UrpaeT BUAHYIO poib. HanGomb-
IIMH MHTEPEC MPEJACTaBJIICT B HEH § 6, B KOTOPOM B MPOCTOH M JOCTYITHOMH
(hopMe m3nararoTcs SIBICHUS, CBS3aHHBIE C U3IYYCHHEM PAJUOCETH, B TOM YHC-
Jie U3Iy4YeHUE HAa TApMOHHMKAX U B CIIOKHBIX aHTEHHaX. B cieayromeil rinaBe Mbl
HaxO0JIMM MHOTO COBCEM CBEXKET0 MaTepHalia Mo paclpocTpaHeHUI0 BoIH. Kpo-
M€ TIPEKPACHOTO W3JIOKCHHsI TEOPUH BIUSHHUS TPOBOAMMOCTH chephl Ha pac-
MIPOCTPAHEHHUE BOJIH, aBTOP JAET U3JIOKEHUE YUYEHHS] O PacHpOCTPaHEHUH KO-
POTKUX BOJIH C TEOPETUYECKON M OMBITHOHM cTopoHbl. [locrmennue riaBbl mo-
CBAIICHBI IPUEMY U aHATU3Y JIEMEHTOB MPUEMHBIX YCTPOUCTB. Bce oCHOBHBIC
BOIIPOCHI, KOTOPEIE MOTYT WHTEPECOBATh MPAKTHUIECKOTO WH)KCHEPA, 3/1eCh 3a-
TPOHYTHI, HO B 3TOW 00JACTH, KaK 3aMe4aeT caM aBTOp B IMPEAUCIOBUHU, HE
MIPUILIO BpeMs JaTh MOJHYI0 KOJIMYECTBEHHYIO TCOPHUIO, M MPHUXOAUTCS JO-
BOJILCTBOBATKLCS M3JIOKEHUEM, JOIYCKAIOMINM CKOpee KaueCTBEHHBIE, YeM KO-
JIMYECTBEHHbIC 3aKIIOYEHUS. DTy PELEH3UI0 IPUXOAUTCA IUCaTh, KOTIa aBTOpa
y’K€ HET CpPe/ii HaC U YyBCTBO OE3BPEMEHHOMN yTpPaThl OAHOTO U3 TAJAHTIIMBEH-
IUX MPEACTaBUTENICH PYCCKOW PAJMOTEXHUKHU €Ile HE MOTEPSUIO CBOCH OCTPO-
THI. [lepenucTriBasi CTpaHUIIBI €T0 KHUTH, STOTO OCHOBHOTO TPY/ia €ro JKU3HH, B
KOTOPBIA OH CyMeJ BIIOKHUTh CBOM OOIMPHBIE 3HAHWS, CBOH OITBIT U YMEHBE
HCIIONB30BaTh €r0 JJsl PELICHUs HACYIIHOHM 3aJaud, MOKHO C YBEPECHHOCTHIO
YTBEPKIIaTh, UTO 3TO TyXOBHOE Hacieaue OyneT JOJIT0 MUTATh HOBBIC MOKOJIE-



318 S(i:sTt(())ry of science and technology

pHsl HAyKH U TeXHUKH (5.6.0)
HUS PaIMOMHKEHEPOB U COXPAHUT MaMsATh O npodeccope PpelimaHe U cpeau
TeX, KTO YK€ HE MOT HCIBITaTh Ha ceOe BIMSIHUS €ro JUYHOTO OOassHUS U Ta-
nanTtay. CIUCOK JIUTEPATyphl 2-T0 U3IaHUs BKIIoYaeT 26 HAMMCHOBAHUIN KHUT,
u3nanubix B Ilapuxke, Jlonnone, bepnune, Jleinmure, HL}O-I7IopI<e. OTU KHUTH
[0 CBOEMY COJEPKAHHIO WIH H3JI0KEHHIO MOTJIM CIY>KUTb IOMOJIHEHHEM K
«Kypcy» u ObUIHM TOJIC3HBI P OoJiee MOAPOOHOM H3YYCHUU OTACIbHBIX 3a-
TPOHYTHIX B HEM BOIIPOCOB.

«Kypc paanorexHuku» U Hay4dHble cTaTbi MmanTa ['eoprueBuda cojep-
’KaT OpPUTMHAJIbHBIE TPAKTOBKU pAlla BOIPOCOB TEOpUU. Pe3ynbraThl TeopeTu-
YECKUX U MPAKTUUYECKUX HCCIEIOBaHUM, HAMPABICHHBIX HA W3YYEHUE CBOMICTB
AJIEKTPOHHOM JIaMIIbI, OBIITH 00O0OIIIEHBI B COOTBETCTBYIONMX pasnenax «Kypca
pammorexHukn» (1928 r.).

MHorue mONOXKEeHHUS B PaJUOTEXHHUKE, BIEPBbIC C(HOPMYIUPOBAHHBIC
N. T'. ®peiimanom, ctanu o0MEN3BECTHRIMU, KIIACCHISCKUMU, ITOCTOSTHHO H3JIa-
raeMbIMH Ha JIEKIIUAX, OHU €CTECTBEHHO BOIIIN B KHHUTH, HAIMCAHHBIE €0 yue-
nukamu. [lpod. C. U. 3unutuakeBnu ormevan, uto «“Kypc paanorexHuku”,
W3IaHHBIN BAXK[BI, OTIEPEIUII MHOTHE HHOCTPAHHBIC KHUTH CBOMM CTPOTO BBI-
JEpP’)KaHHBIM HAyYHO-WH)XCHEPHBIM TOIXO0JOM... JlJs co3maHust dTOro Tpyna
He00X0aMMO OBLITO BCECTOPOHHEE 3HAKOMCTBO C JINTEPATYPOH M0 PaTUOTEXHHUKE
U JJIEKTPOTEXHUKE, 4 TAKXKE COJHIHOE 3HAKOMCTBO C MAaTEMAaTUKON U (PU3UKOI
Y, HaKOHEIl, yMEHUE OOBbEKTUBHO U MPABUIIBHO MOAXOJUTh K OIICHKE BCErO CY-
MIECTBYIOIMIETO TPOMATHOTO MaTepraa UCCIeOBaHIi. DTa 3a/1a4ua y1anach eMy
BIIOJIHE, W IIKOJIA €T0 YYEHWKOB, UM CO3/IaHHAs, YYHJIACh IO STHUM JIEKIUAM, a
BECh OCTAJILHOW PaJMOTEXHUYECKHI MHp IOJIb3YETCS KypcoM, Kak HeoOXo.u-
MO# HACTOJMBHON KHHUTOMY [22]. Muorue pabotsl U. T'. dpeiiMana Ha MHOTO JIET
OTICPEIVIIA COOTBETCTBYIONINE HHOCTPAHHBIC, B YaCTHOCTH, aMEPUKAHCKHUE CTa-
THH, TIOSIBUBIITHECS B IIEPUOANYECKOM uTeparype aumib B 1930-x rogax.

«Kypc pagroTeXHUKW» B TSYCHHE MHOTHX JIET ObUI HACTOJIBHOW KHHUTOM
KaXJIOTO PaANOCTICIIHAIICTa U BO MHOTHUX OTHOIICHUSIX HE YTPaTHJI HHTEpeca
U Temepb. 3aJ0KCHHBIC B HEM WIEH MOJIYYHIN JajdbHEHIee pa3BUTHE B TPY-
Jlax MHOTUX y4eHUKOB u mociuenoarenein U. I'. @pelimana (A. H. Hlykuna,
M. C. Heiimana, B. U. Cudoposa, b. I1. Aceera, A. JI. Munia u ap.).

Han pazButnem Teopun noctpoeHus paauoanmapaTypsl manT ['eoprue-
BUY paboTai 10 MOCIeTHUX THEH ku3Hu. ETo yueHuk, uneH-koppecnonaeHt AH
CCCP C. . Cokonos, Beictymas B 1954 r. Ha 3acemaHuu YYEHOTO COBETa
JIOTU, nocesimmenHom namstu U. I'. @peiimana, BcnomuHai: «Brocnencreuu s
odeHb yacTo Ob1Ban y Mimanta ['eoprueBuya, 1 BUelN, Kak MHOTO OH padoTai Ha
coboit. [Topakana ero Heyrommumasi sHeprus. OH Kypc UMTa BEIUKOJETHO. Ta
KHHUTQ, M0 KOTOpo# oH uutan kypc («Kypc pamnorexuuku, 1928 — JI. 3.), k koH-
Iy TOo/1a Bcs OblIa TIepeoKeHa OTIeTbHBIMH, HCITMCAaHHBIMU JINCTAMH, 9TO YBe-
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JMYMBAJIO ee 00beM B 2 paza. Takum 00pa3oM, Kypc JeKIHi TPEeBOCXOANI MaTe-
pHai, u3JI0KeHHBIN B KHUTe. Jake cTosuT Bonpoc 00 U3AaHUM 3TOM KHUTH B AH-
riud. He 3uHato, Oblia i oHa u3nanay [23]. Kaura usnana He Oblia, BCe HayYHbIC
MaTepHajbl, BCE Ppe3yNbTaThl HAYYHBIX HCCICAOBAaHHWN, BECh «ITUCHMEHHBIH
crom» HMmanra ['eoprueBnua Obuim mepemansl ero Brosoil H. H. @peliman
A. . Bepry (1893—1979), accucrenty ¢ 1926 roma mpodeccopa U. I'. Opeiima-
Ha 1o Kadenpe «CrennanbHbII Kype paJHOTEXHUKAY, €T0 YIeHUKY 10 BoeHHo-
Mopckotii akagemuu (Bbimyck 1925 1.). B 1930 rony oH 3ammtii AUCcepTaimio u
MOJIYYHJI AOJDKHOCTD npodeccopa o kadenpe «CrnennanbHbeIil Kype paguoTex-
nuku» JIOTU, a B 1932 rony Beinnia u3 nevatu kaura A. U. bepra «Teopus u
pacuer JIaMIIOBBIX TeHepaTopoBy, Nepen3aanHas B 1935 roay, B KOTOpoii B crivic-
Ke pekoMeHayemoin snutepatypsl «Kypca paguorexnukm» W.I'. @peiimana He
on110. B 1937 rony Opl1a ommyOsimkoBaHa mocieAHss1 HayaHast padbota A. U. bepra
B 00JIaCTH pagUOTEXHHUKH, TEMAaTHKa KOTOPOii, KCTaTH, YHOMHUHAETCS U B pEeIIeH-
3un /. A. Poxkanckoro Ha «Kypc pagroTexHukm».

B xHHTe BOCTIOMHHAHHIA H3BECTHOTO pamuocnenuanrcta mpod. 3. 1. Mo-
JISJIst MOKHO MTPOYMTATH JIOCTATOYHO «JITFOOMBITHBINY 0T3bIB 00 A. U. bepre: «K
HeKOTOpbIM padbotam A. M. bepra s, kKak ¥ MOM KOJUIETH 110 paboTe, OTHOCHIICS
KPUTHYECKHU, CUUTAS], YTO OHH OOBSCHSIIOTCS €r0 OTOPBAaHHOCTBIO OT MPAKTUKH.
Ho no3nnee s monsn, uto A. U. bepr, pykoBoausmnii BoopysxeHusiMmu BM®, 06-
JagaeT riryO0OKHMH TTO3HAHUSAMH B OOITUPHON 001aCTH, O KOTOPOH 51 ¢ MOUMH TO-
BapuIlIaMHi HE HMEeM HUKaKoro mpejacTaBienus. Ero, Moxer ObITh, HEAOCTATOY-
Hasi OCBEOMIICHHOCTH O MPAKTHYECKONW PaIMOTEXHUKE KOMIIEHCUPYETCS TITy0o-
KHMH 3HaHUSIMH B COBEpIICHHO HEM3BECTHOM HaM oOsiacTu. B pesynbrare ero
CYMMapHBIi Hay4YHO-TEXHHUYECKHUH MOTEHIIMAN ropas/o Bbiiie Hamieroy! [24].
HuTaTa mpuMeyaTensHa cBOei HETOCKa3aHHOCTHIO.

K coxanenuto, Bo MHOTHX NIeYaTHBIX U3JaHusAX UMeHHO A. U. bepry (uie-
ny-koppecnonneaty AH CCCP ¢ 1943 r., akanemuky AH CCCP ¢ 1946 r.) npu-
MTMCBIBAETCS «OOJIBIIION BKIIA]] B PA3BUTHE OTEYECTBEHHON PaTNO3IEKTPOHUKI.

3. Mopckue cHiIbl CTABAT 3aa4Y...

Juis onpenenennst HaydHO-000CHOBAHHOMW JIMHUU Pa3BUTHS BOOPYKEHHS
B 1923 rony Obut cozman Hayuno-rexuuueckuit komuter Mopckux Cuit (HTK
MC). Ilepen KomureToMm cTosUIH 3amadu pa3paOOTKH BOIPOCOB M TIPEIJIONKE-
HUU, KaCaBUIUXCSI TCOPUU U MPAKTUKU BOCHHO-MOPCKOTO J€NIa U TEXHUKU: pac-
CMOTPEHHME HOBBIX M300PETEHUI U MPEIJIOKCHUN; PYKOBOJICTBO HCCIICIOBAHU-
MU B JaHHOW 00yacTh; pa3paboTKa OCHOBHBIX TEXHHUYECKUX 3aJaHUil IS CO-
CTaBJICHUS TIPOCKTOB HOBBIX KOpaOJel i BOGHHOro (yiota U ux O0EBOro BO-
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rpaHMIeil; OpraHu3aIlys MPOBEPKU M UCIIBITAHUS pagnoodopymoBanus [2].

VYuureiBas riyOOKUe 3HAHUS B 00JIaCTH PAJAMOTEXHUKH, TOHUMAaHUE TIPO-
0JIeM paIHOTEXHUYECKOT0 BoopykeHus (irota, 3 anpens 1924 roga U. I'. dpeii-
MaHa, Moomu3oBaHHOro B 1919 rogy B psaast PKK® na gomxHOCTH paanoTe-
nerpadHOro NMpUEeMINUKa, Ha3HA4YaroT MpPEJCcelaTeieM TOJBKO YTO OPraHU30-
BAHHOW CEKITMU CBSI3W M HABUTAITMH HAYYHO-TEXHHUIECKOTO KOMHUTETa MOPCKHUX
cunn Paboue-kpectbsnckoit Kpachoit Apmun (MC PKKA). U yxe B siHBape
1925 roga Ha 3acelaHMM CEKIHHM OOCYKAAeTCs BOIIPOC 00 OCHOBHBEIX TpeOOBa-
HUSAX K Oyaymieit cucreMe pagnoBoopykeHus ¢iiorta. «[lepcrnekTuBbl, KOTOphIe
OTKPBIBAIOTCSI IIPU TIOJTHOM HCIIOJIB30BAaHUH HOBBIX JOCTIDKEHUH PaIOTEXHUKH
— Ooutee, 4eM 3aMaH4YUBEL..» OOOCHOBaB TPeOOBAaHUA K ammapaTrype, KOTOpbie
JIOJDKEH TpeabsiBiATh (10T, MMaHT ['eoprueBud 3akaHYMBAEeT CBOM JIOKJIA]
cioBamu: «Takum 0O6pa3zom, 1esb, K KOTOPOW MBI JOJDKHBI BCEMH CHIIAMH CTpe-
MHTBCS TIPH PAAUOTEXHUYECKOM IEPEBOOPYKEHUH M KOTOpas MPH COBPEMEH-
HOM COCTOSTHUM 3TOW OTPAC/IM TEXHUKHU BITOJHE JOCTHXKHUMa — 3TO aBTOMATH-
yeckuii paguoodmen» [7, ¢. 32]. (Kerarwm, sTa 3a7a4a Oblaa penieHa i CHCTEM
paauocesizu BM® tonbko B cepeaunne 1970-x ronos!).

Baxmneitmeit 3aciyroit 1. I'. ®@pelimana ObT0 TOKa3aTENbCTBO MEPCIIEK-
TUBHOCTH TPUMEHEHHS JJIEKTPOHHBIX JaMml HE TOJIBKO B PaJAHONPHUEMHBIX
YCTPOWCTBAX, HO U B paauonepeaaryrkax. [lepexon oT 3MeKTpOMalIMHHBIX Me-
TOJIOB TE€HEPHPOBAHHS DJICKTPOMATHUTHBIX BOJH K MPUMEHEHHWIO JIAMITOBBIX
TeHepaTopoB OBLI OYEHb OOJE3HEHHBIM, BBI3BIBAN 0)KECTOYEHHBIE CIIOPHI,
BILJIOTH JI0 COOOIIEHHI B OpTraHbl O HEKOMIIETCHTHOCTH YUSHBIX, «3aIIHIIaBIIAX
ANIEKTPOHHYIO Jammy». O TepcreKTHBaxX NMPUMEHEHHs AJIEKTPOHHOH JIaMIlbl B
6ecripoBoniouHoil pammorenedonun U. I'. Opeiiman mucan yke B caMbIX Iep-
BbIX CBOUX MyOsukaiusx. [IpuBe/icHHAs BbIICPKKA W3 JOKIAJa CBUIACTEIIb-
CTByeT 0 ToM, uTo yxke K 1925 romy y U. . ®peiimana Obuta npoayMaHHAS
KOHIICTIIIAS TIOCTPOCHUS TPHUHIMITHATEHO HOBOW CHCTEMBI PAIHOBOOPYKCHUS
¢nora. Ho nipu 3tom BcTaBasia npobieMa 3()(GEeKTUBHOIO HUCIOJIb30BAHUS HO-
BbIX cucTeM Boopy:keHus. Ilostomy M. I'. @peliMaH MHOTO BHUMAHUS U CHII
YAETSUT OpTraHu3aliK CITY>KObI HAOIOJICHHS M CBSI3H, a TAK)XKE BOIIPOCaM TOJIro-
TOBKH CITEIIHAINCTOB. PoXKaeHre cy>KObI HaOMIO/IEHNUS U CBSI3M KaK CaMOCTOS-
TEJNBHOTO OpraHa MPOUCXOUIIO B OUE€Hb TPYAHBIX YCIOBHAX.

IlenenanpaBieHHO 3aHUMAsCh MPOOIEMaMHU CO3JIAHUS CPEJICTB CBS3H U
Habmonenust Uit PnoTa W MOCTOSHHO pacCIIUpsAs TEMAaTHKYy HCCIEIOBaHUH,
N.T. Opeiiman npusnex B 1924 rony corpynuunkos JIOTU B.I1. Kozbipesa u
C. . [Mandwiioa kK 3KCHEPUMEHTAIBHBIM paboTaM MO PaCHPOCTPAHCHUIO WH-
(dpakpacHeIx nyueit B atmocdepe. B 1926 romy A.A. lllamomHHKOB |
b. I1. Ko3plpeB mpucTynmiM K CO3AaHHI0 MPOOHOM MOJENH Mbhe30KBapIEBOTO
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ruapodona. [7, c. 34]. 25 despans 1925 rona B nmomenernr ONBITHOTO CYI0-
CTPOUTETHLHOTO MOPCKOTO OacceiiHa OBLIM MPOBEICHBI YCHEIIHbIC WCIIBITAHUS
Mmaketa rugpodona. Becnoit 1925 roga na [Inenyme HTK MC no nnuimaruse
cekiuu cBsisu HTK Obuto mpuHATO perieHre 00 opraHU3alliy MOJUTOHA IS
MTOBE/ICHUS UCIIBITAHUN PaguoanapaTyphl.

C 1926 roma U. I'. ®peiiMan coBMeEIaa PyKOBOACTBO CEKIHUEH CBSI3U C
JEATETHHOCTEI0 B ['OCYyHapCTBEHHOM DJIEKTPOTEXHHYECKOM TPECTE 3aBOJIOB
cnaboro Toka (3T3CT), KoTopbIi OBLT UCITOTHUTEIEM 3aKa3a Ha HOBYIO PaHo-
anmapatypy. Cpean mepBoOvepeHbIX BOIPOCOB, HaJ KOTOPBIMHU padoTtanu M.
I'. ®petiman u Quarmanckuii cBs3uct mrada Kb®, BoeHHBIM HHXeHep 1-To
panra, ero yueuuk 1o BMA A. H. I'punenko-MBanos (1900—1938), 6bLi1a pas-
paboTka T3 Ha TaMITOBYIO CUCTEMY paguocBs3u s (piroTa, odecriedeHue CBA3H
C MOTPYKESHHBIMH IOIBOAHBIMH JIOJIKAMH, pa3paboTKa MPEIOKESHUMN 10 YiIyd-
ICHUI0 XapaKTePUCTUK AaHTEHH I PagUOCBA3H C KOPaOJIAMH, TOBBIMICHHE
IOMEX0YCTOMUYHUBOCTH CBA3U C CAMOJIETAMU MOPCKOM aBUAlIUU.

B 1927 rony Hayuno-texamdeckum komuteToM YBMC PKKA Opumn
pa3paboTaHbl TEOPETUUCCKUE MOJIOKEHHUS O 3a7avax, CTOSIHX mepea bamrmii-
ckuM QuoroM. Pabota HaseBanacek «Paccyxnenus o banrdnore». O Het 3HaIH
T, HEMHOTHE. DTO OBUIO PYKOBOJCTBO K JICHCTBHUIO, COCTABIEHHOE M3 OT-
JIETHHBIX TJIAB 0 KaXI0H ceKIuu. B 3TOM JOoKyMeHTe Obli1a OTpakeHa TO3HUITHS
KomuTerta 1o Bomnpocam CTpOUTEILCTBA M pa3BuTUs DiioTa, HA HEM CTOSIT TPHUP
«coBepieHHO cekpeTHo». Cioga Bouuin u padotel U. I'. @peiimana, KoTopble
MIPENICTABISLIN cO00 HAYYHO 0OOCHOBAaHHBIC 3AIHMCKH, KACAIOIINECs PajinoTeX-
HAYECKOTO BOOPY)KCHHsI KopaOieir BoeHHO-Mopckoro (ioTa m CrmocoObl mX
HCII0JIb30BAHUSL.

B cBoux 3ammckax WM. I'. ®@peiiman BIEpBBIC 3aTPOHYJ BOIIPOC 00 dJICK-
TPOMArHUTHBIX BOJHAX KaK HOcUTelle WH(MOPMAIMH, OTPaXCHHOH OT IEeNH B
pesynbrare obonyueHus. Ho crienarh COOTBETCTBYIOIIYIO ammaparypy, CO31aTh
PaMOYCTPONCTBA CIICKEHHS 32 IIEIIBI0 B TO BpPeMsl ObLIO TPYIHOBBITIOJTHHUMOMN
3amaueit [25].

CrpeMsiCh TIOMOHUTHh KPYT CIIEIUAIHNCTOB, 3aHHUMABIIUXCS ITOJABOTHON
aKycTuueckol amnmapartypoi, B 1925 rongy Mmant ['eoprueBnd mpuriacui cBoe-
ro yuennka Beimyckanka JIDTU C. 5. Cokomnosa (unen-kopp. AH CCCP, 1953)
Ui paboT 1O CO3JaHUI0 MPUOOpPA «CBEPXTOHAIBHOM aKyCTUYECKOW BOJIHBIY.
W. T'. ®Opeiiman 1 caMm POBOHIT SKCIIEPUMEHTAIBHBIE HCCIIeI0OBaHMs C YIbTpa-
3BYKOBBIMH H3JIydaTessiMu. 3 aekadpst 1927 rona B paguonadoparopun JIDTU
OBUIH MCIIBITAHBI MTbE303JICKTPHUECKUE BUOPATOPHI C LIEIBIO MOJyUYSHUS WHTCH-
CUBHBIX YJIBTPAaKyCTUYECKHUX KOJICOAHUN B )KUKOCTSIX.

B nanpHeiiiem, aensich BOCOMUHAHUAME O cBoeM yuutene U. I'. Opeii-
maHe, C. S. Coko0B moauepKuBall, YTO 3aciyra caMoi IOCTaHOBKH paboT B
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o0lacTH aKyCTHKH B HHTepecax BoenHo-Mopckoro ®mora MOpHHAATICKHUT
@peiiMaHy, BOIIPOC O CBSI3M MEKAY MOJBOAHBIMU JIOJKAMH TaKKe ObLI MOCTaB-
aeH uMm [7, c. 34]. TTo npemnoxenuto. A. W. bepra, sBasiBuierocst ¢ 1927 mo
1932 rons! npencenateneM cekiuu cBsizu HTK MC (on cmenun B 1927 rogy Ha
stom nocty U. I'. dpeiimana, cocpeqOTOYMBILETO CBOM CHJIBI HA paboTe B Mpo-
MBILIIJICHHOCTH B KayecTBE KOHCYJIbTaHTa lleHTpanbHOW panuoiabopaTtopuu
OT3CT), Bce HayuHO-HCCIENOBATENbCKIE PabOTHI MO THApoakycTtuke B JIDTU
OBUTM CBEPHYTHI, U OBUIO PEHICHO 3aKyIaTh THAPOAKYCTHUECKYIO anmapaTypy B
I'epmanuu [26].
25—27 wmas 1927 roma Ha muenyme HTK MC Obut 3aciyiiad JoKiaj
N.T. dpeiimana «I1pobneMsl cBsi3u BoeHHOTO (hi10Ta». B mpuHATOM IO JOKIA-
ny mnocranoBienun HTK MC PKKA wu3naraauce OCHOBHBIE TaKTHUKO-
TEeXHUUYECKHE TPeOOBaHUS K paiguolepelaTyMKaM M paJuolpHEMHHMKAM, CO-
CTaBJICHHBIC 10 CBUJCTEIBCTBY HHXKCHEPOB, pabOTaBIIMX HaJa pa3pabOTKOM
aToi anmapatypsl Ha npennpuartusax OT3CT, nuuno Mmantom I'eopruesuuem.
VYKa3aHHBIM [TOCTAHOBJIEHHEM OBUIO IOJIOKEHO Ha4ajao CO3JaHMIO HOBOH cu-
CTeMBI paaroBoopyxkenus PioTa, W3BECTHOM 1o/ Ha3BaHueM «biokana-1».
Hauansauk Boenno-mopckoii akanemun npod. b. B. Xepse, ouenuas
BKiIan Ppeitmana B pazBuTHe cpeAcTB cBs3 BM®, mucan B 1929 r.: «Mopckue
Cunst PKKA mpuBBIKIN BHIAETh HA CBOMX KOPAOJISIX BO BPEMs MPAKTHYECKUX
miaBaHui U ManeBpoB MmanTa ['eoprueBnya, BHUMATENbHO UCCIEAYIOLIETO HA
MIPAKTUYECKOM OIIBITE BOIPOCHI PAIUOCBS3H, U ITH €r0 UCCIIEOBAaHUS HE Orpa-
HUYHMBAIIUCh TEOPETUUYECKUMHU paMKaMH. [locnenqHue JOCTHKEHNS B TEXHUKE U
oprannzanuu cBsi3u Ha Mopckux Cuiax Aojiroe Bpems emie OyIyT CBUACTETb-
CTBOBAaTh O 3HAHMSX, SHEPTUH U Tpynax npodeccopa U. I'. dperimanay [27].

3. 3akiaoyeHue

PannoTrexHuka kak 00IacTh 3HAHUN W MPAKTHYECKON NEATEIHLHOCTU Ue-
JIOBEKA 3a CTO C JIMIIHUM JIET CBOETO Pa3BUTHs NIPOIIJIA OIPOMHBIA IIyTh — OT
MEPBOM CHCTEMBI OECIIPOBOJIOYHOM NEepefayd CUTHAJIOB IO COBPEMEHHBIX pa-
JUO3JIEKTPOHHBIX CHUCTEM M KOCMMYECKMX paauocucreM. Hayuyno-mccneno-
BaTeNbCKasl M Iejaroruyeckas aearesbHocTh mpodeccopa W. I'. Dpeiimana,
BKJIIOYABLIAS U AKTUBHYIO 3KCIIEPUMEHTAIbHYIO paboTy, 1aeT OCHOBaHUE OIpe-
JIeIUTh €ro poJib B HCTOPUU PATUOTEXHUKHM KaK OCHOBATENS HAay4yHO-
WHXEHEPHOH HIKOJIBI paanoTexHUKH B Poccun. «CuactianBoe coueTanue Teope-
THKA, BJIAJCIOLIEr0 MOTYIIECTBEHHBIM OPYXKHEM MAaTEMaTU4YECKOTO aHanus3a, u
HWH)XEHepa-TIPaKTHUKa, BCce BpeMsl pabOTaBIIEero Haj 3aJadaMd HPOMBIIUICHHON
PaIMOTEXHUKH, OMpPENeNININ JIMAUPYIOIee B T€ TOIBI MOJOXKEHUE Mpodeccopa
W.T. dpeiimana B oTedecTBeHHOW paauorexHuke» [28]. Crnoxnas u Hampsi-
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KeHHas o0cTaHOBKa B cTpaHe B 30-X rogax, OrpaHMYeHHOCTh MH(OpMaIHu 0
peNpecCupOBaHHBIX JIFOAAX, ChIpajla CBOIO OTPHLATENBHYIO POJb B COXpaHe-
Hun namsta 06 U. T'. ®@peiimane. OH yiiesn ux )KH3HUA COBCEM MOJIOJBIM (B BO3-
pacre 38 1er), HO, TEM He MeHee, KaK y)Ke MPU3HAHHBIN JHep JCHUHIPAICKON
mkoisl pagnorexHukd. Ho B 1930 romy Obln penpeccupoBaH ero Ommkaiimii
yuntens 1 komrera npod. H. A. Cxpurkwmii, B 1931 roay mo memy «IIpommap-
THI» ObUT ocyxeH ero yuurensb npod. I1. C. Ocamgumii (1866—1943), u sror
MOMEHT TaKke He CIOCOOCTBOBAJI COXPaHEHHIO MaMsaTH 00 yueHoM. B 1937—
1940 rr. ynumm u3 )KU3HA WK OBLIH PacCTPeITHBI MHOTHE VICHUKH U COPATHH-
ku Mmanra ['eoprueBnda. x mMena ObUTH MPAaKTHYECKH 3a0BITHI, U celdac C
OnaroJapHOCTBHIO 33 BKJIAJ B Pa3BUTHE OTEYECTBCHHOW HAyKU U TEXHUKHU pe-
aJIbHAsi HCTOPHUS BOCCTAHABIHBACTCA.
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1. BBenenue

K 1911 roxy TenedoHHas CBSA3b MOCTUTIIA MPpaKTHIecKoro npeneia 2100
Muitb Mexy Heto-Mopkom n JlenBepoM. 3Byk HeycuiieHHOro rosoca u3 Hero-
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CTOpHS HAyKU U TEXHUKH (5.6.6)
Mopxka 661 crbimen ouens caado B Jensepe ' (Denver, mrat Ota). Jlensep
OBLI IIpeeNioM Jist OONBIINX paccTosHUU. J[o 3TOTO mMpeena MOKHO OBbLIO UC-
TOJIE30BaTh MEXaHMYECKHE TPAHCIATOPHI C HATPY30YHBIMH KaTykamu [lymiaa
U TIepefaBaTh ToJIoC 0e3 ellle He MOSBHBIIETOCS K TOMY BPEMEHH YCHIIATEINS
anekrpuueckux curHayioB. Emie B 1909 rogy AT&T uHHMIMUpOBaia MPOEKT MO
pacmmpennto muHUM oT JlenBepa no KammudopHun c menpio co3naTh MOIHYIO
TPaHCKOHTHHEHTAILHYIO JIMHHUIO. Permenue 3Toil reorpaduaeckoi mpoOIeMbl
OBUIO TECHO CBS3aHO C €€ TeXHUYeCKoW coctamisonieid. CokpalieHue paccTos-
HU TPeOOBANIO PENUTEPa UM MIOBTOPHTENS >, AKTHBHOTO YCTPOHACTBA, KOTOPOE
OBl 00ABIISUIO SHEPTHI0 K CHUTHATY, B OTIIMYME OT MACCHUBHBIX HAarpy304YHBIX
KaTyIIeK, KOTOPBIE POCTO CASPKUBAIN €T0 3aTyXaHHE.

Co3znianne 3MEeKTPOHHBIX YCUIIUTENeH 1 TPAaHCKOHTUHEHTAJIbHOU Telle-
(hoHHOM CBS3M CTANIO peaabHOCThIO Tociie MoKynku AT&T B 1913 roxy y Jlu ne
®dopecTa NMaTEHTHHIX NpaB Ha €ro ayauoH. TpaHCKOHTHHEHTAJIbHOE OOCITYXH-
BaHME OCTaBaJIOCh HEIOCTYIHBIM JI0 T€X MOp, IMOKa MHXeHepsl kommnanuu Bell
HE HaYaJil AKCIEPHMEHTHPOBATh C TPUOIHOW dJEKTpOoHHON jammoi. ObHaze-
KHUBAIOLINE pe3yJbTaThl SKCHEPUMEHTOB [aponbpra ApHONbIA MMO3BOIMIH
AT&T B 1912 roxy HaYaTh CTPOMTENECTBO TeMehOHHON THHMM > K BOCTOKY OT
CaxpamenTto * (Sacramento). K 1913 roxy AT&T npoBeia HCIIBITAHHS BBICOKO-
BaKyyMHBIX JIaMII B CETH JajbHEW CBs3U. M3roToenenwue I 'aponpaom ApHOIB-
JIOM TEepBOrO Tene(OHHOTO TPAHCIATOpAa Ha BAKYYMHOM TPUOJIE IMOCIYKHIIO
CUTHAJIOM K YCKOPEHHIO CTPOHMTEIHCTBA TPAHCKOHTHHEHTAIBHOW Tene(oHHON
anHud. Ocensto 1913 roga Hauanock CTPOUTENLCTBO JIUMHUU OT J[eHBepa mouTu
ctporo Ha cesep o Illaitenma® (Cheyenne) B mrrate Baifomunr, oTKyma oHa
yxoamna B 3ananHoMm Hanpasinenuu B Conr-Jleiik-Cutu (Salt Lake City). Oto
OBUTO CBSI3aHO C JKEJTAaHHEM IPOJIOKHUTH JIMHUIO CBSI3M K OTJAIICHHBIM TOPOIaM.
CrpoutenbeTBO TeseOHHBIX JIMHUN LIJI0 HABCTpedy APYT IPYry, U3 TOpPOJOB
Hensepa u CakpaMeHTO.

! llensep — kpymmeiimmit ropox u cronuia mrata Konmopano (Colorado). Jlensep pacrosioxken B
uentpanpioil yactu CIIA wmexny Ckamuctsivu ropamu (Rocky Mountains) wa 3amage um Bemukumu
pasauHamu (High Plains) Ha Bocroxke.

B o6nacty coBpeMEeHHOH KOMMYHHKALMH [O/I IOBTOPHTEIEM HOHUMAIOT JIEKTPOHHOE YCTPOHCTBO,
KOTOpOE MONy4aeT CHUTHal M peTpaHciupyeT ero. Ilo-CymecTBY «IIOBTOPHTENb» — 3TO MHEPEeBOA C
aHrnmiickoro “repeater”. B oTed4ecTBEHHOH TEXHMYECKOH JHMTEpaType MOXHO BCTPETHThH BMECTO
«TIOBTOPHUTEJIS» aHIIIMHCKOE HanucaHue mo-pyccku «penutepy». B BCO 2 u3a. T. 42 wa c. 177 npuBoaurcs
ONHCaHHE TepMUHA  «TeleOHHAs  TPAHCISLUA» —  NPOMEXKYTOUHBIH  YCHJIUTENbHBIH  ITYHKT,
yCTaHABJINBACMBII Ha JIMHHUU TEIEe(OHHOH CBS3H JUIS YBEIUUCHHS JAIbHOCTH IepeIadH.

® Transcontinental Telephone Line.

URL: https://jacobbarlow.com/?s=Transcontinental+Telephone+Line&search=Go (22.02.2023).

* CakpaMeHTO — CTOJHIA aMepHKaHCKOro mrata KanubopHus, pacronokeHHas Ha MECTe BIaICHHS
pexu AmepukaH-Pusep B pexy CakpaMeHTO.

® Illaiiénn — ropon Ha cesepo-3amane CIIA, aIMHHHCTPATHBHBIN HEHTP M KPYMHEHIIHI TOPOJ
wrrara Baiiomuur (Wyoming).
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2. TpaHCKOHTI/IHeHTaJﬂ)Haﬂ TeJ'le(l)OHHaH JIMHUSA

Ha naumonansHOM ypoBHe TenedoHHBIe npoBona ces3eBanu CILIA mo-
IOOHO TOMY, KaK 3TO clenanu Tenerpad u xene3Hsie noporu B 1860-x romgax.
Ipoxnazka Tenedornoi muuuyn Mexny Cont-Jleiik-Cutu u Bengosepom ® BbI-
3pIBajla MHOTO npo0OsieM. Bpemenamu pabouasi TeMnepaTypa Ha BO3IyXe 1OCTHU-
ranma 55°C, a spkuii cBeT Aenana padoTy B JHEBHOE BpeMs MPAKTHICCKH HEBO3-
MoxkHOH. [IpeomoneBas 6010Ta, YTOOBI HAUTH TYUIIMA MapUIPyT Ui CTOJIOOB,
WHKEHEPBI 4acTO ITy0OOKO MPOBaIMBAJIKCh, M HX IPUXOIUIOCH BHITACKUBATD U3
Oonora Ha BepeBKax. [lo HOuaM WX COH YacTO HapyLIajcs PblYaHHEM TUKHX
3Bepeid, KOTOpbIe PHICKAIN BOKpPYT cTaHa. Ha BenMKUX paBHUHAX ObUIM 3ameue-
HBI CTau AUKUX Jjomanei. Horna camele cMenble U3 oTpsiia Opocaiuck B IO-
TOHIO, TIOTOMY YTO IO 3aKOHY CTPaHBI 3TH JOIIaI! ABISIOTCS COOCTBEHHOCTHIO
M000T0, KTO CMOKET X MOMMaTh U NpupydnTh. Ha 6onpmmx BeicoTax Ckanm-
CTBIX TOP CHET W JIe/ JOCTABIISUIM Te0Ae3UCTaM MPOOJIEMBI U Aeali UX PadoTy
YpEe3BBIYANHO TAKEIOM.

17 mions 1914 roma AT&T, HeB3upas Ha TPYIHOCTH MPOKJIAIKH JTHHHH,
ycraHoBuia nocneanuit (puc. 1) u3 npumeprno 130 000 cron6oB B Benmosepe.
WnTepBan Mexay cTondaMu, Kak MpaBUIIo, COCTAaBISLI 0koJ0 135 ¢yTtos (41 m).
IIpoBoma O6vLTH cpareHsl, coennHuB 6oiree 3400 MuiTh TeeOHHOM JIMHUM.

-z
:

: : 2. #58B
Puc. 1. Tenedonnas nuaus B ropax mexay Can-®panmucko (a) u CaxpamenTo (0)
B KanngopHun; kxpyTn3Ha CKJIOHOB IPEACTABIIIA CEPbe3HBIE MPOOIEMBI ITPU €€ TPOKIIaIKeE.
YcranoBka nocieaHero croiba (B) 17 uionst 1914 r. Ha IepBoil TPaHCKOHTHHEHTAILHON
tenedoHHOI mnHAUY B paiione Bennosepa, FOTa.

Fig. 1. A telephone line in the mountains between San Francisco (a) and Sacramento (6)
in California, the steepness of the slopes presented serious problems when laying it.
Installing the last pole (8) on June 17, 1914 on the first transcontinental telephone line
in the Wendover, Utah area

® Bennosep (Wendover) — HeGoubioii TOpoIoK Ha 3amamHoii okpaune okpyra Tysne, mrat FOra,
CHIA. OcnoBan B 1908 roxy xak craHuus Ha 3anaaHo-THXxooKeaHCKOH xene3Hol gopore. Haxoaurcs B 180
kM 3anagnee ropoga Cont-Jleiik-Cutu u 853 kM ot ropona Cakpamenrto. Apmusi CILIA ucnonbs3yer pailon
Hejlasieko oT ropojia Beniosep B kadecTBe JAOMOIHUTEIBHOTO MOIUTIOHA JUIs 60MOapIHPOBOK.
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Bonbiras acts TeneponHoit muann Hpio-Mopk — Can-OpaHiucko 6bia
noctpoeHa u3 Meauoro mposoja Ne 8 (BWG, muamerp okono 0,164 mroiima, wimu
4,2 mm), BecoM 870 (yHTOB Ha IIETIEBYIO MIITIO . Macca Me[u B JTHHHH COCTa-
Buina 2500 ToHH. JlepeBsHHBIE CTONOBI yACPKUBAIU CPEICTBa MEpeaadn Tee-
(hOHHOTO CHTHaJla — YEeThIpe MEIHBIX IMPOBOJA, KOTOPBIE OOECIICYHBAIIN JIBE
¢usnyeckue nenu u ogHy GantomMHyro. OqHa ¢uzndecKas Ienb WK rapa mpo-
BOJIOB CITY’KHJIa TIEPEAAIONIUM IPOBOTHUKOM, a Apyras mapa — oO0paTHBIM Mpo-
BOITHUKOM (haHTOMHOU 1enu. Kpome Toro, I Kaxxaoh GU3ndeckold CXeMBI Tpe-
6oBasock 13600 Muib nzonupoBanHOTo npoBoja quamerpom 0,032 mrotima (0,8
MM) JUIsl Harpy304YHBIX KaTymiek. Karyiku, pacmonaraiichk Ha pacCTOSSHUU OKO-
710 8 muitb (13 KM) APYT OT APYTra U COCTOSTH M3 JKEJIEC3HBIX KOJIEIl, H3TOTOBJICH-
HBIX M3 TOHKOM JK€JIe3HOW MPOBOJIOKH, TIOBEPX KOTOPOH OBLIIO HAMOTAHO 0OIIb-
I0€ KOJIMYECTBO BUTKOB M30JIMPOBAHHON MEIHOU MpoBONOKU. Llenbro aTuX Ka-
TyIIEK OBbLIO MPEIOTBPATUTh HCKAXKEHUE TOKA, KOTOPOE B TO BpeMs ObLIO 00JIb-
IIMM HEIOCTaTKOM MEXITyTOPOJIHOM Tele(hOHHOH CBS3H.

Jluans mepecekana 13 mraroB. B pe3ynprare Ha rpanune Heaapl u
IO1H1 B BennoBepe Oblna mocTpoeHa mepBasi TPaHCKOHTUHEHTaIbHasl Tene(oH-
Has JHUHUS. 37eCh BCTPETHIINCH CTPOWTENFHBIE CHIIBI TeIe(OHHOW KOMIAHHUH
Benn u3 Hesamwr (Bell Telephone Company of Nevada) u Tenedonnoit u tere-
rpadHoii komnanuu ropubeix mTaroB (Mountain States Telephone and Tele-
graph Company), KoTopbie BIEpPBbIE COEANHUIN TPOBOJAMHE T'OJOCOBOM CBA3H
Boctok u 3amaz.

DKCIIEPUMEHTHI TTOKa3alli °, 4TO TON0Cy TPeOyeTcss BCEro MATHAAIATAs
JIOJIST CeKYHIIBI, 9TOOBI TIPONTH BECh MyTh OT Hbm-ﬁopKa no Can-®paHIHCKO.
310 cooTBeTcTBYET cKOpocTH Gomee 50 000 muits B cexyny (80467,2 km/c).

ITo unopmarmn AT&T ° ¢ BocToka Ha 3ara TMHHS TPOTAHYIAch Ha 390
munb oT Heto-Mopka o Iluttc6ypra, Ha 545 Munb 10 Ynkaro, Ha 500 MuiIb 710
Omaxu, Ha 585 munb 1o Jlensepa, Ha 580 munb g0 Cont-Jleiik-Cutu u Ha 770
Muitb 10 CaH-OpaHIMCKO — B OOIIEH CII0KHOCTH JJIMHA MPOJIOKEHHOHN Tele-
(donnolt muHUKM coctaBmwia Oonee 3400 munb (5471,77 kM), puc. 2. [IpoBoxa
MepPBON CBEPXUIMHHOW TMHUY COSAVHUIM aBa obepexbs CILIIA — BocTodHOE
C 3ama/HbIM.

3aBepIIeHne CTPOUTENHCTBA NEPBOM TPaHCKOHTHMHEHTALHOW TeleqoH-
HOW TWHUH mponuio 6e3 oco0oif mommbl. beT caenaH mocineqHui CThIK, ycTa-
HOBJICHBI (PJIAYKKHM HA MONIEPEYHBIX CTON0axX U cieianbl ¢pororpaduu. K siHBapro

" IMeTneBast MU — JUTHHA POBOJIA B MUJISIX B JIBYXIPOBOJTHO JIHHUM.

8 The First Transcontinental Telephone Line. Wonders of World Engineering.
URL.:_https://www.wondersofworldengineering.com/transcontinental_telephone_line.html (26.02.2023).

® Baig Edward C. AT&T celebrates coast-to-coast call centennial. USA TODAY.
URL: https://www.usatoday.com/story/tech/2015/01/23/att-celebrates-coast-to-coast-call-centennial-
milestone/22232319/ (19.02.2023).



IPIIIEESCT”I“RI,’IIEI(I?(;/BVI'BMMS%’CCGSS business plan for AT&T 33 1
. M. Vcnex 6usnec-mana komnannu AT&T

1915 roza ropoaa Hero-Hopk 1 Can-®paHIuCcKo GbITH COSANHEHbI B OCHOBHOM
BO3IYIIHBIMU TeNe(OHHBIMHU TIPOBOIaMU. TONBKO B TOPOAAX JMHUU OBLIH MPO-
nokeHs! oA 3emuted. [Ipu nmpoxmaake mpoBoaoB ObLTO 0OOHAPYKEHO, YTO HE Ha
BCeX MOJ3EMHBIX ydyacTKax Tene(OHHOW JMHUHM BO3MOKHA Tene(OHHAs CBS3b.
Ha nmuHMM OBLIO yCTAaHOBIEHO TPH JBYXIIOJOCHBIX TpaHCIATOpa TUNA 22 Ha
OJICKTPOHHBIX JIaMIIax.

IIponomxkenne muaun oT ersepa 1o Can-OpaHICKO OBUIO MTPOJIOKEHO
CaMbIM TIIATENbHBIM 00pa3oM. [IoMHMO 3TOro OBLIO TMPOBEJCHO IETaIbHOE
JNIEKTpUYecKoe 00cIeoBaHNe BCEH JIMHUKM OT ATJIAHTHKH 10 THXOro okeaHa.
Kaxnpiit ¢yt nmMHUM OBLT AIEKTPUYECKH MPOTECTUPOBAH U M3MEPEH. DTO MO3-
BOJIMJIO Pa3MECTHUTh Harpy304HbIE KaTYIIKH Ha HauOoJee MpHeMIIeMbIX ydacT-
Kax Juis o0ecrieueH sl uaeanbHoro 0ajaHca 1o Bcei JTMHUH.

IIpokiTaaka THHUK Teae(OHHBIX MPOBOOB, coemuuuBIX Hpio-Mopk n
Can-®panmucko, craia kyasMmuHanue 30-netnei padoter AT&T. Ctpourtens-
cTBO cetH Hauanock B Heio-Mopke B 1885 roay u Geictpo no6panock 10 Yukaro
B 1892 rony. Onnako u3-3a genpeccun 1893—1897 ronoB u oTCYTCTBHA aleK-
BaTHOW TEXHOJIOTHH JUIS MEPEIavd HIEKTPUIECKUX CUTHAIOB Ha CBEPXIJTMHHBIE
paccrosiHus TeneoHHas JIuHus gocturia Jlensepa tonbko B 1911 ropy.

L'hléugu 3

Salt Lake City ()M v‘N o
8~ Denver — _Pinshurgh Ney Yor

Sacran
San Francisco

Pacific
Ocean

Puc. 2. Ha xapte otmeuens! ropoza CIIA, xoTopsie cBsi3ala TpaHCKOHTHHEHTAJIbHAS
TenedonHas JMHUS cBsi3u B 1915 1. Ha kapTe moka3zaHbl MecTa yCTaHOBKH IIEPBBIX TPEX
TeJIe()OHHBIX JIAMIIOBBIX TPAHCIATOPOB (siHBaph 1915 1.). Tpacca TpaHCKOHTHHEHTAIBHOM
TenedoHHOIT TMHUY Yepe3 cosieHoe 03epo [ 'ymbonpaTa Ha ceBepo-3anaze mrata Hesana
(1700 munb ot CakpaMeHTO).

Fig. 2. The map shows US cities that were connected by a transcontinental telephone line in 1915.
The map shows the installation sites of the first 3 telephone tube repeaters (January 1915).
The route of a transcontinental telephone line through Humboldt salt Lake in northwestern

Nevada (1700 miles from Sacramento)

Komnanus AT&T moxaroroBwmiia K SKCIDIyaTalliHl MEPBYIO TPAHCKOHTH-
HEHTATbHYIO TenedoHHyto nuHuIo 27 nioHa 1914 roga, Korga Ha MocieaHEM
Tesle()OHHOM y3Jie CBSI3U OBLIM YCTAHOBJICHBI U NMPHHSTHL K paboTe TpaHCIATO-
pel B roposne Bennposepe. OnHako nepBblil TPAHCKOHTUHEHTAJIBHONW 3BOHOK HE
OBLT cAenaH, TaKk Kak KOMITAHUS PelIniia MOI0K/IaTh U CAeTaTh CTOIbh BaYKHBIN
3BOHOK nepe]l oTKpbITHeM [TaHama-THX00KEaHCKOM MEXTyHApOAHON BBICTABKU
B CaH-®paHIucKo.
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[lepBoe moakmroueHue Bcel TeneOHHOW JMHHHA B TECTOBOM pEXHUME
obuT0 ocymiectBieHo 17 urons 1914 roxa. [locne 3Toro M0 pe3ynpTaraM TECTH-
poBaHMA B TeueHHE 6 MecsIeB MPOXOANIO yCTPaHEHHUE BBISABIEHHBIX U3bSHOB,
MIpeske YeM Hadalloch €€ 3KCIUTyaTalusl.
[lepBoe ncnbITaHNE TPAHCKOHTUHEHTALHOH Tene()OHHON JIMHUH B PEXKH-
Me€ T'OJIOCOBOM CBSI3H COCTOSUTOCH B cpey 29 mtonsa 1914 roma. B aToT meHs nmpesun-
nent AT&T Teomop Beiin roBopuit ¢ ATIaHTHYECKOTO TOOEPEXKbs C HHKEHepa-
MU, HaxoAuBIIMMUCS Ha 6epery Tuxoro okeana. Ero romoc ObL1 ycuiteH 1o tesne-
(OHHOM THHMK BCEro TpeMs TpaHcasropamu: B ITurrcoypre (Pittsburgh, mrar
IMencunbBanust), Omaxa (Omaha, mrar Hebpacka) u Conrt-Jle#ik-Cutu (1urart
IOta). laTepecHO OTMETUTH, UTO JAHEM paHblie, 28 urons 1914 rona, Hauanach
[lepBas mupoBas BoiiHa— ABcTpo-Benrpus o0bsaBuia BoiiHy CepOun.

3. Oco0eHHOCTH ITEKTPUYECKUX CXeM JTaMIOBBIX TPAHCJISATOPOB

PazpaboTka TenedoHHOTO TpaHCIATOpa caMma 1Mo cebe IpencTaBisiia co-
00 11eJ10e UCKYCCTBO — JIJISL €r0 CO3JIaHus MOoTpebdoBaiach paboTa OOJIBIIOrO
YHClia YYEHBIX, N300peTaTeneil, HHKEHEPOB H CIICIUAIMCTOB 110 IPOU3BOJICTRY,
a TaKKe KBaJTH(QHUIUPOBAHHBIX CIEIHATHCTOB MO TEXHHYECKOMY OOCITYKUBa-
HHIO M DKCIUIyaTalnuy, 9ToO0bI UCTIOIB30BaTh €ro Hambomee 3¢GHEeKTHBHBIM 00-
pasoM. TenehoHHBIN TPAHCIATOP HU B KOEM CIyYae HE SIBISUICS YCTPOUCTBOM,
KOTOpOE OBLIO WJIM MOTJIO OBITh M300pPETEHO OT/CIBHBIM YEIOBEKOM, PaboTaB-
MM B OJMHOYECCTBC.

B sinHusix cBsi3u 00JIBINON TATBHOCTH MOTEPU HACTOIBKO BEJIUKHU, YTO YI0-
BIICTBOPHUTEIbHAsI pab0Ta CTAHOBUTCS HEBO3MOKHOM 0€3 UCIIOL30BaHUS YCHIIE-
Husi. HasHaueHue TeneOHHOTro TPaHCISATOpa COCTOUT B TOM, YTOOBI YCHIIUTh
cinaboe TenedoHHOE COOOLIEHHE MOCIe TOTO, KaK OHO MPOILIO OIMpeeTIeHHOEe
PacCTOSTHUE 10 IMHEHHBIM MPOBOIaM WJIH 110 Kabero. [Ipu 3ToM sHeprust curaana
HACTOJIbKO YMEHBIIIACTCS, YTO, €CJIM Obl OH HE ObUT YCHIICH, TO Pe3yJIbTaTOM Ha
JIPyroM KOHIIE TUHUH OblIa Ol ctabast M HEYAOBICTBOPUTEILHAS Iepeaada co-
obmienus. Jlo nzoOperenus Tene)OHHOTO TPAHCIATOPA 3aj1a4ya Nepeadn Tese-
(oHHOU peun Ha OONBIIHME PACCTOSIHUS ObLTa aHANOTUYHA 33/1aue BhICTpEa sIpa
U3 MYIIKU Ha O0JIBIIOE PACCTOSHHUE M ITOTYYCHHUS [UII 3TOT0 BCEr0 HEOOX0AUMOTO
UMITyJbca ¢ camoro Havana. C moMOUIbio TeNeOHHOTO TPaHCISTOPa MOKHO TI0-
cJIaTh COOOIICHHUE HAa ONMPEJICIICHHOE PACCTOsHHE, a 3aTeM JIaTh €My €Il OIHUH
TOJYOK, U €IIIe OJTUH TOTYOK, YTOOBI, HAKOHEI, IOBECTH €ro JI0 aipecaTa.

Bomnpmast yacte cxeM YCUIICHHUA ABJIACTCA OOAHOCTOPOHHUMHU, TO €CTh OHU
MepelaloT U YCUIIMBAIOT TOKU TOJBKO B OJHOM HampabiieHUH. J[ist GonbmvH-
CTBa IIeJIel JOCTATOYHO OJHOCTOPOHHMX LIETEH, HO /Ui YCHJICHHSI TOKOB B Te-
NeOHHBIX JIMHHUAX YCHINTENb JOJDKEH OBITh CIOCOOEH TepenaBaTh M yCHIIH-
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BaTh TOKM B 00OMX HAampaBJIEHUSIX, YTOOBI MOYKHO OBUIO BECTH JIBYCTOPOHHHE
pasroBopsl o JuHUH. Ha camom nene, 1BYCTOpOHHSS paboTa sSBISIETCS CyIle-
CTBEHHOH 4epTod Tene(poHHON CBSI3M, KOTOpasi NOJDKHA OBITH oOecreueHa He-
KOTOpPBIMU JIOMOJHUTENBHBIMU 3JIEMEHTaAMH. JTO HE XapaKTEPUCTHUKA CaMoro
3JIEMEHTA, 8 XapaKTEPUCTHKA CXEMBI, B KOTOPOI 3TOT JIEMEHT UCIOIB3YETCS.

Mo 1912 roga eAMHCTBEHHBIM TUIIOM HCIIOJIB3YEMON CXEMBbI TPAHCISITOpa
OBLT Tak Ha3BIBAaEMBIH «THM 21», B KOTOPOM OIHH DJIEMEHT TPAHCIATOpA yCH-
JUBaeT COOOIICHHUs, MOCTyNAlIIUe K HeMy ¢ o0oux HamparieHui. [Ipu stom
HE00XOMMO, YTOOBI JIBa CBSA3AHHBIX YYacTKa JIMHAW UMeNN OJM3KHE XapakTe-
pUCTHUKH. XOPOIIO U3BECTHBIM OTpaHUYEHUEM TPaHCIATOpa 21-ro TUna sABiIsIeT-
Csl €T0 CKIIOHHOCTP «IIE€ThY, KOTJa MucOaiaHc JIMHUU WU YCUIIEHHE MpeBbIIIa-
0T OTIpe/IeTIeHHbIE JOBOJIBHO HU3KUE TPEAECTIBI.

Ha puc. 3a nokazaHa ojHa U3 MPOCTEHIINX CXEM JBYCTOPOHHEH CXEMBbI
Ha JIaMIle, TaK Ha3bIBaeMblil «TuMl 21» [1]. JlammoBslii TeaeoHHBIH TpaHCIATOP
Tuna 21 COCTOUT U3 JIByX YACTEH: JIAMIIOBOTO YCUJIUTENS U CBSI3aHHOW C HUM
CXeMbl B 000pyAoBaHMA. B TpaHCIATOpax, UCIONIB3YyEeMbIX IS LeTel peueBoi
Y4acTOTHI, HCIIONB3YIOT OOBIMHO BaKyyMHBIe Tpuonabl. Ha puc. 36 mpuBenmeHa
cxeMa JUIsl IBYCTOpPOHHEW Mepeaayl CUTHajla ¢ OJHUM TPaHCISATOPOM Ha Baky-
ymHOM TpHoze [1, p. 1324]. Dra cxema M3BECTHA KaK «CxXeMa TpaHcisropa 21-
ro THIAY (JIBYCTOPOHHSS CX€Ma ¢ OJHHUM TpaHCIATopoM). B aTom TpaHcisTope
JIBYCTOPOHHSIsI mepenada B 21-KOHTypHOM KaTylIKe OCYIIECTBIISIETCS 3a CUET
0aJaHCUPOBKH JIBYX JHHHUI HEMOCPEICTBEHHO JPYr OTHOCUTEIBbHO Apyra. Ta-
KuM obOpasom, ecnu umrenanc crpasa (Line East) paBen mmmnemancy ciesa
(Line West), To moTeHIHaIbl TOUCK MOAKIIOYCHHUSI HE 3aBHCAT OT YCHJICHHOTO
BBIXOJTHOTO TOKA. Eclii UMIeAaHChl 3TUX JIMHUKA HE PaBHBI, TO YCUJIEHHBIA TOK
Ha BBIXO0JI€ BBI30BET MOBBIIIEHHE 3JIEKTPUIECKOTO MOTEHIIMAala Ha CETKE YCHUIIHU-
Tenst. DTO BBI3OBET JaJIbHENIIEE YCUIIEHUE, IPUYEM YCUIIEHUE MPOUCXOANT IO
HapacTalonlel, 9TO CO37]acT yCTONYNBbIE KOJICOAHHS HITH «IICHHEY.

Output Coll

Bridge Transformer Line

______ ) f[/ne
1 3 West ———

i L Fast
O - - < Line
-«— Line West ! F;'th —
‘epeater
- S X Element:
Potentio Input
wmeter Coil
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a §

Puc. 3. [IpocToii TByXCTOPOHHHIA TPAHCIIATOP () C HCIOIB30BaHHEM THOPUIHON KATYIIKH.
[MpuHunuaneHas cxema tenedorHoro TpancusTopa THna 21 (0) ¢ ycuureneM Ha BAKyyMHOM
TpHOE.

Fig. 3. A simple two-way repeater (a) using a hybrid coil. Schematic diagram of a type 21 (6)
telephone repeater with a vacuum triode amplifier
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Tpancnsarop Tuna 21 oueHb NPOCT B AKCIUTyaTaluu, TpebyeT HeOOoIbLIO-
ro KOJUYeCTBa 000pYyIOBaHMsI, OTHOCUTEIBHO JACIIEB B YCTAHOBKE M 3KCILTya-
Talll{, HO OTPaHWYEH B MpHUMeHEHUH. UTOoOBI MpenoTBpaTUTh KOJICOAHUs WITH
«TmeHuey, uMnenanc auHuK ciesa (Line West) nomkeH ObITh paBeH UMIIEAaHCY
nuann crpasa (Line East). Ho mockonbKy 3TH OTHOIICHMS KakK IPaBUIIO HE
[OJIEPKUBAIOTCS, TO BBIXOJHASI M BXOAHAS Leny OyAyT CBSI3aHbl. TpaHCISATOD
21-r0 TUMA TMOCHUIACT YCHWJICHHYIO SHEPIUI0 B OOOHMX HAINpaBICHUSAX. IJTOT
TPaHCIATOP HE MOJAXOIUT A paboThl B TaHAeMe (HECKOJIBKO TPaHCISTOPOB,
YCTAQHOBJICHHBIX B Pa3HbIX TOYKAX OJHOW JIMHWH), TIOCKOJBKY 3HEPIHs, TEKY-
mast 00paTHO K TPOMKOTOBOPHUTEIO (M K CIIyIIaTelto), OyAeT TOBTOPHO yCHIIe-
Ha W TOBTOPHO BBeJleHa B OOOWX HANpaBlICHHAX Ha JIMHUHM B KAaXKIOH TOUKe
TPAHCIATOPA, YTO BHI30BET HAJOEAIUBOE 3XO0. JIpyrMMH CIOBAaMH, €CIH OAHA
JIMHUS IO CBOMM 3JIEKTPUYECKHM XapaKTePUCTUKaM OTJIMYaeTCs OT APYIoH, TO,
HECMOTPS Ha PaBEHCTBO JBYX YacTel KaTyIIKH, OyAeT HepaBHOE JeJIeHnEe TOKa
1 BO3HUKHET «IIEHHUEY.

4. JIaMnoBBIii TPaHCJASITOP THIIA 22

TpaucasTop 22-ro Tuma, ¢ ApYroil CTOPOHBI, UMEET JIBa YCHUIUTEIbHBIX
DJIEMCHTA U JIB€ UCKYCCTBCHHBIC JIMHUU, 110 OI[HOﬁ JJIs 6aJIaHCI/IpOBKI/I Kaxxaoro
CBSI3aHHOT'O YYacTKa peallbHOW JTMHUH. XOTS OCHOBHAs uzes 22-tumna Oblia cTa-
poii, Kamnbemry yaanock oTpa3uTh B Ciryke0HOMU 3amucke ot 7 mapra 1912 r.
MIPUCYIIIAE €My CBOMCTBA CTaOMIBHOCTH [2]: «...HCIIOJIh30BaHUE KOMIICHCHUPY-
IOImETo YCTpOﬁCTBa, TAaKOI'o KaxKk UCKYCCTBCHHAasA JIMHUSA, JI1 YMCHBIICHUA YCH-
JICHUS] Ha PE30HAHCHBIX YacTOTaX JI0 YPOBHS YCHJICHUS Ha JPYTUX Tele(POHHBIX
4acToTaxX, B IIEJIOM IMIPEAINOJIaraloT WIS BBIPABHUBAHHUS aMIUIHTYIHO-
YACTOTHBIX MCKaxkeHUM. VIcka)keHHs BHOCSTCS CEISKTHBHBIMH XapaKTepucCTu-
KaMHU JIMHEHHBIX Lened Wid IpyruM oOOpYyJOBaHHEM B JUIMHHOH CHCTEME...
Ecnu 681 moTpe6oBaiock MpoCTO UCKITIOYUTh HEKOTOPBIE YaCTOTHI, JIEkKAIINE 3a
npefeNaMy JTUana3oHa, HeoOXOJUMOTO ISl Tele@OHHMH, TO HCIOJIb30BaHHE
CXEMBbl HCKYCCTBEHHOTO BBIOOpA SIBIISIETCS ONpPEAETICHHOW MPEINOCBUIKON ISt
WX TpUMeHeHus». Bo Bcex TpaHCIATOpax BIOCIENCTBUU TMONYYWIH PacHpo-
CTpaHCHUEC (1)I/I.HBTpI>I HIWKHUX 9aCTOT OJIA OTCECYKH YaCTOThI 3a NpCACIaMU IIc-
penaBaeMoro auama3oHa M, TaKUM 00pa3oM, yIaloch CBECTH K MUHHMYMY
TPYAHOCTH OalaHCUPOBKH JIMHUH.

[IpoGema GamaHca oka3anach OJHON U3 CaMbIX TPYAHBIX MPH pa3padoT-
ke TenedoHHOTo TpaHCsITopa. Bompocy 00 m3ydeHnn OanaHca WIH METOIAX
ero AocTwxeHus: B naboparopuu I'. ApHONbAa OBLIO MOCBALICHO CTOJIBKO K€
WCCIIEIOBAHNHN, CKOJIBKO H JIFOOOMY JAPYTrOMY acrlekTy IpoOiemMbl Teiae@OoHHOTOo
TpaHCIATOPA.
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Ha puc. 4a moka3aH OJMH M3 CIIOCOOOB IOJNyYEHUS JBYXCTOPOHHEU
TpaHCIALUMOHHOM cBsi3u [1, P. 1326]. Mcnonb3ytoTcst ABa yCUIMTENS, IO OJHO-
My JUIS KaXIOro HampaBieHus mnepemaun. OOpaTHas CBsI3b W KoJeOaHUS
MPEIOTBPAIIAIOTCS THOPUIHBIME KaTYIIKAMH, KOTOPBIC SBIISIOTCS IO CYIECTBY
TPexOoOMOTOYHBIME ~TpaHC(hOpMaTOpaMy COATAHCHUPOBAHHON KOHCTPYKIIUU.
Curnai, HIyImIuiA ¢ 3amajga Ha BOCTOK, BCTpeUaeT MEePBYI0 THOPHIHYIO KaTyIII-
Ky, TIIeé 9acThb MOIIHOCTH TIOCTYIAET B 3alaJ-BOCTOYHBINA YCHIIUTENb MOCPEI-
CTBOM LIEHTPAJILHBIX OTBOJIOB OT OCHOBHBIX BUTKOB KaTyiiek. Ha ocHOBe 3TOr0
crocoba Obuta paspaboTaHa cxema TpaHciATopa THma 22 (ABYXIOJIOCHAs, ¢
JBYMsI TpaHcisiTopamu), puc. 46 [1, p. 1326—1330].

Output Transformer
‘e >} { Network
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Line West
ull
Repeater PRepeats bvnj Repeater
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Ntk [ Line East -
Last =
a Output Transtormer

Puc. 4. CxeMbl AByXCTOPOHHHUX TPAHCIATOPOB: a — OJIOK cxema,
0 — IpUHLIMIHATBHAS CXeMa TPAHCIIATOPA THIA 22 Ha JTaMIOBBIX TPHUOJAX.

Fig. 4. Schemes of two-way repeaters: a — block diagram,
b — circuit diagram of a type 22 repeater on tube triodes

[IpenmyrmiectBa 22-KOHTYPHOM CXEMBI 10 CpaBHEHHWIO C 21-KOHTypHOM
OYEBHHBI: MOCICTHSSI TpeOyeT, YTOObl UMIICaHChl IMHUN, BEAYIIUX K JIBYM
Tese()OHHBIM MOJCTAHIIMSAM, MEXAY KOTOPBIMU BEAETCSl PasroBOp, ObUIM OIU-
HAKOBBIMH — YCJIOBHE, KOTOPOE HE BCEr/la JIETKO pean30BaTh Ha IpakTuke. B
cxeMe 22-To THMa JIBe JTUHUHM MOTYT UMETh COBEPIIEHHO pa3HbIe WMIIEAAHCHI,
[IPU 3TOM TpeOOBaHUS 3aKIIOYAIOTCS B TOM, YTOOBI OalaHCHPYIOILIHE CETH UMe-
JIM pa3Hble UMIICAAHCHI, KaXasi U3 KOTOPHIX OaJaHCHPYET CBOIO COOCTBEHHYIO
nuHAo. TpaHCIITOp MOXKET OBITH YCTAHOBIIEH B KaKOM-HHOYIb yI00HOM MecTe
Ha JIMHUH, KOTOpPOEe HE 00s3aTeNIbHO JOJDKHO HAXOAUTHCS Ha IMOJITYTH MEKIY
OByMs ctaHuusiMH. Kpome Toro, ajist Toro, 4TtoObl CO31aTh YCIOBHS AJISI «Iie-
HUS» B 22-M KOHTYpe, HEOOXOIUMO, KaK BHUAHO M3 pHUC. 3, 4TOOBI 00€ JIMHUM
ObUTH pa30basaHCHUPOBaHBI OJTHOBPEMEHHO. Ecy ofHa MHUS U ee ceTh uieaib-
HO cOanaHcHpoBaHbl, TUcOaNaHC B APYTOM HE BBI3OBET «IEHHA». Takum oOpa-
30M, 22-1 THII TIO CBO€# cyTH Oonee ctabuieH, 4yem 21-i T

QOUIBTPHI YCTAaHABIUBAETCS IS IPOIYCKAHNS TOJIBKO TOKOB, JIEKAIINUX B
Tene()OHHOM JIMara30He 4YacTOT, YTO TPEMSITCTBYET IMPOXOKICHUIO uepes3
TPaHCIATOPHI TenerpadHbIX U OPYTUX CHUTHAJIBHBIX TOKOB, KOTOPHIE MOTYT Iie-
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peAaBaThCcs MO TEM K€ METAJIMUECKUM LiensiM. B cxeMme NMoTeHInOMEeTphl Hc-
MOJIB3YIOTCS JUTS PETYIMPOBKU YCHIICHHS 10 JKEJIAeMOT0 3HAYCHHUSI.

JIBe paccMOTpeHHBIE CXEeMBI TeNe(OHHBIX TPAHCISTOPOB SIBHIMCH 0a30-
BBIMU M HalLIM IpakTHYeckoe nmpumeHeHue B paspadbotkax WEC. OcHOBHBEIM
CTaJ TpaHCIATOp Thma 22, a ero Moaudukauuu 22A1 u 22A2 Obn cTangapT-
HEeIMEU TipuMepHO ¢ 1915 mo 1940 rox. B tpancisaTopax 22A1 n 22A2 ucnons3o-
BaJICh THOPUAHBIE KAaTYIIKH, OaJaHCUPOBOYHBIE CETH, (PUIBTPHI U T. 1., KOTO-
pBI€ B HEKOTOPOM CMBICTIE SIBJISIFOTCS] TAKHUM K€ TMHEHHBIM 000py10BaHUEM, KaK
000pyIOBaHHE TPAHCIIATOPA.

5. YcTaHOBKA JIaMIIOBBIX TPAHCJIATOPOB

VYcraHoBKa 3THX TEPBbIX JAMIIOBBIX TpaHCIATOpPoB B bparirone (Brush-
ton, 522 mumu ot [MurtcOypra), wrar [leHcunbpBanus, nokazaHa Ha puc. 5. OHa
3aHUMaja ABa mKada, KaxAbld U3 KOTOPBIX CIYXHJ U1 OZHOTO HalpaBlICHHS
IIOTOKa p€YM, C OOIIOJHUTCIbHBIMU YCTPOﬁCTBaMH, YCTaHOBJICHHBIMH Ha CTCHE
Haj mKadamu.

Puc. 5. I'pynia nepBbIxX JIaMIIOBBIX TPAHCISTOPOB, YCTAHOBICHHKIX B bpamTone,
mrrat [leHcniibBaHus, Ha TPAHCKOHTHHEHTAIbHOM auHuK (1915 1.).
Buj 01HOTO M3 TaKUX TPAHCISAIUOHHBIX IKA(GOB C OTKPBHITON JIBEpIIeH MoKa3aH ciea [3].

Fig. 5. A group of the first vacuum-tube repeaters installed at Brushton, Pa., on the transcontinental
line (1915). A view of one of these repeater cabinets with the door open is shown on the left [3]

JIByXKacKagHBI yCUJIMTENb THUMNA 22 WCIONB30BANCI AN KaXKAOTrO
HampaBJICHUs NIepeadn, a ABE JIaMIIbl, TIOTEHIOMETP PETYJIMPOBKH yCUIICHUS
¥ TECTOBBIC THE3/a BUAHBI Ha TepeaHei maHenn Kaxzaoro mkada. BayTtpm
mKkada HaXOUTCsl OCTalIbHOE 000pyIOBaHUE, TAKOE KaK TMOPHIHBIC KATYIIKH 1
KaTYILIKH 3aMeIJIeHus], HaKaJlbHbIE APOCCEIH, CETOYHbIE OaTapey, KOHTPOJIbHAs
KaTyIIKa U APyTHE aKceccyapbl. DTH TPAHCIATOPHI HCMOIB30BAIKCH TOJIBKO IS
TPaHCKOHTHHEHTaNbHO# nuHuK B bpactone (Brushton), Uukaro, Omaxe, JleH-
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Bepe, Cont-Jleiik-Cutu u Bunnemykke 10 (Winnemucca, Kamudopuusi). Tparc-
JIATOPHI K 3amany oT MUCCHCHIIN B HEKOTOPBIX CITydasX OCTaBAJINCH B IKCILTya-
TaI[M¥ B TEUEHHUE MHOTHUX JIeT, HO T€, YTO K BOCTOKY OT Muccucumnu, OblIH 3a-
MeHeHBI B 1917 r. HanoNbHBIM TPAHCISTOPOM.

HanonpHelll TpaHCIATOp MOKa3aH Ha puc. 6a. B kaxxaoM HampaBieHUH
HCIOIB3YETCA TOJNBKO OJUH KacKaJ yCHIEHHs, HO OCHOBHOE U3MEHEHHE 3aKIIIO-
yaercd B 0ojlee KOMIIAKTHOM MOHT2)KHOM YCTPOWCTBE, KOTOPOE YMEHBIIIIIO
TpeOdyemMoe IPOCTPaHCTBO C MPUMEPHO 12 KyOMuecKux (yTOB IS TPAHCKOHTHU-
HEHTAILHOTO TpaHcuATopa Mo 5,5 kyomueckux ¢yrtoB. [IpomsBoacTtBo 3TOTO
TpaHCIATOpa MpoAorKaiock a0 1923 ronma. TpaHcnaTopoB 3Toro twma ObLTO
BBIIYILIEHO OKOJIO ABYX ThICSY.

Puc. 6. HamonbHbIH TpaHCIATOp: BUA ciiepeau (a) u cOoky (0).
Tpancnsitop tuna «Reading»: Bux ciepenu (B) u Bux c3anu (1) [3, p. 7]

Fig. 6. Floor repeater: front (a) and side (6) view. Repeater type “Reading”:
front (8) view and rear (r) view [3, p. 7]

XoTsl TepBble KOHCTPYKLMHU BBIMICYNOMSHYTHIX TPAHCISATOPOB ObLIH
MpeIHa3HAYEHbIl I OTKPBITHIX IEeTel, aHaJorudHas KOHCTPYKITUS HCIOIB30-
Banack U B kabene bocron-Bammurron. Oanako B 1920 roay 0bu1 pazpaboTtan
tpancisitop tuna Reading, pric. 68 OH HCIOIB30BANCS TOJBKO HAa KaOEIbHBIX
uensix Mexay Huro-HMopkom u ITurrcGyprom, u ocrapancst B KCILTyaTallHH
MHOTO JieT. [lToMiUMO TOro, YTO OH MOAXOAMI JUIsl Kabens W 3aHUMall MEHBIIIE
MecTa, mpuMepHo 110 1,85 kyGuueckux dyTos (0,05 m°).

[lepBoHayambHO TpPAaHCKOHTHHEHTAJbHAS TeJde(QOHHAS JIMHUS CBS3H C
TpeMs TPaHCISATOpaMHu ObLIa B HEKOTOPOM CMBICIIE SKCIIEPUMEHTANBHOM, U cOo-
31aBajiach C LEJNbI0 MOKa3aTh BO3MOYKHOCTH TPAaHCKOHTHHEHTANBbHOW Teledo-
HHH | JIaMIIOBOTO TpaHcistopa, puc. 7 [1, p. 1339]. Ha ciny4aii HenpeasuicH-
HBIX OOCTOSATEILCTB, B PE3EPBHBIX IETAX, OBUIO TIPEIyCMOTPEHO TPH DJICKTPO-
MEXaHMUYECKHX TpaHchsaTopa. HecMoTpst Ha TO, 4TO JUHMS ObUIa SKCIEPUMEH-
TaJIbHOH, €€ HEKOTOPOE BPeMs HCIIOJIb30BAIH 11 KOMMEPUYECKHX LIEIeH.

0 Bunnemykka HaxoauTes Ha oy i mexxy Conr-Jleiik-Cutn n Can-MDpaHIHCKO.
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B nauane 1915 r. Ha nmuauu Hero-Mopk — Can-®pannucko 0bu10 100aB-

nieHo enie 3 TpaHcaaTopa, a B 1918 r. — eme 2. B utore k 1919 rony o6iee konu-
YeCTBO TeJIC()OHHBIX JTAMITOBBIX TPAHCISITOPOB HA JIMHUY COCTABHIIO 8 €/IMHUII.

SAN FRANCISCO WINNEMUCCA SALT LAKE CITY DENVER OMAHA CHICAGO PITTSBURG ~ NEW YORK

3400 Miles -

Telephone Repeaters indicated by [Bq Telegraph Apparatus indicated by @
Puc. 7. YnpomenHas cxema TenehOHHBIX 1 TeNerpadHbIX THHAHA
Hero-Hopk — Can-®panrucko. 1915 .
Fig.7. Simplified scheme of telephone and telegraph lines New York - San Francisco. 1915

TenedoHHbIC TPAHCISATOPHI B OOJNBIIMHCTBE CIyYaeB YCTaHABINBAINCH B
KPYIIHBIX TOPOAaxX BAOJb Tpacchl kabens. Tompko B AByX Mecrtax, IIpuHcToHe
(Princeton, mrrar Hero-JIxepcu) u Dukrone (EIkton, mrrar Mapunena) uz-3a
MIPUPOJHBIX YCIOBUHA Ha 225-MHIBHOW MarucTpaslbHOM JnHUM oT bocToHa 1o
Bammnrrona [1, p. 1342, 1343] Obutu BO3BEIECHBI 3/IaHMs CIEIHMAIBHO IS X
skciutyatanuu. Ha puc. 8 mokaszaHo 3ganue, koropoe 0bu10 Bo3BeneHo B Ilpun-
cToHe. MakcuManbHas BMECTUMOCTh 3laHHs cocTaBisuia 6omee 500 TpaHCs-
topoB. B IIpuHcTone paboTano okono 200 TpancnaropoB. KoHcTpykuus cToii-
KM TI03BOJISUIa YCTaHABIMBATh HA Hee JIBa TpaHcisiTopa tuna 22. TpaHcisTop
COCTOSUT M3 JIByX MPOCTBIX TPEXAMANa3oOHHBIX YCHUJIHTENECH, MO OZHOMY JUIs
KKIOTO HaIpaBlIeHUS AYIUIEKCHOH OTKPBITOH MPOBOMHON JWHWHU. BXomsl u
BBIXOJIbl OBUIM COCTUHEHBI TPaHC(HOPMATOPOM C YCTPOHCTBOM MOCTa Ha KaxK-
JIOW CTOpOHE JIMHWH, KOTOpas Ul MPeAOTBPAIEHHS] OTPAKEHUH OKaHYHNBAaJIach
COTJIaCYIOIIUM OKOHYaHUeM. [loTeHIHoOMeTphbl (peryisiTopbl) TPaHCIATOPOB
MO3BOJIST KOHTPOJIMPOBATh CMEIEHHe Ha ceTKe ofHOW u3 jamm. Ha puc. 8
MoKa3aHa TUIIMYHAS TPYIa CTOEK C TPAHCISATOpaMH, Ha Ka)IIOW CTOMKe ycra-
HOBJICHBI J[Ba MOJHBIX TpaHcsTopa [1, p. 1342, 1344].

Puc. 8. 3ganue muis tpanciaToposB B [IpuHcToHe. CripaBa rpymiibl CTOEK TpaHCIATOpoB. 1919 1.
Fig. 8. The building for repeaters in Princeton. On the right are groups of repeaters racks. 1919
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[IpuMeHeHre WHAYKTHBHON HAarpy3kd Ha TPaHCKOHTHHEHTAILHOW Tpacce
YMEHBIIIAJIO UCTIONIB3YEMYIO oJIocy nporyckanus mpumMepHo 10 900 [, uto npu-
BEJIO K IJIOXO0H pa300opurBOCTH NiepeaBaeMoii peun. TeopeTHIecKd 4acToTa cpe3a
HCIIONIE3YEMBIX B TO BPEMsSI CUCTEM Harpy3kH coctapiisiia okojio 2300 I, Ho 3aTy-
XaHWE B JIMHUW OBICTPO POCIIO C yBEITMUEHHEM YacTOThI, U Ha YacToTax Bhime 1250
I'11 u3-3a Harpy304YHBIX KaTYIIEK IepeaaBaioch MaIo MOJIE3HOU MOIITHOCTH.

6. OTKpbITHE TPAHCKOHTHHEHTAJIbHOM Tes1e()OHHOI JTHNHUHN

CTpouTenbCTBO TPAHCKOHTUHEHTAIBHON TeNeOHHOW JIMHUK OBLIIO 3aBep-
meHo B uioHe 1914 roma, HO HaYaJIO ee SKCIUTyaTalluy Ui KOMMEPYECKOIr'o HC-
MTOJTb30BaHUS OBLIO OTIIOXKEHO 10 MOMEHTA, KOTOPBIN OJKEH OBLT MPe/IIecTBO-
BaTh OTKpbITHIO [laHamo-TuxookeaHCKOl MexTyHapoqHOM BbICTaBKHM B CaH-
®pannucko. Heckonbkumu romamu panee, 1908 rony, AT&T 3asBuia, uTo Teie-
(hoHHAS CBA3b MEXKIY OCpPETOBBIMH JIMHUSAMH JIBYX OKEaHOB OyneT obecrieveHa K
Havaly MEXIyHapOIHOUW BHICTABKH, KOTOpas IOJDKHA cocTosAThes B Can- DpaH-
ucko. THTEpeCHO OTMETHTB, UTO B IO, Korna ObLIO CAETaHO 3TO YTBEPIKACHHE,
CIoco0 YCHIICHHUS SJIEKTPUIESCKOT0 TOKA Ha KOHTHHEHTE elIlle He ObIT H300peTeH.

[lyOnmuaHas geMoHCTpalysl MEePBBIX JIEKTPOHHBIX YCHIINTENEH Ha yCo-
BEPIIICHCTBOBAHHBIX ayJAHOHAX KOHCTPYKIMH . ApHOJbIa MPOU30IIa B MAT-
Huy ' 25 suBaps 1915 roga. B 3TOT eHb COCTOSIOCH TOPKECTBEHHOE OTKPHI-
THE TPAHCKOHTHHEHTAIbHOH TenedoHHO# mmHuM cBasu Hero-Mopk — Cau-
Opanmucko. Meuta nipesunenta AT&T Teomopa Beiina ocymecrsuiachk. 910
OBUI KaK IOJITUH COH, KOTOPBIN CTal sIBbIO — TenedoHHas auHus anuHoi 3400
MHJIb CTajla 4acThiO OOIeHAIMOHaIbHON Temedounoii cetn Bell System ¢
9000000 Teneonamu pacmonoxeHHBIX 110 BceM CIIIA, KoTOphIe COCTUHSITACH
21000000 MuIsIMU IPOBOAOB.

[pesunent AT&T Teonop Beiin Ob11 MOJI0H peIMMOCTH IPUHSTH y4acTHe
B niepBoM B ucropun CIIIA tenedoHHOM pasroBope MexXIy OKEaHCKHMH IMo0e-
pexbsivu. CauTaromuics oTioM TenedonHoro OuszHeca, Beitn medran o co3ma-
HUM TPAaHCKOHTHHEHTAIbHOW Tene()OHHON CcIyKObl U PYKOBOIMI 3aBEPILICHUEM
CTPOUTENBCTRA JIMHUM, IPOTsIHYBIIelics o Hplo-Mopka 10 Can-DpaHIucKo.

B xommanuu AT&T ObUT OTHAH CTPOTHIN MPUKA3 O TOM, UTO TOJIOC MTPE3U-
nenra AT&T Teomopa Beiina momkeH OBITh YCIBIIIaH TIEPBBHIM Ha JIMHUH, TaK
KaK OHa MpHypoueHa K OTKpbITHIO Ilanamo-TuxooKeaHCKOW MEXAyHapOIHOI
BbICTaBKM B CaH-DpaHIMCKO. ITO MPHUBENIO K HEKOTOPHIM TBOPUYECKHUM MpOIIe-
IypaM TECTHPOBAHHA, KOTOPbIE TAPAaHTUPOBAJIH, YTO HU OAHMH TOJIOC WH)XKEHEpa
He OyJIeT pa3HOCHTHCS OT MoOepexbs K modepexnio. Oxono 1500 coTpyaHUKOB

" B aror memp mauamach ABrycTOBCKas omepauus (BTopas) — HACTymieHne 25 supaps — 13
¢espaist 1915 r. HeMenKUX apMHUil IPOTUB PYCCKOW apMHU B paliloHe ABTyCTOBA.
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AT&T ObuTi pa3MenieHsl BIOJb TeNeOHHOH JIMHUU B JE€Hb JEMOHCTpPALIUU,
TOTOBBIE UCITPABUTH JHOOBIC TTOBPEIKICHUSI.

Beiin nmanupoBan yuyacTre B WHAYTypaIlliOHHOM 3BOHKE U3 CBOETO oduca
B Helo-Mopke. TpaBMa HOrHM BEIHY/IHIA €rO OCTAThCA HA OCTPOBE JIKEKHILT 2,
IJie OH 3UMOBAJl BMECTE C JAPYTrMMHU THTaHaMu npombiiieHHoctH CIIA, koTo-
pBI€ TOXE CIIacaINCh OT CYPOBBIX CEBEPO-BOCTOUYHBIX 3UM. CIIeIIHabHO KO JTHIO
OTKPBITHSI JINHAU Ha OCTpoB 10 npockOe Beitna B roctunyro Jekyll Island Club
obut0 mpotsHyTo 1100 Muas MeaHOTO Kadens ajis TeiaedoHHOM IuHuM, puc. 9.
ITo3xxe Beiin B pasroBope ¢ BarcoHOM OTMETHII, 9TO MX OOMEH CTal CaMbIM
JUTMHHBIM MEXIYyropoJHbIM 3BOHKOM B uctopuu CIIA. JIuHus CBS3U OT OCTPO-
Ba [Ixexnnn go Can-®pannucko yepe3 bocton npoctupanaces Ha 4750 M.

TopskecTBeHHBIE TIepBbIe TeJIe(OHHBIE Pa3rOBOPHI COCTOSUIUCH 25 sHBApSI
1915 r. B msitu Mectax: Hpro-Hopke, Can-®panmcko, Berom gome B Bammar-
toHe (okpyr Komxym6Oust), bocrone u Ha octpoBe [[)KeKuiu1, Tlie B 3TOT MOMEHT
Haxoawics npesuneHt AT&T Teomop Beitn. Tenedonnas nuuus Beitna Broito-
yana npesunenta CIHA Bynpo Bunscona B Bammnrrone (oxpyr KomymOus),
m3o06perarens Tenedona Anekcannpa Bemna B Hero-Mopke, momourtnka Bemra
Tomaca Barcona B Can-®@panuucko u 6uznecmena u ¢unantpona ['enpu Xur-
ruHcona (Henry Lee Higginson) B bocrone.

Kornma npuerctBue «3apaBcTByiiTe, 0cTpoB JKEKWID pa3sHECIOCh IO
TeaehOHHBIM JIMHUSM, €My OTBETHUI Belin u3 oHO#M W3 TOCTHHBIX JIETEHIApHO-
ro xiryba ocrpoBa Jkexmml. CBuaeTelssiMd 3THUX 3aMedaTelIbHBIX COOBITHH,
Pa3BOpauMBABILUXCS B TOCTUHOW, ObUIM OW3HEC-MarHaThl U TOBAPUIIHU 110 KITy-
oy Jekyll Island Club: JTx. TI. Moprau-mnaammwuii (J. P. Morgan) u Yumibsim
Poxdemnep-mmamammmit (Jr., William Rockefeller), a Takke Beigarontnecs amepu-
KaHCKHe apxXxuTekTopbl Yibsm Yammic Bocopr ** (Welles Bosworth) u Comroon
Bpexk [apxman Tpoy6pumx ™ (S. B. P. Trowbridge), puc. 9.

2 Ocrpos Jekyll Island pacronoxen y ATnantrueckoro mobepexsst mrara JKOPDKHS B 4ace €35l
Ha for oT ropojaa CaBaHHa M 3HaAMEHHT TIpexe Beero ceouM kiyoom Jekyll Island Club. Kiny6 ocHoBan ame-
PHKaHCKHMMH MHJUTHOHepaMu KoHIa XIX Beka. OCTpOB TakxkKe U3BECTEH OCIbIMH IUISDKAMH M yMHPOTBOPSIO-
mei yexuHeHHOCThI0. B HOs10pe 1910 roma Ha octpoBe [HKEKIILI COCTOSIACh BCTpeda KPYIHBIX AeprkaTeleit
rocyaapcteeHHoro nosira CHIA. Cbe3n «JICHEXHOro TPecTay», KakK IPO3BaJiM MPOHBIPIMBBIE KYPHAIUCTHI
TPaHCATIAHTHYECCKUH albsiHC (PUHAHCOBBIX OJIUTAPXOB, 00CYXkJ1all HECKOJIBKO BompocoB. Cpeau HUX 00Cy k-
Jlaachk BO3MOXKHOCTb CBEPIKEHHSI PYyCCKOTO Laps M BEIPaOaThIBAIACh CTPATEIHsI COBMECTHOTO (DMHAHCHPOBA-
HHS PEBOJIIOLIMOHHBIX TEPPOPUCTUYECKHX IPYIIT B PocCHIiiCKON UMITEpHH.

3 Boceopt Ymbsam (08.05.1869—03.06.1966) crpoextipoBan kamiyc MaccauyceTckoro TeXHOIO-
TMYECKOTO MHCTHTYTa B KemOpmmxe, mTab-kaprupy kommauun AT&T B Hero-Mopke (1912 r.), 0co6-
Hak Teonopa H. Beitia B Moppucrayse (ratr Heto-/Ixepcu) u ip.

¥ Tpoy6pumx Camioon bpex IMapkman (20.05.1862—29.01.1925) cripoeKxTHpOBan dJeraHTHbIE
HEOKJIaCCHUEeCKHe OaHKHU, OTEIH, OOIIECTBEHHBIEC 3aHMs H XKIIIBIE JOMa JUISl COCTOSTENbHBIX KIHeHTOB. Cpe-
1 3aka3oB TpoyGpmmka Gbimu 3xanne B. Altman Building 8 Hero-Hopxke, Palace Hotel 8 Can-®paniiicko u
Mellon National Bank B ITurtc6ypre. ®upma Tpoybpumka cipoektipoBaia memopuan Bymmona (Woodlawn,
1925 r.) u maB3osen Yunssama [Toprepa (William Porter, 1927 r.), Jluana (Lynn, 1924 r.) u ap.
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Q cctpon Jbmexnan

Arnantitieckil| okeas

Puc. 9. Kapra ¢ ykazaHueM pacronoxenust octposa Jxexuin1. 3nanue neredaapraoro Jekyll
Island Club (1910 r.). TlepBblii TpaHCKOHTHHEHTAIbHbIN Tele()OHHBIH pa3roBop AMepHKHU 25
stBapst 1915 rona. B roctuusii kiy6 cusr  (cieBa nanpaso): Yubsam Pokderep-Miia i
n ipe3usieHT AT&T Teomop H. Beiin. [IpucyTcTByIoT, cTOST (ClIeBa HallpaBo) U3BECTHBIS
aMepHKaHCKUe apXUTEKTOpsl YIbsiM ¥Yoaiuic bocsopt u Camioan bpek I[Tapkman TpoyOpumx u
qnen kiy6a Jekyll Island Club Tx. T1. Mopran-muaaurmii.

Fig. 9. Map showing the location of Jekyll Island. Building of the legendary Jekyll Island Club
(1910). America’s first transcontinental telephone conversation, January 25, 1915. Seated in the
club lounge (left to right): William Rockefeller Jr. and AT&T President Theodore N. Vail
(far right). Present, standing (left to right) renowned American architects William Welles
Bosworth and Samuel Breck Parkman Trowbridge and Jekyll Island Club member J. P. Morgan Jr.

OTOT OJMH M3 MATUCTOPOHHHUX 3BOHKOB C OCTpoBa JKEeKwii, cTaBIIMN
3HaMEHUTBIM, Hpousomen okoyso 16:00 (Mo BOCTOUHOMY BpEMEHH) U BIEpPBbIE
Cenal BO3MOXKHBIM MTHOBEHHBIN Pa3rOBOpP MEXIy MOOepeXbsSMH. 3aXBaThbl-
BAIOIIMII MOMEHT TOP)KECTBEHHO OTKPBUI HOBYIO 3Py TPaHCKOHTHHEHTAJIHHOU
tenedoHHON cBs3M A pactymiero Hacenenns CLIA u 1o cux mop oH oTMeda-
€TCsI B CBS3M C €r0 HCTOPUYECKUM 3HAUECHUEM.

[TonkntoueHne TPaHCKOHTHMHEHTANIBHOTO BBI30BAa 3aHMMano okoio 10
MHUHYT, TaK KaK COCTUHEHUE HY>KHO OBLJIO HACTpaWBaTh IIIAr 3a [IaroM C orepa-
TOPOM KOMMYTAaTopa B KaKJIOM FOPOJIe Ha IPOTSHKEHUH BCETO Iy TH.

Beiin npunsn ydactie B mepBoil TenedoHHON KOH(EPEHINH MEXIy TO-
OepexbsiMu. B pasroBope yuactBoBasiM mpesulieHT Bynpo BuibcoH, 3BoHMB-
it u3 Benoro 1oma, 1 BeIcOKoNOCTaBIeHHbIe mua u3 Hero-Hopka, BocTona u
Can-®OpaHiucko.

Iepen pasroopom npesunerta CIIA Byapo Bunbcona'® (Woodrow Wil-
son, 28.12.1856—03.02.1924), 6bwu10 mpeasioxkeHo Anekcanapy ['paxemy besny
u Tomacy A. Batcony (Thomas Augustus Watson, 18.01.1854—13.12.1935) mo-
BTOPHUTb CBOM 3HAMEHUTBHIN IEePBBII TenePOHHbII pa3roBop, puc. 10, uroOs! npo-

15 Wheatley Thomas. Flashback: The first transcontinental phone call was made from the Jekyll Is-
land Club in 1915. Atlanta magazine. January 25, 2019. URL: https://www.atlantamagazine.com/news-
culture-articles/flashback-the-first-transcontinental-phone-call-was-made-from-the-jekyll-island-club-in-1915/
(25.02.2023).

16 Byapo Bunbcon 6bu1 28-M npesuaentom CIIA ¢ 4 mapta 1913 1. o 4 Mapta 1921 r. O namsTeH
JUIA pyCCKOﬁ HUCTOpHUH TEM, YTO OTKa3ajl B IOMOIIM IIPABUTEIBCTBY aAMHUpaIa Konqaka, Korjga K Hemy 06pa—
THcs KHA3b ['eopruii EBrenbeBud JIbBOB, crienuaibHo npuexasmuid B okTsiope 1918 roga B CILA kak npen-
crasuteib Bepxosnoro [IpaBurens Poccuiickoro rocynapcrsa.


https://www.atlantamagazine.com/author/thomaswheatley/

342 History of science and technology
Hcropus Hayku 1 TeXHUKH (5.6.6)

JEMOHCTPUPOBATh 3HAYUMOCTH COOBITHS, BOSHUKHOBCHUE €MHON TeneOHHOM
CUCTEMEI, oxBaTHuBIIeH Bcio Tepputopuio CoenmneHHbIX lllTaToB. AnekcaHap
Bbenn naxommies wa ymune et (Dey Street) 15 B Hmwkuem Manxatrene Hero-
Wopxka, a ero 6siBimii momomuuk T. Batcon — na aBenio I'pant (Grant) 333 B
Can-®pannucko. Ha ctone mepen nokropoM bemnom Haxomuiach KOMMS €ro
OpPUTHHAIBHOTO Telle(hoHa. 32 CTOJIOM TaKKe CHAEN TJaBHBIA BUIE-TIPE3UICHT
AT&T Co. mucrep berennom, nepen KOTOPBIM CTOSUT CTEKJISIHHBIN SIIUK C KYC-
KOM IIPOBOJa, II0 KOTOpoMy JOKTOp bemn u mucrep Barcon Benu nepsblii B MUpe
TeaehOHHBIN pa3roBop.

Puc. 10. Anexcanap Ipsm Bern cobupaercst mossouuts B Can-Opanricko u3 Heio-Hopka B
paMKax TIepBOrO TPAHCKOHTHHEHTATBHOTO TeneoHHOro 38ouKa . Ciesa Hanpaso: V. H. Berenn,
rinaBHBIN Bune-ipe3uneHT AT&T Co., mpencenarensCTBYIOMNI; JOCTONOYTEHHBIN J[KOp K
Maksnenn, npesuaent Cosera onnepmernos, Heio-Mopk; [ixon Jx. KapTu, riaBHsIi nExeHep
AT&T Co.; Anexcanap I'pam Bemn, [lxon Iyppoit Muruen, map Heto-Hopxa, C. 3. Hocr,
npesuneHt Nebraska Telephone Co., Omaxa, noctonourenHsiit Yunbsim A. IIpeHaepracr,
uHCIeKTp ropoaa Hero-Mopka. 25 suBaps 1915 r. Tomac Barcon u3 Can ®paHIuCcKo
pasrosapusaer ¢ A. Benmom. Uetsipe Tenedona '8, mokasanmsie 31ech, ABIsIOTCS
OPHIHHAJBHBIMH YCTPOHCTBAMH, HCIIOIB30BABIIMMICS BO BPEMSI 3TOTO HCTOPHIECKOTO 3BOHKA.
Fig. 10. Alexander Graham Bell, about to call San Francisco from New York in the first
transcontinental telephone call. Left to Right: U.N. Bethell, Senior Vice-President AT&T Co.,
presiding; Hon. George McAneny, President Board of Alderman, New York City; John J. Carty,
Chief Engineer, AT& T Co.; Alexander Graham Bell, John Purroy Mitchel, Mayor of New York;
C.E. Yost, President of Nebraska Telephone Co., Omaha; Hon. William A. Prendergast,
Comptroller of the City of New York. January 25, 1915. Thomas Watson from San Francisco
talking to A. Bell. The four phones seen here are the original devices used in that historic call

Crapsle napTHEpbl pa3birpanu crekrakib. B 16 yacos 30 munyT A. benn
B30T Tele(hOHHYIO CTOMKY ¢ MuKpodoroMm B Heio-Mopke, n ckasan A. Barcony,
Haxojauslleroca Ha IlaHamMa-THXOOKEaHCKONH MEXIYHAapOJHOU BBICTABKE B
Can-®paHnucko, 3HAMEHUTYIO (pasy, IPOU3HECEHHYIO UM B MEPBOM TenedoH-

' First Transcontinental Telephone Call. URL: https://www.squaducation.com/blog/first-
transcontinental-telephone-call-0 (25.02.2023).

8 AT&T makes the first transcontinental call, 100 years ago (pictures).
URL: https://www.cnet.com/pictures/100-years-ago-the-first-transcontinental-call-pictures/null/ (26.02.2023).
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HOoM paszroBope 10 mapta 1876 roma: «Barcon, unute crona, s xouy Bac yBu-
nets» (Watson, come here, | want you.). 3putenu, cunesmue psgom ¢ A. ben-
JIOM, 3aCMEsUTMCH U 3aarutoanpoBaini. Ho Ha 3ToT pa3 A. BaTcoH oTBeTHs HHa-
4ye, IPUMEHUTENLHO K pealbHOl cuTyanuu: «5 ObuT OBl paj mpuexatb, MECTEP
Bemn, Ho 5T0 3aiimer Gonbire Hemenu» (I would be glad to come, Mr. Bell, but it
would take more than a week).

3ateM K TeneOHHOMY OOIEHHIO TONIKIIOUMICS B BammHrTOHE TIpe3u-
neHT Byzapo Bunbcon (puc. 11), KOTOPBI OTMETHII, YTO «y HETr0 CO3/1aeTCs Ta-
KO€ BIIEYaTIIeHNE, KaKk OyJTO OH BEJET pa3roBOp CO BCEM KOHTHHEHTOMY. 3aTeM
pe3uIeHT BuiibcoH 19 oOparuics k T-Hy Batcony: «f xouy cka3aTh Bam, I-H
Batcon, 4to cunTa 3a 4ecTh UMETh BO3MOXKHOCTH BBIPA3UTh BOCXUIICHHE
M300peTaTeIhbCKUM TeHUEM U HayYHBIMU 3HAHHUSMU, KOTOPBIE CIIENIaIH 3TO BO3-
MOKHBIM, U MOIO TOPJOCTH 32 TO, YTO ATOT KM3HEHHBIN MPOBOJ JOIKEH OBIIT
OBITh MPOTSHYT Yepe3 BCIO AMEpUKY, Kak oOpasel| Hallel YHepruu U HaIlel
NpEANPUUMYUBOCTH. S X0uy mepenatb BaM MOU JIMYHBIE MTO3PABICHHUSL, CIP)»

Puc. 11. TIpesunent CIIA Bynpo Bunbcon (1919 r.). ITouroBast OTKpbITKa (B LIEHTPE) € TPACCOi
TPAHCKOHTHHEHTAIBHOM TenehOHHOM TuHuH cBs3u Hbro-Mopk — Can-DpaHIucKo, BEITyIIEHHAS
B 4eCTh NepBoro TenedoHHoro 38oHKa Ha [Tanama-THX0OKkeaHCKOH MK TyHapOIHON BEICTaBKE B
Can-®pannucko. 1915 r. CoequHeHre KOHTUHEHTA 2 pucyHok ®pankiuna byta, cienannsli
AT&T B 1940 r. B 03HaMeHOBaHUe 25-if TOAOBUIMHBI TPAHCKOHTHHEHTAIBHOI Tele)OHHOM CBSI3H.

Fig. 11. US President Woodrow Wilson (1919). Postcard (center) showing the route of the New
York — San Francisco transcontinental telephone line, issued to celebrate the first telephone call at
the Panama-Pacific International Exposition in San Francisco. 1915. A Continent is Bridged
drawing by Franklin Booth by AT&T in 1940 to commemorate the 25™ anniversary
of transcontinental telephone service

I'eapu JIu XurruHCOH ¥ Tpyma oQUIIMATBEHBIX JIHII KA B bocToHe.
ITepen MU cTOSUT HOBEHTITHIT TeNeOHHBII anmapaT — HACTOJIBHBIN Telre(oH-
nozaceeunuk Western Electric Model 20AL. B 20:00 mo BocTOYHOMY BpeMEHH

' First Official Transcontinental Telephone Call.
URL.: https://info.mysticstamp.com/this-day-in-history-january-25-1915/ (16.03.2023).

2 «A Continent Is Bridged,” an illustration by Franklin Booth, drawn for AT&T in 1940 to mark the
25™ anniversary of transcontinental telephone service.
URL.: https://www_flickr.com/photos/eoskins/35639610180 (25.02.2023).
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XUITHHCOH TOAHAN TPyOKYy M mo3BOoHWI BatcoHy, oxwupasmemy ero B CaH-
®panuucko. ITocie odMeHa m06e3H0CTAIMI XUITHHCOH Nepeaan TenedoH MIpy
Bocrona [xetimcy M. Kepau (James M. Curley), koTopslii pasroBapuBai co
cBouM koiuteroit Mapom Can-®pannucko xerimcom Porsdom (James Rolph).
Teonop Beiin ¢ octpoBa JIPKEKMIT TakKe MPUCOESTUHUICS K pa3roBopy ¢ Xur-
TMHCOHOM, IIOMHMO 3TOTO, MHOXKECTBO JIPYIUX OGHIHAIBHBIX JIUI MPUCOEIU-
HSUTACH K yYacTHIO B 9TOM mcTopuyeckoM cobObrtun. Tenedon WEC 20AL, ko-
TOPBIM TOJIb30BaJICsi XUITHHCOH, TeNepbh HaxomuTcs B My3ee Spark Museum of
Electrical Invention B ropome Bemmuureme (Bellingham, mrrar Bamunarron).
[Ipurnamenne XWrruHCOHA JUISl YYacTHS B MEPONPHUATHIX, CBA3AHHBIX C Iep-
BBIM TPaHCKOHTHHEHTAIBHBIM TeJIe(QOHHBIM 3BOHKOM, SIBUJIOCH JaHBbIO OJiaro-
JIapHOCTH, TOCKoNbKY ¢upma Lee, Higginson and Company Osuta ogHuM U3
mepBHIX (huHAHCOBEIX croHcopoB American Bell (koropas B 1900 romy crama
American Telephone and Telegraph).

Top>kecTBEHHBI 3BOHOK 25 sHBaps 3aHAN TPU C IOJOBHMHOHM uaca, ¢
16:30 1o 20:00 yacoB 10 HbIO-HOPKCKOMY BpeMeHH. 3ateM bocToH mpucoenu-
HWICA K IPYTHM Pa3roBOpaM — K OJHOMY Ja)keé Ha KaHTOHCKOM JHaJeKTe —
MEXIy OCHOBaTeleM KuTaickoil TenedoHHO# cranimu B CaH-OpaHUMCKO H
JOJDKHOCTHBIM JiuioM FOxHO-TuxookeaHckol »xkene3Ho noporu B boctowne.

BerynurensHple MeponpuaTHs ObUTM JUINb Tpentogueil. BrictaBku n
JEMOHCTPAlH YCTPaNBaINCh €XEIHEBHO W BKIIOYAIH TUCTaHIIMOHHbIE «Oece-
JIbI» C W3BECTHBIMH JIFOJIBMH, TaKMMHU Kak Tomac Dmucon, aamupain [Tupu (Ad-
miral Peary) 1 MHOTUMH JIpyTUMHU.

Bo JIBopiie ceobomubix uckyccts (Palace of Liberal Arts) na teppuro-
pHUH BBICTaBKM ObL1a BbICTaBJIeHA Kco3uust AT&T o TpaHCKOHTHHEHTAIBHON
Tesie()OHHOHN JIMHUU. DKCHO3ULMS CTaJIa OJHUM U3 CaAMbIX HOMYJISIPHBIX MECT CO
JTHST OTKPBITHS U 10 JTHS 3aKPBITHSI MEXIYHApPOIHOM BhICTaBKH 4 nexadpst 1915
rojga. YBUJCHHOE Ha BBICTaBKE 3aXBAaTHUJIO BOOOpaKeHHE ITyOJIMKH, KOTOpPOE
orpasuiiock B iecue The Ziegfeld Follies “Hello, Friisco”, camoii momynsipHO#t
menoquu 1915 roxa.

C 1 mapra Havasacb KOMMEpYecKasi TPaHCKOHTHHEHTaIbHAas TeJle)OHHAs
cBs13b. 3B0HOK Mexry Hplo-Mopkom i Can-DpaHIICKo MPH HeGOMBIIOH CITBIIIH-
MoCTH TiepBbie 3-MUHYTHI paszroBopa cromn $20,70 (B COBpeMEHHBIX LIEHAX ITO
$515 na 2018 1.), a ke Kaxkaas JONOIHUTEbHAs MuHyTa — $6,75. OiHa o0mieHa-
IUOHAJbHAs TesieOHHAs JIMHUS MOTJIa TPUHUMATh TOJIBKO OJIMH 3BOHOK 32 1 pas.

B Tom xe 1915 roxy, 29 centsabps, Obuta mpousBeeHa MepBasi AeMOH-
CTpalys TPAaHCKOHTHHEHTANBHON paanoTenedonHoil nepeaaun u3 Hero-HMopka
B APJIMHTTOH 2! a3arem B Can-®panrmucko u ['oHomyy.

2 Apranrron (Arlington), npuropos Baimiurrona Ha mpaBoM 6epery peku IToToMak, . Bupokusus.
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7. Tesie¢oH: ycTaHOBJIEHHE OTHOIIEHMIA

HecmoTpst Ha HEKOTOPBIE HEOCTATKH paHHEH Tele()OHHONH CUCTEMBI, Te-
1e(oHBI IPOU3BETH PEBOIIOLHUIO B 00JIaCTH CBSI3H, XOTS, BO3MOXKHO, U HE B TAKOI
CTEIIeHH, KaK ONTHUMUCTUYHO Ipeicka3biBasa TenedoHHO-TenerpadHas KoMmna-
uus Hosoit AHriuu (New England Telephone and Telegraph Company). B 1915

roJly pekjama, pa3MeleHHas 3TOH KOM-
[ MaHWeW, BO3BEIIANa O COUUAIBHBIX H3-
MEHEHUAX, KOTOPbIE, KaK OHa YTBEpXKAa-
J1a, CTaHyT pe3yJbTaTOM TPAHCKOHTH-
HEHTanbHOW TenedoHHO cucrembl. B
pekmame®  H300pakeHa KIACCHUYECKH
0J/ieTas KEHIIMHA ¢ IOBSI3KOW Ha TOJIOBE,
: Ha KOTOPOH HAIIMCaHO CJIOBO «HAyKay,
Puc. 12. Pexnama u3 «Bepmont Crannapn»  pHUC. 12. Ee pyku pacKuHYTHI OT mo0epe-

ot 28 auBaps 1915 rona. Kbs1 K modepexnto, Coenunennbie 1llta-
Fig. 12. Advertisement from the January THl IIEpEeJ HEH, U B KaXAOW pyKe OHA
28, 1915, Vermont Standard JIepKUT 1o TenedoHy. 3a 3aroJoBKOM

«Tpuymd Haykm» crenyer ciemytomas ¢pasza: «ITa 3aHATasi, IPOTPECCHBHAS
HaIUs HAaXOAWTCS CETOTHS Ha 3ape HOBOW 3pBI KOMMEPYECKOTO U COIHAIEHOTO
pa3BUTHUSA. ITO CPEACTBO, C IIOMOIIBI0 KOTOPOTO YEIOBEYECKHIA TOJIOC C €T0 Ma-
JNEHIMMU MHTOHAIMAMH W TIPU3HAKaM{ JIMYHOCTH MOXET MTHOBEHHO pa3HO-
CUTKLCS TI0 BCeMY KOHTHHEHTY, OBITO oOecrieueHo. Pa3roBopsl mo tenedoHy oT
ATtnantuku 10 TUXOro okeaHa Ternepb CBEPIIMBIIUICS (aKTy.

Hanee B pekname yTBepkaactcs: «BooOpaxkeHne MOXKeT JIUIIb €1a0o0 yIIo-
BHTb, 2 TEM O0JIee MOMIBITAThCS H3MEPUTH JAJICKO UAyIlee 3HaYeHHE TaKOTO IPaH-
JMO3HOTO AOCTIKEHUS. CTO MAJUTMOHOB YeNIOBEK OYAYT €KEeTHEBHO ITOJIb30BaTh-
Csl CUCTEMOMU CBsI3u, He 3Hatouleil Hu Bocroka, Hu 3amana, Hu Cesepa, uu FOra.
JluanexTol, MPOBUHIIMAIM3MBI, TPYIIIOBBIC IPEAPACCYIKH JOJDKHBI B KOHIIE KOH-
OB YCTYNHTH MecTO 0oJiee TECHOMY COI03Y, JIydllieMy ITOHUMAaHHUI0, OoJiee Tec-
HOMY TOBapHIIECTBY, KOTOPOE YCTaHABJIMBAET YeJoBeUeCcKuii romoc. CocencTBo
LEJION HAIMH YKPETUISIETCS 38 CUET CHATHS ((U3NYeCKUX OTpaHUdCHH BEKOBY.

B neHb OTKpBITHS TPaHCKOHTHHEHTAILHOW Tene(OHHOW JIMHUU CBSI3U
Heto-Mopk — Can-®OpaHiuycko U B MHOTHE APYrHe AHH OHA CONM3MIA JIHO-
nei... kak u npenckaspiBana pexiama New England Telephone and Telegraph
1915 roma. Oto ObuT Oe3ycinoBHBIN ycriex kKommanuu AT&T, KoTopslil mokasad,
KaKoW 3HAYMMBIA HAYYHBIH PE3yJIbTaT MOXKET ObIThb, MOCTUTHYT MPH HATHYHU
He00X0MMOro (PMHAHCUPOBAHUS, €CITH IPUBJICYb IIEPBOKJIACCHBIX YYCHBIX.

2 shurtleff Jennie. The telephone: making connections.
URL: https://www.woodstockhistorycenter.org/articles/2021/2/26/the-telephone-early-connections (25.02.2023).
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8. OTKJIMK HCKYyCCTBA Ha TPUYM( HAYKH

[Ipounzomeniiee coopITHE BRI3BANIO Pypop B ob1iecTBe. MexXIyropoIHbIN
Tened)OHHEIH cepBHC CTal JOCTYIEH B To6oe Bpems. B Hero-Mopke xutom ce-
30Ha Ha bpoaeee cran Mro3MKI «3apasctByit, Can-®panmmcko» (Hello,
Frisco). IIposByuaBmas B Hem mechst «Hello, Frisco» na ciosa Gene Buck?
(Edward Eugene Buck, 07.08.1885—24.02.1957) Obuta mpeacraBlieHa Kak HO-
mep B Ziegfeld Follies® 1915 roma. J[oKyMeHTBI>> TOBOpST, YTO OHA ObLIA
HaIlicaHa KaK IMPHUBETCTBUE IEPBON TPAHCKOHTHHEHTAIBLHOH TelleOHHOUN CBSI-
3u B Coeaunensbix [ItaTtax.

B 1943 roxy 6bin cuar dumsm>® «Hello, Frisco, Hello» (3xpasctayii,
Can-®pannucko, Hello) ¢ yuacruem Dmmc ®aii (Alice Faye), xona Ileitna
(John Payne), Jluuu Bapu (Lynn Bari) u Ixeka Oyku (Jack Oakie), puc. 13.
dunbpM B KaHpe BOJCBHIIS PaccKa3biBajl HCTOPHIO JIOOBU ero repoeB B Can-
O®paHuucko BO BpeMsi OTKpbITUs [laHaMa-THXOOKEaHCKOH MEXIyHapOIHOU
BBICTaBKH, Ha KOTOpoil Anekcanap ['paxem bemn caeman mepBbIil TpaHCKOHTH-
HEHTAJILHBIN TeNIe()OHHBIN 3BOHOK U3 Hb}o-flopKa B Can-®paHIucKo.

CREGAR HAVOC
BOND BARBIER wwm

Puc.13. Adpumm dpunema «Hello, Frisco, Helloy u Dnuc ®sit. 1943 r.
Fig.13. Posters for the film “Hello, Frisco, Hello” and Alice Faye. 1943

% Jlxun Bak COTPYAHMYAN C MIHPOKO M3BECTHBIM Gpo/BeiickiM HMmpecapro MioperieM 3urdens-
oM (amnen. Florenz Ziegfeld, 21.03.1867—22.07.1932), cuauana naxn Ziegfeld Follies (1912—1926), a 3atem
uan cosmanmem Midnight Frolics (1914—1926). OH cOYMHSUT TAPOINK U TEKCTHI MIECEH, a TAKKE BBICTYIAT B
Ka4yecTBE MCKATEJs TalaHTOB.

% B nepuoa ¢ 1907 o mauano 1930-x rogos «besymcrsa 3urdenna» (anr. Ziegfeld Follies) 6puiu
CaMBIM 3PENIHIIHBIM M H3BECTHBIM aMEPUKAHCKUM DEBIO (TeaTpalbHas IMOCTAHOBKA, COCTOAIIAs M3 IeCeH,
MapoJauii ¥ TaHIEeBaIbHBIX HOMepoB). OxHako Gosblie Becero «besymcrBa 3urdenbna» MPOCIaBHINCH TEM,
YTO B HUX YYaCTBOBAJI0O MHOXKECTBO MOJOJBIX, KPACHBBIX, HCKYCHO OAETHIX TAaHIIOBIIUII, KOTOPbIE 4acToO
JeJalll HEMHOTO OOJbIIe, 4eM IPOCTO A(GUIHPOBAIN HIN KPACHBO MO3HPOBAIN CPEAH JEKOPAIHil, KOTOpBIE
00pa30BbIBAIM KUBYIO KapTHHY WM HEOXHIAaHHYIO cleHy. MHorue u3 mneceH, aebroruposasuux B Follies,
BIIOCTICACTBUM CTaIU CTAaHAAPTAMH IOMYIAPHOH aMEPUKaHCKOH My3bIKH.

% Bliss Jessica. Father, son part of telephone history / The Tennessean. Feb.7, 2015. URL:
https://www.tennessean.com/story/news/2015/02/07/first-transcontinental-phone-call/23010719/ (24.02.2023).

% ®unbm Gbi1 crenan B Technicolor u Beimymen komnanueit 20" Century-Fox.
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OT0 odapoBaTeNbHBII HCTOpUYECKUH MIO3UKI ¢ Onuc Dsit B ponu ca-
JIOHHOH TIeBHIIBI, BIIOOIIEHHON B KapbepucTa [xoHa [letiHa, KOTOPHIHA MOIOXKUIT
a3 Ha JIuan bapu, puc. 14. bepbeputickoe modepexse CBEpKaeT B CaMOM sIp-
KOM I[BETE KOMIIAHUU 20" Centu ry-Fox. TOHKHI CFOXKET TTO3BOJISIET DIHC CIIETh
BO BCTYNHUTEJIBHOM HOMEpE OJHY M3 CBOMX caMbIx m3BecTHbIX meceH «Hello,
Frisco, Hello», kotopast nepexoaut nipsimo B «You Il Never Know» (Bbl HHKO-
rma He y3Haete). IlocnenHss mecHs — Jydiiasi U3 BCEeX, KOTOpbIE crena B
dbumsme Ooit. OHa moeT ee B KapTHHE TprkAbl. C TeX Mmop, Kak 3Ta IMecHs Oblia
MpecTaBieHa B CIOKeTe (QuibMa, OHa crana GupMeHHoW mecHeld Dmuc Ddi.
[lon Hee TaHIEBaIM ¥ MEUTAIM THICSYU Map BpeMeH BTopoil MuUpoBOI BOWHEI.
Omuc Ooit momyumiia B 1943 roay npemuro «Ockap» AMEpUKaHCKON KHMHOAKa-
JEMHUH 3a JIy4LIyl0 OpUTHHAIBHYIO necHio «You ' 'll Never Knowy. Jta 3amomu-
HAIOILAsICs ITeCHsI ObLIA IIOBTOPEHA €10 B CIIEAYIOIIEM I'0ly B BOGHHOM MIO3UKIIE
«Yetsipe [xumn B mxune» (Four Jills in a Jeep). Ona Obuna 3anucana Gecyrc-
JICHHOE KOJIMYECTBO pa3, OHAKO HUKTO HE MOET ee Tak, Kak Paid.

C OmecTsmuM akTepCKUM COCTaBOM BTOpOTO IUTaHa, BKIodas Jlkeka
Oyxku, xyn XoBok, JIapna Kperapa (Laird Cregar) u Yopaa bonga (Ward
Bond), sTo, BeposTHO, nyummii GunbM, B kKoTopoM Paii BCTpedaeTcs ¢ OTHAM
13 ee JOOMMBIX TNIaBHBIX repoeB, /xoHom IleliHoMm. Y Hero He Tak MHOIO
LIAHCOB CIETh, KAK y HEe, HO OH CUUTAJICS CaMbIM HAJEKHBIM BEAYIIUM aKTe-
pom xommannn 20" Century-FOX B MIO3HK/IaX # COOTBETCTBOBAI €if Ha KaX/IOM
mary. Ho uMeHHO ee 3aqyMunBasi MHTEpIpeTalys 3ariaBHON Menoanu, cdoTo-
rpadupoBaHHasi KPYIIHBIM IIJIAHOM C JIFOOOBBIO, MOKa3bIBAET, YTO TAKOE 3BE3.I-
HOE KauecTBO. B ogHOM 13 TenenHTepBhio Dmuc Pdit cripocuim 27 Kkak oHa CTa-
Ja 3B€3/I0M, U OHa OTBETHJIA: «5] MOria HEMHOro MeTh, HEMHOI'O TaHIEBAaTh U
HEMHOTO UTPaTh, HO Y MEHA OBUIH KpPAaCHBBIE HOTH.

“nr

orw zox—

Puic.14.®parMeHThl 13 MIO3HKIA «3apaBcTByi, Can-Ppaniuckoy (Hello, Frisco) %, 1943 r.
Fig. 14. Fragments from the musical “Hello, San Francisco” (Hello, Frisco). 1943

IIpusTHBIA U MenoAuYHbIN ronoc Anuc O3i — HUMEHHO 3TOr0 XOTEIU
yCTaBILIKE OT BOWHBI 3puTenu B 1943 romy.

2" Hello Frisco, Hello (1943) — User Reviews — IMDb.

URL: https://www.imdb.com/title/tt0035982/reviews?ref_=tt_urv (25.02.2023).
% Hello, Frisco, Hello & You’ll Never Know (1943). YouTube.

URL.: https://www.youtube.com/watch?v=tFmzDfjxOto (26.02.2023).
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9. Okcnmo3unus komnanuu Jlu ne @opecra
Ha [lanama-TuxookeaHCKOM MexTyHAPOAHOH BbIcTaBKe 1915 1.

[Tanamo-TuxookeaHckas MeKIyHapoIHasl BbICTaBKa OTKpbLIack 20 ¢despa-
151 1915 rona; Can-®paniucko ObUT yKpalieH 00ratoi apXUTeKTypol B €BpOIeii-
CKOM CTHJIE C MHOKECTBOM TEXHOJOTMYECKHX dyJec. ['opoa BO30OHOBUI CBOIO
POJIb 3IEKTPOCTAHLIMH 3aMaTHOTO MOOEPEXKbS MEHEE YeM uepe3 ecsTh JIeT 1Mocie
MOYTH MOJTHOTO Pa3pyILEHHUs B pe3yJibTate 3eMieTpsiceHus v noxapa 1906 rona.

Konmnenmust BcemupHOU sipMapku He Obiia HoBoM mist Can-DpaHIucko,
MoCKoJIbKY B KoHIIe XX Beka B HEM COCTOSIIOCH HECKOJIBKO BhIcTaBoK. Vnes [1a-
HaMO-THX00KeaHCKON MeXTyHApOIHOU BhICTaBKH opmupoBanach ¢ 1890-x ro-
JIOB U IIPUYPOYMBAJIACH K 3aBEPIICHNIO CTpouTenbcTBa [Tanamckoro kanana. Ca-
MO CTPOHTENBCTBO KaHalla ObLTO MOABUTOM, 3a 50 JIET CTPOUTENBCTBA €TO OKpe-
ctuin «TpuHaanaTeiM moaBuroM ['epakmay. Tak ObIIO M ¢ CO3aHUEM IKCIIO3H-
uu, HaunHast ¢ pazmenienns 300000 kyOn4yecKkux sIp7I0B HACKIIH, YTOOBI CO3/1aTh
3€MIIIO JUIS y9acTKa U3 TOT0, YTO paHsbIle 0bu10 3anuBoM Can-PpaHnucko.

B BricTaBke npuHsim yuyactue 31 ctpana, Bkimtouas dpanumro n Smno-
HHIO, a TAaK)K€ COTHH JIPYTUX SKCIOHEHTOB M KOHIIECCHIl, HECMOTpPs Ha OOeBbIE
nevicteus B EBpornie Bo Bpemst IlepBoii MmupoBoit BoiHbl. Korna BricTaBka HaKo-
Hell OTKpbUIach, TO OHAa TPEACTaBIsLIa COOOH MHKPOKOCMOC MHpa —
IPOCTPAHCTBO MOHYMEHTATIBHOH apXMTEKTYPHI > , HAMOIHEHHOE HOBBIMU TeX-

HOJIOTHSIMHU, TIPOJYKTaMH M MEXIYHApOIHBIM KYJIBTYPHBIM JKCIOPTOM, NpH-
3BaHHBIM 3aCTaBHUTh JHOOOr0 TOCTS UCIBITATH SMOIMOHAIBLHOE BO3/ICHCTBHE OT
YBHJIEHHOTO, puc. 15.

Puc. 15. LlenTpanbHas TeppUTOPHSI BEICTABKH, IPOCTHpAromasics oT J[Bopiia MaliuH B IeBOM
BEPXHEM YTIy 10 JIBOopIia U3SsIIHEIX HCKYyCCTB B IPaBOM HIDKHEM yTiry. CripaBa 3omoTtast Meaib
BBICTAaBKH, €€ JINIEBast 1 00paTHast CTOPOHEI.

Fig. 15. The fair’s central grounds, stretching from the Palace of Machinery at the top left to the
Palace of Fine Arts at the lower right. On the right, the Gold Medal of the exhibition, its obverse
and reverse sides

# Qatman-Stanfor Hunter. From Rubble to Riches: The World's Fair That Raised San Francisco
From the Ashes. URL: https://www.collectorsweekly.com/articles/the-worlds-fair-that-raised-san-francisco-
from-the-ashes/ (15.03.2023).
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[Mocerutenu BBICTaBKU OBUIM B LIOKE, MPOXOAS Yepe3 apKy B OTPOMHOM
KHUBOW M3ropoju, Beixoxsmieil Ha KamranoByto ynuiy (Chestnut Street). Onun
i Mumo JIBopua camosozctsa (Horticulture Palace) ¢ ero uckycuo Gmaro-
YCTPOSHHBIMH CaJlaMH, a Janee, mpouas mox bamraedt nparonennocteit (Tower
of Jewels) momaganu Bo [{Bop Beenennoit (Court of the Universe). Bokpyr sto-
ro J[Bopa ObuIM MOCTPOEHBI BOCEMBb OCHOBHBIX JBOPLOB, MOCBSILIEHHBIX MPO-
INYKTaM TIHTaHHS, CEIbCKOMY XO03SHCTBY, TPAHCIIOPTY, IAXTaM U METaJUTypIuH,
00pa30BaHUIO U COLUMATIBHON SKOHOMHKE, TYMaHUTAPHBIM HayKaM, ITPOH3BOIH-
TEJIIM U Pa3NUYHBIM oTpacisiM. Ha majpHeM 3amazHOM Kparo 3TOTO apXHTeK-
TypHOro aHcamOus Haxomwics [Bopen m3siiHbix uckycctB (Palace of Fine
Arts), kKoTopslii ornbas TUTAHTCKYIO JIATyHY. 3a 3TUM ABOPIIOM BO3BBIIIAJIHCH
MIABWJIBOHBI, TTOCBAIIEHHBIE OTIEIBHBIM HAPOJaM M IUTOLIAJKH IS PA3THIHBIX
BHJIOB cropTa, puc. 15. Ha BocToke pacmomaranucek J[sopen mammn (Palace of
Machinery, puc. 16) u 3oma pagoctu (JOy ZONe), 3a KOTOPOH OTKPBIBAIICS
IIYMHBIA KOPUJOP pa3BiIeYEHUH.

Forest Radio Telephone and Telegraph Company mozoiiia K BEICTaBKE B
JOCTaTOYHO MpeycleBaromeM cocTossHud. OHa cMOria yCTPOUTH OOJBIIYIO
9KCTIO3UIMIO CBOMX PaJUOTEXHUUYECKHX aNlaparoB. 3Has WHTepec MyOJnKH, a
0COOEHHO aTTalle WHOCTPAHHBIX TOCYJApCTB K PA3MMYHBIM THIAM paauo-
YCTPOWCTB, KOMIIAHHSI MPOJIEMOHCTPHpOBAJIa OECIpPOBOIHBIC TenerpadHbie U
TeneOHHBIE amnmapaTrhl ¢ YCHJIWTEIEM Ha ayAuOHE, ayAHOHHBIA JEeTEKTOPHBIHA
MPUEMHHK ¥ pereHepaTHBHBINA MPHUEMHUK THIIA YIIbTpayHOHa, KOMOWHHPOBAH-
HBII IETeKTOPHBIM MPUEMHHK ¢ ycuiauTeneM (puc. 16), a Takxke ycrpoiicTBa s
MOBTOPHOM MMOJIa4l TOJOCOBBIX UMIYJIBCOB MM JAPYTHX CHUTHAJIOB HE3aBHCHMO
OT TOTO0, IOCTYIAJIA OHH MO IPOBOAAM HJTH HET.

Cpenu npezcraBiieHHBIX Komnanueit dopecta anmapaToB ObLIH W TIPHU-
MeyarTesibHbIe KCIIOHATHI, B YaCTHOCTH, OECIPOBOIHOM Habop cBsi3u (puc. 16),
KOTOPBI HCIOJIB30BaICs B OecipoBoAHOMN Tenedonnu Ha JlakaBaHCKOH keme3-
Ho# nopore (Lackawanna Railroad) B 1914 roay, puc. 16 [4].

B mpencraBieHHOM paguoTenepOHHOM 00OPYAOBAaHHHU JJisl )KEJIC3HOH J10-
POTH HCIOJIB30BaNIUCh AyroBod mepenaruuk De Forest mommuocteio 1 kBT,
yeunutens Audion u gerexrop Audion, puc. 16. st mepekphITHs IIymMa noeszia
K JICTEKTOPHOMY TIPUEMHHUKY TOJKITIOYAIICS JIBYXKAacKaHbIM ycuinTensb ¢ 50—
60 kpaTHBIM ycuieHHeM. DJTa anmaparypa ce0s XOpoIIo 3apeKOMeHI0Baia Ha
Henasapckoii (Delaware), JlakaBanuckoii (Lackawanna) u 3amamnoii xenes-
Hbix jpoporax (Western Railroad) Bo BpeMsi IeBSITHIHEBHOTO IMapainya Teje-
(hOHHBIX MPOBOAOB, KOTNa pa3pasmiachk (eBpanbckas merenb 1914 . He Bo3-
HHUKAJO HUKAKUX 3aTPyAHEHUH mpu TenedoHHo# cBsi3u or CkpaHToHA (Scran-
ton) no bunremronom (Binghamton) na paccrosaun 67 muib (108 kM) 1o cy-
POBOI1 JIECUCTON U TOPUCTOW MECTHOCTH.
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Puc. 16. [Tanamo-Tuxookeanckas Dxcro (1915 r.), /IBopens cBOOOIHBIX HCKYCCTB (a).
Kom6unuposanusrit gerekrop DeForest ¢ ogHokackamusiM yermurenem croumoctsio $200 (6).
Amnnarapypa paauoTeneOHHOM CBA3BU ISl )KEIE3HBIX JI0POT (B).

Fig. 16. Pan Pacific Expo (1915), Palace of Liberal Arts (a). DeForest Combination Detector
& 1-Stage Amplifier — $200 (6). Radiotelephony for Railroads (8)

[TockonbKy ayAMOHHBIA YCHIMTENb OBUI IIArOM BIIEpEl B MCIIOIB30Ba-
HUM YCHWIMBAIOIIMX YCTPOMCTB, B YaCTHOCTH, PEHTreHOrpadyu, TO KOMITaHUS
ne @opecra nmana omrcanue pabOTH ayJAHOHA (TPHOa) B CBOEM OYKIIeTe, KOTO-
phIii mpojaBancs Ha BeIcTaBke. OTMETHM TO, KaK B OyKJIeTe > OIHMCAHA POIb
ceTkH B pabote Tpuoga: «OgHUM M3 Hauboyiee BaXHBIX M COBEPILEHHO HOBBIX
3JIEMEHTOB BO BCEM ITOM CTPAaHHOM YCTPOMCTBE SABJISIETCA ‘“DJIEMEHT CETKH',
PacTOJI0KEeHHBIH MoNepeK MyTH ABIKYIINXCS HOHOB (CTPAaHHHUKOB, KaK CIEAYET
13 WX TPEYecKoro Ha3BaHMs) ...bbulo 3asBieHO, YTO 3TO Ba)KHBIA 2JIEMEHT
TPaHCKOHTHHEHTAIBHOH TeneoHnr, HO ObUIO JIW 3TO (paKTOM WM HET, 37eCh
HE TIOJUIEKHUT PACCMOTPEHHUION.

[ToceruTenu skcno3uiun Komnanuu jie Popecta MOTIU MPOCIYIINBATH
OecnpoBoanblie cooduienus u3 Haysna (I'epmanus) Ha 1€TEKTOPHBIN IPUEMHUK
C ayJHOHHBIM yCHJIMTEJIEM, KOTOpPBIe OBUIM NIPHUHATHI aHTEHHOM, CBHCAIOMICH C
Bamnun aparounenHocteild. B kaOuHKe ObIT yCTaHOBIICH YJIbpayAHOHHBIH TPHEM-
HUK, Ha KOTOPBIA MPUHUMAIHMCH OSCIIPOBOIHBIC CUTHAIIBI, U BPEMS OT BpeMEHH
MTOCETUTENM B KaOWHKE MOTIIM YCIBIIIATh Pa3roBOPHI IO OECITPOBOJIHOMY Tee-
(hony ¢ geTpIpex O0ECIIPOBOIHBIX TeIe()OHOB B OyXTE.

719 TOCTOSIHHOTO MPOCTYIINBaHUS MPOTpaMM ITOCETUTEISIMH BBICTABKH
Ha paauonpuemMHuku ne Popecra paguouncnekrop CIIA Omnepu CroyH
(Ellery Stone) morosopmics ¢ Tokom Xepommom (Charles D. Herold) B Can-
Xoce 0 TpaHCIALUHU pajuolepenad ¢ MOMOIIBIO €ro JYTOBOTO IepeaaTdHKa.
MHorue nroau, nmocayas paauonepenady, IpUHUMaINCh UCKaTh MpoOBOJa, KO-
TOpBIE, TI0 MX MHEHHIO, JOJDKHBI OBUIA TIOJBOJUTH, 0€3 COMHEHHS, 3BYKOBOM

% Bart L. Lee de Forest in San Francisco in 1915. URL: https://californiahistoricalradio.com/wp-
content/uploads/2020/10/Lee-de-Forest-in-San-Francisco-in-1915-.pdf (15.03.2023).
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CUTHaJ K TPOMKOTOBOPHUTENIO paauonprueMHuka. Hy>xHo otMeTuts, uyto B 1915
roay paavonpuCMHHUK CIIC HC IMOJYYHWJI HIUPOKOTO PACHPOCTPAHCHHA B Kadc-
CTBE JIOMAITHEr0 MH()OPMAIIMOHHOTO YCTPOMCTBA, BCE elle ObUIO JICIIeBIIe HC-
MOJIb30BATh IIPOBOJIOYHYIO CUCTEMY.

10. «IyTku» Jiu ne ®opecra

Heckonpko pa3 B IeHb B MaJIeHbKOM amduteaTpe kommanuu AT&T du-
TaJach MOIyJSIpHAs JIEKIHs, B KOTOPOH JIEKTOpP NOCTYIIHBIM SI3BIKOM H3J1arai
HCTOPHUIO TOJNBKO YTO OTKPBITOH TPaHCKOHTWHEHTAILHOW Tene(OoHHOH THHUU
MEXTY HBIO-ﬁOpKOM u BoIicTaBKOW B CaH-OpaHnucko. B KOHIIE KaXKII0# JIeK-
UM TE€M, KTO HHTEPECcOBajCs, MPEJOCTABIUIACH BO3MOXKHOCTH IIOCIYLIATh,
KaK Kakoil-HMOyab uenoBeK rosopuT B Heio-Mopke, mocie uero Hbko-
fiopKCKHil MpHEeMHHUK Tepexirodancss Ha Konn-Afinenn > (Coney Island), uto-
OBI JxuTeTH THXOOKEaHCKOTO MOOepek bl MOTJIM CIBIIIATh CBUCT M PEB Oypy-
HOB Ha ATJIaHTHKE.

Joknamurk oueHb MoIpoOHO OMHCHIBaN TMHUIO Komnannu AT&T u yaemnsin
JOJDKHOE BHUMAaHHUE HCITONIb30BAaHUIO B HEW Harpy304HbIX KaTymek [lynnHa, ko-
TOpPBIE BHIPABHUBAJIM WIHM YPABHOBEIINBAIH JIMHUIO AJISl BCEX YaCTOT, UCIOIb3Y-
€MBIX B 4eJIoBeuecKoi peur. Ho oH HU cJI0BOM HEe 0OMOJIBUIICS HU O KAKUX-TTHOO
Tene(OHHBIX YCHIHTENAX WK TpancisTopax Ha 3400-MuiIbHOM OTpe3Ke MpOBO-
na, 00 ycTpoicTBe, KOTOpoe 0oJiee BCET0 OCTATBHOTO CJIENaI0 BO3MOXKHBIM 3TOT
yAUBUTEIBHBIA NOABUT TIepenadn rojoca. [ly0nnke npeacTaBisiock, 4To roioc
OTAAJICHHOTO OIepaTOpa CIBIIIEH CTOJIb ICHO M OTYETIMBO O€3 MOMOIIHY KaKOTO0-
0o ycwiutens. B xoniie atux nexuuii kommanus AT&T pasnaBajia BceM akky-
paTHBIE OPOITIOPHI C HAMITUCHIO Ha 0010KKe: «VIcTOpHS OOBITIOT0 JOCTHKEHUS.
Tenedponnas cBsa3b 0T MOOEpexbs 10 modepexbs» (The Story of a Great Achieve-
ment. Telephone Communication from Coast to Coast).

JIn ne dopecT BHUMATENHHO M3YYMII 3Ty OpOIIIOPY W MPOBEN BCIO HOYB
3a COCTaBJICHHEM OpOIIIOpHI, KOTOpasi JOJDKHA ObLia OBl BHEIHE IO pa3Mepy,
uBeTy U QopmMaTy OBITh (PaKCUMHIIE TOTO «HCTOPHUUYECKOT0» JTOKYMEHTA, BBITY-
menHoro kommanueit AT&T, Ho ¢ npyrum HazBaHueM: «Mcropusi GONBIIOTO
JTOCTH)KEHHUS, KOTOPOE CHIETali0 BO3MOXXHBIM TeIe(QOHHYIO CBA3b OT MOOEPEKbS
no mobepexns» (The Story of a Great Achievement. Which Made Telephone
Communication from Coast to Coast Possible) [5, p. 328—329.]. Ha caenyto-
mee yTpo ae Popect Hamen TANOTpaduio, U yXxKe Ha CIeRyIOmnid 1eHb paboT-
HUKH Krocka [le opecra paznaBanu 3To BTopoe uznanue «Mcropuu 60ombioro
JOCTHKEHHUSD) B OOJIBIIMX KOJIMYECTBAX THICSYAM 3€BaK, TOJIBKO YTO BBILIEIIINX

8 Komu-Aiinenn — monyocTpos, ObIBIIMI OCTPOB, pacHonOkKeHHbIH B Bpykmnue. Haspamme
IPOUCXOJUT OT HCKaXKEHHOTro Huepianackoro Konijn Eiland — Kposmuwit octpos.
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u3 TeneoHHOH Mmiomanku benna, mopaxaromuxcsi TOMy, YTO OHH YCIbIIIAIH,
Y 0337]au€HHBIX TeM, KaK 3TO BIPYT CTaJ0O BO3MOXHBIM. DTO BTOPOE W3JaHHE
pacIIupuiIo UX MOHUMaHue!

Ha crpanmmax Oykiera me @opecrta myOnuke ObUIM TIpENCTaBICHBI He-
CKOJIBKO KpaTKUX YTBEPKACHUN, KOTOpBIE CIIy4alHO OKa3aJMCh MOJHOCTHIO OT-
CYTCTBYIIMMH B COOTBETCTBYIOIIEM OyKJjeTe, BBITyIICHHOM Komnanuei AT&T.
Tam Obl1a O4ueHb KpaTKO onucaHa 3a0biTas riaBa B uctopuu Tenedgona — 20-
JIETHUH THIETHBIA MOWCK MHXKEHEpaMH Telle()OHHOTO TPAHCIATOpA WIIH YCHUIIHU-
TENBHOTO pele, KOTOPoe MOJHKHO ObIIO OB OBITH OJHOBPEMEHHO YpPE3BBIYaliHO
YYBCTBUTEJIBHBIM, CBOOOJHBIM OT TOHKOH W 4acTOW HACTPOHKH, HO KOTOPOE
YCHJIMBAJIO OBl KaXKJI0€ U3MEHEHUE YEIOBEYECKOT0 rojioca 0e3 MCKaKeHUH, 4To
caenano Obl BOBMOXKHOM niepeaady royoca uepe3 Bcto CeBepHYI0 AMEpHKY.

OroT ycunuTens OBUT HaKOHEI] pa3paboTaH, HO HE WH)XXEHEpPaMu-
Tene()OHUCTAMU, YbH YMBI TOJIAMH KPYTHJINCH B CTapOil Koliee MPUEMHUK —
mukpodoH. B 1912 rogy Jlu ne Popect oOHapyXuj, YTO KOTAa CTPaHHOE
ycTpoiicTBo mon HasBanneMm AUdiON GBUIO MPAaBHIBHO MOAKIIOYEHO K JIMHUH
MEXIy TepeaTduKoM U MPUEMHUKOM, OHO (DAKTHYECKH YCUIIMBAIIO TOJIOCOBBIC
TOKH, 0OecTiedrBasi BOCIIPOU3BEIEHUE C HICATBHON TOYHOCTHIO O€3 MalleiIiero
ciea 3ama3AbIBaHuUs MM UCKAXKEHUs, HO C 3HAYUTEIHHBIM yBETNICHUEM TPOM-
KocTH. IMEeHHO 3TO ycTpoiCTBO, 3anaTenToBanHoe e Popectom B 1907 roxy u
npoganHoe UM kommanuu AT&T B 1913 ronmy, okazanoch €IMHCTBEHHBIM, KO-
TOpOEe MO3BOJIMIO TOBOpUTH OT Ilanamo-Tuxookeanckoil BeicTaBku 10 Hblo-
Mopka unn mrrata Man. Jlns nokasaTenbctBa sToro pakra e Popect ycraHo-
BHJI TI033/IM CTE€HAA CBOEW KOMITAHWH JUIMHHYIO KPacWBYIO BBIBECKY C HaJlITH-
cbto: «Ycunurens De Forest Audion, nuiieH3upOBaHHbBIH aMEPHUKAHCKONH KOM-
marueii Tel. and Tel. Co B kauecTBe TenehOHHOTO pele, CAeTaa BO3MOXKHOM
TPAaHCKOHTHHEHTAJIbHYIO TenepoHHyto cBsa3by» (The De Forest Audion Amplifier
Licensed to the American Tel. and Tel. Co as a Telephone relay made the Trans
Continental Telephone Service possible). TTocie storo me dopect co cBoMM
romommHuKoM Maiiepcom (E. B. Myers) mocmenBanmch, HabmI0Mas1, KaKk WHKE-
Hepbl «Belly omun 3a Apyrum HEOPEKHO WAYT MO MPOXOAY M YUTAIOT KOCBIC
WHPOPMALMOHHBIE COOOLICHUS, HCTHHY KOTOPBIX OHH CJIMIIKOM XOpOLIO IO-
HHMAJTH, 9TOOBI MBITATHCST OTpUIath [5, p. 330].

Ilepen 3akpsiTHEM BBICTaBKM KoMmaHus qe Popecra ObuTa yIocToeHa 32
CBOIO SKCTo3uImio I'par-npy 1 3010To# Memami > (puc. 15), Kak 970 GbLIO HA
Bcemupnoii BeictaBke B Cenrt-Jlynce B 1904 roxy.

® 3omoras Memanb ITaHamo-THXOOKEAHCKOH MeXIyHapomHoil BeIcTaBkH 1915 roma 6buta

OTYEKaHEeHa M3 M030JI04eHHOW OpoH3bl, uMena quamerp 70 MM u Bec 133,8 rpamm. OHa mpucyxaanach B
KayecTBe INIABHOTO TIPH3a 32 Pa3JIMYHbIC U3JEIIHs WIH SKCIIOHATHI.
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The-De Forest Aldion®A
: loshe "Amencan 468 an C
YS Ton i

mplifier

Puc. 17. DKCo3uiust KOMIUIEKTOB 171t 6eCIPOBOIHOM Testeonun KoMmmanuu ge Dopecra (1915r1.).
CrnpaBa TpaHcnapanrt, ycraHoBleHHbIH JIu ne dopectoM B penenax cBoei SKCIO3UIUU
BO JIBOper cBOOOIHBIX UCKYCCTB [6].

Fig. 17. Exposition of sets for wireless telephony of the de Forest company (1915). On the right
is a banner installed by Lee de Forest within his exposition at the Palace of Liberal Arts [6]

BricTaBka miuiach HEMHOTHUM OoJiee 9 MecsIeB U 3aKpbliach 4 nexadps
1915 rona, ee mocerriin 18876438 4venoBek, 4YTO HAMHOTO MPEBBICUIIO JaXKe
caMble ONTUMHUCTUYHBIE TMPOTHO3BL. OK0JI0 45 MUJUTMOHOB JOJUIAPOB YIUIO B
SKOHOMHKY IITaTa, a Ha AKCHO3UIHMK OBLIO MOTPA4Ye€HO OKOJO 12 MUIIMOHOB
JIOJUIapOB, YTO COCTAaBIAET OKOJO 565 MUIITMOHOB A0JiIapoB B IieHax 2012 ro-
na. CHOC CTpoeHUil BBICTABKH HAyajCsl MOYTHU Cpa3y IOCIE €€ 3aKPBITUA, TaK
Kak IO JIOTOBOPY OoJbIllas 4acTh 3€MJIM JOJDKHA ObLia OBITH BO3BpallleHa ee
MepPBOHAYAJIBHEIM BilafeablaM. EIMMHCTBEHHBIM COOPY)KEHHUEM BBICTaBKH, JIO-
JKUBILMM JI0 HAIIUX JTHEH, siBjigeTcs J(Bopell NCKYCCTB, KOTOPBIM CTOUT Ha TOM
e MecTe, rie U ObuT mocTpoeH moutu 108 ner Hazaj,

11. 3akarouenune

DONeKTpOHHBIE BaKyyMHEBIE JIAMIThI, pa3pab0OTaHHbIE TPYIOH APHOIBAA,
CTaJli OCHOBOHM TeNeQOHHBIX TPAHCISATOPOB, C KOTOPhIMH WHXKeHepbl AT&T
JOOUJIMCH YCIIEXOB B OCYILECTBIICHUH MEPBOH B MUPE TPAaHCKOHTHHEHTAIBHOM
Tene(OHHON CBSI3M M TE€M CaMbIM BBITIONHIIIN TIOCTABJICHHYIO TMPE3UICHTOM
kommnanuu AT&T Teomopom Beiinom 3a1auy ¥ nmpoaeMOHCTPUPOBAIHA CBOU pe-
3yibTarhl Ha [lanama-TuxookeaHCKOW MEXAyHapOaHOH BhicTaBke. [IpoGieMsr
JIAMIIOBOTO TPaHCHATOpa OBUIM pemieHbl Ojarogapsi oObEIMHEHHIO KOpIopa-
THUBHBIX MHTEPECOB U HOBEHIIIUX HAYYHBIX JOCTHIKECHUH.

Beiin nenaBugen koHKypeHImo0. OH CUWTAl, YTO €IMHAs BBICOKOKade-
CTBEHHAs CETh MOKET OBITh CO37[aHa TOJBHKO B TOM CIydae, eciii Bcs TenedoH-
Hasi MHQPACTPYKTYpa CTpaHbl OyneT HaXOAUTHCS MOJ KOHTPOJIEM OJHOM (up-
Mbl. [IpeamournrensHo ero codctBeHHoi. B 1915 romy Beiin > B 0oOILIIEHNA C

* Fung Brian. This 100-year-old deal birthed the modern phone system. And it’s all about to end /
The Washington Post. December 19, 2013. URL: https://www.washingtonpost.com/news/the-switch/wp/
2013/12/19/ (24.02.2023).



354 History of science and technology
Hcropus Hayku 1 TeXHUKH (5.6.6)

ayJUTOpHUEH >KeJIe3HOJOPOXKHBIX KoMHccapos ckaszan: «Ecnu O0bl He ObulO CH-
crembl Bell, a 6buTH TONTBKO pa3po3HEHHBIC OTJCIbHBIC KOMIIAHUU WIIU TPYIIIBI
KOMITaHUM, TO HM OJHA JIMHHUA HPOTSHKEHHOCTHIO 00Jiee HECKOJBKHX COTEH
MWIb He ObuIa ObI IOCTPOEHA, a eciy Obl M ObUIA TOCTPOEHA, TO HE MOoriia Obl
9KCIUTyaTHPOBATHCS CTONb YJOBJIETBOPUTENBHO... D deKxTrBHas paboTra KOM-
Mep4ecKoil TeneOHHON CBA3M MOXKET MOLICP)KUBATHCA TOJIBKO TOrAA, KOrna
KaXIBIN OTepaTop Ha JUHUH U MOAKIIOYEHHAs K HEMY CHCTEMa HaXOASTCS MO/
€IMHBIM YIPABICHUEM.

IlepBblil TPaHCKOHTUHEHTAIBHBI PA3rOBOP HAaBCErJa W3MEHUI MHP.
OTOT 3BOHOK COEAMHUI JIIOAEH, HAXOAIIIMXCS 3a THICSYM KHIIOMETPOB APYT OT
Ipyra, IPOJEMOHCTPUPOBAl BAKHOCTh OOLICHUS M CTUMYJIHMPOBAI CTOJETHE
WHHOBAIMH, POPMHUPYIOIIUX MHP, B KOTOPOM MBI )KUBEM CETrO/IHSI.
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[Momyueno: 14 mapra 2023 1.
OtpenensupoBano: 24 mapta 2023 r.
[MpunsTo k mybaukauu: 24 mapra 2023 T.

Annomayua: Cmamos npedcmasgniem coooll gpazmenmuvl UHMEPBLIO, 83MO20 Y AKA-
demuka FO. B. I'yisesa Llenmpom ucmopuu IEEE 6 I'opocve, Lllgetiyapus, 13 urons
2017 2. M3 14 paszoenos unmepsvio 6 cmamve npeocmasiensi ciedyrouue mpu: Capa-
mosckuil uncmumym, Yenepoouvie nanompyoxu u IIpoexm «xcmpacencuviy. B cmamve
yempanenvl 6ubauoepaguueckue necoomeememeus. Llenv nyoauxayuu — osnaxomie-
Hue 8 IMou 4acmu npoPUILHOL0 PYCCKOAZLIYHO20 COOOUECMEA ¢ OCHOBHBIMU NONOMHCE-

HUAMU UHMeEPBbIO.

Knroueswvie crosa: [lenmp ucmopuu IEEE ¢ I'opocve, Capamogckuii uncmumym (¢u-
auan Unemumyma paduomexnuxu u snexmponuxku AH CCCP), yenepoousie nanompy6-

KU, CUJIbHAA ABMOIMUCCUSL DJIEKMPOHOE, UCCIe008AMENbCKUTL npoekm ((3KcmpaC€HCbl».

Hna yumuposanua (FOCT 7.0.5—2008): Konaparosa E. B., CBupunosa E. 1., Epmo-
noB I1. I1. Ipoext IEEE oral history : akanemuk 1O. B. I'ynses. Uacts 5 // Mnpokom-
MYHHUKAIIMOHHbBIE U PaJIno3IeKTpoHHbIe TexHomorun. 2023. T. 6, Ne 3. C. 356—366.

Jna yumuposanus (FOCT 7.0.100—2018): Kounparosa, E. B. ITpoekt IEEE oral
history : akanemux 0. B. I'yisies. Yacts 5 / E. B. Kongpatosa, E. Y. CeupuioBa,

I1. I1. EpmosoB / UTHPpOKOMMYHHKAIIMOHHBIE ¥ PaIHO3JICKTPOHHBIE TEXHOJIOTHH. —
2023. —T. 6, Ne 3. — C. 356—366.

1. BBenenue

KonuenT ycrHoii uctopuu 0bu1 nonyssipusuposan B CIIIA B 1940-e ro-
bl B CBSI3U C JIEATEIBHOCTBIO aMepuKaHCcKoro xypHanucrta ko ['ynaa (Joseph

Ferdinand Gould; 1889—1957), 3asBasBimero o cBoeii paboTe Haa OrPOMHOI



Eggg?ﬁ;gg@g% V. et al. IEEE oral history project.: Academician Yu. V. Gulyaev. Part 5 357
. B. u gp. IIpoexr IEEE oral history: akagemux 1O. B. I'ynses. Yacts 5

KHUIOW «YCTHas UCTOpHS HAIlero BPEMEHH», MOJHOCTBIO COCTaBIEHHOM W3
3allUCH paccKa3oB pasHbIX Jogei. B 1948 roay meHTp ycTHOW MCTOpHH OBLI
oTkpeIT ipu Komymb6uiickom yHuepcutete. B 1967 rony 6nina co3nana Acco-
nuanusa yctaoit ucropun CIIA, mByMs TogamMu 1Mo3Ke aHAJIOTHYHAS OpTaHu3a-
1S osiBUIIach B BemukoOpuranny.

He ocrancs B cropone ot atoro Tperja u IEEE — k HacTosmemy Bpemenn
aMepUKaHCKUM WHCTUTYTOM HMHXKEHEPOB AIEKTPOTEXHUKU U DIECKTPOHHUKHU CO-
Opano 6omee 804 mepcoHaANBHBIX YCTHRIX HCTOPHH. [lomaBstomniee OOIBITHHCTBO
MIepCOHANINI B 3TOM COOpaHUN — M3BECTHHIE AMEPHUKAHCKHUE U «3arafHbIe) CIie-
LUaNUCTHL. M, TeM He MeHee, BeCbMa 3HAUMMBIM SIBJISIETCS TO, YTO B 3TOM CIIHCKE
MIOSIBIJICS M3BECTHBIN pOCCHICKUi yueHblit, akagemuk fO. B. ['ynses.

HHTepBBIO ¥ poccuiickoro akagemuka s Llentpa ucrtopun |EEE B3smn
Bukrop ITineccku (Victor Plessky) u Knemenc Pymmens (Clemens Ruppel) B T'op-
xpe, [seitnapus (Gorgier, Switzerland) 13 urons 2017 . (untepsbio Ne 784).*

OT0 cOOBITHE HAIUIO HEKOTOPOE OTPAXKCHHE TOJBKO B HEOOJBIIIOM HH-
TEPBbIO HA [IOPTAJIE <<HpaBz[a.Py».2

WuTepBhIO cocTOuT U3 14 pa3memnos:

— [eTcTBO, CeMbs];

— Ob6pazoBanue;

— JluccepTarmus o pykoBoAcTBoM npod. B. JI. boru-bpyesnua;

— Coetckuii Coro3 nocie Cranusa;

— U3o0peTeHre BCTpeuHO-ITHIPEBOTO npeodpaszoBarens B 1965 r.;

— 3aBeyroniuii 1abopaTtopueii Bo Opsi3uHo;

— Bonnsl bitocteitna — I'yiisieBa;

— [lpyrue THIbI aKyCTHYECKHAX BOJH;

— Uzrorosnenue ycrpoiicts Ha [IAB B CoBerckom Coro3e;

— Bynymme pa3paboTku B 00J1aCTH aKy CTHUECKHX BOJTHOBBIX TEXHOJIOTHH;

— Jlpy3bs U Harpasl;

— CapaToBCKHII HHCTHUTYT;

— VYriepoaHble HAHOTPYOKH;

— Uccnenoanns B 001acTH MEIUITUHBL.

Panee [1], [2], [3], [4] ObutH omyOaMKOBaHBEI (hparMeHTH UHTEPBHIO, B
KOTOPBIX OBUIM OTpaXeHBI Takue paszjelbl, kKak «300peTeHrne BCTPEUHO-
WITHIpeBOro npeodpaszoBatens B 1965 r.», «Bonusl bmocreitna — I'ynsieay,
«ducceprauus nox pykosoactsoM npo¢. B. JI. bonu-bpyesuua», «CoBeTckuii
Coto3 nocne CranuHay, «Jpyrue THUIBI aKyCTHYECKHUX BOJH», «M3roToBieHue
ycrpoiictB Ha [TIAB B Coserckom Cotrosen, «Bynyiue pa3paboTku B 00JacTH

! http://ethw.org/Oral-History: Yury Gulyaev (1ata oSparenus 13.07.2018).
2 https://www.pravda.ru/science/02-08-2017/1343721-gulyaev-0/ (nata obpamenns 13.07.2018).
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AKyCTUYCCKUX BOJIHOBBIX TEXHOJIOTUI» U ((pr3bi[ " HarpaabD». B HaCTOHH_IGI\/’I
CTaTbC NPEACTABJICHLI CUIC TPU pasaciia MBCﬁHapCKOFO I/IHTepBLIO: ((CapaTOB—
CKUH MHCTHUTYT», «YTepOJHbIe HAHOTPYOKM» M MPOEKT «IKcTpaceHch». Llenpb
HACTOSIICH CTaThH — O3HAKOMJICHHE B ATOM YacTH MPO(HUILHOTO PYCCKOS3BIU-
HOTO C006I]_ICCTBa C OCHOBHBIMH ITOJIOXKCHUAMU UHTCPBBIO.

2. CapaToBCKMii HHCTUTYT

Ruppel:

Opwit, y UacTHTYTA pagnoTeXHUKH W dekTpoHukn (MPD) Oputo He-
CKOJIbKO MHCTHTYTOB B pa3HBIX MecTax. OmanM u3 HuX Obl1 CapaToBCKUi WH-
CTUTYT.

I'ynses:

OpnuM n3 uHcTUTyTOB CapaToBCKOrO HeHTpa Obul guiauan Hamero MH-
ctutyTa paanotexHuku u anekrponnkn AH CCCP (MPD AH CCCP).

B 1977—1985 romax 6obIryio 4acTh BpeMeHH st mpoBoami B Caparose,
BBIMOJIHSS KaK aJMHHUCTPATUBHYIO, TaK U Hay4HY0 pabory. Ha npomsbinuien-
HBIX mpennpuatusx CaparoBa OBUIO opranm3oBaHO Tpom3BoactBo CBY-
aKyCTHUYECKUX JHHUH 3aiepkku kKak Ha OAB (00beMHBIX aKyCTHYECKHUX BOJI-
Hax), Tak U Ha [TAB (moBepXOCTHBIX aKyCTHUECKUX BOJHAX), B TOM YUCIIE JTUC-
MEPCUOHHBIX M KOMITPECCHOHHBIX GuiabTpoB Ha [IAB, Mo TexHHYECKOMY YpOB-
HI0O QHAJOTHYHBIX (UIBTpaM, BBIIYCKABIIMMCS B TO BpeMs, CKaXeMm, Ha
Thomson CSF. CyrmecTBoBaBinasi B TO BpeMsi B MUPE TaK Ha3bIBaeMasi «XOJO/I-
Hasi BOIfHa» yCKOpHJIa MPOU3BOACTBO ITHUX KOMIIOHEHTOB.

B CaparoBckoM OTZAENEHHH HAIlEr0 WHCTUTYTAa sI OPraHU30Bajl OTINY-
HBIH KOJJIEKTHB YUYCHBIX U MH)XXKEHEpOB (MOJyuyuBIIMX oOpa3zoBanue B Caparos-
ckoM yHHBepcuTeTe U CapaTOBCKOM MOJUTEXHHUYECKOM HMHCTHUTYTE), KOTOpHIE
o cBoeil KBanu(uKauy ObLIH Ha JIy4IIeM MHPOBOM YPOBHE. YPOBEHb IPYTUX
CapaTOBCKUX MHCTUTYTOB TOXE OBIJI OY€Hb BBICOK, HE HM)KE MOCKOBCKOTO HIIH
JIEHUHTpaJIcKoro. Mo#i 3amecTuTenh pykoBoauTens CapaTOBCKOTO HAYYHOTO
neHTpa npod. A. @. Pezunkos, momoraBmmii MHe B co3maHuu LleHTpa, BO3-
[JIABJISI IPEeKpacHbld HCTUTYT TOYHON MEXaHMKH U CHCTEM YNpaBiCHHUS, pa-
0OTBI KOTOPOTO MMeNHU OO0JIBIIOE 3HAUEHHUE IJIs1 BCEH CTPaHBIL.

B 10 Bpems B CBSI3M ¢ IPOJOJDKAIOLIEHCS «XOJOJHON BOMHOW» CapaToB-
CKHE MHCTUTYTHI, IOMHUMO CEJIbCKOXO3SIMCTBEHHOTO M OHOJIOTHYECKOT0, ObUIN
ceKkpeTHbIMH. [[prHUMAaTh HHOCTPAHHBIX KOJUIET OHHM HE MOTJIM, X MyONHUKanun
B OTKPBITHIX KypHaJIaX OTIPABIISIIN B Ie4aTh yepe3 HCTUTYTH aHaTOTHIHOTO
npodunst B Mockse unu Jlennnrpane. Hanpumep, Ham MHCTUTYT paanoTexHu-
ku u anekrponuku (MPD) umen otnenenus Bo @psasuHo u Caparose (a mo3xe u
B YJBSHOBCKE), KOTOPBIE MO KOJMYECTBY YUYEHBIX OBUTH CONOCTaBHMBI C LICH-
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TpaJbHBIM MHCTUTYTOM B MockBe. Ho Bce myOnuKanuu MpUCHUIAINCH CTPOTO
u3 llentpanbHoro uHctuTyTa. Hammm 3apyOexHbIe KOJUIETH OBUIM YIUBJICHBI
TaKOW BBIIAIOIICHCS MPOAYKTUBHOCTHIO HAIIUX YUEHBIX !

CapartoB BooOIIIe OBLT 3aKPBITHIM TOPOJIOM JIJIsi HHOCTPAHIIEB, TaK KaK BO
Bpems Bemnkoit OteuectBeHHO# BOWHBI B CapaToB ObUIH HBaKyHpOBAHBI MHO-
TU€ BOCHHO-IIPOMBIIIIEHHBIE IPEINPHUATHS, U HEKOTOPbIE U3 HUX HE BEPHYJIUCH
Ha npexHue Mecta. B CapaToBe HE OCTaHABIMBAINCH AK€ TYPUCTUYECKUE CY-
Jla ¢ ’HOCTPaHIIaMH, KOTOpbIE MyTeliecTBoBaiu o Bonre B 60-x u 70-x rogax!

Bce 310 m3MeHmII0ch ¢ rop0aueBCKON «IIePECTPOUKOI, HO 00 ITOM TO3KE.

3. YriepoaHblie HAHOTPYOKH

Ruppel:

Pacckaxute HaM HEMHOTO 00 OTKPBITHHU YTIAEPOIHBIX HAHOTPYOOK!

T'ynses:

B 1991 romy OBIIO OTKPHITO HOBOE QJIIOTPOITHOE COCTOSHHUE YIIIEPOIa,
TaK Ha3bIBaeMble HAHOTPYOKU. DTO OBLIO AajbHEHIee pa3BUTHE U3BECTHOTO
«(ynaepeHoBOro» cocTosiHUA — Mapo0OPa3HBIX MOJIEKYJ CO MHOI'MMHU aTOMa-
mu C, Haripumep Cgo. IlepBbie cooOpaskeHUs O TOMOJOTHIECKOH BO3MOKHOCTH
CYLIECTBOBaHMs YTJIEPOAHBIX HAHOTPYOOK s ycibiman B 1991 rogy ot mpod.
Jleonnma YepHO3aTOHCKOTO, MOETO ApyTa 1Mo MHCTHTYTY XUMHUYECKON (DHU3UKH
PAH, yuntens moeit sxensl Upunsl EpmonaeBoii. OH HasbiBan ux «TyOepenu-
HaMU». DKCIEPHUMEHTALHO TH YIJIEPOIHbIC HAHOTPYOKH S ObLIM MOJTYdEHBI
MpaKTHYecKyu ogHOBpeMeHHO B 1991 rogy Muaznmoii B 35E€KTPOIYTrOBOM pas-
psine u UYepHO3aTOHCKUM M JIp. IyTEM JIa3€PHOTO paclblIeHUs] TpadUTOBOTO
ncToyHuKa [5]. DkcriepumenTaTopoM B kKomane Obuta 3051 KocakoBckas, Oire-
CTALIUI YUEHBIN U MHXKEHEP, KpacuBas U NPUSATHAS JKEHIIUHA. S| HEMEUICHHO B
1991 rony ormpaBui pe3ysbTaThl ee dKcnepuMenTa [6] Kpoto, naypeary HoGe-
JIEBCKOW TIPEMHH 33 OTKPBHITHE (QYJIICPEHOB, U OH MO0OEMan TOMECTHTh X B
CBOIO 0030pHYIO CTaThI0, KOTOPYIO MUcal Ui xKypHana «Naturey.

ockounbky ¢ 1980 roxa s 3anuMacs B CapaToBe UCCIIEIOBAHUSIMHE B 00718~
CTH BaKyyMHOW MHUKPOIJIEKTPOHHUKH, Y MEHS BO3HHUKJA HUJEs, YTO yIIepOJHbIE
HAaHOTPYOKHU MOTYT OBITH 3((PEKTHUBHBIM W HAJCKHBIM MCTOYHHKOM SMHUCCHUHU
3JIEKTPOHOB B BaKyyM. J|eCTBUTENBHO, AMaMETP HAHOTPYOKH (WM TOJIIIMHA €€
CTEHKH) PaBEH pa3Mepy OJHOr0 aTOMa, [IOATOMY y HE€ O4€Hb OCTpPbII KOHYHK.
Ecnu n3-3a oueHb CUIIBHOTO 3IEKTPUYECKOT0 MOJIST HEKOTOPBIE aTOMBI YIIepoa
OyZAyT OTXOAMTH, OCTPOTa HAHOTPYOKHU HE OyIeT XyKe — B OTJIIMYHE OT UCIOJIb-
30BaBIINXCS paHee MOJIHOIEHOBBIX HAKOHEYHUKOB, KOTOPBIE TTOCIIE OTX0XKICHHS
HEKOTOPBIX ATOMOB CTaHOBSITCS 00Jiee TYIBIMHU. DTy MBICIB I BRICKa3aJ PYKOBO-

% Chernozatonsky L. A. 1991, Private Comm.; Physics Lett. 1992. T. A166. C. 55.
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JUTEN0 Moel 3KcrepuMeHTanpHOU rpymnmbl B CapaToBckoMm otaeneHun VPO
npoeccopy Huxonaro CHHHIIBIHY, U3BECTHOMY CIelanucTy B oomactu CBU-
3NeKTpOoHUKH BooO1e 1 CBY-MHUKpPO3IEKTPOHUKH B 4aCTHOCTH. OH HEMEJIEHHO
OpraHM30Bal IKCIEPUMEHT U (0, craBa!) IeHCTBUTEIBHO MOIYYHII OYE€Hb CUIIb-
HYI0 aBTO3MHUCCHIO YJIEKTPOHOB C KOHYMKOB YTIIEPOAHBIX HAHOTPYOOK. B anperne
1993 roga MBI TIpeACTaBHIIN HAIIl AOKJIA] Ha MexaTyHapoaHOH KOH(PEPECHIINH B
I'penobie”.

Oto Obula mepBas MyONMKamus 00 aBTOAMUCCHU JIJIEKTPOHOB M3 yIJle-
POIHBIX HAHOTPYOOK M HAdao HOBOT'O HAIIPABIICHUS B BAKYYMHOW MHKPOIJIEK-
TpoHuke. CerofHs B MHpPE COTHH IyONUKAIMi Ha 3Ty TEMY, U YXe CIellaHO
MHOT0 ycTpoicTB. Hampumep, yxe co3gaHbl MUKPOBAKYyMHBIE JTUOJBI U TPUO-
IIbI, B KOTOPBIX PACCTOSHUE MEXAY KaToJoM (yriepoaHas HAaHOTPyOKa) U aHO-
JIOM MEHBITIE JJIMHBI CBOOOTHOTO TpoOera dJIeKTpoHa IpH aTMoc(hepHOM JaB-
JIeHUH. DTO 3HAYUT, YTO €ro He HYXHO OTKayuBaTh! YiKe NMpPOU3BOJATCS MHK-
pPOBaKyyMHBIE HHTErPaNbHBIE CXEMBI, KOTOPbIE MOTYT paboTaTrh B YCIOBHUSX
OUYeHb CHJIFHOTO M3ITyYeHUS WM MOJHHH, IIPH BBICOKUX TeMIlepaTypax u T. 1.
— B OTIHMYME OT OOBIYHBIX MONMynpoBoAHUKOBBIX MC. [Ipyrum mpeunmyine-
CTBOM SBJISIETCS OY€Hb BBICOKasl paboyvast 4acToTa, TaKk KaK 3JEKTPOHBI TaM CBO-
OOIHBI U HE CTAIKWBAIOTCSA ¢ aToMaMH. IIpomomkaroT akTHBHO paboTath B 00-
JIACTH BAaKyyMHON MHKpPO- M HaHO3JEKTPOHHKH, HCCIEAYs, B YACTHOCTH BO3-
MOKHOCTH CO3JIaHHsI HOBBIX THUTIOB sIpKux muciiees [7], [8].

4. IIpoeKT «IKCTpaceHChD»

Plessky:
Kak BbI OKa3ajauch BOBIICUCHBI B CTPAHHBIA HCCIICIOBATEILCKUI MPOCKT

«IKCTpaceHCh»?

T'ynses:

B 1977 rony axan. 0. b. Ko63apeB, Beigarommiicss yueHbslid B 001acTu
ANEKTPOIMHAMHUKN W CTAaTHCTUYECKOH paJnO(PU3UKH, 3aBENYIOIIUN OTIEIIOM
HaIlleTO UHCTUTYTA, puriacui MeHs B roctu k akaz. M. K. Kukouny, onHomy u3
co3jareel pycckoit aromuol 6oMObI. Takke ObutM ipuriianiensl akaa. A. H. Tu-
XOHOB, M3BECTHBIM MaTeMaTHK, aBTOP «METOAA PErylspu3alud THXOHOBAY,
npodeccop MI'Y B.b. bparutckuii, BeIIAIONIHICS HU3HK-IKCIICPAMEHTATOP B
00J1acTH rpaBUTAIMOHHBIX BOJIH, Tpod. I, [I. Mancdenba u3 Moeii nadboparopud,
OnecTAMNi SKCIEPUMEHTATOP B 00JIACTH aKyCTOIIEKTPOHHKH, U €I1e HECKOIIBLKO
yenoBeK. beuta npurnamieHa seHnHTpaaka Hurens Kynaruaa ¢ My»em v Bpauom.
Ee 00bsBIITN Tak Ha3BIBAEMBIM «IKCTPACEHCOMY, YEIIOBEKOM, O0IaJal0INM He-

* Gulyaev Yu. V., Chernozatontsev L. A., KozakovskayaZ. Ya., SinitsynN. 1., Torgashev G. V.,
Zakharchenko Yu. F. Revus “Le Vide les Conches Minces”, Supplement N271-Mars-Apr 1994 (Submitted in 1993).
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OOBIYHBIMHU CITIOCOOHOCTSIMHU: TeJenaTHeH, BHYTPEHHUM 3peHHeM (MHTPOBUACHU-
€M), TEJIEKHHE30M (3aMeHa IPeIMETOB 0€3 MPUKOCHOBEHUS K HUM) U T. JI.

3nech HAO CKas3aTb, YTO B TO BpeMs (KOHEL OPEeKHEBCKOTO «3acTOS» B
CCCP, xonen 70-x — Havasno 80-X) Takue JIOIU CTAJIH OYECHb MOMYJISIPHBI, T. K.
COBETCKHE JIIOIM HE 3HAIH, KyAa uaTu. Mnes komMyHH3Ma ObLIa UcYepriana, Ho
IbTEpPHATUBHON MCOJIOTUH TpeAiokeHo He OblIo. Tak, BCeBO3MOKHBIE IKC-
TPACEHCHI, KOJIYHBI, 3K30PIMCTHI, MIAMaHbI, IIETUTENH, aCTPOJIOTH, BEIbMBI
MPOLBETANIN U «ITYJPUIIN JIOASIM MO3TH».

Bce 310 CTHHHBIE YYEHBIE CUUTAIH TIPOCTO YYIIBIO U HE XOTENN 00paIaTh
Ha 3T0 BHUMaHMs. Ho HeKoTOphIe yueHble XO0TeNIn NOWTH ITy0Xe U OHATh, €CTh JIU
YTO-TO, YTO CTOUT M3Yy4aTh (UTOOBI HE «BBITUIECHYTh peOEHKa BMECTE C BOJIOH U3
Ta3nuKay). DTO M OBLJIO IEJIBI0 YIIOMSHYTOM BBIIIIE BCTPEYH B JoMe y akay. KukonHa.

Ha crexsio Haj cTOIOM KTO-TO KJIaJl JIETKHE MpeaMeThl (KIOYbs OyMart,
CTaKaH4YMK C py4Koi) U mpocuil rocnoxxy Kynaruay nurats ux, He kacasich. OHa
MIOTIBITANIACH C OONBIINM YCHJIMEM H... HUYEro He MPOHU30ILIO, NMPEIMETHl He
nmeuranuch. OHa cpa3y ckasaja 4To Ha Hee BIHUIOT Iiia3a JaeTeit ¢ pororpadui,
BHYKOB KukownHa, o crekiioM HaJl ctosioM. MTak, cTekiio ctona ObUIo 3aKIeeHO
razetoit. OHa MOBTOpHJIA YCUIINS, M HAKOHEIl, IpeaMeThl Hayanu asuratbes (1),
KaK K Hel, Tak ¥ OT Hee B 3aBUCHMOCTH OT IOJIOKEHHUS ee pyK. Bce MblI, 3pureny,
ObLTH B OorpoMHOM Moke! Akajn. THXOHOB Na)ke MBITAJICS U3MEPUTH JTMHEHKOM
Iy Th, MIPONACHHBIN npeameToM. beuto okono 25 cM. MBI 04eHb BHUMATEIIEHO
CIIEJIIIIN 3a €€ pyKaMH M TIPeAMETaMHt M He 3aMEeTHIIM HUKaKUX HUTOK WU ApY-
rux npucrocobienuii. Kazanocs, 3to 6s01 He pokyc! Ho uto aTo Ob110?

Msr Bce ObUIM YYEHBIMH M HE BEPWJIM HU B Kakue uyjneca! Bce Hauvanm
npeiaraTb OObSICHEHUSI yBUACHHOMY. Mos ujes 3akirovajach B TOM, YTO OT
ee pyK UCXOIUT KaK0e-TO XUMHYECKOe M3ITydeHNe, TaK KaK OHa BCera JiepKana
PacKpbITHIE JIAJIOHHA HaJ MpeAMeTaMH, Kak OyanTo cOpachiBajia Kakoe-TO Bellle-
CTBO U3 CBOUX JIaJIOHEH Ha mpeaMeThl. [BIKeHHs mpeaMeToB 0ojiee Wik MeHee
CJIeIOBAIM 32 JBIKEHHAMH €€ JIaJloHeH, KaKk OyJITo MEXay JaJoHIMHU U Tpe]-
MeTaMHu OBIIO Kakoe-TO B3ammojeicTBue. Jpyrum sddexrom, KOTOpEIii OHA
MIPOM3BOMIIA, OBIJIO CHIIEHOE TPaBlieHHE KOXH JIO0OTO 4YeloBeKa, Korja OHa
KacaJlach Kakoro-mbo ydacTka Koxu JagoHblo. [Ipo¢. Bparunckuii naxe mo-
JY4YWJI 3aMETHBIA 0KOT PYKH OT €e NMPUKOCHOBEHHUs. Bo Bpems Bcex 3kcnepu-
MEHTOB Bpad M3MeEpsUl €il MyJbC W apTepuaibHoe aaBieHue. OHO MOCTHUTAIIO
O4eHb BbICOKOro ypoBHs: 200 ynapoB cepaua B MUHYTY U 270 MM pT. CT. apTe-
pHaIbHOTO NaBieHus. B KOHIle KOHIIOB OHa ObUIa MOJHOCTBIO UCTOLICHA. MBI
BEPHYJIHNCH JOMOH B IIyOOKHX pa3ayMbsiX, YEM BCE 3TO MOIJIO ObITh. Tak mim
vHave, MHE OBIJI0O WHTEPECHO MOHATH, YTO i YBUAET: NEHCTBUTENHHO JH 3TO
KaKkoW-TO ()eHOMEH WJIM OYeHb XUTPHIH Tprok? S HaBen cnpaBku o KynaruHoit u
y3HaJ, 94TO ¢ Hed obOmancs akan. Pem Xoxmos, pektop MI'Y. K coxanenuro,
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XO0XJIOB Ha TOT MOMEHT YyXe yMep, HO OUYeBHALBI ToBopwiH, 4To KymaruHa
MoOTJla pacceuBaTh JIazepHbIN Tyu! MBI pelIniu MOBTOPUTH €0 SKCIIEPUMEHTHI:
CeTalli U3 KapTOHA BePTUKAJIBbHYIO TPpyOKy nuamerpoM 10 cM ¢ AByMs mapamu
OTBEPCTUH IO JUAMETPy, OJ[HA Mapa HaJ IPyrod Ha 5 cM, U IIPOIYCTUIIN Yepe3
9TH Haphl J1a3epHblid yd. Ha qHO 3TON TpyOKHM moMecTHian HeOObIIOH Ibhe30-
ANIEKTPUYECKUH peodpa3oBaTelnb (IPUEMHHK 3BYKa).

Mpe1 npurnacwiu Kynaruny cHoBa npuexatb B MOCKBY M MONPOCHUIIN €€
MIEPEeMeCTUTH 3TOT IpeobpazoBarens BHyTph TpyOku. Korna Kymaruna momosxu-
Ja JIaJIOHH Ha BepXHee OTBEPCTHE TPYOKH M Hayalla JBUraTh MpeoOpa3oBaTelb,
MBI YBUJIEIH, YTO JIa3€PHBIC TYYU CTAIH APOKATh M PA3NIETaThCs OJIUH 32 JIPY-
TUM, a MbE30JAaTYNK PETUCTPUPOBANT 3BYKOBBIE MMITYJIbCHl. CIIOBHO KakHe-TO
«obraka» majgany Cc ee JaJOHEH ¢ ompeneneHHONH CKOPOCThIO, pacCcerBaly Jia-
3epHBIC JYYH, a 3aTeM NPOU3BOJAWIN 3BYKOBBIE UMIIYJIbCHI, PETHCTPHPYEMEIC
JATINKOM. 3Hasi pacCCTOSTHUE MEXY JIa3ePHBIMU JTy9aMH, MBI JIETKO PacCUUTAIN
CKOpPOCTH «00JIaKOB» W HAIIUIM, YTO OHA IPUMEPHO PaBHA CKOPOCTH Kareib BO-
Ibl, cBOOOIHO Magalomux B atMocgepy. Tak HaM cTano Oosee-MeHee SICHO, UTO
KapTHHA «IBIIEHH» ObllIa TAKOBA: OHa KaKMM-TO 00pa3oM MOTJa BHIOpACHIBATh
13 JAJOHEeW o0Jadka IoTa, UMEIONIHE JIICKTPUUYECKUN 3apsa. OTH o0iaka Ha
CBOEM ITyTH BHHU3 pacceuBalOT JIa3epHbIE Jy4H W, Majas Ha mpeoOpa3oBarerb,
MIPOU3BOST 3BYKOBBIE HMITYJIbCHI. JIaTYUK CTAHOBUTCS DIEKTPHUYECKHU 3apsiKEH-
HBIM, ¥ J1agoHu KymnaruHo#, KOTopbele TaKkke 3apsHKeHBI, MOTYT IBUTaTh OOBEKT
(mpeoOpa3oBaTesb), He Kacasich €ro, 00bIYHO# 3JICKTPOABIKYIICH CHIION.

W3BecTHO, 4TO KOKa YenoBeKa (B TOM YHCIIe JIaJ0HEH) OOBIYHO JJIEKTPH-
YeCKHM 3apspKeHa 3a CUeT TPEHHs HaIlIMX HOT 00 MoJ, 3eMIII0 U T. I. YacTk 3T0Oro
3apsiga Kymarmaa moskeT BBIOpachiBaTh C MOTOM Ha MPEAMET, KOTOPBIA MPHU
3TOM CTaHOBHTCA 3apsKEHHBIM. JleficTBUTENBHO, MBI 3aMETHIIN, UTO €€ JaJl0HU
ocIie SKCIIEPUMEHTOB OBUTH OYeHb BIKHBIMH. TakuM 00pa3oMm, Tak Ha3bIBae-
MBI «TeJeKuHe3» O00BSACHIETCA MPOCTO IEKTPOABIKYIIMMU cuiamu! MBI na-
XKe ceiaau npudop, KOTOPBIA HAa3BaIM «BEIbMOCKOIIOMY, IJISl MIPSIMOTO H3Me-
PEeHHSI ANEKTPUIECKOTo 3apaaa, KoTopslii Kynarnna BerOpacsiBaia U3 JTaJoHEH.
OH cocToAN U3 ABYX METAJUIMYECKUX IIIACTUH, PACIOJIOKEHHBIX MapaieIbHO
IpyT OpyTy C PacCTOSHHEM MeEXIy HHMH OKOJO 5 cM. DTH miacTWHBI OBLITH
BKJIIOYEHBI B IIEMb, COCTOSIIYIO M3 3JEKTpHUYecKoW Oaraped, amrmepmerpa U
BOJIFTMETpPA, COEAMHEHHBIX MEXAy co0oi mpoBogamu. B orcyrcrBue Kynaru-
HOM TOK B IIeNH OBIJI paBeH HYJIO W BOJIBTMETP ITOKA3bIBAJl HANPSIKEHHUE aKKYy-
mynaropa. Korga Kynarnna Hadasa BeIOpackiBaTh B IPOCTPAHCTBO MEXTy TlIa-
CTHHAMH 00JIaka CBOETO 3apsDKEHHOTO ToTa (Ha caMoM jerie o0aKa Kakoro-To
3JIEKTPOJSIUTA), BO3HUK TOK. 3HAs pa3Mephl IIACTHH W BEITUYWHY TOKa, MOYKHO
JIETKO PacCUMTATh BEIMUYMHY AJIEKTPHUECKOTO 3aps/ia MEXIY IIaCTUHAMH. JTO-
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r0 O0Ka3aJIOCh BIIOJHE JOCTATOYHO, YTOOBI 00ECIIEUUTh HEOOXOANMYIO DJICKTPO-
JBVDKYIIYIO CHITY JUISL «TEJIEKUHE3a.

Bomnpoc B ToM, moueMy y Hee ObUT Takol OOMIBHBIN MOT ¢ JagoHeil. Bos-
MOJKHO, 3TO ¢ (PU3HOJIOTHYECKasi OCOOCHHOCTh. BceM M3BECTHO, 4TO HEKOTO-
pble mroau moTeroT Oombiue, yeM apyrue. Ho y Hac nake Oblna MbICHb, YTO,
MOJKET OBbITh, OHA Mepes ONMBITAMH pacTHpaia cede B JaJOHAX KaKue-TO XHUMU-
YecKHe BeIecTBa. JTO MOTJIO Obl OOBSICHUTH YHOMSHYTYIO BBIIIE TPABUPOBKY
ee JlafioHei: Tak mpocto! Bo BCsIKOM ciyuae, U3 IETMKaTHOCTH MBI HE UCCIIEN0-
BalIM 3TH 3KCIEPUMEHTH Tak noapoOHo. K coxanenuto, rocnoxka Kynmaruna
BCKOpE yMepia, U y Hac He ObUIO BO3MOXKHOCTH NMPOAOJIKHUTH HKCIEPUMEHTHI.
Mpl y3HaIH, YTO HEKOTOPBIE APYTHE JIOIU AEMOHCTPUPOBAIN MOAOOHBINA THIT
«TeJeKUHEe3a», HO OHU OTKA3aJIMCh OT HAYYHOTO HCClieoBaHUSA. BoT u 3aBep-
IIMJINCH HAIIHU 9KCIIEPUMEHTBI C «TEIEKHHE30M».

O pesynbraTax HalIMX 3KCIEPUMEHTOB ¢ rocnoxoi Kymarunoit s coo0-
IMJ HaleMy AupekTopy akaa. B. A. KorenbHukoBy (0H ObUT BHIIE TpE3UICH-
tom AH CCCP) u, no ero cosery, npesuneaty AH CCCP axan. A. Il. Anex-
CaHIpPOBY U Ha ceMuHape B MHcTuTyTe Qusnueckux npodieM AKageMuu Hayk
CCCP. Bce oHM NpuHSUIM Halle BO3MOXHOE OOBSCHEHHE «TeliekuHe3a». Ho
BONPOC O (HYU3HOIIOTUIECKOM MEXaHH3ME CTOJb OOMIBHOTO 3apsKEHHOTO Yello-
BEYECKOro MoTa (Aa)ke ecii OH 00YCJIOBJIEH MCKYCCTBEHHBIM BTHPAHUEM B Jia-
JIOHN KaKMX-TO XMMHYECKHX BELIECTB) 70 KOHIA He pemeH. ONHAaKO MOJIO0XKH-
TEJNbHBIM UTOTOM 3TON HCTOPHH JJIsl MEHs CTaJIO MOSBJICHUE HHTEpeca K u3yye-
HUIO (PU3HOTOTHYECKNX (YHKIHMHA dYeloBeKa PagnoPU3NIeCKUMH METOJIaMHU.
JlomkeH cka3aTh, 4TO 0 CHX IOp Bce AKCHEepUMEHTH! ¢ KynarnHoil npoBoau-
JMCh Heo(HUIMAaIbHO, B OCHOBHOM Y MeHsl loMa. Ho Bckope mpencraBuiics ciy-
Yaii, KOTOPBIH TTOMOT TIEPEHECTH HAIIIU OTBITHI B O(UIHANILHYIO JTAOOPATOPHIO.

B xomnte 1980 r. mpeacenatens ['ocytapcTBEHHOTO KOMUTETA TI0 HAyKE U
texauke (I'KHT) akan. I'. U. Mapuyk mpurnacun akajn. Eprenus Bemmxosa,
3aHMMAaBLIETO B TOT MNEPUOJ JOHKHOCTH BHIE-TIpe3uJeHTa AKaJeMHUH Hayk
CCCP no ¢usuke u MeHs, Kak 3aMECTHTENS AUPEKTOpa UHCTUTYTA, NIESATEIb-
HOCTH KOTOPOT'O OBLIA CBA3aHA C IPUEMOM M 00pabOTKOM CIIaObIX CUTHAJIOB MPH
HaIlIUX HCCIENOBAHUAX KOCMOCA W IJIaHET PaguoJIOKaTOpaMU M CITyTHHUKaMHU.
Hanpumep, Ham MHCTUTYT y4acTBOBal B PaJMOJIOKAI[MIOHHBIX MCCIIEAO0BAHUSIX
ianeTsl Benepa. Mbl cocTaBuiy mepBylo Kapty penbeda BeHepsl, HecMoTps
Ha TO, 4YTO 0bOJaKa B ee arMoc(epe BCerza MOKPhIBAIOT MOBEPXHOCTh IJIAHETHI.
l'ox cycrs aMmepuKaHCKUE YUEHbBIE BBINOIHUIN aHAIOTHYHOE PAaIUOIOKAlMOH-
Hoe KapTupoBanue Benepbl. OO 3TUX AOCTHKEHUSIX 5 BMECTE C aMEPUKaHCKU-
MU KoJuieramu coodnmin yepe3 amepukanckoe TeneBuneHne CNN. Taxoke mou
sKcHepuMeHTsl ¢ KynmaruHoit ObUIM IOCTAaTOYHO HM3BECTHHI M akai. Mapuyk
3Han o0 HUX. OH cooOmmn Ham, uto ['eHepanbhblil cekpetaps LK KIICC Jleo-
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HUA BpexHeB MpOCHI ero MPOSICHUTH CHTYAIHI0 C JKEHIIWHOW acCHPHICKOTO
MPOUCXOXKICHUS MO HMEHH «JIKyHa», KOTOpas 3aHUMAEeTCsl JICUCHUEM He-
ckonbkux BeIcUX pykoBoauteneit CCCP u ero camMoro (¢ moJoKUTEIHHBIM
s dexrom!) MeTomamMu, He 0OOPEHHBIME O(DHUIIMATHEHON MEIUIIMHON. Mapuayk
MOTPOCH HAC OpPraHW30BaTh MCCIEAOBAHUS «IIENEOHBIX» CIIOCOOHOCTEH
JIKyHBI ¢ TOUKH 3peHus PU3HKH. MBI COrNTacHIINCh IOMPOOOBATS.

5. 3akaouenue

HuTtepBrlo, B3sToe y akagemuka 0. B. I'yaseBa Llentpom ucropuu IEEE
— CBUACTCIIBCTBO MUPOBOT'O MPU3HAHUA €0 HAYUHBIX HOCTH)KCHHﬁ. He pac-
CMOTPEHHBIE B HACTOSIIECH CTaThe (parMEHTHl HHTEPBBIO MPEJICTABIAIOT UHTE-
pec I madbHEeUIero 03HAKOMIIEHHUS MTPO(UIHFHOTO PYCCKOSA3BIYHOTO CO00IIIe-
CTBa C OCHOBHBIMU €I'0 ITOJIOKCHUAMU.
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Epmosos IlaBen IlerpoBud, 3aBenyromuii 6a3oBoii kadenpoit «IHHOBalMOHHAs pPaJHUOdIICK-
TpoHuka» (CeBacTONMOIBCKOTO TOCYIAapCTBEHHOro yHHBepcuTera, Poccuiickas ®enepanus.
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Abstract: The article is excerpts from an interview conducted with Academician
Yu. V. Gulyaev by the IEEE History Center in Gorgier, Switzerland, July 13, 2017. Of
the 14 sections of the interview, the article presents the following three: Saratov Insti-
tute, Carbon Nanotubes, and the “Psychics” Project. The article eliminated biblio-
graphic inconsistencies. The purpose of the publication is to familiarize this part of the
profile Russian-speaking community with the main provisions of the interview.
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of Radio Engineering and Electronics of the USSR Academy of Sciences), carbon nano-
tubes, strong field emission of electrons, research project "Psychics".
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