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4. U3OBPETEHUE TPAH3MCTOPHBIX
YCWJINTEJIEN U TEHEPATOPOB CUI'HAJIOB

3aMeTHBIM COOBITHEM B WCTOPUHU PA3BHUTHUS PaJHO-
SIEKTPOHUKH CTal0 HM300pETeHHE M CO3JAaHHE BMECTO
JIAMIIOBBIX PagHONpPHUOOPOB MOTYNPOBOIHUKOBEIX. McTO-
pust pa3pabOTKH MEPBBIX MOIYIIPOBOTHIUKOBEIX MPHOOPOB
BOCXOAMT K 20-M rojjaM MUHYJIOTO cTojeTus: B 1922 romy
Halll COOTEYECTBEHHUK, pOocCUiickuil mHxkeHep Hukero-
pouckoit paguonadoparopun O.B. JloceB m3o0pen xpu-
cmaduH — YCUJIMTEIb JJIEKTPHUECKHX KoJieOaHWi, OCHO-
BaHHBIH He Ha 3JIEKTPOHHOM JIamIle, a Ha 0COOOM JeTeK-
TOpE, BHIITOJHEHHOM M3 KPUCTAIIA MOJIYIPOBOAHUKOBOTO
MaTepualia IIMHKATa H TOHKOTO YTOJIEHOTO (TpaduTOBOTO)
CTepkHSA [2, 6]. laHHOE OTKPBITHE OIIEPEek a0 PeabHBIH
YPOBEHb paJHO- W DICKTPOTEXHHKH TOTO BPEMEHH Ha
MHOTHE Tojbl. Pagnonamma Toraa BCTymana B IMOpPy CBO-
ero pacmpeta u npeanoxkenusii O.B. JloceBbiM xpucma-
Oun HE CMOT C Hel KOHKypupoBath. llomympoBomgHHKO-
BBIN KpUCTAJIZT B TO BpEMA HE CMOI' 3aMCHUTDL 3JICKTPOH-
Hy!0 Jamiy. Ms nzo0perareist epBoro MmoJxynpoBOIHH-
KOBOTO Ipubopa B MHUpe ObLJIO Ha JIOJITHE TOJbI HEe3acly-
*KeHHO 3a0piTo. ClieyeT OTMETHTH TO, YTO yKa3aHHas
BbIIIE paguosaboparopus ObUla co3/laHa N0 MHUIMATHBE
COBETCKOTO IIPAaBHUTEIECTBA M €10 JIOJITHE TOABI PYKOBO-
OUII  YOOMSHYTBIH HAaMH WM3BECTHBIA  PaJHOTEXHHUK
M.A. bonu-bpyesuu. Tomsko B 40-¢ romer 20-ro croe-
T ObUT M300pETeH M CO3[aH TEPBBIA MHUHUATIOPHBIN
KPUCTAJUTMIECKUHN TOTYIPOBOIHUKOBBIA U0 Ha OCHOBE
TAKOTO0 XMMHYECKOTO 3JeMEHTa KaK TepMaHHi, OTKPHITO-
ro HeMEIKUM yueHbIM Bunkiepowm [6, 8]. [Ilupokoe BHe-
JpeHHe B PaMOTEXHUKY IOJIITPOBOAHUKOBBIX NPUOOPOB
HAYaJIOCh MOCIC M300peTeHUs U co3fanus B 1948 romy
IPYIINON aMEepPHKaHCKHX HCcieqoBaTeseld IMoJ PyKOBO-
nactBoM IIoxIIM KpHUCTAUTMUECKOTO TPHOAA WM TPaH3M-
cTopa (3TOT TEPMHUH IPOMCXOIUT OT AHIJIIMHCKOTO CIIOBa
"transistor" — "nepenocawuu conpomusnenue" [1]).
TpaH3UCTOPHI HAIITM BeChbMa LIMPOKOE MPUMEHEHHE MPH
TEeHEPUPOBAHUU W YCWJICHUH SJIEKTPHUSCKUX KOJeOaHUit
B JHMAaNa3oHax JJIUHHBIX, CPEAHUX U KOPOTKHX PpaIHo-
BOJIH. TpaH3UCTOPHBIE YCUIUTEIH (TeHepaTOphl) MOITHO-
CTH IO CBOMM 3JIEKTPOHHBIM CBOMCTBAM W IPHHIIHITY pa-

0OTBI MPAKTUYECKH AHAJOTHYHBI JIAMIIOBBIM. Eciu jam-
MOBbIE YCUIIMTENH, KaK MPABHJIO, BKIIOYAIOT 0 CXEME C
0o0mmmM KaTooM (cM. puc. 4, 5), TO IUTI KPUCTATLUTHIECKUX
TprogoB Tk TIPUMEHSIOT CXEMbl YCHJICHHUS JJIEKTpHYe-

CKHX CHUTHAJIOB C 00IIIM 3MHTTEpoM O (puc. 6).
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Puc. 6. YHpOI]_[eHHaﬂ CXeMa yCHJIMTECIII MOIITHOCTH Ha
NOJYTIPOBOAHUKOBOM TPHUOAC

JlemaroT 3TO TaK B CBSI3U C TEM, YTO TaKHE CXEMBI
MO3BOJISIOT MOJTyYaTh YCHJIEHHE HE TOJBKO IO HaIpsDKe-
HUIO, HO U 110 TOKY [8]. [Io3TOMy TpaH3MCTOPHBINA YCHIH-
TeNb C OOIIUM SMHUTTEPOM O AHAIOTWYCH JIAMIIOBOMY
YCHINTENIO ¢ OOLIMM KaToJ0M, IPUBEJICHHBIM Ha pHC. 4.
TpaH3ucTOpHBIN ycuiuTenb ¢ o01eii 6a30ii 5 COOTBETCT-
BYET CXEME JIaMIIOBOI'O YCHJIMTENS ¢ OOLIeH yrpaBisio-
el cerkoit [8]. Ilo psay SKcIUTyaTallMOHHBIX XapakTe-
PUCTHK KPHCTALIMYSCKUE TPUOIBI OOJANAIOT Ba)KHBIMU
JIOCTOMHCTBAMH TEPEe]] JIAMIOBBEIMHA TPHOJAMH: MaJbIMU
pa3MepaMu ¥ BECOM, YKOHOMHYHOCTBIO B MOTPEOICHUN
JEKTPOIHEPIHH, MEXAHUYECKOW IMPOYHOCTHhIO W 1p. B
TOXXE BpeMs K HEIOCTaTKaM TOIYHPOBOJHHUKOBBIX MpPHU-
OOpOB MOXHO OTHECTH: MX CPaBHHUTEIBHO HEOOJIBIIYIO
MOIITHOCTb, 3aBICHMOCTh B PEXKUME HX PaOOTHI OT TEMIIe-
paTypbl OKpy)Karomed cpeasl, HHEPIHOHHOCTh IO CpPaB-
HEHUIO C 3JIEKTPOHHBIMU JlamnamH [8].

B sToM pa3nene HEOOXOIUMO OTMETHTB, YTO KPYII-
HBIN BKJIaJl B TCOPUIO U MPAKTHUKY HUCIIOJIb30BaHUA B pa-
JIMOBJIEKTPOHHUKE TTOJYIPOBOJHUKOBBIX TPHOOPOB OBLI
BHECEH TaKMMHU COBETCKMMH Y4YeHbIMU Kak [6, 8]: A.O.
Hodde, B.II. JaBeimosevm, B.E. JlamxkapessiM u 1p. B
HACTOSIIee BpEMsI BECOMBIE HAYYHO-IIPAKTUYECKHE pe-
3yJNBTaThl B 00ACTH CO3MaHMS HOBBIX ITOKOJICHHU BBHICO-
KOX(Q(QEKTHBHBIX CHIIOBBIX D3JIEKTPOHHBIX YCTPOHCTB H
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CHCTEM IIOJyIPOBOJIHUKOBOM IMPeoOpa3oBaTENbHON TeX-
HUKH, HCTIOIb3YEMBIX IJIsI BHEAPEHUS B INPOH3BOACTBO
9HeprocOeperaouX TEXHOJIOTHH M MOBBILICHUS YHEpre-
THUUECKOH 3(P(HEKTUBHOCTH NMPOMBIIUIEHHOTO 000py/0Ba-
HHS, UMEET Hay4HbId "QuarmMaH" OTEUECTBEHHOW 3J€K-
TPOTEXHUKH, CUIOBOM JIEKTPOHUKH M HYHEPreTUUECKOro
MamuHocTpoeHus— UHcetutyt anexktpoaunamuky HAHY.

5. CO3JAHUE MATHETPOHA

B Hacrosimee BpeMsi B MOILITHBIX paguoNepesaTInKax
OCHOBHBIM THIIOM CBEPXBBICOKOYACTOTHBIX T'€HEPATOPOB
B CaHTUMETPOBOM M JJIMHHOBOJHOBOW YacTH MMJUTIMET-
pPOBOTO [HMANa30HOB PAJMOBOIH SIBISETCS PaIHOdIICK-
TPOHHBIA TPUOOp, IMOJYYMBILMI Ha3BaHHE MarHeTpOHa
(3TOT TEpMHUH MPOUCXOTUT OT Tpeueckoro '"magnétis"—
"maenum" TUIIOC OKOHYaHME "mpon" OT cioBa "anex-
mpon" [1]) [8, 11]. B anekrpoBakyyMHOM MarHeTpoHe
YIOPaBIEHUE IEKTPOHHBIM IMOTOKOM OCYLIECTBISIETCS C
MIOMOIIBI0O MarHUTHOTO MOJIi. MarHeTpoH MO MPUHIMITY
nerictus nogooen pamuonamiie JIBB. Ero moxuo mpen-
ctaBuTh cebe kak JIBB, koTopast 11 yCTaHOBICHUS CBS3H
CBOETO BXO/la CO CBOMM BBIXOJIOM COTHYyTa B KouibIo. Ha
puc. 7 IPUBEAEHO IOTIEPETHOE CEYEHNE MarHeTPOHa.

Puc. 7. YnpouienHas cxeMa MarHeTpoHa

MarHneTpoH coriaacHo puc. 7 cocTout u3 [§]: katona
1, Merayuindeckoro kopryca 2 (aHoaa), 00bEMHBIX pe30-
HatopoB 3 u mneriu cBsizu 4. HamomHum, 4yTo ais Ha-
CTPOWKH B PE30HAHC KOJIEOATEIIFHOW CHCTEMBI B JICIH-
METPOBOM M 00JIee KOPOTKOBOJIHOBOM JHANa3oHaXx 3JIeK-
TPOMAarHUTHBIX BOJIH TPeOYIOTCS OYEHb MaJble 3HAUCHHMS
€e €MKOCTH M MHAYKTHBHOCTH. /Iyl 3TOr0 M ObLIH H30-
OpeTeHBI CBOeOOpa3HbIe KojeOaTenbHBIE KOHTYpa, Ha-
3BaHHBIC 00BEMHBIMH pe3oHaTopami [6, 8]. IIpocTeitmum
NPUMEPOM OOBEMHOTO PE30HATOPAa MOXKET CIIYy)KUTh 3a-
KPBITBIH OTPE30K YIOMSHYTOTO BBILIE B pa3zelse 3 MeTai-
JIMYECKOTO BOJHOBOJA, B KOTOPOM BO30Y)KIAIOTCS CTOS-
Yyye 3JIeKTPOMAarHuUTHBIE BOJIHBI. B Marmerpone oObem-
HBIE PE30HATOPHI 3, PacIlOJOKEHHBIE MO OKPY)KHOCTH B
KOpITyce 2, BBIIOJHSIOT POJIb 3aMeUISIONIeH JBMKEHHE
JIEKTPOHOB CHCTEMBI (KaK METaUIMYecKas CHHpaib B
JIBB mns monst). ICTOYHUKOM BIIEKTPOHOB B MATHETPOHE
ABJISIETCSL CTEPIKHEBOM Kkarof 1, npoxommg O Mpo-
JIOJIGHOM OCH paccMaTpuBacMOi HaMH KoJieOaTeahHOU
CHCTEMBI U BBINOJIHEHHBIH, KaK IMPaBUJIO, U3 METAUIH3H-
POBaHHOTO KEPaMHYECKOTO KPYIJIOTO CTEPXKHS, MMOJI0rpe-
BAaeMOro HUTHIO Hakana. Kopmyc 2 MarHeTpoHa OOBIYHO
3a3eMulsieTcs, @ Ha KaroJ 1 1mojaercsi BHICOKOE MOCTOSH-
HOE HamNpsHKEHHE OTPHULATENFHON IOJSPHOCTH OT €ro
UCTOYHMKA nHTaHus. [103TOMy B MarHeTpoHE yCKOpSIO-
11ee 3JIeKTPOHBI aHOJHOE HAINpPsDKEHHE NPHII0KEHO K Ba-
KYyMHOMY TPOMEXYTKY "KaToma-kopiyc". YcCKOpeHHBIH

STHM HamnpsHKEHHEM pagualbHBIA 3JIEKTPOHHBIA ITOTOK
IIPU TIOMOIIM MOIIHOTO TIOCTOSHHOTO MAarHWTa, MarHWT-
HBII MIOTOK KOTOPOT'O HAlpaBjeH BJOJb MPOJOIBHON OCcH
MarHetpoHa (TEpHeHJUKYJISIPHO IUIOCKOCTH €ro Mole-
pEYHOro cedeHHss Ha pHC. 7), 3aKPy4HMBAeTCS BOKPYT
crepkHeBoro karozaa 1. Ilporneras MuMO 0OBEMHBIX pe-
30HATOPOB 3, 3JIEKTPOHBI TPYIITUPYIOTCS B CI'YCTKH, KO-
TOpBIE TOPMO3STCSA TOJIEM OOBEMHBIX pPE30HATOPOB 3.
TakuMm mMyTeM ABIKYIIHECS MO CIIHPAIU AIIEKTPOHBI OT-
JAIOT 9acTh CBOEW NIPHUOOPETEHHOH 3a cuUeT AEeUCTBUSL
aHOJHOTO HANPDKCHUS KWHETWYECKOH SHEPIHU IIOJIO
00BeMHBIX pe30oHaTopoB 3. B 3aBucMMOCTH OT ypOBHA
YCKOPSIOIIETO 3JIEKTPUIECKOTO aHOJHOTO HATPSIKCHUS U
BCJIMYMHBI WHAYKIUKU HOPOAOJIBHOIO MArHuTHOTO IIOJIA
SMHCCHOHHBIE SJIEKTPOHBI TONAJal0T MO0 Ha Kopryc 2
(anom), MO0 BO3BpaIarOTCa K Katoay 1. B HopMansHOM
pekrMe paboThl MarHeTpOHa 3JIEKTPOHBI HE JAOXOIAT 10
OOBEMHBIX PE30HATOPOB 3 M MO IMKJIOWIHBIM KPUBBIM
BO3BpAILlAIOTCSl Ha CTepXHeBoW karoj 1. B pesynbprare
OJTHOBPEMEHHOTO ACUCTBHUS B MAarHETPOHE HANPSIKCHHO-
CTeH MOCTOSIHHBIX JJIEKTPUIECKOTO M MarHUTHOTO TOJIEH
B HEM (3TOM DJICKTPOHHOM IprOope) GOpMHUPYETCsT MOIII-
HBI BUXPEBOM MOTOK 3JIEKTPOHOB, BBI3BIBAIOIIMM Y3KO-
MOJIOCHBIE (C YacCTOTOM, ONM3KOW K pEe30HAHCHOMN) dJIeK-
TPOMarHuTHBIE KOJIeOaHUS B OOBEMHBIX pe3oHaTopax 3.
[Tone stux pe3oHaTOpoB (HOPMHUPYET B MOCIEAHUX CBOU
BpAIIAIOIINECS CTYCTKH 3JIeKTpOoHOB. CKOpOCThH Bpalle-
HUSI MX TaKOBa, YTO OHM TOPMO3STCS KaK CBOMM 3JIEKTPO-
MAarHUTHBIM T[I0JIEM, TaK W TOJIEM, IIePEMEIIA0IIMCS
MEXIy KaTogoM | u KopIiycoM 2 BIIOJb OOBEMHBIX Pe30-
HaropoB 3. Ilpu 3TOM Bpamaroniecsi B 00beMHBIX Pe3o-
HATOpax 3 BIIEKTPOHBI OTHAIOT STOMY TOIIO PHOOpETEeH-
HYI0 OT UCTOYHUKOB JJIEKTPUIECKOTO M MATHUTHOTO IIO-
JIeH HEeprHuio, a caMH MaJaloT MO0 Ha Kopiyc 2 (aHox),
100 BO3BPAIAIOTCS IO CIOKHBIM TPAEKTOPHUSAM K KaTOAy
1. DnexkTpoMarHuTHas SHEPrHs TeHEPUPYEMBIX B MarHe-
TPOHE CBEPXBBICOKOYACTOTHBIX DJIEKTPHYECKUX Kojieha-
HUN OTBOJUTCS HApYyXKy K H3JIy4arolled paguoBOJIHbI
cucTeMe mneried CBs3u 4, pacliojoKEeHHOH B OJHOM W3
00beMHBIX pe3oHaTopoB 3. Ciemyer 3aMeTuTh, YTO Mar-
HETPOHBI NPUMEHSIOTCS B TEX CIlydasiX, Korja He TpeOy-
eTcs BBICOKasl CTAOWJIBHOCTh YacTOTHI SJIEKTPUYECKHX
Koye0aHni, a HeoOXoauMa OOJBIIast MOIIHOCTh T€HEepH-
PYEMBIX DJIEKTPOMArHUTHBIX KOJEOAaHUH M COOTBETCTBEH-
HO CBEPXBBICOKOYACTOTHBIX PAJHOBONH. J[OCTOMHCTBOM
MarHeTpOHa SIBIIAETCS] OTHOCHUTENIbHAS MIPOCTOTA €ro KOH-
CTPYKIMH, CPAaBHUTEIBHO Masble Ta0apuUTHBIE Pa3Mephl U
BBICOKHH KO3 GHUIMEeHT mose3noro aewcTeus [8,11].
Bonpinx HayyHO-NPAaKTHUECKHX PE3YJIbTAaTOB B CO3/a-
HUHU, PAAUOTCXHUYCCKOM M TEXHOJOTMYCCKOM IMPUMCHE-
HUSIX MarHeTpOHOB DPa3IMYHOW MOIIHOCTH B IOCIETHHE
rofpl noOWnmMch y4deHwe PaamoacTpoHOMHUYECKOro WH-
ctutyTa u MHCTHTYyTA IEI/IOE)J‘IGKTpOHI/IKI/I HAHY [16].

6. CO3JIAHUE DJIEKTPOHHO-JIYYEBOU TPYBKU

N3ob6perenne anekTpoHHO-IydeBoi TpyOku (DJIT)
BO MHOTHX 00JacTAX TEXHHUKH (HAIIpUMEpP, B METPOJIOTHH
MPUMEHHUTEIHHO K OCHMILIOTpaduiecKoi H3MEPUTEITHHON
amnmapaTtype ¥ TEJICBHICHHUHN) MPOM3BEIO MOUCTHHE PEBO-
JIIOIMOHHBIE TpeoOpazoBanus. [Tepeeie DJIT ObutH CO3-
nanel Jlxx. Tomconom emne B 1897 roay,#He3aBUCUMO OT
Hero noutu cpasy @. bpaynom [6]. DJITefpuc. §) sapuser-
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Csl HE YEM MHBIM KaK OCOOBIM THIIOM KPyNHOT'aOapUTHOMN
pannoIaMITbl, UMEIOLIEH CTEKIITHHYIO0 KOJIOY 7 C XOpoIIo
OTBaKyyMHPOBaHHBIM 00BEMOM, OJJMH KOHELl KOTOPO# co
CTOpPOHBI KaToza | mpencraBiseT co00W TOHKUI KPYTIIbIHA
UWIMHIDP (TOPJIOBHHY), a APYroil KOHEI] UMeEeT OOJIbIIoe
TOJICTOE BBIIYKJIOE JHO, SIBJISIFOILEECS SKPAHOM 5.

Puc. 8. Ynpomennas cxema ycrpoiictsa DJIT

Oxpad 5 B OJIT WM3HYTPH HOKPHIT TOHKHM CIIOEM
crenuanbHOro QortococtaBa (JFOMHHOGOpPA), KOTOPHIHA
00J1a1aeT CBOMCTBOM CBETHTHCS TP TON/RHIN HA HETO
YCKOPEHHBIX 3J1€KTPOHOB. st GOJBIIMHCTBA JIFOMHHO-
($OpOB SAPKOCTH CBEYEHHMS IIOCJIC UX BO3OY)KAEHHS B Ba-
KyyM€ 3JI€KTPOHHBIM JIy4OM CIIaJIacT 10 3KCHOHCHIIUAIb-
HOMY 3aKoHy. [IpryeM, UMEIOT OHM CPaBHHUTEIBHO Majloe
Bpemsi nociiecBedeHust. [1oaTomy skpaH 5 0OBIYHO HM3ro-
TaBJIMBACTCA ﬂByXCJ’lOﬁHLIM: BHa4YaJIC HU3HYTPU CTEKIIO
ko661 7 DJIT HOKpHIBaIOT CII0EM, MIMEIOIINM JUTUTEIBHOE
nocinecBeuenne (0,1-16 ¢) u cocTosAmUM M3 aKTHBUPO-
BAaHHOW MEJBI0 KOMIIO3UIUH "TIMHK-KaqMHUUA-CYIbu”, a
3aTeM Ha HEro HAaHOCAT JIOMHHO(OpP (aKTHBHpOBaHHAS
cepeOpoM KOMITO3UIHS "THMHK-CYIbQuI"), HMEIOLTHIA
CHHEE CBEYCHHE M BO30YXKIAEMBIH IEKTPOHHBIM JIyuOM
[11]. Daextponbl B DJIT co3maroTcs mMpy IMOMOIIH dJIEK-
TPOHHOTO TpoXKeKTOpa*(DII), KOTOpBI cooOmaeT uM
OOJIBIIYIO CKOPOCTbh, YACTUYHO (POKYCHPYET IYHOK JJIeK-
TPOHOB U MO3BOJIAACT PEryjJInpoBaTb MHTCHCUBHOCTD 3JICK-
TpoHHOro notoka [8]. DIl mo cBoeil KOHCTPYKIMK Haro-
MHHAET YETHIPEXdJIEKTPOAHYIO PaJUOIaMIy M COCTOMT
COTJIaCHO pHcC. 8 M3: Karoja 1, ynpaBJsIoIIero 3J1eKTpojia
2, yCKOpSIIOIEero eKTpoaa (3kpaHHoW auadparmel) 3 u
aHozna 4. Karox 1 DJIT mpexncrasisier coboii MeTaumnye-
CKUH LIWJIMHIP C Pa3MEIICHHOW BHYTPH HETO HHUTHIO Ha-
kana. M3nydaromed yacTbio Karoma | sIBISIETCS OKCHUA-
HBIA CJIOM TOpIla METaUIMYECKOTO LMJIMHJpA, OXBaThl-
BAOIIETO0 HUTh HaKaya. YTPaBISIONUN 3JEKTPOJ 2 BbI-
MIOJIHEH TaK)X€ B BUJIE€ METAJUIMYECKOTrO LWIMHIPA, KOAK-
CHaJIbHO OXBaThIBatomiero karox 1. Toper 3Toro nuimmuHA-
pa B 3JEKTpoJie 2 UMEET Majloe KPyIJioe OTBEpPCTUE, pac-
MOJIOXKEHHOE HANPOTHB H3Iydamomedl dactu katoga 1.
OCHOBHOM (yHKIMEH yNpaBisIOLIEro 3J1eKTposia 2 sSBiIs-
eTcsl peryJIMpoBaHue IpKOCTH cBedeHus 3kpaHa 5. C aToi
nenbio B DJIT Ha yIpaBIArONINA IIEKTPOA 2 TOAAI0T OT-
pHUIATEIbHOE OTHOCHTENBFHO KaTofa | HampspkeHue, Ko-
TOpPOE M OIPEAEIIECT WHTEHCHBHOCTh 3JIEKTPOHHOTO II0-
ToKa. bimxke K sKkpaHy 5 pa3sMelleH YCKOPSIOIIMNA 3JIeK-
Tpox 3, HAaXOAAMIMICS IOJ TOJOXHUTEIbHBIM OTHOCH-
TENBHO KaToza | HalpspKEHHEM B HECKOJIBKO COT BOJBT U
BBIIIOJHAIOLIUM POJIb 3KPAaHHOM CETKU PajuoJiaMIibl. Yc-
KOPSIOLINH 3JeKTpoJ 3 BBINOJHIETCA B BHUJE IMIMHIpA,
CHa0>KeHHOT'O BHYTpH quadparMamMu, KOTOPbIE OTCEKalOT
ANIEKTPOHBI, CUIBHO OTKJIOHsomuecs ot ocu DJIT. AHog
4 B DJIT BbImonHsIETCS B BUAAE IPpaTOBOTO IIPOBOISIIIE-

IO TOKPBITUSI, HAHECEHHOTO H3HYTPH Ha CTEKISHHYIO
CTeHKY KONOBI 7 (Ha y4acTKe OT €€ TOPJOBHHBI /IO BHI-
nyksoro nHa). Ha aHon 4 oT MCTOYHMKA BBICOKOTO Ha-
npsokeans (UBH) monmaercs HampspkeHHE IOJIOKUTENb-
HOM TOJIIPHOCTH B HECKOJIBKO THICSIY BOJIBT, SIBJISIOLIEECS
OCHOBHBIM MCTOYHHKOM 3HEPIHHU JUIS YCKOPSEMBIX 3JICK-
TpoHOB. OTKJIOHEHHE AEeKTpoHHOro syda B DJIT moxer
OBITH KaK JIEKTPUYECKUM, TaK 1 MarHUTHBIM.
DJNeKTpOHHAs CHCTEMa [T OTKIIOHEeHHs ryda B DJIT
B OJIHOM HAallpaBJIECHHUH COCTOUT M3 Maphl HapallebHBIX
IUIACTUH 6, MEXIY KOTOPBIMH IIPOJIETAET 3JIEKTPOHHBIN
notok. Ecnu k mmactuHaMm 6 OT HCTOYHHKA HANpPSDKEHUS 8
MPWIOKUTh PA3HOCTh BJIEKTPUYECKUX MOTECHIMAIOB, TO
MEXJy HMMH, KaK B IUIOCKOM KOHJEHCAaTOpE, BO3HUKAET
JNIEKTPUYECKOE TOJIE C HANpsDKEHHOCThIO FE,. Ha anek-

TPOH, TOMAIAOIINHA B 3TO T0JIe, OyIeT NeHCTBOBAThH CHJIa
F,,pauas F,=eyE,, e ey=1,602-10"" Kn— snemen-
TapHBIN AeKTpudeckuit 3apan anexrpona [17]. Ilox nei-
CTBUEM CHIIBI F, 3neﬂ T B HampaBi€HUHU K 3K-

pa"y 5 OyneTr ABHTraThCs, CIOBHO TOPH30HTAIBHO Opo-

IIEHHOE HaJ 3€MJIEH Telo H(@ﬂlempWﬂmeCTH
TKJIO

— 1o napabode (cM. puc. 8). HEHNEICBETOBOTO TIAT-
Ha Ha dKpaHe 5, CO34aBaeMOro AJIEKTPOHHBIM JIy4oM, Oy-
JACT IpAMO IPONOPHUOHATIBHO NPUITIOKEHHOMY K IJIaCTH-
Ham 6 HampspkeHuto. HampaBneHue OTKIOHEHHS 3JeK-
TpoHHOTO Jy4ya ("BieBo-BIpaBo", "BBepx-BHU3") B DJI
omnpenensercss 3HaKOM IMPUIOKEHHOTO K IIIaCTUHAM
HanpspkeHus (TOJIIPHOCTBIO MX 3apsiaa). [IBe mapsl ma-
CTHH 6, pacroyiokeHHBIX y ropioBuHbl DJIT nmepnenmu-

KYJSpHO IpyT OPYTY, 3B0]\j3r()1‘ pememade 3acBeT B
100y10 Touky dKpana ¥. Ormerum&tro DJIT- ¢ 3mexTpo-

gCTaTI/I‘{eCKI/IM OTKJIOHCHHUEM DBJIEKTPOHHOT'O JIyda HaXOIsaT

IMIAPOKOE NPUMEHEHHWE B HMHAMKATOPHBIX YCTpOMCTBax
paanoIOKaMOHHBIX yCcTporcTB [8, 11]. CBsizaHO 3TO C
T€M, YTO TaKHe UIEKTPOCTATUYECKHUE CHUCTEMBI yNpaBie-
HUS JIy9OM TMO3BOJIAIOT MOJYYaTh OOJBIIHE CKOPOCTH
pa3BepTKH, TaK KaK JJIEKTPOCTATUUECKAs OTKJIOHSIOLIAs
crcTeMa He OTpeOIIsIeT AIEKTPUUECKUN TOK.

MarsuTHas cucteMa 11l OTKJIIOHEHUS JIEKTPOHHOTO
nyda B OJIT comepXuT IWIMHIPHYECKYIO KaTyImIKy 9,
PAacIONIOKEHHYIO CHAapYyXXH CTEKIIHHOro OayutoHa 7 'y
ropiioBuHEI JJIT. MarHuTHOE TOJIe KaTyIIKA 9 3acTaBIis-
€T 3JIEKTPOHBI 3TOTO JIyya JBUTaTbCsl K 3KpaHy 5 MO OK-
pyXHOCTH. BennunHa OTKIIOHEHHS Nyda OyIeT mporop-
IIMOHAJbHA HANPSPKEHHOCTH IPOAOJILHOIO MAarHUTHOTO
IOJIA U ONPCALCIACTCA TOKOM B OTKHOHHIOHleﬁ KaTyIliKe 9.
B OJIT npumeHsAoTCs ABE CHUCTEMbI OTKJIOHSIOIIMX Ka-
Tymek 9 — crpouHas u kajposas. OHu oOecrieuuBaroT
MarHuTHOE OTKJIOHEHHE JIEKTPOHHOIO Jyda COOTBETCT-
BEHHO B FOPHU30HTAJIBHOM M BEPTHKAJIbHOM HAaIlpaBJICHH-
sIX. MarauTtHasi OTKJIOHSIOINAs CHUCTéMa YIpPOILNAeT KOH-
crpyknuio DJIT u ymeHpImaer ee pasmepsl. Kpome toro,
3aMETUM, YTO MAarHuTHas (HOKyCHpPOBKA 3JIEKTPOHHOTO
Jy4a TO3BOJISIET MOMyYaTh HA SKpaHEe 5 CBETSIICECs IAT-
HO MEHBIIHX, YeM JJIEeKTPOHHAast (POKyCHPOBKa, pa3MepoB,
4TO CIOCOOCTBYET IMOBBIIIEHHIO HYETKOCTH M KadecTBa
n3o0pakeHuss Ha dkpane 5. DJIT Hamwia mwmpokoe uc-
NOJIb30BaHKE B ocuMIorpadax Nmpu HCCIIEIOBaHUM MPO-
HECCOB B JOJICKTPUYCCKUX HECIIAX, aBUALIMOHHBIX HaBHUI'a-
IIMOHHBIX U PaIMOJIOKAIIMOHHBIX IPUOOpax, TeleKaMepax,
KHHECKOTIaxX TeJIeBU30poB U auciuiesx [I9BM.
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7. CO3JAHUME PAJIAPA

[To mMepe pa3BUTHS PagUOTEXHUKH M TECHBIM 00Opa-
30M CBSI3aHHOH C HEW AJIEKTPOTEXHUKH BO3HHMKAIN HOBBIE
00JIaCTH WX NPaKTHYECKOro npuMmeHeHus. TepmuH "pa-
dap" cornacHo [1] IpoOUCXOAUT OT COYETAHUS TAKUX aHT-
JMUACKUX OB Kak "Radio Detecting and Ranging"— "00-
Hapysicenue u onpeoeyieHue pAcCMOsiHUL Npu HOMOWU
paouo". DTOT TEPMUH SKBHUBAJICHTEH HOHITHAM '"paouo-
aoxkamop" wm "paduonokayuonnas cmanyus', 0003Ha-
YarOIIUM YCTAaHOBKY Ui OOHApy>KEHHUS M OIpeIeIICHU
MECTOIOJIOKEHUSI 00BEKTa (IETTH) METOJOM DPaIHONIOKa-
uuu (TaTUHCKOE ¢JIoBO "location" o3HadaeT "pacnonodice-
nue") [1, 11]. Jaansnii metox 6a3upyeTcs Ha HalpaBiICH-
HOM HM3JIy4eHUH U TIpHEeMe OTPaKEHHBIX OT HaOII0jaeMoi
LEeJM PaJMOBOJIH CBEPXBBICOKOH 4acTOTHI (aKTHBHasl pa-
JIMOJIOKALMS) WM NpUeMe COOCTBEHHOT'O paJvou3ITyue-
HUsL OT OOHapyXMBaeMOW LienH (IacCHBHAsI paJnoJIoKa-
must). B Mupe Ha nmepBOHAYaJIbHOM 3Tale Pa3BUTHS yKa-
3aHHOTO MeToJa OOHapy)XEHHsS B OKOJIO3EMHOM IIpO-
CTPAHCTBE PAa3IMYHBIX TEXHUYECKHUX OOBEKTOB, IMPEXKIEC
BCEro BOCHHBIX IIeJIeH, HAaMOOIbIIee Pa3BUTHE MOIYIHIIa
aKTUBHAsl paauoiiokanus. 3apoamiack oHa B 30-e romsl
MHHYJIOTO CTOJIETHS, IIPEIIECTBYIOLIME BTOPOH MUPOBOH
BOIfHE, C IETBI0 OOHAPYKEHUS, U3MEPEHHSI KOOPIHHAT 1
rapamMeTpoB JBIDKEHHS] B BO3AYIIHOM arMocdepe camo-
JIETOB (CBOUX M MOTEHIMAIHLHOIO BOCHHOTO MPOTHBHHKA).
CraHOBIIEHHE OCHOB aKTUBHOI paavoJIOKalluk U paspa-
6OTKa TNEPBLIX OIBITHBIX o6pa3u03 PpaauoJIOKAITMOHHBIX
cranimii (PJIC) npoBoauick NpUMEpHO OJHOBPEMEHHO
B psiie TIEPEIOBBIX B HAYYHO-TEXHUYECKOM IIIaHE U IIPO-
MBIIIJICHHO Pa3BUTHIX CTPaHaX MHUpa: IMPEeXIe BCETo, B
takux kak CCCP, Arrmus u ['epmanus (8, 11].

Hayuno-texanueckue paspadorku B CCCP B pac-
CMaTpHUBaeMOH 00JIACTH PAAMOIOKAIINY OBUTH OJTHUMU W3
mepBeIX B mupe. Tak, yxe B 1932 rony mHMLIMATHBHEIE
paboTHI O AKTUBHOW PaJMOJIOKAIINY Y HAC HAdall IPOBO-
nuth BoeHHbIM uHxeHep [1.K. Omenkos. 3atem, B 1933
rony paauorexHuueckue onbiThl Hamero FO.K. Koposuna
MOATBEPANUIIN BO3MOXKHOCTH PAaAHUOJJIOKAIIUU HEIPEPLIB-
HBIM METO/IOM (TapMOHMYECKMMH HE3aTYXaIOIIUMH JJIeK-
TPOMarHUTHBIMH BOJIHAMH) B JEHMMETPOBOM JHalla3oHe
panuoBoiH Ha aanpHOocTU A0 700M [6, 11]. B mepuox
1935-1937 romos mox pykosoactBom b.K. Illembens B
CCCP 0ObUTH TIPOBEICHBI MTOJICBBIC MCIBITAHHUS PaIHOUC-
karens "Bypa", WCHONB3YIOMIETO HENPEPHIBHBIA METO
HU3JIy4E€HUs1 C YaCTOTHOW MOXYJISILIMEH HE3aTyXarolEero
30HAUPYIOLIETO 3JEKTPOMAarHUTHOTO curHaia. [Ipm 3tmx
HCOBITAaHUAX OBLTa JOCTHTHYTa MaKCHMajbHas Ha TO
BpeMsl JaJbHOCTh OOHapykeHHs camoneroB 70 11km. B
1939 romy Ha BOOpY>KE€HHE BOICK MPOTUBOBO3AYUIHON
o6oponbl CCCP Obuti npuHSTH pa3paboTaHHbIE MO Ha-
yuHbiM pykoBojctBoM JI.C. CroroBa pa3HeceHHbIE Ha
paccrosiune PJIC HempepbIBHOTO neiicTBus, paboTaromniye
Ha OCHOBE Wcmoib3oBaHUA 3¢ddekra Honmuepa (sBIeHUS
M3MEHEHHUS YaCTOTHl OTPAKEHHBIX TapMOHHYECKHX pa-
IoBoNH, peructpupyeMbix PJIC, koTopoe mpomcxomuT
BCJIC/ICTBHE JBIDKEHUS HMCTOYHHKA OJTHX OTPAKEHHBIX
9JIEKTPOMArHUTHBIX BOJH — camojeta) [17]. M3penus
3TON pa3zpaboTku moiy4rmiaun HanmeHoBaHue PYC-1 (pa-
JUOYJIABUTEIb CaMOJIETOB). 3/1eCh HEOOXOIUMO YKa3aTh
TO, YTO B 3TH I'OZibI OOJIBIION BKJIAJ B Pa3BUTUE PAIUOIIO-
kaiu B CCCP Obu1 BHeceH JIeHMHTpajcKuM (HH3UKO-

texangeckuM uHCTUTYyTOM (JIOTU) AH CCCP, nmonrme
TOAbl BO3IJABIIIEMBIM COIO3HBIM aKaleMHKOM A.D.
Hodde, rae akTnBHO (PyHKUHMOHMPOBAJIA PaAUOTEXHHYE-
ckas Jyiaboparopus. B atoit maboparopuu B 1935 romy
HayaJl CBOIO0 paboTy MO MMITYJILCHOM aKTHMBHOW pajiolio-
Kauy (KOPOTKMMH 30HAMPYIOUIMMU CHIHAIaMH C WM-
MyJIbCHOH MOIyJsLUen Juisd co3paHus "3apyOok" Ha pa-
JIMOBOJIHAX) OyAyIIMi M3BECTHBIH paJMOTEXHUK M aKaJe-
muk AH CCCP 10.b. Ko63apes [8, 11]. B 1937 roxy oH ¢
HEOOJIBIIION TPYIIOW COTPYAHHUKOB CO3JAN IEPBYIO B
mupe ummynscHyto PJIC [11]. Ha gannom tume PJIC B
1938 romy ObuTa HOCTHTHYTa NAIBHOCTH €€ JEHCTBHA 10
S0KM IIpH BBICOTE ITOJICTa CAMOJICTOB B 3¢MHOM aTMocde-
pe mo 1500m. B 1941 rony Ha ocHOBE 3THX pa3pabOTOK
BoopyxeHHbIMU cuiamu CCCP B skcrutyartaruio Oblia
npunsata umnynscHas PJIC tuna PYC-2, xortopast sBu-
Jlach OCHOBOH ISl LIEJION CEPUH MOCIIEAYIONINX BOCHHBIX
obpasuoB otedectBeHHbIX PJIC. B manneix PJIC pac-
CcTosiHue (IanbHOCTh) Dy OT pajxapa 10 Uenu (camornera)

B BO3JIYIIHOM IIPOCTPAHCTBE (BaKyyMme) C JOCTAaTOYHOM
JUIl TIPAaKTHYECKUX LieNell TOUHOCTBIO ONpenersieTcs] Ha
OCHOBE TaKOTO IMPOCTOr0 PaCUETHOTO COOTHOIIEeHu [11]:
Dy=cty/2, rne c=3-10*m/c — cKxopocTh pacmpocTpaHe-
Hust ot PJIC 30HaMpYtomeil paquoBOIHEl B BO31yxe (Ba-
KyyMe); ¢, — BpeMs 3ama3JbIBaHus] OTPAKEHHOTO OT LIEH

3JIEKTPOMAarHUTHOTO CHUTHAJa 10 OTHOIICHHWIO K 30H[IH-
pyroiemMy curnainy, usnydeanomy PJIC (BpeMeHHOH WH-
TepBal MeXIy "3apyOkamu" Ha NpPSMOM M OTPaKEHHOM
paguoumityibscax). Pukcupyerca Bpems t, B PJIC pe-

AJIBHO TIPH MTOMOIIN paCCMOTPEHHOI B pazaeine 6 DJIT.

3a GoubIIMe JOCTHKEHUS B 00JIACTH ParOIOKAIH
BHavasie 1941 roma Hayuneie corpymauku JIOTU 10O.b.
Ko63apes, I1.A. IToropenxo u H.5. Yepnenos 6sutn yzmo-
croensl ['ocynapctBennoit npemuun CCCP. Ux HayuHO-
TEeXHHYECKass KOHKypcHasi pabora HasbiBaiach "H300pe-
meHue npubopa ons oduapyscenus camoremos" [11]. C
Hay4HO-MCTOPHYECKUX IMO3MLMI K 3TOMY cieayer 1oda-
BUTH TO, uTO eule B 1904 rogy Hemenxum UHxeHEpoM X.
XrompcMaiepoM OBLT MONy4YeH mateHT Ha "Crnocob obwna-
PYIICEHUS MEMATIUHECKUX 0OBEKIMO8 HO OMPAICEHUIO OM
Hux paouososn" [6, 11]. OgHaKo pagHOTEeXHUKA TOTO Bpe-
MEHM  H3-332  CBOET0  HENOCTATOYHOTO  HAYYHO-
TEXHHUYECKOTO yPOBHS HE CMOTIJIa 00ECIIEUNTh MPaKTHUE-
CKYIO pEaJM3alUI0 3TOHM, KaK OKa3aJoCh B JaJbHEHILIEM,
NEPCIEKTUBHOW M UMEIOLIEH Ba)KHOE BOCHHOE U T'pa-
JIAHCKOE HA3HAUYECHUE TEXHUYECKOU UJIEU.

[IpenBoeHHble OypHBIC MOJUTHYCCKHE COOBITHS B
EBporie 1 Bropast MUpoBasi BOiHa aKTUBHO CTUMYJIMPOBa-
JIM BO MHOTHX CTpaHax MHUpa JaJbHEWIIee pa3BUTHE VIS
BOEGHHOH 00JIaCTH MHUKPOBOJIHOBOH paJMOTEXHUKH, TIOITY-
MIPOBOAHUKOBOW JIEKTPOHUKH, PaTUOMU3UKH U PaIHoIIO-
kanuu. B atoT mepmox B CHIA K paanoioKanmnOHHOH
nmpobiemMe moaKITroUriIack JIMHKOIEHOBCKAS Tab0opaTopHs
npu  MaccadyCeTcKOM —TEXHOJIOTHYECKOM HHCTUTYTE,
paspa0oTaBiuas BIOCJIEACTBUM AMEPUKAHCKUI BapuaHT
UMIyJIbCHOTO paaapa [18]. B HacTosmee BpeMs: akTHBHAS
Y TIacCHBHAs PaAMOJIOKALMS IIUPOKO MCIOJIB3YETCs KaK B
IpaXJaHCKOH, TaKk M BOEHHOW aBHAalMU (B Ha3eMHBIX
NIPUA3POAPOMHBEIX M OOPTOBBIX PAJUOTEXHUYECKHX YCT-
poicTBax), B CUCTEMaxX HPOTHBOBO3IYIIHOW M NMPOTHBO-
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pakeTHOW OOOPOHBI, B PAKETHO-KOCMHYECKOH TEXHHKE, a
TaKKe MPU UCCIEIOBAaHUU OKOJIO3EMHOTO IPOCTPAHCTBA,
BKJIFOUast HoHOC(epy 3eMid, OJKHEro M JAalbHEro Koc-
Moca. Becomblil BKJIa/i B TEOPUIO M MPAKTUKY PaH0JIOKa-
MU BHECCH M IMPOJAOKACT AKTUBHO BHOCUTBHCA ceifuac
TaKMM{ HINPOKO H3BECTHBIMH BO BCEM MHpPE Hay4dHO-
HCCIIEIOBATEIbCKUMH  OPraHM3alMsAMH  YKpauHbl Kak:
Wucturyrom nonoctepsr HTY "XITN" MunucrepcTsa
00pa3oBaHMs M HayKH, a Takke MHCTUTYTOM paamo3iek-
tponuku HAHY u PaanoacTpoHOMHUYECKUM MHCTUTYTOM
HAHY. Corpynaukamu UHCTHTYTa HOHOC(EPH BO BTO-
POl TIOJIOBHHE MPOIIJIOr0 CTOJETHSI OB CO3[aH YHH-
KaJIbHBIM paZjap HEKOT€PEHTHOTO pacCesiHus, CTaBLIMN B
2002 romy obbekTomM HanuoHaIBHOTO JOCTOSHHUS YK-
paunsl [9]. C momoIpio TaHHOTO pajapa u3ydaercs, Ha-
npumep, (usznka NPOLECCOB B OKOJIO3EMHOM ILIa3Me,
MIPOTHO3UpYeTCs ee (TJIa3Mbl) MOBEAEHHE TP BCIIBIIIKAX
Ha CouHIle, COJTHEYHBIX 3aTMEHHUSIX, MAaTHUTHBIX U HOHO-
chepHbIX Oypsix. Pe3ymbTaThl 3THX HCCIENOBaHUI HC-
MOJIB3YIOTCA B MEXIYHApOJHBIX PATHO(PH3NIECKUX IIPO-
rpamMMax, a TaKkXKe HaXOoJsT MPaKTHYECKOEe NPHMCHEHHE
s OecriepeOOHOT0  (YHKIMOHUPOBAHUS Pa3TTHIHBIX
PagMOTEXHUYECKUX CPEICTB IPH PAIMOCBA3U C CaMoJie-
TaMM, KOCMMYECKUMH ammapaTaMy (CTAlUsIMHU U CITyTHH-
KaM#) U CUCTEMaMH TJIO0ATLHOTO MTO3UIIMOHUPOBAHUS.
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