HU3BECTHUH
TOMCKQOI'O OPJAEHA TPYOOBOI'O KPACHOI'O 3HAMEHH ITOJ/JIMTEXHUUYECKOF
HHCTHUTYTA umenn C. M. KHPOBA

Tom 156 - 1969

HHPOKOOHANA3OHHASI HU3MEPUTEJIbHASl YCTAHOBKA JJid
HCCJIENOBAHHA 3JEKTPOOHHAMHUYECKUX XAPAKTEPHUCTHUK
BOJTHOBOJHbIX CHCTEM

I1. . FOCLKOB

Ycnemnoe ocyliecTBAeHHe BCeX HEOOXOAMMBIX INpH  pa3paGoTKe
BOJIHOBOJHBIX CHHXPOTPOHOB 3KCHEPUMEHTAJbHBIX HCCJIEAOBaHUH 3JEKTPO-
AHHAMHYECKHX  XAapaKTepHCTHK  (AMCNEepPCHH,  CONMPOTHBJAECHHY  CBA3H,
JOGPOTHOCTH, LIYHTOBOTO  CONPOTHB/EHHS) PAasJUUHLIX  BOJHOBOIHBIX
CHCTEM BO3MOXKHO TOJIBKO MpPH HAJHYHH COOTBETCTBYIOLIEH yHUBEPCaJbHOM
H3MEepHTeJbHOH ycTaHoBKHU. [lopoGHas YCTaHOBKA JO0/IKHA YAOBJIETBOPATD
CAeAYIOUIUM OCHOBHBIM TPeGOBaHHAM:

1. YcranoBka pnomakHa ofecneduBaThb BO3MOXKHOCTD HM3MEPEHHS BCex
S/I€KTPOJIHHAMHUYECKHX XaPAKTEPHCTHK BOJHOBOIHBIX CHCTEM.

2. YcTaHoBKa [JOJIKHA I03BOJATL TNPOBOAUTL H3MEpeHHs B OOJbLIOM
AuanaszoHe 4acTOT W B HIMPOKOM MHTepBaJjie 3JEeKTPOAHHAMHUYECKHX CBONCTB
ROJIHOBOJHLIX CHUCTEM.

3. ¥craHoBKa HAOJIKHA OBITh NPOCTOH B 3KCIJAyaTalliu H obGecneydsath
BO3MOXKHOCTb IOCTOAHHOIO KOHTPOJSI NPAaBUJBHOCTH €e PaGOTHI.

4. Hcnoab3yemble METOABI AOJKHBI 0GECNEUHBATH HEOOXOAUMYIO TOY-
HOCTb M3MEpPeHHUil.

5. Merogbl uM3MepeHHst AOJKHBI ObITb OLHOTHIIHBIMH, T. €. IO BO3MOXK-
HOCTH BCe HEOOXOAMMbie M3MepPeHUd AOJXKHBl CBOIHUTHCS K H3MEPEHHI0 Of-
HOH (JBYX) BEeJHUYHH. :

6. IlpumeHseMble METOALI AOJXKHBI 00€CHEYHBATD OJHOBPEMEHHOCTD
H HE3aBHCHMOCTb H3MePeHHs BCeX JeKTPOAHMHAMHYCCKUX MapaMerpos.
JT0 B CBOI Ouepeiib OOECHEUHUT BBICOKYIO CKOPOCTh H3MEpEeHHS.

7. Hcno/absyemble MeTOAbI AOJKHEI NO3BOJAATH NPOBOJAHTH TMOJHYIO HJIH
YaCTHYHYIO aBTOMATH3aLHMIO lIpolecca M3MepeHuil, Tak KakK TOJbKO aBTOMa-
TH3alHsl CMOXKET OOECIeYHTb MAaKCHMaJbiyio OBLICTPOTY H NPOCTOTY 3KCIie-
PHMEHTAJbHBIX HCCAe[OBAHUH 3JeKTPOAHHAMHUYECKHX XAaPaKTePHUCTHK BOJ-
HOBOJIHBIX  CHCTEM.

M3 mn3pecTHRIX H3MepHTeJabHBIX ycTaHOBok CBY-puamasoHa mpuMeHH-
TEJABHO K 3ajaue BCECTOPOHHEro HCCNeJOBAaHHS 3JEKTPOAUHAMUYECKHX Xa-
PaKTePHCTHK DAa3JIMUHBIX BOJHOBOJHBIX CHCTEM HH OJHa He Y/AOBJETBOPSET
nepeuncieHHbIM TpeGoBanuaM. Ilpexpme Bcero caemayer 3aMeTHTb, 4TO 3TH
YCTaHOBKH He MO3BOJAIOT H3MEPATh BCe JMCKTPOAUHAMHUYECKHE Mapamerphl
BOJHOBOJHBIX CHCTEM, a TeM 6oJiee OJHOBPEMEHHO M OAHOTHIHBIM CIIOCO-
GoM. DOJIBIIMHCTBO H3BeCTHLIX YCTAHOBOK I'POMO3JKH H CJOXKHBI B 3KCILIY-
aTallMy, HCNOJAB3YIOT TPYAOEMKHe H He OYeHb TOYHBIE METOAbl H3MEepeHHH.
Kax mnpaBuso, 3TH yCTaHOBKH y3KonoJocHeie. CiaenoBatenbio, ux Booble
HEBO3MOXKHO HCHOAB30BATh AJs HCCJEJIOBAHHUSI BOJHOBOAHBIX CHUCTEM Ha
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OCHOBE IITHIPEBLIX CTPYKTYpP, TaK KakK HOCAeAHHE ABJAKTCH BecbMa IIHPO-
KONIOJIOCHBIMM CHCTeMaMH. B gacTtHocTH, B auamnasone CBY HexkoTopble U3
HHX MOTyT 06JaiaTh foJ0coi nponyckanus nopsaxa 20—30 cx {1, 2].

IIupokonuana3oHHasi ycraHOBKa AJs 3IKCIEePHMEHTAJbHOTO  HCCJAEAO-
BAaHUS SJEKTPOAHHAMHYECKHX XapaKTePHCTHK BOJHOBOAHBIX CHCTEM, HauOO-
Jiee TIOJIHO YJOBJAETBOPSIIONLasl BbilIENepeuHCIeHHbBIM TPeOOBaHHAM, B HACTO-
silllee BpeMsa MoOxeT ObiTb M3TOTOBJIEHA TOJNbKO B CJyuae HCMNOJb30BAHUA
Jnb0 Merofa ylapHoro Bo30yxXKieHHs, Jub0o MeTOAa KOMOGHHHPOBAHHOTO
30HJa, TpeaJoxkeHHHX aBTopoM. OAHako NpPH NPOBEAEHHH OYEHb OOJbLIO-
ro o6beMa 3KCIEepUMEHTaNbHBIX HUCCACNOBAHNI PA3HbIX THIOB BOJHOBOJHBIX
CHCTeM legaecoofpa3Ho, 4ToObl YCTAaHOBKA I1103BOJSJIA NPOBOAMTH H3Mepe-
Husi ofouMi MeToLaMH. DTO OODBSACHARTCA TeM, YTO B Cjydyae BOJTHOBOAHBIX
CHCTEM €O cJ1a60H OTHOCHTEJbHOH HARPAXKCHHOCTBIO YCKODSIOUIEro 3JeK-
TPHUECKOrO 110/ BH3yajbHble ClIOCOOB He 0GecmeyHBaiOT HEOGXOAUMOik
TOYHOCTH. B 3TOM cjiy4ae TONBKO MpHMeHeHue MeToAa KOMOHHHPOBAHHOIO
30HJla W KaHaja TeTEPOLMHHOrO M3MEpEeHHs 4acTOThl MOKeT O00eClevyHuTb A0

- E}

W
Npy 3TOM, OYeBHIHO, Onpejeasercs MHHHMAaJbHO PpAa3JHYHbBIM CABHIOM
Pe3oHancHOH 4acToThi, T. €. Af,nin=>1 K2y, uyTo MOKeT Haba0OAaTHCA
TOJABKO B CAydyae OUeHb CJaabbiX 3JekTpuueckux noqaei ( [/, —0). Bouano-
BOJHbIE CHCTEMbl ¢ MOJOOHLIMH CBOHCTBAaMH, Pa3yMmeercs, He [PEACTaBJaAIOT
uHTEpeca Aas lenei yckopenud. ClefaoBaTe/lbHO, COYETAHHE ABYX METOJOB
H3MepEeHHs 3JeKTPOLHHAMHUECKUX llapaMeTpOB NO3BOJHT NPOBOMAUTH IHHPO-
KAl KOMILIEKC 3JKCIEPUMEHTAJbHBIX HCCAEJOBAHHH CBOHCTB  BOJHOBOJHBIX
CHCTEeM.

MHUHHMaJbHBEIH IHana30oH AeHCTBHA NOLOOHOH H3MEPUTENbHOH YyCTa-
HOBKHM fosxeH ObiThb A==10—30 cx (1000—3000 Mey). IlepekpriTh ero
npu nomouiu oaHoro CBU-renepatopa BecbMa TPYIAHO, OCO0EHHO IIpH HC-
n0JB30BAHUU CTAHAAPTHBLIX TeHepaTopoB. Ilpn paspaGoTKe H3MEPHTEIbHOH
YCTAaHOBKM Mbl HCXOIHJU M3 YCJOBHA BO3MOXKHO OoJiee OBLICTPOro ee H3ro-
TOBJIEHHS. DTOr0 MOXHO JOCTHYb TOJNBKO B CJy4ae MaKCHMaJbHOTO HCIOJb-
30BaHus CTaHAapTHOH anmaparypoi. [losTomMy AddA noayuenuss HeOOXOAM-
MOro [ManasoHa uYacTtoT B KauectBe ucrouHuka CBU-MoniuocTa 6Gbliu B3sI-
Thl [Ba TreHepaTopa craugaptHeix curiagoB ['CC-15 ¢ aunanasonom
A= 148—31 ¢m u I'CC-27 ¢ nuanasoHom A =7,.8—156 c¢m (puc. 1).
Taxum oGpasoM, 6Jarogaps HCIOJAb30BAHHIO 3THX TEHEPATOPOB, NHANA30H
JeHdCTBHSA YCTAHOBKH cocTaBua or 7,8 cu no 31 cm. BBuny Hcnoabp3oBaus
JABYX METOJOB H3MEPECHHS IeHepaTOpbl AOJKHbBI pab0oTaTb B ABYX PeMHUMAaX:
B pe)KHMe HEelpepbiBHON FeHepauMH H B PEXKHME BheillHell HMIyJbCHON
MOZYJIALHKH,

B kauectBe BHeIHEro MOAYJATOpPA YI00HO HCHONb30BATb ABYXMOJAP-
Hblii TeHepaTop NMPSMOYTOJbHBIX HMIyJabcoB 26-H, paGoraoowuil B pexume
BHyTpeHHel MOAYASLHH. B NpHHUMIIE MOXKHO HCIOAB30GBATL MOAYJSTOPH,
NMenlnecss B 06OHX TeHepaTopax, T. €. HCIOJAb30BaTh HX B pPeXkKHMe BHYT-
peuneil Mogyasunu, OQHAKO 3TO He Uejaecoo6pasHo, TakK Kak Tornga AJs
OCYIIECTBJIEHHsT TalleHHsl 4acTH I€PEXONHOH XapaKTePHCTHKH NPH HCIOJb-
30BaHHH MeToja YAapHOro BO30YKAEHHA MNOTpebyeTcss HeKoropas Iepe-
peaxa paguocxem I'CC-15 u I'CC-27. Kpome Toro y reseparopa 26-M 6osee
[IMPOKMI JIMaa30H NepecTPOMKH AJNHUTEIbHOCTH H YACTOTHl  CAeJOBaHHS
HMHYJBCOB.

Jlist ocyulecTBACHUSA 3aJePKKH Facsilliero HMIYAbca OTHOCHTEABHO
moayanpyiouero CBYU-HCTOYHUK HCIOJb3yeTCs MasorabapuTHbIH reHeparop
umnyascos MI'H-1. On 3anyckaercs OTpHUATETbHBIM MMIyJdbcoM ¢ 26-H.
C ero BLIXONA OTPHIATENbHbIl HMIYJibC MOJAETCA Ha MOJAYJUDYIOLHUH 3J€K-

HEeKOTOPOro npepena /, p:;, AOCTAaTOYHYIO TOuHOCThb. Beanuuna [, i, =
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Tpox ocumisorpada 0-7, B pedysbTaTe 4ero u OCYlECTBJAAETCH TalleHue
YacTH NePeXOAHOH XapaKTepHCTHKU.  PeryaupoBKoi  «3ajepxKa»  Ha
MI'H-1 MoxeMm ycTaHaB/JHBATh IIPOM3BOAUTEbHLI ypOBeHb raileHus. [Ipu
pafoTe B pexume yLapHOro BO30YKIEHHUs CHTHAJ C PE30OHAHCHOTO MakeTa
BOJIHOBOJHOH CHCTeMbl 4yepe3 ACTEKTOPHYIO CEKLUHIO M YCHJIHTEAb MOAaeTCs
Ha BXoJ ocuuaiorpada. YCHJIHTeNb HCHOJL3yeTcss B cjydae ciaabblix  CHI-
HaJlOB.
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Puc. |. lllupoxoananasoHsasi H3MEpHTeJbHAA yCTa-
HOBKA JJf HCCJAeJOBAHHA  3JMeKTPOJAHHAMHYECKHX
XapPAKTePUCTHK BOJHOBOLHLIX CHCTEM

[Ipu paGoTe B pesKuMe HeNpepLIBHOH TeHepalud B KAayeCTBe MHAHKA-
TOpa pe30HaHCa HCNOAb3YeTCs UYYBCTBUTEbHBIH 3afUMKOBBII MHKpoammep-
MetTp MO5 unu MI198. Ilpu mOCTATOYHO CHABHOM CHIrHAJNe MOXKHO HCHOJb-
30BaTh U3MepPUTENbHBIA ycuauteap 28-MIM. [{nsi TouHOro uaMepeHus yxojaa
pPE30HAHCHON YaCTOTbI HCIHOJAB3YyeTCsl KaHa/J TeTepPOJMHHOTO H3MepeHHd
4aCTOTHI, COCTOALLUI u3 rerepouaHoro Boaunomepa IITB-C, wwupokono-
JOCHOI'O YCHJIMTEJs1 CHrHaJla OueHHi M u3mepuTess vacroret MU-7. Bmecto
CTaHAAPTHOTO UIMPOKOMOJOCHOTO ycH/aHTeas (Hanpumep, YILI-10) B pan-
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HOA YCTaHOBKe HCIOJAb3yeTcsl ©ojee KOMMNAKTHBIH YCHAHTENb, {(cOGpaHHbIA
110 M3BECTHOH cXeMe) ¢ noJocoit nponyckanus 4 Mey.

Hcnonb3oBanne cranfpapTHOH anmaparypbl, €CTECTBEHHO, YBEJHYHJIO
.pasMepbl YCTAHOBKH, HO 34TO [103BOJIMJIO B OYEHb KOPOTKHH CPOK ce6paTh,
H HAaCTPOUThb €e U MPOBECTH BCe HEOOXOAMMbIE HCC/IELOBAHUS JEKTPOIHHA-
MHYECKHX XapaKTePHCTHK OOJIBLIOrO YMCJa Pa3/JHUHBIX IITHIPEBLIX CHCTEM.
JTO ABJASIETCS HECOMHEHHBIM NMPEHMYIIEeCTBOM YCTAHOBOK MOLOGHOrO THIIA.

[TosyueHHbie pe3yqabTaThl Obin  ucnosab3oBansl B HUM ADIA TIIH
npu pa3paGoTKe 3CKH3HOTO NpoeKkTa 0e3)KeJe3HOro BOJHOBOAHOTO CHH-
xportpouna na 2 [3s.
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