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K METO40JIOrH#¥ BbLIBOPA NAPAMETPOB HCIIBITATEJIbHBIX
BOJIH, BOCHPOU3IBOAAIIUX KOMMYTAUHUOHHBIE
BO3AENCTBHUSI HA H30JALUIO BbICOKOBOJIbTHbIX CHCTEM

A. A. BOPOBLEB, . H, KAJALIKHH, B, &. IAHHH

IBe xapakKTepHble 0COGEHHOCTH DPA3EUTHA COBPEMEHHOU 3HEPreTHKH :
nporpecc B 006JacTH TPO303aIlHUTHl U HEPeXoJ K CBEPXRBICOKOBOJILTHLIM
JHMHHUAM 9JEKTPOIepedadH -— 00YCJIOBUIN SHAUYWTEJIbHOEe IIORLINIEHUE PO-
JIM KOMMYTALMOHHBIX IepPeHANpPAKEeHNI B YCTAHOBJIeHNU VPOBHEH M30J1-
MM BBICOKOBOJBTHBIX CHCTEM. SHAYHTEJbHAA 4YacTh HCCIeLOBaHN, CBA-
3aHHBIX C YCAOBHUSMHU PafOThl HM3OJALHH NPH BO3AEHCTEMH KOMMYTAIiH-~
OHHBIX MepeHAIPAMEHUM, HalpaBJieHa Ha yCTaHOBJeHVe GOpM M yROBHet
HUMIOyNbCHBIX HAUPAMKEHUN, KOTOPble ObI PaBHOLLEHHO BOCHPOU3BOLWAIIN
9TU BOBACHCTBUSA Ha H30JALUIO.

Benenereue Muoroo0Opasus ycaoBuil, B KOTOPbIX paboTaeT U30AALUA,
M 3aBHCUMOCTHU 9JEKTPUYECKON IIPOYHOCTH HM30JUPYIOUIUX CPEA OT (POPMBL
HaIpsS:KeHNs HeoOXOAWM KOMIIIEKCHBIH MOAXOJ K YCTAHOBJEHHIO (OPM
MCIIBITATENABHBIX HMIIYJBCHBIX HAINPAMEHUH, YYUTHIBAIOUIME CTENEHB
OIIACHOCTH AJId MIOJALMH JaHHOU (POPMBI BOJIHBI U BePOATHOCTE €€ ilo-
apienusa. [logo0HbIH TOAXOM AO:KeH 00ecleyuTs HauboJiee SKOHOMUYHBIE
YPOBHHM H3O0JALUHU C rapaHTUPOBAHHOI HAaJEKHOCTLIO ee pPaboTHL

OueBUAHO, YTO NMPEeMMYILIECTBA TAKOIr0 KOMILJIEKCHOTO NOAXOHa K pe-
HIeHKI0 Bollpoca OYAZYT pPeasIH3OBaHbLI JHIIL HPU LJOCTATOUYHO IIOJTHBIX CBe-
AEHUAX O PaCIPENeIeHHH 10 BEPOATHOCTAM (DOPM U KPATHOCTeH KOMMY-
TAUMOHHBIX NEePEeHANPSIKEeHUH, a TaKKe CBeJeHHAX O IIPOYHOCTHU COBpE-
MEHHBIX H30JHPYIOUIMX cpej IIPHM BO3ZEeHCTBUAX KOMMYTALMOHHOIO Xa-
pakTepa.

Ha OCHOBE H3MepeHHN Ha MOZEJISIX, a TaKiKe PerHcTpanMell mepeHa-
OPAKEHUH HEIIOCPeACTBEHHO B CHCTEMaX HAKOIJIEH HeKOTOPHIH MaTepua
II0 KPATHOCTAM H (POpMaM KOMMYTAIMOHHBIX II€PEHANDKeHHU, TpeGyio-
Ui, ofHAKO, JasbHelIIero pacUIMpeHus ¥ CTATHCTHYECKOI 06palboTKH.

BoOJBIIMHCTBO HCCHEN0BaHUIl NOBeJeHHS H3ONAUMH IIPH KOMMYTA-
IMOHHBIX NePeHANPAKEHUAX HANPABIEHO HAa YCTAHOBJEHUEe BO3/efiCTBHI,.
TP KOTOPBIX YCJIOBHA PaboTHl H3ONALHH HanboJee TsaKenbi. HecmoTps
Ha yCleXH B YCTAHOBJIEHUM (POPM, ONACHBIX AJNA JUHEHHOM HM30JIAIMH KM -
HOYJIBbCHBIX HANPHMKEHHH, KOTOPble MOI'YT MMETb MECTO B CBEDXBBICOKO-
BOJBTHBIX cucremax [1, 2], B HacTosluee BpemMsa Heé BhpaGoTaHa NOCJIeROo
BaTeJbHAsl METOAOJIOTUS B ONpeleleHUM GopM HauGolee OMACHBIX HM-
NMyJIbCHBIX BO3ZeilcTBUH, Yallle BCero 3a OCHOBHOH KpuUTepHei TPOYHOCTH
APHHUMAIOT IPOAOIKUTEBHOCTE NPHIOKEHHUS HAMDSeHHs HEKOTOPOnit
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AMIVIATYABI, T. €. AJHUTEJIBHOCTE BOJIHBI U peXXe — JJIUTEJAbHOCTH (}JpOH—

Ta ee.
Wnniocrpaiineii Takoro mogxofa CJAYMKHT, Hanpumep, puc, 1,a, rae
H3obpaskeHa BOJHA IepPeHANPANKEHH:d, BOIHHKAIOINAs NPH OTKJIIOYEHHH
eMKocTHOH Harpyakd. Cornacuo [3], ykasauaHol BOJHe IO BO3AEHCTBHIC
Ha U30JAULHIO ajeKBaTHa NOJAyBoJHA 50 2y. uMelolad PABHYIO aMILJIUTY-
Ay H.TOT e MOPAAOK IJIHTEJNBHOCTH. MeK/IVv TeM, aHAJIU3 COBPEMEHHLIX
TpeCTaBJeHUN O XapaxTepe IpeApaspALHBIX TPOIECCOB B AUIJICKTPUKAX

W f"—“_—‘ "{\ /j

P \\
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Puc 1. K kpureprio Boifopa popMsl HCOBITATENbHOH BOAHBI, 1, — moaysoana 50 zy:
2,a — EBOJAHA NEPEHANPASKCHHA NPH OTKIIOYEHNM eMKOCTHOH Harpy3Ku G6e3 MOBTODHBIX
3a:KuraHuii B BHIKIrOYaTexe, no [3].

M, TJAaBHBIM O00pa3oM, aHaJHu3 pPe3yJbTaTOB HeNOCPeSCTBEHHBIX H3MeDe-
HHH 3JIEKTPUUECKOI IIPOYHOCTH PalJUYHBLIX H30JUPYIOIIUX CpelJ II03BO-
JUJYA CHAeNIaTh CAeAVIONil BBIBEOA: HAPAAY C aMIJHUTYAOH U IJIUTEJIBHO-
CTELI) IIPUJIOKEHHOTO HATPAMEHWS OJHUM U3 OCHOBHBIX (parTOpOB, BAMA-
IOTIUX HA OPOYHOCTH M30JIIUH, clelyeT PaccMaTpPUBATH CKOPOCTEH Hapa-
CTAHLA HAIIPAMKEHNA Ha MEMXIVITEKTPOAHOM ITPOMEXKYTKe. [IpyruMu cro-
BaMH, €CJIH HA H3OAAIMOHHBIN IIPOMEMXYTOK TOJAThH MOOYepeAHO ABA HM-
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“TIyJbca OAMHAKOBOM aMIIMTYABI, AJMUTENBHOCTH U MOJAPHOCTH, HO C pas-
HOI CKODOCTbIO Hapacrauua Hanpsuxenus: U, (6 m Ug (£), (puc. 1,6)
TO, BO-IIepPBBIX, oQdeKT BO3AEHCTBUA HANPSMKEHUI Ha HPOMEXYTOK B 000-
UX ciayd4adax OYAeT PasJUuYHBIM U, BO-BTOPBLIX, Heob6A3aTeNbHO, UTO HM-
nyase Ug (f) Menece omacen ans usonsuun, Hexxean U, (f) — HecMmoTps

Ha TO, YTO UMHIYJBCBHL BOBI.[eIU{CTBI/IH CBfA3aHbI YCJIOBUEM .

[Un(f) df > [Us (0) dt.

[8)

0

(1)

HelicTBUTEeNIbHO, NPH pPACCMOTPEHUH 3aBHCHMOCTEH IIPOYHOCTH BO3-
AyXa M HEeKOTOPHIX TBEPABLIX AMAJACKTPUKOB OT KPYTH3HbLI BO3JLEHCTBYIO-
HIero MUMIyJabca IO AAHHBIM [4-+ 9] MOMHO OTMETUTH CAEAYIOIYIO 32KO-
HOMEPHOCTDb: IIPU HEKOTOPOH KPYTH3HE BO3/eHCTBYIOIIETO HAIPSAMEHUd,
 HAB0BeM ee KPUTHYEeCHKOH, IAUSJEeKTPHUK HMeeT MUHHUMYM CPeIHEero pas-

papHoro uau 50-IPOLEHTHOTO HAPAMEHU.
JAs moMOMUTEeIPHON MONAPHOCTH 3JeKTPoAa Gonbllueil KPUBK3ZHLL Ha-

JuY¥Me MHHUMYyMa ITpOsiBIsAeTcA . 0oJiee ONpeAelIeHHO, YeM

JUIA OTpUILA-

- TeabHON nodaspHocTH. IIpy KpyTH3HAX HMIIYJbCa B 00NACTH KPUTHMUYECKOMH
KPYTH3HB Habaiogaercs yBeJUdYeHUe pPaszbpoca BeJIHMYMH 2JeKTPHuYECKOoik
npouynoctd. [dnsa Bosayxa, no [1, 2], crangapTHoe OTKIOHEeHUe PAZPATHOLO
HaNpsoKeHUd NMPH KPYTH3HE, OJMBKOH K KPUTUUecKoil, B 3+-4 paza GoJb-
e, 4yeMm npu Haupsxenuu 50 2y M CTAHAAPTHEIX UMITYyJbCax.

Tabunuma 1
SHAYEHLEA KPHTUYECKONW KPYTHU3HbBI AJd BO3AYIOIHOU
H30JAIIHE  (re/urcer)
HNauna JrexrTpoyHas CHCTEMA M HOARPHOCTb HAMPSAKEIHS
npome-
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6 I ] | Lo
AsTop Bis f (15 | 1716 | 117)
IMMpusMcuannme. C— crepivens, I — wwyoenoeyn, ' M. VIDCGI Y H30-
aatopos, CT. H — crepsitessie wsocnirepor, TP — nponos
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Ha puec. 2 mpejgcraBiieHbl 3aBUCHMOCTH Das3pAAHBIX HANPAMKEHHH OT
KPYTHU3HLL @ TIOJIOMKUTEJBHOTO MMNYJAbCca AJS AJUHHBIX BO3LYIUHLIX IIPO-
MEMKYTKOB <«CTEPIKEeHBb-IJIOCKOCTE», 1o ZaHHBIM [5]. M3 puc, 2 BugHO, 4TO
B OTHOIUEHUE DJEeKTPHYECKOH IIPOUHOCTH IIPOMEKYTKH AJHHOH 1-+6 x
MOI'yT XapaKTeépH30BaTbCcA HEKOTOPOH KPYTU3HOHM ap ; IIPU KOTOPOH pas-

pPaHOe HANPAMKEHNe UX MUHHMAaJbHO. B Tada. 1 mpencTapRieHbl 3HaUYe-
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Purc. 2, 3aBHCHMOCTH CpeHHEX PA3PAXHEIX HANDAXEHHI NPOMEKYTEA
«CTEPIK CHB-MIOCKOCTh» B BO3ZYXe OT KPYTH3HBEI HMOYALCA, IO [5]



Tadanmga 2

SHAYEHHASA KPHTHYECKOH KPYTH3HBI [JS TBEPJ/IBIX THDIJEKTPHKOB

JIeKTpHY. Anwna 3unauenne
Marepuan ABTODHI CHOTeMbI npo»:;);?)rma IToastpHocTh ar (K8/ MKcex)
: 18,9] 011 0,7; 10 + , 30; 37
NaCl - 15; 30
[8,10] . I, 0,15 - | 17,5, 17
— | 17,5; —
KC 18] HL—IL ‘| 0,15 + 18
- 18
KBr 8] HL. 1L 0,15 + 18
— 18
KI 8] TI 0,15 + 20
— 20
30
Opran (9] O.—-I1 2 -+ or
Crexno
(8] nr. 11 0,05 + 35
‘ 37
0.—1I. 15 =
Jlexn 9] — 22
Hi. I 10 + 22
0.1 34 + 10
Mapadus [9] T | — 40
UL -1 34 + Her

IlprmMevuanume. O — octpue, III — map. I¥ — mnockocTs.

HUS KPYTHU3HBI ap , TOJYyYeHHbIe TIpU aHauu3e FaHHbIX [4+T7] mua mpo-
MEeXYTKOB Pa3NUYHOM AJIUHBI H C Pas3jJU4YHOil KOHpUryparuei sJeKTpHUye-
cko10 mosas. HecMorps Ha pasiuuMe B UCIOJbL30BaHHON B paborax [1-T]
MeTOANKe HCCIeAOBaHMI: 3HAUEHHSA KPUTHYECKON KPYTHU3HBI JOCTATOYHO
OJIU3KU, U ee cpelHee 3HAYEHUe COCTaBAsier 7 Ké ' MKcex. B objactH »Toi
KPYTHU3HLL CPeJHEee paspafHOe HAIPAYKEHUE MeHbIle, YyeM TPH HAUpAKe-
unu 50 2y ma 10--30%.

Ha puc. 3 mpezcraBjieHbl aHAJOMMUYHLIE 3aBHCUMOCTH HJIA TBEPIBIX
ZMBJIEKTPUKOB 110 JaHHBIM [8, 9]. B McciaenoBaHHOM HHTepBaje TOJIUTH
0,05+ 34 mm UMIyIbCHBEIe NMPOGHBHBlE HAIPAMEHUS TBEPALIX TUBJIEKTPH-
KOB XapaKTepPHU3YIOTCS KPHUTHYECKOIl KPYTH3HOCH aT , IPH KOTOPOH 3JEK-

TpHYeCKass NPOYHOCTL MHUHHMaJabHa. M3 Taba. 2, B KOoTOpOiIl npencrare-
HBl 3HAYCHUSA KPUTHUYECKOY KPYTU3HBI, MOJYUEHHBIE TIPH aH4JAU3e JaHHLIX
[8-10], sHauenne a7 MOKHO oueHUTHL BeaUMunHOi 2030 x6 mrcex. Ipu

BTUX KDPYTH3Hax NpobuBHBble Hanpsxkenus Ha 10-+20% Humxe KpaTKORpe-
MEHHON NPOYHOCTH HA IOCTOSHHOM HAIPAMXEHUM U Hanpsxkenuu 50 2y
|8, 9]. fIBieHMe CHUIKEHHS HMIYJBCHOH DJEKTPHYECKON MPOYHOCTU NPU
KPYTH3HaX B 00JIacTH KPUTHUYECKOH IpocMaTpuBsaercs B paborax [11, 12].
Cienyer ormeTuTh TakXe (DaKT MeHbIIedl HMIIYJLCHOH IIPOYHOCTH TBEP-
ABIX TUBJIEKTPUKOB IO CPABHEHUIO C NPOYHOCTBIO Ea IOCTOAHHOM HAIpS-

JKEHUU, oTMedeHHbIH B [13 - 15].
B oT0ii cBA3M MHTEpPeCHO OTMeTHTL. uTo B |16], rge naMepsIach aiek-
- TPHYECKAd NPOYHOCTH TPaHCHOPMATOPHOrO MAaCja, HOAYUYEHO CHUMKCHUE
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HMIYJIbCHOTO TIPOOUBHOIO HAIPAMKEHNS T0 CPDABHEHHIO ¢ npoboeM HA MO- -
CTOSIHHOM HAaTpsKeHuy Ha 23--40%.

MHoruMH aBTOpaMH IIPM MCCJIELOBAHUM JIPOYHOCTU MUAKUX [NHOJIEK-
TPHKOB Ha MMIyJbcax AJUTeJibHOCTE0 107%-+-1077 cex M ¢ poHTOM AC-
LECKGILEUX MMKPOCEKYHZ{ OblJ0 YCTAHOBIEHO, UTO KaKIBIN MeXIVaieK-
TPOAELIM TIPOMEKYTOE B KHIKOCTH B OTHOIIEHHE 3JeKTPUYECKOH IIpod-
HOCTH MOMeT XapakTePH30oBaThCg HEeKOTOPHIM, XaPaKTepHBIM [Jd Hero,
BpeMeHeM BO3[eHCTBUs HATIPAMKEHUsS, HasblBaeMbIM uacro [17] speMenem
dopmupoBanusa paspazga. IIpu BpeMeHax BO3AeHCTBUA, MEHLIUNMX yKasawu-
HOTO, pPaspAfHbie HAIPAMKEHUA PEe3KO BO3PACTalOT; IIpH OCJBLINX BpeMe-
Hax — OCTAIoTCs, IPUMEPHOo, Ha OZHOM yPOBHEe, T. €. B X0/l¢ BOJILTCEKYH[-
IO 3ABUCHMOCTH HMEeT MeCTO <«CTYNeHbL», OXBaThIBalollad IO BpeMeHU
IIUTeJBHOCTE A0 2--4 mopaaxos [19, 20 3Haueunue DTOTO EPEMEHK
YMeHBIIaeTCg BMECTe ¢ JJMHOH HcciaenyemMoro npomesxyrra (20

YeraHoBdeHHEBIe TAKUM 00pasoM (aKThl MMO3BOJUJIHM IIpeAnoxararth,
YTO KasKIbIII BUJ H30JUpRVIOUIEH cpeanl: razoobpaszas, TBeDAas H XKUIAF
Kasd — MOJKET XaPaKTepU30BATHCH COOCTREHHOU, KPUTHUYECKON KPYTHIHOIM
JUHeH o HapacTaloero Hanpsexenuda. IIpy KpUTUYecKoil KPYTH3HE HMe-
10T MecTO HAauGoJee OJATONPHUATHLIC YCIOBMS JJS DPAa3BUTUA DJCKTPUUE-
CKOTO Tp0o60oA U, CAeJOBATENBHO, MHUHUMAJBHAA HMIYJALBCHAS IPOUYHOCTD.

s moaTBepxAeHUA UBTOMKEHHBIX BBINIC COOOPaKeHUY OLIMN BBHIMOJ-
HeHDLI DYKCIIePHMeHThI 110 Hpoloi0 TeXHMYECKH YHCTOro TpancdopMatTopHo-
"ro macaa [21, 22]. IIpo6oii NPOMEKYTKOB «OCTPHe-IJIOCKOCTb» IJIMHOM
5+ 25 cm mpousBoAUICH HA SKCIOHCHUUATBHOM (PPOHTE HMIIYVJbCcA HAIPH-
sennd. Vismenenue cpenHell CKOPOCTH HAPACTAHUS HAIPSKCHUA HA MO~
AY9JIeKTPOSHOM  IIPOMEKYTKE OCYIIeCTBIAANGCh, B npememax 0,7+
+2200 re mrcer. Ha puc. 4(a, 6) npeAcraBieHbl 3a8UCIMOCTH IIPOGHBHO-
TO HANPIKEHHg OT KPYTHU3HBI UMMOYJILCa [IJsi OPOMeRYTKOB AJIMHON
525 cu. XapaKkTepHOIl 0COGEHHOCTHIO 3aBUCUMOCTeli ABIAeTCH HaJ UuHe
MHUHUMYMa 5JIeKTPUYECKOH IPOYHOCTH B 0061acTH KPyTU3HLI 80—+
+200 re/mrcer (IIpH IONOKUTENBHON IOJAPHOCTH OCTPHA). Cnenyer
OTMETHTB, YTO [AJA TPAaHC(OPMATOPHOrO MacJja, Kak U AJS BO3LyXa, NpH
KpyTusHax B 00JJacTH KPHUTHYECKOW HaOMIoZaeTca OOJbIIAA HECTAOMIb-
HOCTb PaspAaJHBIX HANPAKEHWH: CTAaHIAPTHOE OTKJIOHEHUEe JOCTUTAJIC
aHavenug 20% [22]. OGbiuHBIE JKe ero 3HAYEHHS Ha HMIIYJIBCAX HMMEIOT
Besnuuny 4--10% [19].

Takum oGpasoM, aHAJN3 HMEIOLIUXCA B JUTEpATYype CBeIEH i 0 TIpoY-
HOCTH OUIJEeKTPUKOB HA UMIYyJbCaX ¢ ()POHTOM Pa3HOH ANUTEJLHOCTH, a
TAKMKe Pe3yJbTaTel HKCIEPUMEHTOB II0 NPOGOI0 ITPOMEKYTKOB B TPAHC-
(OpPMATOPHOM Macjle Ha KOCOYTOJBHON BOJIHe HANpPHIKEHHsS HAIOT OCHOBA-
HUA yTBEPMAATH, YTO yCTaHOBJEHUe (DOPM HMIYJbCHBIX HAMPIMKEHWII,
Haubosiee OIMACHBIX JJIA BHICOKOBOJIBTHON M30JAIUM, MOMKET OBITH CCHOBA-
HO Ha HCIOJB30BAHUM 3aBHCUMOCTH IIPOYHOCTH AUSJIEKTPHKOB Or CKODPO--
CTH HADACTAHWA HANPAMKEHMHA, T. €. UCXORHA M3 YCJOBUS HAMMUUS KPUTH-
YEeCKOH KPYTHZHBLI,

g peasusalyy yKa3aHHOTO BBLINE IIPEACTABISETCS HEODXO0 UMBIM:
BBIIIOJIHUTE UCCJICAOBAHUA NPOYHOCTH PaBJIUYHBIX HIOJIMDPYIUIHX Cpef
Ha KOCOYTOJBHBIX MMIIYJbCAX C LEJBIO YCTHHOB/IECHHA KPHTHUECKHMX KpPY-
TH3H, XapaKTepHBYIOIIHX KamxIylo cpeay. Halizemnele taxum o6pasom
KPUTHUECKME CKODOCTH HAPACTARMS HANDAXKEHHsS IDPH YCTAHOBJICHUH
ONIACHBIX BO3JEMCTBHM HA MBONSLHIO DAa3HBIX KJIACCOR HAIDIMKEHMS MOK-
HO [IOJy4UTH: MCIOJb3YA PABIUYHYIO IIUTENBHOCT: (POHTA HMILY.IbCA.

Ilyers xpuTHYECKHE KPYTMBHBI JJIA BO3AYLIHOM (25 ), TBepnoil (ay )
u KuUZxOu (ay¢) cpey —ag, ar, Ay -~ oiipefeneHsl. B cBazu ¢ Tem,.
UTO AJSi BOBAYIUHOM, TBEPAOH M MUAKOH U3OIALUMH BAUAHHE NJIHTEIBHO-
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Puc. 4. Paspajsble HANpAXXeHns NPOMEIKYTKOB ¢OCTPHE-ILIOCKOCTE» B TPancdop-
MAaTOPHOM Macje B 3aBMCHMOCTH OT KPYTHM3Hbl HaNpAMKeHHA, IO [21, 22],
1l,a; 3,a — OAA NOJOKHTEJNHHOH HONSPHOCTH OCTPHA,
2,a: 4,a — OJA OTPHHATEJBHOH HONAPHOCTH OCTPHA.

IlpuMeuanue. JaHHue puc, 4,a MoJaydeHHl AJNs mpo0ofd NPOMEXKYTKOB B Ha-
YaJbHOM YacTH SKCHOHEHIHaJbHOTO UMIYJIbCA.

CTH IPHIOMEHHOTO HAUPsKeHUs (JUIA JaHHOU KPYTHIHBI dpoura) pas-
JIWYHO, CIeAyeT pacCMaTPMBATh KaKAblil BUX M3OJIALMH OTAEILHO.

Bosayurnaa uzonanusa. Heobxogumo npuHATE BO BHHUMAaHHE CHAEAYIO-
UIMe cooOpa’keHuA.

B coOTBETCTBME ¢ pPe3yJbTaTaMM MCCIeLOBAHUIM MHOTHX JabopaTopHit
MKpa, U3JM0KEHHbIX B [6], HauGosee ONMaCHBIMH BOJHaMU IJIA YHUCTO BO3-
-AYIIHON H30JMANMUH CHUCTEM NpH JOOBIX aTMOCHEPHBIX YCHOBHAX ABJIAIOT-
Cs BOJIHBI ¢ JJIMTEJBHOCTHIO (PPOHTA, OGeclieyHBaIONIEl KDYTH3HY, OJIMU3-
KYI0 K KPHTHYECKOH.

B pa6ore [1] ycranoB/ieHO, 4TO YPOBHU JWHEHHOW HIONSNMH JHHWH
sjexkrponepeaauyn Haupsaxkenusa 300 w8 U Bblille JOJMHBL ONPERENATHCHA
C Yy4YeTOM CHHJ)KEHHMA IPOYHOCTH €€ Ha BOJHAX C II0JOruM (PpOHTOM, HO
He MOKPOpPa3pAAHBIMH HaIIPAKEeHHAMH,
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IoroKUTeNbHOe PelleHde BOMpOca SAIUTHI U30JAUMNM OT BOJH C ITO-
NoruM (HPOHTOM. UCIOJIL3YEMbIMHA B HACTOSLlee BpeMsa PaspAAHUKAMH, Her
IIpeACTABIAECTCA BO3MOXKHBIM, T. K. IIpU cJaboii HepaBHOMEPHOCTH II0JIS
MCKPOBOTO NPOMEXKYTKA DAaspAfHHUEA KoahdMHUNeHT HMIIyJIbca B 00aa-
CTH KPHTHYECKOH KPYTH3HBL OCTARTCA PaBHBIM 1, a JJs HUBO0JALHOHHBIX
IIPOMeXYTKOB OH cHuxaerca mo 0.7 [1].

IIpegnaraemas B paGore [23] sammra, xoTsa 6bl M30JIALUMN HauboIee
IeHHBIX alifapaToB NyTeM CHHXPOHH30BAHHOIU C TOJIOTOHM BOJIHON HaNO-
JKEHHS HAa 3alldifaeMblil IIPOMEKYTOK KDPYTOI0 MMIYJbCa U3 TEeXHUKO-
3KOHOMHYECKHX cool0parkeHuH, KayKeTcad HepeaJbHOH, mo KpaliHeil Mepe
B Oauaaiilliee gpeMmd.

Ha ocHoBe H3J/I0KEHHOTO SCHO, YTO -CHCTEeMATHYECKOe CHIMKeHHEe
YpOBHel nuHeHHON HI0JIALWH, o0ycJaaBAHBaeMoOe IIporpeccoM B 006JacCTH
OrpaHUYEeHHUy IEePeHANPAKEHUYE, HEBO3MOMKHO 0€3 yuera IMOHWXEHHOH
IPOYHOCTH HBOJALMU HA BOAHAX C KPyTUdHamu QpoHTa, OMUSKUMH K
KpUTHYeCKOH. B CBA3H C 5THM M IpeACTaBASeTCS HEOOXOOMMBIM YCTAHOB-
JeHHe (OPM U ypoBHell HauCoNee ONMACHBIX BO3AEHCTBUIM.

Ha puc. 4,a mpeicraBieHa BOJBTBPEMEHHAS XapaKTepPUCTHKA [I1d
HEKOTOPOro BbICOKOBOJIbTHOI'O YCTPOMCTBAa ¢ BO3AYIIHOI uaoasuueii, IIpa-
Mag g = CONSt— JMHUS KPUTHYECKOH KPYTHU3HBI., KOTODAag OIpefessaer

3HaYeHMsA AJIUTEJIBHOCTU (poHTa HauGoJee OMACHBIX HMMIIYJHCHBIX BO3-
AeHCTBUN OIa HIOAANMOHHBIX KOHCTPYKIUI Ha pasHble KJIaCChI Hanps-
SKEeHUS.

Ecnu ncxoauts U3 cpefHero pa3psaiHOTO HANPAMEHUA TaHHOH KOH-
CTPYKIMH IIpu Hanpsxenuw 50 zu——Upso (aMninuTyAHOE 3HaueHue),

TO cpejHee Da3psALHOE HANPAMKEHHe TIPU KPUTHYECKOH KPYTHU3He (DPOH-
Ta — UpK onpejeuTCa COTJIACHO BBIPAMKEHUIO

Upi( = Up:‘)() ' KB : _ (2)

rie K — ko3ddHUHeHT MUMOYJIbCAa B Heo;mopo,zmom noJje HAJS MeXHAY-

SJEeKTPOJHEIX NPOMEKYTKOB B BO3JyXe IIPH KPYTU3HAX HANDPAXKEHUS,
OJIM3KUX K KPUTHYECKOIL. ‘

HaunGonpuias BepoATHOCTH NEPEKPLITHA KOHCTDYKIIMM IIPH  BO3Aei-
CTBHMH HMIYyJbCa € AMIJHUTYIOH UPK HMeeT MeCTO TPHU KPHUTHYECKOH

KPpyTH3HEe a4 (PPOHTa MMIIYJbca H, CAEJOBATENLHO, AJUHe dPpoHTA

U
T(bp - D . (3)

2} B

Ecan yuectb, uTo ANA TONOTHX BOJH CpPefHee paspsAlioe HAIPSke-
Hue 6au3K0 K 50-TPOIeHTHOMY HATPSMEHUIO NepekpbiTug |24], ocobemuo
npu panTenbHoctax @ponta 107°--10- cex, To, 04eBMIHO, YTO HMIIYABLC
C aMIIATYAOH Up U @poHTOM Tpp OOECIESUT BEPOATHOCTL IIEPEKPHITHS
nzouasuuy, 6auakyio K 50%. Hanpsikenwue, 5O KOTOPOro HEOGXOZUMO OF-
PaHUYUBATE BO3JEHCTBHUA C KPUTHYECKON KPYTHIHOU

\)-
- (17
Upso ki - mo)

v, — — T
aK ., TAe (4)
k,‘i:{
S —— CTAHJAPTHOE OTKJOHEHHE DAaspAJHOTO HALTHIKEHUS NPU KPH-

THYEeCKOH KpyTH3HE.
ki« — xoadduHeHT Banaca, yCTaHaB/JAUBaeMLli.,, HalIpHMeEp, M3 yC-

JIOBUA HeCTaGHIBHOCTH Pa3pANHBIX HANPAMKEHU HCKPOBbLIX NIPOMEKYTEOR
3alUMTHBIX pas3pAAHHKOB. Takum obpasom, U, ABIAETCH MEHUMANBLHLIM
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pa3pAAHLIM HAIpPsKeHHEeM, COOTBETCTBYIOLIMM HHXXHeH rpaHHle o6iacTH
pasfpoca paspaAHOro HaIpA;KeHHA, oObI'iHO NPpMHHMAaeMOH Kak 4o,

Hauboabllasg oOINACHOCTh BO3AeMCTBHS npu amrmumryge U, obecie-

YUTCA AJUTEIBHOCTHI0 (PPOHTA, COOTBCTCTBYIOWUIEH KPUTHYECKOH KpyTH3-
He agp .

'f., i _const Lo
! Uy (t) 4Gx =2 g%
f : —
a) : ' U —_T Uoso
.50 p
0 7 Uek j “pey «mo i 4"
BT w* 10 f 0% t,cex

X
Ko &7 ) .
46, 03 e ft 650

‘ﬁ, £ { lUK‘U——I_Uso
o L, Yeny | Py Suesy 4P

10 10 10 w0 10 ¢, cex
Ky |
&
5 <
S
x
s |\
B} 3
2V
/] _
T
7 //4////// s u aK u
7/ 77 p50
0/////5//7%%//;5 U o
0 I 107° o' 9 £, cex

Pre 5. K ycraHorreHmio Ham(ojiee OMACHBIX BO3EEHCTBME MMNOYNLCHBEIM HaOpsaite-

HHEM Ha pPa3/IMYNbie H3ONHPYyIOIHe cpensl. Da — mIA BO3AYyXa, D6 — aaa TBepaOM
M30JANHE, SB— A0 KEAK0H usoanuu. U, (1), U, (1), U, )

BpEeMEHHOH Xon HaM-
Goslee OmacHBIX HMIYJILCHBIX HANPRAKEHMH INA Pa3IMYHBIX M3O0AHPYOUIMX Cpef,.

Ocransubie 0003HAYCHHA NMOACHEHBI B TEKCTE,

M



Ilpu ycTaHOBNEHWH NapaMeTpPOB BOJHLI HCIBITATEJAbHOTO BO3LEHCTBUH
HMOYJAbC HaupsokeHuda c ammaarygoi U, u dpontom T Cleryer
NPUHUMATE KaK BOCIIPOU3BOAAINUI BO3JefiCTBIf€, COOTBETCTBYIOUIE¢ MU-
HUMAaJbLHOMY BBIJIEePIKHBAEMOMY-

Teeppasa usonsiusa. Ha puc. 4,6 nmpeacraBieHa BOJbLTBPEMEHHAs XAa-
DaKTepUCTHKa JAJf yCTpolicTBa € TBEPABIM ausiekTpukom. Iipamas
a, = const{ — JMHUA KpUTHYSCKOH KPYTHU3HBIL. Ilpm Tex e MCXOIHBLIX
IOCHIIKAX, YTO U [AJs BO3AyXa, COOTBETCTBYIOUIHME BLIPAMKEHUS [JIf AM-
IJIUTYAB U AAUTENLHOCTH (MPOHTA MHHHMAJLHOrO BLIACPHHUBACMOro BO3-
NeHCTBHSA IIOJIYYUM B BHIE: '

/ 23}\‘
U, = & = H (6)
3K
U,
Tq) o3 —d-K . (7)
a,
rae £, — xosdunment uMNyabca TBEPAON H3OJAALMHM IPH KPHTHYECKOT]

KpYyTU3HE,
Hunraa uzonanus. HeobxoguMo OTMeTHIL pas3iHuyde MEXKIY H30IH-
DYIOIIUME cpefaMU B OTHOIIEHHEe 3aBUCUMOCTH IPOYHOCTH OT KPYTU3HLI
umMnayanca. IpouHOCTh BO3AVIIHON HU3OMHIMHU ¢ YMeHbIIeHHeM KPYTH3HBI
UMTIYAKLCA HUKe KPYTHU3HBI OMU3KUX K KPUTUYECKOH CTPEMUTCA K YDOBHIO
npoyHocty npu 50 zy. Ilo pesyabraram uesoro psaga HcciaeJfoBaHHN [8
9, 11 u xp.| mpoYHOCTE TBePAOIl M3OAALMM, YBETUIHUBAACH IPY KPYTH3HAX,
MeHBIlI¢ KPUTUYEeCKOIi, B AajibHeHIIeM ocTaercs. IPHMEPHO, Ha OLHOM
VPORHE. IO KpaiiHell Mepe HO MaKCHMAaJbHNU BPEeMEHHON TpaHMILI KOM-
MYTAlHOHHLIX IepeHanpsameHuit — 2--5,10—" cex, mo [25].

IlpounocT, TeXHHYECKM YHMCTOrO TPAHCEOPMATOPHOTO Macja TOoCe
HEKOTOpOoro BoapacTaHusa B o6nacti kpytusabl 100230 ke 'surcek
¢ JaJbHEULIUM yMEHbIIeHHeM KPYTH3HBl CHHXKAETCs M ITPH KPYTH3RAX B
HECKOJBbKO K6/MKCEK, COOTBETCTBYIOUIMX  BpeMeHam 10—'+10— cex,
auuis Ha 40% BbIre nmpouxoctu mpu 50 2y (puc. 4,r). Otcroga cieayer,
4TO HauboJee omacHble BO3AEHCTBUS AJA MRUAKOH H3ONSLUYU CIENVET BEI-
6upaTh U3 YCJIOBUA' KPHTHYECKOH KPYTU3HBI M HEOGXOMHMOI LJIUTEIhHO-
CTH HMMTYJbCa; TOCJeJHUM MOXHO IIpeHedpeuyb B OTHOLIEHHE TBePAOH U
BO3AYUIHOH HB3OMAUMU. [ITUTENTLHOCTE BOJHBI, LOCTATOUHYIO NJIS BOCIPO-
U3BEJeHHA BO3AEHCTBHA ¢ HAKGOJBIIEH OMACHOCTHIO, MOMKHO OICHUTL KAK
5,10 =°-10 ~? cex. B nensax yHUQUKALUMH HCMBITAHUH HA 9TH BHAYEHMS
MOYHO OPHEHTHPOBATHCH K IPHU BEIGOPE NJNTEILHOCTH ONACHRIX HUMIIYJIb-
COB ‘A1 BOBNYIIHON W TBepAOH u3onAInumU. [[nia BbISCHEHMS KOJHNYecTBeH-
HBIX COOTHOINEHUN HEOOXOAMMBI AOHOJHUTEIbHble H3MePeHHA 50-tponesT-
HBIX Pa3pAJHbIX HAIPAMKEHUN NPOMEXYTKOB B TPaHCHOPMATOPHOM MAacie
Ha AJTUHHOM MMIIYJbCe C PA3JIUYHOH KPYyTH310H (bponTa. OAHAKO Hesasu-
CHMO OT KOJMYECTBEHHBIX COOTHOLUCHUI RBIjAMKEHHS I aMIIHTYABI U
AJUTEILHOCTH (DPOHTA MHHMMAJBLHOTO BbIZEPMKHBACLOTO IMILYJIHCHOTO
BOBJIEICTBUS OCTAHYTCHA MOZOOHBIMU (4), (6) u (5), (7}, =. e.

23
U+ - (1 -
pio * Ko - {1 mu)

U’K— k : 0 r'ae ‘8)
3K
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.

K, — xo3d@HUHeHT MMNyJIbca MAaCJSHOrO IPOMENKYTKa IHpPU KpH-
THYECKOH KpyTusNe

K, — KOS((MHLHMeHT 3amaca UpH KOMMYTAIHOHHBIX ICPEHATIPIKe-
HHEX, U
UHK 9
T = . , (9)
a}K

PaccMOTpUM HCIO/b30BaHHE IOJYUSHHBIX Bbllle COOTHOIIEHHMH NPHMEHHU-
TeABHO K WMMEIIUMCS MCIBITATENLHBIM HanpsKeHuaMm npH 50 2y aisa
U30JASLMOHHBIX KOHCTPYKIIMH C pPasHbIMHM KJjaccaMH HaIpPsiKkeHHd. Bmipa-
BHUM Up50 yepes ucnblTaTeabHoe Hampsoxenue U e -

U Yueuso - Kosg e (10)
pH0 — 2., - TR ‘ _
100
K, 50, 950 — KO3MMHUI[MEHT B3allaca M CTAHZAPTHOe OTKJAOHEHHe IIPU

50 zu. ,
060o3HaUMM KPUTUYECKYIO KDYTHSHY @ ip » & KOY(POOHIHEHT UMIIYIb-

ca IpPH d pin — Kmin -

“Toraa
23,
Uncn.")() : K35()' Kmin (1 _W)
UHK == ( 2650 . ( l 1)
Kyl 1-o0)
OTHOCHTeTbHAS AMILIMTYA2 MHHHMAJbHOTO BHIAEDKUBAEMOTO HMMITYJILCA
%, -
Vak = . o ) (12)
Ol
K3K ( l - _].”('E;//
L Uljl(m_
1l‘.lle e chnlSU

Jns ogHOro BHAA M30JIUPYIOIHEH cpeAbli M PAa3HBLIX KJACCOBR Hamups-
MEHHUA MOXKHO OXKHIAATH, UTO (/. 7 const, T. e.

Uak = £(i,s), rae (13)
i — KJacc HalpAKeHHd,
§ — BUJ H30JIHPYIOLIEH Ccpeabl.
3uag U, Inna mo6oro xKjacca HaIPAXKeHUA IIPH AAHHOH U30NU-

pYyIOLIeH cpefie, MOMKHO OITPEJeJINTS, ITapaMeTpPbl MUHHMAJIbHBIX BBIACDIKH-
BaeMbiX BO3JeIiCTBHil paccMaTPUBAEMBIX KOHCTPYKIMII:

Ualiss) = Uy (68) - Uaxii,s) (14)
X Uncn:’:() ( i.S) : U;K (i.S)
U ot (6hS) = A : (15)

YeraHosJeHHbIe TAKUM 06pa3oM MHHUMAaJbHLIE BbIEPXHKUBAEMBIE HM-
IyJAbCHBIE BO3JEHCTBUS NS PA3JUUHBIX d30JHPYIOIHX CpPeA HO3BOJAT
OIpeeNATh TMapaMeTPhl HCIOBITATEAbHBIX HMIYJIbCHBIX HAanpPAKEHUId,
YAOBJIETBOPAIOILMX YCJIOBUAM BEICOKOII 3»KOHOMHYHOCTHM MCONAL3yeMOil
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H3OJAIINHM TPYM TapaHTHPOBAHHOH HaJeXKHocTH ee paboTbl. KosmdecTBeH-
Hble COOTHOIUIEHMH, KOTOpPLIe HeoGXOoAMMEl IJig pacyera U BbIGopa M30J14-
HMH, MOTYT GbITh IOJYYeHBLI HA OCHOBe aHajM3a pacrnpefelieHus QOPM W
KPaTHOCTEH KOMMYTAIMOHHBIX HEePEHANDAKEHUIE IO BEPOATHOCTIM.

BbIBO/IbI:

1. PaccmoTpeHa MeTOZONOTHMA ONpeReNeHUA HMMMIYJbCHBIX WCIbITA-
TeJbHLIX HAUPAKEHUH, XapaKTepU3YIUHX IHPOYHOCTH WBOJISITUOHHEIX
KOHCTPYKIUH IIPH KOMMYTAIUOHHBIX IepPeHANPIMKEeHUAX.

2. YcraHOBIEHO HaJWYUe KPUTHYECKHMX KPYTH3H JHHEHHO Hapacra-’
IOLIEro HANPAMEHUA, XaPAaKTePU3VIOUIHMX DNEKTPHUUYECKYI0 TPOYHOCTh H30-
JUPYIOUIHX Cpel.

3. Ilpeanosxena MeTOAUKA ONpeleeHHs HAUDOJEe OIACHBIX UMIIYJIBC-
HBIX BO3JAeHCTBUH AJIA DA3JUYHBIX HM30JUDPYIOUIMX Cpel ¥ PasHBIX KJAc-
COB HAITPAMKENNd, YYUTHIBAIOUIAA CYIIECTBEHHOE CHMMKEeHUe DIEeKTPUUEeCKOH
IIPOYHOCTH NPH KPUTHYECKHUX KPYTHU3HAX HMIYJIbCA.

4. Ha ocHoBe ycraHoBjJeHHsA HaHbOJee OMACHBIX MMIYJbCHBIX BO3-
JeiiCTBUH M aHaJH3a paclipeliesieHUsd (POPM M YpOBHell KOMMYTalHOHHBIX
NepeHanupPaAXeHNUII [0 BeDOATHOCTAM TPEAJIOKEH IOUXOI K BbIGPpy HaH-
6oJslee SKOHOMHYHLIX HCTIBITATENBHBIX HATIPAAKEHMH. '

JHTEPATYPA

MG Crenoanunuror 3 Mo Basennn «uexrpuvecreos, Ne 7. 1962
W.G Standring, D. N. Browning, Proc. IEE, No 6, 1963, 1082,
.B. Gidnger, Brown Bov. Mit.,, Ne 4, 1960,
. T. Udo, | EEE Trans. Pow. App. and Systems, No 5, 1964, 471,
H. C Crexonvnuros E. H Bparo m 9. M. Baseasu KTO, puo 3,
- 1962.
. P.Tacottet, ETZ— A, N 9, 1964.
.B. Il lapuonos, A SeiliTyu HseectHa Bysos, «JdmepreTHras Neo 1, 1964
. I A. Bopo65es, /ucceprammua, Tomck, 1956,
. A. B. Acta¢ypos [nccepranmsa, Tomek, 1958, -
10. B. 1. Ky 9 5 5. JIuccepramusa, Tomck, 1958,

11. A, von Hippeland R. S. Alger, Phys. Rev, Ne 1, 1949, p, 127.

12, M. A. Mens H MK 0B WUssectus nysos, Ousmea, N 6, 1958,

13. Griinwalid, Arch. EL, T—12, N¢ 1, 92, 1923,

i4. B, J%% ngrzgneqon, 3.A. Bappaxosa, H M. Parsrrna JKPDXO, LX, 1,
15 A. A. BopoGues, A Hanos Tpyms COTH, N 3, 1936,

AN N L (U

e o )

16. E. M arx, Arch. El, B. 20, 1928, S. 589,
17. U. E. BaasltuH, JAeKTpHUecKas HPOYHOCTL JKAAKHX  JAH3JeKTpHKoB, M—JI,
Ineprus, 1964.
18. P. L, Bellaschi, L. B. Rademacher, AIEE Trans.. 65, 1946, p. 1047.
19. H. E. Fiegel 1. 5. Kresge Pow. App. and Systems, Ne 28, 1957.
20 R. W. Crowe, Appl. Phys, 1956, 27, 2, 1956.
2t . M. Kanauxkui, B. ®. Ilanaunn HWsseeTHs sysoB. «JuepreTHrar, N 6, 1966.
22, B. @. Il aunn. Ussectua TIIU, 1965, 1. 139, 1966.
23. 5. M. Baseanmun Hduccepranns, Mocksa, 1964
24. B. Jl. M samos [uccepragus, Jlenunrpan, 1964,
R

. Elsner, ETZ-A, No 1, 195,



