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PaccMa TpH aaeTcQ MexaHH3M H ycnoBHH cywecTBoBaHHH HH3KOBOnbTHoro pe-

3oaancnoro BbiCOKO'HlCTOTHoro pa3psuxa /P BPi H ero anHHHHe na pe>KHM pa-

6oTbi llHKJ10TpOH8 K8K B cnyqae llHTSHHSI OT B/'1 reHepaTopa C H938BHCHMbiM 

B036J>K JlB HH9M 1 T8K H B cny'lae 8BTOKone6aT9JlbHOA CHCT9Mbl• 

Bo3HHKHoaenue nna3Mennoro BbiCOKO'IaCTOTHoro pa3pHaa B UHKJIOTpone 

npnnHCbiBaeTcH anHHHHJO PBP, 'ITO noaTaep>KaaeTcSI onb!TOM HanaaxH K axcn

nyaTauHH nnKnoTpoaa OY1.SIH. 

II. mechanism and conditions for the existence of the low-voltage resonance high-frequency dis

charge multipactor effect are considered. The effect of this mechanism on the cyclotrcn operation is trea-

ted both for the s upply from the high-frequency generator with independent excitation and for the self-

oscillation system. 

The appearance of the plasma high frequency discharge in the cyclotron is attributed to the 

1ultipactor effect what is confirmed by the experience gained durinq the adjustment and operation of the 
~ 

Joint Institute multiple-charged ion cyclotron. 
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1. B aeaeHHe 

HH3KOBOJibTHbill: peaoHaHCHbtll: BbiCOKO'iaCTOTHbill: paapSILt I multipactor 

effect P B PI aoc'l·a ·;-o'iHO xopow o HaaecTeH B ycKopHTeJibHOll: TexHH ·-

11-6 I 1 

Ke • BoaHHKaSI npH onpeaeneHHbix ycnoBHSIX a aaaKyHpoaaHHhiX nonocTSIX 

pe30HaTOpOB 0 STOT BHLt pa3pSILta 3Ha'IHTeJibHO yCJIO)f(.HSieT pa6oTy YCKOpHTeJISI 0 

8 OCHOBHOM 0 cywecTBOB8HHe p B p B pe30H8TOpe npHBOLt HT K BpeMeHHOMY 

yxyaweHH!O BaKyyMa, yBeJIH'!eHH!O 3aTyX8HHSI 0 a ecnH p8/.lHOTeXHH'IeCK8SI CHc

TeMa yCKOpHTeJISI BblliOJIHeHa 8BTOKOJie6aTeJibHOll:, TO HaJIH'!He pa3pS1Lt8 C03Lta

eT O'ieHb )f(.eCTKHi!: pe)f(.HM caMoaoa6y)f(.aeHHSio B TtHKJIOTpOHHOi!: TexHHKe anSI 

JIHKBIILtaUIIH PBP npHXO.UIITCSI liLt 'l' ll Ha 3Ha'IIITenbHbte KOHCTp y KTHBHbie H cxeM

Hbie YCJIO)f(. HeHHSI paLtHOTeXHH'IeCKHX ycTpOJI:CTB. 1 lipiiMeHSISI MHOT"OKaCKaLtHbJe 

YCIIJIHTeJIH C He38BHCHMb!M B036y )f(..[teHIIeM HJIH 6ycTepHbJe reHepaTOpbl II noaa-

11 2 3 4 I 
qy liOCTOSIHHOT"O CMerueHHSI Ha ayaHTbl B CXeMaX C C8MOB036y)KLteHiieM ' ' ' • 

HH)f(.e aaeTCSI onHcaHHe MexaHH3Ma PBP H oueHHBaeTcSI BJIHSIHHe ero Ha 

pa a HOTeXHH'IeCKHe XapaKTepHCTHKH YCKOpiiTeJISie a TB.K)f(.e aenaeTCSI liOlib!TKa 

06'bSICHHTb pS!Lt npoueCCOB, H86JIIOLta!OWHXCSI np11 pa6oTe UIIKJIOTpOH8 MHOT"03a

pS!LtHb!X HOHOB OVISH1, B03HHKHOBeHHeM PBP a pe3oHaTope ycKOpHTenH. 

2. MexaHH3M PBP H ycnoBHSI, Heo6xoaHMbie an11 cywecTBOBaHHSI 

CywHoCTb MexaHH3MB. PBP C80AHTCSI K cneayiOweMy: Ecn11 K LtBYM aneKTpoaaM 

HaXOLtSIWIIMCSI B B biCOKOM aaKyyMe I LtJIHHa CB060LtHOT"O npo6era SJieKTpOHB. MHOT"060Jib

we paCCTOSIHHSI Me )Kay aJieKTpOLtaMHI, npHJIO)KeHO B biCOKO'IaCTOTHOe HanpSI)KeHHe LtOCTa

TO'!HOA aMUJIIITYLtbi, TO MOT"yT CyWeCTBOBB.Tb TaKHe ycnOBHSI, KOT"Lta CB060LtHblll: SJieKTpOH, 

HB.XOLtSIWHJI:CSI H8 li08epxHOCTH OLtHOT"O aneKTp0Lt8, 6yaeT ycKopeH II nponeTHT paCCTOSI-

SIHHe Me)f(.ay aneKTpoaaMH 3a OLtHH nonynepHOLt 111111 3a HeCKOJibKO nonynepHo

aoa KOJie6aHIIll: Bb!COKO'iaCTOTHOT"O HanpSI)KeHHSia 

ECJIH npH STOM CKOpOCTb aneKTpOHa npll coyaapeHIIH C 3JieK~p0LtOM 6y

aeT Lt OCTaTO'IHOll: LtJISI C03LtaHHSI BTOpH'IHbiX aneKTpOHOB B KOJIH'IeCTE· e, 60JibWeM 

l, TO 8H8JIOT"II'IH09 YCKOpeHHe BTOpii'IHbiX aneKTpOHOB npHBeaeT K B03HIIKHOBe-
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Hll tO n asuHoo6pa3Koro npouecea, HapacTaJOwero .ao Tex nop, noxa o6'beMKbiA 3a

P il .::l 11.1111 MOWHOCTb IICTO'iHKX8 81.f H8npA*8KKSI He BOCnpenRTCTByiOT pocTy na

BHHbl. TaKHM o6pa3oM, 110 lfcTe'leHHH HexoToporo speMeKH, M &*.r:tY snexTpo.a a

M H ~y.aeT cyweCTBONTb CT8UHOH8pKb1A noTOK 9l18KTpOHOB 1 OCUHnnKpyiO W HX CKH· 

XpO HHO C 'l8CTOTOA KQne6aKHA 11plll10*8HKOro K 9l19XTpOLt8M K8npR*8HHR. 0T

t'51!p88M811 OT RCTO'lKHK8 K8npR*8HHR MOWHOCTb 1 B 9TOM Cl1Y'i88 1 Y * 8 He 6 y .a eT 

'I HCTO peaKTIIBHOI H ee 8KTH8K8SI COCT8Bl1RIOW8R 8CT8CTB8KKO 6y .a eT Tp8TIITbCSI 

Ha Harpe a an ex Tpo.aoa. 

EcnH anexTpo.abi o6pa3yiOT e M xOCTb xone6aTenbKOA cHcT eM bi, B03 KHKKO&e

HKe PBP aeR36e*HO npK&eLteT x ysenH'I&KH IO 38TyX8HHR pe30H8KCHoro xoHTy pa 

H K YM8HbW8HHIO K8npR*8KHR H8 8MKOCTH npH H9H3M8KKOA 110.080 .0 HMO A MOW-

HOC Til. 

PaccMoTpHM ycnoaa 11, Keo6 xo.o HW ble 
/ 7-10 I 

.onR c y wecTsosaKHR PBP . 

YpaeMeKRe .o••*eHIIA •nexTpoKa, Kaxo.aRwerocR a Bbicoxo'lacToTKOM ::mex·· 

TpH'i8CitOM none., HM88T cne.ayiOWIIA BH.a: 

r.ae 
e 
Ill 

u 
L 

q, 
to) 

~ • ~ -¥:- Sitt( (o)t + cf>) , /1 I 

-OTKOW8HH8 38pJI.08 K M8CC8 9l181tTpOH8j 

-aMnnHTy.oa Btf Kanpii*&HBII, npllno*eKHoro 1t •nexTpo.oaMe 

-paCCTORKH8 Me >K.OY 811 8XTpO.Q8M H; 

-K8'i8l1bHI1A cp838 Bbll18Til aneKTpOHOB; 

- xpyr08olJI 'laCTOT8 xone6aHBI 8'-1 H8npR*8KHIIe 

; npe.anonaraeTca, 'iTO none oaaopo.aHo 1 a sepoRTHOCTb coy.oap e HHR anexTpo Ha 

C M Ol18KynaMH OCT8TO'IHOro ra38 B 8 CbM8 Mana / . 

Pew•••• ypaaKeHIIJI .OBH>KeHHII c y'leToM speMeKH nponeTa paccToRHHR 

M8*.QY 8l181tTp0.08Mll 38 H8'18TH09 ·XOJ1K'l8CTBO nonynepiiO .O OB xone6aKRA nonR 

L188T COOTKOW8Hl1Elt C8R3b1BiliOW88 8Mnl1HTy.oy H8npR>K8KHJI II cP83Y Bb!l18T8 

3l18JtTpOHOB: 
U ,. U0 ( 1 - Ve fu; ) 

Y( 2n + 1)1 tr 2 + 4Sin ( .P+ 8 ) 
121 

· r .o e 

YJ f'JI' L 2 w2 
0 ~; J · e 

2 2 2 2 
... 2,26 . 10 (Lf ) [ C M , M rru 
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~ = arc Cos 2 

14 I 

n + 1 -'IHcno· nonynepHOLIOB xone6anHlt non!! npH nponeTe paccTOSIHH!I T ~ 

V o -na•iS1lbH8SI CKOpOCTb BbllleTa sneKTpOHOBo 

0TMeTHM, 'ITO Ll liSI C11Y'i8SI K08KCH81lbHbiX sneKTpOLIOB Bblpa.lKeHHe LlllSI U 0 

npHMeT ClleLIYIOWHl:i BHLI: 

151 

m 
rLie H -paLIHYCbl Hapy .lKHO ro H BHyTpeHHero KOSKCHSllbH blX 31!eK-

TpOLIOB 0 

QqeBHLIHO, 'ITO MHHHM81lbHOe HanpSI.lKeHHe, HeOOXOLIHMOe !11151 cywecTBO-

B8HH51 PBP paBHO: 

umin = 

npH STOM H8'i81lbH8SI cp838 Bbll1 9 T8 sneKTpOHOB 

rLie 0 onpeLienHeTCSI Bblpa .lK enH e M 141. 

paeHa •0 
' H 

7T 

2 

12a I 

0 

npH HanpSI :i<. eHHSIX
1 

OOllbWHX U MHH, H8 '1 81lbH8SI cp838 Sll e KTpOHOB, y'iacT

BYIOWHX B pa3pSILie OyLieT onpeLi eliSITbC.SI Bblp8 .lK eHHeM 12 1. JlnSI K8.lKLIOro 3H8-

u MOryT cy we cTBOB8Tb LI M 3H8'ieHHSI pe30H8HCHOit cp83bl. 

Mo.lKHO noK838Tb, 'iTO LI11SI o6nacTH cpaa, MeHbW HX rr/ 2 - 8, CKOpOCTb snex-

Tp0H8 npH COYLI8peHHH C npOTHBOllOliO.lKHbiM 911 9 KTpO LI OM yBeliH'IHBaeTCSI npH 

yMeHbWeHHH cp83bl, Toe• C yBeliH'ieHHeM H8llpSDK9HHSI, 8 LlllSI 00118CTH cp83) 

601lbWHX rr / f2 - ·81 yBeliH'ieHHe HanpSI.lKeHHSI npHBOLIHT K y :vt eHbWeHHIO CKOpOCTHo 

n pH <k_ = rr/2 CKOpOCTb npH COy L18peHHH p8BH8 H8'181lbHOit CKOpOCTH BbllleTa 0 

H 
KpoMe sToro, MO.lKHO noxa3aTb 1 'iTO ycTOll'iHBocTb pa3pSILia lcpoxycHposxa 

cpa3bl / B03MO.lKH8 llHWb B 00118CTH cfl 831 MeHbWHX rr / '2- 9 

Kax y.lKe 6blno oTMe'leHo Bblwe, LI11SI cywecTBOBaHHSI PBP Heo6xoLIHMo, 

'iTOObl cxopoCTb, npHo6peTaeMaSI sn e xTpOHOM npH coyLiapeHHH c sneKTPOLIOM Obl

na Bb!We 3H8'1eHHSI CKOpOCTH 1 npH KOTOpOM KOScpcpHuHeHT BTOpH'IHOit SMHCCHH 

/KB3 I paBeH eLIHHHUe. 

Mo.lKHO C'IHTaTb, 'ITO B 1pouecce yqacTByiOT snexTpOHbl c H8'i81lbHbiMH 
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cp838MH, 119>K8ll.{HMH B H9KOTOpOI!: Orp8HH'I9HHOA 00118CTH, rpaHHU8 H8'181lbHbiX 

Q:la3 npH 110110>KIIT91lbHbiX yrnax onpenenSieTCSI MIIHHM811bHOA CKOpOCTb!O nepBH'I

HhlX sneKTpOHOB I np11 coynapeHHH c sneKTponoM I , rpaHHua oTpHuaTenbHhlX <Paa 

onpen&11SI9TCSI H8'1811bHOI!: CKOpOCTb!O BTOpH'IHhl X 9119KTpOHOB, 

M aKCHM81lbHYJO CKOpocTb sneKTpOHbi npHo6peTa JOT np11 rpaHH'IHoA oTpHua

TenbHOA cpaae. 

Ecn11 BTOpii'IHOSMHCCI!OHHbl9 CBOACTB8 M8T9pH8118 3119KTpO!lOB T8K0Bbl 1 'ITO 

3H9pi""HSI 3119KTpOHOB, HMe!Oll.{HX M8KCHM811bHYIO CKOpOCTb, M9HbUJe sHeprHH, Heo6-

X0!1HMOA nnH nony'leHHSI K 83 paaHoro enHHHue, TO PBP He Mo>KeT paaBHTbCSI. 

npH0111!>K9HHOe , ycnOBI!e B03MO>KHOCTH cymecTBOB8HHSI PBP MO)I,.?T Ob!Tb 

11011J'I9HO npH !l011ylUeHHH, 'iTO H8'1811bH8SI CKOpOCTb p8BH8 HY1110, 

B STOM C1Jyqa e M8KCHM811bH8SI CKOpOCTb npll coynapeHHH 6ya e T 

M9CTO npl! Hyn e BOH rp8HII'IHOI!: H8'181lbHOH cpa3e; 

1 
v = 2wL 

M a K c. -r-( ....-2n--,-+-.l- ).--rr-

I!MeTb 

161 

Ec1111 E MaKe - 3H8'19HHe sHeprHH aneKTpoHoB, np11 KOTopol!: KB3 paBHO 1, 

TO J C110BHSI CYlU9CTBOB8HHSI pa3pH!18 npH06pe Ta!OT C119llY!OlUHA BH!l : 

2 
L[ c~ L ( 2n + 1 ) V EMax[ gaJ 

{[ Mrru] 
15 • 17 1 

TaKHM o6paaoM, o'leBnaao, 'ITO PBP MO>KeT cymecTBOBaTb 1111Wb np11 B bi-

no·nHeHHH onpeaE!n9HHblX COOTHOUleHHI!: Me>Kay L,w H E II 1111Ulb B 
M8KC. 

OnpeneneHHOM HHTepBane 8M1111HTYll· 

EcnH saeprHSI sneKTpOHOB npH cTonKHOBeHHH c sneKTponoM npH ¢= rr/ 2- fJ 

6onbwe E , To HH>KHHSI rpaHHua onpenenHeTcH Bbipa>KeHHeM 
M8KC 

HSUI rp8HHU8 - rpaHH'IHOI!: OTpHU8Te11bHOlt cp830A Bbi11eTa. 

3. Bni!HHHe PBP Ha paaHoTexHH'Iecxne xapaKTepHCTHKH 

UHK110TpOH8 

H 
12a I, a Bepx-

YcnoBHSI, npnBeaeHHbie Bbiwe, ObinH nony'leHbi anSI cny'laH, xorna Bbicoxo

qacToTaoe HanpH>KeaHe nocTOSIHHO no BceA noBepxaocTH aneKTpona. OnHaxo B 

o6'beMHhlx peaoHaTopax ycxopHTenelt, B qacTHOCTH, B K08KCH81lbHbiX peaoaaTopax 

UIIK110Tp 0~ 

onaopo nt 

Oue 

Borol pe : 

naMH p e a · 

aanpH>KeH : 

STOlt 0011 . 

T.e. 

rne 
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e 
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lBHO 1, 
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UHKnOTpOHOB, pacnpeueneHHe H8llpSI)KeHHSI no LinHHe pe30H8TOpa He RBnS!eTC !I 

0 LI H0pOLIHbiM 0 

OueHHM anHSIHHe PBP Ha xapaKT e pHCTHKH KoaKcHanbHoro /qeT~epTbBOnHo

aoro / pe30HaTopa. C'IHTaeM, 'ITO ycnoBHSI /7 / · ana paccTOSIHHft M9)KLIY aneK Tpo 

u aMH p e 30H8TOpa Bhl liOnHSI ~TCSI H, ecnH !IO LinHHe pe30H8TOpa HMeeTCSI o6na CTb 

Hanp!I)KeHHlt, ne)K8ll.{8Sl Me.lKLI Y LlBYMSI rpaHHU8MH H8npst)KeHHft p83pS!LI8, TO B 

aToll o6nacTH B03HHKaeT PBP. KpoMe Toro, C'IHTaeM, 'ITO: 

T.e. 

rue 

1. HanpSI.lKeHHe no anHHe pe3oHaTopa pacnpeuenseTcSI CHHy c o HLianbHO, 

U' "" Um Sin 212' 
e 
,\ 

-aMnnHTYLl8 H8llpSI)KeHRSI H8 p830MKHYTOM KOHUe p930H8TOpa ; 

-paCCTOSIHHe OT 38MKHYTOT'O KOHU8 pe30H8T0p8i 

/8/ 

-pe30H8HCH8SI LinHH8 BOnHbl pe30H8TOpa !IpH 'leTBepTb BOnHOBOM pe-

30H8HCe • 

2. ConpoTHBneHHe pa3pSiua Ha euHHHUY unRHhl sneKTpouoa nocTOSIHHO H 

p8BHO rp 

OpH cymecTBOBaHHH pa3psrua Ha conpoTHBneHHH 6y LieT BbiLienSITbCSI 
2 

8KTHBH8SI MOI.l.{HOCTb l-f 
'Ya .. 

Y'IHTbiBaSI pacnpeueneHHe HanpSI)KeHHSI, 6yueM HMeTb: 

1 
r 
p 

2 2 n 
Um Sin 2 TT t ---x-

1 2 p 
U m 0-Cos 412' ___,;__ ) • 2t;; 1\ 

/ 9/ 

1101 

Ha pRe. 1 npaaeueHo cxeMaTH'IecKoe H3o6pa.lKeHHe aaBHCHMOCTH o6nacTH 

cy m e cTBOBSHHSI p83pS!Ll8 OT BenH'{HHhl aMnnHTY Llbl HanpH)KeHHSI H8 p830MKHYTOM 

K OHue pe3oHaTopa. BHuHo, 'ITO npH yMeHbweHHH aMnnHTYLIW o6naCTb yaenH'IH-

Ba e TCSI H C LI BHraeTCSI K pa30MKHYTOMY KOHUYo 

a palpSILI, 6yueT 
2 b :l f 

Um (Sin 212' - df 
P.H ,\ 

OonHa !I 

rue 

M Oll.{HOCTb@ YXO Ll Slll.{8SI 
b 1 

p .. i Pade- -
P f Y r 

"l p 
f b- rp8HHUbl cymecTBOB8HHSI pa3pSI LI 8 no LinHHe pe30H8TOpa. 

paBHa: 

/ 11 I 

fq H f b nerKO MOryT 6b!Tb Onpeu e neHbl: 
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A Uq 
r b ~ ~ arc Sin -u:::- I 

:r. 

u'f ~ ,. ,\ arc Sin --u=--
5 m 

Lln H PBP a ocTaT04HO T04HO co6niOaaeTcH cooTHaweHHe 

112 I 

U - 2U 
q- H 

noacTaB.!'JSISI B HHTerpan I 11 I 3Ha4 e HIHI rH II f b I 12 I. nonyqaeM OKOP.-

4aTenbHOe Bblpa>KeHIIe Ll.!'JSI MOWHOCTII , liOTpe6nHeMOlt p83pSILlOM ~: 

~ 
U 2 A f ( Un ) 
H~ -u-;;;-

P 

I 13 I 

rae 

U . 2U . U 2U .· ( U )2 f( _ ...!f_ ) = (arc Sin __JJ. -nrc Sm ._ H_ )- ( _ H_ y' 1- 2 ~ , -
Um Um Um Um Um 

. 2 
_!!p,/1-(~) ), 1 14 1 

Um Um 

Llo6pOTHOCTb pe30H8TOp8 MO>KeT 6bJTb npeaCT8B,!'Je H8 K8K OTHO WeHHe 

pe8KTIIBHOII MOW HOCTH, 38li8CeHH Olt B pe30H8Tope, K 8KTII B HOII . I C4HT8eM , 4TO 

pa3pSILl He B.!'JIISi e T H8 peaKTIIBHhle C BOltCTB 8 pe30H8TOpal. 

Toraa HMeeM : 

2 
l 

f(~) 
115 I Q = :peaL_ = 

um {3 = '2 - X U2 a+ P 0 1 + 
4 1T r a 

ak m P 
p 

r .:t e (3 -K09 qJCp HUHeHT, 38 B II C SI Ull1li OT p e aK T IIBHbl X napa:v!eTpOB KOHTypa; 

a -K09¢¢HulleHT, 9KBHBaneHTHhlA CO!IpOTHBneHHIO liOTepb B K OHType 

6ea paapH a a; 

1 
f}> = - --- - ao6pOT HO CTb KOHTypa 6e3 pa3pS! Ll 8. 

(l 

Ha pnc. 2 B bl'IIIC.!'J eHH8SI B COO TBeTCTBIIII C B blpa>KeHI1eM 114 I 

3 a BHCII:v! O CTb 

npHse a eH a 

f(~) 
Um 

K 8 K Bf! Ll HO 113 XO L1 8 KpHBQj:\ l pHC o 2 1, BnHHHHe cpy HKUHII f =( ~H) H8 ao-
m 

6~0TH OCTb pe30H8HCHOli CHCTe M bl CT8HOBHTCSI 38MeTHbiM !Ipll yMeHbWeHIIII 8 M n-

.lHT YLlbi HanpH >I<eHIIH Ha ay aHTax I u 
m I HII>Ke H eKoTopoll senH411Hbi I np11 

H e 113M eHHOll qac ToT e 11 reoM e T pll4eCKIIX paaMepax peaoHaTopa I . T a KHM o6paaoM, 

'v!O>K HO O >KIIL1 8Tb CK84K006pa3HbiX H3MeHeHHii Ll 06pOTHOCTII p e30 H8TOpa, a cne -

.::t O BaTenbHO H H81IpH>KeHIISI H8 LlY 8HT8X, npH !I.!'J8BHOM 113 Me HeHIIH liO Ll B OLlHMOi-i K 

HeM y KOne 6 aTe.!'JbHOl! MOWHOCTH 0 

n o ; 

Ll Y8HTOB 

!IpH>KeHH : 

npe.aenea 

p8:30 MKF. 

Ha 

HHSI H8 Ll 

Xa i 

rHcTep e c 

a o6poTHC 

xoae CHH 

LlHT CK8 ' 

pOTHOCTI 

Bo3 

HM IIY.!'JbCH 

pa noc ne 

CTBeHH bJe 

6pOTHOCTI 

ny nbc a Ll 

CTB YIOWH 

!IpH KOTO 

aeaeabr o 

HbiX 3H8'1 < 

OVI SfVI. 

H a 

HMeeTCSI 

Hanpst >Ket 

'!OK !IpH 6l1 

!IpOHCXOLl~ 

pHCo 8 1. 

Lin H 

M3Vl OVI : 
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no a C09LlHH 9 HH 9 K pa30MKH YTOMY KOHUY '19TBepTbB01lHOBOH 11HHHH 9MKOCTH 

LlY8HTOB He M9HH9T xapaKTep npouecca. H ao6opOTt B STOM C1ly'lae CKa 'I OK Ha

npH:lK9HHH 6yaeT 6onee KpyTb!M 1 H60 ll0LlK1li0'19HHaH 9MKOCTb H3M9HH9T nepepac

npeaeneHHe peaKTHBHOl!: MOUIHOCTH, y Be/lH 'I HBaH ee 9MKOCTHY IO COCT8B1lSI !OlliYIO y 

pa30MKHYTOrO K OHU8 llHHHHo 

H a puc. 3 npuaeaeHa CHS!TaSI Ha UHKnOTpoH e OYf.HYf aaBHCHMOCTb HanpR )Ke -

HHH HS ayaHTaX OT aHO.[lHOrO HanpH:lK9HHSI Bb!COKO'IaCTOTHOrO reHepaTOpa. 

XapaKTep npouecca nonHoCTbiO coanaaaeT c Bbiaoa a MH, caenaHHbiMH Bbi W e, 

rHcTep93HCHb! l!: XO.[l nerKO MO:lK eT 6b!Tb 06'bHCH9H 0 ,Ue li CTB H T91lbHO, llOCK01lbKY 

.[l 05pOTHOCTb pe30HaHCHOl!: CHCTeM bl npH Ma /lb!X MOUIHOCTSIX M ana, TO npH fiOil 

XO .[l 9 C HH 3 Y .[I llS! Il0CTH>K9HHSI T9X 3Ha'I9HHl!: HanpS! >K9H HSI 0 npH KOTOpb!X npOHCXO 

.[l HT CKS'IOK, HY)!{Ha 601lbW8SI MOll.IHOCTb 0 '19M npH !IO.[lXOil9 caepxy, KOril a a o6-

pOTHOCTb B 9JI HK8o 

Bo3HHKHOBeHHe PBP a p eao HaTope nerKo Mo)!{eT 6biTb o6Hapy>KeHo npH 

HMUYJibCHOl!: pa6oTe reHepaTo pa. 8 STOM CJiy'lae B MOM9HT 3arrHpaHHSI reHepaTo

pa nocJie OKOH'IaHHH MOilY1IHPYIOlll9rO HMllY1lbCa B p930HaTope CYlli9CTBYIO T co6-

CTB9HHb19 KOne6aHHSI, 3aTy X a !Oll.I H9 C llOCTO>IHHOl!: Bp9M9HH npOnOpUH,OHaJibH Ol!: ao-

5pOTHOCTH pe3oHaTopa. Ha sKcrroHeHuHanbHO 3aTy x a ro meM 38IlHeM cj:lpoHTe HM

rry n bca ayaHTHOrO H8!IpSI>K9HHH Ll01l)i{ 9 H CYlli9CTBOB8Tb p93KHl!: CK4'IOK, COOTSeT-

CTBY !OlliHli MOM9HTY pa BeHC TBa aM!IJIHTY Llbl aya HTHOrO HaiipS!)i{9HHH B91lH'IHH e , 

rrpH KOTopol1 ao6poTH OC Tb p e 3KO rraaaeT Ha-aa B1lHSIHHH PBP. Ha puc. 4-8 npH

aeaeHbi OCUH111lOrpaMMbl orH6a iOIU9H ayaHTHOrO Ha!IpSI>K9HHSI, CHHTb!e !IpH pa3JI H'-I -

HbiX 3Ha'I9HHSI X H8!IpSI >K9 HHSI Ha ayaHTaX UHK/lOTpOHa MHOroaapH .[t HbiX HOHOB 

OVI SfYJ. 

Ha BCeX OCUHJIJIOrpa M M aX B KOH9'1HOl!: o6JiaCTH 3a .[l Hero cj:lpOHTS HMIIY 1lbC a 

HM99TCSI XapaKT9pHbll!: CKa'IOK , B03HHK 810ll.I HH npH CpaBHHT91lbHO Manoli B91lH'IHH 9 

H8!IpS! >K9 HHH Ha .[lyaHTax. C YM9HbW9HH9M B036y >KL1 9HHSI p e 30H8TOpa STOT CKa

'IOK npH6JIH )!{ a e TcH K Ha'lany 3ailHero cj:lpOHTa. CpbiB Ha rr pSI>KeHHSI l cM,pH c , 3 / 

OpOHCXO.[lHT TOra a, KOrLl a CKa'IOK COB!ISLlaeT C Ha'la1lOM 38Ll Hero cj:l pOHTa f CMo 

pHc. 8 / . 

LlnH HenocpeacTBeHHoro o6Hapy )i{e HHSI PBP B peaoHaTope UHKnoTpoHa 

M3VI OYJ SIYJ aaTopaMH 6blno rrpoaenaHo cneayromee: Ha BHyTpeHHIOIO rroa e p x -
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H() C Tb C~ ! O TpOB O r o OKH8 1 !f ,1XO .' l~II!C r OC9 Me>K L!Y llY 8HT8MM M 38K Op8'l MB8 10U!ei:f 

!1118CTMHOfi, 6bi11 H8HeceH .'1 lO M MH Ocj:JOp , n pM M8KCMM8J'IbH biX H8!1pSI>KeHMSIX H8 

ll Y8HT8X !10 120 KB 11IOMMH0cj) Op He CBeTH11CSI , 0 llH8K0 1 npH y M eHbWeHHH llY8HT

II Oro H811pS!>KeHMSI 1 B paiiOHe 50-40 KB 1110MMHOcj:JOp H8'1MH811 S!pKO CBeTMTbCSI, 

'lTO MOr/10 6hlTb Bhl3B8HO TO/lbKO HOSIB/leHM eM B 3TOM MecTe pe30H8TOpa 3/l e K

TpOHHOH 118BHHbl, 

n pH ll llllbH e AweM y :vte Hb We HHH HanpH >Ke HMSI lliOMMHO cj:Jo p noracan. Bee 3TO 

noc TaTO 'IHO y6en aT e !lbHO noKa3 biBaeT cyw e cTsoaanae PBP a pe30HaTope UHKno

Tp o Ha, 

4. BmHJHU e P BP Ha c s o lic-raa a BT o K one6 aTenbHOii CHCTeMbi 

npH paCCMOTpeiiHH BllMSIHHSI PBP H8 xapaKTepHCTMKH K08KCH8JlbHOf'O pe3o

HaTopa UHKJ10Tp0H8 C'lMT8 110Cb 1 'ITO B036y ~<ll8 HHe pe30H8T0p8 npOH3BOllHTCSI OT 

MOIL! Horo aBTOHOMHoro reHepaT o pa. B 3TOM cnyqae n ocTaTO'IHO npocTo MoryT 

6biTb nony'leHbi BbiCOKMe yc K o pHIOWHe HanpSI >Ke HHH . O n H a Ko , c Ta 6 HnbHOCTb ycKo

pHIO LU ero H811 pS! >KeHHSI [lllSI T8KOH C X eMbl 6y n eT OrtpenenHTbCSI CTa6HilbHO C Tb iO 

C06CTBeHHOH 'l8CTOTbl pe30H 8 T Opll, npa 60/lb)l.I HX reOMeTpH'IeCKHX p83Mepax pe-

30H8TOp8, B/lHSI H HH 11Y'IK8 H 3H8'-IIiT81lbHbiX MOU1 HOCTSIX, BBO llHMbiX B UMK/lOTpOH, 

TpyllHO O>KH[l 8Tb xopowefi CT86MJlbHOCTH . npMHUH11H811bHOe yny'IWeHHe MO>KeT 

6b!Tb !I011Y'I e HO H11H 38 C'leT BBe [leHHSI 8BT0110llCTpOiiKif C06 C TBeHHOtl '18CT0Tbl 

p e3 0H8TOpa 1 Hlllf B CHC T eMaX C C8 MOB036y>I<[leHHeM, 

B nocnea H e M cnyqae 'la cToTa KOn e6 aHMii ycKopHJOwer o HanpH>KeHHH onp e 

n enHeTcH uenHKOM C0 6 CTB e HH O H '18CTOTOi\ p e30 H8T0p8
1

H npH H3M e HeHHH ee 8Mn-

11HTYLl 8 y c K O pS! IO I L!e ro H811pH >I<e HHSI 6yne T OC T8B8TbCSI H e M3M8HHOfi, 

KpoMe 3To ro 1 cacTeMa c caMoBo36y~< ne HHeM MO ~<e T 6biTb Bbi11011Heua 

BCe!' O 118 O IJ HO A MOlUHOH TI UMne 1 TOT' ll8 K8K r eHepaTOpbl C He38BMCMMbiM B03-

6y >KLle UM eM BbtnO.!'!IISI!OTCSI MHOrOK8CK8ll H biMII C 60ilbWIIM K O/lM'IeCTBOM 118M11, 

B CBSI 3 1! co se e M 3THM npen cTasnHeTcH MHTepecuhlM paccMoTpeTb BllMH

HHe PBP Ha C BOACTBa 8BTOKOne6a T en bHOi:f CMCT e Mhl, npMHUM11H811bH8SI cxeMa Ta

KO A C !ICT eMhl n OK8 3 8H8 11 8 pH C , 9. Pe30H8TOp npell CT8B/18H KOHTypOM 1 CO C TOH-

IJ1 HM H 3 L, C, ll . HanpH >I\ e Ht1e c eMKOCTHoro nen HTenH fJ, nponopuHouanb-

H O e YCI 

38HH0f' { 

P• 
ypasn ef. 

R - c 

PBP, E 

8Mfl/1HT) 

TOKOn e6 

p83BHTb 

Q -.; 

sa eM oil 

THBHOA 

H 

llYIOWH!>. 

1. 

W HX u 

n , 
3aTeM n 

11HK0 1 a 

2, 

11 H'leHH• 

Ha 

H BHOCH ~ 



9 10LH ei1 

{ Ha 

HTbCS!, 

Bee aTo 

op e UHKllO-

ro peao-

HTCS! OT 

MOryT 

i OCTb!O 

epax pe-

KllOTpOH, 

M O)l{ eT 

~C TO T bl 

t HS! onpe-

naMn, 

~xeMa Ta-

COCTOS!-

oUHOH81lb-

1 I 

noaaeTCS! Ha BXOa yCHllHTenS! 

38HHOrO HH aY KTHBHO C KOHTypOM, 

L d lk _ + I R + _1_ [I dt- \f ~ ~ 0 
dt k c . k dt 

u = c 
l 

c 

Ia ~ S ( U g" ) H l{x 

PeutaS! CHCTeMy 116 1 OTHOCHTellbHO 

ypaBHeHue: • 
•• 2 
u + w [ d ( u ) - \f wo 13 s ( 13 u ) 1 u + wo u = 0 c 0 c c c c 

w = _1_ d = _1_ ~ ll 
o y' L C Q w;;-r. 

s 

116 I 

111 I 

R -conpoTHBneHHe noTepb, yttHThiBaJOmee H aKTHBHbie noTepH MOIUHOCTH oT 

PBP. BnH S!H He spe MeHHhiX xapaKTepHCTHK pa3p!!aa Ha npouecc y cTaHosneHHSI 

aMnnHTyahi B aaHHOM cnyqae He Y ' tlfTbiBaeTcSI, CttHTaeM, 'ITO Bo3oy )l{a eHHe as

TOKone6aTenbHOA cHcTeMbi npoucxoaHT aocTaTO'IHO MeaneHHO u PBP ycnesaeT 

pa3BHTbCS!, 

OtteBH a HO, 'ITO CTaUHOHapHbiJ1 p e)I{HM aBTOKOne6aTe/lbHOA CHCTeMbi, OnHCbi

BaeMO H ypaBHeHHeM 117 I , 6yaeT cy m ecTBOBaTb npH paB eH cTBe H Y /1 10 a Hccuna

THBHoA <!J YHKUHH • 

HenuH eii Hbie <PYHKUHH 

aYIOlll HM o6paaoM: 

d ( Uc ) u S ( Uc ) MoryT 6biTb npe a cTasneHbi cne-

}, 8 COOTBeTcTBHH C 1151 MO)I{HO C'IHTaTh, 'ITO HMeeTCSI OonaCTb OOllb-

d u 
c Q - Be11HK0 0 - Mano. WHX , r ae a 

n pH H e K O TOpO M 3Ha'leHHH tJC npOHCXOaHT pe3KOe yBellH'leHHe d • a 

PBP B peaoHaTope He cy !JleCTByeT H Q CHOBa Be-

/llfKO, a d Mano. 

2. K pyTH3Ha s B OOllaCTH M81lb1X u 
c 

- nocTOS!HHa, aaTeM c yse-

u MOHOTOHHO yMeHblllaeTCS!, 
c 

Ha pHc. 10 npeacTasneHbi npuMepHbie aaBHCHMOCTH 3aTyxaHHSI d(U 
c 

If BHOCHMoro o6paTHOi1 CBS!3bl0 oTpuuaTenbHOro aaTyxaHHS! M w IJ S( p ) 
0 /J ) c • 
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KaK BHaHO H3 pHCyHK8 1 HMeiOTCS! TpH 3HS'IeHHS! uc 1 COOTBeTCTBYIO -

LUH9 CT8UHOH8pHOMY COCTOS!HH 10 8BTOKOne6aTenbHOft CHCTeMbi. M O)I(HO !IOK838Tb, 

'ITO TO'IK II u~ 11 u~; S!BnS!IOTCS! YCTOft'IHBhlMH rrpeaenbHhlMH 

U" 
co 

-H eyCTOft'II!Bb!M rrpeaenbHb!M UHKnOM o 

UHKn8MH 0 

Cy LU ec TBOBSHH e 60nb LUHX K on 908HHfi u;" B TSKOfi CHCTeM e B03MO)I(H0 
0 

TOnbKO B TOM cnyqae, ecnH 6yaeT C03aSH HS'IanbHblft TOn'IOK, rrpeBb!LUSIOLUHfi 

U" • npH MeHbLUHX Ha'lanbHbiX ycnoBHS!X B CHCTeMe 6yayT cyLUeCTBOB8Tb 
co 

xone6aHHS! c aMrrnHTyaoA u· co 

Pe310MHPYSI 1 MO)I(HO CK838Tb, 'ITO B TOM cny'lae, Koraa paaHOCXeMa UHK

noTpOH8 B brrronHeHa c caMoBoa6y maeHHeM , B03HHKHOBeHHe PBP B peaoHaTope 

cyLUeCTBeHHO H3MeHSI9T pe)I(HM rcHepaTopa H anSI B030y)l(aeHHS! 6onbUJHX H8!IpSI

)K9HHfi Heo6xoaHMO npHMeHSITb cneuHanhHbre ManoMOLUHbre soa6yaaTenH. B xa-

/2/ 
'19CTBe npHMepa MO)I(eT cny)I(HTb O!IHC8HH8H B paaHOT9XHH'I9CK8S! CHCTeMa 

uHxnoTpoHa c noaaoa6ymaeHHeM oT 6ycTepHoro reHepaTopa. CpaBHHTenbHO 

/4/ 
npOCT09 0 HO acjlcjleKTHBHOe ycTpOfiCTBO anSI B030y)l(a9HHS! OUHC8HO B , rae 

npHM9H9H HCKpOBOfi reHepaTop 38TYX810LUHX KOne6aHHfi. B MOM9HT npo6oSI HCKpo-

soro rrpoMemyTxa B peaoHaTope coaaaeTcSI anexTpH'Iecxoe none, npeBbiUJBIOLUee 

o6nacTb PBP. 

Taxoa Ton'IOK noasonSieT pacxa'laTb asToxone6aTe1lbHYIO cacTeMy ao 6onb-

UJHX 3118'1eHHfi YCKOpS!!OLU9rO HanpgmeHHSI. 

PaccMOTpeHHe cnoco6a nHKBHaauHH PBP c noMOLUbiO nocTOl'IHHoro cMe

LU9HHSI He SIBnSieTcSI uenbro aaHHofi pa6oTbr. Mo)I(HO nHUJb yxaaaTb, 'ITO noaa-

BSS! Ha aneKTpOabi IIOCTOS!HH09 H8IIpSI:lKeHH9 Be1lH'IHHOfi !IOpSiaKa 

H36e:maTb B03HHKHOB9HHS! PBP. 

U
0 

yaaeTcSI 

5. Boa6ymeHH e nnaaMeHHoro BbiCOKO'IaCTOTHoro paapSiaa 

B p930H8TOpe UHK1lOTpOH8 

BoaHHKaSI B asaxyaposaHHOM o6beMe ycxopHTenSI , PBP ae TonbKO MeHSieT 

paaHOT9XHH'IeCKHe Xapa,KTepHCTHKH pe30H8HCHOfi CHCTeM hl, HO H CIIOCOOCTByeT 

p83BHTHIO nnaaMeHHOrO BbJCOKO'I8CTOTHOrO pa3pSiaa. 3TOT pa3pSia npenSITCTByeT 

nony'leHHIO Bb!COKHX ycKOpS!!OLUHX Ranpg m eHHi!, IIOTpe6nSISI noasoaHMYIO K peao-

HaTopy Bb!COK0'18CTOTHYIO MOLUHOCTb 0 

M3Yf < 

'l9HHe 

'leHHe 

CTeHK8 

BHa, II) 

B 

B9pXHOC 

cyLUeCT 

B 

npH BO 

4.10 -B 

2.10-5 

Ec 

TO CH O B 

IIeHHO y 

COCT OH H 

HHH H8 . 

ero Tpe 

none, T c 

poro sp 

Sbr 

LUero H3 

powee c 

n OSIBn e H 

nosy w e x 

BKniO'IeHF 

C~' LU ecTB 

E c n 

H8H TpeH : 

CS! BCKp b! 
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B03HIIKHO B e HIIe TaK O T' O pa 3 pSI .a a IIH Or .a a Ha6n iO.aanOCb Ha UIIKnOTpOHe 

M31-1 01-1 Sfl-1. n ocne pa360pKH lin II .aniiTenbHbiX OCTaHOBOK ycKOpiiTenSI BKmo

'!eHIIe BhlCOKO'laCTOTHOT'O reHepaTopa Bhl3hlBaeT IIHTeHCIIBHOe rony6oBaTOe cse

'leHI!e B aBaKyllpOBaHHO M 06'beM e, conpOBO>K.Ua !O WeecSI CllnbHbiM IICKpeHIIeM Ha 

CTeHKaX pe30HaTopa. 0rll6aiOWaSI .ayaHTHOI"'O HanpSI>K eHIISI B aTOM cny'lae IIMeeT 

BII.U, npiiBe.aeHHbil!: Ha pile. 11. 

BpeMSI cywecTBOBaHIISI TaKoro pa3pS! .aa 3aBHCIIT oT cTeneHH 'liiCTOThl no

sepXHOCTII pe3oHaTopa 11 .anRTenhHOCTII ocTaHOBKII ycKOpiiTenSI. Pa3pS! .a MO>KeT 

cywecTBOBaTb OT HeCKOnbKIIX MIIHYT .UO HeCKOilb .KIIX 'laCOB. 

1.10-5 - -6 
B enll'liiHa pa6o'lero .UaBneHIISI B UIIKnOTpOHe COCTaBnSieT 6.}0Top. 

npH B03HHKHOBeHIIH nna3MeHHOI"'O pa3pSI.aa .aasneHHe yBellH'liiBaeTCSI .UO 

4.10-5 - 1.10-4 
TOp ll 3aTeM Me.aneHHO cna.aaeTo np11 .aasneHIIH nopSI.UKa 

-5 
2.10 p a 3pS!.a racHeT. 

EcnH B MOMeHT npeKpaweHHSI pa3pS!.aa ysenll'lHTb nO.UBO.UHMY!O MOWHOCTb, 

TO CHOBa B03HIIKH8T pa3pS!.U II noracHeT nHWb '!epe3 HeKOTOpoe BpeM Slo n OCTe-

neHHO ysenll'liiBaSI cpe.UH IO!O MOWHOCTb, MO>KHO .UOBeCTII YCKOpiiTenb .UO TaKOI"'O 

COCTOSIHIHI, 'ITO pa3pS! .U He 6 y .aeT B03HIIKaTb II np11 MaKCIIM anbHOM HanpS!>Ke-

HHII Ha .ayaHTax . Ha p11c. 12 npiiBe.aeHa KpiiBaSI .aaBneHIISI B pe30HaTope n pll 

ero TpeHIIpOBKe. Ecn11 cllcTeMa TpeHIIposanacb np11 BbiKn iO'le HHOM M arHIITHOM 

none, TO npll BKil !O 'le HIIII n OnS! CHOBa B03 HHKaeT pa3pS!.U H no IICTe'leHIIII H8KOTO-

pore spe M eHII racH e T. 

6hinO 06Hapy>KeHO, 'ITO aTOT pa 3 pSI .U CBSI3aH C Hanll'llleM MaCJJa , nona.a aiO

wero 113 BaKyyMHbiX HaCOCOB B O TKa 'III BaeMb!H 06'beM. Ecn11 noBylllKII IIMe!OT xo 

powee oxna>K .aeHII e , To speMSI cywecTBoBaHIISI pa 3 pSI .aa He npeBbiwaeT 1 'laca. 

noSIBneHIIe 6 0nb WOl!: Te'lll B BaKy yM HOM o6'beMe IIJJII OTCYTC TBIIe oxna>K.aeHIISI 

nosy we K np11so.a 11T K nona .a aHIIIO B o6'beM HeKoToporo KOnll'leCTBa Macna. npu 

BKniO'leHIIII reHepaTopa B aToM cny'lae seer .a a B03HIIKaeT pa3pS!.a 11 speM Sl ero 

C~' weCTBOBaHIISI 3aBIICIIT OT KOnll'leC TBa H BXO.U S! WeT'OCSI B 06'beM e Macna. 

Ecn11 s o6'beM nona.aaeT 6onbwoe KOnll'lecTBO Macna, TO .aa>Ke .UJJIITenh

HaSI TpeHIIpOBKB YCK OpiiTenSI He rfpiiBO.UIIT K IIC'! e 3HOBeHII!O pa3 pSI .a a. n pHXO.UHT-

CSI BCKpbiB8Tb p e 30HaTOp II y .a anSITb 113 Hero Macno. 
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M exaHH3M B03HHKHOBeHHSI nnaaMeHHoro Bb!COKO'ISCTOTHOI"O pa3pS!Aa B 

UHKnOTpOHe MO)!{eT 6b!Tb cneAy!OWHM . 

K ax 6bJno noxaaaHo Bbiwe, ua-aa HenocTOSIHCTBa HanpH)!{eHHSI no AnHHe 

pe30H8TOpa B HeM BcerAa 6yAeT CYW9CTBOB8Tb H9KOTOpaH o6naCTb HH3KHX aa

npSI)!{eHHA, npu KOTOpbiX soaMo)!{eH PBP. B MecTax BBOAa MOWHOCTH B uuxno

TpoHe / Ha BHTKSX CBH3H / TSK)!{e 6yAyT HH3KHe HanpSI)!{eHHSI. 8 cnyqae HM-

nynbCHOA pa6oTbl reHepaTopa PBP nepeMewaeTcH no AllHHe peaoHaTopa so 

speM H cso6oA HbiX xone6aHHA cHcTeM hi. n oTOit ocuunnBPYJOWHX npu PBP aneKT

pOHOB 6oM6apAHpyeT nosepXHOCTH 91leKTpOAOB1 'ITO npHBOAHT K BbiAeneHHIO 

Ill! 
C 9THX noBepXHOCTeA I"830B H npOAYKTOB pa3nO)!{eHHH Macna 

B peaynbTaTe A asneHHe B o6'beM e ycxopHT enH soap acTa eT, coaAaJOTCH 

6naronpHHTHhle ycnOBHH AnSI ~OHH38UHH I"838 H B03HHK89T nna3M9HHhlA Bhlco

/11 12 13, 
KO'ISCTOTH b!A pa3pSIA ' ' • 

M acno noA B03AeAcTBUeM nnaaMeHHoro paapHAa 6yAeT paanaraTbCSI 

6onee HHTeHCUBHO, pa3pSIA YCHnUTCH H pacnpOCTp8HHTCSI no 06'beMy pe30H8TOpa. 

n 0 HCTe'!eHHH H9KOTOpOI"O BpeMeHH npouecc paanO)!{eHHSI Macna npeK paTHTCSI, 

saxyyM yny'lwHTCSI u paapSIA noracaeT. Ha cTeHxax peaoHaTopa B peaynbTaTe 

KpeKHHI"8 MSCna OCTaeTCSI TOHKSSI AU9neKTpH'IeCK8H nneHKa. 

VfcKp9KUe H8 CTeHKSX pe30H8T0p8 06'bHCHSI9TCSI TeM, 'ITO BO BpeMH nnaa

M9HHOI"O BhlCOKO'ISCTOTHOI"O pa3pSIA8 nneHK8 3apSI)i{89TCSio npu H9KOTOpOM noTeH

UHane npOHCXO A UT npo6oA nll9HKU 0 COnpOBO)!{AS!OWHACSI pa36phl3I"UB8HH9M MaTe

pHana aneKI'pOAa. Ha nosepxHOCTH o6paayJOTCH Menxue •xpaTepbi•. 

8 AanbaeAweM aTa nneHKa BhiropaeT, o6paaySI cnoA yrnepoAa Ha nosepx

HOCTU aneKTPOAOB. ¢loTorpa¢uu •xpaTepos• npu ysenu'leHHU noxaaaHbl Ha puc. 

13, 14. 

noATBep)j{AeHUeM TOI"O, 'ITO nna3MeHHb!A pa3pH:a B036y)i{A8eTCH PBP, 

MO)!{eT CllY)!{UTb H Cll9AY!OWee: 

EcnH npH KSKOM-TO 3H8'1eH!IH Bb!COKO'ISCT OTHOA MOWHOCTU B npouecce 

TpeHHpOBKH UHKnOTpOHa nnaaMeHHhlA pa3pHA HC'I9389T 1 TO ero MO)!{HO B036y-

AHTb BHOBb 0 yMeHbWUB noABOAHMYJO MOWHOCTb H soa6yAHB PBP B paAoHe 

AY8HTOB. TOI" A 8 npH yaenH'I9HUH MOWHOCTU AO npe)!{H9I"O 3Ha'leHHH CHOBa B03-

HHK8 e T n ·n a 3M e HHbiA paapHA. 

x o p ow 

M a nbH 

6 y )i{AE 

H 8HCH• 

K o n e6a 

a eo6 xc 

p 8 TbC 

A 

r. H. < 

'18 HlfH 

P uc. 1. 
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)Bepx-

ra pHc. 

'BP, 

acce 

dtoHe 

>Ba aoo-
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npHB8Ll8 HHble B b!We oueHKH BnHSIHHSI PBP Ha pe )K HM pa60Tbl UHK110Tp0H8 

xopowo nonTaep )KLIS IOTCH onbrToM HananKH H 9KcnnyaTauHH YCKOpHT en sr M 3Vl OvHI VI. 

Bo3HHKH OB e HH e nna3MeHHoro BbiCOKO'laCTOTHoro pa3pHLI8 ycno*HSi e T Hop

M811bHbiA pe)!< HM pa60Tbl UHKliOTpOHa. B Clly'lae reHepaTOpa C H838BHCHMblM B03-

6Y*Ll8HH 8M 9TO B OC HOBHOM 38TPYLIHSieT T0'1HYIO H8CTpOHKY H8 'l8CTOTy pe3o

H8HCHOH CHCT8Mbl H yBeliH'lHBaeT BpeMSI 3anycKa ycKOpHTensr. B cny'lae 8BTo

K011e6aTenbHOH CHCT8 Mbl LlliSI B036Y *LI8HHSI H8 LIY8HT8X 60llbWHX H8llpSI)K8HHH 

Heo6xon HMO npuMeHSITb cneuHanbHbre Mepbi n nsr nHKBHLISUHH PBP HnH eTa-

p8TbCSI CB8CTH ero BliHSIHHe K MH HHMYMY • 

ABTOpbl C'li'IT810T CB OHM npli SIT Hb!M Ll011f'OM II06118f'OLI8pHTb npocpe cc opa 

r.H. ¢nepoBa 38 HHT e p e c, !I pO S1Bl18HH biH K 9TOH pa6oTe, 1'1 38 ll01183Hbl8 38Me

'l8HI'ISI npH ee o6Cy )KL18 HHHo 

PHc. 1. C xeM aTH'lOCKoe H3o C pa *eHHe 38BHCHMOCTH o6nacTH c ywecTBOBa

HHH pa3pSI LI 8 B 'l8TBepTbB011HOBOM K08KCH811bHOM p830H8TOpe npH 

R3M8H8 HHH 8MllliHTYLlbl H8UpSI)K8HHSI. 
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3xcnepHMeHT8nbH8SI 38BHCHMOCTb HanpsnK eH HSI H8 AY8HT8X UHK

nOTpOH8 OT BenH'lHHbl 8HOAHOrO HanpSI>KeHHSI BbiCOKO'l8CTOTHOrO 
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¢opMhl HMnynbCB HB ayaHTBX UHKnOTpOHB npH H3MBHBHH H noaeoaHMO~ K HBMy 

B ld COKO'IBCTOTHO~ MOlllHOCTH. 

p H C. 4 , 

p H C , 6 , TJ
8 

= 2KB 

TJ!l "' 28 KB 

p H C . 8, TJ
8 

= 1 Kll 

TJ11 = 14 KB 

p H C, 5. 

p H C. 7 . 

. T! = 3 8 KB I a ' 
1J = 50 KB 

!l 

TJ,. c 1,5 KB 

TJ = 18 KB 
II 
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H .....----... ~·ft 

p B C, 9, npHHUH!IH81IbH8SI CX9M8 8BTOK011958T91lbHOA CHCT9Mbl, 

p H C, 11, 

....... 

u;, lit"~ 
l.t·U. u~~ U.: IH 

p H C, 10, 3a BHCHM OCTH d(U) u S(U ) 
c c 

~OpMa HMliY1IbC8 H8 AY8HTaX UHK1IOTpOH8 !IpH B03HHKHOB9HHH B 

peaoHaTope unaaMeHHoro paapHaa. CHH3y BHAHa BepxywKa Mo

AY1IHPYIOlllero HMnynbca, 

p H 



CHCTeM bl, 

K HOBeHHH B 

J XYWK8 MO-
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r 
~·.;.. 

p H C, 12, BpeMeHHaH aasHcHMOCTb a asneHHH s peaoHaTope UHKIIOTpoHa 

npH B03HHKHOBeHHH li1183MeHHOrO pa3pHU8, 

p H C, 13. p H C, 14, 

•KpaTep bl• H8 CTeHK8X pe30H8TOpa, B03HHK8!0WHe lipH npo60HX 

38pSJ>KeHHOit nneHKH , 
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