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0 1976 06'f>ec)uHeHHWU UHC.UIIY• Jf<)epH .. IX UCCIIe006QHUU ,/ly6Ha 

1. BaeaeHHe 

B sKcnepHMeHTax no <flopMHpoaaHIHO sneKTpOHHbiX 

Koneu B aareaaTope npoTOTHna KonneKTHBHoro ycKOpHTenH 

TRlKenbiX HOHOB OHMY 011$111 sneKTPOHbi HHlKeKTHpoaa

nHCb B HMnynbCHOe MarHHTHOe none Ha p8AHYC rin =40 CM. 

MraoaeHHaH op6HTa KOppeKTHpoaanacb B TO'IKe ee nepe

ce'leHHH c paaaoaecaoi% op6HTOH ( r = 35 eM}. ToK 

HHlKeKUHH COCTaBnHn 200-300 A npH SHeprHH sneKTpOHOB 

Ein::1,8 MsB t Yin-='4,5) H anHTenbHOCTH HMnynbca 

-20 HC. 

BapHaUHH noKaaaTenH cnaaa MarHHTHoro nong npo

H3BOAI:WHCb nyTeM H3MeHeHHH HanpHlKeHHH H BpeMeH 

BKniO'IeHHH cTyneaei% clKaTHH. KoppeKUHH n a6neae pa

AHyca ( r = 35 eM) ocymecTBnHnacb H3MeHeHHeM nono
:lKeHHSI KaTymeK I cTyneHH. 

nng onpeaeneHHSI paBHOBeCHOro p8AHYC8 H paAHBnb

HOrO pa3Mepa ceqeHHH KOllbU8 tno BpeMeHH HanllblB8HHH 

npH c:lKaTHH} ecnonbaoaanHCb nepeMemaeMbie no pamtycy 

30HAbi paanH'IHhiX THnOB ( ¢lna:lKKH). PerHCTpHpoaanHCb 

BblC8AHBWHHCH 38pHA H TOpM03HOe y-uany'leHHe. 

nuarHOCTHK8 KOllbU8 Ha M8llbiX paAHYC8X ( r ~ 6 CM) 

npOH3BOAHll8Cb C nOMOUlb~ A8T'IHK8 HH<flpaKpaCHOrO 

eany'leHHH ( 11K-AaT'IHK). OnTH'IeCKaH cecTeMa llBT'IHKa 

n03BOllSill8 npOBOAHTb BH3Y81IbHble H86ntOAeRHH 38 KOllb

UOM B BHAHMOM AH8n830He CHHXpOTpOHHOrO H3lly'leHHSI 

H8 p8AHYC8X r - 4 CM. nHHeiiHoe yBellH'IeHHe OnTH'IeCKOH 
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CHCTeMbl B nnOCKOCTH aaT"!HKa Y = 1 1 none 3pe
HHSI - Kpyr aHaMeTpOM 30 MM. B HeKOTOpbiX H3Mepe
HHSIX Hcnonbaosanach co6HparomaSI (nonesaSI)nHH3a. 

OnHcaHHe ocHOBHhiX yanos KYTI1: HH)KeKTopa 8neKTpo
HOB, KaMephi aareaaropa, HH<jlneKTopa, KoppeKTopa, Mar
HHTHOH CHCT8Mbl aareaaropa H CHCTeMbl ee nHT8HHSI -
rrpHBeaeao B pa6orax /l, 2/. 

2, J13MepeHHe paBHOBeCHOI'O paaHyCa 

aneKTpOHHOI'O KOnhU8 

PasaoseCHhiH paaHyc (coorseTCTByromHH: 8neKTpoaaM 
c 8HeprHeH:, pasaoH: cpeaaeH:, H aynesoH: aMnnHTyaoH: 
CeTaTpOHHbiX KOne6aHHH) onpeaenSinCSI TpeMSI cnoco6aMH: 
( 1) no TOpM03HOMY y -H3nyqeHHID npH HannhiB8HHH KOnhUa 
H8 <jlna)KOK, (2) no 8neKTpH"!8CKHM CHI'HanaM C <jlna)KK8 
H (3) C noMOmhiD aaT"!HKa HH<jlpaKpaCHOI'O H3ny"!eHHSI. 

Ha pHC, 1 nOK838Hbl THnH"!Hhie OCUHnnorpaMMbl CHI'Ha
noB C ¢3Y (a), HMnynhCa HanpSI)K8HHSI (6) H TOKOBOI'O 
HMnynhca (s) c <jlna)I(Ka, ycraaosneaaoro aa paauyce 
15 CM. Ha pHC, 2 OTnO)KeHbl BpeMeHa Haqana H OKOH"!8HHSI 
HMnynhcos c <P3Y anSI paanwiHhiX paaHycos. KoHe"!Hhie 
TOKH ne)KaT 6nH3KO K pacqeTHOH 38BHCHMOCTH r(t) anSI 

yin = 4,5 ( cnnoiiJHaSI KPHBaSI). 11aMepeHHSI no y -Hanyqe
HHID H H3MeHeHHIO HanpSI)K8HliSI H8 8MKOCT!f, noaKniD"'8HHOH 
K <jlna)i(Ky, aasana oaaHaKOBhie peaynbTaTbi B npeaenax 

OIIJH60K H3MepeHHH. 
11aMepeHHe KOHeqaoro paaHyca 8neKTpoaaoro KOnhua 

B npHCYTCTBHH BHyTpeHHeH <jloKyCHpyromeH: Tpyobl ( r T = 
= 3,6 CM) li BbiOOp pe)KHM8 pa60Tbl M8I'HHTHOH CliCTeMhl 
npoaasoaHnHcb c noMomhiD 11K-aaTqHKa H <P3Y. Xa
paKTepHbie ocuHnnorpaMMhi CHI'Hanos npa paanHqHhiX 
~ranpSI)KeHHSIX IV cryneHH C)KaTHSI U 4 = 11 + 15 KB npHBe
.oeHhi Ha pHC. 3. npH U4s;; 11 KB Ha OCUHnnorpat.JMaX 
EHaeH xapaKTepHbiH aBOHHOH naK y -H3nyqeHHSI OT paasa
Pa KOnbUa npH p83)1(8THH ("o6paTH8SI BhlCaaKa") (pHc,3a)~ 
C ysenHqeHR8M HanpSI)K8HHSi nOSIBnSIIOTCSI HMnynbC y -H3ny
'18HH>I OT qaCTHqHOH BbiCaaKH Ha t·py6y (t s;; 1,45 MC 
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PHc. 1. 11MnynhChi 
y-H3nyqeHHSI (a), 
HanpSI)KeHHSI (6) H TO
K8 (s) npH Hannwsa
HHH aneKTpOHHOI'O 
Konhua Ha <jlna)KOK 

ftl~lffil (a) 

~ t I II:W 1!4 "'R 

(r = 15 CM) npH 
C)K8THH. 

nocne HH)K8KUHH) 1 HMnynbC C J1K-aaTqHKa ae<jlopMHpyeTCSI 
(pHC. 36,s). npH u 4.::;15 KB KOnbUO nonHOCThiD BbiCa
)I(JiBaeTCSI Ha Tpy6y - CHI'Han "o6paTHOH BhlCaaKH" OT
cyTCTByeT (pHC. 3r) • 

B 8THX H3MepeHHSIX Hcnonbaosanacb co6nparomaSI 
nHH3a, T.e. aaTqHK perHcTpHposan HanyqeaHe H3 scero 
nonS! 3p8HHSI OnTHqeCKOH CHCT8Mbl (oonaCTh paaHyCOB 
OT 3 ao 6 CM). 

Ha pHc. 4 noKa3aHhi ocuHnnorpaMMbi CHI'Hanos 
c 11K-aaTqHKa 6ea co6HparomeH: nHH3hi npH paanHqHbiX 
HanpSI)KeHH>IX IV cryneHH. H a paaHycax r ~ 4,5 eM 
( U 4 < 15 KB) CHI'Hanhi HMeror xapaKTepayro asyrop6y10 
<jlopMy, KOTOpaSI CBSI3aHa C asyKp8THblM npOXO)KJ:l8HHeM 
ceqeHH>I Konbua qepea none apeHRSI aarqeKa: npH C)KaTHH 
H pa3)KaTHH. 

Ha TOM )Ke pHCYHKe noKaaaHhi nocrpoeHHhie no 
OCUHnnorpaMMaM 38BHCHMOCTH r(t) npH pa3Hb!X HanpSI)Ke
HHSIX IV cryneHH. 
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Puc. 2. PanHyc sneKTpOHHoro KOnhua KaK ~YHKuug 
apeMeHu. Crrnornaag KpHaag - pacqeTHag 3aaucHMOCTb 

r(t) nng Yin= 4,5. 

3. I13MepeHHe pa3Mepoa rrorrepe'IHoro ce'leHug 

PanHanhHhiii pa3Mep ce'leHKg orrpenengncg no nnurenb
HOCTH CUrHana y -H3nyqeHHg, B03HHK810lliero DpH HaiTnhi

BBHHU sneKTpoHHoro KOnbua Ha ~a)!{OK a rrpouecce 

C)!{BTifg! 

a "'M · ~. r 

rne ~t - nnHTenbHOCTh CUrHana y -H3ny'leHHg, r 
CKopocTb C)!{aTHg. Ha pRc. 5 noKa3aHa 3aBHCUMOCTh 

a (r), rrony'leHHag H3 pe3ynbTaTOB H3MepeHifg paaHo-r 
aecHoro panHyca (pHc. 2). EonbrnHe 3Ha'leHHg ar 
OO'bgCHgiOTCg TeM, 'ITO B STHX SKCITepu.tveHTaX sneKTpOHhl 

B KOnbUe HMenH oonblliHe 8MITnHTYllhl oeTaTpOHHhiX KOne-
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Puc. 3. OcuKnnorpaMMhi curHanoa c <1>3Y (aepxHHii 

nyq) u 11K-naT'IKKa c rroneaoii nKH30ii np11 pa3nU'IHhiX 

Harrpg)!{eHK gx IV cryrreHK. 

oaHHH, Bhi3B8HHble paCK8'1KOH ITY'IK8 Ha 83HMyTanhHOH 

HeOllHOpOllHOCTif MarHHTHOrO nong If npOXO)!{lleHHeM pe-

30H8HC8 liz= t· nocne ycTpaHeHHg 83KMyTanbHOH Heon

HOPOllHOCTH H KOppeKUHif D -TpaeKTOpHH ITOBTOpHbiX H3Me

peHHii nng panKycoa, 6onblliHX 6 eM, He rrpoaonKnOCh, 

T.K. OCHOBHOA HHTepec rrpencraangiOT 3Ha'leHHg pa3MepOB 

Ce'leHH.H B KOHUe C)!{STHg. 

HerrocpencraeHHO H3 pHc. 4 c lqeTOM KOHe'IHbiX 

pa3MepOB YfK-naT'IIfK8 ( 3 X 3 MM ) nony'IHM a r "' 3 MM 

nn.s~ r ::. 4 eM. 
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PHc. 4. CHrHaJihi c 11K-AaTqHKa ( 6es noneaoii: JIHH3hi) (IIO).tw 
Ha pa3JIHqHbiX paAHyCaX IIpH pa3HbiX H8IIp5DKeHH51X IV CTy-

IIeHH H COOTBeTCTBY10lliHe HM 38BHCHMOCTH r(t) : a - u = 
4 

= 11 KB, 6 - u 4 = 13,5 KB, a - u4 = 15 KB. 
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PRe. 6. CetJeHHe KOnbua B CHHxpoTpOHHOM ceeTe (r = 4 CM). 

PRe. 6. npe~cTaengeT co6oA ¢oTorpa¢HID cetJeHH9 

KOnbU8 B BH~HMOM ~H8ll830He CHHXpOTpOHHoro H3ny'leHH9e 

4. TioTepH 3neKTpOHOB npH C*STHH 

B nepebiX 3KCnepHMeHTax no ¢opMHpoeaHHID 3neKTpoH

HbiX Koneu a a~re3aTope c*aTHe conpoeo*~anocb 6onb

WHMH noTep9MH 3neKTpoaoe. B oT~enbHbiX cnyqagx 

noTepH a nepebie -SO MKC nocne HH*eKUHH npeBbiwanH 

80% OT 38XB8'1eHHOrO 'IHCna '18CTHU. 3TOT pe3ynbT8T 

6bin CB938H C paCKS'IKOA llY'IK8 H8 83HMyTanbHOA HeO~

HOpO~HOCTH MarHHTHOrO nong B o6naCTH HH¢neKTOp81 
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B03HHKaiDweu npR eKniDtJeHRH II cTyneHH, H BbiCa~KoA 
3neKTpOHOB B OCHOBHOM H8 KOppeKTOp. Tiocne 38M8Hbl 

Me~Horo 3KpaHa HH¢neKTopa Ha 3KpaH R3 aep*aBeiDweu 

cranK noTepR npaKTH'IeCKH He Ha6niD~anHCb. 

Ha pHc. 7 npHee~eHbi 38BHCHMOCTH aMnnHTY~bi 

Y -CRrHana OT epeMeHH BKniD'IeHH9 ycTpOHCTBa c6poca 

nyqKa /1/ : TO'IKH - B llpHCYTCTBHH Me~Horo 3KpaHa, 

cnnowHag KpHeag - ycTaHoeneH 3KpaH H3 X18H9T. 
AMnnRTy~a y-cRrHanoe, oTHOpMRpoeaHHag c yqeToM 

RX ~nHTenbHOCTeu, nponopUHOHanbHa KOnRtJeCTBY 3ReKTpo

HOB B KOnbUe B MOMeHT BKniD'I8HR9 ycTpOHCTB8 c6poca 

(~0 t"' SQ MKC). 
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PRe. 7. 3aeRCRMOCTb c6poweHHoro tJHcna qacTRU OT epe

MeHR: TO'IKH - B npRCYTCTBRH Me~HOrO 3KpaHa, KpHB89 -

3KpaH H3 aep*aBeiDwen cranH. 
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KpoMe noTepb B nepabie 30 MKC Ha6moJlanHCb noTepH 

H B 6onee no3JlHHe apeMeHa. H a pH c. 8a noKa3aHa 

THllH'l:H85l OCUHRnorpaMM8 CHf'Hana C <f>3Y, Ha KOTOpoii 

KpOMe HMllYRbCa BbiC8JlKH Ha <jlna)KOK (t = 390-:-460 MKC) 

llpHCYTCTByiOT JlOllORHHTenbHbie HMllynbCbi, CBHJleTenb

CTByiOIUHe o noTepe aneKTpoHoa. BpeMeHa noTepb: 

60 -:-100 MKC, 160--'- 200 MKC, 230 7 250 MKC nocne 

H'H)KeKUHH. 

Pac'l:eTHaSI n -TpaeKTOpHH JlRH Jl8HHoro pe*HMa noKaaa

Ha Ha pHc. 86. PeanbHaSI n-TpaeKTOpHH, KaK 3TO cneJlyeT 

H3 M8f'HHTHbiX H3MepeHHfi / 3/ , npOXOJlliT H8 10-30% Bblllle 

pac'l:eTHOH. 3neKTpOHHOe KORbUO llpH C)K8THH JlQR)KHO 6binO 

nepeceKaTb napaMeTpHqeCKifii peaoHaHc 2vz = 1 (n = 0,25) 
H pa3HOCTHbiH pe30H8HC 2vz -Vr =0 ( n = 0,2), 
C KOTOpblMH If CB5l38Hbl nepabie 2 HMnynbC8 llOTepb. 

-.c ..... ~Jt 
J J ( 1'1114ell) 
CJ lJIIII"""Wi 

ij r•> 

0.3 

A o.z 
I (CS) 

I 

0.1 ~ 

0 100 200 300 400 500 
t <•c> 

PHc. 8. TioTepH aneKTPOHOB npH C*BTHH ilBYMH cTyne

HSIMH- (a), (6)- pacqeTH85Ill-TpaeKTOpH5I. 
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a 

TpeTHii llHK cagaaH c noTepSIMH aneKTpOHOB a paiioHe 

r = 20 CM, KOTOpbie Bbi3B8Hbl yaenHqeHHeM Z -p83Mepa 

KORbU8 38 cqeT Clfn H306pa)KeHHS!:, HMeiOIUHX B 3TOM 

MecTe MaKCHMaRbHhiii rpaJlHeHT I 4/. 

I13MepeHHe 38p5IJl8 KORbUa, BbiC8)KHB8IOIUeroCS!: H8 <jlna

)KQK JlO H nocne llpOXQ)I(JleHHSI pe30H8HCOB, llOK838RO, 

qTo HeCMOTp5I Ha Cp8BHHTeRbHO 6onblliHe 8MllRHTyJlhl 

r-cHrHanoa, aenHqHHa noTepb He npeBhiiDana H3MepeHHH 

(-20%) • 0JlH8KO, "iT06bi H36e)K8Tb yaenHqeHHSI 8KCif8Rb

HOf'O p83Mepa ceqeHH5I B. napaMeTp!fqeCKOM pe30H8HCe, 

n-TpaeKTOPifH ohma CKoppeKTHpoaaHa. KoppeKUHH 6hrna 

npoaeJleHa c6moKeHHeM KaT·yllleK I cTyneHH H Bhi6opoM 

apeMeH BKniOqeH!fSI If HanpH*eHHii II-IV cTyrreHeii. 

Ha pRe. 9,10 npHBeJleHbi pacqeTHaH r. -rpaeKTOpHH 

If ocuHnnorpaMMbi Clff'Hana c <t>3Y H TOKOB BO II , III 
H IV cryneHHX B pa6oqeM pe*HMe. 

C.2 

c.1 

L-.J. I 1 I 1 1 I I I I I 

0 0.5 'i.O 1.5 
t {MC) 

Pe:c. e. CKoppeKTRpOB8HH8£ n -TpaeKTOpHSI. 
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PHc. 10. CHraan c ~3Y ( aepxHHii nyq) H HMnynbCbi 
TOKOB ao II-IV cryneHSIX, CKopocTb pa3aepTKH 
500 MKC I a en. 

5. 3aKmoqeHHe 

B pe3ynbTaTe ycrpaHeHHSI a3uMyTanbHbiX aeonaopon
aocreti MarHHTHoro nonS! H KOppeKUHH napaMeTpoB Mar
HHTHoti CHCTeMhi anre3arop nporornna KYTI1 o6ecne
qnaaer 38XB8T ~ 10 13 sneKTpOHOB/l/ H ¢opMHpOB8HHe 
sneKTpOHHbiX KoneU C napaMeTp8MH B KOHUe C)I{8THSI: 
r = 4 eM, a r "' a z = 2 -:- 3 MM, npHrollHbiMH nnR ueneii 
KOnneKTHBHOrO yCKOpeHHSI HOHOBo 

nHTepaTypa 

1. B.n.CapaHUeB H llP· OIHIH, P9-10053, ny6Ha, 1976. 
2. n.c.Eapa6arn H np. 011.S:H1, P9-7697, ny6Ha, 1974. 
3. B.C.AneKC8HllpOB H np. 011.HI1, P9-8753, ny6Ha,1975. 
4. B.C.AneKcaanpoB, 10.11.AneKcaxHH, H.IO.Ka3apHHOB, 

B.r.H OBHKOB, 3 .A.nepenbrnTeiia, E.f.IllHaoa. 011.HI1, 
P9-9215, ny6aa, 1975. 
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PyKonHcb nocrynHna B H3llaTenbCKHH oTnen 
20 aarycra 1976 rona. 


