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83ai1MOllBfiCTBI1B llOTOKOB •3apHlKBHHbiX tfaCT11U C pa3H006pa3Hb!MI1 

MI1IDBHHMI1 Dli1POKO npi1MBHHBT~H llflH lll1arHOCT11KI1 3flBKTpOHHbiX /3fi/ 

11 110HHbiX /Hfi/ nytfKOB 11- 7 ~ , ... GTPYKTYPY nytfKOB BhiHBnHJOT no 

110HI13aU110HHOMY cnellY B r~3ax 11
• 

2 I· , a TaKlKB ... c · noMODlbJO 
. ~-~ . •. ... ' . .. ' ,,. 1 

MaKpoo6'bBKTOB. - ~Onbr, TOHKI1X · npOBOnOtfHbiX · 3C>HllOB; (Hanpi1MBP , 

/3-4/). Pacnpellene'HHhiB MI1IDBHI1 HJ · 'Mam!X. ' TBBPllOTB~~H~~ qacTI1U 

/MlJ/ pa3MBPOM 0.1 ... ia·· 'MKM 3aHH~aJO; ; n'pOMBlKYTOtfHOB nonOlKBHI1B 

MB>KllY aTOMapHbiMI1 11 MaKpoo6'b~K+~~n .. ~ ~TnHtfaJOTCH pHllOM 

llOCTOI1HCTB npW!1C~flBllOBaHHHX 3fi/ 5-~/. ;_ , :. . , • .,, , 

8 llaHHOfl pa60TB MHIDBHI1 113 M4 npHMBHBHbl llflH .;it'l1ariiocTHKI1 

YCKOPBHHbiX nYtfKOB MHOr 03apHllHbiX THlKBnhiX HOHOB. • UenbJO .. pa6oni 

OUB~~~a .. B03Mri>KHOCTBfl paccMaTpHBaBMOrO ; cnoco6a llflH 

KO,MnneK~'a C~~6osCla~YnlaiOm...ix' 
1 

llHafHOCTI1K , npHMB,HHBMbiX 

HBnHnacb 

pa3BHTI1H 

Ha YCKOPHTBflHX HOHOB 

!13MBPBHHH npOBBllBHbl Ha nytfKaX 110HOB 11HBPTHbiX ' ra30B 
20 +9 40 +16 . .. Ne , Ar c 3Heprl1efl 137.4 11 270 M3B cooTBeTcTBeHHo, 

nonyqaeMbiX Ha 1130X poHHOM U11KnoTpoHe Y-400. · linoK-cx eMa 3Kcne-
, ' ' • - < i '; ' ~:· . ' ' ' 1 ' '. ... ~ ' ' .,_ ' • ' : l 

pi1MBHTaflbHOfl YCTaHOBKI1 . npi1BBllBHa Ha . PI1C. 1:' 'fiOTOK 'HOHOB' C 

TOKOM, peryfli1PYBMbiM B npellenax 5*10-
10 

••• 1.5*10~6 
A, 

HanpaBnHnCH i no 110HOnpoBOllY 11 ~OKYCI1POBancH .. : ,Ha KOflflBKTOp 

110HOB. fiepBll KOflflBKTOPOM 110HOB B i pa3pb!BB 110HOnpOBOlla . 6bin11 

ycTaHosneHbi 11HmeKTop · M4 l!nH . co3llaHHH pacnpelleneHHofl Ml1meHI1, 

KonneKTOpbi _oTpa6oTaHHbiX .MlJ •' H · BTOPHtfHbiX ,:,, 3flBKTPOHOB; 

BbffiOflHBHHbiB' B Bl1ll8 U11iiHHllPOB . Wapall8H,' BaKYYMHOe: OflTI1tf8CKOB . OK.,-

HO C 'TBflBKaMBPOfl TFK 1010 , ceKTOPHbiA MarHI1THbiA' MaCC:-CneKT-

pOMBTP; TeneBI13110HHblfl · c11rHan nepellasancH:. t.•Ha ':~ •BI1llBOKOHTponbHOB 

'ycTpoflci-so /8KY /· : ToKI1 KonneKTopos · 113MBpHni1Cb npH6opaMI1 .w-30. 

Ha KonneKTOP 3neKTpOHOB nollaBanocb' nono>KI1T8flbHOec HanpHlKBHHB 

0 .•• 3 'K8, Ha• KOflflBKTop' MlJ ..::,'HanpHlK8HI18 '. .. :-30 8. "1 OT. HCTOtfHH,. 

KOB Tl1nOB liG8:::5 'H 53.:.50~: !1GTOtfH11KHJ HanpHlK8HI1A ;'t•I13Mepi1TBflH .To-

($bl.tiihtk"tinhi~l 'KHCllfJT \ 
UA~~;wx ncrleaoaaull 

611S!f"tOTEHA 
_......., ' ----· 



.I 
Hanpft>KeHHe lo1H>KEKTOP 

0 ... 1808, SOrt-1 MaflbiX 'iaCTHLI TeneKaMepa 

K KBY 
. (Ml.fl 

51-:r ~~ 
c: 

PHc. 1. 6noK - cxeMa 3KcnepHM8HTanbHOA YCTaHOBKI1 • 

KOB , 

Y-400 

MHmeHb 

BP8MR 

CHh!A 

BKY ycraHaBnl1sani1Cb BHe KOHTponl1pyeMoA 3DHhl 

'Ha · nynbTe ynpasneHI1R . 

113 M4 , nepeceKaKlmaR Hil , !11DPMI1posanacb 

Ha6nKl~8HI1A 11 · !110TOrpa!J111POBaHI1R • nnR 3TOfO 

nopomoK 113 ... rsep~orenbHhiX 

YCKOPI1T8nR 

TOnbKO Ha 

UI10HHhiA 

3aKphlTYKl 

11H~8KTOP 11. OChmancR 

MOnl16~eHOBOA C8TKOA 

M8nKO~I1Cnep7 

M4 nOM81IlancR B BaKYYM8 B Bl16pa­

CKB03b menb pa3M8POM 1*30 MM, 

npo3pa'IHOCTbKl 80% • Hcnonb-

3DBanl1cb nopomKI1 Ha ocHose nKlMI1HO!J1opa zns, yr nepo~a . c,. OKI1CI1 

anKlMI1H11R Al2o 3, , · pa3M8p M4 KOTOPhiX COCTaBnRn 1. .. .10 MKM .• 

ilnOCKOCTb o6pa3YKllll8ACR Ml1ill8HI1· YCTaHaBni1Banacb nO~· yrnoM 45 

rpa~ycos. K HanpasneHI1Kl Hil •. OchmaH11e .. qacT11U npo11cxo~11no np11 co3-
/ 

2' 

:' 

·~ 

''" 

~aH1111. MI1KPOBI16paUI111 11H~8KTOpa C .nOMOIIlbKl 3n8KTPOMarHI1Ta .11 

npy~I1HHhlx ·no~secos. AMnn11ry~a s116pau1111 B npe~enax 0.1 ••• 0.5 

MM peryn11posanacb 113M8H8HI18M. HanpH~8HI1ll Ha 3n8KTPOMarH~T8, 

'laCTOTa 'HanpH~8HI1ll COCTaBnHna . 50 ru. HcnhiTaHI1ll. noKa3anl1, 

'ITO np11 .3TOM !11DPMI1pOBanacb ~OCTaTO'IHO · O~HOpO~HaH, OTITI1'18C- , 

Kl1 npo3pa'IHaH Ml1ill8Hb neHTO'IHOA !IIOPMhl , COCT<)HIIlall 113 CB060liHO 

na~aKlllli1X · ._ B BaKYYMe M4. KoHueHTpaui1H ·• qacT11U s pa6o'leA 

o6nacr11 · M~meHI1 cocns·nHria 106 ... 108 eM -~ilP11MeHeHHoe s ·naHHoA. 

pa6oTe YCTPOAC
1
TBO ~nR TIOnY'l8H11ll- pacnpe~eneHHOA Ml1ill8HI1 M8TQ-

~OM OChillaHI1ll , ; TI0~06HO 11CTIOnb30BaHHOMY B pa60T8 { 5~, . TI03BOnH-

8T OCYIIl8CTBnHTb npe~Bapi1T8nbH08 , nepell !110PMI1POBaHI18M Ml1ill8HI1c, 

o6e3ra~l1~a@{f''M4:~llYT8M nporpesa B BaKYYM8, OTnl1'la8TCH KOHCTPYK~ 
TI1BHOA npOCTOTOA 11 11M88T PH~ ~OCTOI1HCTB nepe~ YCTpOACTBaMI1 

~nR . 11HJK8KU1111 • M4 .B :. BaKYYM . B H8CYIIl8A, ra30BOA CTpye: iloc-

ne~Hee Tpe6yeT TIPI1M8H8HI1ll. 'BhiCOKOTIPOI13B01li1T8nbHOA ..• ~11!11!11epeHU11-

anbHOA OTKa.'IKI1 11 CTanKI1Ba8TCH, CO · 3Haii11T8nbHhiM .. YXY~WBHI18M 
BaKYYMHhiX ycnOBI1fl. B MOM8HT 113M8P8HI1A / 6 ~ 7/.. ~-·: 1 

•. , ... 
\ . ' ,., 

8 naHHOM 11CCne~oBaHI1!1 · CTeneHb BHOCI1MhiX B Hil so3_MYIU8HI1A np11 

c;TonKHOBeHI1HX 110HOB c Mil onpe~enHnacb no' •113MeHeH11Kl. 

x ap.aKTepi1CTI1K Macc-cneKTpa. Macc-cneK.Tpo~eTp 6hin o6p~3osaH· 45~ 
rpan;cHhiM. ceKTopHhiM ..• 3neKTpoMarHI1TOM 11 ~~a!llpar~oA, .· ycnHosne~Hhi-, " ; . .... . - ' .-- " 

Ml1 nepe1l ,. KonneKTopoM 110HOB., ManocTb • BHOCI1MhiX · •B03MYIIl8HI1A, 

ne~allli1X B . OCHOBe. npH¥8HH8MOPO M8TO~·a, o6ecne'li1Ba~acb Te~. 'ITO 

pa3Mep ·'laCT11U 6hm MHoro · M8Hbme ~ni1Hhl npo6era 110HOB · B se-

mecTse M4 : ' . 
I , .' 

Pe3YnbTani · 113MepeHI1A npe~cTasneHhi · Ha PI1CYHKax· 2,3,. ilp11 

Hanl1'11111 , Hil B • TpaKTe 110HO~poso~a 11•. BKnKlqeHI111 . · 11H~eKTopa M4 

Ha 3KpaHe BKY Ha6nKl~anoch HPKOe KOHTpacTHoe . 113o6pa~eHI1e , .. 

o6ycnosneHHoe :anTI1'leciu1t.1 :: :J.13m''leHI1eM \13 · ~6n~~;H·;. ·nep'ec'e'leHI1R · 

Hil C Ml1ill8HbKl . YsepeHHaR 'pefJ1CTpaU11R Cl1rH'ana: ;·~; ri~i,OIIlhKl Ml1ill8HI1 
. . ' ,., ' . ' 

113 M4 nKlMI1HO!J1opa zns 6hma. B03MO~Ha np11 TOKax Hn ,. npeBhi-, 

maKllll11X · npl16sli1311T8nbHO· 5*10-:lQ;A , iiTo,, COOTB8TCTBOBano ~-OTO~Y 
2*10

8 qacil.iu/cM2.*c~K. Hp~Koctb: 113o6pa~eHI1A, nonyqaeMhiX np11 npl1-
... ·::-\·~, ·;~~':t·.~..:.;P;~~-··.r i.··--~·.r·-:. . _"1 ~J',..lJC:,.,·.~:·i ·. ·.;J/-. 

M8H8HI111 . M4' yr nepo~a C, OKI1C11 anKlMI1HI1R Al2 o
3

, 6bina , M8Hbill8, 

COOTB8TCTB8HHO, Ha 1 11n11 2 nopR~Ka. 

Ilpi1M8H8HI18 . pa3ni1'1Hh!X B81Il8CTB ~a no B03MO~H-OCTb onpe~eni1Tb 

npas11nbHOCTb , BhiRBneHI1R n9no~eH11R rpaH11U HII, O"fCYTCTBI1e 3Ha-

'111TenbHhiX T8PMO~I1HaMI1'18CKI1X 3!11!118KTOB. 0T'I8Tni1B08 11306pa~8HI18 

HII Ha 3KpaHe MOHI1Topa perl1cTpl1posanocb np11 yseni1'18HI111 ToKa 
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PHc. 2 •· l13o6paJKeHHH npo~HneA C~OKYCHPOBaHHbiX llY'iKOB. 

&) :Pac:qX,ZJCipOBU B,B&pTll-. d) ~4ioEi~-l>oB:u' B rop1laOR-
. " . ~ ' " j j } . ' ' : ' ; .• 

Jtiu.xol UOCXOCTll 'T&U>XOI UOCJ:OCTJI 

,, 
t I I I 

0 I 2 3cu 

P11c: 3. lbo6palKeHHH npo~HneA pac~oKYCHposaHHbiX - nyqKoB. 
t ' . I 

l,'. 

:;.:' '':"' 
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Hn no'iTH Ha 'iBTb~e nopH~Ka snnoTb ~o MaKCHMan&Horo 3Haqe-

HHH 1. 5*10-SA, COOTBBTCTBYDDlBB fiOTOKY 6*1011 'iaCTHU/cM2 *ceK. 

Ha PHCYHKaX 2 /a-B/ npHBB~BHbl THfiH'iHbiB H306palKBHHH, 

nonyqeHHbie npH ~oTorpawHposaHHH 3KpaHa BKY mHpoKo~opMaTHbiM 

annapaTOM PENTACON ,' YKa3aH" i.tacmTa6 nHHBAHhiX · pa3Mepos .··>·PHd 

2/a:_s/ ~eMOHCTPHPYBT H3o6palKeH,HH x'opomo' · c~oKycHposaHHbiX .; Hn 

C TOKOM, COOTBBTCTBBHHO, 1, 10, 1300 H,(. · .. 3nnHfiTH'IHOCTb 

H306palKBHHH'' .. COOTBBTCTBYBT KOnbUBBOA ~OPMB Hn; T. K. nnocKOCT
1b 

MHWBHH fiOBBPHYTa Ha . yron:i 45 rp,a~YCOB K OCH Ha6nD~aeMoro· nyt:i­

Ka. llpH· pacwoKYCHposKe fiY'iKa'c noMODlbD. lt1arHHTHbtx 1nHH3 Ha6nl:l~a­
nHcb cooTseTCTBYDmHe H3Me.HeHHH·' CTPYKTYPbi Hll 8' 'sepTHKani.HoA 

/pHC. 3a/ HnH ropH30HTanbHOfl /pHC. '' 36/ nnOCKOCTHX;: 

PaBHOBBCHblfl 3apH~ HOHOB 20Ne +3 C 3HeprHefl 134 M3B nocne npo-' 

xolK~eHHH nepe3apH~HoA won&rH Ha Bbtxo~e· yci(opHTenH Y-'400 paseH +9 
c ManoA ~HcnepcHeA rro 3apsrgaM. Macc-cneKTPOMBTPH'iecKHA 'aHan.H3 Mn 
nocne npox OlK~eHmi MHmeHH H3. Mn · noKa3a.il ee cna6oe B03MYmai<imee ileA­

CTBI1e Ha 3apH~OBbiA CllBKTp; 

llonyqeHHbiB ~aHHbie CBI1~·eTBllbCTEiYIOT 0 3Ha 'ii1TBnbHbiX ~OCTOHHCTBaX 

npHMBHBHHH pacnpe~eneHHbiX MI1WeHeA , cocTOHIU11X '113 Mll, ~nH 'l!11ar-

HOCTI1KI1 YCKOPBHHbiX Hll • MeTO~ OTnl1'iaBTCH~ llPOCTOTOA H 'sb!COKOA 
' ' · · ·• •• :. . •· •• . ., • :', ''1 • 'r ·- ·,·; )'; :··t. "!·. 
3W~BKT11BHOCTbD, HBnHBTCH cna60B03MYDlaDDli1M 113-3a ManOCTI1 pa3MBPOB 

, ' . '! ,, . , ,• •- . ~ : . . ~ . ·.,;}. '. ~- .1: J '/ ' ; ·_< ·\ 

Mll no cpasHeHHD c ~ni1HOA npo6era 110HOB B semecTse Ml1mBHI1:· OH 

ll03BOnHeT •ocymecTBnHTh 'Ha6nmi~HI1H ' TPBXMB~Horo. oni11'iBCKOr'~ ,,~30_: 
~) ~ • 1 ' - ~ . ' .. ··; '. .· . ' ' . . 

6palKeHI1.R a m11poKoM 11HTepaane 1 TOKOB Hn, ·a 1-aKl!(e . npow11n1> · nyqKa 

B llOTOKe BTOpH'iHbiX · 3nBKTPOHOB ·, 6e3 , llOUOnfii1TBnbHblx . yc'~nHTBJIBA .; ni­
na '3nBKTPOHHO:_OllT11'18CKI1X npeo6pa3oBaTeneA~ .. MI1KPOKaHanbHbiX .· nnac­

TI1H , He Tpe6yeT nepe~aq11 MexaHH<Ieciciro ~BHlKBHI1.R a BaKY-YM • 

HHwopMaU11.R , OT06pal!CaDD{aH nonOlKBHI1B_, CTPYKTYPY , 3Ha<IBH118 TOKa 

Hn I npe~cTaammmaH 3Ha<II1Ten&Hb!A 11HTepec ~nH onepaTopoa yc-

KopHTeneA 11 3Kcnepi1MBHTaTopoa 1 MOlKBT 6biTb Bhme~eHa Ha Mo-

H11TOPhi 11 B 38M C fiOMODlbD peani130BaHHciro B ~aHHOA pa6oTe 

YCTPOACTBa 

llepcnBKTI1Bbl pa3BI1TI1H ~11arHOCTI1K11 'cBH3aHbl 'C ~anbHBAWI1MI1 
Hccne~oBaHI1HM11 11 

B TOM 'ii1Cne ~nR 

fiPI1MBHBH118M pa3ril1'iHbiX 

Ha.6nD~BHI1.R .6onee 
semecTB B Bl1~e M4 I 

HH~OpMaTI1BHbiX UBBTHbiX 

oGbeMHhlX H3oGpa*eHHil Hll 1 a TaKlKB C pa3pa60TKOA COOTBBTCTBYDDli1X 

MaTeMaTI1'i8CKOrO o6ecneqeHI1.R 11 cpe~CTB aBTOMaTI13aUI111. 
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