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B pa6oTe rrp11seneH o63op nHTepaTypbi no HOHHhiM ucTo'JHMKaM 11-"lkl I n'lr~ 

yCKOpMTenei% . rpyrrrrHpOBK8 M8Tep118ll8 npOH3Be.neHa no llpHH8 .lJJC )hHOCTII 11C';TO'{HJIKO 

K TOMY !VIIi IiHOMY Tuny ycKopHTeneA . BbiCOKO'-!acToTHuie HCT04HitKII n HfiCTCHliltCII 

r' v '"' /11 . 
CT8Tbe He p8CCM8TpHB810TCSl, T8K K8K 0 HHX HMeeTCSl llOD.pOOHbllt Q ol'lop • ,;1.1151 

Toro , 'tT06bi '-!M T aTenb nony'tHil SlCHOe npencTasneHHe o MHoroo6pa:~I111 11 oHH hlX He-

TO'-!HHKOB .QllSl yCKOpHTeneA 11 0 nyTSlX HX p83BHTHSl 0630p npoB0 'teH B Xp0110'10-

rH'teCKOM llOpS!llKe. npHBCneHbl Kp8TKHe OllHC8HHS! H8H6onee IIHTep£>CH biX HllH xA-

paKTep113Y IOWHX onpe!leilE'HHOC H81lpll B.tleHHe pa3AHTHSl U OHH hi X HCTO'-!IIIIKOil • 

.. 

A.A. Glazov 
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1. 8seaeHHe 

Sonbi.LHHCTBO ea>r<HeHU.llfX oTKpbrT riA coepe:v~eHHOfi SlLiepHoA cjJH3HKH BbrCOKIIX 

aHeprHA CBSl3aHo c HcnoJJb30BaHn eM ycKopr1TeneA ar:te:v~eH TapH brx 'faCTHu . Ba>I<HOCTb 

HCC.119LIOB8Hiff.l SlLiepHbiX peaKUHH, Bbl3b!B89MbiX BTOpli'fH biMH 'f8CTHU8:v!H
1 

Henpepb! BHO 

nOBbii U 810WHeCSl Tpe60B8HIHJ K TO'fHOCT if 3KCD9plfM9HTa npHBOllSlT OpH 3 T0:\1 K Heo6-

xon HMOCTH yse nH'feHHH HHTeHcHBHOCTH n y 'fK OB ycKopeHHhlX 'f8CTHu. HapS!ay c pa3-

pa6oTKOA HOBhlX YCKOpHTeneA H p83BHTH e :vl H OBhlX npHHUHOOB YCKOpeHHH 'f8CTHU 

3 H8'fi1TenbHyro ponb B ysenw'f e HHI1 11HT 9 HCJHlrrOcTH n y 4KOB Hrpa JOT pa3pa6oTKH Ho-

BbiX H yCOBe pr.u e HCTBOB8HHe CyWeCTByiOLU11X THnOB H O HHblX 11CTO'fHHKOB .:tl!Sl YCKOpH 

T e IleA, 'ITO o6ycnaSJJKB89T WHpOKOe p83BHTKe pa6oT. B 3 T OH o6naCTH . 

Pa3BHTife HOHHbJX HCTO'IHI1KOB .:t.rJSl YCKOpKTeneii If "JeT 00 n yT K y .rry4WeHKH HX 

3KcnnyaTauHOHHhlX xapaKTepKCTHK /ysen K 49HHe spe:v~eHa >I< K 3 HK , Y11Y4LUeH He Hcnonb3o

B8HIHI T'838 1 DOBbll!leHKe 3KOHO:vllf'IHOCTH / 1 ynenH'f9HHSl n'lOTHOCTH H OHH OT'O T OK8, y'lv ... -

UJ eH KSl cPOKyCKpOBKH 1 nOBbi U. e HKH npO U BHTa BbiXOll8 nOJie3H biX lfOHOB If T • .:t . 

~BCMOTpH Ha 3H8~1fT9.rJbHOe KOHCTpyKTHBHOB H npHHUifnHSnbHOe p83H006p83He
1 

110HHb19 HCT04HHKH , npe.:tH83H84eHHble .OJ1Sl Onpe'leJ19HHOrO THn a YCKOp!1Ter:teA , HMe JOT , 

K8K np8 BHJlO , MHOT'He o6wue 'iepTbl 1 o6yCr:tOB.r:te HHbJe npHHUI1nH8.1bHblMH H KOHCTpVKTII A • 

Hhl~H OCo6eHHOCTHMH YCKOpHT e neA . 8 CBH3a C 3 TH:-.! npeaCT8BJlHeTCSl uer:tecoo6pa3-

Hbl:vl C YTI1.1111T8pHOH TO'fKH 3peHHH p83Li e 'lHTb BCe MHOT'006p83He VfVf Ha 2 OCHOn

H blX rpy nnbr He no cnoco6y nonyY e HHH ra3oeo r o pa3pSl!l8 , a no npHHaa.r:te >r< HOC TH 

K TO:v!y H.lllf HHOMy THny YCKOpHTCneA . 

1. VIVI uHK.'lH'l e cKHX ycKopKTeneA co cnnowHbiM MarHriTOM luHK.rroTpOH , 

::: H H X POillfK .'lOTpOH I; 

2 . VI VI JU!HeAHbrx ycKOpHTenei-1 . 

8o STopoA rpynne H ecKO.'lbK O o6oco6neHo CTOHT VI VI 

reHep8TOpOB. 8 noaaBJJSlJOWeM 60.'lbU.:IIHC T 8e C'ly'faeB 3TO BbiCOKO'f8CTOTH ble VIVI 

12 1 C M81Jb!M paCXOllOM T'838 If OTH OCH T er:tbHO \-18110R HHTPHCHBHOCTbJO 
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11 . XapaKTepKCTMKM ra308oro pa3p~~a 

l , ra30p83p~D.H8~ IT.'l83M8 

V1CTO'IHHKOM MOHOB 8 J..1 V1 YCKOpHTeneA , K8K rrpaBK.'IO, 5!B.Tl~eTC5l r830p83p5!QH8~ 

IT!l83M8, no.nyqaeM85! TeM H!lH HH b!M n yTeM /nonO>K11TeTibHb!H CTO.n6 B T.rte!OweM pa.'3-

p5!ae, CBeTS!LU85!C5! o6.naCTb BblCOK0'18CTOTHOrO pa3pfl,aa C 8HetLHI1M11 J-1.1111 BHyTp9HHI1 • 

MH <~.fleKTpo.aaMH, pacnono>KeHH85l B cepear1He pa3pH.aa , ceeTnweecfl KO.IlhUO e 

6e39J1eKTpOD.HOM KOJlbUeBOM p83pfl.ae , 8CO npOCTp8HCT80 M e>K.ay a.neKTpO..:.t8MH 

B H113KOBOJlbTHOA ayre H T,n , /, 

nna3Ma rrpe.acTaenneT co6oi! oco6oe cocToS!HMe HOHI13Mpo8aHHoro ra3a, xapaK

TepH3y!Oweec5! Bb!COKOA CTerreHb!O 11 0HI138UHI1 H npHMepHO p8BHOI1 KOHUeHTp8 U110il 

nono>:<HTe.'lbHO H oTpHuaTe.nbHO 3apR>r<eHHbiX <racTJiU, BcS!KOe HapyLLeHHe paeeHCTRa 

KOHUeHTp8UKA rrpH80D.HT K 803HHKH089HKIO p83HOCTH ITOT9HUH8Jl08 H, Cne.nOB8TeJlbH O , 

TOKy, Cr.Tl8>KHB810LUeMy 3Ty p83HOCTb , ]V\aKCHM8,1bH85! p83HOCTb ITOTeHUI18108, KOTO-

paS! MOJt<9T CyweCTBOB8Tb 8 IT183MO , ·COCT81\.rJReT rrpKMepHO ITOJ108KHY I(.Te./~ 

K. - nocTOS!HH85! EonbuMaHa, Tt. - aneKTpoHHaS! TeMnepaTypa , e_ - 38p5! 'l 

, r a € 

aneK-

TpOH8 , T8K K8K 60.TlbUJ8~ p83HOCTb ITOTeHUH8.f108 HeATp8"1H3yQTCS! 6narO.;::t8p5l npO!!CXO

LlSILUeMy rrepepacnpe.neneH HIO npocTpaHCTBeHHoro 3ap5l.aa . 

0CH08Hb!M HCTO'iHI-!KOM IT'I83MOHHb!X HO HOB 11 aneKTpOHOB SHI.:JS!OTCR li0Hli38U!Hl 

MoneKyn ra3a aneKTpOHaMH . 6'IaronapR 6onbwoi1 noneror<HOCT!i a'leKTpOHbr npeTep

ne8a!OT MH01KeCTBO CTO!lKHOBt::HiHH , 11 Cpe.CLH HHX 6bJCTpO yCT8H8B.Tll~BaeTC5l M8KCB9!1-

.110BCKOe pacnpeaeneHHe CO cpe.aHeA KI1H B TH'IBCKOi! 8HeprHeA nopR.aKa 2 - 3 9B , 

~n~ p8BHOBBCH5l ITJ183Mbl H 906XO.'l i1MO, 'iT06br paB9HCTBO KOHUBHTpauMj.j liOHOB li 

aneKTpOHOB COXp8HS!l10Cb , 3THM o6yC.1188J111B89TC5l B03HHKHOBBHJie MB>Klly OCbiO pa3-

p5!.ll8 H CT9HK8MH, orp8HH'IH8810LUHMH IT.Tl83My, p83HOCTH ITOTeHU.H8'10B OT 5 llO 25 1\0Jlb r, 

3a.aep>KHB810W.eA aneKTpOHbl, KOTOpbre liH8'1 e , B pe3y.rtbTaTe HX 60.TlbWOH ITO.'l8H>KHQ

CTH, 6b!CTpo yxo.aHnH 6br H3 pa3pR.aa Ha cTeHKH , naneHae rroTeHuKana cocpe.aoT o 

'leHo B cnoe 0,1 - l MM 86.TlH3K C T eHOK , 3TOT C!lOH npOCTp8HCT8eHHOrO 38p~.ll8 

/3/ 
Ha3br8aeTc5! o6ono'lKon . K aK noKa3an ~. EoM , o6ono'IKa o6pa3yeTC5! npK aHeprHK 

HOHOB nopS!.aKa Te./'2.1 , r.ae Ttt - aneKTpOHH85! TeMnepaTypa e eo.nbTax . 

Enaro.aapS! .aeAcTBHIO npocTpaHCTBeHHoro 3ap~na npOHHKHOBeHI1e aneKTpKqe

CKoro ITO.TlS! B nna3MY HeBenHKO , rpaHHU8 IT.Tl83M~ 8BTOM8TH'IeCKH npHHHM8 e T ¢opMy, 
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bf, 

o6ecne'lliB810U.lYIO Te'leHHe, Orp8Hii'I~HHOE' npOC Tp8HC TBf'HHbiM 38pH[l0M /3aKOH "/2 f, 

T O K lfO H OB , TTOTT81]810UlHX H8 :3Jl e KTpO,t 1 TTOMeweHHblli B TT!J83MJ' 1 U<''111KO~ ! onpe'l,e'1Sl -

9TCS1 HO H8MK 1 nepeceK810WH :\(I{ rp8HIIU Y TT.TJ83Mbl B ll y Tpb TT010/I<HTC'lbHOH o60TJO<JKII , 

T8K 'ITO yBe1 H 'IeHHe TOK8 H8 3:JeKTpO 1 C Y B~Jllf4 CHif eM 0 T p 11U8TC'lbHOf'O flO T CHUI18'1ll 

SlBJ1SleTCS1 peOyJibT8TOM p8CWHpeHHSI rpAHifU 060JIO'lKH. 

0'1eHb '18CTO B HOHHhlX HCTO'IHHK8X H npyrHX ycTpOiiCT88X C r830pa3pS!flHOA 

TTJI83MOA K CTTOJib3yeTCSI M8f'HHTHOe none. rnaBHOe H80Hll'ICHHe M8f'HHTHOf'O nOJISI - 38-

TpyLlHSlTb LlB IOKeHHe aneKTpOHOB H HOHOB noncpeK nOJISl, C0Xp8HSISI HCB03MyWeHHbiM 

ABH >KeH H e BLlOllb TTOJISl,COrJ18CHO il . J3oMy 
13 

I B38M 9H 06 bl'lHOA 8M 6HTTOllS!pHOA Ll iicpcpy3 H 11 

npH H8JlWIHif Mllf'HHT HOf'O TTOJlSI y6billb aneKTpOHOB H3 pa3pSlLl8 MO)f(eT npOHCXOLlHTb 38 

C•JeT npeAcpa non npSlM bllv! Yf'JIOM K M8f'HI1TiiOMy li a n e KTp!FieCKOMy TTOJlHM 1 e CJIH 

:3KBHTT OTe HUH8J1H TTOCI"IeJtHero npOXO .f~ SlT <JepC3 UCHTp8llbHJ'IO KOJlOHHY pa3pHLl8 ~ 

r ne fa cM/ceK . H a TbJc . apcTen,a TaK >I<C 6na roLlapSl JlHcpcpy3HH , o6ycnoa.TJeHHOii 

x l 
6ccnopH.OO'I H blM H 8BTOKO.T!e6 aHHSl,ili TTJlOTHOCTii 38pSI Il 8 B J1!J83MC 

I( 

Ve. = 10 're/H , r .ne - :3JleKTpOHH8Sl 

TCMnepaTypa 6 BOJlbT8X. 

no BeJlH'IHHe CKOpOCTb npeiicpa MHOf'O M C HbW e C K OpOC TH BLlOJlb M8f'HIITHOf'O 

fiOllSl , H eC'-IO TpSI H8 TO , 'I TO B 3TOM CJly<tae HC SIBIISliOTCSl H C06bJ4HbiMH :3lieKTpH<Je-

CKHe J1011H B TTJ183MC H8TTp51>1<e HHOCT biO TTOpS1 .'1Kll H CCKO.'lbKHX 60JlbT H8 C8HTIOAeTp , 

npe.nnonaraSI E =3 e/cM li H =3000 apcTen , no.rry<JHM 'lf~ = l05
cM /ceK, 6 TO 

BpeMf! K8K B.[LOJlb M8f'HI1THOrO TTO.n~ 3JleKTp0Hhl C :3 11 0p r11efr 2 ,5 3 8 HMeiOT 

'II"'~ 8 
V "' 10 CMfceK . 

2. l1oporosoc naBn<'BHe 

191 
\.or.1aCHO n eHf'MIOpy 3MHC C IHI H3 KllTOLL8 6 ll'IA3:Vfe 6.TJaro.napfl H81H'llll0 

.a soRHoro c.nofl Ha KaTo.nc onpenenf!eTcH ypaaHeHHeM /11 

xl 
CornacHo A.Caihf OHy 1 11 I HCT ny>~<J]bt npe'lnonaraTb HB 'l iPIH C KO.TJcGanuii 

flll83Mbl .[LJlfl 06'bf!CHCHHfl .3 H qll:f:ly3 HI11f n onepeK M8f'HI1TH0f'O nOl151 , TBK KBK 3KCH piiMPfi• 

T8llbHble pe3yllbT8Tbl , TTOJl y <JeHH ble .[l.!JSI llli cpcpy311H lfO H OD 11 :3lleKTpOHOB B C'1860 

H O HH311pOB8HHOH nna3Me, HBXOLlSITCfl B COOTBeTCTBI111 C I<!l8CCH'I eC KH:-..i MCX8HH3:\-IOM 

Ll lf qJ(pya uH a pe3ynbTaTe c oynapeHHH . 
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Je..=oL r~:/IM.-:. J+, I I I 

r.ae J+ - n!lOTHOCTb UOHHOrO TOK8 1 DOCTUr810W9rO OOO'IO'IKH CO CTOpOHbl n118"'lMb1 1 

M ~ M Y\1'\e. - M8CC8 MOH8 M 31l9KTpOH8 , COOTB9TCTB9HHO, o/._ - K03CpcpHUM9HT nOp51/1-

2 131, V13 I l l C!lC/1Y9T, 'ITO !I!l51 CTa6M1lbHOrO ropeHIHl pa:-l-
K8 9!IHHHUbl I 1 13 

p51!I8 H900XO.llMMO, 'ITOObl 
)-t ~ l Me/ :; j(/o(. , npaKTH'I9CK85l OJ10THOCTb TOK8 

2 3MMCCM H~5a iCM , T8K 'ITO B C1lY'I8C M8KCHM8'IbHOrO pa3p51!I8 B 
BOQOpO .C!C' TO:( 110H01'\ 

2 
Ha KaTon non>KeH .aocTl-ir8Tb 200 MAicM • j-t- 38 8HCHT OT LlAD.llOIIIHI n pA3P5l.ll91 

H , cne.aoeaTenbHO , ypaeHeHHe 11 I onpenenHeT noporoeoe nanncHJie, Heo6xortHMoe 

nnH ropeHH5l paaps:!.aa np11 npO'{HX onpcnenCHHbiX ycnoBHHX. 
D . 6oMOM C OOMOWbiO 

I 1 I nony'leHo Bbipa >KeHJ-te , CB513biB810wee TOK pa3p5lna c naeneHHeM e HeM 

p SJJCJe) = ~ I Me/~~ Je_, 121 

rne p- !I8B!l9HH9 , ~ - K03cPcjlJ.IUH~T , 38BHC51WHH OT reOM9TpHH, 

!IHcPcPY3H H H T9MnepaTypbl r838 , 8 Jlj&) - Bep051THOCTb HOHI138UHH 

K03cPcPHUHCHT8 

~ (j e..) = ~- V.X:.p ( -Je_ ((;' :t:. ) I 131 

rne c;:~ - C9'19Hli9 HOHR38UHH , 
1:: - BpCM5l npe6b!B8HI15l MOll9KYJlbl rllOA B KOJlOH-

He pa3pstna . 

V13 12 1 cne.ayeT , •ITO noporoAoe nasnen11e HIOI<e n.nn T5l>l< en~->Ix MOJ10Kyrt . Ha -

6nl0nanocb , 'ITO eee.a e HH e BOrt51HbiX HJHI pTyTHbiX napoe B eonopO.::tHhllil paop51.n no-

HH>Kano pa6o'lee naeneHRe. KpoMe Toro , ~'1!151 noHH:»<eHH5l pa6o'lero rt8B.llCHIHT 

MO:»<HO HC001lb30B8Tb Cll9HYI01ill19 .llB8 MeTOLl8 . 

1. noBbiCHTb K011H'!9CTBO liOHOB, oceo6o:»<naeM biX 311CKTp01i8Mii a I nyTeM 

BB9Ll9HH5l OTp8:»<8T91lbHOrO K8TOLl8, 61 nyTeM yBe11H'I9Hli51 HAnp51:»<9H!iS1 pa3p51Ll8 

C U91lbl0 yee1lH '19HH51 3Hepr~HI 3!lCKTpOHOB , OCB060:»<Ll8 lOWHXC51 npH HOHH38UIIH, KOTO

pble npH 3TOM 6yD.yT npOH3BOJ1HTb 60llbW9 HOHH38UHI% . 

2. YeenH'IHTb '!Hcno HOHOB, noCTHraiOwHx K aTona nyTeM yeenH 'I 9HHS1 nasneHHH 

ra3a e aTOM paAoHe. 

npaKTH'I9CKH B V1 V1 HCOO.rJb3yiOTC51 o6a 3TI1X MeT0£18 0 
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0Tpa •h8Te1lbHbiH 3lJeKTpon npHMC'H5l<'TC51 K8K B HCTO'IIIUK8X C H8K8'1E'HHhiM 

/ 10/ KllTO.QOM 1 T8K If B HCTO'IHHKaX C '<.OTIOLlHhiM K8T0'10M /pa3p11'1. THna neHHHHra f • 

noK81lbHOe ITOBb!WeHHe ..:taoneHHR s paiioHe K8TOJla o6ecne•rHsaeT ycToii'IHBOe ro-

pen He pa3pS1.Q8 npH BeCbMa rny OOKOM BBKyyMe B OCT8llbH b!X '18CT51X o 

3. Pa6o•rcc H anp~ >r<e nH c 

llanpSJ , I< C HHe pa3pS1.Q a T e CHO CB5138HO CO C ITOCOOO M no.ny4 e HHS1 31!eKTpOH OB /xo-

1101-:HblH Uf!H H8K8l1UHH biH KaTon/ H C M8TepH8liOM K/lTOA8 . B Cny'lae 118Ka.ncHHO r O 

K8TO[l8 MO.>l<HO nony'laTb· B J ~ : ('M L OOJlbUie 3.f!eKTf)Q H OB
1 

4eM HOHOB , ynap5110-

Lill!XCS! B K 8TOrt . B 3TO!vl ~y•rae 8H0·'1HOe 11 81IpS!>KE'HHe npH MHHHMa.f!bHOM naBtJC'IIHH 

nOnJlep,1-\HBaeTCS1 npH 3 H 8'10HH H 1 COOTBCTCTOYIOIUP'-1 MllKCHMYMY 34:J<JleKTHAHOCTH HOI!W 

oau1111 loKono 100 s nnR son.opona/ . 

nn~ XOT!O.QHOrO KaTOll.8 

I '1 I 

r Lte 6 - K03cP4:JHUHeHT ITOBepXHOCTHOH HO HH3ll1Hflf 1 v,~'"f - 3cP4:J<'K TJHIHOe 31184PHUe 

noTellfll18118 HOHH381tHH 1 KOTOpoe 1 BK.f!l0'1851 pll 'liHlll O OHJI hiE' IIOTepH , COC T<l AT!I'IeT npu-

!vlerno 40 ::lEI /llll'l aonopona. Ko::l<jJcj)HUIH'HT rroA<'rxnocTr>ii IIOHH31l U1111 ", onre-

:\/llHICI!T OT 9 H Cp rHH 1-!0H OB
1 

Y ' tllp51rOIIl ii XCfl B KaTon , a TaK >i<e oT MaTcpua.rr a KaTorr.n • .L!.n11 6o.tJnW HH CTRa M e Ta.n

JI OB l nuK e.nb , BO!lbrppaM 1 !v!Of!I1 0JJ.C' II 1 TaHTa.rr , M('Tlb l! Jlp . / Ko 9<fJCll 11UH e HT llOB epXHOCT-

HOii 11 01 1~1 ~1/Hl HH npH Ma,1b!X HanpH/I<eHIHIX HP00!111K 1 H .Q.flSI flOLlLlCp>t<aHHH HOpM8./lbHOrO 

pA3flS1Llll nplf 11CIIOJlb30B8111111 9 THX .\1CT811I!OB ll Kll' I I"'CTOC' !vlaTepHa/18 KaTOAOA Tf)Otiy-

l<lTC S1 3H8 'I HT C '1 bH ble H8np51ll< eHH 51 flo pH .QK/l 2 ~ KO 8 flf'HHHHrOBCKOH rCOMPTfll111 . 

o . liH'lKO CYlUeCTByeT H : tpyra Sl "HH3KOBO.'lbTIIIHI" rpynna Mr>TaJJ105 C 'Ur"'·100 13 

Ia Toii ; t.;e reoMeTpHri/ . K HCit OTHOCHTCSl: Maruuii, anroMHHitii , 6Ppr1nnui1 , unpKonuit , 

TIITllH • . 'v\ eTQJlJllol 9 T Oii rpynnr.,r XapSKTepli iVIOTCfl 1111111'JHeM TOJIKOii 0KCI1 ' lH0lr 11Jl<'IIKII
1 

KOTopaR , no-oHnHMO~y , HrpaPT OCHOBHY 10 pOIIb B 1101111 ,r<f'HIHi paGo·H~ro HanpSl '"C'IIHH . 

(] pe '1 flOJl ara eTCS1 1 'ITO .!-l CHCTDH e OKCH ·'tHoro CJlOSl 1 II p11 oGpC'T a IOLUCro nO.'lO rK 11TC.f! bH f,fii 

38pflrt B pe"'ly'lbTBTe nOn8/l8.HHSl 1{0H013 1 38K.IIf0'11l0TCSl B C0 .""3 'l811HH aBT09JleKTpOHHOH 

3!v!MCCI1 H 113 MCTa.nna fHAilpSli!<CHHOCTb 110.1~ HO IIOOC'pXHOCTH !v!f>T8f!,'l8 BBH.Qy Mll'lOH 

6 
T0 1111l i1H bl Tl'l eHK H .'1.0CT Hr8CT 4· 10 o/c:-.11 . l f p11 llfl0!1,0.1l>l<t1TPllbHOfi paOOTe C 60.IlbUJH -

Ml1 TOKflMI1 O K C11It H8fl /l'lPHKfl Mn>I<CT pa::~pyUJMTuCSI 11 llllflf)fi}!(CHHC pa3 pH JI8 [l03fl8CTM 
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!10 3H84eHKSI1 COOTBeTCTBYIOWero MeT811118 .. BbiCOKOBOilbTHOA .. rp .• nnbl , fl e rJ< O pa3py· 

waeTC SI OKCIHl H bJA CIIOA H8 MST' H MH H 5epMIIIIH H, KOTOp ble B CBSI3H C 3THM 06bJ4HO 

He HCOOilb3y~TCU 8 K8 4eCTBe K8TO U O B, HHoraa !lllSI noB~WeHHSI CTa6HilbHOCT H pa 3 -

pS1!18 HCOOJlb3y~T C04eT8HMe MeTaJIJIOB H3 o6eMX rpynn , HanpHM ep , THT8H + TaHT8J1 1 

aenaSI O!lMH K8TO!l M3 MeT81lll8 .. B~COKOBOIIbTHO~" rpynn~ , 8 npyron H3 " HH3KO-

BOilbTHoA .. . Heo6xoaMMo OTMeT KTb , •rTo !lJlSI 38 >t< HT'8HH SI pa3pS! .'18 R U CTOY HHK £' 

C K8TO!l8MH 11' 3 MeT81lll8 "HM3KOBO.I1bTHOA" rpynn bl npHXOllliTCSI npHK/18 '1blD8Tb H81!p5r -

)l( eHKe a 2- 3 pa3a npeBblu .• a ~wee pa6o•1ee , 

4, Conep)l{aHHe aTO M a pH biX HOHOB 

Sonb W H'HCTBO ra3os , HcnonbayeMbiX B HH ycKopHTeneA, npH K OMHllTHoli T OM IH -

paType ::OCTOH T H3 nsyxaTOMHbiX M OIIOKyn I H'l- ,D,_) ol- .) Nl- I . B T O npeMfl K8K 

HHTepeC npe!lCT8BIISIIOT 8TOM8pH ble HOHbl , B CBSI3li C 3TiiM B03HHKaeT np061lOMll y s e 

IIH 'I OHH'SI He TOilbKO c y MM8pHO fi HHTe H CI1BHOC TH HH, HO H OTH<-UH~HJIS! r~ ........ /Ix .. ... . 
B cny'la e pa3pR.aa a B O!lO p o.ae I HaH 6on ee '!acTo scTpe'la~wMikSJ c.rr y'laill 

6btCTpbre aneKTpOH bi cnoco6H bl npoH3 BO!l HT b cneay ~wHe pe aKU ifH' 
181 

n o porO BllSI IV\ 8KCHM llllbii OO 

npouecc 3HeprHST CC"I ' 'I! H 0 

38 n en . ~i ...... _.._ 
--

\-12. -t e.. --. 1-1 1-t H, -t <2.. "'" 'ltv 8,8 0,"1 !') 

H,_ ~ (!.. _, H 1 -t H 1 -t e. -1 :Liq.v 11 '8 0 ,45 

H , +«t- H;t -~c 2-e.. 13,5 1,0 

Hl..-t~ _, \-1; + 'le.. 15,6 1,7 

H'l--t e. _, H(+ H, -r ?-t.. 18,6 0,005 

Ht.-te.-. H[ _. H, ~ 'le.. i' iO t.v 28,0 0,005 

\-h. 't e. ~ H;t' -+ H; -+ ~~ -+ 1 Ot.-t 46,0 0,005 

..J nSI y BOJlH'IeHM SI CO!lep,h8H H SI 8TOM8pHblX HO HOB He06X OLI MMO yBE'I'J H<~ e HH O CKO

pOCTH !1HCCOUH8UH H H MOJteKyn r838 H yMeHbW e HHe CKOpOCTH p e K OM6 HH8UHH 8T OM OB 

B MOJleKyllbl , ,ilH CCOUH8UHSI yBe'lH'IHBaeTCSI C yBell H 'IeHHOM fillOTHOCTM pa3 pSI JlH OT'O 

T C 

B 

KC 

11 

\.1 

T 

M 

11 

c 

cc 

II 

L{ . 

c: 

B 

o• 

fl • 

cr 

rc 

HC 

Ill 

r , 

') l 
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TOKa • .Llo6asneHHe napoa H3- T8K>!<e AOJI >KHO YR<'IlH 'IIIIHlTb CKopoCTb JlliCcounlltt llll . 

B MeTacTa6u'lbHO:v! cocT051HIIH aTOMbl ~~~ o6naaAIOT 3HPprue ii 4 ,68 3B , '1TO H I'CKO u.

K O Bblllte , 'leM 3HeprHH ::t HccouHilUH H BO/ lOpo ·t a , pasHaS! 4,45 au 14,5 .1 3B Ll'HI D1.. I , 

11 nepf' Il{\ '18 3Hepri!U OT B036y~t<LIPHHbiX 8TOMOB 6y t l0T CnOCOOCTBOri8Th LIHCCOUII81tlllt 

'vloneKy '1 eo 1opo.aa . 

Pe K OM6H H8Uif51 8TOM8pHoro BO LtO pO .[l8 OC Tb 6e3bi311Y 'i8TOJlb H b lll: npouecc , KOTOphlii 

Tpe6yeT npHCYTCTB11SJ TpeTbero T e n a . n pH ABBil e HHH BbiWe 1 MM pT . CTOJI6a HM801' 

MeCTO 08MO TH851 06beMH8Sl peKOM6I1H8UHS'I; tlp li M e HbWHX ll8 BJ1 0 HHS'IX OCHOBHYJO p0.11b 

HrpaeT peKOM6HH8UH51 H8 CTOHK8X . 

C lJOKYC'llpOBilHJJblX 11\''IKOH 51BJ1 SIIOTCS'I 1 118p11•tV C 110'1\''H>HJII':I.-1 MOIIIIII>IX pa3p~:Il,OB C 1'1.1-

COK H'I.I C0Ll0pm8HIIf''1.1 aTr>M8pHIIX lf O HOB, llToploll\l tjl8 KTOpOM
1 

B 'I HSliO ill H:v! HA Y£1PfJJJ'IPJJHe 

11HTCHCIIOHOCTII H OHHbl"< HCTO'IHHKOB. 

8 Ill! K 'I f1 '1eCK 11"< YCK <1pl1TP 'HI X CO C :1 '10 lllllf,f'vl M a r H HTOM ::lKCT pa K UIHI II II " P f\0 11 8 -

'1 8'1b H8Sl •! OKVCHpOBKa OC)'Ifl(!CTO.lS'IIOTCSl yc K rlp siiOIIlliM ObiCOKO'IB C T OT HblM 3'IOKTpll'lf' 

C KH'vl fJ O.rJeM nyAHTOB, ;]!151 Y'l.Y'II. PHIHI "l K CTpt!KU I111 fl rj•O K 'i CHpOBKU IIC1101b0\''0TC51 

BhiCTY IIbl Ha .nyaHTax lcjjJ1,1epa I H .111HJ:1ht n Pp twro oGopoTa . L l a .'lbH C i1 u1a ~ ct)oKyc llpn tiKfl 

o5yC.I100lJ('HI'I COOTBCTCTDytO illHM 13bl 6opoM :'l £lK O H 8 11: )Mt'Ht' fli1Sl H811pllthf'HHOCTJ1 M£lrlli!T-

11 oro nn.n11 11 MP : li1AIIHofi n.,tOCKOCTH :'la:lopA ::>.n<·KT p oMa rlll!'l'<t ycl<Op t1TP.'IH . 

f3 'lliH OHllhlX yCKOp11Te.1!5lX CHCTE:'Mf,l ::'lK CT p<lKUHH 11 t jlOKyC11pOBKH riBJHI'OTCSI 6o•t O(' 

cnn , t, H b lMH , TpyJl HOCTb 3aK•tJO'I8CT Cri B T OM , ' ITO H O II Il'dti u y40K c 6onbutoii tlJIOTHO<'TJ, I() 

TOK8 II HT C II CH BHO P<lCXO;J.IiTCfl 0.'18 r 0!18 pn paC7 '! I'JK I1 UA IOWPMY /1<' ifCTBH 10 lpOCTp8JJCT00ll 

HOrO 38p5i!l8 • . v\aKCiiMB'lbHbiH npOTOHHhlH TOK , KOTOpL>lii M O>I<PT "ti(V"l iiTI1" Y epe.> 

ll H.I'JIIH .:Xpll'l OCKHii K8H8'1 FliH!HOfi • e, • II .l i16M e T pOM • cJ., 
1 

pllBI'II 

(I,\.~ ~ 2~) ~ ~~~ ( t r- ( r~f;~.+ I~ R.) 
If) I 

TOKH HOHOB 1-/ -f 

I ) 

18-0 H yc " Y'I Ka IV., =0,425 "V KaHa.'la . 

r .'le 1, 1'!1 }-1-f 
l.. I 

1-1 + 
J A 1M a I , H M HH H M 811bll hl~i 
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B cBo6oaHoM oT nonH npocTpaHcTBe KpaeBhle TpaeKTopuu ny'iKa aa~TCH Bhloa

meHHeM /anH npOTOHOB/ 

.:e /~0 -::. ~ ,9 t 
.3~ 

I '1-u 
vi(Q, I ..,A 

~ 

j~ /6/ 

0 

·rae '\/- paaHYC ny'iK8 H8 paCCTOHHMH St OT MeCTa, B KOTOpOM ny'iOK napanne-

neH u ero paanyc paBeH ~o ~ ~ )(.../It, • 
Ha puc. 1 nao6pameHa HOMorpaMMa, nocTpoeHHaH c IIOMOI.Ub~ /6/. fiHHHH 1 

coeaHHHIOI.Uast Tpe6yeMhre aHa'ieHHH HanpstmeHHH H ToKa, nepeceKaeT 6aancHyiO nu

HHIO H COOTBeTCTBYIOI.UHe 3H8'ieHHH f't..(-'1, 0 H ';O!~o MOr'yT 6biTb IIOJly'ieHhi nyTeM 

npoBeaeHHSJ nHHHH qepea TO'iKy nepece'ieHHst. 

e 
Ha puc. 2 TaKHM me o6paaoM noc.TpoeHa HOMOrpaMMa anH onpeaeneHHSJ 

- yrna Memay OCbiO H KpaeBOH TpaeKTOpHefi 

lf1 .. 

~9 
T ... A 

J .ew ~· 
171 ~('i 

-4191 v~ 

Ha puc. 3 anH HarnstaHoCTH nocTpoeHhi KpaeBhre TpaeKTopuu anH aefiTpOHHbiX 

ny'iKOB C pa3J1M'iHOfi IIJ10THOCTbiO TOK8 H pa3JlM'iHOH ~Hepr:uetl:, BhiXO.z:iHI.UHX B CB06oa

/2Q/ 
HOe OT UOJlH npOCTpaHCTBO • npaKTH'ieCKH anH SKCTp8KUHH H ¢oKyCHpOBKH nyq-

KOB HOHOB HCIIOJ1b3YIOTCSJ pa3JlH'iHhle HOHOOIITH'ieCKHe CHCTeMbi •. nprrMepbl MOHO-

OIITH'ieCKMX CHCTeM 6yayT IlpHBeaeHhl IIpH paCCMOTpeHHH KOHKpeTHhlX THIIOB UOUHhlX 

M CTO'i HMKO Be 

Dnst npeaoTBpai.UeHHSJ pacxoaHMOCTH HOHHOI'O IIY'iK8 npeaJIO)KeHO HCIIOJlb30B8Tb 

/22 I 
llpRJtUlnt meCTKOH ¢oKycHpOBKH • 

'1 Y. VloHHhie HCTO'iHHKH u:uKnH'ieCKHX ycKopuTenetl: co cnnowHhiM 

_!'1 8I'HHTOM 

1. VIYJ UHKJioTpoHa 

XapaKTepHhiMH oco6eHHOCTHMH VIVI UHKJIOTporra IKaK Bnpo'ieM :u Bcex VIVI yc· 

KQpwrenefi co cnnowHhiM Mar-HHToM/ HBJIHeTcst Han:uque aHa'iHTenbHOI'O /6onee 

I 
I 
I 
I 

'I 
I 
l 

I 
I 

L 
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10 Tb!CS!q 9pCTe.n/ M8I"HHTHOI"O nOJISI li p8.0li8JlbH851 /non npS!MbiM yrnoM K M8I"HHTH0" 

My nomoI aKcTpaKUHSI liOHOB 

H enpepbiBHbifi pe.>KHM pa6oTbi VI VI npH 3HaqnTeJihHbiX ToKax pa3p51.na o6ycnaB

JIHBaeT nOBbiWeHHb!e Tpe6oB8Hli51 K M8TepH8JI8M li KOHCTpyKTHBHb!M 9JieMeHT8M 0 

PaHHHe pa3pa60TKH VIVI UHKJIOTpOHOB B BHne OTKpb!TOH HirTH, IIOMeu:taeMOH 

HenocpenCTBeHHO B KBMepy ycKOpHTeJISI, rioBOJlhHO CKOpO 6hlJIH 3BMeHeHhl KBIIBJIJIS!pHo-

.OYI"OBb!Mli HCTOqHHKBMlio VI OHbl B nepBOHB'lBJibHbiX KOHCTpyKUHSIX II0.006Hb!X HCTQqHH

KOB Bb!XO.OHJIH B YCKOpHTeJibHYIO KBMepy qepe3 ManeHbKOe OTB9pCTHe ol--. 2 MM, ne.>Ka-
' 

mee B M9.0liBHHOH nJIOCKOCTH MBI"HHTHOI"O nOlJSI• C yBeJIHqeHHeM npOH3BO.llHTeJibHOCTll 

BhlCOKOBBKyyMHhlX HBCOCOB OTBepCTHe yBeJIHqliBBJIOCb li npeBpBTHJIOCb B Bhlp93 B 

. cy; . /231 
ueHTpBnhHofi qacTH Tpy6Kn; XapaKTepHbie <tepTbi .nyroBoro VIVI Bli.llHbi H3 pHc. 4 

npHMeHSIIOTCSI TBK)Ke VI VI c O.llHliM KOHYCOM~ c qacTHqHo 38Kpb!Tb!M CTOJI60M 

pa3p51.llBs HO 9TO cymecTBeHHO He MeHS!eT. Hli XapaKTepa pa6oTbi, Hli xapaKTepHCTHK VfVI. 

HH3KOBOJihTHb!il: .llYI"OBOll pa3p51.ll B HCTQqHHKe npOHCXO,llHT Me)!<.lly. KBTO.llOM 

li KOHyC006pa3Hb!M KO.>KyXOM KBTOnH0fi noJIOCTlio K BTO.ll npe.llCTBBJIS!eT co6ofi Ton

CTYIO BOJibtPpBMOByiO fTBHTBJIOByiO/ CnlipBJib HJIH HHTh, HarpeBaeMyiO nOCTOSIHHb!M 

TOKOM HJIH nepeMeHHbiM TOKOM noBb!WeHHOll qacTOTbl. Kci.>KyX SIBJIS!eTCSI 8HO.ll0M Hli3KO-

BOJlhTHOil: .nyrH, a era imyTpewmil: o6'beM n}JencTaBJISieT co6ofi nyroByiO Kf!.Mepy c 
• 

nOBbiWeHHb!M /no CpBBHeHHIO C KaMepoil: UliKJIOTpOHa/ .llBBJieHHeM !'838 0 3JieKTpOHbl 

Bb!XO,llSIT. B Me.>K.nyaHTHYIO o6JiaCTb <tepe3 OTBepcTHe B Bef)WHHe KOHyca, KOTOpoe 

onpenenS!eT .tiJopMy cTon6a HOHH3BUHH B ueHTpe • ycKopHTeng. 3po3H51 BepxyweK Ko-

HYCOB, OllJIBBJieHHe BhlXO.OHOI"O OTBepCTHSI MeHS!eT C TeqeHHeM BpeMeHH xapaKTepHCTH

Kli VI VI'· no9TOMY ,llJISI li3I"OTOBJieHH51 KOHyco·B DpHMeHSIIOTCSI cneuHBJibHb!~ MaTepHBJibi, 

o6brqHO ·anhKOHHT IBonhtiJpaMo-MenHbrfi. cnnaJ3/ H rpatlJHT. ra3, KaK npa,BHJio, nonaeT-

CSI. B KOHYC qepea KOJibU9BOil: 3830p M9.>K.llY CTep.>KHeM, Hecyu:tHM HirTh; li Tpy6qaTb!M 

KO.>KyXOM, K KOTOpOMy KperrHTCSI KOHYCa PacXO.ll !'838 s 
B9pCTH51 B BepWHHe KOfiYCB li pa6oqero .llBBJI9Hli51 li MO.>KeT COCTBBJISITh OT 1 rio 

3 
20 CM fMHH 0 

DaBneHHe BHyTpH KBTO.llHOfi nonoc~H Bhl6HpaeTc51 TBKHM, qT06hl pa3p51.ll 

CT86HJihHO ropen npH Hanpg.>KeHHH ~· p nopS!,llKB 100- 150 B, qTQ COOTB9TCTByeT 

{c)..,10f\ pT.CTa 

ToK pa3p51.ll8 If B HOpMBJibHOM pe.>KHMe paBH519TC51 2-3 a. npli 9TOM cpoK 
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cny):!<5bi HHTH cocTaBmreT 50- 100 'IacoB. H ecMoTpH Ha 3Ha'IHT8J1bHbre rrpeHMymecTBa 

ITO CpaBH8HHIO C OTKpb!TbiM Vf Vf t D -yroBOH HCTO'IHHK C KOHyCaMH H OTKpb!TblM CTOJ1-

50M HOHH38UllU o5nanaeT MHOrHMH CYUl8CTB8HHb!MH HenocTaTK'aMH, K HHM, rrpe):!{ne 

Bcero, oTHocu~cH Manbrfi /10%/ rrpouenT aToMapnbrx IIOHOB H 1+ ( "D~) B Bo:no

ponHoM /neH:i~pHeBoM/ pa3pHne, rrnoxaH ¢oKycHpOBKa HOHOB Ha rrepBhlX o5opoTax, 
' 

MaJibiH cpoK CJly):!{5bi HHTH, HH3KIIH ra30Bb!H Kn.[l • 

.[laJ1bH8HlUUM pa3BHTU8M VfVf C HaKaneHHbiM KaTODOM HB1lH8TCH 3aKpb!TbiH VfVf 

/VfVf C IIOnb!M 8HODOM/ C OTpa>KaTenbHblM KaTODOM II nHH30H rrepBoro o6opoTa. 

H a puc. 5 rroKa3aHbl pa3pe3 H neTanu TaKoro ucTO'IHUKa, pa3pa6oTaHHoro B OR.Nl. 
/27 I 

p .flu BHHrCTOHOM U p • .[l):!{OHCOM • 

H HTb HCTO'IHHKa UM eeT u -o6pa3HYIO ¢opMy II .H3rOTOBJl8Ha H3 4,32 MM 

T8HT8J10BOrO CTep):!{HHo EonbLUaH TOJllUHHa HHTH rrpenoTBpamaeT pa3pywenne MarHHT

HbiM rrol(eM, .H IIO:;lTOMY HaKan IIpOU3BODllTCH IIOCTOHHHbiM TOKOM /400 a/, a He TOK<lM 

I10Bb!W8HHOJ:i 'IaCTOTblo VfCIIb!TbiBanacb TaK):!{8 BOnb¢paMOBaH HllTb 0 HO OHa OKa3anacb 

xy')Ke, TaK KaK Tpe6oBana 6onbwero TOKa HaKana u c Heii Tpy nHee 3a*HrancH pa3-

pHn. /KU3Hb TaHTanpBofi HHTH - 75-150 'IaCOB • .[lyroBaH KaMepa U 'IaCTb KaMepbl 

HHTH H3rOTOBneHbl ll3 uenoro KyCKa rpa¢uTa. KaMepa HMeeT nnHHY 102 MM 0 

,P BHyTp. 6,35 MM, 16 Hap. 9,53 MM / 3Ha'IKOM ci 3D8Cb H in naJlbHefiweM o603Ha'Ia

eTCH nHaMeTp/. BbrxonHaH menb HMeeT pa3Mepbr 2,38 x 63,5 MM • .Ll ua¢parMa, pac· 

rronO):!{eHHaH Me):!{ny HllTblO ll nyroBOH KaMepofi, orrpenenHeT rrono):!{eHHe U ¢opMy 

rry'IKa aneKTpOHOB1 BXODHl1lHX B KaMepy. B pe3ynbTaTe 9KCrrepiiMeHTaJlbHOrO IICCne-

noeaHUH 6hlna ew6pana KpyrnaR nua¢parMa ci 3,18.MMo CymecTeenHo, 'ITO 

o 6pa3yiOIUaH nna¢parM bi non*Ha 6orTb KacaTenbHoii K BHyTpenHeii cTopoHe Bbrxon· 

-HOJ:i- menu. Korna o6pa3yiOIUaH nna¢parMbl OTCTOUT Ha 0,8 MM OT BHyTpeHHefi CTO-

pOHbl eorxonnoil: menu Ha6niOnaeTcH 50% -Hoe rranenne nnTeHCHBHOcTu, Tonmrma cTeHoK 

pa3pH.iiH~~c KaMepbi B paiioHe menu non*Ha 6biTb cnenana KaK MO):!{HO MeHbweii. 

B orrnchr:BaeMOM VfVf oHa paBHHnacb 0,8 MM. PaccTOHHIIe Me*nY nyroBoii KaMepoii 

n ycKopHIOlUHM aneKTponoM rrpu Harrpg):!{eHuu Ha HeM I U..-a I B 10 KB cocTaBnH

no 3,18 MM. B ucTo'IHHKe ucnonb30BancH o6brKHoBeHHbiii Bonopon, o<rumaeMorii oT 

B3B8W8HHb!X 'IaCTHU B KepaMH'IeCKOM ¢HnbTpe • .[lnH yny'IilleHUH XapaKTepHCTHK VfVf 

oKasanocb ):!{enaTenbHbiM eeeneHue H3onupoBaHHoro aHTHKaTo'na. VfoHHbll'i TOK I I ~.t/ 
npH aToM yeenu<rnncH 6onee <reM B nea pa3a. XapaKTepu,cTHKU VfVf npHBeneHbi 

Ha pHc. 6. 
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C UellbiO IiCKliiO'!eHIHI HCTO'!HHKa ITHT8HHH HHTH H8XO,ll5IT ITpHMeHeHHe YfYf C 

rrollbiM aHo.noM u KaTo.naMrr, pasorpeaaeMbiMH HOHHOii: 6oM6ap.nrrpoBKoii:. B Ka'leCTBe 

MaTepHalla ,llll5I H3f'OTOBlleHHH KaTO,llOB HCIT0llb3YIOTCH BOllb¢paM Iiliii TaHTan. 8 OT

liH'!He OT YfYf C HHTbiO H8K8liHBaHH5I ,llll5I rrepBOHa'!allbHOf'O 3a:>KHf'aHHH pa3pH,lla B 

TaKoM HCTq'IHHKe Heo6xo.nrrM crreurrallhHbiii: BbiCOKOBOllbTHbiii: BblllpSIMHTenh. TonbKO 

nocne pasorpeaa KaTo.noa rr Haqana TepMOSMuccrrrr ycTaHaanuaaeTcH HOpManhHhlii: 

pe:>KHM pa60Tb~ C H8l1pH:>KeHHeM pa3pH.ll8 B il:eCKOllbKO COT BOllbT, "I.JepTe:>K KOHKpeT

HOH KOHCTpyKurrrr CHllbHOTO'!Horo urrKliOTpOHHor:o YI Yf c KaTo.naMu, pasorpeaaeM biMH 

/28/ 
rroHHoii: 6oM6ap.nupoaKoii, nprrae.neH Ha prrc. 7 /a/ /Mrrnnc rr EapHeTT I. 3aarr-

crrMoCTb KOMITOHeHT UOHHOf'O TOKa OT TOKa .llYf'H - Ha prrc. 7 /B/, 

M aKciiMaJibHM;t T2>~ noHoB nprr Lt.~ =15 KB 1 Ip = 5a, H 
.nocTrrran 330 MA, nprr'IeM npoTOHbi cocTaBliHliH 82%. 

Cne.nyeT· OTMeTHTb,· 'ITO CpOK Clly:>K6b! K8TO,ll0B B TaKHX YfYf He3H8'!HTellbHO 

rrpeBbiW8Ei!T cpOK Clly:>K6bi RUTH. KpoMe TOf'0 1 BMecTO IiCTO'IHHKa HaiTI?H:>KeHHH H8Ka

na ,llliH HHX Tpe6yeTCH rryCKOBOii: Bb!COKOBOllbTHBIH BbiiTpHMHTellb 11 6onee MOWHbiH 

BblllpHMHTellb l1!1T8Hii5I .nyrrr. Bee STO CHH:>KaeT ueHHOCTb IiCTf>'IHiiKOB C KaTOLJ,8MH 1 

pasorpeaaeMbiMH HOHHOii: 6oM6ap.nrrpoBKofi. 

]lellaliHCb ITOITb!TKii rrpO,lllleHHH :>KH3HH KaTO,llOB B .llYI'OBOM YfYf rryTeM 38Me-

Hbl HHTH 13 :)lJb¢paMOBbiM ITaHT8liOBbiM/ UiiliHH.llpOM 1 pasorpeaaeMblM IiH.llYKUiiOHHbiM 

CITOC060M OT CrreuH8llbHOf'O Bb!COKO'l8CTOTH0f'O reHepaTopa, O,llHaKO. T8KHe YfYf He 

ITOliY'!Hliii WHpOKOI"'O pacrrpocTpaHeHH5I, 

KoHcTpyKUiiii UHKliOTpOHHhlX IiOHHhlX IiCTO'IHHKOB ,llliH ITOlly'!eHHH MHOf'038pH.ll-
, • ,I 

H biX rroHoB I M3Yf I rrpaKTH'lecKrr He. OTliH'laiOTCSI oT crrnbHOTO'IH biX Yf Yf c saKpbiTbiM 

CTOll60M• 8 HHX IiCITOllb3yiOTC5I KaK HHTH HaKaliHBaHHH 1 TaK Ii "XOliO.llH~e"K8TO.llhl 

pasorpeBaeMbie HOHHOH 6oM6ap.nHpOBKofi. 

H a prrc. 8 rroKasaHbi .nae raKrre KOHCTpyKurrrr, npe.nHa3Ha'! eHHbie .llliSI nony'!e

/31/ 
HHH M3Yf a3oTa . • 

XapaKTeprrcTHKH YfYf nprrae.neHbi a Ta6nrrue 2. 

]11151 aHaliH38 IiCITOllb30B8liQ5I Macc-crreKTpOMeTp CO 180° OTKliOHeHHeM IiOHOB 

a o.nHopo.nHoM MarHHTHOM none. Bbrxo.nHaH ruenb rrcTO'!HHKOB rrMena pa3Mepbr 

52,8 x 2,47 MM, ruenb oTcachraaroruero aneKTpo.na, pacnono:>KeHHoro Ha paccTOHHrrrr 
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0,8 MM, 63,x 1,19 MM, OTCaCb!BaiOIUee HanpH:>KeHIIe 10 KB, Pa60'l!IM ra3 OM HBJI HJI CSio 

Ta6nuua 2 

\)...\' Ip N+ N'2..t N.:~+ N l{t IL-

·~ Ql vvvA w.A IliA 'ri\A ~to~ A 

Ha:KaneHHbiZi KaTon 

300. 3,0 20 8,5 0,4 60 

.. ' 

400 ' 3,5 38 50 20 1,8 150 

500 2,5 33 32 10 2,6 140 -

"xononHhifi" :KaTon 

·--
600 3,4 8 4 7 4 55 

600 5,1 26 29 28 8 85 

a3oT. .Do6aBnemie rvo • NOz. ' Ha.. l\ yMenbwano ,unTencHBHOCTb. Pacxon 

ra3a COCTaBnRn 
3 

OKOJIO 1 CM /MHH, npH'leM HCTO'lHHKH HYBCTBOBaJIH ll3MeHeHHe pac-
~ 3 

xona na 0,05 eM IMRH. 

a3oTa 

Ha pHc. 8 noKa3aH pa3pe3 erue onnoro ucTo'lHHKa nnH nony'leHHH M3Y1 
/32/ 

0co6eHHOCTb!O HCTO'lHHKa HBJIH8TCH HCnOJib30BaHIIe nonorpeBHOf'O BOnb¢paMo

BOf'O KaTona. nonorpeB OCyiUeCTB'lHeTCH nyTeM 6oM6apnHpOBKII KaTona 9JieKTpo

HaMH /Q,8a, 1QQQ B/, 9MHTTupyeMbiMII H3 BOnb¢paMOBOH HIITU <6 1,2 MM, pa30rpe

BaeMOfi TOKOM nOBbiLUeHHOll 'laCTOTbl 180 a 1 Q Kf'U. 

Pe3ynbTaT ananu3a KOMnOHeHT liOHHOf'O TOKa, npoBeneHHOf'O B Macc-cneKTpo-
0 

MeTpH'leCKOfi ycTaHOBKe CO }8Q OTKJIOHeHHeM HOHOB B onnoponHOM M8f'HUTHOM 

none HanpH:>KeHHOCTb!O 7000 9 /B TOM :>Ke none HaXOnHJICSI HCTO'lHHK/, npHBeneH 
5+ 

na puc. 10. TQK nonoB N npH onTuManbHOfi nacTpofiKe nocTnran 100 ]viA 
1.1 1H 

/5% oT 1,. I. CnenyeT oTMeTHTb, 'ITO qucno M3Y1 yMeHbLUanocb c yBenn'lenueM 

pacxona ra3a, no-BnnnMoMy, B pe3yJibTaTe nepe3apHnKu. OnnaKo npu o'leHb MaJihiX 
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-paCXOLl8X B paSpf!Ll9·BOSHHKanu·uHT9HCHBHhl9 KOne6aHHfl B ~9UHM~Tp0BOM LlHanaSOH~ 

·BonH II M3J.1 npona.oanu. npu STOM Ha6mo.oanacb TaK:>Ke aHOManbHafl saBUCHMOCTb 

TOKa M3J.1 OT ToKa LlYf'H 1 KOf'Lla 1 · Ha'ln:Hafl C HBKOTOpOf'O SH8'19HHfl /Tp =3,5a/ 
I 

yeenuqeaue TOKa LlYf'H npn:eo.ouno K yMeHbweHuro ToKa M 3 YJ. 

2 • J.1 J.1 CHHXpOUHKnOTpOHa 

J.10HHhl9 HCTO'IHHKH Llnfl C~HXpOUHKnoTpOHa no ycnOBHf!M paOOThl /sa HCKnroqe

HH8M BOSMO>KHOCTH OCYlll9CTBn9HHfl HMnynbCHOti pa60Tbi CO CKBa>KHOCTbiO nopELlKa 

coTHHI ae O'mln:'laiOTCfl OT. YJYJ un:KnoTpOHOB. B cn:axpoun:KnoT~oaax TaK me, KaK n: B 

un:KnoTpoaax, wupoKo ucn_znbSOBanucb LlYf'OBbi e YJYJ c OTKpbiTbiM cTon6oM paspE.oa. 

0LlH8KO BBHLlY ManOJ:'O yCKOpfiJ9lll9f'O Hanpfi_X<9Hilfl !-IOHbi HMSIOT 0'19Hb Manbtit npn:-

pOCT pa.on:yca Ha nepBbtX o6opoTax 11 aTo HCKnroqaeT HcnonbSOBaHue 1111 c saKpbi

TbiM cTon6oM. Seonrouufl CHHxpouuKnoTpOHHbiX YJYJ nowna no nHHHH yeenuqeauf! 

CT80HnbHOCTH H_ LlOnf'OBS'IHOCTH HCTO'IHHKOB nyTeM SaMSHhl HHTH KaKanHBaHHfl xono.o-

Hb!MH KaTOLl8MH. npu HMnynbCHOll pa60T8 6naf'OLlapfl ManbiM CpSLlHHM MOUlP.OCTfiM 

K8TOLlbl MOJ:'YT Ob!Tb .oeficTBRT~nbHO XOnOLlHbiMH 1 H B K8'19CTB8 MaTepuan~B Llnfl. RX 

RSf'OToeneaufl uenecoo6pasn:o ucnonbsoBaTb MeTannhl us "HHSKoeonbTHott" f'pynnhl, 

aanpuMep, anroMHautt, noKpbiTbitt oKHcnoM Ae~O!!. • .Qnfl uauuuupoBan:ufl u ·no.o.oepma

HRfl paSpfiLl8 B OObi'IHOfi f'90M8TpHH /pHC, 4/ MOmeT cny>KHTb BepT!iKanbHafl KOMflO~ 

H9HTa Bb!COKO'I8CTOTHOJ:'O nonf! .oyaHTa C Hano>K9HH9M npli H900XOLlHMOCTH 9cPcP9KTa 

OCUHnnfiUHH aneKTpOHOB sa C'IST OTpa>KSHHfl OT KOHTpOnbHOJ:'O 8H0Ll8 1 KOTOphlfi .oe

naeTCfl usom-tpoBaHHbiM unH npucoe.oHHSieTcSl K KaTo.oy. WupoKo HcnonbsyeTcSl TaKme 

"<iHCTbtit" paspfiLl Tuna neHHHHf'a C Bb!XOLlOM HOHOB B U8HTpanbHYIO o6naCTb qepe3 

OTB9pCTH9 B OLlHOM US KaTOLlOB YJYJ, pacnonO>KSHHOf'O HU>Ke fBbtWe/ ~'yaHTa YCKO

pHTenfl •• 

Y: YfoHHbie n:cTO'IHHKH nuHefiHbiX vc· opuTenefl 

no cnoco6y nonyqeaufl uon:oa YJYJ mmeitHbiX ycKopuTeneit cy~ecTaenuo ne 

OTnH'IaiDTCfl OT YJYJ UHKnH'I9CKHX /sa HCKniO'ISHHSM .BbiCOKO"'8CTOTHblX. HCTO'lHilKOB/ 1 

OLlHaKO CHCT8Mhl SKCTpaKUHH II cPOKYCiipOBKH HOHHOJ:'O ny'IKa HMSIOT MHoro Cf19UHcPU

qecKHX oco6eHHOcTett. BonbwaSI caooo.oa B Bbtoope pasMepoe, cnocooa OTIHPlKii 

H C03LlaHHH pasriu'IHhlX KOHcPHrypaU!lit aneKTpll'19CKOf'O II MarHHTHOro nonefi OOyCnDBHn« 
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KpOMe Toro H 3Ha'IHTenbHOe MHOroo6paaHe KOHCTpyKTHBHbiX peweHHilo KaK H B· UHKno

TpOHaX1 .D.nSt IIonyqeHHSJ HHT"eHCHBHbiX HOHHbiX ny'IKOB IIpe>K.a.e acero · CTan HCIIOnbaOBaTb'"' 
. , -+- • . ;n 1136,311 

CSJ HH3KOBOnbTHbiH .a.yrOBOH pa.::fpSI.ll KaK B KaiiHnnSipHOM 0't'OpMneHHH · aMap H ,llp, 

TaK n: a n:cTO'IHn:Ke unHHOBcKorc I Z!nn. I THna, r.a.e .a.yra ropn:T Mem.a.y KOnhue-
. /35/ 

e.oR HHTbiO n: aHo.a.oM, noMemeHHbiM BHYTPI; .a.ononHn:TenbHOro aneKTpo.a.a 

. f 
O.a.HoapeMeHHO paaan:aann:cb-- cn:cTeMbi ·.a.nSJ 6onee coaepweHHOil 9KCTpaKUHH n: cpo-

Kycn:poBKH HOHHOrO IIY'IKa, TaK KaK• B OTnH'IHe OT UHKnOTpOHOB pa6o'I'He IIOnSJ nn:Hei\HbiX 

YCKOpHTeneii He MOryT 6biTb H9IIOCpe,llCTBeHHO HCIIOnb30BaHbi .a.ng 9TUX ueneito 

3Ha'IHTE:mbHOrO yaenH'I9HHSJ IInOTHOCTH TOKa a paapSI,lle1 IIpOU9HTHOro CO.D.ep>KaHHSJ . . 

aTOMapH~IX i~~OHOa 1 yaenH'I9HHSJ BbiXO,lla y .a.anocb .ll.OCTH'Ib nyTeM COa.D.aHHSJ HCTO'IHHKOB 
I 

C.HCIIOnh30BaHHeM OCUHnnSJUHH aneKTpOHOB a MarHHTHOM none, 6naro.a.apg HanH'IHIO OT-

pa>KaTenbHOrO aneKTpO.D.a /aHTHKaTo,lla/~ nepaoii·paapa60TKOii TaKoro THIIa SJanSJeTCSJ 

HH <PHHKenB~TeitHa /pHeo-11-/§~!'. KaT~.ll~HCTO'IHHKa 6brn- Haro'i'oaneli-H:3 iiliKeneaoit 

IIOnOCKH a cpopMe UHnHH.D.pa 3,18 X 3,i8 MM H OKCH.D.HpOBaH. npn: HanpSJ>KeHHH Me>K.D.Y 
nepaoii IInacTHHOii H KaTO,llOM B 65 B H)IOT9HUHane KOnneKTOpa HeCKOnbKO M9Hb-

'· 
weM noTeHUHana KaTO,lla /pe~HM;._ KOr.lJ.'a aneKTpOHbi He OCTaHaBnHB8IOTCSJ ,llO TeX 

nop, nOKa OHH H'e npH6nH3SJTCSJ K noaepXHOCTH KOnneKTOpa, H HOHbi y.a.ep>KHBaiOT,;. 

CSJ B ny'IKe OTPHUaTenbHbiM -IIpOCTp8HCTBeHHbiM aapSI,llOM / HOHHbiii TOK Ha KonneK-
•. H ' 4 4':! 

Top flOCTHran 150 MA /npH .a.aanelnm 6.10- MM p.;,cT,, none 200 apcTe.a. H TOKe 

KaTO.D.a 3 a/, 

Ha pHc. 12 noKaaaH coapeMeHHbiit··.a.yroaoil HCTO'IHHK c HaKaneHHbiM KaTo.a.oM, no-
.· /54/ 

nbiM aao.a.oM H HaonHpoaaHHbiM aHTHK8TO.llOM1 paapa6oTaHHbiR A6eneM H MeK6axoM • 

··CHCTeMa 9KC._'l'paKUHH H cpoKyCHpOBKH HCTO'IHHKa noaaonSJeT ccpo.KyCHpOBaTb IIO'ITH 100% 

IIY'IK8 IIPH TOK_e .a.o 42 MA. B nocneaHeM cny11ae eoaMO>KHO nony'ieHHe nyqKa HOHOB .D.Ha· 

MeTpOM 13 MM Ha p8CCTOSJHHH 350 MM OT aXO.llHOro KOHU8 9KCTpaKTOp8, MaKCHM8nbHbiii 

HOHHbiR TOK orpaHH'IHa8eTCSJ paa6p8CbiB8IOiuHM :.a.eftCTBHeM IIpOCTpaHCTB9HHoro. 38pSI.D.81 

npHao.a.amHM K ToMy, 'ITo .:M:oHHbiii ny'IoK y.a.apSieTcSJ a nepeailroro qacTb aKCTpaKTopa 
; . # . . 

H Bbi6HB89.T sneKTpOHbit KOTOpbie, cpoKyCHpySICb B .i,:.a.yroayiO K8Mepy 1 Bbi3biB8IOT H9CTa-

.6HnbHOCTb paapSI.ll8o 

Pa6oqHe napaMeTpbi HCTO'iHHKa .a.nSJ paanH'IHoro .a.HaMeTpa oTaepCTHSJ a aHTHKaTo.a.e 

npHae.a.eHbi a Ta6nHu·e 3. 
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Ta6n1Iua 3 

llrraMeTp OTBepCTIISI 
MM 1,5 3.0 6,0 

B aHTIIKBTO.lle 

ToK ny'!Ka MA 5 17 42 

CyMM8pHbift TOK MA 5 18 43,5 

ToK aKcTpaKTopa MA 1 1,5 

HanpH)KeHIIe 9KCTpaKTOpa KB 5 13 17 

HanpH)KeHIIe pa3pHna B 160 180 170 

ToK.· pa3pHna .a 0,8 0~8 0,7 

HanpH)KeHHOCTb M8f'HIITHOI"'O nonH ape Ten 700 700 700 

.llaaneHue a KaMepe 1,8 2 1,3 rHj 

~ llaaneHIIe B BaKyyMHOM o6'beM'e " 10-5 2 10-5 ·3·10-5 
t 

3 
raaa CM IMHH Pacxon 0,1 0,4 1,2 

~· 
~ ra30Bbift Knll 

~ 
0,5 0,45 0135 

llnsi pa60Tbi B HMnynbCHOM pe)KIIMe npii He3H8'!1ITElnbHbiX cpe.llHliX MOIUHOCTHX 

nony'!Hnrr IUIIpOKoe pacnpocTpaHeHIIe YI YI c xono.nHhiMII KSTO.llSMII II pa3pH.llOM TIIna 
' . /48 51 52/ 

neHHIIHra. Tpii KOHCTPYKUIIII T8KIIX .IICTO'!HIIKOB nprraeneHbi HS PIIC. 13 I I • 

B IICTO'!HrrKe roy rr <PocTepa /prrc. 13a/ rrcnonh30BaniiCh anroMIIHHeBbre KaTonhr. 
0 

KoHycoo6pa3Hhril SKCTpaKTOp c yrnoM nprr aepiUIIHe 90 II oTBepCTIIeM 6 3 1 18 nprr 

U.3 = 10-15 KB o6ecne'!HBan xopomyro cpoKycHpOBKY ny'!Ka I I~ = 0/. PenaKcaurrow-

Hhre II BhiCOKO'!acToTHbre Kone6aHrrH, KOTOpbre B03HIIK8nii B pa3pHne, nonaammrrcb non-

6opoM pa6oqero 3HB'!eHIIH M8f'HITTHOI"'O nonH /CBH3aHHOI"'O C reoMeTpiieft HCTO'lHIIKa/ II 

~C qmnbTpaMrr, THnH'!HbiMH sKcnnyaTaurroHHbiMII xapaKTepHCTIIKaMII YIYI HamlroTcH 

cnenyrowiie: 

p 
Ip 
u) 
"L.I'1e.c 

!~t,: 
rc.., 

600 B 

20 - 25 r\.1~ 

= 2 a 

15 KB 

55 KB 

l @U'b2tl.IIHCIIH:;i\ HliCTHTY!' 

J nnep!!.HX occnenonaHnu 
1 5~fj5JU10TEKA 
.,c__;;,;~~~----

l..lr = 3oo a 

S 26 cM
3

/qac 

H 5oo - 1000 a 

u~ = 10 KB 

Il<i = 1,5 

I11r = o 3 
FA = l5 
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.. 
npii IIGMeHeHIIII niiaMeTpa O'I'B8pCTHH-B-KaTone OT 0,076 no 1,02 MM 

, ~I , ) 'l-. I R, ~-•. ·,.:.. ("V T U.9" .... __,-. l \..)\A.( , --::.J <~- , 

rne I., ... _..,..;, - IIOHHaH cocTaanHiomaH TOKa paGpHna, n~nanaiOmaH Ha Ka*nhr:l!: IIG KaTo

noa, .~·L.c II n~ niiaMeTphi OTBepCTII:l!: B KaTone II aHone, COOTB8TCTB8HHO. npiiaeneH-

Hh!8 )capaKT8piiCTIIKII nonyqeHhl llpii ~ = 0,076 MMo 

VlcTo'IHIIK M.n.ra6oaJiqa II npyriix /piic. 136/ IIHTepeceH IIMnynhCHOti: nona-

qefi pa6oqero raGa, 'ITO yMeHhlllaeT ero pacxon a 3 - 4 paGa /npii qacToTe 1 ru/. 

B IICTO'IHIIKe IICnOnhGyeTCH MOIUHllH nyra C TOK8MII no 2QQ a 1 B08HIIK8!0IUaH npii 

nepexone OT paGpHna TIIna neHHIIH~"a.nnoTHOCTh IIGBneKaeMOf'O .lfOHHOf'O TOK8 B. Bh!Xon-
2 -

HOM OTBepCTIIII d 1 MM npeBh!illae_-_r __ 4 a/eM npii CO.D,ep:>KaHHll llpOTOHOB 85 - 90%, 

KaTon IICTO'IHIIKa IIGroToaneH IIG TaHTana, noKphlToro OKCHnHoit nneaKoti:. 

B HCTO'IHIIKe ct>niiHThi /prrc. 13a/ KBTOnhr naroToaneHhi rra .*eneGa /MarHIITonpo

aon/, noKphrToro cnoeM ypaHa TonmiiHO:i!: 0,6 - 1 MM. B aepxHeM KaTone HMeeTCH 

UIIniiH.D.pii'18CKOe yrny6neHIIe 8 MM rny6IIHOti: 6 MM, CllOC06CTBy!OlU88 KOHU8HTpaUIIU 

paapHna, lluaMeTp BbiXOnHOf'O OTBepCTIIH 1,9 MM, f)pii MIIHIIMan.hHOM naaneHHH 

0,004 MM. pT,CT,pa6oqee HanpH*eHIIe paBHHeTCH 500a, H anpH)KeHHOCTb MarHHTHoro 

nonH OKOnO 4QQQ 3pCTen, J.1cTO'-lHIIK npe.UH88H8'18H nnH pa60Tbi B IIMnynhCHOM pe)KIIMe 

rc: r a·... :.,. 
"- = 30 j\1ceK; r.M = 5 ru. XapaKTepiiCTHKII VIVI ni'maeneHhi Ha piic. 14 a n: 6. 

Kpn:aaH pn:c. 14 CHHTa npn: .o.o6aaneHIIH a .VIVI napoa IYI)':z'II• .E)eG_ pTyTII KOnn:-

'18CTBO npOTOHOB YM8Hhll1<98TCH -Ha--20-;.;; 25%, -t:f~;epeCHbiM HBnHeTCH T0 1 'ITO B cnyqae 
.... ----·-- _. i· 

ypaii-oabrx KaTonoa He GaMe'-leHo npn:cyTcTBUH rroHoa H :J • 

llmr nonytieHIIH 0'18HI:: 60nbil1IIX IIOHHbiX TOKOB cny)K8T HCTO'IHHKII 1 B KOTOpbiX 

onHIIM II8 aneMeHTOB llOHOO!lTH'I8CKOH CIICT8Mbl HBnHeTCSJ cneuuanhHbiM o6pa80M 

ccpopMHpOB8HHaH rpaHIIUa nnaGMbl, K T8KHM HCTO'-IHIIK8M OTHOCIITCH paGpa60T8HHbiH non 

pyKoaoncTBOM ApneHHee nyonnaGMaTpoH 
. /7/ 

nnaGMeHHoro illHypa pn:c. 15. 

IICTO'IHHK S nBOHHhlM KOHTparrrpoaaHII8M 

PaGpHn a nyannaGMaTpoue Ga*uraeTcH Me*nY KaTono.M II norronHIITenhHhiM 

8HO.D.OM, \aGpHnHhiH TOK 1 llpOTeKaSJ no conpoTn:BneHII!O ~ =200 - 600 OM 1 COGnaeT 

Me)Kny npoMe)KyTO'IHbiM aHOnOM If. 8HOnOM paGH<>CTh llOT8HUIIanOB 1 -o6ecnetiUB8!0l..Uy!O -- .. 

BbiTHf'HBaHn:e ane.KTpOHOB B KaHan npOMe)KyTO'IHOro a~ona, 'ITO npn:Bonn:T K o6paGoBaHH!O 

nonyccpepn:qeCKOf'O nBOHHOf'O CnOH 1 KOTOpbiH OCyiUeCTBliH~T KOHTpariipOBaHue lln8GMeH

HOf'O illHypa. Cn:nhHoe Heo.o.HoponHoe MarHUTHoe none Me*nY .o.ononHn:TenhHbiM anonoM 

.l 
i 

~ 
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H aHOLlOM npHBOLlHT K nanbHeiiweMy BOapacTaHHIO nnoTHOCTU paapSI.llHOI"O TOKa /KOHTptl

I"HpOB8HHIO nna3Mb!/ B 9TOH o6nac•ru. 3KCTp8KUHH HOHOll OCylUeCTBnHeTCH qepea OTBep

CTHe B aHOLle. nnoTHOCTb TOK8 B ¥eCTe pacnono:meHHH 9TOI"O OTBepCTHSJ MO)KeT npeBbi

W8Tb 100 a/cM
2

• CucTeMa oTcoca u cpoKycupoaKH ny'!Ka npnaeneHa ua pHc. 16. 

B Ka'!eCTBe 3KCTpaKUHOHHOH onTHKH npuMeHeHa OLlHHO'!HaSJ nHH3a. npuHSJTbl cne

UHanbHbie Mepb! npOTHB nonanaHUSJ BTOpii'lHbiX aneKTpOHOB B HCTO'lHHKo 0CHOBHbie xa

paKTepHCTHKII LlYOnJI83MaTpOHa prw. 13 npnaeneHbl K Ta6nnue 4. npH I..;- >5o...- pa6oTa 

aenacb a nMnynbCHOM pe:mnMe I l I'?>=. I.~ - 2.I \.... '""'-'I. puc. 14/. 

Pacxon 

raaa 

55 

naan. 

Top 

4600 

T a 6 n n u a 4. 

a 

2 

5 

10 

15 

B 

100 

120 

130 

57 

250 

530 

KB 

0,35 0,42 0,23 

0,50 0,38 0,12 

60 0,59 0,37 0,04 

0,70 0,28 0,02 

0,79 0,20 0,01 

nyonnaaMaTpOH ApneHHe CKOHCTpyHpOB8H LlnSJ nonyqeHUSJ TOKOB nopSJLlKa COTeH 

MUJinHaMnep, npoBOLlHnHCb 3KcnepHMeHTbi C yMeHbllleHHbiMH MO.llenstMH C Uenh!O 
. /~B/ 

nprrMeHeHHSJ llyonnaaMaTpoHa a ycKopnTensx c npoTOHHbiM TOKOM ~ 10 MA / • Bna-

ronapst llBOiiHoMy KOHTparnpoaaHnJO nna3Mbi a .llyonnaaMaTpoHe , .llyra Me%1lY .llonon

HHTenbHbiM aHOllOM H aHO)lOM 38HHM8eT Manbi:ll KOHH'leCKH:li 06'beM C BepWHHO:ll Ua 
. 14 11 

aHO.lle 1 nnoTHOCTb HOHOB B KOTOpOil: llOCTHI"aeT 6•10 /npOTHB 10 B pa)lHO'laCTOTHOM 

J.-U1/. BaHllY 6onbwo:ll nnoTHOCTH HOHOB BbiXO.llHas anepTypa MOmeT 6biTb .::)len aHa 

nocTaTO'lHo ManeHbKO:ll. ManocTb anepTypbi H no'!TH nonHast noHuaauns raaa onpene

nsteT BhiCoKrr:ll raaoabrti Knn. 3To o6ycnaanuaaeT TaKme BhicoKnit aaKyyM a paiioHe 

ycKopst!OlUHX H cpoKycupyiOIUHX sneKTPOllOB, 'ITO noaaonsteT npnMeHHTb 3H8'IHTenhHhie 

sneKTpH'IeCKHe nons, yaenH'IIIB8H TeM C8Mb!M 3cpcpeKTIIBHOCTb 3KCTp8KUIUI lf cpOKyCHpOBKll, 
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HecKonhKO Blt.llOH3MeHH6Ifi aapitaHT .uyonna3M:aTpcma, .uononHeHHbifi "aHTHKaTo.noM'', 

HcnonhayeTcSI B 600 Kaa cpopHH:»<eKTope ·10 Eaa CHHxpocpaaoTpoHa 06oe.UHHeHHOI'O HH-

/571 
CTHTyTa SI.UepHbiX uccne.uoaaHufi. CxeMaTu'ieCKH ItCTO'iHHK noKaaaH aa pRe. 17 . • 

n poMe:»<yTO~Hblit 8HO.ll, KO:»<yx HCTO'IHHK8 l{ BbiXO.llHOfi cpnaaeu I 8HTHK8TO.lll o6paayroT 

aeaaMKHY'fhiit MarauTonpoao.u. reoMeTpHSI paapSI.nHofi KaMepbi onpe.uenSinacb aKcnepHMeH

TanbHO no onTitManhHhiM ycnoBHSIM ropeHHSI HMnynbCHOro I "L 1.\"'"' 300 f ceKI p·aapSI.ua. 

HaH6onee cymecTBeHHoii ·:smnSinacb KoaycooopaaaaSI cpopMa rrpoMe:»<yTo'IHoro aao.ua. B 

0 
.uaHHOM YIYI yron pacTBopa cocTaBnSieT 120 • YlaMeHeHHSI yrna B Ty HnH .upyryro eTa-

pony npllBO.lllfnlt K YM9Hblll9Hlll0 HOHHOI'O TOKa, JlHaMeTp KaHana B npoMe:»<yTO'iHOM 8HO

.ne 9 M~-'- .unnaa 10 MM. Jv\e.rtllhiii aao.u HM~eT oT~epCTite. 11 9 MM •. Bbrxo.nHoe OTBepcTHe 

C.UenaHO B HeMai'HllTHOii BCT8BKe 0 10 MM. 0TCyTCTBHe'BCTaBKH Be.ll~T K aaMeTHOMY 

yMeHbllleHHlO HOHHOI'O TOKa lf YXY.llllleHHlO cpoKyCHpOBKH •. BenH'IHH8 BbiXO.llHOI'O HOHHOI'O 

TOKa HCTO'iHHKa pacTeT nponOpUHOHanbHO KBa.rtpaTy .llllaMeTpa BbiXO.llHOI'O OTBepCTHSI 

npu H3MeHeHHH nocne.uaero OT 0,8 .no 2 MM I .unuHa 0,5 MMI. nltHefiHaSI 38BHCHMOCTb 

HOHHOI'O TOKa OT TOKa .llYI'll Ha6nro.uaeTCSI B .llHBnaaoHe TOKOB .llYI'H OT 10 .llO 30a. 

nplt TOKe .llYI'H OKOnO 30a, .UHaMeTpe BbiXO.llHOI'O OTBepCTHSI 2 MM 1 OTC8CbiB8lOllleM 

HanpSI:»<emm 50 KB TOK npoTOHOB B uMnynhce .uocTHraeT 50 MA 175% H ( I. JlHa

MeTp ny'IK8 B cpoKyCe H8 p8CCTOSIHHH 1 M OT ycKOpHTe,nbHOii Tpy6KH He npeBbilllaeT 

2 MM. 
~ 

Jlpyi'HM HCTO'IHHKOM 1 B KOTOpOM aneMeHTOM HOHOOIITH'ieCKOii CHCTeMbi cny:»<HT 

ClleURanbHbiM o6paaOM ccpopMHpOBaHHaH I'paHHU8 nna3j'Abi 1 HBnHeTCSI ClctnbHOTO'IHbiH HOH

Hbiii RH:»<9KTOp 1 paapa6oTaHHhiii B KanHcpopHHiiCKOM YHHBepcnTeTe. Paapea HCTO'iHHKa 

noKaaaH Ha pHCo 18. YlOHbi o6paaylOTCH B Hti3KOBOnbTHOM .llYI'OBOM pa3pH.lle C IIaKaneH

HbiM KaTO.llOM npH HanH'IHH MarHHTHo~o nonSI. JlyroaaH KaMepa I aao.n. HCTO'IHHKal 

npe.qcTaBnHeT co6oil: unmm.npHqecKyro runbay, .uno KOTopofi nepcpopHpOBaHO .llB9Ha.n-

UaTb!O OTBepCTlfSIMH D 3,2 MM, pacnono:meHHbiMH H8 pa.URyce 19 MM. t.{epea 8TH OTBep~ 

CTHSI aneKTpOHbi H HOHbi BbiXO.llSIT H3 paap.H.na, o6paayst BOI'HYTYlO nnaaMeHHylO o6onO'IKY 

BHYTPH uHnRH.llpH'iecKoro BhiCOKOBOnhTHoro aneKTpo.ua, npHKpenneHHoro aKCHanhHO K 

HCTO'IHHKY. B cepe.nHHe .nHa .uyroaofi KaMe phi yKpenneH aonbcppaMOBhiit cTepmeHb 

cf 12,7 1 .lln:IIHOii 51 MM 1 KOTOpbiii npe.UCTaBnSieT COOOil: Mlilll9Hb .rtnSI aneKTpOHOB 1 SMHT

THpyeMbiX Ha aaaeMneHHhiX CTpyKTyp npH npoTOHHofl: 6oM6ap.unpoBKe. BbiCOKOBOnhTHhiii 

ane~'fPO.Cl, .HaXO.llSillllliiCSI KBK H ,B9Cb HCTO'iHHK no.n BbiCOKHM nOT9HUHanOM 1 H .Upyrofi, 
-····· .... __ ... ' 

aaaeMneHHbiii1 OKpyiKeHHhiii Mai'HHTHOii n:IIH30it 1 o6paaylOT SKCTpBKUHOHHYlO II ycKOpSilO-

lllYlO CHCT9My • KoMOIIHAIIliSI aneKTPII'ieCKIIX rroneii Me:»<.uy aneKTPO.llaMH II BOI'HYTOit 
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o6onotJK011: nnaaMbr n MarHHTHoro nonSI nnHabi aaaeMneHHoro 9neKTpo.aa o6ecneqnearoT 

cpoKyc Ha paccTOHHHll oKono 1 MeTpa. B aaaeMneHHOM 9neKTpo.ae MO)KeT noMeruaTbCSI 

ceTKa, yeemPmearoruaSI HanpSI)KeHHOCTh nonst Ha o6onotJKe n, cne.aoeaTenhHo,. TOK. O.aHa

Ko BBll.llY llHT€CliBHOI"O H8I"p9B8. C€TK8 MO)KeT liCnOnh30B8ThCSI TOnhKO B HMnynhCHOM pe-
. [.-' p 

){{liMe pa6oTbi I l.. t..c = 25 MCeK, - = 7,5 ru/. 

.UnSI cpoKycnpoeKn nyqKa noaa.an ~aaeMneHuoro 9neKTpo.aa MO)KeT 6biTh ycTanoene

aa ,llOnOnHHTenhH8SI M8I"HllTH8SI nHH38 C s =8000 I"C. 0TK8tJl(B8eTCSI BBKyyMHbifi 06'beM 1 

B KOTOpOM noMeiUeH liCTOtJHlfK, .llBYMSI pTyTHbiMlf H8COC8Mli CO CKOpOCThiO OTK8tJKlf 

""'3000 nlceK. TunntJHbie pa6oque napaMeTpbr YIYI npuee.aeHbi B Ta6nuue 5. 

Ta6nnua 5 

ToK nyqKa 

.UnaMeTp nytJKa 

Pacxo.anMOCTh nyqKa 

ToK BbiCoKoeonhTHoro /ycKopnTenh
Horo/ BbinpHMRTenSI 

.UaeneHrre eo.aopo.aa B .ayroeofi 
KaMepe 

HanpSI)KeHHOCTh paapH.aa 

ToK paapSI.aa 

~8I"HIITHOe none liCTQqHliK8 

~arnnTHoe none aaaeMneHHOro 
sneKTpo.aa 

HenpepbiBHaSI pa6oTa, 
C9TKII HeT 

0,75 a npu 100 KB 

---.-7 ,5CM H8 paCCTOSIHIIlf 
1,8 M OT !ICTOtJHIIK8 

"'-' 50 

1.1 a 

50 t" pT.CT. 

35e 

80 a 

3200 9 

200 9 

~arnn:THoe none cpoKycn:pyroruero Marun:THa 3000 9 

2~ 
-5 

10 MM pT.CT. Llaeneune B eaKyyMHOM o6'beMe 

YIMnynbCHaSI 
pa6oTa, ycTa
HOBneua CeTK8 

rJ 2 a npn 100 KB 

rv 10 CM H8 p8CCTOSI
Hlflf 50 CM OT n:c
ToquliK8 

"' 10° 

4a 

20 r pT.CT. 

150 B 

125 a 

6000 9 

800 9 

HeT 

-5 
2•10 MM.pT.CT. 

CpoK cny)K6hr KaTo.aa, n:aroToeneHnoro na 2,58 MM eonhcppaMonoro npyTKa B nn:

.ae O.llH0060pOTHOfi cnn:panu, 10 qacOB. npn: TOKe paapSI.Ll8 OKOnO 50 a K8TO.ll MO)KeT 

pa6oTaTb He.aenro. n pOTOHbi nnn .aefiTpOHhi COCTaBmiiOT 95% nyqKa. ToK .aeil:TpOHOB 

Ha 10% MeHbWe 1 qeM TOK npOTOHOB. 
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]\1\a.rTO pacnpOCTp8HBHHhiMH, 1:!0 06J18Ll8IOl.lU!Mll HHTBpeCHbiMH xapaKTepHCTHKilMH lf 

LlOllOJlHHTBJlbHblMH B03MO)KHOC1'HMH HBJlSI!OTCSI VlVl, B KOTOpbiX HC11011b3yeTCH OKKJ1103HSI 

pa6o40f'O raaa /sonopon, neRTepHA/ B 911CMeHT8X HCT04HHK8 0 H B CBSI3H C 9THM npo

H3B0Lll! TC 5I BBOLl I'll38 li3BHe. n pH KOMHilTHOR TeMnepaType H8HtsOJ1blllCR OKKJl!OLlHBHOA . 
eMKOCTbiO o6nanaeT THTBH, nocne nporpesa n o6e3f'B)KHBamtst B saKyyMe THTaH, ox-

a 
Jlll>KUil!OlUHitCSI B BTMOCcfJepe BOLlOpo.aa, OKKJliOLlHpyeT OKOJ10 400 CM BOJlOpOLlB HB 

rpaMM s,eca. 

CoTpynHnKaMn · ClR~!L K.B.3nepcoM / !<..W. Ehlers I n np. 6biJ1 paapa6oTaH 

VIVI 
/58/ 

C HCUOJ1b30B8HHBM THT8H8 B K84eCTBB OKKJliOLlHPYIOlUCI'O M8TepH8J18 • nepso-

H848JlbHO p83pS1Ll i1b!TilJ1HCb llOJlY'IIITb nyTeM llponyCKBHHSl TOKB ttepe3 Hl!Tb THTBHB, ua

CbiWOI!IIOI'O sonoponoM. O.uHaKo, .aa)Ke np11 nponycKaHIHl HMnynbca B 2000 a qepea 

HI!Tb .6 0,05 MM llOJ10)KHT911bHbiX HOHOB He H86Jl!OL1BJ10Ch. VlOHhl CT8J1H UOSlBJHITbCSl llOCJlE 

TOrO, K8K B HI!TH llOHBIHICH p83pb1B 1 HB KOTOpOM B03HHKJ18 nyra. Ysemttteuue KOJ1H49CT-

98 paaphlBOB Dpl!BDLllfllO K yBBJlll'lBHH!O TOKa. npHCyTCTBHe TOHKHX l130J1HTOpOB B MBCTilX 

pa3pbiB8 llOHH)KBJlO nopOI'OBOB Hll11pst)KefiHB. B CB513H C 9THM OKOH'IBTBJlbHBSl KOUCTpyK-

UHSI /npn OCeBO~ 9KCTp8KUHHI npuo6pena BI!Ll 1 llOK838HllhlR Hll puc, 19, 

OcuosuyiO qacTh HCT041IMKa npencTasnHeT ua6op THTilHOBhiX ruaR6, uachiLUemibiX 

BOLlOpOLlOM, nepellO)KBHHhiX CJ110Jl51HbiMH Wa.if68MH. n.'ISI TOf'O, t{T06bi H069)K8Tb paa-

pstna no uapy)Imoti llOB9pXHOCTH 1 IlHBlllHifii Llll8M9Tp H30.'1Hpy!Olll11X ruaii6 CLlBJlllH 6onb-

WUM, 'IBM Lll.fllMBTp THT8HOBbiX lllllfi6, B Ll0110J1HI~HH9 pa3pstLl C llOMOU.lb!O CIIBUifllJlbHOI'O 

BbiCOKOBOIIbTHOI'O I!MllyJlbC8 HHHUHHpyeTCSl B ueliTpanbHOM pafiOHB TJfT8HO-CJ110LlSIIIOI'O 

. UHJlllHLlpa. llnHTE?,1bHOCTb JfMHYJlbC::l .ayrH H tt8CTOT8 llOBTOpeHHSI SbiOI!plllOTCSI T8KHMH, 

4T06bJ H369)K::1Tb ttpe3M8pHOC'O p830rpesa THT8HOBbiX mali(), np11 KOTOpOM OHH H84HYT 

TepstTb OKKJliO.al!pOBBHHbiR BOLlDPDLl. npH \l:-,A 500 [' CBK F = 1 ru. 

llpetlcf:JoBBSl Tpy6Ka /pHC. 17 a/ C H960J1bWHM npOLlOJlhHbiM M8I"HHTIIblM noneM 

CJly}KllT Ll.'Bl yMeHbllli:mHSl KOJ11ftt9CTB8 TSI)KeJlbiX HOHOB 1 CpBLlH KOTOpblX npeo6!1AnaiOT 

til,. .,.,,-t t 
I~ H I~ • 3KCTpar{T0p Ob!.'l H3f'OTOSJleH B BH.[le CllllOlUHOl"C JWHyCa C OTBBpCTH9M 

118 KOIIU9 H B BHD.e CBTKH TDii )I(e cpopMblo B CJlyttae "ceTtt8TOf'O" SKC"rp8KTOp8 TOK 

ny4K8 ysemi4HJlC5I H8 nopHLlDK. npu CYMMilpliOM TOKe B 200 MA npoTOHbl COCT8B.1SIJ1ll 

oKono 50%. Ha pHc. 20 npnsenena 6noK-cXBMa nnst pannanbuoii 3KCTpaKunH. 

VlCTOttHJfK DOMG!l.18J1Cfi B Macc-cneKTpOMeTp C Hanpst)KBHHOCTh!O Mllf'HifTHOr:'O 001151 

4500 3pCTen.. npH J1HHHH 1 38pSl)K9HHOR LlO 15 KB 1 TOK Llyrn COCT8BJ1SlJl 165 a. 

Ll eRCTBIIT9JlbHOG n a .a enrre 

( ._ 
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::'0% 
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uanpst:>KeHHH ua nyre 100 - 125 a. B ao.ooponuoM VIVI npoTOHbi cocTaanmoT 6onbWf! 

::'0% ny'!Ka. CnenyeT OTMeTHTb, 'ITO VIVI a MarH.HTHOM none .oaeT nyqwee cooTnowenHe 

•:aK H7 / H: , TaK H \-1 t /TH}Kellble HOHbi1 '!eM 6ea MarHHTHoro non.R. Bbtxonnott 

1 OK H8 KOHUeHTpH'19CKHH K0111leKTOp llBYXWeneaoro Vi Vi B 38aHCHMOCTH OT Hartpst}KeHHH 

r·Tcoca rtoKaa~H aa puc. 21. Kpuaast • A* CHstTa nocne 1800 HMrtynccoa, KpHBaH "B" 

nocne ~0000. Ha ypoaae lh;) ""' 20 Ka nanenHe aanpst}KeHHH cocTaanHeT 2q%. nnoT

HOCTb TOKa a paitoue abtxonuott wenH rtpH Ua = 20 Ka a nepaoM cnyqae cocTaanSieT 
2 2 

1,1 a/CM 1 ao aTOpOM - 0,9 .a/eM • 

HacTostwHii o6aop ne Mor, _6eaycnoauo, oxaaTHTb acex na.lpaanenHti H Tennen

UHfi B p83BHTHI~ HOHHbiX HCTO!IHHKOB .01151 yCKOpHTeneit. J3one~1 ll0llp06Hble caeneHHS1 K8K 

0 Kp8TKO OllliC8HHblX Vi Vi, T8K H 0 MHOrHX npyrHX paapa60TKaX, MO}KHO H8HTH a mtTe

paType1 CIIHCOK KOTOpOfi npHnaraeTCSio 

.LlnR yno6CTaa II01lb30a8HHH B rrpuaeneHHOM CIIHCKe JlllTepaTypbl OTll9JlbHO yK838Hbl 

MOIIOI'paciJHH H o630pHbie CT8TbH 1 IIOCaSILUeHHble HOHHblM HCTO'IHHK8M 1 raaoaoMy pa3pHllY 

a npo6neMe ciJoKyCHpOaKH 1 a }KypH8JlbHbl8 CT8Tbll crpynnHpOBaHbl IIO HX OTHOWeHIIIO K 

TOMy HJllf HHOMY paaneny TeKCTa. 

PyKOIIIICb nocTynMna a H3llaTenccKHit oTnen 
14 anpem1 1960 rona. 
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PRe. 3, 

~ 

ROHlfbltl: TOK, 0,9 2,5 6,7 18 50 100 MA 

TpaeKTOPRSI 8HeprRSI HOHOB, Ksa 

a 2,3 4,6 9,2 15 

B 1,8 3,5 7 14 28 44 
. 

c 5 10 19,5 39 78 120 

~ 10 19,5 39 78 156 250 PRe. 

e 50 100 200 400 800 13(J0 
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· Puc. 4. 

.A A 

L._ _J 

Puc. 5. 1- HHTb, 2- Bbixo.auast menb, 3-rpa¢HTOBbift uaonupoaauubi:ll anTHK8TO.ll 

4":" KBapueBbift H30JISITOp 1 5 - OTC8CbiB810IUHft 91J9KTpO.ll. 

- -------------------------------------------- --------
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PHc. 8./a/. 

1- HHTb, 2- .a.HacpparMa, 3 - aao.a. ra3a, 4 -· .a.yroaasr KaMepa, 

5 - rpacpHTOBbiR DliOK 1 6 - H301IHpOB8HHbiR 8HTHK8T0.0.
1 

7 - OTCa
ChiBBIOlllHR SlieKTpO.O. • 

.3 

PHc. 8/6/. 

1 - TBHTBliOBbie KBTO.O.bi; 2 - BBO.O. rB38
1 

3 - BhiXO.O.HBSI llleTib. 
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15 

j5 EJ HJO/Iflmop 

Macwmao 
I I I I I ' I 

0 I 2 J IJ j:M 

PHc, 9, A - aHoa /Meah HnH rpacpHTI, K - nonbcppaMOBbiA KaToa, 
B - rroaorpenaTenb, M ·- oTpa)KaTenb, E - NIOnH6aeHoBaH' 
cTeHKa /n cnyqae MeaHoro aHoaa/, a - MOnH6aeHOBhiA sKpaH, 
C - MOnH61l8HOBaH rrnaCTHHKa, . 

~ ·If• l , .Ma 

nr-r-~~~~~-.~~~--

28J I I bP""F I 1 I l i I 

zuH 2J~~n~j~-+-+,=LJ4It'r I 
16 t---'-4/ i I :/T I 1 /t'---<.: I I 
121 I I /l I 

81 I ~ I IYt I I ; ~ I 
IJ 

1,0 3,0 5.0 7,0 g,o !0 ,a 

PHc, 10, HarrpH)K8HHe paapHaa 300 B, H8!IpSI)K8HHe OTCOCa 30 KB, pacxoa 
raaa OKono 1 CM

3 
/ MHH, 

1 
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., .. " 

pesuHa, 3 - · o6MoTKa MarHHTa, 4 - ac6ecT, 
HHK9nb, 
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Puc. 12 I a/. A - .llyroaaH KaMepa, B - aaKyyMHonnoTHaH naTyHHaH o6ono"!Ka, 

C - aHTHKaTo.ll, Jl - ¢ap¢opoaoe KOnbuo, E - BBO.ll rasa, F -onop
Hoe Konbuo, G - o6MOTKa :aneKTpoMarHHTa, H - >KeneaHaH o6ono"'Ka, 
K - BO.llHHaH py6awKa, \.J - 9KCTpaKTop, M - ¢oKycHpyrowHti · 
:aneKTPO.ll, P - .llHacpparMa, N - M8I'HHT-aHanHaaTop. 
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PHc, 12 /6/, 

PHc, 13 /a/; 1 - K8TO.Obi, 2 - aHo.a, 3 - oTcacbiBaiOlUHll sneKTpo.a. 
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o z ~ ~ s ' 7 6 em 

PHc. 13 /a/., .1 - BepxHHil: noniOCHoil: HaKoHe'IHHK /KaTon/ H3 MBrHHTHO-MHriwro 

:>Kene38 1 2 - MeJJ.HBH Tpy6Ka JJ.nH BBOJJ.8 r838 1 3 - CbeMH8H 60KO-' 

B8H D8Henb1 4 - BBKyyMHOe ynnOTHeHHe 1 5 - BBOJJ. 8HOIJ.8
1 

6 - Mar

HHTODpOBOIJ. IMHrKoe :>Keneoo/ 1 7 - HH:>KHHil: non IOCHoil: HaKoHe'IHHK 

IMSirKoe :>Keneoo/ I 8 - KaHanhi aonooxna:>KneHHSI
1 

9 - aHon I 1,2 MM 

T8HT8nOB8SI npOBOnOK8 1 CBepHyTaSI B KOnbUO C BHyTpeHHHM IJ.H8MeTpOM 

9,0 MM/ 1 10 - HH:>KHHil: K8TOJJ. H3 MSirKoro :>Kene38
1 

11 - ypaHOBOe 

DOKph!THe TOniUHHOil: 0 1 6 MM 1 12 - KOpnyc HCTO'IHHK8 /Hep:>KaaeiOlll8H 

cTanbl, 13 - UlfnHHJJ.plf'lecKHil: Bhipeo c paoMepaMH v 8x6 CM2 noKphi-
Thiil: ypaHOM TOnlUHHOil: 7 MM. . 1 
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Puc, 15, 1 - BOnb<pp8MOBbiA OKCiUlHpOB8HHbiA K8TO.tl, 2 - npoMemyTO'IHbiA 8Hoa, 

3,4 - nOniOCHbie H8KOHe'IHHKH, 5 - BOnbcpp8MOB8li BCT8BK8, 6 - BbiXO,tlHOe 
OTBepcTHe 0 1 ,2 MM, 

a 

naptUUI!J!Ible :Me.t"mpolltJI 

Puc. 16, 
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m tpmoponttocm ~~~ &atyy~HQJ'I :JfiWWCl 

PRe. 17. 1 - K8To.n,· 2 -K8To.riH&Ie BBQ.ll&I, 3 - aeon £'838, 4 - cpToporrnacToa&ril, 

H30JIHTOp, 5 - K8TO.llHbiH cpJI~HeU, 6 - IIpOMe)KVTO'IHbiti 8HOll /CT8Jlb 3/, 
7 - BO.llHH8SI py6aUJK8, 8 - 06MOTK8 0 9, 11 - cpTOpOIIJI8CTOBbiH H30JIHTOp ,: 

10 - Me.llHbiH 8HO.ll, . 12 ·- BbiXO.llHOil cpJiaHeU ./ CT8Jlb 3/ ,, 13 - HeMar- : 

HHTHa~ IBOJibcppaM, Hep)K8BeiOI.U8H CT8Jib/ BCT8BK8, 14 - B8KYYMHOe 

yrrnOTHeHHe, 15 - K8Han, 16 - Ko)Kyx lcTanb 31. 

Pac 
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I" I . 
0 12 §IOU/lfOO 

Puc. 18, I - H30JIHTop, 2 - KaTon, 3 - MarunT lfCTO"'HifKa, 4-nbiCOKOBOJibTHbr.it 

aneKTpo.n, 5- rrnaGMeunaHo6onoq~a, 6- MarurrT GaGeMneuuoro aneKTpo
.na, 7 - cpoKycrrpyrouur.H MaruriT. 

0 

Pac. 19. I - .npe.itrfJoBaSI Tpy6Ka, 2 - Tpurrep, 3 -KosapoBbii'i HGOJIHTop, 4 - MarmiT

-coneuou.n, 5 - TBHTBJIOBbie IT CJIIO.LIHHbie Waii6&I, 6 :- KepaMH"'BCKHH 
H301ISITOp, 7 - 8KCTp8KTOp, 
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