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ITponecc ycxopeHBH 3n9B 

Ai.L ' /2/ c aen a 11 np. K B ocou' 
/S-8/ 

KO"'blu • B nocneaa&x pa( 

"'JIYTPb peaoaaropa upocToll .P. 

I'O D8pBOAB, TBK B ycKOp9BHll 

&n9KTpoHOB HB J-2 llOpllllBB, 

TOKB &n8KTpOHOB BB BbiXOA9 I 

Me aroPo, o6ycnoaana pan np 
/3/ 

B83bi:B8.9MOM 2-M p8lKBM8 ll 

MKKpoTpoae anaoe 6o1Ibmel!, • 

CHH~89TCll B B9CKOnbKO pea. 

pOBKB SHeprHB BbiB9A9HHbiX ~ 

HOCTR nyq]{8• 

B MHKpoTpoae Jla6oparo 

ycxopeHBH, ITepable pa60Thi no 

30H8TOpe, pa3M9p II:OTOporo B 

npyPHX paaMepa. 3Kcnep&Mea• 

B8HCBblX 3n9KTpOBOB noPnomao 

peHBH. 

8 CBH3H C STBM 6blnB I 

HHH npHMOyrOnbHbiMH p930H8T 

onTHManhaaH cjlopMa ceqeaa!l 1 

'!HBOe ycKopeaae aneKTpoaoB 

poe 0 BnH!IBHH nep9M9HBOI'O > 

Tbl TeopeTH'19CKOI'O accnenoBl 

11Hcneaabill pacqeT B np• 

pa6o'!ell o6nacTB npoaaaona 

aexoTopbie naaRbie o npouecc 
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L B B e A e a a e 

Ill 
nponecc ycKopeHHB 9n8KTpoHOB B MHKpOTpoae uccneAOBaH B pa6oTax KonoMeHCKoro ' 

121 
Aitlcen 'a 11 AP· 11 B oeo 6eaaoeT11 nonpo6ao a a<jMpeKTHBHo- KanuneA, MeneXHHhlM u 6bl-

/ S-61 
KOBhlN • B noeneAaHx pa6o Tax 6blnK npeAnoJKeHbl M&TOAbl BBeAeau!l rop11'1ero KaToAa 

BayTPb pe30H8TOpa npOCTOJI <!>opMb10 AOnyeK&IOII!He TO'IHblJI qaeneHHbiJI pae'I&T K8K H8'18llhHO

ro nepHOAa, TalC 11 yeKopeHKSI no seeM op6HT8M. 3TO n03BOnHnO nOBbieHTh TOK yeKopeHHbiX 

an&KTpOHOB aa 1-2 nop!!AK&, H B aaeTOSIII!ee Bp6MSI MKKpoTpoHbl o6eeneqRBaiOT ·aMnynheHbl6 

TOKH 9/I8KTpOHOB 88 BbiXOAe B H6eKOllbKO AeeHTKOB MHllHH&Mnep. YnoMIIHYTbi8 M8TOAbi, Kpo

M& sTOro, o6yenosanR PBn npyrax BalKHbiX npeuMymeeTB. B qaeTaoeTB, yeKope&Re " TaK 
131 

H83b!Ba8MOM 2-M p6lKHM8 AOHlKBO npouexonBTh npa aanpRJKeBHOeTB M8rHBTHOrO nonS! B 

MliKpOTpoae BABO& 6om.meJI, '16M B o6b!'IHOM enyqae, 38 eqeT qero Bee 3neKTpOMarBI!T8 

eHHJKaeTCR s aeeKonbKO pea. He M&BbmuJI RHTepee npeneTasnueT T8KJKe B03MOJKHOeTb peryna

poBKR saeprRR Bb!BeneHHbiX MeKTpOBOB B mHpOKHX npenenax 6ea yxynmeHHSI MOHOXpOMBTH'I-

HOeTH ny'<Ka. 

171 
B MHKpoTpoae na5opaTOp11H aeJITpoaaoJI <I>H3HKH OIUUI l!enonhayeTeSI 2-JI peJKHM 

yeKopeHBB. nepsble pa60Tbi no yeKopeaRIO aneKTpoaos nposonRnHeh aa npRMoyronbHOM pe

aoaaTOpe, paaMep KOToporo BAOnh o6mero naaMeTpa op6aT eymeeTseauo npesoexonan o6a 

npyrRX p83M6pa. 3KenepHMeHT8HbHO 6b!HO aal!neao, 'ITO B HeM 3H8'1HTeHbH8SI 'IBeTb pe30-

H8He&b!X aneKTpoaoB nornomaeTe!l aa 2-M o6opOTe yrnoM peaoaaTopa ¥ BbmanaeT aa yeKo

peHBII. 

B eBR3H e aTRM 6binR BbmonaeHbi aanaraeMbie HRJKC paeqeTbi 2-ro peJKHM8 yeKope

HHR np!!Moyro nbab!MH pesoaaTopaMR no 3aeprHR 3neKTpoaos aa BbiXone 30 M3B a Bbi6paaa 

onTaManh H8!1 <jlopMa eeqeaa!l peaoHaTopa. Ha paee'<HT8HHbiX peaoaaTopax nonyqeao yeToR

'<HBOe yeKopeHR6 aneKTpOHOB e TOKOM 60 M8 B RMnynLee. 0naoBpeM6HHO 6bin BbiSieHeH BOn-

poe o BnHRHHH nepeMeHaoro MaraHTHoro non!! peaoaaTopa aa BbiBon 3neKTpoaos; pesynLTa-

Tbl TeOpeTH'IeeKOrO ReenenoBBHHSI nOATB6pJKn9Hbl 3KenepHM9HT8HbHO. 

~Reneaab!JI paeqeT B npennonoJKeHHH onaopoAaoeTH noeTOSIHaoro MarHHTHoro non11 B 

pa!)oqeJI o 6 n aeTH npOH3BOHHllell no seeM 30 o p6HT8 M. 3TO nano B03MO)I{HOeTb YTO'IHIITb 

HeKOTOpble H8HHbl8 0 npoueeee yeKopeHHSI, nonyqeHHbl9 npyrRMH 8BTOp8MH. 



II. T e o p R 5I 

PeaoRaTop c npHMoyronbaoA ~opMoA ceqeaRH nonocTR (pRe, 1) noMemeH a nocTOHR-

ROe M&rHHTHOQ none H , HM910ll!ee TOIIbXO OARY Z -xounoaeaTy, B peaoaaTOpe Boa-

6y)!(aaeTCH E 101 TID KOne6aHRll, RMe!Oll!Rll CII9AYIOmH6 KOMnOReHTbl MeltTpRqecxoro H Mar-

RR'Paoro nonel!: 

rae 

x. H Z 0 

2,. 
k- r 

E y - E co a k z z . COI!I k X X • eo a cu t ' 

Hx· 

Hz 

kz -r Eoinkz Z • coakxX•ainOII' 

kx 
t E_ co a k z Z • oln k X X • sin 011 , 

,. 
k - -~ 

X X. 

,. 
k - ----z z 

2 
k k 

2 
+ k 

X Z 

{I) 

- p&3M9pbl CTOpOH peaoHaTOpa BAOIIb COO'I;BeTCTBYIOll!HX ocel! KOOpaHR&T, 

PaaMep peaoaaTopa BAonh ocR OY o603aaqRM qepea L . 

BH.[le: 

r ae 

Y pa aaeaRe aBH)!(9HHll anexTpoaa a aneKTpoMarHHTHOM none p eaoHaTopa a anH!lleTcH a 

_, 
m 0 v 

dt yl-fJ 
•- e li + _.!__ [ ;iill 

c 

E x•Ezo:sO; E y • E cos k x X • cos CtJt ; 

H x ·Rv•O (paccMaTpaaaeM llBil)!(9HHe B cpeaaell nnocxocTW); 

kx 
H Z • H + E T sink X X • ain01t ; H • const < 0 ; 

BaeaeM 6eapaaMepR bre rrepeMeRHhre: 

"' -"' t 

e - kL 

• • kX} 
Y • kY 

z • k Z 

-¢aaa; 

-Tonm:H Ha p eaoHa Topa ; 

- K OOp.tUHf8Tbi; 

4 

E • conat < 0 

( 2) 

K • kx 
~-k 

' = E 
Ho 

o- a 
~ 

napa MeT 

)!(QHH&M 

aMnnHT! 

RAnpH)!(t 

1\,• moOIC - H&npll)!( 
e 

Torna ypaaaeaae ABR)!(eHI 

d 

dcf) 

d (• 
d¢' 

y. 

npR cnenyromax aaqaru.HbiX ycno 

<P • <P 0 - c!Jaaa BhlneTa 

y= 0 
X= Xo} 

- KOOpARHBTbl 

z- 0 

r;-o - saqanbs~e c x~ -ol 
z~-= o· 

OrweTRW: cne.llYDll!YJO oc• 

'IBCTI ypallll&IIIII, COOTBQTCTBYJ 

AA ll&pBO& :rpAB.II&HI6 (3), KOTO 

dt 
IM&&T nepahlll IHTerpan 

xl /4/ 
B pa6oT& auecTO a~ 

MRQHim, YCIIO)!(HliQT RRTepnpeTe 



·pac. I) DOMemea B DOCTOHH

~OHeHTy. B pe3oaaTOpe Bo3 -

roaeRTb! sneB:TpH'IeCI(oro H Mar-

( I) 

OTBYIOIDHX ocel! KOOPJlHBBT, 

ne pe30HBTOpa 3BfiHWeTCH B 

(2) 

)CTH) ; 

::ons t < 0 

I<•~ 
k 

napaMeTp ljlopMb! p830HBT0p81 CBSl38HHbil! C ero p83M8p8MH Bb!pB-

" 
•• 

E x/ 
l = __ BMDnHTyDa H8Dpst)I{9HHOCTH ane:o:TpH'I9CKOrO DOllSl B p930BBTOpe 

Bo 

0 • _..!!_ - Jl8llpSl)I(8JUIOCTb MBI'HIITHOI'O nonH; 
Bo 

lfo• mocue - BAJIPSl1K91l.BOCTh "llHI.nO'rpO RHOrO nonSI". 
e 

TorAa ypasaeKHe ABHJKeRHst snex:TpoKa B npoeltn&srx Ra ocR ox 

_d_ (yx ') • y '[0 • K•t• ainKx • sin</>] 
d<f> 

y- ( ! '- d f ) 
Tq; 

DpH cneAyxnDKX ll8'18nbllb!X ycnoBHHX: 

</> =<f>o - <i>a3a BblneT8 aneKTPOll8 H3 KBTO)l8 1 

x = xo} 
y= 0 

z = 0 

- x:oopnBRBTbl B:aTona 1 

x~ -o} 
y~aO . - aa~anba~e CkopocTH aneKTpoaa. 

•o = o 

H oy np&MeT BHU 

(3) 

(4) 

• (5) 

0rM8THW cneuyDIDyiO OC009HBOCTb CHCTeMbl (3). npeanODOJKBM; 'ITO 'ln9Hbt B npasoA 

'l8CTH y~eBHA1 COOTB9TCTBYIOI!lll9 MllltpOBOnHOBOMy MBI'llBTHOMy fi0fil01 OTCyTCTBYJOT. Tor

A& 11epsoe ypaBileRKe ( 3) 1 J:oropoe nnsr ynoocT sa 3anaweM s sane 

(y~l-_!!!_ dY 
-;rt" dt m 0 c dt 

(6) 

KMeeT nepsb!A KRTerpan 

x! B 15 /4/ E 
pa OTe BM8CTO 3TOrO napaMeTpB B3RTO OTHOW91lB9 B 

WB8BHD1 ycnOJKBReT BllTepDpeT8UBIO pe3ynbTBTOBo 

1 'ITo,no ·llawewy 

5 



Y -y ~Oe ~ • eonst, 
eH dt (7) 

npH'IOM, BBHAy ycnOBBI! (4) B (5), AnH BCOX aneKTpOHOB KOHCTHHTa B npaaol! 'IHCTH (7) 

pllBHA Hymo, nerKO BBAeTh, 'ITo 3TOT )Ke C8Mb!l! HHTerpan (7) npB HeBaMeHROM 3HB'leRBH 

KORCTHHTbl OCT88TCll cnpaaennBBblM !!pB Bb!XO)le aneKTpOHH H3 pe30H8Topa B A8nhHei!W9M 

/8/ JlBH)KQHHI B OAROpOAROM MHI'HBTHOM none, TaK )Ke, KllK B B aepenHTBBHCTCKOM cny'Iae 

neBaH 'ISCTh (7) HM98T reoMeTpH'feCKBII CMbiCn paCCTOllHHH Y OT ll9HTpa KpHBH3Rbl 

TpaeKTOpRR 9n9KTPOR8 )lO OCH 8X , 118 KOTOpOI! IIpH OTCyTCTBHH MHKpOBOniiOBOI'O MSI'HHT-.. 
B'oro uonR, H • eon at, E II OY , x cnpaaennaaocTR (4) B (5) acerna ne)Kanx 6bl neBTpw 

KpBBH3Rbl BCeX op6BT, 

B nel!cTBHTenhaocTH MarRBTHoe c.B.'l. none B peaoaaTope ecn.. IToaToMy a MBXpo

Tpoae YCKOpeRHe COIIpOBO)K)l89TCll H960nhiDBM CM9!It9RH9M neaTpOB KpH!IB3Hbl Tp89KTOpBI OT 

/4/ 
ocR OX , 'lTO 5hmo• aaMe'teHo eme a • CMemeaae &eaennKo, onaaKo npx 5onhWOM 'IHcne 

op5IT, KSK Mbl YBHJlHM RH)K9 0 B03HBI89T CYW9CTB9HHb!l! paa5poc paCCTOHIIHII U 9RTpOB KpBBH3-

Hbl BblXO!IHbiX Tp89KTOpHI! OT OCR OX , KOTOpbll! IIpHBOAHT K 38M9THOI! yrno!IOI! paCXOAHMOC-

TH BbiBeneaaoro nyqKa. 

To, 'ITO nocnenaal! a<N>exT Bbi3BSH nHIIIh MarHBTHhiM, a ae aneKTpaqecltBM c.B.'I. no-

neM, Mo~ao HcnonbaoBaTb nns nonaoA nHKBHnauHH aToro ae~enaTenbaoro RBneHHH HnH cBe-

A9HHll ero K MHRHMYMY C noMOIIthJO peanH381lHH TSKOI'O p9)KBM8 YCKOp9RHR
0 

ICOI'AS OpOBTb! 

BHyTpH p930H8TOpa lipOXOABnB 5b! B onH)K81!IIIel! O!tp9CTHOCTB ero OCR CHMMeTpBB, 

Bae peaoaaTOpa aneKTpOHbi ABHI'HIOTCR no OKpy)KHOCTB B nocTollRHOM MarRBTROM no-

ne • .UnSI nepaoro o5opoTa N n I) BMeeM: 

rne 

II 

rp • rA + y BbiX I ( z' 
BX, BbiX --- 11 + 2 arc a in BbiXI 

I n ------

• 
ax, 

2 Z I 

y - -y 

-. 
BX~ BbiX 1 

y I 

/3-+v•'~ 

BhiX 1 
y - 0 

BX'J 

y - y 
BX~ BhiX 1 

• Bbi.X I. YBbiX I 

{1 

J:BbiXN :1 BX N+l X BhiXN 

6 

/3 BbiX I 

• ax, 
. ; 

BblXt 

,Y~biX 1 .. YBhiX 1 
-· + ___ _ 

p -I 

' . 
BXN+t 

Bb!XI {1 

~b!X 1 ' yBbiX 1 

n 

YBbiXN 'y ~XN+l 

(8) 

"' "' !lbiX K BX K+t 

IpiBB3Bbl Tpa8ITOpiA BA Bb 

ol5opoTa. 

y 

Bh!Xb:< 

1 
V 

1 
_ !3" - &ReprBH 

Bb!X 

- - K 
z K ' y K - ][00plUIRE 

warnTac 

Benx'IBRbl tP BX'J I 

llll'lllli~RbiMI yCIIO!IUMI Arul 

BaOTCII IIA 9119l[TpORRO-Bbl'lll• 

BAM BenB'IBBbl 

"' Bb1X2 

C liOMOIItblO KOTOpbiX IIO 38)l. 

aaqanhHbie ycnoBBR nnll cne. 

Ypaa&eHHll ABB~eBBR s 

RBMlliOT cnenyJOWHI! BHA! 

YK 

~XK • </>Bbl 

·~~~ • 'K-

YaxN • >J 

1 ax •v 
K 

x' 
f - Bb!X K • >J.biXN ( 

n 

As. 21 - 2 i ~ - :1 BhlX 2 

ll·· -
YpaaueHBSI ABR)KeHRll 



(7) 

ICT8HT8 B rrpaaoft ~8CTH (7) 

7) ITpR HeH3MeHHOM 3H8'1eHHH 

3 peaoaaropa H nam.aeftweM 

HepenHTHBHCTCKOM crryqae/
8/ 

y 
OT ll8HTpa KpHBH3Hbl 

!TBHH MHKpOBOITHO!IOrO MarllliT-

5) acerna rre>KaliJI 6br ne!ITpbl 

>pe eCTJoo, no3TOMy B MHKpO

HTpOB KpHBH3Hbl TpaeKTOpHR OT 

O, OllH8KO npR 6om.WOM 'IHCrre 

JOC paCCTOHHHA U9HTpOB KpRBK3-

38MeTHOI! yrrroBoA pacxonnMoc-

He SIIBKTpH'IQCIHM C.B.'I. no-

:enaTenbHOrO RBII9BHB HnH CBe-

~a ycxopeHRR, xor11a op6RTbl 

ero OCR CHMM8TpHH. 

' llOCTOSIHHOM MllrHHTHOM no-

:L 
( I 

~biX 1 ; 

,r;brx 1 • YBbrx 1 
~ 

n 

n 

~biXN 

(8) 

t/J t/J pH XOOpllRH8Tbi, KOMUOHeHTbl CKopecTall, cj>&3bl R pAAJIYC 
BblX H BX N+l i 

XpRIIR3Hbl Tp88KTOpRll HA BblXOll8 ~811:Tp0.118 R3 pe30H8TOp8 R BXOne B aero llnll N -ro 

o6opoTa. 

y 

BhiX;,. 

- aaeprRII anuTpOaa, 

VI - ti~blX 
H 

x H • Y H - J:OOPAKH&Tbl neaTpa xpHBH3Hbl TP&exTOpHH snexTpoaa B nocTOIIHHOM 

warOT&oM none. 

BenH'lHHbl t/J BX a I x BX a y BXa X BX a y 'BX a H y BX I IIBniiiOTC>I 

H8~BnlooHbiMR yerrOBRIIMR lln>l BHyTpHp830H8TOp.llOro Y'I8CTK8 Tp88J:TOpRR, KOTOpbll! paCC'IHTbl

BaeTCII aa aneXTPOHHO-Bbl'IHCnRTem.aol! M&maae. Ha BblXone H3 pe3oaaropa Mawaaa BblllaeT 

BAM BenR'lHHbl 

X X y' • y • 
BhiX 2 BhiX2 BhiX2 Bb!Xa BbiX I 

C liOMOlll1o10 KOTOpbiX liO 3a.rt8HHblM yp8BHeHHRM llBR>KeHJIK BHe pe30H8TOp8 MO>KHO onpenerrHTb 

aa'larrhHble ycnoBHK llrrR cnellytom:ero o6opoTa. 

YpaBneaaa nBH>KeKHK snexTpoaa aae peaoaaTopa nrrK nto6oro o6opoTa ( N ~ 2) npa-

HHM8IOT CIT91lY!OillHA BRil: 

.J.. .J.. _Y_a_bl_X,..::N_:-::..!..._1 [2tr -oro aln x BblX H-I 
'~'BX • '~'BbiX + 

H N- I 0 tl BblX 

s. 'sx H 
+ore oln ---"--

y BblX N-l 

n 

-x 
BX 

N-1 N 

\x -o • 
H 

•X 
N 8hlX 

N 

N-1 

+ y ~blX H ' y BblX H 

0 

(9) 

x' ~ 
y H • f - BbiX H • biXN ('ITO KBnR9TCR 38liHCblO neBol! '18CTH ( 7) B 6e3p83MepHbiX enH-

0 

fls.2 • 2 i2- :1 Bb1X2 

nanax lliTK aaaqeaaa y - t ). 

{3Bb!X 'YBbiX 

-"-• 
21C 

H H 

0 

I!J. Xa - p8CCTOHHR9 BllOITb KOOpliHH8Tbt X 

no Bepxaero yrna nonocTH peaoaaTopa. 

rAe 

YpaBnenaa nBR>KeHHR snexTpoaa KaK BHyTpK, Tax H BHe peaoaaTopa 6blnH naxrrH'Iecxa 

7 



3Bilporp4!1 .. 0lp0114Bhl II O.llHY 9.llRRYIO 3B.llB"Y C llhl.ll4'l&ll R90ISXO.llRMhlJt .llBHBhlX B np&.llCTBBIIK

JOIIIRX R.I[T9pec TO'D<4X lt4JI<.llOll OpOKTbl. 

Ill . CxeMa pac'I:&Ta 

Tpaez:ropxz anexTpoHa npocnel!<llaanacb, aa'I:RilBH c Bbin&Ta R3 TO'I:J:R c z:oop.llllllBTBMII 

(cp0 ; x 0 • Yo ; x 0 , Yo ) .!10 31 OpOIITblo B OOIIBCTR p9301iBTOpB ero .llBRlK9Jil[9 IIO.ll'!BU9T-

Cll cxcTeMe ARcjltl>e peBllY.Bnbablx ypasaeuA ( 3), a sae pe3oaaTopa cacTeMe ypasaeaxl! ( 8) 

R (9), 

nxtt>tl>epeaD.xanbHbie ypaaaeaHH pemaniiCb M9TO.llOM Pyare-KYTTa c llOCTOllllHhlM maroM 

h • TlpH npiiMeH&HHH nepeMeaaoro mara ( HHTerpuposaaue c 38A8BHoll TO'IHOCTbJO) TPY.ll -

llOCTb 38Kil10'1Bil8Cb B 40M, 'ITO ll9p9M9HBBH IIHTerpHpOBBBHH cp ysenii'IIIBanacb Tax ObiC-

Tpo, 'ITO pemeHll9 Ha IIOCil9.llH9M mare BbiXO.llHIIO .ll8119KO H3 OO!laCTH pe30HaTopa ( y >> t). 

nnH ltOHTpOIIH TO'IBOCTH B 38BHCHMOCTH OT npoc'IHTblBBIIHCb xapaxTepabie cny'laH c 

marou h I! h/2 H cpaBHKBanacb aaeprHH HB 31-M 000pOT9. h BbiOHpanacb TBZ:HM 

00p830M, 'ITOObl 3TH aaeprHH npaKTH'19CK.H He p831lH'IBIIHCb llpH 11pH9Mil9MOM BpeMeH.H C'leTa, 

ITpexpameHHe naTerpapoaaaHH (BbiXO.ll H3 peaoaaTopa) npoxcxoaHT npH senH'IRHax y •0 

H y - f . B TO lK e Bp9MH cp. , .!IIlii KOToporo y (cp *) - f • ll9H3B9CTHO; nnH a axolK.lleHRH 

<P • DpiiMeaHnacb JJHTepnonHURH ( pac. 2). A HM&aao; nocne KalK.lloro mara HHTerpllposaHRR 

aanoMJr:Hanocb y (</> ) 
1- ~ 1 - ~ 

y I (cp 1 ) ' y ( cp ) 
1-1 1- 1 

Ku: TOilbKO y I (</>I ) > f ) mar HHT9rpBpOBBHRH IIOIIY'IBJIClJ HOBblll C IIOMOillbiO KBB.llpa -

TH'IHOi\ HHTepnonSIIlHH TBK, 1lT05ht yl+l(<,/>1+1)-f . nocTaTO'IHO OblllO 3 .;. 4 maroa c COOT -

B9TCTBYIOWHMll HHT&pllOIIHUH!IMH, 'ITOObl I y ("'.) - f I < 'I r.lle 'I 
...., -T 

10 :.. 10 3Ta 'I 

Obma BhiOpaHa axcnepRMflHT&Jt»HO Tax, 'ITOObi aaeprBSJ aa 31 op6BTe He H3M&BMacb c 113-

uenellH&M 'I . 

ITocne KalK.lloll op611Tbi Bhi'IliCJIHnacb aaeprHSJ. Ecnu aneprHH aa N - oil opoaTe Obi-

na MeHbme MnH paBHB 8HeprHH ( N- 1) -oil OpOBTbi, TO pBC'IeT np&pbiBBIICH H paCCMaTpll:-

B8nCSI aneKrpOH C ApyrnMH IIBlfB.TibH t-.I MH naH.HblMH. 

TlpHMeHSJnHcb naa sapHaaTa nporpaMMbi. ITepaaH 113 HHX conpoBo)J(.llanacb Bhl.lla'!ell 

BCefi BHtl>opMBIIIIII 110 BC9M OpOHTaM, 110 npyroll nporpaMMe lllllJ YM9Hbm9HIIH ll9'18TH Bbllla

B8Jll.l<::b Ha<jlnpMaltHH K nepaoll , BTopol! H nocne.11nell op6HTe. 
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1. Tlposepz:a peaoaaTop 

nnll DpOB9pXIl 9cjltl>&XTBBE 

K • 0,56) paCC'I:RTbiB41lBC 

30 OOOpOT8o nnll Dp8.llDO!larae 

TO.lla ( x 0 • 0,2) !Sblna aall.ll 

( p11c, 3). Pe3yllbTAThl pacqeT 

CHB C 9 ltCil9pi!M9HTOM1 R3 1<01 

CXliX y ciiOBRII OCHOBHIUI 1\lBCCl 

30HaTOpa aa BTOPOM ooopoTe. 

CHbl8 Tp88XTOpRR1 &aM DOX431 

'ITO K y!l81lli'19HIIJO dx2 M 

( ll 0 l!<8CTICO cPHZ:CilpOl 

B911H'IBIIY X 0 TOlK9 H91lb3l'l : 

( 0,1 <,;_ Xo ~ 0,3) ODTHMAII 

ponos c aaaoon~omRM BHTepsa 

K 15btn0 CO'lTeHO H8BOO!l99 

2. P a 3 o a a T o p c z: B a n I 

flpR cPRXCllpOBAilll~X pac 

X O • 0,2 ll pa3nll'lHblX aMD 

Tope HS llllOCKOCTll ( 0 • c/lo ) 

napaM&Tpbl pe3oaaacao ycxo~ 

lllliOT 0Dp9.ll9nl1Tb Dllll KAlK.llOT 

M9TpOB I! 0 ) pe30K 

BenB'IHKA d</>0 c x opomell 1 

OpOHTbl a n e KTpOBOB, lliBpHaa 

MOlKBO o6ecne'I:HTb per) 

MaxcHManbKbiii pe3oHaHCHblll 

TBXSB JKe ero senH'IHHa ObinE 

no llBHHbiM paC'!9Ta yc 

IIOT9pB 9119KTpOHOB H8 llpOMI 

Ka )J(.llaH H3 KpHBbiX rpacl>aKa 

qanbHbiX cPa3 3n9XTpOHOB, y 

pa3yMeeTCSJ, IIO.llXO.llllW9M 3HI 



lBMhlX l!allBhiX B 1Ip8/lCTaBmr-

·a R3 TO'IICII c xoopnaaaTaMK 

opa ero I!BBJKe.llBe JIO/l'!liJUieT-

opa CIICTeUe yp&BH8KRI! (8) 

'<YTTa C llOCTOllHHhiM lllaroM 

JanaHHOII TO'IHOCT&IO) TPYA -

rp YB9ITH'IHBanaCb TalC 6 h!C-

IaCTH p930HBTOpa ( y » l), 

ICb xapaKTepawe cnyqaa c 

h Bbi6apanac& T&XHM 

llpH9MJieMOM BpeMeHH C'leTa, 

~CXOAHT OpH B9ITH'IHH8X y ~0 

f9H 3B9CTH0• nng H 8lCO>KJleHHll 

JKAoro mara HHTerpaposaaaH 

HOBbii! C IIOMOJJibiO KB8Apa-

6 biiTO 3 + 4 maroa C COOT-

'1 
-e -T 

10 7' 10 3Ta '7 

6HT8 ae H3M9HSUI8Cb C H3-

fH H8 N - ol! op5aTe 5w-

1Ip9pb!BBITC!I H pBCCMBTpH-

onpOBOJKAarracb BbiA&'Ie ll 

yMeHbWeHIIn rreqa TH B bta.a-

IV • Pe3ym.TaThl pac'leTa 

1. npoBepiCa p830.RATOpa C 1IplrMOyro/I&.RhiM C9'19BII9U IIO/IOCTB(K •0,56) 

nnlr 1IpOB8piCII ~¢eKTIIBBOCTII p930H8TOp8 C OplrMOyrOnbHbl)l( C9'19HII9N OOIIOCTII 

K • 0,56) paCC'IRThiB8/IIICb TpaeiCTOpllll TOnhiCO T9X SJI91CTpOHOB1 ICOTOpble yCKOplriOTCll /lO 

SQ o6opOTa. nmr 1Ip8/liiOJiaraeMoll aMJIIIHTYilbl a 1,67 H /lJilr lrM8JOJJ18rOClr IIOJIOJK9H8ll Ka-

TO/la ( Xo a 0,2) 6h!na Hai!Jt9Ha ~a30B8lr 06JiaCTb 3aXB8TB aJI91CTpOHOB B peJK.RM yCKOp9HHK 

( p11c, S), Pe3ym.TaTh! pac'leTa Tpa&KTOpHII pe3oaaacHbiX aneKTpoaoa 6hiJIH B non HOM corns-

CHH C 8KCnepBM9HTOM1 B3 ICOTOporo H9B3M9HHO BbiT91Caii0 1 'ITO AIIK BM810JJIBXClr reoMeTp11'18-

CKBX ycnOBRII OCHOBHaB uacca p830HaHCHbiX SJI9XTpOHOB C TPYAOM 06XO/lBT B8pXHRII yron pe-

30H8TOpa aa BTOpoM o6opoTe, Hacxon&xo nanexo OT aTOro onacaoro yrna npoxonaT pe3oaaa

CHbie Tp89XTOpBB 1 H8M OOICa3h!B88T BB8A8HHhlll Bbllll8 1I8paM8Tp flx~ (9), Ji3 pRe. 4 BH/lHO, 

'ITO K yB8JIB'I8IIllJO MOJK8T 1Ip11BOAIITb yB8JIB'I8HII9 f ; 0 ; X o II K • 0AH8KO 

f II 0 JK8CTXO ~IIXC11pOBaHbl 1 TaX X8X aaeprHB aa Bh!XO/l& yCKOpBT8ITB ~HKCIIpOB8HB 1 a 

B9JIH'Il!Hy X 0 TOJK9 H91Ib3lr 3aM9THO yB8JIB'Il!Tb1 TaX K81C HM810lii88C!I OOJIOJ1<9HH9 K8TOA8 

( 0,1 ~ xo -s;. O,S) OIITBMa~ao c TO'IKII 3peHHlr aaxaaTa B pe3oaaacaoe ycxopeaae aneKT

poaoa C H8116011hliiRM IIHT8pB8JIOM H8'18JibHblX ~83 ( p.RC, 5) • noSTOMy yB9/IB'I9HII8 B9JIH'IHHhl 

K 6biJIO CO'IT8HO HBH60JI99 Il9JI9C006pa3Hh!M, 

2. Pe3oaaTop e II:sanpaTHhiM ceqeaaer.~ nonocTa K • 0,7). 

npa ~BICCBpOB8HB~X p&CCTORBHB M8lK/ly KpamKaMII 

x 0 • 0,2 B. p83JIH'IHbiX BUOJIBTYAaX aanp!IJK9HHOCT811 

• 1,26 H IIOJIOJK811KH KaTOAB 

anexTpaqecii:oro non11 a pe3oaa-

Tope HB OJIOCKOCTB ( 0 , </> 0 ) 6h!JI OOJIY'I9H p!!A 06nacTell ( pKC, 6) 1 B XOTOpb!X 38KIIIO'I9Hbl 

napaMeTphl pe3oaaacao ycii:opReMbiX Ao S 1 op6HTbi · aneii:Tpoaos. npxBeAeH&hle ABHHbie no3so

JI!IIOT onpeAeiiiiTb AJIH II:&lK/loro pean&aoro cny'I&H y cKopeHKR (~RKCHposaaah!l! aa6op napa-

M9TpOB • 0 ) p830H8HCHbil! HHTepBaJI ~83 fl </> O Bh!XOAB S019KTpOHOB !13 ICBTOAB • 

BenH'IHHa !:J.¢0 c xopolllell TO'IHOCT&IO nponopnaoaan&aa IIHTeacaBHOCTH ycKopeHHbiX AO 31 

op6RTbl 9JI9KTpOHOB, llJapRHB /:i¢ 0 cna6o 38BHCHT OT 0 1 H Mbi BHltBM, 'ITO IIO.ll50pOM 

MOJKHO o6ecrre'IHTb perym<posaaae aaepraa aneKTpoaos aa BhiXoAe a npeAenax • 30%. 

MaKCHMBJibHbiii pe3oaaacawll HHTepsan 1:1¢ 
0 

cocTasnHeT • 0,15 paAHaa, npa'leM TO'<RO 

TBII:a!l JK9 ero B9JIH'IHHa 6biiTB H AJI!I npHMOyrOn&HOrO pe30HaTopa C K • 0,56, 

no A8HHbiM pBC'I9T8 ycKopeHHH AO 31 op5HTbl OKB381IOCb B03MOJKHbiM Y'<9CTb ~830Bble 

noTepll aneKTPOHOB aa npoMeJKyTO'<HbiX op5HTax. Ha pac. 7 Aaa cooTBeTCTBYIOIIlHll rpa~nK, 

KalK/laH H3 KpHBbiX rpa~IIKB oTCeKaeT An!l <jlaKcaposaaaoro HOMepa N op6HTbi OT ;:>e3KH a a -

'IHJI&HbiX ~a3 anexTpoaos, yc~topHeMbiX AO STOll op6aThl npa 3BAHHHOM 3Ha'leHHH 0 ( 11, 

pa3yMeeTCH1 OOAXOAHJJI9M 3H8'19HRR ) , 0It83h!Ba9TCll 1 TOK B YCKOp9HHOM ny'IK<t H8 30 
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op6RTe B HB.!URX YC.rtOBIIIIX DpR OTCYTCTIIIIH DOTepb, He CBli38.HHblX C ABHllteHHeM iflaa, AO.rt

llteH 6hiTb BABOe MeHbllle TOXa Ha nepBblX op6BTax. nocne 12.;.15-l! op6HTbl ¢la30Bble DOTepH 

npeHe6pelltHMO Manhl. BaxpoMa aa xpiiBblX 11 IIX paanaoeHHOCTb He HBnli~TcH cnencTBH&M 

HeTO'IHOCTH pBC'IeTa, rnaBHblM o6pa30M A.rtll DpOB&piCII DpaBH.rtbROCTH BHAa KpHBbiX aa pHC, 7, 

a Taxllte H nn11 npoaepxH acex npyr11x peayfibTaToB np11 aexoTopwx ua6opax napaMeTpoB 

n H t/1 0 MLI llOBTOpll.rtH paC'IeT, yMeHbUIHB 111ar h B 40 paa. CooTBeTCTBY~Illee 

H3MeaeaHe paC'I8TJIJ.IX JIAJIIblX Jl.rtll 30-1 op6BTbl B XYAllleM C.rty'lae He DpeB30UIDO 0,001%. 

nonpaaxa J[ 6. "'0 He npeBhtlllana 3% B caMbiX ae6naroDpBliTiwx cny'lallx. Bhlna npoHa-

Beneaa TaXllte DpOBepxa TO'IHOCTII C'leTa C DOMOilllo~ BRTerpana (7), nnH 3TOro B pBC'IeT

ROll cxewe nonaranacb paBaoll ayn~ nepeMeHaaH 'IHCTb MarHHTRoro nonR B peaoaaTope. 

Oxaaanocb, 'ITO nnH acex op6RT, aa KOTOpbtX np11 3TOM BMeeTCH ycxopea11e, pac'leTRbte 

UeHTpb! KpiiBB3Bbl BCeX Tp891CTOpHI! C XOpOUiei! TO'IHOCTb~ .rtelltB.T Ha OCR OX, 3TO C.rtylltiiT 

aeaaBBCIIMOll npoBepKOll npaBllnbBOCTH p8C'IeTHOll CXeMbl II TO'IHOCTR cqeTa, 

/9/ -B htKOBhlM aJCcnepBueaTafibao B 1-M pelltBMe ycKopeaaH aa6n~nanocb npocTpaacT-

ae aaoe paanaoeaRe nnoTaocTR aneKTpoaoB B ycKopHeMbiX crycTxax. BoaMOlltoo, 'ITO aTo 

HB.rteHHe HB.rtHeTCH cnenCTBJieM B03HIIXa~Illero BHOrna paaUBOeBRH pe30HaBCHOrO RHTepBa.rta 

¢1aa Bhtxona aneKTpoaoB ua xaTona 6.¢ 0 , aaanoruqaoro Bao6pallteHHOMy sa pac. 1 ( npu 

{} 8 B {}' ) • 06"bliCHeHRe 3TOrO SlBn&BRH ICaK C.rteUCTBRH aeDOCTOHRCTBa paBBOBeCBOII iflaabl 
/9/ 

B Teqeaue RMnyfibca ycxopeaRH, uaaaoe B , npeucTaBnHeTcH Menee y6enRTenbBbtM. 

4acTO C JI9Ub~ R36elltaTb 'IHC.rteRHbiX paC'IeTOB YCKOp9HBH Ba 60nbUIOM 'IHCUe op6RT 

nonb3y~TCI 11 KA'IeCTIIe npu6nRllteuaoro xpBTepBH aaXBaTa B peaoaaacaoe ycxopeaBe annan-

COM H8 ~aaoaoA DUOCKOCTB ( rf> 0 !'J. y ) , rue Be.rtH'IHHbl t/J H !'J.y 
cp cp 

nnH 2-ro o6opoTa no ¢1opMynaM: 

t/JIIX 
</> cp -

+ t/J lib! X _ N (N- 1 ) " 

N • 2. 

tly 
y awx 

n N 

Bbi'IHCnSI10TCSI 

( 10) 

Ha puc. 8 noxaaaao, xax Tpaac¢lopMapy~TCH peaoaaHCBble o6nacTR nnocxocTR ({} • ¢
0 

l . 

(pac. 6) B COOTBeTCTBy~IIIRe o6nacTH Ra D.rtOCI<OCTR ( ¢ , 6. y ) . Ha 3TOM lite pacya-
cp. 

xe nyHxTBpoM HaHeceH ynoMHHyThtA Bhtllle xpHTH'IeCKRll annanc. Mbt BRAHM, 'ITO sa nnocKoc-

TR ( ¢ • tly ) ( 
cp. 

N • 2) CyllleCTBy~T TO'II<R BHe XpHTR'IeCxoro 3UUHDC8. 0 COOTBeTCTBy~-

111Re peaouaacaoMy ycKopeaB~ no 31 op6BTbi, PeaynbTRThl pacqeToB noKa3htBa~T Taxllte, 'ITO 

eCTb BHyTpB SDUBDCa R TaKBe TO'IXR, XOTOpble He COOTBeTCTBy~T pe30HaHCHOMy yCKOpeaB~. 

Taxuu o6paaoM 1 aaxolltAeaBe aaa'leauA ¢ B tly nnH 2-ro o6opoTa BHYTPR amiHnca ue 
cp. 

HBUReTCH HR He06XOABMbiM0 HR AOCTaTO'IHblM yc.rtOBBeu peaoaaHCHOro ycxopeBHH. noaTOMy 

3TBM KpHTepReM Mbl ae DO.rtb30Ba.rtBCb. 
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3, Paawepbl ICATOAa 11. 

CnenyeT OTWe'n:Tb BQCloW 

TpoBe1 COCTOHill8e B TOM 0 'ITO 

TO"'XOII s 0 ICATOAA llpB BCeBO: 

.IUUI Tpa&XTOpBJI B XOJI!le nepBOJ 

oTaepcn:ll 11 pe3oaaTOpe. Ha p l 

o6opOTe 0 paCC'IITABRblll AlUI CD 

eTCJI), 3necJo OT'IeTnJIBO BBAHA 

··~nloHblX cjla3 - -r < "'0 < -

JlXOA8. TpaeKTOpBH B cT&BICY pe. 

nono6paTJ. panaanhablll (anon. 

B XATOAROII Kpbl!UK8 0 'IT06bl Dp< 

Bble ¢la3bl KOTOpblX .rtelltaT B p< 

llbl yJKe nocne nepBoro nonyo6< 

JKAJOT peaoaaTOp, 

B aTOM CMhlcne aueanhBI 

IaTOA1 B60 TyT MOlKBO 6bl.rt0 6 

)[O ptiBOHaRCBble aneKTpOBbt. n 

CHHUATlo TO)[ 3l•lBCCIIR B aeCKO 
2 

CltOlli>XO Mlol , 

Tenep1o paccMoTpRM BOD~ 

DpBB8A8Hbl peay.rtbTaThl pacqeT 

UH'IBblX CO'IeTaBHA napaMeTpOB 

AOM peaUHayeMOW cnyqae yCIC 

( • 0,25 6eapaaMepBblX eniiHB 

IIHB aarpyaXB peaoaaTopa non) 

wep xaTOna cneuyeT 6paTb ae 

BM89TCH CYilleCTBeaaoe CHRllteJ 

YciopeBBe sneiTpoHOB, 

BOll 6() wa , 6blUO DOny'leHO 

UeaTp TOpna 6bln pacnonoJKeH 

(pBC, !), 

PanJianbablll paaMep BCD< 

pan• paBHhlM CyMMe panuafibJ 

nep110ro nonyo6opoTa ( 3 MM 

paaaa• mBpuaa oxaa e111e non 

nonype30B8.HCHblMR SDeiTpOHaJ 



iHHbiX C nBHlKQHaeM <jlaa, non-

2.;.15-JI op6aThi <jlaaoable noTepR 

CTb He RBnK~TCH Cn9ACTBH8M 

·nbHOCTa Ba)la KpRBbiX Hll pRe, 7, 

OTOphiX aa6opax napaM&Tpoa 

B 40 P83, CoOTBQTCTBYIO!Ilee 

:ny'lae ae npeB3oruno 0,001%. 

u:Tawx cny'lallx, B&~na npoRa

ana (7), DnH STOro a pac'I&T-

iBTRoro nonH a peaoaaTope. 

eTCR ycKopeaae, pac'I&THbie 

•lK8T H8 OCR OX, 3TO cnyJKRT 

RRH aa6niO)lanOCh npOCTpaacT

' CTX8X. BoaMo>KHo, 'ITO aTo 

HRR peaoaaacaoro RHTepaana 

-6p8lK9HHOMy Ha pRe, 1 ( DpH 

nocTOHHCTBa paaaoaecaoll <jlaabl 

1 Meaee y6eQRTenbHbiM, 

" aa 6onDwoM 'IRene op6HT 

•eaoaaacaoe ycxopeaRe annan-

</> a 1\y 
cp Bhi'IHCnRJOTCSI 

BWX 

n N 

( 10) 

·acTa nnoCltOCTH (!} , </> O ) o 

1\ y l o Ha 9TOM JKe pacya

Mbt BRAHM, 'ITO Ha nnocxoc

tcxoro annnnca, cooTBeTcTay10-

qeToB fiOK83blB8IOT T8K:>Ke , 'liTO 

'JOT peaoaaacaoMy ycxopeaa 10, 

oo o6opoTa aayTpa annanca ae 

•Hcaoro ycxopeaaH. IToaToMy 

8. Paawephl lt&Tona • DpOn8THbiX OT88pCTBL 

CnenyeT OTMeTBTh B&CJ.Ma 6naronpBRTHOQ CBOIICTBO 2~ro pe~NA yCitOp&KHR B MHitpO

TJ>OB&, COCTOIIlll89 B TOM, 'ITO Beep BC8X TpA&ItTOpBJI sn&ltTpOHOB, 9MIITTIIJlOBAHHhlX 38AAIIHOII 

'I'O'lltoll x 0 ltaTOna lrpR sceBOONO>KIIhiX <jlaaax -..;.. < </>_ 0 < T , op•eaTBpoaaa Talt, 'ITO xaJK

AaJI Tpa8ltTOpBB B ltORllQ nepBoro nonyo60poTA DJ>OXOABT B CTOpoae OT OCIIOBHbiX npon&THhlX 

OTBepCTIJI B pa30HllTOpe, Ha pBC, 9 DOitll3AII DO'ITI B&Cb seep TpA&ItTOpBll aa nepBOM nony-

o6opoTe, pacc'IIT&BIIhll! n= cny'lall " • 0,156 (n= K • 0,1 seep Xll'IQCTB8BHO Be MeSR-

aTCK), 3n&eJ. OT'I&TnBBO BBARA OAB0311A'IHAH0 8CnH ae C'IHTllTh R83H8'1BT9nhROrO BBT8paana 

BA~nl.llhiX <jla3 - T < </> 0 < -1 ,4 , CBH3l. N8:li<J!Y BA'Ianl.IIOII <jlaaoll </> 
0 

H ltOOpARII8TOII x 

axona TpaexTopBR a cTeaxy peaoaaTOpa, ITocnenaee o6cTORTenhCTBo naeT aoaMoJKBoCTb Talt 

uono6paTh panRaiU>Bhiii ( anonJ. OX) paawep • nonoJKeaRe acnoMoraTenDaoro shlxonaoro oxaa 

a ltaTOnaoll xphlmxe, 'IT06hl nponyCTRTh nnu nanhaellruero ycxopeRBR narub aneKTpORhi, aa'lanb

Hhle <jlaabl ICOTOphiX neJKaT B pe30H8JICROM HRTepBBne, TeM CllMhiM BCQ OCT8nhRhl9 9n&KTpO

Rhl yJKe uocne nepaoro nonyo6opoTa BhmanaiOT aa nponecca ycxopeaau R 6onhme ae aarpy

JKaJOT p830RaTOp, 

B aTOM CMhicne RJl&anl.RbiM 6bln 6h! 6ecKOH9'1HO yaKRJI no panRanbHOMy aanpaaneaRIO 

ltaTOn, R6o TYT MOJKBO 6blno 6bl nocna nepaoro nonyo6opoTa ocTaBRTb nnR ycKopeaaa TOnh

lto ptiSoaaacah!e snexTpOBbl, ITpaxTR'I&CKR sTo aeocymecTBRMo, T.K. c KaTona aeo6xoARMO 

CKIIMATJ. TOit 9MRCCHR B B9CKOnbKO aMUep H lrpBXOIUITCH 6paTb nnomaAD ero Topna B He-
2 

CXOJihltO MM , 

Tenep• paccMoTpaw aonpoc o MaxcRMan..aoM panRanDaoM paaMepe KaTona. Ha pRc.10 

upaseneabt peaynhTAThl pacqeTa peaoaaacab!X o6nacTell aa nnocxocTa ( x 0 • </> 0 l nnR paa-

nB'IHhiX CO'IeTaHHJI nap8N8Tp0B R n 0 Paawepbl BCQX o6nacTell anonb OCR ox B lt&lK-

now peanBayeMow cnyqae ycJtopeHHH ( <jlBJtcapoaaaabiX R !} ) COCT8BnSIIOT OltOnO 4 MM 

( • 0,25 6eapaaMepah!X enaun) • Onaaxo naJKe ecnx ae aa6oTRThCH o npenenhaoM CJ:IHJKe

RBB aarpyau peaoaaTOpa uonypeaoaaacahtWR aneltTpoaaMII, waxcaMan~Hhill paJ!RllnhHblll paa

wep ltaTOna cnenyeT !SpaTh ae 6onee 2-3 MN, T,lt, aa ltpasrx peaoaaacab!X o6nacTell (pac.10) 

BN98TCR Cy!Il8CTB9RROe CHRJK9HR9 9<jl<jleKTHBHOCTH 3aXBATa B ycltopeaRe, 

Yc~topeue anexTpoaoa, conpoBoJKnaarueecu RMDynhcHbiM TOKOM BblaeneaBbiX aneKTpo-

BOB 6() N8 , 6blnO nonyqeao aa I<aTOA9 B3 La 8 1 C )!RaN&TpOM XpyrnOrO Topna 2,5 MM, 

UeaTp TOpna 6h!n pacnonoJK&H aa paccTOHHBB 8 MM cnpaaa oT oca CHMMeTpaa peaoaaTOpa 

(pic. I). 

PanBAnhBblll p83Mep BCDOMOraTQnhllOrO OKRA B I<llTOAHOJI XpbiDJXe pe30HaTopa Mbl Bh!6-

panB paBBh!M CyMMQ panaanbHOJI WRpaRbl p830HaBCHOll 'IHCTR aeepa TpaeltTOpHll B KOHne 

nepBOro nonyooopoTa (8 MM) B ARaMeTpll TOpna ltaTO)lll (2,5 MM) - Ol<OnO 6 MM, Bb16-

paaaa• mBpRaa oxaa eme nonyclta&T aaa'IHTenhBYIO aeJKenaTenDayiO aarpya1<y peaoaaTopa 

DOnyp&30Ra.BCBh!MB 9118ltTpOHaMa, 
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PanaaJibHb!9 p83M9pb! OCHOBHf.!X nponeTHb!X OKOH Mb! Bb!6Hpana C y'I9TOM B03MOJKHOCTH 

panaanhHOro npe~~a op6HT BI!Onb H81lp8Bn9HHH HX o6mero llHAM9Tpa. IT03TOMy 3TH pa3M9pb! 

aec&Ma 3Ha'IaTenbHbr. B KaTonaof\ Kpbtll!Ke nponeTaoe oTBepcTae HMeeT panaanDab!ll pa3Mep 

OT 10 AO 14 MM H OTB9pcTH9 B M9M6p4HHOII Kpb!!!!K9 - 16 MM. 

Bonpoc o ~oKycapy~meM ne~cTBHH pe3oHaTopa aa ycxopaeMb!e anexTpoab! nonpo6ao 
/5/ 

paccMoTpea B pa6oTax Menexaaa , onaaJto npa 2-M pelKHMe ycKopeBHB ero pexoMeanaiUIH 

peana3oBaTb Tpynao rnaBHb!M o6pa3oM H3-3a aeo6xoiUIMOCTB nenaTh 6onhmoll panaanhHbtll 

pa3Mep rrponeTaoro oKaa B MeM6pallHoll Kpbr!llxe. OnaBJto axcnepaMeHTan&ao 6bmo aallueao, 

'ITO pa3M9p nponeTHoro OTBepCTHH B K8TOAHOII Kpb!!!!X9 BI!Onb CHnOBb!X nHHHII M8rHHTHOrO 

llOn>l 5 MM, 8 B MeM6paHHOII !<pb!!!!K9 8-9 MM npll HanH'IHH B JtaMepe YCKOpHTeDH KOppeKTH-
/7/ 

pylOlliJIX TOKOBb!X BHTKOB 069Cil9'1HB8~T YllOBn9TBOpHT9nhHy~ llpOXOIUlMOCTb ycKOpH9MOrO 

llY'JKA DO BC9M 30 op6RTa M. 

4. n e II C T B Be M H X p 0 B 0 n H 0 B 0 r 0 M a r H B T H 0 r 0 ll 0 n H H a A p 9 II~ ll e H T p 0 B 

Kp!!BB3Jrbl op6aT. 

Ha pac. 11 11 12 noxa3aaa 3aBRCIIMOCTb OT HOMepa N op6HTb! pacc TOHHHH y (a 

6e3p83Mepab!X enaRHUax) OT neHTpa ee xpHBlf3Bb! no oca OX npll pa3nH'IHb!X aa6opax napa

MeTpoB. Ha o60HX pacyHKBX BHilHO, 'ITO B HaWHX ycnOBHHX 83 -38 BnHHHRH C.B.'I. MarHIITHO

ro nonH ae cymBCTayeT ~Tpororo noHHTBH 'o6mall naaMBTP op6aT'. liBHTpb! op6HT npe~~y

JOT R OTV!OHHlOTCH OT OCB OX BHOrA8 Ba 25 MM, 

OTxnoaBBRe oT aoMBpa op6aTb! N 3aBBCHT HHOrlla pB3'1B 0 'IBM DIIHBIIHO. 

KpoMB MOHOTOHHoro B03pacTaHBH y , aa acex xpHBb!X 3aMeTao H3MeaeaHe xone6a-
/4/ 

TBnhaoro xapaxTBpa, oTMB'IaB!!!BBCII B • ITepaon 3THX xonB6aaall, xaK a cnBnoaano oJKB-

naTb, B TO'IHOCTII COBl!BilBBT C nBpBOAOM KOne6aa&l! ~a3b!0 a BMilDHTYilB TBM 6onb!!!e, 'IBM 

6onhmB aMnnaTyn a ~a30BbtX Kone6aaall. C noMom&JO Taxax nasabtX nna KBJKAoro cnyqaa yc

KopeaaR MOJKRO nony'IHTb pan&anhHb!ll yron paCXOABMOCTB Bb!Bell8HROrO ny'IKS 

Ymax -Ymtn 

p IN•ao, a TaKJKB BBnH'IHay panaan&aoro yrna, KOTOpbtll oc& nyqxa cocTaB-

nHeT c OCbJO sneKTPOHOBO.lla Yap IN ,.
80 p - -

I8H8.11 88 OCH OX, DpH'leM Yop • Yaax .. +Ymtn 

a cnyqae pacnonoJK&HHH axona B MaraHTHb!ll 

-paccTOHHRB oT oca OX. B Ta6nane 

a 'llfCliHTBDB BbtJIBcasb! nonsb!B panaan&Hbte yrnht pacxonHMOCTH ny'IKOB, a B 3HaMeaaTBDB -

pB30Hascab!e RHTepaanb! t. <P 0 
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Ta6nana 2 

<•- 1,6o ; n - 1,95 "' • - 0 ,251) 

napiiO.Il.~ ~830Bb!X KOH8flBBHit ('IHena o6opoToa) 
! 

<Po -I II III IV v 

0,015 6 6 6 

-o,OIO 6 5 5 5 

-o,030 5 5 5 5 5 

-o,o5o 5 5 6 5 5 

-0,070 6 6 5 5 I 6 

-0,090 7 6 6 6 

-o,IOO 9 7 7 
Ha pxe. 13 .a.a11a aaaBeHMOeTb OT n • • Xopomo aaMe'I'Ha nxaeltaaa aaaaea-

ep. 

MOCTh y 
ep. 

Jt8Jt OT 1 TBK H OT n , npR'I8M B03pBCTaSH9 n (npa aa.a.au-

ROM) eonpOBOlK.Il.B8Tell yflblBAHH8M y t T8Jt XAK Up• 3 TOM OTHOCHTen~HSW BenH~HRS 
e~ 

MRkpOBOHROBOrO MarHIITHOrO non11 yfibiBaeT, R, Ba060pOT0 Y pae'I'eT e aoapacTaBR-
e~ 

QM l ( npR 3a.a.aBHOM (l ) , 3aaHeKMOeTh, 1!306p&li<9SS&ll Ha pRe. 13 ~fib!Hll npo!lepeHa R 

9KenepRM8HTanbHO 110 pB.a.HaHbHOMY nOHOlK9HH~ eBeTBmeroeH aBTOrpa~a BbiB9.1l.9HHOrO ny'IKa 

sa noaepxaoeTx, noKpbiToll n~Maao<l>opoM, noBbimealle MarHRTaoro nona B yeKopsTene Bbi-

3 biBano e .ll.BHr eB9TOBOrO UHTHa OT yeKOpHT8HH Sa BQnH'IHRy, Ykll38SH)'~ Sa plle,13. I13Me

S8SH9 AMnHIITy.ll.~ t (npll UOCTOSIHBOM (l ) TBKlKQ np11BO.Il..BHO I< e.a.BIIraM U01IO)K8HSH aBTQ

rpa~a B~ae.a.essoro ny'IKa, no MeHbmeil Mepe Ka'leeTaeaao eoana.a.a~mHM e pae'leTOM, 

5. K o n e 6 a a H" ~ a 3 

3.a.eeb M~ npHBOAIIM pae, 14 H Tafimuty 2, J<OTOpbl9 .ll.OeTBTO'IHO UOHHO ann~TpHpy-

~T Oe069HBOeTII UOB8.1l.8HHSI ~a3 9118KTpOBOB npll yeXOp9HIII! H HQ Tpefiy~ oeo6~X noHeHe

HBII, YKa)KeM TOHbKO Ba To, 'ITO 9H9KTpOBbl C fionbmoll aMnnHTYAOI!: ~a30BblX KOnefiaBHI!: 

liM8~T OTpRUaT9HbBbl9 ~43~ 3Ba'II!TeHbHO .ll.Onbme, '18M UOHOli<IIT9HbBbl9 0 H a'I'O o6eTOHT9nb

eTBO, no-BHAHMOMy, ene.a.yeT y'IBTbiBATb npa pae'leTe ~oKyeapoBKR yeKopB8MbiX sneKTpOBOB. 

Ha p11c. 15 a 16 xnn~Tpllpy~TeH yeToi!:'IHBbie H seyeToii'IHBbie <!JaaOBbie xone6asRH 

qacTHU B nnOCKOCTR ( "' • 6y). ep. 

14 

B 3UnJO'I8JDI8 yiAJK8U .Bt 

pa6oT~ peao.BaTOpa ~poTpO.Bl 

I!O, Bon.BeiiOAB~It 6noJ:, 11a J:O'I' 

3 0M, '1'1'0 aeTb B03UOJKBOeTb U< 

11~1! yron. HeoJKB.a.aaao oJ:aaan 

3aBJICXT OT yrna UOBOpOTa B B 

BOeTII 'HOMI!SaHhSOro' UOHOJK8 1 

Topa B npe.a.enax ~ 1°. Ka'leeT 

noaopoT peaoaaTopa eonpoao~ .. 
E a.a.onh aanpaaneaR.B ae.a.yn 

SOB8B1!8U y ll60BX nponeTB~X 

ny'I&8'I'C.B Jt&lt fib! 118 pA3JlOCTIUol 

9H8J[Tp0Hbl B epe.D.Belt nnoeJ:oe, 

ABTOpld 6naro.a.ap.BD1 C,n, 

co.a.eltCTaxe B npoBe.ll.eiB• 'lien 

Ty xo o~pun•••~ peaynaTaTo: 

ne1CTBI!8 np.B 1!pOB8A8HI!I! llpOB 

I. A.A. KonoMeaeKxA, )!(T•, 
2. D.[(. Aitken, F .F.Hoymann, R.E.J• 

3. c.n. Kanxna, B.n. BblltOII, 

... c.n. Kamma, B.n. Bb!KOB, 

5. B.H. MeneXKH. )1(3Tcl>, 1e, , 

6. B.n. B~"o•. )I(T•, ss , 33 

7, B.n. Aaaahell, n.c. Aanync 
nos, P.B. Xaph~OB. J 

8. H.M. MaTopa. )1(1"4> 1 ;!; 

9. B.n. Bb!J:OB. )1(3T4>, 44 , I 

10. B,3, KaaTep, IO.r. !OmJ:oB 



51) 

(qncna o6opoToB) 

-
IV v 

5 

5 5 

5 5 

5 I 6 

6 

10 38M8TH8 1II<H9l!Ha!l 38BRCH-

:T a HRQ n (npa 3811.88-

OTBOCRT8n~H8~ BenH~HRa 

y Cp, p8CTeT C B03p8CT8lll!

l pac. I3~6blna npoBepeBa a 

•Torpa<jla Bb!Beneaaoro rry'IKB 

oro nona 11 ycxopaTene Bbi

ta3liHBYJO aa pac.l3. HaMe-

: cnaaraM nOJioJKeHaR aaTo-

ID8ll.81011lllM C p8C'I9TOM, 

raTO'IHO llODllO RDliiOCTpRpy

B Tpe6ylOT OC06b!X DOIICHe

Yli.Ol! <jlaaoBbiX xone6aaal! 

renbRb181 H a-TO 06CTOSIT81t1.-

'KR YCKOpli&MbiX 91I9XTpOHOB, 

:HBble $a30IIbl9 KOne6aHR!I 

B 3UDJO'I8Jille yx&JKau aa cnenyJOIIlYIOo aa uepBblft Barnan aapMoJ:ea-aYJO oco6eaaoc'Ho 
/10/ 

pal5oTbl peaoaaTOpa I.LIJ:poTpoaa, Ba6monaBmyJOCa aau11, a TaJ:JKe • a •~:cuepaMaHTan&-

~o. BonaeBOli.Hbll 6no1:, .11a J:OTOpou JtpenaTca peaoaaTOp, 6bln CJ:OBCTpyapoaaa TAJ:IM o6pa-

30M1 'ITO 9CTh B03UOlK.IlOCTh li.OBOp8'1HBaTh p830H8TOp BOXpyr OCI BOHHOBOll.& B8 3BA'IBT9Dh

Bbll yroa. HeoJKinaaao o~:aaanoc&, 'ITO IIHTeacaBHOCTh ycxopeaablx ane~:Tpoaoa no'ITH ae 

38BIIC8T OT yrna DOBOpOTB .II H8 IM98T CKODhKO-.Ili6yll.h 38M8raoro Mai:CBMyMa 8 Oltp8CT-

80C1'8 ~HOMK.Il8DhHOro• DODOJK811Xll p930H8TOp8, npa 9TOM Mbl Dp011380li.XBII DOIIOpOTbl p830H8-

TOpa B npenenax ~ 1°. Ka'lacT!Iaaaoe o6~acaeaae aTOro BBneaall MoJKaT 6b1T~> cnenyJOIIlRM: 

li.OBOpOT pe30H8TOpa COHpOBOlKli.88TCB H8 TODhi:O B03DKXHOB9HB8M COCT8BDIIOIIl8A 118XTOpa .. 
E anon& aanpaBneaall aenymero aocToaaaoro uaraaTaoro nona H , ao TaxJKe a aoaaHI-

aoseaaeu y o6oax nponeTahlx oTBapcTaA anx JKe cocTaBnliJOliUIX, 110 o6paTaoro aaa~:a. no

ny'laaTCa JtaK llb! ae pa3JIOCTILWI, a c yMMapyiOmalica 'oKycapyJOIIlHll a<jl<jle~:T, yneplKIBBJOIIlllll 

9D81:Tp0Hbl B cpenael DliOCKOCTI, 

AaTOpbl 6naronapaw c.n. KaJIX!l8 38 118BBb19 COBeTbl • nacJ:yccaJO, B.H. E<jlaMoBy 38 

C:OA811CTIIX& II llpoaen•••• 'IIICD8HIIb!X p8C'I8TOB R B.H. nepe88p38BOII 38 TpynoeMXYIO pa6o

Ty BO o~pM1I8IXIO peaym.TaToB. P.B. Xaph1030BY • n.c. AllllyDOBY Mbl 6naronapHbl 38 co

neiCTBae ll.pi Jlp0118J18 .. I npoHpO'IIbiX 3KCD8piM8HTOB, 

n • T e p a T y p a 

I. A.A. KonoMeacxall, )f(T., ~ Bbin, I 1, 13-47 ( 1960). 

2, D.[( . Aitken , F .F.Heymann, R.E.Jeaain8•· P.J.P. l:almu , Proeeedin8" of the Phyalcal Society, Vol.77, No. 495, 
769(1~ 

3, C,n, Kanau, B.n. Eb11<eB, B. H. Menexall, )1(3T<f>, ~ 997 ( 1960). 

4. c.n. KanRIIa, .B.n. E blXOB, B . H. MeneXHJl. )1(3T<f>, iL 388 ( 1961). 

5, B.H. Menexllll. )1(3T<f>, g, 622 ( 1962), 

6. B.n. Ebi~toB. )I(T., l!!_ , 337 (I 963). 

7, B ,Jl, AllaB&eB, n.C, ABUynoa, C.n, Kanana, H,M. MaTOpa, B.H. Menexaa, n.A. Mepxy
noB, P.B. Xap&1030B, A TOMBAll aBeprRR, T. ~ BbiD, 2, 106 ( 1966) , 

8. H.M. MaTopa. )f(T4> 1 ~ Bb!D, 8, 914 ( 1962). 

s. a.n. EbixoB, )1(3T4>, 44 , 1425 ( 1963). 

TO. 8,3. KaaTep, IO.r. !OmJ:oB. nT3, No 4, 28 ( 1964). 

Pyxonacb nocTynana B xaAaTen&cxaA OTAen 
20 anpenSI 1966 r. 
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0 = 0 ,2. 

ll-- 2-

5---=---------6- -->..._ 

----
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3~ 
Y,llaJieHHOCT:O TpaeKTOpi!ll Ha BTOpOM OC50pOTe OT• BepXHero 
yr11a peaoHaTopa . 

I. ct. = 0 , 76 ; £ = 1 ,60 ; S2. = 1,82; .Xo = 0 , 20 . 
2. . - . 0 ,63 ; . " 1 ,60; " "1,82 ; " •0 , .1l . 
3. ~~- .. 0 ,45 ; " • I ,60; " "1 ,82 ; . •0 , 20 .. 
4. .-. 0 , 56; " " !,67; " "1 , 96; " •0,37. 
5. .-. 0, 5E ; " " 1,67 ; " "1, 96 ; " "0, 34. 
6 . .-. 0 , 56 ; " " 1 ,67 ; " "1 , 96 ; " •0 , 30 . 
7. .-. 0 , 56 ; " " I,b7; " "1,96; " ·0 ,20 . 
B. .-. 0 , 56 ; n " 1,67; n "1, 96 ; " " 0 ,17 . 
9. .-. 0 ,56 ; " " 1,67; " "I,% ;" •o,ro. 

IO . .-. 0,56; n " 1,67; " "2,00 ; " "0,20. 
II • . -. 0 , 56 ; " " 1,67; " "1,92; " "0,20 . 
12 • . -. 0, 56 ; " " 1,62; . " I, % ; " "0,20 . 
13 • . -. 0 ,56 ; " " I, 72; " "!, 96 ; " • 0 , 20. 
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