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BaeaeHHe 

B rrocneaHHe roLibl aHa'IHTenbHO pacwapHnacb o6nacTb accneaoaaHH~ 

Ha Me30HHblX llY'IKaX. nocTaHOBKa HOBblX 3KCrrepHMeHTOB llpHBOLIHT K Heo6-

XOLIHMOCTH Ka'lecTaeHHoro ynyqweHHSI rry'IKOB qacTau. B rrepay10 oqepeab aTo 

OTHOCHTCSI K 'IHCTOTe ITY'IKOB, HX HHTeHCHBHOCTH, 3HepreTH'leCKOMY paa6po

cy. 0aHaKO H reoMeTpH'leCKHe XapaKTepHCTHKH ny'IKa - ero pa3Mepbl, pac-

XOLIHMOCTb H npOCTpaHCTBeHHaSI noKanaaaUHSI 

CnepHMeHTanbHblX HCCneL{OBaHHSIX. 

BeCbMa CyWeCTBeHHbl B 3K-

Tpe6oaaHHSI K reoMeTpHH ny'IKOB O'IeHb paaHoo6pa3Hhl. B OLIHHX aKcne-

pHMeHTaX He06XOLIHMbl cj>oKyCHpOBKa 'laCTHU Ha MHWeHb H MHHHManbHble paa

Mepbl ny'IKa, a apyrHx - HaHMeHbwaSI ero pacxoaHMOCTb. Maoro accneaoaa

HH~ UpOBOLIHTCSI C OCTaHOBHBWHMHCSI 'laCTHUaMH ,a HylKHbl CBet:teHHSI 06 H3Me

HeHHH reoMeTpH'leCKHX xapaKTepHCTHK nyqKa, BHOCHMblX nornOTHTenSIMH. noa

TOMY Ha ny'IKaX paaMeWaJOTCSI ycTpOliCTBa, KOTOpble ynpaanSIJOT HX reoMeT

pH'IeCKHMH xapaKTepHCTHKaMH, cj>opMHpyJOT HX. 

B aaHHOll pa6oTe paccMaTpaaaJOTCSI aonpoCbl cj>opMHpoaaHHSI rry'IKOB 

Me30HHOrO KaHana CHHXpOUHKnOTpOHa 0115111 . BHa'lane OUHCblBaeTCSI cj>OKyCH

pOBKa Me30HOB B KaHane, 3aTeM cj>OpMHpOBaHHe ny'IKOB KBat:tpyrronSIMH
1
pacno

nolKeHHblMH nepea aHanH3Hpy!OI.UHM MarHHTOM H Ha ero BblXOlle, a TaKlKe H3-

MeHeHHSI reoMeTpH'IeCKHX xapaKTepHCTHK ny'IKOB npH 3aMeL{neHHH 'laCTHU B 

nornoTHTenSIX. 
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~OKYCHpOBKa Me30HOB B KaHane 

Me30HHhlll KaHan I 1 I CHHXPOUHKnOTpoHa 0vUU1 COCTOHT H3 14 ay6neTOB 

KBaApynOilhHbiX nHH3 H aHanH3HpyiOIUero MarHHTa. HenpepbiBHaSI cJ>oKyCHpOBKa 

BAOnb KaHana npOHCXOAHT Ha OCHOBe npHHUHna ~eCTKOll cJ>oKyCHpOBKH 12 1 B 

nepHOAH'IeCKOll CTpyKType H3 KBaApynOilhHbiX MarHHTOB, npH STOM B COCeA

HHX nHH3aX nnOCKOCTH cJ>oKyCHpOBKH nosepHyThl OTHOCHTenbHO Apyr Apyra Ha 

90°. OepHOA CTpyKTyphl o6paayeTCSI H3 napbl nHH3 (aecJ>oKyCHpyiOIUell H cJ>oKy- • 

CHpyiOIUell B OAHOM HanpasneHHH), pa3aeneHHhiX npoMe~yTKOM. 

BonpOChl cJ>oKyCHpOBKH 'laCTHU B noao6Holl CHCTeMe TeopeTH'IeCKH AOCTa

TO'IHO noAp06HO H3y'leHbl 
12 •3 •4 •51 , B STHX pa6oTaX ABH~eHHe 'laCTHU B OA

HOll nnOCKOCTH cJ>oKyCHpOBKH paCCMaTpHBaeTCSI He3aBHCHMO OT ABH*eHHSI B 

Apyroll. KOHCTpyKTHBHaSI OC06eHHOCTb Me30HHOrO KaHana CHHXpOUHKnOTpOHa 

QH~H COCTOHT B TOM, 'ITO nnoCKOCTH cJ>oKyCHpOBKH 14 Ay6neTOB nosepHyTbl 

OTHOCHTenbHO nnOCKOCTell cJ>oKyCHpOBKH (ropH30HTanbHOll H BepTHKanbHOll) aHa

nH3HpyiOIUero MarHHTa Ha 45° H AnSI BCell CHCTeMbl B uenOM ABH *eHHe 'laC

THU B Ka~AOll H3 STHX nnOCKOCTell Henb3SI OTIHChiBaTb He3aBHCHMO, HH*e Aa-.. 
eTCSI paCCMOTpeHHe cJ>oKyCHpOBKH 'laCTHU B Me30HHOM KaHane C y'leTOM STo-

ro 06CTOSITenbCTB a, 

nnSI KBaapynollbHhlX MarHHTOB none H Me*Ay · noniOCaMH B cJ>opMe rH-

nep6onH'IeCKHX UHnHHApOB OnHCbiBaeTCSI (s nepBOM npH6nH*eHHH) Bblpa*eHHSI-

MH: 

Hxm ±.gy, HY "'±gx , H sO• z • 

-I 
rae g = H 0 a - rpaaHeHT MarHHTHoro nonSJ, H O - senH'IHHa MarHHTHOro 

nonS! Ha nosepXHOCTH non10ca, 2 a - anepTypa nHH3hi, OCb Z KOTOpOll Han-

pasneHa no OCR KaHana. nsH~eHHe 'laCTHU B TaKOM none OnHCbiBaeTCSI ypaB-

HeHHSIMH: 

X, + K 2 
X c 0, y "- K2 y .o, 

rae K
2 ~ geP-

1
, e - 3apS!A 'laCTHUbl 0 P-ee HMnynbC, PeweHHe STHX 

ypasHeHHll C nOMOIUbiO MaTpH'IHOrO cJ>opManR3Ma MO~HO aanHCaTb B TaKOM 

BRAe: 
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X 
X 9 y ~ l 

X' l ~ [ m ][ l ' =[ m l [ 
I 

0 
y • y 0 

rll r l 2 cos Kf K- 1sinKf 
[ m l ~ [ 

1
2 1 

1 
22 

[ 
-K sinK f cos Kf 

l. 
I 

d II d 12 ch Kf K-
1
.hK f 

[m) =[ 
d 2 1 

d l = l. 
22 K oh K f chK f 

rae x
0 

, y 
0 H - KOOpJ:IHH8 T bl H HaKn OH T paeKTOpHH H8 B XQ-

ae a nHHay, a x , y H X "', y - H8 BbiXOJ:Ie nHH3bl, [ m I ] H [ m ) -

Ma TpHUbJ n epeaa'IH anH cj>oKycHpyiDmero (X) H aecj>oKycHpyiDmero ( y l 

HanpaaneHHH B nHH3e C 3cj>cj>eKTHBHOH anHHOH f. 

MaTpHua n epeaa'IH [ m l '!epea CTpyKTypHbJH nepH OJ:I , COC T OHmHH H3 

aayx nHHa, paaaeneHHbJX npoMe)!(yTKOM 6ea nonH anHHoi! • , H8XOJ:IHTCH 

n epeMHO)!(eHHeM COOTBeT CTByiOmHX M8TpHU: 

0TCIO.il8 H8XOJ:IHM: 

m • (d +sd l+l d 
II II II 2 1 12 21 

m ~r (2d s + d + s
2 

d l+l (d s +d 
11

l , 
12 II 11 12 21 2 1 2 1 

m ~ r (d + . d 
2 1 2 1 II 21 

) + I 
II 

d 
21 

,m =I (2d o + d + s 2 d l+l (d • +d ). 
22 2 1 II 12 21 II 2 1 II 

MaTpHua nepeaa'IH [ T l 'lepea D nepHOJ:IOB HBXOJ:IHTCH H3 M8TpH-

Ubi nepeaa'IH 'lepea oaHII nepHO.Il (T].(m]" H 

1 . -1 
T (nl•sin-plm sinnp-sin(n-llpl,IT '(nl•(sin p)m sinnp, 

II II 12 , 12 

-I 
·T 

21 
( n l •(sin p)m 

21 
sin n I' , 

cos I' • 1/2 ( m 
11 

+ m 
22 

l. 

naH)!(eHHe B TSKOH CHCTeMe YCTOii'IHBO, eCnH l/2(m 
11

+ m 
22

) < 1, CMe

meHHe TpaeKTOpHH OT OCH H HSKnOH TpaeKTOpHH nocne npOXO)!(JleHHH 'ISCTH-

uei! n nepHoaoa onpeaenHeTCH Bhtpa)!(eHHeM: 
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x (n ) • T 
11 

(n )x 
0 

+ T 
12 

( n) x ~ , '(nl~T 21 (n)x 
0

+T
22

(n)x
0
'. 

HaR60ilbWero OTKnOHeHRSI 'laCTRUa llOCTHraeT B cjloKyCRpyiOIUeli nRH3e, H anep

TypHble orpaHR'IeHRSI HaCTyiTalOT RMeHHO B Hell, .QnSI onpelleneHRSI rpaHRU 06-

naCTR 3axaaTa a cjla3oaoll nnoCKOCTR (x,' xl , BHYTPR KOTOpOA '!aCTRUbl 

yllep>KRBalOTCSI B KaHane, OnpellenSieTCSI TOT nepROil n 0 , rile OTKITOHeHRe 

TpaeKTOpRR 'laCTRUbl OT OCR MaKCRMallbHO , R lliTSI 3TOrO 3Ha'leHRSI no 

llOIT>KHO 6b1Tb X ( n 
0 

) < a 
0 

\ a 0 - orpaHR'IRBaiOIUaSI KBallpaTHaSI nonyanepTy-

pa, a 
0 

< a ) • OonaraSI n HenpepbiBHOA nepeMeHHol! R3 ycnoBRSI dx (n J / dn•O, 

nony'laeM: 

-• I , tg n 
0 

11 • (x 
0 

sin 11 ) ( m 
11 

- cos 11 lx 
0 

+ m 
12 

x 
0 

I . 

00ilCTaHOBKa 3TOrO 3Ha'leHRSI no B Bblpa >KeHRe llflSI X (n) IT03BOITSieT On-

pelleiTRTb annRnc, orpaHR'IRBaiOIURll o6nacTb 3axaaTa '!aCTRU a cjla3oaol! nnoc-

KOCTR ( x , , X ) , pacnono>KeKHoll 3a cjloKycRpyiOmel! ITRH3ol!: 

rile 

F
0

x 2 '+2F
1

xx'+F
2

x' .. F
3 

Fo .t..:mll m 22 ' Fl •l/2(m II -m2J . m 12 

2 
F2 ~mt2 ' F

3 
a0,25a~ 11-(m 

11
+m

22
l 2 

HeT npR'IRH, 'ITOObl a llpyrRx TO'IKax nepROila, a He 3a cjloKyCRpyiOmell 

nRH30ll, OTKITOHeHRe TpaeKTOpRH npeBOCXOilRITO x (n 
0 003TOMY rpaHRUbl 

cjla30BOll o6naCTR B ITI060li TO'!Ke BllOITb OCR HaXOilSITCSI R3 3TOrO 3ITITRnCa, 

EcnR TO'!Ka ( x 1 • x ; l a cjla3oaoll nnocKOCTR, pacnono>KeHHol! a npoH3BOilb

HOli TO'!Ke Ha OCR KaHana, CBSI3aHa c TO'IKOll I x ( n 0 l • x '( n0 l I MaTpRuel! 

nepella'IR 

[ln],'"' T[·:·ll nl2] [x •,] 
n 21 n 22 •r 

r I n 22 

, -n 
l. 21 

-nl2] [x:n 0)] 
n x (n ) 

22 0 
[ 

x(n 0 ) 

x '(n
0

) r:·J~ 
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TO K03 <jxjlHUHeHTb l 3 nn11nca N o N I . N 2 B 3 TOH <jla30BOH UnOCKOC-

TH ( X I . X;> Bbi'IHCnSIIOTC SI 'lepe 3 K03<jJQJHUHeHTb l ~"o ,F' I , F'2 

No 
2 2 n F' n n n 
II 21 II 2 1 0 

N I n n n n +n n n n F' N 0 F' 

:: 12 II 21 12 II 22 2 1 22 I 3 3 

N2 n 2 n n 2 F' 
22 12 22 22 2 

B 'laCTH OC TH, nnst 3 nnHnca 3a .ue<jJoKyCHp y iOtnell nHH30ll K03 <jJQJHUHeHT b t D 0 

D I HaXO.QSITC SI npH H CUOnb30 BaHH H COOT H OWeHHil : 

n • d s + d 
It 2 1 22 

n o-( d 
22 

s + d ) , 
II 12 

<l> opMa 3 n1IHUCa 3 aBHCHT OT g , P , a 
0

, s B nHH3a x Me30HHO~o K a Ha-

n a a =10 CM , f = 32,5 C M , 5 =17 ,5 C M, . .llnst O.QHO~O 113 p e >KH MOB p a6o-

T b l g =500 3 , CM-1 H B K a H a n 3aXBaTb i B a iOT CSI UHOHb l CO cpe.QHHM H M n y nb-

C OM 2 6 0 M 3B. C-1. 

Ha pHC . 1 H 2 npHBe.Qe H bt 3 nn11nc ( F' ) 3 a QJOKyCHpy iOtU eH H 3 nnHnC 

( D ) aa.ue<jJoKycHpyiOm ell nHH3aMH B (x r .x ,'> H ( y ~ , y ~) QJa3 0 Bbt X nnoc -

KOC TSIX .Q11SI U H OHOB C HMny nbCOM 260 M 3B, C-1. 0 0CK 0 1lbKY K 03<jJQJHUH8HT b l 

3 nnHnca 3aBHCstT oT g I P , <jJOpMa 3 1lnHnCa He H3M8 HHTC SI H .Qllst .upy~o-

~0 Cpe.QHe~O HMUy 1lbC8, e CnH OA HOBpeMeHHO H3MeHHTb ~p8AHeHTbl B 11HH3aX. 

M IOOHbl, o6pa30B8B lliH8CSI OT pac nana UHOHOB B K aHane , y n ep>Ka TC SI B KaHane 

nHWb B TOM cnyqae, ecn11 KOOp.UHHaTbl H Ha KnOH HX TpaeKTOpHli OKa>KyTCSI 

B <jla30BOM 3 1111HUCe, C OOTBeTCTBYIOIUeM MIOOHHOMY HMUy1lbcy H ~paAHeHTY 

B 11HH3ax. Ha pHC. I H 2 T a K >Ke noKa3aHbt 3 1111HUCb t (F') H (D) nnst MIOo

HOB C HMnynbCOM 158 M 3 BoC-! H g =500 a..C M -1. 0AHaKO B bi'IHCne HHe 3 <jl-

QJeKTHBHOCTH KaHana K QJOKYCHpOBKe MIOOHOB He BXOAHT B 3a.Q a 'ly .QaHHOli pa-

60Tblo 

.llnst pa3A81leHHSI MIOOHOB OT UHOHOB H HMUyllbCHO~O 8H811H3a K8H811 38-

KBH'IHBBeTCSI 8Ha11113HpyiOIUHM Ma~HHTOM, npo.uon>KaiOIUHM QJOKyCHpOBKY 'laC

THU. Ma~HHT cocTOHT H3 Tpex ceKUHli , 3HaKo'!epenyiOtUHXCst no ~pa.uHeHTY. 

OepBaH CeKUHSI QJOKYCHpyeT 'laCTHUW B sepTHKa1lbHOli nnOCKOCTH H AeQJoKY

CHpyeT B ~OpH30HT8nbHOli. H3- 38 KOHCTpyKTHBHblX oco6eHHOCTeli nHH3 KaHa-
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na, BbJ3B8HHbJX yaocTbiO aM6paaypbi B 'leTbipexMeTpoBoi! aautHTHOi! CTeae, 

nUOCKOCTH !j>oKyCHpOBKH M8f'HHT8 H8KllOHeHbl non Yf'llOM 45° K nUOCKOCTHM 

CHCTeMbl !ly6neTOB. PaCCMOTpHM CH8'18ll8 !j>OKYCHpOBKy TpeMH CeK!lHHMH Mar-

HHTa, 8 38TeM BCeM K8H8llOM B !leUOM. 

YpaaHeHHsr LlBH*eHHH a ceKTopHoM none c nocTOHHHhiM rpanHeHTOM na-

IOTCH Bhipa*eHHHMH 

d2 y 
_ , + ny ~o 

dO 2 

d 
2 

X 

-a+ (1-nh cO, 
dO 

-I 
n •P g B 

f'Lle y - KOOp!lHH8T8 B BepTHK8llbHOli nUOCKOCTH, 
x - OTKllOHeHHe OT p8B-

Hoaecaoli op6HTbi panHyca p B f'OpH30HT8UbHOil nUOCKOCTH, 0 - yrnoaasr 

KOOPLlHHaTa, 
B - BepTHK8llbH8H COCT8BUHIOUl8H UOUH B Me!lH8HHOil nnOCKOC -

TH, PeweHHH ypaBHeHHH nnsr LlBH*eHHH B ¢oKyCHPYJOuteli ceKilHH 0-n > 0) 

B f'OpH30HT8llbHOil nUOCKOCTH 38nHCbiB8eTCH B BH!le: 

Fit F12 F l3 X 0 cos yh 0 (p•inyl-nO )y'J-::;;- p(I-co• y l-n0>/1-nllx o 

x' 
F 2 1 F 22 F23 x ~ I ,.,(-y'i=;; ,inyl -nO )/p cosyl-nO 

1 (sinyl-nO>/v'l-:; X 
0 

0 0 0 0 0 0 0 

rne o -~ PI P • Jlnsr ne!j>oKyCHPYIOuteli CeK'IlHH (I-n < 0) TpHf'OHOM e T-

pH'IeCKHe !j>yHKilHH 38MeHHIOTCH H8 f'Hnep60UH'IeCKHe, yh. - H8 .;;=1, 

a B aneMeHTax (13) H (21) H3MeHHIOTCsr 3HBKH. MaTpHua nepena'IH [M x l 

'lepea TPH ceKilHH MSf'HHTa a ropH30HT8UbHOfi nnoCKOCTH nony'laeTcsr H3 MaT-

PHil nepena'IH 'lepea ceK!lHH; 

[ M ] a[ D ] [ • ] [ F ] [ • ] [ D ] • 
X X X 

0TCIO!l8 

2 
M .(0 

xu +D 
·11 xl2 

D A 
21 

X 

M =2 D D A + 0 2 B 

+ D D B 
X It X 21 

+ D 
2 

F 

+D D F aM 
XJJ X J2 "21 

X2J X 21 XU X X21 X 
X 11 X 21 

g 

22 



2 
M - 20 D A +D B +ox F 

X X X X 
12 II 12 II 12 2 1 

M =D (A D +B D +F + F )+D (A D +D F +F )+D . 
xIS II I S xn x i a x28 X 12 "23 "ta "21 X 23 X 13 

M =D ( B 
X 23 X 2 1 X 

B 
X 

12 

,UnSI BepTHK811bHOH TiflOCKOCTH Bblpa)l{eHHe a a anorH'IHO, HO 0 ll . 3aMeHSieTCSI 

a a F IJ H , npH 3 TOM 

[ M ) .[ F )[ s )[ D Hs )[F ). 
y y 

s - paCCTOSIHHe Me)l{llY 3qxpeKTHBHbiMH rpaHHll8M H no-

nei! CeKTOpOB MarHHTa. 

MaTpHua nepena'IH Me)l{ny nocnenaei! nHaaoi! 'leTbipaanuaToro ny6neTa 

H neTeKTOpOM ( K ) ~ ( S
0 

)[ M )[ s 
0 

) HMeeT BHll: 

K :M s + M 
22 21 0 22 

K = M +s M 
13 13 0 28 

K =M 
28 23 

rne s
0 

- paccTOSIHHe Me)l{ny nocnenaei! nHaaoi! H nepaoi! ceKUHei! MarHHTa, 

T 8KOe )l{e paCCTOSIHHe oT nocnenaei! ceKUHH no neTeKTopa . 

PaccMoT peaije llBH)I{eHHSI qacTHU B CHCTeMe ny6ne ToB H B aaanHaHpyiD

nteM M8rHHTe B llBYX <j>aaOBbiX llflOCKOCTSIX npOH3BOllHTCSI He38BHC HMO, ecnH 

KOOpllHH8THbie nnOCKOCTH COBTI8ll8IOT C nnOCKOCTSIMH <j>OKYCHpOBKH, 0nHC8HHe 

llBH)I{eHHSI B K8)1{ll0H H3 llBYX npOH3BOflbHO Bbi6paHHbiX <jla30BbiX nnOCKOCTei! He 

MO)I{eT npOHCXOllHTb He38BHCHMO OT OTIHC8HHSI B npyroi!, TI03TOMY He06XOllHMO HC

TI0 1lb30B8Tb 'IElTb ipexpSillHbie MaTpHUbi aMecTo nayxpSillHbiX, B aaweM cnyqae nnoc

KOCTH <j>oKyCHpOBKH CHCTeMbl ny6neTOB TIOBepHyTbl H8 45° OTHOCHTellbHO nnoc

KOCTei! <j>oKycHpOBKH M arHHTa, coananaiOwHx c aepTHKanbaoi! H ropH30HTallb

aoi! TiflOCKOCTSIMH. floaTOMy llflSI OUHC8HHSI <j>oKyCHpOBKH B UOflHOH CHCTeMe 
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B ~OpH30HT8nbHOA H BepTHKSnbHOA nnOCKOCTHX cneAyeT npeo6p830B8Tb $aao

Bblli 3nnHnC CHCTeMbl Ay6neTOB H3 KOOpAHHSTHOA CHCTeMbl nHH3 B KOOpAHHST-

HyiO CHCTeMy M8~HHT8. 

B cscTeMe Ma~HHTa KoopAHHSTbt TpaeKTOpHli 'IBCTHU aa BbtXOAe 

(X 
2 

, X; , y 
2 

, y ; ) onpeAenHIOTCH llO KOOpAHH8T8M HS BXOAe (xl ,x~,yl,y; 

M8TpHUeA nepeAS'IH (M 
p. 
l 

' K 
•u 

K 
21 

XX; I I :~ I 
a[M ] 

r 2 I p. 
IYI 0 

r2' I I y I 
0 

K 0 
X 12 

K 0 
•a a 

0 K 

0 K 

y II 

y 
21 

0 XI 

0 X~ 

K 
y 12 

y I 

K y urI 
22 

lloBOpOT KOOpAHHSTHblX OCeli CHCTeMbl Ay6neTOB x,,x;,yli,y~) 

K OCSIM MarHHT8 ( x l, x; ,y
1

, y'
1 

onepaTop nosopoTa [ R] : 

X X I fCOS ¢ 
I r 

, , 
0 X X 

I a[R] 
r 

= 

y y -sin¢ 
I ~ 

, , 
0 y y 

I ~ 

~Ae ¢ z45 ° • TaKHM o6paaoM: 

j x r 

r ·.:. 1 X , 
I 

~(M lRl H 
p. 

y2 y4 y d 

, 
y'~ y~ y 

2 

MOlKHO OCyiUeCTBHTb, HCllOnb3YH 

0 sin¢ 

cos¢ 0 

0 cos¢ 

-sin¢ 0 

r · ... " " 12 

" " 21 22 

" " 31 32 

" " 41 .2 

0 

sin¢ 

0 

cos¢ 

" 13 ,. 

X 

y 
~ 

y' 
4 

" II X; 23 2. 

" " :·II y ~ 33 

" H Ya u 

0TCIOA8 MOlKHO nony'IHTb Bbtpa>KeHHe An51 3 nnHllCOB 38XB8Ta(F) H (D) 

B KOOpAHH8T8X (X 2 , x 2, • Y 2 • Y;) H npOeKUHH 3THX 3nnHUCOB B ~OpH30H-
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H aepTHK8llbHOli <jla30BbiX rrnOCKOCTRX. 

.llnH rrpoeKUHH (F) - 3nnarrca B ropH30HT8nbiiOli rrnOCKOCTH H8XOJlHM: 

F TT 2 2 TT TT 112 F 
xo II II 21 21 

F TT TT TT TT +TTII TT 12 TT TT F 
X II I2 21 12 21 22 I 

1 

F TT 2 TT TT TT 2 F 
x2 12 12 22 22 2 

Aaanorn'laoe cooTaoweaae rronyqaeM JlnH rrpoeKUHH (D) - 3 nnarrca a ropa-

30HT8llbHOli rrnOCKOCTH ( 0 , 0 , 0 ) , HO B M8TpHUe rrpeo6pa30Ba-
x 0 xt x 2 

HHH 3neMeHTbi TT IJ 38MeHSIIOTCH Ha TT !+2 , j • npoeKUHH ( F Yo 

F , F ) H ( 0 0 , 0 B BepTHKanbHOli rrnOCKOCTH HSXOJlHT-
Yt Y2 YO yl y2 

CH aaanOrH'!HO, HO 8 MaTpHUe BMeCTO TT 1J ITHWeTCH 11 I ,J +2 

JlflH (F) - 3 nnerrca H " 1 + 2 , 
1 

+2 JlnH ( D l 3nnerrca. 

MarHHTHble H3MepeHHH rroKa3ana, 'ITO 3 4$eKTHBHaH nnaaa ceKUHH aaa

nH3HpyJOmero MarHHTa paBHa 59 CM ITpH TSKOM pacrronOlKeHHH CeKUHli, KOr

Jl8 06MOTKH HSXOJlHTCH Ha MHHHM8llbHO B03MOlKHOM paCCTOHHHH npyr OT npy

ra. B 3TOM cnyqae paccTOHHHe MelKny 34$eKTHBHbtMH rpaaauaMH rroneli 

s =27 CM H n =8,0, p =144 CM, s 0 =15 CM. YpaaaeHHH 3 nnerrcoa 

(F) H (D) 6btnH rrorry'leHbl npH HCITOflb30BaHHH 3THX BenH'IHHo 

.llnH orrpeJleneHHH nona HHTeHCHBHOCTH rry'IKa
1
rraJlaJOweli aa neTeKTop, 

HylKHO OT06pa3HTb JleTeKTOp B cjla30BYIO rrnOCKOCTb, paCITOflOlKeHftYIO Ha BXO

Jle HnH BblXOJle MarHHTa H CpaBHHTb 3TO OT06palKeHHe C COOTBeTCTBYIOWH

MB <jJa30BbiMH 3nnarrcaMH. 0To6palKeHHe neTeKTopa 10 x 10 c~, pacrronolKea

aoro Ha paCCTOHHHH 70 CM OT ITOfliOCa MarHHTa, B rOpH30HT8flbHOli rrnOCKOC

TH H8 BbiXOJle MarHHTa ITOKa38HO Ha pHC. 3, rJle T8KlKe rrpHBeJleHbl 3flflHIT-

Cbl (F) H (0) JlnH IJHOHOB C HMITyllbCOM 260 M3B,c-1. C ITOMOWbiO MaT-

pHilbl rrepeJla'IH [ "] JleTeKTOp MO)I(HQ OT06pa3HTb H Ha BXOJlHYIO rrnoc-

KOCTb MarHHTa. 3TO OT06pa)l(eHHe B BepTHK8llbHOli BXOJlHOli rrnOCKOCTH MarHH

Ta 3a 'leTblpH8JlllaTbiM Jly6neTOM ITOK838HO Ha puc. 4,rJle TaKlKe rrpHBeJleHbl 

ITHOHHble (F)- H (0)- 3nnHITCbl, !13 pHCo 3 H 4 BHJlHO, 'ITO 3Ha'IHTenbHaH 

aons (oKono 0,75) '!aCTHil, rrpoweJlWHX MarHHT, He rrorraJlaeT B JleTeKTOp. 

Heo6XOJlHMa aononHRTellbHaH cjloKycapoaKa JlnH coKpaweHHH 3THX rroTepb. 
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¢opMupoaaHue rryqKoa KaHana KaaapyrroneM 

Ha BXOae B aHanuaupyiDWUH MarHUT 

DnH uayqeHUH ITpOCTpaHCTBeHHOrO pacrrpeaeneHUH U paCXOaUMOCTU rryq

KOB UCITOnbaOaanaCb CHCTeMa ua aayx cqeTqUKOB ( 1 X 1 X 5 CM2 H aHaMeTpOM 

10 eM, TonmuHofi 1 eM), BKn iDqeHHhtx Ha coarraaeHue. CqeTquKu rrepeMema

nucb B ropuaOHTanhHOH U aepTUKanbHOH rrnOCKOC THX H8 paanuqHblX paCCTOH-

HUHX OT M8rHUT8. 

PacrrpeaeneHuH, rronyqeHHhte 3KcrrepuMeHTanbHO, cpaaHuaanucb c pac

rrpeaeneHUHMU, HafiaeHHbtMU c rroMOlllhiD cjJaaoBbtX 3nnurrcoa. DnH 3Toro cpa

aoahte 3nnurrcht rrpeo6paaoahtaanucb B rrnocKoCTU pacrrono>KeHUH aeTeKTopa 

no cpopMynaM1 rrpuaeaeHHhtM Bbtwe , H pacrrpeaeneHHe c Tpounocb a rrpearrono

>KeHuH paaHoMepHofi aace~eHHOCTH 3nnurrcoa qacTuUaMu, HecMoTpH Ha rpy-

60CTb 3TOrO rrpearrono>KeHUH, CpaBHeHUe C 3KCITepuMeHT8nhHblMU /l8HHblMU 

anH rruoHoa aano xopowee cornacue. PaccquTaHbt a ropuaOHTanhHOH u aepTu-

KBnbHOH rrnOCKOCTHX rronymupUH8 l'l =+ 16 CM, /'l y =± 3,5 CM U pac-

xoauMoCTh Y x =:!:: 0,16 , Y Y =:t 0,086. 3KcrrepuMeHTanhHO aafiaeHo 

/'lx =:t 17 CM, Yx =:t 0,12, /'ly =:!:: 3,3 CM , Yy =:!:: 0,119. 

Bhrme OTMeqanocb, qTo an H yaenuqeHUH aonu rrt10HOD, rrpoweamux 'Ie-

pea aeTeKTop, aeo6xoauMa aorronHuTenhHaH cjloKycupoaKa . VIa pHc. 5 auaHo, 

qTO OH8 T8KJKe He06XOaHMa anH MIDOHOB, C 3 TOH UenbiD rrepea 8HanuaupyiD

lllHM MarHHTOM 6 btna rroMemeaa aorronHHTenbHaH nuaaa Ng29 , rrnocKOCTH cjlo

KycupoaKu KOTOpOH COBITaaanH C rrnOCKOCTHMH cjlOKyCHpOBKH MBrHHTa, 

PaCCMOTpeHHe 3 cjlcjleKT8 cjloKyCHpOBKU rrpu ITOMOillH TaKOrO KBaapyrronH 

C ITOBepHyThlMH OCHMU ITpOBOaHTCH 8Hanoruqao OITUC8HHOMy Bhlille, HO BMeC-

TO MaTpHU [K l H [K I B M8 TpHUy rrepeaaqH [ 77] BKniDqaiDTCH MaT-
X y 

puUbl [ Q ]=[K Hm ][,] 
X X f 

U [Q ] a[K Hm Hs ] . 
y y 4 

nuoH-

Hhte (F')_ H (D)_ 3nnHITChi anH 3 Toro cnyqag Ha BbiXoa e ua MarHuTa a 

rOpHaOHTanbHOH rrnOCKOCTH BMeCTe C OT06pa>KeHHeM aeTeKTOpa ITOKaaaHhl 

H8 puc. 6 . 0To6pa>KeHHe aeTeKTOpa B BepTHK8nbHOH rrnOCKOCTU 3a qeTblp-

HaaUBTbiM ay6neTOM C ITOMOlllbiD M8TpHU ITepeaaqH anH ITUOHOB ITOKa-

aaHO nHHHHMH "0" Ha puc . 4, a anH MIDOHOB aa puc. 5 , VIa puc . 4 H 6 

cneayeT, qTQ y>Ke 0,4 ITOnHOH HHTeHCHBHOCTH rrorraaaeT B aeTeKTOp. 3TO 

rrpu6nuauTenhHO COOTBeTCTByeT pOCTY HHTeHCUBHOCTH B 1,4 paaa, Ha6niDaae-

MOMY 3KcrrepuMeHTanbHO, 
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BamuoA xapaKTepHCTUKoA nyqKa HBnHeTCH pacnpeaeneuue qacTuu no 

HMOynhCSM, 3TO pacnpeaeneuue 38BHCHT OT 8HSnU3Hpy~WHX CBOACTB MS!'HH-

TB, 3neMeHTbl K 13 B MaTpuue nepeaaqu qepe3 MarHHT xapaK-

Tepa3y~T ero aucnepcHOHHbie csoAcTBa. Ha puc. 7 npuseaeHbi ljla30Bbie an

nuncw B ropU30HTanbHOA nnOCKOCTH MnH DHOHOB C HMDynhCSMU 260 H 

286 Mas.c-1, 113 pHCyHKS BUaHO, qTO anH UMnynhCOB, OTnuqa~WUXCH Ha 10%, 

annunCbi nonHOCTbJO pa3aenH~TCSI, Ha puc. 8 noKa3aHbi nMnynbCHbie pacnpeae

neHI:H qacTnu B M~OHHbiX nyqKax c HMnynhcaMu 158 Mas.c-1, 250 Mas.c-1 

H B DUOHHOM nyqKe C HMnynbCOM 198 MaB.C-1, nonyqeHHble H3 npo6emHblX 

KpHBbiX, K8K 3TO ODHCSHO B pa60Te 161, 113 puCyHK8 cneayeT, qTo nonywH

pHHB HB nonyBblCOTe B HMnynhCHblX pacnpeaeneHHSIX paBH8 5,7; 4,30 H 3,6% 

anSI 3THX nyqKoB. YqeT CTparnnHra n MHoroKpaTHoro pacceHHHH npnMepuo 

HB 10% yMeHhwaeT npnseaeHHble 3HaqeHHH nonywnpnH. 

<I>OpMHpOBBHHe nyqKOB KaHana Ha BblXOae 

H3 aHann3npy~wero MarHnTa 

nanhHeliwee B03p8CTaHHe aonH qacTHU, nonaaa~WHX B aeTeKTOp, ao

CTHl'8eTCH c noMOWb~ ~oKycnpoBKH oanHoqHoli nuH30li nnn ay6neToM, pac

nonomeHHbiMH Ha BbiXoae aHanH3Hpy~wero MarHnTa. Ha puc . 4,5,6 noKa3aHo 

oTo6pameHne aeTeKTopa 10 x 10 CM2 anSI oaHoli nnn asyx nnH3 Ha ljla3oBy~ 

sepTHKanhuy~ nnocKOCTh, pacnonomeHHY~ aa '!eTbipHaauaTHM ay6neToM, n 

HB ~830BY~ rapH30HT8nbuy~ nnOCKOCTb H8 BblXOae M8l'HHT8, 113 pHC. 4,6 

BHaHO, qTo B aeTeKTOp nonaaaeT 0,65 HnH 0,75 nonHOA HHTeHCHBHOCTH 

nnoHOB B cnyqae oaHoli nnH3bi una ay6neTa. 

OmnaaeMbiA pOCT HHTeHCHBHOCTH ( C 0,4 npn OTCYTCTBHH nHH3 H8 Bbl

xoae H3 MBl'HHTa) npHMepHO COOTBeTCTByeT Ha6n~aaeMOMY HB OObiTe 3HB

qeHH~ 1, 7 nnu 1,9 anH cnyqaSI CHHl'IIeTa nnH ay6neTa. 

Ha puc. 9 noKa3BHbi npocTpaHCTBeHHbie pacnpeaeneHHSI M~OHHoro nyq

Ka C HMDynhCOM 158 M3B,C-1 B BepTHKBnbHOH nnOCKOCTU, B HB pHC , 10 -

B ropH30HTanbHOH nnOCKOCTU anH OaHOA Hnu aByX nHH3 HB Bb!Xoae U3 Mar

HUTS, 3TH pacnpeaeneHHSI npH HBnH'IHH nUH3 HB BbiXOae npaKTHqeCKH He 

3BBHCSIT OT UMDynhC8 ( CM., HBOpHMep, pHC ,11 anSI OUOHOB C HMnynbCOM 
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198 M aa . c -1). 11 3 ~3MepeHHbiX pacnpeaene H~ li Ha pa3HbiX paccTOliH~SIX OT 

M8I'H~T8 nony4eHb l nonyw~p~Hbl ~ paCXOAHMOCTH ny4KOB . iln H CJiy4851 <jloKyC~-

pOBK ~ OAHOM Jl~H30li : 

!'J. =+ 6 ,5 CM , 
y -

ABYMSI IIHH38MIC 

/}. y =~3,0 C M, 

y y =+ 2,8 ° /}. =+ 2,2 CM, y X 

0 
y ,=~2,6 • /}.X =+5,0CM, y x =+3,4°. 

=+3,6°; 

npoc T p8HC T BeHHbi e pacnpeaeneHHSI 3H84HTeJibHO y>Ke , '!eM B cnyqae OTCyTCT

BHSI n~H3 ,;_q Bbtxoae MarH~Ta . Hy>KHO 3aMe THTb , 'ITO <jlopM ~p oaa HH e ny4Ka 

Jl ~H38M~ Ha BbiXOAe M8I'H~T8 He TOJlbKO yaen~4~B8 eT ITJIOTHOCTb '1 8CT~U, na-

ABIOlUHX Ha aeTeKTOp, K 'leMy CBOA~TCSI pOJib Jl~H3 bl n epea M 8I'HHTOM , HO T BK-

>Ke fi03 BOJIS!eT BJI~S!Tb H8 I'eOMeTpH IO n y'IKB , yMeHbW8Tb HJIH yBeJIH'IHB8Tb pa3-

Mepbl n y 'IK8 B I'OpH30HT8 JlbHOM H BepTHKaJibH OM ITJIOCKOC T SIX npHMeHHTeJibHO 

K YCJIOBHSIM 3KCnepHMeHT8. 

I13MeHe HH e <jlopMbl ny'IKOB KaHan a npH HX 

3aMeane HH H a nornoTHTe n e 

B HaCTOSIIUee apeMSI 3Ha'IHTenbHOe KOJIH'I eCTBO a Kcne pHMeHTOB npoao-

AHTCSI Ha OCT8HOBHBlUHXCSI ITHOH8X H MIOOHBX. 8 3 THX 3 KCnepHMeHT8X Heo6-

xoaHMO 3H8Tb xapaKTepHCTHKH ny'IKa nocne nornoTHTe nSI, H3MeHe HHe ero coc

Taaa, YlUHpeHHe H B03p8CTaHHe paCXOAHMOCTH. I13MeHeHHe COCT8B8 ny'IKa H3y

'laJIOCb B apyrHX pa6oTaX 16 1, H B ABHHOM pa6oTe paCCMaTpHaaeTCSI TOJlbKO 

reoMeTpHSI rry'IKOB B rrornoTHTene. 

Ha pac. 11 noKa3aHbi npocTpaacTaeHHbte pacrrpeaene HHSI a ropH30HTa nb

HOli ITJIOCKOCTH MIOOHHOI'O rry'IK8 C KMITYnbCOM 158 M aa.c- 1 H ITHOHHOI'O ny'I

Ka c HMITYfibCOM 198 Maa.c-1 .QJISI pa3HbiX TOJIIUKH Me.QHoro nornoTKTenH. 

nocKOJlbKY Ha'laJibHbie paCXOAHMOCTH rry'IKa B I'OpH30HTaJibHOl\ H BepTHKafib

HOA ITJIOCKOCTSIX fiO'ITH OAHHBKOBbi, paCXO.QHMOCTb ny'IK8 B BepTKKaJibHOM nnoc

KOCT~ 6y.QeT npaKTH'IeCKH TOM >Ke; 'ITO H B I'OpH30HTaJibHO>I fiJIOCKOCTH. 

113 pKC. 11 BH.QHO, 'ITO AJ15I ITHOHHOI'O ITY'IKa rronywKpHHa B03paCTaeT C 

2,3 !10 3,6 CM B MaKCHMyMe ITKOHHblX OCT8HOBOK H .QO 4,0 CM B MaKCHMyMe 

MIOOHHbiX OCT8HOBOK. ilnSI MIOOHHOI'O ITy'IKa nonyWHpHH8 B03paCT8eT OT 2,2 !10 
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3,0 CM B MaKCHMyMe MIOOHHbiX OCTaHOBOK. 3TH 3Ha'leHHSI npaKTH'IeCKH OAH

HaKOBbl ( CM. pH C. J2) AJHI MeAHOf'O H rpa<jlHTOBOf'O <jlHnbTpa (3,0 H 2,9 CM), 

Vf3 pHC. 12 BHAHO, 'ITO paCXOAHMOCTb ny'!Ka B MeAHOM <jlHnbTpe 3Ha'IHTenbHO 

60nbwe (28° B MaKCHMyl'vie MIOOHHbiX OCTaHOBOK), 'leM B rpa<jlHTOBOM (7°), 

0TCIOA8 CneAyeT,'ITO B 3KCITepHMeHT8X Ha 'IHCTb!X MIOOHHbiX HY'IK8X C OCTa-

HOBHBWHMHCSI 'laCTHUaMH 6e3pa3nH'IHO, KaKHe <jlHnbTpb! HCITOnb30BaTb, eCnH 

HX B3aHMOAeHCTBHe c MHWeHbJO npOHCXOAHT s6nH3H nornoTHTenSI. B cny'lae 

npOTSilKeHHOM f'eOMeTpHH , KOf'Aa OCTBHaBnHBaJOIUHeCSI 'laCTHUbl B3aHMOAeHCTBy-

JOT AaneKO OT 3aMeAnHTenSI, npeAHO'ITHTenbHee 6onee nerKHe HnH KOM6HHHpo-

BaHHble <jlHnbTpbl, 

ABTOpbl BblpalKaJOT 6naroAapHOCTb B. A. fomesy H n. c. HaceAKHHY 38 

fiOMOlllb HpH H3MepeHHSIX, 
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x; pail 
0,3 

-Q3 
I 

PHc.l. 3nnHIICb l 3aXBaTa (F) JlnSI IIHOHOB C HMIIynhCOM 260 M aa . c -1 H 

MIOOHOB C HMIIYIIbCOM 158 Maa. c-1 3a !j>oKyCHpyiOWeii IIHH30H B !j>a-

30BbiX IIIIOCKOCTSIX KaHana. 

16 

-ID 

PHc.2. 3 nnHIICbl 3axaaTa ( D ) 

!1/tpaa 
0,3 

JliiSI IIHOHOB H MIOOHOB 3a Jle!j>OKYCHp: 

IIHH30H B !jla30BbiX IIIIOCKOC T SIX K a Hana . 
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X/xlil 
43 

f', t-Q2 
I ' I . ',! 

( '~f 

' ' 

'0,( 

' ' -0,2 'J 

-0,3 

D 

10 XCM 

Pac.3, npoeltllHH DHOHHbiX annanCOB (F) K (D) B ropH30HTanbHOil cjlaao-

BOli nnocltOCTH Ha BbiXO.Ue M8rHHT8, nyHitTHpHbie nHHHH COOTBeTCTBy

IOT OT06paJKeHHIO .UeTeKTOpa 10 X 10 C.._,2, pacnonoJKeHHOro B 70 CM 

OT noniOCa MarHHTa, IUTpHX-DyHKTHpHbie nHHHH COOTBeTCTByiOT noniO

C8M MarHHTa. 
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Y/;aa 

Pac.4. npoeKUHH ITHOHHblX 3nnHITCOB (F) H (D) H OT06pa)l{eHHSI lleTeK-

TOpa B aepTHK8nbHOli !jl830BOli nnOCKOCTH H8 BblXOile H3 'leTblpH81l

U8TOrO lly6neTa. 0T06pa)l{eHHl! lleTeKTOpa COOTBeTCTBy!OT cnellY!OliiHM 

Cny'l8SIM: I) nyHKTHpHble nHHHH - lleTeKTOp p8CITOnO)I{.eH B 70 CM OT 

non10c8 MarHHTa; 2) nHHIIII '0' - nepBblli cny'l8li, HO nepell M8rHH

TOM pachono)l{eH llOITOnHHTenbHblll KBBilpynonb N!29; 3) nHHIIH 'I' -
BTOpOli cny'l8li, HO 38 M8rHHTOM - KB81lpynonb N!3Q; 4) nHHHH '2' -
38 M8rHHTOM noMe ll{eH lly6neT, B 15 CM OT KOTOporo pacnonO)I{eH 

lleTeKTOp, lUTpHX-nyHKTHpHble nHHHH COOTBeTCTByJOT non!OC8M M8rHH

T8. 
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~/ 
I 

I 

Ypa~/ 
0,2/ 

-j) 

PHc.5. npoeKUHH MIOOHHbiX snnHnCOB (F) H (D ) H 0T06pa>KeHH~ lleTeK-

Topa B BepTHKanhHOJi <jla30BOJi nnOCKOCTH Ha BbiXOile H3 'leTblpHall

UBTOI'O lly6neTa. ( 0603H8'1eHHH- Ha pH C. 4) . 
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I 

Xpaa 
O,J 

-15 15 XCM 

-0,3 

PHc,6, npoeKUHH nHOHHbiX annuncoa (F) H (D) H OTo6palKeHHSI .QeTeKTo
pa B rOpH30HT8RbHOA $a30BOA nnOCKOCTH Ha Bb!XO.Qe MarHHTa C KBB.Il
pynoneM n epe .ll HH M, 
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" , . ' I ',, 
, 

{ 
' ' 

' I , 

, I ' , -0,2 'J 

PHc.7. npoeKUHH :annHUCOB (F) H (D) AnH · UHOHOB C HMnynbCBMH 260 H 

286 M:aa.c-1 B I:'OpH30HTanbHOli Q!aaoaol! nnocKOCTH Ha BbiXOAe Mai:'

HHTa. 
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dN - - - · 

f 
dp 

0,5 

100 156 200 250 Joo PM.JB-c-1 

PHC, 8, J.1MnynbCHoe pacnpe!leneHHe MIOOHOB B ny'IK8X C HMnynhC8MH 
250 M3s,c-1, 158 M3s.c-l H nHOHOB s ny'IKe c HMnynbCOM 198M3s.c-1. 
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-16 -12 -8 -¥ 0 4 8 12 

PHc.9. npocTpaHCTBeHHOe pacnpeneneHHe nyqKa MIDOHOB B BepTHKanbHOH 

nnoCKOCTH nnH onHOH (KpHB8H 1) H ABYX (KpHB8H 2) nHH3 38 8H8-

nH3HpyiDmHM M8rHHTOM. 

24 

-t5 -12 -8 -t,. 0 4 .8 fc? XcM 

PHc.10. npocTpaHCTBe.HHOe pacnpeneneHHe nyqKa MIDOHOB C HMnynbCOM 

158 Mss.c-1 B ropH30HTanbHOH nnocKOCTH nnH onaoH (KpHBSH 

H ABYX (KpHB8H 2) nHH3 38 aHanH3HpyiDmHM M8rHHTOM. 
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"' CT.> 

-8 ·6, ·ft. -2 0 2 It 6 XCM 6 4- 2 0 2 

p HC.1 1. npOCTp8HCTB8 HHOO pacnpell8/l8HH8 ny'IK8 MIOOHOB C HMn y/lbCOM 

158 Msa.c-1 H nHOHOB c HMnynbC OM 1 96 Msa. c - 1 nocne OllHOli /!HH-

3bl ll/!SI p83HbiX TO/ll.UHH M81lHOI"'O nOI"'/lOTHT8/lSI, 3H8'I8HH S1 KOTOpb!X B 

caHTH Me Tpax yKa3a Hbi a a KpHBbiX. 
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0 10 20 

PHc.J2. 3aBHCH MOCTb rronyWHpHHbl IlY '!Ka MIOOHOB C HMrrynhCOM !58 M3B,c-l 

o T TOniiUIHbl MenHoro H rpacjmToaoro rro rnoTHTenefi , 
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