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B H30XpOHHbiX L!HK!lOTpOHax Ha 3HeprHIO HeCKO!lbKO coT M3B ,Q!lR 

OCy~eCT8!leH\IIR 3¢¢eKT\118HOH \IIHmeKI.I\11\11 \II M\IIH\IIM\113ai.IH\II noTepb 4ac

THLI 8 npOI.IeCCe YCKOpeH\IIR He06XO,Q\IIMO OCy~eCT8!1RTb YCKOpeHHe 

4aCT\IILI CO 3Ha4HTe!lbHbiM Ha6opOM 3HeprHH 3a 060pOT. nocKO!lbKy 

OnTHMa!lbHOH 8 3TOM CI1Y4ae R8!1ReTCR MarHHTHaR C\IICTeMa, COCTOR

~aR \113 OT,Qe!lbHbiX 6!10K08, pa3,Qe!leHHbiX npOMemyTKaM\11, OKa3bl8aeT

CR 803MOmHbiM HCnO!lb308aTb 8 Ka4eCT8e YCKOpRIO~\IIX 3!leMeHT08 

8biCOKO,Q06pOTHble 06beMHble pe30HaTOPbl, KOTOpble o6ecne4\118aiOT 

MaKC\IIMa!lbHbiH Ha6op 3HeprHH np\11 M\IIHHMa!lbHOH MOI!IHOCT\11 noTepb. 

KnaccH4eCKHM npHMepoM LIHK!lOTpOHa c ycKopRIO~HMH 3neMeHTaMH 

8 8H,Qe npRMoyronbHbtX peaoHaTopo8 R8!1ReTcR LIHK!lOTPOH SIN /1/. 
He.QOCTaTKaMH 11 4HCTbiX11 npRMoyronbHbiX pe3oHaTopo8 R8!1RI'lTCR cH

HyCOH,Qa!lbHOe pacnpe,QeneHHe ycKopRIO~ero HanpRmeHHR no pa,QHycy 

C MaKCHMYMOM 8 l.leHTpe pe30HaTOpa \II 3Ha4HTe!lbHaR WHPHHa 11YCKO

PRI'l~eH ~e!l\11 11 , o6yC!l08!leHHaR He06XO,Q\IIMOCTbiO HMeTb M\IIH\IIMa!lbHble 

noTep\11 \II TeM CaMbiM MaKCHMa!lbHO ,QOnycT\IIMbiH no KOHCTPYKT\118HbiM 

coo6pameHHRM nonepe4HbiH pa3Mep peaoHaTopa. KpoMe Toro, 8 TaKHX 

pe30HaTopax 4aCTOT~ l.le!lOrO pR,Qa 8~CW\IIX MO,Q KO!le6aH\IIH KpaTH~ 

OCH08HOH 4aCTOTe, 4TO o6ycna8!1\118aeT \IIX 3¢¢eKT\118HOe 8030ym,QeHHe 

yCKOpReMbiM ny4KOM \II 8 pe3y!lbTaTe- nOTpe6neHHe ,QOnO!lH\IITe!lbHOH 
MO~HOCT\11. 

Yny4WHTb pacnpe,QeneHHe HanpRmeHHR MOmHo 6naro,QapR coa,QaH\1110 

onpe,QeneHHOH KOH¢Hrypai.IHH nonepe4Horo ce4eHHR peaoHaTopa no-

cpe,QCT80M 88e,QeH\IIR 8HYTpeHH\IIX 8~CTyn08 8 30He YCKOpeH\IIR. 3TO 

np\1180,(\\IIT TaKme K e~e O,QHOMy nO!lOmHTe!lbHOMy 3¢¢eKTy, a \IIMeHHO, 

yMeHbWeH\1110 paaMepo8 11ycKopRIO~ei1 ~en111 11 111 TeM caMbiM yrna npone
Ta yCKOpReM~X 4aCTHI.I. 

PaccMOTPHM npRMoyronbHbiH peaoHaTop /puc.l/. AnR_, 1.1eneH yc

KopeHHR Heo6xo,QHMO pacnpe,QeneHHe nonR c 8eKTOPOM E, Hanpa8neH

HbiM 8,QO!lb KOOp,QHHaT Z.HaHH\113WeH \II HaH6onee 6naronp\IIRTHOH MO,QOH 
Kone6aHHi1 8 3TOM cny4ae 6y,QeT TM 110,y KOTOPOH pacnpe,QeneHHe 

3!1eKTpH4ecKoro 111 MarHHTHOro noneH 6y,QeT cne,QyiO~HM: 

E z=E zO sin(.!!.x) sin(~y); E = E = H = 0 ; 
a bl, x y z 

H = iE _'A_sin(..!.x) cos(~y); H =-
x zO 2 l'lb 1 a b 1 Y 

EzO'A 

271a 
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/1/ 

cos(~x) sin(~y) , 
a b 1 

1 



"I 71 r,qe 11 =v 11/ (, a co6cTeeHHaH ,qm1Ha 

I 
I 

BOJ1Hbl 

A = 2ab 1 I (a 2 + b i ) 1/2. /2/ 
Y4 / / I Mo~HOCTb noTepb e cTeHKax pe3oHaTo-

IL / I 8, I I J( 

4~ 
pa onpe,qenHeTc.A e~pameHHeM 

2 
RsA 2 b1 a 

/ 
/ 

/ 

/ 
/ 

/ 

P=---V0 [--+---+ 
811 2 2a d f 2b 1 d f /3/ 

a b 1 
+ 2 +---], 

ol/.....-t;:z Puc.l 

b1d1 a2d1 
r,qe R5 - noeepxHOCTHOe conpoTHene
HHe, V0 =E 0 ct 1 - MaKCHMaJlbHOe Ha
np.AmeHHe. dt 

~o6pOTHOCTb pe30HaTopa 
Wo 

Q =li.i--' 
p /4/ 

r,qe 3anaceHHa.A 3HeprH.A pasHa 
fab 1 2 W0=-V 

8d 0 • 
1 

/51 

Bocnonb3oeaewHcb BbiUJenpHee,qeHHbiMH BblpameHH.AMH, npOH3ee,qeM pac-
4eT np.AMoyronbHbiX pe3oHaTopoe, no,qxo,q.A~Hx ,qn.A cynepl.IHKJlOTpo
Ha, e~6pae e •Ka4ecTee Hcxo,qHoro napaMeTpa ,qnHHY pe3oHaTopa a 
~Hana30H pa604HX pa,qHycoe cynepl.IHKJlOTpoHa: 2, 40 M < R < 6, 50 M, 
.Q11HHa pe3oHaTopa ,qonmHa 6biT b npH 3TOM 6onbwe b M. Y4HTbiBa.A He
o6xo,qHMOCTb BBe,QeHH.A BbiCTynoe B 30He YCKOpeHH.A, 4aCTOTy "rna,q
KHX11 pe3oHaTopoe Bbl6epeM paeHoi:l 60 Mr1.1, a d 1 = 45 eM, aHanorH4-
HO npHH.ATOMy e LIHKJlOTPOHe SIN. Pe3Y11bTaTbl pac4eTa npe,qcTae
neHbl e rra6.1lUZ1e. ~Il.A cpaeHeHH.A TaM me np~-tee,qeHbl xapaKTepHcTHKH 
pe3oHaTopa Ha 50 Mr1.1. 

Arl.A Ol.leHKH H3MeHeHHH 4aCTOTbl, Bbi3BaHHOrO Ha11H4HeM BbiCTynoe, 
l.lenecoo6pa3HO eocnonb30BaTbC.A MeTO.QOM B03My~eHHi1. B nepeoM 
npH611HmeHHH H3MeHeHHe 4aCTOTbl 6y,qeT onpe,qeJl.AT bC.A BblpameHHeM 

• ~w -~w 
f 2 =f~(l+ E H)=f~(l+oW), /6/ 

Wo 

r,qe ~WE H ~W H - 3HeprHH 3JleKTPH4eCKOrO H MarHHTHOrO nonei:\ 
B 06JlaCTH, 3aHHMaeMoi:\ B03My~aiD~HM TeJlOM .QO era BBe;':jeHH.A; W O-
3HeprH.A, 3anaceHHa.A e HeB03My~eHHOM pe3oHaTope. 

B,qaeHM pe3oHaTop, KaK noKa3aHo Ha puc.2. Tor,qa nony4HM 

x2 Y2 2 
2 . 2 AX . 2( Ay q E 0 

~WE =-f1E 0 z 1 f f sm (a)sm b)dxdy= 
4 

z
1
AB, /7/ 

x1 y1 1 

2 

'· 

-

Ta6.flUZ1a 

A= 5M A= 6 M 

a b 1 P npH Uo= 0,5 MB Qxlo-3 b1 P npHGJ=O ,5 MB Qxl0-3 

M M KBT M KBT 

6 2,75 94,5 40,5 3,46 103,3 38,9 

7 2,68 108,4 40' 1 3,32 116,6 38,5 

8 2,63 122,7 39,8 3,24 131 '0 38,2 

9 2,60 137,2 39,6 3' 18 145,8 38,0 

10 2,58 151,9 39,4 3,14 160,8 37,8 

x . 2( Ax ) 2(Ay 2 Ax . 2 Ay 
A 2 2 2 Y2 sm a cos bt) cos (a)sm (b) 

~WH =JL1(2) Eoz 1 f f [ 2 + 2 ]dxdy = 
TJ x1y1 b1 a 

11 A 2 2 AB' A 'B 
=--(-) Eoz1[~+-2-], 

4 211 b 1 a 
/8/ 

A = (x2 -x 1) - ~(sin(~x ) - sin(~x )) , 
2rr a 2 a 1 

b 2rr 2rr 
B = (y -y ) - -(sin(-y ) -sin(--y )) 

2 1 2rr b 2 b 1 
1 1 

/9/ 

A'= (x2 -x 
1
) + ~(sin (~x 2) - sin(~x1 )) , 2rr a a 

b1 
B' =(y2 -y1) + -(sin(~y2 ) -sin(~y1 )) 277 b1 bl 

/9'/ 

oy,qeM C4HTaTb, 4TO: 
1/ pe30HaTOp e,qaBJleH CHMMeTpH4HO B l.leHTpe H 
2/ B~COTa B~CTyna MaJla no cpaeHeHHID C B~COTOA pe30HaTopa, 

h1/b1 «1 

npH 3TOM 
, rrh1 3 

B=2h1, B- (--) /6-0 
b1 /10/ 

A n a . (rrf )· A' o a . trrf ) =L +-sm-, = L --sin._- • 
rr a rr a 

3 
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Puc.3 

H3 151, 171, 181 ~ 1101 
cneAyeT, 4TO 

2 
h 1 ,\ 0 

oW=--z 1U(4- -) + 
ab 1d 1 a2 

2 
a . H Ao 

+ -sm(-)(4 + --:-2")]. 
17 a a 

1111 

Ecn~ nOACTas~Tb s nony-
4~sweec.R s~pa>KeH~e sen~4~

H~, xapaKTepHYe An.R MaKeTa 
pe30HaTopa ruN, TO nony4~M 
S COOTSeTCTS~~ C 161 

- '12 ' fSIN -f0 (1-0,387z1) 161 
~n~, ecn~ SSeCT~ S paCCMOT-
peH~e pacCTORH~R Me>KAY Sbl-
CTynaM~ o, 
f = f 0 [ 1-0,1935(0,45--0)] '12./6' 'I 

3Kcnep~MeHTanbHO nony-
4eHHaR 3aS~C~MOCTb f(o) 

AnR MaKeTa pe30HaTopa SIN, 
S3.RTa.R ~3 pa6oTbl /2/, ~ pe-
3ynbTaT~ pac4eTa no ¢opMyne 
16''1 IKpecT~K~I np~SeAeH~ 
Ha puc.3. B~AHO, 4TO ¢opMy-
na AaeT 3Ha4~TenbH~e pac-
XO>KAeH~.R C 3KCnep~MeHTOM 
IMeHbW~e 3Ha4eH~.R ~3MeHeH~R 
4aCTOTbll np~ 6onbW~X ~3Me-
HeH~.Rx 3a3opa. 3TO 06b.RCHR-
eTC.R TeM 06CTO.RTenbCTSOM, 
4TO s~pa>KeH~e 1111 cnpaseA-
n~SO TOnbKO np~ ManbiX S03-
My~eH~.RX, nOKa MO>KHO C4~-
TaTb, 4TO none s o6nacT~ 

so3My~eH~.R pasHo non~ s Heso3My~eHHO~ o6nacT~. PeanbHO Hanp.R
>KeHHOCTb non.R s 3a3ope Me>KAY s~cTynaM~ so3pacTaeT no cpasHeH~~ 
C noneM S 11HeS03My~eHHOM11 pe30HaTope;~ He06XOA~MO np~MeH~Tb 
3TOT ¢aKT. 

Bocnonb3yeMc.R ~CXOAHbiM Sblpa>KeH~eM Teop~~ s03My~eH~~ 131 : 
2 2 ...... . -+ -+ -+ -+ 

({3 -{3 0 )fEE0 dv= f(rotE 0 rotE -ErotrotE 0 )dv, 
v v' 

1121 

4 

-~ 

., 

~ -
I l 

rAe E - ''so3My~eHHoe" none, V'- o6nacTb so3My~eH~R. npeA
nono>K~M, 4TO s o6nacT~ so3My~eH~.R aMnn~TyAa 

IEI=~-o -
E od 1 

(d 1 -2z) 
a pacnpeAeneH~e nonR oc1aeT~.R Heso3My~eHH~M. 

1131 

noACTasnRR 3Ha4eH~.R E ~ Eo s I 121 ~ SblnOnH.R.R ~HTerp~posaH~e 
S npeAnOnO>KeH~~ C~MMeTp~~ ~ ManOCT~ SbiCOTbl SbiCTynos, Ha~AeM 

ab d h d 2 n 
({32- {32) _1_1 = 1 1 (..::._) (f-~sin~) x 

o 4 2 a 17 a 

d 1 d 1h1 2 a . 17f d1 
x ln-.- --{3 0 (f +-sm-) ln--. o 2 17 a o 

1141 

neps~~ 4neH S npaso~ 4aCT~ S~pa>KeH~R 1141 COOTSeTCTsyeT ~H 
~ 3Ha4~TenbHO MeHbWe sToporo. Ecn~ ~M npeHe6pe4b, TO s~pa>Ke

H~e AnR 4aCTOT~ pe3oHaTOpa C S~CTynaM~ np~o6peTaeT S~A 

2h 1 a 17f dl '12 
f = f [ 1- --( f +- sin-)ln-] 

o ab 1 17 a o /15/ 

3Ha4eH~.R 4acTOTbl, pacc4~TaHHble no ¢opMyne I 15/ An.R MaKeTa 
pe3oHaTopa SIN. np~seAeHbl Ha puc. 3 /Kpy>KK~/. B~AHO ny4wee 
cosnaAeH~e c 3Kcnep~MeHTanbHbiM~ pe3ynbTaTaM~. MaKc~ManbHOe 
oTn~4~e 4acTOT~ s paccMaTp~saeMOM A~ana3oHe ~3MeHeH~~ 3a3opa 
He npesblwaeT 10% · np~ ManbiX o /3Kcnep~MeHTanbHOe 3Ha4eH~e H~
>Ke/. Bocnonb3yeMC.R s~pa>KeH~eM /15/ An.R pac4eTa 3Ha4eH~~ co6-
CTSeHHO~ 4aCTOT~ pe30HaTopa cynep~~KnOTpOHa S 3aS~C~MOCT~ OT 
sen~4~Hbl 3a3opa Me>KAY SbiCTynaM~. KaK ~ AnR cny4a.R SIN, 6yAeM 
C4~TaTb, 4TO 4acTOTa Heso3My~eHHoro pe3oHaTopa pasHa 60 Mr~. 
a pa3Mepbl:a=8 M, d1=0,45 M, h1=0,16 M, E = 4,4 M. noACTas
n.RR np~seAeHH~e 3Ha4eH~.R s /15/ ~ socnonb3osasw~cb pe3ynbTaTa
M~ ma6~u~m, Ha~AeM 

f = f (1 - 0 105 ln °•45 ) '12 • 
0 • 0 /16/ 

3as~C~MOCTb 4aCTOTbl OT sen~4~Hbl 3a3opa Me>KAY SbiCTynaM~ 0, 
pacc4~TaHHaR no ¢opMyne /16/, npeAcTasneHa Ha puc.4 /Kpy>KK~/. 
np~6n~3~TenbHO C06CTSeHHY~ 4aCTOTY pe30HaTOpa MO>KHO Ha~T~ 
TaK>Ke, paccMaTp~Sa.R pe30HaTOp KaK SOnHOSOA C nonepe4H~M Ce4e
H~eM, noKa3aHHbiM Ha puc.5, S KOTOPOM S036Y>KAaeTC.R TE-sonHa, 
a An~Ha SAOnb oc~ z pasHa nonos~He co6cTseHHOH An~Hbl sonHbl 
S SOnHOSOAe: 

5 



a= 
ABOJJII 

2 

1 

A 2 
~ ~v'1 - ( ---) 

2tv'fl0 £ o AKp. 

r 2 = c 2 I 4a 2 + r ip . • 
/17/ 

r,qe A K .- KPHTH4eCKa.R ,qnHHa BOnHbl B BOnHOBO,qe. .Q1l.R HaXO)I(,CieHH.A 
3aBHCH~CTH KpHTH4eCKOH 4aCTOTbl OT senH4HHbl 3a30pa Me)l(,qy Bbi
CTynaMH socnonbayeMc.R MeTo,qoM 4acTH4HbiX o6nacTeA. Paao6oeM 
nonepe4HOe Ce4eHHe BOnHOBO,qa Ha TPH o6naCTH, B Ka)I(,CIOH 1-13 KO
TOpbiX OTnH4Hbl OT Hyn.R TOnbKO TPH KOMnOHeHTbl non.R - Ex, Hz, 
Hy,a 06~ee peWeHHe BOnHOBOrO ypaeHeHH.R HMeeT cne,qy~~HH BH,q: 

1/J = (Axcoskxx + B xsinkxx) ·(Aycoskyy + Bysinkyy), /18/ 

r,qe k 2 =w2 £fl-k 2 =k 2-k2 ,k , k - nOCTO.RHHble. rpaHH4HbiMH yc-
y6 X X X Y w 

noeH.AMH YAYT ycnoeH.R HenpepbiBHOCTH nHHHH MarHHTHoro non.R Ha 
rpaHH~ax paa,qena o6nacTeA H ycnoeHe paeeHcTea Hyn~ TaHreH
~HanbHOH H HOpMa11bHOH COCTaBn.R~~HX COOTBeTCTBeHHO 3neKTpH4eCKO
ro H MarHHTHOrO noneH Ha MeTannH4eCKHX noeepXHOCT.RX. 

113 rpaHH4HbiX ycnOBHH HaXO,CIHM Bblpa)l(eHH.R ,qn.R non.R B o6naCTH I: 

E = (A cos k y + B sink y) cos(~ x) , 
xn n yn n yn Ct /19/ 

j w f • 017 
H =--(-A smk y + B cosk y) cos(-x). zn k n yn n yn c 

t 
SOJ(t1fl&} 

5I 

58 

54 

50. 

«< 

6 

yn 1 

r 
10 30 .w 50 (c".) 

Puc.4 

!I 

+& 
I 

X 

• 
Puc.5 

).: 

,.... 

11cnOnb3y.R ycnOBHe HenpepbiBHOCTH Hz npH Y =h H TOT ¢aKT, 4TO 
B HaWeM cny4ae paCCTO.AHHe Me)l(,qy BbiCTynaMH BOnHOBO,qa (8 = 2d) 
MHOro MeHbWe BCeX OCTanbHbiX pa3MepOB H ,qnHHbl BOnHbi.OCHOBHOrO 
THna KOne6aHH.R, a cne,qosaTenbHO, C ,CIOCTaT04HOH CTe.neHbiO T04-
HOCTH MO)I(HO C4HTaTb, 4TO none Me)l(,qy BbiCTynaMH He HMeeT BapHa
~HH no X, HaA,qeM 

1 2tgkh = sinkh + coskh 
tgkb 

2 kc 1 ;: sin2n 77a 

17 3a2 n=1 0 a8 Tnh /20/ 

r,qe 
d 017 2 2 

a=-, T = y'(--) - k , n = 1,2,3, .... c 1 n c 1 
3TO TpaHc~eH,qeHTHOe ypaBHeHHe MO)I(eT 6b1Tb HCnOnb30BaHO Ail.R 

onpe,qeneHH.R KpHTH4eCKOH ,qnHHbl BOnHbl, PeWa.R ero H 3Ha.R CB.R3b 
Me)l(,qy KpHTH4€CKOH ,qnHHOH BOnHbl B BOnHOBO,qe H ,qnHHOH BOJ1Hbl 
OCHOBHOrO THna KOne6aHH.R pe30HaTOpa /17/, nOJ1Y4HM 3aBHCHMOCTb 
C06CTB€HHOH 4aCTOTbl pe30HaTopa cynep~HKnOTpOHa OT B€11H4HHbl 
aaaopa Me)l(,qy BbiCTynaMH /puc. 4, TpeyronbHHKH/. AHanorH4Ha.R aa-
BHCHMOCTb ,qn.R peaoHaTopa SIN npe,qcTaeneHa Ha puc. 3 /Tpey-
ronbHHKH/. 

.QnR npoeepKH TeopeTH4eCKHX peaynbTaToe 6bJJ1a c,qenaHa MO,qenb 
peaoHaTopa B MacwTa6e 1:10. 0Ha npe,qcTaBn.ReT co6oA np.RMoyronb
HbiH napannenenHne,q, BbmonHeHHbiH H3 nHCToeoro ,qJOpanJOMHHH.R. B 6o
KOBblX CT€HKaX c,qenaHbl BbiCTynbl, KOTOPbl€ MO)I(HO nnaBHO M€H.RTb no 
,qnHHe . .[\Jl.R B036y)l(,qeHH.R MO,qenH HCnOJ1b30BaJ1C.R reHepaTOp r3-41. 
.Q11R H3MepeHH.R pacnpe,qeneHH.R Hanp.R)I(eHHOCTH non.R s,qonb peaoHa
Topa B BbiCTynax 6bi11H npo,qenaHbl 5 OTBepCTHH, 4epe3 KOTOpble BBO
,CIHilC.R 30H,q, ,qpyrHM KOH~OM COe,qHH€HHbiH C MHn11HBOJ1bTM€TpOM 83-25. 
Co6cTBeHHa.R 4aCTOTa Mo,qenH H3MeH.Rnacb e AHanaaoHe OT 500 ,qo 
600 Mr~ e aasHCHMOCTH oT paccTORHHR Me)l(,qy BblcTynaMH. 3Ta aa
BHCHMOCTb,nepeC4HTaHHa.A no OTHOWCHHIO K nOJ1HOMaCWTa6HOMy peao
HaTOpy, npe,qcTaeneHa Ha puc.4 /cnnowHa.R KPHBa.R/. BHAHO xopo
wee nOATB€p)l(,qeHHe 3KCnepHM€HTOM TeOpeTH4€CKHX pe3yJ1bTaTOB. 
Pacnpe,qeneHHe Hanp.R)I(€HHOCTH nOJl.R MO,qenH H3MeH.RJ10Cb OT CHHYCOH
,qaJlbHOrO /e 11 4HCTOM11 peaoHaTope/ ,qo n04TH Tpane~eH,qanbHoro 
/e MOA€11H C BbiCTynaMH/, T. e. B npOCTpaHCTBe Me)l(,qy BbiCTynaMH 
none no ,qnHHe peaoHaTopa nocTO.RHHO. 

TaKHM o6paaoM, peaoHaTop cynep~HKilOTPOHa MO)I(eT npe,qcTae
Il.RT b co6oA np.RMoyronbHbiH napannenenHne,q co cTopoHaMH 
8x2,63x0,45 M 3, C np.AMOyrOJlbHbiMH BHYTpeHHHMH BbiCTynaMH B Me
AHaHHOH nnocKOCTH BbiCOTOH 0,16 M..., ,qnHHOH 4,4 M. PaccTORHHe 
M€)1(AY BbiCTynaMH AOJ1)1(H0 6b1Tb npH 3TOM 12+14 CM • .Qo6pOTHOCTb Ta
KOrO pe30HaTopa 6y,qeT COCTaBJl.RTb npHMepHO 35000, a MO~HOCTb 
noTepb npH MaKCHMailbHOM HanpR)I(eHHH 500 KB 6y,qeT oKono 150 KBT. 
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AnR oKOH4aTenbHoro onpeAeneHHR napaMeTpoe pe3oHaTopa, Ae
TanbHoro BbiRCHeHHR xapaKTepa pacnpeAeneHHR HanpRmeHHOCTH nonR 
BAOnb yCKOpR~~e~ KpOMKH H ycnOBH~ B036ymAeHHR HeOfiXOAHMO npo
BeAeHHe MOAenbHbiX HCCneAOBaHH~ B 6onee KpynHOM MaCWTafie, Ha
npHMep, 1:4, npH KOTOpOM 4aCTOTa MOAenH COCTaBHT 200 Mr~, 
a MaKCHManbHbl~ pa3Mep pe30HaTOpa - OKano ABYX MeTpOB. 
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