
06bELU1HEHHbllil VIHCTI-1TYT 51llEPHbiX VfCCJlEllOBAHHM 
fla6oparopHH H~epH~X npoG~eM 

A.A. rnaGOB, n.M. 0HHll.(eHKO 

PAC"4ET OCHOBH011 4ACTOTbl 
VI KOHct>VIrYPAUVIVI non~ 

TOPOH.[lAnbHOrO PE30HATOPA 
C MAnbiM 3A30POM 

,llyt5Ha 1962 ro.n 

936 



\ 

A H H o T a u H s 

8 pa6oTe npHBO.llHTCH paC'IeT OCHOBHOit '18CTOTbl H KOH<i>HrypaUHH nons TOpOH,nanbHOI"O 

pesoaaTopa c ManhlM aasopoM, npe.naasaaqeaaoro .nnH ycxopeHHH npoTOHOB .no saeprHH nopH.nxa 

1 Ms.a. nony'leHbl CpaBHHTenb~O npOCTbie ypaBHeHHH .nnH onpe,neneHHH '18CTOTbl OCHOBHOI"O KOne-

6aHHH H MarHHTHoro nong y aapy)KHOit cTeHKH pesoHaTopa. PeweaHe 9THX ypaaueHHit cpaaaaaa

eTc.ll C TO'IHblM peweHHeM, nonyqeHHhlM C llOMOWbiO aneKTpOHHOit C'leTHOit MaWHHhl) H 9KCnepH

MeHTanbHblMH ,naHHblMH~o 

' 
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.J 

BaeJJeHHe 

PaccMaTpnaaeMbili: ·TopOH.IlBnbHbiil pesoHaTop npeJJHa3Ha'laeTCSI JJnSI ucnonbsoaaHHSI a KB'Ie

.CTBe- HHmeKTopa npOTOHOB B KOnbU6BOM cfl830TpoHe CO CnHpanbHOH aapH8UH6li: Hanpg:m:eHHOCTH 

Ill 
M8I"'HHTHOI"'O nonSI 

C TO'IKH 3p6HHSI nony'I6HHSI M8KCHM8nbHOJi: 9H6pi"'HH yCKOpeHHblX '18CTHU If ynpOIU6HHSI rpyn

nHpy!Olll6I"'O ycTpoilcTaa uenecoo6pasHo HCnonb3oaaTb pesoHaTop c ManbiMH yrnaMH nponeTa, T.e. 
\.. 

C Manb!M 3830p0M M6:m:.lly Bb!CTynaMH If HH3KOH . C06CTB6HHOH '18CTOTOil:e BBH.Ily TOI"'O, 'ITO MHHH-

ManbH8SI B6nH'IHH8 3830pa M6:m:.lly BbiCTynaMH onpeJJenSieTCSI .ll.OnyCTHMbiMH 3H8'16HHSIMH HanpSI

:m:eHHOCTH aneKTpH'16CKOI"'O IIOnSI,_ nOHM:m:eHHe 'laCTOTbl MOmeT OCylll6CTBn~TbCSI TOnbKO nyTeM yae· 

nH'IeHHSI p83M6pOB pe30H8TOpa. KoMnpOMHCCHOe peweHHe '18CTO npHBO.IlHT K T8KOMY COOTHOWe

HHIO M6m.lly pa3MepaMH. p630H8TOpa, 'ITO 3830p M9;)!{Jly Bb!CTynaMH OK83biB86TCSI MHOI"'O M6Hb

WHM .llnHHbl BOnHbl OCHOBHOI"'O KOne6aHHSI If p83M6pOB pe30H8TOpa. 8 9TOM cnyqae MO:m:HO npe-

• He6pe'lb aapHauHeii aneKTpoMarHHTHbiX noneil a aasope BJJOnb ocH H nony'IHTb yJJo6Hbie pac'leT~ 

Hble cpopMynbl .llnSI onpeJJeneHHSI OCHOBHOH '18CT0Tbl H KOHcflHI"'ypaUHH nOnSI p.630H8TOpa. 

B paccMaTpHaaeMOM peaoHaTope ycnoaHe ManocTH sasopa xopowo BbmonHSieTCSI, H npHBo

.llHMbiii HH:m:e ·pacqeT BbinOnHeH B 9TOM npH6nH:m:6HHHo 

06IllH6 paC'I6THbl6 COOTHOW6HHSI 

KoHcpurypaUHSI H OCHOBHbie paaMepbl paccMaTpHaaeMoro pesoHaTopa noKasaHbl Ha puc, 1. 
iwt 

,llnSI noneii:, H3M6HSIIOillHXCSI BO Bp6M6HH no 38KOHy e t BOnHOB06 y'p8BH6HH9 B UHnHH-

.llPH'i6CKOii: CHCTeMe_ KOOp.llHH8T ·Z 

' 
r cp HM99T BH,!l 

a'ct> +~ +2- act> 1 lct>+k2cJ> 0' (1) 
~i --+ a r 2 r a r 7-a¢: 

B cnyqae T M aonHbl aMnnuTy .llbl KOMnoHeHT nqnSI CBSI38Hbi c cJ> cneJJyromHMH · cooTHoweHHSIMH: 

H,"'o 

H ,. iwf 
r -r-

11.-~. "' - iwf a cJ> 
'f' ar-

AaHMy'ranbHo-cHMMeTpH'Iiwe peweHHe ( 1) HMeeT BH.Il 

(2) 

(3) 

I"'.ll6 K
2 "'k.2 ·y2 

, p H . Q - UHnHH.IlpM'16CKHe cpyHKUHHo npH . aTOM OTnH'IHbl OT Hyng TOnbKO 

TpH KOMnoHeHTbl nonSI Ez• E r H llcp• PaccMoTpHM. OTJJenbHO peweHHSI B o6nacTSIX. 1 H · 11 

(puc. 1) CO cne.llyiOlllHMH Kpa~Bb!MH yCnOBHSIMH: 

l .. TaHreHUH8nbH8SI KOMnOH6HT8 aneKTpH'19CKOI"'O nong Ha CTeHKe Er "'0 (npoBO.IliiMOCTb 

CT9HO.ll: Cl ,.. 00 ) • 



2. nona HenpepbiBHbl H8 rpaHHUe pas,aena o6nacTeH If 11 

0, \z\ > d 

Ez1 (r
1

) =I 
Ezlf \zl< d, 

H...~- (r1 ) = fl¢ (r1 ) 
'~'I II 

\z\ < d 

nplf 9TifX ycnOB!faX none B o6naCTif 1 aBnaeTCa nHHeHHOH KOM6HH8U!feH qneHOB Blf.08 

E,.n = ( A,P0 (Krf) + B nQ 0 (Knr )1 Co~ nz z 

H...~- = -~ ( A P' ( K r ) + B Q' ( K r )] Cos n1" z , 
~n Kn n 0 n n o n 4 

r.ae WTpHX 03H8'18eT npOH3BO.OHYIO no apryMeHTy, 

B o6nacTH 11 : 

r.ae 

K2=k2-y2 1 n n 
y = .!!E.. A P (K r ) + B Q ( K r ) = () • 

n r.,' non2 no n2 

E,. = Cm P0 (K r) Cos ~ z 
m m d 

11¢ =- hH em p~ (KmT ) Cos~ z , 
m Km d 

2 2 2 
Km = k - Ym• 

m11 
Ym=-a 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

PaccMaTpHBaa A, P
0 

( K n r 
1

) + B,Q 
0

( K
11 

r 1 ) KaK Koa<P<PHuHeHT pasno)KeHlia B pa.a ¢ypbe no KOcli

HycaM <!JyHKUHH, sa.aaaaeMoit ycnoaHeM ( 4), MO)KHO nony'lliTb .amt none it B o6nacTH l cne.ayro· 

lU!fe Bbipa)KeHHa: 

r.ae 

E =a ~(kr) QaCkr
2
)·Q

0
(kr) P

0
(kr

2
) + ~ a P,(Kl)Q0 (K 0 T2)·Q/K"T) P,(K 0 T2) 

z o n ·~ (kr
1
) QoCkr:)·QoCkr1)P0

(kr) n=1 P0 (K,r} QoCKnr)•QaCKnr) ~(K ,r 2 ) 

Cos~z 
T. 

.'(10) 

00 

H =_1_[a P;(kr)Q
0
(krJ·Q;(kr)Po(kr)+'S. a P~(K/)fJo{K.,rJ·CJ;(K"t)P0 (K"t2) _k_ Cos~z], 

¢ TJ 0 P (krlQfkr)·Q(kr)P(kr)n=1 n P (Kr}Q(Kt)·Q(K r) P(K r) Kn [, o td 0102 on on on on2 

d a= T' TJ = 12011, ~=a C0 ~(kr1 ) 
00 m 

a,= 2/TT C P (kr ) 
0 0 1 

sin n11a 
----n--

+~sin n11a 'S. C P (K r ) 
TT m=t m 0 m 1 n2 -m"f0.2 

(-1) (11) 

AHanorli'IHO, H3 ycnoa11a ( 5) Hafi.aeMx) 
00 

C P' (kr ) = a ~t (r ) + 'S., k an ftf (r ) ~TTa 
0 0 1 0 t n=t K n n 1 n TTa 

(12) 

' CmPJ(Kmt 1) =(·1)m~i a,M,(r1 ) 
Km TT n=t Kn 

sin n TTa (13) 
n2 a2· m 2 

x) Ecnlf nona H ¢ If 11¢ npHpaaHaTb B TO <iKe z=O, r= r 1 , TO a To np!iBO.OliT . BMeCTO 
1 11 00 k /31 

( 12) K Bbipa)KeHHIO C P '(kr ) = a M (r ) + 'S. -a M (r ) , nonyqeHHOMY B pa6oTe • 
o o 1 o o 1 n = I Kn n n 1 

4 



r.ae 

(14) 

B X8'1ecTae ¢YHXUHil P H Q B03bMeM 

~ ( kr) = ]
0 

( K
0 

r ) 

Q ( kr) = If1J( K r) 
0. 0 0 

·P (K ,r)=J (iT r) 
0 n,m 0 n,m ( 15) 

. (1) 
Q

0
(K r)=H (iT r), n,m o n,m , 

r.ae "' 

r ··'( nrr >'-k'-
11 v --r:- . n,m= 1, 2, .1 • (16) 

.. 0603HB'feHIIS UHnHHllPH'feCKHX <iJy&KUifil 3.D.eCb If B .o.anbHeiiweM COBII8.Ll81CT C npHHliTbiMH B 

/'J,I 
pa6oTe • 

no.acTB&HD 3H8'feHHR p H Q B (f3)- ( 14) 1 rrocne HecnO)KHbiX rrpeo6pll30BllH~ii rronyquM: 

(17) 

.. 
Hq, • i/11 [ 'b &loft) + k ·I _!a_ M n (r) Cos ~ z ] , 

I . · "·"'' T11 L 
.(18) 

00 

Ez .. C0Jilcr) + I C
111 

1
0
(T r ) Cos~ z , 

II . at•t 111 d ( 19) 

(20) 

(2i) 

(22) 

c .. • (·1).. 2 aT., f ~ M n(rl ---,scc-in~n""'":..:a::......,_ 
1r 1,( T.,r1)n=t T n f n' a'- m 2 

(23) 

: f '' ~ 'I 

! • 



"" C0 ] 1 (kr1 ) = "o 41of r1 ) + k I --!:- Mn (r
1

) 
n=1 ln 

sin nITa 
! (24)_ niTa 

M (r) = l,(kr) N
0 

(kr
2

) • N, (kr ) ]0 (kr,), 
0 

J (kr ) N (kr ) - N (kr
1 

) /.
0 

(kr .) 
0 I 0 :l 0 "' 

(25) 

M (t) = l,(T"tJKofT" t2 ) +K{T" t)l0 (T t
2

) 
n 

10 (Tntz1KJTn t:)·KofTnti)l0( Tn t
2

) 
(26) 

CooTHoweHKH ( 17) - ( 26) no3aOnHIOT c nro6oll: cTeneHbiO TO'IHOCTit onpe.aenHTb 3HS'19HitH ~MnnH-. . 
Ty.ll It qacToT 831IMyTanbHO CIIMMeTpii'IHbiX cocTaBmiiOWIIX nonH B pe3oHaTope. JlnH pe3oHaTopa 

' ) 
c ManbJM 3830pOM M9>K.Il~ Bb!CTynaMII Cm .. 0 X (eM. np1InO>K9HII9 2) nplt In .... 2, 3 ••• nplt 

_STOM COOTHOW9HitH ( 17)- (26) ynpOW8J?TCH: 

Ezll == C 0 ]0 (let J , 

H.~. == i/1J C J (kr), 
'I'll 0 I . . 

an= 2a C0 ] ofkt1) sin niTa. 
niTa 

. (r 

(19') 

(20') 

(22') ·~ ... 

OcTanbHbJe BbJpa>KeHIIH coxpaHHIOT npe>KHitll: BII.Il c yqeToM Toro, '!TO· 'an' onpe.aenHeTCH Te

• 
nepb liS (22') II C m"' 0 m = 1,2,3 .... 

4aCTOT8 OCHOBHOI'O KOne68HitH 

TpaHc~eH.a_eHTHoa ypaaaeuHe (24) c\ yqeToM (22') MO)KeT 6bl:b .Hcnonb30BaHo .anH 

onpe.aenaHitSI 'l8CT0Tbl (noCTOSIHHOll: pacnpOCTp8H9HHSi k = 2{ ) OCHOBHOI'O Kone6aHitH •• Pe

WaHHe ·ero CBH38HO C I'pOM03.1lKHMH Bbl'lHCneHHHMII It 009TOMy MO>K9T 6bJTb C . .llOCT8TO'IHOll: CTe-

09Hb10 TO'lHOC~H J!,bJOOnHeHO _TOnbKO Ha aneKTpOHHOll: C'leTHOll: M8WIIH9o 

BbJ'IIICneHIIH 1 CBH38HHbl9 C peWeHHaM ypaaHeHHH. (21) 0 MOI'yT 6~1Tb cywecTBeHHO ynpowe-

Hbl0 ecnH .BMe·cTo T n 1t Mn no.acTaBHTb HX pasno>KeHHH II npeae6peq& qneaaMII, nopH.IlOK Ma-

nocTH KOTOpbiX BbJWe nepsoro. B aToM npH6nH>KaHHH 

' H (24) nepeXO.IlHT B 

Tn"' -p. 41,;(r1) =- ( 1 + __L 
21T rln 

' :. ~ 

DO • 2 00 • t 2 
1/a ] 1 (kr,) =Af(t)· 2kL [I 1/n(sznniTa )+_1_:£_1_(smn1Ta ) ). (27) 

J (kt) o 1 IT n=t n11a 21Trn=z n2 niTa o 1 I 

x) C - - · 
BenH'lHHa .oTHoweHHst ~ 1 < m < 10 .anst pe3oHaTopoB c 0,25 < a < 005 It 

· ao /4/ 
0,04 <~ < O,lp coc'IHTaHa MeTO.IlOM nocne.aoaaTen&HbiX npHDnH>KeHIIll: a pa6oTe • h . 

6 
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l~ 
11 

. \'. 

'''l 

.\ 

tl 
"' \• 

Bbi'Incneane psu:r.os~ sxo.riSiwnx s:_ypasH_~HHe (27), npoHaso.oHnoeb c rroMOI.UbiO _cpopMyllhi 8tinep,
51 

I f(k) =.j fft). dt + ~ [f(O) + f(tn)]+ ;;··~ r/:Jk·tfrn) -:_'/:Jk·t)(~}] + 
k=o 0 .· k=z ,2 .. ): · 

+ rn D:Jn+2 /:Jm+2) (8rn} 
(2n + 2} l. 

(28} 

n = 1,2,3; •• Tll->OO 

no.oeTaHOBKa IIOlly'leHHbiX Bbipa>KSHHil B (27) rrpHBO.OHT K ypaBHSHHIO 

1/a I' ( kt~) = M (r ) 
J(kr) .. o z 

0 z 

2kL 
ir' 

[In l)a ·0.33~ + _!;___(1.633 ~ '3ri
2~a-)].._ (29)_ 

· 2'" r 
1 

Bbipa>KeHHe (29) y.ao6ao .OliH Bbi'IHeneanil. Bxo.oHI.UaH s aTo Bbipa>KeHHe cpyHKUHH M (r '} npe.o-
161 ° z, 

eT8BliSie-T eo6oil: Mallhlil pB..OH8llbHbiil KOT8HI'9He If TaoynHpOBB.HB. (eM., HarrpHMep, ). 
_,_. '_' :~~ ,.' i' ~ i .' ', ; '... I • ' ~ ! < 

Ypasaeane (29) 6Lzno ncnonb3osaao .onH onpe;:r.eneHHB qaeTOTbi oeaoaaoro Kone6amw. Pe- •. · 

3YllbT8T rrpH•e.oeH B T80lllfll9 1 (cTpOKa 1 ). LJTOObi OllSHHTb TO'iHOeTh, KOTOpyiO MO>KST of5eerre

t11fTb ypaBH9HH9 ( 29 )., rrpH OIIp9,ll9li9HHH 'i8CT0Tbl OeHOBHOI'O KOliSOaHit11, TO'iHOS ypaBH9HH.9 .. ( 24) 
_, .. ·; . . . . ' ' ~ ' 

5bino peweao na aneKTpoaao'a e'ISTHoil MawH.He c yqeToM 6, 16 H 32 'lneaos pH.oa. Pearn~oTaTbi 

. 9TOI'O Bbi'IHCliSHHH TB.K>KS rrOMeWSHb_I B T8BliHUe 1 ( 2,3,4 ) • 

KpoMe· Toro, s TBOliHue 1 npHse.oeHbi aaaqeHHft '18CTOTbi ( k ) , onpe.oeneHHbie no .opyrHM 

rrpH6liH>KeHHbiM cltopMynaM (eM. npHliO:lKSHHe 1 ). 8KenepHMSHTan~oao orrpe.oeneaaoe aaa'ieaHe qae

TOT hi 

N2~2 

2 

3 

4 

5 

6 

7 

OCHOBHOI'O K0ll908HIIH .oaeT 

-. ·; 

Pae'leTHaH cpopMyna 

29 

24 (6 qneao•) 

24 (16 'lliSHOB) 

24 (32 ~neaa) 

32 

33 

34 

.. 

k = 1.3219 ±..0,0083. 

Ta6nHua 

Y:acToTa 

1.3140 

1.3503 

1.3225 

1.32~ 1 

1.4218 

1.3616 

1.4068 

'';•; 

O.TliH'IHe OT ioimorb 
peWSHHH %% 

·· •. :nt l. 0,5% 

2·:3%· 
';. 

0,1% 

0,0% 

7,6% 

3 % 

6,5% 

.. ·) 

. i':,:: ~ 

·• :>- ., 

,!lliH TO'IHOI'O pae'IST8 KOHcpHrypaUHH M8I'HHTHOI'O· IIOliH .llOli>KHO Qb!Tb HeiiOllb30B8HO ypaaae-. 

HHe ( 18). Peayn~oTaTbi Takoro ·pa:cqe_Ta, Bb!IIonae~aoro aa . .8CM1 npH~~.O~Hbi Ha puc. 2 H 3., :-H~·.," 

pHC. 4 noKaaaHbi TeopeTH'IeeKaH H aKerrepuMeHTan~oHaH aaaueHMoeTn II¢ =1l¢(r) npH z=O • · 
1 ' ' -. .. ). ''' 

HaHooncw~ii HHTepec c npaKTn''leeKoil: TO'IKH _apeHHSI rrpe.OeTaBliSIST aaaaHe nonH som.zaH· aapy:>K-

Hoil: CTeHKH pe30H8TOpa (r =~;t o flpHon.H>K~HHyiO cpo.pMyny .O_JIH OrrpeileneHHH HaiipH>KSHHOeTH Mar- . 

. HHTHoro nonH 'npn r = r
2 

, z == 0 MC)>Kao nony'IIITb H3 ( 18), eenH'. aoenon~oaosaTbeH acHMrrTo-

. TH'ISCKH~fH npnonn>KSHHHMH cpyHKUHil: BeecenH 6on~oworo apryMeHTa. Tor.z:r.a c .TO'IHOeTbi.O ·.oo 

1 . 1 



~ ~ ' 

', .. ' 

·. 

1 · 2 r -r 
"<.(S) •·vr/r, 1!!'~('.2'tJ[l+ iti;"r2 

] ~~- ..!:...!L] e!i(.;;Jv'-f'- e ·7;.(r2· r,) 
~7;.r1 r,- 2 

:._;,:He cne,l:lOBaTenbH01 
... 
'' 

. ~., 

·, H¢ ~~~:;-:-La C(IJ,(Icr,) rlt if}+·,~ A i _L .-y~;-r;.ns;n' n ""·. j, ·., 
· · r~r2 . 'I . · ::<< '; rr . '211•1 n . . . •nrr_a · 

.(30) 

PR.I:l, BXO.I:lHWHft 8 '.(30), 0'18Hb 6~c~~: ~;O.I:lHTCH H noeTOMf MO~~~ ~biTb nerxo 8hl'IKCnea. 

.tinR paCCM8TpHBS8MOI'O pe30H8TOpa (30) _.a.aeT npa y'leTe Tpex· 'lneHOB PHtlA 

. ·3 H¢e I, 3.28,10 U0 ~~ npH i •·1,314. 

Koa<P<PauaeHT · C0 1 HM810WHA cMwcn · aanpH*eHHOCTH snexTpH'Iecxoro nonH 8 aaaope, npHHRT 

3l18Cb p88BbiM u 8 c .. ....:..o..d "'Q: • 
0 2 . 

Vf3 pHCo 2 H 3 8HD.H01 'ITO .TO'lHbiA pa·C'I9T H8 3CM 8 COOT89TCT8f10W9A TO'IK8 % •·0 r •·r2 
.l:l88T 3H8'19HH8 -3 

11¢ = i . 327. 10 Uo.4r • 

·aaxnJO'IeHae 

Ha npH&eAeHHblX BbiWe peaynbT&TOB pac11eTa ecHeaHoA 'lac'reTw. H pacnpe.l:leneHHR non• 

8 peaoaaTope c ManbiM aaaopoM cne.z:iyeT, .'ITO .a.n• eueaex c T~t'IHOCT&IO 0,5% MO>KHO non&a088Tio .. 

CH llblpS>KitHHHMH' '(29) H (30), He np~6e~aH X M8WHHHOMf C'I&Ty~ 

. B aaxnJO'Ieaae aaTopbl Bbipa*aieT 15naro.l:lapaocTb A.H.Po.aHoaoay aa. peweaHe ypa8H&HHA 

(18) H (24) aa 3CM. 

neanO>K9HH9 

Ecna k r1 «1 a k r 2 << 1 , ypaaaeaae ( 24) MO>KeT CSb!Tb acnon&ao8aHo .an• nony'lttHHR 

15onee. npOCTbiX cPOpMyn 1 onpe.a.enHIOWHX '18CTOTy OCHOBHOrO xone68HHH J!I830H8TOpa. ,lleACTBHT8nto

H01 80cnon~oaoaaawaclo npa6nH>K9HHbiM~ aHa'I&HHSIMH ¢yaxuull Seccensr Manoro apryMeHTa 151, 

H3 ( 24) MO>KHO nony'IHTI:o 

' 
A =·21ir1 v J:.r In~( 1+ 0), 

2a r1 . 

r.a.e 0 onpe.a.enH&TCH npHHRTOA CTeneHiole npHC5nH)K9HHH .l!lnR 

1. EcnH nonO)KHTI:o M (r) e-1 
II I · 

&10 (r1 
) 

n = ~ i_1_ ( sinnrra )
2 
•. 4d [In .J:_- 0.338] 

rr r
1 

d ·. " r n=t n n " • 
I 

H .a.m1 A nony11aeM Bblpa*eHo~~e 

8 

(31) 



I 
I 

I 

! 

t ., 

.\ "" 211 ri ,7::rTn -.!:.2_ [ 1 +Ail (In ..L.... • 0.338 )] vN -- ri 11ti d (32) 

AHanorH'iHOe Bblp8>KeHHe MO>KHO HBiiTH B /7/ 1 O.llHBKO TBM BM9CTO , 0,338 CTOHT 013861 'iTO 

.ll89T p8CXO>K.ll9HH9 C ciJopMynoii ( 32) 0,3%. 

2. Ecnu nono>KHTb Mn(r1 ) =- ( l + L 
211 r In 

n "" 4d [ ;: _£_ ( sin n17a 
11 ri n=1 n n11a 

2 00 2 
) + _l:__!. _1_ (sin n11a ) ] 

211r n= I n2 n 11a 
I 

=~[In __1_. 0.338 + ~ (1.633 -L d )] , 
11r d ,[,11r 3 -- J 

1 1 t \. 

'iTO .ll89T P,JIR ,\ Bblp8>K9HH9 

.\ =277r v.L In .!41l+.AsL[InL.-0.338+_L_(1,633·Jl.L+) ]I (33) 
I 2d r 

1 
11 r 1 d 211 r 

1 
3 

3. n PH ClllHB8HHH II¢ H II¢. B TO 'iKe ( CM~ CHOCKy H8 CTp. 4 
1 Ih 

,\ = 211r v L In __!:L [l+ 4d Un L ·0.144)] • (34) 
I 2d ri 11ri d 

¢opMyJlbl ( 32 )- (34 ), MOryT 6b!Tb HCnOJib30B8Hbl .llJIR npH6JIH>K9HHOrO p8C'i9T8 'i8CT0Tbl OCHOB

HOro KOJ1968HH,R, B T86JIHU9 1 MO>KHO H8itTH Cp8BH9HHe pe3yJibT8TOB pacqeTa no, STHM cPOpMyJIBM 

C pe3yJibT8TOM pacqeTa H8 3CM. 

To'iHOCTb .llOnyllleHHR Cm= 0 m = 11 2, 3,.,,) B nepBOM npH6JIH>K9HHH MO>KHO OU9HHTb 

C nOMOlllbiO (22), (23), ecJIH nOJIO>KHTb B (22) Cm =0, B STOM cnyqae H3 (23) 

c ' 
_1::-

c 
0 

1l' = 2,3, •••) npHBO.llHT K Bbipa>KeHHIO 

00 

I 
n=t 

(36) 

• 2 
sm n11a 

n2aJ- m 2 " 

KOTOpoe, BBH.llY M8JIOCTH 'iJ19H8 C a
2 

no Cp8BHeHHIO C 1, np8KTH'ieCK_H COBn8.ll89T C ( 36) • 

eM 

BH.llHO, 'iTO np11 m17 r >> 1' --a- 1 

'd1 
, .lJ.nH p8CCM8TpHB8eMoro 
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