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BBe.l!eH11e 

PaHee l13BCCTHhle pemett11H, orrpe,Z!BJIHJOUIHe co6cTBBHHh!e 3neK­

Tpouarttl1THble KOJie6aH1rn B TOp011,Z!aJihHb[X pe30HaTopax, If dBIOT JU160 

orpatt11qettHyll 06JiaCTh npl1MBHBHHH (HanpHMep, B [I] 3a.n.uqa pewa-

JiaCh nyTBM HCKYCCTBBHHOro BHBCBHHH HBO,ll.HOpO,ll.HOCT11), JIH60 He 

npe.n.cTaBJIHIJTCH )lOCTOBBPHb!!AJ.1 ( [2 ,3] ' CM .TaKJKe [I] ), m1<50 

OTHOCHTCH K qac'l'HOMy CJIY4aJO 0.ZUlOpO,l(HLlX TOpOHJ,\aJihHb!X KOJie6a -

Hl1tl [4] (CM.T8!Cl!e [I] ). Mew;,ey TeM, npe,llCT3BJIHCT HBCOMHBl!Hhlt! 

HHTepec v,3yqeH11e (XOTH 6bl rrpH6JU1JKeHHOe) Beet! K8pTl1Hbl nOJIH co 

BCBMH B03MOlKHblM11 T11Ili:i.Ml1 11 MO,ll.8MH KOJie6a1rntl, B03!H!KaiOU(l1X B TO-

po11.n.anhHOM pe3ottaTope npa B036YM.zJ.eH11a ero Ha 3a.n.aHHO~ qacToTe 

H Tl1Ile BOJ!Hhl. 3HaHae t<apTHHhl nOJJfl B pe30!WTOpe B L(CJIOM n03BO­

Al1T OTMe~eBaTbCA OT conyTCTBYlltllHX MO,l( (11 Tl1IlOB) BOJJH. 

B H8CTOl!U1Btl pa6 0'l'B pa~rnl1B88 TCH 06Ulail MCTOJ.\IH:a npH61U1lK8HHOrO 

pacqe1a 3JlBl\TJJO.-l.8l'Hlr'!THb!X nonet! B TOpOlr'l,Z!8JlhHb!X pe30HaTopax. c 
L(OJI:bkl e.iurnoro paccMOTp8Hl1R TOpOlr'l,Z!OB Kai< c IIpflMOyrOJJbHblM' TaK 

11 c 11pyrJI.bal 11on./pequ1i1Ml1 ceqe1rnmrn npe.Q11a raeTc H 1.ieTOA nocne,Z!o -

B8TBJI:hHb[X r:pH6Jil1l'reHllt! (~llrn ) [5] ' IT03BOJif!lO:!lJ1f! c )lOC~'8TOqHo Bbl-
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C.:Ol<Ovl T04HOCT.hJC orrpe.n.em1Th KUMilOH CHTU 1.r.t:·:;·~pLl\'.bEJ!111THblX !iOJ18VI 111 

coCicTB€HH!il€ 11aCT OTbl 3Tl1X pe 3 OHaTopOJJ . !I p;i "lTO\' naJrn •me CT porv.x 

pe we1rn" .ll.Jlfl .KOaKCHa.rJbHblX 1< 0.ne6am1tl B l':lpe c. ;;pa1.1oyroJLhHUM rrona · 

petJHblM C€ 4€Hl18M Il03BOJ1H€T KOHTIJOJ.l.i1pOBaT:o i'O'ihOC'Ih H CTporOCTh 

nonytJaeMb!X peweH11~. 

B pa6oTe oco6oe Bttm.iatt11e y.n.e nHeTcR rrpo611eMe ~HHTHR ll:.:ipoii.n.e­

HMR KOJie6att11~ B Topo11.n.ax; HCC Jle ,IJ,yeTCR a ¢¢e.KT B03HH.KHOBeHl1R }J.yfi.­

neTHb!X MO,IJ,, ITORBJIR~!l\11XCR 113-3a CHRTHR Bb!p0~,lJ.8H111H, 11X pacnonaa­

HMR no tJaCTOTe no tJepe H3Mettettl1R reoMeTpl1'l€ CKHX pa3Mep3B pe30-· 

11aTopa. 

Pac'leTbl BblIIOnttettbl c rroMOUU>~ 3BM PC IBM. Peay.n1TaTbl aTHX pac ­

tJe TOE 11JlJI~CTp11poBattu tta rpacIJ~rnax, Bbl,IJ,attttb!X PC IBM. 8T11 rpatJ.ll1ID'l 

IT03BOJIR~T Bb!6paT.h OITTl1MaJihttble paaMepbl l1 paooqy~ 06JiaCTh q~c -

TOT, CB060)J.HY~ OT Mewa~U(l'!X "napa3MTHb!X 11 MO,I(. 

I. Topo11.n.an.1>Hbl~ pe3ottaTop c rrpHMoyron.1>HblM 

nonepe'ltthlM ce'!ett11eu. 

Koa1<c11aJlhttble KOJie6aHHH 

Bb!palltett11a .n.nR none~ co6cTBeHHb!X aneKTpoMarttMTHb!X .1<one6att11~ 

B KOaKCHaJI.hHOM pe30H8Tope MOryT 6b1Th
0

HaU~8Hbl COBepweHHO CTpO­

ro 113 ypaBHett11~ MaKcBenna, 3an11cattttb!X B L{l1Jil1H.I\PH'lec1<0~ c11cTeMe 

KOOp,I(l1ttaT. flpH 3TOM E 11 H - THITbl 1<one6att11~ onpe.n.enH~TCH , 

coOTBeTC'rBeHHO, 1<or.n.a Hr.= 0 HJIH Ez=:: O ( l. - oc:r, L{Hmrn.n.pa). 

11x Mbl lla30BOM 1\08KCl18Jlh llblMH KO.TJP.CiaHHRMH 11.n v. 

41r1ct.1 1coneCia1rntl . 

c - KJiaC CM~HKa -

;(Jlfl 0611u1ocTU !IOCJICA.)'~U(OI'O pUCCMOTpOIH1H Mb! 6y.a.e u 11CXO,I(HT.h 113 

yp1UJ11em1fit ~.~u1ct:nu1u1 • 1, :-i11111-1c111111 1lx u " 1rnu::i111..\Y!JJl1HAp1PiecRotl" c11cTe-· 

M!' K•l rn .:r { , ~ , 'f ), Cllfl~(llfl!O tl C lll'K rlTOBOi COGTHCW01:111· 

RMH (CM.pHC.l) 

r.n.e 

r. = 'i!.J 
l 'f 

x-+- L~ = h~e , 

o ~ c ~ zg , - 1 ~ t ( 1 , 0 ~ <f -( 2~ / 

h'! = Rh == R ( 1 + j' o s) , a 
fo=R . 

(I) 

B 3TO~ CHCTeMe KOOp,lJ.HHaT 113 ypaBHeHH~ MaKcBenna BblTeKaeT cne­

,IJ,yDmee BOJIHOBOe ypaBH8Hl1e 

rAe 

I ah 
h'f a~ 

'l 2,i... 
acpi!. + ~ ~ + (<E 2 -~2)4>~ =o, 
~ hi a'fz 

4'~ = { ~=} J 
a 

ae= c-"', 9lna 
v.= ~ 

(2) 

B ypa:eHeHHRX MaKcBeJina 3aBHCHMOCTI> no l B q>z. aa.n.aHa KOY-
iKa. y 

Il118KCHO~ WYHKL{H6~ e ( K =a) • IIPHlleM A11R YAOB.UeTBopeHHR 

rpaHHqaowy ycJIOBHD no ~ ,IJ,JIR H -THna Kone6aHHU aeo6xO.n.MMO 

6paTI> peaJ!hHYE qacTh aTo~ ¢YHKL{HH ( cos KZ ), a ,IJ,JIR E - TK­

na xone6aaH~ - MHHMYD ee qacTI> ( si.n KZ ) • Ilocne pa3.n.enea11a 

nepeM6HHb!X no ~ H 'f peweHHe ypa:eHeHHR (2) Oy,IJ,eT, COOTBeT-

C'l'B6HHO, ){JIR H- H E- THIIOB Ko11e6aaH~ 

-{Ez.} { ( 1+j>0~)Nm(a?) 1+.fc~):lm(ll')} cOSKZ. 
<Pi. - Hz = Jm CE f -p 

0 
N:,, ta!) - Nm{~ 1-fo .:J~(ae) cosm~ sin Ki(3 ) 

3aBHCHYOCTl> no f Bb!Opaaa B BH,116 cos m1 B CH11y YCJIOBH~ 

4>a t 0 npH m = 0. 3aaqeaHe CE onpe]tenaeTca Ha rpaa11q -
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ttoro ycJIOBl1.H Ha noBepxHOCT.HX ~ = .tI peU1eH11H (3), l!TO np11Bcr­

.lll1T K cJie;zr.yID!lll1M .lll1Cnepc110HH1:& ypaBHeHHfill AJI.H E - T11noB KOJie-

6am1A 

:lm (CE.mp) Nm ( f!a!mp) = Jm (rpEmp) Nm ( iE mp) J 
(4a) 

11 AJIH H - THilOB K.:>Jie6aa11A 

I I I I I I I I 

:Jm(<fmp) Nm (~<Emp) = Jm( ri<emp) Nm(<Emp) 1 (46) 

rAe 

-~ 
11. - 1-fo . 

PeU1ett11e TpaacueAeHTHblX ypaBHeHHM (4a,6) CB.H3atto c MaTeMaTH­

qecKHMH TPYAHOCT.HMH. c ApyroM CTOpOH!i, B AaJibH8AW8M HaM , npH -

A8TC.H np116eraTb K np116JIHlK8HHblM M8TOAaM pelll8HH.H np11 0Ilp8A8Jl6HHH 

IlOJieA TOpOHAaJibHblX KOJie6aHHA ( If - KJiaCCH~~rnauH.H KOJI668HHA). 

Il03TOMY HM88T CM!iCJl HCKaTb pemeHHH (2) Milll [SJ, Bii6paB B Ka -

ll8CTB8 naprurnTpa MaJIOCTH KPHBH3HY f'o = a/R • HaJIH'llH6 CTpcr­

roro pemeHH.H Il03BOJli'IT 38T8M CJ,lUITb 0 CT8Il8HH TOl!HOCTH nonyqa-

8MblX np116JIHl:8HHi:lx Bupall!llHHA. PemeHHe ypaBH6HHH (2) H COOTB6T­

CTBYDmee euy pemeHHe ,ll)ICil6pCHOHHOro ypaBH6HHH AJIH C06cTB6HHblX 

3Ha1!6HHA CE. B 3TOM CJiy11ae IlpeACTaBJI.HllTC.H B BHA6 pa3JI01:6HHA B 

p.HlI. no cTenett.HM napaueTpa M8JIOCTH 

<Pr.= f U~)coSm'f f tPefoe' 

2 2 
<£

2 
.., L ree fo J e 

2 

:E~pn 
2 - 'Z. 

~ - a?mpn 

2 
<£mp . 2 
<!!'2 + v mp • 

(Sa ; 

(S6 ) 

Koa1·'1JHUMeHTii pa311ol(eH11M ree B (S6) Ha KalltAOM 3Tail6 HTepau11 r 

" 

noJiyllBIDTCH rro11JieHH1:& YAOBJieTBopea11eu rpaHHl!HJ:& ycJIOBHmA paaJio-

z. lK8HHH (Sa) AJI.H IlOJieA. IlpH 3TOM KOS!M>HUH8HT!i p83Jl0llt8HHA ~e B 

(S6) OKa31i:B8DTC.H OTJIHllHl:&H OT HyJI.H lI,JI.H '118THblX 3Hall6HHA e 
TOrAa KaK np11 H6'116THblX rrpH6JIHllt8HH.HX B (Sa) Yll8CTBYDT TaKl(8 pe­

lll8HH.H OlI.HOpOAHblX ypBBHeHHM c K03~'1JHUHeHTBMH, orrpelI,eJI.HDillHMHCH 

113 rpattH'llHblX ycJio:a11A (cM.HHllte). 

nJIH E - THrra KOaKCHaJibHblX KOJie6aH11M pemeHHe YPaBH8HHH (2) 

Milil c rpaHHllH!iMH ycJIOBH.HMH E~ =O 11 -;--- = 0 6ylI,eT I aE~/ 
~= +f ai!. l=O 

rlI,e 

~ - z=2g 

e rin e. .L Ee(~) fo cos m'j' cos ~ 
1 E e I 

e:= J f+fo~ 

si.n srp 
Eo(~) "'cos T ~' 

E1(~)::. E 2 l~) = 0, 

KOrAa -1{8TH08 
p -H6'118THOe ' 

2 1 
2(rn -4) [ 2 I J 

E3(~)== 1T2o2 Cr -1)Eo(~)- sEo(t) I 

f 

Elt(~)= 2~:~4) fr<~2-1)E~(~)- ~ siEoc~>J. 

(6) 

(6a) 

(66) 

(6B) 

(6r) 

3lI,8Cb H B lI,aJibHeMmeu lllTPHX 03H8'1188T lI,H~p8HUHPO:BaHHe llO f 
8 

Pa3JI01:8HHe (S6) c TO'llHOCTbll lI,O 0 ( l'o ) IlOJiyqaeTcH B BH-

11e 
2 a.u> 2 ~ 2 d.

2 
2) 1 z 2 1 6 4 cenpm=(c-) =4(P + gz n +(m

2-4)fo+(m -4)(1-~zpz)fo + 

(7) 

2 f 4 4 ' 8 { 
20 mz-~ 6 m2_.!. } 

+(m -4) 1- 3r2p2[(1- - 1-5 -)- 5r2p2 (1- 6 )] f
0 

+ O(f
0

) • 
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... 

qneHN paanollteHHH B (56), (7) C H6tleTHlillH HOMepauH f paBHN 

Hy nil. 

nna H - THilOB KOne6aHH« HMeeu: 

e . 5Tn 
Hi= .LHe(~)j'0 cosm'.fSLn er;-~, (S) 

r,ZJ.e 
cos :n p -qe THOe ( ) 

H ( t:) = . ~ t ' KOr,ZJ.a P -He'lleTHOe Sa 0 5 SLn c. ~ 1 

~ 2H~{~) 
H,(~)=-2Ho(f)- :rr2p2 • (86) 

3 2 3~ I 

Hz(~)=s~ H0 (~)+:rr2p2 Hot~), (8B) 

5 3 ~ 2 
( 9 _ 2) I ~ 2 2 Hl(~)=- 1s~Ho(~)- 51 ep' 4 2m H.<~)"~'1'2p2 (~2 -Zm)Ho(~)- (Sr) 

2 · , 4<£~ 8m2 
I 

- :rrzpz (re2 - 1£2pt + JrZp2 )Ho(~), 

35 4 f 3 
f7 2) I t 2 

( 9 ~\ H 4{~)=128~ H0(~)+~2p2(e-3m HoC~)-~zpz 4-10~;Ho(~)+ 

3~ z 1om
2

) ' 2 2 
+ :ir2 pz (ae2 + 3l2p2 Ho(~); <£ 2 = m-+3/4 . 

8 
PasnollteHHe ypaBHeHHH (56) c TO'llHOCTLll J!O O(f0 ) 

12 '1'2 
2 a 2n2 

2 2 [ 2 6 16~2 ] 4 
renpm=4(P+7)+ae2f>o+ eez(1-3l2pZ)+ n2pt Po+ 

. 

' 

(S;n.) 

6y;lleT 

(9) 

[ 
t 57 106m2 4m4 315 25!1 28m4 J 6 8 

+ ae2 - 'ts'p2 + ,h2p2 + 3'1'2p2 + 4Jrltp" - $i4p4 + :r4p4 Yo +O(po). 

YpaBHeHHe (2) c ~paHHtlHWIH ycnoBHRMH JlnR H - THnOB Kone6aHH« 

, · ;n.onycKaer peweHHe TaKlle H npH p = o. B
0 

arou c.nyqae t1ne8N pas­

nollteHHH (8) HMellT B~;ll 

mz~ mzj2 .. 
H0 (~)=const 1 H,=He=O, H3C~)=-3(~2-3)Ho 1 H+(~J=-3-W-aJHo,(10) 

a JJ.HCnepcHOHHoe ypa:sHeHHe c TOtlHOCTLll AO · Q CS'!). - cne;icy»- . 

8 

111ee: 
i2 2 82)2 

'2 _ :JTa. n 2 2 ..!!!... 4 <3- m m 6 0 ( a) 
<Enom- gz +m_po+ 3 Po+ 15 S'o + fo ' (II) 

OcTanLHlie KownoHeHTli none« nonyt1aI>TCH Hs ypaBHeHH~ MaKcBenna 

.ZJ.nR E - THilOB Kone68HH« H BNpalltaI>TCH qepes KOMnOHeHTY Ea cne· 

.ZJ.YlllllHM o6pasou: 
i~p a Ea E _ a a2 E!. 

H~ = h (a!i-v2J ~ ' ~- ae2-v2 a~aa 

ice c3 { E~) E foa 8 2 Ei:. 
(12) 

H'f =- aei--.,12 a~ ' 1= h(a?2-\12) c3Cfdc 

KounotteHTW none« .ZJ.nR H - THnoB Kone6aHH« nonyqaxiTcR HS (12) 
_. _., _.,. .....,. I 

38M6H8UH E - H , H - - E , <Enpm - Genpm • 

CpaBHeHHe pacqeTOB cTporHx peweHHtt (4a) c peweHHHMH no ¢op­

uyne (7) noKasanz , qTo norpewHOCTL onpeAeneHHH co6cTBeHHbllC 

saaqeHH~ ~ npm He npeBNWaeT 0,5% BnnOTL ,ZJ.0 ~o ~ 0,9 

npH TOqHOCTH 0 ( fo8) H It 5-3% npH TOqHOCTH 0 <s>!) • Ha 

pHC.2 noKasaao p83JlHtlHe Mellt;lly CTpOrv.M peweHHeM (3) H BNpaxeHH­

eM (6) ~nfi pasJIHt1HbllC npH6JIH~eHHtt onpe.ZJ.eneHHH nonett. Ha pHc.3 

rrpoHnnmcTpHpOBWIN pacqeT~, npoBe,ZJ.eHHNe·no ¢opuynau (7), (9) H 

(II) AAH nepBbDC 5 xm MO,ZJ. ( m = 0,1,2,3,4,5) . H H E - TH­

noB " Kone68HH~ TOpOH;ll8nLHOro pe30H8TOpa c KBa,ZJ.paTH!iM nonepeqHNM 

ceqeHHeY. Ha pHc.4 noKasaHo 06pasoBW1He ,ZJ.yrrneTa E12 m H E21rn . 

B03HHKallmero B pe30HaTope c KBa]lpaTHNM ceqeHHeM , a Ha pHc.5 H 

6 - pacnonsaHHe aToro ,ZJ.ynneTa IlPH OTKnOH6HHH OTHOW6Hl1H a/~ OT 

e,ZJ.BHHUN ( S'o = 0, 75; 1,25). 
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TopOHJJ.WlbHb!e Kone6aH.11H 

EcnH B ypaBHeHHllX MaKCBenna, 3aJ1HCaHHhlX B CHCTeMe KOOp)Ui ­

HaT (I), KnaccH!PHK~JO aneKTpOMarHHTHhlX none!-\ Ha E - H H - TH­

nb! npOH3BeCTH OTHOCHTenbHO HanpaBnemrn a3HMyTanDHOI'O yrna lf t 

T.e. E - THilOM KOne6aHH~ HaaBaTb Te KOne6aHHR, JJ.nR KOTOPhlX 

H'f = O ( E'!f 0 ), a H - THnou - Te Kone6aHHH, 11.nH KOTOP hlX 

E'!== 0 ( H'f 'f 0 ), TO Ha aTHX ypaBHeHH£1 nocne paa11.eneHHR ne pe­

ueH HhlX nonyqaeM cne;nyllmee BOnHoBoe ypaBHeHHe · 

a2 ¢> ~ a<P 
(re2h2-m2po11.)[ ~ + T- ~+-(ae2-v2)<P4) = 

(13) 

::: re2(1+m' )f,l!<P + 2m2 ~3 a<P!!' + m2( 1-m2p:)f'oz. 
o :r h o a5 h2 <P'f ' 

r11.e 

cp -{E'f} 
'f H'f . 

YpaBH8HH8 (13) npH \) = 0 JJ.nR Bcex m CBOJJ.HTCH K ypaBHeHHll 

)(nR nepBoi.\ npo1r1aBOJJ.HOi.\ IPYHKJ..J,HH .EeccenR (Hei.\Matta) nopHAKa m , 

a npH m:: 0 JJ.nH Bcex y - K ypaBHP.HHIO .ztnR qJ,YHKJ..J,HH .EeccenR 

(Hei.\uaHa) nepBoro nopR)(Ka. CTporoe p6111eH1r1e ypaBtteHHR (13) B 06-

meM cnyqae OTCYTCTByeT H pemettHe 6y)(eM HCKaTb Milil, aHWIOI'HqHo 

npo)(enattHOMY Bb!ille. 

nnH E - THna TOpOHJJ.anbH!iX KOne6aHH~ pemeHH8 ypaBHeHHff (13) 
s 

c TOqHOCTMl JJ.O 0 (.Po) 6yJJ.eT: 

f 
. :ltn E Ee(~)fo 

E.., = sln -
2

P -t. eJ , cosm'f 1 
J o 1+fo~ 

(14 ) 

IO 

r11.e 

sin 5rP ~ 
E o ( ~ ) = cos 2 s- ' KOI'JJ.a -qeTHOe 

p -HeqeTHOe J 
(14a) 

E1a) = Ea(~)= o, 
(146) 

z.re: (~ 2-t) , -( 2~~ _ 4m 2 
) 

E3 (~) = 1r2p 2 Ea(~) 3r2p2 n2 (p2+ s~ ni) ~ Eo( ~) 1 (!4B) 

E (t)=-2<E~H~2-t)E;(~)+(3ae: - 6mz i )1:2Eo(f)· (I4r) 
4 ~ m2p2 n2pz 112(pz+& 2 n2) s 

2 2. I B 4JopMynax (14) <£2 = m + 3 4 . 

PaanolleHHe (56) c TOqHOCTDll .zto 0 ( p0
6

) 6yJJ.eT 

2 ~z a2 2 z [ 2 ( 6 ) t6m 2 J 4 <£npm=4(p2+Gtn2)+re2~0+ .1!2 f-'lzpz +'Ii'( i az n .Po. (15) 
I p + gz-n 

TaK KaK B CHCT6M6 KOOp,llHHaT (I) rpaHHqaoe ycnOBHe JJ.nff H - ~H-

llOB Kone6aHH£t Ha llOB6pxHOCTRX t = ±I TOpOH,lla HM88T BH,lt 

8(h H'f) I a~ ~=t1:: 0 t TO B YPaBH6HHH (13) ~enecoo6pa3HO npOB6CTH 

aaueHy nepeuettHOi.l H'fh'f- H • B aTou cnyqae ypaBHeHHe (13) 

npH06peTaeT BH)t 

2 2h2 2 2 2 2h2 2 2) rae2h2-m2o2)[a H +(tR.2-v2JH]- 1£ +mpoo dH + m (31? -mpo DtH 
I. Yo a~z - h lo d~ hl Io '(!Sa) 

PemeHHe ypaBHeHBR (I3a) c rpaHHqHWIH ycnOBHRMH ,itJIR H -THna 

KOJie6aHHi.\ c TOqHOCTDll ,ltO 0 (f'o5 ) . 6y,iteT 

II 



-

!ll'n 
H = H'1 h'f =cos 26 ~ f He (~)cosm'! 1 (I6) 

r;ne 
sin '1P 

Ho(~)=cos T~ 1 KOr.Aa -HelleTHOe 
P -qeTHOO ' ( I6a) 

I 

f 2Ho(~) 
H,(~)=yHoC~)- :rr2p2 

(I66) 

!2 -~H~(\') 
Ht(~}=-e Hol~) ~2 pz 

( I6:e) 

~3 2 I f 2 
, ( I 2m

2 
4m

2 
) 

H3l~)=i6Hol~)+(2m+4)!i2p2Ho(~)- 2t£zpz+:il'zpz- re~ ~Ho(~)+ 

(I6r) 
1 ( 1 z ' 2 8m

2 
t6m

2 
) 1 

+~zpz z-- m-:nzpz- 91zpz + re~ Ho(~) 1 ' 

It 152~ ~3 , ( 2m
2 

7 m
2 

) 2 ) H,.(~)=- ~t~ Ho(~)- - 12 - H0 t~) + :nzpz - sn2p2 - -z~ ~ Hol~ + (I
6

;n) 

( 
5C£~ 15 7 2m2 + 4m2 

) , 
+ -;z+~-4!ii2p2- <£~ srZp2 ~H0 q). 

B ~opuyny (I6) BXO;!IHT qneHY paanoaeHHH (56), HM6Dl!IM6 BH;ll 

5i2 2 
z!=~(pz+ ~znt) CE~= m2

- 1/4 1 

2 ;£: 15 
CE4 = -3- + lG 

7 2m2 4m2 
-- - ~~ + ~-
43t 2p2 (£; !Jl:Zp2 

(17) 

qneHY (I?), BXO;!IHDU!6 B paanoaeHHe (56), o6ecne'llHBaJ>! TO'llHOCT~ 

0 ( p
0

6 ) B ~cnepcHOHHOM ypaBH6HHH. 

.PaanozeaHe (I6) HM66T CMYCn H npH p = o. B a!OM cnyllae 

qneHY paanozeHHH · P81!HY 

I2 

,,, 

1, 

1.I 

I 

II 

ml.~ 
H0 ==const, H1=H2=0, H3(~)=3(~ 2-3)Ho 1 

mi~2 
H4 =s(~ 2 -2)Ho, (18) 

a paanoaettHe (56) ;nnH aToro cnyqaH 6y.n;eT HMeTb cne,ZzyllllU1~ BH.D; 

(c TOqHOCT.bll .no O(f:) 

12 .1!2a2 
2 2 2 5m2 

4 (101-24m2)m
2 

6 
~ --n +mo + -o + o mon- 4gz Jo 3 lo 45 lo · (I9) 

0cTaJlbHY6 KOMnOHeHTY none~ nonyqaDTCH H3 ypruitteHH~ MaKc:een-

na H :eypamallTCH qepea E'f C OOTH Ollie HHHMM 

H ice ha d(hE1) E - .Po c3 2 (hE~) 
I 

\:- C£2hLm2~! oi!. ~ - a?zh2 _ mzp; a~ Cllf 

~<Eh a( hE<t) f>oa a2 (hE,) 
He= ;ezhi-mz.I'! J E -

a~ i. - a!2h2 _ mzf'~ ae a 'f 

JlnH H - THna KOne6aHH~ COO'l.'B8TCTBYJOlllM6 COOTHOill8HllH nony•ta.XJTCH - -38M6HW4H H - - E - -,E-H I 
c:f opm -- Ge npm • 

TaK KaK ueTO;nHK8 H CTeneHb CTporOCTH pacqeTa He OTJIHqaxlTCH 

OT M6TO;n,KKH H CTeneHH CTpOrOCTH onpe,IJ,eneHHR KOaKCH8JlliHWC Kone· 

6attH~. TO M03HO YTBepm,IJ,aTb, qTO nonyqoHHHe :eupa~eHHH o6JIB;naxlT 

TSKO~ •e t T.e. ;!IOCTSTOqHO BHCOKO~ TOqHOCTbXl. 

B OTnHqHe OT KOaKCH8nbHWC KOJie6aHH~ B TOpo11.n;aJlliHOM peaoua­

TOpe c npHMoyronbHhlM nonepeqttw ceqe1meu, o6paaoBattHOM :e pe -

aynbTSTe 3aKOpaqH:B8HKH B nJIOCKOCTffX :, = 0 II ~z= 2ri KOaK -

CHaJThHOro :eonHOBO.n;a, TOpOH;!IBnbHYe KOne6aHHH COOTB8TCTBJllT 1130r­

HYTOMY npHMoyronbHOYY BOJIHOBO;!IY t 3aMKllYTOYY Ha ce6R' II B npe,IJ,e-

ne npH ~o = 0 nepexo.nar :e Kone6attHH B npHuoyronbHOM :eontto -

:eo.ne. KaK BH,IJ,HO H3 pHc.7, r,IJ,e npHBe,IJ,eHu peaynbTaTH pacqeTOB no 

~opuynaM (I5), (I?) 11 (19), ,IJ,nH ~opo11,IJ,aJibttoro pesottaTopa c KBa.zt-

13 



paTHlilM nonepeqHblM ceqeHHeM MO.I\bl c HH,l\eKCaMH rnnp H mpn 

oc5pasy10T 'AJ!lJieTbl, KOTOpble pacxO,l\HTCH c pocTOM p0 , a npH 

fo = 0 COOTBeTCTBYIOT Bblp0llt,l\8HHblM MO,l\8.M lipHMOJrnHetiHoro BOJIH0-

30,l(a c KBa.l(paTHb!M ceqeHHeM (BblpOlK,l(e HHe np - pn ) • BosHHKHO­

leHHe 'AJlIJl8TOB rOBOpHT 06 3clxll8KTe CHHTHH BblpOlK,l(eHHH KPHBH3HOti 

ropa. HaC5JIIO]\aeTCH TaKllte CHHTHe E - H Bblp0:1t,l(eH1rn MO)( Hum H 

E11 m [6] • CHHTHe BblpOlK,l\eHHH HMeeT MeCTO l'I ;zvrn MO.I\ pesoHa-

TOpa c npHMOyrOJibHHM nonepeqHblM ceqeaHeM c TaKHM OTHOill8HH8M 

ll.JIHH CTopoH, KOr,l\a a/g - pfil\l'IOHaJinHOe t1J11cno. B t1acTHOCTH , 

Ha pHc.8 npOHJIJIIOCTpHpOBaHO ylIOMHHYTOe B [6] Bblp0lK,l(8HHe MO.I\ 

Ho1 H H20 npHMoyronnHoro BOnHOBO,l(a H CHHTHe 3Toro BblpOlK.l(e· 

HHH npH Ha.J1Htn1H KpHBH3Hbl ( a/f, = I/2). 

·TOpOH,l(aJlnHHti pe30HaTOp c KpyrJiblM nonepet1HbW cet1eHH8M 

ECJIH paccMaTpHB8Tb KpyrJiblti TOpOH,l(8JlbHblti pesoHaTop KaK reno, 

lIOJiyqaewoe lIPH H3rHC5e 1.U1JIHH.l(pHt1ecKoro BOJil!OBO]\a 11 38.M~aHHH Ha 

cee5H, TO ~enecooe5paatto aamrnau ypa:aHeHHH MaKcBenna B "KBa3H!O­

pOH.I\BJU>HoJ.t" CHCTeMe KOOP.I\HHST (pHC.9 [I - 3] ) c MeTpHqecKHMi! 

<03!WJ!LU10HTBMH h"t = I' h.;i = 'l.. z h'f = Rh= R ( 1- .Po f Co..5 e) • 

~BH3l> 11 KB83HTOpOH,l\8Jll>HOJ.t" C2!CT8Mbl KOop;zurnaT c ,ll,eKapTOBOti .n.aeTCf 

CJI8~JDll\HMH COOTHOmeHHHMH 

. i 'f x + L~ = Rhe ; i: = Rf sine I (21) 

I'M ) 
' o - .£!. - t ~ " = 1:..' 1 ( o ' '2. "a, o ~ e ~ 211 , o ~ 'f~ 23£ 

lo - R ' 'S a 1 

pocJie paa.l(enemrn ypairneeH£t MaKc:ee1111a Ha -(H'f = 0) H (E1 = 0) 

THDbl KOlle6aaH~ npHXO.Jw.M K cne;i~yJJll{eNy :B OJIHOBOMY yprurnemui 

r,l\e 

~2.LF = [2ae 2 tcos BLF + ~2 CF]p0 + 

" ii " z 
-r [rn2 L.F + ae 2(1+m2)F-ae2 ~cos6CF - re2 t 2 cos2et..F]fo -

-[3:2 cF]J>oJ + [m2(h1;m2) F].Po4 I 

F ={ ~:} 

~=aw . 
c ' 

ii [ -1 a a -2 a 2 z J 
L "" ~ af ~ af + ~ aez + ~ j 

ii a _, . a ] 
C : [ ar COS e - ~ SLn f9 ae . 

(22) 

PemeHHe ypa:aHeHHH (22) MITIT aHanorHliHO BlipaEeHHffil (5a,6)(n.I) 

]erKO 3aMeTHTb, 1'.ITO B peweHHH ypaBH8HHH (22) Ha nepBwc 3Tanax 

HT8PBLU1~ 3aBHCHMOCTb OT yrna 9 6y,l(eT BXO,l\HTb B o6meM BH,l\e 

KaK COS (n6 + 60) , r,l\e S0 - lipOH3BOJlbHaH KOHCTaliTa. 0,l\HaKO 

,l\JIH y.l(OBJieTBOp8HHH rpa!iHtlHOMY YCJIOBHD, HatlHHaH co BTOporo npHc5-· 

JIH~eHHH AJIH H - THlIOB z c qeTBepToro npz6JIHZeHHH .l\1IH E - TH­

uoB K01186aHHtl, OK83blBaeTCH He06XO,l\HMWl KOHKpeTH3HpOB8Tb 3Haqe­

HHe 0o • IlpH 3TOM 8,l\HHCTB0HHO BOBMOEHblMH OK83blllaJOTCH 3H81'.10HHH 

So = 0, JU160 Go= ~12 • Tor.n.a 3a:BHCHMOCTb OT yrna e npe.n.-
cos ne 

'CTallHTCH B BH,l\8 sLnne • ll'.TO, KaK 6y,l\eT no1casru10 IIHXe, o6yc 

'!taDJIHB8eT CHHTH8 BlipOailJ.01!11Ui KOJI06D.Hi!tt lIO e H IlpHBO,l\HT K 

(laCU1ennem.rn MO)( c HH.I\CKCBMli! n > 0 Ha cmmeTpHt1Hble ( H-, E-) 

Ji H'3CHMt.!8TPEllHblB ( H +) E+ ) lIO,l\MC;Llli. 

ll,.nH y;n;oBneTBOpeHHH rpa!iHllHOHy ;y0noB11w H - umoB xo.ne6ruiHit 

IS 



( a(;; H.,) = O Ha IlOBepxHOCTH ~ ; I) uenecoo6pastto ll 

ypa·a ttemrn (22 ) npoBeCTH saue tty H = H'f h'f • Tor.n.a pememte 

ypaBHe HHfl (22 ) l.JHI H - TJllil OB KOne 6aHH~ c TOtlHOCTbKl ,!1.0 0 (S'; ) 

np11 06peTaeT BH.ll. 

± _ 1 cosne ( ~cose 
H'f h'fcos ITT'f =Jn (<I!o})sinne 1- -2-s>o 

~2cos2e 
0 
z) + 

_ B lo 

(
cos(n+f)e _ .!_ cos(n+2)e z) + 

+.A1'.1n+1(a?of) sin(n+1)ePo 4 si.n(nt-2)efo , 

+ B ::J (CF 't:) (c?scn-t)e _ .L cos(n-2)9 z) + 
1 n-1 ° f Sln(n-1)6 fo '+ sin (n-2)6 fo 

[
n(n-f) Cf~±Om(a?!-~) ]cosne 2 

+ ~Jn(~c})+ J'~o(~g-nz) }:Jn+1(Ge0 ~) Sinne.Po + 
I 

. 't cos(n+2)9 z )cos(n-2)e 2 
+ .A2::ln+2(<fo5)sin(n+2)ef'o + B2Jn-z (<Eo~ sin(n-2)990 ' 

(23 ) 

I 

r.n.e jn ( a?o ~) - <lJYHKUJllfl EeccenH n -ro nopH,!1.Ka, '20 = <£np -

P-bdl KopeH» nepBoA npo111sBO.ll.HO~ OT <lJyijKUJllH Eeccenf! 

nopH,!1.Ka 

n-ro 

1£~ [? ( a?o2 - n2 
)- n J <£0 .A - ----'--

2 - 32(n+1)(a?g-n2 -2n)(~~ -n2-n) .A1= 4(<ll~-n 2 -n) 

<£o2 [2.(<£~-n2 )-n] ( 1-0n1) ~o 
Bz = -

32 ( n+ f)(re~- n 2 -t 2n)( ;E~ - n 2 
-t n) 81=- 4(~o2-n2+n) 

Hi 

B HanJllCaHHblX BblpaJteHJllllX .llJlfl 06mHocr111 sanJ11c111 111cnonb30BWI c111wBon 

KpoHeKepa Onn' 1 IlpHll8M 

f- bnn': { 
n-n' 0 

n::rt7 IlpJll 

np111 

n +n' 
n = n'. 

Koa<l$fIU'leHTbl .A1 , .A~ , 6 1 H 8 2 , noJiyt1aeu1i1e npH KalK.llOA HTepa­

UJllJll, 06ecnet1J11BWOT BblllOJIH8HJlle rpaHJlltlHblX ycnOBJllA Ha noBepxHOCTJll 

~ = I . 

B B1i1pa1:eH111J11 (23) npJt6JIJlllleHHfl H3 H H4 He npocywuHpOBaHbl 

B ClllJIY MaJIOCTJll JllX BKJia.ita ,llJI.fl He60JinWJllX 3Ha11eHJ11A m Ill 

~ 0 < 0,3 Jll HX HecymecTBCHHOCTH )J.Jl.fl lllHJ:e HdpHblX pacqe TOB t a 

TaKl:e Ha-sa rpOM03)U(OCTH noJiyqaeublX ~JI.fl STHX npH6JIJllK6HJllA Bblpa­

l:B HH~, XOT.fl JllU6HHO B HHX H8'1JllHaeT CKa3blB8TbC.fl 3aBJllCHMOCTb no­

JieA OT HH)J.eKc·a m 

.llHcnepc1110Hnoe ypaBHeHHe .llJl.fl H - T~noB KOne6attH~ c roqHo-

cnll )J.O 0 ( ~08 ) 111ueer BHA 

12 2 r. 2 z!-si2,!t+(7n2-2)n22!-3n4<n-f) &mc2z!-f)J
0

2 

~npm,:t= 2 o + Lm + 4(ai!-n2)[«r!-n2)z-112] ~ 8(z!-f) Jo+ 

, ae!-n2~-(3n2+5)n'ae! + (5n"+ Tn2-Z)n'ae!-en4 (n 1- f)(n 2+2) 

+[m 2ai:<2!-n2)((2~-n2) 2 -n2J + 

(24) 

wi:-78n~~ +(220n'+to9)n'~-(292n1+a21)n~! +(f8ln4+.t>6112+ 128)n4ae/- 2n6(n2- f)(e3n1+67) 
+ t 

6'#~:c~ -n2 )[Cz!-n')2 -n' J 

3tt!
2 -'12.n'z": + (63nt-3)n1ir.'-(9Zn1

-6Jn4.i: +(73n2+ f)n6tt:-(30n" +8n'-1t)n'ar: + n8(5n'-4n2- 3) 
~ -3Z <z!-n2)3 [(z!-n')-n' ]2. 
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tt~2 -9n'~ + (32n'-3)n '2.8-(58n2
• 16)n4a>! +(53n~ ·2.9n2+Z)n4a."- (29n"·22n2

+ 3)n6;e~ + 6n
10

( n1
-f) 

- 32(~!-n2)[(:i~-nz)z-nzJ3 

(Ba-Az)n[3~-(6nt+l)a>: + 3n2(n7·1)J 
8[Cz~-nz)2-nZJ 

CR2+82)[ ~ -5n1~4+ n2
<£o

2
( 7n

2
-Z) - 3n 1t(n2-1)] + . 

B(zf-n2)(ref-2n 2 ) 

3[ 4 2 2 t ,, 4 2 2 3n Cl'o -2n ll'o-n (n-1)J 0 6reo -Sa>o + 5 _ 6 ( z 3<fo -2 

- 32Ca?!-nZ)t{aef-2n2) - "' 256<r!(a!g-1)2 + "1 m 4a?~(<t:-1) 

12 !O 8 6 4 2 
;£0 + 16<fo -501£0 -46<fo -t- 249Clo -242<eo -44-

256 'il!: ( z~ -1)' ( ce!- 2)2 )+ 

_ 0 sae:-34ce~+69~~-as ] 4 
+ ~ ~II. ( -,2. _ ;J\2 ( :p_Z _ u_ \ !'o ' 

I 

Oc!aJ11>H1i1e KOllDOHeHTH DOJIH B!ilpax81lTCH qepea Hir 

Jl8HBRllB 

i~h., 
Ei. =- (z'hz-mz.P!)~ 

i.<Eh., 
Ee= 

;ezhz - m'9! 

a<H1h) ae-; 

a<H1h) • 

a~ 

Sia H - ·~- 2 2) 
i- (ae2hZ-m Po 

Po 
He= (ae2h2-m2po2) 

COO THO-

a2 <H1h) 
-~, 

a~ a1 
(25) 

a 2(H.,h~ 

aaa':f 
Jln.H E - !HIIOB Kone6a1mtt Dpouecc HTepaxuitt cy~ecrBeHHO 

ynpo~aercH npH aaueee E'f[h';f e E .• PaaJioxeHHe DO cTeneHIDI p0 

~o6cTBeHHhlX <l>YHKitHI c !OllHOCTl>I> .?tO 0 ( p0

6
) 6y,?teT 

.i -f cosne ( m2 <h'-i)~ ) + 
E;Jhcosmf=Jn(~o~) 6inne 1+ zhtCae!+ 3/49!) 

. (26) 

18 

~l [ 2 cos(n-f)e _ 2 cos(n+i)EJJ 3 
t 4reo l~ Jn+1(~o~)+Jn-1(Cfo~))stn(n ·1)e (~ .1n-1(~ot)+Jn+1(~~)s~n(n+t)8 Po+ 

{[ 
2 Sn1 )!.: (n-1)t .lcosne 

+ ( ~ -1 + T 5Jn+1(reo~)- ~~nC<eo~)J sin ne + 

f [ 3 (1-0n1).reo "1 ]cos(n-2)9 _ 
+y ~ ln+1(a'o~)+ 2(n-f) Jn-2(<Eo~) sLn(n-2)6 

f [i.::3o.i \,,) <fo j ( ~)] cos(n+2)9} 4 -r s Jn-1 (<fo5 + 2(n+1) n+e <fos sin(n+2)EI fo ' 

r,l{e rei ::a m 2 + 3/4 , <fo: a:'np -p -lilt KOp8Hl> <f>YHKitHH .Eecce1rn 

n -ro nopH,?tKa. JIHcnepcHOHHoe ypaBeeeHe ,?tJIH E - TliDOB KOJie 6a-
. 8 
HHI c oroqaOC'l'l>ll ,1{0 O(~o ) HM861' BH,?t 

2 6 22) 42 
i 2 2 2 [~a( m) ll!i.Cn-1 m] 4+ 

aenpm + = ae"P + l!e2f'o + -;;- 11: T + ~z + ~ .fa 
1 - ' np ""np 

' [ 3rei ( 2 c + S'nz) i£~ (i - 11 & ' n
2
-4 + c ) 7m

2 
+ 4 6 \ + ~ p:3um-5 -8ae~p +2 m;+ Zai~p (1-om+ietp(1-7 "'1 (27) 

. f1m1 (
1 

+.Lg )- mlt (t -1.s ) (n
2
-4)(n

2-t)ae: (n2-1)~~ 
2./t~t - 11 "' r-,.,i + 2 m + ,,.,,. + ,,..,,. + 

np o"'""P ""np "'"""P 

21m2 C n2-1) 1omt(n2 -1) 
+ 2 It .+ 4 <Enp 3<Enp 

3m'i!(n+f) + 3m4 /j:!: 5,,,) + 2m4(n2
-1)] ~. 

2lf~p re*p \' 12 3~Jp fa 

Jc"!aJIHHe KOllDOHeHTY DOH DonyqamcH Ha (25) s811eHE111H E - H 
- - I 'ii H· - - E , llenpm - ~ npm • 

I9 



PaaJ101:eHHll (23) H (26) ;nn11 coc5cTBeHHwc <liYHKUH£! E- H H -TH­

noB KOJiec5aHK~ TOpOKA8Jl:bHOrO pe30H8TOpa aHaJIOrKqHN BNp8llt6HKllU 

AJIH coc5cTBeHHWC <lJYHKIUta TOpOKASJI:bHoro peaoHaTopa c npllMoyron:b­

HblM ceqeHHeM (CM.BNpaxeHHH (4), (8), (14) K (16)). B qacTHOCTK t 

K3 8TKX BNpruteHHa cne.zzyeT, qTO B peayJI:bTSTe KCKPKBJl0HHH KaK 

KpyrJioro, TaK H npruaoyrOJI:bHOro BOJIHOBOAOB MaKCHMYMN Hanp11xeH­

HOCTea nonea CMelllaKlTCll K UeHTpy KpHBH3HN. nn11 KOaKCHaJI:bHOa MO­

AN E010 3TOT a<Ii<IieKT npocwaTpHBaeTcH Ha p1r1c.2. Ha p1r1c.IO OH 

rrpOHJIJllOCTpHpOBaH AJIH TOpOHAa c KpyrnblM nonepeqHblM ceqeHHeM, 

rAe aitxf>eKT cweUleHHH AaH ;nn11 paanKqHwc aHaqeHHa KPHBH3HN 

~o (0,I; 0,3; 0,7). Ha p;ic.II yKEIBSHH~ aitxf>eKT npo1rnJIX>CTp1r1po-
+ 

BSH ;nJIH nOAMOAN E110 TOpOHAaJI:bHOro pe30H8TOpa c Kpyrnblll 

ceqeHHeu. Cpa3y OTM6THM TO 06CTOllTeJI:bCTBO, qTO a<Ii<IieKT CMell(eHHH 

AJIH uanwc aHaqeHKa ~o ~ 0,3 AOCTaTOqHO cnac5, a AJIH Clr1MM6T-

pHqHwc noAMOA ( E-, H-) KM B006ll(e MOllHO npeaec5peqr,. 

KaK cne.zzyeT K3 li>OPMYJI (23) .H (26), pacnpeA6Jl6HH0 IlOJlll TOpo -

HASJI:Lttoro peaoHaTopa c KpyrnblM nonepeqHblM ceqeHHeu AJill n106oa 

MOAN c KHA6KC8MH n > 0 l p 'm ' COOTB6TCTBY!O~MH KH,lleKCaM 
I 

UHJIHHApHqecKoro pe30H8TOpa ;nJIHHO~ 2'1'R (HyneBoe npH6JIHll6HH6 

ITO ~o ) H B paBHoa yepe npHMOMY UHJIHH)(pKqecKOMY BOJIHOBOAJ c 

HH,ll6KC8MK n 1 p ( ~o = 0)' HM66T ABe pa3HNe KOHqJHrypau;iH ' 

H83B8HHNe Blillle CKMMeTpHqHblMH ( E~pm, ·, H~pm ) H H0CKMM0T-
+ + 

pKqHblMH ( Hnpm , Enpm ) co CBOHMH coc5CTB0HHblMM qacTOTSMH, 

onpe~en11eMNMM no it>opuyna» (24) i (26). B B03HKKHOB6HHH ABJX 

!IOAJIOA c T0MH lie CSMNMM HHA6KCaMH n > 0 ' p ' m ' HO c paa­

HlilMM co6CTB6HHblMK qacTOTaMM, BNpalleH a<Ii<IieKT CHllTHH BNPOllA6HHH 

(npoHsBona B BN6ope nocTOHHttoa Bo npH oceBo~ CHMMeTpHH) 

KPMBH3Hoa TOpa. 

20 

Ha pKc.12 np1r1BeAeHN peaynl>TSTN pacqeTOB coc5cTBeHHblX qacTOT 
I 

C£npm;t H <Enpm,± , BNTIOJIHeHHblX no <lJopwynau (24) H (26) c 

TOqHOCT:LIO AO 0 ( ?>06) KB.K ;nJIH CHMMeTpHqHblX ( - ) ' TaK H He -

CHMM6TpHqHhlX (+) MOA. 

3aKJIIOqe mm 

BocnonhsyeMcH nonyqettHNMH pesyJI:bTaTSMK AJIH BN6opa napaueT­

poB TOPOHAaJ!:bHOro pe30HaTopa c KB8Ap8THblM nonepeqHblM ceqes;ieu, 

B KOTOpOM AO.l\lKHa 6NT:L B036YlKAeHa TOpOHMJibHaH MOAa E110 HJIH, 

qTo TO JKe cauoe, KOaKc;ianbtta11 MOAa H110 • MH n poeKTHpoBaHHH 

TaKOro pe30HaTopa 6yAeM HCXOAHT:b H3 Toro, qTO pa6oqa11 (pe30 -

HaHCHaH) qaCTOTa B036JlKA6HHH Ha 3TOa MOAe paBH8 2,79 I'I'u. Ila­

paweTpN p630HaTopa H B036JA;!T6JIH AOJllKHN 6NT:b IlOA06paHN TaKHM 

o6pasou, qTo6N no B03MOlKHOCTH OTMexeBaT:bCH no qacToTe OT APYI'HX 

MOA H THUOB KOJI66aHK~. T.e. c AOCTOBepHOCT:b!l HCKJI!)qKT:b B03MOll­

HOCT:b HX nOHBJl6HHH. 

~3 BNpazeHHa (7) H (9), a TaKlKe K3 pHc.3 cne.zzyeT, qTo qacTO­

Ta KHTepecy!lll(ea MOAN ( H~o ) COBil8A86T ,llJlff Bcex 3HatieHHa fo 
! 

c qacTOTO~ E111 • Bo H36ezaHKe B036YlKA6HKll KOaKc1r1anr,Hoa 

MOAN E~1 AOCT8TOqHO oc5ecneqKT:L npaBHJI:LH~ BN60p Il0JIHPH38-

UHM B036yA;!TeJIH, B KaqeCTB6 KOTOporo rrpeATIOqTeHKe cne.zzyeT OT­

,lla.B8T:L Ul0Jll!, ;nJIHHHaH CTOpOHa KOTopoa rrapanJieJI:bHa OCH ~ (BOJl­

HOBOAH00 B036JEA6HK6). 
'f l. . 

nn11 cena.paTHOro cymecTBOBaHHH MOAN E110 ( H110 ) HaH60Jiee 

c5naronpHllTHoa 11Bn11eTc11 oc5nacu 0,7 $; p
0 

4' 0,8 (cw.pMc.3 H 7), 

· ! H~ H' Tait Kait c5mi1:~mMe napaaHTHNe MOAN H203 , 204 H 104 , 

'¥ H204 OKaaNBallTCH AOCTaTotmo paaHeceHHWIM no t1acT0Te. MH 
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