
l J) - I ') ' I 
OS'b.~.LlHHEHHbl H 

HHCTHTYT 
.H.LlEPHblX 

J.1 CCnE.Ll OBAH J.1 J.1 

.Lly6Ha 

a 
! z • 
I 
I 
I 

- ~ 

P-2274 

B.A.BarHH, B.H.KoToa, M.M.Oti>Huepoa 

OCOEEHHOCTH nOBE.LlEHH.H rHEPH.LlHblX 
BOnH B KPYrnoM BOnHOBO.LlE, qACTJ.1qHo 

3AnOnHEHHOM AHJ.130TPOnHblM 
.LlH3nEK TPH KOM 

tt6S 



)0/2 np. 
3.A.H ~p. 
~OCTH 
pH.l(HHX BOJIH 
HOBO.D:e • • • 

1965. 

1 

P-2274 

B.A.Barau, B.YI.KoToB, M.M.O!PKilepos 

OCOBEHHOCTJ.1 nOBE.UEHJ.1.R rY!BPYI.UHb!X 
BOnH B KPYrnoM BOnHOBO.UE, qACTJ.1qHQ 

3AnOnHEHHOM AHJ.130TPOnHbiM 
.UJ.13nEKTPJ.1KOM 

Hanpasneuo s >Kypuan 
•ptlaKOT8XHK~4 II ane~TpOHK~Il· 



B B4CTOlllll91 pa6oTe BCCne.llOB4Bhl ycnOBBll pacnpocTp4HeHBSI H CBOICTBII rK6pHJlBbiX 

BOllB B 11:pyrnow BOnBOBO.Il9 0 '14CTB'IJIO · 31lllOnBeBBOM 4BB30TpOIIIIbiM JlBaneltTpHICOM, npH'I9M 

p4CCM4T])BB48M4ll 4BB30TpOilB!IIl Cp8Jl4 X4pUT8pB3Y9TCll JlB4rOBMbllhlM O.llBOXp8THO BhlpO>K· 

Jl8BBbiM T8B30pOM 

0 0 

• = •• 
•, 0 (I) 

0 •• 

Ku no~:aaaao B pa6oTe C.M.PhlTOsa
11 1

, no.llo6BhlMB .llB&nexTpH'IecXBMB csolcTBaMH, 

B '14CTBOCTB0 OOn4Jl49T Cp9Jl40 COCTOillll4ll B3 ll8p80JlB'I9CICH qepe.llyiOlllHXCSI B.llOnb OCR 

BDnBOBO.Il4 cnoes .llBYX B30TpOilBbiX .llB&neltTpHitOB C JlH&nexTpH'18CXOft llpOHHU88MOCTbiO 

< I B < ~ B TOnlllHBOI cnoeB C00TB9TCTB8BBO 

r.lle >. 
8

- .llnBBa sonBhl B BOnBOBO.Ile. KownoaeKThl TeBaopa (I) npa &TOM Bb1p4>K8K>TCll 

Cn&JlYIOlllHMB COOTBOWeBBliMH: 

l J h t + ( 'lh 2 

b I+ b ~ 
B •. •,•,(hi+ h;l 

< I b~ + < 2 hI 

B '14CTBOCTK, nono>KKB < 1 - I a < ~ = < , Mhl nony'IKw cnyqaJ ~:pyrnoro aonHoso.ua, Ha -

rpy>K&BHOrO TOBIJ:KMB JlH&n81tTpB'I8CUMH JlB4cl>p4rMIIMB. npa &TOM 'IBCnO .ll118cl>parM Hll 

.lliiHBy BOnHhl A B senBII:Oo 

8 .ll4BBOI pa6oTe OCHOBB08 BHBM4HK6 y.uenll8TCSI OC06&HHOCTSIM B llOB9.1leBKK ra6pK.Il-

HbiX BOnK B p8CCM4Tp11B48UOI BOIIHOBO.IlHOI CTPYitTYpe Hll npKUepe BOnHbl C v - I. 

Ku o6bi'IBO, npe.llnonaraew, 'ITO non11 ·B sonaoso.lle onKchlB410TCB Bhlpa>KeBKli .. H: 

.. 1(<'<"-«•+ IA'I> 
.t; = E (r ) e 

-+ -+ l(l<>t-Ka~) 
11 }{ = H(r)e (2) 

(} Z - UB1IBB.Ilpli'18Cit4ll CBCTe .. a XOOp.llBB4T0 K - k - llOCTOliHB4SI pac-
T¢ 

f3¢ - cl>430B4ll CXOpoCTb B 6JlBilBil4X CICOpOCTH CB8T80 k - BOnBOBOe 'IJIC-npOCTp4JI6BBil 0 

no, W - IpyrOB4ll '14CTOT4 B v - 0,1 ,2... J.1cnonb3yll rpaaK'IJihle ycnoBKll a a nosepx-



)I OCTSIX r = b H r = a , rlle b - pa.rlKyc xpyrnoro BOnHOBO.rla, a - pa.rlxyc cBo6o,[lHoro 

K a Hana, HeTpy.clHO nony'IH:Tb ,[lii:CD9pcHOHH09 COOTII:OW9HII:9 ,[lnSI rH6p11,[lHbiX BOnH: 

r.rle 
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Y, =~· k 1 = k -K 

JVI- 1 (k 1 a) 
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1

]v (k 1 a) 

.l.t-1 (k 1 a) -
y 1 1v (k1 a) 

2 2 
,k 2 = k l r -K 

{3) 

(4) 

2 
'1)= ...;'2._ 

f 
r 

<f>yHKUHH "' 1 . "'0 ¢ 1 B ¢ 0 ODp9.cl9n srJOTCSI Cne.cly lOWHMH COOTHOW9HHSIMII: 

1/1 ,= I . 
]"(,>,b)N"('>,b) l 
]v+ 1 (7Jk • a) Nv+1 (7Jk 2 a) 

]"'''·'' N" ,,,,b) I 
"' =I 0 

J v(7Jk 2 a ) Nv(7Jk 2 a) 

n o nst B K8HMe Yll06Ho 38HIIC8Tb B BH,[le 
12•31 : 

E.= (p + ~ q) 1 v(k 1 r ) 

J v ( k 1 a) 

i 2 

I J~(k 2 b ) N~ (k • b) 

¢,= p (k
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0
a) 
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(5) 

{6) 

1 
Ee ~ Jv(lr

1
a ) 

I 

I 
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r ~- Jv(k,a 

He ~ 1v <k1 . 

r.cl9 p H q - DOCTOSIHHbll 

ypaBBeHRA, nonyqaewoA npR 

nonll B ,[lK3n9KTpiliC9 onpe.cl 

rlle pnepaTop ~1-

~ !.E 

E = r 

Ee= 

0TCJO.clB, y'IIThiB8R rp 

ICOWD0ll8BT nonll B ,[lBSneKT~ 

K 1/J 
E - (p + - q)-

• k "' 

Jlacnepcaoaaoe ypaaae 

~ero ypaaaeBBR .rlnR xpyrnc 



IOAA, a - pAAJIYC CB060AHOI'O 

I I'H6pHAHbiX BOnH: 

f - K . • '1 = ...;'2_ 
f . 

(3) 

(4) 

YIOLUHMH COOTHOW9HHHMB: 

2 b)N~(k 2 b)l 

: 2a) Nvtt(k2 a) 

) 1 v (k 1 r) - + q ;--":-:---'---,-
1,., ( k 1 a) 

{5) 

{6) 

H . 

Ho = lp[kk' 1v+t( k 1 r)- 2:.-1v(k 1 r)]+q.!:..1v+<(k
1
r)l, 

1v(k1 a) kr k 1 

I'A8 p H q - DOCTOHHHb18, CBH3b M8>KAY HHWH HllXOAHTCH H3 cneAyJOIU&A CHCT8Wbl 

ypABH8HHA, nony 'IA8MOA npK BbiBOA8 AHCD8pcHOHHOI'O COOTHOIU8HHH: 

p'l' + q.!:.. ['I'- ~ (~ )] ~ 0. 
k ka y2 

2 

nong B AHsneo:Tpiiie onpeA&DHJOTCH o6bi'IHbiM cnoco6oM: 

rAe .onepaTop 

E = . 

1 a a v 2 ___ , ___ _ 
r ar ar 

H ~ _ vkE E -i..IL aH. 
• p,- • k 2 ar 

2 2 

(7) 

(8) 

0TCJOA8, y'IHTWIIAH I'pllBH'IHW8 YCDOIIBH DpB r - a I( r = b ADH DpoAODbHblX 

IOWDOll8BT DOJIJI II ABSD&ITpBI&, lldA&W: 

• (9) 

AacnepcBOBB08 yp811H&HII& (3) DO CliO&& CTpyiTYpe He OTDH'I8&TCH OT COOTII8TCTByJO

IU&ro ypaBB8BBH ADH Ipyrnoro IIOJIBOIIOAA C B30TpoDHWW AB9D8IT~JtOW (cw,,BaBpBW&R/
2'>. 
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Pll3nH'I.IIe COCTOHT nHWb B TOM 0 'ITO B Bblpii>K9HH9 JJ.nll cpyHICUHK ~ BXOJJ.HT n8p11M9Tp 

1) , Xllp111CTepH3YJOlUHA CT9U9Hb IIHH30TpOUHH JJ.Hane1tTpH'l9CitOrO 311UOnH9HHll. 3HII'l9HHe 

1) ~ 1 C OOTB9TCTByeT H3 0TpOUHOMY JJ.HanBICTplllty. 

H e TpyJJ.HO noltti3 8Th, 'ITO CHMMeTpH'lHhle sonHb t B paccMIITpHBIIeMoA sonHOBOJJ.HOlt 

C TpYICTYpe TIIK>KB He HM9!0T rH6pHJJ.HOr O Xllp111CT9p11 H UpH v ~ 0 yp11BH9HHe (3) pii.CUIIJJ.II-

eTCll H I! JJ.BII H 9 311BRCHMbiX JlHCne p C HOHH btX COOTHO W 9HHII: ~ ~ 0 ( E -BOnHbl ) ll <ll •0 

H -Bo nHhl). H11o6 o p o T, Hec HMM e TpH'lHble BOnHbt ( v ., 0) liBnHIOTCll r a6pHJJ.HhiMH tl 

IIHMH3 JJ.HCU B pCHOHH Oro ypiiBH9HHSI (3) JJ.nSI HHX B o6LUeM BHJJ.B npeJJ.CTIIBnHeT BBCbMII 

CnO>KHYto 3/IJJ.IIqy • 0JJ.HIIKO cyweCTByeT JJ.BII 'liiC THbiX Cny 'l iiSI ( {3 ¢ • 1 H 

KOTOp btX yp8BH9HH9 ( 3) 3 H8'lHTenbHO ynpOlUII9TCllo npH f3¢ = 1 ( Y I 

BH.Il 

--- .P , + .:!...J. 
Y• •'• To ¢o 

k~a 
-2- 0 

{3 ¢ -+ .. ) , i1n11 

0) ORO HM99T 

(10) 

H npH 1tpH TH'l9CICHX 'liiC TOTIIX ( K • 0, {3 ¢ .... ) piiCUII.Jlii.BTCll HI! JJ.B8 ypii.BHBHHSI: 

v• 
.P 1 <v•. kb • ..; •• k8) 

-
1v+l (k8) - o, ( 1111) . 

,P0(Y. • kb,y< z k 8 ) j y (k 8) 

-
~ a¢0 <v•. kb.v•. ka) + J ~(ka) = o. 

v •. ¢o < v~kh, v• .ka ) a(y<. ka) J • (ka) (116) 

CymecTBOBIIHHe JJ.BYX He311BHCHMh rx ypaeaeualt CBH38HO c BhlpO>KJJ.eHHBM ra6pHJJ.HhiX 

B o nH npH fj ¢ -+ .. B sonH bi H ( yp11BH 9 HHe 11 a) H BOnHbl E (yp11BH9HH9 116). 

K m.moHeHTb! nonelt JJ.nll aTHX BOnK HeTpyJJ.HO nony'lHTh, noJio>KHB K • 0 B (6), (8) H 

(9 ). npH 9 TOM UOCTOliHHbl9 p H q pa3 Bll3b1BatoTCllo 311BHCJIMOCTb ypiiBHBHHll ( 11a) 

OT .npOJJ.OnbHOlt • • H (116) OT nonepe'lHOA •. KOMUOH9HT T9H30p11 (1) 06~liCHli9TCll 

TeM, 'ITO JJ.nll E - BOnK H3 BC9X KOMUOHBHT aneKTpH'l9CitOrO nonll OTnH'lHOA OT Hynll liB-

liHeTCR T OllbltO E. , 11 JJ.nll H -BonH - E6 H E, • P e w e HHe ypaBHBHHlt (11a) H 

(116) npH v ~ 1 JJ.nll nepBbiX ICOpHeA npeJJ.CTaBneHo Hll. p11Co 1 a,6. 

npe>KJJ.B '19M npKCTYUHTb K JJ.II.nbHeAweMy p8CCMOTpeHHto JJ.HCUepcHOHHbiX CBOACTB 

rH6pHJJ.HbiX BOnH, OCTII.HOBHMCII HI! 'laCTHOM cnyqae a/b • 0 (BOnHOBOJl nonHOCTbiO 38Uon

H e H JJ.HaneKTpHKOM) • KOMUOHBHTbl none A B T8KOM BOnHOBOJJ.B onpeJJ.BnliiOTCll TOnhltO COOT"" 

HoweHHIIMH (8) K pacnpocTpii.HliK>lUHBCll BOnHhl npeJJ.CTI!BnlltoT co6oA OObl'lllble E H H 

MOJJ.blo nKcnepCKOHHble yp8BH9HKSI JJ.nll HKX KMetoT npOCTOA BKJJ.: 

H 

J~(k~b)cO 

J,(7Jk~b)=0 

( JJ.nll H - BOnK); ( 12a) 

(JJ.nll E - Bonu). (126) 
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IIIII 'I' BXO,llHT napawerp 

IT'O 34ll01lH9HHSl. 3H8'tf9HR9 

lTpHBil9WOII BOnHOBO,llHOII 

~ 0 ypasHeHae (3) pacna,lla-

E 0 ( E -son~~bl) 11 ell •0 

SIBD!IIOTCSI rH6pH,llHbiMH II 

e npe,llCTilBDli9T B9Cbt.lll 

{3 ¢ • 1 H {3 ¢ .. ~ ) , .llnll 

1 ( Y 
1 

• 0) OHO HM99T 

(IO) 

BTCSI Hll .<lBil YPilBH9HBSI: 

ka) 

lea) 
o. 

(I Ia) 

( 116) 

Bb!pO)K,ll9HH9M rH6pH,llHbiX 

E (ypasHeHBe 116). 

!B K • 0 B ( 6), ( 8) H 

~KMOCTb ypllBH9HHll ( !Ia) 

T T9H30pll (1) o6~SICHS19TCll 

Dnll OTnKqHOII OT HYDSI SIB

~HHe yp&BHeHHII (Ila) H 

a,6 • 

.<lHCnepcHOHHb!X CBOIICTB 

ODHOBO,ll nonHOCTbiO aanon-

:pe.<lemnoTcll TODbi<O coor-

o6oA OOblqHb!e E H H 

(I2a) 

(126) 

t 

1 
' 

iO~----~----~----~--~ 

0 

--------

3 

lfJ 

as i,O 

Puc. I a. 31lBHCHMOCTb I<pBTH'!eci<oa '!llCTOTbl or napaweroos BOIUiosona 

npH " - I. nepBbiA I<OpeHb ypllBH9HHSI (].Ia). 
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K!J 
1,8'tl 

1,61 I II/ , I 'I ~rrr 1 

as 
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Pac. 16. 

a 
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34BIICHWOCTb 1Cil_HTH'I9CJCOA '18CT0 Tbl OT nap8N9TpOB BOliBOBO.lla 

UpH v • 1. TiepBb!l llOpeBb yp4BB9BBK ( il 6). 

8 

J.1a 3TBX ypaBH9HRI Cll9JlY9'I 

.llBcnepcaoHHblX JCpBBb!X E-

0'J9BB.llH0 0 npB 3Ha'!9HHB Ua) 

r.lle a"'"- m - bill J:opeHb yp 

BCXOJlHT UOIJH09· COBU8Jl9HHe 

HVIn H E Vn • 8 'ltlCTHOC'I 

HO '1 ~ 2,08. npa '1 < 2 

poT,-E 11 

Hana'JRe B BOIJBOBO.llHC 

SIBI19HIIK> CBSI311 M9)1{Jly H9CHI 

HO H8rllSIJlHO npOSIBIJSI9TCSI B 

PH.llHblX MOLl. npa 3TOM liME 

ICOM BOIJHOBO.lla) 0 a JlB9 JlBC 

BenH'JHHa pacwenneHBSI aTHX 

llOCb Bb!We, o6pawaeTCSI B l 

Horo peweHHSI ypasHeHHI (I 

a/b COBUaJleHHe nepBbiX Ko 

JlaHHbl9 0 npHB9Jl9HHbl9 Ha pH 

Jln,. npHMepa paccMoTr 

JlBYX HH)KHHX rH6pHJlHblX MO 

( '1 = 1,667). Ha pHc. 2 np1 

3Toro Clly'JaK. KpHBaK r HMO 

9T o6paTHblM BOnHaM B pace 

TaK)Ke JlBcnepcHoHHble xapao 

'19CKBX 'laC TOT, n apaweTpOM 

COOTB9TCTBYIOT JlHCnepCHOHHI 

CSI ypaBH9HH9M ( JJ6) H B pe 

.llnSI CnnOWHbiX .O.HCDepCHOHHJ 

B 34BHCHMOCTH OT B911H'IHHbl 

RaweHeHBH napaweTpa '1 nc 

H ),6 R CUIJOWHble Jlllll '1 • 

pR.llHOI MO.lle, a cnnowahle 1 

'1 • 1,7; 2,0 R 3 ,0 -sepxHe 

w:oe 'srsneuae o6MeHa. xpHTR' 



a 
10 6 . 

IW9TpOB BOnHOBOllll 

i 6). 

J.13 3THX ypaBHQHKII ene.nyeT, 'ITO npH B'!MQKQKKH napaMeTpa l) llpOBeXOJlKT eM9lU9HK9 

.naenepeaoHHbiX xpHBbiX E- H H- BOnK e onaHaxoBbiM " 

Qq:QBIIJlHO, np11 3Ha'IQHHH napaMeTpa 

'1 = 
a "m 

OTHOeHT9llbll0 npyr llpyra. 

( 13) 

rne a.,.,- m - bill xopeKb ypaaHeKRSI ( 12a) B {3"" - n - bill xopeHb ypaBHeHBSI ( 12 6), npo

KeXOJlBT UOllHOQ. eOBUllJlQHHQ JJ.HenepeHOHHbiX XpHBbiX llllSI COOTB9TeTBY!Olll9ll napbi BOllH 

H.,. K E .,n • B q:aeTHOeTH, .nnSI " s I B m = n = I TllXOe 3Ha'I9HH9 napaMeTpa pas-

HO '1 = 2,o8. npH l) < 2,08 HH)I{HQII SIBllSI9TeSI MOllll H II , a npH '1 > 2,08, Hao6o-

poT,-E 11 

HllnB'IHe B BOUHOBOJlHOII eTpyxrype eB060JlHOrO KaHana ( a/b ~ 0 ) npHBOJlHT X no-

HBnBHJIIO CBS13I Me>K.UY H8CHMW8TpH'IHhiMH MO.U8.MH C O.llHH8KOBbiM Y , XOTOpllSI oeo6eH-

HO H8rUSI,!lHO npOSIBllSI9TeK B enyqae eOBUa,QeHHSI XpHTH'I9eKHX qacTOT JlBYX eoeeJlHKX rH6-

pHllHbiX MOJl. npH 3TOM KMQQTeSI He OJlHa (enyq:all llOnHOeTblO 38UOUHQHHOr O llH3 n9KTpH

KOM BOllHOBO,!Ia), a JlBQ JlHenepcHOHHbiQ KpHBbiQ e o6mell TO'IKOII npH K = 0 (eM. pHe.2). 

BenH'IHHa paemenneHHSI 3THX KpHBbiX 3llBHeHT oT OTHOllleHHSI a/b H, K8K y>Ke yiA3blB8 -

noeb BbiWe, o6pamaeTeSI B Hynb npH a/b •0. OnHeaHHbtll enyqall Kaxo.nKTeSI K3 eoBMee-r

Horo pellleHHSI ypaBHeHHII (!Ia) H (116). B q:aeTHOeTH, nnSI "= I H n106oro 3HaqeHHSI 

a/b eosna.neuue nepBbiX xopHell 3THX ypaBHeHHll: nerxo nony'IHTb rpacj:>HqeeKK, Henonb3ySI 

.naHHbie, npHBe.neHHble Ha pH e . I a, 6. 

nna npKMepa paeeMOTpHM KOHKpeTHbill: enyqaJI: eoBnaneHHSI KpHTH'IeeKHX qaeTOT llll!l 

llBYX !IH)I{HHX ra6pHJlHbiX MOll e " = I ( kb • 0,8581) npa a/b • 0;5 K < r = !0 

( '1 = 1,667). Ha pRe. 2 npHBe.neHbi JlHenepeHOHHble xapaxTepHCTKKH H II llllSI 

sToro enyqag. KpHBaSI HM99T yqaeTOK PQ e llHOManbHOll JlHenepeHeli,'ITO eOOTBeTe TBy-

eT o6paTHbiM BonHaM B paeeMaTpHBaeMoll: BOnHOBOJlHOll: eTpyKrype. Ha pRe. 2 npHBeneHbi 

TaK)I{Q ,QHenepeHOHHbiQ xapaKT9pHCTHKH 3 THX MOll 8 OKpeeTHOeTK eOBlla,QQHHSI HX KpHTH

qeeKHX qaeTOTo napaMeTpOM SIBllSI9TCSI < • ( HllH l) ) • npH 3TOM nyHKTHpHbiQ KpHBbiQ 

eOOTB9TeTBYIOT JlHenepeHOHHbiM KpHBbiM, KpHTH'I9eKaSI qaeTOTa liDS! KOTOpbiX onpenenSieT"" 

eSI ypaBHeHHeM ( 116) a B paeeMaTpHBaeMOM cnyqae cj:>HKeHpoBaHa. KpHTH'IeeKHe qaeToTbi 

Jlllll ennOlllHbiX llHenepeHOHHb!X KpHBbiX Ollp9Jl9llSIIOTeSI ypaBHQHHQM (!!a) H l<3M9HSIIOTe!l 

B 38BRCHMOCTH OT aenHqHHhl l z HllH l) ). 3 BOll!OllBSI JlHenepeHOHHbiX KpHBbiX npH 

H3WQHQHBH napaM9Tpa l) ll0Kll38Ha Ha pHe. 2. npH'IQM nyHKTHpHbiQ XpHBbiQ ,!IUS! l) •! , 5 

H !,6 H ennolllHble llUSI '1 • !,667 (I); !,7; !,8; 2,0 H 2,2eoOTBeTeTBYIOT HH)I{HeA rH6-

pHllHOII MOlle, a ennOlllHble KpHBbiQ npH l) • !,5; !,6; !,667 (II ) H nyHKTHpHble UpH 

'1 • 1,7; 2,0 H 3,0- Bepxuell: Mone. B oKpeeTHOeTH '1 = 1,667 npoHeXOJlHT Tax Ha3btBae
/3,41 

MOe 
11

SIBn8HH8 06MeH8 KpHTIPI8CKHMH 'tf8CTOT8MH• M8>K.llY 3THMK LlBYMSI MO.ll8MH. 

9 



~ 

~---r~--~~------r-----~-----i~ 

~ 
........ ~ 

(;:) 
~ 

~-,J 

~ 
~ 

I''~~~ 

~I 
...... ......... 

'IQ ....... 

(;:) 
(',1 

('\1 

t'\i •• 
~ 

'-"\ 
<::::a 

10 

~-

~ 

~I 

~ 
c:::s 

I l 
I I 

~ 
c::::s 

I I 

I 1::: 
<::::a 

~ 

~ 

>< I 
:.! >< 0 .. .. .. 
<:1 .. II' 
.. .. >< 
"'Q) .. 

10 II' w 
.. ., 0 
f.. .. Q) 

!') II' 

= )( = .. :.! ~ 
iii .. "' .. I!' .. .. ~ .. 
>< !') .. » ., .. 
Ill"' Q) 

<:1 .. ~ 
.. 10 = 
§ci~ 

0 
.. . .. 
.. f< 
., .<> 0 

~~ ~ 
!!. .10 
Q) 0 0 

'"'-
" n '" .. !') "' ... ., ~ ~ 
>< 10 

• Ill 
Q)-

~ n o::-
~ ~ Q:l .... "' 
0 "'f< go c: ; 
c: <:1 .. • 
~ 0 "'fo 
t:p ~ ~ 

N 
u ., 
0.. 

_ i......__ 

PeaynhT8Tbl, npeAcTasnE 

nee CHJibHO Bb!p8>KeH 8HOM8Jlb 

Ycnosae cosnaAeHHH xpKTH'Iec 

COOCBblM AH3JieXTpH'IeCXHM CT 

BO A4>Ke It DpH 3TOM YCJIOBBH 

OHH CYlUOCTByiOT JIHlllb I 

0 CBOICTB4X I 

B Aaa¢parMHposaaaoM 

csoel cTpyKType 6naaox x so 

XOM, DOBeA9HHe AHCDepciiOHH: 

KBX '14CTOT no CBOeMy X8p4K1 

BseAeM cneAyJOllJHe o6c 

b - p4AHYC BOJIHOBOAa, a -

OAHOBOJIHOBOM npH6JIIIlk9HHH 1 

( 8 ~r ~ b ) , MO>KHO C'IHT 

r a a ll.BYMH HMlleJl8HC8MK 

C'IRT89M 6eCKOHe'IHO TOHKHMH 

6b1Tb nonyqeao c noMOlllbiO c 

'Y ~ '!'~ 

rAe 

"' = 

B cnyqae f3 ¢ .. .. yp4BHE 

H 

Ytn~sae cosnaAeHHH KpHTR'I· 

OTHOlllOHBIO ( 13): 
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PeaynhTBTbl, npe.ncTaaneRRble Ha pRe. 2, noKaablaftJOT, 'ITO .nn11 HR>KHell MO.Ilbl HaR6o

nee CHilhHO Bb!piUKeR BHOMBilhHbil Y'IBCTOI< ( o6paTHb19 BOIIHbl) y .llBCD9pCHOHROI 1<pllBOi l• 
YCIIOBH9 COBDil.ll9RlUI 1:pllTR'19CKBX 'lllCTOT, J<aK 6blll0 DOK838RO .llllSI 1<pyrnoro BOIIROBO.Il ll C 

COOCHbiM .llR31l91:TpH'I9CI:HU CT9p:>KReM
15•

61
, 6naronpRHTCTBY9T DOIIBII9RHIO o6pllTHbiX BOIIH , 

HO .lliUK9 ll DpH 3TOM :YCIIOBHH B p8CCMBTpHB89MOll RftMH MO.Il91IH .llllSI 3ft.llaJIKOll B91llf'IKKb1 

ORR cylU9CTBYIOT_ IIKllih B 0Dp9.1l9119HHOM HHT9pB8119 3H8'19HHI a/b 

DPHnO)I(EHHE 

0 caoAcTaax ra6pHAHblx aonH a A•affiparuapoaBHHOM BOIIHOBOAe 

B .llKBQiparMKpOBBHHOM BOIIHOBO.Ile, KOTOpb!l a 'HMDB.IlBKCHOM' npa61IH>K9HHH 
14

• 
71 

no 

caoeA CTPYKTYpe 6nBao~: 1< aonaoao.lly, 'IBCTH'IKO aanonaeaHoMy aaaaoTpoDHbiM .naaneKTpR

KoM, DOB9.1l9HB9 .llHCDBpcllOHHbiX 1<p11BbiX r116pll.llHb!X BOIIH B 061IBCTH COBDB.Il9HKll KpHTII'19C

KHX 'IBCTOT DO CBOBMY XllpBI<Tepy HBDOMHH89T ODHCBHHblll Bbllll9 CIIY'IBI, 

Bae.neu cne.nyJOtUHe o6oaHil'IBHHH .nnH reoMeTpH'IOCKHx napaMeTpoa aToro aonHoBo.lla: 

b - pa.nayc BOIIROBO.IlB, 8 - pB.IlHYC OTBepCTHH .llllllQJpBrM, D - nepR O.Il C TpyKTypbl, 8 

O.llHOBOIIROaou npa6na>Keaaa ( D/.\ 8 -+ 0 ) npocTpBHC!fBO, a BHHMBeuoe .llB8QJpBrMBMH 

8 <;;_r ~ b ) , MO:>KHO C'lliTilTh BHH30TpODHOI cpe.noA, xapaKTepHayeMOI Hft noaepxHOCTH 

t Q a .llBYMH HMD9.1l8HC 8MH &
0 

= - !•
0 

H g 0 ~ ~ , npH'19M .llRBQJparMbl 

C'IKTileM 6ecKOH9'1HO TOHKHMH, AacnepcB OHHoe ypaaaeaae .llllll rK6pH.IlHbiX aona MO>KeT 

6b1Th DOIIY'IBHO C DOMOllihlO ClliBBBKKSI HMD9.1lBHCOB npR t =a B BII~99T Bll.ll: 

r.lle 

B cnyqae f3 ¢ -+ oo 

ljJ = 1/; 1 (kb, ka) 

.P 0 (kb, ka) 

1v+t (k 1 a) 

y 1Jv(k 1a) 

ypa&HBHBB (1) pacDB.Ilft9TCll H~ ~BB 

Jv(kb) = 0 

H 

J ~ (ka) = 0. 

<!> =- Jv+l (k t a) 

·Y 
1
]v (k 1 a) 

( 1) 

( fl a) 

{fl6) 

Ycn~aKe coaDB.IlBHHH KpHTK'IecKRx '!ftCTOT .nayx coce.nHHX rH6pH.IlHbiX MO.Il aaanorH'IHO co

OTHOllieRHIO ( 13 ): 
__! = f3vo 
a a 

Vm 

11 



r.lle f3vn B av,. - cooTB&TCTByJOLUBe llOpHB ypuaeaal ( H a) B ( H IS). B '14CTHO-

CTH , JlnSI .llBYX HB:>KHBX WO.ll c v • 1 1<pHTB'I8CJ<Be '14CTOTbl coBn4Jl410T npa IVa • 2,08. 

Tu :>Ke, 1<41< Jlnll sonHoBO.ll4 c 4HB30TponabiW .llBaneiTpBilow, B .llB4cPparwaposaHaow 
/4/ 
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