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.AHHOT.AIIMH 

PaccMaTpMBalOTC.fi rrepMO,II;H't!eCKHe CTpyKTyphl THIIa n;eiiOtiKli CM3aHHhiX 

pesoHaTopoB WiJimi.npnqecKo~ reoMeTpim HJIH .IJlYiawparMBpoBaHHoro BOJIHO

Bo.n;a. I1CTO't!HHIWM B030yj!{)J;eHJm CTPYK~~yphi CJIYilrnT ,D;BmKYJ,UH:tiC.R: C IIOCTO

.mmo:ti CKOpOCT:OlO KOJI:OUeBO:ti a3MMJT8.1I:O.HO CIDJJMeTpHtml:l:f! Ml7I HecHMMeTpE'!

Hblit sapmteHHLilt cryCTOK MJIM KOJI:OD;eBOH Hesap.FOKeHHhi~ TOR. 

AHa.l.mTM't!ecKa.R: qacT:o pac't!eTOB HHTt~HCHBHOCTn BIDCpeBhi.X rroJie:f! rrpo

Be,n;eHa no BapnaHTY MeTo.n;a pasJio~eHRi no oc~TopaM rroJIJI, npe~o

~eHHOMY AxHesepoM, ]ro()apCKKM R ~:tiHjeprOM. llpRMeHeHHe 8TOrO MeTO~ 

OCHOBa.HO Ha IIOCTpOeHRH CHCTeMhi C06CrBeHHHX ~yHKUH:f1: CTPYKTYPH TaKRX, 

KOTOpbie RMeiOT IlpOCTpaHCTBeHHhie rapMOHHKH, pacnpOCTpaH~eCH B Ka

Ha.Jie CHCTeMH C qla30BO:f1: CKOpOCT:OIO paBHOli CKOpOC'rn .,J.03IDKeHID! ECTO'tJHHKa. 

ilOCTpOeHHe 8TRX ~yHK~fi IIpOBe,n;eHO ~MCJieHHhiM CDOC060M HCIIOJI:O.SyromRM 

cOrJiaCOB8HMe IIOJiefi K8H8.1Ia CTpyKTyp~ H pe30H8TOpHhiX 06JiaCTeM. ~ 

yJiyqmeHM.fi CXO,n;HMOCTH pH.n;OB, KOTOpbiN:H BhlpaJKa.IOTC.fi 8JieMeHThi OCHOBHOH 

MaTpHD;ij CTpyKTyphi, Y't!HTHB8IOTCJI KB8SHCT8TM't!eCKHe OC06eHHOCTH IIOJieH 

Ha OCTpbiX KpOMRax (yrJiax ,Il;liacpparM, BXO,IJ;HhiX HJIH BblXO,IJ;HLIX rraTpy6Itax 

pesoHaTopoB). 

IIporpa.MMa HamfCaHa Ha cpOpTpaHe ll rrpe,n;Ha3H8'!eHa ,nJIJI 8BM CJ.(C 6500. 

Bxo.I(HhiMfi ,n;a.HH:otMM nporpa.MMLI cJiyiKaT napa.MeTphl cTpJKTYPhl (a. -pa,n;l:fYC 

R8Ha.Jia, ..{i) - rrepHO,n;, d -lli.HpMHa, 8 -pa.,n;nyc pe30H8TOpHOH 06JiaCTB), 

napa.Me'rphi MCTO'!HHROB ( rrpo,n;OJI.bHa.rJ: ClWpOC'I':O l/ , reOMeTpM't!eCKMe pas

Mepl:l, IIOJIHl:lf1: sap~ cryCTKa EJIH TOR), a T~e '!fiCJIO Y't!MThiB8eMhlX rap

MOHMK H trnCJIO CTO.fl'tJIDC BOJIH B peSOH.:tTOpHhiX 06JiaCTJIX. Bhl:xO,IJ;HbiM napa

MeTpOM .fiB~eTcHlAf (KaB/rrepHO,IJ;)- ItOJIE't!eCTEO 8HeprHH, OT,na.BaeMOe 

qa.CTMD;eH HCTOqfiHita Ha rrepmo,n;e CTpyKTyphl Ha B036~eHHe BHXpeBoro 

IIOM. 



I • .A.H.A.lillTift!ECKAJI 1lACTh 

CxeMa cTpyKTypH E o6osaaqeHER pasr~epoB npHBe~eHH aa pHc.I.*) 

llp:MMeHJieTCH MeTO~HKa paC"tJeTOB, TeopR:t ROTOpoft npe,I(J.[OJJ.teHa B [I) • 

PaCCMaTpHBaeTCR BHXpeaaH qaCTb B036y.~aeMOrO ITORR. llpH 8TOM HCXO

,IVIT H3 paSJIOJKeHIDI BeKTOpHOrO IIOTeHD;Ha.Jia 8TOrO IIOM IIO HOpMlq>OBaH

HliM co6CTBeHHIIM ci>YHRitWIM A). ( t,. ) "x::>Jio,nao:ti cTpyKTYPH": 

Ace,/~)= 2·~>-{tJ A.>. ii); cLiv A~-= o; j I /i). /2d V = .. J>.lfrrc 2 
(I) 

.,>. C:PV])) 
v~ -o6~eM H'1e~H CTpyKTypH, jP -'1ECJIO ~eeK B HeM, KOTOpOe BHa-

qaJie cqmTaeTCH RoaeqaHM, saTeM rrepe:xo,wrT K rrpe.neJIY npm Y-7- oo • 

,UJm "a.MIIJIHTy,n noJUI" ~\ Ct) HMeiOT Mee:To ypaBHearu:r 

0,\ tC2. KjO.;;..-= j_]J J ' J' .. "i,• d v - I-A (-')) D\ =A~ .A{~-. "-) (2) r, r < <:P Vb) ' 0 · 
B KOT!blX f;.. (.f) , npH sa,n:a.HHOM 3HKOHe pacrrpe,neJieHH$1 WIOTHOCTH 

TOKa J , COS,IJ;aBaeMOrO .n;BIDKeHHeM HC~~QqHHKa (CryCTKa, TOKa), .fiBMIOT

M ESBeCTHWvm cpyHKD;MME BpeMeHH. My~Th'l'lUIH,IJ;8KC /\ onpe,neAAeT noc

Jie,I(OBaTeJibHOCTb C06CTBeHHhiX cpyHKI:Udt. Ero"KOHCTPYKiniff" o6cyx,naeTCH 

lUDKe IIpH nocTpOeHHH Ca.MHX 8T:HX q}yH::QUli!. 

ilCKOMaR HHTeHCHBHOCTb B036y.m.naeMJrO BMXpeBoro nOM onpe~eJIReTCR 

acRMnTOTHqecKOI ci>opMyJIO~ 

1=~ H.C+) ~CiJ::!2_Uo~(!+C2 k)./ty.>./2) 
t-+ao t J &;.. /' r 

{3) 

~ Haxo~eHBH C06CTBeHHHX cJ>yaRr~~ HCITOJlbSyeM paCIIpOCTpaHeHHH~ 

cnoco6 pac'1eTa cJIOlKHHX cTpyKTyp-"METo.n; cUIHBa.aru:r". Caaqa.Jia nocTpOHM 

CHCTeMy C06CTBeHHbiX BOJIH { ~ , h~ } , SaTeM Onpe~eJIHM C06CTBeH

HHe cpyHRUEH no cpapMyJie 

ii ;:" I I F- ·-; 
-~ ( £../ -= ic. k ..:_.\ Ct 

:,..>. 
(4) 

*) HsMeHRR cooTHOIIIeHHH Me~ DO H d OT ueno'1KH pesoaaTopoB MOEHO 

nepe~TH It .n;Half>parMHpOBaHHOMJ BO.TIHOBO~. 
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B aH~TERe 6y~eM CAe~OBaTD ~OpMe ~aHHO~ MeTO~ CIDHBaHRff B [2] . 
ITo ·He CB060~HX BOAH B CTpyKType BuqECRHeTCff C DOMOmPID O~HOKOMDOHeH 

HTHl:lX 3AeKTpl'P1:eCKOrO H MarHHTHOrO BeBTOpOB repn;a n E =t% f1e , 
-H - H E nH n = ei! n . Jl ) y~OBAeTBOp.AlO'l O~HOpO,nHOMY ypa..BHeHHID 

reRDMrOAbna. PaccMaTpHBaiDTCR cpaay d.&pbe-ROMDOHeHTH c BapEanHea 
Cwr, o iWJcf) 

no a3HMJTY TEna e i , f'n =0, I,2 •.• l{a;Iee MHOJKETeAb e 1 H 

ID!~eKC "Wl" y COCTaBRHIDmHX DOJIJI n01ITH Be3~e OnyCRaeTCR. 

B o6~acTH G, -Raa~e cTpyKTYPH 6epyT paaAoJKeHHe noAH B Bane 

npOCTpaHCTBeHHHX rapMOHHR 

E rc:: ~I [gtn hn . :r~ cJ .. 'Z..) - ltl1 !l ],., (6 .. Z)- 7 e L. h.,:.l 
"1.. ti=-00 dV1 JM (J~a) "Z. t1 6itf~f (6(/la_.J-1 (5) 

(6) 

(?) 

(8) 

(IO) 

B peaoHaTopHHX o6AacTRX G2 6epeTCR paa~o~eame no cToaqmM BO~HaM. 
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(II) 

WI f(n '--. 8 . ' X 
2/C'z. Ill 

(I5) 
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B aTHX WOPMYJiax BBe,neirn ociosHaqeHHH ( K = w I C ) 

h" :: f11 + ~ ) 111 ;= M ( tcJ) - ~ ~ h ~ 'j,j (I7) 

(I8) 

(I9) 

(20) 

fl ;::; cvvr t1VIlltt1 +1/...,,A) . ~~ I= rWlt1
1

7T BJ I -132/llt] 
H 11 - a01Az . <--"' , ~ Yl - LCLcl·~~~ V1 (2I) 

.iJ1V1 , .4 2-VI , Bin' , B2.1l -cliGTeMa RoaqxplfilHeHTOB rro,IJ;JieltaiilaH orrpe,neJieHmo. 

YpaBH8HIDI, B3 ROTOphlX 8TH ITOCTOR:HHble HaxO,nffT, no.n:yqaiOTC.fi kl3 YCJIOBRR: 

HerrpepHBHOC~H RaCaTeJihHHX R o6me~ rpaHHlfHO~ ITOB8pXHOCTH 06JiaCTei G, 
H G., ( 'l. = CL) ROMIIOHeHT ITI)JIH (npH rrepexo.ne OT sHaqeHH~ (, = Q-0 R 

~ 

'Z = a. +0). CorJiaCHO [2] ll)8;ILCTaBHM cam: rrpe,neJ!bHHe 3HaqeHIDI E;r (a ,i. 

r= f ( Q , "2 ) B q,opMe . 

E = ~ ~ L' h""' l L~ I~ (-~ -0'1>)2_]-~ = J (-2) 
2. L I VJ 1 tZ. ol/2.. .Z 

. 1-
~ --

(22) 

~- l /1 H l ~ [ ( -2 - jtll]) tr )2_ - ~ 
E'f ~t-t'"'' e /- J/z JJ = .J"f rr) (23) 

TaRaH WOPMa npe.nycMaTpHBaeT I)BunoJIHeHIDI ycJIOBli.fi ~Jioke; 2)yqeT Rpae· 

BLIX KB83HCT8THqecRHX 0C06eHHOCTeit. IlpH rrepexo,ne { t ~ Q. , G. <(L] 
c yqeToM (6), (7) rroJiyqaxTCH WYHKUHOHaJibHHe ypaBHeHBR 

~ -h z ~ 
2· .4n.1 e L ~ = ~ (:6); 2_ A~~VI ~ t.' 0~-~ r = :r'f CcJ ,

24
> 

h =-- c::P VI ::=- - V""~ 
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a np:m: rrepexo.ne { t '? Cl. , 't > Q,~ ( b eu.t -cHM.BoJI KpoKepa) : 

\)0 00 ' lA. 4-{ 

L_i-" 2-$;"' Bw,C&iCV(~ (i+ ¢21]-= 'Fr; L 7 {1.)4 Lf., {2+ cfzJJ = J'f 
-o 11 =; (25) n-

~ (S) . (GJ . . . t- i1' l,-
/3;·z. VIi= r(5. P. "2. tt~; (i ·., s 1 (3i.vr'= Jo (2, }·t- t-1) Jo { JhJ 

1 J L- .T'r 1 ,~, Jl s ... '. -- .-.;- · (27) 
.s=-~ J~~l = Ji +~!~ -(-/)it'..;, (~SIIJ 

~" ... ' ~sn' · ± ~n I 

r.ne ~. ;TTJC)-t/7 )/_D;) =:ihs. r /Jf . Y"t!HThiBB.H (26), (27), 
Sf1. ~5hl • 

Bee cocTaBJI.1IlOII.(He rroJI.FI MOJKHO BH:pasHT:& qepes c:m:cTeMJ t f f . .1tJm onpe-

.n;eJieHHR STHX H8H3B8CTHHX C~EaT YCJIOBHH HerrpephiBHOCTH f{~ ,flz 
npH nepexo.n;e qepe3 IIOB8:f:XHOCT:b Z. = Q. • B pesyJI:&TaTe IIOJIJtiaiOT .I(BS 

6eCKOHetiHHe O~OpO.I(HHe CHCTeMhi JIHHe~X ypaBHeHHI: 
~ M . 

2 f;-c .4 s.-t: + z· f 2 t ~3 s i == o t s =t, 2, __ -. J c2a) 
t=-t>ll t.:::--Do 

()(} ()() z ftt c~i .} ~ f-zt ~n£.i = 0 ( _\' ~ 01 I I 2; ~ - .) 
i = -e>n 't- -~ ( 29) 

0603HatiHM JV/s, :::~ ( hf. + 7[1)/{h~- t/·)H BhiiTIDIIeM KO&l$!IUieHTH: 

4 :::zo(\ {1 d. t-o :rmr6iAaJ , WI h~z- ~ Zzi!VJ r~.iaJ- R. rtJ (3o) 
~i Vl~ lVI ......,., ( ') /1.2. Q._ ] Lf(L '£ .71 (--D /! IJ

1 S 
VI=--~ Jwt !b~.<tV(..PVJ :S Z.jHl!J o;...s.W 



(33) 

B (30), (3I) s =I,2,3, •••• ; B caa) S=O,I,2,3, •.•••• 

ilpH pe~KUHM CHCTeMH (28), (29) orpaHHqHMCR npene~aMH HgneRCa 

t : - x~t~ X . Torna B MaTpHuax 4 , B t c ']) 6y

neT 2 .JC + I CTOJI6UOB, C~enoBaTeJI:OHO B ilOJIHOi1 W TpMne CHCTeMhl, 
1\ 

ROTopyro o6osaaqHM qepes I~ , qHcJio cToJI6UOB no~no 6uT:o 4j[ +2. 
A l\ .1\. 1\ 

BMnao, qTo nyMepaurur cTo~6u;oB MaTp]Ju !lJ , C , II , 8 -onHHa-
A A 

ROBaR, a HyMepar.tWI CTP9K - pa3HM •. ~ ~"\ , (_, CTpO:KH HyMepyiDTCR 

B npeneJia.X 0.:$ S ~ 2 'J( , nM A ., B - B rrpene~ax 

I~ S ·~ 2JC+ I. IIoc~enoBaTeJr:caocT:o Jipa.BHeHPii1 B noJIHoa cmcTeMe 6y

,n;eM 6paT:O B nop~e, HCHOM H3 UpliHIO,IU!MOrO HIDKe qacTHOrO CJiyqaR 
1\ 

~= 2 (BPin MaTpHUH M ) : 
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Co --z 
I 

JJo,-z CD-( 
I :lJo~-i Coo 

I 
,I/)() D 

I 
Cot 

I 
c2)Dtf Co,z. (J)o,z 

~~/ -2. 
I 

B;,·-2 I}J, -t 8 i -( 
I 

A;, o Bi,o fl ;, ( B,l t fli,2.. B12 I 

(i -2 d:J,,-2 c,, -r JIJ,, -{ C ;,o J) ,-, 0 ( · I c[)t, I Ct,2. JJ if 2.. J ,, 
A. -z B2-2 lt2.1-l 152. --I 112;0 &.o 4211 B2, t 11212 8 ... 2 '-i I I I 

'-I 

c2.-2 3J 2{-2. c2 _, J/)2; --; Cz o clJ2, 0 c2i t ih.( c2 2. /lJzz I I f I I I 

A3 -z 83--2. 113.-{ ~ '> • 113i 0 /33;0 .t/3
1 

I B3i I A-3,~ 131,2 '). -( 
• I I I 

c3 --2. JJ3i-2 C3,-i JJ3i--l Cs, c ,7J3. c C 3rt ~3-1 c 3·2.. J)s.2 
I . I I I I 

4v-z I B tr,·-2 fl\(1-( B:r,-t lt\{(0 Bit, o A '<t t 8 i.f, I 4 v, 2. 8 I([ 2. 

elf~ -2, /JJv, -2 c'(( -r JJI.f,-( c.i.( ,o l~'l, 0 C 'f r I c0v, t elf 2 
I r» '-ft2 

f/ ~ -2. fS~- -2. fl !;.-( 6 f'--{ lls:o 6 ~0 If if ( Bf':t 4s. 2. 8 .--2 ' I I I I ::., j/ I I 

(.34) 

~a a~eMeHT MaTPKUH npe~cT~eTCH 6ecKoHe~o~ CYMMO~. Orpa

:rm'tllmcH B a True CyMMa.X MaKc:Ja:Ma.1ThHHM HH.n eKe OM I V1 I .!5 tl , T. e. B CJTMM8.X 

6epeTcH 2 N t .d. tiJieHoB. 8To orpa.mr-qeHHe 03HatraeT, 'fiTO B 30He pacnpo- : 

cTpmeHl:U! 6epeTcH MaKCHMyM 2 N + .1 nitOCTpa.HCTBeHHHX rapMOHHK. Orpa- l 

"\ A -'\ A. 

Jm'fieHHe 2~ + 1 CTpo1lK8.1VIH B MaTpm:J;ax 41 {3 f C 1 :tJ , ( T • e. s~· 2:JC ..f .i. ) t 

03Ha'fia9T, liTO B pe30HaTOpHHX O~aCTSIX 6epeTCH 2:J( + j_ CTO.f.flmX BOJIH. r 

TaK ItaR B o6meM c.nyqae MOJICHO 6pa.T:& np[6.JnDKeH:ae, Kor~a 'f1RCJIO npocT

pa.HCTBeHHI:lX rap&OHHK OTJnrqHQ OT 'f1RCJia CTOsrtmX BOm. HanpHMep, B3HT:& 

N' > ';/{ • B (26), (27) Tenep:& H906XO)(KMO B9CTH CyMMI[pOBamie B IIpe

,neJIB.X -j( ~ i ~ Y{ , rrprqeM -A/~ t1 ~ AI , 0 ~ V1 '.S 2 !!{~ • 
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II. Bonpoca, cMsa.HHHe c noorpawvmoo:aa.HReM san;a't{K *) 

I) 'iepes M B nporpa.M.Me o6osHa'tUiM {fMKcHpoBamme asmqTaJI:&-

HOe ~c~o. A 
A A. 1\ ., 

2) IlopuJ;OK npH6.mtllteimf.: - "tUIMO X H MaTpma Ill 13 1 C ,JJ 
B nporpaMMe o6osHa-cmM KaK ~( 2 R Ma.CCHBH W4 ( £2./

1 
~ 2 I); 

WB{¥21)t2tJ) WC(Y:21, :t21 ); ~']) (~211 .Y2f), 
r.u:e :t. 2. d. - 2 -* :1:.2 + :1 C 35) 

3) 06osHa"tJHM N b. l\/- '!HMO, noKasl:i[Ba.romee, ycTa.Ha.BJlllBa.eMoe . . 
Ha.MK "npoH3BOJll)HO", npeBHIIIOHHO 't1RCJia npoCTpaHCTBOHHHX rap;IOHmt Han; 

'tlliCJIOM CTO.f.CtmX BOJIH. TaKHM o6pa30M, npocTpa.HCTBOHHHO rapMOHHim, on-

pe,lleJIJiOMblO RO~OHTa.Ml! ,q In , .4211 6epyTCSi MO;n;yi<Jl{HX HOMepoB 

-(~2.+Af~_,v)J ___ OJ .. -· CitL..+IV(;.A/) • rix o6mee 'tlliCJIO o6osHa~M: 

N' 2.1 ::= 2-1f t~2+ !ofG-N) +d. (36) 

B c.n:yqae CRMMOTpH"qHJ:lX BOJIH M - 0 ( a a.HaJ.mTRKe {IVZ :::= 0 ) , KaR 
1\. A 

B.H)l;HO H3 (30), (33), BCO 9JIOMOHTH MaTpmJ; 
A 

A H rfJ - Hyn. B aToM 
A 

c.nyqae C COOTBOTCTByOT ORMMOTpH't!HHM E - BOJIHaM, a MaTpKUa f3 
- CHMMOTpH"qHHM H - BOJIHaM, l.J:T06H OXBaTHT:& BCO CJIY'laH, B nporpaMMy 

BBO,llHTc.a: o6mM MaTpm;a (MaccHB) UK (£:1.., :C.i) , r;n;e 

:td =2*:t2~t (37) 

KoHcTpynpyeMafi no 3aKOHY (34) , eCJm fvt ;6 0 • ECJm /'1:=0 , TO 
(\ 

JIOBHit Bepx:mdt yrOJI BTOa MaTpmui 3a.HHMa.OTCSi . Jm60 MaTpn:ueit C 
1\ 

Jm6o B , B 3a.BHCHMOCTH c T yxa.saTeJI.fi B nporpa.MMe. Ta.KHM yKasaTe~eM 

npoeM nepeMeHHYJO ( o6osHa"t3lm ee -qepes MEH) , H 6y,u:eM npHcBaxBaT:& eii 

3H8't!OHRH 0 ; I ; 2 B 3aB~CHMOCTH OT TOro, paCCMaTpHBaOTCSi Jill 83HMY

Ta.J.I]',H0 HecHM.MeTpH't!HIDi CJIY'lai, Myqai E - BOJIH HJm H - BOJIH. 

ITO CTPJKType nporpa.Ml\'Lhi 06pa30B8.H.HO Ma.CCHBOB W _,4; W /j l W C; W~ 

npo:asBO.IU!TC.a: B no,u:nporpa.Ml\'re K <ZJ F W • 06pasoBaHHe MaccHBa U /( - B 

*'rrporpa.:MlVIa cocTa.BJ.UreTcSI F. :a \T?OpTpaHe, ycJIOBHoe ee HasBaHHe II :t F • 
COOTBOTCTBHO napaMeTpoB C~'pyKTypH, CM. pHc •. 1. H B nporpa.MMe MO.u:yiO

J.ItOO: 

a=R, €;.B) 3J=.fl)) cl=dJd 
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no.rr;rrporpa.MMe U lJ • B Heii Ee BH-cntCJIReT<~.a: n ,:n;eTepMHHa.HT Ma.TpxmH Ll K • 

3TOT ,:n;eTepMRHaHT .f!BXffeTC.fi ~yHRnHeii ITOCTO.fiHHOft pacnpOCTpaH9HP.l.fi 

h H BeJIHlmHH j( = W/c H onpe,:n;eJI.R:eT ,II;:~IC:IepcHOHHHe CBOiiCTBa CTpJ7KTY

pH *). oooaHa-cmM P(hJK; Vt~JJ~ifUKJ, ( m - aamqTaJI:&HI:rli HH.:n;eKc). 

Tor,:n;a ypa.BHeHKe 

<1> { h J k. ; i1/1) ::: 0 ( 38) 

,:n;aeT ,IJ;HcnepcHOHHHe 3aBHCHMOCTH I( = K ( t1). IlpMMepHHe rpa.qimal a True 

saBHcHMocTe~ noKa3aHH Ha pHc.2 , eM. ,Harrpoep, 3 • BH,IJ;Ho, 'tlTo MaDimi

HH~ ITOHCK "KOpHe~" ypaBHeHP.l.fi ( 38 )·, ( T. e. "WyHltiUfit K. ::= k ( hJ) MOEHO BeCTH ,, 

Haxo,:n;.a: TO'tliGI nepece'tlelm.fi KpHBHX k:._::: K.. ( ~) c nplMHMH k =f h H "He-

npepbiBHo" H3M9H.fi.fi Ha.KJIOH p . <bH3H'tl9CRR napaMeTp j5 eCTb IDa30BM 

CKOpOCTb Hy~eBOA npocTpaHCTBeHHOA rapMOHHKH HeKOTOpoii COOCTBeHHOii 

BOJmhl, a TO'tlKa IIepece'tleHH.fi ( J(1 h ) BH,IJ;eJJ.f!eT 8Ty COOCTBeHHyx> BOJIHY H3 

Bceii HX COBOieyiiHOCTH. Ka.K BH,Il;HO H3 pHC.2 , O,IJ;HOMy- H TONfY JKe p MOryT 

COOTBeTCTBOBaT:& HeCKOJibKO KOpHeft ( ~ 11 h 1 
) , ( k 11

1 h if) • • • 3TH TO'tlKR 

OTHOCJ'!TC.f! K pa.3HhlM COOCTBeHHHM B~aM C TpyKTypH. 

Ka:K c~e.nyeT H3 Teopo, B pesyJI:&Ta'l'e npe,:n;eJI:&HHX nepexo,:n;oB no t 
H no YJ B <l>OPMYJIY (3) BOln;yrr TOJ:I:&KO (~.i\ , COOTBeTCTByiOIIlHe TaKHM 

j 

COOCTBeHHHM BOJmaM, y KOTOpHX l!MeeTC.fi 2:0T.f! Ohl Ka.Ka..f!-HHOy,:n;:& npocTpa.H-

CTBeHHM rapMOHKKa, pacnpOCTpaHSIIOIItMC.fi CHHXpoHHO C ,IJ;BIDJ.teHHeM crycTKa. 

3a,:n;a'tla nporpaMMhl cHa'tiMa nocTpOHT:& 8TH B~H. IloaTOMY, eCJIH u-=:: Cj3 
- CKOpOCTb cryCTKa, TO COBMeCTHO C ~~HeHHeM (38) C~e,:n;yeT B3.f!Tb 3a-

BHCHMOCT:O 
,_ --r.< (' +2rrAI) .r ==o ±-" :t. 2 ·( k..2 == f1+ 21rv 
1\, J n J) ) IV I .;.s... J j -· ·· ·; ~ c:. ]) J 

Tenep:b 3,IJ;eC:& .f3 ~HKCHpoBaHO, a nepeJ4eHHHM .fiBJI.fl9TC.fi HOMep rapMOHH- .1 

1m A/ , H pemeKWIMH CHCT9M (38), (39) Oy,:n;yT OT,II;eJI:&HHe TO'IKH (K.i)1J)t1 , ~ 
~eJKalllHe Ha pa3HHX ,IJ;HcnepcHOHHHX KpHBHX, HyJKHHe KOpHH HaxO,IJ;HTC.f! no,:n;- f 

I 
*) B no,:n;nporpaMMax ':f{g FW. n U]) .lpHH.a:To cooTBeTcTBHe h ;I /-f 
I<~ ~fC ( Ji~ - o6'hfiBJifleTc.a: ,:n;eacTBHTeJI:&Hoii nepeMeHHoii) • 

' 
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rrporpaMMol c;.. R !( R_ B s 9.BHCHMOCTH OT sa.n;a.HHo~ cKopocTH crycTKa f 
(B rro,IUiporpaMMe f:: B T , h = Y , K =X ) H HOMepa A/ BH,IJ;eJieH 

HOI IIpOCTpa.HCTBeHHOR rapMo:mKH H "sarracaiOTc.a:". ie) B IIO,IUiporpaMMe 

G f:. R., R. - sTo Maccnu V S (30) (cooTBeTcTByeT hJ ) :a:.7(S (30) 

• TaK KaK o6mee ~c~o no~yqaromHXCH Kopael sapa-

Hee HeH3BeCTHO, TO BepXHee 3Ha'lfeiDie HH.IJ;eKca J "30" YCTaHOBJieHO 

OpHeHTHpOBO'l!HO ( C HeKOTOpllM sarraCOM, H MOJKeT 6HT:O YMeH:omeHO HJm -yBe- . 

JIH'l!eHO) • 

Krulr.n;o~ nape ( K:_J J /1J ) COOTBeTCTByeT HeKOTOpa;I C06CTBeHHaJI BOJIHa 

cTpyKTYPH. ,1.lJist ee nocTpoeHJm: Ha.n;o BH'l!Hc~T:o KOsqxpm.J;KeHTH II t VI , !12. /II 
BtVI 1

; IS2Y1' T.e. cHa'l!~ pem:a:T:o c:a:cTeMY (28), (29), a saTeM np:a:Me-
; 

HHT:O \{)OpMY~ ( 26) -( 27) • Trut Ka.K CHCTeMa O,IU!Opo,n;Ha H ,n;eTepmiaHT ee 

IIpH ( fCJ i h J ) paBeH HyJIIO, ~~0 B~H fi-t , fz.t- , f = f1 r ji ·+ 2,· __ f :f2.. 

onpe,n;eJIHIOTCH C TO'l!HOCT:OIO ,IJ;O o6mero ITOCTOJmHOrO MHOJKHTeJIH. IlOMe,mml 

MOlltHO HCITOJI&30Ba.T:b )J.J1S:[ HOpmpoBKH C06CTBeHHHX qJYHKI.tHI. Bu6op MaTpm:tJ:l 
A 

M B BH,IJ;e ( 34) onpe.n:eJIHoT m ayMe~ HeRsBecTHHX B nporpaMMe: 

ffit= X2~J" -t) fzt:::. Xzlf.1j ( -.'K~ i .~J.(j X =£2J, :r.-1::+)£2+ .L (40) 
I{ -

Ta.ItRM o6pasoM cHcTeMa (28) !' (29) npno;urTcH K BM,IJ;y H ~- :=. 0 . 

Pac'l!eTHHe i!JO~~ ,1J,JIH .4ivt , .42t1 , 8ln' 'fB n': 

A =IE!. (~~+i (-~2.-i+jJ. .. ) A . ::M r·2 2+1 t-.t<-I+J) ~J· 
!{It 2-.:D .2_ ~VI )<.2.J-i, J 2~ 2]) of.2h Xzd J :::.t - j= f ( 4I) 

i21 .• . ~~ fJ ··£2.-1) 
B . ,=ll(L s~J,-;a-1) X ' ) t)' I= rr( Ljz~· X.) {h ': (Jt, 2r -X2!) 

lrl .. _
1
.rtVI ZJ-f) 4:Vf J~- 1 '"/ J 

J- ' - u (42) 

*' 3Ha'l!eHHe .AI noc~e.n;oBa~~eJI&HO "cTaBHTc.a:" nporpa.MMoli, T. e. .n;aeTCH 

B I{KKJie oT t1 =-( ;f2 +A/ b- }./) .n;o N :::= £2. + A/ 6 /I/ . 



. 
y;n;aeTCf! B3f!T:b B KOHe'tJHOM BH:,n;e. li03TOMY IIpKXO.I(HTCH BJ:mOJIHf!T 

poBa.HRe tmCJieHHO, "t!TO C,I(e.Jia•rJJ MOmiO , T .K. 'tfiiCJIOBble 3Ha'tleim 

u;ra:eHTOB A iVI. , ••• B2-V1' y-s.e orrpe,n;e.rreHH. B rrporpa.M.Me rrpE 

CHMllcoHa, 't!HCJia pa36KemLR: ;mTepBaJIOB ( {) 
1 
a, ) , (a 1 B ) • Coc 

HO 0603HaqeHH !5 K !6 • lip)I."(e,I(ypa KHTerpHpOBaH:wi IIp0BO.n;KTC 

IIO,n;IIporpaMMe G. ( f._ R._ K , T<3.KHM o6pa30M, OKOH"t!aTeJil>HbiM BbiXC 

JUieTCH BH.IJ;a"t!a HOpviHpOBaHHlliC KO~eHTOB, BXO,IT.mllKX B f!BHb 

HHH co6cTBeHHHX ~YHKnH~· 

0KOH"t!aTeJIDHOe a.HaJmTK'ileCKOe Bbi:p8jlteHKe ,I.T..1Iff KHTeHCHBHOC 

.n;aeMoro BKXpeBoro rroJIJI, rro.rryqaeTcH H3 (3) noCJie rrpe,n;eJIJJHJ:D 

no i H :P KMeeT CJie;n:rron:udt BH,I(, [I] : 

I = G .ZJ){~~ "' [ g A( h [2.-;- ~ "' t6~ut-tf~_ £ 

Lf L L c(ci K.*' _ ~~ -+ C::. L. c.{~ 1 ~ ~-=-oa )\1 d J~ h ;If;.' /It= -tD }...t · cl h +flh ;:.:.J 
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3;ztec:o: g )\llf - K08~lfilHeHT:i npH BpeMeHHOM MHODTeJie eJ<fU(h f ?f!J)CjdJ 
Y WY'HR.I:td f >- ( +) , BXO,Il;.fiiitMX B ( 2) • G - Be.rurcnma, 3aBHCSIInWI OT 

reoMeTpmi E: BR,na RCTO'IIDIKa, /IJ - :IDI,IJ;eKC Cy-MMRpOBa.Hlm no CmiXpoH

HHM C ~eHHeM HCTO'IHHKa :lpOCTpaHCTBeHHHM rapMOHHKaM pa~ *) 

co6cTBeHmrx: ~YHKD;Hii; A:::.[~ 1 ~tu] - MYJIDT~eKc B KOTOpoM W1 - a3H

MyTa.:T.I:&Hoe lUICJIO, q, - HH.D;13KCa.IJ,WI noCJie;n:OBaTeJI.OHOCTH pemeHd ( 38) • 

)LHcnepcHOHHa.FI 3aBHCHMOCT1:> K = K. {h) o6Jia;n:aeT '!eTHOCTI:>IO H rre-

JlHO.zurtmOCTI:>IO ITO h C nepHO,II;OM 2 Tr(]) • JierKO 3a.MeTHT1:>, 'ITO aJieMeHTH 
A 

MaTPIDnl fvr HBJI.f.IJOTC.f.I tPYHRI.tWIMH OT K. <.. • IIoaTOMY CHCTeJMY pemeiDiit 

MOZHO 3armcaT:& B BE:,n:e k=± K~Wr {?.) • t-±p (h 1- 2f/') . rpc$!-qec-

Im cxeMa pemeHd H306pruKeHa Ha pHc.3 , r;n:e pemeHHe (TO'IKH nepece'!e-

HIDl ,IU~crrepcHOHHHX KpHBHX t ::::.::t·k~m {h) H nP.f.IMHX K~+plr +-o, 
a;,:::~ jS) , t1 = 0, ± I, ± 2, ••• ) ;n:aiOTc.f.I B noJioce nepE:O.IUI'tffiOCTR 

-~ ~ h ~ % . H3 pE:c. 4I BR.nHa cE:MMeTpm:r pemeHH:I. TaKHM o6pa30M 

MOZHO OrpaiDilUIT:OC.f.£ 3Ha't!eiDI:IMH k~ > 0 - C ITOMOJ:q:OIO KpE:BHX HlDitHe:ti IIOJI< 

Bmw: PliCYHKa onpe;n:eJmTC.f.I Tl~ JJ.te KOPHH Ha ocH Oh • Bl1)Ulo Ta.IOKe, 'ITO 

y pa3HHX co6cTBeHHHX li>YH:ttmrli, ciiHxpoHHHMH c ,ICBIDKeHHeM HCTO'IHHKa MO

ryT OKa3aT:OC.f.£ IIpOCTpa.HCTBeJmLie rapMOHHKH C O.II;IU!M H TeM xte HOMepoM. 

oTO OTMe'tJeHO B (49). 

IIpo:u;e.nypa onpe;n:eJieHH.a: KOpHeii K r W1 B no.n;n:porpa:MMe (; /?_ {(, R_ 

npOBO;n:E:TC.f.£ TaR: 0Tpe30K -~) ~ h,:: ~ (H.D;eHTHq)HKaTOp h :;:::. x· ) pa3-

6HBaeTC.f.£ Ha 'tlaCTH TaR, 't!TO noJiylliar pa36Hemm H X 3B.IlaeTcJi ( ycTa.Ha

BJUmaeMf:lM B nporpa.MMe) napa.MeTpoM I 1 no fJJoJ:MYJie Hx= 7!7CD¥II) 

B npe;n:eJiax KaJ!t,lJ;oro noCJie;n:oBaTeJIDHO BHIIOJIH.fleMoro mara HH.D;YJUipyeTcJI 

nepexo;n: ~YHKD;HH ¢,{h)~¢(±J~h+af,1Jh~ LM) '!epe3 Hyn. EcJIH TaKoit nepe-

*)' mHKCHpy.f.I /1 MH OT6Hpa13M TeM Ca.MHM TY C06CTBeHeyiO ({>yHKI.l;kiiO ( 61:lT:O 

.1 
MOJiteT He O;n:HY) , y KOTOpo:ti 1)HHXp0HHOit .f.IBJI.fieTC.f.£ J1 -- npoCTpa.HCTBeHHM: 

raiMOHHKa. 
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XO,IJ; Ha aTOM mare 14MeeT MeCTO, TO nOJIOJltemre HYM BHyTJ?H mara YTO'lHSleT

C.fi MeTo.n;oM H:&IOToHa. BwmcMeTca cooTBHTCTBynnee sHa~eHHe K H sHa~e-
dK/ ) 

:Eme '/ cii1 B aTo:M: TO't!Ke. 3Ta Be.Tm'llllla sanoMIDiaeTcH B MaccHBe * 
9J K H JV • 3aTeM npoHcxo.n;:e:T c.n;BHr ua cJie.Icy'I(Jlld mar H Ta.K .n;aJiee. 

B npor:pa.MMe Moxmo nepe6H:pa.T:& sHa~emr.H N B npe.n;eJiax -(:f2+A/G-A/) 

~A/~{~+ N'G AI) , HO B CJIIJ!Y cmMVIeTpm aTo ~CJio Mom:ro coKpa-

THT:b B,IJ;BOe. 

Bil'lliCJiemie B9Jlli1Il'IHli ( jf, . Jh = h_;, npoBO,n:J!TCJI c noMO!Ill>Kll!eil npo~e
.IJ.YPH: ~THBrui' 't!TO J ¢ -=~K 1 cJ K. t- ~~ I d k= 0 • 

~ <()"' /). 

m4eeM ( <iJs) .:: .-{~ jQP) , r.n;e 

du > a"" C>J< ;.. (ll) ~ .1. CJ (~ +~ h).)-~ {t -A h· 17 
?Jci> rv .l. - 9 K- ; ' L\ . / /\ I 'W.J / 

(.i)"i; J,, ~ .{',. L ¢ ( KJ;, h-"' fA) - rP 0:;-. 1 h.x - tJ] - n:PH ;I(OCTaTotJHo MaJIOM 

• B nporpa.MMe A ~ E E . 
,1I.Jm saBepmeHHSi Bll'mCJieHd: no ~I;MYJie (49) ocTaeTca onpe.n;eJIHT:b 

KO~eHTH 6>.' h , g),tt
1 

t1 H MHODFeJib G. • 3TH BeJm~H HaxO-

• 

') ' 

• 
u 

• 

,ITJ1TCH B cooTBeTcTBD c onpe.n;eJieHHeM l>YHKJ.tHi f.>.. (t) B (2), noCJie .: 1 

TOrO KaK 3a.IJ;a.H HCTOtnmK noM. 

B nporpaMMe pacCMaTpKBaeTC.fi TpE BH,IJ;a HCTO~HRa. 

I) )lBmtylltruiC.fi CO CKOpoCT:biO iJ; := C.j?> , 38.MKHYTM B HeO.u;HOpo~oe no 

aSHM.YTY KOJibD;O, 6ecKOHe~o TOHKM SSPffJ!IeHHa.R: JieHTa, IDHpRHOA2flo (no~ ) 

!IJrOTHOCT:b sapa:,n;a H TORa B aTOM c.ny-qa.e: . 

y -fo 5, cz.;:~Yc3 U -cc.p-t -h.)]-6 f2- tcpt+hoJJj, f• :='}_i 

cl(f) =R.ottl·k't-t(t,ji e~1.J ~~ J'z..:::Jf~O; J~ :=Cff 
(50) 

3e) 0 MaCCHBa.X V s ) :It~., , B KOTO:pHX SafiOMRHa.IOTCH CaME: pemeHWI 

(~ l J t_J) YJte CKB.Sa.HO BHme • 
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(} = eN - nOJIHJd: sapg.n; JieHTH *) , OTRJIOHelme .6 << R. o 

2) 3a~eHHHi Top npgMoyroJibHoro ce~eHRH **) 

jJ::.~ i;(L-'l-,)6(z2 -7)6(ho-/z-CA6/h Pc-=
2

: { -
1
. 

~ r J ~~~ 

J" ~ J <f::: o 1 j~ =- cp ;::> 

3) EeCKOHe~o TOHKOe TOKOBOe KOJI:&l;O :pa.;LtRyca {( 0 iHHt) 
I 

• 

(5I) 

J'~ = Gfo.J.. Q ~('2- f<o) ~ {~-e,ptJ I I z. ·=~~ :::o 
Ji. Ti Ott L C 52) 

B c.n:yqae I) .n;JISI ynpomeHRFI B~~CJieHIDI miTerpaJIOB 6y;n;eM C'tD!TaT:o, 

~TO ~ BCeX yqRTHBaeMHX 6~ MOXIO BHllonHKT:O pa3JIOXeHRe 

:r~ c?" ~+Al6)~ k'vt (4JJ z ~ {61/1 Ro) +I;: t6~ R.oJ·6H ·A· Jt.-u r~J 

Tor~a ~ aToro c.n:yqa.a: no WOpMyJie (5.44) no~TCH 

t,;. .:= Cbewrffo ll J 'k'h rho h .. ) 4,!L_ J;.!. (R.oiu~" e -c' h,c;si 
U' !fJ ~::: _00 h vr ~ I\.;). :I;, {a 6 u) ( 53) 

(54) 

(55) 

aTR BHpaJiteHIDI :a BO:leyT B OKo~aTeJII)E YJO WOPMYJIY ( 49) , ( 'tDICJIO .fftleeK :P 
n:yx ne;pexo~e K npe~eJIY !f~ Oo BHna~aeT) • ""' 

* B nporpa.MMe .n;JIS! c.rryq:a.a: I) R.v =- R.~, 6 =.])]); hv s Hj e::.:~.. 
·v 

&) B nporpa.MMe .n;JIS! c.rryq:a.a: 2) L,,::_ R..i_) C...2 ::R..Zj ho = H 

-x*-x)B n~rpCIMkf! AI/Jl CA!JifOll ~ RD= R R 0 1 p~ ~ B T i 

• 

. ) 

• 

I, 
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Q;: eN' - nOJIHH! sapa:,n; JieHTH J:), O~~ltJIOHeHHe .6 << R.o 
2) 3apmlteHHHA Top npsiMoyroJ.I:DHoro ce'treHIDI H) 

j~ ~~ 6 ("L -'1-,)6 tz_2 -7.)6(ho -/z -CA f;J;~ Po-= 2~ t -J. 
~ r J ~~~ 

3) EeCKOHe-qHO TOHKOe TOKOBOe KOJI:OIJ;O pa.n;iiiYCa f<..o iHHt) 

• 

(5I) 

J'f ::: C fo~ Q ~ l (- {(.,) ~ {~ -cp -t) I /z. ::: (/ ~ ::::0 
Ji. tr ou L ( 52) 

B CJIY'Iae I) ,1.I;JI.fi ynpomeHIDI BJ:rCmcJieHIDr HHTerpaJIOB 6y,n;eM c-.:mTaT:o, 

'ITO ).JJIH BCeX ytmTHBaeMHX 6VI MOJKHO BHIIOJIIDIT:O pa3JIOllteHHe 

TV\-\ C6~~tA'6)~ kC-7 (&p)j ~ ~ (6111 Ro)+ ~ (6t1Yeo)·6~-t' A· it--'u tep) 

Tor~a ,IJJIH 3Toro CJ!Y'laH no wopMyJie (5.44) ITOJIY'IHTCH 

~-~ .::: cf.,e_w.pto 6. J 1<.--, ( h c h.,.) 4t 11. :r..:. (R.v~"x," e -dvj.s-1: 
U" !f ~=-oo h vr ~' J<.>. ~ {aGu) (53) 

(54) 

(55) 

' . ; 

) 

• 

. : 

3TH BHpaJKeHH.fl H BOleyT B OKOH'laTeJ.I:DH:no WOPMYJIY ( 49) • ( 't{£1CJIO H'leex :P i • 

~f nepexo,n;e K npe,n;e.ny .1'7>- Oo Blll!BJIEle:_) • "" s • _ " · 
B nporpa.MMe ,IT)Ifi CJIY'Iaff I) R.o- R.0 6 _])]); ho H) e-d.. 

·'V 

H) B nporpawe ,IJJIH CJIY'IBH 2) L,,::.. R...i_j C...2 ~R..Z j ho = H 

-1r*-x)B n~rpaMMe. AIIJI cAytra)l 3) RD::,( R 0 1 p~-= B T j 
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Ha Ha IIe~T:& H) B: B eOMHRTeJI:&HOM eJ~e BiftmCJieHB:e MOJitHO IIOBTOpliT:& 

npH :a:sMeHeHHoM sHaliemm H X , T. e. IIPH :a:sMeHeHHOM sHa~eHo napa

MeTpa I T • O,IU~axo npaKTKtieeKH Taru:.a: e:a:Tya;uwr BeTpe-qaeTc.a: pe,I(Ko. 

3) B nporpa.MMe npe,I(yeMOTpeH napa.MeTp Ct{ () • B TOM CJI~ae, xor.na 

Ct U= 0 BI:lKJIIO~aiOTe.f! Bee npon;e,I(ypH, c.BH3aHHHe e onpe.neJieHHeM noTep:& 

• 

SHepmH, a IIO M9TO,IJ;HKe, npe,II;eTa.BJieHHC1:ti Ha p:a:e • 40 HaxO,IOtTe.f! Jimii:& ,IJ;He- • 

nepcHOHHHe Kpl'IBHe eTpyKTypli. BH6B:pael\i(Jle Ha.KJ.IOHii eeKyDJ;JIIX f~'; f.;:..
1 
---- , 

sa.naiDTe.a: -qepes MaeeHB BTT. 3Ha~eHHR xopHea no nepeMeHHoi h ne~a
TaJOTesr KaK VV.:: ~ "··' (HHOr,I(a VVV:::. • .. • ) TaiOKe ne~aTaeTesr eooTBeTeT-

BYI<Inee 3Ha~eiDie J.( B: eOOTBeTeTBym;ee 3Ha~eHHe rpyrrnOBO:ti eKopoeTR: 

WX H A/ • IlpH C :f U f:- 0 BHIIOJIHsreTeS3 noJIHasr nporpa.MMa, H .n;JIJI K8.7K,ll;O

ro HOMepa npoeTpaHeTBeHHO:ti rapMOHHKH .A/ (sHa~eHHe BT Tenep:& ~HKeH

pyeTe.fi KaK eKopoeT:& ,IJ;BWKeHHR HeTO~IDI.Ba) BI:l,I(aJOTC.f! napa.MeTpli ( VV .~- , 
!lJJ( H A/) eo6eTBeHHHX ~YH:K.URI, y KOTcpHX aTa rapMOHHKa emocpoHHa e 

,IJ;BKEeHKeM KeTOliHKKa K BeHH~Ha BB, oaHa~amma.a: aHepreTK~eeKHe noTepH 

B xaBax Ha nepKo.ne eTpYKTYPH Ha o,IJ;Hy ~aeTHQY, np:a:xo.n;mitKee.a: Ha ,IJ;aHHyro 

eo6eTBeHHYJO if>YHKWIIO,npH A{ = I013 ~aeTHD; B crycTKe. liPHNe =S •I013 , 

COOTBeTeTByiOlltee 3Ha~eH:Ke BB HyJICHO npceTO y-MHODT:& Ha $ . 
IIporpa.MMa. 1/£ F npHBO.JniTC.f! B xa-qecTBe npKJioxeHHR I. KoMeHTapo 

K HeH ,II;a.HH B eiiHeKe B KOHD;e npor:pa.MIVW. IlporpaMMa IIpe,IJ;Ha3Ha~eHa .n;JIJI 

3BM cnC-6500 H MO~eT 6HT:& nepeeTpoeHa Ha B3CM-6. 

ill. fipKMepbi pa.e~eTOB. 

B~ BliiiOJIHeHI:l paclieTH,KOTOplie MOEHO 6ano 6H CpaBHHT:& e HeKOTOpHMH 

--JEEJ ·B Maemme T /)) R , Haxo.rvnneMe.f! BHYTPR no;n;nporpa.MMH G K ~ R. 
sanoMHHa.IOTC.f!, :a: np:a: yeTa.HOBJieHRR "RJIJo~a G Q Q ( OH HaxO.JniTC.f! B 

OeHOBHOif nporpaMMe) Ha BeJm<nmy 7 , Jie~Ta.IOTC.f! epa.sy Bee, eOOTBeTeT-

ByoiUie .I(pyr .I(pyry nap!:l h J ¢1 ( Ka.K H =, . 
1 
T 0 R. ~ _ _ _ ) , KOTOpJ:le B 

G t:. f( R.. np:wco,IUiiJioe:& BJ:l'ql!CJIHT:&. 

I 
' 

I I 

,, ' 
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,n;aHHLlMR,HMe~c.a B JmTepa.Type. 

PaccMaTpH:aaJIC.fl .Jnia£llparMRpOBaHHW[ BO~OBO,IJ; c paaMepa.MR a = I' 98, • 

6 = 6, 5I5 , ]) = 5, 5 , o/ = 4, 9 eM I ~ KOToporo B~CJ.tf.£J!ac:o .JniC- • 

nepczoHHaa: aaBRCEMOCT:& K:::. K [t, ) ,IT,JLH .IJ;Byx c~aeB: I) aKcHaJI:&HO-

-cHMMeTp~HOro , 2) ~ BO~ C O~Oi BapH~ei TIO a3HMYTY• 3aBRCH

MOCTH C rpaipKqeCKOil TO't!HOCT:OIO COBTiaJDl C .JniCTiepcROHHHMR KpHBHMR TOrO 

Jtte BOJIHOBO,na, TipHBe,IJ;eHHHMH B ( 4 j (puc. I. 2 Ha CTp. 2I H pHC. I. 3 Ha 

CTp.22 ~TOil KHRrR). 

. : 

ERHH pacc~TaHH noTepH ~HeprHH na Boa6~eHRe E - BonH ~acTH-

neA ~JieKTpoHHoro crycTKa (CM.WOPMYJIY (59)), ~ CTpyKTypH c paaMepa

Mli a. = 5,3I4 , g = 8,3I4 , ]) = ::5 ,3I4 , d = 7 ,3I4 eM B ~ae 
~ycTKa c napaMeTpaMR Ale = Ioi3 , 0 = ([- p;!J-fi = 5 , R;z = o, 7 , R1= o, 2 , . 

~ 0 = 0,4 CM • B c~eTe IIpR IIapaMeTpa.:c £2 = 2 ,}(blf= 5 ytmTI:lBaJIOC:O 

I5 IIpoCTpa.HCTBeHHHX rapMOHHK y KaJKJJ;O:~ C06CTBeHHOi BO~H *). HalZJ:eHO 

32 C06CTBeHHHe BOJIHH H Ta.KOe Xe ~CJIO no OTHOIDeHHIO K HEM 06paTHRX 
-1. • 

BO~. Ma.KCHMYM OXBa~eHHOrO "tlaCTOTHOro ,IJ;HanasoHa ,II;OCTHraJI ~;t::2, 96CM J 
J 

~TO cooTBeTcTByeT ,IT)Jlme BOJIHH cBo6o.nuoro npocTpa.HCTBa Am.J)1 ""3 c.,.u ~< · 

.lnla:MeTpa. anepTypH .rr;Raif>pa.rMH. B Ta6Jim~e I npRBe.IJ;eHo pa.cnpe,IJ;eJieHHe rro

Tep:o no C06CTBeHHHM BO~a:M ( B IIepl30M CTOJI6ne Ta6J.rm.J;H yRa38.H HOMep 

mmxpoHHoi rapMOHHim) • Ta.KoBo JKe pacnpe,n;eJieHHe noTep:o ~ o6paTHblX 

BOJIH. ,lJ,rui 0611UiX IIOTep:b IIO~aeTC.fl Be.rm~Ha W = 4I8 K~B/nepHO,IJ;. 

Pac"tleT noTep:o ~ Toi xe cTpyRTf.PH ~ TO~e't!Horo crycTKa c 

*) ,UaJibHeimee YBeJm~eHHe pa.sMepHOCTH cHcTeMbt (MaTPznH UK ) npa.KTH- ' 

~ecim ae yTo't!H.fleT peaynTaT. 11sMeHeHHe sHa~eHH.R: £. 2 = 2 , AlGAl= 5 , ... 

Ha '£. 2 = 5 , .N'bN= 2 BMecTo peweHlffi [ (., = O,IOI329 , K = 0,50I38?} 

no~M, HanpllMep, [ ~ = 0, IOI336, . K = 0, 50I394] • 



- I9-

1\{ = IOI3 , f = 5 6:wr pa.Hee BHIIOJiieH B pa.60Te Keibla ('5j • 

TaM pa.ccMoTpeH OOJI:&nm:t:i ,IUianasoa: 1(~ .. /V IO cM-I , B pa.SJm'q}U.lX -qacTOT-

HHX o6~acTHX y-qHTHBanoc:& OT IO ~o 30 npocTpaHCTBeHHHX rapMOHHK. Tipn

Be~eHHrur pac'tleTHrur BeJm't!HHa noTep:& o:ms~c:&: W = 43I RaB/nep11o~. 

Ct!e'l' no nporpa.MMe .//£ 1='- .n;m Tex JKe napa.MeTpOB cmcTeMbi H crycTRa, 

• 

HO C yBe~H'!eHE:eM nepHO~a.]) B~Oe OOJ~aSM, 'ITO B paCCMOTpeHHOM .IUiana- • 

soae qacTOT noTepm YMeH:omaroTCH ~o ~ =308 KaB/nepHo~. B ~pyroM c~

qae 6I:VIa yBe~MtieHa B~oe rJiy6HHa .A:'!eJtK-m ( 6es PI3Meaea:aa: nepmo~a) • lioTe] 

p:m BOSpOCJDI ~0 W =58! KsB/nepmo.n;. :jTOT C~a:t:i paccMaTpHBMC.f£ Ta.IOR:e 

B pa6oTe C 5] , o.n;HaRO .n;J.tf! .n;Manasoaa ~ K n-tax =3 I/ eM. TipHBO.IU!TCH 

Be~HHa noTep:o W =459 KaB/nepm:o;~. TaRHM o6pasOM pacxoJIOJ;eHHe B 

aTOM pacqeTe ~OCTHraeT 26%. 

B 38.RJliO'IeHne aBTOpH BllpruKa.IOT 6~aro~apHOCT:O B.A.IIpe:t:iseH.n;op(py sa 

KOHCy~:&Ta:o;HH 00 BOOpOCaM rrporpa.MMHpOBaH:rui. 

'' 



-·f--.!_ ____ 0 __ -F--------- ·-z 
Puc . .I. 

K 

3T)'D 

PHC.3 

K=-K1(h) 

K 

PHC. 2 

• 

) 

• 

-
--- ··- ----- --

., 



TAE.llliUA I 

N hY~ K fc.A.t w k'!J ~rl 'u:Lc:T; 
n~. 

0 

I - 0,08267 0,32!07 84,20 
) 

O,IOI33 0,50I39 0,73 

- 0,20242 0,60580 50,10 
- O,I4II8 0,6658I 4I,5I 

2 - 0,06222 0, 74319. 6,47 
0,08377 0,88626 5,62 1 

0,!6309 0,96399 I4,93 

3 - 0,12242 1,08628 I,22 

- 0,19727 1,41501 0,88 
- 0,18220 I,42978 0,36 

4 - 0,!4!88 1,46929 0,!3 
- 0,1161I 1,49455 0,!8 

- 0,19044 !,82380 0,00 
- O,I8434 !,82976 0,08 

5 - O,I66I6 !,84759 0,85 
- O,I4I88 !,87!46 0,06 
- 0,056!0 !,95544 0,08 

0,13035 2, !3827 0,48 

- 0,!0335 2,3II22 0,00 
- 0,05176 2,36178 0,!2 
' 0,00954 2,42!86 0,83 

6 0,!3137 2,54!25 0,00 
0,1530! 2,56246 0,06 
0,177!4 2,586II 0,08 

- 0,!9388 2,62459 0,02 
- 0,17!70 2,64633 O,I7 
- 0,1!636 2,70055 0,00 
- 0,08023 2,73596 0,03 

7 - 0,04822 2, 76733 0,03 
0,06966 2,88286 0,00 

0,!3042 2,94240 0,06 
0,!4642 2, 95807 O,OI 



;r~AM AL F 73/73 OPT=1 

PROGRAM ALF (0UTPUTtTAPE2=0UTPUT) 
COHHON/OR/A,B,0,01,P 
COMHON/E/ CtYtMEH,NGNtGQ,GQQ 

FT~ 4.6+460 

DIMENSION WAbt5) 1W9(7,5J ,WC(535)f~Wf5,5) 
0 ~~~t~~~~~N u~~~~ t t ~ ~ :Xi~ its~~~ t' ~~N ~~ ~! f~ r! 81 N ( 15, 15) '8 2 N (1?' 15) t 

/V'SU5) 1 KS(15) 
DIHEUS ION BTT C 5) 
REAL KS 
COMPLEX E, Y 
COMPLEX CP~CJR,CJA 1 CJR1,CJR2 
COMPLC: CJt(3 ,CJRA 
COHMON/S/ CLU 
COMHON/R/ BRC5lt81(5)JYR(5),Y!(5} 

OATAICBTT<HP>,HP=1,5 =0.96,1.8,J.&,C.4,0.2) 
C •••••• •. • • NUNi 

CLU=t • 
C LU=7. 
E=IO.,~.) $ P=3.14159265 $ Y=(i.,O.l 

c •• •••• •••• NI4NL! 
A=6.31~ ~ 8=8.314 l 0=15.314 $ 01=7.314 
A=5. 314 

C •• •. • •• • • • NIJN3 
C •• •• •• •••• NIJN4 

~2=5. t R1=4.5 $ H=0.4 
C. a •• •• •••• NIJN5 

BT1=0.99 $ RR0=6. 
C •• •••• ••• ,.NIJN6 

H=1 t H=C.4 $ 00=0.1 $ RZ=4. 
C••••••••••NNN7 

7C.7 

l2=2 $ NGN=S $ II=45 $ N0=1 $ MK=7 
I5=8! 16=8 $ GQ=1.E6 $ EE=~.0003 
L21=2•L2+1 $ NN=L2 $ L1=2•<2•L2+l) $ L11=L1-1 
N21=2•CL2+NGN)+1 
KI=L2 + UGtl+1 +NO 
KN=N21 
G QQ=7. 

GQQ=8:.... 
t1 EH=C 

MEH=2 
t1EH=1 
AX=0.0~1 
30 7 MQ=;.. 5 
B T=BTT 0'1Q) 
PRINT 7C7,BT 
ABFI=(4.a•DD•OIH)••2•ar•3.9 
ABE=C4.8 1 0/CH•<R2••2-R1••2>>>••2•6J.•BT 
ABH=C2.4•0•BT1>••2•(t.-8T••2)/ET•63 
FORMAT {2X,3HBT=,F1U.5) 
I F ( H EH -1) 2 3, 2 4, 2 5 

C •••••••••• N!~N8 
23 rt=M 

S=G. $ N=O 
lF<CLU.EQ.u.) GO TO 41 
AX=-P/Ot-(. J001 
DO 1 I=KI KN 
N=l-(L2+tJG~H1) 
PRitH9 ,N 
FORMAT(15X,2HN=tl3) 
CALL GRRRJMtNtBTJAX,II,I5ti6,MK,EE,L2!L1,L11,L21,NN,N21,WA,W8,WC, 

, W O, UK 1 VP, J. Nu 1 VB ,uKHNlA1 N, A214, BiN ,Bl::Nt ·JS, KS, IJSS) 
IFliJ~S.EQ.UJ GO TO 

h~ 
GRAM ALF 

SS=C. $ DO 2 J=1tiJSS 
HN=VSCJ)+2.•P•N/D ~ PN=KS(J)••2-HN••2 
SHN=SI ll( HN• H) /HN 
CP=CSQRTCY~PN) $RP=REALCCP>•Rz $YP=AIMAGCCP)~Rz 
CALL BIKJNCRP,YP,H,BR,BI,YR,YI) 
CJR=BRlH+1)+E•BI(H+1) 
CJR1=BR(H)+E•BICM>-H•CJR/CCP~Rz> 
RP=RP• AIRZ 
YP=YP• A/RZ 
CALL BIKJN(RP,YPfM,BR,BI,YR,Yl) 
CJA=BRCM+1l+E•BI M+1) 
JB=(REAL(CJR1•CP•SHN/CJA) 4 A1NCI,J))••2/ABSCOKHN(J)-8J) 
3dN=BB•ABFI 
PRINT ~02,BBN 
FORHAT(3CX 1 4HB8N= 1 E10.3,2X,3HKE~) 

73/73 OPT=1 FT"' 4. 6+4 6L 

• 

) 



SS=SS +88 
2 CONTINUE 

S=S+SS 
SBBN=S"ABFI 
PRINT 101,S88N 
FORMAT (13X, 5HSBBN= ,E 10. 3, 2;<, 3tiKE IJ) 

i CONTINUE 
GO TO 37 
RFL=5. 
CAL L G RRR ( H , N , B T , A X , I I , IS , I 6, 11 K , E E , L 2 , L 1 , L 11, L 21, N N, N 21 , W A , 

,WB,WC,WO,UK,VP,INO,Va,DKHN,Alll,A2N,B1N,B2N,VS,KS,IJSS) 
GO TO 37 

C. • •• •• •••• NIIN9 
24 H=u $ S=D. $ N=O 

IF<CLU.EQ.C.> GO TO 40 
AX=-P/ J+C. n G 1 

3 

!tO 

00 3 I=KI KN 
N=I-(L2+NGN+1) 
PRINT 9tN 
C ALL G t< RR ( H '· N, 8 T 1 A X t I I , I 5, I 6 :, M K 1 E E 1 L 2 , L .l , L 11 , L 21f N N 1 N 2 1 , W A , 

, W B ~ W C, W 01. U K 1 v P , I N u 1 V d , 0 KH N , A 11 h A~ N , tj 1 N , 82th V S , K S, J S :s ) 
IFliJSs. t.Q. uJ GO Tu 3 '! SS=J. 
00 4 J=1,IJSS! HN=VS(J)+2"'P"'IUO 
PN=KS ( J) .,.._ 2-HN4 • 2 $ CP=CSQRT ( ·r•PN) 
RP=REAL(CP)•R2 $ YP=AIMAG<CP),.R2 
CALL BIKJN(RP,Y J,M,BR,8l,YR,Y:~) 
CJR2=BR(2)+E•BI(2) 
RP=RP¥B1/R2 $ YP=YP•R1/R2 .. 
CALL B~KJNtRP,YP 1 M,BR,Bl,YR,Y .. ). C JR1= B R ( 2) + E •a I ( ~) 
RP=RP•A/R1 $ YP=YP•A/R1 
CALL BIKJtHRPfYP,M,BH,BI, YR,Y::> 
CJA=BRl1l+E"'B (1J 
BG=REA L( ( CJR2"'R2-CJR1"'R1) I ( CP'•CJA) > 
38= CBG.., A1N CIt J) •SIN ( HN 4 H) I HN> ·~•21 ABS ( OKHN ( J)- BT) 
BBN=GB•ABE 
PRINT 10 2, BBN 
SS=S S+ UB 
CONTINUE 
S=S+SS 
$ BBN=S "'AB[ 
PRitn 101, SBBN 
CONTINUE 
GO TO 37 
RFL=&. 
CALL G RRR ( H, N.! BT tAX, I I, 15,16, t1K 1 EE, L2, L1, L11, L21, N N, N21, WA, 

, W a, W C, WO, UK, VP, I NO, VB t OKH N, Ail~ t A2 N, 81 N, 82N, VS, KS, I JSS) 
GO TO 37 

C •• • • • • • • • • NNN10 
25 H=G $ S=O. $ N=O 

IFCCLU.EQ.t.lGO TO ~3 
A X=-PI D+ l • 0 0 1 
DO 5 I=KI KN 
N=I- ( L &:+ NGN+ 1) 
PRINT 9 N 
CALL G RRR ( M, Nt t3T ,_AX,.I It I5,_I6, 11K, EE' L2' L1tl11 L L21 t N Nt.N21 'WA' 

t W B, WC 1 WO 1. UK, VP 1 IN O, VB 1 uKH N 1 All4, A2N, 81 N, B~N, i/::), KS, I J:::iS) 
IFUJ:::i~.t.Q.G) GO T05 ~ SS=u. 
DO 6 J=1 IJSS $ HN=VSCJ)+2•P•IUO 
PN=KS(J)l 4 2-HN••z $ CP=CSQRT( f 4 PN) 
RP=REAL(CPl"'RR& $ YP=AIMAG<CPI•RRO 
CALL BIKJN <P.P, YP, M,BR,BI, YR, Y:~> 
CJR3=BRC2)+E•BIC2) 

RP=RP•A/RRG $ YP=YP"'AIRRO 
CALL B:KJN(RP,YP,M,BR,BI,YR,Y~l 
CJRA=BR(2)+E•SI(2) 
BGH=REAL(CJR3/CJRA) 
PRINT 60C3,BGH 

80(3 FORHATt15X,E9.2l 
88= (8GH•A2tH I, J)) ••21 A BS ( DKHt~ ( J) -BT> 
BBN=BB•ABH 

6 

PRINT 1 il 2 , 8 B N 
3S=SS+ BB 
CONTINUE 
S=S+SS $ SOBN=S•ABH 
PRINT 101, S BBN 
CONTINUE 

WGRAM- ALF 73/73 OPT=1 

43 

-::,7 
7 

)UTit~E Gf.RR. 73/73 OPT=1 

FTN 4. 6+46f 

FTN 4. 6+46L 

. ) 



S UBROU THlE GRRR C M, N, BT, AX, I I, I~·, !6, t1K, £ E, L 2, L 1, L 11, L 21, NN, N21, 
, rl A, WB, liC, H 0, UK, VP, ItW, V 8, D KHi~, 111 N, A2 N, 81 N, 82 N , J S, K S, I JS S) 

COHHON/E/ E,Y,MEH,NGN,GQ,GQQ 
COHHON/S/ CLU 
COMMON/OR/A,a,O,Oi,P 
COHHON/R/ 8R(5) ,Bit~) ,YRC5) ,YI·.5) 
JI ME 1\S: ON WA ( L21, L 21) J. W8 ( L2i, L 1:1) , WC \ L 21lL21) 1 WO t L 21, Li 1 ~ 
DIMENSION UK(L1,L1) 1 JPCL11> ,l/3 :L1J ,INQ(L ,Zl ,uT<3) 
JIHENSION DKHNl15) tA1NCN21,i5l. A2NtN21,15l ,B1N(N21,15), 

/d2N(N21t15),VS(15}1KS(15),FO~M:15) 
0 I HE US IoN F ( 3 ) 1 F F ( -5) 
·JIM£ NS :at~ TOR C.~ 0 u , 2) 
COMPLEX E,Y 
I~EAL !S~KStK1,K2 .. . . _ .· 
COMPL::.t. CP,CL,CL1 1 CLR,CLR1 1 Ct. ,!!A,YA,t1AltYA1, JB,Y3,8B1,Y91 1 BZ 1 YZ, 

,L3Z1 YZ:.. 
COH~LE;\ 8A5 1 8A6 

DO 10~3 K7~1,30G 
TOR ( K7, 1) =C. 
TOR<K7,2l=ti. 

i~:..3 CONTINUE 
DO 11!.3 K7=1,15 

I/S(K7>=C. 
11:.. 3 CONTINUE 

K5=0 
f'tO=O. 

C. • •. •. • • • • NHN:.i 
X=AX $ K=(X+2.•P•N/O)•BT 
CALL UJ(L2,L1,WA,WB,WC,WD,UK,K,X~L21,M,IND,OE1) 
K5=K5+:.. 
T OR ( K 5 , 1) =X 
~¥,f~~~~~=DiT JSS=C $ IIM=:I·~1 
DO 1 :=1,IIH $ HX=P/CD•III 
x=AX+2.•HX•(I-1) $ OTC2l=Q. $ ')T(3l=~.o. 
DO~ J=2,3 $ X=X+HX $ K=lX+2.•F•N/O)•BT 
CALL UD(L2,L1,WA,WB,WC,WD,UK,K,X,L21,M,INO,OET) 
K5=K5+~ 
TOR(K5 U=X 
TOR(K5:2)=0ET 
OT (J) =OET 

4 CONTINUE 

686 

1C 

S1=DT<:..J~OT(2) $ S2=0T(2)•0Tf3) 
IF<S1.LE.C •• oR..S2.LE.L.l GO ro 8 
OTC1l=8T(3) $ GO TO 1 
S7=ABS(0T(2l•~2/(0T(1l•OTC3))) 

~~~~k!~?•~xl~r-1> 
IFCS7.LE.1.) GO TO 888 
X11=X1 +HX• 0. ~1 
K=CX11+2.•P•N/0)•8T 
CALL UO(L2,L1,WA,H8,WC,WD,UK,K,X11tL21,M,INO,OETl 
K5=K5+:.. 
TOR (K5, 1) =X 11 
~9~!~~~i6!9~IzJc8t~1~i6Tcz>>> 
!F<S77.LE.1.) GO TO 888 
OTCU=OT(3) $GO TO 1 
X2=X1+HX ~ U=X1 $ V=X2 
D U=O T ( ~) $ 0 V = 0 T C 2) $ S V S = 'J 
GO TO '!.7 
X1=AX+2.~HX~(l-1)+HX 
IFCS7.LE.1.) GO TO 889 
X11=X1+HX•0.401 $ K=(X11+2.•P•N/O)•BT 
CALL UO(L2,L1,WA,H8,WC,WO,UK,K,X11,L21,H,INO,OCT) 
K5=K5+::. 
b~~!~~~1 t=§t~=fs!~§f~~l~~t8~12t•OT(3))) 
IF<S78.LE.i.> GO TO 889 
0T(1):(Jf(3) $GO TO 1 
X2=X1+HX $ U=X1 $ V=X2 
OU=OTC2) $ OV=0T(3) $ SVS=V 

~7 V=V-OV•(V-U)/(OV-OU) $ K=(V+P•2 4 N/O)•OT 
00 7 L=:!., t1K 

UT!NE Gf:RR 

i233 

U=SVS $ DU=DV 
CALL UO(L2,L1,WA,W8,WC,WO,UK,K,v,L21,M,INO,OETl 
K5=K5+:.. 

73/73 OPT=1 FTN ~.6+~60 

TOR(K5 ,1) =V 
TOR(K5,2l=OET 
OV=DET $ SVS=V $ DDVU=A3S(V-U) 
IFCOOVU.GT.1.JE-1J) GO TO 55 
PRINT1233, IJ, K 

FORMATC6X,4HVVV=,F12. 7,2HK=,F12.7l 
PRINT98,0ET 
POV=P/ 0 
OT(i):lJT(3) 
T D=ABS ( DET •G Q) 

IF(v.GT.POI/) GO TO 1C17 
•~v"-" 

. ) 



.1.r \ I U •_, I • i) • :L I _, U I U :L 
FORHAT{8X,3HVV=,F12.7,2HK=,F12.7) 
K=CV+2•P•NIO)•BT $JSS=JSS+1 $ VS(JSSl=V $ K3(JSS)=K 
GO TO 56 

5~ 
7 

'38 

v = v-D vI ( v- u ) I (D v- 0 u ) i K = ( v +::. .. P• N I G ) ... B T 
CONTINUE 

E~t rr = nf ~ ~ ¥ • K 
PRINT9&,DET 
FORHAT(7XJ4HOET=,E10.2> 
TOT=ABS (Of T•GQ) 
POV=PIO 
IFCV.GT.POIJ) GO TO 1017 
JFYC=1 
If(TOT.GT.0.1l GO TO 1 
XHX=HX•O.I+7 
IFCJSS.EQ.G> GO T01237 
OEF=ABSCV-VS(JSS>> 
IF(OEF.LT.XHX) GO TO 1 

:;..;237 UKAS=t. 
C •••••••••• NI~N12 

JSS=JSS+1 $ VStJSSl=V $ KSCJSi>=K 
C •• •• •• •••• NIJN!.3 
56 V2=V+EC ~ V1=V-EE 

CALL UOCL2,L1,WA,WB,WC,WO,UK, <,V2,L21,M,INO,OET> 
OH2=0E T 
CALL UlJCL~,L1 1 WA,HB,WC,WD 1 UK,I(J.~1,L21,M,INO,DEn OH1=DE 1 $ Ki::=K+EE $ K~=K-t::t 
CALL UDCL2,L1,WA,WB,WC,WD,UK,,(2,V,L21,M,IND,OETl 
PRINT991DH2,0H1 · · 
FORHATCJX,4H02=,£1D.2,3X,4H01=,E1J.21 
OK2=0ET 
CALL UOCL2,L1,WA,WB,WC,WO,UK, ta,V,L21,M,INO,OET> 
DK1=DET 
OKH=(OH2-0H1)1(0K2-DK1) $ OKHIUJSSl=-OKH 
PRINT 231,JSS,DKHNCJSSl 

231 FORMAT (2X,4HJSS=,I3,3X, 10HOK!-tiUJSSl=,E9. 2) 
CALL KOFW(L2 1 WA 1 WB 1 HC,WO,K,V,I.21,M) 
IF<MEH-1) 3u,6o,7u 

C••••••••••NNN14 
C••••••••••NNN15 
30 00 2IK=1,L21 

00 3 JK=1, L21 
UK<2•IK·1,2•JK l=WDCIK,JK) 
UKt2•IK, 2•JK-1>=WA(IK 1 JK) 
UKt2•IK·1,2•JK-1)=WC(IK,JKl 
UK(2•IKJ. 2•JK >=W9CIK,JK) 

3 CONTINUt 
2 CONTINUE 

00 5 LJ=1, l11 
VP(LJ)=-UK(LJ,L1) 

5 CONTINUE 
CAlL H ATitH (UK, L1, L11, l1, 0, ItHt, NERROR, OETEFMl 
00 & Il=!., l11 
S P=() • 
DO 11 IH=1,L11 
SP=UK<:L,IMJ•VP<IMl+SP 

11 CONTINUE 
6 ~3~f~~u~p 

118(L1>=1 
C •••••• •. • • NNN16 

00 177 LNL=1tN21 
tJL=LNL-(NN+NuN+1) l S1N=O. $ S2N=J. $ T1N=1. $ T2N=U. 

) UTI !JE GkRR 
LNLi=lUL-1 $ LNP=LNL1•P 

73173 OPT:::1 

DO 12 Jl=1, L21 

FT~ 4. 6+4 6~ 

QJ=P•o~•(JL-(L2+1)-NL)ID $ tT=V+2.•P•(JL-L2-1)10 
8N=(HT•01+LNP)I2. $ BN1=8N-LNf 
S1N=S1N+VB<2•JL-1>•BESJQ(QJ) 
IF(QJ.CQ.O.l GO TO 44 
S2N=S2l·l+VB ( z•JU •BESJ1 ( QJl IQJ 
GO TO ItS 

4'+ S2N=S2N+VBt2•JU•C..5 
45 IIII=1 

T 1 N= T 1 H+ V 8 ( 2 • J L -1 ) • ( BE SJG C 8tH -t ( -1 • ) • • L NL 1 • BE S J u (8 N 1 ) J 
IFCBN.EQ.t!.) GO TO 46 
TB=OESJ1(8NJIBN $GO TO 47 

46 T 8=0 • 5 
47 IIIJ=1 

IF<BN1.EQ.O.> GO TO ~8 
TB1=BESJ1(BN1)18N1 $ GO TO 49 

ItS T 81=0. 5 
~9 T2N=T2N+VBC2•JL)•(TB-C-1.>••L~L1•TB1l 

12 CONTINUE 
A1N(LNL,JSSl=S1N•P•011(2.•0) 
A2NCLNL,JSS>=S2N•P•D11C2.•D> 
81N(LNL,JSSJ=TiN•P 
J2NCLNL~JSS>=T2N•P 

:.77 CONTINUE 

Ll 



U e • e e e • a • e e J"t I·U'I .._I 
C •• •• •• •••• NilN18 
GO JO 61 :K=1,L21 

DO 62 JK=1,L21 $UK<IK,JK)=WCC:K,JK) 
CONTINUE 

63 
CONTINUE ~ LMO=L21-i 
DO 63 LJ=l,LMO $ VP(LJ)=-UK(LI,L21> 
CONTINUE 
CALL M{:ITIN1CUK,L11.Lt10,L1,Dt!N[I,NER,OET> 
DO 6~ .L=1,LMO $ ~P:u. 
00 65 :H=1, LMO 
SP=SP+UKliL,IM>•VPCIH) 

65 CONTINUE $ VBC!L)=SP 
6~ CONTINUE $ VB(L21>=1. 
C •• •• •• •••• NHN19 

DO 176 LNL=1tN21 
NL=LNL-lL2+NbN+1) 
S1N=t. $ T1N=O. 
LNL1=LUL-1 $ LNP=LNL1•P 
00 66 JL=1,L21 
QJ=P~D:•CJL-CL2+1)-NL)/0 
HT=V+2.•P•<JL-L2-1)/D 
BN=lHT•01+LNP)/2. $ BN1=BN-ltH' 
S1N=S1N+VBCJL>•BESJ0(QJ) 

66 
T1N=T1t~VO<JL)•lBESJOCBN)+(-1,)•+LNL1•BESJCCBN1ll 
CONTINUE $ A1N<L~l,JSSI=S1N•P~01/(2.•D) 
81N(LNL!JSSl=T1N•P $ A2NlLNL,wSS>=t.l B2N(LNL,JSSI=O. 

176 CONTINUt $ GO TO 1 
C •••••••••• NHN2ll 
C ••••••••• 1 N14N21 
7C DO 71 :K=1 1 l21 

DO 72 JK=1tl21 
UK tiK, JK) = H B (lK ,JK) 

72 CONTINUE 
71 CONTINUE t Lt10=L21-1 

73 
DO 73 LJ=1,LHO $ VPlLJ)=-UKCL-.:,L21) 
CONTINUE 
CALL M8T:N1CUK,L1~LHQ,L1 1 U,INC,NER,OETl 
DO 7~ .L=1,LMO S ~P=1. 
DO 75 !M=1,LMO S SP=SP+UKliL,lM)•~P(IM) 

75 CONTINUE $ VB<IL>=SP 
!~ CONTINUE ~ VB<L21)=1. 
C •••••••••• NUN2&:: 

DO 179 LUL=1,N21 
LNL1=Li~L-1 $ LNP=LNL1•P 
:R=LNL-CL2+NGN+1) 
S2N=t. $ T 2N=C. 
DO 76 JL=1,L21 
QJ=P~01•CJL-(L2+1)-NL)/0 $ HT=V+2.•P•(JL-L2-1l/D 
BN=CHT•01+LNP)/2. $ 3N1=8N-LNf 

IUT! tiE Gf!RR 

71 
78 

79 
8~ 

'H 
32 
76 

IFlQJ.EQ.G.l GO TO 77 
S2N=S2U+VB<JU"-BESJ1(QJ)/QJ Z GO TO 78 

73/73 OPT=1 

~2N=S2N+VBlJL)•0.5 
IIII=1 $ IFCBN.EQ.O.> GO TO 79 
TB=BESJ1l8N)/8N $ GO TO 80 
T B=C • 5 
IIIJ=1 $ lF<BNl.EQ.Q.) GO T091 
TB1=BESJ1(8N1)/8N1 $ GO TO 92 
T 81=0. 5 
T2N=T2U+VB (JL)+ na-<-1.)~"'"LNL1""TB1> 
CONTINUE$ A2N<LNL,JSS>=S2N•P 4 01/(2.•0) 
82N(LNL,JSS)=T2N•P 
A1H(LNLtJSS)=0, S B1NlLNL,JSS>=O. 

17~ CONTINUt 
1 CONTINUE 

1~17 IJSS=JSS 
C ••• , ••••• • NI~N23 
J8! 

PRINT 681, IJSS 
FORMAT(9X,~HIJSS=,!3) 
IFtiJSS.EQ.O) RETURN 
RFFL:::1. 
IF(CLU.EQ.C.) GO TO 1076 

C. • •••• • •• • N l~N24 
c •••••••••• Ntmzs 

DO 16 IQ=1,!JSS 
A BT=O • 
DO 19 t11=1,N21 $ NS=N1-(L2+NGN+U 
HN1=VS{!Q)+2•P•NS/O 
PN1=KS(!Q)~•2-HN1••z 
CP=CSQRT lY •PN1) 
REA=REAL(CP) 
AIMA=AIMAG(CP) 
RP=A~REA $ YP=A•AIMA 
CALL BIKJN(RP,YP,H,BR,BI,YR,YI> 
CL=BR(H+1)+E•Bl(H+1) 
IF<1-M) 1Q1,101,1J2 

lC~ CLl=BR(M)+E~BI<M>-M"'"CL/(CP•Al ~GO TO 1C3 
!J2 CL1=-B~f~>-E"'"BI<2> 
1~3 PGP=1. 

-tJ 1 a~ ... _;;~-.'!' __ 

FT~ 4.6+46[ 

---, 

l 

L) 



BA=BRCil+:U+£•3101+1) $ YA=YR(M+1l+PYitM+1) 
RP=B• ABS ( KS (!Q)) $ YP=O. 

K=RL . . -
A 11 = M" H N 1.,. A 1 N ( N 1 t I Q) I ( A 4 P N 1 ) + , \ 2 tH N 1 t I Q) S A12 =A 1 N ( N 1 , I Q ) <r• H N 1/ P N 1 
FC1l=O. 

107 
lJB 
iC9 

AT=O. 
DO 2[ KI=1 15 
DR=A/tz.~tfs> 

R=RC +2 .,.DR• ( KI-1) 
FC2)=C. $ FC3)=0. 
DO 21 KJ=2,3 $ R=R+DR 
RR=R"REA $ YP=R•AIMA 
CALL BIKJNCRR,YP,M,BR,BI,YR,Y::> 
CLR=BRCM+1>+E+SI(M+1) 

~LM=~hc~f !f:igf C~~~M•CLR/ CCP•H> $ GO TO iu 9 
CLR1=-0Rt2>-E•BI(2) 
PGP=3. 
C1=REALCCLR1•CP/CU $ C2=RE~~UCLR/CCP•CL1l l $ C3=REAL <CLF:/CU 
C4=REAltCLR1/CL1) 
F ( KJ) =R" ( ( A12""C1- M~ A1P'C2/Rl '''J 2+ ( A11 "' C4-M• A12 "·"C31 i<.) • •' 2+ 

+CA1N(N1,IQ>•C31• 4 2> 
21 CONTINUE 

AI=(F(~)+4. 4F(2)+f(3), 40R/3. 
AT=AT+AI $ FC1>=FC3) 

20 CONTINUE 
ABT=ABT+AT 

19 CONTINUE 
C••••••••••NHN2& 

TBT=O. 

110 

DO 199 N1=2tL21 
CN=t<S<:al••~-(P•tNi-1)/01)••2 
CE=CSQR.T CY•EN> 
REA=REALCCE> $ AIMA=AIMAGCCEl 
RP=A•REA $ YP=A•AIMA 
CALL BIKJN(RP,~YP,M,BR,8I,YR,Y::> 
GA=BR(I1 ... 1)+E•tsi(M+~) $ YA=Yl~(IH1)+£'1'·YI <t-1+1) 
IFC1•M)1iC,110,111 
JA1=8R{M)+E•BICHl-M4 8A/CCE•A) 
YA1=VR(M)+E•YilM)-M•YA/lCE 4 A) ~GO TO 112 

.l~1 BA1=·BF~(2l-E4 YI(2) 1 YA1=-YR(;~J-E•YI(2) 
~i2 PGP=lt. 

1UTIUE Gr!RR 73/73 

113 

114 
li5 

117 

11& 
ii9 

,;.. 9') 

OPT=1 FT'-.J 4. 6+46G 



LALL B:..KJN{RPtYP,M,BR-iffi, !. 
BA=BRCii+::..>+£'~'dlCH+1) Ji YA=YKCfH1)+PY!(M+1) 

RP=B• ABS ( KS (!Q)) $ YP=O. 

Sft~hR~~~t~!~fAI~A~l?RIB~~~~~l~!l)+E•YI(M+l) 
8A5=BAt YB-YA•BB 
FF(1)=A•{C.25•B1N(1,IQ))••2 $ CTT=t. 
DO 222 KL=l,Io 
RZ=A+2~0R1'~'CKL-1) $ FFC2l=L. i FFl3l=O. 
DO 223 KM=2,3 $ RZ=RZ+DR1 

RP=RZ•ABSCKSCIQ)) $ YP=[, 
CALL B:KJNCRP,YP~M,BR 1 BI,YR,YI> BZ=BRCI1+1)+E•BICM+1) li YZ=YR(M+1)+E•YI<M+1) 
Z3=REAL(<BZ•YB-YZ•BBl/BA5l 
FFCKH)=RZ•C0.25•B1NC1,IQ>•ZJ>••z 
CONTINUE 
BIS=CFF(~)+~•FF(2)+FF(3))•0Ri/3, 
CTT=CTT+OIS 
FFC1) =fF (3 > 
CONTINUE 
ATTT=D•ABT+O.S•01•TST+01•CTT 
FORH(lQ)=SQRT(2e/ATTT) 

C ••••••••• • NtlN27 

~~N~f7,i~l~A~~1I7,IQ)•FORM(IQ) 
A2NCI7,IQ>=A2N<I7,IQl•FORMCIQ> 

25 CONTINUE 
18 CONTINUE 

IFlGQQ.NE.7.) GO TO 1076 
PRINT1t1~, ( (TOR(K9,K8) t·K8=1,2 > ,-K9=11K5) 

1L14 FORHATC2X,4CX,2HH=,F11.9,X,4HfOP=,E l.2)) 
JUT~tlE Gf~RR 73/73 OPT=1 

~C76 RETURN $ END 

JUT!ltE UD 

C •• •••• •••• Nl~N28 c •••••••••• NNN29 

FT'-4 t...6+460 

FT'4 4.o+l:60 

SUBROUTINE UDC L2, L1, WA, WB, WC,I40, UK, K, H, L21t M, INO, D ET> 
REAL K 
DIMENSION WACL21,L21l,WBCL21,1.21),WCCL21,L21J ,WOCL21,L21) 
DIMENSION INDCL1,2> 
COMMON/£/ E,Y,MEH,NGN,GQ,GQQ 
COMPLEX E,Y 
DIMENSION UK(L1,L1) 
CALL KOFIHL2,WA,WB,WC,WO,K,H,l.21tHl 
IFCHEH-1) 7,8,9 

C • • •• • • •. • • NIIN30 
7 DO 1 IK=1,L21 

DO 2 JK=1, L21 
UKC2•IK-1,2•JK-1)=WCCIK,JK) 
UKC2•IKt2•JK-1>=WAllK,JK) 
UK(2•IK-~,2·J~)=WO(IK,JK) 
UKC2•IK~2•JK)=W8(IK,JK) 

2 CONTI NUt. 
1 CONTINUE 

CALL MATIN1(UK,L1,L1,L1,0,IND,NER,OAH) 
OET=DAU 
GO TO :;.o 

C •••••••••• NNN31 
8 00 3 IK=1,L21 

4 
3 

17 

DO 4 JK=1, l21 
UKCIK,.JK)=WCCIK,JK> 
CONTINUE 
CONTINUE 

CALL HATIN1(UK,L1,L21,L1,Q,I~O,NER,DAM) 
OET=OA t1 
IFCGQQ.NE.77,) GO TO 1C 
PRINT 17,H,OET 
FORHATt5X,2HH=,F19.11,5X,~HTOF=,E1C.2) 
GO TO 10 

G. • •• •. • • • • NIJN32 
g DO 5 IK=i, L21 

~) 
.) 

.. ..... 
UTIHE KUFW 

00 & JK=1, l21 
UKCIK,JK)=WBCIK,JK) 
CONTINUE 
CONTINUE 

CALL HATIN1lUK,L1,L21,L1,L ,INC,NER,OAH) 
OET=OA 11 
F:ETURN $ E NO 

73/73 OPT=! FT'J 4. &+4 nC 



4 

5 
6 

7 

1J 

277 

ItlE KOFW 

HL=H+P;::.P•L/0 
HL2=HL~•2 $ HLK=K••2-HL2 
PL=CSQP.T(Y•HLK) $ PLA=PL•A 

FT~ 4.6+1.;.60 

AF=P•Oi•(JJ-L)/0 $ PLR=REAL(FLA) $ PLI=AIMAGCP~A) 
BJCA=B£SJO lAF) 
OJ1A=BESJ1 (A F) 
CALL a:KJNCPLR 1 PLI1H,BR,BI,YR,YI) 
DL=BR(H+il+E•Bi(M+ ) 
:1. F U-M) 21 , 21, 22 

21 DL1=8R(M}+t:•Bl(M) $GO TO 23 
22 OL1=-BR(2)-E•BI(2) 
') ... -



--• ''"_r.,._ •'-"'-' '" ._ LJ'-.t. -,,- I.JI.# """' # 

BL2=0L:.•HLK $ 8L3=1.18L2 $ Hlt1=HL..,0112. '· ~, /;; __ 
HLL=HL01+PP2..,I $ HLI=HL2-(P•IJ01l••z 
HLL1=HLOi+PP2•I1 $ HLI1=HL2-lf•I1/01)•..,2 
P XL=SI IH ~ill) /HLI 
PXL1=S:NtHLL1)/HLl1 
SSA=BJCA•PXL..,BL1•M..,HL/A 
I F (A F. [ Q. t • ) G 0 T 0 15 
SSB=BJ~A..,PXL•SL2/AF 
GO T01 r 

15 SSB= PXL • L. 5.., BL2 
17 HBBH=1 .. 

SSC=BJGA..,PXL1•CSL3-BL1~CHnHL/(K•A>>•-2!HLKl•HL 
IF(AF.EQ.O.) GO TO 35 
SSO=BJ~A•PXL1..,8L1•HL2/AF 
GO TO 37 

35 SSD=PXL1•BL1..,HL2•0.5 
37 HBBH=2. 

SA=SA+SSA $ SS=SB+SSB $ SC=SC+SSC $ SO=SO+SSD 
3 CONTINUE 

BF=CHJD+I~P)/2. $ BFi=<HJO+Ii+P)/2. 
BFM=BF-I•P $ BFM1=Bf1-I1•P 
WA(I,J)=SA-H..,O..,CBESJOCBF)+(-1.J••I..,BESJOCBFM))..,Q1/(~.•A) 
WBCI,Jl=SB+O•tBESJ1(3Fl/BF-(-1.)••I•BESJ1(BFH)/8FMl*Q21(4.•P•I 

II 01) 
T 01=1. 
WC(llJ)=-SC+TOI•o•tBESJOCBF1>+1-1.)••I1•BESJO CBFM1))¥(Q31-<H•P~I 

//(K• •01))~•2•Q41)/4. 
WOCI!Jl=H/(A•K••2>•<SD+TOI•O•P..,I1•(8ESJ1(8F1)/8F1-(-1.)••I1• 

•BESJ {8FM1)/8FM1)•Q11/(~ .... 01)) · 
2 CONTINUE 
1 CONTINUE 

72 FORHAT<2X,5E10.3> 
RETURN $ END 

JTiliE o: KJN 73/73 OPT=1 FT~ 4. 6+46C 

... 
I 

8 

"' -

SUBROUTINE BIKJN(X,Y,H,BR,BI,YR,YI> 
0 I MENS: 0 N BR ( 5) 8 I ( 5) , Y R { 5) Y I ( 5) 
OIHENS:ON BQJcsf,BQN(5),8Qit5),8QK(5) 
COMPLEX E1 EQI 1 EQY 
£=(0.,1.) 
H=M .. -2 
P=3e14~59265 $ M1=M+1 
PS=SQRT(P) $ P4=P/4. 
P43=3. _.P4 
IFCXJ 5,5,6 

SBC=1. 
IF(V-30.) 7,7,8 

BQI(1)=8ESIC(Y) $ BQK(1l=BESKQ(Y) 
BQI(2)=8ESI1CY) $ BQKC2>=BESK1(Y) 

GO TO 9 
SBC=3. 
IF<v-:..oo., 44,44,45 

ESY=EXP( Y) 
GO TO 47 

ESY=E;~p ( 10 0 • > 
SQY=S QRT ( 2. -.y) 
WY=8. •Y 
HY2=WY..,WY 

GQI(1)=ESY•C1.+1.1WY+4.5/WY2}/(PS•SQY) 
8QK(1)=(1.-1./WY+4.5/WY2)/(ESY~SQY)•PS 
BQI(2)=ESY..,(1.-3.1WY-7.5/WY2l/CPS•SQY) 
OQK(2)=(!.+3./WY-7.5/WY2)/(ESY•SQY).f.PS 

DO 1 I=2, H 
8QI(I+1J=BQI(I-1)-BQICI1+2~(I-l)/Y 
8QKCI+1)=8QKli-1>+BQK(l)..,2..,(I-1)/Y 
CONTINUE 



15 

,-, 
'-
b 

~1 

:..2 

::.3 

3 

It 
10 

DO 2 J=1 ,M1 
Ji=J-1 
E QI=E r •J1"'BQI t J) 
[QY=EQI+(-E)••J1•2•BQK(J)"'C/P 
EQY=EQY•E 
uR(J)=~EAltEQI) $ BitJ>=AIHAGtEQl) 
YR(J)=~EALCEQY} $ Y!(Jl=AIHAGCEQY) 
CONTINUE $ GO TO 10 

SBC=2. 
IF(X-3G.) 11,11,12 
BQJ(1l=BESJOtX) $ BQNC1>=8ESfOCX) 
BQJ(2l=BESJ1(X) $ BQNC2>=BES'f1(X) 

GO TO 13 
CIXl=COSCX-P4) $ SIXO=SINC<-P4> 

CIX1=COS(X-P43) $ SIX1=SINCX··P43) 
WX=S.•X $ SQX=SQRT(2./CP•X>> 
WX2=WX•WX $ WX3=WX2•WX 
WX4=W>-:2•WX2 

POX=1.-4.5/WX2+459.375/WX4 
QOX=-1.1WX+37.5/WX3 
P1X=1.+7.5/WX2-590.625/HX4 
Q1X=3./HX-52.5/WX3 . 
BQJ(1) =SQX• (POX•CIXO-QOX•SIXU · 
BQNC1>=SQX•CPOX•SIXO+QOX•CIXO: 
BQJC 2) =SQX• ( P1X•CIXO-Q1X"'SIXO .t 

BQtH 2) =SQX• ( P1X•SIXO+Q1X;~CIXG > 
DO 3 L=2, t1 

BQJ(L+1) =-BQJ<L-1> +BQJ(l) •z•ct-U/X 
BQN(Lt :U =- BQN (L-1 )+ BQN CU •2• { 1.-1) /X 
CONTINUE 
DO 4 L2=1,H1 
BRCL2>=BQJCL2> $ 8ICL2>=u. 
YRCL2l=BQNCL2) $ Yl(L2)=G. 
CONTINUE 
M=H-2 
RETURN $ END 



KoMeHTamns: R noorpaMMe A~ I= _ (NHN2/(:~. 
ii C;t U = 0 - Tonxo noKcR xopHeM cKcTeMH ( 6. 48) , ( 6. 49) , 

Hanpl!Mep, npH AI == 0 

C£U =1-0- pac"C!eT noTep:c. 

~2 ITapaMeTpH cTpyRTypH. 

i3 ITapaMeTpH crycTROB • 

.1M I) 3apa:xteHHHit crycToR. 

~~ 2)TOROBHI crycTOR. 

iS 3)3RcneHTpK1!HHI crycTOR. 

i7 ITapaMeTpH npK6~eHHH. 

J8 C~yqaa a3KMYTaJ.rbHO HecKMMeTpa-q:H~. 

i9 C~rui E - Bom. 

iiO ~aa H - Bom. 

iii ITOKCR ROPfiel CHCTeMH (6.48), (6.49). 

N!I2 :J .S S - c"C!eT"C!KK tmcJia. Ha.H.Il;eHHHX ItOpHel (npl! .n;aHHOM AI ) 
JU3 BHtmMeHHe ilJX 1-1 AI- rpynnoBol cKopocTK. 

~I4 HecKMMeTPH1!HUe Bomu. 

N!I5 BwmMeHKe KOaqxp:Hn:HeHTOB (It ; tzt (Macc:aB VB ) 
ii6 BwmMeHHe KOa@>m:tReHTOB '1/1. IV; )~2 ~ B d. ~ 82 N 
~I7 E - BOmH. 

Ji!I8 BwmMeHHe Koaqxpm:(ReHTOB frt: ; <f2 -tE.O) (Macon VlS ) • 
N!I9 BwmcJieHKe Koaqxp~eHTOB 41 Af , B d. A/. 
1&20 H - BOJIHU. 

Ji2I BH1!HMeH:ae xoaqxp~eHTOB f 2 t ; <f,.-t = 0 ) (MaccHB VB ) 
i22 BH1!HMeH:ae Koa®>KD;HeHTOB .A-2. N , IS 2 AI • 
123 I J S S - 1!HMO co6cTBeHHHX BOJIH, H~eHHHX ,n;m:r .n;a.HHoro N . 
.li24 BH1IHMeHHe HOpMU .nJIH A .1. N, 42 A/. 
125 I)HHTerpan no o6JiaCTH pacnpocT~aHeHHH. 



NQ6 2) 11HTerpaJI no pesoaaTopaoit o6.mcTH .fftleitKH. 

Ji27 Hop.mpoBRa RoatM>m:taeHTOB /IJ. N' , /12 AI • 
N!28 BHlfi!CJieHxe ])ct { Ul((h) KJ].:::])r=_ T 
Ji29 U k - Ma.TpmJ;a OCHOBHO! CHCTeliJH (6.40)-(6.43). 

M30 HecRMMeTPH~He BO~. 

N!3I E - BOJIHH. 

Ji32 H - BOJIHH. 

Ji33 BwmCJieH:ae aJieMeHTOB Ma.Tpw:ui () i(. • 
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