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I. BBe,n;~IDJe 

Hsy'ieIDie pacnpocTpalte11M ilo.illi B deci<oiie'lHwc o.IXHoMepma: ueno'i.Kax 
ll_pHB8XO K OTKPHTIDJ TO'iHWC 8H8XHTH'i8CKIDC pemeHHA 6ecKOH8'iHOA CHCT8Mbl 
H8JIHHettHwc pasHOCTHWC ypaBH8HHA, COOTB8TCTBYIOin8A 3KC,~8HllHMl>HOM,Y 
B38HMO,n;ettcTBB10 M~ 6xmita~ COC8,ll;IDIMl'I 'i8CTHIJ,8Mll • IloMe Toro 
KaK XeHOI, cbxam.Ka rd H Mosep/ 3/ noKasMH, 'iTO KOHe'iHoMepHue raMwr1>
TOHOBH CHCT8Ml:l 3TOI'O THna (HenepHO,ll;H'i8CKH8 H nepHO.n;H'i8CKH8 ~llO'iKH 
To,n;u) JlBJIJD)TCJI BllOXH8 HHTerpupyel\WMH, HCCXe,n;o~HIDJ me CBOACTB 6WIO 
llOOBRIIl8,11O 6ox1,moe KOJIH'i8CTBO pa6oT. KocTaHT 

16 • ()JI1,maHeIUCHA H Ilepe
XOMOB l?I Ranum c:aas1, M8!1,lzy HenepHo.n;H'iecKHMH ueno'iKaMH H R1IacoH'iecKH
Ml'I axre6paMl'I JIH. I'aMW11>ToHHaHH aTmc ueno'ieK MoryT 6HT1> nooTpoeHH no 
CHCT8MaM { PJ npoCTWC KOpHeA RII8CCH'i8CKm: Mre6pi~.5-. 

k = f Pjz. ;. V r, Vr, = .I exp(oi{} ;· 
j:,, .:! ~ 7 -:i ot~PJ (I) 

c{_ - .ltOpH8Bl:le B8KTOPH, /Jj , ',j - HMnYXMJ:l H .1top,n;HH8Tl:l 'i8CTHU • .lvIJI 
axre6p A,, J 4i, c.., I .Z,.,_ . llOT8HllH8Xl:l [I 0 HM810T BH,n; 

,,_, <f ti. 2,,, 
~" :: ,L exp('IJ-'IJH)/ fig)) :: ~" ,_ e "J tf.,, = :4., I e J 

J:( 

(2) 

,lvrJI HCRII!O'il!Tex1,Hwc axre6p CHCT8Ml:l THna (I) He HM810T npocToA MeXSHlfleC
Kott HHTepnpeTamra H He 6y,n;yT paccMaTpHBaT1>cJ1 s,n;ec1,. EoroHBJieHcroi:2'41 
YKaSM cnoco6 llOCTpoeH:wl o6o6~e}.!l}HX nepHO.n;H'ieCKIDC ueno'ieK, KOTOpl:lA, 
KaK 6WIO Bll8pBHe YCT8HOBJI8HO -a' 9I, COOTB8TCTBY8T HCllMl,3OB8HIDJ B (I) 
CHCTeMH npocTHX r<opHett aiW]HHHWC axre6p. IloTeHUHMH V ;rum axre6p 
neT8XI> ~ft} , 6/tJ , CI') , 4o) MoryT 6HTI> 38IIHC8Hl:l B BH,n:8 

r,) 9,,-9-, ,r -(q,,.~ ,r u - 2<?, 
{I,, = 1/,; .,. e , ~r,J = 1111 -1- e .J vcrtJ = vc. +- e 
...,.~ _,,.,,, l:JII h " A / 

v'J( r,) "" {J;. + e -(f,,-qi) 
""" ,....~ • (3) 

Cr<py'i8HH!,IM Mre6paM neTeXI> OTBe'!aBJT llOTeHmram/I8/ 
Ir 911 -2?f I/ 1/ -(<?1'"92) 2~,, V rt} = v,,, " e ;. e . , r,,, cz; = ~ +- e + e , 

o/1.2,, .,.,,, ,,n.?11,-f h 

( 4) 

IIpe,n;cTaBJieHHR Jar<ca ;rum o6o6~eHHux rrepHO.n;H'iecroi:x ueno'ieK (3,4) 
co,n;eplltaT 38BHCHMOCT1, OT CIT8KTPMl>HOI'O napaMeTpa, COOTBeTCTBYIOinHe ra
Mit/IbTOHOBli ITOTOKH XHHeapHSYIOTCJI Ha MHoroo6pa3HJIX HKOOH axre6paH'ieC
KHX KPHBWC, accoD;HHpoBaHHwc co cneKT.POM /_,, - MaTpHni/7 ,8/. 



CIIHCOK (2-4) HcqepmmaeT IIOT8HIJ;i!BJIH, COOTB8TCTBYD!lH8 68CKOHeq
Hl:lM cep.wm a.nre6p Kan;a - My.It}I. Bonpoc O CYIIl8CTBOB8HHH .JUlYI'mC, OT
Jll'I'lHHX OT (2-4), HH~erpH.P¥,8MWC CHCT8M C 8KCIIOH8HIJ;i!BJII,Hl:lM BSaHMO.nel
CTBReM THIIa V = .J: exf{.L ~kq.t.) , 6wi pacCMOTpeH A,u.7IepoM x Me_26exe1IO[ 

- J=1 ~=I ,~ 
OHR IIOKaSMR, 'ITO B TOM CJIY'W.8, Kor.na paHr IV ,P8B8H It-- , 

CBOICTBOM KoBBJI8BCKOit - IleHJieBe 06.II~am Jll'IIII!, TpaeKTop:tm CHCT8M (3-4). 
CJiyqal MaTPHU M8Hl,lllero paHra He 6WI HCCJI8JtOB8H. 

0CH0,¥_8Ji o/I, .ItaHHOI pa60TH COCTOHT. B OJte~lllll8M. 
HsBeCTHO l3-l5 , qf0 BIIOJIHe HHTerpHpyeMHMH JIBJiml'l'CJI TaKJte MHoroqao
TH'lHHe OHOT8MH, B KOTOPHX OTPYKTypa IIOT8HIJ;i!BJia B38HMO.It8IOTBHH onpe.ne
JUieT0/1 OHOT8MBMH Boex IIOJlOJEHTeJILHHX, a-He TOJII,KO npooTHX xopHel BJI
re6p ~ • Mli IIOKSXeM, qfO Boe BHlll8II8p8'lHCJI8HHH8 U8IlOql(l[ To~ HBJIJmT

CJI qaoTHHMK CJIYqam.m 8TKX CHCTeM, OOOTB8TOTBYDIIHMH H8KOTO_pHM npe
Jt8JI:E,Hl:lM OHTYaD;HJIM. BOJiee Toro, Mil IIOJIY'IHM, IIOJII,SYS:OI, 8THM COOTBeT
B8TCjBHr, HOBH8 HHTerpHpyeM!le U8IIO'lKH. 8'1'0 H8 IIpoTKBOpe'lllT pesyJII,Ta
TaM IO, TaK K8K OHH MOryT·6HTI, HHTepnpeTKpoBaHH 1(81( CHOT8MH C MaT
PHii:lMH '111( M8HI,mero, qeM 'IHOJIO CT8II8H81 OB060~, paHra. By~T IIOJiyqe
HH TaKJte U8IlOql(l[, ,wJJ! KOTOp!,IX B38HMO.It8ICTBR8 'laCTKU Ha KOHIJJIX He .a:B

JI.a:8TOll 8KCIIOH8HIJ;i!BJII,Hl:lM. 
B pas,neJie n MH olIHllleM cHcTeM!l /I3-l5/ B yKaEeM npe,neJI1,HHe nepe

xo~, nocpe.noTBOM KOTOp!,IX BS HHX IIOJIY'UIDTCJI J;WIIO'lKH (2-4). B P8B.It8JI8 
fil IIpHB8.It8HH .a:BHHe BHpallt8HH.a: ,wJJ! MaTPHU Jaxca HOBHX uenoqex, a Ta.ae 
Hea6eJI8BHX 0606111eHHI H8KOTopmc: HS HHX. 8TH MB.Tpl!lij:l aaBHc.a:T OT C08KT
paJII,HOr0 napaMeTpa, IIPKt18M IIO cpaBH8Hml O paHee HSB8CTHHMH IlEIIIOtmaMH 
(3-4) MaTPHIVi !.., o6JI~aeT B.ItB08 60Jll>ml!M 'IHOJIOM IIOJIJ)COB. YK8Bamt 
T&Ka8 H8KOTOPH8 HepemeHHHe IIpo6Jle1111 • 

2. lleIT01l!G! To~ - npe.D;eJII,HH8 CJI'/'l&ll QTerpBP]8MHX Cl![CT8M 
C H98KCIIOH8HIJ;i!aJII,Hl,IM BSa}tMO.D;8ICTBJ!18M • 

llosep /l3/, (}JII,DJ8HeUKHI H IlepeJIOMOB /l4/ YK838JIH Maco HHT8rPK
pyeMHX 1'8MHJII,TOHOBHX CHCTeM THIIa (I) C IIOT8HIJ;i!8JIOM 1/(9-J , IIOOTpoeH
HHM IIO CllOT8MaM IIOJIODT8JII,HHX KOPff8I (.4-1-f K1IaOCKtl8CKHX 8Jll'e6p, 

V(f}, L fl"/Ll{o;'I-) • 
clELlt (5) 

IlOCTOJDUII:le ~ MOI'YT 38BHC8Tl, OT JJ;1Il!Hl,I KOPH8BOro B8KTOpa, HO 
xe OT ero HaIIpallJl8HHJI. CHC'1'8W THIIa (5) B 06111eM c.tyqae OIIHOHBall'l' 
,JtBD8HH8 .211,. 'laOTHU e~ol MaCoH,B38lDIO.It8IC'l'BYJJ]tHX MBJr.ItY co6ol 
uoope,1tO'l'BOM II0'1'8HIJ;i!8Jla 11(.l),B C H8KO'l'OJ)HM BH8111Hl!M IIOJI8M IIPJII: Cm.!M8T
,PlAHI,DC HatmJII,ma: yCJioBwa f)J,J,,: -1'.il /·/'"7 .. -'Jjd£jf{1t.. JlaJII,aelmee 
0606111eHHe (5) 6wro npe~OE8HO H8Mll B 15 ,/l9/, l'Jt8 IIp8.I(IIOJI8raJIOCI,, 

2 

qTo BR.It ®'HKill!H I< ( ol. 'J,-} MOXeT BSM8HJiTI,CJI O BBM8H8HH8M JJ;1Il!Hl,I BeKTO
pa ol 

TaKBM o6pasoM, .ItOCTaTO'lHO pacCMaTpHBaTI, KOPH8BH8 
B~ , KOTOpl:lM COOTB8TCTBYDT IIOT8HIJ;i!8JIH 

CBCT8Ml,I c4;, , 

11(1} = flr(tJ}~ 6 /~@ 1-t1_r(iJJ1 e>=o/-1, 
(6) 

It.- ,._ 

41( ('i-) = t~ Z .Jri-'1,.) J 14!1} =- 8~Z ..JI?/-,,_~-,, 
J>~ ✓>~ ~ (7) 

1(3 (9,}: .f [ 9/JJ(I/;)+ 9/J(i· .J 9!.r).JJ,/7(1.i,,_!p) rJt"L.?{f.;+ {,),,.t.J,,V• 
J""-{ . 2- / £,7- (8) 

8,Iteoi, J>(J) - ,ltBO.a:KOII8PKO.ItKtl8CKa.a: (PYHKIJ;i!.a: Belepurrpacca, 

1 Z.· 
J{j): JZ. r ,,,,,,,,..2EZ 

l 1 f · J 
{f+ ,.,,&.>,,-11<,?CJz)Z - {7,-,,e,i1,-"'.?GJ2),_ • 

/J,/1-11r/>o 

n~rCT8BJI8HB8 'aKCa ,wJJ! CBCT8M (6) IIPB E .::-/J 6WIO Hal.Item Moae
poM /I , B pa60T8 I4/ HHTerpupyeMOCTI, 6wza YCTaHOBJI8Ha B 1J.BYX CJIY
qamc: .f., -=fh =f.3 =9t B 9t :::g, =g,,, ..9/: 9/+.2;1 2 

:1- .'lff1Jz , T.e. Kor.na 
cyMMa B KBaJlP.BTI\HX OK06K8X B (8) MOZ8T 6HTI, saIIHcaHa B Bl'I.It8 g/..?r,;),._ 
JtJ'{c?1i) • B 7r5, Mli H8111JIB MaTPKUH Jigxca 11lllJ- (6-8) ~ JY)HCT&HT {.?d- , 
Y.IJ0~8TBO.l_llmllHX o.naouy yCJIOBm> ( '5#/' pf .9h/)-z. =- M,-J J/· . HaKOHe~, 
JI 19 

6WIO CH.li'lO B 8'1'0 orp&HBqeaie , Hatmeifuoe T&M IIP8.ItCT8BJI8HH8 JlaK
ca CIIpaBe~ ,wJJ! Ilp0B8BOJII,HHJC 3H8'18HBI #1 {{1,r} H CO.lt8pu'l' CII8K
TPaJil>HHI nap8M8Tp, onpe,neJieHHHI Ha KOMIIJieKcHOM Tope - ~KTope C no 
pem8TK8 II8PBO.ItOB H8KOTOPHX 8JlJIHIITB'l80KKX ®'HKill!I Rxo6B. 

IloK&EeM T8II8Pl>, KaK BB (6-8) l&>!'YT 6HTI, IIOJIYqeHH IIOT8HIJ;i!8JIH ne
IIO'l8K To~ (2-4). Bo -nepBHX, OTM8THM, 'ITO (PYHKIJ;i!.a: BelepmTpaoca 
B8!118CTB8HHa Tor.na B TOJII,KO TOr.zta, xor.na O.nHH BB II8PKO.ItOB, HaIIpBMep 

Q 1 , Jm1Ul8'l'OS: 'IHCTO MHllMliM ( B ,ItaJII,HelmeM 6y.neM IIOJiarau 4-1,-= 2,f-/ , 
i t:-1 ) • a .JUJYI'OI - B81118CTB8HHHM. B BH.POX,lt8HHOM CJIYqae '-'.e = 00 

JY-O Jll!JIJIBTCS: •- TpxrciHOM8TPB'{8CKOI (ID'HKIUlel _, JJ{iJ. f (-_/ +.rt::[) , 
B IIOT8HIJ;i!8JIH (7-8) IIPK06peTam BJm · ½ 

"t- -I z,.,_ --✓--«tr,J = .,t _x Jf.Z/9:-9~, .) tt2.f?J: g~ ~r.ff/1--2.J ' c
7 

> 
J>1c. c ~.,J J >~ .z., a 

Ir.. 

~3 ft} = .I /-1,½t,t.!,i_ -1 sf,f,..
9
. ., 9J2

°'111i + r1,/c1..?9.i]. (8a> 
J=, 2 ~ 
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Bee nOCTOJIHHHe 3,ll;8Cl, TS!Olt~ COB8pill8HHO npoH3BOJI1,Hl,I, COOTB8TCTBYIIll88 

npnCT8BJI8Hli8 JSRC8 CO Cll8RTpa7Ililil:lM ll8paM8TpoM 6H1IO llOJIY'l:8HO yze 

B 151. BBe,neM Tenep1, nepeM8HHH8 Xj nocpe,nCTBOM COOTHOmeHWt 

'1_;" ., Xj + {j--tJA , A .>O • 

(9) 

IIOJI1>syac1, npoH3BOJIOM B BH6ope !J ;, I ~,r} , IIOJIOmtM ,f - .;;:, et-,, { 11) 
H nepelneM B (7a) R npe.neJIY L1 ➔ 00 • IIO,ll;CTSBBB B Ra'l:8CTB8 '1J 
(9) • TaK RSR II.Pl! 60JI1>11IIDC .1 MOltHO IIJ)OH3B8CTB pa3JIOE8HB8 

s;,-y~. 
1 

t11,t -l7-X* +A(i-1<) 
.:. 

= 
-A(j--k} Xe-,lJ

0 

( -d(.j-1!)) · 
t? 2 + tJ e /,, /:>Jc. , 

B IIOT8HIJJ!8JI8 tt-(f'v} IIJ)H <1 ➔ oo OCT81>TCH JmlllJ, CJiaraewe, 

'l:8XlltH8 B38RMO.D:8!CTBml 6Jimtatlllmx COC8,D;IU'IX 'l:8CTHn: 

flt (x) .= fit.. !4(,-) = J., !{ {.Jc) • 
,tl~(IO :t 

(IO) 

OTB8-

(II) 

TaRHM o6pa3OM, IIPH ,1 ➔ cxJ Mil IIOJIY'l:WIH IIOT8HIJJ!M H8IIepHO.D:H'l:8CRO! 

neIIO'l:KPI To,nH (2) H3 IIOT8HimaJI8 Mosepa. BWICHHM T8IIep1, CHTY8Itlm 

C OCTa.nr.HHMR CJiaraeM!lMH B (7-Sa). JerRO BB.n8TD, 'ITO B /I 2ft) 
OCT88TCH JIHllll, O.n;HO CJiaraeMoe, 

-..l"r-)".t. 
t;;rx) = .ei.. !t.tfi)= c!oe • 

,6 ➔ (10 ~ 

(I2} 
IIo,ncTSBJIJm (9) B (Ba). 38M8THM, HCIIOJI1>3YH (IO). 'ITO npe,neJI II.Pl! ,1 .... 00 

ROH8'118H JIHlllI, B TOM CJIY'l:88, Ror.na ...ff H <7z He 38BHCHT OT Ll , 
8 Jj H .J¥ 8RCIIOH8HimaJil>HO y6HBam,~-z.~C (?.kl'(-.tJ(n-t)} , 

!,, l - ,Je,1/7 {-.tt:(t,-i),Y ,,.._. ,,._, 
,A 6 ·~ ,,Z.t~ . _ + _ + C'e ., ,<Je • 

uj {.x) :,, -tt.. ~('J) C cJ, /4. t .=J "'1/4 
,4~,o .t,. f 

S,nec1,. RBR H B (8a). IIOCTOJIHHH8 .,;-- • 

Hbl. Mb! llOJIY'l:HJIH CHCT8MY C IIOT8Hlm8JIOM 

,.., 
tJ • C ,9 IIJ)OH3BOJI1,-

,,.., .r, /4 --Kr·""£ Jf ,.., A P,r,,7 /1,( x) ., !t1& +l't 11;(.,,} fVJ{,,-l} : J. 'J {xj ;- fjo Le -1- r .§.. ..Ce ",,J)e _) • 
~· of,l.t( Jt. '.t; 

Z (!3) 
,- ,-

IIpH v4 :::- 13 ~o • [ " f ( !3) npeBWlll88TCH B noT8HIJ;HaJI neIIO'IIKPI C 

8RCIIOH8HIJJ!aJil,HblMl!I B38l!MO,nettcTBHSIMH 

½_µ) = j.. f ¼~ (x) + e. -~,-k-t + Ce x,, ., tJe .!~ • (!4) 

4 

fiJ M CJly'l:BH ~ , l]h 1 
, ~fol( ,{ (34) IIOJIY'l:8DTCH II.Pl! Bbl6ope noC'!'oaHHHX B 

(14) B mme C":, J =-0 • oJ ~ 0 • {'= p COOTB8TC'1'B8HHO. KoHe'IIHHM 

O.n;Blll'OM BO8X ROOP.n;HH8'1' Bcer.na MOJEHO C,ll;eJI8Tl, pmmo! ! JID6yD H3 H8HY

nema IIOCTOJIHHb!X B (!4). 
C.n;BHrWI BCD CHCT8M,Y BIIPaBO, X) 4 X_jJ.At.1Af~.11-'y£ "-_,. H IIJ)OH3BO

,na "nepeHO,PMHJ)OBicy" IIOCTOHHHlDC .:i➔ '.Ae.,:JI, i1 -#BfJ. l'.df , c? Ce.-<lf , 

z~ ,6e. -¾', nOJIYtmM HS (13) B npe,neJie -11 ➔ oo noTe!IJJilaJI 

½N:: Jo/fti (K} + .lle-'vHJe_?-r, ~ re x-., ~ 2e ?r:} • (!5) 
:,,. 

0H OIIIICHB88T ,D;BD8HH8 OHC'1'8MH To,n1,1, Rpa!HHe 1i8CTHDJ:l .KOTOpo! 

B38BM0~8ICTBYDT c. BH8DIHHM IIOJI8M, IIpJ!['l:8M noTeHIJ;HaJibl B38.HMO.D:8ICTBKR: 

pa3JIJl'4HH A1J1 nepBO! l'I noCJie,nHel 'IISCRDJi. IIPH oOpa!llemm B HYJil> 'l:Bc

TH IIOOTOHHHHX B (15) IIOJIY'l:88M JIISB80THH8 neno'IIIGI THIIa (2-4): 

li,'1 l 

~) 

Ir, (t/ ) 
~ 

C::(, v9=t3,,.;o.,o, 

,3: 1;, v'/., .i,rC,=t,, 

/j,:: :1):, {./ .4:c ('.:() I 

t/.,;._ (tJ? c'::.- ll : ~ A.: ;J,:,t? 1 
?11 (16) 

'2/:J 7 .4.: C: 9 1h ~::O. 

C IIOMODtl,D ltOH8'11HHX C;itmll'OB BB,Ita .,r; .., ""J + Of + j ~ JII J1l3M8H81llm 

. 148CIIIT8O8 Bl)8M8HB MOmiO ~O6J1l'1'l>CH O6pa!ll8HHII B l O.n;HO! JIIS H8HYJI8Bb!X 

ROHCTaHT B RU,D;OI BS nap (A,B), (C1Jt}, T8K 'l:'1'O IIOT8HIJ;HaJI (15) lllaR

TH'll8 OKPI oo.ne pmlT JllDIII, ,nB8 npoBSBOJII,Hl:,18 no CTOJIHHH8 • 

TaKl!M o6paso1111, li!S Tpli!I'OHOM8TpJ!['l:8CXHX BHpoJr,1(8mtl (7-8) Mb! IIO

nylDUlH CIOJll,lllyl) 1i8CT1, JISB8CTHHX n8IIO'118R C 8RCIIOH8HIJ,}taJIJ,BHM B88J!MO

,ll;8IC'l'BH8M (2-4), a Taae H8ltOTOPH8 HOBbl8 (!3-!5). HMemos:, O,nHaRO, 

,nB8 CJIY'l:WI: ,4,,_(IJ (II8PJIO,ItH'll80.KWt neno'l:R8) H ~/1/ , KOTOPH8 H8 MO

ryT CIHTl> llOJIY'll8HH KS (7a)-8a) HHKa.KHMH npe,neJil,Hl,IMH nepexo.iimm. TeM 

H8 M8H88, OHH T8Rllt8 MOryT Ob!Tl, BKIIl)'ll8HH B o6utd noTeHIJJ!aJI (7-8). 1h'o-
6Lt IIOR838Tl, &TO, 38.11118TJIM, 'iTO npe,neJIJ,HH8 nepexo,nH OT (7-8) K (I3-I5) 
npoxo.nwm B ,nB8 STana: CH8'118J18 111:l ycTpeM7IHJIH R 6eCROH8'11HOCTJII B8~80T

B8HHbl! ll8.Pl!O.D: ~.t, (WHRIJ;HH Belepirrpacca, 8 38T8M IIJ)OH3BO,ItWIH C,nBllll{ 

ROOp,IJ;lilHST '118CTHn 683 Ropp8JISIIJ;HH O t;;.z, • IIOJIODM T8IIep1, 

i· ~ {t" .-. {J--r}a., 't" () ,:: r < h-~ 
(I7} 

H HCIIOJI1>3Y8M ,lJ,l1Si J>[.f} npe.ncTaBJieHBe ( 411 = .'21i 1/ 
""' 1 "" { 

~, ,/ 1 -- f e c- 1 1 Z -
./(.f;= TL. Jf.t.//-M.J,1,I J - -,;: -x, .rf.1.!:::!_t. , 

,;i., -dO { < .t. / ,.,, .f ,t (!8) 

B npe,neJie 60Jil,llllIX 3H8'l:emtlt apryM8HT8 H BemecTB8HHOro ll8PHO~a llOJIY'lID1 

H3 (I8) pa3JIOXeHRe 
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-t;,i{t.-/l"-}!) -t.Jz(/-/r-~ff), 
.?(r u.;~oJ = c ,. el'f' f + J (tf- ft} /f- i(1J-e .z. -f o (e ;t. 

. I9) 
rne Pc o < f o I ½. · ,.,, • ~r 

IIOJIODM B (7) jz..: e ll BR'm~ IIP8.lt8JIH IIOT8Hlll'IMOB ff1(v , 
1J2(ty} c Koop,i:timaTaMK (I?) npn c.;2 ➔ co • Ha (I9) CJie;nyeT, tlTO 

npe,neJI tr{ ('J) MOlK8T co,nepJKa.Tl> .ItOIIOJIHRTeJil>HOe K (II) CJiaraeMOe 

JmJ11I, Il,Pl! BH6ope Z-: _:!_ , Kor.na RM8IOT MeCTO paBJIOlltemm 

~ ~ -~ 
J>(fj-1-, - 9J ~C +- Uf {X) -.t;·Je - r, :J(9r'lJ~c -1- e.Y/Jf.,,-~Je ii: : 

f:,:.,, u-,(~} ~ ~ {-'J .,_ e-"i,-K'1' = V, (-I} ex) , (20) 
l.lt.,,°" I). ;,.,,h 

~eo:r, lI B .ItMi>Hei!IneM llp;t BimICJieHltlI Ilp0.lt8JIOB M1i onyoRaeM IIOOTOJIH

Icy!O c , KOTOPYIO MOlltHO o6paTHT:E, B HYJil> nocpe,noTBOM BWmTBHRI{ Hecy-

oteOTBeHHol .IT,1IJ! ypaBHemtlt .ItBlillteHIDt IIOOTO.fIHHOit l!(/1r.:I)C. lI3 no-reHlJl'l8Jl8 

( 6) , IloTeHIJ)'laJI -fr2 {tij II!)H t.J.! ....> oo lI .ItaHHOM BH6O .P,8 9' , 'l 
npH 117-l paOXO.ItlITCJI, T8K KaK ope.JtlI -cmceJI K< j 5 /'t.- Boer.na Hai!:-

.JtYTCJI T8Klte, .IT,1IJ! KOTOpHX j +;; ~ /t-+ .t , f/.J + 9,t- .:: ,y· rJ;,, + .::.lz 
lI Jff;"f~)-c 'OOT88TCJI KOHe'IHoil, B TO BpeMli KaK ,9.t. HeorpaJm11eHHO 

BospaoTaeT. CJie,noBaTeJii>HO, npH h ::> .Z CJie.nyeT IIOJIOlmT:E, B (6) f.'.:: c) 

FI Mli IIOJIY1iaeM nepHO.ItH'leO,KylO nEIIlO'l.KY TO.Itli, ,ItlISi 11~2 , 1:'".: ½_ paa-

JIOJEeHJlle ( I9) He lIM8eT M8CT8 ( d= '½) , ll BMeOTO Hero OJie.nyeT lIO-

llOJI!,3OB8Tl, acm.mTOTH'leCKHe npe,ncTaBJiemm S!i 
Y1.1~ _f_ ) JJ(J+-::!!)"' e -7! /e.f'_,e -.f) J>,j,.Eit __ f 7 .J(i+t.Jt-E, Le.t-d r 

U/ '181.J 21/ ( t /,, r-1 z/' 4d¥ z 3/· / . 

IlPH 8TOM IIOJIY-cmM neno'l,Ky C noTeHlll'laJIOM 

e :b ,.._ -,.-- . I, r~J,..; e.t,-J-z. XrX( .¥1 .. J-2 -{KtH'z} A 6 
r r.y).. 1- e -1e -1-e •- +-. 

qt, t ..!I ,rt.""( 
.z 

J,(.•2;
z. 

JC~,.lz (2I) 

B CJIY1iae 17 .> .Z m.188TCJI eote O.ItHa B03M:>lltHOCTl, Btl6opa B ( I?) , 

He npmi.o,wnnero K pacxo.nm,rocTHM B ~ (f:} . Olia peamrnyeTCJI II.PH 

BlillOJIHeHltlI YCJIOBlm 

t, hri,, (JHc-.t) = f- t• ,,.,t:,r(j1-*-3/ ) I) ~)>.le>{. 
(22) 

✓ 4.lz'Z"' 
Rs (22) CJie.nyeT 'l""' .2(h-f} , H II.PH ,j2: e npe,neJIH Bcex CJia-

raeM!ilX B (6), corJiacHo (I9), KOHe'lH!i: 
~ ,,,_ _,,, r-

,?, ,t ✓, J .,,., 13 C Z> 
£.,,-, ·u:J<'i, = - f- - .f - ~ - / 

CJ.., ot,•5:f. 4'/,IXf lf/.'d1,. ![.l.,J(~ 
~ rP 2 T .z .z., -(.Kff"K~) X1, ,t.,,/(11-( 

gi.. ·!lt(f-}= 1/.,, {x)1 ef:-,._, l!.z(l):d ,1e • 
"'z"""""' " . CJ2-:>""' 

(23) 

6 

' . 

il 

j ·, 
I, 

8-ro COOTB8TCTB;y8T nenotJ:R8 0 IIOT8H~8JIOM 

-X1-~ .Kr,fX;,-, ,, a C :v 
V(-t) = I;;,. 

'It 
(x} ,1,e .;e ~.,__,.._ 

o'f.'-r, ~~ J/.:'5!.z 
,.._ 
JI.. !rh., 

• ' (24) 

t J., 

.nooTOSIHHl,18 .4, S1 c/ ~ npoHBBOJil>Hli H cBfisamt mmettlim.m cooTHome

~ 0 IIOCTOJiHHliMlI B (23). JierKO S8M8TlITi>, 'ITO (2I) JmlllI, CJiarae

Ml& fZ.x.1,-x,. . OT.7.m'laeTCJI OT noTeHlJl'laJia (24), eCJIH qiopMaJI1>Ho II<mOlltlITi> 

B H8M 12,, = 2. CJly'latt J)nro B (3) COOTB8TCTBY8T o6paoteHmO B HYJii> 

Bcex 'l8Tli,P8X ll,POH3BOJI:E,HHX KOHCT8HT B (24) Il,Pl! CJiaraeMHX, OimCliBaD!tHX 

H8SKCIIOH8Hlll'IM1>HOe B38liMO,nettcTBlI8 nepBoil lI llOCJie.ItHe! 'l8CT:l!Ul neno'l

Kli C BH8DIHm.m IIOJI.m.m. 

3. IIpe,ncTaBJiemm: JiaKca. Hea6eJieBH neno'lKH 

Bmne 6wm pacm,,vTpeHH npe,neJii>HHe n0pexo,!(l,I, IIOBBOJIJnellllie IIOJIY'laT1, 

raMWii>TOHllaH!i neno'leK TO.Itli HS (6) • .ll;m .ItOKa38T8JihCTB8 UHTerpHpye-

MOCTlI HOBHX neno'leK H8O6XO.Itl!MO, 'lTO6H cymecTBOBaJili OOOTB8TCTBYI<EtH8 

npe;neJIH M8Tp:im JiaKca. T. e. OTCYTCTBOBaJilI pacXO.ItlIMOCTlI B UHTerpaJiax 

.JtBD8HRfl ClOJI88 BHCOimX IIO,Pll,IU(OB IIO HMIJ:yJii,CaM, B CJIY'lae n8IIO'l8K (Irr 

-I5) STO JierKO .It0Ra3HBS8TCH ll,Pl! lICIIOJli>SOBSHmI npe,ncTaBJieHM JiaKoa IS/ 

.IT,1IJ! TpHrOHOM8TPlt'l8CKOro Blipolr,I(8HIDI (?-8a) IIOT8Hlll'l8JIOB (?-8). l];)IJI ne

IIO'!KlI (24), IIOJIY'l88MOit Henocpe,ncTB8HHO lI' ~/,8), MaTPHil.H ilaxca II,POote 

llOCT,POlITi> 38HOBO, T8K RSK B Hait,neHHOM B I ~8.ItCT8BJI8HlIH lIOIIOJll,SYJOT-

CSI MaTPHil.H 60Jiee BHCOKOil paaMepHocTH, 'leM B / ~,I51. IlpHB0,neM peayJI1,

TaTH .IT,1IJ! neno'leR (I4,I5,24). Bo Bcex &TEX CJIY'la.RX WlT,Pl!Il.H L , -3/, 
Y.ItOBJI8TBOPSDJitH8 YpaBH8HlIJO JiaKca iL =- /t1 H.), HM8IOT pa3M8,PHOCTI, 

,1,. ,,. k. lI CTPY~PY 

L,. (r_:_t) / M= (~; h,) ? 
(25) 

r.ne (j At, t % -MaT,Pl!l]J:l -'-"IL , nplt'leM t lI lk- O,nHH8KOB!i ;u;IH 

llO'lTH BC8X ~8llOtJ:8R: f} -t-,,. fit - 'h.-,-

(;1c = djic PJ ..,.. if ~ic-1 e -z;- ~ cC'..t,* e ~ J~ 
· r <?j-~.,,,, sa - 9Y-'7 tf.- · 

/>t.ik " I L J;;k-( R .L - '!J-1✓ ,c e_ ~ _J + JK/'~ 

MaTpHil,H ~ v•, .}J -P' JIBJIJDOTCJI M8,POM01$1HMl! qJyH.Kill'lRMII CII8KTpaJii>HOr0 

napaMeTpa /2.. H nMeIOT CJie.I\YDln!ff BlI.It .IT,1IJ! neno'leK ( I4, I5,24) (.IT,1IJ! 

Il,POCTOTH nOJiaraeM B (I4) ~= -I , B (I5) 1.3 ;- :0=4 ) : 

~·1e = JJK r v.f6_[;- ~ 1,,J)I[. e ~ ~'< ;/!i =- o , 
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Y,jk = 

)';· ./ ,.t· 
'.lk .:-£ 'I"' 

.,,?_,~ 

. .r::-( cl,__ . e p,/ . 
_ -AJ_k. + V,2.. --- + 0✓11. - ~k: 

h~1 k '· 
,r;, I <"" <" e q.., 1,,~ --!,,ic -~'2 r. d: e 17'1 

.,. ~ it OJ1c O.;i, .I .,(✓I< .: -:,:- -I~ q,,~ Uh-- , 
2. Q.;<Q, ' g ,{,. 

.: i.e. -y ~Jtiu + "JzdK-V , (I4a) 

;tJ,1e 

i./'41 C) - f} / r. 9';~ 
,1,,. _ .19 (", ('~ .;. o.;, e .,_ ,z,o,~ e 
~- ~~ ~{ V / 

Jt,j"' = ii {;I< ( Cli-.11 + JJ-r e -'?-1 -1..fL',, e:;).? 
/2 Z_( 4 

,. ~ J.;c (-°-11 e' ft -1- l..tf;>t e "'j., -t: ., ~ V.1::(-$Jte-
91

-1- _r ~ __;), (I5a) 

,l"j = 0 • 

~ ~IIOlilG! ( 24) C 'leTHpI,Mfl IIp0}18BOJII,HHMII[ KOHCTaHTaMJI BBe,JJ;eM 

cHa'ISJia o6osHa'leHRll 
a= [ii_+~, ~"' -r/ii-1~, 

a rz 
6 ... ~+ ~ ~= -Yc© + ~ , 

~ / a . 
-~Jc "" e - '!L;!-'{cfJ1 01c?.. + V.! [~-r), \Ok.= e ,;,,_,;",., f~~"_,.r.c,, + cD1c tf.t.,,.~. 

MaTPHIJJ,1 ~/I"; ;t, ...r ... .,lk C IIOMOJlll,ll 8Tmt o6osHa'leHHI SaIIl!OHBam'CJI 
B cpaBimTeJII,HO npooToit <lJopMe \ 

~~ = i I fi1e[2"r:1. ·rJ -1- (.J{ctA. 11t-V+ ~ ),v1-(r[clliqr1 -1-..!?.. ).~fiJ +f:.;ic + ~ 11.i~ l, 1' A. - -{ Jt,.q, Jl,9,, j 

t: =-i1£/,J,u,4-J) +f.J(clltJ?r1+~/1 )tfi1 -(i-(cll,t?,,-p,.l..) clii. 7~~k. t- IIJ1,.(, Z ~ f..'L( ant?1 (•r J,{9.., /,,, '.J /r.,J 
11. 'fr·{ A +achl-t r. .7/ -1- 6ci,q11 <". '} • L ,,,J "'Si.t ~ ~ - o.ir + · .u 0J-t. 1t. - lvL f- n Y.Jc. , 

,ft. 291 ""' 911 
J'ft: _J.{tf.ik/- ,.J ui,ol,q-, $,·1 + 'l°'-1-6ci,9,s_ tf.i1i./i-t7 _ f.1.t. -1 1Jj1:.}, 

,,z . ,!ft '-?1 v. lf.<t;,, J /..-

/24a/ 

/'J = -1 [ (.J.clt1-1+o}sh·2?1 ~jf +- {r:ol,.~,.-'- t}sf._-2"f.., $j,,._J • 

Ta.KRM o6pasoM, l., B~a (25) .KaR <ffi'HB;l.llIJI !z, :HMeeT ,u:orromm
Te.1u,HHe nOJmoa B TO'IKRX /2, = ± I. 8To JmJiemie xapaKTepHO ,n;1IJI IIO'ITl!l 
BOeX Tpl!ll'OHOMeT!)l!l'leO.IGDC Bl:lpoJl!,IteHRI IIOTeimi!Ma (?,8) 1 B TOM 'll!IOJie l!l 
TeX, ROTOpHe OIIKCHBaDT ,JJ;BltllteHRe CHOTeM B38HMO'Ae!OTBYKJilHX 'laOTHn THIIa 
Casep1IeH,1J;a BO BHelllH8M nOJie C noTeimi!MOM /.l(f}: ,/f c,/,.(2.f'} -1, 8el(f+,) 
IIPH ,11,(3 :/ O /I61. ,IJ.1m paUl{OH8JIJ,lll,[X BHpoit.neHRtt noTeHURM8 (?a-Sa) L 
JIIM8e'l' O,D;HH IIOJDJO B TO'IRe A :: 0 H 0611tHtt C M IIOJIDC B 6eC.KOHe'lHO 

8 

Y'AaJieHHOI TO'!Re. Ha .K8ll',I(OM H3 2>z,, Jll!IOTOB OIIBRTpaJll,HllX Rpm!HX 
dd·(L(lr)-J2)=0 co6oTBeHHHe BeRTO.Il:l. £ OM8,1J;8DT oymeoTBemwMH ooo-
6eHHOOTm.m B nOJIDoax MaTJ)Hm{ M , 'ITO IIOSBOJIJIBT IIOCTJ)OH'l'I, BeRTOpmle 
(ffi'HRitlm Be!Repa - Axliesepa H Ham BHpaJKemm: ,n;1IJI TpaeitTopmt 'laOTHn B 
OHOTeMaX (I4,I5,24) B ~e ROM6miauait MHOI'OMeprunc T9Ta~HRURtt. Pew 
SYJlliTa'l'H 9Tl!IX Bll'llIOJieHHI ,n;1IJI rru.mJIJ,TOHRaHOB C IIOTeHUR8JI8MH (?a,8a) 
:e: BOeX me Bllpolr,It~f rK TPHI'OHOMeTPH'leo.KHX, T8K H P8Ul!OHaJIJ,Hl:lX, 
rrepe'll!IOJieHlWX B r5 , 6 , 6y]1YT paOOMOTpeHH OT'AeJil,HO. · _ 

BcH npoBe,u:eHHoe Bl:IIII8 paccMOTpeHHe MOXeT 6HTI, IIPHM9HeHO TSIOite 
:e: K peJIJl'?HBHCTCIGIM aHaJiorau noTeHURMOB (6-8),,'2MTerp:e:pyeMOoT1, .KO
TOPHX IIPH t = 0 61f)a YOTaHOBJleHa PyseHaapOOM 201 H IIPH c = I, 

II. = 2 aBTOpoM / 2 • 
YKSEeM TaIOlte, ti:To neno'IRli (I5) RMem Hea6eJieBH 06061Itemm: c:e:o

TeMU HeJll!IHefllwx MaTPH'lHHX !paBHeH:e:it ,n;1IJI MaTp:e:Q 5'_j €- gt{s,, /R.), {;;j ~It., 

t (:fi_i-J = !J;_1 ,Z--L -.J.i.9.Ji/ + {;·t(91-2+ol9,-J-cf;ri.f,f/;-f19J (26) 

'AOIIYCRaDT npe'AOTaBJieHHe Jlaxoa co oTpyRTypott L H M (25), !"AB ..Y , 
.t , lk- , y - 6Jro'lHHe {11s x nsJ -MaTPHilli: 

~K =- 6)k 1f!8/1 
-f V,i:-1 ~-~-f + -c·-1,,.t: , 

/Zi.ji:. = 1. (-f.,,_fJi.9.;· 1 .,,. <£;e-,8.ig1t.· 1
- {;!,J, 

'll:J·t. = J;/:c/2&'--p)1,, -r 8t-(Jj:, ;-. ¾.,, q;">r.7 , 
VZ /4 2-_ 1 ":) 

·~ 

Y'J;: = UJic/,1.. (JJ/2 ~) + 9,-f°J.f + lz-j.,, t-;J 
1 v.[ ,V-1 

1 c. / _, ' r· J "'" .. I ~- !- ,,,- ~- + g,, o: J -½1c .:: cJ,fj "JIC. --1 o.it f 11.£i 'JJt '.J "Vi<. = ,9/2 JI<. ..,., . ~ A,.. ✓"-

C:e:oTeM!l (26) JD3JIJD)TOJI o6o6meHID!Mll yRaaaHHHX B /I?/ Hea6eJieBwc nenoqeR, 
aH8,ll;OI'H'IHHX a6eJIBBHM OllOTBMaM TmI8 c/tJ , J!J11f-tz) • .l(ByMepHHe 8HaJJOI'R" 
Cj'llleoTBYJOOtHe .n;1IJ1 Boex paHee naBeoTHHX nenoqeR (2-4), oToyTcTBY!DT ;IJ.1!R 

Hait,neHHHX S'AeOb CHOTeM (I4,I5 ), .KOTOPHB He MOryT 6UTI, BKmO'leHH B 
CXBMY 3axapoBa - llla6aTa noc-rpoeHKll ,JJ;ByMe,PHHX Hemm:efllwx 8BOJIIOUl!OlilillX 
YP8l3HeHHI. 

B saK1ID'l8HHe OJie.n;yeT OTMBTllTb, 'ITO Rpa.11He l!IHTBpeOHott npo6JreMOtt 
JIBJIJIBTCJI TeopernRo-rpyIIIIOBM l!IHTe,P.npeT8UIUl ORCTeM (I4,I5,24). ,ll1lJl 
IT.8IlO'leR (2-4) OHa 6wra Hait,neHa B 76, 9 ,II,I2 ,I?/, r'Ae 6wra 'A8T8Jl1,HO l!l3Y
'IBH8 CBJi31, MaTpnn JaRca O op6llT8MH KOIIpnooe.inmeHHOI'O IlP8'AOTaBJieHllJI 
Mre6p KaI.Vl - My.un,n pemeime YP8BHBHllil ,I{Bll.lltBHllJI cBe,IteHO R sa.n;atze (p8Y.-
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If 

L' 

TOJ)H38nHH B COOTB8TOT:eyDlllDC 68CltOH8'iHOM8p!WX rpyIIIIax • .ntta CHCT8M 
(I4),(I5) C 8RCllOH8HillIMI,HHM B88HMO.It820'l'BR8M Ma'l'.PJill]U Jiaxca B Ra1IH6-

- I - I • 
,POBR8 L =J2LJf, M =Jl MJl- • 

vl ., (: ; j .1 ~:t = cf,k., 0c = {;.,h-1:+i 

TrutlEe R>I'YT <1HTl> peaJIRSOBaHH B mute Op(jKT aJlI'e6p Ka~ - My,ItR. B My
ime (24), O'AJiaKO, H806XO,ItRMO CHa'IWia Ham aJlI'86pa:Hli8CK,YD RHTepnpe'l'a-
1'11> llOT8HIJ;HaJJ:OB (? ,8), CO,It8l)lKalllRX ~ Be2epmTpacca. B ,ItaHHQ8 Bpe
Wl TrutaJl RHTepnpeT~R OTCYTCTBY8T ,Il;!Ut8 A7IJl npOCTeitmero_ OJJy'i8JI S=O. 
PemeHRe 8T02 npo6JieMH, BOSMOlKHO, IIOBBOJIMO 6H Ha!TH onooo6H HOOJI8-
,ItOBaHHR: KBaHTOBHX CROT8M C ll0'1'8H~8Mll (6-8)/r RX '8Tpm3H8Jll,HHJC 
TpJII'OHOMeT,Pll'i8CKHX H pall;HOHMI,HHX BHpoJl,lt8Hd I5,I6. 
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