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I . Bse.neHHe 

3~a~a o cMe~eHHH sHepreTH~ecKHX yposHen aToMa so~opo~a no~ 
~encTBH9M noCTOfiHHOrO SJI9KTPHlJ,9CK~ro nOJI.fi (sqxpeKT ·IJ!TapKa) .RBJI.ii9TC.fi. 

KJiaCCH~9CKOn·B KBaHTOBOn M9XaHHK9 !7. 8T~ s7~a~a M0~9T 6HTb OnHCaHa 

ypaBH9HH9M llipe~~mrepa B aTOMHHX e~HHHUax/l (a. e.):' · · ' . 

. (1;A+f-F.2+E)'f'=O, (!.!)' 

r~e F - HanpgeHHOCTb SJieKTPH~ecKoro noJI.R, HanpaBJieHHrut B~OJib ocHi! •. 

B napa60JIH~9CKOn CHCT9M9 KOOp~HaT: \ = 't+ 2 . , f'l = .'Z. - j! . · , ce = 
=O.'iC~(~) (0"'y,Jt~OO/ ·, O~ce~,_g[ ),ypaBH9HH9 (!.!) ~onycKaeT 
pas~eJie<f.!He nepeMeHHHX/l .• IloJIHaJ:I BOJIHOBa.R IPYHKUH.ii 't' . npe.u.cTaBJI.ReTc.R 

B s~e npoHsBe~eHH.R: 
-~ : · . :t:C.mce 

'i'==(~yt) ~"~·m(~)~n,_.~Crt)e . · , 
(1.2) 

3~eCb. rt., 11.a, - napa60JIH~9CKH9 KBaHTOBH9 ~HCJia; rrt -MarHHTHOe KBaH- . 

Tosoe ~cJio; E - sHeprH.fii P:1 H P.a.. - KOHCTaHTH pas~eJieHH.R, cB.R3aH-

HHe yCJIOBH9M (1.4) 

~yHK~HK fn,;~(\) . Hj..'t't~~';w._(yt_) ~OJI~ y~oBJieTBOp.iiTb yCJIOBK.iiM pery":' 

JI.iipHOCTH B TO~Kax ' . ·.. . ) .,. rt_= 0, ·. · . . 
· f...,.,.,...,.(~) -~.,,_,m (o).=. O. ·. · (!.5) 

IlpK ~ ~ 00 He06XO~HMO, ~T06H /fJYHK~K.fi ~ ~_..~ (~) 3KCnOH9H~HaJibHO y6HBa..; 

na: 

·l1 ------~~---~------~--. 
:· ~J :-,EC,V1H[tJ}il:::~ 1 H::c niTYT 

:1.f.lE:PrlbiX :1c·~ < ;:tSAH~~1 

6V15nV10TEI<A 



f (\-)-- ~ exp r_:JE_\. V.t. ~ ~ :tli) <I.6a) 
ns,- S ~Ylf \." a 5 + .fF' ~ ' 

a ¢y:HKQIDI 1.-rti.,-rrt('l._) IlpH ~-- 00 ~OJIJma HM6Tb aCHMnTOTHKY 

-< (n)-.A- >l?'t.(.E.n~/J.+~n~.L+S) (I.6Cl) 
.1'-n,. wt L 'l. ¥1 '3 .l fF' L ' 

r,IJ,e .:/t H 1i - acHMnTOTH'!lecKHe aMIJJIHTY,l1,H; 0 - acHMnTOTH'!leCKHtt C,IJ,BHI' 

tPaaH• 

0co6eHHOCTb.CHCT6Mbl (I.3) COCTOHT B TOM, llTO ypaBH6HHH, ee COC

TaBJI.IllOIIlH6, CBH3aHH JlHIIIb llHCJIOBbiMH. napaMeTpaMH. llpH 3TOM ,!1,Jlfi ypaBH6HHH 

(I.3a) rpaHHllHHe yCJioBHH (!.5)-(!.6) onpe,IJ,eJlJIIOT ,IJ,HCKpeT~ cneKTp 

saatleHHli saeprHH E , TOI',IJ,a KaK ,!1,JlH ypasHeHHH (I.3Cl) yCJIOBHH (!.5).:;. 

(1.66) COOTB9TCTBYDT HenpepHBHOMY cneKTpy. B paCCMaTpHBaeMott 3a,IJ,atle 

HHTepec npe,IJ,cTaBJimoT Te sHatleHHH aaeprHH E , KOTOpHe aaxo,IJ,HTCH B 

o6JiaCTH p930HaHCHOtt 3aBHCHMOCTH C~BHI'a/~bl () OT 3H9pi'HH, TO 9CTb 

OIIp9,!1,6JlffiOT KBa3HCTaQHOHapHHe COCTOHHHH • • 

BonbiDHHCTBO no,IJ,XO,IJ,OB K pemeHHD sS,IJ,allH (I:3)-(I.6) OCHOBaHO .Ha 

Teopuu :SosMYJqeffi.ttt. O,IJ,HaKo ,!1,JlH ripoHsBOJibaHx KBaHTOBHX tlHceJI H 3HatleHHtt 

aanpmtea?o7TH ·noJIH F o61i1He sqxpeKTHBHhle cxeMH pemeai-IH, KaK OTMetleao 

B pa6oTe 
3 

, paspa6oTaTb TPY,IJ,Ho. llosTOMY B yxasaHHo!, pa6oTe 6b1Jl Hc

noJib30BaH MeTo~ nepepasJiollteHHH pemeHHHB cTeneHHHe p~, KoTop~ "oc

HOBaH Ha nOCJI9,!1,0BaTeJibHOM npe,IJ,CTaBJieHHH HCKOMOI'O pemeHHH CTeneHHHMH 

PMaMH ,!1,Jlfi ypaBH9HHH (I. 3a). H. cne~aJibHmm psi,IJ,aMH' ytlHTHBSDiiiuMH .. S:cHMn

TOTHKH (!.66) ,!1,Jlfi ypal!Hemi.il (!.36) B OKpeCTHOCTJDC y5JlOBWC TO'iJ:eK (I.3Cl) 
01< ' 't?_~e ; K = o·, I' 2, ••• ) • AJIH K8llt,l1,0I'O sEl,qaHHOI'O 3Hatl9HHH E HCnOJib30-

. BaJiaCZ, HT9paQHOHHM Ilp01.\9,IJ,ypa HaxOllt,l1,9HHH KOHCTaHTH pas,IJ,eJI9HHH j> i , 

o6ecnetlHBSDiilett o6p~eHHe B HYJib pemeHHH ypaBHeHHH (1.3a) B ,IJ,ocTaTOllHO 

Y,l1,aJI9IDmx TOtlKax 'n? ~ 11~ :f • ~ee, C nOMOiilbD Ha~eHHOI'O 3Hatl6HHH 

P~ MeTO,IJ,OM nepepasJiollteHHH aaxo,IJ,HTCH npH6JIHllteHHoe pemeaHe ypasaeHHH 

(!.36) H B ,IJ,OCTaTOllHO Y,IJ,aJI6HHOtt OT Y[_•O. 06JiaCTH Y{_n,.~ 1,. onpe,IJ,eJIH

DTCH,napaMeTpbl pesoaaHca- pesoHaHCHM'3HeprHH E0 · H mHpHHa pesoaaH

ca r · . AJlH 3TOI'O '-CnOJib3YDTCH aCHMIITOTHll9CKH9 COOTHOID9HHH T90pHH : · 

Bancxonlfla-Bnraepa/2 : · . 

{' . · r ;. L[ ~-- r"] · b=00+cvui~ ~(E-E.;) ' ~ =:&o (7-Eo) + T ~- (I.?) 

B pa6oTef
4/ npH pemeHHH paccMaTpHBaeMott 3a,IJ,a'!lH HC~OJlb30Ba,;zCH~ 

MeTo,IJ, npJ~Moro qHCJieHHoro HHTerpHpoBaHHH._cHcTew. (I.3) MeTo,IJ,oM Hywe-

posa. . . 
. B ,IJ,aHHolt pa6'?Te ,IJ,aHo pemeHHe sa,IJ,a'!lH (!.3)-(1.6) KaK ,IJ,ByxnapaMeT:

PHllecxott cneKTpaJibHoit aa,IJ,a'!lH. llpH aa,IJ,a.HHIDi: aaaqeHHHX Mai'HHTHoro KBaH-

2 

; 

"""2 

TOBoro '!lHCJia m H aanpmteHHOCTH 3JieKTpHllecxor•o noJIH F saeprHH E 
H KOHCTaHTa pas,IJ,eJI6HHH 'i paccMaTpHBSDTCH . KaK cneKTpaJibHbl9 napaMeTpH, 

KOTopHe ,IJ,OJlliHLI o6ecne'!lHTb acHMnTOTHtiecKoe' nose,IJ,eHHe pemeaHtt (1.6). . 

~CJI6HH09 pemeHHe 3a,IJ,allH (I.3)-(I.6) BHnOJIH9HO C nOMOiilbD HTepat.\HOHHOit 

HbDTOHOBCKOtt CX9MH • ,!1,Jlfi ~rnapaM9TpHli9CKOit 3a,IJ,a'!lH Ha C06CTB9tntH9 3H,

ll6HHH, paspa60TaHHOtt B ~ 3Ta CX9Ma n03BOJlH9T 6oJiee nOJIHO, ll6M B/
3 , 

yqeCTb aCHMIITOTHJtY (!.6) HCKOMHX pemeHHli, a TaKllte 3qxpeKTHBHO .BHnOJI

HHTb aHaJIH3. BbltlHCJIHTenbHHX OmH60K H ,IJ,OC.TH'Ilb He06XO,l1,HMOli TOllHOCTH pe-

3YJibTaTOB. 

2. ilOCTaHOBKa ,IJ,ByxnapaMerpHtleCKOli sgna'llH Ha C06CTBeHHHe . 

3HatleHHH 

llpH pemeHHH CHHf'YJIHpHOli cneKTpaJibHOli 3a,IJ,a~H (I.3)-(I.6) C no

MOiilbD HT9pat.\HOHHOli HbDTOHOBCKOli cxe~5/ Heo6XO,l1,HMO npeo6p~oBaTb 3TY 

3a,IJ,aqy B 3a,IJ,aqy 'a C06CTB9HHH9 3Hatl9HHH. OTO MOlltHO 'oCY1i19CTBHTb Ha O·C

HOB6 pasBHTOI'O B 6 / no,IJ,XO,IJ,a K 3a,IJ,atle paCC9HHHH KaK K.3a,IJ,atle Ha C06-

CTBeHHHe 3Hatl9HHH. 

~ettCTBHTeJibHO, no CB09it noCTaHOBKe HCCJI9,IJ,Y9MM 3~a-qa CXO,IJ,Ha C 

aa,IJ,atleli pacceXHHH c yqeToM saKpHToro KaHana peaK~H/6 . • AcHMnTOTHKa 

(I.6) pemeHHit CHCT6MH (I.3) CO,l1,9plltHT H6H3B9CTHbfA cneKTpaJib~ napa

M6Tp E ·,:a acHwnToTHKa (1.66) elile H aeHssecTHhlli.napaMeTp 8 -c,IJ,BHr 

~flasH, npHtlew !PYHK~oHaJibHM aaBHCHMOCTb 0 = 0 (E) CJiylltHT ,!1,JlH onpe,IJ,e

JISHHH KBa3HCTaQHOHapHHX COCTOHHHli. B HCttOJlb3Y9MOM 3~9Cb no,IJ,XO,l1,9 3Ha

ll9HH9 C,IJ,BHI'a lflasHO 3a,IJ,aeTCH. llpH 3TOM B acHMnTOTHKY. (I.6) 6y,IJ,YT BXO

,IJ,HTb TO~bKO H9H3B9CTHH9 cneKTpaJibHH9 napaMeTpH. 

AcHMnTOTH'!leCKHe BHp8llteHHH (I.6) nosBOJIHDT.nocTpOHTb B ,IJ,OCTaTOllHo 

y,IJ,aneHHHX. TOtlKax acm.tnTOTH'!leCKHX o6JiacTeli \..;:~ 1. , tz_,.,"._-,p -1. .· npH6- · 

JIHllteHHHe o,IJ,Hopo,IJ,HHe rpaHHllHHe yCJioBHH ",!1,JlH JiorapH!Jt.u!:t~ecKHX npoH3BO,l1,HblX .. 

pemeHHli CHCTeMH (!.3), llTO ,IJ,aeT B03MOlltHOCTb HCKJIDllHTb H9H3B9CTHHe . 

acHMnTOTH'!lecKHe aMIJJIHTY~ :It H A B acHMIITOTHKe (I • 6) -. 

TaKHM o6pasoM, cHHf'YJifiPHaH sa,IJ,atla (!.3)-(1~6) annpoRcHMHpyeTcH 

peryJIHpHOli 3a,IJ,atleli THna illTypMa-JlHysWH ,!1,JlH CHCT9MH ypaBH9HHli (I. 3) 

c xpaesHMl!: yCJioBHHMH (I.5) "· . 

fk +f1Ce·,~)]q,,.$.~ (~) / = _o, . ·c2.Ia> 

. .· • ~-~M&:It, 

· [..!... +f,_Ce,~]-<n ,Wl (rt) j'= o, (2.ICl) 
c:l't . )~ 1- 'l"''t--

KOTOpHe HeJIHHeliHO 3aBHCHT OT · HCKOMOI'O C06CTB6HHOI'O 3Hatl9HHH E • 
~~H ~~(E, \) . H +~(£,l) . CTpOHTCH HCX0,!1,H H3 aCHMIITOTHll9CKHX 

BHp8ll9HHli (!.6), IIpHll6M B BHp8lt9HHH (1.66) 3Hatl9HHH tPaaH 8 SB,ItaDTCS:o 

'3 



PemeHHe ~ayxnapaMeTpHqecKo~ a~aqH Ha coeicTBeHHNe aHaqeHHH (1.3}, 
(!.5}, (2.!} ~aeT B03MOlltHOCTb 'llpH 3~aHHOlt !fla,3e s onpe~eJIHTb peme

HHH i".,s,m{~), J_.,,_,wa ('1) lf coeicTBeHHNe napaMeTpbl E H p~ , a CJie~o
BaTeJibHO, B CHJIY (1.4} H ,,_ • IlpH 3TOM COCiCTBeHHNe nai!_aMeTpbl E H ~£. 
HBJI.fDOTCH ifJyHKQHHMH 0 , TO eCTb BMeCTO 3aBHCHMOCTH 8=6'(E.) onpe~e
JIHeTCH oeipaTHM qiyHKQHH E = E ( 8) . B aToM no~xo~e acHMnTOTHKa 
(I.6a} pemeHM- ,IJ;HCKpeTHoro cneKTpa H acHMnTOTHKa (!.66) pemeHHH He..:.. 

npepbiBHOrO cneKTpa paBHOnpaBHO HCllOJib3YDTCH npH fOCTaHOBKe KpaeBbiX 
yCJIOBH~ (2.1}. KpoMe Toro, KaK noKaaaHo B paeioTe 71, B CJiyqae peao
HaHCHolt aaBHCHMOCTH 8 oT E 60Jiee ycTOitqHBO~ HBJIHeTca npo~e~a on- . 
pe~eJieH~H o6paTHolt ifJyHKQHH · E = E (cS') • · · ' 

3. Oco6eHHOCTH H aHBJIH3 TOqHoCTH qHCJieHHoro pemeHHH 

~yxnapaMeTpHqecKM a~aqa Ha co6cTBeHHble aHaqeHHa (1.3}, (1.5}, 
(2.!} ~oonpe~eJIHeTCH ycJIOBHHMH HOpMHpOBKH C06CTBeHHbiX 4wHK~Hlt: 

J~ ........ I. . . 

o ~"~.-n)d~- i = o, <3.ra> 

{~'"'.4A- C'l) d -1 = 0. '3"16 ) 
0 J'-,,., WI: 't 

,!VIH qHCJieHHoro pemeHHH 3~aqH (1.3), (1.5}, (2.l}b/3.!) npHMeHHeTCH 
HTepaqHOHHM HbllTOHOBCKaH CXeMa, paapa60TaHHM B • 0Ha CBO~HT peme-
HHe nocTaBJieHHolt a~aqH K noCJie~oBaTeJibHOCTH HTep~HOHHbiX maros. Ha 

K~OM Ji13 HHX pem8IOTCH JII.!HeltHble rpaHHqHble 3~aqH ,IVIH ~Byx He3aBHCHMbiX 

·~qxpepeH~HaJibHbiX ypaBHeHHH BTOporo llOPMKa. lJHCJieHHOe gemeHHe 3THX 
aa~aq peanHayeTca c noMo~bll MeTo~a KoHe~ paaHocTelt/ I. IlpK aToM 

HCllOJib3YDTCH paBHOMepHble pa3HOCTHble ceTKH Ha OTpeaKax 0-': ~ , "l_ ~ 'z. 
C maroM h H TpexToqeqHble paaHOCTHble CXe~~ C nopMKOM annpOKCHMaqHH 
0 (hi.-) . PaaHOCTHble rpaHKqHble a~aqH pemruoTCH nporoHKolt/8/, B pe

ayJibTaTe·qero HaxO~TCH KOMllOHeHTbl pa3HOCTHbiX HTepaqHOHHbiX nonpaBOK 

,IVIH npK6JI~eHHlt K HCKOMbiM pemeHHHM. ~aJiee Ha K~OM HTepaqHOHHOM ma
re HaxO~TCH H3 CHCTeMbl HHTerpaJibHHX ypaBHeHH~ nonpaBKH ,!VIH npHClJIH
JiteliH~ K HCKOMh!M C06CTBeHHbiM napaMeTpaM. IlpH 3TOM HHTerpaJibl · annpOKCH

MlfPYDTCH o6o6~eHHolt KB~paTypHrilt ipopMYJIOlt TpaneqHlt, HMeBJ~e~ llOPMOK 
annpoKCHMaqHH 0 ( hL) . ~iTepaqHK npO~OJI11t8lOTCH ~0 ~OCTJmeiiHH ~OCTaToq-: 
Ho Man oro a~aHHoro aHaqeHHH HeBH3KH. IIo~ ileaaaKolt noHHMaeTca. HOpMa 

BeKTOpa, llOJiyqruo~erOCH B peayJibTaTe llO~CTaHOBKH pa3HOCTHOrO npH6JI~-

·1lteHHoro pemeHHH B pa3HOCTJiYD.3~aqy, annpOKCHMHpyBJ~ HCXO~HyBJ a~a-
qy (!.3), (1.5), (2.!}, (3.!). ·~ 

· B KaqecTBe Haq~bHbiX · npH6JIHJ~teHHlt K · HCKOMbiM napaMeTpaM E . H f3:t. 
3~aBaJIHCb .HX 3HaqeHKH, llOJiyqeHHNe C llOMO~bio TeOpHH B03~eHHlt/gj •. 
HaqaJibHble npH6JIH11tSHHH ,IVIH HCKOWX pemeHK~ a~aBBJIHCb ifJyHKQHHMH . 
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i 

) ~ 

~ 
S-1-n 9((11~-:1.)) ' 0 = ~ .6 'Z.~ ~ 

;+. . rzct.$ 
~~)= . ~ ~Q.S. (. ~) ) 'la.s.~ \ ='= 'l.. ' 

. . ~Y{_~ gz-('11.~--i)tz . o~n='l. . 
't\ 1'7 ' • \._ CL\ r[ ( ~ - . '-A.\ . . 

..1'--n.t,....\~ - . 1-a.'a ( ~ ' 

(3.2a} 

"l..t.~l'l_~"Z.: 
(3:26) 

) 

3~eCb napaMeTp 'la.t. MHHHMH3HpyeT 3HaqeHHe HeBH3KH, a ~ ... ~(~)•~a.•JrV 
- acmmTOTKqecKHe BbipW!teHHH, a~aHHble !flopwyJiaMH (I. 6} • IlpH paaJIKqHb!X 
3HaqeHKHX napaMeTpOB n~,n.~-, -rrt, F H 0 . HaqaJibHble aHaqeHHH HeBH30K . 

nonyqHJIHCb llOPMKa. ro2 • ,!VIH YTOqHeHHbiX pemeHHlt yPOBeHb HeBH3KH ~OCTH.:. . 
raJICH MeHbme I0-7• 3aMeTHM, qTQ ,AJIH noJiyqeHHOrO pemeHHH ypaBHeHKH . · 

(!. 36) ,BOSMOJJtHO ,noTpe6yeTCH nepeHOIJMllPOBKB.,. nocKOJibey JIIHTerpan . B 

(3.!6) npK' ~ ... :~. C ·~eTOM (_!.66) HBJIHeTCH paCXO~mqHMCH. ~~HOlt H3 · 

TaKHX nepeHopwpoBOK MOMeT 6b1Tb yCJIOBHe . 11• :i . , · . 
· · PaccMoTpHM oiiiH6KH, soaHHKM~He npH tlHCJieHHoM peme~HK a~aqH ... 

( 1..3}-( 1.6) c noMOIIlbll H3JI011teHHoro no~~o~a. IlyCTb 1!:: ... _ {E: ~:, ~ ... ~),'}C'l)} 
·- iiCKoMoe pemeHHe sa,J4a1!lri.3aMeHa acmmoroTX'leCKHX yCJio:ad {!.6) ItpaeBH

J.m {2.!) IIpBBO.ttHT It pecyJmpH01t SB,D;a'ie 'l'Wia sa.ita1Url ID'cypMa~.c~ · 
OTB9TCTByilllee peme1me KOTOp01t 060SHa'iHM 'iepesz(z), 2:)}~ - BH6paH~ 
HM rpaHK~a. Perymq>HM a~aqa (L3). (1.5}' (2!l) annpoKCHMHpyeTCfl 
KOHeqHO-pSaHOCTHOlt Ha CeTKe Y3JIOB C maroM h C nopMKOM annpOKCHMaqKH 

0 ( h·"'). .PemeHHe a Toil aa,D;a1Url o6osHa'iHM 'iepesZ(~,h))3 npo~ecce m.DTO- -

HOBCKHX HTep~lt noJiyqaeTca'npH6JIKKeHHoe pemekHe.pasHOCTHolt a~aq"lf 
2 (7., h ·~ M), r~e M .:. · qHCJIO HTepaQHlt. IIpe~noJiollHM, qTo ace coei:

CTBeHHble ifJyHKQHK HOpMHpOBaHbl HaOTpeaKe (0;7.] YCJIOBHHMH (3.!) HJIH ./ 
~CKpeTHbiMH aHBJIOraMK 3TKX ycnoBH~. Tor~a cnpaBeAnHBa o~eHKa omH6KH 

B ceTOqHOlt HOpMe: · 

11~--a(~,h.~)JI=' ~+a;.+~, (3.3) . ' 
r~e l~=ll~c(>t)lf, !1j_=/lcC-a.)-2('l.,h)fJ J <r~=ll'cC>z,h)-:2(rz,h,M)H. 

·. CorBacHo TeopKH pasHoc;Holt·s~aqlf illTypMa-RHys~~/8/ AnH BeJIH~ 
qKHbl ~ cnpaBeAJIHBa o~eHKa 

, ~- eG'YtS,t;.h.t.-. (3.4} 

0 Be.JIHtlHHe af; MOJitHO KOCBeHHO cy~HTb no ypOBHil ~OCT_KrHyTOlt ~H ~eHM 
i:("l:h,.':'f) . H9Bfl3KH ( ro-7>~ B qacTHOCTH, corJiaCHO paeiOTSM IO,II/ .. 

BeJIKqKHa H8BH3KH xapaKTepHayeT KOp~op OmKClKH AX~ COClCTB6HHbiX napa

MeTpoB: 
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Je(<z,h)-E<.rz.,h,M)I~o, /~1(-z,h)-p:tC"t,h,M)I~ (), 
r~e Cf' - BeJH'lqHHa HeBS'l3KH. ~' BeJIHqHHbl G":l. HMeeTCH JII'llllb KaqeCTBeHHM 
Xapa.KTepHCTHKa ~,:'l tr;• 0 I2 • . . ·. 

no~6op napaMeTpoB "Z. H M Bbl'trHCJIHTeJibHOil cxeMH Ta.KHM o6paaoM, 

. qTo6H BbiTIOJIHHJIHCb yCJIOBHH a;...::<. Oi , a;/' o;_ , noaBoJIHeT aqxpeKTHBHo 
HcnoJihaoBaTb aKcTpanoJIH~HD no PHqap~COHY I 3/ AHH YTOqHeHHH paaHocT

Horo pemeHI'lH i! ( '"l., h) . 8TOT TI0~6op OCYJlleCTBJIHeTCH 3KCTiepHMeHTBJibHO. 
B Ta6JI~e I nPHiie~eHa aaBHCHMOCTb co6cTBeHHbiX napaMeTpoB E (rz., h) , 
Ps(rz., h) paaHOCTHOil a~aql{ OT 'Z. • npHBe)\eHHble peayJibT~Tbi noJiyqe
Hbl AHH aHaqeHHil napaMeTpoB a~aql{ n=5 , n:a=~ , n,a.=O , m.•-i npH 
mare h :::: 0,4. · Ta6JIHQa noaBOJIHeT cy~l'lTb o cTa6MH3aQI'lH aHaqeHHil 

E('l.) , j:t("Z) npH 'l.~oo . B Ta6JIHu;e 2 ~aHa 38llHCHMOC'l':& OT mara 
h paaHOCTHoil ceTKH omH6KH co6cTBeHHbiX napaMeTpoB E("t.,h.),j:1("Z,h.) 

paaHOCTHoll a~aqH, BblqHCJieHHbiX npH 'Z- = 400 AHH paaJIH~ 3HaqeHH!l h . 
Ha Ta6JIH11bl B~Ho, qTo aTa aaBHCHMoCTb KB~paT~M~ AHaJior~M aaBH
CHMOCTb COxpaHH8TCH l'l AHH OmH60K 3HaqeHHH CeTOttHbiX C06CTB8HHbiX !lJyHK-

IJ;Hll. 8TO COOTBeTCTByeT OQeHKe (3.4). .. 
CpaBHeHHe peayJibTaToB, npHBe~eHHbiX B Ta6JIHIJ;ax I H 2, rioKaab!BaeT, 

qTO Bbi6op rpaH~Olt TOqKH 'Z. 7 320 l'l ~OCTIDKeHHe B HTepaQHHX HeBH3KI'l 
cr~Io~7 o6ecneqHB8IDT CTa6HJIH3au;Hn B qHCJieHHbiX peayJibTaTax 5~? 3HaKOB 
llOCJie 3anHTOi1. 8TO ~eJiaeT npl'l h;;:.I0-2 rJiaBHO!l KOMflOH8HTY a;_ B ou;eHKe 

(3.3). AHaJIHa Ta6JIH11bl 2 noKaab!BaeT, qTo npH mare h = 0 1 4 peayJihTaTbl 

HMenT 3-4 Bep'b!X aHaRa noCJie ~ecHTH~oll aaMTO~. · )J,nH noBblllleHHH Toq
HOCTH pemeHHll I 3/ B pa6oTe HcnoJib30BBJIHCh pacqeTbi Ha noCJie~oBaTeJib
HOCTI'l CPY1118lO!Ill'lXCH ceT~K ( h = 0 18; 0 1 4), qTo ~aJIO B03MOlltHOCTb flOJiyqHTb 
peayJihTaTH c 5-6 BepHbiMH 3HaKaMH nocne aaMToil. BoaMolltHo H ~aJibHeilmee 
TIOBblllleHHe TOqHOCTI'l. 

4. Onpe~e.neHHe napaMeTpoB peaoHaHca 

HcnoJihayeMM B ~aHHoll pa6oTe BblqHCJIHTeJibHM cxeMa ~aeT BOaMo~
HOCTh no a~aHHOMY aHaqeHHn r'fJaabi, 0 B ~cHMnToTHKe (I. 66) qHCJieHHO 
HailTI'l COOTB8TCTBYJODP'le aHaqeHH!l E(O') , _f>1 (cS') . B pa6oT/?/ cpaB
HI'lBBIDTCll paaJIHqHble onpe,]\eJieHHll peaoHaHCHbiX cocTO!IHHll. BocnoJibayeMcH 

npH6JIIDKeHHbiM YCJIOBHeM CYilleCTBOBaHI'lll peaoHaHca Ha ~ae·~: 

8ut. ~ !](( n,a. +- i) · (4.I) 

3~aBM 3Ha~eHI'lll r'fJaabi ~ B OKpeCTHOCTI'l (4.I), MOlltHO TIOJiyql'lTb 3Haqe

HH!I E (8) , npl{qeM o6paTHM !lJyHKu;Hll 8= &Cs) HMeeT peaoHaHCHoe 
. noBe~eHHe Tl'lna ( 1.?) •. 

)J,n!l onpe~eJie~H napaMeTP,OB leaoHaHca Eo ' S"o l'l r BOCflOJlbayeMC!l 
MeTo~oM HaHMeHbmxX KB~paTOB/I4 • CocTaBHM KB~aTH~ WHKIJ;HOHBJI 

6 

·· . 
. j: 

1\ 

. I 

' ) ~ 

). 

] 
J J 
·) 

·Ta6nHua I 

F·.uS" 8. ~ 320 400 
ll) 

~ E.zk :0, OI6I?.063 -O,OI6I?059 '<1' 
'<1' 
m .. 
"' 0 

'"h. 0,8304956 0.8304948 
H 

Cll . Edt ~,OI52583 -O,OI52577 ll) 

~ Cll 
10 o,8409?2 "' .. _p4 h. o,840982 

.._.__J 

Ta6JI~a 2 · 

F·J~ 8 ~ I.6 0~8 0,4 A:t a~ Al/A~ 
ll) ~ ~v -O,OI604I96 -0701614466 -01 01617059 I0270 2593 3,96' '<1'' 
'<1' 10 
m .. .. 

~d 0,8309695I 0,83058966 0,83049480 37985 9486 4,00 0 

~ ~~-O,OI512964 -O,OI523I85 -0~01525765 I022I 2580. 3,96 
Cll til ,1~ o,84I63309 o,84p0360 0,8409~156 10 52949 13204.470I , ... 
C\1 - - __:_____ -------- I 

G(E) 

-45"· 
Eo 

~ 
~ t._!Jr 

'::) 
~ 
IQ 
0 .., 
.... 

-& 

-1,51f· _. 

E 
~--~--T------+------------------------

-0.015300 -a o/.5210 -o.o/52/io - o. o1s21o 
3HEPrllfR E 

PRc.I 

7 



M (Eo,~, r) == f: [ E "·'l (81(!)- E ct~)J.L 
k-:1. 

cr:.t. 

" 
, (4.2) 

r~e OK - noCJie~oBaTeJibHOCTb sHatte~~ ~H 8' B oKpeCTHOCTH ( 4.!}; 
' E h,'t.(G") - Bb!tlHCJieHHHe sHatteHH.Il sHeprHH c onrn:6KBMH <JK , a 

IPJ'HK~.Il E (&') .llBJI.IleTC.Il o6paTHO~ ,K IPYHK~H (I.?): 
" 

(4.3) ·. E=fc-bq(~-8'o)+E0 • . . ' 

IlapaMeTpb! Eo' 8o) r ' o6ecnetiHBBDIIIHe MHHHMYM WHK~OHaJia ( 4. 2)' 6y~eM 
CtlHTaTb HCKOMHMH napaMeTpBMH pe30HaHca. 

MHHHMHS~.Il IPJ'H~OHBJia (4.2) OCYIIIeCTBJI.IlJlacb c noMOIIIbD CT~apT-

HO~ nporpaMMH f()~~! t HCnOJib3YDIIIe~ MeTO~ JIHHeapH3~H KB~a
THtlHOI'O IPJ'HKUI!fOHBJia . I. HcnoJibsyeMM nporpaMMa ~aeT cTaTHCTHtleCKHe 

o~eHKH onrn:60K B onpe~exeHHH HCKOMHX napSMeTpOB. . 

B pactleTax CTpOHJIHCb paBHOMe~asi ceTKa y3JIOB . OK. (N =29. Ar=O. n 
Ha p~c. I npe~cTaBJieHa KpHBM 8 = b ~ (E) , · BHtlHCJI_eHHM npH sHa~~HH.IlX . 
napaMeTpOB 3~atlH )1 = 5, rt.t_=. 3, n.t. = 0, m. = r, F = 2,5282. IO a. e. 

Ha pHc. 2 npHBe~eH rpl$fK co6cTBeHHHX tPYHKUHA f?" ""(~) , X" ""C'l) 
• " .. ! . . £ ~ 

B OelJiaCTH ~e~CTBH.Il slfxPeKTHBHHX noTe~~OB npH ~ = 0' 5 t n = 5, l1:a.=3, 
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n.,._=O,nt=I, F= I,9448·I0-4 a.e. Bl:ltlHCJieHHoe atiat~eHHe~~ npH MHHHMH
aa.QHH qlyHKL\HOHaJia (4.2) paaHo 28 -npH TeopeTHt~ecKoM aHat~eHHH N-3 =26 
a CJiytrae F = 2,5282·10-4 a.e. 3To ca~eTenhcTayeT o xopomeit annpoK-

. cHMB.QHH Bl:ltlHCJieHHoli KPHBoli Eh,'t(8K) c noMOIIlh!l TeopeTHt~ecKoli (4.3). 

5. PeayJII>TaTH abitmCJieHHit 

PeayJII>TaTH Bl:ltlHCJieHHit, mmOJIHeHHmc' a ~aHHoit pa.CSoTe Ha SBM 
CDC-65'00 c noMOIIlhD cnel\HaJII>Holi nporpa:.!w, npe~cTaBJieHH a Ta6JIHqe 3~ 
3~ech Me AnH cp'a'eHHH npHBe~eHH peayJibTaTN, noJiyt~eHHHe c noM~~ 
MeTo~a HyYepoaa 4 H MeTo~oM nepepaaJioMeHHH a CTeneHHHe~p~ • 
HMeeTcH ~ocTaTOllHO xopomee corJiacHe peayJibTaToB, KoTopoe.roaopHT o 
TOM , liTO H3JIOMeHHHA UO~XO~ H HCnOJibayeMaH BHllHCJIHTeJibHaR CXeMa MO-
I'YT ycnemHO npKMeHHTbCH K pemeHH!J paCCMOTpeHHOit 3aAallK. . 

6. 3aKJI!Jt~eHHe 

PaccMoTpeHHHit MeTo~ pemeHHH a~at~H o6 a~KTe illTapKa HBJIHeTcH 
6oJiee 0611lHM no cpaBHeHKD C ~pyrHMK HCUOJib3YDIIIHMKCH B 3TOit 3~atle 
BHllKCJIHTeJibHHMHCXeMaMH. Cxo~HMOCTb MeTo~a He aaBKCHT oTaHat~eHKli . . ' . ' 
napaMeTpOB 3~aliK, a OL\8HK' 7XO~HMOCTH, CJie~IIIHe H3 TeopKH pa3HOCT-
HOit 3~allK. illTypMa-JlKYBKJIJIH 8 

1 ll03BOJIHDT OCYIIleCTBHTb a4xJ.>eKTHBHHit KOHT
pOJib TOllHOCTH peayJibTaTOB "· npH Heo6xo~HMOCTH yTollHHTb noJiytreHHHe 
peayJII>TaTH. 

B a~eHHe_an'fopu BupazaDT nnaro~apHoCTD JI.H.iloHoMap~By 
1<1 B.B.KOJIOCOBY aa nOJieaHHe o6c~emi.Si H A.n;CTeJil>M8.XY aa noMOIItl> 
B pac'l!eTax. 
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