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I. BeeneHMe 

B pn~e ~H3H~ecK«X a~a~ eoaH«Kaer Heo6xo~HMOCTb B pemeHEH ypaBHe­
HHH ffipe~HHrepa ~nR TIOTSHUHaRa C H€CKOEbKHMH MMHHMYMaMH. YK~SM 3~€Cb 

a~aliY Bl:PmCJieHIDI aneKrpoHHbiX ypoeHe~ B MoJieKy.nax THna NH3 ~:IJIH 

N 03 /I/, aa.n;aqy orrpe.ne.rreHIDI t.r~CTOTH cHJibHO B.HrapMOHHt.recKHX Kone-

6B.HHA JierKOA BH€U8HTpOBOA ITpHMSCH/ 2/, rrpo6JI€MY OrrHCaHHfl ¢aaoeoro ne­

pexo~a C :;eTOM TYHH€JIKpOBaHHfl t.raCTHn B TIOT€HUHaRbHOA HM€ C ~BYM£ 

MHHHMJMaMH 31 H T.~. PemeHHe 3THX aagat.r a paMKax o6~oA reopHH eoa­
~eHHA (TB) aarpy~H€HO BBHgy nnoxoA CXO~HMOCTH pa~a TB ~R CHJibHO 

B.HrapMOHHt.recKoro noTeHQHana. B HacTo~eA pa6oTe npoee~eHo t.rHcneHHoe 
pemeHHe ypaeHeHHR llipe~HHrepa, KOTopoe noaeonneT oueHHTb TOt.rHOCTb TB/I/ 
npH BH6ope TIOT€HUHana B BKA€ CYMMH rapMOHKt.r€CKOA t.raCTH H U€HTpaRbHO­

ro 6apbepa rayccOBcKoro THna. TipH qHcneg;oM pemeHHH Hcnonb3yeTcH He­
npepHBHH~ aHanor MeTo~a Hb~ToHa (HAMH)/5 • 3HeprHH nepBoro B03~eH­
Horo ypOBHH CpaBHHBaeTCH Ta~e C 3~KTHBHO« rapMOHH~eCKO~ ~aCTOTOR, 

BHqHCneHHO~ 8 npH6n~eHHH CaMOcornacoeaHHOPO ~HOHHOPO TIOXR. 

2. MonenbHH« noTeHunan 

Q6HqHO npH OnHCaHHH TIOTeH~Ha.Jia, HMe~ero ~Ba MHHHMJMa, BH6Hp~T 

MO~eRbHH~ TIOTeHUHa.JI C qeTBBpTNM aHrapMOHM3MOM B BRAe: 

) A L B 'f 
lf('?.s-~~+""7/'I, (l) 

r.n;e .n.ea napaMeTpa noTeHUHa.Jia A H B onpe~eJI.moT BbiCOTY u;eHTpa.rrbHoro 
6apbepa U.0= AJ../48 H paccTORHHe M~ ero ,D,Bywt MMHHtzyMaMH 

;L'2:0 = ~ ~ A/&
1 

• 0,D,HaKO 3TOT TIOTeHUHS.JI Tpy,n;Ho HCTIOJlb!30BaTb npH pacqe­
Tax no TB, TaK KaK .n;JIR Iiero oTcyTcTeyeT YA06Hoe eyneeoe npH6nmtreHHe. 
B p•~e pa6oT (eM. Hanp.tl/, /Zt,/IB!,II91) 6HH paccMoTpeH MOAenbHH~ 
noTeH~Han cne~ero BHAa: 

A L ol _g~.t. 
\!(,.)= :.· .,. +A. ;.g e , (2) 

I 
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B KOTOpOM USHTpanb~ 6apoep rayCCOBCKOI'O TKna rrpH ~~ ~ npHBO~HT 
K ~By:M MHHHMfMaM. fapMOHHQSCK~ ~aCTb llOTSHqHana B (2) YA06HO BH6paTb 
B Kaqecrae Hy~esoro npH6~~eHHH, orrpe~enHD~ero aKBanRCTBHTHHi cneKTP 
rapMOHHqeCKHX KOJie6aHH£i C qaCTOTO~ CV0-= -J A0/~ , n1. - MB.CCa qacTHQbi. 
Tor~a aHrapMOHHQ6CK]ID QaCTb llOTSHQHa.Jia, B KOTOpOA ~Ba napaMeTpao( H 
8 onpe~SJIHDT BNCOTy ll;6HTpa.JibHOI'O 6apbepa B TIOJIHOM llOTSHUHaJIS (2) 
U0 •(Ao/H)[<:i.-1.-.e..otJ, H paCCTOHHHe MSJ!Il\Y ):IBy>IH MHHHuyMaMH, .2-?,z 
= )., .J ~ ~ 18 ' MOlltHO paccMaTpHBaro a Kat~ecrse B03MYDJ:6HHH. OrMe­

THM, tlTO llOTSHIJ;loi:aJI (2) npH oi..-1. <<. i MOJitHO HB.3BaTb CJia6oa.HrapMOHHQ6-
CKHM, KOr~a OH MOllt6T 6HTb anrrpOKCHMHpOBaH ripH '"Z <<. '10 ~PMYJIOA (I) C 
napaMeTpaMH A~A.(.t-~)<<- A. H 8= 8~A0 • B CJiytlae "'" d..~ i paa-
.JiollteHMe 3KCllOHSHTN B (2) npH ~-7., Hea@_}exTHBHO (8"l!'=~d..~d..), 
H llOT6HQHaJI (2) MOlltHO Ha3BaTb CHJibHO aH:rapMOHHtlSCKHM. 

~R onpe~SJISHHH CTISKTpa C06CTB6HHHX 3HaQSHHA ~H qacTH4H MaCCN 
~ B llDT6Hll;HaJibHOA HM6 (2) H606XOAHMO peiDHTb ypaBH6HH6 illpe~HHrepa, 
Koropoe MH sanHmeM a BH~e: 

(3) 

, KBaHTO-

>- = 0 ( 4) 

YpoBHH sHeprHH 

(5) 
OTCtiHTblBSIOTCR 

<J(x.)= 0 

OT P,Ha llOTSHI.l,HSJibHblX RM ITpH X=± 'X.0 'Xo= ~ .f.nol 
TiapB.MeTpbl A0 H ol.... onpe~ensmr BHCOTY qeHTpB.li&Horo 

6apbepa: d- _ :1 _ ~ 
Uo _:.....__:_--.-___ _ 

B= 1tw0 = " Ao (6) 
CTI6KTp C06CTB6HHHX 3HaqeHHA ypaBH6HHH (3) 3aBHCHT DT COOTHOWSHHR na-
pB.MSTpOB Ao H c:J... : npH A0 ?' ol.. HHmiHe ypOBHH aHeprHH Jie&aT ewe 
Q6HTpaRbHOI'O 6apbepa,H Cll6KTp B03~6HHR COOTB6TCTBY6T 3HeprHHM CJIQ-
6oaHrapMOHHqecKOrO OCQHJIJIRTOpa CO CI'~6HH6M cneKTpa ~R ~KX ypoB­
Hett. B CJIY'Jae A0 <<..ol6ap&ep (6) HMeer 6oJibatyl) BhlCDTy, TB.K qTo HUHHe 
ypDBHK CODTBSTCTBYIDT cneKTpy TYHHSJIHp~e£1: ~aCTK:QH. 

~anee npOBO~HTCR qHcneHHOe pemeHH6 ypaBH6HHH (3) npH TaKQM BbJ60-
pe napa.Merpoe A0 H d... , HnH,3KBHBaJISHTHO B (6), 
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3. 0 ~HCHSHHOM pemeHHH ypaBHSHHH llipenHHrepa 

YpaeHSHHe (3) BMSCT€ C ycnoBHHMM y6HB8HHH BORHOBHX ~KUH~ 

'f'K ("') npH fx/-.- oo 

(7) 

-f.<-rn 'I'~ (oc) = 0 (8) 

.e~:- /4/ 
rrpe~CTaBnHST CHHryRRpHyiD a~a~ illTypMa-]HyBHRRH , 0Ha HBHHSTCH H€-

nHHS~HO~, TIOCKORbKY H8H3BSCTHO~ HBnHSTCH napa: ypoeeHb aHeprHH En -
C06CTBSHH08 3Hatl8HH8 H COOTBSTCTBYl)Jita.R: BOJIHOBM 4JyHKI..zyU'I lf'..t (x) -

co6cTeeHHHA aneMeHT. TaK KaK ypaeHeHHe (3) H aCHMTITOTHtlSCKHe ycnoBHH 

(8) HBHHDTCH OAHOpOAHHMH OTHOCHT€JlbHO C06CTB8HHOrO 3JI€M9HTa ~~ («) , 

TO ~OTIOJIHHTSJlbHO€ YCJIOBHS HOpMHpOBKH, HanpHMep, B B~S 

f - .:L 'Y,. (x)J.~- 1 = 0, (9) .... 
TI03BOJIH8T AOOnpe~BnHTb a~a~ (3),(8), B~eHHB MH0~8CTBO HOpMMpOBSH­

HNX C06CTB9HHNX 3JI€M9HTOB. 

BeeAeM o6oaHaqeHHH 
~ 

11- "' ..!!--. + Q c "") 
clx~ ' 

:. "" .. I G.Coc)= (He..cl-.-x- c~-.e ) >.! 

.., 
('+',f.-)= ( '-f'Cx!}-Cx)olx. 

-co 

' ' 
(IO) 

TorAa 3aAaqy (3),(8) BM8CT6 C AOITO~HMTenbHHM ycnOBHOM HOpMHpOBKH (9) 

MO~O paCCMaTpHBaTb 

~= { E, 'l'(oc)) 

KaK H~HH9~H08 ypaBH8HH9 OTHOCHT8HbHO 3H6M9HTa 

(II) 

r~e HHHeRHHR onepaTOp }t , Onpe~eneHHHR E npocTpaHCTBe ~B~ Henpe­

p&BHO AH~pe~HpyeMNX ~KQHA, KoTOp&e YAOBneTBOpRDT ycnoeH~ (8), 

.RBJlR9Trut Ca.MOCOnpDeHHl:W. 

qHCH9HHOe pemeHHe ypaBH8HHR (11) M8TO~OM C KOHTponKpyeMoR B~HC­

HHT9HbHOA norpemHOCTb~ TI03BOH.R9T ynpOCTHTb Hccne~OBBHH9 TO~HOCTH X 
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rrpH6n~eHHoro pemeHHH, nonyqaeMoro no TB ARH MOASRbHoro noTeHqHana 
(2). ITocKORbKY rrpH nocTpoeHHH ps~a TB noHBnHSTCH HH~pMaQHH o npH6-
n~eHHOM pemeHH~ 3aAa~H (3), (8), 98 ~enecoo6p83HO HCTIORb30BaTb B 
BNqHcnHTenbHO~ cxeMe. O~HM Ha a~KTHBHHX no~o~oe K nocTpoeHHD eH­
~HCRHTSXbHHX CXSM YTO~HSHHH anpHopHO~ HH~pMaqHH 0 pemeHHH HSRHHeijHon 
a~a~H (II) HBrrHSTCH TIOCTpoeHHe HTepauHOHHHX CXSM Ha OCHOB9 HAMH. 

C noMo~biD HAMH/5/ npoqecc pemeHKH ypaBHeHKH (II) rrpHBO~HTCH K 
HCCRSAOBaHHID ~HHaMHqSCKOro npo~ecca, OITHCHBaSMOro ~H~peHUHaRbHNM 
ypaBH9HH9M 

<e ' ( 'i:C-t)) ~.CC-t) = - <e ( 'e C -t )) , 
(I2) 

r~e ~ ( 0 6 t "- Oo) - ~OTIORHHTS.llbHlrlf:i: HSnpepbiBJiHl:l: nap8M9Tp, C HSKOTOpbiM 
Ha~aRbHHM yCJIOBHSM 

i!.(O) • {Eo, 'l"o (<>c)}. (I3) 

ijOKaaaH/6/, qTo eCJIK ypaBHeHHe (II) HMeeT pemeHHe ~~={E"",'I'C«)~ 
ITpHt19M E* - ITpOCTa.R H30JIHpOB8HHa.R TOtiKa CTISKTpa onepaTopa .A , TO npo­
qecc (I2) CXO~TCH rrpH .f:~oo K pemeHI!IO 'i!* CO CKOpOCTbH) //'i!(tc)-?:~1/ ~ 
~CO?'l.st•e-t )VIR .Jm6oro HatiB.JibHQrO YCJIOBHH (I3) H3 ~OCTaTOtlHO 6RH3-
KO~ 0Kp9CTHOCTH HCKOMOrO pemeHHH. il03TOMY t18M TOtiH99 anpHOpHa.R HH­
!f>opMaiJ;HH HCTI0.1Ib3Y9TCH B Ha'tla.JibHOM YCROBHH (I3), TSM YCTOJ:t't.IHB99 CXO­
~HMOCTb HAMH. 

MTepaQHOH~ Hb~TOHOBCKHij ITpOQSCC, TIOJiyqSHKH~ Ha OCHOB9 MSTO~a 
~nepa pemeHHH a~a~ Komn (12)-(I3), aaKJI~t~aeTCH B orrpe~eneHHH Ha 
K~OM mare C HOM9pOM /<.. ITO H3B9CTHbiM npH6JIU9HH11M { fk, 'f~e(x)} 

{ p--tK ' 'if1C (->e)} 
H9H389CTHNX HT9paQHOHHHX nonpaBOK 

f'"'= -r-,:• (e..,.,..- Eocl , 
lf'<(oe)= 'L.:._('f',.,+<(-x)- 'f'x:C-x)) 

rAe ~~ - mar HHTerpHpOBSHHH ITO M9TO~ 3AJiepa. 
3TH nonpaBKH HSXO~TCH H3 CHCTSMH ypaBHeHHR 
..A~- E'<~ =-(A 'I'«:.- E'k. '+"~) + fl'JC '-!''~< , 

;.. ( 4'.., ''~~"><) = :i- ('I'"<' '~"oc.) 

(I4) 

(I5) 

KOTOpaR nonyqaeTCR H3 annpOKCKMaQHH ypaBHSHHH (I2) pa3HOCTHNM ypaB-
HeHHeM npH ..(_ = .f"<. 

~!'c-r.,) ( ~:) =- ~ c~...,J. 
PeMHB CHCTSMY (15), MO~O C nOMO~hiD ~eyxcnoRHOR pa3HOCTHbR 

anrrpoKCHJ48.QHH (I4) ~H rrpoHaBO,lll!I>IX frE C+) H -;;:+ 'l'(.,.,,.f) on-

pe~eJIHTb rrpH -foe+<• -t ... +'t""'- CJie)zyHlllll<e rrpH6JiueHHH {E.,.,. 1 o/,.,,_.(:e)}, 
eCJIH 3a,I\aTb mBJ' HHTerpHpDBaHHH "L~ 



3a.M€THM, tiTO npH ~=d. omiJCNBaeMbi~ HTep~HO/bl~ npou;ecc coana­

~aeT c KnaccHtleCKHM MeTO.IJ;OM Hb~TOHa-KaHTopoBHtla/7 , HMe~HM KBaApa­

THtiHYD CXO,IJ;HMOCTb B ROKaRbHOA 0Kp€CTHOCTH HCKOMOr'O pemeHHH. Cneu;Hanb­

Hbliii: Bbl60p napaMeTpa·r,r~ IT03BORH€T pacmHpHTb o6nacTb CXO~HMOCTH pac­

CMaTpHBaeMOr'O HT9pal.l;HOHHOI'O ITpOQBCCa ITO CpaBH€HHD C KnaCCKq€CKKM. 

B t~acTHOCTH, aN6op ~K MO~Ho cornacoaaTb c H3MBHBHH€M HBBH3KH /B/ 

( 16) 

HRH 3Hati€HH€ ~K MO~HO OTIP€A€RHTb H3 YCROBHH MHHKMYMa STO~ H€BH3KH 

Ha ~aHHOM HT€paQMOHHOM mare/9/. 3TH CTIOC06bl XOpomo 3ap€KOM€HAOBaRH 

ce6R Ha npaKTHK€ H o6eCTI€tiHBaiDT YCTQ~qHByn CXOAHMOCTb HT€paQHOHHOI'O 

npoqecca 80 MHOI'HX 3~at~ax. B 6RH3KO~ 0Kp€CTHOCTH pemeHHR, TO €CTb 

npH ,n;ocTaTOtiHO M~w:: OK , MHHHMJM H€Bfi3KYJ ,n;ocTHraeTcH rrpH r("" =-1. . 
KaK H3B€CTHO/ll/, BeRHtiHHa H€Bfi3KH (16) xapaKT€pH3Y€T TOtiHOCTb 

onpe,IJ;eneHHH co6cTBeHHoro sHat~eHHR E... : ecJIH A - ca.MoconpruteHHH~ 
onepaTop" •aaeCTHbl {E., 'I'.Coe)} , npHqeM 1/ '1'._(-x)//= :i , TO a 
npmce&yTKe [EK-SK, EK-t OKJ ecTb TOtiKa cneKTpa :It. IToaTOMY HTepaqHOH­

H~ npoqecc (Ib),(I4) npogo~a€TCH ,n;O ,n;OCTH~€HHH ,IJ;OCTaTOtiHO M&nOr'O 

3HaqeHHfl H€BH3KH S~ (16), 
8KOHOMHtiHblM CTIOC060M pemeHHfl CHCTBMU (15) HBRHBTCH npe,n;cTaBne­

HH€ pemeHHH lf~ B BH~e 
«) ('.) 

(17) V._= -v;. + f"- VK . 
113 nepBOr'O ypaBHSHJIIH CHCT€Mbl (I5) CJI€,Izy€T, tiTO lf'J<:(~ -l.fK. 1 a KOM­

TIOH€HTa VK(J-) HBJIH€TCH pemeHH€M Kpaeaoiii 3~at.IH 

(A- E.._I)1!"'C-'-l, lf'"'· 
ca.) 

(IS) 

Onpe,n;eJIHB KOMTIOH€HTY LfK H TIO,IJ;CTaBJIHH BNp~€HHe (17) BO BTOpoe 

ypaaHemt:e CHCT€Mbl ( I5) , TIORytiHM Bblp8:11.9HH8 ,rvlH E:T€pa..miOHHOit norrpaBKH 

fx 
(19) 

B TBKOM npe,n;cTaBRSHHH paccMaTpHBae~ HTepaQHOHHNR npouecc npH ~~~i 

COBTiap;aeT C M€TO~OM oClpaTHIDC HTepau.itK/I2/, 0TM9THM, tiTO pemeHKS 3a,IJ;a-.. 
qH ( I8) B6JIH3H HCKOMOP/0 c

7
o6CTB9HHOrO 3HQ'ti€HHH E. MOJ!t€T rrpe~CTaBJIRTb 

orrpe,n;eneHHYD CJIOJitHOCTb 13 , TIOCKOJibKY 3Ta 3~at.la CTaHOBHTCH TinOXO 

oClyCROBJISHHOR. B STOM cnyqae QeJiecoo6pa3HO nepeRTH K MO.IJ;H~HQ»pOBaH­

HNM HT€paQHOHHHM CX€MaM, KOTOpHe TIOnytlaiDTCfl npH pemeHHH M8TO~OM 8R­
nepa 3BOJIDQHOHHOR 3a,IJ;atiH 

'C(o)= :2o, 
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r~e ~(t) - cne~anbHO a~aHHaR TpaeKTOpKR- B ~acTHOCTH, ecnH 
2(.£);;< £.

0 
= {Eo, 'f'

0
("')} , TO npH /(;"'~;_ flOJlyqaeTCH H3BeCTHiiA MO-

~H~HnHpoeaHHNM MeTo~ Hb~TOHa-KaHTopoBH~a/?/. 
TaKHM o6paaoM, paccMaTpHaaeMaR HTepaQHOHHaR cxeMa cao~HT 

a~a~H Ha co6cTBeHHHe sHa~eHHR (3),(8) K pemeHKD 6ecKoHe~ou 
~OBaTenbHOCTH rpaHH~HHX 3aAa~ 

( £._ +Q(x)-EK}.r"'('-~"')= 'f'<(x) 

pemeHHe 

nocne-

(20) 

...e.:.....,_v,?'hx:) = o C2Il 
'X- ..,;t 00 

H onpe~eneHK~ HTepanKoHHNX nonpaBoK ~1< no ~opMYne 

00 .. I "" (.Z.) f4= [ -1.":.£ 'f,Joc)d·x] ~[ 'f"'C"")v,.,c""!.d=. (22) 

~CJieHHOe pemeHHe 3~a~H (20)-(21) MO~ST 6HTb OC~SCTBJieHO JID6NM 
H3B6CTHNM CITOC060M. 

BeCbMa 3~KTHBHHM RBJIR6TCR MeTe~ KOHe~HNX pa3HOCTeM/14/. ~T06N 
npHMeHHTb 3TOT M6TOJJ;,He06.XO,Il;HMO a~a'tlJ' (20)-(21), TIOCTaBJieHH)'IO Ha 
OCH - oo <:'X-£ oo, annpOKCHMYipoBaTb COOTBeTCTByYODJ;e~ 3~a~eJ::i Ha OTpea-
Ke -XI(.A'X.:E:. XI( ' r~e XI(..,..,. :f. • TipH 3TOM npocTetbnHM cnoco60M 
annpoKCHMaQHH acHMTITOTH~ecKHX ycnoeH~ (21) RBJIReTCR HX aaMeHa rpa­
HH~H ycJIOBHRMH 

c-.) '\ (.t) \ 
lf"' (-X,<J=V'"' (X,..,=O. (23) 

CooTBeTcTeeHHO B WDPMYJie (22) HHTerpHpoaaHHe Ha ocH saMeHReTcR HH­
TerpHpOBaHHeM Ha 0Tp63Ke -XIC4::X:.~XK. TipH TaKoif annpoKCHMaiJ:HH HTe­
paii,HOHHLte TIOnpaBKH /!-'<.. , l'lfl(.(t..)( -x..) , a CJie~OBaTeJibH01 H npH6JIU6HHR 
K pemeHHIO e I( , lf-x: (-x.), CTaHOBRTCR W'HKU:HRMH napB.MeTpa XI(. 

PaaHocTHYD annpoKCHMaiJ;HIO ypaaHeHHR (20) c rpaHH~ yCJioBHRMH 
(23) MOMHO oc~ecTBHTb paanaqHNMH cnoco6aMH. DocKO~bKY. a~a~a (20), 
(23) onpe~eJIReT HTepauHOHHNe nonpaBKH, To~cornacHo/12~ u;enecoo6pas­
Ho HCTIORb30BaTb ITpOCTNe paaHOCTHNe ~pMyJIH C OTHOCHTeJibHO HeBNCOKHM 
nop~KOM TO~HOCTH annpOKCHM~H~;TOQHHH saTeM pac~eTN Ha TIOCRS~O­
BaTeJlbHOCTH cr~~HXCR ceToK/I0 • PaccMoTpKM Ha K~OM HTepau;HoH­
HOM mare C HOM6pOM /!:. paBHOM6pH)'IO CeTKY 

WI(= {-X"'= .:;c'i, 'X .a.,···, x.,..,., x.;.,+:t..., ~ + hte.., ·· ·, oc""= XK} 
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• 

H 38MeHHM rpBHHOH~ 3~a~ (20),(23) pa3HOCTHO~ KpaeBO~ 3~aqe~ 

:11 < 1.! (L)- I _,_ [ (L) (~) (J-l l 
xl< ,hi< "' = n"' v"' c""ft-~1- J.- 'If"" co:.ft) -r'1F"' c-x.+<)J+ (24) 

+ (ac-x~")-E.:)v,.,('-Jc-x .. ) = 'f',.,Ca:...)' n= ... , ... , M-j_ i 

(L) CJ-) v:, (:x:.) = ~ ex,..)-= o. (25) 

PaaHOCTHYD s~a~ ~erxo pemHTQ c noMo~&n MeTo~a nporoHKH/I 4/ H HaRTH 
(L) 

3HalieHHR CSTO'tiHO:R (flyHK~HM 1fx:J h B yaJiax CSTKH WX . ,Jla.JI:ee, 38.M9HHB 

HHTerpanN KBaApaTypHHMH ~pMlfJIB.MH TPane~H~, MOMHO HaRTH 3Ha~eHHe 

f-"'·"' < 

EcrrH B npoQecce HTep~A pa3HOCTHH8 CSTKH He MSHflDTCR, TO 9CTb 

x-K ~ X h"<-:;: h , TO TaKM BHtiHCJIHTeJibHM cxeMa aKBHBSJieHTHa HbiO-

TOHoacKoMY HT9PSUHOHHOMY npOUeccy pemSHHR ~HCKp9THOA 3~a'tiH 

(26) 

rrpKqeM u~ .. c-r•)- <ex,kl"'i 1/£. ., ... .t. h .t. • TeopHH pa3HOCTHOA a~aqH 
ffiTypMa-llHYBH~JIR paapa60TaHa a1141. B paMKax HbiOToHoacxoro npoQecca 

MO~O TIOK8.3aTb, CJIS.IJ.YH pa6oTe /I6..: 'tiTO npH ,I\OCTaTOmiO MaJINX h 

(27) 

.. 
r~e 'eX, h. - C9TO't1Hb1A o6pa3 TOt.IHOrO pemeHH.R Sa,IJ.atrH ~x(-a)=o ,a 

:x,h_ - pemeHHe )IHCKpeTHOA 3~aqH (26), 
ITOCKOnbKY Ha 3BM peanHSYBTCH pemeHHe ypaBHBHHH (26), TO norpem-

HOCTb nonyqeHHOI'O pemeHMH CKn~BaBTCH H3 norpemHOCTH,annpOKCKMaQHH 

CHHCYJifiPHO~ 3~aqK (3),(8) !tpaeaoA 3aJiaqeA Ha OTpesKe -X """"'X 

(28) 

ITOI'pemHOCTH pa3HOCTHOA: annpOKCHMaQHH (27) H ITOI'pemHOCTH HT8paQHOHHO-

I'O MBTO~a, KOTOpM xapaKT8pH3yBTCH BeJIIDIHHOA: HBB113KH 8 lt., ),_ • EcJIH 

~H ~eyx nocnenHHX norpemHOCTeR HMB~TCH TBOpBTHqeCKHB OQBHKH, TO 

OOI'pemHOCTb (28) 06~HO OUBHHBaBTCH nyTBM cpaBHBHHH pacqeTOB hpH 

pasJIID.~HbiX aHat~eHvrmc: X . 
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4. YMcneHH~e peavRbTaT~ 
B B~TIORHSHH~ pac~ST8X peiDSHHi1: SagaqH (3),(8) C TIOMO~biD paCCMOT­pSHHO~ BhlqHCRMTenbHO" CXBMH, KOTOpaR 6~a peaHH30BaHa B BH~e CTIB~MaHb­HO~ nporpaMMb! Ha 3BM CDC-6500, HaqaJibHoe yCJiosae (I3) aTepB.11aoH­Horo rrpo~ecca s~aBanocb KoM6HHaqHea WYHK~MH neBoro (-) a npaBoro (+) COCTORHHM rapMOHHti8CKOro OC~HRRRTOpa 

'fo(o<)= :1 , ['i;,+Cx) + '-P
0
-(-.c)J 

,f""M<±fl) (29) 
r,11e 

~±e-x)= 'f c "'- t"X.) 

a oo 
Eo,i = E 0 :;o t <t ) XN ~_s 'f. (oc) -x 'f, (<e J J= ) r~e oo 

q= ~//I" ) E. 0 =(0.5koe)Y":-

(30) 

TaKott Bhr6op HatlaJibHoro YCJIOBH.ff o6ecnet~HB8Jl ycrotil.IHBJ'!O cxop;I-~MOCTb HT8pa.u,Y'!:OHHOI"O ~OIJ,SCCa OT Hatla.JibHbiX 3Hat18HHi1: Do;h. ..... 102 ~0 3Hat~emd~: H8-BR3KH OK),...... IO .J+ll.ff yrotrHeHHblX pemeHHtL 
B ra6nu:~e I rrpHBe,o;eHN aHatiSHHR ypOBHeti aHeprHM, BHtiHcneHHHS npM paaRHqHNX 3Hal.l8HHRX napaMeTpOB MO,D;enbHOr'O TIOTBH~HaJia. 3~ecb ~e ~R cpaBHeHHR npaBe~eHM aHatleHHR ypoaHe~ aHeprHH, no~eHHHe no TB/I/. 

J_ Ao .P B 
1~/ 

Eo 
1<-/ 

E,_ Eo E._ 'Xo._ 

·.o 0,5596 
"' 

0,50 0,4004 o, 7848 0,400427 o, 784763 0,82 ---:ll I ,II92 "' 0,25 0,3527 0, 9754 0,352737 U,975404 0,95 ... 0 

"' 5,5960 0,05 0,4I38 I,3430 0,4I35IO I ,3430I9 I, 73 
0,4954 ~.oo 0,7645 0,8255 0,76452I 0,825497 I ,IS " H 0,\1909 0 

.,00 0,5867 0,9040 0,586679 0,903952 I,23 ::Jl "' --- H 

"' 4,9542 0,20 0,4243 I,2778 0,424257 I ,277827 I,70 
0,6353 15,00 I,0424 I, 0443 I,042374 I ,044302 I,62 "' ---

"' ~.oo "' I ,2705 0,9529 I,0294 0,9529I5 I,0294I6 I,65 8 ... ---5,445I "' b,70 0,5435 I,2456 0,543475 I,245569 I,94 
H 
H 
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llpHBe~eHHHe aHa~eHHH E/· no~yqeHH MeTo~OM YTO~HeHHR paaHOCTHHX aHa~e­

HH~ E11, no PHqap)lcoey 17/ Ha ceTKax c maraMH h = 0,2; O,I; 0,05 npH 

)( = 10, KOTOp~ ~aeT TeopeT~ecKyn OTHOCHT9RbHYID TO~HOCTb peaynbTa­

Ta ,_ ro-4 
0 OcHOBHOA BKJIB.,IJ; B omH6Ky ·rrpH 3TOM ~aer annpoKCHMaill'IH acHMII­

TOTH~eCKHX ycrroeHR (8). O~Haxo cpaBHeHHe c peaynbTaTBMM, nonyqeHHHMM 

no TB, noKaaReaer, ~To peanbHaR oTHOCHTeHbHaR TOQHOCTb pacqeToB 

ro-4 .. ro-5 • 
Ta6nH~a 2 ~eMOHCTpHpyeT aaBHCHMOCTb omH6KH B BHQHcneHHHX rrpH 

pa.3JIK11Hb1X aHaqeHH.ffX mara h paaHOCTHoR ceTKH yposHeR aHeprHH E i h. 
( l = 0; I) or eeJIHtrn:HH h. . 3ra aaBHCMMOCTb Kea,n;paTHtlHBJi. AHaJio­

r~ax 3aBHCKMOCTb COxpaHH9TCH H AHH omH60K 3HaqeHHA CSTO~ BOJIHO-

IlpH X=IO. 

d- Ao ~ 0.05 0. I 0.2 A,_ Al- A~;A,_ 

~ 
'" Eoh 0,400358 0,400150 0,399309 2,08 8,41 4,04 

"' 0 e., 0,784434 0,78344? 0,7?9487 9,87 39,6 4,01 

"' ~ Eoh 0,352701 0,352592 0,352157 1,09 4,35 3,99 
iB .,. >-j. 

E<h 0 975I6I 0 974431 0 9?1508 ? 30 2 92 4 00 .... 
"' 0 

"' eoh 0,413816 0,413?80 0,413636 0,36 1,44 4,00 
iB 0,342952 1,342?48 1,341930 2,04 8,18 4,01 

"' 
e.~, 

il'i Eoh 0,764181 0,?6315? 0,?59015 10,24 41,42 4,04 .,. 
0,825131 0,824028 0,819565 II,03 44,63 4,05 

0 E<h 

8 E.h 0,58659? 0,586351 0,585357 2,46 9,94 4,04 
1:-- "' .... ~ 

e<h 0,903?30 0,903063 0,900387 6,6? 26,76 4,01 ro 0 .,. .,. ~ e.. 0,424245 0,424208 0,424062 0,37 1,46 3,95 

"' .~ E,_h 1,277753 1,2??529 1,2?6633 2,24 8,96 4,00 

2 il.oh 1,041864 I ,040329 1,034132 15,35 61,97 4,04 
;;3 
0 E.,_~ 1,043803 1,042300 1,036229 15,03 60,?I 4,04 

"' 0 E.h 0,952?01 0,952058 0,9494?2 6,43 25,86 4,02 

"' 1:--

"' "' 0 e,, 1,029204 I,028b65 1,025998 6,39 25,67 4,02 .... .... .... '"' E.h 0,543462 0,543424 0,5432?0 0,38 1,54 4,05 
"' :; 

1,245504 1,245308 1,244526 1,96 7,82 3,99 

"' 
e.~ 
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, ~To no~TBe~aeT o~eHKY (27). B Ta6nH~e 3 npHBe-
~eHa 3aBHCHMOCTb OT ~ BNqHCHSHHHX npH paaHKqHNX 3HallSHHHX napaMeTpa 
oc yposHeti aHeprHH Eih npM !f}MKcHpOBa.HHOM h . 11a Ta6JIHUH BHWto, 
llTO aH6op aHalleHHR X = IO o6ecne~HsaeT 4 + 5 ~ecRTHllHNX aHaKOB. nocne 
aarmToii a BHtlHCJISHHbiX aHa~eHHRX Et.h. ,IVIR Ma.noro 3Ha'qeHRH. A0 H 3 + 4 ~ecRTH~HliX ::maKa nocne aannToit ,IVIR 6o.nbliiKX aHall€HKR' Ao . 3To corna-

cJ.._ Ao 

ffl 
0 

"' <D a> a> H 

"' H 

"": H 

"' 0 
<D 
a> 

"' . cO. 

~ 
0 

,_ s 
H "' ro "' .,. 

0 .,. 
"' .,. 
"' a> 
.; 
i;l 
"'· 0 

"' "' 0 

"' 
,_ 

[:! "' . H 
H 

H H 

"' .,. .,. 
" "' 

::c 4 6 E. 

0,40015 

0 78345 
0,35261 

0,97458 

0,76316 

0,82403 

0,58635 

0,90306 

r,o4033 

1,04230 

0,95206 

I ,02857 

. 

Ta6JIH[1a 3. 

TipK h·o,1 

8 J.O 

0,40015 

0 78345 
0,35259 

0,97443 

0 41381 0 41378 
1,34285 1,34275 

0,76316 

0,82403 

0,58635 

. 0,90306 

0 42479 0 42421 
1,27768 1,27753 

1,04033 

1,04230 

0,95206 

1,02857 

O,b4386 0154342 
I,24b44 1,24531 

cyeTCH c TOllHOCTbD paaHoCTHoU annpoKCHMaUHH a~allH. ITpH 6oJibmHX aHa­
llSHHXX Ao , T.e. npH MaJIOA BHcoTe noTeHII:HMbHOI'O 6apbepa, Kor~a 
TOllHaH BOHHOBaH ~K~HR 3HallHTSJlbHO OTJIHllaSTCH OT HallaJibHOI'O B~a 
(29), aaBHCHMOCTb E\.h. oT X cTa.HOBHTCH 6onee CHJibHOA. 3To oaHB.qaeT, 
llTO ,IVIH o6ecneqeHHR 6onee BHCOKOA OTHOCHTSJibHOA TO~OCTH 10-5+10-6 
CJie/IYeT 6paTb sHaqeHKe X"' 20. 
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5. CaMocornacoBaHHaH TeopHH B03MJmSHH" 

B padOTSX/JB,I9/ noTeH~Harr (2) 6om HCll0Rb30BaH ARH H3yqeHHH 

Kone6SHHA aHrapMoHH~ecKo" pemeTKH. B 3THX pa6oTax Hcnonbsoaanacb 

CaMOCOrH&COBaHHaH TSOpHH B03~8H~~' B KOTO~O' npOBO~HTCH onpe~eneH­

HO€ BH6opo~Hoe CJMMHPOBaHHe qneHoB TB (eM./ 0 ). ilpH 3TOM B Ka~ecTBe 
HYASBOrO npH6H~€HHH ITpHMSHHSTCH 3~KTHBHHA rapMOHH~SCKHA ITOTSH~an, 

onpegeJIHIOiqHA QaCTOTY KOne6aHHt:i ( B e,:o;HHHUax * uJ0 ) B BH,U.€: 

1- ol... 
)!. = :i- ( :1. + ~·)'>/I- (31) 

r,u.e (1.= Aojy0 - cpe,u.HeKaa,n;paTHtlHHe (fury-KTya.rzyJH qacTHIJ,N B HMe, 

o6ycnoaneHHHe Hynea~H Kone6aHHEMH. Bo 2-M nopn,u.Ke 3TO~ caMocornaco­

BaHHOA T€0pHH Q&CTOTa KOH86aHHA onpe~SHHSTCR H3 yp&BHSHHR (CM./1B/): 

9 (oi..·A..).L 
- ~· v.-:(H-1.'{· (32) 

Peayn&TaTH QHcneHHoro pemeHHR ypaBHSHHA (31) H (32),o6oaHaqeHHNe, 
C.) , ... , 

cooTBSTCTBSHHo, Y0 H V0 , npHBe~eHbi B Ta6JIHue 4, r,u.e oHH oono-

CTB.BJIHK)Tca c pa.c-q:eTOJ4 Yo = e ~- E 0 H3 Ta6mn .. Qi I. KaK BH,!ViO' 

CaMOCOrnaCOBSHHaH TB ,u.aeT ,U.OCT&TOtlHO TO~HyD OUSHKY B cnyqae 60nbmoA 

3H€prHH HJ'HSBbtX KOH86a.HHA, Kor,u.a HIDt:.HH€ ypOBHH Eo, E:1.... HSJt&T Bbl!D€ MH 

a6nHaH ueHTp&nbHoro 6ap&epa. ~R rny6oKHX ypoaHeA npH6nHMeHHe a~K­

THBHOro rapMOHH~SCKOro TIOTSHUH&na Hey,u.oBnSTBOpHTeHbHO - B 3TOM ·cny-

Ta6nHua 4. 

d.. Ao Yo= E,-E, 
u.) Y. (1-) 

Yo 0 

,5596 0,384336 0,4791 0,0981 

"' "' I, Il92 0,622667 0,6641 0,5792 
"' "' "' ,5960 0,929509 0,9314 0,9273 

" 
0,4954 0,060976 0,2672 O,OII7 

H 

~ 0,9909 0,317273 0,4557 0,1282 

"' q,9542 0,853570 0,8626 0,8455 

"' 
0,6353 0,001928 0,1574 0,0039 

"' ,2705 0,076501 0,2976 0,0326 
"' 0 

H ,4451 0,702094 0, 7383 0,6667 
H 

II 



qae CR8AJ8T nO~b30BaTbCR MO~SRbiD TJHHS~Hpyro~eM ~aCTH~, OTIHCHBaeMoM 
BORHOBoij ¢yHK~Heij (29). B TO ~e Bp8MR B 06RaCTH DpHM€HHMOCTH CaMO-
COI"~aCOBaHHOi1 TB: ol/c;:L+"<!oy/a.. <<.. ~ aHa ~aeT 6onee TOt~H!:ile 3Ha-
treHHR, '4:eM o6hNHB..R TB, KoTopB..R cnpaae,rpmaa npH 6o~ee JJteCTKHX ycno­
BHHX: -hW0 5/ IU0 , l!JIH B= (ol--d.-.e.-._,1..)/~.1.0 << -:i. 
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