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8 TeOpHH S1Llpa WHpOKO HCfiOnb3yiOTCS1 MeTOLlbl, B KOTOpblX. 3aKOH coxpaHeHHSl KaKOro-nHOO 

KBaHTOBOI'O •mcna Y'IHTb!BaeTCSl npHonH:lKeHHO, npHMepOM HBmieTCSI MeTOLl U 1 V - npeo6pa-

30BaHHSI B csepxTeKyqel\ MOLlenH HLlpa. B LlaHHOM cnyqae npH6nH:lKeHHO y'IHTbiBaeTCH saKoH 

coxpaHeHHH 'IHcna qacTHU N • BosMO:lKHOCTb HCnonb3osaHIIS1 noLlOOHbiX MeTOLlOB II npeiiMywe-

/1/ 
CTBa HX IICfiOnb30BaHHSI LlnH OfiHCaHHSI npOTH:lKeHHbiX CHCTeM fiOKa3aHbl B pa6oTe , 0LlHaKO 

npeLlCTaBnSieT cyweCTBeHHbll\ IIHTepec OUeHHTb TO'IHOCTb ;aKIIX MeTOLlOB H pa3pa60TaTb acpcpeK_. 

THBHbllt CfiOCOO YTO'IHeHIISI pesynbTaTOB fiOLlOOHblX MeTOLlOB Lln!l peWeHHSI peanbHblX 3aLlaq S1LlepHOl\ 

cpii31IKH;B LlaHHOl\ paooTe npeLlnO:lKeH OLliiH BeCbMa npOCTOl\ npiieM, fi03BOnS110WIIl\ yny'IWHTb Toq­

HOCTb MeTOLlOB, OfiHCaHHbiX BbJWe, MeTOLl CBSI3aH C HCfiOnb30BaHHeM npiionii:lKeHHbiX Bblpa:lKeHHlt . 

LlnH onepaTopa npoeKTIIpOBaHIISI Ha npOCTpaHCTBO cpyHKUIIlt C HY:lKHblM 3HaqeHHeM KBaHTOBOI'O 

'IHCna, COOTBeTCTBYIOWei'O saKoHy COXpaHeHHSI, H a npHMepe csepxTeKyqelt MOLlenii S!Llpa noKasa­

H01 'ITO TaKaS! npOUeLlypa npHBOLlHT nHWb K He3Ha'IIITenbHOMY ycnO:lKHeHIIIO cpopMyn HCXOLlHOI'O 

MeToLla (sLleCb - MeToLla u 1 v .-npeo6pasosaHHH). B saKniO'IIITenbHoll qacTII pa6oThi npHBeLle­

HO cpaBHeHIIe pesynbTaTOB Bbi'IHCneHHlt no cpopMynaM, nonyqeHHbiM B LlaHHOlt pa6oTe 1 C LlaHHbl-

/2/ 
MII 1 npHBeLlel!HbiMH B pa60Te LlnH MOLlenbHOlt CHCTeMbl 1 COCTOS1Wel\ II3 6 '18CTIIU 1 pacnpeLle-

neHHb!X Ha 5 LlBYKPBTHo BblpO:lKLleHHbiX ypoBHHx. CpasHeHHe noK83biBaeT 1 'ITO npeLlno:lKeHHhilt 

MeTOLl, LleltcTBIITenbH0 1 LlBeT 6onee .Toqnoe peweHHe ypasHeHIIH WpeLlHHrepa c raMIInbTOHua-

HOM 

H = I. E (s) a+ a - G I. a~ a+ a •'· a •*' 
•u so· •·•' •· ( 1 ) a,a 

PassHTbllt MeTOLl npiiMeHeH HBMH LlnH oueHKH TO'IHOCTH MeTOLla u, v npeo6pasosaHHH LlnH 

/3/ 
CIICTeM 1 MOLlenHpyiDWHX. peanbHbJe HLlpa, AHano.rH'IHbie oueHK!i obmH npHseLleHbl s pa6oTe , 

0LlH8KO B UIITHpOB8HHOfi paooTe Obin HCnOnb30B8H MeTOLll cnHWKOM cnO:lKHbll\ LlnSI llOnyqeHHSI 

CBeLleHHl\ 0 TO'IHOCTH onpeLleneHIISI BOnHOBbiX cpyHKUHl\ CIICTeMbl, TeM He MeHee y:lKe 

s Heft 6hino noKasaHo (u noLlTBep:lKLleHo oueaKaMH LlBHHoll cTaTbH), 'ITO <;>wH6KH MeTOLla u, v -

npeo6pa30B8HHSI B HeKOTOpblX cny'IBSIX MOI'YT npHBOLlHTb K 38MeTHbiM norpewHOCTSlM npH OfiHCa-

HHH peanbHblX HLlep, 

,, ,, 
nycTb H II N COOTBeTCTBeHHO raMHnbTOHH8H H onepaTop 'IHCna '18CTHU CIICTeMbl, Mbl 

npeLlnonaraeM, 'ITO BhlnonHeHo ycnosHe 

" " [H,N]=O, (2) 

KOHKpeTHblfi :lKe BHLl onepaTOpOB LlnSl BbiBOLl8 H8WHX OCHOBHbiX cpOpMyn 3HaqeHHSI He HMeeT, 

nycTb T8K:lKe onpeLleneH HeKOTOpblfi KnBCC cpyHKUHlt'l' 1 0 KOTOpOM Mbl 6yLleM npeLlnOnaraTb 1 . 
'ITO BMeCTe C onpeLleneHHOfi cpyHKUHelt '1'1 9TOT Knacc COLlep:lKHT TaK:lKe cpyHKUHH 

N 
~ (z) = z '1'1 (3) 

COOTBeTCTBYIOlUIIe BCeM 3Ha'leHIISIM KOMnneKCHOl\ nepeMeHHOfi z ,, 
He HBnHIOTCS1 1 soo6we rosopH, co6cTBeHHhlMII cpyHKUHHMH onepaTopa N 1 a noaToMy cpyHKUHH 

'I' (z) MO:lKeT CylUeCTBeHHO OTnii'I8TbCSI OT 'I' =·'I' (0) , 

nerKO y6eLlHTbCSI 1 'ITO Bblp8:lKeHHe 
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_1_ §> ~ 'P (z) / zl'b 
2rd z (4) 

npeJJ.CT8BnSieT co6oft npoeKUHIO cPYHKUHH 'P H8 npOCTpaHCTBO COCTOSIHHft CHCTeMhl No qac-

THU 1 a Bbipa:>KeHHe 

H "' E 

_1_9~ 
2rri z 

1 
277i .~ 

dz 
z 

<'P, H 'P (z) > 
ZNo 

< 'P, 'P(z) > 
ZNo 

( 5) 

onpe.aenSieT cpe.aHee 3HS'ieHHe onepaTopa aHeprHH s cocTOSIHHH ( 4) • l B <PopMynax ( 4), ( 5) 

HHTerpnposaHHe nponcxoJJ.HT no 38MKHl/lTOMY KOHTYPY s nnocKOCTH z 1 co.aep:>KaWeMy TO'iKY 

z = 0 ) • Uenb HaCTOSiwea pa6oThi 38KniO'iaeTcSI s TOM, 'iT06hi nony'iHTb .aocTaTO'iHO npocTyiO 

. /4/ 
¢opMynnpoBKY sapnaunoHHoA 38JJ.8'iH 1 nocTasneHHoA EeAMaHoM s pa6oTe 

o H =0, 
E 

KOTOp8SI onpe.aenSieT <iJyHKUHIO 'P EH MHHHM8nbHOe 3H8'ieHHe <iJyHKUHOHana (5) 

(6) 

EE =min HE, 

annpOKCHMHpyiOWHe BOnHOBYIO <iJyHKUHIO H :3HeprHIO OCHOBHOI'O COCTOSIHHSI CHCTeMbl. rosopSI 

0 npOCTOft <iJopMynHpOBKe 1 Mbl HMeeM B BHllY 1 'ITO peweHHe 38JJ.8'1H 
,, 

o<'P,n 'P>=O 
,, 

<'P, N 'P>= N
0 

H3BeCTHO H 6y .a eM CTpeMHTbCSI CBeCTH 38JJ.8'iY ( 5) K 38JJ.8'ie. CXOJJ.HOft C ( 7). 

Bse.aeM o6o3Ha'ieHHSI 

0 (z) 
" ,.-

<'I', 0 'P(z)> = 0 z 
< 'P ' 'P (z) > 

" 

(7) 

(8) 

JJ.nSI M8TpH'IHOI'O aneMeHT8 OT npOH3BOnbHOI'O onepaTopa 0 • 3TOT M8TpH'iHblft aneMeHT 38BHCHT 

TSK:>Ke OT scex napaMeTpos, onpe.aenSIIOWHX <PYHKUHH 'P • Onpe.aenHM TaK:>Ke <PYHKUHIO 

cp(z) fn <'P' 'P(z) > 
zNo 

Bbipa:>KeHHe .anSI cpe.aHero 3Ha'ieHHSI npoH3BOnbHoro onepaTopa 

0603H8'1eHHSIX HMeeT BHJJ. 

0 
cf di 0 (z) e cp(z) 

E P __:!:___ e cp(z). 
z 

( 9) 

" 0 B COCTOSIHHH (4).B HOBhlX 

( 10) 

npe.anoTI O:>KHM 1 'iTO <iJyHKUHSI cp(z) o6na.aaeT pe3KO BbJpa:>KeHHOft ce.anosoft TO'iKOft, T8K 

'ITO HHTerpanbJ, KOTOpbJe <iJHrypHpyiOT B <iJopMyne ( 10) I MO:>KHO Bbi'IHCnHTb no MeTOJJ.Y nepesana. 

,J.13 <iJopMynhJ (3) cne.ayeT 1 'iTO Z SIBnSieTCSI CeJJ.nOBOlt TO'iKOlt <iJyHKUHH cp(:z) 1 ecnH 
0 

N(z 0 ) =N 0 

H 'iTO cPYHKUHSI cp(~ B OKpeCTHOCTH :3TOlt TO'iKH HMeeT BHJJ.: 

r.ae 

2 

cp (z)=¢ (z.) + (z-zo) 
0 2z 2 

0 

4 

2 
t:.. N 

• 
0 

( 11 ) 

(12) 
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(13) 

npe,nnono:>KIIM, 'ITO B IIHTerpanbi tiJopMynbi ( 10) BHOCIIT BKna.a TOnbKO 0.£lH8 TO'IK8 nepeaana 

II 'ITO BbinOnHeHO HepaBeHCTBO 

( 14) 

flpe,nnonO:>KIIM T8K:>Ke, 'ITO 38BIICIIMOCTb M8Tpii'IHOI'O aneMeHT8 HeKOTOpOI'O onepaT.Opa 0 (z) 

oT z 3H8'111TenbHO MeHee · pe3KaH, 'leM 38BIICIIMOCTb tPYHKUIIII cp(z) • Tor .a a .ans cpe.auero 

3H8'1eHIIH 9TOI'O onepaTOpa Mbl nonyqaeM OUeHKY! 

1 a z 
OE - 0 ( z ) - -,--;r:-;z [ __ 0 

- o ,;; oN a pZ 
"o 

( z
0 

e P ) ] 
p"" I) • (15) 

Ypaauea11e (11) B o6meM cnyqae IIMeeT 6onbmoe 'IIICno pemen11lt, no ecn11 cymecTBeHH olt HBnSI-

eTCSI TOnbKO O.llH8 TO'IK8 Z O 1 TO MO>KHO yTBep:>K.ll8Tbl 'ITO OHa pacnono:>KeHa 118 .aeltCTBIITenbHOlt 
. 2 

OCII II II MeeT nonO:>KIITenbHOe 3H8'1eHIIe. 0TCIO.£l8 cne.ayeT1 'ITO N(:zo) 1 6. N z II 0 (z
0

) liMe lOT 
,o /4/ 

CMbiCn cpe.llHIIX 3H8'1eHIIlt COOTBeTCTBYIOllliiX onepaTOpOB B COCTOSIHIIII 'I' ( Z ~ ) ( CM. ). 
0 

l1cnonb3ySI tiJopMyny ( 15), nerKo nony'IIITb cne.nyiOllllle BbipameHIISI .nnSI cpe.aaero 3aaqe-

HIISI 'IIICna '18CTIIU II aaepr1111 

H (z )-'fl_l_ ( 
o 6. N z 

"o 
3 

6. NZo 

6-N 
Zo 

( 16) 

(17) 

nocne.llHIIlt qneH B tPOpMyne ( 17) X8p8KTep113yeT norpelUHOCTbt BHOCIIMYIO np116n11:>KeHHbiM 

MeTO.llOM Bbl'IIICneHIISI KOHTypHbiX IIHTerpanoB. nerKO Bll.lleTb1 'ITO 9T8 norpelUHOCTb TeM MeHb-

me, 'leM CIIMMeTpii'IHee npe.acTaaneHbi cocTOSIHIISI c N > N 11 N < N B tPYHKUIIII 'I' ( z 0 '1l ) 
0 0 

/4/ 
¢OpMynbi ( 11), ( 16) co,nep:>K8T OCHOBHOlt pe3ynbT8T pa60Tbl , UOK83h!Tlal'l 1 'ITO Cpe.aHee 

3H8'1eHIIe auepr1111 B COCTOSIHIIII ( 4) npn CtPOpMy nllpOB8HHbiX Bblllle npe.anonomeHHSIX Mana OT-

'fl 
nnqaeTCSI OT cpe,nnero 3H8'1eHIISI B COCTOSIHIIII 'I' ( Z 0 ) 1 onpe,neneHHOM tPOpMynolt ( 11 ). 8To-

polt 'lneH B npaaolt '18CTII tPOpMynbi ( 16) .aaeT B03MO:>KHOCTb OUeHIITb Benii'IIIIIY 01UII60K 1 KOTo­

pwe B03HIIKaiOT npn 3aMeHe aap118UIIonnolt 3a.aaqn (6) 6onee npocTolt 3a.aaqelt (7). Ecn11 nc­

nonb30B8HIIe MeTO.ll8 nepeaana onp8B.ll8H0 1 38.ll8'18 ( 6) CBO.lliiTCSI K 0Th!CK8llli10 MIIHIIMYM8 Bbl­

pa:>KeHIISI ( 17) np11. BbinOnHeHIIII .llOUOnHIITenbHOI'O ycnOBIISI ( 11) 1 KOTOpoe MO:>KHO 38Meii11Tb1 

ocTaBaSicb a npe.nenax TO'IHOCTII MeTo.aa1 ua ycnoane 

. NB = No 

np11 9TOM pa3nll'llle B 9Hepi'IIII II 3HO'IeHIISIX napaMaTpOB, onpe.aenSIIOlUIIX Te tPYIIKUIIII 'I' 

KOTOpbie y llOBneTBOpSIIOT ycnOBIISIM CT8UIIOH8p110CTII tPYIIKUIIOHanoB ( 7) II ( 16) 1 .llOn:>KIIbl 6b!Tb 

Manhi. OrpaHII'IIIBaSicb nonpaBKaMII nepaoro nopSI.aKa no aemt'IIIHe .aononHIITenbHhiX qnenoa 

a tiJopMynax (16) 1 (17) 1 .anSI·aenii'IIIHhi 6. E =-min HE-min H 

pamen11e: 

5 
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6.E - - 1 [ 
a2 

( H ( z ep) - A ( z e p) ) ] 0 • -
2 6. N 2 a p2 0 0 p = (19) 

"' 0 ,, 
" " 2 

B cpopMyne ( 19) cpe~HHe 3HaqeHHH onepaTopoe H • N . ( N- NJn XHMnqecKHlt noTeHuuan A 

.onpe~enHIOTCSI peweHHeM 38~aqu ( 7). 0TMeTHM, qTQ BCne~CTBHe nonO)KHTenbHOCTH BTOpo!i llpOH3-. 

BO~Holt oT eenuquHbi H -A N B ToqKe MHHHMYM a nonpaeKa K ::mepruu B paccMoTpeHHOM npu-

6nu)KeHHH OK83biB8eTCSI OTpHU8TenbHOlt • 

.llo CHX nop Mbl HHI'~e He HCllOnb30B8nH KOHKpeTHbll!. BH~ I'8MHnbTOHH8H8 1 npo6Hb!X cpyHK-

" " 
uult u ~a)Ke BH~ onepaTopa N • E~HHCTBeHHoe ceoltcTeo onepaTopa N, KOTopoe cywecTeeHHo 

llnH BbiBOll8 cpopMyn ( 16)- ( 19) 
1 

- 9TO Hanuque cneKTpa co6CTBeHHbiX 3HaqeHHlt, OTnuqaiOWHXCSI 

llPYI' OT llpyi'a HB uenoe qucno. noaTOMY aaanorHqHble BbiKnBllKH MO)KHO npoeeCTH 1 HBllpHMep, 

llnH yToqHeHHSI MeTOllOB
1 

B KOTOpb!X HeToqHQ yqTeH 38KOH COXpBHeHHSI MOMeHT8 KOnuqecTB8 

llBH)KEiHHSI, 

nepeltlleM K onpelleneHHIO nonpaBOK, K KOTOpblM npHBO~SIT H8llHC8HHble Bblllle Bblpa)KeHHSI 

npu peweHHH ypaeHeHHH WpellHHI'epa c I'BMHnbTOHHaHoM ( 1 ). 

¢yHKUHH 'I' 

N=I a+ a 
s,a sa sa 

onpellenHM o6biqHbiM o6pa3oM 

+ + 
'I' = II (us + Vs as+ a s- ) I 0 > 

s 

nocne npocTbiX BbiqncneHHl!. e aTOM cnyqae nei'KO nonyqnTb 

1 2 2 
6.E=- (C-C1), 

G6.N 

6.N
2
=4I 

2 2 I'lle us vs 
s 

C = G I Us vs , 
s 

c1 = G I usvs(u;- vs2) . 
s 

Mbi HMeeM 

Jlng cpellHei'o 3HaqeHHH ore paTopa qucna qacTHU nonyqaeM Bbipa)KeHue 

NB = I N = 2 I v 2[ 1 - _1_ u 2 ( u 2 - v2 ) ] • 
s s s s 6.N2 s s s 

(20) 

(21) 

(22) 

(23) 

(24) 

.llnH TOI'O, qT06bl nonyqHTb nonpaBKH K BOnHOBbiM cpyHKUHSIM CHCTeMbl, OK83biB8eT~SI uene­

coo6paGHblM ynpOCTHTb 3allaqy, BOCllOn b30B8BlllHC b TeM, qTQ npH llOCT8TQqHQ nnBBHOlt 38BHCH-

MOCTH U: ( V s' ) OT S BbinOnHHIOTCSI H8paBeHCTB8 

6.N3« 6.N2 
(25) 

c
1 

«. c . 
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f'...NJ 
Mb! BIUleJlii, qTQ OTHOWeHIIe 271f{T , CTporo I'OBOpH, onpe.aenseT .TQqHQCTb. MeTO.lla. 0oSTOMy 

3 
ecTeCTBeHHO npeHe6peqb BeJIIIqiiH8MII f<... N , C 1 B Bhrpa:>KeHIIHX ( 22), ( 24), nocne qero cPYHKUIIo-

Hanhr HE II N E np1IHIIM8IOT BII.ll: 

2!. :z 
ScPcP ( ; 

:z 
HE "' Es vs- G us vs) ' 

s 

2 
(26) 

NB"' 2!. vs . ' s 
r.ae 

(27) 

8 STOM np1I6Jlii:>KeHIIII npOeKTIIpOB8HIIe npiiBO.lliiT K nepeHOpMIIpOBKe KOHCT8HTbl B.381IMO.llel1CTBIIH 

G • Bapb1Ipys ypaBHeHIIe (26), nerKo nonyqiiTb o6brqHbte ypaBHeHIIH cBep~TeKyqecTII, B KOTOpbrx 

BMeCTO KOHCT8HTbl G CTOIIT BeJ11IqiiH8 G ScPcP•' a nepeHOpM1IpOB8HHb!e 3HaqeHIIH ypOBHelt SHep­

I'IIII p8BHbi: 

r.ae 

2 ( ut- v1
2

) 

G ( f'...N 2) 2 

'C 2 

OpiiBe.aeHHhre Bhrwe cPOPMYJlhi. no3BOJ1HIOT nonyquTb nonpaBKII K8K K SHepruii .ocHoBHoro 

COCTOHHIIH CIICTeMbl ·, T8K II K napaMeTpaM U V , onpe.aeJIHIOIUIIM peweHIIe B8p1I8UIIOHHOlt 

aa.aaqii. O.aHaKo npe:>K.ae qeM nepexo.aiiTb K BhrqiicneHIIHM,. aaMeTIIM cne.ayroruee. B CBepx-

TeKyqefi Mo.aenii s.apa BeniiqiiHa G HBnHeTcst napaMeTpOM, KOTOpbrli onpe.aensteTcst us ycnOBIIst, 

CBst3hrBaroruero 9KcnepiiMeHTanbHO II3BeCTHoe 3HaqeHIIe napHolt aHepruii c pacqeTHbiM aHaqeHIIeM 

9TOlt BeniiqiiHb! (eM/ 
31 ). KoppenstUIIOIIH8lt cPYHKUIIlt C II napaMeTpbl U , , V CBH381lbl .llOCTa-

TOqHo CJlO:>KilbiMII COOTHOWeHIIltMII C cPII31IqeCKIIMII napaMeTp8MII CIICTeMbl. 009TOMy npe.llCT8BJ1H­

eT 60JlbWOlt IIHTepec II3yqeHIIe cneKTpa B036y:>K.lleHHb!X COCTOltHIIfi CIICTeMbl B 38BIICIIMOCTII 01' 

BeniiqiiHbi napHoli 9Hepr1III. B paccMoTpeHHOM cnyqae, KD r.aa raMIIJlbTOHIIaH II MeeT BII.ll ( 1), npii-. 

Be.aeHHbte Bb!We cPOPMYJlb! OniiCb!B810T 3H8qiiTeJlhHYIO qaCTb HII3KOJle:>KaiUIIX B036y:>K.lleHHb!X C 0 -

CTOltHIIll. JleficTBIITeJlbHO, cPYHKUIIlt COCTOH!llllt C KB81ITOBbiMII qiiCJ18MII V•, v. f, 0 
1 1 

TepM1IIl8X BTOpiiqllOI'O KB8HTOB81l1Ilt IIMeeT BII.ll: 

(28) 

"'' + npiiqeM T co.aep:>KIIT onepaTOpbt a80 C s f,i,j. ¢1yHKUHlt '1':. ltBJlsteTCH C06CTBeHHOil: cPYHKUIIeil: 
1] 

I'8MIIJlbTOHII8H8 ( 1)' II3 KOTOpOI'O IIGKJliOqeHbl cnaraeMbre, COOTBeTCTByiOIUIIe S =i,j IIJlii s'=i,j, 

8 TeOpiiii U , V npeo6pa30B8HIIH COCTOltHUst, oniiCblB8eMble 9TIIMU cPYHKUUHMII, H83biB8IOT-

.. ~ 
CH LlBYXKB831Iq8CTUqHbiMU COCTO!tHIIltMII C KB831IqaCTUU8MII Ha ypOBHltX 1,] , 

OpuBe.lleHHbte Bhrwe cPOPMYJlbl OCHOB8Hbl Ha npe.anono:>KeHUU, qTQ Ce.llJ10B8H TQqKa B IIH­

Terpanax ciJopMynht ( 5) stBnsteTcst BeCbMa peaKo Bhtpa:>KeHHOlt, B npuMe.HeHIIII K csepxTeKyqefi 
2 . 

Mo.aenii st.apa aTo oaHaqaeT, qTo BenuquHa .lliiCnepcuii qucna qacTuu t>.. N npe.anonaraeTCst 

6onbwol1 no cpaBHeHuro c e.auHuuelt. PacqeThi cucTeM, Mo.aenupy.roruux peanhHhte H.apa
1 
noKa-

3btBaroT, qTo aTa senuquHa o6btqHo nP.HHHMaeT aHaqeHust 

t...N
2 

.. 5-7 

7 



OpH OOHCBHHH OCHOBHWX COCTOHHHA SIJ:tep H 3HaqeHHSI 

2 
!:iN .. 2-5 

npu OUHC8HHH LlBYXKB83HqaCTHqHblX COCTOSIHHii, no9TOMY B03HHK8eT BOUpOC - naeT IIH OOHCBHHbiA 

MeTon peanbHOe ynyqweHue ToqHOCTH pacqeToB. Ta6nHUhi 1, 2 u rpacpuKH 1, 2 nosaonsnoT cpaa-

HHTb . TOqHOCTb npuaezteHHOI'O MeTOLl8 H MeTOJ:t8 u, V npeo6p830B8HHSI H8 OCHOB8HHH LlBHHbiX 

/2/ . < 

pa6oTbi o ToqHocTH peweHuu MoztenbHOA saztaqu, paccMOTpeHHOii a aToit pa6oTe. Ha rpacpu-

KBX H T86iiHU8X BenHqHHbl C HHJ:teKCOM r npeLtCT8BIISIIOT ToqHoe 3HaqeHHe COOTBeTCTBYIOIUeA BenH-

qHHbl, HHJ:teKC U, V osHaqaeT, qTo aenuqHHa HaAQeaa MeTOJ:tOM u , v - npeo6pasoaaHuSI;aenH-

qHH8 6e3 HHJ:teKC8 onpeztEJneHa no cpOpMynaM Lt8HHOll: GT8TbH, npHBe.aeHHble Lt8HHble nOK83biB810T1 

qTo onucaHHhill: MeTon cymecTaeHHO yMeHbwaeT owH6Ku a onpeneneHHH aHepreTuqecKoro cneKTpa 

cHcTeMhi, CpaaHeHue TOqHbiX pesynbTBTOB npu G"' 1 c pesynbTBTBMH MeTozta u, v - npeo6-

pasoaaHHSI H Hawero MeTOJ:t8 npH TeX 3H8qeHHSIX KOHCT8HTbl G 1 KOTOpble Lt810T OJ:tHH8KOBYIO 

napHyiO SHepi'HIO CHCTeMbl, nOK83biB8eT, qTO HC001Ib30B8HH8SI npoueztypa npHBOJ:tHT K yMeHbWeHHIO 

owH6KH a onpeaeneHHH aoa6y:lKJ:teHHSI nepaoro ypoaHSI 6onee qeM B 4 pasa ( HeToqHOCTb onpeae-

neHHSI aaeprHH aos6y:lKnea'HSI HBWHM MeTonoM cocTaBnSieT a naHHOM cnyqae acero ( 3,4%). VIa-' 

MeHeHHSI B pacnpezteneHHH qacTHU no ypOBHSIM, K KOTOpbiM npHBOJ:tHT OnHCBHHbiA MeTOLt 1 OK83bi-
2 

BBIOTCSI He60iibWHMH ( MO:lKHO nOK838'rb1 qTo npH /1 N >> 1 H3MeHeHHe CTeneHH 38UOIIHeHHSI 

ypOBHSI s 8 .. _ 1_ ). 
N. (!:iN2)2 

AHBIIOI'HqHbie pacqeTbl 6binH npoBezteHbl LtiiSI LtBYX CHCTeM, 6nH3KHX K TeM, KOTOpbie OnH-

CbiB810T peanbHbie SIJ:tpa ( SIJ:tpa c qHciiOM aeATpoHo!'l N"' 102 ) • PeaynbTBThi · 9THX BbiqHcneHuA npea-

cTaaneHbl B Ta6nuue 3. TaM :lKe npeztcTaaneHhi pesynbTBThi BbiqncneHHlt MeToztoM u, v -npeo6-

pasoaaHHSI. CpaaHeHHe 9THX peaynbTaToB noKa3hiBaeT, qTo yToqaeHue MeTozta u v-npeo6pa-

30B8HIISI MO:lKeT npuBeCTH K 15%-HSMeHeHHSIM 9HeprHH nepBOI'O B036y:lK.aeHHOI'O COCTOSIHHS'I qeTHO­

qeTHbiX RJ:tep.VIaMeHeHHe aaeprHH aos6y:lKJ:teHHSI 6onee BhiCOKo pacnono:lKeHHbiX ypoaHelt He cyme-

CTBeHHO, VIs T86iiHUbl BHLtHO T8K.)Ke, qTO H3MeHeHHe KOppeiiSIUHOHHOA cpyHKUHH c 1 K KOTO-

poMy npHBOJ:tHT yqeT npoeKTHpOB8HHS'I, CylUeCTBeHHO Ll8:lKe LtiiSI OCHOBHOI'O COCTOSIHHSI H BeCbM8 

BeiiHKO LtiiSI HH3KHX B036y:lKJ:teHHblX COCTOSIHHit. AH81IOI'HqHble peaynbT8Tbl cneJ:tyiOT T8K:lKe H H3 

pacqeTOB MOJ:teilbHOlt 38Ll8qH, 8 COOTBeTCTBHH C H8WHMH pacqeTaMH BCe LIByxqaCTHqHbie COCTOSI-

HHSI HMeiOT aeCbMa 6nH3KHe saaqeHHSI aenuqHHhi C • OTM'eTuM,. qTo aenHqHHa C B HaweM 

MeTOJ:te CBS'I38H8 LlPYI'HMH COOTHOWeHHSIMH CO 3HaqeHHSIMH p83Hb1X cpH3HqeCKHX BenuqHH 1 qeM B .. 
MeTOLte U v - npeo6pasoaaHHSI. BcneztCTBHe aToro usMeHeHue C no cpaaHeHHIO c pacqeTa-

MH MeTOLlOM U 1 V - npeo6p830B8HHSI He conpOBO:lKJ:t8eTCSI CylUeCTBeHHblM H3MeHeHHeM pacnpe-.. 
LteneHHSI qaCTHU no ypOBHS'IM, 4eM 60iibWe aenuquHa C 1 TeM 6onee OTiJHqaeTCSl BOIIHOB8SI cpyHK-

UIISI CHCTeMbl OT 8HTHCHMMeTpli30B8HHOI'O npOH3BezteHHSI OJ:tHOqacTHqHbiX BOIIHOBbiX cpyHKUHA, Cpaa­

HIIMBSI BenuqnHa KOppeiiSIUHOHHOlt cpyHKUHH B OCHOBHOM H LtBYXKB83Hq8CTHqHblX B036y:lKJ:teHHbiX 

COCTOSIHHSIX CHCTeMbl nOK83biB8eT, qTo BOIIHOB8SI cpyHKUHSI 9THX B036y:lKJ:teHHbiX COCTOSIHHll; BCe 

ewe naneKa OT cpyHKUHH THna cpyHKUHH XapTpu-<PoKa. 

3 38KiJIOqeHHe nonb3y!Ocb cnyqaeM BhzpaauTb npuaHaTenbHOCTb B.r.Conoaway u 

VI.neTKOBy 38 HHTepec K pa6oTe H MHOroqucneHHhie o6cy:lKJ:teHHSI, PacqeTbl 1 onHC8HHhie BbiWe, 

6bwu ahmonHeHbi a BbiqncnuTenbHOM ueHTpe OVI.HVI M.B. Muxaltnoaoa, KOTopoA R TBK:lKe ucKpea­

He 6naronapeH. 
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Tadmma I. 

G 0,5 0,8 I,O 1,25 

E,T 
10,00 · B,2I 6,83 4,95 

[ 
I0,22 8,42 7,00 5,09 

0 

/::-;, U.ll" 
10,56 9,22 8,08 6,5I 

3HeprlllJ OCHOBHOrO COCTOlJHllli Eo -MOLlenbHOJ! Cl!CTeMbi, OUHCSHHOJ! B paooTe/2/, npH 

p83HbiX 3H8'leHHliX KOHCT8HT G ( aemt'll!Hbl Ll8Hbl B eLlliHHU8X paCCTOSIHHli MeJKLly OLlHO'lSCTH'l-

HbiMII ypOBHliMH E; ). 

Tadmn~a 2. 

CocTonnHe TotiHoe 3naqenne, rran~ennoe 3natieHne, Han~errnoe 
3HatieHHe l.1eTO~OU U , tr UeTO,IJ;OU 1 OTIHCaH!IhiM B 
npu (j. = J.. npeo6pa3oBanun· cTaTbe 

fl-=.1. 0 (J. .. t. 0!1 4-•o,!lt, r;! ~~r.L,o. 

p 3,603 3,083 3,603 3,605 3,954 

Eo 6,8213 8,0134 7,532 7,442 7,004 
~;,,.,.. I 1,09 I,H32 1,251 

0 c 2,092 2,338 2,585 2,771 
;.. 3,6511 3,688 3,723 3,751 

·;V-II(, 0 0 -0,133 -0,!38 
8 0 0,025 0,032 0,024 0,02.9 

l 3,850 2,916 3,288 3,722 4,025 

t,.,.. I 1,09 1,639 1,697 
c 0,010 0,024 1,619 1,733 

3," ). 3,000 3,214 3,776 3,798 
N"-~ 0 0 -0,127 -0,137 
8 0 0,012 0,0!2 0,008 0,009 

f. 7,394 6,867 7,171 7,10! 7,329 

~" I 1,09 1,347 1,426 
c I,2I8 1,360 1,755 I ,857 

1,2 A 11,651 4,684 4,785 4,819 

N-"' 0 0 -0,247 -0,256 
8 0 0,031 0,037 0,036 0,040 

CpaaHeHH!I peaynbTaTOB pacqeTa MoLlenbHOl! CHCTeMbi, Hal!.II:eHHbiX MeTOLlOM u , v -npe-

OOp830B8HHli H MeTOLlOM, OUHC8HHbiM B Ll8HHOJ! CT8Tbe, C TO'lHbiMH 3H8'leHHliMH. P=2(E ) -
0 N·l 

-EN- EN.2 - napHaSI 3Heprll!l CliCTeMbi, cocToSiwel! 113 N qacTIIU, l -3HeprHH Bo36Y>KLleHlllli 

e - KOppenSIUIIOHH8!1 cPYHKUHII, paBH8li c = G I usvs B MeTOLle u • v - npeoopa30B8Hll!l 
s 

H c a G ...... I us vs B MeTOLle, OUHC8HHOM B Ll8HHOl! CT8Tbej ~ - XHMl!'leCKHl! noTeHUllan 
a"'t''-P s 3 s 

cncTeMbi, N - N • - 1'1 N ; HaKoHeu, 0 = 1 [I ( N _ N ) z] II - cpeLlHeKBaLlpBTll'l-
o 2fiN 2 :;- o=t • 0 T 

ua11 owuoKa onpeLleneHllli cTeneuu aanonueHHli OLlHO'l8CTH'lHbiX ypoaHeA, 
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Ta6JI!II(a 3 

0 K-2 K-2 K- I K-I K-I K K 
K K+2 K K+l K+2 K+I K+2 

J 

d ~~'P o,o2J6 o,o250 o,o255 0,0256 o,o26J 0,0254 . o, 0267 0,0257 
E 0 0,400 o,J6J 0,258 0,222 0,297 0,190 0,278 

E~ . .r 0 o,J98 o,J5J 0,254 0,204 0,294 o,I64 o,27J 
c- - 0,150 0,125 o,124 0,12·1 o,r2o 0,121 0,120 o,r2o 

Cu,.r 0,120 o,o7J o,o4I o,o61 o,ooJ .0,070 0 o,o6o 
).. 1,342 1,400 .1,381 1,391 1,368 I,JJ2 1,354 1~JI8 

.A tt,.r 1,341 1,409 1,387 "!,408 1,402 1,JJI 1,JIJ I,J.IJ 
I'I~No -0,014 o,122 o,o56 o,170 0,080 -0,018 o,oJ7 -0,061 

-
G-,tptp 0,01!46 0,0259 0,0262 o,o264 0,0269 .o,o26J 0,0272 o,o265 

E 0. o,420 o,J88 o,282 o,25I o,J2o 0,222 o,JoJ 

Eu .r 0 o,418 O,J80 0,278 o,2J6 o,J16 o,I96 0,297 ,.... 
c o,I70 o,I4I o,I40 o,IJ6 o,IJ5 o,IJ6 o,IJ4 o,IJ6 

Cu .r o,IJ9 0,090 o,068 0,077 o,OJ9 o,o8J o,oo2 o,075. , 
). I,J42 I,J96 I,J80 I,J87 I,J66 I,JJ2 I,J5J I,J20 

)._ .. ,.r I,J42 1,406 I,J86 1,404 I,J79 I,JJI I,J29 I,JI4 

.N-~ -0,007 o,r2o o,o6o o,r6J 0,078 ...;o,OIB o,oJ7 o,o6o 

CpasHeHHe peaynbTaTOB MeToJla u , v - npeo6pa30BaHH!I H MeTOJla, OOHCaHHOI'O B CTaTbe, 

Jln!l CHCTeMhl, MOJlenupytomelt !!JlpO CO 102 HeltTpOHaMH npH JlBYX 3Ha'leHH!IX napHOlt 3Hepi'HH, 
0 

3HepreTH'IeCKHe senH'IHHbl JlaHbl B eJlHHHUaX h 6J
0

•7,37 Mas, 06oaaaqeaH!I Te :>Ke, 'ITO H B 

Ta6nuue 2. 
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K 
K+J 

o,o254 
o,J44 
o,J4o 
o,_122 
o,o·65 
1,JI4 
1,JI1 

-0,038 

o,o262 
o,J67 
o,J62 
o,IJ8 
o,o81 
I,JI5 
I,JI2 

-0,040 
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