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Ill 
H aCTOlUilBSI pa60T8 S!B llS!eTCSI o 6 o 6meaBeM pa6oThl Ha C1!Y'lait CI!CTeMbl, B 

K OTO pOfl K OCTBT O'IHOMY rrapHOMY B38BMOAeitCTBHID Me~y HyKllORaMR A 06aanea 

'!neH MY1lbTBll01lb-MY1lbTHIT01lbHOro THITB, D onHblit raMHllhTOBBBR HMeeT BHA: 

H 

rue E • G K 

n n 
G ~ - a+ a+, a 'a , -~ ~ f ,{ ,a + a , u + 

s+ s- s- s+ Zs,s:r.~ys rr s (J s a rp s ,s= i 

a,p=± 

a , 
' P 

£98 ' -38ll8HHb!e xapaK TepHCTHKH CHCTeMbl 1 

(I) 

n -onpene-

nennoe 'IHcno ABBlKAht Bbtpo~eHHhiX o naoqacTHqabiX ypoBaefl. PeanbHbie cHcTe-

12-51 
Mbl, OITHCBHHbie T8KHM r8MH1lbTOHH8HOM, p8CCM8TpHB81lli!Cb B pa60T8X 1 ITOC-

BSitneHHbiX HCCllellOBBHHIO HepOTBUHOHHbiX COCTOSIHHfi ne!flopMHpOBBH Hb!X S!Aep. Uenb!O 

HBtneil pa60Tbl 5!BliSieTCSI, C OAHOfi CTOpOHhi, rrpocneAHTb HB IIpOCTOit MOileliH BliHH-

IIHe MY1lbTHIT01lh-My1lhTHIT01lbHOrO q n e H a , pemaH TQqHQ 38ll8"iY HB C06CTBeHHbie 

3HB'IeHHSI 3HeprHH CHCTeMbl, C npyro lt CTOpOHbl - npoBepHTb HB 3T0!1 MOJleliH TO'I-

12-51 
HOCTb llp1!6nHJKeRHbiX M eTOJlOB, KOT Opbie rrpHMeiiSiliHCb B pa60 T8X 

§ 1. T o q a o e pem e 11ne aagaqH 

3ana q y HB C06 CTBeRH ble aaa qeRHSI JlllSI CHCTeMb! , C OCTOSIIIIelt H3 N 'IBCTHII, 

OriHCBHHOil: r aMB1lhTORH81IOM ( 1), pemaeM B IIpe)lCT8B1lelll!H, B KOTOpOM 6a311CIIble 

B e KTOpbl - STO C OCTOHIIHSI N Ha38BHCHMbiX 'IBCTIIIl THIIB 
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+ 8 
Pt "1 

a+ .I 
pNirN 0 > ' 

(2) 

rJte I o > -BaKYYM cao6oJlHbiX 'IBCTHu. p 1 • • • p N - aa6op KBBHTOBWX 'IHCen B3 

MHOJKeCTBa Q , B 171 ••• 7TN ITpHHHMBIOT 3H8'!9fiBH( +, -) ,CBSI38HHb!e C OpHeH-

TauaeA npoeKuaa cnaaa. CopcTaeaaaSI aaJta'Ia 

HIE >~ EIE> 
(3) 

B 3TOM npeACTBBrreHHH rrpHHBMBeT BHJl 

:£ < plrrl .. . pNrrN I Hip~rr ; ... p 'NITN >< p 'lrr~ . . . p ~ 7T ~ IE >s 
p;rrt o uP~ TT~ 

-E <Pt"r · · · PN"N IE > · 
(4) 

B o 6meM Cny'!Be HMeeTCSl ( 
2NQ ) 683HCHbi X BeKTOpOB THUS ( 2) H 38Jl8'!8 CBOJlHT

CSl K HBXO)!(JleHHIO C06CTBeHHbiX 3HB'IeHHtl H C06CTBeHHbiX BeKTOpOB MBTpHl!bl 3Toro 

rropSIJlKa. HanoMHaaeM, 'ITO a cnyqae K 0 cym ecTayeT aa6op xopomHx KBaaTo-

Bb!X 'IHCen V 
9 

• n •+ - n s- , n o KOTOpb!M MO )I{HO rrpOCTpBHCTBO 6a3HCHbiX BeKTOpOB 

pa36HTb HB He38BHCHMbie fl0JlflPOCTp8HCTB8, 'ITO 3H8qlfTerrbRO yrrpomaeT 38JlB'Iy JlH

aroaanH38l!Hif raMHrrbToaaaaa. TipacyTcTBHe MynhTHrronh-MynhTHnonbaoro qneaa 

aapyrnaeT aTy CHMMeTpHIO. LfHcno ceabopHTH v = :£ v; ToJKe ae coxpaaSieTcSI. B 

pe3ynhTBTe npeJtrrOrrO)I{eHHSl 0 He38BHCifMOCTif OT CUHHOB COXpBHS!eTCSI Be-

nHqaaa 

n n 
N+ = :£ n r+ = L 

r = 1 r::::l 

+ 
a r+ a r+ 

[H , N+]=O . 

TaKHM o6paaoM, 6yneM HMeTb neno c noJtrrpocTpaacTBBMH c 3BJlBHHbiMH co6cT-

aeHHbiMH aaaqeaHSIMH N + B pernaeMotl aaMH aanaqe N = 6 , Q = 5 HMeeM 

( 2f} = 210 6a3HCHb!X BeKTOpOB. Paa6HeaHe aa rroJtrrpocTpaacTBa c 38JlBHHbiM 

N + npoHcxonaT no cnenyiOmetl cxeMe. 
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npH TaKOM npeACT8BJieHHH raMHJibTOHH8H8 aneMeHTb! H8 AH8rOH8JIH 38BHCHT TOJib-
0 2 • 

KO oT C H H . BHeaHaroaanhHhre aneMeHTbi aaBHCHT oT H HJIH oT H 

HJIH paBHhi ayn10. K aK BHAHO Bhrllle, Mhi Bhr6panH aKBHAHCTSHTH brl\ onaoqacTHqabrA 

cneKTp : i"J. E = I . npHHHM8eM G = I . T aK K8K B p eanbHb!X HApax He see ne

peXOAbl ocymecT BITHIOTCH ( HMeeM neno C ITP8BHIT8MH 38ITPeT8). B H8lllel\ MOAeJIH 

nonycKaeM, AITH npoCTOTbl, TOITbKO rrepeXOAbl C B036ylKAeHHh!X COCTOHHHI\ Ha OC-

HOBHOe. n epeXOAhl MelKAY BOa6ylKAeHHb!MH COCTOSIHHHMH 38ITpemeHbl . EyneM HC-

cnenosaTb cnyqaH I - VI CO cneny!Oll!HMH 3HaqeHHHMH f : 

f II f 22 f 3 3 fH f 55 fl2 f . 
13 f 14 fiS 

I 0,6 1,1 -0,3 1,4 -0,5 0,7 -0,3 -0,5 0,4 

n 

r ; 
ill 

o,4 ~r,1 

0 ,4 1,0 

1Y 0,4 -1,0 

y 0 0 

VI 0 0 

1,5 

1,5 

1,5 

0 

0 

2,4 - 0 ,7 1,1 

2,4 0,7 1,1 

2,4 - 0,7 0 

0 0 1,1 

0 0 1,1 

napaMeTp I< rrpHHI!MaeT aaa qeaHH 0,01; 0,1; 0,3. 

§ 2. npH6JIHlKeHHb!e cbOpMyrrhl 

0,7 -0,9 -0,5 

0,7 0,9 0,5 

0 0 0 

0,7 -0,9 -0,5 

0,7 0,9 0,5 

/6/ 
8 pHne pa60T 1 H8ITpHMep B , KOnrreKTHBHbie B036ylK)leHHbie COCTOSIRHH 

paCCM8TpHB810TCH B rrp1!6ITHlKeHHH 1 B KOTOpOM BOITHOB8H ~yHKUHH OCHOBROrO CO

CTOSIHI!HqeTHOrO HApS HBrrHeTCH 6eCKB83JiqacTHqHOA. 3TOT MeTOA nonyqHrr H83Ba

HI!e rrpH6 rrH)!(eHHSI TaMMa-naaKosa. B rrp1!6rrHlKeHHH TaMMa-naaKosa soa6ylK.lleHHSI 

CHCTeMbl B b!qHCITSIIOTCH H8 OCHOB8HHH ~OpMyiThl 
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n 
I ~ K ~ 

( 6) 
s,s '= 1 

r.ne us s 'e::: us v s ,. + u s' v s' v 
s , -rrapaMeTpbt u - v -rrpeo6-

paaoaani!H Eoromo6oaa, V ( E 8 + ,\ )2 + C 2 

,\ C - perneHHH ypaanenHll 

n 
N ~ (I -

s=l 

2 

G 8=1 

E 
8 

-oJJ.noqacTH'IHbte aaeprHH, 

(7) 

B.r. ConoBheBbiM 6hm ccjlopMynHpoaan aapHaUHOHHhtll rrpHHuHrr, H3 KOToporo 

BhiBe.neno ceKynHpHoe ypaanenne, orrpeJJ.ensnomee aoa6y)I(JJ.eHHH cncTeMbl B cneJJ.yro-

meM Bll.ne: 

2 
u • 

8 8 

2 w, 
( +l -------

8 8 ( +( , 
8 s 

Ecn11 napH.ny c neJJ.I!aronanhHbiMH qnenaMI! rrpHcyTCTByiOT TaK~e JJ.Haronanh-
/7/ 

Hble '!IIeHbi, CJie.QyH pa60Te , MO)I{HO HCKIIIO'IIITb Jl.YXOBOe COCTOHHHe II IIOIIY'IHTh 

6onee Toqnoe ceKynHpnoe ypaanenHe: 

K x1 l v ! w' 2 

K v1 
~I ~2 - 0 

I( w ! ~ 2 ~3 

r.ne 
n 2 

! ' u 
88 

X - ~ 
s.st: 1 2 

f 15 + ( 8 ' -
w, 

( 
8 + ( 8 

! n f 8. c v = ~ 
s::l 2 2 

} (s( 4 (s -w, 

w'= ~ 2 c f 8 8 (E 8 - ,\ } 

sci 
(8 (4 l 8 - w, } 
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n 
};,~}; 

u =1 

};2 
n 
~ 

s=l 

n 
~a= ~ 

s al 

' !l 2 2 £ {4..- • -w1 ) 

u. 

4 'f ~ 
8 

2 w, 

2 
v. 

2 
-cut 

- L C 
2 

2£ 8 (4£~ ~ w~) 

l s , u A , v s , u a 8 onpe.neneHbJ BhiiDe). 

§ 3, PesynhTBThi pacqeToB 

3 a B R C R M 0 C T b o T K • B Ta6n. 1 ~nn cnyqan I rrpe~cTaBneHbi 

B B03p8CTaJOmeM llOpH,QKe 3H8"!eHHH <meprRH CHCT9Mbl ,QliH H9CKOlibKRX 3H8"!eHRl! K. 

llnn K = 0 B CK06KBX OTM9"19HO C9HbOpRTH V • HarroMnaaeM, "'To ypoa ... 

HH v 0 O,QHOKp8THO , V = 2 "19Tb!p9XKpaTHO BblpO:lK,Q9Hbl, llnH K • 0,01 

COXp8HH9TCH llOCl!e.QOBBTel!bHOCTb ypOBH9l! H KpaTHOCTb BblpOJK~9HHH ( C TO"'ROCTbiO 

~o Tpex sHaKoB rrocne aarrnTol!), rrpn yaenn"!eHHR K B btpoJK.Qeane nocTeneaao 

CHHM89TCH, llnH l!J060rO K OCTaeTCH BblpO:lK~etme, CBH38HHOe C R~9RTR"'HOCTbJO 

~syx MaTpRn 50-ro rropH~Ka N+ = 2 R N + = 4. ( AHanorn"'HO ~nn swmeneJKa-

illRX ypOBHel! OCT89TCH Bb!pO:lK~9HH9, CBH38HH09 C H,Q9HTH"'HOCTbJO ~BYX M8TpHn 

N+ = 1 H N+ = 5), 

HaTepecHo oTMeTHTh, "'TO ~nn Kz 0,01 TOlibKO 10 KOMllOH9HT (H3 100) 

~ 
BeKTOpa OCHOBHOro COCTOHHHH 60libill9 10 • YB9liH"'9HHe K npHBOnHT ,QliH OCHOB-

HOrO, K8K H ~l!H B036y:lK~9HHbiX COCTORHHlt, K 3H8"1HT9l!bHOMy p83MbiTHJO llO npy

rl!M !(i:)MllOH9HT8M 1 "'TO HBHO yK83b!B8a't 1!"8 nepeM9IllliB8HH9 COCTOHHHlt C p83Hbl-

MH C9HbOpHTH, 
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8 Ta6n. 2 DOK838H8 3aBHCHMOCTb BHepreTH'!eCKHX VPOBHen CHCTeMhl OT 

KOHK peTHhlX 3H8'!eHHn .. BnnHo TaKme anHRHHe nnaroHanhHhlX H Hennaro-

HanbHbiX aneMeHTOB. B cnyqae a) K = 0,1 (Ta6n. 2a ). B cnyqae 6) K=0,3 

( Ta6n. 26). Ha cpaaHeHRR cnyqaea v H VI BRnHo, '!TO npu ~·anbiX 3H8'!eHRRX 

HennaronanbHhiX aneMeHTOB .. peaynhTBTbi He aaancRT oT nx anaKoB. Cpaa-

HHTenbHO CHITbHbln cnan BHepreTH'!eCKHX ypoBHel nonyqaeTCR B npHCyTCTBHU nua-

roHaJtbHb!X 91u~MeHTOB . 

llnR npoBepKH TO'!IIOCTU pa3HblX npu6numeHHblX MeTonoB cpaBHHM HU3KOne

mamue aoa6ymneaHR cucTeMbi, Bbi'!Rcneaahie TO"'IIO u npu6numeHHbiM MeTonoM • . 
H a Ta6nuu 3a H 36 annllo, '!TO, TaK KaK MeTonbr a) u 6) ( MeTon TaMMa-

llaHKOBa H perneane ceKynRpHOrO ypaBHeHHR) He 38BHCRT OT 3H8KOB f ss', Cny-

'!aH II E' III ~:>TJIH'!8IOTCR TOJtbKO npn TO'!Hb!X Bbl'!HCneHHSIX H nnSI npH6numeH-

aoro MeTana a) ( perneane ceKynSipHoro ypaaaeHHSI aa HCKITIO'!eHHeM nomHbiX 

cocTOSIIIHI). BnuSinue nHaroaanhHhlX qnenoB HaMaoro 6onbme. 

Ha rrpuaeneHHbiX Bbirne n aHHbiX aunno, '!TO BKI1IO'!eane MynhTHnonh-MYllhTH

nonhaoro qne!Ia naeT o6bi"'HO B TO'!HOM pemeaun pacmenneaue aa MynhTnnneT no -

BOJtbHO rycTo pacnonomeaabiX ypoaaell. ITpu6nnmeHHbie pemeanR MeasnoTcSI B 

onpeneneHHbiX paMKax 1 

B oTcyTCTBHe nuaronanbHbiX aneMeaToB TO'!HOCTb MeTana B) ae xyme 

10%. MeTonbi a) u 6) He naroT HR3Konemamux ypoaaea. B npncyTcTBHH aeay-

neBbiX nuaroaanhHbiX aneMeaToB rrpn ae6onhmnx K pacxomneane Me>K.ny TO"'-

HbiMH u npu6numeHHbiMH pac'leTaMH ae 6onhme 15%. ITpu 6onbmnx K OCHOBHoe 

COCTOHHHe B TO'!HOM pemeHHH CHllbHO OllYCKaeTCSI. B TaKHX CJty"'aSIX OIDH6Ka Mo

meT nocTnraTb 30%. 

AaTopbi 6naronapnT npo<!>eccopa B.r. Conoa&eaa aa nocTOSIHHoe BHHMaaue 

K pa6oTe u neaHbie nncKyccuu. 
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TAEJ!HUA I 

8aBBCHIIOC'fl> asaqeBBR B&epru CIIC'rell.li O'r ~JIJIII C.11Y'18ll I. llj)H ~ = 0 B CK06K8X npeACT8BneBO 

C8B~OpBtB, 8 Alii~; 0 Kpa'rHOCT~ BapoHAeHHll 

z,. 0 z.• o.or z.• o.I Z= 0.3 

I. 6.828 ( , • O) 6.752 (I) 5.960 (I) 3.249 (I) 

2. 10_,678 ( ., • 2) I0.576 (4) 9.494 (I) 7.086 (I) 

3. IO. 763 ( ., • O) I0.643 (I) 9.622 (3) 7.!33 (I) 

4. II.536 ( ., .. 2) II.493 (4) 9.623 (I) ?.I44 (2) 

5. II.58~ ( , • 2) II.536 (4) I0.983 (I) 7.I45 (I) 

6. I2.222 ( ., • . 2) I2.I4I (4) I0.992 (2) 8.293 (I) 

:: 7. 12.326 ( ., • 2) I2.283 (4) I0.993 (I) .8.302 (2) 

a. I2.385 ( .., • 2) I2.294 (4) II.083 (3) 8.330 (I) 



TAEJIIUU 2 

3aBHCHUOCTh 3HepreTHqeCKHX ypOBHeK CHCTeKH OT KOHKpeTHHX 3HaqeHKK ~n 
BXHRHKe AHaroaanhHHX K HeAHaroHanhHHX aneueHTOB 

-
l :!L .II li ~ Vi -

a) Z.=O.I 

I. 5.960 5.463 3.564 5.9!9 6.6!4 6;6!4 

2. 9.494 9.!!7 7.430 9. 735 !0.562 !0.562 

3. 9.622 9.8!8 7.679 !0.3!4 !0.565 !0.565 

4. 9.623 9.848 7.687 !0.3!8 !0.640 !0.640 

5. !0.983 9.849 7.697 !0.547 !!.364 II.364 

6. !0.992 !0.066 7. 906 IO. 740 II .365 !!.365 

7. 10.993 !0.067 8 .026 II .285 II.443 II.443 

8 . 1!. 083 10.076 8 .029 1!.294 II .448 II.448 

9. II. 084 10.345 8.698 II.300 II .449 II.449 

10. II .200 10.431 tl .699 1!.547 12 . 037 II. 037 

II. II .202 10.433 8 .709 II. 798 !2.039 ! 2.039 

12. 11.203 ! 0.451 8 .763 1!.982 !2.040 12.040 

6) .;e=0.3 

I. 3.269 -2.590 -9.173 0.975 6.!27 6.!27 

2. 7.086 4.056 -3.414 6.778 10.273 10.273 

3. 7.133 4.132 -3.3!! 7.009 10.305 10.305 

4. 7.144 4.!75 -3.255 7.179 10.307 !0.307 

5. 7.145 5.327 -2.!60 7. 706 !0.356 10.356 

6. 8 .293 5.376 -2.100 9 .102 !0.975 10.975 

7. 8 . 302 5.606 -2.044 9.332 !0.988 10.987 

a. 8 .330 5.805 -!.525 9.531 !0.989 !0.089 

9. 9.221 5.959 -1.092 9.684 1!.098 II.098 

10. 9.241 5. 968 -1.040 9.693 II.149 II.149 

II. 9.250 6.045 -0.993 9.770 II.152 1!.152 

12. 9.294 7.363 -0.069 IO.OII II.449 II.449 
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Ta6~~ 3 

CpaBHea»e HH3KOneza~X B036YaABHHR CHC!eKY, B~cneBHHX !OqHO H npHOnHZBHBHKK Ke!O~aKH 

a 6 B a 6 B a 6 B 

a)~ = O.I I II III 
3.534 4.0I2 3.998 4.175 3.654 3.300 3.099 4.I70 3.866 3.308 3.099 4.I65 
3.662 4.382 4.382 4.376 4.355 4.350 4.350 4.330 4.II2 4.350 4.350 4.330 
3.663 4.%3 4.%3 4.439 4.385 4.953 4.950 4.439 4.II8 4.953 4.950 4.465 
5.023 5.253 5.250 4.701 4.386 5.264 5.256 4.749 4.!33 5.264 5.256 4.725 
5.032 5.47! 5.471 4.789 4.603 5.420 5.4I6 4.9I7 4.342 5.420 5.4I6 4.9I2 
5.033 5.567 5.567 5.300 4.604 5.557 5.556 5.300 4.462 5.557 5.556 5.300 

IV v VI 
3.8!3 3.464 3.358 4.170 3.948 5.3% 5.240 4.I95 3.948 5.3% 5.240 4.I95 
4.395 4.352 4.351 4.330 3. 95I 5.557 5.553 4.385 3.95I 5.557 5.553 4.385 
4.399 4.959 4.958 4.428 4.026 5.844 5.825 4.8% 4.026 5.844 5.825 4.8% 
4.628 5.303 5.30I 4.774 4. 750 6.005 5.982 5.240 4.750 6.005 5.982 5.240 

<:: 4.82I 5.50I 5.501 4.917 4.75I 5.553 4.75I 5.553 
5.366 5.573 5.573 5.084 4.829 5.825 4.829 5.825 

6)X= 0.3 I II III 

3.837 3.372 3.162 4.174 6.646 0.958 4.346 4.I65 5.759 0.958 4.346 4.I55 
3.884 4.380 4.380 ~~.373 6.722 4.347 4.929 4.330 5.86I 4.347 4.929 4.3I6 
3.895 4.935 4. 925 4.492 6.765 4.935 5.!83 4.440 5.9I8 4.935 5.I83 4.464 
3.8% 5.137 5.123 5.120 7. 9!7 5.201 5.396 4.773 7.013 5.20! 5.3% 4.749 
5.044 5.45! 5.451 5.264 7.%6 5.400 5.554 4.920 7.073 5.400 5.554 4.9I2 
5. 053 5.564 5.564 5.435 8,I% 5.554 5.822 5.004 7.I29 5.554 5.822 5.300 

IY y - n 
5. 803 1.762 4.348 4.165 4.146 4.542 4.422 4.195 4.I46 5.442 4.422 4.195 
6. 034 4.349 4. 948 4. 323 4.!78 5.550 5.550 4.422 4.!?8 5.550 5.550 4.422 
6.204 4. 950 5.280 4.439 4,!80 5.?90 5.?90 4.642 4.180 5.790 5.790 4.642 
6.?31 5.285 5. 501 4. 774 4.229 5.957 5.957 4.8% 4.229 5.95? 5.95? 4.8% 
8,127 5.501 5.573 4.920 4.848 5.550 4.848 5.550 
8.130 5.573 5.868 5,048 4.860 5.790 4.860 5.790 


