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BBE,llEHHE 

no Mepe poeTa 3Hepr~~ B036ymAeH~R RAPa npo~eXOA~T yenom
HeH~e eTpyKTyp~ ero B036ymAeHH~X eoeTORH~~. 3TOT np04eee 
B pa3HO~ eTeneH~ npORBnReTeR B pa3H~X RApax, OTpamaR ~HA~B~
AYanbHOeTb ~x eeo~eTB. TaK, B RApax e aaMKHyTbiM~ o6ono4KaM~ 
OAH04aeT~4HaR eTpyKTypa eoeTORH~~ eoxpaHReTeR AO 3Hepr~~ 
eoa6ymAeH~R E x-=- 2 M3B, B TO epeMR KaK B Ae<)lopM~poeaHHbiX 
RApax 3aMeTHble np~Mee~ /T~na 11 KBa3~4aeT~4a + <)lOHOH 11 / K OAHO
KBa3~4aeT~4HbiM eoeTORH~RM nORBnRIOTeR yme np~ 3Hepr~RX Ex :o 

= 0,5 M3B. B e<)lep~4eeK~x RApax e paae~T~M enap~BaH~eM ~ B 
RApax nepexOAH~x o6naeTe~ aaMeTH~e np~Mee~ enomHblx KOH<)l~ry
pa4~~ Ha6niOAaiOTeR yme B eTpyKType OeHOBHOrO eoeTORH~R. Mom
HO, OAHaKo, e<)lopMyn~poeaTb PRA o6~~x aaKOHOMepHoeTe~ npo-
4eeea yenomHeH~R eTpyKTypbl eoeTORH~~. KaK 3TO 6blnO eAenaHO 
B pa6oTax 111 . 

YenomHeH~e eTpyKTYPbl B036ymAeHHbiX eoeTORH~~, T, e, nORB
neH~e B ~x eonHOBbiX <)lyHK4~Rx see 6onbwero 4~ena see 6onee 
enomHbiX KOMnOHeHT, 03Ha4aeT, e APYrO~ eTOPOHbl, 4TO o6ono-
4e4Hble ABYX-, Tpex- ~ T,A, MHOr04aeT~4H~e KOH<)l~rypa4~~ He 
npORBnRIOTeR B 4~eTOM B~Ae Ha4~HaR e HeKOTOpO~ 3Hepr~~ B03-
6ymAeH~R. B peaynbTaTe B3a~MOAe~eTB~R e APYr~M~ KOH<)l~rypa4~R
M~ OH~ <)lparMeHT~pyiOTeR, 11 pa3Ma3b1BaiOTeR 11 no 6onbWOMy 4~eny 
RAepHbiX eoeTORH~~. <llparMeHTa4~R npoeTe~W~X KOH<)l~rypa4~~ 
/OAH04aeT~4HbiX ~n~ 4aeT~4HO-AbiP04HbiX/ ~rpaeT BamHyiO pOnb 
np~ npOMemyT04HbiX ~ B~eOK~X 3Hepr~RX B036ym,qeH~R, RBnRReb, 
Hanp~Mep, np~4~HO~ ey~eeTBOBaH~R 6onbW~X W~p~H y r~raHTeK~X 
pe30HaHeOB ~ rny6oK~X Ablp04Hb1X eoeTORH~H e<)lep~4eeK~X RAeP. 

TeopeT~4eeKOMY aHan~ay <)lparMeHTa4~~ e~nbl npoeT~x o6ono-
4e4H~x KOH<)l~rypa4~~. KOn~4eeTBeHHbiM pae4eTaM <)lparMeHTa4~~ 
B paMKaX pa3n~4H~X RAePH~X MO,qene~ noeaR~eH PRA pa6oT. 0A
HOH ~3 nepBbiX RB~naeb pa6oTa 6payHa, 3eaHea ~ Tayneea 121, 
B KOTopo~ Ha np~Mepe RAep 16 0 ~ 4° Ca 6blno noKa3aHo, 4TO 
6naro,qapR B3a~MOAe~eTB~IO OAH04aeT~4HbiX R,qepH~X eOeTORH~~ 
e Kone6aH~RM~ RAepHo~ noeepxHOeT~ aaMeTHaR 4aeTb eneKTpoeKo
n~4eeKo~ e~nbl OAH04aeT~4HOrO eOeTORH~R OT~ennReTeR ~ eAB~ra
eTeR Ha HeeKOnbKO M3B OTHOe~TenbHO HeB03My~eHHOro nonomeH~R 
0AH04aeT~4HOro YPOBHR, B3a~MOAe~eTB~e OAH04aeT~4H~X eoeTOR
H~~ e 6onee enomHbiM~ y4~Tb1Banoeb aaTeM eo MHor~x pa6oTax 
np~ ~3y4eH~~ H~ma~W~X B036ym,qeHHbiX eOeTORH~H KaK nerK~X, TaK 
~ TRmen~x RAeP 13·41 . Hanp~Mep, B pa6oTe 141 <)lparMeHTa4~R 
OAH04aeT~4H~X eoeTORH~~ 6naroAaPR B3a~MOAe~eTB~IO e 2p-lh 
~ 2h-lp KOH<)l~rypa4~RM~ ~3y4anaeb Ha np~Mepe RAeP 207TI , 
207 Pb , 209 Pb ~ 209Bi B paMKaX Teop~~ KOHe4HbiX <)lepM~-
e~eTeM. 0Ka3anoeb, 4TO B 3T~X RApaX OeHOBHaR 4aeTb OAH04ae
T~4HO~ e~nbl eKOH4eHTp~pOBaHa Ha OAHOM o6ono4e4HOM ypOBHe. 
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KaK npas~no, ~cnonb3yeM~e a pac4eTax sonHos~e $YHK~~~ HAep
H~X COCTOHH~H BKn~4a~T Mance 4~CnO KOMnOHeHT. Hanp~Mep, 
B pa60Te 1 51 , paCC4~T~BaH MarH~TH~e MOMeHT~ ~ BepOHTHOCT~ 
Ml -nepeXOAOB MemAY H~3KOnema~~M~ COCTOHH~HM~, aBTOP~ or
paH~4~n~Cb BOnHOBOH $yHK~~eH, COCTOH~eH ~3 OAHOKBa3~4aCT~4-

HOH KOMnOHeHTbl ~ ABYX KOMnOHeHT 11 KBa3~4aCT~~a + $OHOH
11

• 

CTOnb npOCT~e 80nHOB~e $YHK~~~ MOmHO ~cnonb308aTb TOnbKO 

AnH on~caH~H H~maAw~x so36ymAeHHbiX ypo8HeA. 
AnH npa8~nbHoro on~caH~R $parMeHTa~~~ DAH04acT~4HbiX co

CTOHH~A c :mepr~eA 8036ymAeH~H Ex "!. 3-4 M3B ~n~ MH 8bl4~c
neH~H 8en~4~H~ OAH04aCT~4HOH KOMnOHeHT~ 8 CTpyKType 8036ym

AeHH~X COCTOHH~H, nema~~X np~ TaK~X 3Hepr~HX, HymHO ~cnonb-
308aTb ropa3AO 6onee cnomHble 80nH08ble $yHK~~~, 4TO 3Ha4~
TenbHO ycnomHHeT pac4eT~. n~TaHCb o6oHT~ 3TY TPYAHOCTb, a8-
TOpbl pa6oT 16 1 , pacc4~T~8aH $parMeHTa~~~ rny6oKonema~~x Abl
p04H~x COCTOHH~H, T04HO y4~T~8an~ 83a~MOAeHCT8~e A~PK~ TOnb
KO C H~maHW~M~ K8aApynonbH~M~ ~ OKTynonbH~M~ KOne6aH~HM~, 
a C8H3b c HeKonneKT~BH~M~ Tpex4aCT~4H~M~ ~ 6onee cnomH~M~ 
KOH$~rypa~~HM~ y4~T~BanaCb 88eAeH~eM 3$$eKT~8HOH W~p~H~ 803-
6ymAeHHbiX yp08HeH, KOTOpaH 3a8~Cena OT 3Hep r~~ 8036ymAeH~R. 

$parMeHTa~~H OAHOK8a3~4aCT~4H~X COCTOHH~H He4eTH~X HAep 
np~ npoMemyT04H~X ~ 8~COK~X 3Hepr~HX B036ymAeH~R ~HTeHC~BHO 

~3y4aeTCH 8 paMKaX KBa3~4aCT~4HO-$OHOHHOH MOAen~ RAPa 
1 7 - 2 ~/ 

B 3TOH MOAen~ $parMeHTa~~H o6cHCHHeTcH 83a~MOAeHCT8~eM DAHO
KBa3~4acT~4H~x COCTOHH~H C $OHOHH~M~ B036ymAeH~RM~ 4eTH0-
4eTHOrO OCT08a. CneKTP $OHOHHbiX B036ymAeH~H, KOTOpbiH ~c
nonb3yeTCH 8 pac4eTaX 8 paMKaX K8a3~4aCT~4HO-$OHOHHOH MO
Aen~, 8eCbMa W~POK ~ BKn~4aeT HapHAY C o6~4HbiM~ H~3KOnema

~~M~ K8aApynonbHbiM~ ~ OKTynonbHbiM~ $OHOHaM~ $OHOHbl C MOMeH-
TaM~ ~ 4eTHOCTHM~ J" = 1-, 4 +, 5-, 6+, 7- ~ JTT = 
= 1+, 2-, 3+ ... 7+ 1 22 ~ CneAyeT nOA4epKHYTb, 4TO C~na 83a~Mo
AeHCT8~H K8a3~4aCT~~ C $OHOHaM~ 8 3TOH MOAen~ He H8nHeTCH 

C8060AHbiM napaMeTpOM, KaK B $eHOMeHOnOr~4eCK~X MOAenHX 123 •24 1 

OHa onpeAenHeTCH CTPYKTYPOH $OHOH08. ' 
3Ha4~TenbHaR 4aCTb pa6oT, 8~nonHeHH~x 8 paMKax K8a3~4ac

T~4HO-$DHOHHOH MOAen~, noc8H~eHa Ae$opM~po8aHH~M HA-
paM 17 • 9 - 14 • 17-20 ~ 3AeCb 6bln~ ~ccneA08aHbl 06~~e 3aKOHOMepHOCT~ 
$parMeHTa~~~ c~n~ DAHOK8a3~4aCT~4HOrO COCTOHH~H B 3a8~C~MO
CT~ OT ero nonomeH~H OTHOC~TenbHO yp08HH $epM~, K8aHT08~X 
4~Cen [Nn 2 AJf 14 •17 •18 1, paCC4~TaHbl HeHTPOHH~e C~1108~e $YHK-
~~~ 117 , 18 1. B c$ep~4ecK~x HApax TaKme ~3y4a11~Cb HeATpOHHble 
S- ~ p - 80nH08ble C~1108ble $YHK~~~ / 16 ( a HeAa8HO 6bln~ 8~nonHe
H~ pac4eT~ $parMeHTa~~~ r11y6DK~X A~pOQH~X COCTOHH~H 8 ~30TO

nax o11o8a 12 11. 
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• 

B KOHKpeTH~X pac4eTaX Y4~T~8a11aCb C8H3b OAHOKBa3~4aCT~4-
H~X COCTOHH~H T011bKO C KOH~~rypa~~HM~ T~na 11 K8a3~4aCT~~a + 
$QHOH 11

• B paMKax MOAe11~ 6~11~ no11y4eHbl ypa8HeH~H KaK AnH Ae
$DPM~posaHHbiX 19- 12 1, TaK lo1 AnH C$eplo14eCK~X RAep 

18 1
, KOTOp~e, 

8 np1o1H~1o1ne, n038D11H11~ y4ecTb 1o1 6o11ee c11omH~e KOH$~rypa~~lo1. 

0AHaKO npaKTio14eCKOe peweHio1e 3Tio1X ypasHeHio1H OKa3a110Cb lo1CKI1~-

41o1Te11bHO TPYAHOH 3aAa4eH 8C11eACT8~e 6011bWOH pa3MePHOCT~ 
Clo1CTeM 111o1HeHH~X ypaBHeHio1H, onpeAe11H~Io1X K03$$1o1~1o1eHT~ np~ 

pa3111o14HbiX KOMnOHeHTaX 8 B011H08biX $YHK~Io1HX, lo1 He111o1HeHHOH ~X 

3a81o1Cio1MOCT~ OT 3Hepr~~ COCTOHH~H. 
B C8H31o1 c 3T~M 6~111-1 npeAnP~HHT~ non~TKI-1 nocTpOio1Tb np~-

6111o1meHHble MeTOA~ peweH~H ypasHeH~A MOAe111o1 18 -12 / . Ha1o16011ee 

COBepweHHbiM 1-13 Hlo1X 6bl11 TaK Ha3biBaeM~H MeTOA MHOron011~CHOro 
np1o16111o1meH1o1H 1 12 1. DAHaKo npaKT~4eCKio1 3T~ MeTOA~ 6~11~ ~cn011b-
30BaHbl T011bKO AnH ~3y4eHio1H B11~HHio1H KOMnOHeHT 11 K8a31o14aCTio1~a + 
A8a ¢\OHOHa" Ha CTpyKTYPY C11a608036ymAeHHbiX COCTOHHio1H Ae$Qp

Mio1P08aHHbiX HAep. lkn011b3YH DAHOn011~CHOe np1o16111o1meH~e 19 • 11 ~ 
a8TOP~ pa60T~ / 13 / noKa3a11~, 4TO 3T~ KOMnOHeHT~ Ha4~Ha~T lo1r
paTb 3aMeTHy~ po11b np~ 3Heprlo1HX 8036ymAeHio1H Ex~1,0-1,5 M3B. 
n1o1Wb HeAa8HO DAHl-1M 1-13 aBTOp08 HaCTOH~eH pa60T~ 6~11 npeMO
meH 4~C11eHH~H lo1Tepa~lo10HH~H MeTOA peweH~H ypasHeHio1H K8a3~4ac

Tio14HO-$QHOHHOH MOAe11~ RAP a 1251 . 
HapHAY c pa3pa6oTKOH np1o16111o1me~H~X MeTOAOB peweHio1R ypas

HeHio1H MDAe111o1, KOTOp~e npeAn011ara~T pac4eT CTPYKTYP~ KamADrO 
OTAe11bHOro 8036ymAeHHOro COCTOHHio1H RAPa, AJlH on1o1caH~H $par
MeHTa~~lo1 0AHOK8a3~4aCT~4HbiX COCTOHH~H 6bl110 npeMOmeHO ~c
n011b30BaTb 1 15 •17 1 nOHHT~e C~11080H $yHK~Io1~ 126 ( C~1108aH $yHK~Io1H 
Onlo1CbiBaeT ~3MeHeHio1e B 3a8~C~MOCTio1 OT 3Hepr~lo1 ycpeAHeHHOH no 
HeKOTOpOMy ~HTepsa11y 3Heprlo1~ B036ymAeHio1H OAHOKBa3~4aCT~4HOH 
KOMnOHeHT~. Hcn011b3YH noHRT~e C~11080H $yHK~~~ lo1 HeKOTOp~e 

aHa11~T~4eCK~e C80HCTBa ypasHeHio1H KBa3~4aCTio14HO-$OHOHHOH MO

Ae111o1 115 •17 1, YAaeTCH lo136emaTb TPYADeMKOH 3aAa4~ B~41o1C11eH~R 
Be11~4~H~ OAHOKBa31o14aCT~4HOH KOMnOHeHT~ 8 B011HOBOH $YHK~~Io1 

KamAoro 8036ymAeHHOrO ypOBHH. Ho B C11y4ae pac4eTa C~110BOH 

$YHK~Io1~, COOTBeTCTBy~~eH AOCTaT04HO C110mHOH MOAe11bHOH 8011-
HOBOH $yHK~~~, ~ CTa11K~BaeMCH C He06XDAio1MOCTb~ MHOroKpaTHO 
B~4~C11HTb AeTepMio1HaHT~ 8~COKOro nopHAKa, 4TO TaKme HB11HeTCH 
HenpOCTOH 3aAa4eA. 

TaK~M o6pa30M, pa60T~, B KOTOp~X B111o1HHio1e KOMnOHeHT 6011ee 
c11omH~X, 4eM 11 KBa3~4aCTio1~a + $DHOH 11

, Y41o1T~8a110Cb 6~ noc11e
AD8aTe11bH~M o6pa30M, OTCYTCTBY~T. KpOMe· TOro, B 6011bW~HCTBe 
pa6oT, rAe B paMKaX K8a3~4aCT~4H0-$0HOHHOH MOAe11~ ~3y4a111o1Cb 

He4eTHble HApa, He y4~Tb1Ba11~Cb ~30BeKTOPH~e KOMnOHeHTbl 3$$eK
Tio1BH~X MY11bTio1n011b-MY11bT~n011bHbiX C~11. MemAY TeM lo1X B11~HHio1e 

np~ 3Hepr~Hx 8036ymAeHio1H a o611acT~ r~raHTCKoro Alo1nD11bHDro 
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H H30CKanHpHOrO KBaApynonbHOro pe30HaHCOB MOmeT OKa3aTbCH 
cy~eCTBeHHbiM 127 I . 

HaMH npeAnPHHHTO CHCTeMaTH4eCKOe HCCneAOBaHHe BnHHHHH 
KOMnOHeHT 11 KBa3H4aCTH~a + ABa <!>OHOHa 11 Ha <t>parMeHTa~HIO OAHO
KBa3H4aCTH4HbiX COCTOHHHH npH npoMemyT04HbiX H BbiCOKHX 3Hep
rHHX B036ymAeHHH. B HaCTOH~eH pafioTe Mbl OCTaHOBHMCH Ha <!>op
MynHpOBKe OCHOBHbiX nonomeHHH MOAenH, nony4eHHH ypaBHeHHH, 
peweHHe KOTOPbiX no3aonHeT onpeAenHTb 3HeprHH H CTPYKTYPY 
ao36ymAeHHbiX cocTOHHHH. H3naraeTCH MeTOA peweHHH ypaaHeHHH 
H ero CBH3b C paHee pa3pa6oTaHHbiMH npH6nHmeHHbiMH MeTOAaMH. 
nony4eHbl TaKme BblpameHHH AnH CHnOBOH <!>YHK4HH, OnHCbiBa~eH 

<t>parMeHTa4HIO OAHOKBa3H4aCTH4HOrO COCTOHHHH, 4aCTb npeACTaB
neHHbiX 3AeCb pe3ynbTaTOB COAepmHTCH B pa6oTaX / 8 ,21,25 / . 

2. MO.QEilb 

raMHnbTOHHaH HApa B KBa3H4aCTH4HO-<!>OHOHHOH MOAenH BKnl04a
eT noTeH4Han cpeAHero nonH AnH npOTOHOB H HeHTpOHOB, cnapHaa
TenbHOe a3aHMOAeHCTBHe caepxnposoAH~ero THna H cenapa6enbHble 
MynbTHnOnbHble H CnHH-MynbTHnOnbHble CHnbl 122 ~ nocneAHHe COCTO
HT H3 H30CKanHpHOrO H H30BeKTOPHOrO cnaraeMbiX: 

__, __, 1 (A) (A) __, __, A ( ) A ( (} ri.. ) 
VA(r1,r2)=2(KO +K1 7 1 7 2)r1 YA11 (}1¢1 r2 YA-11 2'~"2' 

/2.1/ 
a A .,. __, 1 (AL) (AL)..,.., A [ __, ((} ri.. )] A[ ... y ((} rl.)] 

VL (r1,r2)=2(KO +K1 't'2)r1 a1YA11 1'~"1 LMr2 a2 A11 2"'2 L·M 

MynbTHnonbHble cHnbl Hcnonb3YIOTCH AnH ponl4e.'i!H~ OAHO<!>OHOHHbiX 
COCTOHHHH C MOMeHTaMH H 4eTHOCTHMH A =1 ,2 ,3 •.. , cnHH-MynbTH
nOnbHble CHnbl - AnH nony4eHHH OAHO<!>OHOHHbiX cocTOHHHH c L 77 = 
= 1+,2-,3 : •. . PacC4HTbiBaH 3HeprHH H CTPYKTYPY <!>OHOHOB, Mbl 
npeAnOnaraeM, 4TO KamAbiH THn <!>OHOHOB reHepHpyeTCH TOnbKO OA
HHM THnOM CHn, a HMeHHO TeM, KOTOpbiH COOTBeTCTByeT npOH3Be
AeHHIO onepaTOPOB COOTBeTCTBYIO~ero 3neKTPOMarHHTHOro nepexo
Aa. HanpHMep, B pac4eTax 2+ <!>OHOHOB Y4HTb1BaiOTCH TOnbKO 
KBaApynonbHble CHnbl, a BKnaA CnHH-KBaApynonbHbiX CHn He Y4H
TbiBaeTCH. CnHH-MynbTHnonbHble <!>OHOHbl c MoMeHTOM H 4eTHOCTbiO 
LTT ~ VUL·1 (__, --> ) reHepHpyKJTCH C nOMO~biO B3aHMOAeHCTBHH L r 1 , r 2 , 
BKnaA me CHn VEL+ 1(r1.f2) He Y4HTbiBaeTCH. 

3anHCaHHaH 8 TepMHHaX onepaTOpOB pOmAeHHH H yHH4TOmeHHH 
KBa3H4aCTH4 (ajm ,a jm ) H <!>OHOHOB (QA ,,Q )..,) 4aCTb raMHnb-

~ /11 ,... 
TOHHaHa KBa3H4aCTH4HO-¢OHOHHOH MOAenH, COOTBeTCTBYIO~aH He-
B3aHMOAeHCTByKJ~HM KBa3H4aCTH4aM H <!>OHOHaM, HMeeT BHA 

4 

• 

+ 1 ~ !. ~ a . ---H 0 = :"· f j a jm Jm 2 Aii' r Jffi 

Ai 
Xr 

X 

y 'lJ,(Ai)y'lJ, (Ai') 
/2.2/ 

+ A-11 + A""'IL 
x (QAili(-) +QA""'Ili )(QA-111' (-) +QAili,), 

r - H30TOnH4eCKHH HHAeKC, npHHHMa~HH ABa 3Ha4eHHH:n , p. 

I r ~ . u <:) . 12 
( .. 

J1J2 J1J2 J1J2 

--f;r-- -w 
i1i 2 A i 

n(p) Ai ~ 
X = -

n(p) j 1i2 

K 0 - 1 

l 
(A) K(A) 

2A + 1 
'lj C ) (A i)- Y ( ) (A i) + Y ( )(A i) 

n p n p P n (A) (A) 
K 0 +K 1 

1-
2A+ 1 

Ai 
X n(p) 

XAi 
p(n) 

Y (A i) = .1... _a_ X A i 
n(p) 2 a w n(p) npH w =WAi. 

r 
B BbiWenpHBeAeHHbiX <t>opMynax Hcnonb3oBaHbl cneAYIO~He o6o3Ha4e
HHH: ftj - OAH04aCTH4HbiH npHBeAeHHbiH MaTpH4HbiH 3neMeHT 

1 2 A 
MynbTHnonbHOro onepaTopa r Y~ .. (fJ¢); u <+? = uJ· V· + u J. vJ· , 

,.,... J 1J2 1 J2 2 1 

rAe u j , vi - K03<!l<I>H4HeHTbl npeo6pa3oaaHHH 6oromo6oaa oT 
onepaTOpOB 4aCTH4 K onepaTOpaM KBa3H4aCTH4; fj , fj

1
j

2 
3HeprHH OAHO- H ABYXKBa3H4aCTH4HOrO COCTOHHHH; W Ai- 3Hep
rHH OAHO<!>OHOHHOro COCTOHHHH QX/li~O• KOTOpaH HBnHeTCH pe
weHHeM cneAYIO~ero ypaBHeHHH npH6nHmeHHH cny4aHHOH <!>a3bl: 

K(A) +K(A) Ai Ai K(A)K(A) 
o 1 (X + X ) _ 4 o 1 
2A+1 ° P (2A+1)2 

XAiXAi 1 n P - . /2.3/ 

YpasHeHHe /2.3/ nony4aeTcH eapHa~HOHHbiM MeTOAOM HnH MeTOAOM 
nHHeapH3a~HH ypasHeHHH ABHmeHHH AnH raMHnbTOHHaHa /2.2/, 
KOrAa BOnHOBaH <!>YHK~HH OAHO<!>OHOHHOrO B036ymAeHHH H~eTCH 
8 BHAe Cynepn03H4HH ABYXKBa3H4aCTH4HbiX KOMnOHeHT: . 

Q+ !. Ai[+ +] A-11 A1 A"i~O = I r/1... a. aj, 'A"+(-) ¢·'[a·' ,a. ]A_, l~o• 
,... jj, JJ Jm m ,... jJ J m Jm ,... 

~O - BOnHOBaH <!>YHK4HH OCHOBHOrO COCTOHHHH 4eTH0-4eTHOrO HAPa 
/HnH <!>OHOHHbiH saKyyM QA111~o = 0 I. 
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4neH MOAenbHOro raMI-1nbTOHI-1aHa flAPa, Oni-1Cb1Bal0llll-1i1 B3ai-1MO

Aei1CTBI-1e KBa3~4aCTH~ C ¢QHOHaMH, HMeeT BHA: 

A (- ) 
) 1 fj U2 v j U2 

j1j2 v '!J (Ai) 
T T 

H 
1 + A-p. 

qph=- -- l ( Q . +(-) Q 
2../2 Ap. i Ap.1 A-p.i 

[a+ a . ] + 
hill1 J2- 111 2 A-p. 

(-) 
v .. =u . u . -v. v . 
J1J2 J1 J2 J1 J2 ' /2.4/ 

+ h.c. , 

<l>opMynbl /2.2/-/2.4/ HanHCaHbl AJlfl cny4aee, KOrAa HHAeKCbl (Ap. i ) 
OTHOCflTCfl K MynbTHnOnbHOMY ¢QHOHY. Ar!fl TOro, 4T06bl nony4HTb 

4neHbl raMHnbTOHHaHa, CBf!3aHHble C BKnaAOM CnHH-MynbTHnOnbHbiX 

¢QHOHOB, cneAyeT npOH3BeCTH cneAYIO~He 3aMeHbl B <)>OpMynax 

/2.2/-/2.4/: a/ MaTpH4Hbli1 3neMeHT f. . 3aMeHHTb Ha 
A L J 1J 2 

f j j - OAH04aCTH 4HbiH npH BeAeHHbli1 MaTpH4Hbli1 3neMeHT CnHH-
1 2 A 

MynbTHnonbHoro onepaTopa rA[ a 1 YAp. ( 0¢ ] LM ; 6/ Kb > , K~A) 
3aMeHHTb Ha K&AL ) H KlAL ); B/ eenH4HHbl u (+). H y <:- ). 3a-

(- ) JtJ 2 C+Y1 J2 
MeHHTb COOTBeTCTBeHHO Ha U .. =U . V. -u. v . H V .. =U .U.+ V. v .. 

J1J2 J1 J2 J2 J1 lt J2 J1 J2 J1 J2 
MoAenbHafl BOnHOBaf! <)>yHK~Hfl B036ymAeHHOro COCTOflHHfl He-

4eTHOrO C<)>epH4eCKOrO flApa, KOTOpyiO Mbl 6yAe.M HCnOJlb30BaTb 

B HaCTOfllllei1 pa6oTe, HMeeT CileAYIOliiHi1 BI-1A: 

1{/v (JM) = CJ v la~M\~ . D: i(J v )[a jillQ ;tp. i ]JM + 
1\ IJ 

A1it24l + + + 
+ l F .I ( J v )[ a . [ Q ' II • Q' II . ] IM ,] JM I 'Po • 

' · L· J Jill "1r11 1 " 2r21 2 1\1 I 1""212 

/2.5/ 

j I 

BonHoeaFI <I>YHK~HFI /2.5/ HOPMHpoeaHa Ha eAHHH~y : 

< IJI * (JM)IJI(JM) > =C
2

l 1 + l!D ~ 1 (J v )l 2 +2 l ! F A 11 1A 21 ~J v)l 2 1~ 1. 
v v J v , . J , . J l 

"iJ "11 1 
A2i 2 
j I 

YpaeHeHHFI AnFI 3HeprHH 1/ COCTOFIHHFI IJi v (JM) H K03<)><)>H~HeH-
Ai A1i1A 2 i 2 JV l S I 

TOB CJv , Dj H F j i 6blnH nony4eHbl e pa6oTe , rAe, 

npaeAa, He y4HTbiBailHCb H3DBeKTOpHble cnaraeMble cHn /2. 1 I. 
3TO, DAHaKO, He BnHFieT Ha BHA ypaBHeHHi1, n03TOMy npHBeAeM 

HX 3AeCb 6e3 BbiBOAa: 

5=(1/J h e -77 - . ~ l r ( JjAi)D~ 1 ( J v) =O , /2 6/ 
v J J v v "' A ij J • 

6 

• 

2 
[r (j j 2 A 2 i 2) 1 ) o" o . . o J.J. + 

1 l - 1\/\1111 1 ~ n'' (J")[(< it +W Alil-·J" -. A,;,J, 'j 2 + WA > +W\1,-· ' " /2 • 7/ Aij J 

+.!.. l r(j3j1 A i ) r(j3~~ [(2j1+1)(2j+ 1)1 112!: J 3~1 11= _1_r(Jh\i~. 
2 j3 f j3 + w\ i 1 + wAi -11Jv 1 J J ..['Z 

BenH4HHa r(JjAi) AJlfl cny4afl, KOrAa HHAeKCbl (Ai) OTHOCflTCfl 

K MYnbTHnOnbHOMY <)>OHOHy, HMeeT cneAYIOliiHi1 BHA 121 1: 

A ( - ) 
2 ' 1 11 2 fJ . VJ · r(J jAi ) = ( "+ ) _J __ J_ 

2J + 1 '1/ '!J, ( Ai) 
/2.8/ 

BI-1A r(JjAi) Anfl cny4afl, KOrAa HHAeKCbl (Ai) OTHOCflTCfl K cnHH

MYilbTI-1nOilbHOMY <)>OHOHy, nony4aeTCfl 1-13 /2.8/ B COOTBeTCTBI-11-1 

C BbiWenp!-1BeAeHHbiM pe~enTOM. 3Ha4eH!-1e HHAeKca T y '!J,(Ai) 
onpeAeJlf!eTCfl TeM, KaKOi1 CHCTeMe - Hei1TPOHHOi1 I-1JlH npOTOHHOi1 -

+ 
npHHaAJlemHT KBa3H4aCTH~a aJM. 

A · A i 
BblpameHHe Ailfl K03<)><)>1-1~HeHTa F .I 

111 2 2 (Jv) Mbl He npHBOAI-1M, 

T. K. B A an bHei1weM 3TH K03<)><)>1-1~He~Tbl HaM He noHaA06FITCFI. He

o6XOAHMO OTMeTHTb, 4TO npH nony4eHI-1H ypaeHeHHi1 CAenaH PFIA 

npeAnonomeHI-1i1. Bo-nepeblx, Mbl npeAnonaranl-1, 4TO He4eTHaFI 

KBa3H4aCTI-1~a cna6o BilHFieT Ha CTpyKTypy <)>OHOHHbiX B036ymAeHHi1 

4eTHo-4eTHoro ocToea, 1-1 He y4HTbleanH 3TO enHFIHHe. CooTBeT

CTBeHHO B ypaeHeHHFIX /2.6/-/2.7/ npi-1H~Hn nayJlH Y4HTbiBaeTCFI 

npH6JlHmeHHO. KpoMe Toro, npH Bbi4HCneHHH MaTpH4Horo 3neMeHTa 

OT onepaTopa Hqph MemAY COCTOflHHFIMH /2.5/ fibiJlH coxpaHeHbl 

TOnbKO 4JleHbl < aJM I Hqph[[QAp.ia~ill]JM > H 

da . QA .JJM [H h[[a+ [Q:~~ . QA+_Jl · ]IM']JM> ' 
Jill Ill qp Jlilll 1r11 1 :C 212 

a Manbli1 4JleH <aJM[H h[[a+j [Qt · Qt · J I'"]JM> 6bln oT6poweH 
qp 1ill1 tllt 11 ""21-'2 12 M ' 

4TO COOTBeTCTByeT 06bi4HbiM npeAnOJlOmeHHFIM <)>eHOMeHonorH4eCKHX 

MOAenei1 123,24 1. Bee nepe4HcneHHble npH6nHmeHHfl MoryT cKa3aTb-

Cfl Ha pe3yJlbTaTaX pac4eTOB npH HefiOJlbWHX /-172 M3B/ 3Hep

rHFIX B036ymAeHHFI. 

06l11Hi1 BHA peweHHFI cHcTeMbl IlHHei1HbiX ypaeHeHHi1 /2. 7 I AilFI 

K03<)><)>H~HeHTOB DJi(J v ) MOmHo HanHcaTb, eocnonb30BaBWHCb 

¢opMyilaMH KpaMepa: 

D~i (Jv) ~ _!_ r(J~_!) KA.i (77 ). 
J T?i f . +w,-n J JV 

/2.9/ 
V ' J "i ., Jv 

·1 



A" 
MHO>KHTenb K j 1 (7]) s /2.9/ npeACTaS!lfteT co6o.:1 OTHOWeH~<~e ASYX 
COOTSeTCTSy~~HX AeTepMHHaHTOS H SKn~4aeT see non~ea THna 
"Ej+wA1+wA

111
-71", T.e. see non~ea, esR3aHH~e e 4neHOM 

10 KSa3H4aCTH4a + ASa 4>oHOHa 10 S SOnHOS0.:1 ¢YHK4HH /2.5/. noA
CTaSHS /2.9/ S /2.6/, M~ nony4HM CeKynRpHOe ypasHeHHe, onpe
AenR~~ee 3HeprH~ 71Jv eOCTORHHR 'Pv(JM): 

1 r 2(J"Ai) Aj 
1(7] he -71 -- I --~-K . (71 )=0. 

Jv J JV 2 A. . f . + w,. - n J J v 
1J J 1\1 "IJ V 

/2. 10/ 

EenH S SOnHOS0.:1 ¢YHK4HH S036Y>KAeHHOro eoeTORHHR He4eTHOrO 
RAPa He y4HTbtsaTb KOMnOHeHTbl 11 KSa3H4acTH4a + ASa ¢oHoHa", 
T.e. orpaHH4HTbeR SOnHOS0.:1 ¢yHK4He.:1 BHAa 

+ Ai [ + + ] 'P (JM) = C Ia + l D. (Jv) a. Q, . JM!'P
0

• 
v Jv JM Aij J Jm "/l1 /2.11/ 

A" 
MHO>KHTenb K j 1

(7]Jv)=1 H SMeCTO ¢opMyn /2.9/ H /2.10/ nony-
4a~TCR XOpOWO H3BeeTH~e, HCnOnb30BaBWHeCR Ha npOTR>KeHHI-1 MHO
rHX neT KaK npH H3y4eHHH HH3KOne>Ka~HX COeTORHI-1.:1, TaK 1-1 CO
CTORHJ-1.:1 e 3HeprHe.:1 B036Y>KAeHHR nOPRAKa 3HeprHH CSR3H He.:1T
POHa I 7,14 , 16-18/ . 

3. CHnOBAR <!>YHKUHR. 
PEWEHHE YPABHEHH~ MOAEnH 

PeweHHe CHCTe~ ni-1He.:1H~X ypasHeHH.:1 /2.7/- 3aAa4a secbMa 
cnO>KHaR. Pa3MepHOCTb MaTPI-14~ K03<!>¢H41-1eHTOB D1i (Jv) BRA-
pax c Maccos~M 4HcnoM A"' 120 np~-1 3Hepr~<~RX so36Y>KAeH!-1R 
10+12 M3B pasHa nz200..;.300. KpoMe Toro, 3Hepri-1R 1] BXOAHT 
a ypasHeHHR /2.6/-/2.7/ HenHHe.:1Ho. B TO >Ke speMR 1-13 o6~1-1x 
C006pa>KeHH.:1 RCHO, 4TO T04HO B~4HCnRTb 3Ha4eHHe Cfv AnR 
Ka>KAOrO peweHHR 'Pv(JM) • He HMeeT C~Cna, T.K. S 60nbWHH
CTSe cny4aes OHH 04eHb Man~ 1-1 MOryT 3aMeTHO MeHRTbCR npH 
sapbHposaHHI-1 napaMeTpOS MOAen!-1. ¢H3H4eCKH.:1 C~Cn HMeeT TOnb
KO cpeAHee 3Ha4eHHe senH4HH~ Cfv Ha HeKOTOpOM HHTepsane 
3HeprHH S036Y>KAeHHR, Cy~eCTSeHHO 6onbWeM, 4eM cpeAHee pac-
CTORHHe Me>KAY peweHHRMI-1 71Jv ypasHeHJ-1.:1 /2.6/-/2.7/. :ha 
senH4HHa TaK>Ke 6onee YCT0.:14HSa K sap1-1a4HRM napaMeTpOS MOAe
nH, 4eM OTAenbH~e 3Ha4eHHR Civ . no3TOMy s pa6oTax / 15-18 / 

6~no npeAJ1o>KeHo s~41-1CnRTb He K03<!>¢H4HeHT~ CJv AilR Ka>KAOro 
peWeHHR CHCTe~ ypasHeHJ-1.:1 /2.6/-/2.7/, a CHnosy~ ¢YHK4H~ 

8 

\ 

l 

• 

C 
2

(7]), KOTOpaR OnHc~saeT H3MeHeHHe yepeAHeHH0.:1 senH4HH~ Civ 
S 3aSHCHMOCTH OT 3HeprHH S036Y>KAeHHR 1] 126 1 : 

2 )C 2 
C (7])= Ip(7]-1]Jv Jv 

v /3.1/ 

BecosaR ¢YHK4HR p (x) s~6paHa HaM~<~ s nopeH4eso.:1 <t>opMe: 

1 /'t,. 
p(X)=- --

277 x2+!'t.2,'4 

-too 
J p ( x) dx= 1 . 

napaMeTp /'t,. onpeAenReT senH4HHy 3HepreTH4eCKOro HHTepsana, 
no KOTOPOMY 10 pa3Ma3~SaeTCR 11 3Ha4eHHe CJv , COOTSeTCTSy~~ee 
AaHHOMY peweH~<~~ '~'v (JM). 

8 T04KaX peweHHR CHCTeM~ ypasHeHH~ /2.6/-/2.7/ s~nOnHReT-
CR ycnOBHe 

d 1 (ry) 

d7] 
I 1 

c2 . /3.2/ 
7]=1] Jv Jv 

KaK noKa3aHo a pa6oTax
1 14

•
15

•
17

•
181

, 3TO ycnosHe no3sonReT, 
BOCnOnb30BaBWHCb TeOpHe.:1 Sbl4eTOS, 3anHCaTb CHnosy~ ¢YHK4H~ 

/3. 1/ B BHAe 

C2 (n)= !-rm - 1-
., 1T 1(7;) ' 

rAe 1] - KOMnneKeHaR nepeMeHHaR 1j•1] + it · RBH~.:1 BHA AnR 

C
2

(7]) nerKo nony4HTb 1-13 s~pa>KeHHR /2.10/ AJlR 1(1j): 

2 1 ~ [ 1 + r2C11)l 
c (7])=- • 

1T 2 /'t,.2 2 
[fJ -7]-y2(7])l +4-[1+r2(7])l 

r
2

(.TjAi){LA.i (7])(£. +wAi - 11 )- g_M~1 (71)! 
/3.3/ 

() 
1 'C' J J 4 J y 1] ,._ .?... 

2 2 A ij ( ( j -7] + WAi )2 + /'t,.2 I 4 

() 
1 'C' r 2(JjAi)IM~i(7])(Ej+WAi-7])+L~ 1 (71)! r 7]=- ~ 

2 2 Aij (!j+WAi -7])2+!'t.2 / 4 

Ai Ai 
¢yHK4HH L . (7]) 1-1 M . (71) ~ - peanbHaR 1-1 MHHMaR 4aCTH ¢YHK4HH 

J J 2 A 
KOMnneKCHOro apryMeHTa K j! (7i), BSeAeHH0.:1 HaMH S /2.9/, 

Ai _ Ai /'t,. A" 
T .e. K . (7J),. L . (7]) +i-M .1 (n) J J 2 J ., • 

9 



KaK y~e OTMe4anOCb, OT6paC~BaH~e B BOnHOBOA ~YHK4~~ /2.5/ 
KOMnOHeHT 11 KBa3~4aCT~4a + ABa ~OHOHa" np~BOA~T K TOMY, 4TO 

A· AI AI 
K / (Tf )= 1, ~n~, e HOBbiX o6oaHa4eH~.Rx, M j (Tf) =0 , L / ( Tf) = 1, 
TorAa An.R C2

(TJ) Mbl nony4aeM cneAYIOlllee Bblpa~eH~e, ~aeeCTHoe 
~3 pa6oT / 24-26 / : 

2 1 c (TJ)=-
f!1+11(TJ)I 

TT 
2 ~2 2 

!cJ-7J-y 1(7J)I + 411+1 1(TJ)I 

1
2
(JjAi)(cj +W,\j-7]) 

y ( 7]) = ...!. ~ 2 
1 2Aij (lj+wAi-TJ)2+~ /4 

/3.4/ 

1
1 

(TJ) = _1_ ~ 1 
2
( J j A i ~ 

2 A ij (l j +WAi -TJ) 2+~ 2/4 

Ar!R TOro, 4T06bl paC<)_4~TaTb C2 (7]), He06XOA~MO yMeTb Bbi-
4~Cn.RT b K03~~~4~eHTbl D. I , BXOA.Rlll~e B Bblpa~eH~e An.R j' (Tj), 
An.R pa3HbiX 3Ha4eH~A KoM'nneKcHoA nepeMeHHoA 1j . B pa6oye 1251 

6bln npeAno~eH ~ anpo6~poeaH ~Tepa4~0HHbiA MeTOA peweH~.R c~c
TeMbl /2.7/ An.R KOMnneKCHbiX 3Ha4eH~A nepeMeHHOA 'ij. 

3an~WeM C~CTeMy ypaeHeH~A /2.7/ B MaTp~4HOM B~Ae; 

§ 5 =r 0 

5; BeKTOp, KOMnOHeHTbl KOTOporo- He~3BeCTHble K03~~~4~eHTbl 
D j I ' r - BeKTOP' o6pa30BaHHbiH npaBbiM~ 4aCT.RM~ ypaBHeH~H 

/2.7/. A~aroHanbHble 3neMeHTbl MaTP~4bl §, KaK npae~no, 6onbwe 
HeA~aroHanbHbiX. 3TOMY cnoco6cTBYIOT TP~ ~aKTOpa; a/ ~3-3a 
npae~n OT60pa no MOMeHTY ~ 4eTHOCT~ CpeA~ g ik ( i .,f, k) 
MHoro paBHbiX Hyn10; 6/ HeA~aroHanbHble MaTp~4Hble 3neMeHTbl co-
Aep~aT reOMeTp~4eCK~H MHO~~Tenb C 6j-c~MBOnOM, KOTOPbiH 
ecerAa MeHbWe 1; e/ HeA~aroHanbHble MaTp~4Hble 3neMeHTbl g1k 
o6pa30BaHbl HeKorepeHTHbiM~ CYMMaM~, B TO epeM.R KaK B A~aro
HanbHble MaTp~4Hble 3neMeHTbl BXOA.RT KOrepeHTHble CYMMbl -r(j 1j:fi)o 
n~Wb B TeX cny4a.RX, KOrAa 3Hepnt.R Tf OKa3biBaeTC.R 6n~3KOH 
K KaKOMy-n~6o non10cy T~na 11 KBa3~4aCT~4a + ABa <)>OHOHa", He
KOTOPble HeA~arOHanbHble 3neMeHTbl CTaHOB.RTC.R 6onbW~M~, Ponb 
HeA~aroHanbHbiX MaTp~4HbiX 3neMeHTOB C~CTeMbl /2.7/ 3aKnl04aeTC.R 
rnaBHbiM o6pa30M B yH~4TO~eH~~ n~WH~X noniOCOB, a nono~eH~e • 
peweH~H TfJv ~ ~parMeHTa4~.R onpeAen.RIOTC.R B OCHOBHOM A~aro-
HanbHbiM~ 3neMeHTaM~. 

10 

J.1MeHHO Ha nocneAHee CBOHCTBO C~CTeMbl ypaeHeH~H /2,7/ o6-
paT~n~ e nepey10 o4epeAb BH~MaH~e aeyopbl pa6oT / 7,8/ o Ha 
nepeoM 3Tane ypaeHeH~.R /2.6/-/2.7/ n~Tan~Cb pew~Tb, coxpaH.R.R 
B ypaeHeH~.RX TOnbKO KOrepeHTHble 4neHbl /Toe. 4neHbl-1

2
(j 1j0iYo 

3T~ 4neHbt OAHOepeMeHHO .RBn.RIOTC.R ~ A~aroHan bHbiM~. Ho e TaKoM 
np~6n~~eH~~ y C~CTeM~ /2.7/ nO.RBn.RIOTC.R n~WH~e, He~~3~4eCK~e 
peweH~.R. An.R Toro, 4T06bl ~36ae~TbC.R oT H~x, npeAnaranocb 
y4~TbiBaT b 6n~~aHw~e K ~CKOMOMY KOPHIO HeA~arOHan bHble 

0 
4neHbl 

ypaeHeH~A /2.71 19·11 •121. 0AHaKo ~3-3a ~nyKTya4~A e een~4~Hax 
1(j 1j 2Ai) en~.RH~e pa3Hb1X non10coe onpeAen.ReTc.R MHOr~M~ ~aK-
TopaM~ ~ a'priori TPYAHO C~OpMyn~poeaTb Kp~yep~H, no3BOn.RIO-
lli~H 04eH~Tb, KaK~e ~MeHHO HeA~aroHanbH~e non10ca HaAO y4eCTb. 
B cny4a.Rx, KOrAa CTpyKTypa peweH~.R oKa3b1Banacb KonneKT~BHoA, 
T.e. COCTO.Rila ~3 60ilbWOrO 4~CI1a cpaBH~MbiX no Bei1~4~He KOM
nOHeHT, ~cKyCCTBeHHOe orpaH~4eH~e 4~cna Y4~T~eaeMbiX HeA~aro
HailbH~x nOiliOCOB np~BOA~IlO K ~CKa~eH~IO CTPYKTypbl COCTO.RH~.R. 

Y4eT OAHOro, ABYX HeA~aroHailbH~X nOiliOCOB OKa3~BaeTC.R AOCTa
T04HbiM TOilbKO Ail.R Bbi4~CneH~.R BOilHOBbiX ~yHK4~H peweH~A /2 o 6/
/2.7/, ~MeiOlli~X npocTyiO CTPYKTypy. Yeen~4eH~e 4~cna y4~Tbl

eaeMbiX HeA~arOHailbH~X nOiliOCOB np~BOA~T K 4pe3B~4aAHO 6~CT
pOMY ycno~HeH~IO ~OpMy n, Aeila.R ~x Manonp~ roAHbiM~ Ail .A npaKT~-

4eCKoro ~cnonb3oeaH~.R. 
npeo6naAaH~e B C~CTeMe /2.7/ A~arOHailbH~X 3IleMeHTOB HaA 

HeA~aroHailbHbiM~ noaeon.ReT np~MeH~Tb Ail.R ee peweH~.R ~Tepa4~0H
Hb1A MeTOA RKo6~. CornacHo 3TOMY MeTOAY n-oe np~6n~~eHHoe 
peweH~e c~cTeMbl D (n) HaXOA~TC.R cneAYIOlli~M o6pa3oM: 

5 <n> = 0<n-1) + H cr _ § i)<n-1>). 
/3.5/ 

rAe MaTp~4a }{- A~aroHailbHa.R ~ ee MaTp~4Hble 3neMeHTbl paeHbl: 

g i i = gi~ 1 

.... (0) 
§ K~4ecTee Ha4ailbHoro np~6n~~eH~.R D ~cnOilb3yeTc.R eeKTOP 
1: Q(O) = r · J.1Tepa4~0HHbiA MeTOA RK06~ CXOA~TC.R, eCil~ An.R ecex 
CTpOK MaTp~4bl § BblnOilH.ReTC.R HepaBeHCTBO 

-1 
k. "'!g .. ! ~I g., . 1< 1. /3.6/ 

I 11 j '.,f, j I I 

0AHaKO, KaK yKa3biBailOCb BbiWe, Ail.R HeKOTOPbiX 3Ha4eH~A nepe
MeHHOA 1j ycnoeHe /3.6/ 6yAeT HapywaTbC.R. B 3TOM cny4ae 
MaTp~4Y J{ B /305/ CileAyeT 6paTb B APYrOM B~Ae. nycTb ocy
llleCTBil.ReTC.R C~Tya4~.R, KOrAa 

k 1 >1, i=1,2,o .. rno 
k 1<1, i=rn+1,rn+2, .. ono 

1 n - paHr MaTP~4bl '§ I. 
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/TaKoro nonomeH~R ecerAa MOmHO A06~TbCR nepecTaHOBKOH CTPOK 
~ cTon61.1oe MaTP~I.Ibl ·~ I. HaTP~LIY }( onpeAen~M TOrAa cneAyiO
~~M o6pa30M: 

~ 
'{iJ '-1 . ;:, , I-1 , 2, .... m. 

}(= 1 /3.7/ 
g- , i=m+l, m+2, .. . n . 
il 

HaTP~Lia ~ - e /3.7/ o6pa3oeaHa nepBbiM~ m-CTpoKaM~ ~ 
cTon61.1aM~ MaTP~Libl ·~. CneAyeT nOA4epKHyTb, 4TO KamAOMy 3Ha4eH~IO 
1i 6yAeT COOTBeTCTBOBaTb CBOR MaTP~I.Ia ·~,, pa3MepHOCTb ·~, 

6yAeT MeHRTbCR OT T04K~ K T04Ke. 3AeCb none3HO npoBeCT~ aHa
nor~IO c on~caHHbiM 4YTb BbiWe MeTOAOM MHOrononiOcHoro np~6n~
meH~R. Bb16op MaTP~Libl }( e B~Ae /3.7/ 03Ha4aeT, 4TO e nepeoM 
np~6n~meH~~ ~3 BCeH MaTP~I.Ibl ·~ BbiAenReTCR cy6MaTp~l.la, COOT
BeTCTBy~aR noniOCaM, Ha~6onee C~nbHO CBR3aHHbiM C OAHOKBa3~-
4aCT~4HbiM COCTORH~eM, c)>parMeHTai.I~IO KOTOporo Mbl Bb14~CnReM. 

H3 ocTanbHbiX MaTp~4HbiX 3neMeHTOB g ik np~ 3TOM Y4~TbiBaiOTCR 
TOnbKO A~arOHanbHble. 3TO KaK pa3 ~ COOTBeTCTByeT MHOrono
niOCHOMY np~6n~meH~I0 /9,121 . Ecn~ me ycnoe~e /3.6/ BblnonHReTCR 
AnR BCeX CTPOK MaTp~l.lbl }(, TO nepBbiM np~6n~meH~eM K T04HOMy 
peweH~IO ypaeHeH~H /2.6/-/2.7/ 6yAeT pe3ynbTaT, nony4aew~HCR 

17 8 / C COXpaHeH~eM TOnbKO KOrepeHTHbiX 4neHOB B 3T~X ypaBHeH~RX '. 
DAHaKo ~Tepai.I~OHHbiH MeTOA ~AeT Aanbwe. CneAYIO~~e ~Tepa~.~~~ 
Y4~TbiBaiOT ~ BKnaA HeA~aroHanbHbiX 3neMeHTOB, BHOCR~~X He6onb
w~e nonpaeK~ ~. 4TO 6onee eamHo, ~cKnl04a~~x n~wH~e KOPH~, 

nema~~e Ha 6onbwoM YAaneH~~ OT r;. KpoMe Toro, Mbl ~MeeM 4~c
neHHbiH Kp~Tep~H, n03BOnR~~H Bb16paTb Te HeA~aroHanbHble no
niOca, BKnaA KOTOpbiX B AaHHOH T04Ke ~ Ha~6onee cy~eCTBeH, ~ 
MOmeM ~3MeHRTb 4~CnO y4~Tb1BaeMbiX noniOCOB OT T04K~ K T04Ke. 

no cpaBHeH~IO C Bbi4~CneH~eM MaTP~I.Ibl ·~-~eTOA pa60TaeT TeM 
3c)>c)>eKT~BHee, 4eM MeHbWe pa3MepHOCTb MaTP~I.Ibl ~,, T.e. 4eM 
6n~me K 1 een~4~Ha (n-m) / n. 

B Ka4eCTBe np~Mepa 6blna paccMOTpeHa c)>parMeHTai.IHR Ab1P04-
Horo HeHTPOHHOro COCTORHHR lg912 RAPa 119Sn B HHTepeane 
3Hepr~~ eo36ymAeH~R 0 sEx $.10 H3B 1 2 51• PaHr MaTP~Libl ~ oKa-
3ancR paBHbiM n .. 276. Ho paHr MaTP~I.Ibl ·~, eo ecex T04Kax 7i 
6bln 6onee 4eM Ha nopRAOK MeH bWe n: m ~ 20 . 

B noeblweHH~ 3c)>c)>eKTHBHOCTH npeAnomeHHOro ~Tepai.IHOHHoro Me
TOAa H3BeCTHyiO ponb HrpaeT HCnOnb30BaHHe ~CKyCCTBeHHOH pa3-
Ma3K~ K03c)>c)>HL\HeHTOB CJv c noMO~biO eecoaoH C!>YHKLIHH p(x), 
T.K. yeen~4eHHe napaMeTpa ~ yMeHbwaeT eenH4HHY HeA~aroHanbHbiX 
MaTp~4HbiX 3neMeHTOB gik H yeen~4HBaeT CKOpOCTb CXOAHMOCTH 
~Tepai.I~OHHoro npo1.1ecca. Kp~TepHeM Toro, 4TO e T04Ke ij Mbl 
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Ha k -oM ware ~Tepai.I~OHHoro npo1.1ecca 
H~e, RBnReTcR a6coniOTHoe 3Ha4eH~e r 

-'> -+ ->(k) -+ 
r= l r l . r= ~D -r . 

nony4~n~ T04HOe pewe
eeKTOpa HeBR3K~ r: 

B np~ BeAeHHOM BbiWe np~Mepe 3Ha4eH~e r ~ 10-
4 AOCT~ranocb 

nocne 7-8 ~Tepai.I~H AnR ~ = 0, 1 M3B ~ nocne 2-3 ~Tepai.I~H 
AnR ~ = 0,5 H3B. 

3AKni04EHHE 

B HaCTOR~eH pa6oTe cc)>opMyn~poeaH annapaT, no3eonR~~H 
B npHHI.I~ne y4eCTb B paMKaX KBa3~4aCTH4HO-c)>oHOHHOH MOAen~ 
BnHRHHe KOHc)>~rypai.I~H 11 KBa3~4acn11.1a + ABa c)>OHOHa11 Ha c)>parMeH
Tai.IHIO OAHOKBa3~4aCT~4HbiX COCTORH~H. He TOnbKO nony4eHbl 
ypaBHeH~R MOAen~, Y4~TbiBaiO~He KaK ~30CKanRpHble, TaK ~ ~30-

BeKTOPHble COCTaBnRIO~~e 3c)>c)>eKTHBHbiX MynbT~nOnb-·MynbT~nonbHbiX 
c~n, HO ~ cc)>opMyn~poeaH 4~cneHHbiH MeTOA ~x peweH~R . Pac4eT 
c)>parMeHTal.l~~ AbiP04HOrO COCTORH~R ~30TOna onoea C A= 119 
nOKa3an BbiCOKYIO 3c)>c)>eKTHBHOCTb npeAnOmeHHOrO MeTOAa. t\eTanb
HOe ~3y4eH~e pon~ KOMnOHeHT 11 KBa3~4aCT~I.Ia + ABa c)>OHOHa11 

~ pac4eTbl c)>parMeHTal.l~~ rny6oK~X AbiP04HbiX COCTORH~H cc)>ep~-
4eCKHX RAep, B KOTOpbiX Y4TeHbl 3TH KOMnOHeHTbl, 6YAYT npeAMe
TOM cneAYIO~HX ny6nHKai.I~H. 
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