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npH H3BneqeHHH CITeKTpOCKOITHqeCKO~ H~~OpM8UHH H3 pe8KUHH CpbiBa 

A ( tl p) B B03HHKaeT Bonpoc o BhiqHcneHHH ~opM~aKTopa cpbiBa 

IAS(?n) = f.jr~(()rpB(7n ,() tJ{. (1) 

DnH ero onpeaeneHHH MO*HD BBeCTH cneay~mee paaaeneHHe anH raMHnbTo-

HHaHa Hapa B : 
~ -+ -+ .....,._,. 0 ........ 

H8 (rn,(J=HA(f) +Tn+V0 (r)+V, ••. (rnf)=H +V, .. {rnf ), ( 2) 

r~ Vo H V , ••. -ueHTpanbHhi~ noTeHuHan o5onoqeK H ocTaToqHbie BaaHMo­

aeAcTBHH anH nepeaaHHoro He~TpoHa. 

PaanaraH BOnHOBy~ ~YHKUH~ COCTOHHHH 8 no nonHoMy Ha5opy co6cT­

BeHHbiX ~YHKUHA raMHnbTOHHaua H0 
, MO*Ho nonyqHTb cneay~mee Bhipa­

*eHHe anH I As ( anH npocToThi paccMaTpHBaeTcH cnyqaA MHmeHH c Hyne­

BhiM CITHHOM) : 

lAS(;>) = .J CA
8
ne/ ¢n•/ (;) · 

n 
(3) 

3aeCb ¢ ne/ -oaHoqacTHqHhle ~YHKUHH MonenH o5onoqeK, a KOa~~HUHeHTbl 

MO*HO onpenenHTb H3 aHarOHanH38UHH MaTpHUhl ITOnHOro raMHnbTOHH8H8 

H 8 Ha co6cTBeHHhiX ~YHKUHHX H0 
• CHMBDn J oaHaqaeT cyMMHpoBaHHe 
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:•: 
l,i~ 
iii! 
·~ ,, 

no JlHCKpeTHbiM COCTOSIHHSIM H HH'J'9!pHpOB8HHe no COCTOSIHHSIM cnnOWHOrO 

cneKTpa. 

C Jlpyro~ CTOpOHbl 0 JlnSI H8XO)KJleHHSI iflopMcpaKTOpa MO)KHO pewaTb 

I 1,21 
ypaBH9HHSI 

({f;BA-T -VoJIAB=fJi't/Jt(i'J~ ... (:,t'Jt/JB(;{-):PAB(;). (4) 

HHJl9KC y KoopJlHH8Tbi ~ osHaqaeT, qTo yqHTbiBaeTcSI B3aHMOJle~cTBHe 

He~TpoHa nHwb c HyKnoHaMH CHCTeMhl A Hall nocneaHefi sanonHeHHofi 

o6onoqKofi. 

AcHMnToTHKa lAs , qpesBhlqafiHo cymecTBeHHaSI anSI npaBHnbHoro 

pacqeTa ceqeHHSI cpbiBa, onpeaenSieTCSI 3HeprHefi cBSI3H nepeaaHHoro 

H9~TpOH8 B COCTOSIHHH 8 0 T,e, BenHqHHOfi 

'{f;BA = 11 fs -fA 

ITocKonbKY acHMnToTHKa oaHoqacTHqHhlX iflyHKUH~ ¢"~ onpeaenSieTcSI nHWb 

noTeHuHanoM V0 , anSI npaBHnhHoro onHcaHHSI noBeaeHHSI I A 8 npH 5onbWHx 

Heo6xoaHMO yqHTb!B8Tb BKnaa f\ Bb!p8)1{9HH9 (3) OT cnnOWHOrO cneKTpa, 

JlnSI 3Toro Heo5xoaHMo npoBoaHTb aHaroHanH38UHIO H 8 H B cnnowHoM 

/3/ 
..... cneKTpe. Jla)Ke npH6nH*eHHbie pacqeTbi TaKoro poaa qpe3Bbiqa~Ho 

TpyaoeMKH H CBSI38Hhl C qHCneHHhlM HHTerpHpOB8HHeM no H9CKOnbKHM 

nepeMeHHbiM, 

/4/ 
B cBSI3H c 3THM HaM npeacTaBnSieTcSI nonesHbiM HanoMHHTb o5 HJlee 

HCnonb30B8HHSI iflyHKUHfi illTypMa-flHyBHnnSI B saaaqe CM9WHB8HHSI KOHifJH­

rypauHfi. BonHoByiO ¢yHKUHIO cHcTeMbi BsaHMoaeficTBYIOWHX qacTHu (Han­

pHMep, aByX HyKnOHOB CBepx OCTOBa) anSI CBSI38HHbiX COCTOSIHHfi MO)KHO 

HCK8Tb B BHae 

'P ( tl ,--2 ) = Tl b IJ G I ( -;1 ) G I ( ,.2 ) I 
( 5) 

rae iflyHKUHH G" >IBnSIIOTCSI cooCTBeHHbiMH iflyHKUHSIMH saaaqH illTypMa-flHy-

BHnnSI: 
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[ T + al
1
l}V

0 
( r1 ) ] G

1 
( r1 ) = E1 G1 

( r1) , 

[T +a(~JV0 (r2 )] G
1 

(r2 ) =E2 G
1 

(r} 

c HOpMHpOBKOH fGn(r) V0 (r) Gn·(r) clr =-8nn'• 

Torna aanaqa nHaroHanHaauHH nonHoro raMHnbTOHHaHa cBeneTcR K perne­

HHJO CHCTeMbl ypaBHeHHH nnR KOscjlcjJHUHeHTOB b I I BHna 

(E1+E2-E) bnm+~(l-a(:))b1m<niV02 1 i•> +T(l-J:l)bn 1 <miV~Ii·>+ 
+I b11 <nm IV0 (l) V0 (2)V (12) I;;·>= 0. 

I I •• s. 

PeruaR STy CHCTeMy, Mbl nony'IHM cneKTp COOCTBeHHblX 3H8'1eHHH f!k!Ha-

rueii nByXHyKnOHHOH aana'IH H HBOOpbl KoscjlcjJHU!feHTOB b (k) 1 onpenenRJOlliHX 
nm 

COOTBeTCTByJOWHe t/Jk ( r; -;2) 0 nocxon&Ky CHCTeMa nHcKpeTHblX cjlyHKUHlt Gn 

RBnReTCH nonHOH nnR CBR38HHb!X COCTORHHH1 BOnpoc 0 BKnJO'IeHHH cnnOWHO-

• ro cnexTpa B TaKoA aanaqe He B03HHKaeTo CxonHMOCT& pRna (5) onpene-

nReTCR BbiOOpOM 

E2 =&sA ,To nnR 

CR MHHHM8nhHOe 

napaMeTpoB E 1 H E 2 o EcnH Mbi Bbi6epeM E 1 = E A, 

..JkoJ 
OllHCBHHR HHTepecyJOruero HaC COCTORHHR E = E B noTpeoyeT-

b(kO},l 
'lHCnO Kosc!JciJHUHeHTOB ( n m 0nHO'laCTH'lHble 8CHMllTOTH-

KH t/J k npH 9TOM 6ynyT BBTOMaTH'IeCKH npaBHnhHbiMHoPa3yMeeTCH 1 nnH -.o 
CTOnh ~e TO'IHOrO OllHCaHHR npyrHX ypOBHeA Harnelt llBYXHyKnOHHOlt CHCTeMhl 

noTpe6yeTcR Hcnonh30B8Th 6onhWHi1 Ha6op KoacjlcjJHuHeHTOBo OnHaKo B oTnH­

'lHe OT OObi'IHOrO 6a3HC8 MonenH OOOnoqeK 6a3HC lliTypMa-nHyBHnnR H 

BbirneyKa3aHHhiA Bhi6op napaMeTpoB E 1 , E2 noaBonReT nerxo onHcbiBaTh 

na~e BbiCOKOB030Y~lleHHhle COCTORHHH C O'leHb ManoA SHeprHelt CBR3Ho 

CnenyeT
0 

onHaKo ,oTMeTHTh, 'ITO nnR Haxo~neHHR cjlopMcjlaxTopa I A 8 no 

cjlopMynaM ( 1) H ( 5) HaM npHneTCR paCC'IHTb!BBTb HHTerpanbi THna 

J t/JA* (rl) G n(rl) c/rl • /3/ 
noMHMO ynOMRHyToro Bb!llie MeTona , cyrueCTBYJOT H npyrHe 

cnoco6bi Haxo~neHHR I A 
8 

, ocHoBaHHbie Ha perneHHH ypaBHeHHR ( 4 ) o 
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HaH6onee npocToft HBnHeTCSI o6bi'<IHO ynoTpe6nHeMaH npouenypa "well­

clepth prescription " ( w.c/..p. ) , OCHOBBHHaH Ha aaMeue: 

V0 (r) IAB(r) +PAS (r) - a V 0 (r) IAB(r). 

OapaMeTp a no]lrOHHeTCH T8K1 '<IT06b! ypaBHeHHe 

( T +a V0 
'1:' 0 
\!>SA ) I nf 1 ( r) = O ( 6) 

HM9110 peweHHe, 0pH aTOM B K8'<1eCTBe n 6epyT /lOMHHHpyiOWYIO KOMnOH9H­

Ty B paano)KeHHH I As no 5aaHcy MO/lenH o6ono'<leK ( 3). PeaynbTaTbi pac­

/3/ 
qeTOB C BK1110'<19HH9M CnllOWHOrO cneKTpa nOK83biB8IOT1 'ITO /lllH COCTO-

HHHti C 38M9THblM BKll8/lOM O/lH0'<18CTH'<IHOft KOMnOH9HTbl ( cneKTpOCKOnH'<I9C­

KHti cjlaKT,Op 'SA S •>-. 0,1) w.c/.p. cjlopMcjlaKTOp ~~f I 0'<19Hb M8110 OTllH'<189TCH 

- /3/ 
OT 6onee TO'<IHOrO 3H8'<1eHHH lAB 1 H8ft/l9HHOrO B pa60T9 , nnSI Bb!COKO-

B036y)K/leHHbiX COCTOHHHft C '$A 8 :>; 0 1 1 cjlopMcjlaKTOp ~~f I XOTH H 06ll8/l89T 

npaBHllbHOft 8CHMnTOTHKOft no onpe/leneHHIO (eM, ypaBH9HH9 (6)), HO CllHW­

KOM CHllbHO KOHU9HTpHpyeTCH BO BHyTp9HHeft o6nacTH Hllp8, 3TO npHBO/lHT 

K TOMy 1 'ITO C9'<19HH9 1 Bbl'<IHC119HH09 C 1° o 1 OK83b!B89TCH 38HIOK9HHbiM 
nLI 

4 2 ) 
( npHMepuo Ha 50% /lllH Ca • 

Cne/lyiOWHti war Ha nyTH peweHHS! ypaBHeHHH ( 4) 6bill C/lenau B pa­

/2/ 
6oTe OpaKaWaH OcTepHa 1 KoTopbie npe/lllO)KHllH pa3naraTb I A 8 no 

OCUHllllHTOpHbiM cjlyHKUHSIM <l>n ( r) : 

I As= I. e <I> n n n 1 
(T + Vosc -En)<l>n=O • 

3TO npHBO/lHT K He06XO/lHMOCTH pewaTb CHCTeMy ypaBH9HHtl BH/l8 

!. e 1(&8 ~;-E )8 -<n'\V0 -V \n•>l=f<l>*,(r)PA 8(rJc/r,d '· n n n nn os c · n n 

OpH aTOM JlllH o6ner'<leHHH pacqeToB MaTpH'<IHhiX aneMeHTOB In' npe/lnara-

nocb HCnOllb30B8Tb cjlyHKUHH 1/J 8 H 1/J A ( CM, ypaBH9HH9 ( 4)) 1 H8ft/l9HHbl9 

H8 OCUHllllSITOpHOM 6a3HCe, 0oCKOllhKy OCHOBHOti BK118Ll B f n' BHOCHT 

BHyTpeHHHSI o6naCTb S!/lpal TaKoe npH6llH)K9HHe S!BllH9TCH onpaB/l8HHhlM 1 

'ITO H no]lTBep)KJlaeTCH cornacHeM M9)KJlY pe3yllbTaTaMH 1 nony'<I9HHhlMH B 
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/2/ /3/ 

pa6oTax H • OnHaKo acHMITTOTHKa ocuHnnHTOpHbiX ~yHKUH~ cHnbHO 

OTnH"iaeTCH OT 8CHMITTOTHKH fA 8 • nosTOMy UnH OITHC8HHH BbiCOKOne)l(a­

lliHX COCTOHHHH (COCTOHHH~ B cnyqae rron6apbepHoro CphlB8) He06XOUHMO 

y"iHTbiB8Tb MHOrO qneHOB B pa3nO)I(eHHH ( 7) • 

M bl C"iHTaeM, 'iTO 6onee ITOUXOUH111HM 6a3HCOM H B STOM cnyqae 

HBnHIOTCH ~yHKUHH 38ll8"iH lliTypMa-flHyBHnnH: 

fAB(rJ =I o G (r), n n n 
( 8) 

[ T +an V0 ( r) - lhu] Gn ( r) = 0. (9) 

Bbi6op TaKoro 6aaHca rapaHTHpyeT HaM rrpaBHnbHYIO acHMITTOTHKY fA 8 , 

KaK H B cnyqae w.cl.p. • Eonee Toro, HCHo, "iTO caMa rrpouenypa w.cl.p. 

COCTOHT B TOM, 'iTO B pa3n0~'eHHH (8) COXp8HHeTCH nHllib OUHH qneH, 

YnHBHTenbHO Manoe oTnH"iHe peaynbTaTOB w.cl.p. oT 6onee TO"iHbiX pac­

qeTOB C~~neTenbCTByeT 0 TOM 1 'iTO ~yHKUHH lliTypMa-flHyBHnnH 8llSKB8THO 

oTpa)l(aiOT ~H3HKY aana"iH, DpyrHM CBHUeTenbCTBOM TaKofi ansKB8THOCTH 

HBnHeTCH TOT ~8KT 1 'iTO M8TpHU8 UnH orrpeneneHHH KO~~HUHeHTOB On 1 

rrony"ieHH8H c HCITOnb30B8HHeM ypaBHeHHfi (4), (8) H (9), OK83biP8eTCH 

,a 
n -r-=-7z--

n 

nHaroHanbHO~: 
~. On ( 10) 

rue 

I~= fGn (rJ PAS (r) clr. ( 11) 

BenH"iHH8 a no UnH UOMHHHpyiOmefi KOMITOHeHTbl no , orrpenem1eMo~ B 

w.cl.p. ( cpaBHH ( 6) H ( 9)) 1 06bi"iHO 6nH3K8 K eUHHHUe ( THOH"iHblMH 

BenH"iHH8MH HBnH IOTCH a no - 1,1 .. 1.4), COOTBeTCTByi0111HH KO~~HUHeHT 

o no 6yneT rrosToMy 6onblliHM. KaaaHKnaccH"ieCKHe oueHKH rroKa3biB8IOT, 

2 
'iTO nnH :OnHliHX n aenH"iHHa an - n • Y)l(e STH ~aKTbi rapaHTHpyiOT HaM 

6biCTpyiO CXOUHMOCTb pH US ( 8) • CTOH1118H B "iHCnHTene Bbip8)1(eHHH ( 10) 

BenH"iHH8 1° n 
rrponopuHoHanbHa HenHaroHanbHbiM rrapHbiM MaTpH"iHbiM 

aneMeHT8M OCT8TO"iHblX B38HMOUefiCTBH~, CBH3biB81011lHX COCTOHHHSI CO BCe 

6onbrue~ pa3HHue~ Me)l(ny KB8HTOBbiMH "iHCnaMH n • TaKHe MaTpH"iHbie 
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::meMeHThi obiCTpo yohiBaJOT c pocToM n ( T.e. c poeT OM 'IHcna ocuHnnH-

UHit G n ( r ) ). IT osToMy 'IHCnHTenh B ( 10) f5yaeT nHUih ycKopHTh y>Ke 

yKaaaaayJO cxollHMOCTh l I n2 • 8TH KaqecTBeHHbie coof5pa>KeHHH cny>KaT 

onpaBilBHHeM UIHpOKO HCnOnh3yeMOit npoueaypb! w.J.p. H OO'bHCHHJOT 

0 
CXOilCTBO I nf I c 6onee TO'IHO paCC'IHTBHHbiMH <flopM$aKTopaMH I A 8 • He-

TpyllHO noHHTh xapaKTep paanH'IHit Me>K.tiy I~ f 1 H I A 8 • Y'leT qneaoB c 

6onhUIHMH n B paano>KeHHH ( 8) npHBelleT H3-38 HapaCTBJOIIlHX OCUHnnH­

UHit Gn K noaaBneHHJO I A 8 Bo BHyTpeaaet!: o6nacTH Hllpa. 

llnH paC'IeTS <flyHKUHt!: p A 8 B Bbipa>KeHHH ( 11) HBM Ka>KeTCH Uene­

coo6pa3Hb!M HcnonhaoBaTh npeano>KeaHe flpaKaUia H OcTepaa, T.e. 6paTh 

BOnHOBbie <flyHKUHH t/JA H t/J8 B OCUHnnHTOpHOM 6a3HCe. Kos$$HUHeHTbl 

paano>KeHHH STHX <flyHKUHit no OCUHnnHTOpHOMy 083HCy C yqeTOM OCTaToq­

HhlX B38HMOilet!:CTBHit MHOI'OKpBTHO Bbi'IHCnHnHCh paanH'IHbiMH 8BTOp8MH, 

4>yHKUHH PA 8(r) B STOM cnyqae HMeeT BHil 

PAS (r) =I J 1 ct> 1 (r) 
I 

H OCHOBHBH 381l8'18 CBOilHTCH nHUih K Bbi'IHCneHHJO HHTerpanOB nepeKpb!THH 

fGn(r) ct>, (r) Jr. 

'LfHcneHHble pacqeTbl no OnHCBHHOt!: MeTOilHKe rrpOBOilHTCH HBMH B HBCTOHIIlee 

BpeMH • 

ABTOpbl npH3H8TenhHbl c.n. l1BaHOBOt!:. B.M. 4>ypMaHy, X.Bapuy 3/i 

rrone3Hbie o6cy>Kil9HHH, . 
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