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j 1. B B e a e H H e 

8 .[.(8HHO~ pa60T9 HCCneayeTCH CBH3b Me~ay rrapaMeTp8MH 0 HCITOnbay~

llU!MHCH B T90pHH H.[.(9pHO~ CTpyKTypbi) H napaMeTp8MH 0 OITHCbiB8~IUHMH pacce

HHH9 CB060.[.(HhlX HyKnOHOB. TaKaH CBH3b .[.(OnMH8 HM9Tb M9CTO, ecnH H8nH~He 

HyKnOHHOrO ITOnH, C03.[.(8HHOrO BC9MH ~8CTHU8MH H.[.(pa, He CHnbHO H3M9HH9T 

sneMeHT8pHbl~ 8KT CTOnKHOB9HHH .[.(BYX HyKnOHOB. flO-BH.[.(HMOMy, H8 aene pea

nHayeTCH CHTY8UHH1 6nH3K8H K STOH. Bo BCHKOM cny~ae KpatfHe 38M8H~HBO 

Hay~HTbCH rrony~aTb aorronHHTen&Hy~ (no oTnomeHH~ K ¢aaoBoMy aHanHay) 

:dH¢OpM8UH~ 0 B38HMOJJ.9HCTBHH HyKnOHOB H3 JJ.8HHblX 0 CTpyKType HJJ.pa. 

AKTyan&HOCTb npo6neMbi TeopeTH~ecKoro onpeaeneHHH napaMeTpOB a¢¢eK

THBHbiX CHn Bbi3B8H8 T8KM9 06HnHeM MOaene~ H.[.(pa. PaCCMOTpHM, H8ITpHMep, 

KOHKp9THbl~ H.[.(epHbl~ 3KCrrepHM9HT: 38XB8T #l -M930H8 H.[.(pOM 1e 0 

Je 0 +II- ... 18 N +· 
r- "'ll 

TeopeTH~9CK8H HHTeprrpeTaUHH TOM ~8CTH rrpouecca, KOTOp8H OTHOCHTCH K 

CTPVKTV09 COCTOHHII ~ H.[.(ep 
18 

0 H 
18 

N , .[.(OCTHraeTCH IT pH ITOMOIUH 0.[.(-

HO~ Ha cneay~IUHX Moaene~ l 1 I: 

1. Moaen& o6ono~eK. 

2. flpH6nHM9HHe KBaaH6oaoHOB HnH MeTOJJ. cny~attuo.ll: ¢aabi ( C<t>). 

3. 3aBHCHTUHil: oT BpeMeHH MeToJJ. XapTpH-<l>oKa ( X<t>). 

4. TeopHH MHraana ( TeopHH KOHe~HbiX ¢epMH-CHCTeM). 

8 Te~eHH9 ITOCn9.[.(HHX neT 6binH VCT8HOBn9Hbl COOTHOI!l9HHH M9M.[.(Y 3 TH

MH MO.[.(enHMH/ 1, 2,3/ 1 ITOK838BillH9 0 ~TO CyiUeCTB9HHb19 paanH~HH M9M.[.(y ypaB

H9HHHMH MO.[.(ene~ HM9~T M9CTO B Bbi6ope napaMeTpOB a¢¢eKTHBHbiX 3HpHaOB 
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u cun, no aToMy , noaxoAH K eorrpoc y o rrpeuMymecTBe TOA unu HHOfi Moaenu 

C npaKTH'leCKO~ TO'IKH 3peHHH, MO>KHO 6binO 6bl CK838Th, 'ITO T il 113 MOAenefi 

nyqwe, napaMeTpbl KOTOpOA nyqme COrnacyiOTCH C A B HHb!MH 0 pacceHHHH CB0 -

60AHb!X HyKnOHOB, 

B 3BAB'Ie onpeaeneHHH a4$eKTHBHhiX HAepHhiX cun rro aaHHhiM o cunax, 

aeACTBYIOWHX Me>KAY HyKnOH8MH B nyCTOTe, AOCTHrHyThl 6onhmHe ycnexH, 

GBH38HHhie c pa3BHTHeM TeopHH BpaKHepa H co3naHHeM aq$eKTHBHhiX MeTo

aoe onpeaeneHHH MaTpHUhi pea KUHHI 4,5, 61, B pa6oTax rpynnbi BpayHa I 7 I aQJ 

QJeKTHBHhie CHnhl B HApax Bb!p8>K8IOTCH "lepe3 M8TpH'lHb!9 aneM9HTbl M8TpHUbl 

peaKUHH BpaKHepa. 0UH8KO 9CTh OCHOBBHHH C"'HT8Th, 'ITO CBH3h 8~QJeKTHBHb!X 

CHn C M8TpHUeA peaKUHH B MonenHX, rrepe"'HCneHHb!X Bb!We, He CTOnh ITpOCT8 0 

KaK a To npeacTaBneHo B KHHre BpayHal 1 I. Ha aTo yKa3biBaeT, B "'BCTHOCTH, 

To, 'ITO cHnhi, onpeneneHHbie Kyo H BpayHoM, He rro3BonHIOT orrHcaTh eepo-

le 0 HTHOCTH 38XB8T8 ~ -Me30H8 B ITpH nepeXOA8X B HH>KaAmHe COCTO-

HHHH I& N . 

llpyroA nonxoa K pemeHHIO 3ana"'H rrpenno>KeH B pa6oTel81, B KOTopoA 

OCT8TO'lHOe B38HMOneACTBH9 onpeneneHO nnH pemeHHH QJH3H"leCKHX npo6neM, 

norrycKaiOWHX Hcrr o nh30BBHHe MeTona XapTpH-¢oKa. KaK 11 e TeopHH ¢epMH

>KHUKOCTH, aQJQJ9KTHBHOA CHnOA 3U9Ch HBnHeTCH BTOp8H BapH8UHOHH8H npOH3BOU

H8H OT 8HeprHH CHCT9Mbl B COCTOHHHH 6e3 KOppenHnHn nanhHero panHyCa 

nencTBHH rro aneMeHTaM MaTpHUhl rrnoTHOCTH, OueHKH napaMeTpoe cHnhl e 

npu6nu>KeHHH Hyneeoro panHyca nencTBHH, rrony"leHHhie H3 pacqeToB aHeprHH 

CBH3H B 6eCKOH9'IHOn H OAHOpOAHOfi HAepHOfi M8T9pHH I 91, IT03BOnHnH o6~HC

HHTh o6UIHe qepTb l 8MITnHTYUhl pacceHHHH B TeOpHH MHraanal 101, 

8 § 2 BOCITpOH3BOAHTCH C ue6onhWHMH H3MeHeHHHMH BbiBOA ypaBHeHHn 

MeTona C¢, U8HHbln B pa6oTel31, H BBOAHTCH 0603H8'!9HHH, HCITOnh3yeMbl9 

B nanhHefimeM. 

8 §3 UBHO o6mee onpeneneHHe aq$eKTHBHOA CHnbi nnH MeTOAOB TeOpHH 

HUP8, POACTBeH H b!X M9TOAY C¢. 

§2. BbrBo.a ypBBHeHHil Mero.aB CcP 

+ 
HarrHweM TO'!Hhle cooTHoweHHH nnH onepaTopa nepexona b Me>Kny 

:t B YM H co6cTeeHHhiMH cocToHHHHMH cHcTeMbi I ·o > H I 1 >·, orrpeneneHHoro 

£[1.-' f) Myno fi 

4 

r 

3TOT orrepaTop YAOBn• 

MHnhTOHH8HOM CHCTet 

B lflopMyne ( 2 ) h cu 

rronO>KHTenhHOA, a OITE 

Ecnu ~r+l 0 > · ~ 0 , 

rrpHBOUHUIHM K COCTOH . 

npu ycnoeuu , 'ITO b I 
I 0 >. OTHOCHTCH K OCI 

llenaH orrpeaeneJ 

C8HHbiX Bb!We yp8BH9f 

HhiX HaepHhiX rrepexoa 

8) npeanono>KeHI 

'l8CTH'!Hbl9 BOnHOBbi9 

M9>KHyKnOHHb!X KOppen: 

,. 1 ¢ ) • Bo MHorux c 

'l9CKOM S!Upe te 0 

MeTpH30B8HHb!e rrpOH3 1 

nHUHHMH Me>KAy "18CTI 

B8>KHYIO ponh B TeOpF. 

rrpeaCT8BHTenH QJYHKUI 



~~ HnH HHOA MOAenH 

1 ~TO T U H 3 MOAeneA 

MH 0 pacCeHHHH CBO-

TIO A8HHbiM 0 CHnax, 

'bi 6onhlllRe ycnexR, 

3qxpeKTHBHbiX MeTO

>yTITibl EpayHa/7/ 3!jl-

3neMeHTbl MaTpHUbl 

) CBH3b 3 cp!jleKTHBHbiX 

n e, He CTOnh npocTa, 

lb!B8eT 1 B ~8CTHOCTR 1 

>nHKlT OTIHC8Tb Bepo-

HRlKBJ:!:lllHe COCTO-

a6oTe/8/, B KOTopoJ:!: 

pH3HqecKHX npo6neM, 

R B TeOpHH ~epMH-

) H8UHOHH8H npOH3BOA 

~ nanbHero pan:~~:yca 

napaMeTpOB CRnhl B 

H3 pacq~TOB 3HeprRR 

I/ 1 TI03BOnRnR 06'bSIC -

rnana/10/. 

MH BhlBOil ypaBHeHRJ:!: 

eHRR, Hcnonh3yeMhie 

nnH MeTOAOB TeOpRH 

repexona b + 

I 1 >·, onpeneneHHoro 

I 1 > ... b + I o > . (1) 

3TOT onepaTOp YAOBneTBOpHeT cnenyK>IUeMy COOTHOIUeHRKl KOMMyTBURR C ra

MHnbTOHR8HOM CHCTeMbi H : 

( 2) 

[H,b+ ]·h~ b+ +IT. 

B !jlopMyne ( 2 ) 3HeprRH nepexona, KOTOpyKl Mbl C~HTaeM 

nonOJKRTenbHOA, a onepaTop , T8KOB1 ~TO 

( 3) 

rriD>~O. 

EcnH rr+l 0 >.e 0 , TO onepaTop b TOJKe HBnHeTCH onepaTopoM nepexona, 

npHBOilSUUHM K COCTOS!HHKl 1"2 > = b I 0 >" c 3HeprHel! E 2 e E 0- h cu. 

npH ycnoBHR , ~To b I 0 >., 0 nocnenHee ycnoe:~~:e He HMeeT MeCTa, Korna 

1 ·o >. oTHoc:~~:TcH K ocHoBHoMy cocToHHHKl cHcTeMbl. 

JlenaH onpeneneHHbie npennonoJKeHRH 0 pa3nRqHbiX KOMTIOHeHTBX B H8TIH

C8HHbiX Bblllle ypaBHeHHHX1 MOJKHO IIOnyqRTb npR6nRJKeHHOe OTIRC8HHe pa3n:Hq

Hb!X SIAepHbiX nepeXOAOB. CpenR 3THX npennonO}f{eHRA OCHOBHbiMR HBnHK>TCSI: 

a) npennonoJKeHHe 0 CTpyKType OCHOBHOI"'O COCTOHHHSI CHCTeM b i, MHOI"'O

qacT:HqHb!e BOnHOBbie !jlyHKUHH HnepHbiX MoneneJ:!: He conepJKaT RH!jJOpM8UHH 0 

MeJKHyKnOHHbiX KOppenSIUHHX KOpOTKOI"'O paAHyCa (KoppenHUHSIX H8 paCCTOHHHSIX 

• 1 ~ ), Bo MHOI"'HX cny~aHX (HanpHMep, AnSI OTIHC8HHH ~ -38XB8T8 B M8r'H

qeCKOM SlApe le 0 ) B KaqeCTBe OCHOBHOI"'O COCTOSIHHSI 6epyTCSI 8HTHCHM

MeTpH30B8HHbie npOR3BeneHHH OAHOqaCTHqHbiX BOnHOBb!X !jlyHKUHA1 T,e, KOppe

nSIURSIMR Me}f{Dy qacTRuaMR npeHe6peraK>T eoece. TaKRe <f>yHKURR :~~:rparoT 

BBJKHYKl ponh B TeOpRR SIApa, R Mbl npRBeneM Bb!p8}f{eHRe AnSI OTnenbHOI"'O 

npeACT8BRTenSI <f>yHKURJ:!: T8KOI"'O pona B TepMRH8X BTOp:HqHQI"'O KB8HTOB8HHSI 
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I K > .. + 
II< II a li II ·o >> n 

(4) 
F 

+ 
3Jl9Cb 8 y -OIT9p8TOpb11 ITOp0)1(Jl8101I!H9 '18CTHUbl B COCTOSIHHSIX Y ~ KOTOpb!M 

COOTB9TCTBYIOT OpTOHOpMHpOB8HHbi9 OJlHO'I8CTH'IHb!9 BO.JlHOBb!9 cj>yHKUHH </> (X); 

II 0 >> -MaTeMaTH'IeCKHA BaKyyM, T.e. TaKoe coCTOHHHe, 'ITO a,.. II 0 >> = 0. 

rrpH Be ex 3H8'19HHHX v . CocToHHHe ( 4) nonHoCTbiO 3aJlaHo, ecnH H3BeCTHa 

COOTB9TCTByiOII!8ll eMy 0JlH0'18CTH'IH8SI M8TpHU8 IT.JlOTHOCTH 

(5) 

K (x,x')= l: ¢* (x)¢ (x') . 
II II 

y~ II F 

CneJlyeT 3aMeTHTh, 'ITO B o6meM cnyqae w'IHCTaH KOHcj>HrypauHHw (4) 

He OITHCbiB89T OCHOBH09 COCTOHHH9 B M9TOJl9 C<l>, KOTOpOe BK.Jl10'189T KpyrrHO

M8CWT86Hb!9 KOppenHUHH M9)1(Jly HyKnOH8MH. 0JlH8KO ITp9JliTOn8r89TCSI 0 'ITO 

cymecTBY eT "perrepHoe" cocToHHHe I k 0 > THrra ( 4), JlnH KoToporo crrpa-

B9Jl.JlHBbl COOTHOW9HHSI 

11IK
0

>=w+ IK
0 

>-0. 
( 6) 

<l>opMy.Jlbl ( 6) npH6nH)I(9HHO Bb!ITO.JlHSIIOTCSI 1 9C.JlH 'IHC.Jl8 38ITO.JlH9HHSI B C06CTB9H-

Hb!X COCTOSIHHSIX I 0 > H 1 > M8.Jlbl. 

6) CneJlyiOmee npeJliTO.Jl0)1(9HH9 YCT8H8BnHB89T OTHOCHTenbHO npOCTyiO 

+ 
CTpyKTypy onepaTopa b : 

b+- Jh h' b(x,x').p+(x)t/t(x'), 
( 7) 

r.~te 

-t/t(x)• :I a
11

¢.,(x). 
,. I ( 8) 

6 

~ 
'I 

==c 

EcnH I ·o > - oc1 

<0 

B rrpH6nH li<9HHH C<t> Bl 

< l( 

3aM9THM 1 'ITO Bbi60p p1 

T9.JlbHOMY orp8HH'l9HHIO 

b(x,x ')= fdy < 

+ (B(x-

~ (X II 1 

B) nocneAHee rrpe 

K89T C H906XOJlHMOCTbK 

BcneJlCTBHe OTTa 

K8li<Jl09 COCTOSIHH9 THITt 

HOMY COCTOSIHHIO S!Jlp8 0 

UHanbHoro xapaKTepa e 

60T8SI C peanHCTH'I9CKE 

B38HMOJl9ACTBHSI COJlep; 

M9HTbi 0 B3S!Tb!9 OT Here 

H.JlH O'l9Hb B9.JlHKH. noa• 

B BHJl9 



(4) 

:TOHHHHX II~ KOTOpbiM 

HOBbie !flyHKUHH cP ( :1) i 

ife, 'ITO 8 11 11 0 >> "' 0 . 

aaaHo, ecnu H3BeCTHa 

::TH 

(5) 

)Oe BKlliD'IaeT KpyiTHO

npeanonaraeTCH0 qTo 

, anR KOToporo crrpa-

( 6) 

IT01!HeHHH B C06CT Be H-

rHOCHTellbHO llpOCTYJO 

( 7) 

( 8) 

r 
I 

EcnH I ·o > - ocnoBnoe cocToHHHe cHcTeMbi , To 

+ ( 9) 
< OI[b,b JI O >= t . 

B npH61!H)I(eHHH C <t> BMecTo !f>o pMynbi ( 1) rmwyT 

+. 
< K 0 I [ b , b ] I K 0 > , . 1 . 

(9) 

3 aMeTHM 0 'ITO Bb!60p perrepHOrO COCTOHHHH B lf>opMe (4) rrpHB~aHT K aOITOllHH

TenbHOMY orpaHH'IeHHID Ha !f>yHKUHID b(x, x ' ) B !f>opMyne (7) 

b(x, x')= J d y dy ' { K
0

(x , y)b (y,y')( 8 (y' - x')- K
0

(y ', x '))+ 

( 10) 

B) nocneaHee rrpearrono)l(eHHe, OTHOCHIIIeecH K raMHnbTOHHany H, BbiTe

KaeT C Heo6xoaHMOCTbiD H3 rrpeabiilYIIIHX. 

BcneucTBHe oTTanKHBaHHR Me)l(ay HyKnoHaMH Ha Manwx paccToHHHHx 

K8)1(/lOe COCTOHHHe THITa (4) rrpaKTH'IeCKH OpTOrOH81ibHO 1!ID60MY C06CTBeH-

HOMy COCTOHHHID Hllpa, T8K 'ITO TOllbKO anR OllHC8HHH rrepexoaOB O'leHb crre

UH81ibHOrO xapaKTepa ero MO)I(HO HCIT01ib30B8Tb K8K perrepHOe COCTOHHHe, pa-

60T851 C peanHCTH'IeCKHM raMH1ibTOHH8HOMo ne~CTBHTe1!bH0 0 ecnH ITOTeHUH81! 

B38HMOaeHCTBHH coaep)I(HT OTT8JIKHB8IDIIIYID ceapueBHHy, TO MaTpH'IHbie ane

MeHTbi1 B351Tb!e OT Hero ITO COCTOHHHHM THITa ( 4 ),o6paiiiaiDTCH B 6eCKOHe'IHOCTb 

HllH O'leHb BellHKH o noaTOMY B 6onbUJHHCTBe pa60T raMH1ibTOHH8H 38llHCb!B8IDT 

B BHae 
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H-=fdx dx'(xlblx') l/l+(x)Y,(x')+ 

( 11) 

+_!_ fdx dx dx' dx' (x
1

x 1VIx'
1
x' )1/1 (x )1/1 (x )t{i(x' )l/l(x'

1
) 

4 l 2 l 2 2 2 l 2 2 

c oaHoqacTH'IHbiM onepaTopoM ( x I b I · x '),a KoTopbiA: Mo~eT 6biTb BKnl0'1eH 

onepaTop "cpeaHero" nonH, H c '"rna.z:tKHM" noTeHuHanoM BaaHMo.z:teA:cTBHH 

< x • x 2 I v I . x ,1 x , 2 ) = < x 2 x 1 I v I . x ; x ~ ) .. - < x 1 x 2 I v I x ; x ) .. 
( 12) 

= ( ][ x ' I v I x x 
2 1 2 

MaTpH'IHhle aneMeHThl 

ypoBHeA cpeaHero nonH. 

V a<jxpeKTHBHO CBH3b!B8~T TOnbKO He6onbWOe qHCnO 

CTonb cHnbHbie npe.z:tnono~eHHR o xapaKTepe BenHqHH I ·o > , b + , H 

HeCOBMeCTHMb l 0 CTporo rOBOpH 0 C ypaBHeHHRMH ( 2) H ( 3) • 0AH8KO OK83biBa

eTCH B03MO~HblM Bbi6paTb onep8TOp b+ B BHAe (6) T8KHM o6pa30M 0 qTo6bi 

o6p8THTb B TO~eCTBO "rnaBHbie" M8TpH'IHbie aneMeHTbl COOTHOWeHHA: ( 2) 0 

( 8) 0 B KaqeCTBe KOTOpb!X Bb!6Hp8~T M8TpHqHbie aneMeHTbl Me~AY COCTOHHHeM 

I K 0 > H ABYXKBaaHqacTH'IHbiM cocTOHHHeM BHAa 1/1 +· ( x 
0

) .P ( x ~) I K 
0 

>. 

C npOH3BOnbHb!MH 3HaqeHHSIMH KOOpAHH8T X O , X ~ 

llnH nocneay~wero aHanH3a TpeTbero npeanono~eHHH, KOTopoMy nocaH

meHa pa60T8 0 HBHbiA BHA ypaBHeHHA: MeTO):t8 C<J> He ll0Tpe6yeTCH 0 H noaTO

MY aanbHeA:wHA: BblBOA HX onyweH. 0.z:tH8KO npe~.z:te 'leM nepeA:TH K T8KOMY 

8H8nH3y, CAenaeM HeCKOnbKO 38MeqaHHA: 0 B03MO~HOCTH Bb!XOA8 38 p8MKH 

nepBbiX AByx npeanono~eHHA:. 

J1cnonb30B8HHe OAHOA: KOH¢Hryp8UHH B KaqeCTBe penepHoro COCTOHHHH 

He npOXOAHT npH OllHC8HHH HAep, AaneKHX OT M8rHqeCKHX0 B KOTOpb!X Ha6n~

A810TCH napHbie KOppenHUHH Me~AY HyKnOH8MH. 0.z:tH8KO npHHUHnHanbHbiX 

8 

··~ 

.; 

TPYAHOCTeA yq~T 3TH~ 

nOHHTHH 6oron~60BCKl 

npo6neMy npeacTaBnH 

cneKTpa B036y~AeHHAI 

WHX COCTOHHHA 2+. 

C ApyroA CTOpOk 

TOA8 C~ orpaHHqHBaeT 

TaMH B onepaTope nep• 

qae He MoryT 6biTb B J 

11 aTa npo6neMa He ~ 

npeano~eHbi MeTOAbi 

TaKHM o6pa30M, 

ypaBHeHHA C~, BHOCHT 

MeTpOB raMHnbTOHH8H8 

aTO o6CTOHTenbCTBO 3E 

AnH H3yqeHHR aneMeHT8 

ApyroA: CTOp0Hbi 0 OHO I 

napaMeTpOB raMHnbTO f. 

8. 06me 

~H3HqeCKHA: CMb!C 

¢HrypHpy~WHX B §2, MO 

CTp8HCTB8 COCTOHHHA:/ : 

raMHnbTOHH8H CHCTeMb 

r.z:te H 
0 

- HeKoTopbiA: 

He38BHCHMb!X HyKnOHOB 

HH~aAwaH N - qacTHqH, 

HHe nnOTHOCTH HyKnOHOB 

COCTOHHHA 0 XOTb H rpy6t 



:X,)+ 

( 11) 

;~noM B38HMOAeftCTBHSI 

'I X ; X ) -
( 12) 

nbKO He6onbrnoe qucno 

!nH'IHH 1·0>, b+, H 

( 3), 0AH8KO OK83biB8-

T8KHM o6p830M1 qT06bi 

ITbl COOTHOliieHHft ( 2), 

!Tbl Me)KAY COCTORHHeM 

( X 
0

) t/1 ( X~ ) I K > 
0 

!HHR1 KOTOpOMy nOCBR

DTpe6yeTCSI1 H IT09T0-

3M nepel!:TH K TBKOMY 

::::TH BbiXOA8 38 paMKH 

penepHoro COCTOSIHHH 

HX1 B KOTOpb!X Ha6nJO

KO npHHUHITHanbHb!X 

TPYAHOCTeft yq~T STHX KOppenHUHA He npeACTaBnHeT H AOCTHraeTCH BBeaeHHeM 

ITOHHTHH 6oromo60BCKHX KBa3HqaCTHUI21 • Eonee CnO)KHYJO H He perneHHYJO e rne 

npo6neMy npeACT8BnHeT OITHCBHHe CBH3H ¢epMHeBCKOft H 6oaeBCKOA qaC TH 

cneKTpa soa6y)KaeHuAI 11 I, B03HHKaJOmeA, HanpuMep, npu aHanuae HH3Kone)Ka -

mux COCTORHHA 2+. 

C apyroA cTopoHbi, npu 6onbrnux aHeprHRX nepexoaa h cu TOqHQCTb Me-

TOAB C<J> orpaHHqHsaeT npeHe6pe)KeHHe qeTbipeXKB83HqaCTHqHbiMH KOMnOHeH

TBMH B onepaTope nepexoaa b + ( CM, <f>opMyny ( 7)), KOTOpbie B aToM cny

qae He MOryT 6b!Tb Bbi6porneHbl Ha OCHOBBHHH SHepreTuqeCKHX C006pa)KeHHft, 

J.1 9T8 npo6neMa He MO)KeT CqHT8TbCR perneHHOA B H8CTORrnee BpeMR, XOTR 

npeano)KeHbi MeTOAbi qucneHHoro aHanuaa BnHHHHH aToro aqxpeKTal 12,131. 

TaKHM o6pa30M 0 nepBbie AB8 npH6nH)KeHHR1 HCITOnb30B8HHbie npH BbiBOAe 

ypaBHeHHA C<J>, BHOCRT HeKOHTpOnHpyeMyJO HeToqHOCTb B onpeaeneHHe napa

MeTpOB raMHnbTOHH8H8 Ha OCHOB8HHH ABHHbiX no CTpyKType RApa. EeaycnOBHO, 

STO o6CTORTenbCTBO 38TPYAHReT HCnonb30B8HHe CBeAeHHA no CTpyKType RAep 

AnR H3yqeHHH aneMeaTapHoro 8KT8 CTOnKHOBeHHR HyKnOHOB B BerneCTBe, Ho, C 

apyroA CTOpOHbi, OHO nOBbiliiaeT HHTepec K TeopeTuqecKoMy onpeaeneHH~ 

napaMeTpOB raMHnbTOHH8H8 AnR B03MO)KHOrO YTO'IHeHHR TeOpHH CTpyKTypbl, 

8. 06mee Bbip8JKeHHe JlnH sf/xPeKTHBHOJl CHnbi 

<I>H3H'IeCKHA CMbiCn Bbipa)KeHHA anH <f>yHKUHA H onepaTopoB nepexoaa, 

<f>urypupyiOlliHX B §2, MO)KHO nOHHTb1 HCnOnb3YH onpeaeneHHe MOAenbHOrO npo

CTp8HCTB8 COCTOSIHHAI 14,7 I 1 ITOCTpoeHHOrO cneayJOlliHM o6pa30M, 3anHliieM 

raMHnbTOHHaH CHCTeMbl B BHAe 

( 13) 

H O - HeKOTOpb!A OAHO'IBCTH'IHbll!: onepaTop, OITHCbiBBJOrnHl!: ABH)KeHHe 

He38BHCHMbiX HyKnOHOB B none BHeliiHHX CHn, flyCTb H O Bbi6paH T8K, qT06bi 

HH)KaArnaR N - 'IBCTHqHaR KoH<f>HrypauHR npaBHnbHO nepeaasana pacnpeaene

HHe nnOTHOCTH HyKnOHOB B RApe, C N HyKnoHaMH, a cneKTp OAHO'I8CTHqHbiX 

COCTOHHHA, XOTb H rpy6o, nepeaasan 6bi CBOACTBa COCeAHHX He'I~THbiX RAep, 

9 



KoaqmrypauHH H 0 5yayT Henonb30B8TbeR K8K 583HeHbie ¢yHKUHH npH pa3-

nO:>KeHHH eo5eTBeHHbiX ¢yHKUHI! eHCTeMbl 0 npH'i(!M, K8K rOBOpHnOeb Bb!llle, npH 

mo5oM Bbi5ope H 0 eo5eTBeHHbie ¢yHKUHH npaKTH'ieeKH opToroaanbHbi Ka>K-

aoA H3 ero KoH¢HrypauHA. 

Pa305beM Bee MHO>KeeTBO 583HeHbiX
0 OAHO'iaeTH'iHhlX ¢yHKUHll 

H8 ABe 'i8eTH 0 OAH8 H3 KOTOpb!X eoaep:>KHT nHlllb OTHOeHTenbHO HH3Kone:>Ka-

IIIHe eoeTORHHR 0 K8K STO flOK838HO H8 pHe. 1. B MOAenbHOe npoeTpaHeTBO 

PHc. 1. Mo~enbHoe npocTpaHCTBO c_ocToRHHll. YpoBHH .oo a F 3anonHeHbi B KOH

~HrypauHH, COOTBeTCTBYJOlllell OCHOBHOMY COCTORHHIO RApa B MO.OenH 

o 6ono'ieJl• B MOAenbHOe npocTp8HCTBO COCTORHHll ( m) BKnJO'ieHbl BCe 

KOH~HrypaUHH, B KOTOpb!X HyKnOHbl pacnpe.oeneHbl no ypOBHRM, pacno

nO:>Ke HH biM HH:>Ke BOnHHCTOll nHHHH. 

COeTORHH A eHeTeMbl N HyKnOHOB (m) Mbi BKnJO'IaeM see N -'laeTH'IHbie 

KOH¢HrypaUHH, o5p830B8HHble H3 OAH0'18(:TH'IHbiX eoeTORHHA, ne>K8IIIHX HH>Ke 

BOni! H e T OI! nHHHH H8 pHe. 1. llel!eTBHe eHn KOpOTKOrO paaHyea H8 HH)I{al!lllHe 

KOH¢HrypaUHH e 5onblll0ll BepORTHOeTbiO npHBOAHT K npHMeeRM O'leHb BbieOKOne

>K 8 IIIHX eoeTOR HHli 0 T.e. BbiBOAHT KOH¢Hryp8UHH H3 MOAenbHOrO npoeTpaHeTBa. 

10 

C Apyrol! eTopOHblt MO> 

5onbll1He Ma TpH'iHbie sne 

O'ieHb eHnbHO OTnH'i810T• 

eHnbi B38HMOAelleTBHR J 

paee'iHTbiB8Tb 0 'iTO yaa e 

T8K 0 'iT05bi p83AenHTb y 

ypaBHeHHR lllpeaHHrepa 

AYIOIIIHM o5pa30M! 

a) PelllaeTeR Ber:o 

n < z > 

rae onepaTop P(m) npo E 

¢yHKUHA. 

5) Onpea e nReTeR M 

Ko B MoaenbHOM npoeTpa 

Hm (z 

npH BemeeTBeHHbiX 3Ha'l 

eneayeT H3 pa3no:>KeHHR 

e 

B) HaxoaRTCR co5e, 



HCHhle ¢yHKUHH npH paa-

!.IK rOBOpHnOCb Bb!llle , npH 

ecKH opToroaanbHhl Ka)l(-

0/lHO'IaCTH'IHbiX ¢yHKUHt!: 

OTHOCHTenbHO HH3KOne)l(8 -

AOJlenbHOe npOCTpaHCTBO 

H JlO C1 F aanonHeHbl B KOH

CTOHHHIO Hllp8 B MOJlenH 

)SIHHll: ( m) BKniO'IeHbl BCe 

~neHbi no ypoBHHM, pacno-

1aeM Bee N -qacTH'IHbie 

'O pa/lHyca Ha HH)f{at!:lllHe 

pHMeCHM O'leHb Bb!COKOne-

IoaenbHoro npocTpaHCTBa. 

I 

C Jlpyrot!: CTOpOHbi1 MO)I(HO HaJleHTbCH 1 'ITO CHnhi JlanbHero paJlHyCa HMeJOT 

60nbll1He MaTpH'IHbie aneMeHTbl TOnbKO B TOM Cnyqae, eCnH KOH¢HrypaUHH He 

O'leHb CHnbHO OTnH'IaJOTCH. IT03TOMy1 paa6HB 6onee HnH MeHee npOH3BOnbHO 

CHnhi B38HMO/let!:CTBHH HyKnOHOB Ha KOpOTKYJO H JlanbHJOJO 'laCTb 1 MO)I(HO 

paCC'IHTbiBaTb 1 'ITO YllBCTCH onpeaenHTb MOJlenbHOe npOCTpaHCTBO COCTOHHHt!: 

TaK, 'IT06bi pa3JlenHTb Y'I~T KOpOTKOt!: H JlanbHet!: KOMfiOHeHTbl CHn. PellleHHe 

ypaBHeHHH WpellHHrepa anH ¢YHltUHH 1111 > 

llYJOUIHM o6pa3oM: 

npeanaraeTCH BhlnonHHTb cne-

a) PemaeTCH Bcr.oMoraTenbHoe ypaBHeHHe 

ll(z)=l-
1- p(m) 

VO(z), ( 14) 

H -z 

rae onepaTOp p(m) npoeKTHpyeT COCTOHHHH Ha MOJlenbHOe npOCTpaHCTBO 

¢yHKUHt!:. 

6) OnpeaenHeTcH MOJlenbHhit!: raMHnbTOHHaH Hm ( z) , aet!:cTBYIOillHtl: TOnb

KO B MOJlenbHOM npOCTpaHCTBe 

( 15) 

ITp H Bem ecTBeHHhiX a Ha'leHH Hx z 

cneJlyeT us paa no)l(eHHH 'C m< z) 

o n epaT op H m< z ) '"lpMHToB, KaK aTo 

B pSIJl n o CTeneHSI M V . Ji!MeeM T8K )I(e 

+ 
~ (z*)-~ (z). .. ( 16 ) 

B) HaxO/lSITCH co6cTBeHHbie ¢yHKUHH MoaenbHoro onepaTopa 

( 17) 
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r) Co6cTBeHHbie 9HeprHH CHcTeMbi E 1 H co6cTBeHHbie cjlyHKUHH orrpe

nenH~TCH H3 ypaBHeHHA 

Em(E 1 )-E 1 

( 18) 

1 w , > - n < E , > 1 ·41>, > . 
( 19) 

EcnH H3BecTHo TOnbKO onao H3 peweHHA ( E , I 0 > ) ypasaeHifA ( 17), 

( 18), COOTBeTCTBy~wee, H8IIpHMep, OCHOBHOMY COCTOHHH~, TO MO)I{Hb CQJOp!j.iy

nHpOB8Tb aanaqy onpeneneHHH orrepaTopa nepexona b+ , yMHO)KeHHe KoTopo

ro ua cocToHHHe I 0 > npHBOAHT K cneny~meMy peweHH~ c cjlyHKUHeA I 1 > 

(K8K B cjlopMyne (1)), nerKO BHOeTb, 'ITO 9TOT OIIepaTOp ynosneTBOpHeT ypaB-

HeHH~ 

+ + +· H(E +hw)b -b H (E ) .. bcub +" 
m 0 m 0 (20) 

("\0>-0), 

CBOOHWeMyCH K ypaBHeHH~ ( 2), ecnH MO)KHO rrpeae6pe'fb 38BHCHMOCTb~ OT 

z B OIIepaTopa x 0 ( Z) , ~ ( Z) • 

Ocaosaoe rrpenrrono*eHHe, KOTopoe Mbi nenaeM, rrepexonH K aaanHay 

acjlcjleKTHBHbiX CHn AnH MeTOA8 C4>, COCTOHT B OTO)KAeCTBneHHH BOnHOBbiX 

cjlyHKUHA H orre paTopos a Toro MeTona c MonenbHbiMH senH'fHH8MH, orrpenenea

HbiMH B OTHOCHTenbHO y3KOM 1IpOCTp8HCTBe MHOrO'f8CTH'IHbiX KOHcjlHrypauHA, 

r o sopH TO'!Hee, Mbi rrpenrron a raeM, 'ITO cymecTsyeT neTepMHHaHTHaH cjlyHKUHH 

I ·K 
0 

>, rrpHaa nne*amaH MonenbHOMy rrpocTpaHCTBy, KOTopaH MO)KeT cny)KHTb 

+ 
K 8 K perrepHoe COC TOHHHe ( CM, ypaBHeHHe ( 6)), H 'ITO orrepaTop b conep-

)KH T B0 36y)KAe HH51 nHWb ne6onbWOrO 'fHCna KB8 3H'f 8 CTHU H rrpeACT8BHM B XOpO

W eM IIp H 6 nH)KeHHH B BHAe ( 7) • 3TH rrpenrrono)KeHHH paayMHbi, IIOCKOnbKY 

HC KnJO'fe f£H e E b i COKone )K8IIIHX KOHcjlHrypauHA H3 ( m) CHnbHO yMeHbW8eT KOppe

nHUHH KopoTt ~o panHyca. 0nHaK0
1
H3-aa orrepaTopa 0 m(z) B orrpeneneHHH 

12 

MonenbHoro raMHnbTOHH 

CnO)KHOA, VfcKn~'feHHe p 

MeHT bl CH n bi Me)Kny p83l 

IIOHBneHH~ T peX'!8CTH'IH blli 

H 8 KOTOpOM IIOK838Hbl IIpC 

T pex- H 'feThlpeX 'f8CTH'fHb 

PHc. 2. n pnMepbl anarpaM 
B Hm. 11 aaeKc p 
HOe npo CTp8HCTBO 

VI a c Kaa a aaoro BbiTeJ 

K OM IIOHeHTbl Hm ( Z ) 110 ! 

H 2) K 8 KH M o 6p830M H8nH• 

eT ypasHeHHH C4> ? OcTaB. 

Mbl yKa)KeM IIpOCTOA CIIOC 

BocrronhayeMcH orrpene n em· 

cjlepMHeBC KHX OIIepa T OpOB 



5CTBeHHhle ¢yHKUHH onpe-

( 18) 

( 19) 

, I 0 >) ypaBHeHHA ( 17), 

TOSIHH!O, TO MO>KHb clj!opl).fy

b + , yMHO>KeHHe KOTOpO

perneHH!O c ¢yHKUHeA I 1 > 

!p8TOp YAOBneTBOpSieT ypaB-

+" 
( E ) -hAl b + rr 

0 (20) 

eHe6pe'lh 38BHCHMOCTb!O OT 

naeM, nepexoAH K aHanHay 

TO>KAeCTBneHHH BOnHOBhlX 

H aenH'lHH8MH, onpeaeneH

~qaCTH'lHWX KOH¢HrypauHA. 

•T AeTepMHH8HTH8SI ¢ YHKUHSI 

y, KOTOp8S! MO>KeT cny>KHTb 

1 'ITO oneparop b + coaep

:ICTHU H npeACT8BHM B XOpO-

!HHSI pa3yMHbi, ITOCKOnbKY 

I CHnbHO yMeHbll18eT KOppe

ropa 0 m< z) B onpeaeneHHH 

MoaenhHoro raMiinhTOHRaHa cTpyKrypa onepaTopa H m ( z ) OK83bmaeTCSI 

CnO>KHO~. YfCKnJO'leHHe pS!A8 KOH¢RrypBUH~ nepeHOpMRpyeT MBTpH'IHhle ane

MeHTbl CHnbi Me>KAY pa3nH'lHbiMH COCTOSIHHS!MH ABYX 'IBCTHU H npHBOAHT K 

nOSIBneHH!O TpeX'l8CTH'lHblX H 6onee CnO>KHbiX KOMITOHeHT B H m ( Z) ( CM.pHc.2, 

H8 KOTOpOM noK838Hhl npOCTe~lliHe DH8rp8MMhl 0 OTBeTCTBeHHhle 38 nOSIBneHHe 

Tpex- H qeTb!peX'lBCTH'lHblX KOMnOHeHT) • 

p p 

PHc. 2. npHMepbl nHarpaMM, COOTBeTCTBYIOUIHX TpexqaCTH'IHblM KOMnOH€HT8M 

B H m• YfHA€KC P OTHOCHTCH K ypOBHJO, He BKnJO'I€HHOMY B Monenb-

HOe npocrpaHCTBO ( m ) • 

H3 CK83BHHOrO BbiTeK8!0T cneAyJOIUHe DBB BOnpoca: 1) K8K B bl'lHCl!SITb 

KOMnoHeHTbl Hm ( Z) no A8HH biM 0 peanlfCTH'leCKHX CHnax Me>KAY HyKnOHBMH 

H 2) K8KHM o6pa30M HanH'lHe MHOrO'l8CTH'lHblX KOMnOHeHT B H m(z) H3MeHSI

eT ypaBHeHHSI C~? OcTaBnSIH noKa B cropoHe pexueHHe nepaoro BOnpoca, 

Mbi yKa>KeM npocroA cnoco6 aanRCH H m ( z ) , pernaJOIUHA BTopy10 saaaqy. 

BocnonhayeMCSI onpeneneHReM HOpManhHoro npoHaBeneHHH/15,16 / HeCKOnhKHX 

¢epMHeBCKHX onepaTopoB no OTHOUieHHJO K 'IHCTOA KoH¢HrypauHH I K > .. 
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. 
11.£ 

HopManbHOe npoHaaeneaHe nayx onepaTopoa A H B o6oaHa'IHM AB : 

l1MeeM 

:r/J (x) r/J (x'): = 1/1 (x) 1/1 (x') 
( 21) 

: r/J + . (X) r/J (X ' ) : = r/J + . (X ) r/J (x ' ) - K (X ', X ) , 

rne K (x', x)- MaTpHua rrnoTHOCTH (5).HopManbHoe rrpoHaaeneHHe rrpoHaaonb

aoro 'IHcna <jlepMHeBCKHx aMnnHTYll 1/1 ( x) , 1/1 + ( x) en en yeT H3 TeopeMbi 

BHKa, B KOTopo ii casraH orrepaTopoa orrpeneneHbi <jlopMynoti ( 21). HopManbHOe 

rrpoHaaeneaHe o6nanaeT TeM caoticTaoM, 'ITO < K I ·: A : I K > .. 0 , 

ecnH A He paaea c -'IHCny. 

3anHilleM MonenbHbiH raMHnbTOHHSH B BHlle 

Hm(z) .. h
0 

(z) + l: --·-1 - f dx dx' .. dx dx' h (z;x
1 

x', . .. ,x 
( 1 )2 l 1 n n n 1 

na1,2, .. D · 

x:.p+(x )r/J(x'
1

) ••• r/J+(x)r/J(x'): 
1 n n 

ITOll'IHHHB <jlyHKUHH h n (z X l X , •. • lt X' n n y cnOBHSIM 

h n ( Z ; X l X '
1 

, X 
2 

X '
2 

••• ) .., h n ( Z ; X 
2
x '

2 
, X 1 X ; 1 • • • ) = 

= - h n ( Z; X l X ; , X 
2 

X '
1 

, ••• ) = b: ( Z *, X ; X l 1 X ' 2 X 2 • • • ) "" • • • 

C ornacHo o rrpenen eHHID HOpMa nbHoro rrpoHaaeneHHR, 

h 
0
(z) "'< K I H (z) I K >. 

14 

X ' ) X 
n n 

( 22) 

( 23) 

( 24) 

OcTanbHbie Kos<jJ<jJHuHe 

KOTOpoe yCT8H8BnHB8E 

OC TaBnSIIOIIIHX COCTOSIH 

IK > .. IK+S K> 

ao r o npoHaaeneHHR one 

rrpHseneaaoe K HOpMan~ 

p8 BHO 

~ 

: "'+ ( ][) 

ITpeo6paaoaaHHe I K > 

CM8TpHB8S! KOTOpbxe, IT< 

8 h 

h n 

8 K ( 

PaccMoTpHM, KaK 

B ypaBHeHHe (20 ) llnSI < 

06paayeM M8TpH'I 

I K > H < K i r/J +(, 

0=<K I r/J + ( x 0 )r/J(x~ \ 

nerKO y6ellHTbCSI 0 'ITO 

(27) He BXOllSIT KOMITOH 

HeHHSI (27 ), conep•amH 



' H B o6o3H8'1HM AB : 

( 21) 

-K(x',x}, 

npOH3BeaeHHe npOH3BOnb

t) cneayeT H3 TeopeMbi 

pMynoA ( 21). HopManbHoe 

KI:A:IK>aO, 

·' h ( z; X X', ... 1 X X ' ) X 
• II II 1 1 D II 

( 22) 

I ( x ~) : , 

ycnoBHSIM 

( 23) 

X 1 'X ,2 X 2 • • • ) ~ • • • 

eaeHHSI, 

( 24) 

0CT8nbHbie K03lfJljJHuHe HTbl B ljJopMyne ( 22) CBSI38Hbl C h COOTHOilleHHeM, 

KOTOpoe yCT8H8BnHB8eTCSI pacCMOTpeHHeM M8nbiX B8pH8UHt!: K (X', X ) , 

ocTaBnSIIO!llHX cocToSIHHe I K > B MoaenbHOM npocTpaHCTBe. BapHaU H H 

IK>-+IK+8K> COOTBeTCTByeT H3MeHeHHe B onpeaeneHHH HOpManb-

Horo npoH3BeaeHHSI onepaTopoB ~(x) .TaK, npoH3BeaeHHe aByx onepaTopoB , ... 
npHBeaeHHoe K HOpManbHOMY BHLlY no oTHo!lleHHIO K KOHqmrypauHH I K>;.,l K+8K>, 

p8BHO 

~ .. 
~+ (x)~(x'):-~+(x)~(x')-K(x',x)= 

( 25) 

~+(x)~(x'): -8K(x', x). 

flpeo6pa3oBaHHe I K >" .. . 1 K > npHBOLlHT K H3MeHeHHIO BenH'IHH h n, pac-

CM8TpHB8SI KOTOpbie, nony'IHM 

8 h n- I 
4 

8 h 0 ( 26) 
h n 

PaCCMOTpHM, K8K BXOUSIT KOMIIOHeHTbl h n -MOLlenbHOrO r8MHnbTOHH 8 H8 

B ypaBHeHHe ( 20) anSI onepaTopa nepexoaa b + . 

06pa3yeM M8TpH'1Hhlt!: sneMeHT OT yp8BHeHHSI ( 20) Me>KLlY COCTOSIHHSIMH 

I K > H <K I ~+(x 0 )~ (x~): 

0 "' < K I ~ + ( X 
0 

) ~ ( X ~ \ I Hm ( E 0 + h Cl.l ) b + - b + H m ( E 0 ) - h CU b + I I K > · 
( 27) 

flerKO y6eLlHTbCSI 1 'ITO ecnH b + Bb!p8>K8eTCSI ljJopMynoll: ( 7) 1 B ypaBHeHHe 

( 27) He BXOUSIT KOMIIOHeHTbl C n ~ 3 . Llet!:CTBHTenbHO, THIIH'IHb!t!: 'lneH ypaB

HeHHSI ( 27), COLlep>K8!llHH h 3 , HMeeT BHLl 
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f d x '1 • • • d x 4 d x ,1 • • • d x ; h s ( x 1 x ; , • • • x s x 's ) b ( x 4 .. x ~ ) x 

( 28) 

x < K I 1/t + ( x o) l/t( x ~ ) : 1/t + ( xl) • •• 1/t ( x; ) : 1/t + ( x 4) 1/t ( x4 ) I K > . 

06pa30BbiB8SI CBSI3H Me.li<Ay onepaTopaMH 1/1 B <l>opMyne (28), cneAyeT 

HMeTb B BHAY, 'ITO 6 onepaTOpOB, BOllleAlllHe B IIpOH3Be)leHHe H3 MOJle1lbHOrO 

raMH1lbTOHH8Ha, CTOSIT IIOJl 3H8KOM HOpM81lbHOro IIpOH3Be)leHHSI 0 TaK 'ITO CBSI-

3H M e .li<Jly HHMH He Jl01l.li<Hbl IIOSIBHTbCSI, Ho OCT8BlllHXCSI qeTbipex onepaTOpOB 

HeJlOCT8 TO'IHO, 'ITOObl oopa3 OB8Tb C -'IHC1IO H3 BCero IlpOH3BeJleHRSI 10 ope

paTopoB, a no a ToMy c peJlH ee oT aero pasao aynro. no Tolt .ll<e npH'IHHe H3 

ypaBH eHHSI ( 27) Ilp OII8 Jl8 IDT H 6onee C1lO.lKHbie KOMIIOHeHTbl Hm(z). 

EcnH 3aBHCH M OCTb H m ( z ) oT a aepreTH'IeCKOlt nepeM eHaolt z c n a 6ast, 

TO IIp H OIIHC8HHH nepeXOJlOB C He001lblllOlt aaeprHefi B030Y.lKJleHHSI ypaBHeHHe 

(27) H 8H8 1lOrH'lHOe eMy, B KOTOpOM H3M eHeHbl MeCT8 COCTOSIHHfil/t+(x')Y,(x)IK> 
0 

H I K >, rrpHBOJlSIT K oobi'lHbi M ypaBHeHHSIM MeToAa C4>, B a TOM nerKo y 6e-

JlHTbCSI, 38IIHC8B raMH1lbTOHH8H B tPopMyne ( 11) B TepMHHaX HOpM81lbHblX 

npoH3 BeJleHH A, DpH a TOM CTaHOBHTCSI o'leBHJlHbiM, 'ITO orrepa TopaMH caMocorna

coBaaa o ro Il01ISI H aQ>4>eKTHBHbiX CH1l SIB1ISIIDTCSI COOTBeTCTBeHHO 

c. c 0 

H -H +fdx dx' 
0 

8 h 0 

.p+(x)Y,(x'): 

8K(x;,x) 

( 29) 

8 
2 

h 0 

F=-1-Jdx dx dx' dx' :.p+(x
1

)Y,+(x
2
)Y,(x'

2
) Y,(x ) 

4 1 2 l 2 2 
8K(x;, x

1
) 8K(x;, x 2 ) 

OrrpeAen e HHe orre paTOpOB B ~OpMyne (29) COOTBeTCTByeT IIOCTynaTaM Te

o pHH 4>epMH-.lKHAKOCTH/ 16, 17 I. 0JlHaKo ABHHbilt BbiiUe BbiBOA coJlep.lKHT TO'lHOe 

OITpeAe n eHHe 9 T HX Be1lH'lHH0 IT03B01lSIIDillee IIpHCTyiTJiTb ;, OUeHK8M HX Be1lH'lH-

16 

---

Hbi, KpoMe Toro, H3BeCTHa 

onepaTo poB nepexoAa. noa 

Mepe, npHHUHIIH81lbHYID B03~ 

CTH H HCC1le)lOBaHHe ponR 0 

HH8H8 1 IIOSIB1lSIIDlllHXCSI 1 eCnH 

HbiX COCTOSIHHfi H onepaTOpa 

flH 

I. G.Brown. Unified Theory 
Ushers (1.967). 

2. A.M. fleRH. 'TeopHH Hl!pa'. 

3, D .J.Rowe. Microscopic C 
Nuclear Theory, IAEA, t 

4, H.A.Bethe. Fhys.Rev., 1., 

5. S.A.Mozskowsky, B.L.Sc 

6, A.Kallio, K.Koltveit. Nuc 

7. T.Kuo, G.Brown. Nucl. F 

B. Z.Bochnacki, I.M .. F-iolban, 
33 (1.967). 

9. F. C,Bhargava, F. W.L.Spl 

10. A.E.MHrl!an. TeopHH KOHe'l 

MocKBB, HayKB, 1965. 

I I. C. T.EenHea, B.r.3eneBHHCK 

12. C.Bloch. E.Fermi School 

IS. V.Gillet, M.A.Melkanoff, J 

14. C.Bloch, J.Horowitz. Nucl 

]5, ll. Taynecc, KBBHTOBBH MeX 
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+· X; ) : t/1 (X 4 ) t/J ( x4 ) l K > . 

AH t/1 B ~pMyne (28), cnenyeT 

B rrpoHaseueHHe H3 MonenbHoro 

)rO rrpOH3BeJleHHSI 0 T8K 'ITO CBSI

•CTBBmHXCSI qeTbrpex orrepaTopoB 

R3 Bcero rrpoHa s eueHHSI 10 orre

> HynJO. no TOA )Ke rrpH'IHHe H3 

re KOMITOHeHTbl 

rqe cKoA rrepeMeHHoA z c naoaSI, 

:eprHeA B030Y)!(JleHHSI ypBBHeHHe 

>I MeCTa COCTOHHHA .p+(x'
0
)t/J(X )lK> 

>Jla C<l>. B a ToM nerKo yoe-

( 11) B TepMHH8X HOpManbHbiX 

. rM , 'ITO orrepa TopaMH caMocorna

cooTBeTCTBeHHo 

+(x)t/J(x'): 

( 29) 

t/l+(x 1 )t/l+(x 2 )t/l(x~) t/J(x 
2

) 

' x2) 

COOTBeTCTByeT ITOCTynaTaM Te

A Bbiiiie BbiBOJl COJlep)KHT TO'IHOe 

iCT y iTJiTb ;; OUeHK8M HX BenH'IH-

Hblo KpoMe TOro, H3BeCTH8 ponb 9THX onepaT OpOB B TO'IHbiX ypa BHeHH SI X JlnSI 

onepaTop o B nepexona. nosTOMY naHHbre BbiKnaJlKH uonycKaJOT, n o KpaAaeA 

Mepe, rrpHHUHIIH8nbHY!O B03MO)KHOCTb BblXOJl8 38 p8MKH TeOpHH <l>epMH-)KHJlKO 

CTH H HC Cn eJlOBBHHe ponH oonee CnO)!(HblX KOMITOHeHT MOJlenbHOrO raMHnb TO

HH8H80 n o HBnHromHxcH, ecnH ocnaoHTb npeurrono)KeHHH o npocToA ~opMe perrep

HbiX cocTo HHH A H onepaTopa rrepe xoua . 
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