
~f- b-9 _,_.~ 

- ,,_ 

OB'bE.l);l-fHEHHY:A 1-fHCTl-fTYT H.l);EPHbIX l-fCCJIE.l);OBAHl-1:A 

nAEOPATOPHH TEOPETHqECKOM ~H3HKH 

4 - 6248 

H.H.MHxaiiJIOB 

MHKPOCKOTIHqECKAH TEOPHH
KOJIJIEKTHBHOrO ~BH*EHHH B H~PAX 

Cne~HaJit,HOCTb - 0 I . -055 - q>H3HKa aT0MH0ro .HApa 

"KocMHQecKHx Jiyqeii 

AaTope¢epaT Ha COliCKaHne yqeHOH CTeneHn 
JlOKTopa ¢n3liKO-M8TeMaTnqecKRX HayK 

(llnccepTaunH HanncaHa Ha pyccKoM H3bIKe) 

lly6Ha 1972 



Pa6ota Bl:ffiOnHeBa B Ila6opaTopmi: TeopeTHqecKoll ¢H3HKH 

06~eAHHeHHOro HHCTHTyTa HAepHHX HCcneAOBaHHll. 

0¢HUHaXLHH8 OililOHeHTH: 

AOKTOP ~H3HKO-Ma.T8MaTHqecKHX nayK, npo¢eccop 

H.A.CMOPO,lU!HCKllli. 

AOKTOp ¢H3HKO-MaT8Ma.THH8CKRX HayK 

B.B.BAHArAC 

AOKTOP ¢H3HKO-Ma.TeMaTHqecKHX Hey'K 

r.~.~IDlmIITOB 

Be,llY~ee nayqHo-HccneAOBaTeni,cxoe yqpeXAeHHe: 

liHCTHTYT lI,ll;8pHoll ¢R3HKH MoCKOBCKOro rocyAapCTB8HHoro 

YHHBepcHTeTa, MocKBa. 

ABTopeqiepaT pasocnau· 11 
II .1972 r. 

3a~HTa AMCCepTaUHH COCTOHTCH 11 II 1972 r. 

C ~HCCepTaUHell MO:m:HO 03HaKOMHTl,CR B 6H6nHOT8Ke OHHM. 
' 

YqeHHlt ceKpetapi. CoBeTa 

P.A.ACAHOB 

... 

,f 

I 

·.; 

I 
I 
I 

l 
j 
\ 
1 
I 

1 
r I . 

I 

'i 
/1 
( 

4 - 6248 

H .H.MHxaHJioB 

MHKPOCKOilHqECKAfI·TEOPHH 
KORREKTHBHoro ~BHXEHHH B H~PAX 

CneQHaJlbHOCTb - 01.-055 - cpH3HKa ·aTOMHoro $!Apa 

H KOCMHQ8CKHX·J1yqeH 

ABTOpe~epaT Ha COHCKaHHe yqeHofi CTeneHH 
JlOKTOpa ~HSHKO-MaTeMaTuqeCKHX HayK 

(nnccepTaum1' HanucaHa Ha_ pyccKoM SIShIKe) 

C"ib'3,aiill~!:IBZ,:!1 D!IC'lll'lyr 
11 w1epm:.ra f;::,r:.i1e.n:;;3.1m;1 

J £fi6JMOTE~~~ _ 



I 
I 

,,. 
.hHccepraitHOHHaa padora noCBffilleHa BonpocaM reoperHqecKoro 

onucaHHSI CTpyKrrpu HH3KOJleJamHX COCTOSIHHll aTOMHHX H,ll;ep C 

dOHI!mlW Ma.CC:OBH~ qHCJlOM. liccJie,ltOBaHHSI B :n:olt odJiaCTH I!POBO,ltSIT

CSI oqeuL HHTeHCHBHo, npuqe11 onHcaHHe crpyxrypu B.lijla H~er 
~ ' . 

no nyTH pl3BHTHSI MO,lteJieR, orpa:ran~X HedOJILmyD qacT:& H,ll;epHHX. 

CBORCTB. IlHIIIL uay'llHBmHCL onpe,!t8JlSITL 3TH CBOiiCtBa no 3a,JtaHHOMY 

:mKoHy B3aHW.1teRCTBHH HYKHOHOB1 110:mo noxyqJ1In oxoifqaxeJILHYD 

npo:bepey npa.BHJILHOCTH npe,ltilOJlOZeHHR; JiexantH~B OCHOBe xeopHH 

CTPYKTYPH B.lijla.. EcxecneHHO nonHTanca nepeq,opuy~HpOBari. ypaB-

HeHH8 Wp~,!tHHrepa TaK, q~odH HeH3BeCTHWH .TeopHH OJta3aJIHCL He 

BOJlHOBHe ~YHXIUiH H 3HeprHH COCTOHHHll, a Henocpe,ltCTBeHHO napa-

i Merpu H,ll;epBHX MO,lteJiel. H3y'lleBHe TaKOI 3a.n;aqH npoB0,11,UC.rf B 
i . • -

'· 

pecpepHpye:uoR iadore. 
' ' 

. Tpy,!tHOCTH, KOTOpHe Hall npHXO,ltHTCSI npeo,ltOJieBarL, BKHDqaDr 

HCnOJIL3OBaHH8 B cymeCTBYDmHX MO,lteJISIX'smpa noxyKJiaccHqecKHX 

HJIH- HHTYHTHBHHX coodpazem1n. B HaudoJILmen :uepe 3ro orHOCHrca 

K SIBJieHHHM, CBH3aHHHM C BpameuHe:U SI,!tep. CoorBercrBeHHO,TeopHH 

Sl,ltepHHX pora~OHHHX llOJlOC y,1teJIHerca OCHOBHOe BHJWaHHe HJ/IXeo 

TeopHD BpameHHSI y,1taerca c~op:uyJIHpOBan B T8CHOI aHaJIOrHH C 

onHcaHHeM KOJiedauHll :ueto.1to:u · "oxyqalirn:x ~3" ( C4>) H nonyqJ1In 

BO3KO:IHOCTL ~OpMaJILHoro ododmeHHH paCCMOrpeHHOro no,JtXO,lta Ha 

onucaHHe HeKoropo~o KHacca 11O,1tenel Sl,ltpa. 

lpyrol Bonpoc, paccMaTpHBae?imR B ,ltJ/ICCepT~UHH, OTHOCJ/ITCH 

K BHdopy oneparopa B3a&o,1telcTBHSI npH onHCaHHH CTPYKTYPH Sl,ltpa. 
- ' , ' 

HcnbJIL3OBaHHe "peaJIHCTJIIqecKHX CHJI" C OTTaJIKHBaHHeM Ha MMHX 

paCCTOHHJ/IHX rpedyer qpe3Mepuoro ycJIOXHeHHSl,plC'lleTHOR cxew. 
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4>op:i,.iynzpoBm TeopHH CTPYKTYPH Sl,ll;pa, npe,JJ;naraeMaH B ,JUlccepTaIOlH, 
' - .· ":. ' 

,JJ;OnyCKaeT H~nOJI:b3OBaHH8 rJI~KRX noTe.HIOlMOB C napaueTpa.MH, 

BeJIHqHHa KoTopux uoxeT ClHTL ycTaHOBJieHa. no .llaHHWl o "peaJIHCTH• 

qeCKHX CHJiaX" • aw>ert~HBHI,18 CHJIH ,ll;JIH H,ll;epHHf MO,ll;8Jieil onpe,ll;e- . 

JISIDTCH 1 B ocu.oBiiOM,ua.TpHu~tt peaKIUtH G B. TeopHH EpaitHepa.. 

C H8CKOJlLKO H3M8H8HHHM npoeKmtOHHI,I},{ ,onepaTopoM·.H OTJIHqaJlTCH OT 

G .. · aqxpeKTaMH nep~HOpMHpoBoK. UpHBo.~HTC,H pesynuaTH HCCJle"'.' 

,ll;OBaHHH pH,lla.no,JJ;OClHHX nepeHopMHpOBOK. 
' . . . ~ . 

JIHccepTamtH COCTOHT H3 6 rJiaB, OCHOBaHHHX Ha pSl,ll;e 
' -- - .· .- ' . ' 

nyelJIHJta.UHil, OTHOCSI!JtHXCH It 1967-1971 r.r. MaTepHMH ,ll;HCCepTaIOlH 

,ll;OltJla,ll~BaJIHCL Ha BC8COll3HlilX COBentaHirrnX no H,llepHott cneKTpOCKO-. 

mrn H CTpyKtype Sl,ll;pa, Ha CHMDO3HYM8 no CTPYKType H;n:pa: B. JJ,y:6He 

(1968), CHM003HYM8. no COBpeMeHHOil qJH3HKe B TpH8CT8 (19.68), 

a TaKllte Bo ~peMa,eypcoBno nopzH Mpa B TpHecte (1969) H 
. ' . . 

Reucyy ( 4>HHJIHH,llHH, 197!) •. OpHrHHaJILBHil uaTepHaJI CO,ll;eplltHTCH, ; 
. ' . . . .. , 

B OCHOBHOM, B r~aBaX 3,4 H 5. 

rnaBa l 

CTpyKTrpa cneKTpOB HH3KOJI8l!ialltHX COCTOHHHil H,llep H 

MO88JIH H8pa 
\ 

TeopHH CTpyKTYPH aTOMHHX H,llep, o· KOTOpoll H,11,eT p_eq:r, :imxe,: 

CTaBHT CBoett 3~qett H3yqem1e H8CKOHLKHX ,ll8CSITKOB ',n;oJirOlmBYIIIHX 

cocTOHH.Hll Mep c auep~HHMH ,n;o 2-3 MaB, cpe,n;H KOTOpHX y,n;aeTCH 

BI,l,ll8JIHU KBasliqacuqizy11 H KOJIJieKTHBHYll ( KOJieelateJI:&HYll H po- . 

TamtOHHYll) BeTBH Boselyx.n;e~HR. IlepBHe nonHTKH 0Cl1,ncHHTL H,llepui.ie 

cneKTpH npHB8JIH It. ItaD8JILHOll H oeloJioqequon MO,lleJI~, OTpamlltHM, 

4 

,, 
ABe pasJIHqHlie. _qepTH MaKpocitonHqecKoro amuora aTOMHH.x Mep - .. 

q>epMH -JQUKOCTH. POJIL ;CaMOCOrJiaCoBaHHOro nOJIH KaK Oellltero . 

axeMeHTa ClHJia ~HKCHpoB~Ha B ~-ClodllteHHott 110,n;ex~ HApa.lII., l{Jia 
. _, ·,-. - •'. . - - ·- ·, . 

pa3B~THH TeOpH}I H,ll8pHHX cneKTPO.B orpoMHoe 3HaqeHHe HM8JIH 

H,lleH H MeTO,ll!,1 TeOpHH cnJIOWHHX cpe,ll H, B. qacTHOCTH, annapaT 

·Teop~H · cnepxnpoBO,llHMOCT~/2/. 'Ha .H3!,IK8 oeloel~e~HOR MO,ll8JI~ 
. ' ·., ... _ •' 

KBasHqacTHquue cocTomiHH KJiaccH<pHIOlPYDTCH KBaHToBI,l},{H qHcJiaMH . ' . - ~ ., __ '. . . .- . ' - - . 

HYKiOHOB, ,ll;BHlitylltHXCH B CaMocorJlacoBaHHOM noxe B YCJIOBHHX 

CHJILHI,IX .. KoppeJIHIOlR CBepxnpoBO,JJ;SI!Jterci TH~a 131, a KOJIJieitTllBHHe -

xapa~T-~POM 3BOJillIUiH nona11, 21. ' ' ' 

B pa3BHTHH TeOpHH npocJ1e:num1>TCH ,llBe TeH,ll8HIUiH: 1) YTOqHe-
. ·-· ·, -

HHe H ,ll8TaJIH3alUiH !pl{3Hqe~Koro CO,lleplltaHHH. MO,lleJieR H,D;pa,. 2) pas-

paelOTKa HX Ma.Teua.THqecKoro annapaTa. Ilpmr:epoM paeloT nepBoro 

uanpaBJieHHH HBJISlllTCH HCCJI8,llOBaHHH HeaKCHaJILHHX Mep, 

HaqaTHe B/4/x) , npnuepoM BToporo - xuum paeloT no teopHH Ko-

HeqHHX ~pMH-CHCT~M_t15/. . 

x) 
HsyqeHHe poTaiij{OHHHX COCTOHHHll C ClOJILWHMH CnHHaMH nocTaBHJIO 

3a,JJ;aqy onTIDlaJILHOR napa.MeTpH3aiij{H 3aBHClWOCTH 3Bepr1m OT cmma. 

IlpHUep~M BO3MOJ:Holt napaMeTpHsaIUiH, BocnpoH3BOASI!Jtelt aiieprHH · E:i: 
COCTOSIHHlt AO 141'=1 ( H BHme B PM8 c'iiyqaeB) 8BJIH8TCH qJOPMY

mi., np8,D;ROlt8HHaSI B paeloTe, BI,IDOJIH8HHOll C yqacTHeM aBTOpa JS 1: 

C : E + I.(I,,~1,fl( i '+ I(H1) )½. -.i l 
I. o f:t.. ~ .:Ic (Ic+i) . · J . \ . <:r 
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Ko Btopouy uanpaBJieHHD uoxet 6Htb npHqzcneHa H peqiepHpye~ 

uaa pa6ora, r,n;e CtaBRTCH '3ajaqa BuqzcneHHfi no ,IJ;aHHID( 0 

B3amio,n;enctB.HH HYKJIOH
0

0B napa.MetpoB ~epHHX MO,IJ;eJiell. H,ltpa 

fiBJifiiltCfi CmmIKOLl IlpOCTHMH 06'b8Ktwm,. ttt'o6H OCT8.13Htb 603 • 

aHMH3a· xapaKtep· ycpe,n;ueHHfi CBOllCtB ~pa, 38.MDtl0HH!llt B ripoH3;_ 

BOJibHO BH6pa.HHHX napauetpax, H MH uaqnuaeu c ~tl:iCMHHfi ,IJ;HHa- · 

MMqecKHX BemtqHH, y,n;oBnetBopsmmHx tpe6oBamrnu: · · · 

I). au· B0JIJ.iqHHl,I )tOJI:EHH. 6.1:ll'b' npocto CBH38.HH C napaileipauH 

cpeuoue11oncirHqec1tHX Yo,n;e111in: ' 

2). H11cpopmu:urn O l'a.MliJibTOHHaHe a,n;pa. ,n;omma 6un ,IJ;OCTatoqiton 

,n;na_HX onpe,n;eJieHHa. 

- "3): Ypa.BHeHHfi ,n;na onpe,JJ;eJiemrn ,JJ;HH~MHqecKHX B0JIHtlHH 

,JJ;OJI%Hll ,IJ;OfiYCita.tb HCriOJib3OBaHH0 .Ht8paUHOHHHX CXeM/ 

Ll!Y.a 2 

PaaJIHtraHe no.11.xo,1(1:i K teopHH. · ii(epHHX · cneittpoB. 
BapHamt:OHHHit ueto,11; XaptpH-4?01ta.-EoromJ60Ba. OneI?,atopa 
!pOll_OHO!I _H KOJIJI0IttHBHHX yrJIOBHX nepeM0HHHX 

\ 

! 

Cpe,n;H'pa,n;a M0TO,IJ;OB, pa3JIHqaDlql{XCfi HCXO,IJ;HIDm npe,11;noJIO%8HHIOm 
-(,. - ' < •• "< •• - ' • 

H MateMatHqecKHM rumapatou, HO CXO)Ull,IX no CBO0MY q>H3HqecKOMY •. . - . ' '. ,, . . - . . ''. ~. ' . ., ' 

co,n;epimHHD, HM6onee pacnpoctpaneu BapHaUHOHHHlii Meto,11; XaptpH-

-<Iio1ta-l>orom:i60Ba (X<IiE) c BpeMeHHOll 3aBHCHMOcnif' 2/ • 3,n;ecb w . 

aH8.JIH3HpYeM CBH3b uew sneueutru.m: ypaBHeHHil ue-ro,11;a ::@EH 

napa.MetpaMH KOJIJI0KTHBHHX MO,IJ;eJieit~ 

· Y.Ito6naa q,opuynnpoBita. X<PE ueto,IJ;a ,ILa.Ha ./7 < Onepatop 

~ 'h{t -H ( H - rromJIUOHHaH) cta[tHoHapeH OTHOCHT0~bHO BapHaUHH 

6 

. I 

I 
l 

q>yHKIUfH He3aBticmmx qacTHU HJIH KBa3zqacTHU l ¢>) , ecmi. 
.. ··-

1, t ;t <~ \ Q \ ¢) = <ct>\~~ l Q 1 \ ¢ > : (2;1) 

T.ite· 

.( ·. .. . .. . -t- . r +Q~ ) 

Q. _ .., ... 16.: Q.Q: -1- 0 ·. Q. Q. + ->t· Q.i. ; - s-. . I \,~ . • \ . . tr' L & • - ~ . ~ • ) 
,. . . C\ ·. ·, • . . • •. ,"' 

..(2.2)' 

a K034XPHUHeuta oi.. o . . s.. npoH3BOJibHH. 
. I ~ l 'f•1 > \.l . . 

· Kone6aHHa mttepnp~THPYDT .Kalt MaJI1,1e, otKJioneuHa \ q> > 
• ,- - < • - ,' • ,, _, •• 

. no otu~memm K ·c,t;unonapuouy pemeiurn (2.I), c~e.iry11mne rapuomr

qec:tto~ siutoHy: 

· ·{· ·. ( 6+ · · wt · wt ) l ·· I cp ""Jt\ > = d: -\- \. e.." + fl Q;_.~ . . ~ \ <\,~ -::>. 

Onep~7op t b-t ·· · sanuceBam: B B~e · 

:(2.3) 

b.; . ··r_; . ' + + . . . ')• 
. =. l )( , . d.... d.... 4- ~ • ..I . .J • . . 

.. . . I ' . I· . ' .. U\. l ""\ ·. ? 
, '(2.4)' 

. • . ~~ o • I . , . 

BBo,n;a onepatop1,1 KBa3Hqacmut21 d,_~:( Ji) , TaKHe, qTo ~i I ¢'
0 

> .= Q 

Me,n;Jieuuoe Bpamenne a,n;ep accoumfpyDT c pememm:MH (2. I), 
. ' . . . 

HM01llllHlffl CJI8)1yDD1Yll BpeMeHHYD 3aBHCHMOCTb: 

\ q). (~)):~-e,x~:/~W:J~:)·.{i +t-w'+'~~--~\~o>:/ . (2.5) 
l'°T . r \. n- . . .. . <t' . l . . . , 

"' 
noJiaraSI, qTo 3pMHTOBH!.t onepatop 'V HMeet Blt,IJ;, ,n O,IJ;O6H!:ill 

B (2.4),-H H_OPMHpOBaH·taK, qto ·< <t>.,\ tI~,~-l\ct>
0

) = ~ . 
IlpH 3TOM ;:_i:: .. HHTepnpeTHpyetca ItaK ·MOM0HT HH0PUHH SI,D;pa. · 

OcHOBHHe YPaBH0HHJI TeopHH Hl40DT BH,IU 
. - . 

:a) B CJiyqaeKoJie6aHHit 

·(d>
0
~LQ~[(H-k); b~JJ\cp<l') = 0 ,·· 

( ~o\ l 6, b~ 1 \ ¢~)',=' \, .: l~ = \w_~-b b-.~ 6+b) · (2.6) • 
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6) B CJIYtlae Bpa11teHHH 

(<t\ t.Q, l(H- h), -b 11\ (\)O·> = 0 : 
. . . a ~ 

,. • . ~ ._ . T 

< q>o \ l I~ , -0) \ c\>o ),: _ ~ , • h = ~ - (2.7) 

(.ripH 1tow.&yTa1um 6+ K ~ c , h cJie,ll,YeT noJI1>30BaT1>CH. 
. ·• i ', ' . • 

npa.BKJiaJ.ffl ,IUI_H H){eaJil>HHX 6030HOB H yrJIOB C conplll!CeHHlllm onepa

TOpru.m). 

Ta~mi o6pa30M, uei 0){ X<FE ll03BOJIHeT llOJIYtiHiI> . mupopim.ri;ll 0 

KOJiieKTHBHHX itoop,ltHHa~ax ( b K r ~ ;) , • annpoicmpyeMUX ~ "3TOl4 

IlO){X0,1{8-1- 6mnrnet1Hot1 KO:M61rnaUHett r:f..., c,[\ K ol~d,.i '. OIIepa.£opoB~: 

3Ha.SI b B qiopMe (2.4), MOllCHo ycTa.HOBHTI> coo-rHomeHHSI .ItllSI 

148.TplillHHX 3JI0M0HTOB OT !pH3Hll8CKHX Ha.6Jill,JJ;a.eMHX, _ B3HTHX. Mex,ey. 
. ~ . . . , ; . . ' \ - ~ ' 

COCTOHHHHMH BH6pa.UHOHHOro THna.. IloJiytleHH0, a.Ha.JIOrHllHbIX pe3yJiua-

TOB. ~. Teop~H Bpa.UleHHH Tpe6yeT- 060611t811HR (2. 7) C U~l>ll yt1eta i ' 

KKHeMa.THKH TpeXMepHhlX BP8.llt8HH11.- ,>:· 

·,l 

rmi.aa_2 

BHXO){ 38. pruutH M8TOAa. :i@E C BpeMeHHott 3aBHCHMOCTl>ll. 

TeopHH -MepHYx"pora.uHoHHHX noiioc, ' 

B031tOllCHOCTH HCilOJII,30Ba.HHSI 140TO,JJ;a.c :i@E H_ 3KBHBa.JieHTHHX' '• 
. ' ' 

eyY IlO){XO,ll;OB ,Jta.JieKo He_ HCtlepnaHH, HO ·HM80TCH PM a.KTY8.Jil>HHX · 

npo6JieM, Tpe6yllJitHX BHXO,Jta.3a. ero pa.MKH. B'BH6pauHOHHHX 

cne1tTpaX o6HapyllCHBallTCH :a_qxpeltTH ·_anrapMOHHtlHOCTH, om1ca.m10 

KOTOpHX )tOCTHraercH BhlCfilHMH npH6JIH:!8HHJIMH•Me~o,11;a,CJIYt1altHHX 

cpa.3/B/H HCllOJil>30Ba.HH0M 

0

6030HHHX npe,ltCTa.BJieHRit ~ap ipepMHeB~ltHX 

oneparopoB191• B M0TO,JJ;e c~ nocryJI~p~ii\rck" ypa.BHe~1rn (2.6)' a· e~~ 
0606111eH~e MOllter 6blt1> no~yt1eHo ycJioXHeHHeM ~ · H 'o+,_ 

8 

I 
·1 

_.e-

l 

J/ 

I 
I 

Teop1rn M0pHHX potaUHOHHHX IlOJIOC cy111ecneHHO _OTCTaBana OT 

ApyrHX 3a,JJ;ati CTpyKrypH H,ll;pa no pa3pa6oTaHHOCTH OCHOB. IlpH 

OilHCamm · Bpanienirn HCilOJil>3Y8TCH M0,1{0JII, npHHy){HT0Jil>HOro 

Bp~eHHH, BHT0Ka.Dl!laH H3 X~E M0TO,ll;a ( ,ltJIH µi.ct1eTa MOM0HTOB 

liH8pUHH/!O/), a taltllte KJiaCCHll0CKH0 npe,1tcTaBJI8HHH _06 yrJiaX 

OpHeHtalijlH T0H3opa Ma.OCH &.lqla, Kalt _o. KOJIJI0ltTHBHbIX nepeMeHHHX, 

CBH3aHHbIX C Bpa,meHHe✓11 
(AJIH ycTaHOBJI8HHR COOTHOm0HHt1_HHT0H

CH~HOCTH nepexo,1toB(1:fJ.'.). _ 

Pa3HOpO,ltHOCT:& TaKHX np0){IlOJIOllt0HHii H HaKOilJI0HlH~ HH!pOpMalijlH 

06 3HeprH;X potaUHOHHHX COCTOHHHR R HHT0HCHBHOCTHX nepe~OA0~/!2/ .. 

){0JiaDT aKTyaJILHOli 38.)tatIY IlOCTpOeHHH llOCJI0AOBa_T8Jil>HOR r_eop1rn 
.. '' 

Bpa111eH~H .ll.l(ep. He_ pemHB 3TY 3a,lta.tlY, TpyjHo _ CTaBHTI> BOilpOCbl 

o CBH3H_Bpa111eHHH c ,1tpyr1r1MH cnoco6aMH B036yl[,IJ;eHHH Mpa.' 
,·. ,·- 'l, - •· . . -, 

B noCJI 0,ltHH~ rO){I,I ,IlP0AJIOllC0Hbl pa3JIHllHH0. BapHaHTiiI TeopHH ( _CM., 

Hanpm.1~p, /IJ ,14;r5,I6/), O){HH H3 KO;Op~x, OCHO~~HHblit Ha . 

pa6oTaX c yllaCTHeM a~Topa /!7- 22 { no,n;po6HO pacC~TpHBll0TCa B 

aron rnaBe. 

'JlJia onKcamia COCTOSIHHit poTaIUioirnoR IlOJIOCH I ,:IM> 

(I"' l<.,K+l '·-.c ;-I~ M ~ I ) BBO){SITCH onepaTopH "POTOHOB", 

. MaTplU\bl KOTOpHX B. co6ctB0HHOM 6a3HC0 Mpa COBna,1ta10T C MaTpmw.

MH•·ccpepzt1ecKHX 4lYHKUHii_ B ~a3HCe. HOpMllpOBaHHbIX .· o6_06Ul0HHHX 

cqiepzt1eCKHX 4lYHKUHR: 

'Ri~- =-> L_ t(2.1.-,.:1)l2I,...-1)117..> (- I )t\-K ·,,, 
_ I_.1.,_t\tt,. 

( 
t I I 1 l t l, I, \ _ 

" . - ·•· I_ z.. · ·. \ 1 M '> ( T M \ 
0-1<- \<.. M-:M.ML ,' 2 

-, I 
. ·, \ (J.I) 
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•· CJie,ll;CTBH8M' (3 .I) HBJIHDTCH COOTHOmeHHH 3J.:IMltTOBOro conpm!temrn, ... 
KOMJJYTamrn C_·· onepaTopoM MoMeHTa KOJIHqecTBa )J;BllllteHHSI 1 

H YMHOlK8HHH onepaTOpOB . R, 2. , TO)U8CTB8HHbl8 C aHaJiorHtlHUMH 

CBOllCTBaMH MaTpm:( OT ccpepHti8CKHX q>yHE!Uitl. TaKHe COOTHomeHHH MOX

HO HCllOJlb3OBaTI, MH Toro, t!TO6H llOCTpOHTb BC8BO3MOl!tHHe onepa.;;, 
+ . . 

Topu 'Ii~--• ~ ecJIH H3BeCT8H· ci.u;HH onepaTop • 1tl ~;.; 
.· ( C He tleTHliM t I ) x)... . . ' 

· Ilpeo6pa3OBaHHe Ri~ npH npocTpaiicTB8HHOM. (P) H;BpeMeH-

HOM,{ t"(•) OTpaxem1JIX Ollp8,ll;8Jlll8TCH CBOitCTBaMH;COCTOSllU1ll 

.:·B ('.3.I): 

P Yl -+ · r -, + · + n 
--~!,...-. = ~¼\,\ ·, 1:~'-'t.-'=c..::.~){.l<,~_ - (3 .2) 

+ . .. .. . .. . ... 
lllecn ·onepaTopoB . It,.._ 0H J. i-i '( VY\=- 0, ~i \ 06pa3YDT · 

aJire6py KOMMYTaW{OHiUIX COOTHOill8HHlt rpymiH ~ I0l3 r, 6a3HC 

HenpHBOAHMoro npe.u;cTai1Jiemrn KOTopcin BKJIDtlaeT. Bee COCT-~HHHH 

poTaIUIOHHOit '~o~oca'231~rrosTOMy COCTOamrn\ II"\;> ~OlitHO ~oc~poHTt, 
.. -. •.. . --+ .•...... ,:. .. . 

eciu1 H3B8CTHH Tu1'" H · .1. ~· • • 

HanHmeM ypaBH8HH8 

.-LU-\~, k(i\),.rt~ 1.=.o 
\ 

(3.3) 

+ 
CtlHTast• H8H3BecTHWH.KaK RL· ·, TaE H. "uo.u;eJibHJ,d1 rru.mnn_oHnaa" 

h (i 'J ~- BsHB -uaipHt1HI:dl 3MMeHT ('.3.3) Mellt,lly _co6cTBeHHHMH cocTost

HHHMH. µpa, llOJIY'tlHM CHCTeMY mmeitHHX O.lU!OpO,ll;HHX ypaBB8HHll AJISF 

;<; ,t\ \_ ~ ~ \ J:z. t'I,. )' . , H8TpHBHaJibHOe peme~He KOTOpoil . 

cyme CTBY 8T, e_CJIH_ · . 

x) . . .. + . 
~JIH H3B0CTeH·.onepaTop • ~e,.1,',H. t, tl8THoe, :_O ynoMHHYTHe 

npaBHJia IlO3BOJISIDT onpe,n;eJIHTI, BC e OCTaJII,HI,18 \t t ,... C 
q eTHmrn sna q enwn.m: t 1. • 

1 

.. 

IO 

h (T, tI,H) )- h (I.,_l1:,_n)\ = El: - f" (3.4) 
. \ .I 2. 

( E .I: CO6CTB8HHast 3Hepr1rn 'o.1Uioro H3 COCTOSIHHit µpa C MOM8HTOM 

I ). Ta :m:e CHCTeua, HallHCaHHast 
0

B 6a3nce npOH3BOJil,HHM odpa3OM 

B!i6p~BHOro "npoctoro" onepaTopa .\-\ 0 "'" H - V, ~p:HBO,ll;HT K J:i~paxe-
. . 

HHSIM 
. -----c ii[; )k , 

p 

. li-t .) ' . == ( E - \: f I 
l lr k r 

(J.5), 

.,...____, 

(\;i;) ._/ t h tI"i, i; 1,i,r- {JV.._~ ( l,-E/ 
,-...___, . ~ 

' ( iR-: )>:r - \iii~)., ( t,- EJ' <r j _ · 
('.3.6) 

3,I{ec1, t: osHat1ae; ctoJICi~l\ c KOMIId~eHT~ l'l ;_ , I"-
co<lc±Ben~ue 3Hepr~~ C ~\ • ~- mipH~ y cyw.w ,03Ha~~eT 'Bu6pacuBaHHe 

qne~a C }_ = r ( ~- = k . ) B' ~epB_OM ( BTO!)OM) qnen'ax B qmrypm,1~ 

c1to61tax, V k.).. ' - MaTpRt111un · :lJieMeHT ·. "BsaHMo.u;eiicTBHH" V == \-\ - \-\ 
0 

_ 

HTepamrnHHOe pemeHH~ CHCTe:MH ( 3 .6) ,I{JIH. T8H3OpHHX 

XOMMJTHPYDll{HX onepaTopoB •. ~.::.. H napa.Me~
0

pOB <pyHKL\HH : h ( r~ ~ 
B03MOim~, ecn~ ·cpeii coci~mfall I k) ;~u,1eeTcJI TaKoe, tiio x 

-t : . 

R~J o> = 

O(r:'-1.'-) ... ,-, 'a 

-½ ~H~·'-') l 1,.. "-~ f'~\ 
1. -t- O(r,..", '-a~) 
½ ✓m ... ,, lf',.. - t f 'd') 

O(c:"-r'-) 
-,.. J -a-

"' > i 

\'V\ ::. \ 

\ ~> ., \'V\ = 0 

m = .. - I 

\N\<-1 

(3. 7) 

x) "' """"" "" A, 

;. CoCTOHHH8 \{) _;, 0) ·, TaEOe t!TO . R, • h'.L- o)' = s \-0" o> 
~1M. \M.O , 

A . ·. : .. • '/ , • 

CYl!lBCTByeT: \-u = o '> ~ r..· l 2.I~ 1) t \ I. t-i > . 
I=~,l(.+1, ... 

II 



npHqeM L I j~,.. 1; <<- i, L. I r'l-1\ << i 
• ~ .• 0 -1(_ -.:.o . · • "' 

IlpH onHcamrn H,ll;ea.JILHOll pOTaIUfOHHoif noJIOCll .h = 0-. i,. ; ,· 
' . . .• i· - , •. .., ,, \ 

BocnoJILsyeMcst B (3.6) npm:5Jim:teHHW Bupa:m:enHeM 

l \,< ~l~ ... ,,-1:,· 1 b ~ ~-a., !2~(e+1). (T~-J~c ,. ··. ·, (3.8) 
•... •.. I . .. .. . • , . ": . , 

MoMeHT 1rneprum (?.CL)- onpe,1teJIHM H3 O)tHOro H3 YCJIOBHR KOMMyTarum 
. . -\- . . . . 

T ~ H R, t W\;,,1:, onepaTopoB, HCnOJI~30BaHHllX npH nonyqeHHH 

qJOpMy-JIH (J.8): 

l 3. . ii_+ . ] . == - ~l 
... , ) . e,\+\=-.' co. _., V ~I 

(3.9) 

,Ilonyqemme BUpa:m:eHHSI HanOMlfHaJl; 4JOPMYJill B MeTO,ll;e ;npHHY~HTeJIL-

Horo BpallleHirn, OTJIHqaacL OT HHX I) HHW oripe,1teJieHHeM COCTOJIHHJI 
. ' . ' ·, -, 

\ O) H : 2) OTCYTC TBHeM 'orpaHHllemdt Ha MaTpHqm,ie 3JI8M8HTH 
.- ~ . 

+ .· 
o~epaTopoB "1G t l'ol=ii 9?PT~eT~TBUe POTOHHOil ipopty_JIHpOBKU H Mo_.11;e- ·, 

JIH npHHY.itHTeJILHoro BpameHHJI. c yqe;oM ocTa.Tot1Horo B3aID40.11;eilc·T-. 

B;a124/ np~cJiellt~HO 
0

B pa60Tax/IB,I9 , 20,211 .. 3anHdJ;~ pri;oH~~x _·· 
'', '".. ,·_, ' ' ,. - -·-

onepaTopoB B npe.n;cTaBJI8HHH. BTOpHt1Horo KBaHTOBamrn. 

,. Bu6~p COC~OJIHH~ \ 0 >. H 3Hepr~a KB~3H~~~T~tlHllX COCTOJIHHll 

B cooTBeT~T;~H.c ~op~JioM : \~- h (iL).).\o) = ?· -~~~~T 
. 3aM8THO yBeJIHtlHTL_ Oll8HKH _MOM8HTa HHep~IDI, npu6JIH3HB HX K 

3ItCil~p~MJH'T~JIL'nm/211 
,i YBeJIHtl8HHe MO~e~;~. HHepIU;H 

0

np_H6~IISHT8JILHO 

Ha 3% CBSI3aHO Tait:m:e C yqeTOM qJieHOB, H8.BllnHCaHHllX JIBHO B . 
.. . .. + . . 

(3. 7), Ka.K noxasa.JI aHa.JIH3 ypaBHenltit .itnn ·: ~"""" ! one~~;opo/201 • 

·. Yt1eT 6oJiee c~o,moll 3aBHCHMOCTH . h (~i) H8CKOJILKO 'yMeHb-, 

ruaex o~eHey nepBoro qneHa , B pasno:m:enHH ··.· : h Ci 2. l . no cTeneHSIM 
12. /25/ 

• 
TaKHM o6pa3oM, Ha.MR noJiyqeau ypaBHeHIISI )tJISI .poTOHllHX one- .. 

paTopoB,:Hail.11;eau HX npH6Jin:m:eaHue pemeHHst u saipuxc:HpoBaHu uec:rtriJIL-. . ~- . 

KO <pa.KTOpOB, cnocoOHHX H3M8HMTL Olt8HKH 1rnep~OHHllX napaMeTpoB, 

12 

( 

l 

1 

·1 

ii 
1 I' 

r 

I 

f 
j 

C,IteJiaHHlle no MO,ll;eJIH npHHYAHTeJILHOro BPallleHlrn. 

rnaBfL'i 
' . . , 

PasBHTHe H 06061I1eiI11~1"..e'opHH po:ra~olrni.Ix nonoc 

OnHCaHHe H83Hepre:ruqecKHX xapaKTepncTHK poTa~OHHHX 

COCTOSIHHll paccMaTpHBaJIOCL B pa6oTaX A:a_,I~~2P ~ ,)tJISI npOH3BOJILHOfO 
~ • • "a, •• •, ,. , • ; • • ,0 • • 

. . ~ . . -
T8H.30pHoro ,onepaTQpa 1-LM MOXHO. onpe,ll;eJIHTL q>yHKIUID OT I 

H ~:~> '., TaKyJD,. qTo., - , .... 

( Bl u=;:M,-:+Ll"\(J, r-tL 1)1 A > :::: ·o . (4.I) 

eCJIH, > ( A> M I B>' cynepn'o3MltlIH co·CTOSIHidl O,ll;HOit' IIOJIOCH~ Ecmi 

qHCJIO OTJIHqHHX OT HYJISI KOMMyTaTOpoB· F;'. 11 C .·R,;~ He.B8JIHKO, 

x~" <f ii>\ . npe.n;c~aBHMa it~aeqHw otpes:rtou ipa.n;a. 

.. _[. 
,, J 

LM 

. ,-._).,'{· T l ~1.)"l. [ c. (11,n2.tl \I -.. R,L-e '{I_LM ,{I . , 
II•"~£_ . • . . . 

(4.2 ) 

r.11;e :r_ l~;l'l,_t)- KOHCTaHTU, T8Ii30pHldi onepaTop Te t>\ onpe,iieJieH 

CBOeil KOMII·o~·eiiro'n ; l' tt· = tr~) t . , '{ R,:t\ \Uto3Ha~aeT B8KTOp

HYD CBH3L. lfMeeM B STOM cJiyqae 

. . . . . n· . . . < 1:,M;,\ ~M \ J_/l~) = [_ 1 C.(.n,nd l_lI;_lI_+i),) 'lI4 (I~-1-i))"; 
• . . :",n-i{ . . . 

. ·x 
• .I.-M·. (' ].. L IL )' · ,'\ + .. \ ··11 · ,. ·(4 '3) 

( _, \) l . ' - . ·' ... " .. <<r. \I R, ,· .· I /1 • 
\ - 11· M M ' l-e t \. 1 .\ •'' .¼.. ,... . . ',• ' . . .... 

r.1te ..... . . . 
. · . . . . I-- K-1- e .. '. •. ', • •·, < 

<I,ll{R.:_el'tt\lI(> = (-,) _l' · .. · [(21.~1)(2I/ 1 HuT,)1Y1." 

)( rC2.J:~-t-e-+ 1.)!,½.j I, LI~ t·(·:r. L 1:~) . 
L (1Q,)! (2.I~-e)! l \. t r~ L-t) . - K o 1<. · · •. (4.4) 
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,!· 

B cpopizyne ( 4. 4) 1meH n, = nz.-= e = o npe,JJ;craBJIHer BHpaJCemrn 

oc5oc5JlleHHOlt uo,JJ;eJIH. ,n;nn uarpH11Horo 3JieMeHTa onepar opa 

~JieKrpHqecKoro· uma!26/ ( npH K=O HJIH npH L < 2K) •· 

Koscpcp:m:urnHrH cl (n, ni. l) MOil!:HO BHqJiCJU'!TI,, HCDOJII,-

3YH CBOltCrBa KoMyYra1urn H HOp:Ml!pOBKH 10·-;:,.. H SIBHHit BH,ll; 

HX MarpHIIHHX SJie~eHTOB, ycra.HoBJI8HHHit B rJiaBe J. Ilpa.1trH11ecitHlt 

HHrepec npe,n;craBJISl8T cnyqait, KOI',llll 'IHCJIO OTJIH'IHHX or HYJIH 

KoimyraropoB F;:M H ~ ~ paBHO e,n;HHHUe. :3pMHTOBCKHe 

oneparopH ra.itoro rHna 3KBHBaJieHTHH l ~-\ o,n;HOLIY H3 cne,D;YDlllHX . 
' ·;, ' , 

BHpaxemtlt: 
F1 (I). . R, + CL (i t + >l .. 1 - . T \. ') 

Ltt, 7 C.o LM + 2 \ L=-1) lLn -t \ l R,l-1 . LM · 1 

(4.5) 

p (l) ~ ~ Liz. R,+ '1 .• (4.6) 
Lt\ . 2 L , LI'\ J , 

OTJlH'lallJllHXCSI npeoc5pa30BaHHeM npH BpeMeHHOM orpallteHHH. IlpHMepoM 
' - ' ' ' . 

(4.5),HBJIH8TCSI BHpa:EeHH8 ,ll)ISI MarHHTHOro ,D;HilOJII,HOro oneparopa ;· 

( CpaBHH ( 4. 7) ~ (5,.26) H3 26 ) : . . , 

+ ... ' . + ..,. ff; e, I'\ ( . . . . ;>.' ) . • R, M · = 2...:. - a I + Q r- 'L<tt-' •,,,.= . '"", 
ltlf 2Mc. (fr otr ,l <1 .__ 

(4.7) 

IlpocreltmHe npHc5JIHl!C8HHSl,,D;JISI uarpHIIHHX 3JI8M8HTOB 
·+ 

R~ 
npHBo.n;nr 1t H3Beci-HHM pesyJI1,rarau oc5oc5JlleHHoit uo,n;enH .JVIH. 
H I} t.r ( q>opuyna (6. 7) H3 26 ) • · 

EcJIH L - 11erHoe H K=O , ro B ( 4.5) C.-z.. =0, a ,n;JIH 

i .. 

c.C> 

H C. I MOJICHO DOJIY'IHTD BHpa:ateHHSI 
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c:(r. '+ 0 • L M=o I oo . . . . 

+ ¾vL(Lt;) [ E·-E Ra.{(~rr,Jok(I~.)ko+ (1~tkl~~:-,)ko\, 
<r z. k.,c k o 

' 1 · t · ) . I \ I ·) · lF.1 )· L ( 4.8) 
l 1 "'· .~ [ E -EI~ (~111,-1 oK \~+1 lc.o+\1,., ok Lm=-• l,.o ( · 'a- 2.L{Ltl\ k,'c le. 0 ·· ·• •· • , ·· .. • . •. . . > . 

Bropoit qJieH ,D;JIH c.o . SIBJIHeTCSI nonpaBoquHM. no OTH01118HHD K .· 
' -- ' - ' ~ - . . . , . ,- ~ ~ 

qiopuynau oc5oc5nteHHott uo,n;eJIH. Ero y,n;aercn oueaHTb, ecJIH.,. \ kY - · . . ' '.,. .. ,,. ' " .. -". . ; . ',' \ ~~ ;, -: ·.,, - ,. ·, . > > • • • -:· 

COCTOSIHHSI aKCitaJII,HOro ,n;eqiopMHpOBaHHOro ,OCUHJIJIJlTOpa C .napauerpoM 

· . i~eqiop~amm · £ )UIJI c_ny~a;~ Kor ,n;a .~~ =; ·.G:'. ~( r.) 1- LM ( \~~) • 

. : ·. · I .. ·· Y, ·1+2£ 3/.s L ·ti 2. \ ... 

C .:.. Io ) +- 'L(L+1)tZLt1l1 z. l _) '-- - ·· ·
o•-:,\ rL11=0 6'6 2V6L ... · ,· '··' ·\ L. •· .·· lZt\lZ,z. l.'tLJ0 t. . . . A . . . 

: }~ .. · ·x / ·z o\t '~ (r~) y, /~·( 1v;,) \ o >. 
.. L/ : LL ,.,, . f: L: , 

~ , . , • •• • ~ ' '. • ; \, , : l ~ •"' ' 

(4~9) 

Ko3q>q>lIUHeHTH xlL,D;JIJl L =2 R . L' =4 npe,n;craBJieHH rac5mi:uefl,l. 
'-

Tac5nima I 

Ko3q>q>HUHeHTH :, X,t.:t.' B qiopuyJie, (4.9) 

~L" 0 2. 4 

2 
36/ <; '3/{s- -S-~¾ 

• '55" -
4 .0 . 2.2~"½, - 6 €o /4 .. 

·.. ll-.3S-

Bropott _qnea qiopMy-JIH (4.9) yBeJIHqHBaer ouenKy napairerpa 

.. te<Iiopuc;~1i' C ~lj. Ha:,:0,025 ~- Mlliei:,o(5'.£,fiC~HT~ pasm1qli~ 

uew 3KC:nepm..fe11ra.JII,HHMH 3HairnHRSIMH :noro IIa.pai4eipa, nonyqe11.: . 

HHMH H3 a.HaJIH3a 11eynpyroro pacceinrnsi d-.- qaci~u H 3~eKTpOHOB • 

... Oc5oc5JlleHHe ~ccuorpeHHOro B~pltaHra reopmI Bpanieririn SI,l(ep .• 

,D;JISI a~~misa ~py;nx: B036yx,ienHtt Halla;o· B pac51lr/181~ ~opMaJII,HHe 

Bonpcicu irutoro o~o<intmrnsi irsfqk.izHCI, Ii padllra/27 ;2a/~ B~O/no-
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Ka3aHo, B tiaCTIIOCTH, KaK BB8CTH B pa3BHTYD cxeuy OilHCaHHll · 

Bpamem1a cmw:eTp1rn · OTHOCHTeJI:&Ho. KoHetiirnx noBopoTOB BHYTP8HHHX 

oc elt a,n;pa. 

Ilpe;umraeTCll HaXO,lI;HT:b npH IlOMO~H ,lJ;HHa.MHtI8CKHX yp~irneHHi:l 

He BOJIHOBlie qJyHKUHH H C06CTB8HHl:l8 3Hep~HH a.npa, a· onepaTOpl:l; 

HM8Dll\He onpe.n;eneHHYD cTpynypy · B npoctpaHCTB e no,n;ne:m:a.111H·x, onHcaHHD 

cocToaHH!t :( _B npocTpaHcTBe .n): 

R, == L. 1"1.><.i.l R..,lp<~\. (4.10) 

BMecTev C . 1z\~ t ~npe.n;enaeTCll' n MO,lJ;eJI:&Hl:llt raumiuomi:a.H 11
, h; 

3aBHCllll\Hil OT tIHCJIOBl:lX napaMeTpOB . r '. , H3B8CT~l:lX onepaTOpOB 

THila MOM8HTa KOnHtI8CTBa ,lJ;BHJB:8HHll I . H onepaTopOB R,.., ~- .nna 

onpe,n;eneHHll 'R.;, H h · HcnoJI:&3yDTca o6o6meHH}l~ ypaBHeHHll ,n;BHl!Ce.;.;. 

HHll, Bll'I8KaDll\H8 H3 ycnpBHSI TOllHOro BOCilpOH3Be.n;eHHSI MO,I:t8JI:bHl:lM 

raMHJI:&TOHHaHOM h cBollCTB "HCTHHHoro" raMRlI i:.TOHHaHa a,n;pa:: 

l ( H -. k), ¥{,v ] .,, 0 , (4~_II) 

'a TaKJB:e ,lJ;OilOJIHHT.eJI:bHl:le YCJIOBHSI .THna KOMMYTaUHOHHl:lX COOTHOW8HHlt' 

R--:, H I .. · onepaTopoB, .qni:KCHPYDl!llie CTpynypy R.., B cpopuy-, 

Jie (4.9).. ·· · · . '· 

OnHcaHHast cxeua npH ,n;onoJIH HTeJI:&HUX npe,n;noJioJB:eHHSIX nepexo.nuT 

JIH6o B MeTo~ C~ B cpopuynHpoBxe, ,11;aHHol.t / 28 ~ JIH6o• B ,;,P~T~HHY~" 
~·- . : } - , _' ~ . ,' . ' . '. . ; ' ' - . ' . : . . - . , ' ' ' ' - ·. - '. . ' , . ·, 

TeOpHD Bpa!Il8HHll. 0Ha· OCHOBaHa Ha npe,rtnOJIOllt8HHH, tl'IO onepaTOpl:l ' 

(4.10) ,11;~cT~~o~~o npo~Tl:l ·- Hanp~ep~, ~~qepnH~anTcst 6HJI~HellH~ 

xoM6HHaUHHM~ ~nepaTopoB polI,ll;eHH~ KBa:mqacTHU. CnpaBelmrn~~n 

TaKoro npe,nnoJIOl!C8HHll ,D;Jlll POTOHOB IlO,lJ;TBeplI,ll;aeTCSI cpaBH8HH8M 

pe3;JI:b'Ia'IOB C 3Mill1:pHtI8CKHM MaTepHa~o~. 13~3MOllCH~C'I:b no,n;o6pa'I:b 

16 

uo.n;en:&Hl:lll rrumJIUOHHaH h: .. H npoc:rne an epaTopu 'R,.;; , ;; 
Y.ltOBJI8TBOpllDUIH8 ypaBH8HHD (4.II) B, CHCteMe B3am.10,n;eitCtBYDIIUfX-" 

<I>·epMHOHOB ,HJIJIDCTpHpyet. Mo.n;en:& 3JIJIHOtt~
1291, paccMotpeirne. 

XOtopolt C TOtIKH 3p8BHll "potOHHOlt',!_ teopHH Bpantemrn npoBO,lI;HJIOC:b · 

B pa6~Te /.3° I • . 

· rnaBa 5 

3:pq>eKTHBBHe CHJIH B cxeuax, no.n;o6uux Meto;or. cJiytiaituux cpa.3 

. ,· 
Otta.JIKHBaHHe ua uanux iaccToHHHSIX BO B3am.10.n;ellctBHH HyKJio-

- ·., _, ' - - . 

HOB ,n;enaet_H8B03MOXHW npSIM08·HCilOJI:b30BaHH8.peaJIHCtHtI8CKHX 

DOT_8B1Uia.JIOB• B ;H3YtI8HHO~ paHee CX0M8~ B pa6otaX/Jl,'.32 / Tpy,ItHOCt:b 

. npeo,n;oJ1eHa'Bl:l,lJ;8JI8HH8M 1toueqHoro 'tiHCXa CHJl:bHO CMeWHBaDntHXCll 
- • .·'.,' •• - ' •.. a -

MHorotiaCtHtllll:lX COCtOSIHHR H yqetoM ,OCta.JI:bHHX :MeTo.n;aMH TeopHH .. 

a,11;epHoit uaTepHl!/:33 /. n/J4'/ no.nyqeuu ou·eHKH aas~cm.1octH OT. 

n~oTHOC~H , b.; o6pasuoro 3cpq>e1tTHBHoro B3a~,n;eil~TBmi, ·· · 

.. Cne,lJ;'J.i 35 <' onp~;iemm. n~~c;~aHct~o. c~~T'o.aHH~ . l m ~ , 

co,n~pira11tee HHmillmiie KoHq>H~patiHH o.nuoq~cTH~Horo; _raMH~:b'IOHH~mi }-\ 0 , 

:eocnpOH3BO,lJ;llnt8rO o6'IleM Sl,ll;pa H q-epe,n;OBaHJ40 OCHOBHHX COCTOllHMlt ' 
. . ' , . , ' . . ~ -

'6JIH3KHX_HeqetHHX a,n;ep. llnteM peweHHe ypaBH8HJ4ll mpe,11;11Hrepa B. 
. - . . ' . 

BH,ll;e· w. ; -~ .. 
. i. =. _Q_ (i:.._) <?i; 

. -~ ~- ,. . ' . 

r,Ite COMHOJmt8JIH q>HKCHpOBauu ypaBH8HH8MH: 

("\ . 1-P 'v ..::..1...{ic} = >i+ -· -"" · ,ri(r) · . . . -. . ~ - \-\o . jL ' 

\-\wi(e) <Pi. =_Fi.le) c\:t ~ +l~(l) = H0 +P.._\f fl(,2), . 

~' ·-~ t-U~) 
\. L • 
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(4.I) 

(4.2) 

(4.3) 

(4.4) 



lanee onpeAen11M·onepaTopu, npeo6pasyDl1lRe-no·onpeAeneuuouy· 

3aKoHy: COCTOHHHH: -'Pi, , Hanpm.rnp, 

6,-r = A-..* c:p - - .: (4 5) 
'2.1 4'2. ,. • ·. • 

EyAeM 11cKau_ onepaTopu • b+, , B BHAe pMa no trncny nap onepa- . -_ 

TOpOB nonH HYKHOHOB 

bl- = ) ol X olJI- I C X \ \:/ I )( I) r +ex) f (_)( •j .+ . -. (4.6) 

AunnHTYAa . ( x 16 + I )(') qi11Kc11pyeM ycnollRHMH 

<c j ~•r,,it<x,) { ll"(i,) bt - b+ H~ l<, l -[i,c>,; b~ \ \-) = O, 
(4.7) 

rAe \- > nDdaH K<>Mc511Ha1urn cocTOHHHlt . ~. H ·<t>2 • 

., Ec.nH BeKTOp .\-> annpoKCHMHpOBaH BaeyyMOM onepaTOpOB 

KBa3ritl8.CTHU, -TO ·' \-1 (i) YAO6HO 3aDHCaTI,. B .TepMHHaX HOpMan:&HHX "" . ' . . 
npoH3Be.rteHHil.noireBux :onepaTopoB. B (4. 7) ,ll;aDT .Bitna)l; :ron:&xo 

cne,nyDlllHe ttneuu: 

\-\,.Je)= .h0 t~l.::·fotx.Jxi h,ti.·xx'): fcx)~_t~·)_; + 

+ ~ )oh,dxtJ~:~h:~ h1.(~1 \X~/x:) -~-f6<,) f(X1l.t(~z'_)~ ('.i,'): 
<}yHKUHu, h" B (4.8) CBH3aHH cooTHo_memun.m: 

h. ; ~ h. O '', .• I· .:.. $} h 1J 

:::; l h - ' 
' 6 \(()('I.') 2. ~ \Zli<, \') ~l<.(1C1J1-!\ \ 

'' 
• , • •• 1 •• 

I 

(4.8) 

(4~9) 

rAe K(x,x:) = ( K \ t;-(x,)f(x:> I K->-MaTpHua n~oTiiocT_H 

H I~> E { "' 1 . COOTHOfil8HHH ' ( 4.9)' ·nocTy HHPYDTCa . B Teopmr 

qiepMH-JnUKOCTH/.'.36/, H ,ll;aHHH.ll 3,ll;eC:& BHBOAMO~O paccMaTpHBaT:& 

KaK onpeAeneHHe Bap:&11pyeuqn 3HeprHH. 

· . B ~adoT/
34/ nonytteHH OU8H~H 3qiqJ8KTH~Horo _. S '- B3MMO-

AeltCTBH~ B HA8pHolt Ma.TepHH, OCHOBaHHHe Ha pa3nHtJHOlt HHqiOpMaUHH 

0 saBRCHMOCTH nnoTHOCTR ee 3HeprHH OT nnoTHOCTH BemeCTBa. lnH. 
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nOT8HUHMa B3aHMOA8ltCTBHa HCDOH:&30BaHa qiopuyna : . . . . . - . -

. V.. = 'o.,_ E= S ·( i -r l (4~10) 
i~ ~ ~ \ t ' 

' ~ . 

cneAyDlllaii 113 ( 4~9), e·cnH h > "V E. C v.:.. od'fieM) 3aBHCRT 

n~:& OT now:&iiolt nnoTHOCTH HYMOHOB f . AMnnHTYAa npH i -
'(!JYHKUHR 3aBHCHT OT nnoTHOCTH llOAOdHO 8.MIIXRTYA8 pacceaHHa ./6 / 

- ( cJ.i. Tadmu~ 2) • Hccne~oBa~HH E:<.<s) - ✓';.71 ll03BonaD_T, y~_OtJHHTL 

' pa;(HaJILHYD a_aB!fCHMOCTL 1 -. 'B.MIIHHTYAH B3aHMOA8'1CTBHa. PHc.l 

.n;Jia Mpa 
2011 Ph noKasuBaeT, -ttTO 6onee · peiumcTHttecx~a KpHBaa · 

AH~ 1 ._ C,ll;BHHYTa npHMep~O Ha 0,5- ·~ ·.:, 'OTHOCRTen:&HO KPl!BOit 

c mme«Holt no nnoTHOCTH saBHcHMocuxi. 

a. D - B3~ID.{0A8'1CTBH·e ·c "riapaMeTpaMH, npHB8A8HHW4H B T ~dnH

ue_;l, HCDOH:&3~B~HOC:& Ana• ~actrnTa BepoaTHOCTH r -: 3aXB~Ti39/ B 

COCTOHHHHX O , r-~ 2-_ B .MPaX 160 H 40ca. OnHcrurne oKasano'ci 

BDO~He _YAO~neTBOpHTen:&HhlM Ana o- H 1- COCTOHHHR. B cnyqae 2-

Ha«AeH~aa' H~MH • b -:-· CHn~ TaK lite K~K H ·Apyr.He BaJ;>HaHTH ff pea;_ 

nHCTHtrncxoro''. B3aHMO,ll;ElltCTBHa; npHBena x· pa:'cxol!CA8HHaM 'Mex,ny -· 
< ' ' , , • 

paC'118TOM R 3KcnepHM8HTOM •. 

Hcnon:&30BaHHe DOAXOAa B pa60Ta/3o,3I/K BHtJHCHeHHD 

MaTpHttHHx_ 3neueHTOB B3aHMo.n;eltctBHa B nerKHX Mpax duno 

c~eJiaHO -/40/ • 06Hapylltemo, tl~O BCH8ACTBH8 ;3qiqJ.8KTOB 

nep·ecipolKif.uoiionon:&Hasi· KOMIIOHeHTa • B3aID!OAeilcTBHa -cyDtec:r-

' B8HHO OTnif°qaeTCa OT 3Tolt KOMIIOH8HT!I ·&- "MaTpHUll. 
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I 

!I 

Ta6111U!a 2 
,,. 

lW>eKTHBHl:le CHJill HyJieBoro pa.AnyCa AeHCTBHH 

V = bti\-r,, { -te + io rr§~ + l i;+ _i;cr-,~ ] Ti~· \ 

I 2 3 

4 BHem •.. -3 -2,5 "."'I,4 
c BByTp. I 0,45 O,I5 

BHem. o,5 - 0,3 
3-c BHyTp •. 0,5 - O;I 

, BHem. - 0 ··.· -0,22 · -1c · BHYTP• 0,3, - 0,62 

I BHem •. 0,5 - -0,05 
'ch BHYTPo 0,5 - 0,45 

1?yHKIUIH j , ~. 3aBHCHT mrneiiHO. OT IlJIOTHOCTH. IlpHBe-., 

AeHl:l HX saaqeam1 npH ~ = o C Bil em.) H ~=~)'ti.a.)< ( BHYTP•). . . 

KOJIOHKa I BOCilpOH3BOAHT AaHHJ:le wf 6 ~ 3Ha'leHHH B KOJIOHKe 2, 
noJiy'leHl:lH3 YCJIOBHH HaCl:ll!leHHH E.(<s) :;:a- a:.~(+ .f,''$l: . • 
npH ~ rt ::. -I5 M3B/HyKJIOH, TF =- 35 M3B. KoJIOHKa 3 COOTBeTCT

ByeT pac'leTy H,llepaon .MaTepm/
3 &' • BeJm'lHHl:l yKa3aHI,I B MHHHUaX 

2. TF/4<s = 320 M:rn/ · ~ :i. • · 

rnaBa 6 

Tote pas o TOM, HYli'tHl:l JIH .M0Aem1 B TeopHl! 11,llpa. 

Bwe Cq>Op.MJ~HpOBaH IlOAXOA K H3y'leHlUJ CTpyKTYPl:l H,llpa, 

B KOTOpO.M 3Ma'la pa36HBaeTCH Ha HeCKOJILKO 3TanoB, Ha'lHHaDl!lHXCH 

C q>Op.MJJIHpOBKH cpeHOMeHOJIOrH'leCKOH .MOAeJIH H 3aKaH'lHBWllllHXCH 

ee 11MHKpOCKOnHpOBaHlteM11
• B AeTaJIHX TaKaSI nporpruma OilHCaHa B 

npH.M8HeHHH K aHaJIH3Y poTaUHOHHl:lX nonoc. PacC.MOTpeH Bonpoc 0 

20 

f 
·•1, -= 

2, r' ( p) 

-i 

.-2 

PHc.I 

PaAHaJILHaSI 3aBHCH.MOCTL 3qxpeKTHBHl:lX _CHJI HyJieBoro pa.AHYCa AeHCT

BRH )(JIH 208 Pb !' CniIOmHaSI JIHHHSi OCHOBaHa Ha pacqeTaX smepHotl 

MaTepHH.MeTOAOM ToMaca~epMH; nyHKTHpHaH JIHHHH COOTBeTCTByeT 

JIHHelluon 3aBHCID!0CTH aMilJIHTYAl:l. -S- OT IlJIOTHOCTH .• EAHHHUll • · 

H3Mepemrn TaKHe lite, KaK B Ta6JIHUe • 2 •. 

BH6op e. rmmJILTOHOBCKOil MaTpHUll B :YPa.BH 8HHHX AJIH napaMeT poB 

LioAenen. IIpoBeAeH1:1 HeKoTopue pa.c'leTll c 11cnon_L30BaHHeM pas

BHToro annapaTa, Hanpm.i:ep, cpaIIHeHHe Ae<popMaru,rn B napaMeTpax 

noT~HUHru,ta .H ~CCl:l B rJiaBe 4, oueHKH sqxpeKTOB nepeaopMHpOBKH 

B3aHMOAei1CTBH'H B rnaBe 5. 

, TeopHH HAepHl,IX MOAeJiell. pa3BHBaeTCH B8CLMa HHTeHCHBHO, •. 

XOTH AO HaCTOllll{ero BpeMeHH HCllOJIL30BaHHe HOBllX MOAeJieil He 

Il03BOJIHJIO IlOJIY'lHTL CYl!l8CTBeHHO HOBorcy IlOHHMaHHSI CBOHCTB llApa 

'leM TO, KOTOpoe 61:lJIO AOCTHrHyTO H.a OC~B e ynpOl!leHHllX Bapi'!aH:

TOB MeT OAa X<I>E.. IloHHTL, noqe.MY CTOJILKO. ycHJIHil TpaTHTCH Ha 

pa3va60TKY HOBllX MeTOAOB,IlOMOraeT OUeHKa BpeM8HH, KOTOpoe 

TpedyeTCH AJIH npOB8A8HliH "6e3MOA8JILHOro" -pac'leTa BOJIHOBOll 

cpyHKIUIH CJIO,moro H,llpa Ha HAeami3llpOBaHHOH 3BM. llirnno, Bl,lpa-

2I 
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· lltaJJDtee 3TY onemcy, CT0JIL BeJimto, qTo ,ll;axe BospacT Bceirnaao·a. 

HHqT0lt8H no CpaBH8HHD C HHM. O,ll;HaRO. YT0qHeHHe 3RCil8pHM8H~ 

TaJILHHX ,l{aHHHX npHB0,ll;HT KO BCe.doJiee CJI0llCHOll xapTHHe H 

,n;eJiaeT :ece doJiee MaJI0BepoSITHHM B03MOJICHOCTI, "despacqeTHOro" 
' . 

0ilHCaHHSI CB0llCTB a.n;ep. Ilo3TOMY C03,ll;aHH8 np0CTHX ,ll;JIH qHCJI8HHoro. 

aHMH3a M0,ll;8Jiell B:TeopHH H,ll;pa HrpaeT npHHnHnHMLHYD p0JIL. 
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