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B iu1ccepTa1U111 11ay11aeTCS1 aana11a paccesi1111si Tpex ien 11a oc11oae ypaa11e1111l! <l>annee-
. . /1/ / . . 
Ba ; S!Jlpa KOTOpb!X Bbipall<aIOTCSI 11epea TO'lllbl8 JlBYX'laCTll'lllbl8 aMillIIITYJlbI paccesi1111si. 

3aMeT~~• 'ITO B np116lilllK8HIIII HylI8BOrO pan11yca )l8J!CTBIISI 11:i" ypaBH8HIIJ! <!>8Jl)l88Ba nony-
. - /2/ . . 

_ 11aeTC/S1 xopomo 11aaecT11oe ypaaHeHHe CKopHS1KOBa-Tep-MapT11pocS111a .• Jlnsi 11ccnenoaa1111si., .. 

penSITIIBIICTCKOJ! aana1111 Tpex Ten IICilOIIb30BalIOCb 0606me1111e ypaBHelllll! <l>anneeaa, nony-

- /3/ 
, 11e1111oe CToSIIIOBbIM II Taaxen11nae • 

· B AHCcepTaIU111 pacCMaTpH!laeTcsi B03MOlKHOCTb 1Ip11Me11e1111si MeToAa KOMJineKcHhlX yr-• 

lIOBbIX MOM8HTOB .K 38)la'le Tp8X Ten. TaKoe paCCMOTpe1111e npencTaBlISl8T IIHT8pec, TaK KaK 

_cymeCTBYIOT onpeAeneHHbl8 yKa3aHHSI Ha TO, 'ITO 1Ip11cyTCTBll8 MHOro11aCTll'lHblX npoMelKY

TO'lllbIX COCTOSIHHJ! B AHarpaMM4X ·P8lI!ITHBHCTCKOll 'Teop1111 B03MYlll8HHll npllBO)lllT K nenonIOC-
. . , /4/ . 

· HOMy Il0B8Jl81111IO COOTB8TCTBYIOlllllX 4MIIlIHTYJl pacceSIIIIISI , 'ITO MOlK8T cymecTBeHHO 
/ 

3aTpyJlHHTb 11ccnenoaa1111e aCHMIITOTll'l8CKOro Il0B8)l811IISI aMnlIIITyA paCC8SIIIIISI np11 BJ;,ICOKIIX 

s11~pr11six. BBIIJlY ClIOlKHOCTH penSITIIBIICrcxol! 3aAa'IH npeACT4BlISl8T IIHTepec npeA~ap11Telib-1 

Hoe paCCMOTp811118 aepenSITHBIICTCKOJ! 34Aa'l11 C MHoro11aciu'lHblMII npoM8lKYTO'lllblMH COCTOSl:

HIISIMH (11Me11110," KBaHTOBOM8X81111'{8CKOJ! 34All'lll Tpex Ten). C STOJ! nem,10 B HaCTOS!lll8l! 

pa6oTe 

1.- 6bmll nony11e11bl ypaBll8HIISI JllISI Tpex'laCTH'lllbIX napn11anbHbIX BOlIHOBbIX, cpyHKUHJ! 

• H napn11alibllbIX aMnlIHTYJl paCC8SIHHSI, KOTOpbre YA06Hbl All.SI. npononlKeHHSI B KO.Mnnex·cayIO ' 

n~cic~OCTb nonHoro yrnoaoro MOMeHTa. (3aMeT11M, 'ITO npu STOM o6pamanocb oco6oe 

Blll!MaHHe Ha npaBHIIbHbll! Bb!6op q>H3H'l8CKHX JlBYX'laCTll'lHblX napnHalibHbIX aMlIIIHTYJl .paccesr

HlllI B~8 MaCCOBOJ! m>BepXHOCTH AlilI KOHKpeTHblx: 38)l8'1) • 

2. Hay'lalISCb 4118lIIITH'l8CKaSI CTpyKTypa HepenSITHBIICTCKHX Tpex'laCTH'lHblX. aMlinHTyll 

pacceSIHIISI B lllIOCKOCTII lIOlIH?ro yrnoaoro MOM8HTa. 

noMHMO SToro, B JlHCCepTanuu npo113B8ll8HO IICClI8AOBaHHe KoppeKTHO onpeAeneHHbIX MaT

pll'lllbIX sizeMeHTOB penSITHBHCTCKIIX aMJilIIITYJl paCC8lIHIISI Ha CBSl3aHHbIX COCTOSIIIIISIX H nony11e

Hbl, ypaBH8HIISI, CBSl3bIBaIOm11e STII MaTpH'IHbie SlI8M8HTbl. 

Bee paccMOTpeHHe B JlHCCepTanu11 npOBOAIITClI B npu6nHlK8HIIH napHoro B3aHMOAell

CTBHSI. 

Jl11ccepTan11si COCTOHT 113 Tpex rnaB. Bo BB8)l8HIIH paccMaTpHBaIOTCSI oco6eHHOCTII 

·. ~pex11aCTH'IHOJ! aana'lll paccesrHHSI H o6cy)KJlaIOTCSI peaylibTaTbl 118KOTOpbIX pa60T no STOJ! 

/ 3 



/5 6/ 
npo6neMe ' • Bo BTOpoll rnaae BblBO/UlTCSI ypaaaeHHSI cl>a)l)leeaa )lnst napUHSllbHblX BOnH 

H UCCne)lyJOTCSI SHSnHTH~8CKH8 CBOi!CTBS Tp8X'ISCTH'IHbIX HepenSITHBHCTCKHX aMnnHTY/l pac

C8SIHHSI a nnOCKOCTH ncmaoro yrnoaoro MOMeHTa. 

B § 3 paccMaTpHaaeTCSI 38/lS'IS pacceSIHHSI 'ISCTHllbl HS CBSl38HHOM COCTOSIHHH llBYX 

llPYl'HX 'ISCTHU; ace 'ISCTHllbl - 6eccnHHOBbl8 • B38HMO)lel!CTBYIOillH8 qepea /lBYX'ISCTH'IHble. 

\ noTeHI{HSnbl; TpeTbSI 'ISCTHUS C'IHTaeTCSI 6eCKOH8'1HO TSIJKenol!, T.e. npHHHM88TCSI aa Heno)l

BHlKHblll CHnOBOi! ll8HTp. faMHJibTOHHSH CHCT8Mbl HM88T BH.ll: 

H= Ho+ v c1t1>+ v (Ir' -t l)+v.c1t1>. 
U 1 . 12 1 2 •3 2 (1) 

➔ ➔ 

r)le r 
1 

H r 2 - pa)leyC - BeKTOpbl COOTBeTCTayromnx 'ISCTHU OTHOCHTeJibHO cnnoaoro 

ueHTpa. 

Mb!. C'IHT88M, 'lTO B peaym.TaTe B38HMO)lei!CTBHSI aaneTaromell 'ISCTHUbl co CBSI38!0IbIM 

COCTOSIHH8M_ /lBYX 'ISCTHU He npoHCXO/lHT paCnSAB CBSl38HHOl'0 COCTOSIHHSlo nng paCCMOTpeHHH 

T811'.0ll 38/lB'IH Yll06HO HCXO/lHTb na H8CKOJibKO MO)lH<j,HUHpOBSHHOli CHCT8Mbl ypaBH8HHll 

· 4>a!l/leeaa: 
'1'.I '1'(1)1 + '1'(2)1 + '1'(3)1 

(2H I • (El 
'I' --<ti -G

28
(z)T

13
(z)'I' , 

(2) 

'I' {8)1=- <Ii' G (z)T (z)'PC2)I 
23 12 (3) 

(1)1 I 
'P = <Ii 

I -1 
l'/l8 <l> - aonaoaag <j,yHKUHSI HS'IMhHOl'O CO<?TOHHHH, rpHHOBSSI q,yHKilHH ·G 23 (z )='(Ho+ ~a + ~) , 

z =:E,. + i 'I, 'I ➔ 0 ( :E,. - nonaast saeprnH cncTeMbI), a T1k onpe)lenHJOTCSI ypaBH8HHSIMH 

Tlk (z) = ·-.;k -Vlk G~a(z)Tlk (z). (4) 

YpaBH8HHSI (3) aannCbIB810TCSI B npe)lCTaBneHHB 6a3HCHblX q,ymcunll, stBnstJOillBXCSI co6CTB8H-

HblMH <j,yHKllHSIMH ypaaaeanil lllpe/lHHrepa C raMHJibTOHBSH0M ( 1 )·; r)le V :.. o· • a 38T8M 
12 

paanaraJOTcst no napunam.ab!M aonaaM, npH'l8M ncnom.ayeTcst paanoJKeane, npe/lnOJKeaaoe 

/5/ 
B 

PemaH nony'leHHbl8 ypaBH8HHSI q,pe)ll'OJibMOBCKBM MeTO/lOM B orpaHH'IHBaHCh nepBbIM 

/7/ 
nopSIAll'.OM B paanoJKeHHH D • nony'IHM 

(l).J 

(l)JM 00 2 
D (z)= 1- I (I +J)Jp dp 

e l2 .. o 

Kf ifffi(pnpn;po no) 

D(p,E,.f ,z) 
. 2 

(5) 

!')le £2 - yrnoaoll MOM8HT CBH38HHOfO COCTOSIHHSI BTOpol! 'ISCTHllbl OTHOCHTeJibHO cnnoaoro, 

uenTpa, f 
1 

- yrnoaol! MoMeHT nepaoii qacTnilbl OTHocnTem.no Toro JKe uenTpa, a non-
➔ ➔ ➔ 

Hbtl! yrnoaoll MOMeHT J onpe1len.11eTCSI KaK J = f 1+ f 2 • Ecrm nponaaecTn Tenep& aaMeey 

4 

,' 

l 

1 
,I 
i 
I 

r r 
1 

' 

l ~ 
1 

j / 
. '. 

j 

J. 

j 
\ 

~epeMeHHblX J -- f 1- t (npn'leM npo/lonlKaTb B ~OMnneKCHyio nnOCKOCTh MOM8HTbl J H f J 1 

OCTaBnstSI f uenoqncneHHbIM H )lei!CTBHTenhHbIM) H npe)lCTBBHTh BMnnHTy/lY pacceSIHHst --
2 . • -

nepaol! '18CTHUbl Ha TpeTbell (a/ OTCyTCTBHe BTOpoll) B pe)llK8BCKOM BH)le, TO noriy'IHM 

JM 
_)lnst O _(z) Bblp8lK8HHe BII)la 

JM 
D (z) 1- I 

f2=0 

JM 
f 2 a(z) /3,£ (() 
I J 2 d( • 

t=-f2ac ... , J + t - ( (6) 

OTKy)la cne)lyeT, 'ITO napunaJibHble BOnHOBbl8 q,y_HKUHB 6y!lyT o6nanaTb 6eCKOH8'1HblM KOnH-_

'leCTBOM /lBHlKYillBXCSI paapeaoB B nnOCKOCTH nonaoro yrnoaoro MOMeHTa. To JKe CSM08 

cnpaae/l/IHBO H )lnst MaTpH'IHhIX aneMeHTOB aMmIHTY/lbl paccestHHst. 

O/lHSKO 8TH peaym.TSThl MOl'yT OKa3aTbCSI HeKoppeKTHbIMH B cnny cne/lyJOillHX npH'IHH: 

a) HCnonh30B8HHblli cnoco6 aaanHTH'l8CKOl'O npO)lOnlKeHHSI yrnoBbIX MOM8HTOB He SIBnsteTCH 

. /5/ . . • ' 
O/lH03H8'1HbIM • 6) orpaHH'l8HH8 TOJibKO nepBbIM qneHOM paanolKeHHSI B PHA cl>pe)ll'OllbMa -

MOlK8T OK838TbCSI H8/lOCT8TO'IHbIM, a) npH npo)lonlKeHHH B KOMnneKCffYIO o6nacTb no· J .. 
K

(l)J 
SIApa SIMHIOTCSI aaanHTH'18CKHMH .q,yHKUHSIMH J nHWh npH ycnoBHH ReJ->-...l.+f ·+f•. 

2 2 - . 2• 
TSK KBK 0.'!:£

2
.<,_ oo TO o6naCTh aaanHTB'IHOCTH CBO/lHTCSI K aynro. 

BBH/lY TPYllHOCTH TO'IHoro aayqeaag aaanHTH'leCKoli CTpyKTYPhI nap1u1am.HhIX aMnnHTY/l 

paccestHHSI, B § 4 p83BHB88TCSI MeTO/l ieopHH B03MyllleHnli B HepenstTHBHCTCKOli 38/lS'le pac~ 

ceSIHHst Tpex Ten. TTonyqeao paanoJKeane MaTpH'IHoro sneMeHTa aMnnHTY/lhI paccestHHst a BH/le 

r 
R1, = (<Ii IT 

12
+ Ti

3
;:_T

12 
G

O 
T

18 
T G T + .. ,l<Ii

1
> 

13 O· 12 (7) 

(rile ·T a T - /lBYX'IBCTH'IHhte aMnnHTy/lhI paccestanst) a cq,opMYnHpoaaaa )lHarpaMMHast 
. 12 13 . /7/ . , · 
TeXHHKa· )lnH 3TOl'O paanolKeHHH • TTpHBe)leH nO)lKnacc )lHarpaMM BH/l8 

'Ii (8) 

+ + + 

( KpeCTBK Ha aepxael! nnn HBlKHel! nHHBB oaaaqaeT Tl 
3 

nnn Tl 2- _COOTB~TCTBeHHo; 

B_epTHK8/lhHOMY Ce'leHHIO /lBYX npoMelKyTO'IHbIX nlIHHii COOTB8TCTByeT CB060/lHSSI _q,yHKUHSI 

fpaaa), B KOTOPOM K8lK/l8H )lHarpaMM8 HM88T paapea B nnoCKOCTH nonHoro yrnoaoro MOM9H-

Ta, B TO Bp8MSI KSK PHA B uenOM eCTb MepOMOp<j,Hast q,yHKUHSI nonaoro yrnoaoro MOM811T8. 

TTo!lo6aag cnTyannst, aoo6I!le xapaKTepaast )lnst nccne)loaaanll c noM:OlllhJO ·pa.anoJKeHHst a ·.aeKo-

1 -
TOpb!l! Pllll, 38CT8BnsteT BHOBh_ o6paTBThCSI K paCCMO_TpeHHIO TO'IHbIX..ypaaaeanli. 

J 

B § 5 npe)lnaraeTCSI cnoco6 paanoJKeanst ypaaaeanli <l>SA!leeaa )lnst aonaoa~l! q,yaKnau ' 

no napnnam.Hb!M aoiiaaM, oTnB'IHbtl! OT ncnom.aoaaewerocst a § 3 n o6nSAaJOillHll TeM np~

HMYilleCTBOM, 'ITO, B HAPBX nony'IBIOillHXCSI napnuan&Hb!X ypaBH8HHi! cl>a/l/l88B8 He CO/l8plKBTCH 

·Kos<j,q,nnnenTbl Kne6wa-rop/lOHa, aaannTn'leCKoe npO)lOnlKe~e KOT0pbIX aenaaeCTH0. HMeiao 

5 
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11cnoru.3yeTCS1 pa3nolKeH11e no 6a311cy ·IJMf 23 m

28
k

23
p 1•>, r11e J,M- nonHLili yrnonoll 

MOM811T CIICTeMbI II ero npoeKAIISI Ha 1Ip0113BO~HYIO OCb, f 28 II m28- opOl!TanhHhlll MOMeHT 

OTHOCHTenbHoro ABBlKeHl!SI aTopolt II TpeTbell ,racTan1,1 11 ero npoexn11S1 Ha p I coOTBeTCTBeH'-

uo; k •
8 

= I k ➔ I , p = IP➔ I , a ; u 
• 28 I I I 

➔ 

k28 
HMnynhChI, COIIpSllKeHIII,10 KOOPAHHaTaM_ Hxo611, 

Ilpa pa3nOlK0HHII ypaBHeHHll ¢>a1111eeBa, 3anacaHHblX B IIMIIYnhCHOM npe11cTaBnelmH, 

no6asacaM!JMf
23

m
28

k
28

p
1

> ,:IJMfa m 81 k 81 p 2 ·> n IJMf 12 m 12 k 12 p 3 ·> 

COOTBeTCTB0HHO nony'l:HM: 

(I) 

lp JMf28 m 28 
(k 

28
p) 

--- J ➔ 8( 0) 
-'ll.±..!D (po)8 08 0 e,7, X 
V 4rr Mm28 I f2lu m28m28 p I 

2 f2g., p 2 (2) . (8) 

x<f> f 0£ o (k 28)-G o (p lk 23z)Jk ;8dk ~3t 28 \K 28, k;3, z - r) I 'I' JMf m (k',-j l)+'l'JMf m (k':il I) I 
28 23 p. I 23 28 28 28 

(2) 

'I' JMf ( k 81 P 2 ) = -
31m 31 

f 2 

Go (p 2 k 31 z)Jdk~lk~~t 8311 (k 81 ,k~I, z - ~22 ) x (9) 

(I) (8) 

X ('l'JMf m (k~lp2 )+ 'l'JMf (k~l 2 )} 
31 u al"81 

(8) I . 2 f 
'I' JMf (k 12 p J =-G 0(p 8 k 12 z)Jdk; 2k'12 t 1~1k 12 ,k;2,z 

, 12m 12 

2 

~ 
2p. 3 

) X 

( I) 

xl'l'JMf m
12 12 

(2) 

(k' p J + 'I' f (k' p )I 
12 3 JM 

12
m

12 
12 3 

311eCb ¢ f. 0 0 - sonHOB8SI qiyHKAHSI Ha,ranbHOI'O CBSl38HIIOI'O COCTOSIHllSI C aHeprael! CBSl3H 
2a• 21 · f 

£ O , DJ - qiyHKAIISI B11ruepa, t (kll ,k' ,<;) - MaTpH'l:Hbl0 aneMeHTbl napnaanbHhIX nsyx-
23 , /S/ IJ (I) 

'l:aCTH"4HblX aMIInHTy/l pacceSIHHSI • 011HaKO 'I' B ypaBH0HHSIX (9) HalIHCaHhl B pa3nH'I-

HLIX 6as11cax, .llnH 11x CB!I3H 11cnonhsyeM qiopMyn1,1 

(1) 

'l'JMf23m2a(k28 pl)= fdka1 dp 2k:1 p:fI, <JMf23m23k23p 
81"81 

(I) 

X 'I'. D (k p ) 
.. Mt. 3tm81 31 2 

IJM'f 81m 81 k 81 P 2ft'6) 

II T,n., rne aenll'llIHbl TIIIIa <JMf m k p ·1 JMf m k p > , H83bIB810111HeC!I Koa<j,-
. I 28 28 , 28 I 31 31 81 2 

qi11n11eHTaMH IIOBTOpHoli CB!I3H 91 , BblpalKaIOTCH CHOBa '10p03 DJ -qJYHKnHH B11rHepa. 

TaKHM o6pa30M, rrony-<rnHa CHCTeMa IIHTerpanbHb!X ypaBH0HHli, B !IIIPBX KOTOpb!X 
J • 

BMeCTO KOaqiqi11n11eHTOB Kne6111a-fop110Ha coneplKaTCSI D ·-qiyHKn1111 BarHepa, 06na11a10m11e 

xopomo H3B0CTHblMH aHanHTII'leCKIIMH CBOliCTB8MH B nnoCKOCTH llOnHoro yrnOBOI'O MOM0HTa, 

6 

i ... 

'!:TO II03BOn!IeT ac·xaTb pemeHHSI. nony'l:eHHhIX napnaanhHblX ypaBHeHHJl ¢>a1111eeBa B qipenroru.

MOBCKOM BIi/le, 

B § 6 paCCMaTpHB88TC!I MO)lenb cnolKHolt '1:8CTllllhI, )lBHJKyntei!CSI B none H B38HMO/l0ll- .. 

?TByromel! C IIHM. 3Ta 'l:8CTHil8 MOlKeT pacnanaTbCSI ila )lBe npyrae '18CTHilbI, He ,B38H_Monen

CTBYIODlH8 MelK)ly co6ol!, 0/IHA -H3 KOTOpbIX T8KlK0 B38HMO/lel!CTByeT C noneM. Ecna IIOTeH

itaan B38HMO)leliCTBHSI C noneM Bb!OpaTb B BH)le: 

·V(p,k) =8 (p
0 

-'k 0)V(p➔,k) (11) 

TO. 11nS1 napnaanbllbIX aMMHTy)l pacceSIHllSI cnolKHOll qaCTllllbI B none nony'iHM ( . J -nonHLili 

yrnoBoll MOMeHT) O)lHOM~pHoe BHTerpanbHOe ypaa11e11ne BH/la: 

A /k,n) = ¢ J (k,n) + f A J (p,n)K J (p,k)dp 
0 

(12) 

IIpo11onlKail J 
/10/ 

B KOMnneitCHYIO nnoCKOCTb H nOnb3Yi1Cb TeopeMaMII TaMapKHlla , nony-

,raeM cne11y10m11e pesynhTAThl: 

1) Ecnn HHTerpan B Bb!palKe1111n 11n11 K J auanaT11'!:eH no J · nn11 HMeeT Mlllb non10-

ca, ne saBBCS!DlHe OT p, k , To illlPO K J MepoMop<IJHO B J -nnOCKOCTH. 0/IHSKO, 'TaK 

_l:8K /lnSI K J Bbl'l:0Tbl B nonrocax J -mrOCKOCTH _ H8 MoryT Ob!Tb qJ8KTOp1130B8llbl B CMhICne 

. TaMapxaHa, Mb! MolKeM nony'l:HTb B TO'lxax, cooTBeTCTayromnx nomocaM illlPB, cymeCTBeH110 

. OCOOI,10 TO'IKII )lnil pe3oru.BeHTbl ( He 3aBHCS!DlH0 OT P, k ) • AMnnHTy/18 paCC0SIHHSI, cne110-

BaTenbHOo TaKlKe HMeeT TOnbltO nonroca H cymecTBellHO ocooble TO'l:Kll B J -IInOCKOCTH. 

2) AnH BCex 11pyr11x ,cny,raeB aHanHTll'l0CKOl! CTpyKTyp1,1 HHTerpana H3 BblpalKeHllil 

AnH K J 8MllnHTy/la A ik,n) MOlKeT HMeTb B J -IInOCKOCTH, KpOMe IIOnIOCOB II cymeCTBeH- · 

· ·. HO · OCOOblX TO'leK, He 3aBHCHMb!X OT p, k , npyrne CHHrym1pHOCTH, HaIIpHMep, TO'l:Kll B0T

BneHHil. 

TaKHM o6pa3oM, nalKe 11n11 pacCMOTpeHHOli npocToli Monenn nony'laeTCil necbMa cnolK-

uaSI aHanaTH'leCKaSI CTpyitTypa napnHanbHOli aMrrnHTy)lbl pacceHIIHSI B J -nnocKOCTH. 3To., 

O'leBH/lHO, yKa3hIBaeT Ha TO, '!:TO MeTOA KOMIIneKCllblX yrnOBblX MO.MeHTOB He SIBnSieTCSI )10-

CTaTO'!:IIO aqiqieKTllBllblM MeTO/lOM 11nS1 H3y'10HIISI MHOI'O'laCTH'l:Hb!X 3ana,r. 

8 Tp0Tbell rnaBe accnenyIOTCSI He1t0Top1,1e BOIIpOCbl penSITHBHCTCKOll TeopHll pacceg-:

Hllil B 38/IB'l:e Tpex Ten. 

B § 7 nony'lellhl Bb!palKeHHil nnH MaTpH'l:HblX sneMeHTOB, OIIHCb!Ba10mnx BCeB03MOlKHhie -

. TpeX'IBCTH'IHhle nponeccbl, IICKnlO'IBil nponeCChl C y,raCTHeM TpeX'l8CTH'IHbIX CBSl3BHHb!X COCTO

!IHHli, B1,1palKeH11e nnH 3TIIX. MaTpll'IHbIX aneMeHTOB HMeeT Bll)l: 

T 
II 

+ 0 
o+ M -X 

)((I) II Cl) 
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I'J:18 'm!J:18J:Cbl /i ,j npoo0ra10T auaq0uust O, 1, 2, 3; _Tot (i I, 0) oaua'la8T MaTpH'lHbll! 

sn0MeHT 8MilnHTYJ:lbl paCC8SUDISI Tp8X 'l8CTHll, OilHCb1B810IllHI! pacceSIHH8 ua i -M J:IBYX'l8CTH'l-

uoM coc.;.oSIHHH c ero pacnanoM s KoHe'lHOM cocTostHHH, T 10 OllHCb1B88T oop830B8HH8 

CBSI38HHoro (nsyX'l8CTH'lHOro) COCTOSIHHSI B p0ay:ni,Ta~8 B38HMO.i:tel!CTBHSI TPe~·ueCB!l381lHblX 

·, 'l8CTHll, . Tll (i,k I, 0) OilHCb1B88T paCC8SIHHe 'l8CTHllbl Ila J:IBYX'l8CTH'lHOM CB!l38HHOM COCTOSI-

HlIH (c B03MO)KllblM n8p8pacnpeJ:181lellH8M 'l8CTHll) H, H8KOHen, T 00 8CTb ~TplI'lHbll! 

-sneMeHT aMnnHTYJ:tbI pacceSIHHSI Tpex ueCB!I38HHblX 'l8CTH!l 083 oop830B8HHSI J:IBYX'l8CTH'lHblX 

CBSI38HHb:X COCTOSIHHi!. <l>yHKllH!I X O (j ,/, 0) - J:IBYX'l8CTH'lH8SI sonaosast cpyHKllH!I H3 ypaBH8-
(I) 

HlISI BeTe-ConnHT8P8 nnSI j -1! J:IBYX'l8CTH'lHOi! llOJ:1ClICT8Mbl 2 x
0

• (i ,/, 0) -pemeHB8 COOTBeT-· 
(I) , 

cTsy10mero conpmKem1oro ypasH8HHSI BeTe-ConnHTepa, a . X O 
eCTb sonnosag q,yHKlllISI 

, + (0) -

Tpex CBOOO/lHbIX 'l8CTHll. OnepaTOpbl )1{8 nepexona M lj ynosneTBOp!IlOT cneny10mnM, 

ypasueHHSIM: 

+ + 
11 11 = I Ka+ I 11

1
,:i g 0 T/3 

a./1 /J,/,1 I' 
(14) 

M =I K +IT,:ig M-
11 a,/.J a {3./t ,., o {31 (15) 

+ 
M

1 
= I K +I T,:ig 0 1113 1 , 

I 'a./1 a {3,/,i ,., 
(16) 

- + 
M11 = I Ka+ I M

1 
,:ig OT ,:i 

a,/, I {3,/, I I' I' 

( 17) 

. . / 
3nec& T /3 = T

1
k - nsyx'laCT~'lHble aMmm17,t1b1 pacceSIHHSI_ , g 0 - csooonHaSI Tp8X'l8CTH'lH8B 

q,yHKllHSI fpHua, a Ka - napHbie SIAP8 ypasHeHHB EeTe-ConnnTepa. 

+ + + 
IloKaaaHo, 'lTO onepaTop1,1 M ;;; , M - H M 0-;; MO)KHO Bblpa3HTb 'lepea onepaTopbI 

01 . + /11 / ' . . 
pacceSIHHst ua CB!l38HHOM COCTOSIHHH oea nepepacnpe11en0mrn M 11 • IloKa3aHo TSK)Ke, 

'lTO nnst onepaTopOB nepexona MO)KUO aanHC8Tb CHCTeMy H8CB!I38HHblX ypasHeIIHli 

rne 

+ , 
M = II 

+ 
(K -KI ) + M II g I (K -KI ) • 

M11 = (K-K
1
)+(K-K 1 )g 1 M 11 , 

g,- rpHHOBble q,yHKllHH llBYX 'l8CTHn, onpeneneHHble ypasHeHHeM 

g,= go+gOKlgl= Ro+ g,K,go. 

(18) 

(Ul) '· 

(20) 

0K83b1B88TC!I, MO)KHO nocTpOHTb M8TpH'lHbie sneMeHTbl 8MIInHTYJ:I .i:tnB scex TP8X'l8CTH'l
+ 

HblX nponeccos, non&3yBCb TOnbKO onepaTopaMH 11,, (i,j ,/,O). 11MeHHO, MO)KHO nony'lHTb 

cn\:iny10mHe Bblp8lK8HH!I! 

8 

... 

l~ 
I 

· I 

·1: 

', __ 

--... . 

, ( 

.T - +o 
10 - X(I) 

M+ o 
II }( (I) . (21) 

·T +o - o 
(i,J I, 0) 

OJ= x(I) MIi x(I) . (22) 

+o 
npH'IeM nnst 0 

xm H3 (21) H X H3 (22) BblOHp88TCSI COOTBeTCTsy10mee nosenenHe 
(I) /12/ 

B -.oo H +oo COOTB8TCTB8HHO 

B § 8 paCCM8TpHB88TCSI npHonH)K8~He CnBOOH CB!l3H BHyTpH ABYX'ISCTH'IHOrO CBSI3BHHO-

, ro COCTOSIHHSI. B 9TOM cny'lae /J, I ·~ m I + m k K I.< K I , K I .< K k , rrie µ 
1 

-· Macca 

i -ro nayX'I8CTH'lHOro CBSI38HHOro· COCTOSIHH!Io 113 9Toro cnenyeT, 'lTO MO)KHO nonO)KHTb 

g, .. 
' + 

g
0

• Torna, oepn nnst KOHKpeTHOCTH onepaTop nepexona M 11 , nony'lHM paano,)Ke-

HIie! 

+ ' 
II = I(f,g TkgOTI ••• ) 

11 n= 1 0 + I (T g TI ,g OT k ... ) 
n= 1 k 0 

(23) 

I,/, k ;;, 2,8 

KOTopoe npencTasnsteT coool! paano)Keune no KpaTHOCTH saanMonei!cTnnn. B iex cny'laSIX, " , , 
Korna MO)KHO npen0ope'lb MHoroKpaTHbIMH ·pacceSIHH!IMH (HanpuMep, nnn paccenHHn iiyKnoHa 

Ha nei!Tpoae npu sHepruSIX nyKnona nopnnKa ·:::: 100 Mas s cncTeMe neHTpa Mace neliTpomi) 

nony'laeTCSI .Bblp8)K8HH8 + 
M11= T2+Ta 

(24) 

3To npnonH)K8HHe SIBnneTCn HenocpencTB8HHbIM auanoroM 11asecTHOI'o HMnyn&c110ro np11onH

)KeHnst. 

YKa38Hbl TaJ:)K8 nonpaBKH K HMnyn&CHOMY npaonH)K8HH10 no B38HMOnei!cTBH10 'laCTHll 

2 H 3. 

B § 3 paCCM8TPHB88TC!I npnonH)K811H8 CHnbHOH CB!I3H BHyTpH nsyx'I&CTH'IHOro .csnaaa

aoro COCTOSlllHSI. IlpH 9TOM nnn MaTplI'IHoro sneMeHT8 aMnnHTYAbl paccenHn>l Ha m -M csn-

38HHOM COCTO!IHHH (s i -1! nsyx'laCTH'lHOH nonc11CTeMe) C nepexonoM B 

COCTOSIHH0 ( i -1! ADYX'IaCTH'IHOH nonCHCT8Mbl) nony'IaeM ypaDH8HH8 (s 

.HKoou/12,13/: 

D - e,. CBSI38HII08 

I 
nepeMeHHblX 

I 
nm === .,,,. nm s:::s s:::s , =:s ,, 

T 11 (Pp
1

p'
1
)= <K-K 1 •> (Pp

1
p;)+ -"-- fdp x 

, II ,(2,r)18 I 
DD m D m JI$ 

T 11 (Pp1 p;')S 1 (,.fP+p;')<K-K
1

•>
11 

(Pjr;'p;) (25) ' 
X 

MI 
-y- Po+ p" -y[~ 11'+ 1"] 2 + µ 12 + i, 

10 M n 

rne <K-K
1
>

1
:m(Pp~

1
p;) +on Om 

Ix ·,.(K-K 1 )xP~, 
Ppl PI (26) 
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\ I 

(,j,~~YP_II_bie CK06KH 03H8'18IOT HHTerp11pOBaHH& no BCeM COOTBeTCTByIO!IlHM nepeM8HHbIM) t 

110 

x- -Ppl 

-IPX - t';I ~ I a ('i I ) ' 

(<l -e ~P + Pl 
M 

(27) 

, 11 ·a. (<l _ecTb peweHHe onHoponHoro nsyx'laCTH'I.HOro ypaaHeHHSI EeTe-ConnHTepa. YpaBBeHue 

(25) coananaeT C MHOrOKAHam.HblM llBYX'l8CTH'IHblM ypaBH8HH8M nunnMaHa-WBBHrepa, rne 

OllHa B3 '18CTBU BM88T M8CCY llBYX~8CTH'IHOrO CBH38HHoro CQCTOHHHSI. 3TO ypSBH8HH8 sranH-

eTCH TO'IHbIM nnu cny'laB m I ,nilt ➔ .. ( ,, I.< ) H npn6nuJKeHHbIM, ecm1 µ ~> m +m , 
. I J k 

(m 
1 

, m It < oo ) • B § 10 y1ta3aHo npH6nHJKeHHoe cooTHomeHHe, BbipaJKaromee aMnnHTYllY pac-

nana llBYX'l8CTH'IHOro CBB38HHoro COCTOHHHB qepe3 aMnnHTYllY ynpyroro paccerumu 

(nng'cnyqag CHllbHOli CBH3H), npH'leM Tll MOlKeT 6b!Tb B3HTa d3 (25). 

T 
II 

.· '-., 
,B § 10, ,KPOM8 Toro, BbinHC8Hbl llB8 CHCT8Mbl ypaaHeHHli: CHCTeMa ypaaHeHBl!, CBH3b1-' 

B8IOilla!I 8MrinHTYllbl pacceHHHH HA CBH38HHOM COCTOHHHH (603 era pacnanat HO,C ·B03MOlKHbIM 

nepeXOllOM B· npyroe 3BepreTH'l8CKOe COCTOHHHe BHYTPH Toll lK8 llBYX'l8CTB'IHOli noncBCT8MbI) 
11m 

T II H 8MrinBTYllbl pacceSIBHH Tpex H8CBSI38HHbIX _'laCTBn C o6pa30B8HHeM llBYX'18CTB'IBbIX 
110 • 

CBH38HHblX COCTOBHBli 'TIO , H CHCTeMa, CBH3b1B8101Il8H T8. JKe 8Mrinll'.TYllbl pacCeHBBH Ha 

CBSI38HHOM COCTO!IHBB T 1~m H 8Mnm1Ty1lbl pa,ccesrmrn Ha CBSI38HHOM COCTOSIHHH C era 

, pacnanoM 1' om • MoJKHo T8KJKe yqecTb pacceSIHHH c nepepacnpeneneHueM 'lacTHn no nsyx-
' 01 · 

'18CTH'IHblM' noncHcTeM&M. TTpHBO)lSITCH, H8KOHen, ypaBBeHHK nnK aMnnHTYllbl paCC8HHHH 

Tpex H8CBH38HHblX qaCTB!l B TpH H8CB!l38HHbl8 '18CTH!lbl. 

· - , /7,8;11,12,13/ 
OcHOBHble pe3yn&TaTbl nuccepT81lHH ony6nHKOB8Hbl B paoOTax • "lacTb 

pe3yn&T8TOB noKnanblaanac& Ha XII 

sHeprali (Jly6Ha, 1,964). 
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