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BaeneHHe 

B OCHOBe ,PopManH3Ma MHOr'OKananbHOii CBSI3H ne>KHT npouenypa CB9Jl9HHSI 

peweHHSI ypaBHSHHSI llJpenr!Hr'epa K oonee rrpOCTOii CHCTSMS ypaBHSHHii AnSI 

KOS~HUHSHTOB Fn pa3nO>K9HHSI BOnHOBOii ,PyHKUHH BCeii. CHCT9Mbl B pS!Jlx/ 

N 

'l'=~Fn1>n=~Fn 1>n ( 1) 

ITO HSKOTOpOMY nonHOMY Haoopy H3B9CTllbiX BCITOMOr'I\Tenbl!biX ,PyHKUHii <IJn 

B TaKOM IT0JlXOJl9 OK83b!B89TCSI B03MO>KHbiM CBSCTH K MHHHMYMY KOnH

qeCTBO ,PenoMenonorHqecKHX npennono>KeHHii. HanpHMep, B pSine cnyqae Tpe

t5yeTCSI nHWb BBS)lel!HS ,PyHJlaMeHTanbHOr'O JlByxqaCTHql!Or'O B38HMO)l9llCTBHSI 

)lnSI ITOniiOr'O OITHC8HHSI CHCTeMbl H liST HSOOXOJlHMOCTH rrpHBneKaTb T8KH9 ITQ

HSITHSI, KaK Cp9JlHee none, · OCTaToqHbie B38HMO)leiiCTBHSI H T,IT, 

B nocnennHe r'OJlbi na aToM nyTH obinH JlOCTHr'HYTbi anaqHTeribHbie ycne

XH! paapaooTaHbi anropHTMbi pacqeTa peaKUHii caMoro ot5wero THrra (eM., 

nanpHMep, ooaop/11), no no CHX nop ocTaeTCSI noaonbHO cnat5o HayqeHHbiM 

aonpoc ot5 ouenKe norpewnocTeii/2 I, aoanuKaiOWHX npH oopbiBe pSina ( 1) 

( npenet5pe>KeHHe qnenaMH c n > N ) • 

B KBal!Toaoii MexaHHKe HMeeTcSI xopowo H3BeCTHbiii npHMep, KOr'Jla TaKoro 

pona OWHOKH ITO)l)la!OTCSI CTpOr'OMY KOHTpOniO, nprt pacqeTaX BapHaUHOHHbiM 

MeTOJlOM ypOBHeii CBSI38Hllb!X COCTOSIHHii HX ITpHonHll<SHHbiS BenHqHHbl cny>KaT 

BepXHHMH r'paHHU8MH AnSI TOqflbiX 3HaqeHUii, (Bo3MO>Kllbl T8K)Ke H JlBYXCTO-

x/ B paanoll(el!HH { 1) Mo>KeT obiTb, KpoMe cyMMbi, ewe H HHTerpanbHaSI 

qacTb ( Henpepb!Bllblii CIT8KTp COCTOSIHHii <IJ ) • 
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pOHHHe OUeHKH norpeWHOCTeli/3/) ,3TO o6cTO~TellbCTBO WHpOKO HCfiO/Ib3yeTCSI, 

T.K. n03BO/ISieT BO MHOrHX cny'laSIX AellaTb CTpOrHe BbiBOAbl H;3 cpaBHeHHSI 

TeOpHH C SKCnepHMeHTOM, HeCMOTpSI Ha TO, 'ITO paC'I~Tbl MoryT 6hiTb O'!eHb 

rpy6biMH. Ecna aKcnepaMeHTallbHOe aHa'leHae aHepraa oKa3bieaeTCSI Bbiwe 

TeopeTa'leCKOli oueHKH, TO AenaeTcSI coeepweHHO onpeneneHHOe aaKnro'leHae, 

'ITO HCXOAHbie napaMeTpbl TeOpHH 6hinH Bbi6paHhi 0 HeeepHO, -nro6bie yTO'!HeHHSI 

e pac'!eTax TOIIbKO yeenR'IaT (!) pacxomAeHne c aKcnepRMeHTOM, 

B aana'laj HenpephiBHoro cneKTpa CHTyaUHSI 3Ha'IHTellbHO ycnomHSieTCSI. 

3To ceSiaaHo c ITeM o6cToSITenbCTBOM, 'ITO eapRaUHOHHhili npRHUHn anech He 
I ' 
I • 

HMeeT XapaKTepa. ,3aAa'IH Ha MHHHMyM, a IIHWb o6ecne'!HBaeT yCIIOBHe CTa-

UHOHapHOCTH cjlyHKUHOHalla, naromero 3Ha'leHHe aMfiiiHTYAbi peaKUHHo 

BnepBbie OAHOCTOpOHHHe OUeHKH B 3aAa'le pacceSIHHSI 6hl/IH nony'leHhl 
!51 

C COTPYAHHKaMH KaTo/4/ (6RcTeMa 2-x Ten). 3aTeM e pSine pa5oT Spruch 

noKa3aiiH, KaK B cjlopMa/IH3M,e MHO['OKaHa/lbHOfi CBSI3H AilS! MHOrO'IaCTH'IHblX 

CHCTeM MOmHO fiOIIY'IHTb CTpOrHe rpaHHilbl Ha K -MaTpauy AilS! npoueccoe 

pacceSIHHSI npa aHeprRH (5ea nepepacnpeneneHHSI qacTRU) Hame nopora Aene

HHSI CHCTeMbl Ha TpH H 5onee cjlparMeHTOB, B paOOTe/S/ (npononmeHHeM KOTOpOli 

SIB/ISieTCSI AaHHaSI pa60Ta) OAHOCTOpOHHHe rpaHHilbl 6hi/IH nony'leHhl AilS! peaK-

UHli C nepepacnpeneneHHeM '!aCTHU B MeTOAe BbiAelleHHSI aCHMfiTOTHK/7/, B 
I 

Me Tone K -rapMOHHK TaKne oueHKH nony'leHbi 0. nxareon/81. B naHHoli pa-

6oTe TeopeMa 06 OAHOCTOpOHHHX OUeHKaX AO~Iii3biBaeTCSI AilS! peaKUHli BbiWe 

nopora paaeana CHCTeMhi Ha TPH H 6onee cjlparMeHTOB, 

OcHoeHwe ~paeHeHHSI 

npoeeneM AOKa3aTe/lbCTBO TeopeMbl o6 OlliiOCTOpOHHHX oueHKaX Ha K-MaT

pauy TaKHM o6p.a30M, 'ITOObl OliO roAHIIOCb ll/ISI peaKUHli o6mero Tuna, 

Uenecoo6paaHo npoeonHTb paccymneHHSI Ha npaMepe npocTeliweli CHCTeMhii 

B KOTOpoli B03MOmHbl npoueCCbl nepepacnpeneneHHSI '!aCTHU H paaeana CIICTeMbl 

Ha 3 ¢parMeHTa, a HMeHHO, B aanaqe Tpex Ten, 'ITOObi He aarpoMomnaTb 

llOKa3aTe/lbCTBa HecymeCTBeHHbiMH AeTa/ISIMHo 

EyneM HCKaTb BOIIHOBYID c!JyHKUHID CHCTeMbi B COOTBeTCTBHH C npoue

nypoii BbiJle/leHHS! aCHMnTOTHK/1,
7

/ e-mttie: 

'l' =<I> ace. + <I> BHYTP • 

(2) (2) (3) (3) 

3AeCb <I> ace= I. F o <I> y + '£ FK- <I> - · conepmaT KaK ac~ 
anfm anLm an m k K 

(2) (2) 
KpbiThiX AByxcjlparMeHTHbiX KaHa/IOB F anfm <I> anfm , TaK H Kalla 

c!JparMeHTaMH 
( 3) (3) 

F i< <I>i< , npR'IeM nycTb 
F<2> 

anfm H f'~> 
K 

co 

aHa/IHTH'IeCKOMY yCIIOBHID CTOSI'IHX BOIIH: 

3necb Pa 

F<2> 
anfm 

F<_:> 
K 

H Ra 

(aanf sink 0 :ta+ha 0 frosk 0 Ra) ( 
_;;.:;:.:~-~~...;..;..;__~:;;.. • g R a)' 

na 

<I> (2) f = y 0 (n ) </> ( p ) ' 
an m Lm Ra n a 

a i(sin k p 6 + bj{roskp6 • . 
--"'----=:5:-J/"::""2 -"'-.- • g ( p 6 ) ' 

p6 

<t><~=Y-(Qs). 
K K 

- panayc-BeKTOpa COOTBeTCTBeHHO OT 

paCCTOSIHHSI '!aCTHU B nape( a =12; 23; 32;) H paCCTOSIHHf 

THilbi no napbi a p 6 - MOilYIIb WeCTIIMepH0£'0 eeKTOpa ·p1 

P6 =YP 2 +R
2 

a a • a Q 
5 

- nSITb ero Yf'IIOBbiX nepeMeH~ 

- c!JyHKUHSI BHyTpeHHero ABHmeHHSI napbl a B COCTOSIHHH n 

MHOmHTe/lb 0 HanpHMep BHila l-e-ar , paBHblli 1 npH 00/lbW: 

npa r ... 0 , BBOilHMbiH AilS! Toro, 'ITOobi ycTpaHHTb CHHr'J 

eeneHHH <I> ace npH Ra ... 0 H p
6 

-> 0 /7/; KOHCTaiiTbl 

3allaiDTCSI npOH3BO/IbH00 a KOIICTaiiTbl b anfm H h-
K 

CBSI3al 

fiOMO!UbiD K -M.aTpHUbi: 



BbiBOAbl H3 cpaBH9HIHI 

I~Tbl MOI'YT 6h!Tb 0'19Hb 

:H OKa3biBaeTCSI Bb!W9 

'eAenennoe aaKmo'IeHHe1 

~Bepno, -mo6b19 YTO'IH9HHSI 

:nepHM9HTOM, 

!a'IHTenbHO ycnOlKHSI9TCSio 

HHhlii npHHUHn 3A9Cb He 

1eimaaer ycnoa11e era-

TYAbl peaKUIIHo 

:eSIHHSI 6hmll nony'leHhl 

ipruch 
/51 

C COTPYAHHKaMH 

MaTpHUY AnSI npoueccOB 

:r11u) HHlKe nopora Aene

/61 (npoAonlKeHHeM Koropon 

ihinll nony'IeHbi AnSI peaK-

3HHSI aCIIMnroriiK/7/, B 

Ixaraon/8/, B AaHnoit pa-

!TCSI AnSI peaKUHii Bb!We 

OB, 

~opoHHIIX oueHKaX na K -MaT

KUIIii.o6mero THna, 

11Mepe npocreitwen CIICTeMLI 1 

'I~CT~U II paaaana CIICT9Mbl 

o6hl ne aarpoMOlKAaTb 

COOTB9TCTBHH C npoue-

IP =<I> ace, + <!> anyrp' (2) 

3AeCb <!> ace =a ~!~:e'm <!> ~2:rm+ f F~3 l <l>c~ coAeplKHT KaK acHMnTOTHKY or-

(2) (2) 
Kpb!Tb!X AByx<jlparMeHTHblX KaHanOB f anfm <!> anfm 1 TaK II KaHanoB C TpeMSI' 

<jlpai'M91!TaMII 
( 3) (3) .. 

F K <!> K" , np11'1eM nycTb 
FC2> 

anfm II COOTBeTCTBYIOT 

al!alliiTII'18CKOMY ycnOBIIIO CTOSI'IIIX BOlli!: 

(3a) 

F c_:> 
K 

(36) 

<!> (3) = y - ( Q ) • 
K K ~ 

3AeCb - paAHYC-B9KTOpa COOTBeTCTB81!110 OTHOCIIT9llbHOI'O 

paCCTOSIIIIISI 'IaCTIIU B nape ( a =12; 23; 32;) II paCCTOSIHIISI TpeTbeit 'laC-

... 
TIIUbl AO napb! a p 6 - MOAYllb wecTIIMepnoro BeKTOpa ·p6 = lila• P 6 l 

• a - nSITb ero yrnoBhiX nepeMei!HbiX/3 ,9/ ;' .p' (Pa) 
n 

- <jlyi!KUHSI BllyTpei!I!9I'O ABIIlK8l!IISI napbl a B COCT05!HIIII n g (r ) 

MI!OlKIITenb, nanp11Mep BIIAa 1-e-a' 1 paBHblii 1 npll 60llbWRX r 14 nyn10 

np11 r ... 0 1 
BBOAIIMblii An5! TOI'0 1 'IT06hl ycrpaHHTb CRHI'ynRpHOCTb B no-

B8Jt91111H <!> ace npll R a ... 0 H p
6

->0 /7/; KOHCTaHThl aanfm II aK_ 

3aAaiOTCSI npOH3BOllbH01 a KOHCTaHTbl b anfm II b
K 

CBSI3allbl C HHMII C 

nOMOWb!O K -MaTpiiUhi: 
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.. 

b= Ka, (4) 

Y K( 'l
8

) - o6o6meHHaSI c.Pepa'lecKaSI 4>YHKUHSI/9/, K - Ha6op nSITH KBaH-

TOBblX 'IHCen, 

Oco6eanocTb 4>YHKUHH ~ BHYTP' SIBnSIIOllieiiCSI OCTaTKOM 'I' nocne 

BbiJ]eneHHSI BCeX dCHMnTOTHK1 3SKniO'IaeTCSI B TOM1 'ITO OHa SIBnSieTCSI KBSJlpa-

TH'IHo-HHTerpHpyeMOil: 4>YHKUHeil: 1 6hiCTpO 3aTYXaromeil: BHe o6naCTH 1 I'lle OT

nH'IHbl oT HynSI see noTeHuaanhl. noaToMy 1l yio6Ho npa6naJKeHHO BHyTp 

HCKaTb B sane cynepno3HUHH HecKonbKHX 4>?""HKUHil H3 nonaoro Ha6opa I~ ~2 I 

npocTpaHCTBa L2 KBSilpSTH'IHo-HHTei'pHpyeMhlX 4>YHKUHil: 

~ =1>N 
BHYTP BHYTP 

N 
=~ F 1> L2 

y y y (5) 

B Ka'leCTBe 
~L2 

y 
MO)I{HO, HanpHMep, B3SITb 4>YHKUHH CB060JlHOI'O llBHlKe-

HHSI 'ISCTHU B none OCUHnnSITOpa; C06CTBeHHOe 3HS'IeHHe, COOTBeTCTBYJOlliee 

!jlyHKUHH ~L2 
y 6yneM o6oaaa'laTb ly 

L2 ~ L2 
' ( T + V "'o3. ) 1> y = £ y y (5a) 

TaKHM o6paaoM, ypaaHeHHe (2) MOJKHO paccMaTpHBaTb KaK paanoJKeHHe no 

"cMemaHHOMY 6a3Hcy' 1~<2 > .~<3 > .~L2 }, HH*e 6yaeT noKa3aHo, 'ITO 

npeae6peJKeHae a (5) qneHaMH c y ·> N npa nocTaTo'IHO 6onblllOM N 

npHBOilHT K OllHOCTOpOHHeil: norpelllHOCTH B K -MaTpaue. 

EyaeM B aanbHeilmeM aaMeHSITb HHileKCOM p Te y 0 J]nSI KOTOpblX 

y~N , a HHileKCOM q OCTanbHble y • BaeaeM Tenepb nnSI KpaT-

KOCTH o603Ha'leHHil: BeKTOp COCTOHHHft 
" (2) 
~L2 C KOMnOHeHTSMH (·~anfm 

~(3) ~L 2 
K ' P 

1=1 ~ s I H BeKTOp " ~q C KOMnOHeHTSMH ~ L 2 , 
q 

nollCTSBHM Tenepb pa3nOJKeHHe 'I' B ypaBHeHHe lllpellHHrepa(H-E)'P=O, 

YMHO)I{HM cneaa Ha ~ 
8 

H ~ q , npoHHTerpapyeM no nepeMeHHhiM, OT Ko-

I 

~
l 

..,_ 
I 

! 

-·~-''!, 
I 

I 
. I 

_TOpb!X 3SBHCSIT ~ 8 , ~ q (AnSI_KS)I{J]Oil: KOMnOHeHTbl CBOH nepeM< 

<~ I H-EI ~ F , ~ -+ ~ F ~ '>~ = o, 
s s'. s s q q q 8 

<~ IH-EI~. F '~ •'>+<~ (T+VMOil-E)~ F '~ -·~ q s s s Q q' q q 

+<~ (V12+V13+V23 -V ) 
q MOll 

~F',~ ,>=0. 
q' q q 

3necb < ·>~ 03HS'IaeT HHTei'pHpOBSHHe no nepeMeHHblM KO 
s 

B cacTeMe 6ecKoHe'IHoro 'IRena ypasaeaail: nnSI F Mhi cneD 

/nH 'ISCTH (7) H (6), 'IT06bl HCCneJ]OBaTb BnHliHHe 06pb!Ba ypaBE 

pemeaae (6). Aaanora'IHO pa6oTe151 sseaeM on~pauaro 'nenpep 

'leHHSI' OT6paChiBSeMblX ypaBHeHHil:, C 9TOil uenbiO B CHCTeMe YJ 

(7) BBelleM B Koa4>4>HUHeHThl, ocymeCTBnSIIOlllHe 3aUenneHHe (6) C ( 

',\ ~ , llononHHTenbHblil: MHOlKHTenb A BBOilHTCSI nepell J!OCn• 

B neaoil: 'ISCTH (7): 

<~8 IH-E I~- Fs'A~s'> +A~ <ctl 
s I H-E I~- Fq'A ~ q'>~ 

s q 

~ . . 
A <~ IH-EI ~ F ',\ ~ ->+<~ (T+V -E)~ F 'A.p 

Q 

8 

, s s Q MOlt q, q c 

+A<~ q (Vt2 +Vt3 + V23 -VM~Il) ~. F q',\ 
q 

~q' >=0. 



(4) 

K - Ha6op USITH KBaH-

>CTaTKOM nocne 

~o ona SIBnSieTCSI KBaApa

sne o6nacTn, rA~ OT~ 

) yno6no npa6naJKenno 
L 

nonnoro na6opa l<ll/ I 

tKUHli: 

(5) 

HKUHH CB060AHOI'O ABHlKe-

!He, COOTBeTCTBYIOWee 

(5a) 

b KaK paanoJKenne no 

' 6yrieT noKaaano, 'ITO 

O'IHO 6onbwoM N 

puue, 

. Te · Y . 1 llnS! KOTOpb!X 

neM Tenepb nnst KpaT~ 

{2) 
nonenTaMH {·<llanEm , 

lHTSMH <IJL2 
q 

re lllpennnr-epa (H-E)'P=O, 

no nepeMeHHbiM, OT KO-

, TOpbiX 38BHCSIT <IJ 8 , <IJ q (AnSI. K8lKAOli KOMUOHeHTbl CBOH nepeMeHHbie) 

(6) 

(7) 

3Jiecb < ·> <IJ 03H8'1aeT HHTei'pHpOBBHHe no nepeMeHIIblM KOMUOHeHT <IJ 
8 

o 
s 

B cacTeMe 6ecKoHe'IHoro 'IRena ypasnennli AnSI F Mbi cneunanbHO BbiAenn-

/nn 'laCTH (7) H (6), 'IT06bi nccnenosaTb snnsmne o6pbiBa ypasneHHli (7) na 

' pewenne (6). Ananorn'IHO pa6oTe151 sseneM onepaunro "aenpepbiBHoro BKnro

'leHHSI' OT6paCbiBSeMbiX ypaBH6HHli, C STOll. uenb!O B CHCTeMe ypaBHeHHli (6) 
1 

(7) sseneM B Koa¢¢nuneHThi, ocywecTBnSIIOWHe aauennenne (6) c (7), MHOlKHTenn 
~ . 

',\ ~ , nononnnTenbHhili MHOJKHTenb ,\ BBOilHTcsi nepeA nocnennHM 'lneno:-r 

B neBOli 'ISCTH (7): 

<<lls !H-E!~, Fs',\ <IJs,> 
s (6a) 

(7a) 

7 



Ecnn nono:mHTb ,\ = 1 0 TO Mbl BepHeMC!I K 'CHCTeMe (6), (7), 8 npH 

A= 0 (6a) oTuenn!leTC!I OT (7a). MeH!I!I ,\ HenpepblBHO' OT 1 JlO 0, Mbl 

nenaeM np?uenypy oTuenneHH!I TaK:me nenpepbiBHoil. 3To noaBon!leT ·paa6HTh 

Becb npouecc pacuenneHH!I CHCTeMhi Ha 6ecKoHe'Inoe •mcno sTanoB, Ha Ka:m-

JlOM H3 KOTOpb!X A MeH!IeTC!I Ha 6eCKOHe'IHO ManyiO BenH'IHHY d A • BnH!I-

HHe JKe T8KOI"O ManOI"O H3MeHeHH!I MO>KHO IICCne)lOB8Tb 0 npeHe6pel"8!1 'IneH8MH 

6onee BbiCOKol! CTeneHH no di\ (3TO MOJKHO nenaTb, ecnH 3aBHCHMOCTb 

F,\ H F q,\ OT A nnaBHall). 

HH>Ke 6yneT noKa3aH0 0 'ITO nng KaJKAOI"O 3H8'IeHH.!I A npH aaMeHe ero 

Ha A+ d,\ BenH"lHHa a•K,\ a 6yneT MeHRTbCR TOnbKO B OAHY CTo-

poHy. 3necb a - BeKTOp npOH3BOnbHO 3aJl8BaeMb!X aMnnHTYA (eM. (3a), 

(36)), a K,\ecTb K-MaTpHua nng CHCTeMbi (6a), (7a). TaKHM o6paaoM, Mo:m

no cnenaTb BhiBon, 'ITO ecnH d~ (ilK,\ If ) cymecTByeT Beane aa oTpeaKe 

0 ;SA :S 1 , TO H npH 3aMeHe A= 0 Ha A= 1 npOH30ilAeT H3MeHeHHe 

a· Kii B Ty :me CTOpony, 0TCIOJl8 nony"laeM, 'ITO BenH"lHHa a. Ko a 
COOTBeTCTBYIOill8!1 060pB8HHOi1: CHCTeMe, !IBn!leTC!I HHlKHeli rpaHHUeli AnSI aKa 

nepelineM Tenepb K noKaaaTenbCTBY TeopeMbi o nonolKHTenbHoli onpe-

d -
nenei!HOCTH BenH"lHHbl """'iJA (aKA a) Bblpa3HM H3 CHCTeMbi ypaBnenHli (7 a) 

(Q) 
BeKTOp F,\ (c KOMnonenTaMH F q,\ ): 

F,\<Q> 
,\ Yz ,\ 

(8) • j,\ 
A+A v' 

• 
.. " 

rne M - MaTpHua c sneMeHTaMH Mqq'=<11q(T+VMon-E)cflq, >, V - Mar-

pHua c sneMei!T8MH V qq' =<cflq(V 12 +V13 +V23-VMOA)1Iq,>, a BeKTOp r,\ 
HMeeT KOMnoHeHTbi j , = <cfl I H-EI ~ F ',\ 11 ;~ 

Ql\ Q a, a q 
H noncTaBHM ero B ( 6a): 

<11 IH-EI~ F ',\ 11 '> +A<cfl <H-E) ---=-1--
s s' 

8 8 
<lls 

8 M+AV 
J',\ $<Q) >=0, (9) 

rne 
.p (Q) 

- BeKTOp C KOMnOHeHT8MH cflq 

8 

YMHOJKHM Tenepb ypaBHeHHe (9) na Fs,A+dA H npOHHT 

nepeMeHHbiM, OT KOTOpb!X 3aBHCRT KOMnOHeHTbl F 8 i Bbl"lT 

HOI"O ypaBHeHH!I T8KOe JKe ypaBHeHHe, HO C npoH3BeAeHHOli 38M 

H npocyMMHpyeM no s 

<~ F t}+dA) cfl IH-EI '£ F ',\ 'll ->-< ~ F ,\11 I H-E I~ F ',\ sr" , s 
8 

, s s _ a s 8 , s{ 

1 
cfl IH-EI A +A<~ Fs(A+dA) 8 M+AV 

-> ->(Q) 
J,\ cfl >-

s 

) 
. 1 -> -> (Q) 

-(A+dA < ~ FsA cfl 
8 

IH-EI ~- L , cfl >=0. 
M+i\V "+d" 

B CYMMe nepBbiX ABYX 

nHillb "nHaronanbHbie no s 11 

"lneHOB B ( 10) OTnH"lHb!l! OT Hy 

MaTpH"lHble sneMeHTbl OT OnE 

TH'IeCKOit 3Hepl"HH, neliCTBYIOiliHX Ha 

pH"lHbie sneMeHTbi OT onepaTopoB T 

aCHMnTOTHK Jln!l p83HblX KaHanOB, 

Fs • 'HenHaronanbHbi 

HC'Ie3810T· H3-3a OpTOI" 

CyMMa nepBbiX ABYX -qnenoB B (10) naeT HaM HCKOMYIO 

:,\ (iiK ,\a) • .Lln!l JlOK838TenbCTB8 ee 3H8KOOnpeneneHHOCTH JlOC' 

lKHTb STO CBOliCTBO y ABYX nocneAIIHX "lneHOB B (10). npoH3B 

cnenyromHe npeo6pa3oBaHH!I. nepeneceM neilcTBHe onepaTopa ~ 

3TO MOlKHO cnenaTb 6naronap!l TOMy, 'ITO tPYHKUHH cnpaBa OT 

"l~el!aX y6biB810T H8 6onbWHX paCCTO!IIIHSIX H·, cneAOBaTenbHO, 

BaHHH TeOpeMbl fpHHa (HHTel"pHpOB8HHH no 'I8CT!IM) noBepXHO 

nbi no 6onbwoii ct\>epe (BHeHHTerpanbllbie "lneHbi) HC"le3aiOT! 
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K CI!CTeMe (6) 1 (7) 1 a npl! 

mpepblBHO OT 1 AO 0 1 Mbl 

t, ::ho no3aonsieT 'pa361!Tb 

oe q11cno sTanoa1 Ha Ka*-

3nyro aenl!qi!HY d ,\ • Bnllst-

·BaTb,, npeHe6perast qneHaMI! 

lnaTb1 ecnl! 3aBI!CIIMOCTb 

qeal!st .\ · npH 3aMeHe ero 

TOnbKO B OAHY CTO

!Mb!X aMnni!TyA (eM, (3a) 1 

(7a), TaKI!M o6pa3oM1 MO*-

3yeT ae3Ae Ha oTpe3Ke 

npo1!3onAeT 1!3MeHeHI!e 

ro aenl!ql!aa ii • K0 ii 

HII*Hefi rpaHI!Uefi Anst aK; 
,J o nono*I!TenbHoil onpe-

:I!CT9Mbl ypaBH9HIIH (7a) 

(8) 

" f+VMoA-E)~, >, V -MaT-
. q 

t )~ q' >1 a B9KT0p 1,\ 
nOACTaBI!M ero B ( 6a): 

J-+ .i;'(Q) >' 0 ,\ . ., = • (9) 

YMHO*IIM Tenepb ypaaae1111e ( 9) Ha F s, A+ dA 11 npoiiHTerpllpyeM no 

nepeMeHHbiM, OT KOTOpbiX 3aBIICSIT KOMnOHeHTbl F 
8

; BbiqTeM 113 nonyqea-

HOrO ypaBH9HIISI TaKOe *9 ypaBH9HIIe 1 HO C npOII3B9A9HHOfi 3aMeHOfi A<I+A+dA 

11 npocyMMIIpyeM no s 

( 10) 

B cyMM9 nepBbiX ABYX qneHOB B ( 10) OTnl!qHbiH OT aynSI BKnaA Aa!OT 

niiWb "AnaronanbHbie no s " MaTpllqHbie sneMeHTbi OT onepaTopoa KI!He-

Tl!qecKOfi SHeprllll 1 AenCTBY!OWIIX Ha 

pllqHbie sneMeHTbi OT onepaTopoa T 

aCI!MnTOTIIK AnSI pa3Hb1X KaHanOB, 

F. • "HeAIIaroaanbHbie no s" · MaT-

11cqe3a10T· 113-3a opToronanbHOCTII 

CyMMa nepBbiX ABYX qneHOB B (10) AaeT HaM IICKOMY!O Benl!qiiHY 

:,\ (iiK,\a) , nnst AOKa3aTenbCTBa ee 3HaKOOnpeAeneHHOCTII AOCTaToqHO 06Hapy

*11Tb STO CBOHCTBO y .ABYX nocneAHIIX qneHOB B (10), npo1!3B9A9M B HIIX 

cneAyiOWI!e npeo6pa3oaaHIISI, nepeaeceM AeiicTBIIe onepaTopa (!I-E) naneao. 

3TO MO*HO CAenaTb 6naroAapS1 TOMy, qTo tjlyHKUIIII cnpaaa OT (H-E) B STI!X 

q~eaax y6biBaiOT aa 6onbWIIX paccTOSIHI!stX 11, cneAoBaTenbno 1 np11 ncnonb3o

aaHHII TeopeMbi rp1111a (IIHTerpHpoaaHI!II no qacTSIM) noaepxHOCTHbie IIHTerpa-

' 
nbt no 6onbwoil ctjlepe ( BHeiiHTerpanbHbie qneHbi) l!cqe3aroT: 
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I_ 

_d_(a.K.\a)=<(H-E)~ F.\ dAct>sl 
1 

A J.\$<Q>>~ 
d.\ s s, + ~+A V 

(11) 

-<(H'-E) :£ F ' ct> I A+ d.\ ; ($CQ} > • 
8 s,A+dA s A " A+dA 

M +(.\+d.\) V 
;' 

nocKOnbKY orreparop 
.\ -. 

M+ .\ V J .\ 
He 3aBIICII1' or nepeMeHHhiX ¢JYHKUIIII M , 

ro MOJKHO nepeHeC1'11 ct> (Q) BMecre c IIHrerp<rpoaaHIIeM no· ee nepeMeHHhiM 

aneao: 

-. .\ .j.\ 
_J_(il.K.\;>=JA+dA M+.\V 
d.\ 

( 12) 

A+d .\ -+ 

J.\+d.\ 
-+ 

- J.\ 
M+(A+dA) v 

A+ d.\ 
Bocnonh3yeMcSI renepb CIIMMel'pii'IHOCTb!O orreparopa -----II 

M+(A+dA) v 
nepeHeCeM 81"'0 AeHCTBIIe BO BTOpOM 'lneHe B npaBOH~CTopoHe ypaaHeHIISI (12) 

cnpaaa Haneao. B pe3ynhTaTe nonyqaeM (liMeS! B BIIAY cooTHOIIIeHIIe· 

..i_ _.\ __ = _l_ L_l_) 
d.\ L+.\ V L+.\V L+.\V 

d - - l -+ ' l 
- <a·K.\a>=" ,. J.\IT+VM0n-El " , 
d.\ M+.\V M+.\V 
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(13) 
-+ 

J.\ 

~. ~ .. 
. ·:,-.. 

.·:., 

. • • '~!' 

' 
' . :·:" '• .~ '', .... ~ . <" • 

,.: ... " ... '•(. ' 

HTM~~~nSI_ ~o·~i;~~:nh~:o~ .orrpi;~~~~~~!locr~ -d~ _(;. _K.\ ~ ~-
·,...:_· 

:~ 'lro6bi iio~OJKIITe~bH~ ~ ~~;:~:e~e~~~~IM · 6hin. ~n~parop .• T ~: V !I.~ on-E 
••.· •. ·:_ •.•• • ·· .• ·:· • .- . __ ,_.·~ L2 -~--
.•. f>nar~napSI.cneu~;anl>Ho~y Bhi6op: 6~31fCa ,ct>Y . ·. • .. .:-t~JKHO .a 

'-' .· ...... 

-·· 

~· . ; . 

·: ... . .) ; . ~; 

.. ; ..... ~~ ·~ ·"" 

'.·· 

'.:' 

:·.~ 

··.· 

' •·~ 

·::: 

:cSI (Bbi~p~Tb TaKoe ·~- ), 'IT06bi 3~~:eHIISI · £y>_.~= £~ 6H 

_("• -E >0- I. a: _cnenoaaTenbHO (ci1. Sa); II ·. 

. ·~··· 
(T+VMoA -E)·;>O •. 

·." ,• ' ... 

.. _ .. "· 
TeopeMa no'Ka3alia: 

i- ·' 
·d ' 
-.--c;.K.;;>>o. 
d.\ ' ~-. ' 

-, .... 

.. 
:. . {~ 

:I' .. ·:• r• 

CnenyeT _.eiiie pa3,rionqepKHYTh,'.'ITO rrpli BhiBone (15) 11c 

. npenno~~>Ke·H·~~ o Herrp~~h;BHO~ · 3~~HCII~oc;11-. F,\· · _ or . .\ . , 

T-O~bKO .a'· T~~::hny.~a:-e, . ecnll- Cll~~e~~- oT6poiiiiHHb;X 'ypaBH~H-~H; . . ... ' .... ' ... 
craeHH~Ix 3Ha~eHIIH 1111~e · E . · •.. npaaria,: ~-o~Ho ace rna ~ron 

: po6Hee ~HOT, aonpoc 6yneT pacc~orpeH a"cnenyroiiieH pa6oTe, 
• • ~.. • ..,I ~ • • -· ~· ;.:-· t 

-., 

Aarophi ,ahipaJKaroT :.6n~~onapHoCTb A~ LlYHY· 3a rrone'3ahie 

n_~ Tepa·T.ypa' · 

1. B.n; )1(11ryaoa, B.H. 3axap~>ea. · npo6ii. ¢1113. an. qacT. 11 arc 

~- ~~ :(1'.971 ). . ·.:. '. '. 

.2. B.3. 3axap!>ea,···B • .[l. lllM~HII.H. Coo6meHHe OlUIH, P·4-S168, 

. 3. G.T~·mpie: ~roc~Roy~Soc. ·,(London) ·An9; .276: (1928) 
\, . . . '. . .'• '~ . . - ~ ' . . . " 

~4. T.kato • .'· Prog.Theor.Phys., ~ 394 -(1951). ·. · 

.· .5: _Y. H~hn,- T.E.o··~~lle~ ~and L. Spruch. Phys.Rev., 12, 

· L. Spnich. The ;hysics:: ~f Electronic and_ At~mic C 
.. ~ ' . ~ t: . . . ' . . ' . ~· . 

Invited Papers from the E'i!th. International._ Conferenc 
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XV. 

( 11) 

r nepeMeHHbiX tPYHKUHH M , 

~aHneM no"ee nepeMeHHbiM 

( 12) 

A+ dX 
Iepal'opa -..,------::;- H 

M+(A+dA) V 
.oli ·'cl'opoHe ypaBHeHHli ( 12) 

BIIAY CO?l'HOWeHne· 

( 13) 

. ' 

,"\..' 

.·'' 

,. .. ... ,' 

•. 

· .. ,., ' ; 
. -~ ' . 

' " . ·.' ~!"·.\ 
.... ~<' ~:, • 
'~ . ··~: ~-·~~ , . 

. '(. ! • • J .~·~ ' .. 

" .' t~• • : ,i :. :., ,. t ~, •I> .. • • • ~-'·~ ,~,_-, ~-;-~~'."":"' 
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I ' ~ 

. · 

· .... · .. 

:· 
,· 

.. ~··· 

c;·-E>O· ,.a cnenoBal'enbHo (c~,; 5a); n • · ' ••. 

.,. 
~T ~Y\roA -~ >.·;> 0 ·· 

.· . ~~ 

TeopeMa AOKa3aHa: 

. i 

' ~· ( 15) . 

. • 

'· 
.. 

' . 
CneAyel' ~we paa.nonqepKIIYl'b,'.'ll'O npn' BbiBOAe (15) ncnoni.'aoBanocb'' 

. npeAnon~iKe'Ii~? o nenp~~h;Bilo~ · aa~HcuMoc l'H Fx . ol' A . , • 3To oopno 

T;onhKO .a· _To'~:~fny~ae,,-.~~nH. cH~l'e~~ ~l'6po_wi~nhiX ypaBn~n!'ili; ne HMeer 'co5.:. 
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