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. xx) . T. e, xoraa B narpamxnau (1) nobGapsner unex -%m A 'A . ' . » : E = . o ; o




Purec 1.
. N ' > -
Hrax, _xo-rn-mﬁoﬁ BexTop. P, MOXHO RONOJEHNTDH ‘Tpofirok Qpr\oronam-nug K HeMy
n Mexény ’cosqﬁ BEeKTOPOB, HO O4H BMECTe Coc-rénkr opjroronam:nun 6as3uc - 4-MmepHOTO :
npog-;ﬁancﬁa TONLKO Toraa, kor'/na Py ﬁena?rponen. IIpe 2eB3OTPONHOM: pF 'MHl, ode-

BHAHO, MOXEM 38IHCATH YCIOBHO noasorn GasHca B BHAO:
3 .

® 4y P, P :
.fo e, & k¥ . =8, - ; :(17)

Onnsaxo, ecny - p E30TpONeH, TO B yHnoMgEyTYI TpOfixy BXOOMT OH CaM, IMosTomy, Ga3zc,

13
conepxamufl E30TpONEHEA BexTOp, 'He_MOXeT GHTH OpTOrOHANLHEIM, Y ROGHHI HeOpTOroHANbL-

noifi 6a3HC, NPETOAHEA He TONLEO IPH H3OTPONHOM, HO TaKXe X IpH BpeMeRu~IOoROGHOM
($)] S
MM NPOCTPAHCTBEHHO-IOROGHOM BexTope P, , HOZydaeTcCsd, eClE [ONONHUTEL € - 'y - e:’

.4 P‘L KaKuM-sm60 He3aBECHMEIM Bpeuexm-nonoﬁnuu BeKTopoM n“ co cBoficTBaMu:

v

(ae® )=0 (=12 . atm-1.. " (18)
. S

" CooTHOmeHRMe MONHOTH ANY TAKOR YeTBEPKH BEXTOPOB 3amsmercs

: e(l) e(""+‘ [Pu+tpp)nulp'v +(np)nv~‘] —
= BT ~p3+(np)?

Mo

== 0t B (19)

O ’ _/30/ .
: x)- Ero MOXEO BHBECTH HOPSMO, HIE Xe cheays Mamemo » OpHGersyTs K. OPTOroHA-

JmM3AnMEm, B-pe3ynkTaTe ¥ero HOAYTEM 4 B3aMMHOOPTOroHaNIbHMX BEKTOpd. &n ;'é:’ P
Py +(op)n, . B TepMREAX Taxux BEKTOPOB COOTHOMNEHHE NONHOTH (19), xax Mu BHOHM, Bbi=
rnsmT fotmo Tax xe, xax coorsomenme monxoTs ( 17). - ) ! ’

N - 8

.

C nmoMoOImbI0 BTOr0 COOTHOWLIGHES CPA3Y Xe NONYyIaeTCH HYyXHOe HaM pa3noXeHue BEKTOp—

NOoTeHOHAala
=

W w T +‘[P“+‘('np)n“][(P:)+‘(nF)(nA)]" —a,(n A )

A, =2 e, (e A)

E e p2 +'(np)2 (20)
Ec/u BBECTE COCTABJSIOMYIO
~r 2 w o Wm
A‘L=l=2l ey (e A), (21)
TO MOXHO 3aMHCAThL PA3JIOKEHE® BEXTOP-~MOTeHNEAaNa B BHAe!
- - [p, +(np)n, 1l(PA) +(ap) @A) -
A= AL+ - - -n, (nA) (22)
P +(np)
WAz B X ~NpencTaBieHEM
. (9, +n, (@, +n, (a 9)]
PP RS i A Ay —ny(nA). (23)

¥ ¥ O +(na)?

. /6,31-33/ x)
Takoe pa3loXeHEe BeKTOP-NOTEHOHANA. HCNOML3OBANOCL B JIETEPaType MHOIHMU : .

r
Ong Ay xapaxTepHH cBoficTBa:

9, A, =0 , n, AL=0. (24)

Mpu =acTeoM BHGOpe BexTOopa 1o, B BHOE n“={0.0,0,il coorsomenns (23) r (24)

opuMyT BHA!

-1 :
r .
<‘A‘L= M A am an An +5‘“A‘ (25)
oA i e - i
A =0 A0 | (26)

roe NaTHHCKMe MAOeKCH HpoGeraoT TOMLKO amaderud 1, 2, 3, a A=¢9k 61‘ ~onepatop Jlan-
r V -
naca. Bemmsuant A, , Jy-Apm Ay MaCTO Ha3HBAKT NONEPevHON, NPOAONLHON (s Tpex-

xx)
MepHOM €Mbicne) u BpemeHuofi (ckansprod ). COCTaBASIOMUMI A# .

R
x)-l’Iepexon k ¢opmyne: (23) nompasymeBaeT, MTO NP BCEeX 3HAYEGHHSX P HCIOTL—~
3yeTcs ONHR H TOT Xe BeKTOp 0, H STO BeKTOp - By He 3aBHCHT OT TOYKM . B cea-
3u ¢ Geckomenpo-BpeMmenHniM dopmamuamom Tomorara 4 paccMaTpuBaNi TaKXe M BEXTOpH
n, , 3apuCgmue OT TOUKH . Taxoe oGofmenne HeTPyNHO IPOH3BECTH, HO MBI 6ynem pac-
CMAaTPHBATE TONLKO NMOCTOSHHBIE BEKTOPH O, . J21/

XX) Mm npuMeHdeM HHMXe TepMHHE 'Bpemeaﬂén' cocTapigomas pMecTo Gonee pac-—
fpocTpaseHHOro Tepmuna "cCkanspHas® coctasisiomas (B TpexmepHOM cMuICne), pe3epBHpYH
Ha3BaHMe CKanApHAs COCTaBIsOmMAN W CRajspHeie GOTOHBI Ang pemmuunsl. 0, A, (zeTmpex-
MEpHOro CKanspa) I COOTDeTCTBYIOMEX eft CKanfpHbIX KBAHTOB. woE

8



HpnaeneM NpEMep NpPUMEHEHUs! COOTHomexufh nonrorn (17) = (18). HycTs mMeeTcs

Henrpamauoe Bex'ropaoe nolne A 0, , nogumAgOmeecs ypaBHeunio Knefina-Topnona
<([:| - ) Ay=0.

Pewenne ypapaenus KnefiHa-I'opnora MoxXeT GHTL mpeacTapleHO B BHOO:

-
. dp -+ 1px . -ipx
A (x) =f ta, (p)e. (P) [
#* ©* .
IR :
. - a 3 Y . S . :
rae p ;=—m ’ aIL:‘ a*l,_a‘z. aty, ia¥) }, a coxpansomaics 4-aMmynsc nons A,
oTBevaomufl 3TOMY YpaBHEHHMK, 3&NACHBAETCS

-

P =i T : - - . -»> -»> .
P if T, dx fdpppa.u(P)a“(P)
. Hanoxzm rtemepr ma A, ycnoeme Jlopenna
Iy Ay ,
B COOTBEeTCTBHH C KOTOpPHM ' B rd

-
‘ a =0, « =
. Pya, (p)=0, p 2} @)=0.
Henombays coormowenns nomsorm (17) u (19) u npEnEMast BO BHEMAaHEe 3TH NONOIHUTENb—
HBle yCloBUS!, HAXOAHM, COOTBOTCTBEHHO
3 .
- m [e)]
P = (x)
‘pfdp P LI (e a)(e a*)- fdp ppZ( aXe a*)

i=l =1

[p a +(ap) (ae)]lpa* .
P, =f dpp, 13 (&0 ax & Lo R Gt Grias 1 - (2a)aa®}

1=1 » _m2+.(np)’

2
-fd o, T (0 aXe a*)+ (na)(na*yl,
: 1=1 o (p)?-m? s

. O6a BripaxeHHsi NOKA3LIBAIOT, YTO 3HEPrES eCTL CYMMa BKJIANOB OT Tpex cTeneHefi ceobo-
_AH, a He OT YeTHpeXx, KaK B OTCyTcTsHe ycnoeng Jlopenua.
B cnyyae - m=0 coormomexHe nonHoTH B ¢opme (17) HenpEmermMO, a COOTHOWe~
Hne NONHOTH B dopme (18) -paet - ’ 7
3 o - o
p‘fdppz (e al(e a*),

- : - - iy

T.0. JHEPrEsg OKA3LIBAGTCS CYMMO#l BEJafoOB BCero of OBYX creneHell ceoGonnt. K Taxomy:

P XKe BHBVOIly_ MOH(HO NpHATH N OTHOOL TENMLHO MOMEHTa xo.rmqecnaé OBHXEHH S, SVTHM HANIOCTPH-

10

'

pyeTcs TOT $axT, uTO Ge3MaccoBoe BEKTOPHOE NOJ6, MONXEHSONEeCs YCIOBUI Jiopesma,

' ONMECHBAET TONbLKO OBe CTeNeHH ceofonw, ABa CHJ!kOBHX cocTOaRNd,

@ KparTopast afleXTpOAHHAMEKA B KaNHOpOBXKe H3NyJeHHS

(®opmynrpopxa [dupaxa )

Hepnoﬁ $opMy/TEpOBKOR KBAHTOBOR 3NeXTPOAHHAMAKE Mbl OGS3aHHl ﬂnpaxy/l/. HeppBo-
saganbHag 'rpax-rosxa HupaxoM mofis E3JAy9IeHHS XAX COBOKYNHOCTH KBAHTOBHIX ocummsrropoa
{cm. Hpunoxenne 2) 6rina ycosepmeﬂcTBOB%a lFafizenGeproM H Haynn/ h: ¢ nepeneneua
Ha& SGHIK KOMNOHeHT moif. B q:opuynnpoaxe ¢e{gm4 KBAHTOBANOCK JNIL NONEpeTHoe (B Tpex-
MEpHOM CMEIC/Ie) Nojle H3NydeHHS Am,oc-raaaameeca nocne BhineNeHHs xynouoacxoro
p3auMoneiCcTBH, .\I'l‘os'romy Temepb 3TY wgﬁlﬂ__g‘aﬂ?gga!QL_Q’QPM)’ﬂlpOonﬂ ‘snexTpo-

AEHAMEKN B Kanu6poBKe MaNMydeHHsd, WIE B KyloHonckofl xanuGpobke,

HEJJOCTETKEMK SﬂeKTpoﬂHHBMHKH B xa.rmﬁpom:e uanyqemm SLBHH]OTCR'

1) pasfennAOe pacCMOTPEEHe NONepe¥HOro M NPOROILHOro nonefi B OTAHYEE OT TEOPHH

Maxkcsenna, rone OHH pacCMaTpHBaAKTCH Xak eguHOe Henoe;

2) NPHCYTCTBHE MIHOBEHHOTO KYyJZIOHOBCKOT' O B3anMonelicTeus, Torga XKax B TeOpHH

) N
Maxcpenia CEOPOCTbh pacnpoCTpaHeHMd 3MeKTPOMArHATHOrO Bo36yxOeHHs KOHe4YHa H:paBHa .

[ ) ’
3) HexoBapHaHTHas 3aNniCh OCHOBHHIX ypaBHeHHH. Ha camoM pefne, TeOpus KOBaphmaHT-

/
Ha, HO HesiBHO. B TACTHOCTH, HCXOAA H3 ee " HeKOPapHAHTHHIX” ypaBHeHH{, MOXHO NONy4aThb
2 P

KOBapHAHTHY 10 S —marpuny ¢enﬂmaﬂa-ﬂancoaa. . h )

Ongako y 210l ¢OpMYy/MpPOBEM eCTh BaxHOe NMPeAMyMecTBO - HONOXUTeNLHAS ONpe=
neneRHOCTL METPHKNH rEALGepTOBAa NPOCTPAHCTBA COCTOSHEA, TOraa B xax B Gojlee pacnpo-
cTpanenHoft ¥ yno6uol ¢opmyimpoBxe C nonepednofl xa:mﬁpoaxon pexTopoB cocTosmusi (ria-

pa 5) npnxomx'rcs HMeTh [eflo C ueonpenenenuok Me'rpuxoﬂ. . ’ '

\ 3.1, Hcxmogeane 3-nponosibHofi W BPeMEHHOA COCTaBNMOMEX B TeOpHH

MaxcpBenna

. . ) - T
H3 ypaBuennfi Maxcseila MOXHO HCKIKIHTb ‘BCE COCTABAgIOMAE, KpOMe ~A“ .

Lng. NpOCTOTH Chepsa BHEEPeM BEKTO) n.p pume: 8,=10,0,0,il n ucnomayem
P M . " o Be ‘

COOTHOWEHAS (25) u (26).
L

PaccmoTpum pasnens5o B3anmoneficTBRe C TPexMepro npoaonLHOf . i ‘l'pexMepHO i

nonepeyHofi 4aCTAMH TOXa. ﬂnsl 3TOTO CBEpHEM ypaBHex-me “(An) onux pas c oneparo— -

1. SRS




i

SN . i ’ . x
BMecTe OHM 3KBHBANEHTHE! YpaBreHnsM (4). HUa nonepeunon ( 5“ -'——A——e) A,
Me !

oot Tt ) .
Tenepb ¢ nomombo (34) MOXHO HCKMIOYHTL KOMIOHEHTY A,

, R ) . ~

«' . akan-

pou 8 --—=2— -, aBTOPOl - C 0. ¥ BHINmEM OTAENbHO - YpaBHeHHe -(4;\4).

O du . ' O dn .\ : :
(5, - L 9, F“n=-—(.8h— —_—) jn (27)

kn

(28)

L . .
Bg-_-_xﬁpgux, 3aMernM, aro ypaenemus (27) u (28) nmeC're SKBHBBHSHTHH ypesnemum TTON

‘{1'0651 yﬁeml‘naca B 2TOM , cuenye'r yMHO)KﬂTb (28) ma q/A - w CNOXUTE (27) Bo-BTOpHIX,

. ;

' HA TOM ocnoxaemm, 910 L
: - o
39 =0, OnFng *3 9 Fyp =9, 9 E, o ' (30)

[ 3 ,,m n n 4 p
3akmo9aeM, 9To ypasHemne (28) ¢ yueroM 3akoHA COXpaHeHHWS TOKA '
dj ‘ o - . ;
"TE' =N - (31)
X .
, § NN Ly :
ﬂsnﬂe'rcn cnencTpueM ypaBuenust (29) u us paccMoTpelns MO)KeT Gbn‘b uckmouyeno, Ocrap-

/
muecs ypasnemm (27) " (29) 3anHCHIBAIOTCS vYeped Bexrop-nm‘enunau chemyomuM obpasaom:

S FUS. SR YRR PR A (@)

- - . B . - .
/ 1 , . -

AB,-0,0, ==, ‘ ) (33) .

s NMPOROAbL~

Ho# 4, A, m Bpemensoli A COCTaBSIOMHX 3NeKTPOMArHNTHOrO NOAS nocnemme 2 ne

4

MOX‘yT 5b!1.‘b SBﬂBHH HeGBBHCHMO P HaYanbHbLII MOMEHT Bpemel-m 0 ('r.e. nenbaﬂ He3a~

Bucumo 3anaTh A (x. o)y A, (X.!O) g, A (x.ta)u a, A (!.( ) -, kak aToO PRAIO

na _ypaBHeuus (33), HOCSIEro XapakTep NOMONHHTENLHOre YCIOBHS, Onnaxo u3 ypannemm

(33)" MO)KHO HEMOKATBHBIM o6pasom Bupeau'rb A,

A= A(aa A, =i,) L ,(34)
ﬁa ApyTHX ypapHeHuli m

TeM CﬂMblM YMeHbWNRTb YHCNIO He3aBHCHMBIX HepeMeHﬂle. Mocne atToro ocramprcd YpapHeHHs
- \ : ‘ . . .

" x)

Cos -
Mpn nesabncnmom 3apmamun. ¥ (x, tJ).

12

ppeMeHHO H nponom.noﬂ KOMNOHEHT ',

- aian - ‘ Ox dn s e i ‘
O, — = =B = =2 0 (e

(yd +M )Yy =iey, ¥ A +iey ¥ %(a‘ ERT NS P PR (38)

SKBHPANIGHTHHE HCXOAHWM . ypanmemmad (4), (5).

Harkoren, nocne mpeoGpa3oBaBus -

¢ = ex (1e.£_ 3, A b, (s7)

HCKMOYapmero ¥3 ypapHeEAs [lApaxa NpOROALEYK COCTABIMIOMYIO, B YPABHERHSX NBHXeRWS
ocTaercd TOJMLEO NONepedHoe nojie
r d 9, -
- %x Tnya . :
AL =( Bkn A YA, (28)

3.2, OcHOBEHe ypaBHeEHS B KanrGpOBKS HIIMy4eEHS

TaxuM 06pas’soM HMeXT BHA:

D A'k =_‘A(8kn & 9, % V. . V . (3’9)’

' 'A-f'i r‘l . ; (40)

(yo+ M)y miey, ¢" AT -l

Hocnenauft 4nen B (40) - xynononcxoe B3aEMonefcTBEEe, OCTABUEECS I10C/e HCK/IOUeHHS

x)

K ypaBHenusM (39) = (40)» HYXHO mOGaPBATH Kak onpenenennef ) A: NONONBATENbLHEOR
ycnoBre ) :
3 A; =0-. ' (1)
Ypaprenna (38), (40) MOXHO NOJIyYETH H3 BAPHANHOHHOrC NPHENKNA, noao6GpaB cooTBeT—
CTBylomAfi JArpaARKEAR . : :‘ o .

£ =-% 9, A 9 N +ALL -1 Y - Plyar )y,

Jlononautensaoe ycuonnel‘ﬂ) OOMXKHEO YIATHBATHCHE OTAenbHO.B wacTmocTh, ang nouyqeauh
ypaemenufi (39), (41) myxmO mCKaTb yCNOBHHIE SECTpPeMyM uérpeaxuené L=fd'z £ .
Ilng aToro B COOTBETCTBRH C METONOM Mnomn‘reneﬁ'ﬂarpamxa Ro6aBEM K Jarpamxesofl

nnorsoctr  £(x) aer A anA'n rae A(x) - BCIOMOraTeNLHOe HoNe, H 6ynemM HCEaTb
6eayCcOBRB MHHHMYM BHpaXeHHS L'=-Id"x(f * A9 A"). Bapoupoamme momelr Ay &,

A nmaer, Kax ycnosHe MHHEAMYMA, YPABHEHHS

x)3amxc5 B BHOe AHTEEKOMMyTaTOpa npnoﬁpe’rae‘r npaBRJLHLIA CMBICK nocne KB?BTOBBB

13



. r
D Aln=.__me__¢?mA; amAmﬂo‘

HeficTays Ha NepBOe ypapH@HHe ONEPATOPOM (8m -4t an am) , HCKJII04aeM  BCIIOMO
ratenpHoe mnone A (x) u nomydaeM ypaBHEHHS (39) u - (41), Ypanuenue nng mons YTt

HAXOQHTCS OGEIMHBIM NyTeM, )
- o cux mop BCe ypaBHEENS NOHEMANIHCH KAK HEKBAHTOBAHHLIE, Hcxona na atoll nar-

paHXeBOll MIOTHOCTH, C NOMOMBLI NpoNeAyPhl KAHOEHYECKOro KBAHTOBaHUsl NOJIyvaeM ORHO=-

_BpeMeHHbIe (x,=Y, ) nepecTAHOBOYHbLIE COOTHOMEHHS . "

1A (x), A (y)]1=0, [A (0, O A a AyN=(s, ") 5(x-7)
. . 2y, - - : i
L (o, v () T=0, Y (¥)."¢'(y)l=-y‘8 (x -3 )

Lgf (x s (y)1=0, (9" (0, 2As(yy -0 .
" : ay,

"Ypapnenus (38) - (40) u nepecranobountie cooTHomenns .(42) u cocTaBnsIOT ¢OPMYNHPOBKY

KBAHTOBOH 3NEeKTPOAHMHAMMKH B KBHHG})OBKE Hanydenud .

OTMeTHM, ¥TO B oTCyTcTBHe Baammonefictera (e =90 )  nepecramoBodnbIe COOTHOmE-

.ypaBmemrs (4) c . -

nus (42) cnenyiomum ofpasoM pacHpoCTPaHSiOTCH Ha nwbbie BpemeHa %o B Yo

+M)A (x-y)

(97 (x) 67 () I=il~y
vl Y ! d x ) o (43)

r N ! 9.
LAn (), A, (9))=iC3, - -—A—-—)Ao(x-y).

-rae
. ipx
1

A - & (p
m(x) L [ e {

Coo-momemm, crosmue B noclieAHell cTpoke (42), ocraloTca Bea uaMeHeHud.

3 4
s e dp. (44)

3.3 *KoBapuanTHas® 3amuchk ypaBﬂeHui& B xannﬁponxe nanyqeauﬂ

Ypasuenna (38) - (41) MoxHO, NCNONE3YS NMPOU3BOALHLIA NMOJIOMHTE/NbHLI BpeMeH-N0-

 RoGHLA BexTop ) 8, , sanncaTs {opMmanbHO xonapnamﬂolal-aa/
‘ 0,0 -(ad) 9, e ’
D A =_J“ o - 2 ‘nV -’v— ! . (45)
]+ (nd.) :

. ) 1_’ e, ie e g 1 .
(yo +M)y =y ¢ A, + > n“y,,’l-/; .m;”v 1 ) (48)
AT _ AT - (47)

(%‘ A“—O, ﬂ“Auéo .
14

/

BuBon sroft Gonee ofmeft dopMu y-pannennn 6yneT npocTO NOBTOpPEHHEeM 'roro, 470 fiena-

0Ch .B npeuuuymeM naparpade. Bynem HCXOOUTL K3 obmero paanoxenua (23) : 4 csepneM

E

Lp+np @By +2 v(ad) 1’ :
8'", - 3 +0 8y
O+ (= d)

9,41, (2 a) nv..

Torna, Bh;lecro (27), (28) = _(28), nomyamm
. : \

n“D ~(nd )y, (2})

Oy = =1, - . (48)
¥ “ 0 +(aa)? (I

(8 9)(3, By n,) ==13,§, +(n ERICSI R " (49)

Oy Figy By ==ni-, "~ (50)

.

raoe ypasmemEe (48) c \Y9eTOM 3aKOHA COXPAHeRHH TOXA @CTh C/ISACTBEE YPABHeRRS (50).

Ypasne}me (50) Moxmo 3anmcaTh B . q)opMe

SR [D+(na) 1(nA)=(na)[aA+(naan)l-n;, o (51)

-

KOTOpAS NO3BONgeT BHpPasHTh (HenoKamLbHo) -Bﬁéi\«ennyio cocTapagOMyIo n‘A  ugepea xipo;
pomeayio 9 A +(adMaA) m anj o - S : .
N 'l ! -
nA:[D +(na) ] {(na)la'A +(n3)(nA)l—nH ) (52)
EciH UCKANYHTHL C NOMOIBIO (52) 1A w3 ypaBuemms DOmpaxa (5),,' TO 3aTeM C NOMOMbLIO
KanuGpoBoYHOro npeoGpa3soBamms ; ' ’
9, +ny, (0d.)! Y, - .
il 2Rt ‘Au) [/ (83) -

: n/:' = exp (ie
. ' D + (na )2 . \

(o6o6menne (37)) mcknowaeTcs ¥ NpPONONLEAR COCTaBAZOmAag, B peay/nTaTe Taxoro' nepe-
xona's Eanm6poBKe HATYYOHHS YDABHeHHS NBUXERMS ¥ NPRHHMAaeT “xopapuanTHH” BHA
(45) - (47). ‘ ‘ ' .

7 . .

TepecTaROBOYHLE COOTHOWEHHS ‘TaKXe HeTPYAEO 3amECaTh ~EoBapmanTHO”.

7,




3.4. J'lopean—nﬂéapuan-rnoc-n;

‘
Cnc-reMa ypaBHeHHEA (45) (47) nopenn—nmaapnam‘na. necmo-rpsx Ha TO, YTO B ypaBHe— .
. HMs BXONHT noc-rqpommk BekTOp Oy . Hopenn—nnaapuam-noc-n, rapaETHPyeTCH BO3MOM—

‘HOCTBIO B3STH B KAYeCTBe o, moﬁoﬂ npeuemz—nonoﬁnun BEETOp ), u,ecilE ORAACGHTCS,

-’

ot gannoro Bex'ropa_ n, mepefiTn x moGomy npyromy BpeMenu—nonoﬁnoM)' BEKTOpPY u"l .

YCTaHOBEM CBSAL MEXAY COOTBETCTBYONIMMH A g H "A,‘- -
;

v

Cnepsa ¢ ﬁo_iuom.mo (52) nexmomM u3 (23), Kax u Béxony, nA

S q -t :
Ay =4y ~-[d #+(ad) 1 la# [dA +(n3)(nA)]f'ﬁ#(nj)]. (54)
Bxonsmas Clofa npofonLHAS cocTaBamomast O A +(n 3)( n A) He ompelellgeTcsl ypaBHe=
" mmamm MaxcBenna (ansg mee y Hac He NOIYYHIOCH HEKAKOTO ypaBHeHHS ABHXeRHs), TAE YTO

MBI MOXeM ee BHOGEpaTh Kax yromso, PeaynbTar neficTend Ha Hee oneparopa [lanamGepa

_ MoXHQ € HoMOIB10 (51) sanucars- xax
Oiaa +(2d) (a)1=10 +;(na)2 19A —(adlaj) - (58)

ll, cnenoaarem.no, leOﬂOlanle q98CTbE MOXHO npencraanﬂ: B Bﬁﬂe.

3a +(n3)(nA) [3A+(n3)(nA)] +[] HD +@d) 104 - (o)aj) 1}, (58)

roe [9A + (na)(:':A)] o= Ta UaCTh NpOMONLHO] CocTapasiomeli, EoTopas sBIgeTCd pemé}mem

onnopon.aoro ypapHesns NanamGepa ;
Otoa +(»a ) @1 =0 . T (57)

l'Iocne nouc‘x‘anonxn (58) mumpaxenue (54) ans V'A'# npmmMae‘r BHOZ

»-A'u=-A -[D +(na) 2t to, [aa +(n3)(n'A)]o+[n -E] a (na)l(n,)l-E] a (0A). (58)
' Orcléug nony;laem ,ncxomjxo cénab ﬁemy COCTaBJIIOMHEMI 'A"“ n ‘A"-",com-ae-rc-rayxomnm
w07 ] | |
. o 2 -t - : -t
l\‘l 'E"Au +{D ‘+‘(’n0) | lau[a_a +'(_na)(‘n-A)] .,+[n‘l -0 3#(113 )](qj)l—
R _ S ' (59)
R ) e o 1 928)
—-[O0+(a9)1-18,[8:a +(a°9 ) (a"A) o+ [a}; -[]

0

aﬂ(n'a)lr(n'vi)i.

B sTO CoOTHOWeEHTE, EaK MH BEAEM, BOUUIH TOMLEO npono.n:bnue cocTapnsiomue caoﬁounoro
ypaanemm llanaMﬁepa, KOTOpPHE MOTYT ﬁbﬂ‘b 3anans npouaaonbno. B T0o Me BpeMs
B xaqec-rae Taxoro- BEKTOpA MOKHO BHGDATH BEXTOp HOPMANA K IPOCTPaHCTBEeHHO-

nonoﬁnoﬁ nonepmocru » Ha EOTOpPORl 3ajaioTCd HAYANBHLE NaHHBE. Npyroit BuGop — 4-amM—
n-y.m:c 'roﬂ 2] unon HavalbHOl ANX KOREYHOH TACTHIH )

PR : - \ i
’, 18 -

O A'I:=|:]'A + _D_‘_’:ﬂl_ (.

D+(n3)

y - om0 -0 @B) (Lo, (e0)
[:] +: (n%d. )

Cnenobatensgo, ypapHepwe (45) HEBADRAHTHO OTHOCHTENbLHO HPeO6pA30BAHES (58). Hakonen,
¢ MOMOWBIO KANHGPOBOYHOr'0 MPeoGpal3OBaHRS '
O+ aylnd)
O +(a)?

9 +'n;‘- @)
O+ @a)?

¥ =exp [le( YAl (e1)

npoeepgeTcs MHBAPHARTHOCTL YpaBHEHHS Oupaka ¢8),

OTmeruMm, YTo npeotpasosamze (58) mMoxmo cnena;n: Gonee onpeneleHHbIM, KOHKPETH—
3EpOBAB NPOAOCHLEbIE HACTH TeM WM MHHEM TacTHHM cnocobom. Tax kKax OHR ROMKHE nuweH
MONYHHATECS YPABHEHHIO ﬂanaMGepa, a B OCTANLHOM HPOH3BOJILHL, TO MOXHO, HANPHMEP,
KOHKpPeTH3MpOBATL HX NMyTeM 34MOHh B HUX.

A, Ha Ty wacTm A , KOTOpas HOAYUHAeT-

cg cBoGoaHoMmy ypasHeuuo [lanamGepa

O 'A.“o =0. ) ' (62)

- Torna npeofpasosamme (59) mpumer cnenywomuli JacTHHA BEA:

P ) 7 2 -1 -1 .
A‘l =-A“ +[ 0 +(ad)1 U[n, -0 aﬁ(na)](ni),-

e (63)
-0 +(n’3) 2]-l {'3“(11'-6 )(ll'--AI’)o+[u"_,.-—D.l 3“(n9)](n'j).
Mpeobpasosanne (B1) npu stom mepefiner B
-1 r .
¢ = e lie [[J +(n%d Y 1. (29)(a%a ") 1y . (64)

r
Hrak, Teneps B npeo6pa3oBaHusi BXOAHT TONBEO A“ , HO He A“ .

Kopapuanruocth ypapsennit (45)-(47) ne seasiercs spuoff, Tax xax mpum npeo6pa3oBa-

umax JlopeHna BeKTop 0Op HSMeHseTCs W nepexoaut B ny . Onmaxo B HoBOi CRCTeMe

BCerjla MOXHO BOCCTAHOBHTb NepBOHAYAJLHBLIA BHA BEOKTOpa n (ranpumep, n ='(0 0,0,i) )
C NOMOmBIO NOAXOASIEX npeoSpaaoBannﬂ (59) = (61). B a'roﬂ cpa3y uenecooSpaano B
KagecTBe "HCTHHHHX® ONEpaTopoB NpeoGpa3oBanHES Jlopenna nblSpa-rb onepa-ropm » BEIIORAIO=

135/
mHe u 3TO nonomm-ren.bnoe npeoﬁpaaoaaﬂne .

fpencrapnenne B3auMoneiCTBNd B -KajRGpOBXe HITyUeHHs obcyxnaercs B 1I. 5.4 H

5.8.
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4, dnekTpognHaMHxa Ha f3bIK6 HampskeHEOCTeRd

I“aﬂaeﬁﬁepr )24 l'[aymam/ HepBHIMA NHITANHCH NpeoaoileTh YKa3aHHele B Tl 3 mepmocrarT-—
‘xﬁ $OpMYIMPOBKR 3NeKTPOAMEAMEKN B KanHGPOBKe HANMydeHES NyTeM HeNOCPeACTBeHHOrO KBam=
-rona}mﬂ'ypaanemm MakcBenna (4)., Onn oﬁpa-mnu BHEMAaHHEe, 9TO XOT™ ¥ He yaaercd HalTy
nepec-rauoaoqx-me COOTHONOHAS MeXAy BCeME KOMNOHeHTAMA BeKTOp-NoTeHnualla ~A“ , on-
HAKO C n0Monu=10 KaHOHHYECKOr'0 KBAHTOBAHHS MOXHO nonytm-u. nepecTaHoBOUHLIE COOTHOWe=
_HES ‘MeXOy He3aBHCSIEMH OT Xanu6pOBKH KOMINOHGHTAMH TEeH30pa 3JIEKTPOMATHHTHOIO NONL.
Ecau HCKMIOTUTD A'_‘4 H3 9HCIa KaHOHHYECKEX NepeMeHHBIX, & ANlg OCTANLHBIX NPHEATH

nepecranopoustie coormomwerus (9ma)(m, n=1,23) , 1o ua mmx cnenyer

ad 2 Xp F:) » a -
[F _, (x), (y)1=ia JLANY s -3 18 (x -y)
w ()0 By ~ T4 ox,, % x, % ax (85)

uv
8/\5’ ='8u)‘8vp _:8#.0 o Yor Yo -

[lng csoGonumx ypasHexnii Maxcsenna (e= 0) nerko sanucarts nepecTaHOBOYHbIE COOTHOWE=

124/
HEs ¢ mo6biMA (He paBHHIMH) BpeMeHaMH X, E Y,

[ Fu

(x), Fp(y)l= —i( Ma,,'ap " ,,a“q,pa“aA q,,@“a YAo(x-y), (g8)
rne dynkmust A o onpenenema ¢opmynofr (44) ¢ M=0  TIpn x&Yo (68) coenanaer

c (85).

-CymecTByeT MHOT'O paGor, B 'KOTOpHIX aa-ropu rax ‘Ke, Kax Tafisenbepr » Iaynu,
cTpemsTCs IpeoNoneéTh TPYAHOCTE C KBaHTOBaHHeM ypabHenni Maxcpenna myTeM HCTIOMb30-

BaHUE TONBKO xa:m6poaoqno-m-mapuax-x'n-mx pesMYnH, HanpuMep, HaNnpg XeHHocTel IO -
s 20:28,35-437) 7 ,

B xauecTse npuMepa (GOPMYTHPOBOK 3JIEXTPOAHHAMHUKH B Tepmunax Hanpml(enﬂoc'reﬂ

! 741/
Mut npusenem dopmynuposky l'ammepa u T'yaa .

4.1, ¢opMynnpoaxa I'ammepa u I'yna

e ~/41/ - : : : .
_Tammep u T'yn npenioxmir GoOpMYyIHPOBKY xaaﬂ-ronoﬂ snex'rponnﬂam«xz, B KoTopoit

TellcTBETeNbEO (ATYPHPYIOT TOMLKO HANPSDKEHHOCTH snex'rpomarxm'moro nons, u He BXOAUT
DeKTOp-moTeHmHan ‘A, . [Ina ee moiydennst B MCXOAHBIX ypapHeHusx (4.v) u (5) ua uncna
" MHOT'OMHCIIeHHHX npeobpasonanull, NPAMEHABUIXCSH NPH NOJNYIEHUR ¢opmynupoery [inpaxa,

HyXHO NPUBECTH JHMMb  OAHO npeoﬁpaaoaalﬂue (37)
fé A
A ‘ _(87)

18

Torna ypasuenus (4.v ) ® (8) nepemumyrcs
duFa=—ie ¢y, . o (68)
: . oy e
(yo+M) ¢ =iey, ] Ay » * (88)

] .
rae A "l XpaTxoe ofo3HadeHHe CJeAYIOMHEX HelOKAlbHLIX BHIpAXeHUH

’_ A o % ' _ % . : (70)
A“—-A“-auA 6“ AK—T(ak A“ -—6“ Ak)_T »Fkll- . )
A
] .
dx .
‘Am:i‘mk; THn ’ (11)
e, . : ,
A ==t —=E,. ; (72)

Yrobs BOOSmE He yNOMEHATL O NOTeHNHanax, ypapHenms (68) u (69) HyXHO NOMONHUTL

YCIIOBHSIMH v R
9y Fypy =0 .
[T 'F =-%(pr fxp . (73)
F =— F . - . f
mw w (74) <

C ypabuemmamn (88) - (74) cobmeCTHMH Cllenyomue OQHOBPEMEHHEIe NepecTaHOBOHHEIE
coo-rnomel-m/ﬂ_x): i - 7 i
[IEm;‘:i'Hm(x)p E,+iH (y)]=0

4

b4 d - -
[E, +iH (@, E,-if (y)l=2¢, —38(x-y)
cdxy

t¢ (), ¢  (y)}=0 .
(15)
LT (x)s ) L=y, 8 (x-F)

(¢ (1), Em+iHn(y)1=lg’ (2), Ep-iHm(y)]l=

——e yT(x) A’ 5 (x-3) =
xm )

0 QP M E

4” axm I;’yy

Oun cornacyiorcss ¢ NepecTaHoBouHHME cooTHowenusmu (42), KomGumanun 3 HAIDSKEHHOCT

E +iH, u E_~iH, BEICTYMAIOT 30eCh KaK KAHOHWYOCKH COMpsKeHHbIe BEelIHYHHEL.
: E, B

- =) IlepBre NBa TOXAECTBEHHH C (85).

18 ) :



§

B stol (bopmymxponxe KYJIOHOBCKOe B3auMoneficTeue He Buzieneﬂorn, AelcTBATENLHO,
MPUCYTCTBYWT TOMbLKO HANPSUKeHHOCTH. B meft- me npnxomrrcn oﬁpama-rbcn x Heduamdeckoft
AeonpenencEroil MeTpuxe. BmecTe ¢ TeMm oaa, xax u d)OpMymxpoaxa Lupaxa, me obnanaet
gBHOIl XOBapHAHTHOCTHL, CymecTBY®WT H KOBapHaHTHbe (OPMY/JMPOEBKH B TOPMHHAX HaNpIKeH-

. . /42,43/ . ) ) -
HOCTH . OnHaxo oAM HeNnOKaNnLHL , IPHIEM He TONLKO HMPOCTPAECTBEHHO, KaK (opMy-—
. nuposxa l'ammepa r I'yna, HO TaKxe H IO BpeMeHH,

4 . ’

5. KpanToBas S/MeXTPOAMHAMEKA C NONEPeYHOR KanHGDOBKOR BEKTODOB_ COCTOSHHS
]

(dopMynepoxa Pepmit) |

5.1, Teopusgs ¢ 4=-Ma COPTAMH XBAHTOB

\
(6e3 MOMONHATENBLHOrO YCNOBHA)\
; N

Yrobui n36exaTh YKa3aHHBIX B T, 3 HeloCTaTKOB $OpPMY/NHPOBKE B KannGpoBEe H3ny-’
4YeHWsd, NONOKHM B OCROBY 3/1eKTPOAMHAMHKH He NpenCTaBAMOmMMi TPYAROCTeR A/d KaHOHH-

\ X
YeCKOro KBAHTOBAHUA Jlarpaixuan ,
. . - ,

(x) =% 3, A, 9, A, A ,,—v,b(ya+u) : (78)
u, CIenOBaTe/lbHO, YPaDHeRHS
.. ! DAV=—<\jV . - (77;1)
(78)

Ty d+M)yg =iey, ¥ A .

i

"Kanounieckoe KBARTOBaHME TEOPHH C MarpaHKHAHOM (78) naer caenynomne OAHOBpeMeHHEIQ
. f

( X0=Yo ) I€PECTaHOBOYNEIE COOTHOWRHUSI

), g (y) 1=0 (9Cx), ¥ (1 =78 (x -y)

(79)

LA, (x), ALy )]1=0 D4 ,(x), (1N1-8,8 (x-v)

J vy,

(% (x), ALy)1.=0 Lo(x),

Yoo

- ):C menby u36aBHTLCS OT TpyAHocTefi kx narpamxuany (1) ndGapasuin wien +1/2-
(au A ) (em. ). Taxoti Narpaixuai PABHONEHEH JarpPamKuaHy (78),. Tax ‘xaK oTnuuaeT—
cq oT (78) numb Ha OHBepreHNHIO.

i s o

B ceoGommoM cnysae (e= 0) aTH NMepeCTAHOBOYHHE COOTHOWEHHS CJEXYOMEM ofpasoMm-

pacmpocTpanmoeTcs Ha MOEHe Xo Yo«

- 2
1y (x), ¥ () l=i(—y-a—x+:I)Au(!fy) (80)
(A, (), A @)]=15, A (x-y) - (81)

5.2, Cpasaense ¢ dopMmyimponxofi B _xamab6poBKe HanyJennd

[na cpapEemms C ypapHeEHSMH B Xa/m6pOBXe HINYIeHHS ofpaTHMCE K Da3JIOXeHUIO

. (23) B d)opMe (25) n npomsseneM cieaywmHe npeofpa3oBeHms:

& dn
.1, OeficTBys omeparopamu q. —x— ® )

oTnemsuo ypasmemme (77.4), sanmmem ypaBHeEES Ris TPeXMepPHHX nomepetsof, npoaoaLEOR

ma ypapgenxe (77.n) m pumucHBag

R BpeMeHHOf COCTaB/IgOMEX BOKTOp-NOTeHRuana.
2. YpaereEEe A/g NPONONLHOR WACTH SaMEHHM ypaBHeHHeM
00 a,a,=0.
(Ypaprenne ang mpomombHEOR cocrapngomef

D an‘AII:V-l an ‘il (82)

MOXEO NOJIy9HTSH, KOMOHEEpYS 3TO ypapResme ¢ ypapEemmem (77.4) m 3axomom coi;panexns

TOKA 3‘1 j#=0)'

8. Paspemnu ypaBmemze (77.4) OTHOCHTenbHO A,
A4=_A_(-3‘-A4- -ig) = (83)

1 .
= T(-a‘ 0, A +d,3 A ~],)
H mOACTAaBEM ITO éupa)xeﬁne ans A, B.ypapmemue Oupaxa (78).
4, C nomombo KalEGPOBOTHOTO npequaaonamm\ (37) mcxnounm 13 ypapHeHud Dupa=
Xa NpofONbLEYK cocTaBngomyls 0, ‘A, .

Toraa nonyaeEM CUCTeMy ypaBHeOHRR

O 1"+ 2o y" (84)

3""A; =0 o (85)

B . r ,r ie ) 1.7, . 1 ) .

(yo.-+M )y'=iey, ¢ A, 3 ly ,Tj‘!-ie-y‘w = a_‘aF'AF_ O (88)
3, ‘A, =0 . e
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Xors npomofbHAS B BpeMeHEAs COCTapiifioMEe ACKMOYeHH, HO OT HAX OCTANCH cren - au'Au '
: X ‘ »

CRalsgpHad COCTaBisomasi.
Ypasremme (87)- o3HawaeT, 49TO CRANSPHYX COCTaBAMOMYIO 3# Ay MOXHO paccMar-

. e <

puBaTh Kak HeKoTopoe cpofonHOe noie ). BLIYHCIEM OAHOBPE@MeHEHEe HepecTaHOBOYURLE COOT-

HoOlmeRHd ANls sToro “monsg”

.[Z—AE(X).‘ QaAL(Y)]=0 (88.0)
T, v,

A 9 A .., DA, 3 JA N T .
My, O OB (A, 9 ZAa, (a0
['axu(f) dy, 9V, i(y) . dx, 9y, 9 Y4+( T ' (68.13 .
. . X .
(8A (xy, 2 A y1ar2as -8 Zhvp-o (88.2)
Iz 9yl 9y, dxy Iy
(2A (o, — Miieo , (88. n)

d x, aykl..'.'aykn ayv :

M, TAKAM o6paaoM, OIS MOOLIX BpeMeH X, H Yo

[ 2% (ry, 2A (pi-o. (88)
axu dy,

Kommyraropu (88.2) ... (88.1 ) ... crenywor ua (88.0), (88.1) m ypaemenus (87).

OrMmeTREM, 4TO NMOJdYyUdeHIbie nepeCTaHOBOYHEIe COOTHOIUIEHNS CBOﬁCTBeﬁBH € =9HCIOBO=~

My CKangpHOMY NOJIO.

. . 3
Benuqura 6“ A# xoMMyTHpYeT C BenmamEamu A_ = A ——i—- :97,,, -a—x—: "
Y= exp[—ieA-l 9As 1v¢ . B camom perne,
9 x,
LA (), 2 yi-ta, 282 L 2% dhvioo (89.0)
- 3y, e "Gy, di. B 93,01,
(A" (n), 2 9Av -0 (89.1)
" ay‘ dy,
(A (1), dAvi-o. , (89.2)
i Ay, . 9 dx
YM ykn v
' /23x/ Azamuis cpoficte omepatropa 9, A, B 9TOM NyHETe 3aHMCTBOBAH H3 BTOpPOR pago—
TH .

“xx) @ Ay KOMMyTHpYeT TaKXe W ¢ WeTBeprofl KoMEmmamwell sToro THma A, -0, A3 A

4 L. Yie - 3
He uMelomeli, ogmaxo, oTHOmewug x A’ , Tax KaK no ompeneneHEI K=0 (cm.(25) = (28)).

22

LA, (x), 9,4, (N1=0 - (89)

(¥ (x), e (n]=0 (80,0
Yv N ’

.

- 1 ﬂl 161 .
Lo (x) 2 B Ayl T T, L9 Mgt K%y, 0 M (90.1)
dy, dy, ay‘ dy, Y. 9y, )

r A
['ﬁ (x)n ——ee v]___o. (90. )
kal.,..;.-a yAII ay, n
(9" (x),8 A (1]1=0 (0)

Komuyratops (89.2) ... (89. 1) .., u (90.2) ... (80, #) ... cnenywr u3 (89.0), (89.1)

r (90.0), (80.1), COOTBOTCTBEHHO, NpE yieTe ypapmemus (87).

Al
r
TlepecTaHOBOYHHE COOTHOWIEGHAS (89) m (90) ceBumeTeILCTBYOT O TOM, 4TO mous A
m
t .
n ¥ He3aBACHMH OT 3# A# , 9YTO OTHOUIEHHIO K HHM au A# BHICTYNaeT EKaK BHeEIHee

¢ = 4YHECIOBOe Nole, )

OTMeTHM, 9TO eClH K ypaaﬂeuu;m (84) - (87) nobamuth ypasmemxs (82) u (83) B xa~
qecTBe ONpefeTeHni nponom:nboﬁ an A s B BpeMeHHOI A, +uacrefi, TO OT ypaBHeHui

(84) - (87) MoxHo BepHyThCs K MCxommbiM ypapnemusm (77), (78).

Cucrema ypapuewnit (84)~(86). ormmaaetca or ypaememnit (39) - (41) npucyrcrBmeM
numpero uwiena B (88). OTor unen - B3amMoneficTBHEe C NONEM al‘ A# , TOOYMHSIOMAMCS
ceobonnomy ypabuemuwo (87) ,n, kaE GHuO NOKa3aHo, sBASOMEMYCs € =quClIoM B COOT-

peTCTByOmeM ruwL6epTOBOM NMPOCTPAaHCTBe COCTOsHHf.

5.3. [ononHnrellbHOE YyCloBHE

Ing Toro, arobn ypabmenns  (84) - (86) nepemnn B ypaBrenus (39) -~ (41), meobGxonu-

MO HAJOKETL ycioene Jloperna

L N . (91)
OHo He NPOTHBOPEYHT YpaBHEHHSM, ONHAKO NPOTEBOPEYHT NPHEATHM HepeCTAHOBOTHBHIM COOT-
momernem (79), B EOTOPHIX SIBHO COOEPKHTCS NpPeNNONOXeAHe O NONHOH He3aBHCHMOCTH BCex

x
deTHpex XOMIOHeHT omepaTtopa A M ).

x .
) B NpHHENHNE NepeCTAaHOBOYHEIe COOTHOIIEHWHS, COBMeCTHMEIe C yCIIOBHEM JIopex-ma

{nopennosckas xamm6poBka), MOTYT GWTh samucansl (CM. 43/) p cpoBommoMm cnyuae B BHOe:
%0r; & ( S
=(8 -—.ﬁy iAo(x-y).
[_A“ (), Av W] ( - ) of y)
! /43/- ' N S
TaxHe nepeCTAHOBOURHE COOTHOUCHAS BBedEHH B nns onepatopa 'Ales =[O 1o F, o
H Pechb annapart, pasBETHH B © apyrofi meimio, OMeBHAHEIM OGPa30M MOXeT GhTbL HC=
TONKOBAN KAX aUMNAPAT KBAHTOBOA SNEXTPONMHAMEKH B JIOPEHNOBOA XamuGpopEe B NPEACTaB-—
fennn BaaumoneAcTeEs. OOHEAKO, KaK MBI BUAEM, B OTIMYEe OT OOLITHHX, STH NeEpecTaHo—
BOYHLIC COOTHOWEHNS HMMEIOT HeNOKAaMbHYI (OPMYy H He HMEIOT OAHOBPeMEHHOro (x,=y,)mpe-

nena.
23



73/ -
erMH Opeanoxxnil HAKAKALIBATH OI'DARHYEHHE HA BeXTOpnl COCTOHHHA

8" A"‘l’ =0. (92)

1-8/

' - /
Onraxo BnocneacTBHe GLUIO OGHAPYXeHO, YTO STO YCIOBHE NPOTHBOPEYHBO « Mnu npo-

HOCTPEPYeM 3To B N, 5,58 HaA mpumepe cpoGomHOro cirywasd,

/7,8,19/

B cospemerHoft dopme, koTOpy €My npnnaﬁ Tynra » OrpanndeHne, oTGEpaio—

mee ¢n3uqecxue BeKTOpPH . COCTOSHU Y, BLINIAIUT TaK:

3, A(;) (1) ¥ =0, ‘ (98)

rae + o3gadaeTt, 4TO GepeTCs NONOKETENLHO-IACTOTHASR UACTH 3“ 'A“ . dnst BexTOpHHX

JacTHn € HeHyleBoli Maccofl 3To yciopme O3HAYANO Gu, 9r0 B cocTommmsx ¥ He copep—

/237
KUTCS CKAISPEHIX KBAHTOB . OnEaxo nocxonnky @

i Aa
* ypasmenuio (87) c maccoft uyn.b, TO CHTyamusa oxadniBaeTcs Golee cioxuo# (cm. HEXe),

3[eCh NOAMEHZeTCH CBOGOAHOMY

CxanspEbe KBAHTH. B COCTOSHESX = ¥ MOPHCYTCTBOBATH MOI'YT, OAEAKO, HEOpMa COCTOSHHS,
conepxamero xoTs Ok’ ONME Ckalspruil kBaRT, paBHa mymo., Kpome roro, Taxme cocTosm-

. Mg OPTOrOHAMLHL APYrEM (duamaeckEM) cocTosmmaM, yaobinerpopsiomum (83). IMosromy
COCTOSHEH Co cxénﬂpﬂumu KBaHTAME AAKT Hylepoll BEiam mpm BHYACHOHHE MATDHUHEIX Blle—
MeETOB S ~MAaTPHOH, W NO3TOMY, €CJH B3AThH Tpoexnuio ypabeeruft (84)-(88) ma umoa-
OpOCTPAHCTBO cocrozmm ¥, yuoane‘rnopsmmnx (93), ro mmmman unen B {868) Bunagaer,

H OHH npeapamaxo'rcsx B ypaBmemms (39)-(41).

Tang oﬁpaaoM, nonupocTpaEcTso cocrosAEi ¥  BemeT camocTOsTeNbHOE CYmMeECTBO-

Baune,

5.4. Ilepexon B Npencrasienme paammogeicTpust

Brme Mu ofCyxnamu ypaBHeHES OJisi ONepaTOpPoB NMons B rafisenGeproBcxoM npenc-rab—
JNIeRAu: B ¢6puynnpbaxe ¢epuﬂ-‘ypaanennsx/(77) r (78) B B KanuGpopke E3/ydeRHS — ypaBHe-
mag (39)-(41) (nnm (84)=(87) m (93)). BexTopr cocTosHHS B raliaeE6eproBCKOM HpencTas—

JIeHHM MOAYMHSIOTCS YPABHEHHIO ABMXeHHS

r r . .
a¥ () o ¥ @ .o, (94)
kX ) aa(l) '

rae o - no6ag NMPOCTpanCTBeHHO-NOROGHAS NOBEPXHOCTh , HYACTHHM CillydaeM KOTOpOi
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Ocraercs paccMOTpeTh HONOJIHETeNbHOE YCIIOBHE, fipexpe BCero, COCTapilss
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HaTepecno, ¥TO oneparop 9, A‘:‘ B NpeACTABMeHNH p3aumonefiCTBUS Oxalancs B TOYHOCTH
TeM Xo, UTO H B raitaen6epropckoM npencTaBienin. TO eCTeCTBeHHO, TAK Kax ‘OH mOOYHHSeT— '
cs cpoSonuomy ypasuenmo (87), m mepexon B npencrannehne p3auMofeiicTBHsd, B KOTOPOM
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u B pomonmuremsrom (112), mocsme gero ono ‘nmpuobpeTaeT sua:
[au A::(H(x) +1i f dx A(ﬂ (x—x')j‘(x')]-! (t) =0,
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o IR . 4 . IR S S A nmeﬂﬂo, p3sB OT (145) ‘cpeanee no Baxyymy, C yZeToM . (147) nonyqaeM
- RN . PR . a : Yo - Lo T e
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ST s rue rrpn nono»m‘rem:no onpenenefmoﬁ Me-rpuxe ‘nepést 7ACTE onpenenena nonomn'rem;x—xo ;
Yoon A ‘,\ : o a npaaan o'rpuna'renbﬂo ). T S " BRI
i akar . T ) : i | s :B Heo emeneinas MeTpHEA W KPAHTOBAHEE - .aMeKT, omarnurnoro nonst |
4., [na amanusa nepecranopownLix CooTHOmemult (125) mpi 6ynem cumraTbh, 9TO . a H'a"k‘ T ‘ R ) conp Aene: P 12 ’
N S~ - i u v - P - v IR E
- l:IPHan{le)KaT omf!\oMY‘tHMnY-ﬂbCY “P = g , W yOpomeHO 3anuuem (125) kax - I A D S{Bno KOBapHBHTHOH Gyne'r 'rom;xo Taxas ¢opmy:mpoaxa, B xo'ropoﬂ OﬂHOBpeMeHHO
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A Boqnue co / " . ‘ e , R
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mmr ) . [ : . e gy . T ‘/*“o!"“xg “2! ns!l
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y onepa'ropoa ‘mcna qac-mn, B n'pumume, Mory-r GH‘H: coﬁc-memme q:yaxnlm c npyr‘mm \. L e ’
i “ n !
Yame BCero Mm pacCMaTpHBaeM raxue sanauH, xorna nonomm-renbnoe ycnoBue (lOS’f

COGCTBeHHHM'E ana‘xexnmm, nanpnmep, orpnna-ren.bnum, xommexcxum. Onxaxo ua ocaoaa

A . < ] ‘ - . ¥y
,xmn nmo-reau (149) .. conoxyrmoc-rb coc-rosmun 'P,,‘ oﬁpaaye-r mmapzan-moe (o‘raocm-em,- HAKNIAfHBACTCS HA BEKTOPH COCTOSHIA , He 3aBUCHmEE OT BpeMeHH. 3To, BO-NEpPBLIX;
= TpEBHAMBHMA chydaft OTC TCTBHS BIAUMO eficTBiS, KOTRa aprenne ( 100) npeppamaercs
VH° ﬂeﬂCTBHﬂ onepa-ropoa au\ -4 ) nonnpoc-rpanc'nao Bcer'o rnnbﬁep'rona npocrpaﬂcma g : P i 4 A ' P ( ) mpesp
i R B YpaBHeHHe And cBO60ORHOTO ranaenﬁeproncxoro BeKTOpa cocrosmns. Bo-n'ropux, naxe N

ka(axne ouepa'ropbx B 'reopnn nonz, nanpumep, B xrpenc-raanemm aaazmoneﬂc-rnnz mm Bupa- P

B Chiy4dae %aﬂMOneﬂCTBﬂﬂ HaqaﬂbHHME H KOHEYHLIMH COCTOSHHAMH ‘Pl H "x" Clty XaT

1] in - l1]°_‘“ . . . .

,,}KGHHHe ‘xepea AH- 4 ay'r—ouepn-ropu, He BHLIBOLSTT na 9roro nonnpocrpaxc’rsa. R S e
‘ g S e caosonnue raﬂaenﬁeproncxne Bex-ropu

S N N ; . : .
B I'IOHHOM COI‘MCHB [+ TBM. ‘ITO HPHBHTHB COOTBOHJBHHE necoaMeC'mex C HOJIO)KHTEJU:— ~' :

v

in, out

Saw
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‘ ‘ 1021 ) eir X N

B aTEx cnywaax 4-mepHbit ¢ypbe-obpa3 oT yciosus (103 ) ects

——;0.

no onpeneneuﬂoﬂ Me-rpnxoﬂ, nopua coc-ro;umn (150) , ﬂeﬂCTBHTSHbBO, MO)KeT GHTB Xax nono-,
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HB C&MOM nene aTo ycnonne eC'l'b Gecxoneqnaﬁ COBOKYHHOCT‘I: IIOHOHHHTEHBHHX YCHOBHH,

‘P‘!’r:l.

niy;

31.5 HOpMa suano HﬂBapuaH-rna (CM . Boanuxammas, xorl.la mmynbc p : npoGerae'r ace BOSMOXHEIE 3Haqemm. ﬂon‘!epxneu,\

) Tax, nanpnMep, ;
: 4To B (158) p =0 , nprieM naXe B raﬂaenﬁeproncxou npencraanemm npu paccuorpe-

‘HHE [ONONHUTENLHOTO YC/IOBHS HYXHO PACCMATPHBATE TONLKO H3OTPONHEIE BEKTOPH - P .» : EYe
: h L .

r_xonqm-me"rcﬂ ypasHenuo [lanamGepa (87). Ha npumepe oRHOYACTHIHOrO

N

. TaK fmx au 'A“
. cOoCTO™HHAS .
: L® = Yo » : )

o Y B T I (157) -

i rae v'; - ‘NPOH3BONLHLII BEKTOP, BHIICHHEM, €TO YcCjloBRE (156) ¢ momomeio NepeCTaHOBOY~ )

HEIX COOTHOmeHHR ) . o
* e + , > - Do
R . =55 -1 . ‘
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Ka)lmoe ua nux nopenuoncxuﬁ 4—Bex-rop. nepﬁbe’ L BPBMBHE—HOIJOGHOB

c o-rprma- :

‘rem;uoﬂ nopmoﬂ coc-rosume, a TpH oc-ranbme - npoc-rpanc'rsenno—nonoﬁnue, c nonoxcn-rem:
' o cBORHTCE K O6bHMEOMY ycnosmwo Jloperna

uou uopuon. Bnaronaps nepecraﬂoso‘mum coo-momermsm (144) “aTH cnoﬂc-raa Bex-ropoa
coc-rommsx (154) ne aapHCST oT cnc-reMu o'que-ra.‘ R R ‘ . ' - : o -
i . NN RO ) ', el . | i . L N : PV =0, ’

. . . ' o . [ ,

- - (159),

‘-l-roﬁu noc-rpon'rb OIJHO‘!BCTH‘(HHE COCTORHAS, ° YROBIETBOpAIOHE . (158), unu, axBuBanem'Ho,

Bex'ropu v -, YROBIeTBOpMIOIAE (159), Hy)KHO HCTIONL30BATE Gaanc; ommM H3 OpPTOB.
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2.3 nognpoc-rpanc-rno Bpeuexm-nonoﬁnux Bex-ropos coc-ra;musx C‘OTPEIIBTEJIBHOR nopmon. Ana-

®.
KOTOpOT'O CITyXHAT nao'rpomibm BexKTOp P, Taxoﬁ Gaauc 6blﬂ MOCTpOeH B M. 2,2 — hopMy= -
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e ,

" 1) HanGosnee ofum#t BeKTOpP Yy ynonne‘ruopmoi.unn ycnopnxe (159), aanucnsaercs
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TaguMm oGpaabm, nonHnA EAGOP OAHOYACTHMHHIX COCTOSHEf, YAOBIETBOPIIOMEX (158) =
HMEeIOMUX HMITYIbC P, ,ecTs - - : > ’

T (YA e, (e

1Y

at) ¥, (p a)¥%. . (181)

\

AHanoruiHo, q-roﬁu NOMyYHTE ynoane-raopmomee (156) Mﬂorodao-rouxoe COoCTOsIHAe, HYXHO
noneHCTBOBa‘l‘b ‘Ha BaKyyM Tem RITH MHLIM THCIOM OnepaToOpOB POXAGHRS &” +, 8% pa 3,

coo'nae'rc‘mylonmx OIZlHHaKOBb!M HIH paammnuM 3HAYEeHHaM EMIy/bhCa Pu .

HeficTeuTemu0, Hanbollee ofmee COCTOfiIHEE, COOTBETCTBYOMee OOHOMY HMIYILCY p“

aanucCLiBaeTcs: )
v = 5 c(m ,m,,m, ,m Xe‘a+)m‘ (e2a*)"3(pa™)™2 (@a*T° ¥, - (182)
e
Honcranonxa STOT'O COCTOSHES v B (156) naer
é:‘l’:(np) S c(mx.m .ma,m)m (ea )’(e’a)’(l’ﬂ*')’(ﬂa ) W6=0'(183)

Wy my,my,m,

\ . .
Kax ans xosd)d,mnneﬂ'roa npx mmeﬁno He3ABHCHMHNX COCTOSNESX (CM. n.5, 5)nonyqaeM

- e(my,m,,o ,m)m =0 me2 1o (184)
AN 0 ’
c(ml.m,.m's,o) mobbie m, = Ve (185)
HT&K, BKag B ¥ AanT TONBKO CdCTOHHHH [ m°=0 . Ecmu COCTOHHKQ P . onucpiBaeT

$OTOHBl C HECKONLKHMH HMIyIbCAMHE, TO NPOBOAS HonoGaste paccyxieHuss He3aBHCAMO s
xaxdmro HMIyJIbCa, YGeXAaeMcs, UTO COCTOSHES, conep)xanme mo6oe: UHCIO dnoronoa crpo-
arcs’ hyTeM AeficTis Ha BaxyyM TOMLKO TpeMs COPTaMH OmepaTopaMH: (e o ), (e2 at)
(pa®). .

-2) Ycnosre (159) sanpemaer mo6uie B}ﬁemeHn-nonoﬁﬂble Yy {maupnmep, v“ =9, ).
CnenosaTtenbno,  ycinopre Jlopesna HCKModaeT B3 PACCMOTDEHHs COCTOSHHS C OTPHIATENb=
HOIt . HOpMO1, nppomaemme‘oneparopamu (n a+ ) , manpuMep, oaHOHACTHHHOE COCTOSIHEE

. B uCEmoueHNN COCTOSNHUA C OTPHNATEeNLHOR HOpMOfi, MOPOXAAEMEIX onepaTopa-

+‘ - . . N .
Mu-( o a ),- RCTHHHOEe Ha3HadYeHue ycinopus Jlopeuna, ,

'8) Ycnosue Jlopenna (156) me sampemaeT NpHCYTCTBOBATHL B COCTOSIHUEA ¥ mo6omy.

mCNy XKBAHTOB, NMOPOXAAEMbIX (p'a") (cranspubie xBanTh). Taxum o6pasom,. doi, HA KOTO-
" poM' pashIrpHBaOTCH q;nan'qecyxue c66ufm9, COCTOHT E3 COCTOSHRA
4+ ' + P +im P, .
¥, , (pa") %%, (pat)Xp,a eN% (pa) Yo . (168)
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Oneaxo nMwboe COCTOSHME, COoaepXamee XOTs 6Ll OAMH CKalapHHE KBAHT, AMeeT HYNeBYIO

HOpPMY R OpPTOI'OHAlIbHO OCTANBHBIM paapememiuu COCTOSHU IM,

(160) scro, aTo y cBoGonHOrO $HOTOHA TOMLKO

- ] "
aBa ¢H3H‘IGCKHX.COCTOKBHS, CIIHCHIBA@MEBIX e(“) u

'4) Ha ofmero BupaXeHms Ang \M
e‘ﬂ“’. Yro KacaeTCH WiIeHR, MPONOPIHEO-
HalbHOr'o ¢ Pp. , TO OH'BeAeT X HeCYMeCTBEHHLIM COCTOSHHSM, Kostdunuent ¢

B pasnoxemmu (180) ocraercs HeompenenenMnM, e MOHCTPEPYS KaluGPOBOMHLIA NPOU3BOJN

- H
- WpE B,

M 31-01' NMPOM3BON NMO3BOJNET, €CIN HYXHO, MEPeXOMUTL OT on-

HOT'O BpeMeHH-I0f0GHOTO Bexropa BXOnsdmero B onpefenenwe Gasuca (15), (18) x moBo—

Q1
B onpemenemmx €. e(”

My ApyroMy, & 9TO, Ka4X yXe TOBODEIOCH B M, 3.4, TapARTHPYeT JOPeHN-HHBADHAHTHOCTh.

O6muit Bua npeo6pas3opanufi mepexoga OT OAHOI'O BeKTopa 8, X Opyromy B cBo6on-

HoM ciydae (e=0) nomyunrtca ua (59) » (B1), ecnn ram monoxmrre e=0 . Towro TeM

xe nyreM m3 (83) m (B4) cnenyer wactmast dopma npeoGpaaonalmﬁ,’coo-rae'rc-rny’xomas

samene B (50) ofmero pextop-moTemmmana ‘A, Ha WacTh A:‘ d A, =0) ,
ATo At — % (nnar). (187)
[ [ (n .9). .
P =T, (168) .
' W /33/
HMenHo Tax npeo6pasyioTcst BEKTODH e"‘ (i =12) 3
, P ,
e-=¢ - —L (n'e) (168)
s B () '
IpH nepexome or pnxioro BexkTOpa 10, , KOrAa
pe=0, ne=0 (170)
X ApyroMy n‘: , Korna
‘ pe’=0, ~ n%e’=0. (171)

OTpunare/bLyufi BKIaA B SHEPrRO BHOCHIR COCTOSHES, - IOPOXAACMEE OUEPATOPAMK
+0 + - - -
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BTOpOA CTPOKE ME BOCHONB3OBAJIHCE COQTHOLI® HHEM NOJHOTH (18) mpu p* =0,

rae BO

_a B TpeTnefl yunmu ycnoeue Jlopenna

.
(pa) ¥ =0, 9 (pa )=0. 73)
Hrak, sﬂehrnﬂ nonoxmre:mna?‘): noﬁomrem;uo ) onmpedefnieRa AN COCTOAHEA, nopoxiae-

1 N )
Mux oneparopamu & )a+,, &Pat g paBHa Hyn© s COCTOSHMA, COAePXANMX XOTs Gl omm

: onepa-rop p at . Moxmo moxasars, ITO TONLKO NONEPeqHHE ¢o-ronu BHOCHT BKian B Cpef-

‘HMe W OT APYFHX ¢HIHIECEMX ONEPATOPOB, HATpEMep, OT oNepaTopa MOMenTa KOMMiIecTBa

i

ABMKEHMS. ) : .

) Taxum oGpasom, ycnoene Jlopenna pa3tnBaet nuuaﬁep'rono NpoCTPaAHCTBO cocTOsMmR
¢oToHa Ha ¢u3udeckoe M HedHIEIECKOE nonnpoc-rpanc-rna, WM, TOUHee IoBOPsd, Naxe Ha .

- 8 wacru: 1) ¢mamvecxoe nonnpocrpanc-rno ~ cocTosiHEH, IOpOXAaeMsle HefiCTBEEM HA BAKYYM

o onepa-ropawm V.t » Pa%, 2) Geaspemunr “dor” - cocTosHES opoXmaeMbe, XpoMe TOro,

_ omepaTopaMu a’ (ornuuurentmas ux Tepra - Hy/neBas HopMa) u 3) Hedu3HHeCKoe NOA-
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I‘lpOCTpBHCTBO - BCe COCTOfHHS, nopoXgaeMole oneparopaMu na (HGSBBHCKMO. HIIR Hapsny

C RpyTHMH onepaTopaMu POXIeHHs ).

n) TpoTHBOPEYMBOCTL YCIHOBUS $epmu ) ) .

Tpeanoxennoe depmu B 1982 r, NOMONHHTENLHOE YCJIOBHE BHIISNENO ‘ }

9 A% =0, . 174) .

-l A 4 ip x ’ \
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- = 9 =0.
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,He paBHH nymo, TO ycnoane d>ep)m npo-rnnopeqmao.

Ho nocxbnbxy mr (np) , s’ ¥

= ﬁ ) Hyc-rb. c‘rxaaanmucz. or sBHOM xoaapnax'rnoc’rn, Met' npmuum nonoxm‘rem;no onp@

+
nenexnylo Me-rpnxy, onepa-ropu . am »4, - 3a omepaTopu ylmq'rox(exmﬂ, ouepa-mpu a+'
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C yqe-rom s'roro csoﬂcraa B S -Ma'rpnue Ha a,, (187) Moxmo onyc-rn'rb 'mea, nponop—
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'.,‘ - A,, (x,) i A

AN BHD (158) Hanommu, 910 Taxne cocrogms ¥, &z ¥, c-rpom‘cs: ny'reM meficTBES ' Ha Ba~

xyyM oneparopaun et

. . . : + + +
rae : A (X) " V(Y) - CBOGOHHHG sﬂeK‘I‘POMﬁ"Hn"‘HHe n 3“9""'1’0“5°'“°3“"‘p°‘m”e "°‘"’" afm pa , HO e na , IosroMy mocne saMen: (190) Mmoot |
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a ul by
cnapmammn (cnoﬁonuue onﬂoqacrnqnue d)yaxmm pacnpocrpanemm) tbyuxuna pacnpoc-rpa‘

Pa n pa , acrpeqammnmxcs: B MarpauiioM snemerte -(181) ), BHJIOTH O 71eBOre M npa=

; uemm cbo'rona B cbopMynupoaxe c nonepetmon xannﬁpoaxon BexTOpOB cocroamm 6epe1‘cs:‘h BOTO Baxyymos, Onepa-ropom Pa yRo6aO nonencraosaﬂ: Ha NpapbiR BaxyyM, Tax xax'a-ro Yo SR
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o H-rax. xorna pe'-lb nne'r o, cnoﬁouuux xonnax uuarpauuu d>ennMana, T0 TAM cnenye-r nc—.
A nOﬂbSOBBTb TOT Xe nonepetmmn B 3—MepHOM CMEICTIe B{ex-rop-no-reﬂnnan, xo-ropuﬁ paccuar— B
pHBBeTCﬂ B xauuﬁponxe nauyqexmﬂ (ruana 3). 370 oanaqae'r, !rro xa)xuun uanyqammnﬁcn ‘
. o wn nornomalomnﬂcst d)o'roa c onpeueneﬂﬂum HMITYILCOM oﬁnanae-r -ronbxo l'lByMSl c-reneusx-
T Mn caoGonu' Bex-rop-no'rennuan (193).,onnmnﬁ B (194), ONMHCHIBAET -rom:xo maa COCTOSI—“: :

(1 )
HHA ¢o'rona' ;e(“) " ”’ B auex'rpounnamnxe c nonepetmoﬁ xaunﬁpoaxon Bex-ropoa co—

- crosnus aror ¢akT - ClencTBEE He TOMLKO xanuﬁponoqﬂoﬂ KHBBpKBHTHOCTI!, ncxmoqmoxneﬂ

nponom:nyxo (s .9eTHpexMepHOM CMHCHe)  COCTABNIOMY IO A, »HOR uonomm-renbﬁoro yc—

noeus (158) Ha Bex'ropu coc-roamm, xo-ropoe ncmeqae-r coc-rosumsl, pomnaeuue onepa- e

T 'ropaMH fa . . . L . L ;. : ':

y N

" -rop-no'rennuana .,A“, HalpaB/leRHAs 1O n# |, TaKxe ucxmoqae-rcn' B -reopma Maxcaen— :

na - camum ypaBueHneM Maxcaenna ] A - 6 9 A, = 0 s B’ 'reopxm, ncnonbaylomen K
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BeKTOpOB COCTOHHKSI
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'B ¢opMynnpoaxe ¢ nonepeqﬂon xanuﬁponxoﬂ BEXTOPOB COCTOSIHHS ucnomaaylo'r ypasﬂe—

'conoxynuocrn ypannel-mi ; ypaBHel-mnM B xauuﬁpoaxe nanyqennn. .
S - EE \
e el B npeuc-raaneuun B3auMonelicTeas - ncnom:.ayxo'rcst paauox(elme Bex'rop-norel-muana

A (x) no IH'IOCKHM BONHAM (123). nepec-rauonoqﬂue cooTHOWeHAS (158), uononnm‘renbnoe

Loy ~

ycnoane Ha BeKTOPH cocrosmis (158), ¢ymumst pacnpocrpaneﬂuﬂ (185) n S -Ma-rpuna

B ¢opMe (184) S ~-maTpuna MO)KeT ‘6HITB npnnenena K Buny ( 194), kyna. onuu-r Bex'rop-

no-remman (193). onusmme B (193) BeKTOpbl é“”'-n; LD onpqnennmcn (xmg B xe—""

k onnoauaquo) ypaanemxew (159)

v . . .
SRR

Bce nepequcneﬂume ypanueﬂuﬂ H coornomemm ABHO uopeﬂn—xosapnaﬂrﬂu. o

A 5.8. C-rapun d)opmannau I‘yn-ru ' ) .
. . A P

[ CHMMeTpl‘l'{Hle 'rpax'rony weThpex KOMHOHEHT Bex-rop-norel-mnan nnepsme ynanocx: (2
f .

npencranurb B xoppex'moﬂ ¢opMe I‘yn're. Ilo sroro pﬂBHOl‘lpBBHaﬂ 'rpax'roaxa Bcex qe'rbxpex

ﬂﬂﬂ CpﬂBHeHﬂH HBHOMHHM, ‘!TO B KHBCCH'ieCKOﬂ SﬂexTPORHHBMHKe COCTBBHSIIOII!BH BOK=' «.’

HHS[ JJBPDKBHHSI (77) n (78) (narpau»man (78)), nepecraﬂoaoquue COOTHOIueHHSI (79) 'S uo— R

nonunrenbﬂoe ycnonue (93). IlNpoBenennnft ananua noxaaan nomxylo 3xBnBanen-moc-rb :-)'roﬁ' e

KOMIOHEHT BEeKTOp-IIOTeHnMANla, HATEECHBHO ACHONL3OBABmMASCH B pabGoTax definmama H lliBma-
repa, He HMela 3aKOHEHX mpaB. ['ynTa mepsnfi ocoaman, 9YTO PaBHONpABHE BCeX dYeThHpex
KOMIIOHEHT BeKTOp-NOTeRIHANA NOApA3yMeBaeT HeolpenelleHHYIO uefpﬁxy B ranbGepToBOM
IpoCTpaHCTBE COCTOSHRIA,

/8,18/

17/ . .
Hnew craporo dopmanmama Iyntwt (cMm. Taxxe ) MOXHO NOHSTBL. Tak: B3ATH

B KA4YeCTBE CTPOHTEJLHOr'O Marepuana Xopomo 3HAKOMOe {C xopomo ompefe/leRHLIME NMOHSTHS-
MH) OPOCTDAHCTBO C x/xouoxm-rem,uoﬂ MeTpHROfi, IyCThL He l1OpeHOn—HHBADHAHTHOE H m; HMelo—

mee ¢H3AYECKOrO CMHCIA, H B Oro TepMHEEAX NOCTPOHTH NOpeHN~NHBAPHAETHOE IPOCTPAHCTBO

c Heonpenenennoff meTprxofi. Taxmm oﬁpaaoﬁ, ctapufl popmamaaMm I'ynru ecTs nmamn oana

YacTHaAsl peaNH3andd NPOCTPAHCTBA.C HeompeHeneHHO# MeTpHKOfA,

OcHoBHEIC OnpeneneHHs, KACAKMHEECH OBYX YUOMHHYTHIX I'ENLGepTOBHX HPOCTPaHCTB,

npEBefeHH B. TaGmane 1.

Ta6nuaoma 1

BcnoMorarenbHoe ruian6eprobo Peannsanas rannGepropa
OPOCTPAHCTBO € TONOXATENLHO npocTpaHCTBAa C Heompe-
MeTpHKoiH nenenHoft Me‘rpxioﬂ
Merpuauecknit Tes3op 1 (195.1) 7 (195.2)
] T
Conpaxennoe cocrosmue L o (196,1) ¥ =¥ g (188.2)
Hopwma Y >0 - (er.1) | e e v (197.2)
Cpensee omeparopa B ¥*B Y (198.1) LA8:1 ¥*; BY (198,2)
OnepaTop 3pMHTOBO +
conpaxenaufi X oneparopy B B (180.1) |B =7 B* gt (199.2)
iMpuMep: onepatopu
lyERuTOXEHAT %u (200.1) % . (200.2)
Onepatops poxaeHHs ] a; (201.1) a:=1; a; Tt (201.2) »
IlepecTanoBoYHLIe COOT= - : +
HOWEHHS QNY ONepaTopoB la, .2 A LN (202.1) a_,a l=8 ma (202.2)
PONMASHAS M YHRITOXEHHS [ag,a%t 1= 1 (203.1) ([ . “:4 1=-1 (2038.2)
Onpenenenue Baxyyma a, ¥, =0 _ (204.1) a, ¥,=0 (204.2)
Ycnosre a2pMATOBOCTH . + -1 -
omepaTopa B*- B (205.1) | B=p B* y =B (205.2)
Ycnoeue ymaraprOCTH B* - B! +- . .
onepaTopa = (208.1) B=9B*y =B (208.2)
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o nosoay mepecranoBodnoro coorsowenns (203.1) HANOMHHM, ITO NOCKOJBLKY NOA
a, M aj M MOHHMAEM 3SPMHTOBO CONPSXEHHHE ONepaTops YHHITOXEHHS H POXACHBS, TO
Ang HUX B FHILGEPTOBOM NPOCTPAHCTBE C MONOXATENLHO ONPEASNeHHOR METPRKOR BO3MOXHO .
TOMbEO TaKoe MepecTanoBOuHOe CooTHomweHdwe (cM. m. 5.56). Ilpm mocrpoenmm rams6eprosa
r[pOCTpBHCTBB c HeonpeaenleHHON Merpnxon BBOAHTCH Merpnqecxzn TEeH3Op % M onpepeig=-
€TCSl CONpSIXeHHOe COCTOSHHe v ¥*7n . Bce ocranmsHOe B aTOR Tabiamme chenyer, 3 06—

mux onpepenenuit m, 5.5 naa rmﬁeproamx npoc-rpaﬂcm.

. Cymec'rsexmbm MOMEeHNT: KaK CIeACTBHE TOro, 9TO MH HCXOAMM H3 I'AIL6GepToBAa mpO~
CTpPaHCTBA C MOJOXUTENLHOR MeTpHKOfl, ompefelieHHe BaKyyMa (204.2) ectb He mpeamonoxe-

ARe, & pe3yibTaT NMOCTPOeHHS,
.3

Nanee, na (202.1) u (202.2), (203.1) n (203.2) aaxnmouaem, uto:

3

: - a, =az . (207)
- ag =-a} (208)
H, C_ﬂeﬂoﬁe'renbﬂo, 9710
[g, a =0 (209)
+ . )
tg, atl-0. . (210)
OTtciona 7 - . ‘ !
- - IERTIA
S ' 7 e (211)

Haxonen, nponomxas mawy Ta6nany, .MpHBefeM DA3/oXeHHS BeKTOpP-MOTEHIRANA Au mo

NIIOCKKM BOJHAM:

‘Bo ncnomorarenbroM rmanGepTosom
NPOCTPAHCTBE C NONOXUTENbLHOA MeT-

B raae6eproBoM npocTpancTBe ¢ He-
onpefesieHAOR MeTpHK oil

pukofi
Am'_'f d_—____p_[ am(.l;)e‘px*'a:‘ (E)e-'p‘]= f ——-—d-—l;—- [am(;) orx + a+.(.l;)e-'p']
V2 ) 2p, V(27 )% 2p, b
( spMmuTOB) - (212.1) (spmaros) (212.2)
dp ox e . . px
A= [ [a,()e”” - ar NG Pa B L S W +ap(3) e*]
V(2r )% : Vi2r) 29
( au'mspmu'roa) (218.1) (spmuTOB)- . ‘ (213.2)

CBOHCTB& SPMITOBOCTH 3A€eCh HOHEM&!OTCH C TOYKH SPGHHS! COoOTBeTCTBYIomero ruanep'rona
npoc‘rpchTBa.

'
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S

~'BOﬁ cacTeMe OTCYeTa ero MOXHO 3anucaTh B BHAEe:

Bo B'rophqno-xaan'roaannoﬁ ‘Teopun mepexon H3 onHOl CHECTeMH oTcuera B ApPYTYI0' MOXHO ' -
TPBKTOBaTb maymx SKBHBANCGATHEIMH cnocoGamn, paccmo-rpenxumn B raape 8, Mu Gynem r[pn-

nepxmaa'rbcn onHoft . M3 3THX TPBKTOBOK, Korana IIpB nepexone na onnok CHCTGMH OTC‘IGTB

~B_OPYTY. - ' : , , ;

a) npeo6pasoBaHNO NOABEPralOTCS ONEPaTOPH, ' - \

x)

6) BexTOpH cCoCTOsHEN ¥ - , ONHCHBAKMHe ¢U3MIECKHE CHCTEMH, He H3MEHSIOTCH ',

a orcrona, Glaronaps He3aBHCHMOCTH HOPMH OT CHCTEMH OTCYOTa,
B) He H3MeHseTCs MeTpHYeckzlt Temsop 7 .

BexTop-noresnnan B CTapoft CHCTeMe oTrcueTra 'Au H BEeKTOpP-NOTeHNManl B HOBOR .

cacreMe orcuera ‘A’ cBg3aEH mpeobpaaoBanmeM-Jlopesma
. ' P

7 d > 0’ A'—‘Ao - ' B . C
U R R ——n’ A . ,
\ A = A 4+ S , Ao “u A,‘ ,(214)
I o

(Mbi mpusenu o6parHoe npeoﬁpaaoaanne Jlopesna, mpgMoe MOXHO NOMYYAThL H3 (214), 3ame-

HAMH 'Au - -A': . 7 +-1’ ). O6uunHf napamerp npeotpasopanus. Jlopenna’ ﬂ npef—

crapien B (214) C NMOMOMBIO GAURMYAOrO, NMONOXHTENLHOT'O BPEMEHH-NOAOGHOrO BEXTOpa n’:
N ; ) [

->
’ <>
n’-

- .
4
n’.> 0 .

B v o .

. ng

(215) .

I'[yd saxony mpeoGpasopanus (214) npeobpa3yoTCs B ONepaTrophl pPOXHeAHd H yauqroxeuh{n

8" " 8" .

~Tak xax MeTpuuecku#t Tensop.(211) me npeobpasyercs, To ¢ momomwio (214) B Ho~
I

- +: - [ S
-J"dp ag B, fdp n u"nv ‘V

p=(=1). =01 " T o(218)

Hanece ne‘rpyunomuaecrn. 9TO 5KBHBAJICHTOM nepecranonownux coornomenuﬁ (208) n (210)

xx)
B HOBOﬁ CECTQMG OTC‘IGTB 6yne'r

x) Toqnee roBops, Bex'rop cocrosums SBIFETCH CEANSpHOR d:ynxnueﬁ nepemeﬂnmx,
XapaxTepE3yOmAX (H3IEIeCKOe COCTOsHHe, . ~

+ .
Buieon. Ecnr's (208) m (210) NOACTABATL @ , BbipaxeHHLIME cornacro (214)-
gepea ait s TO nony-ww . o K . ;
. (n’a™?) ~a" ],:0;" {n.¢( ﬂ"a'?)}=0'v
‘.41 -
\B'ropoe CooTHOmeHHe Cpa3y Monyumioch,B “KoBapuanThOfi” $opMe, a mepsoe nom«no Gbl'rb
npeo6pasoBano nansme, CBepHEEM ero oauH pas C 3 e _"Tﬂ'_"_lm_. m BTOpot € - n% . .
a% 4+
0

A
[7, ,a-+n

STO. nacT, COOTBeTCTBeHEO. lIBB COOTHOWEeHAd:

\

[ et v (202120 [, aghag (D10,

KOTOpHIe YXe HMeloT HYXHbLIR BHAAO.




[:1\, a;+:+,: n;‘ (n*a'H1=0 . lrl,(n; at+i.l’;0 . y (217)

i

TaxuM oﬁpaaom, n'pnxonaM X . BHIBOAY, 9TO ¢opma Me'rpnqecxoro reuaopa (211) : 4 nepecra-
nono'umx coo-rnomennﬁ (208) = (210) 6una sacraof, Boamoxnon TONBKO B OAHOR cnc-reme
o-rcqe'ra. Oﬁmeﬁ cnpanennznoﬂ B mo6oft cmcTeMe orcuera , 3amACHI0 MeTpn'-leCK(‘l"o -reaaopa

‘B nepeC'ranonoqaux coorHomenafl ¢ n BBHHQTCH

L fd (natrcn e " cL
o p=(=1) 7 S ' (218)

{7 .'a;‘+;n"(n aHl=0 {7 ,(n a+)}50; , ' (219’)

N .
Tlepsonauansane mepecranoBouHnie cooTHomerns. (208) u (210) cooreercTeylor TOI CHCTe-

- Me orcyeTa, B KOTOpOR n, =(0,0,0,i).

Tlosienenre B Teopua ,nocropdanero BpeMeHB-HOH(.)GHOX‘O‘ Bextopa 1, ‘ TOBODHT. O
T‘OM, 9TO B TEOPHM BO BCAKOM CIyiae HET SBEOA JIOPeHN-HEBAPHAHTHOCTH. Takas curya=
nAs oﬁycnormena HCXORHBIMI TpennoaoXKe HASMA, B To BpeMs Kax a; .
‘a nepeCTaHOBO'-IHble coo‘rnomeann (202 2), (203. 2) IBHO KOBapHAHTHE! ([a", ) )

Cax o nopemoncxoro 4-BexTOpa He oGpaaym, a nepecraﬂosoqnue COOTHOWEHE (20{1)

(203 1) asno#t xonapuanrnocrblo HE oﬁnanalo'r (cM. B 3Toll CBEGH PACCYXNEHHS B - n.5 .56).
ECTeC’l“BeHHO, 9TO MeTpAYecKEl TeHsop 7. , ocymecrnnﬂwmun CBE3L MEX/Y. THMH Benn-,

9MHAMHE K COOTHOMEHHSMH, Takxe He ofllagaeT sBHOH KOBAPHAHTHOCTBIO. - P -

ﬂpncy'rc'mne'noc'roponxerb BpeMenr-noao6roro BexTopa . m, poobie Morno 6m oa-

1> HawaTw o'rcy'rc'mne BCEROR nopenu-nnaepnamsoern. Y'naep)lmeane 06 OTCYTCTBHH nopeﬂn-

mmapnan'rnoc-ra B crapoM dopmanaame IyntTh Bnepnue 6u10 BrCEasaro Cyrakaboil B.
o588 r /97 710,11/

I'Iocne ero kpurEkK I'ynra HAIZIE BLIXOR \,‘
B nepexone & nonomy YUpOmMEeHHOMY M BMeECTe C TeM ‘6onee' onemy A fBHO nopeﬂn—mmapn-

n Konnca n OI‘HMO’PO/12,

' aHTHOMY d)opmannamy, © KOTOPOM I'OBOPH/IOCH BHUe B. 1. n 5 5-5.7 : ) b
. B .

‘Onﬂaxo, Ha caMoMm fene H crapas $HOpMynEpPOBEA I‘ynru He CTONbL y* nnoxa. Ha~

‘camoM Oene B Hell CATyauHs Takas e,  Xax B dopmynmpobke [lmpakxa: HeCMOTpsS Ha HPHCYT-

C‘fsne-nex'rop,a . nu ’ nopenn—nﬂBapHaHTHOCTb ecTb, HO TOJ‘D:KO OHa He dBJgercs sBHOI,

S ‘-l‘roﬁu yGenm-bcn B nopenn—unsapnaﬂ'rnocn{. noc-ra'mtmo AoXA3aTb, YTO Bexrop n"‘.'f

MO)KGT 6HTh _Bubpan moﬁbm, H OT nero. ecin yronno, MOXHO nepefn‘n X moSomy npyro—

My nonoxn‘rem:nouy BpeMenu-nonoﬁnomy BeKTOpy. l’lepexon OT omROTO ‘B, X APYroMy

MO)KBO nponanecrn ¢ nomomsw0 xannﬁponormoro mpeo6pasoBanus

a =a + —l-‘—(n—n.a’) ‘ . (226)j
[ H“ o

oGpaayzo-r 4—Bex'rop, .

S 3apepmanT A0Ka3areilbCTBO BOGMO)K.‘BOCTH nepefita oT ORHOro BeKTopa 1

YMHoXeRHe OGemx gacTefl TOro paBeHCTBA Ha 0 u HoHA ";i' naeT IBa COOTHOWeEHHS

. .
2P, ’ R

fia =n’a’ (a’~n,a) = - (a'-1,8"), . . (221’)

B'ropoe COOTHOII@HA® rapaHTHpyeT BaBﬂMﬂle OIIHOGBB"IHOCTE- nepexona ot a K a' ’
[ u

R nao6opo-r. a mepeOd H NaeT EYXHHA Ham nepexon K HOBOMY BpeMeHH-NOROGHOMY BEKTOpY

- S48 (na* Xoa) fdp (2’%a"H)(a%a%) _ -
7=(~1) . =(-1)’ . (222)

B wacraocTH, BHGpaB n"[ B BHOe n;- =(0,0,0,i) , MH MoXeM BepHEYTb METPHYECKOMY

Tensopy dopmy (211). Onnako 3THM BONPOC pellaercs eme He IONHOCThIO, B camom nmese,

xanabpobouynoe mnpeobpadoBanne (220) H3MeHseT NEPECTAHOBOYHEHIC COOTHONGHHS, H OHH

IepexoasT B T . . R

[a G ),'a:,-+tq)]=~(6 _L(n 1), ~(a’~1), A LuPy (a’-a,0%-0)). 56 ~7)
® . -a’p (a’p)? ' .
Y . o : (223)

i

HecMmorps na aro, 6aaronapg xanu6poBoYHOA MHBAPHAHTHOCTH H HONONHATENLHOMY YCIJOBHIO
(158), Mu @Meem mpaBo kcnom,aona'rb' obbl9HEle MepecTaHOBOYHLIE COOTHOWEHHS | ; ’ b

La, (P).a (q)1= L (P—q)-z‘r L (224)

Heno B TOoM, 4TO W A0 H Hoclle KanuGpoBOYHOr'o npeo6pas’oBanHAs BeKTOPHI COCTOSHU S Yoo ,;

YOOBIETBODPSIOT AONOARHTENbHOMY yciobmio (158):

: ap ¥ =0, ¥ (atp )=0 ) -~ (225)
’ oAy, ' (o
¢ a’p ¥=0, ¥ (a”p )=0 : - (228)
H nosToMy CTposTCs myTeM Reficrsms Ha naxyym %o onepaTopama ate®. g a'+_ &N -

cooTBeTCTBERHO. Bnaronaps xanm6poBodHOA HEBAPHARTHOCTH S —-MATpHNA TakXe INepe=
no kxanaGposounoro mpeofpazopsamnms (220) °

. ~ : (i) -
n wepes - a’€"). mocne. Onmaxo mna ocralomExca B Erpe omepaTtopos  a e g a’el®

- BHpAXAETCH TONLKO 4Yepe3 omepaTopw  a &)

HepecTaHOBOYHLIe COOTHOMEHHA OAMHAKOBH

lae® ,a* e?] =38, . ‘ ' v (227)

[ 8"9("')_ Y a"*'e(”]: 8’ o : ’< ‘ (228)

3TH paccyXaeHds ONPaBAHBAKT HCHOIb3OBaHEE IePeCTAROBOYHHX cooTHomexuft (224) n

a X moGoMy

mpyromy, < ; . .
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. : = R, -~ : .- . i
N b /97 S
OC'ranonnMcsx HeMHOr'0 HA KPHTHKe: Cynaxaau .« OH mpEAepXHBANCE BTOPOf TOUKH -

e . R

apennn. cornacno xo'topon OpE’ npeoﬁpaaoaaxmnx ﬂopeana npeoSpaaymcs aex'ropu cocTos~

g (oM. ] rmmy 8) B ) L s ’ B .

T. =V, ‘P-(1+1m~ l e, ’: ‘F”--‘P'-v:‘. : : ty (229)
‘\‘- B t - . . L , - y s

CyHakapa NpOA@MOHCTDHPOBAN, YTO ONEPaTOp Vl; YyHHTAPEH B CMHCIE NPOCTPAHCTBA C He—
onpeneuennoﬁ MeTpaKoOft (n cMuICHe (208.2)) - o

- : ' o U

[ . : . ‘VL =7 V n = V

. " s

AEEEN

YBn-rapuoc-rb P 9TOM CMELIC/IC KAK Pa3 To ceoficTBo, xon-opoe rapaa‘mpye'r nesanncxuoc'rb

HOpPMH 7 g w oT cnc-reuu orcueTa o . _—

] ‘P"n ?- ‘P'n‘l’ X (231)
o !JpH'-'leM Me'rpn'!ecxnﬁ TEH30p OCTaercd HQBSMQHH]:IM
. . : - - - - ) ;l . ) ~ . G,
eVE R V. ey oL (282) -
1 Vi n ;vn 7V, V= - . o ( )."'

Cynaxana—cqn-rau ‘3axoH npeoﬁpaaonannn n (232) npo'nmopelxamnu npxn.umxy on'nocn'rem;-

HOGTH, HOCKOMbKY . (232) oanauaer, aro p°=f (D" a°

f

, , B 4TO, cnenoaa'renhno.
nepeC'raHonotmue CoOTHOmeRAS (209) 7 (210) - nepecraior Su-rb Bepm:mn ang a“ g:n°
, Cyaaxana He 3aMeTH, ITO namefmnmnncs ‘mocne_ ‘- mpeo6GpadoBanus Jloperna BeETop 1
. Ela A . 3

MOXHO npeoﬁpaaona'rb K nepnommamanouy pHAY A =-(0'0 0,i) - ¢ HOMOMBIO nonon—

BHTeﬂbHOl"o xannﬁpono-moro npeoﬁpaaosaans (cu. aume). A 5710, B IPOTEBONONOKHOCTE

: Bunony Cyuaxanu,n [ORa3HBAGT. KOBAPHARTHOCTHL CTApOre d)opmmmama I‘yn‘ru. Xapaxrepx— .

- . aya c-rapuﬁ q>opMaJm3M I‘yn'ru, BAXHO NOMIEPREYTE, HTO. anecs onpenenexme BAKYyMA .

(204) -‘cuenc-_mne nepgm‘anono‘mux-coo'momexmn- (202.1), (208 1) (cu. . 5 56).

me n'oc-ryna-r, Kax.B I, 5.58 . Bnaronaps sToMy noCcTpoennoe rmﬁeproao npoc-rpancmo

. _.,~' c. Beonpene.nenﬂoﬁ Me'rpnxoﬁ ncqepnubae'rcn cnc-reuon cocrommﬁ (150). 3Sra cnc-mMa

]JOJ'[H&-

ST N Cnenoaa'remano, c-rapui dopmanmam I‘yn-ru neMonc-rpnpye'r coc-rosrrem;aocn. uocry- o

[ ua'ra (149) " npnxnnnnam:nyxo BO3MOXHOCTH noc'rpoemm aeoﬁxonnmoro rmﬁep’roaa mpo-

c-rpancma c neonpeneuennoﬁ Me'rpnxoﬁ

-

C'rapuu (bo;mannau I‘yn-ru Bnepnue oGecne‘mn panaonpanne BCEX qe'rupex xounonen‘r

A , onmaxo 3a sTo Gnua 3amnatena noporas nena,’ Caepx HY XHOT'O n-poc-rpanc-ma c neonpe— -

Y
neuennoﬁ Me-rpnxoﬁ 6uno BBenefo eme ONHO BCHOMOraTeMbHOS npoc‘rpanc-rao c uonoxm-renh—

x) Sroft caoﬁc-nao HpoBEpEeTCH C NOMOILIO xbopuyu (209) (210) - = Bupax(exmsh
(286) nng Mlﬂ‘ , KOTOpOe B SBHOM BHIe 3aNHCHBAETCH C lIOMO!I[blO (301) " (307) (rn.B)

B,

noﬂ Me'rpuxoﬁ. 3a: s-ro'r cueT d)opMa.rmaM, xoaapnan'muﬁ B neoM, oxaaancsx ‘HO® oﬁnanaxo— Q

mEM gBHOl KOBAPHAETHOCTLIO, ITO BHIPA3MIIOCH NpeXne BCero B 3ABHCHMOCTH METPHIECKOr'o
rensopa (211) oT nmocTopommero BpemeHE~nonoGHOrO BekTOpa. B To Xe BpeMs HOBHIf oﬁmﬁﬁ
¢opMannam T'ynTa c HeompenenegHOR MeTpEKoil, Eanoxenwni#t B n, 5,5, sBEO JOpeHR-HHBA-
pHanTen, BmecTe € TeM OH CymeCTBeHHO NpOme, TAX KAK B -HeM MH HMEOM Hel0 TONLKO

¢ onEEM rans6epToBHIM NPOCTPAHCTBOM, & He C ABYM4,

6.9. INepexon K. mpencrasflieAXi0 B3aUMONEHCTBHS B KalubpoBKe A3JlydeHAS

, Bm 5.8 cpopmynupoBano mpeACTaBleHRe BIAHMORENCTBUR AN TEOPHE C HaAJOXe-

HOEHeM [ONOJHATEeMLHOO  ycuosms ~ Ha BeKTOpH ~ cocTosaHg. IIpm aroM 6Luto moka=

3aHO, 9T0 S ~-Marpana MoXer GuTh mpusedeHa kK BEny (104), xyna BXomHT BeKTOp-NOTeH-
t

nuan A K (x) XaK pa3 B KanaGpoBKe H3NydYeHHs, 3aNMCHLIBAN BHpaXoHHe (193) nas A:ll‘(x)

B BHAOe:

A (x) =r—i— b e +b. Gre” 1. o
s Ve, ¥ ¥ (233)
(r*=0) ’
+

MBI BBOOAHM OllepaTops yHAdITOXeHMs b, M poxanenmg b
p HP [

2 + 2 m
= % e(;)(e“) a), b.= X e(:L) (e at), (234)

b
ko
oTBedalomHue KanuGpopke Hanydsenuds. C nmoMombio NepecTAHOBOYHBIX cooTHomeHm# {158)
¥ ycnopua monnorn (19) HeTpynno BLHIMHCIHTH NepeCTAHOBOUHHIe COOTHOWEHHS NJIs ONepa-

+
TOpOB b um b

[ [
- + - - - -»
(b (p)s b, (3)1=(5 — SPetmly . Bly ) 5(5-7), (235)
" w 2p (2p)?

+ + -
a b’l c b,xm b" ¢ b, ecrecrsemmo xommyrEpyOT.

3axomuennyo $oOpMYyNHDOBKY OpencTaBleHAsS B3auMofefcTBHS B KanuGpOBKe HANY9YeHHS MH
nonyqﬁu, ecna B S ~marpune (194) nepefinteM K COOTBeTCTBYIOmeMY ONHCAHHIO BADTYA&lb-
HnX doroHoB, T.e. ecid BMecro ¢yHknuu pacnpocrpamesns (185) meeneM ¢yrxnuio pacnpo-
CTpaHeHRd B kanuGpoBxe HM3TyueHHd. Takoit nepexon 6HI OCymeCTBIeHR ¢eﬁﬂmaﬂoml46/ npu
n’l=l 0,0,0,i} ., Mm c sTofi nemsio mCnons3yeM cooTHomeHHe monHorh (19), ¢ momombio
KOToporo p QyHKIHE PACHPOCTpPAHGHHS B P -IpPe[CTaBICHHH _5g;_/_ CHMBOT Kponekepa

P
Moxer GHTL npencrasneH B suge O,

8§ =8 - [Pu+(np)n“][pv+(np) a,] Temy g+
L 4 p? +(pn)?
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[p, +(op) n llp, +(op)n,]

p? +(pn)?

T ) ' (238)

3aTeMm B mociienHell CTpoxe OTGPOCHM WIeHHI, IpPONOPIECHANbLHLIE pﬂ HIE  P,. 3T0 no3po=-
ngeT KanEGpoBOYRAS MHBApHAHTHOCTR. Ilocie npEEenermst ocraBmmxcs B oToll ‘CTpOXe WIeHOB

nonydaeM, wro ¢efaMaroBCEas ¢yHKNAA pacnpocTpaHeRHAS NEPOXORHAT B

{p, +(op)n YD, +(n .
w1 5~ —* (wp)n, M oy +(op)n, ) van, | - (237)
P2 p2 # p? +:(np)? .
_ n,n
’
P? +(pn )3 r
T'le neppag CTPOKA ecTk (yHENHS pacupoCTpaHeHHd I IoJsg A p » 8 BTOpas — oboSmen—

Bag Ea moGue - 1 g SAmECH KYJIOCHOBCKOr'o BaammoneficrsEd. [efcTeurennno, nompmag T =

ynopsno4YHBaHHEe KaK yNOPSNOYHBAHHE B HaANpABJICHEH o, , uMeem ang ¢YHKOHH pacrnpo-

£ n
r
CTPaEeHHS A" NHOIL A# :
— . s A elp(x-y) 2 W W
K (x) AL(y) =<0|T A"(n) AL ()]0>=_"1 4% 3 e & o
2 " (2mt PPoic 11 K :

(238) -

_ -i ; ) elp(x-v) .{8 _ [ju+-(np)nu][pv+:(np)nvl. va “y}'
(2n)3 P73 ie w P2+ (ap)? "

Tlle nocjlennds CTPOKA NONyYaeTC® C NOMOMBLIO COOTHOWeRHAs nonmoTe (18)., B wacrEOM

ciygae n“= {0,0,0,il MH BMeeM obmaroe T — ynopanounsamme mo ocm BpeMeHH

=i [g? e‘p(x_')(s PuPyy 1
: P - —na
Ryt . (2m)* Poie ™ g2, (2%8)
(x) & (y)=<0]|T A% (x) A% (y)]|0>= p=m ‘
[ v [T 7 ven 44

d>ynxxms pacnpoctpanerus (238), xax oGuqno, sBnsiercst ¢ynEnuef I'pmra cBoGomAOro (T.e.
c e=0 ) ypapmemns (45)
[9, +:n, (29)]d, +1,, (2d)]

DA;l(x) AL(y) =—i B'w— ST +m, n, (x-y). ’ (239)
+(n -

Haromen, owesunmo, uro ¢ymrmus pacnpocrpaneras (238) nogummgercs TeM Xe NONOJHATEIHL=-

. .
HEIM yciopasm (24), uro ® cam omeparTop monsg 'A“ . Touro Tak xe (2381) nogd¥AgeTCH

v

NONONHATENbLALIM ychosaam (28),
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Bropo#t crpoxe (237), npencrasnsomell xynoHOBCKO® B3amMonelcrsue, COOTBETCTBYOT

B I =IpeaACTaBJICHAH BbIpAXeHHe

° ] Ip(x-y) n, n
D —_y)e=- dp e — k. ’
” (z-y (")‘ f S ra )3 (240)

KOTOpOe IpH YaCTHOM BHIGOpe n“= {0,0,0,i | ceBomarca K o6LTHOMY XYJIOHOBCKOMY B3aHMO=—

nefcTBHIO
o -i o WCx-v) 1 1 1
a—— &8 & .dpe ——=—1855(x ¥o) m = 9
G e T a7 -7 | (240")
- 3 ol 4 -
.=.i8'“6wA 5§ (x~y)

Hrax, MH NpEmMAX X NpeaCTABlGHAI B3aEMOAeACTBHS B KaIACPOBKE-H3IYWeHHS C S -

marprnell B ¢opme (194), B KoTOpPOR B kKawecTBe (yRKNHft pacmpoCTpaHeHHS ¢ OTOHOB CTOST .

BHpaXeHHS
i At (1) A; (y) +D° .
# ' w (241)
OnepaTophn A'u(x)-, crosmAe NoAa aﬁaxom'nopmaxmaoro mpou3peReHHd, pas3iiaralTcs Ho
+
miIockaM BoiHaMm cordaceo (233), a omepaToph yEAYTOXeHHS b# H poXAeHUs bﬂ

NORYHASIOTCS  NePeCTAROBOYHHM cooTHomemmam (235), Taxas S -mMaTpuma eCTb B TOYHOCTH
B .
S -matpEma (107) (6es wiema j‘_g_l G“A“ ) , KOoTOpas HenmoCpenCTBEHHO NOMYHAeTCS B KANH—
6pOBEe H3NydeHHS,
T . (1 _+ D g
ONbXO ¢OTOHE, COOTBETCTBYKIMHE ONEPATOPAM DOXAeRME € 'a' | at, npucyT—
CTBYIOT B CBOGORHHX COCTOSHHSX, HANPHMep, B HAYAMLHLIX H KOHeYHhX, ONHAKO M tdoronn,

+, He mcueamm Geccaenmo, Korna omx Haxo-

coorBeTcTByI0mHKe omeparopaM Pat m na
AMTCS B BEPTYaJLHOM COCTOSIHEM, TO “OOMeH” TakMME GOTOHAMH NOPOXAAeT KYIOHOBCKOE

BaarMoneficTere. [pyraMm clnopaMu, XaK BHAHO H3 BBHUHCIEHMEA QAHHOTO MyRKTa, ¥ BHPTYAllb—

‘Horo ¢oroma CBepx RBYX 3-NonepedHHX CTenemell cpo6OAH, TOMLKO H CBOHCTBEHHBLIX CBOGOM-

HOMy ¢$OTOHY, MOgBNSIeTCH OMe OfHa CTeNeHb CBOGOA!, OTBETCTBEMHAS 3a Ky/IOHOBCKO®

B3arMonecTEHe (qe-naep-ran crenenh CBOGOAB HCKNIOYA@TCS KanE6pOBOYHOR nanapuanrno-
cn,xo) Tonbko Bmectre aTH 3 cTememd cnobonn nopeun—nusapnaa-mux . H ato me yaumn-
TeNLEO! NOCKOMLKY Macca BEPTYanbHOro $OTORA He p&aBEa HyN©, ¥ Hero xKak y 9acTumb

- 723/ .
co cnmaoM 1 ponxno 6tk 3 creneHr CBoOGoARI .

x)

BOSHHKéeT ua 'rpeGoaannﬂ JlopeHO-HHBAPHAHTHOCTH,

. 748/ )
B wgacrmocrh, B nHpoNeMOHCTPAPOBARO, YTO KEYJIOHOBCKOEe B3auMomeficTaHe
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5.10. CymmupoBaHie 1o cOCTOSHHSM NOJISpA3anHE CBoGoaHoro ¢oToHa

CooTtromenne nonaorn (18) mCHOMM30BANOCH HOYTH B XaXAOM OYHKTe. 30eCh MH
ero NpEMeHHM eme pa3 And BuHBoAA (eAEMAHOBCKOrO IPABH/IA CYMMMPOBARHS IO COCTOS-

HAAM NOJSPHIANRH d)OTOBﬂ.

Ha samace S -mMaTtpmnm B ¢opme (184) c pexTop~moTemmmanoMm A, (1838) u na

TOro, YTO COCTOgZHHSA ¢o-rona oGpaaymcn'na BAKYYMA TOILKO IIPH NOMOIIA OnepaTopoB
(1 +

(e (é’) ") scmo, wro MaTPHEARHE SieMeHT S —MaTpuOH C (OTOHOM B COCTOSEHH
)
e B HANANLEOM HTH KOHEWHOM COCTOSIIMM NPOACTABHM B BHAS:
A o ~
,<f|ASli>=eu (p)M“. . : (242)

/e

O6pasyeM BepoOSTHOCTH nepeiona ) ¢ npocyfmmpyeu €6 0 COCTOSHRAM dorona j =1,2

2 B ¢ TR +
o |<flsli>] =2 e (p) (p)M M © (243)
1=1 k kv
1=1
rue H:=-{H: ,M; ,M; ,ill; }.” Hcnomays cooTHomenme monmoTH (18), monywaem
2 2 ) ) +
S l<ils|a>iars - @ PunytRyny VrPuRy ) oy, ow) . T (249)
1=1 (ﬂP ) 2 ' S B ™ N
(p2= 0
x) <
B crnry xann6popouHOf MHBAPHAHTHOCTH .
M =0. 245
" : (245)
H HO3TOMY
2 2
%< f|.S|i>|.=M“M; . V : (248)

=1
Taxum 06pa3oM, CYMMHDOBAHH® NO ABYM COCTOSHHSM NOJISPH3ANHH CBOAHTCH K CYMMEDO—

: A » a /48 I ,
BAHHIO IO YeThHpeM 3HATeHHSM  BeKTOpPHOr'o mmexca(fpeﬁm‘ax 3to npaBpuiio, ogyeBH—

HO, CIpaBeniinBO B Clylae mo6oro wucna dJO’I‘OHOB B HAYAILHOM H KOHETHOM COCTOIHHANAX,

. Cobnasn ¥ nansue papHONPABHO TONKOBATE (OTOHH BCeX YeTHpeX moispm3anel ma
ocEoBe S =Mmarpuusi (184), T.e. paccMaTpEBATH A&MIUIATYHH H“=v.<ﬁl"S a'hliz> ni1g opo-

meccos ¢ ywacTueM (OTOHOB B COCTOSHHEX a+“ Polu=1234) mopoYeH, TaK K&K -

x ) S
) Hagmuuit cn /048 /npoaepxn 3TOr'o COOTHOWERHS B JM1060M NOpSAKe TOOPHH BO3MY—.
mernft nag PeRHMAHOM P =npeacraBnieHnn, Sxanaanen-r}loe paccMoTpeHEe B - X =
npeAcTaBleHEnE MoxHo Halitm B xEure Boromo6osa m lllapxopa o
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\\

N

HE r'oBOpd yXe 06 OTCYTCTBHE COOTROTCTBHS C Teopunefl Maxcae:ma, MpH 3TOM OKA3LBAIT—
Cd OT/IAYHHME OT Hy/s MATPHYEEI® 3JIOMEHTH - n“M“ =r.‘<ﬁ 1S na |a. > ans Mpomeccos -
€ Y7aGTHEM BPeMEHHLX doTonor (B cocTosmEME © at¥, )x .'nomexme xexy’nenux'ua-r-
PHYHEX SAGMEHTOB JUI OPONECCOB C BPEMOHHEIMH ¢ororaMu (B RACTHOCTH, And xoun-ron-
shpexTa Taxmx q:dronoa). osnanaxomnx OTPUNATOMLHKMH SHOPTHAME H HOPMaMH coc-rosumh
ecTh HemalGeXHaq njiara 3a orxaa OT YCJOBHS Ilopemm-‘bepun—l"yn'ru ( 156): AefiCTBHTENL-
"0, COCTOsHAS a:‘l'o 7z a ‘1’0 HE YHNOBII@TBOPTIOT STOMY ycCiaopH, C ydeTOM 3TOrO
ycﬁonnsz MAaTPHYHbE BJeMEeHTH S ~MATPHOH OTANIHH OT Ky TONLKO TOrna, xoraa goro-

Eb Baxonsrtcs b.cocTosmmsx &9 +‘I’ n é? o ¥, T.e. cipoenmpoRaEM COOTBETCTBYOMEM -

o6paaonm: . .
- 2 - 3
. W g0 - _. b
S e T e

”

(rne ans nony'leulm HOCNIeHOr'0 BHpaXeu:s ncno.vmaoaano COOTHOWERA® MOMHQTH (19) 4

caoncréo (245) ): B peaymsTarte wero ynonnernopmo'r ycnosuaMm (24).. K Buipaxenmio (447)
apTOMATHYECKH BefeT S -matpmma ( 194). B KOTOPOff MOJHOCTHLIO YATOHO YCIOBHE nopexma-
¢>epmn-l"ym‘u (156). Onmaxo npax-rnqecxn BCerna MH OTHaeM npenno‘u‘enne S =MaTpane
(184), rax Xax oHa SBHO xoaapuenﬂm. Onua Bcerna nacT HpaBEABHHE pe3yinTar, eCilm MBIl
noaasorunncs TT06H Ha¥aNMLHO® H KOHEHO® COCTOSHHS YAOBNEGTBOPSUIN YCIOBHIO Jloperna-

depmu-TynTH, XOTOPO® TAXXe MMEET SBHO KOBADHAETHHA  BUA.
N

8. Teopua npeoﬁpaabaaﬁhn B rnnb'Gep-roaom MpocTpaECTBe Coctognmft

1. Ipeo6pa3opauns BeKTOp-NOTEHOHANA, xo'ropue M YHOMAHAJHK Bume, BHITJIERENHE
YHCTO KNACCHMECKH. SHECh M KpaTrko ofCynauM HpeoGpa3oBaHAS B rnusGepronou ApoCTpan=-
cTBe, B xoropom.nencrnylo'r ¥ g A Kax omepaTops nons. HMeHHO, MH Kparxo chy-
AHM oneparopm l‘HanepTOM npoc-rpancraa Ve, OCymeCTBIMOmMAe npeoGpa3cBaRus neon—

HOpoAHOft rpynnu nopenna. ORY nonxmn o6ragaTh CBORCTBOM yan-mpnoc-rn

+
. YL ‘VL .
B MOFyT SMTH OmpenenesH yenoBRAME i .
!ﬁ(x)—V’ll/;(x)V =Sy (a x-c)s[l—chpA+meam Jv(x) » (248)

»

-1 - .
'A“( x) =V, A#(x) YL =.?WAV (alzx-c)={(1 -ie, pA)B’wfi@m_(mm )'wf'Av(x)‘(?.;g)

s

x) Kanu6posourass HHBapHAHTHOCTH 34eCh He nomoraer. Laxke mocne ee yuera, Kak
Mi pERens B n. 5.6, BCe eme OCTAeTCH MACThL BexTOp-NOTeiumalna, He KOMMYTHpyomAs C
N a+l: OT ONEpPATOPOB ,a,  oOcraerca Buipaxenmne (180), B KoTOpoM npncy‘rc‘raye-r one-
paTop Pa , me xomuy'mpylomnﬁ ¢ nat (Ipa nat]l=0p#£0).
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rne TPeThH H 9eTBEPTHE YaCTH PABeHCTB, COOTBETCTBEHHO, XOHeYHHe H HHQEHETe3EMATL-
HHe Knaccudeckue mpeobGpasopanms % (x) m A“(X) "Xak cnEROpHOR W BekTopHo#t  (ymKmHEM,

B TpeTtnEx HacTx (243) n (248): - : ‘

= Ha ||' - opTOroHaNbLHLIE (a v A T 8 ) Ma-rpnuu 4-Bpamemm (r.e. Tpex-
MepHEIX apamennn ¥ mpeobpasopanmit Hoperma) 4-Bex'ropa. S =e ’ %o %o - coormer—
cTByomHe MaTpunmu Hpeo6pa3’oBAaHEX CIHHOPA, a‘;a_-=—~1 (ypya- SW_) '« HEduHATE3A- .
ManlLRo
a =8 +o 80 ., rme ,8%=5 8 -8 8 (250)
wow o T Cpy ] W@ oov o oop
S« 1+ o . (251)
2 po po : :

B neTBepThx uactsax (248) n (.:49): .

= ll ai.- reHepaTopHI cmmrou, ) B g = rekepaTopsl 4-pamennil,:EMelomue BHA

x :

nng lll(x) A g

=1 9 - J +8 -, s .= _l_ ;1- ‘
B : (x,pa . x e ) po 3T (252)

R g P
B Ang A"( x) 7
i 1 9 ¥ LeisP

(mF,. Juw = - 8, ( xpa -z 5x_p ) +{ spr)uv ¢ s’lﬂ')lﬂ’ 1o, (253)

5

3aMeTHM,. ITO 9TH NPHMEpH HIMOCTPHPYOT o6mylo, cnpaBenaAByio Ang moboro nond -q(x)

. 2 . x
dopMy knaccudeckoro MHGEHATE3HMAIBHOI'O 3aKOHA )

3%q(x) =q(x) = q(x) =( —icyp,+i wmppa-)q(x)' : (254)

raoe

p, =i d K mW'=—:l‘( x_paa —=xaap ) +rqu, (255)
OTCoRa X/IaCCHYECKHA ONepATOP KGHEUHOI'o NpeofpalcBaphd. And MoGOro nois q(x). MOXHO
MpPeACTABUTE B BUAGT

.‘BXDA +iw m

Mo rpymmoBmM coobpaxeHHsiM onepaTopnl Vi , AefiCTByOIze B rENLGEDPTOBOM NPOCTPaH- . o

CTBe, TakXe AOONXHE HMeTh aHaAIOraYHoe npencTaBl/IeHHe, Ero 3anaceBapoT Kax
. -1 o Py +l@ M :
. po- o
v L, =€ ~ . - (257)

x) Bapuanuu (254) maabipalor NMoka/NLHEEIME -B o'mnqne oT cyﬁcraﬂnnouamaﬂmx Bapua-
auft  Sq= qx")—q(x), (e, /187y, :

54 N

(256)

rne Py - remepaTopm cnpearos, a MW‘ - reHeparopsl 4-apameﬂnﬂ, neﬁcray:omne 2 ranb-

GepTooM npocTpascTee, Omeparops Py & Mpacnyxm-r onepa-mpamx NONEHX 4-nunynbca
72,25/ ’
H MOMeHTa .
Kax ¥ xnaccmiecxse onepaTopH Ipeo6pal3oBaBHA omepatopu V, o6nanamn

rpynnmoBHM cBoficTBOM

VL(3,2) V (21) =V (31, (258)

rae VL(2,1) R VL 32 = VL(3,1) COOTBeTCTBYKOT Hepexoly H3 mepeoll Bo BTOpYyIo, H3 BTOpPOf

B TPeTbI® H NPEMO H3 nepBofl B TpeThbio CHCTEMY b’rcqe'ra.

CpaBaupag mEduHATE3EMANLHLIE GOPMEL 3AKOHOB NpeoGpA3OBAHASK, HeTPYRAHO NOAYIRTHL

cBE3L MeXOy remepaTopamz P, H P)‘, a Taxxe m W M

po-
Py ¥ (x) =—{P)‘ .¢(x)}w P}‘A‘“(X) =-[P}‘.4A“(x)1 o (259)
mp5¢(x)=—{upd,.¢(§)l. ‘ mpg.A”(x)=-[Mpag§”(x)l . . (2;0)

)
Ecan 6n paccMaTpHBanECh H Eakue=~n60 Apyrae nons, TO asanoratidnie COOTHOLIeHHS CO-
6monanacs 66 B OAN8 HEX,

2, Mycrs Ham u3BecTHE! onepaTtopnl Vy , Torga nepexon ¥3 ofmoll CECTeME! KOOpAH=

HAT B APYrylo AONyCKaeT HA f3blKe I'MILGepTOBa NPOCTPAHCTBA [IBe ClleAyicllue TPAKTOBKH,

1) B nepBoll BeKTOPH COCTOSIHAS . v OnHCHIBAIOMHAE (QO3IHYEeCKHe CHCTeMbl, He H3=
P '

MeHAKTCH
, -v, (261)
a BCe onepaTophl mpeo6pal3yloTCd CorvacHo
o’-v'ov. " (262)

Tax mpeobpaaylorca omeparopu nons ¥(1) & Ay(x)u mo6rte mabGmonaemue {omm moryt
6HTb HOCTPOGHH H3 ONEPATOPOB NMons, cM. muxe). IycTk nanee mMeeTcd noaHnfi _naGop
Ra6nonaemux  O; (i=l.:n) & monmaa cuctema BX cobcrmennmx dymxgmh D

, ) (263)
0,0,=)\¢,. B
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Torana ovesmaHxo, qTo - co6cTBeRHLI dyrxnnn, COOTBETCTBYONE OAHOMY H TOMY Xe YxaxeM Ha popMaibEoe CXOLCTBO TPaKTOBRHA 1) ¢ ralisenGeprosCKkAM OpelcCTableRAeM,

x) . A - .
(uncnenno) Ha6opy coGcTBeHEHX 3Hademuil A“(_'\,""}‘n)‘ B cTapoll m HOBOH CHCTemax B KOTOROM BOKTOPH COCTOSHES NOCTOSHHE, & ONepaTopsl Hamermorcs (co BpemeneM). Ana- -
-OTCYeTa CBsISAHH COOTHOMeAWeM normmo 'x'pex'roaxa 2) noxoXa Ha ITPeQUHI'eéPOBCKOQ npencrasnerme,. B xo-ropou naMeamo'r-
'Q:\-E v! o, . (284) cg TomEo BEKTOpH COCTOSHES, & ONEPATODH HOCTOSHEL, B npmuume BOIMOXHL ¥ npOMe-

XyTOYHHE TPBKTOBKK, lTpH KOTOPHX YACTHYEO BEKTOpPH COCTOfAHEYG —= aHAJI0I'm npencranne-

Taxum o6pa3oM, BMeCTe C ONepaTOpaMH Npeo6pasyloTCs B MX COGCTBeHHHe ¢yHKIHH. *
’ HH S zaaumoneﬁcrann.

Ecnm B crapoft cucTeMe oTCYeTA MH HMeH ’ ; !
: - 3. OrMeTnM BaxHOe 3HaveRme oneparopos V- ANs BHpaXenus PeNATHBECTCKOR umpa-

+ - =
L S, cy O, c e, = ¢, R ), (285) PHAHTHOCTE, Ecnx ‘l’ ~BO3MOXHROEe cocTOsHEe (uamyeckoft CHCTEMH ‘B CHCTeMe. OTCYOTa 1,
- i A ’ 10 ¥=V(2,1) ¥y ¥  Taxxe eCTb BO3MOXHOe COCTOSHNe GH3HYECKON CHCTEMH B CHCTEMe
TO B HOBOW NOIYYHM - ) e : :
. orcyera 1, npuies, Boo6me rosopg, ornuumoe or ¥ , a- V(g,1)¥ mpo6Geraer BCe BOIMOX=
&, , ’ 3 - . \ L . R
¥ =§>i °/\¢A € ¢ x=( oy ¥ ) (288) HEle COCTOSHHH (H3HYeCKOH CHCTeME OTCHera 1, XOraa @ mnpoGeraeT BCe BO3MOXHLIe

- ' JIOPEHROBH CHCTEMBI OTCHETA. DTO = KOHCTPYKTHBHEIA CIIOCOG BHIpaXKEeHHS] pelsTHBHECTCKOH
Taxum obpasom, amamua cocrossus ¥ ¢ nomombio monmoro maGopa omeparopos 6ymer h 1227
HHEBAPAAHTHOCTH B paMxax oaHo# cnc-remﬂ orcwera (cM, , rtnara-1, § 4).
< lapaTh pa3Hble pe3yibTaTH B Da3HHX CHCTOMaxX OTCHYeTa.

‘ . 4. B pamxax narpamKeBa (‘bOpMﬂJ‘lHGMB ue-rpynno HafiTH €¥BHEHA BAJ ONEPaTOpPOB P
2) Bo sTopofi TpakTOBKe HAOGOPOT, NpH mepexome M3 ONHOR CHCTEMBI OTCIeTA B apy= 1/ 72/ .
n M . C nepenix pa6or Mupaka -, Faﬁaeaﬁepra u Maynu BO B’ropnqﬂo—xaan’rosaﬂ-

TY0 R3MeHMIOTCI COCTOSHHS
: ) HOR reopuu rammb'rouuasm, narpaﬂmmﬂu, _ypaBHe:Es, yC/OBES KBAHTOBBHEA U 'r.n. aann-

Vv,
.- 7 ) . -
(287) CHBaJMH - 1o npummny COOTBETCTBES C KiaccHueckoli Teopnelt nom( BBMKHy-ry)o, HEe 3aBM

& OMepaTOpEl OCTATCH HEmAMENELIMK CHIYI0 OT KAACCHYECEOH Teopmn moins, dopmy nns EBAHTOBOA TeopHE nons: npeqnoxun Ulpua~

. /25/

o re . On"chopMy/IMpoBAN KBAHTOBMA ANMHAMMTECKHA NMPHHMN, 3 ROTOpOro MOryr GeiTh

=0,

g 268 -
! . (268) BLIBeneHH N YPABHGHHS IBMXeHHS ¥ IeHepaTOPH! PadIMuHLIX NpeoGpasoBaumlt, B TOM WHCIe
CooTBeTCTBEHHO OCTAKTCA HeH3MEHHHIMH COGCTBemHbie ¢yYHKIME ONepaTOpOoB u remepatopst P, , My, & nepectanosounrie coornomemns. KpauToBbifi numaMmuecxnf

. . wHnun (moctynar) lls raacur: ) ) ' ;

q’:\'"@;\' (269) ‘ npuxnun (nocrynar) HETepa rilacur. .

l'ch'rb ¢£' {o- Do . cofcTBeuHme ¢yHENAR TOAHOrC HaGopa KOMMY THPYOmuX
- ad,,, (oa)s!fa" a2>

co6creennbie YEEONE NOAHOroC HaGopa KOMMYTHPYWMAX onepa-ropoa ‘fz Ha TpOCTpaH-

MoaTomy, ecnu -mamm pa3 m HaBcerna ¢uxcEposan HaGop oOmepaTopoB 01 , TO NMpu ananu=-

3e COCTOZHHS BO BCeX CHCTeMA&X OTCYeTa DA3NoXeHHe BeJeTCS MO ONHAM ¥ ToM e COb— oneparopos f,: HA MPOCTPanCTBEERO- KOROGHOL nonepxaocT o

cTBeHHNM  QYHROHSIMS

N

: +: . CTBeHHO-NONOGHON fOBEPXHOCTH g . IlycTn nanee GeckoHewHO~Malloe M3Megende HX Cka-
® =3 ¢, c cy=(8, ,¥) -, (270) wo 127 5 > mpencie ;
A : . ‘ JNISpHOr'0 Npod3BeReHns '<£1. % 151 o, > MPeNCTAaBNeHO B BuAe: .
o + ’ [ . . ' . . ) B
Pl cf ¢ c ci=( @ ¥) . 271) . - e oy . - ,-
PRI AT A @ SRR AL AR S LR PIL AL (272)

Hrag, 06e TpaxTOBKH HAKNT OANHAKOBEIE &MIIMTYAE BEPOSTTHOCTH. ;
: 49TO BCerna MoxHo cpenartb., Torna mMeercs xnacc. BapHanufi, AN KOTOPHEIX COOTBETCTBYK-

x) 3neck nompasymepaercs, ¥To y BexTopa ¢)‘ nabop wacen ,\.=(}‘ - }‘ ) JoTHecen mnae onepaTopbl & TW” noay4anTcd Hoaxoasmedl Bapmanuefl OfHOr'c eAMECTBERHHOrO One—
K oCHM CTapoli CHCTeMnl OTCYeTa, a y BEKTOpa ¢}‘ TOT Xe Ha6op 'mceu ,\,—.(;\ ....4\) oTHeceH . ¢ Co- paTopa ~ oneparopa feficTeug ' )
X ocaM HOBOE CHCTeMul OTCHerTa, Paccuo‘rpuu, HaMpEMep, OAHOMACTHUHHE COCTOAHHE CKam ’ co . ' ) i L
NSAPHOR HACTHRE! C ONPEAGJCHHHM HMIYMLCOM = COGCTBeHHLle (yHKNME OmepaTopa 4-HmM= : - . S Vgq=Ll =f dx £, . o (273)

LRI . -

nynnca Pﬂ s Te@e € A=p=(p ) . Toraa B yxasamHOM cCMmICN® ¥ ¢p KOMIOHEHTEl 4~HM=
rae narpamxepa miormocts £(x) - spmuroB onepartop, MOCTPOGHHHI N3 OCHOBHBIX NHHA-

nyaeCa P, OTHOCATCH K OCAM CTapoff CuCTeMH OTcdera, 8 ¥ ¥ KOMOOHEHTE! Py s ; .
HHCNEeHHO DABHEIG NMpPEeXHHM, OTHeCeHH X OCHM HOBON CHCTeMn orcuera. IloadepxEeM, HTO MHYEeCEHX HCPEMEHHHX — ONepaTopoB Nold,
co6erpennrie cocroamns B, u €f-duonveckn pasnuane, Tax, (U3AUECKM TOXKASCTBEHHMIM C
¢ (omachBaomum Ty Xe ¢mamueckyw CHCTEM}') B HOBOR CucTeme GLUIO GH cocTOsumME ¢;

c pﬂ=a P, , 8 He Q’.CM.'raxwxe . T

v . )
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Paccmorpnu KNaCC ‘BapEanufl, Xorfga BapLEPYWTCH nons q(x) H KOOPAHHATH : T, .

. a nonepxnoc-rn ‘o, ® 0 He H3MOHSOTCH, Torna BapEanEsg ReficTBHS MOXeT 6LITH Opea-

‘cTaBneHAa o
) 2

3y =8L = d'x [5*£ +3,(£ 5x)].. o (214)

73

‘B npennonoxexsx, wro - £  38BHCHT OT DONEf H TOMHLKO OT MX NEPBHX NPOHIBONHBIX

58 - 2(53 seq+ 2%
3q . ..99,q

- s

“q ), (275)

x)

Ir'ne cymMma Gepercs IO BCeM HONSM H IO  BCOM xomxonek‘ram kaxaoro moni . Iocne nop-

cramosxe (275) mapmamms (274) Moxer Grits DpHBENGHA X BHAY -

. o - . .
i i 5' -= I d x X ( i —a R -) 8% q +G (0:)~G (a-)) (278)
. a dq . Y59 q . 3 ' ’ i
- . v ,
roe ' T ‘
- 'G(a-)=j’»dav( 2 — *q+ £ xv) =fdo- V (x). . (277)
- ’ 5d,q o v v . ]

YcnoBEe CTaNHOHADHOCTH AefCTBHS OTHOCHTE/LHO MIOGHIX papEanud nonelt (Ges mamememms

) naer ypannexmn nnnxexmn g onepa'ropon nong

38 5 3% Lo o (278)
5q 'v 8 av q ’ S N
- ypaBEemEfi Dfinepa., C yverom STHX ypaBHeHER . \
. 8W, =Gle)=G (o) . © . (2719)
Teneps - onepa-ropu G(ﬂ) b G(tr ) ‘nerxo nmpnpe-rxpym'rcs Xax resepaTophl E3MeHEHHg, -

/25/ xx)

" COOTBETCTBEHHO, HA HX HOBEPXHOCTHX i’,’ . ﬂpyrmm cnopamu, papEanms (272)

HHTEpNPeTHPYeTCa KAk pedylibTaT BapEammf

, f, (o) =+1 G (o, )d:f.(a) , R K .(280)
5 ¢g”(a Y=ei °E~ (o, ) G(o Yoo (281)“

§

310 BHpaxeHrne Alga 32 » BooGme POBOPH, BYXHO HOEBMBT!: CHMBOJIAYICCKH,

x)

B TOM CMHCJIS, |aTo !!OPH.UOK onepa'ropOB g He FlOl!)KeE Menmcn IOPH NpOBEACHHH Bapnamm.' V

. xx) O'rue'rnM, 9T0, noﬁannexme K NIOTHOCTH :mrpamxnana nnnepremmn nponanonbnorL
BEKTOpa He MeHSeT YDABHOHHS ABHXEHHZ, HO MonrdANEpyeT reHepaTop, CBA3aHHHA C AaHHOR
-, _NOBePXHOCTBIO, JTa HEONHOIHAYHOCTL B nu60pe ONOTHOCTH JlarpaHXHaHa COOTBETCTBYET BO3-~
MOXHOCTH IOABEPrHYTh KOMMY THPYIOMY 0 COBOKYHHOCTbL ONEPATOPOB HA o nponaaom,nouy
. ynnrapnow npeo6pa3oBanuo,

OnepaTop KoHeYHOro npeoGpa3oBaHEs 3amucaics Onl
i G (o)

V=e . - (282)
Ong nonyvesmns, HAPEMEP, TeHEDATOPOR JIOPEHNOBLIX BPAMEHN{ H CABUIOB PacCMOT-
pHM KIacC BapRamuft, xoria omepaTopm mong q{x) mapnEpyirTcs cornacuo (254), a xoop-
nEEATHL X, cornacuo
8 T, = c#+ Zm'w <y - (2A83)
Torna omeparop G(c) Mmoxer GuTh mpencrasnen B BERE '
G(o) =~ P, (o) + @ M‘w_(a' ), ’ (284)

rae P, -~ remeparopn CHBKrOB, a Mpu_ - remeparoph 4-ppamerri .

B’ coorsercreur c samacew Gle) B Buge (277) remeparopm Py ) = M‘w_(a)  TaKxe

3anECHBAKTCH. aHAJIOTAYHO

B ()= f do, T, (x) (285)
(a) —f dav ooy . v (288) -
C noMomplo 38KOHOB NpPeo6Gpa30BaHHS (254) u (283) ma (277) MOXHO HaATH TV.A B posv
B BHOE o : '
58 . ] . -
~ Ta=—2 da+d, & : . (287)
, e 8d,4q ,
‘ C Y
llpm_v ==z, T,o+ %, T VP’” I ——— s q-. (288)

po-
a Bv q

OTH omepaTopH oOnpenelIeHH € TOYHOCTBIO A0 "TpeXMepHHX” AUBePreHNREi,

5. MycTs TeopHs mHBapHAHTHA OTHOCHTENLHO HEROTOPOro Kilacca mpeoGpa3osaHufl.
Torna OTHOCHTENLHEO HEX MEBApEHTHO Reficreue (narpamwman) (273), T.e. pasua Eymio
ero papnanus (276), =, cnemoBaTennHo,

G(o,)=G(a) ’ (289)

Ha knacce pemeHHit ypaBmemuit npmxemns (278). 3ro BHAYHT, 9TO I'eHepaToph! G(e) me’
3aBHCHT OT NOBEPXHOCTH O , HIH, e€C/lH B Ka4YeCTBe o- BHIOGHpAITCH IOCKAE HOBEPXHO=—
, 9TO remepatopn G (t) He 3aBECST OT BpeMeHE

360 _,, o (2891)
dt. - : '

crr t=-coast
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‘3axon coxpamenns (289) MoxEo BupasnTh B AnddepeHnHANBHOR (bopue
a V (x)=0, (280)

rae V“ (x) = mnormocTs, COOTBETCTBYIOmAS I'@HepATODY Go) (277). Tax, mEBapmamTHOCTE
npeoGpasoaannn CHBHrOB K 4-ppameHafl, XOTOpPHE MLl TOABKO HTO OSCYXAaNiH, BleYIeT CO~
xparenne oneparopos Py (©) . u M# V(o)', He3ABECHMOCTL HX OT BP@MEHH , T.8. COXpAHEHHe

9HEPIHH, HMOYNbCA H YeTHPEXMEPHOro ‘MOMeHTa KonEdecTsa npukenrs. Ha samke mwiormo-

creft T u M
} [dld

LA sanmchiBaerca Auddepenmuannuas hopMa STHX 3AKOHOR COXPAHGHHS

3, T,=0 - (200)

P d M =0,

)y Moiw (200")

AHalOrEYR0, HHBAPHAMTHOCTh TEOPUE OTHOCHTENbLHO emle KAKEX-uGo IpeobpalcBaHER BleweT

HOBLle 3AKOHH COXpaHeHHd H COXpaHOmMHUecs BenHRHHH. Hampmmep, HHBAPHAHTEOCTh OTHOCH=
. ta : )

TellbHO 3aMeHH BCeX 3apskeHEHLIX nonell q(x) ma e ¢(x) ofecrneumBaer CoxpameHdme 3apsg-—

na ¥ T.O.

Hanoxernag cefiiac CBE3h MeX[Yy RHBAPHAHTHOCTSMU H 3AKOHAME COXDAHGHNS XOpOmO

nanec-rna H3 KIaCCHYOCKOfl TeOpHH noiyig & cocrapnger cof epxande meppofl TeOpeMH 3 He-

/50 18/ .
. Teopema oQHEAXOBO XOpOMO HpHMeNAMAa M K, CBOGOAHOMY CIYdal K K ciysano

B3aMMONeACTBAE H NO3BONAGT HONYYaThb COXPAHSIOMHAECH BeNHIHHLI, ©CIR HAM H3BECTeH Noiji-
Hulfi 7IAFPAHXEAH TEOPHM ® BEA NpeobpadoBasui, OTHOCHTENLEO EOTOPHX NACPaHKEAR WHBADH-
an'renx). HanpHMmep, HaM XOpOLIO H3BECTeH NATDAHXHAH 3MeXTPORHHAMHKH, & OpeoGpasona-
HHSl CABHATOB H 4-ppamenuft (248), (248), (254) onmrm m Te Xe m ang cpoGoaHKX B ang
B3auMoOAeAcTByomux noneld. IlosToMy MH xax ﬁpnnox(emle dopmyn (287) m (288) 6ea rTpy-
na MoxeM hafiTH coxpamsomuecs (BCleNCTBHe ypaBEeMHE BHXemEs) MIOTEOCTE T, &

Mpou . OTH NNOTHOCTH B SBHOM BHIe BHINHCAHH B N, 8 HacTrosmefl riaBel,
§ - ]
Iepeaa Teopema 3. Herep paccmarpuBaer MHBADHAHTHOCTH C NOCTOSHHLIME NapaMeT=—

50/

pama (napéuerpamn—qucuamn). 3.He1‘ep/ ofcyxmaeT TakXe BTOPYI TeopeMy, KoTopas

Lacaercd HHBADHAHTHOCTER OTHOCHTENLHO npeobpa3oBaBEl C napaMeTpamu-JyHXKIMSMZ, 3a=
n e OTH AHBAPHAHTHOCTH BefyT He K 3aKOHAM COXpAHEHEd, 8 X TOXae—
CTBAM [1g NATPadXeBOd INOTHOCTH L) .

BHCAMHAMA OT _ X
Xorg aTa BTOpas TeopeMa HMeeT Hpamoe oo~

WweHAe X xannﬁpoaoqxuu npeoﬁpaaonammm B 3JIeKTpoiaAHaMHAXe, MhH Ha Hel He ocranapmi-
.BaeMCsg, -

x) B TeopnH B3aHEMOAeACTRBHA B GOMLIIAACTBE HATEPECYIOMHX CTyYaeB MH He HMeeM .
pemenns ypaBHemufl Ana oneparopos mond. Tem He MeHee MBI MOXKEM C YCNeXOM HOpPAMEHATH

nocrpoenHse .m0 Teopeme Herep dopmanbEble BHpaxXemHs NPH 06CYXIeHRE MEOIHX BOIPOCOB, ..

roe moxno oGofiTach 6e3 ABHOrC BHAA onepaTopop moig (BONPOCH © TpaHCGOPMANEOHHEIX
.CBOACTBAX PA3NHIHEIX KOMGHEANMA, BOIPOC HOMOMHTENLHOA ONpelelNeHHOCTH SHEDTHE R T.d.).

60

5

BaxHo eme pa3 NOAYEPKHYTb PONbL BeINYHA G(E)  xax Leyeparopon npéobpasosanntl,

nputeM Aaxe Toraa, ‘xorpa omm me coxpanmofcs. Bnepaue s-te ponn Gune ocosmaEa B xBan—

72,25/

ToBof Teoplm mons, , HO, pa3yMeercs, aTO TAK M B KJIACCHIECKORA TeOpRH. .. e
v - . . -

51/

: /
’6. Koneman HeaQaBHO noxasall, ¥TO U3 HHBAPHAHTHOCTH TO/LKO BakyymMa OTHOCH-

TenbHO Kaxux-nnGo npeofpasobamifi cnenyeT coxpanenue reHepaTOpOB 3THX npeoGpa3oBaxnil,
v
Hampumep, #3 uHBApHAHTHOCTH BaKyyMa OTHOCHTelbHO npeoGpa3oBarnft geouﬂoponuoﬂ rpyn-

et ﬂopeuua cnémyer coxpameHHe I'eHepaTOpoB P’\ n M . Aprymentn Konemana cie-

P
ayomne. [TycTs Baxyym mEBapRanTen OTHOCHTeIRHO npeoGpasopamufi C remepaTopon

f dx_Vo (1) . Toroa coGCTBenHOE 3HAYGHHE :3TOI0 I'eHepaTopa. A BaKyyMa PaBHO HYINO.

[dx V, (T,t)]0>=0 ‘(291)
M f[anee C .

<an|fdx Vo(x.t)[,0>=0. - (202)
rge <n| moGoe cocTosHHMe, Mn Bcerna MOXeM Gea no-repu OGmHOCTH OrpaRMYHTbHCH pac-

CMOTPGHBQM cocrogHHt <a ] [+] onpeneneﬂnum HMHYI'I!:COM H NIpH TOM ‘laCTHOl"O Buaa:

P#=(0,ipo) . l'[onc-raamlﬁ B nocClieqAee COOTHOMEHHE . - N
< alVo(x) 052 < V, ©]05=e"" < |V @ [0>, (293)
nonywaem : : a ;
- | R <n| vo(o);i0>ff dz =0. (294-)

. R
INocne coxpamenns #a fdx 3 nepexoda B NMPOE3BONLHYIO CHCTEMY OTCYeTA HAXOOHM

<n|¢9p’l V#(x)|0> =0 - ‘ (205)
B CMIIy NONHOTH CHCTEMEl COCTOSHHR |n> . )
. K o LI ) -
6 V (x)l0>=0 LR ) (298)
/527

3 Teopur dymkuuf YalitmMana moGofi NokanbHLIA

oneparop, malomuR Hyib OpE NefCTBHE Ha BAKYYM, paBer Hymo., Taekum o6pa3oM, Mbl OpH-
{ mes . P

ITo Teopeme ¢enep6yma-[lx(oncox—m

XoauM K AuddepeHuHanLHoR dopMe 3axoHa COXpAHOHAS

6“ Vu(x)=0‘ : (297)
M, HAKOHeN, X HHTerpannHof : .
9 . .
2§ ax VY, (3,t)=0. : + (208)
at . ’
o \ ,/51/ .
TaK, "MHBApPMAHRTHOCTh BAXKyyMa eCTb HHBAPHAHTHOCTb Mupa .

7. Tenaop TW\ HA3LBAIOT KaHOHHYECKAM TEH30POM 3HepPrHH-HMIyIbCa. On,aooﬁme

753/ /54/)

ropops, He cuMmMerTpuYeH No mEmexcam vAX . Corsacio Bemundanre (eMm. Taxke
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I3

B 11060# TeopnH, B KOTOPOA COXpPaHS@TCS MCMEHT KOAHICCTBA ABHXKAHHS (r.0. llp » )
-0 E pa, -

MOMHO NOCTPOHTb CHMMETPHIHEE TeH30p SHEePrHAE=-UMIYIbCa

8 .= %(T, +Ty) el (-3¢

S 7 S (200)
89,4

ox®

O oTaHYaeTCd OT KAHOHHYECKOI'O TOJILKO HA TPpexMepayr ﬂnaepremmlq Tax 4To0

. = . . 3
f dav Gvkb‘fldavv Tyk. (300)

Ternaop Bw\ HAHTEPeCeH TeM, 4TO ONEpPATOp Mpa v (288) sanmcriBaeTcs wepea mero
f

B BHOE .
M =-x8 +x 8
poy  Tpov o pv . (301)
8. [lpuBenem BLIpaXeHHs A1 KAHOHHIGCKOrO M CHMMETPHIHOT'O TeH30POB IHepruu

HMIysLCA, COOTBOTCTBYKWMAX ABYM ¢OPMAM 3aNHCH JIArPAHXHAHA B S1CKTPOAMHAMEKE:

1) Jlarpamxuasn

e %F F 44 A =% ¢ (yd +8)y -4 -/:('—fa +M )¢
e e R .

_ (302)
) (il‘;w= a“ Ay, —av 'A“ ).
Kanosuveckuft TeHaop amepram-mMnynsca
- %y “BA g .y s 2.
Ty =9, Ay+h vy, 6“-11 # AL LA (303)
CHMMeTpRIHBI TEH30D 3HePrHA-AMIYIbCca
® = F F -.%8 F, F, +Y% [ﬁ,y (0 —~ieA )y +
: ATvA Ap Xp kv v,
e kv e (304)
+$ oy (3, ~den, )¢ ~(3, +ieA )by, ¢ (G rier )Yy ]
2) Jlarpanxuanx -
- - b : ‘ L
et dA I A +j A =%y (yd +M )y %y (~yd +M)y. (305) «
pvou v Hop P
Kanounnyecxuft Tekaop SHEPrHA=-HMIOYILCAa | .
v K Gy s £, )
T;.ra“,x)‘av AA+%¢);6“~/: %3“41 )'V'II+ o / ‘ (808)
CuMMeTpUUHEIA TeHAOD SHeprAU=-HMIyILCa
[2)d =a“AAav‘AA-%8‘ulaxAPaAAP- . (307):\

) -
N EATIRN +d AXA -(aA *a, A )A,1+
%[¢Vu3v¢+¢y3-ﬁ—a¢v-ﬁ 6-11 y'ﬁ]

82

ITo nmoeoay 8“,, (304) ormermm, uTo 44-xoMmoHenTa oTHOCsmelics K 37IeKTPOMATTIMTHOMY °
oo wacTH

8 = F F, -y

w BA VA auv FAp ka

MOXeT OHITb NMpeACTaBleHa B XOpOWO H3BecTHOA ¢opme

. -»2 -
= - . 2
800 = 8“ =%(H*+E?)

(A=t Fan B =E, ),

OTKyna, B YACTHOCTH, BHOHO, 4TO JHEpPrusa SJNeXTPOMATHHTHOI'O NOJS IOMOXRTeNLHO oIpe=- .

nerneHa,

Cnenyer nmeTn B Buay, uTo Bhipaxenus (303), (304), (308) u (307) nns o6ecne-
4YEHHA CBOMCTB 3PMHTOBOCTH [ONXHBI GHThL chMeTpuaosam;x 10 PACHONOXKEHHIO B HHX Ole-
3 -
paTopos A“ . Hanomnum, onsaxo, 9To B KBaHTOBO# TeOpHH H36ErawT HCIONL3OBATH
narpanxuan (302) na-aa TpyaHocTell, oTmeueHnnXx B 1, 2.1, TeM He MeHee BO3MOXHOCTD
NPHBECTH TeH30p sHeprud mmnynsca (308) uam (307) x suay (803) pacneHuBaeTcsl KaxK
oﬁno H3 CBHUAETENLCTB COOTBETCTBHA C TeopHeli Maxcpenna. lleﬂc-rau'renbao,renaopm @“’v

H @uv CBA3aHH COOTHOLICHHEM

U

. e‘".’ =e‘w +% 9, [:F“XAV +-a“ {xv A)‘—aA-AvA“+'( %aﬂp—, swﬁkp) Aa’aa'lf,p]
’ (308)
+%( aAAA avA“ —~A, a“aA A)) +% b‘wA,pa_p d AAt

+ % A“(aA Fy+ied y ¢ )+ 'A’Av(a)‘:FM+-i ey ~y“¢ )

T.e. OTANYAIOTCH OPYT OT ApYTa TONBLKO TPeXmepHoli nupepremumefi, ne namomefl BKAana .n
mnrerpan (300), n wnemamn, comepxamumn 0“ ‘A ,» KOTOpbie NPONanamT NpH.y4eTe ycio-
sust Jlopenna B Tofi mnm uHoA dopme. B (308) Taxxe noapas’symeBaeTcst CHMMeTPR3auus

'

N0 PacHoOIOXEHHIO ONepaTopoB A . N
# L

Mocnenosarensnas COMMETpPHYIHAS TPAKTOBKA 9JIeKTPOHa H NO3HTPOHa TpebyeT, uTO6H
BCe duaHyeCKHe ONEPATODPH! BLIAM 3amHCaHbI CHMMOTPHYHO OTHOCHTENLHO n/: H 3apsnoBo—
CONpPSIXEHHOT'O K HeMy cmHHopa Y&

¥ ecy Yo=Y (308)

ATo GymeT noAyuaThLCAd aBTOMATHYECKM, €CIH B COIVIACHH C STHM Tpe6oBaHneM 3anmAcaTh

narpamxuad. A umenno sMecto (305) (mnx (76) ) cnepyer npumars narpamxaan 731/
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£ '=_,% an .Avan A, + 28 (¢ '};"/’

—ge. -
] yﬂ-l:c).A”

(310")

- - L
~h Y (yo+ M)y % ¥ (-yd +M )y
-— - -~ .
%Y (yd + MY~y g o(=yd +M )y,
COOTBQTCTBEHHO B KavdecTsne CHMMEeTpHYIHOI'O TEeH30pa :-)Beprﬂn-umnynbca NOIyIHM
.-y (4 : : - « '
9 { “Al\av A)‘+BVAI\6M Ay BI\APB)‘APSW]—
~-% 9 [,a“ AAAV+*'AVB“'A)‘+‘BV-AI\'A“HA‘LBVVA)‘-
(311)
—(GF Av+‘av 'Au)'A/\_‘AA-(aﬁAv +av A“) 1
BT
+?[.¢-y“av¢+¢yav—a¢y¢ a¢y¢+¢ya¢+¢ya¢° ¥y, uo-
-9 yey ARD

Toe Taxie SBHO Npon3seneHa CHMMETPHIANMS MO PACIONOXEHHI ONEpPATOPOB A . Aﬂano-‘

TUYHO MOXHO NEpPenucaTh H TOH30p 3HEpPrEN-HMIyILCA (804)

F, F

5] =%(:F +F, kaw’\p

v Y \ )&p) +

i " o T = (812)
. +_§. (v y“(av leAv)t[: +y |yv(a“ -ieA“)l,/l - (6“+1eA“)lll yvl,’l —(3v+leAv)lll ‘y‘&

+¢ Y, (9 +1eA)l,;+ °y(a +ieA )lll—(a—xeA )l/r°y e (B—IeA )'/l"}' '/’olo

]

Hecummerpuunas oTHOCATENLHO ¥ u ¥ dopma TeopER Be;er K TPYAHOCTAM C PABHO-

NpaBHEIM OnHCAHHEM SMeKTPOHa H No3uTpoHa (mpumep Gymer nax Huxe B CBE3H C ob6Cyxnge—

HHEM onepaTopa 3sapsna).

9. Jlaarpamxuann (302), (305) n (310) MHBAPHAHTHEI OTHOCHTENLHO I'PyNNnH ¢asoBbIX

npeobpasopannii 3apAKEHHOTO CHMHOPHOT'O MOMS

vedtmty Yy, (3i3)

TRe @ - Mpon3BonLHAR KOHCTAHTA. HCnomsays uudrHMTE3NMAaNBLHEBIA BXA TNpeo6pa3osanuft
(314y)

*or s = . =
*yY =iay 8%y =~ ay,

64

ne-rpyuno BEIHCARTS rexepa wp (277) B srom cnyae (npm srom "x, me BADLHEPYeETCS,

u
8x =0 ), MM BMIONHEM BHYECHOHHS ¢ MOMOMbIO narpanxuzana (310)
Go)i=f dal 38 ey +Es'f/f 2E . ' E—
. Fsa g 53, % S
—~ o R o (a1s)

el de (Y ) y¥ (x) =8° (x) 9 ¥o ()],
2 , k u )
/"

HNpue BuYwcremmsx nonXEa NPHENMATLCS BO BEEMaHMe CB=3b (300). Mocnme coxpamexmsx na
mapaMeTp # COOTBeTCTBYOmMe!ll HOPMHDOBKM STOT I'eHepaTop, cny)xamnﬂ onepa'ropom 3apsna,
npmmuae-r CTamnapTEHA BEA ’

; )= Lfdﬂ‘('ll(x)}'lll(x)—'/'"(X)y "(x)), (316)
<Q
Ero mnormocrno cayxar 4—Bex'ropk roxa/3l/ x) V -
e o 4° (317)
‘ =5 -ﬁ A ¥ o~y y“nﬁ )
C 34aKOHOM COXpaHeHHS
© 9§ (x) =0. (318)
Bp

. i . . - s/ - B
Nlpr  pubope o B BEAe t=const onepaTop 3apsna onpedenseTcs deTBeproft - KOMHOHeRTOfl
9TOrO TOKA +

) Q=5 S Ty =iy, 7 (310)

Ofxepa‘rop_ l/l,+lll

KeHHHA HMeeT TONLKO no:loxmenbxue cofcrBeRHRe 3HaYerRusa, ToO Xe OTHOCHTCH 2 K one—

Kax 9pMATOBCKHEA H NpoH3BeleHHe OHEpPaTOPa HA ©MY IPMETOBCEH. CONpH~

&
patopy ¢° v°, Orcrona coexrp coBcTBenHLIX 3navenEf olleparTopa 3apsna He oﬁnanaer

onpenenennuu 3magom. ’

S

3necs yuec-mo OTMETHTD, a0 wacro (B TOM uwECNe ¥ B nammofi c-ra'n:e) ans xpa-rxo-

1 =ie qla qla. KOTODOMY COOTBETCTBYeT ONepaTop .- 3apsna

H BMECTe C TeM YTBepXaaloT, 9TO B CBE3H CO CTaTHCTHEKOf depmu-
AN

CTHE HCIOJIL3AYOT TOK

Qe [ & ¢ty ,
Hupaxa sapsn Be mMeeT ompeneleREOro 3maxa. Ecna npragrh opubener:oe BHpaxeHne -

nns up:ma Bcepbes, TO yXa3aHEOe BHme CBOACTBO vﬁ ¢ Bompexx y'naep)xnenmo raparrapyer

\

x) Bnepnue sTor TOK Onn BBened lafisenGeprom B dopme !“ = —i;- [ l.Tl ’ 7;‘ v 1.

\



HONOXKTSINLHOCTS 3apsna. H neﬂcrnx'renm‘xo,‘ecnn BHYUHCIETL CpefHee OT Qr’ B CBOGOANOM

ONHOS/ICXTPOHEOM H B CBOGOQHOM ONHONOSHTDORHEOM COCTOQEEASX, TO MH nomyaaM < Q%
= ’ x, e

2e, <G"> noan-rpox 0 .  Texas crryanus coBmecTEMA 'mm:xo € Teopueft
Aupox, Lns paanorxpannoro onHcaHEs _SUEXTPOHOB X noax-rponoa oneparop 3apsga nomxen

HMeTb BHL (318) mm (318). B srom ciyuae

> “e ! <Q > = -
SllexTpox ’ Q no3urpor ¥ <7 -

N
N

3
Y

10. Mu  ofcynunu xmaccH Bapmanifi, XoTopHe OopoXnanE reRepaTopH n'peoGpaaosa?

_nnﬂ neomioponnon rpymnn Jlopeana um omeparop aapsna. Eme ONEH XJIacC papuamufl Beger

. /
x nepecTaHOBOYHHIM COOTHOIIGHHASM 25/.

x) . : )
Hcxons #3 o6mumoro paano)xemm

\

'le

B : w2 ., 2 7 i k i
oo ¥(x)=(2e). fdp -2 lb(p.s)n(p.s)e ’5+c(p.s)Cn(p.s)e I, ;
= - sgl : .

.. - - + o . .
‘roe b onepa-rop YHEITOKOHHS S7eXTPOHA, € - ONepaTOp POXAGHHS HOSHTPOHA, ll(;,s) -
. pememne cBOGORHOro “ypasHenus [lfpaxa B P~ HPOCTPAHCTBE AN CINEOBOrO COCTOSHES

s ya n@.s)= (ﬁ.s)y‘ » EMeoM

Q'=¢f d! 'l’ v - fd ? 2 1 (P .S)b(P.S)+C(P.8)c (P.s) 1.

Cocrosmui - snex-rpona I noau'rpona onpenensworcs xax | snexrpor> = b (P. s) q’o ;
|noan'rpon>=c (p,s)‘l’o.v" / ’

IIPHIIO)KEHHE 1

) IlpuMep BEXTOpHOr'O HOJL C xenyneaon Maccoft
) e

Bexropuoe nolte ¢ Maccoff MoxXeT CIyXHTb apAMepoM CBTYBIIK.K. xorna, HeCcMoTpHa

na (12), xpanToBaEHe BO3MOXHO Gea BCEKHX ociioxEernl, B aToM ciywae narpamxmar

-

m3 s
= : - — A j - - ‘M
B(x) =—1Y4 .Fw AFW 7 By By Vi By v (yd+M) ~ﬁ‘ (n.1)
l(rné F‘w B, chosa paworcs dopmynamu (2)  (3) ) ormmiaerca or (1) Tommxo mprcy™-
CTBEEM MACCOBOrO WIeHA, TEX X, KAK H ypaBHeHEe :
: T :
ap. Fp.v c-m Av"_'Jv . o (n.2)

(ypannexme HOupaxa ‘coxparser npexxuan®t ‘pan (5)). B arom ciynae Tax xe cnpasennmau
coornomennn (8) = (12), =, cnenona‘rem:xo. Tax xe xem:an oprEsTL A, 3a HeaaBHCH=-
M’le KamoRMIECKylo mepemennyo, Tax xax LA 4 D1, 1=1 HeBo3Moxro, OnHAKO B OTiH-
uge OT 6e3MaCcCOBOrO Ciydasi, 3AeCh JerKO YCTAHOBHTB, 9TO = A ++ HeECTBHTENLHO, 3aBECE~
Mas nepemenmaf. B camom neme, B3 (I.2) mpr v=4  maxommm:

\ A= — (ak F, 40,0 = L (49,141, (11.3)

.

T.e. A, BHPA3RNOCH Yepe3 APYyTHe KaHOEHYECEHe HOPeMeHHHE . d, A, Taxxe MOXHO BHpa-

k

- 8aTb wepes A, , u6o m3 (IL.2) nocne BasTHS NEBEPreHNHH CleayeT

(1.4)

-

d A =0,
. [
HTax, sa XAHOMHYECKH CONPMKEHHHe XOOPHHEATH H HMIYNLCH MOXEO = NPHHSTH TOIBEO A
" n (x=123) , &, c:xenoaa'rerﬁ:xo. BHGpaTL nepecfano'no-nme coorpomenas (9 mn)
g(P0n)enm,n=1L23% .| C nomombmw sTix coormomerzd u (I.3) Moxmo BHHCHETL ORHO-

BpeMeHRLie ('x°= yo ) nepecTaHOBOYHLIE COOTHOWEHAS IS BCeX XOMIIOHeHT BOKTOpP-NOTeH-

nmana
: [A (x), A (y)]=—,(“kw+i‘8w)_x:8 (x-y)

Ay, oayn=ts ~Liss 29 _5 5 (A-mII. B(E-F)
,[A“(‘)'E;:Av(y)] {5“1, m’l w3 3z, ue va -

/

) . i el m.5)
\[~'I’(‘)"Au(y)]':84“_;%"[”(‘!)8!(!‘_}) (I1.5)

'[¢(,),__A(y)]=_¢(,)a 5 (x-v).
ay‘ ; ) E . \
7 B - N



|
cneaylomaM o6pa3’oM pacnpoCTPaHdIOTCH Ha A6He X . = Yo

\ - o \
Y aTEX nepeC‘ranono‘me coo‘rnomexnﬂ [anexo He Taxoft npoc‘roﬂ BHA Kax y nepec‘ranonoq-.

HEIX = COOTHOmeRHE Ang neaannczuux KaHOHHYeCKHX mepeMeHEHX (9mn) " (10m) . O'rMe-

THM, 4TO B orcyrcrnne_saanuonenc'rnna (e=-0)  nepecraHoBouEHe COOTHOmeHES s AF'

: . F) . ) -
LA A, (=i, =L 2 2 A (x_y), © (11.8)

‘roe A, ‘naercs BrpaxenneM (44). J

HNPHJIOXEHHE I

v SJIEKTPOMBPHHTHOB noje KBK COBOKYI!HOCTB OCXIHIHXRTOPOB

“ .
1.15 17/
3necs, trroﬁu YCTaHOBHTEL CB£3b CO CTaphHIMA dopmama SI1eXTPOAEHAMEKY

Aac KJIBCCH‘IECKOE BIIEHHTH'!erOﬂ ME@XAaBAKORl, MK KpaTxo pPaccMoOTpuM nepnonaqam:nylo

¢opMy:mponxy KBaHTOBOM snex'rpouznamnxn. .

v

- B kavecrpe. mxo‘raoc-rn narpanxmana Mbi - n’pBMeM Bupa)xenne (305) ' u nanee npencta- |

BHM 3"6KTDOMBPHBTBO@ nose B BuHAe:

/

> [i ¥4 - .
ALY =__1__ f dk la, Foe” ve @, c)e‘ ];__fﬁ b(kt)e ) _
(Zu)”a . H .

Hapsany c b (k t) Mu Gyaem ynorpeﬁnn'rb TAKXe BEIHTHHY

Voo by ® 0 ear(-k, 6 +ax (£ 0= (T o), - (m8)
H'e ABAMOMYIOCH He3aBHCHMOSR. AHBI!OI‘H‘!HO npeaCTaBAM CHHHOPDHOE noae . *
3 - e
Y(x) = ] (r.e)
(2 3, g
- N - (k7 .
) --ﬁ,(x)=_.3_fdi’..(k t)en (11.10)
, T e .
4 . Bt ;
B STHX TepMEEax narpamxmas L =f 3!- £(0) C JarpanXeBoll WIOTHOCTKIO (305) 3a<'

nemercs . o . ’fy

N §

3 7 " - ”l- ..’ ) 2 g - .
L=f dtf & tx;b; (i.c)bﬂ(k.c)-ﬁ b (K Ob (F, Ol

i

,+;1i=(i,().y‘;(I,c)-‘iI’(f,\c);Iu_(:,i)+f ‘ (1)

o~

+.de b(k t) fdk & (ﬁ’+t',¢)yu(l,c)l

(20)/2 F

wenns noarorx (18) c

rge ToUYRKa O3HaYaeT NMPOHU3BOAHYIO IIO BpeMeHH, Bmﬁpan 38 KAHOHHYEeCKHe KOOPAHHATH (

b“(£¢)=b;(-1,¢),.u(i,¢), ’ (11.12)
HaﬂneM AN RAHOHHYEeCKHX HhmyanOB p
b (b o) b, (-k, 0, a*(E O = (O, (m.18)
N

FamamsTOREAH MOXHO NOCTpPOUATL nu6o mo npaBHNAM AHAJATHYeCKO# MexaHEKH

P =H=Xpq-L, (11.14)

- q
1160 NMpAMO BHYACHISS Po=—>f,d X 'l‘“( x) ¢ NIOTEOCTRIO (306)

[ dE LLID (R b (K, ) 432 b* (K; )b (ko )]+
Po=fdk tS0b% (k. )b, ( v . (1.15)

+n(k t)(xyk +M)a(k, t)—

)a/b#(k t)fdk'u(k+k h)y u(kt)}

Teuepb eme pa3 obpaTHMCH K pasno)xenmo o Gaazcy (15) , (18) n c ToMomEK0. COOTHO—

u=09,0,0,i) rrpeucrannu b (k t)a Bage :

- ®
e -b* i b k a b (k t), (.18
b“(k,t)_bﬂ(k,t)«t—su = (f (k, t)+: )
rae -
e ‘a - hd e diing - r . .
b (k,t) =3 e(: (k)(e“»s(k)b (kt), b ‘(k.t)=0- (1.17)

1=1

- Danee cnenyomuM o6pasoM BHGepeM KaHOHRHYECKH CONPMXEHHHWE KOOPAHHATH H HMIYJLCH,.

KoopaugaTh Hmvmymece

Q, (k, ) =b (K, ) Ty (ks ¢) =b3 (ko 0)

Y AV b (k €) i
o, (E, 0 =(FF (£, ) Tk, 0) = (Db (ky£) =12

T,E 0 =L (kb 0)

Q,(i.t)»i—%'—,(kb(f.t)) Hi (I1.18)

“(;»') ﬂ(;,()=l+(;,()
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B oThx 0603HaYeRHEX I'aMHILTOHHAH 3ANHACHIBAGTCH

2 . - -+
P, = [dE{ %S (D2, OT, (§ 0+E%Q* (5,0 Q (k) +
1 ]

+:n-a.(i, o)1, (ko +:i=qaa (&) Qs(-l:,t-) -0, (kT (k) ~E20% (K £) Q (K ©)

+?rr(-I:, t)y (1-;i'+:ll )u(-k., t) - ) (11.189)
4
2 - -
- it 5 q, (k)Y (xt)-
(27)% 244
- _ie Q(:,t)hj (-l'x,t‘)+_:._..20 (k.!)i‘(l:»t)},
@m¥e? g] = @m0
rae
i, (o) = divaliais Oy udiy 0. (I1.20)

Teneps Mu cHOBa nepefineM X EaNnGpoBRe U3NyueHAsS, DTO MOXHO CAeJATH IHGO C

NOMOIbIO 38MEeH NEePEeMEeHHHX HOJg, KOTOpHEe HCNOML3OBANHMCH B N, 5,2, 1460 ¢ HoMombio

15/

. - / .
kKaHonuueckoro npeotpasaopanmsi, Mul 3aneck nofinem, cnenysg lafdnepy , 110 BTOPOMY IyTH,

HOCKO-TLI:K}'_ raMuiibTOHHAR He. 34BHCHAT HBHO OT BPeMEHH, TO OH HEe H3MEHHUTCH NpH

KaHOHHYEeCKOM n'peoﬁpaaoaamm = HYXHO TOJBXO 6yne’r cTapnie NnepeMeHHble BHIDA3HTbL B HeM

/857
). Kanomnuecxoe npeoGpasobanme yno6HO MpouSBOAETE.

/55/

9epe3 nopble (CM., HampuMmep,

C moMompio mpom3poasmero dyExmuoHana (CM.
/15/

F(gqp?).

dyrgnuonan F (g, p’) mMoxumo Bu6paTsh B BHOG:

), B namHOM cmyuae, C MOMOmMBIO (yHK-

.

nuonana y 3aBHCHMEro OT CTAPHIX XOOpAMHAT, ‘( H HOBLIX HMHOYNLCOB P’ .

2 bd -»> -
Fop)=fd [ 2 T *& 0Q, (kt) -k | ¢, (k ) Q(Kit)+

t=1 _ (1m.21)
-» -1 ’
- X -le x 5, 2R - -
+— [ dx X ! a a“‘A“( ) fdk'el : #’{k" t)u(k,t)},
(2r) : :
rae -> _ ->
IA(x) = 1 __ [dk &F k] Q (k).
(2”)3/2

C noMomblo mpou3BoAsmero $yHKDHOHAJNA NHONydaeM
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R

nr o -—2F __ —jkler (o) hy=— %F _ _o

° 8¢, (&0 s 0 8 I (L,t)

o
& - -
S TS TR YOS Q'(k.t)=—ili—='0 (k ¢)
! 8Q (K1) ! 50 (Fe) !
> 5F > oF :

li* (K, ¢)= =17* (k, ¢) k) ———=0.(L o)

: 8 Q&1 Tooosnp(he 7

d ’ e . -»> -» 8
02 (ht)= 28 o | Q2 Gt - Uk -0
8Q, (k.1 3N (k,t)
- (k)
e2 e TR

* . d -'; ," SF -» _"-')’(

m(k,t) = l.__= 1 f dx e, k)= ————— = 1 fdxe tex,
Su@,p  (2n) T ) (2n)®
1 A-la A(x R _

e x + k% -»> 1eA 3 - -.’i' -

e kK k fdk’e“ ) . El d Ak( x) fdk ,elk )
(1.22)

B npeofpasoBaymsx 7 ¥ U HeTPYOHO Y3HaTh KanmGposouHoe npeotpasosamme (37),

KOoTOpoe, KaXx MHEl BHOoHM, pome H ecTecTBeHHel BEHINOJIHATE B X =IpPOCTPaAHCTBE. Tax kax

AOIRAY =*;<x)7,o"'<*)-

npyu npeotpasopamnsx (37)

TO, OYeBHAHO, YTO IPH NMONYYeHHHX Nnpeofpa3oBamugx 7 @ U

i#( lf.t') = i;(i,t )= f&a(k+E%) Y, 0 (k% t). (1.23)

Lanee,

[& a(Bt)y, (i3 48k, 0) =
(n.24)

ng P4 e . i -'.,-. _kﬂ." -k', .
=f & "(i")n("_’"f")“ {k, t) + (2;;/2 [k Q’(k't)lt ‘me( t)
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3Tty dopMmyny.TaEXe Jlerde MNOIXYIHTD, Boaapamasi:b B X =npocTparcTBo. K ;mBoMy ra-

MHILTOHHARY MK NIPHXOAHM, BHPA3AB B CTAPOM CTaphe NepeMeHHHe Yepe3 HOBHE. JTO

naertr
2 - -> - -»> -
P=fd& {y, 2 002N, ) + 52 Q% (5,t) Q] (kt) ] 4
f=1
+:v'(¥,t)-y‘(i;f+-l)u’(-f,¢)_
(11.25)
2 Q (kt-)e (k)j (k t) + __,u c), ( n)}
(za)"’ 1=1 Q=)? t?

: /157
OTMeTHM, - 9TO BHIOJHCHHOE KAHOHAYECKOe mpeofpa3oBaHHe GBIIETCH OCOGEHHBLIM , Tax

KaK OHO yMeHbImiaeT YHCJIO KAHOHHYECKHX IepeMeHHHX,

Taxum 06pa3oM, y. 37eKTPOMAaTHETHOrO IOJIS OCTAJACHL ABe CTeNeHH CBOGONE, Open-
>

craBigeMEle KOMINIEKCHEIMH KOODAHAATAMH Qi (k,t) ¥ XOMIIERCHHIME AMITYNLCAMH 'lll(I,t).
OT ocranbHEIX cTeneHell CBOGOAL OCTANOCH TONLEO YeThHpexdepPMHOHHOE KYJ/IOHOBCKOE
‘B3aumoneficTye. Ilps RaxnoM 3HAYeHHHA HMOYNILCA ; cpoGoaANfl raMELTOHHAH IS
9/1eKTPOMArHATHOrO NOJIE HMeeT BHA CYMMBI MaMHILTOHHAHOB NJIf [BYX KOMIJIEKCHEIX OCHHII-
JITTOPOB C coGCTBEHHOR qac-ro'roﬂ'l-k'l . Ecnn nepeliTH kK BemeCTBeHHHIM NepeMeHHBIM,
Xax 3TO O6HIYHO uena:o-r“5/, TO THC/O OCHRIIATOPOB YABORTCH, l'Ipﬁ co3faHHE KBaHTOBOX
S/IeXTPOANHAMAKH TAKOe NpeAcTaBieHEe 3JIeKTPOMATHHTHOI'O NOJIA K&K KOHTHHYyMA OCHHJI- .
ASTOPOB yEA3LIBAJO BO3MOXHHA NyTh KBARTOBAHHA SI€KTPONHHAMHKH. l"Iepec-raﬂoaowmue N
COOTHONEHRAS And xoopnmm-ru HMIyNlbca KBaATOBOr'O ocnuangTOpa 6bIMH yXe XOpOoMo H3=
BeCTHH, H €CTeCTBEHHO “6rn0 NPOKBAHTOBATL 3GKTPOAHHAMHKY OyTEM HAJOXEHHS Nepe—

CTAHOBOYHHIX COOTHOLIeHHii BuAaa:

\
A

fo}- (k). W* @y =is, 8 (K-E. (11.28)

lIpencrasnenne s7AeKTPOMATHUTHOrO MO/ B BHAe COBOKYNHOCTH OCHH/UISTOPOB YCH@NIHO NpH~

: /1,15,58/
MeHSJIOCh He TONLKO B KBAHTOBON TeOpDHH, HO W B KjiacCHueCKoi .

3ToT MeTrod MO3BOJIEN ycnemHao NPpAMEHHUTDL B KBaHTOBOi 3JlIeKTpoARAaMHAKe I'aMHllb-—

12,17/
. OnHako cymecTBeHABII HEJOCTATOK TAKOI'O MOAXOOA B TOM,

TOHOB  dopmanE3M
9TO KOBAPHAHTHOCTL 30eCh I'MIYGOKO CNpsTaHa, ¥ BCH IponeaAypa B Ne/iOM HOCHT HEKOBa-—
PHAHTHLIA Xapaxrep. B nanbmeiiniem 6b10 3aTpadeHo NOBOJLAO MHOrO ycunmii, 9To6n mpu-

naTbh KBAHTOBOR 3J/IeXTPOAHMHAMHKE SBHO KOBADPHEHTHBIA BHMO.
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