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l1ccnenol.3anue onHo<racTIP!HhiX coc T onnnil npencTaBnSieT co6ol! neo6xonnMbiii 

S Till! D l!OCTpOCHllll llllCKDilT HOrO lll!l!llpllTil npu 113Y4CHl!H :3llCMel!T ilpHblX 48CTHU 

H l!X B31lHMOUeikTDii11 • .Qei'.CTOIITel!bHO , OUH048CTH4Hble C OCTOSllll!Sl HBllll!OTCSl 06b eK

TOM H3y<reHHSl npll p a3pa60TKC KOilpKOOblX MOUenei1 ( KllK HepenHTHDHCTCKI!X, T llK H 

p el!SITHDHCTCKUX ); OUH041lCTII4HblMH JKC npOMell<yT O'IllbJMH COCTOHIIHHMH npl!XOUUT

CH npaKTii<reCKH orpanu<rnBaTbCSI n pn npnMeHeHHH anr e6pbt TOK OB, nn6o nncnepCI!

OHH hiX npllDllll CyMM K p a3mi4H b!M cpli3U'IeCKIJM 38Uil41lM. 

n osTO ~ty npeUCTilBllHCTCH UCl!CC006p1l;l Hbi M H lll!OMII l!Tb HeKOTOpbie CBOitCTBil 

OUHO'I IlCTH4 HblX COC TOSHill i'l :3 lleMCHTilp Hb!X 48CTllU , KO T OpbJe MOryT 0Kil38T bCSl l!O

l!e3HblMH npn paCCMOTpe m;;i I<OHI<peTHbiX oana'l. B <raCTHOCTn, uenbto HacTomunx· 

n eKUIIll SlBl!HeTCH t'pllTKOe i13l!Oll<emr e p Cllm'HOHCT CKOil KHHeMilTHKll OUH041lCTU'IHb!X 

COCTOHHI!ii. O co5oe onn MaHHe 6yneT yneneHo pa3pa6oTI<e npaKTH'! eCKi1 yno6Horo 

( XOTSI, MOlKeT 6 btTb, u Tepsno mero B o6mnocTu ) annapaTa nnH n o p e nu-

npeo6pa3osannii Han oeKT opaMn onno<racTn <rllbJX cocTommil. T aKue npeo6pn3oBaHHH 

Mell<llY pll3 l!li4Hb!MH CHCTCMilMll OT C'IeT a , npeUl!O'ITIITCllbHblMII 113 TCX l!llll llHblX 

cpH3H'!eCKHX C006pa)!(e Hl!H, npeUC T ilBl!HIOT IIHTCpeC npll HCCl!CUOD1l l!Ull KOHICpCTHLJX 

3ana<r. B Ka<recT oe npnMepa nono611oro npeo6paoooami il 6yneT pnccMOTpen nepe-

XOU OT C H C T eMbl P K 6peATODCKOH C HCTCMe OTC'!eTD. 
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§ I. 0 603 HD'IeHIIn 11 n o p M np o o K a 

B oeneM CllCilYlOlllll C 06 0 3 HD'!C IIll5l Jl/1 51 O CJ( T Op O O COC T 05l lllll"t, KOT Op biC M bl 6yn eM 

pDCCMClTpHBllTb : 

I P. n. 
( 1.1) 

3nocb p - llMrtyllhCbl COC T 05!H!l lt , Cl - K ODHT OObiC 'il! Cil<l , B Kil lO'illlOU!!Ie y r-

nooofl ~toMenT, e ro n poeKU II lO 11 T.n. 

!ie T pyllHO B ll llCTb, 'iT O COC T 0 5lllll5l T !I rt Cl \) . )) MOI'y T Oni!C b! B 8 T b K B K OllH O'illCT!l '!

llbiC , T BK ll Ml!Of' O '!<JC TII '!IIb!C COC T OIII! !l 5l . no3T OMy ~tbl OI'pll HII'!11 M CC6 5l TOilbK O 

OllH O '! llCT!l'iHb ! M l! COCTOfl ll!l fl~l l!, OrtpOilOill! D !I X CllCilYlOt;.; II M o 6 p 830M : C OCTOfll!l!C Tl!rtll 

( ),) ) flDilflCT Cfl 0/lHO'!BC TII'! HbiM , CC/11! D C l!C T C M O U OHTpa M llCC ( p • 0) Crt CKTp 

COCT05Hll! ii C OOT BCT C T DY JO U! e ii C l! CT CMbl flDI1 5!CTCfl llli CKpeTHbi M , n o nb3 Yf!C b 3 Tl! M 

onp encn e m wr-.t , Mbi 6yn eM , nanpu Mep, C'lliTn Tb a TO M oon opona onn o'!<J CT!!'iHbiM 

COCT OI!Hl!CM llO T CX rt Op, rtOKa 0 11 !IC IIOHII30B8H , C ocT onHu n ( 1.1) o npe n c nSIIOT-

en IWI\ co6cToeu n bie a nn o n epaTopa 3 H e prun-u M nynbca P a 

Pa l v. fl =pa l p . f\ . (1.2 ) 

Onpcnenn M nopM n p ooKy cocT omml! ( 1.1) c n e n y iOlll l!M o6p a3 o M: 

< v •• e • 1 P. e l 8 (p ' -"P 18 w ( 1.3) 

3 necb 8 ee · c Y'l e T OM n a w e ro o np e n c n e Hnn o n n o '!OC T!l '! H OCTn eCTb npocT o Kpo-

HOK CpODCK Uii C II ~IU0/1, 

Jlnn C OC T05lHJi fl C 0/l ll H OKODOil MBCC Oil C OOTHOWCH!I e ( 1.3) CrtpBBCillll!DO D 1110-

6o i i C IIC T CMC OTC '! OT B , Oll HllKO , l!M e eT llOp e HU-IIOKODilpl!ClHTHblll BH/1, nosTOMy Mbf 

o o eneM np y r yiO , pell SITl! OllC T CKll-li H DBpliBHTIIYlO H OpM!IpOBKY ll CB!Ili( OM ee C HOp

M l!pOB K Olt ( ),3), 

3 aMeTH M , '!TO HIID<lp!I8HT 8 ( p- p ' ) MO>KHO 30rtliCBTb KBK 

~ ~ ~ ~ 2 2 
8(p ' -pl=8 (p ' -p) 8 (p~- p

0 
)a2p 0 8(p'-p)8(p~ -p

0 
l 

.. 
=2p 8(p 

0 

4 

.. ~ l 
-p)8(p ' -p) 

( 1.4) 



l1a ( 1.4) aaKmo'IaeM, 'ITO D o6nacTn, rile 

' 2 2 
p = p • ( 1.5) 

nenuquua 2 p 8 (; ' - p-+) siBnsieTCSI HHDllpHBHTOM. Y cnosne ( 1.5) npeJlnonaraeT, 
0 

eCTeCTBeHHO, 8 ff, = 1 • 3anHWeM Tenepb DMeCTO ( 1.3) cne)lyJOWee Bhlp8)!(eHI!e 

JlnS! HOpMI!pOBKH: 

( 1.6) 

H eTpyllHO DlllleTh, 'ITO CTap hre coCTOSIHI!st I p. fl BbtpaN<BJOTCH qepea HOBbie 

cocTosrna SI 1 p. e > KaK 

lp.f) ~--lp.f>. 
y2po 

( 1.7) 

0TMeTI!M Tenepb, 'ITO ecna CHCTeMa COCTOSIHHH ( 1,1) S!BnHeTCSI nonuol!, TO 

npoH3BOnhHOe cocTosrune I :1>) MO>KHO pa3nO)!(l!Th no 3 Tl! M 6a31!CHb!M COCTOS!Hil-

l1>l=lflp',f'lc dp ', 
e· "·e , 

rile 

r. " = < P .e It~> l. 
p,( 

Ecna Dbr6epeM 

rile 11 - HeKoTophrii onepaTop, To 

ll 

A It!>) = l 
f" 

5 

( 1.8) 

(1.8) 

( 1.10) 

( 1.11) 



(p',f'l ARj p.f) c 1 f< p·',f'j A I p",f")(p",f"l B j p,f)d;". (1.12) 
f" 

3aMeTHM B 3 DIW!O'iei!He :ilTOrO naparpa<jla, 'iTO C yqeTOM HOpMHpODKH ( 1.7) 

MO)!(HO 3llllHC8Tb: 

(p ' ,f' j Ajp,f}= < p' , f'jAjp,f>, ( 1.13) 

y4p~po 

rne A - neKoTop bifi onepaTop. 

§2. Y H!!TOpHbie npellCT8BneHHSI rpynnbl nopeHU8 

a nx renepaTopbi 

Ill 
I<aK 6binO llOK838HO BnrnepoM • HCOllHOPOllHBSI rpynna nopc nua o6nana-

eT TOnbKO 'ieTbipbMSI cymecTBeHHO pa3nH'iHbiMH KnaccaMH ymiTapHbiX npenc Tas

neHldl; D HOCTOSI!UHX n e KUHSIX Mbl orpaHH'iHMCSI npeo6pa30B8HIISIMH, C0Xp8HSIIOIU!l-

Mil opeMeHHY!O nono6HOCTb ( p 
2 > 0 ) II HMeiOIUliMH n eTepMHHBHT, paBHb!tl +J, 

nopenu-npeo6pa3 0D8Hl!SI yiW38HHOrO T!ill8 f. nei!CTBY!OT Hll KOOplllfH8Tbl 

cnenyiOIUHM o6pa3oM: 

8 

•v 1 f.v,.. x + a = f. x + a . 
1.1=0 11 v 

(2.1) 

OnpenennM cKannpnoe npmt3 oenenn e KaK 

.. .. 3 

(x,y) =X y -X y = 1 g X Y . 
0 0 V = O VII V V 

(2.2) 

3necb MeTpnqecKnl! Ten3op Bbi6paH nnaronanbHbiM c cnrnaTypot! ( + - - - ) • 

TaK I<BK CKannpnoe npo1!3 Ben enue nsnneTCSI. nopenu-nnoapnanTnbiM, MOlKHO 

38miC8Tb: 

( f.x, f.yl=(x, y) (2.3) 

OTKylla c n enyiOT none3Hb! e COOTHJW'eHHSI 
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-I 
(x, fy )a( f x,y) . 

(2.4) 

(2.5) 

nope au-npeo6pa30BaHHSIM f CTaBSITCSI B COOTBe TCT BHe YHHT apHbte npenCTBB-

n eHHSI U f , neilcTBytomHe Ha C OCTOSIHHSI I p ' e > 
+ 
u fu f = 1 (2.6) 

(2 .7) 

EcnH A V - HeKOTOpbti! onepaTOp, npeo6pa3ytoll!Hi!CSI KaK KOMIT OHeHT a BeK-

TOpa, TO 

(2.8) 

(2.9) 

0peo6pa30BaHHe )[{e TaH3 0pa MQ)[{aT 6btTb 38ITHCaHO KaK 

+ 
U"' T 

.L p.v (2.101 

rne Han Mbt noHHMaeM nopeau-rrpeo6pa3oaaHae,· ocymecTanlleMoe Han 

-i! KOMITOHeHTOi! T eH3 0pa. MH~HHHTa3HManbH~e npencTaBneHHSI neCSITHUapa

MeTpH'IeCKOH rpynnbt U f. a MOI"YT 6btTb npenc TaaneHhl B ~OpMe 

U f . a = I + 
_,_·_ f 

p.v M + ... ' p.v (2.11) ia P 
p. p. 

rne a 
p. SIBnSitoT CSI HH~I'IH.IIT83HManbHblMH BanH'IHHaMH. 3pMHTO-

Bbt reaepaTOp bt P p. H Mp.v =-M v p. ynoaneTBOpS!toT c nenytollli'I M KOMMyTaUHOH-

/ 2 / ) 
HblM COOTHOlll eHHSIM (CM,, HanpHMep, 

J a 0 (2.12) 

7 



[ M fl v , M p a ] = i ( g " p ~I fl a g \I + g ~I - g \1 ) ( 2, 13 ) 
fl P "a va flP flP vp 

\I p 
fl" p 

( g p 
vp fl ~ fl p p " ) • \2.14) 

KoMMyTaTop (2. 14) yKa3btsaeT Ha onpeaeneHHoe Heyao6cTBo pa6oTbi c onepa-

TOpOM M fl V , KOTOpb111 He SIBnlleTCII TpaHCni!UI!OHHD-I!HBaplia HTHbiM, 

BseaeM noMHMO onepaTopos TpaHCniiUHH P 
11 

u spaweHHII M 
11

,., I!OBYIO 

senuquHy - nonl!p1!38UHOHH W 0 onepaTop ~ 

/ 2 / fl 
, onpeae nl!eMbtii cneayiOwHM o6pa-

30M 

w p. = -+ ~ 'fl v p a g "" g PP g aa P v \I pa • (2.15) 
vpa 

TeH3op ( 

p.vpa 
onpeaenl!eTCII t<aK: 

• p.vpa = 0 , ecnu c peJll! p., v ,p, a eCTb napa 0Jl i!H8KOBhlX I!H)leKCOB; 

'p.vpa =I 

=-I 
p.vpa 

npl! HeqeTHbtX nepeCT8HOBK8X fl ., V , p , a j 

npl! qeTHbiX nepeCT8HOBK8X fl , V , p , a • 

nonl!p1!3aUHOHHw0 onepa Top 

npOCTOii <jJH3 J!qecKHfi CM biCn /
3

/ 

( w ) = 0 
0 R 

w 
fl 

B CHCTeMe nOKOP 

(W ) =-m(s ) 
I R I R 

(p=O,p=m) 
0 

HMeeT 

(2.16) 

rae ~I - KOMnOH e HTa Cni!H8 paCCM8Tpi!B8BMOrO COCTOIIHI!II. 

MolKHO npose pnTb, qTo sennqi!Hbi 

p2 = p ~ - p 2 H \'1' 2 Wo 2 - W 2 (2.17) 

KOMMYTI!py!OT CO BCeMH p 
fl 

H I!Bni!IOTC 11, T8KIIM o6pa30M, on epa To-I! ~I 
fl" 

paMI! Ka31!MI!pa an11 f 3aMBTI!M TBt<lKe; qTO 

P
2

lp,rJ =p 2 lp.fl =m 2 lp.f). (2.18) 

nonyqHM HB KOTOpble none3Hbl9 COOTHOWeHHII Jlnll IV fl npelKJlB BCero 1!3 

(2.14) cneayeT, qTo IV 
fl 

MOX<eT 6b!Tb 3anHC8H He TOnbKO B BHJlB (2.15), HO 

H K8K 

8 



IV 
p. =-'- ~ 2 11pa 

f 
p.11pa g 1111 g pp g (J(J M 

pa 
p 

Tor,qa KMeeM c yqeToM (2.18) K (2.14): 

TaKKM o6paaoM, nonHpaaauaoHHbill onepaTop IV 

IIHB8pH8HTHbiM. 

YqKTbiBBH (2.20), MOlKHO TBKJKe 38llHC8Tb: 

w ,w ~....L ~ 
p. p. 4 11pa' 

f , , , , l 
p.11pa p.11pa g 11'11' g p'p' g a'a' g 1111 

11pa 

HaKoaeu, OTMeTaM, qTo seKTOp W 
11 

cne,qyeT aa ero CTpyKTypbi: 

( w. p ) = 0 . 

opToroaaneH K P 
11 

(2.18) 

HBnHeTCH Tp8HCnHUHOHHQ-

(2.22) 

§3. CsH3b nonHpaaauaoaaoro onepaTopa c onepaTopoM 

yrnosoro MOMeaTa 

PaccMoTpaM Mo,qa<f>anaposaHHbili nonHpaaauaoHHbil! onepaTop W .. 
p. 

, onpe,qe-

W ,. _j_ ~ f II II p (J s 1111 g pp 
p. 2 11pa ,.. g a a p 11 M pa 

(3.1) 

pll - co6cTseaaoe aaaqeaae onepaTopa p 
II 

• TaKH M o6paaoM, 

~ 
p,f >-w 

p. 
p. f > 

l1cnonbaysr <j>QPMyny (2.21), nonyqaeM TBKJKe, qTo 

II, B qaCTHOCTH, 

8 

. (3.2) 

(3.3) 



W21p.f> 
.. 2 

=W lr.f>. (3.4) 

AHanorH'tHbi e coOTHOllleHH51 MO:>KHO nonyqHTb, neiicTay n onepaTopoM W p. 

na C OCTOHHH51 I p 'e > neorpaHii'leHHOe '!HCno pa3, TaKHM o6pa30M, 118 COCTOHHH-.. 
HX I p ' e > on e paTop wp. coananaeT c wp. HeTpynno BHileTb, qTo BeKTop 

fi 
p. 

nepn e nllHKynnpen K p p. 

"' (IV 'p ) = 0 (3.5) 

KpoMe TOf'O, 113 ( 3.2) 38KniO'IaeM, 'ITO f!CnH I p' e > HBnHeTCH COOCTBeHHOH 

cVYHKUUeii )lnH P , TO H w I p, f> Taroi<e nanHeTC51 co6cTaemwii ljlyHKUReM c TeM 

:>Ke COOCTBeHHblM 3H8'1eHHeM 

PW I p.f> = p\V I p,f>· (3.6) 

Jlng yllOOCTBB p800Tbl B Jl8nhHeHllleM BBelleM pen51THBHCTCKyiO TeTpany B BH-

ne 

n 
(0) 

= (1,0,0,0) 

0 (I) = (0,1,0,0) 

n <2 l = (0,0,1,0) 

0 (S) = (0,0,0,1) 

3aMeTHM 3JleCb, 'ITO MO:>KHO, T8KHM OOp8:.iOM, X8p8KTepH30B8Th CHC T eMy 

OTC'IeT8 BenH'IHHBMH n(O) ,p no nOC TpOe HI!IO 

( n (a) , n ({Jl 
= g af3 • (3.8) 

CoaeplliHM nopeHu-npeo6pa3oaanHe oT CHCTeMbi, CB513aHnol! c noK051llletlcn, 

K CHCTeMe, CBH38HHOH C llBR:>KyllleHC51 '18CTHUeH . Torna D83HCH8H TeTpana (3.7) 

npeo6pa3yeTCH cnenyiO!UHM o6pa3oM: 

8 (a) = A 

B qacTHOCTH, nonyqae M 

<al 
n 

n (0)-+ _p_ 

10 

s < CD = _.Jl._ 
m 

(3.9) 

(3.10) 



HecKOnbKO oTeneKaHCb, aaMeTHM anecb, 'ITO , n c nonb3Y51 o6oanaqenne (3.9), 

MOlKHO 38nHC8Tb, 'ITO 

WI ·A 
n (O) ... __ P 

s I (2 . 16') 

T aK KaK ycnoane (3.8) nomKHO 6biTb nopc nu-nnoapii a HTH biM , n MecM 

( s <a> s <f3> ) c 
g a{J ( 3.11) 

II ( s (j) ) 2 = -1 j•1.2, 3. .. 
Y'l iiT LIB851, 'ITO w opToronanbno K ~ < 0 > ('iTO cncnycT na ( 3.5) u 

( 3.1 Q)), MO:>I(CM CnenyiOIUHM o6pa30M p a3nOlK IITb W no OpTllM HOBOii CI!CTCMbl 

OTC'leTa: 

w 
3 
~ s (j) (W s (j) ) . 

Ja l (3.1 2) 

I<po~I e Toro, 

.. 
(IV s ( j) ) 2 • (3 . 13) 

nonOX(II M Tenepb , no Onpenen e HJ1JO, 

.. 
w ~ ( J) ) 

J l m = I, 2, 3 , (3 . 14) 

rne J I - HeKOTOpblM BeKTOp, Cl30lJCTBll KOTOpOI"O H8M H8llne)I,HT BbiSICHI!Tb. 

n ep en11weM onp enenenne nnSJ J 1 

= ..L <w s w l = - 1- <w 
m m • (3.15) 

.. 
E yneM Ten epb coaepwaTb aeo6xo.anMoe nopeau-npe o6paa oeaane Hall W 

.. I A (I)"' 
A W =z-a .<. 

--;;- ... n (O) f1 v pa ' f1Vpa g vv I! pp g aa P v ~I pa • (3 .1 6) 

T aK KBK onnoepeMeHnoe nopeiiu-npeo6paaooaJ-IIIe ecex KOMnoneHT nonnoCTbiO 

8HTI!CIIM~I eTpl1'lHOI"O Te H30p8 f fl l/ p a He nonx(HO MeHI!Tb ero, I!MeeM 

II 



y 

(I) (2)-1 (8)-1 (4)-1 
A t=A A A t• 

Torna H3 (3.16) nonyqaeM 

A "' w I 
=2l g vv g pp 

A A( I) A(2) M 
g aa P v pa 

_1!_-+n(O) 
m 

Ho 

H 

(tlA(2) M 
A pa 

rne M' 
pa 

vpa p.vpa 

A P 
p ( 0) 

--+n 

(0) 
= m n 

~ M U ~ M' 
A ..L..-+n (0) (XI A ..£..... .. n( 0 ) . pa f 

m m 

- onepaT9P apame HHH a Hoaoa CHCTeMe OTC'IeTa. 

TaKH M o6pa30M, HMeeM: 

A w 
__£_-+ n (0) I 

__!!!_ l 
= 2 pa 

t M ' 
Jpa pa 1 

m 

rne TpexMepHbta TeH3op t lpa onpenenHeTCH KBK 

=- l 
lpa OJpa 

H 

I . 
1 ,2,3 

YITaK, Mbi nony'IHnH 

=_Ll l M ' 
2 pa lpa pa 

(3.17) . 

(3,18) 

(3. 19) 

(3.20) 

(3.21) 

(3.22) 

(3.23) 

(3.24) 

Y'IHTbiBBH, 'ITO Me)l{ny M ~{3 HMetoT MeCTO Te )l{e nepecTaHOBO'!H bte cooT-

HO!lleHH>l , 'ITO H M9)!<llY M a{3 , M0)1{9M T en epb 38llHC8Tb 
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3 

l 
y=l 

laf3y 1 
y (3.25) 

OnepaTop 1 , onpe.Qene HHbiH n ep e CT8 HOBOqHbi MI! COOT HOlli e HI! SI MI! ( 3.25), 

M bl I!Ae HTIIcjli!UHpyeM C Onepa TOpOM yrn oBoro M OMe HTa, .Q e iicTBll e KOTOpOr O Ha 

COCTOSIHH SI I p. e > Ha M 113BeCTHO. 

Toraa, yqi!Tbi Ba SI, qTo 

(3 .26) 

IIMee M 

(3.27) 

Uenecoo6paano T enepb pacKp hiTh IIHAe Kc B o603Haqef!HH I p. e > 

e = i. >. N • 

rae j - IIOl!Hhllf yrnoooii MOMeHT, >. - ero npeKUHSI na Bbi 6pannyro OCb 

( H8ITpHMep, Ha TpeTb!O) II 
N - npoqae KBaHTOBbie q11cna pacc MaTpHBaeMoro 

LlononHHM, HaKoneu, cjlop~v~yny (3.27) onpeaeiteHHeM 

1 I p • j • ,\ ,N > = .-1. ( IV 
3 m 

s ca> > I P' j' ,\ , N > >. I p. ',\ 'N > • (3.28) 

flocne Toro KaK Mbl BBena cooTHorue nHe (3 .28) 11, cneaoBaTe nbHO, onpeaemrm·r 

J a KBK lli!BrOHBl!hHYIO M8 Tpnuy BllllB 

1 3 ) . (3.29) 
-j 

OCTEl l!bfl ble llBe Ma Tpi!U bl J I • 2 n e rKO Ollpe.Qe l!51TCST C ITOMOUlb!O (3.25). 
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§4. npeo6pa30B8HHSI J1opeHU8 OAH0'1.8CTll'iHblX COCTOSIHHlf 

Pacc~roTpl! ~ ! nel"lcTBI1e nope Hu- apailleHHSI Ha OAHO'iaCTI!'iHOe cocTOSIHHe, Bbi6-

paB B HeKOT OpOii CHCTe Me OTC'i eTa OCb Z n c npoeuapoaaB Ha 3T Y OCb yrno-

aofr MOMeHT coc TOSIHnH. T orna , n ocKonbKY 51BnSieTCSI HHB8p!!8HTOM, M bl MO-

• eM 3an a caTb ne AcTsae npencTaaneHl!H r f Ha COCTOSIHHe I p . r > cnenyiOWHM 

o6pa3oM: 

l! f I p. A . i, ~ > = ~ <~r lu .l fP. A , . i . ~ >., I A 1 \ 

X 

~ s .~ I i"p . A . i . \ > 

/ 1 4 5/ 
3 aMeTH M , 'iTO nonpo6HOCTH BblBOA8 ( 4 .1) MO>KH O H8fiTH B pa60T8X ' ' 

H awefi 38A8'iei1 S!Bn SieTCSI onpeneneHHe SIBHOrO BIIA8 one p aT opa s f . nepenH

weM ypasHe HH e (3.28) 11 noneikTayeM Ha o6e qacTn 3Toro ypaaHeHBSI onepaTo-

poM l! f 
Torn a HMeeM 

- 1- ( u 0 IV t 0 A n(
3) ) r 0 I p . A • j . N > = A l' 0 I p • A • j . N >. 

m ~ ..l... n(O) -+ ~ ct. ol.. 

(4.2) 

'iTO ( C yqeTOM ( 4.1)) npHHHM8eT BHA: 

~( t; 0 W~ 0 A n< 3ll~r..lfp ,A , j.:">=AS 0 Ifp.A.j 
m ..L ..L n(O) .. .JL_ ;,: ..>.. 

N>.(4.3) 

J1eaaSI 'iBCTb coonrowe HIISI ( 4.3) MOli<eT 6 biTb np e o6pa30B8Gf'l cnenywWHM o6pa-

30M: 

( U}l' W Uf A n (3 ) ) = ( f -l w A n ( 3 ) ) = 
n (0)-+ .E.._ n(O) .. --.£. 

m m 

(4.4) 

(W fA n (3) ) = ( w A ~n ( 3) ) 

n (0)-+ .£._ n (0) .. f£_ 
m 

rne Mbl ssena Hoaoe o603Ha'leHHe: 

14 



-I 
~A "'fA 

n CO) -+ _"'-_P_ n CO)-+ .....!!..... • 
m m 

(4.5) 

flerKO y6e,llHTbCH, 'ITO 5l HBITHeTCH onepaTOpOM llpOCTpaHCTBeHHOrO spa-

IUeHHH, T,e. OCT8BITHeT HHB8pH8HTHOll speMeHHyiO OCb, LJ.eliCTBHTeiTbHO, 

:Rn CO) = A -I f 
nCO)-+ _P_ 

m 

0TMeTHM, 'ITO COCTOHHHH 

~-+nCO) 

\ 

s ~ I fp. >. • j • N > 

XL a n COl • 
m 

SIBITSI!OTCH C06CTB9HHblMH !liTSI p H8 3THX COCTOHHHHX BMeCTO p 
a 

(4.6) 

MOlKHO 

nonHpHaosaHHbiil onepaTop W f 
a 

llHC8Tb !f p a H MOJKHO BBeCTH MO!lHcpHUHpOB8HHbil! 

B KOTOpOM BMeCTO P a CTOHT fpa • 

Tenepb J l 

J 
j 

lliTH C06CTBeHHOrO COCTOHHHH p = fp 38llHWeTC51 

= + ( A fP co> w f 
---+n 

m 

Torn a MOJKHO nepenHCaTb ( 4.3) cnellyiOWHM o6paaoM 

(4 .7) 

I "' I .. "' ca> I "' >. >. S"' ol..p,>.,j,N>~-(A f l WQJ\n )S"' "'-P, ,j,N > = 
"'- m __ P -+ n (0 ol.... .J.... 

8 

=I 
jal 

m 

(4.8) 
J l ( 5ln C8) ) l S !f I fp, >. , j, N > = ( h: CS)) S f I fp , >. , i ,N > 

KoHKpeTH3HpyeM nosopoT, onHCbisaeMhiil onepaTopoM 5l 

nycTb ochiO nosopoTa 
.. 
e 6yneT OCb n ( 2) , H yron OTC'lHTbiBaeTCH B 

rronoJKHTe nbHOM HarrpasneHHH rrpOTHB qacosoil CTpenKH . Torna HMeeM 

( :Rn ) 
1 

= n (I) cos cp - n CS) sin cp 

(4 .8) 

( 9{ n ) = n CS) cos cp + n (I) sin cp • 
8 

/16/ 
BseneM HOBbie senH'lHHi>I J 

1 
(cp) , onpenenHeMbie coOTHOWeHH.HMH 

15 



e 
1</;J 2 

I , 8 
-1</;J 2 = 1 ( ¢) 

e 1, a 

12 <¢>=12 • 

.£lHqxpepeHUHPYSI (4.10) H (4.11) no ¢ 
1 

nonyqHM 

0TKy.aa cne.ayeT 

1 I ( ¢) 

d ¢ 1 3 ( ¢) 

d1 (</;) a-1
1

(¢). 
¢ 

1 I ( rp ) = 1 I cos cp + 1 3 sin ¢ = ( T. - 1 1 ) 

1
3 

(cp) =1 .cos¢- sin ¢ e ( !J:- 1 1 

TaKHM o6pa30M, 

ro-11 I¢J2 -1-'-J 
J\ =e Je 'f-"2 

l1H6o npH llOBOpOT9 BOKpyr npOH3BOllhHOH OCH .. 
e 

:J:- I 1 1</;(j ; ) 
= e 1 e 

-l¢<j;) 

16 
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(4.10) 

( 4.11) 

(4.12) 

(4.13) 

(4.14) 

(4.15) 

(4.16) 

( 4.17) 



noJlCT8Bn51SI ( 4.17) B ( 4,8), rrony'IHM: 

1¢ ,; :) 
e J 8 e -.l¢c;:, S~I ~ p , A , j , N> =AS ~~ ~p,A,j, N> . (

4
•
18

) 

113 <jlop M ynbt (4.18), Ha KOHe u, 3 aKmoqa e M : 

s ~ 
1 ¢ c1 -: 

= e (4;1 9 ) 

T aKHM o6pa 3oM, 

3 1¢ c/ :, 
u"' lp.A,j, N > ~~I e 

.1.. A '=t 
I ~ ~ ~. A' , i , N > . 
A>.' 

(4.20) 

M bt MOJKeM He cKonbKO o 6o6ll!HTb pe3y n b T 8 T (4.20). 11MeHHO, paccMoTpHM 

COCTOl'IHHe C yJKe llOBepHyTbiM OTH OCHTenbHO K8KOJ!-nH60 OCH 
.. 
f CllHHOM: 

18c; ~ > 
e (4.21) 

Terr e pb Mbi aonJKHbi rrpoeuHpoaaTb Ha TpeTbJO ocb yJKe rroaepHyTbtll crrHH. TaKHM 

o6p830M, BMeCTO (3,28) HMee M 

( :J{ '-I J 
8 

() .... ) e I (J f > 
(4.22) 

rae 

( :J{ '- I J 
8 

) ~ e I () t j -: 
(4.23) 

Toraa, y'lHTbiBBH p e 3ynbT8Tbi rrpeJlbiJlymero paccMoTpeHHH, M OlKHO 38!lHC8Tb: 

( :R- I !)( •- I J ) S e I ()(; ; ) 

8 ~ 

.... 
I {)(J f) >(4,24) 

I p , A, j ,N > -A S ~ e I p , A , j ,N , 

rrpH 'le M 

17 



1'1-1 1-l .... ~ . !R J = e I cp ( J • l 
3 

I (J(; :) -I (J(~ ~ 
.... 

-l cp(Je) 
J e 

(4.25) 

Tenepb n erKo BH.OeTb, 'lTO onepaTop Sf , OnpeaeneHHblll H8 HOBb!X COCTQ-

.SIHHSIX ( 4.21), HMee T TOT JKe BHJl, 'lTO H paHbWe, 8 H Me HHO: 

I cp (;:) (4.26) 
sf = e 

H, cneaoeaTenbHO, 

u I(J(j-;) 
fe 

I cp (j ; ) I() ( j -;) I p, A, j ,N > = e I p. A . j. N > . (4.27) e 

TaKHM o6pa30M, aaaaqa o nopeHUOBOM npeo6paaoeaHHH oaHoqacTH'lHbiX cocTo-

SIHHil CBO.QHTCSI K H8XOJK.Q e HHIO yrna nOBOpOTS cp BOKpyr COOTB e TCTBYIOWeil OCH. 

B cneayiomeM naparpa¢e Mbi npoa e naeM Bbi'lHcneHHe yrna cp anSI cnyqag 

npeo6pa30B8HHSI OT CHCTeMbl p 
z 

K 6pei1TOBCKOil CHCTeMe H YBHJlHM, 'lTO 

yron cf> SIBliSieTCSI, eoo6me roeopSI, tjlyHKUHell nepeaaqH HMnynbca H Mace Ha-

'l8llbHOro H KOHe'lHOro COCTOSIHHil, 

§5. nep e xog OT CHCTeMbl p • K 6p_ellTOBCKOil 

CHCT eMe 

nyCTb Mbl BMeeM .QBS O.QHO'lSCTH'lH blX COCTOSIHHSI, KOTOpble M OlKHO COOTBeT-

CTBeHHO p8CCM8TpHB8Tb KSK H8'l8llbHOe H KOHe'lHOe JlliSI HeKOTOporo npouecca, 

Hawell aaaa'lell 5yaeT nepexoa OT napbi cocTOSIHHil 

--l.. , o, P , p
0 

,A,j,N > 
2 z 

(5.1) 

1. + ' 0 ' p z ' p o ' A' ' j ' ' N ' > 

K nape COCTOSIHHil 

18 



3 aecb r z 

- -:} . o . o , p 
0 

, >. , j , ~ i > 

q 
2 

' a 

Po 

Po 

~ 

O,O,p
0 

,>.',j',N'> 

onpeaenmoTCSI ~lOpMynaMn: 

= y \1 
2 2 k 2 

+ p +(--) 
2 

= v' l1, 
2 2 ( _k_)2 + r + 2 

(5.~) 

(5.3) 

(5.4) 

/l·l bi 6yn eM nocnenoaaTe nbHO npeo6pa30BhiBaTb nnpy cocTOSIHnii ( 5. 1) a n a 

py COCT051HUil 

(5.5) 

n y T eM riODOpOTll B nnOCKOCTH (0,3 ), a 3aTeM , JlCn851 'II!CTO npOCTpaHCTBe HH blH 

nonopOT (1,3), nony'IHM H3 (5 .5) COCTOilHI! SI (5.2). 

Cone p wa51 nopenu-noaopo T n nnocKOCTII (0,3) na yron a , nony 'IIHI 

p p ch a - p sh a 

(5 .6) 

P' = p ch a 
.. 
p sh a 

1 

npH'I8M H3 ( 0 ,5) DHil HO, 'ITO JlOm!C ilO Bb!riOnH51TbC51 ycnOBI!e 

p 3 + p; =0. (ti .7) 

0TC!Olla HMe eM: 

2 p 
3 

ch a ( p 
0 

+ p 
0 

) sh a , (5 .8) 

OT~<yna , n 4aCTHOCTH, nonyqncM 

(5.9) 
p 

3 
ch a - p 

0 
sh a = sh a • 
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Bo3BO!lSl (5.8) B KsanpaT , a ycTpe.\1JJSJSJ P, K 6ccKo~re'!noc Tn, nony'!ae~ t 

B 8)K f!Oe COOTHOWeHlle 

p 
z 

eim sh a 
p 

+~ 
~ 

(5 .10) 

3a~leTl!M 3 )leCb, 'ITO npaB851 '18CTb lpOpMyJJbl (5.1 0) MO)KeT 6b!Tb Bblp8lheH8 '1epe3 

3Hepraa 0AH0'18CTH'Ill blX C OCTOSlHHrt B 6pertT OBCKOs"t C l! C Te~le ( 5.2) . 

.[leiiCTBI!TeJJbHO, BBOiHI 6pellTOBCKHe 3 Heprnn 

( '' \1 2 + q 2 I ~ (5.11) 
Q 

( Q v \I , 2 + q 2 I ~ 
(5 .12) 

Q 

nocne Hecno~<HbtX B bt lWBAOK nony'lnM ( B npe n e n e P z .. "" ) : 

fi'" sh a (5.13) 

p 
p 

+ ( 
Q 

OnpeAeJJHM T enepb senH'IllHY ( !...;--) 11 3 COOTHOW C HH II ( 5.5). II Mee~l 

~~ 
2 

\1 '2 - \1 2 (5.14) p"'Q PQ sh a 

~ v' \I 2 + \1 ' 2 + __ k_a 
2 4 

HaKoneu, uMnynbc s 6peATOBCKoll cucTeM~ q onpeAemtTCH c y'leTOM (5.14) 

cneAyiOwell JjJopMy noll 

( M 2 _ M .2 )2 + 4k 2 \I 2 + \1 ' 2 

2 

k 2 
+ -- . 

4 
q 

4 ( \1 
2 

t \1 ' 
2 

2 
+~) 

4 

(5.15-) 

.[lJJH )l8flbHellWiiX BblKJl8)lOK H8M nOTpe6yiOTC5! BblpB~<eHHSl, OTIHCblB810lUHe 

npeo6pa30B8HH5! OpTOB HeKOTOporo 68311C 8 l!O)l )lellCTB!IeM JJOpeHu-npeo6p830B8HHH 

A co> P • Yl MeeM 
n ->

m 

A 
n (0) _....E..__ 

m 

20 
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Po 
m 

no 

-+ -+ 
p 0 

--m-· (5.17) 

npoCTp8HCTBeHHbie OpTbl 
-+ 
0 yao6Ho p a3no*HTh Ha qa c Tu - rrapannenhHY~ H 

rreprreHaHKynHpHy~ K ITpOCTp8HCTBeHHOn qaCTH HMITy nhC8 rrpeo6pa30B8HHfl 

rae 

Toraa 

-+ 
0 

3aMeHon 
-+ 
p 

-+ 
0 

30B8HHe /1 n (O) 
......__ -+ n 

-+ -+ 
0 .1. p 

+ ( 
p 0 

m 

-+ 
H8 - p 

(5 .. 18) 

= 0 . 
(5.18) 

-+ -+ 

I) p (p-+;)+ p ----p2 --m- n 0 (5.20) 

Mhi MOlKeM rronyqHTh H3 (5.18) u (5.20) rrpeo6pa -

nonh3Y~Ch COOTHOllleHHHMH (ti.18J H \5.20), COBeplllHM rrpeo6pa30B8HHe 

ITpOCTp8HCTBeHHOf'O OpT a (~ THIT 8 

0 

n (0)_. _P_ 

rne KOMITOHeHTb! p 38U8Hbl rr epBb!M COCTOSIHHeM ( 5.1) . Toraa \ OITHTh B rrpen e n e 

P • ) rronyquM 

0 

0 

0 = 

n'= 
8 

_l_(n p 
M 

It 
2 0 

2M 

0 

08 + (~ M 

It 
--n 

2 

0 

(5.21) 

( 0 3 p It p -n 
2 1 

- I) 
p 2 

z + -r 
npeo6pa3yeM Terreph OpTb! D 

eMhiM (5.6). Torna rrony"'HM 

nopeau-rroaopoToM a rrnocKOCTH ( U ,3), 3aaaaa-
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no c: 

u 
1 

11 n 
2 2 

( · > 
.l u 

= p \ n (0) .. ~ 

~ k2 
.l!__t_\L_ + -

:! 4 

k 
2 \I 

n 
3 

<£- ,\1 2 __ +_~ ln 
-1\1 

(5.:.<2) 

-+ n 1 1 

(5.23) 

n 

' \1 2 + .\1 '2 k 2 
(_\_I + 

2 

\I ' 2+ \1 2 

-1\1 
)n +--k-n I . 

3 2 1 
\ +-

2 -1 
I I , Hlll<OHeu, cooepwn M nocnenHnii noooPQ_T B nnoc KoCTI! (I ,3): 

cos () + x 
1 

sin () 

1 ...: X 1 cos () - x 
3 

sin 0 . 

B COOTBeTCTBHH c ( 5 .2) nonyqae M : 

f f. A n ) 
e 

=-_.!c._ 
2 

cos () - k 
2 

~in (J = 0 
I ,3 0,3 

(f. f. ,\ 
11 ,3 0. 3 

n ( O) .. ~ 

n ) 

nCO). ...P... 
m 

1 
a _ ...!s., COS () 

2 

e. 
+--sinO=- .....9.__ 

2 2 

Tenepb MO*e M aonHCBTb 

n 

rne 

cos () ( 
M 

- 2-- + 
_/ M2+M'2 k2 
v + - -

2 4 

+ sin () ( n 
. 1 

sin f) • 
- e • 

M '2+ M 2 

4 ~I 

...!s.. n ) ' 
2M 

yf2 + k2 . 
co s () = 

k 

ve!+k
2 

22 

n 3 + ~ n 1 I + 

(5.24) 

(::i.25) 

(5.26 ) 

(::i .27) 

(::i . ~8J 



H n l!ne M T onepb pe3ynbTIIPYIOJUHii yron noeopoTa oT 

MupyH pnHee nponen a nn we npeo6pa30BBHHH, nonyqHM 

11 = n cos </> + n 
1 

sin </> 

11 I< n 

n ~ ( ~- _M_a_-_~_1_'_2) + ~ (2.!.+-~-l_'a_+_M_a+ 
3 

I M
2
+)1'

2 +X v --2-- 4 

q 2 2 q 2 4M 

H3 (t>.30), HBK OHOU, Mbl HBXOnHM 

tg </> 

H 3 (5.31) MO)I{HO 3aKnJO'UITb, qTo 

cf> = arc t g 
M' - M 

k 

k 
+ arc tg 

M' + M 

• Pe3JO-

(5.:.!9) 

M 2 ' I' 2 , - .. ) I. 
4M 

(5.30) 

(5.31) 

(5.32J 

lleHCTBHTenbHO, pa36HBBSI ~lOpManbHO </> ua nea nocnenoeaTenhHbiX no-

BOpOTB cf> ~ <I> + () , nonyqHM 

l g </> = __:t~:..· _•ll __ +_ tg:::_fJ __ 

I- t g •ll t g () 

qTo coenanaeT c (5.31 ). 

2M k 

3aM eTHM a 3aKnJOqeHHe, qTo noeopoT Ha yron </> 

(5.33) 

, onpeneneHHbtli (5.32) , 

coeepmaeTCSI npH npe o6pa30BBHHII nepeoro H3 cocTOSIHI! fr ( 5.1); BTOpoe )1{0 coc

TOSIHH e 6 yn eT nOBOpBqHBBTbCSI HB y ron 

cf> ' = arc l g - are tg 
k 

(5.34) 
M' + M 

§6 . npe o6pa30BBHHSI MBTpHqHbiX 3neMeHTOB onepaTOpOB) 

B3 S!Tb!X HB COCTOSIHHSIX C Pz .. oo 

PaccMoTpHM MaTpHqHbtll 3neMeHT nyneeoll KOMnoneHTbi HeKOToporo seKTOpHoro 

onepaTopa 
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< p,'A; j;N' I A l1 (x) lp,A
1
j

1
N >. (6.1) 

BcneacTBI!e TpancnmliiOHHofi IIHBapllaHTHOCTII MO)!<HO aanl!caTb 

-l(p -ph 
<p,'A;j ;N'I A l1 (x) I p,A,i,N >=e < p;A;j;N'I A l1 (0) I p,A,j,N >.\6.2) 

Eep!i! )!(e a o6KnaaKII Bhtpa)!(eHI!!il Tl!na <jlyphe-KOMnoneHT 38p51JlOBbiX nnoTHOCTefi 

f A ( 0. 
11 

nonyqaeM 

.... 
.... f Q X 
x ) e 

.. 
dx (6;3) 

< p ; A~ j ,' N 'j J A 
11 

( 0 • X ) e 
1 0 ~ d i I p,A,j,N > = o ( p - p '+ q ) < p ,'A ; j ;N ' I A / 0 ) l p,AJ ,N > • 

(6.4) 

TaKI!M o6pa30M , an!il fl8liii!X uenefi MO)!(HO orpaHI!'li!ThC!il paCCMOTpeHI!eM 

MaTpl!'lHh!X aneMeHTOB KOMnOHeHT C HyneBb!M H M nynhCOM A l1 (0} 

PaccMoTpi!M Tenepb MaTpll'lHhifi aneMeHT A 
0 

(0) , B351Thrfi Me)!(JlY COCTO!ii-

HII!i!MII (5.1 ). 

<.JL...o, P 
2 

'A', j', N', p 0 I A (0) I - _L 0 p 
0 2 • • , j, A , N , pa

0 
> " N 

(6.5) 

=<+.o.P. ,A',j'.,N',p 0 I J
2 

u
2 

A
0 

(O l t f u
2

1---lf-.o,P •• A.j,N,p .. 
0 

>, 

rae 

f f f (6.6) 
I, 3 0, 3 

II 

U 
2

1-+,0,Pz ,A,j,N,p 0 >= e tr/>Jy 1--}.0.0,A,j,N, p~ > 

(6. 7) 

··u I k 0 \' . ' • a I </> ' J y I q 0 0 \' . ' N' .. ' f 2-' ' p~ ' " ' l ' N ' p 0 > = e -2- ' ' ' " ' J ' ' p > . 

:.l4 



B !jlopMynax (6.7) yrnhi ¢ H ¢' onpeaens!IOTCSI '1epe3 Bbipa:>KeHI!SI 

(o.::l2) II (5.:H) COOTBeTCTOeHHO. 

HanOMHHM, KpoMe Toro, 'ITO 

+ 
UfA 0 (0)Uf f -1 

I. 3 

Tenepb MO>KHO 3anucaTb c y'leToM aopMHPOBKH §I: 

\! M~ + q~/4 
X 

4--~----~----~----y M' ~ + p •2 + k 2 I 4 

A) (6.8) 

(6.8) 

(+ , ... 'I -i¢'Jy x , 0 , 0 •" , j , N , p 
0 

e 1-4.o.o.>.,j,N,;~l 

Gl - I 
B bmHweM npeo6pa3oaaHHe ( .L ' ' l0: 

( f -
1 

f -
1 

A ~ A cb a + ( A cos 6 - ~ sin 6 ) sh a • 
0,3 1,3 0 0 3 

(6.10) 

TaK KaK sha"' P ('ITO ana::o 113 t5.10)J, To nonyqaeM 

fim cb a ~ sh a • (6.11) 
p .. 00 

TaKHM o6pa30M, 

" k , , • • 1 c 1 k , . ., l tim ( 2 . 0 , P , " , j ., N , p 0 A 0 0) - 2 , 0 , P z , " , J , N , p 
0 

= 
p .. 00 

xiA 0 (0)+A 

3aMeTHM, 'ITO 

(f -I 
0,3 

.'{!-I 
I, 3 

•¢ J y 
cos (} - A 

1 
sin (} I e -+O,O,A,j.N, 'P; ), 

A) = (A cos 0- A 
3 

sin 0) ch a + .~ sh a • 
0 

25 
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Y'IHTbiBaH (6.11), 6e3 TpyJla nony'lll M T e nepb: 

fim ( _k_ , 0 , P , ,\', j' , 'I ', p 

p :+ 00 .. 
2 • 0 

.-\ (0 ) 
0 

= Pim ( _J.. , 0 , P 
2 

' ,\,' j,. \,. p I A 
0 

p .. .., 

_..L., o, P ,A,j.\ ,fl' 
2 

(0) I - _L. 0. f
~ 

A . \ "' ' • J • . • p 0 

) ~ 

(6.14) 

}. 

8 TO ~;e Bpe;- : 51 KOMllOHeHTbl A I ( (\) , A 
2 

( 0), 1:e !1p e o 6pa 3yiOI!H!eCI! llOBOpOTO M 

(0,3), He 6yJlyT Jl8B8Tb ~18KTOpa •h a nn6o ch a , n, Tn K n~: oGpa::Jo~t, 6yJlyT 

o6pama TbCil e Hynb npu P .. "" • 

(--L,o,P 
2 

',\,' j,' 'I, m, p o l A (0} 
1,2 

_..l_,n,P,,\ ,j,\.r-
0 2 • 

b_L. (6 .1 ti) 
p 

AH a norn'IHOe noeeJle Hn e 6y.neT n :-. :eTb MecTo JlJI<J cKnn<JpllbiX n nceBilOCI>~lJI Ilp-

Hb iX BenH'II!H . 

§7. Onepaunn npocTp D HCTBeHHoro n epeMeHHoro 

OTpa•e HUU OAHO'IOCTU'IHNX COCTOI!HUU 

npe~>Jle '!eM nep e XOJll!Tb !( ltrtXOXiJlCllll!O Lll!ilD OI1CpDTOpOD llpOC Tp:H I C T BeHHO

ro u n peMe HHOro OTpD >Oie H:rii, cnenaeM p11n aaMe'la nn ii OTuocnT e ilbtiO npeo6p o ::Jo

BaHni;, pacc " oTpc' HHuiX a §b. 1\ ', bi nponenbiBann T aM npeo6p o3onaH n 11 OT cocTo-

HHUii THn ll 

< -L,n,P 
2 • < _k_ '0' p 

• 
(7.1) II 

(r}le OllY UWI!hl }lnSl !1pOCTOTW B Ce IIHJl i? KCW, Kp OMC llpOCTpDHCTBeHHWX KO~lllOHeHT 

I!MllynbCa) K COCTOHHI!HM B 6peiiTOBCKOli Cl!CTC~ I C 

< _ __9._,0, Ol 
2 

I! < .!L 
2 

o. o I . (7.2) 

3aMeTI! ~ 1, 0JlH8KO, 'ITO COCT05!Hll51 (7.1) " oryT 6biTb, B CBOJO O'lepeJlb, llpeo6-

poaoeaH bi n y TeM 6 e cKOHe'IHO Ma n oro ( npn P, !10BOp OT 8 B llnOCKOCTll ( 113) 

K C OCTOSTHiiSI!-.1 BHO a 
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<--·-+ " ' 0 ' · p. ·I H < k 
+K,O,P.I· (7.::!) 

fl.anee, 6eCKOH9'IHO MB!Ib!M !IOBOpOTOM B !IIIOCKOCTH ( 2
1
3) MO)!(HO npe o6pa3 0B8Tb 

(7.3) K COCTOHHHHM C HBHyneeoli y- KOM!IOHBHTOH HMIIY!IbCB 

< 
k 

H 
k 

(7.4) 

TaKHM o6pa3oM, M b i M0)!(9 M rrpoaenbiBBTh nerrb rrpeo6pa3 oeaaali He TOIIhKO 

OT (7.1) K (7..2), HO T 8K)!(9 OT rOp83AO 6onee 06lll!iX COCTOHHHli (7.4) K (7.1). 

3aliMeMCH Te!Iepb O!Ip9AB!I9HH9M O!I9p8TOpa IIpOCTp8HCTB9HHOli '19THOCTH 

0AHO'I8CTH'IHb!X COCTOHHKli. flo O!IpeaeneHHIO 

p 
p,p 0 ,A,j, N >=t l-p,p

0
, A,j,N >, \ 7.5) 

rae t - BHyTpeHHHH '19THOCTb paCCM8TpHB89MOrO COCTOHHHH . 

OaHaKo MO)!(HO aaMeTHTh, 'ITO e cncT eMe P -+ .., HM99M 

I - p , p 
0 

, A , j , N ";> · = e - 1 
" J Y 

p , p 
0 

, A , j, N > , (7.6) 

B "19M nerKO y6eAHTbCH, !IpHHHB BO BHHMBHHe B03MO)!(HOCTb nep e xoaa B CHCT9M9 

p 
OT COC TOHHH ll (7.4) K COCTOHHHHM (7.3). 

TaKHM o6paaoM, nonyqaeM 

P 1;, p ,A,j,N > =t e -lrTJy 
0 

-+ 
p,p

0 
,A,j,N > . (7.7) 

PaccMoTpHM Tenepb apeMeHHoe OTpa)!(eHae. Koraa aHTHyHHTapHbili onepaTop 

Bp9M9HHOro 0Tp8)!(9HHH T aeliCTByeT Ha Harne 0AHO'I8CTH'IH09 COCTOHHHe, OH 

npeo6paayeT ero K COCTOHHHIO C TOll )1(9 C!IHpB!IbHOCTbiO ~ 
/ 4,6/ 

p B 06p8THOM H8!Ip8B!I9HHH 

Tor a a 

T 1-+P • -l rrJ y -+ 
p 0 ,A,J,N >= re I P, p

0 
,A,j,N >. 
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.llefiCTB!ie lKe onepaTopa BHyTpeHHel! BpeMeHH.Oll '!9THOCTH MOlKHO 3anHCaTb cne

llYIOIUHM o6pa30M: 

, I 'A ,j ,N > =( - 1)1+>. I p 
0 

, -i' , -A , l ,N > • (7.9) .. 
p ' p 

0 

[lei\cTBHTenbHO, Mbl llOnlKHbl HM9Tb r 2 = ± npH nel!CTBHH Ha HaWn OllHO-

'!aCTH'!Hble COCTOSIHHSI, 

B caMOM nene, 

, 2 I r , (-1) 1 + >. 1-p, p ,-A,j,N>= 
0 

P
0 

, ~ ,j,N > 

= ( -I ) 
2 

j I p ' p ' ), ' j ' N > = + I .. p ' p ' A 'j • N > • 
0 - 0 

(7.10) 

TaKHM o6pa30M, nonyqaeM 

T p,p ,A,j,N 
0 

l+A -IITJy 
> = (-ll e p 

.. 
'-p ' -A, j, N > (7.11) 

0 

OrMeTHM, HaKOHeu, B 3aKniO'!eHHe, 'ITO Haw Bbr6op A KaK npoeKUHH Ha 

HenOllBHlKHYIO Tpe TbiO OCb npHBOllHT K TOMy , '!TO B CHCTeMe P 

/6 ,7 / • 
coBnanaeT co c nHpanbHOCTbiO, onpeneneHHoll B pa6oTax 

Hawe ), 

3AKJIIOYEHHE 

K 3anaqe nocTpoeHHSI penSITHBHCTCKOll TeOpHH 3neMeHT apHbiX qacTHU cywecT-. 

ByeT u e nbril pSin nonxonoB. H3 HHX MOlKHO OTMeTHTb aecb Ma HHTeHCHBHO pa3BH~B-

w e ecSI B nocnenHee BpeMSI HanpaBneHHe, c Tpe MHBweec SI o6bellRHHTb rpynny 

rlyaHKape C BHyTpeUIIBf.lH CHMMCTp liS!MH, C T eM, '!T06bt KnaCCHqlBUHpOBaTb 3aT eM 

3 n eMe HTa pH bJe '!aCTHUbl H pe30HaHCbl no npe):ICTaBneHHSIMB nonyqeHHOii rpynnbl 

/ 8-12/ 
(nH6o no onHoMy nHWb 6ecKOHe'!HOMepHOMy npencTaBneHaiO) • WapoKo 

H3BeCTHbl TpynHOC TH, BCTpeTHBWHeCSI Ha nyTH OCyiUeCTBneHHSI T8KOH nporpaMMhl. 

LlpyrHM nonxonoM sJBnSieTcSI pa3BHTHe KaapKOBbJX Monenell, Korna H3 orpa-

HH'!eHHOrO '!HCna QlYHllaMeHTa nbH biX 'laCTHU \ Hmt KBa3H'!SCTHU, ecnH He HaCTaHBaTb 

Ha <jlH3U'!HOCTH CB060llHblX KB8pKOB ) C TpOS!TC SI CBSI3aH Hble COCTOSIHHSI, OTO )!{lleCTBnl!IO-
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WHBCR C 6apUOHBMH H MB30HBMH . MHO*BCTBO npHBTIBKBTBTibHhlX CTOpOH 9TOrO 

liOAXOAB HB MO*BT, OAHaKO, CKpb!Tb TOrO 06CTORTBTibCTBB, '!TO 60TiblliHHCTDO 

KBBpKOBbiX MOABTIBH RBJJR!OTCR B HaCTORWBB BpBMR BBCbMa HHTYHTHBHb!MH H npu6-

niUK9l-IHblMH. 

MomHO, aanee , pa60TBTb B HBKOTOpOli Cl!BUHaTibHOli CHCTBMB OTC'!BTa, aa-

IOWBM pRA npeHMyweCTB KBK npH llpOBBABHHH l!OAC'!BTOB, Tal< H C npHHUHliHBTib

HOli TO'!KH 3pBHUR. 

C apyr011 CTOpOHbl, '!T06b! l!BpBXOAHTb K !jJH3H'!BCKH YA06HOM CHCTBMB OT

/13-15/ 
C'!BTa, T aKoli , KaK, HanpHMBp, CHCTBMB p -+ oo , HB06XOAUMO IIMBTb TIOTIHy!O 

• 
CHCTBMY OAHO'!aCTH'Illb!X COCTOHHHfi, ll 3HBTb, KaK 3TH OAHO'IBCTH'IHbiB COCTOHHHH 

npeo6pa3yiOTCR rrpu rrpon3BOJJ&HbiX nopenu-rroaopoTax H caaurax . 0TMeTHM, '!TO 

HBXOmABIIHB TaKOM CHCT BMbl RBTIHBTC A, C06CTBBHHO rOBOpR, UBTib!O TaK*B H paHBB 

l!BpB'Il!CJJBHHhlX l!OAXOAOB. 

ArrrrapaT, orrucaHHbili B nacToRmux neKUHHX, oKa3biBBBTCfi rrone3HbiM rrpu 

peweHHH BTOii 3BAB'IH , OCTaBTIHR, OAHBKO, pRA cymeCTBBHHO Ba~<Hb!X BOllpOCOB 

HB3aTpoHyTbiMH. TaK, HarrpuMep, ADA 6onee cTporoli TeopHH rrpeacTaanHeTCR neo6-

XOAHMblM yCTBHOBHTb 3aKOHOMBpHOCTH nopeHU- npeo6pa30BaHHM Cl!HHOpOB , RBTIR

!OlliHXCH pelllBHII RMH ypaBHBHHli llnpaKa. PaccMoTpBHHIO a Toll 3aAa'IH 6yaeT rrocBR

meiia CTIBAYIOwasi pa6oTa. 

B 3ai<TIJO 'IBHH e aaTop Bhipa~<aeT rny6oKyiO rrpu3HaTenbHOCTb aKaABMHKY 

H.H.Eoron106oay 3a rrocTORH IIbJil HHTepec K pa6oTe H uenHbie KoacynbTaUHH, a TaK me 

A.B . E¢peMoBy , B.r.l<aAt.llllBBCKOMy , P . M.I\ ' ypaAHHy , Hrye H BaH Xbey, n.n.co

TIOBbBBy, A .H.TaaxenuA3B 1 H .T.Toaopoay, E .B. Meaoeaeay , H lO.M.WHpOKOBy1 

3B none3HhiB o6cy•aeHHH. 
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