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A a a o T a u H a 

Kax rroxaaan Baa Xoa, a Mo.aena cKanapaoro nona c ToqeqHbiMH IICToqaaxaMH ace cot5-

cTaeaable aeKTopa IIOIIHOrO raMHilbTOHHaHa OpTOroHallbHbl K COt5cTae&HblM aeKTOpaM CBOt5o,a

HOro. B aToM cnyqae cymecTayiOT ae TOilhKO «f>aaa ... ecxae, no R qacTo MaTeMaTaqecxae oc

aoaaaaa .ana aae.aeaaa TaK aaabiBaeMbiX orrepaTopoa 'o.aeTbix' qacTau. Ot5cy)l(,[laeTca cymecT

aoaaaae yaHTapaoro rrpeot5paaoaaaaa, ca!l3bi BaiOmero onepaTopbi • o.aeTbiX' H 'ronbiX' qacTHil • 

.fiacKyTHpyeTca BOilpoC 0 TOM, HeOt5XOilHMbl IIH HeKaHOHH'q9CKHe ( t5eaBaKyyMHbl8) rrpeucTaa

neHU!I un11 'o.aeTbi X' orrepaTopoB nona. YxaabiBaeTca, qTo HeCMOTp!! aa «f>axT opToroaa nb

HOCTH, IIOBe.aeaae CBOt50ilHbiX H B3aUMO.aeiiCTBYIOlllHX Me30HOB MOJKHO Cp8BHRB8Tb, ecnu TeO

pRIO c«f>opMyllHpoaaTh a TepMRHaX COOTBeTCTByiO!llRM Ot5p830M Ollpe,aeneHHblX 8MIIIIHTYil <l>oKa 

RIIH ~YHKilHR fpaaa. 

B 3TOR pat5oTe ot5cyJK,aaeTC!I llpOCTaa MO.aenb KBaHTOBOR TeOpHH IIOII!I! CKall!!pHbl e Me-

30Hbl C TO'q9'qHblMR «f>HKCHpOBaHHblMH HCTO'IHHKaMH. 8 OCHOBHOM p a3t5Hp8IOTC!I BOilpOCbl, CB!I-

38HHble C «f>aKTOM OpTOrOH81lbHOCTH 1IpOCTpaHCTB8 50 BeKTOpOB COCTO!IHHR CBOt50ilHblX Me-

/1/ 
30HOB H llpOC"I:pBHCTBa 5 0 B3aHMOlle llCTBYIOlllHX • npocTp8 HCTBOM B9KTOpOB COCTOSIRHfl 

Mbl R83 biB89M BCe B03MO>KHbte nHHeA:Hbte KOM6HH8UHH C06CTBeHHbiX BeKTOpOB P8MHnbTOHH8H8 

Teopaa. TaKa!! opToroHanhHOCTh oaaaqaeT aeaoaMO JKHOCTh paanoJKeaaa peweaa ll ypaaaeHH!I 

llJpeuaHrepa llpH HallH'IHH B3aHMOileilcTaH!I IIO COt5cTaeHHblM aeKTopaM caot50ilHOrO 1'8MHilb

TOHH8H8 (ace Koa«i>«f>anaeHTbi paano>KeHH!I u onJKHbi t5biTh paBRbi ayniO). B 'IBCTHOCTH, He cy

mecTayeT pa31IO>KeRH!I aaua ( 12,11) a H3 1IO JK9RHH llJaet5epa
121 

llll!l CXOilHOll MOll91IH. 

Mbi Ha'!HeM c KpaTKoro aanoJKeHH!I crrocot5a Haxo)l(,[leHHH peweaatl Mo.aena, a crronbao-

/1/ 
aaHHOrO Baa XoaOM , aBOllH IIO rryTH IIOHHTHH, KOTOpb!9 H8M IIOHBI!Ot5HTC!I B ll81lbH9llWeM, 
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§ 1. OnepaTOpbl nonSJ B38RMonellcTBYKHRHX Me3oBoB 

faMHRbTOBBaH MonenB 3anaeTcSJ BbipalKeBBeM H
1 

- H0 + gH 1 

a 2 ~ .. ~2 
H 0 • l( J d I [17 (I) + V u (I) V u(I) + m u (I)) , ( 1.1) 

a o 
H I • f d I U (I) 

0
: I 8 ( I- I 0 ) • (1.2) 

On epa Top cKanSJpBoro nom; a (I) • conpSJlKeBHblll onepaTop " (I) non'IBBSJtoTCSJ otibi'JHbiM 

nepeCT8HOBO'JHblM COOTHOW8HB11Ml I 03H8'J88T TpH I<OOPIIHH8Tbl: I, y , z • BctollY C'JHTa-

eM, 'ITO h • 1 H c • 1. nollpa3y MeaaeTcSJ B83118 wpenuareposcxoe npellcTaaneaue, e cnB 

ae oroaopeao uaoe. 

0K83b1B88TCII B03MOlKHbiM llp8!1CT8BHTb H 
0 

B BHIJ8 llO'JTH CBOtiOIJHOrO raMHllbTOHII8R8 0 

ecnH B H
0 

BB8CTH BM8CTO U (x) H 1T(I) T8KHG OllepaTOpbl : 

a 
u

8
(x) ~ u ( x) + _ _ s_J d k l: 

( 2" ) 8 

7T 8 (x ) • IT( x) . 

Jk(x- x
8

) 

ll 2 
k + m 

B TepMHHax u • H "• nonHbiii raMI<nbTOHn ! .P. npHRHMaeT BHII 

a. H 0 (u
0

,7T
8

)+ W(I 0 )+W 0 

(2.3) 

(1.4) 

( 1.5) 

B bipalKeHHe H0 (u,17) 381188TCII cj>opMynoll ( 1.1), c- 'Jl!CllOBbie <jlyaKUHll 

/1/ 
W( x0 ) u W0 on-

pelleneHbi cj>opMynaMH ( 2.3) H ( 2.4) p atioTbi • 

B cnyqae, xor11a HCTO'JHHKH 3 aMeHeHbi xaaaToBaHHbiM HyKnOHHbiM noneM (c aaepr11ell, 

H8 38BHCRW811 OT HMllYRbC8), BB9ll8HB8 CXOIIHblX HOBbl X onepaTOpOB llOllll llp BBOIIHT K ll0RB

ll8HHIO B ( 1.5) raMHJlbTOHH8H8 ll8pHOrO B38l!MOII811CTBIHI HyKllOHOB BM8CTO W (I 0 ) + W0 
/2 / 

(eM. ( 12.54a)). TaxHM o6pa3oM, B n pellcTaaneuuH u • , "• raMBllbTOIIBaH H 
1 

IIBnlleT-

CII llO'JTB CBOtiOIIHbiM B TOM CMbiCne, 'ITO ( 1.6) yJKe H8 COII8plKHT B38HMOII811CTBBR CK8ll11p-

aoro nona c qeM-nHtio. B qacTHOCTH, rell3ea6eproacxnll onepaTop 

caotionuoMy ypaanenHto Kne fiaa-fopllOHa 

I 0+ m
2

)u 0 (I , t)•O . 

U 
1 

(x,t) ll01l'IHHSI8TCII 

(1.6) 

BneneM onepaTopbi 
+ 

a 
1 

(k) , a 
8 

( k) CBR38HHbl8 C u 1 (x,t) Otibl'JHbiM o5pa30M C llOMOWblO 

llllOCKHX BOllH ( T8K 'ITO ( 1.6) Bblll0RHR8TCR): 

u
1

(x,t) • _J, 
'I/2V 

_ ~ lkx +It k t 

l:ktk [a 1 (k)e 

4 

+ -lkx-ltkt 

+a • (k) e ]. ( 1. 7) 



HanoJKeHbt ycnoBHH nepHOliH'IHOCTH aa Ky6e o6'beMa V , aaaeKCbt k no3TOMY aacKpeTabl 

( k 0603B8'189T kx , ky , k • ) • flpa 60llbWHX V MOJKHO 38M9HHTb !, k HBTerpanoM 

fd
1

kV/(21T)
8

; rk a..jk
2

+m2 llepea a g (k) onepaTop H 0 (u 8 ·"• B (1.5) Toraa Bbtpa-

JKaeTc!l npHBbt'IHbtM o6pa3oM: 

(1,8) 

C onepaTopaMH a .-o ( k) .. a ( k) Oll9p8TOpbt a I (k) CBSI38Hbl COOTHOW9HH9M 

( 1.9) 

a -K 
"• • - g(Vrk) !. slnkx ( 1.10) . 

Baa Xoa BbtpaJKaeT • • (k) npa nro6oM g 'lepea apMHTOBCKHe onepaTopbt p k a q k : 

pk s _
1_(a+ (k)-a (k)] 

y;: 
q ~ I (a+ (k) + a(k)] k72 ( 1,11) 

a peannayeT ( npeacTaanHeT) HX cneaytolllHM o6paaoM: Bbt6HpaeTcH n peacTaaneane, B KOTo-

poM q k ll118rOH8llbHbl q k HM99T HenpepbtBHbt ll Cll9KTp 3H8'19HHfl OT - oo 110 + oo ) 0 a 131 
a p k -- i /aq, (eM. THKJKe , cTp. 19). HanoMHHM, 'ITO k ecTb aoMep cTeneaa cl'lo-

6oabt nonn. TloaJKe Mbt o6cyanM, KaK 3TO npeacTaaneaae CBHaaao c o6bt'IHbtM npeacTaane
/2/ 

HH9M C BHKYYMOM (<jJoKOBCK09 Up91lCT8Bll9HH9), CM. rnaBa 7, § ). 

B q k -npeacTaaneaaa co6cTB9HHbte BeKTOpbt H0 HMetoT BHil 6ecKoaeqaoro npoaa-

aeaeaHSI ll llO BC9M HOM9p8M k OT <jlyHK!lHl! rp: ( q k ) , BbtpHlKHIOillHXCSI qepe3 HOpMH-

poBHHHbl9 <jlyHKUHH 8pMHT8 h/11: 

( 1,12) 

( 1.13) 

Co6cTaeaabte aaa'!eHHH R8 

Henb3R C'IHTHTb ( 1,12) <jlyHKUHRMH B o6ht'IHOM CMbtcne: KHJKilo l! TO'!Ke ( q
0 

, q
1 

, ••• , 

q• ) (1,12) conoc TaBnSieT aynb, HanpaMep, Koraa ace n(k) paBHbt aynto, HMeeM 

llpH g • 
2 

ll k (IT)- ~ e - Qk /• = 0 

5 



118lKe a TO'{l(e ( 0,0, ,,, 0, .,,) , noa TOMy HX aenb311 p 8CCM8Tp Ha8Tb H K8K 8MnllHTYIIbl aepo

!ITBOCTH, 01!H8KO 111111 a&KTOp Oa (1 ,12) MOlKHO onpeQ&IIHTb CK8n!!pao e DpOH3aei!&BHe T8K, K8K 

aTo 11enaeT Baa Xoa
1 11 

('I' (In( k) }) 
+oo k k 

'I' (I • ' ( k l l l = n. f d q • rf> • (q • l rf>., ( q • l · ( 1,14) 
-oo 

8 aTOM CMbiCne a &KTOp8 C OIIHHM H TOM lK& OpTOHOpM HpOBBHbJ , no <j>opMyne ( 1,14) 

MOlKBO Bbi'U!Cn!!Tb CK8n!lpHoe npOH3B&IIeHHe BeKTOpOa II C p83HbiMH , nocxonhKY OHB 

Bb1p8>K8Hbl B OAHOM H TOM }t(9 q k -npel!cTaaneaun, DeAcTaHe onepaTopoe aa ( 1,12) ylKe 

nol!p83yMeB81IOCb DpH HX B8XOlKI!eHHB: AeAcTaHe H g ~ }.; k H k CaOAHTC!I K CyMMQ AellcT-

aHII OTI!enhHhiX cnaraeMb!X H k aa o6hPUibl e <jlyHKII.HH ( 1,13). 

Boo6me (1,12) MOlKHO p 8CCM8TpHaBTb K 8K aeKTOpa B&KOTOporo rHnb6epTOBB n pocT

/4/ 
pBHCTBB , 0 KOTOpOM DOI!p06Hee 6y110T CK838HO a § 3, 

Onpell&nHM 11.m1 mo6oro g aaxyyMHOe COCTO!IBH9 0 g KBK C06CTB8HHOe COCTOIIHHB 

H • c aaBM&HbweA co6cTBeHHoA auepraeA - xor11a a ce n ( k) 

n. 
k 

rr.rf>o(q.). 

paBHbl aymo: 

( 1,15) 

3aMeTBM, 'ITO 0 - BaKYYM TOilbKO no OTHOWeBHJO K CIC81I!!pHOMy non10: OH COII.eplKI!T HC-

TO'IHBXH, 

HaM celi'IB.C npllll&TC!I o6cyiiHTb OIIHY TPYAHOCTb, xoTopa!!, aoaMolKuo, HanReTc!l cne 

na<jla'lecxoll Jln!l pi!ICCM8.TpHa8.9MOI!: MOJlena, HO np811CT8BJIH8T H8COMHeHBbll! HHTepec . 8 Ba

KyyMHOM cocTo!IRHH IIOI1lKea 6biTb paaea uymo HMDYI1bC M&aoaaoro non~~, 011aaxo xaaou a-.. 
'18CXHA HMRy l1bC M930BHoro non!! P 

COOTaeTCTByJOwero r8MHI1bTOHH8HY H a 

, nocTpoeaabiA o6bi'!HbiM o 6 paaoM aa 11arpaB lKHaaa, 
x/ 

P • fd
8

x[tr(x)Va(x)+ Vn(x)tr(x)] (1.16) 

HQ KOMMyTHpyeT C H 
0 

, KBK MOlKBO npoaepHTb, 3aMeTHM, 'ITO P HMB&T T8KOil lKe aHA, 

K8K II a cnyqae OTCyTCTall!l B38JfMOIIellcTall!l aBRIIY OTCyTCTaHH npoH3aOII.HbiX OT u (X ) ·a HI 

x/ nocKOI1biCY B MOII911H QCTb <jlHKCHpOa8HHbi9 BCTO'IHBKH, TO ROilllbiii HMDyllbC CMbiCna 

ue HM&eT, Ho MOlKHO roaopHTb o6 BMnyl1bce TOI1biCO Meaouuoro non11. Ero MOlKHO onpelle-

11HTb xaK reaepaTop CIIBBra 111111 onepaTopa Meaoaaoro non~~. Onepa Top (1.16) yAoBneTao

pl!eT aToMy onpeJ:teneaaJO a C11e11y10meM CMhiCI1&: [n(x), P. ].laa(x)/ az.Koaeqao, p ae 

!IBI11!&TCII reaepaTopoM cMeweaH!I 111111 acex onepaTopoa, HanpHMep, 

[ H0 ( x l . P. l -1 1a H • (x l ;a. 

6 



0TCIOIIB 110n>KHbl ObtnH Obi BbiTexaTb OO bi'IHble cne/ICTBHII : 1) HMnyn&c MeaoHHOro non" 

He coxpaHIISTCII ('ITO obtno Obi HeyiiHBHTen&H biM , paa Me30Hbl aaaHMOIIel!cTByJOT c HCTO'IHH

KoM), 2) B COOCTB9HHbiX COCTOSIHHSJX HMnynbC He HMeeT onpellel!eHHOrO 3HB'IeHHIIX/ • 8 '!OCT-

HOCTH, H9 paBHll HynJO BepoiiTHOCTb TOrO, 'ITO B 0 8 .. HMeeTCSI H9KOTOpoe HeHyneB09 3Hll-

qeuHe HMnyn&ca P • 

0JIHBKO nonpooyeM HBHTH pacnpeAeneHH9 no HMnyn&CaM B COCTOSJHHH 0 0 • llnSJ 9TOrO 

Hallo Bbi'IHCnHTb cxanHpHbl9 npoHaae.neHH!I coocTaeHHbtX <j>yuK!lHil 

HMnynbCHOM npeJICTaBneHHH P llM9eT BH.Il lk ka + (k)a (k) 

.. 
p H <j>yHKUHH 0 0 . 8 

H ero coocTaeHHble 4JYHK -

UHB TBKI!e >K9, KBK y H o• 0HII OpTOrOHanhHbl K 0
8 

H 9TO 03HB'Ia9T, 'ITO aepO!!THOCTb Hail-

Til n10ooe 3H8'19HH9 P B COCTO!IHHH 0 8 paBHa ayn10. Taxy10 CHTyaUHIO MO>KHO OXapaKTe-
-+ 

pH30B8Tb TaK: onepaTOp p npOCTO He HM99T HHKBKoro· OTHOlll9HHSI K .llHH8MHK9 C raMHnb-

TOHHBHOM H 1 • 

Oocy.llHM .npyroe Bbtpa>KeHHe .nn11 HMnyn&ca MeaoHnoro nong 

( 1.17) 

Taxoil onepaT op SIBHSI9TCSI TOlK9 reHepaTOpOM CIIBllra , HO IIHII nonS! u 0 

( 1.18) 

0H KOMMyTHpyeT C H
8 

, cneaoBaTenbHO, COXpllHSI9TCII II B CO C TOSIHHSIX ( 1,12) HM99T on-

pe.ueneHHOe 3H8 't9HH9. B 'IBCTHOCTH, B COCTOSIHHH n8 OH paaeH nyn10. 

Mo>KHO noKaaaTh, 'ITO Bbrpa>KeHHe ( 1,17) MoJKeT 6b1Th rmny'leHo KaHoH><'Iecxi!M oop.•

aoM H3 n a rpaHJK9BOI! nnOTHOCTH , OTHII'1810!U9HCSI OT HCJ<OIIHOH Hll H9KOTOpy10 Tp9XM9pHy10 

IIHaepreHUHJO, TaxuM oopaaoM, P
0 

H p cTonb JKe paaHonpaBHbte onepaTopbt I!Mnynbca 

C T01.!KH 3 p9HHH K8HOHH"'9CKOA' npouenypbi HX nonyqeHHSI • KBK M narpAH>K1H1Hbl ~O TnHt{8JOJTJ;J.f9CS1 

Ha IIHBepreHUHIO. 

npHM9M P R B Ka'leCTBe onepaTOpll IIMnynbCa, 

Tor.na COCTOHHII9 ( 1.12) CO BCeMH n(k) , paBHb!Ml< HynJO, KpOMe OIIHOrO - n(k 0 ) 1 • 
paBHOro 1 (o603Hll'II! M TllK09 COCTOHHII9 ljl <ko )) ! I!MeE'T HMllyl!bC k 0 H 3 H e prHIO 

•<kol-y'k~ +m~ (ccnH 3 HeprHIO OTO'IHTblBBTb OT 3Heprl!H aaxyyMa n. ). CB!I3h 

(~ ( k0 )- k ~ ~ m O J<apaKTepna I<MeHHO IIHSI O.llHO'!llCTII'IHOrO COCTOHHHSI (.nByX'IllCTH'IH09 yJKe 

• 
H9 IIM99T onpelleneHHOH MaCChi nOKO!I), II Mhl MOJK9M H83BaTb ljl ( k O) <j>H31<'!9CKHM OIIH0-

/5/ 
M€GOHHbiM COCTO.HHHeM, cne.oySI 

x/ 11MeHHO TBK c'IHTaeT BaH Xoa, B
1 

I I na cTp. 149 nocne 5-oli cTpOKH caepxy 'IHTa 

eM: 'E030Hbl B 3TOM COCTOH HHH HM9lOT 3 1I9pi'HIU ( k • J!!x HMHynhC 1 H8TipOTliB1 He HMeeT 

9,llHHCTBeHHOrO 3H8'Y.9HHfl: OH CBO,lUtTC51 K k....., TOllbKO F\ o6naCTSlX npOCTp8HCTB81 6eCKOH9l.JHO 

YAB l19HH b1X OT T0'-19'-IHbiX H C TOl.JHl1KO B,. • 

7 



Tenep& Mo~o aenocpeAcTseaao nposepaT&, qTO onepBTop 

+ -
•a(lt)• (q• -Llf,/2 + (rk -luk )/..j2 

aq. 
• 

"' (lr.) 

A&liCTByR RB 0
1 

+ 
·.(It){}. 

T.e. pOlK.IlB&T OAHH <jJaaaqeCKHll M930H. J.iMeeTCR TBKlKe CBO!ICTBO 

a
0

(1t)0
8

-o. 

, ABeT COCTORI!R& lfl 
0 

( It) : 

(1. 19) 

( 1.20) 

B oTnaqae OT aTOro, mot5oe qacno onepBTopos a ( lr.) , J:lellcTBya HB 0 
1 

, l!e ABeT ayna. 
+ 

TBKHM ot5pB30M, BBeA&HHble pBaee <i>opMan&ao onepa"i'opbt a 
0 

(It) MOlKHO TonxoBBTh xax one-

paTopbl pOlK.Il&HHR <jJaaaqeCKHX (B38RMOJ:I&liCTBy~max C HCTOqHHKBMR) M930HOB B AHH8MHKe C 

raMan&ToaaaaoM H .. 
nepBOHaqan&Hbl& Oll&p8TOpbl n(I) R a(lt) B TBKOll AHR8MHK9 arpa~T 038Tp8BOqHy~ 

pon&" - ponh CTpOHT&nhHOro M8Tepaana TeopRR. npa H8nHqRH B38HMOAeliCTBHR cneAy&T 38 -

HOBO aaliTR onepaTOp polKJ:IeHHR qacTHD, He OllHpBHCh H8 TOnKOB8HH9 KB8HTOB8HROrO nona 

n(I) B csot50AHOM cnyqae. B c nyqae opToroaan&HOCTR co6cTBeRHbtX <jJyaxuall H 0 a H 
1 

Ta-

Koe nepeonpeJ:Ieneaae asnaeTca J:IHlK& aeo6XOJ:IHMbtM : B cneJ:Iy~meM naparpa<jJe Mbt yBHJ:IRM, 

qTO nHlllh B npoCTpa HCTBe Sa C06CTB9HHblX <jJyHitUHll H 0 HMeeTCR YAOBn8TBopaTen&Hblll Ma-

Te~aTaqecxan annapaT AnH perneaaa AHI!aMaqecKHX aaJ:Iaq. 

Mbt 6yAe~ H83btB8Tb u (I) a a (lr.) "oAeTbtMH" ( clothe d ) onepaTopa Ma. 

161 
Xeana a Tappaar , rn. 9, H83btBa~T u. in -onepaTopaMa. 3To aaasaaae xalKeT-

ca aenoJ:IXOAHmaM, XOTH 6ht no cneAy~mell npnqaHe. Teopna AonycxaeT Toqaoe paccMoTpeane 
I II 121 

H B cnyqae, KOrAB B38HMO.[Ie i'CTBRe gll
1 

HIIKOrna He B bl Kn~'l8eTCH ( B H3nO~<eHHHX H 

rn. 12,aeT aaxaxol! aeo6xonHMOCTH npennonaraTh HJ:1Ha6aTaqecxoe sxn~qeaae a BbtKn~qeaae 

acToqaaxa). 

noaToMy rellaea6eproscKae onepaTOpbl u • (I. t) npa scex speMeaax oTnaqa~TCR oT 

n (I, I) H8 nOCTORilHY~ e -qncnoBy~ <jJyHKUH~, HO BOBCe He CTpeMHTCR K U (X, I) npH 

,Kax aTo nonaraeTcR nnR In -onepa TopoB. 

noaRTH& 06 "oAeTbtX" COCTOHHHHX H onepaTopax BBOAHnOCh B pa60T8X B aa Xoaa
171 

H 
181 

3xcTellaa • KonxpeTaoe nocTpoeaae Taxax onepaTopos B CXOAHOI! c a amelt MoJ:Iena npoaa-
151 

aena rpaa6epr H illse6ep • 0AH8KO OHH orpaHHqHBanHCh cnyqaeM HeToqeqaoro B38HMOAeli-

CTBHH, xor.[la S 0 a Sa ae opToroaanbRbt. Baa Xos cqaTaeT, qTo <i>aanqecxne qacTHUbt aa

a.o OllHChiB8Tb "Oll.9 T blMH" onepaTOp8MR, KOrll.a B38HMOll.9ACTBHe Me)Kll.Y 1:18CTHU8MH He nOK8-

nH30B8l!O, HO AeliCTByeT BO BCeM npOCTp8HCTBe ( nnoTHOCTb raMHnbTOHH8H8 B38HMO.[Iel!cT

BIIR BC~AY ae pasaa ayn~) B oTnaqae oT c n yqaR pacceRHHR a & noxanaaoaaaaoM noTeauaane, 

aanpi!Mep. B paccMaTpasaeMoll Monena , oAHaKo , B3BHMOAellcTBHe RBnReTCR noxanaaoaaHHbtM a 

BBeneaae HOBblX onepaTOpOB aeo6XOAHMO DO ApyrnM C006palKeHIIRM. Eonee DOAXOARlliHM AnR 

8 
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l 

r 
l 

STOll MOII9liii, IlO-BHIIHMOMy, 6blll0 6&1 o6T9K80M09 BblplllK9HH9 "MOLtH<jlHL!HpOB8HHb!l!' ( modified) 
/9/ 

III onep8Top, ynoTpe6nlle~we <l>p11npaxcoM , '18CTb lll , ao npencTa enReTcR, 'ITO Tep-

MHH 'OLt9Tblll onep8TOp Bbl30BeT OllTHM81lbHO IlpllBHilbHYIO 8CCOLIH8LIHJO y OllTHMilllblfOrO 'IHC

Il8 'IHT8T91lell ( H OK8JKeTCH, B03MOlKHO, BllOillfe IlO.IlXOIIHWHM B Clly'lae 6onee CllOlKHblX MOUe

nell). CToHT eme OTMeTHTb, 'ITO u 
1 

H a • ae SIBilHJOTCR ne~aopMHposaHHbiMH onep8Topa

MH, CM./
7 

HS/ (B 'l8CTHOCTH, nepeaopMHpOB8HHbll! onepaTOp OTilH'18eTCSI OT "ronoro• TOilbKO 

MHOJKHTeneM - KOHCT8HTOII nepeaopMHpOBKH) • 

§ 2. Csli38Hbl na "oneTbie" onep8TOpbl c "ron&IMH' yaHT8pHbiM 

npeo6p830B8HH9M ? 

8ToT eonpoc 8KTy8nea noToMy, 'ITO aa oTpHLI8Ten&aoro OTB9T8 a8 aero (cM. 121•1101 

284.111,12/ ) () 
CTp. , H np. cnenyeT, 'ITO /IllS! a 1 k Mbl IIOillKHbl B3S!Tb HeK8HOHH'IeCKOe npeLtCT8B· 

/2/ 
nanae, npencT8Bneaae 6ea B8KYYMHoro BeKTOp8, eM. , Koaen § 1 rrr8Bbl 7. B aToM cny'l8e 

BCT810T Ll81lbHellrnRe BOilpOCbi; K8KHO KpHTepHH lln11 Bb!60p8 Taro HllH HHOrO HeK8HOHH'IeCKOrO 

/11/ 
npenCT8BileHHll, K8KOBO HX <jJH3H'leCKOe TOilKOB8HHe H T.n., CM. , '18CTb II. 

!1cqeprrbiB8JOWee o6cyJKLteHae eonpoc8 noTpe6oB81lO 6bi aaoro M8TeM8TH'lecKoro ypoBHll 

H31lOJKeHHSI, HeJKellll TOT, KOTOpbl ll llpHHliT B 3TOtl p86oTe. M b l orp8HH'IHMCSI <jlaKT8MH, HMeJO

WHMH M9CTO B p8CCM8TpliB8eMOtl MOLt91lH, 8 HMeHHO, KOHKpeTHO IlOK8JKe M , 'ITO COOTBeTC TBYIO

mee yHRT8paoe npeo6p830B8HRe B onp eneneaaoM CMbicne cymecTeyeT, ao ae B o6bi'IHOM 

rHilb6epTOBOM llpOCTpllHC TBe. 

Dnll npocTOTbi B n a n&aetlweM 6epeM Monen& c onaRM RCTO'IHHKOM B Hll'l8ne Koopna-

8 -~ 
H8T, T8K 'ITO U • 0 , 8 rk • g(V< k) CM. (1.10). 

B npeab•nymeM nap8rpa<t>e 6 bino noK838HO, 'ITO nnll K8JKLtoro g cyJileCTByeT B8KYYM-

aoe COCTOSIHHe [} 8 H onep8TOpbl a: (k) , pOJKLl810WHe OLlHO'IllCTH'IHbie COCTOSIHHSI H3 [} 1 

DpyrRMH cnoB8MH, nnR K8JKLtoro cyJilecTeyeT <jloKOBCKoe npencTaeneaae n e pecT8HOBO'l-

+ 
(a ( k t ) , a 

8 
( k 

2 
) ]a iS H T.Lt., OCyllleCTBnSIIOIIl9eCll 

g kl ,k~ 
B IlpOCTpllHCTB9 H biX COOTHOWeHHA 

5
1 

, HllTSIHYTOM aa co6cTseaa&te seKTopa ( 1.12) r8MHilbTOHH8H8 H 
8 

Ho aToT KOHTRHYYM npencTaeneaall c B8KYYM8MH HMeeT MecTo B npocTpaHCTBe, RBnR

JOtneMCll 6eCKOHe'IHbiM IlpS!MbiM npOH3BeneaReM rHnb6epTOBbiX IlpOCTp8HCTB, KlllKIIOe H3 KO

TOpbiX COCTOHT H3 COBOKYilHOCTH <jlyHKLIHII 'i'(q k ) OT qk ( IlpOH3BeneaRe 6epeTCSI IlO BCeM 

noneBbiM cTeneaRM cso6on &t k ) • T8KOe npocTp8aCTBO S liBrrlleTcR aecen8p86en&HbiM, 

/3,13/ 
T.e. He MOJKeT 6 b!Tb HllTRHYTO H8 C'leTHblll 6a3HC • <l>oKOBCKOe npenCTilBileHHe LlllSI 

"• (k) ocywecTenReTcR e cen8pa6en&aoM nonnpocTp8HCTBe S • aToro npocTp8HCTB8. Hel!-

Maa1 
141 

H83blB8eT T8Klle IlOLtllpOCTp8HCTB8 HellOilHblMH ( incomplete 6ecKOHe'IHblMH llpSIMbl· 

MH IlpOH3Beii9HHliMH 0 DnR K8~<LtOrO g <jJQKOBCKOe npenCT8 Bil9HHe Llllll a
0 

( k) CTpOHTCSI B 

9 



COOTBeTCTBYIOIIl9M DpOCTp8BCTB9 5
0 

TO'IBO TllX lKO, .ltll1t OliO CTpORTCR B DpoCTp8RCTB9 5 0 

/15/ 
/lDR a(k) 

J13B9CTIIO, 'ITO nepeXO/l OT a ( k) K a (k) MOlK9T 6b1Tb Dp9llCT8BD9111 K8Jt npeo6p830B8-

/16/ • 
JIHO BH/l8 

a 
1 

(k) • U a(k)U-
1 tikPk rk 

U • e ( 2.1) 

<l>opM8DbHO U - yHRT8pH09 npeo6p830B8HR9 DOTOMy1 'ITO P k -apMHTOBCKRO OD9p8TOpbl. 
113/ 

noJt8lK9M Cll8'18D8
1 

'ITO U yBHT8pHO B S 1 /l0lt838B 3THM rHDOT93y 1 Bbl/lBHByTyiO B 

3aT9M o6cy/lHM
0 

HB KllXOM OCBOB811RR B9.1tOTOpbl9 8BTOpbl H83b!Ba!OT ero BeyRHT8pHblM (cM:
2

/ 
• /10/ 

rn. 12, cTp. 824). 

3aMaTRM, 'ITO exp ( !Pk r k ) 

H8 B9DH'IHHY T k : 

RBII119TCH R3BeCTBblM OD9p8TOpOM CllBHra nepeM9HHOil q k 

e lp krk cP n ( ~ k ) e </> n ( q k + r k ) • 

npHM9HHM U K C06CTB9HHOMY B 9KTopy H 0 

o tpkrk • 
U'P (Ink }) • ll ke hn (h) • ilk h n (h + r, )•'I' (Ink}) . (2.2) 

nony'IHIICR co6cTB9HHblll B9KTOp H. • JleACTBHe u 

ll9HH9 ll9AC'T'FIHA OT/l91lbHblX COMHOlKJIT9119tl exp ip k r k 

DpH 3TOM ODp9/l91IR9TCH KBK DpOR3B9-

H8 COOTB9TCTBYIOIIlH9 ¢yHKUHH 

h n ( q k l , cp. onpenenenne n eAcTBHH H 0 ~ Ik H k B 1. KaK BeKTop 'II 
0 

, TaK H BeKTop 

'I' • nopMHpoBaHbl na enHHHny. TaKHM o6paaoM, U coxpaHHeT nopMy, Jlanee, cKanHpnoe 

DpOH3B9ll9HH9 

0 0 I -
(U 'II <I n ~ l) , U 'I' <In·~ l)) • ('I' ({ n ~ l) , 'I' <In ~ l ll (2.3) 

paano nyniO, ecnn 
0 

('I' (In·, l) 
0 

'P <In ';})) a 0 , 

'ITO 6yneT B TOM c nyqae, Korna na6op qacen sarronneHHH In~ l ne coananaeT c In •k l 

OpToronanbHOCTb TO JKe coxpaHR9TCR. HTa K, U OCylll9CTBDR9T yRHT8pH09 OT06p8lK9HH9 H3 

10 



npOCTp8HCTB8 

BB 5o HB 

S0 B 

C8MOe 

OpTOrOHBTibHOe 

ceogx/. 

eMy npOCTp8HCTBO 5
1 

, HO He npOCTpBHCT-

EcnH s COCTOSITIO Obi TOTibKO H3 aayx noanpOCTpBHCTB, S
0 H S 0 

OaHHBKOBOJI p83MepHOCTH, TO U HMeno Obi BH!l KBaapaTHOll MBTpHUbi: 

"-(: :) (2.4) 

lleliCTBHTenbHO, Toraa npeoo p83 0B8HHbiJI BeKTO p 

(2.5) 

OpToroHaneH HCXOaHOMY H HMeeT Ty Jt<e HOpMy, ecnH lhV\1'111• 11\1'111 Ecnn B 

3 TOM Jt<e ayxe HBrnHaHO H300p8lt<8Tb u B H8llleM Cnyqae, TO 3TO oyaeT KOH-

THHyBTibHO-OeCKOHe'iHBSI MBTpHUB, cepeaHH8 KOTOpOJI HMeeT BHa: 

(2.6) 

"CTpO!<H • H "cTOTIOUbi" MBTpHUbi HyMepyiOTCSI HenpepbiBHbiM HHaeKCOM g 

< g < TotJK8Mif o6o3HB'IeHa nHaroHanb M8TpHUbi 1 KB>KUBH TO'IKB crrnorn-

HOi! TIHHHH (napannenbHOll 

npeoopaayroll!Hll S 
81 

a S 
82 

aHaroaanH) HaoopaJKaeT oann 

npH g 1 - ~ • g (B 'i8CTHOCTH 

H TOT onepaTop V
1 

) , OCT8TibHbi9 

x/ _!13/ 
B cywecTBOBBHHe n. BbiBOaHTCSI H3 npeanonoJKeHHSI 0 cywecTBOBBHHH u 

EcnH aaMeTHTb, '<TO MeToa Ban Xoaa aaeT aeaaBHCHMoe oT 3Toll rHnoTe3bi H HBHoe Bbi-

paJKeHne anSI {}I , TO MOlKHO, HBOOOpOT, aOK838Tb cywec TBOBBHHe U , 'iTO Mbl H cae-
nanH. 

It 



" ::meMeHTbi " MaTpHUbi paBHbi nyn~a. PaccTORHHe crrn owaoi1 nHHHH OT .nHaroHanH onpe-

aensr eTcsr BenH~HHBMH rk , B 't8CTHOCTH, B9nH'tHHO ~ 8 

/ 2/ 
noKaJKe M, 'ITO lliae6ep He AOKa3all CBOero yTBepJKAeHHH 0 T OM , 'ITO npeACTaBrreHHH 

a (It) H a 
8

(Jt) ( B 0603Ha'JeHHHX lliae6epa 8 (It) H C (It)) YHHTapHO He9KBHBarreHTHbl, <l>aKTH'Je

CKH 9TH npeACTaarreHHH Ha3 BaHbl HM TaK IIOTOMy , 'ITO BeKTOp n. - U n 0, AIIH KO TOpOrO 

/2/ 
a 1 ( k)n 8 - 01 HK06bi HMeeT 6eCKOHe'!HyiO HOpMy, CM. , rn. 12, § J. 8 COOTBeTCTBYIOlll9 M 

/ 2/ 1 101 
AOKa3aT91lbCTB9 (eM. ( 12.31)- (12.26) B H CTp. 824 B ) MOII'JallHBO npeA n orraraeT-

CH, 'ITO (/)(O J -aMIIIIHTyAa aepOHTHOCTH H afrTH COCTOSIHH e n
0 

B COCTOSIHHH n -He CTpeMHTCSI 
0 • 

K HyrriO, KOrAa <jlopM<!>aK TOp l(lt~) S:TpeMRTCSI K eARHHue. Ecnn Mbi Bbi'IHCrrHM <1>~0 ' no cnoco-

6y B aH X oaa , To o6uapylKRM , 'ITO 

(/) (0) -
0 

e 
-~fd! 1tlv(kll2 

( 2. 7 ) 

, I 131 
06oaHa'!eHHH lliae6epa , eM. TaKJKe <!>opMyn y ( 14 ) B • Y'!HT biBast 9To·, nony'IHM 

lim( n • . n > a I <I> co> I~ fds•lv<•>l~ 
r~t I o e = 1 , 

(2.8) 

a He 6ecKOHe'JHOCTb, B <!>opMallH3Me Baa Xo a a oco6eHHO S!CeH TOT <!>aKT, 'ITO HOpMa n g 

acerAa eAHHH'!Ha , AaJKe KOrAa f d !k lv (k l 1
2 

pacxoARTCSI, Cnoco6oM lliae6epa MO>I<Ho TOrrb-
(OJ 

KO noKa3a Tb, 'ITO n. H nO CTpeMHTCH C T 8 Tb OpTOr'OHBilbllhiMH (T. e , yMeHbiUBeTC SI <1>0 npll 

! 2 112/ f d It I T (It) I ... oo ) , cp . , § 2. TaKaS! opToroHarrbHOCTb oaHB '!BeT, KOHe'JHO, 'ITO U ne 

MOJKeT 6biTb yHRTBpHbiM a rHrrb6epTonoM cenapa6errhHOM n poc T paucTae S0 

'ITO U HeyHHT8pHO B006!lle. 

t HO He 3 H81.JHT 1 

XoTSI MOTHBHpOHKB B bi iUeyKB38HHOrO yTBeplKA9HHSI 0IUH60'!HB, A IIH TO'J9'! HOC'O HCTO'! HIIK 8 

OKB3biBaeTCSI cnpaaeArrHB biM cnenyiOmee yTO'!Henaoe rrorrolKeHHe , B npocTpn Hc Tne S0 ue 

Cy!ll9CTByeT T BKOrO BeKTOpa n , 'ITO a 1 {} e 0 fiOTOMY ttTO e n HHCTBe HHbi ti TBKO ti B9K

(a He noT OMy, 'ITO He cymeCTByeT yHH 

• n pyrHMH CIIOBBMH, eCrrll HCKaTb 

TOp HBXOAHTCSI B OpTOrOHB ilbHOM npOCTpBHCTDe S8 

TBpHOrO npeo6 p B30BBHHH, CBH3biBBIOl!lero ·a • C 

npeAcTaanenHe a (It) • , orpBHH'IHBBS!Cb npOCTpBHCTBOM, B KOTOpOM a(k) RMeeT B8Ky -

y MHLifr BeKTOp, TO T8K09 npeACTIIBileHRe MOJKeT 6biTb TOilbKO HeKSHOIIH'JeCKHM, C Apyroi1 

CT"OpOHbi, H AilS! &
8 

(It) H AilS! a (It) OAtlOBpeMeHHO cymeCTByiOT KIIHOHH'Je CKHe ( <jloKOBCKI!e) 

npeACTaBII9HHSI, HO C pa3HbiMH BBKyyMnbiMH BeKTOpaMH, 

TaKne JKe yTO'!HenHII AOIIJKHLI 6biTb CAerraHLI no noBOAY ananorR'IH biX yTaep~<AeHnil nrr11 

/3/ 
ApyrHx npocTLIX KaHOHII'!eCKHX npeo6paaoaaanrr onepaTopoa nom1, yKaaaHIIbiX B , c Tp.19-21 

H a1111 
CTP, 93-95x/. 

npeACT!IarreHIIe 0 uecenapa6errbHOM 

x/ / 3/ 
Cp. X a ar , cTp. 19-20. O nnaKo 

HOI'O COCTOS!HitH n , yAOBileTBOpS!IOillero 

orOBOpKH: ecnH HCK8Tb 0 TOnbKO B S 0 

npOCTpaHCTB9 IIYlKRO TOilbKO ATISI paC CMOT p eHHH 

ero aa KniO'IHTenhnoe yTeep>K.AeHHe - HeT saKyyM -
a a 0 c: 0 J - SJBn ReTC R llp8BHnbHbiM IIpH Hll11Jf1.1HH 
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'IBCTO annapaTHbiX BonpoCOB TeOpBH 1 nono6HbiX paCCMOTpeHHOMy • .£1JUI peliJ9HHH <jJB3H'I9CitBX 

38Jl8'1 JlOCTBTO'IHO BM9Tb Jl91!0 C COOTB9TCTBYJOIIlBM cenapa6&1!bBbiM rB1!b6epTOBbiM npocTpaB

CTBOM S0 B ynoTp961!HTb T011blt0 lt8HOBB'I8CICB9 np&JlCTBB119BBH C B81tYYMOM 1 HO T011bKO npB 

YC110BHH 1 'ITO BCQ <jJB3H'I9CitH8 COCTOHHHR OnHCbiBBJOTCR B9KTOp8MH B3 S
8 

, T.e. SIBnsnoTCSI 

OJl9TbiMH COCTORHBRMH, .£lei!CTBHT91lbH0 1 'IT06bJ HBIITH KOH9'1H09 COCTORHBe ljl'(t) npa 38Jl8HHOM 

H8'1811bHOM 11'(t0 ) , RallO yM&Tb Bbi'IHC11HTb Jl91!CTBHQ onepaTOp8 aB01110UHH exp(-iH 8 (t-t 0 )) 

na 11'(t0 ). B s, aToT onepaTOp MO}J(eT 6b1Tb onpenenea KBK 

- IH (t -to> -IEOV (t -to) 
e 1 -I., -Iv 1 >e <v.l, (2.9) 

rne lv 
1 

>- co6cTB&HHLJI! B&!tTOp ( 1.12) onepaTopa H 
1 

c co6cTBeaabiM a aaqeaaeM E,.., .C no-

MOIIlbiO (3,9) ljl'(t) cpaay npencTaBnaeTCR B aane onpeneneaaol! cynepnoaanna no lv. > 

(2.10) 

ecna 11'(t 0 )tS• ~el!cTBHe }1(9 exp(-iH 0 (t-t 0 )) na BeKTOp H3 S0 , aanpaMep, apan nH MO}J(eT 

6bJTb onpeneneao nocTaTO'IHO cTporo MaTeMaTB'I&CKH. CneKTpanbaoe npencTa aneaae ( 2.9) 

ronaTCa T011bKO B s . Llel!cTBHTen&IIO, ecnu nonycTHTb, 'ITO ananoraqnoe npencTaBnenae 
• 0 

nnH H 
1 

npuMeHBMo B So , To npu 11' t S0 
0 0 

H 1 'I' • I., lv 1 > E "" <v 0 I 'I' >- 0, 
0 

nocxon&Ky <v 1 I l!' > • 0 • OnnaKo 

paBBO Hy1110 ( K8K H 8 0 11'
0 

) • 

0 
aenocpencTBennoe Bbl'·mcnenae noKa3biBaeT, 'ITO H • 'I' ae 

MaTeMBTH'I&CKHe TpynnocTH onpeneneaHSJ exp (- IH 
0 

t) B S0 X8p8KT9pR3yJOTCSI T9M 

0 
<jlaltTOM, 'ITO y}J(e BOpMB B9KTOp8 H a ljl OK83blB89TCR 6eCKOH9'1HOtl ( li p aCCM8TpHB89MOtl MO:_ 

nann aToT peaynbTBT aeTpynao nony'IHTb nenocpencTaeanbiM B bi 'IHCneuueM, nnH 6onee o6me-

/17/ /18/ /19/ 
ro Cny'IBR OH 6btn llOK838H B ) • flaTepaTypy no aTOMy Bonpocy CM, B H • 

Oco6bie TpynaocTH B aTOM CMbicne npencTaBnReT onepaTop aaoniOUHH U (t , t 0 ) B Kap-

THHe B38HMOll911CTBHR. CoOTBOliJ9HHIO ( 2,10) B aTOll K8pTHH9 COOTB9TCTByeT ( CM. ( 11,144 )a/ 
21 ) 

( 2.11) 

'"o' 
Ecna 'I' (t

0
)tS , TO aencao, KBK onpenenHTb '1' 8 3 (t0 )=e 'I' (t 0 ).Ecna x<e 'I' (t0 )tS0 , 

rup • rnp rnp 

To KaK onpenenaTb exp[-18 1 (t -t 0 )] 'I' rnp (to) ? TeM ae Meuee, cymecTeyeT a a -

aecTHhii! <jlopM811bHbiJ! peuenT Bbl'IHC119 HHSI !111!1 C11Y'IBH, KOr!la U (I, I 0 ) !191-\cTBy&T H8 B9KTO-

• nonb3YIOTCH B blp8}J(9HH9M U (t, I 0 ) qepea onepaTOpbl 0 p0>Kll810IUH9 H YHH'ITO-

x<BIO!IlHe HMeaao 'ronhie' 'IBCTHUhi. BoaHHK8JOlUHe 6ecKone'IHOCTH MO}J(BO yt:~anSJTb npouet:~ypon 
/20/ 

nepeaopMHpOBKII npH ycnOBHH, 'ITO t • oo , t 0 •- oo • flJ060n biT9H MO!I911bHbltl npHM9p , 
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KOrna aTB nporpaMM8 npOBOnHTCR no K0Hll8 H naeT TOT JKe peaynbT8T 1 'ITO H ann a p a T, 

HCnonb3yJOIURA 'Oll.BTbte' tt8CTHUbJ. 

§ 3, OnpeneneaHe aMnnHTYn 4>oKa 

npH KOppeKTHOM peweHHH 38n8'1 MOnenH, KOrna B KaqecTBe H8'18nbHbiX 6epy TCSI <!>H3H-

'leCKHe (oneTbie) COCTOSIHHSI, OK83biB8eTCSI 1 'ITO Me30Hbl H8 C8MOM nene C HCTO'IHHK8MH He 

121 161 
B38HMonel!cTByiOT, eM. , rn. 12; , rn. 9. MoJKeT noKa3aTbCSI, 'ITO STOMY npoTnBopeqnT 

<!>aKT OpTOroaanbHOCTH 50 H 58 • lletlcTBHTenbHo, o aHaqaeT nH sTa opToro Ha nbHOCTb, 'ITO 

y BOnHOBOtl <I>YRKllHH Me30H8, p8CCeHB8IOIUerOCSI H8 HCTO'IHHKe, p8BHbl nyniO BCe KOs¢<l>HUHei!Tbl 

ee p83nOJKeHHSI llO nnOCKHM BOnHaM exp i (kx) 1 T,e, BOnHOBbiM <jlyi!KUHSIM CB060n HOrO Me30-

aa ? TaKyiO nonay10 HecpaBHHMOCTb STHX <!>yHKUHA TpynHo ce6e npencTaBHTb, 

I I I 
npoCM8TpHB8SI COOTBeTCTByiOIUHe BbiKnanKH BaH Xosa • MO)I(HO y6enHTbCSI, 'ITO OpTo-

roaanbHOCTb npH pa3HbiX BbiTeKaeT aa opToronanbHOCTH saKyyMHbiX seKTopoll. HanoMHHM, 

'ITO B STHX BBKyyMHbiX COCTOSIHHSIX conep)I(8TC!I HCTO'IHHKH, nosTOMy <!>aKTH'IeCKH nonyqeHa 

OpTOrOH8nbHOCTb BOnHOBbiX <I>YHKUHtl HCTO'IHHKOB-HyKnOHOB C p 83Hb!MH '38pRn8MH' g (HnH 

pa3HOtl CHno il B38HMonetiC TBHSI C Me30H8MH), 06bi'IHO OpTOrOH8nbHOCTb BOnHOBbiX <!> yHKUHl! 

qacTHll paanoro pona nocTynHpyeTCSI oTnenbHO, B naHno l! )l(e M o nenH oHa nonyqaeTCSI a sTo

M~THttecKu, XOTSI "HyKnOH bi' MO.llenK MOryT H He OTnHqBTbCSI T B K pe3K0
1

KBK, CKB)f(eM, npOTOH 

H Hel!TpOH, 3To C006p8 )1(eHHe OOACK83 biB8eT 1 'ITO AnSI Cp8 BHeHHSI OOBeneHH!I Me30HOB npH 

p83Hb!X g H8AO CyMeTb OOHC8Tb TOnbKO 01\HH Me30Hbl 1 He OOHC biBBSI HyKliOHOB- HCTO'IHIIKOB 

(no H He Bbi6p8CbiB8SI 1 KOHe'IHO, <!>aKT8 HanH'IHSI B38HMOnel!CTBHSI), 

HanoMHHM eme, 'ITO no CHX nop COCTOSIHH!I ODHCbiB8nHCb BeKTOp8 MH BHna ( ),]2), KOTO-

pbie ae MoryT HMeTb CMbiCna 8MOnHTyn BepOHTHOCTH, 

HylKHO~ H8M OOBC8HHe MOJKeT 6biTb OOCTpoeao B TepMHH8X COOTBeTCTBeHHO onpe nenen

HbiX 8MOnHTyn ¢>OK8, npH K8)1(1\0M g OnpenenJIM HX COOTHOWeHHSIMH 

• 
({l 

8 
, A I (k I ) • •• a K (kn) l{J (t)) • <ll ( k I , .. , k n ; I ) 

(3.1) 

• • (OK , U I (xi) .. . u 8 (x 0 )l{f (t)} •f(x '1 , .. . X n ;t), ljJ (t)< 5
8 

• 
COOTBOTCTBeHHO B IIM OynbCHOM H KOOpnHH8THOM npenCT8BneHIISIX, ¢>a KTH'IeCKH B MeC TO ljJ ( t) 

BBOnSITCSI KOs¢<l>HnHeHT bl pa3nO)I(eHHSI ero no C H C TeMe BeKTOpOB ( ),)2) C Te M )l(e g 

YiMeHHO STH Kos¢<1>HuHeHT b i HMeiOT CM bi c n aMnnaTynbi sepO<!THOC TII, B '18 CTHO CTH, onHO'IBCTH'I

noe COCTOSIHHe ( 1,19) HMeeT nH Wb OAH Y ae p 8 B IIY IO Hy n iO ¢>o K O Bt:'K YIO A MOnHTyny 

14 



!0• ·•a (It 1 ) '1'
0 

(It)) • <n. ,a • (Ita )a: (It)(} a )•8(1< 1 -k), (3,2) 

• 
((} & , D & ( X) lp (Jt )) 

llur: lkx 
• e ((}• ,0

8 
)• e (3.3) 

3Ta aMMRTyaa se 38BRCHT OT g • B paccMaTpHBaeMoll Moaens Boot5me Bee <l>oxoBcxse 

8M!I!IHTYtlbl CT&nROB8pHbiX COCTOHBHII ( 1,12) COB!I8tl8!0T CO CB060ltHb!MH - M930Hb! C HCTO'I

HHK8MR 88 CBMOM aene 89 B38HMOtl9IICTBJ!OT, Cp, ( 1,6). 

Mo~o Tax~e nepenncaTb Teopsro B TepMssax TBKHX ¢ysxusll fpssa 

(3,4) 

B aToM onpeaenesss Mbt ynoTpe6nReM Be TO!IbKO ¢sasqecxsn naxyyM, so H ' oaeTbte' onepa

TOpbt ( CBOH tl!IR KB~OrO g ) , nocneasee OT!IH'IBeT 3TH ~e YHKUIIH OT 06bt'IHbtX, CM,, HanpnMep, 

(17.16) / 21• 

AMnnHTYtlbt ( 3,1) nOtl'IHHRtoTcH cscTeMe ypanses1111 Tuna <l>oxa-TaMMa-nasxonax/. Osa 

nonyqaeTcH yMHo~esneM ypaasesnH lllpeassrepa ;a'!' 
8 

/atcH 8 'i' 
8 

cneaa sa 

< (} 
0 

I a 
1 

( k 1 ) ••• a 
1 

(It • ) • B sa mel! Moaens cscTeMa 6yaeT seaauennRrome ricR 

(3.5) 

3 a K n ro 'I e H s e 

OcsoBHble BbtBO!lbt pa6oTbt : 1) B cnyqae n oKanbsoro BaaHMO!leiicTBI!R nMetoTCR MaTe-

M8THtt9CKH9 OC HOB8HHSI LlnH BBelleHHSI 'oneTbtX"' onep8TOpOB. 

2) npn ICa~(lOM 3Ha'I9HHH ICOHCT8HTb! CBII3l! g CY!!I9CTByeT Dp9!lCTaB!I9HH9 'Otl9TbtX' 

onep8TOpoB C BaKyyMHb!M B91CTOpOM, HO 3TH B9KTOpa DpH pa3HbiX g !I9 lKaT B opTOrouanb

l!b!X npocTpauc'tnax. HeT seo6xoarrMOCTH aaoarrTb seKauonsqecKHe npeac TaaneuuR, 

3) 'OneTbte' onepaTOpbt MoryT 6biTb BLrp alK9Hbi 'le pea 'ronbre • c noMOlllbto yssTapso

ro npeo6pa30B8HHR ( CBR3biB8!0!!19rO BLI!UeynoMIIHYTbl9 OpTOrOHa!IbHbl9 npOCTpaHCTBa). 

4) YpaasessR <l>o~ea-TaMMa-nasKona npeacTannHtoT co6oll yao6s blli annapaT nnR peme

HHH ¢H3H'19CKHX 3ana'l B T90pHH C TO'I9'1Hb1M HCTO'IHHKOM, 0aHaKO BXOtlRlUH9 B HIIX aM!I!IH-

x/ 0Tnnqne oT soaoro MeTona TaMMa-nanKona aaKnroqaeTcR a ynoTpe6nesss n onpe
aenessRx (3,1) 'oneTbtX' one_P.aTopoa , a se 'ronurx•, a OT cTapoJro, KpoMe Toro, H a ynoTpe6-

nesss ¢ n3H'I9CKoro aaxyy Ma1211• HsTepecno o TM9THTb, 'ITO ncnonb3oaanne aMnnnTytl THna 

( 3.1) a Moaenn Bas Xona-Pron~rpo~ea noaaomrno na6'/.f2'}Tb pacxoanMocTe il , npoRnnRromnxcR 

nps o6bt'IHOM noaxoae c 'ronbiMH"' onepaTopaMs, eM. , cTp, 211. 
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KO 

HCOOT 

'19CKJ 

B38B! 

<jlaKT 

y 80 

ee 

. aa ? 

rona 

'ITO 

opTo 

p83E 

'18C1 

M8Tl 

H Hf 

paa1 

(ao 

pb19 

Hbl} 

coc 

BSo 

J.1M 

HO 

Tynbl 4>oKa nonlKBbl 6b1Tb onpeneneH&I HanneJKamau o6paaoM. 

MoJKHO OYM8Tb, 'ITO B OCBOBHOM 3TH BbiBOObl 6yneT neiiCTBHTenbHbl H Onll 6onee CnOJK-

/2/ 
HbiX Moneneil, TSKHX, KSK Monenb nH, PJOHJKrpoKa - Baa-Xoaa H np. ( CM. • rn. 12). OnaaKo 

npoaeneHBe TSKOil JKe nporpaMMbl nnll 3TBX Moneneil BCTpeTBT 3H8'1HTenbHb18 TpynHOCTH, npelK

ne Bcero OTM9TBM, 'ITO B 3THX MonenliX <jlH3H'I8CKHA BSKyyM yJKe H9 conepJKHT HCTO'IHHKOB 

( B COB08089T C B&KyyMOM H
0 

) H OaHTp TliJKaCTH pa60Tbl nepeHOCHTCll H8 H8XO)KJ1eHHe 'one

TbtX' COCTOHHRA: C OllHHM HyKnOHOM. Bee TOqHbte peweHHH, H3BeCTHbie B 9TRX MOllenHX1 SIBnSI-

JOTCll p83nOJKaHHliMH 00 C06CTBaHHbiM B9KTOp8M H0 , T,e, OHH rOOliTCll TOnbKO Onll cny'ISll 

HanOKSnbHbiX B38HMOOaACTBHil, Heo6XOOHMO yMeTb HSXOOHTb TO'IHble pemeHH!I H B cnyqae T0-

'19'1HOrO aaaHMonei!cTBHll npeli<J1e qeM aaqaTb uccnenonaaue,aHanorH'IHoe HanoJKeHHOMy. 

nocnenyJOIIlHe 3T80bl 0 00-BHOHMOMy, OCT SHyTCll TaMH JKe: onpeneneHHe 'oneTbiX' COCTOll 

HHA H onepaTopoa, o6ocaoaaaue BbJ6opa KSHOHH'IaCKoro npencTaaneHHll nnH HHX, onpeneneaue 

a MnnHTyn 4>oKa H T,n, BoaHHKHYT HOBble 3808'1H THIT8 ITOCTpoeHHll KOppeKTHOi! TeOpHH B03My

lllaHHi! (aanpHMep, n nH ypaaaeaun <l>o x a - TaMMa-ilaaxoea). 
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