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MonyyeHbl 1 NpoaHanN3UpoBaHbl COOTHOLLEHMSI HEONPEAEIEHHOCTEN A1si ONEPAaTOPOB Pa3HOCTM ha3 ABYX deK-
TPOMarHUTHbIX NONeli, NpeanoXeHHbIx Hamu patee [10]. MpoBeaeHbl NCCNefOBaHNS COOTHOLLEHUS! HEOMpPeaeneH-
HOCTEl AJ151 ONepaToOpOB KOCMHYCA M CUHYCa pasHOCTK ¢ha3, a TakXKe AJisi ONepaToOpoB CyMMbl HMCNa (DOTOHOB U
onepaTopoB pa3HocTu a3 AByx noseii. PaccmoTperbl (hoKOBCKIME 1 KOrepeHTHbIE KBAaHTOBbIE COCTOSIHUS MoJiel,
obLume COCTOSIHUS KBAaHTOBbIX CYyNepno3ununii KOrepeHTHbIX COCTOSIHUIA MOJER 1 COCTOSIHUST < LUPEAUHIEPOBCKOrO
koTa» noneii. Wiccnepyetcs cTporoe cooTHoleHune HeonpeaenerHocTeli (HepasencTBo Koww —LLIBapua) u co-
OTHOLLEHMe HeonpeaeneHHocTel [eiiseHbepra ANa ykasaHHbIX ONEpaTOPOB U KBAaHTOBbLIX cocTosiHuli nonei. Ha
nprMepax PacCMOTPEHHbLIX COCTOAHWI NoJieli MOKasaHbl PasaMyns MeXAy CTPOrVMU COOTHOLLEHWSIMU Heomnpe-
[eNEHHOCTEN N COOTHOLWEeHUAMU HeornpeaeneHHocTel lelizenbepra ais TPUroHOMETPUHECKNX ONEPATOPOB pas-
HocTu pa3 noneii. [lokasaHo, YTO CTPOrMe COOTHOLLEHUSI HEOMPELENEHHOCTEA 1 COOTHOLLEHUSI HEONPESEeNeHHO-
cTeii [eiiseHbepra Ka4eCTBEHHO PasfiNyHbl KaK AJISt KOTEPEHTHBIX COCTOSAHWN, TakK U 4SS COCTOSIHNIA KBaHTOBbIX
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1. BBEAEHUE

Pemtenue mpobeMbl 110C/Ie10BATEIHHOTO U TIOJTHO-
0 KBAHTOBOMEXAHUIECKOTO OMUCAHUS 9JIEKTPOMATHUT-
HOTO TOJIsI CTAJIKUBAETCS CO 3HAUUTEHLHBIMUA T€OPETHU-
YECKUMHU TPYTHOCTSIMU, CBI3aHHBIMU C OIIpEJIeJIEHUEM
KBAHTOBOMEXAHUIECKOH ha3wl mojist. KBaHTOBOMEXA-
HUYECKHUI TOIX0 K OMpeIeTeHnio (Pa3bl MoJIst HeoOXo-
JIUM B YCJIOBUSX CJIAOBIX U YIBTPACTAOBIX JIEKTPOMAr-
HUTHBIX TOJIeH ¢ YUCJIOM (DOTOHOB MOPSIIKA €INHUIIBL:
(R) ~ 1, IpUMEHAEMBIX [IPU PEIIEHUN 3329 B 00/1aCTH
KBAHTOBBIX TexHoJoruil. B psame pador [1-9] npemio-
JKEHO HECKOJIBKO MOJIXO/IOB K TOCTPOEHUIO IPMUTOBBIX
TPUMOHOMETPUYECKUX KBAHTOBBIX OIEPATOPOB (hasbl
3JIEKTpOMArauTHOro moJjis. CymecTBeHHON 0CcoOeHHO-
CTHIO PE3YJIBTATOB 3TUX PABOT SIBJISIETCS TO, UTO MPEI-
JlaraeMble B HUX OIEPaTOpbl CUHYCa U KOCUHYCa (has3bl
HE YJIOBJIETBOPSIIOT OCHOBHOMY TPHUTOHOMETPUUECKOMY

~ 2 ~
~ 2 ?
COOTHOIIIEHUIO; T. €. cOs”¢+sin ¢ # 1. Besiencrsue sro-
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ro, Jisl TOJYYEHUs ONEePaTOpOB pa3HOCTH (a3 JABYX
oJIeit, BEJIMYUH, IMHPOKO UCIOJIb3YyEeMbIX Ha PAKTH-
Ke JJIs ONUCAHWS BJIEHUN MHTEeP(MEPEHINN, OTepaTo-
pPBbI TAKOTO POJia TPUMEHEHBI OBITH HE MOLYT, TaK KaK
crangapTHbie GOPMYIIBI J1JIsT PA3HOCTH U CYMMBI (ha3 B
YCJIOBUSIX HAPYIIIEHUs] OCHOBHOTO COOTHOIIIEHUSI TPUTO-
HOMETPHUU HE BBITIOJIHSIIOTCS.

B pa6ore [10] HaMM TIpeJIOKEHBI 3PMUTOBBI OTIE-
PATODBI CHHYCa M KOCHHYCa PA3HOCTHU (a3 JBYX MOJIeit,
V/IOBJIETBOPSIIOIIIE OCHOBHOMY COOTHOIIIEHUIO TPUTOHO-
MeTpuHu. 1PUTOHOMETPUYECKUE OIEePATOPHI PA3HOCTU
das (TOPD) oupenensrores B [10] ¢ moMonpo uHTEp-
(epEeHIMOHHBIX OITEPATOPOB MMACCUBHOIO CBETOJIE/IATE-
Jisi. B Hacrosimieir pabore HaMU MPOBOJATCS JTaJIbHEN-
e ucciuenosanust csoiicre TOP®, 1peyioxKeHHbIX B
[10]. Tlomyuensr 1 MPOAHATM3UPOBAHBI PA3JIUIHBIE CO-
OTHOIIIEHUsI HEOIIPEIEJIEHHOCTEI JIJIsT 3TUX OIEPATOPOB.
Wccenenyiorest cTporue COOTHONIEHUST HEOPEIeTIeHHO-
creit, mpencraBisgionme coboit mepaBencTBo Kormm—
IMeapua g TOPD CruS T, & TAK2Ke TPUTOHOMETPH-
Jeckue cooTHolrenns: Heonpeseaensocreit (TCH) mus
OIIEPATOPOB CYMMBI IUC/1a (POTOHOB JABYX TOJEH 11 4N
u TOP® C’I, S’I. Tak>ke mccIeI0BAHO COOTHOIIEHUE
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neonpenesienHocredl [eitsenbepra jis yKa3aHHBIX map
OIIepaToOpOB.

Paccmorpensl KorepeHTHbBIE KBAHTOBBIE COCTOSTHUS
JBYX TIoJieit, HamboJiee OJU3KME TI0 CBOUM CBOHCTBAM
K KJIACCUYECKOMY 3JICKTPOMArHUTHOMY IIOJIIO, & TaK-
2Ke sIPKO BbIPaXKeHHbIE HEKJIACCUIECKIe KBAHTOBbIE (hO-
KOBCKHE COCTOSIHUS U COCTOSIHUS OOIIUX CYTEPIIO3UITHII
JBYX KOT'€pDEHTHBIX COCTOAHUI.

Paccmorpenbr gacTHBIE clydanm COCTOsIHUsT OOIUX
CYIIEPHO3UIINI KOI€PEHTHBIX COCTOAHUII — COCTOAHUA
«IIPEeJUHIEPOBCKOrO KOTay, HAXOJAIUe CBOE IIPUMEHe-
HUEe B 00JIACTAX KBAaHTOBON METDPOJIOTMU U KBAHTOBBIX
BbIYUCJICHUN.

2. COOTHOIIIEHU S
HEOIIPEJIEJIEHHOCTEWM 14
TPUTOHOMETPUYECKUX OIIEPATOPOB
PA3BHOCTU ®A3 SJIEKTPOMATHUTHBIX
IIOJIEN

PaccmaTpuBaeMoe HAMH — CTPOTO€ COOTHONICHHE
ueonpegenennocreit  (CCH), upencrasisier  cofoit
HepaseHctBo Komm—IIsapna [11, 12] mus  mro6brx
JIByX SPMHUTOBBIX OIIEPATOPOB moist A u B u mveer
CJICAYIOIUI BUA:

(447 ){(a8)") = [(45)]"
<(Afl)2>, <(AB)2> — JIACIIEPCUH OIIEPaTOPOB
B, a

(4.8)=(45) - (4) (5)
— KoBapualysi (IEHTPAJIBHBI KOPPEJSIUOHHBIH MO-

MEHT) JJIsl JIAHHBIX OIIEPATOPOB.
CootHomenne  Heomnpezenennocreii  [eiizenbepra

(1)

e

Awu B,

(CHT'), uccemyemoe HaAMHU JJisl TPUTOHOMETPUIECKIX
OTIepaToOpoB pasHocTu a3 JBYX JIEKTPOMATHUTHBIX
moJieil Hapsily CO CTPOTUM COOTHOIIEHUEM HEOIIPEIe-
sennocreit (1), umeer coemyromuii Bu:

() ooy L2

Ormernm, uro CHI' makmagbiBaeTr MeHee IKECTKOE

(2)

OrpaHWYEHNE HA BEJIUYUHY IPOU3BEJIEHUs] JIUCIEPCHi
onepaTopos (iyKTyarmit HabII0JaeMbIX) IO CPABHE-
HUIO ¢ orpanndenneM, caexyronmm n3 CCH [12].

[Tpwawaer pazananit CHI' u CCH u xpurepun mpu-
MEHMMOCTHU TOTO UM MHOT'O COOTHOIIEHMUS TIPEJICTABIIE
HBI 1 00Cy XK/ 1atorcs B pabore [12].
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Coornomntenue Ieiizen6epra (2) uMeeT MeCTO TOJIBKO

TOrJa, KOrua
<{AA,AB}> -0,

{AA, AB} =AAAB+ABAA

rie

— aHTUKOMMYTAaTOP OIIEpaTOPOB

AAEA—<A>

AB=B- <B> :

Coornontenust neonpenerennocreit (1) u (2) pac-
cMaTpuBaloTcs B HacTosIeir pabore mis TOP®, ompe-
JIeJIIEMBIX C TIOMOIIBIO OIIEpaTOPOB HHTePdEpEHInI
JIByX IOJIel, HOCTYNAIOMUX HA BXOJBI MACCHBHOIO
CBETOJIEINTEST U XaPAKTEPU3YIONUX HHTEHCUBHOCTH
(uncira GOTOHOB) mHOJIEH Ha BBIXOJE U3 CBETOJEIINTE-
as [10].

CorylacHo KBAHTOBOH TEOPUH OHEPATOPLI POKJie-
HUsl/ YHUITOKEHUST 3JIeKTPOMATHUTHBIX OJI€i

~t
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dia 1= 1725

paccMaTpuBaeMbIX HaMH, YJIOBJIETBOPAIOT CTaHIAapT-
HBIM KOMMYTAIIMOHHBIM COOTHOIIEHUAM

(3)

Bgenem B paccMoTpeHme 3pMHUTOBBI ONEPATOPHI KOCH-

{az-, a‘ﬂ =81, ij=1,2

HyCa W CHHyca pa3HocTu (a3 mojeit 41 u Gs, UCIOTb3Y s
nHTEepdEPEHITNOHHBIE ontepaTopsl I u Ig cBeTomemTe-
JIst,

(4)
(5)

B CJIEJIYIONEM CUMMeTpu3oBaHHOM Buze [10]:

Cr = cos(d1 — ¢2) = % {IA{IIAC + fcf(l} ) (6)

S; = sfn(q51 — ¢a) = % [KIjS + IASKI} 5 (7)
rje

1
T V20 + iz + 2 i)

(8)

. 1
K]E = =
Iz + 12

ITOCKOJIbKY CyMMa KBaJ[pATOB OIEpATOPOB WHTEpde-
PEHIINN BBIPAYKAIOTCA Yepe3 OIepaTophl ducia HoTo-
HOB BXOJIHBIX II0JIell CBETOJIEJIUTEJISI COTJIACHO

T34 12 =2 (g + Ny + 2 i) .
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Mozxer 6bITH TOKa3aHO, 9TO oneparopsl C7 u Sy,
ompeiesisieMble ¢ nmomorpio (6) u (7), He KOMMYTHPYIOT
MeXKIy cODOli:

{CI, Sl} # 0.

OnepaTopb! KBaJIpaTa KOCUHYCA U CHHYCA PA3HOCTH
da3 moJieit, BbIpakaeMble depe3 ornepaTopbl mHTepde-
DEHIUM, 3alUIIEeM TaKKe B CUMMETPU30BAHHOM BUJIE
[10] cormacuo

(Kl +i2 K7L o)

N~

C’? = 6652(¢1 — o) =

S7 =

= an2(¢1 - (]52) = ;

Herpynuo ybGemurhbesi, 9TO OIpeIeCHHBIE TAKUM

[K,? 2+12 Kﬂ . (10)

0bpa3oM onepaTopbl KBaJIPATOB TPUTOHOMETPHUIECKUX
GbYHKIMI TOYHO yJIOBJIETBOPSIOT OCHOBHOMY TPHUI'OHO-
METPHUIECKOMY COOTHOIIEHUIO, T. €.

C? 482 =1.

Brinosinenne 3TOro COOTHOIIEHHE OOECIIEYNBAETCS
BBIGOPOM B[ HOPMIPOBOIHOTO OIlepaTopa K cormac-
HO dopmyie (8).

OTMeTHM, 9TO OIIEpPaTOPHI, OIpeJe/IgeMble (POPMY-
gamu (6) u (7), BO3BeJEHHBIMM B KBaJpaT, HE YJO-
BJIETBOPAIOT OCHOBHOMY TPUTOHOMETPHUYECKOMY COOT-
HOINIEHNIO B KBAHTOBOM DPEXKUME CJIAOBIX TIOJIEH.

3. CPEJHUE S3HAYEHN A, JUCITEPCUN 1N
KOPPEJIAIIVINI TPUTOHOMETPUNYECKUX
OITIEPATOPOB PABHOCTHN ®A3

B Hacrosiinem paszesie HaMU HaliIeHbl BbIPAYKEHUsI
anst HabmomaeMbix cpeaanx TOP®, cpeanux KBaapa-
ToB u gucuepcnii (dbiykryanuii), a TakKe KOppeJisiu-
ounbix GyHkun TOP® st moJieit B Ipon3BOJIbHBIX
KBAHTOBBIX COCTOSTHUSIX.

Omneparops! Kocutyca u cutyca (6) n (7) B 6aszuce
dOKOBCKIX KBAHTOBBIX COCTOSIHUN JBYX IOJIEH MOTYT
OBITH 3AIUCAHBI B BUJIE

R 1
C] = irgoKl (7’L1,7’L2) X

x (Jn1,ne + 1){n1 + 1,n2| + H.c.),

S] = % ;Kl (nl,ng) X

X (|n1,n2 + 1><TL1 + 1,n2| — }I.C.)7

rie BBeJeHO 0DO3HAYEHUE

Ki(ni,ng) = \/
d

st omepaTopoB KBaJpaTOB TPUTOHOMETPUYIECKUX
byuknmit paszHocTn ¢a3, B CBOIO OYepedb, C IIOMO-

(m+1)m2+1)
2

1
\/n1+n2—|—1—|—2n1(n2—|—1)
1
+
\/n1+n2+1—|—2n2(n1—|—1)

(13)

mpio (9), (10) u (8) maxomuMm B Gasuce GHOKOBCKHX
COCTOSTHUI CJIETYIOIIE BBIPAZKEHUSI:

A T e
2 _
OI _§+Z;K2(nl7n2) X
X (|n1,n2 + 2><TL1 + 2,TL2| + }I.C.)7 (14)
Szzl—liK (n1,n2) X
I D) 4n:0 2 1,702
X (|n1,n2 + 2><TL1 + 2,TL2| + }I.C.)7 (15)

IJie BBEJEHO 0003HaUYeHIE

KQ (nl, 712) = \/(TL1—|—1) (7’L1—|—2) (7’L2—|—1) (n2—|—2) X
1
_l’_
n1—|—n2—|—2+2n1(n2—|—2)
. 1
n1+n2—|—2+2n2(n1—|—2) ’

X

(16)

Cpennne 3nauennss TOP® st npou3BOJIBHBIX KBaH-
TOBBIX COCTOSIHUI JABYX TOJIEH |T1) U |T2) ¢ ITOMOIIBIO
dopmya (11), (12) mMoryT GbITh HallIeHBI B BHJIE

<él>m1,m2 = (21, 22|Crlay, z2) =

= Z K (n1,n2) Re ({(z1 |n1)(na| z2) X

nl,ngz()
X {zalng + 1) (ny + 1] z1)), (17)
(5, = vl =
= Z Kl (7’L1,7’L2) Im(<$1 |n1><n2| 1‘2> X
nl,ngz()



MITP, Tom 160, BeI. 6 (12), 2021

CooTHOLEHNS HEONPEAENEHHOCTEl A1 TPUTOHOMETPUHECKUX ONEPATOPOB.. . .

Ucnonb3ys (14)—(16), jyis cpeiHAX 3HAYECHUH KBajpa-
toB TOP® nosryvqaem

(C1) = (wn,malCElar,w) =
T1,T2

1 oo
= 5 —+ §n ;ZOKQ (nl,ng) X
x Re ((z1 |n1)(ne| z2) (z2|na+2) (n1+2| z1)), (19)
<S’?> = <xl,x2|3’%|x1,x2> =
1 1
=373 Z K3 (n1,m2)
X Re(<$1 |7’L1><TL2| $2> <x2|n2—|—2> <7’L1—|—2| {E1>) . (20)

Cpennue 3nauenns: npousseneans TOPO Cru Sy
JIJIsl TTPOU3BOJIBHBIX COCTOSIHHI TOJIel, HEOOXOMMbIe
ans pacteros CCH (ecu nonoxurs B copmyie (1)
A= C’I, B=S 1), MOTYT OBbITH 3aIlUCAHbI B BUJE

<

Q»

IS1> = <$1,$2|CIS]|$1,$2> =
T1,T2
o0

K2 () ([Ger [m 4+ 1) |{na] 22

wmmmmﬂmﬂ—
1 o0
_ §ZK1 (nl,ng—i—l) Kl (7’L1 + 1,TL2) X
n=0

x Im ({(x1 |n1)(ne| x2) (x2|ne+2) (n14+2| 1)) . (21)

Cpenue 3navenusi KomMmyTaTopoB TOP® jyrst ipo-
M3BOJIBHBIX COCTOSIHHIA I0JIEii, ONpeiesIsiolyie IpaBble
aacru CHID (ecsm monoxuts B dopmyre (2) A = (7,
B = S}), HAXOAATCS ¢ IOMOIIBIO CJICLYIONIErO BLIPA-
JKEHUSI:

([6r81]), = tormal [Cr.81] or.wa) =

2 K2 (b1 gl )

ni,n2 =0

=[x [m)* {no + 1] 22)?) . (22

JleBast wacTb coornomenus ueoupesenaennocreii (CH
JIIS ollepaTopa cyMMBI uncia doroHos n TOPD C)

)

~—

(npucyrersyomas B dopmynax (1) u (2) mpu A =
=Ny + g, B = ;) umeer Bux

Ly ez (1 +722,C1 ) = <(AC“I)2>
< ((am)?) + <(ACJ)2>

X

T1,%2

((@io)?) . (23)

x2,T2

2 2K9T®, Bpm. 6 (12)

e

TJIe IUCIIEPCUM IUCa (DOTOHOB KasKI0r0 U3 TOJIEH eCTh

oo

L \2 2
((aa)*) =3 n2l; I ny)l* =
L nj:O
2
2 .
- Z n; |<xj | n7>| , J=12. (24)
’n,]‘ =0
IIpaBast wacts CCH npu sToM umeer Bu/I
2
Rt 2y 2, (ﬁ1+ﬁ2701) = ‘<(ﬁ1+ﬁ2),01> =
T1,T2
= ‘<(’fl1 +ﬁ2)é]> —
T1,T2
R 2
— (A + ), o, <OI> (25)
xr1,T2
Anajornyno  BeIDJIsLauT — npaBas  dacteb  CCH

Rt v 25 (ﬁl + Mo, 5’1) ¢ 3amenoit B (25) C Ha SJ.
1t KOppeIsiTOpoB oIepaTopa CyMMBI Iucjia poTo-
HOoB 1 TOP® noJiyuaem

(i),

> Ks(n1,n) Re((@1 n1)(na| o) x

ni,n2 =0

= <:E1,$2| (fll—l—ﬁg) é[|il?1, $2> =

X (w2ln2 +1) (n1 + 1| 1)), (26)

= <$1,£L‘2| (ﬁl—l—ﬁg) S1|$1,$2> =

<(ﬁ1 +ﬁ2)5'1>

T1,T2
= Z K5 (n1,n2) Im ((z1 |n1){na| z2) X
n17n2:0

X <x2|n2—|—1> <n1 —|—1| $1>), (27)

rje 0003HAYEHO
K3 (nl,ng) = (n1 —|— no —|— 1) Kl (nl,ng) .

4. COOTHOIIIEHN A
HEOIIPEIEJIEHHOCTEM
TPUTOHOMETPUYECKNX OITEPATOPOB
PA3BHOCTU ®A3 IIOJIEM B ®OKOBCKNX
COCTOAHUAX

Paccvorpum ciyuait, xorjga o6a 371€KTPOMATHHUT-
HBIX IOJIsf, Pa3HOCTh (a3 KOTOPBIX HCCIIEIYIOTCS Ha-
MH, HAXOAATCS B POKOBCKUX COCTOSTHUSX |ng1) U |no2),
no1, N2 > 0. Haiigem JeBble 49acTU COOTHOIIEHUIT
Heolpe/le/leHHoCTell /sl OllepaTopos pasHocTH a3
C u SI (momarast B dopmymax (1) u (2) A = C,

= ), oupesensieMple 15l IPOU3BOMBHBIX KBAHTO-
BBIX COCTOstHUi mosteii Bbipaxkenusivu (17)—(20). Tuc-

nepcun TOP® <(AC’1)2> u <(A5’1)2>



A. B. Kosznosckuii

MITP, Tom 160, BeI. 6 (12), 2021

B ciiy4dae (POKOBCKUX COCTOSIHUIA 1TOJIeH, BXOMIAIINE B Jie-
By1o dactb CH,

Ly, nos (C'J, 5'1) =

= <(Aé,)2>

HAXO/IATCS Iy TEM IIOJJCTAHOBKU B BBIPAYKEHUS JJIsT ITUX
pesimand  (17)—(20) cKadsApHBIX TPOU3BEJCHUIT BHIA
(n| n'y = dn . B pe3ynbrare mosydaeM COOTHOIIECHUS

A\ 2 A\ 2 1
((par)) ={(ssr)) =5
ripu 31oM cpeiuue 3uadennss TOP® paBHb

N

9TO O3HAYAET, YTO CIydaiiHAS BEJUINHA PAa3HOCTH da3

(),

n01,102 n01,102

n01,102 101,102

obJiajaeT paBHOMEDPHBIM PACIIpe/IeIeHIeM CO 3HAYEHU-
avu oT 0 10 27.

Taxum obpazom, mogydaem, uto jeBas dactb CH
st TOP® B cirydyae (POKOBCKUX COCTOSTHUIA 0JIE €CTh

AoA 1
L’ﬂol,nog (017 SI) = 4'
Haitnem pmajstee mpaBble 9acTH TOYHOTO COOTHOIIIE-
Hus Heolpe/eiennocreil (nepasencrsa Ko —ITIsap-
na, CCH) u coornomenus neounpezenennocreii leitzen-

(28)

Gepra (CHT). U3 BeIpaskeHmii Jyist 9TUX JIBYX Hepa-
sercts (1) u (2) B cayuae, ecu A = C;, B = S,
€ MOMOIIIHIO COOTHOIIEHUs] OPTOHOPMUPOBAHHOCTHU BEK-
TopoB GOKOBCKUX cocTosiHuit (n | n') = §,, ,/ moaydaem
dopmyity juist koBapuanuu TOP®, Bxoxgmeit B upa-
ByIo qactp CCH:

<ép§1> = <n01,n02|015'1|n01,n02> -
mno1,Nn02

— (no1,102|Cr|no1, m02) (no1, no2| Sy no1, no2) =

i [e'e)
Z Z K12 (nl,ng) X
nl,n2:0

2
n1+15n02,n2

2
n15n02,n2+1

— 52

no1,

52

no1,

x(

1 JJIA CPEJHEro KOMMYTATODa, ONPEIEISIONero Ipa-
By1o dactb CHI', naxomum

), (29)

<[CA'I,S’1} >no1,no2 = (no1, noz| {CA'I,SYI} [no1, no2) =

—2 <C‘I, 5‘,> (30)

no1,Mn02

Takum 06pazoM, TOJYUEHBI CJIEYIONNE BbIPAYKEHUS
st upaseix yacreit CCH u CHI' B ciryuae dpokoBckux
COCTOAHUN IOJICH:

778

2

Rungs o (C‘I, S’I)

>n01 ;102

2

_!

4 ’< [CD S’I} >n01,n02
Kéhg§mmm2
1

2
iflensl),.....

)

9 (31)

Rungs o (é,, S‘I)

, Mo1,Mo2 > 0.

U3 pasencts (31) ciemyer, uro s moJieii B GOKOB-
ckux cocroguuax CCH n CHI cosmamaror nja j1ro0bIx
no1, Noz2 > 0.

U3 seipaxkennst (29) TakzKe CJe[yer, UTO, €CJIH
no1, N2 > 0, To npasere gactu CH ectn

Ry o (é,, S’I) -
1

2
=16 [Kf (no1,mo2 — 1) — K12 (np1 — 1,n02)]

(32)

IIpu ng1 = 0, ng2 > 0 mmeem

Ao 1
Ro ngs (CI, 51) = —K{ (no1,ne2 — 1).

16

IIpu ng; > 0, nge = 0 momyIaem

L 1
Ro.nes (CI,SI) =~ K (no — 1,0).

16
B caygae ng1 = no2 = 0 maxogum

Ro.o (C‘,,S’I) —0.

st GosbIux 3HadeHuit ngp, Nz — OO IIpaBas
qactb CH cTpemurcst K HyJI0, TaK Kak

<é], S’]>nm’n02 — 0,

1.e. TOP® He KOppeaupyoT MeXKIy COOOIA.
Ha puc. 1 uzobpazkeHa 3aBUCHMOCTD IIPABOM Hac-
™ CH Ry, o0 (C;, 5’1) OT 3HAYEHUIT Yrces POTOHOB

N1 U N2 HOKOBCKUX COCTOSIHUI TIOJIeH |ng1) U |np2),
0 < no1, no2 < 10. Ha pucynke BHJIHO, 9TO mpaBasd
qactb CH 3amerno orimuaercss or 0 TOJBKO JJIsT Ma-
JIBIX 3HAYEHUU M1 WX Mg BOMm3u 0, T.e. B ciaydae
KOT/Ia, OJTHO U3 TOJIel HAXOJUTCS B COCTOTHUHN OJIM3KOM
K BaKyyMHOMY COCTOSTHUIO.

JleBast wacte CH 3HaumTeNbHO IIpEBBIIAET JIEBYIO
gactb CCH n CHI' mia Bcex 3HadeHuil ng; 1 Nge 3a
HUCKJIIOYEHUEM COCTOAHUN I10J1eid

Ino1 = 0), [no2 = 1)

Ino1 = 1), [no2 = 0),
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Puc. 1. 3aBncumocTb NpaBoii H4acTM COOTHOLLUEHUST Heonpeae-
JIEHHOCTEN OnepaToOpoB KOCUHYCa 1 CUHYCa pasHocTu a3

R no1,m02 (C’I, 5'1) =

<élgl>n01,n02 B <él>n01,n02 <g1>n01,n02

4151 POKOBCKIX COCTOSIHUM MOJEiA |n1) n [n2) OT cpeAHnX 3Ha-
YeHuii Yncna hOTOHOB M1 U Moz COCTOAHND

2

T.€. B CJIydasiX, KOIJIa OJHO U3 MOJieil HAXOIUTCS B Ba-
KYYMHOM COCTOSIHUH, 8 COCTOSTHUE JIPYTOrO IOJIsT sIBJIsI-
ercst 0MTHOMOTOHHBIM. B 3TuX 0COOBIX CiIydasx

Rig (C'I, gl) = Ry (OI,SI) =L (C'I, gl) = i,

U 9TO O3HAYAET, YTO POKOBCKUE COCTOSIHUS [TOJIEH SBJISA-
FOTCS COCTOSTHUSIMU C MUHUMAJIHLHOM HEOIPE 1€ IEHHOC-
Tet0 TOP® Tos1bKO 1151 pasHocTeil a3 01H0DOTOHHO-
o U BAaKyyMHOI'O COCTOAHUN IT10JIEH.

Bwmecre ¢ Tem, paccmarpuBas CH mis oneparopa
ITOJTHOTO 9Iucjia (POTOHOB
u TOP® C; u St ¢ momompio dopmyn (26) u (27) u

COOTHOIIIEeHU A

(A +a2)’) =0,

n01,M02

HerpyaHo yoeaurnest, uro CH mst 71q + e 1 TOP® Cf
u Sy 11 moJieit B POKOBCKUX COCTOSTHUSX TTPEICTABIIS-
eT coboif paBEHCTBO

Rigsnos (1 +722), 1) =
= Ry s (1 + 122), 81) =
= Lnggones (1 +722) ,Cr) =

S ((ﬁl ¥ o), S‘,) —0. (33)

CaenoBaresibHO, (POKOBCKHE COCTOSTHUSI TIOJIEH SIBJISTFOT-
Cs1 KBAHTOBBIMU COCTOSTHUSIMU ¢ MUHUMAJILHON HEOIpe-
JIEJIEHHOCTBIO JIJIsI ONEePATOPOB MOJHOTO (CyMMAPHOTO)
qnciia poToHOB ABYX moJieit u TOP® C'J, S T JJId JIIO-
ObIX 3HAUYEHUT Yncsia (POTOHOB N1, 702-

B cnydae ecam opno u3 mosieit HaxomuTcs B Po-
KOBCKOM, & JIpyToe I0Jie B IMPOM3BOJIHLHOM KBAHTOBOM
cocrostHu (|no1), |z2) mmm |x1), [no2)), U3 BBIpaKeHuit
(17) n (18) caenyer, aro cpenune 3naderns TOPD B
sroM ciaydae pasabl 0, a gucnepcun TOP® Cru Sy
paBHbI 1/2; Tak Ke Kak u B ciydae (GPOKOBCKUX COCTO-
stHuit oboux moseit. U3 dopmyn (21) u (22) B cuyuae,
KOTJIa, OJTHO W3 TOJIell HAXOJUTCA B (POKOBCKOM COCTO-
suuu, ciaenyer, uro CCH u CHI' coBmamaror Mmekiy
coboit it TOP® C; u S;. Tak, Hanpmumep,

Ry ny as (CI, gl) = Ry no1,xs (OI, gl) ; (34)

mpuydem

<élgl>n01,mz - i Z (K12 (n01_1an2) |<n2| $2>|2 -

n2:0
— K7 (no1,m2) [{n2 + 1| $2>|2) (35)

upu ngy > 0n

(081),,,

:_2 S K2(0,m2) |{nz + 1] w2)]*,  (36)

na =0

upu ng; = 0 Jyist 06010 KBAHTOBOTO COCTOSIHUSA |Tg).
ITockonbKy omepaTop CyMMapHOTro Yucaa (GPOTOHOB
mosiet i1 + Ny KommyTtupyor ¢ TOP® C’] u S’], CCH
JJISL OLIEPATOPOB 71 + Mo U C’I, Sy cosnagaior ¢ CHI
JIJIsT 9TUX OIEPATOPOB B PACCMATPUBAEMOM CJIydae Mo-
Jieit B POKOBCKOM M MPOU3BOJIBLHOM KBAHTOBBIX COCTO-
suusix. [Ipu srom npaseie wactu CCH u CHI' pasubI
Hysit0. OTMeTrM paBeHCTBO HyJt0 IpasBoit yacru CHI
JUIg Ny + Mo 1 C’I, 5'1 IS JII00BIX KBAHTOBBIX COCTO-
aHuil |x1), |T2), HOCKOJIBKY OLEPATOPBI CyMMbBI YUC/IA
doronoB 1 TOP® koMMyTHUPYIOT MEXKILY COOOIA.

5. COOTHOILIEHU A
HEOIIPEJEJIEHHOCTEN
TPUTOHOMETPNYECKHNX OIIEPATOPOB
PA3HOCTU ®A3 IIOJIE B KOTEPEHTHBIX
COCTOAHUNAX

Paccmorpum Temeps cirygait, korga 0ba moJist Haxo-
JATCA B KOT€PEHTHBIX COCTOAHUSIX

|xj>:|aj>aaj:\/najeiwaj, ]:1,2

2*
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Haitnem nepoie vactu CH g TOPO Crus 1, TIpei-
crasJisiforiiue coboii npoussejenne guctepcuit TOP®

<(AC‘I)2> <(AS1)2> :

Q1,02 Q1,02
ompejieisieMble ¢ UCIob3oBanneM Gopmya (17)—(20) u

BbIpazKaloIllyecs 4epe3 CKaJlgpHble IIDOU3Be/IeHUsd KO-
TEePEHTHBIX U (POKOBCKUX COCTOSIHUIA.

780

Puc. 2. 3aBucumoctu a) nesoii 4actu cootHowenuii (1) n (2)
AN ONepaTopoB KOCMHYCa M CMHYCa pa3sHocTu a3

<(Ac“,)2> <(ASI)2> 7

al,a2
6) npaBoii 4acTu cooTHowehus (1) ans onepaTopos KocuHyca
1 cuHyca pasHocTu chas

I NN

6) NpaBoli 4acTM COOTHOWeHNsI HeonpegeneHHocTel lei3eH-
bepra (2) ons onepaTopoB KOCMHYCa 1 CUHYCa pa3HOCTM a3

Lai,a2 (CI, SI)

al,a2

S

Riat1,a2 (C'I, 5’1)

_1

o 2
i[(fers),..

OJ1S1 KOTEPEHTHBbIX COCTOSIHUI noseid |a1) u |az), oT cpel-

HUX 3Ha4YeHuii 4Yncna poTOHOB Mo M ha30BOro yrna s Ko-

FEPEHTHOrO COCTOsIHMS |ai2). [nsi hrKCnpoBaHHbIX 3HaYEHWI
Nay = 1 U o, = 0 KOrepeHTHOro cocTosHMS |ary )

)

RH,01,02 (017 S[)

IIpaBeie wactu CH, B cBOo odYepenb, HAXOIATCS
C IIOMOIIBIO YKa3aHHBIX CKaJIAPHBIX NPOU3BEJICHUN 13
dopmya (21), (22).

CxraJisipHbIe TIPOU3BEIEHUST BEKTOPOB COCTOSTHUT 110~
Jieit, HeOOXOIMMBIE JIJIsT PACYETa, JIEBBIX U IPABBIX UAC-
teit CH 151 citydast KOTEpEHTHBIX COCTOSIHUMN TIOJIeit,
MOI'YT OBITH 3aIIMCAHBI B BHJIE
—na; /2 ngljj /2

mj!

ei mj Paj

N1
j=1,2.

(mj |aj) =e
m; =nj,n; +1,n; + 2,

YHucnennble pacdeTbl JUCIEPCHI, CPEIHUX 3HAYEHUI
KOMMYTATOPOB M KOBApHUAIUil, OIPEIEISIONNX JeBbIE
u npasble vactu CCH u CHI', npoojauiuch HaMu Iry-
TeM IO/ICTAHOBKY 3HAYCHUI CKAJISPHBIX IPOU3BEIEHUI
(37) B BRIpakenus (17)—(22).

Kak nokazasm pacuerst, npassie wactu CCH u CHI
JUIs COOTHOIICHUIT HeollpeieJIeHHOCTEeH CA’I*.SA’ 7 3Ha4u-
TeJIbLHO pa3aInvaroTcs Mexk 1y coboit. Ha puc. 2 mokasa-
ubl jesbie u npasbie yactu CCH u CHT' gia TOPO® B
cjly4ae KOIepeHTHDBIX COCTOAHUN 110JIel, B 3aBUCUMOCTU
OT TIApAMETPOB COCTOSIHUSL |(ig) TIpU (DUKCHUPOBAHHOM
3HAYEHUN (v = 1.

Kax Buano na puc. 2a, neBas 9acTb Lq, o, (C’I, 5’1)

CH nocruraer MakCHUMAaJIbHBIX 3HAYEHUN [IPUA MaJIbIX
4qnciiaXx POTOHOB KOT€PEHTHBIX COCTOAHUN N, ng ~ 1
¥ MOHOTOHHO yObIBaeT ¢ mx pocroM. Kak mokazaHo

Ha pHC. 26 U 26, IpaBble YacTu [ n, a0 (C’I, 5’1) JLJISE

CCH u R ngy 20 (C’I, 5’1>m15{ CHT 3nauuTenbHO pas-

2
I>
al,a2
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JINJAIOTCS MEXKJIy COOOM Jyist JIIOOBIX 3HAYEHUIl mmapa-
METPOB KOTE€PEHTHBIX COCTOSIHUI (vp U (ig.

Cpasuenwe JieBbix u npasbix dacreit CCH u CHT
[MOKa3bIBaeT, 4To JjieBble yactu oboux CH B obem ciry-
qae OOJIbINIe TPABBIX YACTEH, T. €. KOTEPEHTHBIE COCTO-
aHug nojeil ne apigorcd 1 TOP® cocrosausMu ¢
HaWMEeHbIIEel Heolpe/IeIeHHOCTRIO. [Ipubmkennoe pa-
BeHCTBO JieBbiX u mpaBbix uacreit CCH umeer mecto
TOJIBKO [IJIsi OIPEJeJIEHHBIX 3HAYEHUl (Ha30BbIX YIJIOB
$a;s J = 1,2 1 npu 6osbIIUX 3HAYEHUAX YUCTA HOTO-
HOB N, j = 1 u/um 2 (cm. puc. 2a,6).

Pesynbrarer pacaeroB CH yist omeparopa cyMMbr
qucia GOTOHOB noJieit 71 + g 1 TOPD 6'1, S’I IIpu-
BeJieHbl Ha puc. 3. Ha puc. 3a moxkasano, 4To JieBast
4aCTh Loy oy (ﬁl + ng,S’I) IIPUHUMAET MUHUMAJIBHOE
3HaUeHHe IIPU MaJjbIX 3HAYEHUAX nj, j = 1,2 un Bo3-
pacTaeT ¢ yBeJHYeHHEM Nj, UYTO CBA3AHO C BO3PACTa-
HUEM JIACIEPCUU YHUC/Ia (POTOHOB C POCTOM CPEITHUX
Tmces POTOHOB KOTEPEHTHBIX COCTOSHHN PaBHBIX 7.
Tak xe xak u B ciyyae CH g Cru Sy, pazutine

MezKJLy CODOM IPAaBBIX dacTeil Ry o, a, (11 + N, SI) u

Ryay a0 (le + Mo, SI) BEJINKO.
Kak ormeuasioch Bbllle, OlIepaTOpPbl CYMMbBI YHCTIA
doronos TOP® noseit KoMMyTUPYIOT MEXK 1y CODOIA,

[(ﬁl + fla), S’I:| {(TAM +na), CA'I} =0,

BesencrBue dero npasbie yactu CHI' paBubI HyTI0:
Rt s (2, 51) = Ritar (14702, Cr) = 0.
B To e Bpems npassie uactu TCH

Rt,al,az (ﬁl + ’fL27 SI) ) Rt,al,OLQ (ﬁl + ﬁ'2701>

3HAYUTETHHO OTIMIAIOTCS OT HYJIs JIJIsl BCEX 3HAUCHUN
rapaMeTpoB KOPEPEHTHBIX COCTOSIHUI, KaK IIOKa3aHO Ha,
puc. 36.

Ornnune mpapoit wactm CCH mas omepaTopos
n1+ns u TOPO C’I wm S T OT JIEBOH 4aCTHU 3HAYUTE]Ib-
HO, Kak u B ciiydae CCH mja Cy u Sy, u nourn yuneii-
HO PACTET C yBeJIUIEHUEM InucesT (POTOHOB KOT€PEHTHBIX
cocTosHmit Ny (cM. puc. 3). Korepenrnele cocrosnms
HE SBJISIIOTCS] KBAHTOBBIMHM COCTOSIHUSIMM IIOJIEH C MU-
HUMaJIbHOI Heolpe iesieHHOCThIO it TOP® C T nan S T
7 OIepaTopa CyMMBI Yuces (POTOHOB N1 + Ng.

Paccmorpum Takxke ciiyuaii, Korjga OJHO U3 IIO-
Jieil HaXOUTCs B KOI'ePEHTHOM, a JIPyroe B (POKOBCKOM
KBaHTOBOM cocrostnnu. B rakux ycnosusax CCH u CHI'
st TOP® Cru Sy coBmamaior. IIpasoie wactu CH me
3aBHUCAT OT (DA3bI U 3HATUTETHLHO OTJIMIAIOTCS OT HY-
Jg Jmimb upu n ~ 1 u 6au3ku K Hyso npu 1 3> 1.
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6

Rt,ul,(ﬁ(‘ga

Puc. 3. 3aBucumoctu a) nesoii 4actu cootHowenuii (1) n (2)
[J1sl ONepaTopoB CyMMbl Yucna pOTOHOB nonein 1 = nq + M
N CuHyca pasHocTh a3

N N 2
Lavaz (7,81) = (A0)°),, ., <(ASI) > :
’ al,a2
6) npagoii YacTn cooTHowweHus (1) ans yucna oToHoB U cu-
Hyca pa3sHocTu pas

<ﬁ g1>a1,a2 a <ﬁ>a1*“2 <S’I>a1,a2

OIS KOFepPeHTHbIX COCTOsIHWIA noneli |a1) u |az), oT cpea-

HUX 3Ha4YeHuii 4Yncna poTOHOB Mo 1 ha30BOro yrna s Ko-

FEPEHTHOrO COCTOsIHMS |a2). [nsi hrKCMpoBaHHbBIX 3HAaYEHWI
Nay = 1 U o, = 0 KOrepeHTHOro cocTosiHMS |ary )

. 2
Rt,al,a2 (ﬁ7 SI)

)

IIpasbre wactu CH g omepaTopos 1y + 1o u TOP®
Cr, S; paBHBI HyJIO JUIsT JIOOBIX 3HAUCHNIT TAPAMETPOB
cocTosHui |no1), |ae) (mm o), [no2)). Dro osHadaer,
aro CH B ciiygae Takux KBAHTOBBIX COCTOSTHUI TOJI€i
HE HAKJIAIbIBACT HUKAKUX JIOMOJTHUTEIbHBIX OrDAHIYIe-
HUI HAa TOYHOCTH M3MEPEHUs] MOJIHOTO (CyMMAPHOTO)
qrcyia POTOHOB U PA3HOCTH (ha3 IMoJIeii.
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6. COOTHOIIIEHU S
HEOIIPEJIEJIEHHOCTEM
TPUTOHOMETPUYECKHNX OIIEPATOPOB
PA3HOCTU ®A3 OJ1d ITOJIEN B
COCTOSIHULX CYIIEPIIO3UIINN
KOTEPEHTHBIX COCTOSHUI

PaccmoTpuM Tenepnb ciiydail KOra 3JIeKTPOMArHHAT-
HBbIE HOJI HAXOIATCA B KBAHTOBBIX COCTOSHUSAX CYIIEp-
HO3UINH KOrepeHTHBIX cocrostHmii [13-18]. Takue co-
crostHus 1oset |15 i), 7 = 1,2 MoryT GBITH 3alHCAHDI
B obmmem Buge [18], caemyromum obpazom:

¥s.5 () = Nj (lay) +€18;)) =

’ﬂjZO
rie
Zn; = Nj (an=04j + et an-ﬂj) ) (39)
1
\/2 (1+ cosfe%/2)
0; =& + \/na,np, sin Ay, (41)
Aj =¥B; — Pajs (42)
0j = na; +ng, — 2,/Na,Np, COs A, (43)
Qj = \/nocjeiwaja ﬂj = nﬁjeiS&ﬁja ] = 1727
U UCIIOJIL30BAHBI O003HAYEHUS
a’
o = M/ L
I nj!
ng (44)
—ng 2 By
= ng;
Zn;,B; =€ nj!'

B ciyuae ecin dazoBble yIiIbI KOTEPEHTHBIX COCTOSI-
HU, COCTaBIAIOINX KaKAYIO U3 CyIIePIIO3ULINYA, PABHBI
MeXK/Iy CODOii,

Pa; = PBjs AJ:O, j:1527

a gucia GOTOHOB KOI€PEHTHBIX COCTOSTHUI PAa3/InIaioT-
Csl, Na; 7 Ng;, COCTOAHNA KBAHTOBBIX CyTIEPIIO3HIIA
MOTyT OBITh HA3BAHBI AMILIUTY/IHBIME CyIEPIIO3HILHS-
MH KOTEPEHTHBIX cocrosimii [18]. B npyrom BakHOM
JaCTHOM CJIydae, KOIJIa

Pa; 7 PB;

Tlaj = ngj s

COCTOSTHUS CYTIEPIIOZUIIAN MOTYT OBITH HA3BAHBI COCTO-
sAHUAMI (PA3OBBIX CYILEPHO3UIMA JBYyX KOI€PEHTHBIX
cocrostHuit [18].
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Da30BbIe COCTOSHUSI Cynepriosunu, UMeronme 3ua-
YCHUs IIapaMeTpoB

@ajZQOﬁj +7Ta j:1527

[IPEJICTABJISIIOT CODOIl M3BECTHBIE W XOPOIIO W3y 4IeH-

HBIE KBAHTOBBIE COCTOSIHUSI «IIIPEIMHIEPOBCKOIO KOTA»
[13-21]. B cayuae

& =0,

COCTOSIHUSI TIOJIEN TIPEICTABIAIOT CODOI YeTHBIE COCTO-

Nay; =Ng;,  Pa; =Pp; +T

SIHUST CYIIEPIIO3UIIMNA KOPEPEHTHBIX COCTOSIHUI, a B CJIy-
qae {; = m — HEYETHBIE COCTOAHUA Cyneprosunuit [20].

KBanTOBBIE COCTOSIHUMST CYNEPIIO3UIIAN KOTEPEHT-
HBIX COCTOSTHUH TOJIsT OBJIAIAI0T SIPKO BBIPAYKEHHBIMU
HEKJ/IACCUYIEeCKUMU CBoicTBaMu. Tak, ¢a3oBble Cymep-
no3uyy (BKJIKOYAs COCTOSIHUSI THIA <IIPEIUHIEePOB-
CKOTI'O KOTa» ) MOT'YT MMeTh (hJIyKTyanuu ducia hoTo-
HOB 3HAYUTEIFHO HUYKE BEJIMIUHBI (DJIyKTyaIii ducia
GOTOHOB KOrepeHTHOro coCTosiHus 1oJIst (yPOBHS JIPO-
6osoro mywma) [19-21].

OTrMeTnm, 9TO B CIydae CyOIIyacCOHOBCKOM CTaTH-
cruku HOTOHOB ¢ muciiepcreii (QIyKTyarusiM) quc-
Ja HOTOHOB HUZKE MMyaCCOHOBCKOTO YPOBHS, MPUCYIIE-
IO KOTEPEHTHOMY COCTOSIHUIO TIOJIs, HAPYIIIAETCsT Hepar-
BerctBo Komu—IIIBapia 11 aBTOKOPPEIAIIMOHHON
dyHKIMKM nHTEHCHBHOCTH CBeTa [22,23].

AMIymaTyIHbBIE CYTIEPIIO3UITNN KOTEPEHTHBIX COCTOSI-
HUT MOTyT 00J1aJlaTh MAJABIMUA (PIYKTYAIUSIMA (Da3bl
II0JIsT CYTIECTBEHHO HUYKE YPOBHS (DIIyKTYAIUi, IPUCY-
IIUX KOTEPEHTHBIM COCTOSTHUSIM [21].

Coornomrenust Heonpeaenaennocreir aust TOPD C’I
1 S; MOIYT GBITH HAMi/IeHBI U3 MOy ICHHBIX BBIIIE Bbl-
paxkenuit (17)—(22) mnas cocrosiHuil moJsielt obmieit cy-
[EPIIO3UIMU KOT€PEHTHBIX cocTosHuit (38) myTeM 1moj-
CTAHOBKU B 9TU BbIPAYKEHNUs] 3HAUEHUI CKAJISPHBIX TTPO-
u3BesieHn (POKOBCKHUX COCTOSHUI U COCTOSHUIN CyTIep-
MTO3UTT:

m; znj,nj+1,n<j+2,
j=12.

(mj [s,5) = Zm. (45)

rae Zyy,,; oupenensiorcs dopmytamu (39)—(44).

Ha puc. 4a m3o6paker mpumep 3aBHCHMOCTH Jie-
Boit vactu CCH u CHI' or napaMeTrpoB cocTosiHMII Cy-
nepriosunumii Jyist TOP® Cr n 5’1. JleBas wacts CCH
B CJIy4ae COCTOSIHUII IOJIeil CyNepIO3HIINN KOIepeHT-

HBIX COCTOAHUH Ly, g, (C 7, S 1) Ka49eCTBEHHO OT/INIaeT-
cst or Jieoit yactu CCH jyist KOrepeHTHBIX COCTOSIHUM
Laias (C],S[). Ha puc. 2a BumHO, 9TO 3Ta BEJIAYU-

Ha He 3aBHUCUT OT 3HAYEHMI (PA30BBIX YIJIOB KOTE€PEHT-
HBIX COCTOSIHUN U MOHOTOHHO yOBIBa€T C POCTOM HHUC-

J1a (POTOHOB Ng,, TOrNA KaK Lg, s, (C;, S]) obazaer
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2>
oS,
R

L7
LA
~ R
Zy

TS
SR ALS
R

CUJIBHON 3aBUCHUMOCTBIO OT (n, W HE YOBIBAET, a JayKe
BO3pacCTaeT C yBeJIMYEHUEM N, B IIMPOKOM MHTEpBaJe
N3MEHEHUsl 3HAYEHUil (,,. YKa3aHHbIE 3aKOHOMEDHO-
CTHU BBITIOJIHSIOTCA JJIsT JTIOOBIX 3HAYEHUI ITapamMeTpoB
PaACCMOTPEHHBIX COCTOAHUN MOJIEH.

Ha puc. 46 mokazan mpumep 3aBACHMOCTHU IIpa-
Boit wactu CCH or mapamerpoB cocrosiHHUit cyrmep-
nosunmii it TOP® C; u S;. Ilpasas yacts TCH

R s, s, (CI,SI) TaK>Ke KadeCTBEHHO OTJIMYAETCS OT

783

Puc. 4. 3aBucumoctu a) neBoii Yactu cootHowweHnii (1) n (2)
A5 ONEPaTOPOB KOCUHYCa U CUHYCa pasHOCTu cha3

<(AC‘1)2> <(AS’1)2> ,

sl,s2
6) npagoii 4actu cooTHowehus (1) ans onepaTopos KocuHyca
N cuHyca pasHocTu chas

B ) ) 2
= ‘<CISI>51’$2 - <CI>51’52 <SI>51,82

6) MPaBoii 4acTy COOTHOLUEHUSI HeonpeneneHHocTel leiizeH-
bepra (2) ons onepaTopoB KOCMHYCA U CMHYCa pasHOCTU has

([ens]), |

ONS COCTOSIHUIA Cyneprno3nLnii KOrepeHTHbBIX COCTOSIHWIA noJei

15,5 (€)) = Nj (lag) +€%18;)), 5 = 1,2, oT cpepnmx 3naqe-

HWIA Yucna hbOTOHOB N2 U Pa30BOro yrna o KOrepeHTHOro

cocTosiHus |az). [ns pukcmpoBaHHbIX 3HAYEHWA OCTaNbHbIX

napameTpoB cocTosiHus cynepnosuumii s (§5)), 7 = 1,2,

Nay = 1, ngy = 2, ng, =41 Yoy = 08, = pp, = 0,
§&1=6&=0

Lsi,s2 (C'I, S’I)

sl,s2

Ri s1,s2 (C'I, 5’1)

1
4

RH,a1,02 (éh S’I)

)

npaBoil 4YacTH [OJId KOTEPEHTHBIX COCTOAHUU IHOoJei
Rioy 00 (C’[,SI). Hepasencreo CCH (mepasencTso

Kommu —ITIapia) BBITIOTHSIETCS JJIsT BCEX 3HAYEHMI m1a-
pPaMeTpOB KBAHTOBBIX COCTOSIHUIT IIOJIEIA.

Ha puc. 46 nokazana 3aBHCHMOCTH IIPABON YaCTH
CHI' or mapaMeTpoB COCTOSIHWII CyTI€PIIO3UIHI 1JIst
TOP® C; u S;. Kak u B cJlydae KOTepEeHTHBIX COCTOSI-
unit, mpasbie gactu CCH u CHI' kauecTBenHO pazind-
ubl. [Ipasere wactu CHI' myist cocrosiamit cynepro3urium
Ry s s, (6'1,5’1> 00J1a1al0T 3aBUCHUMOCTBIO OT Iapa-
MEeTPOB KBAHTOBBIX COCTOSTHUH, TOM0OHOI 3aBUCHUMOCTH
Ry oy a0 (C’[, S 1) JJIsE TI0JIeil B KOT€PEHTHBIX COCTOsI-
HUsIX (CM. puC. 26), HO OHM 3HAYUTEIBHO PA3JIMIAIOT-
cs 1o abcostoTHOM Benmunbe. [Ipu sToM npasble yacTu
CCH u CHI kadecTBEeHHO pa3jMYHBI KAK B CJIydae Cy-
[IEPIIO3UINI KOT€PEHTHBIX COCTOSHUI, TAK U B CJIydae
KOTePEHTHBIX COCTOAHMUI ITOJIeit.

Ha puc. 5a nzobpaxken nmpumep 3aBUCUMOCTH JIEBOT
gacru CCH u CHI" or mapaMeTpoB cocTosiHuii cyeprio-
3UlUi [JIs1 onieparopa it = n +no u TOP® S’I. JleBbIE
gactu CH Ly, s, (fL, 5’1) u Ly, a, (fL, S’I) BO3pacTa-
0T C yBEJUYEHUEM YNC/Ia (POTOHOB, HO, B OTJIUYNE OT
Loy s (fL, 5’1) u Ly, s, (fL, 5’1), 00J1aJAaI0T CJIOXKHOI
3aBUCUMOCTBIO OT (pa30BOI0 yrjia KOP€PEHTHOI'O COCTO-
STHUST Oy -
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Puc. 5. 3aBucumoctu a) nesoii 4actu cootHoweHuii (1) n (2)
[J1sl ONepaTopoB CyMMbl Yucna POTOHOB Monei 1 = nq + o
M cuHyca pa3sHocTu pa3

(A0, ., <(AS,)2> 7

sl,s2

Ls1,s2 (ﬁ, SI)

6) npaeoli 4actu cooTtHowenus (1) gns onepaTopos 4ncna
hOTOHOB 1 cuHyca pa3HocTu a3

<ﬁ 5VI>51,52 - <ﬁ>51’52 <S’I>sl,s2

ONA COCTOSIHUIA CYyneprno3nLni KOrepeHTHbIX COCTOSIHWIA nosen
(07 (©)) = N (lay) +¢*€18;)) . j = 1,2, oT cpeannx ana-
YeHUii Yucna POTOHOB M2 U Pa30BOro yrna @z KOrepeHTHOro
cocTosiHus |a2). Jns puKcMpoBaHHbIX 3HaYeHUN OCTaNbHbIX

2

Ri 1,52 (ﬁ, 5’1)

napaMeTpoB COCTOsiHUsI cynepnosuuuii |vs 5 (&), 7 = 1,2,
Nay = 1, ng, = 2, ng, =41 pa; = g, = @p, =0,
§1=8=0

Ha puc. 56 nmokazana 3aBHCHMOCTH TIPAaBOl YacTH
CCH or napaMerpoB COCTOSIHUI CYII€PIIO3UIMIA JIJIst

f Ay + fo u TOP® S;. Ipasse wactu CCH
R s, s, (fL, 5’1) 1 R, a0 (ﬁ, S’1> XapaKTePU3yIOTCs
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PE3KO Pa3/IMIAONIMUCT MEXKJIy 000 3aBUCUMOCTSI-
Mu OT gucja HoToHOB. B caydae KOrepeHTHBIX COCTOsI-

Huit mosneit Ry o, a0 (ﬁ, S I) BEJIUKA JIJIsI MAJIBIX THCEJT

GoToHOB (ng, ~ 1) u ¢ pocTom uucia GOTOHOB yOBI-

BaeT (cM. puc. 36), Torjga Kak Ry s, s, (ﬁ, S’1> pe3Ko

BO3PACTaET IpU OOJIBINNX YUCIaX (POTOHOB Ng, > 1.
IIpassie wactu CHT'

Ry s, s, (ﬁ1+ﬁ2,:§1) = Rp s ,s0 (ﬁ1+ﬁ2aél) =0,

TaK KaK OIepaTop CyMMbI Yucjia (GOTOHOB KOMMYTHUPY-
er ¢ TOPO.

OTMeTHM, YTO COCTOSIHWS CYTIEPIIO3UIIMN He SIBJISI-
I0TCSI KBAHTOBBIME COCTOSTHUSIME IT0JIEHl ¢ MUHUMAJIb-
HOIi HEOIIPEJIEJIEHHOCTBIO JIJIsT JIAHHBIX OTIEPATOPOB, TAK
kak JjeBas dyactb CCH Gosblne mpaBoii Jjist Bcex 3Ha-
YeHUH I1apaMeTpOoB COCTOAHUM.

B wacrHOM citygyae cocTosiHUiT (pa30BBIX CyIIEpIIO-
3ULUHA ABYX II0JIEH (COCTOHHI/Iﬁ «IIPEIUHTEePOBCKOI'O KO-
Tay, deTHbIX # HedeTHbXx) CCH n CHI' myist cymmbl qn-
cest pororoB u TOP® coBmamaior, Torma Kak JIJisT aM-
Ty HbIX cyneprosuiuii npassie yactu CCH u CHIT
guagnTebHo pasindaorcs. CCH u CHI' gyt TOP®
Cr u S; mosieii B COCTOSHUSIX <IIPeMHIEPOBCKOTO KO-
Tay» TAKyKe KAYeCTBEHHO Pa3JIMIAIOTCS.

7. BAKJIFOYEHUNE

B nmanmoit paboTte mpomoKEeHbI TEOPETUIECKUE UC-
CJIeIOBAHUS KBAHTOBOMEXAHUIECKUX CBONCTB TPUTOHO-
METPUYECKHUX OIEPATOPOB PA3HOCTH (Da3 JIBYX IJIEK-
TPOMArHUTHBIX IOJIEN, NPEJJIOKEHHBIX HAMU B Pabo-
Te [10].

Ilosydensr u uccyrefOBaHBI COOTHOIIIEHUST HEOTIPE/Te-
JIEHHOCTE}! /IJIs1 OIIEPATOPOB CUHYCAa M KOCHHYCa Pa3HO-
cru a3, a TakKe COOTHOIIEHWs HeOIpPeIesIeHHOCTEN
JJIs OIepaTopa CyMMBbI ducesi (DOTOHOB JIBYX MOJIell u
OIIepaTOPOB CHUHYCA U KOCHHYCa pa3HoCTH (ba3 moJieil.
Haiinensl u npoaHajm3upoBaHbI CTPOI'HE COOTHOIIIE-
Hug Heonpeneaennocreil (nepasencrsa Ko —Isap-
A Jis YKA3aHHBIX [ap OIEPATOPOB), & TAKXKE COOT-
BETCTBYIOIHE COOTHOIEHNsT Heompeaesennocteit [eii-
3eHbepra.

PaccMmoTpenst citydam, Korjia TOJIS HAXOJATCS B
KBAHTOBBIX KOI'€PEHTHBIX COCTOAHUAX, Hanbosee 6Jm3-
KUX TI0 CBOMM CBOMCTBAM K KJIACCHIECKUM JIEKTPOMAT-
HUTHBIM TI0JIsiM. VlcciteIoBaHbl Ciydan, KOrua 06a moJist
(um OZHO M3 HUX) HAXOAATCS B KBAHTOBBIX (DOKOBCKUX
cocTosiHuAX. PaccMOTpeHbI COCTOsIHUST KBAHTOBBIX CY-
MIEPIIO3UTINI KOTE€PEHTHBIX COCTOSHUI, MPOSBIIAIONIIE
SIPKO BBIPaKEHHBbIE HEKJIACCUIECKHE CBOUCTBA.
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CooTHOLEHNS HEONPEAENEHHOCTEl A1 TPUTOHOMETPUHECKUX ONEPATOPOB.. . .

Pacuersi, mpoBesienHble HAMU, MMOKA3aJM, U9TO KakK
CTpOrue COOTHOIIEHUS HeOIpeJe/IeHHOCTeH, TaK U CO-
oTHotenus ['eft3eHbepra BBITIOIHAIOTCS /I TIpe/iiara-
€MBIX OIIEPATOPOB pa3HoCTU (a3 moJei s Bcex 3Ha-
YeHUll MapaMeTPOB PACCMOTPEHHBIX KBAHTOBBIX COCTO-
AHUNA.

B pabore moxkazaHo, UTO TOYHBIE COOTHOIICHUST
HEOIIpeJIeJIEHHOCTEl Il IpefjlaraeMbIX OIEepaTOPOB
pasHocTu a3 1ojeil KadueCTBEHHO OTJIUYIAIOTCS OT
COOTBETCTBYIOIUX COOTHOIICHUI HeOIIpedeIeHHOCTEH
Teitzenbepra isi KOrepeHTHBIX COCTOSIHWIT TOJIeil, a
TaKKe JIJISI COCTOSHUIT KBAHTOBBIX CYIIEPIO3UIUIT KO-
TEPEHTHBIX COCTOSIHUI, U COBHAMAIOT JJIsi (POKOBCKHUX
COCTOAHMIT IIPU BCEX 3HAYEHUAX I1apaMeTpPOB COCTOsI-
HUN.

Haiiens! 3HavueHNS TApaMETPOB KBAHTOBBIX COCTO-
AHUN 3JEKTPOMArHUTHBIX IIOJIel, JJIA KOTOPBIX TOY-
HbIE paccMaTpUBaeMble TPUTOHOMETPUYECKUE OIIEPATO-
PBI pa3HOCTH Pa3 COOTBETCTBYIOT HADJIOIAEMBIM C MU-
HUMAJILHOIT KBAHTOBOM HEOIpeIeIeHHOCThIO. Vccremno-
BAHUSI ITPOBEJICHBI JIJI CJIA0BIX 3JIEKTPOMATHUTHBIX 1O~
Jielt ¢ MaJsibM 9ucioM hOTOHOB (~ 1), HCHOJIB3yeMbIX B
00J1aCTH KBAHTOBBIX TEXHOJIOTHA.
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