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PaCCMOTpeHbI CTAaTUCTUHECKNE CMECU ABYX U TPEX MPOU3BOJIbHbIX KOFr€pPeHTHbIX COCTOSIHWIA, npeacrtaBasaowmnx
coboli COCTOAHUSA HOCUTENS |/|chopmau,v||/| B ONTWYECKOM KaHane cBasun. B aHanutnyeckom Bunae Haﬁp,eHbl cob-
CTBEHHbIE 3HAYEHUA 1 COBCTBEHHbIE BEKTOPbI COOTBETCTBYHOLMNX ONEPATOPOB NJIOTHOCTN. C sToiA UeNbro BBEAEHA
OpuUrnHasibHasA nNapamMeTpusaunsa TpPeyroslbHUKOB Ha KOMIMJIEKCHOIA CbaBOBOﬁ NNOCKOCTW. Ha|7|p,eHb| aHannTn4e-
CKWE BbIpaX>XeHnA ONA SHTponun CbOH HelimaHna cmeceii ABYX N TpeX NMPOnN3BOJIbHbIX KOMr€PEHTHbIX COCTOSIHUIA 1
HNCNEHHO PACCHUTAHO €€ MaKCMMaJZIbHOE 3HAa4Y€HME NpnN 3a4aHHOM CpegHEM Huncne d’)OTOHOB. yCTaHOBﬂeHO, 4TO
NCNONb30BaHNE TPEX KOrepPeHTHbIX COCTOSIHUIA npn 3afaHHOM CpegHemM 4ucne CbOTOHOB obecneynsaet bonee
BbICOKYIO €MKOCTb ONTUYECKOro KaHana CBA3n, 4YeM MCNONb30BaHNE OBYX.
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1. BBEAEHUE

KorepeHnTHBIE COCTOSHIS ONTUYECKOTO TIOJISA C XOPO-
el TOYHOCTHIO ONUCHIBAIOT U3JIydeHne Jia3epa, pabo-
TAIOIIEro BBICOKO Ha/I IOPOTOM, I 3aHUMAIOT IIEHTPAJIb-
HOE MeCTO B popMaIm3Me KaHTOBOI1 onrTuku. KorepenT-
HOE COCTOSIHUE OJTHOI MOJIBI OITHYECKOrO IOJIs ¢ 6e3-
pa3MepHON KOMIIJIEKCHON aMIITIATYION (¢ TIpeCTaBJIsA-
ercs B Buge [1]

) = e o2y

n=0

an
—| |n>a
n.

(1)
rue |n) — n-doronnoe cocrognue Poka [2]. Korepent-
HbBIE€ COCTOSIHUS TPEJCTABISIOT COOOH MEPEernOTHEHHBII
0a3uc B rmib0EPTOBOM IIPOCTPAHCTBE OIITUIECKONH MO-
JIBI 1 JII000€ KJIACCUIECKOE COCTOSTHUE MOJIBI ITPEICTaB-
JIsieT coOOM B3BEIEHHYIO CMECh TAKUX COCTOSHUMN.
Onruyeckne 10Jisi B KOPEPEHTHBIX COCTOSTHUAX TIU-
POKO MCHOJIB3YIOTCH B COBPEMEHHBIX CHUCTEMax Iepe/ia-
4 nHAMOPMAINH, B KOTOPBIX CUI'HAJ IIEPeIaeTcsd Kak
110 OIITUYECKOMY BOJIOKHY, TaK U II0 OTKPBITOMY IIPO-
CTPAHCTBY. XOTS B PLAJE CIYyIAEB CBETOIUOJIBI MOTLYT
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IIPUMEHATHCS B Ka4eCTBE NCTOYHUKOB CBeTa, HAanOOIIb-
masi eMKOCTb OITUYECKOro KaHaJia CBA3U JOCTUTaeTCs
IIPU UCIIOJIb30BAHUU JIA3E€PHBIX NCTOYHUKOB I10JI U KO-
TEPEHTHBIX ONTHYECKUX NPUEMHUKOB. B coBpeMeHHOit
ONTUYECKON JIMHUN CBA3U COCTOSHIS HOCUTE ST HH(DOP-
MaIH TPEJICTABISIOT CODOI HECKOJIBKO KOI'epPEeHTHBIX
COCTOSIHUIT OJTHOI MOJIBI OITHYECKOro mouid. [lepekpbi-
THE JIBYX KOPEPEHTHBIX COCTOSHUMN JlaeTcs hopMyIIoit

(a|B)|? = e~ laAF,

Takum 06pa3oM, IIPU JOCTATOIHOMN OJIU30CTH AMILIATY,T
JIBa KOPEPEHTHBIX COCTOAHUSI SIBJIAIOTCS CYIIECTBEHHO
HEOPTOrOHAJBHBIMU M UX PA3JIMUCHUE IIPU U3MEPEHUU
CBsI3aHO C BO3MOXKHOI OIMNOKOil, 00yCJIOBJIEHHOW KBaH-
TOBBIM IIyMOM. B 10700HOM cilydae KaHas Hepeaadn
uadopMal PACCMATPUBAIOT KAK KBAHTOBBI KaHAJ
CBsI3M [3] M J7Is1 OTIPeJIesIeHnsT yPOBHSI OIMUOOK MPUBJIE-
KalOT KBAHTOBYIO TEOPUIO M3MepeHuii [4].

B tunwuunoit coBpemenHnoit cmcreme BOJIOKOHHO-
OIITUYECKOIl CBSA3HM COCTOSIHUS HOCHTEsI UH(MDOPMAIIH
MOXKHO CYMTATh HPAKTUIECKU OPTOrOHaIbHbIMU. Jleii-
CTBUTEJILHO, IPU UCIIOJIb30BAHUM BCETO JBYX KOI€PEHT-
HBIX COCTOSIHUI € MPOTUBOIOJIOKHBIMUA (Da3aMu, 9TO
COOTBETCTBYET IOIYJIAPHOI cxeme (ha30BOr0 MAHUILY-
quposarnst BSPK [5], BejudanHa 1EPEKpBITUS COCTO-
aunit pasua |(a|B)|? = exp(—4N), rne N = |a]? —
cpeqree 9uca0 (DOTOHOB B OJHOM OKHE MOJLYJISAIH.
CurestoBaTe/IbHO, B JIAHHOMN CXeMe KBAHTOBOE PACCMOT-
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peHre CTAHOBUTCS HEOOXOJUMBIM TOJILKO TIPU OYCHD
HU3KOM ypoBHe curHaja. 1lo mepe pacmpocrpanenus
CHATHAJIA B ONTUYIECKOM BOJIOKHE €TI0 MOIIHOCTD YMEHb-
MaeTcst U3-3a MOTEPb, W KOT/Ia OHA CTAHOBUTCS CPaB-
HAMOM C TPEIEJIOM TyBCTBUTEIBHOCTH (POTOMETEKTO-
pa, WCHOJB3yeMOr0 B KOT€PEHTHOM ONTHIECKOM ITPH-
€MHHKEe, CHUTl'HaJl IIo/IBepraeTcsd YCHUJIEHUIO Ha OIITHUYe-
CKOM TIOBTOpUTEIE. THINIHbIE BETUINHBI YACTOTHI MO-
JYJSIAA U TyBCTBUTEIHHOCTH TPUEMHUKA B COBPEMEH-
HBIX BOJIOKOHHO-OIITHYECKUX CeTsIX cocTapjsttor [ = 10

I'Tu u P = 1 mxBr coorsercreento [6]. Takum o6-
Da30M, CpeJIHss YHEPIUs MOl B OKHE MOJYJIAINH MO-
KeT ObITH omenena kak E = P/f = 10716 JIx, B

TO Ke BpeMsl 9Heprus o Horo (hOTOHA Ha JJIMHE BOJ-
el A = 1.5 MM cocrasnsier By, = 2rhic/A ~ 1071
JIk. DTO o3HAUYAET, YTO IOJE HA HPHEMHUKE COJEp-
xkur B cpexeM N = E/E,, = 1000 doronos na
oW TepenaBaeMbiii out madopMmarmn. [lepexkpoiTre
JIBYX KOPEPEHTHBIX COCTOSIHWIl B JIAHHOM CJIy4Yae HU-
YTOXKHO MAaJi0 U PACCMOTPEHHE KBAHTOBOIO IIyMa He
Tpedyercsa. OaHako OBICTPBIN TpOTrpece B 00JIACTH Te-
JIEKOMMYHUKAIUA TPUBOAUT K UCIOJB30BAHUIO MOJLY-
agatopoB ¢ gacroroit f = 25 I'T'n u poronpuemunkos ¢
qyBcTBUTEbHOCTBIO P = 0.1 MkBT, uTO cHmKaer cpe/i-
nmee uncyo doronos 10 N = 40. Kpome Toro, meobxo-
JIUMOCTH TIOBBIIIEHUST €MKOCTH KAHAJIOB CBSI3U ITPHBO-
JIAT K BHEJIPEHUIO TPOrPECCUBHBIX (hOpMATOB (pa30BOTO
U aMIUIUTYHOTO MAHUILYJIMPOBAHUSI, B KOTOPBIX B OJI-
HOM OKHE MOJLYJISIITAHM MOYKET TePEeIaBaThCsl HECKOJIBKO
6uros nadopmaruu [5-7|. IIpu sToM nepekpbiTHE CO-
CETHUX KOT'EPEHTHBIX COCTOSHUIN yIKe OIPE/IeIsIeTCs He
TOJIBKO YPOBHEM CHI'HAJIA, HO UM I'e€OMETPHeil Pacioso-
JKEeHUsT COCTOSTHHUI Ha KOMILIEKCHOH TI0CKOCTH, 00pa-
3YIOIIUX TAK HA3BIBAEMOE «CUTHAJIbHOE CO3Be3/mes [8].
Tak, B nmepcuektusaoMm dpopmare M-PSK ucnosbzyer-
cst M smavennit daser [5, 6], npuueM aMIumTyIB KO-
PEPEHTHBIX COCTOSHMA nMeior Buj oy = / Ne2™k/M
U [IEPEKPBITHE COCEHNX COCTOSHUI J1aeTcs (hOpPMYyIIoit
ag|opsr)|? = e #Nsin® (/M) gro papno npumepno
21072 g N = 40, M = 16. Ilono6HOe IepeKphI-
THE MPUBOJIUT K ONMUOKE B JIMCKPUMUHAIIMNA COCTOSTHI
nopsaaxa 1073, 970 6IM3K0 K MAKCHMAILHO JTOITYCTHMO-
My YPOBHIO OIMNOOK, UCIPABJISIEMBIX KOJAMU KOPPEK-
mun omubok [6]. Takum obpaszom, B Gimkaiiniem Oy-
JIyIIEeM KBAHTOBBIH IIyM MOYKET CTaTh CYIIECTBEHHBIM
JIJTsT MACCOBBIX ceTell TesekoMMyHuKarmii. Kpome roro,
KBaHTOBBII 1Ty M HMeeT OOJIBITIOe 3HATEHUE JITIsT OIITHYIe-
CKOIl CBSI3M Yepe3 OTKPBLITOE MPOCTPAHCTBO, IIPU KOTO-
poii ycuiieHre CUTrHAJIa HEBOBMOXKHO. B wacTHOCTH, J1151
CITY THUKOBOT OIITHYIECKON CBsA3U TpebyeTcs pa3paboTKa,
CHeNUaIbHbIX MIPUEMHUKOB Ha OCHOBE JIETEKTOPOB OJIU-
HOYHBIX (POTOHOB, B KOTOPBIX KBAHTOBBI IIIyM UTDAET
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KJIH0UeBYI0 posib [9]. JIpyruM BazKHBIM NPUJIOYKEHUEM,
TpeGyIOMUM KBAHTOBOTO AHAJN3a ONTUIECKOTO KaHa-
JIa CBSI3U, sIBJISIETCsI KBAHTOBAasl KpUITorpadust, B KOTO-
POt COCTOSTHUSI TIOJIsI HAMEPEHHO CO3/AI0TCsI HEOPTOTIO-
HAJBHBIMU YK€ HA BXOJE B KAHAJ CBA3H C IEJIBbIO ClIe-
JIATh HE3aMETHBII HepexBarT UHMOPMAIUN HEBO3MOXK-
ubiM [10-12]. Takum 06pasoM, UCCIEA0BAHIE EMKOCTI
OIITUYECKOIO KAHAJA CBIA3U HA OCHOBE IIEPEKPBIBAIO-
HIUXCA KOPEPEHTHBIX COCTOAHUN SIBJISAETCH BECHMa, AK-
TyaJIbHOM COBPEMEHHOM 3aatuell ¢ MUPOKOi 001aCTHIO
npumenenns. [lomumo 3Toro, uccaeoBanne ancamo e
KOPEPEHTHDBIX COCTOSTHUI BAXKHO JIJIsi TAKUX IIPIJIOZKE-
Huil, KaK KBaHTOBOE Kojuposanue [13, 14|, onrudaeckas
KBaHTOBas Teslenopranus |15, 16|, kKBaHTOBBIE OTITHTE-
CKHe U3MepeHHsl TP HaJImInu o0paTHoii cesizn [17-19)
" JIpYTHUX.

B smamuoii crarbe uceieryercs eMKOCTD OIITUIeCKO-
'O KQHAJIA CBSI3M C MCIOJIB30BAHNEM JIBYX U TPEX IIPOU3-
BOJIBHBIX KOT'€PEHTHBIX cOcTostHuil. C 3TO0ii 1ebio BbI-
qucagercs surponus don Heiimana st crarucrude-
CKOIl CMeCH JIBYX M TPexX PaBHOBEPOSTHBIX KOT'EPEHT-
HBIX COCTOsiHWIL. B JmmTeparype MMeEOTCs BBIBOJ| JH-
TPOIIMKM CMECH JIBYX KOI'ePEeHTHBIX cocrosiHuit [20] u
AHAJIM3 MOHOTOHHOCTH HTPOIIMU CMECH TPEX IPOU3-
BOJIBHBIX COCTOAHHI ¢ PaBHBIME IepeKpbITuaMu [21].
Curyuail 1ByX KOI€PEHTHBIX COCTOSIHUI IIPEJICTABJICH B
pasi. 2, rie, MOMUMO SHTPONUU KakK (DYHKIUU Iepe-
KPBITHs, COBHAJAIONIEH ¢ pe3yiabraroM paborst [20],
paccunTana MaKCUMAJIbHAS SHTPOIMS NMPH 3aJJaHHOM
cpejHeM duciie (DOTOHOB U HANIEHBI COOCTBEHHBIE BEK-
TOPBI ONEPATOPA IJIOTHOCTH CTATUCTHYECKONH CMECH.
CryJaif Tpex KOTepeHTHBIX COCTOSTHUII pacCMOTPEH B
pasz. 3, Tje, B oramane ot pabors! [21], pacemaTpuba-
IOTCsl TIPOU3BOJILHBIE TIEPEKPBITHs CUTHAJIBHBIX COCTOSA-
auit. st 9TOr0 Cyuas Takyke pacCIUTBIBACTCS MAKCH-
MaJjibHasl SHTPOIUS IIPU 33/[AHHOM CpeJiHeM uucse ¢o-
TOHOB U IIPOBEJIEHO €€ CPABHEHUE CO CJIYYaeM JBYX KO-
TepEeHTHBIX COCTOSHMMA. B 3TOM ke pasjene B aHaIUTH-
qecKOil (popMe BBIBEJIEHBI BBIPAYKEHUs JIjIs COOCTBEH-
HBIX BEKTOPOB OIEPATOPA MJIOTHOCTH CMECH TPEX IPO-
U3BOJILHBIX KOTEPEHTHBIX cocrosaumit. O6cyxKienue pe-
3yJITATOB IIPOBOJUTCA B 3AK/IIOUCHUU.

2. DHTPOIINYI CMECHU IBYX
MIPOM3BOJILHBIX KOTEPEHTHbBIX
COCTOdHUMN

Mpb1 paceMaTpuBaeM OJIHY MOJLY OIITHIECKOTO TOJIs C
OIIepaTOpAME POXK/IEHIS 1 yHIITOXNeHns dhorona al u
@ COOTBETCTBEHHO, YJIOBJIETBOPSIONINMI KAHOHUIECKO-
My KOMMYTAI[MOHHOMY COOTHOIIEHUIO: [a,aT] = 1. Ko-
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3HTp0I'II/|$I KOT€PEHTHbIX COCTOSIHUWA . ..

EPEHTHOE COCTOSIHUE MOJIbI C KOMILIEKCHOI aMILINTY-
noit o mmeer Bug (1). Pacemorpum Ba KOrepeHTHBIX
COCTOSIHUSI C TPOM3BOJILHBIMYI KOMILJIEKCHBIMU aMILIU-
TyAaMu & U 3. DTU COCTOSHHUSA MOTYT OBITH HUCIIOIB30-
BaHBI JJI Tepeiadn WHMOOPMAIUN B OIMTUIECKO JTHHUN
CBSI3W, MIPEJICTABIIsisA COOOI OYKBBI ABYXOyKBEHHOTO AJI-
dasura [13]. B ciyuae, Korjga 4acToThl yIoTpebIeHust
obenx GyKB COBHAJIAIOT U paBHbI 1/2, cocrognue Ciry-
JaifHO BBIOPAHHON MOJIBI 3a[A€TCsi OMEPATOPOM ILIOT-
HOCTH

p =3 (la){al +18)50). )

OnTumanbHOe JeKOMpOBaHre HH(MOPMAIUY HA, TIPUHH-
MAIOIIEH CTOPOHE PEATU3YETCS MOCPEJICTBOM KOJLICK-
THBHOIO KBAaHTOBOI'O M3MEPEHHs JJIMHHBIX OJIOKOB, CO-
CTABJIEHHBIX W3 ONTHYECKUX MOJ, HECYIIUX OJHO W3
YKa3aHHBIX cocTostanit. MakcnmaabHas TOCTyTHAS WH-
dopmarus npu TaKMX U3MEPEHUSAX OIPAHUYEHA CBEp-
xy undopmanumeii Xoseso [22], koropas sl 9UCTHIX
COCTOTHUI-OYKB coBmamaeT ¢ surporueii pon Heiima-
Ha

S(p) (3)

Iist Beraucsienns: saTponnu ¢GpoH Heiimana Haiigem

—Tr(plogy p) -

COOCTBEHHBIE 3HAYCHUS A, W COOCTBEHHBIE BEKTOPBI
|A\n) omeparopa miaoTHOCTH:

p|)\n> = )\n|)\n> (4)
Ob6a coOCTBEHHBIX BEKTOPa OIEpaTopa IJIOTHOCTH

JIe’)KaT B JIMHEITHON 000/I0YKe JIBYX KOI€DEHTHBIX CO-

crostanii {|a),|B)} n MOryT GBITH 3amUCaAHBI KAk

An) = Crla) + G118, (5)
rjie uHjeKce n npuHuMaer 3Hadenus O u 1, a CY u C’ff —
KoMIteKcHbie Ko durmenter. [Togcrasmsis (2) u (5) B
(4) u ucnoABL3ys JUHEHHYIO HE3ABUCUMOCTH KOI'€DEeHT-
HBIX COCTOSTHWH, MOJIy9aeM ypaBHEHHUE JJIsi KOMILIEKC-
HBIX KO3 PUIIEeHTOB:

1-2)\,
(Ble)

{alB)
1-2)\,

C

s =0.

(6)

st TOro 9To0h 9TO ypaBHEHNE UMEJIO HEHYJIEBOE Pe-
[eHne, IeTEPMUHAHT MATPHUIIHI JOJIZKEH 00pPAIIaThCs B
HYJIb, 9YTO IPUBOJUT K XapaKTePUCTUIECKOMY ypaBHe-
HUO

(12X~ [{a|8)]* =0,

JIBa pelneHusd KOTOPOro nMeEerT BUJL

1+ (alB)] 1+e L°/2
)\1,2 - 9 = 9 )
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rae L = | — | — paccrosinme Mex 1y uuciaamMu o u 3
Ha, KOMILIEKCHOM IJIOCKOCTH, ONPEIE/ISIONIee MePeKphI-
THE JBYX KOTePEHTHBIX COCTOSHUIL:

<OL|5> _ ef\afﬂ|2/2+i Im(a*ﬁ).

9)

TToMuMO 3TOr0 PACCTOAHUS, TTAPA KOMILIEKCHBIX YUCE T
MOZKET B OOIIEM CJIydae XapaKTEPHU30BATHCS €IIe TPe-
Mgl JICHCTBUTE/IbHBIME ITAPAMETPAMU, KOTOPLIE MOYKHO
Ha3BaTh «abCOIOTHBIMUY — KOMILJIEKCHOI KOOp/MHA~
TOIl TIEHTPA OTPE3KA, COSIMHSIONIEr0 STH JIBA THCIa HA
KOMILIEKCHOI 11ockocru, k = (o + £)/2, u yriaom Ha-
KJIOHA 9TOr0 OTPe3Ka K JeificTBuTesibHOi ocu arg(a— ().
Kaxk cienyer u3z ypasuenus (8), coGCTBEHHbIE 3HAYCHUS
MATPHUIBI TJIOTHOCTH, & 3HAYUT W SHTPOINUS, HE 3aBU-
CAT OT 9TUX TPEX MAPAMETPOB, YTO TOBOPHUT 00 UHBAPH-
AHTHOCTHU SHTPOIUK MO OTHOIIEHUIO K CJBATaM WU Bpa-
MEHUsIM Ha KOMILUIEKCHOH mockocTu. MaremaTnaeckn
BpAIlleHne COCTOsIHUST Ha YTIOJI 1) OIUCHIBAETCS Olepa-
topom Bpamenus U (1) = exp(ithala). Dror oneparop
YHATAPEH W He M3MEHsieT CKAJSIPHDBIE IPON3BEICHUS,
BXOJIAIINe B ypasHeHne (6), a 3HAYWUT, U HE BJUsIET HA
ero pemenng. CABUT COCTOSHUS Ha KOMILIEKCHYTO BEJIU-
YUHY 0 ONUCHIBAETCS YHUTAPHBIM OTIEPATOPOM CIABUTA
D(5) = exp(da’ — 6*a), neiicrBue KoToporo ma Kore-
PEHTHOE COCTOsHUE 3aJaeTCsl ypaBHeHueM [23]
D(3)|a) = ™ | + §). (10)
BaMeHa aMIUIATYJIbI (v HA AMIUIATYLY & + § COOTBET-
CTBYeT HECKOJIBKO JApyromy omeparopy D(8), Takomy
9TO D(6)|a> = |a + §). Byaem HasbBaTH 3TOT Olle-
pPaToOpP «OMEPATOPOM HUHUCTOTO CABUTa». JTOT OMEPATOP
HEYHUTAPEH U HE COXPAHAET CKAJISIPHDBIE TIPOU3BEICHUST:
(a|DY(6)D(8)|8) = (a+8|3+6) # (a|B), HO coxpansier
UX MOJYJIb, TAK KaK OTJUYAETCsI OT YHUTAPHOTO OIepa-
ropa D(J) Tosbko dazosbim MuoKUTEIeM. [10CKOIBKY
ypasHeHne (7) BKIIOYAET TOJIBKO MOJYJb CKAJSIPHOTO
npousBesieHns1, a ypasHerne (6) — Takzke u ero a3y,
TO COOCTBEHHBIE 3HATMEHUS ONEPATOPA INIOTHOCTH MHBA-
PUAHTHBI K YHCTOMY CABUTY, & KO3(MMUIMEHTHI pasio-
JKEHHsI COOCTBEHHBIX BEKTOPOB — HeT. Takum o0pasoM,
abCOJIIOTHBIE [TAPAMETPhI HE BJIUSAIOT HA COOCTBEHHBIE
3HAMEHHS OIEPATOPa IIOTHOCTH H, CJIEIOBATENLHO, HA
SHTPOIMIO. B OT/invdme OT 9TUX MAapaMeTpoB, PaccTo-
guaue L XapaKTepu3yeT OTHOCHUTEIBHOE PACIIONIOKEHUe
JIBYX aMILTATYJ] U MOYKET OBITh HA3BAHO «OTHOCHTEJIb-
HBIM» T1aPAMETPOM, BJIASIFOIIUM Ha SHTPOIIHIO.
[MoacraBisgs quaroHa bHbBIE BU OIEpaTOpa ILIOT-
HOCTH B ypasHeHue (2) u uctosb3yst hbopmyiy (8), mo-
JIydaeM SHTPOIIUIO CMECH JIBYX PABHOBEPOSITHBIX KOIE-
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PeHTHBIX cocTosiHuil B Bujie [20]

1— 67L2/2
ha — |
rae
ha(s) = —slogy s — (1 — s)logy(1 — s)

— surponus lennona [24]. IIpu L, Bospacraroiiem or
0 10 00, apryment ¢yukiuu B (11) MOHOTOHHO BO3pac-
raer or 0 g0 1/2. Ha srom yuactke saTponus ha(s)
MOHOTOHHO BO3PACTAET, YTO MOYKHO IHOKA3aTh, B3sB €€
npousBoHyio hh(s) = —logy[s/(1 — s)] n ybenusiuucs
B TOM, 9TO OHa nosoxknreapra upu s € (0,1/2). Orcio-
JIa CJIEJIYET, 9TO SHTPOIUS CMECH JBYX KOI€PEHTHBIX
cocrosiamit (11) sIBJISIETCST MOHOTOHHO BO3pACTAOIIE(t
dyukmeit L, crpeMsiImeiics K CBOeMy aCUMITOTHIECKO-
My 3HadeHuo 1 npu L — oo.

Cpeanee uncyio GOTOHOB B CJIyvaiiHO BBIOPAHHOI
MOJIE UMEET BH/I

2

N =Tr (a'ap) = = (|a* + 18)?) = |s|* + LI. (12)

1
2
CrenoBaresibHO, B OTJINYNE OT SHTPOINH, CPEIHEE TNC-
J10 (bOTOHOB 3ABUCHUT HE TOJIBKO OT JIUHBI L OTpe3Ka,
COEJIMHSOIIErO aMILIUTY/Ibl COCTOSIHUI Ha KOMILJIEKC-
HOIl IJIOCKOCTH, HO M OT aOCOJIFOTHOTO 3HAYEHUs KOOD-
JIUHATBL [EHTPa 9Toro orpeska |k|. Eciau remeps pac-
CMOTPETh MHOYKECTBO BCEX OTPE3KOB C (PUKCHPOBAH-
HbIM 3HadeHreM N U 3aJ1aThCsl BOIIPOCOM, KAKOBa MaK-
cumasibHast SuTponus 55" Ha 3TOM MHOYKECTBE, TO
OTBeT Oy/IeT OYEBUCH: MAKCUMYM SHTPOIMH JTOCTUATA~
ercst Ha orpeskax ¢ k = 0. JleficTBuresnbHO, pocT |k
npu pukcupoBanHoMm N o3HaYaeT yMeHbInenne L u, B
CIJTy YCTAHOBJIEHHON BBINIE MOHOTOHHOCTH SHTPOIIHH,
yMeHbIIIeHne SHTPonuu. Takum oOpa3oM, MaKCUMaJIb-
Hasl SHTPOIUSI [IPU 3aJ[aHHOM CPeJIHeM Jucje (OTOHOB

()

u jocruraercs nupu Bbibope [ = —a. Takoii BBIOOD

nMeeT BHUL
1— 672N

SE(N) ;

(13)

OYKB JIBOMYIHOTO ajidaBuTa 00ECIIeInBaeT MAKCUMAJIb-
HYIO eMKOCTb OIITUIECKOTO KAHAJIA CBI3U IIPU 33 JaHHOM
cpenHeit sHeprun (uncie GoToHOB) Ha GOTONPUEMHI-
Ke.

IMogcrasiss (8) B (6), mosydaeM cOOCTBEHHBIE BEK-
TOPBI B BUJIE

|A12) = Cfy (|a) + e‘ihnu*BW)) ;

e U3 yCJIOBUA HOPMUPOBKU HaXOJIWM

~1/2
12 = (2 =+ 2€_L2/2) .

(14)
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Cocrostanst (14) sIBISIFOTCS CYTIEPIIO3UIUSIMU JIBYX KO-
repeHTHbIX cocrogamit. [lpm omrumaabHOM BBIOOpE
[ = —a OHU NPEJICTABISIOT COOOIl YeTHOE U HEUYETHOE
KOTepEeHTHbIE COCTOSHUS [25], MUPOKO HCCiIeyeMble B
CBA3U C TEM, YTO OHM ABJIAIOTCA ONTUYCCKUMHU DeaJIu-
3aIMsgMI U3BECTHOTO cocTosHms «KoTa IIIpémumarepas
[26—-29].

3. DPHTPOIIUNS CMECHU TPEX
IIPOM3BOJIBHBIX KOTEPEHTHBIX
COCTOdHUMN

PaccmorpuM TpH KOrepeHTHBIX COCTOSIHUS C IIPO-
MU3BOJIBHBIMU KOMILIEKCHBIMU aMILUIATYIaMu ¢, 3 U 7.
DTU COCTOSTHUS MOTYT OBITH HCIIOJIB30BAHbBI JIJIs [T€Pe-
Jaqn nHGOPMAIE B ONTHYECKONR JINHUK CBSA3U, IIPE/I-
craBiisdst co0Oit OyKBBI TPeXOYKBeHHOro ajdasuta. B
cilydae, KOIJIa 9acTOTHI ylnoTpebJieHns BceX Tpex OYKB
COBLAAIOT U PaBHbI 1 /3, cocrosnue ciry4aitHo BbIOpaH-
HOH MOJBI 33Ia€TCA OIEePATOPOM IIOTHOCTH

(15)

Kak un B ciaydae mByX KOTepEHTHBIX COCTOSIHHUI, pac-

p =3 (I}l + )61 + Pl

CMOTPEHHOM B IIpeJbLAYIIeM pas3jiese, MaKCHMAJIbHAs
nHGOPMAIHA, KOTOPYIO MOXKHO II€peIaTh ¢ IOMOIIBIO
TaKUX COCTOAHUI 110 ONTUYECKON JIMHUU CBA3U, HACTCA
surpormeii don Heitmana S(p), onpenensiemoil ypas-
HeHreM (3), BbUMCIeHHON st omeparopa (15). s
HAXOXKICHUSA 3TOH BEIMYMHLI, aHAJOIUYIHO IIPEIBLIY-
meMy pasjiesty, HaiijgeM COOCTBEHHBbIE 3HAYUEHUS A\, U
cOBGCTBEHHBIE BEKTODHI |\, ) omeparopa IIoTHOCTH:

3.1. Cob6cTBEeHHBIE 3HAYEHUsI olepaTopa
IIJIOTHOCTHU

Bce Tpu cobcTBEHHBIX BEKTOpa OllepaTopa IJIOTHO-
CTH JIeXKAT B JIMHEWHON ODOJIOUKE TPeX KOTE€PEHTHBIX
cocrosuuit {|a),|B), |v)} u MoryT ObITh 3anucanbl Kak

+CF|B)

rjie mHaeKc n npuamMaer smadenna 0,1,2, a C%, OF
n C) — kommekcuble kodddunuenter. Iloncrasiiasa
(15) m (17) B (16) u MCHONB3Ys JUHEHHYIO HE3aBHUCH-

[An) = Cile) +Col), (17)

MOCTb KOI€PEHTHBIX COCTOSIHHIA, IOJIy9YaeM ypaBHEHUE
JJIE KOMILIEKCHBIX KO(hMOUITNEHTOB:

1-3\  {(afB)  {aly) cn
(@B 1-3x, (B ||[CE|=0 (18
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st TOTO UTOOBI 9TO ypaBHEHUE MMEJIO HEHYJIeBOE pe-
[eHne, JIeTEPMUHAHT MATPHUIIBl JOJZKEH O0paIaThes
B HYJIb, UTO NPUBOJHUT HAC K XapaKTEPUCTUICCKOMY
YPaBHEHUIO

(1-3X)°—(1-3X)3T?+2Q =0. (19)

Snecy T' u () — JBa JefCTBUTEIBHBIX TAPAMETPA, IPU-

HuUMatolye 35adennd oT 0 10 1, mpuyeM 1epBblil U3 HUX
onpeJesderca Kak
2 2
(™ + B

T\/|<alﬂ>l2+|
3

U  UMEET CMBICJ CPEJIHETO IMEPEeKPBITHS — MEXK/Ly
COCTOSHUAMU-OyKBaMU, a BTOPOIl IapameTp OIpe-
JesisleTcs  TeOMeTpHeil  B3aMMHOTO — PaCIOJIOXKEHUS

(20)

COCTOAHUN HA KOMIIJICKCHOIT IIJTOCKOCTUA U PaBEH

(Blay(aly)(18) + {alB) (v]a)(Blv)

Q=

2
— [{Bla)(aly) (18} cos (2Sasn), (21)
e * * *

2
— IJIOMIA/Ib OPUEHTHPOBAHHOIO TPEYTOJILHUKA, 00pa-
30BAHHOTI'O TOYKAMU v, 3 U 7y Ha KOMILJIEKCHOM IIJIOCKO-
CTH, TIPUYEM 3HAK ITON BEJIMYUHBI TOJOKUTEICH TTPU
00x0/1e BEPIIIH MTPOTUB 9aCOBOW CTPEJIKU U OTPHUIIATE-
JleH 1ipu obxojie B obpaTHOM Hampasijenuu. Jlas Tpex
TOYEK, JIEYKAIUX HA TPIMOIi, HAIIPUMED, JJIsl JefiCcTBI-
TeJBHLIX v, 5 U 7y, Kak caenyer u3 (22), Sapy = 0.
C Apyroit CTOPOHBI, JJIsI TPEYTOJbHUKA C ILJIOMIA/IHIO
Sapy = /4 + mn/2, tne m — memoe wmcio, ) obpa-
AETCS B HYJIb.

Jloist HaxOXKJleHusl KopHeil ypasHenust (19) mpose-
JleM 3aMEHy IIepeMeHHOI

1 -3\
= 23
U IIepenuiieM €ro B BUae
4v° — 3v +sin30 = 0, (24)

rJle BBEJIeH HOBBII mapamerp 6, ompejelisieMblil U3 co-
OTHOTIIEHUS 0

ﬁ.
Tlomobnas mapamerpusaliusi BO3MOXKHA BCEra B CUITY
orpanmuenus |Q| < T3, KoTopoe cliejiyeT U3 U3BECTHO-
10 HEPABEHCTBA apU(PMETHIECKOI0 U NeOMETPUIECKOTO

sin 30 = (25)

cpeanux [30]: s JIFOOBIX TPEX MOJIOKUTEJbHBIX Y-
ces X1, T2, £3 UX TeOMETPUYECKOE CPeJIHee OIPAHNYEHO
CBEPXY UX apuPMETHYECKUM CPETHUM,

Varrars < (21 + 22 + 23) /3.
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B marmmem ciryaae

z = [(alB)*, w2 = (BN, z3=(]a)l?,

OTKY/Ia UCKOMOE HEPABEHCTBO CJIEJyeT C y4eTOM TOro,
9TO MOJLYJIb KOCHHYCA HE IIPEBBIIIACT €/IMHUILY:

Q1?3 < Yxrmars < T2

Ilo ompenenennro yronm 30 mpuHEUMAET 3HAYCHUS OT
—m/2 10 7/2, a 9T0 3HAYWUT, ITO yroJ f JIEXKUT B UH-
repsajie [—m/6,7/6].

Oano pemtenue ypasaenus (24) naxoaurcs u3 ¢Gop-
MYJIBI 7T KyOa, cuHyca

sin® 0 = (3sin 6§ — sin 30) /4,

OTKyj1a ciejyer w1 = sinf. JIBa j1pyrux KOpHsSI UMET
2
0+ —

BUL
U2.3 = sin < 3 ) y

B 9eM MOXKHO yOeIUTbhCs, MOJICTABUB UX B ypaBHEHUE
(12) u BoCIO/IL30BABHIUCE TOiT 2Ke POPMYJIOiT /U1 KyDHa
CHHYyCA C YIETOM 27-TIePUOJIMTHOCTU cuHyca. Bo3Bpa-
MAsACh K MCXOIHON IepEeMEHHOl, MOoJIydaeM COOCTBEH-
HbIC 3HAYCHUS OllepaTopa IJIOTHOCTHU B BHU/IE

2mn

1
)\":5 [12Tsin<9+—

3)} n=0,1,2. (26)

Besmaunet Q, T u 6 3aBUCAT TOJBKO OT PACCTOAHUI
MEXKJy TPEMs KOTMEPEHTHLIMU COCTOAHUSIMU-OYKBAME
HA KOMILIEKCHOM IJIOCKOCTH U OT ILIOMIAJU TPEYIOJIb-
HUKa, 06pa3yeMoro M. 9To 03HATAET, UTO COOCTBEH-
HbIE 3HAYCHUS \,, UHBAPUAHTHBI 110 OTHOIICHHIO K C/IBU-
ramM ¥ BPAIIEHUIO BCEX TPEX COCTOAHUI-OYKB HA KOM-
IeKcHoi mtockocT. Kak u B caydae JByX COCTOsI-
HUIi, TaKast MHBAPDUAHTHOCTD OIIPEJIE/IAETC TE€M, 9TO B
ypasuenue (18) BXOJAT TOJBKO CKAJIAPHbBIE IPOU3BEJIe-
HUs BEKTOPOB, KOTOPBIE HE U3MEHSIIOTCS yHUTAPHBIMU
oueparopamu casura D(0) u spamenus U(y). Kak u
B UPEAbLLYIIEM pPa3jielie, BBeJIEeM TPHU <«abCOIOTHBIX>
mapamMerpa Jjisg Habopa COCTOAHUN-OYKB: KOODIAUHATY
[EHTPOMIA TPEYTOJbHIKA (TOUKH IIepeCedeH s MeUaH
[31]) £ = (a+ B +7)/3 n yros HaKJIOHA MEIUAHBI, OITY-
IIEHHOM M3 TOYKH (v, K JIeHCTBUTEIbHOI ocn arg(a —&).

Taxum 06pa3oM, XOTsl TPH KOMILUIEKCHBIX aMIUIATY-
JIbI 33JIAI0TCsl IECThIO JIEHCTBUTEIbHBIME [1apaMeTpa-
MH, COOCTBEHHBIE 3HAUEHHsI OllepaTopa MIOTHOCTH Oy-
JIlyT 3aBUCETH TOJBKO OT TPEX «OTHOCUTEIbHBIX» IIa-
paMerpoB, B CUJIy MHBAPUAHTHOCTH 110 OTHONIEHUIO K
TPEXIIAPAMETPUIECKON IPyIIe CABUIOB U BPAIICHUIA.
Kak nokaspiBaer ypasaenue (26), 4ucjio napamMerpos
MOXKeT OBITH JlaKe YMeHbBIINEHO 10 JIByX, 1 u 6, oj-
HAKO 9TH IAPAMETPbl HE sIBJIAIOTCS HE3ABUCUMBIMU B
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TOM CMBbICJIE, UTO IIPEJIE/Ibl U3MEHEHUST OJHOTO U3 HUX
3aBUCAT OT 3HAYEHUS JIPYTOro. DTO CJAELYeT U3 CJELy-
FOIIEro TPeOOBAHMS: OIIePaTOP IJIOTHOCTH B KBAHTOBOI
MeXaHUKe BCerjia MOJIOYKUTE/IbHO OIlPejIesieH, & 3HAUUT
€ro COOCTBEHHBIE 3HAYCHUsT A, BCErIa HEOTPHUIATE/b-
uel. [Tonaras 0 = —m /6, umeem sin(f + 27/3) = 1 u
u3 ypasHeHust (26) mosydaeMm, 9To A; HEOTPHUIATENBHO
rosibko 1ipu T < 1/2. B ofmem ciydae BepxHss rpa-
nurna 1 Oymer cioxkuOi dyHKImeit 6, 9ro 3aTpyaHseT
aHaJIN3 SHTPOIIUN.

3.2. IIpencraBiieHne TpeyroJbHUKA TOYKOU B
TPeXMepPHOM ITPOCTPAHCTBE

st yio6eTBa BhMucIeHnil COOCTBEHHBIX 3HAYCHU T
U SHTPOIUM HEOOXOUMO MPABUJILHO BBECTH TPU «OT-
HOCHTEJILHBIX» MAPAMETDA, XaPAKTEPUIYIONINX B3aNM-
HOe PaCIIOJIOXKEHNE aMILIATY/L (v, 3,7 Ha KOMILJIEKCHOI
[JIOCKOCTH. B KadecTse 1IepBoro 1mara mepexojiuM B CH-
CTeMy KOODJHMHAT C IIEHTPOM, PACIIOJIOKEHHBIM B IICH-
rpoujie £ = (o + [ +7)/3. B aroit cucreme KoopauHaT
AMILUITY/IBL (v, (3,7 IPeobpasyoTCst B AMILIUTY IbI

041:05757 ﬂlzﬂfga ’71:7757 (27)

npeJicTaBIeHnble Ha puc. 1a. IIpu 3TOM ocraeTcs Hemc-
KJIIOYEHHBIM €INe OJUH <«abCOMIOTHBI» IIapaMerp —
yroa arg(aq) OBOpOTa TPeyroJbHUKA (3171 Ha KOM-
IJIEKCHOI IIJIOCKOCTH aMILIATYJ. UTOOBI €ro HMCKJIo-
YUTh, IIEPEiIeM B TPEXMEPHOE IPOCTPAHCTBO, KOOP.IU-
HATaMM TOUYEK KOTOPOI'O ABJISIIOTCS CTOPOHBI TPEYTO/Th-
HUKA

r=la—pBl,y=h-pl z=ly—al. (28
OdeBUIHO, YTO TOCTPOCHHAS TAKUM 0OPa30M TOYKA B
upocrpancrse (x,y, z), HalpuMep, Touka 1 Ha puc. 1b,
COOTBETCTBYIOIAS TPEYTOJIBHUKY (13171 Ha ILJIOCKO-
cru puc. la, e 3aBucur or yria arg(aq ). Oguaxo npu
TAKOM OTOOPArKCHNU TEOMETPUYCCKH SKBUBAJCHTHDLIC
TPEYTOJbLHUKN OTOOParKaloTCsl B pasHble TOYKH TPeX-
MEPHOr'0 IIPOCTPAHCTBA. 1aK, reOMeTpUYecKd SKBHBa-
JenrtHble Tpeyroabuuku o;3;y; (i = 1,2,...,6) Ha
puc. 1la, sBasONMecs MIECTHIO 3JIeMEHTAMU CUMMEeTPH-
YeCKOH IPYIIIBI ePECTaHOBOK S5 ') CTOPOH Tpeyross-
HUKA:

1: (x’y’z)’ 2: (y’xﬂz)’ 3: (Z’x’y)7

1) Nsomopduoil ausapaibHoil rpynne D3 1upeobpa3oBaHMit
TpeyrosbHuKa o 17y1: HAIPUMEDP, TOXKIECTBEHHOIO IIpeobpas3o-
BAHUsl, YETBIPEX I[IOBOPOTOB OTHOCUTEILHO u30IeHTpa Ha 120°
(1 —=3,3—=5,2—4,4— 6) u orpaskeHnusi OTHOCUTEIbHO MHH-
moit ocu 1 — 2.
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(@)

Im(a;)

(b)

Blp.0.p)

Puc. 1. a) Tpeyronbhuk «if317y1, obpasyembiii amninTyaamm
(27), n TpeyronbHukn «;fB;v; (i = 2,...,6), nonyvaemble
npy NepecTaHoBKe ero CTopoH (28), BMecTe obpasytoLumne e~
MeHTbl rpynnbl S3. b) OTobpaxeHne TpeyronbHUKOB ;i
U3 KOMMJEKCHOW MJIIOCKOCTY aMMAUTYA B TOYKU TPEXMEpPHO-
ro NPOCTPaHCTBA ¢, KOOPAUHATHI KOTOPbLIX 3a4at0T CTOPOHbI
TpeyronbHukos (;3;y: — ). LiBeT cektopa Ha puc. b coot-
BETCTBYET LBETY OTODPa’KaeMoro TpeyrofibHuka Ha puc. a

4: (Z’y’x)’ 5: (y)z)x)’ 6: (Iazay)7

U TeHEPUPYIOIIe OJINHAKOBbIE COOCTBEHHBIE 3HATEHNUS,
[IPEJICTABJIEHBI MIECTHIO PA3HBIMUA TOYKAMU B TPEXMep-
HOM IIpeJICTaBJIeHun Ha puc. 1b.

Beemem mapamerpusanuio, MO3BOJISIONIYI0 u30e-
JKaTh 9TOM MHOTO3HaYHOCTH. 3[)-00/1aCTh, B KOTOPYIO

0TOOPAXKAIOTCS TPEyTroJIbHUKMH, OI'PDaHUYINBACTCS
HepaBeHCTBaMU
rtyzz, x+z2y, y+z2=>ux,

00pa3yIONUMI TPEYTOJIBHBII KOHYC C BEPITUHON B Ha-
qaJjie Koopauuat. Touku, n3o0parkaroriie TpeyroIbHu-
K1 C 3a/[aHHBIM IIOJIyIIEpUMETPOM P, PaCIIOJIOZKEHHbBIE
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Ha IJIOCKOCTU « + Y + 2z = 2p, OrpaHUYEHbI ee cede-
HUeM C JAHHBIM KOHycoMm puc. 1b. Beprmmmamum 3Toit
PaBHOCTOPOHHEH TPEYTrOJIbHOI 00J1aCTH SIBJISIOTCS TOY-

ku A= (p,p,0), B=(p,0,p) u C = (0,p,p). Ee nearp
2 2 2

— TOYKa
o= (5 3)

ectb 3D-oToOpakeHne PABHOCTOPOHHETO TPEYTOJIbHIU-
Ka M3 KOMILJIEKCHOW ILIOCKOCTH. BBEJEM B ILIOCKOCTH
ABC nexaproBy cucremy KoopAmHAT (4, V) ¢ TEHTPOM
B Touke G, ¢ OChIO v, JieXKaIell B OMHON IJIOCKOCTHU C
OCBIO Z, U C OCBIO U, NEPIHEeHIUKYJIApHOil eil (puc. 1b).
O0603HAYNM €/IMHUYIHBIE BEKTOPHI BJOJIb HAIPABICHUN
U U U Yepe3 €, U €, COOTBETCTBEHHO. DTU BEKTOPbI
MOZKHO BBIPA3HUTh CJIELYIONAM OOPa30M:

= (—e; + ey)/\/i
(—e, — e, + 2e.)/V6,

(29)
(30)

€y

€y

LJie €, €y U €, — €JMHIYHbIE BEKTOPBI BJOJIb HAIIPAB-
JIEHUH T, Y M Z COOTBETCTBEHHO.

B miockoctu Tpeyrosbanka ABC Oynem 110J1b30-
BaThCs IIOJISIPHBIMU  KOOpAMHATAME (7, ), KOTODbIE
BBOJISITCSL  CTAHJIAPTHBIM  OOpPA30oM: 1
v = rsin ¢. BekTop

7 COS ©,

T(g,y,z) = T€x +yey + ze;,

pacnosoxkennblii B minockoctu ABC u npescrapisio-
muit TpeyroJbHuK (&, Y, 2), MOXKHO 3allucaTh Kak

2p(es + ey +e.)/3 4 rcos pe, + rsinpe,.

IIpupaBHUBas STH JiBa BBIPAYKECHUS, C HCIOIb30BAHN-
em ypasHenuit (29) u (30) nmosyuaem mocsie HEKOTOPBIX
mpeobpa30BaHUit

x = [2p 4+ V6rsin (p + 47/3)]/3, (31)

— [2p+ VBrsin (¢ + 27/3))/3, (32)

= [2p + V6rsin (¢)]/3. (33)

ITpu 7 = 0 noJjy4aeM pPaBHOCTOPOHHUI TPEYTOJIb-

HUK, a upu ¢ = (2k+1)7/6, riae k npoGeraer 3HAUEHUST
or 0 10 5 — paBHOOEAPEHHDBIE TPEYTOJLHUKY, IIPUIEM
B TpeyrosbHuKax ¢ k = 0,2, 4 ocHOBaHWE MEHBIIE, YeM
OGOKOBBIE CTODOHBI, a B TPEyroJabHUKax ¢ k = 1,3,5 —
Gosbiie. Tak, miug r # 0, upu usamenenuu @ or 7/6
JI0 /2 TPEyroJIbHUK IJIABHO U3MeHsieT CBOIO (hbopMmy
OT PaBHODEIPEHHOTO C & < Y = Z JI0 JPYroro PaBHO-
6enpennoro ¢ r = y < z. B OCTAJIbHBIX MATU CEKTO-
pax, OJHO3HAYHO 33/[ABACMBIX MAPAMETPOM (©, TMEEM
reOMeTPUYECKN SKBUBAJIEHTHBIE TPEYTOJIBHUKH C IIepe-
CTaBJIEHHBIMU CTOPOHAMH, T.€. FCCJIEIOBAHIE SHTPOIINI

2 KIT®, o 4
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JIOCTATOYHO OTPAHUYUTH OJHUM U3 3TUX CEKTOPOB, Ha-
npumep, ¢ € [r/6,7/2], tae z > y > x. B aToM cekro-
pe, sy 3agannoro yria ¢, r € [0,p/ (V6sing)] (cu.
TaKk>Ke puc. 2a, TJe 3TOT CeKTOp 0003HAYEeH MITPUXOB-
KOit).

Taxmm obpazom, 11000 TPEYTOJLHUK ITOJTHOCTHIO
OIMCHIBAETCS TPEMsl TTapaMeTpaMu (p, T, @), Te MOy~
HEpUMETDP P 3aJaeT ero pasMep, IapaMeTp 7' XapaKTe-
pusyeT ero aedopManuio — CTeleHb yIAJeHHOCTH OT
PABHOCTOPOHHETO, a  3ajaerT (hOpMY TPEYrOJbHUKA
[IPU 3aJAHHOM pasMepe u J1ebOpMalliH.

st uzBecTHbIX (X, Y, 2) mapaMerpsl (p, 1, ) MOXKHO
nostyanTh, obpamas ypasaerns (31)—(33). st mosy-
[EepUMeTpa P MOJIydaeM IPOCTO €ro OIpeJesIeHne, s
nedopmarmm —

r= /(@ —2/37 + (y — 20/3)° + (= — 2/37, (34)

U, HaKOHell, JIs yIjla —

= arcsin —
14 2

B IIocJIe/ITHEM YPpaBHEHUU MbI IIOoJIaraemM 2z Z Yy Z xZ,

z—2p/3

r

(35)

B pe3ysibTaTe 4dero ¢ IolajaeT B MHTEPECYIONHi HaC
CeKTOp ¢ € [1/6,m/2].

3.3. Durponus ¢doH Helimana

Ourpornus ¢doun Helimana gaig omeparopa mioTHO-
cru jaercs saTpornueil [IleHHOHA ero cOOCTBEHHBIX 3HA~
YEeHU:

2
S==Y Anlog, An. (36)
n=0
OTa BeIUYUHA CTPEMUTCS K CBOEMY MaKCUMAJIHHO-
My 3HadeHuio log,3 = 1.585 mpwm jocrarodHoM B3a-
UMHOM yJAaJeHUH BCEX TPEX TOYEK Ha KOMILIEKC-
HO# 1yockocTH. JIjIsi TIPOM3BOJIBHOIO TPEYIrOJIbHUKA
C OTHOCHUTEJIBHBIME HapamMerpaMu (p,r, ) BeJIUIUHBI
(z,y,z) paccuurbiBaiorcs 1o Gopmyaam (31)—(33).
ILmomanp Tpeyrombuuka maercs dopwmymoit 'epona
Sapy = \/p(p—2)(p —y)(p — 2), KoTOpas BMecre c
dopmysoit (9) nossossier Bbipasurh 1 u () uepes
(x,y,2), a 3aTeM HANTH COBCTBEHHBIE 3HAYEHUSI OTIEPa-
Topa mtorHocTH 110 dhopmyite (26). Ha puc. 2 mokazaHb

PE3YIBTATHI TAKOTO PACYeTa JJIs PA3IMIHBIX 3HAYCHUI
[OJIyIEPUMETPA P.

ITpu MaJsbIX 3HAYEHMSIX TOJIyIepuMerpa p (Masbx
OTJIMYUil AMIJIUTY/] KOI€PEHTHBIX COCTOSHUIT) MAKCHU-
MaJIbHON SHTpONHEl 00/1a/1a10T BBIPOKICHHbIE KOHMU-
rypanun A, B u C, xorja onta u3 OyKB JBYXOyKBEH-
HOro aJipaBUTa KOTEPEHTHBIX COCTOSIHUN TTOBTOPSIETCST
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(@)

(©)

i

Puc.

Op- 53

3
Sp-115

(b)

(d)

2. DHTponusi S, PaBHOBEPOSITHON CMECK TPex KOrepeHTHbIX COCTOsIHWIA, ODpasylowmnx TPeyrosbHUK C Mosynepu-

METPOM p, AN BCEBO3MOXHbIX KOHCbVII'ypaLI,VIﬁ TPEYyroJibHNKoB, Ka)K,D,blﬁ N3 KOTOpPbIX MnpencTtaBnaeH TOYKOW Ha MNJOCKOCTMN

{u=rcosp, v=rsinp} ns obnactn ABC. Touka G Ha puUC.a COOTBETCTBYET PaBHOCTOPOHHEMY TPEYrOJIbHIKY KOr€pPeHTHbIX
coctosituii. Toukn A, B u C obosHauatoT BbipoxAeHHble paBHobeapeHHble Tpeyronbiukn {z =y,z =0}, {x = z,y =0} n
{y = z,z = 0} cooTBeTCTBEHHO. 3alITpUxOBaHHas 0BNacTb Ha PUC. a BblAeNseT cekTop ¢ € [1/6 ,7/2 ], rae z > y > x. Toukn

W3 NSATU APYrX CEKTOPOB COOTBETCTBYIOT NMEPECTAHOBKaM CTOPOH ,Y,2 TPEYrobHUKA KOFePeHTHbIX COCTOSIHWIA U3 AaHHOrO
cektopa. p = 0.8 (a), 0.88(b); p. = 1.097 (¢), 1.15(d)

B sBa pasa wame apyroii?). Ha puc. 2a sta curya-
[Usl [peJICTaBIeHa TPEeMs MAKCUMyMaMU B TOYKaX A,
B, C u munumymom B Touke G (paBHOCTOPOHHUIT TPe-
YTOJIBHUK KOTEPEHTHBIX cocTostHuit). [Ipu yBesnuennn
p B objlacTu 3HaYEHUN p = 1 MPOUCXOIUT U3MEHEHUE
CTPYKTYPBI 3aBHCHMOCTH SHTpormu S, OT KOHMHUry-
paruu TpeyroJbHUKA KOTePEeHTHBIX COCTOsiHWi. Bra-
vajie (puc. 2b) TOSIBIISIETCsI JIOKAJIBHBIA MaKCUMyM B
touke G, BeJIMYMHA KOTOPOTO OBICTPO PACTET U IIPHU

p = p. = 1.097 ero 3HaueHNEe CTAHOBUTCA PABHBIM MaK-

2B ciydae, HampuMmep s KoHdwuryparmm A
marpuna 1orHoctu  (15)  rpamcdopmupyercs B - MaTpPHILy
p = (2|la){a| +|B)(B]) /3, nmeromntyio nBa COGCTBEHHBIX 3HAUEHMUS
At
3aTh, COBIAJIAIOT C COOCTBEHHBIMU 3HAYEHUSIMU, BBIYUCIISEMBIMU
o dopmyse (26): Ay = Ao, A— = A2. Tperbe cobcrBeHHOE 3HA-
gyenne A1 = 0.

3TOM ,

[3 + \/1 + 8 exp (pr)] /6, KoTopble, KAK MOXKHO IOKa-
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cuMyMaM JJIsl BBIPOXKIeHHbIX KoHpuryparmii A, B, C
(puc. 2¢). Ilpu p > p. surponud B Touke G CTAHOBUTCS
LI06aILHBIM MAKCUMYMOM JIJIsT BCEBO3MOYKHBIX KOH(MDU-
rypanuii Tpex KOrepeHTHBIX cocTostHuii (puc. 2d).

Samaqeil, Ba2KHOI 11 TPAKTUIECKUX ITPUJIOZKEHUII,
SIBJISIETCSl HAXOYKJIEHNE MAKCUMAJLHOW SHTPOIUU s
3a/IAHHOTO CPEJIHEro 9ncya (POTOHOB

N="Tr (aTap) =
2 2 2 2,2 .2
_ JaP+ 187+l Ayt 2

3 9 ’

IJIe TOCJIEIHEE PABEHCTBO IIOJIYYIEeHO IyTeM IEPexoa
K KOOpJAMHATAM AaMILIUTYJ, OTHOCHTEILHO
pouna i, 1,71 (27) u ucnosb3oBaHuHs CBOICTBA
a1 + 1 +v1 = 0. Kak u B ciry4ae IByX KOT€pPEHTHDBIX
COCTOSTHMI, PACCMOTPEHHOM B Pas3/l. 2, CpeHee YHC/Io
dOTOHOB 3aBUCUT HE TOJLKO OT OTHOCHUTEJILHBIX I1apa-

=[¢l* + (37)

IIeHT-
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(a)

g (N,

(c)

1}

‘i..:.\',

(b)

(d)

Puc. 3. dutponnsa SV cmecn Tpex KorepeHTHbIX COCTOSIHMI (15) ¢ 3apanHoli oTHocuTeNbHON 3Hepruel fiw N, Ois BCEBO3-

MOXHbIX KOH(PUIYpaLnii TPEYroNbHUKOB, KaXAblli 113 KOTOPbIX NPeACTaBAeH TOUKOI Ha niockocTn {u = rcosp, v = rsinp} ns
obnactn ABC (cm. obosHaueHnsi Ha puc. 2). N, = 0.2 (a), 1(b), 2(c), 3(d)

METPOB, HO U OT abCOJIOTHOTO — MOJLYJISI KOODIUHATEI
nenrpouzga |€|. Durponms Kak Mepa pasMuuMOCTU
cocrostHnit (6YKB), HCIOJB3yeMbIX JJIsl KOJUPOBAHMUSI
COODOIIEeHNil, 3aBUCUT TOJLKO OT OTHOCHTEJILHON 9acTh
SHEPIMA STUX COCTOSHUI, T.€. OT BEJTMINHBI

N, = (2® +y* + 2%)/9.

B orimume ot sHTpOIME 71 MHOXKECTBA TPEYTOJIb-
HUKOB C 3aJ[aHHBIM [OJIyIepUMeTpoM (puc. 2), sHTPO-
Ul MHOXKECTBA TPEYTOJIbHUKOB C 3aJaHHOU OTHOCH-
TeJbHOI sueprueit w N, sBISETCS BBILYKJIONW (DYyHK-
1ueil nepeMeHHbIx {u = r cos ¢, v = rsin P}, KaK noka-
3BIBAIOT IIPUMEPHI, IIPUBE/IEHHbIE Ha puc. 3. IIpn sTom
ee MaKCHUMYM JIOCTUTAeTCsI JJIsl PAaBHOCTOPOHHEI'O Tpe-
YTOTBHUKA W 3TOT MAKCHUMYM PACTET ¢ POCTOM [V,.

Ha puc. 4 mokazan pe3ysabTaT GUCIEHHOTO ITOUC-
Ka MaKCHMaJbHOl suTpormu S5 (N) npu 3a1aHHOM
cpeauem uncie (pororoB N, Ije ONTHMHU3AIUS TPOBO-
JATCS TIO BCEM IMECTH TapaMeTpaM, KaK OTHOCUTEb-
HBIM, Tak u abcosoTHbIM. MakcuMmasapHOe 3HAUEHHE
sHTpormu npu KaxkaoMm N coorsercrsyer |{| = 0 u
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r = 0, T.e. PABHOCTOPOHHEMY TPEyTOJbHUKY, IEHTPH-
POBaHHOMY B HadaJje KoopauHat. HafiieHnnas Beamdau-
HA CPABHUMBAETCS C 3aBUCUMOCTBIO S§**(N), onpese-
ngemoit ypasaenuem (13). Kax jyig gByx, Tak u st
TpeX KOIEPeHTHBIX COCTOSHUII MaKCUMAJbLHAS SHTPO-
[Hsl CTPEMUTCST K CBOEMY MaKCHMAaJIbHOMY 3HAUEHUIO
¢ poctoM cpemHero tncia doronos N. Baxkno, ato He
TOJILKO TIpeJIe/IbHOEe 3HAYEHUE [T TPeX COCTOSHUIT BbI-
e IIpe):LeJIbHOFO SHaYCHUA JIJIA ABYX, HO 1 49TO KpI/IBaH
ST (N) Bcerga JiexuT Bbinie kpuboit S5 (N), na-
JKe IIpH MaJsibix N, 9TO BHJHO Ha BCTaBKe Ha pHc. 4.
DT0 03HAYAET, YTO IPU CKOJIb YIOJHO BHICOKOM YPOBHE
HOTEPh B ONITUYECKOI JIMHUU CBSA3H KOJANPOBAHUE Ha OC-
HOBE TPEX COCTOAHUIT MPEBOCXOIUT IO eMKOCTH KOJIH-
POBaHUE HA OCHOBE JIBYX.

3.4. CobcTBEHHBIE BEKTOPHI OoIiepaTropa
IJIOTHOCTHU

st HaxoXKIeHnsi cCOOCTBEHHBIX BEKTOPOB OIlle€pa-
TOpa IUIOTHOCTH BBEJEM TPH HOBBIX BEKTOPA, SBJIAIO-

2*
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log,3

=3

AMAK_ max
Sy = Ng

Durporns S, 6ut

o
o

|E]4r

0.0

0.0 0.5 1.0

Cpennee uncino GpotoHoB N

Puc. 4. MakcnmanbHash sHTponusi npu 3ajaHHOM CpefHeM
quncne bOTOHOB MpU NUCNOAb30BaHUM Tpex (LTpuxoBas 3ene-
Hast NMUHWS) N ABYX (LWTPUX-MYHKTUPHAsH KpacHasl JIMHNS) KO-
FEpPEHTHbIX COCTOSIHWIA. 3HadveHue || 4+ r, npu KoTopoM fo-
cTuraetcs Makcumym Sz
Hynto. BeTaeka nokasbiBaeT, 4TO pasHOCTL aHTpoNuii Ans Tpex

n OoByx COCTOSIHUIA BCeraa noaoXXnTesbHa

(cnnowHas cuHsis AMHUS), paBHoO

IIUXCsT PE3YJIBTATOM JIEHCTBUS YHUTAPHOIO OlEepaToOpa
capura (10) Ha cocTOSHNSA-OYKBBIL:

) = D(=E)|u) = e~ ), (38)

re ( IpUHUMAeT 3HadeHus «, 0 u . Eciu HOBBIE CO-
CTOSTHESI MOJIBI TI0JIsI CJIy2KaT OykBamu ajipaBuTa Jijist
KOJINPOBAHUS COODITEHNIT B KBAHTOBOM KaHAJIE CBA3U
U UMEIOT PaBHBIE CTATHCTUYECKUE BECa, TO OMepaTop
[JIOTHOCTHU CJIy4YaiiHO BHIOPDAHHON MOJIbI UMEEeT B

p = S (bad Wil + 45} (5] + 1) 1)) =

= D(=£)pD"(=¢).

ITockouibKy ormepaTop p MOJIydYeH U3 OmepaTopa p Io-

(39)

CPEJICTBOM YHUTAPHOTO ITPEOOPA30BAHMS, €TI0 COOCTBEH-
HbIe 3HAYEHUS PAaBHBI A\, 8 COOCTBEHHBIE BEKTOPHI NMe-
0T BUJT,

Takum obpaszom, Haiijisi COOCTBEHHBIE BEKTOPBI ), ITO
IIPOIIe, €M HAXO/IUTh COOCTBEHHBIE BEKTOPHI 0, MBI 10~
JIYYUM TIOCJICJTHAE B BHUJIE

Tpu cobCTBEHHBIX BEKTOPA OTIEPATOPA ILIOTHOCTHU )
JIE’KAT B JIMHEIHON 000JI0UKe TPEX KOT€PEHTHBIX COCTO-
stauit {|a), [B1), [71)} m MoryT OBITH 3anmcaHBl B BH/Ie
CYTIEPITO3UIIAN

An) = Cilaa) + CRIBL) + ClIm), (40)
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Yb KOI(DMUIMEHTHI PA3JIOKEHUsT MOYKHO MOJIYUUTh,
neficrBys oneparopom D(—¢) na obe yacTu ypaBHEHUs
(17) 1 BOCIOIB30BABIINCH COOTHOLICHNEM (38):

Cv# _ Cﬁe—ilm(fu*).

YaureiBast, 9T0 MOJIYJIM CKAJSPHBIX [IPOU3BEICHNUI
ap KOIepeHTHBIX cocrostHuit |(1]|d)| B ypaBHenumsx (18)
OLIPEJIEJISIOTCH  OJJHUM IIAPAMETPOM paccrogHneM
MezK Iy HuMu (28), paBHBIM B PACCMATPUBAEMOM CJIydae
CTOPOHE TPeyroJbHUKA, TPOTUBOIOJIOXKHON TpeTheMy

KOTE€PEHTHOMY COCTOSHUIO, HEe BXOZAIeMy B napy {u, 0}
u3 MHOXKecTBa Tpex ammnTyd A = {a, 5, v}:

2\ {a, B} = {7}, W A{B,7} = {a}, A\ {a,7v} = {B}),
BBeJIeM (DYHKITHIO

y,s(B) = z,

KOTOpast, ¢ y94eTOM IIOJYICHHBIX COOCTBEHHBIX 3HAUE-
Huit (26), nosBoJisieT npeacTaBuTh ypasaenus (18) mis
BEKTOPOB € IIEHTPOMJOM B Hauase koopjuHar (40)
B BHJIE

s(7) =z, s(q) (41)

Un qs('y)em)a[3 qs(ﬁ)eid)a‘y C~(7DLL
Ge™™™ v e | [ CF] =0
4s(8)€™7 Gy(a)e™V” Vn cn

(42)

31ech
Vp = sin (0 4+ 27n/3),
X 2
s() = e~ (5(1) /2/(2T)

— HAOOP HOPMUPOBAHHBIX CKAJIAPHBIX TPOU3BEIEHUI

2 2 2 _
(qs<a> + () T Aoy = 3/ 4) ;

a Y5 = Im (u*6) — daser COOTBETCTBYONIMX IPOU3BE-
nenuit (pq|d1):

VYap =Ygy = Pya =
= 77/’&7 = *"/)Ba = *’l/)yﬁ = 1/1 = 250457/3 > 0.

Pemmenne ypasaenuii (42) jaer Tpu OPTOHOPMHUPO-

BAHHDIX, (S\H|5\m) = dpm, cobcTBeHHBIX BeKTOpa (40),
2

pacipejiesieHne JeBsITH aMILITY/] BeposiTHocTel |CF
B KOTODPBIX OIIpe/ie/ideTcd COOTHOIIECHUEM
2 2
~ 12 v, —
‘C“ _ LT (43)
n 2 _ )
N, 12 —1/4

a nx das3bl 33JAI0TCH ¢ TOTHOCTHIO JI0 MIPOU3BOIHLHOTO
craraeMoro, Haupumep, das ammurys C)) g pas3imd-

HBIX 7,
i\I]#'Y

e ", M:aaﬁa (44)
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IIOCPEJICTBOM BbIDazKeHU A

~Unds@/{uan € + Ao s>

V02— )0 — a2
(45)
Hawubostee mpocToit B cOOCTBEHHBIE BEKTOPBI TIPH-

HUMAaIOT B CJIy4ae PaBHOCTOPOHHETO TPEYrOJIbHUKA C
[eHTPOM B Hauase koopauHat (§ = 0), Juist KOTOporo,

P
Z‘Il'”- =

e

KaK OBbLIO YCTAHOBJIEGHO BBIIIE, SHTPOIUS MAKCHMAb-
Ha TIpHU 3aJ[aHHOM cpefHeM uucie (orouos. nsg mHero
Qsu) = 1/2,0 = +7/6, ¢ = \/§|7|2/27 YTO, COTJIAC-
Ho ypasaenusM (43)—(45), IPUBOAUT K CJICILYIOIUM B~
HBIM BBIPAYKEHUAM [T COOCTBEHHBIX BEKTOPOB:

< 1 2n 2
An) = 5o (€5 O la) + T F g 1 13) )
n=0,1,2, (46)
u cobcTBeHHbIX 3HaueHnit (26) (puc. 5):
1+ 4n)

1 2 |12
Ap = 3 [12677| sin <1/)+ m(

) o

6

1 [\
09t
\
o8 \
\
orr \
- A
0.6 \ 2
\
- 0.5 N
0.4 Y
03t IS '
" )\1 ; //”
021 //
01 / A
~

Puc. 5. CobcrBeHHble 3HaveHnst A, (47) gns cnyvas pas-
HOCTOPOHHEro TPeyrojibHUKa Kak PYHKLMM €ero mniowagun

Y =280p,/3 = \/§|0‘|2/2

Cocrostaust (46) npencrasisior coboii cyneprosu-
MU KOI'€PEHTHBIX COCTOSIHUII, JIesKaIlX Ha OKPYZKHO-
ctu B (a30Boii INIOCKOCTH, U MTUPOKO U3y IaIOTCsSI B CBSI-
31 C Te€M, YTO SIBJISIFOTCS ONTHYECKIMU PeaN3allusMu
MHOTOKOMIIOHeHTHOTO KoTa [TIpémuarepa [26, 32].

B cuny coornorenmit

o= 61'271'/3,y7 ﬁ _ e—i27r/3,y7
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BBINIOJIHEHHBIX JIJIsl PABHOCTOPOHHETO TPEYrOJIbHUKA,
cobcTBeHHBIE BEKTOPHI (46) MOXKHO TakxKe IIpeJcTa-
BUTh, MCIIOJb3Ysl TPU MPOEKIMOHHBIX OIIEPATOpa

P (fa) = £ (1+2c0s 2 (aldtg)), 9 =0, %1, (49)
KOTOpbIE YJIO0BJIETBOPAIOT COOTHOHICHUSAM
PO iy £
1 00pa3yIoT IOJHBIA HAGOD

S P =1,

g=0,%1
1

‘X”> VoW

rJ1e UHAEKCbI g, OJJHO3HAYHO CBA3aHbI C UHICKCAMU 17!

a UMEHHO,

P (ata) ), (49)

3)

gn = (2+n)mod3 — 1, (50)

T€. go =1, g1 = —1, go = 0, upu arom
A = (y| P{7) (ala) |y)
(0) _
Omepatop Py ocymecTBgeT TPOCIIPOBAHNE Ha MO,

POCTPAHCTBO (DOKOBCKUX COCTOAHUI | n), MHIAEKC KO-
TOPBIX N KpaTeH 3:

0,1,2,... (51

P (afa) | n) = 6,ar | n), k

Ecan pacemarpuBaTh 1esbie HeOTPUIIATEIbHBIE TUCTA,
KPaTHBIE TpeM, KaK HeoTpuiareabHyoo dactb P (Hs)
noArpynnbl Hs a/IMTUBHON IPYIIILI TEJBIX TUCETI, TO
onepaTopsl P, OCYTIIECTBJIAIOT IIPOENMPOBAHNIE Ha
MTOJIITPOCTPAHCTBA, POKOBCKUX COCTOSTHUHN, NHICKCHI KO-
TOPBIX COOTBETCTBYIOT HEOTPUIATEIBHONR HaCTU CMe-

MEHHBIX KJIACCOB To noarpytme Hi,
P(H;3) =0,3,6,9, ...,
P(Hs+1)=1,4,7,10,. ...
P(Hy+2)=25811,...,
TaK KaK IMEIOT MeCTO COOTHOIIICHUA
Py (ata) | n) = Snsp1 | 1),

o k=0,1,2,...
Py (ata) | n) = Snskte | 1),

(52)

3) Ina
IIpeaCcTaBUTH
P (ata)

Tysi C COOTHOIIEHUS givala
cos (u(ata + g))

9TO IMPHUBOIUT K PaBEHCTBY Ap

JOKa3aTeJIbCTBa JaHHOI'O paBeHCTBa yﬂ\06HO
BBIPDa>KCHUA IJIs1 IIPOEKIUOHHBIX  OIIEpaTOPOB

B HOPMaJIBHO-YIIOPAJOYCHHOM BUJIEC. CTap—

ele’—1ata

= 5, TIOJLyqnM
:e(cosu_l)&mcos(sin(u)de + 9):

(1P (ata) 1) e An,

olpeeeHHbIM BbIE B (47).
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CJ1e/10BATE/IBHO, OPTOIOHAIBHOCTH COCTOSHUI |y, )
NIPOSIBJIAETC  KaK HEIEePECeTIeHne  IMOIPOCTPAHCTB,
B KOTOPBIX PACIOJIOKEHBI BEKTOPbI |5\2), |5\1), |5\0).
Vpasuenust (51) u (52) TakzKe IeMOHCTPUPYIOT IPUYU-
HY COOTHOITIEHNsT COOCTBEHHBIX 3HATECHII Ao > A1 > Ag
upu ¢ < w/3 (cM. puc. 5), CBA3AHHYIO C TeM, 4YTO
IpY MAaJIbIX aMILIUTY/IaX KOI€PeHTHBIX COCTOSTHMl Oy-
JIyT TMPeoB/IaIaTh COCTOSHUS U3 MOAIPYIIIIBI, COMEpPrKa-
el BaKyyMHBIE COCTOSHIS, T.€. COCTOSHIS |5\2>, co3ma-
BaeMble TTPOEKTOPOM P3(0) (49). Ilpu yBesuuenun am-
ILIATY, KOPEPEHTHBIX COCTOSHU Beca COCTOSHMI | A1)
1 [Ao) IOOYEpEHO CTAHOBATCS paBHBIME Ay CHauaa,
upu 1 = 7/3, mocTuraercd paBeHCTBO Ay = A1, JEMOH-
CTpUpYsT YBEJUIEeHUE Beca OJHO(DOTOHHBIX COCTOSHUIT
u3 |A1). Barem, npu ) = 27/3, CTAHOBSATCS 3HAYMMbI-
ME 1BYXOTOHHBIE COCTOSHES U3 |Ag) M JOCTHraeTcs
paBeHcTBO Ay = \o (puc. 5). Beca cocrosmmii [A;) n
|Ao) BBIpaBHEBajoTCs npu ) = 7. Ilpu HasbHeiIIeM
YBEJIMIEHNN aMILTATY/L JJAHHOE YepeoBaHue COOCTBEH-
HBIX 3HAYEHUI MPOJIOIZKAETCS C MEPUOJIOM T U C OJI-
HOBPEMEHHBIM WX CTpeMJIeHHeM K 3HaveHnto 1/3. Ot-
MEUEHHOE pa3jnine COOCTBEHHBIX 3HAYCHUIT B OIpeJIe-
JIEHHOM JTHAIIAa30He aMILIATY/] KOT€PEHTHBIX COCTOSHMI
SIBJIAETCS OCHOBAHUEM JIJI UCTIOJIb30BAHES TIPOIE/LY Dbl
KOMIIpeCCI/II/I KBaHTOBDBIX JIaHHDBIX [14] HpI/I KO)II/IpOBaHI/H/I
NepeIaBaeMbIX COOOIIEHNI ¢ TIOMOIIBIO KOT€PEHTHDBIX
COCTOAHUA.

4. SBAKJIFOYEHUE

B nmanmnoit crarbe ncciemoBaHa eMKOCTb OITAYIECKO-
ro KaHaJla CBA3U C UCHOJIb30BAHUEM CUTHAJIBHBIX CO-
3Be3/I1il B BUJIE JBYX U TPeX IIPONU3BOJIbHBIX KOI'€PEHT-
HBIX cocTosinnii. C 3Toii 11e/1bI0 ObLIa BHIYUCICHA SHTPO-
s dpou Hefimana [y craTuCTUYECKOi CMecH IByX U
Tpex PABHOBEPOSTHBIX KOTEPEHTHDLIX COCTOstHmiT. Jljrst
cllydasi TpeX COCTOSHUI ObLIa BBEJEHA OPUTMHAJIb-
Has MapaMeTpU3aliid TPEyrOJIbHIKA, IIPEICTABIAIONIEe-
IO TPU KOIePEHTHBIX COCTOSHUA Ha KOMILJIEKCHOII I1J10C-
KOCTH, U HA €e OCHOBE YCTAaHOBJIEHbI COOCTBEHHBIE 3HA~
qeHusi U COOCTBEHHBIE BEKTOPBI OIEPATOPA ILIOTHOCTU
CMeCH TpeX IMPOU3BOJIBHBIX KOI€PEHTHBIX COCTOAHUM.

st mpakTUYecKux MpUMeHeHnit HanboIbInee 3Ha-
YeHue nMeeT CJICAYIONUI OCHOBHON pe3y/bTaT: 1IpU 3a-
JIAHHOM CpeJHeM Jucje (pOTOHOB SHTPOINS OIITHMAJb-
HOM CMeCH TpeX COCTOAHUN BCer/ia MPEBOCXOAUT SHTPO-
IHUIO ONITUMAJILHON CMeCH JIBYX COCTOAHUNA 1 OIITUMAJIb-
HOIl KOHMUrypaIyeil siBIseTcs PaBHOCTOPOHHUI Tpe-
YTOJIBHUK C [IEHTPOM B HadaJje koopauaar. Cremayer oT-
METHUTDb, YTO SHTPOINA OIIPeJIeaeT BePXHUI IIpeJIe 11e-
peraBaeMoit nHOPMAITIH, & €€ PeabHbINH 00heM oTpe-
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Jesidercs KOHCTPYKIUell pecuBepa, UCIOJIb3yeMOIro Ha
npuanMarorieit craumuu. OHAKO SHTPONUIHBIE COOT-
HOIIIeHUs, UCCJIe/I0OBaHHbIe B JJAHHOI cTaThe, OlIpe/ies-
10T pyHIAMEHTAIBHBIN TTPEeJIes, TOCTUKUMBIH ¢ COBep-
IIEHCTBOBAHNUEM OIITUYECKUX PECUBEPOB.
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