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1. BBEAEHME

Honstue o nosuoM Habope COXpaHAOUIMXCS KBAaHTOBBIX YHCEN SBIAECTCH ONHUM M3
OCHOBHBLIX TIOHATHUH KBaHToBOMN Mexanuxu [1]. Ilomnuiit Habop COCTOUT 3 PUIMUECKHX Be-
AUYUH, 001a0al0UNX CleNyIONIMA CROHCTBaMH. Bo-NepBEIX, 3TH BeNUUNHLI M3MEPHUMEI
oHOBpeMeHHO. Bo-BTOpLIX, €CNM OHM ONHOBPEMEHHO UMEIOT OllpeNelieHHbIC 3HaYeHUs B
HEKOTOPOM COCTOAHMN, TO Mobas Npyras GH3NYecKas BeTHUYHHA, He SBISIOMAaicT X GyHK-
nyell, He MOXeT UMeThb Ollpee/IeHHOro 3HaUeHNs B 3TOM Xe cocTosHuu. [lonwoe onucanme
COCTOSAHMS HEBO3MOXHO Oe3 3HaHUA NoIHoro Habopa e€ro KBaHTOBBIX wuces. HostoMmy mo-
cTpoeHUe Takoro nabopa sBlfeTcs OOHOM M3 OCHOBHBLIX 3allay TEOPETHYECKOW KBaHTOBOM
MeXaHHKU.

B nactosuiei pabore MBI Mccnenyem 3amady TaKoTO Pofa JUIf CUCTEMBI Tpex Geccrn-
HOBBIX YaCTHI € IPOU3BOIIBHBIMU MACCAMU 1N, Mg, M3 W HEHTPAIbHLIMA NapHLIMU B3an-
mopeiicTBusmu Vi, roe k = 1,2,3 — HoMep napsl yacTuly ¢ HOMepamu © ¥ j. MbI mokaxem,
9TO NOJHBIA HabOp COXpPaHAIOIINXCA KBAaHTOBLIX YHCEN JIOOOI0 COCTOSHISA TAKOH CUCTEMBI
coliepKUT ocoboe KBaHTOBOe YHCHIO p, = 1, ecnm xaxmoe (k = 1,2,3) ssaumoneiicTeue ~
CyMMa

Vo= Vi 4 Vg (1)

cliaraeMbIX NBYX pa3HBIX THIOB, & UMEHHO TaKHX, YTO CyMMa dlaracMplX TIEpBOIO THIIA
[1I0 BCEM IlapaM YaCTHAL TOXOCCTBCHHO HE paBHa HYJIO, a CYMMa Cllal'acMbIX BTOPOI'O THIIa

II0 BCeM IMapaM YaCTHI TOXKIECTBEHHO paBHa HYJIIIO.
3 3
u 8§ —
SV A0, YK =0, @)
k=1 k=1

[ycte Hp 1 F ~ cBOOONHBIN FraMUJIBTOHKAH ¥ HONHAI 3HEPTUS PACCMATPUBAEMON TPeX-
YACTHYHOH CHCTEMBI ¢ B3aWMOJeNCTBUAME, obnanatomumu ceoiictBamu (1) u (2). Torma
nonuoe BzaumMoneiicteue V = V) + V, + V3 cBomuTca ¥ cyMMe cliaraeMuIX IepBoro THIIa,
V = V¥ 4+ V! + V3 1 nostomy cnaraeMble BTOPOrO THIa OTCYTCTBYIOT B YpaBHEHUH

lpenunrepa:
3
(Ho~E)¥=-V¥=—(}YW)e. (3)
k=1

JIroboe pemrenne W 3TOro ypaBHeHHA COUNEPXHT MHPOPMANMIO O claraeMerx V' u me co-
JIepXUT HUKaKofl nHpopMannu o ciaraemuix V.. Ilostomy cnaraemsre Vi* u V° Gymem
Ha3bIBATh PHUIMYECKMMY M, COOTBETCTBEHHO, JIOXHBIMH CIalraeMBIMK B3auMoneicTeua Vi.

Huxe mur IoanuMm Gomee KOPPECKTHOE OlIpenelieHe ¥ MOKaXEM, YTO clIaracMhbi€, SBIAFONIHA-



€CA JIOKABIME IS ONHOTO KJjlacca GYHKUHAH, MOTYT OKA3aThCH $usnyeckumu s apyroro
KJlacca QYHKIIMA M HaobopOT.

Hccnenosanve moxHEIX craraembix NPeNCTABAZETCE 0CODO UHTEPECHBIM B CBS3H ¢ BLI-
BoslaMu paGoThl [2]. B meii ua NIPUMEPE CHCTEMbI HECKOIBKHUX TOXICCTBCHHBIX GO301O0R
B OCHOBHOM COCTOSHMH OBLIO BIEpBLIE [OKA3AHO, 410 JIOMHBIE ClAMACMLIe NOTCHIIMAIOR
HEOOXOIMO MCKITIOUaTh, YTOOhI IPaBUITbHO PEWHTL ypaBHeHNS (alllleeBCKOro Thila Jiig
ABYyXQaCTUIHBIX aMINTHTYH, ONUCHLIBAIOIIAX UMb OBYXYACTHYIbIE Koppensunn, Kag or-
Me4aloCh B 3TOH ke paboTe, IIpU pelleHHn ypasHenuid Panzeesa (3] rakoe uckimovenne
HUKOLZIa He nelanoch. Mel lokaxeM, 9To mns HCKITIOYEHUS Beex JOXKHLIX Cllal'acMBLIX W3
ypasHeHuit Panneepa NOCTATOYHO BKIIOYUTDL HOBOE KBAHTOBOE UMCno p, = 1 B yodnbli
HabOp U3BECTHBIX COXPAHTIOUIMXCH KBAHTOBLIX YHCEI.

B reopun ®anneesa [3] nckomoe pewenue ¥ ypasuenus [ penunrepa (3) npenciapss-

eTcsd CYMMOH
3
\I’ = Z lpka (4)
k=1

a panneesckne komroHen T ¥y, ¥y, s mopunnsmiores CHCTEME TPeX 3aUeINIIONXCy Jud-

epennnanbubix ypabrenuil. B ciyuae (1), (2) oTn ypaBHeuns nmeior CHeAYIOWni B
3

(Ho— E)W; = -ViW = —(V*+ V) S W, i=123, (5)
k=1

¥, B oTauume ot ypasHenus Illpemumnrepa (3), conepxar Gu3nycckre cnaraeMuic Biau-
MONEHCTBUI HAPSLY C JIOKHBIMU. B CBA3M C 5TMM BO3HHKAIOT Jpa BOILPOCA, HE HCCHCo-
BaHHBIX B Teopuu Panneesa, a MMEHHO: HKBHBAJICHTHO JIM ypasHerue llpenuurepa (3)
cucTeme ypapHeHu# Pansieena (5), KOrma BIaMMONEHCTBAS HMEIOT NOXK HLLE cllaraemoie, 1
KaK 3TH CllaraeMbie BIMSIOT Ha CTPOCHHE BOJHOBOH (GyHKIMH U ee (aUICCBCKX KOMITO-
HeHT! MBI 0TBeTHM U Ha 5T¥ BOIpOCLI.

Ins navana Hanommum HeKoTopble NORATHA Teopun Panmeesa [3] u MeTona runcprap-
MoHHMK [4, 5].

[lycrs (x;,y:) - tpu (i = 1,2, 3) Ha6opa CTAHNAPTHHIX IPUBENCHHLIX BEKTOpoB $lkoby
B lUECTUMEDHOM KOOPAMHATHOM npocTpaHcTBe R = R2 @ R3 Tpex paccMaTpuBaeMuix
sactan (3]. Kaxmoit (1 = 1,2,3) nape (X:,¥:) m3BecTHBIM crocobom [6) conocrasmsercs
UIECTUMEPHBIH BEKTOP I; = (Xi,¥i) € R® ¢ obbiunbIMHU TMIEPCHEPUHECKHMH KOOPIUTIA-
Tamu (r, %), 3pecs: r = (2? + y?)'/? - runeppamuyc, a Q) = (Zi, %i,9:) - COBOKYITHOCTH
HATH TUIEPCHPEPUYECKAX YTIIOB, TAKUX, YTO § ~ mapa chepHuccKux YUIIOB TPEXMEPHOTO

BEKTOPa g = X;,¥i, a @; = arctg (y;/z;).



B cilydae HEHTPAlLHBIX HAPHBIX B3aMMONEHCTBUH COXPaHAETCA IONIHAf IHEPTUS E,
xpanpat £(£ + 1) nonsoro yrnosoro Momenta (1 = lp; + 1), ero rpeThs npoexuus m u
4eTHOCTL ¢ N0 OTHOIICHUIO K UHBEPCHHU Iy — —T;.

O6bIunoe OrpaHUYeHye, HaKIaILIBAEMOe Ha [NTAIKOCTh MCKOMBIX PElLIeHul ¥ paBHeHuH
Mipepuurepa nan Pannecpa, — HENPEPHIBHOCTh BCEX HMPOU3BOAHLIX BTOPOTO NOPsAKa BO
pcem npocTpancTee R,

IIycrs A® - xnace dyHKIME, 0671aJal0UIMX yKa3aHHO!A [TTAJKOCTRIO M 33aHHBIM Habo-
pom £ = (F,€,m,0) coxpaHsoumMXcs KBaHTOBLIX uncen. B Af MonHBIA ¥ OPTOHOPMHUPO-
BaKHBIN Ha equHM4HOR cdhepe S° 8 RS yriosoit Gasuc [6] o6pasyioT Bnosne onpeleeHHbe

TPEeX4YACTHYHBIE TUTIEPrapMOHMKY {5]:

YIm() = Npas (sing)® (cos p;)® P2 cos 20:) Vi (9, &) (6)
L = at+b+2n,n=0,l.,a+b=1,(~1)*"=0.

[unepramorukm aprymenToB {1 u {); cBA3aHBl YHUTAPHBIM IIPEOOPa3OBaHUEM COXPAHIO-

M BCE KBaAaHTOBLIc HHUCIa Ha60pa Fo
VI (Qe(i i) = 3 (abl K (k) ed)re Yoo (i) - (7)
cd

3iech ¥ BCIONy Janee WHOCKCH a u b npoberatoT Bee HomycTuMele npk sananuex L, fu o

3HAYeHHud, a MaTpHYHBIE 3ICMEHTHI,

(abl K (i) led) e = (VEm(@)IYERO) = [ (V@) YER(W),  (8)

onepaTopa KuHemaTudeckoro mpeobpasopanms K(ve) [7, 8] (xospduumentsr Peiinana-

Penan [9]) napaMeTpuuecky 3aBUCAT OT KMHEMATHUECKOro yria (5]
Yii = gui arctg (m(my +my + ms)fmema)'/? (9)

Tlo onpenenennio xuHeMaTHIeckux yrno, ectu (k,i) = (1,2),(3,1),(2,3), o

gkg:—g,-kzl, 0<'yk,-<7r/2, Z'Yki:W- (10)
(k.
2. JOJKHBIE CIIAT'AEMBIE ITAPHBIX B3AVMOIENCTBUN
[Ipexne Bcero AaiiM KOPPEKTHOE ONpeNeNIeRye JIOKHBIX CHAraeMbIX MPOU3BONLHBIX
napHbix B3aumozeicTsui. JlIg 3TOro yxaxem, B KAKOM CMBICIIe ClENyeT NOHHMATE COOT-

romenys (2).



HHA, B 94CTHOCTH OT TOTO, B KaKOM M3 TPEX KOODIMHATHBIX IIPEACTaRICHMI (ril,i=1,2,3,
3allAChIBaeTCA BomnHoBas GbyHknus ¥ sToro COCTOSHWA M ypaBHEHUe Ilpenunrepa (3), ko-
TopoMy oHa nonyunena. Ilostomy nonstue busnueckux V¥ u nosnpix Vi crnaraemuix pia-
UMOLERCTBUS Vi He NOMXHO 3aBHCETH OT BBLIGODa KoopruuaTHOro NpeiacTasienns, s kono-
POM 3aNCHIBAIOTCS COOTHOMEHUS ( 2). Hanee, 8 xBanToBOM Mexamyxe (1] B3aumonesicrpyc
Vi, & 3HA9UT B KoMIOHEHTH] Ve 1 V¢ ero paséuenus (1), Bcerna nonumarorcs KaK ofepa-
Topbl. B MaTemaTuke nio6oj ONepaTop Bcerna onpenensercs s HCKOTOPOM NpocTpancye
WK Xe Khacce ¢pyukuuit. Beem YUOMAHYTBIM BBILLE NPHHLUUIIAM YAOBICTROPACT ey io-
HHee onpenenenne GUIMIECKUX U T0XK HLIX CIAraeMbiX NAPHBIX B3aMMOERcTRUf.

asg paccmampusaemoso Kaaceq ynrxyui onepamopor Vit u Vi* 6ydem nasvisams, bu-
SULECKUMU U LOHCHOIMU Caa2aembimy 63ausodeticmous Vi, ecau coomnourenus (2) avinos-
HAOMCT 6 1060Mm u3 mpex Koopdunamupir npedcmasaenu (ril,7 = 1,23, 4 dug 4060t

dyrunyuu ¥ omozo xagceq:

(0l 32 Vit (ra)[ W(rs)) #£0, 1=1,2,3, (11)
k=1
(l‘il’; Velrd)|¥(ri)) =0, =123 (12)

Besenem nocrarounte yenopus CYWECTBOBAHUS JIOKHBIX ClAraeMirx LEHTPAITLHBIX
B3AUMONEHCTBUH 1% byukuuit kiracca A°, Ilapurte Baaumoneiicsus NPEcTaBuM otepa-
TOPHBIMH DANAMM 110 WX COBCTBEHHBIM YIioBhIM Gasucan (6):

Vi(ai) = 32 37 IVE(0%)) ViEE () (Yia@)l, k=123 (13)
LL b
Hcnoms3oBas 3Tu panm u NIPMMEIHMB cooTHowenus (7) - (9), nonyuacm onepatopioe pas-
JIOMECHHE TOJHOTO B3aUMONEHCTBUSA B [pencTabIeny (r:):

Vr) =220 2 S IYVER(0) VEL () (Y )] (11)

ab L' o'p

‘ﬁﬂm:mm%$M4-Zzwwmwmmc (15)
k#i ed

X Veed () (ed| K (330) a8 s

i, .
FAe nunexewt a, b, c,d u o', b npunnmaior BCC JonycTuMbIe npu jlannbix L6, o v ' sna-

: : ! . rs 3.,
veuns. Te sunavenus [, IIPH KOTOPLIX ‘Valgf,b,(r) = 0 nns Beex Boamoxix 1 = 1,2,3;



a,b,d b, L' wr, 00beIHHEM B HEKOTOPOEC MHOKECTBO £. Fenu oHO oxakeTCs HE MY CThIM
(€ # ), To noncymmut pspos (13) ¢ L ¢ &€n L€ £ GynyT, B cuily nosnHoTE Gasuca (6) u
onpeiesennit (11) n (12), GU3MUECKUMH 1, COOTBCTCTBCHHO, JOKHBIMI CAAFACMEIMIE JITTH

dbyHKMA Kiacca A

Ve = 30 V() Vi) = 30 3 IR Vier ()Yl (16)

Lg€ I ab
Ve(r) = 30 W(r) Vi e = 30D 1Y QNIVILE (MY ()] (17)
Lef L' ab

JeHeTBITEILIO, 110 OIPEICICIMIO MHOXKecTRa £, CyMMa TPCX OnepaTopos V¥ orobpaxaet
xoTs 611 oy Gaznenyio ruieprapmoitnky (6) B HenyneByio, a CyMma Tpex oliepatopos 9%
orobpaxact mobyio Gasnciyio rueprapMounky 8 TOXKJICCTBCHHBIA 1HYJb, HE3aBHCHIMO O
nomepa 1 = 1,23 nabopa §1; ruucpyrsios, B KOTOPOM dTa IUNCPrapMOHNKa sanicata. B3
CUIly OJIHOTH Ba3uca FUNEPTapMOIUK LIS 10001t Gy KK ¥ knacca A% 1 Bo Beex Tpex
KOOPANNATHLIX 1PCICTARBICHUAX BLHIOINAIOTCH COOTHOUICHMS (1) u (12).

Urak, ccnn € # (), 10 N0XKIBIC CllalaCMBle CYILECTBY 0T W BCPILL IPC/ICTABICII (16)
1 (17).

Teneph noKaxeM 06paTHOE Y TBCPKICHUC: CCIK JIOKHDBIC CHATACMBIC CYIHCCTBYIOT. TO
WMECTCS HELYCTOC MHOKCCTBO £ 3HAUCHHA THHCPMOMEHTA, TaKoC, WTO BCPHULL HPeacTa-
nicaus (17).

Pusrueckne (eI TAKOBBIC UMCIOTCH ) M HOKTLIC CHIATACMBIC KAKJIOT0 B3a11MOJCTIC TBIS
Vi 1Ipe/icTaBuM ONEPaTOPHLIMA PAJIAMU ‘ThIa (13) no cro cobersennomy Gasucy (6). Ue-
HOAL3YA HTH Psijibt ¥ HopMyIThl (7) 1 (8), BLIMHCHIM MATPUHHLIC DICMCHTHL CYMM (:2) qursu-
UECKUX M 0K HBIX ciaracMblx B Basuce (6), sanmcaliiom B KaxJIOM 13 TPEX KOOPIHHATIHIX
peacTaBacHuAX. 13 pesyiinTaTe s KAX 10/ S0y CTUMOH HeTRCPK (PHKCHPOBAUNLIX 3Ha-
gennit L, L' v o', b nonyuum cuctemy pansencrs (15), B koropol 7= 1,2.3, muaekent a. b

L

NPMIMMAIOT BCC BOSMOXIBIC 1pH aliibix [, £, 0 snavcins, & Gynkiws L (1) oranuna

OT Uy xo1s 6L npu uekoropnix L', a’, b v r van ToxACCTBCHIO paBia 1yITio UpH OBBIX

[).a' ' u r, cOOTBOTCTREHINO, Ui PUIMUCCKUX W JIOKILIX CHATACMLIX. Te anaucuns L.

" iy = oy 4 b . OBLE . c

npu koropux ‘VELL = 0 upn Beex 1,a,b, m T, 00LCAMIHM B HCKOTOPOC MUOKCCTRO ¢
Penosnsys ero, noayuaem cooruomenns (16) v (17).

Werak, conm J0KHBIC €HAIACMBIC CYUCCTBYIOT, TO OUM NPCACTABUMBL B RIJIC CYAIM (17).

rne € # 8.

Ouminewm APyroft cnocod NoCTpoctns MIoKReCTsa .



ITo onpenenennio (8) (abll\'(*yﬁ)la’b’)u = 418 lloaTomy B 0Bosnavernmyy
Ly — sLL . - 1y \
Xkcda’b’(r) = Vi (7) (cd|K (V& )la'd") g . (18)
A Kaxwnoro L cucrema OLHOPONHBIX YpaBHEeHU | (15) ¢ mobpimu PuKcupoBanunivy /. a’ b
¥ TIOOBIME BO3MOXHBIMK t,a,b npunumaer sup

Xt (r) + >3 (ablf\'(‘)‘ki)lei)LeX:fé{é;fbr(T) =0. (19)
k#i od

Matpuna M* TOJLYHCHHOR CUCTeME! ypaBHet (19) umeer KOHCUHYIO PasMeplocTs, pan-
HYIO YTPOEHHOMY umciy FuneprapMonux (6) ¢ nanupimu KBaHTOBLIMU dncnamu [, €, m,
o. Cornacuo KPUTEPHIO pa3peluMocTH OIHOPOSTHOW CUCTEMEI NUHE LI X YPaBHCHUH ¢ Ko-
HEeYHOU MaTpuuei [10], CHCTeMa ypaBHEeHUT (19) umeer HETPUBHANLHBIE DelleHns Tor g 1
TOALKO TOTN1a, KOr/la ee MaTpuia BoIpokaeHa (det ML = 0). Crenosarenno, MUOXeCTBO
& cocTouT ux Tex 3Havenun L, npy KOTOPLIX paccMaTpuBaeMas cucrema YpaBuenuii (19)
MMEET BRIDOXNEHHYIO MaTpHILy, a MaTpHUHble anementhr VL1 TapHBIX B3aMMoneHcTBH
TAKOBBI, YTO MONOGHBIE UM bynxumn (18) YAOBACTBOPAIOT 3TOH cCHCTeMe npu Beex L' o' b
nr,
Hpocymmupyem nokasannie YTBEPXIEHUS B BUMC Cllenyiomero KpuTepus.

Teopema 1. /Jlag xaacca Pynryuti A soxenvie CAAZACMBIE NAPUBIT YeUMPLIbULIL 63q1-
Modeticmeuii tyyecmeyom moada 4 moavko mozda, xozda £ # 0. Mwowecneo £ co-
cmoum uz mez suavenut L, npu Komopuz dyuxyuu Kff"(r) urU nodobuvie yu bynxyuu

f

XEbw(r) ¢ wobbimu 6O3MONCHOIMY undencamu i, a, b ydosaemeopsiom COOMEEMCm6 Y10~
wed 0dnopoduot cucmeme ypaswenud (15) unn (19) npu ecer L,a' \V,r. Joxcume cpa-
2aembie npedemasumsl padamy (17).

Hoscuum cnenyommue YTBEPXKIEHVA: JTOXKHBIE U (BUIHYecK He CJTaraeMble MOTYT GRITH
HACTHRIMM W obutimMu, a camo nomsTHe ”moxmHmie (busuueckne) ciaraempre” ABIIAETCA
OTHOCUTENBLHEIM.

Oycrs AL - gnace byukuui, obramaomyix AONOMHUTENLHBIM K Habopy e COXpaHg-
IOUIMMCA KBAHTOBLIM 4uciiom L. B TaKOM Knacce MoNHBM Gasuc Ha SO obpasyeT Habop
Tnnieprapmonuk (6) ¢ ¢pukcupoBanmnmn unnexkcom L. Hocnosno TIOBTOPHB BLIBOJI M aHa-
/U3 cuCTeM ypasuennit (15) u (19} B Taxom basuce, MOXHO YOenuThCy B CIPaBEITHBOCTH
CIeoyIoMUX Y TBep KIeHUI,

Bo-nepsrix, muoxectno £ mns knacca AL gugo nycroe, nubo COCTOUT U3 OMHOrO

aieMenTa L. Hostomy nns Takoro Kitacca nmbo Vi = VI, u6o v, = V&, rae k = 1,2, 3,



a Vil* u VI onpenenentt gopmyitamu (16) u (17), B kotoprix L' = L. Bo-wroprix, ecnu
onepatop V™" - usuucckoe caraemoe 1l Knacca ALf 1o 3TOT XKe omepaTop - NOXKHOE
cinaraemoc nas opyroro (L # L) knacca AV B-rpernux, uMeeT MECTO Cilefyloluii
KPUTCPHUI.

Teopema 2. /s xaacca Ppynryud ALE pqoocnbie cageaemblie NAPHOHIT YEUMPAALHBIE 63a-
usmodeiicmeutl cywecmeyom mozda u moabko moede, xoeda mampuya MP cucmemnt
ypasnenuti (19) ¢ marus xe Inauenues 2uncpMoOsENMa GbIPOACAENA, €& COBOKYNNOCTND
Fyunyuii (18) Foafemed 00uUM U3 HEMPUBUALLNLIT PCULEHUT IMOU CUCTLEMDL NPY L'=1L
1 mobbix a’, b’ ur.

Jlts knacca A xaxnpiit omepatop V¥ wim V¥ normuno HaswkiBath YacTHHIM (u3n-
WECKHM WM JOKHLIM claraeMbiM BlaumoneicTsus Vi, a ans cymm (16) minm (17) Takux
ONEPATOPOB NPEACTARISETCH PasyMHBIM UCIOIL30BATh TepMuH obliee puinieckoe uim
obtilee JoXHOE cllaraeMoe TOro ¥XKe B3aUMONEHCTBUA Vi.

[lycts A - knacc GYHKUMIA, He 067aal0lNX ONpeleNeHHbIMY 3HaYeHN MM £,m,o. B
3TOM KJIacce IoNHbIH fainc Ha ST 06pasyioT TuneprapMoHuKu (6) co BceMU BO3MOXHBEIMHY
napexcamu £ = 0,1,..;m=—£,~f+1,...,fu L,a,b. TocnoBHO NOBTOPUB BHIBOJL CACTEM
ypasuennit (15) u (19) B Takom Hasuce, HeTPYAHO NPUITH K CIENYIOWHM BhIBOIAM.

Bo-nepBoix, muokecTso £ Mns kmacca A COCTOMT M3 TeX 3HadeHufl TMIEPMOMEHTA
L, mpu KOTOPBIX ONHOPOJIHbIE CHCTEMEI YPaBHEHUH (15) nnu (19) ynosiieTBOpSIOTCS IPU
No6OM MYJIBTHMHOEKCE £, T.€. MPH BCEX BOIMOXKHBIX £,mm, 0. Bo-BTOpHIX, Mg kiacca A
dU3NYECKHE M JIOKHDIE CllaraeMble KaxJoro (k = 1,2, 3) B3auMoneicTBMs Vi npenctTaBUMEL

B BUJIE CYMM

Vi (re) = Z Z Z 1 Lap( k) LL’(’")( Ebe(Qk)l: (20)

fmo LEE Lab

Vi(re) = Z Z 2 1 ras () Vi kﬁf r) (Y, ‘ab(Qk)l . (21)

¢mao LEE Liab

Ilo mocTpoenmio MEOXecTBo £ Ans kilacca A SBIAETCS HOIMHOXECTBOM MHOXECTBA £
s roBoro kiacca A°. TToatoMy soxmbie ciraraemsre (21) nns kmacca A ABASIOTCH YacT-
HbIMH SO HBIMHA ClIaraeMBIMI IS fioboro kiacca A® ) Ho gusnueckue cnaraemuie (20) s
knacca A, Boobille ropops, SBIAIOTCA CYNePIO3UIMAME GUIMISCKAX M JTOKHBIX ClaracMblx
g noboro xnacca A°.

Mycrs £(B) - muoxecTeo £ mns xnacca B = Ale A¢ A, Torma B cuily onpeneneHuM

PACCMOTPEHHBIX Knaccop i MHoxecTs E(B)

A = Up AL == E(A) # UL E(A5), A= U, A° = E(A) = N E(AT).



Onumwem Gonee npoctoii, uem YUIOMAHYTEIA BEIIle, €NOCOS MOCTpoeHHS AOAULIX f15
Kkiacca A clraraeMbIX HeHTpaTLHEbIX HAPHMIX BianmonencTBuid. Haunenm ¢ nhinona nocqa.
TOYHRBIX yCIIOBUI CYIIECTBOBAHUS TAKUX CIIATAEMELIX. [Tapasie B3aumoneiicTauyg npescTa-
BUM QYHKUHMOHAIIBHEIMM PAIIAMHA TI0 MX COBCTBOHHLIM NONMHLIM Ha S° 6asucam noreny-
AMLHBIX I'HIeprapMonuk (4, 11]:

Vi(zi) = Ve Yim(h), k=123 (22)

L=0,2,...

Hcnonways st npencrasnenus u npasuna (7), (8), nonyuum bynxumonanvnoe panoxe

HUE TONHOTO B3aNMONEACTBHS B BLIGpaHHOM KOOPIMHATHOM Tpencrasienny (r,|:

Li2
V)= 32 Y WVHr)v2 (), (23)
L=0,2,... a=0
V) = VE ()b 4 > (aal K (1:)[00) o Vi(r). (24)
k1

bynxumn Y, numeiino wesasncumpr 1o oSoum unnexcam L u a. Ilostomy B nobom us

Tpex (i = 1,2, 3) koopauHaTHbIX lipencrasnennit psan (23) ne conepxur NOTCHUH A bHEIX
MY b THIIONEH VIL, VQL, V3L € HEKOTOPbIM GUKCUPOBAHHLIM [, Torna u TOIBLKO TOT/lA, KOI'/li
BCC MynbTunonu (24) sToro paga ¢ AunCKcamy i — L23uma=0,.. ., L/2 roxnecrieno
PaBHEI HYTO. )TO yCIOBHE PaBHOCHIIbHO chenyloweit koneunoit (a = 0, ..., [, /2) wenouke

HE AUCTTIAIOINXCS CHCTeM U3 Tpex (i = 1, 2,3) roxuects 1o apryMeHTy r:
N vi(r) =0, a=0,.,L/2, ¥r>0, (25)
Bnece VP — cronben (VE, VE, Vi, a N - Marpuna ¢ snemenramy
Ni® = bu, N = (aal K (74)[00)0, & Fi=1,23 (26)

Ecnn waitnercs xors 6u1 onmo 3HadCHUe UHTIEKCA ¢, IPU KOTOPOM MaTpuita NX2 e pis
POXIEHA, TO BCEH LENOYKE TOXIECTB (25) 6ymyT YOOBIETBOPATE TONILKO TPUBUAILHLIC
myaeTunonu (Vi =0, = |, 2,3).

HUccnenyem ycnosus, Ip# KOTOpLIX MaTpuia N pripoxnena. 3amenus MaTpUUIibie

anemeHTH (26) 110 n3BeCTHBIM dopmynam (8, 12]
(aa| K(%:)100)0 = (—1)° (aa| K (7:4)|00) 10 = (27)

= CrLa (sin 2v;4)" P[(j;_liz’““m(cos 294)

CLa = NLa.a/zaNLDO })[E;él ]/2)("}) )



i1 nonoANB no onpenedennto (k1) = (1,2),(2,3),(3,1), BuiBeneM paBeHCTBO

2
det N** = 80— 6,0C], > (P,(:,/QZ "D(cos Q'yk,')) + (28)
(k)
+ (1+(-1)"C3, H (sin 24 )" Ps;r_l‘ilaﬂﬁ)(cos 29k ) -
(k.1)

Kax crnemyer 3 atoro pasenctsa, Marpuia N i Bce MaTpuibl N ¢ yeyeTHLIMK a BBI-
POKIICHBI T1pU TI00LIX IOy CTHMBIX 3iauennsx (10) kunemaTnueckux yrios (9), MmaTpnus
N ¢ [ % 0 v deTuuiMin @ MOTYT OLITH BbIPOKICHHBIMY TOJILKO HPU ONPENENEHHBIX 3Ha-
YCHUSX KMHCMATHUCCKNX YIVIoB, npiucm MaTpuubsl N ¢ wernuimu a > 0 suipoxncnst
TOTAA U TOJBLKO TOrJla, KOTJlAa XOTH OLE O/IMH M3 TpeX KHHEMaTHHCCKUX VIVIOB SBIASCTCS HY-
neM QYKL ]’,(j:if:z’wrilz)((tos 2+). Nanee, ecit [ = 4p, rne p - Hexkoropoe HaTypadanLHOe
uncito, To npu a = 1,/2 = 2p, cornacuo dopayie (28),

det NP2 2(‘,1;, 2 H ( sin 2y, )*P
{k.1)

CiaepoBareianpio, npn mobulx Jonyctumuix snadenusx (10} KIHCMATHYCCKUX Y1IiIoB Ma-
rpuita NP2 ye suipoxicHa.

Wrak, ses uenouka roxaects (25) moxer Buimoiusthed, ccan L= 0w ecan L
yeToe, 1O HE KPAaTHOC YeTBIPEM, UNCIO.

[Iycrs € - mMHOXKeCTBO 3HAMCHUR nujiekca L, JUIs KOTOPBIX CIPABEILINBLE LENOYKH
roxnects (25). Torna ans knacca A 1oncyMmul

() = 32 V) Y00, (29)
LgE

Z Ve Yioo(S2%) (30)

re€
psyioB (22) GynyT PUIMUCCKMMAN M JIOKHLIMU CJIAracMBbIMH HAPHLIX B3AUMOJICHCTBUI.

HeitcTBHTENLHO, 110 HOCTPOCHUIO MHOXeeTBA £ noncyMma psisa (23) s nonoro sya-
uMmonencTBrs 1o nuaekey L € € nefcrryer na ponssoibiyto Gyuknmio W nacca A vax
olepaTop YMHOKCHNS Ha TOXKICCTBCHHLIA HYNL, & OCTaBllafgcs NOACYMMa HTOIO K¢ pila
no uunckey L ¢ € paBuocuiibia onepartopy yMHuoXelins na Gynkiio. TORICCTBeNHO e
pasuyio nymo. Crenosarensio, see roxaccrsa (1) u (12}, B koropuix V&' u V7 onepa-
ropul yMuoxenus (29) u (30), BHONISIOTCH, @ HOANOE B3ANMOICHCTBIC Voonnipoxacres
B CYMMY GU3MUCCKUX cilaracmbix: tpu amobom ¢ = 1,23 n s sioboit nerpusiaibiofi

dynkunn ¥ kiacca A

3 /2
V() =3 Vir(r)) = 30 3V () V() V) W(r) #0
k=1 J',QF a={



Urak, eciu £ # 0, To ang xiacca A NIOAHBIC ClAaracMble TAPHBIX B3aHMOACHC TR ]
CYLIECTBYIOT.

HoxkaxeMm obpaTioe YTBEPXKOEHMUE: €ClIM NOoXKHLIE CllaraeMhle cyueeTByior, 1o £ # ()
1 BepHb! npencrasaenns (29) u (30).

IlycTh soxHbIE CllaraeMble CYyWeCTBYIOT, TOI'/la OllW ALl THNa

Vi) = Z VkL(T) Y[?SO(Q,C), (31)
LeF

rae F nekotopoe e nycroe MHOXeCTBO, ¥ 0n1d mioboit dyukiuu W € A Toxnecsa {12)

PAaBHOCHWIIBHKE TOXOECTBAM

3
D VE(r(r)) =0, Wr, i=123 (32)

k=1
Honcrapum panet (31) B ToxnecTsa (32). CnpoexTuposas NOJYYEHHBIC COOTHOILCHUS
Ha Gasuc runeprapmonnx (6), s kaxmoro [ € F NOLYy4UM Lenouky (a = 0,...,1/2)
BoIoHgomuxcs roxaects (25). Cnenosarensho, F = £, 1 Bepno npencrabnenme (30}.
13 o1oro npencrasnenns u pasencraa Vit = Vi — V¢, cienyer npencrasnenne (29).
Cohopmysnnpyem nokasananiii Boime KpUTCPHIL.
Teopema 3. /lus xaacca dywryuii A aoxensie CARRALMBIE NAPHLIT YENTNDAALUBIT 630UMO-
deticmeutl cywecmeyom mozda u moasxo mozda, xozda £ # B. MuoxecTno £ cocmoum
U3 ez 3navenut L, npu xomopoir nomenyuaibnoie myabmunoau V;l napusir szaumodei-
emeud (22) nodvungiomes yenouxe momcdecms (25). Eeauw L € &, mo wau L = 0, wau
sce L /2 neveTnoe uncio.
3. YPABHEHUE IHPEOUHTEPA
AHanus ypaBHeHus Mpenunrepa (3) u ero obmero peutenus ¥ € A° B ciyuae £ # ()
Ha9HEM C Olpe/iefieHNs POEKIMOHHEIX OllepaTOpOB.
Enunnuneic pa S° onepatop / upencrasuM B Bune cymmer [ = P, + P, nByx oproro-
HAJILHBLIX IIPOCKTOPOR

Po= 2 3 VRO (YERQ)], L= Y S V@) (Y@l (33)

Lg& ab LeE ab

Tak kak npeobpaszosanue (7) yauTapHo u coxpanser TUIIEPMOMEH'T, TO NpencTabnenns (33)
MHBApUaHTHEL OTHOCHTENLHO BIGOpa umzekca i = 1,2,3. Ilostomy psmst (16) u (17)

MOXKHO 3anucaTh B bollee KOMIAKTHOl hopme:

V=P Ve, V=PV, k=123 (34)

i0



FHe NPOCKTOPbl MOHHMAIOTCA, Kak cyMMsl (33), 3amucaHHBIE B TOM Xe KOODIHHATHOM
npencrasienuu (ri|, uto n BsaumoneiicTsue Vi. U3 coorHomenuit (2) u (34) cnenyer

LCIIOYKa papCcHCTH

3 3
S V=Y PRVi=RV=0, (35)
k=1 k=1

cupasennusas B 1060M U3 TpeX KOOPAMHATHBIX 1IPENCTaBICHHIX, Gnaronaps ynomsaHyToit
BLILIE HHBADUAHTHOCTH NPpoekTopoB. Tak xak V u P, spMuTOBCKME ONEPATOPEL, TO U3 TO-
xaecrsa Py V = 0 crenyer, uro V P, = 0. 3uauur, [P, V]- =0,aTak kax P, = [ — P,
To [P, V] = 0. CnenosatensHo, ofa npoekTopa P m P, KOMMYTHPYIOT ¢ HOZHBIM ra-
Munbronranom H = Hy — V. [lostomy cobcTrenubie uncia Pu onepatopa £, aBisioTcs
COXPAHAIOUIMMHUCH KBAHTOBLIMHU uicnamy. Jliobas yuxims U u3 nomnpocrpanctsa

U* = P, A® dpnserca coGeTBeHHON J1s onepatopa P, M orBewacT ero cobcTBEHHOMY
sHavennio p, = 1. Jhobas ¢pyuxuus S U3 opToroHanLHOrO NOmoNHeHHs S° = P A® non-
pOCTpancTsa U no npocTpancTsa A° NPUHAIVIOKHT 31Dy onepaTopa F,, T.e. oTRevaeT
COOCTBEHHOMY 3HaYeHuw p, = (.

HoscunM B KakoM cMulcnie mpocrpancTsa U u S° opToroHaanabl. [lo onpenene-
nuto (33) npoektopos P, u P, nomuwmii na S® 6azuc npocTpascra U wim §° obpasyior
runeprapmonnku (6) ¢ L ¢ £ wm ¢ L € £. TMosromy 3T IPOCTPaHCTBa OPTOTOHALHLI
ApYr APYrY, BOOOILE FOBOPS, TONBKO OTHOCUTENBHO MHTETPUPOBAHUS Ha cepe S* Ho nO
moboit u3 Tpex (1 = 1,2,3) coBokymnmocTelt rumepyrios §);.

B ypasnenne [penunrepa (3) noncrasmm mckomoe B kiacce A¢ pewenune U B Buje
cymMbl ¥ = U + S ero oproronanpuix npoekunit I/ = P, W u § = P, ¥ na nommpocrpan-
cTBa U m §°. Ucnonesys pasencTsa (33) - (35), cipoexTHpyem NOJIy4eHHOE YpaBHEHUE
Ha 9TY NOANpocTpaHCTRa. TakuM o6pa3oM, B nmommpocTpancTee S° HOJYYHUM TOXIECTBO

S =0, a B noanpocTpancTee U° ypaBHeHHe
(HO—E)U:M(PHV)U. (36)

B cuny toxmecta § = 0 cnexTp (¥, £) mcxonuoro ypasuenns Ilpenunrepa (3) copma-
naet (¥ =U) co cnekrpom (U, F) ypasrenns (36).

Hpocymmupyem pesynbraThr uccnenoBauuil ypasuenus Hipenusrepa B Bunme cnenyio-
HIErO yTBEPXK ICHUA.
Teopema 4. Ecau 6 gyurxyuonavnon npocmpancmee A° evinoansiomes yeaosus (11) n

(12), mo awboe nempusuaavnoe pewenue W ypasnenug lllpedunzepa (3) npunadaexcum
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ureapuanmuomy nodnpocmpancmey U onepamopa P,. Yeaosue (12) pasuocuanio sq-
KONY COTPANEHUA KEAHMO6020 YWUCAR Py = | u onpedeasem muoncecmeo £ nocpedemeon
oduopodunir ypaerenut (15) uvau (19).
4. YPABHEHUS ®AOIOEEBA
Ananus cuctemsl ypasuenuit ®anneena (5) u ee obmero pewenns (¥, Wy, Us), upu-
Hamulexatero xnaccy A° B cnyvae £ # ), HauHeM ¢ uccnenoBanns Xapak TCPHLIX CBORCTH
npoekun#t Uy u S; KOMIOOHEHT TAaKOro pellicHMs Ha NOANpPOCTpaHcTBa U u S¢.

Ilo onmpenenenuio npoexTopos (33) umeem

U, =U, + S, U= Py, Si=PV, k=123 (37)

7 1

Hanomnum, uro B Teopun Panneena kaxnas komnonenta ¥; u ypasuenne cucremmt (5),
coliepKalllee 3Ty KOMIIOHEHTY B CBOell JICBOM YacTu, 3aHUCHIBACTCA B UX COBCTBEHIOM
npeacTabaeHun (r,|.

Hoxaxem, uTo, eciu Bee Tput npoekunn U/, Uy, Us ToxmecTrenso He paBilbl 1yiio, 1o

HX CYyMMa obslanaeT aHaJIOTHUUYHBIM CBOMCTBOM B CMBICIIEC

(rJE}Uk(rk));éO, i=1,2,3. (38)

[IpennonoxumM NpoTHBHOE: NYCThL B npocTpaHcTe RE Bepibl Tpr ToX/CCTBA

3
(] Y Un(r)) =0, i=1,2,3.
k=1
BaMeHHM B 3THX TOXW OeCTBaX BCe claraemMpie pSI,Ha.MPI
Uk(rtr) = 33 Ukia{r) Yi0(0) (39)
L§E ab

IO MX COOCTBEHNBIM MOJIHBIM YIJIOBEIM 6a3mcaM npocrpancrsa UC. Cupoekruposas 1o-
IIy4€HHBIE TOXIECTBa Ha Takue 6asucnl no npasunam (7) u (8), nns kaxjoro gpukcnpo-

Bannoro L ¢ £ uMeeM OTHOPOMHYIO CHCTEMY TOXIECTB MO NEPEMEHHON 7
UiLao(r) + DY {abl K (vii)led)pe Urpea(r) = 0, (40)
ki o

rne 1 = 1,2,3, a unnexcel a,b v ¢, d npoberaior Bce nonycruMnle npu Jandnix L, u o
M ¢ 40) ¢ i M* cucre (19), orpeua-

spavenust. Marpuua cucremn (40) coBnanaer ¢ maTpuuen cucremut (19), :

oiedl ToMy xe 3xauenmio L. Ilo onpenenenuio Muoxecrsa £ Takas MaTpuia ne BLIpo-

xkaena. llo ansreprarnse $penronsma 10} paccmarpubacmas ojHopoinas cucrema (40)
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¢ HCBLIDOKRICHHOR MaTpuiefl jubo necoBymecTa, 6o umeeT JIHI0L TPHBHANIBHOC pelire-
e, Ilosryuennoe npornsopeune O3HAYAET, 910 OLHOBPEMEHHO HETPUBUAJIbHbLIE ¢ 1alae-
mute Uy, Uy, Us daiuiecscxknx kommonent (37) seersa obnanaior cBoficTBoM {38).

AHaJOrMIHBIM 0BpPa3oM MOXHO NOKa3aTh H bonee obulee yTBepxneune: CyMMa Tpex
MOBLIX OIIHOBPCMCIIO HETPUBMANLHLIX QYHKUMY, 3aNUCAHHBIX B UX COBCTBEHHBIX KOOp-
AMHATHLIX TPEICTABACHHSX 1 HPHHALICKATILTX NOJANPOCTPAHCTBY U, ToXIECTBeHHO He
paBHa Uy,

Tenepn nokasxenm, uro ciaraemue 81, 82, .84 banneesckux koMnonenT (37) Beerna VIO~

BIICTBODAIOT BO BCOM npocTpancrae Rb Thes ToxOcCcTBaM

(r] 3 Su(r)) =0, =123 (1)
k=1

B ypanuenusx (5) samenum see uekombie byurunu cymmamu (37). Cnpoexruponas no:y-
. " . . Tk r R ey . =4 . 3
ICHHLIC ypaBHcnus ¢ nomolibio pasencrs (33) - (35) na NOANPOCTPANCTBO ST BLIBOMLIM
CIICAYIOUNAC YPaBHCHUS:
3
(Ho— E)Si= =PV S (Up+8), i=1.2.3. (12)
k=1

OmiieM perenns coorhercrsyionmx OAHOPONHBIX Y PaBHEHU
(Ho—£)Si =0, i=1,213 (13)

Kak ussccrno [5, 6], npu £ < 0 8 xnacce A¢ HMCIOTCH TOJILKO TPHBHAALHLIC PCIICH|Ts,
ecn ke I > 0, o moboe peuicnune - pag
Cr 15 I D ém . g ;
Si(ri) = C*N Dk, JL(rVEYYH ), 1=1,2.3, (11)
Le& ab
conepxaiunit peryssipusic yukunn Leceens J,, nponssosshnie konerairy (- i HCKOTO-
L

puie Koadpuuunenrin D7, Caenosaremsio, npu £ < 0 8o seem KOOPAMHATIIOM NpocTpati-

crBe R® Bummonnsmorcs ToxuecTsa
3 ~
(rf Y Su(re)) =0, i=1,2,3. (45)
k=1
+ i v Ty "y . .
JlokaxeMm stu ToxecTsa B cnydac £/ > 0. Jlns sroro samenum dyuriumn S;, 8,084 coor-
BETCTBYIONIUMM cymmamu (44). llpumenus npasnia (T)u (8), cupoesTupyem nonyvuenine
COOTHOLICHMS Ha UX cOBCTBEHHLIC YITOBLIC Gatuch npocrpaticrsa 8¢, Torna s kamnoro
L € & npuxonnm x xoneunoi M, 110 TIPCIIIONOKEINIO, OJLHOPOAHON CHCTOMC YpaBHCH T

Divy + 33 (abl K (3 |ed)re DE, =0, (16)

k#i d
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rae i = 1,2,3, a nanexce «,b, ¢, d IpHHAMAIOT BCe BO3MOKHLIE UPH AaHHbIX L. { 11 7 3na-
yenust. Marpyita 5Toll CUCTEMBI COBNANAET € BLIPOXKACHHON 110 ONPEREeHUIO MHOKCCTHRA
£ matpuueit ML cucrempr ypanrenuit (19), oTsedaioleit ToMy xe 3sHaAYCHMIO Milekca /..
CrnepoBaTenbHO, €C11 Hallle IPEANONOKEeHHE 0 CIIPABEIJIMBOCTH CoOTHOIICHUIT (45) Bepho,

L

TO CYWecTBYIOT kodpduunenTsi [J,, ONHOBPEMEHHO He paBHBIE HY:I10. B nporusnom

cllydae, Koria Ipasas 4acTh XOTs Obl 0O/HOTO ypaBHeHus cucteMbl {46) otnuulia ot nyns,
koapdutmentel D, we cymecTnyior, T.e. npencrasnenue (44) e umeer mecra. Takum
06pa3oM, NOIYYeHO MPOTUBOPEUNE, 03HAYAIOLIEE CIIPABEIUTMBOCTE TOKAeCTR {45).

B cuny pasencrs (43) u (45) dysxuuu (44) ¢ kosdpduuuentamn DE | nopunnenunimu
ypasuenusM (46), yoosneTBopsioT ypaBHenusM Dasieesa (5) npu £ > 0 u niobuix nian-

mozeictTsuax. Onnaxko sTu Gyukuun, 6aarogaps roxiaectsam (45), oTBeYalOT TPUBUAIL-

HoMy pelnenuio ypasuenus lpenunrepa:

U=y 0.

Il
H

3 ~
2. S
k=1
HeTpHBHaJIbI-Ioe petieHe CHCTEMBI ypaBHeHHﬁ d)a‘ﬂﬂeeB&’ OTBeYHAaKIIEe TPHBMaHbHOMy
pellcHUIO COOTBETCTBYIOLIEIO YPAaBHCHHA mpe,ﬂI/Ierpa, OPHHATO Ha3blBaThb JIOXKHBLIM pe-
[IeHUeM. CCbIHKH Ha pa.SOTbI, IOCBRANICHHEBIC HpOSHeMe JIOXKHBIX peUICHHI‘;I’ HaHBElI B 0b-

sope [8]. Kpurepnit cyuecrposains tTakux pewrenuil 8 knacce A* nokasad B pabore [13].

Kak 6wi10 1oka3ano, obiiee pewuenne (5,5, S3) cucremnl ypasHennit (42),

Si:”—“(I{O‘“E)ﬁIPS‘/iZUk‘{F‘gi: i:l=2737 (47)

k=1

CONEPKUT JTOXKHOE peilieHne (5’1, 5’2,5’3), safanHoe dopmynamu (44) n (46). Cymmumpys
TpH paBeHcTBa (47), 3anucaHible B UX COGCTBEHHBIX KOOPAMHATHBIX NPENCTABICHUAX, H,
yunThiBas dopmysnl (35) u (45), 3apepuiaeM fokasaTedbcTBo ToxnecTs (41).

Ucnoaniys npencraenenus (37) u toxnectsa (47), cnpoekTupyeM ypasHenus (5) Ha

noanpoctpadcTBo U°. Torna nonyuum cucremy ypaBHeHHH

3
(HU—E)U,-:—Pu%lDz—PuV,-ZUk, 1 =1,2,3, (48)

k=1
HE COMEPAKAILYIO HU JTOKHBIX CIAracMbiX TapHLIX B3aHMOOEHCTBHMH, HE npoekuuil dampne-
eBckuX xoMnoHeHT (37) Ha nopnpoctpancTBo S¢. Bee pewesus (U, Uy, Us) 310l cucteMul
NpHMHAalIeKaT NPOCTPAHCTBY U° i 103TOMY 0671allat0T JONOMHETEILHEIM K Habopy € KBaH-

TOBLIM YMCIOM Py, = 1. B cuny cootnowrennit (37), (38) u (41) kaxnoMy HETpUBHANLHOMY



peweniio ({7, Uy, [/3) orsevaer nerpusuamsHoe petienre (4) ypaBHenus lipenunrepa, (3)

3
v=3 U, (49)
k=1

He conepixaliee npoexumit Si, k = 1,2,3. Ilo sToii Upuiune cnaraemsie Uy u S dan-
NeeBCKON KOMMNOHEHTHI Wi, T.e. Kaxnoil cyMMmbl (37), HasblBaeM manee ee buznyeckum u,
COOTBETCTBEHHO, JIOAKHBIM ClIATAEMBIM.

Ins nongoTsr pacCMOTpHM 0cobbIil cityuail, korga & #9, 80 U),U,, U5 =0. B 3TOM
ciydae no dopmymam (37) u (47) nonyyaem ¥, = Se = 8, k = 1,2,3. Hostomy uc-
XonHbie (CTaH/apTHbIe) ypasHenus damneesa (5) MMEIOT TONBKO oK HLIE peitenus (44),
(46), a cooTBeTcTRYOIWAS UM BOTHOBA $yukuus (49) asasercs TpuBmANbHOI. Monugu-
HHpoBamibie ypasuenns Panneesa (48) o ux noctpoenuio me nmeior TOXHBIX PElIeHNIL.

Kax 6b110 nokasano, noxunbre ciaraemue IapHBIX B3AMMONCHCTBHR LOPOXIAIOT JI0K-
HbI€ M, BOOOIUE [OBOPS, HETPUBHAILHBIE CIATACMbIC (47) danneenckux kommoHenT (37).
IIpurenem cxemy mokasarenncrsa 00paTHOTO yTBepXIeHus: ecnn dasnmeenckue KOMIIO-
HEHTBI HMCIOT JIOXHBIC CIATaeMBie, TO M IApPHBIE B3ANMONEHCTBIS CONIEPXKAT JIOXKHBIE
cliaraemMeie.

[tycTs Bepuwt npencranmenns (37) u Toxnecrsa (38) n (41). Crpoexrupyem stu To-
AACCTBa Ha MONHLIA yriosolt 6asuc (6) npocrpamcrea A pumenns aJILTePHATHBY
Ppenronsma, mokaxem uro CYIECTBYeT HeKOTOpoe MHOXecTBO € TakuX ssadenmit [,
HTO NENOTKH MOy eHHRIX HEOMHOPOLHEIX WM OZAODOMHLIX CHCTEM YPaBHEHUH 009 -
nepcdepryecknx KoMnowenT (i, unn Skrap claraemeix U, unm Sk, k = 1,2,3, umeror
HETPUBUANLHbLE pelienns, eci L ¢ € wn, COOTBETCTBEHHO, eciu L € €. Beenem npo-
ektopnl (33). IlomeitcTayem HpoexTopoM F; Ha ypasmenus (5). YuTem Toxpecrsa (38)
1 (41). Takum obpazom momywmm TPM BrINONHSIOMEXCK pabeHcTBa (47). CymMupys nx
W BBens obosnawenns Vi = PV, k = 1,2,3, npuxomum x To¥amecTBam (12), osnagaro-
UM, YTO JIOXHbIC CHATa€Mble TIaPHLIX B3aMMONEHC B CYymecTBYOT, Yrobul onucars
MHOXECTBO £ U TeM CaMbIM 3aBEpLINTH HOKa32TeNbCTBO, IIPUMEHUM TeopeMy 1.

Tenepn, mMoxno coopmymupopats noxasamHLiL KPUTEPU.

Teopema 5. B xaacce gynnyui A° Paddeescxue KOMROREHTIDL, NOJUUHEHHBIE CTaN-
dapmuoim ypaenenusm Paddeesa (8) ¢ yeumpasvubimy NAPHLIMY 630uUMOdeTcmeuIMY,
UMEIOM LoXCHbIE Crazaembie MO2da ¥ Moavko Mmoezda, xozda dag rmozo KAACCA CYuje-
CMBYIOM LOMCHbIE CAQZAEMbIE TRAKUT 63auModetcTnouil.

Obcynum dpopmyuposku (3), (5) u (48) 3amaau Tpex yacTHO ¢ Touku 3peHus 3aKOHa

COXpaHCHUs KBaHTOBOTO YHCHia p, = 1,



Cornacuo npenctasinernio (37), peweHns craulapTHLIX ypaBHenuit Paniecna (5), so-
o6l roRrops, He 0671a1210T KBAHTOBLIM YUCTOM p, = 1, meftcTBurensro P, = Uy # W,
k = 1,2,3. Omnako, 3TuM unciom obnanaior dusudeckue cnaraemste (U, Uy, Uy) rakux
perenuii u nx cymma (49), T.e. BonHoBas (yHkuua U, ynoBReTBOPAIOWLAS yPABHCIMIO
Hlpenuurepa (3). ®usnueckue cinaraempie Uy, Uz, Uz nopuuneHs MonuduuuposaiiinimM
ypasuennsm $amneesa (48). Oru ypasuenus, kax u ypassenue Hlpenunrcpa (3), conep-
KaT IHIIL QU3UYEcKHe cllaraeMble apHbix B3anmoneicTBuil. Hosromy sxsubaiienriocri,
MonuduuMpoBanHbIX YpasHenuit Panmeesa v ypasHenusd [lpenutirepa ne BuizniBacT co-
muennit. B cuny >Toit 3kBHBaNeHTHOCTH U npefacTaBienus (49) nexonHas cucTeMa ypas-
geruit Panneesa (5) Takxe sksuBaienTHa ypastennio Hlpenunrepa (3), neemorps sta o,
YTO 3Ta CHCTEMA CONEPXUT JIOKHBIC C/al'aeMbic H B3aUMOJICACTBHIN, 1 Da/lICCBCKUX KOM-
noHenT. CleNoBaTeNLHO, UCKITIOUEHHE JIOXKHBIX ClIATaeMblX M3 CTalOapTHLIX ypaBHCHURA
danneesa He sBiseTCH HEOOXOMUMBIM, HO, KaK OyJeT NOACHEHO HUXKE, [IPCACTABIACTCS Pa-
3YMHBIM JUIS 3KOHOMH3ALUM aJI'OPHTMOB YUCIIEHHOTO PEICHUS 3TUX YPABHEHHA MCTOIOM
THNIEPrapMOHUK.

Kak 6bI7I0 mOKa3aHo, JUIS MCKJIOUEHUS BCEX JIOKHLIX cnaraembix V7 u S, k =1,2,3,
U3 cTaHIapTHEIX ypaBHenun Panneesa (5) cnenyeT yuectb 3aKOH COXpaleHUs KBAITOBOTO
qucna p, = 1. DTo MOXKHO cllenaTh cilefylollnM obpasoM. CHavaiia HeOBXONUMO HOCTPO-
WTh TPoeKTOp P,, MpelioXeHHpiM B pasjienie 2 crnocoboM. 3artem norpebosath, urobl
HcKoMBie (allleeBCKie KOMHOHEHTH obJaflaii KBaHTOBLIM 4MCIOM p, = | B Jjonosiie-
HHe K HabOpy £ COXpaHsUIMXCH KBAHTOBLIX YHCEN, T.e. mojoxurs P,W, = Wi = Uy,
k = 1,2,3. B pesymprare nonyuarca ypasnenus Pamneesa (48) B npocrpasicrse US.
Tloauwiit 6a3uc >TOro MpOCTPAHCTBA Ha chepe S° 06pasyloT He Bce ruieprapmonnku (6),
a MWL Te, y kotopbix L ¢ £. Wmenno Takue runeprapMOHUKM M CICAYCT HCIOAL3OBAT
Ut annpokciuManuy uckombix peieuuit (U, Uz, Us) KOHEUHBIME CyMMaMm MX DasfoKe-
uuit (39).

OTMeTHM, YTO B YaCTHOM Cllydae, & HMEHHO JJIi OCHOBHOTO COCTOSHUS CUCTCMbI TPEX
TOXJIECTBEHHLIX DO30HOB ¢ OCHMIUIATOPHBIME TOTEHUMANaMH, JIOXKHLIE ciaracmbic dran-
JIEEBCKAX KOMIIOHEHT BIepBhle HccilefoBanuch B pabote [14]. Ilpobaemsi, nopoxpacmbie
0K HBIMHA CllaraeMbIMK [IpH Y#CIEHHOM pelleHny ypaBHeHni Manneesa s CHCTCM TpeX
TOXIECTBEHHBIX BO3OHOR ¢ S-BONHOBLIMU 3aNMpAIOHIMMU HOTCHIMaRaMy, 0bCyXKlanmch, B

ob3ope [8].
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5. IPUMEPHLI U 3AMEYAHUS

B kauecrTBe NpUMEpa paccMOTPUM cllyyall noaoGHbIX HCHTPAJIBHBIX B3aUMOACICTRUI
Vi(zi) = ¢, f'lre), k=1,23, (30)

rne ¢g w £ - HekoTophie HeHyseRDIe KOODOUUMCHTE! 1 GyHKUMA. Y CiaoBug (25). onpe-
ACTHIOUIE HACTHRIC oK NbIC ciraraeMbie (L dukcnpopaso ) TaxMX B3amMoneficTRui mx

Kaacca Gyukumi A, ceoisres K COBOKYITHOCTH YCHAOBUR a3 cronbua C:
La - 7. T R -
N™C =0, C=(a,0,03), a=01,....L/2 (51)

Hycrs L= 0. Torna muieke a NPHUMMACT TONLKO 0/iH0 3Havenne a = 0. Coraacho
(hopmynam (27) see snemenn b (26) marpuimt N pasun cmnnie ne 3ABHCHMO 071 3naye-
U KNHCMATHUCCKUX YIUIOB, U paceMaTpuBacMas cucrema yenosuii (51) BLpomsactcs »
‘rpebobaltue

oy + o + Cyg = 0. (:’2)

Ycmu ono sumostusceres, 1o, cornacio onpenenennio (30), ciaracsmbie

V) = Y00 P = (B0t L) 800 cos L, (5)
w2 )
Fry = (4 — L)fr—'ﬂ/ dp (sin{L + 2)¢)? F(rcosy),
0

HONOOHLIX NAPHBIX BIAUMONCHCTRUT (50} BynyT YacTHLIMM NOXHLIMH cnaracMbizi ¢ f, = ()
And Knacca dynxuunit A.

3ameTuMm, w0 nas 11060i cHeTeMb TPCX TORNECCTBCHHLIX YaCTHIL NAPHBIC B3AMAO/CH-
CTBUSA NONOOHEL, IPUNEM ¢) = ¢y = ¢4, W HOYTOMY ycsionus (52) ue BLinonusores.

Illycrs I, = 2, torna umeercs se (@ =0,1) cucremur yenonmii (51). B cuny coorno-

wennit (10) n (26) - (28)
NZ =64 (— 1) cos((2 — a)ye — am/2), detN** =0, ¢ =0, 1.k, = [.2,3.

llonromy oba (g = 0, 1) vccnenyemnie mart YHUBLIC YenoBus (D) cBOMKTCH K O/Hoil 11 Toil
y ) )

KC COBOKYINOCTH JIBYX YCIIOBUI:
€1 $In 2973 = ¢4 8in 2¥a4, €3 sin 212 = ¢y sin 2y, . (51)

Fenn koo (PUHTHCHTLE ¢p, ¢, €y NOAYUIRIOTCH FUHM YCHOBHAM, TO B3alMOJICTCTBITH 50)
3 L2y Yy ’
MMEIOT NacTibie ([, = 2) noxnbie juis knacea dynkunii A cnaracsmuie, 3alaliLIc Gopmy-

namu (53) ¢ L = 2,
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3ameTuM, uTo ycnobus (92) u (h4) HecomecThbl. [TosTomy MHomecTRO £ nusg xiacca
A ne MoxeTr onHoBpeMeHHO cosepXkaTh 3iemenTol L =0 u [ = 2

CrouT Taxxe OTMETHTH, UTO ycnoBus (54) BLINOJAHLIOTCS AN JHOBOH CUCTEMBI Tpex
TOXKOECTBEHHBIX YaCTHIl, KOT/lA ¢} = C3 = €3 U Y12, Va1, Y23 = 7/3. Caenopatrennno, nosu-
HBIHA HaBOp COXPAHAIOUIMXCH KBAHTOBRIX YHUCEN TI060I0 COCTONHUS IIPOU3BOALHOM CHCTEMbI
TpeX TOXKAECTBEHHBIX YaCTHUH C UCHTPANbLHBIMU 1APHBIMA B3aUMOIEACTBUAMU COJCPKUT

qucio p, = L.

[Tycte B3aumoneicTsus (50) — KynoHoBcKue:
F(Ik) = 1/1'k , Cp = R! Q;Ll‘j Z{ZJB?, k=1,2,3,

TOE ji;; - TIpUBENICHHAs Macca, a Z;¢ U Z;€ - 3apaabl 4acTul ¢ HoMepamu t 1 j. Toraa
nocTaTouHbie yenosus (52) u (54) cymecTBOBaHUMA YACTHBIX JIOXHBIX cilaraeMbix ¢ L = (

U L = 2 cBOAATCH K COOTBETCTBYIOILMM YCIIOBUSIM

myms Mgty mymms
L1l | ————— + 2yl | — "+ Ly = 0 a5
' Zle—}-mg 23Vm2+m3 : 3\/m1+m3 (55)

i+ 3/2 _ 1/2 .
(Ziba+ Zob) (D) s g ()T s (56)

my + My mdio + mady

a dopMyitbl (53), onUCHIBaIOLME TAKHWE ClIaraeMble, IPUHAMAIOT BHUIL

L 16
Ls
Vi () = ZiZj[2u; (1 - ﬁ) T cosLyr, k=1,23, L=202
Feow 2,24y, — 73 = £n,n = 1,2,. .., To cooTHomenune (55) BriTONHsETCS ANA 9aCTHIL

€ MaccaMu my = mq = Tms. C OTHOCHTENBHO# TouHOCTBIO 107° Takwe MacChl HMEIOT
CHCTEMBI, B KOTOPBIX OIHA YaCTHUIa — aHTHIpoToH (npoTon) (ma = 1,007 aem ), a nsyma
OPYTUMM YaCTHLAMHE ABIAIOTCS NOJNOKUTENBHO (OTPULATENBHO) 3apsKEHHBE HOHBL ATOMA
TLi (my = my & 7,02 aem [15]).

B cayuae Z,, Z,/2,Z5 = 1, 06a (i = 1,2) ycnosus (56) BenonHsoTCsS, ecau my, mg = 1
aeM, m, = 4,09777 aeMm wim ke upu my,my = 2 aem, mg = 8,19548 aem. bnuskue k
YKa3aHHBIM 3HAYEHUIM MacC HMeeT CHCTEMBI M3 IIBYX NPOTOHOB () = m3) M ABYX3apsif-
noro moHa *H*t (my =~ 4,0026 aeM ) mau, COOTBETCTBEHHO, CUCTEMA M3 ABYX HEHTPOHOB
(m; = m3 = 2,0141 aem) u aByxsapsannoro uoua ®Bett (m, & 8,005 aem [13]).

YTo6El MOSACHATH NPUKIAJHOE 3HAYEHHE HOJYyHEHHEIX pe3ylbTaToB, o6CyOuM Tpo-
6Jjiemy BLIOOpa peanuCcTMYECKOTO Habopa MapHBIX B3aMMONEHCTBHI M3 ABYX pa3sHbIX Habo-

pos A = (W1, Vo, Va) u A = (Vi, V2, Vi), omnnaxoBo xopolo onuchbiBaIONIMX BCe HMEIOLUecs
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JAMHBIC TIO PACCeSINIO 0 CHCKTPaM B KaAJIOH Mape HeKOTOPLIX vacTHu «. b, c. W3 rarmx
hasoBOIKBUBAIICITHLIX 11ABOPOB 1IPHHATO CYNTAThL PEANACTUYCCKUM TOT. HCTIOAB3YA KO-
TOPBIA YIACTCS Ay (e OIUCATh BCIO MUMEIONLYIOCS COBOKYIIHOCTH NaHHBIX O CBONCTRAX
TpexvacTuynoi cucremul abe. Fenn o6a HaGopa A 1 A e uMelOT NOXHBIX claraeMsix,
TO YNOMSHYTHIH OOLICHPUISTLIA PCUENT NPEACTABISETCH HEIPOTHBOPEYNBbIM.

Hycrs uabop A umeer noxubie claraeMuie, a va6op A He obranact rakosbiam., Felu
s BLiaucienni no ypasueunsm Mpennnvepa nan danneesa ncnoapsyvercsa nabop A. To
HCCIICILY EMBIC CBORCTBA CHCTCMBE @b ONPeCSIAOTCeS BCEMU B3aUMONCHCTBAAAMH V), Vy, Vi
Fean e s anatornuimix Bulunciachuii nenoansyeres Habop A. To cBolicTBa TOW e
CUCTEMBL @be ONPEICHRIOTCH 11C BCOMP B3AUMOICHCTBASMU Vi Ve V5 a s ux dmsiues
crumu cnavacmiimn VY V3 VES B pacemorpennom cnyuae ofmenpumns tit pencnT Bhi-
bopa peasncTnucckoro nabopa OKa3LIBACTCS HCKOPPCKTHLIM 110 BYM MPHYHHAM.
Bo-nepBuix, ecin wsauMonecTaunsg s cucreme ebe onucHBAIOTCS nabopom {A) A. 1o see
ce cocTosns (1He)obuananT KBATOBLIM uncilom p, = 1. Bo-sropuix, nabopy A couocra-
Bisercs He nabop A, a nabop A¥ = (Vi V¥ V),

Crnenosareibio, 1S KOPPEKTIOrD BLIGOPA PealMCTUUCCKOIO Habopa ni nabopos A n A
CPABHATENLHBIM alAIM30OM TPCXUACTHUHBIX IANHBIX BCOBXOMMMO, 4TO6H 06a naGopa 11160
1e UMCETH JI0KHBIX CAAlACMDBIX, 1100 UMCIIH JIOXKHDIE CIIAraCMbIC, ONPCICICHILIC OILIUM I
TEM KC MHOXeCTBOM &,

TIpobnema BLIGOpa PeANNCTHYCCKIX NAPHBIX B3AUMONCHCT I YACTO BOMIIKACT B SICP-
oW Gu3uKe nuskux sucpruit. B npenene nuskux suepruii XOPOUWIUM HPHOIIKCHICN Cun-
TAETCA 3aMCHA CHIILHBIX B3aUMOACHCTBMA MX S-BosuoBLIMU KoMnonenwtamu. Jns wiacea
dynkuni A° rakuc komuonenter  cymmit (13), B koropuix @ = (u b = (. Hovrromy
YCHOBMS, ONPENCHAIONINE JIOKHLIC CllaracMble \5-BOMTHOBBIX B3AUMOJACHCTBHIL - omiopon-
uvie ypasenus (15), B koropbix V4" = 0 npu neex ri,t=1,23ua#{,b£0

13

6. SAKJIFIOYEHUE
OchoBniie Tecopernueckue pesyinraTsl HacTosLed paboThH CHOPMYIMpPoOBaLLL B B
teopem 1 - 5, Hpumepbl neiionb3oBaHus rux pesynnLTaTos u ux NPHKNAIHOC SHaycHne
obeyKIeHb B upenLyiiem pasacie. Kax caeyer us sroro 0OCY R CHIA . 11PODICeMa 0K-
ITLIX CNAACMBIX B 33/1aM¢C TPEX HaCTUILIPEACTABIACTCS JIOCTATOUIO BAKHOIT W HH TOpeciol

JUTH MAJILHCHILCTO HCCHCIOBal W,
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Iynsiues B.B. P5-99-314
JloxHsle cnaraembie B 3amaue TPEeX YacTHU

Meron runeprapmonux IIPHMEHACTCA I NOCTpoeHus pa3OueH il UeHTPalb-
MBI UApHBIX B3AUMOREHCTBUH H (haNieeBCKHX KOMNOHCHT BOIHOBO byHKUHK
TPCXHACTHYHOH CHCTEMBI Ha (DM3UYECKHE M IOXHDBIC CIAIAeMb]e. Cymma dusnue-
CRHX CHAracMbiX B3aHMOUECHCTBHI, MM aaieeBCKUX KOMNOHEHT, MO BCEM T1apam
HaCTHIL OTAUUHA OT HYNIS, B TO BPeMs KaK CYMMbI JOXHBIX C/IAraeMbIX U B3aHMO-
ACHCTBHH M (PalieeBCKUX KOMIIOHEHT 110 BCEM [1apam 4acTHL TOKACCTBEHHO paB-
Hbl HYMo. JIoKa3aH KpHTepUil CyILECTBOBAHMS 10X HbLX ciaraemeix. Ilokasano, yro
AOCTATOMHOE YCNOBHE 3TOIO KPUTEPUS IKBHBATEHTHO 3aKOHY COXPAHEHHS HEKOTO-
POrd KBaHTOBOIO yucha.

Pa6ota Bsuionnena s Jlaboparopuu reopernueckoii tpusukn uM. H.H.Boron-
bosa OUAU.

[penpunr O6vennnennoro HHCTHTYTA ARepHbIX HecaeaoBanuil. Jy6ua, 1999

J Pupyshev V.V, P5-99-314
Spurious Terms in Three-Body Problem

|
|
‘r The method of hyperharmonics is applied to construct the splitting of central
~pair interactions and the Faddeev components of the three-body wave function
into physical and spurious terms. The sum of physical terms of the interactions or
Faddeev components over all pairs of particles is not equal to zero, while the sums
of spurious terms of the interactions and the Faddeev components over all pairs of
particles arc identical with zero. The existence criterion for spurious terms is
proved. It is shown that a sufficient condition of this criterion is equivalent 1o the
conscrvation law for a quantum number.

The investigation has been performed at the Bogoliubov Laboratory of
Theoretical Physics, JINR.
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