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BBEJIEHUE

Teoperndeckue MOCTPOEHHSI C MCHOJIB30B HUEM IOHATHI JIENTOH M JIENTOH-
HBIE yp BHEHMS Y CTO CONPSKEHBI C HEOIPEIENeHHOCThIO WX Npou3BosioM. [Ipu-
YUH B TOM, YTO H CErOfHsl He MMeeTcs OOOCHOB HHbBIX TEOPETHYECKHX OIlpe-
neneHuil atux noHdaTtwii [1,2]. BMecTe ¢ TeM OHM MPOYHO 3 HSAJIU CBOE MECTO
B creuu JibHOH jutep Type. T Koe NONOXEHUE CIIYXUT MPHU3H KOM HENOTHOTHI
TEOpUH B BOIIPOCE, KOTOPBIH SBIAETCS UCXOOHBIM, H Y JIBHBIM Ul (DU3UKU 9JIe-
MEHT PHbBIX 4 ctil. H 3ToM choHe He MpOSICHSIOT NPOOJEMY CCBUIKHM T KOIO
pon : «Bce cBOWCTB JENTOHOB H XOHATCS B OTJIMYHOM COIVI CHH C IPEACK 3 -
HUSMH CT HJI PTHOI Mozenu ayieKTpoci ObIX B3 umopneicTsuii. OnH Ko npobiiem
CYILIECTBOB HUSl TPEX CEMENCTB JIENTOHOB, BO MHOIOM IIOXOXHUX JAPYr H JpYr ,
HO CHJIBHO OTJIHMY IOIIMXCA II0 M CC€, OCT €TCd B H CTodllee BpEMs HEpEIIeH-
HOil» [2]. Ecnu 3TO BepHO, TO BO3HHUK IOT U APYrd€ TPYLHOCTH, CBSI3 HHBIE C
UHTEpIpEeT LUed Mojiesieid, KOTopble JOOUB I0TCSl OTJMYHBIX YCIIEXOB B OIUC HHUHU
HEeHU3BEeCTHOro. MOXHO ¢ Jpyroi TOUKH 3peHHs OLEHUTHh TO Xe C MOE MOJIOXEHHE.
Ens nm onp Bx HHO Hemop OOTKM WM YNyIIEHWsS KHHEM THYECKOIo X p KTep
HNOKPBIB Th U3OLIPEHHBIMU JUH MUYECKHMHU P CUET MH, [l X€ CO CCBUIK MM WIU
6e3 HUX H AONOJHUTEIbHBIC IPEANIOI0XKEHHs, TPUOIMKEHHBI X P KTep BbIUH-
CIIEHUH U T. II.

[pemnoxennsiii p Hee [3—6] ¥ p 3BUB eMBId B 1 HHOH p 60Te MOIXOI MOXHO
H 3B Tb KMHEM THYECKHM B TOM CMBICIIE, YTO OH X P KTE€PHU3YeTCd TOYHBIM BbI-
MOJIHEHWEM OOLIMX M TeM THYeCKHX TpeOOB HUil M (PU3MYECKOH MHTEPIpPET LUeH,
KOTOp ¢ CliefyeT U3 H JEXHO YCT HOBJIEHHBIX MOJOXEHUH. T KOBBIM, B U CTHO-
cry, saBidercd yp BHenue Jup Kk [7] K K OCHOB [yl OIUC HUS JIEITOHHOIO
IyOseT IeKTPOH-TIO3UTPOH. TO Ke MOXHO CK 3 Th O KOMMYT LMOHHBIX COOTHO-
LIEHUAX U1l JIMHEHHBIX npeAcT BieHuid rpymmsl Jlopenu  [8]. OHu no3songior
OIHO3H YHO MAEHTHU(hULIUPOB Th ONEpP TOPHI TPEXMEPHBIX MOBOPOTOB U OYCTOB.

HHdopM TUBHOCTH U COAEPXK TETBHOCTD IPOBEJEHHOTO H JIU3 BO3POCIH IO-
clle Toro, K K ObUTM H HIEHBI HOBBIE THIIBI KOMMYT IJMOHHBIX COOTHOLIEHHMH JUIS
IPEACT BJEHUH rpymmsl JIOpeHIl M yCT HOBIEH HUX (PU3MYECK g UHTEPIpPET LMs.
Hosble HecT HI pTHBIE NIPEACT BIIEHUS Tpynibl JIOpeHI[ CBA3 HBI C €€ P CIIHUpe-
HHEM 3 CYET JUCKPETHbIX CHMMETPUI TUII 00p ILIEHWS BpeMEHH, IPOCTP HCTBEH-
HOM WHBEPCUU U UX IPOU3BeNeHUH. B XHBIM I8 Np KTHUYECKHUX NPWIOXKEHUN
SBIISIETCSl TO, YTO OBUIM NOJNYYEHbl B SBHOM BHJIE TPYIIbI, H KOTOPBIX p€ JIU-
3yl0TC K K WM3BECTHBIE HENPHUBOLUMBIE IPEICT BIEHUd rpynmsl JIopeHL , T K U
BHOBb H IifeHHble. IMEHHO OHHM OK 3 JIUCh CTPYKTYPHBIMH COCT BIISIOIIAMH JUIS
JIENTOHHBIX Yp BHEHM.



1. CTPYKTYPHBIE COCTABJIAIOIIUE JENITOHHLIX YPABHEHUI

H ocHoBe H nu3 rpynnsl y-m Tpuu Hupaka [4] (n nee rpynn Hup K ,
0003H 4 eM s K K D, (II)) 6bU10 YCT HOBJIEHO, YTO OH COHEPXKHUT JBE UHB DU HT-
Hble NOArpynne! 16-ro nopsank d, ¥ b,. H neppoil U3 HUX pe JM3yeTcs OJHO U3
BO3MOXHBIX HETIPUBOAUMBIX IpejacT BieHui rpymmsl Jlopenn [8]. [ jee oHo Oy-
JET H 3bIB ThCS CT HI PTHBIM. DJIEMEHTHI JIreOpbl, ONpe/ieSieHHOW H TOArpyIIe
d~, ylOBIETBOPSIOT T KMM KOMMYT LIMOHHBIM COOTHOLIEHUSM [4]:

[a1,a2) = 2a3, [ag,a3] = 2a1, [a3,a1] = 2aq,

[b1,b2] = —2as3, [b2,bs] = —2a1, [bs,b1] = —2a9,

[a1,b01] =0, [az, b2] =0, [as, bs] = 0, N
[a1,b2] = 2b3, [a1,b3] = —2bg,

[az, bs] = 2b1, [ag, b1] = —2bs,

[as, b1] = 2bo, [ag, ba] = —2b1

H Bropoii noarpynne b, pe nu3yeTcs HENPUBOAUMOE MPEACT BIIEHHE, KOTO-
poe 6bUT0 H 3B HO T-COIpPSIKEHHBIM 110 OTHOIICHHUIO K CT HJ pTHOMY. KOoMMyT -
unoHHele cootHoweHus (KC) npu stom umeror sug [4]:

la1, az] = 2a3, [ag,a3] = 2a1, [a3,a1] = 2as,
[b],b5] = 2a3, [by,by] = 2a4, [b5,b]] = 2as,
[ala bll] =0, [a27 bIQ] =Y, [a?n b/3] =0,
2
a1, b] = 20, [ax, bl = —28, )
[aQabg] = 2b/1a [a27b/1] =-2 gv
[a3a bll] = 2b,2ﬂ [a’?n bIQ] = _lel
OueBuaHo, uto (1) nepexoaut B (2) npu 3 MeHe
by — by, =iby  (k=1,2,3). 3)

ITpy 5TOM NPOUCXONUT IEPEXOM ONHOH IPYIIbI B APYryio: d — bs.

[Mocnenyrommit  H nu3 noarpymnsl d, = dy[ai, az,¢] ((a1,a2,¢) — 3mech
TeHep TOPbI MOArPYIIIbI) MO3BOJIUI YCT HOBHUTH €€ JBOWCTBEHHOCTH [6]. BoraicHU-
JI0Ch, YTO MOArPYIN d. CONEPXMUT [BE HEU3OMODP(HBIX MOArPYHIbl Q2(ai, as] u
q2la1, ab]. 3mecw (a1,az2) u (a1, ah) — reHep TOPHI STUX MOATPYIN U abh = a2C,
al = ajazc. Qzfar, az] — xopouo u3BecTH s rpynn KB TepHuoHoB. KC  sireGpst
KB TepHHOHOB COBI 1 T ¢ KC st WH(QHUHUTE3UM JTBHBIX OIEpP TOPOB TPYIIIhI
TPEeXMEpHbIX Bp IueHui [3].

DiieMeHThI aIreOpbl, OCTPOEHHOM HA ¢2, YIOBIETBOPSIOT CIEAYIOIIMM KOM-
MYTAILUOHHBIM COOTHOLIEHUSIM:

[a1,ab] = 2aj, [ay, a5] = —2ay, [a}, a1] = 2aj. 4)



OHM NPaKTHYECKU COBIAJAIOT C TAKOBBIMHU JUIsl TPYIIIbl TPEXMEPHbBIX BpallleHHi
(cM. mepByio ctpoky (1) wmm (2)). Orirdue nUmib B 3HAKE BTOPOTO KOMMYTATOPA.

BceMm ynomsHYTBIM 37ech M [ Jiee KOHEUHBIM IPYII M COIOCT BIIS€TCS HX
uukinyeck s crpykryp (LC), T.e. cyMM Bcex 3J€MEHTOB IpyNIbl, 3 MHC HH S
B MyNBTUIUIMK TUBHOH hopme [3]. IBoiicTBeHHOCTh d~ 03H U eT, uTo ee LIC
MOXeT OBbITh 3 IINC H C IOMOLIBIO IBYX P 3HBIX H OOPOB I'eHEp TOPOB:

dy = Q2ar, as]le + ] = g2lar, as]le + ], ©)

Ie € — eJUHUYHBIN 2JIeMEeHT TPYIIIbL.
[pu HOBOM BbIGOpE reHep TOPOB (a1, ah, c) MOy eTcs APYroi THI KOMMY-
T IMOHHBIX COOTHOIIEHHH, KOTOPBIN MBI OyIeM CBA3BIB Th C MOATpymmon f [6]:

[a1,ab] = 2a5,  [ah,a%] = —2a1, [af,a1] = 2a),

[bllab/Q] = 2aga [ b/] = 2a1; [ gabll] = _2al2a

[a1, /1] =0, [a27 b,] 0, [a/3a b/3] =0, (6)
[a1,b5] = 2b%,  [a1,bh] = —205,

[a,25 bg] - _2b/15 [a,27 b/l] —Zbg,

[a/3ab/1] = 2b/2a [ ; bIQ] = 2bll'

Ilpu stom f, usomopcH d,. T xum 0Op 30M, BBIICHUIOCH, Y4TO C TPYIION
Idup K cBA3 HbI JiBe HenzoMopdHble noarpynmsl U Tpu T  KC, ecnu yuecth
ABOHCTBEHHOCTD .

AH JOrM4HO OBIIO YCT HOBJIEHO, YTO TPYNIT Y-M TPUIl yp BHEHHS JUI Oy-
Oner M CCHBHBIX HEHTp JIBbHBIX JIeNTOHOB (1 jee 0003H 4 erca D, (I)) T Kxe
COIEPXKUT JIBe UHB PU HTHBIE NMOATPYNIsl d U c. Bce Tpu moarpynmsl d, b, ¢,
Hen30MOpHBI YT Apyry. KOMMYT HMOHHBIE COOTHOIIEHHS H OCHOBE C, UMEIOT
Bug [5]:

la1, a5] = 2aga [a27 ag] = —2a1, [a/3a a] = 2a,2a

b7, b5] = 2a3,  [by, V5] = —2a, (b5, b] = 2as,

[ala ,1/] =0, [a27 b/l] = Oa [aga bg] =0, %)
lax, /2,] =2 ga a1, b,/] =

[a/Qa g] = _2b,1/7 [a b,/]

lag, 07] = 2b5, a5, b5] = 25"

JI HHBII BUA TpeAcT BiIeHH ObUT H 3B H P-CONPSIKEHHBIM 0 OTHOLIEHHUIO K
dy, T K K K p 3144Me BO3HUK eT yxe B neppoil crpoke KC (7), T.e. H ypoBHe
MOArPYMIBl TPEXMEPHBIX Bp HieHuil. IIpuyeM B 1 HHOM Cyd € BCe OTKJIOHEHUS
oT ¢t HA pT (1) SABNAIOTCS CIIEACTBUSIMM M3MEHEHUWI B mepBoil cTpoke. [lepexon
ot rpynnsl d, K ¢, 1 K KC tun (7) p BHOCHJIEH 3 MeHe

as — ia’Q, az — iaé; bl — b/ll, b2 — Zbg, b3 — Zbg (8)



MoxHo ybenuthbcs, 4To mogobHo cootHomeHusM (3) u (8) mepexom ot KC
(1) K (6) p BHOCWIEH T KOMY IIpeoOp 30B HHIO OIep TOPOB:

. ! . ! / -7/ -7/
az =10y, a3 =1a3, by =—by, by = —iby, bz = —ibs. )

Ecnu nipeo6p 308 Hue mepexox ot (1) Kk (2) 0603H uutk K K (T'), TO MOXKHO
HOJIYYHUTb
by =(T)dy,  dy=(T"")by, (10)

e (T~1) cootBercTBYyeT MpPeolp 30B HuAM b} = iby, by = iby, by = ibs.
Ina mepexox ot (1) x (7) BBemem 0603H uenue (P), Torn

ey =(P)d,, dy={(P e, (11)

3necy (P~1) cootBeTcTByeT mpeobp 30B HMAM ah = iaz, ay = iaz, by = iba,
b5 = ibs.

BeeneM 00603H ueHHE LIl COBMECTHOTO IOCIENOB TEIbHOIO ACHCTBHUS ABYX
yK 3 HHbIX 11peo6p 308 Huil (P)(T) = (PT) u (T)(P) = (T'P). Torx coBMecT-
H s Omep LWs X er

(TP)d, = (PT)d, = f,. (12)

MoXHO TOK 3 Tb, 4TO BCe 4 BO3MOXHBIX mpeobp 308 uua (1), (P), (I'P) =
(PT) o0Op 3yI0T 3 MKHYTYIO CHCTeMy IIpeo0p 30B HHil B IIPOCTD HCTBE YEThIPEX
tunoB KC win B IpoCTp HCTBE YETHIPEX IPYMII ¢ ydeToM usoMoptusm dy u f.
Hcxonsa u3 pe3yapT 1T0B (3), (8) 1 (9), MOXHO 3 MUC Th CASAYIOMIUN PSP BEHCTB:

(TYdy = by, (P)dy=cy, (PT)dy=fy, (13)
(TN =dy, (P)by=fy, (T'P )by =c,, (14)
<T>C'y = fys <P_1>C’Y =dy, <TP>C’Y = by, (15)
<T_1>f'v = Cy, <P_1>f'y = b'ya <P_1T_1>f'y = d’y- (16)

B p 6ore [6] O6bUT p CCMOTpeH ellle OOWH B PH HT yp BHeHHWs TUn [up K
(n nee D, (III)), KOTOPBIH CIyKUT OCHOBOM JUISl ONIUC HUS KB PTET 06€3M CCOBBIX
HeiTpuHO. CTPYKTYp TpYHIBI y-M TPHIL, CBA3 HHOW C HUM, 3 METHO OTJIMY €TCH
oT IByX npenpitymux. IIpu ofuH KOBBIX HOPSOK X BCEX TpeX IPYMI, P BHBIX
32, uentp rpynnsl D (III) conepxur Bocempb anemeHTos. [losToMy 4ncio comps-
JKEHHBIX KJI CCOB CT HOBUTCcA p BHbIM 20 (BMecto 17 B ciyd e D, (II) u D (I)).
OIIHO3H YHBIM CIIEACTBHEM T KOTO MOJIOXEHUs SBIFeTCS H JINUUe HEeNPUBOAMUMBIX
npexact siaenuit (HIT) Broporo nopsnk Bmecto HIT yeTBeproro mopsuk B clyd e
D, (I) u D(I). BT0 03H 4 €T, 4TO pEIleHHs COOTBETCTBYIOLIETO yp BHEHUs OymayT
MPEICT BISTh COOOH ABYXKOMITOHEHTHbIE CITHHOPBHI.

Kpome Toro, BeiacHunock, 4ro B coct B D.(III) Bxomdar Bce 4eThipe Moj-
rpynnst d., by, cy, fy. Ecau ¢opMmynupos Tb omnpenensioie COOTHOIIEHHs U



v-M Tpul B ayxe Qup x [7], T. €. KOIX 71, Y2, Y3 UMEIOT CMBIC] UH(UHUTE3U-
M JIBHBIX OIlep TOPOB OYCTOB, TO MOJYY €M T KHE P BEHCTB :

VsVt + YtYs = 26Sta ’Yf = 17 (57t = 1) 273)5
Vsva — 1aYs = 0, (s=1,2,3), (17
7 =1

OueBuaHOE U NPUHLUIN JBHOE OTIMYHE OT YCiaoBUs JUp K 3 KJIIOY €TCS B TOM,
4TO Y4 KOMMYTHPYET CO BCEMU OCT JIBHBIMH I'€Hep TOp MH. B rpymme He umeercs
YETBEPTOro FeHEP TOP , KOTOPBI HTHKOMMYTHUPYET C IEPBBIMU TPEMS.

Bputo ycT HOBIIEHO, UTO K XH0O€ M3 yp BHEHMI TN JIUp K HMeeT YuciieH-
HYI0 X P KT€PUCTHKY, OTP X HOIIYI0 ero CTpykTypy. [l jiee oH Oyner H 3bIB ThCA
CTPYKTYPHBIM HHB PU HTOM, KOTODBIH IPUHUM €T TPU BO3MOXHBIX 3H 4eHus [9]:

1,
In[D,] =4 -1, (18)
0.

[TpMeHHUTEIPHO K Yp BHEHHSM JISNITOHHOTO THII CTPYKTYPHBIH MHB pH HT
OTP X €T COOTHOIIEHUE 3JIEMEHTOB YeTBEPTOIO U BTOPOrO MOP4AK B IPYIIIe J H-
uoro yp Buenws. T k g yp Buenws Jup x In[D,(II)] = —1, mia gyGuer
M ccusubix Heitpuno In[D.(I)] = 1, 11 kB prer 6e3M CCOBBIX HEHTPHHO
In[D. (IIT)] = 0.

Bce Tpu ynoMsHYTBIe BBILIE IPYIIIBI IOPOX] IOTCS YETHIPbMS TEHEp TOp MU H
COlepX T B K 4ecTBe MOACTPYKTYP d~, by, C~, f, KOTOPBIE ABISIOTCA M KCHM JTb-
HBIMH WHB PH HTHBIMH MOATpYIN Mu. Bonee Toro, apyrux moarpymnn 16-ro mo-
PSOK B COCT Be JIENITOHHBIX Yp BHEHHMH He MMeercsd. B cBOlo ouepenb, K X1 4 U3
BTUX HOAIPYIII ITOPOXJ €TCS TPpeMs HTUKOMMYTHPYIOIIMMH I'eHep TOp MH. DTO
O3H Y €T, YTO Ui BBHIOJHEHHs JIOPEHU-UHB PH HTHOCTH JIIOOOrO THUI HOCT -
TOYHO TPeX HTUKOMMYTHPYIOLIHX T'eHep TOpOB. YeTBepThIil TeHep TOp IPH 9TOM
peryJupyeT X p KTep OTHOLICHHUIH MEXJIy MOJCUCTEM MH, KOTOpbIe (PU3HYECKU UH-
TEpPIPETHPYIOTCS K K 4 CTHIBI U HTHY CTHIBI. B CBeTe 3TOro yrBepXKIeHHs OT-
KpBIB I0TCS JOIOJHUTENIbHBIE BO3MOXHOCTH YIOBIETBOPHTb OOLIMM TPeGOB HHSAM
tan  (17) 1 (18) npu ycoBuM H JTHYHSA TeX Xe C MBIX MOACTPYKTYP dn, by, Cy, fy
B cOCT Be Ipymmbl. JIBe T KHe BO3MOXHOCTH CO CTPYKTYPHBIMH HHB DU HT MH
In[D,(IV)] = =1 u In[D~ (V)] = 1 4BI4I0TCS IPEOMETOM H CTOSIIErO COOOIIe-
HUSI.

2. I'PYIIIIBI CUHIJIETOB

OTK 3 OT HTUKOMMYT MM YETBEPTOro IeHep TOp M ero KOMMYT L C
TpeMs TEpBbIMH OTKpbIB IOT AB HOBBIX B pu HT . OHM OTIMY IOTCH OT KB p-
TeTHOro (17) 3H YyeHHSIMH CTPYKTYpHBIX UHB PH HTOB.



OnuH n3 HUX, 0603H u emslii 1 nee D, (IV), 3 1 ercd cneyomumu onpese-
JIAIOLUMU COOTHOLIEHUAMMU:

VsVt + YtVs = _258t7 (S,t = ]-a 27 3)

Y% — Y57 = 0, =1 )
Borancenust a 1ot npu otoM In[D. (IV)] = —1.
[Tpu apyroM BBIGOpPE OMPEIENSIOMX COOTHOIEHHUI
Vs +vys =0, s #t, (s,t=1,2,3)
v=n=1 Ai=-1 (20)

Y4Ys — Ys1a =0, 3 =1

HoJTy4 eM rpymiy, 0603H u emyio 1 nee D~ (V), ¥ BEeIUYNHY CTPYKTYPHOTO UHB -
pu v In[D, (V)] = 1.

O6e rpynnbl, K K TpH NPEAbIyIINe, UMEIOT NOpafoK 32 u, mojoOHO KB p-
TETHOMY COCTOSHHIO, UMEIOT 20 COMpPSKEHHBIX KJI CCOB, LEHTP IPYIIIBl COCTOUT
13 BOCBMHU 3JIEMEHTOB BTOPOro nopsak . CiemoB TeNbHO, CUHIVIETHBIE COCTOSHUS
OIUCHIB IOTCS BYXKOMIIOHEHTHBIMU CIUHOP MH. M3 ycioBuS peayKIMU BOJIHO-
BBIX Yp BHEHMIi IIEPBOrO MOPSIK , CBA3 HHBIX C I HHBIMU IPYII MU, K yp BHEHHIO
Kneitn —T'opgon momyu em 3H yeHue M ccbl m = (0 B 000HX Cllyd SX.

OCHOBH g 0COOEHHOCTh 0OEHMX IPYIII 3 KIII0Y €TCd B TOM, 4TO K X/ 8 M3 HUX
COIEPKUT NOArpynIsl ofgHoro TMn : rpynn D, (IV) coaepXuT TOIbKO IIOArPYIIIIbI
by, rpymn D.(V) — TOJBKO HOATPYNIEI C.,. 31€Ch UMEIOTCS B BUIY MOATPYIIIIBI
16-ro mopsak . OTO O3H 4 €T, YTO yp BHEHHS, CBS3 HHbIE C HUMH, HE COIEPXK T
(T')-CONpSIKEHHBIX COCT BJIIOIIMX, Y CTULBl HE MMEIT HTHY CTHI. T KuM
00p 30M, MBI TIOJTyd €M CHHIVIETHBIE COCTOSHHUS.

3. HEKOTOPBIE CBOVICTBA CHHIJIETHBIX COCTOSIHUIN

N3 coornomenwuii (19), (20) BMecte ¢ TpeOOB HUEM PEAyKIMU K Yp BHEHUIO
Kneitn —['opon  01HO3H 4HO ciienyloT BoiHOBble yp BHenud. Hna D.(IV) soin-
HOBOE yp BHEHME

(tpaya — p1y1 — P22 — p3y3)¥(x,t) =0, (21)

rie py = —i0/0t, ps = —i0/0xs, s=1,2,3. 3necb u 1 nee h=c=1.
Bonnooe yp BHeHue D. (V) mms KOHKpeTHOro Bei6op +y-M Tpun (20) mpu-
HHUM €T BUJ

(pava — ip1m1 — p2v2 — p3v3) ¥ (x, 1) = 0. (22)
006030 yeHHs Te ke, 4To B yp BHeHuH (20). AH JIOTMYHBIE P BEHCTB MOXHO
3 MC Th JUIS IPYTUX B DU HTOB, KOTI 73 = —1 i 73 = —1.



ITpoctp HcTBO MUHKOBCKOIrO, B p MK X KOTOpOro ccopMy/iIHpOB HBI Yp B-
HEHUsI, CHMMETPUYHO OTHOCHTEJIPHO TPEX MPOCTP HCTBEHHBIX OCEH, T.e. BCE TPU
KOOPAMH ThI OAHOTHITHBI. [IpM ®TOM OOBEKTHI, OMUCHIB eMble yp BHeHHEM (22),
COIT CHO p BEHCTB M (4) He OOJI I I0T T KO CHMMETpHeld. DTHUM 0ObICHIETCS
OUYEBHMIH S CUMMETpHs yp BHEHMd (22) OTHOCHUTETIBHO MPOCTP HCTBEHHBIX KOOP-
maH T 1,2,3.

IMonct HOBK B yp BHeHud (21) u (22) peuieHuil B Bujie IJIOCKUX BOJIH, T.€.
Mepexof K p-MpeicT BJICHHWIO Ul CT LIMOH PHBIX PEIIEHHWi MOK 3bIB €T, YTO pe-
IIEHHs] CYIIECTBYIOT IIPU MOJIOXHUTENIBHBIX M OTPHILl TEIbHBIX 3H YEHHSX SHEPTHU
E = ++/p? + p3 + p3. Owmuue or yp BHenust [up K [7] M B pu HT M CCHB-
HOro nybretr HeHUTPUHO [5] 3 KIIIOY eTCcs B TOM, YTO B OYOJIETHBIX COCTOSHHSIX
MMeeT MEeCTO JIBYKp THOE BbIPOXIeHHE 000X 3H YeHUI DHEPruu.

W3 onpepenstomux coorHomenuid (19) u (20) cnenyer, yto CBA3 HHBIE C
HUMH TPYIIIbl UMEIOT YeThIpe HEIKBUB JICHTHBIX HENPUBOOUMBIX IPEACT BICHHS
p 3MepHoctu 2. K XmoMmy M3 HHX, corn cHO Teopeme bepHc iim , comyTrcTByer
[0 OJHOMY 3KBHUB JIEHTHOMY HENPHUBOIUMOMY IPEACT BIE€HHI0. MOXHO MOK 3 Tb,
YTO 3KBHB JIGHTHbIE MPEACT BJICHUS OTIMY I0TCA OJHO OT JAPYIOro TOJBKO IPO-
CTP HCTBEHHBIM IIOBOPOTOM.

YeTplpe HE®KBUB JICHTHBIX NPEACT BICHUS OTJINY I0TCS OOp THBIMU 3H K MH
BJIEMEHTOB IIEHTP CO Clled MH, He P BHBIMH HYJI0. B pe3ynpT Te MosBisioTCA
YeThIpe TUI peIleHHi, OTIIMY I0IKXCA ABYMd 3H K MU ®HEpruil U JBYMS 3H 4Ye-
HMSIMU ITPOEKLMH CIMHOB. DTO NpsAMoE ciefcTBue Toro, uro rpynnel D, (IV) n
D, (V) nopoxp 10Tcs YeThIPbMs I'€HEP TOp MM M UMEIT nopsaaok 32. B srom
OTHOIIIGHUN CUHIJIETHBIE YP BHEHHUS BIOJIHE H JIOTHYHBI TyOJIETHBIM.

K x yxe ormeu nock, K ka1 g4 u3 rpymn D,(IV) u D,(V) umeer B cpoeil
CTPYKType M KCUM JIbHYIO WHB PU HTHYIO NOATPYIIY OXHOrO copT — b, U ¢,
COOTBETCTBEHHO. P 371M4Ke CBONCTB MOATpyNN BedeT K P 3IMYHI0 CIIMHOBBIX X -
P KTEpUCTHK CHUHINIETOB. M3 KOMMYT LIMOHHBIX COOTHOIIEHMH (2) Uld NOArPYIIIBI
b, OYEBMIHO, YTO BCE TPU NPOCTP HCTBEHHBIX H IIP BJIEHHA 3KBUB JICHTHBI JUI
cunrnero tin - D, (IV). CrneoB TenbHO CIMH MOXET ObITh H NP BIEH BHOJb
mo0oil U3 HUX, T K Xe, K K Y 3JIeKTPOH WIH 1o3uTpoH . C y4eTroM TOro, 4Tto
noarpynn b, ci3 H ¢ d,, T-npeobp 30B HueM (CM. mepBoe p BeHCTBO U3 (13)),
Il HHBII THI COCTOSIHUS JI Jiee OyleT H 3bIB ThCd 1'-CHHITIETOM.

W3 KOMMYT IIMOHHBIX COOTHOLIEHMH (7) U Onpedessomux cooTHomenui (20)
CllefyeT HE3KBHB JICHTHOCTh OTHOCHTEJIBHO IPOCTP HCTBEHHBIX MpeoOp 30B HU
cunrnero tun - D (V). DTo ecThb ClIeACTBUE HEONHOTUITHOCTH OIIEP TOPOB a1, G2,
az. Onep Top a; umeer nopsuok 4 (af = I), B TO Bpemsi K K ONEpP TOPHI a2, a3
MMEIOT NOpAnoK 2 (a3 = af = I). KB HTOBOE YMCIIO CIMH B [ HHOM CIlyd €
MPUHUM €T MOJIOXHTENIbHOEe 3H YeHHue 1/2 TONbKO BHOJIb H mp BieHUd ai. Co0-
CTBEHHBIE 3H YEHHs OIep TOPOB G2 U G3 SBJISAIOTCS MHUMBIMH. DTO O3H U €T, 4TO
CIMH MMEeT H IIp BiIeHHe JIMOO BIONb, OO MPOTHB MMITYJIBC . 31€Ch IOIOXKe-
HHE HOJIHOCTBIO H JIOTMYHO AyOJIeTy M CCHUBHBIX HEUTPUHO [S5]. YUMTHIB 4, 4TO



HOArpYNN ¢, CBA3 H ¢ d,, P-npeobp 30B HHUEM (cM. BTOpoe p BeHCTBO U3 (13)),
I HHBIA THI COCTOSIHMS I Jiee OymeT H 3bIB ThCSl IP-CHHINIETOM.

Cp BHEHHE IPYIIIOBOI CTPYKTYpPbl CUHIVIETHBIX YP BHEHHH, OCOOEHHO H VIS~
HOU 1py ee rp (PUYECKOM OTOOp KEeHUHM [6], CO CTPYKTYpOU TpeX ApYyrux JIeNTOH-
HBIX Yp BHEHHUH IIOK 3bIB €T €€ BbIIeJIEHHOCTh. J1000e M3 p CCMOTPEHHBIX P Hee
JIEITOHHBIX yp BHEHMH [5,6] oOn 1 eT Toil MM WHOH WMHB PU HTHOCTBIO OTHO-
CHTEJIPHO IUCKpPeTHbIX 1peobp 308 Huii (T'), (P), (PT). Corn CHO p BEHCTB M
(13)—(16) cuHIIIETHBIC Yp BHEHHsS HEMHB PU HTHBI OTHOCHTEIILHO JIFOOOr0 U3 JIUC-
KPEeTHBIX Ipeodp 30B Huil. JIloboe B3 MMoOIENCTBUE 11 HUX (TP BUT LIMOHHOE HE
P CCM TpHUB €TC) MEH]ET KB HTOBBIE YHMCI , X P KTEpU3YIOIUE K XKIbI U3 CHH-
reroB. [109TOMy eciii CUHITIETHBIE COCTOSHUS Pe JIM3YIOTCA B IIPUPOLE K K C MO-
CTOSITENIbHbIE OOBEKTHI, TO B3 MMOIEHUCTBUS C UX y4 CTHEM MOTYT WIP Th KIIIOYe-
BYIO POJIb B OIMC HUM HEOOpP TUMOCTH BO BPEMEHHU WM CHMMETPHH BEIECTBO—

HTUBEIECTBO H MHUKPOCKONHUYECKOM YPOBHE.

3AKIIIOYEHHUE

H iinenHsle AB JIENTOHHBIX yp BHEHMS BMECTE C TEMH, KOTOpBIE MOIyYEeHbI
P Hee, TO3BOJISIIOT YTBEPXI Th, YTO P 3p OOT H JITOPUTM HOCTPOEHUS BOTHOBBIX
yp BHEHHMH I CT OWIBHBIX JIEITOHOB. B OCHOBE K XJIOrO JIENTOHHOTO yp BHe-
HUS JIEXUT COOTBETCTBYIOII S IPYNIT y-M TpHL. ODTH IpyMIsl (GOPMUPYIOTCI U3
MOACTPYKTYP, H KOTOPBIX p€ JIU3YIOTCS YETHIPE THI HEMPUBOIUMBIX HPEJCT -
BieHuil rpymnmnsl JIOpeHI] ¢ HepBbIM BECOBBIM UYWCIOM, P BHbIM 1/2. P 3muuwms
MEXJIy YeThIpbMs THII MH TpPEACT BIeHWi cBi3 Hbl ¢ P-, T- u (PT)-uHBepcusaMu
B IIPOCTP HCTBE, B KOTOPOM JICHCTBYET COOTBETCTBYIOLIEE HENPUBOAUMOE TIPEACT -
BIIeHHe. Bce MmaTh rpynm y-M TpUIl MOPOX. I0TCS YeThIpbMs reHep Top M. Tpu
U3 HUX HTUKOMMYTHPYIOT M T€M C MbIM OOECIIEUUB IOT JOPEHI-UHB PH HTHOCTb.
YeTBepThlil reHep TOP MPU BTOM MOXET JIMOO HTUKOMMYTHPOB Th, JIUOO KOMMY-
THPOB Th C TpeMs mepBbiMH. K X1 g U3 rpynm mMmeeT HOpsgoK 32 u mMeer 16
OIHOMEPHBIX HETIPUBOAMMBIX MpeAcT BieHuid. Kpome Toro, K Xi s rpymm HMeer
MpencT BJEHUS JIMOO YeTBEpTOro, JMO0 BTOPOTrO MOPSAK , YTO COOTBETCTBYET pe-
HIEHUsIM yp BHEHHH 100 B BHie OUCITUHOPOB, MO0 CIIUHOPOB.

P 3mMuHBIMH, HETOXIECTBEHHBIMH JIEITOHHBIE COCTOSIHUS SIBISIOTCS B CHITY
P 3HOTO CTPYKTYPHOIO COCT B K JJIOH IPYHIbI y-M TPHII, T.€. B CWIY P 3THYHBIX
KOMOMH LM YeThIpeX THIIOB MOATPYIII, CBS3 HHBIX C YETBIPbMSI TUII MU HENpH-
BOJMMBIX MPEACT BIeHui rpymmel JIopeHl : d, by, ¢y, f.

CTpyKTYpHBII COCT B IpyIII:

1. ¥p suenue [lup x D, (II): d, b, f,.
2. Vp suenme m1a nyoner wmeitpuno D, (I): dy, cy, f5.
3. ¥Yp Buenue mid kB pret Heitpuno D.(III): d., by, cy, fy.



4. ¥Yp Buenue ans T-cunrner D, (IV): b,.
5. ¥Yp Buenue ana P-cunrner D, (V): c,.

ITpensioxkeHH s p CYETH g CXeM I03BOJIIET KJI CCU(UIMPOB Th CT OMIIbHBIE
JIENITOHBI, CBA3BIB 1 C K XIBIM M3 HUX COOTBETCTBYIOLLEE Yp BHEHHE. YD BHEHHE
Jup K CHIrp JIO P 3TOM KJIIOUEBYIO POJIb, HO NOJIOKEHHUE €ro B CXeMe HUYEeM He
BblIesIeH0. OHO elie p 3 MOK 3 JIO HEOOXOAUMOCTb M IPEUMYLIECTB MEepexoi OT

HEJULSIIMU K JIOPEHI-MHB DU HTHOCTH, BOOOIIE K KOHKPETHBIM HETPHUBOAUMBIM
npencT BieHuAM rpymmsl Jlopenn . H iinens! B sBHOM BUme IPyMNEI d, by, Cy, fy,
H KOTOPBIX pP€ JIM3YIOTCA HEMPUBOAUMBIE NIPEACT BJIEHHS Iyl JIopeHI ¢ mep-
BBIM BECOBBIM YHUCJIOM 1/2, SBIISIONIMECS CTPYKTYPHBIMU OOp 3YIOLLMMH JIENTOHHBIX
yp BHEHMii. B XHO OTMETHTB, 4TO IPOBEAEHHBI H JIM3 U MOCIEAYIOIHE BBIBOMBI
MOJIy4Y€Hbl BHE CBS3M C JOMOJHUTEIbHBIMHU IPEAIONOXEHUIMU WM PUOITHXEHH-
MU, OTJIMYHBIMU OT T€X, U3 KOTOPBIX ClefyeT yp BHeHHe Hup K .
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