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LUEJTOCTHOE ONMMCAHUE JIEMTOHHOIO CEKTOPA
O.C. Kocm ueg™*

O6beAVHEHHbI MHCTUTYT SAEPHbIX UCCNenoB HuiA, Jy6H

VeT HOBJIEH TOCTIENOB TEeIbHOCTh ASHCTBHUIA, HEOOXOOUMBIX JUIS (POPMYITUPOBKHU CBO-
GOMHBIX JIENTOHHBIX Yp BHeHUH ( Jiroput™ [up K ). B p MK X €IMHOr0 JrOpUTMHYECKOTO
MOJIXOJ TTOJTy4eH HOJIHBINA U 3 MKHYTHIH H GOp yp BHEHHII JUIS OIIMC HHS M CCHBHBIX U 6e3-
M CCOBBIX, 3 PSIXCHHBIX M HEUTP JIBHBIX, CT OWJIBHBIX M HECT OMIIBHBIX JIENTOHOB. JIopeHII-
UHB PH HTHOCTb U KOB PU HTHOCTb BHOBB IIOyYCHHBIX YP BHEHHI BBINOJIHSIOTCS C TOH Xe
CTEIeHbI0 CTPOTOCTH, K K U Juid yp BHeHHd Jlup k . COBOKYIIHOCTb YCT HOBJIEHHBIX ¢ K-
TOB OOBSCHSET MCKITIOUUTEIbHYIO POJIb CTPYKTYpBI JIEHTOHHBIX Yp BHEHHMH, BBICTYI IOIIEH
HOCHUTEJIEM CBOKCTB H OJ1I0J €MbIX Y CTHLI.

A sequence of actions necessary for a formulation of the free leptonic equations
(Dirac algorithm) is established. In the framework of the uniform algorithmic approach,
a complete and closed set of the equations was obtained for the description of massive
and massless, charged and neutral, stable and unstable leptons. Lorenz invariance and
covariance of newly derived equations are performed with the same degree of rigor as for
the Dirac equation. The totality of the established facts explains the exceptional role of the
structure of the lepton equations, serving as a carrier of the observed particle properties.

PACS: 14.60.-z; 14.60.Hi; 14.60.Lm

BBEIEHHUE

IIpuHATO CUUT Tb, UTO TEOPUS PEIATUBUCTCKUX YP BHEHUH H 4 JI Cb C yp B-
HeHud Kinein —@ok —OpIoH , NPENIOKEHHOIO HE3 BUCUMO TpeMs BTOD -
mu [1-3]. TIoH 4 sy cuut jock, uto yp BHeHUe Kieiln —®Pok —[OpooH onucel-
B €T Y CTHIIBI CO CIIMHOM, P BHBIM Hymo. H ¢ MoM zene oT0 yp BHEHUE dBISeTCA
PEJIATUBUCTCKUM OIUC HUEM BOJIHOBOIO IIpouecc . B 4 CTHOCTH, T KuUM IIpolec-
COM SBJIIETCA P CIPOCTp HeHue BONH jae bpoiurd. Bcekope yp BHenue Kieiin —
®oxk —T'opnoH H HUTO cBOE, MOXET ObITh, C MOE B XHOe npuMeHeHne. OHO 110-
CIIyXWJIO H Y JIbHBIM ITYHKTOM OTKpbITHA Iup K [4], KOTOpOe SABII€TCA CErONHA
tynn mMeHTOM (PU3MKHM 37EMEHT pHBIX 4 cTHL. JHeicTBUTEnbHO, yp BHeHue [u-
P K MOSBUIOCH B PE3YIIBT Te p 310XeHud yp BHeHud Kieitn —®ok —Topnon H
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MpOU3BEACHUE JBYX COMHOXMTENEH, K XXJbI U3 KOTOPBIX SBISETCS yp BHEHHEM
MEPBOTO MOPAAK IO MPOCTP HCTBEHHBIM U BPEMEHHOW IPOHW3BOIHBIM.

OtkpbiTe JIup K MOCTYXWIO H Y JIOM JUII MHOTOYUCIIEHHBIX U P 3HOH -
IIp BJIIEHHBIX TIOMCKOB PEIATUBHUCTCKHX BOJIHOBBIX Yp BHEHHIi, KOTOPBIE IPOROII-
X 10TCSl IOHBIHE. B mepByio ouepenp, clofg OoTHOCSTCS p OOTHI, CBSI3 HHbIE ¢ op-
MYJUPOBK MU BOJIHOBBIX yp BHEHMH U1 4 CTHIl CO CIIMHOM, He P BHBIM 1/2.
T KOBbIMHU SIBIISIIOTCS ITHOHEpPCKHe p 60Thl [5-9], KoTopble nopomwin Gosblioe
KONM4ecTBO cT Teil. [locnemyromme ycunug ObIM H NP BIGHBI H HCIp BJICHHE
HEJOCT TKOB MEPBBIX P OOT, BBI3B HHBIX H JINYUEM «THIIHUX KOMIOHEHTOB» BOJ-
HOBBIX (DYHKIMH, U H 1 JIbHeHIIe 00001IeH s yp BHEHUHI 11 OoJiee BHICOKUX
3H 4yeHuil crnuHOB [10]. OyeBHIHO, YTO A HHOE H Mp BJEHHE UCCIIEAOB HUIl He
MMeeT MPSMOro OTHOILIEHHUS K H 11ed npobiieMe, T K K K JISNTOHHBII CEKTOp Orp -
HUYEH 3H YEHMEM CIIMH 1/2 1o onpeneneHuo.

Pap npyrux H mp BIeHWI KpPUTHYECKH mepecMoTpeH B o03ope [11]. 3mecsh

BTOPBI, B 4 CTHOCTH, NIPHUIILIN K HEYTEIINUTEIBHOMY BBIBOAY, UTO «TEOPHS PEIATH-
BUCTCKUX BOJIHOBBIX Yp BHEHHi C BHYTPEHHHUMHM CTENEHSIMU CBOOOJBI HE MPUBEI
J0 H CTOSIIEro BpeMEHH K K KMM-THMOO KOHKPETHBIM pe3yJabT T M». B TO Xe
BpeMd BTODPHI OTMEY 0T YCHIIEHHUE UHTEPEC K CTPYKType 9IEMEHT PHBIX Y CTHII,
CBSI3 HHOTO ¢ OOIIMPHBIMHU yCTIeX MU KB PKOBOM Mogenu. Ceild ¢ CT HOBHTCS IO-
HSTHBIM, YTO €CJIM CMECTHTh KIEHThl C «BHYTPEHHHX CTeneHeil CBOOOjbI» H
CTPYKTYpY YU CTHUI] (TOUHee, H CTPYKTYpy UX Yp BHEHUIl), TO MOSBISETCA H JEXNI
H HOBYIO XU3Hb TEOPUU PENIITUBUCTCKUX BOJHOBBIX Yp BHEHHIA.

Bckope nocne npoBo3m 1eHus Moenu KB pKoB [12,13] nogsun cb TeopeM
P #ipeptu [14]. OH , B 4 CTHOCTH, yTBEpPXJ €T, YTO COYET Th MpeoOp 30B HUA
JlopeHll ¢ BHYTPEHHUMHU CUMMETPHUAMHU JAPOHOB BO3MOXHO TOJIBKO B BHIE Ips-
Moro npoussefeHus. OTCIOf cleayeT, YTO BCEe YIEHbI OAHOIO M TOTO XK€ MyJb-
TUIUIET JOJIKHBI UMETh OJHY U Ty Xe M ccy. T Koe HecOOTBETCTBHE pe JIbBHOMY
MOJIOKEHUI0 MOPOAWIO MHOXECTBO MOJEIBHBIX MOCTPOEHUH, KOTOPOE B INYTKY
ObUIO H 3B HO CTPOHMTESbCTBOM B BuitoHckoii 6 muu [15]. B ar10it ke cT Tbe B-
TOp, MOABOJS UTOTH YCIEXOB U TPYAHOCTEH IMH MHYECKMX CHMMETpPHUil B (hU3HKE
BIIEMEHT PHBIX Y CTHII, ITOCT BHUJI Pl BONpocoB. Ilocmeqnuii U3 HUX T KOH: «Cy-
LIECTBYIOT JIM TIEPEJl TEOPEM MH 3 IpeT K KHe-JIMOO JIbTEpPH TUBBI CUTY LU —
BHYTpeHHss rpynn  cummerpuil ® rpynn Iy vk pe?» Teopem P iicdpepru siBng-
eTcsl H ubonee 3H YUMBIM YTBEPXKAECHHEM U3 YHUCI TEOPEeM 3 TIpeT .

H me nenocrHoe onuic HUE JIENTOHHOTO CEKTOpP H IVIAHO MMOK 3 JIO, YTO
PEATHBU3M SIBISIETCS CTPYKTypooOp 3yomuM ¢ kropom. H mpumep, cTpykTyp
CT OWJIBHBIX JICITOHHBIX YP BHEHHUH HOCHT SIBHO BBIP KEHHbBIH MHIMBUIY JIbHbBINA
X p KTep U (hOpMHUPYETCS C MOMOIIBIO P 3IUYHBIX COYET HMI U3 YEThIpeX KOMIIO-
HEeHTOB cBsi3HOCTH. [Ipu nepexoze K HecT OMIIbHBIM JIEHTOH M IPOUCXOAUT YCJIOXK-
HEHHE MOACTPYKTYP, H OCHOBE KOTOPBIX (hOPMHPYIOTCS BBIP KEHHS Ul TOKOB, HO
3THU TMOACTPYKTYPBI T KXK€ (DOPMUPYIOTCS H OCHOBE BCE TE€X K€ KOMIOHEHTOB CBSI3-
HOocTH. IMEHHO T K 9 JIbTEpH TUB HE 3 JIOXKEH B JUH MHYECKHE CUMMETPHH,
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obcyxn embie B 0630pe [15]. Bormpoc o TOM, MOXHO JI C MOAOOHBIX IMO3MIUI
MOJONTH K ONHC HUIO JPOHOB, CETOAHS SBISETCS OTKPHITHIM. OIH KO MPHHIIUIIH-
JIBHBIX 3 TIPETOB H [ HHOM IIyTH TMOK HE MPOCM TpuB ercsd. [lomoXuTenpbHbIit
OTBET H [ HHBIH BOIPOC CYJIUT HOBbIE IMEPCIIEKTUBHBIC PE3YJIbT THI.

B mocrneaHue rojiel MOSBWINCH MYOJHMK IIMUA WCCIICIOB HUM, BBITOJTHEHHBIX
B P 3JIMYHBIX H YYHBIX [EHTP X, B KOTOPBIX MPEJT I' FOTCI KOMIIO3UTHBIE MOICITU
JIEITOHOB, IIPOMEXYTOYHBIX O030HOB U KB pKOB [16—18]. B »THX Monensix B K ue-
CTBE CTPYKTYPHBIX COCT BJISIOIIMX HPEANON I I0TCA HOBBIE (pr3udecKre OObEeKTHI,
B K XJIOW Mojenu CBoM. Bce BTOpHI MO-p 3HOMY OOBSICHSIOT HEOOXOIMUMOCTD
HOBOBBEJICHUIA, HO OJMH KOBO KOIHUPYIOT METOAUKY KB PKOBOIl (DeHOMEHOJIOTHHU.
To ecTb CH 4 J1 TPENNoN T eTcs H JH4Yhe K KOW-TUOO CTPYKTYpBI, 3 TEM DTHM
CTPYKTYp M IPHITUCHIB IOTCS KB HTOBBIC YMCJI WJIH K KHE-TO CBOMCTB . B aTom
P O¥UK JIbHOE OTJIMYWE OT H IIIero MOAXOX .

B H mem ciyd e pensITHBUCTCKHE HMOACTPYKTYPhI BO3HUK IOT BTOM THYECKH
[IPU [TOCTPOEHHH BOJHOBOTO Yp BHEHHS COIT CHO JiroputMmy Hup K , 6e3 K Kux-
OO0 OMOTHUTENBHBIX Hpennonoxenuil. [Iok 3 HO, YTO J HHBIA (P KT MPHUCYIL
K XJIOMY JIEHTOHHOMY yp BHeHHI0. [103TOMY H JeJsiTh K KUMH-TO JOIOHUTEb-
HBIMH CTPYKTYp MH JIEITOHHBIE yp BHEHHs, 06€3 y4eT yXe CYIIEeCTBYIOIINX, He-
735, T K K K 9TO IPOTHBOPEYUT JIOTHKE.

H e moBbiieHHOE BHUM HHE K JICITOHHOMY CEKTOPY BBI3B HO HM3BECTHBIM,
GeccropHbIM, YHUBEPC JIbHBIM U IOTOMY (DYHII MEHT JIBHBIM (p KTOM DKCIIEPUMEH-
T JIbHOU (PU3UKH: BCE MHOrOOOp 3Ue DJIEMEHT PHBIX U CTUI[ B KOHEYHOM HUTOre
p CII T eTcsi H HEMHOTOYHCJICHHbIE CT OWIbHbBIE JienToHbl. K HuM criemayert 106 -
BUTh [IB HE-JIENTOH — CT OWIbHBINA (DOTOH U MP KTUYECKH CT OUJIbHBII POTOH.
IIpu 3TOM HENM306€XKHO BCT €T BOIPOC O BO3MOXKHOCTU OOp THOTO Ipolecc , Ko-
I H OCHOBE IPOCTBIX CTPYKTYp (hOpMHPYIOTCS Oojiee CIOXHBIe. AKTY JIBHOCTb
MOCT HOBKM T KO MPOOJIEMBbI CT JI OYEBUIHOMN, KOTJ CIIOXUINCH U IO CUX TOP
P 3BHB IOTCS YCIIOBHS JJIsl ®KCIIEPUMEHT JIbHON MPOBEPKH 1 HHOM MpOOIeMbl H
OCHOBE PESTHBUCTCKON saepHON (pu3uku. [103TOMy B XHO IMOHATH, H CKOJBKO
MOJTHO M JIEKB THO MBI OITUCHIB €M JICITOHHBIN CEKTOp.

B mocnennee BpeMs MHTEpec K JIENTOHHOMY CEKTOpPY ObLT 3H YHTENBHO YCH-
JIeH er0 HEeHTPHUHHBIM CerMeHTOM. MOXHO CK 3 Th, YTO HEHTPHHHOE CEMEHCTBO
SIBUJIOCH Y3JIOBOM TOYKOM, B KOTOPOU COILLTHACH TPOOIEeMbl (PU3UKH Y CTHII, CTPO-
(pr3UKN ¥ KOCcMONOTHH. B TO Xe BpeMs MOHSITHO, YTO OTP HUYUTHCS W3ydeHHEM
OTHETPHO B3ATOTO HEHTPHHHOTO CETMEHT [0 HEKOTOPHIM NMPHYHUH M KOHTPIIPO-
IYKTHBHO.

Best MOTHOT — CBOWCTB M KB HTOBBIE YHCI Y CTHII MPOSIBIIIIOTCS 4Yepe3 UX
B3 UMOJCHCTBUS M HUK K WH 4e. [103TOMY BCSl MHIMBUIY JIBHOCTH 4 CTHII OIpe-
JersieTcss uX OoKpyxeHueMm. H mpumep, T K S B XHEHII s X p KTEPUCTUK 3JIeK-
TPOHOB, K K BJIEKTPUYECKHIA 3 psijl, OTCYTCTBYET B CBOOOIHOM yp BHeHuu Jup K .
s ero oOH pyxXeHus TpebyeTcd 2IeKTpoM THUTHOe mojie. OTKIIUK 3JeKTpOH
H 3JeKTPOM THUTHOE IOJIe 3 JIOXEH B CBOHCTB X <y-M TpHIl yp BHeHus Jup X .
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C TOYKH 3peHus MOJTHOTHI U LEJIBHOCTU ONUC HUS B3 UMOJAEHCTBUII HET OCHOB HUI
JeJl Tb UCKIIIOYEHHE U1 HEUTPHUHO.

CerogHd reHeslc BCEX TUIIOB HEUTPUHO CBA3BIB €TCA C P CII I MA HECT -
OWIBHBIX Y CTHL ¥, B IIEPBYI0 OuYepenb, HecT OWIbHBIX JenToHOB. Bomee Ttoro,
H 3B HHE U P& JIbHOE «COAEpPXK HUE» T KUX OOBEKTOB, K K ¥y, U Uy, NPSIMO CBS-
3bIB €TC4 C P CI J MM [~ U T-JIENTOHOB. OTCIOl €CTECTBEHHO BO3HUK €T BOIIPOC
0 CBSI3U CTPYKTYPBI HECT OMJIbHBIX JIENTOHOB CO CTPYKTYPOM NPOAYKTOB UX P CII -
IOB. 31ech U [ Jiee IO pe JIbHBIM «COIepX HUEM C TOYKH 3pEHHUS SKCIIEPHIMEHT »
OyneM MOHMM Tb CBOWCTB M KB HTOBBIE YHCI , KOTOPHIE MBI IIPUIUCHIB €M KOH-
KPETHBIM pe JIbHBIM 4 CTHIl M IOCJI€ UX B3 MMOAENUCTBUI TOrO WM UHOTO BUX ,
BKJIIOY ¢ p cnl Abl. KOHKpeTHbIe U CTUIBI TOTA M TOJBKO TOTJ MOXHO CYUT Tb
pe JIbHO CYIIECTBYIOIIUMH, KOIJ OHHM 4YeM-JIMOO OTINY I0TCS OT BCEX OCT Jib-
HBIX. B NpPOTUBHOM Cllyd € OHM TOXHECTBEHHBI K KHM-TO YXE YCT HOBJIEHHBIM
U CYIIECTBYIOLIUM JIHOO OTHOCATCS K HEM3BECTHBIM BMECTE CO CBOUMH HEH3BECT-
HBIMH CTPYKTYp MH. B Teopunm mmeercd eIUHCTBEHH $ BO3MOXHOCTb OIIUCBHIB Tb
UHIUBUY JIBHbIE OTJIMYMS P 3JIUYHBIX U CTHUL — COOTHOCHUTH UM MHAUBUAY JIbHBIE
CTPYKTYpBI TOTO WIM UHOTO BUJ .

BbIACHWIIOCH, YTO B ONKMC HUM JIENTOHOB, NPEICT BIEHHOM KJI CCUYECKHUMH
tpya mu Jup k [4], IT ymu [19] u M fiop uer [20], 1 HHOE TpeOOB HHE BBIION-
HSAETCS, €CIIU MO CTPYKTYPOH IIOHUM Tb CTPYKTYpPY IPYIIIBI K KIOTO U3 BOJIHOBBIX
yp BHEHHii, T KHe IPYIIbI OJHO3H YHO YCT H BJIMB I0TCS B LUTUPYEMBIX p OOT X.
B K XJ10if U3 Tpex CT Teil CTPYKTYPHBIMH COCT BJISIOIIMMHU Yp BHEHHUH CT OWIIb-
HBIX JIENITOHOB SIBIISIOTCS YEThIpE KOMIIOHEHT CBA3HOCTU OJHOPOAHOW TIPYIIIBI
JlopeHny B p 3nU4HBIX codeT HHMAX. OHM Xe ABIAIOTCA M KCHM JIbHBIMH UHB pH-

HTHBIMH TTOATPYIII MM, H OCHOBE KOTOPBIX (POPMHPYIOTCS BBIP KEHHS IS TOKOB.
Iyt HecT OWIIBHBIX JIENITOHOB, K K OyZIeT IMOK 3 HO HMXEe, M KCHM JIbHBIMU UHB -
pPH HTHBIMH TTOATPYIII MM SIBJISIIOTCS HOATPYIIIBI CT OWIBHBIX JIEHTOHOB, KOTOPBIE
BXOIAT B COCT B K KIOH IPYyHIbl HECT OWIBHBIX JIENITOHOB B HETIOBTOPSIOIINXCS
codyer HuAX. T KuM 0Op 30M, B JIENTOHHOM CEKTOPE DENSTHBU3M (TOYHEE, BCE
YETHIPE KOMIIOHEHT CBS3HOCTH IpymIbl JIOpeHI ) SBIISI€TCd UCXOMHBIM CTPYKTY-
poobp 3yowmuM ¢ KTOpoM. 3H YUMOCTh CTPYKTYPHOTO H JIM3 YCHJIMB €TCS TEM,
YTO H NP KTUKE NPUCYTCTBHE HEUTPUHO CPEAM KOHEYHBIX NPOAYKTOB pe KIMi
YCT H BIIUB €TCS METOIOM HeNOCT Ioleil sHepruu (missing energy). Ilpu atom
UCKIJIIOUEH MpsAM 5 (PUKC 1M THUN HEWTPUHO, B CHIIy YEero MeToj He cBOOOJeH
OT JOTOJTHUTENBHBIX MpeanonoxeHuid. [I0sToMy BO3HHK €T HEOOXOIUMOCTh C MO-
COII COB HHOTO OIHUC HUS BCETO JIENTOHHOIO CEKTOP B LEJIOM. B XHBIM 3T moMm
JUId JOCTHKEHMd [ HHOU LIeJIM U IOCIEAYIOIIEro P 3BUTUS SBJISETCH U3ydEHUE
p cH 0B HecT OWJIBHBIX JIENITOHOB H CT OWIBHBIE C YYETOM CTPYKTYPHI K K He-
CT OWJIBHBIX, T K U CT OWIBHBIX JIEHTOHOB.

MOXHO MOK 3 Tb, YTO CTPYKTYp — 9TO MHB PU HTH { X P KTEPUCTHK , I1O-
3BOJISIOL 1 OTJIMY Th OJHO JIENTOHHOE YpP BHEHHUE OT JPYroro U B KOHEYHOM UTOre
p 31MY Th Te H OJIIOJ eMble JIENTOHbI, KOTOPbIE MbI CBSI3bIB €M C COOTBETCTBYIO-
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IIMMUA CBOOOJIHBIMM Yp BHEHUSIMH. McxomHble p 37M4Msi CBOOOIHBIX COCTOSIHHIA
(6p - ¥ KeT-CKOOKM M TPUYHOIO BJIEMEHT ) CIyX T B IOCIeIyoleM Goliee Moi-
HOMY M TOYHOMY OIIUC HUIO B3 UMOIEHCTBHI MEXIY 4 CTHI[ MH.

ITpn mogoGHOI MOCT HOBKE BOIPOC BO3HUK €T HEOOXOOMMOCTb JET JIM3HPO-
B Th NOHATHE «CBOOOIH 51 4 CTUL » (Op - U KeT-BEKTOPBI cOCTOsIHUI). B yp BHe-
HUSX CBOOOIHBIX COCTOSHUI KB HTOBBIE YUCJI HE IPUCYTCTBYIOT B SIBHOM BHIE.
JI71sl 9KCIIepUMEHT TOPOB OHU SIBIISIOTCS YIOOHBIM CIIOCOOOM M PKHPOBKH pe3yiib-
T TOB M JIOY CTHUYHBIX pe KUuid. C TOYKH 3peHHs TEOPHU KB HTOBBIC YHCI HEO00-
XOIUMO CBA3BIB Th C MHAEKC MU IIPEICT BIEHWHA IPYII Y CTUL, Y4 CTBYIOLIMX BO
B3 umoyeicTeun [21]. TloaToMy pOpMYIHPOBK CBOOOIHBIX COCTOSIHUE JIOJIKH
OCHOBBIB ThC4, B NEPBYIO OYepedb, H HECKOJIBKUX (PyHA MEHT JIBHBIX IPUHIIU-
II X, OQUH KOBO IIPUEMJIEMBIX JUI1 BCEX B3 UMOJEUCTBYIOLIMX 4 cTHll. B KiI cce
JIENITOHHBIX YP BHEHWH T KOBBIMH SIBJISIIOTCS TPeOOB HHUE JIOPEHI-MHB DU HTHOCTH
U KOB pH HTHOW (DOPMBI 3 IHCH Yp BHEHHS CBOOOOHOTO COCTOSHHMS, BO3MOX-
HOCTb BEPOSITHOCTHOM HHTENpPET LUK BOJTHOBOM (DYHKIMH, T KXe TpeOOB HHA
KOPITYCKYJISIPHO-BOJTHOBOTO 1y Jiu3M . [ jiee ciexyior TpeGOB Hus, oOmue s
HEKOTOPOIO KJI CC P CCM TPUB €MBIX 4 CTHUL. B JIENITOHHOM CEKTOpPE T KOBBIM
SBJISIETCS CIIMH JIENTOHOB, p BHbI 1/2.

Crporoe clieoB HUE H 3B HHbIM TPeOOB HHUSM UCKIIIOY €T T KOro THI OLInO-
KM, KOTA pe3yabT T K KOro-iubo B3 MMOAEHCTBHS NPUIHCHIB €TCS CBOOOZHOMY
cocTosiHMIO 4 cTUlbl. CBOOOIHBIE COCTOSIHMSL IOJIKHBI OBITH YHUBEPC JIBHBIMU
B TOM CMBICJIE, YTO C HHX JIOJDKHO H YMH ThCS OIMC HHE JIIOOBIX B3 UMOIEWUCTBHIA
JUIS U3y4 €MOM 4 CTULBI U B KOHEYHOM UTOrE JIOJIKH OTP X ThCH €€ CTPYKTYPH s
UHIVBULY JIBHOCTb B PE3YJIBT TE B3 UMOIEHCTBHIA.

CylIecTBOB HHE HEUTPUHO TUIl 1, UCTOPUYECKH CBA3 HO C U3YYEHHEM P C-
I 0 HedTpoH . CTPYKTYpHBII H JIM3 T KOTO IPOLECC CBUIAETENbCTBYET B IOJb-
3y HpEeACT BJIEHUH O TOM, YTO CTPYKTYypy JAPOHOB U JIEITOHOB MOXHO ¢hop-
MYJIMPOB Th H €IMHOH ocHoBe. Eme B Gonblueil Mepe aToMy ClIOCOOCTBYET HU3yue-
HHUE P CII JOB T-JIENTOHOB, B KOTOPBIX UMEIOTCA K H JIBL P CII IOB YUCTO JIENITOH-
HBIE, YUCTO JIPOHHBIE M CMEII HHbIe. [ HHble OOCTOSTEIBCTB HET 0T KTy Jib-
HBIM HM3y4€HHE CTPYKTYpbI JIENITOHHOTO ceKTop B HenoM. K K crencrsue, BO3-
HUK €T BOIIPOC O BO3MOXHOCTH C MOCOIJI COB HHOI'O OIIUC HM4 JIEITOHOB U JIPO-
HOB (4epe3 COCT BJISIOUIME JPOHOB — KB PKM) H IOCJIENOB TEIbHO PESITUBUCT-
CKOWl OCHOBE, K K ®TO MMEeT MEeCTO B JIeNTOHHOM cekrope. HeoGxomumo oTme-
TUTb, YTO CTPYKTYPHI JIENTOHHBIX YpP BHEHUI HE IMPUBHOCATCA B yp BHEHUS HC-
KYCCTBEHHO, HO BO3HUK IOT BTOM THYECKM C MOMEHT H IHUC HUSA H 3B HHBIX
yp BHEHHWH K K CIJIEICTBHE BBIIOJIHEHUS OOLIMX, NpEeNB PUTEIbHO OTOBOPEHHBIX
Tpe6oB Huil. X HEBO3MOXHO OTMEHHTb, HO CIIEYEeT YYUTHIB Tb.

JIMCKYCCUOHHBIU BOIIPOC O COXP HEHHUU WIM HECOXP HEHUM JIEITOHHBIX 4U-
cell He MOXET P CCM TpHB Thcd 0€3 yd4eT BOIPOC O TOM, K KOBO HX IIPOHC-
XOXIEHUE WM K KUMHU MOACTPYKTYD MM OHU IPENCT BJIEHBI B M TEM THYECKOM
¢opm nuzme. MoxHO MOK 3 Tb [22], 4TO K XKJO€ U3 yp BHEHUH, H HIEHHOE B P -
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6ot x [4,19,20], HOIMHOCTBIO ONpeNieNisieTCs: CBOSH COOCTBEHHOI IPYIITOR. DTH TPU
IPYIIBl He M30MOP(HBI MeXay coOOii.

UYeTplpe KOMIOHEHT CBSI3HOCTH Ipymiisl JIOpeHI] B SBHOM BHIE MOXHO IIO-
JIy4UTh IIyTEM H JIM3 COCT B Ipynnbsl yp BHeHUS dup Kk [4] v cocT B IpymIisl
yp BHenus I1 ymu [19] jui ABYXKOMIIOHEHTHOTo 6e3M ccoBoro HeiWTpuHo. YUto
K C eTcs eIUHCTBeHHOH p 60Thl M Hiop Hel [20] M0 HEUTPUHHON TeMe, TO 31eCh
HEeoOXoMMBbI HeKOTOpble OroBOpkH. CT Thsl ObUT Tepeu3s H K CTOJIETHEMY 100H-
JIero co JHs poxieHus M iiop Hel B XypH Jie «DYASM» [23]. ([ nee uut Tb1 OyayT
MPUBOOUTHCS CO CCBUTKOM MMEHHO H 3TOT MEPEBOJI C UT JIBIHCKOTO0.) C MOMOIIBI0
OPHIHH JIBHOTO, 4 CTHOrO npueM M iop H 1peobp 30B 11 yp BHeHHe [up K
K JpyroMy yp BHeHu1o. HM3BeCTHO, YTO OHO OIIUCHIB €T M CCHBHBIE 3JIeKTpUYe-
CKU HEUTp JibHblE Y cTHLBI. OCOOEHHOCTh Yp BHEHMSI T KOB , YTO B OTJIHUYHE OT
yp BHeHHd JIup K Bce YeThlpe reHep Top rpynnsl M #Hop HBI (T.€. y-M TPHULEI
YEeTBEPTOro MOPSAK ) JOMYyCcK 0T HpeoOp 30B HHUE, NMPH KOTOPOM OHU BCE IIe-
pPeXomIT B M TPHUIBI C OEHCTBUTENBHBIMH 3J1€MEHT MH. [ HHOE yp BHEHHE I
HEWTp JIbHBIX JIENTOHOB [ jiee OyJaeM H 3bIB Th Yp BHEHHEM M iop HBI.

I npHelimue, H ubosee 00CYXJ emble MocTpoeHHss M HOp H  BBITOJHHI
C TIOMOIIBI0 «BUBUCEKII» BEKTOP COCTOSHHSA, T.€. P 30CJICHUS €ro H YHCTO Be-
IIECTBEHHYIO ¥ YHCTO MHUMYIO 4 ¢t W = U +iV/, 6e3 Kk Koro-m6o 060CHOB HHS
MPUHLHUIN JIBHOW BO3MOXHOCTH T KOro KT . [| jlee OH MpHIIen K CIemyroLemMy
BeIBOAY: «IIpenMyIiecTBOM T KOTO ONUC HUS IO CP BHEHUIO C 3JIEMEHT pHOMI
UHTepIpeT Lueil yp BHeHuil Jup X 4Bidercd, K K Mbl YBUIUM BCKOpeE, TO, YTO
B HEM HET HUK KHX OCHOB HMU NPEAION T Tb CYIIECTBOB HHE HTHHEHTPOHOB WM

HTUHEUTPHHO. . . » [23, c¢.247].

H3BecTHO, 4TO 3 KIIIOYEHHE OTHOCHUTENBHO HTHHEHTPOH HE OINp BI JIOCh.
Ceilu c JieT JbHBI H JIM3 BHIBOJOB HE UMEET CMBICI . JIOCT TOYHO OLIEHOK COBpe-
MEHHUKOB M HOp HBI, IMEIOIIUX OTHOIIEHHEe K 00CyXn eMoMy Bompocy [24,25],
KOTOpbIE YIIOMUH I0TCSl 6€3 npsMoi  Jipec LuM K p 60ote M HOp HbI, IOTOMY 4TO
HOCST OOIMiA X p KTep.

1. II. Jup x: «H 1111 BEKTOPBI U CO-BEKTOPHI SBJISIOTCH KOMIUIEKCHBIMU YUCIT -
MH, T K K K UX MOXHO YMHOX Th H KOMIUIEKCHbIE YUCII , [IOCJIE YETO UX MPUPOJ
HE MEHSIeTCS, OfIH KO, OHM SIBJISIIOTCS KOMIUIEKCHBIMH BEJIMYUH MH 0COOOTo pox ,
KOTOpbIE He Mmo2ym Obimps ™ p 30UTHI H YHCTO BEILECTBEHHYIO M YUCTO MHHMYIO
g cti» [24, c.39].

2. E.Konpon, I. [optnu: «P 3nuume Mexay ¥ u U Gonee (yHm MeHT Nb-
HO, YeM MEXIy OOBIYHBIMH KOMIUIEKCHO-CONPSKEHHBIMU BEJIMYMH MHU; ONep LHs
p 30ueHuss W H  BEIIECTBEHHYI0O U MHHUMYI0O Y CTH He uMeem HUK K020
cmuien » [25, ¢.20].

*KypcuBoM B mutT T X BbieneHo H Mu. — O. K.
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T kuM 00Op 30M, IOCTPOEHUS H OCHOBE P 3/IeJIEHUS] BEKTOP COCTOSIHUS H
BELIECTBEHHYI0 M MHHUMYIO Y CTH HeJb3d CYMT Th OOOCHOB HHBIMH, BO BCSIKOM
CITyd € JUISl JIENTOHHOTO CEKTOp , KOHEYHBIE BBIBOIbBI HENb35l CYUT Th 3 KOHYECH-
HBIMH U BO BCEM INpHeMiIeMbIMH. IIpy TOM, YTO BOJTHOBOE yp BHEHHE, C KOTOPOIO
H 4yuH ercd p 60T M Hop HbI, yIOBIETBOpsIET TpeOOB HUSIM KB HTOBOM TEOpHUH,
PENATUBU3M U KOPIYCKY/IIpHO-BOJIHOBOIO Iy JIU3M , Mj€d UCTUHHO HEWUTp Jb-
HBIX Y CTHI ce0s OIp BI J1 BHE JIEITOHHOTO ceKTOp (pOTOHBI, 7T)-ME30HBI).

TexHu4ecKuil mporpecc U B3 HHbIE C HUM 3KCIIEPUMEHT JIbHbIE BO3MOXKHO-
CTH MOJTy4eHUs MH(MOPM LM IO BCEMY KOMIUIEKCY BOIPOCOB, UMEIOIINX OTHOIIE-
HHE K (pU3MKe Y CTHIL, T KXe YCIeXH B CMEXHbIX 00 CTIX 3H HUH crocoO-
CTBOB JIM TOMY, YTO TEOPETHUYECK $ MBICIb OTCT J1 OT BCE H P CT IOLIEro MOTOK
HenpeaBuaeHHoN uHpopM muu. T K, TEeMHOH M Tepud HE H IIJIOCh MECT B CU-
CTeMe H IIUX HpeAcT BICHUH O (PU3MKE BIEMEHT PHBIX 4 CTHI, T K Xe K K HeT
SCHOCTH B BOIIPOCE O MPOUCXOXICHHH CHMMETPHU M TEpHsi— HTUM TepHd B H -
6o eMoii 4 ¢t BceneHHOI.

He MeHee mpocThIMU Ul TIOHUM HHS SIBISIOTCS TIPOOJIEMBI PEISTUBUCTCKOM
SIepHON (DU3UKHU. YIMBUTEIBHOE MHOTOOOp 3M€ KOHEYHBIX IPOIYKTOB E€IMHHY-
HOTO KT CTOJIKHOBEHHS TSKEJIbIX MOHOB HOCHUT SIBHO BBIP KCHHBIH HEp BHO-
BECHBII X p KTep, K K MUHHMYM B II€PBOH 4 JIbHOH (p 3¢ 3TOro MHOTOCT AHii-
Horo mpouecc . ITocnemyrom 4 CTpyKTYpH S ®BOJIIOLMS BHOBb OOp 30B BIIErocs
BEILECTB (MMEIOTCS OCHOB HUS H 3BbIB Tb €ro JIENTOH-(POTOHHON IPOTOILT 3MOIl),
NPEIIIECTBYION I KOHEYHOMY H OJII0/l eMOMY Pe3ylIbT Ty, BOSMOXH TOJIbKO B He-
P BHOBecHBIX cucTeM X. [103TOMY BOIIPOC O COCT B€ M CBOMCTB X NPOTOILT 3MBI
K K KJTI0YEBOH M MEHee MCCIIeA0B HHBIN BBIXOAUT H TepBbIi 1 H. Bo3HuK romee
IPH TOM BKCTPEM JIBHOE COCTOSHHME M TEpPUH X P KTepusyercs H ubosee rimy6o-
KUM P CILEIUIEHHEM B3JIEMEHT PHBIX U CTHULl U (DOPMHPOB HHEM Cpelbl, B KOTOpO
P 3MBIB IOTCSl T KHE IMOHATHSI, K K M CCOB 4 IOBEPXHOCTb, CTPYKTYPHBI COCT B
Y CTHUI] U UX CBOMCTB . To ecTh TeX 4 CTHILl, K KOTOPBIM MbI IIPUBBIKJIU U KOTOpLIE,
MBI CYHT €M, YMEEM OITHCHIB Th B Cpele MOoJ H 3B HHEM B KyyM. B sKkcTpeMm Iib-
HOM COCTOSIHMM M TEpUH, KOTJ MHPOMUCXOHAT IMPOLECCHl ANUCCHUII LU 3SHEPIUH,
CT HOBHUTCSI HENPUMEHHMMBIM MeTox JI rp HX , COKp II IOTCS BO3MOXHOCTH €ro
MPUITOXKEHUH, TepseTcd H JeXHOCTh U 3(h(h)eKTUBHOCTh MOJENIEl H €ero OCHOBE.
ITosToMy OmHMM M3 YCIOBHI C MOCOINI COB HHOTO ONUC HUS MPOTOILT 3MBI, KO-
TOp 5 OOMH KOBO TOIMTCS WIS C MOOPT HU3 LU (rpy0o roBopd, LI MPOLECCOB,
oOp THBIX p CII I M) K K JIEITOHOB, T K M JPOHOB, SIBJISIETCS ONHC HUE CTPYK-
TYpBI JIENITOHOB M KB PKOB H EAMHOH PelTATHBUCTCKOM ocHOBe. Kpome Toro, mo-
CKOJIBKY peub HjieT 0 (hOpMUPOB HHMHU OoJiee CIIOXHBIX CTPYKTYp H OCHOBe OoJiee
MPOCTHIX, 3[€Ch HEBO3MOXHO OOOWTHUCH Oe3 00p INeHMSI K TEOPUH THIl IIPHUIO-
’KMHCKOH IMH MUKU Hep BHOBECHBIX cucTeM. Ee cuHTe3 ¢ 1up KOBCKOI (hu3nKoit
BJIEMEHT PHBIX Y CTHIl MOCIYXHT OCHOBOH 11 (pOPMHPOB HUS KHMHETHKH 3Jie-
MEHT pHbIX Y cTHl. IlomHOLEHH 5 (POpMYTHPOBK ¥ TOCienyowm s p 3p O60TK
MO1I00HO KOMIUIEKCHOM IPOTP MMBbI IIPEICT BJISIET YPE3BbIY HHBIE TPYAHOCTH, T K
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K K IpU 3TOM 3 Tp TMB I0TCA (PYHA MEHT JIbHbIE OCHOBBI COBPEMEHHOH (hU3UKHU
MHUKPOMHP .

CremyeT T KXXe OTMETHTbh, YTO B (DH3HMKE 4 CTHUI] CIIOXHIOCH CTP HHOE MOJIO-
XeHue 1 xe 6e3 yuer MNpoOJIEMHBIX H NP BICHWI, YIOMSHYTHIX Bbime. C ogHON
CTOPOHBI, IPUHATO CYUT Tb, YTO CT HA pTH 4 Moaenb (CM) OmHCHIB €T Bce U3-
BECTHBIE CBOMCTB 3j1eMeHT pHbIX 4 ctull [28-30].C apyroil cTOpoHSI, I BHO 3BY-
4y T yrBepxkieHus, yto CM «uMeeT HeJOCT TKH», «OH He COBCEM YIOBJIETBOPH-
TENbH », «OH HEMONH ». P CINBIBY TOCTh KPUTHYECKHX 3 MEY HUH, MO-BHAUMO-
My, CBUIETEIIBCTBYET O TOM, YTO HegocT TKH CM CKpBITHI ITyOOKO B €€ OCHOB X.

P 3pBoeHHOCTD B OLeHKe MonoxeHus aeil B CM nopogun MHOXECTBO MOfe-
JIell, YUCII0 KOTOPBIX B JIENTOHHOM CEKTOpE NMPEBOCXOAUT YUCIIO JIENTOHOB. MHO-
TOUYHUCJIEHHbIE ¥ OTOMY TMIIHOTH3MpYoupe yernexu CM nogiepxus 10T MONBITKH
ee ]I JIbHEWIIIero MCIOoJb30B HUA B P MK X €€ OCHOB. T KOro pom JeqTesbHOCTb
Hen30eXHO BeleT K POCTY SIBHBIX WM CKPBITHIX MPEOIONOXEHHH U K JOMOJIHH-
TEeJIbHBIM CBOOOIOHBIM N p MeTp M. [T BHOe, 4TO NpH 3TOM HEenu3OeXHO H CIemdy-
1orcst HepocT TKU CM 1 oGeclieHUB 10TCS MHOTOYHCIIEHHbIE MOAM(UK IIMU H ee
ocHoBe. C M CM B yclOBHSX H IUT CTOB HUS (DEHOMEHOJIOTMYECKUX MPEAIoso-
KEHUH PUCKYET NPEBpP TUTHCS B H YKOEMKYIO CUCTEMY IT P METPH3 LM 3KCIIepH-
MEHT JIbHBIX Pe3yNbT TOB. TeX pe3yabT TOB, KOTOpBIE I HUPYIOTCS U HPOBOASATCS
con1 cHo npennuc Husm CM.

COBOKYIIHOCTh HMMEIOIIUXCSl PE3yJIbT TOB M OOIIUE COOOp XEHHSI TOBOPSIT
0 HEOOXOIMMOCTH YYEeT CTPYKTYPBI U CTHL, B3 MMOJEHCTBUS KOTOPHIX MbI COOH-
p emcs u3yd Tb. Kpome Toro, mostBuii cb HEOOXOIMMOCTh BBISIBUTH BO3MOXHOCTH
CTPYKTYPHI U CTHII M TIPUAEPXKHUB ThCI TOTO, YTO H 3BIB €TCS BHEMOJIEIBHBIMHU T10-
cTpoeHMsIMU. TepMHUH MOIy4YrsI XOXIEHHE, XOTS TPYAHO BO3D X Tb MCHXOJOT M,
KOTOpBIE YTBEPXK] IOT, 4TO YETOBEYECKHIl MO3T 3 HAT TOJBKO TEM, YTO CTPOMUT MO-
nenu BHewHero Mup . H ¢ MoM gene peub uueT 0 HEMHOTHX IPEANOIOXEHHUSX,
KOTOpBIE COCT BJISIIOT OCHOBY BCAKOM TeOpeTH4ecKoi cxembl. B H mem ciyu e —
0 MUHHMMYyME MpEINooXKeHHid, 6e3 KOTOPhIX HEBO3MOXKHO ITOCTPOCHHE Yp BHe-
HUHA 71 JIENTOHOB, U M KCHMyME BBIBOJOB, KOTOPBIE MOXHO IOJIY4WUTb H UX
ocHoBe. T Kne K 4ecTBEHHBIE Pe3yabT ThI, K K COCT B M COAEPX HHUE M KCHM JIb-
HOTO YHUCJT TIOJIyYE€HHBIX Yp BHEHUIl, IPU Cp BHEHUM C HMEIOLIIMUCS DKCIIEepH-
MEHT JIbHBIMU Pe3yJbT T MU COCT BIAIOT (p KThI, KOTOpPbIE HEBO3MOXHO OTpPHUI[ Thb
W HE YYUTHIB Th NPH [ JBHEHIINX HCCIIEIOB HHUSX.

I HHBII 0630p mpencT BisieT cOO0H MONBITKY MOCTPOSHHUS TEOPHH, B KOTOPOIi
H 3B HHble TpeOOB HUS JIENNIM B OCHOBY COHEPX HHSA. DTO O3H 4 eT (PUKC LU0
UCXOIHBIX MPEIIONIOXEHHH, KO Bce MOCIeIylol1e IOCTPOSHUSI He BBIXOIAT 3
UX P MKH, 1 (DOPMYJIUPOBKY €JUHOIO JITOPUTMUYECKOIO MOAXO[ H OCHOBE YHM-
¢puLpOB HHOTO M TeM TuYecKoro ¢opMm au3M . @ KTUYECKH €AUHBII JITOpPUTM
ObLT U3BJIEUEH C ITOMOIIBI0 TEOPETUKO-TPYIIIIOBOTO H JM3 yp BHeHud dup K u3
ero ocHosono:n T womeil p 6otsl [4]. [TosTOMy 3TOT JTOPUTM €CTECTBEHHO H 3bI-
B Th JIropuT™MOM Jup K . X p KTepHO, YTO OH ObLI NpemIoxeH 0e3 Ieusuiuu
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K ¢dopm mu3my JI rp Hx , yp BHeHus II ymu [19] u M dop Hel [20] cT nu pe-
3yJIbT TOM HEOOXOOMMBIX M JOIMYCTHMBIX B DU LW JITOPHUTM IO CP BHEHHIO C
yp BHEHHEM U1 ®JIeKTPoH . B H 11eM nogxope HEOOXOOMMOCTb T KHUX U3MEHEHHH
MPOAMKTOB H U P 3IP HUYEH CTPOTHUMH T€OPETHUKO-TPYIIIOBBIMHI TPEOOB HUAMH.

CnefcTBueM BBINOJHEHHOTO H JIM3 U IOCHEIYIOUNX IOCTPOEHUI SBUIIOCH
LETIOCTHOE ONHUC HUE JIEITOHHOTO CEKTOpP , KOTOpPOE BKIIIOY €T B cebsl omuc Hue
CBOOOMHBIX Yp BHEHHUIT VI M CCHUBHBIX U 0€3M CCOBBIX, 3 PSXEHHBIX M HEHTp JIb-
HbIX, CT OWJIBHBIX M HECT OWMJIBHBIX JIENTOHOB. YCT HOBJICHO H JIMYHE WHAUBHIY-
JIBHOHI CTPYKTYpBI K XJOrO JIEITOHHOTO yp BHEHHUS, KOTOp ¢ SBJSETCS OCHOBOIA
U1 H OMI0N eMbIX p 37HYMid Mexjy JienToH Mu. [ jee Oyner MOK 3 HO, 4TO IO-
JIy4eHHBII H OOp JIENTOHHBIX yp BHEHHI SBJISETCS MONHBIM M 3 MKHYTHIM. [lon-
HOT B ] HHOM CIy4 € O3H 4 €T, YTO HEBO3MOXHO JOTOIHHUTh YHCIIO MOJy4eH-
HBIX JICNTOHHBIX Yp BHEHHIi, HE BBIXOAS 3 P MKHU 3 (DPUKCHPOB HHBIX HCXOMHBIX
MPEIIIONIOKEeHUH. 3 MKHYTOCTh O3H Y €T, YTO HET HEIOCT TK B K KHUX-THOO JI-
rebp MYECKUX KOHCTPYKLMSX JUISl TOTO, YTOOBI 0OECIIEUNTh CTPYKTYPHYIO HHAWBH-
Jly JBHOCTb K XJIOTO U3 BCEX P Hee M3BECTHBIX U BHOBb IIOJYUEHHBIX Yp BHEHHIA.
B xoHE4YHOM HTOTE BCE OHM CTPOSITCS M3 YETHIPEX KOMITOHEHTOB CBSI3HOCTH TPYIIIIBI
JlopeHn 3 cyeT U3MEHEHMs! CTPYKTYPBI TPYIIIBI WIN YCIOXHEHHS €€ COCT B .

OTrMeTM T KXe, 4TOo JIropuT™M JMp K OCHOB H H BEeCbM OOLIMX Tpe-
60B Huax. Cpemu HUX MOXHO BBIIEIUTH TE, KOTOPBIE SIBISIOTCS 0053 TENbHBIMH
I 9 cTHl Jrboro tun . K HAM OTHOCATCSA: NPHHIMI KOPIyCKY/ISIPHO-BOJIHO-
BOTO JIy JIM3M , JIOPEHI-MHB PU HTHOCTh BOJIHOBBIX yp BHEHHH W KOB PH HTH 4
¢opM HX 3 IHCH, BO3MOXHOCTb BEPOATHOCTHON MHTEPIPET LIUU BOJIHOBOH (hyHK-
LUK H OCHOBE COXp HAmUIerocs 4-BeKTOp TOK , HENPUBOAUMOCTh IPEJCT BIle-
HHU Ipynn yp BHEHHMH K K o6oOmenne meron JI rp HxX —Diinep i rpynmo-
BOro monxoxn . HempuBogMMOCTh NMpPEACT BICHMI TPyl yp BHEHHI SBIAETCS He-
MPEMEHHBIM TPeOOB HMEM H K XAOM M3 3T II0B IOCTPOEHHUS JI000r0 yp BHEHHS.
JI nee HeoOXOAMMO YK 3 Th OOLIME CBOHCTB I BCETO CEMEHCTB H3yd eMbIX 4 -
cTHl. B ciyd e JIenToOHOB T KOBBIM SIBIISIETCS! CIIMH, p BHBIA 1/2. Bwibop oct Jb-
HBIX, 4 CTHBIX, X P KTEPUCTHK THUI CT OWJIPHOCTH WJIM HECT OMJIBHOCTH M JAPYIUX
OIHO3H YHO OMpEIeNSIOTCS BbILIe H 3B HHBIMU 0043 TEIbHBIMU TpeOOB HUAMH U
TEOPETHKO-TPYHIIOBBIMHA 3 KOHOMEPHOCTSIMH.

[Mpunsreiit H 60p TpeOOB HUI OK 3 JICS MUHUM JIBHBIM M OJHOBPEMEHHO J10-
CT TOYHBIM UL BBIBOA LIEJIOTO PSI JISNITOHHBIX BOJIHOBBIX Yp BHEHHMil. OOGIHOCTD
TpeGOB HUIl CO3[ €T MPEeOIOChUIKU I P COPOCTp HeHus JroputM Hdup X H
K JTMOpOBOYHBIE GO30HDBI, KB DKM U [ Jlee H  JPOHHBIA CEKTOp MpH y4eTe AOIOI-
HUTEJIbHBIX CUMMETPHIA.

1. AITOPUTM JUPAKA

Teopust 371eMEHT PHBIX U CTHIl B €€ HbIHEITHEM IOHUM HHUM H 4 JI Cb CO CT -
Teu [up X [4]. HckiouurenbH S 3H YUMOCTh M HENPEXONAIUMN YyCIEX TEOpUu
Jup K CB43 HBI ¢ (PyHA MEHT JIBHOCTBIO ee OcHOB. Ilo 3Toil mpuuuHe oUp KOB-
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CKMI JITOPUTM IOCTPOEHMS yp BHEHUI IEepBOH CTENEHH M0 MPOCTP HCTBEHHO-
BPEMEHHBIM ITPOM3BOAHBIM OBLT YCIIEITHO MCHONB30B H CcH 4 1 Il ynmu, 3 Tem
M iiop HOW aisl onmuC HUA HEUTpP JIbHBIX JIeNTOHOB. OOH W3 B XHBIX 3 A 4 IS
H C — p CHpOCTp HeHue Meroauku [Jup K H HecT OuibHbIe JenToHbl [26,27].

VromuH BUIMHCS Bbllle JITOPUTM JUp K CTPOMTCS H MSTH MCXOIHBIX Tpe-
60B HUIX.

1. ¥Yp BHEHUs JOJIXKHBI ObITh UHB PU HTHBI OTHOCUTENBHO Ipymibl JlopeHly ¢
Y4ETOM YEeThIPeX KOMIIOHEHTOB CBSI3HOCTU M IMETh KOB PH HTHYIO (hOpMy 3 MIHCH.

2. Yp BHeHHS NOIKHBI (DOPMYJIHPOB ThCI H OCHOBE HENPHUBOAUMBIX IPE-
CT BJIEHUH TpYMI, ONpPEAENdolUX K XI0€ JIENTOHHOE yp BHEHHE.

3. T'enep Topbl Ipynn HEOOXOIMMO BBIOMP Th T K, YTOOBI OHH COCT BIISUIM
COXp HAOLUicAd 4-BEeKTOP TOK IIPU IOJOXUTEIBHO OINPENEIeHHOM YeTBEPTOM
KOMITOHEHTE TOK .

4. BenuuuH CIUH JIENTOHOB IPENNON I €Tcd p BHOHU 1/2.

5. K xpmoe nenToHHOE yp BHEHHME INEPBOrO MOPSAK IO HPOCTP HCTBEHHO-
BPEMEHHBIM IPOU3BOIHBIM JOJKHO PEAyLMPOB ThCd K yp BHeHuIo Tun KieilH —
®ok —T'opnoH , KOTOpOe OMUCBHIB €T P CIPOCTP HEHUe BOJH Je bpoiingd and kB H-
TOBBIX U CTHII.

H nmume yeTsipex KOMIIOHEHTOB CBSI3HOCTH OOECIEYHB €T Y4eT OCHOBHBIX
IUCKPETHBIX MPeoOp 30B HUI MO OTHOLIEHHI0 K COOCTBEHHOMY HPEACT BJICHHIO
rpymist Jopenry : (P) — npoctp HerBeHHO# unBepeuu; (1) — o0p 1ueHust Bpe-
menu; (PT) — COBMECTHOrO JelcTBHs IBYX IpeoOp 30B Huil. TpeGoB Hue He-
MIPUBOAMMOCTH TIPEACT BIEHUH TPYNIl B 1 HHOM IOAXOME SIBsIeTcd 0000IeHneM
NPUHLUI H WMEHBIIEro JEUCTBUS H TPYNIOBOM s3bIKe. Orp HHYEHHE CIIUH JIeT-
TOHOB, p BHOTO 1/2, BE#ET K TOMY, Y4TO 3JIEMEHTHI IPYNIbBI K XKAOTO JIEHTOHHOTO
yp BHEHHMd UMEIOT MOPSJOK AB WIM YeTblpe B MH(UHUTE3UM JBHOM (opM Te
nonrpymmsl SI(2,¢), BIOXEHHOH B IPYIIIbl JIENTOHHBIX Yp BHEHWI. YIOBIETBO-
peHue yp BHEHHIO [EepBOro MOPsIK MO derhipeM mpousBoausiM (0/0t, 0/0x,
0/0y, 0/0z) H pamy ¢ TpeOOB HHEM MOJIOKUTEIBHON OMPEIETICHHOCTH YeTBEp-
TOrO KOMIOHEHT TOK O3H 4 €T OMHUC HUE H OMo eMOH peNlsITHBUCTCKOW U -
CTULIBI B OOBIYHOM KB HTOBO-M€X HHYECKOM CMbICIIE M COXP HEHHE BEPOSTHOCT-
HOW HHTEpHpeT LUHM BOJHOBOH (pyHKIMH. BO3MOXHOCTB IpU 3TOM peayKLHMH K
yp BHenuio Krneitn —®ox —['opnoH 03H 4 eT, 4To 4 cTUL OO0J I €T BOJHOBBHIMHU
cpoiictB M. COBMECTHOE BBHIIIOJIHEHHE JIByX TPeOOB HUIl — CYIECTBOB HUS JIH-
HEWHBIX yp BHEHHUH IEPBOrO MOPSAK IO MPOU3BOAHBIM U X PEOyKLMH K yp B-
Henuto TMn  KneitH —@ok —['opmoH — sBisieTcs] MpsIMBIM CIIEACTBHEM U pe-
JIU3 1Medl KOpIyCKY/ISpHO-BOJHOBOTO 1y jiu3M . [Ipu mepexome OT yp BHEHHi
[IEPBOIO HOPAAK K yp BHeHMsM Broporo nopsak Kieiin —@ok —T'opgoH 1mpo-
UCXOIOUT YTP T CTPYKTYPHBIX X P KT€PUCTHK 4 CTHILBI U OCT I0TCA TOJIBKO BOJI-
HOBBIE CBOICTB 1 HHOTO MUKPOOOBEKT . [lepeunciieHHblid H 60p NpeArnonoXeHuit
He gBisgeTcss U30BITOUHBIM VIS MOCT BiIeHHOW 1enu. CTouT yop Th OOHO W3 IISITH
MPEAINONIOKEHUN, U CT HET HEBO3MOXHOI (popMynupoBk yp BHeHus Jdup x .
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2. 3AMEYAHHUSA O MATEMATHYECKOM ®OPMAJIU3ME

Cdep NpHIOXKEHUI KOHEYHBIX IPYII B (PU3MKE M CMEXHBIX OOJ CTAX IO-
crossiHHO p crmpsercsa [32]. Huxe mbr OyneM uMeTh jieno ¢ Jjredp mu, obp -
3yIOLIHe DJIEMEHThl KOTOPBIX SIBJISIIOTCS KOHEYHBIMH TPYIIT MU, WIH TPYHIIOBBIMU

nrebp Mu. U CTHBIME CIIyd SIMH T KOBBIX SABIsIIOTCA nrebpsl Kimudgopn u He-

KoTopele apyrue. U1d uX H JU3 W HOCTPOCHUS HENPUBOOMMBIX HPEACT BICHUH
MOXHO HCTIONIb30B Th M TEM THYECKMH M P T TEOPHUHM KOHEYHBIX IPYII. 3 IJH-
TEJIbHYI0 MCTOPUIO CBOETO P 3BUTUSl OH NPUOOpEN ONpeneseHHYI0 MOIb, YHH-
Bepc JbHOCTH [31] M, K K clejcTBUe, HEKOTOPYIO TsiXKenoBecHOCTh. OK 3 JIOCH,
YTO JUIsl 1IEJIOTO KJI CC  KOHEYHBIX TPYMIT (ISl IIEPUOANYECKUX TPYIII), UMEIOIINX
MPUKJI AHOE 3H YeHHe I (PU3MKH, MOXHO MOCTPOUTh METOAMKY, MO3BOJISIOIIYIO
IOCT TOYHO IPOCTO BBIYKMCIIATH MOJHBIA H OOp HENPHUBOAWMBIX IPEACT BICHHH,
H IJISHO OLIGHUB Thb IPU 3TOM CTPYKTypy rpymisl [33-35] u ee ¢puszudeckoe co-
JIepX Hue. B 1 HHOM p 3zieie ®TO MoK 3 HO H KOHKPETHBIX IPUMEp X.

2.1. 'pynn KB TepHHOHOB. ['pynnn KB TEPHUOHOB IOJIYY €TCS U3 XOPOILLIO
W3BECTHOH JireOpbl KB TEPHHOHOB ITyTeM 100 BJIGHUS K €€ DJIEMEHT M TeX Xe
DIIEMEHTOB ¢ 00p THhIMH 3H K MH [36]. T Onui yMHOXEHHS] TPYIIbI MOXET
OBITH 3 I H ONpEeNeNIIUAMA COOTHOIeHuIMH [37]:

-1_ -1_ 3 — 2
aza1Gy = a1 = Gy, aijas = as, ay

_ 2 _ 2

= a3 = aj. (D)
I'pynnn  umeeT MopsiioK BOCEMb, p HT JIB , COAEPXKUT TPU LUKINYECKUE TOATPYIIITBI
YETBEPTOrO MOPSAK U COOTBETCTBYIOIIWE T€HEep TOPHI aj, g, a3 WIS K XIOH U3
HUX. Bce Tpu noArpyIibl, KpoMe eqUHUILIBL €, 00 JI I0T OIHUM OOIIUM DIIEMEHTOM
a? = a3 = a3, xoropwlil BMecTe ¢ € 00p 3yeT LEHTp IPyIbl.

IMocrpoum crexyiomee nrebp MYECKOE BBIP XeHUE:
2 3
Cilar] = [e + a1 + af + ay]. 2)
AH noruyHsle BbIPp KE€HHA MOXHO 3 MHUC Th I MOATPYNII C APYTHUMH I'€HEP TO-
P MH: as,as.

Eciu rewep Top a; JONOJHHTH MHOXuTeNneM exp (2miki/4), tme k1 =
1,2, 3,4, To noiy4um 4eThIpe BBIp XEHM VI 3TOM LUKIMYECKON IOATPYIIIbL:

omi omi 2
Cylkra1]) = |e + exp ( ﬂik1> a; + (exp ( Fik1> a1> +
. 3
+ <exp (2721]“) a1> . B




518 KOCMAUYEB O.C.

OHH YJIOBNETBOPSIOT T KMM P BEHCTB M:
(Culkra1])? = 4C4[k1a1], 4
Cylk1a1]Calkiar] = 40k, Calkran], 5

w> Culkran). ©)

Orcron  cnenyert, uto Boip kerus Cylkiai] pe JMU3yIOT HENPUBOAUMBIE MPEACT B-
JIEHUs, B I HHOM CITyd € IUKJIMYECKOH IpyMIsl 4eTBepToro nopsaak . ['pynm  Ge-
JIEB , BCE IIPEACT BIIEHUS OJHOMEPHBIE.

ByneM H 3bIB Th UUKJIMYECKON CTPYKTYpPOIl HEKOTOPOM KOHEUHOH rpynisl [38]
CyMMY BCEX €€ 9JIEMEHTOB, 3 IIUC HHYIO B BUJE IIPOU3BEAEHUS €€ LMKIMYECKUX
noarpynit. B Tex cityd £x, KOrg 3TO BO3MOXHO, IIPOU3BEICHHE NOJIKHO BKIIIOY Th
B ce0s K K MUHMMYM LIMKJIMYEeCKUe HOATPYIIIBI, COAEPXK ILHe TeHep TOPBI IPYIIILL.
OueBUIHO, YTO T K 51 Jredp MYECK s KOHCTPYKLIUS SIBJISIETCS OMHOMEDPHBIM €M~
HUYHBIM IPEACT BJICHUEM, 3 IMC HHBIM B MYJIBTUIUIMK TUBHOI popme.

I'pynnn KB TEpHUOHOB MMEET P HI AB , 3H YMT, BCE €€ BJIEMEHTHI BBIp X -
10TCs yepe3 OB reHep Top . K K oTrmed Jjiock Bble, 00 TeHEp TOp MOPOXA 0T
LUKJINYECKUE TOATPYIIIB YeTBepToro nopsiak . O003H unm

a1Cy[k1a1] = exp (

1
Qzlar, az] = §C’4[a1]C4[a2]. @)
Yuutes 4, uto a? = a3 u Cyfaz] = [e+az][e+a3], MOXHO 3 MHC Th IMKIIMYECKYIO
CTPYKTYpY IPYIIbl KB TEPHUOHOB B BUIE
Q2[a1,az] = Cylas][e + az] = [e + a1 + a} + al][e + ag). (8)

BuiHO, YTO €Clt P CKPBITh CKOOKH, TO BBIP KEHHE OYIET CONEPK Th BCE BOCEMb
®JIEMEHTOB TPYIIIEl U HAYETO CBEPX TOTO.

Il nee, K K u B ciyd e Cy, JONOJHUM K XIbIA U3 IEHEP TOPOB MHOXHTE-
JIAMH, T.€. 3H YEHUSIMU NPMMUTHBHBIX KODHEI YETBEPTON CTENEHU M3 €IMHMIIbI
exp (2mik1 2/4), tne ki, ko mpober 1oT He3 Bucumo 3H uenus 1,2,3,4. Torx
c yuetom a? = a2 u3 16 BO3MOXHBIX BBIP KEHMil TOJyd €M BOCEMb, HE P BHBIX

HYJIIO:

1) Qolki = 4,a1;k2 = 4,a2) = [e + a1 + af + ai][e + a2];

2) Qalkr =4,a1;k2 = 2,a2] = [e + a1 + af + af][e — ag];

3) Qalk1 =2,a1; ke = 4,a2] = [e — a1 + a3 — a3][e + as;

4) Qz2[k1 =2,a1;ke =2,a2] =[e —ay +a1—a1}[e+ag];

5) Qz2[k1 =1,a1;ke =1,az] = [e +ia1 — a1 —iad]e +ia0a); ©)
6) Qa2lk1 =3,a1;k2 =1,a2) =[e —ias — a1 +idd][e + ias);

7)) Qalk1 = 1,a1; k2 = 3,a2] = [e +ia; — ][e — iagl;

) Qo =1 ll

oo

e—ia; —a’ —|—za1 e —iag).
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Cornt cHO (4)—(6) K1,k Mg K XIOro BbIp KCHUS TPUHUM 0T OJHOBPEMEHHO
b0 yerHble, OO HevyeTHbie 3H uyeHusi. Kpome Toro, uz crpykrypbl Cy st
YeTHBIX ki, ko CIEOyeT, YTO MpU YMHOXKEHHUH MEepPBBIX YEThIpEX p BEHCTB H JIIO-
6oif W3 reHep TOPOB OHH HE MEHSIOTCS, HO Mpuobper 10T MHOXHUTE b +1. T KM
00p 30M, IepB 51 YETBEPK P BEHCTB JIOCT BJISIET YEThIPe ONHOMEPHBIX HEIKBUB -
JICHTHBIX MpeACT BieHus. [Ipu yMHOXeHHH ClieB p BEHCTB 5) u 6) (u3 H 6op (9))
H TeHep TOPbI a1, OHU 3 MBIK IOTCS B P MK X TOJIbKO 3THX JBYX p BeHCTB. To
K€ ¢ MO€ MOXHO CK 3 Tb O p BEHCTB X 7) U 8). JIpyrumu CiiIOB MU, Mbl UMEEM
OB JBYMEPHBIX MPEACT BJICHHSA. B M TPWUYHON 3 MHCH OHU UMEIOT BUJ

(=i 0 _ 0 —i
a; = 0 i ) az = —q 0 ’
p —i 0 p 0 1
“=Vo i) 27\ o)

Ou4eBHIHO, 9TO B DKBHB JIEHTHbIX ABYMEPHBIX NPEJACT BIEHMSA, T K K K a1 =
ay uah = alagafl.

VYrBepxuenue TeopeMbl bepHc W O TOM, YTO CyMM KB Jp TOB P 3MEpHO-
CTell HE®KBHB JICHTHBIX HETPUBOAUMBIX HPEICT BICHUHA P BH IOPSIKY TIPYIIIbI,
B 1l HHOM C/Tyd € BpImomHsercs: 8 = 4 -12 + 122,

Ecnu, KpoMe TOro, OTMETHUTh, YTO YHCIIO BKBHB JIGHTHBIX HETPUBOAUMBIX
NPEACT BICHHHA P BHO UX P 3MEPHOCTH, TO MOXHO TOBOPHUTb, YTO P BEHCTB (9)
SIBJISIIOTCSL CBOEOOD 3HBIM OIEP TOPHBIM H JIOTOM PEryJsipHOTO IPEJICT BIISHUS.
T K Xe K K B CIIy4 € PeryJsIpHOro MpeicT BJCHUS, YUCIO HEIKBUB JIGHTHBIX
NPEACT BICHUH P BHO YHCIY CMEXHBIX KJI CCOB IPYNIIBI M K XI0€ HENPHUBOIOH-
MOe THPEACT BJIeHHE MOBTOPSETCd B HEM T KOe YHCIO P 3, K KOB P 3MEpPHOCTb
3TOTO IPEACT BIICHHUS.

Ecnu nmoctpoutp JireOpy H 2JIEMEHT X HENPUBOAWMBIX IPEACT BICHHUH TPyIH-
TIBI, TIOJT T $1, YTO P BWJIO YMHOXKEHUs 00D 3YIOIIMX DJIEMEHTOB JIreOphl BHITEK €T
U3 3 KOH KOMIIO3UIIMU 3JIEMEHTOB I'PYIIIbI, TO MOXHO BBIYHUCIIUTH KOMMYT TODBI:

la1, az] = 2as,
[a27 a’3] = 2&1, (10)

las, a1] = 2as,

e as = ajas. C TOYHOCTHIO IO OJHOTO M TOTO X€ HOPMHPOBOYHOTO MHOXHUTEISI
MOJIy4YeHHbIe KOMMYT TOPBI COBI [ IOT C KOMMYT TOpP MU MH(UHHUTE3UM JIbHBIX
ornep TOPOB Ipymmbl TpexMmepHbix Bp mieHuil [39,40]. Otcion crexyeT BBIBOA.
Ecnu orp HUYMTHCS NEHCTBUTENBHBIMU 3H YEHHSIMH TPEX I P METpPOB, TO JireGp

KB TEPHHOHOB ®KBHUB JICHTH Jrebpe MH(PHUHUTE3NM JIbHBIX OIMEp TOPOB TPYIIIBI
TPEXMEPHBIX BP LICHUI C BeCOBBIM YiCIOM [ = 1/2. MOXHO T KX€ OTMETUTh H-
TUKOMMYT LIMOHHBIE COOTHOIIEHHUS WIS a1, asz, a3: {a;,ar} = 20,5, i,k =1,2,3.
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2.2. I'pynn  Jlopenn . Ecnmu Kk p ccMOTpeHHOM rpymne KB TepHHOHOB (1)
100 BUTH elle OfMH IeHep TOp ¢, UCXOId M3 ONPEHENSIOIIX COOTHOMEHHI

carc”t = ai, 2= a%, caset = as, (11)

TO T KO€ p CIIMpeHHe o6p 3yeT IPyIlly co cielylouleil IUKIMYeCKOil CTPYKTypOil:
dy[a1,az2,c] = Q2la1, az]le + ] = Cylai][e + az]le + . (12)

31ech BCe TPH IeHEpP TOP a1, A2, C UMEIOT TOPSJIOK YeThipe. M3 Orpeensiomux
COOTHOLIEHHUII clefyeT, 4To Ipynn  d~[ai1, az, ¢| UIMeeT LHeHTp, COCTOSIIHI U3 ye-
THIPEX 3MEMEHTOB (e, a2, ¢, ca?), TIOPAIO0K IPYIIIbl P BeH 16, 4HCIIO COMpSAKEHHBIX
ki1 ccoB — 10.

K x B mpemsigyieM mpuMepe, YMHOXHM K XJIbIil TeHEp TOp H MPUMHTHB-
Hble KOPHHM YETBEPTOI CTEIEHW W3 eNUuHUII, T.e. 11 = exp (2miky/4), ro =
exp (2mika/4), 3 = exp (2miks/4), tne k1, ko, ks npunuM 0T 30 yenms 1,2,3,4
HE3 BHCHMO JUIS K XKIOTO W3 HHUX. IIpH ®TOM MBI ONSTH H XOOUM, YTO HE P B-
HSIOTCSI HYJTIO TOJIBKO Te 16 BBIp XeHui, rae Bce k OMHOBPEMEHHO JIHOO YETHbIE,
00 HEYETHBIE:

dy[k1,a1; ke, ag; ks, c] = Ca[riai][e + raas]fe + racl. (13)

K x u p Hee, ipu ueTHHIX ki, ko, k3 ©UMeeM OTHOMEpHbIE MpeAcT BieHusd. B 1 H-
HOM CJTyd € UX OyZeT BOCeMb.

W3 onpenensomux COOTHOUICHUH I a1, G2, C CIACAYET, 9TO IPH YMHOXEHUH
cieB  JIOOOrO W3 p BEHCTB C HEYETHBHIMU 3H 4YeHMsAMH ki, ko, ks H K XIbIA U3
TpeX TeHep TOPOB IMPOUCXOIHWT 3 MBIK HHE TOJNBKO H 1B p BeHCTB . g 16
p BeHcTB (13) BBemeM i Kp TKOCTH O0O3H YEHUS

d,y[]ﬁ = 1,a1;k2 = 1,a2;k3 = ].,C] = d,y[l,]., 1]
U H JIOTUYHO JUTS IPYruX 3H YeHwi ki, ko, k3

d,y[]ﬁ = 3,0,1;]62 = 1,0,2;k3 = 1,0} = d,y[?),]., 1]
Torn , H YMH § C NEPBOTO U3 HUX, MOJIYd eM

ardy[1,1,1] = —id,[1,1,1], a1d,[3,1,1] =id,[3,1,1],
agdy[1,1,1] = —id,[3,1,1], asd,[3,1,1] = —id,[1,1,1],
edy[1,1,1] = —id,[1,1,1],  ¢dy[3,1,1] = —id,[3,1,1].

B M TpuuHOi (hopMe 3TO COOTBETCTBYET P BEHCTB M

w=(9 7)) e=(5 ) =(T L) e
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Ecnu H 9 16 ¢ BBlp Xeuus dy[k1 = 1,a1;k2 = 1,a92; k3 = 3,c¢|, To nomydures
Jpyroit H 60p M TpHIL:

, (=i 0 , (0 —i , (i 0
“1_<0 z) C‘?_(—z’ o)’ C‘(o z) (15)

OueBUIHO, YTO DTH JIB NPEACT BJIEHUS HEDKBUB JICHTHBI 110 TOW MPUYUHE,
YTO TIepBbIE IBE M TPHUIIBI COBII I 10T, TPEThH UMEIOT P 3IMYHBIC IIMypsl. Bce
OCT JIbHBIE CITyd W ®KBUB JICHTHBI OMHOMY W3 3TUX ABYX. T KuUM 00p 30M, UMeeM
perylisipHOe IpPEACT BJIEHUE U YTBEpXJAeHue TeopeMbl bepHc Ui B BUie

16=8-124+1-224+1-22 (16)

K x m p Hee, mpom3BeeHne JOOBIX ABYX BbIp XeHH u3 (13) p BHeTca Hymo,
€CJI OHU IIPUH JI€X T P 37IMIHBIM HESKBUB JICHTHBIM TPEACT BIICHUSIM.
BoruncnuM elie OguH 3J1EMEHT MOATPYIIbl KB TEPHUOHOB:

. (0 -1
a3z = a1a9 = 1 0 .
U n nee — CJICAYIOLIUE DJIEMEHTBI HEIIPUBOAUMOTO MPEACT BJICHUS T'PYIIIIBI:
-1 0
b1 = aic = < 0 1 ) s
0 -1
bg—a20—<_1 . ) (17)

0 .
b3:a302<_i é)

Cuut s BBIp XEHUS VI G1,0d2,a3 U by, ba, by 00p 3yOIIUMH 3JIEMEHT MH Jire-
Opbl, H XOIUM T KH€ KOMMYT TODBI:

[a1,as] = 2as, [az, a3] = 2aq, [as,a1] = 2as,

[b1,b02] = —2a3, [b2,b3] = —2a1, [b3,b1] = —2aq,

[a1,b1] =0, [az,b2] =0, [as,bs] =0,

a1, bo] =205 [a1,bs] = —2bo, (18)
[az, bs] = 2b1, [ag,b1] = —2b3,

[as, b1] = 2ba, [as, ba] = —2by

3nech BBEIEHBI 0003H YeHHUs

b1 = a1¢, bg = azc¢, b3 = ascC. (19)
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Ecnu otBiieubcst oT 00111ero Juisl BceX COOTHOIIEHHH HOPMUPOBOYHOTIO MHOXH-
Tens OB , TO MOJy4EeHHbIE KOMMYT IIMOHHBIE COOTHOILIEHHS TOJHOCTBIO COBI IyT
C KOMMYT TOp MM MH()MHHUTE3UM JIbHBIX M TPHL[ COOCTBEHHOTO HpeoOp 30B HUA
Jopernnr [39,40]. C mecTsio oniep TOp MH aj, ag, a3 U by, by, by CBI3 HBI IIECTh
JEeUCTBUTENBHBIX 11 p MeTpoB rpynnsl Jlopenn . Onep Top ¢ B J HHOW rpymime
HNEePeBOAUT MH(UHUTE3UM JIbHBIE ONEep TOPhl TPEXMEPHBIX Bp ILIEHUH aj,das,as
B OIlep TOpbl MH(PMHUTE3UM JIBHBIX NPeoOp 30B HUM JIOpEHIl BIOJIb COOTBETCTBY-
IOIIUX OCeil KOOpAuH T by, be, bs. Corn cHo (11) omep Top ¢ ABIAETCA BIIEMEHTOM
LEHTP TIPYIIbl, TO3TOMY B J HHOM IIPEJACT BJICHWH OH P BEH €IMHUYHOMY OIle-
p TOpY, YMHOXEHHOMY H MHUMYIO euHMLy ¢. [l Jjiee IpeiacT BIEHUs C KOMMY-
T LMOHHBIMH COOTHOIIEHUsMU TUIT (18) OymyT H 3bIB ThCSI COOCTBEHHBIMH IIpEN-
CT BJEHUSMU rpyninbl JIopeHl . YUUTHIB S p 3MEPHOCTb MPEACT BJIEHUN, MOXHO
yTBEpXI Th, YTO COOCTBEHHOE HempuBOxMMoOe mpenct Biexue (18) rpymmsr Jlo-
peHu 3 mmc Ho B ¢opm Te rpymmst Si(2,c). Crienyst [39], HETPYAHO BBIMHCIUTH,
YTO MEPBOE BECOBOE YMCIIO J HHOIO HENPHUBOAMMOIO IPEJCT BJICHUS P BHSIETCS
lo=1/2.

N3 coorHomenuit (11) u (17) BbITEK €T, YTO TPH dIEMEHT b1 = ajc,by =
aszc, b3 = azc nopoxna 1ot rpymny d,, T K XK€ K K I'eHep TOphHl a1, az,c. Tpu
reHep TOp COOCTBEHHOTO IMpeAcT BieHus rpymmsl Jlopenir B Bume M Tpun (17)
YIOBJIETBOPSIIOT CIIEAYIOIIAM HTHKOMMYT LMOHHBIM COOTHOIICHHUSIM:

{bi,br} = 20, i,k =1,2,3. (20)

P BeHcTB (20) MOXHO IOHUM Tb K K OIpPENEJISIOIINE COOTHOLIEHUS] MEX]y TeHe-
p Top Mu rpymisl by [by, ba, bs] M K K IPEelenbHO CK ThIi 9KBUB JIGHT COOTHOLLIE-
Huii (18).

3. I'PYIIIIA ~-MATPHUII TUPAKA

IMourn Bcst nHoOpManus, KOTOpasl CONEPXKUTCS B CBOOOAHOM ypaBHeHUH [u-
paka, onpeaenseTcs TeM, 4TO Y-MaTpHUIbl 00pa3yloT KOHEUHYIO TPYIITy mopsiak 32
(n mee — rpymnn Tup x ) [31], T KXe CTPYKTYpOH IpPyHIIbl U €€ CBOHCTB MH.
DT0 U3BECTHOE OOCTOATENILCTBO, KOTOPOE B IIOJIHOW Mepe He U3y4asloch, U MOXKHO
CK 3 Tb, YTO BONPOC O POJIM CTPYKTYphI rpynmsl Jup K BIUIOTH IO HEX BHErO
BPEMEHHU BBII JI U3 MOJIS 3peHus crenu JuctoB [41]. M3moxXeHHsIl HUXe H U3
BOCIOJIHSIET UMEIOIIHICS Mpo0er 1Mo I HHOMY BOIIPOCY.

3.1. IToarpynn coGcTBeHHOro mpenct BiaeHus rpymmsl Jlopenn . Crenys
p Gore [4], 3 nuieM ypaBHenue Jlupaka B Buie

[i(’Yupu) + m]w =0, (21)

rae
YV + NV = 20, v =1,2,3,4, yi=1 (22)
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P BeHcTB (22) SBISIOTCS ONPENENIAIOIUAMUA COOTHONICHUSIMH 1 Tpymibl Jup X .
3pech U [ Jiee UCMOJb3YeTcs cucteM eauHul ¢ = i = 1.
O603HaYNM

ai ~ 7Y3y2, a2~ Y173, a3 =aiaz ~ Y271. (23)

CumBO ~ 0003HaYaeT COOTBETCTBHE OTHOILEHUI MEXIy dJIeMEHTAaMH HCKOMOM
MOATPYNIIBI, CONEPX WIeH ai,as,as, W y-Marpuuamu Jup K . Torm mnomyd em
p BeHcTB a? = a3 = a3, asaja;’ = ay'. OTCION Cleyer, 4TO BIEMEHTHI
a1,y O YMHOXEHHIO T€HEpUPYIOT rpymnmy KBarepHuoHOB (1). Ob603HaumM ee,
Kak p Hee: Qz(aq, as).

I nee 0603HaUUM € ~ 7y17y27Y3. BUIHO, YTO ¢ KOMMYTUPYET CO BCEMH DIIEMEH-
TaMu NOATPYIIbL Q2[a1, az) u ¢ = a?. TIpsAMbIM BBIYUCIIEHHEM MOXHO YOEIUThCH,
4to pacimpenue (z2[aq,az] ¢ MOMOLIBIO ¢ NPUBOAMT K rpyime 16-ro mopsjika,
KOTOp  m30MOp(H p CCMOTpeHHOi p Hee rpymme (12). T xum oOp 30M, rpymin
~-M Tpull Jup K COAEpPXUT NOArpymiy d., H KOTOpOIl pe Jm3yercsa coOCTBEHHOE
HpeacT BieHue rpynms! JIopeHn .

Ecnu, kpome TOro, 0603HauUTh

by =ca1 ~ 71, b2=caz~"y2, b3=caz~ s, (24)

TO TIOJIy4MM KOMMYT [MOHHbIE cooTHOmeHus (18). 3uech, K Xk u p Hee, by (~ 71),
ba(~ 72), b3(~ 7y3) UMEIOT CMBICI WH(PUHUTE3UM JIBHBIX OINEpP TOPOB OYCTOB.
T xum 00p 30M, cOOCTBEHHOE MpeJCT BileHHe Ipymnibl JIOpeHL  COomepKUTCs
B rpymie [Iup K B BuJe HOArPYMNbl 16-ro nopsx .

[Mocnenyomee pacimpenue d[ai, az, ¢ ¢ MOMOIIBIO JOIOTHUTENBHOIO IeHe-
paropa by npuBomuT K rpymme y-mMarpun Hupaka. Llukmudeck s CTpyKTyp OpH
BTOM MOXeT ObITb 3alicaHa B BUIE

D, (I1] = d[a1, az, c][e + bd], (25)

e by ABNAETCS TPYNIOBLIM SKBUBAIEHTOM Y4 U b3 = e.

W3 cBOICTB 7y-M TpUI ClIeLyeT, YTO BCE OHU p clpenensdorcsd no 17 comps-
KEHHBIM KJI cc M. [IB 2JeMeHT o00p 3yIoT OTHeJIbHbIE KJI CChl € M KB Jp T JIIO-
GOrO 27IEMEHT 4YEeTBEPTOro MOPAAK THI a? = a3 = ¢> = —I. DTU 1B BIIEMEHT
cocT BISIOT eHTp rpymmnbl. Oct spHble 30 p crpemeneHsl mo 15 K1 cc M, K XKAbIid
13 KOTOPBIX COOEPXHUT MO OB B3 MMHO-OOD THBIX BJIEMEHT , €CJIH 3TO 3JIEMEHTHI
YeTBepToro nopsaak . Kpome Toro, ouH U TOT Xe KJI CC CONPSKEHHOCTH COCT B-
JIIOT 1B JIEMEHT BTOPOTO MOPSAAK , KOTOPBIE OTJIMY I0TCS MHOXUTENIEM, P BHBIM
BJIEMEHTY BTOPOTO HOPSAK U3 LEHTp rpymmel, T.e. —I. B urore momyu em 17
COIPSIKEHHBIX KJI CCOB M CTOJIBKO XK€ HENPHUBOAMUMBIX MPEICT BICHHM.

IMocTpoenne H j0r pErymsipHOrO HPEACT BIEHHS BBIIOJHSIETCS MO TOH Xe
cxeMe, K K s rpynmst do (a1, as,¢] (1.2.2). B 1 HHOM Cliyd € 3TO IPHBOIHT
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K 32 p BEHCTB M
D, [r1a1,r2a2, 3¢, 74bs] = Calria1][e + r2a2][e + r3c][e + rabal, (26)

e r1,72, 73,74 = exp (2mwik/4). Ecu k = 1,2, 3, 4 uaMeHsIeTcsl He3 BUCHMO ISt
K XJIOTO U3 YEeThIpeX COMHOXMTENEH, TO HE P BHBIMU HYINIO MOJIYY IOTCS TOJIBKO
TE BBIP XEHMS, Ijie Bce k MO0 TOJIBKO YEeTHBIE, TMOO TOJIIBKO HEYeTHbIE.

B ciyd e dyerHbix k moiyd ercs 16 OMHOMEPHBIX HENPHUBOIMMBIX MPEACT B-
JieHWi. [ HEYeTHBIX IOJIyY €TCS YETHIPE DKBUB JIEHTHBIX YETBIPEXMEPHBIX He-
MPUBOJAUMBIX MPEACT BJIEHMS, 4YTO COIN cyeTcd ¢ Teopemoil bepuec iin : 32 =
16-12+1-42. H 60p KOMMYT HHOHHBIX COOTHOLICHHUI B JI HHOM CJIyd € TIPMHH-
M €T BUJ

[a1,az] = 2as, [az,as]) = 2aq, [as,a1] = 2ag,

[b1,b02] = —2as3, [b2,b3] = —2a1, [b3,b1] = —2aq,

[a1,b1] =0, [az,b2] =0, [as,bs] =0,

[a1,bo) = 2b5 a1, bs] = —2ba, 27)
[az, bs] = 2b1, [az,b1] = —2b3,

[as, b1] = 2bg, [as, ba] = —2by

BuiHo, 4To KOMMYT LHOHHble cooTHoweHus (18) mia rpynmst d[aq,as, c]
(onu xe — usrebp Jlu wig coGCTBEHHOro NPEACT BieHus rpymnist JlopeHn ) co-
BI [ 10T TOXJIECTBEHHO C KOMMYT LIMOHHBIMU COOTHOILEHUAMH IS J HHOIO CIly-
9 s, ecni do[a1,as, ] BBIOp H I 3 MHCH MPEACT BICHHMS yp BHEHHS TPYIIIIBI
Tup x D~ (II). Bo3p cT er p 3MepHOCTb NpeACT BiIeHUs. IIpu 3TOM IpencT B-
neHns rpynmsl [Jup K p cm O 1oTcs H ONMOK-AW TOH JbHyIo ¢opmy. Ilepsoe
BECOBOE YHCIIO IO-TIpexHeMy lg = 1/2, HO OHO CT HOBUTCS JIB XJIbI BHIPOXIEH-
upiM. [IpuyuH  9TOro B TOM, 4T0 MH(OPM LHOHHEIA 0ObeM rpymmst D (II) 3 -
MeTHO GoJiblue, YeM rpymmsl d-[a1, as, ¢|. B 4 crHocth, rpynn Jlup K cogepxuT
(T')-compsixeHHOE MPEACT BIEHHUE rPymmbl JIOPEHI , Yero He MOXeT OBbITh B IPyIIIe
dy[a1,as, ] mo onpenenenuro.

3.2. Hogrpynn (7')-conpsizeHHOro mpeact BieHus. Boipaxenue (25) jo-
IyCKaeT UHYI0 3alMCh LUKJINYECKOH CTPYKTYpBI Or1arojiaps Jpyromy BBIOOpY reHe-
PaTopoB IpyIIbI y-MaTpull. BMmecto reHeparopos {ai, as, ¢, by} MOXHO BbIOpATH
{a1, a2, b} }. 3nech ¢ ~ 1727371 1 by ~ 17273.

B pesynprare IUKIMYECK s CTPYKTYP TOH Xe C MO IPYHIbI IPUHUMAET BHJ

D, a1, az2,¢,by] = Qalar, az]le + ][e + by]. (28)

Tak ke, Kak U B ciydae (25), naHHOE BbIpaXEHHUE IPEACTaBIAET COOON cymMMy
BCEX BJIEMEHTOB IPYIIIBI, HO 3alMCAHHYI0 B BUIE JIPYrMX coMHOXuTenei. [psmoit
MIPOBEPKON MOXHO YOENUThCS, YTO BbIPAXEHUE

bylar, az, '] = Qalar, as]le + ] (29)
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NpecTaBiseT co00i UMKIMYECKYI0 CTPYKTYpy NOArpymms! 16-ro nopsaka. M3 BbI-
P XEHuii ISl TeHEp TOPOB a1, A2, ¢’ CIEAYIOT T KHUE ONMPEAETSIONINe COOTHOIIEHHUS
JU14 TIOArPYIIIBI b :

—1 —1 —1 —1
2010y a; -, a1a2ay = = Qg ,

(ay ()™t =ay, (as ()™t = as.

(30)

Cp BHeHue omnpegendiomux cootHoumenuii (11) u (30) mox 3bIB eT, uto d U b,
HUMEIOT OTY CTH OJIMH KOBBIE CBOICTB . JIeHCTBUTENBHO, K X 5 MOATPYII HUMEEeT
nopsafoK 16, UeHTPhI COlepXK T IO YEThIpe JEMEHT , COBII J IOIIee YUCIIO CO-
npsxeHHblXx K1 ccop — 10. K x dy, T K U by CONEPXHUT NMOArPYIIy KB TEPHUO-
HoB. Ho mMmerorcs u p 3mmuma. T K, reHep TOp ¢ MMeeT MOPSOOK YeThIipe, TOTH
K K ¢/ — Broporo nopsiak . [Tosromy nmogrpymn b, He H30MOpGH moArpymie d-.

O603HaYNM

A A— A

1=ca1 ~71y, by=cas~ vy, by=caz~ 3. 3D
Eciu Ha onementax rpymmst b.lai, az,¢’] = Qzla1,as]le + ¢/] onpenenurs

anreOpy aHaJOTMYHO CIy4alo d., TO MOMYYUM KOMMYTALMOHHBIE COOTHOIIEHMS,
BechbMa moxoxue Ha (18):

a1, az] = 2a3, laz,a3] =2a1, [a3,a1] = 2ay,
[ /1vb/2] = 2az, [ évbg] = 2ax, [ évb/l] = 2az,
[al,b’] ZO, [az,b/] :0, [ag,b/} ZO,
a1, 8] = 24 ) = —ot! 3 (32)
at, 2] = 4Y3 [G‘l? 3] - 2>
[a27bé} =2 /17 [a27b/1] = _ngv
[Clg,b/ﬂ =2 /2, [ag,blg] = —2b/1
OueBuigHo, uto KoMMyT TOphI (18) mpeolp 3ytorcs B (32) npu 3 MeHe
by — b, =ibg, k=1,2,3. (33)

Ilp TOM NPOUCXONUT NEPEXOA OIHON MOArpymIbl B Apyrywo: d, — b,. P 3-
JINYMe KOMMYT LMOHHBIX cooTHoweHui (18) u (32) 3 ko4 ercs B IPOTUBOIIO-
JIOXHBIX 3H K X TPeX KOMMYT TOpPOB, P CIIOJIOKEHHBIX BO BTOPOI BEpXHEH CTPOKE.
HukakuM HEOCOOEHHBIM MPe0Opa30BaHUEM DTO PACXOXKICHHE HE YCTPAHSIETCs, TaK
KaK moarpyninsl d, 1 b, He usoMmopcHel. Bpems K K 1 p MeTp npeoOp 30B HHit
JlopeHu nposiBigercs, H YMH S C 9TOH CTPOKU. Bce oCT jibHbIE KOMMYT TODBI,
P CHOJOXEHHbIE HUXE, SIBJSIOTCS CJEICTBUEM MEPBbIX IIECTH Oep TOPOB, p CIO-
JIOXEHHBIX B IByX BEPXHHUX CTPOK X. [1o®TOMY I HHBIN THUI HENPUBOAUMBIX IIpEN-
cr Brenuii 660t H 38 H (17)-CONPSIKEHHBIM I10 OTHOLICHHIO K COOCTBEHHOMY, KOTO-
pblit pe nu3yetcs H noarpynme d.,. Kpome toro, ouesuno, uro (1')-comnpsikenue
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HE 3 TP TUB €T OIlEP TOPHI 41, A2, A3, HOITOMY OHO He MEHSET 3H 4eHue [y = 1/2
MU TUII CIIMH , T.€. BCE€ TPHU HPOCTP HCTBEHHBIE OCHU OCT IOTCAd OAWH KOBO BO3-
MOZKHBIMHU JJI4 BI)I60p ocHd KB HTOB HHUSI. DTO OOCTOSTEILCTBO SBIISETCS OJTHHUM
u3 ¢ KTopoB juisi (POPMHUPOB HUSI OOBEKTHBHBIX KPUTEPHEB, H OCHOBE KOTODBIX
MOZKHO q)OpMyJ'[I/IpOB Th OTHOLIEHUS Y CTULl — HTHUY CTULl .

Il mocsenyomero BaxHo orMeTuts, yro B rpymme D (II) comepxkurcs 1B
THI noArpynn d, 1 by U He CONEPXKUTCA APYruxX Moarpynmn 16-ro mopsiuk , He
HN30MO(HBIX UM.

3.3. (P)-compsKeHHOe NPENCT BIEHHE U JBOWCTBEHHOCTh d.. [leT JbHOE
U3ydyeHHe CTPYKTYpbl MOATPYyMIbl d. MOK 3 JIO, 4TO OH O0ON 1 €T JBOWCTBEH-
HOCTBIO. BBIp X ercsd 9TO B TOM, 4TO mOMHMO mHoarpymist Qzlaq,as] B d., co-
ACPXKUTCA €€ OOH TIOATPYIIT BOCBMOTO IOPAAK (@2 C HUKIIUNYECKOU CTPYKTYPOU
BUJ

2[ar, ay, at] = Cilar]le + a3, (34)

LI a1 ~ Y372, Qh ~ Y2, G5 = a1ah ~ 3. OUpenensione COOTHOMEHHS MEXILy
OMIEMEHTaMU ¢2[a1,a)] BECbM IOXOXH H T KOBble Wil (Q2]aq,ab]. Pasmuuue
3aKJII0YAETCS B TOM, YTO B ()2 BCE TPU DIIEMEHTA 1, G2, (i3 UMEIOT MOPSIOK YeThIpe,
TOLJA KaK B g2 TOJIBKO BJIEMEHT @ UMEeT IOPSIOK YeThIpe, JBa JPYrHX — HOPSIOK
1B . DreMeHTHI areOpsbl, IOCTPOCHHOI Ha g2[a1, %), YIOBIETBOPSIOT CIEIYIOIINM
KOMMYTAIIHOHHBIM COOTHOLICHUSIM:

la1,ay] = 2a%, [ahy,a4) = —2a1, [a},a1] = 2dah. (35)

OHn BecbM TIOXOXH H KOMMYT TOPBI JUISl TPYIITBI TPEXMEPHBIX BPAIEHUH (CM.
(10) unu nepsyto crpoky (18)). P 3nuume nuip B 3Hake BTOPOro KOMMyTaTopa.

ITepexon ot komMMyT HMOHHBIX cooTHolueHudd (10) k (35) p BHOCWIEH 3 -
MeHe al, — iaz, W MO0 OMpeleleHu (a3 = ajag) HONYd eM ag — taz. llpu
3TOM MOATPYIT KB TEPHHOHOB (QQ2[aq,as] mepexomut B moarpymmy g¢slai, ab) ¢
MOYTH COBI J IOIUMHU ONpEeNSIUMU OTHOIIEHUIMHU. P 3nuuug 3 kimod oTcd
B MOP4IK X FEHEp TOPOB K K 3JIEMEHTOB Ipynnbl. K K cliefcTBUEe p 3IUYHBIX MO-
PSUIKOB BJIEMEHTOB (b, a W ajp 3[€Ch M 1 Jiee B MOZOOHBIX CIIyd SX MOJyY eTcs
HE9KBUB JICHTHOCTb IIPOCTP HCTBEHHBIX H TP BICHHWH WJIM CHMMETPHS MEXIy Jie-
BBIM U TP BBIM.

TMocneayromee pacuidpeHde TPYIIbL g2[a1, ah] ¢ MOMOIIBI TOrO Xe reHepa-
TOopa ¢, KOTOPHIA (PUTypupyeT B p BeHCTBe (25), Benmer K rpymie 16-ro mopsmka:

fy = Calar][e + a]le + ¢]. (36)

B cuny nocrpoenuns noarpynn  f., uzoMopH d.. P 311Mune LMKIMYECKUX CTPYK-
TYp OTP X €T HEOAWH KOBBIIl BHIOOpP Tpex IeHep TOPOB B IEPBOM M BO BTOPOM
ciryd sx. IIpu 8ToM ¢ ~ 17273 TO-TIPEXHEMY SBISETCS 3JIEMEHTOM LEHTP TOA-

IPYIIIbL.
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KOMMyT HUOHHBIC COOTHOLMICHUA H OCHOBE NMOATPYIIIbI f’y CTPOATCA 10 H -
JIOTMHU € ABYM: NPEAbIAYIIUMU CIIYY SAMU:

[alvaé] = 2a£’)’ [a27ag’)] —2az, [aé’)’ al] = Qal2v

b7, b5] = —2a3, [V, b5] =2a1,  [b5,bY] = —2aj,

[alv b/ll] =0, [ as, b//] [G'S’ bg} =0,

an 0] = 26, fon, 5] = 7
[a/Q’ g] = _lel/v [a/Q’ b//] _2b

lag, Y] =25, [ag, b5] = 207,

rme by = arc, by =aje, by =ake, c=y1y273.

I HHbIA BUI mpencT BiaeHus Obul H 3B H (P)-CONPSKEHHBIM 110 OTHOLICHHIO
K dy, T K K K D 37IM4M€ BO3HHMK €T yXe B nepsoil crpoke (37), T.e. H ypOBHE
MOATPYNITEI TPEXMEPHBIX Bp IeHHH. Bce mocienytomue (HuXe NMepBOM CTPOKH)
OTKJIOHEHHUS OT KOMMYT TOpPOB (18) SIBIISIIOTCS ClIENCTBHEM NEPBHYHOTO U3MEHEHHs
ah ~ Yo, a = ayah ~ 3 B TOATPYIINE TPEXMEPHBIX BP LICHHUIA.

K k yxe ormed 5ochk, rpynn  <y-M Tpul Jup K COEEPXHT TOJIBKO B THII
noarpynn 16-ro nopamk , He M30MOpgHBIX Apyr apyry, — d, u b,. IlosTomy
i yp BHeHus Hup x coortHouenus (18), (32) u (37) ucuepnsiB 10T C y4ETOM
JBOICTBEHHOCTH d, BCE BO3MOXKHBIE THIIBI P BEHCTB, KOTOPBIE H 3bIB I0TCS KOM-
MYT LIMOHHBIMH COOTHOLICHHMSIMM JUISl MH(PUHUTE3UM JIbHBIX OIIEp TOPOB IPYIIIbI
Jlopenn . Jpyrumu cioB Mu, Tpynn Jup K CONEpXKHT TPH THI KOMIIOHEHTOB
CBSI3HOCTH U3 YETHIPEX BO3MOXKHBIX.

Beemem 0003H 4eHHs U1 onlep LM Mepexol MeXIy H HISeHHBIMH IOATpYI-
I MU ¥ COOTBETCTBYIOIIMMH KOMMYT LIMOHHBIMH COOTHOILIEHUSIMH. B KOHKpETHBIX
M TPUYHBIX P€ JI3 LUSX HEMPUBOAUMBIX NPEJICT BieHHil nepexon d, — b, Oynem
0003H Y Th T K:

by = (T)d,, (38)

YTO BKBUB JICHTHO 3 MCHC
be — bl =iby, k=1,2,3. (39)

CregcrBueM nepexos OT NOArpyIisl d K b, dBisgercd nepexos oT KOMMYT LHOH-
HbIX cootHomieHui (18) x (32). Omep 1o, oOp THYI K H 3B HHOM, 0003H 4MM
(I'~1'). Torn mnepexon d = (T~1)b,, oueBumHO, CBI3 H € 3 MEHOI

b, — by = —ib),, k=1,2,3. (40)
AH nornyHo anst nepexox d, — fy ¥ 00Op THO BBeleM T KHe 00O03H YeHHUs:

fv=(P)dy, dy= (P, (41)
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3neck (P) 0603H 4 eT 3 MeHy I'eHep TOPOB IO IP BHUITY
! !/ -
a; =ai, a2 — ay = 1ias. 42)
K «x crencrsue, monyd em
a2—>aé=ia2, b1 —>b/1 :ibl, b2—>b/2=ib2, b3—>bé:ib3

U TIepexo]] OT KOMMYT HHUOHHBIX cooTHomreHuit (18) k (37). IIpouenyp o6p THOTO
nepexon (P~!) coorBercTByeT npeobp 30B HUIO ah — az = —id).
EcrectBenHO, 4To mogrpymmsl f, ¥ by TOXE MOTYT OBITH CBSI3 HbI MEXIY CO-
6oit ¢ nomowpio onep wmii (1) u (P). Heiicteurensho, d, = (P~1)f,. O6o3u -
9 g MOCNenoB TenbHoe aeiicteue onep wuit (T)(P~1) = (TP~1), ¢ yuerom (37)
Oy eM
(TP~ fy = by, (43)

HetpymHo 3 MeTHTh, 4TO ¢ MH 1O cebe 0Oe orep UM KOMMYTHPYIOT:
(TP™Y) = (P7'T). (44)

Ho npu »ToM BbIICHSETCS, 4TO yp BHeHHe IUp K He 3 MKHYTO OTHOCHTEIBHO
JeiCTBUsL BCEBO3MOXHBIX KOMOUH 1wii (T') u (P). Dro 03H 4 er, 4TO AeHCTBHE
9THX OIep UMH H HOArpynsl d, f-,b, HPUBOAUT K MOSBICHUIO MOATPYIIIEL, He
comepx Iueiics B rpynme y-M Tpurl Jup K . JOCT TOYHO MPOCTO W H IVIOHO B
DTOM MOXHO yOEIUThCS H IpUMepe KOMMYT HUOHHBIX cooTHouienuii (18). O6o-
3H YMM IOCNIeNOB TeibHoe AefictBue nByx onep wuit (T) u (P) H dy T K:

(TP)d, = c,. (45)

JlelicTBUe ®THX X€ Onep LM H KOMMYT LIMOHHblEe cooTHoweHus (18) mpuso-
IUT K KOMMYT LIMOHHBIM COOTHOIUEHMSIM, OTJIMYHBIM OT Tpex mpempimymux (18),
(32), 37):

[alvaé] = 2ag’)’ [a/27a3] = —2ay, [ag’)val] = 2a,27

[ 10 ;] = 2a§’)7 [b;,b;] = —2ay, [bgval(] = 20'/27

a1, b7] =0, [a/Q’ 5/ =0, [aév b;] =0,

[a1, ;] = 2b§7 [ahb;] = —2b3, (46)
0}, 3] = —267,  [a),bf] = —2B%,

[aé, bﬂ = 203, [aé, b;] = 2b7.

Huk xuM HEeocoOEeHHBIM IpeoOp 30B HUEM IOMYYHTh (460) M3 NPEnbIyIuX HEBO3-
MOXHO, T K K K OHM CBA3 HBI C IDYIIIOH c-, HE N30MOP(HOI HU moarpynmne d.,
Hu noxarpymme b, [42]. T x Xe K K B cIyY € MOArpynmsl f,, OTAWYHE OT COO-
CTBEHHBIX KOMMYT IMOHHBIX cOOTHOILIEHUH (18) BO3HUK €T yXe B IepBOil CTpoKe.



LIEJIOCTHOE OITIMCAHHME JIEITOHHOI'O CEKTOPA 529

DTO 03H 4 €T, YTO ¢, CONEPXKUT MOAIPYINY ¢2[a1,as]. LlUKIndecKue cTpyKTypsl
Cy M fy p 31HY IOTCS TEM, 4TO TpeTuii reHep Top ¢/, Gydydd LEHTPOM IPYIIIIbL,
UMeeT TOPSIOK IB :

¢y = Cafar][e + aj]le + "], (47)

e ¢’? =e.

I'pynna c,, Tak Xke Kak dy MU b, UMEET LEHTP, COCTOSMIMI U3 UYEThIpeX
BIIEMEHTOB U JIECATH COIPSKEHHBIX KJI CCOB. DTO O3H 4 €T, YTO MMEeTCsl BOCEMb
OJHOMEpPHBIX U B HEIKBUB JICHTHBIX HENPUBOIUMBIX NPEJCT BleHusd. B aTom
OTHOIIEHUH BCE TPHU TPYMIIBI CXOXH. Bce CK 3 HHOE O NMEpPBOM BECOBOM YHCIIE
lo=1/2 nna f, BepHO M W14 ¢y, T K K K BCE €r0 X P KTEPHCTHKH ONPEACIIIOTCS
HOATPYIIOit gafay, ab].

Jng nocnenyromero oTMeTuM (opMylbl HTUKOMMYT TOPOB JUId I'eHep TOPOB
TPYII, He SIBISIOINXCS COOCTBEHHBIMH IPEACT BISHUSAMU rpymisl JIopeHn , H -
noruassie (20). T k, mmst rpynmst (1')-CONPSIXKEHHOTO MPEACT BICHHS OHH HMe-
10T BUJ

{0,y = =284, i,k=1,23. (48)

CootHouleHus (48) MOXHO IIOHUM Tb K K OIPENEIISIONINE COOTHOLLEHUS /ISl TPYII-
bl by [b], b5, D3], U3 KOTOPBIX OXHO3H YHO BBITEK 0T cooTHomrenus (32). T k 4
e IpefenbHo CX T 4 (hopM , Belyll S K COOTHOIIEHUIM (37), BBIVIAAUT T K:

{bgvbél}:_Qésta s,t=1,2,3, S:t#l,

b6} =20, s=t=1. (49)

AH JIOTHMYHBIE BBIP XEHUS UII KOMMYT IIOHHBIX COOTHOIIEHWHA (46) MONTrpyITIbI
* * *
¢ [b7, b5, bS] umeroT Bux

{b:’b:}:255ta s,t=1,2,3, szt#l’

{507} = =205, s=t= (50)

HUcxong u3 cootnomennii (33), (43) u (45), MOXHO 3 THC Th CICAYIOIIUHN PAx
P BEHCTB:

(T)dy = by, (P)dy = [y, (PT)dy = ¢y, (51)
(T™H)by = dy, (P)by = cy, (T~ P)by = f, (52)
(T Yey=fy, (P YHey=by, (T7'PHe, =d,, (53)

() fy =cy, (PHf, =4, (P7'T)f, = b,. (54)

P BeHCTB TNOK 3bIB 10T, UTO YETHIPE IPYMMHI dn, fv, by, Cy OOp 3yIOT NMONHBI
H 060p, KOTOPBI 3 MKHYT OTHOCHTEIBHO MPOHM3BOJIBHOIO COYET HHS JUCKPETHBIX
npeoGp 30B HUid. YeTblpe IpyIIbl COOTBETCTBYIOT YETHIPEM KJI CC M JHCKPETHBIX
npeoOp 30B HUil rpynnbl JIOpeHI WM YeThIpeM KOMIIOHEHT M CBS3HOCTH IPYIIIbI
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Jlopenu . ITpuHATO p 37MY Th 3TU KJI CCHI [10 BeJIMUMHE AeTepMUH HT (£1) u us-
MEHEeHHUI0 3H K (£) BPEMEHHOr0 KOMIIOHEHT 4-BeKTOp I10 OTHOIIEHUI0 K CO0-
cTBEHHOMY mpeoOp 30B Huwo Jlopenir . K K BHAHO U3 KOMMYT LHOHHBIX COOT-
nomenuit (18), (32), (37) u (46), H K XI0i U3 MOATPYHII pe JH3yeTcd IO Of-
HOMY HENPUBOIUMOMY MPEJACT BJICHUIO Ipynibl JIOpeH U3 YeThIpeX BO3MOXHBIX
KJI CCOB.

OueBHIHO, YTO BCE ONEp LUU CONPSIKEHUS SIBISIOTCS MPeodp 30B HUSIMH YET-
BEPTOrO MOPSJIK , T.€. KB AP T K XHOT0 M3 HUX HE SBIIETCS TOXICCTBEHHBIM
11peo6p 30B HueM. D10 03H u eT, H npumep, uto (T)(T) = (T?) # I u TonbKO
(T = 1.

4. CTPYKTYPHBIE HHBAPUAHTBI MATPHYHBIX I'PYIIII
JIOTIOJTHUTENBHBIM MHCTPYMEHTOM H JIM3 OOBEKTOB THUI TPYIIIBI Y-M TPHIL

Jip X ¥ MOHMM HHS HOBBIX BO3MOXHOCTEH B P MK X €IMHBIX OOIINX TpeOOB HUM
4BJIFETCS TeOpeM O Tpex TUIl X M TpuuHbIx rpynn [31]. Teopema yrBepxknaer:

ecmt Dy = {v1,...,Vn} SBIsETCS HENPUBOAUMOII MATPUYHON IPYIIIOL, TO
Lo 1,
I [Dy} =~ Sp () = ¢ —1, (55)
i=1 0.
3n0ech n — MOPSIOK TPYIIIEL; Sp (722) — cIlell KBajipara ¢-d MaTpuLbl U3 HaH-

HOil MartpuuHoil rpynmbl. Janee uuciao In[D,] Gyner Ha3biBaTbCS CTPYKTYPHBIM
UHBAapUaHTOM rpynmsl D.,.

Corn cHO TeopeMe ecty rpymma oTHocuTcs K nepsomy iy (In [D,] = 1), To
OHa PKBUBAIEHTHA I'PyIIE pealbHbIX MaTpull. B TakoM cilydae oHa ®KBHBaJIEHTHA
TakXe TpyMIe OPTOrOHAIBHBIX MaTpHL. Ecmu rpymma OTHOCHTCS KO BTOPOMY
tuiy (In[D,] = —1), To OHa 9KBHBAIEHTHA CBOEi KOMIUIEKCHO-CONPSIXKEHHOI
rpynne (tak, uto cymectByer S rtakad, uto v; = S~ !v;S), HO He peabHOIi
rpynne. B i HHOU ¢hopmyrie (M HMXe B I HHOM p 37€le) CUMBOJI * O0O3H 4 eT
KoMmiiekcHoe conpsixenue. Tperuit un (In [D,] = 0) xapakTepusyercs TeM, 4TO
rpylia He 9KBUBAJICHTHA KOMIUIEKCHO-COIPSXXEHHOH, TO eCcTh He CYLIeCTBYyeT S
TaKoil, uro v = S~1y; 9.

I rpymist y-MaTpul Jupaka cTpyKTypHBIA HHBApUAHT (55) moydaercs pas-
ubM In [D,] = —1, 4TO SBISETCS OMHO3H YHBIM CIIEACTBHEM OLPEIEICHI

VY + VoY = 20,0, v =1,234. ’yi =1. (56)

Bennuuna vHBapHaHTa He 3aBHCHT OT KOHKPETHOTO BbIOOpaA INPEACTABICHUS JUIs
Y-MaTpHLl M ONPENENAETCd TOJIBKO COOTHOIIEHHEM MEXIY YHCIOM 3JIEMEHTOB
YETBEPTOr0 M BTOPOIO MOPSAKA B IPYIIIE, T. €. ABIAETCA HEKOTOPOIl CTPYKTYPHOM
xapaktepucTukoil [43]. [Ing mocieqyiomMx BBIYUCIEHUII B XHO IOAYEPKHYTb,



LEJIOCTHOE OITIMCAHME JIEITOHHOI'O CEKTOPA 531

YTO B 3 BHCHMOCTH OT BEJIMYHHBI CTPYKTYPHOIO HHB PH HT MEHSIOTCS CBOi-
cre rpymmsl D, = {71,...,7,} B memom. T Kk, mis rpymmsl Iup K , KOrQ
In = —1, Tpe6oB Hue okBuB JenTHOCTH ¥ = S~!7,S cr HOBUTCH BTOMOp-
tusmom D, (II) = D, (II)*. HmeHHo mostoMy yp BHeHue JIup K OOUH KOBO
YCHEIIHO OIHKCHIB €T JBHXEHHe B BJIeKTPOM THHTHOM IOJI€ K K 9JIEKTPOH C 3 -
PSIOM €, T K U HO3MTPOH € 3 psioM e’. T Koe MONOXKEHHe HEBO3MOXHO
B ClIyd e, eciid In = 1, T K K K IIPU 9TOM BCE <y-M TPHLBI CT HOBSTCS I€HCTBHU-
TEJIbHBIMH.

Ilpyrum, He MeHee B KHBIM OOCTOSITESIbCTBOM SIBISETCS TO, YTO IPEICT Bie-
Hue rpymnsl Jup K B LEJIOM SIBISeTCS HSNPUBOAMMBIM, M KCHM JIbHBIE HHB PH-
HTHBIE TOAIPYHIBI d.y, fr, Dy CBS3 HBL C P 3IMYHBIME HEHIPUBOAUMBIMU MPEACT -
BiIeHUssMH oOwieii rpyrmel JlopeH B dopm Te SI(2,¢). DTHM ¢ MBIM BBOZSTCS
P MKH UT HOCTPOCHHS yp BHeHuit turm Jup K .

Ecii BoCIosp30BaThCsl TeOpeMoit (55) MO OTHOIISHHIO K YIOMSIHYTHIM ITO-
rpyn M d., fy, by, ¢y U MX TOATPYIN M BOCBMOIO MOPSAIK , TO NONYYHM T KHE
qHCI

Injd,|=In[fy]=0, In[,|=-1, Inlc,] =1,

]
In[Qs] = -1, Infg]=1. (57)

IMockonbKy moarpynms! d., f, n30MOpGHBI, UX CTPYKTYPHBIE HHB PH HTHI CO-
BN [ 10T. HensomopcHble MOArpYNIBl OJHOTO MOPSAK HMEIOT P 3HbIE CTPYKTYp-
Hble UHB pU HTBl. MX 4MCIO CBUIETENBCTBYET B IOJIb3y TOTO, YTO H IIEHHBIE
YeTbIpe IPYIIIBI HCUEPIIBIB 0T BeCh H 60p, H KOTOPOM pe JIM3YIOTCS HEPHBOMIM-
MBbI€ MIPEICT BIEHUS BCEX YEThIpeX KJI CCOB AMCKPETHHIX IpeoOp 30B HUM oOmien
rpymis! JIOpeHIl ¢ mepBbIM BECOBBIM 4YHCIOM g = 1/2.

Xopolo U3BeCTHas T K H 3bIB eM ¢ (hyHIaMeHTanbHas Teopema [laynu [44]
yrBepkJ et crenyiomee. Eciu umeercs jBa Ha6opa (4 x 4)-marpui 7, 1 7,
w=1,2 3,4, Takux, 4To

VYo + VoV = 25#1/ (58)

VYo + VY = 2000, (59)

TO CYIIECTBYECT HeocoOeHHast MaTpula S Takad, 4To
v, = SvuS7. (60)

CrepoBaTenbHO, J1100ble HEOCOOEHHBIE MPeoOpa3oBaHUsl MOTYT W3MEHHTH SBHBIM
BuJ y-Marpuu. Ho He MeHSIOTCS THUN ypaBHEHMS, €O CTPYKTYpHbI MHBapuaHT,
cOCTaB MOATPYNI M MX (pU3NYecKas HUHTepIpeTalus. YpaBHEHHE IO-IIPEeXHEMY
OTMCHIBAET TOJIBKO 3JIEKTPOH U MO3HUTPOH.

Orcroma OOHO3HAYHO CIIEAYET, YTO, €CIM Mbl XOTUM IIONy4UTh ypaBHEHHE,
OTIMYHOE OT yp BHeHMs upaka, HEOOXOAMMO HM3MEHUTh aHTHKOMMYTALIMOHHbIE
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cootHourenus (56). Ilpocreiimnii 1 camplii «<MUHUM JIBHBIH» CIIOCOO — OCTaBHTb
yclioBue aHTUKOMMyTaunuu (56) mid BCeX 4YeThIpeX I'€Hep TOPOB, HO OTKa3aThCs
OT TOTaJIbHOTO TpeOOBaHUI 73 = 1 11 HEKOTOPBIX 3HAYeHWi (. UTOOBI MOHATS,
K YeMy 9TO IpUBEIET, BEpHeMcd K Teopeme (55).

I'pynna Jupaka cogepxutr 20 a1eMEHTOB YETBEPTOIO NOPSaKa U 12 351eMeHTOB
BTOPOro. DTO ONHO3HAYHBIA pe3ynbTar ompeneneHust (56), M, KakK CIIEACTBHE,
In[D,(II)] = —1. Ecnu, k npumepy, npunsats 72 = 1, s = 1,2,3, n 7§ = —1,
TO B TakoW rpymre Oyner 12 aneMeHTOB yeTBeprToro nopsiaka u 20 a1eMeHTOB
BToporo. Ilomyd ercd cOOTHOLIEHWE MEXIy 3JEMEHT MU 4ETBEpTOro U BTOPOIO
nopsuk , obparsoe no orxomenuo X D.(II). BeluucieHue B NaHHOM Cilydyae
maer In[D,(I)] = 1.

HmeroTcst mecSITKM pa3iIM4HBIX BO3MOXKHOCTEH BbIOOpa HTHKOMMYTHPYIOIINX
72 = =£1, p = 1,2,3,4. Bce oHM NnpuBOIAT K IpynmnaM 32-ro mopggka U K
IBYM U TOJIBKO [IBYM HECOBIIAIAIOIIMM 3HAYEHUSIM CTPYKTYpPHOrO uHBapuanra (—1)
u (+1). Pazniuume Mexjuy u3oMOP(HBIMU TPYIIIAMH CBOIUTCS K P 3JIMYHBIM BbI-
60p M 4YeThIpeX reHep TOPOB W3 YKCI DJIEMEHTOB IPYIIIbL.

CoBMmecTHble TPeOOB HHUS JIBYX H 3B HHBIX TEOPEM MO3BOJISIOT JOCT TOYHO
IIPOCTO U BMECTE C TEM I' P HTHUPOB HHO MEPEYUCIUTH BCE AOIMYCTUMBIE (POPMYIIH-
pOBKM rpymil TN JIUp K ¥ OLEHHUTh MX NPUTOAHOCTH OBITH OCHOBOW BOJHOBBIX
yp BHEHWid IUI1 CT OMJIBHBIX JIEITOHOB C YYETOM MCXOMHBIX MPEATIONOXEHH.

5. YPABHEHUE MAHOPAHBI

K x u3BectHO, yp BHeHue M iiop Hbl [23] moy4yeHO ¢ MOMOILBIO Y4 CTHOTO
NIPUEM , B PE3yJIbT T€ KOTOPOrO BCE YEThIPE ~y-MaTpHLbl rpymrsl Jup K  Obuin
npeoOp 30B Hbl B M TPULBI C JIEHCTBUTEIBbHBIMU 2JIEMEHT MH. B T KoM ciyu e
H 0Op M3 YeTblpeX M TPHL-TeHEepP TOPOB MOXHO 3 I Tb C IOMOILIBIO OIHOTO U3
MHOTHX B PH HTOB, yHOMSHYTBIX BbIlle. B cumy teopemsl (55) ompenensiomue
COOTHOUIEHHMS JUISl TPYIIbl Yp BHEHHMS M #Op HbI MOXHO BBIOp Th B BUIE

Vv s =200, (Vh)? =1, st=1,2,3,
Yva+ e =0,  s=1,2,3, (61)
(v4)* = —L

Tak xak gt p,v = 1,2,3 cootHouenus (22) u (23) He U3MEHWINCh, TO BCE
MIOCTPOEHHS ¥ BBIBOMBI, Kacalomuecs Moarpynn (J2 u d., OCTaloTcA B CUTIE, T.e€.
IUKJIMYECKUE CTPYKTYPHl M COOTHOIICHHUS MEXIY COCTABISIOIIUMHI MX dIIEMEHTaMU
ocraiTcs 6e3 U3MEHEeHHIA.

Hukmrgeck s CTPYKTYp TPYIIIBI B IIETIOM MOXET OBITh MPEACT BIEH B BHAE

D, (I) = dy[ay, az, c]le + ] = Q2lar, az][e + c][e + 7). (62)
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K x u p Hee, 31eCh NPHUHATHI CICAYIOIIUE 0003H YSHHS:
! ! !/ . !/ 1!
ai ~ Y3%Y2, A2~ Y3V, A3 = a1a2 ~ Y97Y1, €~ V17273

U3 nocrpoenns D (I) BugHo, uto oH comepxur noxarpymiy d.. P Hee Gbuio
YCT HOBJICHO, 4TO Kaxjas d. COZEPXKHT IOATPYIIY g2. B 1 HHOM ciiyd e ¢o
BBITVIAAUT T K:

a2[a1, ay, as] = Cilar]le + a3,

! A7 / / / / /
LI a1 ~ 7372, A3 ™~ 7V, A3 = Q105 ~ 73.
TMocneayrolye paciiuperds IPYIIsl gz[a1, ab, aj] ¢ HOMOLIBIO TEeHEPaTOpoOB
cu ¢ = a1y JOCT BISIOT IPyNIBI 16-r0 HOpsiaka fy U ¢yt

fy = Cila]le + ap]le +¢], ¢y = Cular]le + as]le + ). (63)

IMono6uo tomy, xak D.(II) comepxur Tonmbko moxarpymmsl d u b, Ipymma
D, (I) conepXur TONBKO HOATPYNIBI d U C. IIpH 5TOM HEOOXOAMMO IIOMHHUTD O
noarpynme f.,, n3oMoptHOi d. CTPyKTypHBII HHB PU HT B T KOM CJyd € IIONy-
a4 ercst In[D,(I)] = 1.

CoracHO yTBepxaeHuto TeopemMsl (55) ecnu In = 1, To rpynna sKBUBaJIeHTHA
rpymime JeicTBuTenbHbIX MaTpull. C IMOMOIIBIO P 3BUTOH P HEe METOIMKH OHH
ObUTH TIOJTyYeHbI B IBHOM Bune [22]:

1 0 0 0 0 0 1 0
, o =1 0 o0 o 0 0 -1
M=o o -10f> ™71 0 0 o |’
00 0 1 0 -1 0 0
(64)
010 0 0 01 0
, 1000 , | o 00 -1
B=1 o000 1|’ T1= 1 0 0 o0
0010 0 1.0 0

BBIACHUIOCH, YTO HOJHBIA H 60p KOMMYT TOPOB H OCHOBE THX M TPHII UL
noArpynnsl f, u3 (62) CoBI 1 €T ¢ KOMMYT LIMOHHBIM cooTHomeHuem (37), T.e.
oTH rpymnsl u3oMopduble. OnH Ko B wenoM crpykrypsl rpymn D~ (IT) u D (I)
P 3HBIC, YTO NPHBOAUT K P 3JIMYUIO CBOICTB Y CTHII, KOTOPbIE OHH OIHCBHIB IOT.
B cuny fefiCTBUTEIBHOCTH M TPHLL Y], V5, V4, Y4 YP BHEHHE, CBI3 HHOE C TPYIIION
(62), OIKMCHIB €T HEUTp JIbHBIE CT OHIIBHBIC Y CTHIBI CO CIIMHOBBIMH CBOMCTB MH,
OTJIMYHBIMU OT 9JIEKTPOHOB WIIM MO3UTPOHOB. I[Ipu 3TOM, IOXOOHO yp BHEHHUIO
Ivp X , yp BHEHHE OIMUCBHIB €T 4 CTHIy M HTHY CTHILY.

MOoOXHO IOK 3 Tb, 4TO (DOPMYITHPOBK TOK K K it yp Baenus D~ (II), T x u
it yp BHeHus D, (I) BO3MOXH H OCHOBE OTHOU U3 MOATPYIIL, CBA3 HHBIX MEXIY
coboii (T')-conpsxkenneM. T kosbimMu B rpymmne D., (IT) sBistiorcs noarpymnimst d-
u by, B rpymne D.(I) — nmoarpynmst fy U c¢y. HMMEHHO 9TO 0GCTOATENBLCTBO
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SBIISIETCS HEOOXOOUMBIM U JIOCT TOYHBIM YCJIOBHEM TOTO, YTO COOTBETCTBYIOIIEE
yp BHEHHE ONHUCHIB €T K K 4 CTULY, T K ¥ HTUY CTHLY, U, K K CIIeICTBUE, BO3-
HHUK €T BO3MOXHOCTb KOB PU HTHOH (pOPMYJIMPOBKH Yp BHEHHSI.

H3BecTHO, 4TO BBIp XEeHHE JUI TOK B yp BHeHMM [lup XK opMmupyercs H
OCHOBE HOATPYHIIBI ., TOYHEE, TPH HPOCTP HCTBEHHBIX KOMIIOHEHT 4-BEKTOp
TOK SBISIIOTCS TEHep TOp MU 9TOW HOArpymmbl. MHOe monoxeHue B CIyd e
rpymst Do (I). 3gecs, k x u B rpyme D, (IT), umeerca noarpynn  d~. Ecnu
H 9 Tb IIOCTPOEHHE I TOK M3 DJIEMEHTOB IOATPYNIE! d~, TO CPENH OCT BINMXCS
anemenTos rpymnel D, (I) He H iinercs ele OOHOIO 3NEMEHT JUI YETBEPTOIO
KOMIOHEHT TOK C MOAXOMSAIIUMHI KOMMYT IIMOHHBIMH COOTHOIICHHUSMU. BhIsiCHU-
JIOCh, YTO UMEETCSl BO3MOXHOCTh C(POPMHUPOB Th BBIP KEHHE JUII TOK H OCHOBE
reHep TOPOB MOAIPYNI f. WIH C.

YroObI BBIICHHTD P 3IMYUE CIIMHOBBIX CBOWCTB U CTHL, CB3 HHBIX C Yp BHe-
HueM up X 1 M ifop Hbl, BOCTIONb3yeMcs (pOpMyYIT MU JUISL BBIYHCIICHUS BECOBBIX
yyceN HENPUBOAUMBIX MpeACT BiieHui Wi rpynnsl Jlopenn [39,40]. SIBHbiil BuA
OIepaTopoB a1, asz,as U by, by, by 11 HENMPUBOAUMBIX IPEACTABICHUN O3BOJISET
HAWUTH BECOBbIE YMCIIA, CBS3AHHBIC C 9TUMHU NPEACTABJICHUAMHU. B ciiydae rpymms
d~ cTposATCS ONEpPaTophI

H+:ia1—a2, F+:’ib1—b2,
H_ =ia; + a2, F_ =ibi + by, (65)
H3 = iag, F3 = ibg.

BecoBble unct — 3TO COOCTBEHHbIE YHCIT orep TOpoB H3 = ’iag u F3 = ibg.

B cnyd e KOHeYHOMEpHBIX HPEJACT BIEHUI B K YECTBE BECOBBIX YMCENl IPUHITO
CYUT Th H MOOJIbILIEE 3H YEHHE M3 BCEX BO3MOXHBIX U1l I HHoro orep top . T K,
BBIYMCIIEHUE BECOBOIO YMCIl Juld onep Top M3 juig moarpynmsl dy I eT g =
1/2. T KOBO MPOUCXOXIEHHE KECTKO (PUKCHPOB HHOI KOHCT HTHI 1/2, KOTOPYIO
MPUHATO CBA3bIB Th CO CIIMHOM 3JIEKTPOH .

JIi06 51 mepecT HOBK oOIep TOPOB a1, a2,a3 B ¢opmyn x mist Hi  H_, Hj
He MeHsdeT 3H 4yeHue [p. OOBSCHSeTCS 9TO HCKIIIOUUTENIBHO TeM, YTO BCE TpH
onep Top aj,az, a3 ABIAIOTCA OXHOTHIIHBIMM, T. €. K K 3JIEMEHTBI IPyNIbl d., OHU
UMEIOT OJIH M TOT e MOpAfoK — deTsipe. Ilpu aToM onep Top H3 = iag B 11060M
CIIyd € SBIISIETCS ®PMUTOBBIM, €ro COOCTBEHHBIE 3H YEHHS — JIeHCTBHTEITbHBIMU
uuen mu +1/2.

Hpyroe nonoxenue B rpymue D (I), roe CTpOUTh H JIOTHYHBIE ONEP TOPbI
HeoOxoouMo H ocHose moarpymmsl f.. Llukmmuaeck g cTpykTyp (62) B chopme,
comepX Ieil B ABHOM BHAE f, BMECTO d., IMEET BUL

Dy(T) = fylax, as, clle + b5] = galar, azlle + cJle + ], (66)

rie ai,ah,ah = ajah,c Te Xe, 4TO0 U B yp BHeHuu (62), u by = —yhyiv, =
I A A —
V32V = C-
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3 nMch LMKJIMYECKOH CTPYKTYpHI IPYIIIB, B SBHOM BHJE COIEPX LIeil Mox-
IpyIIly C-, IDHHUM €T BUJ

Dy (1) = ¢yla, a5, lle +717275] = @2lar, aslle + e+ . (67)

CTpyKTYp TpYHIIBI g2 T KOB , YTO M3 TPEX €€ 3IIEMEHTOB a1, A%, a% TOJIBKO
OJIMH ?JIEMEHT a1 SBIISIETCS HTUIPMUTOBBIM. [10aTOMY neiCTBUTENbHBIE COOCTBEH-
Hble 3H 4YeHus lp = +1/2 onep trop Hs NOSBISIOTCS NpPH ACHCTBUM H  BIie-
MEHT a;. B ABYX Opyrux ciyd X BO3HHUK IOT MHHMbIE BETMYMHBI. DTO O3H 4 €T
BBIJEJICHHOCTh OCH KB HTOB HHUS CIIUH . T KHUM BBIIEIEHHBIM H TP BJIEHHEM MO-
KeT SBIISITHCS TOJIIBKO H IIp BIEHHWE UMITYJbC Y CTHLBL. T KuM 0Op 30M, yp B-
HeHue M i#op HBI ONUCBHIB €T AyOJIeTHOE COCTOSIHHE JIEHTOHOB, T.€. 4 CTHUBI U

HTUY cTuibl. WM B TOM M B JIpyroM Ciyd € 4 CTHUILbI SBIISIOTCS CT OMJIbHBIMH,
M CCHUBHBIMH U HEUTp JbHBIMU. CIIMH Y CTHII MOXET ObITh H P BIICH BIOJb HIH
MPOTUB UMITYJIBC .

6. YPABHEHUE ITAYJIN

ITocne ananmm3a ABYX HpPEABIAYIIMX IPYII BO3ZHUKAET €CTECTBEHHBIN BOIPOC O
BO3MOXHOCTH cylecTBoBanus rpyninsl ¢ In = 0. H ocHose Teopemsl (55) MoXHO
MOK 3 Tb, YTO BCE JOIMYCTHMbIE BAPHAHTHI COXPaHEHUS KINU((OPIOBBIX aHTHKOM-
MYTaIIMOHHBIX COOTHOIIEHUH (22) u (61) MpUBOOIT TOMBKO K OBYM THII M TPYIII
g nentoHHelx yp BHenuit — Do (II) u D, (I). T xoe monoxeHue BO3HHK €T
B CHJIy CIEYIOIINX TpeOOB HUIL.

1. Mopsimok rpymmsl gomkeH Obith p Ben 32. [ HHOoe TpeOOB Hue obecrie-
YMB €T CT OWJIBHOCTH JIENTOHOB B CHJy NPUMUTHBHOCTH BO3HHUK IOLIMX TPYIIIO-
BBIX CTPYKTYp U, K K CIIEACTBHE, HEBO3MOXHOCTh P CII OB COOTBETCTBYIOLIUX
JIEIITOHOB.

2. U3 cootnomenuit (20), (48)—(50) 0AHO3H YHO BBITEK €T, YTO AJIS TOJIy4ye-
HUS Tpynn nopsak 32 HeoOXOIMMO MMETh YeThIpe TeHep TOp .

3. K xpplif U3 yeTblpex reHep TOPOB K K 3JIEMEHT IPYMIbl MOXET UMETh IO-
psnok a8 win 4deteipe. I HHOe TpeOOB HME XECTKO PeryT MEHTHPYETCS TeM, YTO
CIIMH JIENTOHOB p BeH 1/2.

Vp Buenue II yau mng Ge3M ccoBoro HeHTpUHO, K K U yp BHeHne M io-
P HBI, OBUIO MOJy4E€HO MyTeM TOHKOTO H JIM3 U HCKYCCTBEHHOW Omep LW H [
yp BHenueM Jup Kk . [Ipu TOM pe3ysipT T OK 3 jicd Oe3ylnpedHbIM ¢ TOYKH 3pe-
HHUs KOHEYHOro BUI yp BHeHHS. OHO COOTBETCTBYET OCHOBHBIM TpeOOB HMSIM
KB HTOBOI Me€X HHKH, JIOPEHLI-UHB PU HTHOCTU U KOB PU HTHOU (DOpMBI 3 IHCU
yp BHeHMd. B cT The Beiing [46] umeercs eAMHCTBEHHOE 3 M€Y HHUE O H pYLICHUU
MIPOCTP HCTBEHHOM YETHOCTH IIPH ABYXKOMIIOHEHTHOM ONUC HUU 4 cTHL. II ymn
B JIONIOJIHEHHE K 3TOMY CIP BELJIMBO OTMETWI, YTO B MPEMIOKEHHOM UM yp B-
HEHUM 11 6€3M CCOBBIX HEHTPUHO «UMEIOTCS COCTOSHUS K K C MOJIOXHUTENIbHOM,
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T K U OTPULl TEJIbHOH dHeprueii». DTO p BHOCWIBHO YTBEPXKAEHHUIO O H JIMYUU

HTHY ctul. OIH KO yp BHEHHe ObUIO OTBEPIHYTO BTOPOM B TOH Xe CT Tbe,
e ObUT MPEeICT BIeH BHIBOA yp BHeHUS. OCHOB HHEM JUIS 3TOrO MOCITYXWI Yyoe-
xkgeHHocts I ynu B To Bpems (1933 T.), YTO «HEUHB PU HTHOCTb OTHOCHUTEJIBHO
3epK JIBHOTO OTOOp XKeHWs (3 MEHBI IIp BOTO H JIEBOE) AeJI €T yp BHEHHE HEelpH-
MEHUMBIM K (PU3NUECKUM OOBEKT M».

ITocne xpymeHus NpeAcT BICHUH O COXp HEHUM IPOCTP HCTBEHHOW UYETHO-
CTH HE UMEETCs] HUK KMX OCHOB HUM 3 SIBIISITH O HECONEPXK TEIbHOCTU PE3yNbT T
U OTK 3bIB Th B IIp BE H CYIIECTBOB HHE 0e3M cCOBBIX HeWTpuHO. Bomee Toro,
CT JIO $ICHO, YTO CYLLECTBOB HHE M CCHUBHBIX HEHTPHUHO HE UCKJIIOY €T CyLIeCTBO-
B HUS 6E3M CCOBBIX, U H 00OpOT.

SBupiit Bun yp BHeHus I ymu [45] 1 ocHoBe o-M Tpunu Il ynu mossosser
H WTH ONpemensionre COOTHOIEHUS IS TPYNIbl 3TOTO yp BHEHHI. B 1 HHOM
p 3mene Bo u30eX HHE H IPOMOXAEHUS HMHIEKCOB OyaeM 00O3H 4 Tb 7y-M TpH-
Il MU M TPHULBl BTOPOro nopsaak . VIX sBHBIA BUI TOMYydY €TCSl MPH BBIYHCIE-
HUM HETIPUBOAUMBIX IPEICT BIGHUI C y4eTOM TOJIBKO OIpPEAENFIOIIUX COOTHO-
weHuit (69). AH noruysele 3 Med Hus orHocstes K rpynn M D, (IV) u D, (V)
(cM. HUXe) ¥ COOTBETCTBYIOIINM UM OTIpeAesIionmM cooTHotenusM (76) u (77).
Jlerko mpoBepUTh, YTO 0-M TPHLBI YIOBIETBOPSIOT HTHKOMMYT IIMOHHBIM COOT-
HoweHusM (20). DTo 03H 4 €T, UTO TPU NEPBBIX Y-M TPULBI Yp BHEHUS YHOBIIE-
TBOPSIIOT T KUM P BEHCTB M:

rYS’Yt + ’Yf’YS - 26St7 Sat - 17 2a 3 (68)

Yerept s (7y4)-M TPUL HOKH KOMMYTHPOB Th C TPEMSI IPEIbIAyLINME. B mpo-
THBHOM CJIy4 €, K K yXe ObUIO YCT HOBJIEHO p Hee, monyd ercs nu6o D, (II),
mubo D.(I). B pesynst Te ompenessiomue COOTHOMIeHUs At rpymmst IT ymu
MOXHO BBIOD Th B T KOM BHJIE:

Yot + VYs = 205, 2 =1, s,t=1,23,
Ysva — YaYs = 0, s=1,2,3, (69)
vf =1

OueBuiHOE M MPUHIMIIY JIbHOE OTIMuYue oT ycioBus dup K (22) 3 KoY ercs
B TOM, YTO 774 KOMMYTHPYET C TPeMs OCT JIbHBIMH TeHep Top MH. [l jee rpyriy
H OCHOBE OIpPENENSIONINX COOTHOIIEHHH (69) m cBI3 HHOE ¢ HEHl yp BHEHHE
Gynem 06038 4 16 D, (III). TIpsMoii mpoBepKOil MOXHO YOEIUTbCS, YTO IPyIIa
D.,(IIT) coneput 16 aneMeHTOB YeTBEPTOrO HOpPsAKa U 16 BTOPOro HOpsiIKa, T. €.
II0CJIe IOCTPOCHUSI HENPHBOAMMOIO IpeacT BieHus nonydaeM In[D.(III)] = 0.
H3zyuenue ctpykrypst rpynist D., (IIT) ¢ yaetom (69) HOK 3 JI0, UTO OH COAEPXKUT
BCE YETHIpe KOMIIOHEHT ~CBA3HOCTH rpymmsl Jlopenn d., by, fy, cy.
JleficTBUTEIPHO, WCIIONB3YS TEpBble TPU TeHep TOp U3 cooTHoueHui (69),
MOKHO 3 IHC Tb BbIP XEHHE JUI HOArPYINIHI d B IIOJHOH H JIOTUM C yp BHEHHEM
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Iup X B BUIE

dy[b1, b2, b3] = Q2[(7372), (7173), (v21)][e + (717273)]5 (70)

rae by = 1, b2 = 7y2,b3 = 3 — reHep TOPBI HOATPYNIHI d..
B pesymbr Te rpymn D (III) B HOMHOM cOCT Be H OCHOBE HOATPYIIBI d-
MOXeT ObITh NIPEICT BJICH B T KOM BHJE:

DL (TII) = Q2[(v372), (1173), (v271)][e + (my2y3)l[e + (va)]. - (T1)

Il jiee HETPYOHO MPOBEPUTH, YTO moarpynn b, kotop s (1')-compsixen 10
OTHOIIEHHIO K MOATpymne d., 3 MUChIB eTcd T K:

by [b7, b5, 5] = Q2[(7372), (7173), (v271)][e + (7a)]- (72)

/ / /
Bnech by = (137274), by = (117374), b5 = (y27174) — reHep TOphI MOA-
TPYNIbL by.

Brie yxke ormed J10ch, uTO rpymmnbsl d, ¥ f, M30MOPGHBI U OTIHY IOTCS
BI)I60pOM P 3/IMYHBIX I'€HEP TOPOB, CBA3 HHbIX C HCI/ISOMOPCI)HBIMI/I MOArpyIIl MHu.
T K, B noArpyumimie f’y B K YE€CTBE IPEACT BUTEIIA NOATPYIIIBI TPEXMEPHBIX Bp MIC-
HUI BBIOUD eTcsl o BMecTo Q2. Ecin p CIUMpHUTh o C MOMOIIBIO TeHep Top

(v172793), TO TONYYHUM
Fo 67505, 05] = q2[(v372), (72), (v3)][e + (v17273)]- (73)

3neck by = (11),b5 = (—n73),05 = (172) — renep Toper momrpynnsl f, B
coct Be rpymnst D (IIT).

H ocHose p BeHcTB (73) M yder coct B wuentp rpymisl D, (III) momyu em
BBIP KEHHE JUIA MOAIPYIIIBI Cr '

cy b7, 05, 3] = q2[(7372), (72), (v3)][e + (74)]- (74)

3neck b} = (y3727v4), b5 = (Y2774), b = (7y3y4) — reHep TOpbI HOATPYIIIB C B
coct Be rpymsl D (IIT).

Terepp H JIOTHYHO P BeHCTBY (71) MOXHO 3 IHC Th BbIP XEHHUE Ui [UKJIU-
geckoil crpykrypsl rpymnsl D~ (IIT) H  ocHoBe moarpynist fo:

DI(II) = g2((y372), (72), (v3)][e + (r17273)][e + (74)]- (75)

T xum 06p 30M, rpynn D, (III) H oCHOBe ONPEIE/SIONINX COOTHOIIEHHUI
(69) conmepxXuT Bce 4eThlpe KOMIOHEHT cBg3HOcTH rpynmsl Jlopenn . Ilpu atom
[OIl PHO COOTBETCTBYIOILME MM MOAIPYIIIIBI CBSI3 HbI Mexay coboit (1')-compsixke-
nueM. Corn cHo (51)-(54) monyy em by, = (T)dy ucy = (T)fy. Kxansanp
OTIENBHO OT Opyroil peayuupyercd K yp BHenuwo KieliH —@Pox —I'opmoH , u H
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OCHOBE K XI0i M3 HUX (DOPMHUPYIOTCS BBIp XKeHHe L1 4-TOK U yp BHEHHE He-
MPEPBIBHOCTH. DTO O3H U €T, YTO B I HHOM CIIyd € IMEEM [IB TUIl 0e3M CCOBBIX
HEWTPUHO, KOTOPBIE P 37MY IOTCS CIIMHOBBIMH CBOWCTB MH.

B ciayu e Di/ (IIT) omep TOpBI MOATPYIIIBI TPEXMEPHBIX BP IUEHHH a1, A2, a3
SIBJISIIOTCSL OJHOTUITHBIMU (T. €. UMEIOT HOPsIoK YeThipe). [loaTomy o6 s ux nepe-
CT HOBK B BBIp XeHUIX (65) He MeHseT COOCTBEHHbIe 3H YeHHus omnep Top Hs,
p Buble +1/2. DTO 03H 4 €T, YTO K XI S M3 OCEH CHCTEMbI KOOPIMH T MOXET
ObITh BBIOp H B K 4eCTBE OCH KB HTOB HHA cIMH . HMlHOe monoxeHue B CIyd e
Dﬁ; (III). K x ciemyer u3 BbIp XEHHI ISl [EHEP TOPOB IOATPYIIIBI g2, B I HHOM
Cllyd € MMeeTcs OJHO BbIIEJICHHOEe H Ip BieHWe, Kora Hsj nMeer NeHCTBHUTENb-
Hble coOCTBeHHbIE 3H Yerust +1/2. T KuM BblIeJIEHHBIM H TP BJIEHHEM JUIS CIIUH
MOXET OBbITh TOJIBKO UMITYJIC U CTHLIBI.

7. CHHIJIETHBIE COCTOsIHUSI JIEIITOHOB

Ilocne H nu3 rpynnsl yp BHeHus I1 ynu eCTeCTBEHHO BO3HHMK €T BOIIPOC O
BCEX BO3MOXHBIX THIT X 4 CTHLl C M CCOM, p BHOW Hy0. HyneB siM cc cr Ouitb-
HBIX Y CTHLl BO3HHMK €T BCIEACTBHE KOMMYT LM OHOTO U3 YEThIpEX FeHEP TOpOB
TPYIIBI C TPeMs OCT JIBHBIMM I'€HEep TOp MH ®TOi Xe rpymnmel. Kpome Toro, Bce
P ccMoTpeHHble npensiayume yp BHeHus (Qup x , IT ynu, M iiop HbI) OK 3 JHUCbH
CBSI3 HHBIMH C OITUC HMEM Y CTUIl M HTHY cTul. [losTOMy BO3HMK €T He00Xo-
JUMOCTh OTBETUTb €llle H OAMH BOIPOC: BO3MOXHO JIM B P MK X IPHHSATBIX
NIPEITONIOKEHUH TOJyYUTh CT OWIbHBIE 6€3M CCOBbIE 4 CTHULBI T KHE, KOTOpBIE
ColepX T KOMITOHEHTHI CBA3HOCTH TOJBKO OfgHOro THil ? T KOBBIMH MOTYT OBITH
by mm c,. H nnume B cocT Be Ipynmbl TOABKO b, MM TONBKO C, O3H 4 €T OT-
cyrcrue B rpymie (717)-CONPSKEHHBIX KOMIIOHEHTOB CBSI3HOCTH H, CT JIO OBITh,
OTCYTCTBUE HTHUY CTHII.

IMoneITKM MOCTPOUTH IPYIIYy H OCHOBE b, MOMXKHBI UCXOAUTb M3 BBIP Xe-
Hus (48), ¢ OHOM CTOPOHBI, C IPYrol — YYUTHIB Tb KOMMYT LIMI0 YETBEPTOIO
TeHep TOp C TpeMsl MepBbIMH. B pe3ynapT Te ompenensione COOTHOIIEHUS s
HCKOMO¥H TPYINIBI MPUHUM 0T BHI

VsVt + VeYs = _25st7 st = 172737

2 (76)
V4Ys = ¥sV4 =0, =1
OO6o3H 4uM IpyIIy, IOMYyY eMyl0 H OcHOBe cooTHouwenuir (76), x k D~ (IV).
Boraucienyst I 10T TIPH 9TOM CTPYKTYpHBIi uuB pu HT In [D,(IV)] = —1.

Ecnu 3 1 ThCS LIENbI0 MOCTPOMTH BOJIHOBOE yp BHEHHE H OCHOBE TOJIBKO
HOArPYNIbl Cy, TO HEOOXOMMMO H 4 Th ¢ BbIp Xenus (50). B T xom ciyu e
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MoJIy4 eM

’787t+’7t75 :07 S#tv Svt: 172737
B=rn=1L  i=-1 (77)
Yavs — V74 =0, 75 = 1.

O6o3H uuM 1 HHyw rpymny D, (V). BeauuuH CTpyKTYpHOrO UHB PU HT D BH
In[D, (V)] =1.

OOG6e rpymmbl, K K TPU NpEeAbIIyLIHe, UMEIOT HOPsIoK 32 M, MOogoOHO KB p-
TETHOMY COCTOSIHUIO, UMeIOT 20 comnpsikeHHbIX K1 ccoB. LIeHTp K Xmoil rpymmbst
COCTOMT W3 BOCBMH 3JIEMEHTOB BTOpPOro mnopsiak . K K cienctsue, CUHITIETHBIE
COCTOSIHHS OTIMCBHIB FOTCSI IByXKOMIOHEHTHBIMH CIIMHOD MH.

OCHOBH 4 0cOOEHHOCTb O0EUX TPYIII 3 KIII0Y eTCS B TOM, YTO K XI 5 M3 HUX
COIEPKUT IOArpyIIbl ofgHoro tuil : rpynn D, (IV) copepxuT ToabKO MOArpyIIb!
by, rpynn D (V) — TOIbKO MOAIPYIIIBI C~. 3MECh UMEIOTCS B BHJLY IIOAIPYIIIIbI
16-ro mopaak . DTO O3H 4 €T, YTO yp BHEHHS, CBS3 HHble C HUMH, HE COHEp-
XK T K KUX OBl TO HU OBUIO CONPSIKEHHBIX KOMIIOHEHTOB, Y CTHLBI HE UMEIOT

HTWY CTUI. B T KOM CcMbICIE MBI TIOHUM €M CHHIJIETHBIE COCTOSTHMS JIETITOHOB.

W3 coornomenuit (76), (77) H psay ¢ TpeOOB HHEM PEAYKLIMHU K Yp BHEHHUIO
Kieitn —®ok —['opooH OOHO3H 4HO ciexyeT, yTo m = 0 U1 000MX yp BHEHHH.
B cuny 1.5 tpeboB Huii siroputm  Iup K (cM. p 34.1) BBIp KEHUS U1l TOKOB
¥ SBHBI BUJ UUKIH4ecKoil cTpykrypst wia rpymn Do (IV) u D (V) crposres no
eaunoii cxeme. T K, moarpynn kB TepHHOHOB B rpymne D~ (IV) umeer Bu

Q2[(1172), (7173), (7273)]- (78)

P cmmpenne (78) no noarpynnsl b, MOXHO BBIIOJIHMTH C IOMOLIbIO V4. Torn
HOTyY eM

by = Q2[(7172): (7173) (v2¥3)][e +v4] = by [(v17274), (M17374), (27374)]- (79)

3neck tpu revep Top b1 = (717274), b2 = (717374), b3 = (Y2Y374) MOPOXI HOT
rpyniy b..

I nereitiiee p cruupenue (79) go monmuoi rpymmel Do (IV) MOXHO BbIION-
HHTbH C MOMOIIBIO BIEMEHT (71727374 )"

D, (IV) = Q2[(7172), (7173) (v2¥3)][e + yalle + (v1727374)]- (80)

COBOKYIHOCTh TE€PEUUCIIEHHBIX PE3yNlbT TOB IO P CCM TPHB €MOW Ipymme i eT
cllefylolee BhIp XEHHE Ul COXP HEHHUS TOK :

A(ui)

— T~
T div (T'av), (81)
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me @ = {1 = (M7271), @2 = (11737), @3 = (¥27374)}, npu arom ¥ ectp
pellleHye yp BHeHHs, KoTopoe 3 1 ercd rpynmnoii D (IV). B dopmyn x (78)—(81)
BCE y-M TPHIBI IMEIOT P 3MEPHOCTH 2 X2 U ONpeAeIoTca cooTHomeHusIMa (76).

An noruansie nocrpoenns st rpymibsl D~ (V) HE0GX0AMMO H 4 Th C NOJ-
IpYNIbl G2, IPUHUM S BO BHUM Hue cooTHoweHud (77). Ilonyd em

a[(m), (72), (m2)]- (82)

Iocnenyiowmee p CIIMpEHUe g2 10 HNOATPYIIIBL ¢ BO3MOXHO TPEMs P 3HBIMH dJle-
MEHT MM, B 4 CTHOCTH, BJIEMEHTOM Y4. B pe3ynpT Te moiyd eMm BbIp XeHHE

ey = q2[(m1); (02), (72)lle + (v4)] = ¢, (b}, by, bS], (83)

e V) = (y174),b5 = (y271),b5 = (717y274) SBASIOTCS TeHep TOp MH IO-
IPYIIIBL C.y.

BeIp KeHHe Ui MOJHON LMKIHYecKOoil crpykrypsl rpymist D (V) npusu-
M €T BUI

Dy (V) = q2[(71), (72), (m172)][e + 14l e + (117273)]- (84)

3mech v4 ¥ (y17Y27y3) SBIAIOTCS DIEMEHT MU LIEHTP TPYIIIBL.
Boip XeHue i coXp HEHMS TOK BBIVISOUT H JIOTMYHO BbIp XeHuto (81),
HO Cc TOH p 3HuLEH, 4To 3mech ¥ ecTh pelleHHe yp BHEHHUsS, KOTOpoe 3 1 -
ercs rpynnoit D (V), y-M TpHUBI p 3MEPHOCTH 2X2 OHPEIessIOTCs] COOTHOLLIE-
auamu (77):
o(Ut)
ot

e @ = {a1 = (117), @2 = (1271), @3 = (Y17274) }-

MoXHO MoK 3 Tb, YTO H Oop rpynm (26), (67), (71), (80), (84) mia 3 mucu
B SIBHOM BHJIE Yp BHEHUI CT OWIbHBIX JIENTOHOB SIBISETCS IMOJHBIM. DTO O3H -
Y €T, YTO HEBO3MOXKHO, BO-TIEPBbIX, ITOJNYYEHHBII H GOp JIOMOIHUTH, HE BBIXOJI
3 P MKH ISTH HCXOIHBIX IPEANOIOXEHUIH, H KOTOPbIX OCHOB H Jroput™m Ju-
P K , U, BO-BTOPBIX, yIOBIETBOPUTH TpeOOB HusiM Teopembl (55). JelicTBUTENBHO,
BbIllIe OBUIO IMOK 3 HO, YTO I HOJYy4YeHHUs! JIOOOrO W3 YeThpeX KOMIIOHEHTOB
CBSI3HOCTH TpyIIbl JIOpeHI] HeoOXOAUMO UMETh TPH HTUKOMMYTHPYIOIIUX TeHe-
p Top . YeTBepThiii HTUKOMMYTHPYIOIIHIA FEHEP TOP P CUIUPSET BTy PENsTHBUCT-
CKYyI0 OCHOBY [I0 yp BHEHHs KB HTOBOW 4 CTHIIbI, KOTOP s 00 1 eT M ccoii. [lpu
DTOM BO3HUK IOT CTPYKTYpPbl Yp BHEHHMH H CTOJBKO MPOCTBIE, YTO UM HE H 4TO
p CI I ThCH.

T Kde Xe PryMeHTbI OCT IOTCS BEPHBIMH B TOM CJIy4 €, KO[J YETBEPTHIi
reHep TOp KOMMYTUPYET C TpeMs nepBbiMu. OIH KO IPU BTOM M CC Y CTHI[ C He-
00XOIMMOCTBIO CT HOBHUTCS P BHOM HYIIO.

CTpyKTyp TIpyHIl JIENITOHHBIX yp BHEHHH B 3 BUCUMOCTH OT KOMIIOHEHTOB
CBSI3HOCTH TpyIIbl JIOPEHI[ BBIIVISIUT T KUM OOp 30M:

= —div (VTaw), (85)
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1. Vp Buenne lup k wist gy6ner (e, e™), D, (II):
{dy, by, fy}. In[D,(II)] = —1.

2. ¥Yp Buenue M iiop Hbl 1yd ay6iaer M ccuBHbIX Hedtpuno D, (I):
{dy,cy, f5}. In[Dy(D)] = 1.

3. ¥p Buenue IT ynu wig kB prer 6e3m ccoblx HeiiTpuHo D (III):
{dy, by, ¢y, £33 In[D,(IID)] = 0.

4. Yp BHenue g 6e3m ccosoro (1')-cunrmer D (IV):
{by}. In[D,(IV)] = —1.

5. ¥Yp Buenue wi 6e3m ccosoro (PT)-cunrner D, (V):
{ey} In[D4 (V)] =1.

BuiHO, 4TO K X[ s TPYII M CBS3 HHOE C HEil yp BHEHHE UMEIOT CBOK CO0-
CTBEHHYI0, WHIMBHUIY JIbHYIO CTPYKTYPY, UTO SIBJSETCS HEOOXOIUMBIM YCJIOBHEM
UMETh CBOM OTJIMYUTEISIbHBIC CBOWCTB .

8. HECTABWIBHBIE JIEIITOHbI

TMonbITKM MOMY4UTh yp BHEHWs TUI [up K Wil HECT OWIBHBIX JICITOHOB
UMEIOT JI BHIOW uctopuio [47]. OHU H Y JIUCH C POBO3MN IHEHHs ((—e)-YHUBEp-
C JIHOCTH U Yepe3 HECKOIIBKO JIeCATUIETHI ObUU TepeOopMy/IUpOB Hbl B ((1—e)-
npo6iiemy [48]. T Koe MPUXOAUTCS BOCIPUHUM Th K K OTCYTCTBHE JOCT TOYHOU
SICHOCTH M HEOOXOAMMOCTb U3y4 Th IPOOJIEMY.

BrhIICHWIOCK, 4TO, OCT B ICh B P MK X MPEXHUX IISITH IPEIIIONIOXEHHUIA, MOX-
HO MOJIY4UTh JIOTOJHUTEIIbHBIE JIENITOHHbIE Yp BHEHHs [26]. [ocTur ercs mocT B-
JICHH s 3 01 9 BBEICHHEM elle OFHOro (ISATOro) reHep TOp I MOPOXISHUs
HOBOU TPYIIbI BOJTHOBOTO Yp BHEHHUS B P MK X IpYIsl JIOpEHI] C COXp HEHHEM
[pH 9TOM KOB pH HTHOH (pOpMYJIHPOBKH yp BHeHusi. H ocHoBe Teopemsl (55)
yCT HOBJIEHO, YTO CYIIECTBYIOT TPH W TOJIbKO TPU BO3MOXHOCTH, KOTOpbIE HH-
TEPIPETUPYIOTCS K K HOBbIE BOJIHOBBIE YP BHEHHS CO CBOUMH JOIMOJHUTETbHBIMU
X p KTepucTuK Mu. [IpOM30LUTO CYIIECTBEHHOE YCIOXHEHHE CTPYKTYPhI Yp BHE-
Huil. B HOBBIX IPYNI X MOSBISIIOTCS MOACTPYKTYPBI, AOIYCK OMIKE (PU3UUECKYIO
HHTEPIPET LHMI0 B TEPMUH X CT OWIBHBIX JIENITOHOB. B 9TOM HMX OT/IMYHe OT rpymmn
CT GHIJIBHBIX JIENITOHOB, KOTOPOE II03BOJISIET UHTEPIPETHPOB Th UX K K HECT OMIIb-
HbIE B TOM CJIydY €, ECJIM M CC Y CTHUIIBI OK KeTCst GOJIbIIE CyMMBI M CC IIPOJIYKTOB
pempn.

T x, p cumpenue rpymmst y-M tpui Jup x (D~ (II)) ¢ nomompio renep -
top I'5, HTUKOMMYTHPYIOUIETO C OCT JIbHBIMH YETHIPbMsi, T KOTO, uto 12 = I,
HPUBOAKT K rpymie Aj co CTPyKTypHBIM HHB pu HToM In [A;] = —1. P ciumpe-
HUE TOii X€ TPYIIIbI C MOMOIIBI0 TeHEp TOp T Koro, uto ['2 = —I, mpuBoauT K
rpyrme Az co cTpykTypHbIM HWHB pu HToM In[Az] = 0. H KoHew, p cuiipenue
rpynmsl y-M Tpuu aybnertoro ueiitpuno (D (I)) ¢ nomousio I'Y? = —I, T kxe
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HTHKOMMYTHpYIOLIIEro ¢ reHep Top mu rpymmst D (I), npuBogur x rpymme A,

CO CTPYKTYpHBIM HHB pu HTOM In [Ag] = 1.

Bce Tpu rpynmsl umeioT psin o6mmx cBoicTs. Tlopsok rpynn p Ben 64, eHTp
K JKJIOH TPYIIIBI COAEPKUT YETHIPE DNMEMEHT . DIEMEHTHI IPYNIT UMEIOT MOPSAIOK
1B WU YETHIPE, U K K1 8 U3 IPYNI uMeeT 34 compskeHHbIX K cc . K x cnen-
CTBUE, TPYIIIHI MMEIOT N0 32 OIHOMEPHBIX HENPUBOIMMbIX TIPEACT BIEHUS U IO JIB
HEPKBUEB JIEHTHBIX UETHIPEXMEPHBIX. KpOMe TOro, K i1 s TPyIIl UMEET B CBOEM
COCT BE TPH U TOJBKO TPU MOATPYMIIBI 32-r0 MOPAAK , KOTOPBIE U30MOP(HBI Ofl-
HOMY M3 TISITH TIEPEYUCIIEHHBIX B PU HTOB IPYMI TS CT GWIIbHBIX J1enToHOB. Ho
COCT B MOArPYNI 32-r0 NOPSAK B K KIOM CIIyd € CBOW, HEMOBTOPSIOIIMIACS.

Ipymn  A; uMeeT clienyomue onpenensiomie COOTHOIIEHHUS:

L0, +0,0, =26, wuv=127345. (86)
W3 Hux BbITEK €T, 4TO
el =TI, Te=1, pu=1,234,5 (87)

rme I'e =1 193y I's m [ — equanan 9 M Tpun 4 X 4.
P BenctBo (87) 03H 4 eT, uTO ['¢ SBIAETCA LIEHTPOM TPYIIIBI U UTO MPH Tepe-
XOle K HETIPUBOAMMOMY M TPUYHOMY MPEACT BIEHHIO MOXHO 3 1uc Tb ' = £1.
OueBHIHO, YTO, KOTI (4 W v mpober 10T 3H deHus 1,2,3,4, momyd ercs
rpynn Iup K . MoxHOo 1ok 3 Tb H ocHOBe (86), 4ro Aj, NOMHMO HOATPYIIIBI
Jup X , cCOmEepXHT IBE W TOJNBKO JIBE MOATPyHmsl 32-ro mopsak . B pesynsT Te
CTPYKTYPHBII COCT B OK 3 JICSI T KHUM:

Ay = {D,(1), D,(I11), dD-(IV)}. (88)

Boip xeHne (88) BMecTe cO CTPYKTYpHbIM WHB pu HTOM In [A;] = —1 nmeHrn-
tunmpyer rpymmy Aj, T.e. Oen eT ee (PU3MYECKOe COAEPXK HUE OTIMYHBIM OT
OCT JIBHBIX IPYHIT HECT OMJIBHBIX JIENTOHOB. C MOMOILBIO ONPEAEIISIOIIX COOTHO-
meHuit (86) HeTPYAHO 3 MHC Th LUMKJINYECKYIO CTPYKTYpY mnsd Aq:

Al = Day (II) [6 + F5] = d'y [Fl, Fg, Fg] [6 + F4] [6 + F5] (89)

Beruncnenne HEMPUBOAUMBIX MPEICT BJICHWI H OCHOBE IMKJIMYECKOH CTPYyK-
TypsI (89) npuBomuUT K aBHOMY BHay I'-M Tpui mig Aj:

-100 0 0 -100 0 i 0 0
0 10 0 -1 0 00 00 0
B=loo10 " ™25lo o001 =000
0 00 —1 0 0 10 0 04 0

0 0 -1 0 00 —i 0
0 0 0 —1 00 0 —i
Ty 10 0 0] B=lio00 o
0 -1 0 0 0i 0 0
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BonHoBoe yp BHeHue (hopMyaupyeTcd B IIOJHOW H JIOTHM C yp BHeHHeM Ju-
P K IpU H IJIeX IneM BoIOOpe SBHOro BHA I'-M TpHLl

4
> (Capa) + Temy | W =0, Tg= =+, (90)

a=1

e pg, @ = 1,2,3,4, 1 my — 4-UMIyJIbC U M CC HEeCT OWIBHOW Y CTHUIIBL. 3 -
nuch yp BHeHust B Buzie (90) oK 3 J1 b BO3MOXKHOW OJ1 TOJ psl YA YHOMY COBII -
JIEHUI0 OOCTOSITENBCTB, B CHIIy KOTOPBIX P 3MEPHOCTh HENPUBOAMMOIO IPEACT B-
JIeHus Ui Tpynnbl Aj COBH JI C P 3MEPHOCTBIO MPEACT BJICHHS IS MOATPYIIIIbI
Iup x D~(I). I8 31 k npu I's = £ cBI3 HBI C AByMSI HEDKBHB JICHTHBIMH
HPEACT BJICHUSMHU, OHO U3 KOTOPBIX CCOLUMPYETCS C U CTULIeH, Apyroe — ¢ H-
T4 cTuleid. K K MoK 3 71 H M3 yp BHEHMH Ul CT OWJIBbHBIX JIEITOHOB, HEOO-
XOIMMBIM YCJIOBHEM OIMC HUS QyOJIeT Y CTUIl — HTUY CTUIl SIBJISIETCS H JIM4YKe
B yp BHeHuu (7')-CONMpSIKEHHBIX KOMITIOHEHTOB CBSI3HOCTH MPEACT BIICHHI TPYIIIBI
Jlopenn . [ HHOe TpeOOB HUE BBINOIHACTCS I BCEX TPEX MEePEYHCICHHBIX TPYIIL.
H ocHose yp BHenus (90) MOXHO MOJSY4UTb Yp BHEHUE IS COXP HEHU
ToK . Hekoropoe oTnmuue ot yp BHeHus [up K 3 KIJIIOY €Tcd B TOM, YTO 3[ecCh
SABHOE P 3[EJICHHE yp BHEHHWH IUI 9 CTUIBI MU HTHY CTHLBI IIPOUCXOAUT C TIO-
Mompio I's = +J, T.e. H OCHOBE [ByX HE9KBUB JICHTHBIX INPEACT BiIeHWH. B
Y CTHOCTH, €CJM IS ONUC HUS Y CTHLBI BBIOP Th COOCTBEHHOE IPENCT BIICHHE
rpynsl Jlopeny u I'g = I, To yp BHEHHe Ul COXP HAIOIIErocd TOK IPUHUM €T
BUJ
o(UT)
ot
e @ = {a1 = (T4l'1), a0 = (T4l2), 3 = (T'4T'3)}, npu atom ¥ ectp penienue

4
yp Brenust | y . (Tapa) + m1} v =0.

a=1

= —div (UTaw), (91)

H nnune B coct Be Ay moarpynnst Tup x  D. (IT) ssisercst npsiMoit npeato-
CBUTKOM JUTA OTIAC HHSA 3 PSKEHHOTO AyOJeT , H PoJib KOTOPOTO MOXET MPeTeHI0-
B Tb 1. TIpM 3TOM ecTeCTBEHHO BO3HHK €T He TOJBKO CXOICTBO C aybieToM et
HO W p 3/IMYHS, CBSI3 HHBIE CO CTPYKTYpOil. MOXHO H [OESThCS, YTO OHH HOCITYX T
OCHOBOI1 [UIsl pellieH st 3 CT pesioil mpobiieMsl (u—e)-yHusepe jbHOCTH [49].

I'pynn Ag nonyy ercs npu p clidpeHud rpyiibl Jup K ¢ MOMOIIBIO Ofpe-
NETSIONINX COOTHOIICHHUH, MOXOXuX H (86). P 3nmuume nump B mopsiake msiToro

reHep top I'%:
DT+ TIT, = 26y,  s,t=1,2,3,4,
I+ il =0, s=1,2,3,4, (92)
2 =-1.
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Otcrof BHITEK €T, 4TO
6 =105 Ts,  Tely, =T,T6,  n=1,2,34,5. (93)

Ho-npexnemy Iy sBngercs uentpom rpymmst u I'2 = —I. B 1 HHOM ciyu e
M TPUYH s Pe JIU3 1us NPEICT BiieHus BeneT K L'y = +1, +il.
CocT B IpynIibl U3MEHIJICS CIIEOyIoLM 00p 30M:

As = {D,(11), D,(1), D, (1)}, (94)

YTO COOTBETCTBYET CTPYKTypHOMY MHB pu HTy In[Asz] = 0. Iomrpynn [up K
HO-TIPeXHEMY MMEETCs B COCT Be IPYIIIIBI, HO B LIEJIOM OH YCIOXHHICI. B coct Be
A3 UMEIOTCS IBe M CCHBHBIE COCT BIISIIOLUME, YTO AET €T P 3THYHBIMH M CCBI A
u Ag, ¥ MOSTOMY U CTHLY, CBS3 HHYIO ¢ Ajs, MOXHO CYHT Tb 0OJee M CCHB-
Hoil. Kpome Toro, atu M ccupHele coct Bistomue D, (IT), D, (I) BeicTyn 10T H
P BHBIX TIp B X B TOM CMBIC/IE, YTO UMEIOT P 3MEPHOCTH HENPHUBOANUMBIX IpEl-
CT BJIEHHIA, COBIT I IOLIME C P 3MEPHOCTHIO As. BO3MOXHBIM CIIEACTBHEM T KOTO
0OCTOSITENBCTB  MOXET SIBISIThCS OOJIblilee YHUCIO K H JIOB JUIS P CIT JOB. DTO
CO3/1 €T NPENNOCHUIKH CB3bIB Th Az ¢ mybmerom 7.

YeTeipexMepHOE HEIPUBOIMMOE M TPHYHOE MPEACT BICHHE sl Tpymmsl Ag
FIMeeT BHL

~100 0 0 100 0 i00
p_ 0100 , -1.0 00 |00 0
L oo1o0 | 2> lo oo01| °3 000 —i|

000 -1 0 010 00i0

0 0 -1 0 0 010

, o 0o 0o -1 , [0 001

B=l10 0 0 571000/

0 -1 0 0 0 -100

OGiiue 3 Mey Husl, BBICK 3 HHbIE UL TPEIbIIYIIEro BOJIHOBOTO Yp BHEHHUS
(90), ocT 10TCH B CUJIe B TOM Cilyd €, Korg L'y = +1:

4
> (Topa) +Thms| ¥ =0, Tf==+l (95)

a=1

30ech p, ¥ M3 — 4-UMIYJbC U M CC HECT OWJIBHOM Y CTHLBI, CBA3 HHOM ¢ Asj.
Yp BHenue (95) B 3 BUCUMOCTU OT 3H K £/ ONKCHIB €T U CTUIy WIX HTUY -
cruiy. BTopoe HE9KBUB JICHTHOE MPEACT BiIeHHe rpymibl Az CBSI3 HO CO 3H 4e-
Husmu I'g = £¢1. B cuny aBy3H uHoctu I's = +4] 3TO BTOpOE HpPEACT BiIEHUE
TOXE OMMUCHIB €T 4 CTHIy U HTHY CTHLy. B CHIy HE3KBHB JICHTHOCTH ABYX Ipen-
CT BJICHMH Y CTHUIBI, C HUMH CBSI3 HHBIE, HE SBIISIOTCS TOXJIECTBEHHBIMH. T KUM
06p 30M, 31ech MONyY eM AB 3 psnoBbix aybner : (1) u (7%)*.
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I'pynn A, onpeneneH ¢ MOMOIIBIO COOTHOIIEHUI

TV/TY + YT = 265,  s,t=1,23,

F'STZ + FZF'S’ =0, s=1,2,3,

Iy =1, (96)
ITY + 4T =0, w=1,2,3,4,

re?=-1

OTCIOH CJIeayeT, 4To
Iy = D/TYTT4TY, TgTl =T00Y, p=1,2,3,4,5, 97)

T.e. I'4 BXOIUT B LIEHTp IPYIIIbI U SBISETCS 3leMEHTOM BTOPOTo nopsiik : I'y2 = I,
B M TpUUHOI pe M3 LMK OH NpUHHUM et Bux 'y = +1.
CocT B IpymIisl OTIANY €TCs OT JABYX IpPEeIbIIyILINX

Ay = {D’Y(I)v D’Y(III)v D’Y(V)}v (93)

T K Xe K K M CTPYKTypHbIii uHB pu HT In [As] = 1. Cp BHeHue coct B A ¢ -
TBIO NIPUBEJECHHBIMU P Hee Yp BHEHHSIMH ISl CT OMIIBHBIX JIENITOHOB IIOK 3bIB €T,
4yTO BHIp XeHHe (98) CONEPXUT TOIBKO HEWTPHHHBIE COCT BIIMIOIIUE, BKJIIOY 4
M ccuBHy0. IloaToMy Ag MOXHO CBSI3BIB Th C M CCHUBHBIM HECT OMJIbHBIM Heii-
TPUHO.

H wubosnee mpoct s popM 3 MHCH LHUKIUYECKOM CTPYKTYpPhI COBI J et ¢ (89).
P 3nmume mMexny sSiBHbIM BUIOM ['-M TpHI] HETMKOM OIpENessieTCs p 37THYHEM BbI-
p xenwuii (86) u (96):

Ay = D,(I)[e +T5] = d,[T7, Ty, T5][e + T'}][e + T5]. (99)

IMonmyuen cnenyromuii Bun I'-M Tpun ms rpynmsl Ag:

1 0 00 01 0 O 0010
s o-1 00 , 100 o0 . (0001
Fl_00—10’F2_ 000—1’F3_ 1000 |’

0 0 01 00 -1 0 0100

0 10 O 0 0 10

" __ _1000 "o 0001

i = 000—1’F5_ -1 0 00

0 01 O 0 -100

OTMeTnM, YTO 30ech BCEe MATh M TPHIl IPUBENEHBI K AEHCTBUTEIBHOH (hopme.
T xoe mpeoOp 30B HHE BO3MOXHO B COOTBETCTBUM C TeopeMoil (55), T XK K K
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CTPYKTYPHBIil MHB pU HT rpymmsl p BeH In [Ag] = 1. [T HHbI ¢ KT HOATBEPXK] €T
HEUTp JIBHOCTb Y CTUL H OCHOBE Ipynmbl Ag.

BosiHOBOE yp BHEHHME B [ HHOM CIyd € HE MOXET OBbITh NpEICT BICHO H
OCHOBE MOArpymmbl d., reHep Top Mu Kortopoii ssmsorcs 'Y, I'5, T, 3 mucsk
BOJIHOBOI'O YP BHEHUS U IIOCJIELYIOLLETO Yp BHEHMS COXP HSAIOIIEIOCSd TOK BO3-
MOXH H ocHoBe rpymms! f.. IIpu BbiGope I'j = 1 oHO uMeeT BUA

4
> (T pa) +ma| ¥ =0, (100)

a=1

rne I'V* = (=TY), T4* = (T{T%), T4* = (T4TY), T)* = (T{TY). Vp BHenue
OIMCHIB €T HECT OHIIbHBIE, HEHTP JIbHbIE, M CCHBHBIE 4 CTHIbI, CIIHH KOTOPBIX
H [P BJIEH [0 UMITYJIbCY WIM MPOTHB Hero. T K e K K U B CIyd e rpymmsl A,
HE9KBUB JICHTHBIE TPEICT BJICHUS CBS3 HBI C P 3IEbHBIM OIMC HHEM 4 CTHUBI U
HTHY CTHLIBI.

9. 3AMEYAHHUA O BOJTHOBBIX ITPOABIEHUAX JIEIITOHOB

Jlvp K IOJIy4MsI CBOE 3H MEHUTOE yp BHEHHE [4] myreMm p 310XeHUs KB IIp -
TH4HOrO yp BHeHud Kineiin —®ok —T'opioH H IpousBeJeHUE JBYX COMHOXUTE-
Jiel, TUHEeHHBIX 110 NEePBbIM POU3BOJHBIM — IO BPEMEHH U M0 IPOCTP HCTBEHHBIM
KoopauH T M. Bee nocnenyromiee p 3BuTHe (DU3UKU 4 CTHL IIOK 3 JIO, YTO Yp BHe-
Hue Kneiin —@Pok —['opooH sBideTcd OnUC HUEM BOJHOBOIO IIPOLECC , KOTOPBIU
0TOOp X €T TOJBKO BOJIHOBBIE CBOMCTB KB HTOBBIX 4 cTHL. K HuUM oTHOCATCA
uHTepdepeHnns, HHATWIAIMS U ocuwursigud. C Opyroil CTOpOHBI, yp BHEHHMS
i up X couepX T MHYI0 MH(OPM IMIO, B 4 CTHOCTH 00 WHIMBHUIY JIbHBIX
CBOWMCTB X T€X X€ C MbIX 4 cTHLl. OH CyLIECTBEHHO NOMOJIHSAET BOJHOBBIE CBOM-
CTB U HE MOXET colepxX Thcd B yp BHeHuM Kieiin —@Pok —T'opioH .

HeoGxomumble ycroBus [T NPOSBICHHS BCEX TPEX THIIOB BOJHOBBIX IPOLIEC-
COB MOXHO OOH PYXHTb, YIUTBIB 51 CTPYKTYpY JIGHTOHHBIX BOJHOBBIX Yp BHEHHUH
n yp BHenue Kineiin —®ok —T'opnoH B Buie NPOU3BEAEHHA IBYX COMHOXUTEIEH.
JlonycTuM, B pe3yJIbT T€ H JIU3 OFHOIO U3 JBYX COMHOXMTENEH, COCT BIIIOIIUX
yp BHenue Kieiin —®ok —I'opaoH , H HeH ABHBIA BUJ Y-M TPULl U YCT HOBJIEH
ux pusndecK s uHTEpHper Lud. I1ycTh Ui KOHKPETHOCTH INEPBBI COMHOXHUTEND
OIHUCBIB €T €, T. €. BJIEKTPOH. Bompoc: K K IpU 9TOM HHTEPIPETHPOB Th COAEP-
XK HHe BToporo comHoxutend? OK 3 JIOCh, UTO €10 MOXHO MOHUM Tb [IO-p 3HOMY,
HEOIHO3H YHO, HO B OJIMH KOBOIl Mepe 0OOCHOB HHO W OIp BJ HHO.

B mnepByio ouepesnb, MOXHO YOEmHUThCS, YTO BTOPOH COMHOXHTEIb MOXHO
CBS3 Th C yp BHEHHEM Uil MO3UTPOH . OOIIENpHUHSTHIH BHIOOP yp BHEHMS IS
3NIEKTPOH COOTBETCTBYET BBHIOOPY UEThIPEX reHep TOpoB rpymmel Jup X B BuUOe
ONpefeNTIomuX COoTHOmeHnH (22): v, vy + Vo Yu = 20, p, v = 1,2,3,4. D10
P BHOCWIBHO TOMY, YTO B I[IEPBOM COMHOXMUTEJIE BCE YETHIPE Y-M TPULBL ABIAIOTCS



LEJIOCTHOE OITMCAHHME JIEITOHHOI'O CEKTOPA 547

9PMUTOBLIMH, 3H K OIIEPp TOP I" MUTBTOH — NOJIOXUTEIHHBIM U BBIp KEHUEC JId

SHEpPru¥ NpUHUM eT Buj E? = P + m2. Byzem B T KoM CJyd € yp BHEHHE
Iup x B ¢opm Te (21) H 3bIB Th yp BHeHHEM [JUp K H OCHOBE COOCTBEHHOTO
HpeACT BieHus rpynmsl JIopeH .

B 1n.3.2 OpUTO MOK 3 HO, YTO LUKJIMYECK S CTPYKTYp yp BHeHus dup K
MOXeT ObITh 3 MUC H B apyroM ¢opm Tte (28), KoTopsiii Oymem H 3b1B Tb (1')-CcO-
NPSIKEHHBIM [0 OTHOILIEHUIO K ()OPM Ty H OCHOBE COOCTBEHHOT'O IPEJICT BIIEHHS
rpynisl Jlopenn . Onpependiomye COOTHOUIEHUS NPU 3TOM IMPUHUM 10T BUJ

VYo VN = =20, v =1,2,3,4, (101)

TJIe 7, — M TPHLBI TOTO Xe C MOTO HENPHBOIMMOTO NPEJCT BleHus rpymibi Jlo-
PEHILl , KOTOpbIe HE COBI [ I0T C M TPUL MU IEPBOrO COMHOXMTENS. M TpHLBL,
nojiydeHHole H ocHose (101), sBngrorcs HTUBPMUTOBBIMU. OOH KO 3TO HE Me-
II eT MOJYYUTh P BHEHHWE IS COXP HEHUS TOK , €CIIU YYECTh, UTO IPH NEPexome
K (T')-compsixennomy ¢opM Ty HpOMCXOmuT 3 MeH ¢ — —t. Ilpu T KoM mo-
JIOXKEHHUHU, KOIJ OJUH COMHOXUTEb ONHUCHIB €T 3JEKTPOH, BTOPOIl OIMUCHIB €T
MO3UTPOH, MPOUCXOAUT OOBIUH s PENyKIMSl IBYX COMHOXMTENEH K Yp BHEHUIO
Kneitn —®ok —TopaoH . B 3 BUCHMOCTH OT KOHKPETHOTO BHIOOpP Y-M TpHIL I10-
aBnsieTcst oOmuii i Beero yp BHeHust KneitH —®@ok —['OpioH MHOXHTENb, P B-
HBII IO MOAYITIO €IMHUILIE.

OmH KO T K 4 MHTEpHpeT LU BTOPOrO COMHOXHUTENS He SBJISIeTCS eIUH-
CTBEHHO BO3MOXHOH. JIelICTBUTENbHO, IIyCTh NEPBBI COMHOXUTEIb COAEPXKUT re-
HEp TOPBI 7Y1,7Y2,7Y3, Y4 U ONKCHIB €T 3JEKTPOH, BTOPOH COMHOXHTENb OMMCHI-
B €T IIO3UTPOH C TIOMOLIBIO H GOp TEHEp TOPOB 71, Y4, V4, V4. IIPHHAM S BO BHH-
M HHe p BeHCTB (25) u (28), MOXHO MOK 3 Th, YTO IyTeM ONep WU COBUT H
rpymIe, T. €. YMHOXEHHEM cieB (WIM CIP B ) H BJIEMEHT IPYIIBI Y5 = V1727374,
NepBbIil H OOp TeHEP TOPOB IEPEXOIUT BO BTOPOIA:

D 57 = 713
2) Y572 = V35
3) 573 = 753
4) Y574 = 74

[Mocnenyiommee yMHOXeHHE JIBYX BBIP KEHHId, CONEpPX LIMX JIMOO TOJIBKO €,
760 TONLKO €T, npuBoaMT K yp BHeHuio Kieiin —®ok —[opaoH ¢ eauHbIM 00-
UM MHOXMTEIEM M TPUYHOIO THUIl . MHOXMHTENIb MOXHO IOHUM Tb K K IpPO-
CTpP HCTBEHHO-BPEMEHHOE IEpep CIPEENeHUE BEPOSITHOCTEN UCXOMHBIX BOJIH 1€
Bpoitnga. [ HHOE BOIHOBOE SBJIEHHE MMOOXOOUT MO ONpenesieHne HHTep(hepeHIIHH.
T kuM 00p 30M, y4eT CTPYKTYpbl AYOJIETHBIX JIENTOHHBIX yp BHEHHId, T.€. yp B-
HEHUH, OIUCHIB IOIIUX TOJIBKO Y CTULIBI U HTHUY CTULBI, BMECTE C Yp BHEHUEM
Kneiin —®ok —-['opgoH roBOpUT O BO3MOXHOCTHU HUHTep(EepeHUUH il TOXJe-
CTBEHHBIX U CTUL U HHUTWISALMHU JUId 1T pbl 4 cTUL — HTUY cTtull . CT HA pTHOE
NpeiCT BjeHHe 00 HHUIWISIMU K K MPEBp IIEHWH HTUY CTHUIl B (DOTOHBI B H -
nieil cxeMe MoK HUCKJIIOYEHO, T K K K B Hell OTCYTCTBYIOT (POTOHBI.
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Bornee croxnylo u 6osee NOJIHYI0 K PTHHY MOXHO H OJIIOJl Th B CIIyd € KB p-
TETHBIX COCTOSHUIA. B JIENTOHHOM CEKTOpe UMEETCSA JB KB PTETHBIX COCTOAHUSA —
6e3M CCOBBII HEUTPUHHBIN KB pTeT (€ro H 4 JIO 3 JOXEHO yp BHeHueMm Il ymm)
U KB prer T-1enToHoB. OOLMIl NpH3H K KB PTETHBIX COCTOSHHH — P BEHCTBO
HYJII0 CTPYKTYpHOTO MHB pu HT (55) A7 BOJTHOBOTO yp BHeHMd. I BH g oco-
OGEHHOCTh KB PTETOB 3 KJIIOY €TCS B TOM, YTO B HUX HMMEIOTCS JB JIyOJIETHBIX
COCTOSHUS, T.€. JB HETOXIECTBEHHBIX COCTOSIHUS 4 CTHLl — HTHY ctul . M Te-
M THYECKH HETOXIECTBEHHOCTb BBIP X €TCd B TOM, YTO K KIbIi OyOJseT cBs3 H
C OfIHUM U3 HEOKBUB JICHTHBIX IIPEACT BIIEHUI.

T X, KB prer 6e3M CCOBBIX HEUTPHHO COlepKUT jiBe I pbl (T)-CONPSIKEHHBIX
cocrogHuil. K X1 4 m p comepXuT 1o OB KOMIIOHEHT CBA3HOCTH rpymnnsl Jlo-
peHn : d,,by u fy,cy. K X1 911 p OTAETBHO PERYLUPYETCsS K Yp BHEHHIO THUII
Kneitn —®ox —TopaoH , u K X1 s cocT Bisier aybner. Ho ny0neTsl oTH HETOX-
pgectBeHHble. OHU P 37MY I0TCS CIIMHOBBIMU CBOMCTB MH. B 1iepBOM Ciyd € CIUH
HEUTPHHO cOr1 CHO (65) MOXeT OBbITh H NP BIIEH BHOJb JII00O0i 13 IPOCTP HCTBEH-
HBIX OCeH, TOrZl K K BO BTOPOM CIIy4 € COINl CHO TeM € COOTHOIIEHUSIM CIIUH
OPUEHTUPOB H BJOJb WIM NPOTUB H Ip BIeHUSI ummysiasc . Kpome Toro, u3 H -
6op p BeHcTB (51)—(54) BbITEK €T, YTO OAHO HYOIIETHOE COCTOSIHUE MEPEXONUT B
Ipyroe ¢ momoruso orep wuu (P)-compstkeHust Broporo ayoier . Ilpu atom ot-
KpBIB €TCS JOIOJIHUTENBH 1 BOMOXHOCTb PEyKIMU K yp BHeHU10 Kneiin —@ok —
Tl'opnoH MOMUMO yHOMSIHYTBIX BBIILE, CBA3 HH S C COYET HHEM HE3KBHB JICHTHBIX
coctoqHuil [5S1]. DTOT TpeTuii B pu HT NPOIBIECHUS BOJHOBBIX CBOMCTB MOXHO H -
3B Th ocumusnuaMH. T Koe IosioxeHue uieT Bp 3pe3 ¢ OOLIeNPUHITHIM MHEHUEM
0 TOM, YTO OCHWUIMPOB Th MOTYT TOJBKO M CCHUBHbIE HEUTpHHO. [ HHOE MHEHUE
MOXHO OyeT MPHHATh K K HEHPETOXHBIH 3 KOH B TOM CIy4 €, €Cli KOTI -JIH60
H OCHOBE HEMHOTHX, CTPOro 3 (PUKCHPOB HHBIX, BECBM OOIIMX IPEAIIONIOXKe-
HUHA OyIeT 0K 3 HO, 4TO CYIIECTBOB HHE M CCHUBHBIX HEHTPHHO IOJHOCTBIO HC-
KJTII0Y €T BO3MOXHOCTh CYLIECTBOB HHsl O€3M CCOBBIX. B NpPOTHBHOM Cilyd € HeT
HUK KHMX OCHOB HHI OTK 3bIB ThCA HHM OT HOIOIHUTENBHBIX, HU OT JIBTEPH THB-
HBIX BO3MOXHOCTEN U3y4eHHs I HHOTO BOIPOC .

B KB pTETHOM COCTOSHUHM T-JIENTOHOB IONIOXKEHUE B LiEIoM nosTopsercsa. He-
KOTOpBIE U3MEHEHUs BHOCATCS U3-3 H JIMUMS Y HUX M cchl [52]. V3Kkue u xectkue
Orp HHYEHHMs, NIPUHATHIE B H Y Jie ] HHOM CT ThM, HE MO3BOJISIIOT CHENl Th OIpe-
JeJIeHHbIE 3 KJIIOYEHHs O P BEHCTBE WJIM P 3IMYUU M CC T- M 7T *-JIENTOHOB. DTO
BHOCHT HEKOTOPYIO HEONPEIEIEeHHOCTh B BOIpoc 00 ocummauusx. Eciu mpearo-
JIOXUTb, YTO M CCBI X P 3JIMY I0TCS, TO OCUWUIALUYU CT HOBATCSA 3 BUCHMBIMU OT
p 37IMUUSA M CC B TOM YHUCIIE.

3AKJIIOYEHHUE

IpennoxeHHbIid B 1 HHOU p 00Te TEOPEeTHKO-TPYIIIOBOM H JIM3 JIENTOHHOTO
CeKTOpP I XK€ B P MK X CBOOOIHBIX COCTOSIHHH OK 3 JICSI COEPXK TEIbHBIM B TOM
CMbICJIe, YTO BCKPBUI P HEe HE YCT HOBJIEHHbIe ¢ KTbl. MeTombl TEOpHH IpyI
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MO3BOJIMIIM OTBETUTh H BOIPOCHI, P Hee He BO3HUK BuMe. H mpumep, Bompoc o
MOJTHOM YHCJI€ JICNTOHHBIX yp BHEHHI C YYETOM HCXOIOHBIX NMPEANOIIOXEHUH WIH
BOIIPOC O CTPYKTYPHBIX P 3MHYMIX JIENTOHHBIX YP BHEHHUIl U Ap.

BBIsICHUIIOCH, YTO CIIMH M CTPYKTYp SIBIISIIOTCS O 30BBIMH X P KTEPUCTHK MH
sentoHoB. CHMH B 1 HHOM KOHTEKCTE O3H 4 €T IPHH UIEXHOCTh K TOMY WIIH
WHOMY HEINPUBOAMMOMY IIPEACT BJICHUIO Tpymnmbl JIOpEeHI ¢ MepBbIM BECOBBIM
qucioM o, mpoGer omuM OecKoHeuHslid psn 3u 4yennil [p = 0,1/2,1,3/2,...
VIMEHHO 9TO YKCIIO CT HOBUTCS «CIIMHOBBIM» NPU (hOPMYJIMPOBKE BOIIHOBOTO yp B-
HeHus TN JUp K H OCHOBE TOTO WIM MHOTO HENPHUBOAUMOIO HPEACT BJICHUS
rpymust Jlopenn . s nenroHos [y = 1/2, wst dotonos [y = 1.

H3zBecTHO, YTO CT OWIIBHBIE JIENTOHBI SBIISIOTCS KOHEUHBIMH TIPOIYKT MU P C-
Il 0B NP KTHYECKHM BCEX HECT OWJIBHBIX Y CTHI. I[l09TOMY MOXHO yTBEPXI Tb,
YTO OHU O0J I IOT MPOCTEHIINMH CTPYKTYP MH M3 BCEX BO3MOXHBIX CPEAN M3BECT-
HBIX aeMeHT pHbIX 4 crull [50]. C apyroit CTOpoHsI, H HpUMepe HecT OWIIbHBIX
JIEITOHOB BHJIHO, YTO B P MK X BeCbM 0OOMmMX TpeOOB HUH (BKJIIOY 9 KB HTO-
BO€ YUCIIO — CIIMH) MOTYT (DOPMHUPOB ThCA Y CTHULBI C P 3IMYHBIMHU CBOHCTB MH,
BKJIIOY § P 3]IMYM€ M CC H IIOpSIOK U Oojee 3 CYeT U3MEHEHUS CTPYKTYpbIL.
T xoe nomnoxeHue fBISETCA NMPSIMBIM YK 3 HUEM H BO3MOXHOCTb (POPMUPOB Tb
CTPYKTYPHI K JIMOPOBOYHBIX O030HOB, KB PKOB M JPOHOB IO JITOPUTMY, H JIO-
TUYHOMY T4 JIenToHOB [53]. B H crosmee BpeMs He BHIHO 3 MPETOB H CY-
LIECTBOB HME IPOLIECCOB C MOOPT HU3 UM Y CTHULl B YCIOBHSIX 3KCTPEM JIBHOIO
COCTOSIHUSI M TEpHH, TlIe H 4 JIbHBIM U HEPBUYHBIM «CTPOHUTEIBHBIM M TEPU JIOM»
OyleT CIIyXUTb JIENTOH-(POTOHH S HPOTOILT 3M . IIpoLecchl ¢ MOOpPr HU3 MU Y -
CTULl — 3TO, Tpy0O roBopsl, MpoLecch, o0p THbIE P CII I M 4 CTHI B B KyyMe.
MOXHO H AESTBCS, YTO TII TEJIBHOE COMOCT BIEHHE 3THX B3 MMHO-00p THBIX MPO-
LIECCOB, M KCHM JIBHO CBOOOJHOE OT (DEHOMEHOJIIOTHYECKUX H CIOCHHM, TOCITYXHUT
OCHOBOH 17151 (POPMUPOB HUS KUHETUKM 3JIEMEHT PHBIX U CTHUL], BHECET ACHOCTh B
npoblieMy CHMMETPUM M TEpUM U HTUM Tepuu Bo BcelleHHOI M B npupony He-
0o0p THMOCTH H MHKPOCKOIHYECKOM U M KPOCKOIMYECKOM YPOBHSIX.
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