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JepxKallledl KaK OTpamkeHHe BPEMEHH, TaK ¥ NpPOCTPAHCTBEH-
HYI0O HHBEDCHIO, HH4YeM He OTJMYaercsl OT HPOJAEJSaHHOTO
B § 5 mepexopa or rpynnsl & K rpynne P,. JIpyrumu cio-
BaMH, Mbl IIPOCTO MOXeM 0ObeguHHTbL (opmysasl § 5 ¢ Temu,
KOTODHIE MOJIyyeHH B 3TOM Iaparpade pias oneparopa I'.
Bna npeoGpasoBanuii, COOTBETCTBYIOUIMX HOBOMY 3JEMEHTY
YT(1), caepyer us ¢opmya npeoGpasopanuil s ONEPATOPOB
T u TO.

§ 8. OAHOYACTHYHBIE BOJTHOBBIE ®YHKUHUH K BOJHOBBIE
YPABHEHUS

Ha nporsikeHun Bceil riaBpl MbI H3ydajH L€NPHBOJHMbIE
npejcrapiennst rpynno [lyankape, 9to mo3Boauao HaM ycTa-
HOBUTb TparchopManyonHble cBoficTBa GyHKUMN, NpHHAIJe-
JKAIMX NpOCTPAHCTBAM KaXKAOI0 W3 3THUX INPEACTABJICHHI.
[Tocrysnar nyanKape-WHBapUaHTHOCTH 3aKOHOB  HPHPOJHL
TO3BOIMA HAM HWHTEPIPETHPOBATbL IiapaMeTpel, 3ajarouiue
HeIpUBOAMMEIE IpeiCTaBJeHHsT Ipynnel [lyaHkape, Kak HH-
BapHaHTHLIE CBOHCTBA YaCTHIl— MacCy, CHH. AHAMU3 CBOHCTB
9JIEeMEHTApPHBEIX YaCTHLL [O03BOJIMJ HaM CBfA3aThb C KaxJofl
yacTHIEH HeNPUBOAMMOe NpeicTaBaeHue rpynmsl Ilyankape,
noAcCHO TOMY Kak B HEPeJSiTHBUCTCKOH TEOpHH Kaxkjoe
pemeHde crandoHapHoro ypasHenus Hlpenuxrepa Mbl CBA3HI-
BalM C HEKOTOPHIM INpEeJCTaBJeHHEeM [pynnbl CHMMETDHH
ramMuabToHnana, OJHAKO Mbl HHKOrJa He 3aHHUMagHCh IO-
CTDOCHUCM BOJHOBHIX (QyHKIUH B sBHOM Buze. Mel npupep-
JKUBAJTHMCh Be3jie ToH TOYKH 3pEHHUs, Koropas Oblia NMpUHATA
NpH aHanuse TPYNNH AR,, a8 HMEHHO, YTO CBOHCTBA Oa3HCHEIX
BEKTOPOB NPOCTPAHCTBA NpejcrasieHuss DY) MoxHO ycTaHo-
BHTb, HE PACCMaTPHBasi KOHKPETHBIX BBIDAXKEHHH JJs 3THX
BekTOpoB. IlpM TakoM INOAXOAE pe3yabTaThl OKA3hIBAIOTCS
CcTOJIb OGWIMMHM, YTO MX MOXKHO IPHMEHsITb K Jioboil chepu-
yecKH-cHMMeTpuuHoi cucreme., Hanpumep, dyHkuun Buja
| jm> HMEIOT ofMHAKOBHIE CBOHCTBA IO OTHOIICHHIO K Bpalile-
HHSIM HE3aBHCHMO OT TOIO, OTHOCATCS OHH K OJNHOH HJH K
HECKOJNLKUM uacthiaMm, Ho B ciayuae ogHOH 4acTHILI 8103KHO
HaHTH SIBHBIA BHJ| 3aBUCUMOCTH BOJIHOBOH (PyHKIHUH OT YIJIOB.
Jlast aroro Hamo Bocnogb3oBaTbes AuddepennuansHod Gop-
MOH MHQHHHTC3HMABILIX OlcpatopoB Bpamenuit, Toraa onc-
parop Kasuwupa 6yger auddepenunagbHBIM ONEPATOPOM.
Pewenusi ypaBHenuss Ha COOCTBEHHBIE 3HAueHHsl IJs 3TOTO
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onepaTopa jaloT HasucHble BOJHOBBIE GQYHKUHH |jm) Henpu-
BOAMMBIX TNPEJCTABJCHHH IpPynmbl A,.

B rmansoM naparpade MbI CHayasa JeTaJqbHO paspadoTaeM
cle/laHHble BRHILle 3aMeYaHHUs, OTHOCSLMECS K rpynne A, a
3ateM, NepeHecst T€ Ke COOODa:KEHHS HA €BKJIHJOBY IpyIIy
u rpynny Ilyankape, BbiBegeM H3BeCTHLle ypaBHeHUs Kued-
ma—Tlopaona, Hupaka, Beiina u MakcBenna. Ecau orpann-
UMBATHCA CJayuaeM CBOOOAHBIX YacTHil, TO 3TH YPABHEHHSA
He JalT HoBoM uH(OpMAIUU MO CPaBHEHHIO C ToH, KoTopasd
COJEPXKHUTCA B CTPYKTYpe HENPHBOJHMBIX IIpeACTaBJICHHH.
Ho oHH weo6xogumbl TIpH HCCJAEJOBAHHH B3aHMOJICHCTBHI
(§ 8 n. b), a Takxke npu NOCTPOEHHH TEOPHH KBAHTOBAH-
HBIX moJsel (ra. 16, § 3).

A. I'pynna &,

Hanomuum (ra. 7, § 5), uro oneparop Kasumupa ans
rpynnel R, ecTb J2 U ero coO6CTBeHHBIE 3HAYEHHS B Npej-
crapnenun DY pasuwt j(j+1), rae j=0, Y/,, *, u T. .
Bra. 7, § 4, n. I Mpl nauu siBHHIH BUJL qudpdepeHnnaltb-
HBIX oneparopoB J,=—i (rxV),. Takum obpasom, GasuCHbIE
BEKTOPbl NPOCTPANCTBA NPEACTABICHUS JOJIKHBI YJOBJETBO-
PATL CHEAYIOUIEMY «BOJHOBOMY yDPaBHEHHIO»:

{EeXVE4j(j+ 1)} jm>=0. (15.114)

Tak kak gnuHa BeKTOpa I MHBApMAHTHA OTHOCHMTENLHO Bpa-
IEHHE, NpH M3y4eHHMH Oa3HMCHBIX BEKTOPOB INPOCTDAHCTBA
npejcraBaenus DY) mMpl MokeM paccMarpuBarh BEHUMHY 1
KaK mocrosHHylo. B srom cayuae ypasnenme (15.114) c
yueroM ¢opmyasl (7.57) mpuBOguTCS K BUIY

{rAV2+j(j+ 1)} jm>=0. (15.115)

CrnenobarenbHo, cBofictBa GasHCHBIX BEKTOPOB |jm> MOXKHO
YCTAHOBHUTL, HCXOAS M3 pELIeHHI] BOJHOBOTO YDaBHEHMS
(15.115). dakTHuecKH 3TO ypaBHEHME SIBISETCS yDaBHEHHEM
Hlpeaunrepa s uacTHIB, ABHIKYLIEHCS MO cepe pasuycoMm
r, ¥ €ro pellicHHSIMH SBAAIOTCST ChepHUecKHe TapMOHHKH C
nesgbMH j, a umexso Y (0, ¢).

Jlnst mocTpoeHusl BOJHOBHIX (QYHKIME, OTBeyalomHyx To-
JYLUENBIM 3HAYEHWSAM [, MBI JOJIKHBI OOOGMIHTbL YpaBHEHHE
(15.115), paccmoTpeB, Kak ropopusoch B Ia. 8, § 4, dynk-
IUH ¢ HECKOJbKHMH KOMIIOHEHTaMM. EcjH, B YacTHOCTH, MbI
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OTPAHHYHMCA JBYMS KOMIIOHEHTaMH, NpeofpasyowHMucs Mo
npejcTaBaennio DU/, 10 uH(UHHTE3MMAaJbHEIE ONEPaTOPH
BpalleHust npuHuMalT Buj J=1+4s=—irxV<4s, rae s
ofosnayaer Habop u3 Tpex 2X2-marpun s, Buja (8.15).
ITocTynass TOYHO TaK XK€, KAK W paHee, ToOJydYaeM HOBOE
ypaBHEeHHe

{rzvz—%—}—Qis-rXV_l.j(j_*.1)}|jm>=0, (15.116)

rae Bmecro s? Mbl mojacraBuau 3Hauenue 3/,. Iloppasymena-
ercsl, 4TO CjaraeMble, He COJEpIKallie MHOXKUTeNeH THma s,
YMHOXKEHBI Ha €IHHHYHYI0 2 X 2-MaTpHIly, a BOJHOBHE PyHK-
UHH | jm> MMEKT JBe KOMIOHEHTHI:

| .m>_<\l>+ ©, (P)>

=60, 9)

(o6o3nauenust Takue ke, Kak ¥ B 1. 8, § 4). Takum o6pasoM,
ypaBHeHue (15.116) npexacrasaser cofofl cucTemy ABYX AUd-
(epeHInanbHBIX ypaBHEHMH aJs ABYX GyHKuMA (. (0, o).
Jra cHcTeMa YpaBHEHHH BHIIISJAHT JOBOJBHO CJIOXKHO, HO
MBL y2K€ pemusu ee B ri. 8, § 4. IBa puddepeHIHaNbHBIX
oneparopa, BXxojsmue B ypasHenue (15.116), koMMyTHPYIOT
Apyr ¢ ADYTOM, H, CJI€J0BaTebHO, HX MOXKHO OJHOBPEMEHHO
IPHUBECTH K JHATOHAJBHOMY BHJIy, NPHUEM JWArOHANH3aLLUf
NEpPBOrO U3 HUX OCYIIECTBJSETCs myTeM Nepexoia K chepu-
YeCKHM TIapMOHHKAaM Y,(,?l B TO xe BpeMss HaM H3BECTHO

(rn. 8, § 4), wTo mo mUpaBUNY CJAOKEHHUS MOMEHTOB IIPH
JAHHOM j H S=1'/, efUHCTBEHHO BO3MOXHLIE 3HaueHHs Be-
JIMYHHBL [ TakoBe: [=j 4 !/,. Mcrnoab3yss cBolcTBa MHOBLI-
WAKOUWHX ¥ [OHMMKAWKMX oneparopos l. [dopmyna (7.40)],
MOXHO TIOKasaTh, 4TO (3agaua 15.11) pBa pemenusa ypas-
Henusi (15.116) umeror BHJ

{(15—m)fer+ D} Vi,0 ¢

|jm>= ! .
Atz Hm) e+ Y0 0
an l=j+1/2) .
{(t+5+m)fer+ 0t vk, 0,0
| jm>=

[(t+g—m) et V0, @
npu l=j—1,.
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UncnoBrie KoadunuenTts neper cepHuecKHMH TapMOHHKA-
MH—3TO NpPOCTO KO3bOHIMEHTH BEKTOPHOTO CJIOXKEHMS, H
BHIICNIPHBEAEHHBIE pelleHus] (AKTHYeCKH COBIAAaloT C pe-
meHuamMu (8.24) npu s=1,.

E. 'pynna &,

B § 1 MBI nokasanu, yTo rpynna CHMMETPUH &, HMeeT
HENPUBOAMMBIE THpeAcTaBtenust E(/ kL™ ¢ m=0, =41/,
41, ... 1 |kl>0, a rakxke E® 9 =D, Oneparopn Ka-
3UMHUPA TENepb HMeT BUA P-P U P.X; X coOCTBeHHHIE 3HA-
uenus B npejcrapaesud EUKL™ papuer —|k |2 n —|k|m.
Ecan BOCHOML30BaThCS! SIBHBIMY BHIpaXeHHSAMH P=—V 1
X=—1rxV, 1o oneparop P-X ofpamaercs B HYJb H Mbl
MOXKeM TOCTPOMTb JHIib npeacraaenue E(IkL0) ¢ m=0.
CooTBeTcTByIOIEe BOJHOBOE YpaBliEHHE B 3TOM CJAyuae UMeeT
BHUN

(V24 |k|®) | p>=0. (15.117)

dro ypaBHenue [llpemunrepa aas cBofoaHoil GeccrMHOBOM
UaCTHILEI, SHEpPrHs KOToPOH B €AMHHLIAX Igz/QM paBua |k|2.
UTo6sl NOCTPOUTHL BOMHOBHE QYHKUMH AJs cayuast m =0,
MBl CHOB3 BB€AEM MHOIOKOMIIOHEHTHBIE BeJHUMHBI. 3alHcas,
Kak M paHee, HHPHHUTE3UMAJBLHBIH ONEPATOD BpaLIEHUA B
Buje X=—i)=—i(}-}-s)=—r X V—is, nosyuaem, 4To olte-
parop Kasumupa P-X gaercs BepakenueM —iP.-s=iV.s,
OrpannupBasch ONATb ABYMSl KOMIIOHEHTaMH M ToJaras
ONEPATOPH. § PABHBIMH CIUHOBBIM 2 X 2-MarpullaM, MBl OXH-
JlaeM NoJayuuTtb GasdUCHBE BEKTOPH ¢ m=+-1/,. ITo cpasy
Xe MOXKHO NPOBEPHTh, HANHCAB HOBOE BOJHOBOE ypaBHeHHe
(iV-s+|k|m)|¢>=0, u3 KOTOPOro CJeLyeT, YTO

(V-8 |k |2 m2} | > =0. (15.118)

Ho Tax xakK cnuHOBHIE MaTPHIBI YAOBJETBODPSIOT COOTHOUIE-
HUAM sg=1/y, s,8,4s,5,=0 #u T. 1., Mbl umeeM (V-s)* =
1/,V2. Takum oépasoM cpaBunBast yparnenus (15.118) u
(15 117), MBI NpHXOAMM K BHBORY, 4To m?=1'/, u, cnejo-
BarebHO, m=-+1/,, Tak npu NoMOmH ABYXKOMIIOHEHTHBIX
HyHKIKUHA yJaeTca TOCTPOUTL Ga3UCHLIE BEKTOPBL Ajis INpen-
craBienuit ECIKL o) g E(Ik] ~*/5) BoCmob30BaBIIMCH SBHBM
BUIOM CNHHOBLIX Marpuu (8.15), mojyuaem, wro srtu 6asuc-
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Hble BeKTODHl (HEHODMHPOBaHHBIE) DaBHBI

I kl+kz k- 1 _kx+"ky .
=1 — b r, —_— = ik-r

(15.119)

rlle, KaK oO0blYHO, AHATOHAJBHON CuuTaeTcs MaTpPULaA §,.

CnHHOBOE TFHPOMArHHTHOE OTHOUIECHHE

Tenepn Mbl MOXKeM BLIBECTH 3HadeHHe g,=2 IJd CIH-
HOBOro g-hakropa 3JeKTpPOHA, NpuBeAeHHOe B 1. 8, § 4.
HacTo npuxoaMTCsl CTAJKHBAThCS C YTBEPHKACHHEM, UTO AaH-
HOe 3HaueHHe g-(QaKTopa cjaeyeT w3 ypaBHeHHs Jlupaka,
HO 3TO He coBceM BepHo. KOHEYHO, 3TO 3HAYEHHUE BEIHYHMHBL
g, ecTecTBeHHBIM o0pasom cjeiyer H3 ypasaenus Jlupaxa,
HO CTOJIb XK€ ecTeCTBEHHO OHO CJeAYyeT W W3 HepeasITUBHCT-
cKoro ypaBdenusi (15.118). ¥YpaBuenue cBOGOAHOrO JABHIKE-
HUSl YacTHUBl C 3apsAfoM -—e B MATHHTHOM [OJIe MOXKHO
BBIBECTH B KJIACCHYECKON MeXaHHUKe, 3aMeHHB B TaMHIbTO-
HHaHe UMIOYJBC P BeNHuMHOH p--eA/c, rge A —BeKTOpHBIi
MOTEHIM A 371eKTPOMArHUTHOTO noast. Ecau Bocnons30Bath-
ca npUGTHKEHHEM HEKBAHTOBAHHOTO 3JeKTPOMATHHTHOTO
noJisl, TO e caMOe MOXKHO cJeqarb W B KBAaHTOBOH Mexa-
uuke. IlpuvenutessHo K ypaBHenHo (15.118) npu m= £/,
C yueToM paBeHcTBa p= —i/tV 3T0 naer

[{(V-+ieArch) s} K[| 9> =0, (15.120)

Ypasrenue (15.120) unorna naswmBaioT ypasHenuem [layon.
B ciayuae OZHOPOAHOTO 3JEKTPOMACHHTHOIO HOJS MOXKHO
nonoxuTh A=1,Bxr, rae B=V XA —nocrosuHslil BeKTOp
HANPSKEHHOCTH MarHUTHOTO IOJIA. YuuThBash CBOHCTBA CIH-
HOBHIX MATPHIL U HEKOMMYTaTHBHOCTb omeparopa V ¢ Bek-
TOpPHBIM ToTeHuHagoM A, ypapHenue (15.120) wmoxuo npi-
BECTH K BUIY

(V24| k|*—(e/he) {B-(i+25)}] | > =0  (15.121)

MBI OINYCTHJIM 4JeHBl BTOPOro nopsaxka no B). Cpasuusas
(sro ypaBuenue c ypasuenueM Ilpeguurepa (15.117), Mbl 0G=
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HapyKHBaeM uJjeH, OTBEYaloWHA B3aMMOAEHCTBHIO MarHuT-
HOTO IOJIAi ¢ OPOUTAJbHBIM M CIHHOBBLIM YIJIOBHIMH MOMEH-
TaMM 3/ektpoHa, Ecau yMHOXHUTBL ypabhenue (15.121) na
nocTosiHHyI0 —/A%2M, B pesy/bTaTe 4ero oHo IpeofpasyeTcs
K oObiyHO# (opme ypaBHenust IllpenuHrepa c npaBHALHOM
pasMEpHOCTBIO 3HEPTHH, TO YJCH, ONHCHIBAOMMH B3aNMo-
JeficTBHe, MOXHO OygeT sammcaTb B BHIe —mu-B, rae m=
=—ug (i +g,5). 3mecr marneton bopa onpenesneH paBeHCTBOM
ug=eit/2Vc, a cnuHOBHIE g-QakTop g, paBeH 2. IJTOT pe-
3yJbTAT COIJIACYETCA C SKCNEPUMEHTAJbHbIM 3HAUCHUEM Be-
JIHYHHBL g, KOTopasi odeHp Oauska K 2 (ra. 8, § 4).

Caenyer nopdepkHyTh, 4yTO MBI BOBCE HE JIOKasald pa-
BEHCTBO g,=2 Jna 000K YacTHIBI CO CHHHOM s=1/,. Mn
NPOAECMOHCTPUPOBAJH JIHIIb, YTO 3TO 3HAYCHHE BeJHYHHH
g, NosBJsIeTCsl ¢cTecTBeHHHIM ofpasoM. Ho Bcerpa MoKHO
JoGaBHT: B TaMHJBTOHHAH JONOJNHHTEJBHBIC YJ/EHBl H TeM
caMbIM ITOJIy4HTb J1I060€ 3HaueHue BeNMUYHHH g£,. B camom
Jlene, JJA TPOTOHA, KOTOPHIH Take MMeeT chuH S=1/,,
BeJUuYMHA g, paBHa 5,68 B egMHMNAX SAEPHOTO MarHeTOHA.
O rakom sHaueHHH g, TOBOPST Kak 00 «anomanabHoM». IIpes-
nojaraeTcsl, YTO 3TO OTKJIOHEHHE OT €CTECTBCHHOTO 3HAUCHHA
g,=2 00yc/l0BNIeHO BHYTPEHHHM JBHMKEHHEM uacTed, co-
CTaBJAAOMWMUX NPOTOH. TakWe wacTHIBI, KaK 3J€KTPOH H MIOOH,
Yy KOTODBIX BeqMuHHA g, OMH3KAa X CBOEMYy €CTeCTBEHHOMY
3HAUEHHIO, pPaccMaTpHBAIOTCSl KaK 6oJjiee s/leMeHTapHbBlE, He-
JKeJIH YAaCTHIBI, YV KOTOPBEIX OTKJOHEHHE BeJIHYHHBI g OT
2 Bequko. Jlaxe y anekrpona g,=2,0023, HO 3TO He3Ha-
YHTEJIBHOE OTKJOHEGHME HaxOAHT OOBSCHEHHE B paMKax
KBaHTOBOH 3J/IEKTPOJMHAMUKH.

B. I'pynna Iyankape c §=0, ypasnenune Kaeiina—I opoHa

TlepefigeM Temepb K BOJIHOBBIM YPABHEHUSM, KOTODBIMH
OIHCHLIBAIOTCA CBOOOJHLIE YACTHLIBI, ABHIKYyUIHECA € PEJISITH-
BHCTCKHMH CKOpPOCTAMM. HaM HY»KHO NOCTPOWTEL ypaBHEHHS,
pelmenust KOTOPBIX NPHHAIEKAT MPOCTPAHCTBAM HENPHBOMH-
MbIX npejcTasaenuit rpynnsl Ilyankape, CHauana mpt 3afiveM-
CfA yacTullaMH ¢ HeHyJeBOoH MaccoH, W Hac GyayT WHTEpe-
coBaTh Inpejacrabjgenuss Buga P* $. B paHHOM nyHKTe na-
parpada Mbl paccMOTPUM GeCcCTHHOBBIE yacTHUH (s=0), a B
fn. I'—uacTHUBl CO CHHHOM §==1/,.
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IIpeacraBienusi P9 xapakTepH3ylOTCsl COOCTBEHHBIMH
3HaueHHAMH —k? u —k2s(s-41) onepatopos Kasumupa
PPuwWW@§4 n B). Kak u B ABYX MNpeAblAyIIuX
NyHKTaX, HanuimeMm sBHBE audQepeHIMaNbHbIE BBIPAMKEHUSA
AJs1  MAQHHHTe3WMAJbHBIX omepatopoB: P=-—-V, P,=
=(1/c) (0/0t), X=1r XV nY=ctV+(r/c)(0/0t). Toraaus onpe-
xenenns (15.72) cneayer, uto omeparop W TOXKAECTBEHHO
pasen Hyao. Ilpu 2550 310 03Hauaer, uyro §==0, U omnepa-

top Kasumupa P-P DpHBOAMT K TpOCTOMY yPABHEHHIO
Kaeitna—Toprona

(—V2+c'2g—:2+k2> |p>=0. (15.122)

Ecau BBectd o6o3mauenne [12=—V2--¢~20%/0¢%, TO 3TO
ypaBHeHHe 3anuuerca B BHae ([]%+4k?)|y>=0, Becbma
HanomuHawoueM ypapHenne Ilpegunrepa (15.117). Ho ecan
B cayyae ypasHeHus Ilpepunrepa nocrosiHHas |k |? cBsizaHa
¢ sHeprueii: E =ﬁ2\k\2/2M, TO MOCTOsIHHAs k%, BXojdmasa
B ypaBHeHHe Kne#ina—IoppoHa, cBfizaHa ¢ wmaccoii: M =
= fik/c. Ypapuenue (15.122) uMeeT pemeHHss B BHAE ILIO-
CKHX BOJH

| > = exp [i (k-r—kyct)]. (15.123)

Mrl yxke roBopunM 0 Takux pemennusx B § 4, n. A. Ha-
MOMHUM Takxke, yTo B § 4, n. b Mbl onpejensiiu mpejcrapie-
Hus P% 9 ¢ noMompio MOJIOXKHUTENILHOrO BPeMEHHNOAOOHOro
BekTOopa k, T. €. BeKkropa, ans KoToporo R, >0, Tak yro
sueprust E="7ck; Bcerga mnosoxuresbHa. Takum o6pasom,
MBI HAaKJ3jJplBaeM OrpDaHHYCHHE HA pelleHud YpPaBHEHHS
(15.122), xoropoe HMeeT, OYEBHJHO, DeIUCHHS1 NpPH JIOOOM
S8HAaKe KOMIIOHEHTH! k.

Kak 1 B KjaccHueckKof MeXaHHUKe, PeJATHBHCTCKHE ra-
MHUJILTOHHAH MOXHO O00OIMTL Ha cayual BsanMoaCHCTBHSA
YacTHIBI, Hecylell 3JeKTPUYeCKHUH 3apsf —e, C 3JEKTPOo-
MarHuTHBIM [0JIeM, 3a8MEHHB UYeTHIPEXMEPHBIH BEKTOD 3SHEp-
ruu-uMnyabca p=(p, E/c) Bekropom p--eA/c. 3pech A —
YeTEIpeXMepHHI BekTop A= (A, ), ONHCHBAIOMHUI JeKTPO-
MarHUTHOE NOJe, NpHyeM ¢—oOOBYHBH CKafsipHBIH NOTEH-
uuan (ra. 16, § 1, n. B). CnefloBarensno, ypasuenre Kieii-

Ha—IopjoHa Moaudpuuupyercs myrem 3aMeHn 0/0f Ha
0/0t —ieq/h u V na V-+ieAjch.
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I'. 'pynna Nyankape ¢ s=1/,, ypasHenue Jupaka

Uro6bl NOCTPOUTL BOJHOBOE ypaBHeHHe B ciydae S==0s
MBI JOJI2KHBI CHOBA OOpPATHTbCSI K MHOTOKOMIIOHEHTHLIM BOJIHO™
BEIM (QYHKIHAM, T.e. (Ha A3bIKE€ TEOPHH TPyI) K MOCTpoe-
HUIO IPOU3BefieHNs npejcrasieHuil. Hanpumep, paccmarpusas
B n. b mnpencrarenns EUkl, £ rpymnu &, Mbl dakTu-
YeCKH HMeJH JeJ0 ¢ [pOM3BeleHHeM IpeJCTaBJ/eHHH
EUkl. )R E(O. /) ==E(kI. )R D/, Tak uyro HHPHHUTE3U-
MajibHble ONepaTophl NPEeACTaBAAINUCh B BHJe CyMMEl Audie-

peHUHAJIbHEIX ONMepPaTopoB, OTHOCSIIHXCA K HPEACTaBJIEHHIO
E(tkl 0, g MaTPUYHBIX (CMMHOBLIX) ONEPATOPOB, OTHOCSIIHXCS
K npejcrabiaendio DU/». Mpbl ycraHoBUIM, yTO 3TO NMpOH3Be-
JleHHe TIPeJCTaBJIeHUH pasiaraercss Ha HeNnpUBOLHMbIE Npei-
CT4BJICHUsA: OHO PaBHO CymMe EUkL, Yo PEUK], =), Tenepsb
Mbl NIIDUMEHUM TaxkoH ke Merof JJsl ONHCAHUsI MpeAcTaBJe-
Husg P& Y9 rpynmer [Tyankape M IJIsi IOCTDOeHHsI ypaBHe-
Husa [lupaka.

B cayuae s=?'/, ecTecTBEeHHO 'HauaTb C IIPOM3BEJEHHUS
npejcTaBneHufi Buga P% 9 (QLI/» ), rre BTOpOH COMHOMKH-
TeJb €cTb TPaHCISLUHOHHO-UHBApHAHTHOE TNpeACTABJIEHME,
coorBeTcTBYlomee Boibopy k=0 (obsmacts 6 B § 4, n. b).
DyAyuu TpaHC/IsUHOHHO-HHBAPHAHTHEIM, 3TO IIpejCTaBJeHHe
siBJIsieTcsl npeAcrapiendeM rpynnel Jlopenna & (§ 2, n. [).
(Boibop mpencraBisenns L0 's Bmecto L¢/» ©) croap xe
ecTecTBeH M IIPHBOIZMT K TOWHO TaKHM JKe pe3y/nbTaram.)
BasucHbie BEKTOPBl NPOCTPAHCTBA TAKOTO MPOHM3BEJEHHS
npeacrapJeHUH 0003HAYaOTCA yepes |kn>, TIe I‘IEpEMeHHaH k
OTHOCHTCSl K IpejcTaBnendio P#- @, a unnekc n= 4 '/, orHo-
CHTCST K KOMIIOHEHTaM BEKTODA B HPOCTPAHCTBE MpPe/CTAR-

Jenust L(/= 0, TIpeoGpasoBanus u3 rpynnsl [lyankape B 3ToM
6asnce UMeEIOT BHJ

T(e,L) |k, np=exp (ik’-& ZL‘“’ YW k'a">,  (15.124)

rae k’=Lk. MarpuuHLie 3/7eMEHTbl ONEPATOPOB MpeACTaBJIe-
HHA L/ 90 MOXHO moJMyudTh, HCXOAS U3 MaTPHY4HHIX 3Je-
MEHTOB oMepaTopoB npeicrasaenns DC/?, saverus, urto B npe-
craBjeHHH L(/+ ) pHQHHHTe3UMATbHBIE ONEpPaTophl HMET
B X=A+B=—is u Y=—{(A—B)=—s; Mbl Nosib3y-
eMcsl TeMH xe o0osHagenusimu, yro U B § 2, n. ', a s —
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oOblyHbIE CTMHOBHIE Marpuupl. Ho ceflyac Ham Takue JeranH
He noHano6aTcs. CymecTBeHHHIM Jist HAC MOMEHTOM B YpaB-
HeHuH (15.124) aBnsercs ¢pakropusanus B ero npasoil 4acTH,
NPH KOTOPOH MaTpHUBl NpejcTaBienus L(/» 0 He 3aBUCAT
or Bekropa k. dra curyauus oTauyHa OT TOH, C KOTOPOH
MBI HMeJH Jigsio B § 4, n. B npu paccMOTpeHHH IIpeACTaB-
qeuusi P& /2 B Gasuce l?(‘/2ms>. B Takom Oasuce, Kak cie-
ayet us dopmyasl (15.59), ¢akTopusanus Takke MMeercs,
HO Bpamenue R’ 3aBucut or BexTopa K. Dra 3aBHCHMOCTD
onpenensiercss pabenctsamu (15.60) u (15.61). Ha camom
JeJjie MBI MOKeM nepedTH oT Gasnca ]lfn) K Gaznsy |kY/,ms>,
ueM JI0KasblBAeTcsl SKBUBANEHTHOCTb Npencrasienuit P 9 ()
QL= 0 g Pt ') CoorBeTcTBY10ULEE NTpeoGpa3oBaHNe HMECT
BUJL

|k 'fym> =X L Q) kn, (15.125)

rie Q—o6ycr, onpefensiemuiii dopmynoii (15.58). Utobbt
y6eluThcsl B CripaBeyiMBOCTH coorHouenua (15.125), 3ame-
THM, 4TO M3 HEr0 ¢ yyeToM Bhipaxenus (15.124) u coorHo-

mweHHst, o6paTHOro coorHowenuo (15.125), ciefyer pabex-
CTBO

T(;:, L) | k gy =
= exp (ik'-8) 2 [L= O (L) Ls Q)]s | K'1> =
n

=exp (ik’-2) D[LC= 071 (QY LW 0 (L) LO/2 ) (Q)]

m

.
mgms
s

X lAk'l/zms'/\-

Ho mockonpky LU/: ©)—nppencTaBnende Tpynibl, Marpuua
B IIpaBOH 4YacTH TOCJeJHEro paBeHCTBA €cTb  IIPOCTO
LG/» o (Q'=1LQ) u u3 Qopmyan (15.60) ciaexyer, uro oHa
B TOYHOCTH papHa L(/= 9 (R’)=DC/? (R’). Taxum oGpasom,
COCTOSIHMs, OMpejie/leHHble coorhHomenueM (15.125), umetor
NpaBU/IbHBEIE TpaHchopMmanuonHbie crofictBa (15.59).

HUrak, 6asuc ]l?rz> JOMyCKaeT MpPOCTOe JABYXKOMITOHEHT-
HO€ ONHcaHWe yacTHIBl CO CHHHOM s=1'/,. BoanoBoe ypas-
HeHle B JIAHHOM CJiyuae—3TO NMpocrTo ypaBHeHue KieHna —

Toprona
(% k%) > =0 (15.126)
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JIsT By XKOMIIOHEHTHOH BO/IHOBOH yHKUHH |p>. ITO ypas-
HeHHe ofecreduBaeT HajsHupe B BOJHOBOH (YHKIHH, OTBe-
yaouledl NPOH3BEJEHHIO MNPeJCTaBIEHUH, MHOXKWTeJAsl BUIAA
(15.123), cooTBeTcTBYIOMEr0 NpPeAcTaBaeH o P% 9, 3ameTHy,
YyTO0 BOJIHOBOE ypaBuenue (15.126) HEe cCOJEPIKHT CHMHOBHIX
OTIepaToOpoOB M MOTOMY HE HAKJAaAbIRACT HHUKAKHX YCJIOBHH Ha
«HanmpaBJcHHe» BekTopa |P> B JABYXKOMIIOHEHTHOM IIpOCT-
paHcTBe.

Yro xe xacaercst Broporo oneparopa Kasumupa W-W,
TO MOXXHO NOKasarhb, YTO B INpejcrasjeHun P % O @QLC/» 0)

BhNONHsIeTCs  paBeHcTBo W.W=3/P.P (sajaua 15.12).

Droro U CAejOBaNO OXUAATL B NpeicTaBiaenuu PG /2 ua
ocHOBaHUH popmy.inl (15.74). OnHako B NIPUCYTCTBHH 2JEKTPO-
MarHHTHOTO TOJIS 3aMeHa p Ha p-+-eA/c B BRIDAXKEHUH s
W-Ww NpUBOAUT K NOSABJEHHI0O B ypaBHeHHu KiefiHa —

Fopaona HOBOTO 4Ji€Ha, OIIUCLIBAIOUIErO BBaHMOﬂeﬁCTBHe
SJIEKTPOMArHUTHOTO IIOJig CO CIHHOM.

PaccmorpeHHOE ABYXKOMIIOHEHTHOE ONUCAHHE YaCTUIB! CO
CTIHHOM § ="'/, HEY/JOBJETBOPUTEIbHO 10 IBYM NpHUNHAM, Bo-
nepBHX, npeobpasoBanue (15.124) He yHuWrapHO (HaHOMHHUM,
yro npeacrasienue L¢/» ¢ rpynner JlopeHna He YHHTapHO;
§ 2, n. JI). YHHTAPHOCTL MOXKHO BOCCTAHOBHTb, €CJU MyTeM
npeobpasopanus  (15.125) mnepefith K ucxofHoMy 6asucy
[ k'/ymy> mpocTpaHcTBa mpepacraBieHUst P*® Y2 Ho mpH 3TOM
MBI IIoTepsieM ¢akTopuzauuio. Bo-BTOpHIX, NPOCTPAHCTBO
JABYXKOMIIOHEHTHBLIX BOJHOBBIX (YHKIMH He WHBAPUAHTHO
OTHOCHTE/IBHO NMPOCTPAHCTBEHHOH MHBEpPCHH (HANOMHHUM, YTO,
KaK Mpl IoKasanH B § 3, NpPOCTpaHCTBeHHAas HHBEPCHS
HEePEBOJHUT BEKTOPHI, Npeobpasyoomuecd IO NPefCTABJICHHUIO
L¢/» 0}, B BeKTOPH, NpeoOpasylonHecs: 1O INpeJCTaBJICHUIO
L %2, u M3 5TUX ABYX IpeACTaBJeHUH rpynnsl £ MOKHO
TMOCTPOHTh OJHO HENPHBOAMMOE InpencTaBienne L/ 0P
@@L Y rpynmst Z,). Takum o6pasoM, JIBYXKOMIIOHEHTHOE
OHMCaHHE HENPHULOJHO AJA YacTHILL, MMEIOUWIHX ONpPEeAeNCHHYIO
yetHoCThb. [lokaxkem Tenepn, 4o OT 06EHX YKa3aHHEIX TPYA-
HOCT¢H CBOGOJHO YETHIPEXKOMIOHEHTHO® ONHCAHHE, OCHOBAH-
HO€ Ha NPOH3BEJCHHH NpejcTaBaeHuil P 0)®|_<‘/,. o)(_BL(O. 115},
Tlepexol OT uYeThIpeX CHHHOBBLIX COCTOSIHMH K JABYM, COOT-
BETCTBYIOUWIMM NIpeJcTaBaennio P /2 ocymecTBaserca nyTeM
pelleHnsl ypaBHEHUS, HasplBaeMoro yparHeHHeM ;Jlupaxa.
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HeficTByss Tak e, Kak H B NpeAbAyIIeM cJayyae, BBe-
jeM Gasncuble BeKTOpH | ko> npoCTpaHCTBa NpeACTaBIICHHS
PUs O QL= 0 (PLC /D), rre ungeke a=1, 2, 3, 4 nywme-
PYET KOMIIOHEHTEI, COOTBETCTBYIOLIHE BTOPOMY COMHOXKHTENIO.
IIpeoGpasosanne rpynnel Ilyankape npUHHMaer B 3TOM CJy-
yae BuJ

4
T(e, L) | ka> =exp (ik'-&) 2 Mg, (L) |K'B>, (15.127)
g=1

rae Mg, —MaTpHyHble 37€MEHTB! 4 X 4-MaTpHLEI

LO/s 0
M=<O Lo, ,/2)>, (15.128)

3amucaHHO# B OaounoMm BHJAe, a L(/= 9 u 1. n.—Marpuunt
2% 2. 5IcHO, 4TO IPOCTPAHCTBO YETHIPEXKOMIIOHEHTHBIX BOJI-
HOBBIX (YHKIHMA CHHIIKOM BeJHKO JAJf MpeACTaBjeHHs
P /2 na camom pene P 0 (LO/» o) PLI0s Va=2Pk: /a),
[peapiayliee Halle aBYXKOMIOHEHTHOE onucaHue ObLIO OJ-
HHM u3 CrocoGoB BhIEJIEHUS €AMHCTBEHHOTO HpejCTaBJ/IeHH s
P& */2) 1o BO3MOMKHEI M JAPYTHE CNOCOOBI CMENIMBAHHS IIPO-
crpaHcTB npepcrasiaenuit Lo Vo) g LE/» 9 Yrolbl BEIACHUTh
5TH BO3MOXKHOCTH, ONpefeNuM CHagala HEeKOTOphie oHepa-
TODBI, CBfI3bIBAIOLIHE MeXKAYy COCOH 3TH jBA ABYMEPHEIX TpoO-
cTpaHcTBa. V3 QopMynbl pasokeHHsT NPOU3BEICHHS IIPes-
craBjieHufi rpynnel . Ha HenpuBoxumble [popmyna (15.37)]
CJIENyeT, UTO TaKue OIepaTopsl AOJIKHBI NpeobpasoBLIBATLCS
o npexacrabgenuio LC¢/:'/2) ppynnel ¥ u, cJaef0BaTENbBHO,
06pa3oBLIBATL UETHIPEXMEPHBIH BEKTOD, KOTOpbH Mbl 0603Ha-
uuM uepes yp. Herpypuo yGeautbcs (3apaua 15.13), uro
VIOBJAETBOPSIOMKA 3THM TpeGoBaHHSAM Habop oOlepaTopoB
3ajaercsl 4eTeIpbMs 4 X 4-MarpulaMH

o I o0 5 : 15.129
Y= 1 0): Vq— Sq O ’ ‘7—/\7 Y, 2, ( . )

rae | ectb epunnyHas marpuia pasMepa 2X2, a s,—CIHHO-
Bble MaTpHIlLl. Tenepb Mbl MOXKEM HOCTPOHThL IyaHkape-

MHBApPHAHTHbIA oreparop ¢-P u jMaroHaansoBarb ero. UToObi
HadTH CcOOCTBEHHBIE 3HAUEHHs STOTO OMEParopa, 3aMeTHM,
. D\2 VY L op 2
qT0o (v-P)= X qiin‘Pig//'VjP/ = 2.1 viP: -+ ; g[igijiP/' X
ij i i
Xpey, 7%
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Ho u3 ompepestennss (15.129) n CBOMCTB CHHHOBHIX MaTpHIL
CJaeNyeT, uTo Y-MaTPHUBLl YAOBJETBOPAIOT aHTHIEPECTAHOBOY-
HBIM COOTHOILEHHSM

Vv, +v% =281 (15.130)
[MosToMy cnpaBesIHBO paBencTBo (y-P)2=P-P, Tak uTO

B OpeAcTaBjeHHH P% 9 (X) (L(/» 0 HLle: /) oneparop (y-P)?
C TOYHOCTLIO JI0 MHOMKHTeJs — k% DaBeH eJUHHYHOMY oIe-
paropy. CiefoBaTe/IbHO, BO3MOXKHBIE COGCTBCHHBIE 3HAUCHHS
omeparopa y-P paBHB =k ik, H ecau Mpl' GyIeM KJIACCH(DH-
LLHPOBaTb Ga3uCHLIE BEKTOPH MPOCTPAHCTBA TIDE) JICTaBJIEHHU
P Q) (L2 00 (DL */2)) B COOTBETCTBHM ¢ ITHMH COOCTBEH-
HEIMH 3HAYeHHSIMH, TO IIPOCTPAHCTBO IIPeJCTABJEHHA pacma-
JIeTCs Ha JBa HHBAPHAHTHHIX IOJIIPOCTPAHCTBA, B KaXAOM
H3 KOTODHIX JeHcTByeT mnpeacrasiaenue P */2, Takum o6-
pasoM, TyTeM OrpaHUYEHHS HAIIMX BOJHOBHIX (YHKUHH
OJIHHM H3 3THX HOANPOCTPAHCTB Mbl MOJYyYHM Oasuc npej-
craBjenus P& '/, Kakoe pMenHO M3 3THX ABYX HNOJAMPOCT-
paHCTB MM BbIOepeM, HeCYIIeCTBEHHO. Ecaum Mbi BhiOepeMm
HOANPOCTPAHCTBO, COOTBETCTBYIOIEE COOCTBEHHOMY 3Haye-
HUIO — [k, TO OTpaHHUEHME, HAK/ajblBaeMOe Ha BOJHOBYIO
GYHKIHIO |$>, NpUMET BHJ

[7-P k]| > =0. (15.131)

Jlannoe ypaBHenueé HasbBalT ypapHeHueM J[lupaxa. Ecau
Mbl BBIPA3HM BEJNHUHHY R uepes maccy M (§ 7, m. A) kak

k—cM/ﬁ ¥ Bo3bMeM onepatop P B muddepeniuansHoil Gop-

Me P==(—1y, (1/c) 0/0t), T0 OHO npuMeT GoJee NPHBLIYHBIA
BUA

[iﬁv, %—l—iﬁcy-v—Mﬁ] [P>==0.

YMHOXKas o0e 4YaCTH 3TOTO YpaBHeHHS! Ha MaTpHlly y; U
VUWTHIBadA, 4To y;=1, moJayuaem

2 0 s i
[th g+ thopy -y — Meop, | 19> =0, (15.18)

Janee Mbl GyZeM paccMaTpuBark ypaBHeHHe [vupaka B ¢op-
ve (15.131).
YUrobe HallTi BuJ pelleHHH ypaBHeHusa [lupaka u noka-

3aTb, 4YTO INpH JAHHOM k umerorcs ABd, a HE YCTbIpe He3a-
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BHCHMBIX pellends, 3aMeriyM, UYTO B CJaydae HOKOHUJ.QFICH
vactaipl P P> =0, Py|y>=—ik|$> u ypaBrenue (15.131)
NPUHUMAET BHJ

(pe—1) > =0. (15.133)

W3 onpepenenun (15.129) marpuuel y, HETPYAHO BHAETh,
4To Jiofoe pelieHde 5TOr0 ypaBHEHUs JIMHEHHO BHIpaxaercs
yepes JBA CJAERYIOIIMX PeIleHUA:

1

0

N Y LU T R

kogg)=27" 1 |k, 1“05— )=2"%| o )k,
1

(15.134)

rae |k,> o6osnauaer nJockylo Boany (15.123) ¢ k=0. Hdas

IPOH3BONLHOTO BeKTOpa k MarpuuHOe ypaBHeHWe, OTBe-

yamomiee ypasuenuio (15.133), nonyuaerca us ¢opmy (15.129)

u (15.131) ¢ yuerom papencTBa P|y>=— ik|y>. Pemwennus

NpH TPOM3BOIbHOM K JAiOTCs JIMHefHOH KOMOUHAUHEH ABYX

pelieHu#t Buza

k+kt+kz

kg3 ) =g lerrpie = E0 ik,

—k,—ik,
k,—ik,
k4-ki—Fk,
— k. +ik,
k+kt+kz

Oty gBa peueiiud BHOpPaHbl TaKHM 00pasoM, YTO B Hepens-
TUBHCTCKOM npejesie k— 0 OHM mnepexojdT B pelUeHHA
(15.134). Cuplca HOPMHPOBOUHOTO MHOXKUTEIA Mbl YCTAHOBHUM
nosxe. BcnoMuHast, yTO YeTbIPEXKOMIIOHEHTHAst CTPYKTypa
oTBeyaer npejcraBaenuto L/ O@SLO. /) Mbp BHAIHM, uTO
9TH NpeJeNbHble COCTOAHHUSA | Ry Y/y o= /;> COOTBETCTBYIOT JBYM
CIUHOBBIM COCTOSIHHSIM M= -+ '/, NOKOslleHcs YacTHIUBI.
MoxHo TaKxke mnokasarb (3afaua 15.14), 4yTo BOJHOBLIE
¢yukunu (15.135) monyyarorcss U3 pelleHHH JJis MOKOsIEHCs

(15.135)

— g )= ke k) 5%
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gactuubl (15.134) pefictBuenm f)yCTa Qb ( kj KaK BEKTOpHI
npoctpaHcTBa npeacraBienuss P® 2 [dopmyna (15.54)].
B 3ak/ioueHue MNORUEPKHEM,  4YTO, XOT MBI HMeeM Jeno
C TMPOCTPAHCTBOM YETHIDEXKOMIIOHEHTHBIX (DYHKIMH, 4acTHLe
C JaHHHLIM 3HaYeHWeM kK OTBEUAIOT JMINb JBA HE3aBHCHMBIX
cocrosigust (15.135) u m0Goe. cocTOsHHE YACTHIE MOXKHO
NPEeACTABUTL B BHUJAE JHHCHHOH KOMOMHAIMM 3THX peLUeHHHA.
J10 corjacyercsi CO CTPYKTYpPOH npejCcTaBJeHHH TIDYHIIEL
Ilyankape ¢ s=1/,, rge, KakK Mbl BHACJIH, NPH AAHHOM
3HAYEHHUH k£ HMeeTcs JBA COCTOSIHHA C My, — -k 1/,

SlcHO, yto BHI6Op Ga3uca B MPOCTPAHCTBE YETHIPEXKOM-
MOHEHTHBIX BOJMHOBHIX QVHKUUA sBJsIeTCs [1eJOM corJallie-
Hust. Ham suiGop sagan ¢opmyso (15.128), 1. e. ycaoBueM,
YTO JBe TMepBhle KOMIOHEHTH npeofpasyloTcsi N0 Npef-
crapjenuto LC/» 9 Mpl Bujesad, yTo B 5TOM 0Oasuce Jaxe
B HepeJSITUBHCTCKOM MpejieJie IPOUCXOLUT CMEIUMBAHHE KOM-
nonent [popmyna (15.134)]. Ilpu amanuse HepesnsITHBHCT-
CKOTO Inpefena yaob6Hee, OUYEBHJHO, NOJb30BATHCS 6asucoM,
B KotopoM cocrostaus (15.134) gparoTcss BeKTOpamu-cTon6-
namu (1, 0,0, 0) u (0, 1, 0, 0). B takom 6asnce mepBHe JBe
KOMIOHEHTbl HAa3HBAOT «OOJBIIMMHU», a BTOPHE JBe—«Ma-
JABIMH». OTH HA3BaHMS CBf3aHBl C IIOBEJEHHEM KOMIOHEHT
BOJIHOBOH (DyHKIHH B HEPEISATUBHCTCKOM I1pefiesie, KOTjaa OTHO-
wenne | k |/& Mano. Ml a1HM 6a31COM NOJIb30BaThCA He Oy aeM.

Pemenust (15.135) MoxHO OBIO GBI HOJIYYHTL HENOCpes-
CTBeHHO M3 cocTostHHl (15.125) H aHAMOTHYHBLIX COCTOSTHHE,
IOCTPOEHHKIX Ha OCHOBE mpexcTasienusa L% /o) ob6pasoBas
COCTOSIHHSL C oOnpejeNeHHOR 4YeTHOCThIO. Ecam Mul 06o3Ha-

uynM yepe3 |knd>’ [gBa cocrosHHs, mnpeobpasylomuecss 10

npejcraBaenuio P 9 QL. 2 1o pewenns (15.135) mo
anajorud ¢ pemenusiMa (15.125) MoxkHo 3amucars B Buze

T l ! 25 ) " ’ 1 2 -1
lk5 ms>=§ﬂ]{L<n{ns° (Q)] kn> + L& "2 (Q) | Rny'y 2.
(15.135a)

B sToM MOxHO yOeAuThCS!, BOCIIOAb30BABLINCE BBIPaKEHHEM
L= 0 (Q) = {(k+ k) +2k-s}/{2k (k+ky)}'/: n  pasencTBOM
L(O, 1/4) [Q ]_— L(‘/z, 0) [Q (lk ] Cﬂeﬂy}OHLHM H3a (bOpMy-Hbf
(15.58) u pesyabraroB § 2, m. [.
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Tenepb MBI NOKaxeM, KaK B HPOCTPAHCTBE UETHIPEXKOM-
IIOHEHTHbBIX BOJIHOBHIX (QYHKUHIl ONpPEJENHUTb IyaHKape-HHBa-
pHaHTHOE CKalsipHOE NpoH3BeicHHe. TouHee, Mbl IIOCTPOHM
CKaJIIPHOE NPOU3BEJEHHE, OTHOCHTEJLHO KOTOPOro mnpeobpa-
30BaHHA, WHIYIHMPOBAHHEE B NMPOCTPAHCTBE BOJHOBLIX (PyHK-
uMid sneMeHtamu rpynnel Ilyankape, GyayT yHHTapHBIMH.
Takoe cxansipHOS NPOU3BEJCHHE MPHUTOAHO JJs1 BBHIMHCJICHHS
3HayeHHH (U3HuecKux Habmopaemwix, Ilo aHanmorHu ¢ BHpa-
xenueM (15.78) sanumem npoH3BOJBLHYIO BOJIHOBYIO (YHK-
LU0 B BHJE

Ly = § e (R) | Re> k77 dlk. (15.136)
HO CKaJIHpHOG IIpOHSBeﬂeHHe onpe;ermM Tel'[epb Bpra)KeHHeM
QP> = Z S k) (Vo)patbe (K) 272 dk,  (15.137)

orquyammuMes ot ¢Gopmyasl (15.79) HamuuueM MaTpHOBL ;.
Dra MaTpuua Hy¥XKHa jJs TOro, uToObl CKajJfApPHOE NPOU3Be-
JeHue ObII0 WHBAPHAHTHLIM OTHOCHTEJBHO HpeofpasoBaHuil
(15.127). Kak Mpl yxke oTMeuanu paHee, Marpuua M, Bxo-
Jsunas B 3TH npeolpas3oBanusi, He yHUTapHA. [losromy 6€3
MarpHuBl Y, HAlle cKaJsipHOE MpPOH3BeaeHHe Obuto "6bl He
HHBapHauTHeM. s joka3arenbcTBa HHBAPWUAHTHOCTH CKa-
JaspHoro npoussejenus (15.137) HyKHO YCTaHOBHTH cIipa-
BeLJIMBOCTL paBeHCTBa MT ;M =1y,;, KoTopoe ¢ yderom dop-
mya (15.128) u (15.129) cBoauTcs K paseHcTBY (L(% /) t=
=(LC0/» -1, D10 pPaBEHCTBO CNPABEJJINBO KaK AJMA YHCTHIX
BpalCHUH, Tak H AIs YUCTHIX OYCTOB, a4 CJ€0BaTeNbHO,
u ans Bcex npeoGpasosanull Jlopenma. HaGop uernipex
GyHKUMA

Vo (ﬁ)=§¢5 (k) (1) (15.138)

Ha3blBAGTCs HHOTAA CONPSXKEHHBIM K Habopy ¢a(l€). Ovue-
BHJHO, YTO NPH TakoM OGO3HAUEHHH YIPOIIAETCS 3anuCh
ckanspHoro npoussegenns (15.137). AnvrepHarusHoe, XOTsI
H COBEPIICHHO 3KBHBANECHTHOE II€PBOMY, ONpEIEJEHHE CKa-
JISIDHOTO npou3BefeHust nosydaercst u3 (15.137) ¢ noMomsio
ypaBHeHust lupaka (15.131):

@l9r=2 {0 (0 yo (R ki dk. (15.139)
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Ecnu B KayecTBe COCTOSIHHs |)> B3ATH PEIIEHHE B BUAE

IJIOCKOH BOJHHI | k/,1/,>, sagannoe coorsomernueM (15.135),
TO KO3(hHIHeHTH WV, (k) OyAyT TaKUMHU:

P ()= (& 4 Ry k) RS (k — R) 5 {k (R +£)} -
Vo (K) = (o ify) oy (k—K) - & (- Ry)} -

Py (k)= (e + ks —F, ) By 6<k—i>‘7{k(k+k>}—
¥, (k) = (— b, —ik,) k8 (k—T) = {k (R4+k)} -

Ananoruunsie BRIpAXKEHUA  NoJjydalores B Caydae
[ ¢>=|k?3—?,>. Kak HerpymHo yOemuThbCcsi, NPH HaleM
onpejieJIeHH CKaJsPHOrO NPOH3BENEHUS 3TH pelleHHA B3a-

HMHO-ODTOTOHA/JNbHBI, @ HX HOPMHPOBOYHO€ COOTHOLIEHHE
HMeeT BHJ

<k:' % m

YTo Ke KacaeTcsl NPOCTPAHCTBEHHOH MHBEPCHY H YeTHOCTH,
TO MPH YETHIPEXKOMIIOHEHTHOM OITHCAHUH MOIKHO BOCHPOHUS-
BecTH pesynapratel § 5. Jlaa »Toro 3anuimem oneparop HH-
Bepcid B BUAe T(1)=Tguy,, () T, () T, (1), rne nocnensne ABA
COMHOZKHUTENST COOTBETCTBYIOT IPOH3BENEHHUIO Mpe/CTaBIeHnuH
Pk 0 @) (L= L 2)), a Ty oo (1) — BHYTPEHHSAA YETHOCTD.
Kak Mer Bujenn panee, omeparop T, (I) npocTo H3MeHser
HanpaBJieHWe NPOCTPAHCTBEHHO! wyacTH BekTopa k Ha mpo-
THUBONOJIOXKHOE, M3 pesyapTaroB ke § 3 cjaegyer, 4ro Ma-
Tpuna oneparopa T, (l) coBnagaer ¢ y,. Takum o6pasom, aas
gacTHLB, 006/ajaiomell YeTHOCTBIO f==-- 1, nmeeM

T(l)]lfoc>=n>é](y,)m||§{3>. (15.141)

=k (K —I)8,, .. [(15.140)

Jlerko mokasath (3ajaua 15.15), uro oneparop T(I) KoMmy-

THPYET C omepaTopoM ¥-P; HMO3TOMy NpOCTPaHCTBEHHAasl WH-
BepCHsl [ePeBOAMT pelleHHs ypaBHeHusi Jlupaka B ero xe
pelueHus.

BknioueHHe B pacCMOTPEHHE 3JEKTPOMArHUTHOTO MOJIA
pocTHTaeTcs, kak u panee (§ 8, n, B), szavenoil p Ha
p-[-eA/c', rie, Kak obblyHo, p=tﬁP
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B sarnwouenie AdHHOrO UYVHKTA, MOCBSUEHHOIO ypaBHe-
Huo  Jupaka, HOAUEPKUCM, YTO B UEThIPEXKOMIIOHEHTHOM
nojixoje npeobpasopanus rpynmnsl [lyaHkape NpeACTaBJIsIlOTCS
B BUAE IPOU3BEJEHHs OpOUTANBHOH M CINHHOBOM wacTell.
CooTBeTcTBeHHO 3TOMY HH(HHHTE3HMAJ bHBIE ONePaTOPhl HMEIOT
BUA X=X+ X,, V=Y,4Y,, rae X,, Y,—aubddepenunansb-
uple oneparopsl, a X, H Y,-—4 X 4-marTpuisl. VI3 cTpyKTyphi
MatpHuisl M (15.128) u Beipaxenuit And MHQUHHTE3HMA/b-
HbIX oneparopoB rpynnst Jlopenna (§ 2, n. I') caenyer, uto

(s 0 1
(xs)x=Ax+Bx=——L<0 ) >=7yyyz u T. A.,(15.142)
X

0

__.Sx

S

(Y.s)x= —1 (Ax—Bx) = <Ox

Urober nafitn X, u Y,, HaMm HeoOX0AUM SABHBI BHJ onepa-
TOpa, OCymecTBAsomero npeofpasoBanue ot |k> x |Lk),
Korga npeobpasoBanue Jlopenna L O6aM3KO K TOXKAECTBEH-
HoMy. Ilpu 3THX BBHIUHCJEHHSIX Mbl MOXKEM HE€ NPHHUMATh
BO BHHMaHue Mifiekc o«. Toraa AJjs IPOH3BOJBLHOTO COCTOA-
HUf | > Ha ocpoBaHuM BhipaxeHnus (15.136) momyuaem, yro
npecOpasoBaHHOe COCTOSIHHE |P')> HMEeT BHJ

97> = §p @) [Lk> k7t dk = § v (LR | K>y dk.

[1pu BBIBOIE LIOC/IEAHErO PABEHCTBA Mbl [IPOU3BEJH 3aMeHy me-
PEMEHHBIX HHTETPHPOBAHHS H yUJIH HHBAPHAHTHOCTD 3JIeMEHTa
o6bema (§ 4, . T). Takum o6pasoM, pyukus ¥ (k), onucrisato-
ast cocrosiiine | P>, nepexoqut npu npeobpasosanuu Jlopenna
B P (L~1k). Ecqm wbl nosoxum, Kak B § 2, n. I, L=1+4A,
rae A —undunnTe3nMasbHLIA 3JMeMEeHT, H Pa3joXKHM 3arTeM
dymuxumio ¢ (L-*k) B pax Taitnopa, TO NOAyHHM

(X)), = — <ky ge;—kﬁ%) HT. A

0 0
R R N

[lepBbIfi U3 3THX OMEPATOPOB eCTh HE UTO HHOE, KaK 3HAKO-
MBI HaM HH(UHHTESHMaNbHBIA omnieparop BpameHus (7.21),
3anucaHHBll B MMIYJALCHOM IpelcTaBieHuH. Bropas ¢op-
MyJia JlaeT COOTBETCTBYIOIlee BbipAXKeHHE M1 MH(HHUTE3H-
MajgbHLIX OyCTOB.

1
>=——2—Vth HT. I
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n. ‘-lacrnubl HYJEBOH Macchl CO CIHHOM | me|=='/,, ypaBHe-
Hue Beiins

Tenepp uanleit sagauell sBJAsIETCH IOCTPoeHHe (axTOpH-
30BaHHOH q;oprI aasi npeicrasiensst PO ™ rpynnw Ilyan-
kape ¢ |m|=%, (§ 4, n. b u B). Jlna 3TOr0 ecTeCcTBEHHO
paccMOTpeTh INpousBeeHNe mpeacraBjiaeHui PO 9 p LC/z O
(nan LO */2). TTopueprueM, uto PO 9 —pe TPHBHAJIbHOR TPeA-
craBJeHue, a npejcranniende P® O¢c k=0, 1.e. k=0, HOR 0.
st ONpefeseHHOCTH paccMOTPUM npeictaBieHHe PO O
&L® 2 koTOpOE, Kak MBI yOenuMes, COOTBETCTBYET CJIy4aio
m=— 1/2 H ONHCHIBaeT HeliTpuHo. Tak Kak B NPOCTPaHCTBE

npeacrasjiends PO ™ xaxoMy 3HaYEHMIO k COOTBETCTBYET
oJMH 0asycHBIL BeKTOp, 4 B MPOCTPAHCTBE IIPeJICTABMACHHS
PO, OGHLIO-*/)— nBa, 3TH ABA NpPEACTaBJIEHHS, OUYEBUJHO,
He MOTyT OHITb KBHBaJeHTHBIMM. Ho MBI mocrapaemcs mo-
CTPOUTDH NPOCTPAHCTBO NEPBOTO MPEJCTABJEHHS M3 BEKTOPOB
npocTpancTsa Broporo. Ecau Mbl, Kak U B § 4, n. b, o6o-
3HaY¥M O0a3HCHblE BEKTOPH INPOCTPAHCTBA IIPERCTABJECHUS
P(. ™ yepes | km), a GasucHbie BeKTOPHI Agisi PO 0 Q) L(O: Y/a)
yepes |ka),, riae o=, To, KaK MBI NOKaxeM,

| k—? /2>—2, L2 (R, Q,) | kad,,  (15.143)

rae (§ 4, n. B) npeoGpasosanue Jloperua R, Q, nepeBoAuT
sekrop (0, 0, 1, 1) B Bektop k. JDTO BRIpaxkeHue aHaMO-
ruyHO Bbipaxkenuio (15.125) u HenocpeicTBeHHO 060CIIaeTcs
Ha cayyald NpOM3BOJIEHOIC OTpHIATENbHOrO m. [1pu m== 41/,
HY3KHO HCNONb30BaTh npeacraBienue LU= 0, [puunnw sToro
OyAyT H3J0XKeHBI HHXKe, JloKas3areJbCTBO COOTHOILEHHS
(15.143) anan0ru4HO JI0Ka3aTeabCTBY cooTHOWweHus (15.125).
Hmeem

T, L) |k— )=exp (K 8) x
) L2 [RWQ) LR, QLI K — ). (15.144)

OrcytcTBHE CyMMHpOBaHUSl B Bhipaxkeuuu (15.144) cBssano
¢ TeM, YTo 3jaeMeHT rpymnsl (R}, Q;)7* LR, Q, npuHapIexRur
noArpymnme &: (§ 4, n. B), HH(pHHHTeanMaanme OIepaTopsl
KOTOPO# matotcst BolpaxkeHusMu (15.62): X,, X, —Y,, X, +Y,.
Ho B npeacrasnenun L(O '/ cipaBeiuBo paBeHCTBo X= —iY,
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TaKk yro X,—VY,=X,—iX , aX +Y,=1(X,—iX,). Ho o6a
3TH OIl€PaTopa ABJAKTCA HOHHKAIONLMMH 110 OTHOILEHHIO K Be-
JMUMHE /M | I03TOMY HE JAIOT BKjajga npu m=—'/,. 310
DPHUBOJHUT K TOMY, YTO HEHYJIeBOH BKJjaj fAaer Juib HH(QH-
HUTe3HMaJbHBIA onepatop X, rpynnn &,. B pesyabrare
Boipaxkenue (15.144) cBoauTcss K npoctoMy mpeoOpasoBaHHIO
(15.68) ans sexktopa [k—1/,>.

IlokaxeM Tenepb, Kak K pesyJbrary (15.143) MmoxkHO
NpUATH, HCIOJNb3Ys B KayecTBE YCJIOBHS JJIs JBYXKOMIIO-
HEHTHBIX BOJIHOBBIX (DYHKLIMIH HEKOTOPOe BOJIHOBOE YypaBHe-
Hue. Hanomuum (§ 4), uro npexacrasjenue PO ™ xapakre-
pusyerca ypasHeHueM [popmyna (15.76)] (W 4 imP)[{> =0
H, KpoMe Toro, W-W=P.P=0. $lcHo, uTo npeacras/ieHue
PO OGHLO /) ynoBjeTBOpsieT BTOPOH nape ypaBHeHHH.
Ypabnenne xe (W-imP)|{>=0, Kotopoe sBJseTcH 2 X 2-
MaTPHYHBIM ypPaBHEHHEM, €CTb HCKOMOE YCJOBHE AJIsT BOJI-
HOBBIX (yHKLH{. YTOOB HaHTH MATPHUHYIO COCTaBJISIOIYIO
oneparopa W, Bocnojin3yeMcst ornpepejenneMm (15.72) ome-
patopa W, a Takxke AByMs IIOCJEJHHMH CTDOKAaMH H CTOJO-
namu Boipaxenus (15.142) pna marpuuHOH cocTaBJ/sOWEH
oneparopoB X u Y. (HanoMmuum, urto puddepenuuanbHas
4acTb onepatopa W TOXKAECTBEHHO paBHA Hyqw; §8, n. B))
Torpa ycaoBue (15.76) mpuHuMaer BuA

{mP;—P-s}| > =0, (15.145)
{mP—P;s—iP xs}|>=0. (15.145a)

Mul noJiyumsid CHCTEMY UYeTHIPEX YpaBHEHMH, IHOCKOJIBKY
ypaBHenue (15.76) cBsispiBaeT ueTblpexMepHble BeKTOphl. Of-
Hako npu m=—1, ypaBHense (15.145a) ua cavom pgese
sBJisieTcs cjeicTBUeM ypaBHenust (15.145). B artoMm MoxHO
yOenuThCA, YMHOMKHB MocjefHee ypaBHeHue Ha s. CielioBa-
TEJIbHO, YCJOBHE, KOTOPOMY MOJIXKHBI YJIOBJIETBOPSTE BOJIHO-
Bble GYHKOHHM B cjayuae m=-—'/,, €CTb IIPOCTO ypaBHEHHE
(15.145), naseiBaeMoe ypaBHeHHeM Befing. Eciau NoacTaBuTb
B Hero JubdepeHIHaNbHEIE BHIPAXKEHHA JJIS KOMIIOHEHT

omeparopa P, TO OHO mNpHHHMaer Gojiee TNPHUBLIUHBIA BHUJI

{7—2cV-s}19)=0. (15.146)
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Jas nocrpoends pewenuii ¢ me== -4*/,, KOTOpble COOTBETCT-
BYIOT aHTHHeATpMHO (ra. 16, § 3, n. JK), caenyer BocmoJib-
30BarbCcsl npeacraBjenHeM LO/= 0, a B ocrajbHOM MeTOX
OCTaeTCs1 HEH3MEHHBIM.

Bepremcs K ypaBuenuio (15.145) m paccmorpuMm ero pe-
LIeHHs B BHJAE IVIOCKHX BOJH. JlJIs 5TOrO 3aMeHMM omepa:

Top P BesMuuHOM — ik. B 3TOM cjyuae, HCNIONb3ys SIBHDIN
BHJ, Marpul S, HeTPYJIHO peuintb ypaBHeHHe (15.145). Exun-
CTBEHHOE C TOYHOCTBIO NO HOPDMHPOBKH DeIUEHHE MMEeT BM[,

= 5):{2(kt+k,)}“/=< 2135)“0 (15.147)

EJMHCTBEHHOCTD pELIEHHSI COrJIaCyeTcsi cO CBOMCTBaMM Npen-

craBjenuss PO —'/2) B koTOpoM JaHHOMY 3HaueHHW k oTBe-
YaeT eAHHCTBeHHBIH Gasuchbill BexTOp. B HalieMm ciyyae Mal

TaKxKe HMeeM eJHHCTBEHHBIHl JAONYCTHMbIH BeKTop |k—1/,>,
BEIPAKEHHBIA, OJHAKO, uepe3 JABYXKOMIIOHEHTHYIO BOJIHOBYIO
dyrruno, Paktudeckn ypasuenne (15.145) MoxHO 3amucatsd
B BHJe (k-s)[p>=m|k[|Pp>. D710 3HAYHUT, uTO |P)> sABJIgETCH
COOGCTBEHHBIM BEKTOPOM MPOCKIMH OIlepaTopa CMHHA HA Ha-
npasjeHHe K, COOTBETCTBYIOIUM COGCTBEHHOMY 3HAUEHHIO /1.
Ecim yuecTs siBHRIE BHJ MaTpul npejcraBjeHust LG /2
(§ 2, n. [1), Tookaxercs, uro ypaBHeHus (15.143) u (15.147)
COBHAJAIOT.

K TakuM e pesysbraraM MOXKHO NPHHATH H B paMKax
UYCTHPEXKOMIIOHEHTHOT0 JMPAKOBCKOro onucanus. st s10ro
HYMKHO NePeHTH K npefeny npu k-0 M HaJOKUTL AONOJ-
HMTEJIbHOE YCJIOBHE (W-I-LmP) |[P>=0 ¢ m=—1/,. CuoBa
OrPaHHYMBAsCh BpeMeHHOH KOMIIOHEHTOH 3TOr0 ypaBHEHHS
H IpHBJekas BupaxeHue (15.142) pasi omeparopa X, noay-

yaem

(L 47v) [ 9>=0, (15.148)

rhe AJs yRoGCTBa BBEJeHO OGO3HAueHHE Y, = iy;V.y,V,. Kak
1 0

HeTPYAHO yOEIuThCs, MaTpHUA y; HMEET BHI y;= 01/

rae =+ l—epunuunpie 2X2-marpunsl. Ilostomy ycjioBue
(15. 148) TMONPOCTY BhHIAE/SAET BEKTOPBL | > ¢ PABHEIMH HYJIIO
nepBoil u BTOPOH KOMIOHEHTaMu. JIPYTHMH CJIOBaMH, MBI
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BO3BpaliaeMcst K MpejcTaBjenuto PO O @)L /), pcnoss-
30BaHHOMY BHIILE.

Pemenns ypashenus Befing cocTaBisioT MoAMHOMKECTBO
MHOXKECTBa peweHHii ypaBHenus [upaka npu k— 0. ITo-
3TOMY IIPH OTNpEJie/leHHH CKaJISIpHOTO IIPOU3BENEHHUS A pe-
mEHHHA ypaBHeHMs Bellyia MBI MOXeM HCIIOJIb30BaTb Pe3y.b-
Tarbl, MOJYYEHHLIE HAaMH NPH aHaJH3e CKaJsipHOTO NpPOU3-
BeleHUs AJ pemenufi ypaBHenus lupaka. CkansipHoe Npo-
uspejenHe < |y>, sanucannoe B dopme (15.137), B nanHOM
cjydae HE TOAMTCA, IOCKOJILKY JJIs pelleHHH# yPaBHEHHS
Beiins oHO paBHO Hymo. OpHako HeGogpwiasg MoZuHKanus
SKBHBaJIeHTHOH (QOopMbl CKaJjisipHoro mnpousBenenusa (15.139),
3aKJIIoyamascs B yCTpaHeHHH MHBaDUAHTHOH KOHCTAHTHI R,
OPHBOJUT K HEHYJeBOMY CKAaIfPHOMY TIPOM3BEACHHUIO IJIA
peweHudt ypapHeHus Be#sia. Ha camom pene sty KOHCTaHTy
MOXHO ObLIO 6bl YCTPaHHTB yXe H3 O0OOMX IpeAbliyluX
BhHIpaXeHHH A1s <@|¢p>. 3aMeTHM, YTO Temepb CyMMHpOBa-
HHe B dopmyJe (15.139) pacnpocTpaHsiercsl JHUWb Ha 3HA-
ueHHA =3 U =4, NOCKOJbKY IMepBble [Be KOMIOHEHTHI
TOKAECTBEHHO paBHHE! HYyJO. HOPMHpPOBOUHEIE MHOXHTeJb
B pemennu (15.147) Bu6pan Takum o6pasom, uto <k'm | kmy=
= k6 (k" —k).

3ameTum, 4TO C YyyeroM paBeHcTBa ky;=]|k]|, KoTopoe
BHINOJIHSIETCS B Ciydyae HyJeBoll Maccer, perenue (15.147)
H pemenue (15.119) nas eBKAMAOBOH Tpynnbl o4eHb CXOXKH
Mexzay coOoH. DTO H eCcTeCTBEHHO, [€CJIM YYeCTb HHTeprpe-
TANHIO, TPHHATYIO HaMH B § 7, In. B, corjacHo KOoTopo#
yacTHOBl C HyJeBOH MacCoH BpallaloTcsl BOKPYr HampasJe-
HUsl CBOETo JBHXKeHHs. YTobbl NPOMIIIIOCTPHPOBATH aTo,

nosoxum_k, =k, =0, ak, >0, Tak uto k;=k, n |K—2/, >

°C< >lk> Takum o6pasoM, npoekuus COHHA HA HampasJje-

HHE JBHXKEHHs OTpHLaTebHa, Ecav e MosoxuTh k, =k, =0,

a k, <0, Tak uto ky=—*F,, To[k— /2>oc(0>[k B stom

cJyyae IpPOCKuUs CrNHHA Ha OChb 2 HOJIOKHTEJNbHA, HO, IIO-
CKOJIbKY 4YacCTHIa JBHXKETCA TENEePbL BAOJb OCH 2 B OTpHua-
TE€JbHOM HallpaBJIEHHMH, NPOEKIHA CIIMHA Ha HanpaBJICHHE
ABU2KEHHS CHOBA OTpHIATEJIbHA.
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E. YactHupl nHynesoit macch co cniuHOM |m|==1, ypaBHe-
HHg Makceemya

B 3ToM cayuae Mel 6yjzem GH3KO CiefoBaTh MeTohy M. I,
3aMEHHB m=1/, Ha m=1 M HCNOJAB3ys NpeLCTABJEHHUE
PO DKLU O B pesyabrare Mbl MOJYYHM IPOCTPAHCTBO
TPEXKOMIIOHEHTHBIX (YHKUMA H JOJIKHBI OyjieM HCIIOJb30BATD
ycnoBue (W +imP)|P>=0 ¢ m=1. Ilpu nocrpoennu 3 X 3-
MaTpul, BXOJAIIMX B BRIpaxkeHHe JJs1 omeparopa W, MH
ROJIKHBEL HCMOJIb30BaTh Tenepb MaTpHubsl X u Y B IIPEACTaB-
qetun L 9. Ho nockosibky B 3TOM NpPEJCTaBJEHHH CHpa-
BeAJIMBO paBeHCTBO B=0 (§ 2, n. T), us dopmyssr (15.33)
caenyer, uto Y=iX. B cBOIO ouepejb MaTpHuIbl HHOUHUTE-
3UMaJbHBIX BpameHufi X B npeacraBjenun L(- 0 coBnagaior
C TaKHMH K€ MaTPHUAMH B NpefcTaBieHHH D rpynnbi Rs.
Takum obpasom, matpuusl X gawtcs dopmynamu (7.24), or-
Kyla TOJYYalOTCsl TAK¥Ke W BHIpaKeHus Ajist matpull Y u W,
Hwmetorcs gBa crampaprubix Gasuca npepcrapaenns D®. Mul
NpeJIIounTaeM HCIOJb30BaTh AEKapToB Gasuc u3 GopMyJIsl
(§'15); Kak u panmee, cucrema uernipeXx ypaBHeHHH
(WiP)|$>=0 sBJsiercst 10 HEKOTOPOH CTeNeHU H3OLITOU-
uofi. Ilocse HecjoXHLIX npeoOpa3soBaHWH 3TU ypaBHEHUs
¢ MOMOIIbLIO BEKTOPHHX 0003HAUEHUH MOKHO 3aMuCaTh B KOM-
MMaKTHOM BHJE

Py p>=—PX]| P>, (15.149)
P-|p>=0, (15.150)

rjle TPEXKOMIOHEHTHas BOJIHOBasA (GYHKUMA IpeacTaBlieHa
B BUJE BekTOopa |1p>. B KOHQUIYypaumuOHHOM IPOCTPAHCTBE

C yueroM SfBHOro BHia AuddepenuuanbHoro oneparopa P
moMyyaeM

i 0
rot|h> = +37 | >,
div]|p>=0.
Ecinu B3aTh 6asuc H3 NJIOCKHX BOJH, TaK 4TO INpu OH-
KCHPOBAaHHOM 3HaueHWH K penleHHe HMEeT BUJ

a ~
P={b | k>,
¢ 4
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10 nocsie 3aMeHsl P=—ik ypapmenus (15.149) u (15.150)
CTAHOBATCSl MATPHUUYHBLIMH ypaBHeHHSAMH AIA K03hODHUHEHTOB
a, b u c. BeiOpaB a1 onpefesenHocTd BekTop k, Hampas-
JIEHHBIl BJOJb OCH 2, TaK 410 KR,==R;, MBl YBHIHM, YTO
CTPpYKTypa pelieHus |1p> Onpenessiercss BEKTOpOM

a 1
b )=|1i ).
c 0

[MockosibKy 3TOT BEKTOp OpPTOroHajeH HAaNpaBleHUIO ABHXKE-
HHA k, pelneHue Ha3BIBAIOT «IONEPEYHBLIM», DTO, KOHEYHO,
ofliee CBOHCTBO, clejyioliee HEMOCPEJCTBEHHO U3 ypaBHe-
Hus (15.150). Kak u caegoBajo oxuiath B clyuae m=]1,
Halle pelleHHe ONMHChIBaeT COCTOSIHHE C IOJIOXHTE/JIbHOR
CHHPAIBHOCTBIO, T.€. €O CcHuHOM .l,§HanpaBjeHHbIM B Ha-
NPAaBJCHUN NBUXKEHUS YACTHILHL,

YroOul mepeliTH K CHHPaNbHOCTH M=-—1, [IOCTaTOYHO
Julib TPOCTOH 3aMeHH! 3Haka. B mpupoie GOTOHb! (4aCTHILH,
OTBETCTBEHHEIE 32 JIEKTPOMArHHUTHOE B3aUMOJEHCTBHE) HMEIOT
HYJIEBYIO Maccy u cnupanbHocTs m= =+ 1. CrefoBaresbHo,
HX JBHXKEHHE ONMHUCBbIBAETCH YpaBHeHHAMH MakcBenna, npH-
BeJleHHBIMH BhHIIe (cM, Takxke ria. 16, § 3, m. JK).
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