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I'. Yeaner u B. Ilayau

BBEIEHME

B nenasno onyGauxosanso#t paGore! T. Il. JIn npeisioxun BecbMa
HHTEPECHHH BapHaRT DEHOpPMHUpPYeMOHl TeOpHH noJad. DTOT BAPMAHT N0~
CT4TOYHO NPOCT, YTOGH MOAY4HTH Gosee WIM MeHee $BHOE pellieHHe,
OJIHAKO OH COXpaHseT CYeCTBEHHBIE UepThH, NPUCYLINe BCIKOH cepbés-
HOM Teopuu. B 3TOM BapuanTe NPOMBBOLHMTCH PEHOPMHPOBKA MACCHI
YACTHIL OJHOTO COpPTA, a8 TaKKe PEHOPMHUPOBKA KOHCTAHTH B3auMoneli-
CTBHS £, ONHCHIBaIOUIEH B3anMOZeHCTBHE MEXAY UYaCTHILAMHU. B rounom
pelienuy, natinennoM Jlu, oTHollenye KBaapaTa PeHODMHpDOBAHHOM KOH-
CTQHTH BBAUMOACHCTBUA & K KBANPATy HEPEHOPMUPOBAHHOW KOHCTAHTH
B3aMMOLEHCTBUA &, HMeeT BUI .

2
£ =1—4g, (1)
£o

rie A — pacxonsmuiics unrerpan. Takum obpasom, oTsomenne (1)
paBHO — 0o0. JTO — ReChbMa IPHMeYaTeJbHEI pe3y/abTaT, HAXOXSLIMH-
€ B BPOTHBOPEYMH C BeChbMa OOIMMM NPMHUHMIAMH 2, COTVIACHO KOTOPHIM
BEeJHUHHA 3TOTO OTHOIIEHHS JNO/NKHA JeXaTh B NpelelaX OT eXHHHLKL
1O HYJS.

Henapio nacrosmell cTaTbu #BAseTCS, BO-NEPBHX, BHISCHEHHWE MaTe-
MaTHYeCKHX NpHYMH BOBHHKHOBeHHs pesyabtaTta (1); BO-BTOpHZX, Gyner
TNOK43aHO, YTO HAPYIUECHHE OCHOBHEIX HpPHHLMIOB, BHIpaxaeMoOe COOTHO-
menneM (1), BeZ&T K pAAY CAELCTBUH, NOCKOJNBKY S-MATpHLA TeopUM
OKA3LIBAETCH HeyHHTapHOH. UToGH HaGexarh onepauuit € pacxoasiud-
MHCH VHTErpajiaMM, Mbl BBeJEM BO BaauMojelicTBHe ofpesaiomuil ¢ak-
top. Toraa obpapyxuTcd, YTO aHOMajbHOE 3HauenHe oOTHolenus (1)
NONYYaeTCHd TakKe M JJS KOHEYHOTO 3HaueHHA oOpesaHus ¥ YTO OHO

*) Dan. Mat. Fys. Medd. 30, e, 7 (1955).
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He CBf3aHO HEMOCPENCTBEHHO € OECKOHEUHOCTAMH B MCXOAHBIX IIOJIO-
KEHHUAX, )

Ilns MOAHOTHI WBNOMKEHHS MbL HAUMHAEM C OYEpKA OCHOBHBIX TOJIO-
EeHUH Teopun JIM M MBJIONKEHHS CIOCO0a PEHODMHPOBKHM, HCIOJB3YEMOrO
B 3TOi TeopuH.

I. PEHOPMHMPOBKA B TEOPUU JU

PacemoTpuM cuCTeMy, COCTOSLLYIO M3 TPEX COpPTOB YacTHL, KOTO-
poie, caenys Jlu, mbl nasopém V-, N- u 9-uactnuamu. Kaxinomy copry
-MaCTHL, COOTBETCTBYET CBOS moJe, KOTOpOe Mbl -O003HAUHM COOTBET-
cTBenHo uepe3 $y, $x M a. CHCTeMa ONMCHBAETCS HEDEHOPMHUD O-
BaHHB M TFaMWILTOHHAHOM: '

H=H,+H, ©
Hy= 2E, (0) 4% (0) 9v(D) + 2 En (p) Uiv (0) U (p) -+
p p

+Xo®a* W) a®, O
- |

e B0 i (»)
o - fV,,E.HV? (5% ) (@) a M)+

J-a* (K) Yn (P v (@) (4),

Omnepatoput 8 (3) u (4) moryr ‘GHTb GATVMCAHB KAK B p-, TaK
¥ X-TIpeACTaBieHMH. DTa Teopus He WHBAPHAHTHA IO OTHOIIEHHIO
K rpymme Jlopenua, ¥ NOTOMY HeT HEOGXOLMMOCTH HCIOIB30BATH CJIONK-
fble BapHAHTHl PEJNATHBHACTCKOH Teopmu mnoai. Dueprun Ey (p), Ex (p)
' o (k) npurnHINaNbHO MOTYT ObiTb JOGHIMM (YHKUMSAMH paccMarTpi-
"BAEMbIX MMITYJBCOB; TEODHS TAK)Ke MOXKET DPACCMAaTPHBATHCH AJS TaKHMX

" TIPOMSBO/ILHLIX (PYHKIME, TeM HE MeHee HaM ,aOCTaTOLIﬂo paccMoTpeTh
Crnenyabybi cayuah

Ey(p)=Ex (p)=m (ue 3ABHCAT OT P | (5)
sW=ViEre

Ypaesenue (5), B YaCTHOCTH, CHMJbHO YMApOILaeT dopMasbHbie pe-
BYJABTATH, COXpaHsAsA TpH 9TOM BCe HHTEpecylOLlHe Hac JeTaH.

Ecay yropHo, Tako#t BbiOOp SHEPruM B. YHKIHH HUMIYJbCa MOMET
-pacCMATpUBAThCA KAK ONHCaHME B3aMMOJEHCTBHSA 'MEXLY OueHb TkE-
JeiMa V- u N-uacTHUAaMM paBHOK Macchl € JIETKMMH  pe/IsiTUBHCTCKHMMH
S-uactunamu, dynxuma f (o) B (4) —3T0 -obpesapuias GYHKLUHE, YHO-

+
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MAHYTAad BHINE; €& 3a7ada CBOAUTCA K TOMY, HTOOH ClenaTh CXOns-
IUMMHCST CYMMEI, BOBHHKalOllpe B JaibHefimeM. V — 3T0 BesiuuuHa
OO DBEMHON TIepHOANYHOCTH NPOCTPAHCTRA.

Onepatopsl NOJA NOAYMHAOTCA CHAeIYIOINM IPABMIAM KOMMYTALWH
H aHTHAKOMMY TAllHH: :

{ov (@), ov )] ={9n (0), o ()} =3, o )
v (0), ov @)} = {$r (), tw(p)} = . .. =0, (8)
e @®@), o ()] =3, , ©)

[a(8) pv (p)] = [a (K), v (p)] = - . .==0. (10)

C moMOMIbIO STHX NpPAaBIA MOXHO yCTaHOBHTb NPEACTaBEHNE B FMIib-
GepTOBOM MpPOCTPAHCTBE, TAE KAXKAOE COCTOSIHME XaPAKTEPUBYETCS uuc-
JIOM HaMMYHBIX B HEM vacTui. llanee, Kaxmoe COCTOfIHME B STOM Npel-
CTABJEHAN ABJAAETCS COOCTBEHHHIM COCTOSHHEM JAJ TaMHJIpTOHMaHa f1,
<Bo0OAHBIX uacTHll (3), HO HE IOJNHOTO TaMu/bTOHHaHA .(2). OGo3HaunM
9TH COCTOSIHHS TaK:

anv AN, nk>7 (11)
Tie Ay, Ny YW Ny CYTh YHCAL HAAMYHHIX <cBOGOAHBIX» V-, N- u §-ua-
crun ¥).

C momompio (7-—10) serko MOXHO TIPOBEpHTH, UTO [BA HMKeCHe-
AYIOI¥X ONEpPaTopa KOMMYTHPYIOT € TOMHBHIM TaMH/IbTOHHAHOM:

Q=28 @ O+ @we, ()
Q= X (7)o (p) — La* (W) (), e
[H, Q]=0, i=12. (14)

" IMockonbky Kaxzmoe cocrosure (11) dBiafeTcss OLHOBPEeMEHHO COO-
CTBEHHBIM COCTOAHUEM ONEPATOPOB (;, COGCTBEHHbIE COCTOSHMS HOJHOTO
TaMWILTOHHAHA MOTYT OLITb NpEINCTaBIEHb Kak - JuHEHHHE KOMOMHALMH

i *) BBoguMble TAKHM. CIOCOGOM «COCTOSHHS CBOGOIHBIX HACTHI{» COBEPILEHHO
CXOIHM C HIMPOKO  W3BECTHHIMH COCTOSHUAMHM CBOGONHBIX UACTHI, HANpUMep,
B Merone Tamma—/laHkoBa; OIHAaKO 3TO COBCEM MHOE, HYeM TaK Ha3biBae-
MBl€ «BXOASINME (MAH BRIXOIALIME) COCTOSHHA CBOGOAHBIX YaCTHIl», HCNOJAb3ye-
Mble B PeasTUBHCTCKHX Teopusax mouxst. Kak »710 OyAer BunHO M3 jaiasHedimero,
;Meron, Tamma—JlankoBa I8 Hamiero caydas RagéT TOUHOE pelieHHe,
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cocrostanit (11), UPMHANMEKAUIMX OXHOMY ¥ TOMY e COGCTBEHHOMY
3HAYEHMIO ‘¢;. 3TO OOCTOSTE/NLCTBO CYILECTBEHHO YHPOLAeT 3amady
JNarOHA/IN3ALNA TIOMHOTO TAMHJILTOHMAHA, 4 B HEKOTODHIX C/YUasaX Aame
103B0JIAET MOJAYUHTh TOYHOE pellienue. B kadecTBe mnpuMepa ykaweM,
YTO €CThb TOJABKO OAHO coctosuue (11), B KoTOpOM ¢y =¢,=0,
umenso cocrosuue |0, 0, O) mam «CBOGOAHbIM BakyyM»> (<BakyyM CBO-
GOJHBIX HAaCTHIL>).

CrneoBaTeNbHO, 9TO COCTOSHHME fABISETCH TaKke COOCTBEHHLIM CO-
CTOSIHHEM TIOJHOTO TaMIJBTOHMAHA M HPOCTOE BHYKC/CHHE OOHApYKU-
BaeT IJI 9TOTO ONepaTopa B KauecTBe COOCTBEHHOTO 3HAYEHHA HYJb.
Taxkum oBpasoM, B 3TOM MoOZeau «(U3MUECKHI BaKyyM» B TO Ke BpeMs
€CTb M <BaKyyM CBOGOZHBIX WYACTHH>. AHAJOrMYHO MOXHO TIOKa3aTh,
uTo usnueckue COCTOSHMA N-uaCTuI M §-4aCTHI TOXIECTBEHHH C CO-
OTBETCTBYIOIWIMMY COCTOSIAMAMKM CBOOOJAHLIX WYACTHIL, HO YTO COCTOSHMSH
cBobonubix V-uacTm, He ABJAAI0TCSH COOCTBEHHBIMM COCTOSHUSIME
NOJHOTO TaMUJbTOHMaHa. Jast toro uToGh NOAYUMTh B 3TOM Clyuae
COOCTBeHHBIE 'COCTOSHHS NOJHOrO TraMu/bTOHUAHE, OKA3HIBAETCHA HeOGXO-
AUMBIM  DaccMoOTpeTh JHMHeHHyl koMOuHaumio coctrosuuit |1y, 0, 0)
u |0, 1y, 1z). Hecxonbko mnosme Mbi ewm& Beprémcs k stomy, Cedi-
4ac JKe Mbl TOJMbKO 3aMEeTHM, 4YTO B B3THX YCJIOBMAX HET HEODXO-
IMMOCTH NpOH3BOAMTE pEHOpMHpOBKY Macc N- u J-vacruu. [Ile-
" PeHODMHPOBKA MacCHl B TeopuH Jlu 1pousBoauTcs noOaBleBueM B
TaMH/IbTOHHAH UNEHa

H=—3m Y0, (p) 4 (), (15)
P

" KOTOPHIH OCTaBJSET HENBMEHHHIMM ypaBHenus coxpanenus (14). Kom-
cranta 8m B (15) z0/KHAa ObITH TO BOSMOXKHOCTH ONpejelieHa TaK,
uToGH COCTOSIHHSA, COOTBETCTBYIOL(Me V-uacTuilaM, mMedau Obl Maccy .,
pxonsiuyo B H. Crnepyd npaBujaM KBaHTOBOH 9JIEKTDOAMHAMMKH, ME:
NpousBeLEM PEHOPMHPOBKY KOHCTAHTH BSaHMOLEHCTBMA g, M ONEpaTopa
noas Py Ha MuoxuTedb N chelylouwum o6pasom:

§=4gN, ‘ (16)
v (0) = v (p) - (an

CyieCTBEHHO TNOAYEPKHYTh, uTo nocrosuuylo N B (16) u (17)
MOXHO BLIOpaTh AeHCTBUTENBHOM, MOCKONBKY ONepaTopel MO COLEp-
XAT NPOU3BOJBHEIN (asoBHii MHOXKHTENb. BnlGop ,ueﬁc'rnmenbﬂoro MHO-
wuteas N JHMWb HAMATaeT CBA3b MeXAY cbasaMn by m q)y, HO HE Be-
AET HM K KaKuM (H3MUECKUM CleACTBUAM. Bemwmna N -Onpefensiercs
¥ ycaosusi 3

O]9y ()| V) =1. S 8)
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Cocrosnne | V) B (18) coorBeTCTByeT (hu3HUECKOMY COCTOSHMIO V-uacTu-
us, a cocTosnue |0) — cocrogumio ¢usuueckoro Bakyyma. B mocaesyio-
IeM MH ONYCKaeM- LITPUX HAajl PeHODMHPOBAHHHIM (1-OlEpaTOpOM, IO-
CKOJMIBKY COOTBeTCTBYIOUIUH HEepeHOPMHpDOBAHHHI omepaTop He Oyaer
ynorpebasthca BoBce. TakuM o0pasoM, ec/M HCIOJB30OBATH PEHOPMHUPO-
BAHHHIE BHIDAXKEHWS TaMMJIbTOHHAHA M KAHOHMYECKMX IpaBu/ IlepecTa-
HOBKH, TO MOJHO 3aNUCAThH

H = Hy~+ Hy, - 3H, (19)
Hy=mN2 2,8 (p) by (p) - m 30w (p) b (p) +
p S

+XoM®a®@ak), (20

Hy=—-2_ Y 19 % (o)on@)e®+
Vv p=p'+kV2m

+a* @ on ()P (p),  (21)

BH = — 3mN? X, 0% (p) ¥ (), e
P

(0 @ @) =g 2y @)

(ocTajibHEIE IpaBU/IA TIEDECTAHOBKM HE MEHSIOTCS).
Ypapuenus (19) — (23) aBasIOTCH OCHOBHBIME JJ151 OCJAELYIOILETO Pac-
CMOTpeHHS,

. PUSHMYECKME COCTOSHVS V-YACTHWLIbI U COCTOAHMS,
OITMCLIBAIOIIME PACCESIHME N- W $-HACTHL]

Mpr OyneM HCKaTb COOCTBEHHBIE COCTOSIHHS TaMU/ILTCHYUAHA, HMe-
HEro BHL

[2)=]1,, 0, )@ [0, 1y, 1s). (24)

B 5TOM BRHIpaX<eHMH BCe UJEHBl HMEIOT OJHMH M TOT e HOJHBH HM-
uyabc. B mocneaymomux (opMyJaxX MHOMHUTeNb, BHPAMAIOMME COXpaHe-
HHE TOJHOTO - TPEXMEPHOTO HMIyJbca, 4uacTo OyZeT OmyckaTbcd,
Qbosnauas coOCTBeHHbIE 3HAUEHHS COCTOSHMS TaMuibTosmana (24) wepes
m— o, # ucnonbays (19) —(23), Ml NOJTYYHM TIOCAE HEC/OKHBIX
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BHIUNC/ICHUI:
Lime—— — €N 20/ ,;
0o~ 8m = NYV S Vie o (25
, g [l ,
(0) mO) (I) (k) N VV 'y/-_—Qm - (26)

HUckmouas wua (25) u (26) pesmumny @ (k), mb monyuaem ypaenenue,
onpejleisioniee COOCTBEHHOE 3HAUECHHE ®g:

2\ F2 1
wg -t - E Y L2) —0. @27
. k '

W — Oy

Koucranra Om onpexenderca M3 yCaoBud, 4T0 wy==0 ecThb OIHO H3
pewennt (27). CooTBeTcTBylomiee cOOCTBEHHOE COCTOSHHE TaMMJIbTOHHMA~
Ha (24) npu COOTBETCTRyWOLICH HOPMHPOBKE €CTh (DH3MUECKOE COCTORHHE
V-uactuuel. MBl nodyyaeM B. wrOTe:

— g2 1 2 (o '
o — 5 L (28
k
|V>=c{;1v, 0, 0)+ szv L& [0, 1, u)}, (29)
C-2=—1 +2VN2 Do) (30)

Hanee, ucnonbsys ypasnenue (18), nonyqnm:

C=N (31)
HJIH
Vy—N|1y, 0, 0)—1—1/‘;/ Z fﬁ‘,‘:’ [0, 1y, 1 (32)
y ;
Nr—1— £ Zf ©) (33)
k

Pesyabrarsi, monydenusie L0 CHX NOp B 9TOM pasfene, TOYHO C€OOT-
BETCTBYIOT peayabraTaM Jiu. B vacTsoctu, Hs ypaBnemuit (33) m (16}
BpiTeKaeT coorHoitenne (1), monyuensoe JIm, ecnM NONOKHTH OPM-
$aKTOp PABHEIM euHMIE AJg BceX 3Haveruit o, OLHAKO, €CaH HCHOJjb-
30BaTh KOHeunoe oOpesanne, ypaBHenue (33) npuMeT BHJ

NP —=1— £ (34

’
KpuT
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rie

-2
A
k

1 f 2 (@) . | (343‘)

Bnauenme N2, onpenenseMoe cooTHoluenueM (34), Kak TOro u Cie-
JOBANO OXHIATH, BAKMOUEHO B NpeletaXx OT eNMHMIH 1O HyAS JHL
B TOM Cly4ae, eCiM PpeHOPMHPOBaHHAs KOHCTaHTa B3auMOAeHCTBAA £
MeHbllle HEKOTOPOTO KPHTHYECKOTO BHAUEHHS Cypur , ONpEedsenoro (34a)
u saBucAuero or ofpesaiouie#t ¢yuxuud. Eciw ofpesane He UPOUSBO-
LUTCA, TO KPUTHYECKOE 3HAYEHHE KOHCTAHTBI B3aUMOJAEHCTBHS pABHO
Hymo. C japyroff CTOPOHHI, ecaH TIePEHOPMHPOBKA KOHCTAHThLI B3AUMO- .
JelCTBHS HEe NPOK3BOAMJACH ¥ BCE BEAMYMHEI BLIPAYKEHE! 4Yepes Haualb-
HyI0 KOHCTaHTY B3auMOLEHCTBMS &, CJAeLYeT BO BCeX NPUBENEHHBIX
Bhine (OpMy/IAX 3aMEHUTH BeIHYMHY g2 COPJIACHO PABEHCTBY

2,2
- (33)
£0 T Expur
Coorrolenue (35) yxasmpBaeT Ha 70, YTO IePEeHOPMHPOBAHHAS KOH-
CTamra B3auMOAelCTBMA BCErAa MeHble KDPUTHYCCKONW KOHCTAHTHL B3AK-
MOJeHCTBHS NPH TOM YCXOBHYM, YTO TaMUNBLTOHHAH SPMUTOB, T. €. YTO
BeJMuMHA £, AeHcTBuTenbHA. Kak 970 OBIO yxe moaupkuyrto Jlu,
NpeNCTdBfeT HEKOTOPHH MHTEpeC HCCIeiOBAHME TAKWKE W Clydad, KOr-
13 HepeHOPMHPOBAHHZA KOHCTAHTA B3auUMOAeHCTBUA OOJBINE KpHUTHYE-
CKOTO 3HZYeHM#, 4 T'aMUJLTOHMAH HBJETCA HESPMUTOBHM. Pelnalomnm
BOHPCCOM TipH TAKOM DACCMOTDEHHH 4BJAeTCS BBISCHEHHE TOro, Oyner
Ju TaKoe HapylieHHe OOLIUHBIX INpeACTaBJAeHWH KBaHTOBOM MeXaHHKH
BeCTH K KEKHM-JMOO 3aMETHEIM HEIPHATHBIM HOCJHEACTBUSM HJIM Ha STOM
OyTH BCE K€ MOKHO HOJAYUMTb XOTH Obl OTUACTH YAOBJETBOPHTE/BHYIO
TEOPHIO.
Mpi BOBBpainaeMcs Tellepb K MCCJAELOBaHMIO APYTMX pellenufi sana-
UM O COGCTBEHHBIX SHAUEHHMAX, ONpeleifeMHX ypapHenuem (27). 3Or0

ypapHeHue ¢ yu&roM-(28) u (33) moxer ObITh NepeIMCAHO HECKOJIBKO
UHAUe, 3 HMEHHO:

h(wo)zwo[l+§; EM}ZO. (36)

% (w—w)

Bropo#t MuoxuTenb B (36) uMeeT WOMOCH TPH ®,= ®;, TAe ®; CYThb
COGCTBEHNBIE BHAYEHHS] HEBOBMYIEHHOTO TaMmabTOomMana 4. TIockosb-
Ky TPOM3BOAHAS TOCHeNHEr0 MHOMHTEIS B (36) MO w, BCETrAA TNONOKH-
TeJbHA, 3TOT MHOMMTENb OOpallaeTcs B HYJb ONWH H TOJBKO OJNHMH
pas B xawJom uurepeane (®;, ®;y3). CoorsercrByoumne coOCTBEHHBIE
COCTOAHYS raMpiIbTORMana (24) ONMWCHIBAIOT paccedsue OauOH N-uacTHUE
‘v oxno#t Y-vacTuuer. Ilocae GOpMaIbHBIX NIpe0OPasoBaHUM STH COETOS-
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HUA MOTyT GLITh NpeacTaBJICHB B BUIL

I Nyﬂ>= ] 011Ny lk)+2a(k;k,) l Ole'y 1k'>+
K

+BRN [ 1y,00), (37)

(k1) — £ EOLC f"’"{ .1__,,,+ina(w'—,—4>)}, (38)

X¢ gf (o)
B (k) - ] V2_V¢03/’ ><

><[ + £ E LGl < 1 +ms(m'_m)>]“. (39)

B cooTHOmeRHAX (38) H (39) npelycMOTpeH Nepexol K Mpedeny
-V — o0, a camu ypaBHennd WMelOT npelnMcanue, Kak obpamiatbes € MX
3HaMenaTeaMu npu uuTerpupoBanun no k'. Oto mpenmucanme oGecne-
YHBaeT HaJMYHe TOJBKO pAaCXONSIIHXCA BOJH BO BTOpoM uneHe (37).
B 9TH COCTOSIHMS BXOISAT TO/MBKO YaCTHLL ¢ HMuysbcoM K. M3 cdopmyi,
NPUBEJABHHBIX BHILIE, MOXHO NMOLCYHTATh YacTh S-MaTpHIbl, OTBETCTBEH-
Hylo 2a paccesune N- u O-uacthy Apyr apyroM. SDTa uacTh mpeicTa-
BiseT cODOR YHHTApHYIO MaTpHLY

’ ing? f2(v) b (o — o)
(N,B | S| N'J9) =0 y,i 4 =2 . . (40)
Vo n@+iElelrre)
W3 (40) mel nattmem llHC])(prEHuHaﬂbﬂoe‘ ceyeHHe
ds 1 ‘
ag' 'k ’2 sin? ® 0, (41)
rne |
_ & k| :
tgd = ey T (42)

M 3TH pesyabTaThl B TOUHOCTH COOTBETCTBYIOT pPe3dy/bTaTaM, MHOJAYyUeH-
neM Jlu. B Tpéx nocaelnux ¢GopMysaax cOBepLIEH Npele/ibHBIH NEepexon
V — o0, a wuHTerpan, BOSHHKAIOWMA B A (w) [cm. (36)], Gepércst B
CMBICJIE TJIABHOTO 3HAYEHMS.

OcTaércs BRIACHHTH BaXHOE 06CT09lTe.TIbCTBO, o0pasyioT Ju HOJyUeH-
HHle HamM cocTostHus (32) u (37) NOHYIO CHCTEMY WM Ke CYILeCTBY-
I0T Apyrue BO3MONHBE COCTOSHMS CHCTEME, FAMHIb
TOHMaH XoTopol samaétrca B Buie (24), kKoTOpHE
SBAAIOTCH TakKxXe M COOCTBEHHBIMH COCTOSHUAMU IO
HOTrO raMunbTOHHAaHa. Eclium Takue coCTONHMS CYINECTBYIOT, TO
©OHH JO/DKHBl COOTBETCTBOBATH ADYTHM pelUEHMSIM 3alaUM O COOCTBEHHBIX
BHAYEHHAX, T. €. JPYruM pelienusM ypapuenus (36). Ilostomy caenyer
Hayath ¢ Oosee mNOAPOOHOTO HCCAENOBAHHS 3TOrG ypaBuenus. Panee
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npuBeEHHBIE COOCpaXeHUs NO3BOJMIN IMepeGpaTh BCE KOPHM YpPaBHEHHSA
(36), nexawme B obaactH o, > *). B obaacti @y < MB HAUUMM,
uyro BTOPOH MHOXUWTedb B (36) BcE el coxpanseT IOJOXKHTE/bHYIO
HPOMSBOJHYIO H uTO NpH GOMBIIMX BHAYEHMAX | ®y | OH CTpemMuTCH K
g2
&xpur :
CTBHUS MeHbIIEe KDUTHUECKOTO B3HaUeHHS, TO HUKAKMX JONOJHMTEJbHBIX
KopHelt ypaBHenne (36) He MMeeT W PacCMOTPEHHBIE COCTOAHMS oOpa-
3YIOT NOAMHYI0 cucTeMmy. Oanako, €CJaM KOHCTaHTa B3aMMOLei-
cTBud GOoNbIlle KPUTHYECKOH KOHCTAHTH, CYymecTBYET
OLHMH NONONKHTENbHBH KOpeHb ypaBHnenusa (36) B o6na-
cru wy<p. CooTBeTcTByIOLLEE COOCTBEHHOE COCTOSIHHE YMKE HE SBIS-

€TCA COCTOSHHEM DacCesiHusi, a NMpencTapigeT co0O# Ipyroe cocrosiHue
V-yactuus **). 310 cocrosHne MOXeT ObITh NOMYYEHO HENOCPENCTBEHHO
U3 Haliero (opMaju3Ma M HMeeT BHI :

- 1
Vo= e X 1

X[Nl 1V9 070) + %Ezlf(_;?m—{—)\ |071N7 lk)] F (48)
k

sHaueHmio, paBHoMy N2 =1 — . Ecin  koucranra psauMoneii-

B(—3)=0; A>>0. (44)

Boifop HopMHpOBKH cocTosius  (43) OyleT nHOSCHER B ClelywlleM
pasnene.

B nononnenmn 1 Gyner mnokasaro, uTo ypaHenue (36) He HMeer
JApYTHX KOpPHEH, KpoMme NeHCTBUTE/bHBIX.

IIl. BBEAEHUE HEOTPEAEJEHHON METPUKU
B I'MJIbBEPTOBOM [TPOCTPAHCTBE

OTpuuarerbhbifl sHak Besmunnsl N2 B (34) B cayuae, korda g 6oJb-
e Gypur, OUEBHAHO, BhLI3HIBACT TPYLHOCTH HPH HOPMUDOBKE (H3HYE-
ckoro cocrosinusi V-uacruupl (32). Ecan nonmTaThCs NOANPABHThL HOPMM-
POBKY 3TOF0 COCTOSIHMA YMHOMEHUEM HA TOAXOAALIME MHOXHUTENb, TO
9TO MNOBACYET 3a COGOH MEMeHeHHe BBHINOJHEHHON HaMH NepeHOPMHDOBKH,

*) Ecau obpesaiomas GyHKOUS PaBHA HYJMIO IJis ©, 6SJblIero HEKOTOPOro
sHavenus 2, o6aacth wy > @ TpeGyer CHENMAaJbHOrO MCCAeLOBAHUS, TOCKOAbKY
apryMeHThbl, NpuBeAEHHbIE BCAeJ, 3a (hopMyuol (30), sAech yxe He UMEIOT CHJbL,
JleficTBUTENbHO, MOKHO NOKa3aTh, 4TO B STOM CIyude MMeeTCs eimld OJMH KODEeHb
B 004acTd wg > ©, eCiH g MeHblie, UeM »DUTHYECKOE B3HaueHHe Zrpur. UTOOH
u3bemaTh M3JHUIHHX YCIOXKHEHHH B PacCykJAEHHsX, Mbl paccMoTpuM ob6pesalo-

w

2. g aTOM

mue QyHKIuM ¢ Goablummu miaeidaMmu, Kak, Hanpumep, f (o) =e
CaydYae NOJ0GHBIE TPYZHOCTH HE BO3HHKAIOT.

: *¥) B paGore Jlu, B npuMeuanun 4, yHOMSIHYTa BCKOJb3h BO3MOXKHOCTb IPY-
IOro CTabUAbHOFO COCTORHUS V -4aCTHIIBI, OJHAKO HCCIEJOBaHKE €ro CBOHCTB He

npoge,ueﬂo. ﬂ,ﬂﬂ HAC 3TO COCTOAHUE HMEET ICPBOCTENCHHOE 3HAUCHHE. ’

5 Y®H, 1. LX, Bumn. 3
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TIOCKOJBKY MHl Y€ He CMOXeM HCTOJNb20BaTh OLMH ¥ TOT K& MHOMU-
Teab B (16) u (17) 18 HepeHOPMHDOBKM KOHCTaHTH B3aHMOJEHCTBUA'
u onepatopa noas Y. B 3TOM cayuae HPUXOAMTCA BBOAMTL ClELMAib-
Hble MHOXW1eJM B FaMMIbTOHMaH (21), ONMCHBZIOINUH B3aHMOAEHCTBHE,
W JIETKO YCMOTpeTb, YTO TdKkuM 00pasoM CHenaTh TEOPUI0 MATeMaTu-
YECKH COCTOATE/bHON HEBO3MOMKHO. EIMHCTBEHHOH BOBMOKHOCTBIO CNACTH
HOPMMPOBKY cocTosuus (32) sBisercs onpedesenue HOPMbl COCTOSIHUS
a(ny, ny, ) xaxk [af? (—1)"v. Tak Kak B HalueM ciyyae BeJUuMHA
N? peficTBHTeNbHA M OTpHLATeNbHa, Takas HeONpee/SHHAst MeTpHKa
OyZeT moaxonsiiuM obpaMneHieM Mofeau Jlu 4. Bpenenue Taxko#t MeTpUKH
He MeHfleT GONBIIMHCTBA GOpMalbHBIX BBHIKJAIOK, NPOBEASHHBIX paHee, W
B YAaCTHOCTH cocTOsiHuil paccesuus (37) u S-marpuust (40), Korophie’
OCTaIOTCH HeM3MeHHLIMH. BMecTe ¢ TeM HOpMa cocrosHud (32) yxe GyneT
TakoM, KakoH el noaaraeTcsa ObTb 1O HOBOM MeTpuke. Hopma cocros-
HHS (43) 6yﬂeT.

fie)
lhr = [N2+ w(w%)z]‘“
B ey LW 1 17
=T m[”’ 5 X 2 et mﬂ]]—

k
1 fredf_ 1 1
T TR0 QVZ [(w—H)* w’+w2(m+k)]—

. h'(———).) .
T (—n]

—1. (45)

CnenosatenbHo, HODMa cocTosnusa |V_,) oTpuua-
TeAbHa M HOpMupyeTcs B (43) k —1.
~ Jlns Toro utolbl ClesaTh (FOPMA/ibHOE DPacCMOTPEHHE MaKCHMAJBHO
NPOCTHM, YiOoOHO BBECTH® Blech «MeTPHUECKRi OmepaTop» v, KOTOPHIH
MMeeT 1A cOCTORHHH CBOCOAHOH uacTuubl (11) crenyiomue MaTpuuHBE
S/IeMeHTEL

(nvs ns m |0 s N ) =8y By Bt (— 1) (46)
Jlns gusnueckux COCTOSIHMH, PACCMOTPEHHHIX paHee, HMeeM:

(VIn|V)=(N.d|a|N.3)=1, (47)

(Voaan|Va)=—1, (48)

Bce HenmaronasbHble 97€MEHTH 7], SaKJIOUEHHbBIE MeEXIYy 3THMH COCTO-
AHHAMH, paBHbl HYJIO. YcnoBusi, najsaraeMble Ha onepaTop F nna TOrO,
yTo6Rl MMeTh JeHCTBUTENbHLIE CpelHHEe 3HAYCHHA, SaAK/IOUAlOTCHd YyKe He
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B 9DMHTOBOCTH OMEPATOPd, a B YCJIOBHH €CAMOCONDPKEHHOCTH», WMEI0-.
meM CaeAYOWMH  CMBIC/T

Fe==Ft=uF%*y. - ‘ (49)

Jeranbroe paccMOTpeHHe TPEALIECTBYIOIMX BHYHACAEHHH TNOKA3HIBAET,
uTO BBENCHHE HEONDE]E/EHHON METPHKH MATeMATHYECKH COOTBETCTBYET.
TOMY, YTO BMECTO OnepaTopos .}y, Uy u a* B ypaBHenus (23) BROAATCH
oneparopul ¢, ¢ m at. Taxas sameﬂa JenaeT TaKKe CAMOCONPSKEH-
nuM u ramwibTonHad. C apyrofi cTopombl, npaBas uacTh (23) Temepb
HE UMEeT ONpeJe/8HHOrO B8HAKA, HO OTPHUATE/bHBIE 3HAYEHHUS HTHUX,
¢c-umcesn yxe He GynyT MpOTHBOpEUMTh oCHOBaM Teopun. OcoGhit cay-
ualt HaGMONAEMBIX 3HAYCHUH STHX AHTHKOMMYTATODOB HCCACKOBaH B
JonoJaHenus I.

Ecan npeobpasosanvie, NpuBOAsiLee OT cocTosuuil cBoGOxHOM HacTH-
uel | n) x ¢usnyeckum cocrosuusM | P), sanasrca B Buie Marputist U

I PY=E|n)(rn|U|P), (50)

TO 9Ta MATPHLA He YHUTAPHA, HO 001aiaeT CBOHCTBOM
UrU=qU*nU=1. (51)

Baxno 8HaTh, ABAseTCA JH S-MATDHUA TeOPHH YHHTApHOH HJIH ke
ona “pakxie o6ndnaer csolicrom (51). Hammuue cofictsa (51) ne npoTuso-
peunno Obl pesyabrary (40), Tak kak Mas BceX paccMaTpHBaeMblx du-
3UYECKUX COCTOSHWM oOmepaTop ¥ o0aafaeT eJMHCTBEHHBIM MATPUYHLIM
sneMenToM ~ 1. YpaBuenne (51) Morno Gbl HMeTh HeTPHBUAJbHbIE CaAEL*
CTBHS /ML B TOM CJydae, eciH Obl yyacTBOBaIM (PUBHYECKUE CO-.
CTOSWINA C HETIOJIOKHUTEBHEIMY HOPMaMH.

Tpocrefiuny NpoueccoM TaKoro poia sBISETCS paccesHue ﬂ-qacmu
V-yacTHLAMU B HODMaJIbHOM COCTOSHHM HJH e B COCTOARHM | Vi ).”
B nepeoM ciayuae MOXHO OXMIATh, YTO HMEIOT Mecto mepexonsl V-ua-
CTHIL B HOBHlE COCTOSHHA H 4TO 9TH MEPeXOJbl COBEPLIAIOTCS C «OTPHU-
IaTebHON - BepOATHOCTLIO». Cienyiowufi pasfes NOCBSAINEH paccMOTpe-
HHIO 9TOTO BONIpPOCA. '

V. PACCEAHUVE 3-UACTHLL V-4ACTVLIAMU

Mu uccnenyem coﬁcmeﬂﬂme BeKTOpr TIQJIHOTO ramnnbmﬂuaﬂa.
B3ATOrO B 'BUIE ;

,z>_~2 @, (k)N |1y, 0, 1k>+§_]q> (k, k’)jO 1N,1k,1k. (52)
kK

Ec:m TioTIpeskneMy 00OBHAUHTh COﬁCTBEHHble snaqegnﬂ yepes m+“’o:
HEMOCPeCTBEHHBIE BBIUMCJACHHA NPHBEAYT K CJHACAYIOLIMM YpaBREHUSIM

5*
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ISl KOG (PUIMEHTOB, BXOLSIMMX B: (52):

o, (k)(w—wo—am)—mg]/_2%<k Ky LC = (53

®, K, K) (0o _mo)—172?,2 [@ ® {/(m)+¢> (k/)f}“ﬂ] (54)

B zanHoM clyuae MBI BOBCe HE 3aHHTEPECOBAHEI B NOJIHOH cUCTeEME

cocTosHufi ramuabTonnana (52), a OydeM MCKAaTh TOJILKO Te COCTOS-
Hiisl, KOTOpble COOTBETCTBYIOT —paccesinuio §-uacthubl V-uactuue#t B
HO[ Ma/JIbAOM COCTORHEM. JIPYTHMM c/rOBaMy, MBI HineM pemehue (53) H
(54), xorma @, (k) sanasrcs B Bule

@ (k, ko) =3, (kK. (55)

npuudM pacxonsuinecs: Bosmbl cozepxarcs Tonpko B O (K, k) u @k, k).
ITocnelnee ycaOBHE NO3BOJAET HOAYYHTH:

By (k, K, k)= —5= +[ @k, k) £
Vv 2 Vo

+0, (¢, 1) L [Pt im0 — o) | (59)
ﬁnn, ucnoassya (28) u (33),
D, (k, k) (0 — 0) =

_ & (@) \" f () @ (K, k) 1 -
S I [P sror—s; 1m0 o0 67)

&

B npoOTHBONOMOXKHOCTD TOMY, 4TO Mbi HMead B pasjene Il, Me ne
MOkeM HaliTH sBHOe pewenHe ypasienus (57). Ho sTo Bosce He Heo6-
XOLKMO JIJf HaluX Ledell, Tak Kak HaM JOCTaTOYHO KCC/IEAOBAThH
ceolicTBa S-MATpULBL MCC.HQﬂOBSHHe‘ MOKeT ObITh NEOBEEHO COCOOOM,
BECbMa CXOLHBLIM € MeTOROM MéEnsepa® nas jnokasaTesbCTBA YHHTAp-
HCCTH S-MaTpHLB B CAydYse SpMUTOBOCTH raMuabToHMana.  Caenya
Méanepy, Mbi BBOLMM:

U (k, ko) =

g2 f(m)zf(w ];b, fk' ko>[ = +,,,, T —ag T (oo ~0>o)] (38)
(D%
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Us ypasuennst (57) Mul BLIBOJAMM:

Yoik, k) U (&, k)=

k
e v Ok k) F@)  f @) (K K)
=igp ) Vo Vo' X
k, k7
e — et fo o], 69

YU (K k) ®; (K7, K) =

%4

' (K, ko) £ () £ () @ (B, &) %

=i £\ = =
2V il Vo Vor
k

.‘X[pat.%_m.lr.__.——ina(m%—m —0))] (60)

Cymmut B (59) u (60) ofpamaoTes B HYJIb TONLKO IPH YCAOBMY 0y <. 2 p,
TOYHO TaK He 'KaKk COOTBETCTBYIOUIHE CyMMbl B paGore Mé&mepa. B
3TOM CJIydae, BhHpaXeHHe © —-0” — oy B (U3UIECKOM HHTEPBa/e YacToOT
o” (p, 0o) nurge e o6pamaetcs B -Hyab u nepexoisl V - § — N -
- 8'-+9” ne npoucxopsr.
B cayuae xe, Koraa oy > 2 p, 9TH TIePeXOLbl HECKOABKO YCIOKHS-
10T KapTHHY WM Mbl TOJAyYaeM:

(op—0) [ X006 ) U (6 K) -+ DU (& k)0 (K, k) |=
: k K

2 s N . ”
= —ZE3 (0 ma)z @7 (k, k) L0

- V oo’
'y

X ®; (K", k)3 (0 o — o). (61)

C nomouwsio (55), (57) u (58), umes B Buiy, uro A(0)==0, moxmHO
FIOJLy 9HTh!

YK, k) k(0 — 0) =1 U (K, k). (62)

Pemienvie ypabnenns (62) Mbl sanmiueM cuMBO/IMYecKH B BHIE
. Uk k) Aoy
bk, Ky =i m ) (63)
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Fle 3HaK IIOC YKashBaeT HA TO, YTO PACXOAMALIKECH. BOJHBI JOJDKHEI

ObiTh BHIOpaHBl B HYJASX (YHKIHK h(o)o — o). I/Icno:xbayﬂ 9TO pellieHHe,
MOXHO - mepemucath (61) Tak:

8 (0 — o) {U (Ko, K) -+ U* (K, Ko)] - -
i (0 — @) DU (& k) U (K, K) [k (woj_w)+ Sy | w)_] +
- |

. ng? - * . " F 4 \
8o — o) ROk k)EOLED 0, (7K (04 0" —0g) =0 .
k, k7 .
(64)
B mocneaneM BbipaxeHHH MOXHO Tpeo0pasoBaTh Kaaﬂpamyfo CxOOKy
BTOPOTO 4W/JICHA . ClIe AyIOUINM OﬁpaSOM

1 : 1 . 1
Rg—o)y, — E(eo—w). 2“‘2 AT 80 —o—p),

74

(65)

‘Tlle CyMMUpOBaHWEe NPOBOJMTCH 110 BceM KODHAM ypaHenms h (x)==0.
Jas ynpowenns oGo3navenuit BBeASM MATPHILLE

(Vi | ROV, H) =2mB (0 — oYU (k, k'), - (66)
5 |V 87— 2B (o _%L)__ »
Vo B[ROV, ) =2md (o A o) — s o (67)
(N 4,97 | RO |V, §)=
=m0/ 0" — o) g [ 0K, 19 27 ’+<I> @, k)f 2. (69)

MOXHO NOKABaTh, UTO CyMMA TO BCeM KOPHAM B (65), COOTBBTCTByIO'-
WEM COCTOAHMAM paccesinns pasaeta II, w nociennuft wien B (64) Mo-
ryT ObiTh Bhpaxensl uepes Matpumy RO, Taxum ofpasoM, MOXHD .
nepenxcath (64) B Bune . '

(V)8 | RO A4 RO 54 RO= RO | V7, %) —
—(V, 8 [ RO*RO |V, §) (V.8 | RO*RO | V/,#)=0.  (69)

‘O1ciona enenyer, uto S-marpuua B Teopuu Jlu, xoTOpas Aad COCTOA-
HEH, pacCMATPUBAEMBIX B HACTOSIUEM pasiede, MPeACTaBlAfeTCA B BHAE

S=1+R®4RO 4L R®, (70)

He YHUMGPHA, TIOCKOJBKY BEPOATHOCTH mepexonor V4§ — V_ ¥,
OKasbiBaeTC OTpHuaTeabHOl no (69). Kak 5710 oxuMianoch, - MaTphua S
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YAOBACTBOPAET COOTHQIUEHUIO : .
1S*S =1, ; (71)

€Ci¥ JMarOHANbHbIE DJAEMEHTH ¥, TIPHHAA/NeXauine coctosmuuam | V_, 9),
TOJIOXKHTh paBHBIMM — 1. MOXHO nokasaTh TakXe, YTO TOT e CaMbilf
¢ pesy/bTaT NOJIYYUTCA, €CJAd pACCMATPHBATEL [epexOlB 43 COCTOSHMH
{V_», #). Heyuuraprocts npeoOpasopanusi (50), (BASLIBAIOLIETO COCTOS-
HHS cBOOOIHBIX HacTH, € (H3MYECKMMM COCTOSHUAMM, MMEET TeCHY
. CBSA3b C HEYHHTAPHOCTBIO S-MATPULLI M JeJ4eT TEOpHIo HerI/IeMJIeMOﬁ
10 (PUBHYECKAM COOOpaXKEHUAM.
3hech eCTeCTBEHHO 3aAaTh BONPOC, HEAb3S MM AaTh WHYW HHTep-
TpeTaui0  (GopManu3My TEOpHM, WCHOJb3YA ApryMeHTH TEeOpHH ILIPOK
B KBaHTOBOH 3/eKTpoinHaMuke. MoOxHO OblIo- Obl, HanpuMmep, Ha3BaTh
cocrosmust |V_,) BakyyMoM, a COCTOfHMS, KOTODHE 3[eCh HABBAHBI
 BAKyyMOM, HasBaTh COCTOSHHSIMM «aHTHYaCTHUbi>. OJHAKO Jerko BHLETD,
YTO TaKuM NyTEM ¢(opManyuaM TEOopHH He MoxeT ObiTh yJyulieH, MHO-
CKO/IbKY HHKaKasl HOBAS MHTePNPETaUMs TaKoro poja He H3MeHser He-
YEMTapHBIX cpoficTB S-matprust B (69).
Wrax, namu noxasaHo, uro Teopust Jlu coriacyeTcs ¢ HUBHYECKHMMU
' mpeJACTaBJEHHSMH O BEPOSATHOCTH JHIIL B TOM 'CiAyuae, €ClIM B TEOPHIO
BBOAMTCH OOpe3aHMe W eCH NMePeHOPMMPOBAHHAA KOHCTaHTa B3aUMO.CH-
CTBMSi MEHbIIE KPHTHYECKOH KOHCTaHTH Bsanmoneﬁc"rnnﬁ, onpejeseMof
.- cooTHOWeHHeM (34a).
B 3ToM ciayyae BenMuMHA KOHCTAaHTH N? JIeXHT B IpelenaX oOT
Hyas O eIMHUIE, KaK 3TO M JOMKHO OHTb cordacHo ofwimM cocOpa-
;. wemiam 2. Ecan He BBOANTH OOpe3aHus, KPUTHUECKOe 3HAYEHME KOHCTaH-

THi B3aUMONEHCTBHA PaBHO HYJIO. ,

JOTOJIHEHHUE .1

B 9TOM IONOJHEHHH MHl TIOKAXeM HeNOCPECTBEHHBIM. BHUMCACHHEM,
xKakuM o0pasoM HeonpeleJEHHAT MeTpHKA MOXeT OHITb OTBETCTBEHHOR
3a OTpMUATeNbHBLI 3HAK TPAaBOH YacTH AHTHKOMMYTaTOpa

(W (), 4w (@) =3, 5 3r- (1L.1)

MBl TONCYUNTHIBAEM CPelHee BHAUEHWE STOH BEJMUMHB /IS BAKYYMA NpH
YCHOBHAX & > Qypur, p==p W noayvaem:

O 4F @), or @) [0)= X1Ov(p) 22| n]2). (12

12

B dopmyne (J1.2) cymmupoBaHne NpOMSBOAMTCH N0 NOJHOH CHCTeMe
cocrosuyil. MoxHO, HanpuMep, CYMMHMPOBaTR IO . BCeM (PUBHYECKUM CO-
CTOfHUAM ¥ YYecTb BKJ&A OT ¢usHueCkuX cocrosuu#t V-uvactuu, co-
croamuit |V_i) u cocrosmutt paccesnus | N, #). Coraacno pesyabraram
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pasnena Il Bxaan stux COCTOHHHﬁ MOXKHO npenc'raamb B BHIEC

O1EF @) @ O=1+X[8 012 — i =
= 1 4]

— 14+ YO+ . @)
k

Eciu He BBOLMThL HEONpeAeNEHHYI) METPHKY, TipaBas HacTh NOJO-
XWUTebHA ¥ NpeBbllaeT efuHuuy. OT0, KCTATH, GBIAETCS  OOBLIYHBIM
ZIOKA3aTeNbCTBOM  TOTO, 410 N? eCTh NOJOKUTENBHOE HHCJIO, MeHblliee
eJuHHLLL 7, B paccMaTpHBaeMOM Cayude NOCAe]HWE UleH OTpHUATEeNeH,
NpUYSM HA M3 KaKMX OOWMX cooOpaskeHHH He BHITEKaeT, YTO NIpaBas
vacth (I1.3) nmo/kHa MMeTb oONpelenéHHb 3HAK. MBI fafuM CTporoe
JOKa3aTeJbCTBO TOTO, YTO 3Ta BeJUYMHA MNa8T NPABUIbHOE BHAYEHWE,
onpeaeasemoe (33). JIOKa3aTeabCTBO Cy|eCTBEHHBHIM 06Pa3oM onupaeTCs
HA TOT (akT, uT0 GyHKUMA /f(2), onpenensemas mo (36) u mpomon-
JKEHHasl B KOMILJIEKCHYIO TIIOCKOCTS B BHle

h(z)=2z 1+§‘Ef— AL , T (.4

@2 (6 —2)
k

uMeeT HYJH TOJNbKO Ha [AedCTBUTE/bHOH ocu. JleHCTBHTENBHO, TOJIOWUB
=x-1y, nonyan

__h(2) fio)z g2 f2 (o)
=P =ity = D e T 9

we—a @i [(o — 2P F 7]
k

[Mocnensee BhlpakeHWe BCETHA OTIWYHO OT Hyas, ecau y # O.

Bonee Toro, mocae mnepexoaa K mnpegeay V- oo, ¢ynkuus k(2)
npeoOpasyeTca B aHAIMTHYECKYIO GyHKUMO Buda

% (v —2)

h(z) =z 1+~fz§f2<m)‘—/—‘iﬂ  (R4a)

(rne BReeHO O003HAuEeHME *{=%\ , OJHO3HAUHYI0 B KOMIVIEKCHON
TJIOCKOCTH, PaspesaHHON BIOJAL ACHCTBUTENBHOH OCH OT TOUKM . JO NO-
noxHTesBHOR  OeckoHeuHocTH. Munmast €acTb  Qynxumn k(2) B 9TOH
yacTu neCTBUTENBHON OCH paspbiBHa, TaK KaK B BEpXHeH W MuKHeR
NOAYNJIOCKOCTY h (2) MMEeT NPOTMBONOJIOXKHHE BHAKHM, TOTAd KaK e&
LeACTBUTENBHAS YaCTh HenpephiBHd. [BysHauHOCTH % (2) COOTBETCTBYeT
TO OOCTOATENLCTBO, UTO TOUKA 2'=={ SBASETCH TOUKOW BETB/EHURA
Ui KBaIPAaTHHIX KOpHel Thma "h(2) (cpepru . sBHYI0 ¢opMy GyHKINR
#(2) nns wactHoro Buma f (®), mpuBendHHyio B xononmenun II).
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Dtn coiCTBa (yHKiMK A (2) TOSBOAMOT CAENATH ABYMS CrccoOamm

‘OiteHKy ‘WHTerpana
L
Sxi) h(z) '
o C

B3ATOrO BHOJb OYTH, M300DAKEHHOrO HAa pHCYHKe. Ilpexnae BCEro Mue
3aMeyaeM, YTO

V1|2 =1 [ 7@ Vo=@ +

[oo]
T o % 2]-1 1 .. de
+ErEVeE =) [ =1t n (o (16
p‘ .
Jlanee, Mbl pasbupaeM nmyTh C Ha ABe uacTu. OnHa M3 HuX, C,,
HauuHAeTCH B TOuKe 2=—=R —le, TAe R NpPOU3BOJBHO BEJIHKO, 2 MO0~
HHTENLHOE & NPOH3BOJBHO Mano, HAET nanpliie HiKe AeHCTBUTENBHOR

OCH, Ha DaCCTOSHMM & OT He&, ONHUCHIBAET [MOJYOKPYKHOCTh Pajuyca &
OKOJI0 TOYKH 2 == B OTPHLATEJNLHOM HANDaBJEHUH, NpPOJLOLKACTCH Hal,
LEeRCTBUTENBHON OCBI0 Ha PacCTOSHHUHM €& W B3aKaHUMBaeTCd B TOUKe
2 =R-}-ie. Bropas uactb nytn Cp— 5TO OKPYKHOCTb [OCTATOYHO
GoJbwioro paguyca R, HeGo/bluas YaCTh KOTOPOH OKOJIO AeHCTBUTE/BbHOM:
OCH onylieHa.

Copepwas npenenbhrit nepexonr e — 0, npu kotopoM Bkaax B Cy
OT NOJYOKPYXKHOCTH CTaHOBUTCH CKO/Jb YFOAHO MAJBM, NOTYYHM:

. dz L1 Oc:, d .
lim [y = —2limin [P —— ¥ 012 (L)
k

ol bt
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“Tlpn aTOM mpelenbHOM .Nepexone Bropad wacte C, T. e. Cp, mpespa-

maeTcs B NOJHYIO OKpYkHOCTH Cp. COOTBETCTBYIOIIMH MHTEIPan JIETKO
OLICHHBAETCH C TIOMOINBIO ACHMITOTHYECKONO IPeJCTAaBAeHHS (DYHKIIHH
h(z) (cpaBHn 8aMeuaHus, CHeJaHHBIE TEpel, HANMCAHMEM YPABHEHUSA
(43)) OlleHKa J1aéT:

d 1 ' -
j 71-&)-: P2 N (1.8)
CR

CJIe,llOBaTeJIbHO, Mbl TOJIYYPJIHL

o QMS‘ F@) +2l3(k)l2_ﬁf- (1.9)
C

) C apyrofl .cToponbl, Hanmyue y OYHKUAH %(2) TOIBKO AeHCTBHTED-
. HbIX HyJeH M 3HaHde BbeTOB ¢yHkuum k(2z)~! B nomocax z=0

¥ Z==-— N IO3BOJAOT Herocpe ACTBEHHO BIATH HHTErpal
1 dz 1
Clie10BaTE/ILHO,
o 1 1
1+Z|5(k)‘f2+m=m- (O.11)
. k : .

Ypaenenns (J1.11) u (I1.3), B3ATHe COBMeCTHO, JaI0T HCKOMBIH
pesyasraT (H.1). Ecm xoncranta B3ANMOJCHCTBHA . MEHDbIIE CBOETO
KDUTHUECKOrO  3HaUeHWs, NOAMHTerpaibHoe  Bhipaxenue B ([1.9)
He MMeeT TOJIOCA TPH 2= — A M nociensnit waen B ([.10) nomkeH
OuTh  onylued. OCTanbHele MATDHYHbIE  3/IeMEHTH KaK KOMMyTa-
TOPOB, TaK M aHTHKOMMYTATODOB MOTYT OHITH DACCMOTPEHE! aHAJIOTHUHBIM
nyTéM.

JOTIOJIHEHME 11

) ‘B uacmmuon cayvae omcymemsus o6 pesanus f(o)=1, 1/N==0
n ¢ynkuus h(z) (cpasuu (Il.4a)) MoxeT ObTh MpeJCTaB/eHa B KOM-
" TIaKTHOM (popme:

roxm) =0ty [0t G-
Ly (mgmmﬂ . 12

[
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e o >p u e >0,
A=

+7[ MR YT 2log-‘—il/§:—“i],-(ﬂ-l3)

ecan )\>p.
OrBieKadch OT MHuMOM uacTu, BXoAsweh B dopmyay (IL. 12) 06a

" DTH Cayyas MOTYT OHTb NPENCTaBIEHH TOXIECTBEHHbIMM (DOPMYJaMH,
€C/M A7 BBIDaXEHHs, CTOSILEro MOA 3HAKOM JOrapnpMa, B3SITh €ro
abcomoTHoe 8HaueHue. JJs TpeTbeI‘O HHTEpEA/A LeHCTBUTEJBHOR OCH
" uMeeM:

ho)y=o0-

4y [m — V p? — o? arcsin — + ; m?—-————] (1.14)

e — p <o < p.
Vs mocnennux ypapHeHu# MOXHO HalTH KODHW YpPaBHEHHS
h(—X)=0 (1.15)

KXaK B ciayuae caalolt, Tak m B ciyuae cuabHO# cmasn. Jlus craGoft
" cpssu wa (JM.13) Moxuo HaliTH, uTO

)\z—g—elh, eem (<Kl (11.16)

npuyéM B 3TOM CJAyuae MHCKJIIOUYaeTCd BOBMOXHOCTH
pasnoxXeHWs B cTeNeHHOH paa awboro suna*). B cay-
4ae CHILHON CBASH McmoAb3oBaHwe ypaedemua ([.14) nmpuBoAMT X Cie-
JYoleMy BHDPaXEHUI0 A1 KOpHS:

4
—mE)\z—ﬂ— L;—, ecan "{.>>1, (ﬂ,.l?)

TpUYSM 31€Ch HMEETCA BOBMOXKHOCTb Das/OXEHHS B CTRIEHHOM pal
mo YL

¥) 210 06CTOATENBCTBO TIPENCTARASET HEKoTOpuiil wHTepec B CBA3A C Tew,
410 PAX NOMLITOK HOXYUHTH CTENEHHOH PAXL ¢ KOHEUHHLIM PafUyCcOoM CXOAMMOCTH
B HEKOTOPHIX DPEHOPMUPYEMBIX TEODUAX NOAA C [OMOULBI0 TEOPUH BO3MyleHuil
oxoHuHaca neynaded. Cu., Hanpumep, C. A. Hurst, Proc. Cambr, Phil. Soc.
48, 625 (1952);, W Thirring, Helv. Phys. Acta 26, 33 (1953); A. Peter-
manu, Phys. Rev. 89, 1160 (1953); R. Utiyama and T. Imamura,
Progr. Theor. Phys. 9, 431 (1933).
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