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3KBHUBA/JIEHTHOCTb TEH30POB 3HEPTHH-UMITYJILCA
T'MIbBEPTA W BEJIMH®AHTE

A.A./Toryuos, M.A .MecTBupmubHan

UucTuTyT ¢uauku Bbicokux sHepruft, Cepnyxos

1. BBEAEHHWE

Xopoiio H3BECTHO, YTO TONLKO CHMMETDHYHLIA TEeH30p IHepPrHH~HMITYJIbCA NpH—
BOAHT K CaMOCOrnacopaHHbIM 3aK0HaM COXpaHeHHs 4—HMI‘[}'JleB H MOM@HTAa KO-
JINYeCTBA OBHAKeHNS. noa'romy npoSneme CHMMeTpH3auHN KaHOHHYEeCKOro TeH3opa
SHEprHU=HMITY/ILCA, KOTOPEIl €CTEeCTBEeHHLIM 06pa30M BO3IHHKAET B JIArpPaHKeBOM
noaxoge ¥ xoTopuifl, pooSule roeopa, He ofSnagaerT cpoRCTROM CHMMETPHH, B JIH=
Teparype yoenseTcR GoAbOe BHUMaHWe  ~!

OSumft meToR noc'rp/oeuuﬂ CHMM@TPHYHOr'0 TEH30p8 SHeprHH=HMImynbca 6Bl
npeanomer MunuGepToM 3/ s crasu c BeBOmOM 0o6WeKOBAPHAHTHOTO yPaBHeHHsS
rpasuTalnyH,

MeTton MNuasGepra OCHOBLIBAGTCA HA HAXONIGHHH BapHANHM NArpaHMUaHAa Ma-
TepHH IO METPHYECKOMY TeH30py ¥ ¢ HeofxoauMOCTbio TpefyeT  nepaxoaa K
xpuponuEeRHEIM KOOPAHHATAM, YTO, C OAHOR CTOPOHL!, BLIARIB&ET HeynobcTma B
TEOpERX, e AOCTATOYHO OrPAHHYNTLCH NPOCTPAHCTBOM=-BPEMEHH MHHKOBCKOrO,
B oK KoopavHaT - npeoSpaaomanuamu [lyaHxape, a ¢ apyroff, npu nomydeHuy
AIBHOTO BHIPAXEHHS TeH30pa 3HepruH-ummynsca NaneGepra NPHXOAUTCH CTaNKH~
BATLCA C GONLWHME TEeXHHYECKHMH TPYAHOCTAMH.

Bonee pannoHanbHbift MeTOA MOCTPOEHHS CHMMETDHYHOr'O TeH3opa 3HeprHd—HM~
nynbca Guin npeanoxed Beaundante . Meton Benuwpanre aaxmoyaercs B TOM,
4T0 K KAHOHUHECKOMY TEHAO0PY 3IHEPrUH-HMIyAnca OOGARAATCA HeXOTOophle Mno—
CTPOEeHNHBIe U3 HWCXORHOrD JarpaHaHaHa 4iaeHH M B pe3yibTarte TeH30p NoAyvaeT-
Ccfl CAMMETDPUYHEIM W COX[AHFIOWHMCS.

B HeXoTOpOR CTefleHH HepelleHHWMB SBJISOTCH CJIeaytouiHe BOMpPOCH:

1. OTauyaTcs AW TEeH3opH sHeprud-ammyasca Muanbepra H Benmidante?
OTuacTH OTBET Ha 3TOT BONPOC B JHUTepaType Hmeetca’ 2~ '/, On aaxmouaerca
B cnexnyiomeM. Ecau narparXuas MATEpHH CONEPXHT NMPOU3BOAHEIE NMOVIEBHIX JyHK-
Uit He BLIUE NepBROr0 NOPRAKS, TO TEH30pH aHepruH-ammyasca Muaubepra
Bemmudante copnanawor.

B nanuoft paGoTe Mul fOKaXeM 3KBHBATEHTHOCTB TEH30POB JHEPrHHU=~HMITYJILCA
MnusGepra w Benkudaurte B :Mydae, Koraa JjarpaHXuaH COAePXHT NPOH3BOAHBIE
CHMMETPHYHOr0 TEH30PHOr0 Avd A0 TPeTbero mopsaxa BKIOIHTeNbHO. Taxoft
flarpaHKeay NOSBJISEeTCH B NONeBOf TeopHH rpaau'raunﬂ/ 8/ y MO3TOMY HIY4YeHHe
naHHO Npo6neMbl HMeeT He TONLKO MeToAHHecKoe, HO ¥ ApaKTAYecKoe a3HAdeHHe.



2. Eciv xaHoHW4eCKHR TeH30p SHEprHH~HMAYNLCA cCaM SABIFSeTCA CHMMETPHY-
HbIM, W3MEHHT NH ero npomenypa GeaundaHTe, T.e. paBHM M HYA®© B STOM Cy-—
yae 006aBOyHbIe K KaHOHWYECKOMY T@H30pPY MOCTPOEHHLIE MO peuenTy Benwhdah-
Te uwileHs! wiu HeT? [lpimep narpaixuaHa, pacCMOTPeHHOTO B NMPHAOKEHHU 2,N0-
KA3LIBAET, YTO KAHOHWHECKHA TeHaop SHeprHu-«MNy/lbca, KOTOPLIfl OKasbiBaeTCH
cUMMeTpUYHbIM, H TeHaop BenutdaHTe He coBmMajaloT mMexay coGof. 3To 3JHAYHT,
4YTO B TEOpHH MNOARIGIOTCA NBa XaHABRATA Ha POV TeH30pa JHeprin-umMmynbca,
KakoMy 43 HUX OTdaTb WpeanouTeHue?

Beugy Toro, uTo ans AwGoR TeopHH QyHAAMEHTANLHYK® POIL HrpaeT MMEHHO
TeHaop auneprud-umiynscae lunnbepra,u 3Hayur Tesaop Benuudaure, npeanoute-
HHe cllelyeT OTAABaTh ITOMY TEH30PY NO CPABHEHWIO C KaHOHHYECKUM, gaxe ec—
¥ nmocHegHHR SBAfEeTCA CUMMeTpHYeckuMm. B aToM aaxmowaeTcs OTBET Ha BTO-
po# pomnpoc.

B dacTtosueR paGoTe 3aTpardeacTcAd Taxme BOIPOC 0 xannﬁpoaounon HHBapH-
AHTHOU'TH TEH30pa 3HEPrHH—KHMIOyNLCA.

Hapectno’ 9/, uro xaHOHHYeCKHR TeH3Op SHeprHH-HMIYJLCA cBoSoqHoro
3NEeKTPOMATHHTHOIO NOMA He ABIAETCA HHBAPHAHTHLIM OTHOCHTENLHO KanuBGpoBoY—
HOI'0 Npeobpa3opaHus BeXTOp-noTeHnHana

AF»A"+6#Q(‘),

XOTH COOTBETCTBYW0OUHA narpaHXuan XanuGpoBOuHO MHmapuaHTeH, YTo Xacaetcs
TeHaopa MwinBepra-Genundante cPOSOAHOrO 9/IGKTPOMATHHTHOrO NOJS, TO OH
KanuGpOROYHO HWHBaAPWAHTEH.

B paag. 5 sToit paGorh! Ha npuMepe narpaHXHaHa NONEBOR TEOPHH rpaBHTa=
WM [TOKA3AHO, YTO 9T0 He Beeraa TaX, He ToNbKO KaHOHMYeCKHH, HO W TeH30p
sHepruH-umnyneca MunsGepra-Benndante He ampasercs XanuBpomROYHO-HHBAPHAHT-
HHM OTHOCHTENIbHO 3aMeHb!

4’#-"—. ¢FV+ aFGV + aVull

XOTSl jarpaHXHaH NoNeBOH Teopuu I'paBHTamHu 3THM CBOACTEOM ofnanaer. Cne-
ayeT noaqepKHYTh, HTO B OCHOBE NOCTPOEHHS TeH30pa IHeprHi=HMmyasca [Hib-—
GepTa-benuadanTe MeXHUT WHBAPHAHTHOCTDL OTHOCHTENLHO npeolpaaopaniit xoop—
OMHAT, He WMewWHx Huyero ofwers ¢ KanuGpoOBOYHEIMYU Npeobpas3oBaHHAMH Hmoneft,
N03TOMY HeT HUYero YANBHTEILHOIO B TOM, YTO TEHIOP IHEPrHH-BMIYNLCA B
ofweM cirydae He SRNAETCA KaNIHGPOBOYHO-HHPAPHAHTHON BesUaNHOR.

Haxonen, sameTuM, 4TO KamEGPOBOYHAS HEHHBAPHAHTHOCTH TEH30pA PHEPriut-—
UMIy/IbCa He oTpaxaeTcs He HaGmonaembix QUIHYECKHX BelUIHHAX, NOCTPOSHHEIX
Ha ero OCHOBe.

B ofllenpussTOM noaxode kK NOCTPOEHUIO TEOPHH MOV HCXOOHbIM OGLEKTOM
ABnfeT<a aefcTaEe, XOTOPOE B NEKAPTOBWX KOODAHHATAX NPOCTPAHCTBA-BPEMEHH
Mumcoacxoro (uwnn ncesaoesxnunosa npocTpaucrea) E 4 C Merpuxoh Y, =

= (1, -1, -1, =1), uMeeT aug #

S=J’d x 8. (1.1)

v
3nece narpamkvan £ (narpamxeba mnoTHOCTE) HOCTpoeH U3 KoyneBrIx QyHKIHMA
¥ WX MPOH3BONHLIX M SRISETCH CKANSPOM; ¥ = sexo-ropbm poofute r'oOBOpS, NPo—
u3BonbLEbLIE o6vem ua E :

4



Ecar 8 E, mBenens xpuponuuedHbie xoopaMHaTH! Y= y*(x), 1o (1.1)
cneayeT aamucaTh B BuRe

S« rdya, (1.2)
rae nen‘llmuua
A=y=5 8 (1.3)

SBIleTCH CKANSPHOR IVIOTHOCTBL ¥ NpU NpeoSpaaoeanud KOOPOMHAT npeoGpasy-
ercs Kak \J=y. B (1.3) y=det y**(y) . lnm  nameueMwero yaoSuo £ npen~
CTaBHTL B BHRE

£-8 +8

rge B AeXapTOBBIX Koopau#arax gg fABJISeTCA CKaJAPOM, NOCTPOEHHBIM TOILKO
Wb H3 NPOH3BOAHLIX TpeTbero nopsagxa or CHMMe‘I‘pH‘lHOl‘O TEHIOPHOI'0 IIO=

ns ¢v,“, , a £y (Taxke cransp) aapucHT or noneft VU (unnexcy
A, B, ... 3gecy ¥ B aaneHeRuwem GyayT O3HauaThL Mynb-rmmnexcu) or  ux
mepBLIX NPoMaABOAHLIX duUA=U, . ; Ug , i ... H TONLKO OT BTOPHIX MPOH3~

BOAHLIX NONA &, . l.lalmau CTpYKTYpa na’l“pamxuana £ pubpana namu c
Heb0 MPHMEHUTHL NMONYHeHHLle B $TOR CTATLe PesyabTaThl HeNOCPeICTBeHHO X
noiepoR TEOPHH rpaBuTauHH, paasuTof B pafSoTsx . YTBopmaeHus Hacroswef
paGoTs! CNpaBemMBLl B O6ueM cliyYae AR mMoBoro narpaHxuaHa ¥ MoOryT GuITb
n0Ka3aHb! AHANOTHYHO C HEKOTOPbIMH He3HAUHTANbULIMH HIMEHEeHHAMY TeXHHWYeC-—
KOT'0 XapakTepa.

Mpu paccMoTpenuu Metona unbGepra HeofxoaWMO BXOAAUIHE B JaArpaHxHaH
nons 3anWcaTe B KpUBONWHeRHLIX KoopawuaTtax. TpeSopauue HHBAPHARTHOCTH
narpasxuaHa Ipd 9TOM NPUBOAUT K TOMY, 4TO B S? MOABHTCE 3ABHCHMOCTH OT
camoro monsg ¢, W OT BCEX ero OGLIYHBIX npouaaonmalx 10 TpeTbero mopsaxa
BKIIIOTHTENLHO, 8 B £ y = 34BHCHMOCTH OT CAMOrD mons b H OT BCex
er'o NMpOoW3ABOAHLIX 4O BTOPOro Nopsaxa BXMOUHTenBHO, Kpome ‘Toro, Tax  xax
MeTpuYecKuft TeHAOp y ,,, YXKe CTAHOBHUTCA 3ABHCAUMMM OT KPUBOMWHEAHEIX XOOp—
AHHAT, B JlarpaHMHaHb! 2‘ u £y BOAOYT ero mpouapoaHLle A0 COOTBETCTBY -
WHX NOPAAKOB.

Kak npashnio, coxpanenue cpoftcTBa WHBADHAHTHOCTH NpH Nepexode X KPHBOw-
muueliHbIM KOOPAUHATAM AOCTHraeTcs a3aMeHOfi OOLIMHLIX NPOHABOAHLIX HA KOPA=—
pHaHTHHE

$wio* Doty = Puvio’
¢Iﬂ"‘7,r - DODT ¢p,

“pu *D,‘u‘su‘;“ ¥ T.0.,
roe, HamnpHumep,

A A

¢#v;a=¢pu,a— ray¢Av-rav¢Ay' (1.4)
Taxoft mepexoR » AaeT peleNnT NOCTPOEHHA HWHBAPUAHTHLIX BEIHYHH B KpUBOMMHef-
HBIX KOOpIHHATAax.

b= ¢pu;a;r ’
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B (1.4) F py SBIIAETCH CHMBOTOM Kpucrobens (wmu cpasHocTb0) ¥ yepes
MeTpUKY npocrpanc‘me-apeueun Munkoscxoro y,, BupamaeTcR  ciienyoutsM
ofpaaom:

A 1 Ao
= [¢ + - ). (1.5)
rl“’ Ty yva,p ypa.v y,u.v.a
3JaMeTHM, "TO B QeKAPTOBOR CHCTEMe KOOPOWHAT

A
F = 0-
v
Tak xax npoctpauctso E 4 wiockoe, TeH30p Xpuprawbi PAMEHA TOMIECTBEHHO
paBen Hymo u nosromy omeparopsr D, u D, nepecranosousm.

2. CUMMETPHYECKHA TEH30P 3HEPTUU-UMNIVIILCA (10 BEJMHOAHTE

Xora B aTOM paagese ME HaMepeHb NMOTYHUTHL CAEACTRHA, Cllefyoulde B3 HH-
BapHAHTEOCTH TONLKO OTHOCHTENbHO rpymun [lyaunxape, yudToiBag Heo6XoaHMOCTB
ofwexoopaHHaTHOrO NpeoSpadopanus B gaivHeflem, ynoSHO yXe agect nNpHBecTH
onpegenenus H Gopmyan B TOM dopme, B KOTOpoA OHH MOHAQOGATCH HUXe.

Hugygupopar des papuagus J e - 3amuwem oSwexocopadkaTHOe npeoSpasopanie

B HHORHHTESHMAIBHOM BHAE:

y ext it x). (2.1)
Torna oqeau.uno
st shegh () (2.2)
B J{’Hxl-lelHOM npu&mmemm mo ¢#(x)
I
2 Lo - gk xoo). (2.3)
a U

ngﬂgm [pupeuleHe TEHAOPHHIX BEAHWTHH, COIVIACOBAHHLIX C KOOPOAHHAT-
HbIM npeoSpasobanneM (2.1), HaswBaeTcs WEOYREpoBaHHOR BapHanuelt u oSoaHa-
naercq uepea A{!).

Ecnu ¢ (x )=cxanapioe nome, TO oveBRHAHO

As(ﬁ(x)* 0. (2.4)
Myete ¢ “,, cmme-rpw-moe TEH30pHOE NojIe, T.e.
¢ (y) = (l) ’

o
Torla B cuny (2.3) B nuHefinoM TPUGTENKEHEH o f“ HaxoauM
b =, 0 = A5 6,00 =-f,“¢a,(X) - &5 ba (D (2.5)

Ona nona w ,(X), rne A - MynbTHHHOEXC, TOHAOpHEIA 38KOH NpeofpasoBaHus
B HHOUHHTeAHMANBHOA ¢opme MoxeT GbITb 3amAcaH B sHne

vl () = (6~ SRLEY Yo (9



Toraa o%eBHAHO

Aguat)=-Sate v s (2.6)
CoBepweHHD aHancruyHo Moxer GbiTk NoKalaHo, YTO

Bgd" ) =" () 4+ £ 749,

As¢5(x)=-e“ sh 0+ " 52 (0, (2.7)

A B
X
Av (D= saufu" (¥, wura
Teneps HalineM WHAYNHPOBAHHYIO BapHauHio OT NpOH3BOAHLIX noiefl, PaccmoTpum
noapoGao A5¢‘w o+ Tlo onpenenenuio:

14

dgad) _ 3%u(X)

Ao, =

s a0 ay° ax° .
Tax kak B aupeftiom npuGmuxenuu (oM. (2.5)) q&‘:v( y) -q&w,(l)—{_“q&a l,(’l)—
bap(® .
3gs ) ax’ 9600 i a
5:0 ) ay° ax’ (ﬁa f‘a )[‘ﬁ!"’"(l)-(fru ¢av(‘)+
+§ l,qfo”( 9, nold +ldgd, SN - ,ada,w',
NoaTOMY
Bsb M) = 1858, 0 -85 6y, 9 (2.8)

AHanoruyHo MoXer G6bITb NOKa3aHO, YTO

Bsbyuyon =185, N -6 6, . 0,

pveo ',

Asqb#V'”"nB:[Aqu“y'a. ) —6 aqb;w.a,r.ﬁ(‘)' (2.9}

ap W =189, (N - € v, (6)

H T.O.

Bapueyua flu, Wa ¢opmyn (2.8) - (2.9) euano, dTo caepaTop AgHe Nepe—
CcTanoBOYeH ¢ omepaTopamu auddepennmposannn. Bo MHOrMX cyryyasX, DAHAKO,
nelecoo6pasRo UMeTh TaKHe BApHANHH, KOTOpHE, ¢ OMHOR CTOPOHB!, COrjIacoBa—
HE! C TEH3OPHLIM 3AKOMOM npeofpalopaHmfi, a c Apyrofl, nepecTaHOBOYHL ¢ DIE—
patopamu nuddepeHnupopanus. TakHe BapHanauw Ha3LBaOTCA BapWauuamu Jlu u
0603HaYaIT UX Yyeped AL



Onpenenente Ay, crneayioutee:
Ap (%) = ¢ (%) ~ p(X);
- 2819 _ del)
A é 0 o P (A, o0
(2.10)

o) =, ) - 8, (0

. 28 _ 36,00
(24 ax° axa

Ao = (8,5,
B(2.10) ¢°(x), ¢’ (x) M T.0. - aHAYeHHs mpeoSpasopamHmx noned ¢°(y),
‘“1 Y) u 7.2, Basm.re B ucxonnolt Touxke xF= yF _ £F . Orcioma sunum,uro
Ap(!) ~ pepuanun He SBNAKTCA NPOHIBONLHLIMH U3MEHEHHAMY NOTeA B TOUXE,
a cornacopaHss ¢ npeoSpasopanienM xoopawHaT (2.1), T.e. C TOHAOPHBIM 38KO=~
HoM Tpancdopmauuu noneil,

Wa onpenenenus (2.10) oweeunHo, wTo oneparop A; nepecTaHoBO4EH C Oflew-
patopamk aupbeperuuposannd. YcraHosHM CPRab Mexay onepatopami Ag W A, .
Hafinem cuavana A g:

A=W =¢ (YE-¢¥) = p(x) = 4°(y) -
-Mf"-¢(x).A'¢(x)-Mf"
ay¥ ay¥

v
Tax kax » nepeom nopsaxe mo §

24°(y) £v=ﬂl‘ 62'()') fvzap 395() f v (x)'

ay" ay’ oaxt Y oax
T0 ¢ yverom (2.4) maxomum
AL¢(x)=As¢(x)-e"¢m(x)=-:"qs.#(x). (2.11)
Tenepe nafinem AL¢
"))
A, 04, D¢ (d-4; (r7-¢9- -, 09=89, ) - —;“——-f
y
HO B NEPBOM ROpAOKe no fl‘
ol o ax "’e e, )
ay' ay’ Fno
H NO9TOMY HMeeM
8.8, =8g4 M- 6"95#”.0(")' (2.12)



COBepuleHHO AHANOTHYHO NDKAa3bipaeTCs, YTO
A L"A(‘) = ASU A(x) - EFUA,F(X)I
b8, (=858 ,0-£" (9

2.13
Bydy, =858, - quﬂm, %, (2.13)
1—‘75#”-"-'( N =85 ,0,0,r W -¢? Puvrarrear

"4,,,(") = ASUA#(X)-fVuA,‘M,(X) ¥ T,

B cwiy TOro, NTO ONepaTopb! A; ¥ 4, NepecTAdOBOYHHI, AN BLIMHCIEHWS
ABHOTO BHAa Bepvanud Jlu OT MPOWU3BOAHMWX MoJelf, QOCTATOYHO 3HATHL ABHBIH BUN
papuaunu cemux momel; A; ¢ senana $popmynoft (2.11):

Ao, N = -e"‘#qs“(x) - f': ‘ﬁ,m"‘) - a‘ﬁ#u.a(')’ (2.14)
B a0 ==Sabes v (- £%, (0, (2.15)
Bpl0 =62 $E()s €1 g% (- %0 (9, u mn (2.16) z(

Mepexoa or ¢opMys, NONTYYOHHBIX AMs oSUEKOOpAHHATHOro npeobpa3oBaHus
(2.1), x dopMynam ana npeobpaaomanusn [lyaHkape ocywecTmiseTcs ¢ NOMOWBLK
KOHKpeTHOro BLISO;= NMapamerpa &H(x):

£R(X) meb + w‘;xv. (2.17)

roe ¢# - npousponeHLl, HO nocToAHHLW 4-pexTop, & wHY - HexoTOpas G-na-
paMeTpHvyecKas aHTHCHMMeTpuyHas 4 x 4 MaTpuna:

WtV mgltt, (2.18)

Seupth A o #Y B nexnofi paGoTe HaMm He noHanoSuTcs. FaapHoft  ocobeH-
HOCTBIO rpynnkl [lyankape fiBIfeTcA TO, YTO OHa COXpPAHSET BHA MeTPHYECKOrD
Tenaopa y,,= (1, -1, -1, -1), t.e. rpynna [lyankape ocywecTsiser mepexon
OT OAHOW ranMieeBckodl cucTeMB! oTcyeTa k Aw0G0A Apyrofi ranuneesckoll cHCTe-
me. [ToaTOMy eCTeCTBEeHHO NpH NOCTPDEHWH TEOpHH, HHBAPHAHTHOR CTHOCHUTENLHO
rpynne! IlyaHkape, HcxonquTe M3 geficTews (1.1), xoTopoe 2anKCAHO B AE€KapTO-
poft cucteme xoopauHar. Crnegys .Hetep, norpeSyem uHBApHaHHOUTH Acher-
pug (1.1), xorpa xoopaguHaTh Nogpepralorcs npeofpasosaruw "lyaukape, T.e.
BOMOXKHM

. . 4 . e 2’ » 4
58 = {£(¢pu(x)' ¢#V'a(x), w)d x -{'.Q(‘;s#v(y), ¢,w,o(’) o) y=0,(2.19)
Tak kax d4y= d‘x, a

9(¢#',,(Y): qs;M(Y)s---) = f(qbﬂy(")i ‘75...,.0(")""')“

Age (x)+

P HUsOr T
td

9



a8 PYS
x} + 2.2
53 Ay “Mmlxh A s¥al® ™ A, (2:20)
pyve0pt,a Ap
to ua (2.19) uaxogum
4
{d X AS¢FV'”-'+ -¢ AB‘I’yvu'l.r-a‘|h
BV Op 7 fyrOyTea
+._._6£ Agu,+ af Agu, )=0. (2.21)
du, au_,h# I
B cuny npoussonsiocTH v #3 (2.21) cienyer
o8 a8 Py
—....._.._.Asqs ar+——__As¢ +—AL"A+
B pvear L 98 vpara - BT dUa
£
tme— st ,= 0 (2.22)
s
MWay Ap

YukToBaR CBA3L MeXay BapHauMaMM A g u A, a TaxMe NpennpHHATOS HamK
paabuense narpanxuana £ = f' + £, , cootrowenne (2.22) momer GuiTh
JanecaHo B pHae

(pv)lor) 1
£12+80), VAL o +REO g ) ‘
62.. a8
0. (2.23)
MFTR Artat Ju,, Bpoa,=0
B (2.23) HB 0BodH
ae
yeen | _Ttw | (2.24a)
a¢,uu.a,r
R(I‘V)(Ufa) ag ] (2‘24)
a¢pv.a,r,a

HO WHBAPHAHTHBIMH OTHOCHTENbLHO rpynnd [lysukape nOXKHB! Obi1t PETHIHHL! £
u® M 7O OTHEeNALHOCTH, NOATOMY, nphmenss meron J.Herep ana uurerpanon

fi?zd x u [€ d% no ornenuocTh, Hafigem:
v

v (pvhoral
£@), R 8, 000070 (2.25)
v (Xor) % S u (A 0. (2.26)
'3 ‘gll),u +V (AL¢’“)'0.r+ 50, Apu,+ ™ L A w =0 .

Up,
Xora coordowenune (2.23) cneayer ua (2.25) ”— (2.26), My counu Heol-

XOoOWMEIM BLINHCATL €ro OTaenabHO, NOCKMIBKY, Kax 3TO0 6yne1‘ BHOHO HKe,

I0




)
B3AKOHL! COXpaHeHHS YAOGHO MOMyYMTL WMEHHO Ha ero ocHome. ToXaecTsa r‘
(2.25) - (2.26) amnsiorca HeOSXOAUMEIMH U NOCTATOMHEIMH YCJIOBHAMA WHBa-
puautHocTy £, £, omHocurenwHo rpymmer [yaukape, H no-cywecTey Haxna-—
nbBaAIOT orpauuqeuun 'ranbxo Ha QYHKUUOHENLHYIO CTPYKTYpPY narpaHwwanos £,
u £y . T.e. HA TO, KAK OHM BABMCAT OT BeNMYUH Puviana ¥ By, ¢ uA,
Ua,, cooTeercTeenno. Moncramr~~ » (2.25) n (2.26) asuwit sun papuanu
AL¢ H A, C yueToM T v, uTO 4a% I'pymnb [lyankape Bce mpowapoaubie
or napame'rpa £" Haumuas co BTOPOi BXNYHTENLHO U BLille TOXAESCTBEHHO PAB—
w1 wymo (oM. (2.17)), nHafimem :

B (uv)(ora) JaNoru)
¢, (2R ¢ﬂu,m.a+3k Pavefursol= 0 (2.27)
(pv)(af) (ouX}lf)
f:zp (zv l:Sau/'a.r 2v ¢au.a.r
il Bp 8y 5
"SM B*t auA'osm Bt "ﬂ:— Yaql=0: (2.28)
JNlerxo aamerire, uwro (2.27) n (2.28) uaxnageipaioT ycnopHs ToMbKO Ha AHTH- ;
CUMMOTPHYMLIE HACTH BLpaMeHufl, BXOAAWMX B KBAOPATHLI@ CKOSKM, TaK XK Be-
auYuHa f_/. u = autucummerpuura (cM. (2.18)). Takum ofpasoM, Hu3
(2.27) u (2.28) naxomum:
(p)ora) B (B)ora)
2R veayrea ~ LR ia,r.a"
(avdorp) _apglavierp) M
+3R ¢uv-f.0.ﬂ 3R 'bnv,r.a, =0 (2.29)
(@er) B (Bv)(o7) (v Xur) B L lovKpr) N
2v ¢v (%) -2V ¢“,a,r+zv Over, -N svery *
. aﬁafﬂsal‘u agﬂ BB aB aﬂu Bﬁ‘
Y A Y
3% a B U, Aa B au»A,o' Aa Ba
- g sBﬁuB +£_"- v B- 02w uA"‘E 0. (2.30)
duy, g M B0 du,, LW
Tenepb peprenica Kk Toxaectey (2.23), mepenuces npenpapHTeNLHO €ro B BHHEe
5(8_+8,) 58
—E A +—Np 0, N -0, (2.31)
8¢’“I “Tpv du A *
raoe
(uviar) (pvXor) (iaXora)
J _f (‘Q +£n) V (a L¢pv).r-v,r AL"S'u/ +R (AL¢;¢1)'r-a

IT



(#v)(afa) (uvVora) 98y
-R AL¢[‘V)'¢ +Ru'|a AL¢[‘V+_au_ ALUA' (232)

A, 0
a 8/ b¢ ~ dynxuuosanbHas npouseonHas Sftnepa-Jlarpamma (oM. pwaoNe-
HHe 1)

Mpeanonaras, uro nona ¢ gy WU, TMOQUMHAITCA YPABHEHISM ABHMEHHS,
T.€. 4TO

5(2.+fu)_0
5% 4y

58 (2.33)
M -0,

’

év,

wa (2.31) Haxoaum
Y .o, (2.34)
14
Henonbays nas Ay, AV, seHeie merpamenns (2.14) u (2.15), npen~
crapum (2.32) B pune

g P, W (2.35)
rae

Noa)
Por=_yo,(E.+E“)+v(FV ca ¢ r_v(;w)(aa)¢ r

HVeQy sa BV

+R(,w)(aa)¢ ,_R(uv)(aﬁa) +R(;w)(aaﬁ)¢ T, ag“ v’ (2.38)

fveas 0@ F‘"ﬁ' var B Gu, )
our ,olevioBa) (avXoBp) r_opludoBal .
-2R bt 2R a8, LR.8 L
- R‘:";X"ﬁ ")¢a 2 REIADy 2y (“"X"ﬁ)ﬁ. gt
(Bv)op) (pv)(aﬁ) 62. op
v ¢ﬁ -zv'ﬁ ¢, rm — 5, 7" . (2.37)

A, o0

Teuaop Pa', sanauubit papercreoM (2.36), HasHBaeTCA KaHOHMYECKHM TEH30-
poM 3HepiRH-UMMyabca. 3aMeTaMm, uro P , K&K NpaBuno, He SBASETCA CHM-
MeTpHIHEIM 1o uHnexcem (ar)s

Ecnu mons ¢, ¥ U, YAOBJICTBOPSIOT YPaBHEeHUAM ABHMEHHS (2.33), P
qBN9eTcA 10 _NePBOMY WHOEKCY COXPAHSOWUMCH, T.e.

P’ ~0. {2.38)
0 .

R



[eRcTBUTEALHO, BHIGHPAR B KavecTso £, = & _, rme €, = NOCTOAHHME, HO
npouanoibHLR 4-BexTon, a3 (2.34) u (2.35) uwaxonuwm (2.38).
Mycts Tenepb ¢ .= 9 x" . Toraa

Ja=_m x'\P‘"-w Mdpr’
rA ru
u c yyerom (2.38) ua (2.34) uaxonwm
r TH popr _ yorgy
wrF(PF -P +M,0 -M.U) 0:

T.€.

P‘”_P"“:— (M"F'—M"”‘).a- (2.39)
Bpenem oGoaraueHue

[ L L T (2.40)
Toraa (2.39) npumeT pua

PH_PTH__HET. (2.41)
3ametum, uro (em. (2.40))

HAT 7w R TE, (2.42)
Ha (2.41) e cuny (2.38) ouerdguo, uto

PR =-HAT . (2.43)

(ur)
Cnegys Benundaxre, onpemendm TeHaop P(I;s) , Monaras

P((BF)”L pHT, .L(H'“"+ HETO_HoTH
2 (p')

[okaxem, uTo TaxdM 06pasaoM ONpedeNeRHHIt TeHA30p P( B) cumMmeTpiaen. [efl-
CTBHTEIILHD, pBCCMOTPHM paa3HOCTh

P(l”_) rp)
(B)"'(B) ©

Yyursipaa ceoficraa antucummerpun (2.42), wafinem

(2.44)

90»

PRI LT TR W R, o ),

prL pl)_phr_ g, yheo.

(B) (B)
MNMocneauee suipakenne B cury (2.41) ToxaecTsenno pasal-lo Hymi0. DTHM aoKA-
3aTEeNLCTBD CHMMETPHYHOCTH TeHaopa Benuudaure P(“' 3apepliaeTcH.
’I‘e(ne;;b noka}e™m, 4TO (B)
T
pE _plen) g, (2.45)

(B (B)yr (ar)
PaccMoTpuM cHagana P(g)'“ :

P(pr) - Ppr+l(Huar+Hpra_Horp) - 0.
(B) r3 11 2 2Tt

3aechb MBI Takxe BOCIONILAOBANHCH CBOACTBOM (2.42) H 3aKOHOM cOXpaHeHHS

xauouwaeckoro tersopa PP’ (cm. (2.38)). Awanorummo:

13



pU ) Pt LT LRI R)

(5),r 1

wr 1 uor  uro r r
=P+ H )’a_,=p“ FHEOT

14

=
10y 7

Mocnentee BHpameHne TOXIECTBEHHO papHO Hynw B cumy (2.43).

[MocTpoeHuu? Benuudante TeHaop P(‘") (B oTME4He OT KAHOHHYECKOI'0 TEH-
aopa (2.36), kKoropuifi,Boo6e I'OBOPS,He SBASETCH CHMMETPHYHBIM) obnanaer
BcemMn TpeSyeMBIMH CBOACTBaMH, NMpeABABIsdeMLMH K TeH30pY 3SHepruu-HMOyasLca
R ABASeTCH XOPOWNM KaHAWAATOM WIS TOIo, 4TO6H GHTL B3dTHIM B KAYCCTRE
TEH30pA IHePrHU-UMIYNLCA MAaTepHu.

IMocne HeC/HOKHLIX, HD I'POMOAIKUX BbraHchexuft Ha ocHoBe dopmyn (2.37) u
(2.40) ualtaem:

or I 7 (o B) ( vio B) r (r y
-i-(““ +Hl-l _H F)ag[vl—b’ B, r _y# B vil)(ﬂﬁ)qs}l
1

g Ve ;ﬂ—
_y 8D bt v'(rﬁv)(aﬂ) oo VBT ¢:'ﬁ+v(ﬁv)(nr) ¢ﬁ:_v(guxfﬁ o~
(chrﬁ)¢u ﬁ+v(;u)(rﬁ) ¢;; -v“’”x"ﬁ) g v(av)(uﬂ) 4+ (rv)(pﬁ) v‘:ﬁ"
(vﬁv)(uﬂ) o, glehoBa) bgan R :Lﬁv)(aﬁa) i R“al:);aﬂa)¢v
_R(rv)(aﬁa)¢“ vBea” ZthXaﬁr)¢aV'ﬁ'ﬂ R(fgxapa)¢v'a R(.':).(gﬁa)# +
, geHeBa) S e e? R(wxfpp)%'ﬁ',_ R\:Z;(rﬁa) ¥ - szv)('.ﬁu: s °
+R(’;;:f)érﬁa) I's R(UV)(fﬁa)‘ﬁ,i‘.a'ﬁ R(Oﬁl’)(fﬁa) +R(aﬁv)(aﬁr)¢av',‘_
_ (jau:);fﬁa)¢v R(auXpﬁa) ,,,a,p R(’aﬁ,,)(a,g,,) :. sz:,)(aﬁ“)
. R wBa) . R’(;prpa) 47 4R (:;x,‘ﬁa) 401,
Lo o, I g oy, PEn s
At Yao
- _g.fT“asfa'yan - _a.e_ M §C7,a% :i" SSTy (2.46)




MNpunumas ro BrUmanke B (2.30) ypaanenue OBUXEHHA On1A nofell U ,, Haftaem:
( ( afu C# ar 084 @) ep) ,
u -

S.a? SMY‘”‘)] o= -2V u.a.ﬁ +
Ao
(Iv)(a B (Bv¥ay) Bvda r) _
¢v.a.ﬂ -2v ¢ﬁl-’va| V( 31'-0»“
af
- v "+ it v, K- (2.47)
au"# auA.r

Moncrapnss B (2.44) Brpaxenue ana kaHokuweckoro TeHaopa (2.36) u (2.46),
a Taxme yuareBasg (2.29) u (2.47), nafinem oxoHsarensubfi mua Temaopa Be-
nuupaure, oSnagaowmero sBHofl cuMmerprefi no uHgexcam (pr ):

Mra)
72‘;)=_,w(£,+2u)+v(ﬁ"x““’¢ rov ey
_ v(ﬁv) (ap) r"V(ﬁ v)a ')qS

3

ﬁ Vsily ﬂ"!ﬂl
(BvXor) o {Bv¥ap) r
M v
Y ¢ﬁ Ve @ [ -V ¢ﬁv. a, Breas
(ﬂv)(ﬁ r) (r v)(ﬁ p) o . B V)(#') o (ﬁu)(y') o
o 4’5'5 + v ¢V.ﬁ vva ¢ﬁV' +V ¢ﬂll,0.

(::l;(ﬁ')¢ ('V)(ﬁp)¢ ~v'(§v)(ﬁ')¢ o _v('ﬁv)(uﬁ)

+V

¢0

w0
v.(:v)('ﬁ) o, - '(:v)(u 8 . B, b Y ﬁ)qs:,ﬂ,a .
.(::fzz(rﬁ) v(ou;(pﬁ)¢ V(;")(' B, v’(;v)(pﬁ) ¢ .,',g _
R, R ¢au.a:‘+"f§"§”’3 e,
R?:’u;oﬂr) av'#+ R(fx:Xfﬁa)¢:a g (rvXpﬁa)¢v’a'ﬁ

R(pv)(aﬁ" :u a'B (rv)(gﬁa)¢ . ZR(av)(prﬁ)¢ o

Ve Ouas B 7 av,fBs +

+V

avirpg) R(pv)(rﬁa)qsg R('V)(#aﬁ) P

¢¢Vlﬁcaa- varﬁ vsa - -avﬁ ¢v.a
(rv)uBa) {av)(r B) o

R(#v)(rﬁa)d,v'”"x .ﬂ 4,:”-0 R,al:ﬁ“ e

(av)(ryﬁ)qs R(FV)(mﬂ)qS” R(fv)(aﬁp) o,

B aveo, ea40sf va,Bea

+2R

I5




(pv)(rﬁa)¢q (rv)(;zaB) a R(av)(raﬁ)

+R ﬁ ' 'ﬁ V-a’ﬁ-
P\au)(yaﬁ)¢ (av)('ﬁa) " (av)(aﬁp) r
(14 Vva'ﬁ veoras f3 vitha, B
(ovXr Ba) L u (av)(aﬁp) (e)aBr)
R.a.ﬁ ¢v.a -] ¢:,a +R B u,a.a
(oviaByu) o) aBr) g (au)(aﬂp)
Rnﬁ ¢Vvava R'a'ﬁ’a ¢ R’a 1ﬁ|0
(oviref) o (ov¥ua ﬁ) avioBp)
Rrarﬁ ¢VU¢7 - R’ﬂ'ﬁ N4 - -]Z-R av.a,ﬁ,r-
1 glavXeg? e, ‘;Eu 9Ly #
_?R ¢dv.0,ﬂ, ""i(au UA'r+au UA. )"’
" . T
g g
+-%-[“C( = S::)'aa+ H S ae_ ] sCaa# -
e v At auA- /3 du A, T
- au" sf:ya')]'a. (2.48)
A p

3, CUMMETPHYECKHWA TEH30P 3HEPMMU-MMIYJILCA TIO FUJIbBEPTY

Mertoa Tuns6epTa OCHOBEH Ha NpUMEHEHUH O6WEKOoOpAHHATHOTO mnpeobpasoBa—
wua (2.1). Cnenys TuauGepry, Gyaem McxoouTk ua neficTeus (1.2), sanncenno—
ro B KpMBOMMHeRHLIX Koopausarax. TaK KaK NP o6WeKoOpaHHATHOM Npeofpaso—
panuu (2.1) MeTpuuecKufi TEH3Op y ,, YHe He OCTEeTCH MOCTOAHHBIM, HeoSxo-
auMo HafTH WHOYUHPOBAHHBIE H /14eBCKHE BAPHAUHY METPHKH Yy, , H €€ HacTHBIX
npouasonnbIx. Mcmonbsys TenaopHuIl aaxod Mpeofpasopanus y o, COBEpUWEHHO
aHAZIOTHIHO TOMY, Kak 9TO OHIIO ceiaHo B paax. 2, Haflnem:

A ’zv {_J‘ av+fl' yor
va

a
Asyyv fv{lyay fyya," (3.1)
Mgyl =gy - y.‘“’ (3.2)
88 Ve~ Bspw e 'f YuvB°
pv
A 'a'ﬁ—(A Y. _ﬁ-fﬁ g (3.3)
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'
sVuvea,8 " (AS ypv,a),ﬁ —f'ﬁ Yuveayo

(34 - pv _g" oy

8%,a,8,0 (As)"a'ﬁ),a f-ay.a.ﬁ.r v T, (3.4)
pv _ B av v ap_ 49 uv,

Byt =€ TR E YRS E Y (3.5)

AL(y'FaV)= (ALY‘“’)' i A (yaﬂ) =@, ),a.ﬁ ¥ T.0. (3.6)
Haxolen, BbmulleM CBR3W MeXOy BapHandamu Ag u AL:
a
Ry Y Y vEvs (3.7)
ﬁyl‘v H
-a.ﬁ

Bgv a-ﬁ_ (ALy l‘jva B €7 ya.ﬂ,a o

a
pu oBwexnopanHaTHoM npeoSpasopanuy (2.1} B nepsom mopsinke no £

dly =d®y(14 %),

mv_ Ky
Asy'a -(ALy .a + &

My By BV g o], Ve AT BV g ey ) ¢

13

IA_ A wv, @A p pv A A" oA

= pv
* ay* s” gy $%a g v S -a-ﬁ ayHY Asy.a.B.a+
"z . gﬂ.ﬁ -a'ﬁla
dA A A
to—A 4+ Ao + A ¢
a s pv s poa [I22:2Y
d’l‘” ad’#v-ﬂ ad’pv.a.ﬂ
dA 2A
3 A vvarBoot a'A"A_"A Agy,,
¢yl'p¢rﬁv0 HVeas Be 30 aU

¥ NO3TOMY YC/IOBHE HHBAPWAHTHOCTH AeACTBHS (1.2) Januilercss b Buge

4 a a oA v A o
{d y[f.a:‘\+f A.a+ A y# +-;iy—#: (a,y V)'a +

aytV
a
dA 9A
—_— (A MY ———
+ P ( Y )a'ﬂ + T (A )ﬂ.ﬁ,0+ P ALd’pV +
'a'ﬁ vﬂlﬁoa atd

I7




JdA

+

(AL¢FV).a + _J%L— (A ¢,,)

+
nv “ras 8
uvea nvsa 8
dA A
——— (A KX dA B
+ L¢pv .a.ﬂ.o+ 9u ALUA + 30 (ALUA), a 1=0.
uveay Byo A A,a

B cuiy NpoOUIBOMLHOCTH ¥ OTCIONa HAXOMUM:

aA 3A u
£%A) + ALy"V T AL (e (ALy i I
y v v L ’ nyv waf
a ay" ay'l‘ll a ay,a,ﬁ
dA pv aA
t e (A y ).a.6,0+_a¢ Bd,,*
y,ﬂ,BNJ g
JdA aA JA
+ a e ), + Ao, ) grmmm—e——(8, 8 ) 8.5
¢#u'a LPuv ’ea ¢yu.a.ﬁ pv ha-fB 345#"'“”3'0 v yasf3so
dA dA _
+-BTA ALUA+-a—u—A_u- (Al.uA)vd = 0. (3.8)

Toxnectec (3,8) smngercs HeoSXOOAUMLIM U [OCTATOYHLIM YC/IOBHEM WHBAPHAHT-
HOCTH ReficTBMA f,‘\d ‘y OTHOCHT&NILHO npeobpaaopanns (2.1). Onrako HHBapu-—
v

aHTHBLIMH OTHOCUTENBHO OGWEKOOPAHHATHOrO Npeofpasopanus (2.1) mOmKHL! GLSTHL
BeUYWHbI fA‘d‘y H fA"d ‘y. MosToMy npumenss meton D.Herep ans uuter-
v

v
panos f«‘.|4yl\z v {d4yAu IO OTAENLHOCTH Hafinem:
v

dA 5 A
(%A, ) +—2m A f“’+i_x_(AL,,I“’) +

sa a}”“’ L dy zv @
’
A aA
3 v —_—
+ 3y BV (AL)’F ).a-3+ pv (AL}}‘V)-aoﬁ'°+
y'a'ﬁ 'drﬁvﬂ
aAg dA, A
. A g+ (A ¢ ) +—E—(A ¢ ) +
L L . d
3¢yu i 9%uv,a Hy @ a¢!“’va-ﬁ LB
dA; .
. (AL¢uv)-a.ﬁ,0 =0; (3.9)
F,IHG’BQU
(fa/\ ) s dAy A Ay (A yY)
M ea ay,“} L)’ ay,“/ LY va +
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.if.‘l.m Ev) SAu —{8 8 )+
* LY ag?t a¢ O e a¢ym L uva

0. (3.10)

w

‘ALUA).a

A
= Apu,+

-]
p (Al-qjuu).ayﬁ + 3
F"'“'B Ava
Xors us (3.9) w (3.10) cneayer (3.8), nocneauee, t.e. (3.8), Myl Bumuca-
% W3-3a TOIO, YTO HA ero OCKHOBE YNOGHO MOJYYHTh JAKOWH  COXpaHeHWs W
CBH3b MENOY KAHOHUYeCKHM TEHIOPOM 3HepPruu~uMmyinca W TeHzopom lunsGep-
Ta. Yuurtoieaa paanoxenws Ay (1) papweuuw mo napamerpy £% (cm. dopmynes
(2.14) - (2.15) u (3.5) - (3. 6)) aannwem (3.9) p Buae
yﬁF - ﬂ\l no,
aykv e ayks

f:l A +§ﬁ [2'———yﬁ‘“+2
V

ANy Br _o0Mh¢ ua yBr
+23—';TuL' 12,0 2 dy #“ Noow ! 2 3 f“’ Yairia
7',1.0 .c.ﬁ WOyTya
aA A
'3 A Veor = 2 F) - 4’#"'23”‘ $uvia” aaqs. $iow ™
'ﬂaff et ¢“ﬁ ¢“ﬁ'a Fa'ﬁ
dA aA dA
-2 s pvider ” za¢ : Surver 'zaqs Puveoura
uByoer TN :8] (YA
dA
-3a¢¢ .,snw'ﬂ.,aﬁ L ,,E#..
(A4 28 ]
pvefaar .a ay.n.a !
_ a.‘:“a y“a .6 dA, ﬁ“ -1 Fga yHe
] v Jy v 'Uo' dy .v-f
yol!v yvaoalr 'a'B"
_2 dAg _4 oA, b _ aA, é _
v ’
a¢“ﬁ.ﬂ [ a¢[lB-¢ﬂ (714 a¢l‘0-¢vﬁ noy
A dA,
-6 a¢ - ¢FV.U-' - 36¢ ¢F”"v"l+
B Braya,r [N
aA aA
+g” 2ty Pk o - ar -
11y =114 Hv ’ dy M
P ay.a.a ay. @y OsT .a.B.a
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9hg 9A dA
-2 b, =6 s TS S
0% .
a¢l‘ﬁva'0 a¢“'ﬁ'a'"'r ' a¢#r,a,ﬂ,a Ko
s 2 00 Bu_p e 4 o, (3.11)
“e@yBrOyr 6}!“" dé 14
1Q9 0y T }lﬁ'ﬂoorf
[puEMMad BO BHUMAHHE TOXAECTRO
A, WV &) 9&g
—_— e Ver & 4=y ——
ayl gy 2 VTRV aykv
- ” V. v . v . v v
o oy spovsonusoers senew €75 €55 g Epe * Clnpron
2& ﬁ"+2_a_£.“_. uB_ 0%, ko2 9L  Bu_
ByFV 4 6}:‘“} yla ay“ﬁa YIV ayI“’ y;a.o
LY ’ 2@s O
225 e g %8s B g 92 e
Ha " 33 »0y7ya ua R2Y24
ayvﬂvﬁ i 6yp0"vd aylﬁv'uﬂ
-2_6_2.'_¢ ~2 0%, ¢ - 3%y & -2_6.&._.7}, -
a¢“ﬁ pv a¢ p e a¢ uow a¢ BVaT O
K 1o B, #Bwow (3.12)
2 695 " -2 oL, $ _ a2y -
645“0#,' ROt g 1V.0sT 8 dé powsa '

¢uﬁ,a,r 2 1ot

@ 68, ng+4 98 uB_ a8, JET 4§ 9L, p _

n ——
(.aﬁ) pv 134 y-a po »
ay.a ay.a.a ay-a.ﬁ Y ay.‘:a.r
-3 01?: o 9 % 9% 6 %
I3 2Vl ['33 R "
ay.c:z.ﬁ.r a¢#ﬁvd MuB.a.o fyro a"’;w.a.ﬁ
af a8
bty 0
ad V08T ! t|)= *
¢ll- ﬁ’a’a of a¢[l Uvdcﬁv’ mot
a8 ag g ur
"(«ﬂa)‘z;;w—vﬂ“‘a P ,':p‘ —— %
14 1 Q0 T ? sa,Bro
a8 0
_zaqs {4 ¢““,-6a Et ¢“v; - —6-2-£_-¢“’ |)=0'
#Bsas0 qspﬂa.a.f aqbﬂ'-a-ﬁ.a !

20

yﬂ-'

nov

(3.13)

(3.14)



L ag
LISV d =0. 3.15)
n(aﬁar)(a v Y EP) ¢;w) 0 (
111414 uBrayosr
B ¢opmynax (3.13) - (3.15) 4 B nanshefuwem "(aﬁ...) 0o3HayaeT clepaTop
CUMMeTpU3alUWy Bhipaxenufl, Ha KOTOpbie OH AzficTeyeT, no uuaexcaMm (af ...).

CoBepuwieRHO aHAMOTHYHO C YHEeTOM TOXAeCTBA

oA V=Y EY) 23"
e Tl Tt
ayhv aytV 2wy dykv
B Cwly NPOH3BOILHOCTH NapameTpoB EV . EV s .f" " fV na (3.10)
HafteM: sa ’ Tsasf 1@y B0
2} a 1Y g,
2 Lu B2 2’: y#B-__‘: kO, 2 - yHB -
LBV I N I3 1% a .a,o
dy ay.a “ a}:ﬁ .a.a
g E} 5
-2 #: yHo -2 Lu 'bw,—za:s“ ¢4“ 0
(114 d 44
9,8 %uB ke
8n . 2 a8y 2 9Ly ¢
- - Uy, o PuOay v
696# o Lo 645“,3““0 ’ 3¢F0’a'ﬁ
3 c L
_ aS‘Zu ;:B - L Avﬁuc.a“ M UAV=0' (3.16)
30 v dup g a8
n ( yﬁ#+4 0w up _ %%u_ po 2 el -
apy ;w uv  ea po v - X uv
a ayva-ﬂ ay.ﬂ |ﬁ ﬂ}l,a
oL g . ¢
P NP BV R ol R (3.17)
é LT 1OV gy
1 Brasa waay B Ava
a2 aL
I ( LI L )=0. (3.18)
(aBo) g kY P
y.a.a #Braso
Toxaecrsa (3.12) - (3.18) sBIRKTCA HeOGXOMMMEIMU W OO ‘TATOYHLIMY YCIL0-
BHAMH HHB2DUQHTHOCTH BellUqMH 2 w £, oTHOCHTeNBHO OOWex. “MWHATHEIX Mpe-

o6pazoranuft (2.1).
Ob6patumcn Tentepe k Towgectey (3.8) u 3anuwem ero B Buge

5A L, BA 5 A a )
-;WAL)F +T—AL¢#V+ 50 ALUA+J e =0, (~19)
rie ABHO Bbe/EHLI 3Mepoau nponaaomible Aarpamkuaua mo moTEM ¢, 1 U,.

B (3.19) AeHo 06GO3Ha
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an
i Aoty P4 ——(A y‘“') -aﬂ(—-— ) At

" oGrB .a'ﬁ
A v LY v, A
haT_(A“yy )ﬂ-ﬁ-aﬁ(a kv Mo, « (aauv Yo
y.a'ﬂgo 'a.B'G 'G’B'o
dA dA aA
A + (A =9 (————)A
+a¢,’wm L¢pv " L¢#u).ﬁ B a¢#V-a.B) L¢“y+
dA
+ e (B & )a L%, )
9%, a0 uc L ;u)-aB ﬁ a¢#v'a'ﬁ o .0
89, ( aA VA ¢ 3A U, (3.20)

+
e T ALva
I“’la.ﬁya Avg
YuuTnBag B NoCIeSHeM BHIPAXEHWH PadoXeHWe MO NapaMeTpy 5 sapuaun Jlu

A, (!}, manuwem ero » puae

a B 5a a v ,Ba ﬁaa v Baar
S=-¢ (R +Kg)+£ g N, +¢E. M f'ﬂwYV , (3.21)
rae

Fag—aal\*’ 94 ¢ ( A \95 + _ﬂ.—__ﬁf’ -
B P ‘M#V-ﬂ-” wonf 6¢Fv.a ¢ HvB a¢uva.a.r s

9A gA A
-8 (————)¢ 3 9 (————— +2A L (3.22)

o ¢9¢#V‘a'a'r wvoBor * 959, 3‘75,‘.,,4,0,,)‘#""' B a"'-A,a A.B

K; aA uv dA ;w _ ( JA )Y 4 aA v

ay‘”' lﬁ 6 pv 'B'a 6 [ oﬁ ay'“’ lﬁaaﬂ

.a.c -d- 2Q9 097
+3.9,( A L N S (3.23)
% ay L‘”a -'-B oyt Y, ad pvs B°
209 O Qe Oy T K
ﬁ _2 dA y“p+2 gA B _ A
yE¥ "0 pe
5 ay,:'va ay,q. v 'au
N L S PR YL -23, (_5_1\_, ) yhE
ay’“’ 7584 dy po Wit 2 of
20T .a.ﬁ.r .a.mf
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A A
2 Jykr +20,9,( y"‘w )yBK -2 6 -

9¢'avﬁ 13414 wea

+a(

B I e T ST 7 L (L S
a¢f‘ﬂvaoauu" a¢ﬂa'a'ﬁ How a¢#ﬂ'¢v¢

dA aA JA
T G T b BN EE—
eI -

+
W
§0saefBer Busa,oyr

¢ . -28,9, (-L-—H, 3‘?JA._S.‘:B;.
‘Aa

+a,( i alcr (3:24)

Pr’oaoﬁﬂ Fﬂvar‘?,f

ﬁa _2.9A aA ﬁ#+4 A Bu_ _9A ar_
3 ayhv Yr P Yo
’;a.a Ya,0r Y, 2B

dA dA
-2, (—g yPr-2-24 by -‘09‘) e ™
Yayr o Buraro 1By 0yt

:A Bur s + 23, aA LI (3.25)

a
“flalﬂoa a¢#ﬁ.a.0.f

Baor
Yy, -2 “v P _g_aA %, (3.28)
2 yl‘;’”" 9 ¢pﬁ,a.a.f

Tpeanonoxum, uTo nons ¢ W U, YROBIETBOPSIOT ypamHeHHAM aBHMenus Dftne-
pa-Jlarpauxa. Torga (3.19) npumer Bug
8A w

— A y

Sy#v L
lMoacrapnast B 3T0 Bblpanteune (3.5) u (3.21) u yuuTwBAs NPOUBBONLHOCTL Na-
pamerpon ¢V, f L EY uahnem:

v
'a'ﬁ f » " f- Oﬁﬂv' '
BA yyo+ﬁa +K" =07ﬁa ¢ (3.28)

+4% =0, (3.27)

ﬁ# pﬁ_K‘3+Nﬁ“ 0, (3.29)

(Nf"mf_:"):o, (3.30)
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n(aBa)(MBaa oY, ﬁraa y-0, (5.51)

Baar

n(aBm) y =0. (3.32)
Teneps chieffyeT BepHYTbCH K NeXapTOBOf CHCTEMe KOOpaHHAT. JTO 03HawaeT,uTo
BO BCex QopMysax, MOMYSIHHMX B 3TOM paanerne, BCe NMPOUSBOAHBIE OT MeTpHyec—
xoro Tewaopa y*Y uano nmonmowurs pamunimu wymo. Mpu atoM, oueBMAHO, MEIpA~
xenusn THna oA/ yF" aA/yF” U T.O. CHauana {1ad0 BLIYUCAATHL D KPUBOIHHeH-

HBIX KOOpAHHATAX, g yxe oTOM MPUPEBHATL K HY/HO NPOU3BOAHBIE METPUYECKOro
TeHaopa.

3ameTuM, YTO B gexapToBOft CHCTEMe XOOpPAMHAT K 0. HefcTeHTENBLHO H3
(3.23) BugHO, 4TO BCE wWIeHH B MpaBoft uacTH, xpome nocneatero, YMHOXKAIOTCA
Ha NpOUSBDAHLIE MEeTpHYeCKOro TeH3aopa W NCaTOMY BKiaga He naswor. YTo xaca-
eTcd wileHa q’>‘“,’ﬁ dA/d ¢#V'a , TO B CWIy CTRPYETYpPH A , KOTOpasi 38RPHUCHMT OT
¢ 4,q TOMBKO Hepes KOBapHaHTHLIE NPOMIBOAHBIE BTOPOTO W TPeTLero nopsaxa,
OH MOXeT GbITb 3aNHCAH B BuAe

é A - ( A a¢z\w;a;r;a¢ . aA a‘#)-w:a:r)_.
v a¢/.w.a v 9 ria;r 2 9"’“-/, a‘sm;a;f a“!';w.a

a
Tak xax ¢Aw;a;r;x 194 via " 3¢Aw; os /¢9¢“V'a o6a NPONOPRHUOHANBHD!
MpOMABOAHBEIM METPHYECKOr'o TeH30pa, TO B OEKApTOBOE CHCTEMe KOOPRMHAT OHH
TOXOECTBEHHL PABHBI HYNIO . ITUM yTBEpMAEHUEe NOKAAaHO.

Takun oSpaaoM, us (3.28) v (3.29) naxonum

~ad
PV)G =0 . (3.33)
24
2.8 Be 5P NBC s (3.34)
Sykv v va

Ocranshbie coorHowenus (3.30) ~ (3.32) » nanvuefiuleM HAaM He NOHaROBATCA
¥ MOITOMY COCPEROTOYHM HAlue BHUMAHWE TOJILKD HA Be/IMuMHAX, BXORAUMX B dop-
Mmyssi (3.33) u (3.34). Bupaxenue

SA BI»‘_ B af
2-5—)/7:‘-’)/ =T =700 (3.35)

HABLIBAIOT TEHIOPOM SHepruu-umayasca wrsbepra. Ma (3.35) nerxo sameTuts,
1&‘.? ABIAETCA CHMMETPHYHLIM TEH30POM [0 CBOMM HHAEKCAaM.

Sl 28

=sar
B nekapToBo#t cucTeMe KoopauHAT Bemuuuma P = 8 GyneT copnanaTts
Ba
C KBHOHMYECKHM TeH30POM SHepruu-ummynsce (2.36), a N NpHMeT BHA

NP2 0An: y“'B+2 " e ~29, ( aA" yBr _25 (——"—-)yﬁ#+
a}’,l; 0)/"; ﬂ!a' yvavo

24




+ 26”:3r (3'?,‘—[\3-—) yHP —ZV(ﬁ#](a a)¢ V(“”](aﬁ)

y HVeO FO.V
1 T1424
Bulaol (BuXaor) X
2v _ uXa _oplpotags)

€Yo é’“’ 2R ¢FV'”" 2R plUvV-f+ (3.36)

(Buaon) (poXa g (BuMaor), 08, cp
+2R), Byt RYy $u0,~ 2R 8- a..: Sa Ve

,a

lNpussiTan Hamu panee (cm. paan. 1) cTpyeTypa A‘ ¥ Ay DaeT BOAMOMHOCTB

BBLIPA3UTD NMPOHBBOAHEIS A‘ ¥ Ay Mo NPOUSEOAHEIM METPUYECKOro TeH30pa e~
pea npouaBoAHbIE BeRUIUH A‘ ¥ Ay 0o npoussonHeiM monelt &, u VU, flef-
CTBUTENBHO, TAK K&K Narpaiiuan A COCTaBjeH TOILKO 13 KOBAPMAHTHEIX Npo-~
U3BOAHLIX TPeTbero MopsAka Mons ¢'“, , TO OH 6yleT 2@BHCETL OT )}‘: ;y'ﬁ"ﬂ
n y,"a': ,o TONbLKO weped ¢ . . g o, . Ofyckas npocreie, HO pruRKLe BLTan-
Kd, BhUMeM OKOHYaTelbHbie COOTHOWeHHS:

LY . %[R(aﬁ)(am)
aykr
(Aodar #)'y

(A o)r pa) (Aagr)
CryTsA +R b4 v¢z£r " +R ) ¢M.r ,v+

a MArg) )
+R #U¢)\0-f.ﬂ+ R(‘m)(ﬂr)‘)‘l’vo.r.)\+ R yFV¢OBn)\-|’
_R(aﬁ)(ry)\)y 45 —R(’“’Kﬁ'“)y a R()\a)(ﬁry)

rviovdep Ay OeTopt
A .

y"ﬁ @ =.}.[3(R(“'Xﬁ”")+R(‘")(“B“)) 3, (R(a;t)(arA)+
rv

+
ayk? ¢rv,,¢
I ¥4

(zodaar (ABXaar)
+R ))¢5,A+6R 95")"'

(ApMaBo) (g aor) B
R A'L’y+2y'vR ¢#)" 'BY#V

Bilard) (gAXBo?) Ya BA)
R B2 = 7 R ﬁ”'qsm‘hsy guraBiyo

v ryA T
(BuMara) gy, B,.
-3y, 95:)‘- y'wR é A I

é

YroProw, 1 (3:37)

. 6y)‘vR()\ﬂ)(aar)¢£r .

ANBor)
+ R(" Bor ¢;.'-

-3yw

(3.38)

B he 1 glerdoBr) plowafr) pimlafadyy
pv 6

R 9T,y T
- (R(a;t)()\ar)+R(ap)(a rA)+R(rp)(aaf\)
v

Y

(z Baar)
)¢f+3R" $y
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(A Xao ')ﬂﬁ"’ (uA)(Bof)+ ¢:R(“ A)(aﬁr)+

+37‘“B (¢aR

A
. ¢;R(W\Xd Bo))_ (¢a R(pﬁ)( or) ¢:R(ﬁy)(4\a r)

v v
AHANOrHYHO, ToK Kak Au QABUCHT OT y“ . y";'a TONBKO Yeped KOBAPHAHT-

HbIC MPOMABOAHLIE fofd ¢ BTOPOI'o nopsuum H KOBAPHAHTHLIE MPOHIBOOHBIE
noni v, fepsoro nopsmx‘é. Haftnem:

B OAy . v(aB)(ar)

(guNa o)

+¢;R ). (3.39)

(auXar) ¢/B ; (;w)(aﬁ) .

aytY ¢av.r +yl'“' ‘w.v
a
1 (poXar) B B {zo)(rp)
+‘2'V Yor 4’#0' +Y ¢ua, r TV * ¢¢fy,
(Bo)rid a _ (ralup) ,a
-VB #Y,,,‘é"# Yo V ¢a.#
1. (ew)r B) o, 1, % g Fu or g,
-Ev v Pop, +4[3“A.as’w+3“a aSA# 4 v
. 8y sBa . ofy sBa yﬁy - 32“ BB ap -
all‘ 8 Av auA,r Ap rv Uy s F TV
é
a El )}m )’ ]"B ; (3.40)
“A-ﬁ
y“ﬁ -i/\“ } l(v(ar)(ﬁa) . v(ar](aﬁ)) 6 1 v(rﬁ)(aa)
av 4 vr 2 rv
"2 0
1 (arXpo)  (or¥ap) 8 1 (pr)ao) g
e O VT gy VTR
1 (pr)(Bo) 4 wilaB) ,
4 yF" (v ¢r +V ¢r )-
1 (BuMor) o (Bpar) o
T v ¢, +V ¢#). (3.41)

Noacreengs coorrowenus (3.37) ~ (3.41) B (3.36), nocie ymMHOoKenss Ha i
4 Oe#cTRYR JnepaTopoM d, Haldgem:
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By N
. v(ap)(ar) ¢'g _v(ap)(rﬁ) &8
N oy r

_ v(ar)(#ﬁ) 6 s v(aa)(rﬂ) &

_ v(aﬂ)(a r) o

(U#Xfﬁ) a .
0‘

v(ar)(a#) s B _

or,

+

OTy Oy T Oy T
) ) (arXop)
R e L S
Oy T oy T ’
(aB)(fp.) (aoXBr) (aﬁ)(ar) # {ou¥ar) B
+V .t J: ’V' P ‘ﬁ‘; +V 4’0 "v', ¢o
(oﬁ)(aru) p (ap)(aru) B . ZR(or)(a#y) B
U'Y v 0 Ty ¢ar,y. -
{
_R(oy)(aru) ﬂ 3 R('a:g)(aru) ;L,, _R'O:)(alw) ¢m'ﬁ -
_RBNar) o plowkar) ,3 (oa¥Brv)
.r,v ¢,, +R yFe ¥V +R Oy Tyt *
. R(aa)(ilru) B ~ R(oﬂ)(prv) ¢a _ R(au)(ﬁru) 8%
{1424 [/ 7% Oy Ty U
{or)upv) a . glorXBuw) (oaXBrv) 4
X ¢ar. Ve * R"’ ¢ar, -R" Oy v *
. R(ao)(ﬁw) ,‘ R(tlﬂ)(p.fu) aﬁy . RE‘:)E;“W) 5
(aﬁ)(pr v) (oﬁ)(;uv) & (ay)(ﬁrv) a
+R ' 7 ¢0, v v oV *R ¢0,
gr) a1 1 af.. cu 0%, 8
-R_ﬁ_, ¢ ]-a+i'["C(.'n_sAa”By‘a S, v+
A, a A, a
8
P 0% (o a O $2° P "fn
OUA'B BUA,ﬁ au‘\"‘ A.#

Wa papercTea {(3.34) u onpenenenus (3,35) Haxomum

(r)-2 yBop B

Ban
e

Cpapuubaa buipakesus (2.46) u (3.42), Mb Buaum, 4TO

-N»ji;u:%mﬁ“unﬂ““ -
4 [03TOMY

T

(r} = '(B)

Bu _ plB 27

(3.42)

av )]

2

{3.43)



BTHM A0Ka3aTe/NbLCTBO 3KBABAIEHTHOCTH TeH30poB I'nbGepra u Benundaure aa-
pepliaeTcH. (8,)

Ona aanucy Tessopa Benudpaure P, l%‘ g pufe (2.48), ofnagawem sB—
Hol cummerTpHet mo wHaekcaM (Bi) , MEl BOCHONBLIOBANUCH TOXAECTBAMY (2.29)
u (2.47). 3TH rOOTHOWEHHR MOFYT FaTh yCTAHOBJIEHEH H B paMKax MOAXoAa
I'uibGepra, JeficTpuTennHo, B AeKApPTOBOft cMCTeMe KOOPAHHAT (3.12) npumer sua

) I8
zyf’F- 62L=2 BP.. — +3 s . (3.45)
aykv a¢pﬁ.a.r.a WOy fea a¢po.u.ﬁ.r EO Vs fha
3nech 6m7I0 NMPHHATO BO BHAMAHWE TO, YTO B AEKAPTOBOR CHCTeMe xo:;‘pnnua-r
- 98 /9 = 0. YmHomas (3.45) #a y"" mainem
65‘3‘/6¢“ﬁ'0" oL,/ ¢Fﬁ- .
8 3L FY A 98, A
2, -2 - ¢ +3 3 ¢
aykY a‘ﬁuﬁ-ay tpa 1A ¢F"- ay Py r BTG
/lepasi CTOPOHA 3ITON0 TOXKIECTBA CHMMETpHYHA MO MHaexcam (A ﬁ), NO3TOMY AH-
THCHMMETPHYHAR HaCTb Npapofl CTOPOHLI TOXAECTBEHWHO paBHa Hy/Mo, YTO W HpH-
BOAKT Hac X cooTHoweHuwo (2.20).

Auanoruutio wa (3.16) B NexapTopoft cCHCTemMe KOOPAMHAT, HAXORHM

08 9%, A 98y A
2,18 A M2 L
vy oyt a¢ﬁ;¢.a.a ¢"’a'a+ ‘bya.a.ﬁ ¢'w'u' :

aﬁl cB vA 6£" cB VA 3£" A
+ a_"'A SAVY Vet 39, . Sav ¥ Yoot 5o, P VA,

Tak Kak NeBaq 4acTb 3TOr0 PaBeHCTBA CHMMETPHYHA, TO W TpaBas YACThb AOMN—
Ha ObITb cuMMeTpHyHON, flosToMy

ag" . 2 agl( B 32. A

2 - 2 -
a¢f‘ﬁl ay O ¢#’a'a a¢~‘| a, ¢ ¢}l,a.0+ a¢l-wl (-1 ﬁ ¢“°’ a,
2oy e a-‘B".a"—..A e T A T
62. ' ch vA d SCA vB v .
*3 ag M ¥ Yc,a" 5y A vY (I
@ .
a8
R M, A 38y “A'ﬁ -0

B cuny ypapheHuft ARwkeHus MS NONS U, BeAUUHHY aP../au A MOXHO 3aMEHUTH
Ha 6a(a£./auA_ e ) 4 Tem cammM mpufiT x ToxgecTBy (2.47). Ha ocuosa-
HHH 9TUX TOXAECTB Npapas wacthb (3.43) MoweT GuLITh NpubeneHa K BHAY, 06—
NajaoueMy SBEOR cHMMeTpuell no uunexcam (B ).

B saxmoveHHe sToro pasfiela OTMETHM, YTO MU HAXOKOCHWA TEH3OPA dHEP-
ruu-umnynsca I'uAbGepra ~ BellMHbpadTe B TeOpHSX NOAS C €CTECTBeHHOR Ireo~
MeTpHefl npocTpadcTea-BpeMedd MUHKOBCEOINO LOCTATOYHC OMPaHHYMTHCS pelen-
Tom Benuudanre,
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4. TEH3OP 3HEPTHHU-KMITYJbCA B [NOJJEBOY TEOPHK IPABUTALMH

B nonesoit Teopun rpaBHTallu¥ B KayecTBe CBOGOAHOro NarpaHMHaHa E' ans
CHMMETPHYHOrO TEeHSOPHOTO NS 4’/,::/ GepeTca BLIpaxeHue

1
g PPy _12}/\# Y M g atu, g (4.1)
rae
(02 Xeew)
f’“\ =0, A (4.2)
B (4.2)
(cxKew) 1 oTX  gE _ARe
Q(A}‘) =z[275w5~‘ 4 EN‘ -
2 A g, OF 0% fu
-y ‘Eﬁ—ymﬁA"—y QBA#+2y 8A# +
+zyA (yamyel + ywat’yoi _zyws ya‘r)] . (4.3)
3aeck

ox _ 9 4
BAF -BABF + Bl;ap '

MoxHo nokasaTb, uto (4.3) nonyckaeT paaGueHue

(oxfew) foellxw] _[owll®e]

Q(A#) = Q()‘“) + Q()‘#) y (4.4)
rae BeluydHA n[‘""][‘*sl AHTHCHMMETPHYHA O HHAEeKcaM, 3aKTOYeHHLIM B

)
KBanpaTHble CKOOKH, H HMeeT BHA

Q[OwI[BfE] - ‘]T[BZ (yee B:- ywx5:) .

(Aw

T 0 GE o K _ 0¥ W gt ¥ 0o
+ 8 ly h : B#)+BA(y i“ 8,7 )+

Dr g3t o€ _ g¢ @ E - @ OX 4,
+3#(y 8, =8,y )+zy/\#(y P =2y . (4.5)

Jlerxo nokasarte, 4TO 'Ml He MedsieTC NPH CllefyiomieM XaluGpOBOYHOM Mpe—
o6pacoBaHul NONA ¢FV:
(4.6)

)

3 > é + @ +@
o ox Oy X Ay a
rope o, - Hexoropsi 4-pextop. [efCTBHTENBHO, B CHAly (4.4) na (4.2) wua-
xonum

(gx)(ew)
he =% %, 0"
loellae)  loadlate)
* (Q(AIJ) * Q(A}L) ) (¢UI, E,af ua'x’e.‘: ou,a,t,g) :
Tak Kak BelHyHHBI L LU o CHMMETPHUHE! M0 UHAGKCAM (%ew)

H {0ew) cooTBeTcTBeHHO, nNpaBas yacTb Nocnenuef GopMynLl AaeT 'A# , 9TO

<9



u TpeGoBajlocy NOKa3aTL, Tenepe MOKaXeM, 4TO onpegedeHdoe paseHcreoM (4.2}
‘A u vTomnecheuﬂo yRoeieTeopsier yciosuio Jlopesua-lwasGepra:

fFvl’ =0. {4.7)
[eftcrBurensHo, 3amuiieM f:' L B BuEe

by =y 0&'3(“") be -
o ey melela _ gloxdile

v Qe =By +B, ) (4.9
rae

U4

B(‘t:l)[vslm='|_[8:(yemyw -y°‘y""’)+8#(y""yw'— N G

LB EREY L v sty me( £ 5V vagty g ox e st t0g’y) (4.10)
(%8 =y 8, + PO 8, =8 1T 8,y )

W gBAfeTCs AHTHCHMMETDHYHOM NO WHAEKCAM, 3aKNIOYEHHLIM B KBAADATHbIE CKOG-

K4, Ha ocHose (4.8) n (4.9) c yueTom cummerpun ¢ax.e.w.u no (ewv

NpuxoAuM K ToxAecTBy (4.7).
Yro KacaeTcs AarpamHais MaTepHu

S':l = sM(opv' Yar uA.p)
fpu ero MOCTPOCHWH Mbi JOMKHHS PYKOBOACTBORATLSH TpebOoBaHHEM, uTOGL! OH GLUT
WHBAPHAHTEH OTHOCHTENLHO KaNWGPOBOHHOTO NpeOSpsinBaHK1 nois ¢ v (4.6).
B patio'rax/ 8/ npepnomena ogHa M3 BOBMOXHLIX peanusalui; aTOro TpeGOBAHHA
MOCPEeACTEOM MPEAnovioKeHHn, 4To 5$PPeKTHBHAA MeTpHKAa PHMAHOBaS NPOCTPaHCTBa~
BpeMeRH §  SABHCHT OT noig =] y TOIBKO Yeped f‘w . [locneanee corna-
weHHe B nonepofl Teopud rpapHTAUHH HCKIIOYaeT 3aBHCUMOCTL arpaHxnaHa Eu
or npouasoamix @ [leficreuTensHo, ogHolt u3a ocoGeHHOCTef moaxoda, pas3pu—
TOoro B paGoTax , ABIfeTCH TO, YTO ecCTecTBeHHOA reoMerpHefl aAna rpasura-
UHOHHOTO ToNs ¢ p OCTaeTcs MpOCTPAHCTBO-Bpems MUHXOBCKOTO, 3To O3HAuA-
eT, 4YTo B Jlarpakxuate S‘?u He MOI'YT NpHCYTCTEOBATH NPOW3BOAHLIE ¢, Bbuue
BTOpOro nopanka, ¥ TaKk xax g, () yme saBHCHT OT BTOPHIX NPOM3BOAMLIX MO~
ns 95'“, {cMm. (4.2)), 7o .@, Hg MOXeT 38BHGETH OT NPOHIPOAHBIX @ ., .

C npyro#t croposnl, B fu TPOH3BOAHEIE Noflefi MaTepud U, BCerda ROMKHbLI
BXOAHTL B BHOE XOPAPHAHTHLIX NMPOHABOAHEIX, COMIACOBEHHEIX C MeTpHXOB spen-
TUBMOTO pPHMAHORa MpocTpaHcTea~ppeMeny g . (f) .

Tpe6obaune He3aBHCHMOCTH narpaﬂxmanaaﬁ 9"01' MPOH3BOAHLIX METPHHECKOro
Tenaopa g, NPHBONKWT HAC K bCOGOfl CTRpyKType £ M ¥ CBOLUTCH X TOMY,
MTO KOBAPHAHTHbIE MPOWIBOAHHIE OT NONIefi MaTepuu VU, AOMNHL! BXOAYTL B HETO
B BHOE KOMOGHHALHEH, B KOTOPOH NpNUCXOAUT NOMHOEe COKPAlIeHHEe WIEHOB, OpONoOp—
HUoHANLHBIX K cumBOolam Kpucroddens aspdexTuBHOrO puMaHOBa NPOCTPABCTBa—
bpemern. {Cokpamenue wieHoB, RPponopuxoHaibHbIX K cumBonam Kpucropdens B
BLIMEYNOMANYTHIX KOMOGHHAUHAX NPOHIBOAHKIX NOleH W, npousofileT n npH nepe-
Xofe K KpHBOTMHeHAHBIM xoopaHHaTaM). Takum 06pasom, NarpatiXual  MaTe-
puH E., CTAHOBUTCH RAPUCALIAM pPeaflbHO TOABLEO OF OGLIYHLIX MPOKIBOAHLIX MO-
nefi v, . Takag CTpyKTypa farpamkuasa Eu npogpIsieTcs B TOM, §TO A
yﬁi‘al\“ /a#y  Bmecto (3.40) Gynem umeTh TomamecTeo
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Ma B)
iy aA, -v(gﬁ)(ar) 6ty ylorar) ¢p 1 v(;w ap

ayt"é o 1 [ 44 or 2 Moy v

+%VQWXM> _ B . v(aa)(Br) .y v(aﬂ)(m) ¢oﬁ
ur .

1oy uo, rv

ro)uB) ¢ (ap)(rﬁ) a .
_v(ﬁc)(rp) 4 -y, ( (uB _Jz,yr @ {4.11)
rv Tos " g i v Opie
[ononguTensuoe H OueHb BaXHOe COOTHOWeHHe s Jarpamkdana martepus £, s
aToM ciyyae nonyuaerca #3 (3.17). B nexaproeofi cucteme xoopausat (3.17)

npuBKMaeT BHR

2 )ﬁ,‘ 2,% u v(ﬁu)(aa) s _ 4v(ay.)(aﬁ) é
h ‘97,;3 By, O v, o
(ouap) L cg &, Ca
» &
Yqu‘rumn afecn (4.11), Haftnem
u_sofl . 2w g%, (4.12)

a"A a Ay a"}
310 cooTHOUWeKKe B pam:ax npeobpazopatka [lyaHkape, BooGue roenpa, He BO3-
HUKaeT, Tax KaK Tam f“o = 0. B cuny coorHoweuns (4.12) nocrenuue xpan-
paTHble CKOGKH B cbopmyﬁax (2.46) u (3.42) ynpowswTcs H CBOAATCH K BLipa~
KeHHI0

[__El_sc" ity

a TeH3oph! 3nepruu-umnyllbca Benusbante v N'unbbepra B nofleBoft Teopuu rpa—
BUTQUHA TQKMe COBMAfAOT MeXAy COGOR 4 UMEIoT BHR

ey o
Ve @, v, a,
BMag) ¢ (B, v(ﬂv\lwe * _v(ﬁv)(nu) .
T Ha ¢ﬂv‘ v ﬂ ﬂV' as *
G XBr) o XpB) o B)w) 4 v(ﬁu)(p.r) o
+ V' o ¢v. A + v- 4 ¢u. ﬁ+ v' o ¢ﬁv. ¥ ¢ﬂv. oy
(p¥gBr) a (fv)(ﬁp) a X8 , r)uB) o
-v,a, ¢ -ﬂnﬁ ¢ vvﬁ V.a‘.v.ﬁ ¢v.a
VOB p  (oHB) o\ faep) yiNB -
' ° ¢V-ﬁ V' 4 ¢L‘. B v 4"’!:50 ’ ¢V-ﬁ-a
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(ovXr B}

+V i ¢y v(m-')(yﬁ) T, v(mé)(rﬁ) ¢# . v(";xf‘ﬁ) ¢'

10 8 v ’ (74 C Ty o

(av)(aﬁy) s - R(av)(aﬁr) s K R(cw)(oﬁp)ds ',

R.B av, 05 aveo, B Y,
@Nop) , o, gENBE) RVNuBa) o
*Roo8 av, R.o v,a,ﬁ R0 <f’v.a,l‘-? '
a8 o o RR) o M'ﬁ \ 2R .
(#ig(rﬁa) ¢V'a' Efv)(#ﬁa) ¢v¢:a. R(:t:’)(wﬁ) ¢”'ﬁ_
g, . o RN o grep) o
LI R T
_ gt o _goeaB) e Rf«::)‘(qrﬁa) & +sz);mﬁ)¢:'a+
0, B A AT
- f::)‘(ﬂmm ¢:.o - R(:w"')gaﬁ) u'.a - ;_ R(ay)(aﬁ#)‘ﬁm'-m ﬂ,r ;R(W)(aﬁr) ﬂmavﬁr# *
LB, 2R, §C7, o i‘.!_sc" YN, o
2°0u, T 9,y r "

(4.13)

5. MPOB/EMA KAJIMBPOBOYHOH MHBAPHAHTHOCTH TEH30PA
SHEPTUH-UMTIYILCA MOJAEBOM TEOPHH MPABHUTA LMK

Jarpawkuan £ = £, + Ly, ncnonbayemuit B (ONeBoft TEOPHH FpaBUTAUNK,
HHBAPHAHTEH OTHOCHTENBHO KaluGPOBOYHOIO Mpeobpal3osalys nofs ¢ ., (4.6).
EcTtecTtpeHno BoadukaeT Bonpoc: GyfdeT N TeH3Op sHEePrHH~WmMOynbLca Iwibbepra-
BeantpaHTe WHBAPHAHTHLIM OTHOCHTENLHO NpeofpasaoBamda noas ¢, (4.6)? YTo-
OBl OTRETUTL Ha TOT BONpPDC, YAOGHO B TOf Mepe, B Xakofi 3TO ynacrcs, 43
TeHzopa Twisbepra-Beautpatre (2.48) BHUENHTH 4ieHb!, 3anucCaHHbe TOMLKO B
repmunax  f,, . Benuunuy f“,, B RanbHefuieM 6yNeM HA3BBATH MOMEM.
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MNpenrapuTensyio seimMwenm ypabHenWe apwxewws ana nona § , ® Tof dopme,
B Kaxoft oo nowapoSutca huxe (noapo6Ho cM. npunoxewwe 1). ITo ypapHeuwe
HMeeT B

9%y of L#2" +3"a) = (5.1)
-a-’—-&a(';r—‘—)-f(a A+ A )=0,
pv wea
rae penuuuna A onpemensercs ua cootHowesus {cm. ([1.1.15))
d
aN =29 L 8" —gl-:-a h (5.2)
waf,, %B° 3,

YyuThiBan CBA3IL (4 2) uw (5.1), nerxo nafith, 41O

(oB)ar) aL NS (oBNar)
N =Hw(";"""") A ]Q('w) ’ (5.3)
aﬁ)(am) aL, (aﬁ)(ar)) (5.4

(aﬂ)(‘”‘") l( ((‘:5;(“0) va ra( I}W wa‘\l‘

Mocie HECIOMHBIX, HO FPOMO3AXHX BLMHCHeHwd wa (4.13) nonyunm

(af)  (af) M gr) 13] fl
R -, -t nlele (5.9

roe {(cm. npanoxenue 3, (M1.3,17))

a8
PP ) B, as,. ,e+_._u 9.
(B) "#t A, v, B
_1 5w 0 pa,, ,,_af_s
-Z.(BUA ﬂs‘P’ﬁ I, . o )

AP - A I -

(aﬂ #’ aﬁ) +_( 6& f, e, af_" f ﬁ)+

25, o I,
aL a8 ag B
+(_fEL_f: . 6:-.5.{_.!_{ A (5.6)
Ay, p " pua o B o a

“Iﬁo]{ar] _ % op2 rﬁ_ A yaﬁ)_
*é‘ﬁBF(Aaym-'\ry“)'rlA‘”(yﬁ' ¢ ""Yuﬁd’ra)"
47y, 2 @ w,

’ 1 ra r
“%}f“(yo ¢:'ﬁ.. yaa¢;’ﬁs +EA0(¢(3'_¢¢B' Y~
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R R
-3 Py B el Py -y -

1 a8 (oedaw) 4 (onXre)
"2-¢::'a("ayﬁ'—>.'y“ﬁ) +(Ff_,:_,q(“") _E_L_q(‘w) ) 4P

@ ® wy a Hr@
é ( a8 {
-( - € Q(ﬁ*))(w) _ g Q(ﬁ'&)(rw)) & s
d e =g af‘“"a I.lll) 3
1, %% wxdao) 98 lwHior) B
+ o Q - Q )
35, W) T OB T M
Y (waXpr)
128 goes 9% g Yo 7+
3(af,“,', Qr) ab,a WY %2,
), 98, oBMNaw) 3%, (BaNra) o
¥ [3( af‘w. . () a?‘w' N Q(uu) % ‘
_1, 98 (oa)aw) g (o0xlro) . B
<2 pxPlrels $y - vgodale oy (5.7)
Tak Kax BelnyHHEI []anf“;ﬂ'] " 'l'lEe;:]Ea ] npu npeobpasopakun (4.6)
nons ¢ NMONYYaloT OTAHYHLIe OT Hy/ls AOGABKW, XOTOPLHIE B CyMMe He COKpa-

v
mamcs{,‘ ua (5.8) BuaHo, uTO TeH3Op aHeprau-HMmnyilsca [unnGepra-Bennndanre
He uHBapHaHTeH OTHOCHTEILHO XKadubpomoyHoro npeobpasopaiua (4.6).

aolpr] - [Bollar]

CneayeT, OAHAKO, 3aMeTHThb, YTO AeHb! 'ﬂt Pl - H3
(5.5) MOryT 6HTL yCTpaHeHn nyTem No6aBieHus OMBEPreEUMOHHEIX WISHOB K
narpammuany. [loaToMy npu nocTpoeHud HaGiliojaeMbIX Be/ldYHH AOCTATOYHO HC—
NONKL30BaTH TOILKO KANWGPOBOYHO-UHBAapHaHTHoe Beipaxeuue (5.6),
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llpuaoxenne 1

NPUHUMN HAMMEHKBIUETO NEWCTBMSA
W YPABHEHHME ABWXEHUA A NOIERA

CornacHc SapHauHOHHOMY NpPHHUHNY, YPEBBHEHUS ABWXEHHS AIA nofed NomyyaoTcs
U3 yC/loBHR aKCTPemyms dyHKuuoHana (1.1). 3ToT npuruun B ¢H3UKe 43BECTeH,
Kax NpHHUMN HaWMeHbllero HefcThus, [lns HaHHOTO JarpaHxuaHa SKCTpeManu
pynxuvonana {1.1) AoMXHbI yROBNeTBOPATEL ypaBHeHwam Oftepa-Jslarpadxa

58 g, (N.i.1)
5¢ )
xo-ropme ¥ SBAAIOTCS ypaBHEHNAMS ABUXeHUs s noneh ¢ ). B ([1.1.1) onepatop
6/8¢(m) HMeeT Bua (r.1.2)
5
5¢ )~ 3¢ g aa(a¢ )+ aﬁ(a )~ aa Bd (Tm37+---

&Meruﬁ' 4TO anHuun HaumeHLIlero nefcTBus ﬂange‘lpa copepeHHo CaMoCTOs~
TeNLHEIM NPUHUMIOM, U He CBfaaH C WHBAPHMAHTHOCThk fAeftcreus. Ma (TL1.1) «
(M1.1.2) nerko 3aMeTHTb, YTO echu £ amiseTca AerpaHXHaHOM, paccMOTpPeH~
HBIM B Paaa. l, TO ypaBHEeHHR LR noftefi ¢',“, M U, OpuMYyT BuA

58 o€, 9Ly -
om0 00, ———————t § & e {1.1.3)
5¢ ﬁ ’ a(¢l‘yvﬂoﬁv0) ¢ ﬁ a¢l""' a, ﬂ

_5_23_& s 2w g, (1.1.4)

du, du, K,
B NOTeBOf TeOpHH PaBMTaUAH, NPHHAMAS BO BHUMAaH®E CTPYKTYPY L’ a £y
{cM. paan. 4), ypasmenne ([1.1,3) aannwercs B aune

ot{ogh? - y*“’nqs -a¥aty - avatt sVl 4y 9,000 By

== 167(ch -9, - 3.9 h“" +Ya, aﬁj,“ﬁ) (5.1.5)
B (M.1.5) ) 5
pv 98y, v 62. uﬁ 9.8 1. pv,aB ga_ﬁ
h =2 — e 2PV ety ; (Nn.1.8)
afw "B ’P Evy at,, 2 ot Ter’
rae
ﬁ R Nt S 82" _zﬁ_.
5%3 Jg 2 8
Yuurhibas cea3b (4.2), ypasseuuc (Nn.1.5) e TepMHHaxBnona f npuMeT BHA
Y o o1baloh” - 0, 0 -3, a W e 3, 5) . (r.1.7)

Ypaprenve ([1,1.7) ¢ nOMOWLIO BApPHAUMOHHOTO NPUHUMIIA MOXET GLITh NOIydHeHO
HENOCPEACTBEHHO U3 NefiCTBHs, ecilH JarpatXHaH noiepoll Teopuu rpapuTaUHy
3an4caTh B TepMuHax noas f y » @ MOTOM BAPLUPOBATH €0 MO f‘“, .

OfHaKO Np¥ BapLUPOBAHWH OedCTBHg no nomio f,, , HeoGxoAMMO yuecTb o~
NOMHATENLHOE ycnopue Jlopenuua-Tunabbepra (4.7), KOTOpOMy noAuYNHEHO f‘“,.
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Taxas BapualHOHHAsA 2afa4a. ~ 3anava HA YCNOBHEIR 3KCTPeMyM — peuaetcs Mme-
TONOM NarpaHXeBbl¥ MHOXMHTENeH 4 CBOAMTCA K TOMy, 4TO BMecro AeficTeua(l 1)
c narpakxuraioM £, #ano paccMotpern neficTeue BHAa

S=f(2+ 83, )d% (n.1.8)

rme A - narpamseBufi MHOXHTENb ¥ MOANEXHT nanvHe fwemy onpeneneHuio,
chosue 3KCTPeMyMa SMepa-ﬂarpauma ans (M.1.8) naer

- e, + VAR =

_‘_ _L) (a 3"ak) = O; (rn.1.9)
ﬁp (M.1.10)

av

2L o 98 g (M.1.11)

00 @ a"A, a

Yuuroipag paaGuenpe £ = S‘fg + £, roe 2 lmee'r eua (4,1), a £, or no-

na f“v BaBUCUT TONBLKO AUllL Yepea 9 ), ua (1.1.9) Hem.leM
E] a
LIPS LU B et --'(a W ai -0 (M1.12)
af‘“, 32, 64 2
YMHOMAR 3TC BhipaXMeHHE HA y‘w . NOAyYyum
1 pv .a _1 pv - G
gl T e
Yyer nocnem{ero COOTHOlIEHHSA B (n.1.12) naet
v 1 d 1 a v vy
LY L Fdrve AT - A" -t ). (M)
a;“,, 7V g af,g 27 ‘e
ﬂpuuuMan Bo BHumatue B ([1.1.13) onpenenenue ([1.1.6), ero MoxHO 3anHcaTh
B Bune
R TH SR TR RSB S S B (n.1.14)
Leficreya na (I1.1.14) onepatopom 0,, u, ywuteias ([1.1.10), Hafttiem
I8y u 08, v
= —_ _——g h, .1,
ox =29, 7, Ta8? T, g 3, (n.1.1s)
Ha atoro coo‘rﬂomeuua ¥ HAXOAWTCH NarpaHKeBbi MHOKHTENb A (x):
Mx)=-s fD(x—y)h“ (y)d. {Nn.1.16)
B (11.1.16) D(x-~y) - rpuHoBckas ¢yHKUHS ¥ YAOBIETBOPHET YPABHEHHID
oD{x~y)=5(x-7. {n.1.17)

MNpuuumas so BauManue (I.1.6) u (I.1.16) B ([1.1.13), Hattnem
ot?'= 16 (s 4V 9,94 fD (x-7) Wiy dy -
~a*5, (Dx-y) " (y)dy-a"s_sDx-y)h “iy)d'y). (n.1.18)
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Ecau nogeppcTByem Ha (T1.1.18) onepatopom O u yuyrem (I1.1.17), mb1 ne~
pefinem x ypapnenuio ([1.1.7). Taxum obpasoM, ypasuemue ([L.1.18), u amayur
# ypaphewns (11.1.8) u (I.1.14), moryr GeiTh WHTepnpeTHpOBaHL! KaK YaCTHY—
HO MpOMHTerpupopaHHoe ypapReuue (1.7).

[punoxenue 2

KAHOHMYECKHHA TEH30P 3HEPTHU-UMNY/IHLCA
H TEH3OP TW/IbBEPTA-BE/IMHOAHTE
[N1d CBOBOAHOIO MPABUTALIMOHHOTO TMOJA

B HacTosuiem NPHIOKeHWH pacCMATPHBaeTcCs MNpHiep NarpaHXuaHa, XoTOpbIH
NpYBOAHT K CHMMETDHYHOMY KAHOHWYECKOMY TEH3O0DY SHePrHU—HMIYILCA, HEe COB~-
nagaiomleMy ¢ Tensopom [HibGepra-Ben- . gauTre.

flycte

fz*&%‘y“ﬂ(ywﬂ”-lzw Y byt 8. (n.2.1)
llerxo aameTutn, uro ([1.2.1) aslsercs farpatbkyanoM CBOGOAHOrG TPABHTALKOH-
woro noia (4.1), 3aNMucaHHOro B NeKAPTOBLIX KOOPAHHATAX B TEPMHHEX pve
[lanee npepnofloxum, uyTo none fﬂ,, NOAMHHEHO AONONHHTeNbHOMY ycaoeuio Jlo-
pexua-anpGepra:

a*,, =0. (n.2.2)
KaHOHHYECKUl TEHAOp 3HEPrUH-UMNYAbcs W3 Narpaikkagta {1i.2.1) ¢ yueTom ao-
nonuuTensHoro ycnoeus ([1.2,2) u ypapHeHus ABWXeHus

of,, <0 (11.2.3)
HAXOOUTCA erKo H HmeeT BHA
B __ap 1 .° py _1.ad By n.2
PP oy e, mld t, o -39 e, (1.2.4)

Ha (11.2.4) puAHO, ¥TO OH cumMmeTpHdeH o mHnekcaMm (afB).
Teneps nNOCTPOMM TeHAOP 3Heprdu—wMiynbca Benwndanre.
B cuny (2.44)

(af)
P(B‘E; .p¥ +%(H“"‘B+H“ﬂ° _wP ), (1.2.5)
rae
afo ag e a 1 Brao av Ba
2k 2 A f ot f, -f f (n.2.e)
H 2 ‘”cw.a‘é 26’3%0 Y l‘n( v v )

A NO3TOMy HMeeM
(af) B 1 4%,.aB @aveof Bv ao
P =P O AL I VR A

R A L A i L
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Yyurstpaa ([1.2.2) # ([1.2.3), naxoaum

(2pB) A a av Bv oa
P(:‘g _F“B _l._ ua. +fm"€,a. f :B v o fv. )=
] Paﬁ . 52_“0'/‘:’B+ ‘av‘ﬁa-fa l#:'ﬁ_ ‘ﬁ'f':'“ )' o (M.2.7)
Ha (M.2.7) snaHo, ¥To A064BOGHOE K KAHOHAYECKOMY TeH30pYy BulpaXeRue
1 ,°v.aB ,ov,Ba @avof ca
‘aﬂ 2?2_"_(‘ fv' of ‘v. ~f f:' —"Bl?,,, ),a (I1.2.8)

OTIUYHO OT Hyls # CAMMETPHUYHO no uEAexcaM apf,

3aMeTHM TakxXe, aTc enipaxende (I1.2,8) ua kiacce nons ‘"V , YROBIETBO-
paouiee AORIERTENLHOMY ycaoeuio ([1.2.2), v ypaenenue nswserus (1.2.3) co~
XpaHsioTcs, T.e

aa'aB =aB'aﬁ =0 -

INpunoxeune 3

KAHOHHYECKHA TEH3OP 3HEPTHH-UMITYILCA
H TEH3OP TI'H/IBBEPTA-BE/IMH®AHTE
B NOJNEBOW TEOPHH FPABHTALMHW B TEPMHHAX NOJISA ‘F"

CTpyTypa narpaixuata momesofi Teopun rpasutaunu’ &
L= S? + &
B ‘I‘epMHH.ElX nons f,, T.koea, wro £_ comepwHT TOALKO mepsuie NpOM3BOA~

Hhie f . a £y shoucar ot nons f ® roarxo yepes 9gv(faﬁ)‘

Tax kax f p noasuHveTcs nononuurenbnouy yotoeaiwo Jlopenua-Tunn6epra
(4.7), Teopemer Hetep cnenyer npumenate x aeficremio ([1.1.8). B (1.1.8)
BXOAMT Aarpatkes muomutent A (x) , NosToMy HeoGXOOHMO y4ecTh ero TpPaHC—
¢opmaunoBHEe CBOBCTRA Nph mpeobpa3osakuu {lyaHxape. Jlerxo noxaasTe, 4TO

a s
A=A FEN o (n.3.1;
rRe papuauna Jlu
. aQ a
%,\ =_§. Ag =€ ,\#'a. (N.3.2)

Ha uusewnam'uoc'm (1. B) a Tak¥e MO OTAENLHOCTH VWHTEIpaloB [(S:' +
+ 9" f#,, Mk w fﬁud ‘% orHocKTenuHo rpynne! [Tyauxape, menyﬂ Herep,

nofllyzHM COOTBETCTBE HEO TOXOAECTBhA:
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a E v 3(5‘34»)“3”‘ 9] §

E(L+X 09 F,)'a+aa(——‘—ﬂ-awa Ak L)+
e+ A", e+ N'aE,)

+aa(__au.:EALuA)+__F_AL,\

I V
8(5‘3+/\“6”f“,,) AE LI LF fw)
L afl du

+

. Av, =0 (11.3.3)

8’aﬁ A

&g + N3,
fa(£¢+'\FaV'Fv).a+ ( r;,\“a 2 AL'\a +

aE + S
- w =0 (1.3.4)

+ or,

a‘or. a

a 08y a8y, ' a8 ]
f(gu)'a +W;AL‘FV1.OT:AJA+ETI:AL”A'a 0. (1.3.5)

Moacrabiag B (M1.3.4) u (M1.3.5) apuuLifi BHA BapHauuu AL(I) ¥ HCNOIBaya
ceoficTea anTHcuMmeTpuu (cM. (2.18)) u nponasoAbHOCTL NapameTpa Ea,ﬁ‘ “g g,

a TakKXe ypaBHCHHS ABHMEHHH{ IS Nong UA' HafileM COOTBeTCTBeHHO:

ag S 1, a8 9L B
e (B £ _§° ""f_l' °_ J , n.3.6
a‘ar.a rya arﬁf.a rea 2 aa"ﬁfar. —;—a A ‘qf, ) ( )
fugk OB 1 9w, B & k),
a?ﬁv voot, v 2 Wy, a"A»B A,
1, 98, Bk &y BB
s v S (o2
Auanoruuno, ecnu yuecrts dopmyaw (I.1.9) -~ (IL1.11), ua (M.3.3) wuaiinem
3 =0 (1.3.8)
roe aﬁ
Famgg P (fw)-fﬂ'am“‘e ). (N.3.9)
B (.3.9)
o8 8 o8
Paﬁ(f#,,)=-y“ﬁ£+af iy, + ..A'B»,,\"fz,ﬁ , (1.3.10)
or, a Yp, a




mmﬁ(f J)= 2-—;’-"0'—1‘—--113 :f" :Z,"ﬁuaqflﬁ“u'y“f). (n.a.11)
or, a Ay a

Beawuxua Paﬁ(f ) . 3agadRasg papeMCTBOM (I'I.3.10), ABNASTCH KAHOHHYe—

pv
CKHM TEH30POM SHEPTHB~HMITYALCA NOACHOR TEOPHHW FPaBUTAUMH, 3aNHCAHHLIM B
Tepmunax mona f,, . [ocTynas coeepweHHO aBATOTHYHO TOMY, X8K 3TO Gbuio
coenawo B pasf. 5 MOXHO NOCTPOATE CHMMETPHUECKHE TeHSOP SBEepPrAHd-~EMIyAb—
ca Benueganre. [leBcteurensio, ua ((1.3.8) w (1.3.9), ewbupan napamerp fﬁ'
nooqepenno Eﬁ meg EB = o, x7 , ualliem

Pl PPm-rPm ks @, (M3.12)
rne, kax u pamswe (cm. (2.40)),

WP 1) mo 2B ) - noP () (n.3.10)
[To onpegeneuno 'ruuaop Benuﬂdum AMeeT mm

Ko @ oo w0 -, (n.3.14)

Yuutbises dopmyant (I1.1.9) - ([L.1.11), a Taxxe coorsowexne ({1.3.6) w
(1.3.7), Hagtnem:

1,,%98 ofia a _
i(H (f)+|'| (f) H’ (f)) =(._‘—‘-J + —ene. a‘ﬂ, -
1 B
_.‘_s._ TL_fp) ,Bv'-'af £.f, ")+
F o8 98y _ 9% Mo
+%‘ Euﬁ"A,a 6\! A. )"2'( re— S Av yyaun au"a Vs
33 Bo aLy, BB va a
T ’ﬁsdvym s * 3o ] Say ¥ "s).a *%['Ba(:\'a—:\a.a)-o-
i'aa('\f;a_’\g, )}~ (Aafaﬁ),ﬂ—Aaf:.B*)’aﬂ A?v f:. (n.3.15)



Mocae noncranoexs (I1.3.10) u ([1.3.15) B (I1.3.14) ans Temsopa sueprun-

HMnynbca Beannpanre HafAem:

(aﬁ) a
(5 0=y (2, +8)+ 1(_r£.__, tor,

o aL . Y p
+( f ._;_l_
ar ﬁ “;"ﬁ a 3101 ﬁ ar,y )
At S5, B B
2 "A,ﬁ Ua,a
'zuﬁ"u “)+i"°(Aﬂ T
Ba a Bo
+%( o sAv VW“B"aUﬁ-sAVYVﬁ
-..".‘Eu_s"" vy, +——§'—5 ),
aUA' B !

Hakoneu, yuntTiBag sfect CoorTHowewwe (4.12), nonyumm:
a 8
R - P, +£.)+-—,-l— Ml

a8 & o 08 63
{ [ SN il SN X f - L G) +
+‘3far.ﬁ ! 3’ﬁr.a o or, B Nyrya "0
-( 62“ Ya, +T&-u e)"’(?'aﬂ)‘yf:a’"‘\vfa'ﬁ).a+
A, B Yaa

+ %”ﬁo()‘a.a - )‘o.a) * 1“0“?0 - AG-B)] -

1 9% 20 .8, ,,_-?u.s“" av,

ZBUA'a av? B _ﬁ

.a‘

(I1.3.186)

(1.3.17)

Brifupas B kayecTee fRarpaHxuasa 2 eprpaxetide {[1.2,1), a 2. nonaraq pas-

HbM By, w3 ([1.3.17) uafinem



q(;’f’(f)c-yaﬁs +—(af P “"-_a f“f’f)+

1 ovaB _ov,Ba ,av,of Brvoa
+?2-:(( (u' +4 fv' ~¢ (y' -1 fy_ )'a.

3ta fopmyia NOTAHOCTBIO COBNEApAaeT C TeH30poM BenuHpaHTe, NMOTYyYeHHHIM B NpH—
noxenuy 2 (cm, ([.2.7)).

43



ABNATCA iH MOHOTOJH
HEM3IBEXHBIM CAEACTBHEM TEOFPMA BOJIbILOIO OBBEAMHEHHA?

H.B. Kpacunkon

Uuctutyr auepruix nccasnopennd AH CCCI?, Mockpa

Eax xopomo ESBeCTHO, T6OIEN GONSNOTO OULEXNHONNS TDeNCKASNEANT
saxs mozonoxsf Xopra-loxaxosa ¢ msccok M, . . o

(10'-10'" ) Gev. Cymeornomamze momomosed ¢ taxod mmocof opm-
BOXET Kk ROKOTODSM TIYRHOOTAM B ROOMONOIEE . llozToMy EETODOCEO
NOOXSZOBAYS BONPOG: SRIADTCK XN MONONOXN HONSCGOXNEM CEORCTREGM
TeoImR COXISOTO O0SOXMMeHEN? B 3T0f cTarse MM OommcuBasM MOXMIE-
RADND MOXeNel POXNROTO OCLOXNHOENN,B XoropoR Momonoxw Xopra-lio-
XgxoBa oroyrcrsyrr., OcHomsoff mexocrarox ppexxomemHOR MoXWPWXAIINE-
OTCYTCTENS OOPSHOIMNDYOMOCTE. B NpRENNIS, yI8T IPARRTANNORHOIO



B3mEMOFSIOTERL MOXST ODEDOCTE X HATNUED NONOPSHOJMEDYOMUI TXENOD
» shiexTBEOM JArpaxxmaxe, [[0370My HO EOXEDNGHO, TTO YUST I'Da- -
BETAINONXOTO B3ANMOXOROTRES ODNBOZOT R EOTOIHOBSHED MONODOXeR
Iodra~loxaxona.
PaocuoTpas fpocTefEyD MOXOXS, OINCHBAIMYD P3amionieficThEO
SU(2) - xaswdposoumux noxef ¢ TpumxeroM cxamnpHux moxoft, Jar-
PAHKEAH MOXOXN EMOOT RNK

L=-F50) - £ D Dlla = P(Ua),
DA - AW re L WS, ).

:prla = g/,l)za, +e£abcb\/bl\/\,°,
P(Ba) = A (W, -FO?
NOROZOXENOS DPomeNES Xofra-lloMrEoBA KMeOT BARK
B (r,t) = g 2ery,
w," =0,
W,* = Eay 1, Win |

Vo ‘:(‘xla'z.) , ,aa?l:r\z.'

(2)

Macca momomoxx Xopra-lloXaxoBa OTDONSXSSTON MENEMYMOM yNxumoNaza
= W

M - (gd’x = 4% év‘dr[r‘(ffﬁ)i
+Yr wjy+6w2+ze Pl gez»wh

A% 2 5 AR 3
szd—;) + N}JF "z-(,iz-f-.‘ler"wu.’:,

Man
4
tr
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+ ettt 4+ (WU —EH)T], (2)

A3 YOXORNA EONOTHOOTX MACCH MOHOLOXA CEEAYOT, TTO LPE r —» oo
Wt.a (ry = - Eﬁ.&.ﬁl

er® (4)
Gatr) = F 22 4
JoGanmd x xarpaExzagy (I) MOReXM WEEH ENXA Ag=-—/‘,7,{3_'3,_ﬂa

9,02 )%  x pacoworymw sarpamxmax (I) » npeexs’ crxsaoR

OBK3E A —~> o= , llpegex zx ~» S°  COOTBOTOTEYOT HalOHeHu0 RO-
moxaxrexsnoro yoxorma U,° = F ", Macca moonoxs Iofra-lloxa—
ROBA B MOXNINIEPOBAHHOR MoZoxx (I) OODXSARSTCH MENEMYMOM YyHX~

owoRaxs , le,:g
Mo = - SLE+a41d7x =
W 2 s
wfr”‘»‘rt'z’:%/)z”fw}:*‘w + ($)
©
yy ¥ 204 2
2enti®e g et 1B (Lrew)
=Y, ¢ Y 4
+ju’:q(€+eur)].
Hespyxeo sumers, 720 Xus Jymxumosaxa (5) ops xedom sadope W (r)
NOBOSMOIRO DOXYYRTH KONOUNYR DOXEINEY ZXN MaccE Monopoax, HAefior-
ENTOXEEO, DOCXeXRER TNeN B BupaxeExx (5) pacXOxETCHR XAk S"Lr'%,,
mR Y = 0 X XoNowsNX » xya W/ (P) . B mpmmmmne, moxEo
OXOMOSECEDPOBATS YALTDAINONSTORYS DACXOXIMOOTS oI0 TEeEA
B mrerpans (5), morpedopas,zrods W (v) "Z°-erz » OXEAXO
mpx TaxoM BaGope somumroraxs W(r) mepese wxess » Symamwomaze
(5) dyxyr pacXORSMMMECK ODE P —» O,
Taxmi 00pasOM, MX JOKASSIX, ¥2¢ EIX MOXBIEIXPOBAENOIO ZATDAE~
xmana (I) womopoxx ¢ xomewmoll Maccol orcyrorsywr. HotpyxEo mmmers,

¥TO 370 X0 YTROPENGHES CHDABARAENO XXt Xarpamxxama £ +a
¢ IRCEM HOTENTIRANOM, OCDASYONEMCK B GOCEONOTHOCTS BOINMN (3, =0



K coxaxsmm, Mornfemxposaxauft xarpanxxas (I) ne sBateTca nepemop-
MEpYSMaM, B OpEENEe, Y987 IDARETAINONMMX m

3 X GOSAISNED NODSPSEOIMEPFONOID LINIA BNNA H"( S VAL 0 b
D sToRk ORRSE CMAXYET? OTMOTETE, TTO TOMNOXOINIMCKES coodpaum
OpEBONS? TOXRKO ANEL K XOEeUEOOTH Jymxmwoxaxor (3) x (5) » mmbpe-
xpaciof ( © —> OF ) OGEACTE REX MONOOOARNOTO DSBSARS. CIDEE-
MOCTS E8 COOTBATCTERYNREX ENTOIPAXoB B yasrpalwossTonof odxacrx
( 0= O ), rxe »HeXTH IDARNTAINE ESCOMIGNEO BAENE, S&NNCRT
or xomxpernofll GOIM JATDAEXNANA KA MANNX DACCTOARNEX, HOYTOMY He
EOXADYSRO, TT0 SHleXTH I'DABNTAINE SIMPOXYT K Ceckoxedsof macos
MOROIORN.

To, wro 3fijex?s IPABKTAINN MOT'YT ONTE ONDSXONTUREME BXNNC YO
ncnnwronx.a Wm(l)cm
P(Ba) = A (3.2 F‘)"\;, -£1). Sror DOTONIINAL Meeer
uaEe \3, = Fdaay © EySenofl QEOTEOOTHD MMODINE BAXYYMR, N&-
pyamExi IoXamEyp Ramdposowyr rpymy SO (3) xo S0(2).
OXmaxzo 970T MEKEMYM N0 Lpiercs adcomorimM. Kamxdposoixo mumsa-
peaxTnf sonnmyn (), =0 odzaxasT OTpETATXMNOR LEOTHOOTAD BEep-
mx -~AFF, Eos y2ora 6XTOB IPASKTATEE M ONNEAXN OH Jas0-
nﬂmpomunmuﬁ,- FOay B 'SIIOTEV0KE 00X0e Ri-
ropmkt saxyyx (0, =0, Kpows 70r0, B OmNCAMNOR CEOTOM® MONO-
moxs Xojra-{loxaxonsa GRNO OM NG B¢ BETOIXO OODRBOBE-
B&TH {10 CDABROERY O BAKYYMOM =0 X oX OHX GH ZPOCTO Meyc—
cofram, Oxmaxe mmmonrpunmrynmm
xs saxyyma \lo = F Suy 3aaxys \, =0 cramomTcH Nemos-
MONEIM N BAKYYM |}, = F,XAKN820K YoroRuEmiM. YYor rpARNTAINON-
HEx ofidexror gpEBoXET TAaxXxs X yorofmmocrx womonosef Iofra-loxx-
XoBa OTHOCNTOXSNO Dacuaxa B paxyyM (3, =0.
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MOMIAPH3ALMA BAKYYMA MACCHBHHIX MOJEH
B NMPOCTPAHCTBE-BPEMEHU BPALIAIOMENCS YEPHOR AbIPH

B.N.$ponos, A.U.3snpnuxos

duanyeckuit wncturyT mm. .H.Mle6enesa AH CCCP, Mockea

[lexp HeoTOAmMed PAsOTH COCTONT B MOYHGHNN BXJALS MBCCHBHHX N0~
xelt B 5¢eRT HOAAPNIAUNN BaXyywa B TDABNTANNONHOM IOXe Bpamarmeli-
cA qepHol mipu. B padore BuMNCEEHO cpei@ee 3HAYCHNE IO BAKYYMY
Xapraa-Xoxmura iH) /I/reusopa SHOPI'NN-NMIYAECE MACCHBHHX CKAXADEO-
TO (=), AMPAXOBCKOTO CHORBODHOTO (S=4/2)E BexTOpHOTO (3= 1) noaek,
YIOBReTBODANINY yPABHEHEAM:

(Vev, ~ER -m2) =0 |
(b)f.ve + m)¢(4|2)=0 ’
(}vev - 7P-RE-msP) e =0,

—c = = M =pR¢
t’\-C-G= 1 . R"vdp—’a“FQP*ﬂ., 3 R-,,;D"R. ,4;9
B NPECXENGHEN, KOTHR KOMITOEOBCKA? RAMHa BOXEH A=h/me soro
NEHBEE pasmMepa IOpE3OHTA. COOTBETCTBYNNAS METDERA (nerpm Keppa)
B KoOpmEEaTaX Bolepa-JuHAXBNCTA NMEET BN

dsf=- (1~ 400 )at? - dra 2 g i do + £ dr2 s

+(rie o2 + 2’;:"“1 sin20) sin?f dv? + = d g2 |




rze A=vri+al-2Mr, Z=r?+ olcosth
BHUNC/EHME BAKYYMIOTO TeH30pa SHEPTAN-HMIYILCE
OPOBOJIMTCA METONOM 2QpeRTHRHOTO XellcTBER &e BETT:
pHBAEGMOM IDEONHECGHMR 5QfieKTHBHOe XelCTENE
48! 2 . vi, 35 4  t_ce -y
W= 2T m e1) T (dxigl 07 + 0wy,
Tle a3 - maTpHYHHe KoagdimmeHTH ne Burra.
Hoperasmas 3 WG, oduee Bupazemwe GIA O\ . HAleHHoE T’ 3,
B CJy49ae BaKYYMHHX OPOCTDAHCTB ,NOJIydaem s.
) 2 Lot (A 102 ¥ ES oL p
nen = (96 FL W 2mt ) Salxl%l {t Rup Ry RSP+
A 2By -
v B RR,sR V o+ 0(m4y,
TRe o= I, ol p=-4; oL =3; Po=2I6-I008F; Bap= 144;
ﬁ.; = -360. BappRpyA V\[L‘:"\ 00 WeTPHKe, EMeeM

v
oy SHVT A,

. B paccmar-

Wogs 2 SWieh ez avt o
HITHARY,,, = TRy gt:p = (96 7T ) {,(59“)4- Pv.emk’

» 1T v =3 b}
Buspe =6 Caupyspe M7= 35 TPY -850 T,

doar o _ o4 i E
By e Ly 's-$ L. R

> s
3neck Cupy$ - Ter30p Bena; [=Cugys C L] 35Cd: C,,g“Ct:F_

Konrperiue pwncienua <HIT\W>$) ~ naa merpExe Keppa ymoOHo
OpOBOIETE B gopraaEswe Heomena-leHpoysa. B pesysbTaTe BHIMCACHMH
OKOHYATEJBHO MOMydasM:

Becasp =48 M Re {0y ),

Tu)i‘ Pg(~‘|5+106 ”)"'SP‘P, Tu)$="36 P.B'U\Qﬁh.zG )
’t'u)l’,== 0, "C'“):= #(-270-361;-2(4)4-8?794 ,
‘t‘tn)$=93(-a?+70 u)+89'?].4 , Tmoo= PS(S-SGuHTOu)*R?';g*,
T ® = %o /A =36( PPasinbls

Tarp= PRESv2ur2uw) v PIp(2-20-w+4rw),

Taye= 2p8ualz + p¥pa (4vr-1)fz ,

Ty E=-2pua’ sinB/Z + pTMwa (4o-1) sin® 6,
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Toye = PE(-6+16u~-2uw)+ PIM{d+av+sw—avw),
Tr= PH(-6 + 3w + PIM (Lr2v)y,

Ty = T /b =8iplasinb/x,

't“)g= P (2-RBw + 14u)+ P‘;}A (2-2v).

3aech 9=—-(v--«.o.cose) fr=Miz, u=mMv/z,
= et /=, -w-__(pz+°z)lz
Homem TEH30D PHEPIEE-BMOYJECA OCAANSET CHEIyXImMME csoﬁ?:)—
BAME: I) CHIT ML) ormewaerca or cpemEx smaverm <BITHI81ew
B Uiy W>‘.:’.,, , BHYHCIEHHHX COOTBETCTBEHHO 0O BAKyYMHHM COCTOA-
HEAM Byarsaepa 18 B YHpY \U), H8 BeaWIHHH, JPONOPINOEANBHEE
oxp {~Va/NY) . B Hamem OpROARWeHME A <<Vy B 3THM OTXHYNEM BCErZa
MOXHO IpeHeOpedb. 2) EP0 KOMIOHEHTH B KOODIMHATAX Boliepa-JmHmK-
BHCTA OCTADTCA KOHEYHMME Ha TODE30NTe. 3) B 9acTHOM cAydae
WBAPIILILAOBCKOH qez;g? IHpH O = O BOCHPONSBOIMTCA NosydeHEwR
_paHee B Hawe#l padoT peay.lwra‘r IAA CKANAPHOTO fioxs. JNGOOMTHO,
wT0 noBexeme kommonent (HITY IHY, RadecTBenHo &HATOrNIHEO HoBe-
JEHED COOTBETCTBYRUMUX KOMUIOHENT Teaaoz;n TAR-MMUYABCA B CHyYae
Ge3MaccoBOro uoml)opworo CKAJAPHOTO I 4) Jlan Bpamammefica
qepuoit nupu(“\"'*’\ﬂ) w O K, CHeHOBaTeNbHO, OKOAO HepHOo# XHDH Cy~
WieCTBEyeT LMPKyAADEH# NOTOK SHEPTEM,4TO IPHBOIMT K 3deKTy aKpasm-
POBKE (B Giydae BeKTOPHOIO MOJA ) H ARTH3KDRHWDOBKE ( B CAy9ae
CKAJIPHODO ¥ CIOMHOPHOTO Hoxell ) yINOBOTC MOMeHTa 9epHoM JwpH,
Eozee_moapoGioe odcyuerze csolicrs (HITy: \H)y,, Moxuo uafite
padore 78/
JixTepaTypa
1. J.B.Hartle, S.W.Hawking. Phys.Rev., D13, 2188 (1976).
S.V.Hewking, Comm.Math.Phys., 80, 421 (1981).
2. B.S.DeWitt."Dynamical theory of groups and fields" (Gordon
and Breach, 1965); S.M.Christensen. Phys.Rev., D17,946 (1978).
3. P.B.Gilkey. J.Diff.Geom., 10, 601 (1975).
4. V.P.Frolov, A.l.Zel'nikov. Phys.Lett., 115B, 372 (1982).
5. M.S.Fawcett."The energy-momentum temsor near s black hole",
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6. V.P.Prolov, A.I.Zel'nikov."Vacuum polarization of masgive fi~-
elds near rotating black holes*, prepr., Centrc de Investiga~
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ON CONNECTION BETWEEN THE SOLUTIONS OF THE QUANTUM
AND CLASSICAL TRIANGLE EQUATIONS

V.V.Bazhanov, Yu.G.Stroganov

Institute for High Energy Physics, Serpukhov

The following functional equations

igig kyia koks iais i1k gk ikz
il . -6 i [ S CHe’)R, Y (1)
R,,,z(e)R,lls(o')R,st(o ) =R, 5 (6=0IR, " R i

for the set of meromorfic functions Rixiz(O) of the complex vari~

able § are called the triangle equations (or Yang-Baxter equations).
The indices run over the values 1, .,,, n, the summation over re-~
peated indices is assumed.

For the first time eq. (1) has appeared in refs./]'Z/ and now
it plays an important role in the theory of completely intograble

quantum systems.
Let us introduce compact notations. The four-index quantity

R"ilijz(g) will be considered as matrix elements of some matrix R{g)
1'2

acting in the tensor product of two n-~dimensional vector spaces.
Further, introduce the matrices R2{g) , R13(g) , R¥(p) acting
in the tensor product of three n-dimensional vector spaces accor-
ding to the following rule

(R (6) 213 _ R/ 295"

i 111213 5 12 i3
(R7(8) and R77(9) are defined similarly, they act identically
in the second and third spaces,respectively). In new notations
eq. (1) takes the form

R'0)R (6)R> (0"~ 0) - R (6°-0)R > (6*) R"(6). (1a)

Any solution of eq. (1) R (6, 5 ) is called quasiclassical one if it
depends on an additional parameter n and has the following expansion
for small gy

R(9, n) =1+ 3r{6) + O(52) (2)
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Substituting (2) into (1) one can obtain classical triangle equa-
tions/3»4/,which play an important role in the theory of classical
integrable systems

(r'%(6) e Blo N+ 12 (), ePM07- )14 12 (0°), P (07- )10, (®)
where [ ,] stands for commutator,r ¢« §® §, where 8§ denotes Lie
algebra of n by n matrices, i.e.fr{d) = 53(9”“ ® lﬂ, where [{%}
is a basis in §. The solution of eq. (3)r(§) is called nondegenera-
ted if det(raﬂ (0)) does not vanish identically.

Recently, the classification of the nondegenerated solutions of
eq. (3) for all simple Lie algebras has been constructed/s/. It was
shown that these solutions can be expressed through elliptic,trigono-
metric or rational functions only. Moreover, all the elliptic and
trigonometric solutions and some rational solutions have been const-
ructed explicitly/5/. Note, that corresponding solutions of quantum
triangle equations (1) are known only for few cases.

Thus, there arisesthe problem to construct the corresponding so-
lutions of quantum eq. (1) (assuming that they exist) starting with
known soluations of classicel eq. (3).

We find out, that for the known elliptic solutions/4/ of eq. (1),
connected with $f(n) algebra, this problem is solved with the help
of the formula

G+
R0, )= 66, nPexp 1 [ cls)ds) , )

2 g_,
where ¢(0, n) is some normalization factor, the symbol P means
an ordering along the integration path. The elliptic solution/4/

has the form

n~1 8 (9-71/") +
RO, 7) = g(0, 9) 5 —B (Ip81,5) (5
7-=9 n)a#o 8. /m) 8% l.p
9;0(0) eaB(e) .
0= arf>e ea,sf.n)eo,(m“qﬂmaﬁ) ’ (6)
where
1 r ot . a2 . 1 ¢, B
ea/s(""f"z')‘ _z exphnr(m+7) +2ﬂ-(m+-§—+7)<9+-n—)i
S +Yin 4 ~n
9(6,n) =-8_(n)[8,, (8 + )] [8,,(6-19)]

(Iaﬁ)i= ol e (2ni gt /n)
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the matrices Haﬂl form a basis in sf (n) algebra, cross denotes
the hermitian conjugationd; = 1, if k =f (mod n),Im 7 > 0. Note, that
for n = 2 eq, (5) reduces to the Baxter's solution .

One can immediately check, that eq. (5) satisfies the differen-
tial equation

1

d/anR(s, 7) = 7

{r{6 - n)R(a, 7) + R(8,n)r{6+3)1,

R{s,0)-1.

which is equivalent to (4) for ¢$(g, p) = 1.

We suppose that eq. (4) may be generalized for other solutions
of eq. (3), connected with sf (n) algebra. A possibility to genera-
lize eq. (4) for other algebras is also studied.

The authors thank A.A.Belavin for driving the authors’ attention
to this problem and to S.N.Sokolov for reading the manuscript and
ugseful comments.
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METO OBPATHOR 3ANAYA PACCESHUA
ANA PEASTUBUCTCKOR CTPYHH

T.11.MposbXO

HHCTHTYT PHIHKH BHICOKHX IHeprsfi, Cepnyxop

B Hactonuleft paGoTe npeanaraetca GopMaTN3M OMA ONHCAHMN peMdTHBHCTCKOR
CTPYHEI C MOMOINGI0 TAX HAILIBAEMOTO MeToma ofparHoft 3anad  peccedHH, TO%~
Hee ero moawbHxauH¥ Ond NepHOAHYECKHX NOTEHUUHANIOB, KOTOpPAS Pa3BHBAIACH B
paSorax Hoemxoea, [dyGposksa, Matseesa n Mrca’5=7/, Tpumenenue storo me-
TOAA NO3BOAUAO HAfTH peryaapHYIO Mpouenypy PelyKUMH CTPYHH I cCHCTeMaM cC
KOHE@YHEIM HHMCAIOM cTeneHeflt cpoGogel. [Mepewif npumep TaxoRt pemyxnuyu  6uin no-
cTpoeH B pa60're’ 4/ gea ofipaulelus X Merony oSpaTHoR oamawi HIPOCTHIM “3aaMC-
paxupensem” GeCKoHewHOro wuciaa creneHef cmoGoant. Boauwkaowds npe  eToM
CHCTeMA C KOHEUHBIM MHCNOM cTeneHef cBoGOOL!, COXPAHRA XADAKTEPHHE YepTH!
penATHBHCTCKOR CTPYHB!, AOMYyCXaeT NOCAeROBATENbHOR XBAHTOBOG OfNCAHNe B
npocTpaHcTse MoBoro yucna uamepeHuf. HecMoTpa Ha xoueyHoe uKcno crenexel
cpofonbl, penyruponaHHas CHCTeme o6nanseT 60oraTs/M CHEXTPOM COCTORHMER w
pemKeBCKHMH TPAEXTOPHAMH, XOTOpble B OT/IHYHE OT TPAAHRHOHHBIX OXA3LIBAITCH
HenunefubIMK, CriegyeT HAMOMHHTB, “TO CYWECTRAYOIHe B HACTORUIEe BPEeMS Me—
TOOM KBAHTORAHHS, C KOTOPBIMH MOMHO O3HAXOMHTLCH, Hanpumep, B 06acpz’ 8/,
He NMpPHBOAST NocnenoBaTenbHON TEOpHH CTPYHB! B NMPOCTPAHCTBE C MOGHIM HHCAOM
uamepenul. B naHHOft paGoTe MEI pacCMaTpHBaeM TONEX0 chywafl WeTHpPexXMepHero
NPOCTPAHCTBE-BPEMEHH, XOTH, B NpHHOHNE, AHANOTHYHEIE NMOCTPOSHHR BO3IMOXKHLL H
ang 6oibllero yHchna damepenuft,

HeCOMHEHHbIM NTDeHMYILIECTEOM NpefJlaraeMoro 110Axola SMISeTCH ero peisThH-
BHCTCKAd M Ka/JHGPORONHAN HHPUPHAHTHOCTL. Tax, Hanpumep, MaM yA&rocs  Mo-
CTPOMTE NONHLIR HAGOP HHBOMIOTHBHLIX, PEASTHBHCTCKH-HHBAPHARTHHIX HHTEIPa/ioB
aBuxeHus. DTH (YHKIHOHANH TeHEepPHPYT IaMWILTOHOBbIe NMOTOKW Hae $a3oBoM mpo-
CTPAHCTBE CTPYHH, NMPHYEM TOYKH CTAUHOHAPHOCTH STHX NOTOKOB OGPA3YOT XOHeH-
HOMepHbIE OpPGUTH KanHGPOBOWHOR  I'pymmHI.

AHajloTHYHble MOTOKH B Teopun ypamHenust Kopremera-ae ®pusa (Kod) naawi-
BajoT BLICUKMH ypaBHenuamn Kod. Bpend notfiTHe o BLICUIHX CTPYHHLIX ypapHe-
HHSIX, MOXHO CKA3aTh, YTO MX CTANHOHApHbIe peweHHs o6pasyloT XOHeWHOMepHoe
NPOCTPAHCTBO, TNOTRETCTEYIOWEee KanhGpoBodHO-kHBpapHanTHOR penyxuur dasaomoro
npoCTPasCTBa CTPYHH.

NMpeanaraemuit HamH $OpMATH3M OCHOBAH Ha H3y4eHHU BCTIOMOrareanHof cnexr—
pansHOR 3amayM WIS MATPHYHOA CHCTEMBL! MepBorc nopsaxa. AH&IOraqHas cHcTeMa,
HO C MEeHLWHM YHCJIOM KOMNOHEeHT NoTeHRHaNlA, BO3HHKAET B TeOpHH ‘nepnoa“eo-
xux peweHuk Henunefuoro ypasueuus llipeawnrepa’7/. B pa6oTe COREPXHTCH Bbl~
BOA M o6GCYyXAeHHe OCHOBHLIX cBORCTP dyHXuuR Bnoxa u cnexTpa HeoSXoAHMBLIX A
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pBeaeHHS B GOPMYNHPOBKH YCMOBHR XOHEMHOBOHHOCTH XOHPUIypauun CTpPyHb. [To-
Xa3aH0, WTO YCNOBUEG KOHEWHOIOHHOCTH SKBUBANGHTHO YCHOBWIO CTaRUOHapHOCTH
OTHOCHTE/IbHO OAMOrD H3 BEICUIHX CTPYHHbIX ypapHenuff. B 3axmwouenhe ofcyxna-
€TCA KBAHTOBAHHE CTPYHM B XOHEXHO3IOHHOM CnexTtpe.

1. NTPEABAPUTE/LHLIE 3AMEYAHUA

PensSTHBHCTCKAR CTPYHa B 9YeThIpeXMepHOM MPOCTPAHCTBE=-BPEMeHH 3afaeTcs
¢ nomoumbio HaGopa ¢yHEOHA OT ABYX NapaMeTpos:

x,= x“(a,v), =0, 1, 2, 3.
[MapameTp r ONHCHBEET SBOLOLMIO CTPYHL!, B TO BpeMR Kak J Hymepyer eé
TOYXH.

Mubl 6yaeM paccMaTpHBaTb IAMKHYTYI0 CTPYHY, NO®TOMY yaoSHO BasATs of-
nacThL M3MeHeHns napameTtpa ¢ ot O A0 27, nphleMm

x”(o, ) = XF(Zn, r)e
YnoBHo TaXMe CYHTATb, YTO (yHEUNM x“(a, r ) nepuonuqeckkM ofpa3oM NpoaoT-
KeHbl HE BCE OCTANLELIE JHAYORHHR 0.

Cnenyn paﬁo-mM’ 1/ , Mbl BuIGHpaem OeRCTBHe RNA CTPYNb! B BHAE

T2
§. -=lo [dr fdrflixn) Zi2x2, (1)
2"(1‘ f‘ Q

rae Tovka ¥ wWTPHX o503HAWAOT NMPoU3aBOAHME MO T W ¢ COOTBeTCTBREHHO. [nx
npocToTH Gymem CYHTATH, WTO pasMepHbM MHOXHTens 2ma ’, ofecmewnpaiomwni
HYZIeBYXo paamepHocTt ReficTeimo, pamen 1.

Kax Hapectno, Oeficteue (1) fmmmeTcR napameTpruecks HHBADHAHTHLIM,BCHeR~
CTBHE ¥ero KaHOBWYECKHWA TaMuWIbTOHHAH paBeH HYNWO, H B COOTBETCTBMH C TeO—
pheR [npaxa pofb raMuIbTOHUAHE BHIIONHAET NhHeRuas xomGunauus cpaseh

xl'(a.r)=%(pz(a.r)+x’2(a-f)): X,{or 1) = Pl oy )% ayr)

Kanonkyecxie AMIynbcel, QHrypHpyounie B 3THX $OPMYNax, onpefefieHb! pa=
BEHCTBOM
88

p (a ') Ll e 4
g 5% (o, 7)
Kanouugeckas cxofxa [TyaccoHa amsl KOOpAMHAT M HMAY/bCOB 3aMKHYTOf CTpYy=—
Hbl MMeeT ciefyoumii muA:

ll“(o. ), pv(a'. r)l=g“yA(a-o'), (2)

rae Alo) ~ neproauseckas S=dryHxuus

-
Afo) = L T e,
7 B==s0
Ceson X, (0, 7) n X,(9 ') obpaayior oTnocHTEnBNO ckobxu (2) anrebpy
cesaeft nepsoro pona/ 2/ . Monapofuoce o6cyxnoende aTof anreSphl H COOTBETCTRYIO~
weft rpynmst conepXurcs B .
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Beoas oSoanauesus
a (Uo ) Fp(”l D+ xp (0- ) b'l(av r) = P[.((U‘, )~ “1(0- ')
yﬂoGHo nepen'ru X AukeRusiM KOMGHBAUMAM ceRdefl X; W X3°

Lior 7)== F0%(o,r), Liovr) = b (o, ). (3)

Mcnonsaya cxobky (2), MOXHO y6easTocs B TOM, YTO MEpeMeHHuie @ (a. r)
" b“(a, 7} # ceaan (3) yNOBAETBOPRIOT COOTHOWEHHAM

ta, (o, oo’ ) ==1b (o, r) b (0% s} 1= 2, ,A° {o-0"),
“I (a,r),b (a ,r)‘-

”:(a- . |:(0 Ni=-Llo ) +Lia, f))A {o~0%,

fL(o, 1), Lle%r)i=~[Lloes) + Llo", NA“ (-0,
1UYo, 9, Lo*,r) 1~ -0,

lenepaTopet rpynnut [Tyasxere nonmywaloTcA ¢ nomowsio Teopemb! Hetep cran-
aapTHEIM 06PA3OM ¥ MMEIOT CredyloulMR BHA:

2 2n 2n
= [dop {a,r)= [dob (0,7}~ [doa (a,1), (4)
o I ° H® ° s
2n
MMV‘ f da(‘i (0: i)Py(ﬂu 7)“xy(0| V)P“(O'f))- (5)
Ha PM I} M , MOXHO NOCTPORTL ncepaosexTop [laynu~/lwBauckoro
¥ i #VP'P Mor
U TeHaop cnmna®®)
p p P
S‘wz F”-?(MFPP P -Mva P )— -+ #VP,P W',

Humyawe 1 moment (4), (5) obBpasyoT oTHocHTenoHo cxobxx [lyaccona ofuiy-
Hyw anrebpy Jlu rpynrw Iyanxape. Kex oTmeyanoce B patoTe 4/, ana aamxny-
TOR pensTHEHCTCKOR CTpPyHH CyuwecTeyeT paabuenue $§ py M8 CYMMY ABYX HETer-
paiiop nBHXeHMR. Bpenem BexTOpH

Zn a
PN g
A_ /__ M-UP'P {daup(a)‘{dad(a'),
TP S (6)
B -— PY [ dob" (o) fdor b
3 4\/5‘2“‘”"' [ dob"(o) [do"b (0

Hetpynno y6eanTtca B TOM, uTO BeXTOpH (6) He 3aBMCKT OT 7 H O6pa3ywT
OTHOCHTeNbHO CKOoGEH [lyaccoHa anrebpy, sanaouyloce npamol cymmoft asyx en-
ebp, Kaxnaa U3 KOTOpuIX copnaneet c amreSpol J/lu Manofl rpynnel  qeThpéx-~
umnyneca P o

a) 2 2
Conras, vro P ¥ 0. cayradt P = O wymuo paccuarpmsats ocofo.
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1 p,r ]
(A A temmee  PPAT, 1B B 1oL
w VTR e A

Bpena Texaopnt

Ppr
oPOBL 14,8 1<0.

1 Par 1
Ayu‘ ﬁt'wp,P A ’ B#,, = F‘HVP'P
Mbl BHAUM, YTO
S'w= A“y+ B‘“’o (7)
CoorHowende {7) ue ciryyalHO, B HeACTBHTE/NLHOCTH BCE BeIIMYHMHLL CBA3&H—
Hbie C BHYTPEHHHMH CTeNeHAMM CBOGOABI 3BMKHYTOR CTDYHL!, MOXKHO paa3buTe Ha
nBa craraeMblx, auasoruuubix (6}, OfIHO U3 KOTOPLIX 3EBHUCHT OT LEePEMEeHHBIX

0, (o), BTOpPOE ~ OT MepemennLIX b#(a).

2. BCIIOMOT'ATE/IbHASA CINEKTPAJIbHAS 3A0A4HA

Knaccuveckas ansaMmuka pelATUBHCTCKOA CTPYHL! AOBONLHO NPOC18 = IaMAIb—
TOHOBH! YPABHEHUR POWAICTSH B NMPOHIBOALHOA xanubposxe 3/, onuaxo, HeCMOTpa
Ha TO, 4TO aagakua KOWH noANOCTRW pelieHa, 10 CHUX MOp He yaapanocs MOCT=
POUTHL HHBOMOTHBHLIE PEINTHBHCTCKH MHBAPHAHTHbIE MHTETPanbl ABUKEHHS CTRYHD!.
Mpunnexas MeToa ofSpatHoR 3anawH paccesHus , YRAnoct MOSYHHTL MOMHBIA Ha-
6op TaxHX HHTerpanoe B xjgaccHweckofl Teopun. Bonee toro, cnextp mcnomora-
TeneHoR ofSpaTHOR 3agayH NoaBOIKET €CTeCTBEeHHBIM O6pa3oM BLIAENHTL H3 ¢aado—
BOro MPOCTPAHCTBA CTPYHLI NOANPOCTPAHCTBA C KOHETHLIM YHC/IOM CTeneHeR cmo-
Gonwl, MpHYEM, UTO camoe rapHoe, NEAeTCR 3TO KaNHGPOBOYHO=~HHBADHAHTHLIM
cnocoBoM.

ﬂpu aHanuale BcuoMoratTensiof cnex'rpanbuoﬂ Jaxagyd mMbl OCHOpBIBAEMCS Ha
peaynbTaTax, uomydenHsix B paGorax Hoemuxoma, [lyGposuna, MaTpeema u Hrea,
MOCBAWEHHMX HCCTeNOBAHHIO MepHoaHdecKHx peweHUf! ypamHeHHs KopTepera-ne
®puaa S=7/,

MNMepeflnen X onucanuio cnexTpaseHof 3agewu. Kax romopunocs sbiwe, yaofiHo
BMecTO KaHOHuwwecxux nepemenutix p (o.r) u x (0. r) ucnoneaoBats nepemen-
uete 0, (g,r) k b,(g.r), nonomuue Hx ycpeaseHHof KoopauHaTOR X“ (cnoco6
ycpenHenus ke wrpaeT ocoSof ponu, ¥ Mul He 6yfNeM ero KOHKPeTHIUDPORATH).

Nanee, ang ciy4as P2 O, xoTopwft Mbl GyneM paccMaTpPUBATH, MOXKHO BBEC~
TH TeTpagy, CBS3EHHYY C NMOHBIM UMITYALCOM:

o o g0 D, oidk -8y, =23 (8)

koypr H [
H BMECTO Npoexuni Ha XoopaMHATHBIE OPTH! PacCMATPHBATL NpoeKuuy a #(a) "
b , (o) na xomnonenth: verpamer. IMpu aToM

0,(0) - e50%(c) - e, o' (o) .
ans #pemepmﬂx BEKTOpPOB, COCTABJICHHBIX H3 UPOEKUHfl weThIpeXxBeKTOPOB Ha e’#.
HIXKe Mbl GyaeM NPHMEHSTb OGbl¥Hble BEKTOpHBIe ofo3HadeHus. 3aMeTHM, YTO B
cuny (4) u (8)

2n -
[ doa(o)=0 5o (9




H, MOCKO/ILKY EEKTOp ala) MepHoaNyecKH 3aBHCHT OT O, €ro MOXHO CHMTATh Ka-
caTeNLHOR K HEKOTOPOH 3aMKHYTOH npocTpaHcTBeMHOH kpusod y. 3Ta MHTepnpe-
Tauust B OanbHefuem NO3BOAUT CYWeECTBEHHO YNpocTuTe Hhopmy:br. INpoekuus u‘(o)
Ha HYNEBYIO KOMMOHEHTY TeTpalbl (U3NYECKH MaJOHHTepecHa H BLIGOPOM Kamu
POBKH €€ LOXHO cOelaTb KOHCTaHTOH, MUaTOMY B CNeKTpalibHOfl 3amade aAocTa-
TOYHO HCTOML3OBATL TOMLKO G g). FACCMOTPHM MATPUYHYIO CHCTEMY NepBOTO
nopsaka

d iA
?s-d'(s' A) - —a (s}ai;/;(s, A), (10)
roe o ~ MaTpHue Maymt, ¢(s.A ) - oByxxkommoHeHTHbIR cnuuop. [pH Kaxaom

3HayeHUW CHeKTPadbhoro napaMeTpa A CyuecTsyeT, BooSule roBops, OBa JiHef-
Ho-Heaapicunmbix pewenng (10) U (s, A), ¢{s, A):

ol n) (9 Y e s, (s, .\)) .

v, (s, A) B,(5, 1)
Onpenemitens Bpoxckoro gns chcrenmbr (10) umeeT Bua
vy(sa)  ¢y(s4)

v (sa) @, (s )

i He 3BHCHT OT S. JPMUTOBOCTL MATPHUL O u‘(s) NPHBOAUT K CYWeECTBOBAHUIO

W, ) - det

BHBOJTIOWHH lJl(s.A ) b ':IIV(S,A) npit NPOU3BUILHBIX KOMILTEKCHBIX A, T.e. ec;n
Y, S,
l,’l(s, '\) U,( " I\)
v ’( SIA)

apmetca peuenitem (10), To

~ ) * *
(s, A) Y, (s a )
L’I: (S,A*)
TaKxe ABI9eTCH pelleHHeM ¢ TeM Xe A
Ang cuctenmbt (10) MOKHO (IOCTPOMTL MaTPHUY TPAHCISWMM peweHudl Ha NMe—

puHoa AW maTphly MOHOQPOMHI T\_s' 2"(}\)
2 ia s 12 )
s+ 2 i .
. W Pexp=~ [ ds’a(s’)q, (11)
E 2 3
roe P ofoanavaer ynopsnodeHse BAONL TyTH.
[Mepeuyncanm HexoTophle 3/1eMeHTapHble CBOACTBE MATPHLBI MOHOAPOMHH.
1. YuumooyaspHOUTH 1IPH MPOH3BOILHBIX KOMMICKCHBIX A .
2. Tlpw BelecTBeHHBIX A MaTpiUa 'l':i (N YHMTApPHA, NPH KOMILIEKCHBIX A
COOTHOWEHKE “YHUTAPHOUTH” BhINIHANT CAEQYIONUIM 0Bpas3on:

Ts|2n('\)(.r:|2n('\,))v 1. (i2)

5
3. YpaBHeHue OBHKcHHS

I
ds ¢

s

® e @l T, () (1)
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4, SpT:”"(:\) He 34BHCHT OT $.

5. SPT"’"(A) — uHTerpan apMXeHHS.

6. MaTpuuHbie sfIeMEHTH T.+2"(A) ABNAOTCH UenbiMu GYHKUUIMY A,

7. SpT.""z"(A) ~ PeASTHBHCTCKHR HHBADHAHT.

NoxaaaTensCcTBa NEpBLHIX YeTHPeX CBOACTB S/EMEHTApHB!, ff Mbl He OCTAHABMH—

Baemcd Ha Hux. CpoficTBo 5 cneayeT ua Toro, 4To smonwuus a,(s) ceoauTen x
nepenapaMeTpraawan/3/:

ui('sl 7) = F‘(sl r)ﬂi (F(S, 1), 0)1 (14)
rae F(s, r) - moHoTOHHaZm ¢yHKuUMA $ Tpu BCEX r, NpHYeM

F(3+21r, r) - F(S, r) + 2.-r.
fIeuetht Bua F(s, r ) aaBucHT oT xanuGpopxu. [lonctrapnss (14) B onpeneneune
MATpPHUBl MOHOAPOMMH, MOTydaem

F(-. rn+2n
F(s1) ; 0),

s+2pn

T, TWn)=T

T.e. MpH MAMEHEHWH F MEHAETCH HAMANbHAR TOYKA § ~F(s, r), Ho ua ceoficTea 4
cneqyeT, uTO CAeA MaTpHUbl MOHORPOMHY HE 3ABHCHT OT HaYANLHOM TOYKH, Clle-
OBATENILHO, OH He 3aBUCHT M OT T.

[na noxasatenscTea wWecToro cpoficTEa MaTpUUbl MOHOAPOMHU AOCTHTOYHO Pad=
floiiie €8 B PRA MO cTemeHaM A. OTOT pAA CXOOHTCA a6COMOTHO npH  BCeX
KOMIUIEKCHbIX A, OTKyAa H cheayeT OTCYTCTAHe OCOGeHHoCTeft B KoHewHof wacTh
KOMIINIeXCHOR MNOCKOCTH A.

PeffaTHBHCTCKYI0 HHBAPHAHTHOCTH Cllea MATpPHUL! MOHOZPOMHH Mpowe BCErD
noKaaaThb, paanoxup ero s paa no A. Kawasft uieH aToro pana npeacrapasercs
B Buge

2n
&‘0"1-" Oiﬂ) {do’l .“da"P(G‘l(al)“-oin(an»'

rae P - anax ynopanowenus. [locne phiqucieHus crena nepphif COMHOXHTENb B
9TOR QOpMY/le CTAHOBHTCR TEH30POM, COCTABMEHHBLIM HA3 WHBAPHAHTHLIX TEHIOPOD
3ij ¥ ey, HHOEXCH XOTOPHIX CBEpHYTH C HHAeXCaMM a,. Hanomuum, 4o
ST HMHAEKCH ABAKIOTCA HOMEPAMH MPOCTPAHCTBEHHBIX KOMITOHRHT Terpaast {8).
INMpoharens cyMmHupoBaHHe MO ®THM HHOEKCAM, MBI MOJYMHM BhIpameHHe THIa

27
P ,fd"l ...danP(n“l(al)...aFn(an)), (15)
rae R - TEHAOp, CocTamieHHB N3 TeHaoPOB ABYX THIIOB:
F'lf“l“n
4 PP
8 ’ = - g L:
ij F " p2
H
Pr

i
* e ®p e - ‘wpr JBT
cnegoBaTencho, (15) sgmaseTcs AOPEHO~CKANAPOM.
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Peweuuss cucremst (10), ssnamonecs COSCTBEHHBIMH BEKTOPAMH MATPHIB!
MOHOAPOMUH, HadbBaloTes dynkunamn Broxa. O6oanayum TakKe pewenvs l,b’('s,so',\)_
3apucumocTh ¥ OT 8, CBA3aHA C YC/IOBMEM HOPMHPOBXH

+ -
v, (s,. 55 A=yy(s, s, A =1, (18)
Kax cneaoyer ua onpegeieHus,

542 *ip(A
T2 0,0 ) = PPy (s s L 0), (17)
2
rre A _ cobcrmennue anauenus MaTpHHE T:+ "(A). XoTophie B CHITY

cBoficTB 1| ¥ 4 He 3@BUCAT OT $ M SBISIOTCR BIAHMHOOGPATHBIMH APH BCEX A.
Benmuuuny p(A) no aHamorum c omnHomepHuiM YypamHeHHeMm llipeaunrepa Gymem
HaabIBaTL KBA3WUMMNY/AbcoM. OdeBHAHO, YTO

SPT>*27(2) = 2c0sp (A).

OcraBum Ha BpeMS CeXTpanbHyl> 3anadyy ¥ paccMoTpuM cxobxu Ilyaccoua
MAaTpHYHLIX SIEMEHTOB MaTpPHU MOHOOAPOMHH C PA3HBIMH 3HAMORUSAMH CHEKTpa/lb—

HbIX mapameTpoB. OMyCKas BLIMHC , NpuBeleM pe3ymbTaT!
s+ 2n s+2m At
((T. (A)) aB’ (T. (“))y5i= -% :& x

Ao, (512 7)1 ), (1 U‘)rﬁ .

OTciona nomygaem

STI0), ST 7)1 -0.
Taknm oﬁpaaoM. C/lefA MaTpnobsl MOHOAPOMHH, a BMeCTe C HHM U KBAdAHUMITYNLEC
p()), spnmoTca nponasonswHMY GYHXUMSMH UHBOMIOTHBHLIX HHTETPAIOB OBHXEHUS.
[nq BLIYHCNICHHS STHX HHTerpasop yaoGHO BOCNONL3OBATHCA dyHKuvef  Baoxa.
Wa onpenenenns (17) n uopmupomxu (16) umeem

1" + 27 .,(,"‘(s‘,so, A)
—t——

pla)- el-lnw:(sodn,som)- < %7 dse (18)
! ! o l,ll:-(s ‘l 501 A)

Byaem ncxatb (//:(s. s A) B Bune

4,:(;, s ,A)= m-%— f‘d,.‘/’;T(,T)(, +K(s%a). (19)

MNoacrapnaa (19) B chcremy (10) u ncxmovaa !,’l;, noyasM gna  GyHKLMM
K(s, A ) ypapuenne Pukxaru

n(s) d /Ki{sa)+1 -n;('s)) . '?)‘(K 2(5’,\) +2l((s,4\)) =0,

Jir(e) &Y 0

rae Mb! 0G03HAYHITH
o(s)

d2(s)

n{s) =

. n!('s) = nl('s) + inz(s).
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Mpu A+, dymams K(s, A) mmeer acumnroTweckoe paanoxexue

Kesn) = 2 (597K, 6, (20)
rae K,(s) ynoanenopmo-r cHCTeMe ypapHeHufk

naly 8 Ko 2 KK 22K (9-0,

VX R T EA A
npuden

s d ,1=n_(3)

oy (L)
1 2 /@2 5) ds n (s

Haxouen, cpapuupaa (20) u (18), mMoxno BuipasuTh xpasunmmyasc p(A) wnemo-

cpeacteesno uepea K {s):

2 > & gjym 27 £
PO -2t f da/a%@) £ (BT Y ds/E 0K, 091 (21)
o m= o
BrimuweM Heckonbko flepBbIX WIEHOB pPa3noXeHUR (21). J3anuCcaHHoro s mvae

JORE-TPY +-Ll1+—1—2l2 (22)
2A

rae ), ~ :byuxnuonauu, aannc(uum)e or pextopa o (5). Yrobpl BLMHCATE WX HB-
HO® BLIpaXeHHe B KOMIAKTHOM BHRE, YAOSHO BOCNONL3OBUTHCA HHTepnpeTaunueh
&#(s) xax xacarensuoh x HexoTopo# xpumoR y. C sToR xpumoR  cBS3aHH of
ouddepeHuuanbubie XapakKTePHCTHRY - Xpuskona p(s), xpywenne r(s) u nubdpe-
penuuan ayru df(s). Yepes oTH menuwuns nepssle yeTbipe xoshduuueHTa pas~
noxenua (22) pHipaxeaiorcs cremywoudM o6paaoMm:

- T, (23)

l 27
=5 1 d9)rls), (24)
|1=—;-zfdf($)pz(5), (25)
2 009 o290 1l9). (26)

EcrecTteenno, B uaTerpamst (23)=(26) He pouwsmu noiHble NMPOHIBOAHbIE OT Me—
pHOmHYECKHX byrxuufl, copepxaimuecs B K.,,(S) Kpupuana, kpydenue ¥ ayra
CBA3BHb! C n(s) bopMynamu

oo - | L=
Jorm
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r(s) = ~l_ n
P(s) (

£(s) =/ 32(5).

T n ]

T &

3. CBOACTBA $YHKLHA BIOXA

Pynxmun Broxa B cnydae ogEOMepHOro ypamHewus lllpenuurepa monpoBHo He-
CllanoBamMCch B QHTHPOBARHHIX BLIWe pBSOTB! 4 /. K COXAaNeHH, ML He MOXeM
BOCNONLIOBATLCE STUMH Pe3IYALTATAMH, TAK Xa8X B Hawy aapavy cnel'rpanenul
napamMeTp BXOAHT HECTaHAapPTHHM O6pasoM, YTO NMPHROOHT X HexoTopok Moguduxa~
Ooud aHanuTHdeckux cmoficTs ¢yuxuuft Braoxa ¥ MaTpHOLI MOHORPOMHE .

BuipeaeM MHHEMAIEHOS KOMUYeCTRO dopMyn, HeobxomuMoe Ang ofCyxaeHUs
aHanuTudeckux caoficTs. Tpewne BCEro, HAM HYKHU YCTAHOBHTL CBRSH MATPHIM

MOHOAPO un c lbynxm(lmn Brioxs. 3anHwem @€ MATPHYHLIE STOMEHTH, ssoas
»oxTop {7,
2
T -0, T 0= Lsp o, 17270

CooTHoweHue "ywutapHocTH” (12) npa xomumexcHwx A upemomMT X pa-
BEHCTBAM

T =T0%), T2 =Tl %), (27)

Kpome Tore, Ham NMOHAmOSHTCH ypasHeHWe OBMEHMS,XOTOPOe NONYHAETCA MPAMEIM
auddepenmmpopansem (11) no s

l d > -, -
s T-T(s, A) o= An(s) x T(s, A). (28)

Mockonsxy dyuxaue ¥ (s, 3, A ) sBAZeTCE COBCTBEHHWM BEKTOPOM MaTpHmE!

MOHOLPOMHE, HETPYAHO 0XA3aTb, WTO B npunsToRf Hami Hopmidposxe (16)
]

Tir) - Tyls,e2)

T_(xo,)«)

- -

rae T(A) oSosnawaer monyns mextopa T(¥, A) (Tz('S, A) He aaBMCHT oT +)«)-
C npyroff cropour!, ypaptesus (10} pawr CaSds MeMZy KOMOOHeHTAMH ¥i2 ®
dyuxunef K(s, A):

l/l+(‘°i 5. P A)= (29)

L LEALLL

{(30)
n_(2

V‘:(‘l L) A)=
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Monares B (30) $ = $_ 1 cpapuupas c (29), nomyvaem shipaxenue GyHKIHH
K(s.a) sepea xommonentet T (s, 2):
T(a) - Tals, A)
K{s, A) + Y= n_(s) +n (3] L 1
(5 2)+ 59 .‘)-——T_m— (31)
Tipasylo 98CTL 3TOTO pABEHCTBA MOXHO NpecGPe’OBPaTs C NOMOWBLK ypapHeHHf
npuxenns T1(s, A), aamerus, uto

Ta(‘p A) =_L 1 din "’-(5’ ‘\). (32)
T(s,2) ia JEe(s) 9%

Moactapnas (31) B (18) ¢ yuerom (32), Mur BHpaaHM .ﬁ*(‘s,so,/\) aepea
T.(s, A): 3

n(s)-n_(s)

'J’+( s A) (T.,(S, 4\) T(:\)

. S 3., T.(5 %) T_(S', )
AunanornyHsie GOpMynEl MOXHO NOMYYHMTHb W OAA APYTrHX KOMROHeHT dynxouf
Baoxa. Mbr #He Gynem HX BHIMHCHIAATE, TAK KAK XapaxTepHele OCOS@HHOCTH BHAHBI
yxe na dopmyast (33). Haxowelt, npemne uem NepeXxONHTL X OSCYKAEGHUIO BHAAW~
TuyeckHx cpoficTe dyuxuuh Bnoxa, npupenem $OpMyny BN XBEIHUMIOYALCE, KOTO-
pas nomydyaeTcs ua npeagcrapnewnsi {33). ITo onpeagenehyso, w:(8°+2n.8°.,\) ecTb

o ip(A), caenomartennuo,

. (33}

)/z oxp -'f‘- [' ds’vr;—z'(s')n_(s’)

A 2 T(NYa (s) .
P(A) = ? { dsn_(t) m—(ﬂd 2n). (34}

4

Pewenus ¢~ ypeshenuft (10) cymeCTBy10T NMPH NPOUIBOALHBIX KOMNEXCHLIX A,
Mpu cnenuansisx 3uadeHusx A, oanucAunx or &(s), peweHHS »TH CTAHOBRTCH
NePHOOHYECKHMY HIH AHTHNEPHORNYECKHAMH GYHKOUSMH $. ITH TOUKH HAJWBAXOTCR
COOTBEeTCTBEHHO MepHOARYeCKHMH HAN aHTHNEepHOAHWWEeCKHMM TOYKAMH CnexTtpa, B
orux Toskax sinp(A) = O. OSuiwHe B nepuonudecxkoft wiu  @HTMREpHonMYecxoft
Touxe mextop 1(s .) ) He ofpamaeTcs B Hyfdb, XOTH M HMEeT HyneBoft KBagpart,
Tax xax T(A) = sin p{a),

Taxue TouXu CLEEKTDPA HA3LIBAKTCH HEBLIPOWIEHHBLIMM. B BBIPOXKNEHHBIX TOYKAX
MATpHUA MOHOOPOMWH CTAHOBHTCS XpATHOR emuHHYHOR:

T 700 =
u, cnenopatento, T (5,1 ) = O. CoorHowenne {27) npeamicsipaeT BceM TOG=-
XaM = BBLIPOXACHHBIM H HEBLIDOKAEHHBIM = PACNONAraTHCH CHMMETPHYHO OTHOCH-
TeNnbHO BewecTBeHHOA OCH, CllegoBaTeNbHO, HX KOMHYECTBO BCernga 4eTHo.

flpyroe cnemcTeHe ua cooTHoweuHss {27) COCTOMT B TOM, 9TO HA BewecTpeH—
HOf OCh HaxoQa7Tcd TOMBXO BHIPOMAEHHLIE TOYKH.

BaxHeiM 0BCTOSTEALCTBOM NpH OBCYXKAEHWW aHanuTHYeckux cpoficTs dyHxmui
Bnoxe sienfeTcq TO, WTO MATPWLA MOHOOPOMHY eCTb UeNad (YHKOHS CNEeKTPAIbHO-
ro napametpa. (3ametam, uto T(A) pooSwe rosops, He amagercR menoft). Hmes
sEHoe Bbipaxenwe ana Yi(S, S, A} vepes T,(s.a) (popmyna (33)), moxuo
coenats swmod, 110 dyHkohwu Broxe asmmorcs MepomopdustmMu dynxuusmu A Ha
ABYANCTHOR pHMaHOPOM NOBepPXHOCTH C BeTBNEHHAMH B HEPLIDOMUIIEHHBIX  TOYKAX.
B aTux Towxax onpefnenutens BpoHcxoro o6pawaeTcs B HyMb, T.€. peueHHf Yt u
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Y cTenomaTcs nuneflko aapucHMbMH. [1na npouamonbHoR xoupMrypamMu cTpYHM
G(s) xomuyectso peTmnenuit y pyuxouft Emoxa GeCKOHEYHO, OQHAKO CYWeCTBYOT
KOHPUIYPALHH C KOHEWHBIM YHUCIOM BeTBASHMA, HX MBI 6yneM HA3WBATL XOHETHO-
3onneimy. Toanee, N—sonnof xondurypamum cootmercrayer ZN Towex persienus.

4. YPABHEHHA 0/11 KOHEYHO30HHLIX KOHOHTYPALIMA

B atoM paagene 6yAeM 3a4HHUMATLCR BLIBONOM YpPABHEHHR AR KOHEWHOIORHEIX
KoHpurypaunt ctpyHsl. SimHas ¢opmyna oA MaTPHOBI MOHORPOMHH MOIBNIMUT Cae-
NaTL STOT BHIBOA 6oflee HAMMAQHWM NO CPaPHEHH CO ciydaem ypapHeHus Kad.
[lanee, ppeas NOHATHe O BLICWHUX CTPYHHLIX ypaBHeHRRX, NMOXAMEM, NTO ycjiopHe
XOH@YHO3OHHOCTH SKBHBAJIOHTHO YC/IOBHIO CTAIOHEPHOCTH KOHPHI'YpamuH CTPYHHE
OTHOCHTENLHO BLICWEro c‘rgyuﬂoro ypaBHeHus. 10T ¢axT mmeer cmoll aHanor B
TEOpHH ypaBHeHWs Kad/5:67, no mer NPeanown# HeCKONLKO BHAOHIMEHHTH NMOOAXO0A
C TeM, YTo6H He HAPYUHTH KOPAPHAHTHOCTH HawHX ypaBHeHWk. B paGorax’<
6LI10 3aMe@9eHD, WTO ypaBHeHHSN ANA XOHe4HO3OHHHIX pewenHll Kad  nopowaawT
BrONMHE HHTOIPUPYEMbie MEKAHHYECKNEe CHCTaMbl C KOHEWHBIM WHCIOM  cTeneHeR
cpofoast, MoxHO NnMoKasaTh, STO ¥ HaWH YPABHEHHS AN KOHEYHOIOHHBLIX KOHDHIY=
pamHit CTPYHL! TaKKe MOPOXAAKT BNONHE WHTerpHpyemble MEXAHHYOCKE® CHCTOMB,
HO 61aronaps TOMYy, WTO HHBOMOTHBHEE nuTerpans |y B Hawem craywae ofnaaaxr
XanH6poROYHOR WHRAPHAHTHOCTLIO, 8TH CHCTEMBI CHHLYNSNPHE: B HHX HMEKTCK CBf-~
aH. B Hacroswefi paGoTe Mbl He OydeM H3JaraTh TEOPHIO MEXAHHW@CKHX CHCTeM,
CBE3AHHBIX C XOHEYHOIOHHHIMH KoHdUrypanusmu. OTMETHM TOMLKO, 9TO HX NON-
HAR HHTErpHpyeMOCTb O3HaYaeT HanuyHe HeOSXOAHMOrO KOHYeCTBA MEpPBLIX HHe=
Terpanos, QOCTATOYHLIX ANS CBEAGHHR 380aWH O HAXOMAEHHH XOHEWHOSOHHBIX MO~
TEHOHANOB X NpoGneme fxo6u ofpaileHNs THRNEPWUIHMNTHISCKHX WHTEIPAMOB.

Mepeftaem x BeBogy ypamuenuf. Ycnomue KOHeYHOIOHHOCTH MO CYTH oena 03—
nagaeT, 4TO genas dynxuus T (s.A) umeer cnenyromnl sua.

Ts, 2) = §(0) s, 2), .
rae f (A ) - nenag ¢yuxmug C HynAMH B BLIPOKIEHHMX TouXax, a § ($,A) =
KOHeYH It NoAMHOM Mo A

- N =«
Hs, )< X ¢ (.
k=0 -
YenoeHe xouewnocT monkuoma t (s, A ) Opyramu cnopamu odnadaer, HTo
-
rk(s)-O npw k >N,

(35)
?_ % -0- > -
Kpomel'g;‘o, ypasuenus neukenus gns T(s, A) (28) nawor ceeav mexay t, (s):
L_ g £ g (36)
— t(s)=-[R(s)xt [9)].
Vas 9% * A N

3tHx cooTHowennf gocTaTOTHO ana mnocTpoeHus t (5, A) c aapmamumm N. Moxa—~
xeM oto. Ona ynpowenns popmysn EBepem chiegylomee OGO3HAwEHHE I/ NPOWIBON-
HHX 0O ayre:

—; —-d-— ‘(S) = f.("s)-
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HayseMm HaxoxgeHnue nonawHoma i.(. ) A) C nocrnenHero uneda, Tak xak
-0

Tn(s) = d (s)n(s),
na (36) cireayer, 4To

-, 4

n(s)t, =0, (37)
oTKyna B CWIy eaMHudHOCTH n(s) nonywaem, yto d,~ XOHCTAHTA, KOTOPYI0 Mbl
nonoxum pasuoft eanuuite. Nanee us (36) npu k = N umeen

b8 =B xn(s) + d (5(s).

Onate ¢ nomouwio (37) uaxoaoum, ®Wro

1(5)’ -
A nepexoaum X ty_o . Onpenenne Taxum o6paaom BCe wieHm tk BIIOTL 40 1,
oGoppeM VrTepauuy ¢ nomomsio ycrosha (35), xotopoe oanadaer, uto f no-
CTORHHBIY BEKTOp
S
=K. (38)

31‘0 ¥ ecTb sAckomo2 ypapueuue. Ifpu N = 1 oHo mmeeT Bun

nxn+d nsk, (39)
npu N= 2 . .
L RYERTRT IS (40)

Ypeaﬂeunn (39) u (40) uHeobxaaumo mononnuTL ycnopuen: (9), xoropoe npu
N= 1 paer d

Tax xex 1 (s, A) yaoprersopder ypapuenmwo (28), 0 12(s, A) e samucur
OT 8 ¥ MOXHO nOXadaTb, 9To xosdbumuenTh nonHHOMa It (4\) creneny ZN »Bbi=
PaXalnTCR wepea Nepsbie HHTerpansl ypapHenns (38). 3uas Fls, ), mbr Moken
Haltte dyuxumio f (A ) ¥, cnenoparensHo, BeCe BeKTOp T(s A ). HNefcrButensuo,
cornacHo (36)

2n -
PO J ds\/3%(s)n_() TT‘"’

_(s,A)

t(a)
f(A)

3Hes xBas3MHMOYaLC, MBI MOMeM onpedzenuTs f (X ), a BMecTe c TeM U BCe Bhbi~
POXAEHHbE TOYKHM CHexTpa.
MonknoMm '2( A ) HrpaeT pawuylo ponb B onpeneneHUM aHAMUTHYECKHX CBORCTB
dyuxuuft Broxa, oH 3anaeT pHMaHOBY NUBEpXHOCTL [
-
22-1%(),
Ha xoropoR ¢yuxane Broxa sangercy MepomopdnoR, TouxH Bernienns I ecto
KOHIE! 30H, crenopatensho, ans N-aouHoft xoupurypamuu crenenn nomusoma f2(A)
papua ZN .

B paﬁoraxls‘el KOHEYHO3OHHLHIE MOTeHNUANbl ONPERENMIUCH KaK CTaTHYecKHe
peueHrE BuCIHX ypapHenul Kad . [IpHMenHTenbHO X HaweMmy ciIyyald MOXHO CKa—
3aTb, 9TO KOHEYHO3OHHbIe KOH(HMIYpPANHH CTPYHLI ABINIOTCA CTATHYECKHMH pewe-
HHSIMH BHICIUKX CTPYMHBIX YpamHenuR.

=% Fds/a2 (In_(s) 2l
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Mosickum, ¥TO Mbl WMeeM B BUAY. PacCMOTPMM JHHeRHYlo KOMGMHAWMO nep-
Bbix N +1-uuBomoTueHelX wHTerpanos |, (22):

-1+ Sl
= + [ .
N-1T T n-f' ~1

BceM TaxmMm (yHKUHOH&NAM COOTBETCTBYIOT KOMMYTHpYIOW#e OTOXW
da - g al
— {a, s — .
di as  si(s)

Ha3oBeM CTaTHYECKHM peumieHHeM BHICWEr0 CTPYHHOI'O YpaBHeHWS KOHbHIYpaluHio

d(s), yuopneTsopsiouyio
d  5i

— —

s s5d(s)

UM ypaBHEHUIO
al_ ., (41)

5 d(s)
OOMONHEHHOMY YCNOBHEM HHTErpupyemMocTH a (s) (9). Torma cnpaeeanueo yT-
pepxaenue, uro N-aounan Koudurypanus cTpyHul spasercR pewenuem (41). dns
noKasaTeNLCTBA 3TOTO yTBepMAeHus paccMoTpim mextop f( $,A), npuyem Gy=
Aem cHMTaTo, YTO OH AMIAETCH MOPMHOMOM MO A CTefleHy N. Cocrasum oTHO-

neHue t(s, )‘)/ +2, M, YCTPEMUB A - oo, PAIOKUM €r'0 MO cTemeHiMm L/A:
t(s, 2 ﬁ S
#(s,2) B ﬁo(s) X  (3) .. (42)

oy oo A
l{m:no 4MeHOB 9TOrO ACHMNTOTHHECKOIO DAINIOKEHHR GeckoHewHO, HO HI-3a
ycnopusi kowewHocT# nomuuoMa 1 (s, A) N+1l-eh wien (42) senaerca nunedt-
HOR KOMOMHAUMeR OpeALUTyWNX TMIOC MOCTOAHHEN mexTop K, T.e.

> N—1, : -
RN(s) + BEOR?(s)b“"E - K.
Teneps BLIMNCAMM DEPHALWIO KBAMHMIYIaCa P (2) o a(s), npu yonomnn (9):

P 1 g e (T(w A2 'r(s',x))_

a9 2Ime  pals) 0 "2 L T
A (s, 1 t(s*, )

i = - f ds (43)
T( 200) Ji? (A))

[ns pbiyucNeHHst BepHaUHH MBI BOCNONBIOBANHCE ABHbIM BhIpaMeHneM IS MarT—
PUUB! MOHOLPOMHM, 8 BO BTOPOM MpeOGPA30BAHHH MBI COXPATHIH ¢yHKITHIO )
B 4UCIHMTeNe ¥ 3HaMeHaTene npo6u. [ogenum o6e wactd (43) wa A/2 1, yc-
TPEeMHB A+ =, PA3IOHHM HX HO creneHsam 1/ A . PaanoweHue B npapoft 4acTh
Mbl yxke daxruyecku aHaem: OHO neeTcs topmynolt (42) © TOYHOCTBIO QO MOCTO—
SIHHOT'O CNAraeMOro B KaxaoMm unene. B nesoft me uactu (43) CTOAT BaprauuoH—
Hble ITPOM3BOHbIe HHBOMOTHBHLIX MHTerpanos |, (22). Cpapuupen koadduikeHTEs

NpU OOMHAKOBLIX CTENeHAX A B npapoit n Aepoft gacTax, moaydaem
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- sl
k~1
Rk(s) = ——
Sa(s)
H, CMENOBATENsHO, YCMOBHE KOHEYHOCTHM OOMMHOMA f (5 , A ) WM yCMOBHE KO=
HeyHoaoHHOoCTH (38) UMeeT HA R3blKe HHBOMOTHUBHLIX WHTErpajoB creqyo-
weR BHA:
N-1 -
&
— o+, 2 lE Sx ﬂ)= K.
50(s) f=0 -1 N

Takum ofpasoM, MLl A0KA3AMH OKBHBATEHTHOCTL ABYX YCIOBUfi — KOHEWHOCTH Mo-
muioma t (S, A) ¥ yCIoBHR CTANMOHAPHOCTH OTHOCHTENILHO BHICWEro CTPYHHOrO
ypaBHeHus.

5. OBCYXIEHUE

YcnoBna KOHEYHO3OHHOCTH KOEGHIYpaltMd CTPYHbl IBAAOTCH KamHGpOBOWHO=HH=
BAPMAHTHBIMM ypABHEHWSAMH, KOTOPHI@ MOMHO pacCMaTPHRATL KaK YPABHEHHA He-
KOTOpO# THnepnoBepXHOCTH B $Hal30BOM NMPOCTPaHCTBE CTPY.dbl. [10CKONLKY 9BOM0O-
uHA CTPYHB! ecTb KamuGpopodHoe NpeobpaaopaHue, reHepHpyemoe CBA3AMU, a
rHNeproBEPXHOCTEL 3A0AHA MHBAPHAHTHLIM YpPABHEHWeM, OHA COQEPHHT  baaoBble
KpUBHI® NpHHagnexawsx eft Touek. PewHB ypaBHeHUd, T.e. Bbipa3ud KoHPUrypa-
M0 Yepe3 Hava/ibHble JaHHble H Meppble HHTErpalbl, Mbl MOXeM CY3UTB CHMI~
neKrTuveckyo dopmy, dagaHHylo Ha BceM (as’sOBOM MPOCTPAHCTBE HA PACCMATPH=
BaeMy0 TUIEepnoORepXHOCTb, H B pe3ylbTaTe MNOIYHHTL CHCTeMYy C  KOHEYHBIM
YHCNIOM CcTeneHefi ceoGonbl.

B paGore A.B.Paaymora u aa'ropa/‘u 6bina paccMOTPEHa CHCTeMma, [10TyYdaio=
WARTA U3 PensiTUBHCTCKOR CTPYHBI NMpH 3aMOpaXuBaHuk GEeCKOHEewHOro wucia CTe=
neHelt cpofiogst. [Tonbayacs TepmuHoOnoryeft asuHo#l paGoTH, MOXHO CKA3aTh,4TO
M0 CYWecTBY 3Ta CUCTEeMa COOTBETCTBYeT OQHO3OHHOH KoHbuMrypauun cTpyusr. Ca-
MoOe ImpHMedaTenbHUe B 9TON CHCTeMe TO, YTO €€ XBAHTOBAA TeOopHd He coaep—
HUT HUKAKHX aHOMAIHR U obnanaeT SBHOR peNATHBUCTCKGR WHBEPHAHTHOCTBIO B
MeTLIPeXMEpPHOM NpoCcTpaHCcTBE. KpoMe Toro, B aToft cucTeMe HeT eCTECTBEHHO
AYXOBBIX U TaXMOHHBIX COCTOSHUE, KOTOpbie HEHAGEKHO BOSHUKAIHM B TPARUNHOH-
HOfl xBaHTOROM TEOpHM CTPYHB! . Taxum 06pa3oM, ¥MeeTCs peajibHag BO3MOXK-—
HOCTb HElPOTHBOPEYHMBOT'O KBAHTOBOIOQ OMHCAHHA CTPYHH H B OGOM KOHEYHO30H-
HOM ceKTope. Ero oTiManHe OT TpaauUMOHHRIX KBAHTOBAHHR CTPYHbL! 3axjiodaeTcsi
B TOM, YTO nepexog OT cko6ok [lyacccna x koMMyTaTopaM NpoOU3BOANTCH He B
HCXOAHBIX “AHOHHYECKNX NepeMeHHBIX, a B Apyrux, Gofee ynobuwix. Hampuwmep,

B OQHO30HHOM CEKTOpPe TeKHMHM NepeMeHHbIMH SIBJIMOTCA ABA BEKTOPa, COMPSIMEH-
HEIX APYr OpYyry Xax MOMEHT H yrasi. [lpu aTOM He BO3HHKaeT HeCGXOOAUMOCTH
YAOPAOOYHBATE HEKOMMYTUpYIOWHE OUepPaTOPLl APY BBIYUCICHWH TIeHepaToOpoB Ipyl-
nbt [lyanxape H, cjienoBaTellbHO, B XBAHTOBOM Clly3ae OHA OCTaeTCd TaKoll xe,
XaK H B KJIACCHYECKOM.

B aaknwouenue aprop 6narogaput A.B.Paaymopa u /I.[1.ConopweBa 3a uneHHuie
ofcymaenus.
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MPABHIA CYMM R
H IKCKIKIUBHBIE TTPOUECCHI B KBAHTOBO! XPOMOAIMIAMHKE

A.B.Pamowxun

O6beamiennptil HRCTUTYT AACpHBIX Hccicaopanuil, JlyBha

I. Bpegenme

[IpaBuia KBApKOBOIQ CYeTa ([IKC)/ 1.2/ cTam PaKTHYeCK! 4acTbi
"fouprropa” COBPOMEHHOR PUSUKM TeMEHTAPHHX 4acTHL BHCOKMX 3Hep-
rut. ComacHO 3THM NDABRJIAM, YCDeIHEHHH{ MO CIMHOBHM MeperMeH-
HeEM popmbakTOop SHPOHA, COCTOMUEIO K3 N KBAPKOB, XNOMMEH BECTH
ceon B acmmrorake xak(@F)" (r/ue &f=-9? ,a q -nepenaua
uMITysIbca) . Bpoxckum ¥ dappap % OWn HailleH M KOHKpeTHHi IVMHamy-
qecwuft mexammsm (xecTkoe Nepepaccefnue), odecne il BHIIONHE-
Hue IIKC B npeneJse Qz-veo. [IpennoxeHHas B KapTHHa Ooaydn-
Ja B /Ro?ye 70-X T'OHOB CBOE OCOCHOBAaHME B pamMiaX HepTypdaTUBHOM
10,011 3 . Dno nokasano, B wacTHocTH, 4To ydeT XN - afdexror
g GopMpakTOpPOB ME30OHOB X HYNIOHOB IPABOINMT B &CHMITOTHYEGKOMK
o6JacTy JElIb K .nor-%xfgr eCKOMY OTKJIOHEHMN OT AMKTyemor'o [IKC
CTEMEeHHOTO 3aKGHA . BosHmraeT ecTeCcTBeHHHH Bonmpoc, HawH-
H&T C KAKMX Nepexad UMIYJIBCE MOXHO HMCIONbL30BATH ACHMITOTUYE CKMik
anama3? HepelKo OTBET Ha STOT BOIDOC INTANTCA E3RETYh U3 CymeCT-
BYXIIIX OSKCIEDAMEHTANBHHX HNAHHHX., U3 JaHHHX Xe clenyeT, B 4acr-
ROOTH, 9rTo 1A IEoxa npomsBegerme OF Fi (Q?) mparrwueckn mocros-
Hompr GOf3 I , 8 I NpOTOHa ¥ Heftrpona npm Q°y 2-3 Iep®
¢ Xopome$i TOYHOCTHD MOCTOSHHH KOM.’)HHa?aM QzGi;(Q"S. Q2 G‘:‘(QZ) .
Orcuza fmenaeTcA BHBOE (cM., HanpaMep, 4’6/), 4YTO yxe IpH
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Q% 2 I TeB® (mna meowa) wmm mpr Q22 2-3 TeB® (mwn HY R~
JIOHOB) HACTYNAST ACAMITOTHYOCKEHR DeXmM B OCHOBHOR BRAAN B dopM-
faxTopd oGyQMOBAMeH HOMIPONBCCOM XACTKOIG DepepaccedHEa (puc. I).
OmHaxo TeOPeTEYSCKOR OGOCHOBAHWE NMOROGHOR EHTepApeTAIMHE B pam—

S S i

—

a) ¢)

Prc. 1. Jnarpass, oTBeTOTBSHHHE 3a aCHMITOTERY
JopMIBKTOPOB ) MMOHA B 0) HYRAOHB

Kax KX CTAIKABAOTOA ¢ OOpeNSNEHHHME TPYMHOCTAM. Jen0 B TOM,
9YTO, CKAXeM, A HYNIOHA BXIAN, COOTBETCTBYNUEDR ImarpaMMaM TRIA
I6, aergeTcR fEXTEYeCK: MMM TPeTHEM WAGHOM DRANOXSHNS, NOXY-
Jaxmerocq B pesyaAsraro mpaMeremma X GM(Q?) oremmapmHoR KXI-
OpolpXypH PasOHOHEA BRAANOB GOARMNX N MAXHX paccroAnmit (oM. puc.2)

R -3 af
d) B)

Puc. 2. CrpykTypa JaKTopEsaim@ IAA HYRAOHHHX QopsfakxrTopon.
OdoCmeHHte KBADK-QNPOHUWE BEDUHHH BMECTE ¢ HELOC—
PENCTBEHHO NPMMUKAXMMME K HPM KBRDKOBHMA JHAMA
COOTBETCTBYDT COMLIEM DPACCTOAHEAM (MANMM BHPTyaNnb-
HOCTAM), 8 OCTANEHHe XBApKOBHEe F IVINOHHHE JIHHIH
~ MAJHM DACCTOAHMAM, T.8, BEPTYSARHOOTAM, COIBIHM
HEROTODOTO aXpoNMOTO Macwrada A% ~ I TaB®.
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J1a OnBHKE OTHOOMTENBHHX BKAGNOB NHEATDAMM 2a-B SQMOTHM, BO-
mepRuX, yro npH 3°=Q oOCHOBHOM BRAGN B (3V(Q?) OOYCAOBNER, 0%e-
BHOHO, Npocrefiuelt miarpamoll 2a. Janee, CoivACHO oSHWHOR oneMie
00 YHOIY lleTesb, BRIAKM AMarpa 20, B NONABAGHH II0 CPABHEHMD ¢
BRIAZOM JHETpaoL: 2a JaxTOpaM? MOPANKE (d,(MNVn)< 01z
(s44(M,)/m)2< 0,01 coorBercrmemio ( M, - Macca HYKAOHE) .
03HavYaeT, YT0 B HexoTopoft odnacta (< tmn npocTeiimas mEar-
pass@ 28 TOMIHMpYeT HECMOTDA KA TO, YTO B ACHMOTOTEKE ee BRIAK
yOHBRET C pOCTOM Q? OHGTpee, YEM BRIAL MEarpass® 2B. 0o ODeHKaM,
OCHOBSHHHM HA TeOpMN BO3MyUleHMH BKIAN JMATpaMMH 2B yOHBAeT C poC—
oM QF o kag A/ QS (M yOemMMCH B DTOM HIEE H& Ko per-
HHX OpAMEpAX), X NOSTOMy ClefyeT oxanats, uto £ (<s/rw) .4 R%
Jns Golee akKypaTHo# OUSHKE BRIANOB IMArpamM 2a~B HeOOXOIFMO
3HATE MATKYD BOJHOBYD (YHKIDD HYKNOHa., Jra sallaga, KaHedHo, He
MOXeT OHThL PeeHA B DAMKAX OCHWHOA TEODHM BOIMYUEHHH, MOCKOILKY
caMo cywecTeoBanne anpoior B KXI B 3HaDITeAEHOR Mepe OCYCGHOBNSHO
HeflepTypoaTHBHIMA >ffekTamm.

W23 cymecTeyxumx B HacToAee BpeMd MONXONOB X AXWIHSY Heuep-
rypéaTHBHEX >PPeRTOB Hambojdee OANIKEM K neprypaTHBHOH
"TexHONMOIMYECKOM” acnekTe swisercs MeTol KXI mpaBRx cyuM % IO/
JoUemHO NpUMEHSHHHE paHes K BHYHGIEHHN TAKHX CYUeCTBEHHO cnaaaﬂ-
HHX ¢ HenepTYpOATRPHHME BpferraMr afPOHHHX X2PAKTEPACTEK KAK MAC-
Cd ¥ JenTOHHHe WEPEHH. B mociemyee BpeMA BTOT MeTOX ( B paanAy~
HHX JOPMyJNBPOBEAX) G NPEMEHEH Tapke B X ECCASNOBAHMN NOBENEHRA
%fom-t?( dopujaKxTopoB NP YMEePEHHO GONBUHX mMeperavax MMIyAbca

B nanHOM nou}mlge dy;jg.er g,?u kpaTia o030p pesyAbTaToB,
fIoMTy9eHdx B padoTax , BUIIOJIHEHHHX S5TOPOM COBMECTHO
¢ B,A. Hecrepenro., OcHOBHO# BHBOX, K KOTODOMY MH NDHIUIH B KOHETHOM
HTOTE, COCTOET B TOM, 4TO JIA OMACAHMA DKCICPHMOHTANBHHX LAHHHX
e dopmpaxropam mHoHA, OPOTOHA H HelTpoHAa JOCTATOYHO yYeCTh BRI~
IH Jome [pocTefuntx xuarpess (THEO2 pEC, 22), He CONepRAIEX IVI-
OHHHX OOMEHOB., CNMefoBA&TeABHO, 2KCHeDAMBHTANBHOE NONTBEpDKISHHE
CTeNeHHOIv SakoHA, (OPMAABHO THKTYeMOIO IpaBAIAME KBADKOBOTO
cyeTa, BOBCE He O3HAYAST, YTo OCHOBHOY BRIAn B PopmaxTOpH npm
IOCTEXRMEX HiHE NepeJasaxX olycAONIeH MeXAHESMOM ESCTKOTO Hepepac-

B ocHoBe MeTona KXJ IpaBmn CyMM JOXEMT KOHIEIIEA KBApK~A7poHHOH
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IYSILHOCTH, COTVIACHO KOTOpOH XB8paKTepMCTAKY AXDOHHOTO CIEKTpa

B MHTETDAIBHOM cMHCe (T.e, NOGAe yCDeIHeHWA 110 HeKOTOpoR 3HEp-
TeTEYecKoft OOMAOTH) GJNBKA K RHANOTHYHHM X4PAKTEDUCTUKAM, BUDIC-
JIGHHHM 1O Teopum BosMymenuft mnA (crado BaaumomeficTByWIMX) KBap-
OB, Yd4eT HenmepTypSaTHBHHX 5{fekToP (ompemessmupX, B YACTHOCTH,
BEeJAMYMHY HHTeDBRJIA YCDEIHEHWsI) NOCTHEI'AaeTCA IPU STOM BBeNcHNEM

B TEODHK HeHyJe, BAKYYMHHX CpeqH®X (KOHIEeHCATOB) KBapKOBHX M
IVINOHHHX OOvie 9 , [pr aHamse fopmfaxTopor MeTomom KXI mpaBmn
CyMM MCXOZHHM OCBEKTOM ARNAETCA TPeXTodeTHaA QyHKIMA

T;‘; (p080)= i? jexv(-{P4x+ ery)(O\T{iP(y)]r(O) J: (x)'} 10rd'x ‘(J;\S )

e J¥= (2/3)G“(‘.U-GB)au"d-anempomanmrﬂuﬂ TOR, & A‘a"’;!shu
- axcuaIbMEll ToK (0GO3HAYCHEA COOTBETCTBYRT pHC, 3a). Moctemuuli,

Ao A

a) 6) B)

Pec, 3. JparpasH, pangge BIIAN B NepTypOaTUBHYI
CHeKTPRIBHYD ILIOTHOCTH KMPK(%S;,Q‘)'

KAK H3BeCTHO, MMeeT HeHYJEeBYD LPOeKIMD HA OXHOIMOHHOE COCTOAMHe
1Py : <ot jd(o)\p)ﬁ,}“P‘. rie § = I32 UsB - koHcranra pac-
oama Tw-» py .

Avurrryna T:p(&\?z) NMpeRCTABAAET COCOf CYMMY DaSVIEYHEX
orpyrryp: PPrps T, P*PUqft PHgRr  mra,
voe P=p,+p,.  COOTBETOTEYMMe MHBADRAHTHHE aMIUATYEH T,
3ARMCAT OT TDEX EMIYABCHNX EHMBADEAHTOB: P , P g2z (Pa-p 4\’- .
BRIAIH DasiHYHHX CTDYKTYD B'r‘r MOXHO CPABHMBATHL , €CTEeCTBEH=-
Ho, J¥is B KaRo#f-ymdo KOHKpeTHO# cHcTeme oTcdeTa. B Hamem cry-
uge BecHMa YHOCHOR ARATeTCA cHcTeMA CeckoHedHoro malyasca (CHI),
» xoropott P.3 9“'3'09 .a qf=qf dmucupoBano. Hamdo—
nee pamiofft B CH! SBIRETCR, OUEBENHO, CTPYKTypa PEO*QP |, ne co-
Iepmamas "manoro" flapaMerpa < . 9ra CTPYKTypa, KpoMe TOTO,

e



MAKCHAMANIEHO OJIM3KA K CTPYKType Pdp‘.’ , ABIAOle#cH 00beKTON aHa-
JM38 1PN UCCIEZOBEHMM ABYXTOYCUHOW QyHKIBIT ']Tdf,(P) ~ KoppeJATopa
JBYX aKCUAJIBHHX TOKOB.

Braronapa acuMiTOTHYeckol cBoGoxe aumTyma 1 (pf, pk Q%) o-
XeT OHTH TEOPeTHYeCiH DAcCUMTaHa B DNYGOKO eBRMMIOBOH odnacTd,
tme ., o2 ., q? < - ITeB. LA woRIeYeHMT yEjopMa-
MK 0 Pa3EYEeCKMX COCTOAHMAX LICIONB3YTCA IBOiHOe JHCHepCHOHHoe
COOTHoOWEHNE w -

¢l o
Tt p2 etz L \dsq sdsz $5 2
e A o (S~ P Y- 1)
HepnmmcaHHHe ABHO WieHH B (2) JcuesanT nocie npmMeHeHus K (2)
B3 ~ omepaTopa
2\ N n
'B( 2 M2)= tim 1-_\_ 4
P (n-01 \dp?) | 2 2
N> oo . pi=-nM (3)
O TepeMeHHEM Pf 8 p? . B peaymprare
§ 2 2 .2 4 = ds ”dﬁ '&‘_ - ‘S'L

(M, M, Q)= S ‘MTS Fe ™ Mg, e

rne &= 'B,“BIT e T o

« (Brawmanug). (%)

(] 2

Meprypoatieiuli ~onan B T (p2 p2,G2) (cooTBeTcTBYOUMA MMarpa-
uaM prc. 3) Tamse MoXeT OuTh 3amican B Gopve (2), a MEBPTHT
B opme (4). HemocpeXCTBeHHWe BHMMCJEHMA NAT B HuaweM (Hyle-

BOM) OOpAnKe MO olg A

Qt\'i 2 a2 2 3 b
MM QY ——— Sxﬁ-:\’. eyole X .

&7 (M) M, QY pecyvcm o( ) xp{ \TB——-q(MﬁMi\s (5)

Maccamy u-~, d - kpapkon{ w, 4 < 10 ilaB) #u mpeHedper-
AH, OTMETEM, YTO NepeMeHHAd X  MMeeT CMHCH QPaKIMM MPORONLHOTO
HMITy/NbCca IHOHA, mpExolmreitcd B CHI Ha naccHBHHY KBapx.
licnonesya ToT $aKr, 9To (4) MMeeT opiy IBOIHOTO RpeoOpasoBa-
HEd Jlaaca 1o \IMf‘l , A3 (5) nerpyaHo HaliTm xBapkopyL (mep-
TYPOaTHBHYD) CHEeKTPANBHYN ILIOTHOCTH N »
v 2 3 2 )
9P¢ t( 4,52 ,Qz): _‘3‘_(&;)2 [(532) * %(%@.) ][‘5"4‘2‘ Qz();*;'
Ist3Fdeckad IWIOTHOGTD 9&5.,51,(1"\ , KOHEUHO, OTJMYAETCH OT
y?"*(s,,sz,e}) . B uacTHooTH, _9(51,51,@!1) COMCNRNT MHOH—
mft “gg" ~ Bwian



Prlsn 52,z 5.: F ) 8s-miY 85, -mdy), (9

a BHe BTOR TOUKE paBHA HYJO BEe3Ze HENe MOpora POXNGHET (3x)~CHG-
TeMu. JWm MpA ROCTATOWHO CoMmmiX S, , S, , THE PO3OHRHOH cTa-
HOBATCA OYeHb WMpOKEMY H JAKTHIGCKE CAMBADTCA APYT C LDYTOM,
MORHO OXEZATH, WTO P Pt . 310 osmmuaer, wro B(MZM;,Q)
TaKse OTAMYAETCA OT BHpaXeHHA (5), BHIECIGHHOTO WA CBOGOMHHX
KBApKOB, Kak mordeprasanoch B 9/ , 38 STy DASHENY TVABHHM 0Gpa-
80M OTBETCTBeHHH HENeDTYPOATHBHHE CTelleHHHe NIONPABKH (4/14‘)“,’
O0YGIORNEHHHE CYWeCTBOBAHEEM KBAPKOBOTO(JqY ¥ MMOHEOIOKGGES
KOBIOHCATOB. YUMTHBAA HH3IWE CTENCHHHE HOOpaBKHE

<>>H

a) 0

Puc. 4. InarpamsH, omMcHBANUME HereprypOoaTEBHHe
afigerTH, mponopugonarsime £ G, &:‘,) (4
1 %<yt (46,8).

{TMMMYHEE JMATpaMME NDeICTARMEHH 'Ha DHC. 4 ), HAXOIEM

(W M) T imeal)e GGl 2oama o2 o)
LR ) 2aMe TR ot

llpencTaniad aNPOHHYN CHEKTPAILHYD ILIOTHOCTH 9(54,31,0.") B BEIE

[ ,QZ)-: yvkshsl,az).. ye"'t(s,,s,.ai){1-6(S4<S°)Q[Sz<$°\\

(9)
(T.e. , cuuTaf, 4YTO Beshe BiHe Ksaapara $,,S5,< So ANpOHHAS ILIOT-
HOCTH COBHAnaeT ¢ KBapkomolt) m mprpammwsasa (8),(4) ( ¢ yderom
(6),(7),(9)), momyuaem OpABEAO CyMM, CBA3HBANNEE XADAKTEMCTUKA
AIDOHHOTO CNeKTpa ( B HANEM CIYYAE TAKOBHMHE ABAANTOA {-: E(e%)
" S, ~ offexTHBHHE mMOpOr' POXNEHMA BHCIMX COCTOAHMZ, MAcCa NH-
OHa My depercd DABHOR HYTD) C TEOPETHUYSCKA BHTACHEHHHMA
BeNTHIMHAMA

B)
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So - 5452

So
SR d Vo, o i e 0, W&y

° o 208Ta 2 A2ZTe M4
b1 -
+ S €AY+ O(MOKoWd(10)

JA KOHIeHCATOB MH HCIONL3yeM 3HaveH’s
b)) < G2, G§, Y= 0,042 18]

% <F97%= 4 8.407" o)

(ID

(I2)
TIONTY4OHHHE B /9/ H3 aHam3a IBYXTOYEHHHX (iyHHIMHA,

HeTpynHo 3aMeTHTH, 9TO XeBag vdacTh npasmna cymd (I0), B oTym-
9He oT npaBoff, He HMeeT RBHO} SABMCHMOCTH OT NapameTpa MZ Ha
caMoM Jiesie, eQI¥ OH MH yWm Bce HeMmeprypOaTHBHHE NONPABKM ¢
B3N IAA _P(S..S;,a ?) TodHOB, & HE MONENHHOB nupaxexme. TO Npapad
4aoTH npepuna oywd (ID) Taxme He saBRcera o4 or MZ B peansHof
OUTYAIFEHE BHAYEHHA BOJEWIHH -E-“ @y, no.rzyqemme na (I0), ume-
»T crasyn sanncmoo'rs oT "Hefwsudeokoro" mapamerpa M: npm
donpmex MZ, HO HAYANO BOEMIITOTHYOCKOTO DEXHME CHIBHO 38—
BEOKT OT BHODAHHOIO SHAUeHEA S, (p#c. 5)

f. Puc. S.

v 8i Tenuwman sasacmMocTs Fy
5 OT napamMeTpa So :
0 a) S, = 0,6 TeB%; 6)5,=0,7 I'aB%
0 B) S.= 0,8 I‘aB‘a

0 2 ¢ 6 MimE) &= raB?

McTEHHHM 3Ha%eHHeM S, OYyIeM CYMTaTh, eCTeCTBEHHO, TO
gHAYeHHe, UpH Ko'ropou oduacTe oaacost 'mac'rnme.nwocm F w»
i napamrpy M? gmnaeren namdores mmpoxoft. Mma Q° = I 2 a
IoHHER RpETerd naeT SHAYeHRA damskHe K 0,7 I‘alié OrmeTiM,
970 TAEOP X& 3HaAYOHHe IapaMeTpa S, anaerca ¥ H3 aHammsa
IByXTOYeuHOM YHKIEM, CBA3AHHOA C <T‘ 3 ‘> » 9TO CBHESTENLCT~
ByeT 0 oamoomaoonmmoc'rn weTona, B xaqecme TeOpeTHIEeCKOTO
NPeXCEASAHEA HA 5‘ K(@?) oremyer, ovesmmso, dparh sHadeHMe
sTof BesWuMHH Ha mraro., I Se = 0,7 aT0 3HadeHHe
Ha BcoM mareppate M* 2 I T9BR ganTHiecis He oTMMIAETOR
OT SCHMITOTHYECKOIO 3HaueHEA OpAa Wiz oo
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Baxxo NOXYepKHYTH, 470 mp M s oo  crememmue NONpPeBKE BCYe~
sag; B M4 ODUXOIMM X KONETHOBHEPTEeTHYEORKOMY NpaBmry cymd (cp.

/ I ) So EN
2 pert 2
F@)=4 SdSA Sdsz (5,,5,,Q@%)

'f'rr ® o A ? *(13)
BHpaxanieny cololt JOXANBHYY LyaNbHOCTD MEXXY Je30HAHCHHEM {IHOH-
HHEM) ¥ KBApKORHM BKAAZOM. A IBYXTGYeqHOR (Wh<IMM aHANOTEGHOE
OpABENO CYMM [O3BOAHET CBA3ATE S, ¢ KOHCTaHTof i.“

2
Sox At Lo, (19)

CoorHomerme (I4) xopomo cornacyercd ( npg S, = 0,7 ) e
DKCIIe PEMCHTANEHHM SHAYEHHEM § = 132 MsB.

Henoxpaya, naxee, mmind mER (P ¥s,,5,,0%) (6), MoxHO 1O~
aywrs B9 (I3) nupaxeuxe Ana fopupaxropa zxmoua

2y _ 1 + 65‘, /& } .

F (@%)= {4 A+ 45, /g2 (15)

Cnasp (I4) odecnemaer B (IS) npaBWILHYD HOpPMAPOBKY (Ha emu-
mEny) popmpaxropa ope Q2=0 .

Bonee YROOKYD nps OHOTpHX omenmax dopvyny mia Fip (@) momio
OOIYYATH, €CHW 3aMBHHTEL MHTOTpMpoBAHEe N0 xraxpsTy B (I3) uuTer-
pEpOBAIEeM 10 TPEYTONHHEKY ( Q< S+S, € S =7 's,) pamioft wromamy.

B srom cryyae
vy, , S A
F“ ( ) = 2 2
gt (4+ QYes)

rme S =Vis, = I TeB° Npe @*2 I I'sB® npemckasamma gop-
Mya (15) 7 (I6) cornacypres ADYT ¢ ApYToM xyume, deM c I0F-HoH
TOYHOCTHY,

fomyna (I6) DpemCRasHBReT IHMIONBHOE HOBEINEHHE IS IHMOHHOTO
fopMparTOopa, 4T0, Kas&Io0b OH, pE3RO OPOTEBOPEINT CAOXHBUBDMCH
OpeKCTABACHRAM O LOBSREHHHA F (&%) . B neficTBATEABHOCTH, ONHA-
KO, TeopeTHYUeCKas KpHBasa, ocuomamuag Ha (I5), uops S,= 0,7 9B
HaXOXWTCA B XopclleM COIMIACEE ¢ BKOfe HTOM (cm, puc. 6). coa—
manes mor Q2 2 I TaBc xywmm gervow’ 1/ nnennmccnnarmc/
Minom crosat, Jopuyan (I5), (I6) B odzactH 0,5< Qf < 5 T'aB®
muTEpyRr 4/G% - noBejeHEe, COOTBETCTBYUNEe IDAEEIEM KBADKOBOIO
cueTa.

(16)
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Puc, 6.
CpaBHeHHe TeopeTIIeCKIX Hpellcka-
3al-mﬂ, OCHOBABHHHX H& npasie cyim
(I0) ¢ axcrepAMeHTANBHLLG UAHHH~
i /187, Cronomias xpHpan: M= oo,

fos {IyHKTUpHAA KPHBaA:
i N 4 2 e
0 10 20 30 10 Gy M=l Ies.
JloKanbHAR TValsHOCTE ¥ BOJHOBASA uoHa

Wcnonb3oBaHue NoKanbHol myanpHocTd (I3) 3KBUBANEHTHO (MK~
caly BEAY MATKOR BoNMH0oBOK QyHwipn' (m.8@) mioxa, JedcTBH-
TeJABHO, C YYEeTOM TOrO, YTO "‘"‘(f,,s Q%) eTh (BCHHOM CKAYOK
(no p* ® pr ) coorseTcTRymuel comuatym 10T (pdpl Q% ,
pacyer 1o QopMyte (7) CBOMMTCA IAA LMATPAMA 34 K DOXCTAHOBKE B
KAYeCTBE M.8.¢p. JOKWIBHOR AMUMTyIH MepexoNia Toxa ) B CBO-
6onHHe, MPAKTUYCOKY Oe3MHCCOBHEe IBADIN, C NOCHELYRIUA ycpenie-
HBEM N0 MHBapUaHTHOH Macce §  IBYXKB2PKOBOH CHCTe!M B MHTEp—
Bane 0¢S¢s, . MuuMr cioBaMi, IOH MOJIGJMPYETCH CHCTEMOR M3
HByX cnodommx (kL mﬁ\ KBApKOB, JIOKAJM30BaHHNX B 061acTd
(k, +kz\ <S, MMITYJIBCHOTO NpocTpaHcTBa. X nocTomHcTsan "ronedn” He—
OGXONMMO OTHECTH, [0 KpaiHell Mepe, ee HBHYW DEAATHBUCICKYR M
RaNMMGPOBOYHYY MHBADUMAHTHOCTH.

CnenyeT Taloie OTMETHTh, 4To B CH{ Taxad M.B.@. IIpoNopiOHaNb~
?a B(#* <S,) , rme %%~ crapmaprhas CAl - somdusamma (ci.
)

2 k 2
XZ: Z —_t ]

A X, n
npudeM X; ABIAOTCH GpaKkMAM TPONOIBHOTO JMMIYAbCA MUOHA,
MpEXONAUMMACA Ha \ - ult kpapx, a K.~ momepevHul WMMYJIBC
nocaenHero. IpweeneM A CpaBHeHUA npelmoxeumie Bpoxncrat u Je-
naxem 7 1%/ wopensiue m.B.0. ¢ raycconcmmql T, ,x‘\v‘ex?{—kz ‘}
B CTeneHHHM w“(u‘;.\.\» (s Al) noBegeHueM, Ooumm CBOLCTBOM
BeeX Tpex fyHkumit ARIAeTCA odpeaax-me mHTeTpaoB 1o kK, , X, B
oonacT! Conbmzx sHavenuit M . Komewo, peskoe ofpesaime Ipu
wP=s, ., ImKTyemoe y O (s’ sJ)s BEPEANICTHIHO; TOYHAK
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M,B.p. NonxHa OHTHL ranxoff gyHxkipeR napamerpa %% Hanoxodue
W mm (€ | Tamm odpaaou,lp""m(k*;,xg IaeT npefcTaRTeHe
JE O Haudonee OOuMX,MHTEerpPATBHHX cBoficTBax TouHOR M.B.(. mIO-
Ha. CoOTBeTCTBEHHO U DE3YJNBTATH BHUNGIEHW (GopMiaKTopa Fw(Q21
o gopmyne (I10) He 00AZATENBHO COBNAZAKWT ¢ TOUHMM BRIANON TPe-
yTONbHOY mEarpamMii Bo BeeM mHTepBane 0< Q%< oo |

He cremyeT, B YaCTHOCTH, 0COCEHHO NOBEDATH OCHOBAHHHM Ha (I0)
NpelACKA3aHNAM B CATYALMAX, KOINA COOTBETCTBYWINIE BKIAN CHIBHO
3aBACKHT OT KOHKDETHOTO MOBENEeHMA M.B.(. HA KpadX KAHEMATHYECHH
paspeleHHO# odNacTE, Korma X;~0 M X ~{ IJIA ONHOTO K3
KBapKoB. Kak ciexyeT m3 BHpaxerma (5), momemenme BT°° (a  ane-
moBatensHo, 2 P™'Y ) mpm mMamX Q%  CYMECTBEHHO 3ABMCET OT
NOBEJeHAA MOIHHTETPATBHOTO BHDAXEHRS B 06NACTH x~1 , B KOTO-
polt OCHOBHAA JOJA NPOXOJABHOTO UMIIYJALCA NMOHA NPUXOMMTCHA HA NAc-
CUBHHE KBGpK, TOTA KAK NpH GO HUmX @® ocHomHo#t BrIAX n%”"*
O0ycIORNeH MHTEUDRPOBAHEEM N0 OGNacTH X~0 , KOIIa MMIYABC
[MOHA NEepPeHOCHTOR, B OCHOBHOM, QKTHBHHM KBApKOM. TaiuM odpasom,
ocHOBaHHHM Ha (I0) pesyabraTaM He GAENYST AOBSPATD HU IIDH MAVILX,
HY NpH ACHMITOTHYOCKE CONBUMX SHAYOHWAX @,

KoHKpeTHHEe SHAYeHMA TrpaHBLl OGNAcTH NpEMSHEMOCTH dopMynk (I0)
MOXHO NOMYYHTH CASIyniMM odpasoM . Bo-NepBHxX, pacyeT HexoiHoi am-—
wmryzH 1 {p2 RY Q%) 1o TeopEE BosMyLeHEN HAIekeH JMIL B 06Nac-
TY ACHMIITOTHIeCKOM cBoGOZH, T.e. OpH Q"?.Yﬂ;,‘ ~ 0,6 I‘aBz. [pn
Sompmtx G gopuyne (I0) He crefyeT IOBEpATH NMpE Taxux @2 ,
KOTJIA HauEHAeT YyBCTBOBATHCA acHMIrorTMycctmit pexmm F_(Q)~ 4/Q%
[Ipn aTOoM OCHOBHOIt BRIAQN ompelesfeTcs odnacrs, B KoTopol mac-
CUEHHE KBapK AMBeT SapryaiidocTs £ PY/Q? , B MH CHOBa OHA3H-
BaeMCA BHe OOAACTH ACEMITOTEYSCROM cpoCojH. HeTpymio ycTAHOBHTD,
qro (I5) comacyeTcd ¢ ROHMITITHUeCKOR opMyaol F,‘,“’(Q‘): 8s52/q"
(8 mpemenax 50 %) Jum HAYEHGZ ¢ Q@ = 7 TaB°, u opEMepHo OpM
TaKMX 3HAYEHEAX &Q°  IpoHsEejcHme QF F;"(Q‘) HaWMHaeT yOHBATh
C pOCTOM Q% (470 ABRAGeTCA CHTHAIOM O HACTYIVIEHHA 2CHMITOTEYeCKO-
TO pexEMa).

TaaM 00pa3oM, CYmecTBYeT OPOMEXyTodHAd OGJACTB 0,55_ng 5p8?
B HOTOpO¥ BHAQN TPEYTOALHON IMarpaMM ompefendeTcs HHTETrpalbHH-
MA cBoficrBaMM M.B.(., TVIABHHM 00pa30M UMpHHOHM pacmopemesfeHuA
KBapKOB [0 MONePETHOMY BMIYJNBCY ( T.€. B KOHeUHOM HTOFE — pAsMe—
POM IIHOHA) K cAado 38BHCHT OT KoHKpeTHO# fopMH aTor0 pacopegene-
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HAA. Pa3MepHHM [8pAMETDOM, XaparTepHsyloulsd LGIpUIly paclpemenenma
mo Wy mna WP %), mmserea, oventmio,Se (<k2y S, /1~ (03RRYY),
T.€. TOT Xe MapameTp, KOTOpDHH 3amaeT II MacwTad cleKTpa Mace
dapMoHOB B paccMaTpMBaeMoM kaHane. C qusuueckolt Tour 3peHms
TAKaA CBA3EL BHIVIANUT COBEplleHHO eCTeCTBEHHOH.

4. JoranbHasg KBaDK-aJIDOHHAA JYANBHOCTE M GopMparTopH HYKIOHOB
B I

HanomeHHYR BHile TeXHHMKY MOXHO DACIPOCTDEHUTDL ¥ HA HYKIOHHHE
fopmpakTopH. ECT2CTBEHNO, BMECTO aKCHANbHOTO Toka B (I) HeoGxo-
IMMO B3ATEH TOK, MMEKUM KBAHTOBHe UHCJA HYWIOHOB, Hanpumep, Lrd
IpOTOHA /10/ .

e (uocty, u%) (ephd®), Eauc,
“ (18)

rre C - marpuma 3apANOBOIO CONPAKEHMA, 8 fade - AOCOIOTHO aHTH-
cHMMeTpIMHED TeHsop ( @ , & , ¢ = I,2,3). HefirponHMA TOK
nonydaeTcd u3 (I8) sameHofl uerd,

AmnmrynaAT!‘( {prP2) ABNAETCA B JlZaH.HOM crTydae CyMMOA CTPYyK-
yp mma PFBg 5 VL (P, Py , 4" Yp 1 EFFP P, %AY;YQ’
s A:P (8,4) ¥ 7.0, Jrmpymuest CRI ~ cTpyKTypoll ARIAeTCA

Ve e () OTMETIM, YTO OPH p2zps 8Ta CTPYKTypa olJa-
H8eT CBORCTBOM MONePeYHOCTH qrv\‘_“,(m= 0 . oMM cBOficTBOM OG-
asnaeT u onexynmag B CHI -mrepapxms cTpYKTypa A',',,(P,q), JVHe fi~-
Haq no "MatoMy" mapaMeTpy < . CoOTBETCTBYKUQIe MHBApHAaHTHHe ar-
UM TYIH oOoaHalngw Tv b4 TA . JlaHHHe CTDYXTYDH ImMeNT Hauoonee
TecHyn cBsh ¢(Plyy - KoMmoHeRTO# NByxTOWeuHod gynmmm Tup(P)
ceasamof ¢ <Tin He)» , & TeTanpio /npoaﬂa.rmsnponaﬂﬂoﬁ B /%0,
Jng uHTEpBaNa NYANBHOCTH Sg B OHJIO MMQUIy4eHO 3HAYeHMe
So = 2,3 I‘sBz. KOTOpHM MH ¥ OyHZeM NOJB30BATHCA B IaipHeiwem, B
npudIEREeHNN JOKANBHOR DyanbHOCTH S, CBA3AHO ¢ KoHcTaHTof# pac-
gaga ZpoToHA

<oIn (O 1P> 2 X, 1, (F)
( mme v, (V) - mpakoBCKUR CIMHOD) CIELYNUMM COOTHOWCHUEM
(@w)* 33, = s3/12,

aranorwaHem (I4).
Buamonad 99\"': (s, ‘ghqz) I QRArTpaM 2a M NONCTamIAd Pe3yilb—
TaT B ananor dopMmyan (I0), HOXyYaeM IVIf IPOTOHA

(19)

(20)
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Sy S2 2

F (Qz\‘kz ¥R S ds‘gds2 QZ(F%) X
o o

e~y Q2 2 e ,+e, g\t (2D
{ 16 : —2'(“%)+ 2 (2*1‘)}
P so gﬂ
- & Q& _s¥ o
FA Q%= m& gds‘ j dsa 7.'(1 %) (2+;)' (22)
o [+]

e =545+ 6% 2=Vt dns, L €u=2/3,84=-4/3 | Heftrpor-

HHe fopmpexTops morydanTceA u3 (2I), (22) samenofi €. e4 ,
KoHgpeTHHe 3HayeHms (gops@amopon norydapTes #s (2I), (22) noj-

OTAHOBKO B KAYecTBS SHAYeHRA, gakryemoro (20). I S,

HeoOXomuMo B3ATH 2,3 I\;B5 CrenyeT Takxe ydecTh, 9T0 Fv npen-

cTARIAET CO0OH KOMOMHAIMN 3NEKTDWYecKOT0 (3 ¥ MATHMTHOTO G

opuEakTopoB £ ()= 4MEGe (Q%)+ @ Guioh)

Q ) - 1‘ M2 + Gz

(23)
xoTopas mpn Mamx QF cBoomiTes K Ge (%) , a 0 Gonsmox Q*
(Gaxrmeeckn mpr Q22 10 I'eBy - & G @) . dopmparrop F, (@7
coBuazaet ¢ G (@) .

Han »c0 npaBag 4acThs Jopuyan (22) cosmwgaeT ¢ Opapoft 4ac-
THD BHpaxeHEd (2I), B »3 ofeuX JOPMYN CreXyeT ONHO E TO Xe BH-
paxeHMe LA ACHMITOTHKE MATHHTHOTO fopfaxropa:

G‘Pm (@®) — 4=y se/ @t

HeoGXomumo MOXdepiHyTs, ONHAKO, UTO ACHMITOTHYECKM DOXTM AL
(21),(22) ycranapmBaeTca JOIIb nqu 2.20-30 TeB°. llpon3BeeHEA
Q“ F (@), G G,\(@), smrcnemme comacko (2I),(22),8 onacTa

@%: 5-20 T9B ua camom flene MOCTOAHHH B npefeaax 10 % TowmocTH,
Jpyrom ciopavm, dopmynn (2I), (22) EMRTHDYOT CTeIEHHOR 3AKOH

G VG mixryemft IHC, BrIOTH IO BechMA GOMBUNX SHadenuit Q%
20 T9B°. B Bucuwx nopsxxax no s Bupaxewma (2I), (22) momafmow-
DVOTCA DONpABKAME, CBABAHHNME C CYNAKOBCKEM HOPMPAKTODOM &KTID-
HOTO KBADKA
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2 { G}l 2 Y
sl 4[58 - DRG0,

rie B kadecTBe MacuTada M2 CllelycT B3AATH HEKOTODYD BEJNGily,
OPONOPIMOHANEHYY S, -~ ©MAICTBEHHOMY Da3liepHOIY HADAMETDY, GM~
rypupyoliemy B (2I),(22). 3aMeTwM, 4To napametp Sn JIOBOJBHO B~
JUK, & napaMeTp A , B CDBOD OYepenb, OOBOJLHO MAI

( A < I00 HaB), ¥ MO3TOMy CYNRKOBCKOEe MONARNEHNE B CYUECTBOH-
HOB# JUIA Hac oGJNACTM He OYeHb 3xaMTeNsio, bBojee Toro, OHO 10—
XeT OHTH YacTHYHO CKOMIEHCHMPOBAHO BRIANOM Iarpams 26,B. Ios-
TOMY UpA Qz £ 20 1"932 KaxeTesA BeChMA DaByMHNGI IpeiieGpedr -
dexTaMa BHCIMX TOPANKOB I OXMIATH, 9TO OCHOBIN:ie Ld JIOKSNBHOM
KBApPK~aNPORHOA KYanBHOCTY HPEJCKAZAHUA NOJUKNH HAaXO/RITCH B XOpO-
meM COIVIACHW C 3KCHePUMEHTANBHHMA IaHHHMM .

5. KoyvyeoTBeHHuE aHamis pesylbTaToB JUIA HYKIO .71}
gopuparropon
0opaTEMcA TeNeph K JeTAlbHOMY CDaBHEHMw Mpelckasaiiii Jopuyn
(2I),(22) ¢ cymeCTBYMUMMI SKCIeDHMEHTANBHENG NAHHHG (CH. Tadhn-
).

‘Lagdnyua
Pesynr;'ra'ru YACAEeHHHX PAacYeTOB, OCROBAJiHHX Ha opilynax
(21)-(23)

1 (TsB%) ! R s s [ s e | 5] 2l 0
NGO/ | 2.21] 2.60] 2,75 | 2.86 | 2,67 | 2,87 2,71] 2.5¢] 2.e1] 2.20( too 1.4
2GS (+11/Dit) 2,57{ 2,81 2,22 ( 2,84} 2,51 )2.85] 2,71 2,5¢ 2,22 2,17] 1,88] 1,87
3GEWY/DRY [1,00] 1,93 1,98 ] 1.15] 1,91 1,06] c.05| o0,86] 0,77 o,67] 0,5¢] 0,38
QG:(!\(N{\ 1,11 {=1,30 0,00 | —e aalaa,aa ey, a2 —q, 8 oy 280 —1,24) -1, 900,85 0,7¢
5 G;mlmu 1,57 |=1,52{~1,50 | -1,48{-1,45 }-1,21{ 1,33 1,25 -1,17] =1,07}-0,93} -0,73
€ G:(t)lbl{\ 0,13 }-0,12]-0,10] -0,76 }-n,07] 0,00] 0,05} 0,08 0,11] 0,11 0,18} ¢,14
;M _(T28) 0,74| 0,83] 0,87| n.,e9] n,e2] 0,04] a,57] 0,03 1,00} 1,0%] 1,02] 1,04

[ 4 PR

a) Tlporonnke fopmparropu. OrMeTM, Bo-HEPBHX, YTO [ODEIEHIE
dopmbaKrTopa G;" (@¥) ., BuEcIeHHoe Mo Jopuyne (22) . B odxacT
2-10 TsB° cormacyercs B mpeietax I0 § TowiocTH ¢ SMIIHDHYECKILM
mmonsiae quron &S (@=p D@ (e ¢,7279 , a Diad):

=1+ 6Y0,H) ). Janee, mcmansays (21)-(23), MOKHO NOAYMMTH ABHOE
BHpaXeHue U LA G:(Q‘\ , Koropoe ipn Q' <« Iz TeB? ramme
¢ I0 § TOYHOCTED COTAACYETCACIUIOARHE i dopMyroll &E?(Q‘)z'hiaz) .
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(Tadmma, 'rge'rm crpoxa ). Kax cuemcrBue, NPH A3IMCHEHEH on'r 3
110 15 I‘aB ¢ TOYHOCTEN IS % BHIOMHAETCA MACWTAGHHE 3IAKOH
a@/GEE) = p. C ZpyToft cTOPOHH, NpEHAB,

G'(al)/e-.’(g‘- = Hp M7 BoEX QY  MOHO HBRAEUD G @ un3
gopmyan (2I), xoTopas NpPENIONOKATENEHO SABAAGTCA Otmee TOqHOf
mpr Mamx QF , dew fopuyna (22). leficTRuTexsHo, MORodHHIL pacieT
ZaeT wid G'(G) 3Haqem. Jydme COTMACYXEEecA C SKCHePMMEHTANE-
HEMA JAHHEME TIpM Q* = I-2 T , HeM De3yALTATH BHUECACHME nO
dopmyne (22) (cM., TadmMny,2-A CTPOK3 M puc. 7.)

+T 6y
of oS5
08|
0.6 F
041
02|
0.0 R N 39 Q*(M8?)
Puc. 7. Qopuhamop Q" F, “12‘1)/ IAA [pOTOHA.

JlaHuue B3 pedoTH
) Marmriujj gopudarcrop Helzpona. Jra sefirponHoro gopspaxto-
G- (@) popuyxs (2I),(22) cormacypresa ¢ SHCHE PRMOHTAXBHIMN T~
mmn B Npefienax OIMGOK DECMEDEMBHTA TONBKO Opr Q°2 6 TeB?
(prc. 8), & B odnacts Q< 6 I'aB° corascme dopuya (2I),(22)

-0.5¢ qv. GusZbn
T

-0.4 ¢
¢ Prc. 8.
-03 gopubartopQ“F, (@*) ma Refirpona
-0.2 )y
P Y PO t3
o ™ a?(MeY)

C_9KOICDIMCHTATLHHMS JRHHME JaXeio He Takoe GrecTamee, KAK I
GM(Q"l B uacTHoCTH, npE G2 = 3-6 TsBC gopuyna (2I) meer mast
\gr@V/ D@ sHauerws, Xexampe HA 30 % HEEC IKCHEHMERTRABHO
HasnNuaeMoro (Tadmma, 4-8 crpoka). lpg Q% = I-2 TeB® fopuyaa
(22) eme donbwe 3aHERACT BSXATMHY \Ga\ . Pacuer mo fopsyxe (2I)
B mpexmoNuxenEE, 9to T (Q¥)=0 | yuemmmaer paccorsacomanae
3 9KCIEePHMEHTOM DK Q"s 1-4 T9B°, Ho mmm 5o 20 % (Tadamms, 5-1

S
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CTPOKA), Ory CUTYallD0 MOMHO MHTEpNpeTHPOBATE TAKMM OCpASOM, UTO
pazIuie Mexuny 'ro'moﬁ M.B.(. lrymox; B MOLSNLHOR M.B.J. 3amMeTHee
crasusaeten Ha Gy (G*) , ueM Ha §,.(@) . Heooxommo momsepxuyT:,
9T0 MONOOHAR ACHMMETPHA MEXIY nporonom ¥ HefTpOHOM He oCA3aTeNL-
HO MPOTHBODEYMT H30TOIMMYECKOR MHBAPRAHTHOCTH. B  UACTHOGTH, MG~
CAeNYA CTPYKTYPY CTeNeHHHX nonpaBok B KX npapmiax cym mm Gnlaf
M OOHADYEWIN, 9T0 LA NPOTOHA Hamdonee cymecTseHue (3§ ¥)°- mompas-
K1 TPONOPLWEOHAIBHH €4 , B TO BpeMd KAK OCHOBHO{f WieH, corzac-
Ho (22), mpomopnpoHamex ©, . Lna Hem'pox{a CHUTyalMf B TOYHOCTHA
odpaTHed, ¥ KA oleXoTRe oTHomelme <$%¥>° - IONPABKA K OCHOBHO-
My WieHy mna HefiTpoHa IONy4aeTcA B 4 pasa GONBUMM, UeM JYIA Mpo~
TOK:

B) e KTy g :

MCIIB.’II:SYH q:owynu (2I) (23) moxHO BH'D!CJIHTI: q:opupemp 3; (DR
KOTODHHE o:caaunae'rca ¢ Xopoleff TOMHOOTHN DABHHM HYJN B HHTepBANe
or 2 mo 20 I‘aB (radmma , 6-A oTpoKa). IIoFYepKHEeM, WTo CAXBOCTH
G! (G K Hymwo ABIASTCHA PESYABTATOM HETPEBEANBHON KODDEATLEHI
MeRIly JEKTYOMME QopMyaas (2I), (22) suaveHmm $opMPaKTOpOB

“(Q"] &, (@) x EXogmmm B (23) MapaMeTPOM MAcCH HYRIOHA. B
qaomoc-n. A8 TpeCoBaHMA G-" @)=0 wmomHo, mompsyack (21)-(23),
Hsmiews meuwmny M, , xotopas B mhrepsare Q° = 2-30 IsB® cobma-
BaeT ¢ BKCIOPHMOHTANEHHM SHAYeHHeM C TOWHOGTED He Xyke I0Y
(rad.mna 7—as cTpO 53

e (60)/GL @), Cormacio Gopuyne (22), OTHOWeEme
G-M Q'-)/& (el) [OCTOAHHO M paBHo (-2). Qopuyna (2I) (B npermo--
NOXOHUE G (0" /&, (@) = Gylo)/&,10))mor  Q* £ - 4 T9B® xaer

pory |G}(G.‘1/G"m‘)buawem, MeHEUMe JBYX (Hanpmep I,6 opu
Q* =1 I‘aBz). Ho opH Q'3 4 =B° Opencras’aHuag $opryaL (21%
7 (22) coBmamanT IpYT C .u%m OTMeTEM, TO Npy @%2 6 I'sB
BKCHePEMeHTANbHHE NAHHHE TAKKEe YKa3HBANT H€A TO, YTO

Gl (@")/ & (@*)=2-2,

x) Saauenps fopupaxropop mpy Q%0 . Kak yrasupanocs panee,
HeT HHKAIMX OCHOBRHHE HANeATHCA Ha Xopollee COoIvacHe Mexny (I:opq-
aaMm (2I),(22) ¥ DRCIUPEMGHTAABHHMY XeHHNME OpE QF £ I ToB%,
Omgaro GrarofapA COXpPAHSHHD SAOKTPHIECKOTO 3apama QopubexTopu
G“LQ‘\, G-P ('Y , BHUMGAeHHHe To Jopuyram (2I)-(23), mpE Q*=Q
npnmxam' axcnepmaeﬂ'rmmuue 3Hauerma O ¥ I coormBeTCTBEHHO. InA
MATHETHHY (opMparropos gopmyna (2I) naeT G— (0)= 4®,=8/3 g
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Nia)= -~
Guo)=4e == 4/3 Lo oorona meopus omaTs (kak u npn @4
I I‘aBz) oxasanack dofllee TOWHOR,YeMm nxq HeRTpoHA. MHTepecHo oT-
MeTRTE, Yr0 orHomene ({¢,|- 4/5)/(\1P~813) , NeHCTBUTENEHO, GAM3KO
K 4.

6. JappieHge

Taxm odpa3oM, B AOBOABHO NMPOKOH o6nacTn@:2-I5 TeB° pacyeT
HYKAOHHHX (fopdpParTopoR no dopmynam (2I),(22) Haxomsrea B yIoB-
JAeTBOPATENEHOM ( @ MHOTZA M B XOPOWEM) COMMIACEKE ¢ 2KCHepHMeHTaNIb-
HHMB JaHHEMA. OIHYM n3 Hawdojee HeTPMBHANIPHHX DE3YJABETATOB MOXKHO
curtare puTeramiee ¥3 (2I), (22) npenckasaHEe O TOM, Yro OTHOWE-
HEe G:tn'\/e';,m‘) NpE JOCTATOUHO GONENEX GF JONKHO NPMHMMATE 3Ha-
YeHne 5—2) , cornacynmeeCA C IOCNENHEMA JKCIle PEMEHTANBLHIMA JlaH~
HHME 2y Jia meoNoro fopspakropa xopollee COIVIacHe MeXOy Teope-
TAYECKIME PacieTAME M BKOle HTAABHIOA HAHHHME RMEeT MecTo B
odnacrr 0,5 < Q* £ 5 TeB®. Kax mns HYRAOHOB, TaK ¥ LIA M-
oHa Xopoliee OMMOAHME JAHHMX YAATOCH NOIYYHTE B DAMKAX HU3-
mero ( HyaeBoro) npmGimmeHRR no g , 6es yyeTa NONARNGHHHX
no {4s/M)~0,4 A (ds/N)~0,04 BRIANOB, CBASAHHEX C DVNOHHHMA 00~
MeHaM®. Md BHZeAM TaKEe, 4ro NoBeReHMe ANPOHHHX fopmfarTopos
B YKA38HHHX O0NacTAX H3MPHeHHMA Q* CYmeCTBEHHHM 00pa3oM, sa=-
BACHT OT napamerTpoB ( THEA $, ), XApaKTeépH3YYGMX DasMepH DacCMAT-
paBaeMore axpore. CoorTpercrBynmme (ODMYZH PMEOT CIOXHYN 38BACE-
woecTh OT S, B Q% , UpE ysmepenmax Q° mMETEpYNQyL CTemen-
Hoe nobexemte /F“(Q‘Hh‘. Qe 10} mxTyemoe mpaRmIaMy KBApKO-
poro cvera /+*</, QxexyeT, OmHAKO, OTMETHTH, YTO OCHORHOR BKNaj B
fopusfaKTOpH n1aeT NDH PTOM HHTETPHDPOBHHME 10 EMIYALCAM K , HMSK-
mEM BEpryansHocTs (k3| mopamka maomrada Se , TAK WTO HE O KA~
KEX NPHOMMERSHEAX, OCHOBAHHHX HA MANOCTE OTHOWEMER S, [ \x?| , He
MoXeT OHTHP B pewm. Hadmuuaesmult Ra srcmepmMeHTEe cTemeHHol 3axoH
JOHBAHMS QNDOHHEX (HOPMPAKTODOB ¢ poctoM Q2 ecTh adIeKT, IeHKOM
OGYCAOMIGHHHE ROHEWHHMZ DazMepaMZ axpoHoB. OH HMKAK He CBA3AH HA
¢ NOIIpOIeCccaMy XeCTKOTC NepepaccefHMd, MM C MaclTadHO} HHBA[IAHT-
HOCTED HE MAJHNX DHCCTOSHHAX. JMub B JANCKOM acEMOTOTHKE, ROTL:
srnany opocrefmex O(dg) - mmam(w.&.’h)amw OONABAEHH CY-
ZakoBcKaM PopubeakTopoM SKRTHBHOIO KBaDKA, JMOMMHEDYOUXit BRAAT B al-
porHHe GopupaxTopd OyAyT LABATHL IFEATDAMME XSCTKOIO IepepaccesHud
(prc. 4 ). ToasRo I TaxkEX ( IO-BAXEMOMY, GCTDOHOMAYECKRX) 3HAYE—
HMRX feDenaTH WMIYIBCE B MI'DY BOTYUAT MAYHE DACCTOANNA, ¥ X Dac~
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yeTy q)opr.q)a?'rggon AIPOHOR GyZeT NPUMeHAM A&CHMITOTHYECKUR aHam3,
pasBuTHE B -8/ .

Bce cxasanHoe MMeeT NpAMOE OTHOWEHWe M K RDYTEM 3SKCKMO3MBHHEM
opongccaM (TaiimM, KaK paccesilie alpPoHOB Ha GONBUGIE YIVIN), & Takke
K BHAMNM3Y CTPYKTYpHHX QyHKuMH npy X2 4. Bo Beex cunyvaax,
KOTRa HeT 3anpeToB (CBAZAHHHX, HAPEMED, C 3aKOHAMM COXpPaHEeHHA)
Ha jgEarpamv de3 IVINOHHHX OCMEGHOB, MMEHHO Takve THATDAMMH Cle-
AyeT YUHTHBATH B NEpBYK O9Yepellb, 8 He TPATHTh 3DA CWIM M BpeMA
Ha pacyeT, CKaxeM, BULIHOHOB O(dg) - ;marpam, OTBeTCTBEHHMX
3a (acTpoHOMIYECKH JAICKYn) aCHMITOTHKY AMILIATYIH PP -DaccesHus
Ha Ooubliol yros.
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AVERAGE MULTIPLICITIES IN DERP INELASTIC PROCESSES
AND THEIR INTERPRETATION

A.V.Kiselev, V.A.Petrov
Institute for High Energy Physics, Serpukhov

1. INTRODUCTION

For a more detailed check of QCD in hard processes it is neces-
sary to measure besides usual structure functions - the gquantities
related to final hadronic states: inclusive spectra of hadrons and
jets, average multiplicities, etc, In particular, a great attention
is being payed to measurement of average multiplicities in deep-
inelastic lepton-hadron processes both total (N ) and those of
hadrons flying along and opposite to current direction in hadronic
c.m.5.”%2/, In what follows we shall designate these quantities
as Np and Np, respectively.

If one starts from “standard' parton model then such experiments
are to give information about fragmentation properties of the quark,
knocked out from the nucleon (ﬁF) and those of the remaining stuff,
which we call 'diquark" (Np).

A common property of various experiments at energies of hadronic
system in its c.m.s. Wg 18 GeV consists in systematical excess of
Fg over Ng/1,2/, Qualitatively this phenomenon can be explained by
the fact that diquark, as & rule, must produce a nucleon (or an iso-
bar ), carrying away a significant fraction of the diquark momentum.
Thus the effective energy available for particle production in tar-
get fragmentation region is lower than energy available for particle
production in current (struck quark) fragmentation region. Quanti-
tative calculation at above mentioned (relatively low) energies
demands concrete phenomenological assumptions about, for example,
fragmentation function of the diquark, and cannot be realized in
the framework of quantum field theory, at least on its present
level.

At Q" high enough standard parton model needs gquantum chromodyna-
mical modification in order to account for the scaling violation in
structure functions. The same relates to the hard processes with
semiinclusive production of hadrons, For all that it is possible
to preserve usual interpretation of ﬁb aq_multiplicity of the struck
quark fragmentation products. As far as Np is concerned the picture
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changes drastically, At Qz high enough there begins intensive brem-
strahlung of gluons, fragmenting then into hadrons. The role of di-
quark 1n-ﬁB becames less and less essential, and the main contribu-
tion to Np is due to the cascade production of heavy gluon jet (see
below in more detail), Under such conditions the task of determi-
ning of Np and Np can be reduced to the calculation of multiplici-
ties in guark and gluon jets in the framework of perturbative QCD,
supplemented with hypothesis of soft blanching for transition of
quarks and gluons into hadronic states 4

2. INCLUSIVE PRODUCTION OF HADRONS IN DEEP INELASTIC PROCESSES

Let us consider a deep inelastic process

Y+p-ol'+x n
In single~-photon (W-boson) approximation process (I) is equivalent
to the process of absorption of virtual photon or W-boson with four-
momentum q = £ -¢° by proton

Y epax . an
In the rcnormalizable theories structure functions of process (II)
which we designate totally as F(x, Qz), where Q2 = -q2, X = Q2/2pq,
are proved to factorize (with an accuracy of 0(1/02)):

1
Fix, 0= I FFE 2 i @ (0
ix

where i means the species of partons, F; can be interpreted, at

Q2>> Qg,as a structure function of a parton process

AT & (I1I)
with Bjorken variable x/z, and fi(z,Q2) is the i-type parton dist-
ribution function on parton momentum fraction of proton momentum,
Parameter Qg has double meaning. In process (I1I) Qg stands for in-
variant mass square of parton i (this is so only at Qo1¢<Q2) and
in fi(z,qz) parameter Qg means the normalization point of composite
operator,which in its turn defines z-distribution function of par-
ton i. In the langauge of Lipatov-Kogut-Susskind parton model Qg
in fj defines the depth at which the parton z-distribution is pro-
bed.The L.H.S, of equation (1) at Q2 2 Q§;> M2, M is a mass of the
order of 1 GeV (proton mass, for example), independent of Q2 - the
fact following from renormalizability.

In QCD the concept of renormalization well defined in perturba-
tion theory looses its meaning at lev l2 because nonperturbative
effects connected with confinement become important. Further on Qg
is supposed to lie on the boundary between perturbative phase of
QCD and nonperturbative one, 1i.e. Q°<K Q” while an effective coup-
ling constant is yet small enough as(Qg)/2n< 1. Thus all nonpertur-
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bative effects are consentrated in fi(z,Qg) and Qg acquires a status
of a physical parameter,connected with the confinement radius.It is
worth to note that fi(z, Qo) in gauge theories can be interpreted
as a function of parton momentum fraction distribution only within
definite class of gauges, in axial gauge, for instance

n#AF =0 (2)
In this case z = nk/np, where k is a parton momentum. Relation (1)} .
may be symbolically presented in the form

¢

In order to obtain the expression for inclusive specium in the

process .

y* ¢+ pan + X {1v)
one needs to 'differentiate' (1):
1 dF. df,
YA I =TS A (3
% i x d°h a°h

a3h = di\'/(zn)32h°. Relation (3) can be presented by the following
figure
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Usually when discussing inclusive hadron spectra in deep inelas-
tic processes one restricts himself by the consideration of the
first term in relation (3) only, which defines at large Q2 the dist-
ribution of particles produced with positive rapidities in hadronic
c.m.g, A8 it will be Been below the contribution of the second term
in (3) to total multiplicity at fixed x becomes less and less essen-
tial when Qz grows,Nevertheless the rejection of the second term in
(3) would result in violation of general requirements as, for ins-
tance, sum rules reflecting four-momentum conservation. Further on

1, Bo*hy 1 by
we will discuss distribution on rapidity y= 2[n;——;~= Eln il
2h o™ i
=fn¢r§~_iz_ which we rewrite in a normalized form
pe+ ni 1 dN, di
2 df _ dz., x 2 42 2 i Ty
Fix, Q)% = f’ )I( TR G €W Q) g g7l (2

where dﬁi/dy is a rapidity distribution density') in the process
y.a+i-oh+x1 (Y)
and di;/dy is @ rapidity distribution density, corresponding to vir-
tual process
p+1i +h + (X - X¢) (YD)
In process (II) y varies within the region
2(p + Q)

Yy o+ fr <Y

r

w 2!
where Y = lnlir + \/(%g)z -~ 4] «fn 7¥ , Wz = (p+q)2 is a square of
final hadron states <nergy in the c.m.s. § + § = 0 aad ¢n .SE%9.+

is the c.m.s. rapidity, which is equal to zero when p+4d=o0.
Further on we work always in ine c,m.s, p + a = 0. In process (V)
rapidity changes within the limi.

~ 2 + ~
_Y§y+2n_(L=,_fl_)$<Y'

w =
~ w ( w P .
where Y = Zn[g + (F) -~ 4], W is the mass of final states and
2(k+q) ,

fn A means rapidity of the c.m.s. for system xi in the total
process c.m,s. Here

~2 o Z~x 2(k + q), 1-x )

VWi g =bm o=y,

)
Here ond below the summation on specier of datected hadri
mentioned apart, ong 13 fmplied unless it is



In the P + § = 0 system the kinematically available region of
rapidities for particles produced in process (IV) at fixed z is of
the form

<Yty <y<Y (5)
The region where rapidity of diquark fragments varies in subprocess
(IV) at fixed z looks as follows:

4]2
—Y+!n-1;x<y<-Y+Bni;’z‘ +Bn—-§- ’ (6)
@

where l = (1- z)(l + Q /z) is an upper limit for diquark system in-
variant mass,

After integration upon z in formula (4) regions (5) and (6)
spread to the total region

_Y§ y <=Y .
More detailed analysis shows that provided

w> 2a-xy s Q0 D)
digark contribution is wittingly absent in the region O <y< Y.For
example, 1f K =m,, X = 1/2, = M2 the condition for absence of
diquark contribution to forwaru moving particle production consists
in that

W 220 Gev

Condition (7) is, of course, not an exact one because of some
uncertainty of the parameter Qg. But some qualitative conclusions
can be drawn: for instance, ' eavier diquark fragments leave the re-
gion of positive rapidity more rapidly.

On the other hand at low energies as one can see from (5) and (6),
fragmentation regions of quark and diquark overlap.

So at high enough energies inclusive spectrum will mainly be
defined at y >0 by secondary particle spectrum in process (V). The
position of the central part of the rapidity region available in
the c.m.s, of process (V) can be estimated at fixed x by taking in-
stead of Fi its nonsinglet part, i.e.

2Cp£-1
(1-x/z)
X 2 2 +
F_(— Q )~ e ———
iz’ ’ QO r(ch f)
dk? as (k%) 2
where & = f = et Cp = (N°-1)/2N, N -~ is a color number.For
T
QO k
£, (z, Q ) we use the expression following from quark counting
rules/G H
2n__-1
sp
£ (2, @)~ (1-2) ,
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where ng is a number of passive quarks (sSpectators), In our case
ngp = 2. Then the position of spectrum central part for process
(IV) in the system 8 + § = O is determined by the quantity

1 1 1
Sy SE wm—— b, b ——e———— 8
277" ot 4(Cef gy ®
Formula (8) holds at £>0. At £=0 i.e. Q2 = Qg
1 _ w
2 <y°> = n E; (9)

where parameter ﬁ analogous to Qo separates perturbative phase
from nonperturbatgve one along timelike direction. (Une can see from
(8) that the position of spectrum middle point in process (V) tends

to zero rather slowly (2Cpé N YA

& Q,/A
1
E <y°> —p O
L
X =-fix
Whence it appears that with the increase of Q2 process (V) will
form the spectrum of process (III) within even wider region of ra-
pidities. As for diquark contribution there is a limit on its inva-
riant mass 2 2
M < (1-x) M7 + QZ/x)

which makes diquark contribution even less essential at fixed x
when Q2 grows., Indeed integrating the diquark coniribution to total
multiplicity

dz. 2 2 2 x 2
?ni (QO’ z)Fi(Q 'Qo'z)fi(z'qo)

WO

2y % -
F(x,Q )Ndiquark B ?

we obtain
- 2
mex 0,.(Q7, 2)
szg1 ©
is bounded from above by a Q2 independent value.

N, <
diquark x

i.e., Ndiquark

So contribution of processy(lv) dominates at Qza « , However at
fixed Q° the average energy <W»> of process (IV) in its own c.m.s.
is much lower than the total energy W

2CF§ 12
2nsp + 2Cpf

~
W' -
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For instance, if Q° = 100 GeVv2, Qf =1 GevZ, A = 0.1 Gev

- <'\'v'2>= 0.1 w2
i,e. <W>a« 3 GeV at W = 10 GeV, Under such circumstances one can
hardly expect that LLA is applicable to the calculation of spectrum
in process (1V).

Indeed in this case secondary particles must be the products of
quark and gluon jet fragmentation. However invariant masses of the
Jjets are too small 195_89e to use the approximation which allowed
the authors of refs. to obtain the expression for spectra and
multiplicities in parton jets. This is confirmed by low values of
experimentally observed multiplicities. For exanple, at Wor 10 GeV

ﬁch in process vp * hX is approximately equal to 4 for particles mo-
ving forward in hadron c.m.s.

Thus at available energies transition of partons into hadrons is
mainly of nonperturbative character. At the same time usual struc-
ture functions which we calculate without paying attention to final
states are satisfactorily described by the expressions obtained
within the framework of QCD at x not too close to 0 or 1,

Leaving aside a doubtless pogsibility of describing inclusive
spectra in deep inelastic processes with the help of phenomenolo-
gical parton models, let us turn directly to experimental data, The
main feature of inclusive rapidity distributions of charged drons
in hadron c.m.s. measured in processes Pp~ phX (W <10 GeV) ,
up = phX (W <14 Gev)/10/ ig quite distinguished asymmetry : the
spectra have a maximum shifted into a region of positive rapidity.
As soom as diguark contribution to positive rapidities region dec-
reases with an increase of W the maximum mentioned above reflects
obviously the structure of inclusive spectrum in subprocess
y*+ quark - h + X. It follows particularly from the results of
ret.” 10/ yhere spectra of charged hadrons in process pp *phX at
wzg 150 GevZ and ng 100 GeV with laboratory momentum above
6 GeV have been measured, Hadron spectrum for y» 0 has rather sharp
maximum at y~ 1.5 (y< 4), The value y= 1.5 is in a satisfactory
dgreement with the estimates of mean value 1/2 <y°> by formula (8)
from which one concludes that hadron spectrum in subprocess (1V) is
approximately symmetrical in the c.m,s. of subtprocess (V) and
reaches 1ts maximum value at y‘ = 0. 0f course one should bear in
mind that inclusive spectra in deep inelastic processes are measured
to our regret, not at definite energies but at energies belonging
to some interval, That is why the discussions mentioned above are
mainly qualitative ones.

Thus available at present experimental data on inclusive produc~
tion of hadrons in deep inelastic processes reveal the asymmetry:
particles with positive rapidities are produced in a quater number
than those with negative rapidities,
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3, AVERAGE HULTIPLICITIBSZIN DEEP INELASTIC PROCESSES
AT Q% +» =

What will happen with the increase of Q2? As it was mentioned
above subprocess (V) plays the leading role. In general one must
take as i parton both quarks and gluons. However the contribution
of gluons is suppressed in comparison with quark contribution at
fixed x and Q2 high enough. Thus the subprocess

*
y + quark - h + X
plays the leading role.

The total average multiplicity is consequently determined by the
expression

1
. dz 2 2 =
FroF(,99= £ [ FF Q" 51,(2,QF @%Z5H +
i x
2
+ ﬁdiquarkp(x' ) (10)
N 2 - o0
where Ndiquark< const at Q and fixed x, i is a species of
quarks,

Let us clarify now what is the contribv.ion to iTOT and also to
ﬁp and iB coming from the first term in (10) which we designate

y F(x,Qz). The problem has already been investigated in

ref.;?¥/. Here we present only the results supplemented by a more
detailed discussion of parton jet fragmentation. It is convenient
to make calculations in axial gauge (2), taking as a gauge vec~-
tor ¥W,,i.e, total momentum of final hadron state in process (1V).
In the c.m.s. this gauge comes to temporal one:
A, =0

In A,= O gauge both the fragments of struck quark and the frag-
ments of massive_aff—shell gluons emitted by the target-guark mgye
contribution to NTDT' We designate their multiplicities N+ and N_,
respectively (ﬁgOT = N, + N_). It is necessary to clear up:; in

what direction the fragments move., It concerns mainly the soft par-
ticles, because namely they are considered as responsible ones for
the size of average multiplicity.

First let us consider the fragmentation of the struck quark. Its
off-shell mass is large enough at high Q2. It follows from kinema-
tics that quark would be able, in principle, to emit soft particles
backward, i.e. opposite to its momentum. However this does not ta)e
place due to dynamical reasons. As it has been shown in re:ts./s'9
at soft momenta destructive interference in Feynman diagrems leads
to effective ordering of production angles in consecutive decays of
partons, It also sgshifts the spectrum towards higher momentum than
one thought of earlier. In our case it leads to the fact that pro -~
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ducts of the struck quark fragmentation mcve wholly along the cur-
rent direction, Thus wg have

{-N,(wz)f 2 r @54 01@, »

o= R , an
FoO F(x, 99

where N, is average multiplicity in a jet of i quark in A =0 gauge.
As at w2 high enough quantity N; does not depend on quark species,
Ni;i we obtain from (11)
.ip: iq(wz).

Let us underline that ip depends essentially on total energy of fi-
ral state W only but not on Q2 and x taken separately - the fact
marked out repeatedly in experimental works/12/, On first sight from
the point of view of LLA to destinguish Q2 from W2 would mean
an excess of accuracy. However when one calculates average multi-
plicities he in fact already goes beyond the limits of standard
procedur of accounting for leading terms. For example, the use of
k2 instead of zkZ2 leads to quite different (and wrong) answer for N.
At present the opinion is popular {(confirmed by the direct calcula-
tion in high orders) that rigorous account of kinematics in LLA
takes into consideration automatically corresponding corrections,
On the other hand in the same temporal gauge we have

~ , £ PN (W?) + Rgw’y) o,
N, ) = > z 2N (W) (12)
e'e 3 e q
i i

and, consequently,

7 (wdy~ 1 & 2
NF(W )= 3 Ne*e'(w ) (13)
As we see from (13) the average multiplicity of particles moving
along the current in deep inelastic process coincides with the
half of average multiplicity in e*e -annihilation at the same

energy.
For the first time the quantity Ne+ _ has been calculated in

refs. /4, 7/. Further it has been shown in ref, 78/ that the expres-
sion for N ¢+ ~ 18 mudified due to destructive interference (menti
oned above). At present it is of the form
} w2
b4 ote _(W )~ exp £n Az »

where 12rb = ]1N-2Nf, Nf is a number of active flavors,
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Formulae of type (11) more than once have ggpeared in litera-
ture. As to the target quark contribution to N, , it has been
found for the first time within the framework gngerturbative QCb
in ref. 11/. Target fragments are produced from decay of hard gluon
Jjets, they flow (in AO= 0 gauge) opposite to the current, i.e. make

contribution to Ny

Q? 2, 1 1 «? 1oz )
a
Ry = K_ = 1 s J k7l dzf‘.’y_YS____x
F(x, @2) i qf) K2 x  x/z 2n

2 2 X A8 o .2 10Z 52 2
x F; (@, k%, g2IP, (z)Ng(|k R I RIAC /z, ¥). (19)
In formule (14) ngcz) means the nonregularized function for decay

q-qg, and through Ng we designate the average multiplicity in
.gluon jet. R
Function qu(z) has the singularity of (l-z)'1 type. In structure
functions calculations the singularity is regularized by the contri-
butions of virtual processes. In our case, when one selects final,
"real" states, the singularity of decay function remains uncompen-
sated, But according to the hypothesis of soft color blanching, had-
rons are produced tkrough decay of parton colorless clusters with
a mass of the ordar of few GeV/3’4/. Por simplicity we suppose that
it coincides with parameter 60. Then the limitation at large z
holds _n
Qo
o+ @2
Taking into account all what was said above it is easy to obtain
the formula
2

1-2 =2
k2| ==> or z <1 -
165 == >Q] <

q 2 1-x ®2Z)
- d A - — z -
Fp2 [, —-—"2‘ ' _zf dz qu(z)___"s 1z Ng([kzl v Qj ).
Q% k4| @ 12 2
° max (137, ~=5")
2’ o

2

The expressionon the R,H.S.in its turn at W°=eoo is nothing but ﬁq

and we come to equality (accounting for (12))

Fg2i®, _ O (15)
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It follows from (13) and (15) that at W2~ e the  relations

hold ™)
R (¥2)

B (16)

When deducing (16) we have omitted nonperturbative diquark contri-
bution discussed above in detail which is energy-independent,

4, INTERPRETATION OF Np AND NB

Now let us discuss some principal problems, connected with the
interpretation of formulae (16). Results (16) are in full agreement
with the ideas of parton model about hard processes, Unfortunately
such correspondence depends completely on our wish, Indeed consider,
for instance, the case when vector n determining the axial gauge,
coincides with momentum of the struck quark. Then the total multip-
licity is accumulated (in the sense of mein leading term) entirely
through decay of gluon jets emitted by target-quark, i.e.

ror ¥ N_

=

- 0 at wz-ooa.

'ZI Lzl

It however does not mean at all that most of the particles are pro-
duced in the target fragmentation region, i,e, nTOT = ﬁa- In rea-
lity gluon jets are emitted in the given gauge by the target-quark
symmetrically relative to the direction of its movement **)  which
leads again to formulae (16). Nevertheless the picture of final
states creation has considerably changed and we are not able to
interpret, say, ﬂ} as the result of the struck quark fragmentation.
Still more noticeable deviations from parton pattern will take place
in Feynman gauge.

All this makes us convinced that perturbative QCD at modern le-
vel does not allow one to interpret unambiguously the experimental
data in terms of microprocesses underlying observed phenomena.Thus
the interpretation of experimental results is, in general, quite
conventional in QCD. Of course it does not concern the verification

')u:t us note that formulae (16) are specific for QCD. For example in 63 theory
6

ReRye (-x)72,

)
An analogous ghenomenon was ohserved in ¢'e -annihilation investigation in @/”/.
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of quantitative predictions of QCD, connected with the behaviour
of gauge invariant features of physical processes, such as, for
instance, average multiplicities considered in the paper.

5. CONCLUSION

As a result we come to the following conclusions:

1. At modern energies the jet evolution in deep inelastic pro-
cess is mainly of nonperturbative character.

2, With the increase of w2 the leading contribution to average
multiplicity comes from parton subprocess due to production of mas-
sive quark and gluon jets and their further fragmentation, as di-
quark contribution becomes less and less essential,

3. At asymptotically high w2 the ratio of average aultiplicities
of particles, moving along the current and opposite to it in had-
ronic ¢,m.s., tends to unity.

4, The ratio of the total average multiplicity in deep inelastic
process to average multiplicity in e*e”-annihilation at the same
(asymptotically high) energy tends also to unity.

5., Interpretation of Ny and Np as average multiplicities of cur-
rent fragments and target fragments respectively tekes place in
definite gauges only and consequently it is no more than a gauge
artifact,

Authors are grateful to V.V.Ammosov for useful discussions of
the obtained results,

REFERENCES

1. Kitagaki T. et al. Phys. Lett., 1980, 97B, 325;
Barlag S. et al, Preprint DPh. PE81-08, 1981;
Allen P, et al, Nucl, Phys,, 1981, B181, 385,

2, Derrick H, et al. Phys, Rev., 1981, D24, 1071.

3, Amati D. and Veneziano G. Phys. Lett,, 1979, 83B, 87,

4, Bassetto A., Ciafaloni M. and Marchesini G. Nucl, Phys,, 1980,
B163, 477.

5. A.V.Radyushkin., Phys, Lett,, ggg, 1977, 243.
Politzer H,D. Nucl, Phys., 1977, B129, 301;
Ellis R.K., Georgi H,, Machacek M., Politzer H.D, and Ross G.C.
Nucl. Phys., 1979, B152, 285.

6. Matveev V,A,, Muradyan R.M,, Tavkhelidze A,N. Nuovo Cim., lett.,
1973, 7, 719.
Brodsky S. and Farrar G,, 1973, 31, 1133,

7. Furmanskl w,, Petronzio R, and Pokorski S. Nucl. Phys,, 1979,
B155, 253;
Konishi K. Preprint RL79-035, 1978,

I02




11,

12,

13.
14,

Mueller A.H. Phys. Lett., 1981, 104B, 161.

Epmonaes B.M,, dagnu B,C, [Tucema p X3T¢, 1081, 838, 287,

Brasse F,¥W. Preprint DESY 82~047, 1982,

Oxanapuaze I.ll., Kucenes A.B., Metpos B,A. Tpyam 1Y Mexnynapon~-
HOr'O CeMHHapa Nno dH3NKe BLICOKHX 3Hepr#R X XeawToBofl Teopuw moss.

T. 1, ctp. 12, Nporeuno, 1981; fAd, 1882, 35, 15886.

Ammosov V.V, et al, Preprint IHEP 81~94, Serpukhov, 1981,
Berge J.P, et al, Nucl, Phys,, 1982, B203, 1;

Aubert J,J. et al, Contributed paper to the XXI International
Conference on High Energy Physics, Paris, 1982 (CERN preprint).
Bassetto A, Nucl, Phys,, 1882, B202, 493,

odorico R., Nucl, Phys., 1980, B172, 157,

103



CBEPXTOHKOE PACWET/IEHUE OCHOBHOIO YPOBHSA TTO3UTPOHUA
C TOMHOCTBLIO [0 JSine

H.E.Hionexo, }0.H.Tioxraen

Caparobpckull rocynapCTBeHHsI YHMBEpPCHTeT

P.H.®aycroe

Bcecowoanbifi HayuHO-HCCIeA0BATOALCKHA LEHTP
N0 H3yyeHHI0 CBOACTB NOBEPXHOCTH W Baxyyma, Mockea

I. OCHOBHHE MOMEHTH KBASUIOTEHUMARHOTO MDIXOIA K PACYETY
{DIPABOK [DOPANKA aflnd B CBEPXTOHHOE PACWRIVEHVE
OCHOBHOTO YPOBHA MOSKTPOHIA

AHBANTEGeCKNE BHDANEHEA NNA CBEPXTOMKOIO pacuenxeHEs OCHOBHOIO
YpOBHA BOROPONONONOCHOTO 8T0MA B OO0ReM cAydse, HApAXNy C sorapmiws-
YCCKEME 00 KOHCTAHT® T0ANOR CTPYKTYpR /lld/mmqam OONPABXE, OPO-
IOpUNOHAXBHMe OTHOWSHID Mace secTmn Anfli/ seawsmna XoTopux B HacTo-
m3e6 BPONA HE YCTAHOBNGHS CKONGATEALHO. B CEASN C 9TMM OLEHKA Teope-
TEECKOIO SHAYEHEA YK83aHHON BeAWINHM N BX CPABHeANe C 3NCOEDEMEH —
TAADHMMN RQHHUME 38TPYRHEHM.

TakaA cHTYsuRd NCXAXHYEHA PR HCCXEROBAHMM YpOBHe#l 3Heprd@ Mo3AT-
pOHAA, KorTopuil HARGONee [ONHO OQNCMBAETCA MeTONOMM KBAHTOBO# 3IAEKT-
PORRKBMEKE N SBAACTCS OCOOGHHO YEOGHNM OCBEKTOM NEA OPOBEPKA e 0C-—
HOBAMX Oorome=NR.

Teoperaveckse ACCAEROBAHNA CBEDXTOHKOTO DECHEMACHAd OCHOBHOTO
YPOBHS (03NTPOHAA C TOYHOCTHD HO EHTEHCEBHO BeyTCA C HAYANA
70-X TOAOB. B HAcTOAMEee Bpemd BAA BEANUEHN 3TOTO DACKEMACHEN ODNHET
pesyxuTar, Nomydemmilt B padorax’l+2/,
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HaMx yCTSHOBAGHO HOBOE TEOPETNYECKOS BHANUSHNE GBEDXTOHKOTO paC -
WOMNSHNA OCHOBHOI'O YPOBHS NOBETPOHEA, KOTOPOE OGOCHOBWBAGTCA B HAC-
Tomiel pAcOTe NONONHATEALHWME NCCAENOBAHNAMN PANA DPOLLECCOR B3aMMO-
LeMCTBAA SASKTPOHA B JOINTPOHA B NPAMOM B BHHMINAMIROHHOM KeHanax.

MoxonHuM OyHKTOM DAA SHAJN3A CTPYKTYDM YpoRHel 9HeprMi ODOSETRO-
HiR RBASBTCE OCHOBHOE yDaBHeHNe KBO3RNOTSHIRAABHOI0 HOIXONA

(E-26 )W) = @3 SdFV@ERE )@ , exffremt (1D
3nech Y ~ BORHOBaA GYHKUNA CRA3AMHON CHCTeMM ¢ foaHod sneprEeft E .
Kaasmreﬂnmvuoter OHTH BHDAXSH C IOMORLD AIpA B3amMoneic rBaw
SMEKTPOHA W MOIATPOHA.

Ina poasod dymxuad IpaHa IBYX YeCTHI (¢ CYWECTBYDT Da3ANGHHE MH-
TerpanbiNe OPENCTABZEHNA N B S8CTHOCTE,

6 =6 (1+X6)= 6. (1+X6), (I.2)
rxe §,- dymaues Tpana codon gacta; GG, ('KEY- Kysonoscran dyex-
nas Tpwne; K&l - kynononcimdt norermmax; Exfulhy: fin - ANPaKOBOKKE
watpEux {-oft sacTmui; K - Anpo psameonefiorsun; X« ¥-X, .

lpencTasis KBA3UNOTGHUKAN CYyMMOR

Y=Xz +Ye + V. (1.3)

Oneparop K BiamdaeT BOGBOSMORHME OPOUSCCH OUMEHA KYIOHOBCKMA fo-

R R YE A ) 2 W 2T WA 9

Cmusox 4 osHavyaer MPOSKTAPOBAHEE HA OOAOXNTENBHO-YACTOTHNE COCTOA-

HEA, HaOopasep , - -

(xu}; » i, K 4,4, . (1.5
3necs W; - AEpaKOBCHHE Olcunyopu YBCT'II, CEMBOJ — 0O3HAYAET QNDaKOB-
cxoe compawense. Omepatop Agsl-AJA} omperersesca wepes enmusmman

T =& ogepatopu npoexﬂpontamek.
& A/ME £6; +
Nir=Ceo' (3 “uz ) , Mo =&sm. (1.6)

Jlpyrae 9acTd KBas@moTeduMasa 1.3 3a180TCA BHPANEHAAMY

Tt =:F+(L"é'?,+... ), (1.7

Vo = 0(1-EF)-@ +0)629+ - (1.8)
Rl - T L PO a2

RWHE) = v uz 0w Ppda G aafTE) Dugwe, (1.9

T-R(L+6%), (110"
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gs(fmﬁaho ’@5' roﬂq.z)‘r *(f.i-hum roA Z).,, (I.ID)
flapo EaamMoneficTBNA c'rporrcs ¢ nowowsD paza’
X=R0. 50, . (I.I2)
Unetni pana MOTYT ONTS tpencrauem rpapuueckd. B 3TOM Ciaydse OCHOB-
HOR 4YacTH Ampa ]Cﬂ'coomem'rmr npocTelimEe ONHOPOTOHHHES INHATDAMME B
OpAMOM M SHHHCEAAUZ ..M KBHAX8X

A S A (1.13)
e Ky =-e k&t (4 - E‘g"‘) oo (1IO)
Xax € (XFC)(G"\Q)'D' (£3), Dexr= v+ - (1.1s)

Bupaxedne K 3ABECAT OT BHOODA TeODHE BosMymeHE#. OCHYHO 3TO=3yM-
M@ HempABOIMMUX NEArpoMM 2-ro nopanxa go o . Lz yséra adgemon ¢BA-
38HHOCTH CAexyeT CYMTATH, TTO COOTBeTCIEYOMag YacTh Anpa x" npencTa-
BIAET COGOR KYJNOHOBCKYD JECTHNUY, NepeCeScHHyn (OTOHOM /EYIOHOBCKHAM
WIK oonepeyHMs/ .

Pemas. ypaBuexse (I.7) ¢ KBa3BOOTeHUMa oM (I.3), BHPANEHHHM C OOMO-
wuso Anpa (I.I2) , MeTONAMA TEOPNA BO3MYWSHNA, MORHO DOJNYYATH ONDSB-
K K CBEDXTOHXOMY DACWEINGHKD 0T OCMEHOR ONHAM WA NBYMA [ONLSPOYHE-
8. 4 JOOWM THCHOM KYXQHOBCKEX doronoB. Ha npaxTAKe OKA3NBAETCS, YTO
¢ TouHocTED 10 ol & DOCTATONHO OrPAHMYATME DECYSTOM ONHO-, LBYX~ X
TpéxPoTOHHNX B3adMoneRcTBAK, YURTHBAA 3TO, 3anEmes

AE = AE. « AEy + AEp, (1.18)
PO AB =R |SXc L+ 8K 253K, ) &K1 XN,
K@ ¥y = (64280 (A..y'](‘ffn-&ﬁ',n, §Ps-S 0, s =5 ED.
AEc ~ fc?‘li,,(hﬁikc) KK, + KEK) QK+ |
+5K:4(K6.K), +sx¢§k.ﬁl<¢+(ke.x¢e.m4~&>
AEp = (R |(KET),-KNFE, s coom {1k €X)-TAFRL] +
TREKO TR omt 41K, 01.K), -0 ), FiRR K+ 7
sommt. - (REX AL, - (AGFIGK ), HKAERE LR R), M7,
F( =(E-2tp) , F'= (B2, A =AAS ,(K), 6X6.

BaxHO OTMETHETH, UTO BXORAWHE B 9TH BHDAREHNA ONHO- B IBYXDOTOH-
HHE [IBATDAMMH B npnd.uxeﬂu‘fch' Q-)Sﬁueneueﬂﬂo Iap? E3BeCTHOE

106


http://CI.II

3HaYeHKhe CHEPXTOHKOrO DACUielIEHMA OCHOBHOT'O YDOBHA (TO3MTROHHA C TOY-
HOCTHD RO aL’ . MenonpaoBasie TOYHOI'O BHDAXGHNA LAR KYJOHOBCKOR QyHK-
uuu‘P‘ APH yCpeNHeHMH KBAa3ANOTeHUMBNA OO¥BOAAET NOAYYATH [ONDABKE A
‘,‘b“ OT 3THX IEurpamM. Kpome TOre, Ha ocHOBe cooTHomeHmt(l,I?) -
~(I.I9) MOTyT OMT> ACCHeNOBAHY COOTBETCTBYWWAe TPEXDOTOMHHE OOMENH
B OO3MTPOHMM,

2. IPAMOR KAHAT BAMMOLEJCTAAA. [OMPABKH ~ dfnd 0T omO-,
JBYA- W TPEXCOTOMHMX IVATPAM!

lloncTapme BrpazeHAe 17 gnpai I1.12 B ocure dopwyau (I,I8I.I19)
i pacCMOTDHM CHevana OOOPABKE K YDOBHO 3HEPIHH OT OLHO~ X 1BYxdo -
TOHHMX BaamuoneficTault %
r bEi ‘AEE + AEi, +
sEL = ISK (8K + KT KD, - WFKO|0,>, 2D

‘ Cnd
AETp = K+, (Kb Xe), 6K e (36, T . 14>

MeTORMKA DacyYsTOB, UDMMEHASMAR HAMM, CBONETCA B OCHOBHOM K CASHY-
wwemy. B cagan ¢ BupeaesHOf DOJBD Ampa ]C¢ KCOOABIYETCA KYJNOHOBCKAR
KeUTMOpOBKE 138 GOTOHHOrO AponaraTopa. [Ips 3ToM OMHOPOTOHHOE B3SMMO-
geficTBEe B OPAMOM KaHAj e DA3CNPEETCK HA KYNOHOBCKYD M BOmEpesHyw
g3acTA. COOTBETCTEEHHO PA3CMBADTCA N LBYX- M donee POTOHHME BIAEMO~
HeACTBAR HA YMCTO KYJNOHOBCKHE, CMellaHHNe M 4ACTO domepevHue. MaTe-
IPHPOBAHHE IO SHEPreTHYeCKEM KOMOOHEHTAM MPOBOANTCA C YUETOM MHTE-
TpansHOro NpEencTARnEHNs Mad &-@ymﬂu lImpaxa, 9TO no3BoameT GaKTO-
PH30BATh KPATHHE HHTEIpaAl A OPOBONMTL KaXNOE N3 BOZHMKADWKK HHTe-
rpMpoBaHill ¢ DOMONBD Teopud Budeton/d/, [lomyumnmaecs B @rore GyHK-
UNA TDEXAMINYAECOB OOLASEAT HaubdellieMy BHTETDEDOBESHEND 0O ITHM Oepe-
MeHHuM, MaTpEYHBA CTPYKTYPE SAEMEHTOB aM/UIATYIM pacceﬂm'l"np
RNTCA K XBpAKTEepHOM 77 CBEPXTOHKOIO pacWelneHns gopwe Aq’,‘;i}éii
yusTom camseTpRS NONNHTEIPENBHOIG BHDANEHNS OTHOCHTENBHO OepeMecHHEX
MHTETPEPOBARAA.

Hamgoxee TOHKEE MOMEHT £HAJA3A TPEXMEDHLX HHTErpaiol - pas3noxe-
HHe NODNHTErpayeHoro BupaxeHms oo crenedam ok . Kax npasmao, oxasm-
BAETCA BODBMOKHMM €l RO EHTETPHDOBEHUA OUEHATH OOPALOK BKABIOB
qacrell PACCMATPEBAEMOrO MHTErpana B CBEDXTOHKOE PACUSIIEHKE YPOBHA
3HeDPrEN. B gacTHOCTE, norapafMEdeckde QOOPABKEN FODATKA J" d KaK
OOKA3HRANT JeTanbHe RCCAENOBAHMA, BCEr;A odecnedmBaeT EHTErpan, Ko-
TOpil B mArhHeMues yCIOBMMCS HA3WBATE CTAHAADTHMM :
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Ict = af (w)-‘sﬁz% S% = g‘JGLd-‘, ‘P" 1’““ ) ‘D=-Id(2.2)

HONOX:NTEXBHUE CTENSHN P IIN q B WACANTEXe NONKHTOIDANEHOTO Bupaxe-
HAS ODEBOEAT X BXAAZaNA®, SaKTEYeOKN DaaxoXenme 00 ok N BHfsAeHEe
nonpapox~e$iad qpOBOINTCS OCPEXCTBOM CpaBHEHEA ¢ HHTEIpaNoM Loy .

NlepefixéiM XK ERAORGHND DE3YNLTATOR BHINCACHESE JOPGpPNIMEWSCRAX
BRASEOR B CBSDXTOHKOE DACEEIAGHRe OCHOBHOTO YPOBHS MOSETDOHAN, Oc—
HOBHOR BXARX OF R3ARMeRCTENA ¢ KBasunoremmaaxoM &z Kc,-Jc meer
nopsmox &hd 74,5/, Inarpausa ooweHa omEmM NopepedmiM (OTOHOM XpoMe
oonoBgore mxaaEa ¢ 76,7/ odycaoRrmBaeT XONOXHETONBHO N XOTSDMIME-
9ECKYD SOMpABKY 8/

OcHoBHOM BXESE OT OOXBEEACTBE RBYXPOTOHHMX EEATDGMM NNGET OODSEOK
o 370 DO3BORAET HDN NPOBKTMPOBAHNN XEDAKOBCKIME GECIEHODAME OONC-
XETS TAM, TXe 2TO He OpEBORAT K DPACXOXMMOCTAM B yasrpajsoxeronok of-
MOTIW.. HamGoxsmEe x8 BKRGNH OT mmamlf;&.lo-

x surzaraesolt xreparan (Mr), $+0 § (), meenr mopamox ofY. Pacubr arepe-
BEOHHON TACTE TPNRERASH — OH8 CBORETOS K ONHODOTOHHOMY odMexy. Uro
xacaeros mponsocos [KebKe ¥Ke6, K], . o 3x00s sepesmumaitiio naxno
y4ecTh orANNEe DaxrTopod E, X ﬁ. 07 |y B GEoaEHODeX. [IpE 83TOM CYyMMaD-
Ml AXXAX TAXEX IEarpess, mponopusoxarsmikt défud . oopasseros B
Hyx®.
KoxxpesHue suavensd sonpasoxdid or sepeuscaenmox nmarpaws, a
Takxe oT HenpaAonmMix XByxporomuux rpapos, coorsercrTByLUNX TPV Kay,
npaBexeny 1o pmc.I /9,107,

AE) = n- aSménat

HR AL 1 - n=4, u »one0,
) 0 ©
3 . -
F IR *n:o,-zﬁfl >pz-% 2 %, -,nz-i’
el 3 ) § <y B
-T- 1T
S -vn=-i | -»ns i3
al e "? i .
9 ""'ch) H

Pue, 1
3rech TOYCIHAA JMHES CIMBONN3ADYCT KyNOHOBCKNE OOMEH, ODepHBRCTAS ~
OOMeH LONePevHMM (HOTOHOM.
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Ha opaxTEKe OKasWB&eTCA, 9T0 MOOHE JeTup8xbOTOHHHe REAIDEMMH, 8
TaKme rpedu, BMYAaDANE GOEE ABYX OOMEHOB NONEPOTHEME PoTOHEMNM, JIO—
TapRfMIeOKEX BIVIANOB KATEPECYDMEro HAC HOPANKA K CBEPXTOHKOE pacue-

[AGHE® OCHOBHOT'O YPOBHA He BHOCAT.
Oonpanks OF TPExhOTOHHMX IUArPEMM, CONEPXAUNX OOMEH ONHEM WAK
LBYME Dopepeqdusu HOTOHAMH 3admues B BERC

AEY - AE{ . bf-g' (2.3)
88 | B0 + KK, + [0 oKMOCHESK, +camn-+
. *(K_l’)owfﬂx‘r)q’ *%Rd(xt)dsxc M¢7-
BEG =l (KK, - 0cHR), eoms. o K AKX, R,
vewm. +3KS [(K.6.K.), -0 F,), +omu] +eumm. |§,>.
Dpegoranuoonge samdonsuml MHTEPOC LA GHARN3A TPSXPOTOHHNS B3aE-

NoXefiCTRIV R COOTROTCTAYDNN® EM OOIDERAR ofbfuy CpEBenems ua peo.2
AE() = n - déwlng-t

1:', "n*.%, 2 ¥ »n-%
= (x) e (1)
: .. - ..I :-g
h{_:.—l.‘:- ‘.)'Ulf_&}-'n 3
Pac.2

YuNTHBAZ Pe3YNbTATH, SATONSHHWE Bulle, NONYYaeM CYMMBDHYD OOIDaB-
Xy OT 3eamMonedcTaull B OpAMOM KQHARS K CBEDXTOHKOMY DACLEOACHED OC—
HOBHOT'O YPORHR NOSETPOHUA, PABHYD

AE, (8*2n2) 0. (2.0

8. [ODPARKH IOPAIKA of*fndk OT MMATPAMM AHHITVIRIIOHHOTO KAHATA

Yuir mavpmn sapanosoro compaxemis § ofpeNeAeHEr noxHO# PyHFINA
IpEHA [OSBOASET [0 GHANOTEE C PacorTol’sammcaTs RKBESRIOTOHIEAX. B
TEPMEBAX BMIARTYRN DECCEAHEA eNMHMM 00pa3oM B ODAMOM H SRHETWISIN-
OHHOM XEHAXAX BSAEMONeNCTDRA. .

Hpocrelimedy BHHEDWITINOHHOMY B3aMMOLERCTBEO K‘ (1.I5) cootmercT-
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ByeT 3JIeMeHT KRABUNOTEeHIMEs - - -

Vo =00 Kot Uy = - B (U 103 § Uil (3.1
IByxpOTOHHEA AHHATANALMA B OO3UTDOHHMA ](} CTPOUTCA ' ¢ mOMOWBD RATEpa-
LAOHHOR OPOlIexRyYpH B ypaaﬂemg ONA gupa asé‘moneﬂcmm

X=KiK)+ Ko = Ko KK (3.2)

UTo0u OOYYRTH BHAIMTUTECKOE BHDENEHRe LA BKIaJa B CHAAr YPOBHA
OT OPOLeCCOB BaamMomefic TBES B PWIALECHHOM Kasafge, LOCTATOYHO 38~
MEHATH B BHDAXEHUAX =(2.1) K .3) ooMeH OomepedHEM (OTOHOM Krﬂa
i"!. KXy ¢ k@ sa K% . 910 mpESOIMT K CrEIYIUEM HOmpABKAM:

AR =), (K), ¢ IR EBKL, KRR, - e
(e B - cuman. 17
863 <QED), +(ED), » (D), = AARIIKGKLE), +
45!,:! [(K"’&.K.+K&.K.)+ "K!,ofskc’ cﬂKAL +Cmb, 'SKW‘LMEA )
ML R T ARL ATY AN PR (Afg)‘ : éu[ﬂi“]x‘ J A AL &
soom] -KCFLRUEXKAGK,T, e + SKSTRAK), - FIK), *
scme. Jocums. ~( KgFU,Ka)* - com. o (LA AT BEY 14,5

Creuspudeckolt 0COUGHHOCTEN BHHEIELAIMOHHOIO B3GEMONERCTBAN ABASETCH
Haarqge d’ -MATDHI He MMENIUX OPHHALIOKHOCTH K TOKY Toli wim uHO# yac-
TMW. JnA 0peodpa3loBaHEs MBTPEYHOR CTPYKTYDH B 3TOM cAydYae MDEMeHd- 2
eTca TeopeMa dEpua. '
OrMeTiM, yro onHOPOTOHHAH aHHMrwiAiEs (3.I)He BHoCAT JOrapmiMd -
-'YeCKOro BKIANA UHTepecynlero HAC fopamka. [Ipd AccaenoBaHHA NBYXPOTOH-

HEX OpOLIeCCOB eNRHCTBEHHAA MOOPaBKa NOPAmKA farydeHa OT nBa -
TPaMME O%HGDOTOHHOK SHHRPAAANAE C BepUmHHOM BeTaBKOH
CEL) = CRMKE X+ el 1> (3.5)

Bwlm 37€Ch NONORETENBHO-YSCTOTHYD COCTARNANIYDR CBOSOmHOR mﬂl
Tpmua §, , opuxonuw K BHpameHD
k ] 5

(AED 20kl fave LKoo L 9> @

(Yo KaEp +iE X5 Ko Fic 4it)
B pesyabprare Teopema &mpla ECOOAE3YETCH JEEE B 9aCTH G‘A)o &, Kak 0o~

ROSHBEDT PaCYETH, MAA BHIEJICHRA JOTADAPMEYECKOrO BEAANA MOXHO HCHOMG-
30BATH OPACGINXeRAT
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(K1, 2= wd.w2¢3ts>,
[KT(FDK)]4E[KfmaL‘—"1Sc'¥Li: . (3.7)

Yaprunas B (3.6) xpuit Ban Kysodosckol dynsuma {Q’) 1 BOSMORHOCTE HC-
-
IOAB3IOBAHNA OPACAUXSHAR ﬂ(()a.ﬁ(f) » 0CXE NHTErDNDOBAHAR 10 K, & §

aonyums = L ° 20 A - =2
(171 )'='§';~r'ﬂ"" ik S :l:(—.:{'ﬂ- Wl e
e (G Ty 2 (hwty (T Fr6ur Bafar bR, K ) 6284, i€ -

OrseTiM, 9T0 0PN OPEOOPA30BAHAR MATPEYHOR CTDYKTYDH KOCTATOYHO
yRepEATh CTEORHB ?'- . Torma npExOuEM K CTAHEAPTHOMY MHTErpaxy, OpE-
9iM BameseHHNR BKMAN cxonmrcsa B odsacTm Somsamx|i}. Noatosy smecs
BOMPOCOB (8DSHODMEDOBKE MM He KAcaeMCA. B pesyasrore umeew

P,
(8B ) () « T80 - Bt (3.9)
[epefinéw X TPEXDOTOHHMM INATPAMMAM AHEATRAMINOHHOIO XaHans. PaHes
& pacorax/I11.12/ qung goxesaxo, 970 LA PAAA TAKEX MDOUECCOB OCHOB-

Holl BIJIBL MMSEY nomnoxd‘ﬁ.g H NOXST CMTh OpOCTO OOXY4eH B MpEGXE~
xoHuN f‘(p) ~3f) . lax sacrx xmasmnoreiusara

IR, Xa + KOO X 1, (3.10)

BOSHRKHOBeHEE NOrapaPMAYECKEX NONPABON CHA3ARO C MOBeNeHEEM COOTBET-
CTBYDEEX ANATPAMM SOXESH NOPOTS DOXROHES WACTEI /pacxonmsocTs OpE
E2:zhmt /. fimarpewss zByx- X TPéxOTORHON SHANTIALEA, HE KMEXGNE
OONOCHMX OCOGGHHOCTER, He BHOCAT XOTEPEIMEYECREX BXASNOE B CBOPXTOH-
Roe pacmenxense.

HeTpyaHO DOXASATH OTCYTCTBEe AOTSPMPWMNYECKEX BKABACE OT REATDEMA:

- m ), cngl, -
|- (KA F UG KT - o o DRAZE L KANFS)* > (3.1D
Tpethe caaraesoe comepxsr xsa Gaxtopa TEua F's{Eel¢x]’. B caxy sa-
BEcEMOCTE X, Amp OT E @aTerpapoBanie JAKTOPE3YETCH N CTAHNADTHOFO
NHTeTpasa HE BOSMEKEET. B ZBYX NepBRuX CABrBEMEX NOCTATITHO YIOCTh
ARUD [ONORETEABHO-YACTOTHYD Yaces qymxume §, , HO & ODX aToM Hass-
qme xumuix cTeneHel MepeMEeHHMX NMTOrDNPOBGHRA B SNCANTENE DONMHTE-
IPaXBHOTO REPARSHER NPEEORAT K OTCYTCTRED AOrapRiMEYECKNX OONDaBOK.
PacomoTpms npEpammMie Tpéxporonmue amarpemsy ¢ anpow K . naa

KOTODHX CIBHI YDOBHS amMeeT BAQ
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AE (i) = <KD IE> = S'E + 8B+, (3.12)

[lepBoe caaraesos (|(x‘]'|) He CONEepXAT CTAHNAPTHOIO HHTErpajsa K3-3a
OTCYTCTRIDE uﬂomenz(f'.'q')" . Bropoe cxaraemoe sammmem B Bne

8E = 2 LLGHIK U0 (Kads 185> (3.13)
C Tpecyesot TomocTsn nak dK, mucen sn;:ax?m
Sx‘sx:—a"ox:-f_ﬁ;-é Yhk} tﬁ,-%ﬂs <LefRopey. (10
Micnoasays mpaGANERHAA &(&S{ﬁ)nms.‘ <&, nonyums n A :
AE = 8,E + 8, (3.15)

RE S *ai'*"?u[ﬁ‘gg(ysﬁyb-ﬂ B> <bfloties.
GE B (Rt M 0 Bl

Cpassedne mrer'panai‘f CO CTAHNESPTHHEM [OK83WBAET, Y70 AR OOAYde-
HES aorapaiMEdecKNX QOOPABOK CIGAYET YYATMBATH B SNCANTONE CTENeHN
aepeMeHHOR p‘ , N HAOOOPOT, CTENeHN nepeneimolrt ECKADINTE N3 pac-
CMOTpeHNA. D 5TOM crydae, NCOONL3YA CEMMATDRK ONWRTErDANBHOTC Bupa-
NOHEA, MMGEM *I’"P. » <

A“E&I'J‘S"i":{&fm [25-7°1. (3.16)
Ha aTOM 3Tame JerKo YBNAETD KOMOGHCAIND AOTapAPMEIECKEX OONpABOK.

lepenmued cTAHREPTHHE :'Hzer;pu B :ge.p

\d 2 »

1, .(% NeT L -S‘;;ﬁ.\v, { "e.":.'(i‘ﬁ" (3.17
Torna cpaBHeHue 9TOrO BHPAXEHER B HHTOIDANa A’IE NOKASMBAET HEOOXOMN~
MOCTH YUiTa CremeHeft mepeMesHOR K AR BuNeAeHNA NOTBpPEDMEYECKEX

BHAABROB 2 »

v ot g dedal 'Pp{’x'fc, 3 S S

A,E=8d’$i, AN [ 2" 2m " gt whed]. @e
Nlepeoe & BTOpOS CharaeMie KOMIEHCEDYOT ZDPYT APYra, TpeThe K€ UpEBO-
INTCE X BNEY

FIn
&F =8 *1“% e -G-erl. (3.19)

Bumonuag lﬂrerpmo:aule 00 muOyALcy § , OPEXOANM X BHDARSHAD
& z&‘{de’&?-mﬂ e [fe-1] ~ T, (3.20)

He conmepxaluieMy BXIAOB OOPAKA J.‘lni. « AHAJIOT'NYHEM OOPA30M DemaeT-
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0A BOOpoC OO OTCYTCTBHA fIONOCHHX BKIGROE M B IDYTAX OCTARUAXCA TPEX~
HOTOHHEX HAATPAMNEX.
PeaynpTATH BUOOAHEHHHX noc.uenosaum IHATDaMM QHHUTANMIBEOHHOTO o~
Heue CEOTEMATRIUPOBEHH HA DAc. 3 -
mbna-t

AE() = n «¢

CymaapHas [OOpeBRA AEAMO" AHHATHAALAOHHOTO B3aHMOIENCTERA,
TaKiM 00pasoM, DABHA

Ay (44ha) = B, E (R g’ L £ @
4. UNKIHEHIE

AKGAR3 POIYARTATOB, QONYUSHHMX B HECTOAWeH padoTe MOBBONAET 3IaK-
ADNMTS, 970 CyMMEpHWE norepmiMNveoKal Brnen nopsmka fbfud B CBepx-
TOHKOS DaOWONAeHN® OOHOBHOIO YDOBHA {O3ATPOBEA OF NEATDaMM OPAMOTO
KaRana DABEH HY/D M OOSTOMY HCKOMAS JOrapMfMHEYecKas OONDAEKA CBA-
3846 ANIL C MPOIeCcCaME BEDTYSABHO AHHETWIALMA BJGKTPOHB M MOBATPO-

HA @
AEMS(J‘LJ) s mdlua. 2% ‘ (4.1

BunoxreHHHe HAMM BCCHEROBAHHA B3AEMONENCTBREY B AHHUI'UIATIAOHHOM
KaHaxe JONHOCTED COMMECYWICH C peayAnratama pador /1,117,

MeTox onpeneseHds ypomsef#f sHeprzM Bll-aToMOB, HCHONB3YeMuE B paco-
re /%/y OO3BOMMSINR JOXTBEPRMTE TeOPeTMMECKOE 3HBYEHAE CBePXTOHKOTO
pacmegxeHRs OCHOBHOTO YDORHA B NO3STDOHAA, HafimenHoe pauee Jemaxen’ I/,
YpessHyaityo  damaok K KBA3MIOTEHIRATBHOMY OOIXOLY JoryHoBa —

- Tamxeamnse. [losTOMy aHeARS [AHHHX, CONEPEAURXCA B 3Toft padoTe
apefQTaBAgeT OCOOHE MHTepec.

PeaynsrarTu BUYBCNEHNS BRJANOB OT DANS IEATDAMM NDAMOTO KBHAME

M.(ﬂ,(’),m)/ @BTODH CUATANS HAREEHO YCTEHOBMEHHHME /9TOBOONHE COT-
NACYOTCA K C HauMMk BHPORAME/ @ HENOCPeACTBeHHO MCCNERCBANK mpoilec-
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OM OCMAHA QuHEM AoOopewisM POTOHOM N HOROTODIM YMCAOM KYAOHOBOKEX.

K nmociemuse P Hame#t padore oTHocATcA mmarpasy (8), (d), (e)
u (). CysMapHts peasyJbTATH BHUKMCJGHUA BKJANOB OT 3THX NEATDEMM
P oCeux padoTax MISHTHYRH '™, 6C/AM YYeCT: NONPABKM K BOJHOBOR
§yukugEe ypaBHeHUA lipeuHIepa ¢ KYJNOHOBCKEM HOTOHLMATOM. [IpE aTom
H3MOHAGTCA TONBKO Be/MYMHA BKAANA OT mMarpam (d).

TaxuM o0pasoM, HCOObAYS HABNOHHYY HaM# NONPABKY K BOJHIAHO
CBEPXTOHROTO 7pacma:mem OCHOBHOTO yPOBHA NOIUTPOHMA, DPACCYHHTEH-
Hoft panee/ 6,7/ ¢ TOYHOCTRI RO d-’, HONy4aeM HOBOE TEOpEeTUIECKOS
3HAYEHHS

oL % 5«2 ,-4
AEh“s %[%-(94'82)% +-'i-el|d ] (4.2)
YuaTHBAA 3HA90HMA HACNNSeMOR MACCH B KOHCTAHTH TOHKOR CTPYKTYDH,
OPUXOIMM X De3ayJsbTary

AV - 208, 400 (10) TTu. (4.3)

3T0 JHAYBHNS NOBOKBHO GANSKO K skcospmesnranssowy /13.14/;
AN, © 2massfe) mi, @4
A\)‘,‘_’,“' = 208,3870(6) ITu a.5)

ARTOpH OnaromapAT A.A. JloryHosa, A.H. Taexenmpae, JI.1. ConoBmépa
# 0.A. Xpycrandpa 9a BHEMAKEE® B EHTEpeC K padoTe, QOMS3HNE OOCYRNe~
He? B JaMedYaHEA, 8 raxme H.A. BollxoBy m A.A. BolixoBa aa oomomp B
pasore.
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MOMPABKH K CBEPXTOHKOMY PACHIENJIEHHIO m
OCHOBHOI'O YPOBHA MIOOHWA OTHOCHTE/BLHOIO NOPAIKA -Esazlna
M

H.A.Botfixosa, 10.H.TwoxTses

CaparoBcKkall rocyaapCTeedHbil yHHBepCATET

P.H.®aycros

Bcecoiosipll HayqHO-HCCNEAOBATEILCKHR LeHTp
N0 HAYHMEHHIO CBOfCTB NOBEPXHOCTH M BaKyyma, Mockea

1. BBEIRHNE

[ipodxess cngsamMux cocromgmit B BoeX »TANAX DA3BETRR XBaHTOBOR
ToopaN ocTaévos agmolk X3 HARGONGS AKTYAXRHNX.

Ocodax poxs Boxopoxonogodmix /BIl/ aTomoB OGYCEOREGHA TeM, 9YTO
7N upocTelmme CM3AHHNS COCTORMMR XSYX WGCTEI XOCTYOHM XAS OpOUNBE-
oHHRx memepeguli. TeoperEwscxoe SHAYGHES CBODXTOHKOIO DACHEONEHNE OC-
HOBIOTO Ypomax B BlI-arous ¢ ToTHOOTSD Rod' /d - 0OCTOAHEAR TOMXOR
CTPYXTYDR/ Giixo YoTaHORNeHO depux omd B 30-x roxax’l/. Hamésmue pac-
Qifu 370k BoxwuM ¢ TOWOCTED R0 d /2/crazs BosMoxEN AWk B 50-¢
Tox MOCXE OOHOBOJOAAIMWNEX pador Bave, Coxmmrepa, Kmmrepa’d .

B pasaxe 70-x romos GHAR GOXYWCHM O6DBUS IOTAPEDMNT6CKES DOMPAB-
xa-d*nd x srouy pesymrery’4:5/, Jocrarayras B BacTomEee Bpews TOU-
HOOTH: TOODOTHWSCKEX BCCISXOBAHER B sHAaMNTexhioll CTENeHN CRISAHA C
NCOOXESORGHESM KBASROOTSHIMAXEHOTO DOKXONS B XBAHToBoM TEOPEN mOxH,
OPeXXOMeHHOTO Buspske A.A.Xorysomem x A.H.Tamxexsxse/6/.

Keasmnoresmmaszzoe ypaBieHNe Xxs ZByx B3ameoRsNOTBYDSAX ECTEL
co cuxnmms 1/2 mmacoams ¥; EW; B MMOVARCHOM ODERCTARIGHEN B CRCTO—
Me IOETPE MACC EMOST BAX
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(€& ) V) = e SATVETHENR(@, T.D
IO Y, - BoAHOBAA DYHMIUNE CMSRHHON clcrem.e;f{ﬁ'fm?'ﬁ-nomu SFBDTHA
B oapexexsuas xsaamoremuua'V?ﬁq';E) cymecTByer nBa cmocosa.B am-
HOM OXY988 HA OCHOEe Ooasol $ywiuam Ipawe EYX Y8CTEN G(M;E) BBOXAT
anﬂm by do.d .
BRGE) Uk § t,}'—)g— GGut903:8) L u@utl3). (r.2)
3necy l::(..{... W) - AEpaKOBCREN GRCCEHOD {-OF THCTEOM :

I -\Jti i o 2B (e Y
“iff')*";,,(v,;')w;_ 3 “;P' "5;_: ) .LIP-PGE(QQ‘“J. I.3)
B p7om cayuse KBASAOTEHUUEN ISETCA BUPENeHECN
_ V=F ! ceefey) o @
e € F§T6. Ft G, dyioaua Ipana cBoGomAux depumoHOB; (S (R
L0 E- 56 T X(L +6K) X - ampo ssamsonefiorsns xsyx sacm:.
B apyrou cxyuse KBasmOTEHIMAT CTPOAT C JOMONGD BAILETYIN pacce-
SHEK BHE 2HepPreTHIecKON [OBePXHOCTH

VT, (L+ 6T, )4 1.5

rze T,F36): U OWLED GG E 50092000 PUR); cmdox ~ ospevasr zs-
paxonoxoe compmxenns. [lepexon OT onHOTO BApEAHTE K JPYTOMY (DR Ompe-
HOXGHEN ERSNAOTCHINANA OCYUOCTRAZETCS 3aMeHoR '-» T4 |

Iipx pacwitax ¢ TOWHOCTHY xot’/'” KBA3MOoTEHUEAN ypesHerma(I.1)
SARRBAXCA DA3JNCECHREM

VSRR T s A S (I1.6)

rme 8, - KyacuoEciusi uowmm;ﬂ“:’V"-’J;;V":‘Tf’ .'Vh;Tf-‘T?Fﬂ”n o
durs opepeTanned PefmmanobCKmME rpadami 2- o 4-rc NOPALKOB OO Sapi-
K3 3AeXIpONA. MCcAenoBaMmA CBEPXTOHKOIO pACWenneHdd OCHOBHOIO YpOB-
8= Bll atoMoB B 570M cnyuae IDOBOANAMCEH C BCIONB30BAHNEM TAK HASHBA-
GMOTO *OPECNENEHAS PAacCesHNA" : addekTd CBA3AHHOCTY WRACTHEL, HDORRRE-
DAESCS AL DR MAANX 9ACTOTRX BEDTYANRHNX POTOHOB HE YUNTHBEXNCH
BBELY MAXOCTE KOHCTAHTH CR@3H, B BHCOKOYACTOTHO# Ze OGXACTE KBA3IE-
OOTSHINAN BHEDARANCS YeDe3 aJesMeHTH BMIUVIHTYIH DACCEAHRA BOXESN MAC-
Cco30R ZOBEPXHOCTE. BHUHCNERAE ODA 5TOM MOXHO YGDOCTETH, €CAN OOXO-
XNTH Een‘q..z. & BOAHOBYY PyHKUED OCHOBHOIO COCTOSHES HEpeAdTHBECT-
OROre yperHeHms [penMeErepa C KyNOHOBCKEM OOTEHINEANOM ODAICTARNTH B

axge
3 TN oy
¥ @r-dsapfeofprptast NG ,N‘(-)IB:(%‘- y4* m P,
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B TaXoM DOXXOR® BXRAXM B CBEDXTOHKOE paomenaeHme OoT JeNHMAHOBOKEL
ASATPAMM OPONOPHNOHEABHE LIGTMM CTONOHAM . HamCoasmMe DODPABKK K
K380CTHOM C TOTHOCTMD EO o{’ BEANINHS CBOPXTOHKOIO PSCUSIAGHNA OCHOB-
Horo ypoBRS BI-aToMOB MOryT GiTh OOXYSSHW XERp OT AMAIDEMM 6-T0 OO-
DASXA 00 3&PATY SASKTPOHA A MPONOPUNOHAABHH COOTBETCTNEHHO olé.

OTweTiaM ONHAKO, WT0,BONOAB3YR OPM YCPeNHEHER KBABAOOTEHIMANR Ky-
XOHOBOKEE BOAMOBME (yHKIME B Opsonexenmd (I.7) MOEHO, TONYIATE JAMEH
OCHOBHOSl BKABR B CHBMI ypoBHA OT paccuarpabaesoll pmorpesssi. [ag asa-
AL . ORHO- M XBYXPOTOHHHX HpoUecCOB ¢ Ooibwell TOYHOCTED /OONPRBRE K
OCHOBHOMY DODAEKY ReiBmA &' & &5 coorBercTBeuRO/ TPEOYeTCE DESCMO—
TpeTh RONOAHATEAbHHEe BHAANM C YUETOM TOWHOTO BHDAXSHNS AAd KYNOHOB-
cKoit BOAHOBOR QYHKINE B 38BNCEMOCTE HBA3NNOTEHIZANA OF GTHOCNTEND -
HHX TPEXMMOYABCOB HRYAABHOIO M KOHETHOTO COCTOAHAN X NADAMETDA mOA-
HOR SHODI'AN CEBABAHHOR CHCTEMM.

C zpyroff 0TOpOHN,BXISZ B CIHBEI YPOBHA DHEPraN OT HEXOTOPWX TPHX-~
foToHHMX RNATPAMM HEUNHAOTCK C BeANINMHM JODARKA d‘tnd. B neHHOM OXy-
e IXg KyXOHOBCKOR BoxHOBOR (yHMUME MOXHO BOCHONBSOBATECA OPMOANRE-
nueu (I.7), & DOXHAA PHEPTEN CEOTEMM E(nun; ODPMMET XADAKTep OapaMeT-
Pa odpesanss, QUXCEDYOWero MHIPaKpacHNS /B BHHEILAMUNOHHOM KaHawe -
goporomtie/ O0OGOHHOCTR ENTOIPAXOB 0O EMOYNGCAM REDTYRABHAX 9acTHd.

JAS CMCTEMATEYECKOIO BOCAGNOBAHES OTPYXTYDM ypoBHeR sHepral o
rourocTho 5o d*lndl HaMx paspadoray KBA3NNOTEHUEAXbHKI METOX yu&TA
ajpexT0B CBASAHHOCTH, KoTOpMll mO3BOAfeT aHanMauposatTh B Bli-aTowe
pOUI6CCH OCMEHA ORHIM WAN NBYMA fofepednuMi GoTOHAME K AOCHM TEC -
X0M KyXOHOBCKEX.

2. KBASHTIOTEHUMANEHHA METOI YHETA 3SDEXTOB CBARAHHOCTH B BO-ATOME

CocrodnNe CRE3AHHOR cucToMu C moxsoR guepraef B ommcuBaercs Bon-
nopok @ymnel'!fg . yEOBNeTBODANGER KBASKNOTOHURANRHONY YDABHEHRD

F' v = Ve 2.I)
Exg RCCXeXoBaHNg CTPYKTYpH ypobBHelt sHeprau Bll-atoma C TOWHOCTED X0
4%lnd  oanmsen xsaampors: B Bage

Ve =Kg + V. (2.2

()ne;:varopu"'v"t l]{;mmrcn FPAMA RHTETPAABHMX ypeaseeHnt 1xx soxo-
RRTEABHO-Y5CTOTHX HONHOR i X W.IOHOBCRDlG‘: LBYXBDEMEHHHYX QYHK ~
k- IPEHA COOTBETCTREHHO

T - LU VeE), (2.8)
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G, = F(1 *Kzrf'r‘c:). (2.4)

WHcooxsaya wxTErpanbHue ApeICTABNEHMA LAA 4eThPEXBpeMeHHHX §ywiauini

Tprua
G, = Go(L+KcGe ) (2.5)
B‘ 6, (1+¢ X6)+= Gc(b KG)) (2.6)

e L;Sc o 8 ](;k - Anpo BaauMoneficTBMA B Bli-aTome, ofpemenHM KBa-
3AO0TEHUNAN 2.2 COOTHOWEHHAAME

Ky =uius Zuguy , T =0e(L-AL6 Ko A‘ T-KA,, @7
Vl « B "': ‘)" (2.8)
roe Q;{Q‘] & *{f"’j" ¥ 'x(liﬁf) its Bupamenms mas omeparopa KgBu~

neamu ARpo K, OCHOBHOIO KyAOHOBCKOTO B3ammoneltcTepa B Bll-atome:

Kp: K +0Ky . (2.9)
&s = -(GAZELER)? (2.10)

Anazaryny 9% saxanmw cymwol
(2.I1)

% lep,
e e phf)epes, .f'xkr 4R=F/2,1,,'7‘)'+f/;,4,,zr)'f.
+FAT, r.A.zr.n’

Tom. ETepapys paseuc-rao (2 8). no)mlaeu

% =T(f.1 N, 2.12)
e Y o6 (1- BrEes... ) , Vo * pU-REN - 0D P ..

las pAIXOESHEA B PAR TeopAA BO3MYWEHHER AMIUIATYRAH DPACCESHAR ?’ fAc-
OOAE3yes MeTOR (OCTPOCHHA Aupe BsamMomeitcTBas B Bl aTome, fpemaoxeH-
gkt B padotax/8 9. B arow caywse B HyAeBoM MODANKE TEODHH BOIMYe-
il SEpo OoOMCHBAET KYAOHOBCKOE Baamsonelicraie B Bll-arome, B pepBoM -

OCMeHE ONHEM DONECPEeUMM R ADCKM YBCAOM KyAoHOBCKEX $OTOHOB H T.X.
C yuUETOM ENaZOXeHHOR nponen.vpu passoxenss naq Anpa X ., amaraTyna pac-
casHis ODEHENGET

¥ :x“‘. Ko, 1{"‘5—,_]{“% (2.13)

3nech PMMCKES IRPDPM CMMBOAKIKDYDT QECHO OOMEHOB MONepevYHEME POTOHAMK
OpN Y9876 MHOTOKPATHOTD OONMEHE KYAXOHOBCKHME.

[logpaBxy X KyXOHOBCKEM ypOBHaAM 3Heprax 8 Bll-grome Haltzém ¢ nowo-
EED KBESNOOTSHINAARHOIO YPABHEHEA

(Fe %t Ao g0, @10
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3 XOTOpOM xna%mo-:ef_uuu
e = v‘ - A](; (2.15)
BuOepeM 38 BO3IMYZeHES.
Ypangeuns
[Fele 8B -k 1. =0, (2.18)

A&;E'—E‘ . (2.I7)
olpeTeATIMEE HEBOSMYRSHEYD BOXHOEYD EyHKImIWG/E GRART YPORER aHep-
rax LE'_. peBAETCA HA QCEOBE HepeXATEBNCTCROIO YpARReHRd lpepsHTepa
C KyAOHOBCKEM OOTGHUNAACM, B P@3yIbTaTe 9EIG C HeOSXOREMOMl TOWEOC-
TEG OPAXONEM K BEDAXSHEAM -

Vor = (L4981 , TKe =MWy el o Mig)] 3¢50, 5 (2.18)
Miregan;, 5 = 09c R AN(E-E Jeke
AE = O PKe(l+al SR> (2.19)
UpENcHA ZeNGe METOZH OCHUHON TEOPEN BOIMYMEHRNE X ypeBmeHmn(2.I4),
ofpame/ M CIBAr BoKoMoro ypobsd 3Heprum € ormocwremsuof’:
AE'=E-E’, (2.20)

AE™: <+“ﬁ"(“&"’p’"['> , & s[&"h*:'(!-i'»"lg..y- (2.2D)

Honorasus uadnensos suauenue €’ 5 papencTso(2.I7) HAXORNRM OKOHJETENL-

HO ’
AE 3 €-E, sAE e 2t (2.22)

Bupaxesmd nA2 DOODABOK K YPOBHAM 3HOpIAE K BoxHOBo# ¢ymxuax(2.18)
2.19) (2.21) toxasuBapt, ST0 PASBNTA TEOPEA BOSMYWSHEE, O003IBOXSAN
EcCNOROBATE B Bll-aroMe OCMONH OXRHEM EXZ NEYME O0ONEDOUHEMA K ARG
YECAOM KyxoHOBCKEX foTOHOB. (nHEM N3 ODENOEeHNE 5TON TeopEN SRXIeT-
oA ONRORHAE CTPYKTYDM YPOBHef SHEDIEE B ATOME MDOHEH /M cWMg -~ Mac-
€8 JXEKTPOUS, MyzWAm~ MACCA MDOHE/ .

3. DDOPABKA OTHOCHTRIEHOTO HOPATHA ¥q'dnd OT OIHO-, JEVX-
TPEXCOTOHHHE JMATPAMM Mo

Ha DpexTEXS ORA3HBAEYCH, TMO OCHOBHHE BXAGEM O OHO~, IEYX~ N
TPEXPOTOHHMX OJMEHOB B CBEDXTOEKOE DACROMIEHENS MMEDT [0 KOECTARTE
TOMKOR CTDYRTYDH mopsmxs coorsercrmenso o', & ,d%fng. ficio mosro-
MY, YTO SOTHDSXPOTOHHEE RMATPaMMi B3aMMOXCECTERR ODR OOPGXe’eHN
GIRATOB yPOBHEN BHEPINE ¢ TOYHOOTED 10 Jélnd woxszo Ee yumTuBATH.

Honons3yR $OTOHHHE ODONRIATOp B KYAOHOBCKON KAXNSPOBRe

rae
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e .e ., e o, (91
D@ == (@t Dl s -GN, 1084- 5 (3D
OPeACTABMM ANPO BIANMOZEHCTBEA CYMMON CAGIAGMHX O YHCAY OCMEHOB
dorouaun B Bll-arome. Torza Aupa OEHO- K ABYXPOTOHHOrO B3amoneilCTBAR
COOTBETCTBEHHO BRI

KXoy , Keobelos Kr= -G.G;Kuifﬁb:}, (3.2)
K=K, + Ker + Koy, (3.3)

The CMMBOMH CH T OTHOCATCS COOTBETCTBEHHO K OOMEHY KYAOHOBCKAM N
gogepeystM $OTOHAMA.

TpéxjporoHine HefpHBORAMHE NAATDEMMH JOrapAfMAdeCKOro BRIANA B
CBEDXTOHKOE pacilielUIeHre OCHOBHOI'O YPOBHA MDOHMA He BHOCAT. AHAAH3
KyAOHOBCKOr'O BaaEMoOfeiicTBAR mOKa3uBaeT, YTO JorapaiuEdecKas mopaB-
xaa‘l.ucmaaa ARDB C QUHOPOTOHHHM KYZOHOBCHEM OUMEHOM B MIDOHHMH,

TloaToMy, ODeperpynnspoBap WieHH B Bapaxexuax (2.I9) (2,2I)rak,wro-
(i KBA3NAOTEHIIMAX HauGoXee OPOCTO K300DAXANCS IpajMvecKH, NPEXONEM
¢ Tpedyemoli TOYHOCTED K CHeNyOUEMYy BHDAXSHED 1A CyMMapHOro BRAANE
B GBOPXTOHKOE DaClemeHde OCHOBHOTO YDOBHA MOOHMA.

AE = AsE +85E + AGE (3.4)
AIE s <¢¢ ‘m*m’&'z&'«xﬂ)f *2&6.‘(7’# Ne, ! (B.5)

AEE t c&,\(&d. *%)4*(111‘& *Mok‘r)o";?, (3.8)
ARE = &P | (K BeKcEo¥rds 1e> (3.7)
THer k2-Oc - [4-MaMAZuMeMpN NiC), - %)

MeTongKa BHYNCIEHAA 3aMBCAHHHX NOOPABOX BK/ANYAET CAEIYyDUNE OGMHE
MOMEHTH. BHAYaNe BHOONHAETCH MHTETPNDOBAH#E [0 JHEPreTHYEeCKON KOM-—
JOHEHTEe BAPTYRARHOrO HMOYAECE C HOMOWBD TEOopHA BHYePoB. lipeodpaso-
BaHMe MATDHYHMX BHpaxeHE# K dopse, XapakTepHOR mAA CBEPXTOHKOTO
PacHeieHNss ypoBHeR IHEPrdd, OCYWECTBIAETCHA C YUETOM COOTBETCTBYD-
wEx cumseTpER OTHOCHTENRHO NepeMeHHHX HHTeIDEpOBaHAR. Pasaoxense
OO0 KOHCTAHTE CBA3N NOPOBONETCS NOCPEICTBOM CDABHEHHA C TAX HA3HBAE-
MM CTOHEADTHMM HHTETDANOM L, €INMHCTBOHHNM, ODHBONAUMM K xOrapmp-
MIYECKEM BKJafaM B CBEDXTOHKOS pacmeI]eHe

\I g7/ o] t =y - =)
T, @o?Y SJ,G'#*\ hf' Sﬁ;ﬂ‘? k;!nd s ‘PP'@“C‘"’) {(3.9)
Asens: BIAANOE B CHBAr YDOBHA MDOHAR HAYKEM C [EATPAMME OOMEEA
KyZOROBCKNM oTOHOM. [lepemHORAs MNDAKOBCKEEe MATPAIH X GNCONHODH A

e
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BENGNAR OTBETCTBEHHNE 38 CBeDXTOHXOE DaclieleHNe ueuu, ooxyqaeM

?
(AE) s LK S = & 305 agds R %’,%L o)
Rl nftaly u..u..s* (e W <o
Cpasxesnae Bupaxemﬁ g 3.10 poxasuBeer, YTO JAS BUNEASHHS NO-
apasok féfu & BaxHo BHIeNATH cETAEMHE C uﬂoureneuﬁq) "2 G yosmou
BTOTO OOCTOSTENECTBA 3EMEHEM
(pra3* —> - & (p*-q™" (3.11)
Tax Kax InA 9ECTAUN C MAacco#f WA; BO BCEM HHTEDBR/E HHTEIDRPOBAHHA p<
(E,'ﬂ," ., BoOonbayem pasnoxem

[eipMp I =(82c;) (44 B et e ), (8.12)
(e...v‘ TN )"(1 - IsgM 1) .

Beg 310 no3BoAseT ODPE BHINCACHAN nemm@!ﬂ‘ocpopunponars cTaHmapT-

Hal EHTErpax qEL(a‘ba7=§:.%..?W'“"“1’I“‘ (3.13)

Hoponssys HaltneHHOe depM 3HABSHHE CBEDXTOHKOTO DACEEINGHES OCHOBHO~
'O YPOBHA B HE3IOM [ODMIKe, 3amguem OKOH'IBTMLHO

ArE) o hud)s fErld” € g.z" Ywertpe)t (3.14)
Bitan Y8CTM KBASMIOTEHINAXS [hﬂ;“”% MPEI0C), B ceepx-
TOHKOE pacmefieHNe, XaKk (OKA3WBAET auans. MOXET CHTD RWMPAXSH NHTO-
rpaxoM (3.9) ¢ nonomre.nwoa 0TeqeHED P B YNCANTENE N OOSTOMYy OpO~
nopuonaneH ol®

Bsamoneacrsle OpM oGMéHe nonepedxiM GOTOHOM OKA3MBAETCH doxee

CYUSCTBAHHMM, 670 OCHOBHOR BKIan npomopusoHaneH of¥ . B 70 xe Bpema
H 3mech MOXeT OHTH OONYYEHA OONDABKA J‘lnd. K N3BECTHOMY C TOYHOCTED
e .(’ SHAYOHIN CEEDXTOHKOTO paechefAcHNd. COOTBETCTBYNG@EL BXAAXN XBST-

cd BHpaxeHH .
(a:E), slu("‘ 'F&(»\'W' [Jq A p,"".i .,(,‘,L'(()u.u; » (.15

{lpr paceerax £ _me {euol TOYHOCTED [OCTETOYHO ox'paﬂnlrbcx npeodpaso-
BaHEeM OXOKa § ]
s v 1Y "': . “,

Biriutld) N o, R SR oo

CpabBHeHNe STOIO RHTEIDEAA CO CTAHHADTHHM YOEXESET, YTO AAR BWICAGHNS
AOrepRIMNYECKOTO BKJIALE HE OOQHA CTEOeHb OepeseliNX p EAN § He HOXR~
HA OHTDH y9TeHA B pasaomediax Taam (3.I2). B peayxsrare iseem
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@BsE)tle) w-é;—,l- 1 ERe A 2yl @17
TookoxsXy BOAHOBAS GyMMUNA YHORAeTBOpAET YpaBHeuKM lipexsrepa
Qwr? S\Y.‘LGW s s..'fc.cl‘. Y 5 &b —(&uﬂ\'f (3.18)

T0 HeOOCPENCTBAHHO OTCHNA OXGHYeT

S 4% ) Ve 2 = (A1E )y (45l (3.19)
SaBepmes BWUACASHNe gonpaBxa (3.5) mccaexyes BXIAX

(B2E )y = 0N (XKcEKy)a > (3.20)

dyaxuxp IpxHa CBOGONHMX QEPMNOHOB ODENCTABASOM YepesS ORepPATOPH Opo-
GeKXTNDOBAHAN HA NONOXRTENBHO- N OTPEIATENBHO-YBCTOTHM® COCTOAHNN :

6,555 » S (- wY L [N tiprie '+ AigRuste-ieT TR G.2D
Torna smm‘ltknmn PeayxbTaTOM DepeMHOXeHEs GNCINOPOB, ¥-MaT-
PRI K QpOASBeReHNl COOTBETCTBYDWEX ONEpaTOpOR UPOBKTEDOBAHEAN. C He-
00xonMMOf TOWHOCTED 3BIMIOM

PR PATD SO ) (P . (3.22)
P Lo oK bt Tronctr s tonl(HE 1),
I.. *X- Bty uv..s,.c,\mww,!&.m).
Io oL, (A00) |, Eiewifl-5§80) iy,

K o) NS4RS (a0 (Gt oY
Jeraxsiull anaxiy noKASMBAET, TYO (DN BEIECAGHER XOTADRIMEYOCKEX
OONPABOK MORHO HOXCENTH (K fin-E: )-L o k.".

BuOOXHAL XpOMEe TOIO HeCXORHNE aXTeOpaNIecKES npeodpasoBasri X EH-
TeIDpRpoBaHEe OO aeponeanolq » HAXONWM :

I, i‘;_gﬂ.‘ (48, ,%g.(s,&,ﬁ"['&%ﬁ(hzﬂ .(3,28)

JxepENBag 3N6CH MHORNTOAL t;’-l OOyCKAR ANRENS CTEmeHN OepeMEHHOM KT,
OpEBANSM EHTErpax), X CTAHIADTHOMY :

To = (30 2 )Ep da (3.24)
AMAXOTETHIM OSpA30M GOXYTAM
T, oL - (5,05, 1) rla! (3.25)
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B pesyasTaTe JOPADEIMNSOCKAS [OUPEENA OT ODABOXNMOR NHATDEMME

ofjMoHA KYAOHOBCREM X [0Q6PSTHLM clm;onaul mdeeT 3HAYSHME

NEyy = (5.0 5 -2E¢ A2 (8.26)
CTPYKTYDA HOXYSOHHMX BIABEOB otbfud ONHOTNIES : MMESTCR OGUNM BO Boex
crymsx roafpunment Byd®hud”’ ¥ cnenmbrvecxt gaxrop xmarpama, Ko-
TOPME BRADYLOT UNCAOBE® BOANSNHM N NADAMETY OTHONEHES MACC YECTMl.
daxTop CyMLCpHOTO BXAAEA He 3GBECAT OT MACC, YTO HO3BOAAET CAEAATH
pE pacuiTex OYeBNRHWe yopomeHNd. Hampmsep, moaarad B gaxropax Bcex
POGCMOTDOHHMX AiNe NNATDSMM MEGCCH SaCTEI DABHMME, NDEXOMNM K ToA xe
BeJUrdNHe CYMMADHOTO BRRAZA :

AxE =~ %EFI Y Wil (3.27)

Dlepexoza x aHEANY nomam‘lf. OpmMeM BO BHEMAHNE CAEIyDIKS
coodpaxenis. Jorepajmmgecxat BRXAn OT HONPEBONMMOH ARATDAMME C ABY-
M KYAOHOBCKIME (OTOHAME DRBOH HyAD, BKAAX OCTRABHAX NBYXPHOTOHHEX
XEATDaxM HOODEROEKNMOTO THIS OOCAS NEPEMHONOHER ODONATATOPOB HACTIN
B fopue (3.2I) ENpARASTOS O DOMOMED NONAPHMX OPONSBONOHAN NDOEXIN-
OHMHWX OOSPATODPOB, OTHOCAMMXCN K DAsANYHIM JacTmisM. Hamdoxee sHauE-
rexsiokt, noprexad¥hid, oxasusacTox ponpanxa, XowTeHOEpYORANOR B
CYMMODHOM BRADARSHNN XIS CABAT® YDOBHE N NOSAASDRASCA OT CARATAGMUX,
COXSDPEANMX OTPRIATGABHO-YSCTOTHNS ONEDATODN OPOSKTEDOBAHNA. Brovamu
oF APYTEX EHTIpaTod IPONCPUECHBARHM N0 KpaRzel wepedS. Bo Bcex
3TEX CXYYAAX HODMEDOBOGHME MHOXNTCAN GMCOEHODOB MOXHO OONORKTD paB—
HHME SEMHES.

Hirepecyoman xac monpasxa d“fed cooTBetcTByer npoNsBemenEy omepa-
TOPOB OPOSKTEPOBAHNA HA CMOMAHHHE 9YACTOTH. B DeSyNBTATS YMOMEHYTHX
Rige ppeodpasobaiit xas xorapafMdeckoro BRIANa OT HEmpEBONMMOR
REACPEMG OOMEHR NBYMK GODSDORIME GOTORAME (OXYYacM

bl - R Wl (28— o
GOME (Mgt Q&&’M’ +%g) (3.28)
'W’E’mmmh—-u.x + (RS My Yoo ¥

C meodxonmioll TOIHOCTED MoXHO moxoxsTE Miadwm;, Mi~0. Torne mps-
XORMM K NHTEIDANy THOB CTAHNADTHOTO :

Ad 'Y 2 di,
(A!E’ﬂ’a ‘hi)e 'ﬁ?:.o-a)w f!"' W 4‘ S o ﬁz " (3.29)
TOYHO TEK X6 BKAAK OT OYMMd CAMMETDNTHMX HEQDEBONMGIX IRAIDAMM C
KYAOHOBCKIM N [OfePeqHMM (OTOHSMN BDENCTARNACTCS B BEES
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-l
shua)e-Bd (422 (A oyl (X ——, 330
(B3 by~ oo AT (vl S&:fntt? A
Y4uTHBEA 3OMEHH MEpEMEHHHX P 4 § . [O3BOLROLME YWATHBATH CHOACTBA
CHMMETDIY OGNHYPEIPAABHEX ENDA¥EMYA, DA cpasnenu.‘.af\ﬂnﬁf)‘, He-
TPYRHO YCTAHOBATE PABEHCTBO
A\ (K) > = <He WHere)o V> (3.3I)
Bu‘mcileune NOOPaBKA OT OPARONUNOY [V3rDamMy
QAtghx = (%6 K ) 16> (3.3%)
padHEM C HHTEIDHPOBAHUA N0 K Ko . IDUMEHAR WATEDERBHOR APENCTAB-
nesse BIg S-Qymnn W K3BECTHHE JOPMYyAH Tamna . -
iw! T (e2-Treinylenpliv.t) vty expl-txt), (3.33)
IDEXOAM K MHTETPANSM 10 TOEAWMIYABCaM B K. t‘f . 3HEENAR OGHTHHM
3pa3oM JIOTAPAMUYECKUE TOAPOrKM, TollAUed o
AnE). x SART(pa02 (102 ( 4o BN+ [AQY 46 M"Y
Aty = { plo fdidq {de JO
Howiee M & M3y (3,30
NEAL- s L - -t .
R NMA R '{_(N.,m)’(ﬂ;%"oﬂ*l)9204..4 KoMy * K ] :
SaneTiM 9TO ) X
- - el * 3 .\ e
(Mk *Mu) hd "\:Nn("l&*“u‘ t?g .(5.302
@ PR BHYHCHEHHM JIOTAPEQMHNECKOE (ONDPABKY [ULCRM M;: "'2"'.' ’H,*O. B
PesyaBTETE MCCIELYEMHA BKNAN UPUHMMAET BHA . 2
[3)

! A < - Lol ) .
(4 W o S e, BEEe

Wxrerpann, onpeaensouae B(.-Jm‘énﬂblmu(&):r{lefko BNDARAVTCE Yepes
CTRHOEPTHHR. B 9aCTHOCTH,

o de’ 2y <% d N
[PDEST AR Y SR (7 REY T PR CR
Taxma o0pa3om, CymmMapHLR JOTapAPMMYECKIf BKiIan OT IBYXPOTOHHHX IHE-
TpaMM HueeT 3HAYEHHE

AgE = (B5E)ey +BpEly + (838 )yy = €7 °bs” aam)
UcHOBHOR BKMaX OT TPExdoTOMHOR Kuarpam Xyby K 6, ¥r aveer nopa-
ok dbdud « er0 MOXHO BWISUTE, UCMOABAYA DAL CYWECTBEHHMX YIPOUe-
Hii. Tax, B ¢yHKuas Ipuua G, MOXHO YYeCTh JIMib NOAORHTEABHO-JACTQT-
YD 9acTh. B orom ciyvae Gopwmpyercs mpoewuwss anpa Ky Ha cocromms
¢ NOROXATENBHHMA YACTCTEME. B KCHOIL3YEMOM IDUCAMACHUA OHO, KDOME
TOTO, HE 38BECHT OT HyNeBO§ KOMNUHGHTH BHPTYANbHOrO MuIyABCA. Coor-




BeTOTBYDWAA dBCTH KBAJMOOTeHIANA Opeodpasyeros K BELY

(Ke6s M6 X ) * AVa 0 ud F T F uyuy AUy, (3.39)

rme AV4 = u¥ud e Yite; (3% - xii () u Uy

MHTerpan, BosHAKADWNE OpE AKINCACHEA TONDEBKE AgE . MOXBT ONTB
gpEBefiéH K CTAHEAPTHOMY, ©CAM He YUNTHBATE ODH DASAOXSHEA CTSHOHel
OepemeHsHx ¢, e, ﬁ. . [loaTomMy BOCHmOJMB3yeMcA HpudmisenueM (I.7)
IAS BoAHObLOR QYHKIME N SammueM

At = [ )< fdiad” SN0, RS EFE5 Ay Elo). 3. 40)
3mecs ¢ TpedyeMoff TOYHOCTHD MOXHO HOAOKNTE s =
F(i" &= 2#*‘ ] m‘bﬁ-’) + WL a"i* ‘1).‘ (6.&6\!“' ") {3.41)
[lepesHORAA MATDRUM C YUéTOM CEMMETDEH NOAKHTEIDAXLHOTO BUDAROHNS ,
mnumm‘!Enmn - a0 b =P
. X T ]
ApE=- A__ gé-‘-"- ,_SJ.‘:"-P‘ (X3 ’[‘l -%‘,’ 3.42)
AW Wy ‘\‘& Dl ~
Howmsas gpoasBegeHNl BOKPOPOB ﬁ' " ? daktop(e-x) # HONOARIYA SHA-

YeHNE OTAHEAPTHOIO EHTErpans, HaxonuM

ARE = % Ee ahua! (3.43)

PesyARTaTE BAYACRGHNR BXRANOR B OBEDXTOHKOE DACWSLNEHHe OCHOBHO-
IO YPOBHA MpOHNA ONCTOMATE3NDOBAHM HA pEo, I

AEGY = 0. & at | El‘g é:cl_

- - _ @goﬂp\‘
g we ks ToafThwf o,

N7 7 T TN
{ !\42 %o anzi 0 9 ;'.-vnssv
A NV R 27 3% 4
Paec. I
YUuTHBAA DONPABKY K KYJNOHOBCKOE BOJHOBOA (QYHKIMH, HAXOMAM CyMt
MapHH JoTapafi@deckuldl Brjal B CBEDPXTOHKO® DACIMEIJIGHHe OCHOBHOTO!
YDOBHA MOOHHS, DPABHH{ DOJYyYeHHOMy paHee B padore’ 10 Ha OCHOBel:’
HOCKOJBKO HHOTO HMOZXOZAa: '

AE = 242 %%E,&.g"'z Uz, G

Clewer,omm,sauerm. YTO B CBA3K C HAANINCM B HACTONECE BDeMs
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HSYSTEHEOTO HXIAZM B CBADXTOHROS PAOLOINOHN® OCHOBHOTO YDORRA MDOHNS

Baxndsiok
O s Eelaft) = donlz G

HEa JAHHOM 3TAOS® HEXbSA CRANATH OROHYATEABHHX BHBONOB OTHOCKTEAE-
HO pe3yA»TATOD CPABHSHES TEOoDPOTNYSCKOIO N IKONEDMMORTANBHOrO 3HAYe-
HEE CBEPXTOHKOTO DACHEINSHRH OCHORHOTO YPORHA B MOOHEN.

ABTODH OPRHOCHT GaaronapHocTh A.A. JorynoBy, A.H. TaBxexmmae,
IL.Jl. CoxospéBy & 0.A. Xpycrasépy 38 HHTepeC K palore, LONE3HNE OC-
CYRLCHES K 3aMevaHER, a Takxe A.A. Bolixosy @ H.E. HoHEERO 38 momoms
B padore,.
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QUANTUM EFFECTS IN THE SCHWINGER MODEL

N.P.Ilieva, V,N.Pervushin
Joint Institute for Nuclear Research, Dubna

1. Introductjop

It 18 twenty years that the Jchwinger lodol”/ pexrves as a
theoretical laboratory where new mathematical end physical ideas
are checked 2-7 « In fact, the 1ideas such es the G-neuun. con-
finement, infrsred instability of gauge fields led to a new in-
terpretetion of this model.

In the present paper we study the Sohwinger model in the
apirit of quantum representetions end i1deas of thirties a 1la
Pock, Weyl, Jordan and others. The aim of this paper is the
investigation of aome purely quantum affects of mations of the
fermionic end bosonic vacua in the messless Schwinger model. We
would like to emphasise that this model gives en example of the
dependence of physicel results in guantum theory on the choice
of the vacuum end on the global properties of the gauge fleld
configuration space.
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In section 2 the Dirsc vacuum collective motions are investi-
slt.do

Section 3 is devoted to the topological degenapation of the
gauge fleld vacuum,

In the theory we keep the Planck comstant h as a parameter to
avoid ean incor.ect interpretation of quantum effects via classi-
cal mechanisms 4".

2. The Jordan Effect

An interesting fact was pointed out first in several works by
Jordan, Born, Socolov and others in the thirties/a/. and again
by Mattis snd Liet’®’ 1n 1965,

They have coneidered a fermionic aystem in one mspace dimen-
sion, described by the following Hamiltonian

H:dex%f.ﬁ.\r' *) (1)

whioh is Just the Hamiltonian for a Dirac particle in two~dimen-
sional space-time.
The two~component spinors

vio: (8), Y- w)

patiafy usual anticommutetion relations
{409} 8, 3lp-g) @

all other anticommutators vanish,
Performing fermionic operators as plane-wave expansions;:

ipx [ Q,(p)
Y - % SdP et (a‘:;))
*? me realization for Jr -matrices chosen 1e
0 4 0 1 40
08 (o) (o)
{f"’f“}=23ﬂ' , /4,-2=0,1
nd
§uo =G4
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we have at least twe possibilities to reslizs reletions (2). Pirst
of them is Just streightforward:

{aip, aj(cpj {aip ,aj(g)j =0
{o: (P)»a‘;f(?)j = Siui 8(p-q)

and the 7acuum is defined as
a;(p[0> =0 CRY
It corresponds to 23' Hamiltonian
He 43 dpplalpap-al LG IS

which has also negative eigenvalues, so it is physically no*
scceptable (operetors Q,(-p), Q3(p), p >0 , oreate states with
negetive energies).

To the second realiszation we come efter s suitadle redefini-
tionof Q. amd Q'

a,(p)= B(p)B(p) +cH(p)BL-p)
a,(p) = B(p8C-p)+ (P E(p)
Bere O(p)is the step-function
i, P 20
B(P)‘{ 0, p<oO

It acts as & projection opsretor on the states with powsitive
(B(P)) and negative (9 (-p)) energies for the wolutione of the free
Direc equation for'¥(x).

In this case the oommutation relations are

[8(p), 6 (@)= {80 E(]=0
{8, 8% (g = 8(p-9)

{ c(p)» c(q)} = {c*(p),c"(q)j =0
{ep,cq)=8(p-9)

(3.1)

(6}

(3.11)
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and the vacuum is defined by

B(p)'0>=C(PNO>=O (4.11)

It corresponds to the Dirmc filling in all negetive snergy
states, so the Hamiltonian already has nonnegetive eigenvalues

onlys: o
H= h{ dplpl[ 88 + cpre®] (5.1
-

All this means that we have introduced the Dirac vacuum.

Jorden and the others have discovered that the filling in all
negative energy states changes the axial current commutator.
Instead of the trivial one

[ oo (0, joutip] = 0
(where J, (x)= ‘P(x)rsw,}l’(x)- € puv j“(x) ), which followe
for the case (I), in the case (II) we obtain

[jso(") J,‘ (3)] 5 '6x &(x- 3) m
This is just what was later ocalled the Schwinger term or the
Schwinger anomaly.
The commutator (7) is very similer to the one for e acalar
field, where 9
i[ 3,00, dyp)s b 8(x-y)
1f we put

J}‘(X)_V:g ¢(x) ()

This correspondence was later called a bosonization.
Adding to the fres Hamiltonian (1) en interection term (of

o M-S §ax (0 J'cm)‘

we come in fact to the Hamiltonian of the massless Schminger
model in  the gauge A,=0 /4-T/ 14 ja not aifficult to
obtain the divergence of the axial current, using Heisenberg
equation of motion for the component §,, (x)

2 o000 [HyH,, oo 0]

In the first case we come to the conservation law:
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(s = (9.1)
But when the Dirsc vacuum is present, the Ooulomb interaction
leades to the well-known axiel -no-ly

/.J5,~( x) = )5/1. ¢ (9.1I)

This equation may be mritton (using (8)) as @ relativieti-
cally invariant equation . a scalar field

h 3/;4)1.4’ =m'¢ (10)

\x
m=\3- € (31)

where

(i,0. the Schwinger model mass). Quantum naturs of this pheno-
menon is evident because of its proportionality to the Planck
constant h . Prom such s point of view the real physical rea-
son for the axial snomaly and for the appsarence of this massive
scalar field (i.e. for the bosonisation) is just the Dirac sea.

It is interesting to note thet the importence of the Dirac
vacuum in the anomalous axisl-current divergency in four-dimen-
sional space-time has been recently discovered by Gribo

It is easy to see that the chiral charge in the model with Di-
rac vacuun introduced ims not conserved 9 ¢

L =\dx4q =jd/( -
G 5 # 0 > 05 .S J’D v;—E. (12)

It ig clear that the physical causs of this is the Direc va-
cuum "polarization"” induced by Coulomb (gauge) field, So diffe-
rent vacua lead to theories with different symmetries and with
one and the same local dynamics (Hamiltonian).

Note, that in such a treating of this problem thare is no to-
pological vacuum degensration at all.

Here we would 1ike to remembey that the O -vacuum in the Sch-
winger model is used for an artificial pertial restitution of the
chiral symmetry of the effective action for the corresponding
scalar fisld

2
He"'iﬁd"[(a $)*+ (2, ¢)+ ('—:—) 4’"] (13)
It is evident that chiral topological transformations with an
operator
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&": Q"P'{'LX"OS} sy nh=0,%£4,22,... (14)

do not lwave it invarient, i.,e.

6" Heg & " # Heg
To avoid this some mpecial gtates are constructe

183, = & s e "®jo>

NAd N:-a

and for the matrix elements (i.e. in brackets) the chiral syu-
metry holda on which ig treated as s good agresment with the aym-
metry of the initial fermionic Lagranglan.

Coleman' 4 bas shown that the effect of such a D -vacuum ig
entirely reproduced by a classical constant electric field, but
with additional parameter & . He pointed out that here riges a
queation: why is it necessary to introduce this 6 -parameter con-~
nected with chiral symmetry restitution in the massive Schwinger
model though there this symmetry is broken from the beginning
by the mass term?

As becomes clear from the papers by Jordan and the others jJust
the same question may be adressed to the maseless model too:
why is it necessary to reatitute the clessical lagrangian sym-
nstry, broken in the quantum theory by the filling in the Dirac
nea?

o6/

3« The Josephson Effect

There exists another reason to introduce the O -vacuum which
is not connected with the chiral symmetry at all. Here we propose
& new physical interpretation of © -veouum in the Schwinger model
based on the pionesring works on gauge theories by Fock and
weylln/. They have introduced gauge transformations as U(1)-
phase traneformations in quantum theory

L 8

. Alx)e _; Abne
31W(~;h’aﬁ+%Au)e tRe g < (4. + B,J) (15)
The expreaesion in breckets 1e just the Pock redefimitior of
the quantum-mechanical momentum 4#,3,. in the presence of an
elsctromagnetic field. Equality (15) is entirely claesicel and
it is not alwaye valid in quantum theory. The matter is that the
Weyl phase is defined on the circle while the function 7\(71) has
as a region of definition the line R(1). And it i1s important
what wust we choose as a basic element of the gauge transfor-
mations.
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We shall illuetrate the dependence of the results on this
choice on the example of the free two-dimensional eslectrodynamice
in temporal gauge (A =0):

Lom =% (2,4) (16)

The Lagranglen (17) is invariant under stationary gauge trans-
formations Y <Al

A, (x.t) e (A,Gt) + ik Z_«)e'LT )

So we have to solve the Schrodinger equation

. ' A2
Hoy‘t:tvi : HO;ISE dx , (18)
E: A, = %- %A‘(X) (19)
with the additional condition on the wave function
W (A') = ¥ (A) (20)

Por an infiniteeimal tr,anafoz_nntion .
v(’*,* 2;3') = Y(A) % de (E‘:") )+ 0(2:)

eq. (20) becomes a transversality condition for the electric
field

A
9,EW =0
1f the function A (x) is a smooth one and vanishee at spatial
infinities
bim A(0)=0
ixl—2e0

The extension of this conditlion to the Weyl basic element
P, (x) =exp{i A/}
leades to a nontrivial topology of the gauge field configuration
space. In this case we find

Lim exP{‘Ll( )(X)/k} 1

Ixt=> 2

[ or Na0) - AV (-00) = 27Int1]

We have 8 map of the line R(1) onto the circle U(T), charac-
terized by an integer N . This number shows how many times the
1ine R(1) hag turned around the cirecle U(1). This nontrivial
topology disappears in the clamsical limit (fl=0) « But in the
quantum case the gauge trensformations group {17) and the confi-
guration space {A,(x)j are not eimply connected, Their topology
coincides with that of the closed paths on the ring. So the
"points"

21)
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LA™/ ] =AM/
(A,uk%t)e ey (22)

>

A(“)(x.'l:)=e
n-:D‘ti'll, .

are physically identical and the wave function there takes one
and the same values (of course, up to the phase factor)

YY) - w(4™) , lel<x¥ (25)
Thus we obta_\in the following syetem of equations
HT-tP
9,8v-0

A\uu)) e‘~9y-(A(h))
Ite solution is a plane #ave in the configuration space

Yoexpf L& deA (x)} E)(p{ iN ”Ej (24)
where the quantity
NIA= 5 § du A, (25)

is @ continuous generalization of the Pontryagin 1ndex/ 12/ and
changes by an integer under gauge transformations (22)
o A"(a0) - X(-00)
N[A™] = N[Al+ ——Z=——== = N[A] +n

It is easy to find the spectrum of the constant slectric fisld
using (23), (24)

-_._(1ﬁk+e)‘£‘ k=0,4,:2, ..

Its minimal (1n module) value (when X =0) coincides just with
Coleman's clasuical eleciric vacuum field (the f—vacuum),

Thus we hauve aerzn that the @ ~vacuum is related to the topo~
logical properties of the gaugs field and appsars as a fleld
analogy of the Josephson effect (conmisting in tke existence of
undampsd currents due to discontinuity of the wave function
phase),

The collective motion of the guuge field (which suggests the
existence of a longitudinal dynamics of the latter) described
by eq. (24) has a finite energy dons:lty

’fT - Z £ (27k +e) , Vs de (26)

S0 we have obtained a consistsnt relativistically invariant

quantum theory. Let us consider the spsctral rerresentation of
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its Green function in the physical sector

e cie(t,
G(N(ww(f.)):m( e "t”>~1-. 2;, e ( tz)’ﬂ'ﬂ*:

ih(2rk+6)'(4,-1,) .
- . 1 l(l]‘kv-ﬁ)(” .M,|
.i— e aM e 2 )

2
¥ =
Ve

This expression cen bs transformed into a sum over homotopy
clnsn“3 in the configuretion space: "

Lo
G(N(-bz)IN(t,))z M ;emee ®
Wik (ot

Here t)
Sn[*'t.tziM] 18&* L“) ’
1(n)

ML EY ARV VI 20
2V\ e 2
is the effective classical action, Now bscomes evident that the
variable N has no consistent interpretation in the classical
relativistic theory. But, in fact, classical epproximation is
not necessary,Prom the collective motion Lagrengian (27) it fol-
lows that the region o! quantum theory validity is proportional
to the one-space "volume"V (LQN MM *AV ), Tus Weylts sup-
position on the gauge symmetry as of a quantum theory one extends
quantum representations to the whole region where gauge field is
defined. In other words, QXD in two space-time dimensiorns has no
classical interpretation similarly to the situation with the
Direc equation.

Ths mein difference of this approach from thet ons in plplr/ 14/
is the dynamical trestment of the Fontryagin indox

=N

o[A]=I°ﬁ-dedt Ry = Sdtﬁ: Nl 0

t=z-00
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A simple “classical” method to reproduce all these nonclasei-
cal results without geuge fixing coneists in projecting the ac-
tion and the Pontrysgin index onto the general solution of the
conetreint equation

2 —
8%40: 0 = 24 -224,-0 (28)

In ite general solution we heve to take into sccount the ein-
gular infrared solution of ths homogeneous equation with an arbi-
trary times-dependent coefficient:

A, =Clt)x+ (2 ")3A

So we find tor tbo Lagrangisn and toe variable N
2 a v (29)
N (eA)n.)C(t)V

Brom (29) immediately follows the lagrangien (27) (which wes
standirg in the Green function). This claseicul theory is only en
intermediste step in construocting a consistent quantum theory with
relativistically-invariant observables.

The same procedure mey be carried out for the messless Schwin-
ger model

L =4 Fu P4 V0 (inF - e )V,

F,Atl:a_f“‘A\>~6"A‘/“ ) /J"):O’!
and wa come to the Colol-n Hmiltoni-u /4/

e §xapo - £ (0o 4(EB)V o
P_.2;7k+9 R K=0,34 22,

but with tha only difference that it describes also the collec-

tive motion (26) of tha geuge € -vacuum (eae the Appendix). The

Hawiltonian (31) is equivalent to the following effective Hamil-
tonian for the scalar field (pion), defined with (8):

o 3) e 13 + V7 -} ?
b 3§ {03+ 0 S[4 - ()]
It ie lnverignt under Joint trsnsforsctions of the Dirac and
gaugs ‘facua "
" -
¢ HeHG = HEH

6" = expdi¥n (G, +2W)]

30)

with
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D on

The Sohwinger model givea a good example of the depsndence of
the vacuum ou the global aymmeiry of the quantum theory, and vice
verss, of the influsnce of the choics of the ground siate (vacuum)
on the symestry of the theory.

In particular, we have seen that ths physical reason for the
chirel aymrstiry bresking in the model is the Dirac vacuum “pola=-
rization” induced by Coulomb field. Understending of this fact
mekes unnecessary the partial restitution of this eymmetry by an
artificisl O ~vacuum introducticn,

We have shown that the topological vacuum degeneration in QED
ia connected with topological properties of the gauges fisld itself
(regerding the gauge invarience principle as a quantum theory
symmetry following Pock and Weyl)., Then the gauge-field configu-
ration space is not simply connected and bas the topology of a
ring. This leeds to the nontrivisl] infrared dynamice and to the
exiatence of conatant electric fields (s field snalogy of the
Josephson effect). The exsct solution of the Schwinger model in-
dicates the physicsl role of the gauge fleld topology in the inf-~
Tared dynamics oolleotivisstion (lgrrt from the instanton spp-
roach). is ia shown in ””"/15,1 s & generalization of the
Josephaon field effect to quantum chromodynamics gives rise to a
physical picture of the "infrared vacuum® as s quantum liquid
with singularities forming bags.

The suthors would like to thenk B,M,Barbashov, A,V.Efremov,
A.V,Radyushkin, Y.S.Gerdjikov and Ya.A.Smorodinsky for discus-
sions, One of the authors (¥.I.) is greteful to prof, V.A.Mesh-
cheryakov for the possibility to work in the leborstory of Theo~-
retical Physics of JINR,

Appendix
Let us congider the acticn of the Schwingsr model

$: Ydxat [ LR -ejFAL + ik ®FY]  an

projected on the subspace of solutions of the clamssical equation
for the temporsl component of the gauge fleld:

s = 2 = .Y
SAA, 0 k> 3A, =00,A, efe (A2)
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(As 18 l:noun/W/. the projection of the ection on ¢ subspece of
the constraint equations of type of (A2) describes the whole cls-
ssical and quantum dynsmics of electromsgnetic fields in QtD“M,).
Into the general solution of eq. (A2) we include a singulsr solu-
tion of the homogensous equation

A, = CWx + 3,(2")A, ~e(a:*)‘;‘c (43)
whers (a.-'). ( a;z) are abbravigtions for the revereible operatore,
C(t)1e a zero mode of eq. (A2) which describes the collective ex-
citation of the field and is rTelated to the covariant variable N
by the projection of "the Pontryagin Index"

Vs SdtN ;
N= ——— de Fo VC(t) ede (3")J J (as)
where V de 1. . "vvlmo' of epace R(1).

We subptitute the solution (A3) into eq. (A1) end chenge the
physical varisble Y — y

Vs exp{-t ")A,}Vm

Thet leade to tho hgnngiln

LoV« £0de (07,
-c(e)ejax (fo* 27"jc) + AT Lo

The Hamiltonisn of the theory 1s given by
H= pN ¢p V- L=

: de[@«;tra‘f’~ £ o0 s B gl
v (8FY

where the -unntu- P 1s defined by the equation ‘hp S%N
und hes the spsctrum
Y = (21 eO)Y
which follows from the condition (18)
¥o might obtain the same result in exisl gauge’#/ (4,:0).
Yor this we must teke into eccount that the trensition from the
temporal (A,: 0 ) to axisl gsuge is defined up to the integrsti-

on constent 2h, = 0, Aaph = AoPL‘ de(?,A,) +C()

‘Thie constent may be determined from the topology of the gauge
rield.
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KANUBPOBOYHAA HHBAPHAHTHOCTD
N COCTOSAHHMA B NPOCTPAHCTBE $OKA

10.B.Hopoxui10n

MeHHHTpaUCKUil TOCYAAPCTBEHHKIN YHHDBSpCHTeT

I. Brexesue

Eazucuwe cocrTomyua » npocrpancrse Poxa [I, 2] amocrpoeuw xa
OpON3SBSJSHMAX ONSPATOPOD DOXARGHNA, NPNMEHeHHWX K BAKyyMy. Ecas
oHepATOPM DOXAOHMA 3aBNCE?T O0F KOODAMHAT, TO OM3HCHOO COCTOAKME
COAGPENT ONEpaTOPM PORASHMA B PAsxMIMKX TOYKAX NPOCTPAHCTEA.
OnepeTopu POXASHEA NpeOGPR3YOTICA NPN KAANGDOBOUHWX npacdpaacsa-
HEfIX, K TR [peOCpR3ODAHEA ONpoeAADT NOPeZeHMS GasHCHAX $OxoB-
CKEX BekTODOB. OAHAKO (USMUECKME COCTOAHMA KAAMGPOBOYVHO-MHBA-
PNAHTHH, M BO3HMKRAOT 38Xaua O NOCTPOCHMM T8KMX cocToAnul, ornpas-
ANACH OT NPEXCTABAGHRA O npocrpascrse doxa.

00maf cxewmd JOCTPOGHNA MYXBTRNOKAABLHHX KAXMOPOBOUHKX KHBapu-
AHTOB P KaANOPOBOVHOM TeopuM XOpOEO M3BecTHA. Hac MpTEpecyer
BONPOC O TOM, B K3KOit CTONOHHR 23T& CXEM2 NMOXOT OWIh UCYROCTRAGHA
B POMEAX KMHOMATNYECHOrO NOXX0AA, T.€. 063 ABHOrO HCMOXH3OBAHNA
TaMIIbTOHNAKA NAM YpaBHEHMN ZBMNGHMA M Op4 COOTBETCTRYNNEM Bi-
gope XAXMGPOBOYHOr0 yCAOBHA, OYOBMZHO, YTO B KMHOMATHYECKOM MOX-
X0Zd xaEuGporxa He AOAXHA IDNBOAMTE K NOABROHMD ycIoBuM ZMHax -
YECKOr0 XapaxrTepa, OrpaHNUNBADMMX BO3MOXHLO XAANGPOBOUHME (yHK-
uwd (Kax 83T0, HaNpuMep, MMesT MECTO B KYJOHOBCKON HAINGpOBKe).
NipuMepaMN AONYCTMMMX XGAMGPOBOX B 3TOM CMMCAE MOTYT CAYXNTH
AKCRAXBHAA RAANGDORKA A3 = 0, c»eTOnoROGHAA kaamoposxa A_ = 0
M RanCposxa A, = 0. Ho TaKMe RoAMOPOBKM HE ONpeXeAAnT NOTeH-
IMAX OAHOBHEYHO. OCTATONHYD KEANGPOBOYHYR CBOGOAY CYAGH ONMCMBATE
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WByuxunot S (x), sapxmcamell TOABKO OT HEKOTOPHX KOODAMHAT, KOTODMWO
onpezeaspzca pudpaniof xaxucposkoll. B cayuae axcuaxsHoit ¥ cmreTo-
noxoOHON XaAMGPOBOK X = ( xI. X°), » cayuae xaxucposxs A= 0
X IRADGAGT BCE NPOCTPAHCTBCHHNG NepoMoiike.

KaxnOposoynoe noxe A P peodpasyeTca N0 RPABMRY

/ ~ =1 .
Ap= S48 +3S3r5 , AcaA

iycrs ’4‘,4(’"-,1)  a(m,x) - onepatopu pomABHMR
¥ NOTAORGMA WACTEI, XBPS:TOPNIYOMUS® WAGODOM KBAETOBMX uucex 1
M 3ABMCARNS 0T 26X KOODANSAT, C XOTODMME CBASAHA OCTATONEANA
KAARCPOIOUNAA CBOCOAR St (). 9TN YRCTHUM MOLYT ONTH XAK CKOAMp-
HWMN, TBX X BOKTOPMMMM ( B TOM YMCEO M IADOHAMM). KBaHTOBMWO YMC-
wm h HE MOHADTCR NDN KAANCPOBOUHOM MPoOCpa3oBaHKH. Orpauk-
YNMCA TAXNEM BHAvOMMAME U » APM KOTOPMX ONMEpaTOpM PORAS-
HMA N NOLXORSEMA npeodpasyprca oasopoxso npu (I.I):

e’ (1.1)

/ -1
&’ (n,z) = 5/(1)0-4(4&,1)5(1). (1.2)

B xaandposke Ay = 0, TAe xX3aN7ODOS UNCEO 7.  COCTOKT M3 MMIYAL-
ca P X PEXTODHOrO MHZOKCA (ANA BOKTOPHOTO NOAN), [0 OpasM-
ay (1.2) opeocpasypzcs Bce omeparopu ¢ P; # 0, B caeronozos-
HOR K&AMODOBXE OXHOPOZANO OpeOCpDA3YUTICR BCE ONEDATOPM C P. 0.
B xaxmopomxe A4, = 0 or80p COOTPETCIIYDNSID . 3aTDYANNTOACH,
TAK X8K NOTPeGoBRax Ok PA3XOESHNS NOXR B NHTErpax 9yppe HO DPEMOMA,

EcaN HGEOXNTS HODNOXNYECKNO [PAHNYHNS YCHOBMA IO BpDEMSHM M
NPUEATE KOANODOBKY A°=O, T0 ApeOCpaz0BNBATE OZHOPOAHO
no (I.2) GyAyr onepatTopd ¢ OTAEYROM 0T HyAR wacrorol.

OTMETMM, YTO B CPOTONOZOCHON XAXNCDOBKE HyAeEMO MOXM f_ =0
HO NCHOXB3YRTCA NPM NOCTPOONMN GA3NCHMY COCTOAHRN B OPOCTPAHCTDE
doxa, TAK KAK OHN HE ABAADTICS MO3ABNCHMEMN CTONORAMN CBOGOXM
(cu., nanpuyep, £ 31 ).

Baxkyym lO) NpeANOAGrac?TCA KAXNGPOBOMHO~RHBADMAATHMM; Xax
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O0MYHO
2 n,x)|o> = 0. 1.3)

{lpn DOCTPOCHUM KAAMOPOBOYHO-UHBAPNAHTHMX COCTOAHNE HEOGXOZMMHM
saewenToN ApxanzcA dazosse muomsrexs P(2,,3,), xoropue npu mpe-
odpasosanuu (I.I) camuranr S'Cx)  ua Touxn X, »rouky 2,

CPI(::,,::Q) = .SJ(Q’_,) ?(z“zz).f-{(rz)_ (1.4)

Cazorull MHONUTOIE BHPAXEETCA YEPe3 YNOPRROYEHHYND BCEOOHEHTY,
COZOPEARYD MHTOTPAX NO KOH?YPY OT KAAMGPOBOYHOrO NOAA:

%
P(2,%) = Pwr%f; A, dx* (1.5)

KoanGpoprotno-MHPAPHMAKYHOS COCTOANNE C L' - oneparTopasi
PORZSHER OTAMYAGSTCR 0T L+ -yacTuyroro $OXOBCKOro COCTORMMSA
HaxuuneM $a30Bux wHOEMTeReH (I.5), CBA2MBADENX ONSPATOPM PORRS-
HNA D PA3ANYHMX TOYKAX ADOCTPAHCIBA

L)
V;,_,n“ (:t,‘.__ ‘rl. / =
(1.6)

= Te{2'm,z) Pla,n) Clm. %) Pl 2,).. 0l 2,) Pr 2%

Noxaras » (I.6) m( Z- ,:rk)’f'nu noayyaen cranzapruoe oxoBCKOE
COCTZONHNE C TOYBOCTHD RO HODMMPOBKE.

B meroxe Qyuxusonsxos doxe [ 2 | oneparop poxaenma af('n,?g}
CONOCTABNAOTCH YMHOROHED HA HOXOTODYD NPOM3BOABHYN KOMOXEKCHYD
dymauun § (m,x) |, a cocromuse msoOpamaerca Qyuxumonszou G2
or € (n,x) . Nipu a70M ONEGpaTOpP NOPAONGHNA CONOCTABAKOZCA OOpa-
30BaHMD fyukuMonaxsHOM npouasoxsod mo E (n,x)

SQ . (1.7)

(n,x)

=5 (n,0Q |, amnQ =

CxaXRpHOS OPOM3BEAGHME (YHKLMOHANOB Q, u Q YROOHO
3amNCMPaTH B TOXOMOpQHOM mpexcraBxesMs [ &4, 5J , Koraa no
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foxosckun GyaRUKAM E("t.x) WHTOIPRPYETCA C rayccomod Mepod.
BAR ozHOE cTeneEM CBOUOZM, KOrjA8 E =:r.-+iJ 607h KOMIAXEXCHO®
uncxo,
b3
)}

CQqu)=fQ1*(§)C% (§) e—gg .J_L'!E_ . (I.8)

i

Taxus OCpaaoM, 3873498 ONpeACAOHMA MEBADUAHTHMX COCTOAHME
B PAMKAX ME6TORA (HYHXUMOSHARO® POXS CBOEMTCA K HAXOKAGHMD Ga30BuX
utoxurexed (I.5) nocpoacrson dysxumip & (7,  x npomssomuux
oo mu 8/SEMm,z).

2. KuMeMATNYOCKNA MOTOHUMAN ¥ MHBADNAHTHWS COCTONHMA
HaxuOposounan MHBADHAHTHOCTS cocromMull (I.6) ecTs CAGZCTBME

TpaEcHopNanNOHHNX CBONCTS OTGHLUNANA N ONSPATODOD DOXASHNA
(I.I) u (I.2), HHBAPEAHTHOCTE COCTOMHKA COXDAHNTCAE, OCAM BUOCTO
ROXEOrO K3AHTOBONOXSBOTO HoTesuNaxa A, B (a3OBNO MNOXNTONK
noxcrTasnTy AGON Apyroif xsasTOBONCAEBOR NOTORUMAZ C TOMM XO
Tpancopuannonnsuy cpoficrsaun (I.I). Honoasayem 310 0GCTORTEAL-
CTRO AR TOrO, YTOOM 3 (I.6) BMecTo A, 3pecTu TaKoN KMHeMa-
TueckEl NOTOHNNAR, RAR ONDEXOAGHNA XKOTOPOTQ HS HYXHO NpMBREBKATH
ANHAMNYOCKN® COOCPARCHNESA.

[IpoANORORMM, UTO KMHOMATMYUSCKEN NOTOHRMAX K(x) ooxaxaer
cxexyomuux cpolicrsaMu:

(a) 'Vl; KOMMYTMPYET CO BCEME ONEpATOpaMM DOEAGMMA

. G
[V; N a,; (n,z)] =0. (2.1)

Sro amauEr, 9T0 V:(z) OPOASAASTCA TOABKO HOCPEACTROM ONOPATO=-
PO3 poxaeuxs. Ecam Her Apyrux moxeM, 7o noreunuax V Gyzer
3ABNCOTH OF KOOPAMHAT TOABXO NOCPEXCTBOM ONSPATOPOB PORASHAE.
6y Vi 3aBUCMT NN OT ORHON CTONOHN CBOGOZM.
Taxmu o0pasou, M umeM nozemuuex UV, B3 2uEe

Vote) = V,_(a¥en,») = YV (n,x).

Mipoanoxomelse (a) ecrecTBEHEO B paMKAX MeTORA DYHKUEOHAXOS,
I'Ze BCO COCTOARHUNA MOCTPOCHM HA OmepaTopax poxxenMa. lIpeAmONOXeHUE
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(6) BuAGAROT KUHEMBTWYOCKMN norenusaa npocrelmero muza. #d3 (2.1)
ABCTBYOT, 4TO NOTEHUWAN ‘V; HO MOXOT OHTL BDMMTOBHM; COOTBET=-
cTeyomue (Jazomwe usoxuzexu rmna (I1.5), #o c nozesuwaxon V, ’

Ao GYAYT YHETAPHMWMM.OAHBKO Da3’oPue MHOXMTOAM C NOTEHUMANOM V;
6YAYT YAORPAOTBOPATE: YC/IOBMEM CAMOCOTXZGCOBAHHOCTHM:

o
@(2’1,1‘1) m(zg,:l_,) = @(1‘1‘13) , ‘P(I,:t): i,

rae CP npeodpasyerCsi TaKEe, Kax X qj .

Y700 ONpeZGANTh ¥, HYZHO 3848Th ONE TIPBHNYHME YCAOBMA B
acuMnrTormyecxoh o6xXacTH. 3TM YCROBMA TECHO CB3AHH C BONPOCOM O
20M, CYWSCTBYDT AN XaAMCPOBOYHO-UHBADHAHTHNE ORHOYACTNHHNE cOC-
TOAHEA, T.0., HAOpHMEpP, TANOHW MWIX UBSTHNG CKANADHHE MO3OMHH.

B xyxe (I.6) OAHOYBCTRUHO® COCTOAHME MOXHO OHXO OM ONpPeXOANTH
KaK npezex ABYNACTNUHOrO

Tr{a*(n,2,) Plo,2) r,2,) W) § 10>

KOTAa OXHA N3 KOODAMHAT YZBAROTCA B ACHMNTOTENOCKYD OGRACTH.
Hsyuenue acuunTOTMKM TpedyeT JHAHNA ANHAMMKM, YTO BWXOAMT 38
pauxu namell 3a2AavuM. My NPOXIONOZUM, RTO OXHOVACTMYHMX KEBADUSHT-
HWX cocromuNll He cymecrayer.

PaccMoTpaM XA NPOCTOTH cAyuall xaANGpPOBOUHOHR rpynnm S 2((1-).
B cooTBeTCTBHE CO CACAAHHHMM NPeADONONOHUAMN ONpSEEAMN KNHOMA=
TENOCKNMA NoTeRUMaR p YPaBHOHMEM

AT I 4 i la 2%
[an,), .L,c (n) ()] = 3 [a*m, 2,2%2)], (2.2)

A
rae a.+= a; T¢ . JXerxo mposepurs, 4T0 nBpeodpasosane (I.2)
AAS OmeparTopor poxzenxa Beaer k npammany (I.I) Aam noresumaxra.
Ha (2.2) crexyer, urO0 moresuuan “U; He HeceT npoAOABHOrQ
HMOYXBCA P KONNOGDOBNAX A3 =0 u A_=0.

B npexcrasaednn (I.7) ollepaTop pOXACHUA COOTRETCTRYET yMHOXS~
HMD H3 NPOUIBOASHYD XKOMIAGHCEYD 2x2 MATDULY C HYACBMM CNCZOM;

A A
LS =EmnS2,  TrE=0. (2.3)
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Mipu s8xasnix % & XL Ma'tpmag 3aBHCAT OT WSCTH BEWOCT-
BOHHMX NApANeTPOB. BNECTO OONYHNX NAPANETPO =~ KOMOESKCHMX
BEXTOPHNX KOMMOHOHT E._ — 2xn pewosMA (2.2) YAOOHO 3POCTM
NEYD MADAMOTPNAALND , YTUTHBAXCYN ABHO RUBAPMAHTHOCTD f § (el.

A

Tlrz) = ;(’n,z) V('k,x) )

A (2.4)
V(n,z) :ol(n,-z,)'l:’o('l('l,x))

Tze § —~ NHBapNAHTHAA KoMnAexcHam $yHKuus, §2 - §._.€,L .
YruMoxyanpuan Marpuna < CODEpXAT JOTHPe HO3ABACHMHX IApameTpa.
CoorHoeRue (2.4) onpexeamer ol ¢ TOTHOCTED X0 YMHORCHAR
COpaBa HA KOMMAGKCHYD AMABTOHAABKYD uMATPMLY. (IpR KaINGPOBOUHMX
npeodpasosanunx (I.2) warpaue of npeodpasyercA N0 ZCBM KEEOK-
caM Kax CRANHOP

/
oL () =5/(x)ot(%2) (2.5)
N NHBADNAHTHA NO NpaBMM MHASKOAM. [10270MY MATDRON

-
x) = ., x) of x
Gl =t (o, x) oL (7, %), 2.6
OYHOCARKOCA K XABYM CTelEHAM CBOGOAN . W ML , ABNKAOTCR KaiM-
GpoBOYHLME KHBAPRAHTAMA.
Bexrop cocrommun G2 ects gyExumMomaa Or warpuy (2.4).
CRAANpHOS NDONSPOXCHNE JANMCHBAGTCA B BURO

&%
,(2.7)
IQ{W}Q{S«}72 S sl 55 s

rze | Hat) - uopulponaum sEeMenT o0seMA MATpMM of  KaK
{ysxnum weTHpeXx ueasBMCMMUX HapaMeTpos. KoExporsull mup arux

NapaMeTpPOd SaBNCHY OF XApaKrepa JasauN. Hepexox x NOAAPHAM KOOP=-
ARHATAM MBTPHIN ol nomxex 38 coG0M CYNECTBEHHO® YCAOXHOHNE
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rayccosoit SXCHOHOHTM ' -
pld, oy =3 Trfas Ty i)', 3.

CaoflcTaa 2DMMTOBOCTH ONAPATOPOS, BROANMEX NMapaserpuaauxelt (2.4),
CIeLyDT HenocpeacTmeHHO W3 (2.7) x uomtpeuol napuerplauuu
sarpmm O . Hanpuwep, meawwwsu §'= VY G u  2/2%7
SPMNTOBO conpuxenu M WTpan? POXb POKOBCKNY, ONEPATOPON DOXACEMA
N NOTXONGENA IO OTHONGHND X JyHKomonaxew G

OnepazTop morzomeHEA a.‘ (m,x) onpepenfeTCA NepecTaHOROYHMM

COOTROBOHHOM

[ﬂ.‘('h,:r,)) ﬂ-;,(m,:z;’;] = S", é:nl 5{2—2’);

yomomNes spumroBoM compamesHocT® 2y Q‘: 4 Buzou (2.4)
onepartopa poNAekNs B npezcrasaeumu (I.7). Marpaia omeparopa
NOTACROHMA HMOOT BUX

A A A .‘\ A A
o = a,‘"c‘=v;;§ +-é-.a£ , T,-;,_-:Tr(x)d}:O’ (2.8)

rae onepazop A CBA3AK TOXBKO C NEPOMAHHMMK, NAPaMOTDN3YDRUMM
sarpmy o/ . [X0THOCTH UNMCEA SACTME B COCTOSHMM 7. 3aRUCHT

XEEB OT WHPADMGRTHCIO napaMaTpa & - 3
A A/"' N g”’ ?_g—'n.

Narpuusue axeMoHTM ONOpATOpA d YROOHO 3amACMBATE Yepes
OPOHAPOAHWE [0 MATDNYMHM SAOMSHTAM MarTpuum of !

"dua(zf(‘(n 2(” * du »d“) —dﬂd!!@u ?{ +, 2(:4 )'

¢
(2.9)

- o
d aluclﬂ >14+ ” +g(."042? 2(!2
ete,

Tepeparop KAIMGPOBOUHHX Npesodpasopapnil BHpaxae?Cs TOABKO Hepea
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fIepeMe HHHG MBTPEIH oL . [lzoTHOCTH rexapaTopa B COCTORHRM IV
6cTh . 4 a A
Gm,2) = 16, T, Aylnx) A(0,2) = Y20 d (o, x)

P BOKTOPHOM NDPEACTABNOHMM. YTOOH NONYINTH reHepaTop B COMHODHOM
NPOACTABAGHUM, CASAYST YUOCTH HEOZHOSHAYHOCTD B ONDEAESXGHMM

uerpuu ol  no (2.4), 8 MMGHHO, BOSMORHOCTH YMHONGHHA CHpa-
B& HA AMArCHAABHYD MATDMNY, UTO APET AXA CUNHODHOTO NpPEACTABIe~

Hus < A
GT'= G -ra,

=4 _ }
4 ("‘11 Ay 11 el du dey 22 0(22)-
0GpaTaucA X NOCTPOSHMD KMHOMATNYECKOrO HOTEHLUNARA ]/; u
(dazosux mpozurexeR. s ypamsesms (2.2) u napamerpdsauu¥ (2.4)
HaXOANM, 9TO ¥, onpezexnerca Marpunet ol:

V (n,2) = ;-Wn,z) oo “tm,z). (2.9)

Qopuyna (2.9) HANOMUHAGT BHpPaEeHMe AXA YHCTO KAXUGPOBOYHOTO
norennuaza. Ozsaxo sarpaua o He ABARETCH YHKTAapHOM. Heapuuro-
Ba HanpAXeHEOCTH, NOCTpoeRHanm HA (2.9), paBHa HyAD. JpMKTOBA
HANPARGHHOCTE, BNYMCICHHAA C NOMONMBD (2.9) N 3PMUTORO CONPANEH -
HOro nOTeHuNaza, CYAGT OTANUEA OT HYAA.

dasonsuil MEoxurexs (I.5), cozepxamull KuHEeMATMUECKMH mOTeHLHAN
(2.9), mpeacramamer cosofi HpouMaBsAeHME XBYX MATpHI

49/11; 2) = d(":zr)dq(n,:g) (2.10)

B cuxy (2.6) rpascdopuauuonsue csolterra (I1.5) BUNOAHANTCS ABTO-
uaruvecku. $aaopult umoxxrexs (2.10) amasercA npocreMmEM, Tak Kax
SABNCNT TOABKO OT ORHOre cocreamus L

Teneps B Hames DACROPANGHNM NMONTCA BCE BNEMEHTH, HOOCXOXM-
MHE XA DOCTPOGHNS KAAMOPOBOUHO-NHBAPRAHTHMX MHOPOYACTHUHNX
cocronint (1.6)., Bsegen » oORyD Jopuyay (I1.6) Qasopue MHOERNTERM
corxaceo (2.I0). Kaxzuit u3 dasopux uuommzens# B (I.6) MOX®T GuTH
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CBA3An C OAHMM M3 aHadesuk S qj(xt.’z”')z qs>; 2,,x;.,).
OSmee pupameHMe ZAR MHOTONACTNYMMX NNBADNAHTHMX cOcTORUNK ecTh

T in,2,) Pla, 2,) Bt 2,) Pl 2.4 10)-
= Tr{ln,2) B 12,2, 80,2, Pl 2, Fl0> =
] 2
= Tr'{ 851 S, (’”—1,11) 85153 (7'-.!; 'Zz). Z ‘O> (2.11)

Bts (n,z) = d"((,x)g[n,.z)ot(&x) (2.12)

Takuu o0pasoK, 3 OUEeM CAYNA® MHOPOMACTHYBMO MEBSPNAHTHNS
KOMOMHBUNM COCTOAT ¥3 OAOKCI-MATDEL, KOTODWE 3&BNCAT 02 OzHOM
TO4UKY NPOCTPAHCTEA M TPeX cOcronHNM, KammgiR x3 caoxom BCs (n,x)
KAXMOPOBONHO~HHBEPUEHTEH B OTAOALEOCTN; B3ATNEG CAGXE NPONIDOAG~
HHA GXOKOB BLs » oxouuarexstol dopuyae (2.12) He mueoT OTHO-
NOHNA K XaXMCpoBoqHON KHBADHAHTHOCTN, ONO HEOOXOANMO AXA TOrO,
9TOGM W3 HHBADPNARTOD B(_s HaONpaTh MHOrOYSCTNYHNS COCTOAHMA.
Ozsoll u Toll xe Qoxosckoft xOHPUTYypauss omepaTopo»® PONACHNA (XOraa
pee P =1) CoOTReTCTRYST corxacHo (2.II) myomecrT»o mHBapEanT~
HHX KOM{MrypauwR, OTAMNADEMXCA BEIOPOM $a30Bux MHOXNTSXOM.

3. HBPAPUAHTHWO COCTOAHUN

MnpapuasTEEe OmepaTOPH Bls (%, x) HOXHO MOZPASAEXUTS EA XBA
KIacca » 3&BNCMMOCTK OT TOr0, COBNGZANT Xu kpanzomus uMcaa €
¥ § |, wKd OMM pasxwem. Ecas =S , 70 cBASM MONAY
oneparTopaus Bs s(n,T) M 2%(n,x) OCYREGTBANCTCA C NOMONGD
N30BEKTODHUX BeAKYMM,OTHOCANMXCA X CTeneHd CBOGOEM & , OCAN
e £+ 5 , %0 st ceazamo ¢ &7 N30CHNHODHUNN
BOXNUHHBMEN RO remesAaM cBOSOAM £ W S . 378 KaaccH OTAN-
JaprCA TAKEE DA3AMUANME CBOHCTBAMM CNMMOTDEM MEOTOYSCTNYHMX
cocrosnNl.

A, Cayuaft d=5s « 3Zech JAOOHO BNECTO MATPHI ol NOAB30=
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3a?ECA  Xounsoxcholl marpauek rpynas C(3) R.u , sanmcupan
BNBApNANTNUE OnOpATOD D DNZO

-4
Beg (m) = R, ()R, (0T, T(s), .1
RousTe = oL Taol ™

Ecan fa3s0Bue MHOENTCAN OTHOCONN X HOKOTOPOMY CTANNAPTHOMY COCTO-
nENp S, , OORGMY XAR BCOTO XA0Opa WNOrOVACTNGEMY ocromamM,
T0 Nepexox 0T ONEpATOPOD POXRCHENA K EABADRANTHOMY ONEDATODY

5.5, MOREO DACCMBTPEBATS Xax LeYHN?apHOS NpeOCpasOBaBMe ARA
scex crenssell cao0ozu M , Xpoue N =S,

A -1
2(nxy = B (n,2) < of (s, W& M0,
(fad -]

CocTonume S, CAYEET OpM 3T0M CECTONOA OTOUETE KANRGPOBOMHMX

das.
IisynacTuunoe EEBapNAlTHO® cocromuse (2.11) mueer »ua

Tr{B,, (x2) B,m (m,2,)§ 10> = (3.2)
= Clnx)S(m,2,) Tr{V(mz) Sem,2,)}.

B stux x5 0GO3NEYOHMAX CEMI'XOTHO® ABYIACTNYHOO COCTORHME, COCTAD-
XOHHO® 3 OpeHsCpemcHMN (a30BMME MEOXNTEAMMN, OCTH

Tz Sm,2,) TH{ S(m2,) e, 2,08,

Opasezen rakse rTpexyacravaoe cocromuse (2.11), » xoTopou $asu
orBeceHMd X neppolt wacTane

Tr'[ B, (%z) BM(M,Q)%,_(SA,) op=
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=% 63;(; (ﬁ'-;a (n) v (m")) (K ) 9(5)\ §(" 2)§(n,%)C(a,3,),

z, (3.3)
HeMHBADMAHTHOS CUHINETHOE® COCTOAHN® TPSX YACTHL B HAEMX OODOMEH-
HuX DpuoSperaer BMX

€ ate Ya (3,20 Y, (my2,)9, (5, 2,)(n, %) (m,5,)5 (5,2, [ 0>

Taxnu o0pasoM, peOsqy NEPeXOA4 07 HOMHBADMBHTHMX COCTCARME K
NHBADNANTHNM BUOXHE NTpOCT.

CeoftcTBa CHMMETDMM MHBAPHAHTHHX COCTOAHMI OTJMYAnTCA OT OOHY-
Hoft Oo3e—-CHMMATDMH (POKOBCKHX COCTOsHMI, ec)M KesmOpopowHHe $asu
OTHOCSTCR K ORHCH ¥3 YacTWL B Hadope. UToOH BOCCTAHOBUTH Go3e-
CHMMETDHYD, HYXHO CHMMOTDX30B&TH [0 TeM YACTHIIAM, KOTOPYE CJIYXET
cucTemost orcyeta fas. Hampumep, B Cayyae ABYXHACTAMHOI'O COCTOA-
Hug BMecTo (3.2) cnefyeT mucarhk

T (7,2,) 5(m,2) Tef Vi, 1) D, 2,3 » 501, ot 2, e

Heyuxrapuoc?s mepexops 0T mepewenmux £ (7,Xx) X NepesexHuM
Bss(u,z:) DPOABAROTCA B TOM, YTO CKAAMPNOS OPON3BORGHNE AAA
CTONOHM CBOGOAN 7 CTAHOBMICA 3aBNCANMM OF o (S., x)zds

pl.8) ) = expl=3 58" Tro, B 4) B

HuTorpupoBaHNG 10 CTAHZAPTHONY CCCTOABMD S, GYXeT OXBETWBATE
TAKE® MHTOIDOANM [0 XPYI'NMM CTCGNCHRM CBOCOXM, (PA3M XOTOPNX OTHEeCe-
HN K CTANAADTHOMY COCTOMNND.

HapapuauThue COCTOMHMA OPTOrOHAABHN HCMHBADMAHTHNM COCTON-
ERAM 0PN NECOBNSAADENX XOOPANHGTAX ONEpaTOPOP poueuu. TaK Xax
saxyyusoe cpeamee or R ., pemio wyam: <O[ R,ol0d>=0,
Paayseercn, OPE COMIGNADMNX KOODANHATAX OOMYNK® MHOIOYACTNYHNE
COCTONHNA~CMEIAGTH NHBADMANTHW C8MN 0O CeCe @ DAaBHM COCTOSHEAM
(2.11). Oasaxd » xpaur0»0l TCOPMNM NOXN BHOAHE PO3MORHO 000MTHCH
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663 MHOTOUSCTMYHNX COCTOANME C COPIAZADRUME KOODZNHATAMN.

B. Cayvait t+s , TOX 'TO NHADNANTHME ONOpATOP PONASHAR
Bls(""x) CORCPENT TOXBKO OXNY WATPKLY C J8A&HHUM YMCNOM S.
Yxo0E0, 4TOOM KBQHTOBOS 4HCAO $A30BOro MHOXNTOXR COBIAAZNO C
KBAHTORHM YMCNOM OXHOTO M COCEXHNX OnepaTopoP poxzexas. Torze
ocrOPHOU GxoOX 515 (s,x)xmeer npocrelault 3xx 00 CpaBECHMD CO
BCOMiS APYTMMM PHGOpaME (anoBux uuomuzeaed [6]:

B, (@)= Bts (s,9= J'mz)d(s,x)'g S(s2), (3.9

8 EHPAPEAHTHOS ABFUACTHYHO® COCTOAMNNE SCTE

Tr{ 8,s (x) B, (z) . (3.6)

OAHAKO MHOTONACTMUHUE COCTOAHMA B STOM CAYN3E HE MMODT
apoorol cuuMerpuM. Honmoxpsomatime oneparopa (3.5) oGecneuusact
AN (NKANYOCKYD CHMMOTDED, DTO OJCTOATSXLCTBO HE CRYUIETEJILCTBYET
NpoTUS MEBAPHAHTHMX COCTOAHME ZAHHOTO KXACCE, 74K KAK OO CBOSMY

ogpeacaesup (1.6) MHBADNAMTHHE COCTOAHNR WO NOXXMN O0XAZATH
cuerpuet goxoscxux cocronsnii. Ho 3 KANOMATNUECKOM NOAXOAS K
HocTpoenud asopux mMmoxmreosel ecrecTIERHO TPeGOBATE, WTOOM LHOAY-
JapENecA COCTOAEMA OMAM OXNIXN 110 CBOMCTBAM CNMMOTDUM X CBOGOX-
HMM COCTORHNAM,.

Kax x B cayuse cocroanuih xmacca A, ceo#icTBA ODTOTOHATBHOCTH
cosronaxll, NOCTPOCEHMX M3 OXOXOB (3.5), ODPEeASAADICA METETPAPO-
PAHNGM B CxaxspmoM npoxdspezenm (2.7) 00 §ase unmapuanTa 5
% no yrzau » marpsne of! (xam xammoff Touxm X u KexaOro coc-
ToAHNA T ). CKEAfApHO® NPOM3DPEASHNS MHOTOYACTNIHOIO COCTOAMEA
xxacca B 4 oONYHOrO HOMHB&PMAHTEOTO COCTOAHNH CYAST NpONOPIEO-
HANBEO BAKYYNHOMY cpemdeny o7 Marpumu ol . Tak xax (0 jo)oy=0
man rpynmd SU(2), 70 mumapmanzuwe cocromius xxacca B raxse
OPTOrOHAXbNU HOMBADHAHTHNM COCTOANNAM.

OGoCmeHNe paaBuTOM Bume Teopum Ha caydall rpynns S 2[( N ) Be
gpexcrapxder aarpyAHoHMM. Bco pAaCCMATPNBAGMNO BEIMSNHM ~ ONEPATO-
M PORNCENA K DOTaZONeHEA, xuscwatmyecx.dl moresnuas ¥ faaome
uBEoxETeAN cxexyeT oowcusars N X N -uarpunaus. Napaserpusauns
NpoMasoasuolt xounaexcHoM MaTpuiu E B 9TOM CEyvae OyaeT
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HeHOCPSACTBOHHMM OdoOmoENeM {2.4):

A

A A
E = olJ ) ?; = lu f,, 3 Het 2. N-1, -7

ree 4 N ~ZNATOHOABHWO MATDHUH PpYOM Su¢ /V}. a ¥aTpuna
%4 ONpeAeXENa C TOYHOCTHN A0 YMEOESHMA COpApaA HA ARATO~
ganskyp morpuuy. Opu agpamswx 2  u T sarpuna ol (n,x)
sapucur or AN(N-1) 2EMOCTDERHUX LADENOTPOB.

Yparterne (2.2) ANA HMHOMATHYOCKOrO NOTOHLMANA TOOGPH 3ames-
EAGTCK YPaBHEBNOK

[&nz), [ U (n,2), Qtn,x )]J = é [En,2), 9, a‘*[')l,zjé: ”

X3 KOTOPOro CRGXYeT KMHeMarmueckul moreHrmasn Tcro xe Buma (2.9),
4TO M paMee, X, CNOXOBATOXbNO, (ascue miomuresx (2.10), uo o
MaTpxuauM, RBeROHHUMN DO (3.7).

OTmMeTHM, 3TO XOTA (OpPMAXBHM® PMDEEOHNA ZAA NMBADMANTHMX COCTO-
nualt 4axo OTX4YANTCR OT cAYY&S rpyins ﬂla}. BHYNCACHME CKAIAD~
EMX ApoMaPexeHER GMCTPO YCRONHAGTCR C POCTOM , K&K N3=-3a
TpOMOSAXOCT BOCOBOK BXCHOHOHTM

e»p[-%Tr[d*df(dQ)"f+]} ’

8K N HEOGXORMMOCTM MHTEIDKDOBAHKA NO rpynns. 3X6CH MOXST OMTH
NOX630M ONK? MHTEFDXPOBAHMA NO MaTPAUau 3 pesezouuux reapuax [ 7]
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KPUTHYECKAA KOHCTAHTA CBA3M
B NPOBAEME CINOHTAHHOIO HAPYWEHHA KHPAJ/IbHOM CUMMETPUH

B KBAHTOBO! XPOMOAWHAMHKE

B.A.MHupancxuit

Uneruryr Teoperudeckoit $puauxy AH YCCP, Kuen

yonex (OHOMOHOLOrNUECKOro onMCaHuA / 1/ coowranmoro HAPYBeHHR
xupaxbHoR ciaseTpiu B (mswxe anpoHoP He ocTaBaser comieyiit B pe-
anbHOCTH 3TOr0 ABNeHNA. OAHAXO peaNHaalMs NMHAMHKM TAKOO HADY-
meHus B xpaHTOoBOM XpomomuHamuxe (HXL) - emaoicrsennow xajpmnare
HA poAb TEOPHN CMIbHMX BsammonelicTaxll - ocraercs MepeseHHoR 3ana-
uelt. [IpefiCTABAAST NOSTOMY MMTEpEC NOXYUNTL OrPBHHUGHHA KA BOSMOR-
Huft MEXAHWSM CIOHTAHHOI'O HAPYEOHMS KMpaxbiol CMMETDMM Hemocpen-
cTBeHHO ¥ ypamhesmfl KX]l. B HacTosmeM Xoxmage pacCMATDMBADTCH
TANNe OPPRHNGOHNA, CIGAYXENEG M3 ACHMITOTEYECKNX (onpefessnmux
YavTpaduoNeTOBYr ACKMITOTNRY) ypamticindk AR dynxuMR I'puna KX,
floxasaHo, uTO GMHAMMEA CLHOHTAHHOI'O HADYEOHUA RNDANLHOR CMMMOTDUM
B IO} dopupyerca » OORACTH, rAe GErymas KOHCTANTA CBASN ?{f/
npesusaeT HeXoTOpoe EPYTHUECEOS dHauewMe X, > O , ¥ onpepexe-
HA YALTPA(MOXSTOBAR ACHMIITOTMRA IMHAMNUOCKOR MaccoBoi fymwipex
xBapROB. [IpM MOAyUeHNN STHX DPE3yALTATOB CYyMECTBEOHHO MCNOAL3YETCA
YCRAOBNE COXDAHEHMA AKCHAXLHO-POKTODHMX TOKOB, CBASAHHMX C KNDANb-
wot rpymot  SLG (A ) X S2p(h ) ( K ~ wucao xvapromx
aposaros), Kar oxasusasrca, »T0 yCAOBNEe BMCTYTIACT KAX foonpenexe~
HHE NpOCTPAHCTZA AONYCTIONX DemeHml ypaBHeHNA RAA ANHAMUYECKOR
Maccopoft QyEKIME QepMEOHA.
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3asaua onpefeneHus yabTpaduoneToBolt ACHMIITOTHKH AMHaMUuECKOMR
NACCOBOR! JIYHKLMM KBapKa @/f‘/_f 4’)/?‘///7[? {nponaratop dep-
umona  5(¢)= *‘{?//ﬁ ~ B7%)")  snepeue paccuarpuearacs
pagorax /2,3/. Hcnoabaya meron omepaTopHux paanomeHsit, AfA acHMI-
ToTURK dyHRUMK /7o (gy B eBXNMIOBCKO# 0GNACTH B nonepevHcH
KAUGpOBKE GHNM NOJYUYEHH BWPAXCHWA BHIA

s
oG~ f/éﬁlﬁ/ (pasora /2/), (Ia)
/@ggo%f ?—f-/ﬁﬁ? ~ (padora /3/), (16)

rie =2~ 24/6 » /7 - pasuepiuli NapaNeTp KBAHTOBOH
XpoMOAMHAMMKN. OnHAKO BHBOR, KCnoib3opanumiicA B aTX padorax,
G IOABEPrHyT KpMTHKe /4,0/. CyTb KDUTHKX CBOSHTCA K TOMY, YTO
acHMIITOTHUeCKOE ypaBHeHMe ANnA MaccoBof diynrumu xBapxa B3 KXJ ¢ Hy-
R6BOS sarpapouHof Maccolt JOMyCKRET TaKKe DeNEHHe BHLa

)= 4, .
i (45) 5
Hax Guxo yxasaHo B /4,5/, epryMentauMs NpoTHB 3TOTO pemeNHA, CNH-
pangancs HA METOfl ONepaTopHHX pasxoxeHufl, ApAAeTcA HeyGenuTeAbHOR,
TAX K&X Np# OGOCHOBANMH CAMOIO 3TOI'0 METOAR ANPHODH NDHHHMAETCA
GucrTpo yOwmanmee pemesue buga (I).

Boanuraer HeoGuwnaa curyanms. (C ofHOM CTODOHH, JMHAMRUECKESR
saccoBas (yHKLMA onpefenseTcA M3 TOMMuX ypasHexuH naa dymxumit [pu—
Ha. C npyroil cropoHH, yAbTpapsoreToBan ecuMnToTHKa 3T0R QyHKIDM
He onpenenseTCR OQHOSHAYHO M3 ACHMMNTOTWUECKOrO ypaBHEeHusa. B~
crTEeHHuit BHBOA, K XOTOPOMY MOKHO OTCHOA NDHATHK, COCTOHT KBIANOChb
Gu B ToM /5/, uTO OnpefeANTh YXbTPAiMOLETOBYD ACHMNTOTMKY AMHANH-
vecxolt maccopoft fyHmmM Hexpss 0es onpenexenMs €e NOBENEHMA B
MpepACKMITOTHUESCKOR O0XacTN - 3AnAuUA BeCbMA CAORHASR,

Kax Gyner, OAHAKO, NOXASAHO HMXE, CHTYAIHS OKASHBaEeTCA MHOM:
Jumb peryxapeoe pemesue (I) yqopAeTBOpseT SCHMMITOTHUECKOMY ypaBs-
HEHUD B c bHO~ THEM JIGr oM (T.e. ¢ coxpaHs~
DOYOHCS AXCHANLHO-BEXTODHLMM TOXAMM). Hax Xopomo H3BECTHO, W3-38
CHMHTYAADHOT'O X8DKTODA HA MOANX DACCTOAHMAX YPABHEHMA Aas (yHmmil
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I'pwia » HXJ goaxiu Gurs xoonpemesetid. B reopmu sosuymesnll Taxoe
JoonpeseXsEMe CBORNTCA X NepeHopuMposxe. B macromseit pasore Gyper
YXa38HA NPOLEAYDS HOOHPONGXeHNS 9THX ypaBseinit npm ydere apseuma
CNOMTAMHOrO HADYNOHMA XNPAXSHON CHNMMETDENM; XADAKTED AOONpefeNoHMA
ONHOSHAWHO OmpefexAerTcs camoffk CyTsD 5TOro ssiexMs. Hax oxaswsaer-
Ch, AMHAMMIOCKAN MaccoBRA QyHXIME KBADKS XOXMHA YROBAETEOPSTH GO~
X80 EOCTXNM OTDAHNUGHMAM, QoM T€, XOTODNO CNOEYDT N3 DACCMATDMBAR-
meroch B /4,5/ ypasueHna Aaa maccoBol fyMxumM ¢ Rya6BOR 3aTpaBoN-~
Hoft maccoR, B pesyxbTaTe OQHOSHAUHO OTONDASTCA ACHMITOTMKA BMA&
(16).

[lpx COOHTAHHOM HADYNOHNM XMPDANBHMON CIMMMETDMM MAacCCOBEA GyHXIMA

72(¢°) » bepumonnon nponaratope oTawwma OF Hyxd, 8 ( Ko-n
GECUBETHIY AXCHALHO-BOXTORGX TOKOB /_ﬂ, W/ ,]”'f (Z=l...,
/}/ =I) coxpansorca. Hs ypasiedwk ppxweHMs

W = A/gz//z“(/ﬂ/}@/jz}"z =0, @

rae /]]%- saTpayouan uacca pepwmona, /t‘ ~ napaserp o6pesaHKA.
[osToMy EXR ONPOREXEHNR INDOPPEHUNE o, oé/ ca6AyeT PAccMoT-
peTs no u-me B JA0XAEMHOM Opepexs ( A4 — 00 ) COCTABHOrO OMOPATO-
m (V5 yu V)A . Otper usmecren /1/:

(VESVH= / /r Ary) . @

rae ./ - peHopurpymmopodl napamerp. Us (3) x (4) TOXyuaeM yCao-
BNE, PAPAHTMDYIMES OCPANOHNE B HYyJ b OMBEPLOHIMU AKCHANLHO-BEKTOP--
HOP'O TOKA B IOKANLHOM Npepere:

- %
farWao. PRYE S JEE

Taxum oGpason, encuo Hyap sarpasouofl mcu B AOKSALHOM Bpefe-
xe ( /7/’4/— 7%4 )=<0), soobme ropops, He rapanTNpyer coxpa-
HeHNA ncmbno-nenomoro ron.. ;m4q% ABANOTCA BOCTA~

TOWo GucTpoe /A (A)-O ( ) yOusaime opu
/1700 sarpasowoft Maccu B TeODNN C od . B uacrHocTx,
ycaosne (5) mmoausercs npm mmSope fﬂg(/\ )=,r.e. xoraa xar-

PaHEMAH TEOpMM C OCPESAHNEN ABANCTCA KNDRNbHO-NHSADMAHTHGM.
Hax Gyner cefiuac noxasano, ycxosue (5) ABNAETCI DOSAREIE( LAR
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ONpeAeXEHRA YXLTPADNOXOTOBOR ACHMITOTNEN AMHAMNUECXOR MaccCOBOR
¢ynamn xsapxa 3 KXI.

Nepesiopsoiporasnan dynxums 4 /’”j/f‘/ » COOTBETCTBYNNAH TOUKE
WITINTAHUA o/, gouerm}mu YPABHEHND

8) = 4.0W H (il PR

rae 2" i EOHCTAHTA NepeHOPMNPOBKH JepsoHHOro nponararopa; /] -
BenoMoraTenbiul napaserp, xorTopult Bo BCEX }to)nemmx BHDEXEHNAX

RoxxeH Owrh ycrpessed x GecxoHeuhoctw, /..-..,s - anpo Sere-Cos-
TKTepa; B Hixallmem NpuGaixenMm B xenudpoexe Jlangay AApo HMMEeT BUR

/‘;ﬁi’/l’ - JZ%’Z‘ //Zgr/// Z,,,, 4 g, @
Jm ((/: - '~ A{;d/a’

' g/
Tax xax yxorpadwoxerobue acsmroTHxy HyHmpiit ./ ?;/l/ [ /ﬁ,’w%/
H® UYBCTBATOABHM X MBCCOBOMY UROHY, TO MX BML HE HOANGH MEHATLCA
OpX yUeT® CNOHTAHHOTO HADYNOHNA KMparbHOR cinsioTpM. [loaToMy B
PAABKHOM RDHOAKKOHMM JXA HMX CYAeM MCOAbSOBATL BWDEXSHHA, CJELYD-
WHO M3 DPOHODMANM3ALMOHHOR IpyTu:

/‘/?7 *Z ®)
/a;ﬂw =J—£‘;‘7"7//?'{/j//21 Ajz'a’%/?”‘/.

Hax 02»“!0, Ax3 onpeRexexMs yasrpajwonrerosof acuunrToTHrM QyHK-
i B¢/ » vpasnenwin (6) yaobuo nepelri B eBrIMAOBCKYD 06~
xacTs, PesopurpymsoBue aprymexrd noxasusanr /2/, uro b npesene

y‘-' o0 OCHOBHOE BRAAR B NHTEIpar NpaBoR UACTH ypabHesiHa (6)
aser obxacms A% A >> M. B srok obracmn

S~ - zmH = - F . )
Nogcranans supaxenua (8) n (9) B (€) X nepexona B CBXIHROBCKYD
00J1acTh, NOAYUASM YDRBHEHNE A e )

A, w . L (o To) 854

B75G)=m"n) * W/’/‘I G yZi (10)
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(M yuaM, 970 B BTOM NPKOXRESHMN 5/,'/ » CM. (8)), B raanion
XorapufuNueckou OpMOIMKeHMK 3 00ICTH A", (f-ﬁy" >

dymape y'/{f-ﬁy womHo aamonurh o Y7/ npx ¢'on*

Ha 749 npx 7°CA* . Howzoxy, wrrerpwpys » (10) mo yraew,

B ®TOM NPOSANEOHMM 1O yuaok ypamisunte ¢
w Z T 8% g (4% W
=7 [/)f L8722 # ﬁ(‘y /ol (1I)

(sexyuft Dpefes MHTerpupopaHMs g," B 3TOM ACMMIITOTNUSCKOM YPAB—
HOHMM OCTAGTCA HOONDeReXOHHEM) .

Jna onpenexeHus YAbTPabUOXeTOBOR AcCKMRITOTHXN AMHAMWIECKON uac~
coBoRt QyHIIM MM JOXNHM pommTs ypaseeue (II} X sareM B pemeHMN
nepelizx x npepexy /=00 wvax, uTOGM BIOAMANOCE YCXOEME COXpa-
HetMA axcuaxbio~pexropx roxos (5).

Jerxo npopepHTH, WTO pemeHue ypashesus (II) yaossersopaer awp-

JePOHINAXBHOMY YPRB{GHKD H‘O:}ro PATKA
#. /;/% & / ~4% 12)

u W{g yca0BND a/ﬁ—e

f?‘% (1 - 73,;@?//5% -ﬂ%});/./=0. (13)

Ina pamwx pexeft JOCTATOWHO 3HATH, UTO OGNOS DEECHNS YPABHOHMA
(I2) meeer Bup

8%9= G4 1G4, (14)
rae (yax HerpysHMo npopepur: npmioi nogcranonxok) GyHwM 4 nio-
DT ACHMITOTERY BEAS —1%?

4~ /45} z” (15)

4~ #F65) "

2 2
(HANOMEMMM, UTO B 9TOM HPNC:AKGHMN (/—": Wg ). Us
rpanngioro ycaopss {I3) noxyuaes ;[( 2

M 158



T

Orcxga u u2 ycnosua (5) HAXORMM, WTO KOHCTE&HTA (, B AOKAXLHOM
npefeAe pABHA Kyan. [lodToMy yabTpadMcaeToBas ACHMNTOTNEA SHHAMM-
yeckoll maccosoft @yﬂxum uee-r B,

- J[?l/ 425,/7’/
R 5/ //ﬂf (?4///5/ o

HoguepxHes, uTo fokasaTs DapeHCTEO (¢ =0 yBAXOCH GAArOgapa Mc-
noAL30BaHMN BHODAHIOA MPOLIEGAYDPM Nepexofa X JsoxaxbHoMy npeneny. Ec-
AU OW mepexof k mpeseny /<7  GCYMeCTBAMACA HENOCPEACTBEHHO B
ypaeHesium (II), 7.e. B rpaHwuHoM ycaosww (I3), To onpspemnts (7
6uA0 O HEALAA: FPEHMUHOMY YCnoBMD ¢ /= o0 yhomxersopsamr ofe
dymamn 4. 370T $axT oTpamaeT To, uTO é/'m y=e oTMeuaxock)
PRBEHCTBO HYAD JATPABOUHOM MACCH 07’%' 4 //?‘W(/f]' He rapad-
THDYeT COXDRHEHWA AXCMAALHO-BEXTODHOPG TORA / {oat + Cymecrpen-
HO, Y70 BwOOp NpOLEAYPH NEpEeXofa ONHOSHAWNO ODPENEeAAeTCH JMdNuec-
KHM COAGLM:HNEM 3a18uH (YCHOBNEOM COXDAHEHHS TOXA / ).

B npnikne paswepHas xoncrauta C B pupaxenwd (17) mommsa
BUpASNTLCA uepes napawerp HXJl M. Caemarh 510 B ABHOM BUge HempoC-
T0 (AR sTOrO -rpedye-rcn 3HATD DOSICHNE® YDABHOHMR IAS MAccOoBOM JyHx-
LMK NpU BCOX @ 9). MoxH0 ,00HAKO, BHDRANTb KoHCTAHTY C  ue-
pes dexomenonornuecxuit napawetp 0/ V/// /0>.  lelcrbu-

TeAbHO, B TeopHMM ¢ oOpeaaHueM

DTV =~ /wf//f/l//%a/)m)
~ G S lH S ~ - %’L/f i

C apyroti cropomd /I/,

V)0 = /&4/ (0/(;/%/0) (19)

s (I8), (I9) naxonmm
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2 /(P
C="d /57/_{_‘;% (20)

(3aweTim, uro B cuay (I2) moHcranta (( ABNAETCA PEHODMMHBADUAHT-
Hoft) . @ 7
HerpyzHo o1oT pesyxbrar oGofmpth Ha cxyvah /7= ,é;ﬂ//? W.z;,-?
# ¢,  FKOTHA KpOMe CHOHTAMHOTO MMEET MECTO eme N SEHOE Hapyme-
HiMEe EMpanbHOR ceieTpuH. B arou cxym u3 (I16) uaxo.mm ,

ag) = 7‘/%»// y "//é . @D

Orwerid caenyomull xapaxtepHull MOMOHT. Herpymo ipoBepUTb, uTO
ecau peaeme 4, ¢ xompmnmocml acliomromxoll (cm.(I6)) dop-
MipyeTCs B OOXaCTM A f“ » TO COOTBOTCTRYDROC CIOHTAHHOMY
rapyeHuD KNDAABHOR ClOMOTDAN DemerNe /4  DOPMMDYETCR B OGXBCTH
,f"( % NODTOMY H¢ SABMCT OT BEANUMHM Napamerpa oSpesauus /) .
aro mxercn YRasaHMOM MA 7O, UTO JAMHAMNESR CHOHTAHHOrO HADYROHMA
xupanbHoR ciasterpun B KXl fopuxpyercs HO HA MANMX DOCCTOMHMAX.

QOScynu OCOGSHHOCTN MEPOXORS X XOXANLHOMY Npenexy A=00 8
ypassetinm (II) ¢ Towxm spemis TEODNN MHTOrPANMHMX ypasHeHmi. Pac-
CMOTPHM BCMOMOTATOAbHO® GHM® BNLS

Y fdf"/f//j//y (22)
Moind= ﬁ(r‘;j bitizy m%ol,y_f] (23)

xotopoe npu | =l u /= o0 cosnanser ¢ YpaBHeHHoM (II) B mpoc-
TPAHCTRE NBALDATHUHO-WHTErpupyessix fyHxmi sgpo /f(?‘, ABAA-
ercA d;pe.uroxbuoscm (I‘uwepu-mmra) /6/, rax xax

//2%' Kig.e) < 00 -
HKax uasec-mo /6/. COEXTP COGCTBOHHMX SHAWEHN TAXOI'0 YPABHeHMs No

wogy:w orpasiren ceepxy il /< J<00 . C ApyroR cropoms,fiBa BOSMOX-
HHX peweHHs ypasserma (22) umeoT aclunToTNEY Bugs (cp. ¢ (I5))
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-z
Iy ~/é/§‘/ zﬂ/ (24)

7 0 7057 4
4y “’?f/&;;g , (25)

M Tax xax 004 3TMX pemenMsa Ip4 Bcex > yEOBNETBODZPT,T YHO-
My YCXOBMD Ha Gechowewsocmw ( [7° ”g‘,ﬂy‘ + 7~ Dzi/‘jﬁl x
x&-,(f/]é_a;-o s ¢p. ¢ (13) ), To dopmanbHO ypaBHeHHWe NOMycKaeT
pesene nmpM Bcex {>¢ . [lpotuBopeume ycrpanaerca rTeM, 4ro fiyHx-
mn é’g He AsafeTcA KBAApaTHUHO-HHTerpupyesol, Tamuu oGpasom,
YCXOBNO CUXLIHOHNA AKCHARLHO-BEKTODHOMO TOXE, OTOHpamkee CHCTTO
yOuBsammee npi f‘-’ of  pemeHHe, BLCTYNAST XaX YCAOBME joonpegse-
XNy DPOCTPRHCTBA JOMyCTHMHX DeweHHHA, YuTenm 3T0 AoompenescHue npa
AHARNDO ANHMAMMXM CHOHTAHHOIO HAPYUWSHHS KMpAXbHOM CMMMETDHM.

Beenes napasweTp MHbpaxpacHcro oSpesaHMs fo B TOUHO® )v'pnﬂe-
HMe Rxa puHAMMYecKol! Maccopof SymxuMu (6) ¢ " f=00 N ﬁ”-va . By~
AeM rOBOPDHTE, WTO KDUTHUECKCE 3HAUeHHe Oerymed XOHCTAHTH CBA3M
ARA HADYEGHNS KKDAXBHOA CAMeTpMM DaBHO HYAD, eCAK 3710 ypamHeHke
Mmieer HOTPABNAXbHO® peweH#e NPU CKOXb YrofHO GOXLEO SHaueHMM % .
Ecxs xe BOANUGHS TAKHX £,  OTpaHWNeHA CBEPXY, % s J<o0 , 0
OyRes roBOPNTb, YTO KDUTNUECKOE SHANEHN® of = ;{0"). Hs s%o0-
ro ONpeRexeHHs ACHO, UTo PequuiHa (3°  onpefesseT BEPXHOD IpaHK-
1y Toff OGABCTH HMIYJALCOB, I'E B OCHOBHOM JopMMpyeTCA ONHAMMXA CNOH-
TAHHOI'O HapymesMs KNpanbHOR cisteTpus. [Ipupeses cooSpaxesms, noxa-
suBaxmue, uro B KXJ| xpuTHyeckas xoHcraHTa of > O .

HanomM, 470, xax cacayer Hs Toxnecrsa Yopaa IAA BEDEMHH aX-
CNANLHO BEKTOPHOTO TOKA /_,,;,, vexpy dynxmet 9 &Y w vox-
HoBoR diynxumeRt roampcroyHopcxoro 6oaoHa ,f /?/ NMOeT MECTO COOT~
Homexue BMga /I/

T~LEXSYK46/50) - @)
ree 4 - XOHCTaHTA cAaGOro pacHans .7 -ME3OHA.

Hs (6) x (26) caenyeT ypapHeHNe nAS BOAHOBOR JYHKXIMM I'OAACTOY~
HOBCEOI'O GO30HA:

[fé/jaé/féfzmz //X"y/,m/ﬂ'f/’%[,(t/. (27)
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B cuny (26) sro ypasnesme faxTwueckm ARIAeTcA HemmHeimnm. [le-
pefinem x xuneflHot pepcMM STOT'O YpaBHOHMA:

~f -t o s
/% /f/j(;/j Wl’ =;{ﬁ/ /&;,”7///4,,”, &), (@8
ne 'Qf?j:f@j/ﬂ’o:— 1»%7/ ; /ﬁfﬁﬂﬁﬁm«ka iA-

ceoSonuuit napasmerp, Kortopwfl BBELeH 3jech WS CAeLYNmUX Coofpame-
Hul. Ypasneune (28) ABAseTCA ypaBHGHMEM LAA BOXHOBOH gyHKIMM TOif-
CTOYHOBCROTO G030H& B npefexe, KOAA JMHAMMYECKAA MACCA& DABHA HY-
m. Y3 ofmpx ¢mawvecionx cooCpameuMil caenyet OxMpATb, 4YTO YMeHbme-
HME MacCh DO3JMOKHO ANEL NDH OcAASNEHHM BiauMMOseRcTRMA Mexmy (ep-
MHOHOM M aHTHpepMMOHOM B I'OXACTOYHOBCKOM Go3SoHe. [loaToMy coGcreeH~
HU® SHAWEHMA ] . pemeHMit ypasHenMA (26), COOTBETCTBYNMHX CIOHTRH-
HOMY HapYEOHND lllpa.ubﬂp} CHMMNETDRM, JOANHH OuTb GoAbNe SRWHMIN
(ouemumso, ycaoewe A < Z OSHAUAST ocxafieHMe BaaMMopeHcT-
Bua). lloxaxem, WTO npM KOCTATOMHO GOABLROM SHAUEHUM NAPAMETDA WH-
dpaxpacioro oSpeaanna ?o COSCTBEGHHNE SHAVEHHA _{ . peceHHit,
YHOENETBOPANMMX YCNOBND COXPAHOHNA AKCMANbHO-BOKTOPHWX TOXOB, CTa~
HOBATCHA MOHBEO GMHWLUH. JTO M GYAeT O3HAYATD, UTO KDHUTHUECKAA KOH-
crauTa of > O,

fipr gocraTowo GOXDENX SHERWEHMAX ﬁz)/‘/ eHne (28) mpu sa-
Mene f"_[(?‘/—’ 4 (;0 (vae” A%, =% ) nepexo-
IKT B AcHMOTOTHUSCXO® YpaBHeHNe (22). [pum 7= f” peuenKe ypes-
HeHHs (22) YHOBNETBOPAET YCAOBMD

47;'/4}@4.‘%4 =0 . (29)

Oogcrasass B (29) pemesme Sy , OTBOuAN@Ee CIOHTAHHOMY Hapy-
HeHMD EMDARBHON CHMMETDNM, HAXOAMM, UTO IpPM 70 2 ol
7 7 __
~ Tez/ bt 4
A= 05%8 7 G % Y- (0)

Y70 ¥ rTpefoBanoch MoXAlaTh.

Bonpoc 0 BeXduMMe KDNTHMECKOr'O SHAYEHMMA off TECHO CSA3aH C
BOSIPOCOM O MOXAHM3ME CHOHTAHHOI'O HADYmEHWA KMDAAbHOH CHMMOTDMM.

B paSorax /7/ GHA OpeRtoxes MEXaHMSM HAPYNOHMS, TECHO CRASAHHNiM
C ABNEHMOM POXIGHHA CBOPXKDHTHUECKMM KYNOHOBCKMM HOJIEM ;5—%‘ ,
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Z> % ~ 137, depumon-surubepuuoriux nap /8/; » atos nomxone
KOHCTAHTA (. ABAMETCA BHAAOIOM XDHTHUECKON ROHCTAHTH = = 1.

1.
2.
3.
4.
5.
6.

8.
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O CJIOXEHHH B3AMMOABACTBWA
B KBA3HMPEATUBUCTCKOR MEXAHMKE CHCTEMBI YACTHLU

P.M.lafns, 10.B.Kmouxoncxuit, B.H.Tperax

HucTurTyT npHKIafHbiX OpoGaeM MexaHHKH M MAaTemaTHKH
AH Yxpaunckoit CCP, JleBoB

I. BEEJEHUE

VxreHCHBHO pASBMBAGMAS B HACTOMNEE BPEMA DENATHBMCTCKAA TEO-
pua npmuoro Baasuopeficrsus (PTIB) wexny GACTHRAMM noa®onsferT, Ho-
eras WSBECTHHEX TpYpHoCcTeR TeopeTHKO-NOAEBHX momexefl, Noxyuarh
ynoGHOE OImMCAHME NpOLIGCCOB DACCEAHUA NMpHM BHCOXMX SHEPrMAX B Tep-
MUHAX oNpeneasesx (eHoMeHOXOrHGECKY MOTEHUHAXOB B3aHMopefcT —
mm/ I-3/Baxso MeCTO B TAKEX NOEXOOAX BEHEMAST PeJATUBECTCKAR 3a-
pava cxoxeHmf pzaumopelicTeult, cocTofmAN P OoMMCAHMN B3auMopehcT-
Bus B cucreme N (> 3)-uactun no mopecTiiM BsawMonelCTBHAM BHYT-
PH COCTABAADMNX €e KXACTEPOB. Hexomiiau TpeCoBaHMNMM, NpegLABAA-
OMIAG X DOmOHHD ar?g sa”'m. ABAMDTCS MYAHKADE-UHBADHAHTHOCTE M
pasgemmdocts (cu.” **C** ). llockosbxy B PTIIB ycaomus myaxape-
MHBS OCTH BHPEXADTCSH NO-PASHOMY B PASXMUHHX DopManmamax
(cu.”®), 70 ¥ pemeHuMS yxasaHHOM sanaws, ONMpapEMecs HA ITH YC-
XOBMA, MOI'YT CYMECTBOHHO OTAMUATECA MEXfy COGOR B pasauuHbX
nomxonax.

HauGonee noppoGHO 381848 CAONEHUA ﬁwencrauﬂ H3Y4YeHA B
PerATHBHCTCHOR raMuabTOHOBOH woxaHmxe ~* . Omiaxo orcyrcrene
npsuolt dsavveckolt MHTepOpeTAIMH KaHOHMWOCKMX KOOPHNMHAT B 30HE
paauMoneACTENA YCAORHAeT HCCAENOBaHHe CBASAHHWX cocrodimit (Bo
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BCAKOM CAYUAE, DA CHCTOMH B IeOM) K BPSpeHHe BsamuonelcTsus c
BHOMHMMY NOJAMH,

Jlarpanzesa penaTHBMCTCEAN uexm-mu/ 3,8-15/ BHnEXASTCH CPemK
RPYTHAX OSHOBPEMEHHHX TpexuepHix fopuamusuon PTIB amxefHOCTED CM-
CTeM ypasHeHuit, BHpaXAn@UX YCXOBUA IyaHKApe-HHBAPHAHTHOCTH, Ilo-
STOMY 3jeChb NONYCTMM NpOCTOff NPAHIMI CYNEpHOSUOUN JATDAHMHAHOB
B3aimopeficTBHA PR3AUTWRX NOACHCTOM CHCTeME /V - gacTar. Braropapr
MCIONL3OBAHMD KOPADMAHTHNX KOODJMHAT uwacTury X, , A=A, N
MOXHO TAKKE NPHMEHATL CYNEPHOSHIED JATDAHEMAHOP NDAMOrG BAAMMO-
DellCTBHA YACTL ¥ MX BIANMONGNCTBMA C BHOEHMM, B QRCTHOCTH, JAGX~
TpoMArHHTHEM noxed. Ecam or sarpamxera dopuamusua ne'pylﬂ wy—
THM - HEIIDHMED, X HbDTOLOBOMY MAM PAMILILTOHOBOMY ( cM. 3,9, )y
70 TOM CAMMM MOXKHO MOXYUMTh M B HHX COOTBETCTBYRNGIC I[[DABMNA CXO-
XeHuA BsaumoneRcTeul.

Hacromman padora flocBAmOHA OGCYRNSHMD OTMOUSHHHX BODPOCOB B
paMKax XEBASHDSAATHBMCTCEON MoXanMEH, YunTMBADEEN HEOXOTODOS KOHOU-
HO® YNCAO WAGHOB DR3JOROHWA NOTOHLMAXOB BasswopoficTaus no C™° .

B paspese 2 ux nccxegyex oSEYD CTIYRTYDY XAPDAHKHAHA Bsaxuonel-
CTPHA OPOMIBOXLHOI'O KAGCTEPA B XBASHDSAATUBACTCKOM ITDMCEMESHMM
apGoro mopAnka. 3arew (pasn.3) PACCMOTDHM DEPOXOR X PAMMIBTOHOBY
fopuaxusuy U DOXYWHM B HOM NPABKAO CAOKBHMUA BaaMmopelicreult 30 BTO-
POM KBASKDEAATHBNCTCKOM NDHOEWECHMM, COOTBETCTEYDNE® CYNEDIOsK-
[MK TONADHHX AADAHXRAHOB Bamumoneficrexn, B pespexe 4 » Tou xe
OPHOAMKCHMY PACCMOTDEHA CHCTOMA JADARGHHEX WACTMI[ PO BHOZHOM
a.uempoumnmo, e_nﬁeyﬂuoxex-me Benercs B MraoperHof dopme au-
HEMMKH, EAX W B ' . OpHAXD He COCTABRAET IDPMHIMIMANLHEX
TpysHocTefl pacmpo Th _DoAydeHHHe pesyabTars Ha aoyr Dopwy
xarpaxxesolt mmau:m”%' f57°
2, KIACTEPHHE PASNOMEHWA B KBABHPERATHRHCTCKOM
JATPAHEEBOH MEXAHUKE
Paccuorpiuu xarpanssan cucTem /V-—gacTan B BEge
L=bs-Usrlext, (D

rge Ly =-3mgc®J1-82/c? omcumser ceofomme uacrwmy,
U - moremuuar npmioro samozeficrena ¥ Lext - Xarpamman
BsauMonieliCTEUA C BHOWHMM nomeM; Up x ¥, - ckopocrs uacrun. B
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pasgeaax 2 M 3 OrpAHHWMMCA 3AMEKHYTOR cHCTesol QACTHY, KOTOpOR
COOTBATCTEYDT npA NepBux cuaracsx B (I) .

YexoBMA myaHKape-uUMBADMANTHOCTH B TDOXWODHOR xarpaHseBoRt ue-
xauxe POPMyAMDYDTCA C NMOMOWBD NEOCATH BeKTOpHEX noxeld Ju-Bek-
ayupa X o, %=1,..,10 , oOpeneATOEMX peamMzmw aaredpu
Ilyanxape B GecKoHEWHOM NPOAOANSHHH XOHIMIYPamMOHHOrO MpOCTpaH-
CTRA CHCTOMH YACTMU HA BHOEHM IDOM3IBORHNE §u wd¥¥X, /dts,

$=0) ey a2 Upe B urnoBensoll Gopue mmauvxs oum mienr
By
s po2 2
.}E-%SE'OXGSii-D 3¢ ’@L Zax& N
_ b sai . (2)
Tt'%’ sz'oe‘d“xaaiag >

o ; N 0
g § 06 ests Axand)]sEy ©

Feneparopu 7 ¥ P COOTROTCTBYDT BPOMOHHIAL M MPOCTPAHCTBEHHEM
cpasicamuind, T u K | - NPOCTPAHCTREHHMM ¥ AODEHIOBLM [OBOPOTEM;
Lg% =1,23; &4 u €{jx = cHuBONN Hponexepa u Jlesu-Unpura.
llyasxape-MHBADAHTHOCTE ONMMCAHMA Gyzer cofiopeHa, ecxu U ynoe-
xersopAer cucrese mubbepennmaxpinx ypabHeduft nepsoro nopaps

X U=D¥, | a=1,.,10, (@
mprueM QyHxgum WV, poamin ofecneuMBarTh BHNONHEHME YCAOBHE COB-
uecTMocTH cHeres (4):

10
XGL\PF‘Xde:‘%, prwr )le=4Y")4O) (5)
rge c.i@ - TEH30D CTPYKTYDHEX KOHCTAHT rpynmu [lyamsxape.
Ecaw npepmosomurn, wro xarpasxuan psamsomeltersrr U pna cu-
crem NV - UACTMI] JIOMYCKAeT KNACTEDHOE DASAOKESHME BANA

US S U, =55 U +3ITT Upr. ©

N’=2 {NI} 1% 0. cb4N %A acbic{N

rhe cywsa Geperch no Bced N ! - gacTuuHIM ynacrepaM, To aHHefl-
HOCTH CMCToun ypaBHexwf#t (4),(5) paspesaer mpunsrh agamoruusoe
ApemMoNOXEeHHe #AA \{/, M NOXYWNTH SAMNHYTYD CHCTeMy ypaBHeHuf,
OTHOCANyDCA X MDGOMy N’ - uacTuwHOMy maacrepy. Jlavee omyc-
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KeeM SIBHO® yKasaH#e Ha o €CTBO HACTHI B KJI&CTODE.
Yexoeua (4) 'rpedym' » WTOGH NarpaHEMaH IMPAMOro B3euuonel-

crout U He COopepxa ABHO oGuero napaMeTpa 3BOJDLMK (Bpwel-m)

t , saBHCen OT KOOPEMHAT YACTHI JHMEL Uepes pasHoeTH Xg- Xu® Tor

(TPaHCAALHOHHAA KHBADHAHTHOCTH), OHI TPOXMODHHM CKANAPOM U YNOB-

JIETBOPSI YCAOBHAM JODEHI-MHBAPHAHTHOCTH, KOTOpHEe YmOGHO samu~

caTh B BURE
K, U=D(2RU~$i). )

Spece ¢ -Fymmums, roTopse B ciwmy ycamoBuit cosMecTiMocty (5) Ap-
AAPTCA TPAHCAALUMOHHO- MHBADHAHTHHMH, He 3ABHCAMAMM SBHO OT t  HOM-
TOHeHTaNM! S-Benopa, | y,nonne'rnopm YpaBHEeHMAM

WP, - 'I( O =S,V (8)

rpe R
Kow K-Ri¢? )
§=¢ (iR "x Ri)= T b pag,(rmoahj-r“(;vm), (10)

N’ !
Riz2 faai 9“"2':;%4 b= Va0, an

Tiyers Gymempn U, & B (7), (9) onucupanr dmrxcupopansnii
N’ -uacruwmsit xxacrep. Paccuorpuw pemenue ypabueHat (7),
(8) 8 pauya.} NocHeroBaTeNbHHX NpHCIMxeinh Mo ¢™2 . 9ra sagaus
pemena B /Y nxn N’ =2 o BTOpOro NopAmKa Mo CT2 BEADWMTENHHO.
Snech UsXOEMM OOmee pemeHMe QIA OPOK3BOABHOrQ KAACTepa M MopAmKa
TNIPHOIMEEHNA -
lipencrapu UCKoMLE (Ilyumm U, ® Beupe

U=§c'2"Um ¢ ic'z" ™ (12)

Yaurupan, wro, coraacio (3) u &9) , onepaTop '3( MH MOXeM
OpefCTABMTL B BHne '3( =, +C28; , rme I - reseparop npect-
pesosammft Namunes, T a-t@ (‘,,_ ,GitZ 8/3v¢ , nocze nog-
cravopku papoe (I2) B ypapuenus (7) , (8) MOXyWHM, DpPMHHMAA BO
BHMMAWE TPAHCARUEOHHYD WiBapwentHocts dymemdt U™, @™ |
CREAYIHE COOTHOMEHNS::
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Gi.U(“) U(?\") Vi U(’\“) ‘Dcp“\) F(m, (13)

G ¢(n) GJ Q)(m A q)(\\-n)_ :de)(n-ﬂ S U(n-z)- F‘:m, (14)
anecy V; =DR; 2 PaVai -

B ypasexusx (Ia) (I4) womio nepeRTH OT MHEMBHIYEABHHX CKO-
pocrel qacTun vo_ .4 Honul nepeseHHbM: "XoAXeXTHBHOR" cropocTH
V  u HemoropsM (N-4)-0THOCHTOABHNM CKOpOCTRM, ABHME BGOD ..o-
TopHX AR HAc HecymecrseHHuR. Torma msecto onmeparopa (G Hym~
HO mucary 0/9 V! Set otmeo pemenve ypasmesmuft (I3),(14) uueer
Bupn (oM., Hanpnuep » 50-51)

O Vi faee FPGT, ) .
" ¢
U™ vé 5dt BUGY,L) oWy ae)

rge Vy - NPOMSEOXGHHO rasuieh-uHBAPHAHTHNE (r.e. He copepmamue
V)  dywapu. Mu orpassuMauch UncTiM poseHien (I5) , rax
Rax eNGop apyroro pemequfl gas O ™ npusmr x nosexesw 8 U™
craraesix TMOA NomHOR npouano,uuol mot

Ananus nenouxs pemenudt (I5),(16) mnas nocmeposaTespHoctd M. =
=0,1,... OPHBOGHT X CEOUYDEIM BHBONAM:

I. $=0, 8=0; U=y, (17)

2. Jian_smmgoro m>0 thynxzmt U™y o ABAADTCA MOAMHO~
ums no V  crenemeR 2T u 2n-4 COOTBETCTBOHHO.

3. Ecau Vy, k=0,1,..,m - (Gecxonewo gujeperumpye~
e yurumy B HexorTopoR ociu.cru HIMEHOHUA CBOMX 4PrYMEHTOB, TO
2o xe CBOACTBOM oox%qum U™y @™ pga Beex mém .

Dynruun Ffm "M , onpegezensse ® dopuyzex (I3), (14),
0Ny CKRmT npe,ucta.n.ueuue B BHAE
2n-4 2(n-
M) (¢ ('nm) (nea}
.= EF: =
FL s.zo L ) §‘8 F‘d(S) ] “)O, (IB)
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re S » Fcﬁ'{'s‘)' - ogHopopmue Qymxumu V nopAgka S,  3To
noapoaner B3ATH uurerpayu B (I5), (I6) w npepcraswrs pemenme
yparuerufi (I3), (I4) » caem'mm aKBHBaneHTHHX fopuax (Mm>0) :

2(n-1)

(nen Vd  _(nem )¢ (n.
3 - —_—F = d 1
CDL s%, S+2 4Us) zo(sq)'v Ws F N (19)
UeLS Vi e SV
go S+ Fiw+ Zo (SH)' S5dTT (o)

3gecy onepatrops W  S=0,4,.., ONPEREADTCA DeKyDDEHTHEM
COOTHOMEHHAMH

Wo=id; Wy=VaW, ,G; , s>0. @r)

Bo propoft dopue samick (I9), (20) ece gymxuwu momio cuntaTh Bu-
PAXEHHIMM B TOPMMHAX HHEV™WAYANBHHX CKOpocTeiR YacTMi "o. .
Cootromerma (I19),(20) » - ,nmpT NOMyuaTe ofuMe BHDAXSHMA IAS
RarparsmaHE BsaMomelicLBMR B T -OM NOpAnxe Mo CT 2, ecan Ha-
BOCTHH JATPAHRHAHM B TPONHEYWMX MOpANKAX K LT .

Ecau orpmmmncn RBYXGACTHUHEMY (B JarpaixeBoM tbopua.lmaue)
paaumonelicTeumem (N'=2) M nonoMHTE \o=Wo (T), M ‘“- B3,
ro dopuyas (I9)-(20) socnpomssopAT pesyanrar pasom] Toabko
IOpH OUeHp YACTHOM (M, MO-BHEMMOMY, JMLEHHOM lilnauuecxom cone!
HuR) BHGOpe W, narpammuax U 2) womer He comepmaTs ycko /
B umiwgsux c;ryum U@ aapucur or yexopennt (& BOIMOXHO, M
BHCEMX IPOM3BOJHNX ), TAK UTO COOTBETCTBYDNME YPABHEHnS NBHREHUA
MMepT TOpANOK Bsme BTOPOro. Memmuad NpoMsBOnHHE Bume nepeolt B
MAXNX YAGHEX YpaBHeHURt ,maneu?a xg?c:o,nm K HenuWHeHHEM BHpaxe-
HHAM paA pe.unmaucrcmu: "cun®

:Hu(x,l}) 2 P (22)

b(#a) ap bisadcsa)

3. CIOXEHME B3AVMONFACTEME BO BTOPOM HBASMPEIATVEBMCTCHOM
IPHBIMAEHA TAMWIBTOHOBOS MEXAHVI

[
Hnbe *

Pemenne 3agaus o croxewmmm paamMomelcreuift B rasuisronoBod Qop—
MAIM3Ne IYTEM Mepexona OT XArpaHsesba OIMCAHMA PeanMayerTch 34ech
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BO BTODOM KBASHpeNATHBHUCTCKOM MpUOJMXEHMM paR Baamuopeitcrsuil co

CTATHYECKUM HODENATHBHCTCXNMM NpeneAoM B NPEpoNONeHHH, WTO JXa-

rpaixmas paauMoneficTByUA ABNSSTCH CYMMON nonapHux BHpPAREHME.
llyer= B narpamxuade

02 My » Ay .
L= E('mnu Wno. 4,2:5&) ‘°’-‘:12U“—C'T,Um+0(c ) @)

norermmans U (“),h=0,4,2. o6N8HaNT NBYXYACTHUHON KxacTepHOR
cTpyRTYpOft:

U ™ z z Ua,b (24)

4
2 Qeh ]
MpiteM UM *Uqy (’fa.b) Tap® H'M,l U zasmcur or xoop-
nuHar xa  cKopocredt U, uacTu, & ‘v@ conepsiT rm? yc-
xopesua U, ( obmiR My dymmuust U‘,,.lb 8 USE  attgen »

" Jum napparauada (23) OTAMUHEMM OT HYAA WMIYALCAMM Ocrporpa,q-
cxoro

= M BL “’ -2n 2 (n
a.,s . Z‘( -D) a‘f‘ 'h-o o @Q"; (25)

6ynyT TONLKO RBA MEepBHX (s =0, ) L7 llepexop X KAHOHMUECKHM Me-
POMGHHEM Q | P U0 MeTony pad OCYMECTBEAETCA COrJACHO

fopuynam
ao.' Xq - _an_a 50.,1* 0(e¢) , (26)
“2(4) %) -
Pu. @ +OC¢ ) ‘rn g)o.c :“ a_ao+0(c 6) . e)

31eCh ¥ HUX® TUAbOA 0GO3HAUAST ONEPALMD HCRNDUSHHSA BHCHAX HpOMI~
Bogmx ¥, , U, C DOMOMBD HEDEXATMBHCTCEHX YDaBHeHW! NBMEGHUS.
CoorBercTeyomit (25) reMuabTOHMEH WONHO 38IMCATL B BHAE
2 4 3
T s o) Mt e T ik 06 ey

2ma 877\3{:2' 4Smas,c" Lht int ‘i mt

170



roe

Him =U®(@Q) | Him=U“(q, %)

(29)
Wit 090 8y £ 2 (806,20 22 b o

durypupynepe sxech gynxgn eprysentos ( p/'rn) cTposTca M3 Tex
xe Qynxuult or (x, V) nogerasoBkol ¥,= q‘L , Ug=Pa/mg
cooTpeTcTEyDmel HyzeBouy npuﬁ.umuun nmpeoGpasopaiuit, oGpaTHEX
x 6), (27) .

Pesyzbrarh BHUMCNEHHA BupaxeHuR (30) samumeM B BHIe CYWME
nuHeftuEX ¥ HemuueliwXx no KoHCTAHTE BaauMopeficTBuA UReHOB

ey @A, (KA
Hine =Hint Hf.we » PHE

5:1:1 e z Zmi {[PO- P-2 PuB, )*l‘ ot Po.< ﬁb\] Way ¥

A6 ST m

w
duay |

+2 Pa. [( qo.bpb) 2 'rnn'(qah Po)(an Pb)] q ab d q

*(.q.ab‘?‘o.\tz(qaﬂ?h)z qi' bE S ZU.AL} +
PR TR CEN TG = g HORATE 35)-

G&p
=S RGO R A CRA NN

- =
@un 1 A Pe P

H = 7> z L, { C W u,. t
tnt ] @+ beten) oMo e ae

Wab dUge
I - Baadie i -
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(qube> G Pb Qm'. Pc)(QQb Tac) dUgb duéac % N

Qan9ac dage ddac
0 .
;—gt%{ ( zl:-?b) Tnb[ (pb e “)uab

- 4 au
+ (qab Pb)(qub au. = q1ab dq::]} )

R RS

ma Mo/\lac aFa. qaﬁdq:.\c

I CRON (32)

amecs Go=Gq ds » Gau® sl V-aﬁ“u(‘lu),uF%E.Z“‘“'
- OpoRaBoNBHEE rarHzeN-KHBADUAHTHHE (YHEUMH. °

Bupaxerne (31) spnserca cCywMoR nONApHHX CrAPasMx, Torna Xak

(32) cooreercreyer -rpexuac'rum u. BosMONHO, - ecxy (yHKuuA
W, (x,0,¥), comepmamasca B U | pexuseltna no ycxopesumi -
yerTHpex - M T.Jl. UACTHWHEM knacTepau. [lofiBgeHHe TAKHX MHOrOUac-
THUHHX WIEHOB ABNASTCH CJENCTBUOM MCHADUOHHA YCKODEHHR B MCXOA-
HOM Jarpaimuase M B mMIyascax OcTporpajckoro, & Taxxe CBA3AHO C

NepexojioM 0T XAIPAHKSBHX MNEePEeMOHHIX X NAHOHWUECKHM,

Bupaxenns (28}, (3I) n (32) onpepenspr oGmuit Bujy ramunprOsMa-
Ha cucTessl /N HACTHI{ BO BTODOM XBASHDSNATMBHCTCKOM HPHOAMEEHMM
M MOPYT DACCMATDUBATHCA KAK DEmBHHE 38NAYH CNOXSHMA BsauMonedcr-
Buit B paMNax raMuAbTOHOBA (OpMANH3MA C TOUHOCTHD N0 WISHOB ¢4,

O6mee pemenMe xBaHTOBOR pexaATHRMCTCHOR 3amaum cx Baag-
wonelicTeull B ramuxLTOHOBOR Teopuu paxo C.H. CORO.IOJG
SamaHHEX NoTeHMesax "nepeHaEx" (CymecTBeHHO N’ uac'rmnmx,
N’=z2,..,N) ssausopeficreuit. [Iperxoxeirual anecs cnocoG mocrpoe-
HUA raMunproHmaHa /N —yacTuwioR cHCTeMH NO3ZOXAST MCIOAbAOBATDH
ITperMymecTEa Jarpaixesa fopuaxuaua - npocToe OPAaBHAO CHOXESHHMA
pasuMoneficTEull, a TAKEEe BOSMOEHOCTL XOHKDETHSAIMM Byla ramuiei-
. MHBapUAHTHRX Qymmmuit Wo, o, Waqp » U2 , ODpERensmEMX CTPYE-
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ypY nen,tmﬂ 0/(:31) (32) , maa Toro WM MHOro TMNA B3amMoneftcr-
mut (cu. ). C rouxu apeHus fuauvecxolt MHTepIpeTaUMH PeSyAb-
TATOB TOODHH BAXHO TAKKE TO, WT0 GNArOfapA JArpAHEEBOMY IpPOHCXOX-
JeHHAD MONYUEHHHX BHDAXGHMI HAM M3PECTHA CBA3bL EAHOHWWECKMX nepe-
MEHHHX C KOBADHAHTHHMM KOODJMHATAMM UACTML, 3afaHHAS COOTHOme-
way (26) , (27) .

Tpumensnna npeoGpasoBamue ( }g /(2'7) K OCTANBHEM JEBATH JOrpaH-
XeBLM MHTEerpasaM NBHEeHHA (CM. » WOKHO HOXYWUHTH LO/HHH HaGop
HecATh KaHOHMYecKux resepazopor. [pm orou mmymc P 1 mouwenT
IMYRbCA J CHCTEMH MMEDT CBO zacimn-nm Bin (REX ¥ posmHO
Gurh B MrHosexHo#t fopue ,qunauuny & reHepaTop JOPEHIOBHX 0O-

BOPOTOB
- g - po. P‘.
Kn'tp+§q°_{mq 2—'—5, gm cq zci‘.%( )[uﬁb(q)i-
) . (Qobpﬂ-) -¢
+'1'U (q"*“):]} zb Mg 'Mp p+0C) (a8)

conepx¥? WieH, sasucAmuil or BaauMopelcTexs M ABaAOmMiicA B pac-
CMATPKBAGUOM NMPHONMEEHMM CYMMONR FONepHHX BWpaxeHui.

¥anozenmie sgecr peayabTari nox: » UT0 38 MNpegencan nep-
BOT'0 NOCTHBLOTOHOBCXOrO MPHGIMRE TpeGOBAHKA NYyaHXADe-HHPA-
PHaNTHOCTM He JOMyCKanT B raMmuibroHGEoM fopuamusue mpocTorc mpuH-
LMna cymepnoaupuu Baasmopeficreuit ¥, axHM 06pasoM, NMPHUBOJAT K
HeH30exHOCTY WMHOIOUACTHYHHX WICHOB B PAMUNLTOHMAHE CHCTOMH /N
weetiy (N33) .

4. CHCTEMA 3APANEHHHX YACTM BO BHEUHEM SJEKTPOMATHATHOM
IOIE

B kauecTBe HOHKDETHOrC NpHMepa, HIANCTDHPYOMEro TOAYUEHHe Ipa—
BWJI CHONEHHS BzaumiopefcTBuit (Max NpAMIX MENYBCTHYHEX, TAK M Baau-
sopeficTeuil yacTHIl C ‘BHENMHMM [OXEM) B HLOTOHOBOM K PaMWIbTOHOBOM
fopmaxnsmax Ha ocHoBe AHHERHOrO MPHHINA CYNEPNOIMIME B JarpaHxe-
BOM OIMCEHHMH, DACCMOTDHM CHCTEMy YacTHll C aapfgamy €, BO BHem-
HeM azexrpomarHuTHoM noxe. ®ymims Jarpamma (I) gas raxoff cucre-
MH BO BTOPOM KBASHPENATHBMCTCHOM HPHOIMMEHMM COCTOMT B3 BBYX
uacrelt: BO-NEpBHX, NArpaskMaHa 3sMKHyTOR cucresu Bume (23),(24),
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P16 Mgy = 2a€b/ Ve, - KynOHoBCHWH “”‘W; Uak® coor-

BETCTEYeT u?efoyow .uarpw Japeuna (cu. , IAA KOTOpO-
ro u7>-0 e, ) RArDAHEHAHY I‘o.rx,vdeunona—Cuopo,qun—
croro’ 1 Ceu. ra.lﬂe 9,10 ), rorpma

Upgy = eo. b [3( ob)fnb‘(?qs'sn)( Fuisb)] 5 (34)

BO-BTOpBIX, c-ranmap-moro MUHHMAJBHOTO .ua.:yxiuyam BaarMogeficT—
BHSl YACTHL C LHOWHHM DAEKTPOMACHMTHEM NOX!

- i2 7
L ene=-Fea(ta-2%ha), (@)

-
rne  9,=¥(¥a,t), Ay =K(7a.t) - [OTEHIMAAH NOAA B TOUKE HA-
XoZmeHMA Q. -TOR YaCTHMIH .

YpabHeHHA ,qauleuua oHOBCKOro Tina Bupa (22 ) momHo HaflTy
CcnocoGoW, ONUCaHHEN o’ My ne Gynem sgech NPHBOZMTL NOJYYEH-
HHe BUPAMEHMS BBULY WX IPOMOJEKROCTH; KX OCOGBHHOCTAM)Y ARBAETCA,
BO-NepBHX, NOABNEHKE yXe B MOSpBOM KBASHDEIATUBHCTCKOM I DHO/IMXEe-
HHM TPEXUBCTHWHEX (& BO BTOPOM = USTHPBXUACTHUHMX) UWNBHU /’ ¥ro
corzacyerca ¢ otmeR cTpyRTYpol TaKix ypaBHeHHR fpuxe ; BO-
BTODHX, HANHWME BHemHux noaeR E u H , moropsie BxomAr He Toab-
KO B Byje o6HuHoR cui Jloperua, HO W B Hekorophe uHTepdepermmon-
HHE UneHH, NepeMemnBapiHe MeNXHACTHWILG B3AMMORERCTBHA M BIAMMO-
peficTBue C BHemHWM noxeu. CpoMM mpoMcxosnmeHMeM, Kagx ¥ MHOrouge-
THYHHE "CcWH", OHM 06A3AHN MPOUERYPe HCKADUSHMA BHCEMX MpPOM3BOg-
HEX (yckopeHu! W T.1.) B YPaBHEHHAX JBHXE

[lpy nepexopme K reMWILTOHOBY (bopuamaﬁ] caepyeT NpHHATL BO
BHWMAMHE, HTO H3-0A ABHOA 3GBMCHMOCTH L ext OT BpeMeHH ramwib-
TOHMAH CHCTeMH He ABnfiercA avepruelt, Boaee rore, B ofime™ cayuae
cKcTeMa BO BHEUHEM NoJe He ABAASTCA MyaHKaAPe-HHBEDHAHTHOR M He
o6nenaeT HaGOpOM COOTBETCTBYNIMX MHTErpajoB JBHXeHHf.

Nepexop ¥ KaHOHHuECKUM NepemenHsM onpepexderca Gopuynam (26)
[}

e m Qi@ ;
Pai=Malai+ T> Agi v @ <500 _'a_sg)‘ln ey . (36)

m,a G 70,9 M
c [ axal.

Broga s mpomapoeroft dymapm { (x,0,t)  oGosHauenme
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A MR LR ICRY RN )

rge

~»

-~ €a T~
Na= Pa~ c_q A CQMt) (38)

- "kuHemaTuyeckMiA" wmarynbc, mpuxomsM K Qynkumy aMuapToHa cucTe-
wi pupa (28), rpe B CBOGOAHOUACTUWHHX wWieHax ﬁu 38MeHeHO Ha
-
Mo »
(o) (ST (4) <4u- (z) ST IRNOL [#)]
Hine =U¢ ZEQNP ) Lnt'U Hie=Hine *Hine tHext . (39)
M,
3necs supaxeHns H’f;t, u HPM pomyuers ws (3D » (32) nopera-
HoBKOl N BuwecTo P, (T.H.MMHNuANBHOE BBEReHME BaaMMOpedcT-
ByA C BHOMHKM [O/ISM ) ¥ YYETOM RBHOrO BUma QYHKIMR Wap » Waqyp o
Uzap » B YACTHOCTH, UW,o,=0, Ui =0,

~HA _i., e,eiele
! 16 §¢§' %t% m:m bq cq; [3qbc<qaéch)"

- E;';c( E‘Toé %c.)(q'bg?)u)] . @0)

@)
JononnurensHoe cnarsemoe Heyxe B (4D) uweer pup

RS -Lii{—-——“e“ez (203 V0= 12 Fae*
ext 4g Yy *“i‘“h‘ﬂab Qas m)qa. rlo,qo.b

*éﬁ@uﬂ@ qub-} Fy *m eu'eb [3%“, ; l;fﬁaﬁ;ﬁab Fl: )I +

e
cfSss St o 3Gt Fr |

Q*h¥c Yhum., q
rge
-
-
H(xa,t)

f’l—‘

(10.1 cn't) E(xn)t) (42)
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38BHCHT OT HANPAXEHHOCTSN BHemHEero Nnoxad, & He ero MOTEHIHAJOB, H
HapymeeT MPUHLMI MUMHMMAJILHOTO BBEUEHMA BaamMoneliCTBuA ¢ BHemHMM
SNEHTPOMArHHTHHM 10JIOM B TAMUALTOHMAH CHCTEMH vacruy. Ormerim,
uTo rasbToHMan (39), Kex u ucxopHsit narpermuan (35), obrepser
KaJInGpoBOYHOR MHBAPMAHTHOCTHD.

5. SAHMEHVE

M paccMoTpean HEKOTOPHE BOSMOMHOCTH MDHUMEHSHMA jarpasmeBoit
dopuymupoBkn knaccuweckolt PTNB nus msyduenHs sapjeuy CAOXERMS B3ay-
wmogeftcreuft. OTM BOSMOXHOCTH ONVPAanNTCA HA JB& BaXHHX NOCTOMHCTEBS
YKA3&HHOT'O TOAXONS, & WMEHHO: JuHellHOCTb ypaBHeHH?t, BHpaxaDmUX
YCIOBHA IyaHKape-MHBAPUAHTHOCTH, M MCNONb3oBarme (uasnueckux Koop-
JMHAT YacTH] B KaUECTBE MCXOpHHX NepeweHHmx. B pamkax sarpaxxesa
fopuanusue, pomycKaomero CymepnozMUMN TOTEHIMANOB BaauuopsficTBUA
OTHENEHNX KNACTEpOB, COCTABAADMAX CHCTEMY UACTHI, ..AmeHH obmue
BHpax:sHHA NIA NOTSHUMANS JWGOro KiactTeps B MPOMEBOJLLHOM HOHEUHOM
npuGmmenyy no C~2. B pesynbraTe nepexoms K TEMATBTOHOBY dopma-
IMBMY, OCYMECTBIGHHOrO ABHO BO BTOPOM ITDHGIMXEHMM Mo ¢ 2 U B
npennoNUEeHK TONAPHOCTH JArpaHENMaHoB B3aUMOmeRCTEHA, NUIY4YeHO
ofliee BHpaxmecius IJIA IeMWIbTOHMaHa /V -yacTHuHOR cHcTeMmh (& Takme
OCTRJIBHHX KAHOHHUSCKMX reHeparTopoB rpymms [lyankape) , xoTopoe
MOXHO PaCCMATPMBATH KAK IPABIIO CJOXEHAA B3aMMONEHCTEMH B KaHOHM
yecroM fopuanusue. JiA cucTess /V 3apAXeHHHX uacTHy, Haxomameftcs
BO BHENHEM 3JEKTPOMATHUTHOM noje, HefneHo B TOW Xe IOPHOIHEESH'H
NPaBWJIO CAOKEHMA KAK MEXHACTHUHHX BaamuopmeficTBHit, TeK M Bo&n~u-
pefterBult OTmENbHEX 38pANOB C BHemHWM moaew. Clepyer NMOguepPHHYTh,
YTO MCXOmA K3 NPenNoNOKeHUA O MMHAMANBHOCTH B3amMopelicreus C
BHONHMM NoJieM B aarparxeBou fopuanysMe MH ODHIUIA K HEMMHUMAJIBHO-
My BBEneHMn BaamMogeitcrsuf ¢ noaed B fynwm laasinproHe. Pesyas-
TaTH, OONYUeHHWe B HbITOHOBOM M DPEMAIHTOHOBOM (fOpMannsuax MOIyT
6HTh MCHOOJNBBOBAHH [JIfi pacyera PEAATHPHCTCHMX NONPABOK B JNBUASHM:
CHCTeM 38PAKEHHHX YACTHI] B 3aJaHHOM 2JEeKTPOMAIHWTHOM ngie. Hexo-
TOpHE 3afAYM DSTOrO0 THNA PECcCMATPUBEJIMCH H.ﬂ.RJlEHMKOBHIl?u / B paM-
KBX YeTHpexuepHoro ramuipbTonoBe (Popuanmsma, Hcnodsaypmero rpaf-
dopu dopuu ¢ vMHMMAIBHEM BBEneHHEM BaayMonmefCTBMA 3apAnoB C BHem—
HUM 3NEKTPOMATHHTHHM NOJNIEM.
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HeoGxomumo cponars rakke A’xo-ropue 3aMeYAHMA O npofiese pas-
jemnmoctit (cemapadenpHocTH) © , OGHUHO BO3HMKApmeft MpH pemeHHH
387aYM CJOXOHHA BaaMogeHcTEHH. B paccMaTpHBRSMOM IDHOMKXEHMH,
Kax MomHo ySepuTheA HMa ocuope Bwpaxewmt (3I), (32) , npu pByx-
qacTHUHOM noTeHuMane W,y (Tap) fyiamu W 4o, , yOHBaxEmx HE Gec-
KOHEWHOCTH, TPYAHOCTH € PA3NENMMOCTED MOT'YT BO3HMKHYTD TOALKO
38 cuer Jymwapm W, B (32) . Tax Kax ¢ TOouMH spenns ycnosuit
rwaxma%?nmapuamﬂocm rasmneft-uisapnanTHas Qymrxara W, npoua-
BonsHA' ', TO, orpaHuuMBaf ee BHGOD, MOXHO YKB3aTh mupoxufi KEacc
sogeneft, ymosnerBopApmMX TPeGOBaHMD pa3neNIMMOCTd p3auuopefic 3mnd.,
OgHaro cope He BKADYADTCA HEKOTODHE JArPaHNMAHH C HEpeAATABHCTC-
L xy.uouon%mfo?oremuou, ROMYyCKADMHE TEOPeTHXO-TNOJEeBYD MH-
repnperayy’ 't . Taxyw npusmepow EBasfiercs aarpanmuad osyGeHxo-
Ba~-CMOpORMHCKOr0, §AS KoToporo fymamsa W, uweer upy (34). He-
TPYAHO SaMeTHTh, WFO COOTBOTCTEyDmEe e UeTHPeXUACTHWHOE cRarae-
uoe B (40) Hﬁt)t"" He ABRASTCA DasmendMiM. AHanOrK:Hhe TpyiI~
HOCTE BOSHMKADT TAXKe B HbpToHOoBOM fopuanusme, OHM ceAsauH, no
HagleMy MHeHMM, C Teu JexToM, UTO PasNOREHMA B PAR N0 CTENOHAM
napaMerpa C”' B MOReNAX, NONYCKLNEMX TEODSTHKO-NIONEBYD MHTEpIpe-
TAUMD, BKADUADT DASAOKSHMA 1O CTENCHAM SAnasAHBasuA {onepexe-
HMRA); OYEBMTHO, UTO C POCTOM DPACCTOMHMA MEXIY HOHOTODMMM XJac-
TepaMH CHCTOMH 3RNAsziHBAHNE BIAHMOREHCTBHUA MEXnY HMMH CTAHOBATCH
GonbmyM. B pTOM CMHCIe KBRIHpERATHBHCTCKME MpuGMCKxeHud, pocra-
TOUHO YROGHHE 1A PACCMOTDEHMS CBABAHHHX CHCTEM, O6IamavT orpa-
HUYSHHOH NPUMEHMMOCTHD B MHOTOWACTHUHNX 387aY8X DRCCEAHKH; B
nocnegHeM cayvuae Gojee ecTecTBeH:HH MPUOMMMEHMA 1O KOHCTAHTE CBSl-

au,
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MTHOBEHHAAl $OPMA PEAATUBHCTCKUX YPABHEHMA NBUXEHHSA
B OJHOW MOJEJIM ¢OPMANM3MA CHHTYISPHBEIX JIATPAHXHWAHOB

P.N.Fuitna, A.A dyeupsax, 10.B.Kmoukosckui

HHCTHTYT NMpukoaaHsix NPOSAeM MexAHHKH I MATeMATHKH
Akagemun nayk Ykpaunuckod CCP, Jflueon

1, BEEMEHHE
/Y

SOpMAXHAM CHHTYAADHEX AADAHEMAHOB B NOCASEHHe FogH Bl-
SuBAST sHAWNTEALHHR UHTEDEC XAX OfMH MS cnocofop CAHMA pexfi-
uucrc,gx ﬁuc'reu npANO B3aNMORERCTBYNERX GACY| (cu. Taxme
oGsop V). Jror dopwaxzusu, B oulvgjor TPEXMSDHIX HOSXOA0E

' EGIpaHEeEa, HLDTOHOBS MAN TaMLTLTOHOBA » HCNOAB3YET WeTH-
PeXMEDHEE ROODAMHATH WWpOBMX AuHMR uacTun B mpocrpancese Mimi-
zopoxcro M ; nsGWrowmive nepemele MCEXDNADTCE C TOMONBD
caazel, ClexyPEMX M3 CHHLYAApHOCTH Qymxuyum Jarpanwa. Haxwume
oTHX cBAsefl DO3BOAAST BAMMCATH YPABHGHHS NBMNSHMA B BUnG OCuXHO~
semx pudbeperipaxsiux ypesueinll, a He Murerpo-nuideperMars-
HO= CTHHX, XAK /g ;7:40 ropapuairiod opuannsue runa Soxxe-
pa (cu. raxme “¥* ),

SopManusu CHHIYRADHEX AAFDAHEMAHOB TECHO c'}fu@é‘v ¢ XaHoHu~
wecxuM fopuaxusmom co camzmum [aaexproxa-fupaxs’ <7~ . C npyrofi
CTOPsHE, 6r'0 BauMMOCBA3EL C NPYTKMM DONXORAMN, MCOOALIYOMEMYA B

57c:ol reopuM npAvux Baamwopeficrpul, B YACTHOCTH, -
m » UDSRTHUECKH He H3YQAlNach, YKAXeM TOALKO pam‘x;:?s7 s



Il YCTSHOBXEGHO COOTBETCTBH® C MBHO XujanManTHM HopuarHaMoM
Jpo-Beucana, a raxme monwrxy Taxagsasc COTOCTABUTL MOPeNl C
CEHIYXASDIMM NAPPAHEMSHOM Hexotopoe neficrese mima Soxxepa (max
OYReT NOXADANO HUES, Or0 DesYAbTAT HOKODPEKTeH; CM. pasp.D).

Liexsp nacrommel paGoru smxserca paspadorTka cmocofa nepexoas
07 ypaBHOHME nBMXeHUN B JOPMAXMOM® CMHTYAMDHMX XAIDAMEMAHOB K
TpexMepiM ypasHeruau runa HeproHa » wrHoserHOM fopue nmuammxs
B PAMEAX pasxomeHuil no mapauerpy ¢°2 (?.H. XBAIUDEARTHBMCTCKME
OpUGAMEOHMS ) , & TAXXE HAXOXAGHUE COOTBETCTEYDEMX HHTOIDAXOB
ABKESHMH. B uacrHocTH, 3gech DOAYUSHO M MCCNENOBAHO NepBOe XKBA-
aupemuncr%?e npucasnesne nan wopexs Jowwmuk, Iowema n
Jouru (DGL)

2, MOEIb DGL M YPARHEHWA IHAREHHR TAKABAACH

Mogens DGL 4 , OMHCHBADWAZN CHCTOMY NBYX GACTML, C OfMHAKOBH-
MM Maccauu m , ABNAOTCA ogHoll M3 HANGONE® NDOCTMX ¥4 NSYWeHHRX
B GopMannswe CNHIyXSpHMX xarpaoados. Mopeas nocryzupyer napa-
MeTPHUSCRU-UHBADHANTHOO pellcrRue

S=fLdr, L--,/w(p*)(-i,’»,/-if ) (n

¢ dyoxameRt Jarpamsa L , asgansoft ua TQ , rme lomrypmomoe

mpocrpasicrso @ = M, xMy ; agech ple ('~ ) xy-X), x{'

(a=I,2; u~0,I1,2,3) - xoopppasar Q -roft wacrups B M, , &=
e dyl/dr , rne T - Hexoropult napamerp ssoxpmun. MeTpuxy B
M, opwwmaen B puge I ol = diag ( -I, I, I, I). Symmaumn
W , OMMCHBANMAA BIAMMOGACTEHO, PHDARAETCA UEPed HeremaTH-
sucrcxuh morenrmax U (amecs p- /F ):

W (p*) = m*c+ m U(p). (2)
Ilyasxape-unBapHasTHoCTh Xarpansuada (1), coraacro nepeoll Teope-
ue He-rep, TPMBOZET X CYROCTBOBAIGD IO mn-er-puoa ABEMEHRA

P z-_ V 72 Z ( xlﬂ“ﬂr") (3
awf -X Qef
Marpuma Tecca *L /0xf 9%} aarpammuanas (I) BUPOKZEHA; caef-
CTBUEM BTOrO £ uaxwune (8 cxywae dW/df's0) neprwaof
aarpauxesoft ceas: , KOTODYD MOXHO 3AIMCATH
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Vwi =Fpl'=0 (4)

( CHMBOX = 3p0Ch 0003HAURST CyalOe DABBHCTBO, BHIIOXHAXMEECH
Ha ypassemunx xepa-Jarpaixs ) . YexoBHe CTASMBHOCTH CBASH
(4) opwsogme x mropwwioR xarpanxesoR ceasu Pu p* =~ O
YpapueHun 3Mzepa-larparza sad IaTrpaHAMANA ([) MORHO NDMBEC—
TH K BUYY, WHBADMAHTHOMY OTHOCMTEABHO 38MEHH LAPAMETPA 3BOMIMHM
AR eaxnofl YacTiH OTREXBHO (ucxo,mm JarpaHRMaH TaxoR /*Bzﬂﬂoﬁ
RApaMeTpMRECKOf KHBSDHAHTHOCTED OOAAHATH He wome?, cM.’ ™), or-
NOTHM, WTO MHTErpanH ppyxenus (3) u mepPuwnax chran (4) yme o6-
zanepT aTiM ceoftcrBoM. [lposopAa Tenepb B HMX DenapaMeTpH3alMD
X (8) > %o (Ta) (@ =1,2), mpuxomm x ypaswermau TamaGasicu

W —°‘-7"_-°: (-2 P,eo(é Bl

/3/ V.’XA dra
(s padore BLOOXHEH OOpaTHWA Nepexos 0T JBYXHAPAMEeTPHYECKHX

ypasaeruft (5) x ogHonapamerpuuecxomy neMcreim (1) )u coorser-
cTPyDmMM nepBuuHOl CBAYM N NepEMM MHTOrpazaM,

Suxcupys, HAXOHOL, OPOMSBOALING NADAMETDM T, KAX KOODAH~
HATHe Ppeweia WACTMN, o

'L"-;_—x,-f,, (6)

HoxywaeM TpexuMepHyD fopdy ypamHemuit Tau.mcu/ 3/ , KoTOpy®D noc~
e HemoTOpMX ympomeHust ¢ yderou (2) WOEHO mpeoGpasopaTh X cHcTe-
MO HOSABNCUMMX ypARHEHME
o ()P [F- G-t ] du

mot -~
y 04 9(1 + Ulp)/mc?) alp
-PJ'?J"C-Po(%l-tZ)-OA . (8)
PRe HCHOAB3OBAHM TDEXMODHNS OGOSHAUSHNA x4 (¥,) mas xoopmunar
K i (ta) m xé ($a) - nan cxopocred wacruy ( i = 1,2,3);
TpH 2TOM e - i .
p= F2_ c2(t,-1, , feo o, 7T -x,‘(t,)-x;(t,);
iwe, ik =t (1-v/) w2yl
Hurerpamu ,umuem (3) mpwvmanr Bug

L-—\/—Zm. ai E-c?,-cfl;/-i%; (9)

az{ as={

=0, ™
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Ji= —z‘- & MiE . é/wé Eje x.“”’.‘ﬂ’n,
K"'i""io';"\/;;@fa"a:+x¢z)7a. (10)
3. IEPEXOR K MICHOBEHHOR $OPME JWHAMOA

Cucreua coun ypasserah (7), (8) cayawr gas maxompeins wecru
ncxomx Gysxmet ¥ & (+,) u sapmcmcocrx t, (¢;) (man naoGopor),
(uxcapyomell cooTBeTCTBYDEME TOUKM MEpODMX Ammmfl RBYX uACTNH,
“omHoppeMeHHES" B TEDMNHAX SMHOI'O NEPBOHAYAXBHOIO NapaMeTDa
apoxpgus T.  Jixs nepexope X wrHosexxoll dopwe nMHAMMEN, B XO-

ropok OZHOBPOMOHHAN CNCTOMM ONDORSANOTCA HA rUmep-
nxocxocTH x°=const » YHEOGHO BBOCTN HOBME NEDOMEHHNS
i‘-)t'+(1—])t,, Bec(ty-ty)mul-xl; (In)

=t+(1-21)8/c, t,=t-206/c (AeR), (12)
'Iorn ypasuomue /8/ ¢ yuerom /9/ sammercA B Bz

9—-,_,(’:., t)e 6—‘- *__(L"l_%l_l"*l (13)
2
rae ¥, u t, oSosnauavr nﬂpmm /12/, x ero poxab cocronr »
MCERMDUEHME MaGwrounof mepeweinioR O - “ozHockTexnHOro pewein”
ABYX QacTM.

Myl DPOAXATaOM AXrODNTM Nepexoss x wrxosennoll Gopue auHaumxx,
ochoBaHMR He DASEORSHNK B DA 0O mapamerpy < ', weo coormer-
CTRye? TaX HA3NBAOMMM KBABHPOJATHEACTCKAM LDE 5/,

Oyers A (ki (), %i(ta), 91 (t,); ti-ty) = Ay, t; 2 nexoropasn
fuswveckan semrmMNA; ee sHaUeHNe C yusrow cmuax (I3) womio mpen-
CTAZNTL B BMRS

Attt )]0 jde X A(te0-n2 422, L)), ()
Yummupan, uro , corucﬂo /13/

du/de = 1- % (- AD),.. , (18)

rae D, Z.fi'.. 9/ 9x.. = d X/t ; D= = D+D, x mpexcras-

o-'

A% CRPEFK B SpIyweHTAX %ymulﬁ X ¢ DoNOWLD sKCHOHeHTH
or oneparopos D, ( cp.

Bt (£) = §d0 expiz(n, ) a(e- L, e) x

Ie2



xA(tt, 00) [t-L0,- D) 2@, )] . (16)
Pasxaran SXCHOHEHTY B DA M BHIIOAHAR MHPOTPNDOBAHNG, NOCXE® He-
KOTOpMX RpeoGpasoBauuit HaXOmMIM:

B =28, o OO N0 AEL S ).

[loxyueHHoe BupaxeHNe yNOGHO NAA HAXOXmEHNMA HprSx:xerult no ¢~
EAR yparueumit ppxmeimn, xorza J - zesan cropoia ypaeHeHul
(7), wam pas aurerpaxos geumerms (9), (I0),

4. [EPBOE KBASHPERRTHEMCTCHOE NPHBIHNEHUE

Zan naxomneHus MpuCAMEKOHHKX (¢ 2ARAHHOR TOWHOCTHO IO c-2)
pupaxesit nax A+ Ha ocxome (I7) caepyer ywecrTs peaszoxesms
B pAx mo c-? wcxopHoR pexwon A m fymxpn =, , onpemexen-
Hokt » (I3): - -

- -20 (o) ~ o3 = (o)

A ,Z_-o CHATL & ,Z_,, - (18)
MR orpaHNTIMCA DACCMOTDSHMOM NEPHOr0 KBASMDSINTMBHCTCROTO ITDMGEN-
XeHMN, YUNTHBADMSro WNOHM ;O OopAmxe <72 ., [lpm aToM oxasupasr-
CR, QTO 6CAN B HOPSAATHBUCTCKOM HDRCAMESHMM BRUONHEOTCA pABSH-
ctso DA® = 0 | xax 310 umeer uscro gxn ypassenR AEKESHEN Mxn
ux mepmx Mwirerpaxos, 7o §;)(+) ue sasuckr or mpomspoasioro
wicxa A .

[lpswennan npepxoxe:xtuit aaropury x xepolt cropoHe ypapHeHmN
(7), saxopum ypapHeHus JBHKEHHA HEDTOHOBCKOIO THIA B WIHOBeHHOR
fopue i :

: 1,0
Vo = Mot + 33 Mai » (19)
rge
pE - (1) ;’-”t‘; %’ (a=1,2), (20)
(') i - - — u +
M '2—'7”{27:,‘1*; + (T, + r-zr,)ar‘-} dd_’f.)

T, e 22w g 1 d\} T du(f)
+8-;n'(*”, """";)(*"’a'sf'v*)(?ﬁ) ‘L((1~)+7E_U(f) ar 39)
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(amecn T = Tt t); vy =t &b oboonauaer oRaIfpHOS MpOHSBeneie
3-sexropos ) ; aazorHwIon Bupaxemwe mis M§: Roxyuserca uy
(21) pepecrasuoBKol KHEeKCOB WACTHIL. %uwu p& L u& yroe-
nersopapr yczoswms Kappu-Xuane (cu. ) myasrape-uHBapuaHT-
HOCTN HbDTOHOBE (OPMAXHIME B COOTBETCTRYNGEM MpHCAHREHHH.
Aaxorsio HEXOAM KESOWDEITUBHCTORHG TIPS NBINGHI:

P= Z_'mu- (f+-’r—)+ {(wv)ur) (FFJ!F)—--uf; (22)

E-5 (met+ 3'mva )+ U@+ L {(g &+ Lvue)-
[(-r TXES) + - (rv)"] 1,', ﬁ'f_’) 4—'—5 ur); (23)
3- Z. [rx?, ]{'f»(“ 70 ucr)} (22 JFo+ 70 ) 5 -4- (24)

e
K-—tP +§.Wta(1+ )+-—(h+lzw(r) (28)
(Bnecs [Et'l?] - BEKTODHO® NpOH3BeneHe S-BexTopor) .
Hexops xs o6mero supe xpasupexsazieicrckoR dynxuuu Jarpaixa
B wrHoBemok fopue musmmrn /12,5 myzex xomxpezmoauun mpous-
ponbHMx JyHruit WOXHO MOROGPATH XArpAHEHAH, NpHBORSEME K YypaBHe-
HAAM [IPHEEHHS (19) (1) n ux lmrerpa.lau (22)- (25)

oLy el 2 (et 3 B8) s L {5 o
axf
[ L Gop) 4], 47‘” - (). (26)

Oruerid HeauseflHOCTh MO KOHCTaHTE BaamMopeflcTeusl zarpammuasa (26)
H COOTBETCTBYNNEr0 BHDAMCHHA NAK dHeprmu L3),

5. 0 QOKKEPOBCHOM JEACTRMM JIA CHHIYIAPHHX HATPAHNMAHOB

TpexmepHuit zarpanxusy maa wosem DGL  womio Gumo On moxy-
WMTh B XDOOM IODUGXMECHHH No ¢~2 uMeTonoM, paspadoTaHHEM n/ 7
ecay MOXHO GHEo GH BOCIOAL30BaTbeA HoxK npecTaBneHued
zaa peficreus (1), mpepmomernnm TamaGascu

Su S, + S é/;'mcw:x—.d.t (D06, %) 8(2)drdry,, 27
rae ¢ =2/} i} 'U(e), a L ompemeneno ® /4/. Oguaxo oxasupaercs,
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uro gedtcreme (27) e coorsercrsyer womenr DGL u ne mpusogur
x ypasuennmu TaxaGascu (5),

JekceeurenrHo, PHuucHeHMe ypaBHeHuN axcrpewaielt paA jeRcr-
sun (27) ¢ npoussoasrumms P u L(x, k) npusomur X cucteme

( amecr a¥b)
' doe 99 dL
d% §£. - Sdt,_{ 5(4)(0Txa7;,.- ‘bx") 3z )(w X, +

, 48 % _g X ) s'(gyp 2% db }

’1
AT D oL d, (28)

Ilocxe MHTOrpMpOBEHMA LO WacTM M pARa ynpomesuit cicrema (28) mpe-
ofpasyercs B CHCTOMY OCHKHOBEHHHX YpaBHeHHE deipeproro nopsmra
Co CBASHY

ap (L2, BE,X) =0, Lao (29)
xoadlhmenru y YOTBEDTEX [MPOHIBOIHEX B Z HMEDT BHE
L, 2L 9L (d2
Cﬂﬂpﬂ’ =0, Cﬂ“r* 2 5 Rl 9;,, ( ) S (ast). {30)

Taxiu ofpasow, nelicrase (27) ne nopoxuser ypareuu$ BToporo

nopAnxa (5).
BucaerMe TDexMepHOro NArpaHEMaHa B3auMozeMCTBMR, COOTBET-

crEyomero geficrsmp (27), naer p OpHOAMEEHKM C™2 BupameHue
‘ -> e P d ‘ l
Lo =- Ue)+ L {Gf, - 2vuor [FF-J6e) 1L )

orxusaxmeccd or (26).

PesyxpTaTi HacTOZMErO pDASHENA CTABAT IOy, COMHOHME BO3MOX-
HOCTh COLOCTARRSHMA CIHIYJApHEM sarpammiasad =~uma (I) foxkepop-
cxoro meficrrun mupa (27).

6. SAHIMEHME

loxyuense B HacroAmeR padore PEsyAbTATH YCTAHABAHBADT B3au-
nscBash Mexny Moxeasw DGL fopuamisMa CHHPYAADHMX XerpRHAMAHOB
H TPeXMEepHEM HbDTOHOBUM QopManuswos B MrHoberHoll fopue pMHAMMEH
B DeppoM KXBASKPERITHBHCTCEOM npubmtxeunH. [lpeazoxeHHuR a.n-opxnl
NO3BONAET BHUMCAATH COOTEETCTLYYMME Bupaxerus (Hymxmum Ma
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MHTOTpDATH JBMNGHHS ) B NOSOM SAyaHHOM NpsGammexms no G2 . Ero
MOXHO ocodlwr?ﬂ’ OpoRSBOALHYD JopMy AMHSMEKHM, SANAHHYD PEOMET-
pugecxy [ cu.’*Y ), pan sroro gocrarowso swecto (6) mucpars »
xagecree napamerpor Te= O(X.), rpe 6 - dyumma, ompepe-
2oar GOpMy IUHAKKRM

Bonpoc o coorHomeHuM POpMANMEMA CHHIYASDHHX AQUDAHKHAHOB,
ﬁeﬂc OHHOT'O B EuTODATYDPE mmsw WOReARMM

P, M TPOXMODHOI'C JArpAHESBE OIM ’ B HacroAmee
Bpeut ApaferTcA oTEphrsM. OH NpefcrABIfer MHTEpeC B CBASH C ToM,
yro nocaepumi dopwaxmsu, paspursit BMpe, N03BoafeT MpPOBO~
IWTE CDABHEHHe® C NONOBMADL reopum; » W20 sieams? POSMOMIDM (u-
BHYECKYD MHTEPHPeTAIND HOXOTODMX wonexel ¢ mpmea BaaumMoneficy-
BHeM.

Passursfl 3nech DOXXOA He JAST BOSMOXHOCTH HalTH TPOXMEDHYD
dyrumup Jarpasxs, MCXOSA HANOCPEACTBONNO W3 CHHTYARDHOTO ASIDAH~
muasa tana (1), Hocrposiue TPEXMEDHOrO POrYAADHOTO IATDRIEUSHA
qepes CHHPYAApHsil yeTWpexMepHMR B OSEOM CAYUAS MORET OKASATLCA
HeBoaMOXHsM. R mmocu’zydoﬁeﬂlo woneau DGL Ha cucremy nmyx
QACTHI C DASHMMN MAcCOMN ™ , HCCASEOBAHHOS C NOMONBY OPOLEONSH-
HOPO ANTODWTUS, IPUBOMMT K KBASKPSAKTHBNCTCKNM HBWTOHOBEM ypAB-—
HOHMAM NBMECHMA, RAIPAHKNAH AXA KOTOPMX NOROGLATL HE ymasrTcA.
OTH pesyIbLTATH, & TAKES ﬁcl'u,qowme Zpyrix wopneael fopuasnsua
CHHIY EAPHEX JAIPAHKKAHOD OynyT OnyGENROBAHM OTREALHO.

Anropu Gaaropepiu C.H.Coxoaopy u B.H.Tperaxy aa muonormopesie
OGCYRASHMA N LOHHWE 3AMOUAHMA,
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TEPMOAWHAMMWYECKUA MOTEHUMAJI HEABENEBO MNA3MBI
B NOCTOAHHBIX KAJIMBPOBOYHLIX NOAAX

1I1.C.Araes, B.H. Kyxoeckuti, O.9.Cemenop

Mockoeckuii rocyaapcreennbil ynusepcuter M. M.B.Jlomonocosa

A.C.Bwubues

MOCKOBCKHI HHCTHTYT PARHOTCOXHMKI, S/CKTPOHUKH 11 8BTOMATHKH

L. Baenoxxe

B mocxexame roiN Goasmwoll NHTepPeC DPeACTARAIAGT ECCASEOTANES
BARANNS ToMDEDaTYDEMX 30PeXTOB B KAXNGPOBOYHMX TOOPEAX. 370 ChN-
24BO ¢ BOSMORHOOTED CYROCTBOPANNA (A3OBUX HEPEXONOB B TAKEX T60-
PuAX N KX c.nx% EAf PASANYNMX ACHOKTOB AXPOHHOR ESEKR, XOC-
MOXOTPEN X T.Z.' %/, R.AKupanmy x A.JLJNRE® ECLOALIOBAD SHAXOIED
MOXEY CBEPXNPOBOEEMOCTHD N MOXGHESMOM XNITCa B EAINGPOBOYEMI 70—
PEAX yXasaNM Hy CYRECTEOBaHNe $AsOBOTO LEPEXOXA B OOXAcCTh BOCCTa-
HORREHROR CEMMETDEN,

Jxn ofleEXE XparEYeckol Touneparypu $asomuY HEpexoXOB X BWINMC-
XQHEA 76 gln?mlecm DSPAMOTPOR B KAIRCPOPOYEMX TEODWAX B DH-
Be 21344 CHUN pas AHN TEOPOTEXO-BOBMYROHYEGCKNE METONM.
Tax, B pacore Eepaa BMPOROHN DparEaas dollHMAHZ, DOIBONTIMENE
BUNECANTS TOMOOpaTyYpHue Jyaxomy I'pSHA, CTATECTEYOCKES CYMMM B CO—
OTBOTCTBYINES TEPMOEENAMNTOCKES NAPAMETDM cECTown. [IpmMensa one-
PaTOPENR MOTONl BMOCTE C JYHKINOHAXBHO— MOTO, ., B
cxysae maxofl xoHCTANTM CBA3E, Ball:ide , Joxss x mﬁ/ Ha-
BN ToMueparTyDEMA afdexTaBEME DOTEENEAX ¥ sHPOXTEAHNE MACCH 6OBO0-
HoB. B yxasarEux padoTax NOKAPAHO CYNECTROBANES XpuTEYecKofl Tou-
neperypu /%o . IIpR ToMmepeTYDAY HaSe KPNTEUECKoR MEHNMYM of-
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JORTEBHOTO NOTEHIMAAS HAXOIETCHA B HYXe, T.6. NPOHCXOZNT BOCCTa-
HOBXGHN® HADYNOHHON CHMMETPEN.

Hcexenonange cpoficT® KBADK-TADOHHOR IAASMM OPH BHCOKEX TeMIe~
PaTypax X CGOXBINX IJIOTHOCTAX B KBAHTORO# YDOMONUNHAMEKE IpeJCTaB-
xqeT ocodufl WETepec. CymecTBoBaHWe Taxof NXA3MH IPOINUOAATAST Ha-
pymemne koBfaflEMOHTA OPE BHCOKHX IIOTHOCTAX X TeMI:paTypax W CBA-
3aHO C MOJEALD OGpAasOBAHNA ANPOHOB, KAK KOHNEHCATA KBA&DK-TADOHHOK
naasmd. ECTH ocHOpaHEA moxaraTh, 49TO (daso: 6POXON IPOHH -
RBADK-TDOEHAA ILasMA CymecTByeT. B paCor S TPEBONATCA HOBOZH B
TOJMBSY TAKOTO Hmepexofia. ABTODN, HCHONL30BAB METOIH DPEHOPMIDYHIM,
DOKASANE, WYTO TEOPEA BOSMYNEHRH C yBoXBYEHEEM GapEOHHOf IAOTHOCTE
naeT BCe (OXee TOYHHO PeByJABTATH. JTO CBASGHO C ACKMITOTEYOCKOR
cpodomoll Teoprm. Kpowe TOro, NpPE BHCOXEX [XOTHOCTAX EMN OHAO Hafl-
JIeHO ypaBHEeHEe COCTOAHNA, KOTOpOe B HPOfieNe UPNCAMEAGTCH K ypaB-
HOHED COCTOSEEF ENOANLHOIO POAATMBHCTCKOrO KBADK-TANOHEHOTO I'a3a.
JaxpHelimee pasENTEe TEODEN TO| ecxux csolicts KX ciexaso
B padorex Kucaxunxepa m Mopam' J ) yXasapslixX Ha HEOOXOIEMOCTh yde-
TA SKPAHNPOBXE IPN KOREYHHX TesMueparypax. B odme# fopse 6nao no-
XQ3aHO OTCYTCTENe HOBMX, IO CpaBHeHED ¢ Teopxell posuymeswik pacxo-
amsocrell. BuuNcieREe TepMOIEHAMNYECKEX NOTOHUEANOB OPOBOANAOCH
pasuuME asropamx. Mcexanyr KX mero TOODEE BO. OHNE OpE Ko-
HOYHMX NXOTHOCTAX, TpEmeaH, Marmxe , BHF 8/ pumenmm J2-
HOTOHDNAA KBADK-TANOHHON IXASMM B Y6TBOPTOM NOPANKS DO KOHCTAHTE
ceieN ¢ . Burecyenme J2 - noremimaza NpE HewyReRHX TeMnepary-
pax x Jg,necm NOTEHUMANS ¢ TOWHOCTED go ¢ //5) IpOBeLeHo B
pagdor .

YxaxeM, 9TO OCHOBHHE 46" TEODEE IPECYTCTBYRT Kak B cAyIase
MOIGXE EaMEGpoBouHoR Teopmm rpymm S/(2), rax x 8 ST (3) .
B MOCXOREGL CAYYae NPONCXONNT JENH HEKOTODO® MATEMATNUECKOS yc-
ZOXHOHNO, OCYCAOBAGHEO® (OXG€ BHCOKEM DAHTOM rpynnn7.g/ . Yugru-
BaA RIXOXOHHO@, MH OTDAHNYEMCA DACCMOTDOHUGM MONONH IRAIME B Ko~
axopopowEo Teormm ¢ rpymuok S’ (Z) . B macrommef padore B O&-
HOMETASBOM NDECANEGHHH BHUECEeH J! - DOTeHINAZ KBapK-AHTHKBADKO-
pofl IEA3MH BO BHeWHeM IIBOTHOM MATHRTHOM HOXE, 3aNAHHOM OOTOHIME~-
Jau% ¢ pasHOi msorommvecxoff opmenraummef. Mu He Oynem pacCMATpE-
PaTh BANAHEA {Wyxvyamuit "ranORHOTO" NOAA, A CTPAHNYEMCA PacCMOT~
PeRNeM KBaPKOBOTO CEKTODA. JTO O.JDONeXAGTCA TeM, 3TO PACCMATPNBA-
6MOe MoJie JOXNHO COSHABATHCA TOC.JAHHMM BHOSHEM TOKOM, NDEYGM, B
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cuyy BovmEefHOCTE Teopmd, (UyXTyAlNN TXDOBROTO NOXA OYRyT COnpo-
BOBIATHCA N3MOHOHEAME STOIO TOXA. B DesyARTaTO ODEMXOMMTCA DPEBATH
BesNHEONAEYD 3aRavYy ¢ DByMR B3aEMOAsicTE » 9TO OXA3KBa~
©TCA 3ATPYAHNTOXRHMM. B HOXOTOPHX padOT! 11,12 8BTODM, ECCEOLYA
OpoGAeMy CTACNNBHOCTE cocToAHEf ¢ TAKEME NOXOBMME XOHPATYDRIRAMMN,
OCTARNAKT (63 BHEMBHEA $TO OGCTOSTONLCTBO. LOXYYOHHN® PESyARTATH
CONePRAT ABHYD BABECEMOOTH OT XANECDOBXKE K CDOCOO8 DONNOpEAHER
BOCTOSHCTBA BHOMHOIO TOKA M RAX CAGICTENG HO ABAADTCA TOYHAME.

2. Oogye Jopuyay

Bume OTMEYANOCH, YTO UpN BUMECIOHEE TODMOXNEAMNYOCKEX IOTOHIE-
ax0B KBADX-TADOHEOR IASME NCOONMG3YDTCA PASANYHMO DONXOEM. Mu no-
XOKNM B OCHOBY BuuNcaoHFE MeTON, OCBOBaHHWE Ea NCOOALIOBAHER TeX-
HXXR $YEXUEOHAXBHOTO EETS, PAHNA, RONORHGHHNE METOXOM COGCT-~
PORHOTO BPOMOHR [lpmHTO . Taxol nomxox mpx Paccllygoyn BIN-
AHEA TeMmeparTyPM B KOJI Gux npmsesbr JsTpmxow B pado? 4 .

ME peccMOTDEM ILIASMY EAS TPOX DASXNYHMX TENOB MACONBHMX YACTHEIL,
XapAKTOPE3YOMNXCA CASKYDRIMI IFAYGHEMMN CINEA R N3ocmAa: S5 = 0,
T=1/2; 5=0, T=1; s=1/2, T=1/2. Xnmgecxsll no-
voHMAX KARAOR CECTOMM GYAOM DOAATATE PaBH:M EyIo. Jpyrma cxoma-
Mu,YECAS TACTED B ANTNUACTIED DABNN, A HAMA CHCTOMA ARMAGTCA ILBe-
rorefrpaxsEOR.

Kax EsmecT=O, COARNAA CTATHCTEYSCKAA CY<MA KPANTOBAHEMX noxek
npesicTapiAerT coGofl aMIANTYAY BEPOATHOCTK .UEPEXOEA “Baxyym-Baxyyu”™
eBxEpopoft xeamTOPOf TEODEN HOXA:

Fe ool pl)= opt S,), 13

31ech ,S ~ afifoxTEBEOe /UPONETOITMPOBAHHO® N0 BCOM KBAHTO ~
BYM erymwm/ OBRXENIOBO ReflcTENG UACTEIl BO BHOMHOM KASCCEYQC~
XOM 00X6. Ha KBAHTORNG JXYXTYAINN HARAORGHO YCIOBEE HOPHOEEYHOCTE
no gerpeproff KOODIMBATE /"MHRMOMY BpSMEHE"/, 9TO OGOBBAYASTCA NN~
zexcom (3 . llepmoN yma2aHHEX fayxryammlt cegsar ¢ odparEol Temme-
perypok caemynmmu odpasow 3= £ /7" . Inorsocts J2 - motes-
omaxe s n’pl/‘ = 0 INOTHOCTH cBoComuol 2HEpPTEE DapHA

Z_. L ”5/ﬂV /2/
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T0 @CTH STO GBKANAOBR JATPAHXEBA IAOTHOCTH CO 3HAKOM MUHyc. Ixor-
HOCTh cROConHON PHEPIEN B ORHONGTACEOM NPECANEONEN MOKHO SQIMCATH

D -BERS
7.1 ﬁvh) 7 G) /3
rae 7/:32// z/z 15/ /ﬁ V B oguoneTaePoM npEO-

xze ~ NOTEHIMAN DAA3ME onpene.maeca B Buze QyHKINOHAXI—
HOTO WHTErpaka IO MATEDNANBMMM NOXAM SacTan ¢ 1 &

A N Tl 0 Y

B 9TOM BNpARSHEN s =~ GBRENNOBO XollCTBEE BAA COOTBOTCTBYNEETO
THOR YacTHI

Vs * A7
Sez_/dqfoesx }’ a,"'-(f’)f’ /5/

r (P) - BupameEEA B XOTODW® BXOZNT NPONATGTOP WACTELN KAN
xsaxpspoBansul npouararop, DpEuYoM yxasauuse ¢yHximx comepsar 3a-
BECEMOCTD OT CONHA, NSOCOKEA {[) BHeBHOro Headelesa UOAA. Buvacass
rayccop unrerpax ( 4) St DOXYYNMM CXGHEYDRO® BNDARGHES

) -{
/5J2 ﬁzﬂésrw. /6/
B dopuyaax (S)I(G)Bcoo'rmcfm /2 u//”'r “’z%/rne
&= 2 ,uopm S =018 =L +1/2, 0pm § =172,

£ =0,%I,%22, .../ - uHAMAT 3HMEPINA, & NHTGIDUPOBAHEE IO
2efl mepexomEtT B cympoaane CRONYIENM O0pasoM.

228
//169" —'HZ'() Zﬁ /7/

n=-oo

Buamcaan (6) meronom [BEETEPR C YYSTOM COOTHONGHNA
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b Gt T o Br P
puscTo (6) mOXywEM

0-4/5 V7 %Lgsr go)_
AT T ke ) e

nz--a
B (8 Tx 03HAYAET CYMMEPOBAHNe N0 HBGTOBMM NHIOKCAM B ARTE-
TDEPOBAHNE 1O , TR, - Toxsxo cyeamposaime mo cHREOBMM W mBe-
roBuM mugexcaM. Jua (v, s,v(F) B0 BuemHeM NOXe EMEDT MECTO CXe-
IyImme SBHMG BHDAROHNA *
§ =0 T= IZ?
-4
P L4 2
G 2 (pn = 57 Aap) s
—t.=0, T=] /9/

-f

9’) Ve Lm -ch.“:e/}uq‘; gg(afr(cﬂ( /’z/u/‘/f’
S=1/2,T=1/2

Grmon pr=p' e /e Wi Bl By g 943 Foiv 7 72,

meq- %Ta%dlftffzsn‘?va-nmm.
yax, / - 3aTpABOYHA] NOCTOAHEAA psamMonelicTeadA, /4,2_/L - NOTOHUNA-
A4 BHOKHOIO OOAA.

Sanam xonxperl-mi BN} BEENHETO IOAS BOCHOXLSOBABEECH KAZCCE~
furanreR moxell, ocHOBAHHOR HA ECNOXHIOBAHNN COSCTBOHHMX 3HAYCHNA
MATpEITN )’;!- -Aj A’¢ . octosEmoe m ORBOPORHO® XPOMOMATHET~
HOe mome &, 74 /./Z = //  3ananaM HeaseNeBLMN NOCTOSHHMME
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NOTOHIMAKAMN

A = (007,0,0) 1 AL= (0,007,0) ; L} =(0,0,0,0) , /10/
rie A~ codcrsemnue suavouns warpmuw Yes < - AL A’y B pe-
syasTaTe npeoSpasosasul wa (8) IOXYIEM BHDGEEHES AR A rHT) s

T R
.- > | £S5 % al
A &) s € %gfy/ﬂﬂz)g//?’g)/ Ial/

1/ 3 b ..s(/ozélﬂa:l- //)
BT S 9z
o

v26™ Y s gaf//z)&gem‘f/’z’)/ 5/% /ne/

@) 1: P:’S ~s(p m L ptn)
Z;//lwr)=-g/‘;§£/£’ e )

. %s,{r//—ze)ﬂ////,e&/f/' 5/17/?. /1s/

Bnecs G4(x) ® &%) - rora-fyHKmE fKoOE, ONpeEeAFeMHE CO-
OTHOXGHUAME

+ o= 2

+ o _?;z('“,/z)z —Fen
l;/z): 5 53(1 = ; é
n--oa > .

N -

o,
Jlanee B Bupaxemmax (II a,6,B) EBUgCAEM B ?;,r +,7) qacTH, Ap-
HO He CBASaHHNe C reunepa!ypol,lcnonayn COOTHOWOHW IAR pyHKum

fixoox . oo T
x -
Jé(?):;-i‘ 7+2). Ve }
zx n=z
, /12/

b= j &)
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O6o3naums B (II a,8, B) caraeMmue ¢ 4 = 0 /me conep:mg ToM-
neparypy/ wepes %, (4} , 8 TeMnepaTypHyD TacTh Uepes Pra t 7]
saftnex

@l @/
7 (/,T/,g’;ﬁ,)mfr(/i T) /Y
) >

3ameTEM TaKme, 4TO ?: (*/) ¢ rounocrsn FO SHAKA COBUASAET C Of-
Homeraepok nonpasxofl x aPHOXTEBEOMY XATDEHENAHY NAA COOTBOTCTBYN-
§eTC TEDA YACTEN BO BHOWHEW moXe. YuNTHBAA CKASAHHO® N HPOBONA
EETOIDNPOBAENE IO «° /2 , BAR ONHONETIEBMX NOOPABOK HOXYTINM CNE—
:Lme BUDAXGHEA .

—Jm -

-6‘: j(yj— ‘,Z’ m( ”a /e sf//./_z .
/ 17 f’-'ﬂﬁ¢/ 4/

ﬂ/ ‘2; (‘ﬂ— 47*./.5’ E.J"Z{ 2 _l/f.? *

/l4a/

Z
+ fiz -V:;#A‘[CP (5#"_' ) (LT.)]} /146 /
- r/.z 172 (H} Z‘, //z(/// 015 "”‘:"a-f////x‘. ’

Z;/ﬁzﬁ/ *esﬂ/}f_,’@ﬁ@r‘ﬁ/{?ﬁ'{j_ /148 /

B Bupazemmax (I4 8,6,B) MM BBOXN ANNNTNEHNE TOCTOAHME, HEOOXO-
AMMNO ZAA TOTO, YTOCM OXBONSTAGBAA DONPABKA 7 “(H)  oopema-
Aach B HyZh ODN BMKADUGHEN BHoWEEro moaA. dymama &(x) b (14 a,
6,B) - NATErpaN BOPOATHOCTE. HCHOABSYA TOXHNXY NOPOHOJMEPOBOX,
TOXYYNM CEOIYDENG DEPOHODMEPOBAHHNE BHDAxCGHNA AAA 2PPeKTEBHMX
aarpamanon.

ft o Tls 5 o e o)
Z(H)""/* / € ”"9 #’/M 1+1(/ 1152/
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oP e SsgH
A Y N T T 4

*"ﬁ;’;"?;v7¢ﬁ7@7+ﬁi&@'j* inj&f /156 /

id £ e smt —spHIL
EZ;‘!”/‘M:—%//2+§'%/-§ 2 (/f , %fg—'—y-f—

'*;/%Wfﬂ?ﬁ—,/.ﬁ %”-)-/Z / 158/

3necs XOrapsiMEYeCKE DACXORANNOCA WAOMM BIADYOHE B IEPOHODMEPOBKY
sapAna. OGoSHAMND HONOPSNODMEPOBANHMO BOANYNHM NHAOKCOM EYAS, IAS
NOPEHOPMEPOBAHNOTO YapAna N EanpixentocTs B (IS) moxy<mM

//‘; A{ 1/1*!:4'7_) ’ /ijf/é*/" ”T)’ . /17
rne

pls —sm. 3
lyre 2z [ 2 i

) ge St 4’/#"

Iogpx & =0,T=1/2,
d‘r’- =

»

2mu § =0,T=1 , /17 /
4mm 8§ =I/2, T=1/2,

B npeneabHOM cXy4ae cXadoro noas nepeuf orawdHME OT HYAR WAOE pas-
XOEOENA mennuoro xarpamxxasa (I5 a.o. B) IPONOPUNOHANOH BoXN-
mHe (H/Hc) » Tme H, =m*/ 4 H/H, << I, 9r0 ormmvserca
oT caylas uenpomaunl /.larpamam Talisencepra - dixepa/. 00-
mee BHpaxeHEe JA sdJeXTEBHOTO JATDAHKEAHA B CAYYA6 CAAGOTO NOAA
TAKOBO ;
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roe S, 4Jar
8§=0, T=1/2 I 13/960
S=0, T=1 2 303/40
5=1/2, T =172 32 I

B mpOTRRONONORHOM CAY38e CEALHOTO BHONHETO NOXA (H/ﬂc) > 1 A
ofponeTiepol NONPABKN X XATPAEXESHY HOXYTEM wpaune

i,},—é\/,,{;”g—z%/”/ /19 /

rze 85,7
§= 0, T=1/2 I
§= 0, Te1l 2
S=1/2, T=1/2 8

Jerxo BEROTH, YTO B CAYYA6 CEALHOTO BEewHero noad sfdexrmpauf
JATDARHENAH NMOGT LOPOXOHNS, ANANOINYEO TOMY, KAX BORAT ce0A oh-

dorruspult yarpanxuar I'atsesdepra - dfaepa B KO,
T BoT KB&) EKBADPEOBOft IXA3ME

JAA DOXyveREA Joggoro mupaxemua 77, ##,7)  PuuECEEM TeMue-
paTypEyD %8cTh A :r(‘/ 7). Ilpomerp-pom (I a,6,8) mo
al/*’ 5 AS, NOXyIEM TOVHMO BWPEEOHNA'

A O;hﬂv:‘ﬁ'g,ﬁ[/ﬂ#‘gﬁ)ﬁ/ﬁ/m‘vgf _
a/

i 8)) ) (2 B EptetZ

&
k=1 \ L7 hz,‘+f/f/4 (2[_1) 1) o et gy T
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/206/

~2&-f L&~!

oc

“H ST IngH )
L o ,.! —_— '}
+(m +Z‘—/,/)2( ) 41’-/ ZTW

] /&.,/%m%%f////
]

K

(24-1) (k-1)!

[

i T e foz)

Azy

/208/
e B g 20 frrt) Kl )

@e-k-0)7 )

B OpeaeasNoM CXySa® Bucoxofl TeMIOPATYIN N CIAGOTO NOXA,T.8. IR
YOEOBNE

gHecom e TF /2 /
“)
us supaxenxk (20 a,d,s) nalnos Acfs:; (/7; 7)
1) 2
Agsjrﬂ71)=—°ZS,'7’_920E!7’7+/(5,7'7’L‘77+‘Z(77. /22/

Tlepnoe caaragmos B (22) COOTBOTCTEYST 3AX0HY Credana - Boxniama,
% (T) - ocrarounuit wier xuHellEo sarmcammii oT TeMneparTyps

() =CTm? / C - Hexoropas WNCEOBAS XOHCTaHTA/; AA
Asr}“rm.l As,pm Hos,r
S=0,T=1/2 4 1/6 /23/

I97



g=0, T=1 3 1/8
S=1/2,T=1/2 I4 1/3

B npeEexRHOM CXY9YA® HESKNX TEMOGDATYP 8 CEABHMX OoXelt
frm T /T 2> 1 /24 /

aprywenr Jymamit Maxmosamsza B (20 a,0,3) SBAUNTEARHO GOXBSE
OXNHNIM DpE JOOMX U . Hcnoapsys COOTPeTCTEYONYD S8CEMUTOTEKY yn-
xumft MagZOHANEZA X OTPAHNYNPENCH B (20) JRND DOPBAM CRETAEMIM, 10—
AY9EM CEONYDNES BHDAEOHNA:

) % 3y -rhreghie /T
5%, U=-%'/M’f%—’) P

2 - ///¢/ 7
s <

) 4 Sty ~fmts S
R T

/%al/

g’-‘/& - / 25 6 /
o7 ~ft T Zptrffe /77
Y Ty
7
4
7) __2/7 7" 4 -m/T
Agra—,/f/z/”'ﬂ' zg/!;& [/"’ + f‘:/:?r"?é’)é’ 7 /258 /
_'52 L4
. (”f z-f//ﬂ’/yf +//I/ _/Z

SameTEM, W70 B BHpazeHNAX (25 a,0,B) CTENeRHAN TeMmeparypHad (pyH-
KINA M466T SKCIHOHORINANSHME MHOXETEXL, KOTOPMHE COOTBETCTBYET
SHEPTOTRYGCKOMY HOPOTY 0CPasSOBaHRL Hap E=2 LFH_ B
CHABRMX EHemHNT noxax B> m?/ %. B pupaxemmm WA%;////’;’ﬂ
orTcyrcTByer amuelkHas no gH NONDARKA IpH ©A6H6 BPOLOPINOHANLEOM
xzHelteof cronoRw Temueparypi. B cxyvuae K3Jl, xax cmegyer B3 pacdoTH
IxTpexa’ 14/ » Taxad NONPABRA CYNECTBYOT.
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KBAKJ/IACCHHECKASR KAPTUHA BAKYYMHEIX 3¢d0EKTOB
B KA/MBPOBOHHBIX TEOPYAX

B.Y.Xyxopckust, U.B.Moposos

MoOCKOBCKHA roCyASpPCTBEHHBIl yHuBepcHTeT umM, M,B,JlomoHocoBa

L._DBrencage

MOXHO CUNTATH XOPOWO YCTAHOBJNGHHHM K HACTOAWEMY BpeMeHHA, 4TO
BaKyymioe cocTosHme B KXK 1/ 3 p f(on?um RAAUOPOBOYHHX TEOPH=-
ax ¢ xamopomowHol rpynnoli ,SU(Z) 2+3/ muger HETPUBRANLHYD CTDYK-
Typy. o-ERKEMOMY, B GJEXaIeM CyLylieM ME HE CyLEM KMETL BOBMOX-
HOCTBh OPOPECTH XOCTATOYHO HONHOE HCCHefOBaHde ero B paMKax TOY-
HHX KBAHTOBHX METOZOB. B ¢BA3E ¢ »TEM NDERUPAHUMANTCA NOMNTRE
H3Y4YeHNR BaryyMmHHx 3JPeKTOB B KBARTOEOf Teop! 41187;1, B 9aCcTHOC-
T, B anerrpomenayure (B.C.lomos, M.C,Ma **) u B HeaCese~-
Bofl TEODHE C KAIRGPOBROUHOR rpynnok ,5 v/¢) KBa3HRNACCHISCXAMY
ner?n?m. lpennaraeNas padora OpencTapiieT codolf pasBuTEe pado-
TH C HEOR TOUKM 3peHHA.

B padore %/ ucnomszopancs meTon " o /Bpeuenn". HO TOrO
ycnemHo npuMeHARMEAICA B 3JEKTPONEHAMHKE 4,5, « [IpeaMymecTBoM 3T0-
T'O MeTONA ABJIAETCA €ro NPOCTOTa ¥ HALAANHOCTH, B TO X€ BpEMA €My
HEROCTAET ABHOR DeJATHBHCTCKOA KOBAPHAHTHOCTH. Kpome TOro, 3TOT
METOXL ONEpEPYyeT C KLiCCHYECKHM NelicTBHeM, TOrAa KaKk HOAAPH3aLMA

OCyCAOBNEHA KBAGHTOEHMA HOODABRAME, T.e. 3(fexrmauum nell-
c:'mme:E 8/ » CBA3hH MeXAy KOTODHMA He BIOJHE fCHa. Jlanee, HCIOAB30-
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BRBUGACA B CTATDHE e/ aHaIoruA K30TONMYECKOro COMHA C BEKTODOM
HEMATRUYEeHEOCTH (epPOMATHETHKA He NOo3BoAAeT UCCJAEROBATEH OT/UYHHE
or 0{3) xa7z6 BOUHNE I'pYOnN ( HETDYNHO BANETH, YTO DACCMOTDEHHE
B padoTe 6/ cBenocs mmento x rpynoe 0(3)), TaKuy o0pasoM, B aTOX
CcTarbe pACCMOTPEHH TOJBLKO YACTHIH € UESOUMCHCHHHM H3OCTAHNOM.

Huze GyieT mpemioxeH yov .3 kBasuwiaccHIeCKMEt DOAXOR K aTol
3anavye. B pasiene 2 OpPGowAMTCA Hocrpoesve PyHHIMOHANS OXROUETJIE-
BOW DonpaBKA K JefCTBED BHENHEIrO0 RAABCDOBOYHOIO IONA C ACIOJHIO~-
BB.HE% /ae'rona IATOro napamerpa Poka (wm "codcgnem{oro BpeMe~
HB" )n raMIETOHOBE KOMTHEYANEHOr'O HHTErpana . HeoGxommo
OTMETATEH, 9TO0 B OTJIAYHO OT, HanpuMep, pafoTw /IO/ » MH HE HCNOJB—
3yem IpacCMaHOBHX NepPEeMeHRHX LAs ONMCAHHA M30TONMIECKOr'0 CHOHHA.
3T0 HAET BOIMOXHOCTH OpOBECTE KBA3MKNACCHYECKOe BHUBCIEHKE BEpO-
ATHOCTE pAcOAZa BARYyyM2 B HEROTODHX OPOCTWX CJYYAAX; 9TO CHeAaHD
B paspene 3.

2. QLHOGeTNeBOR UOUPABKS K JOPSTBRD X KOHTHYARbHNA MHTETpaN
L2A_Y8CTENM PO DHODHeM RaNBSCPOROTHOM IoJe
Byliew PAcCMBTDUBATH CKGJADHOE B OCHYHOM NPOCTDAHCTBE noxe ¢ ,
YROBA€T .. pANIlee YDABHEHAY ABHEEHHA

T 3
(N7=m )*g =0 ,
Pl A
= a A
ree fIp= ¢9ﬂ-€4,,!:. A - BHemsee KATMOpOBOWHOe Node; Ta - Ole-
parop E3OTOUNYECKOrO cHEHA. OfHONeTAeBad NONpABKA K ReACTBUD
BHG@iero NOJA NaéTcs M3BECTHHM BHDAgeHHeM

W(i)= oL T L g , (I)

e G - oney.~up, ofparTHuil K M- m*. covsox Tt 3mecs oswaga-
€T HHTErPUPOBEHME [0 DPOCTPAHCTBY M CYMMEPOBAHMe 0O AUCKDETHHM
OBETOBHM HHIEKCAM. JiMEA B BELY HOCTpOSHME KBA3AKAACCHYIECKOTO pa-
mamenan Byparenus (1), BOCHONL3YEMCA GeCKOHETHOMEPHHM npunyw-
MHM IpeNCTaBleHueM ODEPaTOPoB [, , 3amkcab (CM., HAUpEMep, 1/ }:

:hlz a;(/\ﬂ()lj a_j ’ (2)

The

[an aj7 = [a;_' ﬂfj: 0, [a:, a.f+]: g"j ’ ®)
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H B KAYeCTBE MATDH ( Aa )z_,' MOKHO B3ATH MATPUIHHE NpelCTARICHMA
TeHepaTOpoB paccMATpaBacMol KarmOpopouHOf TpYNnH. 3ameTmM, 9TO
98cT0 BemorpayercA mpezcrastenme {2),(3). B KOTOPOM KOMNYTATOPH
B PABEHCTBAX (3) 3aMEHANTCA HA AHTUKOMMYTATODH ’ . [Ipocrpak-
CTBO NPEACTARIEHAS CTAHOBKTCA OPH STOM KOHEMHOMEDHHM (a coGCTBeH-
HHO 3HAYGHHUA OHEPATOPOB Q.- TPACCMAHOBHMY NEDEMEHHHMA) ,[[03TOMY
HOCTPOBHM® KBasMIIACCHYECKOTC NpUCIMEe: A NMpY TakoM BHOOpe Opeli-
cTaRIAeTCH 3aTPYAHETENEHHM. Jpyroe DpeHMymecTBO BHOOpA (3) COCTO~
BT B TOM, YTO mpeRcramTensme ( 2) OpE 3aTOM OXBATHEAET BCE HENPHBO-
IuEvHe OpeAcTARIEHEd eIreCpd FeHEeparTopoB KalWOpOBOYHOA rpynnu
OPE (PUKCHDOBABHKX ( Aa);)-. OTBEYAHY (YHIAMEHTANLHOMY OpES/ICTAB-
JIEHAD /1 .
B narpHeflmey Mu OTpasBYAMCA PECCMOTPEHEEM KaARGDOBOYHOH Ipyn-
s $U(2), moxosun B gopuyae (2) i,j=I,2 x Aa=To/7, tne T, - var-
pumy Daymm, @ =1,2,3. CTasgapTaid MeToloM /1/ MOXHO LOCTPONTH
THABGEPTOBC NPOCTPEHCTBO MNpPENCTABNCHEA ONOpaTopoB (2) ¢ OasHc-
HHMA BEKTOpaMM ‘! o
. _ {aI)J m (az.'.).)-
‘3’m>"\/ls+m>." VIi-my ! o>, ()
TRG BaKyyMHHH! BEKTOD /0> ONPeRENASTCA ROCPELCTBOM COOTHOmeHMH
@:/0>=0, [ =I,2. Bengimua ) B BHPEXeHSM (4) DPeiCTaBifeT CO-
60t cofcTBeHHOe 3HaveHMe omepaTropa
A A A +
3= %"(/VU*/VZ):‘: ;% a;a;
mw -~ COGCTBEHHOE 3HaYEHmE ONepaTopa
A i A A 1 . -
Ts = Z-(-'V1° ’Vz) = 7(“4“1 - a; az)
B euny COOTHOmEHEA
) 2 " A
(Ta)* = J(J+1)
j DpeAcCTaBAAeT CoGoff BelW4UHy H3OCNEHA, A& /¥ ~ 3HEYEHUE ero
OpOEKOAEH HA TpeThe H30TONEYecKoe HanpanieHMe.

118 mOCTPOSHRR KOHTHHYaABHOTO HHTSIDRRA HaM DOHAROCHTCA Ca-
3WC KOTEPEeHTHHX COCTOAHHE, ONpefeNAESMNX ¥CJOBAAME

Q: [oLydy > = of; [pdy>

<K dp A= <Ay [T, (24,2,
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file:///ajij

Oum MoryT OHTH BUpAXeHH Hepe3 BaKyyMHOE COCTOAHHE:
“+
/didz>=ed:q[/o> y
HOPMMDOBKa )1 COOTHOWEHHE OOJNHOTH JJiA HUX HMepT BRI
!,
Lot . .
Qd,_ol;_[u(io(t): e"(t X

) %
* —ordy 2
Sda, dal du,da ¥4 Ju ay><aydyl= 1. (5)
JoxydeHHHl Ga3AC KOTEPEHTHHX COCTOAHH! B IpocTpaHcTEe Opel-
crasnenus rpynny SU(J) i ucnosp3yeM Npu BHYACHEHERM Cr€fa B Bh-
paxenz (1): \
, 1 ds !
e I A L S—S—Eddlddfold;dd;*x

(Yrm)[(y-m)!

M:-s

: ¢ .
xodyddi d ey (o dy )P (&, o0 7)

LI L) u‘ .o~
‘e‘aL;-{g o ol <1d~'|e'5m"”‘1)‘14"> , (6)
TRe NpEMEHeHO MHTerpalbHOe NpencraBneHde LA 5' C /8/:
- d_,s is (ﬁl—ml
hC==§ Fe ). )

KoHTYyp (¢ RHTErpRpOBaHUMA N0 S HaYUHAETCA B TOYKe ¢ =0 U Je-
XAT UOJHOCTHD B YETBSPTOM KsaapaHTe, Besmunna (7) onpegeesa
( ¢ TOYHOCTHD JO nepeuopuuponm). CTpOro rosopsA, TOABKO HA TexX
cocroaumax [ ) ,Ama KoTOpX

~
<®(N*-w) P><0 (8)
( mac EETEpecyNT TONBKO AMATOHANBHNE MATPWYHHE 3JEMEHTH OlepaTo-
pa ( 7)) . g Teopi TOAA B OpoCTpaHCcTBe MERKOBCKOI'O HepaBEeHCTBO
( 8) YROBJIETBOPACTCA LOOTEETCTBYNIEM BHOODOM MpaB®ia o0xola oco-
GeHHOCTel B KOMIIEKCHOH IiockocT® P°. My ABTOMATHYECHE YITEM
aTO OJCTOATEABCTEO, €CJIH C CauMOro Hajala COBepIMM B BHDAXEHUM
(6) BuROBCKER NOBOPOT Po=ify » Xo™ -iZys Ao *iA,- TOTaa, TpE yono—
BAU CAMOCONPAXEHHOCTR ONEPATOPOB fy , Xy » A%  onepaTop (fi%-m?)
OyAeT OTDHIATENBHO ONpEAENEH B CMNCIe HepapescTea (8), 4TO po-
3BOJIMT OCYMECTBHTDH [OBOPOT KOMTYPa AHTErDHDOBAHUA NO S B gpa-
POl HacTH COOTHOWEHRMA (6). “
. " A
Ammaryny nepexone <x o) e H/2a"> (H=m* 17*) . Exons-
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me B ( 6), MORHO IPENCTABHTH B BNAe KOHTEHYAALHOTO HHTErpana B
fazoBoM OPOCTPAHCTBE CHCTEMH
N

cx'd') e SH o’ > =
- * 7
= | ool [t o[ (el ) dd ] e (%)
C IPAHEIHHME YCAOBRAMK (cu. /9/):
. p *
Pplo)= Xy , Zp()Xp , dpl0)=di , di(s)=di%
lnA ompeneneHHs BHIE y;mmon?ua & » supaxenmm (9) npmue-
HEM CTaHIAPTHYD OpOLEAyDPY T.€. Pa30CLEM OTpe3ok [0, s']
B2/ (N ->oc) TactTeit B BOCHONBIYEMCH DA3JIOKEHHEM eHHHYHOIO
onepatopa (cu. (5)). AMIMTYZa B JeBO WACTE COOTHoweHEA (9)
ODEMET BAX
<'x‘.L‘| eS| x> =
~ L2004 10 X

- S (L (ol:r“"[]ou“’aa"“’) (e «

k=4
K<x“"o(m“i—i/‘/' H)lx""’,{""“) , (IO)
TIe HNOJOXEHO
(0} ) () " hol D) I
XXy, K xy A=k, L = AL

OKOHYATeNLHOe BHpDaxeHue IJIA KOHeYHO-PA3HOCTHOH ANNpPOKCUMALEH
KOHTHHya5Horo uTerpaa (9) mofYyIHTCH, €CAE MM BCTABEM B MaT-
PH9RHE 3JIEMEHT, BXOLANEA B OPABYD Y8CTH COOTHONEHHA (IO), ena-
zmqmm oneparop

I §d*p “"(ﬂ d.{“‘"‘)dd (k'/,_)) L7 ity X

i{=3
/F‘na((k-’k) >< F(k)o((k- 1/2) ' ) (11)
Bepxuaft mHierc y o{“ ”)m.aeer CHMBOJBMYECKHE xapakTep H osua;:ae'r,
[{ 3 (k)

9T0 QYHEKOEA d; "}depe'rcs B TOUKe, Jexameil MEXIy TOYKaMH T
Taxami o0pA3OM, YACAO TOYEK pa3CHeBHEs apIyMeHTa QyRHmal of; (r)n d_’:h)
BIiEOe GOaIBmE, We £ byl P () 2 2p(r)

Kar z3BecTHO , 3HAYeHNe PAMWIbTOHOB2 KOHTMHYANBHOTO MHTEr-
paia 3&BECHT OT CmOCOGa ero KORSYHO-PA3HOCTHO! ANIIpOKCAMAIME, NO-
9TOMy BHR diyHKIMOHANE HAACCHYECKOTO NeHCTBHA S B BHpaxeHME 9)
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oymer oNpeXe]ATHCA MECTOM, B KOTOpOe MH BcTammy oneparop (II),
a TaKke H BHOODOM DAa3JIOReHHil eqUHHYHHY ONepaTopoB (5) 1 ( II)
B upaxerue ( IO) BXOIUT MaTpHuYHHH SMEMEHT odepaTopa [‘Iz_ n ,,n"
KOTOpHH COmepMHUT HEKOMMyTHUDYWIMEe omepaTopd q+, & B 4eTBEpPTOR
creneku. OoaToMy, AHAIOPHYHO TOMy, KAK 9TO CHeJsaHO B padoTe
B 9TQM CJIaTaeMOM BCTABMM eMHEuHuA oneparop(II) mexmy omepaTopa-
va [1p . J1A OCTaABHEX CABPaeMHX 3TOT BONDPOC HecyuecTBeHeH. lpex-
JIOfeHHH CcUOCOO anmpoKCAMaliy NO3BOJIAET M30eXaTh NOABIEHHA Ka-
JHMGPOBOYHO~HEHHBAPHAHTHHX WIEHOB B ReilCTBUR

QyHRIMOHAN ReliCTBHA S s KalliOpOBKe P) n A 0 OpEHUMAET OKOH~
qaTeNbHHE BAN:

.o

S = §,dv(pd"-iaidi - H) -, (12)
rme H=wm _(pn—eAﬂ(Aa)” dF o ) » 8 HOHEYHO~PA3HOCTHAS
ANMPOKCUMAIMA TONHHTETPANHHOTO aupaxem onpejeneHa COTNIACHO
NpaBwIan:

Ppx xPdr — P(")(xr‘(‘t) h(k—i))
Sidfd AT s - T 4 2) -
_ L.a(f(k-//z)(df“"/z)_ ith 1))

- ﬂo(’t - (. (k-i))[ w4 (?r(-k)-CA;‘ (ac“")x (13)
KUha)ig o k577 )

(F"ll’) eA"' (x(k-:)) (,\ *(k- ’/z)de(k—ij)

3. IpoGaeMy HOCTpOE! wmm

3angya MOCTPOEHKSA MOCNENOBATENEHOrO KBasMKIECCHYECKOTO IpA-
CiIMReHHS I OnHOleT/NeBOft BaKyyuHoR molpaBku K AeltcTBum neadesie~
BA KaNIMOPOBOYHOT'O NOAA JO HACTOANEro BpEMEHE He peuweHa. OCHOBHHE
TPYLHOCTH CBORATCH K TOMY, YTO I'DyONOBOE OPOCTPAHCTBO KAMMGPOBOY=—
HO# Ipymms oGnanaeT HeTpEBHaxbHOZX Tomosorueil. Ecay B ZeRapTOBOM
OPOCTPAHCTBE KOOPHMHATH T M3MeHAOTCA B HEOTPAHUYEHHHX MpEje-
Jax, To rpynmosoe (UBETOBOE,HIOTONXTECKOE) NPOCTPAHCTEO 3aMKHYTO,
He HEMeeT I'DaHAN H, CJAENOBATE]BHO, JONYCKAeT MHOXKECTEBO Das/MYHHX
9KCTPEMANBHEX TDaceKTOPH, CBABHBAXUEAX ABE TOYKM. [lpm aTom Hel-
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CTBUE 38BMCHT He TOJBKO OT HAYAABHOro ¥ KOHEYHCIO NoJoxeHR#t, HO
# OT gucia 00x0foB uacTuie#k samxHyToff TpeeKTODHE B IDyNNOBOM IpO-
cTpaHCTBe. He X0 KOHLA ACHHMH ABNANTCA Taxkke BONPOC O Iepexone

OT NepeMeHHHX of; .a(;" K IUHAMEYECKEM OEePeMeHHHM 4YacTulld ¢ Keiluopo-
BOYHEMA CTeHOEHAMM CBOGONH Ha KMacCUYeCKAX TDaeKTOpUAX, T.e., Ha-
UpUMEep, K BEKTODY M30CIMHA [ , @ CBA3RHHAS ¢ 2THL ODOGAEME KOp-
PeKTHOI'0 BHUMCIEGHRA CJela N0 KAJIMCPOBOYHHM NepeMeHHHM B KBa3H-~
RJIACCEYECKOM IPHCJIMECHRH.

B T0 xe BpeMa DasBHTHII paHee 76/ KBA3EKIACCUYECKNil NOXXOR, B
OCHOBE KOTOPOI'o JIEXAT MEeTOXN MHMMOr'O BpemeHu B.C.lomopa, mosBoua-
eT NOAy4YaTh pasyMHHe OLEHOYHHE Pe3yABTATH N4 BePOATHOCTH pacna-
I8 Baxyyma B HealeAePOM MOJe M TOYHHE KBAGHTOBHE pPe3yJAbTaTH B Ho-
CTOAHHOM KBJIECPOBOYHOM none agdeneBa TEmA (CM. me). XorA meTOR
MHEMOI'0 BpEMEHH H He ABIIeTCA LOCTATOYHO OCOCHOB&HHWM, B OCOUEH-
HOCTH B OpUMEHeHMH K HealeJeBuM KANUOPOBOYHNM [10JIAM, HOJYYEHHHS
C 6ro HOMOmBY DE3yJabTaATH, TaKKke KAK ¥ EIBECTHHE MHCTAHTOHHHE pe-
DeHBA, NO3BOJANT HANEATECA HAE BO3MOXBOCTEL YCHENHOrO DOCTPOEHHA
TIOCNENOBATEJNBHOrO KPA3UKIACCHYEeCKOro NpUCJHMReHUA B TeopHu Heale-
JeBHK KaludpoBOYHHX nosed.

[IpuBexéM Tenepb HEKOTOLHe OOWMe COOOPAXEHHA OTHOCHUTEJNBHO KBa-
BHKISCCHYECKOT0 Npelesa COOTHOUeHHE, NONyIeHHNX B UpeREIyWeM pas-
Reje, B PAcCMOTPEM IBA KOHKDET EMEDa, H3ydaBuUXcA paHee B
METONG MHHEMOI'O BPEMBHE B padore . lloxyseHHoe Buile OpencTabBae-
HEe BMIUATYAH NepexoZe B ERAEe KOHTHHYAILHOTO EHTerpaia (9) MoxeT
OHTE KpATKO nepenncaao B BEfe

<5 g = Sy e (14)

3necs g' B g," - HeyalbHOe ¥ KOHeWHOe 3HAYEHHA KOODAMHAT TOYKM
B "CynepmnpoCTpaHCTEe", OCHeNUHANUEM KOODHMHATH OCHYHOIO KOODHH-
HATHOI'O OPOCTPEHCTBA MUHKOBCKOI'O x"u Hexoero "KanMCPOBOYHOTO"
mpocrpencrea §° : 9=(2" § ) S= S(qgg)— IedcTBKe "qaCTUUN", [BU-
xymelica sa"speMa” s o ¢' &m0 ¢” ;P=(pu, Ta ) - WMITYASC, coupx—
XEHHNE KoopausaTe ; » GOpMalBHO /fl(}acczwecm opejen opasol
wacry (I4) moxso sarmca'rs. COrMIacHO

SUP‘]H%-J@ Z Cn (9! W,S)e‘s’" , (15)

I'Ie CyMMUpDOBAHUE Be.ue'rca 00 BCEM KJaCCHIECHEM TPaeKTOPUAM MExIy



q' B 7” 3a "ppema” s , Sm - OeficTBEe Ha m—Of TPREKTODHM, C',,,-
[peRaKCOOHERTa, 3H&YEHHe KoTopoH#, BOOOWmE IoBOpA, HE H3IBECTHO.

B npennosoxeHud TPUBEAILHONR TOMOJOIAY AEKapToBa npocrpaacn? Cm

BHDAKAeTCA 4epea ompelexuTess Bad dnexa (cM., HAOpEMED, /167y,

C.= [(olcf %S, /29'29") /{ 21} ]a_/z (16)
{ ~ pasmepHocTs upocrpauc'rsa).
Kaaceayeckufl ananor KBaETOBOrO omeparopa lsMansroHa, NMOXy9eH-
mutt sume (12), mepemumem B Bafe M =m>~(Pn-cApTo)*, The T, -
KISCCHIECKRA BeKTOp H30COMEA "gacTHIN". HOCKOIbKY KBalpaTauHas
dopua B J{ scmusu maccopod nopepxuocte (p-eAT)%: m? amnderca
OTpHLIATeNBHO onpefedénroll, To onpenenenze QyHrIMM JarpaHxa

- Wl o~ -a
L=-F-p,x"+ 0%, (17)
OTAMYEETCA OT OCLENPUHATOrO 3HAKOM DEpeR P2 , NpE ITOM z =
=-9#/Jp . a nelicreme mMeeT BAR "

s x¥ h ¥ a
S=- §. Hdls - {0 Prox" + Sy.’““adi : (18)
Orcnza no.nywagu $yumpo JarpaHxa B ABHOM BROe
L= ZemedTx +mE . (19)

"Bpena" BUpTyanbHOH "gacTHnH® § cCTaHeT COSCTBEHHWM BpEMEHeM
JacTEIN, €chd, caefys ®oxy / ¢/, MUHEMESKpOBaTH IelicTBue DO &
norpedosas, uTodH 2,5/2s5=0 , T.e. =0 . Ipu 2TOM YacTHNA BHXO-
IMT HE MacCOBYD HOBEDXHOCTH H

Z
m* = (p-eAT )"= 0, (20)
T.€. :&’:4,,,1 B I8 XefcTBAA MOJYTEM
9
S = §Sdx? = §eAl Tade" + §aoly® (1)
— ?
rie marepean Jox? = Imds . Tpedonasye KeIMGPOBOTHO! AHBADBANT-
HocTu feficrsua (2I), Kak OOKa3aHO B 6/ » OPUBORAT K OTOXRECTRIE-
HUD S'ﬂ’dI=ST3d? » THe Y - asaMyrarpuu#f yrox segropa T .

Ina onHomeT/AeEO# BaKyyMHO¥ NOODEBKA K JellcTBAD NOJNA MOXHO 3a-
NUCATh KBASHKIACCHIECKOe BHpDaKeHZe

W = Jdr o' {4 c',,,e"'g'" (22)

)
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/
rze C’,,, HIpexsKCHOHEeHTa, OTARYANUEACH OT (' Ha (paKTop, CBASAH-
Huff ¢ KBASBKIACCHYECKHEM DEpexoqoM B Butmc.neﬂnu cena no xa.rmopo-
BOYHHM CTEHNeHAM CBOCOIM; ,S' B3ATO B COBOANANIEX TOYKAX q/ q

Buuncsiende HHTerpalzs OO S CBA3AHO C OOXONOM ocoGeHHOCTel
$=§, TOIHHTEIPATHFHOTO BHpAKEHUA (B cayuae adeiepa NOCTOAHHOTO
3JIEKTPHYECKOTO HOJA ~ 3TO NPOCTHE HOJINCH,-~ cu. Hme) C apyro#t
CTOPOHH, pelieHs ypawem?),g/:?s—O aps $ 9, ONpenessalT NepuoRu—
yecKoe JNEMEKCHHE YACTHIH C HEKOTOPHM LEepPHONOM AS , HMenulM, BooSme
r'oBopa, Kak JefCTBATENLHYD, TaKk ¥ MHEMYO J8CTH. B DpUBeREHHHX
HENE NpHMEpax MOMEHTH BDeMeHM 5= S,=nAS COBIAZANT C OCOGEHHOCT =
M MOAHHTErPRIBHOTO BupakeHEA B (22), Tak 4TO B HrOTe

W® =577 Yo {d% Cunpe’ tSmn ()

e S,n- OpHpAlleHEe NEHCTEEA 38 A NEPHOLOB ABAKEHEA YACTUIE
Ha Maccosoft uopepxHOCTE (20).

PaccMOTDAM Temeps OPUMEP C HOCTOSHHHM DJEKTDUYECKEM NOJeM Hea-
Genesa TAUA, T.C. 2AKAHAHM NOCTOAHHHMY NOTEHLEANAMA ¢ DA3LTHON
E30TONMIecKOM opuenTauuel (HealeleBH NOTEHUMATH):

An=aSn | Ak=0.8, | An=0. (24)

Toria ypaBHeHue uacconon HOBEDXHOCTH OpUMET BHZ

me - (?o‘eaiTt)z + (pt- ea, T, )1'—"0 s (25)

~ 2 2
TIe mi=mia PP, ¢"=cons{.B mpocTpaHCTBe M3OCHEHA ypaBHenue

(25) onucHPaeT OTpe3KE THOEPCON - NPOEKImEA
Ha IIOCKOCTH COXBNOIC KPYra 3aMKHYTHX Tpe-
eKTopuH HA DOBEPXHOCTE cdepH Ta=const = T2
(B cemserpuunon crywae p°= pi=gonu mso-
OpaxeEH Ha pncynxe).

CodcTBeHHOEe BpeMs IpH ?°= ?‘*= o
pass#o

_ B S%N , Tam Tao) - (T2 T0)) (4+ £5)sl2 g , (26)

e o = (e‘h)— B= (eaz) , & OpHEpaineHune HeHACTBEA 3a NepHOL codc'rnea—
HOTO BPEeNMEHH A S eCTh

AS_-,’ZmAs+—(T T;())Tcg_,—_——(_r-{%r,—) - (27)

208



Hurerpamy B (26) ,(27) ONpelieNANT KAk NelCTBATENBHYW, TAK M MHH-
My 98CTH AS H A S . leiicTBrrenbHull epROR OOpAWEHHAR 1O OmHOA
U3 SAMKHYTHX TpaeKTopui Ha cpepe pasen

~12
Re as=m/m?* | (28)
a npilpanese KellcTBEA 34 OEDUO

RenS =l (T-/T2-Ti(0) )=6§ , (29)

rre T3(0)- saganbuoe 3Hauesne 13 (op $=0). ManMas yacts mepEOfa
BOBHUKAET #3-3a TOYeK BOTRBIEHHA Tz Opd shy =+ (. B aToM cnydae

Pi B T, umCTO MHEMHE,K JBHieHEe B WIOCKOCTH [-2 M30mpoCTpan-
CTB& NPOHCXONUT, COINIACHO (25), fio 3aMKEyTOR) 3mn1-uq.ecgoﬁ Tpa-
exroprr (cM. pucywor). llpupailenye MHRMOK 9acTy AEHCTEBEA 3a LEpE-
Ol MHEMOTO BpeMeHH ONMpefeNAeTcA BRIGNOM OepEoro wewa B (27),
KOTOpud P KBA3EKIACCHYECKOM Ciyuae Opi Bl JorapufMuyecks se-
NBK

TmoS=-2m*Imas = A~ On B/a . (30)

Hanmume ammoRt gactz Im o ,S" # {0 NpEBOIUT K HOABNEHHK HeHyJeBoH
MHEMOR 4ACTH Jarpamkuana ot Im L = (ImW Y/ (die Y=2/g w
CBA3HAOY ¢ BEPOATHOCTED pacOoaza BaKyyMa (N

MuoroxpaThuft o6xon sammea 3a n>4 NEPHONOB MAMMOTO COGCTBEH-
HOT'O EpDEMeHE SKCTOHEHIHMANBHO MORARIEH ~ exp (-n A). B 1o xe Bpema
HEOGXORUMO YYRTHBATL BRNOAH BCEX BOBMOXHHX OGYOXOB TpaeKTOpAH
e opepe To=T>3an=I,2,3... NepUOJOB KeACTBUTENLHOTO BpEMEHE H
CNOXATE COOTBETCTBYNIAe AMIUIATYAN ¢ COOTBETCTEYRUMA HAZOBEMA
MHORRTENDM €xp (ind) - B 3TOM COCTOMT [PCABNEHUE HETPUBKATHHOU
TOMOJIOrHY KATHCPOBOYHOTO HPOCTPAHCTEA.

B aGeneBon cayuae, KOTH& 3JeKTpadecKoe uoJe = samaércs mo-
TEHIMAAOM

a a3 o0 2
nonyunu geficTrue ’
1
5 =-m"s —%—_Ex%o + ‘%F:(xi-xf)c‘ﬂu ¢Es +

+(xivx;) fa4s (32)
rhe e=eTys Ty=Const, 2¢"= x'P- 2"+ . Orcuna mns onpenenarens Bau

<09



Qaexa EMeeM: 44

1 S Y
Co = G@p ™ 5zar | = @OF soheEs T (@

flcBO, 9TO MONNETErpaAbHoe Bupamenue B (22) uMEeT OCOGEHHOCTH
npa eEs=-i#n(n=l,2,3...) (cayual n =0 mcxmuén yorosuen
W“"’EM,:O ). B 70 xe Bpewn ypapresme 95/Js=0 , r.e.
_ 'L_(e' E)z an 1 __A_-__ 2 a2y
m T(Gz-f)ms'z,s (x’+4) =0 (34)
pE 2,Y,2,t»08 S#( EMeeT DeNeHKA XHML IPE S=S,=-nf/e'E ,
T.e. Ha nomcax Cp , . TOrZe, PacKpupaf ocodenHocTs B (34),
OOJYIEM (S . 2 -ZZ-— tz
- n):-————'—‘qmz . (35)

LA MuBx S-S, 0 T=(0 370 PABEHCTBO JAORIETBOPAGTCA TOXBKO UDH
s L0 .

B MHEMOM COGCTBEHHOM BpEMEHE NBEXEHEe B BAEKTDEYECKOM DOJe
TIPOECXOLBT KAK B MATHHTHOM NOYe UDE JefCTBETGJABHHX S - OO SaMK-
HYTHM TDAgKTOpEsM B X0 ~ OPOCTDAHOTBE, 3aMeTEM, YTO M30CHMHOBAA
cTeneHb CBOGOAM GAAMORAPA UHTETPANY Tz=const? PAKTEYECKH BHKNTE-
Ha B MY MOKEeM ONRTH HepeliTH B cAefle U0 E30COMHOBHM NepeMeHHHM
K CyMMe 0 QABCKDSTHHM SHaWOHMaM 7, , OpHYEM Hac unrepecyer
BRAGH OJHOTO H3 BOBMORHHX /3 .

lipupamedse NeACTRAA 3& /7 OOXOLOB TPaSKTODHE DABHO

ImASn=—mzs,‘=—nﬁ7"ml/¢’E . <36)

BuymCAAA HHTErpAX 00 . S, C HOMONBLD TEOPEMH O BHYETAX, LONYUEM
B3BecTH ! peay.wra'rz/e/ : p ,),M . .
* - m

Im W“):(I%E% Saﬁac Z';,T exp(-nToz ) ’ (37)
OTKYHA CleXyeT 3BadeHHEe BEePOATHOCTE pacnaga paxyysa W= ZIMW(")
B 2JIeKTPEYECKOM 5IoJie adejeBa THOR (31). DomvgepKHEM, 4TO B MAHHOM
cryyae pesyARTAT OKASANCH TOYHHM, OOCKOJBRY yYTEE BKJIAN BCEX
DEpRONOB INBMXECHUA B MHMMOM COOCTBEHHOM BDEMEHH, Yero HeJb2g clie-
Jafh HA B HECTAUMOHALHOM SJAEKTDOMAIHETHOM [NoJe / , K& B gocro-
ARHOM DEKTPEYECKOM UoXe Headenea Tuna (24).
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PAMAUMOHHBIA CABHT MACCHI ¢EPMHOHA
BO BHEWWHEM XPOMOMATHHUTHOM TNOJIE

B.Y.Xyxosckuit, U.5.Mopoaos, A.B.Bopucos

MockoBcKuil rocynapcTeenHbiit yHuBepchrer kM. M.B.Jlomonocosa

B cBASK ¢ moCTpooHNeM Monexel Baxyyse KXI Gosnmoe UNcRO pa-
00T P NMOCXENHEee BDeMA CHAO HOOBMNOHO H3YYe pa?mm paaxa-
LMORHHX NPOLECCOB B HEAGOMOBHX BHONHNEX no.!:?I'4 .

B Hacrosmedl padoTe BUMECIGHA DANNAINOHHAR NONDABKA K SHEPIER
depsEona co cnmEoM 1/2  (naA XpaTROCTN GyJeM HASMBATE ero KRep—
KOM ) , HPNEYymMErocd BO BHeNHEM IOCTOSHHOM ONHODOIHOM XPOMOMAT~
HETHOM 0OXe, B ECCNENOBEHO ® B2 HOrO HECTAsRALHOCTE HTOrO
noJys, OCHEpyxeEHOE B padoT .

PaccMoTpaM cBavaxa caydall xaxmépopossol rpynmu SU (3) 28~
JaIrEM BHOWHEe OONe BEXTOD-UOTEHINAKOM

A:., =8¢‘A/u > A/u,' Bé}‘;x, 3 19)
9TO COOTBETCTBYET NOCTOAHHOMY OZHODOJHOMY XPOMOMETHNTHOMY HOXD
HAIDARGHEOCTN B , HANpaRZeHHOMy IO OcE X3 OCHYHOrC HpOCT-
pamcrea (M =0, 1, 2, 3) zocx @ =8 mperosoro S[JB)-
NPOCTPAHCTEA a=1,2, ..., 8) . loxnoe moxe NpeACTABRIET~
¢, KAK OCHYHO 2',/ B BEE CYMMH MJACCNIECXOI'O BHENHETO HONA

(1) = xPanTOBHX QEyRTyamm#i OXOAO HETO Q; « BaamwogelicToEe
¢ BHONHMM DOXoM yYNTHBaoTCA TOWHO ( MpefcTapXeHme dappm) , a

C KBAHTOBAHHHM IOJeM T'NIDOHOB Q -~ 00 TeODEN BO3MymeOHNH.
B HEwsmem mopsixe TeOPEN BOIMymeENAk N0 IepeROPMEPOBaHHOK KOH-

2I2



cTAuTe CBASE ? (oM. Huxe (9)) panNAaUMOHRAR MOMpaBKa K zHEP~
TEE KBEDKA BO HHOMHeM 10je 3JANNCHBAETCA B BRIE

BE=-igT [d'xd'z' OV (T Smeleh oy
" (Tgdnt 9 D (z12).

3necs %Cx) - BOJHOBAA (yHRINA KBADRS OBOTA L (f ,l =
o, 2,3) ; Ta - remeparopu rpymm SU(3) ; [# - warps-
m Jepaxa; S z D - NpONAraTOPH COOTBOTCTBEHHO KBEDES K
PINOHA BO BHE . .M 1OXe, J, - "BpeA B3AuMONeHCTBRA".

YrasaHHNe OpODAraTOpH ANATOHANBHH OO OBETOBHM MANOKCAM:

St (Xi2) =8y Sy (x52)
D (xiz) =3 D) ().

Ilag KBADRA ANATOHANLHOCTH - CAGICTBHO COXPAHEHEA ere OBeTa B CH-
Iy CHOLBAXLHOrO BERA BHewHero noas (I) . JMATOHEXEHOOTH X@ Il
OHHOr'0 IpoRAararopa odeclouNBaeTCA CTAHNADTHIM HODEXOAOM OT Bemo-
CTBOMEMX KOMIOHGRT DARORNOTO Uoxd Q% R X KoMnXemcmuM Kowdmma-
AM, COOTHOTCTBYNINM COCTOAHXAM C ONPONGNOHHMM 3APAIOM 1O OTHO-
DOEED ¥ BEOmEOMy UoAD A }. . Nponararopu w = ,“f,’ JAORKET-
BODADT yPSBHOANAM, COBIANANREM COOTBETCTBOHHO C OCWUHMMM OACK-
TPONMHAMNIOCKNME ypabHOHNAMNM LiA depmuosoB ¢ Maccol /7  x sapd-
sae & =¢ (Tp)y =43 (1.1, -2) & deswaccosux sex-
TOpHHX COSOHOB C QHOMANBENM MATHNTHMM MoMoETOM ( papmuu 1) =
sapam Qg =0 (a =1,2,3,8), Ja=Cneg (a4
5,6,7) , §=3V3/2 .

3aMeTEM, 9TO IAA TANOHHOTO OPONAraTopa KECNOJIL3yeTcA 000OmeH-
Had JelimuanoBckand xawmgdpoBRa, B KoTopoll NyXOBNe Moad He AANT
BRIATA B MaccOoBill omepaTop B HNSEOM NOpANEe TEOPEM aoswlenﬁfs/

Apauit BAA Opomararopon Swl D,, MOXHO HallTH JRGO METO-
ROM COGCTBOHHOIO npeueml/ 6/ , ANGO BCOOABIYA TOYHMe BOXHOBHE (yH-
KUME XBApKOB “(ﬂ? B PADOEOB Q ;’ () B0 BHemNeM Doje B IOXHOH
asesores ¢ K3, /7 .

Ocoduit RETepeC OpeNCTABAAGT OCHOBHO® COCTOAHNG® XPADEQR B Xpo-
MOMAPHETHOM ToXe. J17 DaIManuoHHO# NompaBXM K PHEPrEE OOHOBHOTO
COCTOSHNA HAXOMNM CIGXyDNOe BHDEXOHNE:

(3



y f0% .
85, g?% Qd“J"‘Pa"P('a"P““) {2i (ee,

+u ezit.eid’) [i.(ezir_j),f(’_e-zio')}'l_ “)
1y },
P
9.0 O'-P(l-u) ’ T=£Pu. ’ l, = 2/3 B napamerp
B= §B/m* . (5)

‘BamerTEM, 9T0 (4, DOXy4eHO B OpeANOXOXSHWE, YTO KBAK HMOET
aapue'zg/s (meer [ =1) , B, cuemoatemsso, mpouexyTOTHuH
XBApK KMOST SEpAN €= -zg/s , & 38DAR IM0OHA B CRAY 3aKOHA CO-
XpaueHEA pabeR § (Tax 9TO L = 2/3 ectp orHOmeEEe sapanoB
KBEDES ¥ I'VIORA ) .

OrpaBEsdEBaAch OPECAEXSHHOM CDABHHTOALEO CAAGOT0 BHENHErO IO-
ug, xorma B << 1 , uaxomm cxemyimieo ACEMUTOTENYEC700 BHpaxe-
HEQ IM§ CIOBEra 2HOPINE:

A, = -(%‘;[-Ry; - 2plnp +ivpl , ®

rie R= (2% ~1)8(#2) >0(3()- meera-gymama) .

Otuerid, wro raspmull wien B AE, MMeer mopanok (J B)7” =
He S8BMCHT OT 3a8DANA N MAcCH KBapka. J70 OCYCAOBAEHO TeM, ITO
BHONHE® NOX6 ORASWBASTCA EBKAY B << {  CcAadiM IXA XBapKa, HO
CPODXCHJGHEM TIA Go3MACCOBOTO 3&DARGHHOrO rADOHA. [OCROXBRY B
pemecTBeHEON vyacTh AL, omymemm wxems mopamka g .TOoM
OTCPOCHEN TAKNE HORTDAAGEEX KOMIOHEHT IMDOHBOrC foad, KO-
Topuft, kax ¥ B K31/ '/, maieen noﬁ .

Yxaxeu, 920 BupaseEEe mas AF, , HalllemHoe B padore/ 8/ , B
KOTOpOl DACCMATPEBAJECH SHANOINYHAH 3&7AYA, ABAAGTCA ORBCGOTHHM:
B HeM OTCYTCTBYST MENMAR 9aCTH, 8 TAKKG OCHOBHOR WieH mOpAIKE
VB . Cxemywemti x6 10 MaXocTM wNeR DopAmKa B ln g ormme-
eTCA OT HANGTO INCNEGHHHM MHOXNTOXNGM.

AHaXOTHYHO MOXHO PacCMOTperh ciyvall JepMHOEOB C E30TONEIECKIM
CHEHOM 1 B TeopEE ¢ xammopopognoft rpymuok SU(Q) (mpacoenmmuenmoe
OpeICTABNEHES ) . 3T4 8Sana¥a pewaxsch P padore’”/, HO He duia
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JoBefieHa 40 KOHUA, DHelHee ONHOPOAHOE XDOMOMATHWTHOE T'OJe F/f'_ f)
('renp,)b @=1, 2, 3) uMeeT OTMMYHHe OT HyJA KOMMOHOHTH F5
=—rz = B . B BHODaHHOM NpENCTABJEHHUK bepmuoHu ¢ ¢ Kafmpo-
BOYHHE CO30HH MMENT IO OTHOUEHMW K TaKOMy NOJK 3&p:iH - g , O,
+ g, . OrpaHEYMMCs CHAyJaeM GepMUOHA C 3apALOM + g. B OCHOBHON
cocrogare, Torma mpoMexyTo4HHI GO30E B QMarpamMv¢ HM3WETO MOpAI-
Ka InA panuanmonHofi mompeBKM A F, X 2HepruM OKasHBagTCA 3apA-
XeHHNM, a NpOMexyTOoYHhld depmmoH - HelTpasbhuM. B pesyibraTe LId
NONPABKH AE nonyqaeTc,q BEpaXeHEe

AE = (lﬂr)‘ jiu.j exp (~§_‘~ pu,l) {e-is‘ .

A (1+ uezw) [ w +(1-u) -‘-f.é‘i'-'e"‘]‘l—(uu)} :

3necs B=¢B/m*, O =p({-u). 3amerum, 3r0 B (7) HCpaEeny
IB6 OWEOKY, COZEPEAUMECH B BHAJOTHYHOM De3yiabTare pacorw’ /.

OrmMeTHM, 4TO TOZHHTerpasibHHe BHDaXeHWA No NMepeMeHHOH p »
(4) = (7) mMowT OCOCBHHOCTH B KOMILIGKCHO! WiockocTs . He-
NOAB3YA OPHEIMD ODAYAHHOCTH °/ , HETPYAHO NOKA3aTh, YTO MX CJe~
IyeT OCXOAMTH B HAEHOY NOAYIIOCKOCTH: Imp< 0.

LiA cmadoro moJA, KOTLE F < 1, ws (7) HaxommM BHpame-
HEe, asamormdmoe (6) :

o6 = iy [RF -2p b gl

rie, xek ¥ B (6) , omymeno mmmeiiHoe Ho p CJIET@eMOE B Beme—
CTBEHHOR 9YacTH.

AREJIOTHYHNS® BHYKCJCHRA MOXHO IPOBECTE WLIA CJydas, KoTHa dep-
MHOFH TDRHEZAEXAT DyHaMeRTRAbHOMY mpexcrasienup rpymma  SUE
Pesyxerat mua AE, B arom caydae copmazaer ¢ (8) .

Kax BMAHO ¥3 Bupaxenuit (6) =z (8) , pamuManuOHHAd NONpaBKa
NME6T NOXOEKRTEJBHYD MHEMYDL acTh., JTO 03HAYaeT, YTO OCHOBHOE CO-
cToAREe ¢epMROHA B NOCTOSHHOM XPOMOMAIHMTHOM LOJIe HeyCTOHIMBO.
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O%eBHEIHO, YTC 3T& HEyCTOHUNBOCT: OCYyCHOBAOHR HeCTACEABEOCTBD C&=—
smoro moaa’v/ .

MHMMYD QaCTh MOXHO EHTEDHDOTHPOBATE CHOAYMUMM o6pasoM. OR&
COOTBETCTEBYET BEPOATHOCTE Saxsarta fePMBOHOM KAANCPOBOMMOro (030-
He E3 C030HHOE NapH, DORIeHHOR HecTaCWAbHHM BEONHEM TONeM. Be-
DOATHOCTH DOXNOHES TaKo# nayu B OIMHEIl® YeTHDEXMODHOI'O 00%aMA
paBHa 0 HOPANKY poxmmm’ > W~ g28% , dopuEOH B OCHOBHOM
COCTONHEE JIOKAJA30BEH B 06A4CTE LIPOCTPEHCTBA OCLEMM IODANEA
V-~ (#/Y§B) (1) . Bepoarsocts poxuesus mapu B 2TOM OG%eMe B eli-
HHI[y BpPeMeE# /D= WV ~3B/m , B BEPOATHOCTEL 3axBarTa fepMEOHOM
ONHOT'0 ¥3 DONMBIEXCH CO30HOR B ORMHANY BPEMOHE

W”dsP ~g2($8/m) ~ Im aE,,

e Olg= 91'/47 - NapaMeTp TeOpUM BOAMymeHN:.

HNonoxsressruft 3Eax AE, , oTBevammEld xxaccmieckol "pac-
raqke” OPMEOHEOrO NOAR, COOTBETCTBYeT NOTXOMOHED POXIACMAX BHON-
HIM TosieM YacTun ( OGHIHO ImAFE < 0, ecxm mmer mpomece c¢ c-
OYCEAEWOM DeaXbHHX YACTHI ) .

B 3anArdende 3aMeTRM, UTO KOHCTAaHTA CBASK &  ABIAGTCH
"doryme#l”, T.©, 3aBECHT OT XADAKTEDHOT'O HEPSAAHHOr0 EMIYABCA Q

(cu., mamp., L )
27~
as(@)= LL = alth &1 ¢-4ow-2n;), ©

TRe N; - ypcro depsmoumix apomaro, N - pasMepHoCTh
KeJIRGpoBouHOk rpymmd, A - xapaxtepsufi passepuMl DApaMeTD TEODMN.
B HaHHOM CIydae XapaxTepHas Hepefays NMUYABCA, OYeBHNHO, -~

~ b’gﬁ , M NBDEMOTP TOODHN BOIMYREHNI NDNHEMAST BEA.

dg = 47[6(& -?\-f;]'l

Yczobze OpEMOHMMOCTH NOAYYOHHHX BNEO DOSYABTATOB ( g8 &m#*,
¢4) BENOANEAGTCA HOZTOMY /A ZOCTATOYHO THXOAN: (OPMEOHOB:

I« §B wmt.
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OB UHOPAKPACHOM ACHUMITOTHMKE KBAF:{OBOTO NMPONAFATOPA
B CBETOIIOCAOEHON KA/IMBPOBKE

M.J/l.Hekpacos, B.E.Pouep

Hucturyr ¢uamkn psicoxux "ssepruft, Cepnyxos

1. Hayyenne mHdpaxpacsoro noseneHas pyHxnnhi [puHe npeacrasnseTcs oaHoR
H3 Hauboree 3HAYHTENLHHIX NMPpobGlleM KBaHTOBOA XPOMOMHaMuxﬂ“'G- 11, 18/,
Petlledge 370fl 3a7a9¥, 0ONMAXO, BATA/NXMBAETCH HA DPAQ TPYAHOCTeR, obycloBneH-
HbIX CAMOASHCTBMEM IJDOOHOB M HeagbenePofi H3OTONWYECKOA CTPYKTYPOR B3aHMO-—
AefiCTBHS IIOOHOB ¥ KBapKoB. YuHTLBas peaynsTatn pabor’/l. 2/, mowio, no-
BHAMMOMY, MONIAraTh, YTO B HHPPAKPACHOH OBNACTH OCYWeECTB/IReTCH CHHLY/ApHAS
ACHMITOTHKA ryuookHoro mponararopa Buas T(k)~M2/(k2)? . Oauaxo peayara-
TB! ANS KBAPKOBOr'O NPOMEraTopa, MOAYYEHHLEIe C YYETOM TAKOrO NOBEASHHA [o~
OHHOr'O nponaratopa, BecbMa NPOTHBOPEYHBLI: HCCeAOBAHHSA ypaBhewn#t lUexurepa-
llaftcoHa ¢ yueToM TomaecTs Yopas - CaasHopa NPpHBOAAT OAHMX ABTOPOB K pe~
rynapromy peuwennio’d 4/, ppyrux - x xpasucpoSoaHomy BHAY KBAPKOBOT'O
nponararopa’S/ uau x pelenuio ¢ cywecrsensoft ocoSenroctnio’8/, Ciona cneay-
eT [OGABHTL MCC/IeOOBAHHA B KBA3UKMACCHYECKOM NPRGLUKOMHMHK, KOTOpLIE TAaXkKe
npABend K peryasapHoMy peuwleHmio’ T/, Takum obpadom, Bonpoc o6 uHppaxpacHom
noBeAeHHY KBAPKOBOr'O nponaraTopa elle AANeX OT OKOHHUATeJLHOI'o pelleHHs.

B nacrosuiefi paGore uH{pPAKpACHO® NMOBEAeHME KBADKOBOINO NPONAFATOPA MC~
CNERYeTCs METOAOM GYHKUMOMAMLHO'0 MHTerpHpPOBAHUS B NPHG/KEHWM  MATKEX
6030HOB. ITO NPUBIHNKEHHe OCHOBHLIBAETCH HA NPEWIONOKEeHHH, YTO CNABHBYY BKIAAQ
B HHpPpPAKPaCHYI0 8CHMITOTEKY $epPMHOHHOTQ NPOOATATOPA LAIOT MATKHe GO30HLI.
3JTo npHGnmxenne xopowo paboTaeT B KBAHTOBON 3I/EKTPOAHHAMUKe M B Cliyvae
HEKOTOPBIX APYTHX moneneft’ 8-10/ B

Bonpoc 06 acuMnToTHXKe KPSpPKOBOI'O NpONAraTopa B paMKax 3Toro noaxoas
obcyxpanca B paSo-re/ 1/ , B KoTopoft 6nln noaydeH NpeABAPHTEeNLHLU! peayasTar
0 KBa3HCBOGOAHOM MOBEeAEGHHH KBADKOBOro MPONAaraTopa MpH HEKOTOPOM BLAeneH—
HOM O3HAYeHUH Koa({IMeHTA B AONO/MHHTENLHOA TEH3OPHOA CTPYKType I/UOOHHOIO
nponaraTtopa. B Hacroswefi paGoTe NposoMRTCH MoAPOGHOE HCCneAOBaHHe HHbpa-~
KpaCHOr'o RosefeHHs KBapKoOBOT'O NMpoMararopa MeTOAOM MATKHX 603oHoB. Mccne—
DoBaHHe NPOBOAHTCA Mapalilenbdo B derhipexmepHol (KX[Q4) ® B AeymepHof
(KXy) xpomomunamuxe, Obe TeOpME PACCMATPHBAIOTCH B CBeTONOROGHOR aKCH—~
anpHOl Ka/mbposke n3=0 (7 - akcuansue Bektop). Bo BTOPOM fyHKTe paGoTe
$opMYJIHpYETCH METOR MANXHX G03NHOB MR Cayiad HeaGeneBol Kaiu6pOBOMHON
Teopur. B n.3 paccmorpesa KX[y B cnyuae SI2) -cuMmerpme e mokaaamo,
YTO KBAPKOBHY mMponararop B pacCMATPEBAEMOM (IPHGAHNEHHA eCTb KOoHeuHad NpE
moGom suauenun P2 dyukuud, He sMelomas ocOGEHHOCTeH AMHAMHUECKOFO npo-
HCXOXAeHHA. DTOT peaynsTar HOJdydeH NpH /MoGOM 3KAJeHHH BBEASHHOTO Mapa—
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meTpa b npu RononmmTennHol TeH3opHOH CTPYKType FIOOHNOTO Npormaratopa,
KpoMe OAHOTrO MCKmIOMHTensHoro caydas b =1, B xoropom kBapkoBbii nponaratop
MMEeT npocToit moaloc B Touke P2 =m2, rae M - JaTpaBouHasl Macca  KBApKA.
B n.4 ua npumepe KXDQ f10KA3aHO, YTO Pe3YAbLTAT C APOCTLIM MOMOCOM B Teo-
PUAX C CHHI'YNSPHbIM [loBeOeHHeMm GO30HHOro mponaraTopa He SBANETCA YCTOijuu—
BBIM OTHOCHTEIILHO CAGMAHHLIX NPUGMHMEHUA H Cpead HeYYTeHHbIX 4/ICHOB B ypapB—
HeHHH ANfl MPONSraTopa Bhie/eHb! Te WISHL!, KOTOPLle NPHBOAST K AOMHHHDPYIOUIM
nonpaepkaM K “raaBHomy” npubnixeruo. B n.5 ¢opnynupyerca moaddmumposanubtit
MeTOR MArKMX GO30HOB, YYHTHIBAIOUIM BbiAesieHHbie B 1.4 4nenbl, npd AOMoOWM
KOTOpPOro BBIMUCASETCH (PepMHOHHBI fpONaraTop B TeOPHAX, MOOEMUPYIOWHMX HH—
dpaxpacHoe noeedcHue kBapkoBoro nponaratopa B KXy u KX114. a HMeHHo, B
APYMEPHOH 3JIeKTPOAHHAMHKE (K3ﬂ2) H B Mofeny "aGesleBa XpOMOMMHamuka”
(AX)/12/, B ofoux ciydax NMOKA3AHO, 49TO tepMHOHHEIL fpoMararTop ecTb Ko—
HeuHas QyHKIMa P2 U He UMEET MPOCTOTO NoMOca NpH MOGOM 3HAYeHHK  napa—
MeTpa b . INokazaHo Takxe, YTO yYeT ACUMNTOTHYECKH CBOGOAHOTO yALTpadione—
TOBOrO fnoBenelHs 6030HHOIO npomararopa B mofenu AX He MeHAeT fonydeiioro
peaynabrara.

2, [na suiuucneHus uHdpaKpacHOR ACHMNTOTHXHM KBAPKOBOT'O NpOHATATOPa BOC-
floNb3yeMCa NPpeACTaBieHueM B BUAS GyHKUHOHANBLHOTO MHTEI'pana

(2)° 5(p -a)S(p) =N [ dAdet(id-m « g1"A")S(p, qA) e’ (A, (1)

roe  S(p) - xBapkoBnit nponararop B uMAyabcHoM npeactaBsaenus; L(A) - knac-
CHuECKOR NefiCTBUE KaNHGPOBOMHOTO nons A; det(if-m. gt°A") - Yepmuonnui
nerepmunarr; S(p, q|A) - dyuxuns Ipuna ypasnenus ilupaka Bo Brewhem knac-
cHiecKkoM none A ; d - yucno H3MepeHUA NpocTpaicTBa — Rpesemy; 12 - ma-

TpUllbl $pyHAaMeHTankHOrO npeAcTaBnenus rpymne: SUKN).

YTo6bl onpefleNuTL NoBefieHHe KBAPKOBOrO NPONAraTopa BGAM3H MaCCOBOiI mo-
BepXHOCTH, HyxHo B ¢opmyne (1) cooTBercTeylowHM o0paloM 3IfeKTHBHO yHecTh
(pepMHOHHEl NeTepMUHAHT, KNACCHYECKOe ASHCTBUE KanubpoBouloro  fnosas "
S . 8}A). BocnonbayeMcs A 3TOoro MeToROM Msarkux Gosouwor/8, 97 (cm.rax—
#e/107) " cornacno xoTopomy mis monyuemms raaBHOro BKRAZA B MH(PAKpACHYIO
acUMATCTHKY KBapKoRoro nponaratopa B dopMyne (1) ROCTATO4HO — NPOBECTH
byHKIUMOHAILHOE yCpeOHeHHe TOMbLKO IO MSI'KOH KoMioHeHTe nons A.

OnpenenuM B 9TOM NPUGIMMEHHH CHavana dyHkumio [pHHa BO BHelWiHeM nofe

Stp, qlA) = <pIS(A)19 >,  S(A) YROBJIETBOPAET ypaBHEHHIO

(i5-m+gt*A®)S(A) =1 . (2)
Beeaem dynkmmeo S*(A) , onpemenenuywo cooTHomeHHeM

ST(Ai3 +ma gt*A") - S(A) . (3)
Ypasrenne ana $'(A)  mmeer Bua

$ (NS + gt*A*Y —m2]--1 (4)

u ero ¢opManbHoe peweHHe B BHAE BHTerpana fo naroMy napametpy Poxa MoxHO
3anHcark B BHOS
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o0 m’2 2y o
5'(A)=ifdfn-"( +39 "F(')l [ g 01

° (5)
F(r) - /797 glraid + ghAn)?,

OudpepeHuHpoBaHMeM 10 7 JerKo MONYMHTL YPaBHEHHe, KOTOPOMY YROBIETBOpAeT
pyuxmus F(r) ,

~i LF() - e HA) e 3k,

F(O) -1, )
rae n
HA) = 9% +(id + gt"A") 2, N
B umnynscuom npencraBneHss dopmyna (S) umeer Bun
5, «M)=i{'°du""'“2 =¥~ g(;p, q). (8)
dyuxuas F(r; p, q) = <plF(*)a>, cornacno (8), yaoenersopser ypapHeHHO
2_
-i %F(WP. “"f('z"’)T H(p, p ~k|A) " =2°0) E@; p _k,q),
r 9)
F(0: P, q)={2)5(p ~a) ¢
roe pyuxuus H(p, p ~k|A) = <piH{A)ip <k > cornacto (7) mmeer Bxa
Hp, p -kiA)-zop"f'A'(k)-ak"(o vig, RS+
Ll LA T )]f(——)— KKK k-k)  (10)
B d)opmyue (10) f 'S d.bc - CTpykTypime xoHcramtn rpymnst SU(N).

B npu6nmkenun markux Gosowoe B dopMmyne (10) cneayer ocrabHTh TONBKO
fnepBoe cnaraemoe B NpaBofi 4acTd, 3To npHGaHKeHHe Xxopouio paGoraeT B abe-
nepsix Teoprsx/B~10/ g ocuosnBaeTC Ha NMpeAmONOXEHMM, WTO FAABHME BXHAR
B HH{paKpacHo#t o61aCT# A2IOT GHCTPO cHapaXuike Ha GECKONeHHOCTH MOTEeHUHANb.
Ona TakHx noTeHUHAnOB BKJASA BTOPOro HNeHa B NPABOH 9YaCTE, OYEBHAHO, Man
10 CPAPHEHHIO C NEPBLIM WIEHOM. BKIAA TPeThbero XKBAADATHIAHOrO WA2HA MOXHO
oueuu-rb np¥ MOMOINH C/eAYIOUHX pAa3MepHuX coobpaxenns, Tycrb npe k ~ 0,

Akk)~1/k? , Torna Tperuit xanpaTwuunt wien mpe k +0  pemer ceba  xax
/lt“ 9 roe d - uucno u3Mepemmit npocTpaHcTBa~Bperenu, Taxam o6Gpasom,
npr A <d Bknan Tperwero umesa » dopmyne (10) npeneGpexam mo cpaBHeHMO ©
fnepBLIM YnleHoM. B ciyuse, Hanpamep, KXLI4. d=4+2, ¢ ++0 » mndparpacnol
o6nacTeE #, CNeAOBATE/LHO, MBI MONXEM [peHefpetib KBAAPATHYHLIM SASHOM B
dopmyne (10) mna noreHusanop He Gonee CHHIYMSAPHEX, YeM I(I()ﬂ"l /k* npu
k + 0. Ypapuerme ana F(r;p, q) npE 3TOM NPHHHMAEET BHA
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["'_F(Tl P, q) 291(2
F{0; p, q) - (zn) 5(p -q).

B ypapHenuu {11} coemaem, xax obeiMHO, ClleAyiouMA YRpowaloumit war, npe-
HeGperas k Mo cpapHenmo ¢ p B akcnowexte # 8 F(r; p —k, p) ™. Uurepnpe~
TalHg 3TOro npubamxenus Gymer obcyxaareca B n,5. Ypasuenwe {11) npu sTom
npUHUMaeT BHA

—i2Firip,q) = 290" I‘A;(er) F{rsp,q).
ar .

U DT AT R
(11)

d 12)
F(O; p, a) = (2n) 506 ~ @) ¢

4 ero peIHEHHE MOXHO 3anMcaThk B BHAS ynopnnoqeuﬂoﬁ DKCHOHEHThI

Flri Py 8)=(20)*5(p ~ 9) T expl2ig [dr 'p* 1" AL2+ B)}. (13)

Jarw

Sornacﬂo dopmynam (3) u (8), g(p, qlA) umeer B

S(p, qlA)=5,(p, 9lA) + S,(p, q|A), (14)
rae 2 2

S,(p,alA)=(F +rn)i‘{dr""‘m TP Blp, Q) (15)

$, 6, alA) =i Jdra I mF 71O ;_%;F(,; poa)at*A @ -a) (16
° 2n

Onsa roro uTo6u Tefleph NONYYHTL KBAPKOBbUt mpomaratop S(pP) . HyxiHo
neACTapHTh Popmynnt {14-16) B dopmyny (1) & npoBecTn ¢yHKIMOHANEHOS YyC-
peasieHe N0 NOMIO A. lMpy sToM, npeHeGperad, Kak oGhipo, B HMHIPaKpPACHOK OO~
NaCTH BK/IAAOM MACCHBHbIX GOPMHOHHLIX fleTelb, nojaraem (epMHOHHbI AeTepMU~
HANT paBHbiM efunune. [eficrere KanaGposowsoro nona L{A) B uudpakpacHod
o6nact 3dPeXTHBHO YITEM B PayccoboM BHAE

L(A)=-;- A'DTA". an

B caywae KX[lg B akcnanesoR kamubpoeke dopmysaa (17) ecrb nonpocty onpese-
Jledde feficTBHA XambGpoBouHoro nona, eci@ T ecte cpcboaunwt Nponararop no-
na A. B cnyuse KX[,; dopmyna (17) ecTe anaaTu ana ydera B HufpaxpacHoit
o6/IaCcTH HeNMHHEeRHLIX WIeHOB B JjarpaHxpBade KannbpoBouHoro nonsa. B ayxe paGo-
u1/19/ Gynem cuwraTs, wro D-undpaxpacHas acHMITOTHKA TLUOOHHOTO MpoNara-
TOpAa.

WUtax, ¢ ydeTom ChOeflasHLIX NPUGRHXKeHMH KBapKOBbi  mponararop MOXKHO
3anHcarb B BHAE

~ -~ ~
s‘p)=s|(p)+sg(P)l (18)
" Kax uncrno/ 8, 87 'ralme Blomso » K3y (B mascce kopapManTHLIX XatKGPoBOK,
ree oko np p 3NEXTPOHNOrO Npofiaratopa). Bonee rero, peayawtaru
paﬁcrrul9 noln‘!ulum. NTO yder kot k B {(11) B 3TOM cyuee NpKBOANT X TOMY Me
pesynrary.
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roe

~ A L% mip(m? = p2 = g
@2)" 506 - )5, (6) = (F + m)i fdre™" " " 70 B p, q) 5, (19)
-~ o0 2
2n)'5(p - 9)5,(p) = 1 Tdre™ "™ 72" =10 f—"i—F(r. P, )t AN - @5,
° @2 (20)

B dopmynax (18, 20) asakom <ees>, ofoaHayeHo GYHKUMOHANLHOE YC] emlem(e
no nonsm A, [lanee B Tekcre Gyne-r NpUBEASHO BLIYHCIICHHE TONLKO % N P)e
Borucnense S (P)  MOMHOCTEIO AHANOrUYHO BLMHCICHUIC 1,(9) H Gyne'r ony-
weHo. Bknan pesHduHbI S (P) B xBapxosuii nponaratop  $(p) oxasnieaercs
nuGo npeHeGpeMHMBIM, rmﬁo TOro *e Nopsfxa, 9To H S (p) - B xaxaoM kou-
KpeTHOM ciydae 3To 6yAeT OropapHBaTbhcsl B TeKCTe.

Ilna Toro uTobu! NPOBECTH COOTBETCTBYWINCe YcpelHeHwe B dopmyaax (18, 20),
BOCRO/MBAYEMCSl UTEPAUHOHHLIM pasnoxcHHeM popMynsl (13) u Tem cBolicTeoM,
4TO (PYHKUHMOHAMLHOE cpeasHee OT HEYETHOH CTeneHH NOAA paBHO HYmo, a4  oOT
4YeTHO) CTeNeHH C TOYHOCThLIO A0 He3aBHCHWEro OT N HOPMHPOBOHHOTO MHOXHTENs
paBHO

a L]
<A (%) vee A (R3,) 5, =
n a n-]'2
_(2.) 1 2P15'2T (x -y ) e § “m x“a-(

B dopmyne ( 21) C)’MMHPYIOI‘CH BCE BOSMOXHbIE ORHOBDEMOHHLG NepeCTaHOPKH
(ui P X ) . C yuerom dopmyan (21) coorpercrayiowee ¢yHKUHOHANEHOE cpen-
Hee B d)opmyne (19) ectw

Xpomy = %gn Yi.  (21)

a T fn_
<Flripa)y -@n)"5( -a) £ ‘_Eiu_ e ) fdr YN,

° n

. “2n—-1"
xLF 18 1%, 5 " p p2(2p(r, =7, ) Y om [PA2p(r, _ =7, ) p)1a(22)

$yHkuuonansHoe cpeaHee B popmyne (20) HMEeT AHANOTHUMBI BHA

3. lna Toro uTobBul npx nomowH dopmyn (19, 20, 22) onpenenHTL KBAPKOBBUL
fnponaraTop B Kxﬂ , Kago 3HaTh uxdpaxpacHoe NOBEASHHE T'JDOOHMHOT'O mponara-
Topa. Bocnonwoaaaumcb pea3ynkTaTaMy paﬁo'r/ 2/ GymeM CHHTATbL, YTO HH-
¢pakpacsas aCUMITOTHKA I'DOOHHOIC Mponararopa B axcuanuion KanubpoBxe HMe~
er nopefeHue ~ 1/k4 . Takoe noBenenme, xax H3BeCTHO, NMPHBOMMT K NEHefHOMY
POCTy aeKTHRHOTO MOTeHOMANA B MPHG/IHKeHHK OGMEHa OOHEM “0QSTHM® riuoo—
HoM®), Haubosnee obumh mua gll,,(k) B CBeTONOROGHON XKanuGpoBke INpH 3TOM
NPeANoNoOMeHEH eCTh

s g s spens p 13/ sprymenTh,

anzana D.enbﬁopro—Becru/“/, cornacko r 0 MpONArATOpA EMeeT BIR l/l(‘Jk’
Mul He Symem B patore Taxoft




F4 'S kynv‘ kl’”i{ _ K2 s
Ty, (k) - ) f(qln,— - ) B(k”)2 (" 1Lt (23)

rae M - Hexoropas KOHCTAHTA pa3MepHOCTH Macchl. lleppast TeHacpHas CTpyk-
Typa B popmyne (23) coenaaaeT co cTPYKTYpoil CBoloaioro nponararopa. Bro-
pas TeH3opHas CTPYKTYpa, KoK noxasato B paSore’}/, B paamepHoit perynspuaa-
UMK BaXHa U1 GopbObi C MHPPAKPACHLIMH pacxoausmocrsamy. B ceasu ¢ aThMm
nonosam B =b(d/2-2), rae d ~ uucio womepemiit ipocTpasCTBa-BpEeMEHH.
Takum obpasom,npu d = 4 Bropas TeH3opHaf CTPYKTYpa B dopmyne (23) orcyr-
CTBYET, WTO 0fecneuuBaeT KalMGPOBOUHYK MHPAPHAHTHOCTL S(PeKTHEHOro NOTeH—
uHana, onHako npy d=4 +2¢, € -+0 oHa maeT newcdesawuMi BKNaA B dopMy~
ne (22). OrmeTHm 302Ch cue TO OBCTOSTENLCTBO, UTC Be/MuMHa b M3  pas-
MEpHbIX COOBpAMeHuwli He MOXeT ObLITL MPONOPUMOHANLHUI KiAKOH-NHGO CTeNeHH k?
um (k7), nosTomMy B Kiacce CTemeHHBIX ACHMATOTHK b ecTs KoHCTaHTa.

B x -npocrpanctee ¢opmyna (23) umeer caeayomuii pua:

ji-d -4 )

50 = WP~ 002 - 2K, - L1891 629 0,0, o)
B dopmyne (24) wampas cHaTh pasMepnylo perynspudaunio, nonoxus d <4 | on~
uako npy B<=b(d/2-2) penuuuia x"‘J, (x) oxasmpacrca xoueuioh {pacxoau=-
MOCTH NPH pa3HbiXx TEH3OPHBIX (‘prl(Tprx COKPHUIAKTCA 1IPH CBOPAYADBOINE  HX
c BexTopoM X ), B cooTBeTCTBHH C ITHM uMeeM cnenyiouwyio GopMyiy:

£,,(2:p)p" - —L—W'p?(1-b). 25)
p) @) (

m
PaccMorpum ocobutit cityuat b=1. B stom cnyvae b dopmyne (22) orande:u
OT HY)Sl TOMBbKO NepBbilt ueH CyMMul, H KBAPDKODLIA nponaraTop MMeeT KBa3u-
cpoGomutid Bua (dyuxuns Sz(p) npi b =1 pasia Hymo).

msp

g (26)

OTMeTHM, YTQ TaKoil e pe3ynbTAT NpH BLIAICHHOM 3HAYEHHH Ko3¢dHiMeHTa
np¥ BTOPOH TeH3OPHO! CTPYKTYPe B MHPPaKpacHOil ACHMNTOTHKe IJIOOHHOrO Npo-
nararopa 6un aony4eH B paGorax’ v 1 B aKkcianbhoii KangbpoBxe 172 £ 0.
B paccmaTpuBaeMoM nooxofe, OOHAKO, MOXHO KCCHeflOBaTL MHPPAKPACHOE NOBE—
AcHHE KBGPKOBOre MpollaraTopa WA Gofee WHUPOKOro Knacca 3HaueHdl Koaddu—
menta b . B ciydse b#1 Bocnonbayemcs Tem gastom, uro pP(2 rp)p, Kak
9TO PHAHMO M3 dopmym (25), He maeucutT or r. Beneacreme storo crofictea B
dopmynax (22) peiicreue onmepartopa nepecranoBox P, oxadpipaeTCy akBHBaNeHT-
HEIM  eMHHYHOMY, B Pe3y/bTaTe Yero yAaeTCs pacnyTarb npouaBeseHHe f-maT-
PHU 4 NPOBECTH HHTerpupoBaHHe no nepemernbiM 7, . Popmyna (22) npy 3ToM
NpUHUMEBET BUA

<Fle; p, q)> =(2n)45(P -q) ; (~aM’p’ r’é-z—' C (27)

2
roe a=Q%/4n2,
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C. -(7)—,:(, Lo )P, (5% %2, 5" 2012, (28)
n
B caydae rpymmnt SK2), 1°=0¢%/2 , roe ¢ - marpuunt Naymt, 8 €, ectn

n

"TE W, (28)
C yuerom (29) dopmyna (27) npm-muaef BBA
<Frip, )5, =(20)'50 - 0) 0(3i i -ak’p? ? 251, (30)

roe ¢ - BbipoXAeHHAs runepreomMetrppdeckas d:yumuﬂ/ 14/, Ipu r » = Bepaxe-
nue (30) nponopusonantHo daxTopy up(-aM2p2 2 b1 ), cnenoaarenbﬂo,fl(p),

BhLMHCNEHHOE MO fpopmyne (19), npe b>1 Syaer perynspHofi dyHxuHeR oT p2.
Llponenaa COOTBETCTBYIOUME BLMHC/CHHS MOXHO NONYYHTEL ABHBUT BHA  dyHKLHH

S, (p):
2 232
5,p)~(m p)—'!'—:E-wu. .J—Q-)F’“' ) (31)
' aMpli- z aM?p z-i-

roe ¥ - gpyras BHIDOMAGHHAR MHNEPreoMETPHYEcKan GyHKWAS, PyHKUMA S (r)
HMeeT ananoruqnbm BHA:

s, (p)-_ ..wu ; - )-31:(2:%-; M-L)h (31.a)
¢M2 p ]T aﬂz

MNpu b <1 mirerpan no r p dopmynax (19, 20) pacxomm:u Ha GeCKOHeYHOCTH,
no3TOMYy B 3TOM Chydae peaynkratsi (31, 3la) cneayeT noHHMaTs B CMbiche
aHanuTHgeckoro npoaomkensd. Ua dopmyn (31, 3la) sumno, uTO KBApKOBLUt npo~
naraTop B paccMarpHRaeMom npaGmuxeiun npe b ¢ 1 ectn xoHeuwas mpr mcGom
anpveHmu P?  dynknus, Mmeloumfica p Buipaxennax (31, 3la) paspea, naumHai—
waiics B Touke P2=0, He MMEST DIHAMUYECKOrO NMPOBCXOMASHEA, NOCKONBLKY ero
HAYANO B BH[ He 3E@BHCAT OT AapaMeTpoB TEOpHH.

OrmeTHM, 410 ecnd B ¢opmyne (31) nomoxuTes M= (), To MoAyyeHHOe Bhipa-
HEeHHe C TOYHOCTHIO Ao kosddaumenta mpx aM®p” coenameT ¢ peayawraTom Qs
HHPPAKPACHOK ACHMITOTHKH KBADKOBOro NPONAraropa, NOAyMeHHBM B paSore
(emecto (1-b)/2 B ykasanwoi paGore crour upeToBOH dakTop, papHpifi 3/4 B
ciyuase rpymnen SY(2) ). B stoit pabore uHfpakpacioe moseleHNe KBAPKOBOrO
Aponararopa B ciiydae 6e3mMaccopoii KX.El HCCNeyeTcs B He3aBHCHMOM OT pac-
CMAaTpHBaeMoro y Hac moAaxode, ﬂcﬂoaamiou Ha ananu3de ypapHeHu#i [lpuarepa ~
Nagcuoua ¢ yaeToM TOXOASCTE Yopaa ~ CnaBHOBA B AXCHAREHON xannﬁpoaxe
(P7) = 0. Mpe sToM Bepaxenue Tuna (3la), nponopusonanseoe %, B pabore/4/
orcyrerayer. OrMedenHOe cOBfliafieide Peay/eTaToB, MOAYICHHBIX B  PASIHYHBIX
ROAXoAax, 4aeT AONOMHMHTENLHOE yKa3aHHe Ha To, MTO HHpakpacHad acHMITOTHXA
kBapkosoro mponaratopa B KXIl; ectb xoseuras ¢yHKOoHs p2.

B 3akniogene NAHHOrO NMYHKTA OTMETHM, 9TO NOMHOCTLIO AHANOTHYHAH KapTH-—
Ha Qg HEPPAKpPacHOT'O nosefeHHd (epMHOHHOI'O NMponArTaTopa MOMyYaeTcHd 4 B
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abeneBoM cCiTydse ¢ Go3oHHLIM fponarartopom (23). Ota Mmogene, BsedeHHas B
kauecTse MogfenHoro mpuGnumenus k KX[, e ungpaxpackoit obnactu’/12/, na-
apanHas "abenesoli xpomoaunamuko#” (AX), 6BlTa paccMoTpeHa B MPHGIHMKEHHH
MATKHX GO30HOB B paGo-re/ 16/, Hame paccMoTpeHse NMOATBepPXAaeT NPaBHIIbHOCTb
FHNOTE35! O TOM, 4TO MOAedb AX BOCNPOH3BOAMT HHPPAKPACHYIO CTPYKTYPY Xpo-
MOAYHAMHKH,

4. BosHukaer Bonpoc 06 YCTOMYHBOCTHM NOMyHedHbIX BbiLE Pe3ynsTaTOB OTHO-
CHTE/IbHO CReJ/IAHHBIX MPUGIHNKedHA. '-l-roﬁbt QTBETHTb HA 37TQT BONPOC, HEOOXOAH-
Mo K riaBHoMy uneHy (26) pasnomenus S(p) npu P? = m? nonyunts nonpa-
poyHvle wiendl. K comanenmio, B cnyuse KXy coenatb 3To KpaitHe 3aTpyRuk-
TeNbHO, NOCKOJABKY MAEl 3TOr0 NMPHUUIOCH 6B YYHTHIBATb NonpaBku k dopmyne (17),
a(beKTHBHO Y4HTHIBaOMeR B MHGPAKPACHOA OGMACTH HelMHelHble wNeHb! camofefi-
CTBHSI INTIOOHOB.

[na emacHends Bonpoca O PONH NONPABOYHBLIX WIEHOB PACCMOTPHM  MOLRR/bL
KXIIQ, obnagaowryio cxoansiM ¢ KX[|y nopensHHeMm IHOOHHONO mpomaratopa Ha
GoNBWHKX pPacCTOAHHAX, B aKkcHanbHol KanubGpoBKe HeMHHEHHBIE MMIeHb! CAMOLRfi-
CTBHA INIIOOHOB B KXﬂ2 OTCYTCTBYIOT H TFV B dopmyne (22) ecrb ceoBoaubIl

nponararop

T )--Lig -tal Ry ma
ke T e T T g kn

Taxxe kax u B KXy, B KX[, dynxunsa J', » “nnoxo” onpejeneHa. 3To Ha-

XOAHT OTPaXeHHs B TOM, HTO B X=NPOCTPaHCTBe J,“,, He ABAfeTCH OAHO3HaYHO
onpeaeneHHOR ¢y1mnuen/ 17/

‘,v(*)=-—n ny“l+|+§X++¢) 5(x_). (33)

B dopmyne (33) )(1,=(u° t xl)/\/Z, y =1/v2(1,)), & n / - nekoropuie
NPOKSBONALHLE MapaMeTpb!.

lNapameTpnl §, ¢ MOXHO (HKCHPOBATH NMpPH MOMOIWM CHEAYIOWHX AOMOJHATE/Ib—
HHX cooGpaxeHut, [loTeHuHam CTaTH4eCKOro TOYEYHOr'O HMCTOUHHKA i# = gsﬂos(xl)
ecTb

A,,((")'='9fd"°9#°("o"‘1) ig—llxll | fe(n )%, + 249 1. (34)

(32)

Ha ¢opmymut (34) euano, 4o napameTp £ HMEeT CMBICH NOCTOSHHOrO WeHa B
nosie TOYEHHOr'O MCTOYHHKA H MO3TOMY BISIeTCS HEeKMM Kanu6poBO4YHbIM napa-—
MeTPOM M MOXeT GmTL 6e3 morepn obumocts orSpomen’/17/, Na sepaxenns ansa
HANDPSKEHHOCTH NoJIsA 3

E:-@le(x)=-%qle(Xl) + EE('ll)f (35)

BHgHO, uTO mapaMerp £=0, ecnm ME xoTHEM, 4TOGLI CHNA He 3aBUcena OT Ka-
nMGpPoBOYHOrO BexkTopa. Takum obpasoM, B dopmyne (33) crefyeT NONOKHTH
£=4¢=0. Taxoit BuGop Mponararopa B X-NPOCTPALCTBE COOTBETCTBYeT onpede—
NIeHHI0 3HAMeHaTeaa B ¢opmyne (32) B cMmbiCie r'aBHOro 3HAYEHHUS.
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Onpenesue TakaM o6pa3oM QyHKUHIO 5),“,(!). NerKko  NOJIY9IMTh, 4To

p ﬂyv(zrp)pu = 0. Cnepomarennio, mudpaxpacHaa ACMMITOTHKA KBADKOBOI'O
nﬁ‘onar‘a‘ropa B KXl B paccMaTpEBaeMoM NPRGMIKEHNN HMEST KPAINCBOGOMMBY
pua (28).

[ag Toro uTO6H BLMHCANTL NompaBouHbie WieHH X dopMmyne (Z6), Hajtoem
cuauana nonpaexy F (ri p, q) x ¢ynxmun F(r; p,9) = F, (; p, ). onpese-

nenHoli dopmynoss (13). Fl (r; P, q) onpenensiercs ypaBHemmeMm

"aian (i Pa )=V, (+)F, (ri P, 9) + Hy (r)F, (ri P, 9)s

F (oip,9)=0, (86)
roe H (r)=2gd" 1°A%(2,p),  V,(r)=H-H,.
WUrepauronnoe pemeuu‘é YpaBHeHMs l(3!3) EMeeT crefyoumfi Bua:
o T =y
Fl (i p,9)= E',{ drl . n{ dr, iHg(ry YeesiH (1)1 x
'n v Viemg
x jdyiv'(y)XlkEM{dvlu- J d"u"“o(";)"""‘.('&)l- (87)

[IpeacraBumM Tenepnb Vl(r) KaKx CyMMY ABYX Claraemolx

V() =H(1)+ v (), (38)
rae H,(r) - nonpasxa x H, (r) , coormercraywman sropomy u TpeTbemy une-
daM B npabofi yacTa dopMynnt (10). Mocxonsxy » cpetonoaoSHol xanuGpomxe
KpafpaTHsHbK 4neH B ¢opMyne (10) paeen Hymo, TO

dk #® . afa =3irpk

Hy ()= oSS0k @ 4 i, IR W02y P As(2: picss)
Bropo#t nonpaBounnli wien B (38) COOTBOTCTBYeT AONOMHNTONBHOMY NPEGMDKSHUIO
e dopmyne (11), xorns Mu npeseGperamx k no cpapenmio ¢ p B dyHXuNSX,
SBHO 3aBHCAmMX OT r . Bxmogag » v, (r) , xax n B ciyqae Hl(y) , TONbXO
nanehinple no k wnewnt {wnerw, NponoplNOHanBNLE BHCWNM cTefesam k BofinyT
B BEHICIUHE MOMPABKH), NOMYYMM

-’ ~ 1 4
v, () = [l P g0k RAk)K 9/ap" | a—i2gt*p* (3" A (2rp )5 /25"
2x) K (40)
BoiaHcneNde NOKA3LBAST, HUTO OCAR NOACTABRTDL Howennsa (39), (40) » dop-
myny (37), To H,(r) naer synemoit mxnan » 5(p) , » To BpoMa kax exnman
or v () nponopumoRraner momncy Broporo nopamxa mo (m? —p?), T.e. nomu-
HupyeT Haa "rnabHbiM” unesoMm (28) npu p? ~ m?, Orcoopa cleayet, 4TO  pe-
aynbTar (26) WIS XBADKOBOrO MPORAraTOpa He SBISETCS YCTOAYHBHIM OTHOCN-
TEALHO AONOMHWTENLHOTO OPNG/mXAHNS B ypassemmx {11), T.e, B Teopuax ¢
CHIIBHEIME HEpAKpacHbIMM OCOGEHHOCTAMEN, B OT/ANINe OT K3[-14. Beobxofumo Go—
nee TouRo yuMTHBATH B (11) 3asucummocTb or k. Taxmm ofpasom, ans  Gonee
noc/eAOBATE/ILHONO PelieHus Bonpoca o6 RB(PAKpACHOM OBefSHHE XBApKOBOT'O
nponaraTopa B ciydae Kxﬂ2 X B Chayiae KXIM NpX BHASEHHOM OHAYEHHH na-
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pamerpa b e ], HEOGXOMHIMO, K&K 3TO NMOKA3IAN NPOBeAeHHLI aQHANW3, NpPOBECTH
6onlee AKKYpATHO® [OCTPOeHHe peuwlenKs ypapHeuns (11).

5. [uppepernmansHoe ypaBHenue (11) ¢ ydeToM HauanbHOTO YCNOBMR Jerko
CBeCTH K HHTerpanbHOMY YPABHEHHIO

F (17 p, ) = (2of Sp—a)e2ig 4 f(z'"‘) LW

~20k
*E(r p-k, ). (41)
Urepamuosioce pewenne ypaprenus (41) nHMmeer pua

Firi p, 9)=(21)° 5(p - 9) +n§l F (rip,9) (42)

Tbe

R, (5B, 0) - QY [dry ] e f(-i"‘—...f—[ DK )

2n)* 2n)°

w p'® 'u*'(k )]upth(k ~2pk,) 20 I k, k, 12n) " 5(p - ll-!k )

(43)
B dopmyne (43) » ayxe npuGnuxenHs, chenadioro B ¢opmyne (10), or6powensl
cnarsembie~kA(k ).  Tlocne dyuxmMowanbHoro ycpemenus dopmyna (43) npu-
HUMBeT BHA
dk

X Tan—1 dk n
<F (rips)s, =(20) 506 -a) 2‘ f"'n“‘ { d'%f(z")""'f(z”;“x

xoxphzr(k —2pk.)+2n 2 ki kI Ly My (44)

XE Pl.o " l{(zil') 5"‘1**2)5 | 2(pm(kl )p).“ (Zﬂ)ds(k

ey ) o0l IR

2n-g

Paccmcrrpm Kaxy1o-mu6o nepectanoeky B dopmysne {(44). [lycrte ona comepxuT

axsop &k, +kj) . Mocne muterpupopamus no k; (nycTs mmn onpenesensocTi
| > i) (rl s ) ~ unen B axcnonewre B dopmyne (44) npeoGpasyeTcs cleayio—
LAM odpaaoM

[ ] i=-1
(k7 ~2pk,) +ir, (K ~2pk,)+2i 3 nkk,e2i 5 qkk,

wifr ~t )(lti -2pk;)-2ir;k; 2 k +2i7, k; 2 k, . (45)

r=1
s#:



Or6pocum B dopmyne (45) Bropoe H TPeTee charaeMsuie B NpaBofl YacTd. 3ITo
NPUGMHKSHHE SKBHBANGHTHO BLIGDACHIBAHHIO K3 (elHMAHOBCKHX HHTErpANOB B Teo-
pus Bosmywenwt unenor ki k, npu |4, coxpanan npw srom kP, rpe k; ;-
HMOYALCH BHPTYanbHoix 6030HOB. Taxoe nNpHSAHMEHHe YCNeWwHO HCNOVILAOBANOCH
APH KM3YYEHHH MHOPaKpACHOW CTPYKTYPH KBAHTOBON SNEeXTPOAHHAMHKH H HM3BeCTHO
xak (k,, k) npuGmxenne/ 9/, OrmeruMm, uyro orGpachipanue Taxme k2 - unme-
HOB B ¢opmyne (45), kax 3TO HeTpyQHO YBUASTh, YKBHBANEHTHO npnﬁnnmeumo,
paccMoTpeHHoMy B pa3fenax 2, 3, 4.

MNoacraeup dopmyay (44) c yderom (45) B dopmynnt (42) u (19), nomyunm
cllefywulee BhpakKeHke QNS Sl(p) :

a,

§, )= (6 +m)iTdre™"® 2~ -t § “2"’ £2i8)

neg

4 Top—1 aa =12 3
x {drl"' J dfznﬁP_ {5 ! 2"'8, - '\Pr ey, —rz,p}...lfrzu_l =7, P)(46)

rae

dk |[r|k ~2pk)
Wr,p)=J AT P, $ (lt)p o7l {47)

Hanyyue unena k% 8 aKCrnoMenTe B BuPaxoHuH (47) cunpuo ycnokuser 3a-
AAYY pacnyTHIBAHHA NPOH3IBOASHHA t~MATPHU M BBIMHCAEHHS HHTErpanoB no r;
B dopmyne (46), [NosToMy B paccMaTPUBAEMOM B AAHHOM NYHKTE YTOMHOHHOM
NPUENHMEHHN ONPEHHYHMCS HAYYeHHeM WHPPAKPACHOTO NOBEASHHR (EPMHOHHOYO
nponararopa B atGenebuix Mofenax K3[p u AX, xoropuie, no-sHasMomy (cMm.aa-
Me4yaHHe B XOHue N.3), NpaBU/ILHO BOCTPOM3BOAST HHYPAKDACHYX CTPYKTYPY
KX, u KX[4. B oboux cnyuasx ¢opmyna (46) npumsmaer pHA

4 & irm? - -
§,(6) = +m)ifdee” " = SO IO, (48)
rae
r r
3, p) < —ig? [dr, [ el =1, p). (49)

dyuxuws 1{r, p) c yuerom rpammanoro ycnopus I(r,0)-0 B cayuae K3,
ecTh )
1 e—xrvz’ 1
l(rl P) T e— ] (50)
4

7

a B caydae Momenx AX
W i-ehg (ip?) n-1.Bd2-2)d2-2+n)

i . (81
(4ni )2 ss1 (d2-2+0Nd/2=3+n)

'(,l P)‘ -
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Moacrasrp dopmysnst (50, 51) B dopmyny (49), nonmyuum BhpaxeHns ana
J(r, p) B BHRe abcomoTHo cxomsulerocs Geckomeuoro pada creneed (-irp? )
B ofonx cayuaax ¢yuxuus J(7, p) perynspra (B cnyvae mogens AX Mmoo
CHATH pasMepHyo perynapraammio, gonoxus d= 4 ). [ist Toro 4ToSH BLIACHHTH
aHanuTHYyeckhe cepolicTBa BYHKUKH Sl (p) HeobxoomMo 3HATH ACHMNTOTHKH (yHK—
wm J{r, p) no r B Hyme n Ha Geckomegsoctu. MNpr r 0, J(r, p) - @ B
oboHX Cyuasx, 4YTO ofecnevHBaeT CXOMMMOCTL MHTerpansa nNo 7 B Hylle B top-
myne (48). Ipu r »w, J(7, P) B cnyvae KOy MMeeT acHMmTOTHKY

2
J(r,qmﬂ:-iri;(l-y)-r32.+iri"_gn(fp2)+g(1), (52)
rge ¥ = 0,57 ... - nocrosuHaa Jiinepa. [leppoe cnaraemoe B BhipaxeHuH (57)

HMeeT CMEICJI HeKOTOPOH NMOCTOSHHOH AOGaBKM K Macce $epMHOHa, KOTOpas BO3~
nupxaeT B | /N ~npr6nmxeHny s KBapKoBOro NMpoNararopa B KXHQ/ 17, 18/,
Bropoe cnaraemoe _ng/z ofecrmeunpaeT CXOMMMOCTb MHTerpafia B gopmyne (48)
Ha GeckoHeuHocTH. TpeThe cllaraemoe He BMMsSeT Ha CXOAMMOCTL HHTerpana.
AHATH3 uMTerpana no napamMeTpy r B COOTBETCTBYIOIEM BbIpAXSHHH LI S2 (p)
NOKAJIBNBACT AHANIOHUYHYID KAPTHHY. OTCIOJJB ClteayeT, 4TO Y4YeT 3aBHCHMOCTH OT
B ypaBnenun (11) Beger x TOMy, YTO HomocHoe NopeAenue depMHOHHOroO Npona-
raropa B Hu¢pakpacHo#t obracth B K3y cMmeHseTca Ha KoHeuHylo (yHKuMIO
or p2 (npu p% 30).

AHaslorHYyHAaa KapTHHa Habmojaercsd B MoRenn AX, B arom cryyase npu 7+ «

2u2 22
o i S e
.ir L'tf.znw —irali{1=y)tn rp? + (1), (53)

roe a= 02/4n2. B aTom cayuae Taxxe BOIHMKXAeT NOCTOSHHAs OOGABKA K MAac—
ce depmuoHa, nonydyenHaa B pa6oTe npy uccrenoaaHun ypabHenua [HBuurepa-
Laticona B KX[4. Bropo#t unen 7pu b¢ ] spnsercs rnaeuniM B BripameHun (53)
H COBMafgeT C COOTBETCTBYWOMeH acumnTorukoii B dopmyne (30), nomyueHHoii B
HeaGenebom cnyuae. Opmnako np b=1, B oramuMe or *paccMorpenHoro M3 npi-
6/xeHNs , fepMUOHHBI NponaraTop He UMeeT [IONKCA, MOCKOJILKY TpeThe Clara-
emoe B Bripaxennn (53) obecneynBaeT CXOOMMOCTbL MHTErpasa no 7 B (OpMYy-
ne (418) npu moGom |'.a2 > 0* ! B cnyuae |.'l2 ={) uHTerpan Takxe cxoaurcsi, No~
cxomuKy B atom caysae J{r,0)=0 , xax sTo BumHO M3 dopmyn (51) u _(49).
Anamis mHTerpaza no napaMeTpy r B COOTBETCTBYIOUleM BhipaxeHuH wia 3, (p)
NOKA3LBAET AHANOTHYHYIO KAPTHHY. Takum oBpasoM, yMeT 3ABHCHMOCTH oT Kk B
ypaBueHEd (11) He NPUBOAHT K B3IMEHEHMIO Pe3YbLTATA M1 GepMHOHHOrC fpona-
ratopa B ciyzae b# 1, T.e. B 370M CJlydae KBAPKOBEIi MPONaraTop eCTh KOHeu-—
Has dyukuus or P2, Cayvain b =1 oxkaskBaeTca HeyCTOAUMBLIM OTHOCHTENBEHO
COENAHHLIX OPHUO/MMMEeHHH B 0.0.2, 3, ¥ yuerT 41eHOB, BelywHX K QOMAHHP YIOUIMM
nonpepkaM K dopmyne (26), npuBOAMT K TOMY, YTO KBAPKOBHi NMponaratop (B
npuGnmkeun AX) u B stom ciayuae (b =1) ecrb koHeuHasa dyrKuus p2 npx
p2 >0,

————
.

) Tem He menoe ciywadl b = 1, mo-npexuiemy, emgenen, Tak Kax xapakTep 8CHMITOTHKY J(rp}
mengerca mpw b =1,
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PaccmorpaM Tenepb BOnpoc O BAHSHMH YAuTpagHonaToBoii O6NACTH TeopHH Ha
HHbPAKPACHYIO acCHMNTOTHKY KBApKOBOro nponarartopa. s atoro paccMoTpHm
monems AX/18/, B xoropoh Gosomnuit nponaratrop kpome unena meaa 1/k4,
ONHCHIBAIOWET0 HHPPAKPACHYIO ACHMITTOTHKY TJUOOHHOr'o NPONAraTopa, COLSPMMT
Takme casraemoe paas 1/k?2, oTpaxaouiee ACHMITOTHYECKH CBOGOAMOE NMOBe-
Aenne rmookHoro nponararcpa B KXy, [lpy srom dyukius J)r, ’p) B dopmy-
ne (48) nompuur apauteBHY©o mobaky J {r, p) . Npu r -0, N {r, p) ~ 0, a
OpH 74 &

J (r,pxr_.hz—irapz +;.ln2rp2 ray tnrp? +Q(1). (54)

[lepsoe crnaraemoe 5 dopmyne (54) umeeT cMuic/ HeKOTOpo# OONOMHATENLHOR Ho-
fapxn K MacCe pepMHOHA, BTOPOE H TPeThe CaAraemble BCerfa NOAABVISIOTCH 4ile-
HoM~~r far B dopmyne (53). Orcloas Baano, uTO0 yabTpadHoneTopas o61aCTh
He BAMSET HA CXOAMMOCTb HHTerpans B dopmyne (48) H, creaosaTesnwo, Ha
peayfnbTaT ANM KBEPKOBOrO MpoHAraTOopa.

6. BpiyenpupedeHHbid aHAMH3 NOKA3LIBAGT, YTO B PACCMOTPEHHOM MPHG/HKSHIH
KBAPKOBLI NpoNararop ecrb KoHewHas QyHKUM# p? ¥ He wMeeT momocCoB  mpw
p2 50 . [lpa 3TOM OCTEeTCA He BHOMHE ACHBIM BOMPOC O HAMMYHH 6O/ICR MATKHX
oco6enHocTel THNA BeTBASHHH,

Conocraenenke nawero peayietara B ciysse KX[y ¢ noaydensbimu psmee
APYI'MME METOOAMH MOXAS3HIBABT KaYecTBoHoe cornacke ¢ paboramu/3, 4/%), ¢
paGotoit/7/, a Taxme B HeKoTopom cMEiCTe C paSoroit/8/ (B aToft paSore nony-
YeHa CymecTBeHHAA OCOGOHHOCTL B TOMK® P2 =m?, HO CTPYKTYPa ee  Takoma,
4YTo Ha ASACTBUTE/EHON OCH NPONAraTop OKAa3LiBaeTCd KOHeWHOR ¢yHKknMeRt, pap-
Holl Hynio B Touke p2=m?). B ornuume or paboru/5/, B xoropoh paccmarpupa-
eTCR BONPOC O BO3MOXHOCTH CYWeCTBOBAHMR pelledds C NPOCTHIM NOMOCOM, B
paccMarpHBaeMoM y HaC foAxode A priori He fpeanonaraeTcs BHA acCHMNTO-
THKH XBAPKOBOI'C Npofnararopa.

OTMeTHM, 4TO B MOAHDMUHDOSAHNHOM NPHOMHMOHME MATKHX G030HOB,  pac-
CMOTPeHHOM B 11,5, B BHPQXeHHH L1 KBAPKOBOrO NpOfararopa NOSBASIOTCH 4ie-
el (cM. dopmynas (48), (52), (53)), uMeromie CMLICT HEKOTOPOH ARAMTHAHON
uHaMuqecKkoit GobGaBKM K 3aTPaBOYHOR Macce kBapKa, kotopas Guula nonydesa B

ae KXL B pabore/S/, u B cayuse KX[lp & 1 /N-npuSmumenus B  paGo-
+ax/17, 18/ pasnguue peaynLTATOB WIS KBSPKOBOTO MpoNaraTopa B choydae
KX5, nomysennsix B | /N-mpabmuxerun a4 B Teopuu K9/4,, monemupyiomefi -
$pakpacuoe noseneHue KXL[2 npu koweyHoM N, o6ycroBneHo Tem, YTO  MeTog
MArKHEX GO30HOB YIHTHIBAET HEnnaHapHue rpadel, sumupaowse 8 | /N~ppabmu-
HOHHA.

AsTophl npuaHaTensin B.A.Ap6ysopy, A.M.Anexceesy, B.A.Baitkopy, 3.3.50-
ocy, A.B.Kynuxopy, C.C.Kypeusomy # A.[1.CaMmoxmry 3a nole3Hule OSCYMOCHHS.
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SUMMATION OF LEADING LOGARITHMS FOR FOUR-FERMION INTERACTION
AND COMPOSITE VECTOR BOSON

A.V.Kulikov, V.E.Rochev
Institute for High Energy Physics, Serpukhov

1°. It is well known that the usual scheme of constructing
renormalized perturbative series based on the introduction of infi-
nite counter-terms into the bare lagrangian, does not work for quite
a wide class of interactions, namely for the second-class interac-
tions”!/ ("non-renormalizable", by the traditional terminology).
This fact, i.e, the impossibility to calculate the corrections in
the framework of the renormalization program, is the main argument
against using the second-class interactions for the description of
the real world of elementary perticles, In particular, due to this
the Salam-Weinberg gauge model was preffered, rather than four-fer-
mion Lagrangian in describing weak interactions, However, the tra-
ditional four-fermion theory wonderfully describes all effects of
weak interactions at energies available (a8 well as neutral cur-
rents)/2:3/, Thus we have no physical reasons to refuse the non-re-
normalizable four~fermjon interaction, except our inability to work
with it in higher orders of perturbation theory.

Long ago the idea was stated (and by mow it has become & “hack-
neyed truth"”) that the inapplicability of the standard perturbation
theory to the second-class interactions is connected with the strong
non-regularity of Green's functions in the expansion parameter, Due

oto this it was proposed to modify the perturbation theory and to in-
sert the terms that are non-analytical (logarithmic) in the coupling
constant. Such a modification may lead to the construction of a
divergence-free perturbation theory., One of the arguments in favour
of this view is that a similar situation also exists in syger-renor—
malizable massless models: QEDéa/ and the Schwinger model /. In
these examples strong infrared divergencies are apnalogous to the
ultraviolet non-renormalizability and after eliminating the former
we come to the necessity to introduce the terms with the coupling
constant logaritlms (CCL), It was shown in rets./8 that such a
modification of perturbative expansiomn by introducimg CCL allows to
construct a perturtation theory that is finite in each order., The
same is true for czxactly soluble non-renormalizable models 5,7,10/,
The common feature of the models mentioned is :.hat their coupling
constant is dimensional and, as a consequence, the existence of a
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priori 1limitations on the applicability region of perturbation
theory. For example, in the four~fermion interaction this region is
| k GF! << 1, k being some specific momentum, The presence of such in-
ternal boundaries causes principal incompleteness of perturbation
theory for models with a dimensional coupling constant and leads to
the appearance of some parameters,

A general situation for the models with a dimensional coupling
constant may be characterized in the following way 7/: modification
of perturbation theory (through introducing CCL) leads to the fi-
niteness of all expansion terms, but there may appear parameters,
whose fixation will bring us beyond the Iramework of perturbation
theory.

In the present paper higher orders of perturbation theory for
the four-fermion interaction are analyzed, The leading CCL are se-
lected for the current-current amplitude (intermediate field propa-
gator), The summation of these terms widens the range of applicabi-
lity of perturbation theory and points to the existence of unstable
bound states in the theory discussed,

2°. Consider a massless four-fermion interaction, whose Lagran-
gian has the form
743 2703 5 8 4y2
Sx=yidy - g/2(pyH1 + y)/2 tR YT . 1)
Here ¢ belongs to the SU(N)-group representation, whereas t are ge-
nerators in the same representation:
[ta' tb] = ifabctc;
(2)
r t%° = 32 N, P
where Nf is the number of fundamental multiplets, We also need the
Casimir operator, described as
stic?ed = ed, &)
1
Using a usual trick, we introduce the auxilary intermediate vector
field Bz and represent Lagrangian (1) in the three-linear form:

= §1dy + gd B + By 2y + 172(8M)2. )
The equivalence of (1) and (4) is obviocus from relation

[DB exp i dx(Bj - 1/2B%) ~ exp ig2/2 [dx j2.
Three-linear interaction (4) leads to the following Feynmann rules:

_ 1 _ab 1 ab
mmm = D (x - y) = - T 8 Mx - y)
i I\—A
O—-)-—o=--]j-.Sc(x~y)=.._é x2 -
27" [(x~y)“-10]
. = ig t2yF (1 + ys)/z.
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The basic subject of our investigation is the auxilary field pro-
pagator

4%0(x - y) = 1/1 <T(E®BUY> , (5
which 1s connected with tﬁe current-current amplitude,

Now select the self-energy part [1 of the full propagator (5):

A<19" % m™. (6)

The expansion of |1 in perturbation theory series contains all
one-pariicle irreducible diagrams. 2.2 2 2

Henceforth we often use the dimensionless variable £ =k“g" /127",
As it is shown in/7 , the first terms of the diagram expansion of I}
is ¢£2 tnf{~£2 - 10)/Cland the region of applicability for this
approximation (in momentum space) is

| £2tn-£ 2/0) | «< 1, N
with C as a parameter,
We can go beyond the boundaries of this region if summing all
-expansion terms proportional to ( f?ln(- fz/C))n. The result of
this summation will be valid in the region
1€2] «<1, fn(- £%€)) » 1, |€£2n(- £2/0) | ~ 1. "(8)
This approximation (that of the so-called "leading logarithms"

means the neglect of terma ( £2)" (n"™® 62 (m =1,2,...) in compa-
rison with the main terms ( 52 f{n 52)“ in every order of perturba-
tion theory,

The appearance of logarithms in the previous formulae is caused
only by ultraviolet divergencies, Here lies the main difference
between non-renormalizable theories and, say, electrodynamics,where
logarithms appear from integration over the infrared region
(double logarithmic ésy-ptotics). There are no methods of the direct
summation of these “ultraviolet” logarithms, That is why it 1s ne-
cessary to analyse separately both why logaritims appeare in diver-
gent diagrams and their selection creteria, Our next Section deals
with this problem. i .

3°. The appearance of logarithmic terms more easily be under-
stood if we consider the problem of constructing the perturbation
theory not as "calculation of divergent integrals" but as the defi-
nition of the product of distributions with coinciding singulari-
ties, Consider the simplest example: a massless scalar loop in the
d-dimensional space (d >2):

O~ a2 = 10 (®

In momentum space a convolution~type integral corresponds to
this loop., Propagator Ab(x) will be

234



1 e-ipx 1
A _(x)= fdp = I(d/2-1)(x
o
(2 r,)d pz 4"d/2
(in this Section Euclidean metric is used),
Thus, the calculation of loop (9) is reduced to the definition

of the Fourler-image of function (xz)2 d. However, the homogeneous
distribution (xz)"z considered as a function of parameter a has
poles at points a =d/2 + k (k = 0,1,...,) and, consequently, there
should be a supplemented to its definition. Such a supplement breaks
the homogeneity of the function (x2)"% which should be considered
at the given points as an adjoint function of the first order/ll/.
The Fourier-image of the adjoint distribution will be:

, (-1pk*1 4d/2 -2k

2)1-d/2 (10)

2
?[(xz)-d/z-k (p2)k Pn%—- (11)

itp
k T (k+d/2)

Thus, loop (9) (with d even) is an adjoint distribution of the

rirst order whose Fourier-image, according to (11), will be;

il(p) = Azh](p2 )d/2-2 fn p2/C]. (12)

By analogy we define the n-loop diagram that is again an adjoint
function of the first order:

‘ﬂ“” 2 @ = o, (13)

~ _ n+1 2. n(d/2-1)-1 2
L () = A "h (p7) tn p°/C, . (14)

In (12) end (14)
h = DMV ZD (4™ 2 A * 75 - 1)/ T (n(d/2-1) x

x I'((n+1)(a/2-1)).

It is essential that the aforecited definition contains an ar-
bitrariness i.e the indefinite constant C;. To fix this arbitrari-
ness is the task of the complete theory, This problem cannot be
solved by considering loop (9) apart from the context of a concrete
model, For example, consider two physically different situations:
the renormalizable and non-renormalizeble ones. In the renormali-
zable case (let it be the massless ¢4-theory in the four-dimensio-
nal space) the arbitrariness in defining L, is fixed by infinite
renormalizations of a charge and wave function, In this case it is
possible to fix renormalizable perturbation theory in any order by
the finite number of constants, As an example of a non-renormali-
zable situation we can choose a massless superpropagator (SP)/7'12/.
As it was shown in/7 » SP is a function of gauge transformation for
four~fermion interaction, In Euclidean space SP in the coordinate
representation is the function
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F(x) = oxpl-A/xzt-x. Q
(We consider SP at "non-physical value of the coupling constant'/13/
A> 0 which corresponds to some gauge a <0 . It is sufficient for
illustrative purposes of this Section). The Fourier-image of this
function can easily be constructed with the help of, e.g, the Me:~
lin representation for the exponent. As a result:

g in A = 84ieo s _ 2
oy =- 2 202 LT g T BIe) ey,
©<s<l) p? 271 5o T(s+2) 4

An n-llop diagram (13, 14) corresponds to term of the expansion of ¥
in A, Besides, in this case, according to (16), constant C, is fi-
nite and written as

Cy

(¢ is a logarithmic derivative of I ~function),

In the first place, the peculiarity of this non-renormalizable
example is that the dimensional coupling constant A is found under
the log sign. Segondly, constant C is finite and defined by the
exact solution ?(p), i,e, by the sun of all loops., But if construct
a perturbation theory for ¥ (see, e.g. 7 ), then in virtue of a
priori limitation on the region of applicability of perturbation
theory Ap << 1, the perturbative expansion will contain a dimen-
sionless para-eter, whose definition in the framework of perturba-
tion theory is in principle impossible,

Thus, in the non-renormalizable situation the perturbation theory
is non-analytical in its coupling constant and finite in every order.
It is natural to make a similar assumption for FFI as well, In fact,
it will be equivalent to the assumption on the existence of the
well-defined exact solution (unknown in this case).

Go back to scalar loop (9)., We have already ascertained why the
logarithm appears in lower order (12) and found out that diagrams
(13) also give only one logarithm (14)., But higher orders of pertur-
bation theory can give higher logarithms (i.e. adjoint functions of
higher orders) as well, Summation of such leading logarithms is the
aim of this paper, To explain the principle of selecting leading
logarithms we consider as an example three typical diagrams of the
fourth order (see Fig. 1),

Diagrams (a), (b) and (c) have the corresponding expressions in
x-space

if(x)'Vqux at x5 A (x—x ) A2 (x1 - x5) a2 (x )

= .:_ exp Lg(n+2) + ¢ (n+1) - ¥(n))

(17)
fD(x)'vj'dxdx A(x—x)A(x)A(x)A(x-x)A(x -x,) =

= fd yld Yo Bo(x=¥1=y5) A (¥y+ ¥,) Ag(yp) Ao""yz)Ao(y1)
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Foo~ fatx i, A (xxp) A3(x1=xp) Ag(xp) Ag(x) =

= Jadyjaly, A (x-y1myg) AJ)) Ag(ya) A0

) <f§§§%>
b) (c)

(a) (

rig. 1.

Diagram @a contains two divergent integrations, and each of them
is connected with the homogeneity breaking and, consequently, with
the appearance of logarithms as well, The correspcnding PFourier-
image will be an adjoint function of the third order, i.,e, it will
contain a cubed logarithm, On the contrary, in the diagrams PP and

SF one of the integrations is convergent and, consequently, does
not break the homogeneity, Correspondingly, in momentum space these
diagrams are adjoint functions of lower (second) order. Note, that
though diagram D€ is more "singular” (A%f as compared to 1%,
their powers of logarithm in momentum space are equal (as it was
previously shown in (12)-(14)), Thus, diagram 9% in the region of
large logarithms becomes leading, By this example we can see for~
mulate a general principle of selecting leading logarithms: the lea-
ding contribution is made by diagrams with the maximal number of
non-integrable poles,

40. Proceed to the analysis of diagrams that appear during the
expansion in series (6). The first expansion terms are shown in
Fig. 2, As it was shown above, the maximal b:eaking of homogeneity
(and the maximal power of logarithm in momentum space) is caused
by the diagrams with the maximal number of non-integrable poles
(divergent integrations™}. In Fig, 2 there are (a), (c), (d). Diag-
ram (b) vanishes, and the rest (e)-(J) are not leading, Most easily
it can be understood if & -propagator be contracted in the point.
Then, neglecting the matrix structure, we come to the correspon-
dence; diagram (2d) transforms into (1a), (2g) - into (1c) and the
rest of diagrams of the 6-th order in Fig. 2 arc of topological
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0:0-0-Q-@+H-©O)-

(a) (b) (¢) (d) (e) (t) 9)
(h) (n
rg. 2.

structure (1b), So, up to the 6~th order ladder type diagrams will
be the leading ones, Obviously, in an arbitrary order the ladder
diagram also has a maximal (for this order) number of non-integrable
poles (see (18)), Note, that after contraction of a propagator into
the point the ladder diagrams acquire a topological chain structure,
An arbitrary diagram can be ottained from the ladder one by a fi-
nite permutation of vertices, However, even minimal changes connec-
ted with the mutual permutation of adjacent vertices (see Fig. 3)

00000 - - O-D+ -
-® 6 ® O 0o-
~aQo -

rig. 3.
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break the chain topology and lead to the appearance of insertions
of the type (b), (c) in Fig, 1. These insertions contain a loga-
rithm of a lower power than in the corresponding chain, It is clear
that the permutation of mure than one vertex or the flip-over of
the line end in more than one vertex lead to further reduction of
the power of logarithms,

Thus, the ladder-type disgrams alone lead to the meximal power
of logarithms in momentum space.

5°, In 2(n+1) order of perturbation theory the ladder diagram
for self~energy part of auxilary field propagator (5), (6) takes
the form:

ab n+2 12 n
=ill (x-y) = -(ig) -3 Il dx
Pav(msn ™Y € -3 f“] m
1+ Y5 1 8m
x Sp Mys(x . -x)ymTrOt . (18)
c "m=-1 m o
m
By I in (18) we designate the product over m = 1,2,,,.,n,n+l,
n
N)ersy2,1,0; Xg =Xy X4 S Vi ag =8, Op+y TV By =8y B4 = b.

Substituting into (18) expression

1 -
S, 5.(-x) = —— fa'k oM r(o)R 00 Y@ YT,
(2mid

where g2F(k) = k2g2/96 72 tn (~-k%2 - 10)712+°C = 1/8 £ Zen{(- £ 2-10) /]

and Pab = -gab/2 ~ kakb/kz, and after the Fourier transformation we
obtain

5 n

ab 1+ y o«
n x) = -2 s S noym
pr(2n+2) n=0

0 a a n

x nysmymx'l’r'ntmx ne R (19)
r s
m=n n n=0 mom

The convolutions of t-matrices can easily be calculated with (3),
and in order to calculate the trace of y~matrices we note that

A i A - i

P = -k el T

v

(20)

i} .
Yy ybPab=-2l"1.
A consistent substitution of (20) into (19) leads to the final exp-

ression
ab 1+ yo
n ()= (2P (-an)PspT# =2 Wore 12D,
pr(2n+2) 2

239



Summation all of the orders gives:

g2F
. (21)

“ab(k) -

ab
Ly uv® 2N

1+4Lg2F
Here
alV= g8V o kHiY /2,

and N, is the number of fermion multiplets, The changes necessary
for calculations of other variants of FF1 are quite obvious, For
example, we get a vector-vector variant by the following substitu-

tion in (21):
1+ ys
2

2 = Sp — Sp 1 =4,

and in the absence of isotopy it follows from (2) and (3) that
Ng=>2, L=31, The full propagator of auxilary field A:y(k) in the
case of SU(2)-group and V-A interaction will be

K kY 520, - 5P 1-1/8 £2 Bnl(-fz-io)/c]

ab

Bpd®) k2 i 141/4(Ng-1/2) £2tni(~£%-10)/c)
Next, write down an auxilary field propagator obtained from the
Lagrangian:

2= -gZ2epytvr?:
k¥ o Lt 2 52 !n[(-é2 - i0y/c]

k2 "1+ 3722 (- €2 - 10)/c)

Expressions (22) and (23) do not result from the summation of some
partial class of diagrams but represent the exact sum of all leading
logarithms of the type ( fz tn fz)n in all orders of perturbation
theory., The attempts to sum some classes of diagrams in FFI have
already been made earlier/14']7/, but with the assumptions not be-
ing justified and, consequently, the region of being applicability
completely vague. The introduction of non-physical cutting A and
complicated topological structure of FFI diagrams prevented the
summation of all diagrams even in chain approximation, From this
point of view introduction of the auxilary field B and selection

of one-particle irreducible part Ji, whose topology in region (8)

is rather simple, proved to be extremely useful for calculations.
This topological structure is not given as a model assumption but
appeared as a result of our principle of selecting leading loga-
rithms (ultraviolet by their origin). The discussions made proved
the result of summation to be valid in region (8), which is suffici-
ent for important physical consequences,

(22)

(23)

A, (0 =

6%, The expressions obtained for propagators have a pole singula-
rity in complex k2-plane. This singularity corresponds to un-
stable bound state with guantum numbers of the vector particle.

The expression Re[1 + U](kz) =0
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defines the particle mass, In thigs case the equation will take the
form
’

y(x) « 1 +x{fn x-c) =0, 1 (24)
with x = 8 52, and 8 = 3/2 for VxV interaction and a = 3(Ny - 1/2)
for V-A interaction with SU(2)~-symmetry; C'= fnaC. Depending on the
C'~values, the graph ¢f function y(x) will be the same as in Fig.4.

Y A

Fg. 4.

Thus, at C'> 1 there exist two solutions of (24), and Xy < 1< X,.
The lesser solution Xy lies in the region of applicability of the
result of the leading logarithms summation and corresponds to the
aforecited vector bound state. The greater solution x, lies, gene-
rally speaking, beyond this region and its interpretation as a real
bound state is not reasonable,

At large C' x; and x5 will have approximate values

x,=1/C"[1 + Oltn C'/C"))
. (25)

Xg ~ €'+ O(1).
In accordance with the notation adopted, mass M of the bound state
corresponding to the smaller solution is equal to:

2
M=y 327 (26)
C'ag?
The width of the bound state is:
a
r=26 7, 241 (27)

12x



If identify FFI (1) with the weak one/3/, i,e, put 52/2 = ZVFE'GF,
then at M = 80 GeV

I'= 0.2 N, GeV,

Note, tha% parallel to isovector bound state in FFI considered
there may exist bound states of another spin, Such states will
appear as poles of the corresponding scattering amplitudes.

The authors are grateful to B.A.Arbuzov, A.I,Oksak and Yu.F.Pi-
rogov for fruitful discussions,
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ME3OHHBIE JIATPAHXXHAHDI
B MO[E/NHW C YETHIPEXKBAPKOBLIMUW B3AMMOAENCTBUAMHM
W PACIIAbI ME30HOB

M.K.Bonkos

O6benuHerHBIl UHCTHTYT ddepHuIX Uccreaosaiuii, [y6ua

I‘

B pacdorax /1=4/ OMXO MOKA38RO, Xak Ha O0CHOBE addexTuURHOTO
SATDAHENAHA ¢ AOKAABHMM YOTHPEXKBADKOBMM B3aiMoXelCTBMEM MOXHO
NOCTPONTh K3IDOCTHME (GOROMEHOSOTNIOCKME ALLPAHEMRHM, ONHCMBAN-
HNS D3ANMORS NCTBRA CKAASDHHX, NCEBXOCKAXNDHMX, BEKTODHMX  NCAB-
XOBEKXTOPHMX MO30HOB NpPM BM3KNX HePrE&X. [I[pN BBEeXeBMH JJIeKTpO-
MATHETEMX B3aMMOXeNCTBUR EKBADEOB ¢ GOoTOHAMM B 2TOM "°}f°5} aB-
TOMATEYOCKM BOSHMKAET MOJSAL BOETODHON XOMMHEHTHOCTH “ '/

Hama MOXeAB ABARETCA DAdBUTMeM MXel, M3M0XEHHNX B padorax
/5'7/. On¥meM KPATEG OCHOBHME YepTH 3TOr'0 Noxxoxa. Bce Me3oHu
PACCMATDNBADTCK XAK COCTABHMO XBYXKBADKOBMEe CHCTOMH. B3lauMmoxelict-
BNE MEBOHOB XDYI' C XPYT OM NDOMCXOANT TOJBKO YeDe3 KB2DEOBNE NeT-
AN, Yepes KEaDxoBME NETAN UDOMCXOANT H B32MMOXONCTBHE ME30HOB C
doTonAMN N W -Boacsaum (zaxee - ¢ RENTOHAMM, cradie B3aHMOxeNCT-
3¢ ). IIpx nocTPOSHMA $OROMEHOAOTHYECKNX MO30HRWX Nar paHEHa~

HOD OYyJA6T DPACCMATDHBATMCH TONLKO OXHOMETASBOC MPHOAUXEHHO C MOT~
ASMN PACXOXNMErocs THNA, PACXOXAMNOCA KHTErpaid YCTPAKADTCH No-
PeBOPMNDPORXON Me30RHMX moxell, 3TH NePEOHOPMAPOBKN MOAHOCTHD ON-
POXGXADT CMAY B3aUMONSNCTBUA MOIOHOB XPyT' € XPYLOM = DeHOMeHOAO~
FEYOCKNG MEIOHRME BODNHHM, Bce (QOHOMEHOAOTMYECENE BEDNHHN, ONH-
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CHBADNHE CHABHHO B3AMMOXANCTRNE CEKAANDHNX, ICEBAOCEANSPHMX, BEK-

TOPHMY K NCEBXOBOXTOPEMX MOJOHEMX HOHOTOB, YA2€TOR BNPASNTh 4eped
OLEY BOPENHY ¢, , OUNMCKBADAYD acneX P25 { 3‘%7 =2).

[ipx 2TOM OKE3MBAOTCA, YTO CMABHAA BODENHA, OIHCNBADEAX P3aiuoxell-
CTBNEe NKOHOB Xpyr € APYroM M ¢ laapxnum , CBA3aHA C 5Q,npoc~
Tin COOTHONGHNOM O, =/Fg » passa g/,;.v 1% . Tew cawmuu B cex-

TOpe, ONKCNBEDNEMN B3ANMOXSNCTBRE CEAALDENI X NCOBXOCKAAADHKX Me-

30H0B, NOARAIDICA OCHOBAENS JAR MCOOXB20BaHNE OON4YgOR TeopHi 303~
uymenull gaxe IIpH OUKCBHMM CHABHEX B3amMoxelcThul x

B crexypvxen padxeAe Oyxer NOKA3880, KAE C NOMORBD Meroxe QyEX-
OMOEB8ABHOT'0 KHTOLDHPOBAHMA N3 AATPAHENAHA € YOTMPOXKBEPEOBMME
BS&MUOXEACTBHANE CREAKPROTO M NCEBXOCKARRRDHOIC THIOB MOEAQ NOXY~
9HTH 000ONEHEYD CHIMA-MOXEXh, OMNCHBADNYD B3auMOAeECTBNE CXAXED-
AMX B ACeBXOCKAAL DHNX ME30HINX ROEETOB, [IpN 3TOM MACCH TOKOBEX
KBAPKOB, NPRCYTCTBYDEWE B NCXOKHOM SNCTO KBAPKOBOM AArPARNN&RE C
B3aunoXeKCTBNEM TNAS TOK-TOK, MOCAS BBAXOHKA CO3IOHHKX MoAel 3a-
MOHADTCH H& MACCN COCTABAADEMX KPAPXOB B AArpanzHaie, COOTBEICT-
syoueu o0o0ueHHON CNrMA=0XeAd.

B TpeTtheM padgese 06CymEADICE JODMyAM KRR MACC NCEBXOCKAARD~
HMX ¥ CRAAAPHMX MO30HOB. B ueTEepTOoM pa3lxere Ha OCHOBEe pacOaxs
?..337- DUECKDYSTCE PR3HOCTh MACC COCTAMXADNEX - % - KBapKos
7 JADTCA ONEHKM 3BAYEHME MACC KaK COCTABAADNMX, TAK H TOXOBMX
Uu-, Ad-4 S - KBapxos. OTMETNM, YTO B Eawel MOXOAM MERAYy 3Baye-
HAAMK MSCC COCTABAIDNNX U TOEOBNX KBADKOB CYReCTBYEeT OAHO3HAYHAR
CBA3.

B mATOM pasgese OUCYEAADICA pecnaxu 7 ‘+3% y 71? )
GAMBERE K pacHagy p- 3%,

B mecToM pasgese BupomTcH desoMeHoAOrNYeCEKde AarpauxNManM,
onMcuMBADANE 338XKMOASNCTBRA BEXTODHMX ¥ NCEBNOBEETOPHMX ME30HOB;

8 TAEXE P3auMOACHCTRESN JTHX ME30HOB CO CKBAADHMME W OCEBXOCKARAD-
HMME d030HAMM,

B cexpMOM pa3XeN® PBOXATCE JAEKTPOMATHNTHNE B3amMOAGECTBS X
noxasuB&ercs, K&K B HaNOM NOAX0XE BO3HMEAET MoAeAb BEKTOpPHON A0~
MRBAHTHOCTH,

B BOCHMOK Da3xexe NPABOKATCE Pe3dyABTATIM BMYNCKEENS NUPHH DE-

& SUSK08 NOIOHORs .
) png sorNunas GUEEEA DOXNUNHM KOHCTARTH é; noxyueEa » pa-
dore
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Hakonen, B 3aXADYEHHN ZGHO KPATRO® OOCYXXORES NOAYISHHRX
peayasTATOB,

2. Q0QJNoEHEGE CKIMA-NORSAR
Paccuorpmn afdextEpnull XBapxoBull RArDHHEHAH C AOKAABFHM B3AUMNO-
XelicTaNen TWIG TOR-TOX

Laggii- iy i gl Sl fearin ],

7 U 7“/«,4{ F) - uperswe xmapxosue noas (» (1) NpeanoAsTaerca
CYMMEDOBRHNS 1O uerum WHAGKCAM); J, -MATpMUM [exa-Mauma
(osus?, ‘/T[) Vil ‘(”‘/ﬂdm.)-— MATDHIA, COOTBEICTBYDNAL
MACCAM TOKOBMX mplol 'uen ¢ M, “‘Bapymaer KNDANBEYD CHUMSTDND
AQTPAHZEABA .

C ncuoun opoEasoxANerc ¢yHaKXINORARA V/(ﬂﬁ}uomo BBECTH 6030A~

ANG [O0AX J‘gﬂ“ {)/
Wing)= it ftgdien)i [y ) so7 « 577 F = @
F'4 7
=i el VA A exfi [T 76 mwwjj ,

rxe .
e

St o, Py,

Jocxe saexesms Me30EHMX NoAeR B mupamesusm (2) MOXHO NpoBeCTH HE~
TOrpXpoBAHNe N0 KBAPKOBNM NOXSM. D peayastare nox JHaKoM 3KChno~-
EOBTH BOIREEaeT $eHOoMeHOAOrNdeckdl weaosHNE XATPRHEUAH
OABAKO NOXBO YOOXNTHCA, VIO BDaEKYYuRO® OXMEAHEe moxed G, , 6;
[ b", B 970M XarpanxuaHe He OyAer paBBO HYAD. UroOu XoOMTsCH
padeicIBe HyAD XAR BaxyyMHsx oxusauxll y Bcex moaeR, clexyer ne-
peonpexexmzs moas G, , 6; | | 6; s BBOAA HOBMNE@ 3BAYEHHA MACC
XBADKOB B sATpaRZRAE (3):
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: @
V7'6, # Gy s Eéf"é: ot
3 - 6; My Md = ;73' 6.; )
7625 . _ 7626
1/:?—‘ "‘/ﬂ_‘v'f /ﬂ/ = J\T
Hosue waccu xsapros /72, , /77,; ¥ /7p OOPEASASDICE JCAOBNIMX
€6 =<6 =<6 =0 . )

Kax noxaxyr sansuefume OuenEs, IMBUINE MACC /77, , /77, ¥ g
COOTBOTCTIYDPT MACCAM COCTABALBEEX KBADKOS. [0PeX0X 0T TOXOBMX
ua0O /rzl.' K MACCAN COCTABDAADMNX EBADKOD /77, OBA3SR O OpONECOM
COCNTAHNOTO KADYWOENA R¥pai»yol cuMMeTDEN. ReNOTBNTEABHO, HA mep-
»oM srane moxs O, , 6y = 67 MOrYT DOZHOCTED DOTAOTETB TOKO=
BEe MACCH m,_.‘ B M0l DOKYUNM EEDAXLNO-CEMMOIDEUNYS ORTYAUND B
EBADE-MeBONNON QAOTN mrpanzmass (3). Ox¥axo NOCKOAMKY BAKYYM-
ANe OXMZANNS OTHX DOME E¢ DADKM NY4B, BAX HGOCXONEMO BBOJNTD
HOBM® MACCH EBAPEOD /72; , 9TG3S 0GSONGINTS pansucIsa (5). Mpx
$TOM DPONCXOXANT CHOHTANHOS BAPYRONES ENDAASNON ONMMOTDNN,

¢ HoBMMN DOASMX Rarpanzman (3) opummmastr $opuy

TP T -4 2 ~2 0 VA

gt Lo e6 i eilopih lg - %Zt-@-* —%;i . 0D
s z

4
— /72, ~/12,
3X€06 BBOAGHA NATDEGR ,34 = ( v .'lﬂ-.' 2y ) » KOTOpYD

NPE BMYNCASHEE KBADKOBNX DOTOXs YA0CHO OyxeT o0sexusmrs ¢ 6 -
00AmD.

flposoxs waTerpyposanEe No KBaPXosi moxmd 3 (2) ¢ xarpanzsa-
rou (3'), moayuaeu:

Wip )= [T g Yt ey (5 1, A) -
-f/;’i-m,, A (?'rz'(/_’r{;f Vf/.’ri:/“?]j,
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e LF o V. # ) - sdbexTuBEMN Me30HHMR AATpaRXNAH

af(G'VV/} ﬁ*!‘.’( 7__ 7'4,,,_-/av,5'ﬂ/;/f r/}/j

2

OOparmuca Teneps x onpexeAsEN® TOoM wacTH Aarpanxmasa (6), Ko-
TOpPAS ONECKBAGT B3ANMOXSNCTBNG CEAANDHMX R NCEBXOCKAASPHMX ME30-
7103, JAS 3TOTO0 EAAO PACCMOTDETH DACXOAAWNGCS KBAPKOBNG NSTAN C
OXHNM, XBYMS, TPOME X YETUDbMA BHCNHNMN MO30HHMMN KOHDAMN, JTHME
ANATPAMMAMN NCUOPNMBASICA ESACC PACXOXANNNXCS XNArpaMM. OHN NpEBO~
AAT K CAOXKYDRMM BHDARSHEAM

L -4l m, Z/@E,J’))

2O ) AT e (2] )T,
3 fj;/r‘?., 7;,[/6‘?*,?][/05,,57‘, _:—7_;,

G T ) 0) T [ E ) 7T F

rae /0 « ENOYABC MO30BHA,

=, 2 //'/ i o ¥
'[1 - -I/IF/', ,”'_' ’ 2 "(K?'F/f/m'z-l‘yz . (8)

2
v"”

m

Boaspemaachk X nrplneM (dopuyza (1) ) ¢ HOBMMN maccaun /77,
7y X /77, 6y Bupaxenxl (7) moxzosmnMcars » npactol dopue:

14)<[p G 12 #r; j/’//‘ -/'//*{ﬂjf/://ﬁ"—ﬁ/} f;pf] -
"[((7-"/7) ;.0] j

Opox3moXa AepenOpPMNpAPLy Me3OHEMX NOXeR, odecleTMBaOLyW MPaBRAb-
BNe xOMINNNGHTIN NDF. ENHOTNUSCENX WA0HAX B G030HHOM AAIDAHXEARE

(9

~ # -%

b 7", rght, g=1)" W
OPNXOANM K MCEKOMOMY QOHOMEH OXOTENOCEKOMY AATPARXHAHY
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L054%) = 2T A9 3 om e fie 29 ] -

0t A o, ). e,

] A1)
i Tilafr e £ /G—“’fi/fﬁz’)j,- an

/ 9-/2”

B mocxexuex YXeH® EIDNX Y Garypiodl CKOOKN 03EAYaeY, YI0 N3 XBAD-
XOBNX 0NeTOXs, COOTBEICIRYDNNX /2S¢ /l»] » BUYTGHM BCE DACXOAR-
NEECA 9ACTN, B zaapHefimoM NHXOKC £ ¥ Me30HRNX noxell Cyxer

omycxarhcs,
Ixx yxosxernopeuns yoxosst (5) ma xarpasmmasa (I1I) moxydaen
YPABMEGHNS, CBABNBADENG JHAUGHNS MACC TOROBNX N COOTABASOENX EBap~

xo»
/72, = M,/I"?A:f,),
2y =/”"//—!4//1.-4/M;'”’~9]J/, (12)

= e f1-28, [ 1, - Zolmt-m2)]
3. Nacci MesoHeR

Bunumen KBAXDATMYEYD yacrs xarpenzzane (II) xas mcesxo -
CKARRPHNX MESOHOB

P4 z
i .
e (V) =(-§ )" - PGTE - 200,y e} H
13)
RS 092, 172 1 LR = 2 o] - 10y 72+ 1S )R

€t Giw) . (-7’
+ 2 e o - (el vl L - i 2B
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a8 C =;"/ %4,-£7;) . Ias npasxssuoro opmeasss wacom uesosa o
» sarpauzan (I3) cxexyer xo0asums waes % %% ¢ 4 -
= 8,4 105 MeB© , }90; 9XAeH 00a%aE CPONM BOIBEEBOPONNOM YOy

TI00EBNX anoNax xR . B pesyastare marpasamas (13) uozmo Oyser
sanxcars 3 dopue -

— p o
K ()=~ TGP -l 58 -l K-l K H - (14)
1 ) 2 1 2
- 2%, My, Py -7, ,
Zop?- Zoprt s 2% g (i vpp).
:i;.“ pg = cosf-1Tsin & % B=sinb efZeosd  TAS
= ]IV - yrox cuemusanxs,

% = 7’(&;/ ~p sin 5,
% =~‘;';/’aﬂ+¢cu'p-
Magon mesoBOB pasuu’
z
Ms‘f =( f}/ﬂl/m/‘mq)'
2 2 (15)
/ﬂz‘ = gv -/Md -/)?,,)2’
7 _ 2
P = Fitge v 1P (M 112,) = 2 120y (112, 172,, ),
2 z
e = Mgy +2 775 (11c170y) 42000, (1700 - 122, ),
a8 flu-8)? Flamt-mi-mp) ] %

Sz aeb o [(a-80%s famf-mit-m) ] ",

? Fi F 4 2
s, 2928070}
d‘.: -—%—’-—a—/*”h/ﬂ/ e _’Z)‘__:?_(———:——!— N
2 sm1t s rd i)
- /7 Tiliy STy e

£ = L8 simy iy + -

Hocxe yusra cusmmsamxs ¢, ¢ P . 2’ wesomaum, h;mou
" OROHUATOALENG JODMYAM XXS MACOM 5°

2 1/ F] 1 2z 27%
1eg = E iy e - flg-m ) o (-l EL 2 ]
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z 2028)° 7%
it =f s e[l ) trf-m T2

Cuenupanme ¢; o 47 -M630HOM NOHNEAOT MAOCY ¥ upndamzurexsHO
Ba I MsB. Cuemxmazxe ¥ ° ¢ p’ uMaXo pANSOT Eu Macey F° .
EXS ONPORDAGHNA BOANUNEE CYMMH MACC COCTABENX & - m /-
Xpapxos UYXOT NCOOXB30BAHO cOoTEOEeHNe Toaxdeprepa-Tpeluana
M, vy =24 Fs (F =25438) . an
JAS onpexesenMm MACOM ,f' - Xpapxa OyA6T NCHOXM20BARE PA3NOCTS MACO
ATu 77 -uer0H08, casxyomas 3 (I5):

PR 17T B R (I - 1oy )90y 110y -me,) . (1B

Haxomon, AA& ompexeAeEEs passccrx macc Z-x »’-mplo) Oyxer xc-
DOA»30BGHE ENDREG PACHAXA 2225 , MpONOPHNOBAALEAL KBANPATY
PadEO0TN (777,-/72,). Cpasy dauermu, ur0 X3 Jopuyx (IS) caexysr
OpapNabENe 3EAKX XAS DaRHOCTeR Mace /rz‘.,, e | /?7‘,,‘ 17240 s
a nonuo.lﬂ,p/?;.., a /rz‘,, >/pr .

UucasHENG 3HANOHXS JAS NACC COCTADASBMNX N TOXOBNX KBADKDD
GYAy? DOXYUOHM 3 CAGKYDRON padzxess. 3xech uMu OUCYANM OMO mcsoue
QopuMyXN AXS ORANSDHUX MO3QHOB, CAGKYRRE® NS Aarpammwana(I1)*/,
Ksaxpazxusas uacTh STOrG MArpaHENAHS, COXOPEANAS CEAAMDHNS MO30-
HN, Wi06T 3NA

o (6] = S (GGG rimy (60 020 2 07
(19)
LG g ot - (-l ) G2 66y

x)lllal BUBOXE NACCOBNX $OPKYX AKA& CXAJADHMX YACTNN Oyxeu
npesedperats uaxoR pasmsocrsp uace 4 d xmapxos.
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rxe P, 2
My = 172g + 4ol

J

1
e =l 221072, 4172, ), (20)
/ﬂé =/ﬂ; $20m5 sr22f), /ﬂé =g 4 r72f .

Tipn Tex 2HaVeANAX KBADKOBNX MACC, KOTOpME O¥YAYT MOAYUeHN B CAe-
AyomeM DadxeAe, MOXKHO BHASTH, 4TO Macch G,~H b, - ME3I0HOB X0pPO-
NO COTMCYDICA C MacCaumm oxaspuux &- ¥ S Zpesonancon (/g =
=760 WaB, /72g. = 950 MaB; /72, = T70 3B, /72w = 975 WaB). B o x6
speMs Maccl PET S 4 —Me30H0D, cxexyomue u3 (20) (/725= 500 MaB,
/ﬂ;-auo M3B), cymecTseRHO MeEbNEe IKCHEpHMeHTaxhHMX asavensll.
BO3MOXHO, §T0 ABANGTCA GAGACTEBNGM TOTO faxTe, 410 B d- u A -ueso-
HM GOABNON 3KABX XADT YOTHPEXKBAPKOBNE COCTORHUA

B sarpaumuane (19) coxepmMTCa HexuaroHaabuMl uA6N, NDUROAR-
wHll X MEOAXABHOMY CHeNMBAHND G, M 0y -ueaouos :

W -y)
lgap = BT TH  iT
z. .

74 M-
MoxoOuad cuTyapXs MMeAs MeCTO M » sarpefmwade (I3) xAa ncesxo-
CKAXADHEX ME30HOMD, HX0aALHO® CMORKBALNG Rapymafoch TAN YANEHOM
% %’ » DOJHNKADE)NM OCAe YYOTA T'ADOHHEX AHOMAAHA.

B oxyyae CKaXEDHNX Me30HOD MAGANBHOE cuemupauue G,- u 6;- ue~

30HOD TONe HEBOIMORHO, MOCKOXRKY B 3TOM cayuae % meson cocroan

OM TOABKO M3 CTPAHHMX KBADKCH N pacnax ,5'*_, 2% OMR OM HEBO3MO~-
xel, OTKXOHSENE ,)/ 07 3JHANGHNA KXGANBHOTO yria CMeNNPAHNSK d{
MOXOT NPON3ONTN 33 CueT yuera aHHENINANLMOAROro EaHAXA B cxaxsproll
YacTs RETMpeXEBApEKOROre sarpasgmara (I). lxa 210ro B ABCpAREMEH
(1) cxexyer pEADUNTE UMeEN BYA

- - v'A = ‘J"r)'- ’
?(71“7)/7/;7), “e Jﬂ’%‘L'/ila),’if—/—%—'ﬁ/ll). (21

Hallzen yrox / s KOTODNY COOTPETCTBYOT 2KCIEPMMEHTAABHOMY 23BA=~
veuxp mxpusy monaxa C*-2% /F/:

/"rw_,z'- = 26 i4aB.
Ta vacTs xarpauzmasa (II), KoToOpas ONNCHBA®T TAKHE PACOAXM, MMEeT
DK

[’/5 £7%)= é 275 #2655 "’-jf/rz,, (o5 sim(p 4S8 73_"

2

‘(22)
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C yqerToM QN3NYECKOrO Yria CNOENBAHNA d’ uacow £-n 5 uea0-
HoB N mNpuuM pacnazos £ -+25 x " 7"+2% npummuapr aux

mf = mb‘: ’ /m; -mf )ﬁ;}n{/ ~Sindp 73 3 -7,
(23}
/”;:v = ”?(;:' (797 rret )ﬂwf‘//f sinky 474/-7,

Goe = i) S [ (3)] %

e s i) S0 [ (2]

m’r’
ECAN BHODATS XAS KOHCTAHTH g amyenMe, NOAyueHHoe 3 padorax
/1=8,7/ + 4= LPAE (4 L:25 )", 8 AN MAGO KBADEOB DISTH 3HANOHMSA,
caexyoune u3 dopuyx (17) m (18) (72, =240 NsB, /72, = 476 MeB), 1O
ms V=12° noxysaew
/72y = TS0 MOB, /7, = 965 M9B, /., =180 M3, /,, . =26 NsB
(24)

3.[00&'!00 BOANUNEN XODONO COOTBOTCIAYDT SKONODMMSHTY, KPOME NN~
PuEN pacnaja <& 7% . ECAN 0YNTATS COOTHONGHNO g,:ft' J upudsx-
ZOHEMM M B3STH HOOKOXRXO OOABENE 3BANEBNE AL MACC XDADEOR 72, =

260 M9B, /77, = 500 MsB, g- /ﬂ./,; x {47 »T00M = 18°
no Xyuasy :

/7, = 800 WaB, /72,, 1030 WoB /. 350 MaB, /.. =26 3B

t4 L e L o
¢ 2 S*r 25 (25)

4, PacuamN L2.r-5%_ X yaGcd EBQREQR

flepeiten TONEPs X ONACABNG pacnaxod p-» 35w P> K'F Tk,
flo mxpuHe nepsoro pacnaxa GyAeM ANPeXeXNT: PAIHOCTH KBAPEOBMX
uaoc /77, K /77,y . .

Bunxweu Ty wacts xarpaszmapa (II), xoropas moTpedyercs XAs
ONNCAHNS BMNEYHOMAHYTHX PACHAXOD

L1545 8)=- 17" 23 10mS 4 )5 - 3555 sy
woif 8% 2 STV +afFUES 0505 )- 2575780 F +
*./”Ifyj" PRIPRY) N
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rae

- - ”
4 = 1%y -r77, , 4m =772, *72,y, I'F-;-'

2 oo 6z WT6; o7 1p2’
R G VR S S i

[pupesernoe 3xech BEPANGENS® IAE & -PESOHAHCA COOTBOTCIBYET
oAyvaD MEeaAbEOTO OMeNEBaNES Xounomear 6, m 6, , caexynmero ws
xarpaasuaia (II). Jan npocToTy My CRaYaxa DACCMOTDMM 3TOT cAyYal,
a 3aToM MopolixeM X OUNCAHND Joxee QEINW6CKON CNTYAUME, PacCMOTPOH-
goll 3 xoROe npesuIymero pasxexa,

ANpNRa pacnaxa p¢s§‘ ONpeAeASOTCN IPONS IDYRDAMN IMATpAMM,
N30JpameNHNX B4 pac.l

F‘ (X4 5 204 Fr b
5 - 5 g - o
e Y
\f’f‘ ’ \f‘;' \\F‘
fal A
[P 5 i
‘f;—f-f-"é——r' ¢ T TTE
7 AN / ~For
[
o, ¢ /F." o, -
p //F: r ? yé”‘“‘n- //Fl‘
L_L£2 .. L LA, B, R 2, 5
?l <\?T-‘ + ?1 ?/ * ?,—LJ—'-\\pl_‘ -
\’,'I, .
) XA

Prc.I. XNArpaMMU, OUKCHBABGES DaGNAXR 0 » 39 N p’v 3%,
Opexnocaaras, uro 4 <<2//7 , mOAyuaeM XAA AMIANTYIM PacOagza
p+35* dupamenne )
o e (27)

—
/f«’BF“- ﬁfﬁ" ”)

[y 1
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2
a=U+V-3UV +,%%4_)7/V-!)+

2 2
(zm/’/ o b
I (i *m;-m;)f-?“/‘g”)a

(28)

- (2”1/2 Kefﬂ)z t  mpt
V- w2

lipx onucasam pacmags 2 —»¥°5 " §° , nowmso marpau, u3oo-
PAXeHHNX H& Pxc.I, CAOXYST ODNEATH BQ DEMMAHNG TAKES ANATPAMMY C
NPONSEYTOUNMM (0 -MeDBOHON (prc.2) ®

Ll ’/r*‘-
2, 5
v =g

Pac.2, JomomiNTexspas XMArpAMMA, ODNCHDABEAL P& ONAK p-.!?'h‘ F

B pactaX p-.74 ° TAKNO SuArpaMMM HO ADT BXAaX8, OXHAKO ORN Nov-
TH NOABOCTHD ONPOXGAADT DOMINKEY (apaMeTpa HaXAOHE Mponecca
P~ Il 2 AMNANTYSA $TOTO pacnasa paBEa

(29)

_ w* oA
7;-»;*?5"“0(,?73/”'{ et )

Txe

) Narpasxmas, onNcEsapmil »zamuoxslersNe jo ~MO30HOB O
ONOHAMN, GyX6T NOXYHYOH B NOCTOM pasAexs.
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£ = (,’””') /31//2 UV} -Z-9U - ‘ﬁ’i’é/ﬁ zir/f”,:)) "a0)
*%‘ml/m;-;; ‘ mf-m;)/ z-uYf,

Z=V'  s=tmr)

MoomoTpuu, XaxNe zuaueuu /) noayuaprca B cAyume UXSANBHOTO CMe=
axpaERs moseX 6, x .‘ X l'lpl Tofl ouu KOHCTAHT 5 X 2
Z0T0paA noAyvena s/ ? . Ha3 (17) “caexyer, 'uo
2/ = 480 MeB, a w3 (20) n (e )-ml-m’fem 2272, = 500 NeB,
Jas oo /fnunx MACC MOXHO lononacun lx IKCAGPUMMEHTAABENE 3HA-
qeHNR . Toraa npx 4 =/7¢ 7y < 3,5 MaB noxyyaeu

. L.
Ly aspe= 031098, [\ g1 =419458, G = - =-477, 1)

rae /" - wmpurn pmzuu..uoli 8 G, - uapaMerp maKAOHE. IKCHepMMeH-
ToxsENe dsavesxa pasan /iL/

/-' 5425!404/5’3 /'rrf' :-’:?”"’3456-"4""40(2 )

Hs Qopuya (I5) caexyer, 4T0 /77,, > /77,4y HO BHBNGHNO JTOR PadEOC-
TN SBAYNTEXRHO MEHLNE PKCOEPNNEHTAABHOrO.

Pacouorpau Teneps cxydait, coorsercrayomxl oxee peasbHOMY cue-~
musaEm noxe® 6, x 67 . Ipx 4= I12° » dopuyaex (28) u (30)
H000XOANMO CASSATS CNOXYDENS JMOHM !

lh’i.‘!

V— V'=(2m) [ __ll_“" /3 ';,,;_/.Av, 2 ] (33)
— "4;2 r‘-”' !ip Z)

Z Z &”’)/ x ,.I’}t _Av}z
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Toras OpN 2HAYEHKAX MANC /ﬂz | /ﬂ,‘.; , npraexernux 3 (24) u opu
4 = 5 MeB, noxyvasu

Ly s = OLTHE, [ 1y 1056, G =018 (34)

Cu¥Tag Taxoe COrAACHe C 9KCHEPNMOH TAALHMME AARHMMY BHOJHE
JACODASTPODHTOABHNM,. NPHXOAMM X CAOAYDEHM JFUSYGHMAM MACC COCTAB-
ASDEHX XBADKOD
/72, = 237,5 N8B, /71, = 2u2,5 W3B; /72y = 476 MaB . (35)

EcAm XAS peryaapuaauny mETerpaxos (8) Hemoxn230BaTh 00pesaEne
HA ugxuen npexeae opi /| = II30 MaB, 9I0 COOTBOTOIBY®T BHANESHMD

:j,/‘ =2% , T0 43 Yopuyx (I2) doXYNADICA CNOXYDEMS OUGERH
AAS MACC TOKOANX KBADKOE'

/77) = 3,8 NaB; /ﬂ‘; = 5,1 MaB, ng,,’ = 160 NeB . (36 )
[HoxydeHuNe NHORKM BOOAHE GOCTBETOIBYDT 30BDOMERHMM nfefcuueuu-
M4 0 DOAMUNAAX MAIC COCTABAADNNX W TOKOBNX KBAPKOS /12 .

B saxaDueHks 3TOro padxesa paccMoTiMm 2Ke oxyuall, xorze J 7=
=560 MsB ¥ g &VE g . Toram npu = 18°,4=4/56 u unocax
/77, W /Tlop, XRHBNX B (25), noxyuaen: /7",_,;.:,.4 1158

/77, =278 WaB, /77y =282 MOB, 72 = 503 MoB, [ oug 27028, (37)

s72) =4,6 M9B, /ﬂ;- 5,9 Map, mA,‘_-ISO WoB, G,=-922.

2
5. RQCURMLL =S X _2'v 225

NexaHnaupacnaxos ?'»,_?F lgicy,?r 090H» OAHIER E TIABEO
970 oNECARROMYy pacnaxy p 3% . [ln3ToMy ecrs cukcA cpasy e
onXcazs ¥ 97T# PONECONM.

Haumew ¢ pacmagod p'+» 2F° x o'~ KK’ Hx  aunnuryan
NOXBOCTED AHAXOTNGHM aunamryxam (27) m (29), tromxo of Temeps
CAGKYOT 3aMOFRTE B8 8, B KV 94 ), ™ /7T, ~ SaMERMTE
#a D, X /77, W B UeTBEpIHX UipBaX B A X £ (dopuymu (28) x
(30)) » sEamemaTexsx rrz7 HaX0 28MeHHIM Ba /717: . Torza xxd

oxysas 2/7Z = 480 MeB u © 4= 12° moxyuaeu:
. 2 -
Pl = 2,6 K3B, /;"'f'F'F'~3/7"-'31"; 6;, =-40%. (38)

Jas cayvas 47 = 560 M9B B} = 18° noayvaeu:
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2
[?’/.,35" ‘7!’4!34' /;_'j-»;-p' 5/' ?,—-412. (39)
3aueTM, YT0 9T OHOHKM XOBOARHO GAMSEM K 3HAUEHHAM, NMOAYYEHHMM
B padore 5.
PaCCMOTPMM HAKOHONR pacnags p'—-pzfv" . BenuyuBM 3THX pacna-
X0B OfpPeXOASDTCH XEGTLDAMMAMEK, MOXOCHMMM TeM, EKOTOpHE M300paxeHH
E& pHC.IB, TOABKO @3 mepexoXa HOCAERHETO { -us3oEe B .

Aunxuryse pacnaga f—o?ZF MMEOT BHE

, ag) e T T
7'-.7150-/83.”/ fﬁgf):"(ﬁ.?‘»’%"—(q'f/?): (40

30 8= (0 1) B 1) Sy 0ty ) T < (12 ) -
KMBOTRYOCKAR JHEPTHA /7 -MeBOHS, 8 au A’ paanu

iy o
a =-3+(27) —‘yiz%ﬂ %’K’Mﬂfw//' (41)

l//”f.fM’;/ﬁ’
/rz j
leoslppd). , snlpil) , o A,

rf 520 ﬂﬂ,;-‘. -5/ (//l",‘»"_,'/z—ffr;.‘-,s' g ,)
B ¢opuyrax (41) mOMMMO XMATDAMM C NMpOMEXYTOYAMMH & - ,f' 4

K J - Me30FAMM YUTOHS TAKEO AHAT DAMMA C npouexy:oqnuu £ (IBOO)-
ue30HOM, MlonpaBounul xoodduument 4 BHOHPAETOR U3 YCXOBH&, 4TO-
On apdexTuBEu® xarpanxmar TEna (22)

Lo 5) -aldgme's? (s2)

NpaBHABRO ONMCMBAA [BcN&X & » 7% |, cpexsss mpHERA XOTCDOTO DaB-
Ha ~ 400 Ma2B
Ixg cayvas Z/72 = 480 MaB, /= 12% poayuaen (a’= 3)

-«
/-”-’;'.?JF' 1254244, 7 Prepif 3[' p2Ets 6; =007 Hly- (43)

/’ 'Z/f?;'ﬁ’”‘y

3xcnepaMeHTexsHNe dBaveuus papEm /11i13/
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By 612208, [, 10325108, G, (490204505

7028 ~p25
3HAUNTOARHO AYUNE NOAYNADICK peaIyARTATM RAM CAYNAX 22 = 560 MaB,
J/-Ie° (d=1,6)

G‘*ﬂi' T8} [iypay 2234298 ; 67, = -g2mgt. ($)

6. BeEToDHNE ¥ FCORKOROKIODHNG MEIOUN

OOpaTHuCK Teneph X ONNCAHMD R3REMOXEHCTIDNS BEKTODHNX M OCEBRO-
POKTOPHEX MO20HOB, DB NPEAMAYROM DB3XOXe MN BENEAN, UTO NPH ONNCA=
BNN CNHFAGT~OKTOTHNX KOMIOHOHT CXAAAPAMX N NCEBAOCKAANDHNX ME30-
HOB, D EOHOGNMX De3yARTatax BCELAS DOIAMKGAO MECANBHOS CMEENBA-
HNO ITNX KOMIOHOHT. OXHGKO YUET IADOHHNX AHOMAAMR K AHHMPHASIGOH-
HMX KAHAAOB FPNBOANT K 3AMETHOMY OTKAOHOHMD OT WAGAABHOIO CMOMM»
3asan, [IOCKOABEY NPX ONUCAHEN BOKTODHMX N NOSBXOSEXTODHMX ME30-
EOD TAKNX OPNYHH AKX OTEXOHOHNS OT NKGANBHOFO YTAa CMONNBBHMA
BOJHMEATS HO XOREHO, HaM Oyxer yxoOuo » Aarpanmmanax (I) u (3)
cpeay padorars ¢ marpmeux A, u As ( cu. (21)) suecro /I
x A, ¥ xounonestaumx V, (4,), V (ﬁ’) suecto V, (4] n fﬂ,)
Torxa, Kak MU YOeXMucS HNES, B nu;nnuuol SacTE me:ﬂunoro
M@30BEOF0 ZATDAHXNAHA HE OYXOT BOZENXATS HOANATOHANSHNX YAGHOD.

CyMMNDYA PACXOAARNECS LOTASDNG JMACDAMMM C ABYMS, TDOMS X
YeTHDMA BOXTOPHMMN KONDAMM, NPNXOJNM K BHDAXSBMD

4 7;/7, -z/z‘, i1}

rae /.,, =4 [ 2 V ] - lomtarop onepa:opon
V ,{ V “ . llocae nposexenns nepeuopnpolu V g V“’

AGTPARXERR, ongcnuml B3aNuOAeCTING POXTODAMX Noxel, NpNBO-
ANTCK K DMAY

')nn YOPOREBNS 3anucK GopMyAs NHRGKC r'4 y hoxel \/ gyxer
onyckaThcA » yaxkpelmen. [Ipx MCNOXB30BBHNM rpuleﬂmo-nenla-

puaEToON DEryAAPNIGNUE HOAYNAEM le""‘”[ P *4/[ A } ] /7/
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L1v)= 2y ;7,/,7, i #7,0] ) -

] 7’7&/1 * I’V} “

2
: 2.2
rxe f/“'/?f: m”, =3 a, -

PacCMATPMBAN PACXOXNMNOCH TPSYTOABHM® N WOTHPOXYIOABHN®
AMATDAMME CMOMAHHOIO TiNa, I'A¢ NOMMMO DOKTODHEX MO20HOB yyACT-
BYDT B0 B3ANMOKAECTPDNR TAKES CKAASDHNEG N NCEBXOCEAXADHMO MOIORM
(puc.3), nNpNzoANM KX CAGAYDEOMY AATPAEENAHY B3aMMoReBCTENA

v vial ooy W8
(8 ' Y, ¥ 7
: iR g
+ q + q
z N LY,
“h o Y g B oy
Pxc.3. JEArpaMMM, ONNCNBADENE B3ANMOXGECIBAS CMOBAHROIO TMRA

6, ¢, V n A uesonos.
L6 4V)= FRIAEFORE D7D Py

rAe @.4 “é.).ﬂ' 4 -élf[ %; ”]_ ~ XODAPEMAHTHAS NPON3POAHAT OT
CEAXEDHMX R NCePAOCEKAXNDANX nosel . B noayvesROM AArpagxENAHS CO-
ACDEATCR QASHM, ONECMBRADNNS pumu ~2% , nc ENpEEE EOTOPOrO
PuKcEDYeTCA XOHCTAHTA ; ( ﬁf/ﬁ‘ =3 ) Ecau npexmoXOSNTh,
9T0 XOHOTABTH é OANBAKODM XAK P3amp felcTsul pcex
COPTOBR EBADEIS, 1‘0 | & nrpumuon (46) m (47) noxyvaprca CXOXyD-
EHe DOINMYAN JA& MACC DOETOPHMX ME830HOB:

2 2 z_3 2 z 2
SR R A A L S
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Opx 9708 f-§ () - NO3OEK COCTONT TOAMKO N8 4~ N 4 - xmapEos,
a gﬂ -)e30H - %3, -xsapxos, Pasectsy Macc f)-, w -

H ¢ -Me3OHOB A2 COOTBOTCIBYOT 2XOMOPMMLETY. Corzacue c axcnepu-
MBHTOM MOXEO NOXYUNTH, BBOAS C NOMONBD TOXXGCTB l'0ArGeprepa -
Tpelluaba pasiuiENe g AAR PA3ANYHMX COPTO3 EBADF:B, & wexno’E)

iy P ler) g -
ga,/ &/M’/”)))Zr A {5’4)1 ;A’-_j;‘:l‘

Torse Xag asadenut £/t = 560 WIB;/7Z, = 503 MeB; £ = 1,264 ,
£ el L35k (), noyuaew us (48) d

me by sl i o 3, o7
= LsiF. =J g, = -~/ ]: 8
Py iy 1024198, 1 o) s 0] 39708,
JxCnepMMaH TAABHMG 2HAWGHNSA DADHM lﬂ,fs 1020 M3B,/77,» = 892 NeB,

[lspelixes Teneps X ONNCAEND BBANMOXeNCTBNA NCOPAOBOKTODHWX
Me30s0B, OBN ONMCMBADTCA DAOXOXARMMNCE KBADPKOBMMN MOTARMN T0ALKO
ABYX THOOD = ¢ XBYMA N VOINDLME DHONHNMK MOBOHREME Xonnauw. [oc-
X8 npODOXGHNR noponopl?oul, comnazapmelt ¢ nepesopuuposxoll Bex-
TOpENX OoAeR /‘7,'}’ l, » MR NMCODAOBOXTODHOr0 XArpEEENAHA 0~
AyyaeN BupaxeHne

P) 7 2 2 =~ = z
L)y ) ZRA AL -
i Tebfie B iy ]

7 -7,

(49)

Boaawo xellcTaNe nCOBXOBOXTODHNX MOJ0HOB € NCOAXOCKALRDHMMN Me-
30HAMM OBHECMBAOTCS DACXOXMNEMMCR XMArpaMMAME TOABKO YEIMPEXyroAb-
soro rena (puc. 30,m), OHNM HDNBOXST X XGTPAHZNAHY BHAS

Opepanencrsa Go>Fud, Ix >Zu« crexypr 1axxe K2 dopuym
(10}, ecam yuects 2a3MCIMOCTH [ ¢ 0T wacc xaprod, Jas 2/72 =
480 M9B corsacme ¢ IKCOODMMOETOM TOXYNAOTCA OPB /;:1,35‘& ,

=15k
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L5 h) = 7; /77 ], 50)

rXe 00X JHaKou /7 CTOMT EBaXDAT BATHXKOMMYTE&TOPE.

B asrpanzuad p3auMOXeRCTBHA CEAAZPHNX ¥ HCEBAOGKRAZPHMX MB30-
HOB JADT BEAAX PACXOXSNHECH AMATDAMMM K&K TPEYTOABHOrO, Tak M
qernpexyrounoro tanos (pMe.4,36,8), Hx coBuecTEuN BEALX HMEeT

Jff/}“-’”’t/ﬂ‘) * ‘2’44 7}// /'jz (51)
167
A A

Pyc.4, Tpeyroasuas xmarpaumua, oniclisapeas sszamuoxeRorTBMe
CKALADHNX N NCOBXODOKTODHNX ME3OHOB.

Ha aarparzmanos (49) u (5I) noayyaes caexypmue GOpuyAM AAS
MACC NICEBXOSOKTOPHUX ME30HOB:

£ 2 z L _ 1,3 2
my =/, + 617 /19&_/77/ v gl rm,)”,
(52)
z z 2 z z z
/ﬂl"*”{, rém,, g = 7, +Em,

4TO NPEBOXNT X TAKNM YNCKeHEMM ouenxau (747 = 480 M3B)’
”, -1 138, 17, = 200M8:/7 //;6’ s, = L9004 38
“% A
JxcnepmieH TAABHKE 3BAYEHNE MACC NICEBXAOBEKTOPHMX ME30EOB pe.nnu/ I/

” g = LIPS M8, /I)?'& - ‘,’=11 M8, A =11i3/!96’;/7?£ =1978138 .

B 2axapdenne $TOTO pasxexs OPMBEXEM 6Ne AaTDARNEAHN, ONMCHBAL-
NXe cuemmuMNe B3awMozeNcTINA Mesomos 6,45 4 X o A,V
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(53)

Lweh)-F R A 7] - 14551 1),
Lo AN)=i s T, 7 IMiGT-fA M GV )

O0mul xarpaHENAE XAS PCOX PaCCMOTDOHHNX dxech B3amuoizeficrauit
MOEKHO 3amMcaTs B O09eHs KoMoaxTHoR Qopme, caexys padore

LoV A)=-FREE,,)- #7:(68,,)

o o _ - (52 )
+ /2/&(3.;‘-’}—{%,5’_]*)* ;‘7;(@.7';%,/;“;2},),
rae

G v P [ AT ),
6/'#-/: ?ﬁ]i’gif_ ; :j_f/[/:ﬂij f[?fjj)’

a @., a - xosapuanTHas nponapoxsas (cu. (47) ).
7.

2JCEIROMOTHNIENS BINCASRCIANE X _BSEIOVERS
JOMMESETHOCIR
JaexIpoMarsNTHE® B3aNMoXSECTBNX BBOXSTCA B Hamell MOXEAN I'pa-
ANOGHTEO-NEBADRHTHMM CHOCOOOM Ha OCHOR® NCXOXHOrO EBADEOBOTO
sarpazazssa (I). losToMy Ha BAREBABHOM 3TAN® $OTOHM MOTYT B3AMNO-
XoliCTROBETS C 3APAXGHHMMN MOIOHAMN TOXBKO Y6DO3 EBAPKOBMHE IOTAN.

B OTARING 0T MO30HOD, ABASDNEXCE COCTADCMME QUROKTAMN, KNHOTN~
yockuN Yxen Xas $0TOHOD PBOARICA CAMOCTOSTOXABHO B xarpaszwan (I).

Yuer xsapxoBux nerTexs IPNBOXNT TOABKO X NODSHOPMEPOBKE SANEXTDO-

NATHNTHNX mosell N 3apasa. .
YaocTs xarpadxmada, CONCHBADNAS PNOKIDOMATHNTHMO B3amuogeficr-
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BES, HMOOT DiX

L e HEL i Tl e = 04'F,
rxe . F9
LAMAL, 020 ) = 400 252).

3xece ¢ - onepaTop 3apaxE KBEPKOB.

LAV SN L SO DI N, T
Pro.5. aPacxomucl na‘;xone fneTAN ¢ u{elnm ¢oronm,
x f"' W- N (f - MeaoHaMN,

[locxe BuuMcaeHNE DacxoxameRca coOcTBeHHO 2HepreTi:eckok
axarpasuu porona (pKc.5a) MOXyvaeM CREAYDNGS BDUPARONUE XAR .f, "

POV , A g
an = T4 &V i 7;&/1 -('ffm“ 41])
% (55)

rae
e\ % , , ve’

A3 )Y el 35)

TMoumNo COGCTIOHEO PRHEPreTMNOCKNX XMarpauu ¢ yiyacruex dorona
HMEDTCA 6NO DACXOLARNMACK XNALPAMMM CHOZAHHOIO THOA, ONNCHBADENME
nepexoxM d’f‘ , /w X ¢ (pxe. 56,8,r.). Yuer atax Axa-
FPRMM TPMBOXKNT X BOBENKHODGHND B ASTPAHXNAHS SAGHOB BNAE

’ L
éif[/ew '%%u'??ﬂ/)~

2gp M
B pezyastaré Ta NACTM JATPAHNNSHA, KOTOPAR ONNCWBAET 2ACKTPOMAT-

BNTHNE® D3aNMoNCTBNA ME30HOB N KBADKQS, [.DMHNMAGT (OPMY
2 Y £ !_ 2 2
on AP 505 (o +dos t s o ) # (56)
» A !
ie’ . 1, 7 . P Z }
*2;,}/:4//}'4 t3% 33%:4)"7;&/1"/./' -, /ZZIV fﬂﬂ) .

[Ipox3sexen ANATORAANIANND ENROTNYOCKNX YNOHOB C NOMONBD JBMOHM
noael:

~ ’ P 4 fp=d VZE'
. v, & - £ . = - —
Jr B g Gt g s B G 3 e D)
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DAOKTPOMATHNTHOE NOXE W 3ADPAX £’ NePOROPUKDYDTCE NPK 2TOM CAe-
AyORIl 0OpAION %

~ % 2% " 27" (58 )

te!)% ~/f£),//1ej :sy 5
=ff- exf{- 2 =41~ 3 =% + e+ £=8€,

Rorlt-3 81 T, Exlo-5 g2 )0 -3 035

flerxo mMEeTS, HTO B Pa3yAsTATE ARYX nepenopumponox((55) u (58) )
9AexTpNUECKNE 32DAX NDNHMMEOT CDOE® NEPIORAUAMREOO IBAYOENS, OEOH~

YyaressHull ZACDAHXMAE UMEGT BMX
2 1 o~ 2 ~g
M szat, e, My =2 /50t 2 =2 52) [ 1, 2
Lo = PO R H e oG Lol W o o

AN Y B 1 57
i P)- T Y Pl HV f

(59 )
Herpyxso yOexurscs Teneps, uT0 $OoTOHM MOTYT R3ANMOXSROTIBIBATH
¢ 3ADEXOHRMN YACTMIAMN TOARKO 4YOpP’s~ NOCPOXCTBO LelRrpanh-

HNX DOKTOPRMX MO30HOB, TOM CAMMM ANTF ~.{OCKN NOXYNNAAOS MOAGASL,
ONNONBADERS DOKTODHYD XOMNBANTBOOTM. LOX IHAKOM AOTApEIMA yAeN ©
¢oTOHAMK DOXHOOTHD NOrXOTNACK BOXTODHMMM MEJIOLAMN,

Moxo0uun x@ 0C0padoM MOXEO BEADNNTH D HANY MOXGAS X cAadue
»3amsoselicTans, 330xt 3 xarpaumman (I) smecro ?,. KOBADMAHTEYD
MPON3BOXBYD Q., + YRPaKTepHYD /yl reopun Balludepra-Caxama. Taxas
npouexypa ODpoASAaRs B padore + 3X8CH MN OrpAHNYNNCE ANND
3T0R COMAXKOR, YXasas, UT0 B COXTODe 9AOXKTPOCAACNX BaamuoasicTank

TAKE® MOXYUASTCE NOAGAD BOXTOpHOR X ETHOCIN H® TOABKO AAS
luuomfunl $0TOHOB, HO N g.u u} ~0030H0B.

8. CHAPEMO ¥ PJSKTDOMATHNIEN® DoCUALN MEIQHOR

Y100M DPOXOMOHCTDNDOBATS, XAk PAloTAST HAEA MOXSAR, ADNBOXOM
SX6CH POBYABTATH BMUNCAGHMS NADMH CNABHEX N DAANATIMOHHMX pacfa-
A0B CEAASDHNX, 0COBXOCRAZEPHNY, BOXTODAMX M HCEBXODEXTOPENX ME30-
mos /12,4, 14=16/ "0 2oqey 3peANA HANNX MOTOX0B PUINCXOENS BCO
PACUANN MOXHO DAONTS Ha XNO Kareropad. [lepsue ma i WX NAYT depe3
CXOAMMEECE KBADKOBEE HNOTAR AROMAKEHOrO TNDA., TNNNNEMM NPNMEPOM
pacnazs aroll EaTeropuk saasercs pacnax § ‘-~ /4 . Kax npesmso, atc
PAXNANKORENE PACDAAN N IPN NX BMGNCAGHNN ACPOXb3IyeTCS Ta 9acTh
HOAYUGHEOTO BANM IATPAHXNAHA, KOTOpas ZamMcans » gopue 7241f+ .
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PedyapTaTi BUYNMCAGHUA WNDMH ITHX Dacnaxod coOpaHM » radxuue I.

Tadaura 1

lponeccy Teopua (xaB) 9xcnepuuent (x9B)/1V
&=yt 7,3 1077 (7,85440,004) 1073
7t 0,38 (0,48, 5=L54) 0,3240,05
aded 5,8 (5, fr=1545) 5,3240,56
P wy 9,8 7,8+1,4
2= £y 97 B 4th,5
PFY 86,8 68+ 8
ﬂ'?/ 54 55¢ 14/17/
WFY 804 861450

2 5/17/

w-p¢ 6,4 3 :1:2

@ pf 145 (110, £ =54 ) 63: 8

I wy 114

J - pf 15 JKCrepMen T ALHMR

Y74 1,3 JBHHNX HeT

IAY1 4

Ko »Topolt xaTeropus pacnaxos MPEHAXAEEAT paclaii, KAYWKe Ye-
P83 pACXOXANNCGCR XPADKOBNE NOTAR. JAS BNUNCIGRES WMDHH 3THX Dac-
08X0B OYXYyT KCHOXh30PaThCA DpEeRTHMBNNE BePNMHM MOAYYEHHNX HAMU
$eHONEHOXOTNNECENX MO3OHENX XArpauxialoB, Pe3yisTaTH PACUETOB EH-
PNE TaK@x pacnaxos codpard B TadaNme ll, 3T0 B OCHOBHOM CHABENE
pacnaiu. OramyxreAsHoN weproll ITHX pacnagos sxpAfeTcA TO, UTO MX
NNDNHA, KAX NDABNAO ,3ABNCNT 0T BOXMUNHM MACC COCTABASDMUX KBapKoB
(nxx xoBGTAHTH g= ”’/,;_ ) M Macc ue30HOB, B TO BpEMS K4K EKpU-
HR pacrnaxos nepsofl Xa2Teropui 3aBMCET TOABKO OT KOHCTAHTH /"_ H
Nacc MesoHom. [osTomy » Talaune Il OyxyT npusexeHN XXM CPaBHEHUS
Xha HaOOpE TEODETRMOCRUEX DE3yA>TATOB, COOTBETCTBYNMHX 3HAYECHMEM
KBAPEOBHX MACC Z/52 = 480 2B M 772 = 560 MeB.

B radaumax I u II Max0o BRMMAHME YXSA@HO MHOTOUMCHEHHMM DAC-
nazau NCEepXOCEARAPHNX ME30HOB OCHOBHOr'O OKTeTA. TaxMe pacnaxu
NOXpoCHO ONMCRHM BA OCHOBE HeakHelknol xmpaxsHOR XPABTOBOR TEO0pHM
B HamKx od3opax 19,20/ . [IocKOXBEY BuBOXCHHAS 3XECh CHIMA=-MOXAEID
QueHs OXM3IXA NO CBOMM Pe3YISTATAM W CAEXCTBUAM K DaccuOTpeHHOR B
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Tadauna 1

Teopus I Teopua /11/
hpoueccu 240NN =7 ‘Jalcnepuenr

£ =25 180 iiaB 350 MaB 300-400 k2B
ST 25 26 MeB 26 M3B | (25,7+I) MaB
S5 40 MaB 75 MaB (54 4 7) MoB
pJo35 0,27 x3aB 0,27 k3B (0,25+0,04) k2B
p+¥*5 K" |0,16 xeB 0,16 x2B | (0,2040,03) xaB
peFyy 0198 B 0,88 9B | (0,81+0,22) a8 /18/
paF 2,6 x3B I,4 xeB -
e A | 1,7 xap 0,9 xaB -

O w25 |37 x9B 234 x3B | (1834 65) xab

Ao PE |32 M 326 MaB (315+ 45) MaB

Apr e 57 MeB 33 MaB -

A e 480 x3B 480 x93 -

PFF 154 lisB IS4 NsB | (I54 + 5) HaB

P wta”| 2 NaB 2 MaB | (2,0640,04) MaP j

719,20/ HeauneRuoR xupzabpioR MOKSAN, TO PEIYABTATH, MOAYYESHEMNS
TaM, CXAEMYDT TAKEG M N3 npegNaraemoro 3xech noxxoiza. [loarouy cel-
Yac MH He OyA6M HA HMX 0CTAHABANBATECS.

9. CaRARYSHMC
OCHOBHMM XOCTCMHCTBOM MpEARAracMoR MOXeSd XBARESICA TO, NTO C

ee NOMONMD YXAeTCA NoCIPONTH (HEHOMEAONOrMYECKHEe AArTAHXMAHM,
onHcMBapEMe B3aMMOKeNCTBHA 36 COPTOM ME30HOB (CKaARDHME, NCEBXO~
CKaAADHNE, DOKTODHWE K NCEBXOBOXTODHME HOHOTM) C HCMOARIOBAEHOM
MMHMMAABHOTO UMCXA NPOMIBOABHMX [8PAMETPOB. JTHMM NEPAMETpaMH
ABAADTCR MACCH COCTABAADNUX KBADKOB X KOHCTRHTA NHOHHOTO pacRajs
45 (Teu causu W EORCTaNTA CNABHOrO DIANMOXGNCTBNR o= 7470/ ).

Ecau ucnoA30BaTh NOXYUGHHYD B HaNER MOKeAM CBR3%h KOHCTAHT
Fo=I¢. F4 (¢opuyxa (463, 70 OKAJMBAETCH, NTQ CMAMHAN EOHCTaH-
Ta g "ABASETCA KOBOXBHO uaxol sexwauuoll [ 87, = L7 )s
Tax YTO MOXHO MCIOXM30BATH TEODMD BOMYNEEME no 27ToR XOHCTAaHTe
cBABH, Bnofa B PACCMOTDEeHME 2AeKTPOMATHNTHMEe M caalue 33auMO-
AeRCTBHA /1,2/ s MM 2PTOMATNNOCKH NPNXOANM X MOXGAH BEKTODHOR
AOMHHAHTHOCTH. I[P 2TOM BOSHNKAET BOIMOZHOCTH OMMCATE B paumEex
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Hamefl MOJeAM NPAKTWUECKY BCE DACNall YNOMAHYINX BNEE ME30HOB, &
TAKE® TAKMO BANHME HK3K0PHEProTUHeCKH® XADAKTEDNCTNEM MX, K&K
KAURM paccoflNs, NApAMETDH EBKAOHA, 7JAEKTPOMATHNTHNG K CmONe
$opmMpaxTopl, ROAAPMBYEMOCTL M T.N. Pacuers OKA3NBADT, NTO
corjacde €_2KCOSPHMEHTOM Mnry<anTCK BNOAHE yXOBAGTBOPNTEABHOE
/1:2,4,14-16, 21,22/ . Yiserca TaKze CLeAATS & DAX ApexcKadanult
(cu. Tacswmu I 410),
MeHee cTporie pedyXpTard HOAYIADTCK NPH BEBOXE MACCOBNX $op-

NyR . 3XeCh HAWAHAOT YURCTROBATh CoALEEE WHCRO NPONIBOABHNX Napa-
METPOS, NOCKOABEY X BNEOYNOMAHYTIMM KOHC7RHTAM NPMCOOANEADTCE NA-
pauerpu £ u (, . loxyuensue QOpMYAN MOTYT OFETEHAORATS INEM
HE XAYECTBEHHOQ COraacMe ¢ IKcnepMuesToM, Oco0cHEO cHAMAOE pace-
XoXKetMe ¢ PECUSDIMEHTOM AACADABETCSE B NyCGACKAIAHKM MACC CKaARD-
BNX 2~ K A - MO30HOB, 4TO MOXST OMTH CICACTBMEN JOXBEHX BKAAKOB
B OTX DOBOHAHCN 0T YeINDPCXEBADKOBEX COCTCAUNE

Harepecude peyALTATH MOAYYADICA MPK ON2EKO BOANUNE M2CC XB&p-
K03, YusCTIYDRNX 3 2708 MOXSAN, OXaJMAOTCA, HTO NOPROBANAALHNG
MACCH X3aDXo3, GETYypNDYDEME 3 NOXOKHOM YNCTO XBAPKOBON JAATDAH~
ZHAHO ¢ SOPEXTHAHEM YOTHDOXEBAPKOBMM BIamMOoKeMCTRNGOM TENE TOK-TOK,
cOMIAZADT D0 BEANYNHO CO JHAYOHMAMM MACC TOROBNX KBADKOB., B 70
XE BpEMA MaccH XBADXOB, NOABAADENOOR NOCAO BBOXOHNS B PT0T ALl
papsNay G6030HHMX noAell, DABHM MACCAM COCTUBASDEXX Ksapxos, [ipn
2TOM BEXMUMHW MACC TOXOBNX M COCTABASDNEX KBADEOB ORXBO3BAYHO
CPA3BAHM JDPYr € XPYI'OM. 370 CBMNOTOSBCIBYOT O ROrNueckol 3auMxny=-
TOCTH DACOMOTPEHHOR 356Ch MOAE XN,
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ANOMALIES IN LOCAL CONSERVATION LAWS FOR AXIAL CURRENTS
(A FUNCTIONAL APPROACH)

A.A. Andrisnov
Leningrad State University

L.Bonora
Instituto di Pisica dell'Universita di Padova,

Instituto Nazionale di Pisica Nucleare -
Seziona di Padove, Italy

The anomsalous behavior of divergencies of axial or chiral
currents in gauge field theories is a quite remarkable ract/ 1/
which statea the incompatibility of the gauge and chiral invari-
snces on the quantum level 2/, Traditionally, the anomalies
concern the physice of the decays of pseudoscalar usons/ 13/ .
In eo far as they are not subjected to the radiative corrections
(the Adler-Bardeen theorem “/ ) the generated sum rules have
proved to be a simple and coovenient tool in the analytical
search into the structure of confined states of fundamental fer-
mions (quarks 5/ or pnon.a/ &/ ).

In this report we ave dlecussing the constructive problem of
how to reproduce ths anomaly of the axial or chiral curreant in
those gauge models which make use of the approximate space~time
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kinematics of quantum fields.

The development of numerjcsl and enalytical methods based on
the approximate space-time description is induce;/ 7 by the in-
creasing interest to the phenomena beyond the weak coupling re-
gime of the standart perturbation theory. Such a description
yields the ultraviolet finiteness of the field theory in a natu-
ral fashion, Among these non-perturbative approaches the lattice
realizations of gauge field theories have taken the significant
place / due to the achievements in the computation of meson
spectra/ 8/ and in the numerical evidence for the confinement 9/
and for the various phase transitiona/ 10/ .

However ths complexity of any non-perturbative calculations
need not be stressed. Moreover the well-knmown ambiguities exist
in constructing ths extensions of field dynamics onto an appro-—
xdmated spsce-tim/"'ﬂ/,. Therefore it is important to have in
stock the quantitative principles which help to reduce the vari-~
ety of the above extensions and to control over the field quan-~
tization after the space-time modification.

Por the gauge field theoriee including fermions the required
restrictions follow from the gauge and chiral symmetry of the
clagsical action combined with the anomalous violation of local
conservation laws of axial fermionic currents in the quantum
case.

In this point the lattice approach is not so flawless. The
attempts to preserve the gauge and global chiral invariances of
the fermion vacuum functional give rise to the fermion replica~
tion/ 12/ + The intersction of fermion doubles with the gauge
field leads to the cancellation of their anomalous contributiona
into local conservation laws of axial currents, Thus the pre-
sence of farmion doubles becomes the drawback .n obtaining the
continuous gauge theory from the discrete one.

These trguments force to seek different non-perturbative
achemes providing the ultraviolet regularization, the gauge and
(global) chiral invariances and the reproduction of anomalies
in axial current conservation laws if any exist according to
the perturbative analysis of d.i.agrams/ 1,2/,

The approach under discussion was developed i.n/ 13,714/ It ge-
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neraliges the lattice approach in the sense that the ultraviolet

regularization is obtained merely by the choice of a finite num-

ber of modes in the Hilbert space of fermion wave functions. Ob-

viously it is consistent with the second quantization procedure.

When one calculates the averages of any products of bilianear fer-
mionic operators (currents) this rather old idea can be embodied

by the fermion functional integral in its traditional impleaenta-
tion 4 1la Berezin/15/. The mein question is how to retain the ga-
uge symmetry of the functional averages after a finite mode regu-
larization and what a faie is expected for anomalies.

Let’s consider the functional integral over fermions as a li-
mit of che sequence of finite dimensional grassmanian integrals
generated by a set of embedded finite dimensional subspaces of
the Hilbert space of four—dimensional spinors. In order to ensu-
re the mathematical consistency we deal with the euclidean r-d
compact (region of) space~time and in line with the Fermi .- tis-
tics we pose the antiperiodic boundary conditions for fermion
wave functiona, Then the partition functiom of massive Dirac par-
ticles in the externmal vector gauge field can be described by
the following integral:

Zm =, Dy DY x
{ ¥, P(0)=- ¢, )}

xexp - jd'rS d3x ¢ (¥ - im) «,U(zx)}

where B=- cf; (J +V) is a covariant Dirac op:rator,
Vp(x) = T“V“(x) is a vector gauge field and T % are (anti~
hermitian) generators of a gauge group. The ultraviolet regula~
rization is provided by the definition of grassmanian variables
on the finite d_unens:.onal subspace:

W@%znu@w> Py > 3 C, <Yl

n=|

{Cn, Cm} = {En, Em} = Cn, :m} =0

(1

(2)
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The projector onto the chosen subspace can be depicted by means
of the Dirac symbols:

N
P~(V)= Z lqjh> <lyh, » (3)
n=|
In these denotations the regularized fermionic determinant is gi~
ver by “the approximated functional integral,

Z,(B) = dd[(ﬁ“m)] Sﬂol,c dé, x
coxp (-2 T (vl Beimty cn).

Herein one can resa.rd

(B-im), =1-Py + Py (B-impP, -

If we employ "the dynemical frame” in the spinor space which de-
ponds on the external field and bshaves as the fundamsntal repre-
sentation of tho gauge group then the action in (4) holds inva-
riant provided that the Dirac operator transforms accordiungly
(in the adjoint representation)

!Wn (VSZ) > = 52-1"}/”(\/)> R _Q‘-'-_;S?(x),
Vrsz = Ve + QR pPRER

Hence the gsuge invariance of the reg:llarized partition function
(4) as a whole will be ensured t00e

In order to find out the general conditions on the spimor ba~
sises yielding the gauge symmetry it is belpful to examine the
infinitesimal gauge transformation of the partition function
keeping in mind the functional dependence of the frsme on the
gauge fisld. Let's take G2 = [ + w () s then
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oet [(D"‘:m)/v] —> oot [(ﬁ—im)mjx
%{I-f- Tr((ﬂ-c’m);{ B, [ D] Py +

(6)
b (B ) P, SP
v [ (B (Fr w50 L)

)

fa 4
where Z),, = 3,, +[V',’]and the identity PPIP=0 is applied.
The trace symbol should be refered to the overall operator and
matrix structure.
If one takes into account cancellations under the trace and
projection operations the required aondition on the gauge inva-
riance preserving basises can be expressed by the equation

PN[-QN)[MIPN]]PN=O) (7

where
Qy =[Py, - Sd‘x(ﬁﬂw)“(x)s% '

We see that the assumption

Qq N= 0]
(8)
or explicitly

~af 3Py
D, 5VE - [Px,F’NJ, Pe= 2>,

is quite sufficient for our goal. BEvidently this equation has
the golution for the projector which conforms to (5):

P/v (VR)"'-Q-'PA:S?-. )

On the other hand such a property is more general than (5). Na-
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mely it is alsc acceptable that the basis apinors exhibit the pro-
perties of the adjoint representation in a given space-time point.
The latter impllies that they tranaform according to the repre-
sentation of the local gauge group on ths left and according to
the representation of the group of internal syametry on the
right, in ths polarization space. Pressumably the above group
transformations are entirely induced by the local gauge group
transformations in a marked point. Below, when discussing the
lattice approach we shall show an appropriate example.

The camparison of (6) and (7),(B) gives that as a rule the
conserved vector current has a sophisticated form due to the
presence of variational derivatives of projectors:

J (=) = J__@_'.’.E”_). .-:-'Tr-{(D’-im)”)(

§'V°"( )
Ta& x| Py
X [x>‘ x}:‘< gvd( )D’N W Va.(

There exist two (1) basises in wn.'l.ch the conserved vector cur-
rent takes the standart form in agreement with the common equa=-

tions of motion. It happens when the derivatives of the projec-
tor do not contribute in (7):

L—E’; PNJ'::O 11)

(10)

or

5P
wlX) P, ]=O D‘ L (12)
[ )N p) 5‘—7—*(::) O
The first basis’ Y/ 1s a basis of eigenfnnecione of the covari-
ant Dirac operator. The second one results in the lattice sppro~
ximation and needs the finite-difference modification of the Di-
rag operato
It is converient to describe the gauge symmetry preserving

baslses of sguaredw-intvegrable spinors using the representation
(11) by means of the gause invariant traossition metrix:

19> = Z l‘f’w) B.,:..(V) (13)

s
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-4 S
(B )hh‘ nn’; Bh’ (V )= Bh’n(v).
The projector onto the finite dimenaional subspace of y/n »S
can be constructed from B hint v,

<‘f’ IP ‘lfl > fnm"z BhZ(V)BmZ(V)('m)

Its veriational derivatives form the mdependently conserved con-~
tributions into the vector current:
5An

Jlf"-z_fl [(H"m) ]nm{”mﬁ'va(x)

n,me|

Jf
+()\.,+A...)—-’1"‘—} BYP =), ¢P
where SV:(x’g ) " hins
. -1 o+ . -‘
[(ﬂ"'t’")ﬂ ]”m =£Zé‘, IBH! [B (h"t M)le(/ B
The axtal currents are external currents in the pure vector
gauge field theory, they could be extracted only by veriation of

the more general field of mixed chirality. This is because
the E-transromation acts on the Dirac operator as follows:

exp (- Ysw) Peap(-fsu) ~ P+ fy Bu) () .

Let?s extend the gauge field and the Dirac operator respectively,

Weeifsh=-W* Pu=B+1sf. co

Then the variational axial currentz' reveals three pieces again: .
j& = - .. St Zy(w) = 3
Jps == (Ts )i _57%—}4447;- (-im) x

(17

(15)

x[ﬂsﬁwp 4 TPy o o ﬁsp o, wi) ™
5A"(17 5A“( ) A+ AL (=) Jp=0
If the regulerizat:.on is a.rransed in one of the bas:.ses (5),(9)
the gauge covariance of axial currents will be reached. However
the canonical structure of them appears in the eigenfunction ba-
gis of the ww -operator when the derivatives ofthe projector
vanish due to the identity P P’ = . In the arbitrary
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basis the above derivatives cause the optional anomalies in the
local comservation law of the axial curreat:

Birifs == 5 [aSym(Amim) F (@[T Rk

nm-

a€ § Smn -imY (18)
Be mamm} [(B-cm)t),

Herein the E -representation has been used.
One can hope that in the limit of the complete spinor space,
N> oo, the harmful terms with derivatives die out because

Py=>1, 5 Py gv‘* =0,

in the strong semse. But the real aituation may prove much worse
due to the too weak convergence of the iterated Zermionic propa-
gator to the exact value and due to singular properties of the
latter one in the four-dimensional space-tims. Bventually the li-
mit of last terms in Eq8.(10),(15),(17),(18) can differ from ze-
ro. In this case one should care for the redefinition of & 2,
by means of subtraction of an appropriate local polynomial of
gauge fields so that the modified effective action would deter—
mine the conventional vector and axial currents, though hold the
the gauge symmetry ( and, of course, would be free of divergen~
ces). These requirements are connected with the existence of the
gauge invariant, finite and unitary SB-matrix in the Minkowski re-
gion of momenta’ 192/, If this program fails the corresponding
basis could be hardly considered as an acceptable one.
Fortunately this is an abstract problem in the pure vector

gauge theory, the p’ =basis fulfils all above requirements in
a maximally simple fashion. But the problem inevitably emerges
when the gauge fields have the mixed chirality. The unsmbiguous
solution exists for hermitian gauge potemtials (16), this is a

P/w ~basis, More details and the msnifest form of the anomaly
can be found in our papers/ W, 16/ However the W-field does not
suit to describe the left~ or right-handed fermions, it coes not
bear the left(right) chiral gauge symmetry. The relevant gauge
potential is rather
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W= [, (14%5) + W (1-4)] = Vo 15 4,

which is non-hsrmitien if Watf' = ( W:")’..

Nevertheless the possible way to construct the euclidean ana-
log of Weyl fermions turns out to pass through the hermitian
W-potential. Indeed let’s examine the direct amslyticel continu~
ation of left-handed fermions into the euclidesn space-time when
=0, W=2Vin {19)« The cormspond.ing Weyl-Dirac operatar be~
conea non-hermitian ¢ ﬂ_ /2 wzvﬂ B) If one exploits the
Doy~bagis to regularize the fermionic determinant the latter will
uount/ 16/ to the square rocot of the determinant of the vector
gauge theory: Z = (ZV)VZ. Thus the expected anomaly (if eny)
disappears in coantradiction with the perturbntive/ 2/, and cohomolo-
gical 12 analysis in the Minkowski space, The Pujikawa’s non-
perturbative method’ >/ which is related to ours does not yleld
the desirable result for color handed fermions: his anomaly does
not satisfy the Wess=Zumino consistency cond.ttions/ 19/

The functional integrsl for suclidean left-handed fermions can
bs obtained through the theory with the gauge potential

)’(=%}‘/— (1+¢e¥s), £=£%

at the intermediate stage, The appropriete basis is certainly a
W-basis. The next step is thought of as the analytical continua-
tion from € =1 to g = i . Then the free right-handed fermi-~
one decouple with the left~handed, the resulting snomaly satis-
fies the W.~Z. consistency conditions and corresponds to the tra-
ditional Minkowski space calculations( aaa/ 16/ for comments ),
It looks as rollo-g:

~ B

BRf it = ay 4

(19

{20)
2472 EF”AS’ TV"(TQ )”(W DAWP { W wﬂw})

whore the artem can be dr}pped out by a suitable redefiniti-
on of the effective actlon
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Now let?s briefly sketch out the second type of possibilities
to preserve the gauge symmetry which originate from the lattice
regularization (12). The projector onto a spinor space generated
by the choice of & cubic space=time lattice with the link A can
be presented in such a symbolic rom/ 13/,

5 Z 'an><a \) <'x|d,.> = 22 g:r a, J(
21)

whore M = (I'/A)"' is the number of lattice points, i is a volu-
me of the (region of) space-~time. The fermion action by lilson/‘7 /

acquires the finite-difference Dirac operator:

75 2. [ 2 P@nt PO, UiY@n) - hoc,
"2 {a.} (22)
where the un:l.tery "sause field” U,‘ is bilocally covariant,

U%(x,x+f8) = 27160 Up§2 (=T 8). .
23

Iet's proceed. to the e.rbitrary singular basis connected with
1), g
1GES =2 5 lawd> us, BEE (V).
n’-( s -( (24)
Herein {{§ ave orthonormalized spinors, % is a dimension
of the representation of the group of internal symmetry. Suppose
we "regularize" the partition function in a new basis, reducing
the amount of basis vectors. Then the gauge symmetry will still
hold if the transition matrix ng is left-covariant (not in-
variant !) under gauge transromtions:

v ¢ , o
B:5 (U= 5 [ ene 1] "B,
S= 25

In this cage the action (22) proves to be invariant taking into
account (23). The global right covariance is also allowed with
respect to the gauge transformation in a fixed (for all ﬁ Jpoint
of the space-time.

The famous fermion doublj.ngﬂ 12/ %<s accounted for by the pe~
riodicity in momenta of the lattice fermion propagator. In par-
ticuler, for the free fermion propagator,
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-4 , -1
7] Cottice= B (Vﬂ 3in (Py A)) (26)

(massless fermions) within one momentum zone {-%( Png%lwe
find out 16 poles of the propagator(instead gne)at the valueb:

P = (0,0,0,0), ( %,0,0,0), (-’E.%.o,o)... The anomalies of dif-
ferent fermion species have opposite signs and cancel each other.
In order to solve this problem one can attempt to apply the
finite-mode regularization in one of the basises {24 such that

the unwented parts of the momentum spectra be dropped out. The
fee of this cure will be a long range interaction between fermi-
ons on the initial coordinate lattice. Thus our method generali-
zes (in a rense) the SILAC approach/ 21/ +» At the seme time there
is po discrepancy with the Nielsen-Ninomya"No-Go" theomm/ 20/ .
A8 a vivid example we exhibit the lattice basis of the momen-

tum type: 2 47 , &
s$ (A) 6_ an)z USSayu®

= \s5x W-P 7R
8 hp r Pr‘ "y ( hss P(2?)
whare
Ve (@) = g, ol Vg, (@)

w) " fa:,pyel o, 2]} F )
and contours (. begin in a fixed (for all O, ) point C,.
If we reduce the number of basis vectors in favour of the vici-
nity of the zero momentum, ’P[" ¢ A , and take the continuum
limit
! A——O) A—boO, A'A—“fk’g )
wo will get the projector ﬁA which cuts off the unwanted mo-
menta with too high values and thereby 15 poles of the propaga-
tor (26), Of course, the basis (27) is gauge covariant in the
sense of (25).

Furthermore the adequecy of the lattice and continuum propa-
gators can be considerably improved if € L4 (but A-»o00),
At finite A , after the above regularization,the long range
jnteraction arises because of incompleteness of the part of the
momentum basis. However it dies out in the continuum limit as
far as the ccapleteness recovers.
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AHANUZ NMIPHPOALI CKAJIAPHBIX ME3OHOB
C MOMOWBbIO YHHOOPMU3YIOWEA NMEPEMEHHON

A, Kpyna, B,A.Mewepaxos, 10.C.Cyposuen

QO6benuHeHuu HHOTHTYT AnepHHX Hccneposanufl, lyGua

I.Bmmwmﬁwmuaonﬂ/
BICRAIGN0 SUATNTOILNOS WHGRO pador’ <=/, 3v0 camsmmo ¢ Bamsof
POILD TEKRX MOBSEOB B TOSDOTEWCEOR CHOKYDOCKONEN AKDONOB:
ng;-ugmmmrcl.-lnmmmdnoocm—

(] Icsu“;:pcnm.mpmmunmnn-
POCEES BOIMOKEOCTN TOTHPOXKBADKOBHX (qu) cocroauxf, cweman-
mqqlrmmnumrmmcnmcr.nmm
L woXsxx xondafimwexra, Taxwe xax M{T-
MG "wemxa® ¥/, a TaEEe PacwTE 3 Kpamrosolk
ER pemerxs (e-..nlp-op,/s/) ¥ na ocwops KX ppamux ﬁg/
JART YES3SEES R 70, Y0 BOO 3TH MIeETH NOIYT BCTPSTAYLCK B
cRexTpe macc muxs IS00 MsB.

HNTolupeTAREE SRCESDENONTAIGNNT AMMNNY , B XOTODNX RA(ED-
JADTOX CEAXNDENS Desomamcn ( xx—xx KK), oczoxme-
A NeoSXOXWMecTSD ywers ammmany A - sopora m, wozes Ouvs,
IpYrEx moperes (3 msoczazspmel 3 - BeXNs £ - DACOSNNN —
mopores pp lez' X T.X.), xemswief mEpuNE mup:nngm.
SHNETENNOTO ENSCEINOBOT® ESPYNONRS BcasxcTame K - K -
BOCTN NRCC, BOSNeXNOTO saiexys cweumpemnt S°- 8 -wevomed' .
Iz oxmcanux 37X S3Jexred ECERALIYRYCA DasINTHNG WOTONNH, X
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NOXYwARENeCA BNBOXM ES BCOTIA oXmMaxoRu (oM., uanp-op./2‘4-8/).

[losToMy 3 mpoGEeMe NCCAGKOBARNA CRALSDEMX MASONOB OCTASTCA NEDPBO-
crememNofl 3aNAMA YCTANOBAGHNS AXOEKBATROTO CHOCO0A OUNCAHEM IEChe-~
PEMONTAIIENX AANNMX K E& 3T0f OCEOBe penenra noXywesus Emfopma-

TNE 0 CRANNDEKY DO3ORANCAX.

B xexmof padoTe RIN DemeRRA 310l 3AXAYR DEAXNIOBANA KXASL XO-
MIRNDYRSOTO RIMANNES CiEzafimxy ocoSemnocTell ¢ IDENONSNNOM NDOLEAY-
T8 YEBgOpMTIamuE. IDRBORSTCE POSYIRTATH 0ODACOTXE o Metoxy X %
SKCHSPENOETAIGNNX XAHEZX OTNOCNTSALNO N3OCKALADEOR 3 -posmd
X'E -paccesnut 3 odxacrx sHeprak 0, 6 - I,9 TsB X noxyveEENe
DADANeTDH CEAISDEINX Me30NOB S 'K € .

2. JXCNOPEMONTAXLENS NANHNE OTNOCETOIBEO & -BOXEN KX —
DACCOANEN OCHTNO EDEBOXSTCK XAx fasy paccessnx &'(3) = napamer-
Pa yupyrocts 1)(d) . XoTopes CRISNN C sXeweNtoM S - mmprm
cIeXym o0pRsON:

S (wx—xx) -p(é)eu&@. 69

rxe -5-4(4;’-”)1:)! ¢ - WoXyD 3-Daymca B c.ILM. KK -
CHCTOMN,

dxcoepmmexTAEAR o328 O - DOUEN SN - DACCOANEE B N3OCKA-
AfTpEOM XaEAxe BospacTast or S0° oxoxo 670 MsB mo 270° mp
1,2 T'sB. Buctpoe wswenesme &(3) upm mepexoxe wepes KK -mo-
POT COUPOBORNASTCS DOSKNM DANONESN 0T XNHNIN DADANSTDA YEPYTOC-
b Q(s) TOYEO Bime Eopora. Taxoe NoBeNeNE® CBESHBASTCN C Po-
SONARCHIM 8"— sfifexron. BosnEkasr ecrecrseEmuil Bompoc O -
moxmocrs obsacmexnx &~ sffexra KK - noporossw mena-’g .
PasiEvNNe ANANNSH SECHGDIMENTAISENX Xommux 30 KX - x KK - ga-
38M, PACCMATDPEBANENS 5 r,ol, TOBOPAT B DOXLIY €ro CEXEHOR
caax c K -c-l; 911/ w0 moxemepmaser Bumoxs xmap-
XOMIX -oxml/‘-s . Bce 270 TOBODAY O BAENOCTE Y9eTA BINANNL

~ xanaza Na &L - CHCTEMY.

PaccHaTPEBAS ANAINTEWSCKENe cBolcTea fymxmim S(£H— £X)
B xOMEIeKCEOR 3 - DBOCKOCTR, YTTe,Homwo {wswuseckoro paspesa
(4m3 ,+00 ) x xemoro paspesa (-co, 0 ), raxms rowxy meTRIS-
HNA, CBA3ZHNYD C NODOTOM OTKPHBAKNEroCK NDN o-ltm«f, XaEANA
ZxX—~KEK , t.0. nporexen raxze paspes (4m} ,+oc0 ). 3%
IPEBOXET % PACCMOTDOHEN 4-xNcTEoR DEMAHOPOR HOBSDIHOCTE & -MAT-
PHIE, AVCTH KOTOPOR EDONYNEPYeN B COOTBOTCTENE CO SEAKSME NA NEX
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¢yt Vo~-amy’ & Va—-Amy’ , cessamm ¢ TowKaMM BerBXenk
un gr- -EE ~HOPOrax, CEOXYDSEM odpadoM: Jucresn 1 (Pus@wecko-
wy), Il, M,IY orsevswr coorsercrsenro 3maxr(Vo—-4m2’ . vVo~im% )=
=44 , ~ , =~ , +=- Domalwuws x fmsEvyecrofl odsecTE OCOCEHBOCTH-
ME, COOTBEeTCTBYDNEMN DE30HERCY, ABAANTCH N4DA KOMRNGKCEO CONpA-
ESEENX EOXNCOR ma I AEcTe N, EAK MY YBMONM, o kpafimed wepe
napa xoxmcos ma M ANCTE. JTEM IADEM NOMDCOB OTBeYaDT HADH
KOMAIOKCNO CONDSXeRENX Hylefl, pacnosaramuEXxcs B DepsoM crydae
I JmcTe, BO BTOpOM - Ha IV XECTe. HecOxoummMocTs TaREX
Nylzef Xmxrysrcd YCIOBNSN YHNTADHOCTH.

Yuer TOURN BeTBACHEA éuzém: Jerko NPOBONATCS N2DEXONON
E Zepewemvof g . HpN 5TOM BumeyEA3aHHAA DH4AHOBA 1IOBEPIHOCTS
oTo¢pasETcA He 2-XECTHYD DOBEDPYHOCTH. AHRNMTHYeCKuc ceofcrsa
S(g) » xommxercuof q -nracRocTs WhoSpaxeny Ha prc. 1.

Ina Pl

Pue. I. Puc. 2.

gyaxmex S (g) meeer YouEN BeTBECHEA OpE g=tg, (rie q =
- mx’ - m." ). coorsercreycume KK -mopory. Jesuf paspes
EpeoCpasoBalca B pa3pesH Ha mEmMof OCE C HRUANOM B TOYRAX
q,-:tun,. Orpcsox Ha xeficrsurextHof ock (O, 9, ) coorBercTBY-
or wacrx dasmeczoft odzacrs 4mlf s < 4m} . Vupyras § -waz-
Puma (p = I) yZoBEeTBODAET CICKYDSNN YCNOBNAM:

- - = * e 13 [N
» 8% g.{‘;—), ) Scg9=8g), » Stq) s—(f;T (2

2t3



JTE YCAOBNA He He3ABECHMH ~ XD00e N3 HEX MoxeT OHTE NOXYJeHO
N3 IBYX ocTANbAuX. [ONOCHHM Xe yCuoBEAM B ynpyrof odzacTm yEop-
ZoTROpSET § & - MATPEIA, AHANETEYECKN NDONOXRTeHHad EAa BYOpoR
Jucy 2-xscrHok @ - NOBEPXHOCTN. OTBR3YANMES PO20HANCY HOXDCA
§ HEYXN pacnoxaramres B -~ NEOCEOCTH B COOTBETCTREEN C YCIOBNA-
wx (2,a,6,» ) {cu. pxc, I, DOXDCa OGOSHATOHM 3BO3INOYEAME (X% ),
a Eyas - Xpymouxamx (0)). [IoXoOHUM 0GDA3OM MOXHO EROXETH RPONI~
BOXLEO® TNCXO De3OHEHCOB. COOTBETCYBYDMNR SXeMeNT S - MATPENM
YECEEeTBOpSeT YCIOBED YRpYTof YEsTapHOCTN | S(g)/ *ad (28) mpx
dmaygecxax 3HAYEENAX 13 yopyrofl ofxaceE, CTDOTO IOBODK,
zo 4g -mopora. Yuects adfexTH adcopmiEE, CBA3ANHHe ¢ Npomecca-
wx mizme 4% - mopora, wowHo CMeRemNew Hyzef OYHOCEYSXLEO EeXm-
cop. IpE 2TOM BwecTe C HADYmeNEeM ycaomma (2a), /S(q)/"< 1, me-
Pymaercs vaxze no xpaiinef weps oxEo ¥s coovpomenmE(2 6,»). Hampm-
Mep, CMOEAS TOXGKO WYXE HA ssaxmvxay-if (€>0) , oczamxss X
CEMMOTDNIHMNE OTHOCNTRASNO MUNMOR OCN, HapywmM ycxoaxs (2 a,B),
coxpanax (2 6) X ?.X. ONHARO BENAX D 'C ~PAccesuNe EOYBPYIAX
RAMRIOB, oupnul’fo BuN® Ag -~ DOpoTa, HOSHAINTSAON RRAOTEH
%o I I'sB. B padove + B xoTopof KEdopMAIXX O ST -PACCARENR
xoBxexazach ¥3 mpomscca p—e LA, cuxa cxexaua omesxa
NeYIPYTOCTE L - AMEARTYX: /1—7'{ [ 28. Tipx cospewemot rex-
EOCTE axcmepEMeNTa SPfexraws Taxo,/0 DODANRA MOKEO NpeNedpews X
CUNTATE '€ -BaamMogelcTRNe NOXHOCTRD ynpyraM B arofl odzacrs.
ToaroMy ianee mpuEmMaeM £= 0, 7 ycnopug (2a,0,8) BENOXRADICK
piors no KX - mopora, ro ecrs » mareppaze -9,€9¢€ q-

3. BumenpNBeneHHAfl UPOTEAYPA BEXNI9HET ASCOPHTNEHHX dieox-
TOB He HmO3IBOASET YUeCTh CHAGHOS Bakguk. 1K -xamaia » odiacrx
aneprxk mume 2m ) + BROOIETE B paccMOTIoRNe TOYKY BETRNCHNS,
CRASZHHYD C KE ~nopoToM, WoxNo, Nepefixs x Hosofl nepemersol Z :

z--%+}/@5!—1 , @

0TOSpasNB TAXEM 0GDA3OM 2-ENCTHYD q, ~JOBEPXHOCTH HA 2 ~ILIOC-
EOCTS. JYEM 3apepmaerci OpounexyDa YERJODMEIANME - RCA 4-XNCTHAS
PEMagoBa O ~DOBEPIHOCTD OTOOPA3NNACH HA Z -NEOCKOCTE, X
OTHOCNTBALHO Nepemenmof = S ~MATDENE SBXAGTCA OXBVOIBAYHOR
$ywxnwek. Ha pac. 2 puwecxmwm mafpaMu 0003HA.CHH Te WACTN X ~
LNOCKOCTE, HA EOTOPH® OTOUDARARTCA CGOTEATC. YEMES JNCTH DPEMA-
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Bosof ¢ - momepxmoCTN; xupRof xwuwef yxasana (WINUeCKRAR OOXACTH
XAtn mepewexmof X , WACTE OKDYENOCTN B HDBON KBAADSETS, OTDAHN-
qoman romawm { (WW-mopor) m I (KK - mopor), coormercraysr
yupyrof odzacr. Yoxonss (2) max yspyrof § -warpmmu ma Nepmow
¥ EA BTOPOM JNCTAX Q- HOBEPXHOCTE MOTYT GHTS Teleps SamNCamM

m S&E) :
2 8*G*H=sSiE), 6) SEe*)=S*@), »
») SC-z~')= §7i®), r) SE) =8&).

Onmcupaxuse Po30HAHC B Yupyrof oGaacTE DOADCA X HYAN, pacIoxs—
TammecH HA S -NEOCKOCTE B TOWXax 3, X dF , vemeps 3al-
My* Doxosemux (pEc.2): Y - B foTax o,~ %y, %1, -&2"1,
moxmca - B romax 2y, —Z;, ¥ ,~%,, 3 coorsercramm ¢
yoxopxawm (2,a-r), My BXXEM, TTO DOADCE X HYXN DACHONATSNTCS
CIMMOTDETHINE OTHOCKTONLEO OXPYEROCTN y L YYY)
PENONHONNG YCNOBER YUpYTof YNNTSDHOCTN: ’S(e‘aax’o,sﬁr— i .
Yweors NeComsmme »J$eXTH ACCODOINE UDN SNEPrNAX NERe 2/ p
NOXNO GlRO OH, NWANDEMSOD, OeNemEeN XTAN Z, 1O DAXEYCY B Hampas~
JOHNN COOTMOTCYRYNENTO NOENCA R *™° (CHESTDNNG OYEOONTOARNO
Mok OON CMemaeTCX B NYAB  ~ZF ). Taxof cmoood odecEemsaer
smoxxemve Nopasexcrsa [S(el®2~9)|<4 xm 0< ¢ <%/2 . B
HOCKOXYNNON, X2X OCCYRRANOCH BidSS, NOIEAYETANGNIANE A5CODETID-
mam 33JexTany nExe kKE -Bopora npemoCperasH, T.6. NOANCA
X HYAN DACRONATARTCE CEMOTPENEO OTHOCNTEISEO OXPYEBOCYH.
Berecryeinol mapaserpraammed BXIANA YUDYroro pesoEasca B
§ —warpmny smamercs dymsuus Bammxe:

S @=Er D EI B ) 2) )
o At e)d+m,z)A -2 DA+ 2,47

3ra JyEKINA YAOREGTBODAST YCEOBNAN (4) N ARST XADAKTGDHOS PO30—
BARCHO® NOPCROHES GA3N. OTMOTIM, YTO DO3ONANCEOS DOBSXENSS Jask
x m_?xempom yoxoruR (4%,6,B) ofecnevuNBaSTCA X BOANCAME

ZF ! x ~gyixmpom %, 1 -ZF , zexsama voxuxo »
sepxmell X -BOXYNEOCKOCTE. OXHaxo HeOCIOXEMOCTS yWeTa B XAaYeCT-
Be GXuxalmEX 0COGONNecCTofl, TAKES BOXNCOB X, B -, K COOTROTCT-
symox w myaet %;% x -%*"!, pacnososewmir » mmxmet Z -mo-
XYIXOCKOCTE, EOMMMO YAORASTBOPONNY YCEOBES (4T), BumHa K3
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CASXYCWOIO EPOCTOTO npmwepa. Iyces, ¢ maxsn ywera 4 -mopora
Ml cXexaxy xonfopimoe orodpaxsmue (3) (B »ToM cEywae g, coor-
serceaysr 4& - mopory). Torza fopwa Tmma (5) ToXSXO ¢ HoxpCa-
o z} 'y ~z;! xmyaoa ®, ¥ -z} xer pesomancuoe nove-
Xoxxs Jasi, X NADAMETD YNYYIOCTN 7 pasex I » ctporo ympyroft
00XRCER 2%‘1’3"4@ JIS NPOCTOTH MONHO HO DECCHMAYDEBATH IO~
anC X Nyxh B 263of T ~BOXYIEOCXOCTE (ONN BReXSNM XAS BUTOXNOMNA
yexosuft (46,3), %0 NX ATEANES NeINAUNTSNSHO). Torma P pasmo
OTHONGEED OTDe3ZA (Zo, £ ) x ymoxemuony na [Z,] otpesxy
(25, % ): pem~2|/lm)lzt 5] - pa 2w fmowrecrot
odxscTE. 370 orHomemss passc I xpax x=e'*2 %) (0cscn/2) ,
amme 4 - nopors, xps x=Rez >4 , pesxo maxaer or I,
XAK BEENO N3 PNC. 2, PesKER N3XOM, ROTODME NCIMYHBAST KpEBAX,
000TReTCTIYNRAS JwsHweckof oGyacTy, » Toxxe % =1 ( 4% -mo-
POT), EPEBOXNT K CTOXL X6 SHATETGILEONY YMEHLWOHED OTpo3KAa

(%o, % ) Eo cpassemmm c Bospacrammms orpedxow ( x> 1, x ).
OXNAXO N3 SKCROPEMGNTA N3MCTEO, YrO ) ® I 3uzors X0 KX -mo-
pora. KcOpasEss CETYAIND C ONNCANEGM MOXNO TOXERO, ROCABED HOXD-
CA XK NYAR 3 NExuef X - NONYILIOCKOCTN B COOTPOTOTBNE ¢ (4r),
CIDNSTDITNNG OTHOCKTOXLNO OXDYREOCTE-XAL YHDPYrol yMETapEOCTE
NEXS 4t-lopomlcl-|rplmnmnc-lrymnupnol

% -BONYRAOCKOCTE —Z2AN yupyrof ygnpuoen mme 4 - mopora,
(oM. pxc. 2). Hazes, vowmo aume KA - mopora sxcnepmwerramso
yOpyTocTs Q pesxo EALAST. JIOGKTHCA STOrO B ONNCAHRE NRDAWeTPE-
saumed (5) MOXNO, WOHAS BONONSHES BOXNCOB X Eyaelk B mmxme® 2 -
BOXYIXOCKOCTE C COXPANONNeNM NX CEMMATDEN OTROCKTANGNG OXDYEEOCTX
(xax yopyrof yuxrapmocrx mxxe KK - mopora), ro ecrs yoxomus
(4a,6,3) BMEOXEANTCA L0 OTEGARNOCTE 3 DepXNefl ¥ muxmef % -moxy-
REOCKOCTE, & YCAORNe (4r) mapywmasrca xme Jasmwecxoll odzacrm. Iipn-
WeNM ACHO, TIO NSMONCHMOS NOXOXONES Napi “BDoXNC~RYXL", Beolme ro—
BOPA, WeEsercs C axeprmefl.

TloCcEOXGXY 5TA JHGDPIOTNYOCEAN SABECENOCTS OCYCIOREONA BAINI~
ERex xamason (3 mamew cxyms XE, pp ), cumao caxsammix ¢ pe-
sonancon ( §* ), mposRIAEEMCE B NCCXXYewOM xanaxe (STSC — pac—
COANES), T.e. EAOT OT DOZONSNCOR B 3TEX KANAIAX X OCMONOB UACTE-
MME, TO NRZexAa (ONDARNUBAGNAS NOCHOXYNNEN ANAEN3OM XANNMX)
COCTONT B TOM, YTO 3TY PARNCIMOCTS YXASTCA ONNCATE EALICEAWNN
xsopoM yusorumsyomel mepewemmof (Fopwyaa (3) ¢ 91 . Coor-
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sercreyomm JCK- nopory) ¥ nowemswmew Ma NEXHNG & — HOXYIXOC-
ROCTh, DONIMO YRe paccwoTpeHROR cuemeEHOR nmaps, BOSMOXHO, XONOX~
HENTOXLNMX D&D DOXNCOB N HyAoll, CHMMOTDEYRMX OTHOCNTEARRO OXKPYZ-
BoCTN. TaxmM oCpA3OM,MOXHO DAcCMATDNBATS NDONSBOXLHOS YNCIO pe~
30NAHCOB.

4, Kpowe pe3oHAHCOB, B HpDEEXATSOMOM CHOCOCe OIMCRHEN CXexyer
ysects raxze fioR, XXyERE B OCHOEBHOM OT XeBOTO paspesa. JTor pas—
Ppe3 NpeoCpa30BAXCA B pesyaprare orolpamemms {3) B paspeau HE m—
wot ocx (m =y(m +m)m, ~mp): (~ico,~im), -im, 1m™%),
(Im,ic0) . [ocxoIsXy BARAHNG XOBOTO paspesa npon.uercx HANGOX®E
CEAREO B yupyrok of0xacTm, TO MOXHO TOXArarh, 970 X (OH mMeer B
ocHORHOM yHpyrmk xapaxrep. EciN He NHTepecoBATRCA NODOTOBMM LOBE-
HeHEeM, r}a?ﬁxy)ynpyroro §OEA MOXEO TPAXEINOHHO B3ATR B BEEe (.,

HanpEMeD,
Sp=a+v34. 6)

Ipyrmd XCIOXS3YSMIN BANE ONNCANNeM JORAR, XOTOPO® UDeXCTARNNeTCA
GoXee NETODOCHIM N NOCNOXOBATOXGNMM B NAWeN NOAXOXS, SRESOTCH
AITPOXCEMANIEA Daspesos ma mmmwol ocx ( y - ocx, z-x-n-l.y) HOXNCA-
ME ¥ CHMMOTDPETIMNE EM OTEOCETENNNO eXNFETROA OKDYENOCTA HYAUMN
(axx yapyroor fome mxze XK - nopora). Orurwme sroro ommcammx
goma or (6) cocroxr 3 7o, 7ro sume KK - nopora ero mxaax
CTRNOBNTCS NOYUDYTWM,

HTaX, OKONUAYONLHAS NADAMOTDNSADEN & - MATDNIM MweeT CEe-

youxd Bxx:

Gy-2) G+ n—2) (Zn+
n-:-...,a""m”_é?f?‘%%i%fn@ @

TEs Xan foma GyXew ECROIS30BATH XBA CROCOGA ONMECENEN:

ezzb;(a)’

(2)
Sy =
g -x
4+ty z ()
L

;“(3) - yTTNBae? oOcyExammmicR PuNO BEXAX XANAI0S, CRELEO
CAYSSNNEX C DPRCCMATDEBAGMEME De30BANCAME ( NADH NOIDC-NYLS B
ammiel % - DOXYREAOCEOCTN):
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% — EXZ*+
-
Fr® I;-I ~z* )+ 2 %) * ®
B fopryxe (7) DeXNUKHGNY CO NTPEXBME 0GOIRATOHM HONORONEN
COOTISTCTIYMNEX DE3OHANCY RoABCOB N myael 3 Emspef ¥ -~ moxynaoc-
EOCTE, CNONGNHMX BCABNCYBNS AGCODTMIANLY sifexron mme KX -no-
pora. B (8) noaoxemEs NoXWCOB K HyZel TAKES OTWeU6RM NTpPEXSseN,
9700M NOXTSPXHYTE NX DACIONONCHNO B NEENGR & -fIOXYIUOCKOCTN,

5. Ha ocHOBe npexzoxeEnof QopMyIM NDOAHAXNSEDYSM SKCUODEMeH-
TaibHHEe XAHHES I0 O -BONEOBOMY ST -DACCORHND B N3OCKARKPHOM
xaHare » wureppaze 0,6 - 1,9 T'sB. $uswwecxu Hawsoxes OpNeMISMe
PemeHdA PAsAWIHAY A30MUX ARANNSOB TS ~DACCOSNER KX N3OCKARID-
HOf J -DOXNEM MOTYT ONTH, NO-BRIENONY, DASONTH Ea XB2 Nadopa,
XOYODNS IPENEDHO COT: » orsomennx gasu & (3) , za wexmm-
YeHMEN NUHHEX Dado , pacmoxarsomoxcs same KK -mopora
CECTOMATEYSCKE NEED XDPYPEX JECISDEMSNTANLNUX T0WKk. IIassce pas-
ANUNe 3THX XBYX NAGODOB RANHKX ncr-.r:/gqnu yapyrocrs Q(é)
P 06320TH 2%‘\’5’{ I,I5 I'sB: pado 0,12, Jﬂ’lgf n @)
CYNOCTDOHNO WOMENNG OHAGRNA, pesymerary padoy ¥ o/,

PaccorpIN AaHHNO pat}m/m ES Hepaoro Eadopa, P xoTOpORk B
OTINYNG 0T EDYTEX DACOT COXODEATCR DOAYALTATM ONENOIO CECTOMATE-
qecxoro Gasoporo AHANNSR U ~-paccesHER 30 Bcef mmrepecymmef mac
o0IacTE. Bo-nepBix, 3aMOTEM, TTO ME DORANIYeM NXSH XOMKENDYEMS-
ro BissEEs daExefentx ocolemBocreff, ZOTODRS CHDABOAINRA, BOOOWS
TOPODA, HA XOBOXSHO Y3EKON NNTDBAXe sEepruf X TpedysT EpOBEDEX
B Goxee ampoxofl odxacTs. HodTOMY M CHAYANA DR3ORIN IXCHEDINEN-
TAYEHNe TOUKE DACCMATDEBAGMHX XAHHWY R4 XBS IPYRIN: XARRNe B XH-
repeaze or 0,8 ro 1,2 TeB - odzaces pesomamcmoro &'- 3§dex-
ta-xorl,I X0 1,5 T9B - agscs Jasa &°(3) obzapyxxsaer
naxspefwxd pocT B pafope I,3 ~ I,4 I'sB, 7ro woxer 0TS NHTEpOpe-
TEpPOBABO XAX pe3oBaHCEME € -~ 5ffexr. Jaxee mu olpaforarx 3rX
ZAHENe ¢ momoZsb Jopmyms (7,a) mo weroxy A® , mpemoxaras
Sor¢ =4 ¥ RO 70MEE0 OXEH pe3OHSHC B XaxKoR N3 OGXRc-
ref. [oxyvennHe OpN STOM NADAMETDM De3oHAHCOB (co cromm domON
RIS KARAOTO pe30HaHCA) OPNBEXNeRN B rasxxne I (mepsse XBe KONOE-
x&B).

Sarem My DAcCOpOCTpaRfeM 0GPAGOTEY BA OCEOBe Jopumyax (7,a)

Ha nanAHde Bo BCell paccuarpmBaemof 0GXACYE, BPORA OXHOBDEMOHHO
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o0a PesOEAHCA. ECAE B De3yJibTare NapaNMeTpPH De30HaHCOB W3MEHATCA
He3HayNTeABHO, TO NpemnaraeMul coocol ONMCARHA SKCIePUMesTANLHEX
IAHHHX cXefye? CUIMTATE NOCTATOYHO HATGXHHM,. llpuieM 3To TredobaHue
B OCHOBHOM OTHOCKTCH K INOJOX3HMSM IOJDCOB Ha Il JECTE, KOTOpPHE
onpefeAANY ECTHRHHHE NACCH ¥ MEPAHH De3CH2HCOB. [I0JOXEHBA Re 1O-
aocop Ha M JECTE, B 3HAURTEJNHHOU Mepe 3aBHCAmKE OT AGCODITHS-
HuX 3¢PexTOB, MOTYT, OYeBEIHO, CYWECTBEHHO MEHATECA B pesyihrare
raxol mponeXypH.

Pe3yXBTAT TAKOTO QHANW3Z IEHHEX (B HpeIIOJOXSHUH fs# 6=
=4 ) gpuBenes B rTpeTsell KoXOHKe TACKMI 1 {KONOESHME NOBCOB
@ali W[l  amcrax oGosmavemH Kar Yd, =m,- LI, /& =

=m0} /2 , n= 8, €, ...). Ocpadorre NoxBeprumch
64 SECHEDEMMEHTEARHHE TOUKE, CBOGONHHME HapaMerpamy, NOLIeXaliaMy

Tacxmma I.

m}p;m.lt..l 0,6 - 1,9 (T2B)
L
Hapawerps P 0,8 - I,2(PaB)| I,I-1,5(T3BY 5oty T om <6)
Mgy (MaB) 997 T 6 999t 7 ) 1000 £ 5
Iy (MsB) 4 9 55 £ 8 48 t ¢
Mgs (N3B) 942 ¥ I 95 30| 971 i
ys (MoB) 147 % 60 62 * 40| I52 *I5
m, (MoB) Is70 = 175 87 = 35| 1552 15
Iy (ueB) 470 2 180 | 63T * 60| 494 %35
me (MsB) I710 ¥ 250 [T499 * 20| I5I6 215
¢ (usB) 350 £ 300 {459 ¥ 55| 369 %32
a 237 140 115° £ 100° | 23° % 5% nomme 2-10
NOPAREA
& 650 £ 170 T10° * 100° | 38° * 5° [ Shmp ?28"'
:6,06 T3
76’/n.d.j. 0,6 0,32 1,14 | 1,00

OUPSXEASHED B DeSyAbTATS MMHENEIAIEN %’ , ABRANTCA HOJOXEHNA
NoAMCoB B mapaweTpl JoHA - Bcero J0. SxcrepMMeHTANBHAR TOUKA
upE V& = 0,99 T9B BHOCET aHOMAXBHO Goxnmol bBxaal B %" , 109~
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TOMY DPASYMHO NCKADINTS €6 N3 DACCMOTPOHRN. N3 CDaBNONEX C HepBu-
ME ZBYNA FOXOERANE TAGKEIM BEENO, YTO MacCy X NNDENN DO3OHAECOB
NSNeNNENCH B JNONYCTEMMX DPOXGASX, 0 6CYS: mpexaaraswd cnocod on-
PeZeNeNEN [ADAMETPOB DeSONANCOB NOCTATOWNO Namexmuk.

B cas3E ¢ oOCYXEAaMEefCA paEee BOSMOXBOCTRY CYNOCTBOBAENA
CEALADHOTO Me30HA € (700) wu mmpexm jAxes B Jopuyae (7,a) DoImca
B NJAN, XOTODH® COOYPOTCTBOBALN (M 9TOMY DeSOBAACY. B pesyasrare
uxmmazamxx  X*f mapawerpu doma o m £ mpaxTHvecx oSpermincs
B HYXb, BBeNeEENe moanca xa Il XECTE X COOTBOTCTBYNWNS® EM HY-
xmual JECTEe CMOCTMNNCH B DOZORSEES JOBOTO paspesa, BBSNOH-
EMe moznca Ea I XNCYe CMOCTRNNCS: BB DeAXLEYD ock mme 4Amp}
B B3ANMEO YHEWTORNANCL C COOTBOTCYSYRNMNY B Hyxwmwn B2 1Y
JucTe. Taxmw oSpA3OM, ME 6CTECTBONNMO KDERNN kKO BTOPOMY CHOCOCY
onmcasys Jora - (6): 0B ONMNCMBASTCS BOXNCOM 2-T0 HOPAXKA NA
I  xucre mA peaxsNof OCK N COOTBOTCYDYUNEM OWY HyXew Na J
JECTS, ANHDOXCHMEDYNNEME XoBUR DasDes; To ects JON OMNCNBASTCN
OXHNM DADANeTPON. Pe3yILTa' ANAINSE NANEMI RA OCNODS JODMYXN
(7,6) (9 cpodommx uapameTpoB) EpNBeNSX B 4-of xoxomxe Tadami I.
OnECANEe XNHEX YNOBISTBODETOILNOS.

Hxn yxo6CTBR NCHOXE30DARRX Jopwyx (7,a,0) yRazew Taxze
COOTBOTCTBYXNES DE3ONANCAM DOXORSNER Byaelk B mpanok X -moxy-
GEOCKOCTR, YCTANOBASHENES HOCDEACTBOM ANAXNSA JANNEX: B CAYYAS
yopyroro fona (a):

Xg,=1,2273 + 10,I7339 , z;.z 0,84637 - 1 0,22365,

X = 2,987 + 10,75566 , = 0,34737 - {0,070805,

B cxyws JoEa (G): myms 2-ro nopaxxa EA MEmof OCE B TOIXe

y,‘z I1,2634,
T gy= 1,2281 + 10,15318 , z"',s 0,72984 - 10,24186,
¢ = 2,8933 + £0,59804 , &0 =0,3479 - {0,05624.

JmeprerEvacxax samNcmwocrs fasu 8 l‘yupymcn R@) , mo-
IyIeHEAR Ha ocEOBe Jopwyx (7,a,6), mpEBexeHa xa pEc. 3.

[posepaIACH TAXES TYBCTRETSXLBOCTS INPOINYRDOBANKEX BENO
POSYXLTaTOD X NOXOERRD HOYUDYTOTO NOPOrs g, , T0 €CTh x
MIENESNROPAXOCH C eme OXNNM CBOCOZNIM Dapawerpow g . Pesyms-
TAT DPAXKTNWECKN HeOTINWEN OT RPSXEAYNETO ANAYNSA.

6. C nexsp ompexexenns mapaserpos I 4(TF)=0*(0") - waso-
HOP EDSXXQESH CROCO0 ONNCAREA SECHOPENSETAXDNHX XGENEX KO & ~
B0XEOBOMY K ~ PacOSAHER B N3OOKALNDHON XAHAXS, ocmopammiull ¥e
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350'} o &

2’|

180° |

10 12 14 16 18
¥s,Me

PEc. 3. 2msprerywcxe sasucmeocrs Jasm 8, (KL-~&K)
X IapameTDR yAPYIOCTE rz: (Cw—-£L), ROXYIORHKE C
BONOWEM BPSJIOXGEROTO MOTOAA ONNCANES SECHSDEMENTANL—
NNX RANNX: A gcEOBe Jopuwyam (7,8)- NYERTNDNES KDPE-
nue (X% a],I4), ma ocEOBe (7,0)- CRAONENG XDE-~
e (X f,-:I,O). NPOBANNCS 64 SRCUODENGHTANS-
Hde TOWEN N3 Daso 73 A DECYNK® ODNBONOHM TOALKO
ESKOTOpH® YADARTEDNIS TOWKN.
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PeaXN3ALXE RN AONKHEDYONErO BANATHEA Sxxxalxx ocolemEocref ¢
RCHOAL3OBAREGN NPOHSAYDH YERRJODMN3AUNN. APTYMOHTEDOBAHO, JTO NpN
YueTe TOUXN BeTRIGHRA, caasamiof c XX - moporon, mpEmoxsmem x
PACCMOTDSHND 4-XECTHOR pmeamosof mOBepXHOCTM & - MaTpMmE mpomec-
ca EX—LX , Cxxatamem x fusmgeckof odxacTR 0COGEHHOCTAMN, COOT-
BOTCTBYDWENE DO30HAHCY, SBANDTCH XBe DADN NOALCOB, DACIORATAKMNX-~
Cf 3 ROMIIEXCHO CONPARGHHHX TOYRAT Ha IXOCKOCTE KBAApATA SHEDIEN:
oxEa napa Ha lI XicTe X xpyram — Ha ., Jlas “ympyroro” peso-~
HAHCA 3TN DADH HOXDCOB HATOZWANCD: OH TOYE0 OXHa HAX Apyrol. Bamsa-
ENe adcopnTEREHX 5Pjexvom muwe KX - mopora cwemmer mommea Ha
) XEcre, YeXOBNG YHENTAPEOCTN Tpedyer Hawmyms Hyxed B 8§ - mar-
pEle, DACHONATADENXCA HPX TeX Xe 3HAYGHEAX KBAXDATA DHepIEN, YTO
X COOTPSTCTBYDNNE NOXRNCA: IoxncaM Ha Il XECTE OTBOYADT HYAN
mal ANcTe, moamcas ga I XuC?T6 - Hyxx Ha IJ.

BRIDYeHE® B DaccMOTpeHNe Bropof mapu moancod (¥ COOTBEYCTBYD-
WEX Wv Eyxell] ABENeTCA HAOGXOXNMUM 2XSMOHTOM ONECAEEA De30RAaHCA
B caydqas 4-mucruof pmeasoBol HOREpXHOCTE N CYNOCTBOHERM OTANYNEM
0T ONNCAREM De3OHaHCA Fa 2-zEcTRof DOBEDXNOCTRE. B mocxemnem cxy-
yas GAxzafmENE OCOCGHNOCTAME, COOTBOTCTEYDNNMN De3OHAHCY, AB-
JAfeTCA, KAK E3BOCTHO, [ADA KOMILIGKCHO CONPAEOHHHX NONRCOB HA BTO-
poM JmCTS.

JeTHpeXANCTRAN CTDYRTYPR DMMAHOBOR HOBGPXHOCTR YYETHRAOTCA
¢ momomsd YHBPopMNIYmmeR mepewennof = (Jopwyaa (3)). Iapemer-
pesammef pe3oHAHCHOTO BRXANAR B & - RAOCKOCTR ABUIeTcA (yHEIEA
GIfmKe, DOCTPOEHHAS NS YKR3aHRHX Bhme moxmcos ¥ Hyxed. JoH Geper-
cx (a) xax "ynpyrml” ¢ JmHefino 3ap¥camed or sHepramm dasod (2 ma~
panerpa) x (0) xax ampoxcmwEpyrume Xesifl paspe3 noamcs K HYAN Ha
peaxsHof ocE. B Hames cxyvas OKa3axoch XOCTATOTHO ONHOTO IOXDCA
2-T0 DOPAAXA N COQTBETCTBYNMEIO ewy Hyxn (OXNH Tp). Doxyde-
HO XOpomee ONECAHNG 3XCHEPEMAHT&IBHMX AAHHMX pado 2/ B GOX3CTH
smeprxk 0,6 - 1,9 (T'9B). Peayasrari o0pacoTRE no weroxy X% :

XYn.d.§ «=1,0; mg= (1000 * 5) usB, Iyu= (48 £ 6) MsB,

mg= (1552  15) MeB , I = (494 * 35) MoB.

Yxasanwk Ha odcyxxamsmiics paEee cxaaspuuli Me3oE € (700) wu
He OCHADYEWAR. Macca N NEDNHA Me € (I4C0) oxasaxxch Goxb-
N6 NOXYHABIEXCA B XDYTEX aRAINS 3/ Kpome TOTO, MOXHO
cXexars xajecTBenEHfl Bupox 0 cxmeHoR cpasE  §¥ ¢ mpyrmam xa-

(KR, pPp ). 3T0 BEANO N3 OTHOCNTENEEO CONLNOTO CMeme-
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mut noxnca ma l-ew amcre, HaoGopor, N3 aNAXOTWYHMX coodpaxemuii
X W3 TOTO, WIO YOPYTOCTH 12(6) B OKPSCYHOCTN € — Me30HA
dmaxa x I, XexasM BUBOX 00 OTROCETGALNO CRAsNOR cradm € - Me-
30HA ¢ &I -cxcremod MO CPABHOHED ¢ XDYIMME EaNarawE, Jxa moxyde-
nEx doxes nmoxpodmof § xoaxmwecrTmemmol ERfoDMAIN o CRE3AX ¢ pa3-
MME XAHAZGME X Ooxee onpsxeieHEOR NATEDUDSTAUEN HOANCOB HA
B-eu JuCTe KeOCIOXNN TEXEe AHAXN3 RAEHEX IO kpaliHef mepe mo mpo-
neccy ax—KE . Yy,
Cacayer Taxie NPOAHRINIEDOBATH IKCHODEMEBETANSHMe KaHHWe ~*~
N3 BTOpOro HAGOpA, oflcysEaBmeroca B pasxexe 5. Oxaaxp 5T0T aHa-
aN2 Tpafyer OGEMENX YCKANE X OCTODOXHOCTE, NOCKOXBEY B DTOM CXYy—
wWAe B DASHEX SHOPreTNYSCKEX OGXACTAX XOXNHN ECHOXH30BATHCA EAHHKE
T3 PASINWHNX PacoT K XIf DOXYYSEN® OpNexiewol smeprermvecxol sa-
BECEMOCTE X DasyMumux 3Raverxt ® mymmo, Boawoxmo, mpecTN Hexme
BOPMNDOPOWHME MHOXNTOAN, WroGM IDEBECTE B COOTBETCTRES XavyecTBO
TEX DASXKYHEX DECHODEMOHTANBHMX XANMMX.
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MOJIAPM3A UKMOHHBIE 3¢4EKThI B MPOLUECCAX TMPAMOro
Y OBPATHOIO 3/IEKTPOPOXIEHHA BO3OHOB HA HYKJ/IOHAX B KXI

&,C.Caneixos, A.U.Myxrapos, C.K.A6aynnaes
A 3epGaii 1xaHCK MR r‘gcynepcraennbm yuusepcurer, Baxy

B mocxenHes Bpet ES SKONODNMERTRIGENEX NABNMX IO X6DTOB-HYK-
XOHHMM OXA00-BXOKTDOMATHRTHIM RDOIISCCAM, RERXDORREOMY DOREANED A%~
POHOB 0 CONBENM TODODOYRMM MMIYJILCOM, 10 OPAUEOCOAM ANHEIEAMMNE X
POXIOHUA XEOTORENX N AXPOMHMX NAD NOTYYeAR HOBLG BARNME CBEXOHEN
0 opofloTEAX XBADXONMX N I'ADOEHMX pacDpexexesmmil BEyTrpE axpoHoB.B .
QAcTHOUTE, JOTAHOBXGEO DPASXNNNS B Oopexensx Symumfl pacopeaexeEms
KS8DROB DASAEIHNX OCPTOB.He MeRes YOUSEHO OMEA PASRMETA KBARTOBAA
xposoyEaMuRe /KXJ/, Ba coHoBS xoTOPOl YARROOE arsk yxasaHHue
apoeceH N ODEXOKASATH HEROTOpWS HOBEG 1/ rrenowsaoh
XpoMozRHEMNI6CKOR o0paorke MOXBSPraprod DAasHOOCPASHES XenTOoB-AX-
poHse B3amioxefioTaEd,IXe ACEMITOTEYSORAA CBOGONA HOSBONAST 00—
foRETS MoBecTHUE OndpradoBoxER oxefxwHr,Xexammll B OCHOBE OADTOH-
HHX TDeNCTaBXeREE 0 OTDYRTYPE AXPOHUB,OUECKBAET IANOHHEG HOOPADKE
K cxadoMy psamMoxefioTEEY.Hocaexcsasme DASANUHMX OOXADPEIANEOHHEX
sifexron npm JeDroR-8XPOHHMX BEANMONSACTEEAX HOSBOIAST OOPSNGIRTH
HeynpyT#e CTPYKTYPHHO (yHXImN,Xger nerHyD Eafopsanxy o cpollorBax
KBEPX-TADOBHEX DACHpEJe]SHRY BUYTDH SXPOHOB, 00SASST CXArOIDEAT-
HM® . JOXOENS ARA OpoBeDKN mpemoxasarxk xexxdposovsof Teopms.Bamps-
Mep,B SRCHEDEMERTAX CTEHJODACKOE TpymIM MSy9eHO IXydoKoHEYmpyroe

pacceAHNe IPOXOXEHO-IOXAPESOBARNEX DOHOB EA HYREOHAY & Eie—
PeBEa P~HodeTHAS OUNHOBAS AOKMMET .PesyasraTu sro% pedoru Xo-
POWO COrZACYDTQH ¢ DPOAOKA3aHNMMN SEEHOR TEOpEX CXAGO-SXSKTpOMAI-

HUTHHX Baamonencmun/ 3/ .
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B padorax/ 4,5/ B pauxax KIJI dunn MCCXSOBEHN OpPOLECON SAGKTPO—
PORNGERS [NOHS B OGPATROrO 8JeKTDODOXNGHEA ONOAA HA HYKJORE C
yueroM ozadix mefivpasbHMx Toxop /CHIT/ ® oapeneneHm oTDyKTYpHHe
$ypeuEm, 00YONOBNGHAKS XAX KBADK=TIDORHEM, PNROH-~IINOHHEM B38EMO~
JellCTBHAM, TaK ¥ HeUTPAIBbHHMA TOKami.B padore’ ™ raike paccMOTpeH:
ARHNIEASORA XefToE-AHTREGITOHHHX Oap B af[pOHH B Momer¥ DBaffudepra—
Canama.

B Hacroameft padore GPOBOANTOA HCCASHOBOHES HONAPBIAIEOHHET 3~
dexron B Cpomeocax ApAMAro K OCPATHOr'0 AEKTDODONTEHES MBOHA HA
HYRACHE K TODMO3BOro ESAyTeHNS 2AEKTPOHA HE HYRJOHE C 0ODaSOBEHH-
em axponoB B KXI ¢ ygerom CHT,

HeMa nowyveno oomee supamenEe sfheRTHBHOrO CedeHWA NpANECCOD
ENENTR TFW// B KXI B monexm BaftuOepra~Cazama B HEZDEM
NOpsifikeé TOODER BOBMYMGHES X NPOHE3BEAeR0 MHTEIDEPOBAHEE (0 NApA~
M8TPY 2c. [pE 2TOM IAA CTENeRE NOJRPESAIME KOHEIHOr'0 IAEKTPOHE
/HagaXbEMl BMSRTPOR HemONAPN30BAH/ OATydaeTod CJIGNYNIME BHPAXGHDA:

Py = _Fo Ges CHT /1/
35,2
F = o+ 99 £ (2 o CHT = /2/
2 USRS NACS g

e
$1(x) = = (22cca,4,)0) - Eue),
5, = = I (Usroasp),

91 = &, QZ[,/_',(J/Z('O..«Mz)é’] /3/
3neos By {x)8f (x) ABXAYTCA QYHKUAAME BEKTOPHEX ¥ BKCIEBHMNX
xonceantnn reopEm BafinGepra-Caanma X WMOyXHG00B YACTHN,WB-38 I'PO-
MOSIXOOTH BNpEESERA NX 3KeCh He OPNBONDM, /3 = XA, ; & -aepe-
napaemufl BUAYXLC; £, B '(:, ~NMIYABCH XefTOHOB; E, 157 ~-38pAL K
NOXSDNSAINA KBEPEOB, o K ,/, ~EOHCTEHTH SJEKTPOMATHETHOTO ¥ CN&-
6oro psamMonelorpxi.

HaseHeENS CTENeHN NOAADESAINE aNEXTPoHa Lo Opu dmrcEpoBan-

BNX PABANYELX SHAYEHNAX . DoxasgHo Ha pdc.].JpE yremugesss -c
sxzap CHT 8a £, cymecrBenno ymessmaercd.C posrom Q% R
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HEe CHT He Be 3HAYRTENBHO, HO DOANPASAMA ¢ yasrod CHT onado
28BEORT OT (p 2.

fe I
05
ant 4
08
i3y
qaos- 5205 __n
& ‘06»
ok 4
a . 7

TE T E g

Pro.I Vswenenme orenehx nons-  Pro.2 SapmomMocts P, or

DPR3aIEE KOREYHOrO 3JeK- KBappaTa nepejnanac—
*P0HA B DEArImN €A ~>C(AT MOro EMOYABCA B PS&R-
apx & =120 TsB, & =6°, W eV~ N7 upr
I —Ges CHT,II -¢ CHT & =I20 T'eB, & =6°,

I -6e3 CHT,II -0 CHT
e/lg?nmaya $yRrIm® pacopeneAeHRd 2/ -KBEDKOB B HYKXOHE B BU~
I
0,388 3
: (1-x)(C7r2.32x),
=z, = Z2,=4/2 /Y
B ERTOTDEPYS OGAYREHHO BRPARSHRG KAS O6ueHRS peaxnEs €/->C4F
oo JC © TOYHOCTED IO TACHOB ,)" =g, 1/0’- IVIR OTGOSHR OOAADH-

SAIRE BAXONMM
o= '
e= T34, des CHT, /5/
p oty CANE 35S AR )
€ 3;{,«‘7,(..3/),/?6},—7,/9&&*41"&5) c CHT, /6/

f(x) =
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TLe
f= x—‘“—z(ﬁs% ")/?f £)+(44)]

$,= X, [’-Z' (1#284 ?)(,o,,/c WAk, ) -
- ——(¢+% ’)(Mv]

5= /'/ L t5,-55,) — g ()b (B4 055,)+
+m~k){z,5))]

Xg=Q /207, 4§ -OpEprenoBOXER napaMaTD.

Ha pEC.2 OpexcTaBASHA SEBHCEMOOTS L, OT KBaxpara mepeaapa-
esoro mMayxnoa.llopenense _E . o CHT n dea CHT mouTE OZNHAROBOS
B OH YMOHSEAETOA O POOTOM @8 JBTEPECHO OTMETETH,TTO NOMIDESAIEA
KOHeYHOro FYKX0Ba /00yOXORNGHEAS goxspmsaliell Kapxs/ o FOMBHEHN-
€M M6DeZIaBAGMOTO EMIYXEOA COTASTOA HOYTE HooTOANROR Ge3 yuera
CHT, a o yaerou CHT oEA pesxo ywmensmaeros /pso.3/.

Crenens DNoXADNSAINN SX6KTDOE-COSETPOHSMX Nap B mponesos 7—>
NéZ OupenexseTos BLUDAXEREAME

P _ fjl}"l
y) 31, 4, des CHT, /8/
;31;/_ij( 3’9‘ I [ 3/’}’ ,Jlfﬂﬂq,;‘f‘;)

ff'fj(%e 'J 'f, A4 54 ) o CHT /9/

2
,(” = 2L [2x, 0k )00 %) - LR D) ],
!
5=

1 2
Tl e A Ve 2 000 4)—
Tt X UM 1) - 2, (A1) 5 @]

. oxt 2
b= - (ak-44).
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i

v = ’i%m - {15 t8)65)- 505/ 0)-
%l )-fxzz(p,,,)] 2, (% 7)/-2 (5 @) +
* xz(&ﬁ)-%é[&ﬁ)j} .

Pac.3 CeBECEMOOTS DONADE3&— PuC.4 3aPEOEMOOTE: OTEHOHN

WK KORGYHOr'0 BYKNOHA moxApNsamiM nap or @*
or Qs peaKtuN £4'> 047 npu £ =I20.TsB, & =67
npE £ =120 T'eB, & =6°, I -des CHT,II - o CBT

I -Ges CHT,II -c CHT

Kax BNZAO X3 pmO.4, CTONEHH NOXADNSAINMN HADH O pooToM (P %
yMEHLTAETON X STC 04AHL HYBOTENTENLHO K SHaYeHNaME ¢, Maxcm-
MAXEHOS 3HAYSHNe NQAADNSAINN BOSEMXAST ODN OTHOORTEXBEO MAXKX °
X prusHge Bxaaya CHT SBAASTCH CYMEOTBOHHEM,

TMoxyueHnoe HAME COUSHES Opouscod J/A-» 427 LpHE DacaDSNACASHER
/4/ EpapecB B HyKXOHe NHTErDEDOBAHOC OO 2., [IpH 3TOM CTeNeHB HmOJA-
pU3aZY KOHEYHOTC 3EEKTPOHS NOKasaEa Ha pmo.5.CHT oymecTBsmHO
ameser £, B OpE MexEx G2 oTemeH: MONADESAINN OPNHEMACY NAXS
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OTDEUATEALHO® SHAYeHNe,Taxoe nopepeHNe NOMADHSEIME HAD MORST ZETH
OeRHYD XHDOPMSUND O.DAOODENeASHNE XBADXOB B HYRACHS.

CXenyeT OTMOTETH,¥rO NOBONOHN® DONADNSAOER ROHEUHOrS HyRioma B
IAHHOR DeaximN B 3ABNONMOOTA OT () 2 MOYTE TaKoe X8, Yro B Mpaues-

ce ¢~ NI /puc.6/.
F"“'x,=a.o- T

Q21+

-t

ary

Pxo.5 Nopexesme £, nooxe mp-  Pmo.6 HoxApmsamesa RoOHeWHo-
TOrpEpPOBAERA N0 T , ro ByrREOEE, I ~Ce3
I -Ges CHT,II ~-c CHT CHT,II -¢ CHT

B oraEnsprioR monexx Baftudspra-Caxame JmifeperimansHoe cedeHNs
OpOlleoca TOPMOBHOIO NBXYYeHNA ¢A - £) X MoEer CHTH NPENOTABAEHO
B BEne

46 _ &2 wdw&dE, 2/
IQ;:/:—Q;‘ aTL o £, 47 {/*5154)(5"‘16:)*

Faes) (6405 o

rme

= 2 G (5 o 0 )22 G (Y
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f‘f;_)({—(xﬂf_(ﬂ)dﬁif A‘,U’,S‘_’;»*f;_ﬂ)"
x(,f (x) - fq(x))

FJ,“ 24 Ze’y(f, frp t/;_)( x)-fjc;”[:r))-f
*2":2—21'4 (F, 8% e *)+f.”w) ;
fo=-24 eZ ey (Y, Psf(;w-;; (x)) ~
2%, 1

& 4 (fft/_,;+f ﬁ)(,c (o) - ,r-(x))

h = Ze,(% )(,C(-r)-»,r’(x))+zrze,v(f‘/'*
+f «fg)[,f /1)4;_11)) 24 %‘eﬂ (}w +

+ﬁ%)(;’(-¥)+f_(x)) ;

= G‘z 2 2
' T (gmmz) T4

fl_ V2 6 @m,”

—_— 2 ry —
Fllame) s PE4)”

k), K (5)u K, (S ) -4-mynaﬂ /cmspexsaoori/ Poroaa,ne-
YRXLAOCO X XOHEWHOTO XemToHoB; [ K. .}:f' l-‘c) ~fysruER pacgpese—
ZeHNA RBADKOD X GHTNKBADKOD B HYRAOHe; ¥ ¢/ = 1 -+ 8/ -Hexoro-
pHe JyANIER SHEPTER N YTEOB BUASTE J80TEN,N3-38 IPOMOSAKOOTN BH-
paxeExft EX 8760k He IPEBONNM.

Toxssyaor fopuyxo /I0/, oupeXemmd P-HeUsTHYD NPOXGABEYD OOE-
HOBYD ACHMMETDED, DOycxopaenrol CHT




12y BB 5)
e Zefz[ﬁ*‘/i)(ﬁ”(*)*gc;("))

11/

Jxg TEONSHEHX ONOHOX 2CNMMOTDEE A ECOONBSYA (yEKINM pacapene-
XeHE KPEpDEOB /4/ OpE SEeueHmN SC =0,5 C yUeTOM BAASHTHHX RBAD-
XOB BAXOIEM

2
A:-BI(J‘4 ;{T IxSl OpOTOHA

2
A =15 1074 7; InA HeBTDOHA
m
(4

Jpyrmu P-pevermist sdbexToM, yXASHBAYNIM HA OYRMECTPOBAHANE Hefl-
TPAABHMX TOROB,fBAASTOA OTSOCHH XPYrOROR MOAADASAINGE TODMOSHEHX

fororon
P =y TSt hI fw)
7 ‘z 277 e+ ) f,‘?f)v‘,t;.’." (x) ) e

B oxyuas,Korma XeOTOH PROOGNBAETOA HASAN M TOPMOBHHRA GOTOR
JHOORT MARCEMAXLEYD SHEPINY OpE SHAYGHME 2C ~ I JIA cTedeHE EDy-
ropof NORADESADEN MMSeM

[ 3
en210% L
‘PT ’ -,7”1: JRad OpoToRa

= vl
Pr 24 1074 i 15 Reftrpona
Inreparype
I. H. Wahlen, Proc, of Summer institute on particle

physice, COFNF -8I0770, sIAc -245, 663 (1982)
2. C.Y.Prescott, stal., phys. Lett., B 72, 347 (1978)
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O BO3MOXHOM CTPYKTYPE XWITCOBCKOIO CEKTOPA
B SU(2)x W1)x W1)-MOOE/H 3/IEKTPOCNABLIX B3AUMOAEACTBHH

A.H.Meanoe, B.B.Xpywes

HHCTHTYT dnauxe puicokux auepruit, Cepnyxos

B CTaRAApPTHOf TeOPHHE 3MeKTpocnabbix B3amMOAeiiCTBHI, OCHOBAHHOA HAa Ka-

mGpopounod rpymme SU(2) x U(1), cymecrsennnmm obpadoM HCnone3yeTcs mexa-
HA3M XHFT'CA CIOHTAHHOrO HADYWEHHS KANHGPOBOMHLIX CHMMeTpsi. K HacToswemy
BPEeMEHN KpOMEe BCTECTBEHHOrO TPeGOBANMA OPOCTOTH! MM MHMAMANBHOCTH MWC/D
XNTICOBCKHX NONEA H3BECTHO TONLXO OQHO OrpaNWYeHHe Ha CTPYKTYPY XHITCOB—
cxoro cextopa B SU(2) x U(1)=Teopu  (Xpome HHBCHEHHBIX OLEHOK HEKOTOPLIX
NapaMeTpoB), KOTOPOE CBAJAHO C IKCACPEMOHTANLHLIM 3HAYSHHOM  BE/HYUHEI

2
p= m:/m:cal Oy~ 1 /l/. Tak xax B O0CHOBHOM npuﬁnmxe!mu/“

n - n 2
p= £ UT-TIM1 /2 3 (Tyw)

roe v /\/2— = DBHCTBHTENbNLIE PAKYYMHEIE CpefMe XMTT'COBCKAX mMoned, 1, - re-
HOpaTOopH cnaboro KH30CNHEHA, TO XHI''COBCKEe Nons, KoTophie npeobpasyiorcs
KaK CHMTIeTH RAR AyGneTh orHocHrennHo SN2 )-npeobpasopasmp, ynosneteopsior
ycnoemo p = 1.

C mpyrofi CTOPOHB!, H3B&CTHO, WTO DS BONPOCOB TEOPUH JACTHL, TAKHX, Ha—
npuEMep, KAX YHCNO NOKoMNOHER $epMHOHOP, He MOXET 6bITh peleH B  paMxax
SU(Z)xU(l) =-MoOe7, T.e, HeobXoauM nepexofl X Gonee WHPOKOH IpylNie Kanu6po—
BOYHEIX CHMMMOTPER. MUHEMANBHHM paCIEpeHHeM CTAHOAPTHO# MOOENHA SBJISeTCH
Mopens, ociopaunaa ua rpymme SU(2) x W(1) x W(1), xoropas paccmarpupanacs
panom astopos’/ 2710/, B SU2) x UWl) x U{))-monemm  cymectsylor aBa HedT-
PanbHHX MACCHBHHX Z-5030HA, OMHR C MAcCOH, XAK NMPABKIO, MEeHble MAacchi
crampaprroro  Z-503oma, apyrofi ¢ Mmaccol, Goabuwef '“z('"z TeopeTHYeCKH
paBia npeGmuantensio 90 3B),

B macTosmeft paore Mul HAXJIAANBAGM ONPEASNCHHNE YCIOBHe CHMMETDHH OT—
HOCHTENEHO rAofanhHOA IPYMIN HA BCXOAMBIA AAMPAHXHAH AN GepMHOHMBIX H XHI—
FCOBCKHX TOfefl 00 BBEfeHHA BIAHMOAGACTBHR C KA/MGPOBOYHBIMHM Oonsmu. s
SU(2) W) xU(1)-monent » apyma moxoneHBAMH (POPMHOHOB YCIOBHE CHMMETPUH
OTHOCHTE/ILHO ) —rpymmn (BMecTe ¢ TPeCOBaHEAMH CAMOCONPSMEHHOCTH Npen—
CTaBNEHRR NI CRAMPHLIX OoMeR) MPEBOMMT x BuiGOpy ONpele/eHHOTrO €€ BapHaH-
Ta - Tax HA3KBAEMOR AYGNeT-CHNI'NeTHOA Mofemn., Hccneayiorcd docrouHHKH Ha-
PYWeHAS HCXOAHOA CHMMETPEM NOCNE BBEASHHS B3AEMOASHCTBHA Mexdy ¢epMHOH-~
HLIMR ¥ XEITCOBCXEMR nonam, [oxasano, ITo npE onmpedencuHor Bribope 3aps—
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0B GepMHOHHEIX ToNel, NPH KOTOPOM YOOBNETBOPAETCH YC/IOBHE OTCYTCTBHA aK~
cuanix avomamuht B SU(2) x U(1) x U(1 }omomenn, Mexarusmp oSpaaonauns
Macc ¢epMHKOHOB MEPBOrc K BTOPOr'o TNMOKOMEGHHH Pa3tHYHB{, 4TO MOXET CIYXHTL
BO3MOXHLIM 06BICHeHHeM HabGmofaeMoll pasHOCTH MacC ITHxX IOKoJeHuit,

PaccMOTpEM KanmH6pOBOYHYI0 TPYImy U@2)xud)=xuQl) ¢ reHepaTopaMs
1T, Y, Nl. Kopapuantiaa npoussonuas pasua

. 1 . f .

D, -9, -igT, A, ~ig'y/2B,~hN/2C . (1)
Mpu h =0 D, nepexoArT B KOBAPHAHTHYIO NPOU3BOAHYIO CTAHAAPTHON MOREIH.
Bysem ansa yﬁoﬁcrne paccMaTpHBarb TO/MLKO APA INoKoneHuda ¢epMHOHOB:

R
= GE et kot il el sk, (F)T =GR R WR R R ER,
ciR ,'siR), T osusauaer onepammo Tpanomommpopamns, i = 1,2,3 ~ useToBofi WH-
fAexkc keapkoe, [ns snexTpumecxoro aapsaa cmpaseamsa ¢opmyna Q= T,+Y/2.

YTo6n 3afaTh XMTTCOBCKAH CEKTOP MOARIH, PaCCMOTPHM CleAyiollee yClio=
Bie, MBI 3HaeM, YTO CBOGOAHLIN Narpamxuay CHCTEMb! ¢ fn Ge3MACCOBLIMH ¢ep—
MuoHaMH o6nanaeT UL(n) x U (n)=kupaneuol cummeTpHelt. XHrrcoBCKER cexTop
npeanaraeTCs CTPOHTL TAKMM 06pasoM, YTOGH! 0O BBEAEHWS B3AUMOMBHCTBHA C
OPYTHMH MORAME OH 06nagan CHMMETPHet OTHOCHTEeNBbHO KaKoH-/60 BeKTOpHOM
noarpymmst Yy ,p, koropas cosepaarrcs 5 [, (n) x UR(n)]d_.-

B HaweM cay4yae B kavecTsBe Takoff NOArpynuul BeiSepaM BeKTOPHYIO NOMPYI-
ny SU{4) x (1), xoropas mocne BxmOYEHHA B3RHMOAGHCTBHA C OPYTHMH NOMAMYU
¥ NPOLeAYPH! CIOHTAHHOr'O HAPYLIOHHS KA/MGPOBOMHBIX CHMMOTPUA NepexodsT B
TpyImy napyweHHol cumMeTpus apomaros xpepkod SIK4),, ... xU(1)g. Bonee
TOro, CUMTAS XHITCOBCKHE MONS S/IeMEHTapHLIMHE (B PacCMATPHBAGMOM HaME AH&~
NasoHe PHEPruft), ecCTeCTBEHHO NOTPeGOBATL, YTOOLI OHH NMPYHAANEXKAMM (pyHAAMEH-
TansubiM npeAcrasnenusy rpymms SUA) x U(1), ana koropnix bupHomisui 3apsn
paBeH Hymo,

PaccMmoTpumM nogpofHo chyvall, xorfa XATTCOBCKHe MOMS NpHHAQnexar dyHAa—
MEHTARLHOMY COMOCONPSKOHHOMY NPEACTAaB/IeHHIO, PA3MEPHOCTE KOTOPOro paBHa
wecTd, Vicnonbays npuBeneHHoe Bpilie YCJIOBHe, NMOJIY4MM, YTO IVIOTHOCTL fArpat-
¥daHa s GSPMHOHHBLIX H XHTT'COBCKHX IOneft 00 BKIIOYCHHS B3auMoLelcTBait
Mexiy HHMH GyneT MMeThb BHA

109~y ,9, -6y, y 0 -

A o x1e Al s N . £
-4—SP[(6“X) aFX1 7 [2 (X X)+ - ¥, (2)
ree 9, =8, ,u,v=1,2 3,4 X - arrucammerpmuuaa orHocuremsHo SU{4)-

unoeKCop Marpuua: X, =—Xﬁ,i,i =1, 2, 3, 4.

Hcnonsayem B KadecTBe KanuGpopoyHofi rpynmnu B3aaMofeiicTBaft Mexay dep—
MHOHHEIMH H XHET'T'COBCKHMH YOMSMH MHHHMANBHOE PACUWEPEHHe IPYIIH 3eKTpPo—
cnabix saanmonelicteit [awoy-BatinGepra~Canama, T.e. SU(2) x (1) x K1) ~rpyn-
ny {(OTMeTHM, OOHAKO, UTO NIPHPESCHHOZ BHINE YC/IOBHE CHMMETDHM MOXHO HCO-
NONb30BATh ANIA MoGOoA KanmMGpoBOuH-# Ipymel, B TOM YHCAE K QI9 I'PYMOEL
SU(2)xU(1) B Taxoh Mogenu nmo cpaBHeHmIO CO CTaHAAPTHOM, NOSABASETCS
TONBKO OAMH HOBLUI HeATpANbHEN! Go30oH, TAK KAk Mb HaK/AOLIBAGM YCIIOPHE CHM-
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Merpuu orHockTenbHo SU(4) Toabxo Ha 1°(x), TO TOCNe BBeASHHS
S x U{1) x Y(1)~p3aemoneiticreup  Hcxomsas raoGanbhas caMMmeTpus Gyger
HApYWATLCH ONPeMeNIeHHbLIME Y/IOHAMR B NOIAHOM NarpaHxiaHe, KOTophie NpuBefe-
Hb! HHXe,

Ha xurrcosckHx Roasx MOXHO peanH3vBAaTh NPeACTaB/eHMd TI'PYIE
SU(Q HECKONMbKHME cnocoéamn’ 11/, B pansmefwem 6yaeM HCNONLIOBATH pe-
vienue (10.4) ua 9560’1‘5!/ 1/ , KOTGpOe COOTBeTCTBYeT pasioxenmio X, iy ha
CHHIIET M CONPSMeHHbll eMy cuHTleT, QYGieT M CONpsDKeHHLIl emy aybher. ITo
pelletHe YAOBNETBOPHST OrpasMueHMIc HA BO3MOMMEI Habop SUN2) -npeacramne-
HIA QNS XMTTCOBCKEX RMOASH, KOTOpoe CeAYET H3 TOr'0, YTO 3KCHNepHMEHTAaNLHoe
aHaueHHe MapaMeTPa p NPHGNUIETENLHO PABHO enamane’/ 1/, Tpwaenm aapmmen-
HEi TOK XHIFCOBCKMX HACTHI B 9TOM ciiyqae (A0 CIOHTAHHOTO HADYWeHM) oT—
A¥YeH OT HyNA TONbXO wm NepexonoB MeXAy WieHaMH OYGJeTOB, a HeHdTpanbHblii
tox amarouanex no S4)-munexcam.

Marprua Xi; BbpaxaeTca Wepea CHHF/eT ¢°| u aybrer ¢2T= (¢;, ‘D‘; )
creaywomuM obpa3omM:

30 +
0 @ o, o,
X_ 5 0 o, ¢ )
-4 © 0 ¢;’

-4, -, -9 0
[locne sBofeHHA BIAHMOBRACTBHA Mexay depME~IONSMHE # NoasmH Xurrca
TNOTHOCTE JArpaNyHAHa paccma'r'msaamoﬂ CHCTeME! NMPHHHMAST CSAYOUH{ BUA:

Js R+ R¢R
1) = .._A2 -—C -f PRE"
() - 4wy 75 ()’4’uu

—”)yy fD"f"-(5)¢ i)q:—(fD ¢)5)¢

o_0,2

-A(¢¢ + 30 ¢¢2¢2+-—-)-A(¢ o7 -

-2, (B200)T 07 + 0, 83) - 3@, 0) -17 (4)
roe
5)1 =9 —ith/2n_ C
soop i 3
2 . - . .
9" =a“ -ig/27 A" —sg'/Z BF _|h/2n2C#,
oF -9, -is72 4RBF -in/2N"c, (5)

o ata i . L
% - 5, - /27 A, -ig72Y'B, ih/2N"C,,
Y - R
= T & L o't +hec,
ig @ a at +hatn

Ll
-
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npnqu t‘b’z =& =i 02 , ECTH | COOTBECTBYET (PepPMHOHAM C T:, =%, wu
¢ = 0 ecnk i COOTBETCTBYET (OPMHOHAM C 'l’3 = -1/3. La - neBbie OyGne~
Tbl qJepmuouoB.

flpx ronyuenns Bripaxenut (4) u (5) bl BocnonbacBAMCHL CEeAYIOWHMY De-
aynoraramy, HaGop xurrcopckux nonef, asdaHundt marpruet (3), ooosonser
HCNONBL30BATE yC/loBMe paboTh’/ /12/ pna coBnageHns HH3KOSHEPIeTHHECKOrO BIAH—
MODORNCTBHA NeBbiX S/eKTPOHHOI'O H MIOOHHOT'O HeATPHHO B paccMaTpHBaemoit H
CTaHMapTHEIX Mogdenax, YToSnl Taxoe coBnefeHse HMeNO MECTo B RAHHOM cliyuae,

L
AOCTATOYHO norpe6oBars N(stfv2 ) =N(v'; ) =N(v“ ) 20. HapecTuo TaKxe, 4To N(l& ~paa-
HMOOeACTBHE MOMEeT NPHBECTH K BOSHMKHOBEHHIO AKCHANLHLIX aHoMmarmil (AA) po

B3AHMOOCRCTBHAX C Y4aCTHeM JepMEOsHOB. YcrloBaeM oTcyrcTBus AA sABmieTcs
cnpapeAmMBOCTb A8 N-3apsfop ¢epMHOHOB YeTHpeX ypaBHeHuH:

TrNLi 0,

#0°N" - %@°NE,
TraNY)? - TrQ N,
Tr(N")? - T(NF)S.

Ecna cuurare, uro coxpawerse W1y AA npoucxoAHT BHYTPH Kamaoro no-
xoneHHs, xak s7o umeer mecto ant U(l), AA e cramnsprios mosens, To He-
TPYAHO NOAYUMTH:

a) korna N=3apan Npaporo HEATPUHO KAKOro-HUGYAL NMOKONEHUS DABeH HYILO,
70 N ~3apaan! Bcex ¢epMUOHOB MNOKONGHHS PABHLI Hymo;

6) xoraa N-capad Npaporo HOATPUHO KAKOrO~HEGYAR NMOKONEHHS OTAHYEH OT
Hyns, To  N-Gapaabl neBsix (OPMMOHOB papHH Hymo (IpH ycrnoBur LLKOpmKki—
Batu6epra’/12/), a ana npapuix $epMEOHGB PACCMATPHBSEMOrO NOKONEHKS MOLYT
sanapareca Matphueli N Hnu maTpuues N:. rae

(6)

R i3
N, - diogin, —n, Ny + =y
N7 - diog1-y/7/5n, -7n, 50y o, 1.

Hunexc (i ) oapauseT TpoexkpaTHoe NMOBTOpEHHe NPOM3BONEBHOrO YKcha N, wro o
COOTBETCTEYeT YTPOSHAI 3a CHeT LBETA KBApKOB, ﬂpu n = 1 marpausl N 4 N
CORNANAKT C MaTPHUAME, NPHBEJOHHLIME B paSore’l

Bri6epeM B KayeCTBe OCHOBHOT'O peIUGHEA QNS N-arpanoa $epMHOHOB TNepBo—

(n

TO W BTOPOTO NOKONSHMH MAaTPHEBS N,R a N"' Ny cooTeercreemsoc, koro-
puie 3ageoTCH cneny!oumum ¢opMynamu.
N‘:‘=Nl =0, N“= o Nll= diagin, -n, n(i)l"n(i) 1. (8)

Opyroe npocroe pewenne ana N-3apanoB (epMHOHOB, KOTOpOe XOTSA SIBHO
uapyuwaer ycnopde [bropaxe-Ba@lGepra, uo, Kax cneayer a3 gopmyd (9), ue
MOMET NPHBECTE K CYUIECTBPEHHHM HPOTHBOPEHHSM C HMEIOIHMHCH 3KCIepHMeH—
TANLHBIMH QAHHLIME, HMEeT Pug

N NS -0 N = NT - diogt3n 3n a0 -ng ). (9)
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Baaumopeficreua 0xabel npu srnibope pewenua (9) kak ami depmuonos nepvoro
MOXONeHus, Tak H ana dEpMHOHOB BTOPOr'o MOKONEHHA CTaHe AT BOINMOAHLING
Tonsko nocne napywenss W 1)y-kueapaantrocti.

lna pewenus (8), ecnu n £ 0, ycnobue U(1), ~musapitairtuocty e noapo-
nseT NOCTPOHTHL CBA3H [OKaBbt ANA (OPMHOKOB NEPBOTU i BT ({MA'0 HUKOAGHI
oarospementio, Ecns N(®,) = n =0, To BaanmonedcTBue Klvabi BoIMEmIO Toms-
KO ans ¢epMHOHOB NEepPBOr'0 NOKOJNEHHH, ecnu n, -~ n, TO BlaumoAcACTBHS OKa-
Bbl BO3MOMXHO TONBXC ANA (ePMHUOHOB BTOPOrO TIOKOMEHHA (RnpH YCnoBKH U(I)N-—un—
BAPEANTHOCTH). B MocnenieM ciyiae KBagpaTb! MACC HEHTPMILHLIX KANWEPOBOY-
Hp{X G030HOB ONpefieIAUOTCA KAK COOCTBEHHEI® 3HAYEHMS hia:(Muni:

2 12 2
(ﬂVz ) -3 72 -ghnzv‘_» \\
2 1 {2 « 2 ¢ 2 y

M= T %Y (ov,) ghn, v , (10)

2 / w2 2 . 4

-ghn, v, ghr, v, thngv,) < (ha,-

3

npideM none ¢oToHa BopaXaeTcs Yepes nons A,J y Bﬂ, JNKKE KOGK B OB CTai-

AapTHO# Mogenu,

Takum o6pasoM, FapylleHHe NEPBOHAYQNLHOLN FACGANLING CHMMCOTDHH Narpati-
xuema L, (%), kak mo crowransoro Hapywenus StK2Y < U1 ) Y UD—cuniver-
PHE,TAK H NOCNH@ MOXHO ONPeAe/ETH C nomowsiko ¢opMmya (4). (5}, Orserum
OfHO BAXHOE OGCTOATONLCTEO, KOTOPOE 38KMKYAeTCA B TUM  YTO  HAPYUIOHHE
U(4) —cuMmeTpHE H BKRAA pasuiMHbX BIAHMOASHACTBMI B oBpasouanse Mace dep-
MHOHOB Gonuue Al ¢epMHOHOB BTOPOro NOKONEHKsl, KOTOPbLW: o6nafainT HeHYNG—
pbM N-dapgaom, K ToMmy ke, ecnd cnoHTaHHDe HapyWenyc CHMMMETPHE (1POHCXO~
T cnenyoumm obpaaom: SU(2) x U(1) x U(T) » U(N) < U(T) » (1), o na nepeom
JTane TONBKO ¢epMHOHBI BTOPOrO NOKONEHHA NPHOOPeTAalsT RACChi 3A CYET Bian~
MofedcTans IOKaBbl, Macchl GepMHOHOB NEPBOro NOKOJeRI:! Hi ITOM ITANE MO—
r'yT GLITH OTAM4HLI OT HYAS TOMABKO 38 CHET AMHAMHYECKOIU MEXaN¥u3Ma BOSHYUK~
sopemnsa Macc’ 14=17/ » 3TO O6CTOATENBCTBO MOMET CIAYMHTE BOAMOKIIbiM OGBAC—
HelHeM HaGmoON2eMo#l Pa3HOCTH MacC Mexiy (epMEOHAMH (IepBOr'oc ¥ BTOPOro
noKoneHnit,

Apropet 6naropapunt B,A,Ap6yaopy, A.A.Apxunosy, B.H.Caspuny, M.B,Cu-
BenbeBy u C.9.CyaraHoBy 3a noneawble oGCyXaeHis.,
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3PDPEKT AAPOHOBA-BOMA: KAK [MPOUELYPA BKJ/IIOYEHUS
MATHHUTHOTO 10/18 NTOMOI'AET ErO MOHATL?

B.[.Cxapacmcksfi, B.Il.dponon

Puanyeckull mucruryr M. I1.H./le6egesr AH CCCP, Mockea

1. Poegeiue

3fferr AapoHoBa - Boma /1.2/ ABAAETCH OLMVM B3 3aMeyaTolbHHX
KBAHTOBOMEXAHAIECKAX ARJICHK{, KOTOPOE MOXHO NOCTABUTDL B OIMH DAX
C TaKEM¥ OPEACKAIAHKIMY KBaHTOBOR MexXaHMKM, KAK KBAHTOBAHHE 3HEp-
PHY CBY3AHHHX COCTOAHAH, OPOXOXXEHHe 9acTHl 4epe3 NOTeHUAANBHHE
Oapeep B T.I0. CymHocT: 3PdperrTa COCTOMT, B Q&CTHOCTH, B TOM, YTO
KBGHTOBOE COCTOSHHEe BJIOKTDPOHA, YNeDEMBAEMOT0 NOTEHUMAJBHEM Oaphe-
pPoM B HeOEHOCEA3HO# OGXACTH, I'le OTCYTCTBYET MATHATHOE moJye, HD
OTIMYCH OT HYAA BeKTOD-NOTEHNEAl, 34BHCHT OT KAIHODORORHO-HHBa-~
DHAHTHHX KOMORHAIMA BERTOD-NOTEHIHANA, § AZ  u B RomeunoM
C96TEé OT MATHETHOTO OONA B 3apemeHHOd GJAacTH. 3TOT B HEROTO-
POM CamHCJNe NApaNoKCatbEHi faxT BESBaX B 60-x TOZax OCTPYD JHCKyC—
CAD O DOXH 23eKTDOMAI'HUTHOTO OOTEHIM2sNa B KBAHTOBOK MEX3HHKe, a
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TaKKe O KORUEMAM NORSILHOCTH /3-5/ . B X0Ie KOTODOX OHIO BHCKAa3a~
HO HEMAJIO MHTepeCHHX, HO He BCerHa KODPERTHHX yTBEepiIeHH. Yxe B
CBOMX NMepBuX pafdoTax /“'“/ aBTopH yOeIMTeJBHO OOKa3axd, 9TO AaH-
Hoe ABRJEHHe KaxeTCA TPYOHO OOHLACHMMEM JIMIF C TOYKN 3pDEHUA Kiac-
cAyeckolt (U3MKN, TXNe U3MOHEHWEe COCTOAHMA CHCTEMH MOKET OHTH BH3-
B4HO TOJBRO JefcTPAEM HEeKOTOpOR CuiH, ¥ HAINPOTUB, OHO MpENCTAB-
JAETCA COBEPLEHHO €CTeCTBEHHHM B paMKax OCHYHOI KBaHTOBOR Mexa-
HEKE B €€ TPajuUMOHHOM TOJKOBAHMK,

Tem Ae meHee B nocienHee Bpema 3QPeHT AapoHopa - LomMa BHOBB
OpUBJIEK K cede mmya?xe KAl TEOPEeTHKOB, T&K K 3KCNEPEMEHTATODOB
nocye CepEM padoT 5 , B KOTOpHX YTBEDRIANOCE, YTO NAHHHK 3PPexT
ARIACTCA CHEICTBUEM JORHHX MATEMATHIECKHX MOCTDOCHHR, He HMeux
fus3MdecKEX OCHOBAHUY, a COOTBETCTBYNIEe BKCNEDMMEHTH OUBACHAKTC
HI0X0#l 3KPaHEPOBKOZ MATHATHOrO NOJA. XOTA KDUTHYETKMH pascop /1
3TOr0 YTEECPKAGHAA N05B387 6T0 ABHYW HEKODDEKTHOCTE, ORHAKO CaM
farkT BOZHMKHOBEHHA fOChEeNyNmedl IMCKYCCHR CBUIETENECTBYET ©
TOM, 9T0 TEOpEeTHAYeCKOe DAcCMOTpeHHe NAHHOT'O ABIEHWA CTAIKEBASTCA
C ompeneJEeHFHME TDPYIHOCTAME Kak QHCTO MATeMaTHYecKoro, Tak u qu~
3MJEeCKOT'0 XapaxTepa, ROTOpHEe Mewawr ACHOMY NOHMMAHAD CYulHOCTH
9TOTO ABJICHESA.

Tax,p pAne pa&OOT OPR OIMACAHWM NANHOT'O adifexTa HeKPHTEUECKH
HCOONESYDPCA MHOTO3HAYHHEe NOTEHOMANH, 8 TAREe BOJHOBHE (yHKIHE,
38BUCANHEe OT METErpPANOB MO MyTAM. JTO JaCTO BENET K HAPYUCHED
TpeCOBAHEA ONHOSHEYHOCTH BONHOBHX (yHXOMi H K HEBEDHHM YTBEDKEC-
HESM OPOJE NONYCTEMHX KANMGPOBOYEMX NOpeolpasosaHefi. [lopoGmas
npodnemMsa BO3HMKAET, HANDHMED, OPM MCCHENOBAHMH ASHMOTOTEKU BOJHO-
Bof#l {yHRUME B 3a1A9€ D2CCCAHHA HA GECROHEYHO IAHHOM COVIEHORIE,
BeRTOp-NOTEHIEAX ROTOPOTO CJIA®0 yOHBAET HA OECKOHEYHOCTH. 3TO
BHSHBECT ACKaXeHEE ACHMITOTHKH, KOTOpOe OTpaxaeT, Kak 4 B ciayyae
KYJOEOBCROT'O pacCesrdd, cnemajmiccKae (M3mIecKue XapakTepHCTEKH
paccemBaTeNss # MORTOMYy He MOEOT OHTh JCTPAHEGHO HHUXEKEM KAXEGDO-
BOUHHM OpeolpasoBaHK¥eM BCONY BHE coseHoEna. lonodHoe nposBaedme
JENBHOZEHCTBEA NOTEHIMANA CTABHT BONPOC O €r0 BIMAHEM MA NpPONEecC
[IPETOTORNEHEA HAYANBHOTO 'COCTOSHMA 3MEKTpoHA. B sToff ceasm Open-
cTapzdeT OmpefeNeHENY® EHTepeC paccMoTpeHEHe 3fpexra AapoHOBa-BoMa
Ha TopompantHom conetomne /9/, rie,x comazemsp, me yneerca maitTa
TOTHYD BOJHOBYD {IyHKIMD H3-33 COMKIMX MATEMATHSECKEX TPyAHOCTel.
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C mpyroft cTOpOHH, B CJy4ae CECKOHEYHO TOHKOTO CONEHOMHA BEK-
TOp-ROTEHHAN HewsCexXHO CHETYNApEH BIOML HETO i BH3HBBET COOTBET-
CTBYNQYD OCO0EHHOCTH POAHOBOS (yHXNIIE, OODHAKO I3TO 3ATPyLHeHMe
JIETRO TPeoNoNeBAETCS TPUBRANLHIM UCHOABIOBRHMEM TEODME o0oliueH—
HHX Gy roaom .

B naHHoff padoTe MM yResifeM OCHOBHOE BHUMAEHE HCCJeXOBAHED
BANARRA OpoUecca BRIXMEeHHsS MACHETHOTO NOJA CONEHOMJA Ha COCTOA-
HHEEe HBAHTOBOTO 3JEKTpOHR. Taxad MOCTaHOBEA BONPOCA O03BOMAET HC~
KIINNTH TPYAHOCTH, CBA3AHHHE C NaVibHOflefcTBueM (CJIACHM YOHBAHMEM
BERTODP-TOTEHIBATA Ba CECROHEUHOCTH) E €TO BOSMOXHNM BIMAHAEM HA
gponecc NMPETOTORICHHS BAYANBHOTO COCTOAREA cucTeMd. Kpome Toro,
NpK TaKOM NMOKXORE ¥ 3anaje yHAeTCA OTHCANTH KIACCHYecKOe CRIoBOe
BO3Ie#icTBEE HA 3MEETPOH BEXPEBOTO AEKTPEYECHOrO [OAd, BOSHUKAN~
mero B npomecce BEANNEHWH, OT KBAHTOBOMSXAHWYeCKEX adfexrros,cBs~
38HAHX C DOALJCHEGM B IPOCTPAHCTEE BEXTOP-NOTEHIMANA, YTO CIOCO0-
cTBYeT (oXee ACHOMY HDOHEMAHED RpEpOmN afdexra AapoHoBa -~ EoMa,

Bo pTopoM paspmene padoTH H3ydaeTes BMNAMME Mponecca BROME-
HEA MATHATHOT'O NOAS B OECKOHEYHO I/MHHOM TOHXOM COMEHOENE HA
PACCEANNE JUIOCKON BOAHE ¥ BOJHOBMX HAKSTOB.

B TperreM palpefie aHANOrAYHAA Jamaya pemaeTes MMA ciydad fu-
HRTHOTO NBEECHNA 3AGKTPOHA B IMARKIPNIECKO# HONOCTHE MEXLy coae-
HONJIOM KOHEYHOTO DANEyCR 2 OrpaHNYHBamief ROIKCHANLHOR INUAMHIDH-
YeCKO# MOBEDXHOCTHED COXEEEro pamEyca.

B ofomx cuiydas. NaeTcA OTBET HA BOOPOC, OPH KSKAX YCAOBHAX
TOAEKO 110 KOBEJHOMY COCTOSHED SMCKTDOHA MOXHO MOAYYHTH BEKOTODYD
nuPopMaIED © MAPHETHOM OOJe B 00ZACTX, HeZOCTYOHOH LA 3JEKTDOHA.

2. Paccesmme SACXTDOHA [PH BIINCHAM MATHEATHOYrO NONA
B_conexoRze

3nech M NCCTELyeM USMeHelNMe NBREGHEA 3XCKTPONA B mponecce
€r0 PAcCeAHAT IDH BKINNCHMN MATHRTHOTO NOXH P OSCKOHERHO UIEHHOM
TOHKOM CONeHORNE, DAcCHONOXEHEOM BNOXD ocE OZ , 3To mose ONECH-
BASTCH Benrop-nmmxla.nou

Jg{z t)= e °‘(t) . pz(x’w’)r, (2.1

OUpPeNeNeH MM ¢ TOYHOCTED N0 KAMNOPOBOYHOrO NpeospasoBamid. Tak
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Rax notok marmursoro nons D(t)=$Ade=2malt) wepes mpoussoxs-

mit youTyp C , OXBATHBANIMY CONEHOEN, JWKCADORAH ¥ He SABHCHT

0T BHOOPA RANRCPOBKN, MEKAKMM KAMKODOBQIHEM IPSOCpA3SOBAHNEM HEJh-

3 odecnedmTh dojee CHCTpOe yOnBaHHE Ha (ECEOHeYHOCTH.
Marmaoe noje

Hit)= wotd = &, P(e)dexidlyl = €, @/t/é'(ff) o

COCpPenoToYeHO HA OCR OZ , a WHAYLKPOBAHHOE BEXDEBOE snemmecxoe

none .
2.7{ - ¢/t/

é/ tj=-LFF=-¢, z7ep (2.3)
OTABYHC OT HY'II BO BCEM ODOCTPAHCTEBE TONHKO BC BpeMs BRAYMEHES.
3aMeTmd, YTO GeCROHEWHO TORKAR CONSHORN PACCMATDPEBZOTCA JMMb Da-
I OPOCTOTH DACYeTOB E JBIKO MOXeT OHTH 3aMeHeH CONSHONIOM KOHBY-
HOT'O pamuyca. Kpowe TOTO, CONGHONN CYNTAETCA HEeIKpAHEKDOBAHHNM,
"OpospasHEM” ,~ B NPOTHEBHOM Ciydae HeoOXOMUMO yYETWBATH JNONONHE-
TEJABHOS paccesHEe, OCYCJIOBNEHRHOe JKPAHRpYNmel NOBepXHOCTHD.

JIpEReHUe 3JERTPOHA B HAHHOM HOJe ONNCWBAGTCA ypaBHeHEeM Lpe-
JEHreps C PaMITETOHMAHOM, SABECANUM OT BPOMOHM:

A -
m%é’:ﬂ’;(,a’-gify, B =-thP. (2.4)
Bnour ocu 02 3ieRTpOH IZBERETCH CBOCOXHO. EcaE cocTaBammad
BOJIHOBOT'O BEKTODA 7z BRONH Hee 3ajaHA, BOAHOBAA (YHKIHES AAEK—
TDOHAR COJEPXHT TDPUBMANEBHHE MHOXHTEND
W t) —e;zp[;t_l't_t41& 2] Yiz,9.t/,

KOTOpWR He MeHAeTCA UpH paccesm K B FanbHekueM OyneT OOymeH.
CoaeTpRA 3a5a9d NONYCKAaeT OTNeNeHMe yraopod nepemeHHof

Yiz,y.t) =f R, (pt) exp[imp] , (2.5)

m= —ao

TIe pammanbiHe (yHKUMM YOOBIETBODADT yPaBHEHRD
2
i BM ORn | Ty, 1 26t TR,

E9F T3 Tpap PR 2.6)
. exXtt) _ e Pt/ :
Pl = 55— 2vke

KOTOpOE B odmeM CJy4ae IAA NMpOX3BOXBHHON iy Hiayum jd/ t/ pemNTs: He
YIGETCH.
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[loaToMy cfiesiaeM ynpomamiee OpefnojOXEHMe, YTO MATHATHOE MoJje
BRIXMAETCH CRAYKOM B MOMEHT BpeMeHn £ =0 , Tax 4To ymama 6/t)
uMeeT BER ¢

BlE=pOE), p=22 (2.7)

rre 60 - crymewuaras @ymma. a QS - yCTaHCBMBUEECH 3HAYEHUE
HOTOKZ MAUHETHOTO DOJLL.

Iag roro 4YTOOH PeNlTH HecTANEOHADHOS ypaBHeHMe liperanTepa
(2.4) B 2TOM OpACMEXEREM, HYXHO HAATEL pemeBEEe CTAIMOHADHOTO Ypap~
HeEld, OLECHBANISE PacCeAHEe A NOCTOAENOM CUHLYNADHOM WATHHTHOM
goxe, COCPEfOTOUEHHOM Ha OCH OZ , E CHATEH ero ¢ COOTBeTCTBYT™
PemeEReM LA CBOCONHOTO JBMNEENA, YCNOBNEM CUMBAHKA SBAAETCH He-
Li)EPHBHOCTE BOAROBOH (yRXW, M B MOMEHT BDeMEEHR t=0 ; Kax BULHO
¥3 ypaBHeHRA (2.4), DpoEspomRas ¥ OpR 5TOM TepmAT pa3DWB ODE
E=0,

NMycrs npr L< O BoMEOBAA JyHKIMA ABAAETCA IIOCKON MOHOXpOMa-~
TRYECROR POJNOM C BOJIHOBHDY BoRTOpOM £ :

Wz, 4) = - eap[-FE2 «iFp )=
—__L-exp[ ;ﬁl—t- +(,"‘ﬁ60$[¢ %/]

Pemerme Opu £ >0 (ynem ECRATH B BHAE CYNEeDNOSHLUM CTAMOHAD-
HHX DEueHER c 3anaHHOR SEeprueft:

Wiz, g t)= ﬁ{p c(B)expl- ”'t.eM ]i" ), (2.9)

roe 3!’5(;:/— OLTOHOpMHMpOBaHEHE (HA S - fyHxuuw) pemeRMA CTALMOHAD-
BO} SaNaYE pacCedHEs SNCKTPOHA HA CHHTYJADHOM MATHHTHOM NOJE, CO~
CpexoTOJCHBOM Ha OCE O£

Kak EspectHo /2 » DeLeHEA }g(ﬂ/ MOKHO MpeiCTABMTL B Bufe

(2.8)

e d —_ 1 N
YL (p) —;,;mg;c,. ()R (p)exp[imy], (2.10)
Tfe pAINATHENe (YHEMEE K, [0/ YROBNETBODADT YpaBHeHED Seccemi:
R j;’@,,n +0°R, - s (mpsR =o. (2.11)

YauTHSas TPaENIHOS YCAOBME OpE O =0 , EMeeM
R, (p) =,7,,,,_ﬁ, (pp). (2.12)
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Koaf¢mmaents C, (¢} Onpeneaanrcs IpaiNYHMME YCIOREAME HA 0ECXOBSY~-
HOCTE H HEMEDT BEE

G (p) = e2p[im =i L fm-ppl - i ], (2.13)
CoexTpassBEan (YHKIMA DasACKeHNS (2.9) BUMNONAOTCA BS YCAOBEA
HONpepKBHOCTN BoXBOBOR fyaxs ¥z y,£) mpx £ =0 mo dopuyxe

cp) =2% fdf')’ eacp[z"/—cl'/a-’] yr;(‘,a'; . (2.14)

PaccuoTpmd cHavana caysat = f. , rme /L - mexce Wmcao.
Tornma mieen

yg[ﬁ) —Ze:cpﬁ%n z—-/m "/"”’Y]J@p)ez'p[m?]—

o expfin(p- --"’]Z“P[“”‘/J (eplezpfimlp-g /] (2.15)

=_1q_— pfin(p- y—irj/exp[:_pﬁ]
Bupaxemue (2.I4) Depemmmes B BERS
C(F)=C(F)exp fine 7], (2.16)

rne

Elp) =;15 [dF exp[i (R-F)F -ny]-

=8, 8(F-%)+ ey T e Z)].

(2.I7)

Taxiu 0OpASOM, BONHOBAS (YHNMA OpE £ >0 puser mEp

Yimy,t)= expling] L fd,é’é"(p’;gaqo[-d t L +iBE ] @,

T.e. MPEACTABAAET COCOR CYHEDIOSKIAD LEOCKEX BOXE (BoxnoBOR ma-
xe7) co cnexrpoul (p) . Kexmdpooussh MEOKETSNS: €20/ing] obecns-
YMBAST YCTPAHOHES BEIAAA BORTOD~TOTORIEANA NS CDSAHNX SHAYCHEE
BCex (WSEYOCKEX BSININE. OR IMOST OCOGSHBOCTH o P=0 , XorOopas
COOTBGTCTEYET CRHIYAAPHOCTE BEXTOD-NOTOHINANR RAHHOTO UOXT N HO
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OPEBOERT X XAXEM-JECO TPYRHOCTAM. JT0 CTAHOBETGS OYCRENHIM, ECUN
PaccMoTpeTh DACCEAHN® HA SXPAHEPOBAHEOM COJNGHOMIE KOHEUHOTO pa-
FEyca, IIe BOSHEKAST TAROR xe MHORNTENH, HO BONHOBAA (WiDMEA OpH
P=0 ofpaxaerca B HyAD.

Coexrpaxseas dyHKmS C (7) BoasoBoro naxera (2.18) sapmcur
OT yCTAHOLNBEET'0CA 3HEAYCHNA NOTOKR MATHETHOTO [IORR. 378 3ABHCE-
MOCTH €CTECTBEHHO OULACHAGTCH NEMCTBEGM HA EAYANBHYD IIOCKYD BOJ-
By (2.8) BUEXpeBOro 2XexTpEUECKOro noas (2.3), xoropoe & fopMEDy-
€T EAHEE} BOAHOROR OAKeT. 3aMeTuM, 970 B CEy4Yas =N Hxaxod
paccesrEol IMMMHTPEIECKO} BONHH He BOZHNKAST N BCEe USMEHBHNE na-
Iangel mrockof BOXHH CBOMNTCA K ee mefopmame nop IedicTBEEM M-
OYARCHOTO 3ACKTPRYECROrC NONS B MOMEGHT BpeMeHE L =0

Boanosas Jyuxmua (2.I8) MoxeT OHTPH Npe[CTaBACHA B ABHOM, HO
fuswgeckn MeHce HATIIANHOM BRIE:

Wi 4yt /Hp -4t expflifp-2)]

e (ﬁyv-ﬁéi'e.z;o[i{p-so,-/]

sezpl-iZt e8] (TEE[ Y (2)-2 7 (8)]. (2.19)
Py /f"‘,.,— ).

B vuACTHOCTH, NpE /-2 mMeeM

)= Mp-tittemliten ] / i
[ AT Mp -tk explile-s f ( 2/t

£
2

exp/: At ‘g;-f z‘f-ja"'}

(2.20
Y ' . Mp? ‘
nexpl-iht K s i 5] + 2 ex,,[,ﬂ%//_

PaccmoTpas Telleps KADTEHY paccesAHMs OpH /3 #/2 . B aToM ciy-
4Yae CTAINOHADHOE DEemeHNEE 1#;(,3) y%e Be NPUBONETCA K BHEAY (2.I5),
TaR Xax fyaroEs

Lexp[ip(v-¢ -] exp [tFF ]

npetTepneBaeT paSpHB NpX ¥=£7 W NOSTOMYy HE ABAHETCH peleHueM
CTAIMOHAPHAOro ypaBHemus [ipeXMarepa. ACHMITOTHYGCKH IpH GONEMEX
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3HaYe HRAX _(a[4-0m{¢’yﬁ)] CTAlEOHADHOE pemeHne 9:.(/5') COIEPEET
Mocm BOAEY H DPacXomaqyncs IMIUHIDAYECKYD BOJHY / 2/
" Z expyiim - Zz‘/”""’ﬂ—m}’] ](Pp)exo imp]
= s (2.2

& explip(e-%-erfexp[iEP] + '”f(,n s fle)expfipp],

roe £=7 OpY o<y ﬁ;sfr HE=-17 npﬂ—fl‘sgp_yﬁ<o s 8 f/y}« aMIu~
TYHA PACCEAHNA:

= Smné" 7 9’3’- 4 L4
fre)= )% expfin(p-g-7)-i 5% - Sim %_s"— (2.22)

p=h-8 o0<dc<t.

SaMeTHEM, YTO NepRud acHmurrorEiecKEl wien B (2.2I) Me Hapymser
ONEO3IBAYROCTS pelellid, TAX KAX 3TA JOpMyAa HECHpABOLARBE OpH Ma-
JIT. 3HAYOHEAX ¥ - ¥;  DRe aMETyAA nananmeft mAocxoit BOXHH
yMeHBEASTCH (od.uac-u Toxm); HPE TOM $AI0BHE MHORETENL NEpECTpAE-
BAETCH Tak, YTOCH B ACRMITOTHNYEcCXoR OONACTM BOAHOBSA fyHKIMA oc-
TABANACH ORBO3EAYHOR M HempepuBHOR.

Boasopas yHKEa cECTEMd iIpE £ >0 OyReT, HO-MpEXHEMy, ompexe—
aaTHCA BHpaxemdeM (2.9),rme

c(5) ‘—/E./df’ expli ¥y 73 Z_‘e_—rp[ im(p-g-1, +1—-/”¢/1/]{/0/..

”m = —co Iml/g
(2.23)
IPJPZQ:C/J[ z—-mu.—-/m_p/ﬂ.n(y’_ %]J‘pﬁ/ ;’(f‘pj
HO B OTJHMYME OT Chydas A =/ , OHA yNe H® ARAdeTcd CynepoosEImed
INOCKEX BOAH. HANDOTHB, SCEMITOTEYECKE BOANOBAR JyHKIMA mpE Lo
CONEPERT HE TONRXO CYUSPHOSNIND [LAOCKEX POXE CO crnexTpom (2.23),
HO ¥ CYNEpHOSHUND DACXORAMMEXCA IREAKENPHYECKNX BONH. MMEHEO IOC~
JenuEe M HecyT EHPopMAIEN O HANEYRE NOTOKA MATHNTHOTO HOJA BAOND
OCR 0OZ E NO3BONADT OOPERCANTH €r'0 BeNEYHEY IO MOXY/N LEeACTO
wmcsa , 3=h-0 . BupaxemWe mna RoxmOBON fyHmm® ¥(z,y.Z) mpn £>0
B BENE pAnia IO 7  MINCTATOYHO TPOMO3ARO B 31eCh He NPMBOARTCH.
PesyasraTu, noxydenHse NAd CAysas ODaganmefi MIOCKOA MOBOXDO~
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MaTWYECROR BOMMH MU £ <O TPEBMANBHO oOodmavres HA GayYaf BOIHO-
BHX TAKETOB.

OycTe upe £ <0 poanosasd fyHKIMA OpefcTaRIfeT COGoif BOJMOBOR
naker:

. £ L p
Y(xyt)= ﬁfd{:a(’x”/z—;‘: 2zplihts s+ RE ] (2,00
Torpa pemeHme mpy t>0 womHO 3aMBCATH B BETE
9’{1,y,t}= éf&{%’a(f//dp—'c(ﬁjexp[:z';ife—%]%’ (B)=
., pa p? o (2.25)
=k [adp 85y expl-itt2 Y (B),

rne
B(B) = [d¥art) e, (2.26)

a cOexTpaisEax QywxamA C/S), seBECANMAR, KOHEYHO, 4 OT BOJEOBOTO
BerTopa % , ompefenseTcA Bupexemwdm (2.I4), (2.16) u (2,23),

Onpasch Ha NOMYIeHHHe DERYXBTETH, MOEHO BAKIINETH, YTO UPO-
fecc BRANNEHBA MATHUTHOTO NONA B COMEHOHNE OPABOAET, BO-HeDBUX,
K Ae(OPMAITAA HAYANEHOTO COCTORHMA - CBOCOXNHO PACHDOCTDAHANIErOCH
BOJHOBOT'O OaReTa -, AHANOIEYHOM K3MEHCHRD EMOYXECA KIACCHIeCKOR
YaCTRON 005 AeHCTBREEM BOSHEKANGErO MPH BXMNERRE 3NCETLENECKOTO
moaf, H, BO-BTODHX, K NOABAGHED (NpE B## ) pacxonamerocd ugE-
JMEIPEIECKOTO BOJIHOBOTO NAKETA - DACCEeAHAT AapoHopa - Homa.
HBaBTORHYE XaparTep STOTO PACCEAHNS CTAHOBHTCA OIEBALHMM, EC/H
y9eCTH, TTO DaccesmEHAs BOIHA BOSHEREST XMIH B TOM CAy4Ae, Xorza
najaxmEll BONHOBOR IARET OXBATHBAET CONEHORA (ochk 02 ). 3TO 32~
RAIACHRE HeMENNeHHO BHTexaeT M3 dopmyxn (2.26) m (2.I4). B xsan-
TOBOH MeXaHWKe RAACCHYSCKSA YACTENS OMECHBSSTCA Y3KEM BONHOBHM
nameToM. ECJE KnACCEYECKAZ YACTRNA He OEpeceRaeT COJCHOBN, COooT-
BETCTBYNNE# BOAHOBOR naxeT He OXBATHRAET OCH OZ ¥ PACCEHBAETCA
TONERO RHIYIEPOBAHENM 3ACRTPUICCKEM NOZSM. TAKEM OCpA30M, B KIAC-
CHYOCKOM Hpefiefie BOSHEEGeT 3HAKOMAA RAACCEIECKAs RADTHHA pacced-
HHAL.
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3. MsueBeHENe CTAINOHADHMX COCTOSHEN BAGKTDOHA, IBEXYRETOCE
BOXPYT CONOHOMNA, IDH BRAVGGENN DOXT

PaccuoTpiM (WESTHO® IBEXGHNE 3XEXTPOEA B NPOCTDAHCTES MEXNY
IByMA ROGKCEANHHEME MNHIPNYECKEME BeNPOHEUACMEME MOPEPXEOCTME
cpammycas @ B 6 ., IiycTh PHYTPS INUINHNpA MEHEESTO DANKyca 2
mOMesieH COMGHONA, B KOTODOM B MOMGHT BpeMeHX £ =0 cosmaeTca
MATENTEOe NoXe, DOMHiE MOTOX XoTOporo pames $. B mpocTpamncTae
MEXNY IEABEADEMN 5TO NOXe ONNCHBAETCH BEXTOp-DoTeRmmancM (2.I).
PacnpegeneHse MATHETHOT'O [OXA E BEKTOD-UOTORORAZR BEYTPA CONSHOE-
IA 31eCh BECYRECTBAHHO ¥ MOXET OHTEP NPONSBONBHHM.

BoxHopaa ymume SMexTpoEa UDH £>0 MORET ONTH NPEeXCTAERIGEA
B BEAS CYNepNOSNINN CTAIROHADHNX CoCTOSENA C Saiamuol aBepruEsik:

V(z4t)= ) cle)exp(-ift] ¥ (zy). (3.1
'3

(Tpmpaaxsmatt wnoxsrexs exp[fit#!+i% 2] , ommcumaxsmk cBodomsoe
IBREGHNS BIOXL OCE 0% 3EeCh ONymeR).
CTAUNORADHES COCTOMHNA CECTOM MOZEO SRINOATH B BNJS

Y (xy)= 2 R (plezplimyp] (3.2)

Tre DANSANLHHE BONECBHE JyHXImNa 12,,, (P) ROXREM YIOBASTBODATE ypas-
HeEED Beccean

22
,0’: +JE’-E; +p2ﬂm "j',_fz'(f"’_-pjzﬁ'm=0 , E-= jH R (3.3)

¥ TDAHNYHEM JCAOBMAM

R _(al= R (€)=o0. (3.4)
OTcona EMeeM
— p 0 (2)
R (p)=cf jm_;fﬁ/-rcm N 2P
The
r1) (2)
Co ’”';B/(Pa} *Ch /VIM./”{PE/ =0, (5.5)
1/ tz/ _ g
e g, (o9 + N, o8 =o.
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OTR YDaBHEHNA ¥ YCJIOBHE HODMWPOBKA BONHOBOR (yHKUMM omperenspt
BO3BMOXEHE COCTOAHEA CHCTEMH, OpHYeM JHepreTHYecKMit CNeKTp aajaer-
CA ypapHeHMHeM

 pa (p8) - pé) N (paj =0.

g/ml./f/ 4 /V/"l-/!f / 07101(-/51 mpi (3.6)
Bce KCpHE B3TOro ypaBHe BENEeCTBeHHH, MPOCTH ¥ CHMMETDHIHM OT-
HOCHTEABHO TOURE P =0 10/, Lna Gonpumx 3HadeHwd pa , p6
HECHONB3YS ACHMUTOTRKY (yHRuMit Beccend, DOaydaeMm

wr , 4(m-p)-1 G-a .

Fn),m{ﬁ/ = é-a d7ad . (3.7)
Odmee pemexme OpE £ > O EMeeT BEX
Vi, t) =75, (p) expl[-i AL 02 tasfexco [imiphy
n,m ’
’ (3.8

x| T (P _(s)0)- 4 7 bam |
[ A B #IP) (m 2] N (o nip)a) N (. ),

by ] C.l,,, () = DpOM3BOJSEHHE NOCTOAMHHE, YLOBJETEODANEE YCJOBMD
HOPDMEDOBRE BOXHOBOA ¢y HRUmH

4 2r,,-2 -2 2

Bosaopag dymcaea, ONECHBANNAA MPOMSBOJBHOE COCTOAHME CHCTe-
My 0eS MATHETHOrO Noxd OpE L<o , moxygaercs ®3 (3.8) u (3.6,
€CJE MOAOXATE (=10 :

Yixyt)=2c, Q’CP[“'Q% P to)fexplimy e
n,m ’
Py (3.10)
8 ()= (om0, B 2N, 5 120

U100l NONYIETE MOAROE pemeHEC SaNaTe NPE BCeX 3uademwsax [ ,
HYXHO CmETH pemerma (3.8) = (3.I0) mpu £ =0 . Yciosue HempepB-
HOCTE BoxEOBOR QyHKI¥E Upn £=0 mMeer BEN

= (3.1I}
; Cn"” (o) telhv/ [’e-,m“/f“’} - é cﬂ,m(ﬁ)g/m(-/fl’m/ﬁ\)jaj 2
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Tje BBEIEHO 00O03HaUYeHne

— ‘Zn- Ce"'"{'ﬂ/q}
Ko (G 101 = Jm(;;n;mf/sw— ’VI—A—F” Jay B ), 2
m-3/

Cymai B oGerx 4acTax cooThomewmsa (3.II1) npexcramnapr codoft
pana ¢ypre - bBeccens 1o, , 9T0 MO3BOJNAET JETKO BHPASHTE Koaddm-
umesTs C, ,.(°) u C, , (B) FpyT Yepes npyra. Takum o0pasoM, IO Ha-
YaJTBHOMY COCTOSHMD CHCTEMH, 33JaHROMY B BRZe IpOMSBONBHOM cymep~
TIO3MIMY CTAIMOHADHHX COCTOAHHH C 2HEPTeTHIECRAM CIERTDOM Pn,m (o)
B CrHeKTparbHuMy KoddfuumenTamu C, ., 0) . MOEHO ONHOSHAYHO ONpelne—
JUTH CHEeKTpanbHHEe KosgfurmeHTH C, ., (RJ, T.€. HAiTH COCTOSHEE,

B KOTODOE UEPEeXONMT CHCTEMA NoCJe BXMOYCHEA MAPHATHOIO OONA B
COJIeHOHNe. ECTeCTBOHHO, HMOJYYEHHOE COCTOAHNE GyNeT OONAmaTh Ipy-
T'MM DHEPreTMYEeCKUM CIEKTDOM, TaK KAk B Opolecce BRMMEHNA HA
9JIeRTPOH He#CTBOBAJO EHIYUMPOBAHHOE BEXPCBOE IJAEKTPHYECKOS [O0Je
(2.3). BameTEM, UTO KJIACCHIECKSS SapAXeHHAd YA0THANA OPH TAROM
BO3NSHACTBAE Taxxe MSMEHNT CBOY 3HeprEp. (NHAKO HAC MHTepecyeT
3EeCk He 3TO TPUBHAIBHOS U3MEHEHNE, 8 NDOABNGENe cuemMfEdeckoro
KBaHTOBOTO 3dfeKTa BIQUMONCHCTBEA C BOKTOD-NOTEHIMANOM, aHANO-
reqHoro afexry AapoHopa - Boma NMpE PacCesHEE. PaccMoTpEM, B
YacTHOCTH, BOMPOC O TOM, MOXHO Ji, SHAANIEDYA COCTOAHEE CHCTEMH
TOABKO OpE £ >0 & He WMEA HNKAKOE EHPODMAIAM O €¢ COCTORHHH
mpu £<O , ONpENEeNHTH, EMEETCA JIM MATHATHOE NOAE B CONEHOMHE,
T.e. B o0macTd PO<a@ , HeNOCTYNHOR 1 aneRTpoHa? OTBeT Ha
3T0T BOOPOC, KAaK B B CAy9ae DACCEAHMA, 34BHCHT OT BeJAYHHH yCTa~
HOBEBIIETOCS HOTOKA MATHMTHOTO I[OJA.

Jeticreuressio, mycrs p=¢ , rme £ - mexoe wmeno. Torpa,
OPOESBONA 3dMEHY KHmerco - £ =m’' B cooTHomemuax (3.6)
(3.8), nosyusm mna BoiHOBOM fiyHKIMM CucTesu mpE £20 caemymuee
BHpEXEHHe

Yix, gy, t;p=t) =exp[ity] ¥ (24t p=0), (3.13)
rne €xpfcLP] - HecymecTBeHHH RATMODOBOYHM MHOXETENH, BORIY
ps:-vrympmn B 00NAcT#, e BONHOBAA (YHKIMA OTIMYHA OT RYJH, a

Vix,y,£;4=0) - BoxHOBaA {yHKIEA HEKOTOPOTO ADYTOTO COCTOAHES
B OTCYTCTBYE MATHHTHOTO MOJA.
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B MpOTEBOOOJOXHOM C/AydYae N0JIOOHOE NPeOCpASOBAHWE HEBO3MOXHO,
BOJHCBAA GYHRIEA 3JIEKTPOHA OpU BKAKMEHHOM OOJE CYMECTBEHHG 0T~
986TCA OT BOJHORON JYHKIMM B OTCYTCTBUE MATHUTHOTO M0nA. Ee sHep-
reTuqecKuit CneKTp OKAasHBEETCA COBEPUEHH) XDYTEM, ODHYEM OH He
TOJ) ) CHBATEETCA HpY BKIDMEHRW MATHUTLOr) OOMA B COJeHOMEE, Kax
3TO MMOET MEecTo B CJIYy9ae pOTarTopa , K0 B nefopsApyeTCA TaK,
49T0 pacCTOAHWA MexJy YPOBHAMA 3IREPLUE HAYAHADT 32BECETH OT BEJH-
YUHH yCTAHOBMBIEroCHd MATHATHOTO DOTOKA B COoneHoume f3 (o mo-
EYJID £ ). Taxm 00pa3oM, COBEpUIEHBO OYEBWNHO, YTO BOJHOBasA JiyHK-
UES CUCTEMH OpH £ >0 CONEPXUT ONpeNeleHHYD HHDODMALHED O MATHET-
HOM [OJi€ B OGNACTA, HENOCTYNHOR WKIA INEKTpOHA. 3aMeTEM, UTO, KaK
B CIyYae paccesHis aJeKTpoHA, 5ToT sfdexT nmpossndeTcda Jomb B
TOM COCTOAHMM, KOTJ4 BOJHOBAA (yHKUMA OXBATHBAET COJNEHOHZ. 3§~
ferT ucuesgeT, ecaU B DUTEHOPMIECKOE OONOCTH, B KOTOPOR IBREETCH
3JIEKTPOH, NOCTABATH HeNpPOHMUAEMyW LA Hero Oeperopoiry. B 3aTom
cJyqae BOJIHOBYD PyHKUMD 3JEKTDOHA MpM BKINIEHHOM HOJE C OOMOUBLD
KATIMOPOBOYHOI'® UPecOpa30BAHUA MOXHO CBEBCTE K HEKoTOpoR BOJNKOBO#
fymama B oroyTCTBAE NoJi. B wiacrvdecKol lipefee, KOTIA YacTAua
ONMCHBA4ETCA KOMAAKTHWM BOAHOBHM (IaweTOM, KOTODHH He OXBATHBAET
CoJeHOKN, 3fpesT TAKEE HCYBIACT,

PaccMoTpeHHH# IIpuMeD PUHMTHOT'O NBMXEHMH MPelCTaBJAAETCA HaMm
OCOGEHKO NOyqHUTeNbHHM Npu odcyxmeHuu sfdexra AapoHoBa - Boma,

Tak RAK OH CBOGOJIeH OT Hakux-Juidu MaTeMaTHdeCKUX HeOompekeseHHO-
creil, CPABAHHMX K3K C CHHIYJSPHOCTHO BEKTOpP-NOTEHI@ANa IDE P=0 ,
Tak ¥4 C ero cJjaduM yOuBaHneM Ha JecKOoHeYHOCTH. C Hpyroff CTODOHH,
¢uamdecrad MpOCNeMa MPUIOTOBNEHMA HAYAIBHOT'O COCTOAHMA CHCTEMH
3Jech pemaeTcA NMHAMMYECKN W CTAHOBATCA TPHBHAAILHOA.

3ameTiM Takwe, YTO B PEMKAX HeCTAllAORAPHOTO NOIXONA BUIHA AB—
HAA HECOCTOATENLHOCTE BHCRA3AHHOTO B padoTax &/ YTBEpRJeHER O
FOUYCTAMOCTY MHOTO3HAYHHX BONHOBHX (YHKUEH B MHOTOCBA3HOM HpO-—
CTPaHCTPBEe, TaX KAK B OTCYTCTBME NOJIA TPOCTPAHCTBO CTAHOBHTCA Of-
RBOCBASHHM, BOJHOBHE (yHKIME ONUO3HAYHHME B YCJOBES CHMBAHMA He
MOTYT OHTPE BHIOJIHEHH,

B uenom HecrarmomapHuit momxoX K sdexTy Aaponosa - Boma moa~-
BOJIET JIyMlEé NOHATE PA3MyMe poviell BeKTOp-NOTEHIMANS B KIACCHYEC—
Kot ¥ KpaHTOBOM GHM3mKe,
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VHAY UMPOBAHHER SAOEPHBI S-PACTIAL
B MHTEHCHBHOM 3/IEKT POMATHHMTHOM TOJIE

HM Tepnoe, B.H.Ponuonos, O.P.[dopodees

MocKOBCKH® rocynecTBenupid ynueepcurer uM. M,B.Jlomonocosa

Cxopo Menosuures 50 AeT ¢ MOMOHTA CO3Q&HMA NEpPBO# TEOPHH Of-
HOro M3 uuup}tf'?enmux apnerult agepHoft dHakkK - TEOpHK {5 - pac-~
nage (3.%epun’ "/, I934 ron). ¥Yme B paHHeM fiepuofie HCCAEROBAHHRA
3TON0 NPOUECCA NMHTAJMCL BOIAGHCTBOBAT, Ha Or0 XOH 38 CUST BHEm~
HUX Qa.mopo% /ualeueuun TEMNEPATYPH, AGRXGHUA, XMMHUSCKOTO CO-
crasa ¥ ap.’“/. Ho 3™ nomiTed He NpUBONUAM K meNaemhM peayssh—
rarad, [lpaunHa NOROCHHX Heygad CTAHOBHTCA NOHATHOM, e€cls ydecTs,
UTO JHEPrHA YNOMAHYTHX BHEMHHX BO3NGHACTRMA HE NpPEBHDAET HECKONb-~
KMX 3XERTPOHBOABLT, B TO BpEMs KaK XapaxTepHas BeAHUMHB BHEprau,
auueumgencn B AnepHoM (3 - pacnage, femur B ofnactd 1073 -
10) m c, rpe 7 -~ wmacce nOXos 3AeKTpPoOHA.

Nooaepsive ronu passutisa (M3MKM XGDAKTEDHH OTKDHTHAMM MCTOUHK~
KOB CBEDXCUABHNX ROAGH, CTATHYECKMX M NOPEMEHHHX BO BPEMEHM.
[lpexge Bcero atc KacaeTcA PHraHTCKMX MArHMTHHX nonefi 10°<-I0
apeTef BOAWAH oCHepymeHHEX B I967 ropy nyAbcapop - Bpamaompxcs
HEeATPOHHNX 3Pe3f. 3HAYESHHE HANPAMEHHOCTH TAXMX noJefl Mpu/mEaeTCA
K KDETHYOCROMY (rax Ha3HPasMOMy MBHHRrepoBckoMy) momw H, =

c
= m2c3/(e £)=4,41 1013 aperen "’. Mlynbcaps npegcraBAsOT CO-

%) 3aMeTHM, UTO IKBHBASGHTHOE 3TOMY 3HAUEHHD 3MEKTDHYECKOe noje
CMocotHo "pACmATATL” 3AGKTPOHHO-TIOSHTPOHHHA BakKyym M NpHBECTH
¥ POXACHND Nep 3NEKTPOHOB W TOIUTPOHOB.
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Goft yHUKANbHHE NatopeTopHM BJR HCCNON0BEHMA BemecTBa B JIKCTPe—
MAJIbHHX YCJOBHAX, MOCKOJbKY HEpAsy ¢ CBEPXCUNBLHHMU NONAMK RIR
HHX X8PaKTEpHH M CBepXBHCOKWe mjoTHocT# Bemectsa {I0°°-10-“r/

- 108 /eu®).

[lopnuHHan peBOMOIMA B DAEHTPOHWKe M ONTHKe, OPOUCNEIWAR B
CBASH C DA3BUTHEM KBAHTOBON 3/AEKTPOHMKM, OTKPHJA HEBHOEHHHE BO3-
MOXHOCTA KOHLEHTPALMH 3HOPIMM B MPOCTPAHCTBE M B 38QAHHOM JaCTOT-
HOM uMTepBane, BamHOo zaMeTHTHL, uTO HAIDMXEHHOCTH BJEKTPUUECKO—
I'0 noXa CBeTOBOM BOJNMH Jasepa jocrurasr 10V-I0Y B/em, To scrs
ABISETCA CPABHUMOZ C HANPAKEHHOCTHO BHYTpuaTomknx nodeft. JaGo-
PATOPHESA TEXHWKE CO3J8HMA BJIEKTPOMATHUTHHX BOAH GOABEMON UHTEH-
CHBHOCTH OTKDHB&ET HOBHE BO3MORKHOCTH IJA Hal/OZEHUA HEeNuHeNHux
afdexToB P38MMOReHCTBHA uaCTHL C BOJHOM.

B Gnuxattmem GysymeM npemnonaraeTcA AONYUUTh CBEPXMONHHE KBaH—
TH 3JEKTPOMATHATHOIO MOJA MeTogoM O6paTHOro KoMl oH-afdeKTa.
[lpu sroM nasepHull Jyu HanpabiseTcs Ha OBMRYmUACH PeNATHBUCTCKHH
IOYUOK 3JIEKTPOHOB W 3JIEKTPOHH MEPeLeXT OTPaxeHHOMY, KaK OT 3ep-
Kada, nyuky $OTOHOB cBok sHeprw ' (c. puc.I). Buepewe rakas
cxema noayueHHa $oToHOB ¢ sHeprueh ~ I 2B Gune peesusopana Ha
cutixporpoHe TWAH 0.2.Kymuxoswm’ ™/ ,

CBepXCHAbLHHE 3JIEKTPOMAIHUTHHE NOJA CYMECTBYRT TAKxe BOJIMIM
aToMHHX sep. B uacTHocTH, Ha rpaHMne AEPS ypaHa 3HAUEHWE HANpA-

/ nyu naszepa

Ay4OK 3AEKTPOHOB ¥ - xeenm

ANEeKTPOHN NOBEPHYTH
Mar{uTHHM [oJeri

Puc. I. Cxema ucnossaosanua o6partHoro Kommron-adexra
Ans ilomydyeHMn (OTOHOB BHCOKHX 2Heprufi.

%) B erepafrype/ 3/ uMentes onmucanus npoekros ( SLC, BILD
NONyYeHUa T'MIaHTCKUX KBEHTOB 3JIEKTPOMAHWTHOTO NOJA C 3Hep-
ruelt ~ 100 I'sB oT 3JeXTpPOHOB ¥ NO3UTPOHOB, YCKOPEHHHX B
CreyHaNbHEX YCKODHTENAX - Kojafinepax.
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REHHOCTH MOAA JOCTHraeT BEeANUYUHH E~101¢ B/cu. Ege Gosee cuabuue
noxs MoryT OHTh NOAYYeHH NPE CTOAKHOBOHHM NBYX AUep ypasa, Korja
Ha KOPOTKO® BDONA 00pasyeTcsi KPasuMoAexysa ¢ sapsanom Z= 184 S,
flepeuncaennue agech NPUMEpH NOANEPKWBADNT AKTYAALHOCTD WIYUEHWA
BOIMORHOCTH BAMAHAR Ha (5 - pacnap IKCTPEMAABHHX DJEKTDPOMATHWTHHX
noxefl. Oroft npoGiemofl M= IAMHTOpPECOBAAHCH YRE KapHO. Paccumartpueas
ofite BOMpPOCH ABMMEHKA ¥ HM3NYyUCHWA 3ADAMEHHHX YACTHI BO BHENHEM
noAe MeTofOM "TOUHHX pemeHMH", KOTAf MOBEjeHMe SJEXTPOHOB OMUCH-
pasTCa BOXHOBON diyHximMeR B BMOE TOUHOI'O geneuuﬂ ypasHenus [upaka,
s ewecte ¢ B.A.JlucoBaM ¥ JI.M.Kopoam-lou/ / B 1964-65 rogax pac~
CMOTDOAH P - pacnap HefTpoHa B CHABHOM ONHOPOLHOM MAFHHTHOM foje.
Ham ypamoch nmorasaTh, UTO NMOCKOABKY BHEWHee MUTHMTHOE MoAe Cy-
RECTBEHHO MOHAGT XGDAKTED RPHESHHA IADAMEHHMX UYACTHL, ITO HONKHO
cKasarTbca HA CTPYKTYpe $aaoBoro NMpOCTPAHCTBA M TeM CAMEM OKA-
38TH BIMAHME Ha Npouecc p- pacnapa. Tax, B UACTHOCTH, MATHHTHOE
noxe MPUBONUT K BOIHUKHOBEHHN DPO3OHEMCHHX ocoleHHocTefl B CrneKrpe
3HEPrd SMEKTPOHOB pacnaja. PE30HAHC HMEeT MECTO, KOTfa SAeKTPOH
nocxe pecrnane HeflTpoHa 3axPATWBAGTCA Ha maockyn opbury. Marsursoe
noxe NMPHBOAHT X CHALHOW AOKAXHIAUMM APHRSHMA OAGKTpOHA, MDHYEM B
TORAX, CRHOKMX N0 HANPARGHHOCTH X XPUTHUECKOMY 3HAueHMw H., aAek-
TPOH JBMRETCA NO OXpyxHOCTH "KBanToBoro™ pamuyce Rz=f/(me ), B
3TOM CAyUae DOIOHAHCHHE KpUBHE SHEDreTHUGCKOrO ChexTpa 3AeKTPOHOB
MMEDT APKYD NMCXPETHY©D CTPYRTYDY (CM.DHC. 2).
BansHue MarsmTHOro noxs He MOAHY® BEPOATHOCTH b~ pacnapna Hed-
TpOHa BHDaXeHC cZagee. [an cayuas H<<H, otHomeHue seposrHocref
l I
ll
Puc. 2. CnexTp aHeprmu
£ - szextpoHoB
BAA H=0 m——

g H = O,THc il
) mas H = Ho— —— .
pacnaxs mmMeeT BMA /e/
waCRS. L g, aa/(r 22))?, A
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roe 2
g, = [M(Z,1) - W24t 0-13)/m = A/(mc®)

- MBKCHMMENBHOe JHeproBufejeH’e B SNMHWUAX DAEKTPOHHMOW maccH, &
werod. PepoATHOCTH O - pacmala B OTCYTCTBHE MOAA, Q- uncno-
BOA MHOXMTEAL NOPRRKA CRMHHIH. STOT Pe3YAbTAT CNDABeIIMR LAA He-
NOAAPH3OBAHHOrO HeittpoHa. TaxuM 06pa3OM, MOMPABKM K BEPOATHOCTH

Npolecca PacTyT KB&NPATHUHO C POCTOM MOXA. UncxewHas ouexka npy-
roro cxyuas, Korga H=Hc(8§-l)/2,nona.aw. uTo

wweeol. L 5( g2 1)/ &2 .2, (2)

TO €CTb BEPOATHOCTh [5- pacnafa HeHTPOHA NpH STHX 3HAUEHHAX NOAA
BOApacTaeT Gosee 4YeM B QBA pasa No cpaenermm ¢ W ceob. o naxee

pacTeT No XMHelHOMYy 3aKO0HY. .

Buau uccaegosanu Tawxe crnuxopue adderrty (cu./®/ } u ycraHonse-
HO, YTO QAR HEHTPOHOB ¢ OPMEHTHPORAHHMM cniHOM npH HK H, aasu-
CHMOCTS OT MATHWTHOTC NONA NOABAAGTCA B UAGHAX, JHHEMHHX NO Ha-
npsxeHHocTH (cM, Takxe Hamy pa.ao-ry/ 7/, rpe nan HCCAGNOBAHHA BAH-
AHHA MATHHTHOTO MOAR CAGAYGT HCKANUHTL MXOCKYD BOXHY B KOHMILY-
pauMH Goxee ofmerc BMga, M3yuasMoM TaM)
=R+ o (Ee 873 - € ine s B)NH/ME) +

+ (6,1n(g, +8) - &)(arm )2,
= = 20L(1 o)/ + w2, &= (2.1,
3pece ol = G /GY - otHomene axcwasbHOW W BENTODHOW KOMCTEMT CAA-
Goro masumogencraus (04 =1,25), X5, = X1 - npoexumns cnuna HeHTpo-
HE HA HATDABASHHE BHEWHero MarutHoro moxa, W ¢80 W . %, -
BEPOATHOCTh cPOGONHOrO 3 - pachaaa, a

&
@o=zfe(e:2 D2 (g -eRde (4)
[

- ¢ynxums Depmu. XapaxTepHo, uro B cAyuae - pacnapga BO sHemHeM
TIOAE 3BBHCHMOCTL OT MOAADHIAUMM HellTpoHA COXPAHAETCA B BHPAXSHHH
B MOXHOW BepoATHOCTH npouecca. B cpofogwom B~ pacnage nogo6-
Haa 3aBMCHMOCTb NPOABAAETCA TOALKO B AwPPepeHUMARLHON BEPOATHO-
CTH YTAOBOrO pacnpefeAeHus SJeKTDOHOB. Texks o0pasoM, NpoABAeHHe
HECOXPAHEHMs UETHOCTH BO BHEWHEM MATHNTHOM MOAE OCAANAET 3AMET-
Hoft cneumdwxo 7 B

B nazbneimem Ta me MZes pacCMOTpeHHR 3ajawM O B- pacnage Hei-
TPOHA B ONHOPOXHOM MATHKTHOM noie Ouaa mpoBemeHa B patorax’ —* %/,

(3)
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B KOTOPHX SufI¥ MORyWeHH GAHIKHME,K NPUBEREHHHM 33ECh, pPEes3y/bTaTh
B CBA3H C HCCIENOBEHMEM DANA acTPofM3UuEeCKHX NpoleccoB W npodiae-
MeMm xocMoxorsueckoro "big bang", B nxonuatensHux fopuysex umeer
MecTo MoNHoe coBnageHue peayJsnrartoB Hanpumep, npu H<< H, mas
p - pacnega He/ATpoHe nojyuyaeTcs

W/W RS L1 0,06 T (/) + 0,17(H/E )P, (5)

B I965 romy A.l'asasax npeAnpHHAN NOUHTRY paccMOTpeTh '8— pec-
nen B nojfe MJAOCKON 3A€KTPOMATHUTHON BONHH . OpHake croxHOCTE
NOJYUeHHHX M OOmMX BupameHui (ABYKpaTHwA UHTErpan U 6eCKOHeuHAR
LyuME) HE NEnM BOIMOEHOCTH NPOBENEHNA KaKMX-JUGO CONePRATENbHHK
ouenox., B 1974 roay W.Bapanos BepHysacs k Tofi xe 3ajaue ¥ _npoBex
OLEHKM LAA CJYYAA CHJBLHOTO MOMR BNEKTPCMAIHUTHON BOJHL! . v
OLeH¥H OKA3AAKCEH, K COREBJEHWO, OMMOCUHNMIL. ,

B 1978 rogy mu coemectHo ¢ B.I'.Mynero u A.M.Crynenuxnnbw/ "
paccvoTpesu S~ pacnad HeATPOHA B CAOMHOM 3NEKTPOMACHATHOM MoJe:
NOCTORHHOE OJNHOPORHOE MACHWTHOE 110Je, COBMEUEHHOe C BNeKTPOMEr-
HHTHON BOJNHOH, DPacnpOCTPaHANmEePCR BAVIL &rC CHIOBWX nunpnr(xom
Purypauma Penmorga), Hax Ouso snepese nokasano B paore 12/ .
ypapHenne [iupaxa ana Taxoll 2apaus uMeert TOUHOE peweHue. KHTepec
¥ NOROCHOH 38J8Ue OUBBUIEH, NIOCKOJMbKY OHE HHJOUABET B CEOA Kak
npefesbHHe CAYYEM M TNOJIe NACCKOR BOMHH W [IOCTORHHOE ORHOpOANOe
MarniTHoe none. [IpM BUKNOYEHWH 3NEHTPOMATHMTHOR BOJNHW pPE3yJbTATH
COBMIANH C HAmMMX DPaGoTaMi a npu H-»= O ofmie BHPAKeHHA Hagnyu
coraacue ¢ dopMynamu pa6or/ 10,11/ . ORHAKO HdM yfayoChb NMpPOLBUHYTL~
CcA 3HAUMTEJBHO NAaNb@e M NoKasaTh, UTO B OGRACTH 3IHAYEHMA napame- -
TPa F = aE/(mc o }>> [ (npefiex noctToAHHOrO CKpPEmEHHOre NoaA,
anect E - asexrpruecKas HanpAmEHHOCTb NOJA BOMHW, & W - €€ YAcTO-
T&) BCE MNONPABKH K BEPOATHOCTH cBoGOmHoro /- pacnaga HeATpoHa

onpeflexAnTCs OTHOmEHWEM  B/H_®

WMPE L4 4 0,4(E/H )2 6)
M HUKAKHX Ype3MEepHHX OTKAOHeHHH ar ,,anﬁ., KaK 3TO NpefcKa3HB&a-
noce B pagore , He cymecTByeT (cM. rakxe (3)).

B npyroM nperexpHoM cayyae, xorga X = E/Hc >>T, MU NpHXOZUM

K WHOMY peayabTaTty (cM. paGory 7’):

W/ 8% e (B/H )P 1~ 8 23,). (7
Orepaa cregyeT, UTO BEPOATHNCTH /5 - pacnafa B CHALHOM NOCTORHHOM
CKpemeHHIM NOXe yYBeaMuMBAeTCA npogopuuonansHo XV, B TO Bpems
Kak O npouecca pacnajf B CMALHOM NOCTOAHHOM MBTHHTHOM fOfe Be-
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POATHOCTb PACTET AHHENHO € POCTOM NOXA. OTO MOXHO OGBACHHTL pas-
NUYHUM XEPAKTEPOM BAMAHHA BHeEHero noxs He gasoBult ofre cocrof-
HUft KOHEUHHX WRCTHU B 3THX NPyX cxyussx. Tod xe npuuuHol oGBACHA-
€TCA pa3sHuMe B UMCAGHHNX koafduumenrax B dopuyxax (6) u (5),
NpHUeM CYMECTBEHHO, UTO B fpefieNieé CKPemeHHOro MOXA O0TCYyTCTBYOT
yjeHu, JuHefiHHe 1o noaw.

HepapHo BHesanHuA uHTepec K paccuaTpneaemofl sagaue OwR 9735311
B CilA. 310 Ouso oTMeysHO cepue# pador B.Eexxepa u ,np./m’m , B
KOTOpHX &BTODH PACCMOTpENM snepHHN p— pacnaj, TPHTHA ¥ CBHHLA B
niose 3XEKTLOMAIHWTHOM BOMHN nasepHoro Tina. [Ipu sroM yTeepmpma-
AOCh, UTO CKOPOCTH ,6- pacrnaza TPHTHA MpPH MaXOR BeAWUHHE sHepro-
pugenenna &, =1,036 u?e-r BoapacTaTh Ha 3-4 nopagke {(BHANOPHUHO
pesyabTaTy pado-ru/ I2 ). BaxHoCTbL HMayueHMA aTOTrO BOMpOCa NOJUSDKH-
BakRACh HCCAEHOBAHUAMH NO NAEPHOMY TEPMOAIEPHOMY CHHTE3Y.

KpurHueckue aameuaHus OTHOCHTEALHO CNPABEIAWBOCTH 3THX pPe3ysib~
TaTOB GWAY BNCKasaHWw B padorax’ "Y' Y/, TeM He MeHee B HWX He
CONePRENOCh aNLTOPHATHRHMX PACHETOB, MOJHOCTBHO NPOACHANNMX CHTY-
UMD,

B Hacrosme#t paGore Mu paccMaTpuBaeM 3amauy 06 B3XEKTPOHHOM B-
pacnane B MOAS NXOCKOH 3ASKTPOMATHUTHOR BONHH B OOHUHOM Y-A Ba-
PHAHTE YHHBODCAALHOTO CAASOr'O B3AUMORCHCTEUR, NPMYOM AMILAHTYAR
pacnaga HefiTpoHA B NOpBOM NOPALKe TSODPHM BOIMYMEHHH MMeeT BHA

M-zG {L—IZJ/«(”%D%)W: Ly*+9°) Y}, (8

rae U, V. W (Y5 ~ oanopue Gymiumu npovoma, HefiTpoHa,
aXeKTpOHa. W axTHHeATpWHO; G =I,4149-10749%pr.cu® - nocrommman
caaforo BaavmogeficTsMA. B paccumaTpuBaemoli asgaue cymecTBeHHHN
JIADAMETDOM ABAACTCA BOXNUMHA MEKCHMANLMOTO sHeprosugexemis &£, .
llocxoxbXy 370 SHEPrOBHACASHUS B OOmEM CAYYAS HOCTATOUHO MANO,
TO ‘Pp u ‘HL MORHO BAATh B HEPeXATUBMCTCKOM NDNGAMREHHM, NMpeHe-
6peras NpH 3TOM BIAHMOLGHCTEHOM TANSNHX YACTHI C BHOMMMM IIONEM.
Boxosue dyHKuMM RAf SAGKTPOHE MH GEpeM B BMIE TOUHHX DemeHHH
ypapHeHna Jupaxa anA uACTHUN BO ayelueu nole AXEXTPOMATHHTHOM
axocxol poxuu {GyHRImMM Bonoaa/ 7 Y.

dagaua psmasecs B npepcramxeHMu $appu, Xorma B KayecTee BOA-
HOBHX QyHEIMA HYAEBOro NPHOAMEGHHE TEODHM BO3MymeHUN BHOMpaNTCH
TOUHN® pDemeHNA ypabHeHMn [lupaxa. [LxocKam 3XeXTPOMATHHTHAM BOXHA,
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XBpAKTEDUIYEMAN UACTOTOMR @ ¥ HanpaxeHHocTbo Nona E , npemnonara-
©TCA UMPKYJIAPHO- MOXADHIOBAHHON ( =21). [lpu pemeHuu dagauu o
/5 - pecname BOIHHKEDT XApAKTEpHHE NADAMETLH, BXOLAUME B BHPAKE-
HHe BEpOATHOCTH npouecca:

X xhw/me?), ¥ =B, F e XIA = eB/imcw). (9
Napamerp ¥, He comepxamunt % , AIBAAETCH, 10 CYMECTBY, KAACCHUECKOH
BeAMuUHON: OH npexcrasnseT cofof paGoTy DAEKTPHUECKOro MOJAA HA
PacCTOAHNM, DABHOM RJAWHE BOJHH, BHPEXEHHYO B €AMHWLAX 3HEpruu
NOKOsA BAEKTpPOHA.

He ocranapaupadch cefiluac Ha ReTasAX pacyeTs NoJHON BEpOATHO-
crH (TexHuEa BHUMCIEHHU NMORPOGHO HOXOXEHa B patoTax /18-20/ ), ne-
pefieM x 0630py OCHOBHHX pe3yabTaToB. [lpemme Bcero OCTAHOBHMCSH
HA clyyae 3JAeKTPOMAIHHTHONM BOJHH.CO CPaBHUTENbHO Manoit yacToToft,
korga > = § @ /(me?) <<1,

Ora o6XacTh BKAOUAET DHEPrUM KBAMTOB, x?pax-repnux A7IA Ja3epos,
xoraa A ~IO‘6. AHAAM? KCXORHHX BHpEXSHUR 4 NOKE3NBAET, UTO
3A€KTPOMATHHTHAS BOJHE BHOCHT CYMECTBOHHHE W3MEHEHWA B 3HepreTH-
yeckutt cnextp S - anexrpoHos. LJuppeperuManvuas BepoaTHOCTL oka-
3upeercA 3asMcAmeft oT napameTpa “g . Kak sunHo Wz npemcraBneHHNX
Ha puc.3 rpaduKOB, BMECTE C POCTOM NApaMeTpa ? ClIeRTp SHEepruu
BMeKTPOHOB, ofpasyompxcs B mpouecce § - pacrnaga, CMemeeTca B pe-
AATHBUCTCKYD OGABCTbL, NPHUEM YHCJO BO3MOXHHX SHEPreTHUeCKUX co-
CTOAHUI 3JEKTPOHA YBERWUWBAETCA NO CPABHEHWo C (2:— pacnagos B oT-
CyTCTBHE ITOAA.

dwiv,) "
at

Puc. 3. Pacnpegenenne no kpa-
3U3HEprUM BReKTpoHoB b - pac-
naga TpUTHA {5o= 1,036) B
noje 3NeKTPOMArHUTHOR BOJHH.
Nlapamerp € = € xapaxrepuayer
CpegHon 32 NEpHOf 3HEPrHD
azextpona. I. §=0; 2, % =

= 0,2 3. =027 4. ¥ =

= 0,4,

L




Boxva caymiur peaepayaposm sHepruM, XOTOPYR NMOXYUSST 3ASKTDON,
NO3TOMYy CNEXTP 3Heprus Hs umeer ofpwea npu € = €,, Kax 370 MMe-
n0 MecTo B cBOCORHOM (> - pacnage. Boxee 7oro, HaunHar co aHaue-
HEf "g‘ = 0,27 OAn TPHTHA R 'ﬁ == 2,4 naf HEHTPOHA CMEKTD 3HEPLuM
2 - dAEKTDOHOR BOOOHmE HE HMOOT OONMX TOUEK CO CNIeXTROM CBOGONHO-
ro pacnapa. ,

lloxomeHste ogHAKO CYMECTBEHHO MEHAETCR NpM Mepexofe K MOXHON
BepoaTHOCTH (3 - pacnage. Ma rpajmxos pEC.3 BMRHO, uTO no Mepe po-
cTa napaMeTpa ? COOTBOTCTBYORNE KDHBHE OTANYANTCA NAJEHUEM OCT-
POTH NHROB, TO 6CTh YMEHLICHMOM CMEXTDAALHON BEpOATHOCTH. YNcaeH-
HO® MHTEerpupoBaHHE TIO cnexTpy Ha JBM, a Tamme aHaaMTNueckMit pac-
4eT NPHBONAT K CASAYOEMM nugneuu IxA noxHo#t mepoaTHOCTA A-pac-
naga: npu A<<I, (EM NE T ¢

ww =, + L8y + 205 (BMH, (10)
rae &, - dyueuna depun (eu. (4)),
8= 12 € 10(E, HELN2) 4 (E2a)2et - 9 €2 - 8)/30,
a §y u 05 COOTBSTCTBOHHO PABHN
O~ 2/3 € ,n EMELN)1 + a5 - V202V 2 1iaaigy3,

Gy = Y6 8 (1 + aT[IE  + (£2-1)17),

Noxnas BepOATHOCTL 34ECh 3ABHCHT OT OPHEHTALMM CNAHA REpA, YTO
ABAAGTCA OTPAXSHHOM HOCOXPAHOHMA UOTHOCTN 1 CXAGHX BIAMMOTeHcTBY-
AX M CYMECTBOBAHMEM BHAGXGHHONO BOXHOM HANDABAGHMS B MPOCTPAHCT-
Bo. 3JABHCHMOCTD OT MOAAPHIAUMM BONHN BMDENOHA CXabee.

CysapyR u ycpensaa (I0) No noAspusauMAM BOAHH, NOXyUMM YHC-

JOHHO: QOAA Henfggua
W CP% n 14 (0,4 4 0,327 (8/0, )2, (1)

ARA TPHTHA
Wm0 gy 104,34 0,12 55,)(8m )2 (12)

Hax puBHO M3 3TMX DesyXRTATOB, 3ABHCMMOCTD OT Napanetpa ¥ B
noxHo#l BeposTHOCTH /3 - pacnana BunazasT, TamiM oGpazow, B BECh-
MA GMPORHX MPefieXeX YBEAHUESHME NAOTHOCTH MOTOKA JHEPTHK B BOXHE
He CRAXETCA HA BpeMeHH /5 - PAChARS, NMPAKTHUECKEM HOIABUCHMO /%f
auegronuelem & - OTOT PO3YALTAT OTPHUGET BWBOAM pasor '
I3, 4/. Jan mapecrix - aXTAPHMX ANSDP ¥ PEANLHO CYNECTBYOEOC
noxe#t AA3E€POP BOIMOKHOCTS HAOADMEHNA NONDABOX K BEPOATHOCTH CBO-
dogHore /5~ pacriaga RPeRCTABAAGTCA HE CAHEXOM ONTHMHCTMUEcXOR.
Xora B rMnorerHuecKoM cayuse, ucrxa & ->I, seawumsa axexTpo-
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MAPHHTHO!O NOAA, CNOCOGHOrO OKA3AThL CYWECTBEHHOE BoaleicTBHe Ha
BeposTHOCTL [0 - pacnang, MOXeT OKA3ATHCA BEChMa Maol.

PacenoTpum nanee Bropofl ciyuail - o6JacTb GOJNBUMX 4. “TOT, KOr-—
ga = bw/(me®) 2 &, ~1. Kax noxasuseer gansredmut an. . 3 pu-
pexeHHf 1NA BEPOATHOCTH sfepHoro B~ pacniape, b ciyuae Boamel-
CTBHA MOIHON 3JEKTPOMANHHTHON BOAHH 3TOT NpPOUECC MOXET 3HAUNTEJNDb-
HO ycunuparbcs. [lpu aTom cymecTByeT neias oSnacTbh 3HAuEHMH napa-
METPOB BHEMHErO LOXA, AAA KOTOPHX BEPOATHOCTb sgepHoro S - pacna-
B8, HHAYUVDYOMOI'O WHTEHCHBHON 3XEXTDPOMATHATHON BOAHOM CMJIBLHO BO3-
pacTaert.

Tax, B YACTHOCTH, €CAM 2HEPrMsi KBAHTA BOJHH OKaXeTCs JOCTATOY-
HOY BXA COXpPAHEHMS BHEPreTHUEeCKOro Sasasdce B OQHOXBAHTOBHX peax—
LMAX, TO NpH

/0 + K Mg+ M2 -2 )P
BODOATHOCTD - DACNANA OKAIWBAESTCH CYMECTBEHHO uuoﬁ/ 20/ .

B orom cxyuae npu K >> 1&,| 1 sepostHocTs AzepHoro # - pacna-
K& MOXET MOXHOCTLO ONPeneAATbCH NAapamMeTPaMH BHEWHero nons, no-
CKOXBKY C YBOAHUYSHHOM 3HAUGHMI A MMLYLMpOBAaHHuN BKJ&N GHCTPO
sospacreer (W/Wy~ '§’2 22 1n X\). Beposmiocts pacnagos npn £p1
1 £,<1 npakTuuecku cosnagent H, TaxuM o6pazoM, HWHAYUMPOBAHHHH
ARepHult (S - pacnag B 3THX YCAOPHAX MPOTEKEET HE3RBHCHMO OT BEAN-
YHHE M 3HAXA MepameTpa aueprosugexesHus £, . lloasnenne cymecreeH-
Ho#l WacTOTHO# 3aBHCHMOCTH NOXAHO} BEpOATHOCTH P- pacnaga Jdmb B
o6XaCTH [OCTATOYHO GOALEMX PHEpPruil KBAHTOB BOJHW MOXHO TPAKTOBATD
xax csoeoSpasuull orosddexr B AgepHom [5- pacnage. .

Noxtoe ceweHHe npouecca ‘6 - pacnagHoro $oroafdexra mueerT Bum

6 = c?utr? 32/ (20m%a0) {[1 + 5014g)72 ] 1023 -
~(95/24)(148) = 107/60} & =e? /), 7= &¥/(mc?)
M NOXA3ATEeALHO, UTO OHO HE 3ABUCHT OT MHTEHCHBHOCTH BOBHH }' .

BoablEOe 3HAUGHHE B pACCMATDHBAEMOM NPHUOAMMEHHM UMERNT NOASPU3A-
uMoHNNe 5PfexTH, HenoCpeaCTBEHHO CBs3aHHWe C NpPOABJEHHEeM Hapyme-
HHA MpOCTPAKCTBEHHON YETHOCTH B CRAOHX B3aHMOSel'CTBMAX ApH BO3-
Je/CTEMH BHEMHErO 3ACKTPOMAIHHTHOr'O MOAA, B YACTHOCTH, NpH

12 A 1 6 (g= ~1)/ 6 (g= +1) ~ 1/6.
C TOYUKM 3DEHHA BO3MONHHX BKCIEPUMEHTANBHHX NPHJIOKEHH! NOXYUeH-
HHX PE3yXbTATOP B OGZACTM MANWX HOPruil KBEHTOB BOJHH WIM NpDH #uC-
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cnenoBaHKu  BOageficTBMA HA P-— pacnaj JOCTATOUHO cxadoro nocTo-
AHHOT'O MAPHWTHOPO I10XA MMM TNOCTORHHOr'O NOJAR, OOPA3OBAHHOrO paB-
HHWMK N0 BeXMUMHE BMeKTDUUECKHM ¥ MArHUTHHM NOXAMH, OCOCHH MHTE-
pec NpencTaBEAeT aHANM3 NojeBHX MONpPABOK X BEePOSTHOCTH Nponecca
B BYX XAPAKTGDHHX CAYURIX: HEpelATWBUCTCHOM M YJIbTPApPENATHBUCT-
CHOM,

B cayuae mManoro oHepropuuesenua (& -I <<TI} us (3) c Towo-
CTHO N0 UMGHOB, KBAEDATHWHX MO HANDARSHHOCTH MArHATHOTO NOXHA,
MOXHO MOAYUHTH

W =(8/105)(E2-1)T/2 (1 4 7720 (B/H,) +(35/12)(H/B,)?)(13)
Ins pexsTHEMcTCKOrO pacnaga (& o>>I) BAHAHHE OTHOCHTEABHO CX8-
60ro MarHMTHOI'O NOAA onpepeAseTcd BHpPAXEHHEM
e (8515 [ 1+ stz a/m) + sa/B) (2 e, 0] . (18)
B dopmynax (I3,74) He samucsmue OT MAHWTHOrO NMOAA CAAraeMmue On-
PEOSAANT COOTBETCTBYOMUE NpeAeAbHEe JHAUEHMA AAS BEPOATHOCTH
"csoSogHoro” A~ pacnaga M COENBRANT C MIBECTHHMM B JMTEpATYpE
JHAUGHUAMH (CM,, HANpHMep, }. Tounwe xosdduiuuenta B craras-
MNX, D8BACANMX OT MAPHHTHOTO NOAR, BHUMCAGHH HAMH W TIPHBOLATCA
priepeue . Jlonpasxi K BEPOATHOCTH NpPONECCA CYMSCTBEHHO 3ABHCAT OT
BOJIHUMHE OTHORSHMA H/l'-rp‘.) roe H =H, (52 -1).

Cwucan pexwunHy H, uoxno yc-rauoau-rb. @CAN y4ecTb, WTO B MAPHHT-
HOM TOJe xapaurepﬂon sHepruen ABNAGTCA SHEPrMA LMXAOTPOHHOrO fBH-
mennn K vy =(H/H, mc?. [leflcTBUMTEABHO, ECAM MpM HANPAKEHHOCTH
noxa H=H, sneprua 'ﬁwn paBHa IHEPrHH MOXOA 3AEKTPOHA, TO B noxe
H:H T8 le aﬂeprnn‘h @ y COOTBETCTBYOT MANCHMANLHOR HWHETWUSCKOR
aﬂepruu. BHAGAREMO)t B HEDeAATHBHCTCKOM pacnage. B ciyuee penart-
mdctexoro pacnage (£  >> I) 5TH paccyRUeHMA OCTADTCA B CHAE C
Tol AMmEL pa3HMne#, uTO xapaxTepHO# dacToTOif TEnepb ABAAETCA CMH-
XpOTPOHHAS YacToTa OCpameHMs 2XEKTPOHA MO Op6KTe wcer/(meo).

Taxum 06pasoM, MOXHO YCTAHOBHTb, YTO HeHCTBHTEALHWH napamerp
PasfOXeHHA BEPOATHOCTH 710 HANPAXKEHHOCTH BHENMHEro NOCTOSHHOTO
METHHTHOT'O TNOAA HMEET BHI

. H2H(E2D), & -1« 1,
H/H, = HAHg(&2.D) = (15)
HH, €2, £, >>1.
Orcopa cregyeT, UTO C YMEHLBEHWeM 3HeproBHgexsHKA ( 6041) BA¥~
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AHWE MONA CTAHOBATCA CymECTBEHHHM J&Xe B MOJAX OTHOCHTENbHO MB-
nofi HanpsweHHocTH no cpapHexuo ¢ H,.

B nocroanHoM cxpemeHHCM noae, a 'rame B NpAE 2JEKTPOMATHUTHON
BOJHM NpH Manoi#l 3HEPruu KBAHTOB feccme?(€? -1). n3 gopMyn
{10) ¢ TOUHOCTLD QO KBALDATHYHHX WJISHOB c.nenge' npn & -I << 1

W, =(4/105)(E2 )T/2 (1 4 35(8/H )% /8), (16)
a npu & >> 1

WE = £2( 1+ 10(E/H)(1m2 € - 4/3)), (7
Hpenc'rasnﬂe-r uH'repec cpaanu-rb nonyuemme peayapratd (16-17) ¢
noAyueHHuMy. peHee Bhpamesdsamd (13-14) B cayuae MOCTOAHHOrO OJHO-
POAHOr0 MAMHUTHOTO NOJA.

OTanuKTERLHON OCOGEHHOCTHD PaCCMATPHBAENOr) 3NECh CKDeEEHHOrO
MOAA TO CPABHEHHO C YMCTO MAPHHTHHM MOAEM SBAAETCA BOIMOKHOCTD
COREpmEHUA WM paGoTH 8a cCueT aNexTpuveckol cocTapnAnmel. ITo nNpw
BOSUT K TOMY, UTO xapaKTepHHll napaMeTp, onpemensnmu? BAMAHKE MO-
N3 He pacnag, UMEeT SHA, OTNUYHN( OT PRCCMOTPEHHOro paHee cJyuas
MAarHUTHOrO noxA, Cwucs napameTpa NPOCTC YCTAHOBWTL, MCMNOAL3YA Ka-
yecTpeHHue coofpameHHa. [eflcTsuTeNbHO, B MOCTOAHHOM CKPENEHHOM
nose H, moweT OWTL COMOCTABNEHS BEAHUHHA MONA, COIAANMETO Ha
KOMIITOHOBCKO® OAWHE BOJHH DJAEKTPOHA PaGOTV, PLBHYD €ro 3HEPrdx
1OXOA, TOFMA kax B HEPENATUEWCTCKOM pacnane xapaxtepHoe nose, co-
NOCTABAAEMOE Hc. coagaeT Ha pebGpofineBcxoft anuHe paGoTy, PaBHYD
MAKCHMANBLHOM KWHEeTHUeCKOR BHepruH, BugesseMoit B pacnase.

B ynbrpapeaaTuBucTckoM cayuae ( EO»I) npouenypa onpefeieHusa
He» X8K B 8 chyuae UMCTO MATHWTHOTO MOAA, COXPAHAETCA, OAHAKO
KHHEMATHUECKHE XBPAKTEPUCTHKA HMENT RPYTOH BHA, NOITOMY NpH T
BenuuuHa H, = H, &

Cpasnenue fopuyn {13 - 14) ¢ (I6 - I7) noxaanpaeT, UTO AAA
HETOAADHIOBAHHHEX AOEP BAMAHME MOAA, cosepwawmero padorty (mocro-
AHHOe CKpemeHHoe nofe, Noje 3AeXTPOMABrHATHON BOAHW) B CAYyuae Ma-
noro sheproeuaeneHus (€ ~I<<I) okasweaerca Gonee cymecrBEHHHM.
B yxbTpapexsTHBHCTCKOM CAyuae NOAeBHe NONDABKM OTAMUADTCS AMUDL
YHCNEHHEMH MHOXKHTE 1iMH .

CregyeT MoOAueprHyThb, UTO MPH fwz mcz(&i -1) 3aBUCHMOCTD
BEPOATHOCTH pacnafia OT UACTOTH NPOABAfETCA CNAGO WU 38MeTHA TOAb-
KO B KBAHTOBWX NONPAaBKAX

~ Ol(%fwrinc®ce? - 1)3].
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O6nacts uacror Fiw32 mcz(ég - 1) xapaxTepHa TeM, UTO MaMeNeHue
NOZHO/ BEPOATHOCTH B Helt MOXeT CTATbL BechMa aameTHO! nawe NpH
OTHOCHTABHO HHANOH HANDAREHHOCTH NOAA, NOCKOALNY BHA nawronon
MOMPABKH MEHACTCA M UMeeT BUA (H/H 1238, rpe Xa hied/me? (!: 1)72

OTO MaMeHeHMe MOXHO xauecuenuo NOACHNTS, COMOCTABMB neﬁpon-
ZeBCKyD AnMHY sAexTpoHa pacnage ‘h/{mc(e -1)’ ¢ IruHOR 3Aex
marHuTHo#t soxHu (c¢/ev). B Tom cayuae, xor,ua c/wgt/me(& -1)'I
onpefieXeHH® XapaxTepHO! LAMHH HAMEHAETCA H 3ABMCHMOCTH o-r vacTo-
TH B 2TOH OGAGCTH CTAHOBMTCA ,uouunupynqen Kax yxasumanoce pa-
Hee, B npefese SOXBEMX YACTOT X*> 1 noxeras nonpaska Moxer Aa-
xe npep3ofity BEPOATHOCTH CBOGOJHOrO pacnafa M B 3TOM cCAyuyae na-
pameTpom Gyner ( E/H )2\ . Auaxoruunas CHMTYAUHA MOXET HMETh Me-
cto B B oSxacty X* < I. B aTOM cxyuae ZOARHO BHIIONHATHCA YCAOBHE
E > H, (52-1) 3/2 y XApAKTOPHLM nagauorpou RAuHH Gyner

1,~ (emE)~Y
He a7o#t pauHe BHemHee noxe coofmaer snnpony pacnana sHepruo
~ u(E/8,)%/2,

Taxnu odpuou. noxesofl BXAam B BEPOATHOCTb DACNAAA B cryuas
(B/8, )2/ 3w (& -1 ) oxasuBASTCA ONpeNeXADMUM W TNOAHAA BEepoAT-
Hoc'rb nponopuuouuum (E/H y/3, Bexyunxa H, oueHp sexauxa u Ha-
NpARKEHHOCTD s.uex-rpquamumoro noxsa, cnocoﬁHoro NPUBECTH K Cymec™
BEHHOMY MAMEHEHXN BEPOATHOCTH F pacnaza B arToit ofXacTi JOSEHA
6HTh BecbMA 3HAYMTEAbHON.

Baxuolt npoGaemoil B spepoft duanxe K ¢7au7e BHCOKMX 3HEepruit aAp-
NAGTCA ONMpefeAeHye MACCH NOKOA HeHTPHHO [lposenerHye HegapHo
3KCMEPHMEHTH NO3BOAANT OLOHHTh ee sexnumHy ( my ) 3HaueHHeM ro-

* PAAKA REeCHTNOB 3XEKTPOHBOAbT. OTH ow 07&38.11105 Yype3BRyaiiHo
NMOXE3HHMM B ACTPOJMIHUSCKUX NTPHNOXE

He ocraHapasBadch Ha AeTENAX pacuerTa, yKaxesm, UTO BO BHEEHEM
3XEKTPOMBTHUTHOM MOJE NMpoABxeHMe =, ¥ O MOXKET OKA3STLCA BECHMA
3HAYMTEAbHEM,. B YACTHOCTH, B NMOCTOAHHOM ORHODOAHOM MATHHTHOM MoO-
ne H<<H,, warerpupo 27 anddepeHuHaXbHO! BEPOATHOCTH pacnans
NpPHBOAUT K peay.lb'ra

LB R 233/6 + v2 aBY( 8+ 873 - &, mlg+5]-

- P02 - Y6 KT - g nle, +8D, pemy/m.
B cayuae manoro sseprosugesenus ( O<<I) orcona MOXHO NOXYUHTH,
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YTO ANA HENoJAPH3OBAHHOTO Afpa Npu 3HavyeHuu nonsa H = J_ H , roe
H" = Myl /e, nonesHe NONpPaBKH B 1OYHOCTH KOMNEHCHDYDT nonpaaxu
no macce HefitpuHo, Jas nonett H 2 H ROMHHUDYOmUSi BKJ&T B BEpPOAT-
HocTh pacnagia GynyT DaBaTh coc'rosmmt fi- anexTpoHe, Gau3akHe K
OCHOBHOMY. Buienaa crxyuatt H = Hc(ag ~1)/2, ara KOTOPOro emHHCT-
PeHHO BO3MOXHHM COCTOAHHEM 3AEKTDOHA B MBrHUTHOM NOXe ABNAETCA

= eeM
°c';°/:':°i (1/2? o SSI X (5 + 53 - &, nle, +3| -p%8/2)
OTKyZa CAenyeT, UTO MONpapkH, OGYCAOBNeHHHe m,# O, pacTyT JuHed-
HO C POCTOM HANPAKEHHOCTH MATHUTHOTO nonA H ¥ npu srom cymecTBeH-
HO 32BMCAT OT ODHEHTAUMM CNHHa aAfpa %, = ¥ I,
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ON RADIATIVE DETECTION OF NEUTRAL PARTICLES
PRODUCED IN ¢*e ~-COLLISIONS

Yu.A.Gnedov, K.G.Klimenko, F_F.Tikhonin
Institute for High Energy Physics, Serpukhov

INTRODUCTION

The intensive theoretical elaborations of supersymmetry,ans well
as of supergravity/j/, brought us urgently to Lhe necessity of
the experimental rescearch in Lhis region. The basic dircection herec
is a search for supersymmetric pavtpoers of ordinary particics and
a graviton partner in a supergravitation doublet - the spin 3/2
gravitino G. The phenomenological analysis of possible mechanisms
of their production and decay is ~uite as uncertain as theiv matter
coupling constants and masses aic; and, Lo this, Lhe estimations
of the latter, depending on the methanism «f supersymmetry hreaking,
vary in the extremely wide intervnl. For example, for mx this intcer-
val is from ]0-7 ke’ 2/ to hundreds of Gev’3 . However, it secems
quite necessary to make attempts for their search already at the
present accelerators,at least to imposc restrictions on mas: es and
coupling constants, Search for thesc particles in hadror beams i/
is hampered by large background processes; therefore it seems that
experiments on the e*e-—colliding beams will be first real steps in
this direction. Perhaps, the most attractive process here is the
following one:

e'e” +y + uobserved neutrals (1
{see refs./s/, especially the concluding sentence of paper/ae/),

Due to the richness of the supersymmetric particles spectrum
and the miscellaneous content of their spins, masses and coupling
constants,one needs thorough calculations of the photon spectra.
These spectra are the only source of information for different cases,
and this information may be used to define the properties of Lhe
components from “unobserved neutrals'. In particular, it may be usc-
ful for the definition of their spin, as will be shown below. "Infor-
tunately, previous works except ref. 1 , either underestimiced
this fact or contained incorrect calculations/5¢.%/, In this paper
we have also corrected the mistake of ref./%¢/ caused by the erro-
neous accout for the masses of photino ¥ produced in process (1)
Also the analysis of the possibilities to extend the integration
range over the photon azimuthal <gzis:ei.y angle has been made, and
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it was shown that one may place the detecting apparatus closer to
the e“-beams than it was supposed. This would help to increase the
number of events., Note also, that the results given here may be
reffered equally well to more traditional questions, for example,
counting the number of neutrino-types, search for neutral heavy
leptons, etc,

I. ON PHOTON AZIMUTHAL EMISSION ANGLE
(ACCOUNT FOR e®-MASS)

The high-energy limit (up to the Zo“ production threshold) of
the cross-section c¢f process (1), where "unobserved neutrals" =

= v v_, has tge form H
2 aG_ s
d“o F 2 2
---------- IN (8] + ) + 2By + gy) + 2] «
axdy gn2 viB, T By By * By }
1-x 1
it {1~ g)z *3 x2y21' (2)
X{1-y%)

In this expression N, is a possible number of neutrino types, gy
and g, are the Salam-Weinberg constants,x = Ey/E ¥y = cosey . In
e

one of the earlier papers it was offered to use in practical cal~
culations the integration range of cross-section (2) over y in the
limit 20° ¢ 6., < 160° in order to avoid possible mistakes because
of the singular behaviour of the factor 1/(1-y2) at small % .Then
this suggestion was used in the analysis of possible expcriments

At the same time, at these large angles we lose in the absolute va-
lue of the cross-section, since process (1) is a bremsstrahlung one.
Besides, the rejected terms are sometimes comparable in magnitude
with those taken into account, As an example, this may occur in the
case of the single W-boson production in the reaction e‘e” -

- e w78/, Finally, the low-energy behaviour of the cross-section
of process (1)may turn out to be useful, in particular, for the
astrophysical applications . All t&ese arguments lead to the
necessity to take into account the e~ mass, The corresponding cross-
section is given in the Appendix.It also includes the resonance fac-
tor corresponding to the Zo—boson for the energies above the produc-
tion threshold of the latter., For comparison with (2) we give the
cross-section integrated over the whole interval of y (A.1), in
which only the terms, comparable with (2), are present,

2
dGFs
do _ __ T 2 2 1-x
ax " 7z [Nu(gv * B + 2gy + gy + 2) sl
2
. (n ié -1) (I - x + 12‘-) (3)
e
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Practical calculations of the cross-sections both with the help of
expression (A.1) and (3) (see ref. show that:

1) the augmentation to the cross s=ction due to m, is small
(it is only 4%); and, which is, probably, more important,

2) expression (2) may be integrated up to very small 4  (to 1°
and smaller, though it seems that § < 2° ¢ 3° are practically use-
less), and the difference with the zzrresponding integrated expres-
sion (A.1) is insignificant. However, the analysis performed
shows that in the experiments one may be not 'afraid” to narrow 4,
because of possible differencies between the theory and practical
results,

2. MASSIVE SPIN 31/2 PARTICLE PRODUCTION BY MECHANISM (1)

In recent’ experiments at DESY/]O/ no neutral heavy leptons with
the electron quantum number have been found up to the masses = 24GeV.
But it is possible that stable leptons with other quantum numbers
exist with relatively small masses and mixed V- and A-type coup-
lings. In supersymmetry theories photino, for example, belongs to
this type of particles. In any case,the search for them in the
processes of type (1) needs a thorough theoretical estimations of
production probabjilities. In the recent paper ©, comparatively
full analysis of this question is given, but, unfortunately, it is
based on the expression for the cross-section which is not quite
correct in that part which deals with the account for masses ms ,
Besides, the 'correct” nart of the analyzed cross-section refers
only to the (V-A)-variant of the photino interaction, while for the
particles of this type one should most probably expect a mixture of
the V- and A-variants as in the Salam-Weinberg case. In ref,’°®
the procedure of taking into account masses f consisted, in fact,
in multiplying cross~section (2) for the massless pair by the
"p-wave factor" 33 = (1 - 4m s(l-x))alz, taking into account the
part x of the energy which is carried away by photon, Direct calcu-
lations do not justify such an assumption. To remove this inaccuracy,
here we give the cross-section with account for the masses of the
produced pair (7¥) m. . The notations are the same as in (2):

Y
d2a aGFs( 2 2)1-x 4-§' 1
——mo = —-Se(gy + g5)a- V1~ -o= -t .
dxdy 12"2 v A’ x \ s(1-x) 1—y2
2 2 ny x2 1 23
N Nes f S - - = -
T, + 1,00 s(l_x)]l(l P g xye
n% 2
2 _ 2 V¥ (1.2 x 155
+ 3(f; = £,) ———omm =x“ - ((1- ) + = {
£y A as P (1 2) Y ] (4)
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where fA v are the coupling constants of the paar (7?) with matter.
’

It can easily be seen, that in the case of pure versions of (V-A)
(fv = fA) this expression turns into (2) with the factor

wlw

= [1 - 4mg/s(1-x)]$[1 - mg/s(]-x)], but not with B=[1-4mg/s(l-x)]
as it is stated in ref./5¢/ (in accordance with the remark’ made in
the introduction to this point). To demonstrate the difference bet-
ween these two factors, we offer the table, which represents the
ratio A/B for s = 1444 GeV (PETRA energy) and ms = 10 GeV for dif-
ferent x:

Table 1
x 0,1 0.2 0.3 0.4 0.5 0.6 0.7
A/B 1,33 1.4 1.5 1.64 1.9 2.7 = 10

As may be seen from this Table, the difference between two cross-
sections is rather substantial, even at small x, Moreover, the fac-
torjization proposed in ref./5e/ ig absolutely unjustified in the
case of the arbitrarily mixed variants V and A,

In our practical calculations we mean a possibility of perfor-
ming the experiment at PETRA with cnergy 19x19 GevZ. The Salam-
Weinberg constants at sin20 = 0.23 were also used The integration
was carried out in the tra’&tional interval 20°¢ 6, < 160°. The
V(A)-variant corresponds to f =0, f =1, for lV+A)fA
= fy = 1/2. One should pay atten ion to rat er low values of cross-
sections given below, i.e. in the average do/dx = 1039 cm2. These
values may increase essentially first with the growth of s(g~ s®),
secondly, in the range of the peak caused by Z°-boson, they increase
approximately by 4 orders (it is trivial to include the correspon-
ding factor, see Appendix), and, then in the case of the photino
pair product1on the prefactor in (4) aG% s(gv -+ gA)/12ﬂ2 is replaced
by 2a s/3m~ , where méh is scalar quark mass (unknown). The ratio

°r

of the given “coupling constants' is in favour of the latter by

2:3 orders, so that the restriction ¢ 3 107 cm“ which is necessary
for the experiment, becomes greater in the case of a photino already
at energies s = 1444 Gev2 (PFTRA) for the wide mass range of a sca
lar quark (up to mén== 50 GeV). One should also note, that x~depen-

dencies of different variants are such that they may be distinguis-
hed experimentally. And thus they will help to decide what pair is
namely produced in the experiment. Here the greater the mass my is,
the larger is the difference between the interaction variants, Howe-
ver, Table 2 speaks for itself:
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= 5 Gev m = 10 GeV

) sax | a0 sax {a0™ zax | a0V 7ax | a6 zax | 40tV sax

* (107 %en?)| (10~Pen| (10-en?) |(10-322a%)| (10-3%en?)| (10739 /cn?)
1] 3.4 28,7 31.6 32.1 19.4 25.7
.2 13.4 11,8 12.6 12.6 - 7.20 9.9
0.3 6,98 6.07 6.52 6.42 3.46 4,93
0.4 3,99 | 3.45 3.72 3.49 1.79 2,64
0.5 2,35 2.02 2.18 1.87 0.93 1.0
0.6 1.36 1.18 1,27 0,88 0, 46 0.66
0.7 0.73 0.67 0.70 0.22 0.14 0.18
0.8 0.32 0.34 0.33 ~0 ~0 ~0
0.9 0.06 0.06 0.08 ~ 0 ~0 . G

3. GRAVITINO PRODUCTION IN PROCESS (1)

Again by 'gravitino’ we mean any spin 3/2 particle (not only of
a supersymmetric type) - this may be heavy leptons, probably, quarks
or "preons" composites. That is why one also chooses the type of
lnteraction for them as a combination of V- and A-variants, namely

3/2 e Tw 5
I, T = 1Y)y, (hy ¢y ) (X) (5)
where ¢, (x) is the Rarita-Schwinger spin-vector. In practical cal

culations we put f= /G_. Differential cross section corresponding

to this curreat reads/n/.

2 2 Gy * 53) 2-2x+x
a2 - -?E-f‘-"----«ﬂ [¢1-x) (1-x~4m ?/s)]i[- %xz RS I.
dxdy 86477 X(1-x) G 1-y

6 4
2 2.9 2 2.Q 2 2, 2 2 2, 2
. ‘(bv + hA);Z - (2hv+ BhA);lg + (26hA" Zhv)Q +(35hv—40hA)mG~‘ (6)
G
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In this expression Q2=s(1-x) the cross section with account of the
initial particle masses 18 given in the Appendix with the same pur-
pose as in the case for spin 1/2 pair production. For the case
under consideration the integral over ¢ ,6 can be extended to the
smallest values with no account for m . Nevertheless as we can
/5¢c,ef . ® L
see in other works , integration was carried out in the limit
of 20°« 6), < 160°. As an example, we chose m_ = 5 GeV, and hy=0.

The x-distribution is presented in Table 3,
Table 3

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 ]0.9
do/dx

gg(GéY)Pb 0.577(0.181{0.072|0,030|0.012{0.004|0,001| <0 =0
x

E'( v v /)Db 0.439]0.176|0.092]0.053 |0.032]0,019|0,011|0.006| 0.002
X

In this Table photon x-distribution from e*e™ - v 17 y with N, = 3
i1 v

{see formula (2)) is presented for comparison. The Table does not
glve the results for the cases hv -hA =0.5 and hv =0, h.A =0.5,

though they were calculated, and for mass values in the interval
of 1 GeV g m6< 10GeV as well,These last cases do pot change the ge-

neral result,i.e. strongerdependence of photon x-distribution from
ete” 65,, , than from e¥e~ -vin'fiy as one can see from Table 3,

This 1is just the resuli which is important for definition of the
type of a pair produced in the process under investigation. I? this
connection one should make a note as follows, In Fayet's work

a similar process (e*e” = §G ) has been discussed to with the view
to search for gravitino, but for practical estimations he used cross
section (2) whlch is suitable only if botb particles from "unobser-
ved neutrals’ have spin 1/2. If 80, we shall never be able to
distinguish experimentally production of (GG) or (G;) pair from that
of the new neutrino pair if the number of types for the last one
>3, In case of "pure gravitino” (which corresponds to supergravi-

tation) its coupling with matter is very small, that is
S ———— - -
\ B”GNewton = 4.10" 1 Gev™l. Then the only possibility to observe

gravitino production at modern accelerators is when its mass is
also very small: n_ =~10"7 eV, Then as one con see from formula (6)
G
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this possibility of observation will be obliged to tts first mem-
ber in braces which is proportional to ]/m.g. In this case the dif-

ference in the x-distribution for two processes is expressed as
follows:

)

do, + - =& . 3do, + -~
a)—((ee 4+ 6Gy) >~ (1-x) (—h-‘(ee '1'17’) (

and this difference can be observed in experiment.

CONCLUSION

Three main results of the paper are as follows.

1, In the case of e'e” = y + "unobserved neutrals' reaction the
detection apparatus can be located in such a way as to cover the
space as big as possible at an azimuthal angle ﬂy, which helps to
enlarge the counting rate,

2, In the expression for cross section of the process e*e” ~
+ y+y+y mass effect of a produced gair is carefully taken into
account because earlier calculations/ e/ were not correct, Evalua-
tions of ¥y quantum distributions of this reaction are made with _
the proper factors, corresponding to the case of a massive pair (?ﬂ

3. Production of particles of spin 3/2 in reactions of type (1)
has been studied., X-dependence of photon distributions is shown
to be able to serve as a signature for their search and it sharply
differs from a smaller spins of a produced pair, The d:efect of
work” 3¢/ where the x-distribution is wrong, has Leen ccrrected,
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Appendix

With account for the initial particle masses m, the cross-sec-
tion of the process e*e” - YVivy takes the form

2
2 aGs s(1-x)
d“o F 2, 2 2 _ 2
R ST -
dxdy S lN!,(xv tgy) B (x,y) N, (8 ~B ) Ep(x,¥) +

+ 2((gy, + €4) $1(x,¥) + (8y - Ba) 9,(x,¥))-

e p—

L (1-s(1-0)m)]/

_ _ 2.2 2
[-sQ-0/mD)? + T2/m2] + 2 6 (x,9)! (A.1)
where
2 2
=1 )2 - 3.8 (oo no_x
%(x,y) = 2[] + (1-x) 3 o (2-x) + s Ik +
‘4 m?) / 2 2 2,2
o 1+
AR KR AT N S0
s (1-v2y 22
2 2 2
PICRO S o DO S L XS T NI GO B ot
2 s 6 1x2 S vy - 23 22,2
(1-v©y“)

9
r m2
Vv =1 = ==

2
E +
e~
The cross-section of the reaction ete~—» y+ G + é is (m is the mass
of initial leptons):



inl
1- -8
4 8 2 7
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2 G
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2,2
2(Q 2m%)
P () = (5 + —=mmmpn 5-2-) mEd -nd) + 5@° - mb.
BIIG
2. b’
Len2 2 1,52 _ 20, .5 __ G 2 2
(hV + hA)] + 3(Q 4.5)[ 5 + pr )(hv +hy) o+
G
1 2 2
+ g(hv - A)] ’
2(%+ =) (- md? 2
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MIRROR FERMIONS IN THE PROELEM
OF P-PARITY VIOLATION IN WEAXK INTBRACTION

A,.G.Liparteliani, V.A.Monich, Yu.P.Nikitin, G.G.Volkov
Institute for High Energy Physics, Serpukhov

1. GAVGE 5U%(2);xsUT1(2)pxU(1)-MODEL WITH MIRROR FERMIONS

To construct consistently a left-right LR-symmetric theory based
on the diagonality principle, it is necessary to provide not only
the diagonality of the Yukawa interaction, but also to compensate
for the LR-diagram contributions (in particular, exclude them). Thia
can be achieved by widening quark and leptonic families with new fer-
mions with the quantum number "mirror'/1-11/, As an example of such
an approach, we may offer a model of electroweak interactions based

on the sul(z)[‘xsun(z)nxu(1)-¢nuze group.Quarks (leptons) ahould be
distributed in multiplets as follows:

i v @) o [ERED)
qi = - » qi = E”
i L Wt L

i=1,23, (1)
~ O %
g5 (G o [
1 E. i [
i R’ 1 R

whers v, (8,) and B°(0‘) are lutually orthogonal combinations of the
states (v Yo 3) and (B E° EC ), respeciively.

Under such a construction of fern.lon multiplets, LR-diagrams do
not occur at least at the one-loop level. For this it is necessary
to exclude the mixing_of light (ordinary) and mirror (heavy) part-
ners, (v, E° ) and (21, E, ), respectively. Spontaneous space sym~
metry breaking of electroweak interactions is connected with the
fact that the masses of " mirror" objects seem to be greater than
those of ordinary quarks and leptons. A similar mechanism respon-
sible for the difference in masses of ordinary and mirror fermions,
seems to arise in the model with the gauge SU(Z)LxSU(2)RxU(l)B_L-
symmetry, including two types of Majoramna neutrino (v and N). Indeed,
the mechanism of the spontaneous breaking of SU(2)LxSU(2)RxU(])B_L-
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symmetry to SU(2) xU(])Y—symmetry violated the discrete LR-symmetry
of the initial Lagrangian and resulted in the production of two
Majorana neutrinos with different mahses'mN'>>m,/]2‘]6/. The mecha-
nism described is true only in the case of neutral components.

It is also worth to note, that in the given approach there is
a hope that the contribution from the diagrams with the Higgs boson
exchange is negligibly small, as compared to the contribution from
the diagrams with the gauge vector boson exchange only.

Hence, the extension of the fermionic sector of matter fields in
LR-symmetry models may be of great help in the solution of some
problems, connected with the diagonality principle of neutral cur-
rents in rare processes, such as K° « K°, p »ey, u-~3e, Kg fe,etc.
Quite remarkable is the application of this model in the enhancement
of such rare processes 85 u * ey, u -3e, Kz + ge, etc, For instance,

n3

3
2
Bl ~ey -—--( —Tk— 0.0, )", ' (2)
325 i m (W) k2K

where m are neutral mirror lepton masses, m(WR} is the mass of a
charged gauge W’-bo-on, (Y] are the mixing parameters of the current
operator of R—transitions

A 1] .
= E !
(E], Ez, 53) 0(51, Y ES) (3)
2
. n (W)

_l'_(L3_9)_T’2_aln2__B_’ k =1,20r 3 (D

T(u-~ey} n -2

k
-10 _9/18/

from the experiment, L(p * ey} <1,9-10 , Blpg » 3e)<1,9:10

2, THE KOLE OF NEUTRINO IN P-SYMMETRY BREAKING PROBLEM
IN THXCRIES WITH GAUGE SU(Z)LXSU(2)RXU(])-SYHHETRY

It is necesyary to consider in which way the non~zero neutrino
mass problem is connected with the question of the P-parity viola-
tion mechanism. The modern experimental limitations on neutrino mas-
ses are as follows:; 14 eV<m(ve) £46 eV, m(v )65 KeV, m(v b ES
< 250 MeV. In the case of a massless neutrino one may 1ntroduce a
one parameter U(l)-group of chiral transformations for the neutrino

field ¢ (x): 5
u(@) ¥ (x)u @) = exp(ir. @ § (e g | ) ()

where ¢+, ¢_ are two-component Weyl fields which transform accor-
ding to the Lorentz group representations (1/2, 0) and (0, 1/2).The

matrix 75 = (; ?) is taken here in the spinor representation.
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The Lorentz transformations defined here as

$4= Ay o,

may be represented in the form

(6)

Ay=exp(12(6 2 18], 1)

where 5 and E are rotation and boost parameters, respectively,The
corresponding independent Weyl equations for the spinors have the
form

oFé, =t b, (8)
where ¢, correspond to the states with helicities + 1/2, o are the
Pauli metrices and p is a neutrino momentum. -

In paper 19 it was noted that the neutrino masslessness followed
from y.-invariance of the weak interaction Hamiltonian, and all this
led to the (V-A)-theory of weak interactions. A certain connection
between the presence of & finite neutrino mass and a possible exis~
tence of RH weak charged currents is quite admissible. Then the case
of a massless neutrino would correspond to the fulfilment of the
condition n(wn) +e, If LH- and RH~ neutrino_!ielda are defined in
the following way: V¥ = ;q&*, 0), = (0,¢7), then their superpo-

+ -
sition y‘:D- \llB tYy = ! 5 2y, l7-!5#1 will be Lorentz-invariant

even if m, ¢ 9. In this the Weyl spinors are not any longer eigen
functions of op at an arbitrary momentum (but they become such at
hig.: energies, when E, > m,. Indeed, the spinors ¢+ and ¢_ satisfy
then the Dirac equations

(E-oP) ¢, ~mg_=0,
mg +(E+oB)é_=0.

where p is a particle momentum, E = 32 + .2 is a particle energy.

9)

Since under space reflections &, ?. ¢, then the theory invariance
with respect to the P-transformations requires a unified considera-~
tion of (1/2, 0) + (0, 1/2) Weyl spinors. As a result, we come to

P.p . c
the Dirac 4-component spimor Yy, where yp -.lﬁD =y, "bD’ ¥p - "bD =
»
=¥ -/:D, and p and ¢ are corresponding operators of the space reflec-

tion and charge conjugation

_ 1] 1 _ 1] a,
= » =
Yo 1 (] Ya 02 o/-

Note, that conservarion of CP-invariance allows one to use only
one Weyl spinor, since

[+ [ *
¢ P !p =0y Py (10)
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The invariance of the theoory of massless particles with respect to
combined conjugation (10) is a consequence of the invariance with
respect to helicity group (5).

As it is desirable to construct a theory of electroweak interac-
tions in such a way that it would be LR-symmetrical with further
spontaneous P-symmetry breaking, then one should describe a neutrino
with a four-component spinor, putting it in the left and right
multiplets.

In this case we have & possibility to treat neutrino as a Majo-
rana particle and not as a Dirac one:

s (11)

Sy :
'bM u mopd,

Then it has only two independent components,Two other independent
components will participate in the construction of another Majorana
neutral lepton N, and here spontaneous breaking of P-parity will,
conzequently, lead to the difference in the masses of neutrino !* and
its mirror partner N, The above-considered problem was practically
realized in the model with gauge SU(2)LXSU(2)RXU(I)Y-Sym.metry,where,
apart from the Higgs multiplet (¢ =(1/2, 1/2, 0)) of scalar particles,
the Higgs multiplets with quantum numbers &, = (1,0,2), AR= (0,1,2)
were also considered,

The P-symmetry breaking was achieved by choosing the vacuum expec-

tation values <AL> o= O(AB>° =v £ 0: SlI(Z)LxSU(Z)RxU(l)B,L -

<AR>A0 Q

- SU(Z)LxU(l)Y. Further breaking SU(Z)LxU(l)Y+ U(1) takes

place when a non-zZero expectation value <¢> = (0 k.) #£ 0 appears,

The appearance of the neutrino mirror partner N with a large mass
in the model is mainly connected with the appearance of Majorana

mass terms of the type 1'—; Eulﬁu in the Lagrangian. They violate the

congervation law of the leptonic quantum number. The quoted models
admit a direct experimental check, since they predict such rare pro-
cesses as double neutrinoless PB-decay and can describe u ey, y +3e
decays in sgreement with the upper experimental limits,
As a result, this approach allows one to relate a neutrino mass
to that of tlzie right helicity vector boson in the following way:
[ ]
e
m = - m(W,) = m(N.) 12)
Ve n(WR)' R R”* (
which provides a smooth connection between LR- and standard SU(2)LX
x U(1)-theories. Indeec, at n(WR) -+ o , the gauge SU(Z)LxU(l)-symmet-
ry 1is restored. =y, 0
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Thus, in the theory with the gauge SU(2); xSU(2)pxU(1)-symmetry
the existence not only of light leftneutrino, as well as of right
antineutrino, but of heavy mirror right neutrino and left antineutri-
no is also admissible. The direct experimental observation of mirror
leptons is somewhat complicated, on the one hand, because of their
sterility m(WR) > m(¥p), and on the other hand, it is quite realis-
tic due to their large masses.

3. BASIC FEATURES OF QUARTET MODELS

Our understanding of the problem of P-parity restoration would
be far from being complete, if we do not consider quartet models
based on the hypothesis of the ?uark and leptonic number doubling at
the account of mirror fermions/ -1/ In such models the restoration
of LR-symmetries may take place in the framework of a gauge group

I
like GL}GRXU(I) or GLxGRxU ])xU{]), where the unitary SU(4)-group
(or simplectic SP(4)-group) is taken as GL(R)-group. The simplectic

SP(4)-group is a maximml SU(4)-subgroup, and it is free from axisel
Adler anomalies, Besides, many properties concerning symmetry brea-
king are analogous.

The Gy, R) = SU(4)-symmetry with e larger number of possible para~
meters will be considered here, since the atages with an intermediate
symmetry SU(2)L§SU(2) (see, e,g,, variants B,C,D,E in fig, 1) are
of great interest in ¥he study of the problem of P-parity violation.

In such an approach leptons and quarks realize the fundamental
representation of the SU(4)~group and are combined into quartets of
the form

Cg’l - ‘Cg; C%l = 1ul, di, Ui, pt; ,i el, 11, Pt

where index i runs over the values 1,2,3,..., and corresponds to the
families e, p,r ... for leptons and u,¢,t ... for quarks. The objects
L% = (E-, l—,F-,...) 191 = (E°, u°,r°...) are mirror leptons and

vl = (u,c,T...) pl= (D,s,B...) are mirror quarks.

The insertion of new quark% (leptons) into the theory agrees with
the hypothesis that the ordinary world with LH-weak currents (LH
world) is connected with the known quarks (leptons): (u~, d v, 11)
and the mirror world (i.e, the RH-one) is connected with the fer-
mions (ul, pi; Li, L°1y/1,2,4,10/,

This section of the paper is devoted to the consideration of va-
rious types of spontaneous breaking of the initial SU(4)LxSU(4)Rx
xU" (1) symmetry theory to (1) (see fig. 1). Thus, in the variant A
the Weinberg-Salam SU(2)LxU(])—syn-etry i8 constructed as an inter-
mediate one; as a result, the restoration of P-parity takes place
only in the framework of the basic GlyGRxUY(l) group, i.e, at effec-
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tive distances connected with the scale of this group r ~'1/M°, MO~
._]035104 GeV. In the variant B P-parity is restored at an inter-
mediate stage in the framework of the '"explicit" SU(2)LxSU(2)RxUY(1)
gauge symmetry considered in Section 1, In variants C,D, E we con-
sider intermediate stages characterizea by gauge groups of the

I I
form SU(Z)LxSU(?.)R (where indices I (II) point to the fact that
quarks and leptons within each generation are in general located

differently in the corresponding multipiets of SUi(Z), Séé(2)—grcup).
Here the restc.ation of the LR-symmetry is connected with the per-
mutation of ordinary and mirror fermions/4:5:10/, The ohserved ef-
fects of P-parity violation in the modern experiments might be cau-
sed by the fact that mirror fermions are heavier than their corres-
ponding basic partners.

In coniection with this it would be rather interesting to search
for the production of new heavy particles in electroweak processes,
Indeed, no matter whether mirror quarks (leptons) have usual elect-
romagnetic properties, they must participate in weak interactions
with "light'" quarks (leptons), The search for the reactions in which
these 'heavy' objects are produced, has been and is being carried
out in modern experiments., We mean the experiments with the attempts
to observe charged and neutral leptons in neutrino beams, muon
experiments of the '"beam-dump" type. The observation of the y - ey,
¢ ~* 3e decays at the branching ratio of 2,10']0 + 10712 yould be
an indication of a possible existence of mirror neutral leptons.

Note, that in the framework of quartet models there is an attrac-
tive opportunity to obtain a proper value for the mass difference
of u and d-quarks., Really, in the gauge theories with SU(2)LxSU(2)Rx
xU(1)-symmetry the calculated value for the mass difference of u-
and d-quarks has a wrong sign because of the ccntribution of the
diagram with an intermediate photon. The contribution of such diag-
rams will, however, be suppressed, if one requires bare quark masses
to be equal to zero: a, =my = 0, In the framework of a quartet mo-
del a proper choice of the corresponding vacuum expectation value
for the tensor (with respect to the gauge SU(4)LxSU(4)R-group Higgs
fieldﬁ which realizes the interaction between LE (u,d,U,D)L and RH
(u,d,U,D)g quadruplets, easily provides the equality of the bare
quark masses to zero,

4. ELECTROWEAK INTERACTION LAGRANGIAN AND HIGGS FIELDS
IN SU(4);xSU(4)3xUY(1) GAUGE MODEL

Let us consider the mechanism of spontaneous violation of P-pa-
rity in quartet models”/10/. The scheme with the SU(4) [ xST(4)pxU(1)-
symmetry is characterized by the following commutation relations
between the group generators:
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(Ff, FPY) =i, F) (P FR1=af, g W]

a o
{rL, FRB] = [Ff, FPl=[Fy F°l=0 (13)
(F°, Fl‘f, Fg, @ =1,2,... 15),
where faﬁ), are SU(4{ group structure constants. Quarks and leptons

from each family Cg’ correspond to the following representations
of the group under consideration:

ui ui
1y, [ 4 1=y [y
=5 [ 3 r4,1,1/3}; o} = =21~ (1,3,1/3]
qQ = > D; (4,1, 13 qR— > Di 1,4, N
v, U
1y, [0 -y, M
+ : -
1 5 15 i 5 (1 -
1} s =2 (Ll (4,1,-1); 1 = =l }=,4,-
L 5 :g [ ,-1) R 3 £t [1,4,-1],
i E}

ad -
where the quantum numbers corresponding to the generators (TL' TR,Y)
are given in the square brackets.

The multiplets of the scalar Higgs fields, such as the tensor
multiplet & ~[4, 4, 0], fundamental multiplets 7~ (4,1,-1), np~
~[1,3,-]] and the adjoint multiplets XL(]5,1,0) and xR(],ls,O),
should be introduced into the considered scheme, so that the prog-
ram of spontaneous violation be realized. Instead of the fields xiﬁ
xg it is more convenient tc examine the following linear combina-

tions: _ xg x15 -
)L,k o2 xt-ix 9. 10
PR _
L NN L XL XLI L Xixy
1 2 3, XL XL, 6 7 4 12
- 15 Xt IXpE mx s == X X X i X
gL Tt L Ve P T
3 a=1 L
vZa VvZ S 5 28X, B
LUXpr X TiXy TIEX ‘/g-'xr. Xy
9,. ) | . . _ 3
XL+IXL i Xy +i'x{'2: Xi‘sﬂx{?: -_5 Xﬂs J
15 L
K== I A% (19)
vTa=1 'R,

where A% are the Gell-Mann matrices for the SU(4)-group, and the
strength tensors here for the gauge fields A°, A;L, A:R correspon -
ding to the generators F°, FL, FR have the form
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Fluv =% AL, - @ VAL, & faﬂr‘m‘xy

a
me 5 a#ARV - 4 ARu- * Bg ﬂﬁYAR#Al{u (15)
o _ o _ )
F#v = a}lAv avAp

We can represent the Lagrangian density in the given model as

[
I

=- i

1 2 1 2 - - i
2 PoN— a -k ) D
L#V) 4(Fn#u) 4(17:"”) +GLy"pay +  py Dap +

- P A a
Tr[(D# ¢)+(D#¢)] + flapéag + ag ¢*qL] + 4 (D# xL)+(D# x,) *

+

1 2 - -
+ TP, 1) + (LR} - PCS, mp, mpy X0 Xg)*

+(gauge fixing terms). (16)
As usual, the symbols D denote the covariant derivatives of the
corresponding fields:

A
D,‘qua,‘qL+23A[F° a) - izL#quL
P
_ i )
D“qR=6“qR+ gA [r, qgl - igRA#quR
= - — A —
Db = 90 - 1g Al Y
A A i a a A
=d - -
Dy X, =9 Xy = 5 AL, IV Xy,
A A i a A
D =d -=gA (17)
w Xr = %R 28'111“"‘11]'
i 0
D =d + = AT ig A '
1L E M P 2 BN L 2 i i)
i a X
D7 =4 + - g A%y - ig AT ey .
R =%t 3 &N ER'mu2 "R

In expression (16) P stands for an arbitrary polynomial over the
scale fields ¢, 9 v TR’ x xp (not higher than the fourth order),
which is invariant w1t -'espec to the considered gauge group

P =2 Tr(¢'$) + aTr(¢*s. 2+ a,lrr(s"9)1% + boﬂ; 7

2 A A
+ b (TIL L) +b127lL’1L’1R7IR +C°Tp(}(L xL) +

+ 0. Tr( A a A A A
17 xL xLxLxL) + CyoTr(Xy X ITr(X pXp) +
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A 2 o+ ., o+ L +
+ G TrOXG, X IV +dy Ty X X Py 4 dy By ddiny 4 dg 1y TR(S $)+

nt + + Ay A
tdynp MTrC Xy Xp) +dg o Tr( Xg Xp) +
A + +A A
+ 1111'1'( xLxL)‘l'r(¢ b)) + llzTr(¢¢ XLXL) + (L= R). (18)

For simplicity the terms that are odd in fields QL' ;‘(R' L R
are omitted in (18). One can get rid of them, demanding that the Lag-
rangian be invariant with respect to the corresponding discrete
transformations, e,g, of the form Gy= ( 7,~-7,, Xp+ =Xy TR < Tge
Xp* Xgr¢ 2 ¢) or Gyl= (Mp > My, ngaonps Xg, » X0 Xg * Xg» 79+
Lagrangian density (16) contains & LR-symmetry at 8L, = 8g = &, i.e.
a symmetryv with respect to the following transformations:

A".‘:A;, ll'L-'! '/’RJ 'IL: TRy XL: le ¢=¢+. (19)

The polynomial P( ¢, My Mge Xy Xg) 8180 containg the lR-symmetry,
but this does not mean that the vacuum expectation values of scalar
fields must be left-right symmetrical,

The P-parity violation in the model considered may be smoothly
introduced, l.e, left-right asymmetric vacuum expectations are assig-
ned to the scalar Riggs fields.

Without any loss of generality, we shall choose for the field ¢
its vacuum expectation value diagonal and real:;

alaz O

<@g = ag (20)
a8, .
The choice of (20) in the lower order in perturbation theory
leads to the following values of quarks (leptonic) masses:

m, = fay, my = fay, my = fag, mp = fa,,
Tables la and 2a of the Appendix give mass matrices for the gauge
fields caused by the appearance of the non-zero vacuum expectation
values, Due to the electrical charge conservation, the vacuum ex-
pectation values for the scalar fields ny, and R, xL and Xgrmay
be taken in the form
1]

Mo = 2n

(=2 I ]
OY %o

<Mp> =
‘TRO

¥
L R

and



a *0 (o]

L L
0 B u 0
A A
<Xp, =VE Lot Xgrg = (LR (22)
[1) uL o8 [1)
L 0 0 BL
here a; + ﬁL+ YLt 8L =ap+ BR+ Yq +¢SR = 9.

The corresponding contributions to the mass matrices of the gauge
vector fields caused by the non-zero vacuum expectation values of
scalar fields are defined by formulae (3e-6a) (see Appendix).

Under this choice of vacuum expectation values only photon will
remain massless. As a result, the SU(4)LxSU(4)RXU(J)Y-grouP is bro-
ken to U(I)Q corresponding to the conservation of the electrical

2

charge e = ok . The electromagnetic field has the form
g2 +4g
(]

em 1 o 8 1 15

AL ol 40 41 +A")+—-(A > )- 2 + Ak
L THR R
[ 2, M z H \/-‘g B g

S. QUARTET MODELS WITH STEP-BY-STEP GAUGE SYMMETRY BREAKING

a._Intermediate SU(2), xu"u)-sy—etry

If it is necessary to break the SU(4)LxSU(4)RxU (1)-group down to
the stamdard BU(Z)LxUY(l)-sy-etry, then the vacuum expectation va-
lues of the fields ¢, xL, XR' 7y Tg Must satisfy the following ad-
ditional conditions:

<¢> X a =f
¢°.a1=32-0, <xL>=7 =

=Py o=V =0 (23)

L
<r,L>°o ,YL-O,
The SU(Z) xXU(1)~symmetry group is defined by the generators
1 1 g2 g3 _p3 - -
T =F., 72 = p2, T =F, Y=2Q-T,)

LT L L
_1 3 3 1,8 8 /2‘ 15 15
Q= 21"° + (PL + PR) + \/.5\(171. + Fp) 3(FL +Fy ) (24)
with the corresponding commutation relations
[Ty» TJ] = 154, Ty ['ri, vyl=0. (25)
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Fermions from any family Cg = (ui, ai, p, vl) ana Ci = (v, 11,
E;, Eg) may be put into multiplets of the SU(Z)LxU(l)-group. For
. v 1
instance, in the case of leptons we have doublets ( f) with T = 3
1
i/L

- = 0 =
Y = -1 and singlets with T = 0“"1)3' (11)3, (Ei)n. (B)p: (Ei)L .
(E‘:)L and with the hypercharge Y =0, -2, -2, 0, -2, O.
The Weinberg angle can easily he defined in the given scheme:
2
sinfg, =[4 + = 171, (26)

4g§

The small invariance subgroup of the vacum PC G = SU(4)LxSU(4)Rx
x U(1) 1is defined from the condition that the corresponding genera-
tors F,C P turn the vacuum state into Zzero:

F 10>=0. 2n
More precisely, for a concrete model condition (27) is deciphered

as follows:
a

A

[Bf <g3) =~ 7 <87 =0 (Fr TR} = (7 <mo) =

j 2 a A5 a A
[FR, <¢>o) - <$>p= O - l!‘L, <XR>O = [FR’ <XL>01= 04
(P8, <a0l = - & <m0

L et = ] "fo‘

v K (28)
(Fg) <igrel = = 5 < 0

a A A% A
[FL'<XL>°] = -3 <Xp%) =0
e A X 4
(FR' <xR>o] = '(;p <xR>o] =0
All gauge fields corresponding to the small vacuum subgroup, re
main massless, which follows directly from the formulae for gauge
vector boson masses,

b, Intermediate "Explicit" SU(2) | xSU(2)  xU(1)-Symmetry

One may consider a variant of the theory when at some intermediate
stage of spontaneous breasking of the initial symmetry an "explicit"
left-right SU(Z)LxSU(Z)RxU(l) symmetry 1is realized with the follo-
wing arrangement of particles in the multiplets (as an example, fur-
ther we consider only leptous cl which are doublets with respect to
the groups SU(2)L and SU(2)B
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v 1 v 1 "
(T, =3); (To= ) }* (T, =0){ ] (Ty=0)
Ke) } L 2 Ke)i R 2 Le) L e R
L R R L
regpectively, and singlets with respect to these groups:
(e~ © = 0).
(E )L,R, (E )L'R i, (TL,R 0)

To realize such a breaking of the initial symmetry, it is neces-
sary to impose the following requirements on the vacuum average va-
lues of scalar fields:

<g>=a.=a,=0, <p.> =3 x =0, ¢ > >y, =0
2 L L Ro L (29)

~ B 0 A _ -
Ko Tap =By v =vy =0 <o P @p=Bp s U g
Between the generutors of the initial group SU(4)LxSU(4)RxU(]) and
the group SU(Z)LxSU(Z)RxU(l) there arises a correspondence:

i _ i i _ j _ k
FLe = Tpr' [Tw 1 =0, [Ty Tory! = H13¢TLR)

[Ti(n)' ¥]=0, ¥=2(Q-Ty -Tg) (L,3,k=1,23),

¢. Intermediate SU;£?)XSU;I(2)XU}(l)xU;I(l)xUY(l)-Symmetry
L(Dx

Using the Higgs multiplets (¢, x, 7), it 1s possible to break
the symetry SU(4)IxSUII(4)xUI(])xUII(l)xUY(l) to the intermediate
symmetry SUL(2)xSU I(2)x (1)xUIIxUY(]) with the followzng multiplet

*
ED)

contents of the considered particles of the set C (u li, Ei'

which are

] 1
1) doublets with Ti = % and TE =3
vy E‘i
W)
1 i
L R
respectively,
and 2) singlets with '1{ =0, T;I =0
o * o ¥
% r (g Ep Ep !.i(Ei)R, (Ep! and 1 (v)),, e h

respectively. The generators of the new group are related to the
generators of the original group as follows:

(1) _ gD =

T, = Fp i =1,23

1y _ a3 2 _ g 3_ 18 _ f2°15
Tg " =Fg» Tp=F, Tp= @FR V3 Fr
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UI 1(]0 _.!psq.z_\./?pls
=5 _ = L L »
2/ V3 3 (30)
-2

0 1 3 2 8 z

U;I.-~l 1 =-—(FR+—_‘FR+\/3F15).

ED 1 vz Vi R
U S _ o i a i I(IIn
[UL, TL'R] =0, [U , TL,R] =0, (Y, TL,B] [y, UL(R) = 0.

For the vacuum expectations of scalar fields, when our method of
symmetry bresking is applied, the following conditions are to be
satisfied
<¢>o »a, =8, =8, =a, =0, <1;L>° »xL =0, <YIR>° =Py3=0
. <x > & (31
Xxpre mapm Ry upmv= 0, <Xp>, Y=k U=V "0

Then the mass term of the Lagrangian of gauge fields will have the
form: 2
L 4+15 4 2 4+15 2
[,.:--[(a -y) +--HA g—(a ~y) lA +
2
XR 11-i112 2 .

> unﬂn |

2 2
8% 52 ,11-1122  g” a2
+2(GLE)1A ! 2[(ﬁR YRt

2 v2 32
g 2 ‘. .13-114 2 1+i2 2

-~ [ -5 + == )IA + —. ) + _—] A
2 (YL L) 2 I ulL ! 2 ﬁ | uR ‘

2 )§ 6+17 2 .

2
g
+ ';'(z(ﬁn'ynl + = lAFR 1

[

g 6'0'17 2
+ 2 [2(aL YL + YL]]

[

2 9+.'|.10 2
,m ! (32)
2 8 15
2 1 15 .2 o 3 A uR A
+ g A° + g(~— A -~ — A + —=2rg A T
7 (8 A, + & i ) 7 [B,A, (A o = ‘[_,)]

+ Yt GL-O, aR+ ﬁn-!- ZyR = 0 and assuming for

, one gets for the vacuum

| A 9+:|.10 2

+ (g 8) o ] g(fI'Y)

<N|N
o

Taking into account ZaL

simplicity that Yp = Yp ﬁL =y 13, ° L

averages of Higgs fields:




v O NG
: -va] ‘L x> =vz[ 'L
< XL>° =V YL Ro Ve a
O O
and EL = -zaL- yL = aR' Then the mass part of the Lagrangian of gau-
ge fleldszis expressed byz the formula
2 Y 4+15,2 1i-112 2
Iy = g'ﬂ opmp) El‘”A,LL Wedag T

E 1 (3epen) [;A“‘s!z + a2 g,

2

Al3-1142 +!A1:;2!2 - 24 5 Ly (a2

2
&
L )} + 3 ’[(a

x(;

9+ 2
ilOl +‘A’£:+110 i 2“

2
6+i7, 2 g8 2
+[A“R [ T 3 !(3aL+y ) UA

Y2 2

L 1,15

-2 —_ - —A
+ n {goA + g(

V3 ML il

2 L Q 3
)1 lgoA“ * e~ —

Let us also give some
fields to the physical intermediate vector bosons:

6+i7 2

\/3

y2

2
4 2 L
by t [[Z(HLWL)’ t 5 1x

(33)
15
_ﬂ‘n
Ve

useful formulae relating the initial gauge

3 3
= W m(Ws) = (T3 = Pa)p
gL #L' L L
22 15
L8 L 2¥Z5 g1 Ly io, wle—188, 2YE 05
3 BL a ,uL “L L L ey L 3 L
21/-‘ 1,15 2 2vy2° 8 1 15
- A =Z = we——— F '~ - F
3 “L AL = 2 a(vp) #£0, (v 5 L3 hL ),
. (34)
] >
a8 /2 A15 =W, mwd) =0, (T° = 5o grés),
J3ER 3 R kR R R 3R 1
8 15

A iaEA =2, w@*h - o,

V3 4R 3yR #R HR R

s

Wl oo Lgpd, 28 S T8 .

R vi B y3R 3 R

23 \/23 1,15_ 2 23 Zg 115
~A ZA z =vopd o Xo8 | o .
3wR 3R aum ar PR T OpmVaFp m SR 3R

359



In the matrix form relationa (34) are represented in the follo-
wing form:

w: 1 o 0 /Ai
2y?
'7.‘:: =f O :-‘; —13- A: (35)
2 2vV?Z 1 15
4 0 3 T3 A
3 1 7] 3
A
Yr 0 a 'J;‘ R
z; 2 - z - \Ea‘ a8 (36)
V3
2 vZ 1 15
Zr ‘/? -8 T3 g

The corresponding operators of the third spin projections VL R'UL,R'
r

TL ] are expressed by the formulae
’
1 1
V‘—:l 1 O \'4 -———-l -30
L™ = -3 R 1
2v6 2V 6
Flo™s 0
1 -2
1[4 1 0o O
UL=— 0 Up = ——— 1 (37)
273 -2 23 0O 1
1 0
. 110} L _1fo O
3L " 2 3R 2 -1

0
O o O 1
The operators of the electrical charge and weak hypercharge are de-
fined by the relations
1 Y
Q=T + T, -——(uL+uR)+-=
3L 3R vg- 2

=T, ¢ T, - m=(u ru) +VE(V +V) +2F,
ke TR SRS T AR

-1
o 20
-1

(lepton)=

N e

-1
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In our model the left-right symmetry of the Lagrangian is com_lected
with the invariance with respect to the permutation v E" liu E'i.

3 3 .3 L..3 .1 1,1 II p
The neutral fields w“ & TL‘ v TR' T L-"UL. Z“ U Y re-

mAin massless. The mnss parts of the Lagrangian are represented below:

neutral field L /‘3" 2\/ 8 1 .,15,2
= ’ A - - A +
Ly B4 sL 3 ul,)'
2
% .
R .o /5 2 .3 V7 A€ L 1,15,,2
=g A% +gvVi (VA3 - - ZA
4[30“ 32(3“3 3“331‘)} (38)
2 _ .2 _ .2
ly, =% =V ),
neutral field 2
Ly =!-[gA°+g 22] [gA +gf22]
4 "BoTH
o . VTE zzLu* Zznu 22
(ag2+3g%) At N ) ] 5 AR
o — KA 3
& eyl ~2 * e (BT’ (9
\/ 1 +§§..:.
i 2
g
1 4 " °
Py Z + 2
3
e,
2 ¥e N
B“ = is a massless field with the hyper-
2
V1 o+ 3g
4 2
€

charge Y = 2;,/%-‘(\!!‘ *VR) + F .

d). Intermediate SUI(2)xS xSU (2)xU (1)-Symmetry

To break the sy—etry sul(2)xut (D xsut (23 x0T (1) GXU(1) to the
SU (2) xSU (2) xU (1) group, it is necessary to ndditionally intro~
duce the Higgs lultiplets

o - - o o - - o

(810850 93 ), (81, dp g b,

with the following vacuum averages: (0, 0, O, AL) and QR’ 0,0,0).

In this the mess term in Lag-engians (38), (39) gets an addition in
the form
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A P {1 A3-110 (2 . (all-112 2 .l 13-u412 .
== Ay UL ML
2 2
o _ ﬁ 15,2 , 1-12 4+15
+ {goA“L g A f i+ lAyR |+ ]A#R |
2
9+110 ° 8 , = . 15 2
3 w121 40)
CASEEIO g AR s gaat ¢ A/ VE A1 VB ¢

Under this choice of the Higgs fields the symmetry SUI(2)LxSUIk2)Rx
x U*{1) is not touched upon, One may put again A =Ag- As a result

there emerges a left-right symmetric model of the type SUI(Z)L\‘.

X SU (2) xU?(l) where the generator ¥ is constructed by the rule

AL . | 2 1 1 =
3¥-=- \/3.(“1, + uR)u/: (I ¢ VRI+ 3 By = (v Hpd + 5 Fy
¥ ¥ ¥, n
= T ' L o ! L R
= (¥ + Yn)2 y Q= (TI!L -:m) + r i (st + 5—) + (Tm* )
Y = YL + YR.
The generators HL and HR are defined as 1
0 ~eptonic -3
1 O\ ¥ 2 4
H = - — UL+\/§E vi=f %1 > - -3 (42)
Vv 2 -1
O 1 0
2
1 10 ~1eptonic 0 .
[z -3 Yo -
Hp=~ = Ugtv3 Vg = o | = - % (43)
V3 O o 1
2

The operators HL and HR may be used to daﬂne the "left" tuntl-
number of the "heaviness" hL of the "left” fermions ( ll/ ——5-111)

1 1, » 1 1

hL(uL' 1L) =0, hL(BL)’-E: hL(E:) - h (dl ) =0 and, :orresp(:n—
dingly, of the “right" quantum number b’R ("ughtness") hy (B , ER)=0’
hR(VR) = %; h:t(lﬂ) -2 hl( ¥ ) = 0. The earlier constructed scheme

has a remarkable property of the left-right sysmmetry in the mutual
permutation of "light" & "heavy' fermionic fields.This means that in
this theory the restoration of the left-righkt symmetry in electroweak
interactions at high energies is caused by the existence of "heavy"
mirror fermions, similar to the ordinary ones that are already known
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and are interacting at large distances in the V+A~-way; the masses

of the left and right gauge bosons coincide: m(W§f°) = m(w™%). The
further concretization of the model 18 connected with the next stage
of the symmetry breaking SUI(Z)LxSUII(2)RxUY(J) to the symmetry vR(1).
For this it 15 necessary to introduce into the theory one more pair
of the quartet Higgs fields, for example, &__ = (c':l, ég, dg, ¢’>;)L

IIL
+ +
and éIIR= (% v ¢;. ¢§, éa)R, with the vacuum expectations <éIlL>o:
= A < > = A K .
O, Agr Agpe 0) and ¢EIR o = (O iops Agp, 0)

It can easily be shown that in the framework of such a scheme of
electroweak interactions one has charged currents (Vili)L s (E?.E;)R,
~

I 11
(m(wL) = m(wR)), two neutral currents (T3L+ T3p~ Q sinzowlzl and

the electromagnetic current. To this, one may demand m(i;) >> m(zl).
The interaction of ordinary leptons (quarss) with the gauge vector
neutral field Z, coincides in form with the neutral current of the
GWS~model, At tﬁe given stage of the spontaneous breaking, the scheme
contains a certain left-right symmetry causcd by the simultaneous
permutation of "light" (ordinary) and "heavy” (mirror) fermions.Apart
from electromagnetic interactions, the possibilities of the produc-
tion of "heavy” particles in the "light"” particle benm are connected
with weak interactions, due to a possible mixing of the neutral sta-
tes of vi and E°. In such a model, by introducing one more quartet
Higgs field ¢ (a #0, 17 1,2,3,4) with the negligible vacuum expecta-
tions | ai|<< l<q°>L }<X> | one can obtain a scheme in which the left
and right worlds are mixed.

In the variant of the quartet model of electroweak interactions
it is possible to consider the second charge, different from the
electrical one. For this it is necessary to exterd the initizl group

to SU(4)LxSU(4)RxU 1(J)xU 2(]). where the subgroup U ](]) is connec-

ted with the fourth colour of "ligh: ' (ordinary) leptons (quarks),

Y
and the subgroup U 2(1) with that of "heavy'” leptons and quark, re-
spectively, It is natural, that this approach implies that the ini-
tial symmetry of quarks and leptons SUEW(4)LxSUEw(4)RxSUl(4c)xSUII(4C)
was successively broken in a chain fashion to SU(4)LxSU(4)RxSUl(3c)x
Y Y Y.
xSUTL(3¢)xu” 1 (1)xu” 2(1) - 501(2)  xSUTE(2) pxsUL(3€) xsUTL(3€)xu¥ 1 (1)x

x UY2(])-aSUI(Bc)xSUII(SC)xUQ1(])xUQz(1).The symmetry groups Syl(3®)
and SUI(3°) gre connected with strong interactions of "light" (ordi-
nary) quarks and "heavy" (mirror) quarks, respectively. Then the
conserved charges Q, and Qz may be expressed in terms of the genera-
tors of the initial group as follows:
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Y] Yy
Q =Ty "My v v Q=Tyg *Hy + 5
~1 1] (44)
-1 o
¥ (1eptonic) ~ 00 ' Ya(1eptonic)® -1_]
In such two-charge theory two charges should be ascribed to par-

(Q Q)
ticles e.g, according to (44), for leptons 1 2 one has

i Oy _ Wk ~
Q) =0, QED =0, QA7) =-1(e;), QUED =

L1l

Q(r) =0, QED =0, QU7 =0, QED=1(ep).

The attractiveness of the electroweak interaction model with
the considered fassion of spontaneous breaking of gauge symmetry
follows from the fact that "soft" parity violation is caused by the
appearance of the mirror quark-partners and leptons, whose masses
are apparently larger, The left-right symmetry of the initial Lag-
rangian is broken, but it may be restored by the A-permutation pro-
c¢osure of the ordinary and mirror objects P' = PA As it follows
from (44), the interaction of mirror and ordinary worlds can be
Gy $ GF/yr§3 both weak and gravitational within each of the gene-
rations. As far as the electromagnetic coupling of left and right
charged obiects is concerned, the model with the gauge symmetry
SUI 4C)xsy I(4c)st(4) xSU(4)R reveals a possibiliity to construct
a two~charge theory, This way of introducing an additional electro-
magnetic field into the theory (another long-range interaction paral-
lel to the ordinary one), allows to conserve a new charge if

residual symmetry of the theory is UQl(l)xuqz(l). In this case mir-
ror quarks and leptons do not interact in the usual electromagnetic
way, But if the symmetry Uleunz(]) turns out to be only interaediate,
i,e. it is broken further to U(])Q(electrlcal) then the electromag-
netic interaction of mirror quarks snd leptons with the ordinary
world depends on the quantity of mixing of these groups., An inte-
resting possibility in this model would be to introduce the magne-
tically charged particles parallel to the ordinary ones which are
electrically charged. For this it is necessary to identify Q] with
the electrical charge and Q; with the magnetic charge, respectively,
Then quarks (leptons) would be either purely electrically (Qy, 0)

or magnetically (O, QZ) charged,
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e. Intermediate SUL(2) xsu'(2) xU*(1)-symnetry
(2-doublet scheme),

To continue the consideration of different variants of the ini-
tial gauge symmetry SU(4)LxSU(4)RxUY(1) breaking, let us examine
the model based on the gauge group SU&Z)LXSUII(Z)RXU(]). This group
is realized at one of the intermediate stages of the symmetry spon-
taneous breaking and has the following contents of the fermion multi-

plets:
i 0, p1

viCED) EX(E) Y5 (

ey L Ej L Ej ej R

i o i
ER)) (ES¢€R) (45
R

i=123
~ =0 _. 0 S o
v, ( Ei) = V,cos 61 + Eismfi, Ei( fi) = -¥, sin §i+ Eicos fi'

The generators of the group are constructed from the symmetry
generators SU(4)LxSU(4)RxU(1) by the following rules:

_ 1.1, .13 .2 2 .14 _ .3 18\/215
(EL_o) =>’I‘L—FL+FL,TL_FL Fp' =F/ + \/?FL 3 FL

_m 1_.4, 11 2 5 15

( ¢R- 2) > Tp= FR+ FR y T = FR FR y

3 5 (46)
o= Fs 2 B o VI

R 'R y3 R 3R

i _k . 1 o

= i€ ; = - =

(TL, TL] i ileL ; 2Y Q (T3L + T3R) F-.

(R) (R) (R)

The considered symmetry breaking may be realized, if one demands
that for the vacuum expectations of the Higgs fields the following

conditions are satisfied:

f k cos ¢ 0 0 kysin ¢L_|
xpe = a -ppeos¥,  -pysin¥, (4] cxp °=lL vhl
4] -p sin ¢L pcos ‘{’L 0
ksing 0 0 S
S 8L FLm®® PLm” PLw ™ Y Ly’ =
= -cos EL(R)(kL(R)Ein ¢L(R)+ pL(R)sin ‘[’L(R))'
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LRy PLR)®®® Yy =

sin ¢

cos fL(R) (kL(R)cos @

= sin £ gy (ky(g)Bin ¢y 2y~ Prer) L(R)’
(if &) =0, then ;= ¢, +m) (af ¢o= g, then ép= o).
<€L>o =0 <€z, =0, <¢>=0

1
If use one scalar multiplet X, , which transforms in the adjo nt
representation at ¢; =0, ¢L =n, k= pp,

< x:‘>o =y [ -1
~1
then the SU(4)L group will break to the subgroup SU(2) U(2) .The
gauge basonic masses corresponding to the group SU(4)L are g1ven
by the mass number of the Lagrangian

4+15 11-i12
I‘M'Zk [[A |+ la, |]+23k2[(n )+(A )2+
+ (A + (A ) 23, (48)
The consideration of the second scalar multiplet xi with the only,
non~zero, non-diagonal vacuum expectations ( ¢L= ~1/2, ¢L =r/2,
kL=pL)
O,
<% % 1

leads to an additional cascade symmetry breaking SU(Z)LxU(z)L to
the subgroup of interest SU (2)L with the following additional mass
term:

2
~9 1+12 13-i14 2 2. .4+15 11~i12
= 2¢%2 |A - A + 2%
Ly = 287%p, |4, L I Ao AL '
s ‘
+ gfintaea e 2a10% + ()% 4 208 5% 4 Jany? -
L KL
4 8 15
- A3 A8 143 415, 1 !

—A ———y ..
Nl aL " VE PL AL 3 yE ML KL (49)

For left-handed group SU(4)L we consider the case when ny= 0.
In an analogous way one considers the mechanism of the spontaneous
breaking of the SU(4); symmetry to SU'L(2); at ng= /2 (dg = ¥R
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As a result, at a certain stage of the spontaneous symmetvry brea-
king we come to the subgroup of interest, which provides the left-
right symmetry of the model, connected with the leptonic permuta-
tions v « M°, The case of the arbitrary angles 7y, and TRy Wt NRS
= /2 i85 considered quite by analogy.

For further spontaneous symmetry breaking (e.g. through the chain
sul(2) xsull(2)x0(1) ~sul(2) xu(1) ~» v it 1s necessary to in-
volve the sets of quartet multiplets of scalar fields. In this mo-
del the mass of the right-handed Wn—boson must not necessarily be
increased as compared with the WL-boson mass. They may be put equsal.
But from experimgnts on neutral currents it is necessary to demand
that m(Zg) > (27‘3)m(Z°), or one must consider the extension of the
symmetry group under study to the group SU(4)LxSU(4)RxU(1)xU(1).

And, finally, discuss the possibility of breaking of the group
U LxSU(Dpxt (1) to suT(2) xv (1) xsu (@) pu¥an) xu¥ (1) .

The spontaneous breaking of the SU(4)L(R) group to the subgroup
SU(Z)LxUU(l)L(R) may be realized by introducing two scalar multi-
plets into the theory. One of them belongs to the roegular represen-
tation of the SU(4) group with the vacuum oexpectation

kL(R)

kL(R) (50)

< >,
XL(R) ° k.
L(R)

kL(R)
the other one belongs to the antisymmetrical representation ¢ij

of the SU(4) group.The covariant derivative is given by the expres-
sion of the form

1 - | a %

= - - =A

D, ¢1J aﬂ¢ij igW“i ¢lj 1gw“j ¢i1, v, W, (51)
with the vacuum expectation

(4} 1 0 O

-1 0 0 0

<|/;>o=c o 0 0 1

0 0o -1 0,

The generators of the SUI(2) qu(l)L(R) group are related to

L(R
the generators of the initial SU€4;L(R) group through the following
ruies:

(52)
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With the account for the above-mentioned scalar multiplets, the
Lagrangian mass term takes the form

22,1 .8 1 ,15.2 2.2, .6 9 .2
= — —_A - - -
L= 16 g'c (\/;;A“L+ = “L) 1g“c (APL APL)
10 2 2.2 .4-15 11+i12,2

up) FABTCTA, T A, T

The subroups Uu(l) and Uu(l) condition neutral transitions like

i eglo o w Ei—, vyl -1, e-i, E » E2, E] © E.. In order
e i i i i

22,7
agc (A, + A

e el 1'
to go over to a more general model, it is necessary to take into
account possible rotations (“L,R' ﬁL,R) in the planes (lh R Io)L R
and (g~ , I_)L gt respectively. ’

The analysié carried out shows that parity restoration in the
framework of quartet models takes place either at the level of the
initial gauge SU(4)LxSU(4)R-syI-etry, which corresponds to the ef-
fective distance r ~ 1/M® (where M, ~ 104€103 GeV (variant A)), or
already at the intermediate stages of the spontaneous symmetry brea-
king (see fig. 1) there emerge effects connected with the P-parity
restoration, In the last case (L-R)-symmetry at the intermediate
stages may be connected (see variants (C,D), (E, F)) with the per -
mutation procedure of ordinary and mirror fermions, and the corres-
ponding energy scales could then be located in the range 100:300 GeV.
As a result, the P-parity breaking at low energies (xc,s.vloo Gev)
is caused by that the masses of mirror quarks and leptons become
heavier, as compared to the standard ones,

On the one hand, the possibilities to detect mirror objects ob-
viously depend c¢n the scale of their masses, and on the other hand,
they are defined by mixing of the mirror (heavy) and ordinary worlds,

If the mirror world does not mix with the ordinary one, or it
does mix, but inessentially,then there must exist stable or long-
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living representatives of this world, A situation is possible which
would lead to that mirror fermions would turn out to be sterile with
respect to ordinary strong and electromagnetic interactions (the
example of che two-charge approach), then at least the search for
them in wcak processes will remain possible, In the given case one
cannot but mark out the specific role of neutrino experiments in
detecting these objects, Since mirror fermions take part in weak
interactions, described by SU(4)LxSU(4)R-gauge group with the sup-
posed scale m(W)-Squ, then it seems interesting to look for such
objects (in particular, leptons) with comparatively small masses,
Ir particular, thus idea was used in the interpretation of the
rare event detected in the "SCAT" chamber vy + N - MO+, NP ety
(where M° is a mirror partner for a 2 GeV neutrino). To calculate
the Ho-lepton production cross-section, an effective Lagrangian ba-
sed on the varient (D) was useu, As a !-gsult,2 the following ratio
is obtained: 6(V, * ¥y /o ( W »u”) W'EEZE (EES!&Z 2. Note, that

. m (WR)
in spite of that M®-lepton was assumed to be a mirror one, its pro-
duction may also be related to mixing in neutrino beam, realized
through the neutral (V-A)-transition v, * N®, The M°-lepton life-
time depends on the intensity of charged (V+A)- and, maybe, (V-A)-
transitions (N - u~). According to the estimations obtained, it is
rather long: r(l“) ~ 10712 sec, This hypothesis was not experimen-
tally verified, but one should not consider it completely closed.
The modern estimations for the electromagnetically charged heavy
leptons, according to the data obtained at e‘e™ "PETRA" rings,sa-
tisty the estimation m(L™) 216 GeV. The upper limits on neutral
"heavy" lepton masses are less reliable and depend on the value of
mixing with ordinary leptons,

As we have already pointed out, in addition to neutrino experi-
ments and those on e*e”-annihilation, mirror objects can effectively
show themselves up 1n the physics of rare decays (y -+ ey, g~ 3Je,
K; ~pu~e%), as well as in “beam-dump"” experiments on measuring the

polarization of 'direct" charged leptons,
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Appendix

Here we show the contributions of the vacuum expectation values of
acalar fields ¢, x ,7n 1nto the mass matrices of gauge fields in
the quartet SU(4) xSU(4) xl.l (1)-model of electroweak interactions.
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