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AHHOTALIUA

Monorpagusa cozepuT XeTatbHOE H3JIOWKEHHE
MaTeMaTHYecKoK CTPYKTYpPhHl HOBOTO METONa KBaH-
TOBOHK TEOPHM TWOJs — AHCIEPCHOHHHIX COOTHOIIE-
HHA. B cBoell MareMaTHueckoH 4acTH OHa Kacaercs
BOIPOCOB, JeXaUX Ha IPaHH TeOpUH 06GOGIIEHHKIX
¢Gyuxuui ¥ Teopun QYHKIMA MHOFHX KOMIIEKCHBIX
nepeMeHHbIX.

Kuura moxeT 6bITh PEKOMEHIOBAHA KaK JHMLAM,
HENAIOUHM TO3HAKOMHTLCHA ¢ TeopHeil IHCIepCHOH-
HBX COOTHOLIEHHH, Tak H TeM, KTo, paGoras
B 9TOH o6nacTu, XxoueT MOHATH MATEMATHUECKYIO
CTPYKTYpy Meroxa. UHTarTesb XoJkeH GbTb 3HAKOM
C OCHOBHBIMH NPEJACTABJIEHHAMH KBAHTOBOR TeOpHM
noJs.



ITocsssuaem namamu
HQULEZ0 Mpazudecku noubuiezo mosapuuya

Baadumupa 3asmanosuta baanrxa

NPEOVCJ/IOBUE

dta MoHorpadus Obina 3aIyMaHa H B OCHOBHOM HalHCaHa
HaMu ewe B 1956 roay xak IeranbHOe H3/0KeHHe, — GoJlee
6/U3KOE MO CTU/MO K YYeGHHMKY, YeM K HayuHOH CTaTbe, — Me-
TOLA LHCIEPCHOHHBIX COOTHOUIEHHH W OJH3KO CBS3AHHBIX C HUM
BOMPOCOB CMNEeKTPaNbHbIX MpeacTaBieHult- pyukuu#t I'puna. B ua-
CTHOCTH, IEHTPAaJbHHE NMYHKT — JOKa3aTe/bCTBO CYLIECTBOBAHUA
JUCTIEPCHOHHLIX COOTHOMICHHH AJd pAcCesiHHd T-ME30HOB HAa Hy-
K1oHaX — Obl1  ponoxeH oxnwuM w3 Hac (H. H. B.) Ha mexny-
HaponHo#t KoHdepeHuunn B Cuartiae B ceutsabpe 1956 r. Py-
KOMuch OblJ1a OKOHYaTe/bHO NOATOTOBJEHA W CHAHA B H3ZaTeJb-
cTBO B Hayasle 1957 r.

EcTecTBeHHO, 4TO 3a mpollejliye € TeX NOp MOYTH NOJTOpa
roja paccMaTpuBaeMas MoJozad o0nacTb HaykH CHJIbHO Pa3BMJACD
H TpOABMHYyJach Brnepel. B mepByio ouepenb 3ech HYXHO OT-
METHTb PacNpOCTpaHeHHe MeTONA AMCNEepCHOHHHIX COOTHOLUEHUH
Ha Ue/blt psig APYyrux NpoueccoB paccesHus (B YaCTHOCTH, Ha
NPOLECCH € NMepeMeHHbIM YUCJIOM YacTHll, B KOTOPHIX BO3HUKAIOT
CeuupuyYeCKre OCNOXKHEHHS), C OLHOH CTOPOHM, H HOSBUBIIHECH
B camoe TOC/lefHee BpeMsl HOBHE HIEH B BONpPOCE A0KA3aTEJb-
CTBa— ¢ Apyro#t. OoHaKO OCHOBHOH METOA OCTAJCA MpPEXHHM
¥ BCE yKa3aHHble paGoThl CYLIECTBEHHO OMHPAIOTCS HA H3JIOXKEH-
HHf B MOHOrpaduu MaTepuajl B YaCTHOCTH, HA pad MaTeMaTH-
YECKMX TeopeM u3 [ONOJHEHHs A.

flcho, uyto mas TOro, YTOGH OXBATUTH BCE HOBHE DPafoTHI,
NoHago6unoch 6Gbl HamucaTh ele OnMH ToM. [loaToMy aBTOpHI
counu uenecooBpa3HbiM He BHOCHTb B KHHI'Y HHKAaKHX CkKOpoOCHe-
JBIX 1ONOJHeHu#, a onyGJAnKOBaTh €e B ee HaCTOAlleM BHIE.
HutaTenio, uHTepeCylOWEMYCs IaibHEHIIHM Da3BHUTHEM METOIa,
npuseTca, NPOYUTAB KHUTY, OOpPATHTBCH K HKypPHaJaM H Tpe-
NpUHTAM CM., Hanp., [28] —[33]).



6 NPEJHCIOBHE

ApTOpHl NOAL3YIOTCH CAydaeM, 4TOOH noGnaroaaputsh COTPya-
HUkOB OTnena Teoperuyecko#l ¢usvku MaTeMaThHueCKOro HH-
cratyTa uM. B, A. Creknosa AH CCCP u naGopatopuu Teope-
Tuyeckolt ¢dusuxu OO6BEJMHEHHOTO HHCTUTYTA SAEPHHIX HCCAENO-
BaHMM 3a 3ameuaHus ¥ NpPelJOkeHUn. Mbl 0cOOeHHO GaarozapHbl
peaakropy kuuru [. B. Llupkosy, a rakxe B. C. Braaumu-
pPOBY, € KOTODbIM MH NMOXPOGHO OGCY:KZalH MHOrME 3aTPOHYTHIE
B KHUI'E MaTeMaTHYeCKdue BONPOCHI.

H. H. Bozoar000s,
B. B. Medsedes,
M. K. I[orusarnos

Mocksa, mait 1958



§ 1. BBEAEHUE

1.1. B nociennee BpeMst B KBAHTOBOH TEODHM MO/ HAMETH-
JI0Ch HOBOE, TPEACTAB/AIOLIEECT BEChbMA MEPCNEKTHBHEIM, HAMpPaB-
JieHWe, CBA3AHHOE C TAK HA3LIBAEMLIMH OUCNEPCUOHHbBIMU CO-
OMHOULeHUAMY, T. €, COOTHOLIEHHAMH MEXAY SPMUTOBOH 4acThio
AMIAMTY AEl PACCESHMA W ONpelefeHHOO poja MHTErpajoM mo
3HEPruM OT ee aHTHIPMUTOBOH uacTH. Takue COOTHOWEHMA BO3-
HHKAIOT B M3BECTHOM CTeNeHH BHE 3aBUCHMOCTH OT KOHKPETHHX
lgeTajsefl paccMaTpHUBaeMOH TEOpHW; CYLUIECTBEHHBIM JJs HX IO-
JydeHHs OKa3blBAeTCS B OCHOBHOM JHIUL TPeOOBaHME MUKPOCKO-
MHYECKOH NPUYMHHOCTH, ¢opMyanupobaBiueecs B O0JbLIHHCTBE
pa6or B Buie TpeGoBaHMa oOpameHds B Hydb KOMMYyTaropoB
NMOJMEBLIX BeJUYMH B NPOCTPAHCTBEHHOMOXOOHLIX Toukax. Vimenno
3TOT OOWMHA XapaKTep AMCNEPCHOHHBIX COOTHOUIEHHH, ¢ OJHOH
CTOpOHH, H TO, YTO OHH CBA3BIBAIOT BEJMYUHBI, MOJAACIMECH
HeNOCPEJCTBEHHOMY H3MEpeHHI0 (YTO HETPHBHAJAbHO IAF KBaH-
TOBOR TeOpHM moJjs), —c¢ gpyroi, o6ycnaBauBaT 6OAbLIOA HH-
T€pec, BHI3bIBAEMBIH MNOJOGHBIMH MCCJEJOBAHHSMH HE TOJMbKO CO
CTOPOHH TEOPETHKOB, HO H CO CTOPOHH 3KCIEPHMEHTATOPOB.

HecMoTps Ha To, uTO "JuTepaTypa MO AMCNEPCHOHHBIM CO-
OTHOILEHHAM HACUHTHIBAET yKe HE OJHUH JEeCATOK Ha3BaHHA H 4TO
HAMUMCAHBI W CPAaBHUBAIOTCA C ONBITOM MUCTEPCUOHHBIE COOTHO-
WeHHs AJAs paja KOHKPETHHIX (PM3NUECKHX MPOJECCOB, OLHAKO
Bo cuXx pop He Obli MpenJoxeH cnoco0 NOJy4yeHHS ITHX CO-
OTHOLIEHU!, YLOBIETBOPAOLWUA XOTS Gbl OOBLIUHBIM A u3K-
YeCKHX paBoT TpeGOBaHHAM CTPOTOCTH: yxke OIHO OOu/IHE pas-
AMYHBIX NyTeH MX noJyyeHus, MpeAnaraeMbX HHOrja ORHHMH
H TeMH e aBTOpaMH, yKasniBaer Ha HeOnarononyune B 060-
CHOBAaHWM Bcero HampasieHus. Kpome Toro, no cux nop
0CTaeTCqd OTKPHTHIM BOMPOC O (GU3HYECKUX MONYILEHHSAX, PeanbHO
HEOOXONMMHIX O/ MOJYYEHHs JHCNEPCHOHHHIX COOTHOLIEHMA H
BONPOC O TOM, B KaKOM CTeneHH AHCHEPCHOHHLIE COOTHOUIECHHUSA
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cBf3aHBl € COBpeMeHHOfl cxeMoft KBAHTOBOU TeopuH MOJAA HIH
HACKOJMBKO MOXHO OOOOLIMTL TEOPHIO, HE HAPYIIMB UX CHpasen-
SUBOCTH.

1.2. ViMenso 3tum asyM npobiemMaM ¥ MOCBSIEHO HACTOSA-
iee HCCJIeLOBaHHUE,

B § 2 mb chopMymupyeM Te OCHOBHbie NMOJTOXKEHHH, KOTOpPHE
clenyeT, MO HAalleMy MHEHMIO, 3aMMCTBOBATbL Y OOGLIYHOM TeopuH,
yTo0Bl CJe/NaTh BO3MOXHBIM BLIBOA ALUCNEPCHOHHLIX COOTHOLUE-
Hu#l. B 0oCTanbHOM MOCTPOEHHE TEOPHH MONKET OBbITh NPOH3BOJb-
HbIM; B Y4CTHOCTH, HaM He TMOHaZOOUTCA Hu (MKCHPOBATH BMJAA
narpaHxuaHa (uau BooOlle BHNUCHBATE €r0 ABHO), HH MpuOerath
K raMuJIbTOHOBY METOLY.

OCHOBHHIMH BeJHYAHAMM, C KOTOPHIMH Mbl Oyaem padoTarts,
Oy AyT BapualMOHHBIE MPOM3BOIHEIE MATPHILL PACCEAHHA M0 NMOJAM
peasbHBIX YACTHIL — TaK HA3BIBAEMbIE PAduayilOHHble 0nepamopbl.
§ 3 Oyner mocBAlleH YCTAHOBJEHHIO HEKOTOPBHIX OOIUHX COOTHO-
IeHHMll Mex1y TaKuMH ollepaTopaMi. MayueHne painalMOHHBIX
OMepaToOpPOB TECHO CBA3aHO C M3yueHHeM GyHKuuM Tpuna nis
peanpBbX yacTuu. [Tostomy §§ 4 uw 5 GyldyT OTBEnEHH HOBOMY
BHIBOJY M3BECTHHX CIeKTpanbHbix NpenctaBnreHuft Yennena —
Jlemana. 3JtoT BbBOL GyseT OCHOBAH HAa M3YYCHHH CBOHCTB
@HAaJUTHYHOCTH BAKYYMHBIX MaTPUYHbIX 3/1EMEHTOB COOTBETCTBYIO-
ILMX PaluallMOHHBIX OMNepaTopoB M 006jajaetT TeM INpenMyLle-
CTBOM, YTO HHrjie, Iaxe W H& TPOMEXYTOUHHIX 3Tanax, He Oy-
IyT NMOSBAATLCA PacXonslLHecs BhIPAXKEHHS.

Hakoneu, §§ 6, 7 W gomosHeHue A TOCBALUEHB BHBOLY
¥ ILOKA34TeNbCTBY CAMUX MMCTEPCHOHHBIX COOTHOWIEHWH, a § 8 —
MX [IeTa/M3alUU AT KOHKPETHHX MpPOLLECCOB pacCesHud.

1.3. 3ametum, uto camu no cebe AUCNMEPCHOHHEIE COOTHO-
HieHds OTHIOAbL He sIBAAIOTCA B (DU3MKE YEM-TO HOBLIM, W pas-
JUYHBIE MX BUAb ObIAH M3BECTHHl yXe 1O CO3JaHHA KBAHTOBOH
teopun nNosas. Ewe B 1926 —1927 rr. Kponur [1] u Kpamepc [2]
MOJYUHIM B KJACCHYeCKOH 3/1eKTPOIMHAMHMKE BUCHEPCHOHHOE CO-
OTHOLIEHHE MEXY BeleCTBeHHOH U MHHUMOH 4aCTAMM NOKasaTens
npe/ioMAeHuU,

20m n (o’)

Re[n(w)—n(O)]:P/m d(l)l, (1.1)
0

TaKkxKe OOyCJIOBAEHHOE TeM OBCTOATENLCTBOM, YTO CHIHAJH .He
MOTYT pacnpOCTPaHATLC CO CKOPOCTbIO, Gosbliedl CKOPOCTH
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cseta. B HacTosee Bpems paa/uuHble (QOpPMBI ZUCTEPCHOHHHIX
COOTHOLIEHUH WIMPOKO MCIOJbL3YIOTCH B psiie pasienoB paauo-
TEeXHUKH.

OCHOBHBHIM MATeMATHYeCKHM CPEACTBOM NS NOAYUEHHUs IU-
CNMEPCHOHHBIX COOTHOIEHHA ABAATCA W3BECTHAf WHTErPa/bHAA
¢popmyna Kowmu. ITockonbxy B KBZHTOBOH TeOpHM MOJIA (aKTH-
ueCKM NPUXOLHTCH B pAle CAyYaeB MMETh AeJ0 C 0GOGLIEHHEIMH
(QYHKLHAMH, TO, NPUMEHAA 3Ty TEOPEMY, HYXHO cof/I01aTh ONpe-
J&NEHHYI0 OCTOPOKHOCTD. [103TOMY, Npexae yeM NPOAOMKATL HaLl
ucTopuueckuft 0630p, ClesaeM HEKOTOpHE 3aMeYaHHs MaTeMaTi-
4eCKOro xapaxrtepa, KOTopble 00/eryaT NMOHMMAaHHE NajbHeRIero.

1.4. Iycrb Mbl uMeeM $yHKuHIO f(E), aHANHTHYECKYIO B BEpX-
welt moaynnockoctd (Im E > 0), co cBoficTBamu:

a) 048 2106020 NOAONHCUMEALHOZ0 O MONCHO YKAIANMS MAKYIO
nocmosHuyr A(3), 4umo

FE< I e ImE > (1.2)

6) xo20a ImE —0, dyunuyun f(E) cmpemumcs 8 necos-
CMBEHHOM CcMbicae K PYHKUuU, unmezpupyemoil 8 Kaacce
C (g, DY.

[Toctpoum Temepr 3aMKHYTHIH KOHTYp, 06pa3oBaHHBI!l OTpe3-
koM (8— R, 8- R) 1 noayokpyXHOCTbIO pasuyca R, Jexa-

1) B nactosueil paGoTe MH MCOOJAb3YEM OlipelieseHHe 060GUIEHHBIX
¢yuknui, Bocxoxamee x C. JI. CoGoaery.

Beomutcs knace C (g,r;n) (yacto o6o3navaembii uepes C (g, 7)
B TeX CAyYanx, KOTAa 3HaUeHHe HHIEKCA 1 OUYC3HAHO) YHKUHMHA A (Xy,. ..,
Xn) (—co< x5<(+4-00), HENpepHBUbIX M 06JANAOMNX HENPEPhIBHbIMH
YaCTHBIMK HpUH3BOJle]MH IO ¢-TO TOpAAKa BKIIOUHTENLHO. [lpH stoM
TpPeANoNaraeTcs, YTO BCE BRIPAXEHHA BHAR

i .au'h (xlv ey -xn)
VRN PR dxus

O<m<Lr 05 g, —oo< x; <+ )

OrpaHHYeHsl.
ITOT KJIAcC paccMaTpUBaeTCA Kak MHHelHOe 6aHAXOBCKOE NMPOCTPaH-
CTBO ¢ HOpMOH

0sh
J O0xgy - .. Oxqg

O<m<r 0<s5< g, — o< ;< 4 o).

Jluneiinbie Qynxumonansl / (h), onpefeleHHEE B JZHHOM IIPOCTPAHCTBE,

I )= sup| x
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we# B BepxHe# noaymnockoctH. Tak Kak B cuiy cBolctBa a)
F(E)
E'—E
CTPEMUTHCA K HYMO, TO M3 Teopemn Kowwu creayer, uro

HHTErpan oT

N0 3ToH MoAyoKpy}KHocTH Oyaer (npa R — 00)

i3+co

fB=5y | 2ELar  (mE>3>0.

i8—co

[IpuHaB BO BHHMAHHE CBOACTBO ), Mbi CMOXEM CMECTHTb 31€Ch
MyTb HHTErPHPOBAHHA Ha BELECTBEHHYIO OCb, ycTpemus & — O,

A Hanucathb
+oo

1 F(E )
f(E):EFt F—F dE’ (Im E > 0). (1.3)
—00
[TepeseneM Temepn Ha BELIECTBEHHYIO OChb TaKKe Touky E
(ImE —0) u 3amernM, uyTo aJtd BellecTBeHHHX E W E’ umeeT
MECTO CHMBOJIUYECKOE TOXKIECTBO:

. 1 ’
lt_r)nOE,_E__le=P(E, B)HRE—E. (14
e>0

YCAOBUMCA CHMBOJIHYECKH HpeﬂCTaBHHTb B BHJIE
1(h)=fK(x1, ceor Xn) b (Xgs - s Xm)dy ... din

«Siapoy K(xl, .+.) Xp) ITOTO TNpeEICTABJIEHHA Ha3blBaeM 0000IieHHOM
¢yukuued, uaTerpupyemoii na kxacce C (g, r; n). O6o6mennas QyHx-
IHA B NPHHATOM 3XeCh CMBICJAE JOJ2HA ObITh HHTErPHPYEMa Ha OLHOM
#3 knaccos C (g, r; n) NPH COOTBETCTBYIOIHX TOKa3aTendx ¢, 7.

Mbl TOBOPHUM O CXOXHMOCTH B HECOOCTBEHHOM CMbICAE AJs 0G06meH-
HBIX QyHKUHH

Ky(xg, o0, x")m K(xp ..., Xp),
€CNH MOXIO YKa3aTh TAaKMe ¢, 7, UTO 1is MOOoH GyHKUNH A (Xq, ..., Xp

u3 knacca C (g, r; n) HMeeM
fKN(x,, e Ep) B (Xpy e ey Xp) dXy . dXp >
- fK(xl, coey Xp) B (Xg ooe, Xp)dXg. .. dxy)

IoxpobHeil cMoTpu nomonHenne A,
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Mpl NOJy4HM TOTAA

fE=1p [ LEE (o< E<+o0). (15)

Ecnu BoaenuTs M3 3To# (opMyJIH BEIECTBEHHYIO 4acThb, TO MBI
NpUAEM K THIHYHOMY <IHMCNEPCHOHHOMY COOTHOLIEHHIO»

+oo
Re f(E) =~ / 1T E) ap. (1.6)

OpHAKO MCHOMBb30BATH IHCHEPCUOHHOE COOTHOIIEHHE HENO-
CpeacTBeHHO B BuAe (1.6) B GOJbIIMHCTBE CayudeB He yaaeTcs,
TAK KAaK BO MHOTMX MpHIOKeHHsX YycaoBusa (1.2) okasnBaIGTCA
CAMIIKOM J>KECTKUMHU: peaibHble (U3HYeCKHE (YHKUUH, GHUrypH-
pyOllME B THMCHEPCHOHHBIX COOTHOLIGHHAX, MOIYT HE TOJBKO HE
yOblBaTh Ha OGECKOHEYHOCTH, HO Ja)Ke M BO3pacTaTb, OJHAKO He
OBICTpEE HEKOTOPOro MOJUHOMA.

1.5. TTokaxeM, 4TO He COCTaBJAseT TPYAAa pPACHpPOCTPAHHTD
NpOBENEHHLIE pACCYKIeHHs W HA cayudalt ¢ynkuuit f(E), ananm-
THYECKHX B BepXHEl# MOJYNAOCKOCTH, a/d KOTOpbX BMecTO (1.2)
BHITIOJIHAIOTCA MEHee eCTKHE YC/IOBHS:

a’) umeemcs maroe geroe m >0, 4umo 04 aw6o20 5 >0
MOKHCHO Yyrazams nocmosunsie A;(0) marue, 4mo

FEN< A®IEM+ ...+ Au®) A ImE >0 (1.2)

6’y npu ImE-—0 dynrxyus f(E) cmpemumcs 8 Heco6-
CMBEHHOM CMbiCAe K PYHKuuL, uxmezpupyemol 8 Hexomo-
pon waracce C(q, r).

Mbl 6yzeM roBopuTh, YTO TaKWe aHaJMUTHUECKHE (GYHKIHH obaanaioT
Ha GecKOHEUHOCTH MOJIOCOM N-TO MOPAIKa, Tae n — HauGoablice U3
ypcen m-+ 1 M r —2, WaM 4TO OHH HEe HMEIT Ha GECKOHEYHOCTH CY-
U{eCTBEHHOH 0COGEHHOCTH.

Y1066l CBECTH 9TOT CIyyYalfl X NpegbiAynieMy, pacCMOTDHM HAapsiy
¢ f(E) oyHKUHD

- f
g(E)= (-E—_—&)(———fia)w (.7

ficro, wro ecam f(F) aHaNMTHuHA B BepXHel MOJYMIOCKOCTH H 067a-
13aeT Ha GecKOHeYHOCTH MOJIOCOM He Bblllie 7-T0 NOPAAKA, TO (YHK-
uns g (E) 6yaer yaoBaeTBOPATH ycaoBuaMm (1.2) B BepXHEH 10aym.i1o-
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CKOCTH Mpm Jo60M BeltecTBeHHOM Fop M nojaoxutenbHoM e, CuenoBa-
TeAbHO, A g (E) MOxHO GyJeT BOCNOJNb30BAThCA COOTHOWeHHeM (1.5)
M HaNHCaThb

E—E, eyt f(E’)dE’
f(E)—-( o+l) f(E’

E) (E' — Ey+ ie)"+!
(1.8)
(— o< E, Eg<+c0).

C nomombio aHanoruuHoro (1.4) CHMBOJIHMYECKOrO TOM(1eCcTBa

1 1 __m(—l) s (1)
o E— Bt 101 P{(E'—E(»"“} m (E’ — Ey)
e>0
(1.9

MBl CMOXEM ONATh Pa3neauTs B uHTerpane (1.8) &-o6pasubie uacTu
M I'JaBHbl€ 3HAUEHHS H BHIIEJHTh 33TeM BEI(eCTBEHHYIO 4acTb.

Taxum o6pasom, u B paccMarTpuBaeMOM ciyude dYHKuu,
o0nasaomwux Ha OECKOHEYHOCTH TMOJIOCOM HEe Bhille 7-T0 TO-
pslKa, ONATh MOMNHO 3aNnucaTb cooTHoweHus tuna (1.5):

“+oo

__ (E—E)"*! F(E") aE’
JE)= in P/ (E +

. E) (E/__EO)’VH—]

+ A+ ... +LEE @ _Ey (1.10)
(—OO <E! E0< +OO))

KOTOpbie, OnHAKO, OYAyT Temepb, BO-NEPBLIX, BHINOJHATbCS
JMUIb € TOYHOCTBIO A0 NOJHHOMA CTENEHU 7 U, BO-BTOPHIX, 00-
naaatb 00Jee CAOKHLIM SApOM, 00ECneydBaIOWIUM CXOLUMOCThb
uHTerpana (mpoctoft uurerpaj, tumna (1.5), O6bla1 Gbl 4as pacty-
wefi Ha OeCKOHeyHOCTH (yHKUUKM pacxonswumcs). CoorHoule-
uno (1.10) mowuo nNpumaTh u HecKoMbKO 6oJee yroBHYIO

dopmy.

BribepeM nag sT1oro kakue-an6o BenieCTBEHHLIE €, Ej ynoBuer-
BOPAIOIHE YCJIOBHAM

DGE; =0 nam g=0,1,..., 1 (L.11)
o
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¥ OnpeiedHM onepayuro Y. B NPHUMEHEHHH K JM060H @yHkumm f(E),
KaK
DBy =D e;f (E). (1.12)
[F)]

dcuo, uto B caay (1.11) ¥ xaer Hyap B nmpHMelieHHH K mo0OoMy mo-
auHoMy OT E CTemeHH He Bbille n. 3aMeTHM Tenepb, YTO Pa3HOCTh

{ (E — Eg)"*! 1
& _BHE —Ey ™ E_E |

(1.13)

ABJASETCA MO OTHOWIEHHI0 K £ NMOJMHOMOM n-ii cTeleHH (NpH 06beiu-
HeHnH 06OHMX uJeHOB 3HameHateab FE’— E cokpaturca). IlosTomy
B npuMeHenun K BoipaxennaM Ttuna (1.13) ¥ naeT myan. [TpuMenas
Tenepb onepaumio L Kk 06emM uyactaM (1.10), nonyyaeM HEMeIAEHHO

-+

O 1 ¢y
YR By =1 [ s @) Nptpar, 019
) - %)
MOCKOJNbKY BCE TOJMHOMbI NPH STOM YHHUTOXAIOTCA.

Takum 06GpPa3oM, MOMXHO CKa3aTb, YTO <NPOCTOE» COOTHOLIEHHE
(1.5) coxpausieTcst B 10 OTHOWEHH K Gyuxumam f (£), NOITHHOMHATBHO

BO3PAaCTAOIHM HA GECKOHEYHOCTH — CTOHT TOJLKO NPDHMEHHTb K HeMy
HCKIIOUAIONYI0 [IOJHHOMBL ONiepanHio Y ¢ cooTseTcTBylomuM 12l).

1.6. Uto6b BOCMONB30BATECT MAaTEMaTHUECKUMH IHCHEPCHOH-
HbLIMA COOTHOLUEHHMAMH 1/ M3YyueHHs Kakoro-iaubo npouecca
coylapeHus 4acTHl, HeoOXonuMo TpenBapHTE]bHO YOelHThcd,
yTo COOTBETCTBYIOLIAS aMIIUTY1a paccesHus Kak ¢yHKLUuA SHep-
rug MoxeT ObiTh Haldexauum oOpa3oM NpoOAOIKEHa Ha Bepx-
HIOI0 NOAYMJIOCKOCTh. YTOOH cpa3y e NOSCHUTL CBA3b, CyLUe-
CTBYIOLIYI0 MEXIy CBOMCTBOM aHAJMTHYeCKO{ MPOMOMKUMOCTH
aMIIMTYAB PACCeSHUA B BEPXHIOW MOAYNJIOCKOCTb U YCHOBHEM
NPUYMHHOCTH, PaCCMOTPHM YHCTO MJJIOCTPATHBHHA OJHOMepHHif
npumep.

1) Morno 6bl nMOKa3aThcs, YTO XA NMOJIHHOMHAJNbHO BO3PACTAIOMHX
dyuxuuit f(E’) npaBasi uactb (1.14) He mMeeT cMbicla H3-3a pacxo-
JAHMOCTH WHTETPajloB (Kak 3TO Obiio 3aMeyeHO B orHoleHuH (1.5)),
OJMaKO 9TO HE TaK, NOCKOAbKY M3 aHaJNH3a BHIBOAA 9TOTO COOTHOLIE-
HMf BHIHO, YTO XOTA HHTErPal OT KaxJOro OTAENbHOrO WieHa B CyMMe
O J u GymeT PpacxoaMTbCA, HO HuTerpal or Bxoisameil B (1.14) am-
HeilHol kom6unanmm ¢ ¢; W Ej yRosnersopaiowedt (1.11), nomxen
ObITh CXOMANHMCH.
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TlpencrasuM cefe, yTO aMILIMTYna pacceanus f(E) onpeneneHa
Kax

400 .
F(E) = f F@ye™ at, (1.15)

NpAYeM B CHMIAY YCJOBHA NMPHYHHHOCTH (B TOM, YTO YC/IOBHE NPHUYMH-
HOCTH NPHBOAHT HMEHHO K COOTHOIUEHHAM TAaKOrO THIA, Mbl yGemMMcs

B §§ 2m3)
F()=0 nana {0
Mepexons B BEPXHIOW MOJNYNJIOCKOCTh
E=x+4+1y (y>0),

3aMeyaeM, 4TO MHOKHTENb eVt HIpAaeT pOJb PEXYINEro (GaxKTopa,
obecrneynBawIero CxoAuMocTh uuterpana (1.15), mocxoanky npu ¢ <0,

rae ¢ ¥ BO3pacrtaet, gpyHkuusa F (f) paBHa Hymo.

MoxHo nokasatb, 4TO naxe ecid F(f) 6yner CHHryasapHo# ¢yuk-
uue, auib OB OHA OCTABAJaCh HHTETDHDYEMOH B CMBbIC/E HALIErO Onpe-
nenenns (1.12), Bce pasHo uuterpan (1.15) 6yneT cXoauTbCA W omnpe-
neasTb (GyHKuHio 6e3 CYIEeCTBEHHbIX OCOOEHHOCTeH Ha 6eCKOHEUHOCTH.

WHoe mnonoxeHHe Mbl BCTpeTHM, ecam F({) obpauiaercs B HyJb
JMwb A ¢ < ——a, Tae a — HeK0TOpasa «sjeMeHTapHaa aamHa». Toraa,
sameHssg B (1.19)

t—>t—a,
YBHIHM, UTO

f(E)=e""E £ (p). (1.16)

Teneps TOABKO (akrop fy(E) He o6iramaeT CyulecTBEHHOH ocoGen-

HOCTbI0 Ha 6eCKOHEUYHOCTH. JKCIIOHEHTA Xe e"mE, a 3Hauut, U f(E)
TaKoi ocobennocTblo obnaxawoT. [lo3ToMy B JKaHHOM cayuae, YTOGHI
NOJNYYHTb (YHKUHIO, NI KOTOPOH BBIMONHAIOTCA NHCIEPCHOHHbIE COOT-

uomenus, Heobxoaumo Oymer ymHoxuTb f(E) Ha eF ¢ a>a.

Pasymeercsi, Ha caMOM Jeje CHTyauus OyneT 3HAYHTEJbLHO
Gonee caoxHo#, x0Ta O NOTOMY, 4TO HHTErpupopaHue B ¢op-
MyJaax, 3samedsiouwx (1.15), 6yaer BHNOJHATBCS MO GOJbIIEMY
uncay nepemeHnbtx. OfHAKO, Kak Mbl YBHIHMM Hafibllle, HeCMOTPA
Ha HeoOXOIMMOCTb CYUIECTBEHHOTO TEXHUYECKOTO YCOBEpIleH-
CTBORAHHs TPHUBELEHHOrN CeHuac pacCyXIeHHsi, OCHOBA €ro Co-
XPaHUTCST HEH3MEHHOH.

1.7. Bepuemca Ttemepb K BONpocy o $u3uueckux Ancrep-
CHOHHBIX COOTHOMIEHHUSAX.

Kak yme ynoMuHatoCb, aHaJHTHYECKOMY MOBeNEHHIO AMMJIH-
TYAH paccesHusi OBIIO MOCBAlLeHO MHOro pa6or. Ilpexne Bcero
Hago Oyner ynoMsHyTh dyHaameHTaabHbie paboTh I'aftsenGepra
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[3], HAMETHBIUME NPOTPAMMY HEMOCPELCTBEHHOTO HW3YYeHHs MaT-
pHLLBI paccesHUd, npeolpasyiolleit aCHMNTOTHKY NafaioLed BOMHBL
B ACUMITOTHKY pacxopsuiefics, u NpUMBIKAIOWKME K HUM HCCJe-
posanuns Xy Huna [4], Ban-Kamnena [6], M. I'. Kpe#ina [6].
B noCJeIHHX paccMaTpUBaiCs MpPouecc YNPYroro COyAapeHus
JIBYX 4YacTHLU C TOYKHM 3peHus oObIYHON KBAHTOBO! MEXaHUKH,
CBOIMMBIfl K 3aldade paccesHUst OLHOH YACTHHBI HA HENOINBHXK-
HOM CHJIOBOM uenTpe. B kauectBe f(E) 3mech M3yuanacb KOM-
[IOHEHTa AMILIATY[AB paccesdHus, COOTBETCTBYIOLIAs NapuuajbHON
BO/MHE C ONpejle/lEHHHIM MOMEHTOM KO/JMYECTBA IBHIKEHMS, TJIaB-
He'M 00pasoM aMMAUTYAa S$-BOJHBHL,

BaxnbiM pe3yabTaTOM, NOJY4YEHHBIM B 9TOM HamnpaBJ/eHHH,
SBASIOTCS TEOPeMbl O BO3MOXHOCTU 2HAJUTHUECKOrO IPOJLOJKE-
HUA aMIVIMTYAB S-paccesHnd fg(E) Ha BepXHIOW MOJYHIOCKOCTD
IJIs TOrO cayuad, Korja BsammoleflcTBHE NpaKTHYECKH HCue3aeT
Ha pacCTosHMAX, GOMbUIMX paauyca & HeKOTOPOH «cdepb aeit-
creusi». ITpl 3TOM OKa3biBaeTCst, OAHAKO, YTO, KaK TO OUEBHIHO
U3 TPHBEAEHHOTO BHIlIE WJAMIOCTPaTHBHOrO NpuMepa, Ha Gecko-
HeuHoCTH f (E) MOMKET HMeTb CYLIECTBEHHYI0 OCOGEHHOCTb, KO-
TOpas YCTPaHAeTCs JUIUb YMHOXEHHEeM Ha «peXyLWHi dakTop»
¢"“E. Tlostomy peryasproft B BepxHefl noJyNIOCKOCTH GydeT
TOMBLKO dYHKUHS fsemE, oJas Kotopo#t OyleT NpUMEHHAMO IH-
crnepcioHHoe cooTHomedue (1.6).

Takoro Tuna AKUCNEPCHOHHOE COOTHOLIeHHE ObIJIO NPHMEHEHO
I'éGenem, Kapnaiocom u Pynepmanom [7] k ynpyromy paccesHnio
T-Me30HOB HA HYK/OHAX. lcnosb3oBaB wuMmeiouimecs SKCMepH-
MEHTalbHEE NAHHLIE IO $-pacCesHHIO, STH aBTOPH TNPHULIH K
TOMYy WHTEPECHOMY pe3yabTaTy, 4YTO paiuyC Me30H-HYKJOH-
Horo B3aumopeiicTBus nomkeH OniThb OoJabite 0,1 KOMNTOHOB-
CKOR AMHL Me3O0Ha.

Caenyer, onHako, MNOAYEPKHYTH, yTo paboTH AAHHOTO Ha-
NpaB/eHUST HCXOHAT H3 CXeMBl OOGBIYHOH KBAHTOBO! MEXaHUKH,
He yuMTHBaoue# O0cCoOenHOocTefl Teopuu nNoas, B UYACTHOCTH,
BO3MOMKHOCTH TPOUECCOB DOMKACHUS M YHHUTOKEHHS YACTHIL.

IlucnepcuonHbie COOTHOLIEH S )5t pacCesHust GO30HOB B KBaH-
TOBOH TeopuH moas ObIIA TNpeiMeTOM HCC/AELOBAHAS APYroro
HanpaeJieHus, NpeACTaBAeHHoro paboramu I'enn-Mana, [oibnbep-
repa, Tuppunra, Kapnaoca, Pynepmana, Mussapm, OsMe H Ap.
(18], 19], [10], [117, [12], [13], [14], [15]). Snech B kauecTse f(E)
paccmaTpuBaeTCs aMIUIMTYAa paccesinust Bneped B JMabopaTopHOH
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cHCTeMe OTCueTa, M H3yyaeTcd BOTPOC 06 ee aHAIMTHUECKOM
NPOAO/MKEHHH B BEPXHIOW TNOJYIIOCKOCTb, NPUYEM CUHMTaeTcd,
4yTO ee 0COGEHHOCTh Ha 6eCKOHEeYHOCTH OyJeT He CuJbHEE MNO-
Jl0ca NepBOro nopsizka. Taxkofl BHIBOL MOXHO CpefaTh Kak U3
SKCMNEePHUMEHTA/bHLX HaHHHX O TOBEAEHUH CedeHus npu 60jb-
IUMX 9HEPrHsX, TaK U U3 PacyeToB MO TEOPUH BO3MYLUEHHH.

PaccmoTpenne aMINIUTY A PaccesnHHs Briepe], 0co0eHHO y100HO
B CHJy Toro oOCTOATENbCTBA, UTO TO TAaK Ha3bBAEMOH «OINTH-
yeckO# TeopeMe» €e MHHMas 4acTb NPONOPUUOHANLHA NOJHOMY
3¢peKTUBHOMY CEYEHHIO, T. €. BEJIHYMHEe, KOTOPYIO OMATh MOXHO
ONpeneanTh SKCNepumeHTanbHO. OnTHuecKas TeopeMa npencTaB-
nseT coboft clenCTBHE YHHTAPHOCTH MATPUILL PACCEAHHS U JNETKO
MOXeT ObITb OKa3aHa B caMoft oOuweft ¢opme.

JeHCTBHTENbHO, YCIOBHMCS 06O3HAYaTh MHAEKCAMHU a, 8 COBOKYM-
HOCTb BCEX KBAHTOBBIX UHCEJ MOJHOH CHCTeMbl cocTosinuil, Torna ycaosue
YUATAPHOCTH MAaTPHIibl PACCEAHHA 3aMMIIETCA KaK

; SpSue = 1.

Sug =18,5+ 1Tup;

toraa T,g OyAET NPONOPLHOHANbHA AMILIMTYLE Paccesuus Aas mpo-
necca a—»p. Tloxcrasaisn 7,5 B YCIOBHE YHHTAPHOCTH, HalineM

i(T:awTaa)=§lTa$2

B 3TOM COOTHOLIEHHHM CJi€Ba CTOHT, OUEBHIHO, MHHMAsl 4acTb aMINIMTY Ibl
yNpYyroro paccesHHA Ha HYJAEBOH yroa, a npasas 4acTb Kak pas mpo-
NOPUHOHANLHE [IOJHOMY CedeHHIO JIA BCeX BO3MOMHLIX NPOLECCOB.

B HOpMHpOBKe, MPHHATOH B TeOpHH CTOJIKMOBGHMH YaCTHIL, NMOJHOE
ceuenne ¢ (£)ceazano ¢ Im f(E) paBencTaom

m £ (E) = kc(E)

rie k-— BONHOBOE YHCIO, COOTBETCTBYlomee sHepruu E. Pusmueckuil
CMbICT BellfeCTBEHHOH dacTh f(E) onpeneiuTcs TOr4a M3 COOTHOLIEHHA

Rer@F+[SET =1r@r=(F) . w19

[Tonoxum

(1.17)

[TepBHit BbiBOL NUCNEPCHOHHHX COOTHOUIEHHH B popmainsme
KBaHTOBOH Teopuu NoJs Obin Npenjoxen Ienn-Manowm, I'onbaGep-
repoM u Tupputrom [8], xoTophie BOCNOJL30BAMUCH TeopeMOH
Kouru, ycraHosMB npepBapuTe/qbHO JOJDKHbIE —a2HANMTHYECKHE
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cBolicTsa aMIIMTYILbl paccesHust Brnepen. OnHAKO X AOKa3a-
TeAbCTBO AHAJAMTHYHOCTH, BO BCAKOM CJyyae [js 4acTll, C Maccoft
MOKOSt OT/MMYHOM OT Wy, He cBODOAHO OT BO3paKeHu#, cepbes-
HOCTb KOTODHX Obifla TMpHU3HaHa caMHMH aBropamy. Kapnmoc u
Pynepman [10] ycranoBuau AMCTIEPCHOHHOE COOTHOUIEHHE, MpHU-
roidoe JJIg TIPOLUECcCOB paccesHus HeilTpaJpHBIX ME30HOB Ha
HYKJOHAX, OJHAKO UX BBIBOJ OCHOBBIBAJCA HA AHAJIHTUYHOCTH
aMIIUTYB paccestHHd, KaK NpelBapUTE/JbHOM INPeIIION0MKEHHH.

Haxoneu, negasHo Toswadeprep [l1] nompo6osaan BooOlue
ofoftTH BONMpoc 00 aHAMMTHIECKOM TMpPOLOJAKEHUM AMIIHTYAH
paccesHua B KOMIUIEKCHYIO TMIOCKOCTh, paccMaTpuBas [HCIED-
CHOHHbIE COOTHOLIEHHS MPOCTO KAK HEKOTO bie TOXIeCTBA, YUHCTO
amreGpadyecku CJAeAylOLLde U3  ONpede/eHUs  AUCIEePCHBHOM
u abcop6THBHOM uacTelt (COOTBETCTBYIOLIMX HamleMy pasbueHuIo
(1.4) Ha ranassoe 3Hauenue U O-PyHKUMIO) AMILIUTYLbI pAcCesHUs
yepe3 CyMMbl MO TOJHOH CHCTeMEe NPOMEXYTOHYHBIX COCTOFHUH.
OnHako Jerko 3aMeTHTb, YTO HCNOJAb3YEMbIC MM ONpenc/eHUs
HeKoppeKTHbt 8 E < m, Tak KaK TNpu 3TOM COOTBETCTByloLiHE
uHTerpalpt pacxomarcd (cMm. § 6).

1.8. CpnesnaeM ewme HeCKOJBKO 3aMeuaHuft OTHOCHTEJBHO
(pM34YECKOr0 CMBbICJIA BeNUuYMH, BXOL4IUX B JAHCIEDCHOHHLIE
coorHomenust Buaa (1.6) umu (1.14). B ux JeBux uacTax
CTOUT aMILINTYJA YIPYTOrO paccesiHud BHepes, a NoJ HHTerpaaoM
cupapa — nojhoe cedenue. OOe 5TH BeJHYUHb HAGJMOLAEMBI
TOMLKO 15 peadbHBIX COCTOAHHH paccesHus, T. €. A9 SHepruft
Me30Ha HOA0MCUMEAbHBX W O0Apumiux m. B To Xe Bpems
MHTETPHPO3aHUE B INPaBbIX YacTX PpaclpoCTPaHsieTcs Ha 8ce
3HAUEHUS IHEpPruu oT — oo Jo —co. [loatomy, uToGbBI MOXKHO
Obl10 ApaKTHYeCKH HCNOJb30BATh JMCNePCHOHHBIE COOTHOUIEHHs,
B HUX HALO M30aBUTLCI OT MHTEIPUPOBAHUS TNO OTPULATEJLHBIM
SHepruaM M «HeHabmonaemoii., obaactu 0 < E < m.

Mckmouenns HTErpupoOBaHUsA 1O OTPULATE/BUBIM SHEPTHIM
MOXXHO JOOWTBbCA 3a CUET HCNOJ/B30BaHUA TpeGOBAHNIS HHBAPUAHT-
HOCTM OTHOCUTEJNbHO 32pSIOBOTO CONpeHus (MM, AJA Hedd-
PAMEHHBIX MOJIeH, BEUIECTBEHHOCTH), KOTOPOEe NPHBOAUT K COOT-
HOILEHHIO MeX Ay aMIUIMTYAO# paccesHus OT OTpU.ATeNbHOMR
SHEPr UM ¥ COTNPSIKEHHON aMMARTY 0} 1/ TOJIO.KUTEIbHOH 3HEepruy.
HckioueHne oTpUIAaTE/IbHBIX SHEPruft ¢ MOMOLIBIO TAKOrO Npue):a
BO3MOXHO Bceraa. [1paBaa, OHO NPUBOJAUT K «BNYTHiBAHHIO» B LUC-
NEePCHOHHLIE COOTHOLIEHUS CeYeHUH ANg aHTHYAacTHy (NPOTHBONO-
JIOXMOro 3apsja), 4TO, HanpUMep, B CJIyuyde paccesHud HYKJOHOB,

2 3ak. 2670, BoromoGoB u Ap.
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Heyn00HO, MOCKOJBbKY CedYeHus [ad aHTHHYKJAOHOB MOK2 SKCNEpH-
MEHTa/JbHO HEHU3BECTHH.

Cnoxnee 06CTOUT HeJio ¢ «neHabnogaemolt» obacteio E < m,
rie, KaK Mbi BBISICHUM HUKE, MO MHTErPa/OM BO3HUKAOT 0-PYHK-
uuu &(E-—E,) ¢ E,, COOTBETCTBYIOIUUM BO3MOXHBIM NpPOMEXY-
TOUYHbIM CBI3AHHBIM COCTOSHMAM. ECAM BO3MOXHBE CBf3aHHBIE
COCTOsIHUS 00NaAal0T AUCKPETHLIM CIEKTPOM, TO TAaKUe MHTET PaJibl
JETKO BHLYUCASIOTCS B SBHOM BUAe. Eciam ke cmexTp npoMexy-
TOYHBIX COCTOsHME x0T OB B KaKOH-TO 4YacTH OKa3LIBAETCH
HENpepbIBHBIM, TO NOJMOXeHHe Bellelt KOpeHHbIM 00pazoM Me-
HAETCH.



§ 2. OCHOBHBIE ®HU3UYECKHE AONYWEHUA

2.1. Kax Mw yxe ynoMuHand, B OOJBUIHHCTBE MOC/JEIHHX
paboT JMUCMEPCHOHHEE COOTHOUIEHHS BHBOLATCH, HCXOLA W3
00bIYHOH CXeMBl KBAHTOBOH TEOpHHM NO.JA. OnHaKko MBIC/IL O TOM,
YTO B AefiCTBHTEILHOCTH NHCTIEPCHOHHBIE COOTHOMICHHS HE CBA3AHK
¢ OObiyHBIM (GOPMAAH3MOM U JOJKHEI TONY4aThCH, MCXOAA JHIIb
H3 HEKOTOpPHIX OCHOBHBIX TNOJOXKeHuil TeOpHH, NpeaCTaBaseTcs
MOUTH TPUBHAJbHOR. BBuly BaXKHOCTH BONPOCA O NPUMEHUMOCTH
JMCAEPCHOHHHIX COOTHOWIEHUH M BO3MOXHOCTH MX 00600leHnH,
MB XOTHM SIBHO CQOpMYJHUPOBAaTh Te (PUBHYECKHE MNOJIOKEHHH,
KOTOpble HEOOXOAUMEI 1J5 WX BHBOA2. DTO IpeiCTaBALETCS HAM
0COBeHHO B2)KHBIM, IOCKO/bKY MOAPOOHOe H3yueHHE BBOAMUMBIX
HMKe PajuallMOHHBIX ONEPAaTOPOB M YCTAHOBJAEHUE COOTHOLIEHHH
MeXAY HUMH Moriao OBl COCTaBATb OCHOBY HOBOTO MOJXOZLA
K HOCTPOEHHIO BCeit KBAHTOBOW TeOopuUU MHOJ.

CospemeHHass cxema KBaHTOBOH Teopuu mnoas 0Oasupyerca
B CYILHOCTM H2 TPeX OCHOBHBIX AONYIUEHHAX: 2QMUALMOHOBOM
Popmasusme, npumenenun meopuy 803Myuw,enuili 1 KOHIENLHHU
uOuA6aAmMueck020 BKAIOLCHUS U BbLK AIOHPHUSL B3AUMO0CHECMBUA.
lamuasmonos gopmarusm NPUBOAUT aBTOMATUYECKM K BHINOJI-
HEHMIO Cmpozozo mpebosanus nputuunocmu (NOCKONbKY MO-
ryuide HapyWuTb 570 TpeOOBaHME HeJOKalbHhle BapUaHTH
TEOpHM HPOTHUBOPEYAT YC/AOBHIO pPAa3peliiMOCTH ypaBHeHMUlt),
ONHAKO B TNOCAeAHee BpPEMA BO3HHKAM COMHEHHd B TOM, 4TO
RHYTPEHHe HENPOTHBOPEUHBYIO TEOPHIC BOOGLIE MOKHO TOMECTHTh
B y3kue paMKH ramuabToHOBa Mertona [17], [21]. Teopus s803-
MYuenuli TNPefOCTABISET HaM BO3MOXHOCTbL APRKMUYECKOZ0
nposed Hus 8uMUCAEHLL, HO COOTBETCTBYIOILHE PSIAbL, MO-BUIH-
MOMY, cxo00Aamcs Auws acumnmomutecku Jaxe paja caaboft
CB#3M, He TOBOpS y¥e O SI0epHOM B3AUMOAEHCTBHM, KOrjia 9Ta
Teopus BooGie HenpuMeHuma. [lOCTOMHCTBOM Kowyenyuu adu-
abamuypocmu ABAAeTCd KAXYLLAsics TPOCTOTa COOTHOUIEHHMM

PAS
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MeXay nefCTBUTEAbHBIMM M CBOOOAHBIMU HOJAMH. [TocKOJBKY,
OHAKO, TNpM STOM B YA4/NeHHOM TNpPOULIOM H OyaylieM BMeCTe
CO B3aUMOJeHCTBHEM Medc0y 4aCTULAMH BHIK/IIOuUaercs u usu-
YeCKH Bce20a CyUliecTBYlOulee camodedcmeue, 3Ta KOHUENUUS
OPUHUKNUAIBHO MPUBOLUT K HEOOXOIHMOCTH DA3MINYATh BuKmus-
Hbte B peassHste CBOOOLHBIE YACTH 4bl, CJAEJ0OBATEILHO, B KOHEYHOM
cueTe, KO BCeHt NMepeHOpMUPOBOYHON HIEOJIOTHH.

[Mpennoxennag [afizenGeprom [3] oblias cxeMa NOCTpOeHHA
MATPHUBl PAacCesHUsd MOJHOCTBIO OTOPOCHJA TaMUJIbTOHOB OP-
Maju3M; 110 CYUeCTBY He HYXJIajdack B KoHuenumu aiuaba-
THYHOCTH M HHYErO He TOBOpPHJIA O TEOPUH BO3MYuleHHHA. Bauny
cBoeft KpaftHe#l oOUIHOCTH TNpenJioxeHHas MOCTAHOBKA 3anaud
HE TNpHHEC/]d, KOHEYHO, MOYTH HUKAKUX KOHKPETHHX PE3yJ/bTaToB,
1 ee clegyeT pacCMaTpHBaTb CKOPEE KAK IIpOrpammy AJd HO-
CTpOeHHd TeOpHH, YeM KaK 3aKoHYeHHYyW0 cxemy. [lonuepkHewm,
uTo, (OPMYJHPYS OCHOBHBIEC YC/JAOBHA, KOTOPHIM LOJUKHA MOZ-
YUHATBCA Teopus, 'aftisenGepr BOBCe He paccMoOTpe] mpebosanus
NpUtuHKOCmU, KOTOpOoMy (xoTd OB B BHAE YCJIOBHA MAKPOCKO-
NHuecKOofl NPHUMHHOCTH) Teopus 0043aTeqbHO HOMKHA YIOBMAE-
TBOPATh.

Paspaborannas HegasHo onHuM u3 agropos (H. H. b.) u lup-
KOBHIM [16] Teopust Marpuubl paccesHUs CTPOMAACh, UCXOAA M3
raﬁaenﬁepronux nonoxenu#t, KoTophie OBlJIM, OJHAKO, CHJBHO
CYXeHbl NONyuieHUEM pa3J/oKeHUs MO IMOCTOSHHOR CBSA3H, NpPHHA-
THEM KOHIeNuMH afauabaTHuHOCTH M, TJMABHOE, TEM, 4TO K HUM
Ob110 IpUCOE ANHEHO TpeboBaHKe TPUYHHHOCTH, CHOPMYTHPOBAHHOE
B BUAE CTPOroro yC/JIOBUS MUKPOCKOMUYECKOHW NPHYAHHOCTH HJH
JIOKaNbHOCTH. BHIACHUAOCH, 4r0 STH AONYLLEHHS, Ype3BhyaiiHo
CUJBHO OrpaHMuUBAs TEOPHIO, MPUBOILAT K CXEMe, MO CYLIeCTBY
SKBMB2JEHTHOM 0OHUHOMY raMU/ILTOHOBY MeTOLY H OTAKYaoleficy
OT Hero JHUIb BO3MOMCHOCTBIO IPOBECTH H3JOMKeHHEe ¢ Gosbluet
MaTeMaTHYEeCKOH 4CHOCTBIO.

2.2. B nociientee BpeMs NposB/geTcsd CTPEMJIEHHE NPOLOMKHTD
pa3paboTKy nepsoHauaabHol raitsenGepropoit nporpamumut. [Ipexne
BCETO 3JeChb MNpEANPUHAMAIOTCA TIONBITKM YTOUYHEHHS OCHOBHBIX
onpenesenult, 0cO6EHHO CyLieCTBeHHbIe B CBeTe HeOOXOAUMOCTH
BBECTH B Teopuio Ceazanubie cocroanus. Cioma oTHOCHTCS
BaxHan pabora Xaara [17], B kxoTOpo# yTOHHAETCS PSIL BONPOCOB,
CBA3aHHHIX C MaTeMaTHuecko#t GopMyIHpOBKOH TpeGopanHmi
PeaSTUBHCTCKOK WHBAPMAHTHOCTH W MPOUELYPH  BTOPHYHOTO
KBAaHTOBAHUS.
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C ToukM 3penust OOLIYHON TeOpHH MOJsI COCOG BReJLEHHS
CBA3dHHBIX COCTOAHMA B ralizenOeprosy cxeMmy He sBJdercs
ouUeBUAHLIM: €Cad He npuberaTk onaTb K a4uabaTHYCCKOMY Bbi-
K/TI0YEHHIO B3aUMOLEHRCTBHS, TO 06pasyiolLue CBSI3aHHOE COCTOAHHE
4aCTHILBL HAXOAATCA BCE BpeMs BO.M3M APYr Apyra, B TO BpeMs
Kkak B ralsenbeprosoft MOCTaHOBKE 3alaud B HAYaAbHOM CO-
CTOAHHHM BCE YACTHIB! AO/DKHE ObITh IPOCTPAHCTBEHHO PA3HECEHH,
Buxon Oymer HafiieH, ecAu CUMTAThb KaK10e KOHKPETHOE CBSi-
3aHHOE COCTOSHME YaCTH el HOBOro copTa U BMecTO 00pa3oBaHus
CBA3AHHOrO COCTOSHHA TOBOPHUTb 00 YHHUTOMEHMH MepPBOHAYAJb-
HBIX SJIEMEHTADHBIX UYaCTHL, M POMXIEHHH HOBOH  «CJIOXKHOU
qacThllb». EcrecTBenno, uyT0 INIpM TaKOM ToaXole BO3HHKAeT
BECbM@ CJIOXKHAdg 3a1a4a O TOM, KaK OMUCHIBATh B3aHMOJefictBHe
MOXAY 9TuM OO0.JbIIUM 4YHCJAOM BHO3b BBELEHHHIX B TEOPHIO
CAOKHBIX 4acTHIL.. Mbl He COOGHpaeMCs OCTAHABJMBATLCA HA STOH
npobieMe, TaK KAaK He BCTPEeTHMCA 3JeCh € HeOGXOLMMOCTBIO
BBOLUTbH CJOMHBIE UYACTHILBL

Hanee BcTaeT BOmpoc 00 ONMCAHMM HAYAJIbHLIX COCTOSTHHH
HPOCTPAHCTBEHHO-pa3Ae/leHHbIX yacTuy. HanmoMHuM, 4r0 B 00bIU-
HOM H3JOXEHHH, KOrld BO3MOXKHOCTBIO 0O0pa3oBaHMs CBA3AHHLIX
coctosHuil npenebGperaloT, MOXHO pa3GHTh [OJHBIA TaMUJBTO-
HUaH H Ha ¢KHHeTHYeCKylO SHepruio» H, u Bsaumoneitctsue V,
pYYeM HayajsbHBIE COCTOAHUH, CKOJIbKO Obl CBOOOIHBIX 4ACTHLL
B HAX HU ObIO, SIBASIOTCA COOCTBeHHBIMU (GYHKUUAMH H),.
Onnako npu rakom pa3bumennm u3 H, BHOpachiBaeTCcq KaK camo-
acitcrBue (OGnaronaps uYeMy YacTHUbl B HayaJdbHOM COCTOSHHUH
OKAa3bIBAIGTCA He peanbHBIMK, a QUKTHUBHHIMU CBOOOLHBIMYU YaCTH-
aMH), TaK ¥ Ta COCTABAAOUIAT B3aUMOJEHCTBUS, KOTOpOH
0053aHLl CYIEeCTBOBAHMEM CHOXHEE MaCTUULE (Y Hy TaKUX YacTUl
He Oyner). MLt XoTHM Temepb Tak BbiAeauTb H,, COOCTBEHHBIMHU
(yHKURAME KOTOPOro OyAyT HauadAbHbie COCTOAHUA, 4TOOHI
u36eriyTb 00eHX 9TUX HeNMPUATHOCTe#l. DTOro MOXHO Oylier
AOOUTBCA € TIOMOUIBIO Chaenayouero mocrpoedus [18]1).

2.3, PaccMOTpEM CHCTEMY, OMHCHIBAEMYIO TOJHLIM I'aMHUJIbTOHHAHOM
H. (Mbl NPOH3BOXWM MOCTPOEHHE, PYKOBOACTBY ACH IIPHHIMIIOM COOTBET-
CTBHH ¢ OOniuHOH Teopuel.) O603HaUMM yepes R, MPOCTPAHCTBO, COCTO-
flllee U3 €AMHCTBEHHOrO BEKTOPA, OMHCHIBAIOWIETO COCTOAHHE BaKyyMa.

1y Nansueiiiee nocTpOeHHe, BeCbMa CYWECTBEHHOE NJs HAEHHOrO
060CII0BaNHS HAWAX OCHOBHBIX NONOWeHu# (cBoiictsa 1.6 u Bcero, Ka-
caiolnerocsi COCTaBHBIX YACTHI), UHMTaTelb, HHTEPeCylUMiica Jamulb
HENOCpeACTBEIIHO JIMCNEPCHOHHLIMH COOTHOLIEHHAMH, MOKET W Npony-
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0O603HauuM yepes Ry NPOCTPAHCTBO BCEX OLHOYACTHYHBIX COOCTBEHHBIX
COCTOAHHUI, 1. €. TAaKHX COCTOAHHI, B KOTODbIX HMEETCS TONbKO OfHa
peaabHas 3neMeHTapHas dactuia. Ecnin paccmaTpuBaembiii ramyabTo-
HHaH JONYCKaeT CYLeCTBOBAHHE CBA33HHBIX COCTOAHHH, TO Y Hero 6yayT
elle W COOGCTBEHHBIE COCTOAHHH, B KOTOPHIX HMEETCHA OAMH CBA3aHHLIH
KOMILTEKC U3 2, 3,. .. pealbHBX 3JE€MEHTAapHHX YacTHi. HaTtarHsawmmuecs

Ha TaKWe COCTOStHHA MNPOCTPaHCTBA 00603HaumM uepe3 R, R;, ... €o-
OTBETCTBEHHO. 3aMETHM, 4TO BCe Oa3HCHBE COCTOAHHSA, HA KOTOpPbIE
HATAHYTbl MpoOCTpaHCcTBa Ry. Ry, Ry, ..., MOKHO 0OXapaKTepH30BaTh KaK

OnHOYACTHYHbie, MBI MMeeM NpH 3TOM B BHAY IBE OCOGEHHOCTH TAKHX
COCTOSTHHH: BO-TIEpPBBLIX, OHH, C TOYKH 3pEHHA HX HabmojnenHs, 06na-
JaI0T HEKOTOPOH CTeNMEHbI0 JNOKaMH3aUHH (Cp. OCTPOYMHOE OnpeleleHHe
C MOMOIbI0 Psiia MbICAEHHHX sKcnepumenToB ¥ Xaara [17] ), Bo-BTOpBIX,
OHH ABAAIOTCS CTAGHIBHLIMH.

IIpocTpaHCTBO, BEKTOPH KOTOPOro MOKHO OymeT paccMaTpHBaTh
Kak (YHKLWH, OMHCBIBAIOIAE HYAHble HAM HAYalbHbE (HJH KOHEUHbBIE)
COCTOAHHA, OTBedaipe JJo6OMy YHCAY peanbHbIX, HO Mexny Co60i
HE B3aHMOJEHCTBYIOUIHX H3-32 NPOCTPAHCTBEHHOH ceNapaluH YacTHI,
HONYYHTCA MPH STOM OUEBHIHbIM 00pPa30OM, KAk NpAMoe NMPOH3BEAEHHE
BCEX mpocTpaHeTs Ry, Ry, Ry, ..., NpHYEM KaXIHH H3 MHOXHTEACH
MO:KET BXONHTh B 3TO NPOH3BENEHHE NPOH3BOJLHOE YHCIO pas, B cO-
OTBETCTBHH C T€M, YTO B HAUaJNbHOM COCTOSIHHH MOMKeT OBITL IIpO-
H3BOJNLHOE YHCJAO YACTHI| KaXAOTO copTa:

Re Ry X Ry <ot K RUARY <ore {Ra W Rs Xoi o KR Aoee (21

«Cpo6oaHbfiy TaMuAbTOHHAH, COGCTBEHHLIMH (GYHKUHMAMH KOTOPOUrO
ABJAIOTCA (YHKUHH, ONHCHLIBAIOU{HE HAYaJIbLHOE COCTOSHHE PealbHbIX
He B3aHMOLEHCTBYWIUMX APYr C APYroM 4YacTHL, MOXKHO Temeph Mmo-
CTPOHTHL TaK:

BeeneM oneparopbl npoekrtuposauus Py, Py, ..., Py, ... raMuib-
Topuana H wa npocrpaHcTBa Ry, Ry, ..., Ry, ..., H OUPEIEIHM <CBO-
6OHbIHY raMHALTOHHAH fy KaK NPAMYI0 CyMMy

Hy = PyHPy 4~ Py AP £ PP - . Py HPy L PHP, . (22)
[Moaum#i ramuabronnan A Moxuo 6ynet 3anMcaTe TOraa, Kak
H = Hg 4+ V - Hy+ (H — Hy). (2.3)

Iamune ToHHAH B3aumoneficTBuA V ONHCHIBAET Teneps HMEHHO TOABKO
83QuMHble eWCTBHMA YAaCTHL, HO He camoOelicmsue, KoTopoe 6rarogaps
136paHHOMY METONY NOCTPOEHHSA NOJHOCTHbI0 CONEPKHTCA B FAMHALTO-
nuaie Hy. Tounee, V onmchiBaeT jpaie TOAbKO TY 4acTb B3auMoaeii-
CTBHA, KOTOpas OTBETCTBEHHA 3a MpPOLECCHl PACCESTHHA H POMIEHHSA

CTHTh. 3HAaKOMBIM ¢ OGLIYHOH NEPSHOPMHPOBOYHOH TexHHkOH LIBun-
repa — JlaficoHa MBI MOKEM CKa3aTh, YTO MPOBOAYMbIE HHAE MENKHM
wpudTOM paccyxieHnn (B UaCTH, HE KACAOU[EACA CBA3AHHBIX COCTOAHH )
CBOJATCA K HCIOJNb30BAHHIO MOABKO NEPEHOPMIPOBAHHOL S-Mampuy v,

1T KOTOPOH
0] S10y=1 n (1|SIDH=1L
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yacTHU, IMOCKOJNbKY B3alMOJAeHCTBHE, CIEPXHMBAOILEE 3JIEMEHTapHbIC
YACTHUB! B COCTaBE KOMILIEKCOB (< CADKHBIX YACTHLS), TAKKE yHe BKJIIO-
yeno HaMu 8 Fy TlosTOMy TpH pPacCMOTPEHHH NpejeNbHBIX NEPEX0A0B
K HAYaJbHOMY HJH KOHEYHOMY COCTOSIHWIO, f—> 3~ 0D, Mbl MOXKEM pac-
JIOPAAMTHCA B3anMoneHcTBAEM V Ge3 BCAKOH OCTOPOKHOCTH, HampHmep
POCTO HCTIONB30BATh aNHAGATHYCCKOE BHIKMIOYEHHE; HH K HCUE3HOBCHHIO
CaMONEHCTBHA, HH K pacnainy CBA3aHHBIX COCTOSHHH 9TO Tenepb He
HpUBEET.

2.4, Wcnoabaosasuiviecs B upelblAyilieM NOCTPOEHHH CCLIAKH
Ha TAMUJIbTOHHAH HOCHJH, pa3yMeeTcs, YHCTO HJUIIOCTPATHBHBIA
XapakTep W NpecaeloBajd JHUb LeJd BO3MOMXHOH IPOCTOTH
M3J0XKeHHR H ero CBA3M ¢ OOLenpHHATHIM. OTO TNOCTpoeHHe
HAal0 paccMaTPuBAaTL JHLIb KAk NpUMep TOro, Kak, HCXOLd H3
O0bIUHOA TEOpUH, MOMKHO JAOCTUIHYTb BHLIMOJHEHUSA OCHOBHBIX
(dusuyeckux onyuienui, Kk PoOpMyIMpOBKE KOTOpbIX MBI celvac
nepexoLuM.

[ToauepkusaeM, YTO XOTS, ¢ OAHOA CTOPOHELI, BCe 3TH Aomy-
IILleHHd  BBIMOJHAIOTCA B OOBIYHOA TeopHH, HO ML HE CUMTAEM,
UTO OHH INOJHOCTBI0 UCYEPMHBAWT ee coiepxanue. Mbt ocras-
ad9eM 3TOT BeCbMa MHTEeDeCHbI! BONPOC OTKpbIThiM. PaBhbiM obpa-
30M M He coOupaemcq 3xech pewaTb ¥ Oonee 0Ouu# Bompoc
0 TOM, 00pa3yiOT /M Hally AONylleHUd B Kako#-anbO CTenesu
HENPOTUBOPEUHBYIO TNOJAHYI0O M He3aBUCHMYIO CHCTEMY aKCuOM —
3TH JONYILEHHS HALNEKUT pAacCMaTpuBaTh He KaK MOMNLITKY C03-
AaTh TAKYl0 CHCTeMY B CMbIC/Ae, KOTOpbif BKJalblBaeTci B 3TO
NoudTHE MATEMaTHKaMH, a JMIIb Kak coOpakde NpeaioJoXeHnH,
KOTOphe noTrpefoBaanch HAM A7 MOCTPOEHHA BBIBOJA AHCmEp-
CHOHHBIX COOTHOLIEHHH.

2.4.1. Bce Hawi Jn0ONyieHHd YMeCTHO pa3lNe]HTL Ha IBe
FPynnu: odwjue cgolicmsa, ob#zaTeNbHLIE, C Hallefl TOYKU 3pe-
Hug, AnA BecbMa OGILUMPHOTO KJaacca BOSMOMHLIX Teopu#, u cne-
YuGapHble CBOLCMEA AOKQALHOCMU, CBA3AHHBIE C HAJIaraeMbiM
Hamn TpeGoBaHHeM BHIIO/IHEHHS MUKPOCKONAYECKOT IPUUNHHOCTH.
Hanoxenne nocresne’t rpynns rpeGoBanuil HeoGXOAUMO, YTOTH
MONYy4YUTh AMCHEPCHOHHBIE COOTHOLIRHHS OOBLIMHOTO BHia.

I. O6umue ceoiicTsa

(1) B cooTBeTCTBEH CO CKa3aHHEIM Bblllle Mbl IpUHUMaeM rafl -
3enfeprosy nocTaHOBKY 3agaud. Bynem cuuTaTth, uro acMMNTO-
TMYECKHE COCTOIHHS CUCTEMbl NPeACcTaBAsAiOT co601 COBOKYNHO-
CTU HEKOTOPOTO yMC/aa OeCKOHEUHO VIAaJeHHBIX [IDPYyr OT Ip yra
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SJIEMEHTADHLIX U COCT3BHBIX uacTHU. Baaumoueficrsue meoncdy
STHMH YaCTHUAMH DABHO HYJI0, M MNOTOMY TaKHe BeNduiHbl, KaK
SHeprus, UMOYIAbC W T. L., SBAAKTCA Q00umusHumu. Taxue
COCTOHAST OMUCLIBAICTCA aMMUMTYAaMu | ), SBASIOIIMMHUCA 3Je-
MEHTAMH JIMHeHHOT 0 NPOCTPAHCTBA, KOTOPOR MOXHO NPeCTaBAATh
ce6e MOCTPOEHHBIM € MOMOWBIO NPUEMA, ONHUCAHHOTO BHIILE.

(2) Byaem cuutarth, 4TO y Hac HUMeeTCH HeKOTOpas rpynna G
npeo6pa3oBanuil L, KOTOpas BKJ/IOU3ET B KayecTse MOACPYRIHI
rpynny Jlopenua ¥ (G MoxeT BkJwouaTh U Apyrue Mpeo6paso-
BAaHHS, HANPUMED HOTONMYECKHE, TPalHedTHble npeobGpa3oBaHis
u 1. m). Tloa nehcreuem L w3 G aMniuTy.asi -COCTOSHUH npe-
06pasyioTcs ¢ MOMOWBI0 HEKOTOPOTFO ee YHUTApHOro MpencTa-
BieHud ¢ saeMenramu Up 1),

(3) Ecau B cocronHuy | p) BEKTOD SHepruu-uMnyIbca p uMeeT
Onpelle/ieHiiOe 3HaueHue, TO

Ur, | p)y==e~tre| p), (2.4)
ecmy L, —Tpaucasuus x — x -}- @. Cymectsyer cocrosuue [0),
419 KOTOPOro
Ur,|0) =10) (2.5)
-— COCTOfIHME BaKyyMa.

Ananoruunbie csoficTBa MOryT 6HITh CHOPMYIMPOBAHBI M IS
apyrux noarpynn G, B 4aCTHOCTH AJd NpeACTaBJeHHH, COOTBET-
CTBYIOLLMX MOMEHTY.

(4) CywectByer cucTeMa COGCTBEHHBIX aMIIMTYX COCTOSIHHUA
4-uMny/IbCa, OTBEYAIDIUX HEOTPULLATENbHLIM 3HAUCHHAM SHEPCUH,
KOTOpad ABJAETCSd MOJHOH, TaK 4TO

(a] AB[8) = (2] 4]0) (0] BI?) +
+ 3 [ dk{(a| A|nk) (nk|B|B). (2:6)

Yy B anasoruu ¢ paccyxiacHuamu Xaara [17] samerum, uto nas
OJHOYACTHYHBIX cOCcTOAHHH {/; 06pasyloT Henpusodumsie npejicrasie-
HUA rpynnsl (7. Jlanee, W3 BGLIMOJHEHHOTO BBILIE MOCTPOEHHS MOXHO
Ob0 Obl yCTaHOBHTb, UTO JIASt BCSKOLO ACHMITOTHYECKOTO COCTOAHHMSA,
MOCKOJBKY OHO BCerja m3o6paxaeTcs BEKTOPOM B MpPOCTpaHcTBe, obpa-
30BAHHOM IIpSAMbIM MPOH3BEACHHEM MPOCTPAHCTB OJHOYACTHUHLIX COCTOA-
Hu#, HHQHHHTE3NMANBHBI onepaTop Uy, GyneT mpAMOH CyMMol Mudu-

HHTC3HMAJMbHbIX ONEpaToOpOB U;J, COOTBETCTBYIOIUMX HEIPHBOIHMbIM

TpEeACTABIACHHAM. Otciona, B YAaCTHOCTH, CACAO03aa0 651 TQI‘Z!& H cnedan-
HOS BLILIE YTBEP:KJ2IHHC 06 ATIUTUBHOCTH HHTCTpAanoB ISHKEHHL.
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31eCb 7 03HAYaeT COBOKYIHOCTL BCEX OCTAIbHBIX HUCKPET-
HBIX M HElpepbIBHLIX KBAHTOBLIX YUCES, KOTOPHE B COBOKYIi-
nocTd ¢ K MOJHOCTBIO XapaKTepU3IyT COCTOSHHE.

(b) TllpeanmeTom Teopuu ABJARETCA U3yyeHHe BepPOATHOCTeH
IePEX0L0B MEXKAY TAKMMU ACHMOTOTHUECKUMH COCTOSHUAMH. By-
\eM CYHTAThb, YTO KAXIOMY MePEeXOLy Mex 1y COCTOAHHAMH |a)
1 | %) orBevaer ompeuenenHas BepPOATHOCTb, OOBYHBIM 06pa3om
BHPAXAIOLIAACH Yepe3 MATPUYHBIE 3JEMEHTH HEKOTOPOTO YHH-
TAPHOrO onepatopa S,

SSt=1. (2.7)

(6) TlockoabKY MBI CYMTaeM OHOYACTHYHHE COCTOAHMA CO-
CTOHIISAMU  pPeaAsHblX 4YaCTHIL, TO OLHOUYACTHUHLIE COCTOSHUSA
i Bakyym Oyayr y nac cmabuasnwsimu, T. e. Oyner

S oy =), (2.8)

ecid |o) — AMIIHTYX3 COCTOsiHMA Bakyyma, oOaHOH (Crabuib-
HOH), — 3/JEMEHTAPHOH WU COCTABHOH, — YacTHLLHI.
2.4.2. llpexae yeM MePeXOLHTb K UBJOKEHHIO CNEUuaLbHBLX
A0KAAbHbLX CB0lcmsE, ClelaeM HEKOTOpble 3aMeyaHus.
OueBHAHO, YTO HALIM ACUMNTOTHUECKHE COCTOSHUA, OTBEya-
IOlLLHe HANHUHIO ONPEeeICNHOro uMc/lIa 7 YACTHL, OnpeaejeHHbX
COPTOB &; C OMpee/EeHHHMH UMIYAbCAMH P;, MOXHO MOJYUHUTh,

eC.1d BBECTH OOGLIMHBIM 06Pa3OM 01epPamopsl POACOeHIUS a(;z)(pi)
W YHULIMONCEHILS a(a;)(pi) YACTHIB 2;-T0 COPTA C UMIYJIbCOM P;

H NMojieHCTBOBATb MMM HA AMILTUTYLY COCTOAHHUS BaKyyMa:
lacpss o5 2aPe) = @D (py) . alb) ®10)., (2.9

IpyueM M3 TOTO OOCTOATEeJbCTBA, UTO HAIUM [POCTPAHCIBEHHO-
pa3neteHuble YacTHLBl He B3auMolelicTylor, OyLer cJjelOBaTh,
uto oneparopsi aft), al(~) ynosrerBopsaioT oOHUNBIM MEPECTAHO-
BOYHLIM COOTHOLIEHUAM

[al) (0), &l ()] =12,,, B (0 — P (2.10)
[ai7(p), o) (p")]=0. (2.11)

M3 csotictsa 1. (2) 6yaeT roraa c/ienoBaTh, yTo npu npeofpa-
3osauuu L w3 G onepartopht af{’)(p) nepexonst B

al? (p) — aft) Lp)y= Uy o) (p) U - (2.12)
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Y1066l MOXHO ObIIO CPOPMYJIHPOBATL YCAOBHE MPUUHHHOCTH
(1 BOOOILE NMPOBOLHTb KakHe-JAu0O DacCymeHHT O NOKaAbHbIX
CBOICTBAX TEODHH), HAM, OUEBHAHO, HeoOXOAUMO KAk TO HaAy-
YHTbCH PA3AUAME OMOCAbHBIE MOUKU NPOCMPAHCMBA-8pe-
Meru. JIna 3704 Ue1d Mbl IOCTPOUM M3 ONEPATOPOB POKILEHH A
H YHHUTOXEHHS 3I2eMEHMAPHHIX 4ACTHIL OOLYHbIE MPOCTPaH-
CTBEHHO-/0Ka/M30BaHHbE KOMOHHANUM;

IR S SN S RPN ER ke (=) (1) )
% (X) Gy / 3 { e (k) e ikr g (k)’}, (2.13)

kx = kOx®—Kkx, Kk'= 4V Kk} m?

FA€ Mb, YTOOBI He 3arpOMOXKAATh H3/J0XEHHHA, BhIMcaad (oOp-
MYNy, OTHOCAWYIOCA K BeUeCTBEHHOMY CKajisipHoMy noJiol).

HassHefimee usjoxenHe B 0ObLIYHOH TeopuH MOXHO OLLiO Obl
BeCTH MpuMepHO cJaepylownm oOpasod. Marpuny paccesnus S
BCerAa MOXHO MLICIHTb B Bule (YHKILHOHaABHOTO pa3JIOXeHHd
No ONepaTopaM pOXAEHUS W yhuuroxkenus (cp. [26]):

= Y [ ki dk, d L dK G K X

Lm 0
X o k) ... a k) et (k). . aHE)  (2.14)

(148 OPOCTOTBI MBI CYMTaeM BpeMeHHO, 4ro paboTaem C 6o3ze-
wacTHlaMu ojaHoro copta). Takoe pasnoxenne Moxuo Obin0 bl
nepenycath ¢ noMoubio (2.13) B pasnokeHue IO HOPMAJIbHHIM
npousBeseHUAM nonxel o (X):

SRS ‘
S = Zfdx[ e dX . x e (x) L g (x,)  (2.15)

n=1
5} onpede/lumb nocJae 3Toro oépaaosaﬂue Bapnauuonﬂoﬁ npo-

u3BOAHOH S-Marpuitkl 110 1o 9 (x), € MOMOIBIO Cae-

38
B¢ (x)’

1) MiMeHHO B 3TOM TYHKTE Mbl BlEpBbiE CTAJKHBAEMCA C DPAa3nu-
UHEeM MeXnY SAEMEHTAPHHMH M COCTaBHBIMH YacTHLAMH. Jlna noc/ie gHuX
XOTA W MOXHO OblM0 6bl BBeCTH (OpMalibHO onpeaeneHne tmna (2.13),
HO ¢u3uyecKHi cMbICH TAaKHX KomMGUHAUMH Obn Obl B JOCTAaTOYMOM
CTEMEHH TEMHBIM.
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aytowe#d onepauud: OepeTcs cymma BCex BulpaxeHuft, nouy-
Y3IOWIMXCA M3 Kawaoro unena (2.14) nocnenoBaTe/bHLIM BHUEp-
KHBAHUEM OLHOFO M3 @ (X;) C 3aveHOd Ha O (x —x;).

TMocie sToro mamputunsie 34eMeRmbl MAM PUYB POCCEAHUS

y — 7t [

Sper =(P, %, ....p,2,1S|pa),...,pla") (2.16)
MOMHO Obl10 Obl CBECTH K BAKYVYMHBIM CPEOHUM «PAOUALUOH-
HBLX onepamopos» 1) .
ons

A xn)= }?11 (x1)- - -B‘Pan(xn)

St (2.17)

B camom nerne, B cuay (2.9) matpuunblii snement (2.15) MOwHO 1le-
penucaTs B BHIE

<0

OrpanuyuBanch LAst IPOCTOTHI OUATL CAYYaEeM CKaXSAPHHIX BEUIECTBEH-
HbIX moje, zameTdM, uto H3 (2.10), (2.11), (2.13) nonyuaercn

&7 ey - al” () Sat) (p)) . al T () | 0 ). @18
1 8

ap’p e ipr
(2m)7: Y 2p0

P

.
0, etipr ! (2.19)

[9, (), &™) (p)] =

(-) —__fP -
[4 (), 9, (1)] PR
rae pP=+Votm, J

OTKyaa IJA 11ePeCTAHOBOUHBIX COOTHOLIEHHH OlIePaTOPOB POMKIACHHA
¥ VHHUTOXEHHS C MaTpHUEH paccesHHs Cleayer:

(5.6 =, [ derts S |
1 ’ 3S  erirc 1 (2.20)
(=) = i Y T =
| 0.8 = 57 J i Vi |
rie ousTh P =V ptF mi. J

) BooGmwe Mp 6yaeM HA3WMBaTb PAOUAYUOHHHM ONEpAmopoM
BCAKOE BbIPA:KEHHE, KOTOPOE MOKHO MONYUHTh H3 S W S+ npHMeHe-
HMEM KOHEYHOro umc/da Onepanuii BapHALHOHHOTO aH(dEpedrHpoBa-
HAA 10 onepaTopaM MOJS H YMHOMEHHS, eCTH TOAbKO S H S+ BXOaaT
B TakOe BblpaXeWHe OJHHAKO30e yHCaAO pa3. Iloanoe umcao durypu-
Pylouiux BapHallHOHHBIX IuddepeHinpoBanyuil 6yneM HaswiBaTh NOPsO-
KOM pajnMallHOHHOTO OlnepaTopa.
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[Teperackupas rtemepb B (2.18) Bce onepaTopel POXKIEHHS HAJNCBO,

4 onepaTophl YHHUTOXEHHS Hanpaso, rAe, NOReHCTBOBAB HA BAKYYMHYIO

G YHKUHIO, OHM NanyT Mylb, MOJYYHM (Mbl NPEXNONAraeM, UTO BCE HM-
) 7

nyancl Py, ..., Pp H Py, ..., P, PASNHYHDI, B MPOTHBHOM CIyuae BO3-
HMKJH 6Bl ewe uleHL! TOrO XK€ BHAA, HO MEHbliel cTeneww), urto (2.16)

MOXXHO 3allHCATh B BHAEC mlTeI‘pana
3 .
i riwi- Do)
A 2

1
Smm’ ="T""3 (r+s) del oo dx, ... dx’ r+s3 X
(2m) "2 ' S0t Vol ol
a(r+d)S
01 - N N
.)<< 5%, (x1) -+ Bg, (x)) mppl/ (x;) O (x:) O>,
rae pi=V o+ mi.

2.21)
[Tox muTerpanomM B (2.21) CTOAT KaK Pa3s BAKYYMHLIe CPEJHHE OT TONLKO

4TO OnpejfeleHHbX PafHaldOHHHIX onepaTtopos (2.17). JleficteuredsHo,
B CHNY YCHAOBHA CTabHJBHOCTH Bakyyma L6 Mbl HMeeM

3(r+s)s 3(r+s)s
01« S 0)=(0]|% < S+i0
< Bp, (X1) - m,ap;(xi) > < 805y (X1) .. B9,/ (x:) >
(2.22)

3ameTHM, OJHAKO, YTO B 3TOM BBIBOJE MBI 10 CYWLECTBY pac-
cMarpuBasd @ (X) Kak npoussoabHylo dyukuuio. Ho (2.13)
Heab3s, BooGlIE TOBOPA, paspelluTh oruocHtesbno @', no-
CKOJbKY 3TO BbIDAXEHWE ONpexe/seT He NMPOUBBOMBHYI0 o (X),
a TOMbKO @ (X), 063aTE/bHO YAOBJAECTBOPAIOULY) YDABHEHHIO

(O —m?Ho(x)=0. (2.23)

[Tosaromy u3 (2.14) Heabas unoayunts (2.15)— dyHkunoHas,
onpeneleHHb#t Mg 60Jee WUPCKOro KAACCa ONEpaTOpHbX (PYyHK-
uu#t ¢ (x), ne 06g3aTesbHO Y 10BJIETBOPAOLIYX YpaBHeHHo (2.23).
Nanee, mbl, Ka3ajgoch Obl, NPON3BOJLHLIM 06Da30M Ha3HAYHAH
npasunn Bapvanuonnoro auddepenuuposanus no o (x). Haxo-
Hel, NepeCTaHOBOYHbIE CcooTHowenus (2.19) noayuwaiworca wus
(2.10,11), (2.13) omarb-Taku ToJbKO A9 ¢ (X), YAOBIETBO-
pAloINUX ypaBHenuo (2.23), MB Ke NOAL30BAJUCL UMM AJA
NpOU3BOJLHOTO ¢ (X).

Cubica npoBeseHHOTO 1npeo6pa3oBaHus CBOLUTCA K TOMY,
YTO Mbl (AaKTHUECKH DPACLIHPUIM ONpejeseHHe S-MaTpHLbl, CHU-
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Mas B (2.15) orpanuvenue (2.23) M paccMaTpuBas MATpULY pac-
cesaHUA KaK (YHKUUOHAN OT NPOHIBOJBHBIX, HO KOMMYTHPYIOIWHUX
(uad, nadg QepMHEBCKAX MOJIEH, aHTUKOMMYTHMPYIOMHUX) ¢ (X)1).
[Ipu srom Bce, 4To HaM noTpebyeTcs AJs AajbHeHuiero, — 3o
nepecTanoBounbie coorHowenus (2.19) artux ¢yHkuu#t ¢ one-
paTopamu pOXIeHHs W YHUYTOMEHHUH, NO3BOJAIOUME YCTAHOBUTD
(2.20) v Tem caMblM MPABHJIO LJS CBeleHUS JTIOOLIX MATPUUHBIX
9JEMEHTOB MaTpuubl pAaccesHU K BAKYYMHbLIM CpPejHUM OT pa-
avauuoHnbix onepatopos. [lostomy Mb He OGyaem 6osee ccbi-
JaTbhCA Ha aHajordio ¢ oO0nluHo#t Teopuedl, HO mpocTo noTpe-
6yeM BHINOJAHEHUA CJELYIOIUX:

Il. JloxanbHblX cBOiicTB

(1) SneMeHTapHbie YaCTHUL XapaKTepU3YWOTCH GO30HHBIMHU
H QEPMHOHHBIMH NOAMH & (X) C OCLIYHBIMH TPAHC(OPMAIHOH-
HbIMH cBO#icTBamMu cBoGoaHbix noneff. Omnepatop S o6nanaer
BAPHALMOHHLIMM TPOU3BOIHLIMH J0O0T0 MNOpAAKA MO 3THM IO-
aaM 2). Papuauuonusie omneparopsl (2.17) ¥ uXx mnpousBeneHus
C He3aBHCUMBLIMM APTyMEHTaMH fB.IAIOTCA MHTETrPHDYEMbLIMH, T. €.

1) INonuepkHeM, YTO TAKOE paclIMPEHHE HHKOHM 00pa3oM He BLIBO-
JIMT HaC 33 paMKy oOblYHOH TeopuH. L eHCTBHTENbHO, H B OOLIYHOM H3-
AOKEHHH «MOAA> @, (X) HCPAIOT ABOAKYIO POib: BO-MEPBHIX, CaM ome-
patop S MblcaHTCA QYHKUHOHANOM OT 3THX moJeH, a, BO-BTOPHIX, CO-
OTBETCTBYIOLHE MOMAM ONEPATOPH POXneHns H yHuurtoxnends a'*) cay-
XAt AAf BHIYACAEHHA MATPHYHLIX SJIEMEHTOB 3TOro omeparopa. Ilpum
STOM B TEPBOil M3 3THX poJei moJs BCerja CTOAT MO 3HaKOM Xpo-
HONMOIHYECKHX HJIH HOPMAJbHBIX NPOM3BENECHHH H IIOTOMY KOMMYTHPYIOT
(aHTHKOMMYTHpYIOT) Apyr ¢ apyrom. Kpome Toro, B 3ToM ciayyae mpm
BaDLHPOBAHHUM HE HANAraeTcs OrPaHHYEHHH, CBA3AHHLIX C TEM, YTOOHI
110NA YAOBJAETBOPANH KAKHM-I1¥060 YPaBHEHHAM. PAKTHYECKH ITO IKBH-
BANENTHO ROMYIEHHIO, YTO S-MaTPHIA PACCMAaTPHBAETCA KaK GYHKILHOHAL
OT TPOH3BOJIbHbIX KJIaCCHYECKUX (YHKUHA @, (X), B TOUHOCTH KOMMY-
TUPYIOLHX (AHTHKOMMYTHPYIOLIYX), KOTOpble 006aanaioT AHUlb MPaHc-
DOpMaAyUOHHBIMY C80TicmBaMy KBAHTOBHX mnojel. HaoGoport, mpm
BLIMHCJACHMH MATPHUHBIX 5JEMEHTOB cyllecTsenno, uto al*) ssraiorcs
onepamopamu, obranaiolgumMy csokicteamu (2.19).

%) BapmauuOHHbIE NPOU3BOJHLIE HMEIOT 3]€Ch BCE CBOM OOBIUHbIE
cBoiicrBa. MX TpacpopMauHOHHbHI xapaktep onpelensieTcs TpaHcdop-
MauMOHHbBIM XapaxktepoM noneit ¢ (x). llpomssonunie Matpuubt S mo
GO30HHBIM MOJSM KOMMYTHPYIOT, @ NO (EPMHOHHBIM -— AHTHKOMMYTH-
PYIOT Mexay co6GOf.
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BCE MaTpUUHBlE 3JEMeHThl
(O|H @y, ooy xp) ... H(zy o0, 2) | 0")

cyTh 06o6ueHHbe (YHKUMH, HHTErPUpPYEMble B OJLHOM H3 K.Jac-
cos C(g,r) (em. (1.1), (1.2)).
(2) BumoJnsaercs ycjioBue NPHUMHHOCTH B (opMe

B (38 \_ ' 1
a9 (x)(’ﬂp () S )“0 s x LY. (2.24)

(3) Marpuuybie 3J€MEHTHl MATPHLBI PAaCcCesHUA MOXHO Tpe-
06pa3oBaTh B BAKYYMHbIE CpDelHHE DALHALUOHHLIX OMNEpaToOpOB,
noJb3yach (GopMajbHBIMH COOTHOLUEHUAMH

[, () a0, (@] =

3pfp e—im
2m)s V20’

(~) / — bplp e"_”’m (225)
Lo (P ¢ 19)]. 2" Vop0
P=+Veitmt, |

M aHAJOMHYHBIMH COOTHOLIEHHAMH IJsi (PepMUOHOB 2)

L+

[b(—}-_s)’” (p y G (X )] _(_2.__)&,_ P g : P — - Vp//9+ M
(65 (0" 4. o], =[63 @), o ()], =
[4 0, 652 @], = n)‘f’e"’". po=V P M.

(2.26)

1) STo YCIOBHE NIPHYMHHOCTH COBEPUICHHO AHANOTHYHO HCHOJMb30-
paBmiemMycss B [16], kyza Mmt n orchiraem umrtatens, O6osnauenue
x Xy 03HayaeT, 4TO TOYKA X JNEKHMT paHbiie TOYKH y, JHGO OTiedeHa
OT Hee NPOCTPAHCTBEHHO-MONOGHBIM HHTEPBAJIOM.

2y [IpuBeneM nJs CHPaBOK OCHOBHbie (POPMYAbl 1A CIHHOPHOrO
nons, KOTOPbiE€ BBHIMOIHAITCA B OGBIYHON TEOpHH CBOGORHOTO NOAH
B ynoTpe6GiseMol HamMH HopMmuposke. Jlnn oneparopa moas ¢, (x) Mbl
nuinem pa%nomeﬂne

/dk :kz —’t\(k) bH)) (k) +eﬁ1h.ru+us (k) b( )(k)}
(2.27)

4 (%) = (21:)
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3aMeTHM B 3aKJIOUEHHe, YTO I/ BBIYMCHEHHA JMIOOHX Ma-
TPUYHBIX 3/EMEHTOB S-MaTPUIB HAaM HYXHO Obljio Gbl uMeTh
KaKHe-TO aHANOTWuHble NPABHJAA H 118 Npeo6pasoBaHud B Palua-
ILMOHHBIE OMePaTOPbl MATPHUHBIX 3JEMEHTOB IO COCTOSAHHSAM,

rae ., @ m § — KBaHTOBhle uMcia, ONpEAENAIONHe YACTHOY, AHTHYA-
CTHIy, CMHHOBOE H H30TONHYECKOE COCTOSHME, b(” — oflepaTopsbl
pOMACHHS M YHHUTOXKCHHS (ePMHOHA B COOTHETCTBYIOIEM COCTOSHHH,
u,  — COOTBETCTBYWL[HE CIIHHOPHbIE aMILIHTYALL. Torxa ans nupaxos-

CKU CONpPAKEHHOro oliepaTopa u) (x) MoayuHM pasjoxenue

'y;) (x) = /dk {ezklu—r—aa (k) b(J~) (k) + e—lkr —a; (k) b( o) (k)}

2= )‘/
(2.28)
=+ VKM
Oneparopu POXACHHS H YHHUYTOKCHHA YIORJACTBOPAIOT AHTHKOM-
MYTAUHOHHBIM COOTHOUICHUAM

[67,, &) bg;%,g.(k')hfa(‘,(f),aaa,asﬁ,a(k —Kk), (229

+ ad

OCTaAbHbLIC AHTUKOMMYTATOPH PARHLI HY.IIO. lmeloT MecTo cooTHoICHH A
IPMHTOBA CONMPAKCHUS:

(47, )" =8 (k) (85, (0)" =87, (k). (2.30)

W3 roro, uto ¥; viroBaerBopseT ypasHenuio [lupaka
.0 A A, 0 , N 5
(111 57 M) G{x) == (1(5—; — M) Y(x)=10 (2.31)

CleJyeT, 4TO AMIMTYAL &( )% YIOBNETBOPSIOT YPABHEHHAM B HMIIY.bC-
HOM TIpeNCTaBJIEHHH

(k — Mya tos (k) ~ 0;  wtos(k) (yk— M) =0
o=+ VKM
it o (2.32)
(e—Mya-(—k)=0  a-(—k)(tk-——-M)=0
RO = — Vm-

Kpome pasnoxenuit (2.27), (2.28), nam Gyzer yao6HO HCNOAb3O-
BaTb # tpypbe-npeoﬁpawaanm

h(x) = (2 ) f"~i]'m'f‘7.(l7) dp (2.33)
H

B0 = g [ 70 dp, (239
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BKJIIOYAIOLIMM CJAOKHH € YACTHIB. ITO — BeCbMa aKTYa/IbHast H BaX-
Hag 3allaua, HO OHa MOr.Ja Gbl COCTaBHTb MpeaMeT CaAMOCTOATEb-
HOFO MCC/IelOBAHMA M 3llecb MH He OyneM ee kacathes. JLaa
BLIBOJA Haubo/jee HHTEPECHbIX AUCIEPCHOHHBIX COOTHOILeHH?
Mbl C pellieHHeM 3TOro pompoca He OyleM HMeTb Jleqa.

B KOTOPHIX HE mMpejrnojaraercs, 4ro 4, (x) u @,_(x) YAOBAETBOPAIOT
KaKuM-1160 YPaBHEHHAM M COOTBETCTBEHHO BCE YEThIPE KOMIOHEHTDI
HMIYJLCA CYMTAIOTCA He3aBHCHMbIMH. [last ¢pyHuUHl, yROBAETBOPAWOUINX

(2.31), onepatopsl ¢, (p) 1 %, (p) ceasamyi c onepatopamu 61 (p) coot-
HOLIE HHAMH

U (p) = 21(27) "3 (p0 — V p2 T M) o} S (p) 63 (p) +
+ 22 2y (P4 V p2 + MZ) uy S (— p) b (—p) (2.39)
H
Ty (p) = 22 (2555 (0 — VI ME) a5 (p) 6343 (p) +
+ 27 (205 (p0 - Vp2 M) S (— p) BT) (— p). (2:36)
S ={a, s}

s pasaoxenuit (2.27) u (2.28) u nepecranosox (2.29) mernocpen-
CTBEHHO TOJAYYAKTCA MOCTYNMPOBAHHbIE B TEKCTE AHTHKOMMYTATOPLI
(2.26). Buimuwem euie gopmyanl Aas NMEPECTaHOBOK ONepaTopos yHHU-
TOXEHHA H POXAEHUA YaCTHL C MATPUUEH paccesnus

[ b(;S)u "), S]_ —_ /) dx [ b(+_S)" »”), _:TJ)' (x)]_*_%g_ , \I
’ » as =) 1 @an
[S, b(|+.5) (P)]_ = f dx [n]al (x), b(++s) (p)]+w . ]

3ameTuM, yTO B OTAHYME OT GO3eBCKMX roaeH, xoraa dopmyant (2.20)
6L B paBHON CTeNeHH MpPHMEHHMbl KaK K caMoH S-MaTpHue, Tak H
¥ n060#i ee BapHAauMOHHOM NpoussoxHOH, (2.37) MPUMEHHMbI TOJLKO
K caMoit S-MaTpuue; mAs B3ATHS MOCHeIYIOWHX BapHauui no gepmu-
OHHOMY MOJK HYXHble (GOPMYAb NMPHXOAHUTCA, H3-38 AHTHKOMMYTATHB-
HOCTH BapHalHUii, BbIBOAUTbL 3aHORO.



-§ 8. COOTHOIIEHHUS ME¥ Y PAJMALUOHHbLIMHU
ONEPATOPAMH

3.1. B npeamiyuiem naparpade Mb BBEMM PajiMalMOHHbiE
ofepaTophi pasanyHoro nopsitka. Celuac Mbi XOTHM MCCIELOBATH
CBOMCTBA TAaKHX ONepaTOpPOB MNEPBOTO M BTOPOTG MOPsAAKa He-
CKO/IbKO TonpoGnee. [1OCKOMbKY MHOrHe BBIKJAIAKH OyAyT Tpu:
3TOM COBEDIUEHHO TPHBHA/AbHBI, XOTA M 3aHMyT HemMano MecCTa,
TO Mbl OTHeCeM 3HAuMTEJbHYIO 4acTb B MeJku# wpudr. Yurareinb
MO¥eT 00paliaThCs K TAaKOMy Marepuany TOJbKO B TOH CTeneHw,
B Kako{ cooTeercTByOUIMEe (OpMyJb NOHano04TCA A8 Jajb-
He#lllero.

[Ipexnue BCero KOHKPETUSHDYEM H3JOXEHHE, Or PAHHYHMBIUKCD
NP3aKTHYECKH BaXXHbLIM CJyuaeM B3aHMOMEHCTBHA (PEPMUOHHOIO
(HYKIOHHOTO) K 6O30HHOr O (T-ME30HHOr0) NoJel. Mb paccMoTpuM
TOMbKO OCHOBHOE M30TOINMYECKW HHBAapHaHTHOE B3aHMONEUCTBUE
¥ He GyneM MNpPUHMMaTbh BO BHMMAaHMe Ha/HuHe SJAEKTPOMATHUT-
HOro M C/1a6Oro R3aUMOLEHUCTBHMH.

Kax o6biuHO, HYKJIOHHOE ToJe Mbl OYJEM OIMHCHIBATH CIHHOPOM

!
Y0 = <9P (x)> , 3.1

N (x)

rie Yp H %y — YCTHIPEXKOMNOHEHTHHE CMHHOPHLIE BONHOBBLIE (YHKUHH

NPOTOHA H HeHTpOHAa COOTBETCTBEHHO.
Me3ounHoe one 6y1eM pacCMaTpHBATbL Kak IToJe C TPeMs BEIleCTBEH-
HBIMH MCEBIOCKA/IAPHLIMH KOMIOHEHTAMH ?P(x), 06pasyiIuMHi BEKTOP

B H30TOMHYeCKOM Mnpocrpanctse. [Ipu 3roM, xak O0OLIUHO, 4aCTHUAM
a*, n7 u =% 6yAyT COMOCTABMATLCA AMHEHHbIC KOMGHHALHH

1+ 92 P1— i '
Pp= -, _ = =, = 93. 3.2
+ V 9 ? V— 9 Po P3 ( )

3 3ak. 2670. BoromwoGor u Ap.
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BriGop BeumeCTBEHHOTO MPejCTABACHHA, XOTA TMPHHUHMHANBHO ¥ HeobA-
3aTENbHBbIH, HECKOABKO YIPOCTHT aanbHellune paccyxienua. Mo 6yneM
cyuTaTh, Yro rpynna G Bkmouaer B cebsd, Kpome rpynnu JlopeHua,
BpaleHHs B H30TONHYECKOM I[POCTPAHCTBE M FPAAHEHTHhie Mpeobpa-
30BaHMA TMEpBOro poaa (epMHOHHBIX mHonei:

$ (%) > ei“ula (%), o = const. (3.3)

[TpocreflinMH palHallMOHHLIMK OlfiepaTopamu GyAyT ofepa-
TopH NepBoro nopsiaka. B cuny BLGOpa BewleCTBeHHHIX @, (X),
TaKuX oOnepatopoB OymeT TpU (BMeCTO 4YeThipeX B HPOTHBHOM
ciyyae), MMeHHO:
. , &S T S + 3S +1
Jo (x)—lms ,ﬁ(x)—ims .ﬁ(x)——ims ).

3.9

Mpi Gynem HasbiBaThb TH TP ONepaTopa moxamu ), neppuiti —
603esckum, ABa nocneguue — epmuesckumu. Jlerko BumeTh,
4TO B CHJY YHUTAPHOCTH S U BELLECTBEHHOCTH ¢, (X) 6O3eBCKHHA TOK
Jo (x) pmuToR. B caMmoM 1ene, BHIMNOAHAS B MepBOM U3 (3.4) spMu-
TOBO COMpsiKeHHe U MOAb3YACh YHUTAPHOCTbIO S-MaTPHLH, NOJY-
YyaeM

Jo (xy=j, (x). (3.5)
Bonpoc 06 9pMHTOBCKUX CBOHCTBAaX (PEPMHEBCKHX TOKOB OT/IOXUM
Jo § 5.

Ilna panbHefiliero Ham OyJleT CYLLECTBEHHO OTMETHTb, YTO
BaKyyMHble CpeIHHE TOKOB DPaBHbl HyJIO:

(017,()]0)=0, (0]~ (x)]|0)=0, (0]~ (x)[0)=0. (3.6)

Jlnga 603eBCKOr0 TOKa 5TO CiaeAyeT M3 HHBAPHAHTHOCTH OTHO-
CUTEJBHO OTpaKeHUH, a Adst PepMHUEBCKHX — M3 MHBAPHAHTHOCTU
OTHOCHTENbHO TpajMeHTHHX npeobpasosaHui (3.3).
PalnauuoHHBIX OMEpaToOpoB BTOPOro nopsaiaka (mpocreiiero
supa (2.17)) B HaweM Ciayuae MOXHO HalHCarb IUecTb. Ba-

1) ¢ — rpy3uHckas GYKBa <HH>.

2) Haspawue mOK OCHOBBIBAETCA HA AHAJOIHH C TEOPHEH BO3MYylue-
Huil, T7€ NMepBbIl H3 5THX ONEPaTOPOB B MEPBOM NPHOJHKEHHH OyAeT
MPONOPUHOHANEH TIPOCTO YypT,$ — TOKY HeB3aumoneHcTBYIOUIHX  dep-
MHEBCKMX wacTHu. Omuako cAoBa «6o3eBckuily H «(epMHEBCKHI» MbI
yHOTPEGAsiEM 31€Ch B HECKONbLKO HEOGLIYHOM CMBICAE, OTMEUas HMH, MO
KaKOMY MO0 np0800UAOCH 8apbupOBaHUe.
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KyyMHble cpellHue YEThbIPpeX U3 HHUX

h2S 328 .
Olmmme s 19=2 05 0 5| 9= o

328 328 !
(o 5¥C63@T§73+t0>==0’<0|EECBEEEB' *l0)=0

paBHB HYJIO Ha TexX e OCHOBaHusx, 4ro (3.6).
Mrtak, eciu Obl Mbl HHTEPECOBANHMCH TOAbKO BAKYYMHBIMH
CpeIHHMH DPaJMaLMOHHLIX OfEepPaTopoB, TO M3 OMNEPaTOPOR BTO-
poro mopsika tuna (2.17) wnam ocTasoch OBl PaccMOTpeTH

TOAbKO XBa OMNeparopa
32S +

52,7 () 3%, (%) (3.8)
U

B gt (3.9)

30 (x) 30 (3)

Kak MBl yBUIMM HWXKe, HJIst BBIBOAZ JIUCNEPCHOHHBIX COOT-
HOLUEHMA I/ ME30H-HYKJOHHOTG pacCesHH HaMm Takxe Oyler
JOCTaTOYHO pPacCMOTpeTh JHIIb pajMallMOHHBIH onepartop (3.8),
TOuHee, €r0 MATPHUHHIH 3/JEMEHT MeXIY ABYMA ONHOHYK/JOHHBIMH
cocTosHuaMH. [103TOMY MBI COCPEIOTOUMM HHXE CROe BHHUMaHHe
Ha pacCMOTPEHUM HMEHHO STOrO ONepaTopa, HMes B BHAY, UTO
L5 APYTHX PaJMalHOHHBIX ONEpaTopoB M0J106HOE UCCIe 0BaAHHE
BHIAgle10 Obl COBEPLIEHHO AHAJIOTHYHO.

3.2. Yto6b NOACHHTL HMICI0 MIAHUPYEMBIX BBIKJANOK, HANOMHHM,
YTO BAKYYMHOE cpejHee OT pagHalHOHHOTO oneparopa (3.8) B cyme-
CTBeHHOM coBrmajfaer ¢ (yuxkumeidt I'puHa n/ia 6030HOB, T. e. ¢ BAKYYM-
HbIM CpefHHMM OT 7-NIPOHM3BEIEHHA JBYX ONEPATOPOB ¢HACTOSILETO»
6o3onporo moia. C upyrod CTOpPOHHE, B TEOPHH CBOOGOJHOrO NMOAA Ha-
psny ¢ T-npoW3BEjCHHEM OKA3bIBAETCA BECbMa IMOJNC3HHLIM paccMaTpH-
BaTb H PA3JHYHbIE APYTHe NpoH3BeneHHA (O6LIYHOE, CHMMETPH30BAHHOE
H T. j.), 4T0 TPHBOXHT K BBEJICHHIO HApaiay C NPHYHHHOM QyHKuHEH
H IPYrHX CHHryaspebix (yHxumid. Mbl XoTHM npopenath Temepb TO
Ae caMoe 3xech, T. €. BBECTH HAapaAy C palHallHOHHHIM OMepaTopoM
(3.8) apyrue omepaTophl, CBA3AHHbIE C HAM TaK e, KaK Pa3AHuHbIE
CHHIYJAApHbie (YHKLHA CBOGOJAHOrO MOJA CBA3aHb C IPHYHHHOH. Beege-
HHE TAKHX ONEpPaTOPOB OKANKETCA YUPE3BLIYANHHO MOMNE3HHM AAd Aaldb-
Heunmero.

BoiducauM pas 9TOH u€aH BAPHALHOHHYIO NMPOH3BOJHYIO OT BBEIEH-
Horo Beime onepartopa toxa (3.4.1). INoayuaem

B 5]'9' (x) . 828 st + 3S st
89, (y) b9, ()39, (¥) g’ () 89 (¥) ’

(3.10)

3*
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Fi€ OjHMH M3 YICHOB CNpaBa KaK pPa3 COBMAJAeT C pajidauHOHHBIM
oneparopoM (3.8). Bropoil wieH cnpaBa MOXHO BBIPa3HTb Uepe3 IPO-
H3BejeHHE JIBYX ONEpATOPOB TOKA, NOCJIE Yero HPHXOAAM K COOTHO .LEHHIO

s b e By ()
T @i T WO —lgegy GBI

Jlepas wactb (3.11) cHMMETPHUHA OTHOCHTENBHO NEPECTAHOBKH 9p (X)
H ¢,(y). [losToMy, coBepllas TaKyi0 NEPECTAHOBKY, MOAYYHM jisi TOTO

Ae oneparopa (3.8) ewe H Apyroe BLIpaxeHHE:

®S_ o b (5)
Bep (N ogp(y) © = JeOD e (D — 15,50

OTyenbHbie 4ieHbl B MPaBblX YacTAX ITHX BhipaxeHuil ABAAIOTCA He-
KOTOPLIMH H3 HOBbIX PafHAUHOHHBEIX ONEPATOPOB, KOTOPbiE MBI BBOJHM.

3.3. HetpyaHo YyIOBHTh CMBICE BBEIEHHLIX oneparopos. JlelcTBH-
TEJNbHO, NEpBbIe 4YjaeHbl B npasumix 4actax (3.11), (3.12) — sTo npocro
NPOH3BEJECHHA TOKOB, T. €, ONEPATOPbl, KOTOPHiE COOTBETCTBYIOT CHHIY-
JAPHLIM (PYHKUHAM D) w D) TEOpHH cBoGojauoro mods. Huxe,
paccMaTpPHBaf HX MaTPHYHBIE SJAEMEHTHbI, Mbl YBHIHM, B KAKOM HMEHHO
CMbIC/Ie OHH HeHCTBHTENBHO COAEPHAT JNHIIb YaCTOTH OJHOTO 3HAKA.

UToO0bI BLIACHHTbL CMbICJA BTOPLIX 4aeHOB B (3.11), (3.12), pacnumem
HX uepe3 S-MaTPHLY W o6paTHMCA K YyciaoBuio npuuniHocTH 1L (2)
H3 § 2. Mbl yBHjHM TOr1a, YTO

l.afp’(x)__ 5 ( 58 s
890 (¥)  Bga(y) \Bgp' (%)
be(y) _ b ( 5 )

—1is = : =0 <y 3.14

Bor () ~ S (1) \bgp()° ) =0 et XSy .19

e x) M)
e (¥) bp7 (%)
KaKk omepexaiouljas H 3anasjbiBaiouias ¢yHxiuu ['puna.
Ecan yuyecTh Tenepb coortHoutenHs (3.13), (3.14), To Mbl MoaydyHM

u3 (3.11), (3.12), uto

M [ i @y mpr x2y, 315

o%p’ (X) b9a(y) —je(y)jer (x) mpH  y> ¥,
T. €. paduayuonuui onepamop (3.8) swpaixcaemcs uepe3 T-npous-
8e0eHue 003e8cKux moxosly.

B o,
Bop' (%) Bpe (¥)

(3.12)

1")=‘0, ectn ¥y XX, (3.13)

T. €. oneparopei — I BeAyT ceba TaKk e,

= —T (jp' (x)jp(¥})- (3.15)

1) TMoauepxueM, uTo ¢opmyant (3.157), daxTHYECKH ABAAIONIHECH
onpejeiseHHeM Qurypupyowmero B (3.15) 7-npoH3Be u€HHA, ONPEUEATIOT
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Haxowel, Beimoansa Han (3.11), (3.12) aHTHCHMMETpPH3AUHIO H CHM-
METPU3ALHIO, Mbl MPHAEM K KOMOGHHAUHMAM, AHAJOTHYHBIM CHHTYJAPHBIM
dynkuuamM D u D (D:

o 5
S g Iy i D~ Ve @ (B16)

H
o s M) e ()
Jor (X)Jo(y) 4 Jo(y) Jor (x) = _26?9,()() 590 (¥) - ia?p, (x) —1 29 (y)
(3.17)

B uactuocty, u3 (3.16) caenyer, ecan yuects (3.13), (3.14), uro

e () jp (DI =0 nia x~y, T e (x—yp<0, (3.18)

T, €.,4M0 04N GHAN0UYHO20 D-@ynryuy paduayuonnozo onepamopa
COXpaHAEMCSL ee BaxCHeliuwee €80ilcmeo — oOpauyamscsi 8 HYAb 8HE
c8emo8020 KOHyca. Mbl xoream OBl 37eCh NONUEPKHYTb, UTO TaKasd
0COGEHHOCTb O6YCJIOBJAEHA HANOXKEHHBIM HAMH TpeGOBaHHEM MPUYHHHO-
ctu (I (2) u3 § 2). Bonee Toro, psaaoM aBTOpoB HMEeHHO TpeGoBanue (3.18)
HCTONb30BANOCh NPH BbiBOAE IHCHEPCHOHHBIX COOTHOLIEHHH B KauecTBe
yCAOBHA NPHYHHHOCTH 1),
HOas nanbuelimero Wam NoHajo6HTCH €uje COOTHOUIEHHE

b (x) _ (i 8o’ (%) )*’
890 () bep(y) /7

CNIPaBELAHBOCTb KOTOPOrO CTAHOBHTCS OUEBHAHOH, €C/IH BCMOMHHTh, UTO
KaK Jp' (x), Tax H $p(y) 9PMHTOBEL

3.4, IlepefizeM remepb K YCTAaHOBIEHHIO CAeXCTBHIl, KOTOPbIE BbI-
TEKalT A4 MAaTPHUHbIX 5J1eMEHTOB PaXHALHOHHBIX ONEPATOPOB MO JO-
ObIM COCTOAHHAM H3 MPeGOo8aAHUS MPAHCAAYUOHHOT UHBAPUAHMHOCMY.
Kak xopollO H3BECTHO, 1Js MATPHUHLIX SJEMEHTOB ONepaToPOB BTO-
poro mopsaiaka MO BAaKYYMy 9TO TpeGoBaHHE MPHBOAHT K TOMY, YTO
MATPHYHEIE SJAEMEHTHI MOT'YT 3aBHCEThb TOJbKO OT DasHOCTH X—y.
Jlna MAaTpuuHBIX SJE€MEHTOB 1O JMIOGLIM COCTONHHAM TONONEHHME Bemleh
HECKOAbKO YCJHOXHAETCSH, XOTA H HE NPHHIHIHAMBLHO.

JocraTouHo, OYEBHAHO, OrPAHHYHTBCSA PACCMOTPEHHEM MaTPHYHLIX
9JeMEHTOB 110 COCTOAHHAM C ONpPEejeJEeHHBIM OJIHBIM HMIYALCOM p,|p, S)
(ocTanbHble KBaWTOBHIE uYHCAAa 06O3HauaeMm vepes S), ofpasywuHe co-
raacHo ponywenuo L (4) n3 § 2 noauyo cucremy. Mrak, paccmorpum,
Hanpumep, MAaTPHYHbIf 9JEMEHT MEX 1y CoCTosHHAMHM | p, S) u |p/, 8')

(3.19)

€ro Jumb aaa x < y. Iasa x =y 3Hauenue (3.15) ocTaeTcs Heonpeje-
JEHHBIM, UYTO CKaXKeTCs HHXE B BO3MOXKHOCTH JOGaBHTh K COOTBET-
CTBylomuM (yphe-06pasaM HEKOTOpHE MPOH3BOMALHBIE MOIKHOMBI.

1) Bametuy™, uTo oxHO TpeGosawme (3.18) eure He obecneun-
BAa€T BhHINOJHEHHE YCIOBHA TNPHUYHHHOCTH (2.2). Ycnosuio (2.2) sksu-
;anemﬁa COBOKYNHOCTb yCJ0BHA (3,18) M COOTBETCTBYIOUHX 2PAHULHLY

crogui, ’
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pannaguonnoro oneparopa (3.8)

<p’, S’ )

Bepr () 39 () P S>'

B cuny TpancnAunoMHOH HHBApHAHTHOCTH JOMKHO GHIT6

S+

325
'S ———m = —St|p, SYy=
<p’ S ’Bw @ |7 >
A 328 N
— r Q| ,tpa +,—ipa —_
<”'S T G e —a)° ° P S>
328 .

_iw-pay ,
¢ <p,S a‘Pp’(v\f—ﬂ)ﬁ‘t’p(}"—ﬂ)S p,S>,

~
rie p - OMepaTop MOJIHOrO 4-HMNYibCa, COGCTBEHHLIMH COCTOSHHSIMH
KOTOPOro ABJSIOTCA [0 AONYLIeHHIO cocrosauma |p, S) u |p/, §’). Bo-

X
6upan Tenepb @ PaBHBIM ( —}2—y), BHAHM, 4TO OMEPATOP MOJ 3HAKOM

MaTPHYHOI'O 3/IeMEHTa OKa3biBaeTcH 3ABHCAIU[HM TOMbKO OT Pa3HOCTH
(x—y). CrenoBaTelbHO, MOXKHO 3aMHCATh:
(x—y)

28
<”I’ S" B9p (X) 590 () S+"” S>=ie
(3.20)

rie MHOXHTeNb { 106aBleH H3 COO6PAXKEHHH COOTBETCTBHA C ONpExE-
JEHHEM CHHTYJAPHHIX (GYHKuMH naa ceoGopHoro moas. Tem ke ompe-
nenserca M 3wayox ¢ y FO. 3uecs u mmxe B dopmynax (3.20) — (3.25)
pajxM KpaTKOCTH COBOKYIHOCTb HHAEKCOB p, p, S 0O603HaueHa uepes a,
a—p/, p/, 8’ —uepes o.

CoBeplIeHHO aHAJIOTMYHO MOIYT OHLITh MPeACTaBAEHH MaTPHUHbIE
SJAEMEHTH M JJS JAPYTHX PaiHALHOMHBIX ONEPATOPOB BTOPOTO MOPANKA:

pI—p
= (@+Y)
2 o

P -p
Be(y) @)
<p’,S’la—;;Tc—)’p,S>=”8 Fio (x—y)r (321
PP
5jp (%) T @) e
7 Q| P A/ = — F X—Y¥)h
<p S| Benty) p,S> e aw (X)) (322

L pl —
2L @iy

P S et D Je () — Jo N o () 1P, Sy = — e Fau(x—y),

) (3.23)
. . . ) i”—;—p(m-y) )
(P, S e (9o ) +Je ) Jo ()P, S) =e FO)(x—y),
, (3.24)
i , | Bie(¥) 3jo' (%) 2 Ly
7S lwp?(x)JrB?:(y) pSy=—¢ % Fow (X3 ).

(3.25)
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3.4,1. lna mpousBeleHH TOKOB MOXHO, KOHEUHO, TOXE, C yYeTOM
TPAHCAAUMOHHON HHBaPHAHTHOCTH, BLIMTHCATh BhIPAMEHHA:

,—
iu(w+y)

(0 SV () je P S) = —ie 2 F (x—y,  (326)
iu (z+y)
S e o (1P Sy=ie * F) (x —y). (3.27)

QOJiHaKO 3%eCb MOXHO NMOWTH M Aalblue W BBIACHHTb CTPYKTYpY yHK-
LHHH F(u‘m) Goree noapo6Ho. MMeHHo, B cuay donyuenus 1. (4) u3 § 2

0 noanome cucmeMul PyHiyul ¢ onpe)eAeHHEIMH HMIY AbCAMH, MOXEM
PaslOXHUTh MAaTpHuHbI sueMeHT B lesoil yacru (3.26) B npoussedenue
MAMPULHBLX 340 MEHMOS TOKa:

(o S je (D Je(¥) 2 Sy =

= [k Y. 'Ly (01 kn) (Knlip(®) 1, S). (328)

n

Tenepb MOXHO 6YJET BOCHOAb30BATHCH TPEGOBaHMEM TPAHCAALHOHHOH
HHBADHAHTHOCTH 04f Kasc0020 u3 ¢urypupywoinux B (3.28) oneparo-
pOB TOKA H TpPaBas 4acTb MPHMET BHJ

N . . —ik, (x—y)+ip’x—ipy
Y [k 7. S Lip @ 1kn) kn1jp(@) p. Sye :
n

(3.29)
CpaBHuras 310 Bhipaxeuue c (3.26), noayvaem sgnetii sud gpynxyun
FU=) Buipamennbiii Temepb TONBKO 4epe3 Mampuinvle 3S4eMEHMbL

aws
mox08 B Hadane KOOPJAHHAT:

FQ =1 3 [ ak ('S Ly 01k, n) (K, n1],0) 1, S) X

n
{-i <|/M3,+k=- gr Vars 4 <k+"+2"'> x }
Xe ! , (3.30)

rae Mi = ki,

Baxtocts dopmyasl (3.30) cOCTOUT B TOM, YTO MOCKOABKY, KaK Mbl
YCTaHOBHJH Bhille, PA3AUYHbE pAOUAYUOHHbIE Onepamops. BTOPOTrO
nopsiaxa ces3anst Opyz ¢ Opy20it CoOoTHolleHHamd Tuna (3.10—17), To
OHa jaeT BO3MOXHOCTb B NPHHIHIE BLIPA3HTH BCe PaiHAHHOHHbIE Ole-
PaTopu BTOPOro MOPAIKA 4€pe3 oneparopsl nepsoro nopaaxa. [pasna,
Kax Mbl MPOASMOHCTPHPYEM B clenyolleM naparpaje Ha mHpUMEpE
BAKYYMHBIX MATPHUHBIX 9SJEMEHTOB (CP. Takke JHCKYCCHIO B KOHLE
9TOro maparpaga) TpH 9TOM HeoGXOAHMAa H3BECTHAA OCTOPOMKHOCTH

2
T. e. B cocroaunn k, m B® — ' =M?r
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B CHIY CHHTYAAPHOTO MOBENEHHA PaiHALHOHHLIX ONEPAaTOPOB.MPH COB-
NAXEHHH apTYMEHTOB.

3.5. W3 onpenenennii (3.20—27) u nonyyeHHmx paHee COOTHOLIEHHH
Mex1y panMalHOHHLIMH ONnepaTopaMu ClelyeT ueabll pax coomuoute-

Huii  Mewcdy gynxyuamy FO, . F(Y) Tpewge Bcero, mepe-
craBass B (3.22) u (3.27) x M y, ybexngaemcs, 4To

F2 (x) = Py Fr (— x) (3.31)
FE () =— P, FL) (— x), (3.32)

rje Ppo' 03HAayaeT oneparop nepecTaHoBkH Huaekcos p u p/. Temepsb
u3 (3.11) u (3.12) nonyqaem:

FE ()= FQ (0) 4+ FRY (x) = F{) () + P, ISl (— %), (333.0)

210} oW

FE(x) = —FD 0+ FI (0 = P, FOO (— x) + Flot (%), (3.33.2)
Hcnonssya ewe v (3.16), naligeMm, uto
Fo()=—F3 () Fid () =FJ) (0 + FlD(x) (339
HIn
Fro () = F () = P L) (— x) = F 2 x) = P, Fioh(—x).(3.34))

CpasuuBas (3.25) ¢ (3.21) u (3.22), BuguM, uro

FIS () + F2T (x) PR (%) 4 Pppo FIot (— )

T g (X) = ; = = . (3.35)

Hakonen, cpasumeas (3.24) ¢ (3.26) mu (3.27) u yuurniBas (3.17),
00HapyKHBAEM, UTO

FO () = 1850 (1) — 1FL2) (30) = 1(F8G) (0) + P FLad(—x)) (336.1)
H
FO () = 2iF89 () — iFT% (x) — iF21Y (1) =

= 2i (F{&) (x) — Fy,, (%)), (3.36.2)

BrinHmeM ellle cooOmroweHust pmumosa conpaxcenus. Boinon-
HAsa B (3.30) xomnJexcHOe COMpAXeHue, HAljEM, UTO

FOUxy = — F#)(— x). (3.37)
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Naxee, u3 (3.19) nerxo moAy4HThb, 4TO
Fi ()= P, Fii (x). (3.38)

C nomombl 3THX Gopmya H Beipawennil (3.34'), (3.35) pyHKuu# Fo
u F,, uepes FI® jerko noiyunts W TpaBHA2 LA COMPAKEHHS

gyukunit F,, n F,.:

Fou (=P, Fo(x);  Fou(® =P, F,, (x. (339

O HaKo NONHOe 3PMHTOBO CONpAXeHHe NOMAHO BKNIOYaTb B cebd,
KPOME KOMILIEKCHOTO CONpAXEHHA H MepPeCTAHOBKH MHIEKCOB a M «,
elie M 3aMeHy X Ha — x (nepecTaHOBKY x H y). UToObl yCTaHOBHTb
npaBHAa AJA TAKOro COMPAXKEHHs, BBIACHHM CBOHCTBA CHMMETDPHH

(pyuxumi F  ® Fm

@ NpeacCTaBAAIHE H CaMOCTOATENbHbIH HHTEpEC.

’
DTH CBOMCTBA cOBEpLIEHHO odeBHuHBI H3 (3.347), (3.35):

Fap(=2)= =Py Fo (X); Foup(—2)= P Fup(x)  (3.40)

M OTJHYATCA OT CBOHCTB CHMMETDHH COOTBETCTBYIGLIHX CBOGOMHBIX
CHHTYJADHHIX (PYHKUHHA JIHIIb MOSBJCHHEM omneparopa P,,/, BbIPOX iaio-
Heroca B caydae cBOOOJHOrO MOJA B €JHHHYHBLIH. B .

C nomouibio (3.40) MokHO cpa3y HamHcaTb

F ()= Fly(—x) = — Fy, (%) !

Bt o B o T (3.41)
fam(x)_Fma( x)—faw(x)’ J

1. e. Mampuya F  (x) awmuspmumosa, a mampuya Fw (x) spmu-
mosa. 3aMeyas Teneph, uTo.

Frt () =F,, (x)+ _;Fm (), ]
1 (3.42)
FI::* (—‘ x) = T?am (x) - '§ Fam (X),

BHAHM, uTO [, (X) TpencrTasaser coboit 3pmumosy 4acms 3anas-

Ouisaioujeli Mampuiysl FZ‘,’: (x), a % F o (X) — aumu3pmumosy .

3.6. Bosspamasce rtenepbr x codctBam cumMerpuu (3.40), BHanM,
YTO M3 9IPMHTOBOH M aHTHIDMHTOBOH uacTeil Matpuubi FIe (x)

o

MOXHO 06pa3oBaTh JABE KOMOHWHALHH, ¥emHble OTHOCHTEJBLHO OTDAaKe-
HHA X —» — X! .

(I—PPP')F‘”" (—'x)':(l_Ppp')Fuu)(x) (343)
(14 Ppy') Fan(— x) = (1 + Ppy ) Fou (1), (3.44)
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H IBe HeuemHsle KOMOMHALHHM:
(14 Ppp) Fo (—X) = — (1 + Py ) Fop (%) (3.45)

(1= Pop) Fow (— ) = — (1 + Ppp) Faw (%), (3.46)

ITH CBOKCTBA CHMMETPHH, NEPENHCAHHBIE B HMILYJIbCHOM IIpeICcTaBJIEHUH,
AagyT HAM BO3MOXHOCTbL HHE, [IPH BBHIBOAE JUCIEPCHOHHBIX COOTHO-
wieHui, H36aBHTbCA OT MHTEPHPOBAHHSA IO OTPHULATENbHBIM 3HAYEHHAM
SHEPrHH.

3.7. Bepuemcs, B 3akJueHHe, €Ule Pa3 K OOCYKIEHHIO
cooTHowenn#t (3.15). Kak Mol yKe NMonuepKMBaJM, OHH BHIpA-
KAlOT BO3HUKAIOUIYIO B TEOPHUM BECbMA JIOOOMBLITHYIO CHTYAlHIO.
C onuo#t cropoun, (3.18") supascaem paduayuonnsii onepa-
mo 828

P oy (5%, )
IBYX TOKOB, T. €. 4epe3 paduQuuoHHble ONnepamops. nepso2o
nopsdra. C Apyrofl CTOPOHBI, Takoe CBeJeHHE OepPaTOPOB BTO-
poro mopsaka K oleparopaM Nepsoro Nopajika He ynaercd npo-
BECTH TOJHOCTbIO: dopmyasl (3.18") nHuuezo ne 2z08opsam o 3Ha-
YEHUN pANMALHOHHOrO OflepaTopa BTOPOro NOPAAKA NPH CO8MA-
Oenuu TOYEK X M y (TOYHEE, KOHEYHO, O MPABHJIAX HHTErPHPO-
BAHUA B OKDPECTHOCTH X ==y). MoxHO O6bl10 Obl CKa3aThb, 4TO

328 S+
b7 (X) B¢, ()
CBOJUTCS K PaaMallMOHHBIM OMEPATOPAM NEPBOro NOPALKA € MO4-
HOCMBIO 00 RPOU3BOABHO20 KBA3UANOKAADHO0 ONEPAMOPA.
(OnpeneneHne KBa3MJOKaJAbHHX oneparopoB cM. [16].) Ilpm
nepexone K UMIOYJIbCHOMY MpPEACTaBJEHHIO ITOT KBA3UJIOKAJIbHHNA
onepaTop BbIPAa3uTC B Buie AobaBJasiouierocs K ¢ypbe-obpasy
npous3sorvino20 noauroma. (Cp. Huxke auckyccuio B § 4 mocae
(4.38).) dr10oT pesyabrar BecbMa OJM30K K MOJYYEHHOMY OAHHUM
n3 apropos (H.H.B.) m llmpkoBeim [16] npu mnocrpoeHnu
TEOPUM S-MaTpHUbl HAa OCHOBE PAa3[M0KEHHd MO MAJOMy mapa-
metpy cBs3n. CylieCTBEHHBIE OTJHYMS COCTOAT, OJHAKO, B TOM,
4TO, BO-NEPBHX, STH aBTOPH, HMEA B CBOEM pPAaCMOPIKEHHH
JarpaHXuaH, MOTJIM OMPELeNUTb C €ro MOMOLLLI CTeleHb Mpo-
M3BOJBHOTO NOJMHOMA H, BO-BTODHIX, YTO BXOJIfLIME B NPOU3-
BOJbHHE MOJHHOMBl NMpPH DPAa3/JHYHBIX CTEMEHAX MOCTOSHHBIE yaa-
BaJoCbh B KOHLE OOGBEAMHHTH B OAHOM OOOGLIEHHOM JarpaH-
kuaHe, JIpm Hawem e NyTH NMOCTPOEHMA TeopuH Boolule 6€3

ST Broporo nopsAaka uepe3 NpPOU3BEIEHHE

paAnalMOHHBIR omepaTop BTOPOro MNopsaiKa
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HCMO/Mb30BAHUS JalrpaHKHaHA CMeness NOAUHOMA TIPUXOIUTCA
8800ump B TEOPHUI0 KaK HEKOTOPOE H0B80e mpe6osarie, ONy-
pafchb, €CTECTBEHHO, Ha COOTBETCTBHE C IKCIEPUMEHTOM.
 BosHukaiomas A1s pajMalMOHHOTO ONEpPaToOpa BTOPOro Mo-
palKa CHTyauHs fBJiseTcs He HCKJIOUEHHEM, HO MPaBHJOM WU AJd
BCEX paJHaLHOHHBIX ONEPaTOPOB BHICIIMX TNOPAAKOB. VimeHHo,
MOC/I€10BATEIbHbIM TIPIMEHEHHEM YCJIOBHA INpHUMHHOCTH (2.24)
MOXHO T0Ka3aTb, 4TO J06OH pannaunoHHblft oneparop (I + m
—-1)-ro mopaixa CBOLMUTCA K XPOHOJOTHYECKOMY NPOHM3BEAEHHIO
TOKOB:

al+m+ns +

B (g) oen BT () B (9) <o v BY (Ym) B9 (21) -+ B9 (21)
=3 TN (X)) ... O@E)AWY --.

Orciona, KOHEYHO, HeMelneHHo Oyler cJaeloBaTh, 4TO JIOOHIE
MaTpHYHBIE 3JEMEHTH TaKOTO onepaTopa O04s 8CeX DPAIAULHBLX

apeyMeHmos Xy,..., 2, OYIyT BHpaXaTbCA 4epe3 MaTpHyHHE
3JE€MEHTH TOKOB C TOMOIWUBIO CYMM, aHajJoraussix (3.30). Oa-
HAKO NPH KaXIOM COBnAOeHUU KAKMX-THGO TOUEK Xy, ..., 2,

6y.LeT BOBHUKATb CBA3AHHBIA € HELOONpeNeNeHHOCTbIO T-npounaBe-
JeHus TpOU3BOJ, KOTOPHIH MOXHO €yAeT BHPasuTh LobaBieHHeM
NPOMU3BEACHUS NPOU3BOALHOZO KBAIUAOKAALHOZ0 ONEepamopa Ot
COBNABIUMX TOYEK H4 TOKM B OCTA/JbHHIX TOYKax. Bojee moapo6-
HOE Da3BUTHE 3THX nAefl BHIBEJIO OH Hac AaJeKO 32 PaMKH BH-
BOJA AUCNEPCHOHHBIX COOTHOLIEHU M, BO3MOKHO, MOT/IO OB MO-
CIYKNTb OCHOBO# HOBOro MOAXOA3 K MOCTPOEHHI0 KBAHTOBOM
TEOPpHH MOJ4.



§ 4. BAKYYMHbIE CPEJHHUE
BO3EBCKHX PAJHALIMOHHbIX ONEPATOPOB
BTOPOT'O TIOPAJKAY)

4.1, B srom naparpade wmbl 3afimemca 6ojee NoApoOHLIM
HCCAENOBAHNEM CPedHUX NO 8QKYYMY OT PACCMOTPEHHBLIX B § 3
panMaunoHHHX onepatopoB. OHm OyldyT onpeaelaTbcs OBULUME
dopmyaamu (3.20)—(3.27), B npaBHX 4acTAX KOTOPHIX Temepb

—pt
—1 Q.?p_(wq.y)
BbINAAET MHOXHUTEJAb € , 4 HHIEKCH a 1 w npespa-

TATCA NPOCTO B p W p’, HamlpHuMep,

(0

,H,anee, BC/AEICTBHE U30TONHUYECKOH HHBAPHAHTHOCTH 3daBUHCHUMOCTb
OT H30TONUYECKHUX HHAESKCOB CTAHET JHAroHaNbHOH, U Mbl 6y11.eM
nmucaTb

528 .

So () oo (v — iF (o —
3gp’ () Bep (y)S 0> iFy (x—y)-

Ff’;)' (%)== app' F@(x), 4.1)

rie (?) o3Hayaer oAMH M3 3HaukoB (¢) ... (+).

1) Marteprax sToro H cleaywouero mnaparpagos, XoTd H He
HMELIHH [PAMOrO OTHOIWIEHHS K JHCIEPCHOHHBIM COOTHOLICHHAM,
BKIOYEH HAMH B H3JOXEHHE ¢ UEJbI0 MOSCHHTb OCHOBHOH MeTop
aHANHTHYECKOrO NPOROMKEHHS H NPOHMIOCTPHPOBATh nojaoxenus § 2
Ha BO3MOXHO 6oJjee npocToM npumepe. [lpum BBIBOZE CHEKTPalbHBIX
NpeaCcTaRIEHHH PARHALHOHHBIX ONEPAaTOPOB BTOPOrO MOPHIKA CyIle-
CTBO METOAAa HE 3aTEMHSETCSs MHOTOYHCACHHBIMH RETANAMH CAOXHBIX
paccyxueHuH, KoTopbie 6yAyT HEOOGXOZMMBI MPH BHIBOAE XHCHEPCHOH-
HBIX cooTHOweHHd B §§ 6 n 7. IlosToMy umTartenn, MHTepeCymOUIHICA
JMIIb JOKA3aTEJAbCTBOM JUCHEPCHOHHBIX COOTHOLIeHHH, MOmeT omyc-
THTE §§ 4 m 5.
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Haunem ¢ paccmorpenus npencrasiaexns (3.30) F) yepes
MATPHUYHBIE 3JIEMEHTH TOKOB, KOTOPOE€ 3alulIeTCs Telepb Kak

b SO =1 Y [ k(0 iy @) [k n) (k, n]j, (0)]0) e=¥ae" ik,

4.2)
[Toxaxem, uto B Cymme (4.2) Mraline YieHs OTCYTCTBYIOT.

HejicTBuTensHo, unen ¢ n =0 (Bakyym)!) oGpamaerca B Hyap
B cuny (3.6). Bysem cumrarh, 4tO B cymme (4.2) HH3IIMMH 3HEpreTH-
YECKMMH COCTOSHHSIMH MOCHE BaKyyMa SABISIOTCA COCTOAHHA C OJAHHM,
ABYMSA, TPeMs M T. X. Me30HamMu (T. €. GyRem CUHTATb, 4TO He CYWECT-
BYET CBSI3aHHBIX KOMILIEKCOB ME3OHOB M HYKJOHOB C MAaccoi, MeHbLiei
3m — Tpex Me3oHHbBIX Mmacc). Torga obpatircs B Hyab u unen B (4.2)
c n=1 Me3oHy. B camOM pexe, ecu B3Tb MATPHUUHLIH SAEMEHT Me-
#ay Bakyymom (0| M OZHOME3OHHBIM COCTOAHHEM |1, k) OT BToporo u3
paseHCTB (2.20), TO B JeBOH UAacTH BO3HHKHET BblPaeHHe

(014l (9) S11, k) — (0152l (p)| 1, k),

TOXIAECTBEHHO pPAaBHOE HYJAIO, TaK KAK B CHJAY YCIOBHSA ctabUABHOCTH

1. (6) u3 §2 S moxno Gyner BTaHYTH B o6pamamoune (™) ammanTyzsi
cocrosuus. IMostomy

f"x@' o | 1) ;;;;: 0. p=+Vefnt
Ho
<o

H NOTOMY NpeablAyUHil MHTerpan 1aeT npoctO 3-(QYHKUHIO, U Mbl NPH-
XOIHM K TOXHECTBY

3p— k) 8 (Vo F W — VIEE m2)Qljy 011,k =0,
H3 KOTOPOro HEMEINJNEHHO CaenyeT, B CHIY NMPOH3BOJABHOCTH P,
(0} jpr (0} 1, k) =0.

3S

I o’ ‘-*—1— iof —ikx
B?P' (X) ll’k>=7(0],lp (x)|1,k)___ i <0IJP (O)II,k) e P

1) Mmt HaleeMmcs, 4TO YHTaTelb HE OYRET BBeReH B 3a0uyKaeHue
TeM, Y4TO Mbl MHOT'ZA HCTIOAb3YeM OYKBY H, — O3HAuAIOLIYIO BCIO COBOKYI-
HOCTb OMHCBHIBAILINX COCTOSHHE KBAHTOBBIX UHCEN, KPOME HMIYIbCa, —
TaKKEe M NMPOCTO RAA OOGO3MAYEHHA 4UCAA “acmuy B COQTBETCTBYIO-
wem coctoaHuu (cp. [22], cTp. 252).
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PaseHcTBO Hymo MaTpuuHoro saementa (1]j, (0)|0) soBogmTCs Tak
we. Hakouel, B Cuay NCEBROCKAAAPHOCTH ME30HOB GYAYT PaBHH HYMIO
M MaTpHYHBIE SJEMEHTHl TOKA MEXIY BAKyyMOM M [BYME3OHHBIMH CO=
CTOSHHAMH.

Wrak, cymMa B (4.2) HauMHAeTcsd TOJBKO C TPEXME30HHBIX

COCTOSHHH, T. €. HauMewbllee 3HaueHWe Koy ecTh 3m.
4.2, Tlepenuwem cymmy (4.2) B BHIE UeTHPDEXMEPHOTO MH-
terpaia Pypbe:

Bpp,, f(")(x)=
—_—_ifdkz (0]j, O ]n, k) (n. k| j, (0)]0) e~k X
n>3
X3 —) Mi+ie). (4.3)

Bsona Teneps ¢ypbe-o6passl mas Bcex ¢yuxkuuit f@(x) ¢ no-
MOLIBIO OMpeleaeHus

7O (x):ﬁfdk e—ikz o) (k), (4.4)

BHJIMM, 4TO (B CHJY NMPONOPLHUOHATLHOCTH neBok uactu (4.3) Bppr,
npaBas uaCTh LO0/DKHa OHITb paBHAa HYMIO TpH p =~ p’ M 1aBaTh
OIMHAKOBEE pe3yabTaThl als JMioboro p=p’)

| g(—)(k)=(2ﬂ)4l"§3|(0‘jp O | n, k)23 (0 — ) MI1K?).
: (4.5)

OpnHako, C ApPyTo#t CTODOHHI, B3 MCEBAOCKANAPHOCTH ¢, (X) Cie-
Lyet, uto @ynkunn £()(x), a, caenosarenbHo, u g()(k), noa-
HBI ObITh MHBAPHAHTHBH OTHOCHTEJIbHO Npeobpasosanuit JlopeHua,
ucxaodas om pascenusn spenenu. Toatomy g (=) (k) moxer 3aBn-
ceTh B AeHCTBUTEJIBLHOCTH TOJIbKO OT k2 W 3Haka k9, T. e. ot 0 (&%).
Ho ua (4.5) BHAHO, YTO OHa COLEDKUT TOJBKO MOJOKHTEIbHBIE
yacTorel. [109TOMY #CHO, YTO MOXHO HamucaTh

g (k) = 2mi O(k0) 1 (k?), (4.6)

rie ¢yuxkuus [ 3asucur yxke Toabko oT k2. CpasHuBas 3TO
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poipaxenue ¢ (4.5), sametum, uto (4.5) MOxHO nepenmcaTh Kak

g (k)=

= @r) L D [(017, (0| nk) 22}/ ME K2 3 (k2 — MZ) 6 (k).
" (4.5)

Takum 06pa3oM, Mul npeacTabuan g () (k), — xoropas B cuay (4.6)
JOJKHA BEIPAXKATbCS B BH/€ NPOM3BEIEHHA MHBAPHAHTHOH (YyHK-
unu Ha Y (&%), —B Bune npousseneHus 6 (k%) va pyHxuuio, SBHO
He 3aBUCAILYI0 OT BLIGOpA HalpaBieHHs BpeMeHu. TeM CaMbiM MHI
MOXeM YTBepXKAaTh, 4TO

1(k%) = (2r)? 0 Jk)[22 2 — M2
(k?) = (2r) E.J( |7, @ | nk) P2} M2 4 ke 5 (k2— M2).
4.7)
Wa (4.7) ciaeayior HeMelfieHHO IBa OCHOBHEIX CBOHCTBA (YHK-
uun [ (k2):
1. 1k =0 naa k2. (3m)?; }
2. I(k2)> 0. (4.8)

3ametuM eute, uto B cuay (4.8.1) (4.6) MoxHo mepenucath
B BUAE

g (=) (k) =2mif (&) f 3 (kt— m2) [ (m?) dm? =
(3my

= f 2o ") (k, m?) I(m?) dm2. (4.9)

(3m)?

JTO TaK HA3BIBAEMOE «CIIEKTPAJbHOE» NpeACTaBleHHe A7 QYHK-
LMK, 4YPe3BBHIYANHO HPOCTO CBA3AHHOH (cm. Huke) ¢ gl7) (k),
6nin0 noayueno Bnepsbie JlemaHoM [19]) u Yennenom [20]. Vimu
e OHUIM YCTAHOBMeHH M cBoitctTBa (4.8).

4.3. Hrax,

O]y (2)7, ()] 0) =3, [ dhe=ic @00 (k0 I(k2).  (4.10)

[Iponssoas 3mech 3aMenHy X <«—» y, NOJyUuM

01,0y 10y =2, [k et @00 (— a9 1(&2). 4.11)
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DTHM ONPaBABIBAIOTCA BBEAEHHHE PaHee 3Hauxu (—) um (P): orpm-
IATEABHO-4ACTOTHAA QYHKUHA REHCTBHTECABHO CONEPKHUT TOABLKO OTPH-
HATEAbHbIE, A NOJO:KHTENbHO-YaCTOTHASA — NOAOKHUTCAbHBE YaCTOTBL
IMoxuepkHeM, 4TO 3TO OOGCTOATEABCTBO NMOKA3aHO TOABKO [as BAKYyM-
HBIX MAaTPHYHbIX 3/JE€MEHTOB, A MATPHYHHX 3JAE€MEHTOB [0 MPOH3-
BOJbHLEIM COCTOSIHHAM 3TO CBOHCTBO MOXeT, Boo6lue rosops, H HE
BBHINTOJAHATLCA.

BcnomuHas Teneps cooThoweHdd (3.33), nepexons B HUX
K ¢ypbe-obpasam ¢ noMouiblo (4.4) 4 noiacTaBaAa BhHIPAXKeHHE
(4.6) naa g(-) (k) u caenyowee u3 (4.11) Brpaxenne

g (k)= —2mi 0 (— RO I (k?) (4.12)
ans g () (k), noayuaem:
ge(k) = 2ni 0 (k) I (k%) +- g™V (k). (4.13%)

g k)= 2mif (— KO I (k2 g (k).  (4.13")

M3 atux dopmysa nonyuaercs OLHO UDe3BHIUARHO BaXHOE Cael-
creue. Vimenno, 6.qaronaps TOABKO YTO YCTAHOBIEHHOMY CBO#i-
crBy (4.8.1) cnexrpanbHoA dyuxunn /(k2%), mMe BHIUM, UTO
npy Maiabix uMmayabcax k2 < (3m)? ¢ypbe-o0pa3sl BCeX TPex

dyukuuit ge), galv y gret  copnanaior:
g (k)y=g*"(k)=g"" (k) mpu k> (3m):. (4.14)

310 06CTOSTENBCTBO MNMOCJAYXKHT HAM OCHOBOH NPH YCTAHOBJE-
HAHM  AHAJMTHYeCKHX cBoHCTB Qynkuuit g() (k), gV (k),
gret (k), KoTopuM Mbl cefiuac 3afimeMcs.

4.4. Paccmorpum noapobuee dypbe-obpas

gt (k)= ffret (x) eik® dx,
B KOTOpPOM B CHJIY yCJ[OBH?i NPpUYUHHOCTH
' fret(x)=0 am x<0. (4.15)

[TokaxeM, uto 3rtoT ¢yphe-o6pa3 MOXKHO NPOLOKUTH B 00-
JaCTb KOMIJIEKCHBIX R, 3aMeHHUB

k—>k=p+il'y p=Rek, I'=Imk,
ecau 4-sektop I' yros/eTBOpseT YCJIOBHIO

r>a0, (4.16)
a p— moboe.
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Hmeem Torna

gret (k)———- ffret (x) eine p-Ta gy — gret (p+iF).

SICHO, uTO B 3TOM MHTErpalte SKcroHeHta e—I'Z 6yjgeT pemyuium
GaKTOpOM, OOECNEYHBAIOLUIHM ero cxoguMmocts. JeficTBHTEALHO, MBI
p.craa Moxem B cmay (4.16) Bbl6paTh cucTEMy OTCYUETa, B KOTOPOH
I' = 0, caexoBaTensHO, 9KCMOHEHTA NPHMCT BHA

e-T'z", > 0.
Ho coraacuo (4.15) MHTErpHPOBAaHHE NPOH3BOIUTCH (DAKTHYECKH JHUIL

[0 BHYTPEHHOCTH BepXHell NONOBHHBI CBETOBOrO KOHYca, rje x0 >0

2
H o <X,

CaenoBatenbHO, QyHKUHS /i (X) = eipx ¢—T'@ GypeT npHHALNEKATD
nekoropomy kaaccy C (g, r)7), B Koropom

onn(x
Ay = sup | x ¥ ’——~—0qu » -(da)\fa,, < const
qasa mobsix m=0,1,..., r, n=20,1, ...

C Jgpyrod CTOpOHBL, COTIACHO ¥ CIOBHIO H.(1) n3 § 2 dbyHkuHa
fret (x) nomkHa OBITH MHTETpHPYEMON H NOTOMY HHTErpad

J‘f""‘ () A (x)dx = ffret (x) eP% e T g (4.17)

MOJXHO PAacCMaTpHBATL KaK JuHeHHbIH (YHKUHOHAN B MPOCTPAHCTBE
dyukumnit A (x). CregosatenbHo, 6YIYT CXOLMTbCA KAK CaM HHTErpal
(4.17), Tax ¥ ero nPoH3E0IHbBIE MO ki

i ffret (%) Koy oo v Xag e gx.

Taxum ofpasoM, gret(k) OGyner aHamHTHYecKoH ¢yHkuuei 2 B obaa-
cu (4.16).

3amerum nanee, yro wuHTerpaa (4.17), Oyayum auHeHHBIM
dyuxiuoHanoM B C(g, r), LomkeH ObITb TEM CaMbiM OrpaHu-
YeH 70 abCOMOTHOM Beauyuue JIUHeHHOH KOMOHHAUHEH BeJHYMH
Rpy,. TlOCKOABKY NPOM3BOANBIE OT 2 10 X MPONOPUHOHANBHEI
CTenenam R, TO Mbl BHAMM OTCiola, uTO ¢YHKUMA g'° (k) Bo3-
pacraer Ha OeCKOHEUHOCTH He OLICTpPee HEKOTOPOro NOJAMHOMA
no R (pasymeercs, Mbl HMeeM 3JeCb Aeno € 06JaCTbi0 R, B KO-
TOpPO* HepaBeHcTBa (4.16) He ocnabamotcs).

-_—

1) Cm. cHocky Ha crp. 9.

4 3ak. 2670. Boroaw6os H Ap.
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dypoe-o6pas g™t (k) a9 AeHCTBUTENBHOTO B MBI MOXEM
TEMEPb onpedesumy Kak HeCOOCTBEHHBI npene uHterpaa (4.17)

lim gt (p—il)= g™ (). (4.18)
r>o0r>0

4.5. CoBeplLIeHHO aHAJMOrHYHO TNOKA3BIBAETCH, uTO (ypbe-
o6pas

gadv (k): ffadv (x) ethkx g x (4_19)
MOXHO HPONOJAKUTD B KOMINVIEKCHYIO NIOCKOCTb C YCJOBHEM
Ir<o (4.20)

M onpeleautb nocne 3rtoro uHrerpasd (4.19) kak Heco6GCTBeH-
HbIt npe e
lim  golv (p i) = guv (p). (4.21)
<o, T'>o0

Takum oO6pasom, Mb BBeaud jaBe QyHKUMM g™ (B) u g3dv (k)
M J0Ka3add MX aHanuTHYHOCTE B objactax (4.16) n (4.20)
COOTBETCTBEHHO.

4.6. Jlerko BHIeTb, YTO U3 BLIBEJEHHOrO paHee COOTHO-
weHns yeTHoctH (3.31) caeldyer, 4TO MeXALy BBEJEHHHMH (YHK-
LLUAMH

gret (k)= gret (p+iF) J— f fret (x) etz o-Ta gy

r>o
u (4.22)
g () =gV (p-)= [ o (x)eireeTe dx |
r'co J
CYLIECTBYET COOTHOLIEHHE
g% (— p— i) = g™ (p +il), (4.23)
I >0.

4.7. Jlns panpHeflluMx paccykiaeHn#t QUKCHDYEM CHCTeMy
oTcuera, BuOpaB ee Tak, 4ro6w 1'=0. B cuay Bpemenuno-
ao6HocTH ]' 3TO BCerza BO3MOXHO M HHMKAaK He OrpaHHYHUBAeT
OO6LIHOCTH.

3alimeMcs cHavaia QyHKuMeh grel; dyHxumio galv Bcerga MOmHO
6yneT Moay4utp H3 Hee ¢ nomoubio (4.23). U3 coobpaxennit peas-
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THBHCTCKOH HHBapHAaHTHOCTH ™ (x) moxer saBmceTs B melcTBHTENB-
HoCTH TOALKO Or x? m sign x0. Ho rorga u3 (4.22) BHgHO, UTO 3HA-
yenus uHTETpana (4.22) mas OBYX Kakux-1M6G0O 3HAUEHHH R, CBA3AHHBIX

npeobpasoBanuem Jlopenna L™, He BKMIOYAIONUM OTPAXEHHA BPEMEHH,
6ynyT npocTO coBmaxgarte. HoO moGble aBa KOMINIEKCHBIX BEKTOpa &,
00 KOTOPHIX omnpefneneH uHTerpan (4.22), 06s3aTefbHO CBA3AHH npe-

00pa3oBaHneM Lt NOCKOJAbKY TOABKO TaKHE MPeoOGpa3OBAHHA COXpa-
nawr ycaosue 100, CaenomatenbHo, JeBas 4acTh (4.22) apasercs
nas BCeX R, YRoBiaeTBopsmowMX ycaopuwo 1270, I'0 >0, dyrxyuei
moavko om k2 Urak, gret (p - il') sBasetcs HekoTOpoH amaanTHue-
ckoll ¢yuxuued G (k?) roabko ot k%

gret(p + i) = G (k?), (4.23)
OlpeAeIeHHON aMlIb NSl TAKHX R, Aas KOTOPBIX
(Im &)2>0; Im#ko>0.

Yro6e HalTH 06JacTb AHAJNMTHYHOCTH STOH (PYHKUHH HA KOM-
JIEKCHOH MJIOCKOCTH k2%, 3aMeTHM, YTO B CHJIy NOKA3aHHOH aHAAMTHY-

noctu f®(p 4 (T) B Bepxueii nomymaockoctu no IO, dynxuus G (k%)
6ymeT, OYEBHIHO, AaHAMMTHYHA B HEKOTOPOH TOuKe .

R=0=§f41iy 194
E=p2_1v02; "1=2P0P"’ ( » )

KOMb CKOpPO MOMKHO HaWTH xoTs Obt OnMH BeKTOp Kk = {p,-+ iT°, p},
ynosieTBopsouini (4.24), BpeMeHHas KOMIUIEKCHasA COCTaBAAIOI[as KO-
TOpPOro nexana O6bl CTPOro B BepxHeH nofyniockoctH. Ho us cBaaml-
Balowux §{=E-iq u 2 ¢dopmya (4.24) cpasy BHIHO, UTO 5TO BCErza
MOXHO CheiaTb Iif JOGBIX TOYEK KOMILIEKCHOH mIockoctH & =& - iv,
HCKJI04as AeHCTBHTENBHYIO NOJOXHUTENbHYIO TIONYOCh

y=Im k%) =0; &=Re(k)>0. (4.25)

Urak, ¢ynxuua G(k%) aHaTMTHYHA B KOMILVIEKCHOH TIOCKOCTH
k% Bclofy, HcKouad AeHCTBHTENbHYIO NOJOKATEIbHYIO NOAYOCh.
Ho ¢ynkuns G(k%)— 910 OyHKUHA OLHOTO CKAMAPHOTO Nepe-
MEHHOro, W OHa «HE 3HAeT», BO3BEIEHHEM B KBAApPAT KaKOTO
BEKTOpPa BO3HMK 3TOT aprymentr. [loaroMmy cienaHHas mnocJe
(4.23’) oroBopka Tenepb yke He HyXHa — G (k2) 6yaer ananu-
THYECKOH ¢ynkuue#t a1 MOOHX KOMIJNEKCHHX BeKTOPOB &,
KBaApaT KOTOPHIX HE €CTb BELIECTBEHHOE MOJOXKUTEIbHOE YHCIAO.
Hakoneu, B cuny samewanus mocre dopmyawn (4.17), na Gec-
KoneyHocrn G (k%) MoxeT BO3pacTaTh He ObICTpee [0JIHHOMA.

4*
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4.8. OnpegeanM Teneph ABe (BooOuie ropops, 0600iieH-
usle) dynkunn G (p* n G_ (p?) xak HecoOCTBeHHbie Npeebl:

G, (p= lim G (k?), npuuem Im(k%) > 0, Re (k%) > 0 (4.26.1)

ImZi?>»0

H

G_(p» = l]iczn#OG(kz), npuuem Im (£2) < 0, Re (k%) >0.(4.26.2)

CpasuuBas ¢ nomowbio dopmya (4.24) npenpensHnidl nepe-
XOL Ha JeHCTBUTEAbHYIO ocb B Gyukuun f" (k) u B G (k2)
npu ycaosun Re (k%) > 0, Buaum, uro
G .(p®» P >0,
G_(p» p*<0; }

P> 0.
CaoiicTBo cummeTpuu (4.23) naer Ham Tenepb HeMe [ 1€HHO
G_(p» p° >0,
G, (p? p°" < 0; }
p?>0.

Hrak, Mbl TNOAYYHUIH BLIPAKCHHUA A1 OOOOUIEHHBIX (YHK-
uuit gret(p) u g3V (p) B BUAE HECOOCTBEHHBIX MNpPELESOB HEKO-
TOpOi#t onHOR anaanTHyecko#t gynxkuun G (£2). Obpamascy onars
Kk (4.24), naftzem, 4TO 3TH npelefbHble COOTHOLIEHHA MOMKHO
3anucaTh M B 0oJjiee NPOCTOM M CHMMETDHYHOM BHIe:

g‘“‘(p):{ (4.27)

g (p)= { (4.28)

gt (p)y=Uim G (p?> - iep°) (4.29.1)
20
H
gy (py = lim G (p?— i=p"). (4.29.2)
€ >0
>0

3ameuad Tenepb euie, 4to B cHay (4.13)

g (p) p* <0,

g W)= {gmt(m >0,
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BUIAM, UYTO OYHKUHIO g€ (p) MOXKHO 3amMcarb B BHie HeC0G-
CTBEHHOTO Ipefefa

g° (=G, (p¥)= lim G (p2-+ie)?). (4.29.3)
e>0
e >0

Hakoneu, Buiuutas (4.13”) u3 (4.13%), HaxomuM, umes B BULY
(4.27) u (4.28), ang pasHOCTH NpeledbHLIX 3HAYEHUH HA JAUHHH
paspesa

G, (p?)y— G _ (p?) = 2nil (p?). 4.30)

3 ycraHoB/ieHHOro paHee nepsoro csofictsa (4.8.1) cnekrpasb-
nott dynkunn [(p?) BumHO Tenepb, uTO JMHME# pa3pesa Ha
KoMIleKcHO# mnaockoctd k2 pas G (k?) Gyper He BCa pefi-
CTBHTE/NbHAS NOJOXHUTEAbHAA NOJAYOCh, HO JHIUL ee YacTb

Im(k?%) =0; Re (k%> (3m)2. (4.31)

4.9, Ycranos/eHHble HaMM CBOHCTBAa aHAJNAUTHUYHOCTH (YHK-
unn G(Z) 4 1O ee CBOHCTBO, UTO OHA BO3pacTaer Ha Gecko-
HEYHOCTH He OLICTPee HeKOTOPOro MoJAMHOMA OT [, no3poJsr
HAM NOCTPOUTE. Yepe3 MOCPeACTBO TOAbKO 4YTO BbIBELEHHBIX Hpe-
neabHblx Gopmyn (4.29), nas dyukunit g (k), got(k) u g2V (k)
creKTpa’ibHble MpeICTaBAeHHd TOTO XKe THIA, YTO W MOJYYeHHOe
phliie npeacTanaenue aag g =) (k). Ilas 3TO# ueau MH BOCTOJb-
syemcs moapobHo obcyxnasiueiics B § 1 unrerpasnsHoit gopmy-
aoft Kotwuu.

Bynem cuntatsh, uto ¢yHxkuus G ({) BospacTaeT Ha GECKOHEYHOCTH
He Obictpee (™. Torpa cornacho § 1 unrerpansHyio dopmyay Kommu
MOXHO IPHMEHsITh, OTOpAchiBasA HHTErpHpoBaHue No GONBLIOMY KpYTY,
K (YHKUUH

G %)

A = — 4.32
O =yt (4.32)

kotopast GyneT 06JaiaTh, KpOME JHHHH pa3pesa oT (3m)? no oo, eue
1 noxwcoM npu § = m2, [09TOMy KOHTYD MHTErpUPOBAHHA Mbl BbIGepeM
CICAYIOIHUM OOpa3oM: BbIXOAS M3 Hauala KOODAMHAT, OH NMpOHIET He-
CKONLKO Bblllle IeMCTBHTENBHOH OCH K -+ 0O, 3aTeéM BKJIOUUT B ceba
GonbLIOH KpYT H BO3BPATUTCA B HAYAAO KOOPIHHAT, TPOXOAS HECKOJbKO

1) 3amerum, uto B dopmyrax (4.29) Mbl OnycTHAM yKa3aHue Ha
BDEMEHHIION06HOCT, BEKTOpPa p Ha TOM OCHOBaHMHM, 4To pas p? <0
GyHxkuns G (p2) peryaspHa H, CIEHOBATENBHO, CnoOcoG mnpejenbHOro
nepexona npocTo 6€3pa3iHyeH.
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HmKe jeficTBuTenbHOH ocd. B cuay ceoifcts dyHkumu ki (§) unrterpan
NO TaKOMY KOHTYpPY CBEAETCA K pa3HOCTH HHTErpaloB NO BEPXHEMY

M HmkMeMy Gepery JHHMH paspe3a M MaloOMy KoHTypy C,. BOKpYT

Touxn § = m?, npoXOIHMOMY B OTPHLATENLHOM CMbicie. MTak, MOXeM
HAMHCaTh:

G =

Oni ”+1C' 4

¢t —my"tt ay G ()
§ (r/

4 (L —m2)"*! G (— G- () .,
Qﬂi (C, _ r) (CI m2)1b+l

(3 m)2

BmecTto pasHOCTH HHTErpaJOB IO BEPXHEMY M HHKHeMY Oepery JMHMH
paspesa Mbl HaIMCaJH 31eCb, B COOTBETCTBHH C onpeleieHHsIMH (4.26),

pasuocts G4 (§) — G- ({). Hnrerpan no C,; naer

1 1 ava ) _ " C—m () (e
" § = LS e

— m2* T —0)

S m

M TIO3TOMY
=]

I (%) de

__ mh))’ﬂ/*)-l (C . k2)

G (%) = (k2 — m)"*! f @ +

*
(3m)?

k _.,m2)j (4.33)

n
j (
+ Y, G ()
j=0
ATy popMyay MOXKHO pacCMaTpHBaThb KaK CIEKTPAJbHOE NIpeJCTaBjleHHe
s pyuknun (G (k2), B KOTOpOM (HUIypHPYyeT Ta XK€ ChnekTpaldbHas
¢yuxuusa 7 (k%), uro u B (4.10), (4.11).
4.10, Boimoanas Temeph COOTBETCTBYIOIHE NpPEJeNbHLEIE NEPEXOnnl,
nOJy4YaeM ClieKTpaibHbie NPEACTABJCHHS H L] HENOCPEICTBEHHO HHTE-
pecylomux nac pymxumis g2 (p%, £ (%) u g (p2):

[ee]

£ )= Gs () = (=" [
(3m)?

(%) dt
(t— m)"(C— pr— ie)

4 E GO (my) (_Pg:ﬂ”‘ﬁ (4.34.1)

j=0
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(rs:\]t) n+l1 )
g2 (p) = (p*— m?) /
(3m)?

1(%) dt
(¢ —m)" T — p 7 1ep0)

n
. (p2— m2)J
+ Z G (my =T )
j=0
YCTaHOBHM Teneph HEKOTOpble CBOHCTBA NO CYLECTBY HEOTpeie-
JeHHBIX KO3} (PUILHEHTOB G (m?), ..., Bxopamux B (4.33), (4.34).
[lokaxem mnpexjae scero, yTo xo3pduuuent (G0 paBeH HyJo. Pac-
CMOTPHM JASl 3TOrO MATPHUHBIH 3M€MEHT S-MATPHUBI MEXIY ABYMs

ONHOME3OMHLIMH  cOcToAHHAMH [P/, p’) u |p, p). Coraacxo (2,9) ou
6yIeT paBeH

(0, ¢ 1S1p. p)={0[al(p") Sa{ (p) | 0)-

[lepecTaBnfs 31eCh aMIUIMTYABl POXIEHHS HANEBO, 8 AMITUTYAbl YHHM-
YTOXEHHA HANPaBO C MOMOUWIbIO NEpPECTAHOBOYHBIX COOTHowmweHHil (2.25)
n (2.10) u noab3ysch onpenereHWeM QYHKUHH ¢¢ (p), TOXYUHM 1A
3TOrO0 MaTPHYHOI'O 3JeMEHTa

(P ISP p)= o
IT r
=(0]a{(p"a;} (p)]0)+ %3 (P =P g (p), (3

Pt VIFE  po=t Vit

Ho, ¢ apyroii cTopoHbl, B CHAY YCJIOBHA CTaGMABHOCTH OJHOYACTHYUHBIX
cocroaHut L.(6) u3 § 2 sTor MaTpuuHbIil 3AeMeHT paBeH OAHOMY JHUIb
nepeoMy uleny npasoit uactd (4.35). Mrak 1),

g (p)=0 mnpun p?=m?
OTKyJa clreayer
GO =0, (4.36)

[Toxamem Temeps, uto BCe KOHCTaHTH GO, ..., G pomxHb GBHITH
BEIECTBEHHLIMH, DTO YTBEPXKIEHHE JOKA3bIBAETCA HEMEINEHHO, €CIH
3AMETHTb, YTO U3 COOTHOLICHHS CONIPAMCHHS

f(ret) (x) = flrot)* (x) (3.38)
cieryer
gret () = g(I‘Et)* (— &), (4.37)

a unrerpan (4.34.2) cam obnazaerT ITHM CBOHCTBOM.

1y Drot pesyabTat SBAAETCS, KOHEUHO, COBEPUIEHHO €CTECTBEHHbIM,
IOCKOAbKY OH BHIPa)KaeT NPOCTO TO OGCTOATENbCTBO, YTO B TEOPHH,
onepupyouieif ¢ caMoro Hauala ¢ peajbHbIMH YaCTHLAMH, HEe MOXeT
ObiTb NepeHOPMHPOBOK OAHOYACTHUHBIX COCTOSHHI M BaKyyMa.
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Hrak, ¢ypbe-ob6pas Bcex Tpex T'PHHOOODA3HHIX MATPUUHHIX
3/1EMEHTOB — 3aNa3AHBA0LIEr0, ONEPeNA0INEro  HPUIAHHOT O —
AONyCKanT CHEKTpaJIbHOe ItpencraBjicHUE BHIA

co
) — n+1
£ () =@r—myt [

(3m)?

[0y a:
(t—m®)" (& — p2— ie)

n
+ N Ci(m2—p, (438 1)
i=1

ret
g(adv) (p) — (pz _ m'z)n+1 /

(3m)?

I adt
(& — m)" (5 — p? 3 iepO)

+ N Cim—p) (4389

i=1

C; — BelleCTBEHHbI.

4.11. C noMouiblo NOAyUEHHHX B § 3 COOTHOLIEHHH Mex a1y pa-
IHAIHOHHbBI ¥} ONlePaTOPaMH U3 CTIeKTPaNbHBIX IpeAcTaBenuit (4.38)
MOXHO TONYYHTb CNEKTpajbHble NpefCTABIeHUSd W A BAKYYMHBIX
MATPHYHBIX 3J]EMEHTOB BCeX OCTATbHBIX pAafHAUMOHHBIX Ofepa-
TOpOB. 3aMeTuM, 4TO NpHU 0OpPA3OBAHHH AHHEHHBHIX KomOunauud,
COOTBETCTBYIOLHX BCEM «Her pHHOOODA3HBIM» MATPHYHBIM 3/ieMeH-
ram (g, g=), g u g®), Bxomsumme B (4.38) HeonpeneseH-
Hble TIOJMHOMBEl YHMUTOXATCS, a TOJ MHTErpajJaMd BO3HHK-
nyt 3(L-— p?), 6aaroaapa KoropbiM MHOXMTean (p?— m2)" BHe
W BHYTpH HHTErpaioOB COKPAaTATCH, W MBI NOAYYUM TNPENCTaBae-
HHE B TOUHOCTH TAKOrO e BHAA, KaK HallgeHHOoe Bbllle mpen-

crapaenne (4.9) mas g (). Ilag rpuuooOpasHoit GYHKuMH g
1

noayuntca upeacrasienue Ttuna (4.38) ¢ 3amenof [y
1

Ha Pch—p?‘.
Wrak, MH BBHISCHMAM, YTO O OTHOLIEHHIO K CMEKTPajibHbIM
MPeACTAB/IEHAAM HX BAKYYMHBIX MAaTpPHYHBIX 9/EMEHTOB BCe pa-
IHMALHOHHbBIE ONepaToOPh BTOPOTO MOPANKA pA3AENAOTCad Ha 1Be
rpynnu. Jlas MaTPHUHBIX 3JEMEHTOB «HCrPHHOOOPAsHHIX» oOme-
paTopoB IOJY4YalTCA MNPOCTHE CHNEKTpa/JbHHE NpPEeACTaB/eHHs

THNa (4.9), B TO BpeMs KaK A7 <«TpHHOOOGPA3HBIX» — CIOXKHHE
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npencrapaeHus tuna (4.38). Otu nociepnne GbLAH OAYYEHB] HAMHU
JLOBO/MbHO TPOMOBIIKAM IIYyTEM yepe3 UCC/IEN0BAHHE AHANHTUYECKOT O
noBeeHUs COOTBETCTBYIOINX (PYHKLHUA.

MoxHO Obliio 6B NMOMPoOOBaTH MOCTYNUTH M HHAYE — HENO-
CPELCTBEHHO MepPexONuTh OT CNEeKTPaibHOro npeacrabiesns (4.9)
paa g7 (k) n ananoruunoro aas g(+) (k) K cuekTpanbHbiM Npen-
CTaBJAEHUAM [JIf «TPHHOOOPABHBIX» (YHKUHH € NMOMOLIbIO, Ha-
npumep ana gc(k), dopmyn tuna (3.15°). Ilpamas BbKJIanKa
npuBena Obl HAC TOTAd K CNEKTPAJbHOMY TpPELCTABJEHHIO «IIpo-
CTOr0» THNA

ge(k)y=

(3m)?

o 1(m?) (4.39)

m— ke —

1A g° W TAKMM K€ NpeacTaBjieHU M, OTAMYAIOLIMMCSH JUMIIb CHO-
cobom o0xoma nosioca npu m?= k2, pnd Apyrux «rpuHoobpas-
Hux» ¢yukuutt. Vimenno rako#t nytb 6uin uabpau B pabore Jle-
MaHa [19]. ,

Onuako B HeHCTBHTENBHOCTH 9TH NPOCTHiE NPeACTaB/eHUA
okasaaucbk Obl, BooOOule roBopdA (eciud He HajaraTb KecTKOro
OrpaHHYeHNs HA TIOPSNOK POCTA CleKTPatbHON (yHKUMH HA Oec-
KOHEYHOCTH), JIHMIICHHLIMA CMBIC/A, NMOCKOMbKY HHTerpan no m?
Gyser pacXoluTbcs. [eflcTBUTEbHO, AAT «HETPHHOOOPA3HBIX»
GYHKUMA gApa  CeKTPaJbHBIX NpeAcTaBjleHH#t oOs3aresbHO CO-
IepxkAaT 0-PYHKUHIO, NOUeMy HHTeT pupoBaHue B Gopmyrax runa (4.9)
GdaxkTHUeCKH TPOH3BOAUTCA JHIIL B OKPECTHOCTH OAHON TOUKH,
1 nosefenve /(m2) Ha OeCKOHEYHOCTH AU CXOAMMOCTH HHTErpaja
HeCyluecTBeHHo. B cnexkTpaibHblx e npeacrasieddsax tTuna (4.39)
AR «TPUHOOOPA3HBIX» (GYHKLUHH UHTErpUpPOBAHHE, HANIPOTUB, -
(eKTHBHO PpaCHPOCTpaHAETCA HA BeChb MHTEpBaA (— 00O, — ©O),
UTO FIpUBEET K PACXOAMMOCTH IPH HELOCTATOUHO ObICTpOM YObl-
Banuu f(m?) Ha oo.

[Tpuynna 3TOM pasHULb'B NOBEAECHUHM TIO CYLIECTBY ACHA YKe
u3 gpopmyn (3.157). B camom zente, 9T¥ OpMYJH ONpERESIOT

dynkuno Fo, (x—y) Toabxo maf X >y Uam x < y. 3HaueHde
e ee MpU X =y OCTaeTCd HeonpeleleHHbiM. B cuay xe us-
BECTHOH CHHryJspHOCTH Bcex F-dyHKuHIi Ha CBETOBOM KOHyCe
9TO 3Ha4yeHWe B OTAEJNLHOM TOYKE fBJAAeTCA CYIHECTBEHHBIM NJf
NocTpoeHns ¢ypbe-o06pa3os. Vuwimu ciaoBamy, 48 MOJHOTO onpe-
Leaenna T-npousBeneHHss HeLOCTATOYHO ONPeJLeNUTh €ro JHLb
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g x>y v x <y, HAAO 341aTb elle W NPaBuAd ero HHTe-
TPHPOBAaHUs B OKPECTHOCTH HYAd. B npoTuBHOM Cciyuyae BHpae-
HHUA THMA 7‘(]P (x)7,(v)) ocraiorcs HemoOmpeAeNeHHbIMH, YTO
H TPOsIB/AETCS B BOSHAKHOBEHMH OeCCMBICNEHHBIX PacXonqiidxcs
BHIPaXeHHH Tipu GOABLINX HMMY.JbCaX.

Bosuukmu# npu unterpupoBaHuun T-npousBeacuns B6AU3H
HYJ TPOU3BOJI NPOINE BCEro BbIPasuTh, A00aBAdd K ero ofnpe-
JeJeHHI0 B KOOPAHHATHOM NPOCTPAHCTBE HEKOTOPOE 4HCJAO NPO-
M3BOAHBIX OT (X —y) C HeollpedeleHHHMH KO3(dHUIHEHTAMHU
(cM., Hanpumep, [16]), uro nobasur x mnpasoli uactn (4.39)
HEKOTOPHIR NMOJUHOM OT k2

jee]

(k) — 1(2)
gl= | 77p_%

(3mn)?
Kosdduunenrer (Moxer ObiTb — PaCXOAALIAECSA) STOTO TOAHHOMA
KaK pas ¥ NpU3BaHB CKOMNEHCHPOBATL PACXOAMMOCTH B HHTE-
rpale. [TpakTHueCkn 3Ta KOMMEHCALUS BHITOJHAETCH TPOLIE BCETO
NyTeM HCHOAb30BAHUS H3BECTHOW BLIYMTATENLHOW NpoLenypHL.

dz - P (k?). (4.39)

Jlel CTBUTENBLHO, MBI TIOJXYYHAH OBl TOTAA:
1 1
z’—k?—z’——m?—(k?—m?)_

ol () g

2 —m? (@ — k) (& —m)ntt
H TMOTOMY
. , ° I(2)dz
g¢ (k) = i (B2 — m)"T!
(3m)? (e— m2)n+1 (z— & —1e)
+ Y ey f _I@az_ f’f P (). (4.40)
o<I<n (3my (z—m?)

Boi6upas 3nech 7 JOCTAaTOMHO OOJBIUNM, MBI MOTJIH OBl CACHATH NEPBLII
HHTerpal B npaBoi uacty (4.40) cxonsfiuMcs; pacXOAALINECS Ke WIEeHb
B CyMMe, pPacnoNOXEHHOH MO CTeneHAM k2 -— m2, MOXHO ObLIO 6bI CKOM-
NEHCHpOBATh 32 cyeT noiauHomMa P (k2), or xotoporo octaica 6bl TOrAa
TOJbKO KOHCUHBI/i NMOJNMHOM, KaK Pa3 TaKOH, YTO H B HAIIHX ¢CAOKHBIX»
CIEeKTPaJbHBIX NpejpcTaBiendsax tuma (4.38).
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Takum 00pa3om, B KOHLE KOHIOB Mbl NPHILAH Obl 1 Ha 3TOM
NyTH K TeM Ke COOTHOIEHWAM (4.38), BHBOA KOTOPHIX Obia Obl,
OLHAKO, MeHee yOelHTEJbHLIM H3-3d HEOGXOLMMOCTH MMETHL «HO
Lopore» [E€M0 C PACXOAAILMMHUCA BbIpaXKeHUsMH. B HauieM Bpi-
BoJe C TaKOH TPYAHOCTBIO HaM BOBCE He NPHXOAMTCS BCTPEUaThCS.

4.12. TlokaxeM, Kak MOJY4YaeTCAd W3 HALUKWX CREKTPaJbHBIX
NpeLCcTaBJIeHUR A4 BapHAUUOHHBLIX TIPOM3BOLHBIX MATPHLH pac-
cesHus Hu3BecTHbIM peayabrar Jlemana [19] — Yeanena [20], ot-
HOCALWMHCA K CHeKTPaibHOMY MpeACTaBJeHHI0 0ObYHON PyHKuUA
['puna.

dyukuumio ['puna G (x, y) onpenensioT oObUHO KaK

Gpp' ()C, y)zapp' G(x_.Y):l(O[ T(ch' (x)S(‘?p (y))(()) (441)

[1pumenss nJs npeobpasoBaHus T-npousBefeHHd B NpaBo# uacTu
Teopemy Buka, noayuaem

—
Oprp G (X — y) = gy (%) ¢, (»(0]S]0)+
7
i Y, [dx dy ey (x) e () X

p7pt! -

0 328 0 — ( 1.42)
><< 5 ()50 (V) ><Ppm(y)<PP », ¢
rie

e "

o (%) @, () = — 0y D® (x — )

— o0buHOE XpOHOJOTHUYECKOE (NapuBaHue AJ4 HeB3aUMOIeH-
CTBYOILUX OfepaTopoB H

1 ; 1
DC(X):ZQ—“)Z/‘ e‘”“”Dc(k)dk, Dc(k):m.
[Mepexons B (4.42) k ¢ypbe-o6pasam, HaXoAUM:
1 1
G(k)y= m?_kQ__ie"f’_(mQ__kz - ie)zgc(k)’ (4.43)
OTKy#a Ha ocxoBanuu (4.38)

GRy=(1+4C)) (m2—k2— i)~ 11 2 ¢; (m2— k2)i-2

2gi<n

[e9)

+(m2_p2)n+1 /

(3m)?

I(2)dz
(mr— 2" Nz — R — i)

(4.44)
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IMpencrasaenne Yennena — Jlemana moayumrca Tenepb, ecau
Mbl CHeJaeM elye AONOJHHTETbHOE TPEANOOKEHHE O TOM, 4TO
«CTeNneHb pocTa» 7 paBHa eluHune. Torpa AeHCTBUTENBHO

G (k)= (1 +Cp (2 kr—iey 1 [ LEDE,
(3m)?
I
J@ = _(’,‘22)2 , (4.45)

npudeM MHOXUTENb (1 - C,) MOXeT GBTh HCKAIOYEH C IHOMOILBIO
KOHEYHOH MepeHOPMUPOBKH:

G(P)—>A+C)G(p. (4.46)



§ 5. BAKYYMHBIE CPEJHUE ®EPMUEBCKUX
PAAUALIMOHHbLIX ONEPATOPOB BTOPOI'O MOPSIAKA 1)

5.1, B § 3 Mbl ycraHoBHaM, YTO M3 BCEX PaJAMALUOHHBIX ONepaTo-
pOB He BbIllle BTOPOrO NOPAIKA OTIMYHBIMH OT HYAsi BaKyYMHbIMH
MAaTPHUHBIMH 31eMEeHTAMH OO6JaJal0T JHIIbL onepatopbl Tuna (3.8)
u (3.9). IlepBblii M3 HHX pacCMaTpuBaJCs B IpeAblylleM naparpade,
ceillyac Mbl 3aHMeMCs H3yYE€HHEM BAKYyMHBIX CPeIHHX

52
0] = 25 s+l0) = e(x—y). G.1)

8y (x) 3 (y)

[Ipn BHINOJHEHUH AUPPEepEHHPOBAHHH IO (EPMHEBCKHM NOJAM
HaJ0 YUYHTBIBATb MX AHTHKOMMYTATHBHOCTb. DTO NPHBEIET, B NEPBYIO
ouepenb, K TOMY, YTO JeBbie H IIPaBble TPOH3BOAHBIE GYAYT OTIHUATLCS
3HAKOM, ecqH IH(pepeHUHpPYeTCs 4eTHas B (PEPMHOHHBIX ONEpaTo-
pax Beanyuna. JIia onpepeneHHOCTH Mu 6yjaeM paboTaTh BCerna TONbKO
C e8biMu TIPOM3BOIHBHIMH. Jlajee, aMTHKOMMYTaTHBHOCTb NOJe# npu-
BeleT K aHTHKOMMYTaTHBHOCTH IIDOM3BOAHLIX NPH MHOTOKDATHOM Au-
(hepeHIHPOBAHHH, HANpUMEP

9 20
¥4 w4 (52)

by BBy
71972 2071

VMsmennrtes u popmyaa pas zuddepeHupoBanusa npou3sefeHHs. B cayyae
HCIIOJb30BaHHA JIEBHX IPOH3BOIHBIX OHAa IPHMET BHJ

5 (AB) _ 34 YR
it LR (A= (5.3)

By’
rie q, —uucao sxoxsauux B A depmu-onepatopor. Haxomen 3zame-
THM, UTO IIDH BBINOJHEHHH PMHTOBA CONPSKEHHS HAIUH JEBLIE NPOH3-
BOJHLIE OyAYT NepexoguTb B IIpasble H RIS BO3BPAIUEHHHA K CTaH-
JAPTHOMY NOPAIKY IOHALOOHTCA, ecaH auddepeHUHpYETCHA UYETHOe
B (hepMH-OIIEpAaTOpaX BbIpaXeHHe, 106aBOYHAS NMEpeMEeHa 3HaKa.

3.2. Kax u B 603eBCKOM cJyuae, Mbl 6yJleM yCTaHaBJIHBaTh CBS3b
(5.1) ¢ BakyyMHbIM OXMiaHMEM OT NMPOM3BEJEHHA TOKOB. I105TOMy moO-
JI€3HO BBLIACHHTH CHAuyajla IPa3Haa COUPSKEHHA IAA IBYX BBEIEHHBIX

Boimte [(3.4)] TOKOB M (xX) M ™ (X). B CHAY YHHTapHOCTH MaTpHIbI

1) Cm. npumeyauke ua crp. 44.
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62
paccesHMs Bbipawenne Aas ¢ (X) MOXHO 3amHCaTh B ABYX BHIAX
W) BS o s 25 (5.4)
X) = S5 .
5 (0) S

BhINOMHAS ITHPAKOBCKOE CONPSKEHHE, HAXOIHUM

— » o < N
A= (x)=1iS w(x)> b=
S 8 N\
— 7 — R — «Q -
- lS(B']J(x))p_ 1 <a~p (.x)) BT
paccMOTpHM JOKaJNbHYI0 BapHAUHUIO

UT0Gp BHIACHATH CMBICK ) (X),

s =180 305) 40 5 )

Buimoaussa 3pech IPMHTOBO COINPANKEHHE, HAXONHM

)63 o+ () 0 () =

o~ + BS
o8 = (3705

(v (i) s -

s

0
=457

) o 3500 (55 b

Ho, ¢ apyro#t cTOpOHHI,
- <~
0

55+

55t —m(x),fs( G et

(5.5)

IMosTomy
3 N+
< x)> Ta(x)”

7o) =nm G

TeM caMbiM ANA BHPaXEHHHA, JHPAKOBCKH CoOmpsikeHHoro K (5.4),

noayuaercs
— .38 . bS8t
ﬁ(x):lms = —iS ——Et[J(x)’ (5.6)

YTO ONpABIbIBACT BBEJEHHLIE PaHee 0603HauYeHHs M (X) H O (x)
.I_ —
5.3. Bapbupys Tenepb BhlpaxeHHE (w (y))s no ¢ (x)
3S 8§t

328 — 3 3S
( SF)"LBI(y)a«:?(x)

B (x) 3U (y) STTR® 3 ()




§ 5] BAKYYMHHIE CPEJAHUE SEPMHEBCKHX ONEPATOPOB 63

A NOAb3YysACb oOnpefereHHAMH TokoB (5.4,6), HaxonuM, 4TO

L . Ta X ) B o7

Tag XK€ TOUHO noayyaercs

DL T P S A A L €
55 () 3 () @S = ey TOWOO.

(5.8)
U3 (5.7), (5.8) caenyer

bO) AW
<6+(y) a;“(x)) (59

— aHAJOr NMpEexHEro KOMMYTALHOHHOIO cooTHoweHua (3.16), rae Toabko
Tenepb KOMMYTATOp eCTECTBEHHHM 006pa3oM 3aMeHMICH HA aHTHKOMMY-

ratop. C IpYroH C(TOPOHH, MOJB3YACH YCIOBHEM MPHUMHHOCTH, HOAY-
yaeM

NXAW+omnx =i

328 s+={ O@WAY) x>y

— -7 J—— (5.
B (%) 3¢ (¥) — AN W xSy} (O (0 O (y))-(5.10)

B monHON aHanormu ¢ GN3EBCKHM CYUaeM ONpeAetHM MaTPHYHBIE
9/eMEHTHl MO BAKYYMY:

(01T (Mo () A5 (90 = 89 (, y), (5.11)
(0] ~u ) g |0y =185 (% y), (5.12)
(Ol O (0 [2) = 8 (), (6.13)

O] O+ P O (0)]0) =18,4(x y)=
=103 (x, y)+ 08 (x ) (.19

] 130 () > == =
l( ¥, (%) =016 (x— y) [Ma(x) g (9) 1:10)
= 167 (x, ), (5.19)
LN ~ =
<01 Q(X)l0> — (018 (y— 2 [ (D gL [ 0=

= i0% (1, y). (5.16)
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Ham nonano6arcs caenyiougie, O4esHIHbE M3 3THX OlpejeleHHil, co-
OTHOUICHHA MEWIY MAaTDHUYHBLIMH 3JEMEHTAMH PAalHALHOHHLIX OllepaTo-
pOB:

8 (x, y) =™ (x, y) — (") (x, y), } 3.17)
8 (x, y) =6 (x, y)+ 6807, y),
W(__ x) = - 63V (1), (5:18)

3anasablBalolMi B OmMepeKaloWUH MATDHYHLIE SJEMEHTL 061aNalT,
KOHEUHO, CBOHCTBOM:

O (x, y) =0 13 x X y; 0V (x, y) =0 7 x> y. (5.19)
ficHo, YTO BBHAY TPAHCIANHOHHOH M HM30TOMHMYCCKOH HHBADHAHT-

HOCTH BCE BBeJeHHbIE PYHKIHH 8" jomxusl mmMers dhopmy
8 (x, y) = 55,607 (x — y), (5.20)

r1e s, f — H30ToNMUEcKHe (MPOTOH-HEHTPOHHbIE) HHAeKCH, a 6 F)(x — y)—
OObIYHBlE CNHHOPHbE MaTpHuH. Jaiee, B CHAy HMRADHAHTHOCTH OTHO-
cHTeabHO Tpeobpa3oBaHmit Jloperua acho, uro O (x—y) B cBoW0
ouepenb NOMKHB HMETb CTPYKTYPY

8™ (x) = 104 (x) + 8 (), (5.21)
rae 8(1?) H 8(2?)—cxam1pnb1e (yHKIHH. Mbl 3mech BBeJH OOu(eNPHHATOE
N 0 > 9 N >
o6osHauenne 0 =10 —_ vy~ Taxxe nmxe k=y%%— yk. Toa-
0x0 >

craBaAs noayuaouieecs u3 (5.20), (5.21) BbpameHue s 8 (x, ¥)
sepes 7, 8) B (5.17), moAyumM HEMENNEHHO COOTHOWEHHMS MEMAY
CKANAPUBIMH PYHKIHAMH {)g?) " 3@:

(c) -
8,2 (1) =73 ) — ¥ 3 (),
© ~ (5.17%)
b2 =8 () +8} .
5.4, PaceMorpuM teneps dynxuwmo 807 (x). Mcnoas3ys, kak-Beeria,

YCIOBHS MOJHOTH M TPAHCJALHOHHOH MHBADHAHTHOCTH, MOKEM HANHCAaThb
Iia Hee:

80)(x—y) = —iEfdk (01O 0) 7,k ) {7,k 'y (0)] 0y e~ @),

n

(5.22)
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B cuay (3.6) BakyyMHbi# uneH ¢ n =0 B cymme 6yIET OTCYTCTBOBATh,
pPaccy¥as TaK ke, kKak B €o3eBckoM cayyae (mocie ¢opmyasi (4.2)),
yOeouMCs, 4TO B CyMM€ OyIyT OTCYTCTBOBATbH M WIEHbl, COOTBETCTBY-
joulue MPOMEXYTOUHBIM COCTOAHHAM C OIXHMM HYKJIOHOM HJIM NPOM3BOJb-
HbIM uHCAOM Mc3oHoB. TaxkuMm ofpasoM, cyMMa B (5.22) nOMKHA HauM-
11a7hCsl € YA€HA € 7 = 2, HO IPUTOM HE JABYME3OHHOrO0, M MHHHUMAJAbHAA
Macca MPOMEXYTOUHOTO COCTOAHHSI MNOIYYHTCs, €CAM B HEM HPHCYT-
CioyeT ONHH HYKJOH H OXMH ME30H, T. €.

R 2 (M + m)? (5.23)
3anucuBas pasnoikenue (5.22) B BHIE 4YeTHIPEXMEDHOr0 HMHTCrpana

®ypve u onpenenss dyppe-oopas X (k) dymcum 87 (x) wammm
CTAHJAPTHHM OOpA30M, BHAHM, 4TO

) (k) =
—~—-(27:)412(0[ﬁ O 1n, kY (k| (0] 0) 3 (ko — /M2 LK),
(5.29)
SlcHo, uTO (ypbe-o6pas 2 (k) 6yzer ofilagaTh MaTPHYHOMH CTPYX-
Typoil, COBEpIIEHHO aHAJNOTHYHOX MaTpmunoit crpykrype 87 (x):
Z@ by = (k) o)) (k) L o) (k), (5.25)
rie c(lf) i a‘;)—cxanﬂpnue YHKILHY, OpHYEM KaKk pa3 ssidlomHecs
. NG ?
(ypbe-06pa3aMu CKaAsApHLIX (YHKI{HH 8(1) H 3(2 ),
[Toeropsaa paccyxacuus § 4, ybeaumcs 6e3 Tpyna, uTo (QyHKILUM
() u ol BrpawaoTcs B Bue
o3 (R) == —2wi (k) p , (), (5.26)

rae 3aBHCALIME TOAbKO OT k? criexrpaibHule (GyHKUHH py (k%) B p, (R7)
OTpeneNeHsl yCAOBHEM

B (k9) {(1k) p1 (B") -+ po (£7)} =
=203 2,401 M, (0)] n, k) (n, k| g (0)]0) 6 (k) X

X QI/k“JrM?L bk — M) (5.27)

5.5. UroOul pasxefnts B npasoil 4acTH 4neHbl, OTHOCSL[HCCH K Dy

U X fo, moMuokuM (5.27) Ha Y0, bO3bMeM 3aTeM IUNyp M paclHilieM
AMPaKOBCKOE COMPSKEHHE uepes SPMHTOBO. Toraa

3
0 k) g (1) = 2 0 oy 20 31401 3 0) [, k) 2 (82— ME)-
n,u
(5.28)

S5 3ak. 2670. Boroaw6Gos H Ap.
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Ha muoxutens 0(%0) 20 sto paBeHCTBO MOXHO coxpaTuTh (¢p. § 4),
H MBI MOAy4aeM
2m)3 N
2 () = ZL N 01 @ 1) 2oz — M), (529)
n,z

OTKy1a BHIHO, uTO

I s (B3>0, }

2. p1()=0 mpu RRL(M+m)? (u3 (5.23))

YroGbt HAWTH BbipadieHHe IAs 5, (k2), BO3bMEM WINyp HEMOCpea-
creeHno or (5.27):

(5.30)

B (k0) po (K) =
0 (k9) k0 Y . 5 rpo
=B Bary N (010 @ 1K) (7, K [0 ©)10) 15,8 (82— 3.
n,0,
Mu noabsyeMcsa o6biYHBIM npencTaBiaeitveM Marpui, [lupaka, rae 0 =

== (é _(1)) . Tostomy
6 (k) po (R?) =

:%a(kO)kO(Qn)a 2 101V, (0) [ n. k) (28 (k2 — M) —

n;a=1, 2
— O R @R Y (0] O (O m kY P8 (R —ME). (53D)
n; u=3,4

Cxaanbtsas u Boiumtasn (5.28) m (5.31), npuneM ewme K ABYM HepaBeH-
cTBaM:

B (R0) [£01 () +-po (k) ] > 0; 0 (R0) [KO9( (k%) — po (R%) ] > 0.

Ecau 3ameTuTb Tenepn, uro
w=) KR+ =VIEFE >4+ Vi =k

TO MBI YBHIHM, YTO HEOOGXOIMMBbIM H HOCTATOYHBIM YCJOBHEM BHIIIOJ-
HeHHs NOJY4YeHHbIX HCPABEHCTB (KOTOpPLIE JOJKHE HMETb MECTO B IIO-
Ooii cucteme orcuera) Gyner

Lo lpr (B 4o (BY) 200 [ k]p1 (k) —po (k)2 0.

Taxkum 06pa3oM, Mbl BILIHM, 4YTO (QYHKUHA p,(R°) I10AWHA YIOBie-
TBOPAThH YCHOBHAM:

Loo— k| py (B) < 5o (B7) ooy (R7), \ (5.32)
2. po (k) =0 npu B2 (M-m)> (u3 (5.23)). ) -
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Mrak, Mbt NPHILAKM K CIEKTPATbHOMY NPEACTABACHHIO Mist (yHKIMH

A3 (k) = —2xi f 0 ()5 (B2 — M2) py0 (M2 M2, (5.33)
(M+-m)?
COBCPLUEHHO aHAJOTHYHOMY CIIEKTPaJbHOMY npeacTarieHuio (4.9) ans
(YHKLHH g0 (k).

5.6, UroObt mepedTH OTCcKna K NOCTPOEHHIO CHEKTPaNbHBIX TNpen-
ctTaBACHHH 1A Apyrux ¢yHKumi o) (R), HaM Hajgo GyAEeT yCTaiOBUTh
cHayana enle HeCKOAbKO COOTHOLIEHHH Me#Ny (QYHKIHSMH pPa3JIHUHbIX
BCPXHHX MHIEKCOB, BBITEKAIOWMX H3 HHBAPHAHTHOCTH MO OTHOLIEHMIO
K 3apAJ0BOMY COMpSKEHHIO. YCIOBHE TaKOH HHBADHAHTHOCTH MOMHO
3anucaTh B BHIE

(O] (3) O (1) [0) == (0] O3 (¥) OV (%) [ 0), (5.34)

ri1¢ 3apsloBO-CONPAXEHHBE ONEPATOPH N/, ' crazaHb ¢ (v, )
H3BECTHHIMH COOTHOILEHHAMY

NV (X)=CA@W)=A®NCTH A (W—-C1n (v (535
H 148 ManHLU.»I C BBIIOQJHAKTCA }'C.‘lOBHHZ
cct=1, CT=—C C'FCc=—M" (5.3

[Tpumensin ycnosue (5.34) K npoMsBeneRHi, CTOAIUEMY B JeBoH
wactH (5.13) m ucnoabsya (5.33) H (3.36), npuaem nocke HeCAOWKHHX
MaTPHYHBIX MPeOoO6pa30BaHUM K COOTHOILEHHIO

80 ) () = —(C7'OO(— 1) O)T, (5.37)

YCT4HABAHBAKUWIEMY CBf3b MEMXNY OTPHUIATENbHO- H [ONOXKHTENbHO-
HACTOTHBIMH QYHKUHAMH. COBEpIIEHHO aHANOTHYHO, NIPUMEHSASA yCIOBHE
3apsz0BOH MHBADHAHTHOCTH THNa (5.34) K APYrUM panMalHOHHEIM orie-
patopaM BTOPOIO MNOPSAIKA, Mbl MOJYYHM Efle Py COOTHOLIEHHH, H3
KOTOPBH{X BBHIMHIIEM NMIIb

Qret (x):(Cf'l@a‘dv(—x) C)T, (538)

KOTOpo€e NOHagoOUTCA HAM B JadbHEHIIEM.

3annceiBas ¢ noMowpio (5.20), (5.21) 8 (&, y) uepes M7 (x—y),
ucnoap3ya (5.36), urofint w3baBuThcA OT Marpuusl C, B pasjends
Mnocje 9TOrO UACTH, COAEPKAUIME H HE COAEPKAL(HE MATPHIH Y (UTO

MOMHO CJHeNaTb MNyTeM B3ATHA COOTBETCTBYIOI(HX LINYPOB), MOAYUHM
u3 (5.37) m (5.38) cOOTBETCTBYIOUME «COOTHOIIEHMA YETHOCTH» s

CKaNfAPHMX (yHKIHit 1‘}(1?,?_,:

¥ == =x  8F (0) =% (—x.
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[Tpou3soas 3nech mepexox kK Qypbe-o6pasam, umeeM:
B (k) = —o{3) (— k), (5.39)
o3 (B) =97% (—A). (5.40)

5.7 CootHo:uenne (5.39) AaeT HaM BO3MOXHOCTb HeMEJJNEHHO Bbi-
lHCaTh CNEKTPAJbHOE MPeACTaBIeHHE aas (YHKImi c(&) (k):
B (k) = 2mi B (—RO)p,, (R?) =
[o o)
= 2ni f b (—A0) B (K2 — M) p, o (M2 dM2.  (5.41)
(M+m)?
ToncraBasia 3TO CHEKTPaJibHOE NpPEJACTaBAEHHE, PABHO Kak H (5.26),

B COOTHOWIEHHs, Noxyuawunecs u3 (5.17') nepexoxom x ¢ypbe-o6pa-
3aM, Modydaem: '

% (B) = — 2m18 (k%) p, o, (B) +35% (&), )
M
|

[4 ; 3 ret
(D (k) = — 2mi B (— RO) py o (£%) 4 0T (R). )
TakuM 0Gpa3oM, B YaCTHOCTH, YCTAaHABJIHBAETCA, YTO, KaK M B 603eB-
CKOM CIyuae, MpH Makblx mMnyabcax k2< (M- m)? dypbe-o6pasn
BCEX TpeX «I'PHHOOGPa3HbIX> (YYHKIHH COBNANAIOT:

o (k) = ¢™ (k) =" (k) npm k2 (M -+ m) (5.43)

5.8. Koib ¢xopo yCTaHOBAEHb CHEKTPaJbHble IIPEACTABJIEHHA
(5.26), (5.41), cgoiicrea cnekTpanpHLX Gynkuuit (5.30.2) u (5.32.2),
dopmyasl (5.42) u coornomeHnua (5.40), To maabHeHiLWe paccyxgeHHS
MOXCHO NPOBECTH, NOCAOBHO MOBTOPAS BBIBOJA MpebLAYWEro naparpada.
[losToMy BbIIHIIEM CPa3y «CAOMKHBIEY CNEKTPANbHLIE NPEACTABACHHS

(5.42)

18 rpuHOOGpasHLX dyuxumii ol oI% m 3V
Py2 & dt

+

o\ (p) = ~(p2— MH""!

n+1 o
D e— T E—pr—12)

n
+ 20— my Gay
Jj=0

Py (&) d%
(L — MY+ — p2 T 1epf)

q(la’ge‘f)(p) — (p? _ ‘Mfy)ll-{-l

(M +m)?

n
Y AP — . (5.45)
=0
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5.9. Yno6HO Taxxe HMETb CHEKTPaApHbie NMPEACTABIECHHH, 3aMHU-
caHHble B HECKOJNbKO HMHOM BHAe., lIMeHHO, BBEIEM BMECTO p, . JABe

neoTpHlaTeabHbe B cHAy (5.30), (5.32) dyHxumME:

42 V2
p1(¥) — p—Q(T)— pr (+%) + A (V )
Ji()= " Jo () = 7, (5.46)

rac v =V =]k Torza
(7Y p1 () + p2 (4F) = (kY — ) Iy (1) + (R 4 ¥) J2 ()

(31CChb Vv CUMTAETCA CAMOCTOSITENbHOH, He 3aBucsweHd OT R mepeMeH-
110it), H €CAH Mbl NOCTPOMM KoMOHHAUMH (5.2D)

Z0 (k) = (k1) ot (R) -+ o (2),

1O NOAYYHM 1J5 MOXHOH TPHHOODPAZHOH (HYHKIHH AL (k) cnexTpalb-
H0C MpeacTaBlIeHHe

3 n+1 (k—")f () + (& + ’)Jﬁ(V) Y
(]) = — (k2 — M) f LA EE 920 e
(A +m)?
+ (AU +Af) + (£ @t‘l‘>+91(f>) (kz—M2)+...
(5.47)

XKerasd yCTAHOBHTH CIEKTDANbHLIC NPEACTABICHHUSA 117 KOHKPETHBIX
pyurmuit 3%, B0y ¥V nazo amub BuGpars 31eCh COOTBET-
cTBYloulee nMpaBuio o6xona nomoca k2 = M2
Uro6bl npusecT# npeacraraenue (5.47) k enie 6oree HarasHOMY
BPIIly, 3aMeTHuM, 4To pa3n0c’m
(k':_Mz)nH 1 (IS—M)2”+2 1
2 — Mg)n+1 v ——/’2\ (‘I—M)2"+2 v—§F

(kf!,_M‘Z)"Jrl 1 __(/\B~M)2"+2 1
(.’Q_M‘Z)ﬂ-f-l v—f—l;; (‘4—|—M)2n+2\‘+k

AABISIIOTCA 110 OTHOLIEHHMIO K £ noAuroMamu creneHHd 2n -+ 1. [Tostomy,
¢cad 06pa3oBaTh TAaKHE PA3HOCTH MOJ MHTErpajaMH B (5.47), T0 B Kax-

AOM  4YjleHe TIOJIMHOMA MHOXHUTEIb k B COOTBeTCTByIOIILeld CTCIIEHH
IpocTo BbIIleET H3-TI0ON HHTErpana nHTer‘pnpmaHHe o -+ npuizeacTt
K HEKOTOPOMY YHCAY—T. €. HHTETDHPO3AHHE TakoH Pa3HOCTH mnpuseneT

HPOCTO K MOAMHOMY cremeHm 21 41 ot .
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JT0 ndeT HaM BO3MOXHOCTb npeobpasosarb (5.47) K BHIY

Y (k) = — (k — My"*? /{_ A _{_19 DV

Y — k
4+ Bo+ Btk — M) ... By, (/3~M)2"+1, (5.48)
rae BBeJeHbi HOBHE CNEKTPAaJbHblE (BhYHKUHH
) 2/1 (o) e 2 ()
Kak u B 603eBCKOM Ciydae, MOXKHO NOKAa3aTb, 4TO
By =0,

1451 9TOrO CTOHMT JHilib PACCMOTPETH MAaTPHUHLIA 3JMeMeHT OT S Memny
ABYMS OJHOHYKJAOHIBIMH COCTOSSHHAMH, TOUHO TaK e, Kak B § 4 Mbl
pacCMaTPHBAAM MATDHUHLIH 93€MEHT OT § Mew1y ABYMHA OJHOME30H-
HbIMH COCTOsAHHsiMH. HakoHel, coorHoiieHne (5.18) NpHBOAUT K TOMY
CAEJICTBHIO, YTO

Bce B,, BeueCTBEHHBI, (5.50)

Ipencrasrenne Ueanena — Jlemana mad QepMHOHHOH dyuKuMM
puna momHO OBIO Obl NONYYHTL OMNSTL C TMOMOHUIbIO COOOpaeHHui,
COBEPUIEHHO aHAMOI'HYHBIX HCLIONb30BAHHLIM B LIPeJbIAyLUIEM Naparpage,
{IpH JONOJIHUTEJNbHOM IIPEANOJOKEHHH, TO CTeneHb pocta n =0, Mut
OnATH CTOJAKHYIHCH 37€CL C TEM MHTEPECHBIM (AKTOM, 4TO MPH Hauiel
cucreMe ycaosuit (§ 2) Mbl ZOMUKHBI BMeCTO (JOPMbi JarpailxHaHa 3a-
1aBaTh «CTEleHb POCTAY CHEKTPANLHOH (YHKIMH.



§ 6. MOCTPOEHWE AUCHEPCUOHHBIX COOTHOWIEHMMA

6.1. Bepremcs Terepb K BOTPOCY NOCTPOEHHS CTPOTOro Bhl-
BOJAA JUCHEPCHOHHBIX COOTHOWEHHHA.

3ameTHM, 4YTO MaTeMaTHYeCKH KOPPEKTHOE paccMOTpEHUE
«yeHabaonaemolt» obgacth TnoTpefyer [NOBOALHO FPOMO3AKUX
paccy:aeHuil, BHIOJHAeMbX ¢ HeoOw4HOR nsg ¢usuka nepau-
THYHOCTBIO. Hamomuum B 3TOH cBs3W, YTO HeyNaya Apeablny-
mux «0Gojee MpocThix» MonuToK [11]—[15] nocrpouts poka-
3aTeNbCTBO JMCHEPCHOHHBLIX COOTHOWEHUH OnlJa CBY3aHA HMEHHO
¢ ynorpebJeHneM apryMeHTallMy, KOTOpPas OKaswBaJach Heoboc-
HOBAHHOW MW HENPaBUJBHOM NPH paccMOTpeHun HeHalbsonaeMoit
obnracth. OTHOCHTEbHAA NMPOCTOTA AOKA3aTENbCTBA A/ pacces-
und Buepen [22], [23] cssana ¢ nNpocTuiM CTpOeHHEM HeHabJlo-
JaemMo#t 06JacTu B ITOM Cayuae.

Mgl BBIBEOEM AHCIEDPCHOHHBIE COOTHOLUEHHA A5 KOHKPETHOH
331a4yd O paccesHHH w-ME30HOB Ha HykJaoHax. [ng oneparopos
HYKJOHHOrO W Me30HHOro noJjeit 6ylLyT ucHoab30BaHH 0603Ha-
qenud §§ 2 u 3; mMmnyabcw p u p’ 6yAyT 0603HAUATHL TeNepsb
UMITYIbCHl HYKJIOHA, COOTBETCTBENHO JIO H TIOCAE COYyJapeHns,
nitgekCe S u 8’ —- COBOKYNHOCTB CMHHOBOTFO MW H3OTONHYECKOrO
KBAaUTOBLIX uYMCeN HYKJOHOB. VIMIy/jbchl W H30TONMHUYECKHE CO-
CTOAHMA MEe30HOB A0 H Iiocje coynapenus SynyT 0003HauaThed
uepes q, o u q’, p/. Mb takixe No-npexHemy OyleM I10/b30-
BaTbCsa 0603HAueHHAMH o == (p, S, p) 1 o =(p’, S’, p").

B naabuefiulem Gymem BCe Bpemsu CUMTaTh, uTO q == q’, cay-
nalt ke MX paBeHCTBa (paccesuue Bliepen) OyneM paccMaTpUBaTh
Kak npentea q'— q npu q = q’; Takum o6pasom, xorna mur 6y-
IeM TOBOPHTbL O MATDUYHBIX 3J€MeHTaX S-MaTPHLbI, (HaKTHYECKH
y Hac Bcerfa 6yayr ¢urypupoBaTh MATPHUHBIE 3JEMEHTH Ma-
rpuuwt (T (cp. § 1, mepen dopmynotr (1.17)). Torpa, ecam
HCHO0/b30BaTh OOLIYHYI0O B TCOPHH paccefHns HOPMHUPOBKY,
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Manl/l'{HbIﬁ 3JIeMEHT Nepexona 3anulieTcds B BUIE

S qo q)=(,S q |SIp. S a0 = ]
= (p", §'[a{) (@) Sa{"(@]p, S}, } (6.1)
P=4Ve+M, . ... @=+Vatm

rie Mbl Bocmodb3osatuck (2.10). C nomowsio nonyuesus 1. (3)
w3 § 2 ™Mb MOmeM, NpoBoA1 NpeoGpasosanue Tuha (2.20)—
(2.22), npuBecTH 3TOT MaTpuuHbli d7MeMeHT K dopme

S@ q;0,q)=

1 . ellwre—qy ., ) |
— — _ \—_A.'"'_\S : > ]
(2,:))] dxdy 2V v ¢ v, § B9pr (£)7%, (¥) ]p S)
W=V M, ..., ¢=+Vaq+m
(6.2)

KOTOpa® HOCAYKHUT OCHOBOY [AJR HAIMX AaabHeRUIMX paccyx-
feHuit. :
6.2. Jlas wuccrenosaHns 37eMeHTa nepexoaa (6.2) BepneMca

K PACCMOTpEeHHIO BBeJcHHHX B § 3 dyHkuui FY) (x). Bsaezewm,
coBepuieHHO TaK xe kak u B § 4 (dpopMmyaa (4.1)), dypre-06-
passl TUX (GyHKUMHA:

!

(?) __
Fau) (x) —_— (211‘,)4

f dk e TS (k). (6.3)

[Moncrasaas teneps B (6.2) Buipaxenue (3.20) a1a matpuy-
HOTO 9.€MEHTA TPHUUXHHOrO pPalUaUMOHHOIO Ofeparopa U BHi-
NO.HAA MHTerpHPOBAHHE MO X Uy, MOJAYUUM BbIpAXKeHUE 1as

S(a,q; w, q)uepes TOALKO UTO BBELEHHbLY $ypbe-00pa3 T (R):

).

(

B nanbHeffmiem nam OylnerT ynobuee paboTaTh He HEMOCPEN-
¢r3xi1d ¢ S{x, @, q), a ¢ BcnoMorare TbHOW BeNMUHHOH ---

. 27,7 B , , + g’ ]

S ’ H ’ ! - —_—_— - - T;?o) q q

@ @0, @) = St bt —g — T (L), |
TS YT — T |

pP=Vp+M, . .., ¢=+Vetm |

6.4)
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«3aNna3AbiBaoUIUM» Man HYHBIM 3JEMEHTOM
H(x, q; 0, q') =

i/e-ay) , , 0f, (¥)
dx dy® .S [g_f__! L S) =
@R )*f Vg g (p e o | S

Qi 7y pret (q +4q )
— Tio 6.5
= Vicia o(g+p—q—p) (6.5)
3ameTtum Teneps, uto B cuay (3.33.2)

(c) ‘1+‘1’)__ rct(fl_'i_—j_’ (4(_(14—‘1’)*
Totw( 2 Taw 2 =P T 2 -

pp’ e

. q+q
=fe—l 2 PP' F( )(x)dx

Moictamaas cona nas F,.)(x) popawenue (3.30) uepes cymmy no

10 MoK cucTeMe (pyHKUHI M BLINO IHAS UHTETPHPOBAHUA MO X H IO K,
{101y UM

T<c>(q+q)ﬂm(ﬁgi'):

@00 PO g0
=(2“)4i23(Vk?+M2 __L’J‘L__P ';P )X

n

AP ST 1), (0| K, 7Y (ko m L], O1P )| pip-goq. ©9

[Tostomy, ecam ofpasomars pasudcts S — H, B KOTOpOH HMNyabChl
W 3HepruM Gy1yT CBA3AHLI 3AKOHOM cOXpaneHusn ¢ +p —q’ —p’' =0,
[0 apryMeutT 3-phynkuuu B (6.6) oKawercsas PaBHBIM

VM4 — a0 +q0-po
WK, €CAM yYecTh BhipameHusi ¢’° u pd uepes TpexMepHLIe HMIYJIbCH,

VM, +e—ar + Ve Fqi— Ve,

Jlerko suners, uto ecau Gbl moChenHee BLIPANKEHHE MOTIO OGPaTHTHCA
B HYab MPH KAKUX-MHOO GeujecmeeHAHbiX 3HAUEHUAX UMIYALCOB p ¥ q’,
TO 3TO 03Hayano OB, UTO /A TaKoH KOMOHHALUHM MMOYALCOB MYKIOH
¢ maccol M wor 6bl PacnacTbCid Ha Me30H ¢ Maccoll m u cuctemy
B COCTOsSIHMM 71 ¢ MaccoH M,. SlcHo, uTo nociegHee Morao fiel cay-
UHTHCA TOAbKO npH M, KM — m. Himxe Mbl 1ONYyCTUM, YTO ¥ CHCTEMA
HYKJOH ~|- ME30H Hem CBsI3aHHBIX COCTOSIHHHA ¢ MACCOH, MeHbUWel CyMMbL
Macc Me30Ha H HYKJIOHA, T. €. UTO

Mp> M-+ m.
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Taxum oGpa3oM, uHTepecylOlUas Hac A-(DYHKIMS HEe MO@eT 06PauaTLeA
B HYJb H, CI€0BaTeILHO, PA3HOCTL S — /1 TOKACCTBEHHO PABHA HYMO.

Wrak, nns peassnsix YaCTHU,—Y KOTOPBHIX UMMYIbCH Belue-
CTBEHHLI, U anepzuu, CBA3UHHbBLE C llMﬂy./ledMll 06b1‘leIM pemx-
TUBUCTCKHM COOTHOUWEHUEM, NOLO0HCUMEAbHBL, — UL €ECAU1 Bbl=
ROAHAEMCA 3QKOH coxpaueuu;z 4-l/any.’Ibca, HUMEET MEeCTO paBEH-
CTRO

TS (k) = They (k), (6.7)

T. e. npHuuHHBP MaTpuuHblél anemedT S(2, q; w, q°) MOXHO
3aMeHNTb 3anasnsiBalomuM H (x, q; o, q'). TToxyepkHeM, uto ads
BO3MOXHOCTH Takoft 3aMeHbl gce CPOPMYTUPOBAHHBIE Bbillle yC-
JOBHA CYIUIeCTBeHHbl; TaK, HHXKe, DX PAaCCMOTPEHUH TNOBeAeHHT
3aMa3AbBaloulero MaTpPHUYHOrO 3/eMeHTa B HeHabmojaeMoi o6-
JaCTU OTHIOAbL Heab3s OyaeT nouaarath Bbipaxenue (6.6) pas-
HBbIM Hya10.

Huxe Mot pce Bpema Oynem paboTars ¢ 3ana3nbiBalOLIUM
MaTpMuHbiM 3/eMeHTOM (6.5), caenoBatenbHO, ¢ Gypbe-06pa3oMm
T (k). ¥YcrtaHOBWM BecbMa Ba)KHBIE CBOWCTBA CHMMETPHH €ro
9PMUTOBOH M aHTUSPMUTOBOH uactefl. 3anuceiBas

ool (B) = D, (R) 4 iA,, (k): Dl (R) == Dy, (R);

Ang (k) = A, (R), (6.8)
M cpasHuBas ¢ (3.42), BUAMM, 4TO
D, (k) =T,, (k); A,,mrk)-—— T, (k). (6.9)

[Tostomy, ecau mepefith Kk ¢Qypbe-06pasaM B COOTHOILEHHAX

cuMmerpun (3.43) — (3.46) ana dynkuuit Fm (x) mn F,,(x), 10
HeMe[IEHHO YCT4HOBUM CBOMCTBA CUMMETpHM SDMHTOBOW U aHTH-

3pMuTOBOH uacTel dypne-06pasa Tow (K):
(l—+—PPPv)Dm(ﬁ"ﬂ_)=(1._;_PW)DM(_",?’_)’ (5.10.1)

(1—P,) D,y ("*")=—(1+PQP)D (-1

(6.10.2)
<1+Ppp')Aw(‘”2"')=—(1+Ppp>Ac, (25 )(610 3)
(1_.ppp.)Aw(‘/Jg ’): ) Age ( t"'). (6.10.4)
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6.3. [laa nanpnednlero rnocTpoeHus HaM Oyner ynoGuee
1eTa/qu3HPOBATL CUCTEMY KOODLMHAT. DTO OrpaHuyeHue He OyJier,
KOHEYHO, MPHHUUIMNAIbHBIM, — MOMKHO Ob10 6bl  MPOZOIKATH
pacCcyXieHus ¥ B NPOU3BOJIBHON CHCTEME, AEHCTBYA C COOTBeET-
CTBYIOUIMMH WHBADUAHTHLIMH BeauuHHamu [24], [25], — oxHakKo
crieuuasbias CHCTeMa KOOPDAHMHAT YNPOCTUT BbIKJainku. FIMeHHO,
BOCTMOMb3yeMCH 0OlenpuHATON Tenepb cHCTEMOH, B KOTOPOH cyM-
Ma HUMMYJIbCOB HYKJIOHA A0 W MOCIEe pACCedHnst paBHA HYa0:

p+p =0 (6.11)
JTa cucTeMa TNepexoAuT B JAa0OPAaTOPHYIO 11pDM  PACCMOTPEHHH
paccedHuq BMepei.
B cury (6.11) 8 usbpanno#t Hamu cucreme 6yjper p2=—=p’2
11, 6J4ronaps 3aKoHy coxpaHedus sHepruu ), takime u % =q’%
Haaee, ucno.ab3ys 3aKOH COXpaHeHUs MMILy.1bca, HaWzeM, uto

p=151 w @+q)p=0.

ﬂoa'romy MOXHO IIOJIOXUTD

4
qj:;—qaz-/.e,
rie e-—HopMaibHnil K p opr, e2=1, ep==0, a ~—— Heko-
Topuiit ckansp. Takum o6pa3om, Mbl MOXKeM BLIPa3uTb B HaweH
CHCTeMe BCe YeThipe BeKTOpa P, P’. q U Q' uepe3 ONMH BeK-
TOp P M OfuH CKalsp » (OPT € NMpH 34JaHHOM P MOXKHO CUH-
TaTh (PUKCHPOBAHHLIM):

P =p |
p'=-—n. Lqt
e (6.12)
q =—p-+e I
q =p-+tie |

Yepe3 Te e BeAMUMHLI BBIPA3ATCH U UETBEPTHIE COCTABJIAIOLIHE
UMITY AbCOB:

P — o — VAT
=g =L YR TR =E (6.13)

1) 3a1ech ¥ Hmxe ueToipe 4-BEKTOpPd HUMNyAbca CBA3aHLl 33KOHOM
coxpanenus p{-q—p’' —q’ =0.
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BMecTO . MOXHO HKCMO/NbL30BAaThb B KaueCTRe HEe3aBUCUMOH nepe-
McHHOW TakxXe ¥ SHepruio E Me30Ha; Bolpamenue ) uepes E
6yzer colepxaTb UPPAUUOHAJIBHOCTD

h=V E2—m2—p2. (6.14)
B BLiGpanHo# cucTeme koopauHat oOpaueHne popmyn (6.3)
nact waM Aas ¢ypbe-o6pasos (yHKuui Fo) (x):

T(E, &)= T{) {‘Lﬂgi)= / ! FZ 1) () dx. (6.15)

1w ¢ypbe-o6passl MOKHO OyAeT paccMaTpuBaTh TeNepb, Kak
¢yuxuuu E u e, npuueM 3aBUCHMOCTH OT E BO3HHKHET KaK SIBHO,
TAK M HEABHO, uepe3d dyuxuuio k (F) {cM. (6.14)]. Yrobn u3ba-
BUTbCH OT cozepxawehcs B (6.14) uppauuoHaIbHOCTH, MH
BBENEM OMepalud CHMMETPHU3AUMH N[O € U aHTUCUMMETPH3auuu
no € ¢ TNOoCHelyloulUM JejJeHHeM Ha A, MONOXKUB Aag JA060H

fle, 4

Sefle, N=/f(e, N+ f(—e, N, |
1 (6.16)
Uefle, W= {fCe, h—f(—e 1},

¥ OyneM paccmMarpusaTh jaJjee He caMu GyHKUUH Tfjf,(E, e),
HO TO/NbKO HX CHMMCTDH30BAHHHE WU AHTUCUMMETPU30BAHHbBIE

komGunaunu ST (E, e), S=8, nm Ue.

IMockoabky X u e BXoaar B (6.15) ToabKO B BHIe MNPOM3-
BeleHHUs, TO ACHO, 4YTO npnMeHas K T onepawuu S, Mpl npu-
AeM K GYHKUMSM, 3dBUCTINWM TOJbKO OT A%, T. e. He comep-
Kawum Goxaee B cBOeft MOJHON 3aBUCHMOCTH OT E KBaIApaTHOro
KODHS.

6.4. 3ameruM Tenepsb, uro nepemenHoft E B (6.13) no cywecrsy
HeNb3sh TPHAaBaTh MPOHU3BOJbHbLIE BEUIECTBEHHBIE 3HAUCHHUH,
HefictBUTENbHO, ecau Mbl BHGepeM

|E| <V mz4-p2, (6.17)

TO ) CTaHeT MHHUMBIM, 4 CJE€L0BaTeIbHO, npOCTpaHCTBeHHble Co-
CTABJIAIOUIME BEKTOPOB ( ¥ ' — KOMIIEKCHBIMH, TPHUTOHOMETpPH-
yeckne ¢yHkuuin B (6.15) nepefinyr B runepbonuueckue U
HHTErpupoBaHue Mo NPOCTPAHCTBCHHBIM COCTABJAOUINM X norte-
pSeT CMBICT M3-332 3KCHOHEHIHAMhHOrO BO3pacTaHdus Ha Oecko-
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HeunocTH. DTa o6.gacTb 3Hadenuit 3Heprum E nasbiBaerca He-
HaOA1008eM0L 06aacmyio.

[TpocTo OTKa3aTbCsl OT paccMOTpeHHMs 3uepruft us Henabmo-
aaeMoft obaact¥ Heab3d, MOCKOJABKY B IpaBO# uaciu gucrnep-
CHOMHBIX cooTHoweHuR (cp. (1.6), (1.10)) noa uHTerpasom
yuacTBYiOT 6Ce 3HAYEHH: 3Heprud. IJTa TPYAHOCTb HEUB3OEKHO
OK43biBAE€TCA «KAMHEM NPETKHOBEHUS» BCAKON NMOILITKH BbiBECTH
AMCTIEPCHOHHBIE COOTHOWEHHA 0e3 rayboKOoro HCCael0BaHUsd aHa-

2

THTHYECKOTO MoBeseHnst GyHKuud TLo.
[losToMy nanma paccmoTpeHus Henabaionaemoft oO6JacCTH HaM
npugercd ApubernyTh K 06XOJHOMY MaHeBPY: Mbl CHayaxa pac-

CMOTPHM  DYHKLUU T,,(Lfﬁ(E) B HabmonaemMoft o6mnaCTH, rie Mol
MMEEM MPaBO N0/b30BaTbCH ONpeeneHueM yepe3 uarerpan (6.15),
3aTeéM Mbl YCTaHOBHM HX aHAAUTHYECKME CBOHCTBA M MOKaMeM,
YTO MX MOXHO 6yeT aHaJIUTHYECKW NMPOMOMKUTL U B HeHab.io-
naeMyi0 obnacTb, B KOTOpo# camu uHTerpann (6.15) yxe te-
pSIOT CMBICJ.

6.5. Ilna ueaeft TaKoro aHaAUTHYECKOro MPOLOIKEHUA HaM
Oyaer yno6HO paccMaTpuBaTh CHayala uHTerpainl (6.15) He
KaK QyHKuu® oinofl nepemeHHod E '), a kak ¢yHKuMu AByX
HE3AaBUCHUMBIX NEPEeMEHHbIX E n T, rie

t=F?—p2—)2% N=F2_p®—=. (6.18)

Takot nMOAXOM SKBUBAJEHTEH, KOHEYHO, TOMY, YTO Mbl IOKa
XOTUM pACCMATpH3aTh BpEMeHHbE W MPOCTPAHCTBEHHBbIE COCTa-
BAAIOILNE BEKTOPOB ¢ W ¢, KaK HE3aBUCHUMbIE, C TEM, 4TOOHI
AWML B JatbHeHLieM HaJOXKHTb HA HUX yca0sut ¢%2=q'% = m?2,
Hro6u nepeftTu K peanbHOMY CJIyualo, HaM Hano GyneT NoJA0KHTh

T=m?2, (6.19)

B nepemenunix E u 1 uHrepecywouue Hac ¢ynxuun T
OyayT OMpeneasiTbcsi MHTErpataMu

T (E, T):fe"‘E””’"'”"""‘*'mF"“(x) dx, (6.20.1)

TMV(E, 1) = fei (Fx*-) E*—p“—1 ex) Fa-lv(x) dx, (6.20.2)

1) Mbi GyaeM Tenepb MHTEPECOBaTHCA 3aBHCHMOCTLIO (yHKuME
? o
Tfm) (£, e) TonbkOo OT nepeMenHodl E, cuMTas BEKTOP €, PaBHO Kak
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"

T(E, <) = T (E,

T) =
= [ VE-P- e P, (6.20.3)

npuqu noKa OHW onpenedeHb (kak o606ureHHbie QyHKUUn F
M T) TOAbKO [as BeutecTBeHHBX E M 1. Ou1HaKO paccykieHue,

COBEpIIEHHO aHajxoruuHoe rnposesedHomy B § 4.4, nokasbl-
BAET, YTO B Cuay ychopusi npuunHHocTty (3.13), (3.14), 6naro-
Japst KOTOpPOMY

Fret(x)=0 nas x<O.

FPY(x)==0 am x >0,
byukunu Tret p T2V MoxHO pacwiupntb M Ha KOMIJEKCHBIE
3Hayenust nepemennbix E, t. Mmensdo, dyskuus

STret(E, 7)
Gyner anaaninueckoft ¢yukumeft E u A, peryaspHoli B obaactu
ImE > |Im}|

W TeM CaMbiM aHalUTHYeCKO# ¢yukuuch nepemennux E, <,
peryaapHoft B 064acTH

ImE > l Im Y E? (6.21)
Onepexamoman xe GyHKUUA
STAV(E, 1)
Gyner aHaauTuyeckoRl ¢yukunel E, 1, peryaspHo#A B o6.aactu
ImE < —|Im YV E2—=p%—=]|. (6.22)

6.6. Mbl XOTMM MOJYYUTb [HCMEPCHOHHLIE COOTHOIIEHHUS,
NOBTOPAS AAA Hawnx ¢ynkuuii (6.20) paccymaenud, KOTOpble
npupenn Hac B § 4 K crexrpasbHLIM MPEACTaBJAEHHAM BAKYYM-
HBIX CPEJHHX pajJHauoHHBIX ONEPATOPOB BTOPOro TOPAILKA.

¥ TEPEMEHIbe, BXOIMLME B HMHAEKCH a H o, (EKCHpoBalHbIMH. [lo-
3TOMY MBI, KOrIa TO HE MpHBEIeT K HEJOPAa3yMEHHIO, BOBCE HE Oynem
UX BBIMUCHIBATD.
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OcnoxHeHue 6yneT COCTOATh TENepb B ToM, 4to ¢yHKuuyu (6.20)
apJATCH (PYHKUWAMU OBYX INEpPeMeHHbIX (MOLuepKHEM eule pas,
qTO BTOPYIO MepeMeHHYI0 T Mbl BBeaH, 4T006bl MOWHO OBLIO
o6oitTh HeHalb.1ogaeMyw obaacte (6.17)), aHaNUTHUHBIMU B He-
KOTOPHX CJ0KHbIX o6aacTax (6.21) wan (6.22). Yrobn cBecTn
J1e]0 K Cayuyaiw ORHOW nepeMeHHOH, Mbl nonpoOyeM BpeMEHHO
(HKCHPOBATL 3HAYeHHWE < I NPHTOM TAaKAM 00Pa3oM, yTOOLI
rpaHuubl  o6aacTelt aHaauTHuHoCcTH (6.21), (6.22) ¢ynxuui
(6.20.1,2) nepectanu 6bl 3aBUCETb OT <.
a7 3TOro Mui BIOEpeM T BEULECTBEHHBIM U Y AOBAETBOPAIOLLUM
HEePABEHCTBY
—V <x<<—p? (6.23,

rie  V-—npousBoabHoe, HO (PUKCHPOBAHHOE MOJOWUTENbHOE
yucao. Jlerko BupeTb, 4TO [Jf TAKUX T HEPABEHCTBO

Im|VEE—p2—=|< |ImE] (6.23%)
OyleT BBHIMOJHATbCA AAg mobux E ¢ Im E +# 0.
B camoM neise, 3anuchiBas E? = u -+ iv, HaXOIUM, 4TO

(Im E)?= J/_ﬁg_i—ziﬂ:_u.

’

otkyna Buawo, uto (Im E)? eCTh MOHOTOHHO y6uiBawinas (YHKLHs Be-
mecteenHoit yacty E2. [1pu sbinoaneHHM ke HepaseucTsa (6.23) seie-
CTBEHHAA 4YaCTb NOJKOPEHHOro BbIpaKeHHs B neBoH yacTH (6.23) Momer
6BITL TOAbKO GoJbllie, YeM B MPaBoil.

CrenoBateabHo, Npu Bemoadeduu (6.23) dyHkuuun ST
u ST GynyTt aHaauTnueckumu ¢ysxuuamu E B o61actsax (6.24.1)

ImE >0 (6.24.1)
ImE < 0 (6.24.2)

COOTBETCTBEHHO. Y700bI BBLIACHHUTb, MOXHO JM CYHTATD 3TH
GyHkunH oaHOH aHaaMTHuecKoh dyHKuuelt, peryaspHolt aaq
scex ImE = 0, Hano uccnenoBaTh MoBeleHue pasnocTty

ST(E)== ST (E) — ST*"(E)

Las pemectBenHnlX E. [lonuepxkdem, uro 61aromapd orpasu-
uenuio (6.23) HenaOmopaemoRl obaactu Temepb, He Oyner, u
unterpaa (6.20.3) Oyner omnpeleasaTb 3TY PasHOCTb (KOHEUHO,
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BOOOuIE TOBOPsA, Kak 0O0OOILEHHYIO (GYHKUHIO) AAs BCeX Belle-
cTBenublx E.

6.7. 3aiimemcs uccrenosaHueM wunTerpana (6.20.3). [lpea-
ctapass ¢ nomouibto (3.34) T Kak CyMMY MOJOXHMTEAbHO M OT~
PULLATENLHO YACTOTHBIX (GYHKUHA B UCTMOJAb3YS 4% MOCJEIHUX
BoipaxkeHue (3.30) uepea CyMMy Mo MoaHOR cucTeMe COCTOAHHH,

q+q’):

nonyuyuM Adas Tm( 5

1Y, [ axeiEmren [ ak(p', 8| jy (0)[k 1) (k, 1]/, 0)]p, S)X

{J(lcf-_?’;_f"“)w-ﬂ(k_'”;” )x}

X e
— i Y P, [ axe’® N [ac(p, 8], )k, ) X

X (ki |j, 0], S) R e e DI
o — 4 ) A

WnTterpupya szecb cHayana no X, a 3aTeM mno K, W mepe-
XOASl K Hallel KOHKPETHOH cHCTeMe KOOpIAMHAT, HAWIEM, 4TO

Tow (E,2€) = (27)*i X, (—p, S |jo (0)| ke, n) (e, n|j (0)]p, S) X

X8 (E—V#R+ M+ VpP+ M) —
— @)1 Z(—p, Sy (0| —Pe, 1) (—re, n]jyr (O)]p, S) X
X B(E~+ Vw4 M%—V p2 4 M2). (6.25)

31eCb B CYMMax IO 7 B KOKIOM COCTOAHHM HOMKEH OHThb,
B CHJy COXpaHEHWs sAepHOro 34apsia, MHHUMYM OIMH HYKJIOH,
[TosTOMy HMBIIMMH MO 3HEPTUH wleHaMH B 3THX cyMMax OyayT
KaK pa3 COCTONHUA TO.IbKO C OJHUM HYK/JIOHOM. [lOCKOJBKY
BKJaabi OT TaKuX uJ€HOB MOWHO OYIET SBHO BbiYMCIUTh, Mbl
BbIE/IUM U3 TOJHOH CYMMBL (8.25) cyMMHpOBatue NO ONHOHYKJOH~
HBIM COCTORHMAM (KOTOpble, KpOMe MMIYIbCa, OYAYT MOJHOCTbIO
XapaKTepH30BaTbCA CIMHOPOU3OTONMUECKUM HulekcoM S”), a
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CYMMY O BCEM OCTANbHBIM COCTOAHHUAM 0603Ha UM uepes f,., (E, he):
Tow (E, 1) = fro (E, 1)+
+ @0 D=0 'y ) e, $7) (he, 874, (0], S) X

X3(E—V W4 M2 4V p? M) —
— (21:)41'32 (—p. 8| J, (0)| —he, S”) (—2e, S”| jor (0)] D, S) X
X 3(E+ VI a1 —V 5o £ M),

B BuimucanHbix snech cymmax sueprua £ BXOZMT Noa apry-
MEHTOM O-byHKUMH JBaXIbl— NPSMO U uepes A2, [lpeo6pazys
apTyMeHTbl O-¢yHKUMH K AuHeHHbM dyHkuuam F, Hafigem

EFV R+ M2 =) pr - M2) =

Ep (=
= I_Tpﬁ% 8(Ex=Ep (7)),

rae
202 -t

Ep (T):;{/ﬁ.

(6.26)

HMrak, Mbi Moayuuau, uro

Tau) (E’ T):fau) (E’ T)+

Ep(7)
+ )i —_—
() lll VY p2 - a2
X sz":(- p, S’ljp' (0)[)\e, 5" e, S le(O)I p, S)—

_(Qn)tt‘l-v—?’f)w G(E—Ep(v)) X

X SZ"(——p, §'1j, )] —re, S”) (—re, S"|jy (O]p, S). (6.27)

B(E+Ep(x)) X

3nak afcomorTHoll BeNMUHHL ¥ BBIAEHBLIMACA H3 d-(PYHKUHH MHO-
AuTenell MOwHO Oblno Gbl 31€CH H ONYCTHTh, MOCKOJBKY ANA HUTEpE-
CYomEx Mac 3HaueHuil p? M T 3TH MHOWHTEJH Bcerja OylyT NMOOWHU-

T€NbHbIMH.

6 3ak. 2670. Boroawb6os H Ap.
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Cosepiienno ana/noruyHo NpPeodpasyoTcs U S-PyHKLUUA B CyM-
Max, BXOASWHUX B f,, (E, 7). TlosToMy Mul MoxeM 3anucaTb:

E,0)=@mti § |1 —_2n 15
fro (B9 (w)zn;] | E g () @

X A{—p, §'}jer ()| 2e, n) ke, n| j,(0)|p, S)—

#(21—)412‘ )1 VE"":])W 3(E — Epy (1)) X

X {(—p, S |jlo(0)|—/\e,n> (—he, n ljpr ) |p, S), (6.28)

rie Ternephb

2p2 4« — M5 + M2
2V p + M2

Hccnenyem Tenepb «crektp» T (E) 6oaee moapobro. Ipexae
BCEro, Mbl IPEAMOJIONKUM, UTO Y CUCHEMb. HYKAOH — T- Me30H
Hem COA3AHHBLX COCMOAHUNL € MACCOU, meHbwield CYMMb MaACC
HYKAOHQ u me30na (KPOME CAMOTO HYK/OH4), T. €. YTO

My > M~ m. (6.30)

Takoe NPeANOJOKeHHe NO-BUAMMOMY OGOCHOBAHO C TOYKH 3pe-
HUs MMellerocs cefyac ONBITHOrO Marepuana. 3aMETUM, 4TO
MMEHHO B 3TOM IIyHKTE OYeHb BAXHO, YTO Mbl PACCMATPHUBAEM
TO/BKO CHJBHOE siilepHOe B3aHMONEHCTBHE M mnpene6peraeM He
TONLKO CNAGLIM, HO U JAEKMPOMAZHUMHBLM 83AUMOOCHCMEUEM.
JeHcTBUTEIbHO, B IPOTUBHOM CJyYae BCEerfla CYIECTBOBAJM Ol
COCTOSIHHSA THIIA HYKJIOH —|- HEKOTOPOE KOJHYECTBO (POTOHOB HJH
TUIA T-ME30aTOMA; HENPEpBIBHBI CNEKTP MACC TAKHX COCTOAHMM
nHayuHanacs 6ul HemocpedcTBeHHO oT M.

Ecau npuuars npeanoaoxenue (6.30), To sueprum Ep, (7)
6yAyT YIOBJIETBOPSATh HEPABEHCTBY

2Mm - 2p% -+ m? — =

Epn(t) =

. (6.29)

Epn(0)<— oV oT T AT =—FE.(3;. (6.31)
Wrak, cnektp f,,(E, t) Oyler uMeTb CcAeAyiCUIMA BUI: OT
E = — oono E=—E, (z) 6yner uMeTbCa HenpepbuiBHb criekTp 1),

1y Mpy=M-4m ectb mownaf TpaHMua HENPEPHIBHOTO CHEKTPa,
NOCKOJABLKY HMEHHO C 3TOTO 31IaYeHHsl HAUMHAIOTCHA MA4CChl COCTOAHMME,
BKJMIOYAIOLUHX 08¢ YaCTHUbBl — OJHH HYKJIOH H OAUH ME30H.
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o6ycaoB/ienHblll BTOpo# cymmo# B (6.28),3areM ot E =-—E, (1) 1o
E = E,(t) pacno/Jio)XUTCS paspuiB, B KOTOPOM HET YpOBHed,
a or E=-E,(t) 10 E=-o0c 6yner onirb MMeTbCs Henpe-
pHIBHBIA CIEKTP. )

Crektp ¢ynkuun T (E, ©) OyneT otauuathes oT cnekrpa f(£, <
A00aBIEHUEM BYX IUCKPeTHLIX ypoBHed ¢ E = == Eg(7) [(6.26)].
JleTaJbHOE TpeACTaBjaeHHE O Xapaktepe crnektpa T (E, T) BaxHO
M A AOKA3aTeAbCTBA CYLLEeCTBOBAHUS HUCTEPCHOHHBLIX COOTHO-
WeHHH U A9 HEMOCPeICTBEHHOT O NPAKTUYECKOTO UX NMPUJIOKEHUS.
[TosToMy BBIIMINEM 3JeCh KPHUTEPUH TOTO, YTO HU30JUPOBAHHLIE
noJca He nonaayT B 06J1acTb HEIIPEPHIBHOTO CIEKTPa, M BaXKHbIH
KpUTepu#l TOro, 4ro ABe 06.1acTH HenpepsiBHOro cnektpa T (£, 1)
He nepeKpuBawTCs ).

CpasnuBas (6.26) u (6. 29), BUAHM, YTO AHCKPETHEIH YpOBEHb
U3 nepBoél cyMMbl (6.27) HUKOrZa He CMOXET MOMACTh B 06/aCTh
HEeNpepHLIBHOTO CclleKTpa mepBoft cymMbl (6.28); Tak ke o6crout
0eJo W AJsg BTOPHX CYMM. B kauecTBe e ycaoBHS TOTO, YTO
IUCKPEeTHBI! ypoBeHb U3 MepBoft cyMMbl (6.27) He mnomager
B 00/14CTh HEMPEPLIBHOTO CHeKTpa BTOPOH cyMMul (6.28) (uan,
H2060pOT, AHCKDPETHEI}! YPOBEHb U3 BTOPOH CYMME! B HENIPEPHIBHbIH
CNEKTP MNepBOH), MK TOAYUYHM

M 2
P< T +G — (6.32)

Jlng paccMaTpuBaeMHX MOKa 3HAUeHUH T, OTPAHMYECHHLIX HEpa-
BEeHCTBOM (6.23), AOCTATOUHHM ycJoBHEM Gyaer

e

a ang peajpHoro t==m? yciosue (6.32) npusener K

M 1
2 [l 2 — 2 ”
p <(2m 4)m Ras T = m?2. (6.32")
Takum o6pasoM, NHCKpETHBIE YPOBHM HE TMONaayT B 06J1ACTh
IETIpEPBIBHOTO  CMEKTPa TOJMBKO JJAS JOCTATOUHO MaluxX p?,
YIOBJIETBOPAOLINX OJLHOMY U3 HEPaBeHCTB (9.32), T.e. AJs pac-
CesHWs HAa NOCTATOYHO Majble YFJH.

1) BolloaHetine nocrefHero Kpurepus Heo6XOAHMO s NpHMeHH-
MOCTH JaJbHeHIIHX paccy:xaeHutl.

6%
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K Takoro e pona, — 1O MeHee XeCTKOMY, — YCJAOBHIO NpH-
X04uM Mbl, Tpebyd, uto6ul He CMBIKAJUChL jABe 06MacTH Hempe-
puiBHOrQ cmekTpa. lMenHo, AAs NPOM3BOJBHOTO T Mbi MOJYUaeM
p2<Mm—{—m72—7§—. (6.33)

[MostoMy aas © < —p? ROCTATOUHO MOTPe6OBaTh, UTOOLI
p2 < (2 % -+ l)m2 o < —p?, (6.33)

a aas t©==m?2 ycnosue (6.33) cpeneTcs K

p2<Mm=(%)m2 s T = m2. (6.337)
Hakoneu, cpapHusas rpanuuy HenpepeiBroro cnektpa (6.31)

¢ rpanuue#t (6.17) nenabmonaeMofi 064acTu, BUAMM, UYTO HeNpe-
pHIBHBIl CTIEKTDP He NMONajaeT B HeHa6J10aaeMyl0 06/acTb TOIbLKO

Puc, 1.

zag p2=0, YTO COOTBeTCTBYeT paccesHulOo Bnepei. B apyrux
cayuasix XxoTs OBl yacTh HeHabadaeMolt 06JacTu OKasbiBaeTcy
3aHATON HeNmpepbIBHHIM ClleKTpoM. TakuM o0pa3om, B ciyuae
paccesHHst He BTepel Mbl HMEeM BKJaJ OT HENPEPHBHOT'O CHEKTpa
B HeHaGmokaeMoH 0O6/acTd, KOTOPHIH Mbl He yMeeM TOYHO Y4H-
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THBaTh. 3aBHCUMOCTH OT P2 A8 TPaHULB HENPEPHIBHOTO
CMeKTPa M TQNOXEeHHW AUCKPETHHIX YDOBHeH H300paxeHa Ha
puc. 1.

BepHemca Temepp K BONMPOCY O BKJAafe OT JAHCKPETHOTO
OJLHOHYKJOHHOIO YPOBHS. Buiyucienne cymM B (6.27),— KoTopoe
Mbl, YTOGBI HE NPEPHLIBATL H3J0XEHUd, OTHECEM B LONOJHeHUe B,—
MOKAa3biBAET, YTO STH CYMMB! MOXHO MPENCTABUTH B BHIE

— 3 ___E}ﬂ_ WA are Y "
X ()\e) S” |jp (O)\p’ S,> l E:—Ep (7) :g2 (‘C)B (T’ p)’ (6'34'1)
Ep(x) . s o
e | T [ B (TR S, O (e S X

X (—e,S"|jy () |PS) |popyy = £ D AG.P), (634.2)

rae g(c) copnagaer npu T—m? ¢ Haba0JaeMbIM fAfepHHIM 3a-
pALOM pealbHOro Hyk/aoHal), a o¢yukuun B(x,p) u A(s,p)
(SBHBIH BHJ KOTOPBIX NPHBOAUTCH B jAonotuenuu B, dopmyna
(B.18)) sBaAsOTCS aHAJIUTHYECKHMH (YHKUHAMU TepeMeHHOH =
BO BCefl KOMNJEKCHOH! IJIOCKOCTH.

HTak, Mbl yCTaHOBU/IM,— NOKa TOJAbKO AJS BELLECTBEHHHX OT-
punarensHblx T < —p?, -——uro T(E, ) NpeacTasifeTcs B BHAE

T(E,x)=f(E, ) —2wig?(x) B (z, p)d (E+ Ep(‘c))—
— 2mig? () A (5, )3 (E—E, (1)), (6.35)

rae
2Mm — 2p2 -+ m?— =«

Wt

fE,)=0nm |[E|< (6.36)

6.8. TMoAHTOXKUM NOJYUeHHHIE IOKA pedyJbTaThl. MH ycTa-
HOBUJIH, YTO NPH BBINOJHEHHH ycioBua (6.23):

a) ST™(E,x) 6ydem anarumuiecxoi gynryuei E 6 06-
agemy ImE > 0;

1) O6pACHEHHE TOFO, YTO Mbi IOHHMAEM 10J STHMY CIOBAMH, CMOTPH
HpxKe B nyHkre 6,12,1,
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6) ST*"(E, <) 6ydem anarumunecioit oynrxyuei E 8 06-
aacmy Im E < 0

B) Ha epanutte smux o6racmed, npuy ImE = 0, PA3HOCMb
T(E, <) npedcmasasemcs 8upascenusmu (6.35,36). Mpu smon,
ecru sbinoanens ycaosus (6.32) (uru xoms 6w (6.33), wo
Hudce Mol 0yOeim npednoaazams nepsoe), mo Ha 2panuye 06-
aacmed  (6.24) umeemcn Hexomopwii OMmpe30K Heny.esol
daunel, na Komopom ST(E,<)=0.

O TMIC  —— UM PAINETE. —w - KOHITIL LI UIORTH

Puc. 2.

Hostomy, nosropsis paccyxaenus § 4, Mbl BUZHM, uTO:
STE,<) n ST*"(E, ©) moscno paccuampusams,  KaK

00ny anarumuneckyio dyuxuwo ST(E,z) om E, ¢ sunusnu
paspesa 800.4b BeujeCmeeHHOl ocu npu

2Mm —2p24-m? —« 2Mm —2p* - m? —=
E< T e M ES T oy g
u ¢ noarwocamu 8 motrKax
E= —__*—Ep ),

803pacmanuyi0 Ha OeCKOHedHOCmU ne 6Gboicmpee NOAUHOMA
cmenenu n
(cM. puC. 2; Mbl CYMTAEM BHIOIHEHHHIM Yca0BHsA (6.32)).
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Taxkum o6pasoM, Kk yHKIHH
ST(E, ) 2Mm —2p2+-m? —=
g(E)——(E Eg) L’ | Eo| < 2V MTF pe
MOXHO NMPUMEHUTb UHTErpa’bhylo popmyay Kown ¢ koutypom C

(puc. 2), KoTOopas NpUBEAET HAC K COOTHoweHHW (E — koM-
naekcHo!):

+cotie
ST(Ex) 1 J‘ ST (E',x) dE’
(E— Ey+t — 2vi ) (B —E)tT(E'—E)
— 00+ 18
+00—1je

e J‘ ST(E\n)dEr
(

2ri E/ — Eg)"*+! (B! —
—co—18
| p_ Sf(E.ME £%(x) SB (v, p) .
“27:1_4‘ (B! — Ep)"*Y (E'—E) (— EP*EO)”“(—EP——E)

&% (<) SA (s, p) + Vo =
— P EQ) E7.
(Ep— Eo)" ™ (E, — E) o :< n)2

OcBoboxaasck 3aech OT 3HaMeHaTeds H 3ameuad, YTO B CUAY
(1.13) (n~} 1)-e crenenu NpH MmoOJXOCAX B TOukax E——-iEP(t)
MOXHO YHMHYTOXHMTb 3a CueT INlepeonpepeneHds KO3PPULUUEHTOB
y nmoaunoMa mo E, MH MOJAYYMM JQUCTIEDPCHOHHOE COOTHOILEHHUE:

NG
o7 _ (E—E)"*h / Sf(E, =) dE”
bT(E, T)——“‘——QT——‘ (EI_EO)(IZ+1) (EI__E)+

— 0o

2 (v T, 2(z) SA (,
_1_g(E)4S_BE(p p)+g()3 ( p)+ Z ¢, (3, p, E) E"
o<r<n)

(6.37)
(E xoMmnuekcHo!).

[MoxuepkHeM ele pas, YTO MB YCTAHOBUM 5TO COOTHO-
WeHHe 2xUs 048 ompugamenvuox — V < t<——p? Hactosmue
Xe JUCIepCHOHHBIE COOTHOLIEHUd, CBs3bBAOILUE (DUHYECKH
peasbHble BeJUUMHBI, noayuuauch 6b u3 (6.37) nocae nepexona
K Tpegeny BemecTBeHHBIX E Toabko, ecan Ovino Obl ycTa-
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HOBJIEHO, 4TO 3TO COOTHOLIEHHE OCTAeTCS CMpPAaBEAJUBHIM M ILid
T=m?2

6.9. Uro6bnl pacwuputh 064aCTh T, AJAS KOTOPHIX BEPHO
cooTHowenne (6.37), Mbl 80CRO.2B3YEMCA MEMOOOM QHAAUMU-
yecko20 npodoadxcerus. Jlas srtoro naMm mnotpebyeTcs 3HATh
aHaJuTu4eCcKue cBoficTBa ¢ynkunu f(E, ©). Uccnegopanuio aToro
Bonpoca OyneT MOCBSlLEH C/elYIOWUHA maparpad, B KOTOPOM
Mbl YCTAaHOBHM o0O6lide aHaJUTHUECKHe CBOHCTBA ¢ypbe-06pasa

7 '4
T, (q—i?—q) I/ TIPOU3BOJBHHX p, p’ W (—I——-EL Celiuac xe Mbi,

HECKOJIbKO 3aberas BNEPeN, BOCHOJb3YEMCS MOJNYYaeMBIM TaM
peaybTaTOM, KOTOPHH, B NpuMeHeHdn K Hauwedt pyHkuuu f(E, 1),
PJAACUT, YTO:

Ecau 8ce nepemennvie E, © 1 )\=VE2——p2——'c geujecm-

BEHHBL,

—V L < (I 4-pym? (6.38)
(p — Hexoropoe noaoNcUMeEAsHOE O0CMAMOUHO MaL0e HUCAO,
a V —npoussoasnoe, HO @Bukcuposannoe, NOLONCUMEALHOE
Huca0) u pt yY008aemeopaeMm YcAOBLIO:
_M
M+m
mo gyniyuio Sf(E, t) MoxcHo npedcmasums 8 opue

SFE, ©)=F,QEV MTHpr+ 9+

—-F,(—2EV M2+ p2+=; 7). (6.39)
Hpu smom ¢byuryun F (& ) u Fy(§ <) 6yoym o6aadame
csoiicmaanit.
(a) F;(& ©)— 0006wennsie pynkyuu nepemennol
(6) F;(& t)— anarumuseckue GyHKyuu 8mopoi nepemen-
HOI T, pezyaspHue 8 o6aacmuy:

—V < Ret <1 +4-0)m?, |Imt|<pm?  (6.40)

p?om? o= (6.42)

(8)
Fi(5; )=0 n1s §< 2Mm—+ m2—2p2. (6.41)

1) Hanvieiiume wccaegosanvs B. C. BaaaummpoBa mnokasand, yTo
9TO YMCAO ¢ MOXHO YBEJHUHTL 1O KpadHeil Mepe Ao 3HaueHHS o = 2,56

(npu % =T7)[27]. (ITpum. npu xoppexmype.)
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Uro B 9TOM mpefcTaBJeHUH ABAAETCA CYLWECTBEHHLIM, a UTO — TPH-
BHAABLHLIM ? UTO6b BHIACHHTHL 5TO, 3aMeTHM, 4T0 coraacko (6.28) f(E, 1)
COCTOMT M3 JABYX CYMM, lepBas H3 KOTODHIX O6paliaercs B HyJab LiIf
E < E.;(x), a Bropaa —nia E > — E, ().

Eciu BBeCcTH Tenepb, B KauecTBe apryMelToB liepBOH CyMMBl BMe-
cTo £ ¥ T BeJUYHHbBI

8, =2FEY M>Fp2+tur,
a B KayeCTBE apPryMeHTOB BTOpoy —
g =—2FV M2 Fp2-+tmr,
TO Mbl Cpa3y noay4yaeM pis f(E, t) npeincraBleHHe:
F(E, vy =Fi1 (g 1)+ Fo 8y <) (6.39%)
Fi 6 ©)=0 nus £ 2Mm -+ m® — 2p?, (6.41%)

rine

MpHYeM NO CyuleCTBY, YTOObLI JOCTHTHYTH TAKOTO MpEICTaBJAEHHs, HO-
cTaTOYHO mnoTpeboBaTh He BLIMOAHeHHs (6.23), HO IPOCTO TOTO, UTOOH

E, = u k=7 E: _—p?—r Oblum Obl BCE BELIECTBEHHHI.

Kak MH BuIMM, TPHBHAJIbHOE NpENCTABICHUE (6.39%) Tox recTBeHHO
¢ npexacraBreHdeM (6.39), koTOpO€ MBI co6upaemcs HCNoab30BaTh (TIpH-
MeHeHne onmepatropa S Huuero ne Menser). Jlia npeicrasienns (6.39%)
BBLTONHAIOTCS u cBofcTBa (B) (6.41%) u (a) (NOCKOABLKY BeAKas (yHKUUA
BOOGIIE TOBOPS — 0606 IIeHHAR).

Taxum 06pa3oM, CYUieCTBEHHO HETDHBHANbHbIM COLEPKAHHEM Npen-
crasnenns (6.39) ABifercd TOJMbKO CBOHCTBO (6) — aHAIUTHIHOCTH
dyuaxuuit F; (§, 1) Mo BTOPOMY apryMmeHry B obaacru (6.40).

TMokaxem Terepb, uTO W3 mpencrasienns (6.39) Gyaer xe-
nOCPeOCMBERHO 8bLMeKAmb CnpasedAusocny ducnepcuoHH020
coomnouenus (6.44) u 04R HYHCHbLX HAM 3HAtEHUY

T = me. (6.19)
6.9.1. Bubepem crepsa ONsTh Kakoe-Au60 OTPULATENbHOE T,
yaosaetsopsiouee (6.23). Ilas takoro t 6yAyT OLHOBPEMEHHO

CrnpaBel/IMBHIMH H NPEACTaBACHUE (6.39) u 1MCIEepCHMOHHOE COOT-
Howenue (6.37). Toraa, moacrasass (6.39) B (6.37), Haiinem:

ST(E, ©) =@ (E, ©)+

2(1)SA(s p) | () SB(, p) .
+EE S+ g e+ X G B

o<r<n)
(6.43)
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TAe Mbl HOJIOXUIAH

1
O, 5= E-E""

2ni
+on
dE"F QE"V ME I p¥ v
NSl
—C0 (E”—__—t___.__E>(E//7 t'—"—EU)
2V M |- p? 2V M p?
(E-—— Eo)n+1
+ i X
« }m dE"Fy QE"Y MEF p ©)
o (—E” + __r —-E) (__ E" 4 _T_____Eo)n+1-
2V M2 p? 2V M F p2
(6.44)

HccaenyeM aHaIUTHUECKHe CBOHCTBA BBeleHHOI 9THM OnpefeleHHeM
¢dyuxuun @ (E, 1), Yrobbl uCcrenosarh aHaJIMTHYHOCTL [0 OTHOLIEHHIO
K nepemeHHoil E, BoCNoOJb3yeMcs TeopeMoii:

Dynryus f(E) 6ylem anarumuueck0l pyHryueld 6 maxoi 00-
Aacmu U3MeHeHUS KOMNAeKcHod nepemennoll E, 8 komopoi 3name-
nameab (E — E’) He OOpaujaemcst 8 HYAb, KOAb CKOPO 3my B YHKHUIO
MONCHO npedcmasume 8 §uoe

¢ (E’) dE’

f(E) :é m y (6.45)

- 20e ¢ (E'Y— npou3sonvras pyHKyus, 02paHu4eHHAS AUUb meM mpe-
606anuem, 4mols unmezpan 8 (6.45) umen Go. cMbiCA.

Jna ¢ysxuni ¢ (E’), KBaipaTMyHO MHTErpHpyeMblX, 3Ta TeopeMa
XOpOINO HW3BECTHA B TEOPHH (YHKUHII KOMIUIEKCHOTO NepeMeHHOro;
MOXHO TIOKa3aTb, UTO OHa COXpaHseT CHAY W ecau ¢ (E/)—oGoSuieHHas
¢yHKUMA, UHTErpUPyeMas B HekoropoM Kaacce (cm. § 1).

[TpumeHssa 3Ty Teopemy K HawuM uHTerpaitam (6.44), BHIMM, YTO
¢yukuns @ (E, t) Oyzer aHaauTHYeckOH ¢yHkuueit E B Takod o6aacTy,
rie HH OZVMH M3 3HaMeHaTeleH

< v 1
b (st E) v e (s )
i) v e (e o)
He O6pamaercd B Hylb, T. €. B 00JaCTH
,.E/
(e £2) 0,
"oy i =)

nockoabky E” BelliecTBeHHO. IJTO HaBepHsaKa OydeT TaK, eCaAH MBI
OTpPaHHYMM 001aCTb H3MCHEHHs NEpPeMeHHbX £ u T CmpO2uM HepaBeH-
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CTBOM:

_ml e
oVirtp o MEE

3710 — eIHHCTBeHHOe Tj.e60BaHHE, KOTOPOE HAZO HaJOXHTb, HTOGHI
® (£, 1) 6bina Obl aHAIHTHYECKOH MO OTHOIIEHHI) K nepemenHoi E.

[lepeitnem Tenepp K aHaMMTHYHOCTH MO OTHOLUEHHIO K IePEMEHHOH T.
3ameTm npexe BCero, 4TO B CHAY cBoiicTBa (6) mpejacraBieHHsA
(6.39) dyuxunn F; (3, 7) ABAAOTCA AHATATHYECKHMH DYHKUHAMH T B 06-
aacty (6.40). Ilostomy, uTo6H ZOCTUTHYTH AHATUTHUHOCTH (QYHKUHH
®(E, ©) no T, HaM OCT2ETCH TONbKO mO3aGOTHTHLCA HE PACCTPOHMTH
aHAMMTHYHOCTH GyHKuUi F; (§, T). PaccMOTpeHHBIH BbIIE MHOXHTEIDb
B 3HZMEHATENE He MOXKeT C/eaaTh STOro, MOCKOAbKY, Gaarojaps zomy-
ILeHHOMY OTpPaHHYEHHIO, OH TENeph Y:Ke He MOKET o6pawaThCs B HyJb,
Ho enmucTsennbie ocramlgnecs TOrjAa NOJ HHTETDANOM MHOKUTENH —
3TO MHOXHTeJH

(E' T E n+1 ( E’—|— T E n+1
= i )

B 3HameHaTene. OHH TaKiKe He CMOIYT Oo6GpaTurThCs B HYJAb B NeHCTBH-
TeAbHOH 064aCTH HHTErDHPOBAHHA, €CiM Mbl BeiGepeM moCTOHHYIO Egy
nexamed B o6nacTH, rie o6a MOAMHTETrPalbHBIX BHpaweHus Fy B Fy
obpamaioTca B Hyab, T. e. B cHiy (6.41) B o6aacTu oxHOBpeMeHHOro
BHIIOJNHEHHs] HePABEHCTB

2Mm -+ m? — 2p? T 2Mm + m? — 2p?
T T — E —— ——

Ve VLR - 2ViEEp
_ 2Mm+-m?— 2p? T 2Mm + m2— 2p?

VT~ VMR~ 2Vt p

(nas BElECTBEHHBIX 1)
dtn HepaBeHCTBa 3KBHBAJEHTHDI Tpe6OBaHmO
2Mm + m?—2p? —
2V M- p?

Ho namwm © u p? orpaHuueHbl HepaBEHCTBAMH:

[ Eq 1<

= E,(t) A5 BelLieCTBEHHLIX .

t<{ (1 4+ p)m? ana BewmecTBeHHHX T M p2<aom?

ITosToMy CopmMyaHPOBIHHOE Bhlllle HEPABEHCTBO, OrPAHHUHBAIOIEE
E,, 6yieT BHLINOJHEHO, eCIH NOTpe6OBaTH

Mm — (p -} 26) m?
2V TP

2
[Eol<<
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Hrak, unrerpane (6.44) onpenensior ¢yukunio P (E, 1),
aHAMNUTHYECKYI0 B o6aacTh
—V <Ret< (14p)m?, |Im <] < pm2,
JIm < | < 2V M2+p2|Im E|,
ecnu Mbi BbiGepeM E, JexallluM B HHTepBaJje
2Mm — (p -+ 20) m? 2Mm — (p + 26) m?
—_ = T E — 6.47
VT ST aywre )
6.9.2. Ho, c apyro#t cropoHbl, MH yCTaHOBMJM Bhille, YTO
¢yuxuus ST(E, t) peryaspHa B obaactax (6.21) u (6.22),
T. e. B 0o6nactn (6.23’). Vckmouum eue momoca, KOTOPHMH
obnanaer pynkuna ST(E, t) B Toukax E=—Ep(t) ¢ no-
MOWIBbI0O YMHOXEHHS Ha (EZ—E;‘;(x)). Toraa M BHIMM, YTO
BHIPAXEHHE

J (6.46)

{ST(E, ©)—@ (E, 7)) (E2— E(v)) (6.48)

LOMKHO OHTL aHaAUTHYeCKON (yHKLUMeR 0benx nepemeHuulx E
H 1 B obuweft yactn obnacrett (6.46) u (6.23"), 1. e. B 0obaacru

—V <Ret < (14p)m? |Im t]| < pm? )
[Im o] <2V M2 p?|Im E|; } (6.49)
|ImVEz—pz—<| < |Im E|. )

Ho ans BeuwiecTBeHHBIX T<(-—p2 9Ta Pa3HOCThb AOJKHA, COTIACHO

AUCNEPCHOHHOMY COOTHOWeHn0 (6.37), cOBNacTh C MOMMHOMOM
no E:-

82 (x) SA(x, p) (E+ Ep (%)) + 82 (x) SB (5, p) (E — Ep (9)) +
+(E2—Ep () X ¢ (x, p, E)E%:  (6.50)

(0<r<n)

Torza ona pomkna 6uniTh RoauHoMoM no E u BO BCelt o6aacTu
aHanuTHUHOCTH (6.49).

Hanomunm Tenepsn, uto awanuruuynocts no < ¢pyHxuui A (t, p)
u B(t, p) 6ylLer nokasana B ponoaHeHun B (cp. (6.34)). Hanee,
Ep(t) aBAgeTcs aHAAMTHYECKOR (yHKIMEH T IO CaMOMy CBOEMY
onpepenennio (6.26). ITostomy dyukumn g2(x) u ¢, (), onpe-
JeNICHHBIE MOKA TOJbKO A/ BelleCTBeHHBX T, YAOBJAETBOPAIOLIHX
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(6.23), BOMKHH QONYCKGMb QHGAUMUMECKOL DGCULLDEHUE HA
Hekomopyro ofsacme Komnaekcuelx 3nadenuli <. [loxaxew,
uTO 3Ta 064aCTh BO BCAKOM CJyyae BKJIOuaer B ceba BClo 06-
n1acTe (6.40),

—V <Res < (14p)ym? |Imz| <pm?. (6.40)

B camom gese, BoiGepeM HekoTopoe t = ¥, Im ¥ % 0, Jexaiee
B obaactu (6.40), M mnokaueM, UTO K HeMy BCerja MOXHO NonoGparh
coorBeTcTByIOWee E = E* Tak, 4ToGbl mapa t*, E£* okasanrach Obl B 06-
aactu (6.49), Hanpumep, NMONOUHUB

2Re E*: ImE*=Im<* Re E*<{M, )
(Re E)2 -—— (Im £%)2 — Re t* — p2 >0, ?
JlelicTBHTEABHO, 3aMmeuas, yTo
(Im YV £ —p?— <) =
=5 [ VREE = F i G — 90+

+ Ret*4-p>—Re E’“z} .

(6.51)

BHIHMM, 4YTO NPH CielaHHOM BhlGope E°
(ImYET—pf—< )2==

=5 {V REET—F=o9F + Re ©* 4 p —Re £77} =
=0 (Im E*)? + 0,

M, CAen0oBaTe/bHO, HEPABEHCTBO
|ImVET=p =+ |< |imE*|
shinoanserce. Janee,
|Tm<*|=2|Re £*||Im £ | < 2M|Im E*| <2 V M2+ p? | Im E*|,

~— T. €. Bce HepaseHcTBa (6.49) NeliCTBHTENBHO BHLIMOJHEHHI.

Takum oGpasom, Jjas maw6o# Touku t* u3 obaactn (6.40)
¢ Imt% = 0 Bcerma momno HaHtu rtakoe E*, uro napa t*, E*
O6ylder nexate B obmactn (6.49). Ho orciopa caeayer, uro
¢yukun g2(x) u ¢, (t) 6yAyT aHaJIMTH4eCKHMH BO BCel obnacTu

(6.40) c BO3MOXHO! /MHMeR paspesa BLO/Jb BEL(ECTBEeHHOH OCH.
[MoxaxeM, UYTO HA CaMOM xede TAKOM JMHUM pa3pesa HeT.

PaCCMOTpHM A 3TOro BEU{ECTBEHHOC

— V<5< (14 pym?
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N NOJOXHM
T=rtr =1,3 iy, 71> 0

E=E;=E +0, E >0

Yro6sl Takme napsl t, £ Bxoamau 6bl B 06aacte (6.49), oueBHIHO 10-
CTaTOYHO NOTPe6OBaTh, 4TOOHI

2

P+ d+pm JE M
(ne#CTBHTENBHO, TOTAA NPH NOCTATOUHO MaablX 7 TOUKH T+ £+ 6yayr
YAOBAETBOPATEL HepaBeBcTBaM (6.51), HanOXEHHHIM Bbille Ha TOuKH <%

E*). Ho ecau Touku t+, £+ BxoaAr B obaacTe (6.49), T0 OHH BOHAYT
u B obaacte (6.46) awaaurmuHoctH ¢yexuuu P (£, <). [losromy

D (Ey ©+) Oyner anaamtuueckoil ¢yuxuueit obomx aprymenros. Ho
B 061acTh (6.46) BxoaAT H ToukH T ¢ Im = = 0 (Ho He ToukH E ¢ Im E = 0}).
[To3ToMy MBI MOXEM 3aKMOUYMTH IO HelMpepPbIBHOCTH, UTO

im®(Ex, t+)=1lim D (E, L I¢, ,).
7>0 >0
e>0

Ho pasnocrb
lim (®(Ey+ 5 t)— B(E, — g, =,))
¢e>0

MOX(HO fIBHO BBIYHCJHTDH. JeficTBHTENbHO, MOACTABAAA CIOAA HHTErPaNbl
(6.44), onpepnensiomue P, Mbl MOAYUHM

@ (Er+15' tT) —@ (Er'_‘ ie, tr) =

400
_E—E)" [ ROEEY Mg dE
- i [ T, _E ntl
—o0 ( 2V M p? 0)
1 1
>< ——
(E’————tL—ME —te El " _F +ie)+
2y +p 2y
+o0
(Br — E"™ Fs Q' Y M2 p% <)) dE/
. + i T n+1 ><
(8t — )
—00 2 -V-MA +P"

1
X - -
_E/+___"___Er_ie

2V M+ p?
1

’

—E' vE,—{—ls)

zVM2+ 2
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rie CTOslMe B KPYTABX CKOOKaX PasHOCTH CBOIATCH B CHAY CHMBO-
AA4ECKOoro roxaecTsa (1.4) x 8-pyHKUMAM, NOCHe Yero HHTET PHPOBAHHE
BLINOJAHACT(H, U MBl HaXOIHM

lim (R (Ey, t4) — P (E- o)) = Fy QEV MEF p2t3p v) +

n>0

+ Fo (=28, V M9 + 53 ) = SF(En ).
EcIu IOMHOXHTH TeMeph 3TO PaBEHCTBO HA HCKMIOYAIMHA 3-(pYHKUMH
ot E == Ep (t) MHOXHTeNb Ef—E;’ (), TO MH TOAyUHM

lim [®(Ey,v4)— @ (E~, s2)](EE—Ep () =
>0
T = sfE (B} — By (5) ) = ST (By, %) (B2 — E%(5,) ). (6.52)

C npyro#i cTopoHel, Hamu napel Touex £., T, u E_, t_ NpuBOIAT
B npenene npu n-»0 K BelecTBeHHHIM A (MHMMasf 4acTe A Gyjger no-
pAika v’); nostomy mapa £4, T, BxoguT B obaacts (6.21), a napa
E_, t_—B ob6aacte (6.22) u, cJemoBaTeNbHO, HHTErpaibi, COOTBET-

creyomre (6.20.1) u (6.20.2), or Takux nap Touek OYAYT MUMETh CMBICA
W CXOIMTBCA, IpK 1 — 0, K dpynkuuam ST (E,, t,) wan ST (E,, <,)

coorBercTBeHRO., Takum o6pa3oM, Gyner BLIMOMHATBCA NpeneabHOE CO-
OTHOIIEHHE:

lim {ST(E4, v4)—ST(E_, v )} = ST (E, =,).
7>0
YMuOKasn ero Ha (Ef~E§ (t,.)) u cpaBHuBaf ¢ (6.52), Bugum, 4ro

(E2—Ep(xp) im {ST(Ey, 4) — @ (Eqr 34)} =
% >0

= (B2 — B2 (vp)) lim {ST(E-, ) — B (B, =)}
1>0
Ho B 3TOM paBeHcTBE CaAeBa M CNpaBa CTOAT 3HayeHHA QyHKumu (6.48)
or nap touek E4, vy M £_,v_. Tak xak Takue napel Jaexar B o6aa-
ctu (6.49), To ¢yuruus (6.48) nommna PaBHATHCA IJs8 HHUX TNOJAMHOMY
(6.50). O603Hayas sTOT MOAMHOM Hepe3 P, (F£), MoxmeM 3anucaTh Hale
npene’ibHOE COOTHOLIEHHE B BHIE

lim PT+ (Ey) =1limP,_(E-).
>0 7>0
Ho nonunom -— nenpepeisHasa (yHKuuaA. [103TOMy MOXIO HanmCcaThb
lim P1+ (Ep) =1lim P._ (E,),
>0 7 >0

T. e. 3a3ucHMOCTh P, (£) OT t NpH Nepexoie T yepe3 Bel[ECTBEHHYIO
0Cb TaKie Gyner HempephlBHOW. HO Bhilie M HHXe BeleCTBEHHOH OCH
KO QU HEHTb! 3TOT0 IOIMHOMA 3aBHCAT, KaK OblIO yCTAHOBJAEHO Bblllle,
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OT v aHaauTHYeCKH. Clef0BaTeNbHO, AHAMHTHYHOCTE COXPAHACTCA H A
TOUYEK BELICCTBEHHOH OCH t, T. €. HHKAKOH AMHHH paspesa peHCTBH-
TeAbHO He Oyjer.

Urak, gynrxyuu g2(t) a4 c,.(x) ne ob6radawm AUHUIMY
paspesa u pezyaspuv. 80 8celi o6aacmu (6.40). '

6.9.3. Bepuemca Temepp onsTb K cooTuomenno (6.43).
Anamutrunocts dyuxunt g2(z), ¢, (z), Ep(z), Az, p)u B (s, p)
no nepeMeHHo#t t B 06aactH (6.40) MBI TOILKO YTO YCTAHOBHJIM.
3aBUCHMOCTb Ke TPex MOCJefHHX uieHoB B (6.43) or E — saB-
Hasf, W W3 Hee Cpasy BUAHO, YTO OHM OyAyT AHATHTUYECKHMH
¢yukumamMu E, BO BCAKOM cayude 145 BCeX HE YUCTO BelleCTBEH-
ux E. Wrak, Tpu mocnenuux uiena B (6.43) spasiorca aHann-
THyeCKOM ¢yHkume £ n t© B obaactn

~-VLRe: < (I4-pm?, |Imz|<pm2, ImE # 0. (6.53)

Hro xe kacaerca dyukunu @ (E, <), TO Mb yme yCTaHOBM/H
BBIE, YTO OHA AHAJIUTHYHA B 06sacTH (6.46). Takum o6pasom,
BCA NpaBag 4acTb CooTHOWeHns (6.43) aBasetca aHaAMTHYeCKOR
¢dynxuueit B o6ractn (6.46). .
[TosToMy ME MoOXeM Telepb pacuiupims 0614CTh ONpeje-

neunst pyHkuuu ST (E, 1) Tak, utoObi OHA pasHAiacs npasol
wacmu (6.43) 80 sceit o6aacmu (6.46).

6.9.4. TloauepkueM, uTo N/ pacuupesnoid TakuM 06pasom
OYHKIME COXPAHAIOTCA OGbU4Hble COOMHOWeRUSA ¢ HeCOGCTBEH-
HBIMU Npenenamy:

~ ot
lim ST(E = ie, 1y = ST=V (£, 1), (6.54)
e>0
£>0

ecmn Toabko E, vt u A=) F2-—p?—t BCe BewlecTBeHHB H
—V << (L 4p) me, (6.38)

BhinonHenne 3THX HeCOOCTBEHIBIX lpeleNbHbiX COOTHOLIeHnH Gpin0

Obl OYEBHAHBIM, €CAu Obl JONpPENebHbIe aPTYMEHTHl OblIH PACMOI0KEHB]

B o6aactu (6.49). HeiictBurennio, Toraa (1) gpyHkius S/~‘(E, t) Oblaa

6bl ananuTHYECKOH ® (2) MOMXHO 6bl10 Obi HENOCPEeACTBEHHO HCNO.1b-
ret

308aTh HHTerpadsl (6.20) zas STadv. OgHako 1erK0 BHAETh, UTO CMe-

mas Touky £ B (6.54) ¢ Belu[ecTBEHHOH OCH, MH BBHIXOAMM H3 3TOMH
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obaacTH, MOCKOMBKY INPH 3TOM MOMET HapPYIUHTLCH IOCAEIHEe u3 He-
paBeHCTB, onpeneasoux (6.49).

l{T06m~o6oﬁm 3Ty TPYZHOCTb, 3aMeTHM, uTo coraacHo (6.43)
Gyuxuua Sz (aHanMTHUeCKAasd, KAaK TOJAbKO YTO OblIO YCTaHOBJEHO,
B O6ractu (6.46)) Oyxer aHAAMTHUECKOH (yHKIHER KAK s Mapbt apry-
merToB Ed-ie, v, Tak ®W 114 napsl, noaydamou(edcs M3 NpexsayIien,
€ClMH JOCTAaTOYHO Maja0 CMECTHTh C BelleCTBEHHOH OCH BTOpOH apry-
MUHT <, T. €. 1A napul E d=ie, © & 2{a Ee.

[MostomMy MBI MOMEM 3aMeHHTb npenedbHbil nepexox (6.54) apyrum
NpeneabHbIM Nepex0IoM

tim ST (E == t¢, <) = lim ST (E =+ 1¢, © &= 2a E¢)
e>0 >0
e>0 §>0

VTP
o)< B

Ho stoit MHuUMON 106aBKOH K T MOXKHO pacCMmoOpPSAIMTLCH TaK, YTOOH
touka E =+ {e, 1 3= 2ia E¢ He Bbluaa Obl 33 npeneast o6aacty (6,49) (Mol
He OyzeM OCTaHaBAMBATLCHA 31eCh Ha HECKOJNBLKO FPOMO3IKOM BHIKJafKe,
noareepicaauiel ST0 yTBepiaeHHe). [109TOMY MBI CMOXEM BOCHOJb-
3oBarbca opmyaamu (6.20) m Hammcarthb

lim ST (E = ie, 1) = lim ST (E & ie, 1 = 2a Ee) =
>0

e>0 €
e>0 e>0
—S J‘ e T sz 4xe Im V(E 1t e’ —p>— (v +2ix Fe) 3
i (Ex® Re V' (E E ret
9y 1e)? 21 —_—
Xel( 2’—~xe Re } (E + de)f*—p*—(t + 2i{a E)Fadv(x) dx
c
lm V(E=E 12)* — p? — (v &= 2ia E¢) < e,
BBHIY 4€ro
ret
lim ST (E %= te, = 4= 2ta Ee) = STV (E, ),
0
30

YTO JOKa3blBaeT CooTHOWeHHe (6.54).

6.9.5. Takxum 06pa3oM, MBI yCTAHOBUJIM AUCTEPCUOHHOE CO-
oTHomeHue (6.43) Bo Bce#t obaacru (6.46), paBHo kKax M TO,

gro mas ST(E, <) ¢ E, © us (6.46) BumoaHaiTCA 0GbIuHbIE
npenelbHble nepexoast (6.54) B samasavizaloluyld W onepe-

KAILYI0 QYyHKIHUU. _
Ho B o6aacte (6.46) Bxomsit, B YacTHOCTH, BCe TOUKH

clmE +# 0 u peumectseHHnM —V <t < (1 4-p)m2. Tlostomy

7 3axk. 2670. Boronw6os u ap.
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coornolteune (6.43) 6ymer BepHO Bcerpa, Koraa
ImE 0, t==m?

T. €. AaA AeHCTBUTENLHO HYXHOFO HAM 3HAYEHHS T.

[IpoBoas Tenepn B uuTerpanax (6.43, 44) sameny nepeMen-
HBIX WHTErPUPOBAHHA, OOPATHYIO HCHO/b30BAHHOW Npu NMepexone
ot (6.37) x (6.43), noayuuM CHOBa AMCNEPCUOHHOE COOTHOMIE-
Hue (6.37), B KoTOpOM TOMLKO Ha Mecre ¢yukuuu Sf (E’, m?)

6y11€’[‘ TENEPb CTOATL BHIpAXKEHHE

SF(E', m?) = F, QE'V MEF-piet m3; m?) +
+ Fy(—2E'V ME4-p2+ m% m), (6.55)
T. €. AUCMEPCUOHHOE COOTHOIIEHHUE:

(E . Eo)n+1

ST(E, m?) = o

X

+00
f FyQE Y ML @+ mh) 4 Fy(— 28" V L A-m m?) s
e (B' — E) (B — Eq)"*!

g2(m? SB (m2 p) | g2(m?) SA(m% p) N
+ E 4 Ep (m?) + E—Ep (m9) ~+ <2‘< c,Ere  (6.56)
orgn

3amenusuee Tenepb ¢yuxunio Sf(E, m?2) upaxenue (6.55)

a) npu |E|> V m2+p? cosnanaer ¢ Sf(E, m?;
6) B unrepsane

Tf%i—% <|E|<Vm T (6.57)

rle HeMmOCpeACTBEHHOE onpeleJenne (PYHKILHH
SfF(E, m*)=ST(E, m?

yepes wuHTerpan (6.20.3) cmbicna He umeer, Bupaxenue (6.55)
MOXKHO PacCMaTPHBAaTh, KaK HajJjexauiee aHAaJIHTUYECKOE Mpo-
LomKeHne 3Tok (yHKuMHM Ha uHTepsan (6.57);
‘ Mm — p?
B) npu |E ~7=——=——BuIpaxeuue (6.55) ob6pamaercs
)pII<VM2+p2 P (6.55) o6p

B HYJb.
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Htak, MB 00Ka3GAU BbinOAHEHILE OUCNEPCUOHHOZ0 COOMHO-
wenus (6.37) 048 HYHCHBLX HAM 3HAYERWE T, eCAl UcnoAb-
308ams pacuiupennyo Pyuxyun (6.55).

6.10. .B BuiBeZeHHHIX HAMM JMCTEPCHOHHHIX COOTHOMIEHHMAX
(6.37) uau (6.96) moxa cuuraercs, 4To SHeprua E KOMIIEKCHA,
Im E +0. Yrobul nepe#Tu K HpeCcTaBAKIOLIMM HENOCPELCTBEHHBIN
MHTEPEC BellleCTBEHHHIM 3HaueHusM E, moncrasuM B (6.56) no-
MyCTUMOE KOMILIEKCHOe 3HaueHue

E+4ic (EER),

M YCTPEMHM € K Hy/MO, BOCHO/Jb30BABUIACh AJ TIPOBEACHHS
NpelenbHOrO Mepexoaa K JeBOH 4acTH YCTAHOBJEHHBIMH BHILE
¢dopmynamu (6.54), a B mnpaBOdl — CHUMBOINYECKMM TOXKIECT-
oM (1.4). Torma, B 3aBHCHMOCTH OT 3HAKa &, MBl TOJXYYHUM,

eCAH BOCMOJb30BATLCA COKpalleHHbIM 0603HayenneM Sf(E, m?),

ret

ST (E, m?) = ==~ ST(E, m?)+

+oo
(E—EQ"*! Sf(E', m?) 1
~+- oni A (E' —Ep)"*!" E'—E —+

2 (m?) SB(m2, 2 (m2) SA (m2,
+pgl(?”;—)Ep((”’;;)p)+pg (m?) (m p)+ E L',.Er.
0

31eck MBI BOCMOJb30BAJMHCh cooTHOWeHueM (6.35), yTo6H 00b-
eanHnth B ST Bce BosHMKawuue Npn npuMenennn (1.4) k 3Ha-
MeHaTe M O-yneHbl. (3aMeTuM, uTO, NOCKOJbKY Mbl CUMTaeM
ceituac suepruio E (uo He E’) nexawelt B HaGmionaemoit 06-
AacTH, TO cnoco6 06xola moaca B 4ieHaX ¢ g2 cnpaea Ko-
Heuno GeaspasamueH. Ho B Habmonaemolt obnacTh obpamarTcs
B HYJb H BO3HHKAIOLIME M3-32 H3MeHEHHs crnocoba Takoro o6-
xona wiennl ¢ 8 (E == Ep).)

CknanviBas Ttemeps o6a cooTHoweHus (6.58) M nepexous
¢ nomowsio (3.34), (3.35) u (6.9) x ¢dyukunsam D, (E, m?)
HA,, (E, m?, Mb NOoJyynM OHCHEPCHOHHOE COOTHOILIEHHe, CBf-
3mlBalOllee TeNneph yxe HEROCPEACTBEHHO MHTEpeCyIollHe Hac
BEJUYMHLl — SPMUTOBY W AHTHIPMHUTOBY YacTH  AMIAMTYIbI

T*
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pacceqHus:
Mm —-p?
Vi

(E__Eo)n+l /‘ SZ (E,)
D (Fy— E—E)""'p , oW
au)( ) po . dE (E,'—‘E)(E,—‘Eo)n+l +

ERCS)
(E— Eo) / dE —— S (B)
+ Aon—p (E/__E)(E/_E)IH-I +
VME+p?

2 2 2 SA

0<r <
(6.59)
Mm—p?
MBI BOCMO/BL30BAAUCH 3]€Chb TeM, 4TO B obnactu |E|> e
Vip

10 KOTOPOH TOJBKO W TNPOU3BOJUTCH uHTerpupoBaHue B (6.59),
MOXHO HamucaThb

SF(E’, m?) = ST(E’, m?) = 2iA,,(E",

rae, TakuM obpasoM, A,,(E) o3HayaeT aHTUSPMUTOBY HaCTh
aMIINTYAH  paccedHus, NPOLOMKEHHYI0 B HeHabmolaeMylo 06-
JAaCTh C MOMOLIbIO NPOBefeHHOH BHIUe nponenyps. Kpome Toro,
MBI nepecTand, rje 3T0ro He Tpebyercd, OTMEYaTb APryMEHT
t~ = m?; Tak, nanpumep, E, O3HauaeT Tenepb

2p? +4- m?

-— Be#CTBUTENbHYI0 SHEPTHI0 OLHOHYKJIOHHBIX MPOMEXYTOYHBIX
COCTOSAHMH.

6.11. Yro6n nucnepcuonnnie cooTHoweHust (6.59) MOXKHO
6bi10 Obl HeMOCPeICTBEHHO HPHUMEHSTb, B HHX HAaLO eile H3ba-
BHUTbCA OT HHTETPUPOBAHMA [0 OTPULATE/]bHLIM SHEPTUAM M, 3a-
TeM, BHIPA3HTh yepe3 Hab/iolaeMbie BEJHYHHLI BXOLALKE B MO-
auHoM no E wueonpenejeHHble KOHCTAHTH ¢, JTOr0 MOKHO
6yner LOCTHrHyTb, UCMOJNb3YS YCTAHOBJAEHHHE BbIIle CBOMCTBA
cummeTpun (6.10) u, oA MCKIIOYEHHS KOHCTAHT, NPOBels SBHO

BHIUMTATENbHYIO NPOLELYPY.

Ep= Ep(m?) =
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INpexne uyeM, OJHAKO, MEPEXOAUTb K BHIOJHEHUIO 3ITHX
onepaunui, Mb cirefaeM JonyuleHue, 4To

cmeneHy pocma NOAUHOMG
8 (6.59), n, pasna eduruye. (6.61)

9T0 — HeKOTOPOE HOBOE JNONOJHHUTEJbHOE MpelnooKeHH e,
B §§ 4 ¥ 5 Mo yxXe CTadKUBAJIUCh C TAKHM MOJOKEHHEM,
KOrja HaM NpUuxXoiuaoch, NOCKOJILKY Mbl HE CChlJIaeMCs Ha Ka-
KO#-m60 KOHKpPeTHEIH BUA JarpaHkKUAHA, NOCMYAUPOSaAms No-
PAOOK  pocma Mampuuusx 2siemerimos Ha OeCKOHEUHOCTH.
Hame konkpernoe nonyweHue (6.61), ¢ onHOH CTOpOHbLI, Ha-
XOLUTCH B COTAacHH C Pe3y/abTaTaMH TeODHH BO3MyUIEHHH 1ja
NCeBAOCKANIpPHOK ME30HHOH Teopuu, a ¢ APYro# — noaCKa3b-
BAEeTCA OMBITHLIM MATEPHAJIOM: NOJUHOM GO/ee BLICOKOH CTEMeHH
npusen Ob k Gosee yeM guHeliHoMy pocty D, (E) ¢ sHepruef,
YTO TIPOTHBOPeUUa0 Obl IKCHEPHUMEHTY.

6.11.1. Tlepexoxs B cooTHOmeuusx cummerpuu (6.10) K Hamei
CHCTEME KOODIMHAT M IPUMEHdAs K HHM ONMepau#u S CHMMETPH3aLHH
H AHTHCHMMETPH3aLHH NO e, yCTaHaBAMBaeM, YTO BXOJIsLUHE B AHCIED-
CHOHHBIE COOTHOIUEHHA CHMMETDH30BAHHble (dHTHCHMMETPH3IOBAHHBIE)
M0 € M N0 HM30TONHUECKHM HMHIeKCaM Me30HOB KoMOMHauuu A, (£)
006AaAa10T Cle YO HMH CBOMCTBAMH CHMMETPUH O 3Hepruu (cp. (6.16.)):

Be (1 4+ Ppp') Apey (— E) = —Be (1 Py ) Ag (E), |
@a(l-Ppp'>Am(~E):+6e(lwppp')Am(EL; 662)
Ue (1 + Py} Ao (— E) = + Ae (1 - Pyyr ) 4, (), | )
Ue (1— Ppp') Agyy (= E) = — Ae (1 — Py ) Areo (E). )

Y10 e Kacaercsa cBOHCTB CHMMETPHH 1/ SDMHTOBbIX yacTeii Dy (E),
TO MX HET HYXJIbl BBRITHCHIBATH, NOCKOALKY OHH B TOYHOCTH TIPOTHBO-
noaoxHu (6.62).

6.11.2. OrmeTnm Tenepb, 4TO HUMEIOT MECTO JBa TOXIECTBA:

— Ey) 1 - :
= | = —ry CETEH TR~
E E’

=2(E*-— Ey) —4Ey(E — Ep) —s——
0 (E/Z_'_EQ) (EIZ—-E(z)) 0( 0)(512_55)

’

(6.63)
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"

1 1
* _E°)2[(E'—E) E—Ey T (—F—B(—F —Eo)z] -
1
= 26 (P — E}) TR BB G e
(6.63)

(EIZ . EZ) (E/2 _ Eé)

TlosTOMY, NMPUMEHHB K HHTerpalaM M0 OTPHLATENbHBIM SHEPIHAM
B (6.59) cootHomenna cuMmeTpuu (6.62), Mp moayunM ceifuac ke (Bo
BTOPLIX 4JeHax B npaeoil uwactu ToxaecTs (6.63) 3aBucumocTh OT E
u oT E/ ¢pakropusyeTcs; mocie HHTerpHpoBanus no E’ oHm mpuBeayT
IPOCTO K TOMHHOMAM 1O FE, KOTODbIe MOXHO CUHTaTh BKJIIOYEHHbIMH
B NOJAHHOMBI ¢y ¢y E):

e (1 4 Ppp') Dy (E) =

2 E'Se(l+ Pyy) Agoo(E)
= Z(E2—E})P E/
Tﬁ( 0) J d (E/2__Eg) (E’Z—Eg) +
Mm—p?
V¥Mirp®
e (1 4 Pyp’) B (m% p) Se (1 - Pppr) A (m? p)
+ g2 E+Ep g E i_ EP + 010+611E'

Be (1 — Ppp) Dy (E) =
(0]
E(E*—E)P J dE’
Mm—~p?
ViFtp
,Be (1l —Pp) B(m?p) ~ Be(l—Pyp)A(m’ p)
+¢ ET Ep £ E—I;

Se (1 — Poy') Ayiy (E)
(E’2 _ EZ) (E/2 . Eﬁ)

alw

+ o + e

e (1 +Ppp) Dy (E) =

(o)

2 e (14 Popr) Ay (£
—_—EE(E‘-’—E(;)PJ dE’ °2( * ”’)2 w*)
" (E” — B (E? —E})
Mm—p? '
Vi pr

G e (1--Py) Bm%p) e (14 Prp) A(m?p)

E+Ep g E__Ep +C3O+C3IE’
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Ae = (1 —PPP')Dvw(E) =

E'Ue (1 — Pop) A, (E)
(EIZ _ E2) (E/Z _ E(z))

2.2

= (2 —EY)P J dE’ +
Mm—p?
Vet

o?[g(l——P y B (m?, p) e (1 — Pypr) A(m?, p)

&* E—P;Ep g? E—7 +eptenE.

6.11.3. Mcnons3yem Tenepp cBOHCTBA CHMMETDHH, 4TOOB! YNpO-
CTHTh BBIDAXEHHMsA 11 BKJAAA OT OIHOHYKJOHHOTO COCTOSHHA,

U3 Boipaxennit (6.34.1) u (6.34.2) aam B(z,p) v A(r, p) BHAHO
(B momoanennn b, ¢opmyna (6.18), Gyier mOKasaHO TakKiKe, UTO 9TH
BEJHUHHE! 32BHCAT OT E TOALKO uepe3 NOCPEACTBO A = VEE —pt—=
M TOTOMY HE MEHAIOTCs npH 3aMene Ep na — Ep), uTO OHH 061a13i0T
CBOHCTBOM CHMMETPHH

B (t,p) = — Py’ Pe A(t, p) (6.64)

(3necb Pe —oneparop 3aMenbl e -» —e). [losToMy A48 HuX HMEOT
MECTO COOTHOUICHH:

Be (14 Py') B (m? p) = — Se (14 Poyr) A (2, p),
Se (1 — Pyp') B(m?, p) = -|- Se (1 — Pyp’) A (m? p),
e (1 -+ Popr) B (m? p) = - e (1 - Pop') A (mi2, p),
We (1 -— Pyy') B (m2, p) = — Ue (1 — Pyp') A (m? p),
KOTOpble MNO3BOJAT HAM OG’bGllHHHTb B ﬂHCHepCHOHHb‘X COOTHOIUIEHHUSX

o002 ujleHa, ONHCHIBAOUIMX BKJIAA OXHOHYKJOHHHIX cocTosnuit. IlpaxTH-
YecKH 3TO yIo0Hee cielaThb, 3alHCas MPeABAPHTENbHO:

1 1 E—Ey \? | ~  ~
EXE, EXE ( } >+”°+“1E'
- P =P

$EP—EO

rje BO3HHKAIOUIHH [IOJIMHOM MOXHO OyAeT ONATb BKMIOYHTH B HAIIH
obuine moxinHOMBL. TOraa IJs PasHOCTH H CyMMbl IBYX TAKHX BHIPaMe-
HHil MOXHO Oy1eT HemocpesCTBEHHO NPHMEHHTH TOXAeCTBa (6.63) u MBI
NOJNYy4YHM B OJHOHYKJOHHBIX WIEHaX TOUHO TAKHE XKe KOMOHMHALMH, 4TO
H B HHTErpalbHblX, TOAbKO C E’, 3amenenHniM Ha E_.

6.11.4, Haxoneu, Hanomuum (cp. (6.10) ), uTo CTOfAUHE B JEBbIX 4a-
CTAX QHCHEPCHOHHBIX COOTHOWEHHH CHMMETPH30BaHHblE KOMOHHAIMK
dyHKIHE Dy, (E) Takike ob6namaioT onpejpeneHHOR cHMMeTpueit no E —
HMEHHO, B IIEPBOM M IOCJHEIHEM M3 BbIMHCAHHBIX COOTHOLUEHHH -CleBa
CTOAT ueTHpIE (YHKIHH £, a BO BTODOM M TPETbeM — HeueTHsle. Jlerko
BHIETb, YTO HHTErpajbHb€ WIEHH, PaBHO KAK M NpeoOpa3oBaHHbIC, KAK
TOJBKO UTO GblIO ONMHCAHO, BKIAAH OAHOHYKJIOHHBIX COCTOSIHWH, CaMu
obnagaioT JomxHo#i CcHmmeTpueil., IlosToMy TakoH we cHMMETpHEH
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I0MXHbl 06/1a34aTh W NPOU3BONbHBIE NOKA IOJAHHOMBI MO E, T. €. B ePBOM
M TOCHAeAHEM COOTHOILEHWSX MOMXET NPHCYTCTBOBATh TOJNbBKO NMPOM3BOJD-
Has KOHCTaHTa, a BO BTOPOM M TPETbeM — TOIbKO AHHEHHHIH 10 £ wieH.

6.11.5. Takum o00pa3oM, B KaXAOM M3 HUCHEPCHOHHBIX CO-
OTHOLIEHHl Yy HAC OCTaeTcst MO OJHOH TOCTOAHHOU, KOTOPYIO
Hedb3s ONpeieluTb M3 SKcnepuMeHTa. HToObl HCKJIOUMTE HX,
npuberdem K BblUMTATE.IbHON MpoOUELypE.

Hamnomuum, 4To C€OrfacHo CMbICTY MPOBELEHHOTrO BbilIe BbI-
BOJ2 HMCIIePCHOHHBIX COOTHOWeHUH sHeprus E no/xHa nexaTe
B Henabawdaemold o0jsactmu, NPHYeM B YaCTW ee, He 3aHATOH
HenpepLBHbEIM CIEKTPOM. Mbl XOTHM MepedTd Temepb K ApYyro#
dbUKCHpOBAaHHOA SHeprum, Ey, KOTOPYIO Mb XOTUM Temepb BHI-
6paTe B Habardaemoli obaacmu, W CBA3aTb OCTABaBuUIHeCs MOKa
MPOU3BOJILHBIMA  MOCTOSHIHBE €O 3HAYEHUSAMM AEACTBUTENbHBIX

yacTe#t aMnAUTy L paccesHust 1/ 9To# GUKCHPOBAHHON a1EPruy E,’,.

3aMeTUM [ 3TOTO, 4TO «sApa» HallUX WHTerpasios o6na-
AT CBOEOOPA3HLHIM «TDYNIOBBIM CBOWCTBOM» OTHOCHUTEIBHO
capura ¢ukcuposanHod suepruu E,. Mmenno, nerxo suaeTh, 4To
BBIMOJHAIOTCH TOXKILEeCTBA:

(e S e
—=(E2—E}?) = EQ)‘ZE,Z — 6650

gy

X 1 = E(E*—EY) 1

B ) CEICES)

(6.65.2)

TeM e CBOHCTBOM 064a4410T, KOHEYHO, U YJeHBl, NMPeACTaBAsKIO-
UlMe BKJAAH OJHOHYK/JOHHBIX COCTONHHA.
TlosTOMy, eciM Mbl HaNHMIIEM Hall¥ AMCAEPCHOHHBlE COOTHO-

. 4

mIeHUst OJHMH pa3 A4 sHepruu E, a sTopo#t pa3 nas sHepruu Ey u
nocJe 3TOro Mo4J1eHHO BHIYTEM M3 JUCNEPCHOHHBIX COOTHOLIeHHH
At E cooTBeTCTBY IOLIME COOTHOW EHHs (/15 TePBOTO U NMOCAeHero

4
IHCTEDCHOHHBIX COOTHOLIEHUHN) Aast sHepruu Ey, uav (aas BTOPOro
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7
M TPETbero) — COOTHOLIEHUs 1Js 3Heprur FEp, NOMHOMEHHblE
E
Ha —, — TO Mbl NOJYUYHM B MPABHIX YACTHX TOUHO TE€ e BHIPANKC-
E,
HHUd, B KOTOPBIX BMecTo SHepruu E, Gyner cTosTb Temepb 3Hep-

’
rug Eg us vabronaemolt o6nacTu, a uMeBlMecst paHee MPOM3-
BOJIbHBIE KOHCTAHTBl YHUYTOXKATCSH:

e (1 +Pp) Dy (E) — e (1 4 Pyy) D, (Ey) =

_ 2 (BB (14 P) Aeu(®)
2 —E)p J dEr =2 pe —
T ( 0 v (EIZ_E2) (1:/2 —Eg)
Y iirpr
(E2— E}) E,

_2g2

(L3 E%) (£p — Eo) G, (1+ £, )A(m* p), (6.66.1)

e (1—Pyy) Doy (B)— = @6 (1 — Py D,y (Ey) =

2 iz o , B (1= Poyr) Ay (EY)
:::;E(E “_EH)P J ;’2 )P(PE/2 mE(Z))
m-pt
Vidsp
E(E*— E)

—ng( Se (1 — Pyy) A(m?, p), (6.66.2)

Ey— ) (B —Es)

Ue (14 Pyy) Dy (E)— - Me (14 Pyy?) Doy (E) =

- 1P, Dow (EY
=2 E(1*—E)P E+P)2 ¢ty _
(E*— E%) (E"* —E})
Mm—p?
VMQ+pJ
E(E*—E}
—2g e (1 4 Pypr) A (m2, p), (6.66.3)

B8
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Q[e (1 _Ppp')Dum (E)_Q[e (l _PPP')D':(D (Eo) =

By (1— Py ) Ay (B)
(EIZ — EZ) (EIZ L E(Z))

oe
2 2 "
== (E*—E})P J dE’
Mm—p*
Ve
(E2—E§) E,
Ey— E%) (E; — E5)

——2g2( We (1 — Pypr) A (m2, p) (6.66.4)

(MBL OTlycTHAH 3leChb WITPHX Yy 3Hepruu F,, NOCKOJAbKY NpexHee
o6o3Hayenue E, Ham Goablue He BCTPETUTCH).

6.12. [ucnepcuounbie cootnouenus (6.66) yxe He comepxar
6oNee HM MHTErpUPOBAHUS 1O OTPULATEJbHHIM 3HEPruUiM, HH He
UMEIOWUX (U3MYECKOTO CMBICTA HEOTPEeNeNeHHbIX MOCTOSHHEIX.
B camom nene, nockonbky Mbl cuntaeMm Temepb, yTo dmeprus E,
JexUT B HabmonaeMolt obaact,

Eo>Vmi+p?, (6.67)

10 D,,(E,;) MOXHO onpenenuts sKCNepumentanbHo. [lanee, Be-
auunna A (m2, p?) 6yner aBuo Belyvcaena B gonoanenun b (6.18.1).
Takum o6pasom, B cooTHouweHusx (6.66) ocTaeTcst HepasbICHEH~
HOfl TONBLKO TMOCTOAHHAs

£=8®)|._pm. (6.68)

OcranoBuMcs Ha BOMNpoce O ee (PU3UYECKOM CMBICJE.

6.12.1. Kak u3sBecTHO, BOIPOC O TOM, YTO HA3BaTb «IKCHE=
PHMEHTA/bHBIM ME30HHBIM 3aDSJOM PeanbHOTO HYKJOHa», He pe-
uiaeTcd, B OT/IHYME OT AHAJNOTMYHOTO BONPOCA B IJEKTPOJIHHA-
MHUKe, OJHO3HAYHO. B mociaenHeM ciyuyae oOiIeNDUHATHIM sBASETCA
onpejfiencHHe SKCMePHMEHTAJbHOrO 3/EeKTPOMaTHUTHOrO 3apana
Kak ko3dduiuueHTa, CTOAWIEro Mpu TPofiHOH Bepliuue AJAA PaB-
HbIX H peanbHbHIX HMIYAbCOB 3apfKeHHOH 4YaCTHUIE ¥ PAaBHOTO
Hy/110 uMmnyiabca ¢otona., C ¢opmanbHON TOUKH 3peHUst TaKoe
ONpeje/ieHde OKAa3biBaeTCH BO3MOXHBIM, MOCKOABKY JAAS 3THX
3HaYeHUN HMIYTbCOB YaCTULB OJHOBPEMEHHO KaK HUMNyabC ¢o-
TOHA OKA3bIBAETCH peajbHbIM, TAK OKAa3blBAETCS BO3MOXHBIM H
VHOBJETBOPUTL 34KOHaM coxpaHenus (umnyasc ¢=0 wmoxer
OTHOCHUTBLCA K peanbHoMYy ¢oTory!). dusunueckm takoe onpene-
JieHHe O3Ha4aeT anesJALMI0 K OMHTAM 1O TOBEAECHUI) IJIEKTPOHA
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B MELJEHHO MEHSILMXCH MaKPOCKONMYECKHX MOJAX THUMA OIeiTa
Munnukena u, B KOHEYHOM cueTe, MO CYLLECTBY K BO3MOXHOCTH
ONPeieNTh 3MEKTPOMATHUTHHA 3apAN B YHCTO MaKPOCKOTMWYe-
CKHX ONbITaX, UCCACAYIOLIMX B3aUMHOE NPUTSKEHHE 3aPAKEHHBIX
Oy3MHHBIX IaPHKOB.

B mesopunamuke nonobHbIR NyTb SBASETCSH 3AKPHITHIM — H3-34
9KCNOHEHLYANbHOrO CNafZaHus fALEPHOrO NOJst C PACCTOSHHEM
(00yC/nOBAEHHOrO0 KOHEUHOCTbIO MAacChl ME30HOB) MaKpOCKOMNuue-
CKOH Me30JMHaMHKM He CYIUEeCTByeT, W NOTOMY ONpele/uTb Me-
30HHLI} 8apsl U3 MAKPOCKONMUYECKUX OMBITOB HeAb3d. PopmManbHO
3TO MNPOABASETCS B TOM, 4TO (M3-3a TOfl k& KOHEYHOCTH MAacCH
ME30Ha) Henb3s TaK NOAOOpaTb WMMY/AbChl TPOWHOH BEPUIHHLI,
4yT06B OJHOBpeMeHHO (d) oHM OblAM BewlecTBeHHEI, (6) OTBEYAIH
On peanbHbIM YacTHLAM H 4TOOH (B) BBINOJHAMHCH 3aKOHH CO-
XpaHeHus, — T. e. yToObl OBl BO3MOXEH peatbHBIH Npolecc.

[ToatoMy, kak 6bl Mbl HH NOCTPOMJN ONpeJeNeHHe «IKCNepH-
MEHT2/IbHOrO ME30HHOT0 3apPfAfa peajbHOr0 HYKJOHa», OHO 06a3a-
TeabHO OynaeT dopMaibHeM # OYLET OTHOCHTBCH K BENMYHHE,
durypupyouiefl auup B TeOPeTHYECKUX BRIKIAJKaX, HO OTHIONb HE
nojjaolieficst HemocpeaCTBEHHOMY ofpeneneHui0 Ha onelTe. Kon-
KpeTHH BHOOp onpejeneHns He OyleT UMeTb NPH ITOM TIPHH-
LLMMHAIbHOTO 3HAYeHHd, HALO JUWb, yTOOH TaKOe oOlNpele/eHne
Obl10 yeTKo ChopmynupoBaHo. I[1osTOMy Mbl BRpaRe onmpene-
AU Tb SKCIIEDPUMEHTAbHBIH ME30HHBI! 3apsAl PeajbHOTO HYKJIOH4,
KaK Kos(hdHUHEHT NP TPOWHONH BepuIdHe g ciayyad, KOrua,
BO-NEPBBIX, BHINOJIHEHH 3aKOHHI COXDaHEHH# M, BO-BTOPBIX, BCE
TPH MMNYJbCa OTHOCATCH K DeabHbIM YacTHLAM.

CocTapidiolue MMIYJIbCOB HEN30EXKHO OKAXKYTCA NPH ITOM
KOMIIIEKCHBIMM, NMO3TOMY HETNOCPEACTBEHHO ONpeAeNdTb YAOBJe-
TBOPAIOUIMA TaKUM YCAOBMAM 3apAl uepe3 BaKyyMHOE cpenHee
TpeThell BapUaUMOHHOH MPOU3BOAHON MATPHLLEI PacCesHHd (KOTOPOE
Oyner urpathb NPy HalieM cnoco0e MOCTPOeHHs TEOPHH POJb KO3d-
¢duuyenTa y onepaTopoB nojs Npu TPOUHOM BepluWHe) HENb3d, H
MBI €CTECTBEHHO MPHUXOJHM K TOMY, 4yToObl BOCHO/b30BATHCH Me-
TOAOM aHAJMUTHYECKOTO NPOHOJDKEHHA, T. €. CHayaja BBECTH,
¢ noMowplo cooTHowennd (B.11) u3 nonosnenns b, dynkuuo
g(g®» nas g?=r, yIAOBIETBOPAWOILUX HepaBeHCTRY (6.23), 3aTeMm
BBINOJHUTL (BO3MOXHOCTb uero OyleT foka3aHa B b.D) ananutH-
yeckoe MNPOJOJKEHHE 3TOf (YHKUMM BAJIOTH OO OTBEYAiOILErO
peasbHOMYy Me30HY 3HAayeHud t==m2 u onpeLeHTb IKCNEDH-
MEHTA.1bHLIA Me30HHBIA 3apaj peanbHOro HyKJOHA, KAK 3HayeHue
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Beegennolt B (B.11) ¢ynxuuu g(g?) nns g2=m?, T. e. Kak

g= g% lg=m= (6.69)

Boixnagku pasgena b.5 mnokasslBaloT, uTO Tak omnpenedeHHbH
3apal OyineT BeuleCTBEHHBIM.

Hrax, enmncrBennol sxonswedt B (6.66) ne Habronaemoil Ha
ONbITE TMOCTOAHHON MOXHO NPHMAATL ACHBIA U BaXKHHIX ¢(uU3Uue-
ckuft cMmbicad u (cM. nike § 8) camu cooTHoweHnus (6.66) moxHO
6yneT UCIMOAb30BATH 1/ KCIEPUMEHTANLHOrO OHpe,I_Le.HEHHﬂ aTOoH
MOCTOAHHOM.

6.12.2. Onnako B uwrerpane nmo E’ B HAWNX HUCHEPCHOH-
HbIX COOTHOWeHusXx (6.66) BCe enle ocTaeTcd HHTErpupoBaHue
no yacT HeHabGmoaaeMofl o6iacTH, MUMEHHO, MO 4acTH, 3aHATOH
HenpepolBHEIM chneKTpoM. XoTs Belle M Obl10 MOKa3aHo, 4TO

aHTU3PMHUTOBY YacTb aMIIUTYALl paccesius A,, (E) MoxHo nonay-
yMTb B 3TOM 06JACTH AHATUTHUECKUM TPOAO/KEHHeM u3 Habmio-
1aeMo#t 06aacTH, fICHO, YTO PeasbHO TaKoe MPOAOMIKEHNE MOMKHO
6bl10 OBl OCYIECTBUTb, JAHINL eCa¥ Obl UMENH MOJYYEeHHOE H3
TEOPDUH aHAMTUTMYyecKoe Bulpaxenue ans A, (E), HO He TOJbKO
HaxOIMMble U3 ONbiTa NPUOJUKEHHbie yucJeHHbe 3Haudenus. Ilo-
TOMY, MNOCKOJAbKY TEOPHS ME3OH-HYKJOHHOrO B3aHMOJEHCTBHA
MOKa OTCYTCTBYET, MPAaKTHYECKN BLIYHCANTE 3Ty 4acTb HHTErpana
HE yHaeTcd, M HAM HAPHUIeTCH NpocTo npeHeOpeub elo, BLINOJHAA
UHTErPUPOBAHNE HE OT NpHUBeleHHoro B (6.66) HuKHero npenena,

a oT rpanMibl Habawoaaemoit obaacTu Vm2—+—p2 . 3aMeTuM JULb,
yTo HJs paccesHus Bnepel, koraa p=~0, 3To# yacTu UHTErpana
BooOiie He OyLeT, MOCKOJbKY MPH STOM llenpepbLlBHBIA CekTp
HE 3aXONMT B HeHab.lonaeMyio 00.4acTb..



§ 7. HCCIAEJOBAHHE AHAJMTHYECKUX CBOWCTB
®YHKLIUH ST,,

Wanaras B npeaninywiem naparpade BHIBOL AMCHEPCUOHHBIX
COOTHOIIEHUH, MBI MpHHAAH Oe3 10Ka3aTeAbCTBA TO YTBEPMKZe-
Hue, uTo dynkumio Sf,, (E, T) MoxHo npeacrasuts B Buie (6.39)
yepes dbyHkuuu F; u F,, ob.1anawomune ceotictamu (a), (6), ()
u3 nyHkta 6.9. YroObl 10KazaTh 3TO yTRepKaeHME, HAM Mo-
HaJoOuUTCA TpeANpUHATb Temnepb 6oJee JeTaldbHOE UCC/elO0BaHHE
aHaJuTHYeCKOro noselenns dyHkuun ST.

7.1. YCTaHOBMM CHa4ala HeKOTOphHle ajarebpauvyeckue COOT-
Howenus. HanoMHum npexne Bcero, 4to coriacHo (6.3) QyHK-
uvg T Owlna onpeneneHa, kak ¢ypbe-o6pas

To(THT) fdxeT Fo (%) (7.1

dbynkunu  F,, (x), cooTBeTcTBOBaBIIE# MATPHYHOMY 3JEMEHTY
(B39TOMY MEXAy HBYMA ONHOHYKJOHHHIMH COCTOSHHSMH) KOMMY-
TaTopa JByX 603EBCKHX TOKOB:

i 2P @4y
e 2

Fv.u) (x_—y) =
=i(p’, S’ jy ()j. W —J, N Je ()P, S). (3.23)

ITostomy, mnposoxs B (3.23) npeobpasosanue dypbe no obeuM
KOODAMHATAM, Mbl MOJYYMM:

Tuw(gz;‘p+ p3>3(p,—17+p3+p4)=

— (z_i)if(p/’s,]jp' (x3)jp (x4)-——jp(x4)j9'(x3)| P, S) ei(pwd.rpw.)x
X dxgdx, (po=V Mifp% p°=V MEp?).
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BripasuM 3jech croduiMe MOJA WHTErpajJoM MATpHYHbIE 3Je-
MEHTHl uepe3 BaKyyMHble Cpemnve ¢ momoiunblo npunnuna I1.3
u3 § 2. Hcnonassys dopmyny (b.4), natimem, yro

Tou (524 ps) 80 — p+ pa—t+ p) =

= (%1)17 u+S/(p/) f ei(p'm,—pm,{-p;m;ﬂrp.m‘) dxl de dx3 dx4 ><

32
X OI‘*—[MM, ) (x )]to wtS(p). (7.2)
( Bh () O () LTF T et ) )
BBEAEM JAAg CTOodulero nona HHTEI‘paJIOM BaKYYMHOI'O cpen-
Hero 0603HaueHue
B[ (xg) Jp (2]

(0|2
8¢ (xq) B (xy)

3aMeTuM Tenepb, UTO €CAM y HAC MMEEeTCs HEKOTODAas TPaHC/A-
LMOHHO-UHBApHaHTHAA GYyHKUMA F (X, X,, X3, X,), TO ee noi-
HHH (ypbe-06pa3, — nony4YaeMulll, eC/M NPOBECTH He3aBHCHMBIE
npeobpasoBauns THna (6.3) no Kax10# U3 KOOPIAHHAT Xy, . . ., X, —
6yaer nponopudonaned S-pyHKUHH OT CYyMMBI HMMyJabcoB. [las
HanpHeflllero HaM Oyner yaIo0HO Ha3elBaTb B TaKHX Caydasx
bypbe-o6paszom Koapduyuenm npu 3Toh 3-dyHKUUK (AeseHHBIA

Ha (2m)*), KoTopul Mbl 6yaeM 0603Ha4aTh uepes F (py, pa, Pa, Py)-
Wrak, momomumM!):

0> =D (x, X5 %3 x,). ((7.3)

[Fexy ooy x)eiosipmde, ... de,~

=@ 3o+ ... +p)Fp - p), (1.9
€CJIn

F(x;4a, ..., x,Fa)y=F(x, ..., x. (7.5)

1) Jlerko BuAeTh, 4TO TaKoe OOO3HAUECHHE COTNACYETCA KAK C HC-
NoJAb3yEMOit HaMH o0ulell HOPMHPOBKOH NpH nepexoje K dypbe-o6pazam:

F(£y0n Xp) = @)™ (dky ... dkyexp { —1 kixi | Ty . Ben),

TaK H, ¢ APYro CTOpoHB, € BbHOODOM HOPMHPOBOK IIPH NEpexone
K (ypbe-00pa3y 1as ABHOH QYMKUHH OT PAa3HOCTH ABYX 4-TOYEK, HANMpH-
mep B (6.3).
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CpaBHiiBas 9TO onpejeseHHe C COOTHowenveM (7.2), BUIMM,

4
4TO HHTEpECYIolas Hac ¢yHKUUS Tuw(q—_*—;q—) 6yner Bulpa-

KaTbes uepes pypbe-06pa3 dpynkuun (7.3), D~(p1, Pas P3y Py)s €CTH
TIOJIOKUTb B HEM

p=p5 p=—p p=9¢; p=—gq (1.6

T (14 L) = 5 67500 D (0, —p 0. —ut5 (@), (7.7)

rae

=V Mo’ P=VMEFpE p+q—p—q=0,

=V’ +tu o=Ve+s. )
7.8)

7.2, Uccnenyem, kak sasucut D (py, ps pPs, p,) OT CBOMX
aprymenToB. Brmnossiss B(7.3) Bapnanuonnoe AuddepeHuupona-
HUe, HallgeM, uTO

D(%y, ..., X)= X (1—"P,y Py ) DD (xy, ..., X)), (7.9)
(1<agy)
rae
by () b ()| \ )
) (o | Y 9 Y (X0
ORI <° b () ML l (7.10)
v (o ij(x4) pr'(xzs) 0 I
e 2=\ G T ) J
H
82y’ (Xg) >
D wam (o] o)
(x4 +) B (X)) 0 (x2) R (7.11)
e . 8219 (x3)
(i s X)=—\0 S () = e o

a P,;, o3Hauaer ollepatop MEPECTAHOBKM MHIEKCOB 3 u 4.
Byaem cumrate, uyro cooTBeTcTByWOmee (7.9) pasbueuue

B CYMMy BbINOJHEHO U Ajs dyHKuuu D (py, - .., p,). Jlerko uaets,

YTO TOrja MJIS MHTEpeCyOLUX HAC 3HaueHuH T, YNOBJETBOPHIO-
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wux (6.38), mBa mocielHMe usieHAa B TaKOH CyMMe He AALyT
Bkaana B D(py, ..., p,).
B camowm xeae, paccmatpusasd, Hanpumep, dyuxumio D ¥ (xy, ..., x,)

H OpuMeHssa opmyay (2.6) pasjoxeHHs MO NOJHOH CHCTeMe (yHKUHMH,
Haljaem

DO (xp x4)=<0 Py ) 0><0|fp ()1 0) +
8 (xp) 8 (x9)
(x3) ,
dk( I L G N k>(n, k|j, (x)]0). (7.12)
+2/ VS () 50 () P

Ho cpeanee mo BakyyMy OT TOKa pasHo Hyawo B cuiy (3.6), uto xKe
KacaeTcsl 3JeMeHTa NMepexola TOKa Mexay coctosHusaMH |n, K) u Ba-
KyyMOM, TO 6Jarogapsi TPaHCJsI{HOHHOH HMHBAPHAHTHOCTH €ro MOXHO
3andcarh B BHAe

(n, K1y (20 10) = (n, K|, (0)]0) e,
rae
kn = =)+ M2
Haxkonen, B § 4 6bi10 yCTAaHOBJIEHO, YTO MaTPHUHLIC 3JIEMEHTHI
(n, k1, (0)]0)

PABHB HYJHO H LI OZHOME3OHHLIX UJH ABYME3OHHBIX cocronunuil. Taxum
o6pasoM, B cymme (7.12) MoryT ydyacTBoBaTh JHIIb COCTOSAHHA C

My >3m

u, caegosateanno, 8 pypbe-pasaomennn D) moryt yuactsosath 3KC-
JOHEHTH exp {ip,Xx,; MHIIL C

P> (3mye.
Takum 06pasom,
D®(py, ..., p)==0, ecam pi<(@m): (7.13.1)
COBepHJEHHO dHAaJOTHYHO y(:TaHaBJIl/IBﬂeTCﬂ, 4yTO
D™ (py, ..., pp=0, ecm p?<(3Bm)? (7.13.2)
H, C/eN0BATENLHO,
P, Py D® (py, ..., p)=0, ecm pi< @Bmy

. (7.14)
Ppp'P34 DM (py, ..., p)=0, ecm pi < (Bm) |
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nOE)TOMy MBI MOXEM Hanvcartb, 4710

meumiga—P&Mwmw”m,am
eClu ,
< @BmeE n p2(3m), (7.16)
U HAM OCTaeTca UCCIen0BaTh AHAJIUTHUYECKY IO CprKTypy TOJLKO
dynxunit DO (py, ..., p) u DA (py, ..., py).

7.3. D1a 3anaua tpebyer GoJlee Cepbe3HOTO HCCJAENOBAHHUSA,
3HAYMTENbHAS YaCTh KOTOPOTO OTHOCHUTCH CKOpee K TeopHH (PyHK-
UMH# MHOTMX KOMILIEKCHBIX NepeMeHHBIX, ueM K dusuxe. [losromy
Mbl chopMyaHpyeM 34eCb pe3yJbTaThl YHUCTO MareMarHyecKoh
YaCTH pACCYXOEHHH B BHIe TeOPeMbi, JOKa3aTeNbCTBO KOTOPOH
Oynel npuBeneHO B AoNoJHenun A.

Teopewma. ITycmy 6ydym Oansl wemuvipe 2pynnot

((=r,a j=r,a '
M PAHCAAYUOHHO - UHBAPDUARMABX 0000UeHHbLX BYHKGILE
FON (X0 oo vy X)),

npeobpasyouuxca no AUHEUHbLM KOHEHHOMEPHOLM npedcmas-
aenuam zpynnu Jlopenyal) u obradanouux ceoldcmeanu:

FO (e, ..., x)=0, ecau x,Lx, wan x,<x,)
FO (xy, oo0, x)=0, ecan x,Kx, wau x, < Xy } @17
Fl(xg, ..., x)=0, ecau x,<x; wau x,Kx,; I

FO (oo x)=0, ecan x,<x, uau x, <%y

ITycms, kpome moz0, OanHsie PYHKYUL YOOEAEMBOPLION
YCROBUSAM

FO Py s p)—FQ 1y oy p)=0,
ecau
< (M4mp w pi < @Bm); s
FOpy ooy p)—FQ(p - p) =0, (1%
ecau -
R (MA-mp n pE < @3mp,

) v HyMepyeT KOMIOHEHTH 3TOrO IpPEACTaBAetHsl.

8§ 3ak. 2670. Boroaw6os U Ap.
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a makgice u mpebosaniLio
FO (py, ..., p)=0,
if (p, Py I (7.19)
ccau (p+pf < (M-+mp ww f+p<0. |

Tozda  momeno  nocmpoums  0606ujenuvie  BYHKGUU

Oy (21, ...y Tg Zg) BeULECMBEHHOE NepeMenHOd Zg, SBASTIO-
WUecs QHarumudeckuMu OYRKGUIML KOMNACKCHBX Nnepemer -
HBX Zy, ..., 25 CO CBOUCMBAML:
(1) Pyuryuu O, pezyaspre. 8 o6sacmu
|2 — M2 < pm% | z— M2 | < pm; \
l2g—*| <pm?% |z, —1" | <pm¥ } (7.20)
M 9 . o M2
_4M+mm <Rezy=<<0; |Imz =< z—, J

20e p—00CMamo1rO MAr0e NOAONHCUMEALHOE HUCAO, G Beuye-
cmsennoe <* y0osaemsopsem HepaBeHCMEAM

— V=<t m? (7.21)
20e V — Hexomopoe noaoxicumesbHoe npou3BOAbHOe, HO duKcl-

POBAHHOE HUCAO.
(2) dyurguu

D, (2 vy 2y 25)=0, ecau zzg(M-+-m3 (7.22)
(3) fHan sewecmBennslX py, ..., Py, MAKUX, MO

p1+P2+p3+P4:0

it Beautunbl
2P BT BT 4
Zs=(m+p)% 2Zg=(p~+ ps)?

yoosaermsopsaiom Hepasencmsam (7.20), Pyuryuu F(j MOJCHO
npedcmagums 8 8ude CYMMbL

} (7.20")

F) o, ..., p,;):}‘:pu. Y G TN AT A 8 ]}(7 23)

ecau ,pf—{— p‘; >0

¢ KoHeunwim ducaom 4aenos (w={a; ..., az}).
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MBI XOTUM TPHUMEHHTHL 3Ty TEOPEMY K HalUM (PYHKHHAM
D@Dy P Py, DU, Tlpopepum, GyAyT JM BHIOJHATLCS ee
yCJI0BHUS 111191 ¢ynknun DM (xy, ..., x,).

Monoxum

Frp(xyy o0, x)=DW(xy, ..., x)

M JocrpouM B kauvectBe ¢ynxuun F_,, F, u F,, Bopaxenus

3Oy (1) B (x0)
R e el el O
e (X3) BN (o)
Fo(xy, ..., x)={0] 27 210); 7.24
1 0= (k) gy (xy) ) (29

5O (x1) | B (x)
B9, (H3) Bgp (X4)

Foa(xy, ..., x4):—<0

o>,

rae depMueBckue TOKH O (X), M (X) ONpeleqsoTCs PaBeHCTBOM
(3.4). Slcno, uto Tak mocrpoennsie ¢ynkunn Fy; 6ynyt tpaHc-
JAAUMOHHO-UHBADUAHTHBIMM M NPeobpa3yTcs, KaK POM3Be/eHUd
CIIMHOPOB (MBI He BHIIIUCHIBAEM TENePb sSBHO BEPXHEr0 HWHJeKCa
(), poabp koroporo OyAyT WUrpath CNUHOPHbIE HHIEKCHI TNOJEH
(M1 TOKOB) B TOYKAX X; M X,). OueBMAHBIM o6pa3oMm (B cuIy

yCJOBHS TNpHUYMHHOCTH (2.24)) BHINOAHAIOTCS TaKXe M CBOMH-
crBa (7.17).

Uto6bl MOKAa3aTh, YTO BLHIOAHAITCH ycaorus (7.18), 3aMernm, YTO
HMEIOT MeCTO TOMAECTBA:

8jp (xa) 8 (x9)
¢ b9 (X3)

= i[O (x) J(x) |

07

(*1
j(x) By b (X9
LI/(xg) Ty — LU ~ )]

O’l

O

CNIpaBeJINBOCTL KOTOPhIX JIETKO NPOBECPHUTh, UCXORSA H3 onpenenelmﬁ

(3.4). C uX mOMOLUbIO MBI TIOAYYHM, HAIPUMEP, A5 NEPBOTO H3 YCJOBHIl
(7.18):

Frp(Xp coos X)) — Far(Xp ovvy X)) =
oJp (x4) Jp (X4)
= 1/0 O (1) pr (%3) T ()> <0 Jo (x3) O (x1) 5 (%) )>

8*
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Otpensisi 3aech B KAaXIOM ulieHe MepBHH MHOXHUTENb 1MOJ 3HAKOM MaT-
PHYHOTO 9/EMEHTAa ¢ NOMOLbI0 TEOPEMbl NONHOTH H HOAL3YACh TPAHC-
NAUMOHHOH WHBAPHAHTHOCTHIO TOKOB, HaWeM MyTeM TOYHO TAKHX e
paccyxaeHHi, Kak HCHoab30BaHubie Boime ((7.12) —(7.13)), uro
¢ypre-o6pas nepeoro ujeHa o6palaeTcA B HyAb LA

p1 < (M4-m)?,
a ¢ypne-00pas BTOPOro -— JJist
Py < (3m).
Hostomy
Frrp -+ s P — Far(Pp -+ s P1) =0,
eLsH

PI<M4meE n i< (3mp

CoBepIilleHHO 4HAJOTHYHO TPOBEPAIOTCH M OCTAJbHLIE YCJIOBHA

3TOH TpyNMNLL.
TakuMm o6pasoM, BbinoJHeHue ycmoBu#t (7.18) nposepeno.
Ham ocranocy mposepurb Bhinoanenue tpebosanua (7.19).

Pasznoxum nns srtoro npoussegende (7.10.1) mo noiuo# cHcTeMe

G yHKuHH
n,k > <n, k 0>.

DO (g - ) %) ”24 J <
(7.25)
B cHiy TpaHCASALMOHHOH HHBApHAHTHOCTH AMA KaXKAOTO M3 MHOXHTeJei
MO MHTErpajoM MOXHO HaIHCaTh

bjp (x4)
8¢ ()

3)
E‘P (*1)

By (xq) 8j,r (0) —iky
0|3 —L 7 inkye Yn"s  (7.96.1
( 5 (£) mk)=(0 By (g — %g) )e )
H
(nk Sp (40 0)=(nk o | Ve (xa— ) o>e“‘n“a (7.26.2)
3 () IO ’
rjape

=+|/M$,+k2 > 0.

Hanee, matpuunsie 3neMeHTsl B (7.26) o6paTtsaTca B HyAb Ias Ge3ny-
KJIOHHbIX COCTOSHHH B CHJAY 33KOHa COXpaHeHHd AJEpHOro 3apsaia.
Iostomy B cymmy (7.25) Moryr BOHTH TOJBKO COCTOSHHS C OZHHM
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HYKAOHOM, OJHHUM HYKJOHOM W OIHHMM ME30HOM H T. 1. MTaK,

D@ (JCI, ey JC4) ==

. 3, (0 5
=/dke1kn(wa~ws)< o (fp © | k) {1,k ' Jo (;;(0))(2) 0)-+
/] xl——JCg
- (0 5fo (g — X9)
dkezk m) 0 'Up a, ’ o 0

+2/ < b (g — ) k>< 3 (0) >
Mu>Mim

(7.27)

B=+VMLRE B >M+me k>0

Takum obpasoMm, dyuxunus D (xy ..., X4) TIPERCTABAAETCA Cynep-
NoauiMell  9KCMOHENT BHza & s (@1 = 29) + Qo (B0 — @) + Ty (@3 = @) Iy
rie k?,>0, a KBaxpar ki a6o Goubwe (M- m)? (BTOpOH uneH
8 (7.27)), mu6o pasen M2 IHepexoma k HalluM OOLIYHBIM MMITYJbCAM
D1 +++» Dy BEIOPAHHBIM B COOTBETCTBHH ¢ (7.4), MOAyuHM Ry = py -+ pg.

CnrepoBarelsHO, H3-3a Hajuuusg B (7.27) ONHOHYKJIOHHOTO
uiena ¢yukuns D® (x, ..., Xx,) HeNoCpeICTBEHHO He y/IOBIE-
TBOPSIET YCJHOBMAM TEOpPEMbI; HMEHHO, H3-3a OJHOHYKJOHHOTO
COCTOSIHMS He YyjaaeTCs BHMNOJHUTE Tpefomanne (7.19). Oanaro
fICHO, YTO OJHOHYKJOHHOE COCTOSHME WCKIIOUUTCA, €CJAH Mbl

yMHOXUM (dypbe-06pa3 1~)(p1, ..., p,) Ha
[(M2— (p,~+ ps)?). (7.28)

slcHo Takie, YTO BHIMOJHEHMe OCTaIbHLIX, NMPOBEPEHHLIX BHILE,
yCIOBHH TeopeMbl TPH 3TOM He HapyluTtcd. B xoopaHHaTHOM
npelcTaBIeHHH YMHOKeHHe Ha MHOxwuresb (7.28) cepercs kK nekt-
creuio na DW (x,, ..., x,) oneparopa

[ (o) )

Bumosnenue ycaosus (7.19) npas ocranvubix  ¢ynxuui (7.24)
JLOCTHraeTcs COBEDIIEHHO AHAJOTHYHO.
MTak, MB yCTaHOBMAH, YTO (PyHKUHS

o A oo

yLOBJAETBOPAET BCEM yCJAOBHAM TeopeMbi. C/1eJ0BaTENbHO, KA
HMOYALCOB Py, ..., Py, YBOBaeTBOpsOIMX ycaosuaM (7.20%),
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(7.20) ee ¢dypbe-06pa3 MONKHO TPENCTABUTb B BUIE:

Mz‘—(pl“l—Pa)Z]D(l) Pis - -5 PY=
=207 PP (Ph - (0 pe)),

_ ecat (py—+py) > M—m)p n pl—-p) >0; ¢ (7.29)
:0,

| ecnn (o p)2 < (M—bm)2 wan pd4-p2< 0

(nocaeanee paBeHCTBO cJaelyeT u3 Bumosanenns (7.19)).
[lepexons Tenepb k paccmorpennio gpyuxund D®(x,, ..., x,),
BHIM, YTO BCE pAaCCYXXIEHUS MPOBOASTCH NS Hee COBEPIIEHHO

AHAJIOrHYHBIM 00pa3OM, NMPOHCXOAUT JHLIb OJHOBPEMEHHAs 3aMeHa
nepeMeHHBIX

1T=2 u —= 4.

[losroMy ans ¢ypbe-o6pasa ¢yHxuHH

[M2+(dx,+dx3) ]D(?’) (g, oo er %)

HMeeT MecTo (Ans UMIyJbCOB, yaosaeTsopsiowux (7.20%), (7.20))
npelCTaBieHue:

[M2—(py—+ p3)* ]D(Z) D1y - vy D)=
[=3r - o b (it p)?),
! ectn (4 py)2 > M—-my w p0=p<0; ( (7.30)
=0, '
ecan (py~ ps)? < (M~ m)? unn p§—+p3 > 0.

Touno rtakum e o6pa3oM ycTaHABIMBAEM, YTO MJd JBYX
Apyrux ujeHoB B (7.15) MOxeM HAMHCaTh:

— D1+ p)? ]Ppp P34D( (PN RS
! =0 P (P (i p)?),
ecnu (p;—+p,)2 > M-A4-my?r w pi~+p)>0; ¢ (7.31)
=0,
| ecam (p, 4 p)? < (M~ my? mam p)~+p < 0
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"
[M2°‘(P1+p4)2lppp'P34D(2) Py -5 DY =

[ =pu... o (7% -5 (1),
) ecmn (pHpg2> (MA-my w pi-p) < 0; { (7.32)
=1 o

ecn (py - p)? < (M—-my2 umn p—+ p2 > 0.

7.4. TloacrasuM Temepb /s MEPeMEHHHX py, ..., p, HHTe-
pecywoue Hac 3Hauenust (7.6), Tae COCTaB/IAOMIME BeKTOPOB
r, ..., —q B Haluel chenMalbHOA cCHuCTeMe KoopiaHHat (6.11)

3ajatorca dopmynamu (6:12), (6.13). [Moayuum Toraa:
p%:pﬂ:MZ; p§=p2:M2' p?:q'z_—_'z:t*;
pi=q=1=1" (p+p)?= (" —p)P=—4p%
(Pt o)== (p' 4¢P ==+ 2E Y M2+ p*+ M2 2p%;
pi4-pi=V M2+ p? - E;
(P1+ P = (¢ — q) = ©—2E Y M? |- p*— M>-2p*;
Pia-pi=p°—q" =V M p? —

OcranosuMcst cHauaja na ¢urypupyomux B (7.29) — (7.32)

HepaBeHcTBaX. Ecau moacrasuth B Hux 3HauyeHus (7.33), 10 Mu
noayuuM, Bcromunaa (6.31):

E=E () BMECTO  (py ~ py)® = (M —+-m)?, }

r(7.33)

Ez=—Y M2-+p® Bmecto L+ m=0 (7.34)
"
Es—E.(7) BMECTO  (py + p,)° = (M ~+m)?,
E=VM4p? smecro n+pr=0 } (7.35)

[Nockoaeky nns p2, ynosaersopsiowux (6.33), E,(s) nono-
KUTebHO, TO M3 (7.34), (7.35) caenyer, 4ro mapsi HEpaBEHCTB

(Pr+ps)? > M~+m)? n p}+-p< 0
U

(P4 P2 >Mbmp w P <0
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HE MOTYT BHINIOJHATECS COBMECTHO. [loaromy ¢yukiuun D@
(Pys «+ s p) 1 PPy D® ne 1agyT HMKAaKOTO BMaja B TOJ-

HH#t Qypore-o6pas b(pl, ... P,) AN MHTEPECYILWMX HAC 3Ha-
UeHHUW HMIyJLCOB.

Yuutpipag 370 0O6CTOATENLCTBO M MCNOb3Ys 3HaueHns (7.33),
NPUXOJHM K ClelylolleMy npeacrapieHuio nas ¢ypbe-o6pasa

D~(p1, cvey py) byHKUHM D (X, ..., X,
1 1
2Vt Eo(+E
< Y P (M2 M2 5,7, — 42t 2E Y M pE - M2-2p%) +

w

D(pi, ..., p)=

1 1
+QVM2+p2 E,(x)—
XY Pu®u(M2 M2, %, — 4p% v —2E ) M2 pi4- M>—+-2p%),
o (7.36)
rage

B X

D (...)= ;
(.. )=0 ami E<E,(3) } 737)

(D:u(. .D)=0 ams E>-—E,(x),

CTpaBeNJIHBOMY, €CIH

Vi< (I dpm? Imz=0) u p< Mf:mma (7.38)

’
rine Pm U Pw— MOJMHOMBI OTHOCHUTEJ/JILHO KOMIIQHEHT UMIYJ/IbCOB,

a ®, u O, —aHauTHYECKHe (YHKUAH TePBMX TNATH aPTyMeH-
TOB, pery.JapHble B 00JacTH
M

p2< T m?, —V L Rex < (1 +4p)ym? |Im=] < pm?, (7.39)
¥ o6obmeHHbie (GyHKUMH wectoro aprymenrta. Kpome Toro,
HAAO MOMHUTH, yTO moayuas (7.36), mu aemnan (7.29) u (7.31)
Ha (Ep, == E). Tlosromy npeacrasrenue (7.36) cnpaseniuso,
KOHEUHO, TOJbKO [Jf

E + = F, (). (7.40)

Ho npu Bumoawenun ycaosus (7,40) ¢ynkuna T(E, <)
cosnamaer ¢ f(E, <) (cp. (6.35)). CrenosarenasHo, MOACTABIASA
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npencrasaeuue (7.36) B (7.7), Mb TOAyudM He yHKuuio
T,,(E, 7), no dynkunwo f,, (E, <).

[TlosToMy, He BHIIMCHIBA B JaJdbHEflllleM He HHTEpecyoiel
Hac sasucumocTH OT M2 u p? m o6osnauas ')

LT () Y P (M M 5 D% E MR 29 1 ()

©

. VI D (E, () + ) =
=F;( )
— a5 ) Y Pl (e M7, gk M+ 207 1 (p)
S - =

2V M F p? (B, (x)— E)
=F,(, 1),
(7.41)
ﬂpl/I'XOHJ/IM K TOMY OKOHYATEJIbHOMY BblBOlly, yToO

Pyuryus Sf,, (E, t) moocem Ovms npedcmasiena, ecau
sutnoanswomes ycaosus (7.38), 8 sude

Sfuw (Ec) =F QEY M2 p* 47 7)+
A+ Fp(—2EV M- p* 4 1), (7.42)

20e F;(§ t)—anaaumudecxue Pynxyuu nepemernod
8 obaacmu (7.39) u o0006uennsie HyHKGUL Beuecmaen-
HOL nepemennol §, obaadawowue ceolicmsom

F, (5, )=0 nna &< 2Mm 4 m2—2p2. (7.43)

Tem campiM mpepcraBiende (6.39), KOTOpBIM Mbl BOCNO.BL3O-
Ba/NuCb B MpelbifylieM mnaparpade A9 BHBOMA AMCNEPCHOHHBLIX
cooTHOHIEeHUH, 06OCHOBAHO.

1) Onepauus CHUMMETPHM3ALHH ITOHMAAOGHIacCh 3J4€Ch TNOTOMY, 4TO
noauHoMbl P, P MOFyT conepiarh NepBYyio CTeleHb A, HeaHaMuTHue-
ckHu (cp. (6.18)) sasmcsawyo or .




§ 8. PUBHUYECKHUE JUCHEPCHOHHBIE
COOTHOWEHHUA

[Toctpoenusie hamMu B wwecTom naparpade AHCIEPCHOHHBIE
cootnowenus (6.66) ceusviBalor ¢ynxuun D(E) u A(E), npea-
craBidmolLiie cOOG0H He cKaadpHble QYHKINH, HO «dYHKIMOHAIbHbIE
MAaTpUILBI» B CNHHOBOM M H30TONHYECKOM npocTpancraax. [TosTomy
B 3TUX COOTHOIIEHHAX COLEPHHUTCH CBA3b MEHLY MHUMBIMK H Bellle-
CTBEHHBIMH YaCTSMHM AMIIUTY. IS BCEX peaibHO NPOTEKAMIIHX
NpOLLeCCOB paccesHus.

Onnako yjao6Hee, KOHEUHO, BBIAEMUTb STH AMIVIHTYAH fABHO,
c TeM, 4TOOB HamHCaHHble COOTHOLIEHW OTBEYAIH OTHEAbHbIM
onpeneNeHHbIM (DU3HYECKHM [polieccaM. 3aMeTHM 31ech, UTo,
HanpuMep, KOMIOHEHTH ME3OHHOTO MOJH ¢ (x), Tak Kak OHH

6blai paHee BBEJCHH,

197 . —9. )
@1:‘7‘;‘, ‘Pz—_—%—VZT, py=¢y p=1,2,3,

He ONHCHIBAIOT ME30HOB B OMNpeleJeHHOM 33apsA0BOM COCTOAHHH.
Mexny TeM AJAS HHTEpHDETAIHH IKCIEPUMEHTAAbHBIX HAHHBIX
HaM TNOTPe6YIOTCA aMILIHTYLbl, OTBEYalOlUINe HENOCPENCTBEHHO
NPOTEKAUIUM MPOLECCaM.

8.1. Bosmoxun 10 pasanunbix 1o 3apanoBoft  xapakTe-
PUCTHKE TNpPOLECCOB (BKAIOYad mnpollecch C mnepe3apsuakol) pac-
ceanusa Tpex coprToB Me3oxoB =1, w0, W~ Ha ABYX HykJOHAX p
it n. Kpome toro, kaxini m3 stux 10 mpoueccos moxer npo-
TeKaTb C IlepeBOpaYHUBAHMEM CHHHA HYKJOHA (CTHH-()IUNOBLIH
npouecc) uau 0e3 nepeBOpPaYMBaHHA (He CnHH-PAMNOBHIA NpO-
1ecc), TAK 4TO YMUCAO AaMIVIHTY. elle yiABauBaercs. Beimumem
BCe BO3MOMHBIE IIPOILECCHl PACCEsHHS T-ME30HOB HA HYK/OHAX,
YKa3aB MX OuyeBMAHBIE M30TONHYECKME XAPAKTEPUCTHKH:
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Ipoek- Moanu#l H3oTONHUECKMIT
Mponece uus I, cnuH [
Lat4+po>rant4p ¥y Yucroe cocrosune ¢ [ =3/,

I =a0t+p ->n0+p Cynepnosunus CcOCTOSHHH ¢
N. 20+ p >nttn =1, u I=7%, Ilpoueccs
IV. n¥+no>mdtp a MAYT 110 ABYM KaHaJaM: «ynpy-

T . ro» W «C TJIEpPe3apAIKOii».
Virtdnosatdn B0O3MOXHO  OLHOYACTHUHOE
[IPOMEHYTOYHOE COCTOAHHE —
npoTOH
VI. em4+p—>z" +p To xe, uto u nas 11—V, Ho B
VIL a—4+p—>nttn 1y NPOMEXYTOYHOM COCTOSAHHH
VHL m04-n —>a~ L : BO3MOXCH HE IIPOTOH, a Heli-
’ p TPOH
IX.n0+n ->n04n
Xoa~+n—>n +n —y Yucroe coctoanue ¢ [ = ¥y

Ecan, onHako, Mb npeHeOpexeMm c71a0biM, 1O CPaBHEHHIO
¢ fAEepHBIM, 3JEKTPOMArHHTHBIM B3aUMOjeHCTBHEM!), TO YHCAO
DeHCTBUTEIbHO PA3THUHBIX AMIINTYA CBEAETCS BCErO K 4eThIPeM.

Je#icTBuTe IbHO, BCJeACTBHE 3apAAOBOH HE3aBUCHMOCTH fAep-
HBIX CHJI MBI MOXeM HpUDPaBHATL aMIiMTyAn fpoueccos [ u X
¥ COOTBETCTBeHHble ammautyasl rpynn [[-—V u VI—IX, ko-
TOPBbie MOJAYYAITCH APYr U3 Apyra ONHOBPEMEHHOH 3amMeHOMH:

=t — =,

~0 0
Ml u p_=n

Kpome toro, ammautyns peaxuuft [II u IV u VI u VII no-
[IapHO CBA3aHHI MPUHILMIOM AETAJABHOrO PaBHOBECHS.

IanbHeliluee yMeHblUeHne YHCIA ARHEHHO HE3ABUCUMBIX aMILIH~
Tya AMKTyeTcs TpeboBanueM oOileft MHBAPDMAHTHOCTH NO OTHO-
WeHHUI0 K BpallenusM B M30TONHYECKOM MNPOCTPAHCTBE.

1) 3amernM, 4TO Mbl npeHeGPErIH 3NeKTPOMAT HUTHBIM B3aHMOREHCT-
BMEM paHblle M BeCbMa CYUIECTBEHHO, KOrja, paccMaTpHBas MNOJHYIO
CHCTEMY NPOMENKYTOYHLIX COCTOAHHN, MbH HE YUHTHIBANM COCTOAHMH,
conepwamux (OoTOHB!, OrpaHHYHBAACL TEM CaMbIM JHWL CHABHBIMU
B3aUMOXEUCTBHAMH.
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8.2. Ilpu sToM nmnpolle BCero JeHCTBOBATbL CJELYIOLLUM
o6pasoM. CocraBass H30TONHYECKHE (YHKIIMM CHUCTEMbI ME3OH-
HYKJOH IIyTeM IHepPeMHOXeHUs HCXOIHBIX (QYHKIUUH ME30oHa H
HYK/IOHA, MB TOJyyaeM (DYHKIHM B IIECTHMEPHOM NPOCTPAHCTBE,
SBIMIOIEMCS TNIPAMBIM  MPOU3BEJeHHEM  H30TOMMYECKHX MpoO-
CTPAHCTB Me30Ha M Hykaona. OjHAaKO 3TO MpeicTaBieHde H3-
BeCTHEIM 00pa3oM pacrnajaercs B NPAMYI0 CYMMY HellPHBOAMMBIX
UeTHIPEXPAAHOTO H  ABYPAIHOTO NpeicTaBieHuH, OTBEYAIOULHX
3HAYEHHSM TMOJHOTO M30TONHYecKoro cmixa 3/, u 1/,. Husa-
PHMAHTHOCTD 110 OTHOINEHHIO K BpPAalleHUIM B H3OTONUYECKOM
npoctpanctBe Oyner Tenepb TpeboBaTh, YTOOB aMININTYLA pac-
cedHMs 3aBHCeNa JHMIOL OT 3HAYEHUd IIOJNHOTO U3OTOMHYECKOTO
cnyHa. ITosToMy aMnauTyAbl paccesHUs BceX IlePeydCieHHbIX
Bbillle JeCATH NPOLECCOB GyIyT BLIPAXaThCS AUHEHHO depe3 HBe
HE3dBUCHMBIE AMILIUTYABl, B KayecTBe KOTOPHIX MOXHO BbIOpaTh
aMINIUTY 4Bl paccestnus B cocrosuusx ¢ /==3/, u I=1/,. Kosp-
duiiteHTH 9THX JAHHERHBIX KOMOMHANUA OyLyT NpOU3BEHEHHSIMH
cooTseTcTBYIOWNX Kk03hduinestos Kaebwa — Kopaana.

OueBupHO, 4TO AA9 TOro, uToObl, HAO60OPOT, BHIPA3UTH
aMIIUTYIb paccesHHd B COCTOSHUAX ¢ [=3/, u =1/,

7;/: n Tl/z’
yepe3 aMIHTYAB (PU3MYECKHX Peakilui, AOCTATOYHO TAKKe ILBYX
npoueccoB. BosbMeM B kauecTBe TakoBHX mpouecch [ u IV,

tpo>ritp M T Apon4p,—

eJMHCTBEHHblE, CKObKO-HUOYIb NMOAPOGHO H3yuyeHHBIE SKCHEPH-
MEHTaNbHO, — O6O03HAYNB UX AMIVIMTYLbl uepes

T, n T_

[Tockoabky mnpouecc [ caM no cebe OTHOCHTCS K YUCTOMY
cocroanuio ¢ /=3/,, TO COBEpIIEHHO OYEBHAHO, YTO

T+ = Ts/n. (8. 1)
Amnantyna we T_ mpeacrasiaser co60H CyneprosuiiHio
2 1
=5 Tyt 3Ty, 52)

8.8. Yro6bl ycraHOBHTL H30TONHYECKYIO CTPYKTYPY Martpuu-
¢
HOTO 3aeMeHTa Tae, OOPATHMCA K COOBPAKEHUSM WHBAPHAHT-
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Hoctu. B mamem pacmopsenuu uMeercd JBa H30TOMHUYECKHX
BEKTODA, ONHCHIBAIONIHX /ABE YACTHILB — HYKJIOH H T-Me30H; U3
HHX MBI MOXeM 00pa3oBaThb egHHCTBEHHBIH H30TONHYECKHUH CKa-
AP — HX CKaJAsipHoe NpoHaBeneHHe. BTOPOH ckaiadp — 970 enu-
HUYHAA H30TONUYECKAA MATPUUA 8y, 0p¢. JlOOLIE Apyrue KoMOH-
HauuM 9STUX BEKTOPOB, HANPUMED KOMMYTATODH H CTENEHH,
OyLyT NpHBOMMTLCS K TeM ke ckandpaM. [losTomy

t — A3, 9
Titbr;or = A0 00t —(0%), 40, B, (8.3)

rie A v B— yXe u30cKansgpHule aMmautyis. B sro#t dopmyne
T U ® 03HayaleT MaTpHYHHE BEKTOPH H3OTOMHYECKOTO CMuHa
HyKJOHOB M Me30HOB COOTBETCTBEHHO; f, p—— HHIEKCH H30TO-
MUYECKHX COCTOAHUMH.

Yrobul cBsizaTh A H B ¢ onpenenenHsiMu sbiute 74 B 7T, BHYMC-
AuM cofcTBeHHble 3HaueHHst oneparopa (ot). das srtoro BeexeM & —
BEKTOD ITOJHOrO H30TOMHUECKOTO CMHHA; TOTAA

(""’)=92——w2——(%1:)2==

—2@+)—10+)—5(5+1)=2@+n—,

OTKYyna BHJIHO, 4TO cOOCTBEHHblE 3HAYEHUS (wT) paBHb: 1 B COCTOSHHH
|39) 1 —2 B cocToanuu |1/,). ITosromy u3 (8.3) caexyer:

T,,=(A—B) n T, =A+B. (*)

3ameTHM, oaHAKO, YTO MB!I MOKA elje He N03a00THAMCH TaK OTHOP-
MHPOBATb AMILIMTYXbl PaccesHusi, YToObl OHM ObiIM CBA3aMH C addex-
THBHBIMH Ce4yeHHAMM OGbuYHbIM coorHowenuem (1.17). OxasbiBaercs,
YyTO AJf 3STOr0 CAeAyeT [ONOJHUTL paHee ONpEJENeHHble BeJUUYHHBL
muoxuresneM (2n2). [TOcKOJAbKY Mbl NEpeXOoiNM Tenepb K aMIAMTYHaM
Ias pealpHBIX MPOLECCOoB, TO YMECTHO HMMEHHO CeHuac COBEpIHTb 3TO
Tiepeonpeaeserne, B COOTBETCTBHH € YeM Mbi 3amHlieM BMeCTo ()

T,,=23(A—B) n T, =22(A+2B),

v, + 27 Ty —Ts
A= (21!:2) "1._7‘_./’_—!;__/“_; B = (21-:‘2)—1 /a 5 /a

Orciona, noneaydace dopmyiamu (8.1) u (8.2), ycrauasau-
BaeM, uTO

A :(Qﬂz)—lzi%‘i_; B___(Q,,Z)—I_Z;‘Q;Q_. (8.4)
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Jlerko IIOKa3aTb, 4YTO BEKTOD MH3OTOMNHUYECKOro ChnHHA Me-
30HOB @ MOXHO 3amHucath, Kak

of —=ie ,,,
pp’ T
Cie 10BATEAbHO,
. i 1
((’”)p’p =i, . W=z [, Tl, (8.5)

4TO MO3BOJAET Ham HCKJOUUTL BeKTOD ©. C mnoMouwpbio (8.4),
(8.5) n (8.3) Haxonum:

T = 4n2<T T )= galry . 5l (Ta—T).  (8.6)

8.4. HaM ocranoch euie BuiaenUTh 3aBUCHMOCTbL OT OOBIY-
HOTO CIHHA HYKJOHA, YTO MBl CAEdaeM, TaK)Ke HCXOLd u3 C006-

paxeHui KosapuauntHocTH. OueBUaHO, uTO T ™ Moxer 6biTb pas-
6uTo Ha JBa ujieHa-— HE 3aBHCSUIHA OT & U coaepxawuh &.
Buiciux creneneil @ ObiTb He MOXeT B CHJAY HM3BECTHHIX CBOHCTS
BexktTopa ¢. YroOn noAyuyuTh CKAAAp, HaA0 YMHOXHTb S Ha
KaKof-An60 aKCHambHHEIL BEKTOP, KOTOPHIHi CTPOMTCH H3 UMelO-
LI AXCH BEKTOPOB P U A& €1HHCTBEHHBIM 06GPa30OM:

(X 1e)=(q"X Q).
TakuM 06pasoM, Mbl NPUXOAMM K 3dBUCHMOCTH BH[A
Tats =8, T3t i (aphre)ys Ti% . (8.7)

8.5. OOwbeannsis pe3yAbTarhl aHAAH32 CTPOESHHA AMILIUTY b
paccesnud B M30TOIHYECKOM M CIIMHOBOM mnpocTpancteax ((8.6)
u (8.7)), Mbl Hallpem:

t 1 0 0
T;et" ‘p mbrorpott(T()—i—T())

1 0 0
g G AR (T(+) —T9)
l ~
+ m (c'p )\e)s’sgp'pot’t (T(:) + T(—l))—”

i
5= @I Ir, 5] L, (T —T9) . (8.8)
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Jlerko BugeTb, UYTO KaxAb# N3 UETHIPEX UJAEHOB, CyMMOi
KOTOpPBIX fBIASETCH Tret, o6Jaapaet pasdHoft cummerpue#t Mo npo-
CTPAaHCTBEHHOMY M H30TOMHUYeCKOMY CIHHHY. A Tak Kax B AHClep-
CHOHHBIe COOTHOWEHHUs (6.66) 77 BXOAUT He HEeNOCPeICTBEHHO,
a B CHMMETPH30BAHHLIX (AHTUCHMMETPU30BAHHKEIX) N0 p, p’ M 1O @
KoMOuHauuaX (3aMeTHM, uTO y Bhipaxenud (8.8) cHMmeTpus 10
CIIMHY H MO e COBHajaer), TO B KaxJoe U3 4eThpeX COOTHO-
wenutt (6.66) BxoauT TOABKO 00un unmen u3 cymmbn (8.8).
Hmenno:

(l +Per) Ge T = 28 3y, By (272 (TSB) + T(_O));
(1 -PPP') e T”"" = (21:2 -1 [Tp': T?Itlt ad'd (T(B) . TS(_)));
(1= Per) Ye T = niz(cpe)s's Bprt 3y (T4 T); i

i
(1= Py) e T = 57 (@plsys 5l o(T0 — T4 |

(8.9)

Jlas noaCTaHOBKH B AMCNEPCUOHHBIE COOTHOUICHHS HAM HAA0
orgenntb B (8.9) 9pMHTOBY M aHTU3IPMHTOBY uactH. Ias 3aroro

LOCTATOYHO PasjenuTb HA IPMHTOBY U AHTUIPMUTOBY 4aCTH T‘xj):
T9=DY 41 49,

B camoM jene, npeofpa3oBaHie 3PMHTOBA COMNPSIKEHHS COCTOHT
y Hac B BHINOJHEHHH KOMILIEKCHOrO COINPSIKEHUS] TPH OIHO-
BPEMEHHOM MPOBELeHHH 3aMEHb

p2p ¢ 2p s 2L (8.10)
Jlerko BUJETh TIOITOMY, UTO, BO-IIEPBBLIX, ONlepallud CUMMETPH-
3alUl 10 p, p° M MO & KOMMYTHPYIOT C 3PMUTOBBLIM CONpsixKe-
HHeM, M, BO-BTODHX, UYTO BCe MATPUUHBlE MHOXHUTEAH B (8.9)
[IEPEXONAT NPH IPMHTOBOM CONpseHUH caMi B cels.

8.6. Paszpenss rtakum o6pasoM cootHowexus (8.9) Ha 3p-
MHUTOBY M AHTHSPMUTOBY YaCTH, TMOACTABAAA MX HOCAE 3TOTO
B IHCIEPCHOHHbIE COOTHOWeHUs (6.66) M noabsysach pesyib-
TatamM AONOJHeHMs B, MB npuaeM K OKOHYATEAbLHOMY BUAY
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nucnepcuouﬂux COOTHOIEeHN A Bapﬂ){(eHHbe ME30HOB:
DY YE+ DO(E) — DD (Ep) —DD(Ey) =

bt E’(A(O)(E’)—[—A(O)(E’))
=2 (F*—E)P | dE’ - * =
PP [ A g
_p2
VT
M kp (B2 — Ej)
+ 2g° 5 P p 2N’
M +p (EQ—If,) (Eg—Ef,)

DY (E)—D? (E)—E (DD (E) — DD (Ey)) =

(8.11.1)

AD (Ey — A9 E)
=8 (7~ &)

2 2 2
== E(E*—E)P f dE’
Mm — p*
Vit e
M (E*—E}) EE,
+ 2g* M p (Ez )(52 )

DY B+ D (By— £ (DY (E)+ DY (Ep)) =

A &) + A0 (B
(EIZ _ EZ) (E/2 _ Eg)

: (8.11.2)

2 2 2 7
= ZE(E*—Eq)P f dE
Mm—p
Virip
g2 E (E*—E})
M2+p2 (EZ_EZ)(E2 _Eg)’
“’(E) DY (E)— DY (E)) 4 DY (Ep) =

(8.11.3)

+2

E' (AP (E) — AV (£))
(E/Z . EZ) (E/2 _Eg)

2
== (E"—E})P J dE’

Mm—p?
Vi p?

+ 2¢°

2
E*—E?

L4 . (8.11.4
Wy G B
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Creayer o06paTHTh BHUMaHHE HAa TO, YTO B JUCIEPCHOHHbIE
COOTHOIIEHHS [/ 3apMHKEHHBIX MEe30HOB BXOAAT KAWALIH pas
CYMMBE MJIH Pa3HOCTU KaK MHHMBIX, TaK H BelleCTBEHHHX 4YacTel
AMILIATY], pacCeiHHs MeE30HOB MPOTHBONOJOXHBIX 3HAKOB 3a-
paia. DTO SBUJIOCH CJHefCTBUEM CHMMETDH3ALMU, KOTOPYIO Mbl
npogenamn padee, uToOb U3GABHTHCA OT MHTErPUPOBaHUA IO
OTPHUILATE/IBHBIM JHEPTUSM — 110 CYILECTBY HeJN0 COCTOMT B TOM,
yTO BMeCTO aMILIHTYA PpAaCCesiHHd, OTBEUaIOUUX OTPHIATENbHBIM
9HEPTHAM, € Heu3BeKHOCTHI0O BXOAAT aMIVIMTYIbl PACCETHUS As
aHTHYACTHUIL.

Ilns  paccedHns HeHTPaJbHBHIX ME30HOB, KOrJa 3apsaaosoe
CONpsKeHUe He NMPUBOAHT K BIyTHIBAHMIO HOBBIX UYACTHL, OTMeE-
yeH10e OOCTOATENbCTBO HE HMeeT, eCTEeCTBEHHO, MeCTd M AHuclep-
CHOHHble COOTHOLIEHUS COOTBETCTBEHHO ympoiuaiorcs. [Tonoxus
B MCX0LHOH o6melt dopmyae (8.7) p=p' =3, Mbl npuxoium,
HOC/Ae NPOCTHIX BHIKJAAJOK, aHAJIOTHUHBIX NDEABAVIIHM, K COOT-
HOWEHNIM 17 aMIMIUTYA PacCesHuss HeRTPanbUbIX ME3OHOB:

DY (E) — D (E) =

[o0)

9 E’Ag))(E’)
= = (E*—E}) PJ AE o —
n o (% — E*) (E"* —E})
V M pt
ME; (e*—E})
2 P 0 ; 12.1
T Een - O
(1) (E)______ (l) (EO)-—-
2 Py 2 Af)l)(E,)
—=Z E(E*—E)) Pf AE e
7 . (E *E)(E -—EO)
Vi + pt
E2__Ez
gt E( o) (8.12.2)

M2+ p? (Eg — E?) (Es — Eg) )

BuinumeM, HaKOHelu, eme ¥ AUCNEPCHOHHBE COOTHOIIEHHS
Ans chyuas paccefHus BNiepel Ha Hynaesolt yron (B Hame#

9 3axk. 2670. BoromioGoB W Ap.
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CUCTEMe KOODAMHAT MB AOCTUIHEM 3TOroO, NMOJOXKUB
p=0) ). (8.13)
Ilas 3apsyKeHHbIX ME30HOB MBI NOJYYHM B 9TOM cAayuvae:
DY (Ey+ D9 (Ey — DY (Ep) — D? (Ep) =
E (AD(E) -+ A (E))
(EIZ _ E‘g) (E/2 . Eﬁ)

-+
— -z-(Ez——E(Z,)P f dE’

22 2 E? — E?

o (QM) [Egﬁ( m? )2J[Eg_(%42_)2j ' (8.14.1)

2M 0
E
DR ) —DO(E) — - {DP E)— DV (Eg)} =

2 (o0
=?E(E2—E§)PJ d

, (AQ(E)-—-4A9 (&)
(E"* 4 E?) (E'2 — E})

2,72 E(E*— E2
+ % . m2(2 EZO) — (8.14.2)
(22— () ) (28— (5))
DY (E)+ DY (B)— £ (DV (B -+ D (Ey)) =
2 .. 2 2 - A(-i)(E,)—!*‘A(_l)(E')
= =~ F(E“"— E;} P E’
P ( ) Jd (E/‘.).__E‘_))(E/2__Eg)
242 E(E*—E}
+3E 3 m2(2 520) s (8.14.3)
12— () | (25 (5|
DY (B)— D (B)—DY (B + DY (£ =
: : A ) — 49 @)
_— — __E P dE/E/ -+
T ( 0) J‘ (E/2 . E2) (EIZ_E(ZJ)
2g E2_Ez
+T(m) [E2~—‘ mE 2 E: PR (8.14.4)
'~ (zir) ] [28— (Z3c)
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Inf HeHTpaAbHBIX —

DY (E)— D (Ep) =

2, 2 _— E"AP) (E)
_— — —_— dE/
— (E Eg) P J (E,2 — EZ) (E/Z — ES)
m
E® — E}

gt ( m
+W(2—M , (8.15.1)

T

E
D> () — 5 Dy (B)=

H

A((Jl) (E)
EIZ__EZ) (EIZ___ E(Z))

=%E(52—E?,)Pfd5'( +

2 2
e PRV PRV IR
G-
2M M

Jlucrepcuonnble COOTHOWEHMS B Tako# ¢opme 06.1anaIOT
ILBYMA BIIOJHE KOHKPETHbIMHU npel/IMyUJ,eCTBaMl/I—B HHX OTCYTCT-
ByeT MHTEDUDOBAHHE MO He(pusuqecxoﬂ o6aacrtu 3Hepruh, MeHb-
mux m (SHePTI/II/I MOKOf Me3OHa) H, KpOME TOro, 1o OnTHye-
CKOM TeOpeMe MHUMAas yacTb aMIJMTYLb paccesiHus Oyner

NPOTNOPLHOKHATbHA TOJHOMY CeYeHHI0, UTO upes3BBlYaAHHO yIpo-
1laeT CPaBHeHHe C OMbITOM.

(8.15.2)



JONOJHEHHE A
TEOPEMb! OB AHAJIUTUYHOCTH

Beenem psan onpefenenuli. ByzeM rooputk, urto HeKoTopas
pyukuus h(xy, ..., Xy ¥y, o P )=h(x; ¥, ..., B, ne-
npepuBHas B E, X Q,, rae E, —BeuecTBeHHOe €BKJIHIOBO
NPOCTPAHCTBO TOUEK X = (Xy, ..., X,), 4 @ — g-MepHui TOp,
TOYKM 'KOTOPOrO XAPAKTepU3YIOTCH YILJIOBHIMH NePEMEHHBIMH
by ooy By —npunadaescum rkaaccy C(r, s; nlv; Q), ecan
BCe BBLipa)XKeHHS BUla

; o 0P HR(x By . 8
T Ty OXyy - 0x,,p 0831 08%’

0ICr 0LCp<ss 0Ly
Lo ) <ns 1 <3<y
CYWECTBYIOT W OTPaHMueHb MpPH RCeX

(%1, X9y -0y X ¥y, o, BYEE, X Q.

Ecau nna Tako#t ¢yHkuMH 2 HekoTophle M3 nokasatede#h r,
S, Y MOTYT NpUHUMaTb CKOJb YrOAHO Go/blude 3HAYEHHS, YCHO-
BuMC? B 0003HaueHuu Kjaacca C CTaBUTL HA COOTBETCTBYIOLUAX
Mectax oo. B cayuae, korja paccmaTpuBaeMbie QyHKIUM He 3a-
BHCAT OT Xy, ..., X, WIM COOTBETCTBEHHO OT B, ..., ¥,, Oy-
nem roBoputh o kxacce C(v; R)) um C(r, s; n).

B knacce C(r, si n) pBeneMm wopmy no dopmyne

~ 0Ph(x)
lh|} =su c T
il 2P at 0Ky . 0%y,
0LILr,
0<p<s

drum cambiv C(r, S; 1) npespaulaercs B AHHeMHOE HOPMHPO-
BaHHOE MPOCTPaHCTBO.
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Jlunefinsie (orpanuyeHHble) GyHKIHOHAB f () Ha NpoCcTpaH-
creax C(r, s; n), rae r, s — mobble HEOTPHIATEALHBIE YUCHA,
OyneM Ha3BBATL 0000ueHHbIME BYHKYLAMUL, URMEZPUDYEMUML
Ha kaacce C(r, s; n), ynorpebaas npu stoM o603HauyeHus

f@, [fe s,

Taxum o6pa3oM, eciun f— obobuieHHas ¢yHKuHA, TO BCEria
HaWayTCA TakWe uucaa r W S, uyto f OyleT uHTErpHpyemof
Ha kaacce C(r,s; n). O6obiwennbie ¢dyHkuuu f, u f, Oyiem
Ha3BIBATL PaBHBIMH, €CIM HAWAYTCH TakHe JOCTATOUHO Doablike
r W s, uro ¢yuxkuuonan f, —f, pased uymo Ha C(r, s; n).

ByseM roBopuTh, 4YTO HOCAENOBATENLHOCTh 000DOIEHHEIX
dyuxkuuflt f,(x) caabo (8 HecoOCmBeHHOM CMbiCAE) CXO0UMCS
K 0606wennol ynxyuu f(x) Ha xaacce C(r,s;, n), eclu
fu(x) u f(x) uHrterpupyemm Ha waacce C(r, s; n) n pis mo-
6oro h(x)E C(r, s; n) uMeeT MecTo:

[ fnmrwydy — [ ayrdx,  n- oo

ByneMm roBoputb, 4TO [OCAEJOBATEAbHOCTb 00O0OLIEHHBIX
dyukunl £, (x) caabo (8 HecoGcmseHHOM CMbiCAL) CXO0UMCA
K 0600wennod gynxyun f(x), eclu nalipyTca Takue LOCTATOYHO
foablide Yucaa r U 8§, YTO NOCAeNOBAaTENbHOCTH f, (x) Oyner
cnabo cxoauthcs Kk f(x) na kaacce C(r, s; n).

[Tycts G — OTKPHITOE MHOXECTBO /-MEDHOrO 9BKJIMIOBA
npocrpanctsa E, u I'—ero rpanuua. Hasosem rpanuny I' pe-
eyanpuoli, ecnd nas A06o# toukn x €' mobas chepa ¢ ueHr-
poM B TOUKE X COIEPKHUT Apyryio cdepy, He umewmyio ¢ G
0oOUINX TOYEK.

Bynem rosoputs, uyro o6obiuiennas dpynxkuus f(x) pasra Hy.L0
B OTKpHITOM MHoxectBe G ¢ perynspho#t rpauuued I', ecau cy-
LeCTBYIOT TaKue HOCTATOUHO OOJbplLME yuCAd 7 U S, UYTO

ff(x)h(x)dxzo

npu Bcex h(x) us C(r, s; n), obpawawowuxcs B vya» 8 £, — G.
YcaouMcs roBoputh, YTO HEKOTOPOE BHIpAXEHHE

flo ), k=(ky ..., ks t=(lys ..., L)



134 TEOPEMbi OB AHAJHTHYHOCTH |aon. a

aBasgeTcs 00600uennol ghynryield (BELLECTBEHHLIX) NePeMENHbLY
t, unmezpupyemoli Ha kaacce C(r,s; n), w axarumuyeckol
PYHKYuell KOMNACKCHBLX nepemenusix k, pezyaspHoil 8 00-
aacmu D, ecau paa mo6o# ¢dynkuuu ki (f) us kaacca C(r, s; n)
UHTETpa

f F(k, ) B (t) at

Oynet aHanuTHyecKo# dyHkuuedt k, perynaspuo#t B obaactu D.

Ecau B nozobHoft dopmyanpoBke M He OyjgeM cneuHalbHo
yNnOMHHaTh 00 WHTErPUPYEMOCTH HA HEKOTOPOM KOHKPETHOM
kaacce C(r, s; n) nu OygeM roBOpuUTb Npocto 06 0600wweHHON
GYHKUMM, TO MBI TeM CaMBIM YCJOBUMCS NOAPa3yMeBaTb, UTO
TAKON KJAACC HUMeeTCs NPH COOTBETCTBYIOLUX JOCTATOYHO 6OJb-
WUX r 4 S.

Ycaosumcs o6 o6osHavenusx npu n = 4. [1peobpazoBanne

dypre f(p) 0606wenHol ¢GYyHKUMH f(X) MBl onpeaeiHM IO
dopmye

Fpor B)= [ F(x0r X) exp i (xopy— xp) dx,
rle, KaK M B JajbHeflleM, NPHHATH 0003HaueHHs!):

X =(%0 X)=(%g, Xy, X2, X3)» P=(Pp» P)=(Po» P1» P2s P3)s

3 8
2
Xp = Xopy— Xp, XP= 21 X,y XE= 3 X33
-

I U

A.l. Jlemma I. Paccmompum anarumu4eckyio @ywKyun

kg, ..., Ry .-.) HemBIDEX KOMNACKCHOLX NEPEMEHHBLX
Ry, kR, (a=1, 2, 3), pezyaspuyro 8 obracmu:
| ky] < o, (A.1.D)

Iyems ry, R 6yoym nososxcumessHbimi duciami, yoosien-
BOPAIOUWUML HEPABCHCMBY:

ro < R < w. (A.1.2)

1) U3 coobpaxennii yno6cTBa nmucbMa Mbl 6yAeM NOMeMAThb B 3TGM
HROMOJHEHHH BCE TEH3ODHBIE HMHJEKCH CH43Y, a He CBEPXY, KaK OOLIUHO,
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ITycms, Oaxee, r, 6yoym noroscumessuonst qucraomy 4 N —
yesnm nosodcumenssuum. Tozd0a 8 o6racmu

Lkol <ro, R <r, (A.1.3)

umeem Mecmo uHmezpasvHoe npedcmas/teuue:

D (k )__< > J J d’(roe L rae™)dby ... db,
0 3 3 o __16 )H<1 _Ea p ).
L) ko -,

o

L

(A.1.9)
Kpome mozo, 3dece

o (roeie, rsw") =

27
® (Re®, .., (0,0, ..., 0), ...) (1— )N

= a0,
& (1 fo ia-n) ()"0 g2 )N
—R e — 7€

A.1.5
20e ( )

um(er 60’ . -)63)=%;R(1—62i8)+b¢’

2r, sin 6,

re ’
R (1 ——ﬁ C0s 260)

a,=a,(0g, ...,0)=

2
r
b,=0b,(0, ...,0,)=r,cos 61——5755111 26,.
HokasartenbcrBo. 3aMeTuM, Npexae Bcero, uro 6Gnaro-
naps HepaseHctsy (A.1.2) kpyru

[20) <L o SN AR,

neXart HeaukoM B obaactu peryaapHocTd gynkuun @ (k. . . ., Ry).
Msbl MOXeM 103TOMY NPUMEHHTb B JAHHOM Clyyae Teopemy
Kown Kk xkampo#t w#3 ueTHpex KOMIUVIEKCHHIX TepeMeHHbIX
Ry, ..., ks, 4 TeM caMblM YCTaHOBUTH CNPAaBELIUBOCTH COOTHO-
wenns (A.1.4).
Yrobu mepefiTu K JoKa3arenbcTBy npencrasienns (A.1.5),
paccMoTpuM aHaJIWTH4eCKyl0 (GYHKUHIO OJHOR KOMILIEKCHOH
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nepeMeHHOMN:

i 2
f(2)=<1>(z, "”f(l~%)+bw...)(Rz—zz)N. (A.1.6)
Tak kak ¢yukuus 9ra peryaspha B obaacra

2]l < R< o,

Mbl MOXEM BOCINOJb30BATHCA TeopeMoﬂ Komn u Hanucars:

2%

if
flreeit) = - [_lri’@_de. (A.1.7)
o 11— i—h

C apyroft cTtopoubl, Ha ocHoBauuu (A.1.6) umeem:
N
(roe ) = (roe .’raeiea )(1 _}% 2190) R,

FRE®) =@ (Re®, ... 1, (0,0, ..., 0, .. ) (1 — )" RV,

IMoacrasuB 3TU BblpaxkeHHs B 0Oe yacTu paBenctBa (A.1.7), Mbl
¥ NPUXOLHUM K JOKasblBaeMomy npencraBiexuto (A.1.5),

A.2. Jlemma IlI. [Tpeonoroacum, amo dpyuryuu a,8,,. . .,05),
gsedennsie 8 npeonoyuem nynkme A. 1, yoosasemgopsiom He-

paBEHcmBy:
la| < 1—s, (A.2.1)

20e o — HeKOmopoe HOAONCUMEAbHOE HICAO.
Tozda, ecaun o(f), g(t) 6yoym ddynxyuanuy u3 Kracca
C (0, oo; 1) maxunu, wmo

e)=0, tL—10% gB=0, tL—3, } r 20
et)y=1,1t>0; gthy=1, >0, (A.2.2)
mo ssipajdicerue
¢ _ 2N
¢ (x0) g(x3—x?) | ab (1 —e) %

. r2 N ’ 8_0)
0 0 2if, 0 i(6,—0
(1___63 ) (1-——-—-8 )

X exp i {xoRei’i —xu (0,8, ..., 0y }, (A.2.3)
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paccmampusaemoe Kax @yaxuus  f(xg ..., x50, ..., 0),
npunadaexcum x awbouy kaaccy C(r, s; 4|v; ,), 021 komopozo

r+s+v< N1 (A.2.9)
JokasaTeabCTBO. 3aMeTUM Npexie BCero, 4ro
i [xoRe™ —xu(d, 0y, ..., 0;) ) = — x,Rsinf - xaRsin20
+zx0Rcoso—zx(;Rsin26+b>,

L
5 == sin f (sin 8 — i cos 0).

3amerum, Aanee, 4To yHKUUU

(sind —i cos ﬂ)N

re N r
.0 28, Vi, -8
(1 R2e ) (1 RP )

NPUHALIERAT COOTBETCTBEHHO K Kaaccam C(00; @,) u C ( 00; 2;).
[TostoMy TOMbLKO 4TO CHOpPMyIuPOBAHHAA JeMmMa OyleT LOKa3aHa,
eclu Mbl CMOXeM YCTaHOBHTHL Clelyiouiee, 6onee obulee yTBep-
KACHUE:

Ecau

; SRsin20-4b

£, 8, ..., 8) € C(00;2y),
A5, B, . .., 05 € C(00; Q)

u ecau 3nOMeRUS A, BeUECMBEHHB, MO HYHKUUA
F=(xo) g(xi—x2) [a0sin™ £(8,0,, ..., 8) X
0

X exp { — x,R sin 0+ xa R sin? 8 4 ix,Rcos 6 — i xA} (A.2.5)
npuHadaeNcum K KAGCCY
C(r, s; 4)v; L)), e0e r+s+v<N_—{— 1.

310 yTBepxleHde Mel M Oynem ceftuac lokaseBath. $ICHO,
npexie Bcero, uto BeipaxkeHue (A.2.5) OGaaronaps YCIOBHIO
(A.2.2) Moxer ObLITH OTAUYHO OT HYJIA JUILL B 06/1aCTH, B KOTOPOH

Xo>—28, X2 x24-0. (A.2.6)
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3ameTuM, lalee, uTO
0T+P~F
0Xxyy .. 0xg, 0031 ... 063'L

MOKET OBITb NMpPEACTABJAEHA B BUIE KOHEYHOH CYMMbl BbIPaXKeHHH
THNA

oy (Xgs -+ +y X3) Py (%, ...,xs)fdﬁsinNO fi0, ..., 0) X
0

X exp {— x,R sin ) 4 xaR sin2 § 4 ix R cos b — ixA},
B KOTODHIX

c(, 0; 4);
el ) ¢, =0 Bue obnactu (2.6),
HEC(00; )

u P, (xg, ..., X3) — NOJIMHOMBI CTeNeHH, He GObliel yeM 7 —p.
Wmeem, Hakowuel,

U df sin¥0 f, exp {— xoR sin 6 - xaR sin2 6 - ix R cos§ —
0

—ixA}]< max | £,(0, 0, ..., 6| %
0<h< )

X fde sinV0 exp { —x, Rsin 6 -+ xaR sin? 6},
0

BBully Bcero cxasaHHoro y0OexiaeMcs, uTO Hallle JOKa3aTelh-
cTBO OyneT 3aKOHYeHO, KAK TOJbKO Mbl IOKaXXeM, YyTO B 00-
nactd (A.2.6) nna mocrarouHo OOJBbINMX X, UMEET MeCTO Hepa-

BEHCTBO:
1:

- §- in2h) . cornst
f e R (@ sin § - xa sin ’smN 9 46 < .
1
o | Xl

K ycTaHOBAEHMIO 9TOTO HEPABEHCTBA MBI cefiuac W nepednem.
[TpuMem BO BHMMaHue, YTO B paccMaTpuBaemofl ob.aactu

Xosin 0 —axsin?8 > x,sin6—|al ng—-}—B sin2 §
H MOTOMY Ha ocHoBanum (A.2.1),

Xo Sin 6 — ax sin? 8 > x4 sin 6 — (1 — o) ng—l—?) sin2 6.
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Bosbmem nonoxurenbuoe X Tak, utoGhl
(1__5)Vms(1—%) X
u Oylem paccMmatpuBath X, > X. Toraa
Xosin b —ax sin20 > % Xqsin B,
OTKYylla

kg
—~R(x,sin 8-xasin®f)
fe sin¥ 6 dft
0

T
\<fe‘R”w°lnesmN6d9<V f B @508 ginNg cos b db -+
0 0

T
o,

+§e 2v—+1/2f R @ sinh NG ( cos ) df —

14

4

1
_ﬁ_Ria;t ki i
=2V2fe 2 ”tth+'§e 21/2 <2V (RGX) x
0

oL,

Y fe'ttth—}——;— e Vo
0

H Hallle JOKa3aTe/lbCTBO 3aKOHYEHO.
A.8. Mup nepeitnem Ttenepn k npuaowenuto aemMm I u I
Paccmorpum  aBe o6oOuwennsie  ¢yuknuun  F,(x), F,(x)
(x =(xy, X)), U3 KOTOpHX OZHHa OyZeT 3anasinBawilel, a Apy-
ras omnepexalwouiei:

F.(x)=0, xZ0; }
F,(x)=0, x>0.
TTocTpoum ux «criaxenHsle ¢ypbe-obpasbin:

Fy(k, )= [ F,(x)exp | — e (x4 x2) 1 (koxo—kx) } dx

F,(k, e)_—_fFa(x)exp{—e(xg+x2)+z(k0x0—kx)}dx
e> 0, (A.3.2)

(A.3.1)
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U 3aMETHUM, 4YTO OHH SBAAIOTCH AHAANTUYECKHUMHU prHKuI/lHMl/l
KOMIIEKCHBIX ~MepeMeHHbiX R (Rq, By, ..., k3), He HMEOUINMY
0co6eHHOCTEe HA KOHEYHOM DACCTOSIHHM.

Bpeaem B paccmorpenue ¢yHknuio F (k, &) Tex xe KOMIIEKC-
HBIX TlepeMeHHBIX, MNMOJOXMUB:

F(k, ey=F, (k, e)—T(k, €), Imky > 0; ! (A3.3)
F(k, &y=F,(k, &)— T(k, &), Imko< 0, )
rie

T(k, &) = 2_115 [ Fritk Et):Fu(’ kgt (A.3.4)

—w

4 rje ow— HeKOTOPOe MNOJOXUTEe/NbHOE YHCAO.

Buaum orciopa, uro F(k, &), T(k, &) He UMeOT Ha KOHeu-
HOM PACCTOSIHHH Jpyrux ocobeHHOCTEH, KPOME «JIHHUH Da3pe3a»:

Imk,=0.
BosnMeM k&, Ha 3Tol nunuu. Honxyunm:
F (ky—+i0, k, &) — F(ky-—i0, k, &) =
=F, (ko k, &) — Fako, K, &) — [ T+ 10, K, &) —
— T(ky—i0, k, €)}.
Ho B cayuae, korfta — o < kg < ®, MOXeM HAMHCATH:

T (ky— 10, k, &) — T(ky—i0, k, €) ==

w

L / [F.(t, K ) —F(t, —k, ) || 1

— 2, R0
1 ~ -
—‘tj—km}dt:Fr(k07 ka e)_Fa(kO’ k, E).
CienoBatensHo,
Fko—+i0, k, &) —F(kg—i0, k, ) =0 — o< ky< o.

(A.3.5)
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Buaum otciona, uto aHanuTuueckas (yHKuuUa F~(k, g) ABNAETCS
peryasptoft B obnacrtu
[Ro| < w (A.3.6)
(e wuMeeT B He#t ocoOeHHOCTEH HA KOHEUHOM pACCTOSHUM) H
HOTOMY MBI MOXeM NPUMEHUTb K Hel aemmy I
Takum 06pa3oM, NPUXOLHM K HHTeTPabHOMY NpPEACTABIEHUIO:

F(k, &)= |
21
O N K. Y (S S k. SY R
H('QT) ‘. l 110 %o e_aie m f Okue"':u dfy ... db
o (=)
Ikol<f0,1kul<r,“ J
(A.3.7)
B KOTOpOM

@, (0, ...,05 &)=

ki3

L[ F{ReP L ug (0,000, ey (12BN 9 4+
T om o 0 2 g \V

0 R (1*“7339 )

2

+2inJ- Fo{Re® ... g (8,9, ....0, ...;e} (1—e®¥ ”

rol ¢t (B.=" 2 s \Y
r ‘_—(T?)e (1——(;%)9210)

(A.3.8)
D, 0y, ..., 05 &)=
:ijnr{Reﬁ, ot (B By oo Bg)y 1)) (1 — e2t)N
21:0 (1 _%0)91 3,~9) (l_fgezw_)zv
(A.3.9)

Urob6s BOCHOIL30BaTHCA JeMmmolt [I, Heobxoammo obecneuuthb
BrnoaHenue Hepasenctsa (A.2.1). [lorpebyeMm Anas 3Toro, 4To0H
BXOASIAE 3[eCh 7, YAOBAETBOPHAIH HEPABEHCTBY

2t <. (A.3.10)

7\
#(1-%)
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Torpa, nefictBuTe bHO, KAaK MOmHO ycmoTperb H3 (A.1.6),
rpebosanne (A.2.1) BhnoadseTcs, Hanpumep, TpH

2|r]

— -
7o
)

3afiMeMcsl mpexJe BCEro NepBBIM CJATaeMblM B MPaBOH 4HacTH
(A.3.8). TloncrasuB B Hero (A.3.2), Haiipem:

c=1—

T

I [ Fo{Re®, ..., (80,00...,85),...;¢3 (1—e®¥ 40—
2n ro 10,9 r2 ¥
0 —Ee (1—m82¢6u

. 2 L
:%J F,«(X)e_s(m0+x)](x; 60, . .,93)dx,
I(x; 0y, ..., 0,) = j db (1 — 2N exp i { xoRe? —xu }
1 To 2 \N (1 To i -9
0 R? ) R

(A.3.11)

3ameTuM Temnepb, UTO (yHKLHUH

o2 x?
) 10, 0y,
—€ "172 X2
© (%0) & (X6 — X1 (x; 0y, ..., Og)e (5+ )

6/1aroaps HAMMYMIO PexXylero SKCIOHeHUUAJbHOrO (akTopa,
npuHanaexat kK kaaccy C(co, co; 4|oco; @,). C apyro#t cro-
POHBI, HX DAa3HOCTb PaBHA Hy.JIO, ecau

%020, x2—x22>0.

Ho B oGnactu, rae x,<<0 wm x}—x2<0, obpaiaercs

B Hyab cama ¢yukuus F,(x) (cm. (A.3.1)).
Vimeem, Takum 06pasom,

2

[F (x)e—e(mon)](x' b 8,) dx —
. ; 00 o0y dx =

e fm2ixd
=fFr(x)e (0+ )cp(xo)g'(x(z)-—xz)l(x; Og, ... 03).
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Caenonarensno, Bbipakenue (A.3.11) pasuo:

2, 2
1 —e{x, +x
2—ﬂfF,(x)e (= )h+(x;60,...,63)dx,
rie
R CRNNNES

(1 — 2V exp i { xyRe? — xu}
2 N .
o 2, | Ty ;(8,-0
TR TR

(A.3.12)

CosepumieHHo aHagaoruuno yGexmaeMcsi, YTO BTOPOe CJarae-
mMoe B mnpasol uactm coorHowenns (A.3.8) pasuo:

= 5 (%) € (2 — x?) f af
0

—e (w2 4x>
QLE f F,(x)e ( Ch )h_ (x; 8, ..., 0))dx,
npuyem
h_ (x; 60,.. L 0)=

2n
206N ] i
=<F(—xo)g(x3—x2)f dn (=7 exp i {xoRel —xu}

(1 _iezisn)N(l T (e,_e)) '
R R
(A.3.13)

dukcupyeMm Tenepb CKOJb YFOLHO BHICOKHE MOKA3aTeldu r, §, v
n Bo3bMeM Ttenepp N =r—+ s+ v-—1. Toraa B coOTBeTCTBHU
¢ aemmolt I Mbl MoXeM yTBepkJaTh, uto 00e QynKuMM Ai M
h_ npunapnexar kK knaccy C(r, s; 4|v; 2,).

Hmak, yrasanneim cnocoGoM mMbi MONCEM ROCMPOUmMD
8 Kaacce C(r, 53 4|v; Q)¢ 2106bM1L CKOAL Y2O0HO BLICOKUMU
nokasamesami maxue dse ynryuu hy u h_, uwmo:

(I)I(OO, ey 63; g)=

1 —-E(a')g»)-xz)
=2—ﬂ-fF,(x)e hy(x, 8g,...,05)dx—+
2

2
+§11—1 fFu(x)e—E(%H )h—(x, By ..., 0,) dx. (A.3.14)

dynkunu hy, h£_ Mbl GyseM Ha3HBATb YHHBEPCATbHBIMH
B TOM CMBIC/E, YTO OHM 3aBUCAT JMHLIb OT mokasareleh r, S, v,
a He oT Buaa ¢yHkuuht F,(x), F,(x).
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A.4. Jlna Toro uTOGH NpPOBECTH NpefefbHbIA MHepexon
npu e ——0 B coorHowenuu (A.3.7), chopmyupyeMm u AOKa-
KEM CHelyIollylo JeMMY:

Jdemma 1. Paccuompum nexomopyio 0606uennyio dyni-
yuwo f(X) 4 npednoiodcum, 4mo cyuecmsyem maxoe noso-
aoHeumenpHoe m, wmo

[fe ax=0 (A.4.1)
8 obracmu

pip? < 2. (A.4.2)

Durcupyem nosodxcumessHse R, , 3, ydosremsopanouwue
Hepasencmeanm

RA42 4T, (A.4.3)

U nocmpoum  PYHKUUIO  KOMAAEKCHbBLX — NepeMeHHbX
kR=(ky, K)=1(kg, Ry, ..., R3):

W

. 1 ) f(t, k; £)
T(k, e)—in—i J —mo—dt, (A.4.4)

20¢
F(k; e)_—_ff(x)exp{_e(xg+x2)+ikx}dx. (A.4.5)
Tozda mosicem ymsepocdams, 4o

T(k, )0 }

- (A.4.6)

POBHOMEPHO 8 3AMKHYMOL 004GCME KOMNAEKCHBX nepemMer-
HBLX:
[k]<<R, |k|<<3. (A4.7)

HdokasareanctBo. PaccMmorpum Bepawmenne (A.4.5)
H HOACTaBUM B HerO ¢ypbe-npencTaBieHHe:

f(x)=(§1;)4f7(p)e"'m dp;
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NnoJy4uM

Ttk )=z [ 7 | [ expi—salbnty it —prot axfap=

| =Qﬁf7(p)exp{——(k"—p°)2:§(k—p)2}dp. (A.4.8)

duxcupyem Tenepb MOJOKATENbHOE ’f_}"TaK, 4TO6 B . |

m+m<§<§ L (A4

W nocrpoum B Kaacce C(0, oo; 1)¢pyHkunio v (¢), zas KoTopo#h

Uity=1, t=m?
U()y=0, t<<x2.

ameruM, uTo ¢yHkuun (R GuKCHPOBAHO)

Kk —
exp{ (ko Po):‘e( P)}
)2 L (k — p)2
U (24 p?) exp {_ (ko — Po) 4—}; (k—p) }

npuHantexar K Kiaaccy C (oo, oo; 4). Pasuocrts ux pasHa nymo
npu :
ptpi=7

C Apyro#t cropoHb, MO YCJAOBHIO JEMMHI, cpym(um: f (p) paBHa
Hy 10, Korna

piHpE <R

BunuM, carenoBartenbno, uto coorHoiuenue (A.4.8.) MoxéT GbITH
npejacTaBIeHo B Qopme:

Ftk )= [ F (o) Hi(p, &) dp, (A.4.10)
ky— Po)* -+ (k — p)2}
4e .

1 -
Hi(p, €)= gz U (0} +p?) exp {——(
(A4.11)

Bysem npoBoauTb AanbHeiiiue paccy:xienusi, GUKCHPOBAB R

l'lpOl/IBBOJleblM o6pasoM B 3amKuyTofi obaactu: .

I I (A.4.12)

1) 3axk. 2670. BoroawoGos u Ap.



146 TEOPEMB OB AHAJHUTHYHOCTH [ron. a

[Mpoananusupyem Temepb XapakTep CTpPeMJEHHS K HYJIO
nocaenosarejbnocty Hy (p, €) npu e — -0,
Tak Kak, no omnpeaenenuwo U,

U@i+p)=0, mpu pi+p<<v? (A.4.13)
TO MBl MOXEM OrPaHHYATHLCS 06JacThbIO
PP > (A.4.14)
HmeeMm sdech:
Re {(po— ko> + (p—Kk)*} =
— (pp— Rekg)2 -+ (p— Re K)>— (Im kq)2 — (Imk)? =
= p2—+ p* -+ (Re ky)® + (Re K)>— 2 p, Re ky—
—2p Re k — (Im k)2 — (Im k)2,
Ho

PoReko+pRek<<}/ pi+p? V (Reko)*+(Rek)?

H NOTOMY
Re {(po— ko) -+ (p—k)%} =

- 2
?2{@;—‘32—~V (Reko)2+(Rek)2} — (Im gt — (Im k)2 —

2
— Re b — Rekr 4 PP AR gk,

ITostomy Beumy (A.4.9), (A.4.12), (A.4.14)

Re {(po— ko)* + (p—K)?) >”+p0+ 4 ‘“%’
rpe

R

Takum o6pasom,

o _E_L 2_ 2
exp [ o P LGP | R (%6+7-7) | (A.4.15)
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Orciona crenyer, Gaarogaps (A.4.11), uto

(P34 0% Hi(p, &)= 0
s-—>—|-0

paBHOMepHO pJsi BCeX p u Bcex k2 u3 (A.4.12), npn aio6om
CKOJb yroaHo 6OJblIOM 3HAYECHUH .

BoJsee Toro, NOCKOAbKY NpH AH(dEPeHUHPOBAHNUH pexyluan
9KCMOHEHTA OCTAeTCs HEM3MEHHOH M MOXET JHIb YMHOXATbCS
HA TMOJMHOMHAJbHbIE BHPAKEHHS, UMEEM TaK¥Ke PaBHOMePHO /s
BCEX YaCTHBIX NPOM3BOJHBIX:

(A.4.16)

0" A, (o ©)
pi+p2y k - 0 . (A.4.17
(%o ) Okqy. - Oka,0pg .- -0Pg, e 1o ( )

[Mpunas Bo BHuMmauue (A.4.10), BuauM orciona, 4ro npu e — -0

f(R, e)cmpemumes Kk Hyrt0 CO 8cemu CBOUMU HACMHbLMU PO
u3800nbimu 1o Ry, ..., Ry pasnomeprno & obaacmu (A.4.12).

Bocnonbayemcs temepb STHM pe3yabTaTOM IS HCCAEJOBAHUS
spaxenus (A.4.4).

HMmeem:
L [k ) —Flky k ©)
T (&, e)~2—n,./ —h dt +
pd . 1 dt
itk gy [ 7%
OTKYyna

+

\f(t, k, &) —F (ko K, ©)

| T (k2)| < 2 max r—

Tit<w

w

itk ol [ 72

—u

Ho Ha ocHOBaHMH TOJLKO 4TO NOoJy4eHHOrO pesyJbTaTa

max F k &) —F(ky Kk, )
Lt1<o t—ky

—>0, If(ko, k, S)I —>0
+0 e>» +0

10*
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paBHoMepHO B obaactu (A.4.12). C gpyro#t cropous, ecan

[k <R <o,
TO HHTErpaji
w

1 dt 1 o4+ R 1
m,/‘t—ko <§;]n(m——R) +_2—

-

ABJSICTCA OT PAHHUEHHBIM,
Taxkum oGpasom, B o6aactn (A.4.7) uMeeM B cMbiC/e PaBHO-
MEPHOH CXOAHMOCTH

T_(k, e) -0
e—>-}+0

4 Hallla JeMMa [OKa3aHa.

A.5. Paccmorpum Temepb BONPOC O NpENeabHOM NEPEXoae
¢ — 0 B unterpa’bHoM npeacrasaendn (A.3.7), (A.3.8), (A.3.9),
(A.3.14).

Cnenaem cefiuac OCHOBHOE LOINYyLIeHHE O TOM, 4TO

~ ~

F.(n—F,(n=0 (A.5.1)
JJ5
pi+p* < 2. (A.5.2)

Torpa, urobu Bocnoab3oBatbcd Jemmoi#t III, Ham nano obecme-
uuTh BbINOJHeHHe HepaseHCTB (A.4.3) u (A.4.7) apryMenrtamu R,
BXOJALWIMMH B BepaxeHue 7T, QUrypupykilee B NmpasBod yacTu
uHTerpanbHoro npeacrasnenns (A.3.9). Muave roBops, Mbl 10OJDKHE
FapaHTHpPOBAThb, UTO

.,]‘Z 1]‘2
RAr<l, R4yuw T, (A.5.3)

Kpome TOTO, AMS NpUMeHHMOCTH JMeMMbl Il Ham CielyeT Takie
ﬂp”HﬂTb BO BHHUMAdHHE eUle HepaBeHCTBO
2|r
EILIpy S (A.5.4)
Ig

0
-7
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Ho, xak 3ro cremyer u3 (A.1.6):

lu, ) <la,|R+10,1<
2

(142
<laa|R 1+W +ralcosea|<

2r, . r2
< . ]s1r19¢|<1+7R02)+r1 lcos,],

0
1—-2
k2

OTKY A

uz < r2i4 22 —-+1

Buaum, crepopatensio, uto Bce Tpedyemuie ycaosus (A.5.3)
(A.5.4) OyayT ymOBJeTBOpDeHBI, eclu BuOpaTh ry, r,, R Tak
uTOB Bl

rg r2

2|r) < R(l—ﬁ) ,R2+R2(1 +~2%)~—{—r2<—,}. (A.5.5)

2

Aror BHOOP Mbl M NpuMeM J1s Hanableluiero.

BoaBpatuMmcs Temepe K paccMorpenmio  shipaxeHus (A.3.9)
M 3aMeTHM, uTo Ha OCHoBaHHM JeMmbl IIl MMeem paBHoMepHO Ha
Tope £;: .

T{Re®, ..., u, (9 0p...,05,...;e}->0
e—> -0

TMosTOMy, 1aKKe 'B CMbIC/Ie PAaBHOMEDHON CXOJMMOCTH:

@, (0, ..., 04 e)—-»io (A.5.6)

O6Gpatumcst Tenepb K dopmyae (A.3.14). [lycte oGoGuieHHbie
¢yukuun F,(x) n F,(x) nnrerpupyemnl Ha kaacce C(r, s;4).
Bosbmem N > r s+ v—1. Ilo nemme Il £, u A_ npunan-
nexat kaaccy C(r, s; 4). Toraa, nepexols k mpeleny, MoayunM,
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B CMBIC/IE PABHOMEPHOH CXOMMMOCTH
1
DO, (0gy.-.,04 e)—>2—n/F,(x)h+ (2,00, ..., 0)dx—+
1
—{——2;/ Fo()h_(x,04...,0)dx. (A.5.7)

[lpuuse BO BHUMAaHMEe WHTErpaabHoe npejcraBiaedune (A.3.7)
H HoJAYyueHHBbie NpejebHbie cOOTHOmenus (A.5.6), (A.5.7), ybe-
Apaemcsi, 4TO B JMoGoH 3aMmkHyTo# obnactu, conepxaumencs
B paccMaTpusaemoit 061acTu (A.1.3) KOMNJAEKCHBX MePEeMEHHBIX,

dyukunn F (&, €) paBHomepHo CXOAATCA K Npeleny:

@(ﬂ,.. ,05) dby... dbs

F 0 3

(k)= Qn J j _w [1( e_wz),
Iy

D (B, ...,0) = thFr(x)h+(x, Bp,...,0,)dx - (A.5.8)

1
+§E/Fa(x) h_(x,0, ...,05) dx,

ABJANOIEMYyCA aHaauTHUecKOH yHKuuel %, peryasprofi B 00-
nactu (1.3).

[Tpeo6pa3yem .ceffuac nonyueHHOE HMHTErpaTbHOE NIPENCTaB-
JeHHEe K MMNYJbCHbIM nepeMeHHHM. O603HaYuM, kak BCeria,

¢ypee-obpasy  ¢yukuui ke, k_ uyepes hy, h_ u sameTnm,

YTO KakoBbl Obl HUM GbiNM MOKa3aTelu ry, S;, Mbl BCEraa MOKEM
noao6path AAs HUX Takue r, §, NPU KOTOPHIX M3 BKAQUeHUH

he €EC(r,s;4]v R), h_ € C(r,s; 4]v; Q)
Oyayt clepoBaTh BK/IOYEHHs
Be € Clrysidlvi ), h_ € C(ry, s 4lv Q)

Bosbmem ry, §; Tak, uToObI 15,(])), ﬁa(p) Ob11M MHTErpUPYEMEL
na kJjaacce C(ry, s,;v). Toraa

OBy, ...,0) = <2Lﬂ>5fﬁr(ﬁ)ﬁ+(‘“ﬁ: Ogs ..., 0)dp—+
+(0:) [ Be® P (.00 01 ap.
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TMoaoxum

By (—pr 8o, .., 03) dBy. .. dby
H+(pyk)—— 27-; f f 1:- —160>H<1__—k_a._e_iea) -
ra
(A.5.9)

BBeas Takne (QYHKUMH, MBl CMOXEM MNPENCTABHTb COOTHOLUEHUE
(A.5.8) B BuRe

Fiy= [ H. (. yap+ [ Fu(p) H (p, Ry dp.
(A.5.10)

dyukuun M., onpenenenHsie dopmyno (A.5.9), ouesunno,
o6nanaioT TeM OOWUM CBOUCTBOM, uYTO KakoBa Obi Hu Oblaa
o6o6uieHHas pyHkuua f (p), nnrerpupyeMas Ha kaacce C(r;, §1; 4),
BbIpaYKeHHA

[rmH. . rap

ABAAIOTCA AHAJNNTHUECKUMH (QYHKUMAMM R, peryaspHsiMM B 00-
aactu (A.1.3).

YcnoBumcs, aAs COKpalleHHS, HMeThb B BHAY HUMEHHO 3TO.
cBoticTBO, roBsops, 4ro Hy (p, k) Kak OyHKLUS p NPUHALAEHUT
Kk kjaaccy C(ry, s;34), a kaxk QyHKUMs K ABJASETCA aHAAUTHME-
ckoit, peryasproit B ob6aactu (A.1.3). dyukuuu 3TH M OyReM
Ha3bIBaThb YHUBEPCAJbHBLIMHU, MOCKOJbKY WX BHA 3aBUCHUT JHLIb
OT ToKasarejtei kaacca C, yucia % U T. M., a He OT Crienualb-
Horo Bubopa F,, F, B panHoM KJacce,

PaccMorpum Temepn BellecTBeHHHE 1) R=p, Jemaline
B o6aactn (A.1.3). Ha ocnoBanuu nemmbr Il uMeeM paBHOMEpHO

T(p,=i0, p,g) =0,
e—>-40

¥ MOTOMY 3akaiodaem u3 (3.3), uro B paccMarpuBaemoil obaa-
CTH HMeeM, TaKXe B CMbIC/E PaBHOMePHOH CXOZUMOCTH,

F (p.e)>Fp), Fap.e)>F(p), npu e—-0.

1) Boofume Mbl YCIOBMMCH BeleCTBEHHbIE HMOYJbCH 0603HAYaTh
6yKBaMH p, a KOMIJIEKCHhHE — OyKBamu k.
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C apyrot CcTOpOHB, BO BCeM NPOCTPAHCTBE BELECTBEHHBIX p
crnipaBedanso HecobcTBeHHoe (0006uleHHOE) INpele/bHOE COOT-
HOIIEHHUE .

Fo(p,©) > F,(p), Fa(p.e)—>Fa(p), npn e—>—+40,
CurenoBaredibHo,
F,(p)=F,(p)=F(p)

B ofjactu
! Ipa]<‘rq_;__ a:‘O!l) 2, 3-

_ Ilomyuennnie 3pech  pe3yJbTaThl MOXKHO  Pe3lOMHPOBATHb
B Bulle Clenywilel teopeMul:

Teopewma. . 1° [lycms Oansl oGo6ugenivie @HyHK-
yuu F,(x), F,(x), u3 xomopsx nepsas Oydem 3ana30baio-
well, 0 8mMopas— onepexcanujell.

2°. [ycms cywecmsyem maskoe n0L0%CUMEABHOE T, 4MO

Fy(p) =Fa(p)

LpeP+IpE< 72

3°. Bossmemn nososcumeasnvie wucia ry, r,, R, ydosie-
MBOPRIOULILE HEPABEHCNBAM : '

8 obaacmu

- . _ . 2 N >2. 2 N
‘2[Ar]<R(1_—%), R2+R2(1+_2%’2_>+r2<%.

(A.5.11)

Tozda moacHo nocmpoums ana/zumuttecxyio Pynryuo F(k)

KOMRACKCHBLX nepeMeuﬂbtx k(kgs Ry oo 0o Ry, peeyadapryio
8" oGaacmu : -
k| <<r,, a=0,1,...,3, (A.5.12)

marum o6pasom, tmo
F(p)—F () =F,(p)

8 0040CMU BEUJECTNBEHHBLX NEPeMEHHbX PPy .., ps), Onpe-.
Oenennoli Hepasencmsami (A.5.12).

Kpome mozo, 83728 Oocmamouno Oosbuiue noxa3amentt
r, S, Mbl MOJCEM NOCMPOUMb «yuuaepca/zbubte» gﬁyum;utz
Hy (p, k) ¢o csolicmsamu:

- . - L e
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@) Hy(p, B rax Pyuxyun p npuHadrexicum x Kiaccy
C(r.s;4), a rax Ppyuxuyus k fsAeMCA  AHAAEMULECKOL,
pezyaspnoli 8 o6aacmu (A.5.12);

0) 8 obaacmu (A.5.12) umeem mecmo uxnmezpasvroOe
npedcmagaerue:

Foy= [ £, (p,k>dp+fF (M H_(p, k) dp.

A.6 HepeﬁﬂeM Tenepb K obobuiennio teopems I.
Paccmompun obobujennsie gyrnryuu:
Fr, r(xl’ xz): Fr, a(xl’ xz)’
Fo,r (%1, X3), Fou, oy, X9),
045 KOMOpHLX
F, (%, %)=0, erau x, L0 ura %<0, ,
Fr,a(xl,xQ):O, ecau x, L0 wman x,>0, U (A6.1
Fo r(X1, %) =0, ecan x,20 wr x,<0, l (A.6.1)
J

Fy o(%1,%)=0, ecau x,20 uai x,>0.

[pednoaosicum, wmo npu HEIOMOPO. NOLONCUMELDHO M T
,](pl’p")_— a,it pl’p2)_0 ecau p120+p‘i <7,
Fiv (P p)— F; o (p1.p) =0, ecau p2y—pi< 2, ; (A.6.2)

i=r,a, j=r,a.

IMpumenum Tteopemy ! k Bblpamenusm ﬁr,j (py, Do), F‘a’j(pl,pg),
paccMarpuBas uX Kak ¢yunkuuu p,. I[lepetaem k QyHkuuIM

Fj (Rys po),

K KOTOPHIM ONfTh NpumeHuM Teopemy [, HO ymxe no nepemen-
HbBIM p,. Taxkum o6pasdoM, ybGemgaeMcs B CIpaBelJUBOCTH Clle-
AYIO11Er0  YTBEDKAEHUSA: ’

MMycms ry, ..., ry— si06ble nOAOKHCUHMEABHILE HUCAQ, Y08~
zemgopaiowite Hepagencmeam (A.5.11). 5

To20a cywecmsyem anaaumuuneckas @yuxgus F (ky, Rky)

KomnaeKcHolx nepemennotX Ry (Ryg, ..., Byz)s Ry (Bagy « o vy Rag),
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peyAgpPHas 8 obracmu
Ry | < rye TRyl <ry a=0,...,3.  (A.6.3)

Larn sewecmsennolx py (Prgs « -+ Prs)s  Pr(Pags « s Po3) 43
amod obaacmu

F'(Pnpz):é,j(pppz); i=r,a, j=r,a

Kpome mozo, 8 paccmampusaemoli o6racmu (A.6.3) umeem
Mecmo Unmezpasproe npedcmasierue:

F(ku ko)== 2 fﬁi,j (P1s P2) Hi,j (Pys P2 Ry Ro) dpydp,
@, j=r,a)
Hij(py, pai Rys ko) == Hi(py, k) Hy(po, ko) H, = H+, H,=H_,
(A.6.4)

ecau moasko noxasameau xaacca C(r, s; 4), € Komopomy
Ooaxcnbe npunadsexcamv H. (karx @ynryun p), s83ame 90-
CIMAMO%HO Bb6LCOKUMIU.

PaccMorpuM 0606ieHHbIE (DYHKIAU:

Fij (%4 x5 £); &, j=r, a; {— BelleCcTBEHHOE YHUCJIO,

obnanawoiue cpoticreamu (A.6.1), (A.6.2) HesaBucuMo ot f.
3aMeTuM, yTO MO CaMOMy omnpeje/eHHI0 00OOUWEHHHX (QYHKUMA
cyuwectByer Takoll knacc C(r, s;9), na kotopom F; ; Oyayr un-
TerpupyeMuiMu. BosbMenm npoussobnyo gyHkuuio A (f) U3 Kiacca
C(r, s; 1) u paccMoTpum uHTerpan

Fij ey %)= [ Fij(e, 2 DR @) dt.

HerpyzHo Buzetb, uto 3TH Fyj (X4, Xp) OyayT o06oOuleHHBIMH
(GyHKUHAMY, UHTerpUpyeMbiMH Ha kjaacce C(r, s; 8), u uTO OHM
yaosaersopsiior yeaosuam (A.6.1), (A.6.2). Mb MoxeM nostomy
BOCIIO/Ib30BATBCS  PaHee CGOPMYJIUPOBAHHBIM YTBEDKIEHUEM U
npuitTH, TakuM o6pasoM, K cilegyiolle’ Jemme,

Jdemma IV. Mycms dansr 0600uennsie Bynryitu

Fi’j(xl’ Xo; t)r i» j=r, a,
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Y008.4emBOPAIOULE YCAOBUAM:

Fr,r(%y, X3 =0, ecau x, K0 nau x,<0,)
Fr o(xy, X2 )=0, ecau x, <0 usu x,2>0, g (A.6.5)
Fo,r (%1, X33 £)==0, ecau x>0 wusu x,<0, l h
Foa(xy, X0 )=0, ecau x,>0 wan %20,
Fr.i(py po )—Fuj(pr i =0, )
ecan  pi+pi<n® j=r, a, '
. - b (A.6.6)
Fi v(p1, Pos )— Fi,a(py, ps; £)=0, I
ecru p220+ p; < 712; [= r, a. J
ITyemo ry, ..., ry— A1066te nOAOOCUMENLHOLE HUCAG, YOO~

saemsopsouue nepasencmsam (A.5.11). Tozda cywecmsyem
0006ujeHHan PYHRUuA £, ABARIOUAACA QHALLMULECKOL] (BYHK-

yueii F(Ry, ky; t) rwomnaexcuwux nepemennsx ki, ky, pezy-
AAPHOL 8 o6racmu

[Bia| < ras  |Rou| <ron 2=0,1,2 3, (A.6.7)
nputens

F(py poi ©)="F; j(p1 psi )

8 o0nacmu Beu,eCMBEHHOLX Dy, P,, y008aemsopaouux Hepa-
sencmsam (A.6.7).
PaccMorpuM Tenepb 0000iieHHbIE (BYHKLHY

fi,j(xly xz; t); i’ j:ry a,

yaoBJeTBOpsiowue ycaosusM (A.6.5). Tlpeanonoxum, 4T BMeCTO
ycaoBuil (A.6.6) BHIOAHAIOTCA yCJIOBUA

ﬁ:j(l’l» Das t)_‘fa,j(pl» po; £) =0, ]

ecan | pig—hi oA P+[p—rA O < 7P o ), '
fir (0o P ) — Fi,a(prs P2 ) =0,

ecan | pog— oo (8) P4 Pa—Ra () P < 3 (8), |

fi (P, P2 )=0, ecmu ¢t<N. (A.6.9)

(A.6.8)
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[Tpeanonoxum, jAajtee, 4TO Qurypupymlomiue 31echb QYHKIUU
h(t), () oBnanaroT HHMeYKA3AHHLIMH OOLWMUMH CBOMCTBAMH.

1% 34, (), ¢;(f) HenpepniBHbI M HeorpaHuueHHo audpgepet-
nupyeMbl B unrepsanre N < f < co;

2°. )}, (f), &5(f) MOIMHOMHANBHO OFpPaHMUYEHH;

3% &;(f) CylleCTBEHHO NOJOKUTENbHB M YAOBIETBOPSIOT
HepaBeHCTBY

G0 > s v> 0 m>0;

4°, mwbasg npousBogHad (KaKoro yroiHo MOpaaka) GyHKuuh
Ljs (£), 2;(f) paBHOMEpHO OrpaHuuyeHa B HHTepBaje N Lt < oo

MMponomkuM Tenepb KakuM-1u6o o6pasoM otu dyHKuuu A (7),
2(f) Ha BCIO BELIECTBEHHYIO OCb C COXPAHEHMEM BCeX MepPeuHc-
AenHblX cBofictB. Torza HerpylHo yGenutbCsd, 4TO KaKOBH Obl
HU ObliM rnokasateauw r, § kKaacca C, Bcerza MOXHO Hailtu
MOKA3aTeNM ry, S, TAKUM 06Pa3oM, 4TO H3 K (X, Xy £) € C(ry, 543 9)
BBITEKAET

¢ OO sy v ey (6) ks HHEC(r, S5 ).
CrenoBaTenbo, Las 6ok 00obieHHOR dyukuuu f(x;, Xo, £)
MEl MOXeM Tono6path Takue ry, §;, 4T0 uHTerpai

ff(xh Xy, 1) ei{)‘l(tm‘ﬂm)m’} he () xy, 2(t) %y tidx, dxz dt

Gyser Torja onpefileleH Kak JAMHeMHBM  ynkudonan or
h(x,, x38) € C(r, s; 9). Ho ator minednnfl ¢yHKIMOHAT MO-
KeT ObiTh 1peobpasoBaH K Buny

g X (1)

/f s1<t) R ) SRR Q}X

X

(51 (crea h{x,, xo5 t)dx,dx,dt,

onpefesiolleMy OGOOLIEHHYIO (PYHKUUIO
A (t) A (B) }
2

(¢ 52)4 f(zl @’ E::t); t) el {EA O] ) mi+e (D)
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Taknm o6pasoM, pas f; ;(X;, X, ¢) aABAs0TCA 0600UIEHHBIMY
(GOYHKIUAMY, BHpaMeHus

Fi (%, X5 )=
(M@ (D)
fuilit s t Jlrmmie™)
~ G 52)4 BI\e () = @)
Takxe OyAyT OOOOIEHHBIMI @YHKIHAMH.
Hanee, BBuny TOro, 4r0 f; ; yn0BAeTBOPSIOT ycAoBusm (A.6. 5),
BBeneHHble yukuuu F; ; TakKe UM YLOBAETBOPAIOT. 3aMeiim
ele, 410

Py jp s O=Fi ; MO+ O P @)+ ps £ ).

Mostomy ns (A.6.8) pbitekaer, 4o F; ; yI0BIETBOPSIOT yCJIO-
BuaM (A.6.6).

WTaK, MBI MOXeM NpuMeHuTb K OYHKUMAM F; ;(x;, Xy f)
aemmy IV, B pesyabraTe yero yOexkpaeMcsi B ClpaBeliMBOCTH
CJeLYIOLEro yTBepHAeHNS:

Jemma V. ITycms Oanb 0600uennve @ynryin

(A.6.10)

Fi,iG x5 8, L j=r, @,

yoosaemsopsiowue ycaosuan (A.6.5), (A.6.8), (A.6.9). [Ipeo-
noaazaemcs, wmo GyHryuL kg (¢); €;(t) o62adaiom csoiicmsamu

2°, 3% 4°. Bosvaem nucsaa r,, o=0, ..., 3 max orce,
Kax u 8 meopene I. Tozda cywecmsyem 0600u,ennas ByHKULS

FOL@ e )y W) Fea(t) e £},

SBALIOUAACA AHAAUMULECHON PYHKUUCL KOMNACKCHUX Nepe-
MEHHOX Ry, Ry, peeyaspHold 8 obracmi

| By | < Fas [Roy| < ry a=0,...,3, (A6.11)

maKas, *mo 8 064ACMU BeueCMBEHHHX Dy, Dy, YO084€MBO-
parowux Hepagencmgan (A.6.11):

_7{)\1 (t)+ s () pus ho () +ea(t) pos t) =
= fi. () F20 () Py re(O) 22 () o ).

Kpome mozo,

J ik (&) e O Ry Mo ()42, (8 ko; 1} =0 mpn ¢ < N.
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A7. Teopewma Il Ilpu danneix nocmosunnox
M>u>0 820 120wx0 V>0

MOXCHO Haiimu maroe p > 0, wmoGb. UMeA0 mecmo caedyio-
wee ymeepocoenue: nyYCmp

fij (X %03 8)y 0, j=17r, a

284810MCA 0000ujeHROLML PYHKURAME, UHBAPUAHMHBIME 10
OMHOULEHUIO K RPOCMPAHCMBEHH LM Bpaujenitam (8eKMOpPO8 X),
yadosaemsopawouwuny ycarosusm (A.6.5) u, rpome mozo,
ycaosunm

Fro 5Py P ) — f1,4(P1» s ) =0,
ecau (A.7.1)
(Pro+ 1P —pi < M—pP (pro—EP—p: <92

fi. r(P1s P2r t)“f:i,a (P> p2s )= 0,
ecaut (A.7.2)

(Poo+ P —p; < (M—+p)  (Poo— 1P —p; < 92,

FoilpuPut)=0. ecan (< pIMAp(l+8)  (AT3)

Tozoa cywecmsyem o00600wennas OyHKyua nepemennod t,
ABAAIOUL,AACS AHAAIMULECKOU PYHKULEl KOMNAEKCHBLX nepe-
MEHHBLX 21y . ..y 25,

D(2y,...,25 t),
pezyasapuoil 8 ob6racmit

|2y — M| < pp?, | 2o — MP| <o | 23— | < pp,

=] < gty |2 4a2] < g2 (), (A.7.4)
—V Lo << p2(l—o), 4a2 < u?, J
20e
o s M2 — 2 (1 —o) 2
uz—[M—{—-p(l—l—b)—'r M—}—p.(l—}—ﬁ)} AM2, (A.7.5)
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u obaadamouwas c8olEcmsamit;
1% ©(2y, o0vy 25 )=0, ecan t< %[M—{—-p(l—l—B)].

2°. B o6aacmu seujecmsenHblx 4-8exmopos p,, ps, 043
KOmopbx BestttUHbl

zl=(pw—{—t)2-—pf, 22=([720+f)2—p§, 23=(p;o—1)*— 3,
2y=(Pao — ¥ — P35 25= (P1o— P20’ — (Pr— P2)* }
(A.7.6)
ydos/tem(iopmom HepaseHcmaam,
l2,— M2 < pp2,| 2, — M2 < pp2, | 23— |<pp?, |2, —<| < pp?,
|2+ ta2| <pp2( ), —V<r<ml—o), dar g

umeenm
fi,j (P, Py D=D(2,,...,25 D). (A.7.8)

-JokasareabcTBO. DyleM ocHOBhBaThci Ha JemMme V.
[Monowum
M2 —+
kg (£) == oo () = —f7—,

A (.t):el%(t)—{‘eza’ A () = e,¢ (£) — eqa, (A.7.9)

cp(t)=]/[t+ } —M—a . |

3nech €;, €;— [Ba NPOU3BOJIbHLIX, B3AUMHO-IIEPIIeHIUKY AIPHBIX
OopTa; T, @ — NPOU3BOJbHLIE BeELECTBEHHbBIE 4YHCAa, YAOBJIET-
BOpAOUIHE HEPABEHCTBAM!

— Vi< p(l —o), 4a2Lut. (A.7.10)

Beenem Ttakwxe

Ex(t)zsz(t):;-;—MlT:t—- (A.7.11)

4¢
3aMeTuM, 4TO B HHTEPECYIoLleM HaC HHTEpBaJje

t>/M-l-n2(l+5)
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Oyner
M2t \2
(t+=) — a2 —a > 0.

\

, o
Mosromy dynkumuu e;(f), A;(f) ynoBaersopawoT ycnosusm 1°—4°
nemmbl V. BoabMmem, panee, uucio £ Tak, uTobni

( Me—<\2 e — 1.2
o iézl/—M%L(th—g-_)f(ti—F—) .

2t > M+p (1+7) t-
4t

1 {2 +1

& J S P . (A7.12)
Mz \2

()] i 8

M
“

flcHo rtorpa, uTO

‘ 2M 2
Vi O=0+H10 5040 12u2<{ 2; '

(A.7.13)
[lycry Tenephb

| Pro—hio (O B+ pr— A (O < Zp2e ).
HMmeem:
(Pro == 12— p2 = [hyo (B) = 12— A2 (1) +-
2 g () == A1 [pro— 1o (D) — 2hy (1) [P — A, ()] +
+ 10— ko (OB —[py — A (O < Do () == 1R — A () +
o) T =P LN <O lpt+2OTp  (AT14)

Ho, oyeBugHo,

[)‘10 (t) + tlZ__ )‘f (t) = M2) Illo (t) - ”2 - )\? (t ==
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u noromy Ha ocxosaHuu (A.7.13) n (A.7.14)
(po+ 12— p? < M2+ 2Mp—+p2 = (M +-p),
(Pro— 02— P2 < ©—-8u2 < 92,
CosepileHHO 2HaJOrMYHO W3 HEPABEHCTBA
[ Pao— R0 () 24 1P2— 25 (£) 2 < R2p2 &2 (7)
6yzeT BHITEKATb
(P2t — pi < (M=),
(pyo— )P —p; < 9p2

Takum o6pazom, u3 (A.7.1) u (A.7.2) nonyuum

fr, j(pl’ pz;t)__fa,j(plv pa )=0,

ecan ‘
| Pro — Mo(t) P [P1— 2, () B < Cap?e? (D)
Y
fi, s (P12 P23 1) _71', a(P1 P D=0,
ecau

| Pao— Ao () 24| p2—2, ()2 < Cp2e2(f).
MBl MOXEM, CJeiO0BaTeNbHO, NPHMEHHTh nemmy V, B3fB B Heft

_ _ M43
n=Cp, N=HMEel+H

Yro6ul yaoBaeTBopuTh HepaBeHcTBaM  (A.5.11) Teopemm I,
npuMeM

1 3
=—lp, = —Lu,
o= 7t Ir| 575

Tenepb, B COOTBETCTBUM C YNMOMHyTOM Jemmo#, yOGewmjaeMcs
B CNpaBelNWBOCTH C/IEYIOWET0 yTBePKIEHUd:
Cywecmsyem 0600uennas dynxyus t

Tk, By D), (A.7.15)

11 Bax, 2670, BoronwGos B Ap.
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ABARIOUWAACH AHALUMUYECKOd PYHKYUel KOMRAEKCHBX 4-8eK-
mopos k,, ky, pezyaspuoi 8 obracmu

~

[ Bio— 210 ()| < 1;_6 ve(f),

Ik —4, (01 < we (),

‘r/ | (A.7.16)
[ Roo—Doo ()} < V ve(d),
3

lkz—‘lz(t)]< 875 Lee(h)

& obaadawuan c8oldcmeamu.
1°. B obaacmu sewecmseHnux p,, pg, ydoanemaopnfowux
Hepasencmsan (7. 16)
T, i (P o )= (P1» Po3 1)

o ~ ) 3
2° f(pys pos ©)==0, ecau t<ﬂi’L2(1_+_)_.

Bocnoabayemcs cefiyac  ycnoBHeM HHBADHAHTHOCTH TNO OT-
HOIWIEHHI0 K MNPOCTPaHCTBEHHHIM BpallleHusaM. Bsuay sroro
ycaoeus ¢ynknus (A.7.15) saBucut ot k;, R, JHIIb uepe3
NOCPEeCTBO NATH MepPEeMEHHBIX:

Bior ko Kiv Koy Ky, Ko

BMecTo HHX MOXeM BBeCTH COBEPILIEHHO SKBUBANCHTHYIO cHCTeMy
nepeMeHHbIX:

zl=(k10+t)2—“kfr 22=(k20+t)2—"k§: \,
2= (kip— P —KE, 2, == (kyp— 1P —KZ, { (A.7.17)
2= (kyo— kool — (k; —Ko)2,
TAaK 4TO .
Tk, ks )= (2,, 25, 2, 24 255 £). (A.7.18)

CurenoBatenbHOo, [ 3aBepIUEHHs JOKa3aTelbCTBA Hallelt Teo-
peMsl HaM oOcTaeTcss yOGeiuTbcs, 4TO (NpH COOTBETCTBYIOLIEM
nof0ope uYHCIA p) Mbl MOXEM HafiTH KOMMJEKCHble 4-BEKTODHI,
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yaoBIeTBopaioue HepasenctsaM (A.7.16) Ans npousBo/bHBIX

KOMIIEKCHBIX 2y, ..., Z; YAOBJETBODAIOINX HePaBEHCTBAM
{20 — M2 <pp?, | 2,— M2 < pp?, | 23— | < pp?
2 —sl< pt lzgHdat ] <pur (), (A.7.19)

42 R, —V Lo <3 (l—o),

MepefizeM nO3TOMy K BONPOCY O NOCTPOeHHH k;, k, O
NAHHBIM 2y, ..., 25 t. W3 (A.7.17) Hatinem

_ 2o —
klo g i4t—zs- y k20= 24[ 24 , (A.7.20)

a TaKxe

=p— AFny (Aoa)
k=2 — Zz+24+(22—24), (A.7.21)

— e — 2
( — k)t = — 2, (AR AN

Yrobu mnonobpats k,, K, yI0BIeTBOpAOLIHE COOTHOLIEHUAM
1 2 ¥ p
(A.7.16), monoxuMm

k, = Ae,+ Ce,, k,=Be,—Ce,,

rae e,, ,— ABA B3aUMHO-MEPHEHAHKYAapHuX oprta. Toraa pas
onpenenenns A, B, C u3 (A.7.21) nonyyuM ypaBHeHHs:

A4 Cr=1t— Zl+23 +(Zl—23)2'
B2} C2=—=t2— 22+24+(z2—z4)2,

(A—BR+44C2 = —z,+ (_l—_z%;ﬁi)z ,

OTKyJa HAaXOAUM

A=Al 2z, ..., 2 —_
( 1 5)} =—;—VDi
B=B({t; 2y, ..., 2)
z2+24—z1—23+ 21-—23>2_(22-—z4)2 (A.7.22)
41 2 4 4 .
3 YD ;

11*
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Ct; 2z « ..,z5)=7}{_ZB+(zl—za;z3+z4)2_

22+24—21—23+ 1—23\2 (25— 22 TP ';— (A.7.22)
tnzan (agay— (=g

’
rae

D=4t —(2,+ 2+ 2+ 2—2z)+2 (252 ) +

+2(22524)2—<21—221;23+Z4)2-

Kak Busso,
A(t; M2, M2, =, t, — 40?) = o (f),
B(t; M2, M2, =, v, — 4a%) = (1),
C(t; M2, M2, ~, 1, —40?)=a.

TakuMm o6pasoM, Hama Teopema OyJAeT 10Ka3aHa, KaKk TOJbKO
MBEl NIOKAXeM, YTO

E1""Eg 4 i .
<y

EQ'—'E4| C I
4¢ <2V6 (= —1’

lA(t; M2+E[! M2+E2) T+ES’ T+E4'—402+EBT)—

o

— A (t; M2, M2, <, t, —4a2 — :
( a?) | < 8V-12 ‘1 ME—<?
4

IB(t; M2t M2 45y, t—§, T+E4,—402+EBT—:)—

3
— B(t; M2, M2, <, x, —4q? P~ .
( )| < 8Viz j M—r”

|C(“ M8y, ME -5, T+Em+sp—4a2+sa —tz—)—

—C(t; M%, M?% 1, 1, —4a?) < B
81/1 t -+ M2—+
4
(A.7.23)
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.30

¢ MEelED - _ycicpzi—o), @<

[&1<pu?, j=1,...,5.

Ho BoamoxHoCTh Takoro moaBopa AOCTaTOYHO MaJoro 3Ha-
YEHUsl p HEMOCPEACTBEHHO CJefyeT H3 pacCMOTpeHHs!) BhIpaxe-
uuft (A.7.22).

Mpumeuanne. PaccMorpuM uvactHuii cayuvaft teopemn I,
koraa 8=w=0. B 3TOoM cayuae #u=0 M, cremnoBaTeabHO,
a=20. Takum o6GpasoM, 061acTb 3HAYeHHH Z;, NMPHHALIEHKALHX
K o6Gaacti peryaspHoctu ¢dyuknuu @ (zy, ..., 2 ), Gyaer orpa-
HMYEHa HEePaBEHCTBOM

|2 <ot (7 -

Herpyano, ofHaKo, ¢ NOMOMWIbIO COBEpPHIEHHO 3JEMEHTaPHBIX
paccyxaeHu#t paCHIMPUTh Npejenbl BO3MOXHOTO U3MeHeHHs Re 2.

He#icTBuTebHO, Bo3bMeM B Kaacce C (0, oq; 1) dyukuuio X (f)
TaK, 4toO6Hl '

f

B(t)=0, t < ML,
RE)=1, t> M.

[Toaoxum:
fi, i (B0 %03 ) = F (04, %3 1) + £ (%4, %03 8),
0 (2 % ) =11 — R (D1 i, 5 (%1 %3 £),
2 (%4, %03 t) == R (£) fi, (X1 Xai £).

1) Hepasencrsa (A.7.23) ¢ ¢ynxuusamp A, B uMenn Gbl MecTo H

M2
6e3 ymHONKEHMA £; Ha 5 Takoe ymHOXeHHe HEOOXOAMMO JMIUL IJst
obecreyeHHs HepaBeHCTBA ¢ ¢(yHkuue# C, NMOCKOABKY TOJABKO C apry-

M2
MEHTOM E;,—tT fepad 4yacrp ero Oyner, NMpE GOABIWIHX ¥, MPONOPHHO-

1
HaabHA  —

12 3ak. 2670. Boromo6os H AP.
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byHKuHH f(,l}, f(23 YAOBNETBOPAIOT YCNOBHAM Haliell TeopeMbl.
Mepsasg u3 Hux npun 0 = 0, 8 =20, a propags—npu 0w =0, = % .

Paccmorpum obaactu peryaspHocTd ¢ynkuuit O, ®@ ppiny-
CHBas COOTBETCTBYIOUIME HEPAaBEHCTBA JMIUL AJd aprymeHrta Zz.
Has neppo#t M3 Hux

M\2
[z < pp? (T) ‘
310 HepaBeHCTBO GyleT BHIOMHEHO, €CIH

2 M2 M2
IRezy| < H=(F) 1imz) < H5(F)
1o, oueBuaHoO,
PVO=0 pma t>M-+y,

nostomy P peryaspHa npu

MY, limz< —P“—i—(%)z

IRez'|<1/2(M—i—u V2

Nanee, nna ©@
. M—pry
Mostomy @B Gymer peryaspna npu
—u? L Rezz; L0, |Imzg| < pp? (M)

IlycTb p; OyleT HAUMEHbIIMM M3 YuceJ

v lirs) - ()

V2 \WMAp/’ \n/”
Toraa Buaum, yro obe ¢ynkuuu DM, ®?), a ciaenoparenrbHO
v ux cymma @ =@M O® Gynyr peryaapus npu

A-—plp.2<Rez’5< 0, | Im 2’5] < ppﬁ (M)z
V2
Mu  yGeannucb, TakuM 0G6pasoM, B CNpaBeAaMBOCTH Cle-
AYIOLero yTBepXIeHHs.
Teopema Ill. Ecau ycarosus meopems I guwnosnens
npu 0o =208=0, mo MoxHO nodobpams GOCMaAMOUHO MAAOE
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p >0 mar, umobu
D(zy, ..., 250
Oviaa pe2yrapra 8 o6racmu
20— M < pp?, | zp— M2 < pp?, [ 25— | <pud, |2, — | <pp,

— ot CRez, <0, [Imzg| < pp (F), —V<a <

3ameruM, 410 HWKHMH npefen uaMeHeHHs Re zg moxer OHTb
CYLIECTBEHHO Pa3JBHHYT, HO 310 yxe norpebyer 6Gosee ray6o-
KX cooBGpaxcenui.

A8. Teopema IV. Paccmompun ob6o6uennsie dhynryuu
F, (x) u F,(x) 4-sexmopa x, u3 Komopux o0xa 6ydem 3a-
nasdwsaoujel, a Opyzan— onepescanujei. ITycms @ypove-

o6pas f~(p) ux pasmocmu
f(x)=F,(x)—F,(x)

obpawaemcss 8 Hyay (7(p)=0) 041 |p,| < m. Tozda cywe-

cmsyem anasumuneccas @yuiyus F (k) Komniexcnozo 4-gex-
mopa k, pezyaspras 8 obaacmu

lImk| < |ImV&2—m? ], (A.8.1)
maxas, umo 04 8eujecmsennblx R=p u3 amoi obracmu

F(p)=F,(p)=F,(p).
NokazaTeabcTBO. BosbMmem B kaacce C(0, co; 1)
$yHknu @ (f) Takyio, 41O
(=1, xo2> 0,
¢(1)=0, xo<—3,
rie & — HEKOTOPOE MOJOXHTEAbHOE YHCJIO,

(buxcupyeM CKOJIb YTOAHO Majoe MOJOXUTEIbHOE P U 3aAMETHM,

470 (YHKIUA
® (x()) e—pxa+ikw

Gyser npuHanaexaTb K kJaaccy C (oo, ©0; 4), e€CHH TOJbKO
Imky, >0 (k, xommaexcHo). [lo3ToMy MOXeEM OHpeleuTh

12%
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MHTEr pan

Fr(kjs ) =F (ko ki p) = [ Fo () 0 (x) e ™™ *** dx, (A.8.9)
NPeACTABAAIOWMA  aHAMHTHYECKYIO OYHKUHIO R, Deryaspuywn
B obnacty, rae Im &y > 0. Herpyano Bumets, 4to 3TOT HHTerpan
HC 3aBUCHT OT CrenuanbHoro BwiGopa ¢yHkuuM ¢ (). Heiicreu-

TEJbHO, €CIH @ M $p MPElCTaBAAIOT ABE BO3MOXHBIE peanusa-
MM PYHKIMH @, TO HMeeM

P (Xp) —@2(xp) =0 nns x,>0,

OTKyla BHIMM, YTO B CHIy cBOHCTBAa 3amasibiBaHMA BO BCEM
4-MepHOM MpPOCTPaHCTBE

[ Fr() 91 (£0) — 02 ()] e+ dx = 0.

[Tostomy Mu Gyzem sanucuiBath (A.8.2) B dopme

F, (k; p);—fpr(x)e“f’*’“”‘wdx, (A.8.3)
npunuMag npasylo uyacTb (A.8.2) 3a onpeseneHde Takoro uHTe-
rpana.

" CoBepIlieHHO aHAJIOTHYHO ompelenseM (YHKIHIO

£k p) = f F,(x)e ™% g, (A.8.4)
ABIAIOILYIOCE  aHAMMTHYECKOH, peryaaproit B ob6aacTu, rae
Im k&, <0.
3aMeruM, uto BohipaxenHsa (A.8.3), (A.8.4) uMedT cMbichn M
LS BelWecTBEHHBIX R,. JleHCTBUTENBHO, HX MOXHO paccMar-
puBaTh TOraa, kKak ¢ypbe-obpassl 0606LIeHHON (GYHKUHE OXHOrO
MEPEMEHHOT0 X!

fF,-(x) e ™ gy, j=r, a.
Taxum 06pazoM, F, (ke K; p), £4 (ko Ki p) 117 BemecTBentbix &,
6ynayT 06OOLLEHHBIME (GYHKLMAMH R, SBAMOLWMMUCS AHANMTH-

yeckuMH dynkumamu k. HerpynHo yGemutbcs Takxke, uto B 0606-
IIEHHOM CMbic/e (1O OTHOUIEHHIO K BELeCTBEHHON MepeMeHHOH pg):

lim P, (po—+ie, kip) = F, (por & 9), |

£> 40

- - i (A.8.5)
lim Fy(po— ie,K;p) = F, (py, K; p).
>0 J

€
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Hakoneun, B 060611eHHOM CMBIC/JAE HO OTHOILIEHHIO K BeLIECTBEH-
HOMY 4-BEeK10py p

lim F,(p; p) = F,(p).

P . (A.8.6)

lim Fy(p; p) = F, (), |

o >+0 )

rie 13,, F,— obuuHbe ¢pypbe-o6pasb ¢yaxuuu  F,(x), F,(x).
PaccMoTpuM pasHoOCTb:

fim {7, (py4-ie, ks o) — Fu(py —izikip)) =

e>-10

= F, (po, ks 0) — Fy (P K3 0) = ff(x) P oY RN g dx.
Ho, no ycnoBuio Teopemh,
ff(x) PP, =0 ama | py| <m,
cjiefloRaTebHO,
lim {F,y (po+ 12, k5 ) —Fa(pp—te i)} =0 aan | pol <m
' (A.8.7)

U NOTOMY F’a(k; p), f’,(k; p) NpeacTaBAfIOT ONHY M Ty Xe aHa-
JUTHUECKYI0 DYHKLHIO F(k; p) COOTBeTCTBEHHO B  006.JacTAX

Imky, >0, Imky<< 0. OS3nacts onpenenenns F(k;p) pacmpo-
CTpaHAeTCsd HA BCe HOJONKEHHs KOMIJIEKCHOro BexTopa K; mo
OTHOIUEHUIO K KOMILIeKCHOH mepeMcuuolt £, 3Ta (yHKUMS UMEET
JIMHHM paspe3a

—oo < RyL—m, mLhy<co. (A.8.8)
3amerHB 31O, QUKCUPYEM uucia h, mg:
0L, 0my<m (A.8.9)
¥ HOCTPOUM BhipaXeHue
D (kg) = F (ko 1e VEE—mZ 4 £;p),  (A.8.10)
B KOTOPOM f — BeuleCTBEHHBIA BEKTOD, € — BelLeCTBEHEBIA OpT.

13 3ak. 2670. Boromo6os U ap.
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Obpa3yeM «CHMMETDU30BAHHYI0» M «AHTHCHMMETPU3OBAHHYIO»
GyHKIHMYM, UHBADUAHTHBIE IO OTHOLIGHWIO K MepeMeHe 3HAaKa BXO-
JSILEro KBaAPaTHOrO KOPHA:

D, (ko)__ F (ko 2eV R2—m2 -1, p) -+

+ 5 Fhy — eV EE—m? 1),

1 - - (A.8.11)
D, (ko) == Vi (F(ky 1oV BE—m? +1; p) —

(V]

— F(kg—reVEE—m? 41 p) ). J
Ins uux, Beuay (A.8.7), OyneM umerb:
lim {®, (po—l—ie)—(l) (po—is)) =

e 10
LF (1 VT 455 p)—

alpo 1V B—mi+fi0)+

s (po— heV pE—m? 1 p) —

5 Folpo, —de Vipi—m? +5p)=0 (A8.12)

|

N]'—‘t\,lv—wl'—‘ml

gt m

~{_

ans | po| < m.
CoBeplleHHO aHaJMOrMUHO HaMjpeM Takxe

”TO {(Da (p0+i€)—'—¢)a (l’o—ie)} =0 nn ]pol < m.
&>
(A.8.13)

Wrak, Mul moxkeM paccMmarpusats D, (Ry), @, (k,) xak aHa-
JAUTHYeCKHe (YHKIUM KOMMIEKCHOTO NepeMeHHOro K, peryasp-
HbIE BO BCel KOMNJNEKCHOH HJOCKOCTH 34 WCKJIIOUYEHUEM JIUHUH
paspesa (A.8.8).

O6cynuM Temepb BOHPOC O XapaKTepe BO3MOMXHOIO pOCTa
9THX ¢yHKuu# Ha OeckoHeuynoctH. I3 paccMorpenus pexyuiero
¢axTopa:

exp (— px2—xoIm ky-+-Axe Im Vké——mf)

MOXHO YCTAHOBHTb CJEAyioliee CBOHCTBO: MMEETCA TAKOE IEN0€
HOJIOXUTENBHOE Ny, YTO MPH CKOJb YyTrOAHO Majod o > 0 Bbi-
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paxcenna |P (k) |, | D, (ky)| Ana |Imky| > 5 orpaHuyenn He-
KOTOPHLIM MNOJHHOMOM CTelleHH 1.

Y1o6ul BOCmo/b3oBatscs Teopemolt Ko, nonbepeMm coor-
BETCTBYIOIUUA MHOXUTENb A (Ry), KOTOPHIid cMOr Obl 0OecHeyuThb
AoctatouHoe yOnBaHue NpPOHM3BEAEeHHMH

@, (k) h (ko).
®,, (ko) h (o) (A.8.14)

Ha G6eCKOHEYHOCTH.
BoabMeM nns storo xakyw-aubo ¢yHKUUIO g (T) BelleCTBEH-

HOI'c HEpEMEHHOro T, O6ﬂaﬂaKHHYK) HeNpepbIBHBIMU HPOU3BOJI -
HbIMH BCeX MHOPAAKOB B HHTEpBaJe

altLb (a>m?,

TaKyl0, 4TO OHa CO BCeMH CBOMMU MNpPOM3BOLHHMH oOpallaeTcs
B HyJb B IPAHUYHHIX TOUKAX 3TOro uHTepBaia. [lTocTpoum ¢dynk-
LA KOMHJIEKCHOro nepeMeHHoro:

h(n)(k)—/ (kg(‘) d= (A.8.15)

H 3aMETHUM, 4TO OHA ABJAETCS aHAMUTHUECKOH (yHKLUeH, peryasap-
HOM BO Bcell KOMHJIeKCHOH NJOCKOCTH, 3a MCKJIUYEHUEM JHUHUH
paspesa

Imk,=0, a ks b

Ha 6Geckoneynoctun A" (k,) ¥ ee npousBosHbEe J10060ro Hopsaika
yOBIBAIOT HE MeAJIEHHEe, HeMm

const
AP

Kpome Toro, korama
Im ko—-)+0, Rek():poy
MMEeM PABHOMEPHO ') HO OTHOLIEHHIO K Py (— 00 < py < O9)

d?h™ (ky) d? nP (po)

h® (p A ,
O O i

g=—1,2, ...

1) 3xech uMeeTca B BHAY OObIYHASA pPaBHOMEPHAs CXOAMMOCTb,

13%
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Ecau ke
Imky,——0, Reky=p,,
TO HMMeeM, TaKe  paBHOMepHO N0 OTHOWEHHW K p,
(— o0 < pp< ),
1R (ky A7 ED (py)
q - q
dkg dp;,

R® (k) — h™ (py), . g=1,2, ...

IMpeaenbHbie (pyHKLHH
R (o), B (o)

BELULECTBEHHOI'O TEPEMEHHOTO p, HEMPEPHBHB CO CBOUMH TNPO-
M3BOAHBLIMM MOOOro TOpsAAKa HA BCelt BEILECTBEHHON OcH; NpH

Y
—— 2 —
_________ S e
11 [
N B
s
-m ! I o, 17, m
b R S -
i |
! |
! |
! i
________ -1 L e
———— ——
Puc. 3.

Do —> =00 (YHKUMHM 3TH U UX [NPOHU3BOAHLIE CTPEMATCA K HYJIO
const
20"
\ !%l
2 2
ecm py<< @ WM py > b, T. €. BO BCAKOM CAyude, eciu po < m2.
TToatomy (f = s.a)

| He MejJieHiiee, yem

flcno, Haxouew, yto 24D (po)=h" (py),

D (po+ 10) £} (pg) — D5 (P — i0) B (po) = 0, ecan | py| < m,
(A.8.16)
rie
B; (pg 2= i0) = lim Py (py = i2).
e->' 0
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Bo3bmem Temeps 2n > n,—+ 1. Toraa and ckoab yrogHo
mamoro s > 0

C,
[ A (kp) D (k)| < kol |Im &y | > 5.

Hanee, pa3 nocnenosaTeabHOCTH P (py = iz) cxoaaTca B 0606iuen-
HOM CMBIC/IE, MBI MOXEM MO CAMOMY OIIpeleNeHMI0 TaKoH CXo-
JUMOCTH HalTH kaacc C(r, s; 1), Ha KOTOPOM OHa HMMeeT MecTO.
Bosbmem 2n > r— 1. Torga nocnaenoBareabHOCTH A (p, == ig) X
X @ (py, = iz) OKDKYTCS CXOASWMUMUCA B OGOOIIEHHOM CMBICTE
na xaacce C(l, s; 1). Tlpu cuenanHom BriGOpe 4YHCAd 1 Mbl
MOXeM npuUMeHHTh TeopeMy Koiuu, B3R 32 KOHTYp HHTEr paluu
KOHTYp puC. 3, OKpyXaolWni annuu padpeda. Cosepluup npe-
JeMbHE mepexoi mpH 6 — —+ 0, noayyum

1 B (0 ke () — D (L 10) A (T)
h (ko) (Dj(k())ZQ—m./ z h C——kOJ as —+
my
1 10) Ry (5 — D (5 — 10) A (%) .
57 f F i, j=s, a

AN J06oro kR, He Jexaiuero Ha Juuud paspesa (A.8.8). Ho
no camoMy onpenenesuso ¢, ®, umeem

O (kg) == D, (ke) + ki — mi D, (o).
ChnepoBaTebio,

i By (L 10) by () — Dy — 10V (D) v
h (ko) @ (ko) = o Cron. 6=l 0 it
mg
Vig—m? f Dy F 1) he () =B GV A @)
+ o Sy :
g
— Mg
+ o f * — kLt -+
Veg—m; j Do (i) ke O — 00 C— 10RO 4 p g 17
+ 2ni -—k0+§ h e

-0
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PaccMoTpum Terlepb MPOU3BOAbHLIA KOMILIEKCHBIH 4-BeKTOp k&,

JJs KOTOPOTO BbINOJHeHO HepaBeHcTBO (A.8.1). flcHo, uro Ans
HEro MOMKHO YKas3aTb Takoe m? < 12, uToObl

lmk| < [ Im Y/ &E—m?], (A.8.18)

3Tu 3HaueHust m; Mbi M HCMOJb3YEM B HALIMX PACCYKIEHUSX.
Hanee, nas nauuoro k nocrpouM X (k), e(k), nonoxus

Mhy= —mkl (k=K m Vi
llm ng—m?[ [mk| lIkag—mﬂ
(A.8.19)
Torna
Imk =X (k)e (k) ImV k2 — m? (A.8.20)

Bosbmenm Takxe
f=Rek—\(k)e(k)ReV k2 — m2+ q
rje ¢ — NpOU3BOJbLHEI BelllecTBeHHE !t BekTop. [Toayuum us (8.17)

h (ko) F (ko k= q; 0) =

o] _ @

2 2
_ 1 {Atakrs VE—m (a.Cqrp
- 2ntj “htr Gt o koL d.+
me My
— g —m,
_{_L AS (Cv 9 k. P) dr—'{— V m% A(L (t q; k p) d
2ni — k¢ an TRy FC
(A.8.21)

rae
A, G gk p)= |

=L O € v ARektas 4, (5 v ,+Re kg )] —
—t- 2“){ , V_~+Re K+ g; p)+-Fy (& — v, ~Re k45 ) |,
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Aa(z' q; k, P):

ho (€ =
=_V—_+5(——)rE [ F, (% v4Rek+g; p)—

— F, (% —v,+Rek-+q;p))— ¢ (A.8.22)

-G (F (i v_ +Rek—q;p) -
21/:2—”1%{ a(- — +Q.)

_.Fu(:’ - V+—+—R€k+q; P)} J

1 BBeneHO 0DO03HaUeHHE

v =)(k)e(R) (V22— m}=ReV kL—m?).

IMonuepkHem 31ech, YTO

A, (G g5 R p)==0

) , ecmn |Cl<m. (A.B.23)
hc i no—o ] |

[Mepefizem Tenepb Kk wucciaeiosanuio nepexojga p — 0. Iloka-
HeM, HANIpUMep, 4TO A1 & >> m, BHIpAXKEHUE

Py (22 (8 e (0 (VE—m]—Re V& —m?) +Rek+ g ¢}

KaKk (yHKUMA TNepeMeHHHX £, q cxomurcs B 06006iueHIOM
CMBICIE K

Fo{w 1(k)e (k) (Y 2-—mi—Rel ki~ m?) +Rek+q}.
Paccmorpum, B caMoM nede, HHTerpas
[E s et (VZ—mi—Re)V RE—m?)+
+Rek+q; p} H(E, q)didqg,
B kKoTOopoM ¢yHKkuust FH (T, q) TNPUHALNEKHUT K HEKOTOPOMY

kaaccy C(r, s; 4) ¢ A0CTaTOYHO BLICOKMMH TNOKAa3ATEJSIMH 7, §
H obpaulaerca B Hydb aas L < m,.
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Hmeenm:
[FAnnmye)(VE—m?—Re VR~ md)+
~+Rek+a; ¢} H( @dsdg= [ F,(pp 0 ) H | po p+
). (k) e (&) (Re V kZ—m?— V p>-— m?)—Rek | dp,dp.
IIpunsR BO BHUMAHME, UTO M1, > My, Mbl MOXEM 3aMETHTb, YTO
Vﬁgt‘m’f peryaapeH npu p, > My > m U 03TOMY BbhipaxeHue

H{ py p-+21(k)e(k)(ReV &Z-—m? —V p2 —m?)—Rek !,

KaK (QYHKUWA NepeMeHHBIX p,. P, TAKKe NPUHALIEKHT K
C(r, s; 4). Ho Gnaronaps (A.8.6)

F.(py. i 0) = Fr(py P), 8 —>—+0.
UmeeM, cienosa~enpHo,
[ Frpo 0 0) H{ Py p-+r(Rye (k) (Re Vb —m?—
— Vi —md)—Rek | dpydp— [ F,(po. PYH | po P+
+ (ke (k) (ReV &z — m?—V p2 =~ m)—Re k| dp, dp,

T. €.
[En e (VF=m2 —ReVE ~ m?) 4 Rek+
+q o) HE @ didp— [F A% ket (VE—mi —
—ReV &2 —m2)+ Rek+q ! H(, q)didq.  (A.8.29)

Tak kak npubamxkenne x npeneay s (A.8.24) spaserca pasho-
MEpHBIM 110 & (B Ka}I0fl AOCTATOUHO MAJOH OKPECTHOCTH TOUKH
paccmarpusaemoit obnactu (A.8.18)), To Mb MOXeM CKa3aTh,
4YTO COOTHOLLEHHUE

F AL (Bek)(VE—mZ—ReV & — m})+Rek—+q;p} >

F (¢ 2 (k)e®) (Y B—m?—Re)/ kI —m2) + Rek+q )
(A.8.25)
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MMeeT MeCTo B OOOOLLEHHOM CMbIC]e MO OTHOMEHHIO K Iepe-
meuunM {, q pasHoMepHo 10 oTHOweHHw K KA. CoBepiuedHo
TaKoe ke T10.J10KeHHe OymeT u ¢ Apyramd QyHxuunsamu F,, F,,
BXOIAULMMH B Bbipawenus (A.8.22).

[ToctpouM neorpaHquenHo AudpQepeHUUpyeMyl0 (QYHKILHIO
u (%) 1akuM obpasom, uTo

ut)=0, L my,
u(:):l, :\//m.

T

Torza B cuay (A.8.23) mbn Moxem B dopmyne (A.8.21) BHectn
NOoA 3HAK MHTErpanoB npapoit yactu ¢yuxuun u (7)) u u(—L).
BosbMen eltle npouspoabHy0 ¢hyHkuuw f(q) us kaacca C(r, s; 3)
€ JI0CTa10UHO BBLICOKMMH rokasateiasgMu r, s. Torza B COO1HO-
wieHusax - una (A.8.24) MoxeM moaoxu1b

HC @=h, Qu [
HJ/IH

HG @) =h_ Qw29
NOCKOJbKY clenedb yOwiBanud ¢yHkun# A, (5, h_ (3) moxer
6bitb B3M1a JOCTA104YHO OoMbluOi, a 3HaMeHatenb Ry, — 7 He
obpaae:cq B HYJIb B (haKk’ Hueckoh ob6aactu uurerpaumu. O.cona
BHITEKAeT Cyllec!BOBaHHE mpejesa

tim h(ky) [ F(ky k+a; 0)f(a)dq
p>-+0
H TI010MY, BBHAY NpPOU3BOJLHOCIU F (R)), CYLLeCTBYeT Nperen
lim fﬁ(ko, k+q; p)f(q)dg. (A.8.26)
p>+0

Herpynno 1akxke 3aMeruib, u:0 mnpubawxeHne K Ipeneny
AIBIAETCY PABHOMEPHBIM MO O1HOIIEHUI0 K R B YKa3aHHOM BHIE
CMBICJIE,

Mpi ycTavoBMIM 3lech ¢akT HecOGCTBEHHOH CXOAMMOCTH.
YCUAUM 3TOT pe3yibTaT M IOKAMeM, YTO pasHOMEpHO

F (ky, k; 6)— F (kg k). (A.8.27)

[Tociponm B KoMmiekcCHbX miockoc:sx kI, a==1, 2, 3 OKpyx-
Hocim C, ¢ uewipom B Toukax k, u pamuycom 3. Yucno 8
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BO3bMEM C10Jb MaabiM, 4TO BCe kK’ ¢ KOMMOHEHTaMH k;, nexa-

IIMMH BHYTPH MM Ha rpatuue C,, mpuHajaexam Ou k o6nacTu
(A.8.18). Umeem 10712 no 1eopeMe Koiuu:

F : Lo F(ky K +¢; p) ,
Flok+an=otn | e e,
exoxe WY e

3amenus 3neck k — k—q, nafizem
5 : ! F (ko K+ G 0) 11 100
F(ky, k5 p) = =3 e~ T2 P 1T dE.
( 0 p) (211[)3 f I (k; - ka—i— qu) o dk'/
Cl X ngoa (5’) ) (A 8 28)
Tak Kak B 3TOM HHTepBaje -

| ke — k| =3,
TO IpH

Iqal<§

3HaMeHarelb He oOpauaercs B HyJAb M OCTaercd IO MOAYAK0

. 8\
601bLIUM (5) .

BosbMeMm Teneppb kakyio-1u6o QyHKUMIO ¢ (q) BeleCTBEHHbIX
nepeMeHHHIX ¢,, NpuHaziexauyio k kaaccy C(r, s; 3) ¢ Rocra-

TOYHO BbLICOKHMM TMOKA3aTENIMH r, §, TAKYIO, 4TO
f ¢(@dg=1

]

|

y (A.8.29)
¢ (q)=0, ecan Xors O A OXHOrO O, |G, |2> = - }

l\l o2

Torna u3 (A.8.28) noayunm
F(ky k; p)=
_ 1 = / _ ¢ (9) '
@ f {fF(kka R Ty P dq}(lal) dk,.
CiX Cyx 0y ()~ *

A.8.30
Ho sBuny (A.8.29) ¢ynxums ( )

=___¢t@ /
/@ T4, 72 K € C,
a)
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nepeMeHHHX ¢, TaKke npuHaptexar k kaaccy C(r, §; 3) u mbl
MOXeEM INPUMEHMTH Kk npaBoi uyactu (A.8.30) paHee ycraHoB-
JEHHHH pe3ybTaT O cyliecTBoBaHuM npesena (A.8.26) u o pas-
HOMEPHOCTH COOTBETCTBYIOLLEro NpPHOImKEeHHs.

Takum obpasoMm, ybGemjaemcs, 4TO B JOCTATOUHO MaJoH
OKpeCTHOCTH a1000#i Toukn k2 u3 obaactn (A.8.18) nocnenosa-
TeJIbHOCTD

F(ky, K; )

AHATHTHYECKUX (YHKUMH K 9Badercs paBHOMepHO cxopdiuehcs.
TTosToMy B CHJly H3BECTHEIX ‘1eOpeM IIpefelibHas (PyHKILHs

F(ky k)= lim F(ky, k; p) (A.8.31)

p>+ 0

Oyner aHaauTHYeckol dyHkumue# mepemennnix &, a =20, 1, 2, 3,
peryasipHo# B o6nactu (A.8.18).

3aMeuas, 4TO B HAWMX pacCyXAeHHAX m; MOrao G6H ObiTh
B3TO CKOJMb YTOAHO OJM3KHM K M, MB BHIHM, UTO 3Ta (YHK-
uus OKasbiBaeTcs peryaspHo#t Bo Bceit ob6aactu (A.8.1). Ha oc-
HoBanuu (A.8.6) ybGexnaemcs, YTO AJs BEULECTBEHHLIX p U3 3TOH
obnacTu paccMarpubaeMas QyHkuus cosnagaer ¢ F,=—F, u Hauma
TEopeMa 1enepb NOJHOCTBIO NOKA3aHA.

A.9. [loxasanHas B mpeabiaylueM naparpage TeopeMa [V
TPUBHAJBHO 0600uiaeTcd M HA cayuall QYHKuUMH, 3aBUCAILKX OT
JBYX 4-BeKTOpPOB X,, X, W NapaMerpa {. KpoMe TOro, BMecro
LEHTPaNbHO-CHMMETPHYHOTO HHTEPBaNa | p,| < m MoOXHO pac-
cMaTpusath Oonee oOwmu#t murepsan a < p, << b. Torza nepa-
BEHCTBO

|mk[2 < |Im)/ &3 —m2 [

€CTeCTBEHHO, MOJKHO OLiTh 3aMeHell0 Ha

ke < iy {ro— ) — (52

Takum o6pasom, yGexpaemcss B CIpaBejJMBOCTH CJELYIOULEro

yTBEDKACHHS.
Jlemma VI. Ilycms Gyoym Oanst o6oCujennsie @yniguu

2

fi’j(xl, X2; t) i,j=r, a,
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yoosaemsopsouue ycaosuam (A.6.5). Ilyecms, xpome mozo,

Fr i (v P ) — fu 5 (Pro P ) =0, ecan o < pyy < 3,
S (P1 Doy O —fi, o (D1 Py 1) =0, ecau o < py, < 3.

Toz0a cyuecmeyem 0506uennan GYHKLUS

f(ky, ko ),

ABASLOWAACSE UHQAUMUMeCKOd DYHKGueld KOMNACKCHbLX nepe-
MeHHBX Ry, Ry, pecyaspuHoll 8 obaacmu

o k' [y (0 — 5 — (5
A9.2
| Tm k2l2<klm ‘/(kzo_%—j)z_(@;a)gr’ i ( )

maeKas, 4mo 8 004GCMU BEU,eCMBEHHBLX Py, Py, VOO0B8ALMEO P~
oWuxX 3Mmus HepaseHcmean,

F(py, b2 t) = fi,j (P, P2 B).
OcuoBhiBasicb Ha 3ToH JeMMe, a Takxke Ha Teopeme lI, noxaxem
ClenyIollee yTBEPKAEHHE.

Teopema V. Ecau swnoanenst ycaosus meopemwvl 111,
Mo Cyujecmsyem maxKoe ROAOICUMEALHOE [, LMO «00LaCMb
DEYASIPHOCIU> NePeMEHHBX Zy, ..., 25 MOdHcem Ovms 300aHQ
HePABeHCMBAMU:

|2y — M2 < ap?, |25 — M2| < pp?, |23 — 1| < pp?,
M, My?
f sl <t —4 g et Rezg <0, |Im 2| <pp?(F)
Vs, (A.9.3)

HoxasarenbcTBoO. Bysem paccMarpusaTth paspesbHO jABa
cayuas:

} (A.9.1)

2 )

’

_V<<0, (A.9.4)
0 <<= pl. (A.9.5)

BosbMem cHauana cayuadt (A.9.4) u npumennm teopemy [l c o =1,
3 =10. Tak kak Bce J0OKa3smiBaemoe cefuac ycuiaeHue teopemst 11
OTHOCHTCSl TOJBKO K TepeMeHHON 2, yCJOBMMCH BHIIMCHIBATH
3/eCb TOJBKO HEPaBEHCTBA, OTHOCAILMECH K 3TOH NIepeMeHHOM.



non. aj TEOPEMbl OB AIAJHTHUHOCTH 181
HMeeMm B paccMarpuBaeMoM Cllyuae
M2
| 2+ 4a?| < 992(7) | dat<< u?, (A.9.6)
rue
M2 2
2 __ _ 2
u _(M+9+M+H) ame, (A.9.7)
Ho wepasencrso (A.9.6)6ymer ynosnetBOpeHO, eciay
—w?<Rez,=<<0, |Imz;| < pp2(/‘—f)h.

C apyro#t cropoun, u3 (A.9.7) uMmeem

M2 \2 o 4M
= (bt T s

Hrak, B cayuae (A.9.4) obnacth (A.9.3) geHcTBUTEJIBHO BXOLHT
B «00JaCTb peryaspHoCTH».

[Mepetinem tenepb kK paccMorpennto cayuas (A.9.5). RosbMem
JOCTATOYHO Majoe 4Mca0 ¢ > 0 (KoTopoe BHOCICACTBUM (PUKCH-
pyeM 6onee geraabio) u nocrpoum B kaacce C(0, oo, 1) pyuk-
i A (¢f) Takyw, uro

M 3
=0, <5+ —ap,

=1, t>44 %
[Monoxum

Fig (p %53 £) = F{(xy, 203 O 1%y, %03 ),
ruae

1(-1}211(1‘)]3"3': D=1 —h®Ofi;

Hokaxem namly teopeMy B paccmartpupaemom cayyae (A.9.5)

1 2
pa3ae bHO 74 f“ " f%,)j, MIOCKOJIbKY TOrAa OHA OKaXEeTCA Bep-

HOM M A MX CYMMBL.
1
BIOBbMeM f(l)] ¥ BoCnoap3dyemcst TeopeMoit I npu w ==0,
8:—2— -— 23, 3ameruM rtoraa, uyto o6JacThb

o

— it <Rez <0, [Imz] <ot (Y
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rie
2 i 2 2
= [Mtp (04 gt —am
BXOIMT B «06/acThb peryaspHoctd». JeHcTBHTEbHO,

u2=[2M+MJ2_4M2>

M+p(1439)
M-+ £2
4 23 .
> e @)
flcno, nanee, uToO
M- 2 by
Mie(d o) [2¢+ 2] > 1 (A.9.8)
npu 6:%. [TosTomy 5 MOXHO Bcerza B3sTb Tak, 4ToGH (A.9.8)
BBINOHSAAACH W TpH B:é—*Qs. Torna
2 4 “'
“= M—H»

¥ obnacts (A.9.3) oxkasbiBaercs nojxojsiied,

2
Ham ocraercs paccmorpeth fij) 3necb ywme Mbl  OyleM
ucnoabaosath geMmy VI. Tak kak

FEYpy, o t) =0, ecan £ < +“n 0> +

TO MOXHO OrpaHUUUTHCH HUHTEPBAJIOM

M M 3
_;‘H<t<7_{_z“, (A.9.9)

Bosbmem wepaBencTsa
(Bo+ 12— K < (M2, (kg— ) —k> < (3p).  (A.9.10)
Ony, ouesnano, OyAYyT BBIMOJHEHB, eC/H
— M—p <Ryt M+tp, —3p<ky—1t<3p,
T. €. ecad
t—3u << kg < M4-p—t.
Takum o6paszom, (A.9.10) crnpasenauss npu

HAaeltD gy < by Mpp— MEelEh) 51
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[punss BO BHUManue coorthouienus (A.7.1), (A.7.2), ybexnaemcs
0TCI0[1a, YTO yCAOBusl JeMMmbl VI ylOB/IETBOPAIOTCS B paccMarpu-
BAEMOM CJ/yuae IIpu

M- (143 MAdp(43), . 1

o= _:‘F_f*z_“f_)._gp, p:M_}_:,___j—_%_i_, b=

(A.9.11)

Ho Tak Kak B cuiy ycaoBuit Hamelt Teopembl QyHKIMH f by 10MKHEI

ObITh MHBAPMAHTHBL TIO OTHOIIEHHI0 K NPOCTPAHCTBEHHBIM Bpalle-
HUSIM, BUIUM, YTO (YHKILHSA

FO(ky, Ky 1),
peryasphas Bo6aacTu (A.9.2), MOxeT ObITb NpeicTaBieHa B popme
O (z,, ..., 2z 1),

rae z, ..., 2; Aawrca Bbipaxenuamu (A.7.17). Paccymnas kak
U npu ﬂ.OKa3aT6JIbCTBe Teopembl II, BHpasum k;, k, uepes
2y, ..., 25 ¢t ¢ oMouibio dpopmyi (A.7.20), (A.7.22). Toraa coor-
BETCTBYIOIAS O6JMACTb pPeryaspHOCTH MOxeT ObiTh 3a/aHa Hepa-
BEHCTBAMHU:

. Tz P __ 2
Hm AP [In CP < 'Iml/( L 8_“2”‘) _(“ - “) ,
29— Z, 2 — 2
[ImBR—|ImCP< llm /( 2 = 4_a42-3) ___(ﬁ . a)
(A.9.12)
Mpencrasum cebe, uto HepasenctBa (A.9.12) cnpapenausbi aas
zy=2,=M:, zZy=z,=n, zz;=—4a? (A.9.13)
rae
(A.9.14)

M+pL

Torna, BBUAY HenpepblBHOCTH ¢yskuuit A, B, C B oxpecTHo-
ctin (A.9.13) u orpahuueHHocTH unTepsasa uamerenus £ (A.9.9),
MBI BCerja MOrau 6n nonodpath CTOJb Majoe NOJOMXKHTEAbHOE p,
y106bl HepaBencTBO (A.9.12) BbIMOJHAJOCH A BCeX 2 U3 06-
aacty (A.9.3). Tem cambim nawa teopema Obina Gb AOKa3aHa.

lMrak, Ham oOCTaeTcs NOKa3arb CHpPaBeiAMBOCTb Hepa-
peicts (A.9.12) aas swaueunit (A.9.13).
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VimeeM aas 3TUX 3HavyeHU}
[ImARLa? |ImBP L a? ImC =0,

Mpasbie xe wactu (A.9.12) Goubwe a2, tak kak B cuay (A.9.5)

1\2p2 Mi—x M 225, Mz
(-3 52+ > 5 —(mem—

M, 2 25, I (Mpr2u22 ., M,

Wrak, nepasenctsa (A.9.12) nefcTBUTENbHO BBLIIOAHAIOTCA [Jd
snavyennit (A.9.13) npu ycaosun (A.9.14). Tem cambiM ao0Kasa-

TEAbCTBO 3dKOHYEHO.
A0 Jlemma VII. Paccuompun cxaasiprvie 0600ujenHbie

Pyurkyuu mpex 4-8exno os:

Fij(yi» y2o ¥9)  Lj=r, @, (A.10.1)
ydogaemsopaouue YCAOBUAM

Frp W o 99 =0, ecau 3, K0 wau y, KO;
fi‘,(l(ylv Va» y3):0’ ecau yl\—<\0 uau y2>-’0; (A 10 2)
Fo,r(31, ¥2, 3)=0, ecau y, >0 uaan y, L0; o
Fo,aWi Y2 ¥2) =0, ecau y, 20 wiu y,220;

Fr,j(‘h» 92, q3) — Fu,j(‘hs g2 g3) =0, ecau (q,14,) < (M+P‘)2‘
(=93> < (33,

Fi, i@ 2 09 = Fi, (@0 92 45) = 0, ccan (ga+q9)* < (M+p)2|

(92— < (3p)% |

(A.10.3)

~ M 2
Fi, j(q]: q2) qs): 0’ ecau ‘I§< (”‘—-—'4_‘“&)_‘ uaru qSO < 0. (A104)

Toz0a moxucHO nocmpoums 0000U,eHHYI0 BYHK LUIO BeULLCILEeH -
HOL nepemenHoOld zg,

Uz ovos 2 2g)

ABASIOWYIOCS AHAAUMULeCKOL BYHK YU el KOMRACKCHOLY nepe-
MEHHBLX Zy, ..., Zg CO CBOLCMBAMU:
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1°. ¥ pezyaspna 8 o6sacmu:

|2, — M2 | < pp2, | 25— M?| < put, | 29— | <pp?, )
M
24“"“1<PP‘2’—M+P,

prCRezy <O, | (A.10.5)
2
Imz ] <pw £, —V<e<w.

3decy V — npousgorvroe PuKcUposarnoe NOACHCUMEAbHOE
4UCn0, p— 0OCMAMOLKO MAAOE NOAOINCUMEAbHOE HuCAO (3a-
sucsgujee om V).

2°. W(zy, ..., 25 25)=0, ecau z4< (M+”)z.(A.10.6)

2
3° as seujecmsenubx ¢y, Gs, Gz, OAS KOMODHX §CAUNURY
=+ =@+l =(G:1—q¢)
2,=(q2—qs) Z=(1— @ 2=4g;
YO081EMBOPAIOM HEPABERCMEAM (A.10.5), umeen:
Fi,j (v 92, g) =W (21, + .-, 25 Zg), €CAM  Ggo > 0.

HoxasateabcTBO. Byaem cBOAMTH Cl€JaHHOE YTBEp-
waenue K nemme VI u Teopeme V. PaccMoTpum BHIpakenus

fﬁi.,j(yln Va, ys) £%9:¥s dy3y (A.IOT)

rie ¢,==tfe, a4 e— BPEMEHUNOLOGHH! eluHHYHHH 4-BekTOp:
20 > 0, 22= 1.

CoBepuiM  JOpeHIleBO  npeofpa3oBaHue  TaKMM  00pas3ow,
4TOGH e OKAa3aJCs HAlPaBJEHHLIM NO BpeMeHnHOM ocu. B HoBoht
CHCTeME KOOPAHMHAT COOTBETCTBYIOUIME BeJUUHHBI YCIOBUMCSH OT-
MeuaTh 3HAKOM «IpuM». Buipawenns (A.10.7) MOxHO paccma-
TPUBaTh KaK (PYHKLUH

fi, 100 Y30 B

HerpyaHo Buperb, yrto B CHAY YCJOBHA HAIIEHd AeMMbl GYHKILHHA
STH YAOBJETBODSIOT BCeM YCJHOBUSAM TeOpEMbI V. TlosToMy MH
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MOME€M IMOCTPOUTH COOTBETCTBYIOULYI0 (QYHKLHIO

Dz, ..., 25 1),
B KOTOpDOH

H=,+P—d a=(g+r—a
=g, — *—q, 2 =(gh— P — " zz=1(q,— 9
flcHo, oaMako, uto
n=@+ 52 =@+’ z=(@—77
2, =G— P 2= (11— )
BBHAY CKaJsDHOTO Xapakrepa 9TUX Bbipaxenu#. Ho

Oz, ...,25 )=0 ana < M—QHL-

Moxem nostomy Beectn ¢yukumo W(z, ..., 2 zg), TOJAOKHUB

Wz, .o 25 29)= D (2, ..., za;]/z_s), 2s >0,

M 2
‘F(Zl,un-y 25;26)=0, z6<< ;_p) '

CnpaseniuBocth jMeMmsl VII Tenepb CTAHOBUTCH OYeBHUAHOM.

Npumeuanne. Paccmorpum 6onee obummit cayualh, xoraa
dyHKuuH

F:ixj()’v_)’z’J’a)» V:l,..,, l

YAOBJETBODAIOT BCeM ycCJaOBUAM JeMMH VII, xpoMe ycioBus Cka-
AspHOCTH. BMecTo Hero npeanooxumM, uTo rpu npeobpasopanusx
L w3 rpynnst Jlopenua Hawm ¢yHkuMN duHeltHo npeobpasyloTea:

Fi i(Ly, Ly, Lys) = <>3<1Av,»r (L) Fi,j(y1, ¥ ¥3)» (A.10.8)

¢ TOMOIWLbIO HeKOTOpOro fpexacrasienus A (L) 3Toff rpynm,
paaduBampouerocs Ha o0ObiYHbie TEH3OpDHHE M CIIMHODHbIE Npej-
crapiaenus, Orciona Gyaer BbiTekatb, 4to Fj;(qy, ¢, qgs) OYyRYT
JAUHEeHHO BbipaxaThCs (C TOAMHOMHAJbHBIMH KO3 (UIHEHTAMH
OT ¢;) 4epe3 cKaAsipHble OYHKUHH §q, s, {3, 4eM obecrneuu-
BaeTCs BO3MOMXHOCTD npumeHeHus Jemmbl VII. Herpyano suzneis,
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uro pesyabtaThl jgemMbl VIl nperepneBaior saech chaepywouee
TpHBHAJbHOE U3MEHEHHE,

MOXHO TOCTPOHTL KOHEYHYIO CHCTEMY O060SILIEHHBIX (YHK-
fuit BellleCTBEHHOH MepeMeHHOR 2,

W)‘(Zl,..-,za; zs), }\=1,..., S,

ABJMOIIMXCH AHATATAYECKUMH (QYHKIMSAMH KOMILIEKCHBIX Nepe-
MEHHHIX 24, ..., & M ofnanaiowmux csoiicTBamu 1°, 2°. [Ins Be-
LLECTREHHHX ¢, 3, (3 AN KOTOPHX BeJHYHHBl 2 YAOBJETBO-
pawor HepaseHcTsaM (A.10.5), uMeeM npeiCTaBieHHE ¢ TOMOINBIO
CyMMbl KOHEYHOr0 “HCJa YIEHOB THIIA

qp - q7s (21, ey 25 26),

€CIH TIPH 3TOM G4 > 0.

Orciona BbITEKaeT Hailla OCHOBHAA

Teopewma VI. Paccuompun mparcisyOHHO-UHBAPUAHM -
Hble 0606ujennbie PyHryuy wemupex B8eKmopos

Fij(%y ..., %), i=r,a j=r,a v=1,...,1,

AUHelino npeobpasyouuecs npu npeobpasosanusx L uz zpyn-
au Jloperua:

Fi;(Lxy, ..., Lx4)—_;=< 2;1 Ay (L) FY (%5, -0, %) (A.10.9)

£ nomowpr Hexomopozo npedcmasaenus A (L)Y smoii epynnu,
pasbusaou,e20ci KA O0OBYNBE NEH30PHBE U CNUHOPHbLE
npedcmasaenusn. Ilpednonoscum, wpome moz0, wmo ssedex-
Hole PYHKULL YO08LeMBOPRIOM CALOYIOUUM YCAOBUAM:

4
Frp (X, %y X3, )=0 npa %, K X3 ual X3 K Xy,

Fro(X,....x)=0 npu x, K X3 4l Xy> X,
:.a( 1 A p 1 X3 27~ Ay (A.10.10)
For(xyy ..., %)=0 npu x,>x3 uss £, <%,
Foa(Xy ..., x)=0 npu x,>x3 usn %, x,.)

Paccmompun pypee-o6pasn

fF;,J(xl, vy xpexpi(pXi .. Fpx)de L dX—=
=3(p+ ...+ p)Fii(p .-, 0D
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30ech ,
Fii (P - s PD)
— 0600wennbe GYRKURL Py, ..., Py, ONpeOeseHHbE HA MHO20~
obpasuu
n+ ... +p,=0. (A.10.11)

Hpeonoaoscum, umo oxi y008.4emsopsiom YCAO0BUAM:

Fli (oo s ) —Fa, Py -, p) =0
npy  p?< (M—4-p), pl < (3p)

;‘;.r o, . --:P4)—F;.G(P1» . -'P4)‘:0
npu  pi< (M), pi<(@Bup,

FlLij(y .. .op)=0, ecau (p,~+ po)*> < (M—+p),
urn pyo—+p3o <0. (A.10.13)

T020G6 MONCHO nOCMPOURnts 0600uennbe DYHKGUL BeujecMmeeH -
HO@ nepeMennol zg:

(A.10.12)

Dy (21s - - +» 25 2Zg)s

RBARIOWYECT OHOAUMUYECKUME  PYHKUUAML NEPEMEHHBX
s« -y Zg CO cBOHCMBAMU:

1°, @, pezyrapust 8 o6racmu (A.10.5).

2°, @, =0, ecau zg < (M- p)2.

3° s BewyecmBeHHHX Py, ..., Py 43 MHOz006pa3us
(A.10.11), 0258 xomopsix seruuurv

z, = pi, 22 = pg, 23 = pg. 2y = Pz» 2, = (p1 + pz)z'
2e=(p1+ ps)?

ydosaemsopsom Hepasencmeas (A.10.5), uneen npedcmaerse-
Hue 8uda

Fi iy« vy D)= 201, ...,p;:q(zl, s 25 2g), (AL10.14)
ecau  pio—+ pso >0

C HOHEHHBM HUCAOM HAEHOB8 8 CYMME.
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HllokasateabcTBo. BBuny TpancisuuonHo nHBApUAHTHO CTH

v
dynkun#t Fi ;(xy, ..., X,) X MOXKHO paccMaTpuBaTh Kak dynk-
LYY TpeX MNMepeMeHHbIX, HaNpuMep:

[Tonoxum

F;.j(xl’ BNENES F;,jl (30— X3, X Xy, X1 — Xy X3 — %),
(A.10.15)

rie j,=r, ecan j=a; j,=a, ecmu j=r. flcHo ToOria,
4TO (YHKLUN
W
Fij (915 Yoo ¥3)

yaoBaerBopsaior yciaosujo (A.10.8) mpumevanus k aemme VII, a
taxe ycaosusm (A.10.2). Jlanee, u3 (A.10.15) caeayer, uto

F;,j(ql+q3’—q2_q3’ 45— Gq1 @2—q3) = F;{.j(ql’ 2> q3)-
IToaoxus
P1=q 4+ q3, Pr=—Go—{q3 P3=G3—q1, Py==0G2—Gs»
uMeeM
gy =P1EP i (g g2 = (gt 0P P= (0 — )
Pi=(q— @)% (P1+ P =(q.—q)

Buaum orciona, 4To BHINOJIHEHB W OCTa/bHLIE YCaOBUs demmbl VII.
Wcnoanays clenanHoe k Helt MpuMeyanue, Mbl M [onyudeM AoKa-
3aTeJbCTBO Hallel OCHOBHOW TeOpEeMBI.

[Tpumeuanue, Bmecro ycaosua (A.10.13) mbl MOxeM
BBECTH YCJOBHE

[(py 4 ps) — M F} (py, . - .0 p) =0,

ecd (D PP < (M—~+p)P wm pyo~+ ps< 0.

14 3ak. 2670. Boroaio6oB ® Ap.
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JleflcTBUTE/ILHO, B 5TOM Clyuae BMECTO Fj, j MOXeM PaccMOTPeTb
QyHKUHHA

R R TR

YIOBJETBOPSIOLLHE BCEM YCJAOBUSM TeOpeMbi VI.

Coornowenne (A.10.14) okaxeTcs TOrZa YMHOMEHHHIM Ha
{(p; = ps?— M?]. Ha 3TOT MHOXUTE/b MbH MOXEM, OLHAKO,
pasieiutb B 00JaCTH, rie

(1 pa)? + M2
Mosromy (A.10.14) ocranercs BepHbIM, €CAM K YCJIOBHIO pyo—
'l‘Pso > 0 pobasuth (p;—+ ps)? + M2



JOIOJIHEHHUE B
BBIYHCJIEHUE BKJAJA OJHOHYKJOHHOIO COCTOSAHUS

Mb 3alimeMcsi Temepb sIBHHIM BBIYHCJIEHHEM OTUCHIBAIOLIUX
BKJIa[ OJHOHYKJOHHBIX cocrosuuit cymm (6.34). Ham 6ymer ao-
CTATOYHO BHIYUC/HUTL TOJbKO ONHY M3 HUX, HalpuMep BTODPYIO,

NA (- 1) = B
£ @A P = (1— ) x
X 2(—=p.S1j, @1 —2e,8") (—e, S j O [P S)po 1,
(B.1)

NOCKOJbKY HepBas cymma g2(x) B (t, p) Bupaxaercs yepe3 BTOPy10
¢ nomombio (6.64).

B.1. PaccMoTpum CHayaza MaTpUUHBIE SAEMEHT TOKA MeKAy
ABYMs OJZHOHYKJOHHBIMH COCTOSHUSIMH

(p", §”1j,(0)|p, S)-

B cuiy TpancAsiHMOHHON MHBADHAHTHOCTH M Olpeje/eHHs TOKA
(3.4) MoxHO Hamucartb

e PP 571, (0) |, S) =i{p", S

8¢p (x)l p’s>

lepexoas 3meck OT BapbMPOBAHHA MO @, (X) K BapPbUPOBAHMIO
no ¢,(q), rae ¢,(g) — dpypbe-o6pas Ais NPOM3BOAbHHEIX ¢, CBsi-
3aHHBIA C @, (X) OOBIYHBIM COOTHOLIEHHEM

% ()= [ ¢ e, @) da, ®.)
Mbl TipudeM K Qopmyie:

i(p", S"Iacr 5|0 ) =" 515,01 )3 @+p—p".
(b.3)

14%
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3ameruM, YTO 9Ta POpMyNa HMEET CMBICH, €CJIH BCe COCTABAAIOUIHE
BEKTOPOB ¢, p ¥ p” BelllecTBEHHb — HHAaue HHTerpaf

[oo]
-1
@) [exp{—i(qg+p—p") 5} dx

~co
He o6aagan Gbl 5-o6pa3HbiMH cBolicTBaMH. IlosTomy, ecam p u p” co-
OTBETCTRYIOT HYKJIOHaM, TO BEKTOP ¢ 00f3aTeILHO RONMKEH GHTL Mpo-
crpaHcTBeHHO-NoR06HEM, g2 < 0. ITosToMy Bce nanbHeiilliee paccmorpe-
Hue OypeT cHavyana cnpaBemnBuM TOJLKO AMAf OTPULATEABHHX T, YAO-
BAETBOpSAIONUX yciosuio (6.23).

Croswn#t B neBo#t uactu (B5.3) MaTpuuHblit aneMeHT Mexmy
ONHOHYKJ/IOHHBIMH COCTOSAHNAMH MOXHO npeo6pasoBaTb C IO~
mowsio I1(3) u3 § 2 B BakyyMHOe CpellHee Tperbelt Bapuauu-
OHHOH NPOU3BOAHON MAaTpHULB paccesHUs.

IlelicTBUTEAbHO, nocweaosaTeanaﬂ 3ameHa «IIpPOTACKHBAHHA» oOfle-
paTopos b(++) (p) n b+S/, (p”) uepes mo6GoOH GozeBckwil (T. €. YeTHHIH

0 (JepMHEBCKHM [ONAM) ONEpPATOp B BAPHMALMOHHOM AMdie peHIupO-
BaHHH ARaeT HaM

<mywm&=2/uwﬁgmm%wmx
A
32B
— T —_ . 0 s
B9 (%) By (&) >
OTKyJa € MOMOWIBIO MEPecTaHOBOYHKX cOOTHOMIEHMH (2.26) Haxommm:
(", 8”1 B|p.S)=

=(211z)& ' (p”)fdx dxg of (P'~ 1) < l

X[h @ @], (0

*+S(p).
(5.4)
[Tepexona ewe OT BapbUpOBaHMi MO q)(x) 1 $(x) K Bapb-

HPOBAHUIO 1O q)(p) u $(p) ((2.33), (2.34)), noayyuM OKOHua-
TEeNbHO BhipaXKeHHe OAHOHYKJOHHOTO MATPUUHOTO 3JeMEHTa TOKa
4epe3 BAKYYMHOe CpejiHee TpeTbel BapUallMOHHOW NPOU3BOAHON
MaTpUllbl paccesHus:

(", 8”17, O)1p, S)8 <q+p— Py =— 2mi (2m)* X

<} w T @0 ;

n

a4/(«\61)5111(16 )' >

) (6.5)

Joyu®
5 () avp @) v ()
P=VM+p% po=Varfp?
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B.2. PaccMOTpUM BXOASWHA CI052 MATPUUHBIH 9/1EMEHT TPeTheH
BapHauNOHHOW npou3BoAHO#. Jlerko cooBGpa3utb, 4to Haubonee
OOLWIUM BHIDAXKEHUEM LA Hero, yJAOBAETBOPAIOWHNM TpeGOBaHUAM
TPAHCIAUHOHHOM, /MOpeHUeBOR (BKAKOUAS OTpAXKeHHs) U M30TONH-
yeckO#t HHBapHaHTHOCTH OyJler

0 38 o\ s ,
( la%r @) b%(q)aab;.(p)l )=t0+4—a)X
a3 1[(;7”7)‘“‘75 (D) her Tt By 0% 9%, D) (B.6)

w,, wy=0,

rae &, (9% P g°)— npoM3BOIBHHE CKaASIpHEIE DYHK-
UWY, BaBUCALLHE TOJBKO OT TpPeX UETHIPEXMEePHBIX KBaapaToOB
507 g

3aMeruM Temepb, uTO CTOAWMH 37eCh CJeBAa MaTPHuHLIA 2e-
MEHT NepexolnT caM B ce6s ¢ 06PaTHHM 3HAKOM, €CJH NPOBECTU
B HEM [HMPaKOBO CONpPSIKEHME M IMepecTaBuTb 3ateM p M p.
Buinoauss nono6Hoe xe npeo6pasoBande B npasoit wacTd, Npu-
IAeM K PaBEHCTBY

2 PV (P o, (B P gB) =
wy, w,=0,1
—_ 2 . (p.r)w, Ts (p”T)w' T h*w,w, (pll2, pz’ q2),

W, wy=1,2
OTKYyJa CJELYIOT NPaBUNA KOMILIEKCHOIO CONPSHKEHHMA AAA CKa-
NAPHEX PYHKUMR A 0, ¢
*
h‘”xwg (p2! p/lz: q2):_ hw,wl (P”zy ;‘72, q2). (5.7)

Hac untepecyer ceftuac ToT caydya#t, Koraa uMmnyascul p u p”
OTHOCATCA K PealbHHM OIHOHYKJOHHLIM COCTOAHMAM, T. €.

pr= M2, pr®= M2 (5.8)
Hanee, cnuHOpHBIC aMILIUTY/bI ut® ", u+s(p), MeX1y KOTO-

poiMvt  Oyner croats B (B.5) paccmatpusaemas BapuauMOHHas
npoussogHas (b.6), ynosaerBopsiorT ypasuenuam Jlupaxa (2.32):

)= @) M; et @) =M @) (B.9)

[Mostomy B (B.6) MmoxHo Bocnoabsosatbed (B5.8), (5.9) u na-
nycaTb B NpaBoft uacTu

TB‘CPS(p—*— q———-p”) Z jVIwJ/VImshm‘m2 (MZ’ MZ’ qz).

wy, w;=0,1
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Beenem o6osnaueHue:

g3 =i (12,“2 2 M M by (M2, M2, ¢%).  (B.10)

w,, w;=0,1

Jlerko BHIETb, YTO B CHAY INPaBUJ KOMIIIEKCHOT'O COMNDSKEHUs

(B.7) Tak onpenenenHas ¢yuxuus g(g2) OyleT BellecTBEHHOH,
Cobupas pe3yabTaThi, NOJy4YaeM, 4YTO BAKYYMHOe CpelHee

TpeTbelt BapuaunonHo#t npoussonuo#t (B.6) Mmoxuo 3anucath,

€C/IM OHO CTOMT MeXJAy JBYMS CHMHODHBIMH aMILUTUTYAaMH, YJAO-

BJETBOPAIOLIMMUY ypaBHeHno [lupaka, B Buie

5 (27) B9, (9) 3% (1)
—lV‘E‘— 2\ 1/
= —@up HPEE@G+p—p)  (B.ID
[MoncraBaas (B.11) B Beipaxenne (B.5) nas marprunoro 3ie-
MEHTa TOKa, HahnxeM:

®", $"1 7, p, §) =~ (‘Qf‘i g@ ™™ @) 15w a o),
(5.12)

— (4
g=p" —p.
B.3. TloncrasuM uatinennoe sripasxedue (B.12) ans matpuu-
HBX sneMenToB B cymme (B.1). Bo BTOpoM MaTpuuHOM 3/emeHTe

p'=—"p(x)e

(Mbi 0603HauMAu uepes Ap(t) 3nauemve A mpu E = E,(t)). 3a-
Meuast Tellepb, 4To B cuny (6.18) u (6.26)

. 1AM (—< —p2
rp(ty= ‘/1 +4A(4Mg+:)2) P, (B.13)
BHLMM, uTO
0, _2M—z 5.14
"= ivaEre &9

Onpenensts  cocrapasioulne BekTopa ¢ 43 d-¢ynkunu B (B.11),
HAXOMMM OTCIOAA
P=q” —@t=-r. (b.15)

1) [TomuepxHeM 3fech euje pas, YTO MPOCTPAHCTBEHHHIE COCTAB-
asgioulHe BexTopa p” (a clexOBATENLHO, W ¢) OKa3blBAIOTCH BEL[ECTBEH-
HHIMM TOJBLKO A MONOWKWUTENbHBX A%, T. e. BCE HAlIE€ pPacCMOTpPeHHe
CIPaBeRIHBO [OKA TOAbKO aas t < — p%



ION. B| BHIYUCJEHHME BKJAAA ORHOHYKJIOHHOTO COCTOSHMs 195

[TpoBons aHamoruuuble NOACTAHOBKU B NEPBOM MaTPUYHOM 3Je-
MeHTe, OOHApYXuM, YTO M B HeM KBANpaT BekTOpa g Oyler
paBeH 7.

Hrak, ¢ nomompbio Bupamenus (5.12) nas Marpuunoro s.e-
Menta Toka U3 cyMmbl (B.1) neficTBMTeNbHO cenapupyeTcs MHO-
HUTeab

&),
a ana ¢ynkumd A(T, p) Mbl HaXOIUM BbIpaKeHHe:
__ (PP Y Ep (v)
A(Tr p)— ) (I_V-m) X
XN E (—p) 15 1™ (— (@) e)u™ (—p()e) 1547 (p),
8 (6.16)

rlle Mb paculenuJd CIUHOBOM3OTONUYECKHE MHAEKCH S Ha chn-

HOBBIE § U M30TOMUYECKHE £ M BHIHECAU U3OTONUYECKUE MATPUILLHL

32 3HAK CYMMHUPOBAHMS NO CHHHOBHIM COCTOAHHMSAM.
DneMeHTapHOe CyMMHPOBaHME MO CNUHAM HaeT HaM

w0 ™ (p) =
ey [p (& (P) + M) —p” (& (p) + M)]
C2VEME P8+ M)+ M
rae uepe3 &(p) u &(p”) 0603naueHH COOTBETCTBEHHO
E@=Vp+M u &)=V 4+
Ioacrasass (B.17) B (B.16), nonbaysch nepecTaHOBOYHLIMH CO-

OTHOILEHUAMY MaTPHULL & U BBHINOJHSASA HECHOXHLIE, HO HECKOJLKO
TPOMO3JKHE BHIKJNALKH, MBl NOJYYUM TOTAA OKOHYATEJNbHO:

(<f t"'),,t 1
952 ZX
[ ME+2p%) | 20 () (pesys)
>< i 85'8 (M2+ pg)“/, (M2+ p‘l) } (5.18.1)

(B.17)

A(v, p)=—

H, BCcnomunas (6.64),
B(x,p)=—P,, P A(x.p). (B.18.2)

b.4. Y3 Buna suipaxenus (5.18) nenocpencrsento oueBuaHo,
‘uto SA(t, p) Gyner aHanauTHyecKOR dyukume# T BO Bcel KOM-
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IieKCHOR nIoCKocTH—TNoCKe npuMenenns onepauuu &, B (B.18)
OCTaHeTCs TOJbKO TNepBbft yaeH, 3aBucAwuft oT < JUHEHHO,
a nocie TNpUMEHEHHUS Szle—-—Tomu(o BTOpPOY, OeJeHHbH Ha ), KO-
TOPHIYl TOrKa BOBCE HE 3aBHCHT OT T.

Takum o6GpasoM MBI, 171 caydas T < — p?, BuBeau ¢GOpMyJbl
(6.34) 4 noatTeepaUan 1e0b6XoanMMBle CBO#CTBa A (T, p).

Jins peanbHoro caydas t==m? U3JOWKEHHBE BBIllle Paccyx-
AEHHA NPOBECTH, KOHEYHO, Helb3f—KaK Mbl yiKe NONYEepKHBAIH,
TNpU 3TOM NPOCTPAHCTBEHHBIE COCTABSIOILNE BeKTOpa — Ae CTA/H
6Ll MHUMBIMM ¥ cBeJéHME K BAKYYMHLIM CPelHMM BaPHALMOHHBIX
NPOU3BONHHX TPeTbero Mopsanka cTano Gbl HeBO3MOMHbIM. C TOUKU
3peHus BLIBOJA AMCHEPCHOHHBIX COOTHOLIEHUH 9TO 06CTON €NbCTBO
He COCTaBafeT I/ Hac 3aTpylHeHus—B § 6 Mb nokasanu aHa-
JUTHYHOCTL GyHkunu g2(t) B obaactu (6.40), koTOpa: BKAIO-
YyaeT M HyxXHOe HaM 3HAueHHe T=m> (OJHaKO C TOUKU 3peHH:
¢$U3NUECKOro CMHICNA NOCTOAHHOR g (m?) Oniso Gbl XenaTeabHBIM
YyCTaHOBHTbL BEUECTBEHHOCTb (yHKUMH g(T) He TOALKO A T,
ynosnersopsiowux (6.23) (xak To cael0Balo 43 paccyxAeHUh
B nyukre B.2), Ho n ana peanHoro t— m?2.

B.5. Bephemca nas 3toro K paccmMoTpennoMy k bB.l Ma-
TPUYHOMY SJEMEHTY

(0", §"17,0)|p, S)s

KOTOPBIA C TOMOILbI0 Halue O6HUHOR TeXHUKM nepexoia OT
O HOHYKJIOHHOTO COCTOSIHUA K BAKYYMHOMY MO:KHO 3allNCaTh B BUIE!

<p//, S”ij (0)“), S):
1 -+ ” .] () \.
=Gt @) fdye”’ y(ol oy P (B19)

Po=V P

PaccMOTpUM (PyHKUMIO

3, (0) 3 35
Fyf (y)—< p p. S>="<°,m0<y> (wp Q) S+>

p.S >,
(5.20)

80, (y)

¢ypbe-o06pasy
F ‘0" p, S)_—_-fe“’”y Fit(y)dy (6.21)
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KOTODO# nponoOpUHOHANEH WHTEPeCYWWnit Hac MaTpUyHbifl 3J]e-
ment (B.19) M,—Tak xe, Kak Mbl NOCTyNau B BHIKAaNKaX § 7, —
BCIOMOTATe bHYI0 (YHKILUIO

P (y)=— (0

8, (y) _
() ]p, s). (5.22)

3uaukn ret u adv ykaswmBaioT 3zech Ha TO, YTO B CUJIY YCAOBUA
IPHYHHHOCTH

Fi:t (=0 am »<0 wm y<0
" (5.23)
Figv ())=0 amm »*<0 wuwm y°>0.)

Kak 6wiio nokasano B N. 7.3, PpasHOCTh 3THX QYHKUHH MOXHO
NpelCTaBUTh B BUIE:

Fit (3) — F&l () = 1 {010, (»), /,O)1_|p, S) =

:_ixfdk(oljp(O)ln,k) (m kO, S+

+"Efdk<0lm(y)ln»k)(mklfp(O)lp, Sy =

= FY(y)+F2(y). (B.24)
PaccMoTpuM Mo oTgedbHOCTH (yphe-o06pashl Kaxioro u3 4leHOB

npasoii yactu (B.24). Mcrnoab3ya TPAaHCAALMOHHYIO HHBAapHaHTHOCTD,
noayuaeM 1as nepsoro ¢ypbe-o6pasa

Frem; p. S)=

=t ) [ @k 01, @1 k¥ K| O0 O 19, ) X

n

><fe‘(p"+"‘-”)ydy=—(2n)4i2fdkﬁ(p”+k—p)><-
n

X (01j, (0] n, k) {n, kK| O (0)]p, S),
rage B CHAY OOBIYHBLIX apryMeHTOB
EY>>0, k2> (3mp

n
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Taxum ofpazoM, (ypbe-o6pa3 F1 NepBOro wWieHa OTAWYEH OT HydA

Stk 1Ag p”, yIOBJAETBOPAIOLIMX HEPABEHCTBAM:
PP—p>0 n (p—p")>Em
AHan0ruuKO, paccMoTpenne (ypbe-oGpaza F0 Broporo unena (B.24)

TIOKa3HIBAET, 4TO OH OTAHYEH OT HYJAA TOAbKO ANA 3HAueHHH p”, yIoB-
AETBOPAIOUIAX HEPABEHCTBaM

P>0 n P M m

Takum o6pasom, Mbl BuaMM, 4TO Gypbe-06pas pasHoctu (B.24)
obnalaer cBOMCTBOM

F™ (") — F*"" (1) = 0, (B.25)
€CNIn O,LlHOBpeMeHHO BHIMTOJIHAKTCA HepaBeHCTBa
P—p® <0 um  (p—p) < Bmy )

pr<0 nm < (M~ m). i

OTH HepaBeHCTBA BLIMOJHATCS, eClM NOTPeGOBATH OLHOBPEMEHHOTO
BHIMO JIHEHHS

pP>p° wm —3m—~p* < g < 3m—H-pP
)1

(5.26)

(6.27)
PP<0 . —(Mtm)< po< (M+m), |

YTO, KAaK JIerKO BUAETb, CBOAMTCA k TpeGoBaHuio, 4tobb p”°
Jexano 6bl B MHTepBane

P—3mp"<< M+m. (b.28)

Wrak, aaa ¢ypbe-o6pasos (5.24) sumoausercs (5.25), koas

ckopo p™ ynosnersopser (B.28). [TosToMy Mb MOXeM BOC-
nonb30Bathcss Teopemoit IV (n. 8 nomonnenus A) u jemmo#t Vi
(n. 2 pononHennst A), yTBEDKIAWIUUMH, YTO €CHU DPABHOCTD
¢dypbe-o6pa3oB sanasabBalomiet M omepexaiwotie  dynknui,
T. €. 1Byx ¢yHkuu#i, ynosaeTsopsiowux ycaosuam (5.23),
o0panlaercs B HyJlb B HEKOTODOM HHTepBaJe

0 p< B (5.29)

3HaueHU#t BpeMeHHOR COCTaBIAOILEH HMMIYAbCa, TO CYLLECTBYET
aHaauTHyeckas oyukuus F(g) KommiekcHoro 4-pektopa ¢,
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peryaspHas B 06JacTu

- o 2 o — B\
|Imql<llm‘/(q0—( ;@)) — (% @ﬂ, (5.30)
Takasi, uTO I/l BeleCTBeHHHX ¢ = p” u3 aro# obnractu
F(p'y=F"™@p") = F*" (p").

B npuMenenun K HalleMy CaIy4alo, Koraa poab uxrepsana (5.29)

wrpaer uurepsal (B5.28), o6aacTh peryaspHOCTH F‘(q) O6yner
OnpelelaTbCs HEPaBEHCTBOM:

2 4M2 (——p?)
!‘m‘/ R U R
M- MAVAETp  \ M-V 5
<|Im l/(z Vs 5 ..n) - 5 +2m) )

(B.31)

rae Ml Bocmoab3osatuch suauenusamu (5.13), (B.14) cocras-
asownx (5.31) 4-extopa p”. Jlaa t, yrosaersopsiomnx (6.23),
kopeHb B Jesod uactn (B.31) OyneT BewiecTBEHHLIM; NOSTOMY

Takde T BOHIyT B 06nacTL aHaamTHuHOCTH dynkuun F (p”). Tlo-
kaxeM, yro F(p”) Gyner aHaauTHYecKOW U IJd T U3 MHTepBaja

—m2t < m?, (b.32)
BKJIOUAIOUIEr0 W peanbHOe 3HaueHHe T = m?2.

3aMeTuM AAd STOTO, YTO NOJKOPEHHOE BhIpAXKEHHE B TPABOH YaCTH
(B.31) MoxHO 3amHcath Kak

2M(VM2—[—p2—M)+1)(3m_ 2p2—1 )
2V M F p? oV M- p2/’
orkyaa B cuay Hepasenct (B.32) m (6.42), orpaHnuMBaioldux 3Haue-

uus © u p?, GyZeT cAemoBaTh, 4TO KBagpat mpaBoil uactu (B.31) Gyzer
Goablue, 4eM

—(m+

2
3m2(1 Sm i ).

ToM T am®
C npyroit cropons, xBaspat fesoit uactn (B.31) 6yaer, Kak nerko Bu-

IeThb, MEHbLIE, 4eM
. m?
2m (1 +-8M2)'
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TeM caMbIM BHlloNHeHHe HepaseHctBa (B.31) x4 1 w3 unrtepnana (B.32)
NMOKAa3aHo.

TakuM oGpasoM, dynkuus F (p”), onpenenensas cooTHO-
wenuem (B.21), u oTamuarwwasnca ot MaTpuuHoro sJemenra (5.19)
JHIIL MHOXUTENeM

1 SII 17
(Qn)'“/a u;— (p )!

MOXeT OBITb aHAJTMTHYECKM NPOJOJKEHZa NO INepPEMEHHOH T OT
OTPHIATEABHBIX T, YAOBJeTBOPAOILMX (6.23), o Toukm ©=m2,
3ameuasn Temepb, uro B cuay (B5.12) n (B.19—21) dynxuus
F'p’; p, S) ormmuaerca or dymkuun g(¢?) = g(x) auwb He
3aBUCAUIMMH OT T MATPUYHBIMM MHOXUTEJAMH, Mbl NpPUXOLHM
K TOMY BaXXHOMY 3aKIIOUeHHIO, uTo PyHKyuua g(3) maxsice mo-
gicem Oome QHAAUMUHECKU NPOOOAINCERA NnO NEPEMEHHOE =
snaoms 00 mouru ©=m?, [109TOMy MBI NOJyYaeM BO3MOXKHOCTh
cocaaTbc Ha TeopeMy U3 TeopuH YHKUUH KOMIIEKCHOTO Ie-
PEMEHHOTO, YTBEPHAAKILYIO, YTO €CIM HeKOTOpas aHaMUTHUYECKas
GYyHKUMA NPHHHMAET YUCTO BeIlECTBEHHbIE 3HAUECHMS HA KAKOM-
A160 OTpe3Ke BellleCTBeHHON OCH (BHYTpU oOJacTH aHaIMTUu-
HOCTH), TO OHa OyxeT BelLIECTBEHHA W 60 BCeX TOUKAX Belile-
CTBEHHOH OCH, PACIONONKEHHBIX BHYTPH 06.1aCTH aHaNHTHYHOCTH.
[MockoabKy BemecTBeHHOCTb g (<) AN T, yaoBaeTBopsowux (6.23),
6bina mokasaHa B pasfene B.2, To U3 ToMbKO uTO JOKa3aHHOH
BO3MOXKHOCTH aHAJMTHYECKH NPOJOMNKUTB g (T) BIJOTb GO TOUYKH
t=m? caepyer, 4T0 QYHKUUA

g (z) BemecTseHHa Aad © = m?. (B.33)
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