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AHHOTALIUA

Monorpagusa comepxHuT AETaNIbHOE H3JNOKEHHE
MaTeMaTHYecKoH CTPYKTYPsl HOBOTO METOX2 KBaH-
TOBOK TEOPHHM MOl — AHCIEPCHOHHHIX COOTHOIIE-
uuit. B cBoelt MatemMaTHueckoK uacTH OHa kacaertcs
BONPOCOB, JieXalMX Ha I'PAHH TEOPHH 060OGLIEHHBIX
¢yukuui ¥ TeopuH QYHKUMA MHOPHX KOMIJIEKCHBIX
NepeMeHHbIX.

Kunra Moxer GbITb PEKOMEHJOBAHA KaK NHILAM,
WENAIWHM TO3HAKOMUTLCH C TeOPHel AMCIepCHOH-
HBIX COOTHOLIEHHH, Tak H TeM, KTo, paGoTas
B 3TOH o6yacTd, XOoueT TOHATH MaTEMAaTHUECKYIO
CTPYKTYpy Mertona. UHTaTeNb XOMKEH GbiTb 3HAKOM
C OCHOBHBLIMH NPEACTaBJIEHHAMH KBAHTOBOK TEODHM
noxns.



ITocsssuwaem namamu
Hauie20 mpazuveckl noz2ubuie2zo mosapuu,a

Baadumupa 3aamanosusa branka

MPEAMC/IOBHE

Dra MOHorpagus Obina 3aayMaHa @ B OCHOBHOM HaliCaHa
Hamu ewe B 1956 roay kak IeTanbHOe H3J0MeHHe, — Gosee
6/143K0€ MO CTHMIO K YYeOHHMKY, 4eM K HAy4yHOH CTaThe, — Me-
ToJa NMCMNEPCHOHHBIX COOTHOWIEHHH# M OJIH3KO CBSI3AHHBIX C HUM
BOMPOCOB CMeKTpPajbHbIX MpelacTaBieHu#t- dpynkuuht [puna. B ua-
CTHOCTH, UEHTPaJbHbI# NMYHKT — NOKa3aTeJbCTBO CyLUeCTBOBaHHUA
IHMCTIEPCHOHHBIX COOTHOIIEHHH NS PAcCesHHs w-ME30HOB Ha Hy-
KnoHax — Obl1  ponoxeH oauuM u3 Hac (H. H. B.) Ha mexny-
HaponHO# KoHbepeHunu B Cuattae B centsbpe 1956 r. Py-
KOmMHuchb Obl/a OKOHYaTeNbHO NMOArOTOBJAEHA M ClHaHa B W3ZaTe/b-
cTBO B Hauyane 1957 r.

EcTecTBeHHO, uTO 3a mpolleillne C TeX MOP MOYTH TMOATOPa
roja paccMaTpuBaeMas M0J01as 00nacTb HaykH CHJAbHO Pa3BUJAChH
U NpoABMHYNach Bnepel. B mepByio ouepelb 34eChb HYXKHO OT-
METHTb DPAcnpoCTpaHeHHe MeTONa IHCMEePCHOHHBIX COOTHOLICHHH
Ha uWelblf pAX NpYyrux NPOLECCOB pacCesHHs (B YaCTHOCTH, Ha
NPOUECCH € NMepemeHHbIM YHC/IOM YaCTHIl, B KOTOPHIX BO3HMKAIOT
crnenuduyecKne OCNOKHEHHUS), C ONHOH CTOPOHMBI, H MOSBUBLIHECS
B Camoe IIOC/MelHee BpeMsi HOBHe HIEH B BONPOCE JOKA3aTelb-
cTBa— ¢ JApyro#. OIHAKO OCHOBHOH MeTOL OCTAa/Cs MPEXHHM
M BCe YKa3aHHble pabOTbl CYLIECTBEHHO OMHUPAIOTCS HA H3MOXKEH-
HbH I B MOHOrpaduu MaTepuaJl B 4aCTHOCTH, Ha psl MaTeMaTu-
YeCKMX TeopeM M3 IOMNOJHeHus A.

flcHo, 4To Ans TOro, YTOGH OXBaTHTh BCE HOBble PaGOTHI,
NoHafo6unoch Obl HamucaTh ele OfMH ToM. [losTOMy aBTOpBI
Co4su uenecoobpasHbiM He BHOCHTb B KHHMI'Y HMKaKHX CKOpOCHe-
JBIX 10NOJHeHuH, a onyOJAnKOBaTh €e B ee HaCTOALlEM BHIE.
Yutatenio, MHTepeCyIOLIEMyCs AanbHERIIAM DPa3BMTHEM MeETOAa,
NpuieTcqa, NPOYMTAB KHUTY, OOpaTHTbCS K JKypHalaM H Tpe-
NpUHTaM cM., Hanp., [28] —[33]).



6 nPeJUCIOBHE

ABTOpH NOJAL3YIOTCA caydaeM, 4TOOH nobjaronaputs COTpya-
HUKOB oTgaena Teoperuyecko#t ¢uanku MaTeMaTHueCKOro HH-
cratyta uM. B. A. Crekaosa AH CCCP u naGopatopuu Teope-
THYecKo# u3ukn OOBEIMHEHHOr0 MHCTUTYTA SAEPHBIX HCCNEN0-
BaHUM 32 3ameuaHus ¥ NpennoxeHus. Mbl OCOOEHHO GaarogapHbl
pesaktropy kHuru J1. B. LlupkoBy, a takxe B. C. Baaaumu-
pPOBY, C KOTOpPbIM Mbl MOAPOGHO OOCYxAa/dW MHOTHE 3aTPOHYThHiE
B KHUre MaTeMaTH4YeCKue BOMpOCH.

H. H. Bozoaw060s,
B. B. Medsedes,
M. K. [Toausaros

Mocksa, mai 1958



§ 1. BBEJEHME

1.1. B nocnensee BpeMst B KBaHTOBOW TEOPHH MO/ HaMETH-
JI0Ch HOBOE, MpPEACTaBsIOLleecs BeChMa MEPCIEKTHBHBIM, HaNpas-
JieHWe, CBA3aHHOE C TaK HAa3blBaeMbIMH OUCNEPCUOHHbIML CO-
OMHOULeHUAMU, T. €. COOTHOWIEHHIMH MEXAY IPMHTOBON 4acCThio
aMIANTY Al pacCesiHis W OMpEele/eHHOro poja HHTErpajioM Mo
JHEpPrMH OT €€ aHTHIPMHUTOBOH yacTH. Takue COOTHOLIEHHS BO3-
HUKAI0T B M3BECTHOM CTeNeHW BHe 3ABHCMMOCTH OT KOHKDETHBIX
lleTalef pacCMaTpUBaeMO#l TeOpHH; CYLIECTBEHHHIM JJsi MX IO-
Ny4eHHsl OKa3hlBaETCS B OCHO3HOM JUIUb TPeOOBAHUE MUKPOCKO-
MUYEeCKOR mpuuynHHOCTH, GopMmynuposasueecd B OosbUIMHCTBE
pa6or B Buae Tpe6GoBaHMs oOpaleHHs B HYydAb KOMMYTaTopoB
NMoMeBBIX BeMWYHH B NPOCTPAHCTBEHHOMOZOOHBIX ToukKax. Mmenno
3TOT OOWMHK XapaKTep NMCMEepPCHOHHBLIX COOTHOUIEHHH, C ONHOH
CTOPOHBI, H TO, YTO OHH CBA3LIBAIOT BENMYMHBI, NMOAAAIOWUECT
HEMOCPEACTBEHHOMY H3MEPEHHIO (UTO HETPHBHANBHO 1M KBaH-
TOBOK TeopuH moJs), —c Apyro#, o0yCnaBIkBalOT GONbIIOA WH-
Tepec, BbI3bIBAEMbIf NMOJOOHBIMM HCC/IENOBAHMSMH HE TOJNBKO CO
CTOPOHH TEOPETHKOB, HO U CO CTOPOHH! 3KCMEPHMEHTATOPOB.

Hecmotps Ha To, yTO snuTepaTypa MO AMCNEPCHOHHBIM CO-
OTHOLIEHHSM HACUMTHIBAET YXe HE ONMH JECATOK Ha3BaHUA W UTO
HamucaHpl M CPaBHMBAIOTCA C OMBITOM JHMCTMEPCHOHHbIE COOTHO-
WEHHs! AAd PsAfa KOHKDPETHHX (U3MYECKHX MPO.eCcCOoB, OLHAKO
10 CHUX nop He Obll MPEensNoKEeH CHOCcO0 MONYYeHHS STUX CO-
OTHOIIEHUH, yAOBJETBOPAOIUHA XOTS Obl OObIUHBIM AAA u3K-
yecKux pabor TpeGOBaHHAM CTPOTOCTH: yxxe 0HO oOuiue pas-
JAHYHBIX MyTeR HX MONY4YeHHsA, MperjaraeMblX HKHOria OJHHUMH
M TeMH e aBTOpaMH, yKasbiBaer Ha HeOnaromosyune B 060-
CHOBaHWM BCero HampaBJeHus. Kpome Toro, mo cux nop
OCT2eTCs1 OTKPHITHIM BONPOC O GU3HYECKUX NONYULEHUSX, PEATbHO
HEOOXOZUMHX 175 TMOJMYYEHHs HAUCNEPCHOHHBIX COOTHOLUICHUH H
BOMPOC O TOM, B KaKOH CTENeHH NMCMEPCHOHHLIE COOTHOIIEHHS
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CBA3aHbl C COBpPeMEHHOH cxeMOff KBaHTOBOH TeopHH NOJA HIH
HACKOJBKO MOXHO 0006LWHMTH TEOPHIO, He HAPYIUIMB MX Chpasel-
NHBOCTH.

1.2, Vmenso 3tuM a8yM npoGreMaM M TNOCBSIUEHO HACTOSA-
uiee HccJe10BaHue.

B § 2 Mbl chopMynupyeM Te OCHOBHbie NMOJOXKEHHH, KOTOpPhHIE
CJleAyeT, MO HalleMy MHEHHIO, 3aUMCTBOBATb Y OOLIYHOH TeopuH,
yTo0bl CE/MaTh BO3MOXHBLIM BbIBOA AMCIEPCHOHHBIX COOTHOLUE-
Hu#t. B OCTanbHOM NOCTpOCHHE TEOPHU MOXKET ObITH MPOM3BOJb-
HbIM; B YAaCTHOCTH, HAM He NoHanoOUTCA Hu Q)HKCIIPOBaTb Bunaa
JarpalxuaHa (uau BooOLle BHNMCHLIBATL €rO ABHO), HM MpHOerath
K raMuJbTOHOBY MeTOLY.

OCHOBHBIMM BENHYMHAMH, C KOTOPbLIMH Mbl OyaeM paboTaTth,
6yAyT BapualMOHHbIE MPOU3BONHBIE MATPHILBI PACCESHHUS MO MOIAM
peasibHbIX YaCTHI, — TaK Ha3HIBaeMble PaduayuoOHHble 0nepamopsl.
§ 3 Oyner nocssuleH YCTaHOBJEHHIO HEKOTOPHIX OOGLIHX COOTHO-
IIEHHI MeXIy TaKUMHU oNepaTopaMi. layueHue paauailMOHHBIX
ONMepaToOpoOB TeCHO CBs3aHO C u3yuenueM ¢yHxkuuft [puna ans
peanbHbix yactuu. [Tostomy §§ 4 u 5 GyayT oTBeneHb HOBOMY
BHIBOLY M3BECTHHIX CIeKTpaibHbIX NpencTaBieHuit YHennena —
Jlemana. 3JtoT BbBOA OGyseT OCHOBaH Ha M3YYCHHH CBOHUCTB
@HAMUTHYHOCTH BAKYYMHBIX MaTPHUYHBIX 3J1eMEHTOB COOTBETCTBYIO-
IMHX palMalHOHHBIX ONepaTopoB M o06nafaeT TeM IlpeuMyle-
CTBOM, YTO HHrAe, Aaxe M Ha NPOMEXKYTOUHHIX 3Tanax, He Oy-
OYT MOSBAATBCA PACXONSILUECH BHIPAKEHHS.

Hakoneu, §§ 6, 7 u nonosHeHne A TOCBSILEHB! BHBOLY
M J10Ka3aTeJbCTBY CAMUX AMCIIEPCHOHHBIX COOTHOMWIEHu#, a § 8 —
WX [JeTalu3alMu AJS KOHKPETHHIX TNPOILECCOB PaCCesHHud.

1.3. 3aMeTuM, yto caMu mno cebe NUCTEPCHOHHHE COOTHO-
UWIeHHs OTHIONb He SIBASIOTCS B (H3WKe YEM-TO HOBbLIM, M pas-
NUYHble WX BUAB OblAM H3BECTHBI y)Ke JO CO3JaHHi KBAHTOBOH
Teopun noas. Euwe B 1926 —1927 rr. Kponur {1] u Kpamepc [2]
TONYYUJIH B KJIaCCHUeCKOH 3/eKTPOAMHAMUKE AUCNEPCHOHHOE CO-
OTHOUWICHHE MEex ]y BelIeCTBEHHOH M MHHUMOH 4YacTAMH NOKasaTens
npeioMaeHus,

202lm n (o)

Re[n(w)—n(O)]:P/m do', (LD
0

TaKxe O0OyC/OBJEHHOE TeM OOCTOATENbCTBOM, YTO CHTHAJB He
MOTYT PaCNpOCTPaHATLCA CO CKOPOCTbIO, Oosblied CKOPOCTH
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cBeta. B Hacrosuiee BpeMs pasauuHbie GOpPMbI AUCHEPCHOHHBIX
COOTHOWIEHHU! LIHPOKO HCMOAB3YIOTCS B PsAle Pa3AenoB Pagno-
TEXHHKH.

OCHOBHBIM MaTeMaTHYECKUM CpeACTBOM Nnd NOoNyueHus Ju-
CMEPCHOHHBIX COOTHOWIEHHH sBIAETCA H3BECTHAS MHTErpajbHas
¢opmyna Kown. ITockonbky B KBaHTOBOH TeOpuH Noas ¢GakTu-
yeCKH NPUXOLHUTCS B pAlde CAy4yaeB MMETh AeN0 C 00061ieHHBIMHU
QYHKUHAMH, TO, IPUMEHAS STy TEOPEMY, HYKHO c0o0/I04aTh ONpe-
JeNeHHYI0 OCTOPOXHOCTD. [T03TOMY, Npexae yeM NPoJOJKATL HAL
HcTOpHYeCKu#t 0630p, ClesaeM HEKOTOpbiE 3aMeuaHus MaTeMaTH-
4eCKOro xapaxrtepa, KOTopble 00J/eryart NoOHMMaHHe najibHeHIero.

1.4. Tlycrb Mbl uMeeM dyHKuHMIO f(E), aHaIHTHYECKYIO B BepX-
ve#t noaynaockoctd (Im E > 0), co cBoficTBamu:

a) 048 2106020 NOLOHCUMENLHO20 & MONCHO YKA3AME MAKYIO
nocmosnuyw A(8), umo

|f(E)]<%°'—) npu Im E > ; 1.2)

6) x020a ImE —0, gyuryus f(E) cmpemumcsa 8 Hecol-
CMBEHHOM CcMbiCae K PYHKUUU, uHmezpupyemoid 8 Kaacce
C (g, DYH-

[Toctpoum Tenepb 3aMKHYTHI! KOHTYp, 06pa3oBaHHbIY OTpe3-
koM (i8— R, 8- R) u noAyoKpyxHOCTbIO paaMyca R, nexa-

1) B macrosueid pa6oTe MH MCIOAb3YEM OlipefieleHHe 0606UIEHHbIX
¢dyuxunii, Bocxoasamee k C. JI. Co6onesy.

Beoxurtcsa xnace C (g,r;n) (yacto ob6o3nauaembiii yepes C (g, r)
B TeX CAy4Yasx, KOrjaa 3HaueHHe HHIEKCa N OYEeSHIHO) QYHKUHH A (Xg,. ..,
Xpn) (—00< x ;< +-00), HeNpephiBHLX H 001aTAOWHKX HETIPEPbIBHBIMH
YaCTHbLIMH MPUH3BOAHLIMH IO ¢-TO TOPAAKA BKJIOUHTEALHO. [IpH 3TOM
npexnonaraeTcs, YTO BCE BbIDAXEHHSA BHIAR

om 0%h (X1, .-+, Xn)
T 00X,y .. Oxgy
O mLr, 0<s< g, —oo x; <+ ™)
OrpaHHYeHBL.
ITOT KNAcC paccMaTpUBaeTCsA Kak JHHeWdHOe 6aHaXOBCKOe NMPOCTpPaH-
CTBO ¢ HOpMOH
m ash
o
J 0xqy +..0xq
O<m<r 0<5<g, —00< ;< + ).
Jluneiinee Qynxuuonans / (h), onpeaeieHHbLE B JAHHOM TPOCTpPAHCTBE,

|| 2] = sup
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we#t B BepxHeH moaymmockoctd. Tak Kak B cuiay cso#cTBa a)
f(E)
E'—E
CTPEMUTBCS K HY/MO, TO M3 TeopeMn Kowwu crepyer, uro

MHTErpas ot

1o 3To#t noayokpyxHocTH Oyner (npu R — 00)

14+

1 ’ ,
[B=o; [ FELae  mE>1>0.

8—co

[TpuHss Bo BHUMaHHE CBOHUCTBO 6), Mbl CMONKEM CMECTHTH 3J€Ch
NyTb HUHTErPHPOBAHUA HA BELIECTBEHHYIO OCb, ycTpemus d — 0,

A HanucaTthb
+ oo

1 4 ,
fBy=5g [ FELaE  amE>0.  (13)

—00

[TepeBeseM Temepp Ha BELIECTBEHHYIO OCb TaKke TOuky E
(ImE — 0) u 3amerum, uTo pJs BellleCTBeHHHX E M E’ umeeJ
MECTO CHUMBOJIMYECKOE TOXAECTBO:

. 1 1 .
i =P(E,_E)—|—-m8 (E'—E). (1.4)
€ >0

yCaoBUMCST CHMBOJIHYECKU npeacTaBisTh B BHIE
I(h)=f1<(x,, s Xn) B (Xgs ey Xm)dEq ... dop

«flapo» K(xq, ..., Xp) 39TOrO MpEACTaBAEHHA Ha3blBaeM 0600LIeHHOR
¢ynxuned, uuterpupyemoit na kaacce C (g, r; n). O606mennas ¢pyHk-
UHA B TNPHHATOM 3XeCh CMbiCAE NOMKHA ObLITb HHTETPHPYEMA HAa ONHOM
u3 knaccos C (g, r; n) NPUH COOTBETCTBYIOUMX TOKA3aTeldsx ¢, 7.

Ml TOBOPHM O CXOIHMOCTH B HECOOCTBEHHOM CMBICAe MU 0GOGmeH-
HbIX (QYHKUHH

KN(Xl. ceey Xp) m K(xy ..y Xn),
€C/H MOX(IIO YKa3aThb TakHe ¢, 7, 4To 1as MOOoH QYHKUHH A (X, ..., Xy

u3 knacca C(g, r; n) HMeeM
fKN(xl, ey Xp) R (X4 oee, Xp)dXg . dXy >
- fK(xi, cony Xp) B(Xq, oo ey Xn)dXy. . dXy)

MNoxpo6ueii cMoTpn nomonHenne A,
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Mbl [OJyYHM TOraa

F(E) = / [E) 4B (—oo< E< +o0). (15)

Ecnu BeaemuTh U3 3TOH (GOPMY/IB BELIECTBEHHYIO YAaCTh, TO Mbl
NpUAEM K THIMYHOMY «IHUCMEPCHOHHOMY COOTHOLIEHHIO»

Ref(E)=r f 17D ap. (1.6)

OnHaKO MCMONBL30BATh JHCHEPCHOHHOE COOTHOIIEHHE HEINO-
cpenctseHHo B BHae (1.6) B GOJbIIMHCTBE C.IyuaeB He yaaercs,
TaK KaK BO MHOTHMX MpuloXeHusx ycaoBus (1.2) okaswiBaioTCs
CAMUWIKOM JKECTKMMU: peajbHble (U3HUYeCKHE (DYHKUUH, (HIrYypH-
pyloouue B AHCMEPCHOHHBIX COOTHOIIEHUAX, MOTYT HE TOJBKO He
y6biBaTh Ha GECKOHEYHOCTH, HO JaX<e W BO3pacTaTh, ONHAKO He
ObLICTpEE HEKOTOPOro MOJHHOMA.

1.5. ITokaxeM, YTO He COCTaBIsSeT TpyAa PacnpoOCTPAHHTDL
NpoBeleHHblE paCCyXAeHHs W Ha cayya#h ¢yukuutt f(F), anau-
THYECKUX B BepXHEH MOMYMIOCKOCTH, A KOTOpbIX BMecTO (1.2)
BHITIOJIHAIOTCY MEHEE XECTKHE YCJIOBHS:

a’) umeemcs maroe yearoe m >0, umo 18 1106020 3 > 0
MOXHCHO YyKazams nocmosnusie A;(0) maxue, 4mo

FEI<AQE™+ ...+ A4,0) amm ImE>3¥; (1.2)

6’y npu ImE~—>0 ¢pynruyusn f(E) cmpemumcs 8 Hecol-
CMBEHHOM CHbicae K PYHKGuU, UKmMepupye ol 8 HeKOMOo-
pom rxaacce C(q, r).

Mbl 6yzeM roBopuTh, UTO TaKHe aHaMHTHYECKHE QYHKUHH o6JNanaiot
Ha OECKOHEYHOCTH MOJIOCOM N-TO MOPAIKA, rae n — HanGoablice H3
uncen m+1 M r—2, HAM uTO OHHM HE HMEIT Ha GECKOHEUHOCTH Cy-
I{eCTBEHHOR 0COGEHHOCTH.

YTo6bl CBECTH 3TOT CAy4ail K NpeablayuleMy, PacCMOTPHM HAapsaly

¢ f(E) oynkumo
f(E)

Ey= ___ 7\
g (E) A .7

SicHo, uyto ecau f(F) aHaIMTH4YHAa B BepXHeH MOJAYIIOCKOCTH H 061a-
13aeT Ha GEeCKOHEYHOCTH M0JICOM He Bhlllie 7-T0 NOPsiaka, TO (YHK-
uns g (E) 6yper ypoBaeTsopaTh yciaoBHaM (1.2) B BepxHEH 10ayn.io-
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CKOCTH Npr Mo60M BeutecTBeHHOM Eo H nojaoxurteiabHoM t¢. CienoBa-
TeNbHO, Nas g (E) MOXHO OyneT BOCIOJb30OBaThCA COOTHOWeHHeM (1.5)
H HaNucaTh

E— Eytiey ! | f(E) dE
FE) = ( o+le) f(E'

E) (E/ — Ey+ ie)"*!
(1.8)
(—o0<E, Eg< + ).

C nomoipio aHanoruuHoro (1.4) CHMBONMYECKOrO TOX(1eCTBa

1 1 _m(—l) s (n)
o E— Byt i P{(E'—Ew"“} nt (& —Ea
e>0
(1.9)

MBI CMOXEM ONATb pa3ineinTs B uuterpaie (1.8) 3-o6pasmble uyacTu
H I1aBHbl€ 3HAYEHHS H BHIAEJHTH 3aTeM BEIECTBEHHYIO YacTb.

Taxum oOGpasoM, W B paccMaTpHBaeMOM Cayuae QYHKuui,
obnanaouux Ha GEeCKOHEYHOCTH TMOJIOCOM He Bbille 7-T0 MNO-
pslKa, ONATb MOMHO 3alucaTh COOTHOWeHUst thna (1.5):

-0

__(E—E)""! f(E’) dE’
jEy=E=E"p [ = +

— E) (E’ . Eo)n+1

+fE)+ ..+ LB E e By (1.10)
(—oo <E, Ey < +0),

KOTOpble, OJHAKO, OyAyT Temepb, BO-NMEPBHIX, BHINOJHATHCS
JUIIB C TOYHOCTBIO 1O NMOJMHOMA CTENEHH 7 U, BO-BTOPHIX, 00-
nanath 060Jiee CNOXHLIM SIAPOM, 00ECNeYyMBAIOLIUM CXOLUMOCTh
unrTerpana (mpocroft vnrerpan, tuna (1.5), 6ua 6bl nag pacty-
weft H2 OeCKOHeuHOCTH GyHKuUM pacxonsumumcs). CoorHoule-
unio (1.10) MOXHO npumaTb M HECKOJbKO Gosee YROOHYIO

dopwmy.

BribepeM nasi 3TOro kaKkue-iM60 BenieCTBEHHbIE ¢j, Ej, ynoBaer-
BOpAlOIIHE YCIOBHAM

ch g=0 Ans =07 l.'"‘r nr (1-11)
(@]
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u ONpelelHM onepayuto Y. B NPHMEHEHHH K Ji060# dyHkunn f (E),
KaK
SFE) =D e;f (Ey. (1.12)
)

dcno, uto B cany (l.11) ¥ xaer Hyap B npuMeleHHHd K JoGomy mo-
amHoMy OT E CTeneHH He Bblile n. 3aMeTHM Tenepb, YTO Pa3HOCTh

{ (E—Ey"* 1 |
(E' — E)Y(E' —E)"*' E—E |

(1.13)

4BAAETCA 110 OTHOLIEHHIO K £ NOIMHOMOM n-i CTeneHH (NpH 06beru-
HeHHH O00OHMX uJeHOB 3HaMeHatTeab FE’— E cokpaturcs). Ilostomy
B TNpuMeHeHHH K Boipawenuam tuna (1.13) ¥ naeT myab. [lpuMensas
tenepb onepaumio Y k o6euM yactaM (1.10), noayyaem HeMenAEHHO

-t-00
\ 1 Cj

TIOCKOABKY BCE TOJMHOMbI NIDH STOM YHHUTOMXAIOTCA.

TakuM OGPA3OM, MOXHO CKa3aThb, YTO <«IIPOCTOE» COOTHOLUEHHE
(1.5) coxpauseTcs H N0 OTHOWeHHIO K GynknuaM f (E), NOTHHOMHAAbHO
BO3PACTAIOWHM Ha 6ECKOHEUHOCTH — CTOHT TONLKO NPHMEHHTb K HeMy
HCKIOUAILYI0 [TOJHHOMBI ONepPaLHIo Y, ¢ cOOTBeTCTBYlOmHM n2l).

1.6. YTo6b BOCMO/Nb30BATHCSH MaTeMaTHUECKHMU IHCHEPCUOH-
HbIMM COOTHOLUEHHAMHK IJsi HM3y4eHHs KakKoro-iubo mnpouecca
coynapeHus 4acTHlL, HeoOXonuMo TNpenBapuTENbHO YOenuThbed,
YTO COOTBETCTBYIOLUAS aMIVIMTYyAa pacCcesHus KaK dyHKUus SHep-
rum MoXeT ObiTb HaAAexawum o6pa3oM MpPONOMKEHA HA BepX-
HIOI0 MOAYNJA0CKOCTb. YTOOH Cpasy e NOSCHUTh CBA3b, Cylle-
CTBYIOLUYI0 MeXIYy CBOHCTBOM aHAJHTHYECKOH MPOMOMKUMOCTH
aMIVINTYAB pacCesHUn B BEPXHIOK TNOAYMIOCKOCTb K yCAOBHEM
NPHYUHHOCTH, PACCMOTPUM YHCTO HJMIOCTPATHBHBLIH ONHOMEpHhH
npumep.

1) Morao 6bl MOKa3aTbCH, YTO AAA MOJHHOMHANBHO BO3PacTaONIHX
¢yuxuuit f(E’) npasas uacth (1.14) He mMeeT cMbicla H3-3a pacxo-
AHMOCTH MHTerpanoB (kKak 3TO Obuio 3aMeyeHO B ortHoliewnu (1.5)),
OJHAKO 9TO HE TaK, NIOCKOJbKY H3 aHanM3a BbIBOJA STOTO COOTHOIUE-
HHs BHJHO, YTO XOTsS HHTErpPal OT KAk AOrO OTAEJHHOTO UleHd B CyMMe
HOo j u OGymeT PpacxXOAMTbCA, HO HHTerpal oT Bxogsmei B (1.14) am-
HelHo#l KoMOMHAUHMH C ¢; u Ej, yrosnetBopsiougeit (1.11), nomxen
6bITh CXONAUHMCH.



14 BBEJEHHE §1

Npenctasum cebe, yTo ammauTyna pacceawus f(E) onpenenena

Kax
+00

rey= [ raye™ a, (115)

NpHYeM B CMIY YCJOBHA NMPHYHHHOCTH (B TOM, YTO YCIOBHME MPHYHH-
HOCTH NPHBOAHT HMEHHO K COOTHOUIEHHSM TAaKOTO THIA, Mbl y6enHMcs

B§§ 2un )y
§ F()=0 nma (<0
Mepexons B BEPXHIOL MOAYMAOCKOCTH
E=x+1y (y>0),

3ameyaeM, yto MHOKHTens ¢ Y! HTpaeT pOJb pPeXYIIero ¢akropa,
o6ecrneynBapNero cxoauMocTb uuTerpana (1.15), nockoabky mpu 7 <0,

rae e~ Y? Bospacraer, pyuxuus F(f) paBHa Hymo,

Moo 1nokasartb, 4TO naxe ecid F(f) 6yner CHHryaspHOH ¢(yHK-
uueH, auib OB OHA OCTABaJaCh HHTETDHDYEMOH B CMbIC/e Hallero onpe-
nenenns (1.12), sce paBuo uurterpan (1.15) 6yneT cXOxHTbCA H Ompe-
nennTb GyHkuHo 6e3 CYIEeCTBEHHbIX OCOOEHHOCTeH Ha 6eCKOHEeYHOCTH.

MHoe mnonoxeHHe Mbl BCTPeTHM, ecan F (f) ofpaiaercs B HyJb
JMuwe Aaf8 < —a, rae a — HeK0TOpas «<9JeMeHTapHas XauHa». Toraa,
samenss B (1.15)

t—>t—a,
YBHIHM, YTO

f(E)=e"E £ (E). (1.16)

Tenepb TOABKO Qaxtop fi(E) He ob6namaer CyuiecTBeHHOH OcoGeH-

HOCTbl0 Ha 6eCKOHEUHOCTH. JKcronenta xe e~ 9F, 3 3Haunt, H f(E)
TaKoi 0COOeHHOCTbIO o6nanaloT. [lo3TOMy B JKaHHOM cayyae, YTOObI
MOJYYHTh (GYHKUHIO, AN KOTOPOH BBIMOJHAIOTCSA AHCIEPCHOHHbIE COOT-

doueHus, Heob6xoaumo Oyner ymHoxutb f(E) Ha PR a>a.

Pasymeercsi, Ha camMoM Jejae CHTyauus OyAeT 3HAYUTEILHO
Gonee cl0XHOU, xOTs OB NMOTOMY, YTO MHTErpupoBanue B ¢op-
Myaax, 3ameHsiouwux (1.15), 6yner BHNOMHATHCS MO GoJMbuiEMY
uncay nepemennbiX. OnHaKO, Kak Mbl YBUIHM Nafblile, HeCMOTPA
Ha HeOOXOIMMOCTb CYUIECTBEHHOrO TEXHHYECKOTO YyCOBeplleH-
CTBOBaHHs NPHUBELEHHOrN CeHuac pacCyAeHUss, OCHOBA ero Co-
XPaHUTCS HEU3MEHHOR.

1.7. BepHemcs Tenepb K BONPOCYy O (u3HUECKHX AMCIEp-
CHOHHBIX COOTHOLICHUSX.

Kak yxe ynoMuHanzocb, aHaJUTUYECKOMY MOBENEHHIO AMMIH-
TYZbl paccesHus ObIJIO NOCBALleHO MHOro pabor. IIpexne Bcero
Hafo Oyner ynoMsHyTh ¢yHnaMeHTa/abHbie paboth ["aftsenGepra



§ 11 BBEJIEHUE 15

(3], HAMETUBIUUWE NPOTPaMMy HEMOCPEACTBEHHOTO M3YYEHHs MaT-
paUbl pacCesHus, npeo6pasyiollelt aCHMNTOTHKY Najaioiue#t BOTHBI
B ACUMNITOTHKY pacxonsuiefics, n NPHMbIKAIOLIME K HUM HCCJe-
nosanus Xy Huna [4], Ban-Kamnena [5], M. I'. Kpe#ina [6].
B noOCIelHMX pacCMATpUBAJCH NPOLEeCC YNPYroro COyaapeHus
IBYX YacCTHU C TOYKU 3peHUss OOBIYHON KBAHTOBON MEXaHHUKH,
CBOIMMBIl K 3alaye paccesHUs ONHOfl YaCTHUB Ha HENOLBHX-
HOM CHJIOBOM ueHTpe. B kauectBe f(E) 3mech M3yuanaCb KOM-
NOHEHT2 aMIUIMTYAbi PAcCesHusi, COOTBETCTBYIOLLAsi MapuuajbHOR
BOJHE C ONpeje/leHHbIM MOMEHTOM KOJHMYECTB2 IBHXKEHHS, IJaB-
HuiM 00pa3oM aMNAUTYAa S-BOJHBHL.

BaxubiM pesyabTaToOM, MNOJYd4eHHHIM B STOM HanpaBjcHUH,
SBASIOTCS Te€OPeMbl O BO3MOMCHOCTH 2HAJUTHYECKOTO NpOAOJIKE-
HUA aMIVIMTYAb S-paccesnust fg(E) Ha BEPXHIO MOAYMIOCKOCTD
/s TOTO Cayuyasi, KOTr1a B3ammoJeiCTBHE NMpaKTHYECKH HCye3aeT
Ha pacCTOsHMAX, GOJbIIMX Painyca @ HEeKOTOPO# «Cdepbi nelt-
creusi». [Ipin 3TOM OKasbiBaeTcs, OAHAKO, 4TO, KaK TO OYEBULHO
M3 NPHUBENEHHOTO Bbillle MJMOCTPaTHBHOrO NpuMepa, Ha Oecko-
HeuHoCTH f(E) MOXET UMETb CyUIECTBEHHYI0 OCOGEHHOCTB, KO-
TOpas YCTPaHAETCH JIMIUb YMHOXEHHEeM Ha «pexyluit dakrTop»
¢"E. Tostomy peryasproll B BepxHef moaynaockoctm Oyxer
TONLKO (YHKIHS fse“’E, LA KOTOpO# OyleT MPUMEHHMO IH-
cnepcuoHHoe coorHomenne (1.6).

Takoro Tuna AUCNEPCHOHHOE COOTHOUIEHHE ObiJIO NMPHMEHEHO
['¢6enem, Kapnaiocom u Pynepmanom [7] k ynpyromy paccesHuio
T-Me30HOB Ha HYyKJ/oHax. Kcnosb3oBas mmeiouwimecs 3KCnepH-
MEHTa/NbHBIE NaHHBlE TIO S-pacCesiHUi0, STH aBTOPH MNpPHUIIH K
TOMY WHTEPECHOMY pesyabTaTy, 4YTO paiuyC Me30H-HYKJIOH-
HOro B3aUMOLEHCTBUA HOMKeH ObiTh OoJabwe 0,1 KOMNTOHOB-
CKO# A/mMHbI ME30HA.

CnenyeT, onHaKO, MOAYEPKHYTb, 4TO PaGOTH LAHHOTO Ha-
NpaB/ieHUs HCXOAAT M3 CXeMbl OObIYHOM KBAHTOBOW MeXaHUKH,
He YuuThHBaiOlWle# OCOOeHHOCTeH TEOpHUH Mo/, B YACTHOCTH,
BO3MOXHOCTH NPOUECCOB POXACHUS U YHUUTOKEHUS YACTHLL.

Ilucnepcuontbie COOTHOWEHNUS 1 paccestins GO30HOB B KBaH-
TOBOY Teopunm nonas OblAM TNpeiMeTOM WCCAEAOBAHUST APYroro
Hanpas/eHusi, NnpeAcTaBAeHHOro paboramu I'enn-Mana, Ionbnbep-
repa, Tuppunra, Kapnaoca, Pynepmana, Mussasw, OsMe u Ap-
(18], 191, [10], [11}, [12], [13], [14], [15]). Snecb B KauecTBe f(E)
paccmatpuBaeTcs amNJHTYAd paccesuus Bnepen B J1abopaTOpHOH
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CHCTEME OTCYeTa, M H3y4yaeTCad BOMPOC 06 ee aHAIMTHYECKOM
NPONOJ/OKEHHH B BEPXHIO NOJYINJIOCKOCTh, NMpHYEM CUHTAETCH,
4TO ee OCOGEHHOCTb Ha OECKOHEYHOCTH OyleT HE CUJbHEE MNO-
aloca nepporo nopsinka. Takoft BLIBOL MOXHO cieaTh Kak H3
SKCNEePUMEHTAbHBIX HaHHBX O TOBEJEHUH ceyeHus mpu 00.b-
IUMX SHEPrusX, Tak W M3 PaCyeToB NO TEOPHHM BO3MyLIEHuft.

PaccMoTpeHne aMIIMTY bl pacCessHUs Briepel 0co0eHHO yA00HO
B CHAy TOro 0OCTOATENbCTBA, YTO MO TaK Ha3hLIBAEMOH «ONTH-
yeCKO#t TeopeMe» €e MHMMAs 4acCTb NPOMOPLHOHA/MbHA IONHOMY
3¢ deKTHBHOMY CEYEHMIO, T. €. BEIHYHHE, KOTOPYIO ONSTh MOXKHO
onpenenuTbh 3KCNepuMeHTanbHo. OnTHyeckas Teopema NpencTaB-
nset coboit cnencTBHE YHHUTQPHOCTH MATPHUUbLI PACCESHHS W JErKO
MOXeT ObITb HOKa3aHa B caMoft obuleft ¢opme.

JleHCTBHTENbHO, YCIOBHMCsS OGO3HAYaTb MHIEKCAMH a, 8 COBOKYM-
HOCTb BCEX KBAaHTOBbBIX YHCEJ] MOJHOH CHCTeMbl cocTosHui. Torna ycnosue
YHHTADHOCTH MAaTpHibl PACCEAHHs 3aNMHLIETCA KaK

% SuSm=1.

Svp = 803']‘ ITap;

toraa T, 6YAET NpONMOPUMOHAIbHA AMIMHTYNE PAcCessiHds s Npo-
uecca a —f. [loncTasasia 7,5 B yCIOBHE YHHTAPHOCTH, HaiineM

i(Taa—Taa)=§|Ta3‘2'

B 3TOM COOTHOLIEHHH ClleBa CTOHT, O4YEBHIHO, MHHUMAs 4acCTb aMIIIATY bl
yNpyroro paccesHHs Ha HYJEBOH Yroa, a mpaBas 4acTb Kak pa3 mpo-
MOPLMOHAJbHA MMOJHOMY CEUCHHIO A BCEX BO3MOXHBIX [POLECCOB.

B HOpMHpOBKe, MPHHATOH B TeOPHH cmnxnoaemm YacTHL, NOJHOE
ceuenne ¢ (E)cpazano ¢ Im f(E) paBencTBom

Im (E) = k°(E), (.17

[Monowum

rae k-— BONHOBOe YHCIO, COOTBETCTBYlomee sHepruu E. dusnueckuit
CMbICT BelfecTBeHHON 4acTk f(E) onpeneiuTCs TOraa M3 COOTHOWIEHHSA

rerep+[LB =11 r=(%), . 01

[TepBHIt BbIBOL AHCTIEPCHOHHBIX COOTHOWIEHUH B popmanuname
KBaHTOBOH Teopuit Nos Gbia Npenoxen ena-Manom, Ionbabep-
repoM u Tuppunrom (8], KoTOphie BOCNOJbL30BAMNCL TeOpeMOH
Koww, ycTaHOBMB nNpenBapuTeNbHO HOJKHbIE aHATHTHYECKHE
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cBolicTBAa aMIIUTYABl paccesHust Bnepen. OIHAKO HMX JOKasa-
TeJAbCTBO aHAMMTHYHOCTH, BO BCAKOM Cliydae IUIst YACTHIL C Macco#
NOKOS OTJMYHOMA OT Hyunsl, He cBOOOIHO OT BO3paKeHUH, cepbes-
HOCTb KOTODHIX Obina NMpu3Hana camumu aBropamu. Kapnmioc u
Pynepman [10] ycraHOBH/M AUCNEPCHOHHOE COOTHOWIEHHE, MpHU-
roidoe IJIs INpOUECCOB paccesHus HEHTPAJbHHIX ME30HOB Ha
HYKJIOHAX, ONHAKO WX BLIBOJ OCHOBBIBAJICSA HAd aHAJHTUYHOCTH
aMIIUTYIB paccesiHMs, KaK NpelBaPUTEJIbHOM NPENIONOXKEHHH.

Haxouneu, nenasHo Tosbndeprep [l11] nonpo6osa.i1 BooOlue
ofo#TH BONMpoC 00 aHAMMTUIECKOM TNPOJOJKECHUU AMIIHTYILI
paccesHdqa B KOMIUIEKCHYIO MAOCKOCTb, pAaCCMaTpuBas AHCHEp-
CuoHHBIE COOTHOUIEHHS MPOCTO KaK HEKOTO)bie TOXKNeCTBa, UHCTO
anreGpauyecku CaeAylOllde U3  OINpENC/]EHUs  AUCTIEDCUBHOM
u abcopGTHBHOM uacTelt (COOTBETCTBYIOLIMX HauleMy pa3OueHHIO
(1.4) Ha riasHOe 3HaueHue M O-PYHKUHIO) AMILVIUTYAbl pacCesHus
yepe3 CyMMbl 10 TNOJHOH CHCTEME NPOMEXYTOYHHX COCTOSHHMA.
OnHako Jerko 3aMeTHTb, YTO WCMO/b3yeMbie HM OINpele/eHus
HeKOppeKTHb A1 E < m, TaKk Kak npu 3TOM COOTBETCTBYIOLLKE
uHTErpadnl pacxonarcs (cMm. § 6).

1.8. CpenaeM eue HECKOJBKO 3aMeuaHuft OTHOCHTEJBHO
(U341eCKOro CMbICJa BeJUUYMH, BXOM4WUX B AHUCIEPCHOHHbLIE
coorHomenus Buga (1.6) wumu (1.14). B ux useBbix uacTsx
CTONT aMILIWTYIA YUPYroro paccesHud BNepej, a Noj HHTerpanoM
.cupaBa — noJiioe cevense. OOe 5TH BeJHYUHB HAOMOLAEMB
TOJMbKO Is pealbHbiX COCTOAHMM pacceaHus, T. €. AJa dHepru#
ME30Ha NO0A0dCUMEAbHOX W OGosvwux m. B To xe Bpems
MHTErpHpPO3aHME B NPaBbiX UACTAX PpaclpoCcTpaHseTcs Ha 8ce
3HAueHUsi IHeprum orT — o0 Ao —oco. [loaTomy, uTOOBI MOKHO
OblI0 MPaKTHYeCKH HCI0/b30BaTh JMCNEePCHOHHBIE COOTHOMIEHHS,
B HUX Halo u30aBUTLCS OT WHTETPUPOBAHUS MO OTPULATENbHBIM
SHeprusiM U «HeHaOawonaemolt., obnactu 0 << E < m.

Flckmouenuss MHTErpupoOBaHUd MO OTpPUUATE/bHBIM SHEPrHsiM
MOXHO AOOnTbCA 32 CYET MCNOJAb30BAHUS TPeOOBAHUS HMHBAPUAHT-
HOCTH OTHOCHTE/BbHO 3apAlOoBOro compsxenus (uin, AN He3a-
PSOKEHHBIX MOJIeH, BeUIeCTBEHHOCTH), KOTOpOe NPHBOAUT K COOT-
HOWIEHHIO Mex Iy aMIUTYyNO#A paccesHHs OT OTPH.ATeAbHOM
SHEPTHU U CONPSKEHHON aMIIIUTY 104 1JI NOJI0.KMTEJIbHOR 3HEpruu.
Hckmouenne OTpHLATEIbHBIX SHEPTUH C NOMOLLBIO TAKOTO NpUe):a
BO3MOXHO Bcerfa. [1paBaa, OHO NPUBOAUT K «BMYTbiBAHHIO» B AUC-
NepCHOHHbIE COOTHOWIEHUA CeYeHUR A aHTHYacTHy (NPOTHBONO-
JIOX1Oro 3apsia), 4TO, HANpPUMEp, B C/yyae pacCesHUS HYKJIOHOB,

2 3ak. 2670. BoronwG6oB H Ap. ..
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HeyA0OHO, MOCKO/bKY CeYeHHs AN aHTHHYK/AOHOB MOKa SKCNepH-
MEHTaJbHO HEHU3BECTHHL.

CroxHhee 06CTOUT Aeno ¢ «HeHabmonaemolt» obaacteio £ < m,
rie, KaK Mbi BHISSCHHM HUXE, NOJ MHTErpajoM BO3HHKAIOT G-PYHK-
uuu &(E—E,) ¢ E, COOTBETCTBYIOLIMM BO3MOXHBIM MPOMEXY-
TOYHBIM CBSI3aHHBIM COCTOSHMAM. ECAM BO3MOXHBE CBA3aHHbIE
COCTOsAHUSE 00N12A210T AUCKPETHBIM CMIEKTPOM, TO TaKHe MHTEr paJibl
JerKO BHYUCASIOTCS B SBHOM BUae. Ecam xe cmexTp mpomexy-
TOYHBIX COCTOSIHHM XOt1a OBl B KaKOH-TO 4acTU OKa3LIBAETCH
HEMpEpPbLIBHLIM, TO TNOMOXeHHe Belllet KOpeHHbiM 00pa3oM Me-
HACTCH.



§ 2. OCHOBHBIE ®U3HYECKHE NOMNYUWEHUSA

2.1. Kak Mu yxe ynoMuHand, B GOJbUIMHCTBC NOC/AEIHHX
paboT AUCMEPCHOHHBIC COOTHOWEHHS BHIBOLATCH, HCXOLS U3
OGBIYHOH CXeMBl KBaHTOBOH Teopuu noas. OnHaKo MbiC/b O TOM,
4TO B NeHCTBUTENbHOCTH IHCNEPCHOHHbIE COOTHOLIEHHS HE CBA3aHB!
¢ OObIYHBIM (POPMANU3MOM W JOMKHbBI MONY4aTbCsl, HCXOAS JHLIb
43 HEKOTOpHIX OCHOBHBLIX IOJIOXEHHH TEOpHHU, NpenCcTaBAseTcH
NOYTH TPUBHAJbHOH. BBHAY BaXHOCTH BOMpPOCa O NPUMEHUMOCTH
JMCMEPCHOHHBIX COOTHOMIEHUH M BO3MOXHOCTH uX 0606uieHHi,
Mbl XOTHM SBHO CQOPMYyTUpOBaThb Te (U3HUYECKHEe MNOJOKEHUH,
KOTOpble HEOOXONMMbI 1J5 MX BbBOJ2. DTO MpeACTaBASETCA HAM
0COGeHHO BaXKHbIM, MOCKOAbKY MOAPOOHOe H3yyeHHe BBOAMMBIX
1MKe PafMaUMOHHBIX ONEPAaTOPOB H YCTAaHOBJAEHHE COOTHOLIEHMH
MeXAY HUMH Morio Obl COCTaBMTb OCHOBY HOBOTO MMOAXOIaA
K 1IOCTPOEHUIO BCelt KBAHTOBOU Teopuu MOJS.

CoBpemeHHas cxeMa KBAaHTOBO# Teopuu noas Oasupyercs
B CYILHOCTM Ha TpPeX OCHOBHBLIX HONYWIEHHSX: 2AMUALMOHOBOM
Ppopmasusme, npumeHenul meopuu 803Myu,enuti U KOHUENLNYU
u0uA6aAmMu4ecK020 BKAIOUCHUS U BbLK AIOHPHUS B3AUMOOCHECMBUS.
Tamursmono8 gopmaru3m NPUBOIHT aBTOMATHYECKH K BHIMOJ-
HEHHIO CMmpP02020 MpeGoBAHUA NPUUHHOCMYU (TIOCKOJbKY MO-
ryue HapywuTb 9TO TpeOOBaHWE HeJOKaAbHhle BapUaHTHI
TeOpuM HPOTHUBOpEYaT YCAOBUIO DPa3pelliMOCTH ypaBHeHuH),
ONIHAKO B MOCJeAHee BpPeMsl BO3HHK/IM COMHEHMA B TOM, HYTO
BHYTpPEHHe HENpPOTHBOPEYHBYIO TEOPHIO BOOOLIE MOXKHO NOMECTHTD
B y3KMe paMKM ramuabTOHOB2 Mertoda [17], [21]. Teopus s03-
MYWenuii TNPenOCTaBISeT HaM  BO3MOXHOCTb NPAKMUYECKOZO
nposed Hus BuHUCAEHUD, HO COOTBETCTBYIOILHME PSIAH, MO-BHAM-
MOMY, Ccx00Amca AdWb acumnmomudecku Jaxe anas caaboh
CBH3H, HE TOBOpS yXe O SHNeDHOM B3aUMONEHCTBHH, KOria 3Ta
Teopuz BooOwe HenpuMeHuMa. [lOCTOMHCTBOM KoHyenyuu adu-
aamuynocmu ABASETCA KAXYylAscs TMPOCTOTa COOTHOIIEHuH

2%
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Mexny neRcTBUTEJAbHBIMU M CBOOOAHBIMH MNoasMu. [TOCKOMBKY,
OJHaKo, TNpu STOM B yAaJeHHOM TpOULIOM U OynylieM BMecTe
CO B3auUMOJeHCTBUEM MeJHCOy 4YaCTUUAMH BHIKMIOUaercs u Guai-
YeCKH Bce20a CYUIECTBYIOUIee cauodedicmeue, 3Ta KOHUENIUs
NPUHUKMUAJIBHO TPUBOJAMT K HEOOXOAHMOCTH Pa3anUUaTh BuKmus-
Hble N peadbHsie CBOOOLHBIE YACTHU Lbl, CIEAOBATEIbHO, B KOHEUHOM
cyeTe, KO BCeHt NMEpeHOpMUPOBOYHOH HIEOJOTHHU.

[Tpenaoxennaa [aiisenGeprom [3] oOujas cxeMa NOCTpOeHUs
MaTpUubl pacCesHus TNOJHOCTbIO OTOPOCHJIA TraMuJbTOHOB (Op-
Maju3M; 110 CYUIeCTBY He HYXK1ajlach B KOHuenuumu aauaba-
THYHOCTH M HUYEr0 He TOBOPUJIA O TEOpUM BO3MyuleHu#. Bsuny
cBoeft KpaftHefi OOWIHOCTH TNpel/oXeHHas [OCTAHOBKA 3ajauu
He TNpHUHEC/d, KOHEYHO, MOYTH HUKAKUX KOHKPETHHX pe3yJ/bTaToB,
1 ee clenyeT paccMaTpHBaTb CKOpee Kak IliporpaMmy AJjs Mo-
CTpPOeHHst TeOpuH, YeM KaK 3aKoHuYeHHylo cXemy. [lonuepknew,
4T0, (OPMYJUPYST OCHOBHHIE YC/JIOBHZ, KOTOPBHIM AOJUKHA INOZ-
uiHATBCA Teopus, 'aftaenGepr BoBCe He paccMOTpea mpebosarnus
nputunHocmu, Koropomy (xors Obl B BHAE YC/JIOBHUA MAKPOCKO-
NUYEeCKOH NPUYMHHOCTH) TeOopUs 00643aTeNbHO LO/MKHA yHOBJE-
TBOPATD.

Paspaboraunas nenasHo oanum u3 asropos (H. H. 5.) n Llup-
KOBbIM [16] Teopus Marpuubi paccesHuss CTPOUIACH, HCXOAA U3
raiizeH0eproBbiX NOMOXEHUHA, KOTOpbie OHIJIHM, OJAHAKO, CHJBHO
CYXeHbl AONyuleHUEM Pas3/0KeHHA MO NMOCTOSHHOR CBA3M, NpHHA-
THEM KOHNeNnuMH aauabaTHYHOCTH U, TJIABHOE, TEM, 4TO K HUM
6b110 TPUCOCANHEHO TPeOOBaHKEe NTPUYHHHOCTH, CHOPMY TUPOBAHHOE
B BUAE CTPOTrOro YC/A0BMS MUKPOCKOMUYECKOH NPHUYHHHOCTH HJIH
JIOKa/bHOCTH. BHISICHUAOCH, 4TO 3TH AONYLIEHUS, YPe3BbIYaiHO
CHJIbHO OrpaHWuUBas TEODHIO, NMPHUBOJAT K CXeMe, MO CYLLeCTBY
9KBUBAJEHTHOR OOLIYHOMY FaMU/JIbTOHOBY METOLY H OT/AUyaolielcs
OT Hero JHUb BO3MOXHOCTBIO NPOBECTH H3JOXEHHE C GoJbuieHt
MaTeMaTHUYECKOH ACHOCTBIO.

2.2. B nocnenHee BpeMs NposiBJAS€TCA CTPEMJICHUE NPOLOIAHUTD
pa3paGoTKy nepsoHayaabHoH raitaen6epropoii nporpammul. [Tpexne
BCEro 31eCh MpeANPUHAMAIOTCA TONBITKH YTOUHEHUS OCHOBHBIX
onpeneseHult, 0cOGeHHO CyLIeCTBEHHbE B CBETe HeOOXOAUMOCTH
BBECTH B TeOpul CBs3aHHbie cocroanus. Ciola oTHoCHTCS
BaXkHasi paGoia Xaara [17], B KOTOpO#t yTOUHAETCS Pl BONPOCOB,
CBA3aHHBIX C MareMaTHyeCkolt ¢opmyaupoBKod TpeGoBaHMiA
PeaSTHBUCTCKO# WHBApHAHTHOCTH UM TPOUENYPB  BTOPHYHOTO
KBAHTOBAHUS.
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C Touku 3penus oObIYHON TeOpuu MoJist CNoco6 BBedeHUs
CBA3aHHBIX COCTOAHMH B raftaeHOeproBy cXemy He SBJAETCS
OueBHIHDLIM: €CAM He npuberaTb onaTh K aAuabaTHYECKOMY Bbi-
KTIOYEHHIO B3aUMOLEHCTBUS, TO 06pa3yioLlMe CBI3aHHOE COCTOAHIE
qaCTHILBl HAXOMATCH BCE BpeMy BO.M3U APYr Apyra, B TO BpeMs
KaKk B ra#sen0eproso#t MoCTaHOBKE 3aladd B HAYalbHOM CO-
CTOSHUHM BCE YaCTHIBl LODKHB ObITh IPOCTPAHCTBEHHO Pa3HECEHH,
Buixon Oyner HafiieH, eclu CUATATh Kak10e KOHKPETHOE CBSi-
3aHHOE COCTOSHUE YaCTH elf HOBOro copra M BMecTO 00pa3oBaHus
CBA3aHHOTO COCTOHUA TOBOPHUTb 00 YHUUYTOXEHUH MepBOHayaJb-
HLIX  DJIEMEHTApHBIX YaCTUW M POXAEHHA HOBOH  «CJIOXKHOH
qacTHUH». ECTeCTBEHHO, 4TO Npu TakoM TNOAXOLE BO3HUKAeT
pecbMa C/IOXKHas 3ala4a O TOM, KaK OMUCHIBATh B3aUMOLEHCTBHE
MeXAY 35TuM OOJbIIMM YHCIOM BHOBb BBEIEHHBIX B TEOPHUIO
CNOXKHBIX 4acTHi. Mpbl He coGHpaemMcs OCTaHABJMBATLCA HA ITOH
upobJeMe, TaK KaK He BCTPETHMCS 3LeCb ¢ HeOGXOLUMOCTBIO
BBOAUTH CJOXHBIE YACTHILBI.

Ianee BcTaer BOmpoc 00 ONHCAaHWKM HAYaJIbHLIX COCTOSHHUH
{POCTPAHCTBEHHO-Pa3ae/eHHbIX yactuy. HamomHuM, 4T0 B 00bI4-
HOM M3/0KEeHUH, KOrAa BO3MOXXHOCTBIO 00pa3oBaHus CBA3AHHHIX
COCTOSIHUN IpeHeOperaioT, MOXHO pa36UTh I[1OJHBIA raMu/bTO-
HiaH H Ha ¢KuHeTHueCKyl0 SHepruio» H, u B3aumopeictsue V,
fipyyeM HayaJbHbie COCTOSHUA, CKOJIBKO OBl CBOGOIHBIX HacCTHL
B HUX HU OBIIO, ABASIOTCA COOCTBEHHBIMU (yHKUuIMH H),.
Onnako npu Takom pa3bmenun u3 H, BhOpachiBaeTcs KaK Camo-
aciictBue (67aronaps Uemy 4acTHUBI B HayaJAbHOM COCTOSHHH
OKAa3blBAICTCS He peanbHBIMU, a GUKTHBHHIMU CBOGOLHBLIMH YacTH-
1lamMi), TaKk M Ta COCTaBIAl0UIaT B3aUMOMEHCTBHS, KOTOpPOH
0643aHLl CYLeCTBOBAHIEM C/IOXHBE MacTHUb (Y H, TAKUX 4acTUL
He 6yneT). Mut XoTMM Tenepb TaK BHAENHTb H,, COOCTBEHHBIMU
byHKumMaMu  KoTOporo OyAyT HayaibHble COCTOSHHA, UTOOK
130erHyTb 00eMX STUX HeNpuUATHOCTe#. IDTOro MOxHO Oylder
AOOUTLCA € TMOMOLLBLIO Crenylouiero nocrpoenus [18]1).

2.3, PaccMOTpHM CHCTEMY, ONHCHIBAEMYIO IMOJHLIM I'aMUAbTOHHAHOM
H. (Mbl NPOM3BOAMM MOCTPOEHHE, PYKOBOACTBY ACh IPHHIMIIOM COOTBET-
CTBHH ¢ 0Ob{uHOH Teopuel.) O603HaUHM yepe3 R, MPOCTPAHCTBO, COCTO-
Alee U3 €IMHCTBEHHOrO BEKTOPA, OMHCHIBAIOUIErO COCTOSAHHE BaKYyyMa.

1) Nanbueiiliee noCTPOEHHEe, BEChbMAa CYWECTBEHHOE NJs HAEHHOro
060CIIOBanHs HAWIHMX OCHOBHBIX MOJO#eHH#H (cBoiictsa 1.6 u Bcero, Ka-
Caloinerocs COCTaBHbLIX YACTHIl), YMTAaTe]b, HHTEPECYOUMHc JIHMb
HEMoCpeaCTBEIIHO IHCMNEPCHOHHBIMH COOTHOLIGHHAMH, MOXET W Ipomy-
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O603HauuM yepes R, NPOCTPAHCTBO BCEX OXHOYACTHYHBIX COGCTBEHHbIX
COCTOAHHMI, 1. €. TAKAX COCTOSIHHII, B KOTOPbIX HMEETCH TONbKO OJHA
peassHas 3neMenTtapHass vactHua. Ecam paccmarpuBaembiii ramuabTo-
HHAH JOMyCKaeT CyLeCTBOBAHHE CBA3aHHBIX COCTOAHHH, TO y Hero 6ynyT
euje H COOCTBEHHBIE COCTOAAHHH, B KOTOPHIX HMEETCS ONHH CBA3aHHbIH
KOMIUIEKC U3 2, 3,. .. pealbHbIX 3NeMEeHTapHhX YacTHi. Hatarusawumuecs

Ha TaKHe COCTOSHHA MNPOCTPAHCTBA O0OO3HAuHM uepe3 Ry, Ry, ... co-
OTBETCTBEHHO. 3aMeTHM, 4YTO BCe Ga3HCHble COCTOAHHS, Ha KOTOPbHIE
HAaTAHYTbl MPOCTpaHCTBA Ry. Ry, Ry, ..., MOKHO OXapaKTepH30BaTh Kak

OnHOYaCTHUHHE. MBI MMeeM NpH 3TOM B BHAY ABE OCOGEHHOCTH TaKUX
COCTOSTHHH: BO-TMEPBBLIX, OHH, ¢ TOYKH 3pPEHHA MX HabmoxeHHsn, 061a-
1a10T HEKOTOPUH CTeMEeHbIO NOKaAH3aUHH (CP. OCTPOYMHOE OnpefeneHHe
C MOMOLLbIO PSNAA MbICAEHHbIX 9KCnepuMeHTOB v Xaara {17] ), BO-BTOpbIX,
OHH ABAAIOTCH CTaGHIbHBLIMH,

IIpocTpaHCTBO, BEKTOPH KOTOPOro MOAHO OyneT paccMaTpHBaTh
KaK (YHKILHH, OMHCHIBAIOWHE HY:XKHble HAM HaYyalbHLIC (UJH KOHEUHbIE)
COCTOAIHHA, OTBEYalolHe JIOO0MY 4YHCIY PpeatbHbX, HO MeXny €060
HE B3aHMOJEHCTBYIOLIMX H3-32 MPOCTPAHCTBEHHOH ceNapalWH YacTHI,
HOAYYHTCA MPH 3TOM OYEBMIHHIM OOPa3OM, Kak MpsAMOe NMPOH3BejpeHHE
BCEX MpPOCTpPaHCTB Ry, Ry, Ry, ..., NpHYEM Ka:KAbIH H3 MHOXHTeNEH
MOKET BXOAHTh B 3TO NPOH3BENEHHE NPOU3BOJNLHOE YHCIO pas, B CO-
OTBETCTBHH C TeM, YTO B HaYaNbHOM COCTOSIHHH MOxXeT OblTb IIpO-
H3BOMbHOE YHCAO 4YACTHIl KaXXAOT'O COpTa:

R= Ry X Ry (oo . KR KRy “eo 0 K RaXRs Koo . KR Koo (21)

«CBo6oaHbIfi> TaMHILTOHHAH, COGCTBEHHBIMH (YHKUHAMH KOTOPOroO
ABAATCA (YHKUHH, ONHCHIBAIOU{HE HAYalbHOE COCTOSHHE PealbHbIX
He B3aHMOJCHCTBYIOIUMX APYr C APYroM YacTHL, MOXHO Teneph Mo-
CTPOHTH TaK:

Beenem oneparops npoekTHpoBauus Py Py, ..., Pg, ... raMuib-
TonHaHa H Ha npocrpaHcTBa Ry, Ry, ..., Rp, ..., H OUPENEIHM «CBO-
601HbIHY raMHAbTOHMAH [y KaK NIPAMYI0 CYMMY

Hy = PyHPy 4~ PP, £ PP 4~ ... 4~ PoHPy + PoHPy ... (2.2)
[Toaubiii ramuabTOHHaH 1 MoxHO 6yneT 3alnMcaTe TOraa, Kak
H —= Hy+ V — Hy+ (H— Hy). (2.3)

Famunb TOHHAH B3aMMOAEHCTBHA V ONHCHIBAET Teneps HMEHHO TOAbKO
83QuMHble eNCTBHA YaCTHLU, HO He camoOelicm8ue, KOTOpoe 6rarogaps
H36paHHOMY METONY NOCTPOEHHA MOMHOCTbIO CONEPKHTCA B FAMHALTO-
Huaie H,. Tounee, V onucsiBaeT jaie TOAbKO TY 4acThb B3auMOAei-
CTBHA, KOTOpas OTBETCTBEHHA 3a MPOLECCH pPacCessHHs H POXIAEHHS

CTHTh. 3HAKOMBIM C OOHLIYHOH NEPSHOPMHPOBOYHOH TeXHHKOH LLIBHH-
repa — JlaHcoHa MBI MOXEM CKa3aTh, 4TO MPOBOAHUMbIE HHXKE MENKHM
wpHGTOM paccyxaeHus (B 4aCTH, HE KACAIOUIEHCA C3A3AHHBIX COCTOAHH if)
CBOAATCA K HCIOJb30BAHHIO MOAbKO NEPEHOPMIPOBAHHOL S-Mampuy v,

I KOTOpO#
O]SI0Yy=1 =n (1|SIDH=1L



§ 2] OCHOBHBIE ®U3HYECKHE JOMYILEHUS 23

YacTHL, TMOCKONbKY B3aUMOAEHCTBHE, CHEDPKHBAKOIIEE 3JNEMEHTapHbIE
Y3CTHUBl B COCTaBE KOMMNEKCOB (<CMOKHBX YACTHIY), TAKXKE YHKe BKIIO-
4cHO HaMH B f1y. Ilo3ToMy npH pacCMOTPEHMH NpejpefibHbIX NepexonoB
K HaYaAbHOMY HJH KOHEYHOMY COCTOSIHHIO, {— 3= 0O, Mbl MOXKEM pac-
JIOPARMTHCA B3auMojeicTBHEM V 6e3 BCAKOH OCTOPOXKHOCTH, HaNpHMEp
1POCTO HCTONH30BaTh a1MaGaTHYECKOE BLIKMIOYEHHE; HH K HCUE3HOBCHHIO
CaMOACHCTBHSA, HH K pacnaly CBA3aHHBIX COCTOSIHAH 3TO Temepb He
1pHBeeT.

2.4, Hcnosnb3osaswinecss B npeibiyiieM NOCTPOEHUH CCbIIKH
Ha TaMUJbTOHWAH HOCH/HW, Pa3yMeeTcs, YHCTO HJUIIOCTPATHBHBIA
XapakTep W MNpecJelOBajv /HlIb lleJd BO3MOXHON NMPOCTOTH
M3/0XKeHHR H ero cBA3u C OOLienpUHATHIM. ITO NOCTPOeHHe
HAalO0 paccMaTpuBaThb JHWIIb KaK NpuUMep Toro, Kak, WCXOAd U3
00bIYHOA TEOpUH, MOXHO AOCTUIHYTb BHIMOJHEHUS OCHOBHBIX
¢dusudeckux aonyiuenui, Kk GopMyIUpPOBKE KOTOPLIX MbI celyac
nepexonuM.

[TonuepkuBaeM, 4TO XOTs, C OJHOA CTOPOHHI, Bce 3TH AOTY-
IIleHUs BLIMOJHAITCA B OOLIYHOA Teopuu, HO Mbi HE CUUTAEM,
YTO OHU NMOJHOCTBHIO UCYEPNHBAIOT ee colepkanue. Mpt ocras-
adeM 3TOT BecbMa MHTepecHbil BOMPoc OTKpbiThiM. PaBhbiM 06pa-
30M MB He cobupaeMcs 3mech pewaTs u Oonee 0O6uwu# Bonpoc
0 TOM, 00pa3ylOT JW Hawiu JAONylleHUs B KakO#H-1n0O CTeneHH
HENpPOTHBOPEUHBYI0 NMOJHYI0O W He3aBUCHMYIO CHCTEMY aKCUOM —
TH JONYLIEHHR HALNEKUT pacCMaTpPHBATb He KaK MOMBITKY CO3-
7aTb TaKyl0 CHCTeMy B CMbiC/le, KOTOpbifi BKJaLblBaeTCi B 3TO
NOHYTHE MATEMAaTHKAMH, a JHWbL Kak coOpaHHe NpenNoNOXeHuH,
KOTOphie MOTPe6OBaANCh HAM AJIf MOCTPOEHHA BbIBOLA AHcCHep-
CUOHHBIX COOTHOIUEHHH.

2.4.1. Bce Hawu n0nyineHus yMeCTHO pa3sLe/uTb Ha 1Be
FPYNnb: obwue cgoiicmsa, o0iA3are/bHble, C Hallefl TOUKU 3pe-
HAs, And BecbMa OGLIMPHOTO K1AacCa BO3MOXHBLIX TeOpu#, u cne-
HuQapHole 80HCMBA AN0OKAALHOCMU, CBA3aHHbie C HAMAraeMbiM
Hamii TpeGoBaHUEM BLINONHEHUS] MUKPOCKONMYECKOA MPHUHHHOCTH.
Hanoxenue nocreine rpynnb Tpe6oBaHHA HCOOXOLMMO, YTOSH
NONYyYYUTh AUCNEPCHOHHbBIE COOTHOLIEHHSt OOBIUHOrO BHIAE.

I. O6iue cBoiicTBa

(1) B cooTseTcTBHM CO CKAa3aHHBIM Bbillle Mbl IPHHUMaeM rafi -
senbeprosy noctaHosky 3azaud. ByxeM cuMTaTh, 4TO acHMNTO-
THYECKHE COCTOTHHA CHCTEMbl MPeACTABAAOT CO00% COBOKYNHO-
CTH HEKOTOPOTO uYucaa GeCKOHeYHO YHAJeHHbIX APYT OT Ap yra
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3/IEMEHTAPHLIX M COCTAaBHBIX uacTHU. B3aaumonetictue meancdy
STHMH YAaCTHUAMA DABHO HYJIO, M MOTOMY TaKMe PeHuMHLI, KaK
SHeprus, HMMYAbC W T. X., ABAAKTCA Q00umusHeimu. Takue
COCTOAHUSA OMUCLIBAKCTCA aMMIMTYAaMu | ), ABAAIOIIMMHCA dJe-
MEHTaMH JIMHe#HOro NPOCTPAaHCTBA, KOTOPOE MOXHO NMpPeACTaBAATh
ce6e MOCTPOEHHBIM C MOMOWDbIO NPUEME, ONMUCAHHOTO BHILLE.

(2) Bynem cuutarb, 4TO y Hac MMeeTcs HEKOTOpast rpynna G
NpeoGpasoBaHuil L, KOTOpas BK/IYAET B KauecTse MOAFPYRILI
rpynny Jlopenua & (G Moxer BkjiouaTh M Apyrue Npeo6paso-
BaHvfl, HaNpUMEp W30TOMHYECKHe, TPAalAHeHTHble Npeobpa3oBaHus
u 1. n.). Tlon neficrsuem L u3 G aMniuTyAu -cOCTOSHHH Tpe-
06pasyioTcs ¢ MOMOWbI0 HEKOTOPOrO ee YHMUTApHOro MpeacTa-
Bienus ¢ sgaeMentamn Uy 1),

(3) Ecam B cocTofinuu | p) BeKTOp SHepruu-uMnyabca p umeer
ONpelle/ieHH0e 3HaueHue, TO

Ur, | py==e""ra| p), (2.4)
ecad L, — Tpaucasuus x — x - a. Cymecrsyer cocrosuue [0),
A4a9 KOTOpOro
Ur,|0)=10) 2.5)
— COCTOfIHYE BaKyyMa.

Ananoruunbie coflcTBa MOryT GbITh CHOPMYJIMPOBAHLI U LIS
apyrux noarpynn G, B 4aCTHOCTH A4 MpPeACTaBAeHHH, COOTBET-
CTBYIOIULUX MOMEHTY.

(4) CywecrByer cucrteMa COGCTBEHHBIX aMILIMTYX COCTOSHHUSA
4-uMnyabCa, OTBEYAIOWMX HEOTPHUILATE/NbHBIM 3HAUCHUAM SHEPLUH,
KOTOpAd ABJAETCS MOJHOH, TaK YTO

(a] AB|8) = (2] 410) (0] BIB) +
+ 3 [ dk (a] A|nk) (nk|B[B). (2:6)

'Yy B amanorunm ¢ paccyxicHuamu Xaara [17] 3aMeruM, yTo aas
OJHOYACTHYHBIX cOCTOAHHH U/ 06pasyloT HenpugoOdumsle Npejcrasie-
uds rpynnut (. Jlazee, H3 BLINTOJHEHHOrO BLIUIE MOCTPOEHHS MOXKHO
O6HJ0 Obl YCTAHOBHTb, YTO /Rl BCAKOIO ACHMIITOTHYECKOrO COCTOAHHSA,
MOCKOJNILKY OHO BCerja H306pakaercs BEKTOPOM B MPOCTPaHCTBe, o6pa-
30BAHHOM MPSMbIM MPOH3BEACHHEM MPOCTPAHCTB OAHOYACTHIHBIX COCTOA-
HH#, HHOHHATE3NMANbLHBIA onepaTop U OyneT mMpsAMOH CyMMoi undm-

HHTC3HMAaJbHbBIX ONEpaTOpOB U}:’ COOTBETCTBYIOUMX HENPHBOJHMbIM

1peiacTasaeHuaM. OTCiona, B YACTHOCTH, €1cR03an0 Obl TOrRa M CReNaH-
HOS BBbIIE YTBEPKA2HHE 00 a1MUTUBHOCTH HHTCTPANOB 1BHKEHHA.
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3xechb n 03HAyaeT COBOKYMHOCTb BCEX OCTAJbHBIX AUCKPET-
ibiX W HENpepbiBHBIX KBAHTOBHIX YHCEJH, KOTOpHE B COBOKYI-
nocTd € K MOJHOCTBIO XapaKTePU3IYIOT COCTOsSHUE.

(5) TlpeameToM Teopuu §BJIAETCA H3yuyeHHe BEPOATHOCTEH
1IePEXONOB MEKAY TAKMMU aCUMNTOTHUECKHMM COCTOSIHUAMH. Dy-
A€M CYHTATh, YTO KAXKIAOMY MePeXOLy Mex 1y COCTOAHMAMH |a)
1 | %) orseuaer onpeienenHas BePOATHOCTb, OOGBIYHBIM 06pa3om
BLIPAKAIOUIAACH YePe3 MATPHUHbIE 3JeMEHTbl HEKOTODOTO YHHU-
TapHoro onepatopa S,

SSt=1. 2.7

(6) TlockoabKY MBI CYHTaeM OJHOYACTHYHBE COCTOAHUA CO-
CTOMIUAMU  peassHolX HaCTUIL, TO OXHOYACTHUHLIE COCTOSIHHSA
i BakyyMm OyayT y nac cmabuaswoimu, T. e. Oyner

Slay=|a), (2.8)

ecau |a) — aMIIKTyAa COCTOSHWY BaKyyma, OLHOH (CTabuib-
HOM), — 3JIeMEeHTAPHON U1 COCTABHOM, — YaCTHLbI.
2.4.2. llpexne 4eM NepexXoLUTb K U3TOKEHUIO CREUuANbHBLX
A0KQAbHOLX CB0lUCMSE, CHelaeM HEKOTODble 3amMeyaHus.
OueBUIHO, YTO HAlUM ACHMNTOTHYECKHE COCTOSHHS, OTBeva-
[OLLHe HANMUMIO ONPEe/ie/IelHOTO YHCAA . YaCTHL, OnpeneseHHbIX
COPTOB %; C ONpeNeJeHHbIMU MMIY.1bCAMH P;, MOXHO TNOJYYHUTh,

eC.1 BBECTH OOLIUHBLIM 00DA30M Onepamops. POHOEHUS a(;:)(p,.)
W YHUUMONCEHUS ag;)(p,-) YaCTHIBI 2;-T0 COPTA C UMMYJIbCOM P;

i NO0ieHCTBOBATb MMM HA aMILMUTYAY COCTOSHUSI BaKyyMa:
laupis -5 2P} =D ()P ()] 0), (2.9)

IpHuYeM M3 TOrO 0OCTOATEJNbCTBA, YTO HALUM NMPOCTPAHCTBEHHO-
pasie leHuble 4YacCTULlLl He B3auMoleHcTBylOT, 6yneT CJAed0BaTh,
uto oneparopel aft), al~) ynoBieTBOpSIOT 0OBIUNbIM MEPECTAHO-
BOUHBIM COOTHOLIEHHUAM

[a8(p), alP) (p)]=3%,,, 8 (p—p) (2.10)
[a&-)(p), a(a‘;)(p’)]=0. (2.11)

M3 csotictea I. (2) 6yaet Toraa c/ienoBaTh, yTo npu npeobpa-
3osanuu L u3 G onepartopbt al{!)(p) nepexonsr B

al*) (p) — afh Lp)= U, ol (p) U - (2.12)
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Y1066 MOXHO OblIO CHPOPMYIHPOBATH YCAOBHE MPUYHHHOCTH
(1 BoOGlLe MPOBOLHTh KaKue-AuOO pPACCYXAEHUT O JOKAAbHBIX
CBOACTBAX TEOPHH), HaM, OYEBHAHO, HeOOXOAMMO Kak TO Hay-
YHTbCA pa3autams OmMOeAbHbIE MOYKU NPOCMPAHCMBA-BPe-
meru. Jlna 3TOA UETM ML MOCTPOUM U3 ONEPATOPOB POXKIEHH 4
¥ YHHUTOXEHHS INeMEHMAPHHLX 4aCTHIL OOBIYHBIE MPOCTPAH-
CTBEHHO-/TOKA/M30BaHHble KOMOMHAUMU;

SN S SRR, S IR ke (=) (k)
o 3 G QU O TR AT

kx = kOx® —Kkx, K= 4V k>4 m?

rie Mbl, YTOOBI He 3aTPOMOXIATb H3MOXKEHHH, BhIMCAI4 op-
MYy, OTHOCALLYIOCS K BelleCTBEHHOMY CKaJAspHOMY MoJio!).

Hanbhefiniee usnoxenre B 0ObIUHOH TeopuH MOXHO 0L Gbl
BeCTH MpuMepHO cJjenyiowum oOpasom. Marpuuy paccessus S
BCerla MOXHO MLICAHTb B Bile (pYHKILHOHAJIBHOTO Ppa3NOXKEeHHH
No ONepaTopaM pOXAEHUA M yHuutoxenus (cp. [26]):

S= Y [ ak ... dk dk]... dk| [";K)x

Lm 0
X a (k). .. a (k) et (k) ... atFIK)  (2.14)

(an8 NpPOCTOTH MBI CYyHTaeM BpeMeHHO, u4ro paboTaem ¢ 603e-
wactuiaMu oaHoro copta). Takoe pasnoxenue MOxuo Obl10 Obi
nepenucate ¢ nomowbio (2.13) B pasnoxkeHue MO HOPMaJbHBIM
npoH3BeJeHUAM noselk o (X):

RS ‘
S = Zfdx, e dX XX (x) g (xy)  (2.15)

n=4
8} onpede/lumb 1nocae 3TOro O6p&3088HHe Bapuaunonnoﬁ npo-

13BoAHOR S-Marpuitkl 1o nodo % (x), , € nomoiplo cie-

89 (x)

1) IMeHHO B 3TOM NYHKTE Mbl BllEepBbie CTAaNKHBAEMCA C Pa3nu-
YHEeM MEXNY 3JEMEHTAPHLIMH H COCTaBHbIMH YacTHUaMH. [lasa nocie nHuX
XOTS M MOXHO Obl10 Gbl BBeCTH (GOpManbHO onpeaenexne tuna (2.13),
HO (H3HYECKHH CMbICA TAaKHX KOMOWHAUHMH Obln Obl B ROCTAaTOYHOW
CTeNEeHH TEMHbIM.
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ayiowe#t onepauuu: O6epeTcs cymMma BCeX BbIpaXeHHH#, noJy-
4al0IMXC M3 Kaxnoro uneHa (2.14) nocnenoBaTebHbIM Bblyep-
KMBAHHEM OJHOFO H3 @ (X;) C 3aveHo4 Ha O (X — X;).

MMocae 3TOro Mampuunsie 3MeMmenmol MAMPUGb pacceaHus

Spwr =Py 2y - P2, | SIpLag, - poal)  (2.16)
MOXHO OblLIO Obl CBECTH K BAKYYMHbBIM CPEOHUM «PAOUALUOH-
HBLX Onepamopos»!)
ins

H(x,, ey xn)= .3(911 (xy).. 'B?an(‘x")

S*. (2.17)

B camom nene, B cuny (2.9) Matpuunblii snement (2.15) MoxHO 11e-
penucaTs B BHIE

<0

OrpannyuBasch MIs [IPOCTOTHI OUATL CAYy4YaeM CKalsPHbIX BEUIECTBEH-
HbIX mojedf, 3ameTtuM, uto H3 (2.10), (2.11), (2.13) nonyuaercs

a7 (py) ... a7 (py) Sat) (py) ... &) (p)) 0>. (2.18)
r al ad

H] “ipa
) (+) (oY) == 272 ¢ —
(95 (0 a(™ )] @) Vapo ’ ]
° tipe
() et e (2.19)
[ap (p)’ ?p’ (x)] (21:):1;12 V‘QF) ’
rae P=+Vprfm,

OTKyaa ANA NEepecTaHOBOUHBIX COOTHOLIEHHIl OlIePATOPOB POKIEHHS
M YHHYTOXEHHSA C MATpHiell paccesHHa creayer:

Lo S e ire
. (1) —_— T e
[3, a'? (p)l - (2.‘.5)"/2 '/ dx ;’:?F, (x) 1’r§_p—0 '

}

(- —_t_7 8S  erire L (220)
la!‘ )(p).SI By / dxa—-% %) ",.—2_2’_0 , l
)

rie onsTh P =V p*F md.

1) Boobwe Mbl 6yaeM HA3WBaThb PAOUAKUOHHHLM ONEpAmMOpOM
BCAKOE BbIPAKEHHE, KOTOPOE MOKHO MOXYYHTb H3 S W S+ npHMeHe-
HHEM KOHEYHOro Yuc/la Onepauuii BapHalHOHHOrO nH@depeHHpOBa-
HHS MO onepaTtopaM NOJs H YMHOXKEHHs, €ClH Toabko S H S+ BXOAAT
B TakOe BblpayKeHHe OJHHAKO30€ YHCAO pa3. Iloanoe yHcaO ¢urypu-
PYIOUMX BaPHAILMOHHBIX AHPPepeHIupoBaHnuit GyneM Ha3biBaTbL NOPA0-
KOM palHallHOHHOrO OllePaTopa.



28 OCHOBHBIE ®H3UYECKHE NOMYILEHHSA § 2

[MepetackuBas Ttenepb B (2.18) Bce onmepaTopsl pPOXKIEHHA HANCBO,
a4 OomepaTophl YHHUTOMKEHHs HANpaso, A€, NOAEHCTBOBAB HA BAKYYMHYIO
GYHKUHIO, OHH NanyT MyAdb, MOJYYHM (Mbl NMPENNIONATAEM, UTO BCE HUM-

nyapcol Py, ..., Pr H Py,..., P, PA3THYHL, B NPOTHBHOM CIyyae BO3-
HHKJIH Gbl ele uieHL! TOrO XK€ BHAA, HO MeHbluel cTenewu), uto (2.16)

MOXHO 3anHCaTh B BHAE€ HHTErpana
N .t
i Py - Y P2,
(2rimi- X))

1
Su-(o’ =" 3(r+s) del coedx, ... dx/ r+s — X
b ’ fom5 Vot
3(r+ag
013 = S
’<< B, (xg) ... 8?‘,’ (x,) o<pp" (x{) e 0'4’9: (x:) O>'

A=V
2.21)
[Tox muTerpanoM B (2.21) CTOAT KaK Pa3 BAKYYMHbie CPEHHE OT TOABLKO

YTO ONpEeAEeJEHHbIX PaaHallMOHHLIX onepartopos (2.17). JeficTBHTenbHO,
B CHNY YCNOBHHA CTaOHAbHOCTH Bakyyma L6 Mbl umeeM

s(r+a)g 3r+dg
o N 0 )= < n +
< 0 B9, (K1) -+ oq:p;(x:,) > <0 B¢py (X1) .- Bp,/ (x;) S 0>.
(2.22)

3ameruM, 0JHAKO, YTO B 3TOM BHIBOLE Mbl N0 CYLLECTBY pac-
cMaTpuBaiM @ (X) Kak npou3sBoJbHylo ¢yukuuio. Ho (2.13)
Heab3q, BOOOLIE TOBOPA, paspewuts otuocHtessno a'*’), no-
CKOJIbKY 9TO BBIDAKEHWE OMNpexe/seT He MPOM3BOJABHYIO ¢ (X),
a TOJAbKO @ (X), 0653aTeJbHO YAOBJIETBOPAIOULYI0 YPABHEHUIO

(O—m?o(x)=0. (2.23)

[Tostomy u3 (2.14) Heab3s noayuutbh (2.15)— @yHKuuoHar,
onpeaeneHnbiit s 60/ee WMUPCKOro KAACCa ONEPATOPHHIX yHK-
un#t ¢ (x), ne 0693aTebHO Y 10BJAETBOPAOWIMX ypaBHeHHI0 (2.23).
Ilanee, Mbl, Kasajsoch Obl, MPOU3BOAbHLIM 06PAa30M Ha3HAyWAH
npaBua0 BapuanuonHoro nuddepexuuposanus no ¢ (x). Hako-
Hel, MepeCTaHOBOYHbIE CoOTHowWwenus (2.19) noayuyaworca u3
(2.10,11), (2.13) onarb-Taku ToabKO AA ¢ (X), YLOBIETBO-
palomUxX ypashenuio (2.23), Mbl Ke [01b30BaJUCh HUMH AJs
NpOU3BOJLHOrO ¢ (X).

Cmeica npoBeseHHOTO TNpeo6pa3oBaHusi CBOLUTCA K TOMY,
YTO Mbl (PAKTHYECKH DPACIUMpHIH OMpeneseHue S-MaTpPULbI, CHH-
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Masi B (2.195) orpanuuenue (2.23) u paccMaTpuBas MaTpuuy pac-
CeaHMA KaK (QYHKIIMOHAM OT MPOH3BOJNbHbLIX, HO KOMMYTHPYIOWUX
(unu, a9 QepMHEBCKAX MOJeld, aHTHKOMMYTHUDPYIOMHX) ¢ (X)1).
lIpu 3TOM BCe, uTO HaM noTpebyercs AJs AajabHeHuiero, — 3To
nepecTaHoBouHbie CoortHouledus (2.19) stux QyHkuu#t ¢ one-
paTopaMu pPOXAEHHS U YHHUYTOMXEHHs, NO3BOJAIOUWHE YCTAHOBUTD
(2.20) u Tem caMblM NpPaBMJO IS CBedeHUS JIOGBIX MATPUUHBIX
3JEMEelTOB MaTpHLbl PAaCCesHUA K BAaKYYMHbIM CPEAHHM OT pa-
avauuoHnbix onepatopos. [lostomy M He GyneM Gonee ccbi-
JaThCA Ha aHajordio ¢ o0bluHo# Teopue#t, HO mpocTO moTpe-
6yeM BLINOJIHEHUS CJAELYHOINX:

II. JlokaabHbIX CBOlCTB

(1) DnemenrtapHble YaCTHUB XapaKTePU3YIOTCE OGO30HHBIMU
H (QEepMHOHHBIMH MOJAMH ¢ (X) C OOBIYHBIMH TPAHCHOPMALUOH-
HbIMH cBO#icTBamMu cBoGoanbix mnogeil. Onepatop S oGaanaer
BAPHALMOHHLIMM TIPOM3BOAHBIMM i060r0 TNOpAAKA MO 3THM TO-
aaM 2). Panuauuonnsie omepatopsl (2.17) ¥ ux mnpousseneHus
C He3aBHCHMBLIMM aPTYMEHTaMH SIBJISIOTCA MHTETpUDYeMbIMH, T. €.

1) INopuepkHeM, YTO TAKOE pACUWIMPEHHE HHKOHM O0pa3oM He BbIBO-
JMT HAC 33 PaMKH OObIYHOH TeOpHH. LeHCTBHTENbHO, U B OOLIUHOM M3-
AOKEHHH «NOASY @, (X) HCPAIOT ABOAKYIO PO/b: BO-NEPBHIX, CaM one-
patop S MbICAHTCS (PYHKUHOHANOM OT ITHUX MoJeH, a, BO-BTOPHIX, CO-
OTBETCTBYIOIHE MOMAM ONMEPATOPH pOXneHus H ynuuronenns a'*) cay-
XKaT IA8 BBLIYHCACHHA MATPHYHBIX 3JEMEHTOB 3TOro omepartopa. [lpum
3TOM B NEpBOil M3 3THX poJeil moJas Bcerja CTOAT MO 3HAKOM Xpo-
HOJIOrHYECKHX HJH HOPMAJbHBIX TIPOM3BEICHHH H IIOTOMY KOMMYTHDYIOT
(aHTHKOMMYTHpYIOT) IpYr ¢ apyrom. Kpome Ttoro, B 3Tom ciayuae mnpm
BADHHPOBAHHH HE HANATAETCH OTPAHHUYEHHH, CBA3AHHLIX C TEM, YTOOH
110/ YROBJAETBOPANH KAKHM-I1H60 ypaBHEHHAM. PAaKTHYECKH 3TO 3IKBH-
BaNeNTHO AOMYIIEHHIO, YTO S-MaTPHIAa PacCMaTPHBAETCA kaK pYHKILMOHAT
OT MNPOH3BOJIbHBIX KJACCHUECKHX (YHKUHH @, (X), B TOUHOCTH KOMMY-
THPYIOUMX (AHTHKOMMYTHPYIOUIHX), KOTOpble 06/1aaai0T AUlb MPaHc-
dopmayuorHb My c80OlcmBamu KBaHTOBHX mnoJeil. Hao6opor, npu
BLIMHCICHHH MAaTPHUHBIX 3/M€MEHTOB cyliecTsento, uto ) ssrgorcsa
onepamopamu, obnanaownMy coiicteamu (2.19).

2) Bapuauuounnple MPOH3BOJHLIE HMEIOT 31€Ch BCE CBOH OObIUHbIE
cBoitcrea. Mx TpancOpMayHOHHEIH XapakTep onpefensietcs TpaHcdop-
MauvoHHbIM XapaktepoM mnoieit ¢ (x). [lpou3sonuvie MaTpuubt S no
GO30HHBIM MOJSIM KOMMYTHPYIOT, @ 10 (ePMHOHHBIM — AaHTHKOMMYTH-
PywoT Mexny co6oil.
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BCe MAaTpHYHBIE S3JEMEHTH
(o|H(xy, ..., xp) ... H(zy ..., zp) | w")

CyTb 06001eHHbe PYHKUMH, WHTErPHpYEMble B OLHOM M3 K.JIac-
cos C(g,r) (em. (1.1), (1.2)).
(2) BunosHserca yc/oBue NPUYHHHOCTH B dopMme
) ( 3S
39 (%) \ 59 (y)
(3) Marpuytbie 3/1eMeHTH MaTpHLbl paccesiHus MOXHO MNpe-

06pa3oBaTh B BAKYYMHBIE CpejHHe DaZMALMOHIBIX ONEpaTopos,
noAb3yaCh (POPMAJbHBIMM COOTHOLUEHHAMH

st )_—_0 ans x Ly (2.24)

1) (+) _ 3pfp e—'ip.l'
[9, (. a7 (D] =
- Y -ipx
[0 (), 9, ()] = 225 £ (2.25)

@ Vo
P=+Vpitm?, |
M aHAJOTMYHBIMM COOTHOIUIEHHSMH I (PepMHUOHOB 2)
S// —
R e )(p) el =Y+ M,
(64 (") 4, (0], =[63(p). dur ()], =0. »

uts ) B
[ (x0), B4 (P)l (X%;.Z) e P po=V p24 M2,

(2.26)

1) 81‘0 yCJOBHE INIPHYUHHOCTH COBEPUICHHO aHAJNOTHYHO HCMOMb3O-
pasuieMyca B [16], kyza Mpt u orchiraem umratens. O6o3nauenHe

x Xy 03HAauaeT, 4TO TOYKA X JEKHT PaHble TOUKH y, MO0 OTAENeHa
OT Hee IPOCTPAHCTBEHHO-MOJOGHBIM HHTEPBAJOM.

2) MNpuBeaeM nads CHPaBOK OCHOBHble (GOPMYAbl 1NA CUHMHOPHOrO
nons, KOTOpbie BHIMONHAIOTCA B OGLIYHOH TEOPHH CBOGOZHOrO MOAs

B ynoTpe6GaseMoil Hamu HopmupoBke. Jlnn onepatopa noas ¢, (x) Mbl
NHILIEM pa3foxeHue

4 (X) = _'__ dk (™ 07" (k) 67), (k) + € a5t () 500}

(2m)"
2.27)
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3ameTuM B 3aK/IOYeHMe, YTO [/ BHIUMCAEHHT JIOGBIX Ma-
TPUYHBIX 3JIEMEHTOB S-MaTpPHUII HAaM HYKHO Oblja0 Obl MMeTb
KaKWe-TO aHaJoruyhble NpaBuiaa M 418 NpeoOpa30BaHui B paaua-
ILUOHHbIE OMNepPaTOpPbl MATPUYHLIX 3JEMEHTOB 1O COCTOSHUSM,

rie £, a M § — KBaHTOBhle UHCJIA, ONpENENAIOIHe UACTHUY, AHTHYA-
CTHUY, CMWHOBOE M HM30TONHMueckoe cocrosmne, b'*) — oneparopni
POKICHNS H YHHUTOXCHHA (epMHOHA B COOTHETCTBYIOIEM COCTOSHHH,

u.,‘ ~— COOTBETCTBYlOU[HE CﬂHHOprIe AMIUIHTY Abl. Torna nas AHPAKOB-

CKM CONpsAAEHHOro oliepaTopa u) (x) noayuuM pasnoxenue

@‘) (x) = /dk {e'klu""‘a(k) b(.-.) (k) + e_tk.r —a; (k) b( o) (k)}

2= )‘/
(2.28)
k=4 VK- M
Oneparopu POXACHHS M YHHUYTOXRCHHA YNORJACTBOPAIOT aHTHKOM-
MYTAUHOHHBIM COOTHOUICHUAM

[ b(+)aa (k)' bg;;'ﬂz’f:'(k,)];‘_ = ;’( )Y ;’M' awx’ 3 (k - k’); (229)

OCTaibHbIe AHTUKOMMYTATOPhHl PABHLI HV.IIO. limeloT MecTo cooTiomEHU A
JPMHTORA CONPAKEHHUSA:

(& @) =60 () (), (10)" = 6(), (k). (2.30)
W3 rtoro, uto ¥, yroBaeTBopser ypasHewuio lHpaka

.0 , 9 o
(111 Yy M) Y(x) = (l-;b-; — M) y(x)=0 (2.31)

caejyet, yTo aMIHTY AL 2( )% VIOBAETBOPSIOT YPABHEHHAM B HMMY.IbC-
HOM NpeNCTaBIEHHH

(tk = Myutes (k)= 0; wds () (tk— M) =0
k= + VKET ME
u (2.32)
(e —Myu—"(—k)=0; 4= (—k)(tk—M)=0
R= VKT M.

Kpome pasnoxenuit (2.27), (2.28), nam 6yzer ynoOHO HCMOAb30-
BATb U ¢)’pbe-npe06pa3onanuu

b (x) = (2 i f e~ irTy (D) dp 2.33)

B0 = g [ ¢ 0@ dp. (234)
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BKJIIOYAIOILUM CIOKHBIE YaCTHLB. DTO — BeCbMa aKTya/bHas H BaX-
Has 3allaya, HO OHa MOr.ja Obl COCTaBUTb MpelMeT CaMOCTOATe.Ib-
HOFO MCC/lelloBaHUs M 3lecb Mb He OyneM ee kacatbca. JLaza
BbiBOJA Haubo/dee HHTEPECHBIX [JUCNEPCHUOHHBIX COOTHOILLIEeHUN
MBI € pellieHHeM TOrO BONpoca He OyleM MMeTb HeJa.

B KOTOPHLIX He Mpexnojaraercs, 4ro 4, (x) u %‘(x) YIOBAETBOPAIT
KaKkuM-THOO YPAaBHEHHAM M COOTBETCTBEHHO BCE YeTbIPe KOMIIOHEHTLI
HMIYJbCa CYHTAIOTCA HE3aBHCHMbIMH. st PyHKUHMN, yAOBAETBOPAOUINX
(2.31), onepatophl %, (p) u ¥, (p) ceasanni c onepatopamu b'*) (p) coor-
HOlle HHAMH

U (0) = 25(27) "8 (p0 — Vo2 F M) ) S (p) 62 () +
+ 22 (2x) 7% (p0 4 V p2 + M?) uy S (— p) 672 (—p) (235)

H
T (p) = 20 2" (0 — Vpr F ME) . (p) 8 () +

+ 27 20 (p0 1 VP2 T M) S (— p) 52 (— p). (2:36)
S ={qa, s}

W3 pasnowenuit (2.27) u (2.28) u nepecranosox (2.29) wernocpen-
CTBEHHO [OJYYAIOTCA MOCTYJHPOBAHHbIE B TEKCTE AHTHKOMMYTATOPLI
(2.26). Buinmuem euie popMyabl AAs NEPECTAHOBOK ONMEPATOPOB YHHY-
TOXEHHA M POXIEHUA YACTHI C MAaTPHUEH paccesnus

(562 60 5]_ = (x5 |
) ‘ B;y; ()L (37)
[s. 8RR @) = f dx[h (0, 830, 5705 - l

3ameTuM, yTO B OTAMYHE OT GO3eBCKHMX MoaeH, xoraa gopmyiab (2.20)
OuliM B paBHOM CTeNeHH MPHUMEHHMbI KaK K CaMoil S-MaTpuue, Tak H
Kk 060 ee BapHauMOHHOH mpou3BogHOH, (2.37) MPHUMEHHMbI TOJLKO
K caMoi S-MaTpuue; a4s B3ATHA MOCAEAYIOUMX BapHauui no gepmu-
OHHOMY MOAl0 HY:XKHble (OPMYJAbl MPHXOAHTCA, H3-38 AHTHKOMMYTATHB-
HOCTH BapHALUH, BbIBOLHTbL 3aHOBO.




-§ 3. COOTHOWEHUS ME¥ Y PAJIHWAUHOHHBIMH
ONEPATOPAMH

3.1. B npeamayuiem naparpage Mbi BBEMH PaaMallMOHHBIE
oneparopsl pasdanyHoro nopsaka. CeHuac MBI XOTHM HCCJIE10BaTH
CBOMCTBA TAaKHX OMNepaTOpPOB MNePBOro M BTOPOro MNOPAAKa He-
CKOJIbKO moapobOhee. [1ockoabKy MHOrMe BbIKJAAKKM OyAyT Tpu:
9TOM COBEpIUEeHHO TPHBHAJbHBI, XOTS M 3a#MyT Hemalno MeCTa,
TO Mbl OTHeCeM 3HAuMTE/bHYI0 4acTb B Meskuit wpudr. Yurarteanb
MOXeT 0OpaliaTbCs K TAKOMYy Marepualy TOJbKO B TOH cTeleHw,
B Kako# cooTseTCTByOUIME (QOpPMY./Ibi MOHAN00ATCA AJd 1ajb-
Hefiuiero.

[Ipexxie BCero KOHKDETH3UPYEM H3/0XKEHHE, OrPaHHYMBIUUCD
NPaKTHYeCKH BAXHBLIM CJayuaeM B3auMONeHCTBUA (PepMUOHHOrO
(HYKJIOHHOT0) 1 6030HHOTO (T-Me30HHOrO) MoJe#. Mbi paccMoTpuM
TOMLKO OCHOBHOE M30TOMHYECKM WHBAapMaHTHOE B3aUMOIEeHUCTBHe
¥ He OyleM MpUHMUMaTb BO BHMUMaHHMe Ha/IMuhe 3KTPOMATHUT-
HOro u €/1a6oro B3aumMonehcTeufl.

Kak o06biuHO, HYKJIOHHOE TMoae Mbl GyjeM OMHCbIBATH CIHHOPOM

|
Y(x) = <"J” (")>. @3.1)

‘!JN (x)

rie Yp M Yy — YETHIPEXKOMNOHEHTHBIE CIIHHOPHbLIE BOJIHOBBIE (PYHKUMH

NpoTOHa H HeHTPOHA COOTBETCTBEHHO.
Me3sonHoe none 6y 1eM paccMaTpHBATL Kak MoJe C TpeMs BelleCTBEeH-
HBIMH ICEBAOCKANAPHLIMH KOMIOHEHTaMH 7 (), O0Pa3yiOIHMH BEKTOP

B H30TOMMuYeckoM npoctpanctse. Ilpu 3Tom, Kak O0ObIUHO, yacCTHUAM

at, 2" u 6yAyT COMOCTABAATLCA AMHEHHbIE KOMOHHALMH
i — Py ’
?+=%}%’, ?_=?‘—ﬁ?—‘, 0= ¥3. (32

3 3ak. 2670. BoroawGos u Ap.
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BbiGop BeleCTBEHHOrO NMpeiCTABJACHHs, XOTA MPHHUHMHAJIBHO H HeoOs-
3aTeJbHbIH, HECKOABKO YIPOCTHT AaAbHellINe paccyxieHua. Mol 6yneM
cyuTtaTh, 4to rpynna G Bxaouaer B ce6s, Kpome rpynns JlopeHua,
Bpal{eHHss B H30TOMHYECKOM TMPOCTPAHCTBE H rpasHeHTHbie Npeobpa-
30BaHUA MEPBOro poAa (pepMHOHHBIX TMoONEi:

¥ (%) - &% (), o = const. (3.3)

[Tpocre#linMH  pajiHallHOHHBIMU OflepaTopamu OyayT ofepa-
TOpHl NepBoro mopsaka. B cuay BhiGOpa BeieCTBEHHBIX ¢, (X),
TaKuX OMNepatopoB OymeT TPH (BMEeCTO ueThipeX B NMPOTHBHOM
ciayyae), HMeHHO:
3S

St AW =i—=St, A@¥)=—

3S +1
7T S

Jo (X)=i lm

).
(3.4)

Mbi 6yaeM HasbiBaTh 3TH TPH ONepaTopa moxanmu 2), neppeit —
6o3esckum, ABa nociaeanue — epmuesckunu. Jlerko BHIETb,
4YTO B CUIY YHUTAPHOCTH S 1 BELLECTBEHHOCTH ¢, (X) 603eBCKUHA TOK
Jo (x) apmurOB. B CaMOM ese, BHMNO/HSAS B NEPBOM U3 (3.4) spmu-
TOBO COMpsKeHHEe U MO/Mb3YACh YHUTAPHOCTbIO S-MaTpPHILBL, TIOJTY -
yaeM

35
8¢, (%)

o+ .
Jo (x)=j, (x). (3.5)
Bonpoc 06 9pMHUTOBCKUX CBOHCTBaX (epMHEBCKUX TOKOB OT/I0XKUM
no § 5.
Has panbHefiiero Ham OyJlleT CYLIeCTBEHHO OTMETHUTb, YTO
BaKyyMHble CpelHHE TOKOB PaBHbl HYJIO:

(01J,(x)]10)=0, (0] ~5(x)]0)=0, (0] ~(x)|0)=0. (3.6)

Jlng 603eBCKOr0 TOKa 3TO CjaefyeT M3 HHBAPHAHTHOCTH OTHO-
CUTENbHO OTPaXceHHH, a 45 HepMHEBCKHX — U3 UHBAPUAHTHOCTH
OTHOCHTENbHO TPajMeHTHHIX npeobpasosaHutt (3.3).
PaanauyoHHBIX OMEpaToOpoB BTOPOro nopsiaka (npocreiimero
suga (2.17)) B HaweM ciayuyae MOXHO Hanucatb wecTb. Ba-

1) @ — rpy3uHcKasa GYKBa HH».

2) Ha3Banue mOK OCHOBBbIBAETCA HAa AHAJOTHH C TEOPHEH BO3MyLie-
Huit, TNe MepBbill H3 STHX ONEPaToOpOB B NMEPBOM NPHOJIHAEHHH OyAeT
NPONOPUHOHAEH TIPOCTO Yy;Ted — TOKY HEeB3aMMONEHCTBYIOUHX dep-
MHeBCKHX wacTHU. OJHAKO CAOBa «6O3eBCKHi» H «(EePMHEBCKHI> MbI
yrnoTpesasieM 31eCh B HECKOMbKO HEOGLIYHOM CMbICIE, OTMEYas HMH, MO
KaKOMy MoJio np08oo0uaocs 8apbuposarue.
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KyyMHbIE cpelHue YETbIpex HU3 HUX

L 328 o
Olmmwes 9= ©ln 55 0=2 @.7)
325 22 .
0 |s@morsT|0="2 <0|5(3:)3T(y)_8+ 0)=0

paBHBl HYJTIO Ha Tex e OCHOBaHuAX, 4To (3.6).

Hrak, ecau Obl Mbl HHTEPECOBAIUCH TOAbKO BaKYyMHBIMH
CpeAHHMH pPaJMallMOHHBIX OfepaTopoOB, TO M3 OMNepaToOpPoOB BTO-
poro nopsgka Tuna (2.17) nam ocTagnocb O6b  PacCMOTPETH
TObKO ABa ONEparopa

LXAY +
5, (9 8%, ) 3.8)
74
S gt (3.9)
5% (1) 30 ()

Kak Mbl yBUAMM HMXe, JJis BBIBOAA AUCNEPCHOHHBIX COOT-
HOWEHNH IS ME30H-HYKJOHHOTrO pacCesHHs HaM Takxe Oyler
JOCTAaTOYHO pPacCMOTPeTb JHILIb paAnallMOHHbIf onepaTop (3.8),
TOYHee, €ro MAaTPHUHBIfl 3J]eMEeHT MeX1y ABYMS OJHOHYK/JOHHbIMH
cocrosHusMH. J103TOMY Mbl COCPEIOTOUMM HH)XKE CBOE BHHUMaHHE
Ha pacCMOTpPeHUH HMEHHO 3TOrO Oneparopa, MMesa B BHAY, UTO
Lis APYrHX PalMailMOHHBIX ONEepatToOpOB MOJAOCHOE UCCAE0BaHHE
BhIr/gaeno Obl COBepPLIEHHO aHAJIOTHYHO.

3.2. Yro6bl MOACHHTH HACIO MIAHHPYEMBbIX BbIKJIANOK, HANOMHHM,
4TO BAaKyyMHOE cpejHee OT pagHaUHOHHOro onepartopa (3.8) B cymge-
CTBEHHOM coBrnajaet ¢ pyHkuueidt 'pHHa nna 6030HOB, T. €. C BAKYYM-
HbiM CpEJHMM OT 7-TIpOM3BEJEHHA JIBYX OMNEPaTOpOB «CHACTOAINEro»
6osonHoro mnoas. C xpyro# CTOPOHH, B TEOPHH CBOGOIHOrO MOAs Ha-
pany ¢ T-npoW3BejCHHEM OKAa3biBAETCA BECbMa IMOMAE3HLIM paccMaTph-
BaTh H Pa3JNuHbIE JPYTHe NPOH3BEAEHHA (OOLIYHOE, CHMMETPH3OBAHHOE
H T. 1), 4TO TMPHBOXHT K BBEIEHHIO HapsAAY C NPHUHHHON yHKumMeH
H APYFHX CHHFYJASPHbIX (YHKUHA. Mbl XOTHM NpONENaTh TENMEpPb TO
Xe camoe 3xech, T. €. BBECTH Hapsaiy C PaiHallHOHHHIM OMepaToOpoM
(3.8) xpyrue onepaTophl, CBA3aHHbIE C HAM TaK Xe€, KaK Pas3iAnuHbie
CHHTYISipHbie )YHKLHH CBOOGOJHOrO MOAA CBA3aMbi C MPHYHHHON. Beege-
HHE TaKHX ONEpPaTOPOB OKAKETCA UPE3BLIYANHO MOJE3HEIM NS Nalb-
Helimero.

BuiuncauM anf 9TOH uenH BaPHALHOHHYIO NMPOH3BOXHYIO OT BBEjEH-
HOro Bblwe oneparopa Toka (3.4.1). Noayuaem

By () 8% s* 3 aSt
8, (y) 09 (X) 3%, (¥) by’ (x) 39, (y) *

(3.10)

3*
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rie oxMH M3 YIEHOB CMpaBa KaK pPa3 CoOBMAjaeT ¢ pajaHauHOHHBIM
oneparopoM (3.8). Bropoil wieH CrpaBa MOXHO BHIDa3HTb Yepe3 MPoO-
H3BEeJEHHE JIBYX ONEepaToOpoB TOKA, N0C/]E Yero NPHXOMHM K COOTHO IE€HHIO

328 3j,’ (x)
St () () —t 2

Sy (5%, () T 01y D=1 505
JleBass wactb (3.11) CHMMETpPHUHA OTHOCHTENBHO MEPECTAHOBKH 9p’ (X)

H ¢, (y). [losToMy, cosepillas Takylo nepecTaHoBKY, MOAYYHM alsi TOTO
#e oneparopa (3.8) eule H ApYyroe BbipaXeHHE:

828 i 8jp (¥)
e () 39p(y) ST == Jjr () —t bep ()

@3.11)

(312)

OTuenbHbIe uylNeHbl B MNPaBbIX YaCTAX ITHX BHIPAXEHHH ABAAIOTCA He-
KOTOPbIMH H3 HOBbIX PaJMaUHOHHbIX ONEPATOPOB, KOTOPbie MBI BBOJHM.
3. HeTpyxHo ynOBHTb CMBICH BBEIEHHBIX oneparopos. JeHcTBH-
TEJNbHO, NepBbie YieHbl B npasbix yactax (3.11), (3.12) — sro npocro
NPOH3BEEHHA TOKOB, T. €., ONEPaTOPbl, KOTOPbiE COOTBETCTBYIOT CHHIY-
aspuoiv dyrkunam D) m DY) reopun cBoGommoro mons. Hmxe,
paccMaTpHBAsA HX MaTPHYHbIC SJNE€MEHThbi, Mbl YBHIHM, B KaKOM HMEHHO
CMbIC/Ie OHH IEHCTBHTENbHO COAEPAAT JHIIb YAaCTOTHI OJHOrO 3HAKA.
YT0o6bI BLIACHUTL CMbICA BTOPLIX 4YaeHoB B (3.11), (3.12), pacnumenm
HX qeges S-maTpuuy m obpatHMca K ycaoBuio npuunnHocTH 1L (2)

3 § 2. Mbl yBHAHM TOr1a, 4TO
A (x) B 58 r)
— % 0) = 500) (;’W o) S )—0, ectn y X x, (3.13)

8je (¥) 3 3S ., -
— i3 = - = — ) : 4
Bor (9~ Sg0 (1) (ocpp(y)s ) 0, ecm xXy (3.14)

8jp’ (%)

5]
T. €. oneparopbl — lw u —1 _:’_p_(l)_

d¢p’ ()
KaK onepexaioulas H 3anaspabiBalouias ¢ynkiuuu [puua.
Ecmu yuyecTh Tenepb cootHoutenHs (3.13), (3.14), To Mbl noxyyum
u3 (3.11), (3.12), uto
3S v_ [ —ie @je(») mpu x>y,
290" (X) 590(y) —Jje(Jjer (x) npu  y>x,

T. €. paduayuonHuii onepamop (3.8) swpaxncaemcs 4wepe3 T-npous-
8e0eHue 003€8CKUX MOKOE 1)

LXAY s
890" (x) 890 (¥)

BeAyT ceba TaKk xe,

(3.15)

¥ =—T (o () o). (3.15)

1) TMoauepxuem, uto ¢opmynsr (3.157), paxTHUECKH ABAAIOIIHECH
onpeneneHneM GHurypupyiowero B (3.15) 7-npoH3Be 1€HHA, ONPEIEASIOT
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Haxownel, BoimoaHssa Han (3.11), (3.12) aHTHCHMMETpPH3ALHIO H CHM-
METPU3ALHIO, Mbl TMPHAEM K KOMOHHAUHAM, AHAJIOTHYHBIM CHMHLYNsPHBIM
dynkuuam D u D (:

e () L Bie(y)
]

—1 =jo (X)jo M) —Je (M Jer (x)  (3.16)

L2160 %p’ (%)
H
. e 828 be(y) ¥ (%)
Jor () Jo(¥) +Jo (¥) Jp (x)——QWP,(x) bo(y) 0% (%) wp();)?)'
3.

B wactHocTh, u3 (3.16) caenyer, ecan yuecrs (3.13), (3.14), uto

Ue (0): o] =0 naa x~y 1 e (x—y2<0, (3.18)

1. €.,4Mmo0 OASL AHAN02u4H020 D-PyHKyuu paduayuonnozo onepamopa
coxpansiemcst ee 8adCHeiduwee €80licmgo — 00pau,amocss 8 HyAb 8HE
c8em06020 KOHyca. Mbi XoTeaw OBl 31eCh MOAYEPKHYTb, YTO TaKas
OCOGEHHOCTb OOYCJIOBNEHA HAJNOXKEHHbIM HaMH TpeOOBaHHEM NpPHYHHHO-
ctu (I1. (2) n3 § 2). Bonee Toro, panoM aBTopoB HMeHHO TpeGosatue (3.18)
HCMONb30BaNOCh NPH BbIBOAE NHCMEPCHOHHBIX COOTHOLIEHHI B KayecTBe
yCAOBHS NPHYHHHOCTH 1),
Ias nanbueiiniero HaMm MOHajOOGHTCS elle COOTHOLICHHE

djor (%) _ . %p (x) \T
) —( 6?9()')) ’

CNPaBeHBOCTb KOTOPOr'O CTAHOBHTCS OYeBHIHOH, €C/IH BCIOMHHTb, YTO
KaK jp' (X), TaK H $p(y) 9PMHTOBBL

3.4, llepefizem temepb K YCTAaHOBJEHHIO CNEeACTBHH, KOTOPbIE BbI-
TEKAIOT AIA MAaTPHYHLIX 3/JeMEHTOB PaXHALHOHHBIX ONEPATOPOB MO JHO-
ObiM COCTOAHHAM H3 Mpe608aHUsL MPAHCAAYUOHHOL UHBAPUAHMHOCMU.,
Kax XOpolO H3BECTHO, A MATPHUHbIX 3JMEMEHTOB OMEPATOPOB BTO-
poro TmopAgKa MO BAKYyMy 9TO TPEOGOBAHHE MPHBOJHUT K TOMY, YTO
MATPHYHBIE 9JMEMEHTHI MOrYT 3aBHCETb TOJAbKO OT DAa3HOCTH X — y.
Jlns MaTpPHYHBIX 9JEMEHTOB O NOGLIM COCTOSHHAM MOMOXKEHHE Beuleh
HECKONbKO YCJHOAKHAETCSH, XOTA H HE MPHHLHMHAILHO.

JlocTaToOuHO, OYEBHAHO, OrPAHHYHTLCS PACCMOTPEHHEM MAaTPHYHbIX
9JIEMEHTOB 110 COCTOSIHHAM C OINPEeJeHHBIM MONHBIM HMNYJAbCOM P,|p, S)
(ocTanbHble KBAHTOBHIE YHCIA 00O3HaYaem yepe3 S), 06PasyolHe co-
riacHo pomywmiennio L. (4) u3 § 2 moauyio cucremy. Mrak, paccMorpuwm,
HanpuMep, MaTPHYHbIA 91E€MEHT MWLy CoCToAHHAMH |p, S) u | p/, §')

(3.19)

€ro aHib aaa x < y. Iasa x =y 3HaueHnue (3.15) ocTaeTcs Heonpeue-
JEHHbIM, UTO CKAXETCAd HHXKE B BO3MOXKHOCTH ROOABHTH K COOTBET-
CTBylouM ¢ypbe-06pa3aM HEKOTOpbie MPOH3BOMNLHBIE MOJIKHOMBI.

!) 3ameTHM, uTo OaHO TpeGosanme (3.18) eue He obecneun-
BA€T BhINOAHEHHe YCHOBHA NPHUHHHOCTH (2.2). Ycaosuio (2.2) sksu-
;2Jlem‘u§ COBOKYNHOCTb yCN0BHA (3,18) M COOTBETCTBYIOUIHX 2PAHULHBLX

206U, ’
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pannagHoHHoro oneparopa (3.8)
o 328 +
L 1 I | S).
S srmmm S|P
B cuay TpaHCIAUMOMHOH HHBAPHAHTHOCTH TOMKHO OHITH

525
(p's | S ) lp' $)=
328

—/ r or| ira =
(8|7 ot = )

_ i(p’-p)a ) +
¢ <p,’sl‘5?9’(«\‘—4)3?9(}'—0)8 p,S>,

L)
rie p — onepatop MOIHOTO 4-HMOYJAbLCA, COOCTBEHHBIMH COCTOSHHSMH
KOTOPOro ABJAIOTCA [0 NONYU{eHHIO coctosauus |p, S) u |p’, S’). Bu-

S+e— pa

X
6upas Tenepb @ PaBHBIM ( 42_), ), BHIHM, UTO OMEpaToOp MOJ 3HAKOM

MaTPHYHOrO 3MEMEHTa OKAa3biBAETCH 3ABHCAL{HM TOJbKO OT Pa3HOCTH
(x — y). CrenoBaTenbHO, MOXKHO 3alMHCATh:

pr—p
¥ —e 2 @ty Fx—y),
(7 S’l Tor (0) 339 00) O "" )= 520

rie MHOXHTENb [ 106aBleH H3 COOGpPaKeHHH COOTBETCTBHA C ompeje-
JIEHHEM CHHI'YAAPHHIX (yHKuHH s csoGoaHoro moas. Tem Xe ompe-

nensierca M 3Hayox ¢ y F(9. 3xech u nmxe B popmynax (3.20) — (3.25)
paju KpPAaTKOCTH COBOKYMHOCTb HHUEKCOB p, p, S 06o3naueHa uepes a,
a—p’, p/; S’ — uepes o.

CoBepLIeHHO AHAJOTHYHO MOTLYT ObITh INPEACTABAEHbH MATPHUHbIE
SNEMEHTH M /S APYTHX PaiHALHOMHBIX ONEPaTOPOB BTOPOro MOPsiKa:

P -p
37 i (@+y)
<p',S’l;;::,(-%z-)’p, S)=—e ° Fag (x—y.  @21)
, 22 4hy)
<p’.S’ l ?%‘;(%) |p, S> =— ° PR (x—y) (322
2 (z+y)
P S i () je(N) — Je N Jor (X) 1P, S)=—1e e Foo(x—y),
(3.23)
. P2y
(P S e e ) Fie OV e ()12 Sy = B 0 Fl(x—y),
(3.24)
1 3jo(y) 3jpr (x) 22wy
_2'<”"S’|6<Pp' 0 T () lp,s>=—e : Fow (X4 y).

(3.25)
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3.4.1, [lna mMpoM3BeNEHHH TOKOB MOXHO, KOHEUYHO, TOXeE, C yYeTOM
TPAHCIAUHOHHOH HHBAPHAHTHOCTH, BHIMTHCATb BbIPAaXEHHs:

’ ooy . T ) -
P S"Vje () je) | P, S) =—1te F (x—y) (3.26)
i”'—z—-” (+y)

(P S lje Jo' (X) 1 p, Sy =ie F)(x—y). (3.27)

ONHAKO 37€Ch MOXHO MOHTH M Ralblle W BHIACHHTb CTPYKTYPY QyHK-
HHH F(a‘w) 6onee noxapoGHo. MMeHHo, B cuay donywenus 1. (4) u3 § 2

0 noanOme cucmeMst ynxyul ¢ onpeseIeHHBIMH HMILYAbCAMH, MOKEM
Pa3loXHUTh MaTPHUHbIA saeMeHT B leBoi uacTu (3.26) B npoussedenue
Mampu4HoLX N0 MEHMOS TOKa:

P’ S e () Je) |, S) =
= [ak Y S iy )1 kn) (knlip) Ip. S). (3:28)
n

Tenepb MOXHO GyJET BOCIOAb30BATBCA TPEGOBAHHEM TPAHCAAUHOHHOM
HHBAPHAHTHOCTH 0AS KAx#c0020 u3 (GHUrypupyioluux B (3.28) omeparo-
pOB TOKAa M MPaBas 4acTh NMPHMET BHA

—ik” (x—y)+ip’x—ipy

Y fax . 8 1j @ 1kn) kn1jo(@) 1p, S) e :
n

(3.29)
CpaBHupas 3To0 Bhipaxeuue ¢ (3.26), nonyyaeMm sgustli sud Pynxyun

FU), Buipawennbiit Tenepb TONbKO 4epe3 MampuiHeie 34eMeHMbl

mox08 B Hayan€ KOOPJHHAT:

FQ =1 3 [ ak ('S Ly )1k, n) (K, n17,0) 1, S) X

n
{-i (VME,H" - 1%”-%“ <u+"+2"'> x }
Xe ! , (3.30)

rie M2 =#2, 1. e B cocroammn k, m k% — K = M2

BaxcHocTs ¢opmyast (3.30) COCTOMT B TOM, YTO TMOCKONBKY, KaK Mbi
YCTaHOBHJH Bbillle, pA3AUYHbE DAOUAYUOHHbIE ONEpamops. BTOPOrO
nopsaxa ces3anst Opyz ¢ Opyzoit COOTHolleHHamu Tuna (3.10—17), To
OHa jaeT BO3MOXHOCTb B NPHHIHIE BbIPA3HTh BCE PajHALHOHHBIE OME-
PaTops! BTOPOro NOPAIKA Yepe3 oneparopsl nepsoro nopsauka. [pasna,
KaK Mbl NPOAEMOHCTPHPYEM B clexyllleM naparpajge Ha mnpHMepe
BAaKYYMHBIX MAaTPHUHBIX 3JEMEHTOB (CP. TaK¥Xe JHCKYCCHIO B KOHIE
JTOro naparpaga) NpH 9TOM HEOOXOJAHMMA H3BECTHASA OCTOPOXHOCTH
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B CHNY CHHTYJIAPHOTO NMOBENEHHA DPaiHALMOHHLIX ONEPaTOPOB.MPH COB-
MANEHHH apTyMEHTOB.

3.5. W3 onpenenennit (3.20—27) u nonyyeHHbix panee COOTHOLUEeHHH
Mex 1y PanMalLHOHHBIMH ONepaTopaMu CAelyeT ueablii pax coomuoule-

Huld  MexwcOy PyHryuamu Fe, ., FO), fpexne Bcero, nepe-
craass B (3.22) u (3.27) x H y, ybexnpaeMmcs, 4To

P (x) = Py i3y (— %) (331)
Fﬂ;’;)(X) p F( D (—x), (3.32)

rue Ppo' 03HayaeT onepaTop MEepecTaHOBKH HHAEKCoB p H p/. Temepb
u3 (3.11) u (3.12) noxyuaem:
FE(x) = F{) (1) 4 Fiy (0) = F) (1) 4 Py Fion (— ), (333.0)
FIN ) = — F{D () + Fi (x) = P, FID) (— %)+ Fiat (%), (3.332)
Hcnonnsys eute u (3.16), HatineM, uto
Fao®)=—=F 3 0+ FEW=FL@OFFIx (339
HIH
Fro (x) = F{ ) (x) — ,1-( S (—x) = F*x) —~P, F'“(—x)‘(3.34')
Cpasuusas (3.25) ¢ (3.21) u (3.22), sunumM, uro

Fiet (%) + Fay &) P+ Py Fao (%)

Foy (X) = 5 . (3.35)

Haxonen, cpasuusas (3.24) ¢ (3.26) wu (3.27) u yumtmBas (3.17),
o0Hapy:KHBaeM, uTO

FU) (o) = i) () — L2 () = 1(FE3) (0) + P FL(— ) (3.36.1)
H
FO () = 209 () — i (x) — iF27 (x) =

= 2i (F{9) (x) — Fy, (1)). (3.36.2)

BuinHmeM elie coOmHOwWeHUsT Ipmumosa conpaxcenus. Brinoa-
HAf B (3.30) xoMNJeKCHOEe COMpsXKeHue, HalxeM, YyTO

FUx) = —F# ) (— x). 337



§ 3] COOTHOWEHHS MEXAY PALMALMOHHHIMH ONMEPATOPAMH 41

Jlaaee, H3 (3.19) Jerxo MOAy4YHThb, 4YTO
Fi& (x) = P, Fist¥ (x). (3.38)
C nomouibio 3THX ¢Gopmya H Beipawenni (3.34’), (3.35) dyHkuHH F,,
u F,, uepes FI& jerxo nosyunt H TpaBHAa AMs COMPAKEHHA
pyukunit Fo, n Fy,:
* —x —
Fou (%) = PPP, Foo(X);  Fy(0)= PPP. F., (x). (3.39)

OnHaxo NoAHOE IPMHTOBO CONpsAxeHHE NOMKHO BKIIOUaThb B ce6s,
KpPOME KOMIUIEKCHOTO COMpsKEHHA H MepPeCTaHOBKH MHAEKCOB a H o,
el(e M 3aMeHy x Ha — x (nmepecTaHoBky x H y). UToOnl yCTaHOBHTH
npaBHAa AAfA  TaKOro COMPAXKEHHA, BbIACHHM CBOHCTBA CHMMETDHH

a
ITH CBOHCTBA COBeplICHHO oueBmuHbl H3 (3.347), (3.35):

(GyHxknui F,, wm F,, TpexcTaBiasioiiHe H CAMOCTOATENbHbIH HHTEpEC.

Fo(—=X)=—P F oy (), Fau(—X) =P, Fo(x) (340

M OTJHYAIOTC OT CBOHCTB CHMMETPHH COOTBETCTBYIOUIHX CBOGONHbIX
CHHI'YNAPHHIX QYHKUHH JHUIL MOSBICHHEM onepaTopa P,,/, BblpOX 1aio-
1eroca B CaAyyae CBOOOLHOTO MOJA B €IHHHYHbLIH. "

C nomourbio (3,40) MoxHO cpa3y HamHcaTb

Fh () =Fi (—x)=—F,, (x) !

e (3.41)
I'aw (x)_’Fwa( X)—l'am(x), ]

1. e. Mampuya F,, (x) anmuspmumosa, a mampuya Faw (x) apnmu-
mosa. 3ameyas Temepb, YTO.

I. ;i: (x) = Faw (X) + _;Fato (x)’ \
1 (3.42)
P (= %) =Fpp (9 — 5 a0 (%)

BHAMM, uTO f,, (X) Tpencrasaser Co6oit IpMumosy =acme 3anas-

Ovisarn ued Mampuysl F:f_f (x), a 2% F g (X) — aumu3pmumosy .

3.6. Bosspamasce teneps K csoicTBam cummerpuu (3.40), BHaHM,
4TO W3 9IPMHTOBOH M AHTHIPMHTOBOH uacTeidl MaTpHub FIe (x)

aw

MOXHO 06pa30BaTh ABE KOMOMHALHH, ¥emHble OTHOCHTEJHHO OTpPaMe-
HHfl X —> — X! ’

(1= Ppy?) Foo (— %) = (1 — Ppy*) Fyo (%) (3.43)
(14 PPP') 73‘“"(_ x)=(1+Py') Fofu) (x), (3.44)
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H 1Be HewemHsle KOMOMHALUH:
(4 Ppp') Fo (— %) = — (1 4+ Pppr) Fupo (%) (3.45)

@ _PPP’)—F—au)(_x)=—(l —I—PPP')Faw(X). (3.46)

ITH CBOHCTBA CHMMETPHH, EPENHCAHHBIE B HMITYIbCHOM MpeACTaBAeHHH,
HAIyT HaM BO3MOXHOCTb HHXE, NMPH BHBOAE AHCMEPCHOHHBIX COOTHO-
uieHui, H36aBHTbLCA OT MHTETPHPOBAHHSA IO OTPHLATENbHBIM 3HAYEHHAM
SHEepruH.

3.7. Bepuemcs, B 3akiioueHue, elle pa3 K OOGCYKIEHHIO
cootHowenn#t (3.15). Kaxk Mbl yxe moauepkuBald, OHH BHpa-
KalOT BO3HMKAIOULYI0 B TEOPHH BecbMa JIOOONBITHYIO CHUTYalLHIO.
C onHo#t cTopoHnl, (3.15%) ssipascaem paduayuonnsii onepa-

328
By (x) B9, (¥)
IBYX TOKOB, T. €. Yepe3 paduQuuoHHble ONePAmopbs. nepsozo
nopsdxa. C apyrofl CTOPOHBI, Takoe CBeJeHHE ONepaTOPOB BTO-
poro mnopsiaka K onepatropaM NepBOro MOpPfAfKa He yAaeTcs Mpo-
BECTH MOJHOCTbIO: dopmyasl (3.15”) nHuuezo ne 2080pam o 3Ha-
YeHNM paJUAlLlMOHHOro OfepaTopa BTOPOro NOpAAKAa Npu cosna-
Oenuu TOYEK X M y (TOYHEE, KOHEYHO, O MPABHJAX HUHTEr pupo-
BaHM B OKDECTHOCTH X ==y). MoxHO O6bl10 OBl CKasaTb, 4TO
828 s+
39y’ (1) 3%, (¥)

CBOJMTCS K pajaMallMOHHbIM ONEpPAaTOpaM NepBOro Nopsaaxa ¢ mo4-
HOCMbIO 00 NPOU3BOALHOZ0 KBA3UAOKAAbHOZ0 ONnepamopa.
(Onpenenenne KBa3uJIoKaJibHHX onepatopos cM. [16].) [lpm
nepexone K UMNYAbCHOMY MpPEACTAaBJEHUIO STOT KBA3HJIOKAJIbHBIH
onepaTop BHIPa3uUTCA B BuAe AoOaBasiouierocs K ¢ypoe-obpasy
npou3soasnozo noaunoma. (Cp. HMKe Auckyccuio B § 4 nocre
(4.38).) droT pe3dyabraT BecbMa OIM30K K MOJYYEHHOMY OAHHM
u3 asropo (H.H.B.) n IlupkoBeiM [16] npu nocCrpoeHun
TeopHn S-MaTpHuUbl HA OCHOBE Da3J0XXeHMs MO MajioMy napa-
meTpy cBsi3u. CylLleCTBEHHBIE OTJAHYMS COCTOAT, OAHAKO, B TOM,
YyTO, BO-TEPBBIX, 3TH aBTOPH, HMess B CBOEM DPAaCMNOPMHKEHUH
JarpaH)XMaH, MOFIM ONpEeNeJUTb C €ro MOMOLLbI0 CTeNeHb Mpo-
M3BOJbHOIO NOJUHOMA H, BO-BTOPBIX, YTO BXOJfliHe B MNpOU3-
BOJbHbBIE NMOJUHOMbI NPH DA3JIUYHBIX CTENEHAX MOCTORHHHIE yAa-
BaJOCh B KOHLE OODBEAUHUTb B ONHOM OOOGUIEHHOM JarpaH-
KuaHe. JIpu HaweM Xe MyTH NOCTpoeHns TeOpuH Booluie 6€3

mop ST Broporo mopsiaka uepe3 MpousBeleHue

paAnauMOHHBI# OMepaTop BTOPOTO MOPAAKA
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MCMO/Mb30BAHUS JIaTPAHXUAHA CMENEHb NOAUHOMA TPHUXOIHUTCS
8600umbs B TEOPHI0 KaK HEKOTOpOE HO080e mpelosarue, onu-
pasCb, €CTECTBEHHO, Ha COOTBETCTBHE C IKCIEPUMEHTOM.

BosHukalomas A1 paAvallMOHHOrO ONepaToOpa BTOPOro Mo-
psAKa CHTyaluMsa 4BJAETCA He HCKJIOYEHHEM, HO MPaBUJIOM H AJf
BCEX palHalMOHHBLIX ONEpPaTOPOB BHICUIMX MOPAAKOB. VimeHHO,
MOC/IEA0BaTebHbBIM TIpUMEHEHHEM YCJIOBH NPUUYHHHOCTH (2.24)
MOXHO TOKasaTb, YTO Ji06OH palnaunoHusifi oneparop (I + m—+
—-n)-ro mopsAka CBOZMTCA K XPOHOJOTHYECKOMY NPOU3BENEHHUIO
TOKOB:

31-0- m+ns +

B (xg) oo BT ()Y () -on B (Ym) B9 (21) -+ . B9 (21)
=T () ... O@DAWY --.

AW o J (@) (34T

Orciola, KOHEYHO, HeMelJeHHo O6yner cJeloBaTh, YTO JMHO6HIE
MaTPUUHble 3/MEMEHTH TaKOTO ONepaTopa O0AfL 8CeX DPA3AUYHBLY
QApPeYMEHMO8 Xy,..., 2, GYLYT BHIpP2XaTbCA Yepe3 MaTpPHUHHE
3/JEMEHTH TOKOB C NOMOINBIO CYMM, aHaJoruunbix (3.30). Oa-
HAKO NPH KaXJIOM €08naderuiu KakK¥X-1H6O TOYeK Xi,..., 2,
6yeT BO3HHKATb CBA3aHHBIA C HeoONpeaeTeHHOCTbI0 T-npousBe-
NeHus MpOU3BOJ, KOTOPHIft MOXHO €yleT Bbipa3uTh Ao6GaBleHHEM
NPOU3BEAEHUA NPOU3BOALHO20 KBAIUAOKAALHO20 ONepamope Ot
COBMNABIUMX TOYEK Ha TOKHM B OCTaAbHHIX TOukax. bosee noapol-
HOE pasBUTHE STHX HAe# BbIBEIO OB HAaC AaJNeKO 32 PaMKH BH-
BOAAa AMCMEPCHOHHBIX COOTHOLIEHU# U, BO3MOXHO, MOTJO OB IO-
CIYXUTb OCHOBO# HOBOrO MOAX0Aa K NMOCTPOEHHIO KBaHTOBOMH
TEOpUH Nous.



§ 4. BAKYYMHBIE CPEAHME
BO3EBCKHX PAJMALHOHHBIX OMEPATOPOB
BTOPOT'O MOPSKA 1)

4.1, B 3rtom naparpade mbl 3afiMmemcs 6o/ee NoApPOOHLIM
UCCJEI0BAHAEM CPeOHUX MO 8AKYYM) OT PACCMOTPEHHBIX B § 3
panMaunoHHbX onepaTopoB. Ouu OyayT onpeaeaaTbcs O6ULUMH
dopMmyaamu (3.20)—(3.27), B npaBHIX 4acTAX KOTOPHIX TEMNepb
-1 g—z—pl(w+y)
BbINAJeT MHOXHTENb e
TATCA NMPOCTO B p U p’, Hampumep,

(0

Jlanee, BcaeacTBHE HM30TONHYECKOH MHBApHAHTHOCTHA 3aBUCUMOCTb
OT U30TONUYECKHUX HHAEKCOB CTAHET JHAaroHaNbHOH, U Mbl 6y.lleM
nucaTb

, @ MHAEKCH @ W w npeBpa-

N

+
89’ (X) 5% (¥) S

0 > = iFf,? (x—y).

F (x)=3,, (), (4.1)

rae (?) o3Hauaer oAMH u3 3HaukoB (¢) ... (+4).

1) Martepras sToro H cieayiouero mnaparpagos, XoTs H He
HMEIOIHA M[PSAMOrO OTHOLIEHHS K JHCMEPCHOHHBIM COOTHOLICHHsM,
BKMIOYEH HAMH B H3JOXEHHE C LEJbI0 MOACHHTb OCHOBHOH METOR
AHAJHTHYECKOTrO MPOROMKEHHs H NPOMMHOCTPHPOBATh NOAOKeHHs § 2
Ha BO3MOXHO O6ojee npoctoM fnpumepe. [IpH BbIBOZE CHEKTPatbHbIX
NpeACTaRICHHH PpARHALMOHHBIX OMNEPAaTOPOB BTOPOrO NOpsaKa cyule-
CTBO METOZA HE 3aTEeMHSETCSs MHOTOYHCACHHBIMH ACTANAMH CAOXKHBIX
paccyxneHnH, KOTOpbie G6YAYT HEOGXOLMMBI MPH BHIBOAE RHCNEPCHOH-
HbIX cooTHoweHuit B §§ 6 u 7. IlosToMy uMTaTeab, HHTEpPECYIOUIHHACA
AN JOKA33aTENbCTBOM QUCNEPCHOHHBIX COOTHOLIEHUH, MOXET ormyc-
THTL §§ 4 n 5.
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Hauhem c paccmorpenns npeacrasaenns (3.30) Fly) uepes
MAaTPHYHbIE 3/EMEHTH TOKOB, KOTOPOE€ 3alulIeTCs Tenepb Kak

Y SO =1 2 fdk (01, )|k, n) (k, n]j, (0)]0) o= k02" +ikx_

4.2)
[oxaxem, uto B cymme (4.2) Mralilne WieHbl OTCYTCTBYIOT.

HeiictBuTeasHo, unen ¢ n=0 (Bakyym)l) o6pamaercs B Hyab
B cuny (3.6). Bymem cumrarh, 4TO B cymme (4.2) HM3WHMH SHEpreTH-
YECKHMMH COCTOSIHHSAIMH MOCAE BaKyyMma ABASIOTCA COCTOSIHHS C OXHHM,
ABYMs, TpeMs H T. X. ME€30OHaMH (T. €. GyXeM CUHTATb, 4YTO HE CyW(eCT-
BYET CBSI3aHHBIX KOMIIEKCOB ME30HOB H HYKJOHOB C MAcCOM, MeHbluei
3m — 1pex Me30HHbIX Mmacc). Torna o6paTurcs B Hyab M wieH B (4.2)
¢ n=1 Me3ony. B camOM pese, ecu B3ATb MATPHYHBIA IJEMEHT Me-
KAy BaKyymoM (0| M OgHOMEe3OHHbIM cOCTOSHHEM |1, k) OT BTOporo u3
paseHCTB (2.20), TO B 71€BOM YacTH BO3HHUKHET BbIpaeHHe

(01af7) () S11, k) — (0182l (p)| 1, k),

TOXACCTBEHHO pAaBHOE HYJMIO, TAK KAaK B CHAY YCIOBHS CTaOHABHOCTH

1. 6) u3 §2 S moxHO Gyner BTaAHYTH B o6pamasoutue a'~) amnantygst
coctosauus. [Mostomy

3S l o' e —
f‘”‘(‘) B3¢p’ (%) “‘) QVE—O’ po=+V ottt

Ho
3S 1 . ___l_ . —ike
<0|Wll,k>=—l-(0].lp ()| L k) = =<0 Ljpr (0) [ LK) e~

H NMOTOMY Mpeablayuidii MHTErpad AaeT NpoCTO 3-(YHKUHIO, H MbI PH-
XOIHM K TOXAECTBY

3p—k) 2 (Vo2 mE— Vi mENQljy (011, k) =0,
H3 KOTOPOro HEMEIJNEHHO ClexyeT, B CHAYy NpPOH3BOJABHOCTU P,
(01jer ()1 1, k) = 0.

1) M HaldeeMcsi, 4TO YHTaTelb He OyaeT BBedeH B 3a6JyXKaeHue
TeM, Y4TO Mbl HHOT'ZA HCMOAB3YyeM GYKBY 7, — O3HAYAOULYIO BCIO COBOKYII-
HOCTb ONMHUCHIBAIOUIAX COCTOSHHE KBAHTOBBIX YHCEJ, KPOME HMIYabca, —
TaKKe M NMPOCTO Aasi OGO3HAYEHHA 4uCAa wacmuy B COQTBETCTBYIO-
uiem coctosanuu (cp. [22], cTp. 252).
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PaBeHcTBO Hymo MaTpuuHoro saementa (1]j,(0)|0) BmBognTCs Tak
we. Hakouel, B CHAy NCEBROCKAASAPHOCTH ME30HOB GYAYT PaBHBbl HYMO
M MaTpHuHble SJEMEHTHl TOKA MEXAY BAKyyMOM H IBYME3OHHBIMH CO-
CTOSHHSAMH.

Mrak, cymMa B (4.2) HauMHaeTCas TOABKO C TPEXME3OHHHIX

COCTOSHMM, T. €. HaWMeHbllice 3HAYeHHe Ky eCTb 3m.
4.2, Mepenuwem cymmy (4.2) B BHIE YETHIDEXMEPHOTO HH-
terpajia Pypbe:

8y fN(x)=
=ifdk2 (Oljp’ ) |n, k) (n,kljP 0)]0) e~k X
n>3
X3 —) Mitke). (4.3)

Bpons Tenepb ¢ypbe-obpasbl Aas Bcex ¢yHkunt f@(x) ¢ no-
MOLIBIO ONpejeneHNs

10 (0) = s [ A e~ g (o), (4.4)

BHAUM, 4TO (B CHIY NPONOPLUOHAIBHOCTH JEBOH uacru (4.3) 3,
npaBasg 4acTh NO/MKHAa OBITb paBHa HYJIO npu p +0o u J.laBaTb
ONMHAKOBHE pe3yabTaThl ads Jwoboro p=p’)

e )(k)—<2u)412|<0|1.,<0)|n, k) 23 (0 — )/ Mitke).
(4.5)

OpnHako, C APyro#t CTOPOHBI, H3 MCEBAOCKAIAPHOCTH @, (X) Cie-
nyet, uto ¢ynkunn £¢~)(x), a, cnepoparenbho, u g¢)(k), noa-
HBI GBITb MHBAPUAHTHBI OTHOCHTEIbHO Npeobpa3oBanuit Jlopexua,
uckaouas ompascenus spemenu. Jlosromy g (~)(k) moxer 3aBu-
CeThb B AEHCTBUTEILHOCTH TOJbKO OT k2 M 3Haka RO, T. e. ot 6 (k).
Ho n3 (4.5) BHAHO, YTO OHAa COAEDPHHUT TOJbKO MOJOXUTEIbHEIE
yactoTH. [103TOMy fICHO, YTO MOXHO HamucaTb

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

rae ¢yukuus [ 3aBucur yxke Toabko oT k2. CpasHuBas 370
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puipaxenue ¢ (4.5), sameTum, uto (4.5) MOXHO mepenucaTb Kak
g(")(k)z

= @0t X[ (014, 0| nk) 22}/ M4 K2 8 (k2 — M) 0 (k).
n>3

(4.5)

Taxum 06pasoM, Mbl npeactasun g¢-) (k), — Koropas B cuay (4.6)

JOJ/DKHA BbIPaXaThCA B BUAE NPOM3BENCHHs WHBAPHAHTHOH (YHK-

unu Ha Y (&%), — B Bune npoussenenns 0 (&%) ua pyskuuio, ABHO

He 3aBUCALLYI0 OT BbI6OpA HampaBieHUs BpeMeHu. Tem CaMbIM Ml
MOXEM YTBEPXKLaTb, YTO

l(k2)=(2ﬂ)37§3|(0 17, (O | n, k) P2 M2+ K2 5 (k2— M2).
4.7

W3 (4.7) crelyoT HeMej1eHHO 1Ba OCHOBHBIX CBOHCTBA (YHK-
unn /(k2):
1. 1(k) =0 nns k2L (3m)?;
< (3m) } 4.8)
2. I(k%)> 0.
3ameruMm eute, uyto B cuay (4.8.1) (4.6) Moxuo mepenucaTh
B BHAE

g) (k) =2mif (&%) f 3 (k2 — m2) [(m?) dm? =
(3my

= fgo(-) (k, m?) I(m?) dm?2. (4.9
(B3m)?

ITO TaK Ha3bIBaEMOE «CNIEKTPaJbHOE» NpeiCTaBieHHe AIf QYyHK-
LHK, Ype3BHlYAWHO NPOCTO CBA3aHHOM (cm. Huxke) ¢ g(7) (R),
6bin0 noayyeno BnepBbie JlemaHoM [19] u Yennenom [20]. Vimu
Ke 6blIM ycTaHOBJIeHH M CBo#cTBa (4.8).

4.3. Wrak,

01/ (%) 7, (3)]0) =3, j Cdk e~k @90 (R0) 1K), (4.10)

npOHSBO,ﬂﬂ 31€Cb 33aMEHY X <«— Y, NOJy4uM

1,0y (0 =3, [k et @00 (— %) 18, (4.11)
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DTHM ONPaBABIBAIOTCHA BBEACHHHE paHee 3Hauku (—) um (F): OTpH-
I{ATEALHO-4YACTOTHAS QYHKUHSA REHACTBHTENLHO COmEPIKHT TOALKO OTPH-
HATeAbHbIE, a MNOJOKHTENbHO-4aCTOTHAS — NOJOAHTENbHBE YaCTOThL
TMoguepkHeM, YTO 3TO OOCTOATENLCTBO MOKA33HO TOMABKO 1Jdst BaKyyM-
HbIX MaTPHYHBIX 3J€MEHTOB, 1A MAaTPHUHBIX 3JEMEHTOB MO NMPOH3-
BOJAbHBIM COCTOSHHAM 3TO CBOHCTBO MOXET, BooOle roBopsi, H HE
BBINOJAHATHCA.

BcnomuHas Tenepb cooTHoweHus (3.33), mepexond B HUX
K ¢ypbe-ob6pazam ¢ nomoutblo (4.4) ¥ MOACTaBAAA BbIPaXKEHHE
(4.6) nas g (=) (k) n crenytowee u3 (4.11) Bhipaxenue

g (k)= — 2mi 0 (— k%) I (k?) (4.12)
ans g (Y) (k), noayuaem:
g°(k) = 2xi 0 (k%) I (k%) +- g™V (k). (4.13%)

g% k)= 2nib (— k%) I (k*)+- g™ (k). (4.13")

M3 stux cdopmya noayuaercd OLHO upe3BbHIYafHO BaXKHOE CJel-
crBue. VimeHno, 6aaronapsi TOMbKO YTO YCTAHOBJIEHHOMY CBOfi-
crBy (4.8.1) cmexrpanbHO# ¢yuxkuun /(k%), MB BHIUM, UTO
npu maablx umnyabcax k%< (3m)? ¢ypbe-o6pa3sl BCex Tpex

dyuxunt g, galv y gret copnanaior:
ge(k)=g*Vv (k)=g™t (k) npu k2< (3m):. (4.14)

310 06CTOATENBCTBO MNOCJAYKHUT HAM OCHOBOH NpH YCTAaHOBJE-
HAM  aHAJMTHYeCKHX CBOHCTB Qynkuutt g(7) (k), gV (k),
gret (k), KoTopbiM MBI cefiuac 3afimeMcs.

4.4. Paccmorpum moapobuee ¢ypbe-obpas

gt ()= ffret (x) eikz dx,
B KOTOPOM B CHJIY YCIOBHS NPHYUHHOCTH
' fret (x)=0 am xX0. (4.15)
[TokaxeM, 4TO0 3TOT ¢ypbe-06pa3 MONKHO NPOAOKUTL B 00-
1aCTb KOMIIEKCHBIX R, 3aMEHUB
k—>k=p+il'y p=Rek; I['=Imk,
ecau 4-ektop I' yIOBJIETBOPAET YCAOBHIO

I'>0, 4.16)
a p— mob6oe.
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KMmeem Toraa

gret (k) — ffret (x) einz p-Tz gy — gret (p + lT).

SICHO, uTO B 3TOM MHTerpaje 3KCroHeHTa e—TI'Z 6yjeT pexyuium
($aKkTOpOM, O0OECNEYHBAIOIIHM €r0 CXOXMUMOCTb. JleHCTBHTEAbHO, MbI
s.craa MoxeMm B cuay (4.16) Bbl6paTh cuCTEMY OTCueTa, B KOTOPOH
I' = 0, crexoBaTeabHO, SKCMNOHEHTA NPHMET BHA

e-T'z' 1" >0.
Ho coraacuo (4.15) uHTerpHPOBaHHE NPOH3BOAHMTCS (PAKTHYECKH JAHWDL

N0 BHYTPEHHOCTH BepXHell 1IONOBHHBI CBETOBOrO KOHyca, rje x0 >0

2
<X,

CaenoBaTenbHO, QyHKuHs A (x) = eipz ¢—~I'z GyneT npHHaRAEKATDH
nekoropomy kaaccy C (g, 7)), B KOTOpOM

_ on h (x)
hmn—Sup|x|m!———-———0x”“.oxa” < const
s mobsix m=0,1,...,r, n=20,1,...

) q-
C npyroit croponbl, coraacho ¥ caosuio H.(1) u3 § 2 dyHkuHs
fret (x) nonxHa ObITb HHTErpHPyeMOM M NOTOMY HHTErpai

f ) h(x)dx= f frc' (x) PP T 4y (4.17)

MOKHO paccMaTpHBATh KaK JAMHEHHbIH (YHKLHOHAN B MPOCTPAHCTBE
¢yukuuit A (x). CregosatenbHO, 6YAYT CXOIMTbHCA KaK CaM HHTErpan
(4.17), Tak ¥ ero mpou3BOIHBIE MO A:

i ffm (%) Xoq -+« Xog T gx.

Takum oGpasom, gret(k) OyaeT aHAIHTHYECKOH ¢yHKuuein 2 B obaa-
ety (4.16).

3amerum nagee, uro uHTerpan (4.17), O6yayuu auHeHHbIM
dyukuuoHasom B C(g, ), LOMKeH OBITb TEM CaMBIM OTpaHH-
YeH Nno abCoJIOTHOH Beanuuue JUHEHHOH KOMOMHauUMEH BEIUYHH
hy,. TlOCKOAbKY NpOM3BOAlLIE OT A€ 10 X NMPONOPUHOHANLHB
CTenmenssm R, TO Mbl BAAMM OTClolA, 4TO ¢yHKuusa g'®t (k) Bo3-
pacraer Ha OeCKOHEYHOCTH He ObICTpee HEKOTOPOro NOaHUHOMA
no k (pa3ymeercs, mbl HMeem 3Jecb Ael0 C 06JaCTbi0 R, B KO-
TOpO# HepaBeHcTBa (4.16) He ocnabasioTcs).

-_—

1) Cm. cHocky Ha crp. 9.

4 3axk. 2670. Boros60B H AP.
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bypre-o6pas g™ (k) a9 AeHCTBUTEBHOrO B MBI MOXEM
Tenepb onpedesums Kak HeCOOCTBeHHbIH npeles uHterpana (4.17)

lim — gret(p—+il') = g (p)- (4.18)
r>o0r>o0

4.5. CoBeplIeHHO aHAJOrMYHO TOKA3BIBAETCHA, 4TO ypbe-
obpas

gadv (k)=ffadv (x) etk 4 x (4'19)
MOXHO NPOMOJXKUTb B KOMIJEKCHYIO NJIOCKOCTb C YCJIOBUEM
<o (4.20)

U onpeleJuTh nocne 3Toro uHrerpana (4.19) xak Heco6CTBeH-
HbIf mpene
lim g (p+4-il') = g*'7 (p). (4.21)
<o, T'>»o0

Takum oOpasoM, Mbl BBeld ABe GyHKuuM gret (k) u 247 (R)
¥ JOKasaJ¥ HX aHaMUTHYHOCTb B oOaacTax (4.16) n (4.20)
COOTBETCTBEHHO.

4.6. Jlerko BuIeTb, YTO M3 BBIBEJEHHOrO paHee COOTHO-
wenna yeTHoctH (3.31) caeldyer, yTO MeXAy BBeJeHHHIMUH (YHK-
1LuIMA

gret (k)= gret (p+ lT) — f fret (x) ez p-Tx gy

r>o
1 (4.22)
gadv (k) =gadv p+D= f fadv (x) etz o-T 4y l
r'<o J
CywecTBye€T COOTHOLIEHHE
g (—p—il)=g* (p+il) (4.23)
r>0.

4.7. Ilna panbHeRIIMX pacCyXAEHHR (GUKCUPYEM CHCTEMY
orcueta, BuOpaB ee Tak, 4ro6s I'=0. B cuay Bpemenuno-
no6roctn I' 3TO Bcersa BO3MOXHO U HMKAaK He OrpaHUYMBaeT
0O6LIHOCTH.

3aiimemcs cHauana QyHKuMei gret; GpyHxumio galv Bcerga MOMHO
6yseT TOAY4YHTL H3 Hee ¢ mnomoubio (4.23). M3 coobpaxennit peas-
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THBMCTCKOH MHBapHAHTHOCTH f'®!(x) MOxeT 3aBHCETh B HNeHCTBHTENb-
HOCTH TOALKO OT x2 M sign x0. Ho rorza m3 (4.22) BHIHO, 4TO 3Ha-
yeHHs MHTerpana (4.22) aas ABYX KaKMX-1HGO 3HAUEHHH &, CBSI3aHHBIX

npeo6pasoBannem Jlopenua L™, He BKJOYAIONUM OTPAXEHHs BPEMEHH,
6ynyT npocto cosnagath. Ho mo6ble aBa KOMIIEKCHBHIX BEKTOpa &,
18 KOTOPHIX onpeneneH HHrTerpan (4.22), 06a3aTennHO CBs3aHbl npe-

00pa3oBaHHEM LY, nockoabky TOAbKO Takue npeo6pa3oBaHHs coxpa-
usior ycaosne 100, CaenomatenbHo, JdeBast 4acTb (4.22) sBasercs
a8 BCeX K, YymoBaeTBopsouwux ycaoruio 120, I'0>0, dyrrxyued
moasko om k2. Wrak, gret(p - il') sBaseTcs HEKOTOPOM aHaJIHTHUe-
ckoit ¢pyukuueit G (k) ToabKO OT K7

gret(p + i) = G (#?), (4.23")
ONpefeneHHON AHIIb AAA TaKHX R, 118 KOTOPBIX
(Im £)2>0; Imk0>0.

Yro6bl HaiiTm 064acTh aHAJAHTHYHOCTH 3TOH (YHKUHHM Ha KOM-
IEKCHON MAOCKOCTH k2, 3aMeTHM, YTO B CHAy AOKa3aHHOH aHaJMTHY-

Hoctu f™(p 4 iT) B Bepxmeii noaynaockoctu no IO, dyrxuus G (k2
6yxeT, OYEBHAHO, AHANMTHYHA B HEKOTOPOHl TOYKe .

R=(=¢+ iy
£ p2— 102 — oo 4.249)
=p =10 n=2pT",

KOAb CKOpPO MOXKHO HaliTH XOTs Obl OxHMH BeKTOp k = {p,-+ IT0, p},
ynosaeTBopsiiouini (4.24), BpeMeHHas KOMIUIEKCHAas COCTABAAIOU[ast KO-
TOpPOro Jaexana O6bl CTPOro B BepxHe# noiaymiockoctd. Ho u3 cBa3bl-
Baiownx {=E-+iq u £ dopmya (4.24) cpasy BHIHO, 4TO 3TO BCErxa
MOXHO CAejaTh gis M0GbIX TOUEK KOMIUIEKCHOH MIOCKOCTH & =& i,
MCKJI04ast neHCTBHTEAbHYIO MOJNOXHTEIbHYIO T0ayOCh

n=Im#%)=0; E=Re(k2)>0. (4.25)

WUrak, dynkuns G(k%) aHaTMTHYHA B KOMIIEKCHOR MAOCKOCTH
k% Bciomy, Hcko4as ACHCTBUTENbHYIO NMOJOXUTENbHYIO NO.JIYOCh.
Ho ¢ynkuns G(k?)— 310 OyHKUUsS OJHOTO CKaAgpHOTO MNepe-
MEHHOro, W OHA «HE 3HAeT», BO3BeleHMEM B KBAalpaT KaKoro
BEKTOpa BO3HMK 3TOT aprymenr. [lo3ToMy caenaHsas mnoc.te
(4.23") oroBopka Tenepb yxke He HyxXHa — G (k2) 6yaer aHaau-
THYeCKOH ¢yHxkune#t g JAIOOHX KOMNJIEKCHBIX BEKTOPOB &,
KBajpaT KOTOPbIX HE €CTb BEUIECTBEHHOE MOJMOXKHUTEAbHOE YUCIO.
Hakowen, B cuay samewanus mocae gopmyaw (4.17), na Gec-
KoneuHocTn G (k%) MOXeT BO3pacTaTb He ObicTpee NOMHHOMA.

4*
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4.8. Onpeneaum Tenepsb 1Be (BooOGuie rosops, 0000iueH-
nwle) dynkunn G, (p?) n G_ (p?) kak HecoOCTBeHHbiE Npelensl:

G, (p>»= lim G (k?, npuuem Im(k2) > 0, Re (k%) > 0 (4.26.1)

Im k>0
1

G_(p>)= lim G(k?), npuuem Im (k2) << 0,Re (k%) >0.(4.26.2)
Im k* >0

CpasuuBasd ¢ momowbio ¢opmya (4.24) npesenpusitt nepe-
XOL Ha JeHcTBUTEAbHYIO ocb B Gyukuun f (k) u B G (k2)
npu ycaosun Re (&%) > 0, Buaum, uto
G, (p» >0,
G_(p) PP <0 }

p*>0.
CsotictBo cummetpun (4.23) naet nam Tenepb HeMeJT1eHHO
G_(p®» p° >0,
G, (p» <0 }
p*>0.

Mrak, Mbl NOJYYHIH BLIPQKCHHUS A4 OOOOIEHHBIX (YHK-
unit gret(p) u g¥V(p) B BHAe HECOOCTBEHHLIX NpeNesoB HeKo-
TOpO# oaHOR anaauTHYecko#t ¢dyukunn G (k%). O6pawasce onarh
K (4.24), nattaeM, 4yTO 3TH npeleibHble COOTHOLIEHHS MOXKHO
3anucaTh M B 60Jjee NPOCTOM U CUMMETDHYHOM BHIE:

g (p= { (4.27)

v (p) = { (4.28)

gt (p)=lim G (p*>+ iep®) (4.29.1)
20
]
g3 (p) = lim G (p? — i=p°). (4.29.2)
e>0
e>0

3ameyas Tenepb eule, 4to B cu.ay (4.13)

g¥v(p) p°* <0,

&= {gm(p) P >0,
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BUAMM, 4TO OYHKUMIO £° (p) MOXKHO 3andcaTb B BULE HECOO-
CTBEHHOTO Tipejefa

g° (=0, ()= lim G(p*+ie)"). (4.29.3)
e >0

Hakoneu, Buiunutas (4.13”) u3s (4.13’), HaxonuM, umes B BULY
(4.27) n (4.28), 019 pasHOCTH npeleqbHBIX 3HAYEHUH HA JAUHHH
paspesa

G, (p?)— G_ (p?) = 2xil (p?). (4.30)

3 ycTaHOB/IGHHOTO paHee mepsoro cBoicTa (4.8.1) crekrpasb-
ot ¢yukuuu /(p?) BumHO Temepb, uTO JAMHUEN pa3pesa Ha
KOMIIEKCHO# maockoctH k2 nas G (k%) Oynmer He BCa nmefi-
CTBHUTEJbHAS MOJNOXKHUTE/IbHAS TOAYOCh, HO JHLb ee YacTb

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

4.9, YcraHoB/JeHHble HaMH CBOHCTBA AHAJAUTHYHOCTH QYHK-
unn G () 1 10 ee CBOHCTBO, YTO OHA BO3pACTaeT HA GECKO-
HEYHOCTH He ObICTPeEe HEKOTOPOro MOJHHOMa OT 4, mno3BoasT
HAM NOCTPOHTE. Yyepe3 MOCPEe/CTBO TOMbLKO YTO BHIBEIEHHBIX Mpe-
neabHbiX dopmya (4.29), nas dyukunit gc(k), get(k) u g2iv (k)
CMeKTpajibHble NPeNCTaBieHHst TOTO Ke THNA, YTO H MOJY4YeHHOe
Bhilie npeactasienne aag g-) (k). Ilas 310# ueau Mbl BOCMOJb-
3yeMcs nofpobHo obcyxnasuetcs B § 1 unrerpaavHoit dopmy-
aoft Ko,

byaem cuntath, uTo ¢yHkuus G (£) Bo3pacTaeT Ha GECKOHEYHOCTH
He ObicTpee (™. Torxa cornacHo § 1 uurerpanbHyio dopmyay Kommn
MOXHO IIPHMEHsTb, OTOPAchiBass HHTErpUpoBaHHe no 60JblIOMY KpYyry,
K QyHKUUH
G

= 4.32
h (C) (;; . m?_)n‘l'l i ( )

koTopast Gyner 061azaTh, KpOMe JHHHH pa3pe3a oT (3m)? 1o co, eue
U nonocom npu § = m?2, [To3ToMy KOHTYD MHTErpUPOBAHHA Mbl Bbi6epeM
CICIYIOIHM O6pa3oM: BBIXOJst M3 Hauala KOODJMUHAT, OH MpPOHJET He-
CKOJBKO Bblllle 1eHCTBHTENbHON OCH K - 0O, 3aTeM BKJIOUUT B cebs
GOabIIOH KpYr M BO3BPATUTCS B HAYal0 KOOPAHHAT, TPOXOAS HECKOAbKO

1) 3ametuM, uto B ¢opmynrax (4.29) Mbl ONYCTHAM yKa3aHHe Ha
BPEMEHUNOIO6HOCTb BEKTOPa p Ha TOM OCHOBaHMM, 4TO aas p2<0
byuxuus G (p2) peryaspHa H, CAEROBATENbHO, CIOCOG IpexelbHOro
nepexona npocro 6e3pas’iHyeH.
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HIXe 1eficTBUTENbHOH ocH. B cuay csoifcts dynxuuum k(%) unrerpan
no TaKOMy KOHTYPY CBEAETCH K pPa3HOCTH HHTErpaloB IO BEPXHEMY

M HUKMeMy Oepery JMHMM pPaspe3a M MaloMy KOuTypy C,. BOKPYT

ToukH § = m? npOXOIHMOMY B OTPHUATENHHOM CMHICIE. MTak, MOXeM
HAMHUCaTh:

C—m)™+t § ay G ()

Oni & — mg)n+1 [ g

Gl =

"

7

o
4 C=m" / Gt (N— G- ()
2ni (3';5)2 & =0 - mZ)n1—1
BMecTO pasHOCTH MHTErpajOB IO BepXHEMY M HHXKHeMy Gepery JIHHHH
paspesa Mbl HanMCalH 31eCb, B COOTBETCTBHH C onpele/eHusmu (4.26),

pasuocts G4 (§) — G- (§). Mnrterpan no C,, naer

i i1 G ) Y C—m ) (o
— -_— = < (] J (m )’
7 ¢ § - A

. . mg)n+1 (cl —t N
‘m
M NO3TOMY
[eo]
: 1 (@®)dt
£2) = (k2 — m2)" 1 /
r@=Em i Cmm T C— R *
< k2 2
+ Z G7 (m?) (_"‘J_'m)_ . (4.33)
j=0

3Ty GOpMyJNy MONKHO PacCMaTPHBATL KAaK CNIEKTPAJbHOE NpPE/CTaBleHHE
s ¢yuknun G (k2), B KOTOPOM (QHUrypHpyeT Ta e CneKTpalbHas
¢yuxuusa /(k?), uto u B (4.10), (4.11).

4.10, Boimonuas Tenmepb COOTBETCTBYIOIHE TNpejelbHbIE NMEpPexolbl,
NONyYaeM ClieKTpaabHbie NPEACTAaBJEHHS M 1S HENOCPEICTBEHHO HHTe-
pecylouwx wac dpynxumit go (p%), £ (p”) u g*% (p2):

[ee]

¢ (p?) = G4 (p?) = (p*—m)"*! /
(3m)3

I () dt
(t—m)* (C—pr—ie)

+

n
i E GO (m2) ﬁ‘ﬂ_"ﬂ)f (4.34.1)
=0
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ret cio
a.dv)( (a2 n+l 1(¢) d’,
p) = (p?— m?) 5 -
¢ (3,;,{2 C—m) " g LepD)

n .
R 2 ___ m2\V
+ Z G (m?) (”J—.,”". (4.34.2)
j=0 ’
YCTaHOBHM Tenepb, HEKOTOpblE CBOHCTBA 1O CYWECTBY HEONpeie-

NEeHHBIX KO3 (PUILHEHTOB G? (m?), ..., Bxopsmux B (4.33), (4.34).

[okaxeM mnpexiae Bscero, yro xko3apouuuent GO pasen HyJo. Pac-
CMOTPHM JAfl 3TOrO MAaTPHUHBI 3MeMEHT S-MaTpuubl MeXIy ABYMs
OIHOME3OHHLIMH cOCcToAHHAMH |p’, p’) u |p, p). Cornacuo (2,9) ou
GyneT pasex

(P " 1Sp, p)=(0]al p") Sal (p)| 0)-

[lepectaBasis 31eCh aMNIKTyIbl POXIEHHSA HANEBO, @ AMINIMTYAbl YHH-
YTOXEHHs HANpaBo C IIOMOWbIO NEPeCTaHOBOYHbIX COOTHomeHHi (2.25)
u (2.10) u noabaysach ompexencHueM (QYHKUHH ¢¢ (p), NOAyYHM 1as
9TOr0 MAaTPHYHOIO 3JEeMEHTa

(P, P'ISIp, p)= .
T r
=(0laf P e @ 10)+ 38 (' —p 2o (p) (43

P=+Vptm; po=+Vpitm.

Ho, ¢ 1pyroii ctopoHbl, B CHIy ycAOBUSI CTa6MAHLHOCTH OJHOYACTHUHBIX
coctoanu# L.(6) u3 § 2 9T0T MaTpHuHBI! 3MeMEHT paBeH OAHOMY JHUb
nepsoMy uleHy mpasoii yacth (4.35). Mtak 1),

g (p)=0 mnpu p’=m?
GO =0, (4.36)

lMokaxem Teneps, u4to BCe KOHCTaHTH GO, ..., G™ pomxHH GHITH
BELECTBEHHLIMH. JTO YTBEPXIEHHE JOKA3bIBAETCA HEMEINEHHO, eClH
3aMETHTb, YTO M3 COOTHOLIEHHA CONPANKEHUs

f(ret) (x) = f(ret)* (%) (3.38)

OTKYyAa clexyer

cienyer
g0 (k) = gV (— &), (4.37)

a uuterpan (4.34.2) cam o6napaer 3THM CBOHCTBOM.

1) 310T pe3yabTaT ABAAETCS, KOHEYHO, COBEPUIEHHO €CTECTBEHHbIM,
TOCKONbKY OH BbIPaXaeT NPOCTO TO OGCTOATENbCTBO, YTO B TEOPHH,
Onepupyolei ¢ caMOro Hayala ¢ pealbHbIMH YaCTHLAMH, HE MOXeT
ObiTh NEpeHOPMHPOBOK ONHOYACTHUHBIX COCTOSHHN M BaKyyMa.
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Hrak, ¢pypbe-006pa3bi Bcex TpeX TPHHOOOPA3HBIX MATPHUUHBLIX
3/IeMEHTOB — 3aMa3AblBAOINEr0, ONEPEeXKAIEro 1 PUIUHHOIO —
HOMYCKAIOT CMeKTpajibHOE TpeLCTaB/ieHHe BHIA

(o]
n+1 1(%)a. +
(c _ m2)n+1 (( _pg . ie)

g (p?) = (p*—m?)

(3m)?
n
+ Y, Ci(m2— ), (438 1)
i=1

ret
g(“‘”) (p) = (p* —my"*! /
(3m)?

I(%)dt
& —m2)" (% — p? Fiep0)

+ N Cim—pY's (4389

=1

C; — BellleCTBEHHbI.

4.11. C noMouwibio nojayyeHHbIX B § 3 COOTHOLIEHU Mexay pa-
IMAUHOHHBI MY ONepaTOPAMH U3 CIIeKTPaIbHbIX IpeAcTaBaeHuit (4.38)
MOXHO MOAYYNTb CNEKTpanbHbie NPEACTABICHHUS H A BAKYYMHbIX
MAaTPHUHBIX 3JEMEHTOB BCeX OCTaAbHbIX paJMaUMOHUBLIX Ofepa-
TOpOB. 3aMeTHM, 4TO NpuU 0OpPA3OBAHHK AMHEHHBIX KOMOMHALWH,
COOTBETCTBYIOLIUX BCEM «HEr pHHOOOPA3HbIM» MATPUYHBIM 3/ieMeH-
ram (g9, g, g n g®), sxomswue B (4.38) HeonpeneseH-
Hble TOJMHOMBl YHHMUYTOXATC$, a TOA MHTErpajaMu BO3HMK-
nyr 3 (5-— p?), 6aaronaps KOTOpuHM MHOXHTean (p?— m2)" BHe
M BHYTDH MHTErpajioB COKPAaTATCH, W Mbl NOAYYUM TNPEACTABJE-
HHE B TOYHOCTM TaKOro e BHAA, KaK HafigeHHOe Bblllle Npen-

craBienne (4.9) mas g (). Ilaa rpuHooOGpasHoft GyHKuuu g
1
noayuntca npeicrasienne Ttuna (4.38) c 3ameHoit [y
1
Ha P —.
{—p?

Mrtak, Mbl BBISICHWIH, YTO MO OTHOLIEHHIO K CHEKTPaibHbIM
NPeACTaBACHHSIM HX BaKYYMHBIX MAaTPHUHbIX 3/JEMEHTOB BCe pa-
HAMALHOHHBlE OMeEpaToOphl BTOPOrO MOPsAKA Pa3AeNsioTCs Ha ABe
rpynnel. Jlas MaTPHUHBIX 3JEMEHTOB <HCrPUHOOODA3HBIX» Ome-
paTopoB MOJAYYaKTCA MpPOCTblE CMEKTpa/dbHbie TNpPEeACTaB/eHUs
Tuna (4.9), B TO BpeMs KaK A48 <«FPHUHOOOPAa3HbIX» — CIOXKHbBIE
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npeacTabieHus tuna (4.38). dtu nocieaHne GbLAK NOYYEHB] HAMH
1 0BObHO TPOMO3IKUM NIYTEM yepe3 UCCJeN0BAHHE AaHANHTHYECKOTO
noBelleHHs COOTBETCTBYIOIUX (YHKUHH.

MoxHO 6bl10 6Bl MONMPOOOBATH MOCTYMUTH M HHAa4Y€ — HEMO-
CPEACTBEHHO TEPEXOAHTH OT CMeKTPaibHOro npeacrasienns (4.9)
pas g(=) (k) u ananoruunoro aas g+) (k) K cnekTpaibHbiM Tpel-
CTaBJACHUIM I «TPDUHOOOPASHBIX» (QYHKUUR C nOMOIUbLIO, Ha-
npumep ana gc¢(k), dopmyn tuna (3.15%). Ilpsmas BuKJIanKa
npuBesa Obl HAC TOrAd K CNEKTPANbHOMY NPENCTABJEHUIO «IIPO-
CTOro» THNA

gewy= [ iy (4.39)

(3m)?

A g° W TAKMM Xe NMPeACTaB/AeHUSIM, OTAMYAIOUIUMCS JULIb CNO-
cobom obxona nosioca npu m?= k2, fas Apyrux «rpuaoobpas-
Hux» ¢yHkuuit. VimenHo rakoft nyTtb Ouin u36pan B pabote Jle-
mana [19]. .

OnHako B AEHCTBUTEJNBHOCTH STH TPOCThie TPeNCTaBJeHUs
oka3aaucb Obl, BOOOUIE TOBOps (eCAM He HaJaraTth XeCTKOro
orpaHHueHHs Ha MOPANOK POCTA CNeKTpadbHOH ¢yHKUHMR HA Oec-
KOHEYHOCTH), JHUIIGHHBIMH CMbICAA, TMOCKO/NbKY WHTerpan no m?2
6yner pacXoAuTbCs. [leACTBUTEbHO, A/ «HEFPHHOOODPA3HbIX»
GYHKUM#® sApa CHeKTPaAbHHX NpeacTaBieHuit 00s3aTenbHO CO-
AepiKaT 6-PYHKUHIO, TOYeMy HHTET pupoBaHue B popmyax Tuna (4.9)
(hakTHueCK¥ TPOU3BOIAUTCA JMIUL B OKPECTHOCTH OAHOR TOYKH,
1 noselenue /(m?) Ha OeCKOHEYHOCTH A CXOAMMOCTH MHTErpaja
HecyluecTBeHHo. B cnexTpalbHbiX e npeacrasaenusx tTuna (4.39)
LA «TPUHOOOPA3HBIX» (YHKLKH MHTErpupOBAHHE, HANPOTUB, 3¢-
(eKTHBHO DACHPOCTPaHAEeTCA HA BeChb MHTepBaa (— 00, — 00),
YTO NpUBEAET K PAacXOAMMOCTH IPH HELOCTATOYHO OBLICTPOM YObl-
Bauun [(m?) Ha oo.

[Tpryuua 3TOH pasHUUbL B NMOBeAeHUM MO CYLIECTBY SICHA YXKe
u3 dopmyn (3.15°). B camom nmene, 3t OpMYJbl ONpeResIOT

dyukumo Fy, (X — y) TObKO RA% X > y uam x < y. 3HaueHue
e ee NMpU X =y OCTaeTCs HeonpeleleHHbIM. B cuay xe u3-
BeCTHO# CHHrysipHOCTH BCcex F-GYHKuMI HAa CBETOBOM KOHyCe
STO 3HaYeHHe B OTAEJbHOW TOYKe ABAAETCA CYINECTBEHHbIM /4
nocTpoeHust ¢ypbe-o6pa3oB. Yubimu croBamu, 145 NOAHOTO onpe-
Leaenus T-npousBeaeHUs HeNOCTATOYHO ONPefe]UTh €ro Aullb
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ang x>y v x <y, HAlO 3a1aTb elle ¥ NPaBUAd ero HHTe-
TPUPOBalUs B OKPECTHOCTH Hyas. B nmpoTusHoM ciyuae Bhpaxe-
HUA THMa T(]P (x)J,(y)) ocraiorca HemoompenefeHHbIMH, UTO
H NPOSIB/AsSeTCS B BOSHAKHOBEHMH O€CCMBICAEHHBIX PACXOAALUUAXCS
BbIpaXceHUH 1pH GOABLINX HUMMYAbCAX.

BosHukwu# npu uurerpupoBaHuu T-npousBeneHus BOAU3HM
HYJIS TIPOU3BOJI NPOIE BCero Bbipa3uTth, A00aB/aAf K ero onpe-
Ie/NeHuio B KOODAMHATHOM TIPOCTPAHCTBE HEKOTOPOE YHCAO NMPO-
U3BOLHBIX OT 3 (X—y) C HeoNpeleleHHHIMH KO3DdULKEHTAMH
(cm., Hampumep, [16]), uyro po6asur k npasoit uyactu (4.39)
HEKOTOpHIt MOJAHHOM OT k2:

(e o]

() 1)
ey= [ L&

(3m)?
Kosdduunenrsl (MoxeT GbiTb — pacXoasiiuecs) 3TOro MOAMHOMA
KaK pa3 u MpPU3BaHbl CKOMIIEHCHPOBATb DACXOAUMOCTH B HHTE-
rpaje. [IpaKTHueCky 3Ta KOMMEHCAUHs BHIMOMHAETCS MPOLLE BCEro
NnyTeM UCNOAb30BAHUA M3BECTHOH BLIYMTATEJAbHOW MpouenypH.

dz P (k). (4.39")

JleiicTBHTENbHO, MBI TIONYYHAH Gbi TOTAA:

1 1
R —m—E—m)

= m‘l{ —l—k _Z2+,“+( —m2)}+ (8 — m2yn 1

_m2 (z[__kg)(z[__mg)n'l'l
H noToMY
. * I(2)dz
k) = i (B2 — m?)" !
gc ( ) ( " ) (3m)? (z —_ mz)n+1 (Z—- k2 — 15) +
+ X w—my [ IO e )
o<i<n amp G—m)

Boi6upas 31eCcb n 1OCTaTOYHO OOMBIIMM, Mbl MOTIH Obl CrelaTh nepBb i
HHTErpa’n B NpaBoi yactH (4.40) CXORAUMMCSH; PACXORALIHECS e YNeHH
B CyMMe, PaCIOJMOXEHHOH NO cTeneHAM k2 -— m2, MOXHO ObLIO 6bI CKOM-
NEeHCHPOBAaTb 33 cyeT moauHoMa P (k2), oT KOTOpOro octaics Gu TOrAa
TOJbKO KOHEUHbIH NONMHOM, KaK Pa3 TaKoil, UTO H B HALIHX CJOXHbIX»
CeKTpalbHBIX NpexacTaBieHHsx Tuna (4.38).
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Taxum 00pa3om, B KOHIle KOHLOB Mbi NPUILANH Obl U HA 3TOM
NyTH K TeM Ke COOTHOweHuam (4.38), BbBOA KOTOPLIX Obii O,
OLHAKO, MeHee yOedHTENbHLIM M3-33 HEOOXOLHMMOCTH HUMEThb «Il0
1opore» [AE€N0 € PaCXOAAUMMHUCA BblpaxeHusMH. B HaweM Bbl-
BoJAe C TaKOH TPYAHOCTbIO HAM BOBCE He MPUXOANTCS BCTPEUaThCH.

4.12. TTokaxeM, Kak TNOJy4YaeTCH K3 HAIUKX CHEKTPaJbHBIX
NpeACTaBIeHUA AA9 BapUALUOHHBIX TPOM3BOAHBIX MATPHUB pac-
cesHns musBecTHbIl pesyabTar Jlemana [19] — Yeanena [20], ot-
HOCAILMACA K CNeKTPanbHOMY MpeaCTaBJeHni0 OOHYHOU DYyHKIUH
['puna.

$ynkuuio Fpuna G (x, y) onpenensior 0ObIUHO Kak

Gy (%, ) =13, G(x—y) =i(0] T (¢, (¥)Se,())0). (4.41)

[Ipumenss a/s npeoOpasoBanud T-npousBeleHUs B NPaBO# 4acCTw
Teopemy Buka, nojyudaem

—
Bep G (x — y) = iy (X) ¢, () (0] S| 0) +
+i 2 / dx’ dy’ ¢y () gpr (x7) X

ool
828

’ 4.42
395 (X)) 3950 (¥) 0><pr/'(y)%(y), (4.42)

x (0

rie
—

¢, (%) s =

— 00LIYHOe XPOHOJOTHYECKOE CTapuBaHHe AJAA HeB3auMOMIeH-
CTBY OILMX ONepPaTopoB U

BppDe (x—y)

1 . 1
DO(X)ZW/ e‘”“”Dc(k)dk, Dc(k):—m.
[Tepexons B (4.42) k ¢ypbe-o6pasam, HAXOAUM:
1 1
O N AU
OTKyAa Ha ocuoBaHuu (4.38)

G (k)= (1+Cy) (mt—hkr—ie) 1 3 ci(m?— k¥)i-2

2Li<n

[o2]

+(me—piyes [
(3m)?

I(2)dz

. (4.44
(m2— 2)* V(2 — k2 — ie) (4.44)
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IMpencrasaenne Yennena — JlemaHa moayuumrcss tenepb, ecdu
MBI CleJdaeM elne AOMOJHUTETbHOE MpPeANOI0XKEeHHe O TOM, YTO
«CTeneHb pocTa» n paBHa eldundue. Torpa nefcTBHTEbHO

(3mn)?
/
J@)= (7——(27)" (4.45)

npuyeM MHOXUTEAb (1 - C;) MOXeT GBITb UCKAIOUEH C TIOMOLLbIO
KOHEYHOH MepeHOPMHUPOBKH:

G(p)—>(1+C)G(p) (4.46)



§ 5. BAKYYMHbIE CPEJHUE ®EPMHUEBCKUX
PAAUALMOHHBIX OMEPATOPOB BTOPOI'O MOPSIAKA 1Y)

5.1. B § 3 Mbl ycTaHOBHAM, YTO M3 BCE€X paJAMALUOHHBIX OMEPaTo-
poB He Bbillle BTOPOr0 NOPAAKA OTIHYHBIMH OT HYAs BaKyyMHBIMH
MATPHYHBIMH  3Je€MEHTaMH o001ajaloT aHllb ouepatopbl Tuma (3.8)
u (3.9). Ilepsblif H3 HHX pPacCMaTPHBAJACA B IIpeiblaylleM naparpage,
ceHyac Mbl 3aHMEMCA H3YYEHHEM BAKYyMHbBIX CPeIHHX

22
0 Q._—O-QS—S“L 0)= 8 (x—y). (5.1)

By (x) 8y (y)

[Ipn BHINOTHEHUH ANPPEpPEHUHPOBAHHH NO (EepPMHEBCKHM NOJSIM
Hano YUHTBIBATD ux aHTHKOMMyTaTHBHOCTb. 3TO npuBeneT, B ﬂepBle
ouepelnb, K TOMY, UTO JeBbi€ H IpaBble TPOM3BOAHBIE GYAYT OTIAHYATHCA
3HAKOM, eCaH 1uddepeHIHpPYeTCs YeTHas B (PEPMHOHHBIX OMEpaTo-
pax BeanuuHa. Jlas onpeneneHHOCTH Mbi GyneM paGoTaTh BCerza TOAbKO
C .1e8blMu TIPOHM3BOIHBIMH. [lanee, aMTHKOMMYTaTHBHOCTb NOJEH IIpu-
Be1eT K aHTHKOMMYTATHBHOCTH IIDOH3BOAHLIX NMPH MHOTOKPATHOM Au-
depeHIHPOBaHHH, HATIPHMEP

o S0
va __ FA (5.2)

0 hYy BhgByy

VismennTcs u popmyaa aas auddepeHUHPOBaHHS TPOU3Be ieHHsA. B cayuae

HCIIOAb30BAHHSA JIEBBIX IIPOM3BOIHBIX OHA NMPHUMET BHI
5 (AB) ’A . 5B
2B B (—1yital,

VR Y0
rie n, —uucao sxoxsaumux B A depmu-onepatopos. Haxomen 3same-

THM, YTO IIPH BHINONHCHHH IPMHTOBA CONPSKEHHS HAILH JEBble IPOH3-
BOJHLIE OyAYT MNepexoguTh B Mpasble H AJA BO3BPALIEHHA K CTaH-
JAPTHOMY NOPAIKYy MOHAAOOHTCsA, ecaH auddepeHUHpyeTCca YeTHOe
B (hepMH-OIEPAaTOPaX BbIpaXeHHe, 100aBOYHAA MEpeMEHa 3HakKa.

5.2. Kax 1 B 603eBCKOM clyuae, Mbl OyleM yCTaHaBIHBaTb CBA3b
(5.1) ¢ BakyyMHbIM OXuJaHHEM OT MPOM3BEJEHNs TOKOB. Ilo3TOMY mno-
JIC3HO BBLIACHMUTL CHAayana IPa3uia COTIPAMEHHUH IdA IBYX BBEHEHHBIX

Bbime [(3.4)] TokoB M (xX) . M (x). B CHAy YHHTapHOCTH MaTpHILbI

(5.3)

1) Cm. npumeyanne Ha crp. 44.
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paccesHns Bbipaxelne Aas O (x) MOXHO 3amHCaTh B ABYX BHJAX:

S 3S”~
—_— + — j§ — X
N (x) = —i () S iS AR (5.4)

BbInoiHsAS TMPAKOBCKOE COMPAXEHHE, HAXOLUM:

Ax) =N (x)p_:s<0 (x)) 5=

== (rf' 4(x)>@ - (o'.b_?x))—!_ BT

Uro6bl BHIACHUTH CMBICK ('\(x) paccMoTpHM JlOKaJlele BapHauuio

Buimonusaa 3pech IPMHTOBO CONPAXEHHE, HAXOMHM:

S+ = <%)+( () + (W (Sx))+a (b () =
=(ao;fx)) b ?‘X)+<au(x)> Hhe

=0 () b5° 350 () B

Ho, ¢ apyro#t cTOpOHbI,

s oL I

. _ S
owS"'=5~.],(x)..):—;—W+ 3 (x )N,(x)

Mostomy

( 3 \+ 3 < 3 )-«- 3 o5
Tw) e G fae 6
TeM caMblM AMf BHIPaXEHHs, JHUPAKOBCKH COMPSMEHHOro k (9.4),
noJy4aercs
3st

IS EU (x) (5.6)

ﬁ(x)—tw(x)

4TO ONpaBAbIBACT BBENEHHLIE PaHee 0603HaueHHS O (X) H O (x).

5.3. Bapbupys tenepb BbpaxeHHe (3 ': ‘(S;')).S"lL no ¥ (x)
s ® ( B\, 3S 3S*
wone S " wm e S ) T Renm
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J nOAb3YAChb onpefereHMsaMH Tokos (5.4,6), Haxoaum, uTO

¥ o _ oo < .
34 (x) 3¢ () - *"a;(x)—ﬁ(y)ﬁ(x). (3.7)

Tak A€ TOUHO NOJAyyaercs

M +=____§?S_3+__ RIaXC)) _
57(0) 3 (1) ;@ T Ty TOWeO.

(5.8)
Uz (5.7), (5.8) caenyer

SO () 3O (y)

Iy s ) (5.9)
57(y) 8y (x)

— aHaNOr MpeXHero KOMMYTALHOHHOTO cooTHouwenus (3.16), rae Toabko

Teneépb KOMMYTAaTOp €CTECTBEHHLIM 06p830M 3dMEHHJCA Ha aHTHKOMMY-

tatop. C Zpyro#t C(TOPOHM, MOJB3YACH YCIOBHEM MPMYHHHOCTH, MOAY-
yaeM

S Ay x> y} _
_—— St= _7r (5.
3 (1) 3¢ () {—'r?(ym(x) * Ly (O (0 O ()-(610)

AWAM+ANe@=1

B nonHOH aHanorum ¢ GN3EBCKMM CIy4aeM ONMpeneauM MaTpHYHblE
9/€MeHTBl N0 BaKyyMy:

(01T (Aa () A5 (9)0) = 8% (, y), (5.11)
(0] ) g (0 |0) = i85 (x, y), (5.12)
(01 O (0)D) =18 (5 ), (6.13)

Ol () + () O (0)]0) =18,4(x, y)=
=103 (x, y)+ 84 (x y)) (5.1

_i(olﬁﬁa(y)

0)= - ray ==
30, (%) >—(°“°(x ¥) (O (%) A () 1.]0)

= iegg‘ (x ¥, (5.15)

3 My (x) —_ —
~i(o] 7o) |0) == (010 (y— 9 [ () PG [0)=

adv

= ieaa (x, y) . (5.]6)
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Ham nounano6atcs caenylourie, O4eBHIHbiE M3 3THX OTpejeleHHH, CO-
OTHOIIECHHA MEXAY MAaTPHYHLIMH 3JEMEHTAMH Paj1HAUMOHHLIX OllepaTo-
poB:

89 (x, y) = 8™ (x, y) — (") (x, y), } G.17)
e(c) (x’ y) — eadv (x’ y) + 6(—)()(, y)r
8D (— x) = |- 82" (y), (5:18)

3anasabiBalowuit ¥ OmepeXaloUHH MAaTPHYHLIE SJMEMEHTH OOJANAIoT,
KOHEYHO, CBOHCTBOM:

O (x, y) =0 g x X y; OV (x,y) =0 113 x> y. (5.19)
SlcHO, YTO BRHAY TPAHCAALHOHHOH M HM3OTOMHYECKONH HHBADHAHT-

HocTw Bee BBenenHbie QyHxuun 8() qomxHsl mMets QopMmy
8 (x, y) = 55,07 (x — ), (5.20)

rae s, — u30TonMHYeckHe (MPOTOH-HEHTPOHHbIE) HHAEKCHI, a 00 (x— y)—
OGHbIUHBIE CNHHOPHbie MaTpHuubt. [anee, B CHAy HHBAPHAHTHOCTH OTHO-
cutenbHO mpeo6pasosanmii Jlopenua acwo, uro 8() (x —y) B cBow
ouyepenb AOMKHB UMETb CTPYKTYPY

8™ (x) = 108" (x) + 87 (), (6.21)
rae 9 n 8 — cxanapusie dpynkumH. Mt 31ech BBEIH OGuIENPHHATOE
obosnauenue 0 =10-0 7 9 Taxue nume £ =% — 1% Mo

0x° d—;

ctapass noayudapouteecs u3 (5.20), (5.21) Bupaxenue ans 8 (x, y)
sepes ¥, 8) B (5.17), NOAYUMM HEMENLNEHHO COOTHOWIEHMS MENCIY

CKAJAPULIMH QYHKIHAMH %}ﬁ?) H 95?):
() .
81,0 (¥) = 9% () — {7} (),
© _ .17%)
¥l2 (0 =81 (0 +8{3 (0.

5.4, Paccmorpum Teneps dynkumo 87 (x). Ucnoab3ys, xak Bceria,
YCAOBHS MOJHOTH M TPAHCAALHOHHON HHBAPMAHTHOCTH, MOXEM HANIHCATh
1IA Hee:

8 )(x—y)= ——iEfdk (01O, )1 n k) (kI g (0)] 0y e @0,

n

(5.22)
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B cuay (3.6) BakyyMHbH uneH ¢ n =0 B cyMMe 6yaAeT OTCYTCTBOBATh.
PacCyXaas TaK Xe, kak B Co3eBckoM cayyae (mocae Gopmyan (4.2)),
yGCAHMCﬂ, 4YTO B (yMME GyﬂyT OTCYTCTBOBATb M YJIEHbl, COOTBETCTBY-
JoUHe MPOMEXYTOUHBIM COCTOSHHSAM C OJHHM HYKJIOHOM HMAHM NMPOH3BOJb-
HbIM UHCIOM Mc3oHOB. Taxum oOpazoM, cyMMma B (5.22) nOMKHA HauH-
1AThCSl € YNEHa C N = 2, HO NPHTOM He 1BYME3OHHOrO, H MHHHMAa/lbHas
MacCca TNPOMEXYTOYHOrO COCTOSIHMSi NOIYYHTCH, €CAM B HEM MPHUCYT-
CioyeT ONMH HYKJIOH M OZWH ME3OH, T. €.

k2> (M 4 m) (5.23)
3anuceiBasi pasnoikenue (5.22) B BHIE 4YETHIPEXMEPHOTO MHTCrpana

®ypbe u ompenenss ¢yppe-o6pas ) (k) dymamn 67 (x) naumm
CTAHJAPTHBIM 00pa3oM, BHIHM, 4TO

() (k) =
= — (@)1 X0 N (017, k) (7, k| g (0)| 03 (ko — |/ M3 1)
! (5.24)
Sicio, uto ypbe-06pas 2 (k) Gyser ob6MamaTh MaTPHUHOI CTPYK-
TypOil, COBEpUIEHHO aHANOTHMYHOH MaTpHuHOil cTpykrype 8 (x):
O (k) = (vh) o) (k) + o) (R), (5.25)
rae o\ u o)) — ckaasphbie (yHKUMHM, pMueM Kak pa3 ABIAlOWHECH

(hypbe-o6pazamu cxanspubix ynxumi 91 u 8§,
[ToBropas paccyxacHus § 4, ybeaumcs 6e3 Tpyna, uTo QyHKilHM

cf) " 5(2" BBIPAXAIOTCA B BH1E

o3 (k) = —2xi () p , (K°), (5.26)

TA€ 3aBHCALIME TOAbKO OT k> CnexTpa1bHLle (QYHKIUHH p, (k%) H py (k%)
onpeneneﬂu ycnouueM

6 (£9) {(v) p1 (") + po (B} =
=29 2(0] O, (0)] 7, kY (n, k| g (0)]0) 0 (k) X
n

X2) & + ML o (2 — MY (527

5.5. Uro6Ll paszenuTh B Npasoil YaCTH YNeHbl, OTHOCALIHCCH K Py
H K fo, ncMHOXKM (5.27) Ha Y0, bO3bMEM 3aTeM IUNyp H PaclHilieM
AMPaKOBCKOE COMpsKEHHE uepes spMHTOBO. Toraa

6 (kO) k0 o (K°) = (2;‘)‘{ 0 (k) £ 3101 v, (0) | 7, k) 25 (2 — MD).
' - (5.28)

5 3ax. 2670. BoroawGos u Ap.
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Ha muoxutens 0(%0) 20 310 paBeHCTBO MOXHO coxpaTtuth (cp. § 4),
H Mbl MOayyaeM

20 = ZE NV 01 @1 k) P — M, (529)

n.a
OTKyAa BHIHO, 4TO
L 51 (k) >0,
2. 0¢(k)=0 mpu RRL(M+4m)? (u3 (5.23)).

UToOb! HAaHTH BbipaueHHe IIa fo(k%), BO3bMEM IINYp HEMOCped-
craerno or (5.27):

(5.30)

D (9 i (K%) =
D B ey ¥ (01 0 7 k) Gk | 35 0)10) 1,8 (6 — M3,
n,,3

Mbl nosb3yeMcs OGLYMbIM mpencTaBaeitveM MaTpull Jupaka, rae (0 =

[ 0
—_—(O —l)‘ [Mostomy

B (k0) po (K?) =
— L (ko) k0 20 0 0) I n. k) 28 (22— M2)
=0 RER Y (01O, O In k) 28 (k1 —M}) —

n;e=1, 2

_%e(/w)ko@n)s E 101 v (O] m k) 28 (2 — M) (5.31)
n; a=3, 4

CkaanbiBas u Bbiumtas (5.28) m (5.31), npuiaeM ewme K ABYM HePaBEeH-
cTBaM:

6 (k0) [A%1 (R?) +-po ()] >0; 0 (k0) [K09 (k%) — p2 (k%) ] > 0.

Ecan 3amerurp teneps, 4to
w=) K+ M =VETE >+ ViE =k,

TO Mbl YBHAHM, 4TO HEOOXOIUMBIM M ROCTATOYHBLIM ycaoBueM BbIMOI-
HEHHs NOJy4YeHHbIX HCPABEHCTB (KOTOpLIE JOAMHB MMETh MECTO B JIO-
60#1 cucreme orcuera) 6yaer

&) p1 (%) + o (BN >0 | k] py(RY) —pa(k2)>0.

TakuM 06pa3oM, Mbl BILAHM, UYTO (QYHKUHA p,(R°) nOAWHA YHOBIC-
TBOPATH yCHOBHAM:

Lo — 1kl p () <8 () < kg (),

\ o
2. po (k) =0 npn B2 (M+m)> (us (5.23)). ) (532
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MTtax, Mbt NPHULIA K CHEKTPaAbHOMY NPENCTABACHHIO Aas1 yHKIHH
) ).
‘(l H Gz .

) (k) = —2xi f 0 (0D (B — M) pyo (M2) dM?,  (5.33)
(M+-m)?
CORCPILEHHO aHANOTMYHOMY CHEKTPAJAbloMy npeacTarieHuio (4.9) aas
Qyuxuun gO) (k).

5.6, Uto6pt neperTH 0TcKaa K NOCTPOEHHIO CNeKTPAadbHbIX Npex-
cTaBACHHA aaa Apyrux QyHxumi o) (R), maM Hago 6yjAeT yCTAHOBUTH
ciauana eule HeCKOAbKO COOTHOWIEHHH MeX1y (YHKIHAMH Pa3JIMUHbIX
BCPXHMX HHIEKCOB, BHTEKAIOWMX H3 HHBAPHAHTHOCTH MO OTHOUIEHHIO
K 3apAJ0BOMY COMpsKEHHIO. YClOBHE TaKOH HHBAPHAHTHOCTH MOXHO
3anMcaTh B BHIE

(013 (3) O3 ()] 0) = (01 5 () O () [ 0), (5.39)

r1¢ 3apsla0BO-COMNPsKEHHBE ONepaTophl ~’, ~’ ceazalbl ¢ v, O
M3BECTHBIMH COOTHOILEHHAMH

AV X)=CA@W = )CH A (x)—-C' (x) (535)
1 st MaTpulkl C BBUIOJHSIOTCA YCIOBHA:
cct=1 CT=-C C'rc=—M" (5.0

[Tpumenss ycaosue (5.34) K npoOM3BENeRH, CTOAILEMY B NeBON
vactu (5.13) m mcnoandya (5.35) u (5.36). npuaem mociae HeCAOKHBIX
MaTPHYHBIX MPEeOOPa30BaHHE K COOTHOLLUEHHIO

80 ) (x) = —(C7'e (.- x0T, (5.37)

YCT4HAaBAHBAKOUIEMY CBfi3b MEM/AY OTPHULATENbIO- H MONOXKHUTEAbHO-
4aCTOTHHIMH QYHKLHAMH. COBEPLIEHHO aHAMOrHUNO, NIPHMEHSA yCJIOBHE
3aps1080f MHBADHAHTHOCTH THMA (5.34) K APYTHM palHALMOHHBIM Ore-
paTopaM BTOPOrO MNOPsiAKa, Mbl MOJYYHM €i(e PSig COOTHOIIEHHH, H3
KOTOPHIX BBHITHLIEM NHIIb

Qret (.x) — (C-leadv(_x) C)T, (5.38)

KOTOpOe NOHaZOOMTCA HAM B JajibHelueM.

anucuizas ¢ nomoubio (5.20), (5.21) 8 (x, y) wepes M) (x—y),
ucnoan3yn (5.36), uroObt H36aBHTLCA OT Matpuumt C, H p,a3,lle.'lﬂﬂ
nocae ITOro YacCTH, COAEPHKAUIME H HE CONEPIKAL(HE MATPHIDL | (YTO

MOIKHO CaenaTb TyTeM B3ATHA COOTBETCTRYIO(HX LINYPOB), NOAYYHM
U3 (5.37) u (5.38) COOTBETCTBYIOU[HE <«COOTHOIIEHHA YETHOCTH» IS
CKaNAPHBIX yHKIHA 8(1?)_,

Wl =—87F 0 8y @ =95
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[Tpoussoas 3xech mepexox K Qypbe-oOpasaM, umeeM:
B (k) = — {3 (— &), (5.39)
Y (k) = % (— k). (5.40)

5.7 CooTHo:uenue (5.39) naeT HaM BO3MOXHOCTb HEMENJNIEHHO Bbi-
fHCaTb CHEKTPaJbHOE mpexcTaBienue aas pynkumit o) (k)
B (k) = 2ni 0 (—R0) py 5 (R?) =
[eoe]
= 2ni f B (—k0) B (k2 — M) p , (M) dM2  (5.41)
(M+m)?
IMoacTaBassa 3TO CNEKTPalbHOE NMPEACTaBAEHHE, PABHO Kak H (5.26),

B COOTHOWEHHs, noayuawiuuecs u3 (5.17) mepexozom k ¢ypbe-o6pa-
3aM, moayuaem: :

g(lcg (k) = — 2210 (K% p, o () + o 5% (k) ‘| =
) $ (0.42)
oY (k) = — 2mi 0 (— K)oy 5 (A?) o155 (A).

TakuM 06pa3oM, B YACTHOCTH, YCTaHABIMBAETCA, YTO, KaK M B 603eB-
CKOM Cayyae, MpH Makbix uMnyabcax k2< (M4 m)? ¢ypbe-o6pa3n
BCEX TPEX «TPHHOOGPa3HbIX» (QYHKIHH COBnamaioT:

(k) =q"t (k) =0 (k) mpm B2 (M+mp  (5.43)

5.8. Koab cxopo ycTaHOBAEHbl CHMEKTPaJbHble IPEACTABIEHHA
(5.26), (5.41), cBoiicTBa cneKTpansHuX ¢yHkuKi (5.30.2) u (5.32.2),
¢dopmyabt (5.42) u cootHoureHus (5.40), To manbHeHilMe paccymieHHA
MOXCHO NPOBECTH, 1OCJIOBHO MOBTOPAS BBIBOA MpeabiAyuiero naparpaga.
[osToMy BbIMHUIEM CPa3y <CAOXHbIE> CIEKTPAJbHbie NPeACTaBACHHS

a1 rpuHo0GpasHUX dyukumitelS), oI% m ol

py,2(C) dt
pC— M —p2 i)

% (p) = ~(p2— M)}
(M-+m
n .
+ X WMy (544
J=0

P2 (©) %
(& — M2+ (& — p2 T 1ep0)

0(1;-(2:)(‘0) =—(p2— Mf‘)’”‘l

(M +m)?

n
+ X UM (pr— M. (5.45)
=0
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5.9. Yno0HO Taxxe HMeTb CNEKTpaabHbie MPEACTaBIEHHHM, 3aMU-
cauibie B HECKONbKO HHOM BHIe. limenHo, BBe1eM BMECTO f,, ABE

pcoTpHuaTeabHbie B cHay (5.30), (5.32) dyHKumu:

2 “2
pr(e) — 2202 pu () 20
Re)y= ey B =y, (546)

rac v= -+ V kR =|k| Torza
(R p1 () + 02 (B) = (k1 — ) Jy () + Ry ) T2 (¥)

(31€Cb vV CUMTAeTCs CAMOCTOATENbHOH, HE 3aBHCAMEH OT 2 mepeMeH-
110i), H eCaW Mbl NMOCTpoMM KomOunauuu (5.25)

O (B) = (ky) oD (k) -+ o (R),

10 MOJYYHM IJ8 MOJHOH T'PHHOOODPA3HOM (BYHKI UK £ (k) ciexTpans-
HoC MpeacTaBleHHe

(?) o o1 (k—\')h(\')"‘(k‘l‘ )J"(\’) 2
(k) = — (82— M?) f T avi
(M +m)?
+ (AUAP + Af) + (R AP + AP (k2 — M2) + ...

(5.47)

XKesasg yCTaHOBHTH CMEKTPANbHLIC MPENCTABICHHA AMA KOHKPETHbIX
pyuxmmit $6, £y 2V, mano anmub BuGpaTh 31eCh COOTBET-
cTBYlOHlee npaBuno o6xoaa Nomoca k2 == M2
Yro6bl mpusectn mnpeacranierne (5.47) x eme 6o1ee HaraaiHOMY
BH1Y, 3aMETHM, YTO Pa3HOCTH
(kg_Mg)n-!-l 1 (k“_M)2n+2 1
(\(9_ Mg)n-!-l v __IE (‘I—M)2n+2 V__k‘

(kfg___ Mg)n+l 1 —(iz___M)zn+2 1
(.'Q_M‘,’)n+l v+é (\'+M)2n+2v+k

SBJSIOTCA 11O OTHOLICHHIO K £ NOAUHOMAML CTeneHH 2n -+ 1. [Mosroxy,
ccau 00pa3oBaTh TaKHe Pa3HOCTH MoK HHTErpanaMu s (5.47), TO B Kax-

I0OM  uleHe TOTMHOMAa MHOXHTENb £ B COOTBETCTBYIOUlEH CTEreHH
UPOCTO BHANET M3-MOJA MHTErpana M MHTErPHPO3aHME NO % NPH3IENCT
K HEKOTOPOMY UHCAY—T. €. HHTErPHPO3aHHE TaKO PasHOCTH npusegeT

UPOCTO K moamHOMy cremenu 2n 41 ot k.
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370 naeT HaM BO3MOXHOCTbL npeobpasosatbh (5.47) K BHIY

Y (k) = — (h — My +? /’{_11(;2+22)71d‘,+
. j

v+ k& v—Fk
+ By + Btk — M) 4. 4By, | (F— M+, (5.48)
rae BBeleNbi HOBBE CNEeKTpadbHble (yHKUMH
. 2/, (/) ¥ o 2/2 (‘/) v
Il(l)=(—vmm>0 H L:(l)—GW}O. (5.49)

Kak U B 603eBCKOM Ciyyae, MOXKHO NOKAa3aTb, YTO
B() =0

1451 3TOrO CTOMT JHilib PACCMOTPCTH MAaTPHUHLIA 3neMent oT S Meuny
ABYMS OJHOHYKAOHIILIMH COCTOSIHHAMH, TOUHO TaK e, Kak B § 4 Mbt
pacCMaTpHBaAH MAaTPHUHLIH 31eMenT OT § Med1y ABYMA OXHOME3OH-
HbIMH COCTOsHHsMH. Haxoneln, coorHoiseHue (5.18) NpHBOAUT K TOMy
CReCTBHIO, YTO

Bce B,, BeurecTBeHHbI, (5.50)

IMpencrasrenne Yeanena — Jlemana nas ¢epMHOHHOH (yuKuuH
['puna mowno ObIO Obl NMOAYYHTHL ONATL C MOMOULbIO COOOpaXKEHHIl,
COBEPUIEHHO aHANOIMHUHBX MCLONb30BAHHBIM B lIpeablLAyLieM Naparpade,
1P JONONHUTEJbHOM TNPEANOJIOKEHHH, 4TO CTeneHb pocta n = 0. Mut
ONATb CTOJKHYJIHCh 37€CL C TeM HHTepeCHbM (aKkTOM, 4TO MpPH HaiueH
cucteMe ycaosuit (§ 2) Mbl XOMKHB BMECTO (DOPMbt JarpatKHaHa 3a-
2aBaTh «CTelleHb POCTA» CMEKTPANLHOH (YHKUHH.



§ 6. MOCTPOEHUE JMCIMEPCUOHHBIX COOTHOWIEHUWA

6.1. BepHemcs Terepb K BONPOCY NOCTPOEHHS CTPOroro Bbl-
BOMA MMCTIEPCHOHHBIX COOTHOLIEHHUf.

3ameTHM, 4YTO MaTeMaTHyeCKH KOPPEKTHOE pPaccMOTpeHue
«ieHabaonaemolt»  o6aacTh  noTpebyer LOBOJLHO FPOMO3AKUX
paccyxactnit, BHMONHAEMbIX ¢ HeOObYHOR 18 ¢u3NKA nenaH-
TH4HOCTBIO. Hanomuum B 3To# CBA3W, uTO Heynaya mpesbly-
mux «6osiee MpocToix» nonwToK [11]—[15] nocTpouts noKa-
3aTeNbCTBO JMCNEPCHOHHBIX COOTHOUWIRHUH Obla CBY3AaHA MMEHHO
¢ ynorpe6JeHneM apryMeHTallMd, KOTODAas OKa3biBanach neoboc-
HOBAHHOW /N HeMpPaBUJbHOM NPU paccMOTpeHun Henabjwonaemon
obnacth. OTHOCHUTe/bHAs MPOCTOTAa AOKa3aTeNbCTBA A/ paccesi-
unsd Bhepen [22], [23] cBsizana ¢ mpocThiM CTPOEHHEM HeHabJIio-
Jaemoft 06JiacTu B 3TOM CJayuae.

Mbl BHBEZEM [HCTEPCHOHHLIE COOTHOLUGHHS IS KOHKPETHOH
341aul O paccesHWW =-Me30HOB Ha HykJoHax. Ilia oneparopos
HYK/JOHHOTO W MEe30HHOro mnoJje#t OyAyT KCI0ab30BaHH 0003Ha-
denns §§ 2 wu 3; mMnyabcul p u p’ 6yayT 0603HauaTh Tellepb
MMIyIbCHl HYK/AOHA, COOTBETCTBEIHO 10 M TIOCHAE COYJapeHus,
witgekchl S n S’ —- COBOKYNHOCTb CMHHOBOFO W HM30TOMHYECKOro
KBAaHTOBLIX uYMCel HYKJOHOB. VIMOyJbchl W W30TOMHYECKHe CO-
CTOAHMA ME€30HOB A0 M MOcae coymapenus O6ynyT 0003HauaThCs
uepes q, o u q', p/. Mp Takxe mo-npexsemy OyneMm M0/Mb30-
BaThCs 0603HaueHnaMn o == (p, S, p) U o =(p’, §’, ).

B narbueituiem Gynmem BCe Bpems CUMTaTh, uTo q + q’, cay-
9aft ke WX paBeHcTBa (paccesHxe Bhepel) OvIeM paccMaTpHBaTh
Kak mpelles Q' —q npu q == q’; Takum o6pa3oM, Koraa mur 6y-
IeM rOBOPHTb O MaTPUYHBIX 3MeMeHTaxX S-MaTpHLb, (akTHUYECKU
y Hac Bcerfa 6yayT ¢urypupoBaTh MaTDHUHBIE 3/EeMEHTH Ma-
tpuuw T (cp. § 1, mepen dopmyno#t (1.17)). Tornma, ecan
UCTIO/Ib30BaTh OGLIUHYIO B TCOPDHM PaccesHWs HOPMHPOBKY,
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MaTpUYHbIA 3JEMEHT Iepexona 3anuueTcs B BUAE

S, qo, q)=(p’, S, q.¢|SIp, S, q.0)= )
=(p". &|a{’ (@) Sa{ " (@]p, S} l (6.1)
e VETIE, . o=V

riae Mbl Bocroab3osaance (2.10). C nomowbto somyuesus 11 (3)
w3 § 2 M MOkeMm, mnpopoai Npeobpasosanue Tula (2.20)—
(2.22), npuBECTH 3TOT MaTpUuHbIA djMeMeHT K dopme

S, q; 0, q)=

eilwr—my oo BS o
)sjd xdy 2/ v g (P’ S "f’/(x)"? > Ip'S>’
P=+Vp+M, ..., ¢®=+Vq+m2

(6.2)

KOTOpas MOCMYKHT OCHOBO MR HAWHX AalbHeRUWUX pacCyxK-
JeHui. ’
6.2. Ilns uccrenosaHns 371eMeHTa nepexona (6.2) Bephuemcs

K PacCMOTpeHWIO BBeleHHHX B § 3 dyHkuu# FS) (x). Bsenewm,
COBepIICHHO TaK e Kak v B § 4 (popmy.aa (4.1)), ¢pypse-06-
pasbl 3TUX GyHKUMA:

FO (x) = f dk e= TE) (k). (6.3)

(2 (2ryt

[Moacrasass teneps B (6.2) Buipaxenue (3.20) n1a MaTpuu-
HOro 9JeMEeHTa TNPHYUHHOTO PAaAUAUMOHHOTO ONepaTopa U Bbi-
MO.IHSIS WHTerpHPOBaHHE MO X My, MOJYUUM BbPAXKEHUE A

S(a, q; w, q)uepe3 TOMLKO UTO BBeleHHbIA Pypbe-06pas TS (R):

. ’ 2 ’ n ) (q+ g ]

R A0 0 - Tam ’
S q; o, q) V4q0q,00(q+p 9 —r) ( 5 ) :}
P=VpeFM,. . ., ¢=+Ve+m |

(6.4)

B naabuefiuiem Ham Oyler ynoGuee paboTaTh He Hemocpen-
ce3zitd ¢ S{x, qw, q), a ¢ BcoMorare TbHOW BENTHYUMHOA ---
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«3ana3AbiBaloUIMM» MATPHYHBIM 3JIEMEHTOM

H(, q; 0, q) =
ei(ve-qy) . _, ']n )]
(2~)%fd xdy Vigogp v 5 I" Ser (x)lp'
o %mi o pret(qt+q
=t = =N TR (). ©.9)

3ametum Teneps, uto B cHAY (3.33.2)

r2(th) - r () = py i (- 57) =

pp’ T aw

ki
=fe-‘ 2 2P, Flo)(x) dx.

[ToicTasaas coxa aas F(;,?(x) poipaenne (3.30) uepe3 cymmy mo
1o ot cucteMe (YHKUHH M BLINO IHAST UHTETPHPOBANHUSA NO X U IO &,
102y UHM:

T(C)(q+q )__ 7ret (‘7+ q,) -
2 AW 2

=(2r)i E 3 (V K2+ M2 —‘7_0_‘";1'3__1"’—;.0‘0) v

n

S O ) iy O12 S iy —ag. 69

MMostomy, ecau obGpazorats pasuocTs S —H, B Koropoﬁ UMY AbChl
¥ 3Hepruu Oy1yT CBA3AHLI 3AKOHOM COXpaHeHusn ¢ +p —q’ —p' =0,
T0 apryMmeut #-pynxkuuu B (6.6) okamercs paBHbIM

V M2+ (p—q)2 + g0 po
MM, eCau yuecTb BhpakeHus ¢’ u pO uepes TpexMepHble MMNYJbCH,

VMi+e—ar +VmTai—ViETp.

Jlerko suxerh, uTo ecan Gbi NOCHENHEE BbIPANKEHHE MO0 OGpaTHTbCﬂ
B Hyab NPH KAKUX-NHOO BeujeCmeeHHbIX 3HAUCHHAX MUMIYALCOB P H q’,
TO 3TO O3Ha¥ano0 Gbl, UTO A/l TAKOH KOMOHHALHH MMAYILCOB HYKIOH
¢ Maccol M mor 6bl PacnacThCs Ha ME30H C MacCoH m M CHCTEMY
B COCTOSIHMH n C Maccoit M,. SlcHo, uTo mocsiexHee MOrRO bl Cay-
UHTBCA TOAbKO npu M, < M — m. Himie mbi IOTMYCTHM, YTO § CHCTEMbL
HYKJAOH - ME30H Hem CBA3aHHLIX COCTORHHIN C MACCOH, MeHbwed CyMMbL
Macc Me30Ha M HYKJOHA, T. €. TO

Mn>M+m.
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Taxum o6pa3oM, unTepecyolas Hac A-PYHKLU U He MOAeT 06paiaTLCA
B HYJb H, CJI€10BATEILHO, PA3HOCTL S — H TOXKACCTBEHHO PABHA HYIIO.

Wrak, nas peassnsix 4aCTHLU,—Y KOTOPHIX UMMYIbCbl Belle-
CTBCHHbBI, U 3Hep2uu, C8A3AHHbLE 4 u»my/zbcamu O0OBIUHBIM peJlH-
TUBUCTCKHM COOTHOWEHUEM, NOROMHCUMENbHBL, — U €CAUL Bbl=
NOAHAEMCA 3AKOH coxpanenuﬂ 4-nmnynbca, UMEET MEeCTO paBeH-
CTBO

TS (R) = Ties (k), (6.7)

T. e. npUuuHHBIA MaTpuuHbl aaemedt S(2, q; w, ') MOXHO
3aMeHHTb 3anasawiBaouiM H(x, q; », q°). TloayepkHeM, uto aas
BO3MOXHOCTH TaKoft 3aMeHBl 8ce cHOPMYTUPOBaHHbIE Bbillle yC-
JI0BHA CYUIECTBEHHbl; TaK, HUXKe, NIPH PACCMOTPEHHH MOBeNEHUS
3aMasjbiBaloOUIero MAaTPHYHOTO 3JeMeHTa B HeHalmolaeMo# 06-
1aCTH OTHIOAb Heab3s OyAeT no.araTh Bbipawenue (6.6) pas-
HBIM HY1I0.

Huxe mut Bce Bpemd OyaeM pabortars ¢ 3ana3ibiBaloLIUM
MaTpUuHbIM 3/eMeHTOM (6.5), crenosarenbHo, ¢ Gypbe-o6pasom
Tie (k). YCT4HOBHM BecbMa BaKHBIE CBOMCTBA CHMMETPHU €ro
SPMUTORORA M aHTHOpMUTOBOH uacTett. 3anucwiBas

T (B) = D, (k) iA,, (k): Doy (R) == Dy (R);

A (R) = A,y (F), (6.8)
W cpasHuBas ¢ (3.42), BuAUM, 4YTO
Dy (B) =T () Ay B) =5 T (k). (6.9)

[Tostromy, ecau nepefith K Qypbe-o6pasaM B COOTHOMIEHHAX

cummerpun (3.43) — (3.46) naa ¢pyskuntt F,,(x) u F,,(x), 10
HEMeAIEHHO YCTaHOBWUM CBOMCTBA CUMMETpHU SPMUTOBOW U aHTHU-

9pMuTOBOH uacTed dypne-o6pasa g, (k):
4 ’
(1+Ppp')D,,u,("+")=(1+Pp.o')Dq;,(—‘iﬂ—), (6.10.1)

2
(1—P,)D,, ( Jg") — (1 4P,)D,, ( ,
(6.10.2)
(14 Pyy) A, (‘“’2"')-_—__(14_13”)/1 (—25 )(6 10.3)
(1—-Ppp)Aw( ) m (1 — Py ) Ay (=1 ‘;"'). (6.10.4)
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6.3. Jlaa nanbnefuiero nocTpoeHust HaM Gyner yaoGHee
1eTaAu3upoBaTh CHCTEMY KOOPAMHAT. DTO OrpaHuyeHue He OyeT,
KOHEYHO, MPHHUHUMNAIbHBIM, — MOXHO O6b10 6bl  NPOAOINKATH
pacCyXaeHus W B NPOU3BO.IBHOW cuCTeMe, AEHCTBYS € COOTBET-
CTBYIOUMMH MHBAPHAHTHLIMM BeanuuHamu [24], [25], — oxHako
Creuuanbias CUCTEMa KOOPAMHAT YMPOCTUT BbIKJalNKu. VIMeHHO,
BOCMOMb3YyeMCst OOIeNnpUHATOR Tenepb CHCTeMOH, B KOTOPOH CyM-
Ma UMMYJLCOB HYKJOHA N0 U MOCJE paccCesHns paBHA HymO:

p—+p =0. 6.11)
Jra cucTeMa NEpPeXOAMT B 1a0OPAaTOPHYIO 1PH  PaCCMOTPEeHHUH
paccesnua Bleped.
B cuny (6.11) 8 usbpanno#i Hamu cucreme 6yper p?—==p'?
1. 6Jaronaps 3akoHy coxpaHenus sxepruu '), takxe u q%=q’%
Haaee, HuCIIOIb3Ys 3aKOH COXpaHEHHs UMIY.1bca, HaWeM, uTO

’r__
p=152 w @+q)p=0

[To3TOMY MOXHO NOJOXHUTH
9

’ -
- == /e,

ol +

2

rie e-—HopMaibHbiH K p opr, e =1, eps=0, a »— Heko-
topbii ckansip. Takum oOpa3oM, Mbl MOXeM BbIpa3uTb B Hawel
cHCTeMe BCe uerLipe BekTOopa P, p’, q M Q' yepe3 OLMH Bek-
TOp P M OAUH CKaasp A (OPT e MpH 3aJaHHOM P MOXHO CUM-
TaTh (PUKCHPOBAHHBIM):

P =p |
p'=-—p q+q

=le. 6.12
q=—p+tie | °* ©1%

g =p+ie |

Yepes Te ke Be.MUMHLI BbIPA3ATCH 1 UYETBEPTHIE COCTABJIRIOULHE
UMIY IbCOB:

I)O_:p'o: Vp2+/VI-2y
qozq,ozfl"_-;";°=y“_mz+pz+x2 —=E. (6.13)

1) 31ech u Huxe ueTbipe 4-BEKTOPA HMNyJabca CBA33HB 33KOHOM
coxpanenus p+-q—p’—q =0.
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BMecTo » MOXKHO HCHMO/MB30OBAaTh B KaueCTRe HE3aBHCHMOH mnepe-
MeHHOW TakKe u 3Hepruw E Me30Ha; Buipawenue ). uepes E
6yaer colepXaTb MPPALHOHAIbHOCTb

=V E?2—m2—p>. (6.14)
B Bhi6panto#t cucteme xoopauxat obpatenne popmyn (6.3)
1acT HaM Aas ¢ypbe-o6pasos dyHKUHHA FS) (x):

(e, o =12(TET) = [ R0 o ax. 6.19)

Aru Pypbe-06pasel MOXKHO OyneT paccMaTpMBATH TeMepb, Kak
dyukuuu E u e, mpuueM 3aBUCUMOCTb OT E BD3HHKHET Kak fBHO,
TAK U HedBHO, ueped ¢yuxuuio k (E) [cm. (6.14)]. Yrobr mu3ba-
BUTbCA OT cojepxawehcs B (6.14) uppauuoOHaIbHOCTH, MBI
BBENEM OMepallMd CUMMETpPH3aUMM MO e M aHTHCUMMETPU3auuu
no e C TMNOCHeAYIOUIHM [ejMeHUeM Ha A, [OJOXUB RIS NOOGOH

fle, 1)
6ef(e’ ") =f(er }‘)+f(_ e, )\). |

ef(e, )= If(e, N—f(—e, 1)},

W OyneM paccMaTpusaTth pgajdee He CaMu QYHKUMH Tf,’l(E, e),
HO TOJIbKO MX CHMMCTPH30BAaHHbIE MJIM AHTUCHMMETPHU3OBAHHbBIE

xombunaunu ST (E, e), S = Ge nan We.

Mockoabky h u e sxonaT B (6.15) TonbKO B BUle NpOH3-
BelleHHs, TO ACHO, uTO npuMeHss Kk TP onepauun S, Mbl NpH-
AeM K QYHKUMSM, 3aBHCSAILMM TOJAbKO OT A%, T. e. HE conmep-
Kawum Gonee B cBOeH MO.THOW 3aBUCUMOCTH OT E KBaApaTHOro
KOpHS.

6.4. 3ameruM Tenepn, uto nepeMenHoft E B (6.15) no cywecrsy
He/b3s TNpPUAaBaTb MPOU3BObHbIE BELIECTBEHHBIE 3HAUCHUH,
JTlefcTBUTETbHO, €CAU Mbl BhIGEpEM

|E| <V m2+p2, (6.17)

TO ). CTaHET MHHMBIM, 4 CJ/el0BaTeIbHO, MPOCTPAHCTBEHHbBIE CO-
CTaB/IAIOUINE BEKTOPOB q ¥ ' — KOMIJIEKCHBIMU, TPUTOHOMETDH-
yeckue GyHkuun B (6.15) nepefiayr B rumepbonuueckue M
UHTErpUpPOBaHHE MO MPOCTPAHCTBEHHBIM COCTABJAIOIIHM X TNOTe-
PAET CMBICA M3-32 3IKCHOHEHUHATbHOTO BO3pacTaHus Ha OecKo-

(6.16)



§ 6] NOCTPOEHWE JHCMNEPCHOHHBIX COOTHOLUIEHHHA 77

HeyHOCTH. DTa o6.JacTb 3HayeHuit sHepruu E nasbiBaercs He-
Huba0aemol obaacmepio,

[TpocTo 0TKasaTbCs OT pacCMOTpeHUs 3uepruft u3 Hewabiio-
naeMoft obnacT Heab3s, MOCKOJAbKY B MpaBOH vactu aucrnep-
cHOMHBIX coorTHowenu# (cp. (1.6), (1.10)) noa wuHTerpasom
yuacTBYIOT 8Ce 3HAUEHUs 3Heprud. ITa TPYAHOCTb HeudGeKHO
0Ka3biBaeTCsl «KaMHEM NpPETKHOBEHUS» BCAKOHW MOIMBITKH BbIBECTU
AMCMEPCHOHHBIE COOTHOLIEHUS Oe3 r1yOOKOro WCC/el0BaHUs aHa-

MTHYECKOTO MoBefeHHs BYHKUHHA Tlo.
[109TOMy M7 paccMOTpeHus HenaGnonaeMOM 06JACTH HaM
npuaeTcs NpuGerhyTh K 06XOAHOMY MaHeBDY: Mbl CHauama pac-

CMOTPHUM  (QYHKU WU T‘SQ(E) B HabmonaeMmo#t o0O6nacT#, rae Mbl
UMeEeM MPaBo NO/Mb30BATHCH ONpeeeHueM yeped unrerpan (6.15),
3aTeM Mbl YCTAHOBHM WX QHAJMTHYECKUE CBOHCTBA M MOKaXeM,
4TO MX MOXHO OGyJeT aHaJMTHYECKW MPOMOMKHTb M B HeHab.io-
naeMyio obsnactb, B KOTOPo#H camu unTerpaan (6.15) yxe Te-
PSIOT CMBICT.

6.5. lna uene#t TaKoro aHaJIMUTHYECKOro MPOLOKEHUT HaM
fyser ymo6HO pacCMaTpHBaTb CHayala wuHTerpain (6.19) He
KaK GyHKuMM OAHON nepemeHHoh E '), a kak GyHKUMM ABYX
HE3aBUCHMBIX nepeMeHHbX E M T, rae

T=E2__.p2__)\2; 22— Ez—-pz——‘t. (6.18)

Takoft nonXxon O9KBUBAJEHTEH, KOHEYHO, TOMYy, YTO Mbl MOKa
XOTHM DacCMaTpU3aTh BPEMEHHbIE W MPOCTPAHCTBEHHbIE COCTa-
BASIOIWLME BEKTOPOB ¢ ¥ ¢, KaK HE3aBUCHMbIE, C TeM, 4TOObI
AWWb B fafbHeMuleM HaMOXHTb HA HUX yCaA0BHA g2 = q'2 = m?2.
Y1065l MepeRTH K peasbHOMY CIyualo, HaM Hano GyAeT MOJ0KHTh

T=m?, (6.19)

B nepemenunix E u <t untepecywoutue Hac oynkuuu TC)
OyayT onpesensTbcs MHTerpajsaM

I = [ ¢ (Bo -VE-p- e pret (3 gy (6.20.1)
T*(E, ) = f ot FE -V Eopio e palv oy g (6.20.2)

1) Mo GyaeM Tenepb HHTePeCOBAaTLCA 3aBUCHMOCTLIO (PyHKuHMil
? <
Ti«? (E, e) Tonbko OT nepeMenHoH E, cuMTas BEKTOP €, PaBHO Kak
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141

T(E’ ‘C) = Tret (E’ ,:)___ Ta/l\' (E, .:) —
= [e® VRSP e pgdx,  (6.20.3)

npliyeM noka OHu onpeneieHb (kak 0006ureHHble pyHkuun E
W t) TOAbKO IJas BewecTBenHbiX E u T. OuaHako paccyxkietie,
COBepUIEHHO aHanoruuHoe mnposeaeHHomy B § 4.4, nokasbli-
BA€T, YTO B CHJY yCaoBus mpuunHHocTH (3.13), (3.14), Gaaro-
1aps KOTOPOMY

Fret(x)=0 nas x<O.

FAv(x)==0 nas x >0,
Gyukuun  Tret o T2V MOXKHO pacwupnTh U HA KOMIMJEKCHBIE
3Hauyenus nepemennbix E, t. VmenHo, ¢yskuus

STret(E, =)
Oyner aHaaniuueckoft ¢yuxumeit E u 4, peryaspHo#i B o06aacTu
ImE > |Im}|

W TeM CaMbiM aHaluTHYecKOH# ¢yHkuue# nepeMeHHnx E, =,
peryaspHoft B 004acTH

v

ImE > | Im YV E2 —p?

. (6.21)
Onepexanowas xe QyHKuUA
STaY(E, <)
Oyner aHaauTHueckoR ¢yHkuueh E, T, perynspHo# B o6.acTu
ImE < —|Im VE2—pz—=<|. (6.22)

6.6. Mbl XOTHM MOJYYUTb JHCMEPCHOHHbIE COOTHOLIEHHUS,
IIOBTOPAS AAs HawnX ¢yHkuunii (6.20) paccywaenus, KOTOpbe
npusean Hac B § 4 K clexTpasbHbLIM MpPEACTaB/AeHHAM BaKyyM-
HBIX CPEIHWX paflauMOHHBIX OMNEPaTOPOB BTOPOro MOPRAKA.

M TepeMeHIble, BXOASL(HE B HHAEKCH a i o, GHKcHpoBanHbMH. [To-
3TOMY Mbl, KOFa TO HE MpHBEIeT K HE10pPa3yMEHHio, BOBCe He Oynem
HX BLIMUCBIBATD.
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OcnoxHeHHe GYIeT COCTOATb Tenepb B ToM, 4to ¢yHkuuu (6.20)
BJAAOTCS QYHKUMAMM ABYX NMepeMeHHbIX (MOLUEpKHEM eule pas,
qTO BTOPYIO TMepPeMeHHYI T Mbl BBeaH, 4100b1 MOXHO Obl10
ob6oiTn HenabawpaeMyio o6nacth (6.17)), aHAMUTHUYHBIMU B He-
KOTOPBIX CJAOWHBIX o6aacTax (6.21) uamn (6.22). Yrobm cBecTn
1€J0 K CIy4yaio OJHOW nepeMeHHOH, Mbl nonpobyeM BPEeMEHHO
QHKCHPOBATL 3HAayeHHWe < Il MPHTOM TaKUM OOPa30M, 4TOGLI
rpaHuubl  obaactest aHaautHuHoCTH  (6.21), (6.22) ynkuui
(6.20.1,2) nepectanu 6bl 3aBUCETb OT <.
ILas 3TOro Mot BhIO@peM < BEUIECTBEHHBIM M Y 1OBAETBOPAIOLIUM
11ePaBEHCTBY
—V << —p% (6.23+

rae  V—npousBoibHoe, HO (UKCHPOBAHHOE MOJOKHUTEIbHOE
yuc10. Jlerko BMgeTb, YTO ANS TAKUX T HEPABEHCTBO

Im|VE—pt—=| < |ImE| (6.23")
OyzeT BBIMOJHATbCA Aas Mobmx E ¢ Im E + 0.

B camoM gene, 3anuceiBas E? = u -+ iv, HaxoauM, 410

(Im E)?= l_u?_—l—f;ﬂ;—_u ,

oTKyaa BuaHo, uto (Im £)? eCTb MOHOTOHHO y6uIBaloOILan QYHUKI{HA Be-
mectsenHoil yactu E% [Ipu sbinosieHHH ke HepamelicTsa (6.23) Beiige-
CTHEHHAsA YaCTb IOAKOPEHHOrO BLIpa:KeHHs B neBoit yacTu (6.23') moxer
6bITL TOAbKO 0OJbllE, 4eM B MPaBoil.

CnenosarenbHo, npu BumoaHennn (6.23) ¢yskuuu STret
u STed GynyT aHaanTHueckumu ¢yHkunsmu E B obaactax (6.24.1)

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

COOTBETCTBEHHO. Y706bl BBIACHUTb, MOXHO JIM CHUTATb STH
GyHKunM ONHOH aHaauMTHUeCKOH dyHkuuell, peryaspuot anaqa
scex ImE = 0, Hano uccnenoBaTh MoBeleHue pasnocTH

ST(E)== ST (E) — ST*""(E)

nas semecTBenHnlX E. IloauepkHeM, uto 6.arogapd OrpaHu-
ueHnio (6.23) wenaOmonaemoit oOaactn Tenepb He Gyner, H
unterpan (6.20.3) Oyser onpeleaaTb 3Ty pas3HoCTb (KOHEUHO,
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BOOGIEe roBOpA, Kak 0600IEHHYI0 DYHKUKHIO) AA3 BCeX Belle-
cTBeHHHX E.

6.7. 3aiimemcsa uccrenoBaHueM wuHTerpana (6.20.3). IIpea-
ctapass ¢ nomoulbo (3.34) T Kak cyMMY MOJOXHUTEIbHO M OT-
PHLATENLHO YaCTOTHBIX (GYHKUMA W UCMOAB3YS A8 MOCJAEIHUX
Bupaxenue (3.30) uepea cyMMy Mo MOJHON cuUCTeMe COCTOSHHH,

7/
nonyyuM Aas Tm(q—IQ—q):

12 f dx ei(Fa'=)ex) f dk(p’, S| jo' (0)| k. ) (k, 1|, (0)[p. S)X

e s SL I

Xe
_iEPpp' fdxei(ﬂl' —)\ex)f dk(P,,S’le. (O)\k'n) %
0, .. . )
X 1, @1p.5) x VL~ EH ) o2,
B =V ke

Wurterpupys snpecb cHavana no x, a 3aTeM no K, H mnepe-
XOAs K Halle# KOHKpeTHOH cucreme KOOpAuWHAT, HahleMm, uTo

Tow (E,2&) = (27)*i 2, (—p, S’ | jy (0)| e, n) (e, 1) j (0)]p, S) X

X3 (E—V#R+ M4V P+ M) —
— @)1 X (—=p, Sy (O] —2e,n) (—re,n|jy (O)]p, S) X
XB(E~+ Vi MLV pP 4 M2). (6.25)

31ech B CYMMax MO 7 B KaXXZAOM COCTOSHUU NOMKEH ObITb,
B CHy COXPAaHEHWHd sIEePHOro 3apsla, MUHHUMYM ONMH HYKJIOH.
[105TOMy HM3ILIUMU MO IHEPTUM ujleHaMH B ITHX cymMmax OyayT
KaK pas COCTOAHMA TO.JIbKO C OAHUM HYK.IOHOM. [lOCKOMBKY
BKJAnbl OT TaKMX UYJEHOB MOKHO GYIeT SIBHO BbIYMCIHTH, MBI
BbIAE/TUM U3 MOJHON CyMMbI (0.25) cyMMUpOBaHHe NO ONHOHYKJOH-
HbHIM COCTORHMAM (KOTOpble, KPOMe MMINYabCa, GyAYT MOIHOCTHIO
XapaKTepH30BaTbCA CIMHOPOU3OTONHMUECKUM HHAeKcOM S”), a
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CYMMY I10 BCEM OCTaIbHBIM COCTOSHNAM 0603HaYuM vepes f,., (E, he):
Tuw (E, 1) = fuu (£, &)+

—+ (2=)ti SZ,’<_ p. S|y (O)|2e, S”) (he, S”|j, (0)|p, S) ><

K3(E—Vi24-ME+Vp"+ M) —
— @) Z (=P, S|/, (O] —he, 8 (—1e, 8|y (O], S) X
XB(E4VIRM —Vp2 M),
B Bhinucanubix 31ech cymmax sHeprus E BXoiuT nox apry-

MEHTOM O-DYHKUUM ABaXIbl — NPSMO M uepes A2, [1peo6pasys
apryMeHTbl O-CYHKUMH K IUHEHHBIM bynkuuam E, Hatinem

SEFVRA MY pt M) =
Ep (x)
= 1_m 8 (E==Ep (7)),
rae
N 20241
Ep (7) Ve rn (6.26)
HMrak, Mb moayuuau, uto
Tqu)(Er T)=fam(E» 7)+
. Ep(z) |,
—l-(Qﬂ)*l!l —Verir S(E+Ep(m)) X

X =1 S'Ljp O]1e, $") e, S"|jp Ol p, S) —

V—?’——E—DA/!—Q 0(E—Ep(m)) X

X 52”]<_p, S\ j, (0)| —re, S”)y (—re, S"| iy O)|p, S). (6.27)

_(Qﬂ)tz'l_

3uak a6coMOTHON BEJNHUMHL! Y BbLACIMBUIHMXCA U3 d-(YHKUUH MHO-
KuTenel MOmHO OblO Obl 31€Ch H ONMYCTHTh, MOCKOJBKY AJNA HUTEpeE-
CYIOM(HX Hac 3HAUEHHU P? M T 3TH MHOKHTENH Bcerja OyAyT NMOMOKHU-

TENbHbIMH.

6 3ak. 2670. boroaio6os i ap.
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CosepiieHHo aHanoOruuHO NPeodpasyloTcs U d-PyHKUUK B CyM-
Max, BxoAsauwux B f,,(E, <). TIo3TOMy Mbl MOxeM 3anucaTh:

(B =0 |1 £ s p Ly E
fow (B2 ) = ) lgl‘ Vp2+M2l (B Fpn () X

X {—p, S'|jer (0)])e, n) ke, n|j, (0)|p, S)—
__(21-)412‘ ) [ — E"" ) ‘ (E — Epy (1)) X

X {(—p, S |j9 (0)|—Ae,n) (—2e, n|j, (0) lp. S), (6.28)
rae Temnepb
2p2 4= — M2 4 M2
Wt

HUccnenyem Tenepp «cnektp» T (E) 6onee moapo6uo. Mpexae
BCEro, Mbl IIPEAMOJOXHM, YTO Y CUCMEMb. HYKAOH ~ T- Me30H
Hem CBA3QHHBLX COCMOSAHUL € MACCOU, MmeHbulel CYyMMbl Macc
HyKa0Ha u me30na (KPOME CAMOTO HYKMAOHE), T. €. YTO

My > M—+m. (6.30)

Takoe NHpeaNoJOXeHHe I0-BUAUMOMY OOGOCHOBAHO C TOYKH 3pe-
HUA MMEWLEroca cefuac OIBITHOrO Marepuana. 3aMETHM, YTO
MMEHHO B 3TOM NYHKTe OYeHb BAXHO, YTO Ml pacCMaTpuBaeM
TOJLKO CHJbHOE silepHOe B3aHMOAEHCTBHE M NpeHeGperaeM He
TONLKO CNaObIM, HO U JAEKMPOMALHUMHbBLM 83AUMOOHCMBUEM.
JIle#cTBUTEIBHO, B IPOTUBHOM CJAyYyae BCEria CYLIeCTBOBAJAM Obl
COCTOSIHHS THIIA HYKJOH —+ HEKOTOPOE KOJHYeCTBO (POTOHOB WJH
THIIA T-ME30a2TOMA; HENPEpPLIBHLIA CIEKTP Macc TaKHX COCTOAHHMM
HayuHanacs Obl HermocpeAcTBeHHO oT M.

Ecav npuuare npeanonoxenue (6.30), To sueprun Ep, (t)
6yAyT YILOBJIETBOPATH HEPABEHCTBY

2Mm - 2p% + m?2 — =

Epn (v) = (629)

E < — =—F.(5}. .
Urak, cnektp f,,(E, ©) OylerT uMeTb CAEAYICLMA BUA: OT
E = — o010 E=—E, (5) 6yaeT uMeTbCs HeNpepbiBHbl criekTp 1),

Y Mp,=M-+m ectb mounas rpaHUua HENPEPHIBHOTO CHEKTPA,
NMOCKOJAbKY HMEHHO C 3TOTO 3I11aY€HHH HAYHHAIOTCH MACChl COCTOAHHHE,
BKJIOYAIOL(HX 08¢ YACTHIUbl — OJHH HYKJIOH H OJHH ME30H.
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o6ycaoBJieHHBIH BTOpO# cymMo#i B (6.28),3areM ot E = —E (t) Ko
E=-E,(t) pacno/ioxxuTcsi pa3puiB, B KOTOPOM HET YpOBHeH,
a or E=-E,(t) 10 E= - o0 6yner onirb MMeThCH Helpe-
pLIBHBIH CTEKTp. _

Crextp ¢ynkuuu T (E, ) Oyaer orauyatecs ot crnekrpa f(E, )
Ao0aB/ieHUeM JBYX AMCKPeTHLIX ypoBuelt ¢ E = == Ep(7) [(6.26)].
JleTasbHOE NpeAcTaBjaeHHe O Xapakrtepe cnekTpa 7T (E, t) BaxHO
M A1 LOKA3aTeNbCTBA CYLLeCTBOBAHUS LUCTEPCHOHHBIX COOTHO-
WeHUH ¥ A9 HETMOCPeCTBEHHOr O NPAKTHYECKOTO UX NPHUIOXKEHHUS.
[TosTOMy BBHIMILEM 3J€Chb KPUTEPUH TOTO, YTO M30JUPOBAHHLIE
noJ/oca He nonaayT B 06JaCTb HENPEPHIBHOTO CIIEKTPa, ¥ Ba kHbIH
KpUTEpU# TOro, uyTO ABe 00.1aCTH HellpepsiBHOTO crekTpa T (£, ©)
He NepeKphBaTCA ).

Cpasuuas (6.26) u (6. 29), BUAMM, YTO AMCKDETHHIA ypOBEHb
M3 TepBO# CyMMbl (6.27) HHKOrZa He CMOXET MomacTh B 00J1aCTh
HEeNpEpPBIBHOTO CNeKTpa nepBoft cyMMbl (6.28); Tak e o6crout
Ieno ¥ AN BTOPHIX CyMM. B KauecTBe e yc.oBud TOTO, YTO
JUCKPeTHbI# ypoBeHb M3 NepBo#t cyMMbl (6.27) He nomamer
B 00/1acTh HEMPePLIBHOTO CHEKTPa BTOPOH CyMMbl (6.28) (uan,
Ha060pOT, AHCKPETHBI# YPOBEHb U3 BTOPOH CYyMMBI B HENPEPHIBHBI i
CNEKTP NepBOH), MBI MOAYYUM

Mm | m? T

< - t7—7- (6.32)

Jlng paccMaTpuBaeMHX TOKa 3HAYeHHH T, OTPAHUYEHHLIX Hepa-
BEHCTBOM (6.23), ZOCTaTOYHBIM ycCJOBHEM OyieT

p2< 12—(2%?—{-1)”12 s T < —p?, (6.32")

a Ans peanpHoro t==m? ycaosue (6.32) mpusener K

p< (%’In_ — 71_) m2 pas T = me. (6.32”)

Takum 06pa3oM, AHMCKpeTHbie YpPOBHH He MONaayT B 06aacTh
HETIPEPLIBHOTO  CMEKTPa TOAbKO JJAS JOCTATOUHO MaAuX p?2,

YAOBJIETBOPAIOUIMX OAHOMY W3 HEepaBeHCTB (0.32), T.e. AAs pac-
CesHUs Ha NOCTATOUHO MaJjbe YFib.

1) BHHOJIHFHHC NOCAE€AHer0 KpHTepus HeoOGXOAHMO ANA NpHMeHH-
MOCTH aNbHeHIUHX paccyxaeHH.

6%
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K Ttakoro »e poxa, — HO MeHee XeCTKOMY, — YCJIOBHIO NpH-
XOOUM Mbl, TpeOys, uToOb He CMbIKaJluChb ABe 00.1aCTH Hempe-
PHBHOrO cnekTpa. VIMeHHO, 1A% IPOU3BONBHOTO T Mbt MOJYyYaEM

P2 < Mm% (6-33)

[Toatomy aas t© < — p? NOCTAaTOYHO NMOTPe6OBaTH, YTOGHI
p2 < (2%+1)m2 ot < —p?, (6.33")
a ©=m? ycnoBue (6.33) ceemeTcs K
p: < Mm=(/—,g)m2 s T = m2, (6.33")
Hakoneu, cpaBuusas rpanuuy HemnpepoiBHoro crektpa (6.31)

¢ rpanuued (6.17) nenabnionaeMo#t o6nacTu, BUAKM, UTO HeMpe-
pLIBHBI CTIEKTp He monajaeT B HeHabJoaaeMylo 06JacTb TOJBKO

Puc. 1.

ang pt=0, uTO COOTBeTCTBYeT paccesHui0 Bmepea. B apyrux
cayuasx XoTs Obl uacTh HeHabua0laeMofl 06JaCTH OKa3bIBAETCH
3aHATON HEmpepbIBHLIM CIleKTpoM. TakuM o0pasoM, B cayuae
paccesHHs He BMeped Mbl HMeeM BKJaJX OT HENPEPHBHOTO CHEKTPA
B HeHabJa0AaeMOH 00/acT, KOTOPHIi Mbl He yMeeM TOYHO YuH-
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THBaTh. 3aBUCHMOCTh OT P? A9 TPAHUUB HENMPEPHIBHOTO
CrMeKTpPa M TONOXEHHS HTUCKPETHBIX YPOBHeH H300pakeHa Ha
puc. 1.

BepHeMcsi Temepb K BONpPOCY O BKJale OT JAHCKPETHOTO
OJHOHYKJIOHHOrO YpOBHS. Briuncnenue cymm B (6.27),— koTopoe
Mbi, u4TOGBI HE NpepbIBaTh H3JM0XKEHUs, OTHECEM B 10NoJHeHue b,—
MOKa3bBaeT, YTO 3TH CYMMbl MOXHO NpPEACTaBUTh B BUAE

- 3 ____El’(‘t_)_ (. e ”
(21:)'1 o %‘( P, S |y (0) e, S”) X
X (e, "1, O\p, $Y g 5,y =@ BE P (6.341)
E (v) Jis N ”
e |1 — = §<—p,s [/, 0) [—he, ")

X (e S"|j, (O [P, S) |pop g = £ @ AG D) (6:34.2)

rae g(z) coBnagaer npH t—=m? c Haba0OAaeMbIM SJEpPHHM 3a-
pSAOM peaibHOro HykJoHal), a o¢yukuuu B(t,p) u A(z, p)
(sBHBIt BMA KOTOPHIX TNPHBOAUTCH B monoJnenuu B, ¢opmyna
(B.18)) sBAsOTCS aHAAUTUYECKHMH (YHKUHAMH TIepeMeHHOH =
BO BCefl KOMNJAEKCHOH IITOCKOCTH.

Htak, MBl yCTaHOBUIM,—IIOKA TOJMbKO AAS BELIeCTBEHHHX OT-
punarenphblx © < —p%, —uto T(E, <) npeacrasnseTcs B BHIE

T(E,s)=f(E,7) —2rig*(x) B(z, p) 3 (E+E (7)) —
— 2mig?()) A (5, p) 3 (E—E, (%)), (6.35)
rane

2Mm — 2p2 4+ m? — =
f(E,T):OIUlH IEI< 2.‘/m . (636)

6.8. [ToanTOXMM NOsyueHHBIE NOKa pe3ysabTaThl. Mb ycTa-
HOBMJIH, YTO NDU BHINOJHEHHH ycnoBua (6.23):

a) ST (E,x) 6ydem anarumuuecxoii gpynxyuei E 8 06-
aacmu ImE > 0;

1) O6bAcCHeHHE TOTO, YTO Mbi TIOHHMAEM TON STHMH CIOBAMH, CMOTPH
He B nynkre 6,12,1,
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6) ST* (E, ) 6ydem anarumunecroi pyuxyuei E 8 06-
aacmy ImE < 0

B) Ha 2panute smux o6racmeil, npu IlmE =0, pasnocme
T(E, <) npedcmasasemcs soipasicenusmu (6.35,36). Mpu smon,
ecau sbnoanens ycaosus (6.32) (uau xoms 6w (6.33), o
Hudice MbL OyOem npednonazams nepsoe), mo Ha 2panuye 06-
aacmeid (6.24) umeemcs wexomopei OMmpe30K Heny.eol
Oaunsl, Ha rKomopom ST(E,<)=0.

—&—
~Lplt) ~byis

bpit) Loty

o -IOMOC  —— UM PAINETA. — ~KOHITYL) LRI N0

Puc. 2.

[losroMy, nosropsin paccysxmenns § 4, Mbl BUAUM, 4TO:
ST"Y(E,<x) n ST*"(E, ) moaxcno paccuampusams, Kax
00ny anasumuteckyno @gyuxyguio ST(E, 1) om E, ¢ sunisna
paspe3a 8004b BeuweCmBeHHOL ocu npu

2Mm —2p2 4+ m? —« 2Mm —2p% -+ m? — =<
<= ¢ E>T oy
u ¢ norocamu 8 moiKax
E==E (),

803pacmauyio Ha OeCKOHetHoOCMU He Obicmpee NOAUHOMA
cmenenu n
(cM. puc. 2; MBl CUMTaeM BHINOIHEHHHIM ycao0BHa (6.32)).
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Takum o6pa3oM, kK (yHKUUH

ST (E, ~) 2Mm — 2p2 4 m? — =
E—gg Bl <oy
MOXHO MPUMEHUTb MHTerpa’abhylo dopmyny Kowu ¢ koutypom C

(puc. 2), KoTOpas mnpuBeneT HaC K COOTHOWEHHI (E — KkoM-
naekcHo!):

g(E)=

- 400+ ie
ST(Exy 1 f ST (E', ) dE’ .
(E— Eo)n+l ori . ( _Eo)n+l (E,“"
— OO+ 1e
“+00—1ie
- __l_ ST (E’,=) dE’ .
Oni ( __Eo)n+1 (El_ -
—oo—1g
+oo
i SFE.AE g ()SB(xp) _
"2?1/ (E' — E)'*' (E'—E) (— E,—Ey)"""(—E,—E)

FOSACD Y .
- P EQ) E™.
(EP - Eo)n H (EP - E) (0:< ,‘)2

OcBo6oxaasch 3pech OT 3HaMeHaTe/s H 3aMeyas, YTO B CUJY
(1.13) (n~ 1)-e crenenn npH nomocax B TOYKax E=:Ep(t)
MOXHO YHMYTOXHUTH 33 CUeT TiepeonpefeneHus KO3(PPULKEHTOB
y noausoMa no E, Mul nonyun RUCTIEPCHOHHOE COOTHOIUIEHHE:

= (E—E)™Y /' Sf(E', %) dE
ST(E,")= T om (E' — 0)(n+l) (E’——E)+

+ gz(;)_lS_BE(T’ p) + g'(t) SA (T: p) + 2 ¢, (%, P, 0) ET
P o<r<n

(6.37)
(E xoMnJekcHo!).

[MomuepkHeM elwe pas, YTO MB YCTaHOBUJIM 3TO COOTHO-
WeHue 24wy 0451 ompuyamesvhoix — V < t<—p? Hacrosmue
e JHCIEPCHOHHbIE COOTHOLIEHUS, CBA3bBAlOUIME (PUIHYECKH
pea/bHble BeAMUMHBI, moJayuuauch 6b u3 (6.37) nocae mepexona
K Tpepgesy BemecTBeHHblX E Toabko, ecau Obino Obl ycra-
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HOBJIEHO, HYTO 3TO COOTHOWIEHHE OCTaeTCs CNpaBeAJUBbHIM U A
T =m?2.

6.9. Yro6bl pacwuputh 064aCTh T, RIS KOTOPHIX BEPHO
cootHowenne (6.37), Mbl 80Cnoas3yemcs memooom aHaAumu-
yecko20 npodoadxcerus. Jas 3storo Ham mnotpebyercs 3HATh
aHanuTHYeCKHe cBoficTBa ¢ynkunu f(E, t). Mccaegosanuio 3TOr0
Bompoca OyneT MNOCBAUIEH C/AedylOUlMBi naparpag, B KOTOPOM
Mbl YCTaH,OBHM obuiye aHajuTHYeCKHe CBOHMcTBa ¢ypbe-o6pasa

4
7,0 (lHQ-Q) LJs MPOUSBOJbHHX p, p’ H q-l;q . Cettuac xe Mbl,

HECKOJIbKO 3aferas Bmepel, BOCIOAb3YeMCS MOMYYaEMbIM TaM
pesy/bTaTOM, KOTOPHI/, B TpuMeHeHHn K Hawel pyuxkuuu f(E, 1),
FJACHUT, YTO:

Ecau 6ce nepemennsie E, = u \="1 E2— p2—r sewjecm-
senmubl,

—V L < (I 4-pym? (6.38)
(p — Hexor10poe noaoNcUMENLHOE OOCMAMOYHO MaLOe HUCAO,
a V —npoussoasnoe, HO HuKCUpOBAHHOE, NOLONCUMELLHOE
YucAo) u p? yoossemsopsem YcAOBUIO:
p2< om? o= M—_Ailf_—’{ b, (6.42)
mo @gynicyuro  Sf(E, t) mooxcno npedcmasums 8 gopme

Sf(E, t)=F1(QEVM2+pQ+'c, ‘C)+

—+-Fo(—2EY M2 p24-1; 7). (6.39)
Hpu smom dyuxyuu Fi (& <) n Fy(§ <) 6yoym oGaadams
csoicmeanmu:
(a) F;(; t)—o0000wennsie pyrnkyuu nepemennoi G,
(6) F;(& t)— anasumuueckue GyHKyuu 8mMOpoii nepemen-
HOU T, pezyasapHble 8 o0aacmu:

—V <Ret< (I +p)m2, |Imz|<pm?  (6.40)

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

1) Jlanbieiine uccnegosanua B. C. BiaxmmupoBa mnokasanu, 4To
3TO YHCAO 0 MOXHO YBEJHYHTL MO KpadHed Mepe Ao 3HauyeHHs ¢ = 2,56

(npn % =T7)[27]. ([pum. npu xoppexmype.)
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UTO B 9TOM UpPEACTaBJIeHUH ABJIAETCA CYLUEeCTBeHHLIM, a YTO — TPH-
BHAJbHLIM ? UTO6b! BHIACHHTb 9TO, 3aMeTHM, 4To corJacho (6.28) f(E, 1)
COCTOHT M3 ABYX CyMM, TepBas H3 KOTOpHIX O6pawiaercss B HyIb Raf
E < Ey(x), a Bropaga — aas E>—E; (v).

Ecium BBeCTH Tenepp B KauecTBe apryMeHTOB liepBOH CyMMH BMe-
cT0 £ M T BeAM4YHHbBI

6= 2BV W p2 < n s,
a B KayecCTBe aprymex-n‘os BTOPOVI—

§=—2FY M Fp>+t urx,
TO Mbl Cpa3y noxyyaeM nias f(E, t) npeacTaBIeHHE:
F(E, vy = F1 (& v)+ Fo (8 ) (6.39%)
F; (6 ©) =0 ansa &< 2Mm -+ m? — 2p?, (6.41%)

rue

MpHYeM 1O CYUiecTBY, YTOGB JOCTHTHYTb T2KOTO MpPEACTaBAEHHs, 1O-
CTaTOYHO mnOTPe6oBaTh He BLIMOJHeHUS (6.23), HO MPOCTO TOrO, YTOOH

E, tuh=7V) El—p?—r ObliH Gbl BCE BEI(ECTBEHHS.

Kak MB BHIHMM, TPHBHMAaJbHOE NpEACTABICHUE (6.39%) ToxaecTBEHHO
¢ npeacraBiendeM (6.39), KOTOpOE Mbl co6upaemcs HCNOJAb30BaTh (IIpH-
MeHeHne onepatopa S Huuero He Mewnser). Jlia npeacrasienns (6.39%)
BBIMOJNHAITCA u cBoiicTBa (B) (6.41%) u (a) (NOCKOABKY BCsiKas GyHKUHA
BOOGIIIE TOBOPS — 060OLIEHHAR).

TaxkuMm 06pa3oM, CyuieCTBEHHO HETPHBHANbHBIM COIEPXKAHHEM Npel-
craBnenus (6.39) sBiAsercd TONBKO CBOHCTBO (6) — aHATUTHYHOCTD
byakuuit F;(§, ©) mo BTOPOMY apryMmeHry B obaacru (6.40).

TMokaxeM Tenepb, uyTo M3 npencrasaenus (6.39) Gyaer we-
nOCpedCMBeHHO BolmeKams Cnpasedausocmy OuUCnepCuUonn020
coomuouenusn (6.44) u 048 HYNHHLLX HaM 3HAYEHUL

= m?2. (6.19)
6.9.1. Buifepem crnepsa OnsTh Kakoe-1u6o OTpuLATebHOE T,
ynosaersopsioiee (6.23). Ilng takoro T OYAYT OAHOBPEMEHHO

CNpaBeMBLIMH U NPEACTaBJACHAE (6.39) ¥ nHCepCHOHHOE COOT-
Howenue (6.37). Toraa, noacrasass (6.39) 8 (6.37), Haitnem:

ST(E, ©)=® (E, ©)+

°(x)SA( p) , &2 SB( p) r
+gév}_EP(rt)p + ETEO + 2 ¢, (x, p, Eo)E",

o<Lr<n)

(6.43)
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TA€ Mbl NMONOXUNU
(E__ Eo)”+l

(O] (E, 1) = 9n1 X
+ o0
dE"Fy QE"Y M* I p?% °)
. (E”—-——t———E)(E”— ot _E»n-H_"‘
2V M2 p? 2V M2 p? ")
E-—FE n+1
+( 27:1)') X
< f a7y QE"Y I T )
o (B e B~ ¢+ — _ET
°°( +21fM2-|-p2 )( +2VM2+p2 E")
(6.44)

-

VccaeayeM aHalNTHYECKHe CBOHCTBA BBeleHHOI ITHM OMNpeneleHHeM
¢yukuuu @ (E, 1), UroObl HCCAeI0BaTh aHATHUTHYHOCTb MO OTHOLIEHHIO
K mepemeHHoil E, BOCMNOJb3yeMcsi TeOpeMOii:

Dynryus f(E) Oydem anasumuieckOld dpynryueld 8 maxod 00-
Aacmu U3MeHeHUST KOMNAeKcHOU nepemennol E, 8 kKOomopoid 3HamMe-
namenv (E — E’) He o0pawaemcst 8 HyAb, KOAb CKOPO 3my P YHKGUIO
MOJNCHO npedcmasums 8 8ude

¢ (E") dE’

f(E) =é (E’*—E—) , (6.45)

- 20e ¢ (E’) — npou3soavHast yHKUUS, 0ZPAHUUEHHAS LUULD meM mpe-
606anuem, 4moov. unmezpan 8 (6.45) umen 6o cMbicA.

Ias ¢ysxkunit ¢ (E’), KBaIpaTHYHO HHTerpHpyembiX, 3Ta TeopeMa
XOpOINO H3BECTHa B TEOPHH (YHKUHH KOMIMJIEKCHOTO NepPeMEeHHOro;
MOXHO NOKa3aTh, YTO OHA COXpaHseT CHAY u ecan ¢ (E/)—o6o6uieHHast
¢yHKuMA, MHTErpUpyeMas B HeKOTOpom Kaacce (cm. § 1).

[TpumeHssa 3Ty TeopeMy K HawmuM WHTerpaiam (6.44), BHIHM, YTO
¢yuxuus ® (£, t) Oyaer aHaIUTHYeCKOH (yHKuueit £ B Takoil 06JacTH,
rie HU O4VH M3 3HaMeHaTeleH

114 </
E"— (-—.— E) w — {E” — (—-—_ — E)
vt )" 2V TP
He Obpawaercs B Hylb, T. €. B 06JNACTH

1m<2—ﬂ4.1;,T—p2iE> +0,

nockoabky E” BelectBeHHO. JTO HaBepHsKa OyleT TaK, eCaAH Mbl
OrPaHHYMM 061aCTb H3MCHEHHA TEpeMeHHbX E W T CmpO2uM HepaBeH-
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CTBOM:

_mel o mE
2V o ot

JT0 — eIMHCTBeHHOe T|.e60BaHHe, KOTOPOE HANO HAaNOXHTb, YTOGbI
® (E, t) 6bina 6bl aHATHTHYECKOH MO OTHOLIEHMIO K nepemeHHOU E.

[lepeitiem Tenepp K aHaTHTHYHOCTH NO OTHOLUEHHIO K TlePEMEHHOH T.
3ameTHM mnpexage BCero, 4YTO B CHAY cBoitcTBa (6) mpejcTaBleHHs
(6.39) dynxuun F; (S, t) ABAAIOTCA AHAIHTHYECKUMH DYHKLHAMH T B 06-
aacty (6.40). IlostoMy, 4TO6H ZOCTUTHYTH AHAJUTHYHOCTH (YHKLHH
®(E, t) no T, HaM OCTAETCHA TONBKO NO3a6OTHUTLCA HE PACCTPOHMTH
aHATUTHYHOCTH OYHKUUE F; (S, T). PaccMOTpeHHbH Bbillle MHOXHTeIb
B 3HaME€HaTele He MOXeT cleaaTh TOro, MOCKOIbKY, 6iaaroxaps aony-
IlEHHOMY OTPaHHYEHHIO, OH TEeNepb yxe HE MOXET 06paujaTbCsi B HyJb.
Ho enuHcTBeHHBE OCTalOl(HECA TOTAA NMOJ MHTETPaloOM MHOXKUTENH —
3TO MHOXHT eJH

T n+1 T n+1
E————  __F (——E’ — — F,
( 2V T p °) i TV AE °)

B 3HameHaTene. OHU TaKiKe He CMOTYT OGpDaTHTLCS B HYlIb B NeHCTBH-
TeAbHOH 0641aCTH HHTErPHPOBaHMA, eCan Mbl BoibepeM noCTOAHHYIO Ey
nexaweil B 061acTH, rie 06a NOZHHTErpPalbHbIX BbipaxeHHs Fy B F
obpawaoTcs B Hyab, T. e. B cuiy (6.41) B 0612CTH OXHOBpEeMEHHOro
BHIMOJHEHHs] HEPaBEHCTB

_ 2Mm 4 m® — 2p? T 2Mm + m? — 2p?
oVaErp T VTR VIR

_ 2Mm + m?— 2p? < Byt T 2Mm -+ m2—2p?
VT~ VIR Fp s 2V Mg
(nasi BELLECTBEHHBIX 1)

dmn HepaBeHCTBa 3KBHBAJEHTHbI Tpe6OBaHHIO
2Mm 4+ m?* —2p2 — =
2V M+ p?

Ho nawm © H p? orpaHudeHbl HepaBeHCTBAMH:

[Eq 1<

= E,(t) afs Bell{eCTBEHHBIX <.

t< (1 4+ p)m? nns BewecrBeHHbIX T H p2<aom?

ITosToMy CopMyaHpOBAHHOE Bblllle HEPABEHCTBO, OT PAHHUHBAIOLIEE
Ey, Gyner BbIMOJHEHO, eCnH NOTpe6OBaThH

2Mm — (p -+ 26) m?
2V

[Eo <
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Wrak, unrerpaawt (6.44) onpeapeasior ¢yukuuio P (E, 1),
AHAJMUTHYECKYI0 B 06/1acTH
—V<Rer<(I4pm? |Im «| < pm?,
[Im «'| < 2V M2+p?|Im E|,
ecan Mbt BbibepeM E, nexallluM B HHTepBaje

_ 2Mm — (p + 20) m® 2Mm — (p + 20) m? (6.47)
2V T p T

6.9.2. Ho, ¢ apyro# CTOpOHBHI, MB YCTaHOBMAM Bbillle, UTO

$yHxuns Sf(E, t) peryaspHa B ob6aactax (6.21) u (6.22),
T. e. B O6Gmactn (6.23’). HckaiouuM eute NoJioca, KOTOPHIMH

o6nanaer dyukuus ST(E, t) B Toukax E ==+Ep(t) ¢ no-
MOW(bI0O YMHOXEHHS Ha (Ez—E,z,(.-c)). Toraa Mo BHAMM, uTO
BHIpAXEHHE

} (6.46)

<E <

{ST(E., vy—®(E, v)} (E2—E}(v) (6.48)

LOMKHO OBITh aHAaAMTHYeCKON ¢yHKuMeRk obenx nepemeHHblx E
u T B obwett yactn obaacreit (6.46) u (6.23%), 1. e. B 0bs1acTH

—V <Rert < (1+p)m? |Im | < pm?
[Im t| <2V M2Ep?|Im E|; (6.49)
|ImVEE—p2—«|< |Im E|

Ho ans BewecTBeHHHX T<-—p? 9Ta Pa3HOCTh AO/KHA, COTIAACHO
NUCTIEPCHOHHOMY COOTHOUIeHHI0 (6.37), coBmacTh € MOMHHOMOM
no E:-

£%(x) SA(x, p)(E+Ep () + &2 (x) SB (v, p) (E — Ep (9)) +
+E*—Ep () 2 ¢ (v p, E)E2.  (6.50)

(o0<r<n)

Torna ona pomxna 6biTh monuHoMoM no E u BO BCek obaactu
aHautHuHoctH (6.49).

Hanomunm Teneps, uto awanutuysocTs no t pyHkuui A (t, p)
u B(z, p) 6yner nokasana B nonoasenun b (cp. (6.34)). Hanee,
Ep(t) aBaseTca aHa/MNTHYECKOM (YHKIHMEH T IO CAMOMY CBOEMY
onpeaenenno (6.26). Ilosromy dyukunn g2(z) u ¢, (), onpe-
/I€NCHHBIE MOKA TOJbKO AJis BEl(eCTBEHHBIX T, yJOBJAETBOPSIOLIHX
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(6.23), BOMKHBI Oonyckames QRAAUMUHMECKOE PACULUDEHUE HA
Hekomopyw obsacme Komnaekcnsx 3naienud <. Iloxaxewm,
uto 3Ta 06/aCThb BO BCAKOM Cjyyae BKJIOuYaer B Ce6a BClO 06-
nacTe (6.40),

—V <Rex < (14p)m?, |lmz| <pm?.  (6.40)

B camom nene, BoiGepem Hexoropoe t = t¥, Im ¥ ¥ 0, Jexaigee
B obnactu (6.40), M mnokameM, uTO K HeMy BCerxa MOXHO Noao6parTk
coorBeTcTBylomee £ = E* tak, 4ToGb mapa t*, E* oka3anrach Obi B 06-
nactu (6.49), Hanpumep, NMONOKHB

2Re EF- ImE*=1Im<" Re E*<{ M, \
(Re E%)2 —(Im £%)2 — Re v* — p2 > 0. }
elicTBuTeNbHO, 3aMeuasi, uTO
(Im V ET—pt— <) =
SV REET— 7P Fm @& — )+
+ Ret* 4 p?—Re E’“z} ,

(6.51)

BHIHM, YTO NPH CAENaHHOM BbI6OpE £
(im VET g7 v =

= —12- {VREET— 9T —5)F +Re+*  p*—Re£?} =
=0 (ImE*) +#0,

H, CN1en0BaTE/1bHO, HEPABEHCTBO
ltm VBT === |< |im£7]
sbinomusiercs. anee,
| Im<*| =2|Re £*] | Im E* | < 2M | Im E*| < 2 V M? F p? | Im E*|,

~—T. €. BCe HepaBeHCTBa (6.49) NEHCTBHTENBHO BHLIMOMHEHHI.

Takum o6pasom, aias mMobo#t ToukH t* u3 obaactu (6.40)
¢ Imt* # 0 Bcerma moxHo HaWTh Takoe E*, yto napa t*, E*
6yner saexarb B obOmactu (6.49). Ho orcioma caenyer, uto
¢yukuun g2(t) u ¢, (t) 6yLyT aHaAMTHYeCKHMH BO BCeH 06macTH

(6.40) c Bo3MOXHO# JMHMeR pa3pe3a BAOJbL BeLIECTBEHHOH OCH.
[ToxaxeM, YTO Ha CaMOM xelie TaKOH JUHUM pa3pes3a HeT.

Paccmorpnm JN 3TOrO BELIECTBEHHOE

— V(U p)m?
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¥ NTIOJNOXHM
t=rtx =z, iy, 1> 0

E=E, =E,+ E, >0.

_’i

2E,’
Yro6st Takme napul T, £ Bxoamau Obl B 06aactb (6.49), oueBHAHO n0-
CTaTOYHO NOTPebOBaTH, 4TOOMI

2
P+d+ppmJE M

(ReiCTBUTENbHO, TOTXA NPH AOCTATOUHO ManblX v TOUKH T+ E+ 6ynyr

YROBJIETBOPATHL HepaBeBCTBaM (6.51), HaNOXEHHbIM BhilLE Ha TOuKH <*,

E*). Ho ecau ToukH <+, E+ BxoaaT B obaacte (6.49), TO OHM BOiAYT
H B o6aactp (6.46) aHanurHuHocTH OyHkuuu P (£, <). I[losromy

D (Et, t+) Oyner aHaauTHueckoif ¢yuxuuel oGomx aprymenros. Ho
B 061acTh (6.46) BxoaaT 1 TouKH < ¢ Im © = 0 (HO He ToukH E ¢ Im E = 0}).
[To3ToMy MBI MOXEM 3aKMOYHTH IO HEMPepbiBHOCTH, UTO

lim®(Ex, t+) = lim ® (E, & e, <,).
n>0 e>0
e>0

Ho pasnocth
“m (B(Ey+le, o) — D(E, — ¢, Tp))

MOXCHO ABHO BBIYHCIHTBH. JleficTBHTENbHO, MOACTABAAA CIOAA HHTErpajbl
(6.44), onpeaensiomue P, Mbl MOAYUHM

®(E,+ie, ty) — R (E, — e, ) =
+o0

_ (= EY™! f Fy QE' Y WETp% ) dE/

2ni T n+l1
E e —r
-w( 2V M2 Eo)
><( — — ‘ )+
E———f——E, it E ——l—  _F,
eVarte Ve o
40
(B, — Eg)"™! Fy QE' Y M® - p% ,) dE/
+ 2 — X
. i 74 —E’+ T _E)n+1
—oo( 2V MErp
><( ! -
+2_——_VM2+ > E, —ie
1
t »
Tovaere "
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rae Crosifue B KPYT/AbIX CKOOKaX Pa3HOCTH CBOAATCS B CHAY CHMBO-
anyeckoro toxnecrTsa (1.4) k 3-pyHKUHAM, NOCKE Yero HHTErPHPOBaHHE
BBIMOJHACTCH, H MBI HaXOLHM

lim (@ By o) — @ (E-ii)) = F1 CEV M+ P t-5p v) +
o>

+ (= 2B, V M 92+ ) =SS (Ep 7).
EcM IOMHOXHTb Telepsb 3TO PABEHCTBO HAa HCKMIOYAIOW(HA S-(yHKUHH
ot Ex Ep (x) mHokuteas E;, — EJ (), T0 Mu nomyuum

lim [ (Ey, v4) — D (E~, <)) (E2— Ep () =
>0
= Sf(En) (EF—Ep (5) ) = ST (Ep, %) (EE— E3 (<)) ). (652)

C npyroil cTOpOHBl, HalK Napel ToueK £, =, u E_, T_ NpuBonsr
B npeneae npu q— 0 K BeufeCTBEHHBIM A (MHHMa# 4acTh A Gyaer mo-
pamka %), nostomy napa £, t, BXoauT B o6aacts (6.21), a mapa
E_, 1_—B o6racte (6.22) u, cienoBaTeabHO, HHTErpalini, COOTBET-

crByiomue (6.20.1) u (6.20.2), or Takux nap ToYeK GyAyT HMETb CMBICH
W CXOIUTBCA, NPK N —> 0, K dyHkuuam ST™ (E,, t,) uau STV (E,, <,)

coorBercTBeHHO. Takum 0o6pasom, 6ymeT BHIMOAHATHCA MNpejeNbHOe CO-
OTHOILIeHHE:

lim {ST(E;, <4)—ST(E_, <)} = ST(E <,).
>0
YMHOX3% ero Ha (Ef—Eg (%)) u cpasuusas c (6.52), Bunum, uto

(Ef— By Gn)lim (ST(E+, 24) — @By 50)) =
7 >0

= (E2— B (vp)) lim {ST(E-. s2) — @ (E-, )}
7>0
Ho B 3T0M paBeHCTBE C/eBa M CNpaBa CTOAT 3HayeHHA QPyHKumu (6.48)
oT nap touek Ey, vy M £_,v_. Tak kaK Takue napol Jexar B obaa-
ctu (6.49), To ¢yukuus (6.48) momxna PaBHATBCA 1JA HHX NOJAHHOMY
(6.50). O6o3Hayas sTOT MOJAHHOM udepe3 P.(E), MOXEM 3amucaTb Halle
npeneabHOe COOTHOLIEHHE B BHIE

lim P._+ (Ey) =1limP,_(E-).
>0 7>0
Ho nonuHoM -— HenpepbiBHas (yHkuusa. [103TOMy MOXHO Hammcarhb
lim P, (E,)=lim P._ (E,),
7 >0 7>0

T. e. 3azucumoctb P, (E) OT t NnpH nepexoge T yepe3 BeLIECTBEHHYIO
oCp Takwe Gyaer HenpephiBHOH. HO Bhillie W HHXe BelieCTBeHHOH OCH
KO3() (UL HEHTbl 3TOTO NMOIHMHOMA 3aBHCAT, KaK OblIO yCTAHOBJAEHO Bblllle,
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OT t aHaauTHYeCKH. Cief0BaTeIbHO, aHAIHTHIHOCTL COXPAHARTCA H 115
TOUGK BEINCCTBEHHOH OCH T, T. €. HMKAKOW AMHHH pa3pe3a JeiCTBH-
TeabHO He Oyjer.

WUrak, dyuxyuu g2(x) u c,(t) He ob6aadarom AUHUSAMU
paspesa u pezyasiprs. 80 8celd o6aacmu (6.40). '

6.9.3. Bephemca Temepp onsTb K cooTuomenno (6.43).
AnanutnunocTs dyukumit g2(z), ¢,(z), Ep(z), A(x, p)u B (s, p)
no nepeMeHHO# T B 06aacTH (6.40) MBI TOIBKO YTO YCTAaHOBHJIN.
3aBUCHMOCTb Ke TPex NocieAHHX uaeHoB B (6.43) ot E — aB-
Had, M W3 Hee Cpasy BUIAHO, YTO OHH OyAyT aHATHTHUYECKHMH
¢yHkuuaMu E, BO BCAKOM Clyyae N/ BCEX HE YUCTO BeLIeCTBEH-
upx E. Wrak, Tpu nocaeannx uiesa B (6.43) spasiorcs aHanu-
THyeCKOH ¢yHKuue#t £ u = B obaactn

-V Res < (I1+p)m?, |Ilmz|<pm2, ImE # 0. (6.53)

Yro xe kacaerca ¢yukuun @ (E, ), T0 Mb yxe yCTaHOBMIM
BbiWle, YTO OHA aHAa/AUTHYHA B ob6aacth (6.46). Takum obGpasoM,
BCA NPAaBas 4acTb COOTHOWeHus (6.43) ABAsieTCA aHANNTHYECKOH
¢dytKimelt B obaactu (6.46). :
[TosaToMy MLl MOXeM Tenepb pacwupums 064aCTh ONpepe-

nennst pyHkuun ST(E, 1) Tak, uTOOB OHAa pPaBHAAACE NpPasol
wacmu (6.43) 80 sceit o6aracmu (6.46).

6.9.4. TlonuepkHeM, YTO AAA pacuupessol TakuM o6pasom
OYHKIMH COXPAHAIOTCA 00b4HblE COOMHOULEHUS C HeCOOCTBEH-
HbHIMU Tpeje/aMu:

~ rot
lim ST (E *=ie, ©) = ST=Wv (E, 1), (6.54)
¢ >0
£>0

ecan tomko E,t u A=V E2-—p?—t BCe BewecTBeHHH N
— V<< (Lo me. (6.38)

Bhinoanenne 3THX HeCOGCTBEHMHbIX lpeReNbHBIX COOTHOWEHHH Gbin0

Obl OYEBHAHBIM, €ClH Obl JONpefenbHble aPrYMEHThl ObLIH PACMOI0KEHB!

B o6aactu (6.49). HeiicTBuTeanno, Toraa (1) ¢pyHkuus ST(E, ©) Gbua

Obl aHAMHTHYECKOH H (2) MOMXHO Obli0 Gbi HENMOCPEICTBEHHO HCIO.1b-
ret

30BaTh MHTerpaisl (6.20) nas ST8dv. OgHako 1erko BHAETh, YTO CMe-

mas touky £ B (6.54) ¢ BeuecTBeHHON OCH, MB BBHIXOAMM H3 3ITOH
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0021aCTH, NOCKOJNBKY INPH 3ITOM MOXET HAPYIUHTHCA IOCAEIHEe U3 He-
pasencTB, onpeneasioutux (6.49).

l1106u~060ﬁm 3Ty TPYRHOCTb, 3aMETHM, 4TO coriacHo (6.43)
¢yHKuMa S/ (aHAaTHTHYeCKadA, KaK TOJAbKO YTO OblIO YCTaHOBJEHO,
B 06racTH (6.46)) Oyner aHaIMTHUECKOH (yHKIMeR KaK ans Mapst apry-
merToB Ed-ie, v, TaK W 219 napsl, noiydaioueiics M3 npensiayugen,
€CM JOCTATOYHO Man0 CMECTHTb C BelleCTBEHHOH OCH BTODOH apry-
MCHT <, T. €. a5 napul E 2= ie, © & 2ia Ee.

[TosToMy Mbi MOXeM 3aMeHHTb npexenbHbiit nepexoy (6.54) apyrum
NpeneNbHbIM NepexoaoM

lim ST (E =+ t¢, <) = lim ST (E & i&, © &= 2ia E¢)
€>0

e>0
e>0 £§>0

VAT
la] < Fgm

Ho 3T1oit MHHMOH 1006aBKOM K T MOXHO DAaCMOPALHTHLCH TaK, UTOGH
toyka E = ie, t &= 2ix Ec He Bblaa Obl 33 npeneasl ob6aacty (6.49) (Mol
He 6yneM OCTaHaBAHBAaTLCA 31eCh Ha HECKONbKO FPOMO3IKOM BHIKJMAAKeE,
noaTBepxcAaiolel 9TO yTBepxkaeHHe). [109TOMY MBI CMOXeEM BOCHOJb-
30BaThCA (opMytamu (6.20) u HamucaThb

lim ST (E 4= ie, t) = lim ST (E & i¢, © & 2ia Ec) =
e>0 >0
e>0 €>0

=S J‘ e T ez +xe Im V(E t ief—p>—(c +2ia Fe)

ret

e i (Ex"~xe Re V' (E 1 de)*—p*—(t t 2ix Ee) Fm (%) dx
C
[im V(E £ 1e)—p°— (z £ 2ia Ee) | <,
BBHIY 4ero
I‘EE

lim ST (E - ie, < = 2a Ee) = STV (E, ),

€>0

e >0

YTO JOKa3blBaeT CooTHOeHHe (6.54).

6.9.6. Takum 06pasoM, Mbl YCTAHOBUIM NUCTIEPCHOHHOE CO-
oTHomeHue (6.43) Bo Bcelt obaacrtu (6.46), paBHO kKak u TO,

yTo AAA Sf(E, 7) ¢ E, t u3 (6.46) BLINOJHAOTCS OObIYHBIE
npeneibHble nepexoabl (6.54) B 3amasaviaollyildc W OMNepe-

KAWYI0 GYHKIUHU. )
Ho B o6aacts (6.46) BxoHST, B 4YacCTHOCTH, BCE TOUKH

cImE # 0 u BeuectseuiniMm —V < © < (1 4-p) m2. Tlostomy

7 3ak. 2670. Boromo6os ¥ ap.
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coortHouteune (6.43) 6yaer BepHO BCerga, Koraa
ImE+#0, t=m?

T. €. An AeHCTBHTENbHO HYXHOIO HAM 3HAYEHHS <.

[lposoas Tenep, B uuTerpanax (6.43, 44) sameny nepeMe-
HBIX WHTErpHpOBaiHd, O6PATHYIO UCMOAB30BAHHOW Mpu Mepexone
ot (6.37) x (6.43), moayuMM CHOBAa AMCNEPCHOHHOE COOTHOLIE-
Hue (6.37), B KoTopom TOMLKO Ha Mecte ¢yHknuu Sf (E’, m?)

Gyner Tenepb CTOATH BHpaXeHHE
Sf(E’, m?) = F, QE'V M> - p* + m2; m?) 4
+ Fo(—2E"Y M2+ p2 - m% m?), (6.55)

T. €. IUCNEPCHOHHOE COOTHOIIEHUE:

- o 1
ST(E, m?) = (_E_zfiﬂl

+0c0
/ FyE'Y MPF 92 + m% m®) + Fo(— 2E' YV M g2+ m2; m?)dE,
< (E' — E) (B! — Eg)**!

g (m?) SB(m%p) | g2(m)SA(myp) |
+ E + Ep (m?) + E —Ep (md) _i_o<21< ¢,E”. (6.56)

3ameHuswee Teneps ¢yukunio Sf(E, m2) Bupaxenue (6.55)

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

1 — 2 e 1 _o
7“7””‘;;% <|E|<Vmetps (6.57)

rie HeMOCPeACTBEHHOE ONpejefeHHe (QYHKIHH
Sf(E, m2)=ST(E, m?

yepes uHTerpan (6.20.3) cMbicaa He umeeT, BHpaxeHue (6.55)
MOXHO pacCMaTPHBATbL, KAaK HajJexai(ee aHAaJINTHYECKOE NpPo-
Lo/mKeHHe 3TOH (QyHKUMM Ha uHTepBax (6.57);

\ Mm — p?

8) mpu |E ——=—=——BHIpaxeuue (6.55) obpauwaercs

)p||<‘,M?+p2 P (6.55) o6p

B HYJb.
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HiTak, Mbl 00Ka3a4u 8bLNOAHEHUE OUCNEPCUORHOZ0 COOMHO-
wernuss (6.37) 04 HYNCHOLX HQM 3HAYEHUD T, eCAU UCnOAb-
308ams pacuupennyno @yuxyun (6.55).

6.10. .B BoiBeleHHBX HAaMH [YMCNMEPCHOHHBIX COOTHOIIEHHSX
(6.37) uau (6.56) noka cuyuraercd, uTo 3Heprus E KOMMJeKcCHa,
Im E 0. YUro6sl nepe#Tu K npeacTaBAAIOLIMM HEMOCPELCTBEHHBIA
MHTEPEC BeleCTBEeHHHIM 3HaueHusM E, moncrasum B (6.56) no-
MyCcTUMOE KOMIJIEKCHOe 3HaueHue

E+ie (EER),

M YCTPeMHM €& K HyJI0, BOCMOJb30BABUIHCh M/t TPOBEAEHUS
npeienbHOrO TNepexoga K JeBOH 4acTH YCTAHOBJEHHLIMU BhillE
¢opmyaamu (6.54), a B npaBOH — CHUMBOJHYECKMM TOXKIECT-
om (1.4). Torma, B 3aBHCUMOCTH OT 3HaKa &, Mbl NOJY4HM,

eC/H BOCMOJb30BATLCHA COKpalleHHbIM 06o3HauenneM Sf(E, m?),

ret

STWY (E, m?) = == - ST (E, m?)+

+ oo
) [ S

(E—Ey y
+ i (E' Eo)”+l dE +

& (m?)SB(m?,p) g (m) SA (m?, p) §
P e m TP T EEm "0“<2< e
ST n

(6.58)

31ech Mbl BOCMOJb30BAJINCh COOTHOWeHUeM (6.35), uToOH 006b-
eanHuth B ST BCe BO3HHMKaloune NpH npuMerennn (1.4) k 3Ha-
MeHaTensM O-useHbl. (3aMeTuM, YTO, MOCKOJBKY MBI CUMTaeM
ceHluac snepruio E (uo He E’) newaweit B HaGaionaemo#t 06-
nacTH, TO cnocob o6xola MoMoca B 4wieHaX € g2 cnpasa KO-
HeuHo GespasamueH. Ho B Habmonaemo#t obnacTn obpaiuaiorcs
B HYJb H BO3HHKAIOWIWEe H3-3a M3MeHeHHs crnocoba Takoro o6-
xola wiennt ¢ O(E == Ep).)

CkaaasiBas temeps 06a cooTHoweHus (6.58) M nepexons
¢ noMowsio (3.34), (3.35) u (6.9) x ¢yuxkumsm D, (E, m?)
nA,,(E, m?, Mb nojyunM IHCMEPCHOHHOE COOTHOUIEHHE, CBf-
3biBaloulee Tereph yXe HEMOCPeACTBEHHO MHTEepecylolue Hac
BEJWYHHbI — SPMUTOBY M AHTHIPMHTOBY YACTH  aAMIAMTYIb

T*
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paccesHus:
Mm—p?
TV _
D) =E=Ep [ g Seul®)
o [ N

(E/__E)(E/__Eo)n+l

(E—Ep"" /‘ S4,,(E)
—————-P dE
+ Mo ( ,—E)(E,—Eo)”+l +
V& ipt
g% (m?) SB (m? p) g% (m*) SA (m? p)
+P E +Ep TP E T, Ep +0 ;J
(6.59)
Mm—p>2

MBI BOCMOJNBL30BAMUCH 3[JeCb TeM, 4TO B 06J‘3CTH‘EI>VM1{- —,

10 KOTOPOW TOAbKO M NPOM3BOAMTCA uUHTerpupoBaHue B (6.59),
MOXHO HamuCaTh

SF(E’, m2)= ST(E', m?) = 2iA,, (E’),

rae, TakuM obpasoM, A,,(E) o3HauaeT aHTUIPMUTOBY HacTh

aMNAUTYAb paccesHus, MPOAOMKEHHYI0O B HeHabmogaeMyilo 006-

aCTh C MOMOLIbIO MpOBeJeHHOH Bhille npouenyps. Kpome Toro,

Mbl nepecTand, rje 3TOro He tpebyercd, OTMeYaTb apryMeHT
= m?; rtak, Hanpumep, Ep, O3HauaeT Tenepsb

2p? 4 m?
VW——W (6.60)

—— pefCTBUTeAbHYI0 3HEPTHI0 OJAHOHYKAOHHBIX MPOMEXYTOUHBIX
COCTOAHNM.

6.11. UYro6s aucnepcuonusie cooTHoweHus (6.59) MOKHO
61110 Obl HemOCPeNCTBEHHO MPHMEHATb, B HHX HAaAo0 etle u3ba-
BHUTbCA OT UHTETPUPOBAHMA MO OTPULATEJIbHBIM SHEPTUAM H, 3a-
TeM, BHIPa3HTb yepe3 HabaiolaeMble BeJIMUYHHLI BXOAAILME B MO-
auHOM 1o E HeonpeneseHHble KOHCTAHTH C,. DTOrO MOXHO
6yner NOCTHIHYTb, MCROJb3YS YCTAHOBJEHHbLIE Bbille CBOKCTBA
cummeTpun (6.10) B, 419 MCK/IIOYeHWS KOHCTAHT, MPOBeAf SBHO

BLIYHTATENbHYIO NMPOLEYpY.

E, = Ep(m2) =
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lMpexne ueM, OJHAKO, MEPEXOAUTb K BHIMOJHEHUIO 3THX
onepauuil, Mbi ciefaeM AONylUeHUe, YTO

cmenens pocma nOAUHOMA
8 (6.59), n, pasna eduruuye. (6.61)

3T0 — HEKOTOPOE HOBOE 1OMNOJHUTENbHOE MpelnoJoxKeHue;
B §§ 4 v 5 MLl yxXe CTaAKUBAIMCb C TAKUM MOJOKEHHEM,
KOTZa HaM MPUXOAMJIOCH, MOCKOJAbKY Mbl He CChiJaeMCa Ha Ka-
KO#-aM60 KOHKPeTHbIH BUA JArpaHXHaHA, NOCMYAUPOBAMb NO-
PAOOK  pocma MAMPUUHELX IAeMermo8 Ha OeCKOHEYHOCTH.
Hame xonkperHoe nonyweHue (6.61), ¢ onHO# CTOPOHHI, Ha-
XOLMTCA B COTJacud C pe3dy/bTaTaM¥ TeOpHU BO3MYILEHHH nas
MICeBAOCKAaNIpHOK Me30HHOW Teopuu, a ¢ APYroht — mojaCKasui-
BaeTCH ONMBLITHLIM MaTePHAJOM: NOJUHOM OOJiee BHICOKON CTenmeHu
npusen Obl k Gonee yeM nuHeiHomy pocry D, (E) ¢ sHepruef,
YTO NMPOTHBOPeYUuI0 Obl 3KCMEPHUMEHTY.

6.11.1. [lepexoxs B cooTHoweuusx cumMerpuH (6.10) k Hawed
CHCTEME KOOPIMHAT H TNpPHMEHAs K HHUM ONepaluH S CHMMETPH3aLHH
W aHTHCHMMETPH3aLHH NO e, YCTaHaBAMBaeM, YTO BXOAsIlHEe B QHCNEp-
CHOHHbI€ COOTHOIWUEHHA CHMMETPH30BaHHble (aHTHCHMMETPH3OBAHUbIE)
N0 € M MO H30TONHYCCKMM HHIeKCaM Me30HOB KoMOMHauuu A, (E)
0061313I0T Cle YOI HMH CBONCTBAMH CHMMETPHH 10 3Hepruu (cp. (6.16.)):

Ce (14 Ppp) Ay (— E) = —Be (1 + Py ) As (E),
@e(l—Ppp')A,,m(—E)z+6e(l-PP?')Am(E),; 662)
Ue (1 + Pyy) Ay (— By =+ e (1 P ) Ay (B), |
Ue (1 —Ppp') Ay (= E) = — Ae (1 — Ppyr ) Ay (E). |

UT0 ¥e Kacaercs CBOWHCTB CHMMETPHH IS 3PMMTOBBIX yacTeit Dy (E),
TO HX HET HYKADBl BBITHCHIBATb, NOCKOAbKY OHH B TOYHOCTH NPOTUBO-
NnoJa0XHbl (6.62).

6.11.2. OTveTnM Tenepb, UTO MMEIOT MECTO ABAa TOXIECTBA:

e 1 _ 1
= | 5@ —ry T
E’ E’

=2(E?-- Ey) —4Ey(E — Ej)——"
(E”® — E?) (E"—EY) Y(ET )

(6.63)
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"

1 1
€~ e =gy =+ B () =
1
= 2F (E? — EY) —4E; (E—Ey) EE B2
(6.63)

(E'* — E?) (E"* — Ey)

[TosToMy, NpHMEHHB K HHTerpanaM 1O OTPHUATENbHBIM IHEPTHAM
B (6.59) cootHomennsa cummerpuu (6.62), Mpi nonyunm ceiivac xe (Bo
BTOPbIX WJI€Hax B Npasoi uacty ToxaecTs (6.63) 3aBucHMOCTb OT E
u oT E’ dakTopusyercs; mocie HHTErpHPOBaHHs MO E’ OHH NPHBERYT
NPOCTO K MONHHOMAM MO E, KOTOpble MOXHO CUHTAaTb BKJIIOYECHHLIMH
B NOJHHOMEI ¢+ ¢y E):

Se (14 PPP') Dy (E) =

(e o]

E'Se(l -+ Pyy) Agl(E')
(E® — E?) (E"* — E})

2
= 7 (B2—E)P I dF’

Mm—p*®
Vi
Se (1 -+ Pop') B (m?, p) Se (1 4 Popr) A (m? p)
+ g2 E+Ep g2 Epr + Cw-—I—CuE,
Se (1 —PPP') Doy (E)=
[eo] —
—_— ’ 4
=2pmE—E)p I apr B 1= Per) A (B
T (E/2 __Ez) (E/2 —E(Z))
Mm—~p?
Vitip
Se (1 — Pypr) B(m?p) Se (1 — Pypr) A (m?, p)

2 o E,
te E+Ep g E—1; M
e (1 +Ppp) Dy (E) =

[o o]

e (1 4 Pop') Ay (E')
(El2 - E2) (EIZ L E(';)

2 2
—_-;E(E‘l——Ea)PJ dE’'
Mmn—p?
Vg
JAe (1 ++Pgp'y B(m2p) Ae(l 4 Pyyr) A(m? p)
Et Ep g E—Ep

+ ¢30 + a1 Es
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e = (1 — Ppp') Dy (E) =

2 E'¥e (1 — Popr) Ay (E')
_—_;(Ez—Eg)PI dE — - "’2
(E’* — E?)(E'"* — Ey)

Mm—p?
Viiipr
We (1 ——Ppp) B (m?, p) e (1 — Pypr) A(m?, p)
2 2
E+Ep g E—Ep +040+cllE'

6.11.3. Mcnonp3yem Temeps CBOHCTBA CHMMETPHH, 4TOOBl YNpO-
CTHTb BHIPAXEHHsA 1A BKJAAA OT OIHOHYKJOHHOTO COCTOSNHHA.

N3 Boipaxennit (6.34.1) n (6.34.2) nan B(r,p) H A (, p) BHIHO
(B nononxennn B, ¢opmyna (6.18), Oyaer mOKaszaHO TaKKe, UTO 3TH

BEAMUMHB 3aBHCAT OT £ Toabko uepes mocpenctso h=V EZ—p®—=
H NOTOMY HE MEHAITCA npH 3ameHe Ep Ha — Ep), 4TO OHH 001a1310T
CBOHCTBOM CHMMETPHH

B (t,p) = — Py Pe A(t, p) (6.64)

(31ecb Pe —oneparop 3aMenbl € -» —e). [103TOMy 148 HHX HMEOT
MECTO COOTHOUIEHHS:

Se (1 -+ Pyp') B (m? p) = —Be (1-+ Pyy') A (m?, p),
Se (1 — Pgpr) B(m?, p) = - Se (1 — Pyp') A (m? p),
Ae (1 + Ppp') B (m?, p) = - Ae (1 - Ppp') A (m?, p),
Ae (1 -— Pgp') B (m?, p) = — We (1 — Ppp) A (m?, p),
KOTOpble TO3BOJAT HAM OGHEAHHHTb B AMCIEPCHOHHBIX COOTHOUIEHHAX

06a uJieHa, ONHCHIBAIOUIMX BKJAJ OHOHYKJIOHHBIX COCTORHHH. l'[pamn-
YECKH 3TO yno6l-xee CaeiaThb, 3anucCas NPeaBAPHTEIbHO:

1 1 E—Ey \? ~ | ~
e TEEE F) tatak
- 4 - P

:FEP—EO

rje BO3HMKAIOUIHK [ONMHOM MOXHO OyXeT OnATb BKJMIOYHTb B HAaWK
o6upe nonnHoMbl. Toraa 1Js PasHOCTH M CyMMbl ABYX TaKHX BHpaxe-
HHil MOXHO Oy/1eT HemocpeiCTBEHHO MPHMEHHTb TOMZecTBa (6.63) H Mbl
NONYYHM B ORMOHYKJOHHBIX WICHaX TOUHO TAaKHE e KOMOHMHALMH, 4TO
H B MHTErpaiabHbIX, TOAbKO C E’, 3ameneHHnM Ha E_.

6.11.4. Hakoneu, HanomMHum (cp. (6.10) ), uTo cTOsLHE B NEBBIX 4a-
CTAX AHCIEPCHOHHBIX COOTHOLWEHHH CHMMETPH30BaHHBIE KOMOHHAL MM
oyHKuHi Dy, (E) Takxe o61anaioT onpeneleHHOH CHMMeETpHel mo E —
HMEHHO, B TIEPBOM ¥ TNOCJEIHEeM M3 BbIHCAHHBIX COOTHOLWEHHH -CleBa
CTOAT 4eTHple (YHKUHH £, a BO BTOPOM M TPeTbeM — HeueTHble. Jlerko
BHAETb, YTO HHTErpajbHbE wWICHH, PAaBHO KAK H NpPeo6pa30oBaHHbIE, KAK
TOJBKO 4YTO OblIO ONMHCAHO, BKJAXH ONHOHYKJOHHBIX COCTOSIHHH, CaMu
o6najalT AOMKHOW cHMMeTpHeid. [lo3ToMy Takoit e CHMMETPHeit
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IOMKHbI 061aaaTh M TPOU3BONbHbIE NMOKA MOJAHHOMBI 11O E, T. €. B IePBOM
H TMOCJeAHEM COOTHOILEHHAX MOXET MPHCYTCTBOBATb TONbKO MPOH3BOJb-
Has KOHCTaHTa, a BO BTOPOM H TPETbeM — TO1bKO AHHEHHHI N0 E uieH.

6.11.5. Takum 006pa3oM, B KaXIAOM H3 AUCHEPCHOHHBIX CO-
OTHOLIEHHH y HAC OCTaeTcs MO ONHOW TMOCTOSHHOH, KOTOPYIO
HeAb3% ONpeNenuTb M3 JKcrepuMeHTa. HToObl HCKIIOUHTH HX,
npuberiem K BblYMTaTEJIbHON mpolenype.

Hanomuum, uTO COrjaacHo CMbICTY MPOBEAEHHOrO Bbillie BbI-
BOJA AMCNePCHOHHBIX COOTHOWeHHW sHeprus E, momkHa nexaTs
B Henalawdaemoii o6ractmu, NPUYEM B vacTH ee, He 3aHATOH
HenpPephIBHbIM CMEKTPOM. Mbl XOTUM MepeiTv Telepb K IApYyro#

4
¢dukcuposanHot sHepruu, E;, KOTOPYIO Mbl XOTUM Tenepb Bbl-
6paTb B Halbawoaemoi o6racmu, M CBA3aTb OCTAaBaBIIHeECst MOKa
MPOU3BOJILHBIMM  MOCTOsIHBIE CO 3HAUeHUSAMH AEACTBATENbHBIX

yacTeft amnAUTy [ paccesHus A1s 9To# GUKCHPOBaHHON 31epruy Eg.

3ameTdM 143 3TOT0, 4YTO «sAPa» HAWMX WHTerpaioB o6na-
a10T CBOEOOPAa3HbIM «TPYNIOBbLIM CBOACTBOM» OTHOCHTENbHO
casura dukcuposanHoil aneprun E,. Mmenno, nerxo suaets, uTo
BBIMOJIHAIOTCA TOXKAeCTBA:

Er__ E? E’ —(E?—E? 'E’ .
R e I N o | )
—(F2__F? E’ 1
(E E() )(El2__E2) (EIZ __ E;‘:) ’ (665 )
E(E*— E? 1 _E g2 g2
T T e
X ] E(E—EP) '

(E%— EQ)(E” — E) - (E"—E) (B —Ep)

(6.65.2)

Tem e cpBoiicTBOM 06.1a1aI0T, KOHEYHO, H YJAEHbl, NPEACTABIIO-
ulMe BKJAaAH OJHOHYKJOHHBIX COCTOSHHH.
IMosToMy, ecnnm Mbl HanuileM Hally AMCNEPCHOHHBlE COOTHO-

WeHHs OLMH pa3 A.1g sHeprun E, a sTopo#t pa3 ans suepruu Eq u
10CJE ITOrO MOYAEHHO BHIYTEM M3 AHCMEPCHOHHBIX COOTHOLIEHHH
A E cooTBeTCTBYIOLIME COOTHOW EHHs (1715t MePBOro M NOCAeHero

4
IUCEeDCUOHHBIX COOTHOLIEHUN) Aast sHeprun Ey, uau (aas BTOpPoro
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/
M TpPETbero) — COOTHOIIEHUst 11 3Heprun Ep, noMHOXeHHble
E
Ha —; , — TO Mbl NOJIyuHM B MPABEIX YACTAX TOUHO T€ XKE BBHIPANKL-
0
HUA, B KOTOPbIX BMecTo 9Hepruu E, Gyler cTOATb Tenepb dHep-

4
rus Ey w3 HabnionaeMo#t 0064acTv, a uMeBlidecs paHee MpPOU3-
BOJIbHbIE KOHCTaHThl YHUUYTOXATCH:

Se (1 +P(-p') Dau) (E)—ee (1 +Ppp')Dau> (Eo) =

5 no [ E'S (1F Py Ayl
?(Ez"—Eé)P I dE, (E/;— E2) (be,g__E2 -
Mm - p* 0)

E*— E)E
BT i E?) (E) —"52) G, (14 P, )A(m? p), (6.66.1)
p P 0

Se (1 — P,y) D,y (E)— % Se (1 — Pyy) D, o (E) =

2 e o [, B (1= Po) A ()
=-E — Ly ! -
b (E )PI dE (E/2__E‘3)(E/2_E‘2))

Mm-p*

Virap
E(Ez—Eﬁ)

Ey — E*) (Ep — Ey)

— 2g2( Se (1 — P,y) A(m?, p), (6.66.2)
Ue (14 Pogr) Dy () — £ Ue (14 Pyy) Doy (Eq) =

9[0 (1 +Ppp’) fim (E/) .
(E/2_ Ef_») (E/2 _Eg)

B fee]
=2 E(:?—E)P I dE’

Mm—p?
Vilipt

E(E*— E})
— g2
B E-E)

Ue (1 4 Pypr) A(m2?, p), (6.66.3)
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Q[e (l _Ppp')Dum (E)_Q[e (l —Ppp’)D—:u) (Eo):

(o] —
_ 202 vy [ e E¥e (1 —Pp) Avu (B)
b4 (E2 EO)P J dE (E/2__ E2) (E/2 . E(Z))
Mm—p*
Viisp®
(B2—E) E,
Ey— E%) (£} — E))

—2g2( e (1 —Pyy) A(m2, p) (6.66.4)

(MbL OTlyCTHAM 3/eChb WITPHX Yy 3Hepruu E,, NOCKOAbKY npexHee
06o3Hayenue E, Ham Gosblue He BCTPETUTCS).

6.12. ucnepcuontsle cooTnouwenus (6.66) yxe He comepixar
6osiee HM MHTErpUPOBAHHsS MO OTPHUATEJNbHHIM 3HEPrufM, HH He
MMEIUX (HUBNYECKOTrO CMbICTa Heompee/eHHbiX MOCTOSHHBIX.
B camom nene, mockonbKy Mbl cuutaem Temepb, uTo 3ueprus E,
nexur B HabGmonaemoft obracrty,

Eo>Vm*+4pz, (6.67)

10 D,,(E;) MOXHo omnpenenurs 3kcrnepumentansho. llanee, Be-
nauunna A (m2, p?) Oyner sBHO BbluucJiena B nonoanennn b (B.18.1).
Takum o6pasom, B cooTHowenusx (6.66) ocraercs HepaszbicHeH-
HO# TOJNbKO MOCTOAHHAs

8§=8)|._ps. (6.68)

OcranoBuMcst Ha BONpoce O ee (PU3HUYECKOM CMEICIE.

6.12.1. Kak u3BectHO, BONPOC O TOM, YTO Ha3BaTb «3KCMe-
PHMEHTaIbHBLIM ME30HHBbIM 3aPANOM PeaibHOrO HYKJIOHA», He pe-
aeTcsd, B OTJIMYME OT aHAJOTMYHOTO BOMPOCA B 3EKTPOJIHHA-
MHKe, OJHO3Ha4YHO. B mociepHeM cayuae oOLLeNPUHATHIM ABIAETCS
onpejieieHHe SKCMEPUMEHTANbHOr 0 3JEKTPOMATHUTHOTO 3apsaa
Kak ko3dduuueHTa, CTOAWero Mpu TpofiHoH BepilHue AAf Pap-
HbIX M peanbHbIX HUMIYJIbCOB 3apsKeHHON YaCTHLBI M PABHOroO
Hymo umnyiabca ¢otoHa. C ¢opmaibHON TOYKH 3peHHs TaKoe
onpejesieHde OKa3blBaeTCq BO3MOXHBIM, MOCKOAbKY IS 3THX
3HaYeHu# HMMyJAbCOB YACTHIBI OJAHOBPEMEHHO KaK MMNyJbC ¢o-
T0Ha OKa3blBAETCH pPeasbHbiM, TaK OKAa3bIBAETCA BO3MOXHBIM H
VAOBJIETBOPUTH 3aKOHam coxpaHenus (umnyabc ¢=—0 moxer
OTHOCHTbCS K peanbHOoMy ¢oToHy!). Pusmuecku Ttakoe onpene-
JIEHUE O3HAYaeT anesadlui0 K OMLITAM MO NOBEAEHUIO IJIEKTPOHA
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B MELJIEHHO MEHSIOLUXCHS MaKPOCKOMHYECKHX MOJAX THMA OMN&iTa
Munnukena u, B KOHEYHOM cueTe, MO CYLIECTBY K BO3MOXHOCTH
onpejenuTb 3AEKTPOMAarHUTHHNA 3apdl B YHCTO MaKpOCKoOMuye-
CKHMX ONbITAX, MCCAEAYIOLMX B3aUMHOE NDUTIKEHHE 3aPFKEHHHIX
Oy3uHHBIX WIapPHKOB.

B MmesonunHaMuke nogoGHbI# nyTb ABASETCH 3aKPHITHIM — N3-32
IKCNOHEHUHANbHOTO CMafaHus SAePHOro MoJs € PacCTOSHUEM
(00yCnOBJIEHHOrO0 KOHEUHOCTbIO MacChl Me30HOB) MaKpOCKOMUye-
CKOM Me30JMHaMMKH He CYILeCTByeT, ¥ NMOTOMY OMpelelHTb Me-
30HHBI/l 3apAd U3 MAKPOCKOMMYECKUX ONMBITOB He/b3s. PopmanbHO
310 NPOSABAsETCS B TOM, YTO (M3-32 TOR K& KOHEYHOCTH MacChHl
MEe30Ha) Henb3s TaK nNOA0OpaTb MMMYJbChl TPOHHOU BEPLIMHLL,
4TO6b OXHOBpeMeHHO (@) OHM OBbLIM BewlecTBeHHB!, (6) 0TBEYaH
OB peanbHbIM 4acTULaM M 4TOOH (B) BBIMOJHANHCL 3aKOHBI CO-
XPaHeHHs, — T. e. YToObl Obl1 BO3MOXEH peasibHbH mpouecc.

[TostoMy, kak Gbl Mbl HH MOCTPOUIM ONpefesieHHe «IKCmepH-
MEHTaJIbHOr0 ME30HHOr0 3apfia peabHOro HyKJOHa», OHO 06432~
TeJbHO OyaeT dopmanbHeiM M OYAeT OTHOCHTLCH K BEIUYMHE,
durypupyiouieil Anib B TeOPeTHYECKHX BBIK/IaAKaX, HO OTHIOAbL HE
nojnatotefics HemoCcpeACTBEHHOMY ofpeneneHuio Ha onsiTe. Kon-
KpeTHbll BHOOp onpeneneHus He OyneT WMeTb NPH ITOM MPHH-
LMTIMabHOTO 3HAYeHHs, HAalO JHIlb, 4YTOOBl TaKOe ofnpeje/ieHHe
6b110 4eTKo cdopmyupoBaHo. [To3TOMy Mbl BRpaBe ompejne-
AMTb SKCTIePUMEHTAAbHbIH ME3OHHBIA 3apAd peajbHOro HyKJOHa,
KaK Ko3ddHluHeHT npu TPOHHON BepiidHe ajs ciayyas, KOriua,
BO-NEPBBIX, BHIMOJHEHB 3aKOHH COXPaHeHHs U, BO-BTODbHIX, BCE
TPH UMNYJAbCAa OTHOCATCH K peanbHbIM YacTHIAM.

CocraBistiolue UMMYJILCOB HEM30EKHO OKAaXyTCSs NPH ITOM
KOMIIJIEKCHBIMU, NMO3TOMY HENOCPENCTBEHHO OmpeienuTs yAoBhe-
TBOPAIOWMA TaKUM YCAOBMAM 3apsdl uepe3 BaKyyMHOE cpejaHee
TpeTbelt BapHaliMOHHOM TIPOU3BONHOM MATPULLL paccesHUd (KOTOPOe
Oyner urpatb npy HaweM cnocobe MOCTPOeHHs TeOPHHU POb KO9b-
(uLMenTa y onepaTopos nojs npu TpofHOA BeplunHe) Heab3s, H
MBI €CTECTBEHHO MPHXOAHMM K TOMY, yToObl BOCHO/b30BaTHCA Me-
TOAOM AaHAJANTHYECKOTO NPOJAOJIKEHHs, T. €. CHayajla BBECTH,
¢ nomouwpio cooTHowenus (B.11) u3 nonoanenus b, dyHk1MIO
g(g?) nas g®=r, yNOBJETBOPSAIOINX HepaBeHCTBY (6.23), 3aTeM
BLIMOJHUTL (BO3MOXHOCTb yero OyjleT Aokas3aHna B B.5) ananutu-
yecKoe MNPOAO0/IKEHHE 3TOH (YHKUUM BMJIOTL A0 OTBEYAIOILEro
peajsbHOMy Me30HY 3HaueHus t=m2 4 onpef e uTb IKCNEPU-
MEHTAa.1bHLIH ME30HHBIA 3aps] peasibHOrO HYKJOHAa, KaK 3HayeHHe
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seenennott B (B.11) ¢ynxuun g(g?) nas g2=m?, T. e. Kak

g=g(q% lg=m= (6.69)

Buiknagku pasgena B.5 mnokassiBaloT, 4TO Tak onpeneneHHbIA
3apsa OyneT BeuleCTBEHHBIM.

Hrak, enuHcTBennol Bxonsue#t B (6.66) ne HabmonaeMoll Ha
onmbiTe TMOCTOAHHON MOMXHO TPHMAATH ACHBIR M BaxHBIR (U3HyE-
cknft cMblca ¥ (cM. Hike § 8) camu coorHowenus (6.66) mMoxHO
OyneT UCMOJb30BaTh A/ KCIIEPUMEHTAILHOrO onmpeieneHus 3Tofl
MOCTOSHHOM. :

6.12.2. Onnako B uwterpaie no E’ B HAWNX AUCNEPCHOH-
HbIX COOTHOWeHusix (6.66) Bce euwie OCTaeTcs MHTErpHpoOBaHME
no yacTM HeHabnonaeMod 0O6NACTH, MMEHHO, MO YacTH, 3aHATON
HenpepuBHLIM crnekTpoM. XOTs Bbllle W ObJIO MOKa3aHO, YTO

AHTU3PMHUTOBY YacTb aMIIUTYAbl paccesuus A,, (E) MoxHo noay-
YuTb B 3TO# 06JAaCTH AHAAUTUUECKUM TMPOAOIKEHHEM M3 HabJ/o-
naeMoil 06/1acTH, $ICHO, UTO PeasbHO Takoe MPOJOMKEHUE MOXHO
66110 Obl OCYL1ECTBUTb, JAdlIb €CAM Obl UMEJTH MONYYEHHOE H3
TEOPUHM aHaMUTHYeckoe Bbpaxcenve Aas A, (E), HO He TOJAbKO
HaXOAMMble W3 ONbITa NMPHUOJHKEHHbie uyuCJeHHble 3Havenus. [lo-
3TOMY, MNOCKOMbKY TeopHs Me3OH-HYKJOHHOrO B3aUMOAeACTBHA
MoKa OTCYTCTBYeT, MPAKTHYECKU BLIYHCAUTH 3Ty 4acTb MHTErpana
HE yJZaeTcs, M HaM NPULETCA NPOCTO NpeHeOpeub €10, BBIMOJHASA
MHTErPUPOBAHUE HE OT NpHuBeleHHoro B (6.66) HuKHero mpenena,
a oT rpanuibl Habaoaaemott obaacTy Vm2—|—p2 . 3amMeTHM JUilib,
yTO N1 paccesHus Bnepef, korga p=~0, 3To#l uacT¥ UHTErpana
BooOuie He OyHeT, MOCKO.IbKY MPH 3TOM lfenpepulBHbIfl CNEeKTp
HE 3aXOIHT B HeHabmonaeMylo 004acTb..



§ 7. HCCAEAOBAHUE AHAJIMTHYECKHX CBOKHCTB
®YHKIIUH ST,

Wanaras B npepminymem naparpade BBIBOL AMCIEPCUOHHBIX
COOTHOWIEHUHA, MBI MNpHHAAH 0e3 10Ka3aTenbCTBAa TO YTBEpKIe-
Hue, uto ¢yukuuo Sf,, (E, t) MoxHO npeacrasuts B Buae (6.39)
yepe3 ¢yukuuu F, u F,, obaanaiowmme csotictamu (a), (6), (B)
u3 nyHkta 6.9. Yrobbl 10Ka3aTb 3TO yTREpHKIEHME, HAM MO-
HaLoOMTCS TpeANpUHATHL Tenepb 0oJiee [eTalbHOE HCC/el0BaHUE
aHanuTHYecKoro noseaeuns ¢yuxuun ST.

7.1. YcraHOBHM CHadala HeKoTOpble anredpanyeckde COOT-
Howenna. HanomuuM npexnue Bcero, uTo corjacHo (6.3) QyHK-
uus T Oblna onpejesneHa, Kak ¢ypbe-o6pas

q + q /dxe 2 F,o(x) (7.1

¢bynkuun  F,, (x), cooTBeTCTBOBaBUIEH MATPHYHOMY 3JEMEHTY
(p3aTOMY MeXAy HBYMS OJHOHYKJOHHBIMH COCTOSHHSAIMHM) KOMMY-
TaTopa AByX 6GO3€BCKHX TOKOB:

P -p
i (x+y)
2 Foo(x—y)=

=i(p’, 8| jo (), W —J, W Je () [P, S). (3.23)

[Toatomy, mpoBons B (3.23) mpeo6Gpa3oBaHue Pypbe no obeuM
KOOpJMHATAM, MBI MOAYYUM:

T (22;1‘)+ ps)a(l’, — Pt P+ p)=

i Qg . , . SR T
=?2_n)7f (P58 |Jiyr (X3) Jip () —Jo (%) Jor (X3)| P, S) €F (Pt P2 3¢
X dxgdx, (PO=V M2+p%5 p =V M4 p?).
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Belpasum 3jech crofuie MOA WHTErpaloM MaTpuuHble 3je-
MEHTBl uepe3 BaKyyMHble Cpeanue ¢ momouiblo npunuuna I1.3
u3 § 2. Ucnoavays dopmyny (b.4), natimem, uto

Ty (’—"—Q——e—i- pg)?'(p'—p—l—pa—l—p4)=

—1
(2n)?

2+ (p’ f VP @~ P kPt DB d X, d Xy d Xy dX, X

7 . Ji o] | 0)urs). 2

32
< 3y (x1) 3 (xy)

BBeneM aast crosulero nol MHTErpajoM BaKyyMHOTO Cpeln-
Hero o6o3HaueHue
82 {jor (x3)s Jp (x4 ]

-
8T (%1) B0 (x5)

3ameruM Tenepb, UTO €CAM y HAC UMEETCA HEKOTOpAs TpPaHC/fA-
LLMOHHO-UHBapHaHTHas GyHkuua F(xy, X, X5 X,), TO ee noi-
HEIl hypbe-06pas, — noayyaeMulfi, eCid NPOBECTH He3aBHCHUMbIE
npeoOpasoBanus THna (6.3) 1o Kaxa0# U3 KOOPAMHAT Xy, . . ., X, —
6yner nponopluonaneH O-GpyHKUHH OT CyMMbI UMMyabcoB. Jlas
nanbHeflero HaM OyaeT yAoOHO Ha3blBaTb B TaKHX Caydasx
¢ypbe-o0pa3oM KoapPuyuenm npu 3Toh B-cpymiuun (nenennbIi

Ha (2m) %), KoTOpHIA MBI GyaeM 0603Hauath uepes F (py, s, Ps, Py)-
Wrak, noaoxim!):

]0} =D (%, X5 %5 x,). (1.3)

fF(xl, co, X))@t PEE - HPBIdyy L dx, =

= Q0 3Pyt -+ P)F (P oo oh P, (7:4)

F(xi+ta, ..., x,~Fa)y=F(xy, ..., x). (7.5)

1y Jlerko BHAETb, 4YTO TaKoe 0OGO3HAYEHHE COTNACYETCS KAK C HC-
NoJb3yeMOit HaMH 0o0uieH HOPMHPOBKOH NpH nepexoxne x gypbe-o6pasam:

F(Xy.on Xn) = 20) " (dky ... dkpexp {— 12 kixg ) T(ky. . n),

TaK H, C APYyrod cTOponH, C BbLIOODOM HOPMHPOBOK IPH mnepexoxe
K ¢ypbe-00pa3y ajst ABHOH QYHKIHMH OT PAa3HOCTH IBYX 4-TOYEK, HAMpH-
mep B (6.3).
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CpaBHitBas 9TO onpejeseHde ¢ CooTHoulenveM (7.2), BUAUM,

7
YyTO MHTepecywollas Hac QyHKuug Ty, (‘L—%q-) 6yleT BHIpa-

KaTbCs uepes ¢pypoe-o06pas pyHkunu(7.3), 5(p1, D2y D3> Do), €CIH
MOJOXHUTb B HEM

=p p=—p pn=¢5 p=—gq,  (7.6)

T (L) = 5 e 0) D (7. — p ¢, — utS @), (D)
rue
Po=Vm4p”s pP=VWp5 p+q—p—aq=0, !
=V '+ =Vg+rx. J
7.8)

7.2. Uccnenyem, kak 3asucut D (py, Py ps, py) OT CBOMX
aprymenToB. Buinosiss B(7.3) BapnauuoHHoe Ruddepenuposa-
HYe, HaiaeM, 4TO

D(%y, ..., x)= 2 (1—P Py )DO(x,, ..., x), (7.9)

a<a<s)
rie
1
0>;

TN EY) . 8jp (x4)
3¢ () 0¥ (x9)

DY (x,, ..., x4)=<0

s (7.10)
|V (xd) ¥y (x3)
D@ (x,, ..., x4)—<0 X (x2)° 3¢ (%) 0) J
]
By (re) )
D3(xy, ..., x)= <0 o
(x4 s Bqa(xl)ﬁ‘{f(xz) e (7.11)
. 32]9 (xS)
D*(xy, ..., x)=—\0 ( nE 3.{,(,(1)34;(%) 0/

a Py, o3nauaerT oliepaTtop MepecTaHOBKH WHAeKCOB 3 u 4.
Byaem cuutats, uyto cooTBeTcTByOmee (7.9) pasbuenue

B CYMMY BblnosHeHO u aas dpyHkuuu D(py, ..., p,). JleTko BULETS,

YTO TOrAa AJIS MHTEpECYIOUMX HaC 3HauyeHHH T, yN0BAETBOPHIO-
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wux (6.38), mBa mociaeaHMe uJeHa B TaKOf CyMMe He AadyT
Bkaaaa B D(py, ..., py)-
B camowm mene, paccmatpusas, Hanpumep, dyukumio D ¥ (xy, ..., xy)

M npuMeHss Gopmyay (2.6) pasjomeHHS MO NOJHOH CHCTeMe (yHKLUHH,
HakeM

D® (xy .., x4>=<0 e 09 0><0|jP (x4 10) +
B¢ (xy) B (x9)
0%, (x3) .
dk( 27 n, k>(n, k| J, (x0)]0). (7.12)
+E/ 59 () oY () P

Ho cpeanee mo BakyymMy OT Toka pasHo Hymo B cuiy (3.6), uto xe
KacaeTrcsi 3JeMeHTa Mepexona TOKa Mex 1y cocTostuamu |n, k) n Ba-
KyyMoM, TO 6Jarogapsi TPAHCASI{HOHHON HHBAPHAHTHOCTH €ro MOXCHO
3anucath B BHJE

(n, k1 Jj, (x4)10) = (n, k| j,(0)]0) e*ns,
rae

kn=k k=) K+M:
Haxonen, B § 4 6bin0 yCTaHOBAEHO, YTO MATPHYHBIE 3JEMEHTHI
{n, k|j,(0)]0)

PaBHBI HYJdI0 M LI OZHOME3OHHLIX MJH XBYME3OHHbIX cocTosinui. Taknum
o6paszoM, B cymme (7.12) MOryT yyacTBOBaTbh JMIIb COCTOSAHHSA C

My > 3m

M, ClefoBaTeMbHO, B Bypbe-pasioxennn DO moryr yuactsosath IKc-
\IOHEHThE eXp {i{p X} MM C
pE > (3my2.

TakuM ob6pa3oM,
D®(py, .o p)=0, ecam p;<<@Bm):. (7.13.1)

COBepLLIeHHO aHAaJIOTUYHO YCTaHABJWBAETCA, UTO

D®(p,y, ..., p)=0, ecmm pl<(Bm)?2 (7.13.2)
M, CJei0BaTEJbHO,
Py, Py D® (py, ..., p) =0, ecm pi< (Bm)p?
(7.14)

Py Py, DY (py, ..., py) =0, ecmn pi < (Bm) |
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HOSTOMy Mbl MOXXEM Hanucatb, 410
D(pys s p)= 2 (L—PyoPo) DO(py, ..., p),  (7.15)

a=1,2

pA<@myp 1 pr(3mp (7.16)

M HaM OCTaercsi MCC/Ie]OBATh AHAIUTHUYECKYH CTPYKTYpY TOJBKO
dyuxuntt DO (py, ..., p) u DA (p,, ..., p,).

7.3. Dra 3apaya Tpebyer 60Jee Cepbe3HOTO HCCJEL0BaHKS,
3HAUUTENbHAS YaCTh KOTOPOrO OTHOCHTCS CKOpee K TeOpHH (PyHK-
UM MHOTHX KOMILIEKCHBIX TMepeMeHHbIX, ueM K ¢usnuke. [Toaromy
Mbl C(OPMyJNHDyeM 31eCb pe3ylbTaThi YHCTO MareMaTHYeCKoH
YaCTH pAacCyXAeHU# B BUAe TEOPeMBI, JOKa3aTe/JbCTBO KOTOPOH
Gynes npuBeneHo B JonoJHendu A.

Teopema. ITycms Gydym Oanwl wembipe 2pynnot

(i=r,a; j=r, 0

eClu

M PAHCASAYUOHHO- URBADUAGHMHBLX 0000U,eHHbLX DYHRK YU
( )
(X e X)),

npeoGpasynuuxcs no AUHEAHbLM KOHE4HOMEDPHbLM npedcmas-
aenuam 2pynne. JIopenyal) u obradanujux csoldcmeanu:

Fle, ..., x)=0, ecau x,Kxy wan x,<x,)

(V) P
Xiy ooy X —-0, ecan x, <x aasu X <x
( 1 4) 1~=""3 4= }(7 17)

FOl(xy ooy x)=0, ecau x,<x; wan x3 <% I

FO ey, oo x)=0, ecan x,<x; uwan x, <X, )

ITycms, Kpome mozo, Oanuble GYHKGUL yO0EAEMBOPSION
YCA0BUAM

ﬁ”(l’v s p4)___F((le)(p1’ e p4)=0,
ecau
< M~+mp u pi<@Bmy s
‘”’(p,, o p)—FQ (o p) =0, (19
ecau
i< Mm@ w pi<(@Bmp,

) v HymMepyeT KOMMOHEHTH 9TOrO MPENCTaBJAeHHs.

8 3ak. 2670. Boroawo6oB u Ap.
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a maxoice u mpe6osaniLio
FO) (py, ..., p) =0,
1} (p, Ps) ' (7.19)
ecau (py+ps)? < M—+m)? wwu p)—+ p3<O0. f

Toz0a  moxwcno  nocmpoums  060Cwennbie  PBYHK{UL

D, (21, ...y 2y Zg) BeuyeCmBEHHOE nepemennod Zg, SBAAIO-
wuecs QHAAUMULeCKUMUL BYRKGUSAME KOMNACKCHOX Nepemen -
HbX 2y, ..., Zz CO cCBOUCMBOMU:
(1) Qynnyuu @, pezyaspru 8 obaacmu
|2, — M2 <pm?% | 2z,— M?| < pm% |
* . % .
[zg— 1" <pm?% |z, —7* | < pm?; (7.20)
4 M r cRezi<0; I 2 M2
—_ M+mm <Rezy;<<0; [Imzi<<pom e |

20e p— 00CMamo4Ho Maa0e NOAONHCUMEAbHOE HUCAO, O Beuje-
cmsennoe <* y0osaemsopsiem HepaseHCMB8aM

—V<<t'<<m? (7.21)

20e V — Hexomopoe noaoxumeavHoe npou3sosbroe, Ho durcu-
DOBaHHOe 4UcrO.
(2) Oynrguu

D,(2y, ..., 25 29) =0, ecau zg (M-+mp. (7.22)
(3) s sewecmBennvlX py, ..., p, MAKUX, 4MO

p1+Pz+P3+P4=O

I BeAUUUHBL
e A A T A R
Zs=(p1+p)* 2zg=(p+ ps)?

yoosaersgopsiom wepasencmsan (7.20), ynxuuu FY) mooxcro
npedcmagume 8 8ude CyMMbi

}(mw

F‘(\{)(p, ey ‘_____S‘pu'..‘ u”q)u) z""’z';z 4
ij (Py P = 2 Pig Pl °”gam

ecau py+r>0

¢ xoneunwim uucaom 4aenos (o ={a; ..., a;}).
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Mbl XOTUM TPHMEHHTH 3Ty TeOpeMy K HawuM (YHKUHSM
DDy P, Py, DM, Tpoepum, GyAyT Ju BHIIOAHATHCH ee
ycaosus Aas ¢yukuun DO (x,, ..., x,).

[Tonoxum

Fro(xy, ..., 2)=DW(xy, ..., x)

1 pocrpouM B kauectBe ¢dywkuuu F,,, F, u F,, BbipaxeHus
Ll (xl) °Jp (EA)] O>

Fa,(xl, ey X4)=—<0 O(Pp (x-;) ov.[/(XQ)

8o (X3) s (X9)
3 e e ey - 0 P_‘ * \ : '
F,. (%, x)=( PR 0); }(7.24)
Foa (%, o0y %) = _<O ;"Pp’ (X;;). B9p (X4) O>’

rae ¢depMueBckue TOKH O (X),  (X) onpeeasioTcss paBeHCTBOM
(3.4). Slcno, uto Tax mocrpoenHbie ¢ynkunu Fi; Gyayt TpaHC-
JSUMOHHO-HHBADUAHTHBIMU M TIPe0OPa3yloTCd, KaK NpPOM3BeleHUs
CIIMHOPOB (MBI He BBIIIUCHIBAEM TeNepb sBHO BepXHEro WHAeKCa
(v), poab koToporo OYAyT Mrpath CIHHODHbIE MHIEKCHI TMOJef
(MMM TOKOB) B TOMKAX X; M X,). OueBMAHBIM o6pa3om (B culy

yCJOBHS TNPUUMHHOCTH (2.24)) BHINIOJHAITCS TaKke W CBOMi-
crsa (7.17).

Yro6bl NOKa3aTh, YTO BBIIOAHAIOTCH ycaoBus (7.18), 3aMerHM, UTO
HMEIOT MeCTO TOXJEeCTBA:

8jp (%) 3O (x9)
3 () P (xp)

=i[O(x) j(x) ]

Bj (%) M_ . —
W) ey GO Gl

CIpaBenJuBOCTb KOTOPbIX JIEFKO NPOBEPHTH, UCXOAS1 H3 onpene.nelmn

(3. 4% C uX nomowpbio Mbl TONYYHM, HAPUMEP, AIsl IEPBOrO U3 YCJIOBHI
(7.18):

Frp(Xp ooy X)) — Fap(xy .0y Xyg) =

0>—i<0

i, ;)jp (X4)
— (0| O iy (59) s

0>

Jp(x5) O () L 5D :

8*
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Otpenssi 3jech B KaXIOOM uleHe NMePBhH MHOXUTENb MOL 3HAKOM MaT-
PHYHOTO 31eMEHTa C MOMOLLLI0 TEOPEMbl MONHOTH H MOAb3YACH TPaHC-
NSUMOHHOH HWHBAPHAHTHOCTHIO TOKOB, HaHeM MyTeM TOYHO TAKHMX XKe
paccyxnenuit, Kak HcCHonb3oBaHubie Bbiue ((7.12) —(7.13)), uro
¢ypbe-06pa3 mnepBoro 4ieHa 06pallaeTcs B HyAb AJs

Pl < (MA-m)?,
a ¢ypbe-00pas BTOPOro — JJist
Py < (3my.
Mostomy
Frr(Pys oo Py — Far Py s D) =0,
eunu

A<M+my u pE< (3my

CoBeplUeHHO aHAJOTMYHO TPOBEPAIOTCS M OCTaJbHbIE yCJIOBHA

3TO# rpynnbi.
Takum o6Gpa3oM, BbinoJHeHue ycaosu#t (7.18) nposepeHo.

HaM ocranocy nposeputb BhinoJHeHue TpeboBaHus (7.19).

Pasnoxum nas storo npoussegenue (7.10.1) mo nonno# cucreMe

G yHKuH
o))

DO (xy, ..., x5 —2‘ j <

(7.25)
B CHJy TPaHCASUMOHHOH HHBAPHAHTHOCTH MAA KAaXJOTO M3 MHOXHTeneH
N0 HHTErpajJoM MOXCHO HamHcaTh

Bfo (x)
54’ (x9)

.Ip (x3)
‘P (*1)

Bj,(xa) 8j, (0) —ikya,
0| —+t -7 Ink nTy (7.26.1
< 3¢ (x) > < B (e — x3) >e )
u
bjp (x4) ij (x4—~x2) ik, .
Qe |0k T [0 022
rae

B, =+ M: 4K >0

Hanee, matpuunbie sneMenTol B (7.26) o6pataTca B HyJb IAs Ge3Hy-
KJOHHBIX COCTOSSHHH B CHJY 3aKOHa COXPDaHEHHsA SANEPHOro 3apsana.
Mostomy B cymmy (7.25) MOryT BOWMTH TOJBKO COCTOSSHHS C OLHHM
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HYKJIOHOM, OJTHHM HYKJOHOM H OXHHM ME30HOM H T. I. Urak,

DO (xgy 0., 24) =

o 57, (0 3
=fdk e”‘"’”’"”“’( 4' (J" © S| K)(1, k, JP(':?(O)Xz) o)+
o xl—-x-.,
eiky, (@, -.:v) 0 °Jp 0) l °]p(x4_x2) 0
g Qe o] T ) (kR ),
Mpn>M+m
(7.27)

=+ VMFEKS E>M4-m? k>0

Takum obpasoM, ¢yukuus DD (xyq, ..., X4) TpeacraBisercs cynep-

NoSMuMeH  SKCTOHEHT BHza o 0 (@ =)+ Qi(@ — @)+ ky @ — a0}

rie k°>0 a KBazpar k2 au60 Goubwe (M- m)? (Bropo# uneH

B (7.27)), mu60o pasen M2 [lepexoxs K HalMM OOLIYHBIM HMITyJbcaM
P1s +++» Dy BHIODAHHBIM B cOOTBETCTBHH C (7.4), MONYYHM Ry = py + pg.

CnenoBarensHO, M3-3a Hanuug B (7.27) OLHOHYKJIOHHOTO
uieda ¢ynkuus DO (x,, ..., X,) HEMOCPeACTBEHHO He YIOBIe-
TBOPSIET YCJOBUSM TeOpeMb; HMMEHHO, M3-32 OJHOHYKJOHHOTO
COCTOSIHMS He yjpaeTcs BbimoaHuTh TpeGoBanue (7.19). Oanaro
fICHO, UYTO ONLHOHYKJOHHOE COCTOSIHMe HCKIIOUYUTCS, €CAH Mbl

yMHOXUM ¢Qypbe-o06pas f)(p,, ..., Py Ha
[M2— (p, + py)2 ). (7.28)

SIcHO TaK)Ke, YTO BHINONHEHHE OCTaJbHBLIX, NPOBEPEHHBIX BhILleE,
yC/IOBH# TeopeMbl TPH 3TOM He HapywuTcsi. B KOOpAMHATHOM
NpeACTaBIeHUH YMHOXeHUe Ha Muoxurteab (7.28) csenercs K meit-
creuto va DW (x, ..., x,) omepatopa

[+ (Getae) ]

Bumoanenwe ycnosus (7.19) aas ocraabHbix ¢pyHxuuh (7.24)
JLOCTHraeTcs COBEPLIEHHO aHAJOTHYHO.
WTak, MBI yCTaHOBWIH, YTO (YHKUHS

o4+ 2 o

yAOBJETBOPAET BCEM yC/ioBHAM TeopeMbi. CienoBaTenbHO, RS
HMNYALCOB Py, ..., P,, YBOBAETBOPsiOUMX ycaoBuaMm (7.20%),
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(7.20) ee ¢dypbe-06pa3 MOXHO NPEACTaBUTb B BHIE:

[M2— (D, 4+ p)* I DO (py, ..., p)=
[ =3 pro, (P55 (P4 po)?),
ecan (pr—+py)* > M—-my n pi—4-p) >0; ((7.29)
=0,
ecmn (py~+ ps)? < M—m)? nm pl—+p3< 0
(nocaennee paBeHCTBO CaeAyeT u3 Buinosanenus (7.19)).
lepexons Tenepb k paccmoTpenuio pyukund D@ (x,, ..., x,),

BHAMM, UYTO BC€ pacCCyXAeHUs NpOBOASTCS AJS Hee COBEPILUEHHO

aHAJOrMYHBIM 00pa3oM, NMPOHCXOAUT AMIUb OJHOBPEMEHHas 3aMeHa
nepeMeHHbIX

I

1—=2 u 324
[losromy ans ¢ypbe-o6pasa ¢yHKunH
0 9\ h)
[M2+(0—%+d—x3) D@ e x)

WMeeT MecTo (AN MMNYJbCOB, yROBAeTBOPsiowix (7.20%), (7.20))
npeicTaBreHue:;

[M2—(p; —+ ps)? ]b(Z) Py vy PP =

=pp ... PO, (P - (P1+p3)?),
. ectn  (p4py? > M—4-mp u p)=+py<0; ( (7.30)
=0, ‘

ecan (py—+ pg)? < (M~ m)? unn p+-p} > 0.

Touno Taxum e o6pa3om ycCTaHaBIHBAaeM, 4YTO JJd ABYX
Apyrux uneHoB B (7.15) MOXeM HamMcaTb:

[Mz—(p1—|—p4)2]Ppp,P34D(l) (P1s -+ -5 D)=

=303 PR (Ph - (i p?),
] eemn (pAp)2 > MA-m) w 4Py >0; | (731
=0,

ecan (py —+p)? < (M4 m)? um p)—+p3 <0
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144
[Mz—(P1+P4)21P99'P34D(2) (P1v vy D)=
[ =Xpu... oo (P55 (0 p0)?),
] cemn (pibpgr> (Mpmy w pip < 0 { (7.32)
= o,

ecan (py~+p)? < (M—4-m)? uma p)+ p§ > 0.

7.4. INoacraBuM Tenepb A9 NEPEMEHHHX p;, ..., p, UHTE-
pecyiolie Hac 3Hauenus (7.6), rae COCTaBJSAOIIME BeKTOPOB
p’, ..., —q B Halieli crneuuasbHO# cHcTeMe koopauHat (6.11)
3anatorcs popmynamu (6:12), (6.13). [Moayuum rtoraa:

pi=p =M p=p=M% pi=q°=t=r"
p=g=t=1 (p+p)?= 0 —p)P=—4p%
1+ 092 = 0"+ 9P="~+2EV M~ p>+ M2 2p%;
pl4-pi=V M+ p? +E;

(Pt P = (pf — q) = ©—2E Y M2 {-p*+ M>+-2p*;
Pl pi=pO—g =V M p*—E.

OcranoBuMcst cHauana Ha ¢urypupyomnx B (7.29)— (7.32)
HepaBencTsax. Eciau noacrasutb B HuX 3HaueHus (7.33), 1O M
noJayuuM, Bcriomunas (6.31):

E=ZE,(v) BMECTO  (py —+ p3)? = (M +m)?,

E=—V M p® smecto N+pm=0
"

}(7.33)

} (7.34)

ES—E, ()  wuecto (py— p)t = (MA4-my,
E=V M2 p? Bmecro pl+p)=0.

[Mockoabky ans p2, ymosaersopstomux (6.33), E,(s) nomo-
KureabHO, TO u3 (7.34), (7.35) cueayer, 4To napsi HepaBEHCTB

B +p)2>M~+m)2 . p]4-p3< 0

} (7.35)

U

(it > Mdmp w B+p<0
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He MOTYyT BbIIOIHATLCS COBMECTHO. [lostomy ¢yukunn D@
(Pys «+ s P 1 PPy D® ne nanyT HMKAaKOro BkMala B 1OJ-

Hbi#t pypue-o6pas b(pl, ...y Pg) AJA HHTEPECYK IMX HAC 3Ha-
UeHUH UMINyJbCOB.

YuureiBas 370 06CTOATENLCTBO M MCTIONb3YS 3HaueHus (7.33),
NPUXONMM K CJelyiouleMy npeacTaBieHuio s ¢ypbe-oGpasa

ﬁ(pl, coey Py GyHMM D(xy, ..., Xy):
| 1 y
2VMEE D Ep(x)+E
< BP0 (M2, M2 5,5, —dp2i 2B Y ME - pP - Me4-2p%) +

1 1
+3 ViELpt Ep()—E X
$‘P DL(M2, M2, <, v, — 4p?; 1 — 2E | M2 pi+ M?+-2p?),
" (7.36)
rae

Dy, ..., p)=

D (...)= E 3
w( v )=0 nms E<E,(7) } (737)

®,(..)=0 am1 E>-—E,(),

CTpaBeI/IUBOMY, €CIH

V<< 4pm (Ime=0) u pt< Mﬁ:mma (7.38)

’
rne F)m u P, — 1n0AMHOMbI OTHOCUTEJAbHO KOMIIOHEHT UMITy 1bCOB,

4
a ®, n O, —anaauTuyeckne QGYyHKUUH TePBbLIX NATH apTyMeH-
TOB, peryJspHble B 00/1acTH

m?;, —V L Rer < (1 +pym? |Imt| < pm2, (7.39)

M

2
PP< 3 T
1 o6o6uieHHbie (YHKUMH LiecToro aprymenra. Kpome Toro,
HARO TOMHUTH, YTO nonayuas (7.36), Mb meaunn (7.29) u (7.31)
Ha (Ep==E). Ilostomy npeacraBrenue (7.36) cnpasensuso,
KOHEYHO, TOJbKO AJf )
E #+ = Ep (). (7.40)

Ho npu Bmmoawennn ycmosus (7.40) ¢yukuns T(E, <)
cosnapaer ¢ f(E, <) (cp. (6.35)). CnenosarenbHO, NOACTABIAA
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npeacrtasaenue (7.36) B (7.7), Mb TOAyuMM He (QyHKUUIO
T,.(E, ), no dyukunwo f,, (E, <.

[MosToMy, He BHIUCHBAs B HaJbHefleM He MHTepecyoilef
Hac 3aBMCHMMOCTH OT M2 u p? u oGosnauas?')
___’:__u'ﬁ;(/me M2, M2 _4p% £ 4 M2 92p2)u*S

5 P’) oPu (M M2, %, 7, —4p% £ - M2+ 2p%) 477 (D)

[

S 2V MT o (B, + ) =
== Fl (s’ T);
— 5t @) Y, PO (A Mt —apt A2+ 2p7) 1 (p)
S - =

2V M p? (E,(v)—E)
=F,E 1),
(7.41)
ﬂpM'XOIlPIM K TOMY OKOHYaTe€JIbHOMY BHBOLY, 4YTO

pyuryus Sf,,(E, ©) mexcem Opims npedcmasieHa, ecau
sunoanswomes ycaosus (7.38), 8 sude

Sf«m(E"c)=F, (Qﬁvm—l—t; .t)_l__
+ F(— 2BV M4 p* 13 1), (7.42)

20e F;(& t)— anasumuneckue @ynryun nepemennod t
8 obracmu (7.39) u 0600wennvie PyHKyuL Beujecmeen-
HOG nepemennoli &, o0aadaouwue C8OLECMBOM

F;(§, 9=0 nna &< 2Mm -}- m2—2p2. (7.43)

Tem cambiM npeacraBiende (6.39), KOTOpBIM MBI BOCMOB30-
Ba/MuChb B MpelbidylieM naparpade Ans BHBOLA AMCTEPCHOHHBIX
COOTHOILEHU, 060CHOBAHO.

1) Onepauns CHMMETPH3aUHH INOHafoOMIach 3j4€Ch NOTOMY, 4TO
noauHomMsl P, P MOFyT copepxaTb MepByio CTeNeHb A, HeaHaTHTHue-
ckn (cp. (6.18)) 3asucsawyo or .




§ 8. PUBUYECKHE JAUCNEPCHOHHBLIE
COOTHOWEHHUSA

[TocTpoennble HaMu B wecToM naparpade AUCIEPCHOHHBIE
cootHowenust (6.66) caasbiBaloT ¢yuxkuun D(E) u A(E), npeld-
cTaBifioLLHe c060# He CKanapHble PYHKILMH, HO «QYHKLUMOHAMbHbIE
MaTpHILB » B CIHHOBOM K H30TONHYeCKOM nmpocrpaHcTsax. [losromy
B 3THX COOTHOLIEHHAX COLEPKHUTCA CBS3b MEXKIY MHUMBIMU U Bellle-
CTBEHHBIMY YACTSIMM aMILIUTYA [Jis BCeX peajibHO TMPOTEKAOWHX
NpoILeCcCOB paccesHus.

OunHako yaoOHee, KOHEYHO, BBLAEAUTb ITH AMIVIUTYAB SBHO,
C TeM, 4ToObl HalHCaHHbIE COOTHOWIEHNUA OTBEYANH OTAETbHbIM
onpejenieHHbIM (H3HYECKHM TpoleccaM. 3aMeruM 31ecCh, UTO,
HarpuMep, KOMIOHEHTH ME3OHHOTO MoJd ¢, (x), Tak Kak OHH

Oblai paHee BBEICHBHI,

<P|=‘°T+;—; =" =i p=123

He OMNMHUCHIBAIOT ME30HOB B OIpeeJieHHOM 3apAA0BOM COCTOAHHH.
Mexny TteM N8 HHTEpNpeTaudu SKCHEPUMEHTAAbHBIX [AAHHBIX
HaM TNOTPe6YIOTCA aMILIUTYAbl, OTBEYAIOUIME HENOCPeICTBEHHO
NPOTEKAIOLUM TPOLeccaM.

8.1. Bosmoxuw 10 pasauynbix Mo 3apsaoBoft xapaxrTe-
PUCTHKE TMPOILECCOB (BKAIOYa® MNPOLECCH C mnepe3apankoil) pac-
ceaHus Tpex coprToB Me3oHOB wF, w0, ™~ Ha #BYX HyK.JIOHAX p
u n. Kpome toro, kaxib#h u3 stux 10 mpoueccos moxer npo-
TeKaTb C TMepeBOPAYHBAHMEM CHHHA HYKJIOHA (CHHH-()AUTOBHIH
npouecc) uaun 6e3 nepeBopayuBanus (He CnuH-(AMNOBLIA 1PO-
Lecc), TaK YTO YUC/AO AMILIMTYA eule yJBauBaercd. Breinmumem
BCe BO3MOXHbIE TPOLECCH PACCesHHS T-ME30HOB HA HYK.IOHAX,
YKa3aB HX OYeBHAHBIE M30TONHYECKHE XAPAKTEPUCTHKHU:
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[Mpoek- Moanwit M3oTONHUECKHH
Mponece uns I, cnuu [
Lat4+ps>nt4p s Yucroe cocrosuue ¢ [ =3/,

I =04 p —>n0+4p Cynepnoguuus  cocToAnMit ¢
NL =04 p >at4n I=1, u I=7%, Tlpouecca
IV. 2+ +n—>m0tp s MAYT 110 ABYM KaHaJaM: «ynpy-

- '+ roy H «C [epe3apsiKoy.
Viozttnsat4n BO3MOMHO  OXHOYAaCTHYHOE
POMEH(YTOUHOE COCTOAHHE —
NpOTOH
VL. e=4p—>n -+p To xe, yto u naa 11—V, Ho 8
VI a4 p>n0tn 1y NPOMEXYTOYHOM COCTOSIHHU
VIL R4 >7 -4 p 2 BO3MOXCH HE IIPOTOH, a Heii-
: TPOH
IX.n04n ->n04n P
X.a-4+n—>n -n —3/o | Uncroe coctroanne ¢ [ =,

Ecan, onnaxko, Mb mnpexeGpexem c1a0biM, NO CPaBHEHHIO
C SLIEPHBIM, 3/eKTPOMArHHTHBIM B3aUMOLEHCTBUeM!), TO 4uCIO
JefCTBUTEIbHO PA3IUYHBIX AMILINTY A CBEAETCH BCEr0 K UYETHIPEM.

Jle#icTBUTEIbHO, BCNeACTBUE 3apAA0BOH HE3aBUCHMOCTH fAep-
HBIX CHJ MBl MOXeM HNpUPaBHATbH aMmiutyas npoueccos [ u X
¥ cooTBeTCTBeHHble aMmmautygsl rpynn [[—V u VI—IX, ko-
TOPBie IMOJYYalTCA APYr M3 APYra OAHOBPeMeHHOH 3aMeHOH:

st =257, "0 == u > n.

Kpome Ttoro, ammantyas peaxuuft Il u IV u VI u VHI no-
NapHO CBSI3aHbI NPUHILUNIOM AETAJAbHOIO DaBHOBeCHS.

IlanbHeinee yMeHbluelie YUC.1a JMHeHHO HE3aBUCUMbLIX AMILIH-
TYA AMKTyeTCs TpeGoBaHMeM oOlle#t MHBAPMAHTHOCTH 110 OTHO-
WeHWI0 K BPalleHHAM B M30TONMYECKOM MNPOCTPAHCTBE.

1) 3amernM, 4To Mbl nmpeHeOperau 31eKTPOMarHUTHLIM B3aUMONEHCT-
BHEM paHbllle H BeCbMa CYU[ECTBEHHO, KOIld, PaCCMAaTpHBas MOJHYIO
CHCTEMY MPOMEXYTOYHBIX COCTOSHHH, Mbl HE YUMTHIBANH COCTOSHHMHA,
copepauiux (GOTOHb, OrpaHHYMBAfNCL TEM CaMbIM JHIIL CHAbHHLIMU
B3aUMONENCTBHAMH.
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8.2. Ilpu 3TOM npoule BCero OeHCTBOBATH CleLYIOLIUM
o6pasom. CocraBiss H30TONMUYECKHe (PYHKIMM CUCTEMbl ME30H-
HYK/AOH IyTeM MNePeMHOXEeHUs HCXOIHBIX (YHKIMH Me30Ha U
HYKJOHa, Mbl MOJy4yaeM (YHKIHH B [IECTHMEPHOM NMpPOCTPAHCTBE,
ABJAAIOLEMCS  TPAMBIM  TPOHU3BEIEHHEM  H30TONHYECKUX IpoO-
CTPAHCTB Me30Ha M Hyk/aoHa. OIHAKO 3TO NpelcTaBieHue H3-
BECTHHIM 00pa3oM pacrnafaercs B NPSIMYIO CyMMY HelPHBOAMMBIX
YeTHIPEXPANHOTO M [ABYPAAHOTO MNpeicTaBieHUH, OTBEYaOLLHX
3HAYEHHSIM TOMHOTO M30TONHYyeckoro cmuua 3/, u 1/,. Hnsa-
PUAHTHOCTb 110 OTHOIUEHMIO K BPAlUEHUIM B H3OTOMHUYECKOM
npoctpanctee Oyner Tenepb TpeboBaTh, YT0OB! AMIIUTYIA pac-
CeslHMs 3aBHCeNa JMIUb OT 3HAYEHUS IOJNHOTO U3OTONHYECKOTO
cnyHa. [lodToMy aMnauTyAbl pacCesiHMs BCeX TNepPeynCieHHbIX
BHILIE JeCATH NPOLECCOB OYLyT BHIPaxarbCd AuHeHHO 4yepe3 JBe
HE3aBUCUMbIE AMILIUTYAbl, B KayeCTBe KOTOPbIX MOXHO BbOpath
aMIUINTY Abl pacceduus B cocrosuusx ¢ /=23/, u I=1/,. Kosd-
(e HTHl 9TUX JAHHEAHBIX KOMOMHALUK OyAyT NPOH3BeLeHHAMH
COOTBETCTBYIOILUX KO3(duinestoB Kiebwa — Kopaaxa.

OueBujgHO, 4YTO AAS TOrO, uTOOH, HAOOOPOT, BHIPA3UTH
aMIIUTy LBl paccesHus B COCTOSHUAX ¢ [=3/, u [=1/,,

7;/: i T'/ 2?

yepe3 aMIUTYAB (DM3UYECKHUX PeaKiluh, HOCTATOYHO TAKXKe LBYX
npoueccoB. BosbMeM B kauecTBe TakOBHIX mnpouecch I u IV,

stp>sttp o Tt pon+p,—

eIMHCTBEHHble, CKOJAbKO-HUOYIb NMOAPOGHO U3yyeHHBIE 3KCHEPH-
MEHTa/bHO, — 0003HAYUB HUX aMIVIMTYIbl uepe3
T, w T_.
[Tockoabky mnpouecc [ caM 1o cebe OTHOCUTCS K YUCTOMY
cocroanuo ¢ /=23/,, TO COBEPIIEHHO OUYEBUAHO, YTO

T.=T,. 8.1)
Amnanryna xe T_ npepcrasiser co060# Cyneprnos3niuio
2 1
I =3T,+3T,. (8.2)

8.3. Urob6bl ycTaHOBHTH H30TOMHYECKYIO CTPYKTYPY Matpud-

t
HOTO 3/eMeHTa The, OBPAaTMMCA K COOOPANKEHMIM WHBAPUAHT-
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HoctH. B Hawem pacnopsixkenud uMeercd JBa H3OTOMHYECKUX
BEKTODPA2, ONHCHIBAIOMIMX ABE YACTHI(B — HYKAOH H T-Me30H; H3
HUX MBI MOXEM 00pa30BaThb €gHHCTBEHHbIH H30TOMNHYECKUH CKa-
A9p — HX CKaaspHoe npouaBexeHue. Bropo# cxaaap — 310 exu-
HHYHAA H3OTONUUECKAs MaTPuua Jy,08¢. JloObie apyrue xomGu-
HauMH 3TUX BEKTODOB, HaNpUMep KOMMYTaTOPH U CTeleHd,
OyayT npHBOAMTHCS K TeM e cKaasipaM. [Tostomy

Ty = Aot —(0%),p, 4 B, (8.3)
rie A u B— yxe u30CKa/iapHble amnantyns. B arto#i dopmyne
T M © O3HaualoT MaTpHYHBE BEKTOPH H30TOMHYECKOTO CMMHA
HyKJIOHOB U Me30HOB COOTBETCTBEHHO; f, p— HHAEKCH H30TO-
MUYECKUX COCTOSHHA.

Yrobu cBszaTh A M B ¢ onpeneieHHbMU sblwe T4 # T, BHYMC-
AHM co6CTBeHHble 3HaueHMs oneparopa (wt). Ins 3roro BBegeM Q —
BEKTOD MOJHOrO H30TOIMHUYECKOTO CMHHA; TOTXA

(07) = Q2 — 02 — (%— 1)2 =

-_—Q(.Q+l)-—l(l+l)—%(—é~+l)=9(9+l)—-—%—,

OTKYZNa BHIHO, UTO COOCTBEHHble 3HaueHUs (wT) pasHbl: | B COCTOAHHH
|30y 1 —2 B cocTosnuu |1/,). [Mosromy u3 (8.3) caenyer:

T,,=(A—B) u T, =A+B. (*)

3ameTHM, OJHAKO, YTO Mbl MOKA elie He 103a6OTHAMCH TaK OTHOD-
MHPOBAaTb AMIIUTYXbl paccesHHsd, YTOOH OHHM ObiIM CBA3aUH C sddek-
THBHbIMH CEUYeHHSAMM OOBbIYHBIM cooTHoweHueM (1.17). OxkasbiBaercs,
41O JpJS 3TOr0 cjAeAyer HONOJHUTb paHee onpejaeneHHble BelUUHHbI
mHOXCHTeNeM (2n2). [ToCKOAbKY Mbl NMEpeXOoAHM Tenepb K aMIAMTYJIaM
145 pea’tpHbIX MPONECCOoB, TO YMECTHO HMMEHHO Ceiiuac COBEpIHTb 3TO
nepeonpefesente, B COOTBETCTBHH C YeM Mbi 3amuuieM BMecTo (¥):
