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HEOBbIYANHBLIE CBOMCTBA dYHKUMOHANBHbIX

NMHTEMPAJIOB U ITPYIIMbl ANDODPEOMOPDON3MOB
B. B. benokypos “%*, E. T. Il ezyauoze \**

1 MockoBCKUit rocy, pCTBEHHBIV yHUBEpCUTeT UM. M. B. JlIoMoHocoB , Mocks

2 WMHCTUTYT 9aepHbIx uccnenoB Huii PAH, Mocks

Ipencr Bren 0630p p 60T BTOPOB, B KOTOPHIX M3yd IOTCS CIEACTBUA KB 3MHMHB PU-
HTHOCTH (PyHKIIOH JIbHBIX MHTErp JIOB II0 Mepe BuHep OTHOCHUTENIBHO JeHCTBUS IPYIIIbI
1 beoMopdH3MOB, UccienyeTcs nopeileHue (PyHKUMOH JIbHBIX UHTErp JIOB IIPU HEJNUHEeMH-
HBIX HEJIOK JIbHBIX 3 MEH X II€PEMEHHBIX WHTeTPHpOB HHUA. B 9 CTHOCTH, C MOMOIIBIO
T KUX 3 MEH Y] eTcd OIpeleSUTh (PyHKLUOH JIbHbIE UHTErP JIbl 110 P 3PbIBHBIM TP €KTO-
puam. Ilpemnoxensl npocreiiiine Mozenu (€BKIMAOBOH) KB HTOBOII Teopuu IoOnd, B KO-
TOPBIX H JINYHE CKPBITBIX BHYTPEHHHX CHMMETPHH OO ydeT p 3pbIBHBIX TP €KTOpPHH B
(pyHKIIMOH JIBHBIX MHTErp J1 X IPUBOIAT K Py I P JOKC JIbHBIX CBOMCTB, IIPOTHBOpEY -
KX OOBIYHON MHTYHIIMU.

We give a review of the papers of the authors where some consequences of the
quasi-invariance of the Wiener functional integrals under the action of the group of dif-
feomorphisms and the behavior of the functional integrals under the nonlinear nonlocal
substitutions are studied. In particular, such substitutions make it possible to define the
functional integrals over the discontinuous trajectories. We propose some simple quantum
field theory (Euclidean) models where the presence of the hidden symmetries or the dis-
continuous trajectories in functional integration lead to a series of paradoxical properties
that are contrary to the common intuition.

PACS: 02.30.Sa; 03.70.+k; 11.10.-z

Ceemaoit n mamu B. I'. K oviuesckozo

CT Thsl IOCBAIIEH CBETJION I MSTH BbII IOIIErOCs YYEHOIO U 3 MeU TeJIbHOTO
yernoBeK — By gumup Teopruesuu K meimieBckoro. M cmit 6 ero JIMYHOCTH
TpeOOB I MOCT HOBKM TP HAWO3HBIX 3 1 Y, © OH CO CBOHCTBEHHBIMH €My CMeJIO-
CTBIO M YIIOPCTBOM Op JIC4 3 HX pelleHHe.
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Co3n HMeM pe JUCTUYHONW MOJESTH HENOK JIbHOW KB HTOBOW TEOpUH MOJI,
B KOTOpOU NPUCYTCTBYET (DyHI MEHT JIbHBII P 3MEPHBIA I p METP TUIl 3JIEMEH-
T PHOW JUIMHBI WM KPUBU3HBI UMITYJIbCHOTO IPOCTP HCTB , B gumup I'eopruesuy
H 4 JI 3 HUM ThCS €lIe B MOJIOAOCTH M COXP HWII IIPUBS3 HHOCTb K 9TOW TeMe H
BCIO XM3Hb. B TO XXe Bpemsi OH Oiiectsiie p 30HMp JiCs B C MbIX P 3HBIX OOJ CTSIX
COBPEMEHHOH TeopeTHYeCKOH (PU3MKU BBICOKHMX DHEPrHd M BCErJ ObUI OTKPBIT
IUISL HOBBIX MIEH.

B pumup T'eoprueBud ¢ OONBIIMM YB KEHHEM, HENOIIEIbHBIM HHTEPECOM
U 3 OOTJIMBBIM BHUM HHMEM OTHOCWIICS K p OOTE€ CBOMX KOJUIET, K K YXe H3BECT-
HBIX, T K U COBCEM MOJIOABIX, I B JI OUEHb IIOJIE3HBIE COBETHI M, C MOE ITl BHOE,
BOOJIYILIEBJISIL.

IT MaTh 0 HeM ¥ DIyOoK 5 671 rox pHOCTh — H BCErJ B H LIMX CEpALl X.

BBEAEHHUE

B 1 HHO#i cT The mpenct BieH 0630p p 6ot BropoB [1-7], B KOTOpPBIX W3-
9 OTCS CJIEJCTBHSI OECKOHEYHOMEPHbBIX CUMMETPHH 1 (DYHKIIMOH JIbHBIX WHTE-
IP JIOB KB HTOBOM TE€OpUU IIOJI.

P 31.1 uMeer BcroMOr TeNbHBIA X P KTep. 3/1eCh NPHUBEIEHBI HEKOTOpbHIE
cBefieHus o Mepe Bunep , rpynn x aucddeomMopdu3MoB U MOTy4eHBI (OPMYIIBI,
3 I I0II¥e Ip BWJI TpeoOp 30B HUS BUHEPOBCKOM Mepbl NMpPU AEHCTBHU TPYIIIBI
g heoMophu3MOB.

B p 31.2 oK 3 HO, 9YTO KB HTOBBIE MEPBI JUIsl CBOOOAHOI O6€3M CCOBOI U CBO-
OOIHOI M CCHBHOH 4 CTHI[ ®KBUB JIGHTHBI C TOYHOCTBIO 10 AntdeoMophr3MoB.

B p 31.3 npeaoxeHo o6001ieHNe JIOK JIbHOI KB HTOBOW TEOPUH IOJISI, YUU-
THIB IOLIEE H JINUUE CKPBITBIX BHYTPEHHUX CUMMETPHUI, HWMEHHO MOCTPOEH MO-
Aenb KB HTOBOW TEOPWH IO H TIPOCTP HCTBE NETeb, KOTOP S B JIOK JIBHOM
npenesne (KOTA METyIs CTSATUB eTCs B TOYKY) NMPEBpP II eTCs B JIOK JIbHYIO KB HTO-
BYIO TEOPHIO HOJISI CO CXOMALIMMHUCS (PeiiHM HOBCKHMH JIM TP MM MH.

B p 31.4 u 5 uccnenyoTcs oOme CBOWCTB HENMHEHHBIX HEJOK JIBHBIX 3 -
MEH IIepeMEHHbIX MHTEIPUPOB HUS B (DYHKLMOH JIBHBIX MHTETP JI X, CBS3 HHBIX
¢ npeobp 30B HusgMuU rpynmbl audgeomopgusmos. I[Iok 3 HO, B 4 CTHOCTH, YTO
T KHE 3 MEHbI IIPUBOJIT K HEOOXOAUMOCTH UHTETPUPOB Th 110 (PYHKLUOH JIbHBIM
MIPOCTP HCTB M, COIEPX MMM (DYyHKIMH, UMEIOLINe CHHTYISIPHOCTH. B pe3ynpT Te
OK 3bIB €TCSl BO3MOXHBIM IIOCTPOMTh KB HTOBYIO TEOPHIO B CIIy4 §X, Ile H JIMIHE
CUHTYJIIPHOCTEN NPUHLMUIIM JIHO, H IPUMep, B KB HTOBOH KOCMOJIOTHH.

B p 31.6 mpenyokeH IpocTeiln s KB HTOB S MOAENb CK JIAPHOH TP BU-
T UMM, B KOTOPOM YA €TcS BBIYUCINTH (DYHKLIMOH JIbHBIE HHTETP JIbI SIBHBIM
0o0p 30M.

B p 30.7 mpomeMOHCTPHPOB HO, K K TP BWIBHBIH Y4eT CHHIYISIPHOCTEH B
(DyHKIIMOH JIBHBIX MHTETp JI X HPUBOOUT K JOIOJHUTEIBHOMY HEOXHJ HHOMY
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appekTy, H 3B HHOMY H MM «KB HTOBBIM BOCCT HOBJIEHHMEM H PYIIEHHOH CHUM-
METPpUMN>».

B p 31.8 p cumpenne yHKIIMOH JIBHBIX HPOCTP HCTB, IO KOTOPHIM BEAETCS
WHTETPUPOB HUE, CBA3BIB €TCS C U3MEHEHMEM P HUYHBIX YCIIOBUH U1 I MUJb-
TOHH H CHCTEMBI, YTO TIO3BOJISIET ONHUCHIB Th Oo0Jiee IUPOKUHA Kpyr PU3NYECKUX
SIBJICHUU.

P 31.9 mpexct Biasier coboil HEKOTOPOE M TeM THYECKOE JOIMOJIHEHHE, B KO-
TOPOM ONHCHIB €TCS CXeM IIOCTPOEHHS KB 3MHHB PH HTHBIX MEp H TPYII X AU(-
theoMoppI3MOB OTPE3K U OKPYKHOCTH U HMPUBOAATCS HEKOTOPHIC HEOXHI HHBIE
CJIECTBHUA.

B p 6Gote p ccM TpUB ercs eBKJIMIOB B P HT KB HTOBOW TEOpPUM IIOJIS, B
KOTOpOM q)eﬁHM HOBCKHE€ KOHTUHY JIbHBIC UHTETP JIbl 3 MEHAKTCA H HHTETP Jibl
Bunep .

1. KBABUMHBAPHAHTHOCTDb MEPBI BUHEPA
OTHOCUTEJBHO I'PYIIIBI TUOOEOMOPOU3MOB

CH 4 J , uist yioGCTB YMT TeJist, KP TKO H IIOMHHM [IPOCTEHIIHE CBEIEHHS O
Mepe u uHTerp jie Bunep [8]. (ITompoOHOE U cTporoe M3IOXeHUE MOXHO H WTH
BO MHOTMX KHHI X, CM., H npumep, [9] wiu [10].)

P cemorpum npoctp HerBo C([0, 1]) BeluecTBeHHBIX HEPEPbIBHBIX (DYHKIHIA
H orpeske [0,1], T xux, yro z(0) = 0.

IMommuoxectso X 8 C([0,1]) Bux

X ={zeC([0,1]); (z(tr),...,2(tn)) € Un},

O<ti <ty <...<t,=1,U, CR",

H 3bIB €TCA HUJTIUHAPUYECCKHUM.
Omnpenenum ero Mepy w(X), mon r s

w(X) = [(27)" tl(tz—tl) (b = ta1)] 72

(u2 - ul)Q (un - un,—l)Q
U,

3 0 HH 9 T KUM crocooom MEp CYETHO- NAUTHUBH *, YTO IIO3BOJIAET IIPO-

JIOJIXHUTh €€ €CTECTBEHHBIM 00p 30M (cM., H mpuMmep, [11]) H Bce W3MepuUMbIe TIO

*T.e. obi O €T T KUM CBOﬁCTBOM, qTO0 MEp 06BCZ[I/IHCHI/I9[ CYETHOI'0 4Y1ClI B3 UMHO HeEIlepece-
K IOIIUXCA IMOAMHOXECTB p BH CyMME HX MEp.
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a10i1 Mepe nopMuoxecTB mpoctp HetB C([0, 1]). DTo NPOKOIKEHHE H 3bIB €TCS
mepoii Bunep w B npoctp Herse C([0, 1]).

HHTerp i1 110 Mepe w OT (PyHKLUMOH J1 H 3bIB €TCS BUHEPOBCKUM MHTELP JIOM
U 3 IKCHIB €TCH K K

F(z)w(dz). ()
C([0,1])

YroO6bl MOMYYUTh €ro KOHCTPYKTHUBHOE OIPEIENIEHUE, P CCMOTPUM CH Y JI
UHTErp JIbl OT T K H 3bIB €MbIX [MIMHIPUYECKUX (DYHKLHOH JIOB

Fa) = f(e(tr), .., z(tn))-

B aTOM Ciyd e BUHEpPOBCKHMI MHTETP J1 CBOAUTCS K OOBIMHOMY n-Kp THOMY HHTe-
Ip ny

+oo

“+oo
(@mt et = o) [ [ )

n

(u; — ui—1)?
X exp ; 20—t 1) duy - -dup. (3)

Cormoct BUM Tereph HEeNpepbiBHOMY M OTp HHYEHHOMY (PyHKLMOH Jy F(z)
LMTUHAPUYECKUE (PYHKIIMOH JIbI CIIEAYIOLMM 00p 30M.

P 306bem otpesok [0,1] H nucreit 0 < t1 < to < ...<t, =1, At =
max (tx, — tg—1), © p CCMOTpUM JIoM HyIO &, (t), 3 I B eMyl0 yCIOBUIMU

gn(o) :l'(()) :Oa gn(tl) :x(tl)a”-agn(t) :x(tn)
Tem ¢ MbIM MMeeM HWIMHAPUYECKUH (DYHKIIMOH JI

F(gn) = f(x(t1)7 ce 7x(tn))7

IUI1 KOTOPOTO BUHEPOBCKMI MHTErp J1 BbIUUCIsAeTcs 10 dopmyie (3).

T xuM 0Op 30M IOJYd eTcsl ceMeilcTBO 3H YeHWI BHMHEPOBCKMX MHTEID JIOB
I71 IOCTPOSHHBIX 110 YK 3 HHOMY Ip BHJIYy LMIIMHAPHUYECKUX (PYHKLMOH JIOB.

OK 3bIB €TCsl, CYIIECTBYET He 3 BHUCSIIHIA OT ClIOcO0 p 30MeHMs OTpe3K Ipe-
JeNn dTUX 3H 4eHuid npu n — oo (At — 0), KOTOpBIA U 1 €T KOHCTPYKTHBHOE
olpeielieHHe BHHEPOBCKOro MHTErp J (2) OT HempephbIBHOTO U Orp HUYEHHOIO
¢yukuuon 1 F(x).

B cBi3m ¢ ecTecTBEHHBIM Xell HMEM 3 NHC Th IUIOTHOCTh Mephl Bunep
B KOMII KTHOM BHUJE HEOOXOIMMO Cclell Th Clejylollee 3 Med Hue. B mpenene
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n — oo (At — 0) cyMM B MOK 3 Tejie ®KCHOHEHTHl B popmyne (1) mepexo-
JUT B MHTETp JI
1
0

IT p nokc, omH KO, COCTOUT B TOM, 4TO Mep BuHep cocpegoToueH H Tp -
€KTOPHUSIX, KOTOpBIE TOYTH BCIOAY He AuhpepeHInpyeMbl, T. €. MHOXKECTB IJI JKHX
Wi 1 xe JuepeHIupyeMbIX B eAMHCTBEHHON TOYKe OTpe3K (PYHKIMH HMEIT
Hy’neByio Mepy Bunep . Tem He Menee popm JIbH 4 3 THCH

l\')l»—l

w(dz) = exp —%/(m’(t))2 dt 3 dx

0

orpenensier Mepy BuHep ¥ 103BOJISIET MPOBOAMTH BBIYKMCIIEHHE MHTETP JIOB.

ITpu HexoTOpBIX MpeoOp 30B HUSIX Mep BuHep , 3 I HH S H NpPOCTp HCTBE
HenpepbIBHBIX (DYHKIWI, HE BEIBOAUTCS M3 3TOTO IPOCTP HCTB , JIMIIb YMHOX -
eTcs H HEeKOTOpYyo (DyHKIMIO, 3 BHCSIIYI0 OT NMpeoOp 30B HHUS, — T K H 3bIB -
eMyto npou3BonHyo P non —Hukonum . B aTOM cinyd e Mep 4Bisercd KB 3UMH-
B pu HTHOMU. [IpocTediunii NpUMep — ®TO CABUI PIYMEHT MEpPbl H HEKOTOPYIO
muddepenuupyemyto yHkimio [9].

Ok 3bIB eTcs, 4TO Mep BuHep T KXe KB 3UMHB P HTH OTHOCHUTEIBHO
rpym augheoMophu3MoB.

Iycts 1 otpeske [a, b]* meiictByer rpymn  muddeomopduszmMon

g:[a,b = [a,b); g(t)=7, g '(r)=t, gla)=a, g(b)=0.

Bynem cunt Tb, uto g € Diff? ([a, b]) .e.
uupyem u g'(t) > 0. Tlpu srom (g1 (7))’
IPOU3BOIHYIO IO  PIyMEHTY.

3 METHM, YTO BBIBOJBI 3TOTO P 3IE€J CIP BEIIUBBI HE TOJBKO Il KOHEYHOTO
OTpesK , HO M st Beelt ocu (—oo, +00), win nomyocu (0, +00).

P ccmotpum teneps mepy Bunep **

yskums g(t) Tpwkas ancdepen-
= (¢'(t))~!. Wlrpux ' 0603H u er

w(dg) = exp { —= / (¢ ()2 dr b dg. 4

*Ho cux nop Msl roopuii 06 orpeske [0, 1], HO 04eBHIHO, YTO OH MOXET GBITh IPOU3BOJILHBIM.
**H mOMHHM, 4YTO 31€ch U JI Jiee IPOU3BOIH s B 3 IIHCH Mepbl Bunep monum ercs B 0606IIeH-
HOM CMBICJIE.
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HzsectHo (cM., H npumep, [12]), uro cymiecTByer ki cc npeoOp 30B HUii

Gyukmn g(7)

a(m) =p (g7 (1) ((g7 (7)),
T KOH, 4TO I K XKIOr0 «v MOXHO IHOCTPOUTh HEKOTOPYIO KB 3UHMHB PH HTHYIO
I' YCCOBY Mepy.

Mep Bunep (4) oK 3bIB €TCs KB 3UMHB PM HTHOU mpu « = —1/2, uto
ceifd ¢ HEeNOCPEeICTBEHHO U IPOBEPHM.

KB 3unHB pu HTHOCTH Mepsl BuHep H mpocTp HCTBe (hyHKIMI, HENpephIB-
HBIX H OTpe3Ke, ObUT ycT HOBIeH B p Oore [13], rme T KXe ObUT BBIYHCIICH
u npou3BoaH s P mon —Hukomum . 31ech npuBeseM Opyroi BBIBOJ 3TOTO Pe3yJib-
TT.

Ur k, nycts ¢yakumst ¢(7) ectb 06p 3 (yHKunu p(f) OTHOCHTENBHO Ipe-
00p 30B Huil rpynmsl gugdeomMopdu3MoB, NOMyd eMbIil 10 Mp BUITY

1

q() = (gp)(r) = pOVg' () = p (97 (7)) ———=- (5)
@)
Torg
oy )1 (g7 ()"
¢(m)=p'(g (7)) ) 5P (97 (1) e
[IpuHMM s BO BHUM HHE P BEHCTBO
) g
[PRIG)IrO)
TOJTYY MM
b b W1 (LD
/ 2 . / 2 / g 2 g
a/ (¢ (1) dr = / {@ 02+ 0005 + 20 (55 }dt. ©

T xum 006p 30M, mpu 1peodbp 30B Husx muddeomopdusmMoB Mep Bunep
Bemer cebsd K K
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Xo0T4 NpUBEeeHHbIE BBIKJI KU HOCAT (DOPM JIBHBIH X p KTEp, MOXHO yTBep-
XKI Tb, YTO 3TH Mepbl BuHep okBHB JIeHTHHI (cM. B [9] Teopemy DenpaM H —
I' ex ). HononHuTenpHbIl MHOXUTENb (1pou3BodH 9 P non —Hukomum ) ompe-
JeNeH H TMpOCTP HCTBE HENPEpBIBHBIX (DYyHKIMH. BeramciuM tenepp ero sSBHbIM
00p 30M. H momuum, uto ¢(7) ¥ p(t) 3 I 10T CTOX CTHYECKHil BUHEPOBCKHUI IIPO-
necc. B cuy aToro Bropoe cii r eMoe B Ip BOW 4 cTH (6) HpeicT BiseT coOoit
cTox cruyeckuii unrerp a1 Uto (cMm., H npumep, [14]), KoTopslii p BeH™

b
[ oo @) £0)dt = 5 [ 0150) - @ (@) -
a 1b 1b
5 [Porod-; [ ®

3mech BBeIEM 0003H 4eHHe

Ilocnennee cin r emoe B 1p Boi 4 cTH (8) (T K H 3bIB eMblii wieH UTo) p BHO

5 g'(5) ~n g'(a).

T xuM 00p 30M, C y4eTOM SIKOOU H Tepexof OT ¢ K p MOIyduM (hopMyITy s
U3MeHeHHs (PYHKIMOH JIbHBIX MHTErp JIOB IPU NpeoOp 30B HUSAX TPYyNIbl aud-

*Cnepyrolee p BEHCTBO JIETKO MPOBEPUTD, €CIH TPEACT BUTh MHTETP JI K K Mpejien AUCKPETHOM
CYMMBI

n

T Pk —Pe-1)Pr-1f(te-1) = % >k = pi1) fltk-1)—
k=1

k=1

ok = P f(tr 1) = % (P21 () = P (00)] -

k=1

l\')l»—t

l\')l»—t

Z Jtr— 1]——2(1%—1% 12 f(te—1)

k=1

W IPUHATb BO BHUM HHUE, YTO UI1 BUHEPOBCKOI'O ITPOLIECC

(pk — Pr—1)* ~ At.
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teomopuzmon
b
1
/ ] exp —5/ 2dr ydg =
C([a, b]) a
g'(b) o 9”(@))
=C expy — t)dt + - ( b —p“(a X
(g)c([b [gp] p{ 1 ()g,(b) p()g,(a)

3mecs Sy 0603H 4 et npomssonHyo 1B pu

7 / " 2 1" i 2
sw=(9 (ﬂ) _}(9 (ﬂ) 9 (t)_§(9 (t)>
w=%5) -3 (5w) 5o -2(5a) - w
koa(pument C(g) 3 Bucut ot gudpeomopdusm ¢(t) U MOBEACHUS CTOX CTH-

geckoro npouecc p(t) H rp HULE OTPE3K .
Ecnu 31 yeHust p(a) u p(b) PUKCHPOB HBI, TO

1
Clg) = —————- (1D
g'(a)g'(b)
Ecmu 31 yenwe p(a) ¢ukcupoB HO, 3H uenue p(b) He (PUKCHPOB HO, TO
(b
Clg) = VLU, (12)
g'(a)

Ecmu 06 3 uenust p(a) u p(b) He (PUKCHUPOB HBI, TO

Clg) = Vg'(a)g'(b). (13)

Jns rpynmsl qugdeomMopruzMoB OKpYKHOCTH Diff‘j_(S 1Y monyu ercsa H jio-
rudd 9 GopMya , B KOTOpOH, omH Ko, Koatdurment C; OK 3bIB €TCHd P BHBIM
eIMHULIE W U3-3 TEPUOANYHOCTH OTCYTCTBYIOT ID HMYHBIE UJICHBI:

[Faend =5 [ @) ary di-
4

— [Pl exo 7 [POS,@ g e =5 [@©) depdp. a4)

St St
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Mep Bunep H mpocTp HCTBE HENpepbIBHBIX (PYHKIMMH, 3 1 HHBIX H OT-
pe3Ke WM OKPYXHOCTH, SBISETCA KB 3UMHB P HTHOH OTHOCHUTEJIBHO IPYII Au-
theoMopH3MOB OTPE3K U, COOTBETCTBEHHO, OKPYXKHOCTH.

OK 3bIB €Tcd, 4TO C MOMOIIBI0 Mepbhl BHHEp MOXHO HOCTPOMUTH KB 3UUH-
B pPU HTHBIE Mepbl H TIpynn X aucdpeomMopdpu3MoB oTpesk U okpyxHoct [20].
IMonpobuee 06 aTom Oyner p cck 3 HO B p 30.9.

Hcnonbzyem copmynny (14) s nmocTpoeHus KB HTOBO-IIOJIEBONM MOAETH H
IPOCTP HCTBE METEIb B P 31.3, B ClEIylolieM p 3jiejie 00CyIuM OIHO UHTepec-
HOe ciefcTBUe hopMysibl il ipousBogHon P non —Hukomuwm .

2. MACCA KBAHTOBOI YA CTHIIbI
KAK PE3VIIbTAT TH®OPEOMOPOPU3MA

B stom p 3nerne H iinem sSBHBIN BUA qudheoMophru3MoB, NEPEeBOIIINX KB H-
TOBYIO Mepy JUIsi CBOOOIHOH 6e3M CCOBOM 4 CTHIBI B KB HTOBYIO MEpy M CBO-
GOIIHOI M CCHBHOM Y CTHLIBI.

Mepermmem mna yno6cts  copmyny (9) B cityd e, Korn  (PUKCHPOB HBI 00
TP HUYHBIX 3H YEHHUS, K K

Fly expd — 2 / W) dr S dy= ——1
C([a,b]) a

g / Flga} exp i/wQ(t)Sg(t) dt + — (xz(b)g”(b) —xQ(a)g”(a)> «
C([a, b)) a
b
exXp —%/(ff'(t))2 dt p da. (15)

a

ByneM CYHMT Th, YTO CTOX CTHYeCKHe mporecchl z(t) U y(t) mpeact BISOT
co6oii 6poyHoBckmii Moct u x(a) = x(b) = y(a) = y(b) = 0.
Jlerko mpoBepuTh, uTO arichcheoMoppr3Mbl BII

1 m
go(t) = . — {(b—a)e®™ + (ae®™ —be*™*)} (16)
npeobp 3ylT OTpe3oK B cebst: [a, b] — [a, b], u mpomsBoaH s IIIB pu  mist HuX
€CTh KOHCT HT

Sy (1) = —2m?.
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CooTBeTCTBYIOIIUN UM KO3(P(UIIMEHT P BEH

sinh (m(b — a)).

= 1
T xum 06p 30M, popmyn  (15) mpuobper et BHUI
L inh (b~ )
1 N _ sinh (m(b —a
| Furend =3 [ W) a iy - Tl
C(la,b]) a
1 / 1 /
X / Flgx] exp —§/m2x2(t)dt —5/(36’(75))2 dt p dz. (18)
C(la, b)) a a

Otcron cienyeT BbIBOM, KOTOPBIN K X€TCd I1 P JAOKC JIBHBIM: K8 HMO6 A me-
opus c60600HOI M CCUGHOT 4 CIUYbL €CMb HEe YMO UHOe, K K K8 HMOE A meopus
C80000HOU be3m CCOB80I Y Cmuysl, HO NPU OPY20M CHOCOOe UBMEPEHUA 6PEMEHU
U COOMEEMCMEYIOUeM USMEHEHUU K HOHUYECKUX KOOPOUH M.

B cuny cienyromero cBoiicts mpom3Bonuoil LB pig

2
Spog(t) = Sp(g(t) (¢'(1)" +Se(t),  (fog)t)=[(g9(t),  (19)
kpoMme (16), cymecrByet uenslit K1 cc auheoMophu3MoB, L1 KOTOPbIX S, (t) =
—2m2.
JeficTBUTENIBHO, U IPOOHO-THHEHHBIX Tpeodp 30B HUI

at+ 3
t+0

ft) =

npousBonH s IB puy p BH HyIIO.

Bceryas e o = (a+b)+d u 3 = —ab npeobp 30B HHSL COXP HSIOT KOHIIBI
orpesk |[a,b].

ITosTomy k11 cc audpeomMoppu3MoB, NPUBOAILIMX K COOTHOIIEeHHIO (18), 3 -

IIMCBIB €TCS K K
(a4+b+9)go(t) — ab

g(t) = ;

& aolD) +0

e go(t) 3 a ercst popmynoit (16), O — HIPOM3BONBHBIN I P METP.
3 MeTuM, 9TO TpH 3ToM KoaddurmenT (17) UHB pu HTEH:

C(f 0 g0) = C(go)-

Ecmu B dopmyne (18) momoxutre F' = 1, To 63 OOBIYHBIX TPOMO3IKHUX BBI-
YHuCcIeHud (CM., H mpumep, [15]) B K decTBe OOMOTHUTETFHOTO OOHYC IOMYIUTCS
topmyn Deitnm H K 11 .

(20)
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AH nor cootHomeHus (18) MOXHO T KXXe MOJYYUTh B Pe3yIbT T€ HEJOK Jib-
HOU JIMHEMHOW 3 MEHBI B BAHEPOBCKOM HHTETP JIE

y(t) = z(t) + m/x(T) dr. (21)

IToxoxue HeNOK JIbHbIC, HO HEeJTMHEHHbIe 3 MEeHbI OOCYXI OTCI B p 31.4 u 5.

HeobxomuMo 3 METHTh, YTO C HOMOIIBI0 3 MEH INEpPEeMEHHBIX B (DYHKIIMO-
H JIBHBIX HMHTErp JI X, COMPOBOXJ IOIIUXCA T KXX€ W3MEHEHHEM BpPEeMeHH, OK 3 -
JIOCh BO3MOXHBIM CBSI3 Th MeXIy cO0Oi psil KB HTOBO-MEX HHMYECKHX 3 1 4 C
P 3HBIMHU MOTEHIM J MU B3 umojeiictusi. [locie nuonepckoit ¢t Teu [16] mo-
SBWJIOCh JIOBOJIBHO MHOTO p OOT B ®TOM H NP BJICHHH. 31€Ch, OAH KO, MBI HE
OymeM obcyxn Th oTy TeMy. OtMmernMm Jumb p 6oty [17], B KOTOpoil momydeH
thopMyn , CB3BIB 0N 9 KB HTOBO-MeX HH4eckue pyHKuuu [puH mid r MUIIBTO-
HHU HOB, IOJIYYEHHBIX JIPYr M3 JIPYr C IHOMOLIbIO NpeoOp 30B HHM, H JIOTMYHBIX
1peoOp 30B HUSM Ipymibl quddeoMophuzmMoB™.

[MompoOyeM omMc HHYIO BBILIE CXEMY pe JIM30B Th HEMOCPEICTBEHHBIM 00p -
30M B KB HTOBOM Teopuu nojid. B omiMuue OoT KB HTOBOM MeX HMKU CUTY LS
3uech Gonee CIOXH . JefcTBUTENbHO, €CM NMepeiTH K TpexMepHoMy Ipeodp -
308 HHIO Dypbe moneBoil (hyHKUMH, TO OH TPEACT BiIseT co0oi OecKOHEeuHbIH
H OOp KB HTOBBIX I' PMOHUYECKUX OCLIJIIITOPOB C Y CTOT MH VK2 u VK2 + m?,
COOTBETCTBEHHO, 11 0€3M CCOBOTO M M CCHUBHOTO Hoineil. B 3ToMm ciyu e nmepexon
oT 6e3M CCOBOH PEISITUBUCTCKON Y CTHLIBI K M CCHBHOM PENISITUBUCTCKOW U CTHLIE
OCYIIECTBJISIETCA C MOMOLIBbI0 KOMITO3MLIUHU AHuhcheoMophru3MoB

—1
9VKZFm? ° 9 Az

Hmeq B Bupy OecKOHEUHbId BPEMEHHOW HHTEpB JI, P CCMOTpUM Judeo-
Mopgu3M

g(t) = exp {2mt}.
Ipomssomu s I pu amg Hero p BH —2m?2,  oOp THI auddeomMopthusm

HUMECT BUI

1
—1
t)= —1Int.
g (1) o

B pesynbT Te 114 uHTEepecyloulell H ¢ KOMIIO3ULUHU TOJIy4YUM

Th = i © 9 s = 9y (9 () = 70, (22)

*Apropsr 61 ron prbl C. H. CTopy Ky 3 IeHHbIE 3 MeY HH.
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[k2 4+ m?

T kuMm 06p 30M, W19 CBOOOZHOTO CK JISPHOTO MOJIS MMEEM

rae

exp{—%/d3k/dt(|¢(t7k)|2 + K?[p(t, k)|2)}d¢>—

= exp {—% /dSk Z(/f)/d’rk (|o(m, K)* + (K* +m?) |o(7s, k)|2)} dgz().23)

Bnech |p(t, k)|? = ¢(t, k) ¢(t, —k), z(k) — HeKOTOPBIIi HOPMUPOBOUHbII MHO-
xkutenb. HeTpynHo 3 METHTh, OOH KO, 4TO NMPHU T KOM Iepexone oT 6e3M CCoBOro
[ojis K M CCUBHOMY B IIp BOH 4 cTU (popmysbl (23) mosayd ercsl HEJIOK JIbH S
Teopus.

3. JOKAJIbHAA KBAHTOBASI TEOPUA I1OJIS1
KAK IIPEJIEJ] TEOPHUU, 3ATAHHOI HA IIPOCTPAHCTBE ITETEJIh

B p 6or x [1-3] ObUTO mpeyoXeHO HEelTOK JbHOe 0000IIeHHe KB HTOBOM
TEOPUH MOJIsl H TPOCTP HCTBE IETeb U M3Yy4eH ee JIOK JIbHBIN Mpelen, Npu Ko-
TOPOM P 3Mep HETVIM CTPEMUTCS K HYIMIO (T.€. HeTIsl CTITUB €TCs B TOYKY).

OK 3BIB €Tcsl, YTO DTOT MpeJiesl IPEICT BIIIeT COO0N MOIelb JIOK JIbHOW KB H-
TOBOW TEOPHH MO, B KOTOPOH (heiiHM HOBCKHME OW IP MMBI CBOOOOHBI OT YiIb-
Tp (puoneToBsIX p cxomumocTell. T Koe HeOXHna HHOe CBOHCTBO TECHO CBI3 HO C
UHB PU HTHOCTBIO MCXOIHOI HEJIOK JIbHOH TEOPUH OTHOCHUTEIBHO TPYMIIbI M-
tpeomoppuzmoB.

Wnes Henok JIbHOrO 00OOILEHUSI COCTOUT B 3 MEHE OOBIYHOIO MUMITYJIbCHOTO
MPOCTp HCTB MpocTp HcTBoM metens [18]. T kum oOp 30M, UMITYIBCHOE TPO-
CTP HCTBO HOBOH TEOPUH

P = C(S",RY)

€CTh IPOCTP HCTBO BCEX HENPEPhIBHBIX OTOOP XKEHWH OKPYXKHOCTH E€AMHUYHON
el B R* ¢ Hopmoit

Ipll» = llpll = max [|p()]],
TeST

e || - || — nopm B RA.
TIpOM3BONBHEIi IIEMEHT 9TOTO IIPOCTP HCTB MOXKET ObITh IPEACT BIICH B BHIE

p(r) =r+ —=¢(7), (24)
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e £(7) ymoBIETBOPSIET YCIIOBHIO

/5(7') dr = 0. (25)
Sl

B nok apHOM mpegmene (A — +00) p(T) mepexomuT B r (TOYKY OOBIYHOIO HM-
IyJIbCHOTO npocTp HETB RA).
K x yxe rosopusocs, rpynn  augdeoMopu3MoB OKPYKHOCTH

G =Diff3 (S'), geG {g: S'— S, ¢(r) >0},
JIEHCTBYET H MPOCTP HCTBE P CIEAIOMMM 00p 30M:

i 1
(9p)(T) = p (9 ())7(9_1@), (26)

H mnpocrp HcTBe P He CylecTBYET Mepbl, HHB P HTHOW OTHOCHUTENBHO rpymibl G.
K x ™Mbl Buzenu Beiie, Mep Bunep

A
wy (dp) = exp 3 /||10'(7')||2 dr y dp 27
Sl
ABJIAETC KB 3MUHB PU HTHOU U npeoOp 3yercd K K

wy(d (gp)) = exp 2/89(7') lp(T)||? dr 3 w(dp). (28)
S’l

3 MeTuM, 4To
wy(dp) = dr wy(d§).

Ilycte £ — ruip0epToBO MPOCTP HCTBO BCEX KB JIP THYHO-UHTEIPUPYEMBIX
no Mepe Bunep ¢yHkumit ¢ : P — C ¢ 1p BHIOM COMNPSIKEHUS

©(p) = ¢(—p).

OYHKIMU ¢ pe JU3YIOT PeryJaspHOe YHUT pHOE MpeicT BieHue rpymmsl G B
THIBOEPTOBOM MPOCTP HCTBe E:

GIW =g P ew S [ Sa@p@Pdr. @
Sl

Ilpu T KOM onpezelneHny cK sspHoe npoussenerue [ ¢(p) ¢(p) wx(dp) ok 3biB -
P

€TCd UHB PU HTHBIM.
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CBOOOIHOE JEICTBUE UMEET BUJL

At = [ | [ oo ar+m? | loP ustan)  G0)
Sl

P

C HEKOTOPBIM (PUKCHPOB HHBIM (.

It HenpephIBHBIX MONIEBBIX (PYHKIMIA (p) B JIOK JIBHOM Hpefese HOMyIuM
AeiicTBie CBOOOAHOIO CK JISIPHOTO MOJISI, YMHOXEHHOe H () KTOp, 3 BUCSAIIMI
oT g:

Jim Al = [P [1e@P (P +m?) a6
R4

S1

P ccmoTpum T KXXe cleyrolmii YieH B3 UMOACHCTBUS:

Afle] :// /5(gp1(T)+gp2(7)+gp3(7)+gp4(T))dT X

P P \S!
x ¢(p1) p(p2) P(p3) p(pa) wa(dp1) wa(dp2) wa(dps) wa(dps). (32)

Il1st HenpepBIBHBIX MOJIEBBIX (PYHKLMIT () JTOK JIBHBIN MPEeN 1 eT 00bIYHOEe
B3 UMoJieiicTBrE ¢*, yMHOXEHHOe H 3 BUCALIMIl OT g ¢ KTOp:

d
lim  AY[g] / T/ /6r1+r2+r3+r4)
A——4o0

4

x p(r1) e(re) w(rs) (re) dridre drs dry.  (33)

Y106HO czent Tb 3 MEHY NepeMeHHBIX
() = (gp)(1), (a) = (9) (@)

1
HoB s uMmmyibCcH S epeMeHH s g umeer Bux ¢(7) = p + ﬁn(ﬂ.

B HOBBIX IlepeMeHHBIX CBOOOIHOE JeHCTBHE

AZ[] = Aoly / / lg()Pdr +m? | ()P ws(dg) (34

P

HE 3 BUCHUT OT g.
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3 pucumocts A [1)] or g comepxkures TobKo B mpoussoanoii s pir :

A{[w]z/---/ /5(q1(7)+...+q4(7'))d7' «
PP \st

X exp /s Yl (P + -+ laa()|?) dr p x

X w(Q1)¢KQ2)¢%Q3)¢%Q4)UA(dQ1)Uu(dQQ)UA(dQ3)Uu(dQ4) (35)

YroOBI MOTYyIHUTH COBII JICHHE C NeHCTBHEM OOBIYHON TEOPHH, KOTI A — 00,
OyoeM p ccM TpHUB Th TOJIBKO arddeomopdusmbl gy (7), KOTOpbIC YIOBIETBOPSIOT
YCIIOBUSIM

lim g¢g\(r)=0, lim g\(r)=1. (36)

A— 400 A— 400

B npenenbHoM ciiyd e T Kue augpgeoMopdusMbl 00p 1L I0TCS B TOXJIECTBEHHbIN

)\EI«EOO g)\(T) -7

Cpen eM Tenepp 3 MEHY

f(7). (37)

3necy f € C(SY, R f f(r
B tepmun x f HpOl/I3BO)1H a I pu S, umeer Uz

S(r) = <= 1'(r) = 55 (7). 38)

YcpenHuM WieH B3 UMOAEHCTBHS 10 f, MCMOJB3Ys KB 3MHHB PH HTHYIO Mepy
Bunep w, (df):

Ay = / A9 wo (df). (39)

3 MEeTHM, YTO MOABIHTErp JIbHOE BBIP XEHHE B YCPEOHEHHOM NeHCTBHH .A;
W19 K XKJIOTO g MMEET OIMH U TOT Xe JIOK JIbHBIH mpeen (0ObYHOEe B3 MMOIEH-
crBue ).

T xum 00p 30M, B JIOK JIbHOM mipezene Bblp keHus (34) u (39) npuBomaT K
CT HJI PTHOMY KJI CCUYECKOMY JEHCTBUIO C MOIEHUCTBYIOLIErO CK JIIPHOIO HOJIS.

OnH KO B KB HTOBOW TEOPHH VIS MONYYEHHs JIOK JIBHOTO TIpeies Hewb3s
npocto 3 MeHuTh ¥ (q) — 1(p) B HOABIHTErP JIHHOM BBIP XEHHH IIPOU3BOLISIIEIO
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tbyHkMOH 11 . [Ienno B TOM, YTO B ®TOM CIIyd € Mbl HHTETPUPYEM IO NPOCTP HCTBY
MoJIeBbIX (PYHKIHUH 1), KOTOpPBIE HE SIBJISIOTCS HENPEPHIBHBIMU ™.

ITosTOMY MBI HOJIKHBI CH Y JI HPOMHTETPUPOB Tb MO %, 3 TeM MEPEeHTH K
npeneny A — +o0o. (H noMHUM, 4TO B 3TOM Ipejiesie MeTis CTATUB €TCSl B TOUKY
u 1ugdeoMopu3Mbl MpeBp 11l I0TCA B TOXKIECTBO.)

IIpu aTOM OK 3BIB €TCH, YTO I MATh O TOM, YTO TEOPHUS UCXOAHO (DOPMYJIH-
POB J1 Cb H IIPOCTP HCTBE IIETEIb, COXP HieTcd. B 4 crTHOCTH, 3TO NPUBOAUT K
cXouMocTU (heffHM HOBCKHX AU TP MM.

IIpowutocTpupyeM 9T0 H IpUMEPE NPOCTEHUIIEN U IP MMBI (T K H 3bIB €-
MOIi «PBIOBI»).

DYHKUUOH JIBHBIA UHTETP JI U 9TOH AU TP MMBI UMEET BUJ

/w(mW(szW(%W(fM) (AL [])* exp {—Ao[¢]} do. (40)

HHrerpupys ¢ NOMOLIBbI0 COOTHOLUEHUS

/ / (@) alg) wa(da) / (a2) b(g2) i (dgz) exp {—Aoy]} dip =
- / @ a(@) b(—q)wr(dg) (QAg) = [lgl> +m?), @)
HOTYYUM
/ [ [ 5ai0) + () = as7) — as() dr} 9
X {/6(%(7) + qu(7) + g5(7) + Q6(T))d7':| X
X

X exp {% /Sfl (™) (s (DI + g2 (DI + llgs ()1 + llas (7)) dr

<exp {3 [ S50 ()P + haal? + sl + lan(r)IP) |
1 1
Q(g5) 2(ge)

wx(dgs) wa(dgs) wa (dft) wa(dfz).  (42)

*[lnst Toro 4TOGKL H NPOCTP HCTBE HENpepsiBHbIX (yHkumii Mep exp {—1/2(T 14, ¢)} dip
OB CYETHO- JIUTHBHOM, HE0O6X0aUMO, uTobBI onep Top 1" 6but suepHbM [9]. I KB HTOBOI Teopuu
oM B d-MEpPHOM IPOCTP HCTBE-BPEMEHH 9TO MOCTHI €TCs, TOMBKO KOIN CBOGOMHBIA IIPOI I' TOp
umeet sugt (||p||? +m?) ™, & > d/2. B pe JUCTHYHBIX Xe MOe/ISIX KB HTOBOi Teopuu nojis o = 1
U KB HTOBBIM IIOJISIM COOTBETCTBYIOT OOOGLICHHBIC (DYHKLIHH.
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Tenepb MOXHO HIepeliTH K peneny A — +o0o, 4To I eT

(S(p1++p4)><

< [oxw{ = 50ol? + x4 02 = oIP) [ (52051 + £}

X exp {i /(f{(T) + f5(7) [(p,15(1)) + (1 + p2 — p,16)] dT} X

<7 Q(lp) Q(py +1p2 ) dpwi (dns) wi(dne) wa (df1) wa (df2).  (43)

Msuoxwurens J He 3 BUCHT OT p, 15, 1g-
WurerpupoB Hue 10 75, ng U f1 + fo npuBOAUT K

_ [ ! 1 1 [
I*/ Q0p) Up1 + p2 — ) exp{ el / v de} dpwa(dv), (44)

%(fl —f).

IIpoBoag mpocteiiie OLeHKH, BUAUM, YTO UHTErp J I cxogurcs:

Iie v =

I <C; /exp{—liﬁ||p||2/vz(T)dT} dpwl(dv) <

< 02/ W exp {—% /u'(r)%zf} dv < 0o, (45)

B rox ps ycpennenuio no f B geictBuu (39) TOT Xe C MBI «BBIYHT Telb-
HBIl» MEX HU3M MMEET MECTO U B CJlyd € APYIuX OU Ip MM. JIeHCTBUTEIBHO,
HI0CJIe UHTETPUPOB HUS IO 7); K XI s JIMHUS NpUOOpeT erT yObIB Ioumid ¢ KTop

1
exp {—3—2” plI? [v2(7) dr ¢, KOTOpBIA OGECTIEYMB €T CXOAMMOCTb AU TP MMBL.

DTOT yIUBUTENBHBIA 3((EKT MOXHO CMOAENUPOB Th CIEAYIOIIUM HPOCTHIM
MIPUMEPOM.
Jlerko 3 MeTUTh, YTO MHTEIP JI [0 BEIIECTBEHHOM! MOIyoCcH

A
T e’

lim 5 dx

A=dtoo ) (zew —1)
0

P cXomuTcH.
OnH KO MHTerp Ji Mo 6eCKOHEYHO Y3KOil mosoce (T K CK 3 Th, N0 «(u3nde-
CKOI» TpSMOM) CyIIeCTBYeT:

1/X A

10
lim / do/Lde = 27.
A—oo (xew —1)
—1/x 0
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31ech T KXe yCpeJAHEHHe W Iepexojl K Mpejieny HPUBOAIAT K CXOOUMOCTH
UHTErp JI .

Ycepennenne no mepe Bunep w,, (df) cogepxut npoussosn B BeiGope p 3mep-
Horo n p metp « ([a] = [p?]). Bonpockl 0 CBA3M TOrO MPOU3BOJ ¢ MU3BECTHBIM
IPOU3BOJIOM B BBIOOpE TOYKH BBIYUT HHsSI B OOBIYHON TEOPHH, T KXE CBSI3U
P ccM TpPHUB e€MOK CBOOOIHOW OT P CXOIUMOCTEH MOJIENU C OOBIYHOI TEPEHOPMHU-
POB HHOI TEOpUEH OCT I0TCA OTKPBITHIMMU.

4. 3AMEHA IIEPEMEHHBIX B ®YHKIINOHAJIBHBIX NHTETPATTAX
N COOTBETCTBYIOIIIUE N3MEHEHUA ®YHKIIMOHAJIBHBIX

INPOCTPAHCTB
P ccmorpum mepy Bunep
T
exp{ —5 [@OF dt pdy = w(dy). (46)
To

K K BUJIHO U3 p 3. 2, HHHeﬁH g HEJIOK JIBH 4 3 MEH
t
mw:aw+/aﬂw
To
HE€ BBIBOIAUT beHKHI/IOH JIBHOC I/IHTerpI/IpOB HHUEC 3 Hpeﬂeﬂbl HpOCTp HCTB Here-
prBHbIX q)yHKHPII?I. B O9TOM p 371eJIe IIOK XKEeM, 4TO HeﬂHHeﬁHbIe HEJIOK JIBHBIC
3 MCHBI, BOO6H.[C FOBOpﬂ, HpI/IBOHﬂT K HCO6XOZ[I/IMOCTI/I I/IHTGFPI/IPOB Th IIO 60H€e

CIIOXHBIM (DYHKIIMOH JIHBIM MPOCTP HCTB M.
B pesynbT Te HeIMHEMHOW HEJOK JIbHOM 3 MEHbI

mn:un+/f@v»m 7)

To
Mep (46) npeBp I eTcd B
s s t=T1
exp —%/iQ(t) dt—%/fz(x(t)) dt — / f(z(t)) dz(t) p da. (48)
To To t=Tp
IlocnenHuii 4wieH B MOK 3 Teje ®KCIHOHEHThl — 3TO CTOX CTHYECKHMH HHTe-

rp 1 HUto
t=T,

/fuwwﬂﬂ

t=T0o
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ITomumo I'P HUYHBIX YJICHOB

BT = &(x(Th)) — (x(Tv)) /f
OH JI €T ellle JOIOJHUTEIbHOe ¢ I' eMmoe (uwieH Uto)*
7
-5 /f’(x(t)) dt
To

T
wldy) = exp § =5 [0 dr { dy =
To .
— oxp f—/(xQ(t)—i-fQ(x(t))—f’( (1)) dt — BT L de. (49)

DTO COOTHOIIEHHE MOXHO P CCM TPUB Th K K (DOPM JIBHYIO CBSI3b MEXJy CBOOO-
HOU TEOpHUEU U TEOPHEU C B3 UMOAECUCTBHUEM.
3 MertuM, uTo H juuue wieH MTO mo3Bomnger ¢ KTOPU30B Th I' MUIBTOHU H

1= (-5 + P - @) = af . (50)
rae
d
of = % (:F% + f(x)> . 51)

*BT0 JIETKO TIPOBEPACTCA, €CIIU NPEACT BUTb MHTEIP J1 K K IpeAes L[I/ICerTHOI‘/'[ CYMMBbI

n n n

> @k = zp—1) f(@r-1) Z (zk) — ®(zg-1)) — % > @k — 2p—1)?f (Th-1)

k=1 k=1 k=1

1 NPUHATH BO BHUM HHUE, YTO I BUHEPOBCKOI'O MPOLIECC

(Th — Th—1)® ~ AL
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Eciu 3 men  (47) o6p TuM , T.e. eciu cyuiectByer QyHKims x(y), TO

/F(x) exp _%/(¢2(t)+f2(x(t))—f'(x(t)))dt—BT dz =

~ [ Pt uldy. 62

Y

Jlo cux rmop Mbl HUYEro He rOBOPWIM MPO (PYHKIMOH JIbHBIE MIPOCTP HCTB X
u Y. B crenyomux npumep X yBHAWM, YTO OHHU, BOOOLIE rOBOPS, P 3JIHYHBI.

5. OTHOMEPHASI KBAHTOBAS TEOPHSA IOJIA
C B3AUMOJIEFICTBUEM *

Jlns omHOMEpHOW KB HTOBOW TEOPHM CK JIIPHOTO MONS C B3 UMOAEHCTBHEM

§04 HEJIMHENH 4 HEJIOK JIbH 4 3 MEH BBIIVISIAUT K K

t

xw=¢w+/wer (53)

To

B aToM cilyd € umeer MECTO P BEHCTBO

T
[F@rew <5 [ (@) + o' - 200) dt - BT § dp =
X To

_ L/ F(p(&)) w(de).  (54)

C([To,T1])

Yien UTo 1 rp HUYHBIC WICHBI P BHBI COOTBETCTBEHHO —2¢(t) H

1. .
BT = 2[6*(1) - S O)].
BhIsicHUM Teriepb, YTO MPEACT BiIsieT cOOO0M MpoCcTp HCTBO X.
HerpyaHo 1ok 3 Tb, 4T0 (yHKLMS ((t) B HEKOTOPBIX TOUK X t = t* oTpesk
[To, T1] MOXeT UMETh CHHTY/ISIPHOCTH BUI

o(t) ~ (= 19).

Yr1006bl yOEAUTHCS B 3TOM, JOCT TOYHO 3 METHTh, 4TO (pyHKIMs X (t) Orp Hu-
YeH H OTpe3Ke, IPH 3TOM MOLYT ObITh O0J CTH, rhe 3H 4YeHus: GpyHKuun |o(t)|
JOCT TOYHO OOJIBLIKE.
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Torn B 9TUX 00J CTiX moBenenue GyHkuuu p(t) 3 a ercst audpdepeHiu Jb-
HBIM Yp BHEHHEM ¢ = —(>.

T x x x ¢yskuus x(t) orp Huaen H orpeske [Tp,T1], TO cymecTByer Ko-
HEYHBIN OTpe3oK [t1,ta] C [Tp,T1], H KOTOpOM y (pyHKUHU (1) CHHIYISIPHOCTH
(t —t*)~! enuncreenn .

B 3 BucumoctH ot B (pyHKImMH X (%) MOTYT GBITH IPyriie KOHEUHbIE OTPE3KH
[ts,t4],..., H KOTOPBIX y ¢(t) €CTh CHHIYISIPHOCTH TOTO Xe Tun (¢t — t;)’l.

Ipu Gosee meT JIBHOM P CCMOTPEHHMH BHIHO, YTO moBeaeHue (pyHKuuu o(t)
B OKPECTHOCTH TOUKHM 7 3 JI €T BbIP XeHHUe

=2t =) [[r) = xEIr - ) dr +ol(t - 1), 59)

BTOpoe U TPETHE CJT I' EMBIEC — BTO CTOX CTHYCCKUE WICHBI, KOTOPLIE B DTOU
OKPEeCTHOCTH BeyT cebs K K (t —t7)°, e < 1.
T xuM 06p 30M, IIPOCTp HCTBO X MOXET OBITH HPENCT BIEHO B BUIE

X=XUX;UXoU... X, U...,

rne Xo = C([To,T1]), X,, — npoctp HCTBO (PyHKLHIi, UMEIOIIUX 7 CHHIYIISIPHO-
CTeii yK 3 HHOI'O BbILIE BHJL .
P BeHcTBO (54) MOXeT OBITh 3 MUC HO K K

oo Ty
Z/F(@ exp *%/((sb(t))%rw‘*(t)—?cp(t)) dt — BT  dp =
"’=0Xn To

- / F(o(€) w(de). (56)

C([Tﬂle])

Wt K, MBI TOK 3 JIM, 4TO (DYHKIMOH JIbHBIE MHTETP JIbI IO NMPOCTP HCTBY He-
MIPEPBIBHBIX (PYHKLMH B CBOOOIHOM Teopuu MO p BHBI (DYHKIMOH JIBHBIM HHTE-
TP J1 M B TEOPUH C B3 MMOJEHCTBHEM, HO 3 1 HHBIM H 0oJiee CIIOXHBIX (DyHKIINO-
H JIbHBIX IIPOCTP HCTB X. B 4 cTHOCTH, B I HHOM NpuMepe HeOOXOIUMO MHTErpH-
POB Tb IO NMPOCTP HCTBY, COAEPXK ILIEMY HOANPOCTP HCTB P 3PbIBHBIX (PYHKIIMI™.

*3 MeTHM, 4TO Nepexoj OT MHTErPUPOB HHS 110 NPOCTP HCTBY HENPEPBIBHBIX (DYHKUMIl K MHTE-
IPUPOB HUIO IO MPOCTP HCTBY, COAEPXK IIEMy T KXK€ U P 3pbIBHbIC (DYHKILIMH, CBA3 H C HENOK JIBHBIM
X P KTepoM 3 MeHbl (47).



HEOBBIYANHBIE CBOMCTBA ®YHKIIMOHAJIBHBIX UHTEIPAJIOB 215

IToHuM HHE TOrO, K KHM JOJXKHO GBITh MPOCTP HCTBO, 10 KOTOPOMY BBIYH-
CII0TCS. (DYHKIMOH JIbHBIE MHTETP JIBL, SIBISETCS OMPEACSIOLIIM.
T «, anst wenpepoiBubix yukimii ¢(t) € C([Ty, T1]) unrerp 1 (54) ecrb uH-
Terp J mo mMepe Bunep
1

1

expd —5 [ (@lo)?dt | dp = w(de)

0

n IIprU 9TOM MOABIHTETP JIbHOE BbIp KEHHE

exp —%/(@4(t)+...)dt

0

SBJISIETCS OTP HUYEHHBIM (PyHKIMOH JIOM. [I03TOMy MHTErp J1 XOpOIIO OIpe/eieH.
Oma ko H mpocTp HCTB X X, (n > 1) ()yHKIINOH JIbHBIA UHTETP J1 BUI

T
1 .
[ Peresnd =3 [y as.
Xn To
rae P(p) — MOMUHOM, HE CYILIECTBYeT.
A BBIp XeHue
T
1 [
expd 5 [(p(0)) i § dg
To
He sgBisieTcd Mepod H X, (n > 1).
H Tonepko
T
1 .
expd —5 [ (GOF +4'(0) ~ 20(0) dt — BT { dy
To

MOXET p CCM TPUB Thcd B K 4ecTBe Mepbl H X, (n > 1). Ilpu aTOM COOTHOIIIE-
uue (54) mpeact BiseT coO0N KOHCTPYKTHBHOE OIpEieIeHHe STOH MepHl.

B pe nmuCTHYHBIX KB HTOBO-IIOJIEBBIX MOJENSIX C B3 MUMOIEHCTBHEM (C p 3Mep-
HOCTBIO ITPOCTP HCTB -BpeMeHH d = 4) nosieBble (h)yHKINH He TOJIBKO HE SIBIISIOTCS
HeIpepbIBHBIMU (DYHKLMSIMH, HO U, Ooliee TOro, BOOOLIE MPEACT BISIOT cOOOM
0606uieHHble (YyHKIMU. [103TOMY HEYIMBHUTENIBHO, YTO IONBITKA OOp I ThCS C
(DyHKIIMOH JIbHBIMM MHTErp J MM KB HTOBOW TEOPUHM IOJISl K K C (KB 3M-) BUHE-
POBCKMMH HHTETp J1 MU HPUBOIAT K HM3BECTHBIM IpoOiieM M. Bo Bcikom cimyu e
HEOOXOIMMO P CCM TPHB Thb (PYHKLHMOH JIbHBIE MHTETP JIbl H (PYHKLIMOH JIBHBIX
HpOCTp HCTB X Gosiee ClIOXHBIX, yeM C'.
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6. TOYHO PEILIAEMASI KBAHTOBASI MOJIEJIb
CKAJISIPHOM I'PABUTAITNH

P CCMOTPUM TEOpPHIO C MOHeﬁCTByIOLHGFO CK JISIPHOIO 1IOJIA € JIECTBUEM

T
P 1

A(p) = 5 / {(gb(t))2 + AZe2oe(t) _ o) ea‘o(t)} dt. (57)

0

IMocnenHee ¢ r emMoe 31ech K K p 3 uMeeT Bux wien Hro.
Jns onpeneneHHocTy GyaeM cuut Tb, 4To o < 0 0 A < 0.
B pesynbT Te 3 MeHbI

t
£(t) = lt) — 9(0) + A / o7 dr (58)
0

Mep mpeBp TuTCc B Mepy Bunep w(d). B meficTBUTEIBHOCTH 9TO €CTh OIpese-
JeHue (PYHKIHOH JIBHOM MepBI, 3 1 B eMoi aeiictueM A(y), H mpoctp HerBe X:

T

- 1 .
exp {~Ap)} dp—exp —3 [E0Pdrpde=wide). 59
0
Ipu t = 0 3 Men (58) CHHTYJSPH U JOJKH IIOHHM TbhCd K K IIPENEN COOTBET-

CTBYIOLIETO PETYNISiPU30B HHOTO BBIP XEHHS.
Eciu o6p tuth 3 MeHy (58), TO MOXHO IIOJIy4HTh sIBHBIA Bujl PyHKIMU p(€):

¢
1
o(t) =€) — =In | aX / e dr | . (60)
a
0
B pesyibr Te MOXHO GyIeT BBIYUCIUTD (DYHKIMOH JIbHBIE HHTETD JIbI TI0 HPO-
CTp HCTBY (pyHKUMIA ¢ (1):

[re ew{-d@}de= [ Fo©) . (61)

X c([o,17)

3pecs X — mnpocTp HCTBO (PyHKLMH, UMeOUX Npu ¢ = ( CUHTYJASIPHOCTh BUI
p~(=1/a)lnt.

P ccmoTpuM aTy Teopuio K K IPOCTEHIIYI0 MOZIENb KB HTOBOH KOCMOJIOTHH, B
KOTOpO#l M clIT OHbIA p KTOP B KOH(POPMHBIX KOOPAUH T X Ui MeTpuku FLRW
3 1 eTcd KB HTOBBIM CK JISIPHBIM IIOJIEM

g(t) = a®(t) = e**®, (62)
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M1 Bbl6p JIX TP HUYHBIC YCJIOBUA B COOTBETCTBUU C H Y JIbHOM CUHTYJIAPHOCTBIO

9(0) =0, ¢(0) = —oc. (63)
M cur G6Hbtit ¢ KTOp a(t) B Tepmun X £(t) uMeer BUL
. —1/a
at) = e?® = t®) a)\/e"‘g(T)dT . (64)
0
B KB HTOBOIi TEOPHH, 3 J1 B eMoii neiicTBrueM A(), MOXHO BBIUHCIHTE CpeJl-

Hee 3H YeHHe M cIIT OHOro ¢ KTOp , MOMEHTHI U JPyTrUe BEITUYHHBI.
IInsg Mopenei ¢

a=——, n=12,...,
n

BBIYMCIICHHE MOXET OBITh IPOBEAEHO SIBHBIM OOp 30M, IOCKOJIbKY BHHEPOBCKHE
UHTETp JIbl CBOJITCS K UTEP LUSIM OOBIYHBIX I' YCCOBBIX UHTETP JIOB.
Iyctp, H npumep, a = —1. Cpennee 3H 4eHHe M CIUT GHOro ¢ KTOp p BHO

(a()) = —A / €D / € dr w(de) = (—2V) (/2 —1). (65
D 0

(0,1
Jlns aucniepeuyl MOMy4YUTCS BBIP KEHHUE

AG() = (a*(t)) — (a(1))® =

t

=\ / % /eaﬁm dr | w(de) —4aX2(et/? —1)? =

c(lo,1]) 0

2

1
— §A2(2e2t —12¢* + 1662 —6).  (66)
HpI/l M JIBIX 3H YeHUIxX t cpeuHee 3H YEHUEC U )mcnepcm[ p BHBI COOTBET-

CTBECHHO

(a(t)) = =Xt (A <0), AZ(t)= %AQ t3. (67)

Hockombky A, ~ t3/2 < t uph JOCT TOYHO M JIBIX 3H YEHHSX f, CyIIECTByeT
0011 cTh, Tae cpeaHee 3H yeHHe (a(t)) MOXET p CCM TPHB ThCSl K K TOYHOE 3H -
4yeHue M ciT OHoro ¢ KTop .

KoHeuHo, ormyc HH $ BbILIE MOIETb BPSI JM MOXET CUUT ThCSl pe JIMCTHY-
HOH. OmH KO O rof ps TOMY, YTO (PYHKIIMOH JIbHbIE HHTETpP JIbl BBIYUCIISIOTCS
B HEH SBHBIM OOp 30M, OH MOXET CIIyXHTb HEKOTODBIM MOZEIIbHBIM HNPHMEPOM,
TI0JIE3HBIM I TIOCTPOEHUS Oyayliedl H CTOsIIEH TEOpUH.
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7. KBAHTOBOE BOCCTAHOBJIEHUE HAPYIIEHHLIX CUMMETPHIA

P BeHCTBO COOTBETCTBYIOMIMUX (PYHKLIMOH JIbHBIX HHTETP JIOB IPU P CCMOTPEH-
HOH BbIlIE HEJIMHEMHOW HEJIOK JIbHOM 3 MEHE IEePEMEHHBbIX MPUBOIUT K OAHOMY
HEOXHI HHOMY 3(peKTy: CyIIeCTBYIOT AeHCTBHS, I KOTOPBIX KJI CCHYECK S Te-
OpUsl HE COBII JI €T C KJI CCUYECKHUM IPEeesioM KB HTOBOM TEOPHH, OCTPOEHHOH
110 9TOMY JEHCTBHUIO.

B K uyecTBe WUIIOCTP LMK P CCMOTPHUM CIEAYIOLIYI0 IPOCTYI0 Moaenb. Ilycthb
JI HO JeicTBUe

. +T , *T
A=5 [woraS [ (2o -5)’ (68)

TToTennu 11

Viplt) = 502 (1) - 57 (69)

UMEET AB BBIPOXKICHHBIX MHHHMYM IIpU (¢ = +/3, JOK JIbHBII (HECT OWIbHBII)
M kcumyM ipu @ = 0 u cummerpuuer: V(—¢) = V().
¥Yp BHenue Diinep —JI rp HX uMeeT BUL

@(t) — 2a%p (*(t) — B*) = 0. (70)

T xum 00p 30M, KJI CCHMYECK S CHCTEM , 3 1 B eM s jeiicTBueM A, cumme-
TPUYH OTHOCHTEJIHHO 3 MEHBI

P = =

Y KJI ccruecKoM CHCTEMBI, 3 J B eMOH JAeHCTBHEM

+T
Ay :A—a/cp(t)dH—
=T

+ S (1) = * (D)) = aBlp(+T) — p(~T)}, (7D

9T CHMMETpPUS H PYIIEH WICHOM, JIMHEWHBIM IO (o, U TP HUYHBIMU 4YIEH MH.
DTO K K p 3 TO, 4TO A eT uHterp a Uro.
HeiictBue A NpUBOAMT K yp BHeHHIO Diinep —JI rp HX

@(t) —2a*p(e*(t) — B*) +a =0 (72)
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u Fp HHUYHBIM yCﬂOBI/ISIM
G(£T) + a(Q*(£T) — §%) = 0. (73)

CooTBeTCTBYIOII 4 KB HTOB 4 TEOpHUS 3 1 eTcs (PyHKIMOH JIbHOH Mepoit

/ exp {~A4 ()} di.

K K MbI BUjienu, 3 MeH
t
X0 =l +a [ (¢(r) - ) dr (74)
-T

MIPUBOIUT K P BEHCTBY (DyHKIIIOH JIbHBIX MHTEID JIOB

/ F(p) exp{—A4(p)} dp =

X+
1 +T
= [ Fe e [aora o as
C([-T,+T)) -T

Ipu »TOM (PYHKIMOH JIbHOE MPOCTP HCTBO X T — TO MpOCTp HCTBO (DyHKIMIA,
KOTOpPBIE MOTYT UMETh CHHIYJSIpHOCTH H otpeske [—1', +77.
P ccmoTpuMm Teneps ki1 ccuueckuil npenen Belp xeHud (75)

P = Jiny [ Fle) exp {5 Avlo) e =

h—0
1 +T
T N . 2
= lim / F(o(x)) exp —%/(x(t)) dt »dx. (76)
C([-T,+T)) -T

B np Boii 4 ctu p BeHCTB (76) K1 ccuyeckuil mpejien A eT yp BHeHUe
X(t) =0

HITH
x(t) = const.

B neiictBurensrocty, const = 0, mockonbKy 30 4yeHue X(+71') He (PUKCHPOB HO.
DTo crnefyeT T KXe U3 Ip HUYHBIX ycroBuid (73).
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B TepmuH x QyHKIMU <p(t) YPp BHEHHME BBIIVIIIUT K K
¢(t) + a(p*(t) — B%) =0. (77)

3 Metum, uto yp BHeHue (70) MOXeT OBITh MPEACT BICHO B BUIE

o =EVf(p).

ITpu aTOM p 3HBIM 3H K M COOTBETCTBYIOT IB€ P 3HBIE BETBH PEIICHHIA.

Jlerko 3 MeTuth, uro yp BHeHue (77) sBidercd ONHOM M3 BETBEH yp BHe-
Hus (70) ¢ COOTBETCTBYIOIIEH KOHCT HTOH MHTErPUPOB HUS.

T kum o6p 30M, petueHue yp BHenus (77) ¢T (t) aBngercs penieHHEM yp B-
HeHus (70), HO He pelueHHeM yp BHeHus (72).

B 3TOM cMBICTIE KB HTOB $ TEOpPHS BOCCT H BJIMB €T CUMMETpPHUIO, H pYIIEH-
HYIO B KJI CCUYECKOH TEOpUHU.

KiioueBoit MOMEHT 3[1eCh — 9TO UHTETPUPOB HHUE MO (PYHKIUOH JILHOMY MPO-
crp HetBy X T, cosiepx 1eMy CHHTYJISpHbIE (DYHKLIMH.

Ecnu GBI Mbl Orp HUYWIMCh MHTETPHPOB HHUEM TONBKO MO mpocTp HCTBy C,
TO UMeNU Obl TP JULMOHHBIA PE3yJIbT T, MOJMYY €Mblii HHTETPUPOB HUEM Orp HU-
YeHHOro (PyHKIMOH J1 1o Mepe Bunep

1

exp{ —5 [(@(0) dty de.

0

Jlerko H iiTu sBHBIA Buj peruennii ¢ (1).
B 3 BHCHMOCTH OT 3H YEHHS TP HHYIHOTO YCITOBHS

¢ (-T) = —«
MOIyYNM
¢r(t) = Btanh (bt +¢), —a > -3, (78)
NIIn
@L(t) = Beoth (bt +¢), —a< —p. (79)

Ecny nonoXuM NMOCTOSHHYI0O MHTETPUPOB HHS ¢ P BHOW HYIIO, TO peLieHue
Oyzer HedeTHOU (QyHKIIUEH

P (=) =—¢ ().

B atoM cityu e 3H 4eHus (PYHKLMOH JIOB JISHCTBUS H KJI CCHYECKOM pellie-
HUM G COBI A1 1OT:

A (@) = A(@").



HEOBBbIYANHBIE CBOMCTBA ®YHKIIMOHAJIBHBIX UHTEIPAJIOB 221

Jlo cux mop Mbl p CCM TPHB JIM TEOPHIO, 3 J B eMylo JeicTBueM A .
OnmH KO H JIOTUYH S K PTUH HMEET MECTO U ISl «3€pK JIbHOTO» NEeCTBUS

+T
A,:A—i-a/cp(t)dt—

=T

- S[PHD) — P (D) + aBlp(+T) — o(-T)]. (80)

COOTBCTCTBleLU, a3 MEH HepeMeHthX UMeeT BUJI
t
X(®) = o(t) —a / (PP(r) - ) dr. 81)
=T

U cnp BewMBO p BEHCTBO (PYHKIIMOH JIBHBIX MHTETp JIOB

/ F(p) exp{-A_(p)} dp =

)
i

= [ Petn end -5 [Gordade 6
C([-T,+T]) -T

CrpykTyp mpocTp HCTB X~ T K 5 X€, K K U CTPYKTyp TpOCTp HCTB X .
Ho ¢ynkuun u3 X u X~ MMEIOT CHHTYISPHOCTH B P 3HBIX TOUK X.

T xoii xe a¢ppeKT uMeeT MECTO U B P CCMOTPEHHOM Bbllle Mojenu JInyBusid.
K ccnueckoe meiictre A(yp) u K ccudeckuii npenen A(p) KB HTOBOI TeOpHH,
COOTBETCTBYIOILIEH DTOMY KJI CCUYECKOMY JEHCTBHUIO, OK 3bIB I0TCS P 3IMYHBIMU.

Ki ccuyeckoe yp BHEHHE JBUXEHHUS MPEACT BIsieT COOOH yp BHeHHe Diije-
p —J1 rp mx s geiicteus A(p), Ho He wis peiicTus A(p).

T xum 00p 30M, KJI CCHYECKOe Toje . (t) ectb

1
we(t) = - In(art), a<0, A<O0. (83)

Crnenyer OTMETUTH, YTO OOBIYHO H JIMYHE CHHTYISIPHOCTEH p CCM TPHB €TCA
K K CBUJIETEJILCTBO MPOTUBOPEUYMBOCTH TEOPUU. B 4 CTHOCTH, U3-3 CHHIYJSIPHO-
CTH KJI CCHYeCKoe AeHCTBUEe A ne MOJAXOIUT AJII ONKMC HMS JUH MUKHM BcelleHHOI.

B H mem noaxoge CyliecTBOB HME CHHIYJISPHOCTEN CYLUECTBEHHO U1 Jie-
KB THOM (QOPMYJIMPOBKU KB HTOBOM T€OpPUU. Te€M C MbIM Mbl MOXEM HE TOJBKO
y4ecTh KB HTOBbIE ®(p(heKThl, HO U MOAU(HULIUPOB Th IP BHIBHBIM 00p 30M KJI C-
CHYECKYIO TEOPHIO.
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8. TPAHUYHBIE YCIOBUSA 1151 TAMIWIBTOHUAHOB,

TMOJYYEHHBIX B PE3YJIbTATE HEJTUHEMHBIX HEJIOKAJIBHBIX
3AMEH IIEPEMEHHBIX B ®YHKIINOHAJIbHBIX HHTEI'PAJIAX

H3zyuyum teneps audepeHLn JIbHbIE ONep TOPHI, CBSA3 HHbIE C MOJTyYEHHBIMH
Mep MU H IPOCTP HCTBE P 3PBIBHBIX (PyHKUHMH. IS 3TOTO p CCMOTPHUM (PYHKILIHIO

u(g,t), 3 1 B eMyr0 (DyHKIMOH JIbHBIM HHTETP JIOM 10 Mepe (49):

t

uat) = [ exp{—é [ @@+ £am)-

z(t)=q To

— f'(x(7))) dr — BT} ug(x(Tp)) do =

t

= [ wtey @) e —5 [ Podr i

@y (t)=q To
3H 4yeHHe 3TOIl (PyHKIMU B APYrOil MOMEHT BPEMEHHU P BHO

t

1 .
u(gq,t + At) = / uo(zy(Tp)) exp _5/ y2(7-) dr p %
zy (t+At)=q To
t+At

1
X expy — / y*(T)dr 3 dy.

t

(84)

(85)

Teneps cuenn eM 3 MeHy, COOTBETCTBYIOILYIO P 30UEHUI0 KCIIOHEHTBI B MPEIbILY-

uieit opmyse:
y(7) = y1(7); Ty
y(r) =w(r) +2(1); ¢
Torg wuaTerp 1 (85) MOXeT OBITh IMEperuc H K K

t
[,
ug (wy, -(To)) exp -3 /y12(7') dr » dyy X
Ty, ,=(t+AL)=q, 2(t)=0 Ty
t+At

1
X expq —3 22(1)dr p dz.

~

(86)
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C ydeToM mocjieqHero p BeHCTB B opmyrne (84) nomydum
) t+At
u(g, t + At) = / u(xy,2(t), t) exp —3 / () dr p dz.

Ty, (t+At)=q, z(t)=0 t
(87)

BcrnoMuH g BUj HENOK JIBHOM HEJIMHEHHON 3 MeHbI (47), uMeeM

t+At
g a(t+ A) — 2, (8) = y(t + At) — (1) — / f(a(r)) dr,
OTKyZ[ H XO0IUuM
Ty (t) = ¢ — z(t + At) + f(q) At + o(Ab).

P 31 r 4 Tenepp MoOABIHTErp JIBHOE BBIP XeHUE B Ip BOi 4 cTH (87) B pan
Telnop " y4uThIB £, YTO AJI BUHEPOBCKOIO IPOLECC

. t+At
/ 2%(t + At) exp —3 / 22(1)dr p dz = At + o(At),
z(t)=0 t

3 TeM mepexond K npepeny At — 0, monyduM IudgepeHr JbHOe yp BHEHUE

0 1 6?

au(q, t) = 58_q2u

(@:0) + (@) grula.t) = ~Huu (58)
VYp Buenue (88) MOXKHO T KXe BBIBECTH, €CJTH P CCMOTPETh BH U Jie (DyHKILIHIO
v(g,t) = e®@Du(q,t).
Jlnst Hee (PyHKLMOH JIBHBIA MHTETP J1 UMEeT BHA

t

wat)= [ expd =g [(#O+ £ @) - Fa®)d o) ds

z(t)=q To
(89)
T xum o6p 30M, v(q,t) ynoBnerBopser aupdepeHLu JbHOMY Yp BHEHHIO
d 162 1, ., ,
5000t = 550(@1) — 5 (@) = [(@) v(.1) (90)

C H 4 JIbHBIM YCJIOBUEM
v(q,To) = vo(q)-
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Bo3Bp 11 sch 00p THO K (PYHKIMH u, NOAy4uM audpepeHun JIbHOE Yp BHe-
Hue (88).

P ccmotpuM peiicTBre K KHOTO U3 CI I' €MBIX B I' MAJIBTOHU HE IO OTHEINb-
HOCTH:

1d? 3
H,=—-A-B A= -—— B = —. 91
Jns onpeneneHHOCTH MONIO0XKUM f (q) = an + bq.

Onep Top et «p 3M 3BIB eT» H U NbHYI0 (YHKIMIO o (q):

+oo 9
u(g,t) = e ug(q) = \/%—W / exp (—%) uo(qo) dqo-

W nng ero HOPMBI UMEEM

leuo]

|et|| = sup <1 (92)

up0  |luol|

Onep Top eP! nepeHocHT H 4 JIbHBIE 3H YeHUs BIOMb X P KTEPUCTUK JIMHE-
HOro Au(epeHIM JTHHOTO Yp BHEHUS NEPBOro MOPSAK

ou 9 ou
— — bq)— = 0. 93
or ~ (4 b5 (93)
B pe3ynbT Te gelcTBUS TOJNBKO 9TOrO Olep TOp
u(q,t) = ePtug(q) = u b 94)
’ 0 O\ag(e—1)+be )

06 mnpenen lirin U CYIIECTBYIOT U P BHBI IPYT OPYIY:
g—too

u(—00,t) = u(400,t) = ug (ﬁ) . (95)

OueBUIHO, YTO
leP!] = 1.

W3 popmynsr Tporrep

eATB)t — i (exp (ﬁ> exp <E>)
n—00 n n

|eA+B)| < 1. (96)

CJIeayeT, 4To
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B cuny ycnoswuii (95) ectecTBeHHO p ¢CM TpUB Tb pelleHUs yp BHeHHS (88)
H KOMI KTU(MIMPOB HHOM BemectsenHoll ocu R = R J{co}. Torn ana me-
MIPEPBIBHOM H KOMII KT€ W, CJIeOB TEJIbHO, OIP HHYEHHOH H 4 JIbHOH (pyHKIMM
ug € C (R) pemenne yp BHennus (88) T KXe ABISeTCS HENPEPHIBHOI (yHKIHeit

u(q,t) = e Helyy € C(R).

T kum 06p 30M, CIIp BEIUB CJISIYIOL] S TEOPEM .

Teopem

1. Pemienune yp BHenus (88) MoxeT ObITh 3 IHC HO B BUIE (DYHKIMOH JIBHOTO
uHTerp a1 (84) mo mpoctp HCTBY X, COIEpPXK IIEMY p 3PBbIBHBIE TP €KTOPUHU.

2. DBONIOLMOHHOE yp BHEeHME (88) 3 I €T OOHOIl P METPUYECKYIO IPYIILy Ipe-
06p 308 Huit e~ «?  poctp Herse O (R). TIpy 9TOM NPOM3BOAAIIMIA OTIEp TOpP
rpymmsl H, H OpPOCTp HCTBE I AKUX (PYHKUME 1)(q) UMEeT BUL

1 d? 0
Hu = —-—— — _—
5 dp f(@) 34 o7
" OIpEaACICTCA I'P HUYHBIM YCJIOBUEM
P(—00) = P (+00). (98)

Ecnu p ccMm TpuB Tb yp BHeHUE (88) K K yp BHEHHE TEIUIONPOBOJHOCTH, TO
MBI MIMEEM [eJI0 C SIBJICHHEM, NPH KOTOPOM IPOHMCXOOUT HEPEeHOC TemT dYepes3
6ECKOHEYHOCTb.

HnrepecHo, urto cobcTBeHHbIe (DYHKIMU 3TOrO OIEp TOp , BOOOLIE roBOps,
HE NPUH JUIeX T ruibbeproBy mpoctp HCTBy. T K, ecnu ¢ KTOPH30B Th I' MHJIb-
TOHU H

TO BHJIIHO, YTO €ro cCOOCTBeHH S (PYHKIHUSI 1)y, COOTBETCTBYIOII S HYJIEBOMY COO-
CTBEHHOMY 3H YEHHIO, €CTh MPOCTO KOHCT HT :

H,vo =0, 1y = const. 99)

9. MATEMATHYECKHUE KYPBE3bI,
CBSA3AHHBIE C MEPOI1 BUHEPA

9.1. KB 3uuHB pu HTHBIe Mepbl H rpymn X auddgeomopdusmos. K k us-
BECTHO, H OECKOHEYHOMEPHBIX IPYIII X HE CYLIECTBYeT WHB DU HTHOH Mepbl —
H jor Mepsl X P H KOHEYHOMEPHHIX rpymil X. OOH KO B 9TOM CIIyd € MOXHO
IIOCTPOUTh Mepy, KB 3UMHB PH HTHYI0O OTHOCUTEIBHO IEHUCTBHs Oojiee D1 AKOW
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HOATPYNIBI.  DTO O3H Y €T, YTO HPH ASHCTBUM HOAIPYIIBI MEP INEePeXOiuT B
cebs U yMHOX €TCd H HEKOTOPYo (DYHKIHIO, II P METPH3YEMYIO BJIEMEHT MU
HOIIPYNIbl, — T K H 3bIB eMylo npoussognyio P mon —Hukomum (mompoGHee
cM., H npumep, [9,19]).

B p 60T x [20-24] mocTpoeHbl KB 3UMHB PU HTHBIE MEPhl H TpyNn X Juc-
cdbeomopdmusmos Diff, ([0, 1]) u Diff} (S'), nccieno Her ux CBOHCTB 1 nomMydeH
Pl COBEPILEHHO YIMBHUTEIBHBIX CIICICTBUI.

B aTom p 3merne, KOTOpBIil nMeeT Gojiee M TeM TU3MPOB HHBIH X P KTEp, 4eM
OPEABIIYIIHe, MBI OIUIIEM CXEMY [OCTPOSHHUS T KUX KB 3MHHB DU HTHBIX MEp U
IPUBEIEM II Py M3 9TUX M Te€M THYECKHX II P JOKCOB.

Myctp Diﬁ"}r( [0,1]) — rpynn  Bcex HempepbiBHO Au(epeHIHpPYeMbIX auch-
deomopdusmoB orpesk [0, 1], cOXp HSIOIIMX KOHLbBI; Diﬂ"i([O7 1]) — noarpymm
Beex mudhcheomopusmon ki cc w1 axoctn C2 rpynmet Diff ([0, 1]); Co([0,1]) —
IIPOCTP HCTBO BCEX HENPEPBIBHBIX (DyHKLWMEA, onpejeneHHbx H orpeske [0,1] u
IPUHUM [OLIUX Hy/IeBoe 3H yeHue B Touke 0.

BBezieM 0TOOp XeHue

A Diff! ([0,1]) — Cy([0,1]),
Ioin r 4

z(t) = (A(f)) (t) =W (f'(t)) = In(£'(0)), Vte0,1]. (100)

Otobp XeHHe A OTOXAECTBISET IPOCTP HCTB Diff_li_([(), 1]) u Co([0,1)),
pUIeM

¢
[e*(™ dr
AN @)(t) = —r. (101)
JerMdr
0

Beenem H C([0, 1]) Mepy Bunep w, ¢ mucnepcueii o.

OmpenenuM Terneps H IpyIie Diﬂ?_li_([()7 1]) mepy py, mon r s p,(X) =
wy(A(X)) mia moboro HM3MEpHUMOro HOAMHOXeCTB X  IIPOCTpP HCTB
Diff’, ([0, 1)).

Il x xporo o € Diff2 ([0,1]) u nponssombroro f € Diff! ([0, 1]) onpene-
mam Ly (f) = @o fu Ry(f) = foep.

Otobp xenuss R u L 3 1 10T Ip Boe W JieBOe [IEUCTBUS ITOATPYIIIIBI
Diffi([O, 1) n rpynne Diff! ([0, 1]).

Mep (i, SIBISETCS KB 3UMHB PH HTHOH MEPOU OTHOCHTEJBHO JIEBOIO JCid-
crBus L momrpynmsl auddpeoMopdu3mMoB Diﬁi([(), 1]) 1 rpymme muddeomop-
¢u3moB Diﬂ?_li_([()7 1]).

OmmieM Kp TKyIO CXeMy JOK 3 TeibcTB 9roro yreepxueHus. ([loinoe, no-
BOJIbHO JUIMHHOE, JIOK 3 TEeJIbCTBO J HO B [23].)
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C nomoipio oto0p XxeHust A cBeieM 3 1 4y K IpOBEpKe KB 3UMHB PU HT-
HOCTH Mepbl BuHep u H XOxieHuio ee mpousBogHoil P non —Hukomum npu
peiicreun AL, A~ 1 npocrp Herse Cy ([0, 1]). Ut K, mycts

y= AL, A" ().
T.e.
t
[e*™) dr
y(t) =z(t)+h | Z—r0o |, (102)
Jer(D dr
0
rne h = A(p),

h(t) =1n ¢'(t) — In ©'(0).
3 metnm, uto ecu ¢ € Diff% ([0, 1]), To h € C3([0, 1]).
SIko6u H oTo6p xenust (102) H xomuUTCs € MOMOLIBIO p 30KeHnst orpe3k [0, 1]
U JIUCKPETH3 LU COOTBETCTBYIOIIMX (HOPMYJI.
OK 3BIB eTcsl, UTO SKOOM H OTOOp KeHHs B TOYKE = He 3 BHCHUT OT & M P BEH

(@' (W)~

Jng HenpepsIBHO nucepeHupyeMoil (hyHKIUHN § UMeeM

/ (v (1))? dt = / (@) dt + W 4V,
0 0
rae

t
z(7) ¢
JertTdr ) e g

1

W = 2/x’(t)h’ T . dt,
0 Jerdr | [er()dr

0 0

2

t
1 z(7) ¢
e 2000 gy
v=[|n|2 _
1
0 f ex(T) dr (f e:r(‘r) dT)
0

0

Ecmu & — HenpepsiBHbiii, orp HudenHslid ¢yakimon i1 Co([0, 1)), To

P(y) wy(dy) =
CO([O7 1])

- / @(ALWA_l(x))exp{—i (W+V)}wa(d$)~

202
Co([0,1])
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3 MeTuM, 4To eciu Obl = ObUT HelpepbIBHO MU PepeHIHPYEMbIM, TO C ITOMO-
LIBI0 UHTETPHPOB HUS O 4 CTsIM U1 W MBI OBl HONTY4nITN

1 (1) 1
SW=n(1) e W) ——
[ex(™) dr [ex(™) dr
0 0
[ e
1 e®\7) dr
2x(t) dt
0 (§]
—/h” - 5 dt.
0

1
f ex(T) dT (f ez(‘r) dT)
0 0

OmH KO H3-3 TOro, YTO BUHEPOBCKHii mporecc x(t) He SBISETCS I IKUM, BO3-

HUK [OT JOIOJHUTENbHbBIE WIEHBI, KOTOPBIE BBIYHMCISIOTCS MyTeM IUCKPETH3 LM

U KOPPEeKTHOTO Mepexon K HelpephIBHOMY Tpeneiy (oApoObHocTH cM. B [23]).
B pesynbr TE umeem

1
P(y) wo(dy) = ———==x
(1) (1
i EIOFEY
B 1 , er() , 1
X / ®(AL,A'z) exp ~552 (1) ——h (0)17 +
Co([0,1]) fez('r) dr few(‘f) dr
0 0
t
; Jer ™ 22(t) gy
+expq — /8 T 5 dt » we(dx). (103)
o

0
1
0 f ez(7) dr (f ex(T) dT)
0 0

3 MeTuM, 4TO
("N ("W 1 2
s0=(53) -1 (5@) =ro-z00r

C nomorpio 0tobp kenusd A~ nomyunum

1
Flohald) = o [ Flo0
; EOEION

Diff}, ([0,1]) Diff? ([0,1])

1 L) 1 ,
xexp th<¢,(0)f(0)— )f(1)>+§ O/Sw(f(t))(f (0)2 dt$ 1o ().
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Orciol  ClielyeT KB 3UUHB PU HTHOCTb MEPBI [i; OTHOCHUTEIIHHO JIEBOTO JEM-
ctBus L nonrpynis! quggeomopgusmon Diff 3’_([0, 1]) 1 rpymme audpdeomopdus-
wos Diff’, ([0, 1]):

o (Lo(X)) = / po(f) podf), (104)

X

rae npousBonH g P gon —Hukonum p BH

IR SR (R RN 20 P
po(f) = 1 p{%Q(@,(O)f(O) 2 rw) +

vz f Sw(f(t))(f’(t))zdt}. (105)

H iinennsiii Bung npoussonHoil P non —Hukonum mo3Bosser mnpenct BUTH
UHTErp J OT (PpyHKIMOH 1 F' 1o Mepe [, B BUIE (PYHKIIMOH JIBHOTO MHTErp JI

1
F(f)uu/a(df): F(f)fx
Diffﬁr(/[o,l]) Diﬂi(/[o,l]) f(0)f(1)
1
1 f//(o) f”(l) 1
“OP) 27 (f’(O) ) f’(l)) T / S;(t)dt o df. (106)

JIng K XOOro M3MEpUMOro 1o Mepe (i, MHOXecTB X C Diff_li_([()7 1]) mno-
JIOXKHM

X t={f"1: feXxy,

T. €. MHOXeCTBO X ~! cOCTOMT U3 0TOOpP XeHuil, 06p THHIX K muchdeomMoppusm M
13 MHOXecTB X.
H rpymme Diiﬂ_([(), 1]) 3 o oMM T KXe Mepy 7o, MOI T

Y (X) = o (X 7).

W3 npepiaymiero ciueayer, 4T0 Mep <, KB 3UHHB PU HTH OTHOCUTEJBHO
np Boro jeictsus R noarpymis! augdeoMophu3sMoB Diﬂ?‘i ([0,1]) u rpynme oud-
teomopcmos Diff _11_([07 1]):

Yo (R (X)) = / 00 (1) 7 (df). (107)

X
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B atom ciyu e npousBog 4 P non —Hukogum p BH

(¢ ())Qf’() (#"(0))2£'(0)

1
— | Sy dt 108
a/ )T } o

W3 Bun npousBopHoil P non —Hukomum ciiepyer, yTo UHTErp J OT (PyHK-
oMoH 1 F' 1o Mepe Y, MOXHO IpefcT BUTH B BHAE (PYHKLHOH JBHOTO MHTETP JI

/ F(f), o (df) = / POV (D) x

Diff}*_([O,l]) Diff} ([0,1])

<o) g2 (e ~ PR - 02/ S0

AH JIOTWYHBIE KB 3MHHB DU HTHbIE MEPbl MOXHO BBECTH W H rpymme aud-
(eoMopU3MOB OKPYKHOCTH. A UMEHHO MEPY Vy, KB 3MUHB PU HTHYKO OTHOCH-
TeJbHO NeBoro aeictsus L, (f) = ¢ o f nonrpynnsl quddeomopuzmon Diff‘j_(S 1
H rpymnne guddeomophpuMos Diffi_(S D), u mepy 75, KB 3UMHB PU HTHYIO OT-
HOCHTENIBHO IIp Boro gpeiictsusi R, (f) = f o ¢ moarpynmel nuddeomopdusmos
Diff? (S') n rpymme mudpcbeomopcuzmos Diff} (S1).

Ilpu srom uHTErp 1 OT (pyHKUMOH 1 F H rpymne auddeomMopdusMos
Diﬂ?}r (S') mo mepe v, MOXeT GBITH MPEACT BieH B Buie (yHKIMOH JILHOTO WMH-
Terp J

dt df.  (109)

/ F(f), vo(df) = / ) exp /Sf t)dt Y df.  (110)

Diff}, (51) Diff} (51)

A wmHTerp 1 ot ¢dyHKIMOH 1 F' H rpymme auddeomopduzmMon Diffi(S 1
10 Mepe 1), MOXET ObITh MPEACT BJIEH B BHie (PyHKIMOH JIbHOTO UHTErp JI

F(f),no(df) = / F(f)exp /Sf f’ dt df. (111)

Diff! (51) Diff! (51)

9.2. HeoObIuHbIE CBOICTB KB 3UHHB PU HTHBIX Mep. P ccmortpum mepy
Bunep w, 1 C([0, 1]) mst ciyd si, KOTA KOHIBI TP €KTOPHIl He (PHKCHPOB HBI.
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BosbMeMm Tp extopuio x(t), ymoeiersopstoiuyo yciosuw x(t) > 0, Vi € [0, 1],
T.e. z(t) € C4([0, 1]) — MHOXecTBO BceX HENPEepbIBHBIX (DYHKLHH, IIPUHUM 10-
X MOJTOXHUTEIbHbIC 3H YCHHS.

Il1s1 5T0M Tp eKTOpHH ompeneuM p > O p BEHCTBOM

1
1 1
0

u p ccMoTpuM augdeomophusm

t
1
—1 _ 2
Fit) =p /xZ(t) dt. (113)
0
3 METUM, 4YTO HpI/I 9TOM
Fo1
—1 2
i) =p /xZ(t) dt. (114)
0

T xum 06p 30M, [OJIY4 €TCA B3 HUMHO-OOHO3H YHOE 0T06p KEHUe
(0, +00) x Dit! ([0, 1]) = €4 ([0, 1]).

DneMeHry

grlt) = (57(1) ———
(971(1)

coorBerctByer 1 p (0, g o f).

B pesysbt Te neiictsus rpymmer Diff! ([0, 1]) 1 npoctp nerse Oy ([0, 1]) Bos-
HUK [OT OpOHUTHI, KOTOPBIE I P METPU3YIOTCA YHUCIOM ©. JpyruMH CJIOB MH, AIIs
K XIOro (pUKCHPOB HHOTO Q0 OPOMT COCTOUT M3 TP E€KTOPHH, YHOBIETBOPSIOLINX
p BeHcTBy (112). K Xmoif Touke opOUTH cooTBeTCTBYeT mupeomopdmsm (113).

Mep Bunep w, H C([0, 1]) kB 3umHB pu HTH . Ee cyxeHue H opouTy
T KXe KB 3UMHB PU HTHO.

OK 3BIB €TCsl, YTO TIpH MepeHoce Mepbl ¢ OpOUTHI H rpymity augdeomopdus-
MOB IOJIyd €TCS MepP [i, e & = po. Eciyi BCIIOMHHTB, YTO ME€pP [io CTPOMTCH
1o Mepe BuHEp CIIOXHBIM HEIMHEHHBIM 0Op 30M, TO T KO€ HEOXHJ HHOE COBII -
JeHHe Mep MPEACT BIseTCs yIUBUTEIbHbBIM.

Jpyroe HeoXuJ HHOE IOP 3UTEIBHOE CBONCTBO AEMOHCTPUPYET CBEPTK KB -
3UUHB PU HTHBIX Mep.

I'pynmos s omep 1ms 3 1 eT oTOOp XeHue

& : Diff! ([0, 1]) x Diff} ([0, 1]) — Diff}, ([0,1])
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no ¢opmyrie
(f,9)=fog.
3 1 aum H gex prosoum npoussenenun Diff}, ([0, 1]) x Dift}, ([0, 1]) Mepy pa @7
Oro6p xeHue ® onpenernser Mepy (o 3 H Difﬂr([O7 1]), sBrstouytocs cBept-
KOH Mep [io M Y3 OTHOCHTEIBHO OIep LU KOMIO3ULMH, CISAYIOIUM 00D 30M:

Cas(X) = 10 @ 15(@1 (X)) =
- / o (X o fY) y(df) = / (g™ 0 X) paldg), (115

Diff? (0,1]) Diff}, ([0,1])

X c Diff! ([0, 1]).

Mep (u,3 KB 3UMHB PU HTH OTHOCHTENBHO NP BOrO H JIEBOTO ACHCTBHI
noxrpyrmsr Diff?, ([0, 1]).

P ccmorpum MHOXecTBO Z C Diff_li_([()7 1]) x Diff_li_([()7 1]), cocrosiuiee u3
Bcex I p (f, g), W1 KOTOPBIX BEPHO P BEHCTBO

_atf_ g—|n(g(t £ AY) —n(g'())]
f/(f—l(t)) At—+0 \/m

WISt BceX p LMOH JIbHBIX ¢ € [0, 1].

ITockopKy MHOXECTBO P LIMOH JIbHBIX YHCEJT CYETHO, U3 3 KOH IIOBTOPHOTO
nor pucm (cM., H npumep, [25]) u Toro ¢ KT , YTO MEPHI [in, U 73 B OCHOBE
CBOEW ompegendaTcd Mepoil Bunep , cineanyer, 4to

(116)

fa ®v8(Z) = 1.

[ToaTomy
Ha ® 5(Diff ([0,1]) x Diff} ([0, 1])/2) = 0,

T.€. BCEMH TOYK MU, HE BXOIIIIUMH B Z, MOXHO IpeHeOpeys.

MHOXeCTBO p LIMOH JIBHBIX TOYEK H OTpe3Ke mIoTHo. OTcon ¥ U3 mocien-
Hell hOpMYJIbl BBITEK €T, 4TO cyXeHue oToOp xenus ¢ H Z obp TuMmo.

T kum 06p 30M, 0TOOp Xenue P mouTH BClogy 0Op THMO OTHOCHUTENIBHO CO-
OTBETCTBYIOIIMX Mep, T.€. MO K XIOMY BDJIEMEHTY IPYIIIbI Diﬁi_([(), 1]) ommo-
3H YHO, C TOYHOCTBIO O MHOXECTB, NPEHeOPEeXMUMBIX OTHOCHTEIBHO Mep, BOC-
T H BB eTca T p  commoxureneit w3 Diff} ([0, 1]) x Diff} ([0, 1]).

OTMeTHUM HEOOBIYHOCTh CBOWCTB «IIO IPOW3BEAEHHIO OJHO3H YHO BOCCT H -
BJIUB IOTCSI COMHOXHTENIU» U YHHK JIbHOCTb B ®TOM CMBbICJI€ TIOCTPOEHHBIX KB 3H-
UHB pU HTHBIX Mep H rpynn X aucgdpeomopdusmoB. B npyrux ciayd gx — s
KB 3WMHB PH HTHBIX M€p H JIOK JIbHO-KOMI KTHBIX TPYHIN X W I APYrUX H3-
BECTHBIX KB 3UMHB PU HTHBIX Mep H OECKOHEYHOMEPHBIX IPYII X — IOH00HOE
CBOWCTBO HE MMEET MECT .
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W3 npuBegeHHbIX TPUMEPOB BUAHO, YTO UCIIONB3YEMBIA M TEM THUYECKHUU II-
I p T KB 3UMHB PU HTHBIX Mep H Trpymm X augdeoMoppu3MOB BeCbM HETPH-
BU JIeH, OTH Mepbl 007 I IOT PSIOM CBOWCTB, I P JOKC JIBHBIX C MHTYHTHBHOM
TOYKH 3PEHUSI.

3AKITIOYEHUE

XoTs (pyHKUHMOH JIbHOE MHTETPUPOB HHE MPEJCT BIISIET COOOM JHOBOJIBHO CIIOXK-
HBI ¥ UHTEHCUBHO P 3BUB IOIIUICS p 34 M TeM TUKH (CM., H mpumep, [26, 10]),
UCTIONIb30B HHUE €ro B KB HTOBOW (pM3MKeE SBISIeTCS OOIIETPHHATHIM. Bo3HUKIINMiA
K K TeHU JibHOe npo3peHue DeiluM H [27], 3TOT MOIXOA I03BOJIMII MTOCTPOUTH
KB HTOBYIO T€OpHMIO He OeseBbIX K JIMOpPOBOUHBIX mouseit [28], H iiTH cooTHOIe-
HU MEXIY BEPIUMHHBIMU (PYHKIIMSAMH U JOK 3 Tb IIEPEHOPMUPYEMOCTH BTOH TeO-
puu [29], uccnenos Th MOBeeHUE KB HTOBBIX MILTUTYA (CM., H npumep, [30,31]),

T KX€ IOJIy4UTb €Ile LENbIH PAf 3 Med TEeNbHBIX PE3yNbT TOB.

OnH Ko, K K Ip BWIO, (DyHKLMOH JIbHBbIE HHTErp Jbl B (PU3MUYECKOIl JIHTe-
P Type IOHHUM IOTCS HECKOJIBKO YIPOIIEHHO. B JydineMm ciayd € OHH CUMT I0TCH
YEM-TO BPOJE BUHEPOBCKUX HHTErP JIOB,  (PYHKIMOH JIbHBIE IIPOCTP HCTB , IO
KOTOPHIM MPOBOAMUTCS MHTETPUPOB HUE K K I CBOOOOHBIX, T K W IS B3 UMO-
JEUCTBYIOIIUX MOJEH, IOJI T I0TCA IPOCTO MPOCTP HCTBOM HENPEPBIBHBIX (DYHK-
uuii. ITlo-BupuMoMy, T KOe Orp HHMYEHHOE NOHUM HHE (PYHKIIMOH JIbHBIX HHTE-
Ip JIOB SIBJIS€TCS HENOCT TOYHBIM Ul KB HTOBOM Teopuu noid. Tem OGosee uTo
M TeM THYeCKMHd 0N p T (PYHKIMOH JIBHOTO MHTETPUPOB HUS elle A JIeK OT 3 -
BepiueHHOcTH. K K MBI BHAeNH, [ Xe JUIsl, K 3 JIOCh Obl, XOPOIIO MCCIIE0B HHBIX
BHUHEPOBCKMX MHTETP JIOB OOH PYXHUB IOTCS I1 P JOKC JIbHBIE CBOMCTB HPH HOBBIX
KJI cC X 1peoOp 30B HUU MOJBIHTEIDP JIBHBIX BBIP XEHUH.

B 1 HHO#1 p 6oTe npenyoxeHo 060OIIEHHWE JIOK JIPHOM KB HTOBOH TEOPHH
IIOJIS C YUETOM CKPBITBIX BHYTPEHHUX CUMMETPHH, T KXE C [IOMOIIBIO HEIOK JIb-
HBIX 3 MEH IIEPEMEHHBIX ONpeneseHbl (DyHKIIOH JIbHbIE HHTETP JIbI 10 P 3PBIBHBIM
Tp eKTopusiM. [Ipu 3TOM MBI NPOIEMOHCTPUPOB JIU Pl Kyphe30B (DYHKIMOH JIb-
HOTIO MHTETpUpOB HUs (MMEeTcs B BUIY 3H YEHHE CJIOB «Kypbe3» K K HeoObId-
HOE, CTP HHOE fBJIIEHHUE). YK€ NPOCTEHIINE P CCMOTPEHHbIE MOIENIH, OK 3bIB -
ercs, oOJ1 I 10T pSIOM HEOOBIYHBIX CBOMCTB, MPOTUBOPEY IIHUX OOBIMHON WMHTYH-
LUH, CBI3 HHOW C H JIM30M H KOHEYHOMEPHBIX IIPOCTP HCTB X U IPOCTEHINNMU
Ip BWJI MU BBIYMCIIEHHS] OECKOHEYHOMEPHBIX I' YCCOBBIX MHTETP JIOB.

MOXHO NpednoloXuTh, YTO B PE3YIbT TE J JIbHEWHIEro p 3BUTUA (PopM -
m3M  (PYHKIMOH JIBHOTO MHTETPUPOB HUS M H UIEX IIEro HCIOIb30B HUSl €ro
B KB HTOBOIl TEOpHH I0JI1 KB HTOBO-TIOJIEB 51 K PTMH MHUP OyHeT CT HOBHTbCS
«curiouser and curiouser» [32].

Bbn ron pHoctn. ABtopsl 61 rox pusl B. A.Py6 xoBy m A.A.Cn BHOBY 3
noJie3Hble 00CYX/IeHHs psii BOIPOCOB, 3 TPOHYTBHIX B H crosuied p Gote.
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