Jlekmusa 3
Macmitabnag u koudopMHad mHBapuaunTHOcTh. OmepaTopHada ajarebpa m KoHdopMHaga
Teopusi BO3MYIIEHMIA.

Paccvorpum Koppenamuonubie pyHKIUN Mogean 3unara B obractu
ro L1 L re.

B sroit obnacTtu KoppensdiuoHHble (DYHKIMY HE 3aBUCAT HU OT OJHOIO M3 TUX MACIITAOOB M MOTOMY
00JIIAI0T MACIITAOHON NHBAPUAHTHOCTHIO. VIMEHHO, KOPPEIIIINOHHbIE (DYHKIINKA HE MEHAIOTCS IIPU Mac-
mTabHOM TTPEeodpa3OBAHUT

d—2+n 1
Bomee 0610, paccMoTpuM TPOCTPAHCTBO JIOKATBHBIX OMEparopoB B Teopun moiasd O. IT0 3HAYUT, 9TO
i m00bix aByx oneparopos @, U € O koppensimonnas QpyHKIUS

ABJIAETCA HENPEPBIBHONM (BYHKIMEH & B OKPECTHOCTH TOYKH &’ 3a MCKIo4YeHneM camoit Todku z’. Ha ra-
MHUJIBTOHOBOM S3BIKE ITO 3HAYUT, 9TO OJJHOBPEMEHHBIN KOMMYTATOP onepatopoB ® u ¥ B pasHbIX TOUKAX
paBen mys0. JaBaiiTe paccMaTpUBATH OIEPATOPHI B KAPTUHE PaduaAbH020 KGAHMOBAHUA. SaIUIIEM

o(z) = Mep(A\z),  dy,=

x =mne’, [n| = 1. (2)

Cdepy, 3ameraemMmyio BEKTOPOM 78 Mbl OyJ€M CYUTATH HPOCTPAHCTBOM, & HAPAMETP T — MHUMBIM (Ma-
nybapoBckum) BpemeHem. Takum 00pazom, GECKOHEYHOMY MpPOILIOMY OTBedaer Touka * = 0, a Gec-
KOHEYHOMY OymayieMy — OeCcKOHE€YHO yIaJeHHasd TO4YKa. B Takoii KapTuHe KOPPEeIANuOHHAsT (PyHKITHSI
(®(x1)¥(z2)...) cranopurcs BakyyMubIM cpeqauM (0|T(P(x1)¥(z2)...)|0). B nampreiimem Mbl Gymnem
OIIYCKATDb 3HAK XPOHOJIOIMYECKOrO YIIOpsAoUYeHus. [Ipu 9TOM UMeeTcsl OYeBUAHBINA U30MOPGMU3M MEK Iy
OPOCTPAHCTBOM JIOKaIbHBIX oneparopoB O u npocrpancrBoM cocrosguuilt H. JefcTBUTENBHO, KazKIOMY
oneparopy ®(z) oreeuaer cocrosame P(0)[0), a kaxmoe cocrosaue |X) maer HAGOP KOPPETATMOHHBIX
dbyaxmmit (0|®(x1)P(z2)...|X). ITn byHKINE NEPEMEHHBIX L1, X2, . . . HETPEPBIBHBI B OKPECTHOCTH TOY-
ku 0, TO3TOMY 3Ty KOPPEIANMOHHYIO (DYHKIUIO MOXKHO TpeAcTasuTh B Bume (P(x1)U(xs) ... X (0)).

Ha npocrpancTBe COCTOSHUI NefiCTBYeT raMU/IbTOHUAH CUCTEMBI, KOTOPBIH MbI 371eCh 0603HAYMM OYK-
Boit D. dcuo, uyro D npencraBaser coboil omeparop MacmTabHOTO TPeodbpa30BaAHUS:

D=i / df, TP, (3)
rae df,, — saement wiomanu. Jlasaiite muaronasusyem oneparop D:
DI®.) = do|®u). )

Cocrosanuam |P,) orpedaror JoKaabHbe Oneparopbl P, () ¢ ONPEJENCHHBIMU MACWMAGHLLMY PA3MED-
Hocmamu dy,. Basxubiil pakT COCTOUT B TOM, 9TO KOPPEJSIIIUOHHBIE (DYHKIIMKA ITUX OMEPATOPOB HE Me-
HAIOTCH, €CJIH OOJHOBPEMEHHO BO BCEX OIlepATOpax MBI CIeIaeM 3aMeHy

O, (x) = N d,(\x). (5)

Yr10o6bI JOKA3ATH 9TO, BEIAUCIUM KoMMyTaTop [D, @4 (x)]. Iycts S, — Manenbkas cdepa BOKPYT TOUKH .
Torna

D, &, (2)) = i / df, TP (2') Do ()

x

=1 df;t (¥ +2")TH(xz + 2")B(2) = 12" [P, Pn ()] + daPu(2)
So

= 270, @0 () + da®u(z) = % + B ().

T



Vpapuenne
d®, (xe”
D3] = 2Dy aa,) ©)
dr 7=0
urpaer posb ypasaenus LaiizenGepra B paamanbHOM KBAHTOBAHWH.
Ouesnano D|0) = 0. Kpowme Toro, u3 coobpazkennii oprororamsrocTr mveem (0| D = 0. Cnemosarens-

HO,

0= (0|[D, @q, (x1€7) ... Py, (zneT)]|0)
N
_ %@al(ma) D (TN ) + (B (2167) o B ()

i=1

WNaTerpupys 3T0 ypaBHEHUE IO T, TOJIYIaeM
(Day (21) - By () = AT 0 (D (A1) . By (Aaw)), (7)

9T0 U TPebOBAIOCH JOKA3AThH.
N3 macirrabuolt "HBAPUAHTHOCTH MIHOBEHHO CJIE/IYET JIBA BAXKHBIX PE3yJIbTara. Bo-IepBbiX, HOYTH
BCE OIHOTOUYEUHBIE KOPPEIAINOHHBIE (DYHKIUN OOPAIIAIOTCS B HYJIh:

(D) =0, ecrn dg, # 0, (8)

9TO €CTECTBEHHO JIJ1 KPUTUYECKOH TOUKU. BO BCEX PA3yMHBIX TEOPHUAX €IMHCTBEHHBIM OIEPATOPOM HY-
JIeBOIl pAa3MepPHOCTH SABJIAETCA €IUHUYHBIN OIepaTop.
Bo-BTOphIX, TApHBIE KOPPESIIUOHHBIE (DYHKITHH UMEIOT CTENEHHOH BUI. B ciiydyae CKaISPHBIX MOJIeH

(Ba(a)s(a) = — L ©

B cayuae moneft co ciMHOM BMECTO KOHCTAHTBI MOABJSAETCA HEKOTOPas MYHKIWA €IMHUIHOIO BEKTOPA,
HAIIPABJIEHHOIO BJOJIb & — &', 3aBHCAIEr0 OT CIMHOPHOH CTPYKTYPBI [OJIEH.

B kmaccuueckoil Teopun mois MacmTabHAs WHBAPHAHTHOCTH SKBUBAJIEHTHA, TPeOOBaHUD Oecciieno-
BOCTH TEH30DA, HAIPSKEHUI (TeH30pa SHEPrUU-UMITYJIbCA):

TH =0. (10)

Oarako M3 3TOro paBeHCcTBA HEMEJIEHHO cieAyeT 6ojee BhICOKAsT MHBAPWAHTHOCTH MOAETH — KOH(MOPM-
Has WHBAPUAHTHOCT.

Mu1 MmoxkeM paccykaarh nHade. KapTuHa pajuaibHOrO KBAHTOBAHUST IKBUBAJEHTHA KBAHTOBAHUIO
teopuu Ha npocrpancree S @ R. Tunnanas MacCIITAGHO-HHBAPHAHTHAS TEOPUs, BO3HUKAIOIIAS B KOH-
TEKCTE TEOPUM KPUTHIECKUX SIBJICHWI, WHBAPUAHTHA OTHOCHTENBHO OTPAXKEHUH. DTO 3HAYUT, 9TO HA
npocrpancrse S9! @ R Teopus n0/mKHa GbITh HHBAPHAHTHON OTHOCUTENbHO OOpaienus spement. Ho B
MCXOTHBIX KOODJUHATAX TPeobpa30BaHne T — —7T UMEET BUJ UHGEPCUU:

X

TP

(11)
['pynma, cocrositiast u3 CABUTOB, ITIOBOPOTOB, MACIITaAOHOTO MPeoOPA3OBAHNS U NHBEPCUU HA3BIBAETCH KOH-
Popmol epynnodl. i MOMHOTH KAPTUHBI TPUBEAEM WH(MUHATEZUMAIBHBIE TeHEePATOPhI KOH(DOPMHOIA
TPYTIIIBL:

Casurm: iP, = 0,, (12a)
IToBOpPOTLL: iM,, = 2,0, — x,0u, (12b)
Hunnarannm: D = z"0,, (12¢)
MHBepTHPOBAHHBIE CIBUTH: Q" = (|z|?0" — 2z+2")0,. (12d)

d(d+3) .
Beero mmeercas ——— + 1 reneparopos. HBepTHpOBaHHbIE CABUTH NPEJCTABAAIOT COOON KOMIIO3HUIAIO
WHBEDPCHH, CABUTA W CHOBA WHBEPCHUH.

Mpsbr 6yaemM TpUHAMATD



T'unoresy KoudOpMHON UHBAPUAHTHOCTH: 6CE KOPPEAAUUOHHBIE PYHKUUY MEOPUL UHBAPUAHM-
HoL OMHOCUMEADHO KOHPOPMHBLE NPeobpa3osanuil emecme ¢ COOMBEMCMBYOUUMY NPEOOPA306AHUAMU
AOKANADHBLL ONEPAMOPOS.

Haiinem npeobpasoBanmst moieii, cBsi3anHbie ¢ nHBepcueil. Qmeparopsl

Dy (n,7) = edeTd, (ne")

Y/IOBJETBOPsII0 OOBIMHOMY ypaBHenuio laiizendepra:

0%, <
5 =D, @),

DT0 3HAYMUT, YTO B ITOM ONEpaTope obpairneHune BpeMenu Tpusuaiabuo: Py (n,7) — D4 (n, —7). Orciona
HAXOIMM, YTO HHBEPCHA IOJIcH (PUKCHPOBAHHON PA3MEPHOCTH MMEET B

xT

Dy () — r 2, <|$|2> : (13)

Ho »T0o npasusio Bepro He 1715 Bcex nojieit. Ho B kax oM mpescTaBiennn KOHGOPMHOM T'PYNNbI €CTh
rakoe noje. OHO ompesessieTcs TeM, 4TO COOTBETCTBYIOMEro cocTosnue |P,) peanusyer npepcrasieHue
TPYHIBL BPAIIEHU#H JaHHOTO CIIMHA M, KPOME TOTO,

Q#|¢)o¢> =0. (14)

DTO COCTOSIHME HA3bIBAETCS COCMOAHUEM CIMAPULE20 6€CA, & COOTBETCTBYIOIIEE TOJIE — NPUMEDHHIM UITH
nepsusnbLm. Bee ocranbHble 0 KOHGOPMHO20 cemeticmea (NOMOMEY I 8MOPUNHBLE NOASL) IOy Ya-
FOTCA U3 TPUMAPHOTO JeHCTBHEM 3JeMeHTOB anreopsl P, M), Ha COOTBETCTBYIOIIEe COCTOSHHIE CTAPIITEro
Beca.

Hauwnas ¢ 9T0T0 MecTa WHAEKC o OyIeT HyMepoBaTh He BCE TOJIA, 8 TOJIbKO KOH(DOPMHBIE ceMeliCTRa,
a cumBosa P, Oymer 0O603HAYATH MPUMAPHOE TIOJIE.

l'unoresa KOHGOPMHOM WHBAPUAHTHOCTH HAKJIAIBIBAET CUJILHBIE OTPDAHUYCHUS HA BUJ IBYX- U TPEX-
TOYEYHBIX KOPPETAIHOHHBIX (DYHKIHH. g TPOCTOTHI PACCMOTPUM TEOPUIO, B KOTOPOI BCe MPUMAapHBIE
noss — Geccnuuossie. [Ipexkie Becero, npumenum npeobpasosanue (13) k koppesnsuuonnoit dbyukimu (9):

—2dq . 1—2d - a!
T ’I’/ B <®a (7‘72> (I)/B (7,/2>>

—2da 1—2dg

2) (datdp)/2

(Pa(2)Ps(2"))

r

((&-2)

—2dq ./ —2dg

= const

r
(M) (da+dg)/2

r2p/2

o
= const

const (1 /r)da—ds
= |l'—$/‘d“+dﬁ ) r= |J)|, ’r/:"]j

'

[Moceaaee BbIpazkeHue COBIAAAET ¢ HPaBOil 4acThio (9) TonbKO ecnu do = dg. CregoBarenbHo,

Gans
7(7'33 do =d s
(Pa(2)@s(a")) = ¢ 7T ’

0, do # dg (19)

¢ aHexkoropbiMu KoHCTantamu Gog. Takum ob6pasom, mapHble KOppeJISIIUOHHBIE QYHKIUH UTDAIOT POJIb
€CTEeCTBEHHOH CKOOKM Ha mpocTpancTie onepaTopos O. IIpeobpaszopanrem 6a3nca MOKHO TPUBECTH MAT-
puny Gog K €IUHHYHON 0n3. JHAUUT, NAapHBIE KOPPEISIUOHHBIE (DYHKIMH MOYKHO HCIOIbL30BATDL IJIsI
€CTEeCTBEHHON HOPMHUPOBKHU IIOJIEH.

Becbma kecTrre yeaoBud HAKIAABIBAIOTCA U HA BUJT, TPEXTOUCTHBIX KOPPEIANUOHHbIX (hyHKIwit. OHun
MMEIOT BHJL

Cuﬁ“/
(Do (z1)Pp(2) Dy (23)) = 21 — @g|atds—dy gy — gy|datds—ds gy — gq]dotdy—da (16)



¢ HekoTOpbIME KOoHCTaHTaMu Co gy .

Paccmorpum Teneps npoussenenns oneparopos, nHanpumep D, (z")@g(z). C Gompmoro paccroanns
R > |2’ — x| 310 nponsseeHne JOKHO BBINIAACTh KaK JOKAJIBHBIHA oneparop. JIOJKHO HMETh MECTO
ONEPATNOPHOE PAZA0NCEHUE

0o (2)0p(x) =Y fla(a,2)®y(z)  (Bce mona). (17)

Baecw f) (2, 7) — nexoropwie unciiobie GyHKIME, HAZBIBACMBIE cmMpyKMyproLMy yrnryusmu. Kpome
TOrO, B 3TOM MECT€ MbI CUMTAJHU, 9YTO HHJIEKCHL v, 3, gamma mpoberaioT BCe IoJsl.
BepremMcs K MpEMapHBIM OMlepaTopaM KOH(GOPMHOIT Teopun mofst. B 3ToM ciydae cTpyKTypHBIE (PyHK-
M MOTYT MMeTh TOJLKO CTEINEHHON BHI. JIerKo IpOBEPHUTD, UTO
Cos
! — @ Y TR
D, (x")Pps(z) = g PR (4 () + kaﬁ,l(aj )0, Py (x) +...). (18)
¥

Bropoii 4nen B cKoOKax 1 JaabHEHIe TONPaBKH, 0D03HAYEHHBIE TOYKAMHE, IIPEICTABIAIOT CO0OMH BKJIa-
bt nosieii-noromxos. Komncramnrot k)5 | u T. 1. onpeensiorcs koudOPMHO# CHMMETDHEH MOneN U, B
NPUHITIE, MOTYT GBITh BBIYHCICHBI ABHO. Cmpyrmyprsie koncmanmu, C) 5 oneparoproit anreGpsr (18)
CBA3AHBL C TPEXTOYCYHBIMU KOPPEJANMOHHbIME yHKIMAMHE. JleficTBUTeIbHO, IpU |T3 — Ta| > |21 — 2|
uMeeM

’

Cos
(Do (1) Pp(22) Py (23)) =~ Z 21 — |da+d5*d7/ (D (22) Py (23))

7T — @2 /

S

_ C;/ﬁ GWW )
7' (dyr=d-) |21 = wa|detdamdy |y — g2t
CpapHuuBas ¢ (16) Haxoaum
Caﬁ'y = Z C(’IﬁG"/"Y' (19)

’Y/(d'y’:d'y)

OTMeTnM, 9TO TIOJMHOE PA3JIOKEHNE (C YIETOM TIOTOMKOB) TO3BO/IAET, B MPUHIIUIE, MTOTHOCTHIO BOCIPO-
usBecTy BbipaxkeHue (16). TouHO TaKMMHU Ke PA3IOKEHUIMH MOKHO ONDEIEIHTH YeThipex- u ojiee
toueuHblie pyrKImu. Takum obpaszom, HAOOP KOHMOPMHBIX PA3MEPHOCTE! U CIIUHOB TPUMAPHBIX MTOJIeH 1
HADOP CTPYKTYPHBIX KOHCTAHT MOJHOCTHIO OMUCHIBAET KOH(MOPMHYIO Teopuio mossi. [103:ke Mbl TOKaZKeM,
KaK MX MOXKHO HAXOJWTH TOYHO B JBYMEPHOM CIIyHUae.

B momenu Wswnra wMeercss aBa MPUMAapHBIX TOJs HAMHU3IIEH pasMepHocTH: cnuH @(x) = o(x) u
JIOTHOCTD SHeprun £(x). IMeoTes Tpu BaxkKHEHIIUX ONepaToOpHbIX Pa3/I0KeHNU:

ola)o(@) = 1 fij% C?jﬁf, ),da ., (20)
o(z")e(z) = m . (21)
e(a")e(x) Cee Ceecl@) (22)

= |2/ — z|2d " |of — g|de

SamMeTuM, 9T0 HOPMHUPOBOUHBIE MHOXKUTETN (oo U Gee HE MOTYT ObITH HailfieHbI U3 KOH(MOPMHON Teo-

pUH, & JOJKHBI TUKTOBATHCSA (pu3ndeckuMu coobpakenusmu. COOTBETCTBEHHO, CTPYKTYPHBIE KOHCTAHTHI
JOBOJIBHO IIPOCTO OT HHUX 3aBUCAT:

e _ —1/2 e

Ce, = G,oG2H2C

Jrci,, Ol=aGlHrcy Ci = GH*CL..

og?

N TONBKO KOHCTAHTHI C§7 ABJIAKTCA NHBAPUAHTHBIMY BEJINYUHAMU, KOTOPBIE OIPENENII0TCA U3 TEOPUN
TIOJIA.

Temeps maBaiiTe BBIACHUM, KAK MEHSIOTCS PE3YJNbTATH MOA aehicrBueM Boamymenuii. ITycts $gp]
— bYHKIIMOHAN IeHCTBUA B KPUTUIECKON TOUKe. IIpeamnomoxkum, ITo MOTHBIN (DyHKIHOHAT AeHCTBHsI
UMEET BUJ,

Algl = Aolg] + Ailgl,  Aule] = A / 0 o (),



rae Ppert(x) — HeKOTOpOE CKajsspHOE mpuMapHoe mose. Koppessiuonnbie (DyHKIME B BO3MYIIEHHOM
TEOPUN PABHBI

T e—A1lel
(pla)oto) = LD,

rie HOJUK ODO3HAYaeT KOppeNAnuoHHble (bYHKIMM, BHIYUCIEHHBIC B HEBO3MYIIEHHOH Teopuu. Packia-
JILIBas 9KCIOHEHTH! B P, MBI IIOIYINM OTHONICHHE IBYX PAaoB. MOXKHO IIOKa3aTh, 9TO 3TO OTHOIICHHE
MOKHO CBECTH K OJTHOMY Psily C TIOMOIIBK Henpueodumvir cpednuz ((- - -)). ua GO30HHBIX MOMEH HEmpHu-
BOAMMBIE CPEAHHIE OLPEIe/IAIOTC COOTHOIICHIEM

k

N
(By...Bn) =) > TTCTT @5 ) (23)

k=1 paszbuenus I[1,...,I,1=1 \\j€I;
Hampuwmep,
(@) = (@),

(@1P2) = (P1P2)) + (P1) (P2)),
(B1DoP3) = (P1P2P3)) + (P1)) (P2P3)) + (Do) (P1P3)) + (P3) (P1P2)) + (1)) (P2)) (P3)).

flcHOo, 9TO 3TU COOTHOIIEHNSA PEKYPPEHTHO OIPE/IEISIOT HEPUBOJANMbBIE CPETHIHE.
Nrak, HeMPUBOAUMBIH MAPHBIN KOPPETIITOP PaBeH

(0(2)9(0)) per, = (p(2)p(0)e 41121, (24)

B mepBoMm mopsiike TeOpUU BO3MYIITEHUIH

5(p()(0)) = (p(2)9(0)) — (e ()2 (0))o = —A/ddm {(p(2)9(0)Ppert (1))

B kondopMHOii Teopun 1od Bee oaHOTOYedHbIe (PYHKINY PaBHbI HYJII0, TAK YTO B IPABOil YaCTH MOXKHO
3aMEeHUTDb HellPUBOAUMYIO TPexXTOouKy oOblaHol. Ha nopeaenne KoppensanuoHHoil pyHKIIUE MOXKeT BIAUATh
Tpu obaacru unrerpuposanus: 1) |z1| < |z, 2) |1 — x| < |z|, 3) |x1| > |x|. epsbie jBe obiactu He
M3MEHSIT PA3MEPHOCTH IOJIS @, HOCKONBKY B pa3jioxkeHuu, HAIpuMep, ¢(x)Pper (1) BKIAK MOTYT IaTh
TONLKO OIS pasMeproctd dy,. B Tperneil ke 00IaCTH MBI MOMKEM Da3JjOKUTh MPOU3BENCHUE IO
o(x2)(0) B pam:

do=2d¢ @ ,(0) 4 (moToMKH).

p(2)p(0) =D pala

[loacTaBiisisg 9TO B MPEIbIAYINEe PABEHCTBO, MOTYIAEM

! g P 22 log |z, d = dpens.

(25)
Ecn dpery > d, 3T0 pefcTaBisieT coboit MaTyIo TIOMPABKY K HEBO3MYIIEHHOMY KoppeiaTopy o |z| 2%
Takoe BO3MYIEHNE HAZBIBAIOT UPPEAEBAHMHbIM, TAK KaK OHO HE MEHSIeT KPUTHIECKOTO MOBEIEHUsT KOP-
PEIANMOHHBIX (DYHKIUI Ha OOJBINNX PACCTOTHUAX W MOMKET, Pa3Be 4TO, U3MEHUTH PAIUYC B3aNMOIEH-
CTBHSA Tg. YUYET BBICIINX IIOPSIKOB HE MEHSIET 3TOTO PE3ysIbTaTa.

Ecnu, 5a060poT, dpery < d (Takoe BO3MYyIEHHE HA3BIBAIOT PEACSAHMHbLM), TIEPBasd mONpaBka (25)
[IPEBBILIAECT HyJEBON MOPsAA0K HA Oonbmmx macmTabax u HH(MPAKPACHOE MOBEIEHUE KOPPEIAIMOHHBIX
GYHKIMA CYIIECTBEHHO MeHseTCsA. [Ipu 9ToM MOXKeT ObITH N1Ba CJIydasi, KOTOPbIE 3a4acTyi0 HEIMPOCTO
pasauuuTh. B mepBoM ciydae Teopus TepseT MacCIiTabHYI0 WHBAPHAHTHOCTH, HO MPU 3TOM HAYMHAS C
HEKOTOPOTO MACIITala 1{, KOPPETATOPHI CHOBA BBIXOJAAT HA CTETIEHHONW 3aKOH W Ha MACIITabax r > 1|
TEOPHUS CHOBA CTAHOBUTCA KOH(MOPMHOMW, HO € APYTMMH KPHTHYECKAMH WHIEKCAMH W CTPYKTYDPHBIMH
KOHCTAHTaMu. JacTb moseil mpu 3ToM MOzKeT B MH(pPAKPACHON O0JIaCTH MPOCTO «BBIMEPETHY», €CJIU UX
KOPMYHKIMH CIUITKOM GBICTPO CIATAIOT TIPH T S 7 < 7).

B npyrom citydae KOppeasTOpbl BCeX MOJIel HAYHYT 3aTyXaTh SKCIOHEHITHAIBLHO U B TE€OPUH TOSBUTCS
KOHEUHAs KOPPEJAINOHHAS JJINHA, T'c. IIpuMepaMu Takux BO3MYINEHUH MOT'YT ObITH BO3MYIIEHUE TIJIOTHO-
CTBIO 9HEPTHH, Ppery = €, W BO3MYINEHHE TAPAMETPOM TOPAIKS, Ppery = . B mepsoM ciayvae mapameTp

d—dpert —2d, d d
5{(p(2)p(0))) = —Afo|deert=2ds [t e const = w7 dper
)/ le >zl

a(da:dpert



A MMeeT eCTECTBEHHBIH CMBIC] U3MEHEHHs TeMIeparypbl (A = [.T), a BO BIOPOM — BHEIIHErO IMOJis
()‘ = _6Ch)'

Ocobptit naTEpeC npejcrasiger caydail d = dpery (Mapeunasvbroe BO3IMYIIEHHE), KOrga jorapud-
MuUecKas 100aBKa MOYKET O3HAYATh MO0 MOTEPH KOHMOPMHON WHBAPUAHTHOCTHU, JIMOO OBITH TMEPBBIM
YJIEHOM B MOMPaBKe K pPa3zMepHOCTH ToJjiel. B mepBoM ciydae KOppesiiiuoHHbie (DYHKITHH HAYHHAIOT CO-
JIePKATH JIOTapU@MBbI, H3-33 KOTOPBIX MaclITabHasg MHBAPHAHTHOCTH HAPYIIAETCs Ha BCEX MaciTabax, a
BO BTODPOM ciydae (Ciydail ucmunHo MapeuHaAbHro20 BO3MYIeHNs:) KOHMDOPMHBIE DA3MEPHOCTH HEIpe-
PBIBHO 3aBHUCSAT OT [Tapamerpa Moaeau A. Pasnuyaurb 9TH JBa caydas MOXKHO TOJBKO CYMMHPOBAHHEM
GECKOHEUHOTO YHNCIIA BaYKHBIX UJIEHOB B TEOPUHM BO3MYINEHUH C yU€TOM KOHKPETHOTO BUIA OTIEPATOPHON
aredpHL.

Tenepb HaM JIETKO BBIPA3UTH KPUTHYECKUE WHJIEKCHI W3 MPOILIOH JIEKINN Yepe3 KOH(GOPMHBIE pPa3-
MepHOCTH. MBI y2Ke yCTaHOBUIIU, 9TO

n=2d,+2—d, (26a)

[lockosbKy pasmepHocrb T JoJKHA Obltb pasHa dr = d — d., a pa3mepuoctb b — dp = d — dy, Mbl
HEMEJITIEHHO MOy aeM

v=d'=(d—d.)!, (26b)

p=dyt = (d—dy,)"" (26¢)
d d

b= =aa (26d)
dy d—d

5267}:%‘ (26¢)
® ®
dy,—d, d—2d

")/:— <pd h = d_dtp. (26f)

sl WHIEKCOB, CBA3aHHBIX C YAETBHON TEMI0EMKOCTBIO, COXPAHSIETCS TPEKHAD apryMEHTAINs: [IJI0T-
HOCTH CBOOOIHON SHEPTUN WMeeT pa3MepHOCTh d, a TEeTJIOEMKOCTh eCTh ee BTOpas MPOW3BOAHAS TO T.
IToaTomy

a=-fo L oM (268)
d. d—2d.

Wrak, MBI BEIPa3u/IN BCe KPUTHUECKHE HHIEKCHL epe3 IBe MaciTabuble pasmepHocTr d. u d,. CooTHO-
mervs (31) uz Jlekiuy 2 MTHOBEHHO MTPOBEPSAIOTCS.

Samaun

1. /lokazarh, 94TO B KJIACCHUYECKON MAaCIITAOHO-WHBAPUAHTHON TEOPUHU TOJIsi, TIOCTPOEHHON W3 MAac-
ITa0HO-MHBAPUAHTHBIX CKAJSAPHBIX TOJIEH, CJIe/T TEH30DPa, HANPAXKEHUN PABEH HYJIO.

2. TlokazaTh, 9TO TPEXTOYEUHBIE KOPPEIAIUOHHBE (PYHKINU B KOH(MOPMHON TEOPUU OIS UMEIOT
Buz (16).

3. Paccmorpum 1ByMepHYIO meoputo noas Jluysusrs ¢ neiicrsuemM

Stel = [ o (00 +7).

910 meficTBHe 00JaIaeT MACIITAOHON MHBAPHAHTHOCTHIO IO OTHOIIEHNUIO K MTPEeoOPA30BAHUIO
o(z) — p(Az) — 2log A,

TO €CTb ¥ CAMU MOJIs MPeodpa3yTes mox neficreueM aunaranuii. Cjen TeH30pa HAPSKEHUH, TOCTPOEH-
HBII COTJTACHO CTAHIAPTHOMY ONPEIeICHUIO, He PABEH HYJ/IIO Take Ha ypaBHeHUsSX nBu:kenns. [lokaxkure,
9TO HEKOTOPO# J00ABKOM U TPUMEHEHNEM yPABHEHUH IBUKEHNS MOYKHO TIePEOIIPeIeINTh TeH30D HAIPsI-
2KEHUH Tak, 4TOOBI €ro CJel TOXKIECTBEHHO OOPATHIICA B HYJIb.



