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MpeanpuHsaTbIe paHee NONLITKN BoCcCTaHOBAeHUs dyHKkuun Fenn-Manna—Jloy (g) Teopun ¢* nytem cymmu-
pOBaHWSI PAAOB TEOPUU BO3MYLLEHNA npusenn K acumntotuke $(g) = PLoog™ npn g — 00, rae « = 1 ans
pa3mepHocTeli npoctpaHcTea d = 2, 3, 4. BosHukaer runotesa, 4yto acnmnTtoTuka umeet sug 3(g) ~ g Ans
Bcex d. PaccMOTpeHue Hynb-MepHOro Ciy4as NOATBEPXKAAET FNOTE3y N BCKPbIBAET MEXaHN3M ee peannsannm —
OH CBs13aH C ODpalLeHNeM B Hy/Ib OAHOTO 13 hyHKLUNOHaNbHbIX nHTerpanos. ObobuieHre aHann3a nogTeepXKgaeT
acumnToTuky 3(g) ~ g B 0bwem d-mepHoM cnydae. ACUMNTOTIHECKOE MOBEAEHNE APYrX PEHOPMIpPYMMnoBbIX
yHKUMA (aHOMaNbHBIX pa3MepHOCTeli) oka3biBaeTcst nocTosiHHbIM. ObcyxaaeTcs cBsi3b ¢ npobnemoil «Hyns

Sapﬂp,a» n ((Tpl/lBI/la]'IbHOCTbIO)) TeOpI/II/I ()04.
PACS: 11.10.Gh, 11.10.Hi, 11.10.Jj, 11.10.Kk

1. BBEAEHUE

Kak mnokaszanu Jlanmay, AGpukocos, XaaTHu-
koB [l], cBa3b 3arpaBounoro 3apsana (gp) ¢ Habiro-
JaeMbiM  (g) B TMEepeHOPMUDYEMBIX TEOPUSAX OISt

onpeaeadaeTcda BhIpazKeHuEM

_ Jo
I 1+ Bago In(A/m)’ @

rue m — macca 4JacTuipl, A — mapamerp obpe3anus
o ummyabey. Ilpn koHewHoM gg m A — 00 BO3HWKaeT
curyauus «nyJig 3apagar (g — 0). IIpaBunbuas unrep-
uperanus (opmyJibt (1) cocrour B ee obpaleHuu

g
go = 1_ﬂ2gln(A/m)v (2)
TaK 9UTO p OTHOCHTCA K MacmTaly paccrogmmit A~
W BBIOWPAETCS W3 COOTBETCTBHSA C HAOIIOIAEMBIM 3aps-
gom ¢. Ilpm yBenmmvenum A mpomcxomur pocT §o W B
obnactu go ~ 1 dopmynst (1), (2) Tepsaor cBowo npu-
MEHUMOCTh, TAK 4TO CYIIECTBOBAHUE B BhIpAyKeHUHU (2)
TaK Ha3BIBAEMOTO TOMoca, JIangay He mMeeT TiyboKoro
CMBICTIA.
Peanbuoe nosemenue 3apsma ¢(L) xaxk dynkuuu
macmTaba paccTosHuWit [ OnpemenseTcs ypaBHEHWEM
lenn-Manna— Jloy

*E-mail: suslov@kapitza.ras.ru

dln L

u 3aBucur or Buga Gyukuuu [(g). Cornacuo kiaccu-
dbuxauuun Boromobosa u [lupkosa [2], poct g(L) npe-
kpamjaercd, eciu ($(g) uMeer HyJb IpU KOHEUHBIX ¢, U
MPOJIOJIZKAETCS 10 DECKOHEUHOCTH, eciu [3(g) 3HAKOMO-
crosinHa u umeer acuMmnroruky 3(g) ~ g¢ ¢ a < 1 upu
g — o0; ecmu ke [B(g) ~ g% ¢ a > 1, 10 g(L) — o0
npu KoneuHoM L = Lo (BO3HUKAET PeATbHBIH TOIIOC

=B(g) = B29" + B39 + .. (3)

Jlanzay) u Teopus BHyTPeHHE NPOTUBODEYMBA BBUILY
ueonpenenentnocru g(L) npu L < Lg. Jlangay u ITome-
paHIyK [3] merrananch 0G0CHOBATD PEATH3AIMIO TOCTIE -
Hell BO3MOYKHOCTH, apTyMEeHTHUPYs 3TO TeMm, 9TO hop-
mysa (1) BepHa 6e3 orpaHuveHuil; MOCIEIHEE, OJHAKO,
BO3MOYKHO JIMITTH TP TOUHOM pasercTse (3(g) = B2g2,
KOTOPOE 3aBeJIOMO HE BBIMOTHIETCS BBUILY KOHEIHO-
cru 3.

W3 cka3aHHOTO $ICHO, YTO pEIeHHe MPOOJIeMBI HYy-
N 3apsga Tpedyer yCTAHOBJEHUs Buia (DYHKIUNA
Ten-Maunua—Jloy 5(g) npu 1poU3BOJILHBIX ¢, U B 4aCT-
HOCTH — €€ ACHMIITOTHKHU NpH § — 00. Takas mombITKa
OPEINPUHATA B HEJABHUX paboTax aBTOpa JIJIfd TEOPUN
©* [4], K9 [5] mw KX [6] (cm. Takze o630p [7]). Ona
OCHOBaHa Ha TOM, 4TO Iepsble 4 Kodpduuuenra Sy B
BbIpaykeHUn (3) W3BECTHBI U3 JIUATPAMMHEBIX BLITUCIIE-
uwii [8, 10, 11], roraa kax mis Gonbmux N cupaseusa
acummroruka Bua 3% = ca¥T(yN +b), Boranciasevast
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meroznom JInmarosa |7, 12-15]. ITonpaBku K acHMITOTH-
Ke UMEIOT BUJ PETyJISPHOrO pas3ioxkenns mo 1/N:
A As Ax

BN = ]a\f{l+ﬁ+m+...+w+... , (4)
9TO TO3BOJSAET MPOBECTH HHTEPIIOINNAI0 KO3 (M PUITm-
eHTHOM (PYHKIINK MyTeM OOPBIBA Psifia U BHIOOPaA KO-
dunmenToB Ay W3 COOTBETCTBUS C M3BECTHBIMU [, (33,
B4, Ps. s Bapuanum WHTEPIOISIIHOHHON MTPOIIETy P
MOZKHO [ePepasiioKuTh psii B (4):

Ay A,
=05 (14 - + — +... +
P =Py N_N  (N-N)
A
(N — N)K (5)

BBO/Is IPOU3BONIBHLIA mapamerp N. CyMMupoOBamme psi-
Na [ "eThipexmeproit Teopun ot [4] maer smaxoro-
CTOAHHYIO 3-(DYyHKIUIO, & PE3yIbTAThI JTIs MOKA3ATE s
o B mpenenax ommGkn me 3apucaT or N (pue. 1) u
yKa3bIBAIOT Ha OJM30CTh (v K eAUHUIE. AHAJOrHIHbIE
pe3yabTarhl Ajid TPEeXMEPHOU U ABYMEPHOI Teopuun <,04
(puc. 2) momyvensr HenasHo [19, 20] B ¢Bs3M ¢ BBIUKCITE-
HUEM KPUTUIECKUX UHJIEKCOB. Hampamusaercs rumnore-
3a 0 JuHelHol acumnroruke [$(g) ~ ¢ AJis IPOU3BOJIb-
HOit pasmepHocTn mpoctpamcTa d. [Ipocrora pe3ynb-
TaTa yKa3blBaeT HA TO, YTO OH MOYXKET OBbITh TOJIyYeH
AHAJTUTUIECKH.

Huzke nokazano, 910 310 AefcTBATENHHO TaK. AHa-
JIU3 HyJIb-MEpHOrO ciydas (pasm. 3) MOATBEp:KIaer
cyliecTBOBaHue JnHeiHOH acuMnrorukn [((g) ~ g n
BCKPBIBAET MEXaHW3M ee BO3HUKHOBeHus. OH CBA3aH ¢
HEOKUJIAHHBIM OOCTOSATEILCTBOM, YTO MPEIET § — 00
JIIS IEPeHOPMUPOBAHHOTO 3apsaia ¢ ONpeIe/IsaeTcs He
GOJIbIIUMY 3HAYECHUAMU 3aTPABOYHOIO 3apsiia go (4T
KazKeTCsl MWHTYMTUBHO OYEBUIHBIM), & €ro KOMILTEeKC-
HBIMU 3HAYEHUAME. Bojiee TOro, OKa3bIBAETCA BO3MOK-
HBIM OrPAHUYUTHLCs 00/IACTBIO |go| < 1, rae dyuximo-
HAJBLHBIE MHTETPATbI MOT'YT ONEHHBATHLCS B MEPEBAJIb-
HOM MpubIuzKenuu. FEcau HamnpaBieHue B KOMILIEKC-
HOIl MJIOCKOCTH ¢y BBIOPAHO TAK, YTO BKJAJ, TPUBH-
ALHOTO BAKyyMa CPABHHUM II0 BEJIMYMHE C MEPEBAIb-
HBIM BKJIQJIOM OT TJIABHOTO WHCTAHTOHA, TO (bYHKIHO-
HAJIBHDBIH MHTErpaj MOKeT 00paTuThes B Hyab. C Hy-
JIEM OTHOTO M3 (DYHKIMOHATBHBIX HHTETPAJIOB U CBS-
3aH TPemen ¢ — 00, KOTOPBIA B PE3yIbTaTe OKA3bI-
BAETCsl BIOJHE KOHTPOJIUPYEMbIM, TIO3BO/ISAS MOy IUTh
ACUMIITOTHKHN KakK -(pyHKIUH, TAK 1 AHOMATBHBIX Pa3-
MepHocTeii (pa3z. 2): nepBas JeHCTBUTEIBHO OKA3bIBA-
ercd JuUHEHHO# B 00meM d-mepHoMm ciaydae (pasm. 4),
B Pa3yMHOM COTJIACHM C PEe3yJIbTATAMH CYMMHPOBAHUS
(pazzm. 5).

a =0.96 £ 0.01
0 L L L L L
—-0.6 —04 —-02 0 0.2 0.4 _
N
B
T T T / /
2 / /
200 0.99~ 7, ]
7] a4
;7 1.06g"°
77 7
,7 Pid
100 27 -
r 7 %.99¢"7 ]

Puc.1. PesynbtaThl ans 4eTbipexmepHoii Teopun o
4 — 3aBMCUMOCTb nokasatens a ot N (ero pasnuu-
Hble OLUeHKN onucaHbl B [4]); 6 — obwuii Bug dyHk-
uun Fenn-ManHa—Jloy cornacHo [4] (cnnowHas kpu-

Basi) M pe3ynbTaTbl APYrux aBTOPOB — MyHKTUPHbIE
KpUBble CBEPXY BHN3 COOTBETCTBYIOT pe3ysibTaTaM pa-
6ot [16-18]

B ugerbipexmeprom ciyuae acumnroruxa 3(g) =
= B¢ B KOMOMHALIAK CO 3HAKOIIOCTOSHCTBOM [3-(pyHK-
mun (puc. 16) COOTBETCTBYET peaju3aluu BTOPOH BO3-
MOXKHOCTH B Krmaccupuramun Boromodosa u [lupko-
Ba: 3P PEKTUBHOE B3aMMOICHCTBHE KOHEUHO HA 0OO/b-
mmx paccrosauax L > m~! #o HeorpanumueHno pacrer
(kax g(L) ~ L7P=) mpm L — 0. To MpOTHBOpEUHT
MPEICTABIEHUSIM O TPUBHAIBHOCTH KOHTHHYATBHOI Te-
opun ¢*, KOTOpBIE ABIAIOTCS TOCIOACTBYIOMINME B JIH-
reparype. @akTudecku okasbiBaercsa (pasm. 6), 9To B
uTepaType OBLIN CMEITAHBI IBA PA3IUIHBIX ONMPeIee-
Huga TpuBHaIbHOCTH. IlepBoe n3 Hux, BBeAeHHOE BUih-
COHOM [21], 9KBUBAJIEHTHO MOIOKNUTETHHOCTH (3(g) MpH
g # 0, Koropast OATBEPZKIATC BCEH TOCTYIHON WH-
dopmanmeii m MOXKET CUNTATHLCS TBEPIO yCTAHOBJIEH-
Hoii. Bropoe ompenenenne, BOZHUKINEE B MaTeMaTHIe-
ckux paborax [22-24], coorBeTCTBYeT PEICTABIEHHIM
00 NCTUHHON TPUBHANTBHOCTH W SKBUBAJIEHTHO BHY TPEH-
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Penopmrpynnossle cdyHkun Teopun o* ...

o
141+ d=3 -
a
1o} . } ]
T w1
0.6 - i
0.2 i 1 1 1 1 1
-09 0.7 -05 —0.3 —0.1 -
N
o
1.2 r T T T T ]
6 d=2
09F I~~~ ~ {**D**#** AR R I
0.6 |- i
1 1 1 1 I
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N
Puc.2. Pesynbratel pnsi nokasatens « B Teopuu
©* nns pasmeprocreii npoctpanctsa d = 3 [20] u

d=2[19]

Heit mporuBopeunBocT Mo Boromobosy u [MIupkrosy:
OHO TpedyeT He TOMBKO MOJIOKUTETHHOCTH [F-(DyHKITHH,
HO M JOCTATOYHO OBICTPOTO POCTA €€ Ha OECKOHEUHOCTH.
VkazaHus HA UCTUHHYIO TPUBUATBHOCTH HEMHOTOYHUC-
JIGHHBI U JIOMYCKAIOT IPYTYIO HHTEPIpeTanuio (pa3i. 6).
Hacrosiiiuii anaan3 TpuUBOAUT K HOBOMY B3TJISIY HA
9Ty npobIeMy: 9TOObI TOTYYUTh HETPUBHAIBHYIO TEO-
PHUIO, HYZKHO HUCTOIb30BATH KOMIIJIEKCHBIE 3HAYEHUS 3a-
TPABOYHOTO 3aPSAIa Jo, KOTOPbIE HUKOTIA HE PACCMaT-
PUBAJIMCH HU B MATEMATHYECKHUX JOKA3ATETHCTBAX, HU
B YUCJIEHHBIX IKCIIEPUMEHTAX.

2. OITPEAEJIEHVE PEHOPMI'PVIIIIOBBIX

®YHKIIUN

B mamnmeiimem paccMaTpUBaeTCS N-KOMIOHEHTHAS
Teopus <,04 ¢ JeiicTBreM

1 1
St = [ ated 3 (Vo) 4 2md Sk +

2
+éu i) ¢

u=goA, e=4-d (6)

(O |2
Il Il
+
+
N
N\
\

Puc.3. Css3b «aMnyTupoBaHHbIX» BEPLUNH &N ¢
dbyrkunsvn Tpuna GO

B d-MepHOM MTPOCTPAHCTRE; o U My — 3aTPABOTHDBIE 3a-
psan m macca. Hambomee obmmit pyHKITMOHATBHBIN WH-
Terpajl TOH TEOPUH COMEPKUT B Mpendkcrnonente N
MHOZKHUTEeNEH moms ¢,

zM

1 (@15 @) =

- / D Par (71) 0y (72) .- Pouns (201 X
% exp (—S{p}). (7)

u cBa3aHm ¢ M-rtouedHbiME  DYHKIEAME | puHA
GM) ZM) /7). 3nanme mociemHux MO3BOIAET
OLIPeeNIUTh «aMIyTupoBannbies sepumus IEN) ¢ N
BHEITHUMHY JINHUSMHU [0Sl ¢ W L BHEITHUMW JTHHUSMU
B3aI/IMo;Le1'/’ICTBI/15[1), MPOCTENINe N3 KOTOPHIX MOKA3aHbI
Ha puc. 3. MyJIbTUNIINKATHBHAS TIEPEHOPMUDPYEMOCTH

seprmuint TEN) oznagaer [26], uro?)

TN (i go, mo, A) =

vy (227"
=2 (Z) i g, ®

T. €. ee PACXOJUMOCTb TP A — 00 HCYE3aeT MOCTe BbI-
JIeTIeHUsT COOTBETCTBYIOMNX Z-(PaKTOPOB U TePexoaa K
epeHOPMUPOBAHHBIM 3apsany (g) u macce (m); p; —
BHEIITHIE UMITYJIbChI. [IpuMeM yCaoBusi pEHOPMUPOBKH
[IPU HYJIEBOM HMITYJIhCE:

=m®+p° +0(p"),

42 (p; g, m)
p—0

=gmS*, 9)

T80 (py; g,m)
pi=0

1) Vmeercs B BUIY AHATDAMMHAS TeXHHKA, H3TOKEOHHAL B KHII-
re [25], B KOTOPO# B3amMozeiicTBIE 0G03HATAETCS Ty HKTHDHBIMHE
JINHASAMHA.

2) Teopusi ¢* weneperopvmpyema npu d > 4 u Bce gambHeiiee
paccMOTpeHHe OCMBICTIeHHO b npu d < 4.
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Fg’m(pi;g,m) =1,
pi=0

KOTOPBIE OOBITHO UCIOMB3YIOTCSA B TEOPUN (PA3OBBIX TIe-
pexozios [27]. Toncranoska GhopMyisl (8) B paBeHCTBA
(9) onpenensier g, m, Z, Z3 B TepMUHAX 3aTPABOYHBIX
BEJINYIUH:

a —1
Z(go,mm/\) = (8—192 F(O’Z)(p;go,mO,A)‘p: ) )

—1
10
) o
m2 = Z(go,mo,A) F(O’Z)(p; gOam()vA)‘

Z>(g0,mo, A) = (F(1’2) (pi: 9o, mo, A)

i
p=0

gm® = Z*(go,mo, A) T (p;; go, mo, A)

pi=0 )
VYpasuenne Kannana— CruMaHInKa MOIyIaeTCs TPHMe-
HEeHueM K BhIpazkenuio (8) aud depennuaabuoro onepa-
ropa d/dInm npu dbuxcupoBannbix go u A [26],

dlnm

8-%@%+@—Mwmwmmﬂx
x BN ~ 0, (11)

u CIIpaBEIJINBO ACUMIITOTHYECKHN npu OOBIINX

pi/m. Penopmrpynnosbie dyukuuu  [((g) (dynk-
mus Leqn-Mamua—Jloy) u n(g), 1n2(g) (amomanbubie
PA3MEPHOCTH) ONMPEIETSIOTC KAK

dg
go,A=const

din Z
n(g) = : (12)

dlnm go,A=const

( ) dln Z2
n2\g) =
dlnm go,A=const

U B IPUHIIAIIE 3ABUCAT OT BCEX IIEPEMEHHBIX; HO X (aK-
THYECKast 3aBUCHMOCTh TONBKO OT § YCTAHABIMBAETCS
obrmmmu reopemamu [26].

3. HYJIbB-MEPHBIN CJIVUAU

3.1. «HauBHBIiT» HYJIb-MepHBI IIpeaet

s mepexosa K HyJlb-MEPHOMY MPEIEIy PAaccMOT-
pUM  CHCTEMY, NPOCTPAHCTBEHHO-OIDAHUYICHHYIO BO
BCEX HAIPABJIEHHUSX HA JOCTATOTHO MAJOM MACIITA0e,
9TO TO3BOJAET NPEHeOpPEedh KOOPAMHATHON 3aBHCH-
MOCTBIO (%) W OIycTHTh B ypaBHeHHH (7) H/ICHBI
¢ rpazmentamu. Vnrepnpernpysi byHKIHOHAILHBIH
MHTErpas] Kak MHOTOKDATHBI MHTErPAT HA PEIIeTKe
U BBIOMDAA DEIIeTKY JOCTATOYHO DEIKOil, MOZKHO

CYUTATL, 9YTO BHYTPHU CHCTEMbI HAXOJAUTCA TOTBKO OJWH
ee y3eJst; Toraa

1...QM

1 1
= /d”so Pas - - Pans XD (—§m3¢2 - §U<P4> . (13)

JluarpaMMHasi TEXHUKA, TIOPOK AaeMast «(DyHKIIMOHATh-
HbIME uHTerpajgamu» (13), uMeer OOLIYHBIA BUJ, HO
BCE TIPOTAraToOphl GEpyTCsT MPHU HYJIEBOM HMMITYJIhCe, a
CYMMHPOBAHHE [0 UMIIYJIHCAM OTCYTCTByeT. B dukcn-
POBAHHOM MOPSIIKE TEOPUU BO3MYIIEHUI BCE IUATPAM-
MBI DABHBI JIPYT APYTY W UX CYMMAPHBIN BKJIQJ OMpe-
JlensteTcss KOMOMHATOPUKON AuarpamMmm; MOCTETHsIA MO-
JKeT U3Y4YaThCs ¢ TMOMOIIBI0 «(DYHKIHOHATBHBIX HHTE-
rpasos» (13) [29].

Onucannble IPeICTaBIeHus O HYJIb-MEPHON TeOpUn
SIBJITIOTCS  OOMIeNpuHAThIME B juTeparype. OnHaxo,
BOOOIIE TOBOPsI, OHW HE COOTBETCTBYIOT MPABUILHOMY
Hy/Ib-MepHOMY Tpejeny Teopun ¢*. Ha mpumepe mpo-
creffux auarpaMm Jjierko yoeaurbes (em. Ipusorke-
uue 1), 910 yKazaHHAsS TPUBHAIM3AIMS THATPAMMHON
TeXHUKHU [IPOUCXOAUT JIMIIb IIPH HYJIEBbIX BHELIHUX M-
[IyJIbCAX; €CIU Ke MOC/AeIHIUEe OTIUYHBI OT HYJIsI, TO HU-
KAKUX BUIUMBIX VIPOIIEHUN B HYJIb-MEDHOM IPEIEe
He Bo3HmKaeT. [locmenmee oO6CTOATENHCTBO CYIIECTBEH-
HO IIPH OIpeaeeHnn Z-(HakTopa, KOTOPbIi, KaK H3BECT-
HO, BBOJUTCS TIO CXEMe

G (p) = (p2 +mg + 3(p, mo))71 = (p2 +mj +

+ ap(mo) + as(mo)p? + ag(mo)p* + ... )_1 =
_ Z
S0

(14)

T.€. ONpEeNEeseTcss WMIMYJILCHONW 3aBUCHMOCTHIO COO-
crBenHoil sHeprum (cp. ¢ ypasuenuem (10)). B omwu-
CAHHOI BBINIE <«HAWBHOI» HYJIb-MEpPHOIl TEOpUN WM-
MyJIbCHAST 3aBUCHMOCTh OTCYTCTBYET W He Tpebyer crie-
[UAJIbHON HOPMHUPOBKH; IO3TOMY B JaJbHEHIIeM IO-
maraem / = 1. Takaa mpouemypa sBISETCA BHY-
TPEeHHEe-HEeTPOTUBOPEYNBOIl, HO HE COOTBETCTBYET IIpa-
BUJILHOMY HYJIb-MepHOMY mpejeny Teopuu . Tlocnen-
Hee 00CTOSATENHCTBO JJIs HAC HECYIECTBEHHO, TAK KAaK
ONMMCAHHASA MOJEJb HCIOIb3YyEeTCA TOJBKO JJIA WIIIIO-
CTpauuu: B JajibHEHIeM Mbl cpa3y IepeiiieM K pac-
CMOTPEHHIO O0IEro d-MepHOro Cydas.
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Penopmrpynnossie dbyHkLun Teopun o*

3.2. O6miue BhIpakeHus JIJIs
PEeHOPMIPYNIIOBbIX (byHKIMA

IMonaras B (13) ¢4 = PUs ¥ BBOJS UHTEIPUPOBAHUE
MO HATIPABJEHUSAM €THHATHOTO BEKTOPA U, TOJTYTUM

1 1
Z(M)QM / MAn=1 74, exp <—§motp —gue >

X /dnu6(|u| - l)ual s Uy (15)

9TO TMOCIe BBIYWCIeHWst nHTerpata no d"u [28] mis

qeTHBIX M TpuBOAUTCA K BUIY

(M) B 27Tn/2 y
avom  9M/2D(M /2 4+ n/2)
X Ial...aM ](M(mm U), (16)

rae In, ..oy — CYMMa WI€HOB BUAA OnyayOasay - -« CO
BCEBO3MOZKHBIMU CHAPUBAHUAMHA K

m07 / M+n— ldapx

1 1
X exp (—5m3@2 — gugp4> .1

Boinenss u3 dyuknuit ['puna u BepmmuH MHOKHUTEH

Ial...on:
G2 = Gydug, GW) = Gul
af 20a83, aBys — “4taByo, (18)
[0 = Cutua, T = Culyans
nMeeM
Ty=1/Gs, Gi=GE-GiT,.  (19)
rae
Gy = 1 Ks(mo, u)

n Ko(mo,u)’
1 Ky(mo,u)

Gy =
4 n(n +2) Ko(mo,u)

0,4
¥ BepIInHA I‘gﬁ,y)(; OTIPEeIeISIeTC OOBITHBIM COOTHOIIIE-

HreM (puc. 30)

(1) @) _
G 5 =66 + GG + GAGY)

2 2 (0,4
- ngc)v’ GE.;B/G( ) Gé‘é‘/ ’61)'7’5’ (21)

BanuceiBasg yciaosus penopmuposku (10), umeem

nkK
m? =Ty = T; (22)

F4 n

I,’I,’
g:—4:1—m4G4:1— Sl
m

n+2 K3
Nuddepenmupys (22) mo mj u yuuThiBasg, 4TO B
pesynbrare auddepernupoBanus Ky TepexoanT B
K142 (cm. dopmyay (17)), umeem

dm? n (1 Ko
=20 ) 24
dm? 2 { * K2 } (24)

(23)

BBumy toro, uro Bce muddepeHnmpoBannsa B ypaBHe-
uum (12) nposoggrcs npu go, A = const, nociennue
napamMerphbl yI00HO CUMTATh pa3 W HaBceraa 3adukcu-
poBaHHBIME; TOTIa m? ABjIsgercsa byHKImeil TOTLKO m3
u opmyiy (24) MOXKHO <«IIEPEBEPHYTH», T.€. CIYUTATH
BBIpasKeHueM s mpoussognoit dmg/dm?. Cormacuo
onpenenennto [S-byuxmun (12) umeem

dg
ﬁ(g) - dlnm2 -
2m* Ky  (K;\'  ,dm?
=2 |22 — 25
n(n + 2) Ky + <I(0)mg m dm?2 |’ ( )

4TO ¢ yderoMm cooTHomienus (24) maer

Ke¢Ko/K4Ky—1

2n K4 Ky
= — 2 . (26
P9 = =173 ke [ 1— Kiko/K2 ] (26)
Jemas B wrrerpanax (17) 3ameny ¢ — ¢(8/u)/*, Mowx-
HO IIPpUBECTU UX K BUIAY
Ku(t / MEn=tdpexp (—tp? — '),
(27)

9 1/2

Bosnukaiomue mpu 9TOM MHOXKHTETH BBLITAJAIOT K3
kombunanuit K, Ko/ K3 w KgKo/K4Ks, 0T KOTOPHIX 3a-
BUCAT BbIpazkeHus (23), (26), n mociaeHue He MEHSIOT
CBOEro BHJIA IIPU 1epexoje oT uurerpaios K s (mg,w)
K wHTerpanam Ky (t). IIpasbie wactn dopmyn (23) un
(26) siBasrOTCS (DYHKIMAMU OHOIN TepeMeHHoi ¢, u 3a-
Bucumoctsb (3(g) onpezensercs srumu GopMyIaMu B na-
PAMETPHYECKOM BUJIE.

Bepmmna, FS;) = ['12043 ompezenserca TOXKe-
creoM Yopga [61]
dm? n+2
=t 1212, 28
' dm? 2 7 (28)
YTO MO3BOJISET MOJMYYUTh BbIPazKeHue s 172(g):
d In F12 ﬂ(g)
= — = 29
2(9) dlnm  2/(n+2)— (29)

DOyukuus xke 17(g) B IPUHATOM OPUOTUIKEHUU TOZK e~
CTBEHHO PaBHA HY.JIIO.
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3.3. UcciieqoBaHne peHOPMIPYNIIOBBIX
dbyHKIMIT

Ucnonb3ys acumnroruku Ky (t)

(L —(Mtmyap (M) "
2 2
(M +n)(M +n+2)

1—
[ 412 + ’

X

t — o0,

BESCORICS IS

t— 0,

X

VR e (1)1
2 2

x {1+ (M+n_24?t(2M+n_4) +.. ] ,

t —+ —o0,

JIErKO yOequThCs, 9TO 3aBUCUMOCTH BeuuuH g u 3(g)
OT t mMeeT BUJ, MOKA3AHHBIN Ha puc. 4a, T.e. U3MeHe-
HUe napamMerpa ¢ BAOJb JIEHCTBUTEJIbHON OCH OIpene-
nger nosegerne ((g) OT HyJIA 10 HEMOABUKHON TOUKA
(puc. 46)3)

2

* . 31
g n+2 (31)

JImst mpoaBUKeHUsT B 00JACTh OOMBINNX ¢ HYKHO HC-
cJje10BaTh napamerpuyeckoe npejcrasienue (23), (26)
pu KOMIUTEKCHBIX ¢. Ilyeth ¢ = |t|e™X u |t| > 1; Torma
B 3aBucumoctu or (dasbl Y unrerpasnt K (t) onpene-
JITFOTCST OO TPUBUABLHBIM MEPEBATOM B TOUKe 0 = 0,
60 HeTPUBMAIBHBIM TepesaioMm pu ¢ = —t/2. Tle-
peBasbHbIe 3HaUeHWsT WHTerpajoB K (t) 3aBucsar or
X, HO 9Ta 3aBUCHMOCTb COKPANIAETCS B KOMOMHAIIMSX
KiKo/K3 n KgKo/K4Kj3, KOTODBIME OMPeIeIAIOTCS

3) Hammame HEIMOJBUKHOW TOYKM ¢* He 03HAYaeT CyIIeCTBO-
BaHHSA (DA30BOrO Iepexoja, KOTOPBIM mpu d < 2 OTCYTCTBY-
er. lemo B Tom, uro ypasuenme Kasmana—Cumandnka, ompe-
JIeJISIIoNIee CKeHIMHIOBOEe [OBEIEHHe KOPPEJSITOPOB, CIPABEIH-
BO JIMIIb B OOJACTH MAJIBIX 1M, HEJOCTHKUMON NpU (DU3HIECKIX
3HaYeHUAX Mo u go. Popmymna (31) cormacyercst ¢ pe3ysnbTaToM
g* = (n+8)/(n+2), monyduenusiM B padore [31], rae onpepenerue
3apsaga § OTIMYAeTCs OT HAIlero MHoxkuTesneM, § = (n + 8)g/2.
DTOT pe3yabTAT He COOTBETCTBYET HMPABHILHOMY HYJIb-MEDHOMY
npegery Teopui ¢! W MCTOIR30BAHME €rO B MHTEPIOMSAIHOHHOI
cxeMe, yTOUHAOMEH 3aBUCUMOCTh ¢¥ OT Pa3MEePHOCTH MPOCTPAH-
ctBa d [31], ABnseTCa HEKOPPEKTHBIM.

a g 6
* ﬁ
g A
t
| " *
g
T B(g)
t g

Puc.4. KauectBeHHoe nosegevne g un 3(g) npn uns-
MeHeHUn t BOOMb AEACTBNTENbHON ocn (a) U COOTBET-
cTeytowas 3asucumoctb 3(g) (6)

Boipazkenus (23), (26). Ilosromy B rpy6om mpub/uzke-
HUM KOMILIEKCHASA IIOCKOCTh ¢ pa3OuBaeTcd Ha IBe da-
CTH, B KOTOPBIX ¢ U (3(g) IPUHUMAIOT IIOCTOSHHBIE 3HA~
genus g = 0, B(g) = 0 u g = g*, B(g9) = 0. Mex-
Jly STUMH 3HAYCHHAMY UMEETCS ITABHBIA Hepexol, CBs-
3aHHBIA ¢ OTKJIOHEHUSMH OT HePEBAJBHOIO MPHOJIIZKe-
HsI, KOTOPBIE BO3HUKAIOT 1uist |t| < 1; omHaKo oXKuza-
eMble W3MEHEHWsST TPOMCXOIAT B KOHEYHBIX MPeIeIax,
KaK 9TO MMeeT MEeCTO HpU JeficTBuTesbubix ¢ (puc. 4a).
Herpyamo coobpa3uts, 9T0 OOMbINTNE 3HAYEHUST § MOTY'T
OBITH TOCTUTHYTHI JINIIH BOJW3W TEX HAMPABICHWH B
KOMILIEKCHOM IJIOCKOCTH t, 711 KOTOPBIX BKJIAJIbI IBYX
HepeBaIbHBIX TOYEK MMEIOT CPABHUMYIO Beanmduny. To-
raa ga Ky (t) umeem npezcraBieHne

Ku(t) = Ae™ + Aje™r = Ae™ (1 + ke™™)  (32)

U MOYKHO TIOIBITATHCST OOPATUTH UHTErPAJ B HYJIb, O~
crpauBas napamerpbl k u A. Mmerompxcs cremenei
CBOOOIBI TSI ITOTO TOCTATOYHO BBUIY BO3MOYKHOCTH
M3MeHeHUs JefiCTBUTEeNLHON 1 MENMOI dacTeii t. Koad-
dunuent k npu n3MeHEeHNN ¢ 3aBEIOMO IIPOXOINAT depes
€INHUITY, TAK KAK B KOMIIJIEKCHO TJIOCKOCTH ¢ MMEROT-
cs1 00JIACTH, B KOTOPBIX JOMUHUPYET TOT WK APYTOi 13
aByx 4sieHos (32). smenenue xe dasbl A pakrudecku
IPOKUCXOAUT B DECKOHEYHbIX Mpe/eax (CM. HUZKe), Tak
4YTO KOJIMYECTBO HyJiel uarerpaia Ky (t) okasbiBaercs
6eckoneunbiv. Ouu siexar Baosib jgyueit Y = +£37/4,
CTYIAsCh Ha OECKOHETHOCTH; TPUBEIEHHBIE COOOparKe-
HUsT CTPOTO OOOCHOBAHBI JIJTsT TEX W3 HUX, KOTOPBIE PaC-
nosiozkenbl B obstactu [t > 1, rae npumeHuMo mepe-
BaJTbHOE MPHUOIUKEHIE.

Herpyano BumeTh, 9T0 IpeIest g — 00 MOXKET ObITh
JIOCTUTHYT, €CJI yCTpeMuTh Ko K HYJI0; TOTIA BbIpa-
kenus (23), (26) ynporatorcs:

n KiKj

in KK,
n+2 K3

n+2 K3

, Blg) ~ , (33)

g~
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Puc.5. Tononorus nnHuii Hauckopeiiwero cnycka Ans

uuterpana K (t) B 3aBucumoctn ot x = argt: npm

0 < |x| < 7/2 nuHnsa Hanckopeliero crnycka npoxo-

AT TONbKO Yepe3 TpuBManbHbIA nepesan (a), Toraa

Kak npu 7/2 < |x| < m npoxogsTcs 0be nepesanbHble
Toukn (6)

" mapaMeTpuveCcKoe MpeacTaBJIeHne pa3peniaeTcd B BU-
e

Blg) =49, g — oo, (34)
Torja Kak u3 (29) momyanm
m(g) = —4, g— oo (35)

Kak un okugasoch, acCUMITOTHKA, S-(DYHKIIUH OKA3BIBA~
eTcd JIMHEHHOM.

3.4. Hysnn unrerpasios K (t)

ITpu BoIBOze pesyabraros (34), (35) He ucnonb3o-
BAJICA ABHBIA Bug mHTErpanoB K p/(t): cymecTBeHHbI-
MU MOMEHTAMH OLLIH JIUIIb TPUHIATAAILHAS BO3MOZK-
HOCTb UX O0pallleHHs B HyJIb U TO, YTO HYJIH PA3JIUIHbIX
unrerpaioB Ky (t) HAXOAATCS B HECOBIIAJAIOIIUX TOY-
kax. [TokazkeM, 9TO 3TH MPEeIIIOTIOKEHIS OMPABIAHEL.

Buauenus qeicTBUS /I NePeBaIbHBIX TOUEK ¢ = ()
u p? = —t/2 pasubr coorsercTienno 0 u t2/4, w BKTa-
OBl OBYX HepeBasioB cpapHEMEI mpu Ret? = 0 umm
x = £m/4,+£37/4. Oanako 3uadenus y = +7/4 npu
OyzKaieM pacCMOTPEHUH HEe MOAXoaar. s uHTe-
rpana Kp/(t) mmeer mecro sisierne CToKca, CB3aH-
HO€ C M3MEHEHMEM TOIOJIOTAHA JUHAI HAaWCKOpeHIero
caycka [32]; ono mpoucxoxut mpu |y| = 7/2, Tak 9ro
mpu 0 < |x| < 7r/ 2 TMHUS HAMCKOPEHUIIero CrycKa mpo-
XOJUT TOJBKO Yepe3 TPUBUAJIbHBIA mepeBas (puc. 5a),
a mpn /2 < |x| < 7 mpoxomsaTcsi 0be mepeBasibHbIe
rouku (puc. 56). [Tosromy KoMIeH AU IEPeBATIbHBIX
BKJIas0B (32) BO3MOxHA npu X = +37/4, Ho oHa He
npoucxomut npu x = +7/4. Tlonaras t = petX, p > 1
uyxy = 3r/4+ A, A < 1, umeem g BKJIAZA JABYX
nepesaJsioB B unrerpa Ko(t)

)+ 50

on/2 X

IS

3 1
- _ —n/2 _pon -
Ko(t)=p exp< zgn) [21"(
X exp —iz-l-iﬁn—ilp2 p"exp 1p2A . (36)
4 4 4 2
Beibupas A(p) u3z yciaoBus

1 on/2—1
PV Lexp <§p2A> = r (E) e

MIOJIY YUM

1_/n 3m
- _ = w —n/2 2
Ixo(t)—QF(Q)p exp< 28n>><

i

X [1 + exp (Z(ﬂ' +7n — p2)>] (38)
u uwyau uarerpasia Ko(t) BO3HUKAIOT B TOYKAX

P2 =m(n+5)+8ns, s — menoe. (39)

Ky (t) nomyuaiorcs — 3aMeHOI
n — n + M wu u3 seipaxenuit (37), (39) sacuo,
4TO pasaunuHbie uHTerpasnt Ky (t) obpamaiorcs B
HYJIb B PA3HBIX TOYKAX.

Hpyroit cnocob nonyuurs Hysau uarerpanos Ky (t)

COCTOUT B WCIOJIB30BAHUN CIENUATBHBIX (DYHKITHI.

Pesynbrarer  as

Jlmst mpocTeiinero nHTerpaia Hy Th-MEePHO TeOpUn <,04
CyIIeCTBYeT COOTHOIIEHUe

1 _ 1
= 59 1/2 ¢1/89 /C1/4 (@) , (40)

casbIBaionee ero ¢ dpyukunueit Max-/Tonanbaa K, (x).
Ero sierko BeiBecTH, 3amedasti, uto F'(g) ymoBmerropsier
ypaBHeHHIO [33]

4¢°F" + (8g + 1)F' + zF =0 (41)

¢ rpaamanbiv yerosuem F'(0) = /7. Orcionaipu n = 0

oo

Ko(t) = / dpe ' 0" =

0

1 1/2 t%/8 t*

Oyukuusa Max-Tonanbia K, (z) He umeer Hyseil na
[JIABHOM JIMCTE PUMAHOBOIT moBepxuocru (| arg z| < ),
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HO MMeeT UX Ha COCEJHUX JINCTAX; NpU OosbuX |z| oHu
mveror Bt

1 . 3
2 = —=In(2 cos ) + e=37/2 <— +7rs) ,

s — Tesoe.

U3 dopmyn (42),(43) scho, uro Ko(t) umeer Hyiau B
TOYKAX

t2 = —2In2 — 6mi + 8wse® /2 (|t] > 1),  (44)
gro npu n = 0 coryacyercs ¢ Bbipazkenuem (39). Pe-
syabrarel Joisa Ky (t) ¢ M = 2,4,... moryT 6biTh 110-
aydennt myTeMm auddepennuposanus ypapuenns (41)
nmo ¢, & UX AHATUTHYECKOE MPOJOIKeHNe Ha Hele/Ible
M u 3amena M — M + n maet obOOIIEHIE Ha CITyTail

n # 1.

4. OBIIIUN d-MEPHBIN CJIVUYAN

4.1. BeipakeHusi JiJisi PEHOPMIPYIIITOBBIX
dbyHKIMIIT

TMockonbky (cMm. dbopmysy (27)) KommaeKcHble ¢ B
npezienie |t| — 00 COOTBETCTBYET KOMIUIEKCHBIM (o C
lgo] — 0, u3 mpoBeseHHOrO HUCC/IEIOBAHUS CIIEYeT
HEOKUIAHHBINA BBIBO: OOJBITAM 3HAYEHUSIM MEPEHOD-
MHUPOBAHHOTO 3apsifia ¢ COOTBETCTBYIOT He OOJNbINHe
SHAYEHWsT 3aTPABOYHOTO 3apsaaa go (KaK eCTECTBEHHO
AyMaTh®) | a ero KOMILIeKCHbIe 3HAMCHHs; 60ee TOro
JIOCTATOYHO OTPAHMIUTLCS 0OTACTBIO |gp| < 1, B KOTO-
poit obecmederHa MPUMEHHMOCTh METOA MepeBaia. Boi-
Ie UCHOIB30BAJIUCH JIUIb (&) BO3MOKHOCTH BbIPazKe-
uust PT' byHKImit vepe3 byHKINOHAIBHBIE HHTETDAJIBI
u (6) BO3MOKHOCTH MCCAEAOBAHMA (DYHKIMOHATHLHBIX

4) B cmpaBesHBOCTE STOMO PE3YNBTATA JETKO MOBEDHTD, ec-
M BCIOMHATH HM3BECTHOE COOTHONIEHWE it (byHKmum iipw,
Ai(z) ~ Ky/3 (2 2/3) Ky (%tei37’i/2) ~ Ai(—t?/3), u
3aMeTUTh, 9TO Ai(T) HMEeT HyJu AjId OTPUIATEIbHEIX T.

5) OGBIMHO CYNUTAETCS, UTO MOKHO BBECTH YHHBEPCATBHHYIO

dyrknuo g = f(L), OIECBIBAIONMYIO 3aBHECHEMOCTB 3apsSga OT
MacmTaba PACCTOSHUI; TOrma HAOIIOLAeMBIR 3apsij COOTBET-
CTBYT gops = f(m™'), 3aTpaBovHBIH 3apsg COOTBETCTBYeT

go = f(A™1), a neperopmupoBanubiil 3apsa Ha Macmrabe L ecThb
npocro g = f(L), T.e. Bce 3aps/bl, BOSHUKAIONIME B TEODHH, SIB-
JIAIOTCA B CYIIHOCTHU OOQHUM M TeM ZKe 3apdaJ0M, HO OTHOCATCA K
pa3ubiM MacmiTabaMm. Ha caMoM Jerme 3TO He COBCEM TaK U CBS-
3aHO € HEOJHO3HAYHOCTHIO PEHOPMUPOBOUHOM cxembl. Omnpemese-
HUA 3aTPABOYHOTO M IEPEHOPMUPOBAHHOTO 3apAJ0B TeXHUYIECKU
PA3JIUYAIOTCA U BBOASATCA COOTBETCTBEHHO B CXeMe O0pe3aHus u
cxeme Berantanus [34]. Cooreercryromume dyrknun go = f1(L)
u g = f2(L) cOBIAJAIOT APYT C APYTOM TOJNBKO HA OJHO- U JBYX-
MeT/IeBOM YPOBHE, HO PA3JIMYIAIOTCS B BBICHIAX HeT/IsAX. ITodToMy
YKa3aHHbIE THTYUTUBHBIC IIDEACTABJICHUA OCHOBAHBI Ha ONIBITE Pa-
60THI B OOsacTu c1aboit cBA3M.

HHTErpajoB B MEePEBATHLHOM NPUOIUKEHUN: ¥ TO U JIPY-
roe JOIycKaeT 0000IIEeH e Ha TPOU3BOIBHBIN d-MEePHBIH
ciydaii.

Bgenem dypbe-ob6pasbr unrerpaiios (7):

Z(EYM)O(M (p17 s 7pM)N5p1+___+pM =

Z Za1 aM(xlv

Tl M

. ,Z‘M) X
% elp1z1+...+iprM7 (45)

rae N — «mcio y3/10B pelneTKH, Ha KOTODPOI ompeie-
JeH (PyHKINOHATBHBIN nHTErpaJ. IIpu BHIOOpE HMITYTh-
COB, COOTBETCTBYIOIINX TAK HA3BIBAEMOI CHUMMETpHd-
HOil TOuKe, p; - pj = p*(40;; — 1)/3, uz ZM) moxno
BBIJICJIATH J-00pa3Hble MHOKATEIH aHaaorndHo (16):

Z(O) = 1(07 Zg?ﬁ) (p7 _p) = I(Q(p)éaﬁh (46)
4 -
70 5{pi} = Ka{piHapos.

Bregem seprmuny (04 coormomenmenm (prc. 36)

G5 o1, pa) = GO 01 G (93) N by +

+ G (01)GS) (92) NGpy iy +
) (01) G (03) NGy, — Gl (1) G5 (92) X
x G <p3>G§;f;2 P)TCA 5 (prs o opa) (47

U BBIJIEIUM 0-00pa3HbIe MHOKHUTEIN aHATIOTHIHO (46):

+G

G (p. —p) = G2 (p)das,
Gamg{pi} = Ga{pi}lapys, (48)

0,4)
((xﬁ'yd{pi} ry {pz}IaB’yé

[Mosararh UMITYIBCHI P; CTPOTO PABHBIMU HYJIIO HEYI00-
HO, TaK KaK mpu 3ToM cBa3b G4 u 'y comepkur MHO-
:xuresan N, mIponopuuoHaIbHLIe 06beMy; y106Hee I0To-
JKATH P; ~ (I, UCKJTI0Yas CIeIraabHbIe DABEHCTBA THUTIA,
p1+pa = 0, a3arem BRIGPaTH 1 Tax, uto L1 < < m,
rJle HUZKHsIS TPAHUIA YXOIUT B HYJIb B Ipeese 6ecKo-
HEYHOTO pasmepa cucrembr L. Torma

11’4 G4 IX4IX0
Gy = y=——= 49
4 KO’ 4 G% K » ( )
TJIe MHTErpabl OepyTCsa NP HYJIEBBIX HUMITYIHCAX, U
K
GQ = 2’(p) )
IXO
1 K, Ky KoK (50)
A% A% oL\
L) = = L o Kol

Ga(p) Kx(p) K> K3

e MbI IIOJTOZKWUJIN IIPU MaJIbIX D

Ks(p) = Ky — Kop? + ... (51)
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Tornma mmst Z-pakTopoB, MEPEHOPMHUPOBAHHON MACCHI I
3apsiga nMeem

) -1 K2
Z=|=—=T =2 52
[3}72 2(p):| p=0 IX’()[X'Q ( )
I,r
m? = ZDy(p = 0) = =2, (53)
112
_ K, ) d/2 KKy
=m 7T, =— | = —— 54
g —-(2) 52 o
1 dm?
7 12{pz 0} dm%
_ <&>I _ IX’éI{’Z - [X’Q[’;’é (55)
K, K2 ’

IJIe TTPUXaM# OTMedaloTcss mpoussoamabie mo ma. Kax
U B pa3. 3, napamerpbl gop u A ypo6HO cauTaTh hUKCH-
poBaHHBIME; TOT/Ia m? ABjIgercsa dbyHKImMeil TOTLKO m3
u npousBoaHas dm?/dm? onpenensercs BhIpasKeHueM,
obparubiM (55). CorsiacHO OIpeseIeHuio PEHOPMIPYTi-
noebix dyrkumuii (12) nmeem

dg 1K1Ky
= = —d -
Blg) dlnm K2
B 2md+2 K4Ky ' dm%
K] ), dm?’
(g) = dinZ
mg) = dlnm
_ 2 -2 ~ ’e ! dm(Q)
—2m |:1n[§2 —ln]xo —ln]&2]m% W7 (56)
- - 1
dln Zs 2 ]X’éI(Q — KQKé dm%
= = —2 l ~
2 (g) dlnm m [ n [{22 2 dm? ’
0

OTKyJa ¢ yueroMm ypasHenus (55)

_ (K vz (1Ko
6(9)_< > —d [&'22 +

(KiKo+ Ky K)) Ky — 2K, KoK} "

2
* K2
K

x ———2 . (57)

]XQ]Xé — KéKQ

2K, K> K, K| K}
ng) === 22— = — =, (58)

KoKy — KiKy | Ko Ko K,

_ 2[\"2[;'2
- KoK — KLK,
y {KéK§+K2K§’—K§’K2—KgKé K} } . 59)

1n2(9)

= = —2—==
KQKé — ]X’éI(Q K

Bepaxenus (54), (57), (58), (59) onpeaensior [(g),
1(g), 12(g) B mapamerpuyeckoM Buze: npu (HBUKCHPO-
BaHHBIX go U A mpaBble 9acTu 3TuxX (HOPMYJI ABJSIOT-
cst GYHKIMAMHI TOIBKO MZ, TOrIA KAK 3aBUCUMOCTD OT
KOHKPETHOTO BLIOOpPA gp U A OTCYTCTBYET COrIacHO 00-
muM Teopemam (pasm. 2).

4.2. ACUMIOTOTHKY PEHOPMIPYIIIOBBIX
dbyHKIIMIT
U3 ypasuenus (54) sicho, 4To npegen g — 00 MO-

JKEeT OBITH IOCTUTHYT IBYMSI CITOCODAMU: YCTPEMIICHIEM
K Hymio Ko nnn K. [Ipu Ky — 0 mmeem

s = - (2" ko
9= s K? (60)
n(g) =2, n(g) = —4

1 mapaMeTpuveCcKoe MpeacTaBJIeHne pa3peniaeTcd B BU-
e

B(g) = dg, (g — o0). (61)

n(g) =2, na2(g) = —4

IIpu K5 — 0 mpemen g — 00 ITOCTUTAETCSA TOMBKO JITs
d < 4:

B(g) = (d - 4)g,
n2(9) = 0

n(g) =4,

(g = ). (62)

Pesynbrarer (61), (62), mo-BHAXMOMY, COOTBETCTBYIOT
asym BerBam dyukuuu S(g). Jlerko nousTs, uro du-
3UYECKON SABIAETCA NepBasg U3 HUX. [0 COBpEMEeHHBIM
TpeJICTABICHNAM, CBOMCTBA TeOPHH ¢ TIABHO MEHSIOT-
Csl DM M3MEHEeHUHM Pa3MEPHOCTH TPOCTPAHCTBA U Pe-
3yAbTATBI 111 d = 2,3 MOrYT OBITH TOJyYeHbI AHAJIH-
TUYECKUM MPOJIOIZKEHHEeM ¢ pasmeproctu d = 4 — €.
Bea pocrynmas undopMalys CBUIETEIHCTBYET O 3HA-
konocrosgucree 3(g) npu d = 4 (pa3a. 6), Tak 41O ee
ACUMITOTHKA TIPU ¢ — OO MOJOKUTEIbHA; 110 Hempe-
PBIBHOCTH MOJIOXKUTETHHAA ACUMITOTUKA, OKUIACTCA 1
upu d < 4. Takum coiictBom obaasaer pesysbrar (61),
Torya Kak s Bersu (62) obsacts 6obinux g BooOLIE
He gocrukuma npu d = 4. IIpubauzkeHHbIe Pe3yIbTaThI
s $(g), ynomsiHyThie B pasi. 1, Takzke yKa3blBaloT HA
cupasemBocTh pesyibrara (61). Hakonern, npu d = 2
BhIpazkenne (61) corsacyercsi ¢ TOUYHBIM DE3yJIbTATOM
B(g) = 2g nng monenu V3unra, moaydeHHbIM U3 COOT-
HOIIIeHHs JyaabHocTH [35].
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BeImre MBI MCXOAMIM M3 TOrO, 9TO MEXAHH3M BO3-
HUKHOBEHUST ACWMITOTHKA PEHOPMIPYNTIOBLIX (DyHK-
Ui Takoit 7Ke, KAaK B HAMBHOM HYJIb-MEPHOM TIpefeJie.
CTporo ropopsi, HEJIb3si HCKTIOYUTH BO3MOYXKHOCTH Pea-
JIU3AIAN PEZKUMA, GONIBINNX ¢ 38 CUET JAPYTOro MeXaHU3-
Ma, HampuMep O0IbIoi Bemuanubl K. OaHako Takas
BO3MOKHOCTH BBITVISIIAT MAJTOBEPOATHON: CAMTAS TOJTE
©(2) NOKATM3OBAHHBIM HA €IMHUIHOM Macuirabe u ore-
HUBAs MpeIdKCIonenTy B (hopmyiie (7) 11 HEKOTOPOi
tunranoii kondurypamnuu, noryanm Ky ~ (oYM Ky,
K> ~ Ky u noacranoska B dbopumyny (54) maer g ~ 1.
W3menernne o611ero Macinrada BCeX JJIUH He BINSIET Ha,
BEJIMYUHY g IPOCTO B CUJTy ee Oe3pa3mepuoctu. I1osro-
MY TIOJTy9HTh OOMBIIAE 3HAYEHHS § 38 CUET N3MEHEHUs
AMTITATYIBI TIONS p(2) mn oBIero Macirada ero mpo-
CTPAHCTBEHHOMN JIOKAJTU3AIMNA OKA3bIBACTCSA HEBO3MOZK-
HuIM. Tak WM mHAYe NPUAETCS MPEANONOKHATH, ITO
cpeanee () MO KAKMM-TO NpuduHaMm (HAIpUMep, u3-3a
3HAKOMEPEMEHHOCTH (X)) aHOMAILHO MAaJIO JJist OHO-
ro M3 MHTErPajoB; HO 5TO BO3BPAIIAET HAC K y7Ke Pac-
CMOTPEHHBIM BAPUAHTAM.

4.3. Hynun pyHKIIMOHAJIBHBIX WHTErPaJIOB

ITpu kommtekcHbIX go U |go| < 1 mymu dynkumo-
HAJLHBIX WHTErPAJIOB MOTYT OBITH TTOMy9eHBI U3 YCIIO-
BUs KOMMEHCAIIMA BKJIAJa TPUBHAILHOTO BAaKyyMa C
IepeBaJbHBIM BKJIAI0M HHCTAHTOHHON KOH(DUTY DAL,
nMeroIeit MUHIMAaJIbHOE ,HeI'/’ICTBI/Ieﬁ). Tlocneauwit BRI,
XODOIIIO M3y4eH W uMeeT Buj (CM., HampuMep, [36])

inst
=icm(—9go

1o (GedpriLon.an (63)

Zéllv{.).aM(p17~-~ ,DM) )= (MAr)/2 5

w e~ S0/90 <¢C>p

mpu d < 4 ¥ HECKOILKO DOsIee CIOXKHBIN Bux npu d = 4;
31ech (Pc)p — Dypbe-obpas Ge3pa3MepHOit HHCTAHTOH-
Hoit koudurypauuu @.(z), Sp — coorBercrByOLIee eii
neficTeue, r — 9uCI0 HyaeBbix Mog, (r =n+d — 1 mua
d<4unr=n+4 anad=4), cyy — HEKOTOPAs KOH-

craurta. Torma aug M = 0,2, ... umeem

Zo =1+ ico(—go)~"/%e™/%,

S pr+ml
+ica (_90)7(T+2)/26750/g0 <¢C>;2; bap  (64)

6) B Teopun ¢ BCe MHCTAHTOHHBIE CHHIYISDPHOCTH B GOPEJIEB-
CKOM IUIOCKOCTH JIe’KaT Ha OTPHIATENBHON momyocH [7], mosromy
npu HaJIeskaleM BbIOOpe KOMILTEKCHON (a3sl go 3HAUEHHE [Ieii-
CTBHS 715l BCEX UHCTAHTOHOB MOYKHO CIHTATH MOJOKUATETHLHBIM.

u 1. 1. Homaras t> = —Sy/go, MpUIEM K BBHIPAZKEHTAM
tuna (36), KOTOpble aHATU3UPYIOTCSA AHAJIOIUYHO. Jler-
KO yOeIUThCsI, UTO HYJIU PA3JIMIHBIX WHTErpaoB K js
1 UX NPOU3BOJHBIX [0 M3 PEATU3YIOTC B PA3HBIX TOY-
Kax.

Herpyano moka3arh, 94TO BJIMSIHUE BBICIINX WHCTAH-
TOHOB HECYIIECTBEHHO BOIM3M KODHS mHTerpana Ko,
e odYeBmmHO mMeem e~ 0/90 ~ |go|("+2)/2. Brrcimme
WHCTAQHTOHBI MOTYT OBIThH KJIACCUMDUIINPOBAHBI CJIEIYIO-
IIAM 00Pa30M:

a) Komburauuu us k ydasrennu 34eMeHMaPHOLT
uHecmanmonos. JIst HIX 9ucyio HyJIeBbIX MOA Iy = kr
u peiicrue Si = kSp, uro maer mo cpasuenuio ¢ (63)
JUTTHUA MHOXKUTETb

k—1
[(=go) /2 Sl ] JgoE1 (65)

6 ) Buicwue chepunecku cumMmempuinoe UHCTIAH-
monv.. OHN WMEIOT TaKyIo JKe CHUMMETDHIO W TO IKe
9UCT0 HYJIEBBIX MOJ I, YTO U OCHOBHON MHCTaHTOH, HO
Gombimee geiicrie S. VX BKIIAI OTIRIAETCS OT BKIAIA
(63) AUIIHUM MHOKHUTEIEM

67(5‘730)/90 7“+2)(§*50)/2507 (66)

~ |go|(
KOTOPBIIt MaJI B aKTyajbHOM ciaydae r + 2 > 0.

68) JIoKaAU308aHHDIE HECUMMEMPULHDLE UWHCTILAHIMO-
nv. OHE mMeroT bombiee geiicTeue S, 1 OOIbIIee Yuc-
JIO HYJIEBBIX MOJ T'qs = r + d(d — 1)/2 BBUAY BO3MOK-
HOCTH BDAIIEHNS B KOOPAMHATHOM TIpOCTpaHcTRe [36].
VM COOTBETCTBYET JUIMHUI MHOXKATED

(_gO)_d(d_1)/4e—(sas—So)/go ~

o |go|—d(d—l)/4+(r+2)(Sas—SO)/2SO' (67)
,Z[HH HU3BECTHBIX HECUMMETPDUYIHBIX HHCTAHTOHOB OTHO-
menne Sgs/ Sy TOBOIBHO BEJIMKO (CM. 00CYKIEHWE B Pa-
6ore [36]) n mokasarenn crenenn B ypaBHeHun (67) mo-
JIOZKUTEJICH.

2) Kombunauuu u3 HeCKOAbKUT YOGACHHBIL UH-
cmanmonos muna 6 u 6. VIX BKIaI, KaK JIETKO MPO-

BEPUTD, COJIEPIKUT JTOTOJTHUTETbHYIO MAJIOCTh IO CPaB-
uenuio ¢ (66) u (67).

5. BAMEYAHUE O PE3VJIBTATAX
CYMMUPOBAHUA

CymMMupoBanwe psagoB TeOPUH BO3MYIIECHWIT MO3BO-
JIgeT TONYYUTh I0A [(-PYyHKIUE ACUMIOTOTUKY BHIA
Boog® ¢ nokazareseM o, 6iu3KuM K exuuuie (paszm. 1),
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ConocraBneHue ¢ pesynbTaTammn CyMMUPOBaHMUS

d=2 d=3 d=4
®opwmyia (61) a=1 a=1 a=1
CymmupoBanue a =0.92+0.02 a=0.84+0.07 a=0.96+0.01
pazon [4, 19, 20] Boo =22+3 Boe = 60 % 10 Boo = 148408
CymvupoBaHue Bso = 10.6 Bso = 16.8 Bso = 10.6
npu o =1

B corsacuu ¢ pesyibraroM (61). Pesyabrarsl qysi Ko-
sddunmenta S [4, 19, 20] npusesennr B Tabiauue u
cormacyiores ¢ (61) 3HadHTeTLHO XyKe).

[Tocnennee He ABIIETCS BIOMHE HEOKUIAHHBIM, TAK
KaK K HACTOSIIEMY BPEMEHH y2Ke HAKOILIEHA HH(POPMa-
IHST, YKA3BIBAIONIAS HA HETOCTATOTHO HATEIKHYIO OIEH-
Ky fs. B "acTHOCTH, B IIpOLECCE BBLIIOJHEHUS Pado-
Thl [5] NPOBOAMIICS TECTOBbINA YKCIEPUMEHT O COKDa-
menmio nadopmanun qug Teopun . IMommas mrdop-
MAIWs COMEPYKUT 3HAUeHUsT KOIPDUIUEHTOB 2, [3,
B4, Bs, mapamerpos a, b, ¢, v acumuroruku Jlunarosa
(pasm. 1) u koadpdpunmenta Ay B (4); pu ee corparie-
HUW TIOTY9IATIOCh CITEYIOIIee:

Hoawnasn unbopmavus:

a=0.96+0.01, B =14.8+038.
Bes ucnoavsdosanusa Aq:
a=1.00+0.01, Bo =6.8%0.6.

Bes ucnoavsosanus Ay u c:

a=1.02+0.03, s =3.4%06.

") 3uavenns LIS Boo pu d = 4 B 2 pa3a OTIUYAIOTCSA OT Pa-
Gor [4, 5], nockonbKy ypasmenue (3) B HEX 3amuchBaioch ¢ L2
BMecTo L. Pe3ynbraTel cymMmupoBaHus aiad d = 4 OTHOCATCA K
Ipyroit peropMupoBouHOii cxeme (MOM), HO, TO-BHAUMOMY, 9TO
HECYIIeCTBEHHO. B du3ntaeckux peHOPMUPOBOUHBIX CXEMaX IIepe-
HOPMUPOBAHHBIN 3apsa[ OMpeJendeTcd MO0 OJHONW W TOi Ke Bep-
muHe 'y, HO OHA 1I0-PAa3HOMY COOTHOCHTCS C MACHITabOM PacCTO-
auuit L. IIpu crenennoi 3asucumoctu g(L) 370 pasinudne MOKeT
JABATh JIUIIb TOCTOSHHBIM MHOMKUTEJb, TAK YTO ONPEIe/eHUs
3apAfa B PA3HBIX CXe€MaX COBIAJAIOT [0 HOPAAKY BeJIMYHHBI 1
ACUMIITOTHKA [oog MOMKHA OBITH B HUX OJUHAKOBON (HA MAJIBIX
paccrosrnsx g(L) o« L™Pee u pasmmune B foo mpuBeno Gu K
CKOJIb YTOJHO CHJIBHOMY PaCXOKIEHHIO 3apsamoB). PopMasbHbIe
pesynbrarsl st MOM-cxeMbl He IPOTHBOPEYAT STHM COOOparKe-
HHUSIM, HO U He MO3BOJISIIOT WX MOJATBEPANUTH DOjiee yOeauTebHO
(TIpunoxenue II).

11

Eie 6ommee 3¢ dexTHBII TECTOBLIN YKCIEPUMEHT TTOJIY-
quncst qiug K9/1 B pesybrare ommuOKE, KOTIA TIPUA CyM-
MupoBaHHE DA B [5] acumnroruka Jlumarosa ObLia
B3ATA ¢ aumTHAM MHOEKHTeTeM (4m)Y:

Ipasusvras acumMnmomuka:

a=10£01, Bo=10=£0.3.

Juwmuti mmooicumenn (4m)N:

a=1040.2, Bo =—-3-10°

JIerko BUIIETH, 9TO OIEHKHU MOKA3ATENs (O JEMOHCTPHU-
PYIOT BBICOKYIO YCTONYIHBOCTB, TOT/A Kak Ko3hdurm-
eHT (s TOBOJBHO YYBCTBUTENIEH K KOJIWIECTBY U KAde-
CTBY JIOCTYITHOU WH(MOPMAIIUH.

Ecnu npu cymmupoBannm paja 3nadenne o = 1 cuu-
TATh U3BECTHBIM, TO PE3YIBTATHI JJIsT [Foo CYIIECTBEHHO
CIBUTAIOTCS B CTOPOHY MPABUIbLHBIX 3HAUYEHUI (CM. MO~
CJIeJTHION CTPOYUKY TabamILr)®) ; IpI 9TOM BIIHA X BEI-
COKast 9yBCTBUTEIBHOCTD JIaZKe K HEDOBIITHM OrDeIli-
mocrsiM B . OHa CBs3aHA € OYEBHHBIM ODCTOATEb-
CTBOM, 9TO TIPH OMPEICIICHUN [F5 JTIOOBIE HEOTIPEIeIeH-
HOCTH B (v YMHOZKAIOTCS HA OOJBINON MHOKUTEh U TIe-
DPEXOIIAT B 9KCIIOHEHTY.

Hnsa Gyukunm n(g) B [19, 20] momydena acuMnTo-
THKA ~ ¢2, 9TO KA3aa0Ch OBl HAXOJUTCH B BOIHIOIIEM
nporuBopeunu ¢ ypasuenuem (61). @akTuUecKu ke
B [19, 20] nposommiock paséuenue n(g) = n29> + i(g)
U 7S AaCUMIITOTUKE TOCTeHed (DYHKIUA MOTydeH pe-
synabrat 7j(g) = Ag? ¢ IpaBUIBHBIM MOKA3ATEIeM CTerle-
uu. 13 dpopmyier (61) scuo, uro 3navenue kodddurm-
edTa A JIOIZKHO ObITH PABHO —1)2, HO TOYHOCTD YHCICH-

8) OmenKa MPOBOAMIACK TTyTeM CIBHATA MCIIONB3YeMOro B Paso-
Tax [4, 19, 20] mapamerpa by OT IEPBOTO MUHHMYMA X2 70 JOCTH-
JKeHUsl TOYHOTO 3HAYeHUs o = 1; UCMOIb30BAIOCH ONTUMAJIBHOE
3Ha4YeHue JIJ1d napaMeTpa N7 HOFpeH_IHOCTb peSyJ’IbTaTOB He Huc-
CJIe/I0BATIACD.
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HOM HPONEIYPHI HEe MO3BOJSAIA STOTO OOHADYZKHTHY) .
Awnajiornunas cuTyanus UMesIa MecTo I 1)a(g), s
KoTopoit B [19, 20] mosyvYeHa aCUMITOTHKA ~ (.

6. TPUBUAJIbBHA JIU TEOPUS ©*?

B uerbipexmeprom ciyuae pesysbrar (61) s
ACUMITOTHKY [S-DYHKIINN, B KOMOWMHAIINHN C €€ TTOJI0KHU-
TeILHOCTBIO (puc. 16), 03HaYaeT peajn3anuio BTOPO
BO3MOKHOCTH B Kiaccudukanun boromobosa u Inp-
koBa (pa3z. 1): addekTuBHOE B3anMOeiicTBIE KOHEY-
HO Ha OOJBIINX PACCTOSHUAK, HO HEOIDAHUIEHHO Pac-
ter npu Manbix L (no 3akony g(L) ~ L™8). Jror BbI-
BOJI, MPOTUBOPEYUT MPEIACTABICHUSIM O TPUBHAJIBHOCTH
KOHTHHYAJIBHOI Teopun p*, KOTOpbLIe ABIAIOTCS TOCTION-
crBytouuMu B sureparype [22-24, 38-60]. Iocnennee
0OCTOATETHCTBO ABIAETCS JIOBOJIBLHO CTPAHHBIM, TAK
KaK peasbHbIe TOMBITKH MCCIEOBAHIS OOJIACTH CHJIb-
HOW CBSI3M HEMHOTOYUCIEHHBI U UX PE3Y/IbTATHI HE MO-
IYT CYUTATHCS yCTOABIMUMUCH. [{aK MOKA3aHO HUKE, Ta-
Kas CUTYyalusi CBA3aHa C T€M, 9TO B JINTEPATYpe ObLIH
CMEIaHbl 1B PA3IMYHBIX OMPEIEICHNUs] TPUBHAIHLHO-
CTH.

6.1. TpuBunasbHOCTH IO Busbcony

B reopun dazosbix nepexonos dopmysa (1) umeer
COBEPIITEHHO APYTYI0 WHTepIpeTanuo. B sTom ciaydae
mapamerp obpe3anusi A ¥ 3aTPABOYHBIN 3apsif] gy UMe-
IOT TPAMOiT (PUBUIECKUNA CMBICST W CBA3AHBI C ITOCTOSTH-
HOIT permeTkn u KO3(MdunmenToMm B 3(pPHEKTUBHOM ra-
vusbronnane Jlammgay. Ilpu srom «mHy b 3apsigay moiy-
vyaerca B nupegesne m — 0 (4ro coorsercrByer npubiiu-
JKEHUIO K TOYKE (DA30BOTO TTEPEX0Ia) U O3HATAET OTCYT-
CTBHE B3aMMOJEHCTBUSA MEZK/Iy KPYIHOMACIITAOHBIME
daykryanuamu mapamerpa mopanka. [Ipu mepexome K
pasmepHoCcTH d = 4 — € 3TO B3aNMOIEHICTBIE OKA3HIBAELT-
Cs1 KOHEYHBIM, HO CJIA0BIM B MEPY €, 9TO 0DECIIeInBAET
ycrex e-pasnozkenust Busibcona [21].

B 6onee mo3gamx paborax Bumancom mepexomuT K
yIIyOJIeHHON MOCTAHOBKE BOMPOCA: SIBJISETCS JIM yKa-
3aHHAS TPUBUAJIBHOCTH YETHIPEXMEDHON TEOPUU CBOW-
CTBOM MAJIbIX (o WU UMEET DI0DATBHBIN Xapakrep?
OrBer Ha 3STOT BOMPOC OMpPEIEIsSeTcss CBOHCTBAMU
B-dbyukuuu: ecim $(g) He UMeeT HETPUBUAIHLHOTO HYJIS

9) Brigenenne wiena 1292 MOTHBHPOBAJIOCH TEM, UTO (a) opm
WHTEPIOIANNA C HCIOJIH30BAHUEM BCeX KO3(DMUIMEHTOB BO3HU-
KaJl pe3kuit BeIOpOC B mHTepBaste 2 < N < 3, KOTOPBI# HHTEp-
IPEeTHPOBAJICH KaK yKa3aHHe HA HAJIUIHe CHHTYISIPHOCTH, u (6)
pPe3yJIbTATHI IS ACHMITOTHKH OKA3bIBAJIICH OUEHb HEOIPEIEICH-
weimu. Ceitgac siCHO, 9T0 31U (HaKThl TPEOYIOT APYTroil HHTEPIpe-
TAIWH.
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Puc.6. Vsmvenenne 3(g) npu nHTerpuposaHun ypas-
HeHus enn-Manna—Jloy B cTopoHy bonbwux L: a —
AJ1 3HAaKOMOCTOsIHHOM [3(g) 3BONIOLMS 3aKaHYMBAET-
Csl B rayCCOBCKOI HemnofBu>Hoi Touyke g = 0; 6 — B
cnyyae 3HakornepemeHHoi 3(g) BO3HMKAET rpaHnLa gy
061aCTI NPUTSXKEHUS rayCCOBCKOI HEMOABUXKHONR TOY-
ku. Mpun d < 4 dynkuna B(g) nmeer oTpnuatensHbili
y4acTok (WTpuxoBas nuHMA Ha puc. a)

(puc. 6a), To 3pdexTuBHOE B3AMMOIEHCTBIE CTPEMUT-
sl K HYJIIO B Ipeierie GOMbIMNX PACCTOSHINA HE3ABUCUMO
OT HAYAJIBHOrO 3HAaYeHusd (o. Ecmu xe (F(g) 3nakonepe-
menna (puc. 66), T0 Ha GOIBIIUX PACCTOTHUIX MOZKET
BO3HWKATH HETPUBUAILHBIHN ipejien ¢*. Ilocneaaas Bo3-
MOZKHOCTD TIPEICTaBISIeT OOMBINON HHTEpeC M1 (Pu3n-
KM KOHJIEHCUPOBAHHOTO COCTOSTHUSL: 3TO BOIPOC O CyTIe-
cTrOoBaHUM (PA3OBBIX MEPEXOIOB HOBOTO THUTA, K KOTO-
DBIM HENPUMEHNMO €e-pasiozkenne Busbcona [61].

Hcnonb3ys JIOTUKY JI0KA3aTEILCTBA, OT MPOTHBHO-
ro, BuibCcoH NMpeanonoKua CymecTBOBAHUE TPAHUIBI
gy 00TaCTH IPUTAZKEHNS TayCCOBOI HETIOABUZKHOMN TOY-
k1 g = 0 (9T0 5KBUBAIEHTHO 3HaKOMEepeMeHHOCTH 3(g))
U BDLIBEJI U3 ITOrO CIIEACTBUSA, yJOOHBIC sl IUCIICH-
Hoit nposepku. Corsacuo ero pesysbraram [21], Huka-
KHX YKAa3aHUH Ha CYIIECTBOBAHHE TOUKH ¢y OOHAPY-
JKUTh He yhaercs. Vcropudecku 310 Oblia TepBas pe-
AJTbHAs! MTONBITKA UCCIE0BAHNAS OOIACTH CHILHON CBSI-
31 aaa Teopun p? M mepBoe CBHIETENIHLCTBO 3HAKONO-
crostucrBa 3(g).

6.2. TpI/IBI/IaJIl)HOCTB B MaTeMaTn41eCKoOM
CMBICJI€e

JIpyroe ompeaenenne TPUBHATLHOCTH OBLITO TIPEII0-
JKEHO B MaTeMaTHIecKux paborax [22-24]. Ecan monn-
MaTh TEOPWIO TOJIS KAK MPEIe PereTOIHbIX TeOpwi,
TO MOYKHO BBECTH 3aTPABOYHBIN 3apsaj o Kak (DyHK-
MO MEKATOMHOTO PACCTOSTHHSA Gg. ECIm nmpu HeKoTo-
poMm BbIOOpe DYHKIUE (o (o) MOXKHO TIEepeiiT K mpe/ie-
my ap — 0 m obecnednTh KOHETHOE B3aUMOJEHCTBIE HA
GOMBIINX PACCTOSHASX, TO TEOPHSA HETPUBUAILHA; €CIIH
JKe 9TO HeBO3MOYKHO HU TIPU KaKOM BBIOOpE go(ag), TO
TEOpHUsT TPUBHAIBHA. TaKoe onpeeseHne COOTBETCTRY-
€T MPeJCTABIEHUI0 00 MCTUHHON TPUBHATHHOCTH, T. €.



MITD, Tom 134, BeIm. 3(9), 2008

Penopmrpynnossle cdyHkun Teopun o* ...

MPUHIUITAATBHON HEBO3MOYXKHOCTH TIOCTPOCHUST KOHTH-
HyaJbHOI TEOPUM C KOHEYHBIM B3anMOJEHCTBHEM HA
OOBIINX PACCTOSHUSX, OHO JKBUBAJEHTHO BHYTDEH-
Heit mporuBopeunBoctu 1mo Boromiobosy u [Mluprosy
(pasm. 1). JeficTBUTEILHO, B TOCTEIHEM CIydae KOHEY-
HOCTB 3aPAIA oo HA OONBITHX PACCTOSTHUSIX TEIAET Te-
opuio HecyIecTByfomeit Ha macmradbax L < Lg; pea-
mm3anus npegena ag — 0 Tpedyer ymenbirenus Lo 10
HYJIS, 9TO BO3MOYKHO TOJIBKO TTPU Goo — 0.

B paborax [22—-24] cTporo noka3aHa TPUBHAILHOCTh
Teopunr p* mpm d > 4 W ee HETPUBHAIBLHOCTL MPH
d < 4; ma OCHOBe OIBITa ITUX JOKAZATEJHCTB MIPUBE-
JIEHBI HECTPOTHE apryMEHTBI B MMOJIb3y TPUBHAIBHOCTH
mpu d = 4. C pusudeckoit TOUKM 3peHus yKa3aHHbIE De-
3yJIbTATHL JIOBOJTBHO OYEBUIHBIL. JleficTBUTETEHO, Heme-
penopmupyemocTs Teopuu ¢t npu d > 4 o3magaer,
qTo mpenen ag — 0 He MOYKeT OBITH peann3oBaH Oe3
Pa3pyIIeHus CTPYKTYPBhI TEOPHH; MOCKOJBKY B MPUHS-
TOM OIPEJEJeHIHE TPUBHAIBLHOCTH CTPYKTYDPA TEOPHUH
©* TomIepIKIBaETCS MCKYCCTBEHHO TIPH CKOJIb YTOIHO
MaJIBIX (g, €AUNHCTBEHHAST BO3MOXKHOCTD JJIS HEe COCTO-
WUT B TOM, 9TOOBI «COPOCUTL» B3aUMOIEHCTBIE U Tepeii-
TH B rayccoBy Teopuio. HerpusmasnbaocTh Teopun o
mpu d < 4 cBA3aHA C HAJIUYUEM OTPUIATETHHOTO YIacCT-
ka Juis S-dyuxuuu (puc. 6a, mTpuxoBas Kpusas), KO-
TOpPOE MOYKHO MPOBEPUTH st d = 4 — € ¢ MAJBIM € U
TMTOATBEPANTHL YUCIeHHO ajd d = 2 u d = 3: JIerko BU-
JIeTh, 4TO i 3Toro yuacrka ¢g(L) — ¢* ma Gombiimx
paccroguusax u ¢(L) — 0 Ha MabIX.

U3 ckazanuoro sicHo, 4To JoKazaHHble B [22-24] pe-
3yJAbTATHI He TPEOYIOT aHAMM3a OOJACTH CHILHON CBs-
31, U HA WX OCHOBAHWY HEJIb35T BHICKA3BIBATH HUKAKUX
cyxmennit o curyanmm npu d = 4, rme Takoil aHa-
3 Heobxonum. Hakomerr, 3aMeTnmM, 9T0 B MaTeMaTHIe-
CKUX paboTax He PACCMATPUBAJINCH KOMILJIEKCHBIE 3HA~
YEHUsT 3aTPABOYHOIO 3aPSIa, UCIOIH30BAHNE KOTOPHIX
HEOOXOIUMO JIjisi IOCTPOEHUS HETPUBUAILHON Teopuu
mpu d = 4.

W3 ckazaHHOrO SICHO pa3jndue ABYX OMpPeIeTeHui
TPUBUHAJIBHOCTH. [[JTsT TPUBHAIBLHOCTH IO BUIbCOHY 10~
CTATOYHO JIWITH 3HAKOMOCTOSTHCTBA [3(g), TOrIa Kak [Ist
HUCTUHHON TPUBHATBLHOCTH TPEOYETCs ere J0CTATOYHO
ObicTpoiit poct B(g) ~ g% ¢ a > 1 B 00JACTH CUITBHOM
cBs3u. Tem He MeHee, 9TO paA3IUYNe MPAKTUYECKU HE
oco3Haercs B aureparype. B mekoropbix paborax (cM.,
Hamnpumep, [40, 47]) npsMo yTBepIKAAETCS, UTO Mpee-
gl A — oo u m — 0 3xBuBajeHTHLL. PopMaIbLHOE
peiienue ypapuenus (3)

ga
g
B(g)

A
=In— (68)

gm
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,ﬂeﬁCTBI/ITeHbHO onpenendercd JIHIIb OTHOIIIEeHUueM
A/m; omHaxo ero Gu3MUeCKue CIEACTBUS 3aBUCIT OT
moctaHoBKY 3amaun. Eciau dukcupoBansl A u gp, TO
upu B(g) > 0 Bcerga umeem ¢, — 0 upu m — 0.
Ecnu xe durcupoBansl m M ¢, TO BO3MOYKHOCTH
grn — 00, A — oo peammsyercss ToiabKo mpu a < 1,
TOrJa KakK B IPOTUBHOM cjydae mpegen A — oo

BOOOIIE HEBO3MOZKEH.

6.3. Cnemuduka -byuknuu nopu d = 4

O6mmwmit By, [S-DyHKIUU [1JIsT I€THIPEXMEPHON Teo-
pun @*, momywennsri B pabore [4] B pesyabraTe cyMm-
MUPOBAHWS PsAa TEOPUW BO3MYIIEHWIA, MOKA3aH Ha
puc. 16, Hapsimy ¢ pe3yabTaTaMu ApYrux aBTopos'o).
He BbI3biBaeT comuenus monoxureabHocrs 3(g), a cie-
JIOBATEIBHO, CYNIECTBOBAHNE TPUBUATBLHOCTH 1O Buib-
cony. MMeroTcst oCHOBAHMS OKMIATH TPOSTBIICHUI W WC-
THHHOI TPUBHANIBHOCTH. 3aMeTuM, 9TO Ha puc. 16 uc-
MOMB3YeTCsl «ECTECTBEHHASI» HOPMUPOBKA 3apsA/a, PN
KOTOpO# TapaMeTp a acHMNTOTHKH JIumaToBa papen
eIMHUIE — OHA COOTBETCTBYET 3AIUCH UJIEHA B3AUMO-
neiicteus B Buge (1672 /4!)ge*: npu stom Grmxaiimas
0CODEHHOCTL DOPENIEBCKOro 00pa3a HAXOMUTCS Ha, €/IH-
HUTIHOM PACCTOSTHUY OT HAMAJIA KOOPAWHAT, TAK 9TO Xa-
pakrepHble u3Menenus (3(g) OpOUCXOAAT Ha MaciITabe
opsAaKa eInHuIbl. TeM He MeHee, 0OTACTb MPUMEHM-
MOCTH OJIHOTIETJIEBOTO 3aKOHA OKA3BIBAETCS HECKOIBKO
3aTSHYTOH M MOBEJEHHE, DJM3KOE K KBAAPATHIHOMY,
npogomkaercss 10 g ~ 10. B rpaaunumonubx HOpMU-
POBKaxX 3apsija Takas 3aTsSHyTOCTh OKA3LIBACTCHA eIlle
Gombite — 10 g ~ 10% npu 3ammen unena B3amMoseii-
creua B Buae gpt/8 mmm gpt/4!. A ecrm ydects, €TO
BBLITYKJIOCTh -DyHKINN KHU3Y cOXpaHsercs (B «ecre-
CTBEHHOIT» HOpMUPOBKe) 10 g ~ 100 [4], To cTaHOBUTCS
SICHO, 9TO TOBEJEHUE JIIOOBIX BEJIMIUH OyJeT HEeOT IH-
YUMO OT TPUBHAIBLHOTO B MMUPOKOH OOIACTH 3HAMEHWH
MapaMeTpoB.

6.4. YucieHHbIE pe3yJIbTAThHI

CyuiecTByiolmue YuUCIEHHbIE DPEe3yJbTaThl MOZKHO
pa3IeanTh HA HECKOIBKO TPYIII.

a) Yowvsanue g(L) ¢ pocmom L. Yovsanue spdex-
tuBHOro B3ammogueiicrBusa (L) 1mosydeHo BO MHOIMX
paborax (cm., nanpumep, [38—40]) u cBuierenbcrByer
TN O ToNoKNTeIbHOCTH [(g). JleTanbHblii aHain3
9TOr0 yOBIBAHUSA B MPUHIUIE TO3BOJISET MOJIYIUTh HH-

10) Pazymeercs, KOHKpeTHRIH BT ((g) HECKONBKO M3MEHUTCS
[IPY UCHOJIB30BAHUM NPABHIBHON acumnToTuku (61) BMecTo mpu-
GJIMKEHHO YCTAHOBIEHHOU B paGore [4].



Y. M. Cycnos

MKIT®, Tom 134, Boim. 3(9), 2008

dopmanyio o S-pyHKIMKE, HO OH (PAKTUIECKU HUKOLIA
HE TTPOBOIUJIC.

6) Penopmepynnosvie GUHEUUL 6 PEAALHOM NpPO-
cmpanemee. 10 — NPUDIUIKEHHAS Dean3alis 10-
crpoennsi Kaganosa [25] B myxe panuux pabor Buib-
cona. PaccmarpuBaercss mporemaypa COKPAIEHHs OTH-
CaHUs TyTeM pa30MeHus CHUCTEeMbI Ha, OJJOKH W WX T0-
CJTEJIYTOIIETO YKPYTHEH T ; OIOKH XapaKTePU3yTcs KO-
HEYHBIM YHCJIOM TTAaPAMETPOB, IBOJIIONNS KOTOPHIX 3a-
TeM MPOCTEKUBACTCA. PabOTHI 3TOr0 HAIPABICHU Xa-
pakTepu3yoTcs BbIcOKUM KadecrBoM [41, 42], o onu
JIAIITH IEMOHCTPUPYIOT CTPEMJIEHUE CHCTEMBI K TayCCOB-
CKOI HEMOJIBUKHOM TOYKE W MOATBEPKIAIOT UCXOTHbBI
ananu3 Buibcona.

8) Jlozapugpmuneckue nonpasku x cretiauney. Da-
30BbIe Mepexonnl mpu d > 4 OMUCHIBAIOTCS Teopueit
CpeIHero mofsi, TOrIa Kak nmpu d = 4 K COOTBETCTBYIO-
UM CTEIeHHBIM 3aKOHAM UMEIOTCs JTOrapu(OMUIeCKue
nonpaskn [26, 61]:

M o (=) [ln(—7)/ ")

] —(n+2)/(n+8)

X7 o |r| 7| ; (69)

H o M?/|InM|, 7=0,

u T g, vae M, H, Y, T — COOTBETCTBEHHO HAMATHUICH-
HOCTb, MAIHUTHOE TOJI€, BOCIPUUMYHBOCTh M PACCTOS-
HUe JI0 Tepexoza 1o temmeparype. CylecTBoBaHmMe Jo-
rapuMUIECKUX MONMPABOK HE BBI3BIBAET COMHEHUI M
UX 9HCIeHHas mposepka [43-50] aBisiercs mubo (mpu
go < 1) moaTBepKIeHuEeM Pe3yJILTATOB TJIABHOTO JIOTa-
pudmmrdeckoro npudamkenns [61], mbo (mpu gy = 1)
MOATBEPKIEHUEM BHJIbCOHOBCKON KAPTHHBI KPUTHYe-
cknx spnaernii. TeM He Mernee, GONBLITUHCTBO ABTOPOB
MIPAMO CBA3BIBAET CBOM PE3YJILTATHI ¢ TPUBHAILHOCTHIO
Teopun p*.

2) Pacnpocmpanenue gopmyave (1) 6 obaacmv 6oab-
WUT go. 3ABUCUMOCTE TIEPEHOPMUPOBAHHOTO 3aPSIa OT
3aTPaBOYHOrO 1pU (HBUKCUPOBAHHOM OTHOUIeHuu A/m,
usyuaiiascs B paborax [51-54], na naw B3rus, saBis-
eTCSl eIMHCTBEHHBIM yKa3aHWeM Ha, WCTUHHYIO TPHUBH-
ampHOCTL Teopun ¢*. XapakTepHble pe3yIhTaThl TaKo-
ro poaa [51] npexcraBienbl Ha puc. 7 U CBUAETEIbCTBY-
0T O TOM, YTO 3aBUCUMOCTD o OT L CONEPIKUT TIOIIOC
Jlarmgay.

Ecmm BHEMATENBHO NPUTISAETHCA K PE3yIbTATAM,
TO OOHAPYZKUBAETCS TUIIMIHOE HEIOPA3yMEHHE, CBI3aH-
HOEe ¢ HOPMHUPOBKOI 3apana. Hoitas mo go ~ 400, aBTo-
pbt [51] GbLIK yBEPEHbI, YTO 3aBeJOMO BBILLIU B 001aCTh
cunbHOil cBsazu. Pakruaeckn ke (cM. 1. 6.3) Bce pe-
3yJIBTATHI sl KOHEYHDBIX o MOMAJAI0T B 00J1ACTH KBa-
JPATUYHOrO 3aKOHA st [-PYHKIMH U IOTOMY He 00-
HAPYZKUBAIOT CYIIECTBEHHBIX OTKJIOHEHWI OT (pOPMYJIBI
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gr(0)
100

80

60

40

20

0.8

0 0.2 0.4 0.6 1.0
90/(50 + go)
Puc.7. 3aBucumoctb nepeHOpMUpOBaHHOrO 3apsiaa

gr(0), B3ATOro npu HyneBbIX MMMYNbCAX, OT 3aTPaBOY-

HOro 3apsila go, OTHOCSILLEroCs K MEXaTOMHOMY pac-

CTOSIHUIO G0, B HeTbIpexMepHoii Teopun ¢ npu dukcm-

poBaHHbIX 3Ha4eHussx Nag U m, HO Pa3AN4HOM 4uUCne
N* yanos pewetku (cornacHo pabote [51])

(1) (cM. mpsiMoe CBUZIETETHCTBO 3TOTO B pabore [52]).
HeTpuBranbHO BBITIAIAT JIATIH TOUKHU I go = OO, MO-
JIy9€HHBIE ITyTeM PeIyKIHMn K moaenu V3mHra; HO 9Ta
PeyKIHsl OCHOBAHA HA TOM, YTO IMIMPUUECKAS 3aBH-
cuMoCTh mj = —const go (bakTUIeCKn COOTBETCTBYIO-
as OJHOMETIEBOMY 3aKOHY) SKCTPAIOJUPYeTcs B 00-
JTACTh MPOU3BOMBLHO OOMBIMUX ¢o. IIOCKOMBKY s Ta-
KOil 9KCTPAMONSIUA HET OCHOBAHUil, PE3yJbTAThI IS
Jo 00 HEHAJEKHBI: 6e3 HUX Ke W3 PHUC. 7 HUIEro
He ciepyer. 3aBucuMocTu §(go), AHATIOTUIHBIE OKA3AH-
HBIM Ha, PUC. 7, TIOIyYaIOTC TAKZKe U3 BICOKOTEMIIEPA-
TYDHBIX DSIOB [54] W PEIeTOYHBIX PA3IOKEHNH CUITh-

HOIT cBsi3u [53]; HO U OHU HCIIONB3YIOT COMHUTEJIbHYTO
IKCTPANOIANINIO, OCHOBAHAYIO Ha yOEKIEHWH, UTO pe-
IyKIOust K Mogesan VI3uHra mpoOMCXOIUT yKA3aHHBIM BbI-
1€ CIIoCOOOM.

Ha mamr B3rms, cepne3Hble MCCIeI0BAHUS TAKOTO
POJA JOIMKHBI TPEYKIE BCEro OOHAPYIKUTH PEATbHbIE
orksonenus or dpopmysbl (1), cBA3aHHbIE C HEKBAAPa-
THYHOCTBIO [S-DYHKIMHN, AHAT3 KOTOPBIX TOTBKO U MO-
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Penopmrpynnossle cdyHkun Teopun o* ...

ket narb urdopmaluio o nosegexuu [(g) B obaacru
CHJIBHON CBA3M.

HUcnonb3oBannbiii Boiue moaxos, (pasa. 3, 4) naer
HOBBIN B3TJIsLH, Ha OOCYy’KIaeMble pe3yJbrarThl. BBumy
Heorpanudennoro pocra ¢(L) upu L — 0, s nocrpo-
€HUsI HeTPUBHMATLHOW KOHTUHYATHHON TEOPUU HYZKHO
UCTIOIH30BATh KOMILJIEKCHBIE 3HAUEHUS 3aTPaBOYHOTO
3apsga: Takas BO3MOYKHOCTH HE YUYMUTHIBAJIACH B pa-
6orax [51-54], a noromy mosydeHHas B HUX KapTUHA
(puc. 7) HMYero He JOKA3LIBAET, Jayke €C/IU C Heil co-
TIACUTHCS OYKBAIBHO.

d) Pabomw, nocaednuzr aem. B mocnemmee Bpems
mpobIeMaTHKa, CBA3AHHAS C TPUBHAIBLHOCTHIO, WHTEH-
cUBHO 0obOcyzKaaercs B cepun pador Aroau, Konconu u
ap. [55-57]. B Hux mpe/giaraercs HETPUBUATIBHBIN KOH-
THHYAJBHLIH Tpeies Teopun ¢+, GpaKTUIecKn MpHBOIA-
M K OTPULAHUIO CTAHIAPTHOI TEOPUU BO3MYIIICHUNA.

ABTOPBI UJLTIOCTPUPYIOT CBOIO MIEI0 Ha MPUMEpe
HeHUIeaTbHOTO 003e-ra3a ¢ OOTOTI000BCKUM CIEKTPOM
(e(k) ~ k mpu mamwix k u e(k) ~ k*> mpu k — o). Ecrm
MEPEXOIUTH K «KOHTHHYAJIHHOMY TIPEIEITY », YCTPEMIIsIs
K HYJIIO JBa XapaKTepHble Macuitaba 3ajadu — JIJTHHY
paccesiHusi U PACCTOSTHUE MEXKJLy YacTHIAME, TO B 3a-
BUCUMOCTH OT COOTHOIIEHUST MEXKIy MaciitabamMu MoO-
JKeT DO BOCCTAHABIUBATHCS KBAJAPATUIHBIA CIIEKTD
U/IeATBHOrO ra3a, («BIOJIHE TPUBHAJbHAS TEOPUs» ), JIH-
060 BO3HWKATH CTPOTO JUHEHHBIH CIEKTp HeB3anmMOIeii-
crBytonux (GPOHOHOB («TPUBUAJIBHAS TEOPHs C HETPU-
BUAIBHBIM BakyyMoM» ). [Tociennuii cuenapuit aBrops
MpeIaraioT 418 KOHTHHYAJILHOTO MPeIesia, Teopun ¢,
YTBEPIK A, UTO OH SABJISCTCS JIOTUUECKU HETPOTUBOPE-
YUBDIM.

Jlazke eciii COMTTACUTHCS € TIOCTETHUM Y TBEPIK ICHHU-
€M, TO OCTAeTCs BOMPOC, MOYEMy HMEHHO TAKOH mpe-
JeIbHBIH mepexon mpoucxoqut (gpusndecku. Tak, B ciy-
uyae 0o3e-ra3a M3 HEHTPAIHHBIX ATOMOB HET PeaIbHOM
BO3MOKHOCTH OJIHOBPEMEHHO MEHSTH TLIIOTHOCTD ra3a u
aymHy paccesiaus. ZKejgaemasi Jjis aBTOPOB CUTYaIUs
MOYKeT BO3HUKHYTH TIPU CHEIUAIHLHOM 3aKOHE JTaIhHO-
JIeficTBUST — TOr/IA PU U3MEHEHUH [LIOTHOCTH MEHSIeT-
et «7e0AeBCKUI PAJINyC SKPAHUPOBAHUS », OTPEILIIAI0
it IIHY PacCesHus ; HO TaKOil ClleHApnil He ABJIsSeT-
CsT IPOU3BOILHBIM U MOYKET OBITh MPEJACKA3AH HA OCHO-
B€ MCXOJHOTO PAMUIBTOHUAHA.

Asropsl [55-57] cuuraior, 4ro HPEANOTIOKEeHHEe O
HETPUBUAILHOM XapaKTepe KOHTHHYAJIBHOIO MPeesa
MOJATBEPIKIACTCA MX UHCICHHBIM MOIEJIUPOBAHUEM HA,
pemterke. OHAKO 9TOT BBIBOJI OCHOBAH HE HA MPSIMBIX
«IKCIEPUMEHTATIBHBIX» JAHHBIX, & UCKIIOYUTETHHO HA
UX UHTEPIPETAIAN: YUCICHHBIE SKCTIEPUMEHTHI TTPOBO-
JATCS TTYOOKO B OOTACTH OJHOIETIEBOrO 3aKOHA U HU-
KaKOH nH(MOPMAIUHT O « TPUBHATBLHOCTHY COJEPIKATEH He
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MOIyT — UX Pe3y/bTarbl (KAKUMU Obl 9K30THYECKUMU
OHU HEe 6BIJII/I) JOJIZKHBI UMETH O6"b$[CHeHI/Ie B paMKaxX
TeOpUH CIaboi CBA3M.

6.5. TeopeTndyeckue pe3yIbTaThl

a) Apeymenmu, Jlanday — [lomeparuyka. Jlammay u
[Momepangyk [3] 3amermam, gro cormacHo (1) ¢ poc-
TOM @o HAOMIOMAEMBIA 3aps] § BBIXOJUT HA 3HAYE-
are 1/(f2InA/m), me 3aBucamee or go. Takoe to-
BEJICHNE MOXKHO MOJYYUTb, CAETaB B (DYHKIMOHAIb-
HOM mHTerpase (7) 3aMenHy ¢ — $g, Yty OIyCTHB B
neiicteun (6) KBaJpaTUYHbIE TI0 (0 YIEHDLI;, B ypaBHE-
mun (47) maxas 3amena maer G(Y) /[G]? = const(go),
POD[GR)2 o TOD 72 o T = g = const(gy). Bean
Takasi IPOLEypa OnpasiaHa yzKe npu go < 1, To oHa
Tem OosIee BepHA TIPH go =, 1, ITO 1 JaeT OCHOBAHMS CYIH-
tarh dpopmyy (1) npuMeHnMOlt TpU TPOU3BOIBHBIX (.

Ha xagecTBeHHOM YypOBHE, 3TH COOOPAZKEHUS] MOTY'T
OKABATHCS NPABHIBHBIMI D) JUIst IeACTBUTEIbHBIX 3Ha-
YeHni ¢, KOTOPBIE B HUX mpeanonarannck. CormacHo
paza. 3,4, uzMeHenue go BIOJNH JTEHCTBUTETHHOW OCH
COOTBETCTBYET W3MEHEHWIO § OT HyJsA 10 KOHEYHOTrO
SHAYEHUSA (maz. CTH OKAZKETCS, 9TO (mar — 0 mpnm
A — o0, TO 37O U GyAeT O3HAYATH KAYECTBEHHYIO CITPa-
BeIuBOCTE (bopMyIIbI (1); MPUBEIEHHDIE BBIIIE PE3YIIb-
tarbl Meroga Moure-Kapiio (puc. 7) yka3bIBaioT uMeH-
HO Ha TAKYI0 BO3MOYKHOCTb. /[ MOCTPOEHNS 7K€ HETPH-
BHUAJTLHOM TEOPUH TPeOYeTCsT NCTIONH30BAHIE KOMITTIEKC-
HBIX 3HAYCHUH go C |go| < 1: mpu 9TOM HECHPABEIIHBO
HE TIpuBeenne GyHKITMOHAILHOTO HHTErpaa K 6e3pas-
MepHOMY BHIy (0bOCHOBaHHOEe MpH |go| >> 1), Hu cama
dbopmyma (1); mocieauee cBA3aHO ¢ T€M, YTO HECMOT-
Psi Ha BO3MOKHOCTH MCIIONb30BaHus 3Hadenuii |go| < 1
TeOpUst BO3MYIIEHUI HEIPUMEHUMA 13-3a CYIIECTBEHHO-
CTW WHCTAHTOHHOTO BKJIAJA.

6) Cymmuposanue padoe meopuu  03MyuULe-
Huti. IlepBble TOMBITKM BOCCTAHOBICHHS (DYHKIMH
lenn-Manmna—Jloy myrem cymMMupoBaHUS PsIOB Te-
opun BO3MyIeHuit [16-18] mpuBeaw K acMMNITOTHKe
Boog® ¢ a > 1, yKa3biBasi HA BHYTPEHHIOK MPOTUBO-
peduBOCTh (MJIM UCTUHHYIO TPUBUAJIBHOCTH) TEOPUU
o' (puc. 16): A7 CBOErO BPeMeHH 3TO ObLT OJHH
W3 CAMBIX CHIBHBIX apryMeHTOB. [IpOTHBOMOMOKHBIH

1) Mx mpaBHILHOCTD HA KOTHYECTBEHHOM YPOBHE HCKITIOUA-
eTcsl HeKBaAPATHIHOCTLIO [-bynknun. PakrTudeckn pe3yabTrarT
g = const(go) cnemyer w3 obe3pazMepuBanusa GYHKIHOHATILHOTO
WHTerpaJja TOJIbKO IPH ¢go > 1, TOrga Kak ero CrupaBelIHBOCTH
npu go < 1, Berekatomas u3 popmysst (1), MoxKeT GBITH CBA3aHA
C APYTHMU IPUYUHAMHA; IPU go ~ 1 OH, MO-BHAMMOMY, HAPYIIAET-
Cs, HO COBIaJIeHHe MMOCTOSHHBIX 3HAYEHH 110 HOPSAIKY BEeJTUIHHBI
MOZKHO OKHJAThb U3 YCIOBUSA CIIUBKH.



Y. M. Cycnos

MKIT®, Tom 134, Boim. 3(9), 2008

pesyabrar paborbl [4], KAK MUHUMYM, O3HAYAET, YTO
9TOT BBIBOJ, HE MOYKET OBITH OJHO3HAYHO CACIAH HA
ocroBe Takwx mccaenopanmii'?). C apyroii cTOpOHEI,
BCE PE3YJIBTATHI CBUJAETENBLCTBYIOT O MOJMOKATETHHOCTH
B(g) 1 MOATBEPKIAIOT TPUBUAILHOCTE 10 Bubcomny.

8) Pabomw. cunmemuueckozo naana. Paborer [58]
HIMPOKO TUTUPYIOTCA KAK CHCTEMATHIECKOe 0OOCHOBA-
HUe TpUBHATILHOCTH Teopur ¢*. OHHE IPeICTABAAIOT CO-
0O0If TIONIBITKY CHHTE3a BCEil nMerotneiics nudOpMaIH,
HO HE COJEPZKAT HUYIEro HOBOIO ¢ TOYKW 3PEHUs UCCTIe-
JIOBaHus 0OIACTH CHIBHON cBsi3u. BerBoasr pabor [58]
He BBI3LIBAIOT YIWBJICHWS, TAK KaK BCSA JEMKOTOCTYTI-
Hast WHQPOPMAINSA IOMKHA C HEeM30Ee;KHOCTHIO CBUIEC-
TETBCTBOBATH O TPUBUAILHOCTH BBHIY OOCYZKIaBIIEii-
cst Boimie cnenuduku [-dyaxiun (. 6.3).

2) Teopuu co szaumodeticmeuem pP. Heroropoe
IpeJICTAB/ICHHE O CBOHCTBAX TEOPHH ¢! MOXKHO mOTY-
9UTh, U3ydasd TEOPHUH ¢ Oojee OOIUM B3AMMOIEHCTBH-
eMm ©P. Pacemorpenne ciydast p = 2+ 0 ¢ pa3aoKeHnem
1o napamerpy § Jaer no MHeHuio aBTopos [59] cepbes-
HbIE APIYMEHTBLI B [OJIb3Y TPUBHATLHOCTH Teopum ¢,
C apyroit cTOpOHBI, TOUHOE BhIuncjaenve (-pyHKINN B
npezene p — oo [60] maer st Hee ACHMIITOTHKY BHIA
g(lng)~7, AOKA3BIBAIOLLYIO HETPUBUAJILHOCTH TEOPHH.
Bropoii pesyabrar Gomee HaIesKeH, TaK KaK OH He CBS-
3aH C JeHCTBATEIHHOCTHIO 3ATPABOTHOTO 3apAaa, MPeI-
nosarasieiics B [59].

0) Ilpedea n — oo. B mpemene n — oo Teopus

4 cumraercss Touno pemraemoit [25, 62]. IIpu sTom ee

¥
[B-Ppyakims 3¢ PEKTUBHO OKA3BIBAETCS OHOIETIEBOMH 1

OpUBOIUT K pe3ysibraram tuna (1), coorBercrByonmM
acnvmrotnre 3(g) ~ g2. DToT daxT wacTo paccMaTpH-
BaeTCs KAK CBUJICTEILCTBO TPUBHATILHOCTH o, mpuaem
Jlazke B ABTOPUTETHBIX paborax [62].

Qaxrudeckn K0IDOUIUEHTH [-DYHKINUN SBIISTIOT-
Cs1 TIOMTMHOMAMMY TI0 1 U 1715 d = 4 — € UMEIOT CTPYKTYPY

B(g) = —eg + Pa(n+ a)g” + B3(n + b)g® +

+ B +en+dygt+... (70)
rae s, B3, a,... ~ 1. 3amena mepeMeHHbIX
g 3(9)
== = — 71
g=_, blo)=— (71)
Jaer

12) Pesymprarsr pabor [16, 17] HOCAT O6BLEKTHBHBIN XapaKTep
7 CBSI3aHBI C YHOMWHABIIEHCS 3aTSIHYTOCTHIO OJHOIETJIEBOTO 32~
koHa. OHE BOCIIPOM3BOAATCA B paGore [4] Kak mpomerkyTodHast
ACUMIITOTAKA U OObSCHSIOTCS XapaKTEPHBIM MPOBAJIOM B KO3(-
dunmentoit Gyuxnun. Bapuanuonnas Teopus Bo3mMyineHui [18]
B obmactu ¢ < 10 gaer pesynbrarsl, 6nuskue k [4], HO HE rapanTH-
pyeT HmoJIydeHre MPaBUIbHON aCHMITOTHKHU CUJILHON CBSA3H Jarke
TEOPEeTUYECKH.

16

B@) =~ + 5o + 1) + 5 @)+ (72)
U TIPU N — 00 OCTAIOTCS JIUIID JIBA MEPBBIX YIeHA. ITOT
BbIBOJL, cOpaBeyiuB aig § ~ 1 wiu g ~ 1/n, uro mno-
CTATOYHO JIJIs UCCaen0Banus ($(g) B OKPECTHOCTH Hero-
JIBUYKHOM TOYKU W OMPEIeIeHNsT KPUTUIECKUX WHIEK-
co. Ho takas mporeaypa He maeT HEKAKON mHMOpPMAa-
nun 00 obsactu g ~ 1 u Tem Gomee g > 1. ITosromy
HUKAKHe CYKIEHNS O TPUBHATILHOCTH TeOPUH ¢+ He MO-
IyT OBITH C/IE/TAHDI.

W3 cka3aHHOrO SICHO, YTO TPUBHAJIHHOCTH 110 Bujib-
COHY TOATBEPIKIAETCS BCeil MOCTYMHON mHbOpMAITei
7 MOYKET CUUTATHCS TBEPIO YyCTAHOBIEHHOW. Y Ka3aHUS
K€ HA WCTUHHYIO TPUBUAIBHOCTH HEMHOTOYUCIEHHDI
7 JIOMYCKAIOT JAPYTYIO WHTEPIPETAINIO; COTJIACHO pPe-
3yJbTaTaM HACTOSIIEH PabOThI, TaKAs TPUBUAILHOCTH
3aBEJIOMO OTCyTCTBYET.

Pabora BbImommena npn (GpUHAHCOBON TOIIEPIKKE
POOU (rpant Ne06-02-17541).

ITPMNJIOZKEHUE 1

Ilpenen d — 0 B muarpaMMHOI TeXHUKE

Paccymorpum mpocreitmmmit maTErpast

) = [

COOTBETCTRYIOIINH MOIApU3AAOHHOI metTre. I[Tpeobpa-
3ys MPOTMAraTophl 1o cxeme [26]

dk

(a1 GGG + ),

(IL.1)

o0

1 o 2 k2
ZWZ/W o
0

G (k) (IL.2)

U BbIYUC/Issd BO3HUKAIOIIUI rayCCOBCKUIT MHTErpaJl mo
k, momy M

II = d. d. _
(@) (2m)d / al/ 2 <a1 +a2> x
0 0
X exp {—raf; @ —m*(a1 + Clg)} . (T1.3)

Hynb-MepHbIil mpemen 3TOro wHTerpaja TPUBHATILHO
Buruucasgercs npu ¢ = 0:

(T1.4)
U COOTBETCTBYET C(OOPMYTUPOBAHHOMY B a3l 3 Peler-

Ty — BCe IPONAraTOPbI OEPYTCs TPU HYJIEBBIX UMITYJIb-
cax, a marerpuposanue mo k orcyrcrsyer. [Ipu Koned-
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HBbIX (¢ BBIYHUC/IICHHE HHTerpaJia JaeT HEeTPUBUAJBHYIO
UMITYJIBCHYIO 3aBUCUMOCTH

2
m2(q? + Am?)

8
@ Ay

V@2 +4m? 4+ ¢

2m

(q) =

x In , (TL.5)
YCTAHOBJIEHUE KOTOPOM /1714 IPOU3BOJIbHOI JJuarpaMmMbl
BBITVISIIUT MPOOIEMATHIHBIM.

B obmem cirydae BhIpaykeHwme IjIsi UATPAMMBI CO-
gepxuT M mpomaraTopoB u L MHTErpUPOBAHUIA IO
ki,...,kr. IlpeobpazoBanue mpoOmaraTopoB IO CXeMe
(T1.2) maer rayccOBCKUili HHTErpaJl, KOTOPBIA BHIYHCIIsI-
ercs 110 (opmyaie [26]

L
/H ddkl e_Mu’kl'kl/_2'Ul'kl —
=1

:<”L

det M
Bemmauns! v; TUHEHHBI IO BHENTHUM WMIYJILCAM; TIPA

d/2 )
) M vrvr - (T1.6)

HYJIEBBIX 3HAYEHUAX MOCIEJIHUX HyJIb-MEePHBIA Ipees
soipazkenus (I1.6) paBen exunune, a obiiee BbIpazKeHue
JJTST IMATPAMMBI CBOJIUTCS K WHTETPAJTY

oo

/

0

oo

daj ... / dayg e*mQ(‘“*'*“M), (11.7)
0

KOTOprfI BBITUCTIACTCA TPUBHAJIBHO.

IMPNJIO2KEHUE II

Jpyrue peHOPMUPOBOYHBIE CXEMBbI

B npuitoxkeHusix 4acTo UCHOJb3YeTCsl TaK Ha3bIBae-
mast MOM-cxema, COOTBETCTBYIOIIAsT KDUTHIECKOM TOY-
Ke B Teopun (PA30BBIX MEPEXONOB; MPU ITOM JJIS 3a-
TPABOYHON MACChL My (PUKCUPYETCs 3HAYEHHE M., CO-
OTBETCTBYIOIIEE HYIeBOMY 3HAYEHUIO [IEPEHOPMUPOBAH-
HOIT Macchl m. YCI0BUs peHOPMUPOBKHU BMecTo (9) 3a-
[UCHIBAIOTCS B BHUE

L pigm)| =0,
p?=0
0 (02
92 ) (p; g,m) =1,
b p2=p? (IL.8)
0,4 €
T (ps; g,m) = gps,
pi~p
T (pi; g,m) =1,
pi~p
2 ZKST®, Bem. 3 (9)

17

e /i — MPOU3BOIBHBI MacmTab mMmyibeal®). Boipa-
xenwe Z-baKTOPOB U TePEeHOPMIPOBAHHOTO 3apAIa, Te-
pe3 3aTPaBOYHBIC TAPAMETDPEI UMEET BIL

0 Lo -
7= (a—pQ L2 (p; go, me, A) p2:”2> ,
~1
Z2 = (F(172) (pi§907m07A) > ’ (Hg)
pi~p
g=n"Z>TY (p;; go,mo, A) :
pi~p

a m, onpegensiercs ypasreruem I'(®2)(0; go, me, A) = 0.
Ucnonways onpenenenune [-byuxinun B MOM-cxeme

_ 9
~dlnp

B(g) , (IL.10)

go,A=const

HETPY/IHO TIOMYYUTH JJIs Hee MmapaMeTpUudecKoe Tpe/i-
CTaBJIeHTE

_e KuKy
g=—K Wv (IL.11)
_K4K, 5 (KY K}
=y 4 — I1.12
o0) = G [+ 4 (36— 7, )| - (112

rie jL UCHOJIb3YeTCs B KauecTBe DeryIero mapaMerpa, a
mTpExaMu 0603HaueHb TpoussoanbIe 1o u2. U3 (T1.11)
SICHO, UTO TIPEIET ¢ — OO MOYKET OBbITh JIOCTUTHYT
HECKOJIbKUMU PA3HBIMU CIIOCOOAMU:

a) p — 0 npu xonewnvxr Ky u ux npoussodHwir.
Torma

_ K4K,y
(3%

_ KuKy
(3%

Blg) =e (I1.13)

g=—n
U ApAMETPUYECKOE MPEICTABICHUE PA3PENIAeTCs KAk
B(g) = —eg, 9T0 cooTBETCTBYET HEPU3UIECKON BETBU
pazm. 4.

6) i = const, K} — 0. Uckimouas K}, momy4nm
st B-pyHKnun

K
VEi Ko

[TocKOMLKY CBOIMCTBA TEOPUH ¢+ TIABHO MEHSAIOTCS TIPH

Blg) = 4ig* >t/ (I1.14)

usmenenuu d, popmyia (I1.14) moskua ObITH cupaBes-
JIMBa, IpU 1Pou3BONbHBIX €. Ho BOm3u kopus K} wun-
Terpaiibl Ky ¥ UX MPOU3BOIHBIE ABIAIOTCS aHATATHIC-
cknvu pynxmasvu p? (em.(64)), u B (I1.14) me mpoucxo-
JIAT UCYE3HOBEHUE 3aBUCUMOCTHU OT i, KOTOPOE FapaHTH-
pyercst obmumvu Teopemamu. CjemoBaresbHO, STOT Ba-
PHAHT SIBJISIETCS] BHYTPEHHE-TTPOTUBOPEUNBHIM.

13) Mas T4 {p;} 06krano BHIGUPAETCS CHMMETPHYHAS TOUYKA,
pi - pj = p?(405; — 1)/3, Torma xax ama T2 (g, p1,p2) nprmn-
maercs pi = p3 = p?, p1 -p2 = —p?/3.
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6) u— 0, K — 0. Torna noa S-dyukuuu umeem

KII
B =~ [+ il @)

K
U 3aBUCUMOCTH OT [i MOYKHO WCKJIIOYHUTD, €CJIU yCTpe-
vuth KA (1) k mymo nponoprmonasio u2. Toraa

B(g) = constg, g — oo, (I1.16)

re const JOKHA OBITH MTPOCTO YUCTIOM, HE 3aBUCSIIIUM
HU OT KAKUX MMApPaAMETPOB. DTOT PE3yJIbTAT KA4eCTBEH-
HO coorBercTByeT (61), HO SIBIISIETCST MEHee ONpeIeeH-
HBIM.

Yro Kacaercsd CXeMbl MUHUMAJIBHBIX BbITHTAHUN
(MS), To K Heii uznaraemblil IOIX0/, HE MOXKET ObITh
MpuUMeHeH B mpuHnmie. B 3Toii cxeme omnpeneeHne
3apsjga He COOTBETCTBYET Bepiimue 'y mpu KAKOM-TO
OTIPEJIETIEHHOM BBIOOPE UMITYILCOB, MOITOMY BbIPaZKe-
uust PT dpyukimit uepe3 pyHKIMOHAIBHBIE HHTETPAJIBI
He MOTYT OBITh TOaydeHbl. Kak oObsCHSIeTCd B KHE-
re [63], aJist KazK 0¥ OTAEIBHOMN AUAIPAMMBL MOZKHO Bbi-
OpaTh MacmTad UMITYIbCA, A TIOPSIIKA [i, TAK 9TO OOBIU-
HOE BBIYUTAHNE HA MACIITabe \ SKBUBAJEHTHO MUHU-
MAJILHOMY BBIYUTAHUIO Ha Maciitabe . OJHAKO yHU-
BepcasbHOTO cooTHotmenuss A = C'y BBeCTH He ynaer-
¢, Tak Kak Kodpdpumpment C' pa3andeH st pasHbIX
gumarpaMM. Tem He MeHee, s 000 auarpamMMbl CO-
OTHOIIIEHUE A ~ (i BEPHO MPOCTO M3 PA3MEPHBIX CO0D-
paxxenwii. [TosTomy M S-cxema COOTBETCTBYET yCpeIHe-
HUTO BepIMUHLI [y M0 UMITy/ThCaM ¢ BECOBOM (DyHKIHEIH,
mokanmm3oBanmoil Ha MacmrTabe p. C 9Toi TOUKHM 3pe-
aust M S-cxema MOMXKET CUMTaThCs «(U3MIECKOW» W K
Hell MPUMEHUMBI apTYMEHTHI BhICKA3aHHBIE B TPUMeYa-
HUH 7.
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