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AnHoTanus

[TpencTaBieHbl pe3ynbTaThl YUCIEHHBIX SKCIEPIMEHTOB I TEOPETNYECKOTO aHAIN3a PaCIIlen-
JIeHUsI CemapaTpuChl HeJNHEHOTO pe30HaHCa B MPOMEXKYTOYHON aCUMITOTHKE IJIs MOMEIN CTaH-
IapTHOTO OTOOpakeHHs. BrepBble npgmoe msMepenne yria pacienienus oK), rme K < 1
MaJIblil IapaMeTp CHCTeMBI, BLIIOJIHEHO B O poMHOM auamnasome 0.12a>107208 (1> K > 0.0004)
¢ OTHOCHTEJIbHOH TouHOCTbIO Jyulie 1072° u cpenneit Tounocrbio ~ 10739, DTo nossosnuio npo-
BEeCTH NleTalbHOe CpaBHEHNE C CYIIeCTBYIOIIell acCHMITOTHIECKON Teopuneil W OOHAPYXKUTH Pl
HOBBHIX 3(pdekToB. HalimeHo oTHOCHTENBHO MPOCTOE SMINPHUECKOe BhIpaXKeHWe OIS 3aBUCHMO-
ctn o K) B IpOMEKyTOUHOH acHMITOTHKeE, 06JaCTh KOTOPOIl OKa3alach HEOKUIAHHO [INPOKOIi:
K<1072. Uccnenosan Takxe 3pdekT IIyMa, B 4aCTHOCTH OINNGOK M3MepeHus yIJla, KOTOPHLil
OKaj3aJics 3HAUNTENbHO GoJiee CYIIeCTBEHHBIM U CIOXKHBIM, YeM 3TO MOXKHO OBIJIO MpeNnoiaraTh.
OTMeueHbl HepelleHHbIe BONPOCHI U BO3MOXKHBIE HANPABIEHNS HaJbHEHIINX UCCIENOBAHUN 3TOi

npobiIeMBbl.

Precise measurement of separatrix splitting

in a nonlinear resonance

B.V. Chirtkov and V.V. Vecheslavov

Budker Institute of Nuclear Physics, 630090 Novosibirsk, Russia

Abstract

The results of numerical experiments and of theoretical analysis of the separatrix splitting of
a nonlinear resonance in the intermediate asymptotics for the standard map model are presented.
Direct measurement of the splitting angle a(K'), where K < 1 is a small system’s parameter,
has been carried out for the first time in a big range 0.1221072%® (1 > K > 0.0004) with
a relative accuracy better than 1072°, and the average accuracy ~ 10730, This allowed us to
make a detailed comparison with the present asymptotic theory, and, moreover, to find out a
number of new effects. A simple empirical relation a(K) in the intermediate asymptotics has
been constructed, the range of the latter turning out to be surprisingly wide: K <1072, The
effect of noise, particularly of errors in the angle measurement, was also investigated and found
to be far more important and complicated than one might expect. Open questions as well as

possible directions of further studies into this problem are listed.
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1 Bsenenmue

JnHaMuKa raMuIbTOHOBBIX (6€3NMCCHIIATHBHBIX) CHCTEM OMPENEIeTCs B3aMOIElic TR
eM HEAUHEUHBIT PE3OHAHCO6, KOTOPBIE SBIAIOTCS OCHOBHBIMHU 3JIeMEHTaMU KOHCTPYKIINN
COBpEMEHHOI Teopuu HeJauHelHbix Koiebanuil [1-4]. I'aMmunbronnan Takoil cucTeMbl MO-
KeT ObITh IIpelcTaB/leH B BUIE:

H(I,0,t)=Ho(I)+ &> Van(l) exp(ind + itmQ), (1.1)

n,m

rae € — MaJjblil mapameTp Bosmylienus; [, § nepemenssble neficrBue-yrosa, () — BeKTOp
4aCTOT BHEIIHErO BO3MYIIEHHUs ¢ rapMoHuKamu m), a n — HOMep rapMOHUK COOCTBEHHBIX

KoebaHui ¢ HEBO3SMYIICHHBIMHU YaCTOTaMU

w(l) = a%”. (1.2)

Kaxnprii unen Bosmyienns B (1.1) onpenenser nepsuunvit pezonanc
Wnm =nw(l)+mQx~0. (1.3)

B cinygae nuneiinbix KosebaHUl 9acTOTHI SBASIOTCS MapaMeTpaMi CHCTEMBbI, KOTOpast o~
majaeT WK He ToNalaeT B pe30HaHC HE3aBUCHMO OT HaYaJIbHBIX YCJIOBHI NBMKeHusa. Hamn-
Ooslee CyITIeCTBEHHON 0COOEHHOCTHIO HEMMHENHBIX KOJlebaHnil W ABIIAETCS KaK pa3 M3MeHe-
HUE YacTOT KOJeOaHnil B IpoIlecce NBUKEHUS BCIIEICTBUE 3aBUCHMOCTH WX OT TIEPEMEHHBIX
neiicTBus. Huxke Mbl OynemM paccMaTpuBaTh CiIydail cutbhot HeAurelrocmu, Koraa Takas

3aBUCUMOCTHE UMeeT MECTO YKe HJId HEBOSMYIIIEHHBIX YaCTOT:

Ow( I 0*H,
a(]) = apo £0. (1.4)

B sTom JOCTAaTOYHO HMIMPOKOM KJIaCC€ NUHAMMUYECKUX CHUCTEM OIIMCaHUE HeJINHENHBIX pe-

30HAHCOB M MX B3aWMONIEMCTBUS OKa3bIBaeTCsl YHUBEPCAIbHBIM U OTHOCUTEIIHLHO MPOCTHIM
2.

B unciiennbIX 5KCnepuMeHTaxX 3HAUNTEIbHO yHobHee niepeliTu oT nuddepeHnaTbHbIX
ypaBHEHUIT B HEPEPBIBHOM BpEMEHHU K NUCKpeTHOMY oTobpaxkenuto [1-4]. Omuoit us npo-
CTBHIX HO COAEepXKaTeIbHBIX MoJejiell TaKOro THIa sBJIseTCs TaK Ha3blBaeMoe CTaHIapTHOE

otobpaxenue [2] (10 TOBOMY MCTOPUU HTOH MOMENN U ee HU3NIECKUX TPUITOKEHHT cM.[5]):

p=p+ K-sinx, T=uzx+7. (1.5)



3mech p, x — mepemenHble nelicTBue—yroi, a K <« 1 — eIWHCTBEHHBIN TapaMeTp Mofe-
I, XapaKTepu3yoolnil >3pPexT BO3MYIIeH!s Ha Ieprolie 0TOOpaXeHus, KOTOPBII MPUHAT

PaBHbBIM €IWHUIIE. B HENIpEePBIBHOM BPEMEHHU 3Ta MOMOEJIb OIINCBIBACTCA I'aMUJIbTOHNAHOM

(cp.(L.1)):

2

H(p, z,t) = % + K ) cos(z — mQi), (1.6)

m=—00
rJle OCHOBHas JacToTa BHellHero Bosmyitenus () = 27. Mopnens npencrapiseT 6eckoned-
HYIO CUCTEMY CIITHHO HEJITMHENHBIX PE3OHAHCOB (32H / op? = 1), OBUKeHne BOJINU3U KaXI0ro
13 KOTOPBIX UACHTUYHO C TOYHOCTHIO [0 CIBUTA IO AEHCTBHUIO: P — Py — P, TOE Pp, = mfd
— pe3oHaHCHOe 3HavdeHue MeiicTBusA. YacToTa MajblX COOCTBEHHBIX KojiebaHUil B JIIOOOM
pe3oHaHce paBHa Wy = \/f < 1. XoTs aMIUINTY/IbI BCEX PE3OHAHCOB OMMHAKOBDI (K), BCe
OHU KPOMe OCHOBHOTO, BBIIEJEHHOTO HAYAIBLHBIMHU YCIOBUIMU IBUKEHUS, TPENCTABIIIOT
JIAIIHL OYeHDb cJlaboe BO3MYIIEHHE. JTO 00bIACHAETCsS GOJIBINON YaCTOTON BO3MYILEHHS IO

CpaBHEHWIO C COOCTBEHHON YacTOTON KojlebaHMil Ha BBHIIEIIEHHOM pe3OHaHCE:

)\_Q_Zﬂ'
_wo_\/f

BzaumoneiicTBie pe3oHaHCOB TPU 3TOM SIBIISIETCS annabaTUIecKuM, a ero PpPekT — sKc-

> 1. (1.7)

MOHEHITNAIbHO MAJIBIM 1O GOJIBIIIOMY TapaMeTpy aanabaTHIHOCTH .
[Tpenebperas cnaboit HeanmabaTHIHOCTHIO, OMMHOUHBIN pe3oHaHc, Hampumep ¢ m = ()

(cm.(1.6)), MOKHO omECaTh TAaMUIBTOHHAHOM ~MasTHUKA :

p2

2

Hi(p, z) = + K -cosx. (1.8)

Takast npocTas popMa pe30HAHCHOTO TaMUIIbTOHUAHA OKa3blBaeTCsl YHUBEDCAIBHON B CIIy-
vyae cuiibHOI HenuueiinocTu [2]. Hambosee Baxkmas, B paccMaTpuBaeMoll 3aade, Xapak-

TEePUCTHKa HeJMHETHOTO pe3oHanca (1.8) — Hanuune cenapampucs
— g (TN () _ 2 _ g
ps = £ 2wp - sin ) H” =wi =K, (1.9)

0cob0ll TPaeKkTOPHH, KOTOpas OTAenseT Kojebanus dhas3bl (BHyTpI/I pe30Hcha) OT ee Bpa-
[IeHN T (BHe pe30Hcha). flcHO, YTO MBUKEHHE CHCTEMBI (1.8) BOIM3M ceTlapaTpPUCHl Ypes-
BBIYAITHO HEYCTONYMBO, MOCKOIBKY TIOUTH JITO00E CKOJIbL YTOMHO Majloe BO3MYIIIEHNE Kade-
CTBEHHO U3MEHSET er0 XapaKTep (BpameHHe ePeEXONNT B KOJeOaHus 1 Hao60p0T). Nmen-
HO 37IeCh W BO3HWKaeT XaocC HeJdnmHelHbIX Kojebanmuii. Hackonmbko HaM m3BeCTHO, BIEpPBBHIE
5T0 HabJIIOAAJIOCH B YUCIEHHBIX SKCepuMenTax [6] 1 3aTeM u3y4anoch BO MHOIMX paboTax
(cm. manpumep [7,1-4]).

[TpocTuiM TpuMepom Takoil citaboil HeaanabaTHIHOCTH SIBIISETCS B3aUMOIECTBHE BCe-
ro NBYX HEJIMHENHBIX pe3oHaHcoB, Hampumep ¢ m = 0 mw m = 1, KoTopoe onuchIBaeTCs
ramuiabToHIaHoM (cM. (1.6)):

2

Hs(p, z, t) = % + K -cosx + €-cos(xz — Qt), (1.10)

rge € — aMIIJINTyda BO3MYILAIOIIIETrO pe3oHaHCa. HBI/I}KGHI/IG BOIM3NM C€llapaTpUChbl OCHOB-

HOTO pe3OoHaHCa (m = 0) MOOEIUPYETCH HpI/I6.HI/I)KeHHO TaK Ha3bIBa€MBIM cCeEnapampucHbim



omoobpascenuenm, KOTOpoe BliepBble 6bLT0 BBeneHo (HesiBHO) B [7]. Huxe Mbl mpuBomum ero
B popme [2] (em. Takxke [4]):
32

@]

W=w+W-sing, ¢=¢+ A-In (1.11)

Bmech w = Hy/ K — 1 — 6e3pasmepHoe OTKIIOHEHHE OT HEBO3MYIIIEHHOI cemapaTpUCh IO
sueprun; ¢ = (U — pa3a BO3MYILIEHNS B MOMEHT MPOXOXKIEHUA IIOJOKEHHS YCTONINBOIO
paBHOBecus 'MasTHHKa x = 7, a W — aMmauTyna HeammabGaTWYHOCTH. Ecim Bo3MyIma-
IO pesoHanc MHOTO ciabee ocHoBHOro (¢ < K), ammmuryma W BbIMmECIseTCS OTHO-
curerbHo mpocTo no Metony Menbuukosa [8] (em. [2-4]) mw mpm A > 1 mpubmukenHo

paBHa:
W s 8mf—A2e™™/2, (1.12)

K

OTmeTuM, 9TO 5Ta 3a/lada He MOXKET OBITH pelleHa M0 TeOPUH BO3MYIIEHMI, TaK KakK
3aBHCHMOCTH TAaKOTo (Kak u jioboro npyroro) Heanumabatudeckoro spdexra (W (K)) ot
MCXOIHOTO TTapamMeTpa Bosmyitienns (K) we spisercs ananmurudeckoii npu K = 0. Onnako
nocJjie BBLAEIEHHS 5TOro dpPeKTa Teoprs BO3MYIIEHHI BO3MOXKHA 1 YCIEIIHO IIPUMEHAET-
cd U1 IPUOIIMKEHHBIX YpaBHEHUIT [BUKEHNS THIa CelapaTpUCcHOro oTobpaxkenus. Ilo-
BUIMMOMY, BIlepBble TonobHas 3amada Obina pemiena eme [lyankape [9]. W3 (1.12) Bugno
TakXe, 4TO B paccMaTpuBaeMoil Mopenn (1.6) Bkiman npyrux pesonancos (|m| > 1) npene-
6pexumo mMai (A, = mA). OmHaxko B 5TOIl MOAEIN aMITHTYAbI BCEX PE30HAHCOB DABHBL:
¢ = K (1.6). 9710 npuBOOUT K MOSBIEHUIO NOMOIHUTENbHOTO MHOXUTENs f ~ 1 B (1.12).
KauecTBennoe 06bsACHERNE MOABIEHHS 5TOTO paKTopa KakK 3(P(EKTa BLICIINX MPHOJINKe-
HUI TeOpUU BO3MYIIEHUI MaHO B [2], T/le IpUBEIEHO TaKkKe €ro 3HaUeHHe, MOJyYeHHOe 13

YUCJICHHBIX S5KCIIEPUMEHTOB.

f=215+0.04 . (1.13)

Huskas TouHOCTH M3Mepenns (K TOMY XKe, KaK OKa3aloCh, 3aBbIIIEHHas ) OObACHIETC KaK
HENOCTATOYHO MAJIBIMU (110 TeXHUYeCKHM mnpuuuHam) 3Hadenusmu K = 0.1 — 1, tak u
NpUOINKEHHBIM XapaKTePOM CaMOro CenapaTpUCcHOro 0OTOOpaKeHNs.

3HaYNTENBHBIN POTPECC B PEMIEHUHT STOMH 3aa49n ObLI IOCTUTHY T JINIITH O THOCHTETBLHO
wenasHo (1984) B paGorax Jlasyrkuna u corpyauukos [10,11]. 3uauenne nompaBodHOro
MuoKuUTeNs f = 2.2552... 6BUTO TMOIYYeHO W3 YHUCIEHHOTO PEIEHWs] BCIIOMOTaTebHOTO
ypaBHEHUS, B KOTOPOM ObLIT MCKITIOYEH SKCIIOHEHTINAIbHBIH hakTop. B ornuune ot obiiero
Beipakenns (1.12) MuOXuUTENnb f He ABIsSETCS YHUBEPCAIBHBIM, KaK IPENNOIarajoch B
[10], a 3aBUCHT OT KOHKPETHOI CHCTEMBI B3aUMONEHCTBYIOIINX pe3oHaHCOB [12].

B maremaruueckux paborax [8-12] u np. Beiumciassics we cam >PdeKkT HapylIeHUs
aguabaruanocTu (1.11), koTopeiil usydascs nosmxee dpusnkamu [1-7], a BcmoMoraTteb-
Hasl BeJIMUMHA - YIOJI PacllelseHns CemapaTpuchl . XOTs 3TOT0 U HENOCTATOYHO s
BOCCTAHOBJIEHUSI TIOJTHON MUHAMUKK BOJIU3U CEMapaTpPUChl, BEIUUNHA (v SBISIETCS BaXKHOM
XapaKTEPUCTHUKON B3aMMONEHCTBIS PE30HAHCOB, KoTopas B oTimune oT W cTporo ompe-
nejieHa U MOXKeT ObITh BBIUKCIIEHA C JII000I TOUHOCTBIO.

Pacrennienme cemapaTpuchl TpHGINKEHHO omuchiBaeTcs otobpaxenmem (1.11) cie-
nytomnm obpasoM. B orcyrcrBum Bosmymenust (W = 0) kaxmas u3 OBYX BeTBell ce-

napatpuckl (1.9) mpencraisier coboil aCHMITOTHYECKYIO TPAEKTOPHIO ¢ GECKOHETHBIM



HEePUONOM [IBHKEHUs, KOTopas BHIXomUT (w = 0, { — —00) U3 NOJ0KEHUS HEYCTONYNBOTO
pasroBecuss & = 0 mod 27 u npuxonut B Hero ke (W = 0, ¢ — +o0). Ilon meitcTBuem
Bosmyterns (W # 0) BO3HHKAIOT [Be MepeceKalonInxcs TPAeK TOPHH, OMHa W3 KOTOPBIX
Ho-TIipekHeMY BbIXOmUT U3 Toukn @ = p = 0 (w = 0, { — —o0), HO HUKOTA HE BO3-
BpalitaeTcs Haszan (W # 0, ¢ — 400), Torma Kak BrTopas BemeT cebs Ha0GOPOT, T.e. Kak
nepBas pu obparttiennn Bpemenn (¢ — —t). CBoGomHble KOHIIBI PACILIENIEHHO cemapa-
TPUCHL 06Pa3yIOT GECKOHEUHOE YUCIIO TIeTellb HEOI PAaHUYEeHHO Bo3pacTatolell b [9,8],
KOTOpBIE 3allOJIHAIOT, OMHAKO, Ol paHNYEHHYIO I Y3KYIO 00JIacTh BAOJIL HEBO3MYIIIEHHOI Ce-
napaTpuchl, obpasys Tak HasblBaeMblll raomuuweckut caot [1-7]. Omuoll U3 ero BaXkHBIX
XapakTepUCTHUK ABJIsSeTcs modymupnia w, & AW & 4a/wy [2], menocpenctsenno ces3an-
Has ¢ yriaoMm pactensienus (cM. (1.15)). Wmenno sTu cion u SBAAIOTCA YHUBEDPCATBHBIM
NEepPBOMCTOYHIKOM Xa0Ca HeJIMHEMHBIX KOJaeOaHmii.

O6e BeTBH pacIeIIEHHOIl CeTapaTpPUChl IEPEeCEKaloTCs, B YaCTHOCTH, IIPH T = 7 W He-
KOTOPOM P, (7) & pg = 2w (eM. (1.9)). Yronm o MeHHO B 5TOM TlepeceUeHn 1 M3y IaeTCs
OGLIYHO, B TOM YHCIIe U B HacTodllell pabore. Ilepecedennio BeTBell cemapaTpHChl COOT-
BercTByeT B (1.11) 3nauenne daspr Bosmyienus ¢(m) = 0. B okpecTHOCTH epeceuenns
OTKJIOHEHWE 06enX BETBell celapaTpichl OT HEBO3MYIIEHHON ONMUCHIBAETCS TTPUOINKEHHO
IPOCTBLIM BBIPaKEHHEM:

Ay
2 bl

Wo .
¢+(y) = px(x) — ps(z) ~ £W==sin (1.14)
rfe y = T—7 W UCHOJIb30BaHbl cooTHotenus: dw/dp = 2/wou ¢ = Ut = Qy/po = Qy/2wp.
Kpome Toro, msmMenenme w B TOYKe MepecedeHns paBHO MOJOBUHE MOJHOTO M3MEHEHUS W
(1.11), mockoabKy mHocCieqHEe MPOUCXOAUT CUMMETPUYHO OTHOocuTenbHo x = w [2]. B

pesyabTaTe OJid IIOJHOTO yIJVla pacCllellJICHUS CellapaTpPUCHL IIOJYyYaeM:

d AW —mA/2
~ 2 9 L0 _ 27wa0)\3i2e_“/2 = (27T)4fe

A ~~ — ~ S
(V) dy 4 w§ K

(1.15)
B nocnennem BblpaXeHWM TONCTaBIIEHBl TapaMeTPbl CTaHIAPTHOIO OTOOpakKeHUs: € =
wg = K, Q = 2r. OTmernm, 4To 5TO NPOCTOE W BaKHOE COOTHOIIEHHE CIPABEIINBO
TOJIBKO JIJIsl yTJla paclleljieHus Ipu & = 7.

Beenennas 8 [10,11] Bermmunna £, KoTopyio Mbl OyeM Ha3bBaTh HOCTOAHHON JlasyT-

KWHa, CBA3aHa ¢ GakToOpoM [ COOTHOIEHTEM:
L = 167° f = 1118.82770595... . (1.16)

Haubonee Tounoe snavenne £ 1o HammM naHubM npuBeneHo ke (4.14). Orvernm, ato
dakTop f < L 6osee IpaBUILHO XapaKTepHU3yeT MOPANOK >(PdPeKTa KOHETHON aMILTHTY Ibl
BO3MYIIAIOIIETO PE30HAHCA.

[ocnennee Burpaxkenne (1.15) ¢ TounbM 3HauenneM noctosuuoi L nan f maeT acnm-
nToTHYeCKoe (A — 00) 3HaUeHMe yrila PacIlelIeHIs: (., = a(oc). B pabore [10] npuse-

JeHa TaKXke OlleHKa MOMPaBKU K (o B npomedcymounot acumnmomure 0 < K < 1:

(M) = =2 — 1z KY3, (1.17)



Hamwm npenBapuTenbible YUCIeHHBIE YKCIIEPUMEHTRI TOKA3aIIM, OMHAKO, YTO (Hak THIECKN
nonpaBKa yGbBaeT ¢ K 3HAUHTENBHO GHICTpee: o ~ K 1/2.

OTmeTnm cpasy, 4To 5Ta ~'THOMpaBKa W OMUCBIBAET WHTEPECYIONIYIO HAC TPOMEKY-
TOYHYIO aCHMITOTHUKY PacCIEIIEHns CemapaTPUChl, a CIIEIOBATEIbHO U 0Opa3oBaHUs Xa-
oTmaeckoro cios. Nmenno sTa mpobiemMa U SBISETCS OCHOBHBIM TIPEIMETOM HACTOSIIINX
MCCIENOBAHNNA.

HawubGosee mpomBunyTas Teopusi pacIllelyIeHns] CENapaTpUCchl CTaHIapPTHOTO OTOOpa-
xenust [11] mpenckasbiBaeT He TONBKO eitle Gosiee GbicTpoe yObIBaHUE MOMNPABKU, HO U
MO3BOJISIET BBIYUCINTH HEPBBIE WIEHBI €€ CTENEHHOTO PAa3JIOKEHUsI, TAKKe C MOMOIIBIO Y-
CIIEHHOTO PEIEHs BCIIOMOTaTEIbHBIX YPaBHEHW. ¥ CIIEX MOCIIEIHEN TEOPUH CYIIIECTBEHHO
onpenessieTcs, Ha HAIl B3I, YOQYHON 3aMeHOil mepemenHbx 3amaun: (K, o) — (h, o),

roe

~ VK (1.18)

MOJOXNTENLHLI XapaKTepI/ICTI/IquKI/Iﬁ IIOKa3aTelIb KaCaTeJIbHOTO (JH/IHeapI/ISOBaHHOFO) OTO-

Epaxkenus (1.5) B HeycTORUNBOI HENONBHKHON Touke & = p = 0,
o(h) = v(h)-sina (1.19)

CUMILIEK THYECK I WHBapHaHT, a ¥(h) — HEKOTOpas HOpMa KacaTelIbHBIX BEKTOPOB.
B [11] 6bl10 Hafineno npubiuKeHHOE pelleHre TOi 3aaun, KOTOPOE TaKkKe MOKET

OBITH 3allCAaHO B BUE MOMPAaBKK K WHBapuaHTy aHajgoruwdauoil (1.17):

co(h) = UU(—::) - 1= il a,(m)h*™" (1.20)

rie 0o = 4o, Pakrtuuecku B [11] 6butn Beramciiensr auinb 4 kosddunuenta psua (cM.
Tabuuny 2). ['JaBHBIM OrpaHHYEHHEM IIOJYYEHHOIO pEIeHMs OCTAETCs HesBHAs 3aBH-
cuMOCTh (), KOTOpas MOXKeT ObITh HafileHa TOJIbKO YHCIEHHO W3-3a JIONOIHUTETHHOM
HensBecTHON GyHKun v(h).

B macTosteit paboTe MBI TpefcTaBiIseM EPBbIE PE3YIbTATHI NPAMbLE U3MEPEHWH YTITa
pacIenIeHus cenapaTpuchl CTaHoapTHOTO oTobpakenns (1.5) B MMpokoM muamasone ma-
pamerpa 1 > K > 0.0004 (12420.02); 0.12a2107%% ¢ oTHOCHTENBHOII TOYHOCTBIO JTyUIIE
107% u cpenmeit TounocThio ~ 107°°. Jlnsg pemenus 5Toil 3amaunm Gblia paspaboTaHa
crenualibHas MeTOIMKa U3MepeHust 1 00pabOTKM Pe3yiIibTaTOB C MCIOJIb30BAaHUEM YHUBED-
CaJIbHOI KOMIIBIOTEPHOIT IIporpammbl [13] ¢ npousBosibHOI TouHOCTBIO cueTa. PakTuveckn
TOYHOCTb YUCAEHHBIX SKCIEPUMEHTOB JIOCTUIala Beundunbl ~ 107300,

[Tomumo yria o, HEMOCPENCTBEHHO CBI3aHHOIO ¢ HeanumabaTuuHocThio W, mamepsisics
rTakxke wHBapuanT o (1.19) mas cpashenus c Teopueil. Heobxommmas nuist sToro GyHK-
s v(h), aHaINTHYECKOE BBIpaXKEHHE KOTOPON HEM3BECTHO, HAXONUIACh UHCIIEHHO IO
CHeInalIbHON TporpaMme, Jiobe3Ho npenoctasiennoil Ham B.I'.I'enbdpeiixom, koTopomy
Mbl BBIpaXkKaeM MCKPEHHIOI MPU3HATEIbHOCTh. Bce 5TOo MOo3BOIMIIO MPOBECTH NeTalbHOE
CpaBHEHUE ¢ aCUMITOTHYECKOi Teopuedt [11], KoTopas OTHOCTHIO TIOATBEPAMIACEH, & TaK-

Ke OOHapYyXKUTh psifl HOBbIX >¢dexToB. HalineHo oTHOCHTEIBHO MPOCTOE HMIMPUIECKOE



BbIpakeHne 1Jis 3aBucuMocTi oK) B MPOMERKYTOUHON acCUMITOTHKE, 06/IaCTh KOTOPOIl
okasajach Heoxumanuo mupokoii: K <1072, MccnenoBan Taxxke sddexT HmyMma, B 4acT-
HOCTH OIMIMOOK M3MEPEHUS yTila, KOTOPBIH OKa3ajcs 3HAUUTEITHHO GoJlee CyIeCTBEHHBIM 1
CIIOXKHBIM, 9€M 5TO MOYKHO OBLIO TPENNOIaraTh.

Mur Becbma npusnatenbabl H.C. [lukanckomy 3a mpenocTaBieHHYIO BOSMOKHOCTD MC-
monb3oBaTh KommbioTep AJIBPA-4100, B.I'. enbdpeiixy 3a mosme3nble W WHTEPECHBIE
obcyxkmenus m moMmoirh Tpu cpaBuenuu c Teopueit; A.l'. ['posumy 3a mpenocrabrienme
IporpaMMbl CU€Ta C MPOM3BOJILHON TOUYHOCTHIO [13] U comeiicTBue npu pabore ¢ Hell u
JI.®. Xaiino 3a 60JbIIYIO MOMOIIL IIPU HPOBENEHUN YUCIEHHBIX dKcrepuMeHToB. Pabora

JacTHYHO monaepxkana Poccuiickum gounoMm GyHIaMEHTAIbHBIX UCCIEIOBAHII (rpaHT

97-01-00865).

2 H3mMmepenHue yriia paciienjieHus cenapaTpuchl

OcHoBHast TPYIHOCTH MPSIMOTO M3MEPEHMS YTJla PACIIEIIEHNs CEMapaTPUCHl (¢ CBI3aHa C
ero YpesBBIYaiiHo Masioil BermunHoil. Tax, npu swavennn B (1.5) mapaMeTpa BO3MyIIEHNS
K = 0.0004 sToT yron cocrasiseT Bcero &~ 4.2 x 10729 pamgmana. Kax ormeuasnocs Bo
BBENIEHNUN, PEIIEHTE YTOM 3a/1a9u OblIIO Oy YeHO 6i1aronaps NCIoIb30BAHUIO CIIETNATHLHO-
ro makeTa mporpamm [13], mo3Bossiolero peaan3oBeBaTh BCe CTaHIapTHBIE BO3MOXKHOCTH
s3pika PopTpan ¢ TPON3BOIBLHBIM YPOBHEM TOYHOCTHU CUETaA, KOTOPBIN 3adaeTCs YKa3aHU-
eM koimuecTBa N, HU(p MaHTHUCCHI B JIeCATUYHOM IpeIcTaBIeHII BEIIeCTBEHHOIO YiCIa.

Berancnenne yria « ocytecTBIsAIOCH o cienyioiieit cxeme. [Ipexme Bcero, mpu ka-
KIIOM 3a[JaHHOM 3HAYEHWH MapaMeTpa BO3MYIeHuss K Ha JWHWUM T = T OTBICKUBAJIaCh
opIuHaTa ps(7) TOUKE IepecevdeHus BeTBEN cemapaTpuchl. B KauecTBe HaYaIbHOTO IIPH-
HIMasIOCh TEOpEeTIIecKoe Heo3MyIentoe 3aauenue p(m) = po = 2/ K (1.9) u mas Tpaek-
TOpHHU, CTapTYIOed 3 Touku (7, p(7)) BBIACHSIICS XapaKTep (BpalleHue uin KojebaHue)
noBenenus Gasbl ©. B saBucuMocTH OT pesysibTara 3HadeHHe p(7) MOCIENOBATENLHO YBe-
JUYUBAIOCH WIN YMEHBINAIOCH C HEKOTOPBIM IIAaroM 0 TeX T0p, MOKa XapaKTep MOBele-
Hus Pasbl HE W3MEHSIICSA Ha TMPOTUBOIMOIOKHBIN. DTO MO3BOIISIIO ONPENeTnTh HadalbHbIH
WHTePBa JOKAIN3AINN TOUKN Mepecevenns, BEPXHssA IpaHuua p,(m) KOTOporo oTBedasa
pexRMMy BpalteHust Gpasel €, a HIKHAA py(7T) KonmeGaHusM (dasbl HE3ABUCUMO OT HalpaBile-
uns BpeMenn. HamoMumM, 94To Kaxmas n3 pacIllelJIEHHBIX BETBEN ceTapaTpUChl OCTAeTCs
rpanuteil Mexny KonebanmeMm um BpailieHmeM (Ga3bl [ ~ CBOETO’ HAIPABIEHUS BpEMEHN
(cm. BBemenme). Illar msmeHeHus Mo MMITYJIBLCY BBIGHpAJICA Beerma GOIbINe OXKMIAEMOI
MIUPUHBL Xa0THYECKOTO ¢Iost (A 4ar), MOATOMY IIHPUHA HTOTO HAYAJIbHOTO WHTEPBAa
dp(m) = p.(m) — pi(7) okasbBasiach MHOTO GoJiblile TpebyeMoil Beaumannbl dp, (), KoTOpasi,
HANpPOTHB, BCEr/la 3a/1aBajach MHOTO MeHbIIeN mupuHbl cios (cM.anxe). Hanpumep, mis
MWHUMAa/IbHOTO UCIOJIL30BAHHOIO HaMU 3HaueHus mapameTpa Bosmytienuss K = 0.0004
MIIpHHA XaoTHdeckoro ciog ~ 2 x 107297, a ypopens ToumocTu cuera N, n Tpebyemas
tounocth dps(m) = 10™V¢ foxammsammm opamHATEL ps(T) Ha3HaYAIHCh, COOTBETCTBEHHO,
pasabvE N, = 300 (4TO OTBEYAET TOYHOCTH CUETA ~ 10_300) n N, = 280.

[ocre ycTanoBienus: HavaabHOrO uHTepBasia [p/(m), p.(7)] ocylecTBisiach mpoie-



Iypa MOCIENoBATEIHHOIO [eleHls ero TOoMNojgaM [0 BBINOIHEHN HepaBeHcTBa dp(m) <
dps(m) m 3aTeM MCKOMast OpAMHATA TOYKH [epecedeHns BBIUNCIAIach no Gopmyiie ps(m) =
[pr-(7) + pi(7)]/2. BameTum noOMyTHO, YTO MMEHHO Ha TOT HTall BHIYNCIEHU TpaTHIach
OCHOBHasl [IOJIs BPEMEHH cueTa (CM. HUKe): 110 Mepe CyKeHHs MHTepBajia opouTa Bee 6iu-
Ke TONXONNITa K HEYCTONYNBON HETONBIKHON TOUYKE W MEPHOL IBUKEHUS (UICIO HTEPAIHIT
0TOOpakeHNs) CyIIeCTBEHHO BO3PACTAI.

[Tocte oTbICKaHUs TOYKH NepecedeHns BETBEN celapaTpruChl OHa NPUHAMaJIach 3a HEHTP
HOBOIT CHCTEMBI KOOpAUHAT (Y = & —m, ¢ = p—ps(7)), B KOTOPOI 1 IPOBOAMINCH NAIbHET-
HiMe MoCTPOEHHs o Bbluncienuio yria «. s nByx smavenuit dpasot y = +dy, |dy| < 1
clipaBa H CJleBa OT HOBOIO Havasa KoopauHat (y = ¢ = 0) Takke OTBICKHBAINCH (C MPEX-
et TounocThIo dps(m) = 107Ve) rpammmer Mexmy KoneGaHmeM W BpaIleHHEM TIPH XOIe
BpEMEHN BIlepell. JTO TMO3BOJIAIIO allllPOKCHUMUPOBATH OTPE30K MPAMOIl BETBH cerapaTph-
Cbl MHOTOWJIEHOM BTOpOII cTernern ¢ = (J2(y) 1, onpenenus ero KodsGOuIHeHT, HAlTH YToJl
HaKJIOHa KacaTeJbHON K Heil. [[oBTopss 5TH BLIYMCIIEHNS PN TEYEHNN BpeMEHH Ha3al Mbl
HaXOMWJIM yTOJI HaKJOHa KacaTelbHOI s oOpaTHOI BETBU ceNapaTpUChl W ONpemesTsiin
HCKOMBII yIOJI IepeceueHns iy KaK pa3’HOCTh [IBYX HAl/[IEHHBIX yTJIOB HaKJIOHA.

Peanusanms onucannoll cxeMbl TIoTpeGoBaia pa3paboTKW W BHITIOJHEHNS HEKOTOPHIX
ClIelMa/IbHBIX Mep.

Inst Bcero mccsienoBanHOTO AuanasoHa /K Mbl CTPEMEJINCH HOIYYUThH OTHOCUTEILHYIO
TOYHOCTH B U3MepeHun yria a He xyxe 1072°. C 27Toil nenbio IpUXOaUIoCch NonbupaTh
HYJKHbBIE 3HaUYeHNS BCEX YIOMHUHABIINXCS BBIIIE TapaMeTPOB cYeTa: YPOBHS TOYHOCTH BhI-
anciennit N, Tounoctn dp,(7) = 10~Ve joxammsammm opammaTsr ps(7) I OTCTPOIKH O
dase dy mIS MOCTPOEHNUs AITIPOKCHMUPYIOIINX MOJNHOMOB, IIPHYEM MOAGOP >TOM MOCTe-
Hell BeJIMYMHLI OBl Hanboslee KpUTUIHBIM. Paccrognue no daze Ay MexIy IEeHTpasbHON
U cocelHell ¢ Hell ToukaMu Hepecedenuii, cormacuo (1.14), pauo Ay ~ 27 /) = VK

OTCTPOIIKY 1o (paze yHOOHO 3alaBaTh KakK OO 3TOTO PacCTOAHUS
dy=nvKkK, (2.1)

IIpUYeM 3HAYEHHe 1) Ui BCeX BapUAHTOB cueTa OObIYHO HaXOmmIoch B pemenax (10712 —
10716).

[Ipexne Bcero, mpencTosio BBISCHUTH, MOCTUTHYTA JTU (PAKTUUECKN KejJaeMas OTHO-
cuTenbHas TouHOCTh 107?° HalineHHoro 3HaueHWs ay (SCHO, UTO ee HH B KOEM CIIydae
HEJIb3s OTOXKIECTBUTH ¢ TouHOCThIO cuera N, ). C mempio oTBeTa Ha 5TOT BOMPOC OMHCAH-
HBbIE BBINIE BBIYMCICHUS TTPOBOMUINCH MJIs €Ille OMHON TMapbl YIBOEHHBLIX 3HaUYeHWH (a3bl
y = £20y u oboux HalpaBIeHUN BpeMeHH. JTO BMeCTe ¢ HpedblAyIieil mapoil ToueK ma-
BAJIO BO3MOXKHOCTH HOCTPOUTH AMIPOKCHMUPYIOLIHe MHOTOWIEHbl ¢ = (4(y) ueTBepTOil
CTENeHN U MOJIYYUThH 10 HUM YTOUYHEHHOE 3HadYeHUe yIila Oy.

B obem cayuae xaxoe-to konuuectBo N, mepBBIX 3HaUanX oudp (C yIeTOM OKpyT-
JIEHWTT) B BBIPAKEHUSAX (2 M (44 COBIAMAIOT, & Jajlee HTH 3HaYeHus pacxonsTcs. Ml Bcerna
nobusanuck HepaseHcTBa N, > 25, 4TO U JaBajo OTHOCHUTENLHYIO TOYHOCTH B OIpeese-
o yria #e xyxe 1072°. Cuer ¢ nomuHoMaMu Gojlee BBICOKUX CTeleHell 1 ¢ HOBLIIIeHHO
TOYHOCTBIO MOATBEPINIT MPABMIILHOCTE 3TOTO Kputepus. Ha camom nere oTHOCHTeNbHAS

TOYHOCTH OKa3ajlaCch BBITIE W COCTAaBUIIa B CPEOHEM ~ 10730 (CM. pasmen 3)



3aMeTuM, 94To IpSMOe BLIYNCIIEHIE TOYEK BETBH CEIlapaTpHUChI TP 06paTHOM XOJIe Bpe-
Menn He Tpebyercs. CranmaprHoe oTobpaxenue (1.5) obmanaeT cuMMeTpreil, TO3BOIISIO-
1ieil, B 9acTHOCTH, JTIO6YI0 TOUKY (T 7, pf) Ha MPIMOIl BETBH CElapaTpHChl IEPECUNTHIBATE
B COOTBETCTBYIOIIYIO €ii TOUKy (Zp,pp) Ha OGPATHOI BETBU 1O IPOCTBIM COOTHOIICHUSM

(em. [11]):
xy =21 — x5, pp = ps+ K -sin(xy). (2.2)

Tem caMbIM, HOCTpPOEHNE aIlPOKCUMUPYIOMINX OJNHOMOB 11 06eNX BeTBEIl BHITIOTHIE T
cq paKTHYECKH OJHOBPEMEHHO 1 HE TpebyeT MONOJHUTEIbHBIX BBIYICANTENBHLIX 3aTpaT.
Onnako, ¢ HeJbI0 TIPOBEPKH OBLIM MPOBEEHBI BHIGOPOUHBIE KOHTPOJIbHBIE pacYeThl MPH
obpaTHOM XOe BpeMEHH I HEKOTOPHIX 3Ha4YeHull MapaMeTpa BO3MYIIEHUS. DTH pacde-
THI IONTBEPINIIN TTPABIIHHOCTH OMICAHHON CXEMBI BHIYHCIEHHIS YTJIa.

['maBHAs TPyOHOCTH OKa3ajach CBA3aHa C MPOOJIEMOIl OTHICKAHH KO>(PMUINEHTOB MO~
JMHOMOB, allllpPOKCUMUPYIOIINX MPOXONAIINE depes TOUKY nepecedenns y = g = 0 oTpeskn
cenapaTpuc

q = a1y + ay® + asy® + asy*. (2.3)
Ncnonpsys 3HaHue YeThIpeX OMOPHBIX TOYEK, MBI MPUXOAUM K CHCTEME JUHEIHLIX YpaB-

HEHUN ¢ MaTpUIel Buaa

Sy (dy)*  (dy)’ (5y)*
—5y  (8y)*  —(8y)’  (3y)’
26y A(dy)"  8(dy)”  16(dy)*
—28y 4(6y)* —8(6y)” —16(dy)".

(2.4)

Benuunus 551eMeHTOB 5TOI MaTPHILI PA3INIAIOTCS Ha MHOTO MOPSIKOB (B CHILY MaJlOCTH
BEJIMYNHBI OTCTPOIKH 10 dase dy corsacto (2.1)) u ee meTepMUHAHT OKa3bIBaeTCs GIM30K
K KOMITLIOTEPHOMY HYJIO, YTO HE MO3BOJIseT MOCTPONTH 0OpaTHYIO MaTpPHUILY.

Perenne ynanock HaiiTu, BHIIOTHIB 3aMeHy TlepeMeHHbIX Bua (y,q) — (Y = Sy, Q =

Sq) B noBBIX NepeMEHHBIX IMOJIMHOM 3alliChbIBa€TCA TaK
Q = Clly + bQY2 -+ ngB + b4Y4 5 (25)

W BUIIHO, YTO €NUHCTBEHHO MHTEPECYIOMINiT Hac MepBhIil KodhduunenT a; = tg(ay) ocra-
eTcsl HeM3MEHHBIM TIpH JII000H BeIndnHe MaciiTabHOTO MHOXKHUTEINS S. DTO TOHITHO, TO-
CKOJTBKY Hallla 3aMeHa TeOMETPUUIECKH 03HAYaeT MPOCTOE YBEIMIEHNE BCell KaDTUHKT B .S
pa3. Mul o6eruno masnauanu S = 1/dy, 4TO BEIpAaBHUBAJIO TOPAAKN BEIUYUH IIEMEHTOB
MaTPHIbI 1 CHUMAJIO BCE TPYIHOCTHU C ee 06paboTKOI.

o onucanuoii cxeme Gbuta HafineHa 3aBucuMocTb oK) mius 60 3Hauenuit napameTpa
Bosmytlienus B uaTepBaste 1 > K > (0.0004. Benuumna yria 3anucbiBajlach ¢ COXpaHEHUEM
35 smavarux nudp, YTO IaBaJo HEKOTOPBIl 3anac cBepX MuHnMabHol (10727 cm. Bbie)
u cpenneit (~ 107, cM. pasmen 3) OTHOCHTENBHBIX TOYHOCTEN B €€ Ollpe/ie/eHIH.

MunumanbHoe 3HaueHue napameTpa Bosmyteruss K = 0.0004, no koroporo Ham yma-
JOCH [ONTH, OTPaHUYNBAIOCH BPEMEHEM CUeTa OJHOTO BapWaHTa (OKOIO CYTOK). ITO
BpeMs OBICTPO pacTeT ¢ yMeHbIlleHneM [ TiaBHBIM 00pa3oM 3a CUeT yBeJIudeHus Heob-

XOOUMOTO YHMcia UTEepanuil oTOOpakKeHns (1.5). [Tocnennee ecTh MpomsBenenune mepuoIa



nemxenns Bomm3n cemapatpucel (~ |Indpy(7)|/vV K ~ N,/VK, ca.[2]) ma wncao moce-
NOBaTeTbHBIX TpUOIMKeHuii Kk Touke nepeceuenns (~ |Indps(w)| ~ N,). Homumo sroro
BpeMs Bulumcienns sinz B (1.5) Takke pacTeT mpubmsMTeNbHO TponopiuoHatbHo N
(B muTepecymomeii Hac obaactu ymepennoit Tounoctu N.<300). B mrore mms mosmmoro

BpEMEHN CYHETa OAHOI'O BapHWaHTa T IIOJIYy9a€TCd OLI€EHKa

2
8%

rze >MImpHUecKoe 3Hadenne mapameTpa Ty ~ 2 x 107 wacos.

3 Oo6paboTka pe3yjIbTaTOB U3MeEpPEHUN

NcxonHpiM SMIEPHYECKIM MaTepHasIioM 1iist anain3a sasucuMoctu o K) cayxumun 60 n3-
MepeHHBIX 3HaUeHNl HToil HemsBecTHON Gyukunu (pasmen 2). Ha mepsom sTame o6paborkm
IIJIs BBIMUCIIEHUS TIOTIPABKHU C, MCIOJIB30BaIOCh Hambosee TOUHOE OmyOINKOBaHHOE 3Have-
mue £ (1.16) [10]. s cpaBrenus ¢ Teopueii [11] anamornanbiM o6pasom o6pabaThiBaIach

SMIINpHUYIECKasd 3aBUCUMOCTE IIONIPaBKN C, K MHBAPUaHTY O, BBIYUCJICHHOMY IIO C]QOpMyJIe

(1.19).

10

logla(m)!

&

m

Puc. 1: Ilpumep 3aBucumoctu kosdpduimenTon psna (3.1), HallleHHBIX 13 HHTEPHOIALNNI
SMIUPUIECKUX JAHHBIX, OT MOJHOTO YHCIa WieHoB psina M nis yria (TpeyroiabHUKN) u

NIl MHBapUaHTa (KPYKKM); JTOrapudM Hecsa TUIHBII.

B coorBercrBue ¢ Teopueit [11] obe mompaBKu HCKadMCh B BHIE KOHEYHOTO pAma IO

YEeTHBIM CTEIEHIM h:

é(h) = a(0) + > a(m)r®™ (3.1)

m=1



C MOMOIIBIO MHTEPIOJSIUE 0 MeTONY HaWMeHBIINX KBaaparoB (cm., manpmmep [14]).
Xors popmanbro kKospdumment a(0) = 0 (em. (1.17),(1.20)), Briarouenue ero B (3.1) no-
3BOJISIET CYIIECTBEHHO YTOYHUTH MapaMeTp L 1Mo CpaBHEHUIO C €ero N3BECTHBIM 3HaYeHNEM
(1.16).

OcHOBHasE TPYIHOCTH WHTEPIOISAIUN SMINPUIECKUX NAHHBIX € TOMOIIbI0 psma (3.1)
COCTOUT B TOM, YTO pa3JN9YHBIE YIE€HLI DTOTO Psila OTIUYAIOTCA 10 BeJIMYMHE Ha MHOTO
nopsinkos. Tak, B Tunuunom ciyuae h ~ 0.05, M = 10 oruowenue (ayg/a;)h'® ~ 10727,
[TosToMy HecMOTps Ha cnenuaidbHBIE YXUIIPEHHS B MeToAuKe o6paboTKM, make Ha Ha-
YaJbHOM STalle OHa MPOM3BOAMIIACH C YETBEPHOI TOYHOCTBIO, a OKOHYaTelbHas o6paboT-
ka norpebopasia Tounoct ~ 1071% Onmako u sToro okasasnoch HemocTarouno. Kak u
[IpU WHTEPTIONSAIIN BeTBE cenapaTpuchl (pas3aer 2) CToIh HEOMHOPOIHAS MaTPUIa CHCTe-
MBI JIMHEIHBIX ypaBHEHUI OOBIYHO BBIPOKAIach B KOMIIBIOTEPHOM IIPEICTaBAeHIN. DTy
TPYAHOCTD yIaJIOCh TIPEOOJIETh TeM JKe CIIocoOOM, T.e. M3MEeHEeHneM MacliTaba mepeMeH-
weIX 3anaun: (h,¢) — (H = Sh, C = S¢), rne o6bruno Macurrabueiii aktop S > 1. B
OTINYME OT 3a[adul B pasmeie 2 Kos(phuimenTsl monuuoMa (3.1) He SBAAIOTCA WHBapH-
aHTaMU TaKoro npeobpa3oBaHus M JIOJAKHBl BOCCTaHABINBATHCS 10OCIE€ MHTEPIOIAINN B
HOBLIX TlepeMentbix: A(m) — a(m) = A(m)S*™~L.

Yucao unenoB pana M ~ 10 orpanuueno ceepxy ommnbkamu BblUnCJIEHHS KO>()OUIH-
eHTOB a(m) TyIaBHBIM 06pa3oM H3-3a “lIyMa’, BBI3BAHHOIO KOHEYHON TOYHOCTHIO SMIIH-
puuecknx manubiX o(h). [lpn nampreiimmem yBenuvenun M Mbl He TOJBKO He TOJIYYaeM
HOBBIE KOS(PUINEHTHI, HO W TepseM NMpeablaylue. OTOo HalJISIHO BAAHO Ha puc.l mo
pe3koMy m3soMy 3aBucuMocTu a(m). B pesynbrare cepun mpo6 u ommGok 6b1I0 BEIGPAHO
onTumanbHoe 3Havenne M = 10 (cM. Takke puc.3 HuKe).

TouHocTh sMIUpPHUEcKoil 3aBucHMOCTH (3.1) XapakTepusyeTcs cpenHe—KBaapaTHIHON
omu6roit (CKO):
1/2
Ap — ~(1))2 q ¢
Ac = ((e(h) = &(h)*) ", (3.2)
rie cKoOKku < > 0603HavalOT yCpeIHeHne TIo BceMy nHTepBaiay narepnonsunn. [lociennumii
He obsi3aTenbHO BKIodaeT Bce 60 sHauenwii ¢(h). Bosee Toro, momeITKu MCHonb30BaTh
BeCh OYMIUPUYECKUN MHTEPBaJl Cpa3y MOKa3al BeCbMa HHU3KYI TOYHOCTH TaKOi ~TI0-
6anbroit” uaTepnonannn: Ac(h)z107° (cp. puc.2). D10 BnomHe 06BACHUMO, MOCKOIBKY
cTeneHHas 3aBUCUMOCTh (3.1) B Teopuu [11] xapakTepusyeT JIUIIL TPOMEKY TOUHYTO aCHM-

IITOTUKY. MMGHHO IO3TOMY YKAOHEHUE
Se(h) = c(h) — &h) (3.3)

conepKUT Hambosiee MEHHYIO W WHTEPECHYI0 WHQOPMAaIWIO O MOTMOJHUTEIbHBIX HeaIna-
b6arnueckux >¢dexTax, He BOIIEANINX B Teoputo. Takum obpazom, HEOOXOMMMO ObLIO B
3aJaHHOM MacCCHUBe dSMIMPUYECKUX HaHHBIX BbIOpaTh TaKKe ONTHUMallbHBLIN MHTepBajl WH-
reprnossiuun (hy — hy), roe by = 0.02 — MuUHEMaIbHOE 3HAYEHHE B MCXOMHBIX [AHHbIX.
OCHOBHBIM KpHTepHeM IpH 5TOM CIIyXKiila HauMeHblnas Beamdnua Ac (3.2), a Takxke

TOYHOCTD HallIeHHBIX KosddurmenToB psaa (3.1) (em. Tabmumst 1 u 2).



Tabmuna 1. Kospduunentsr a,(m) psoa (3.1) s yria

m an(m) A <>

1 —0.233376428864381610627639619 0.239 x 1072* 0.118 x 10~*
2 —0.29081815512468886036776 0.101 x 1072 0.453 x 10~
3 —0.014824955534894050884  0.240 x 10717 0.973 x 1078
4 0.043182190148643630 0.357 x 10~* 0.130 x 10714
5 —0.041519239477208 0.348 x 107 0.115 x 10~
6 —0.13137331019 0.227 x 107°® 0.673 x 107%
7 —0.319169504 0.983 x 1079 0.261 x 107
8 —1.060635 0.273 x 1079 0.647 x 107%¢
9 —4.3613  0.439 x 107°  0.923 x 10792
10 —24.02 0.312 x 10Tt 0.579 x 1079

Tabmuna 2. Kospduunentsr b(m) psna (4.1) nis naBapuanta

m by(m) A <>
1 18.5989119582092973588171520 0.101 x 10722 0.343 x 10723
2 —4.3411412705681625367860  0.369 x 101 0.125 x 10~'?
3 —4.183263759091894112  0.971 x 107'¢ 0.345 x 10716
4 —4.934139590730929 0.186 x 10712 0.735 x 10713
5 —10.645486442741  0.263 x 107%?  0.121 x 1079
6 —35.860081765 0.276 x 107% 0.151 x 107
7 —177.60356 0.212 x 107% 0.139 x 107%
8 —1239.507 0.114 x 10T°° 0.894 x 10~
9 —11766.0  0.386 x 107°2 0.362 x 10192
10 —163000 0.627 x 10T 0.693 x 10194

B o6enx tabmumax A - CKO B rpynme, a < § > - cpenusas CKO wnnuumyannHOi
uuTepnonasuun. B Tabnuie 2 momuepKHYTHI 3HaUeHHS KOY(DOUIMEHTOB, MOJyYeHHbIE B

pa6ore [11].

KauecTBo nHTepnossunm magaer He TOILKO HPHU YBeJIUYEHUHN hy, KaK OTMEUYEHO BbI-
e, HO W MPHU €ro YMEHBIIEHNN W3-3a MaJoro BKJala BBICOKUX CTeNeHell i Mpu MajioMm
h, a Takxe nm3-3a yMmeHbImeHus dnciia N, y9acTBYIOUINX B MHTeproiasanun Todek. Ham-
JTydinas WHTepnosisanms nodydaercs npu hy ~ 0.063 (N, = 19), Ac, =~ 2 x 107!, n
hay =~ 0.12 (N, = 36), Ac, ~ 2 x 107! onmako mcmonbsoBamuch u npyrue 6au3kne 3Ha-
genuss N, (cMm. paszpen 4). OrmernMm, 9T0 NOCTUTHYTas TOYHOCTH WHTEPIOJSAINN U JaeT
IpyOyIo OLEHKY CpelHell TOYHOCTH M3MepeHHbIX 3HadeHuil o K ).

OcHoBHBIE pe3ysIbTaThl MOJYUYEHBl IPU CTAHAAPTHON WHTEPIOIAIIE Ty TeM MUHIMUI-
sanmm nucnepenu (Ac)? (em. (3.2), (3.1)). Ilns korTpoms mcnomb3oBasach W MpsMast
HHTEPIOJIANNS, KOTZa B Ka4eCTBe HyJIeBOro Hen3BecTHOrO KoddduiumenTa a¢(0) B BoIpaxKe-

Husax Tuna (3.1) oTbickuBamach MoiHas BeanmunHa noctosuuoi JlasyTkuna. Kpowme Toro,

IpoBOAMIaCh U OTHOCUTE/IbHAad MHTEPHIOJIATINA, ITPpU KOTOpOfI MHUHUMHU3UPOBa/laCb OTHOCH-
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Puc. 2: PesyabTaThl MHTEPIOIANNN SMIMPUYECKAX JaHHBLIX [0 yIJIy paclleleHus ce-
HapaTpuchl (TPEyroabHUKN) U NHBapHaHTy (KpyxKu): dc(h) — yK/OHEHUE HONPABKE OT
HpoMexyTouHoll acumnToTukn (3.1), morapudm necaruansiii. HakionHble npsmble mpen-
CTABJISIIOT MEPBOE ClIaraeMoe OCTATOYHOTO dileHa (4.7); KpuBas — 9KCIOHEHI[MAILHOE YKIIO-
wenne (4.6). Bepxuune nunnm — nonuas nonpaska ¢(h) mis yria u nHBapHaHTa, COOTBET-

CTBEHHO.

TEJIbHasd NUCIIEPCUs

(Ac)® _n)]’ .
2 L c(h) ’ (3.4)

Bce TPpU BapWaHTa MHTEPHOJIAINN HaXONW/IINCh B XOpolIeEM COT'JIaCuM OpYyTr € OPYTrOM.

Pesynbrars 06paboTku npencrabieHbl Ha puc.2 u B Tabaunax 1 u 2.

TounocTh HalileHHBIX KOAGOUIINEHTOB ONEHNBAIACH IBYMs Pa3InIHBLIMU METOMaMM7.
Bo-—nepsbix, Borancisiack cranmapthas CKO wnrepnonsunu [14] (komonka 4 B Tabmm-
nax). OTa BeJIUYNHA XapaKTepusyeT OXUIAeMYIo OMHIOKY KOd(OOUIHEHTOB IpH CIIydaii-
ot CKO wucxonmubrx smnumpudecknx manabix. OQmHako Ha caMoM [iejle TOJTHas OInOKa
HMOYTH HUKOTHA HE SIBJISETCS TOJBKO CIYYalHOM, a CONEPKUT €llle U CUCTEMATHIYECKYIO
OInOKy, KOTOpas NPUBOANT K CIABHUTY (IOMOIHUTEILHOMY H3MEHEHHIO) 3HAUYEHUT KO-
[MIEHTOB. JTO SICHO BUIHO YiK€E M3 PUC.2, T7le TOYHOCTD WHTEPTOIANNN CYIIIECTBEHHO TIPe-
BBIIIIAET OCTATOYHBIN uiteH psiaa (1.20), He Brouenusiit B maTepnomnsnuio (3.1). osromy
MCTOTB30BAJICS W IPYTON METOm. JHadeHUs KOXPOUINEHTOB OMPENEIINCh KaK CpelHme
10 HECKOIbKMM WHTEPIOIAIUAM C Pa3IHIHBIM YHCIOM BXOOHBIX maHHBIX: N, = 14 — 20
nns yraa n N, = 33 — 38 nna naBapuanTa. VMeHHO 5TH 3HaveHNs 1 NpUBeleHLl B TabIn-
nax (kosouka 2). OTHOCHTENBHO cilabas 3aBHCHMOCTH CpenHuX 0T [V, CIIyKiila OCHOBHBIM
KpUTEPHUEM Npu BBIGOpe >Tux AByX rpyimi. B kadectse omubkn npuanmatack CKO sma-
YeHil KoshPuunenToB B rpyiie (KojoHka 3 B Tabiaunax). Bumno, aTo o6e oneHK NMe0T

OIMHAKOBBIN MOPANOK, XOTs omnbOKa B IpyIiie sBiseTcs HauboJIbIIel, 1 IOTOMY ollpele-
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Puc. 3: 3akon msmenenns kKo>QpOUINEHTOB TPOMEKYTOUHON acuMuToTukn (3.1) ms yria
ao(m) (TeMHBIE TPEYTONLHUKN), HHBAPHAHTA (M) (TeMHbIE KPYXKKN) U UX OTHOIIEHHS
o/, (3Be3m0ukn). CIIIONIHBIE IMHUY — YMIHPHUYECKas 3aBucuMocTh (4.2). CBeTible Tpe-

YTOJIBHUKHU U KPYXKKHU TPEACTABISMIOT omubku kosdduiuenToB. Jlorapudm necsTuaHbIil.

sstorteit, Bo Beex ciydasx kpome b(10). Pasmuume obenx CKO, ocobenno 3ameTHOe miist

yTJila, OIpenesieHHo yKa3biBaeT Ha CYIeCTBEHHBIE CHCTEMATHYECKNe OMNOKN. SHAYEHS

CKO B rpymnme u ompenesnsioT 9uciio HaAeKHBIX, [0 HAIIEMY MHEHWIO, TeCATHIHBIX 3Ha-
¢ ¢ ¢ ” ”

KOB Kod(duimeHToB. B Komonke 2 ocraBieHbl 2 - 3 "auImHUX 3HaKa JIs CPaBHEHUS C

6yI[y1lII/IMI/I 0OoJlee TOUHLIMU SMIINPpUIECCKUMU I/I/I/IJH/I TeoOpeTUYCCKNUMU 3HAUYCHUAMMN.

4 (O6cyxneHue pe3yjibTAaTOB

Paccmorpum BHawase moBemenue caMux KoshduumeHToB pasnoxenus (3.1), mexoms us
nauabX Tabaun 1 u 2. Ipu 5ToM MBI 6yIEM HCHO/IB30BaTh HUKE MpencTaBieHne KOod(-
bunmenToB B npocTeiiteit Gpopme (3.1) 3a MCKIIOUEHTEM HENOCPENCTBEHHOTO CPABHEHHS €
pesyabTaTamu paborsl [11], e kosdduunentsr b(m) npencrasiens B popme psama Toii-
sopa (cp. (1.20)):

CeoeeE K wmameie

Hpemne BCETO HaM YIOaJIOCh HaliTH OTHOCHTEILHO IPOCTYIO SKCTPAOJAINIO 3aBUCH-
MOCTH a(m) BHE IIpEOeIoB HOCATAEMOCTHU MPAMBIX I/ISMepeHI/IfI YTJla pacClICIlNIEHNA CeElla-

PaTpPUCHI. PeSyJII)TELTBI TaKou’ SKCTPalloJIAIINN MIpeacTaB/ICHBL Ha pI/IC3 1 OIINCBIBaIOTCA



HpI/I6JH/I)K€HH]:IMI/I BbIpaKCHUAMUI:

e’
aa(m) ~ AQW (42@)
JIg yoila 1
R —AJ 4.2b
anlim) ~ 2 (1.25)

11 mHBapuaHTa. IlocTpoeHne sTUX SMIMPUUYECKHX COOTHOLIEHUN IIPOU3BOAIIOCEH CJIEIY-
torrM o6paszom. U3 puc.2 u Tabaun BUIHO, 9TO HONpaBKa ¢, (h) > 0 3HaUMTENBHO MEHbIIIE
1o abcomoTHON Bemnunne, 9eM ¢o(h) < 0 BO BceM MCCIeNOBaHHOM MHanas’oHe A U MMe-
eT OOpaTHBIN 3HaK. JTO ABJISETCS CIENCTBHEM HoBeneHus HOPMEL v(h) = vs (1 + ¢, (h))
(Voo = 4, ¢,(h) > 0) B coorromennn (1.19). Orciona cBa3b MexIY KOdDPUITEHTAME

MOXKeT OBITh 3allcaHa B BUIE:
as(m) = a,(m) + Z ao(k) - a,(m—k). (4.3)
k=1

3nechb Bece KodpOUIIEHTH HOPMBI @, (M) > 0 TOI0KNTENbHBIE, TOT 1A KaK TOUTH BCE dq (M)
U a,(m) orpunarenbHble (3a UCKIIOYEHHEM o (4) 1 a, (1), cm. Tabmuust). C apyroit cTo-
POHBI, U3 PUC.3 BUIHO, UTO U caMu KO>(PPUIUEHTHI [IJIs yIila U UHBapuaHTa BemyT cebOs
coBepliiieHHO To—pazHomy. [lociennme oTHOCHTETBHO MeNJIEHHO YOBIBAIOT € m, Tpubiu-
3UTEIbHO TI0 CTENEHHOMY 3aKOHY, TOTIa KaK MepBble ObICTPO, MOUTH DKCIHOHEHIINAILHO,
pacTyT, Takke Kak 1 KOOPPUIHEHTH HOPMBL. JTO MOATBEPKIAECTCSA TPAMON MWHTEPIOIS-
el 1 HeTOCPENCTBEHHO BBHITEKAET M3 TOTO, UTO HOPMa MOYTH KOMIEHCHPYET GOIBIIYIO
HONpPaBKy [JIs yria: ¢, < |¢y|. B 5TOM KiTtou K TOCTPOEHUIO SMIUPUIECKUX COOTHOIIEHUTT
(4.2). HeiicTBUTENBHO, TaKas KOMIEHCAINS HE TPOXOMUT MPU YUCTO HKCHOHEHINATHHOIM
3aBUCHMOCTH Gqo(m) & a,(m). OmHaxo, Jerko MpoBepuTh, 9TO HTO CTAHOBUTCS BO3MOK-
HBIM IpU KOMOHHEPOBaHHON 3aBucuMocTu (4.2a), ecnm Tonbko p > 1w m > 1. Ha puc.3
HoKa3aHa TaKikKe 3aBUCHMOCTH OTHOIICHUS d,/d, OT M, KOTOpas MPEKPACHO JOKUTCI Ha
skcroneHTy (cM. (4.4) Huxke). DTo TeM Goslee YAUBUTENBHO, YTO HOCIENHIE 2 WIH Jaxke
3 xoddpduiimeHTa WHBaAPUAHTA SBHO OTKJIOHSIOTCS OT IIPOCTON CTENEeHHON 3aBUCHUMOCTH
(4.2b). To xe orHOCUTCA W K KOMOHHUpOBaHHOIN 3aBucumoctu (4.2a) nms yraa. Bompoc
O TPUPOIE dTUX AHOMAJIUI OCTAaeTCss OTKPBITHIM U TpebyeT MallbHENITNX MCCIIENOBAHNI.
OTMeTnM, 9TO aHOMAJTHH TOSABIISIIOTCSA TOJIBKO Ha MOCIEMHUX KO3GPUIHEHTaX, TNCIO0 KO-
TOPBIX HEBO3MOKHO YBETHUUTD N3—3a KaTacTpodudeckoro pocta omubok (puc.l). Kpome
TOTO, OTHOIIIeHNEe KO UINEHTOB yIila U WHBapWaHTa BOOOIIE HE CONEPKUT BUIUMBIX
QHOMAJINH, YTO HECOMHEHHO OTPaX)kaeT KaKoe—TO XapaKTEPHOE CBOMCTBO MPOMEXKY TOUHOM
acuMOTOTUKH. KOoHeUHO, TOuHas 3aBUCUMOCTD KOSPPUIINEHTOB, €CIIU OHA BOOOIIIE MOXKET
OBITH BbIpaXkKeHa B BHOM BHJE, BPsifl Ji UMeeT npocTyio Gopmy (4.2) maxe npu m > 1.
DTO BUIHO yiKe U3 TOrO, YTO TOYHOCTH HYMITMPHUIECKUX COOTHOIIEHN HE WIET HU B KaKOE
CpaBHEHUE € TOYHOCTHIO caMuX KosdduunenTos (cp. Tabmuust u (4.4)). Tem He menee, na-
Ke IpubImKeHHble Bhipaxenus (4.2) mOMOraloT OpHEHTHPOBATHLCS KaK B MHTEPIIPETAIIN
XapaKTEPHBIX OCOOEHHOCTEN TMTPOMENKYTOTHON aCUMTOTHUKH, TaK M B HAIBHEHIITNX HCCIe-
NMOBaHUIX 5TOH mpobitembl. Tak unm wHavye, Ha HAHHOM 5Talle Mbl OFPAHUYMINCH STUM

TpubINKEHTEM.



[TapameTpbl SMIUPUYECKUX COOTHOMIEHUN ObIIN MOJIYYEHBI C TIOMOIIBIO UWHTEPIOIISITTI
MIaHHBIX 71 OTHOIIeHUsT KodpduimeHToB ¢ m = 7 — 10 B mosysorapudmMuueckoMm Mac-
mTabe, U TaHHBLIX OJId WHBapWaHTa ¢ m = 4 — 6 B IBOITHOM JToTapudMUIecKoOM MaciiTabe.

Pe?)y.HI)TaTBI NMEIOT B!

1.358 £0.0059; p = 3.51 £0.17

= (4.4)
Ay = —0.0174- (1 £0.28); A, = —0.0233 - (1 £0.27),

rfe TOYHOCTh yKasaHa B abcomoTHbIX 1 oTHocuTenbHBIX CKO. OTmMeTuM, uTo maTEpIO-
Jasuus maxe mo TpeM kosdounuentam (m = 2,3,4), nonydenusiv B pabore [11], maer

Grmskue 3HaveHns napameTpos (4.2b):
A, = —0.0216 - (1 £0.45) p = 3.38 £0.41. (4.5)

Tounocts sMnupuueckux cooTHomenui (4.2) XapakTepusyeTcs Takke OTHOCHTENLHOI
CKO camoit narepnonsmun (Aa/|a|) (mas ykasaHHBIX BBIIE 3HAYEHUT M), KOTOpas CO-
crapisier Beaumunny +0.029 mmst yrma w £0.028 s uaBapuanTa. OTMeTum, 9TO OTHO-
curenbro Masibie 3Havenns >Tux CKO no cpasrenmio ¢ CKO camux kosddunnentos (4.4)
00bsICHAETCSI CUITBHON Koppessiueil nociequux. B obonx ciayuasx aHoMaanu KodGphuim-
EHTOB CYIIECTBEHHO MPEBBINIAIOT KaK MpUBENeHHbIe OMMOKN cooTHOmeHns (4.2), Tak n
obe omunbku camMux KospOuuueHToB B Tabaunax (cM. puc.3).

C momorpio (4.2) MOKHO MOCTPOUTH MPUGITHKEHHYIO MOIEIb POMEXY TOUHON aCHM-
OTOTHUKH, B3SB B KaueCTBe HaYalbHBIX KOd(DOUIUEHTOB, SBHO He yuoBieTBopsioiux (4.2),
UX TOYHBbIe 3HadeHus u3 Tabnui. lIpenBapurenbHble UKCIIEHHBIE YKCHEPUMEHTHI C Ta-
KON MOMIeNTbIo TIOKa3aju, YTO OHa MENCTBUTEIBHO BOCIIPOU3BOMUT CIABHUI 3HAUYEHUN BCeEX
u O0COOEHHO TOCTemHUX KOdPPUINEHTOB, KOTOPBIN OMHAKO JIEKUT B Ipereaax OmmboK
(cM. Tabmauner u puc.3) u He OOBACHAET yKasaHHBIE BbIllle aHOMauu. boiee Toro, maxe
BKJTIOYEHWE JIOTOTHUTETLHOTO OTHOPOMHOTO IO A ITyMa, MOMETUPYIOIIEro OMMMOKN M3Me-
peHus yria, He TTOMOTaeT.

[Ipubnuxennbie Bbipaxenus (4.2) MO3BOAIOT TaKXke HPENCTAaBUTH cebe riiobabHOe
HOBeNleHIe B [IPOMERKYTOUHON acumnToTuke. llpexne Bcero, psm mist nuBapuanTa (4.2b)
CXOMUTCS BO BCEM HCCIENOBaHHOM mHTepBaje h < 1 BILUIOTH [0 TpaHUIbI TI06aILHOTO
Xaoca, XOTs W He OMUCBhIBaeT peajibHOe ToBeneHne maBapuanTa mpu hz0.14. 3mech sicHo

BU/IHA KCIOHEHTa (CM. puc.2)
5c(h)| ~ 63-e /", (4.6)

KOTOpas 3HAUNTEIHHO IIPEBBIIIAeT OCTATOYHbI dieH (4.7) U KOTopas ONUCHIBAET BO3MY-
LIEHNe cemapaTpuchl bosiee ynaleHHbIM pe3oHaHcoM ¢ wactoroil 20 = 4m (em. (1.6)).
[IpocTas Teopus [2] mpenckasplBaeT MPeNdKCIOHEHINAIBHBIN MHOKXHUTENDL 8, T.€. HOYTH
Ha TOPAZIOK MeHblne. Takoe pasnuuune BHOOTHE OOBICHUMO NAPYTHM (HEM3BECTHBIM) 3HAUE-
uuem daxtopa f B (1.12), a Takke 3HAUMTETBHO GOJIEE CIIOKHON B HTOM CIIyvae CHCTEMON
PEe30HAHCOB BBICITNX Mpubimnxkenuii [15].

Bonee nuTepecnas cuTyalus BO3HUKAET Ui yTila, TOCKOILKY psan (4.2a) pacxomuTcs

npu h > he = exp (—vy/2) ~ 0.507, T.e. BHYTpH HCCIENOBAaHHOTO Auanasona (15 meBbix



Tovek Ha puc.2). Mexmy Tem, B 5Toil 061acTu He HabIOgaeTCss HUKAKUX CHHTYIISPHOCTEN
WJIN aHOMAJIHIl B TIOBENEeHNN PYHKINN Co(h) nmnn ee ykimonenus dc,(h) oT mHTEpHONAIIN.
bBosee Toro, mocrennee BIOHE YIOBIETBOPUTEIHLHO OMUCHIBAETCS OCTATOYHBIM UIIEHOM
(4.7), KOTOPBIN K TOMY K€ MPEACTABIIEH Ha PHUC.2 TOIBKO CBOMM TIEPBLIM CIIaraeMbIM. DTO
SICHO IEMOHCTPHUpPYET CYIIIeCTBEHHOE M3MEHEHNe TTOBeNleHNs KaK yTJia, Tak W WHBapuaHTa
B obstacTn 6oipmnX A ~ 1 M0 CpaBHEHUIO ¢ MPOMEKYTOUHON aCHMITOTHKOM.
pubnuxennsie cooTromenus (4.2) MO3BONAIOT Takke Gollee aKKypaTHO, €M 9TO Clie-
maro B [11], onennts ocTaTounstit wien psma (1.20), He BKIIIOYEHHBI B MHTEPIOIAIIIO

(3.1):

R(h,M) = fj a(m) k¥ ~ a(M + 1)h*M+2 (4.7)

m=M+1

W3 puc.2 BumHO, 4TO Maxke mepBoe ciaraemoe [ HEMIOXO MpencTaBisieT MOBeNeHne YKJII0-
HEHWsI yrja BO Bcell mcciieoBanHoll obiactu. To ke MOXHO cKa3aTh U 00 HKCIOHEHTE
(4.6) s maBapruadTa. (OoHako MONBITKa M00aBUTL 06a BBIPpAakKEHUS K MOJHHOMY (31)
KaTacTpopuiIeckn CHIXKaeT TOYHOCThL mHTepnomanui: Ac ~ 1075, DTo eme pas memon-
CTPUPYET 3HAUNTENLHO Gojlee CIIOXHYIO CTPYKTYpy obmactu h ~ 1. BBumy BaxHoCcTH
5TOHN obIacT! MJIs MHOTOUMCIIEHHBIX MPUIOXKEHNN dTa mpobieMa 3aciayXuBaeT MalibHEN-
1IeTo M3y IeHUS.

Haxkomnern, 60b1110e BHUMaH#e OBIIO yAeTeHO Hanbolee TOTHOMY 1 HaIeXKHOMY OITpee-

seruio noctosauol JlasyTkuna L. BBemem xoppekimio
23
(S/:Z = (,CZ — ,Co) x 10 s (48)
rJle WHIEKC ¢ HyMepYyeT pa3iimdHble cHocoObl momyuenus L, a

Lo = 1118.8277059409 0077841514 639 (4.9)

6a30Boe 3HaueHHWe, KOTOpoe OBIJIO TOJIyvYeHO HaMW YK€ B MpeIBapUTeTbHBIX UHNCICHHBIX
skcnepumenTax (cp. (1.16)). Popmanbho, HauGosblas TOYHOCTH NOCTUTAETCS P HH-

nuBnoyanbHO# mHTepnosnuu ¢ N, = 14, M = 10:

0L, = 0.323560 4 0.000017

(4.10)
8L, = 0.323572 +0.000017

[HockombKY PsIbl MPOMEXKY TOUHON aCHMITOTHKH (4.2) yCTPOEHBI COBEPIIEHHO TTO-PasHOMY
B IBYX 5TUX CIIy4asX, CTOJb XOPOIIEE COBMA/IEHNE 060NX 3HAYEHWI SBIAETCS CEPbE3HBIM
apryMeHTOM B TOJIb3Y PeaTbHOCTH yKa3aHHON TOYHOCTH.

Beuny Baxx#OCTH 5TOM MOCTOSHHON, GBLITH MCIOIB30BaHbl U APYTHE CIIOCOOBI ee orpe-
nesnennsi. [Ipexne Bcero Oblita BbIfesieHa TPYIIa BAPHAHTOB WHTEPIIOIANNN C OMHIM U T€M
xe 3nadennem M = 10, mo pasmmunbimu N, = 12 — 20 nng yrnau N, = 13 — 38 nas
uHBapuaHTa (Bcero 35 ciayuaes). I'pynna BGupanach MaKCHMAIbHO MIMPOKON U O PAHH-
YHBAJIaCh TOJIBKO GBLICTPBIM U MOHOTOHHBIM YXOIOM 3HadeHus dL; Mo mpudnHaM, KOTOpbIE

obcyxmanuce Boitiie. Cpennee snauenne u CKO B 5Toit Tpymme oka3aanch paBHBIME:

< 8L; >55= 0.323368 £ 0.0017. (4.11)



Ommubka mpu H5ToM 3HAYUTENLHO yBemnumiach. QoHaKo THCTOr paMMa pacipeneaenus oL,
B rpymme (puc.4) HokasslBaeT, YTO OCHOBHOI MUK MMeeT Topas/io MEHbIIYIO mupuHy. Ecim

OTOPOCHTH KPbLIbs paclpenenenns (qBa cirydas CIpaBa W IIECTh Cl€Ba), MOy UNM:
< OL; >97= 0.323654 £ 0.00029 . (4.12)
Haxonern, octaBisist TosbKO Y ciiydaeB B caMOil BBICOKOH sidefiKe IHCTOrpaMMbl, HallIeM:

< 0L; >9= 0.323660 £ 0.000021 . (4.13)

10

S

0318 0.32 0322 0324 0.326 0.328 0.33

oL

Puc. 4: T'ucrorpamma xoppekunu (4.8) smauenust mapamerpa Jlasyrkuna (4.9): n — yncio

PasINUHbLIX 3HauYeHU KOPPEKIMU B gueiike, MIMpUHa KOTOpoil paBHa 1074,

BspemmuBas Bce 3a u OpoTHUB, MBI IIPHUIIJIN K 3aK/JIIOYCHUIO, 1TO Haubosee JOCTOBEPHOE

3HaYeHUe TOCTOsSHHON Jla3yTKiHa ¢ OCTOPOKHOI OMMOKON paBHBI:
£ = 1118.8277059409 0077841514 639 323566 + 3 x 107%7 . (4.14)

[MomuepkuyTo sHauenue L, MOTyUEHHOE paHee ¢ MOMOIIbIO Tpubmimkennoit Teopun [10].
Pesynbrarsl nHacTosieil paboThl onTBepxaaoT Teopuio [11] kak kauecTsenno (Bumn
npoMexyTounoil acumnToTuku (3.1)), Tak u kommuecrBenuo (rabmuuna 2). Bosee Toro,
Haii/leHa IIPOMEekKYTOYHas aCHMITOTHKA HEOCPEACTBEHHO Ui yIJla pacllel/IeHns cella-
pPaTPUCHI, YTO BazKHO CaMo 110 cebe U MO3BOJIMIIO, B KOMOMHAIIMN C JaHHBIME [IJ11 HHBAPH-
aHTa, MOIyYNTh NPUOIMKEHHbIE SMIUpUYecKe cooTHomenns (4.2) B oToil obmacTu, He

Or'paHUYE€HHBIE YN CJIOM HEIMMOCPEACTBEHHO HaﬁI[eHH])IX KOS(I)(lDI/IHI/IeHTOB.
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