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MpepnoxeHo npocToe heHOMEHONOMMHECKOE PACLLVPEHNE METPUKI HEPHOI AbIPbl C NPUINBHLIM 33apsifOM, Tak
KaK AaHHble 0 YepHoii apipe Sgr A*, nonydeHHbie n3 HabnogeHnli, MOXXHO NHTEPNPETUPOBaTL PEHOMEHOOrYe-
ckum obobuierHmnem npoctpaHcTea-spemerun PeiicHepa—Hopactpema. Tem He meHee meTpuka Pelichepa — Hopa-
cTpema cnocobHa y4ecTb NUb Beaywnii BKAAL OT BO3MOXKHbIX MPaBUTALMOHHBLIX 3PeKTOoB, Nexalux 3a
npegenamn OTO. MNpepnoxeHHas HaMu MeTprKa NO3BOSISIET yHeCTb Bonee TOHKME rpaBUTaLNOHHBIE Sbhek-
Tbl. B paboTe obcyxxpatotcs husmyeckne nposisNieHns npeanaraemMoli METPUKW: pa3Mep TeHun, oTbpacbiBaemoii
YepHOIi Ablpoli, 1 paguyc nocnegHeli ycToinuneoi opbuThbl.

DOI: 10.1134/S0044451019050080 Mogmenb MOIuGUIIMPOBAHHOW TI'DABUTAIIMN CTOUT
paccmarpuBaTh Kak ajibrepaaruBy OTO B ciayuae jiyd-

IIEr0 OMUCAHUS €10 TPABUTAIMOHHBIX SBJIEHU, XOTSI ObI

1. BBEAEHUE HA OJIHOM TIPOCTPaHCTBEHHOM MacriTabe. Bemencrsue

9TOr0, 0COOBIN MHTEPEC MPEJICTABISAIOT MOJEIH, Y/IOB-

B nacrosmee Bpems 06Imas TeOPUs OTHOCHTENLHOC- JIETBOPSIOIIUE T'PAaBUTAIIMOHHBIM TecTaM B CoJiHedHOM

tu (OTO), aBngasce obrienpusHaHHOW Teopueil rpa-
BUTAINN, TIPEIOCTABJISET KOPPEKTHOE OIKACAHWE MHO-
UX I'PaBUTANUMOHHBIX sBjeHuil [1,2]. B To xe Bpems

cucTeMe, a UMEHHO, MOJEJH, IIOCT-HbIOTOHOBCKUE (a
TaKKe II0CT-KeIJIEPOBCKUE) IIapaMeTpPbl KOTOPBIX CO-

[JIACYIOTCSI ¢ SMIIUPUIECKUME JaHubmvu [1,7,11].
cymecTBoBaHne (hEHOMEHOB TEMHOH MATEPUH U TeM-

HOM1 Heprun maeT ocHoBaHue nojarath, ¥ro OTO kop- Haitee, B pamrax OTO meBpamatommasicss depHast
PEKTHO OIKCHIBAET IPABUTAIIMOHHBIE sIBJICHUS JIUIIb HA, JbIpa 6€3 3JEeKTPUIECKOrO 3apsifia OIMUCHIBACTCS MET-
MAJIBIX MPOCTPAHCTBEHHBIX MacmTabax [3-5]. Basossie pukoit IMIsapmmuabaa. B To Ke Bpemsi JlaHHBIE Ha-

duznveckre TPUHITAIDI, JeXKaIle B OCHOBE MOIN(U- Gurosiernit wepHO#t mpipel Sgr A* [12-14] syame co-
kamu OTO, B HacTOsIIEe BpeMs MIUPOKO 0OCY XK TAI0T- rnacyiorcesa ¢ merpukoit Peiicnepa— Hopuacrpema mpu
cs B smreparype [6,7]. CuexTp Takux Teopuii BKioyaer — HemyleBoM 3apsme [15]. Peambmas («acTpodusmue-
pasnoobpasuble Mojiean f(R) rpaBuTanum, CKaJISPHO- CKasi» ) YepHas JbIpa C HEHYJIEBbIM JIEKTPUYECKUM 3a-
TEH30pHBIE IOCTPOEHNS, BKJIIOUAs MOJEN XOPHIECKU psnom mHeycroitumpa. OHAKO B MOIUMDUIIMPOBAHHBIX
[8-10]. MOJIeJIIX T'PABUTAIMM, & WMEHHO, B MOJIEJISIX KJIacca

Pannasur— Canapym, MeTpuka, aHAJOTUYHAST METPUKE

* E-mail: alexeyev@sai.msu.ru Peiicuepa — Hopacrpema, siBjisiercst TOYHBIM DeIlreHU-
ok . . %
E-mail: slaprok777@gmail.com eM [16]. DTO pellleHre ONKUCHIBAET JIEKTPUIECKY HENT-
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PaJbHYIO YEPHYIO [IBIPY, XapaKTepPU3yeMyOo JOTOJIHU-
TEJILHBIM [TAPAMETPOM — MIPUJINBHBIM 3aPsI0M, BO3HU-
KAIOIIIM M3-3a BBIXOJ[@ TPABUTAIIMOHHOTO TOJISI B TIPO-
CTPAHCTBO JIOTIOJIHATEJbHBIX n3Mepennit. Tak Kak mac-
ca Takoil YepHOil ALIPHI Ha OpaHe He OMpeaessieT s 0~
[TOJIHUTEJbHBIMU U3MEDEHUSIMU, OHA COBIAJIAET C Mac-
coit wepHoit geipbl [IBapmasaa [17]. 3amernm, aro
[IPUJINBHBIA 3apsiJi MOXKET UMETh U ITPOTUBOIIOJIOKHBIN
3HAK [0 OTHOIIEHWIO K 3apsily Merpuku Peiicepa —
Hopacrpema. 910 €cBOMCTBO MTO3BOJISIET OTIUIUTD JJIEK-
TPUYECKUIi 3apsij] OT MIPUWINBHOTO. B manHOi pabore Mbl
OyzmeM CIem0BATH TEPMUHOJIOrHY paboTsl [15] n Ha3bl-
BaTh MeTpUKY |16] METpUKOIl ¢ MPUIMBHBIM 3apSIIIOM.

Tak kax mannble HaOmOAeHuit Sgr A* cormacyrorces
¢ merpukoit Peiicaepa— Hopjcrpema, ects ocHOBaHwUst
CYUTATH, 9TO BHEINTHEE T'PABATAIIMOHHOE TI0JIE ITOH dep-
HOW JIBIPBI MOYKHO OIHUCATH POCTPAHCTBOM-BPEMEHEM
GoJtee OOIIMM, UeM YIOMsIHyTasi MeTpuka PeiicHepa —
Hopacrpema. B marmeit pabore Mbl mpesaraem 00600~
menne merpuku Peiicaepa—Hopacrpema, crocobmnoe
y9IeCcTb BJiMsiHIE 0OJIee TOHKUX TDaBUTAIMOHHBIX -
dexToB, exkamux 3a npuiaeaamu npumeranmocta OTO
U CHAJaomux OpicTpee deM 7 2. DTu 3ddeKTnl Gy-
JyT HAOJIOJaeMbl B OJmKaiiiem OymymeM Oaaromapst
[IPpOEKTaM, HAIIPABIECHHBIM HA M3yJI€HUE CBONCTB TeHEi
4yepHBbIX 1bIp [18,19]. Takum o6pazom, 11e1b HACTOSIIEH
pabOThI COCTOUT B YCTAHOBJICHUN CBSI3U MEXK]Ly HAOJIO-
JaTEIbHBIMU JTAHHBIMU W HOBBIM [TapaMEeTPOM METPH-
KM, TOYHEE TOBOpsi, B M3yUYeHUU BIUAHUS 3PEPHEKTOB
MOINDUINPOBAHHON TPABUTAIINN HA PAJINYC TOCIETHEH
YCTOWYMBOI OPOUTHI ¥ TEHBb OT YEPHOM IBIPHI.

Pabora mocTpoena caemaytonum obpazom. B pazm. 2
MBI IpejyraraeM MOnuGUINPOBAHHYI0O METPUKY u 00-
cyzKJiaeM ee cBolicTBa. B pazj. 3 Mbl u3ydaeM cBoicTBa
TeHu, orOpackiBaeMoit TakuM obbekToMm. Pasnen 4 mo-
CBSITEH OOCY?KJIEHHIO CBOMCTB TOC/IeTHEN YCTORINBOi
opbuthkl. B pa3s. 5 mpuBeeHbl BBIBOIBI, IOy YeHHBIE B
pabore.

2. PEHOMEHOJIOTTYECKAAd METPUKA

IIpocreiinas craTudeckasi, aCHMITOTUIECKH TLJI0C-
Kasl MEeTPUKa cO chepruiecKkoil cuMMmeTpueil mmeeT cJie-
JYIOIIU BAJL (B IIAHKOBCKOI cucteMe equnui G = ¢ =

=h=1):

dtQ—d—T2 — 7?2

ds* = A(r) NG

(d6? +sin® 0de?). (1)
Bun dyukinuu A onpenensiercss pusnIecKUMU CUMMET-
pusmu 3agaqun. B ciaydae merpukn Peiicaepa—Hopa-
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crpeMa 3Ta MYHKIWS 3aaHa CJIETYIONIMM BBIPDAXKEHNU-
eM:

2

electric

r2

2M
-+

A=1

= (2)
B ciydae 4epHOii JBIPBI ¢ HPUIMBHBIM 3apsigoM [16]
GbYHKIIAST UMeeT CXOXKYI0 hopMy:

_2M Qtidal
r r2

A

=1 ) (3)

e BeInanHa (Qyidqi MOYKET OBITH KaK OTPHUIATEIHHOIA,
Tak U 10J0KuTebHONW. ObOe 9TH METPUKU MOTYT OITU-
caTh Bce HOBBbIE 3 DEKTh MOIUMUINPOBAHHON TPABH-
Tamuu, cragaomue 6eicTpee yem 2. Crietyst 9Toil J10-
rUKe, MBI MOXKEM ITOIPOOOBATH YyUeCTh BJIUSHIE DOJIee
TOHKUX 3(HEKTOB, BBEJ/ HOBBIH UJEH, yOLIBAIONIIMIT
Kak 7~ 3. MBI pacCMOTPHUM €ro B BUjIe

. 2 q Q@
AR)=1-=+ =+ = 4
(7) STt (4)

JlamHoe BbIparkKeHHUe 3aINCAHO B €IMHUIAX JJIMHBI 1 =
= r/M, napamerpsl ¢ 1 o 6e3pa3MepHbl. 3aMeTUM, ITO
00CYKIAEMYI0 METPUKY MOXKHO PaCCMATPUBATH KakK
pazsoxKenue JTI060i CTaTHIECKON chepUIeCKU-CUMMET-
PUYHON METPUKH B IIPOM3BOJILHOM MOJIEJIN TPABUTAIINN
B P 0 MasoMmy mapamerpy 7L = M /r. Takum 06-
pa3oM, KO3(DDUIMEHTHI 3TOM METPUKHA MOXKHO HAIIPSi-
MYIO CBA3aTh C IIapaMeTPaAMH METPHKH B IIPOU3BOJIb-
HOM MOIUMUITMPOBAHHON MO/ IPABUTAINHN. [aK>Ke
BayKHO OTMETHTDb, 4TO MeTpuka (4) He ABJAETCS TOY-
HBIM pelleHrueM KaKON-TO KOHKPETHON MOJeJu I'paBU-
TaIUU, MBI UCIIOJIb3YEM €€ B KadeCTBe aH3alla, IPUr0/I-
HOTO JIJIsi OIIUCAHUSI SMIIMPUIECKUX JAHHBIX. [Ipu sToM
OyIeM paccMaTpPUBATH ITY METPHUKY B KadecTBe TOY-
HOT'O DeIlleHusi, YTO IIO3BOJIUT CBI3aTh €€ IIapaMeTPhI
(M, qu @) c HABONATETHHBIMY JAHHBIMU, TAKUMU KAK
pa3mep TeHm, oTOpachiBaeMoi oobekToM. Takum obpa-
30M, MeTPUKY (4) MOXKHO pacCMaTpUBaTh KAk IPOCTeii-
Y0 MOJIEJIb, TTO3BOJIAONIY 0 YCTAHOBUTD CBSI3b MEXKLY
rmapaMeTrpaMu PelieHns B PAMKaX [IPOM3BOJIBHON MOJIe-
JI TPABUTAIMNA U SMIMPUIECKAMU JTAHHBIMI.

JLJ1st ICIIOJIB30BAaHUSI TIPEJIJIOKEHHON TeXHUKN HE00-
XOJIUMO IPEXKJE BCEr0 YCTAHOBUTH 00JIACTH ITPUMEHU-
MOCTH 00CY2KIaeMOi MeTpUKH. TaK KaK 9Ta MEeTPUKa, —
DS IO MaJIbIM 7', ee HeJb3s HIPUMEHSITH B OBJIACTH
MaJIbIX 7. MeTpuka nMeer Tpu mapamMeTpa, Ompe IesIsiio-
mux 06JIACTH €€ TPUMEHUMOCTH. YCTAHOBUTH ITY I'pa-
HUILy TPUMEHIMOCTH MOXKHO, BEIYUC/IUB IIOJIOKEHHUE T'O-
pU30HTA COOBITHMN, TAK KAK €ro IMOJIOXKEHUE OIIPeJIe Isi-
€T TPAHUILy 00JIACTH, T/I€ TPABUTAIS BXOIUT B PEXKIM
CHJIBHOTO TI0JTs1. Pajimyc ropu3onTa COOBITUI MOy InM
n3 ypastennst A7) = 0. @ynxims (4) — MHOroUYsIeH
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Puc. 1. KoHdurypaunoHHoe npocTpaHcTso MeTpuku (4), pas-
JeneHHoe Ha obnacTu € pasHbIM YUC/IOM FOPU3OHTOB, COOT-
BETCTBYIOLLMM NPUBEAEHHBIM HA PUCYHKE Lndpam

TPETBETo MOPsIIIKa, o3ToMy ypasHeHune A(F) = 0 ume-
€T TPU KOPHS, CJIe/IOBATEIbHO, ONUCHIBAEMBIIT METpH-
KO 00BEKT MOXKET BKJIIOYATH JI0 Tpex ropu3ouToB. Ha
puc. 1 npuBesnena dazoBasd auarpaMma, IOKa3bIBAIO-
asd YUCJI0 TOPU3OHTOB, KOTOPHIE JIOIIYCKAET METPHUKA.
Bepxusasa kpuBas 3a/1aHa ypaBHEHUIEM

w:%(¢zig_g(¢115+®? (5)

Hiknsas kpuBas onpesesena ypaBHEHHEM

o= (Vi-sg+1) (Vi-3g-2) . (©)

B ommume ot mpocrpancrBa-Bpemenu Peiicue-
pa—Hopacrpema, paccMaTpuBaeMasi METPHKA MOXKET
TEeHEPUPOBATH JIONOJHUTEIbHBI BHEIIHUI T'OPU30HT
u3-3a JOIOJHUTEIHHOr0 KopHs ¢ynknun (4). Byas
9Ta METPUKA TOYHBIM peIlleHreM, BHEINHUN HabJIo-
JaTenb 3aduKcupoBas Obl KOHEUIHBIN CIBUT PaIHyca
ropmsoHTa. B naspHeiiniem OygeM HA3bIBATH 3TO
sIBJIEHHE CABUIOM ropu3oHTa. lIpruBenennsie Ha puc. 2
KpuBble 2—6 TOKas3bBAaOT, Kak wmerpuka (4) dop-
MUpYeT HOBbIl BHeITHUiT ropu3oHT. Kounduryparun,
COOTBETCTBYIOIINE CIBUIY TOPU30HTA, HAXOJATCH Ha,
kpuBoit 5. I'pacduku, MOKA3LIBAIONINE KPUTUIECKUE
KpUBBIe, IpuBeleHbl Ha puc. 1 u 4. B 1o ke Bpems
YCJIOBHE MCUYE3HOBEHUs ropu3onTa (cM. puc. 1) Tpe-
Oyer obpaleHust B HyJb (GYHKIUH A U ee IepBoOil
HPOU3BO/IHOM:

A =0, =0~ (7)

Cueyer erie pa3 MOAYEPKHYTH BaXKHOCTH ydUeTa
00JtacTu IpUMEHNMOCTH Mojen. Mbl paccMaTpuBaeM

6 2KIT®, b 5

910 0600mmenne merpuku Peitciepa— Hopacrpema kax
pasyIoXKeHne II0 MAJIOMy IIapaMeTpy 7 ', IpHMeHIMOe
JIJTsT OTIMCAHUS SMIMPUIECKUX JAaHHBIX. Jpyrumu cio-
BaMU, METPUKA IPUMEHSIETCS JIJIsl OIIMCAHUST BHEIITHETO
CPABUTAIMOHHOTO [TOJI Y€PHO AbIphl. [Ipu sTOM MeT-
pUKa He BCerjia HEIPUMEHUMAa JIjIs OIMUCAHUS W BHYT-
peHHell CTPYKTYPBI YepHON JbIpbl. Tak Kak BHEITHUH
FOPU3OHT OTMeYaeT I'PAaHUILy, Ha KOTOPOil IpaBUTAIMSI
BXOJUT B PEXKUM CHJIBHOTO 110Jisi, MeTpuka (4) He BCe-
IJIa MOXKET OBITh COIVIACOBAHHO ITPUMEHEHA B PEKUME
cusbHOrO 110J1s1. Eciu ke MeTpuKa He MeeT FOPU30HTa.,
TO €JMHCTBEHHOE €CTECTBEHHOE YCJIOBHE, OIPEIeJIsIIo-
1ee ee IPUMEHNMOCTh, COCTOUT B MAJIOCTHU ITapaMeTpPOB
M < r,q <1, a < 1. Biarogaps sTtomy, BK1a,1 0bac-
TH IIPOCTPAHCTBA-BPEMEHU 110/ TOPU30HTOM He BayKeH
JIJTsT M3y9YeHUs] 9aCTHIl U CBETA BHE TAKOBOTO.

3. CBOIICTBA TEHU

Tenn uepHON ABIPHI BO3HUKAET U3-3a TOrO, 9TO Ho-
TOHBI, JIBUXKYIIUECS] BOJIU3U 3TON Y€PHOM JBIPHI, 3aXBa-
TBHIBAIOTCSI €€ I'PABUTAIMOHHBIM I0JIeM. ['aMMa-KBaHT,
U3JIyYE€HHBIA BHEIIHUM UCTOYHUKOM, MOXKET JIHO0 pac-
CesIThCsl HA YEPHOH IbIpe W [OCTUYb YIAJEHHOTO Ha-
6sro1aTestst, 00 OBITH 3aXBAYEHHBIM UE€PHOMN TBIPOIA.
ViaeHHbIil HAOII0IATE/ b 3aPETUCTPUPYET, ECTECTBEH-
HO, JIUIIb PACCESTHHbIE (DOTOHBI, M3-3a Yero 3eMHbIE Te-
JIECKOTIBI YBUJIST CBETJIOE HSTHO, 0O0pPa30BaHHOE WMU.
Ha mecte dpoToHOB, 3aXBadeHHBIX I€PHOIT ABIPOIL, 0Opa-
3yeTcsl TEMHOE IISITHO, HA3bIBAEMOE T€HBIO YE€PHOI JIbI-
pol. Pazmep u popma TeHH OnpeessiioTcs mapaMeTpa-
MU 9epHO#l AbIpbl. OTMETHM, YTO PACCTOSHUE JIO Ha-
6JII0/1aTeJIsl U ero OPHEHTAIMs [0 OTHOIIEHUIO K YIJIO-
BOMY MOMEHTY YEPHON JIBIPbI TaK»Ke BaKHbI. Tak Kak
MBI PACCMATPUBAEM METPHUKY, OIMHCHIBAIOINLYIO IEPHYIO
JBIpy 0e3 yryioBoro MOMeHTa, HOCaeHul hakTop st
paccMmarpuBaeMoil Mojsiesin He BaxkeH. [lasiee, mpume-
HUM MEeTOJ U3y4YeHUs] pa3Mepa I€PHON JIBIPBI, He 3aBU-
camuit OT paccrosuus 10 Habmogarenas. Takum obpa-
30M, IVIaBHAs 3aJ[a9a 9TOrO pasjiesa — U3YyUUTh CBOM-
CTBa TeHH OOBEKTa, ONUCHLIBAEMOIO METPUKOIL (4).

®DoTOHBI HA TPAEKTOPWH, KOIJa OHH HE CII0COD-
HBI HU YATH HA TPOCTPAHCTBEHHYIO OECKOHETHOCTD, HU
yHACTb Ha YEpHYIO JbIpY, 00pa3yioT Tak HA3bIBAEMYIO
dorounyio chepy. Pamuyc sroit cdepsr omnpenesier-
cs mporieccoM (opmupoBanus Tean. B pamkax OTO
9TOT MacITab MOYKHO BBIYUCJIUTH 13 MeTpuku [1IBapir-
MIUJIbA. 3aMETUM, YTO JJIsl 3TOM MU ITPUMEHIMBbI
u gpyrue smerpuku OTO, mampumep IlIBaprimumib-
na— e Currepa. Mbr orpannanBaemMcs 6071ee IPOCTHIM
cJIydaeM, Tak KaK BKJIa/] IJI00aJbHOTO IPABUTAIMOHHO-
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Puc. 2. Mpacdbuku pyrkuun A metpukn (4) ans pasanmdHbix 3HadeHnii ¢ n o 1 — a = 0, ¢ = 0; pewenne LWeapuwnnbga;
2— a=0, g =1, pewenune Pelichepa—HopgcTpema ¢ kputudeckum 3apsgom; 3 — o = 0, ¢ = 9/8, «ronas CMHIyasipHOCTb >,
onucbiBaemasi MeTpukoii Pelichepa—Hopactpema; 4 — a = —0.1, ¢ = 0.89, meTpuka (4) c Tpems ropusontamu; 5 — o = —0.1,
g = 1.1, metpuka (4) c geyms ropusontamu; 6 — o = —0.1, ¢ = 1.2, meTpuka (4) C OAHUM KOMNAKTHLIM FOPU3OHTOM; 7 —
a = —0.4, ¢ = 1.33, metpuka (4) c ogHum ropusoHTom; 8 — a = —0.296, ¢ = 1.33, KOHeUHasi TOYKa KPUBOWA NCHE3HOBEHUS
ropusoHTa

T'0 TI0JIsi, TEHEPUPYEMOTO KPYITHOMACIIITAOHO! CTPYKTY-
POIi IIPOCTPAHCTBa-BPEMEHHU Ha II10JI€ Y€PHOI JIbIPHI, B
paMKax JaHHOU JIOKAJTHLHOHN 3a/1a4u He cyTiecTBeH. s
verpuku IBaprmuisaa paanyc dporornoit cepsr co-
crapssieT 3/2 ot pagmyca ropusonTta. Merpuka (4) uc-
NOJIb3yeT MaJIblil mapaverp M /7 st onmcaHust mompa-
BOK K ITpOCTpaHcTBY-BpeMenu Peiicnepa — Hopacrpema.
B pamkax OTO sToT mapamerp paseH 2/3, 9T0 yKasbl-
BaeT Ha TO, YTO Hpolecc HOPMUPOBAHUS TEHH YEPHOIT
JBIPBL JIEYKUT HA T'DAHUIE ITPUMEHUMOCTHU HUCIIOJIb3Ye-
moit Mmerpukn. OJHAKO, KAK MbI IIOKAXKEM HUYKE, HOBBIE
mapamMeTphl ¢ U ( BIAUSAIOT HA paanyc HOTOHHOM cde-
DBI, BCJIEJICTBHE Y€ro MOYKHO YTBEDXKJIATH, UTO HOBBIE
rpaBUTAIMOHHBIE 3(P(MEKTHI MEHAIOT PAINYC (POTOHHOMN
cdepbl, IYTO YIIyUIIAeT CXOAUMOCTh METPHUKH.

Jlyist BBIYUCTIEHUST pa3Mepa TEeHW HeOOXOIMMO pe-
IIUTHh 3aJ@4dy PacCesiHhsl CBETa HA MACCUBHOM OObEK-
Te, TOYHEe TOBODPs, HAUTH CedYeHUWe T'PABUTAIMOHHOIO
3axBara (poTOHA YepHOil JbIpoii. s 3Toro ymobHo uc-
[I0JIb30BaTh HPUIEJbHBIN apaMerp D dborona (u3me-
psAeMBblil B €IMHUIAX MACChl YePHOil JABIPbI) B KAUeCTBe
JIMHAMAYIECKOI 1mepeMeHHo#l. DOTOHBI ¢ MaJILIMU TIAPa-
MerpaMu [ 3aXBATBIBAIOTCS YEPHON JBIPOW U HE I0-
CTUTaioT YIAJEHHOTO HAOJIOJATeNsI, B TO BpeMsd KakK
GdoTOHBI ¢ GosbIIMMU 3HAYEeHUsIMU [ M30eraroT rpaBu-
TAI[MOHHOI'O 3aXBaTa M JOCTUTAIOT ITPOCTPAHCTBEHHON
b6eckonedHOCTH. Pazmep TeHM OmpeeisaeTcs KpuTude-
CKMUM 3HaYeHueM D. MpUIEeIbHOr0 apaMeTpa, hopMu-
pytorM GoTOHHYIO cdhepy. Halre Bcero mo/r pa3smMepom
TEHU YEePHOI JbIPbl IIOHUMAETCs YIVIOBOH pa3Mep TeM-
HOTO TISITHA, 0TOPAChIBAEMOro YepHoi fbipoit. B Takom
citydae, Kak ObLJIO OTMEYIEHO paHee, pa3Mep TeHU OyIeT
3aBUCETb OT PACCTOSTHUS 110 HabJrroaTess. B pesynbpra-
Te 3TOr0, JUI TOIO YTOOBI BBIYUCJIUTH pa3Mep YepHOil
JBIPBI, HEOOXOIUMO 3HATh PACCTOSTHUE 70 Hee. dTOOBI
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000#TH 9TO OrpaHWYEeHNe W IOJyIUTh ONMCAHUE TEHH,
pacCcMOTpUM JIMHEHHBII pa3Mep TeHU, & UMEHHO, KpU-
TUYIeCKOe 3HAUEHNE MPUIEIbHOr0 paccrosduus. [Ipu Ta-
KOM IIOZIXOJ€e YIJIOBOI pa3Mep TeHH MOXKHO YCTaHOBUTb,
pa3/ieJiuB ee JIMHEHHBIA pa3Mep Ha PacCTOgHUE JI0 Yep-
Hoit pIpel. CTOUT TAKXKe OTMETHUTH, YTO METOJI IIPUMe-
HUM JIAIIb B ACUMIITOTUYECKH IIJIOCKUX IIPOCTPAHCTBAX.
Taxkoit moaxom BHOJIHE IPUEMJIEM, TaK KaK IPU UMEIO-
meMcsl ypOBHE TOYHOCTH COBPEMEHHBIX MHCTPYMEHTOB
MOXKHO M3y4aTh JIUIIb OJUKAalIIe YepHble IbIpbl. Ta-
KUM 00Opa30M, HECMOTpsI HA TO, YTO B CAMOM OOIIEM
cllyyae yCKODEHHOe pacIimpenne BcesleHHO I0JKHO
OBITH IPUHATO BO BHUMAHWE, HA IIPAKTUIECKOM YPOBHE
€ro BJIMSIHME HA OOBEKTHI, JIOCTYIIHBIE JJIsl U3YYEHUs,
OymeT mpeHeOpeKMMO MAaJIO.

Ciyuait @« = 0 cooTBercTByeT pereHnio PeiicHe-
pa—Hopacrpema u 6611 usyuen panee [15]. Tlpu sTom
OBbLIO YCTAHOBJIEHO, UTO IIPH ¢ > 9/8 MeTpUKa He nmeer
Tern. TowaHee TOBOpsi, OBLIO TTOKA3aHO, IYTO PasMep Te-
HU He UMeeT TJIaJIKOI 3aBucumocTu or q. Kpurnaeckoe
3HaYEHUE TIPUIETBHOrO mapamerpa ) yObIBaeT ¢ poc-
ToM ¢ 110 Touku ¢ = 9/8, e D, ~ 3.674. B s70ii Touke
pa3Mep TeHU UCIBITHIBACT KOHEUHBI CABUT 110 HYJIS W

TEeHb Hc4Ye3aeT.

Hamee 3amernmM, uto Merpuka Peticnepa— Hopacr-
pema ¢ ¢ > 1 onmchIBaeT TOIYI0 CUHTYISAPHOCTH. [lo-
J00HAsT METPHUKA CJYKUAT PEIIeHneM OJHON u3 Moeseit
kiacca Pangasn—Canapym [16], Benencrsue gero ee
MOKHO PacCMATPUBATHL KaK peaibHbIit 00beKT 6e3 ro-
PHU30HTa, HO C HEHYJIEBBIM pa3MepOM TeHH. B Halem
[TOJIX0/I€ TaKasi WHTePIpeTalusi HEKOPPEKTHA, TaK KaK
rmapaMerp ¢ He siBjsiercss MaJjbiM. MbI uHTEpIIpeTHDPY-
€M JIAHHBIA pe3yJibTaT Kak To, 4To Merpuka (4) mMoxer
OIIACKLIBATE JIMIIL 00beKTEI ¢ D < 4.
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Puc. 3. 3aBUcnMOCTb KpUTUYECKOTO MPULESLHOrO NapaMeTpa
D.otgu

YpaBHenue reo1e3ndeckoi 1y poToHA UMEET CJie-
LYIOIUI BUAL:

di\ 2 2 q a L? 9

dé L

rne F — sueprus ¢orona, L — ero yriioBoit MOMEHT,
a 7 — addunHBIT TapameTp. Bymem ncroab30BaTh yI-
JIOBYIO KOODJIMHATY ¢ (DOTOHA B KadecTBe HapameTpa,
OIIHCHIBAIONIETO €r0 TPAEKTOPHIO, YTO IPUBEJIET K CJIe-
JYIONEMY BUIY YPABHEHUIl JIBUKEHUSI:

AN 2 ~4
dr 7 9 2 ¢  «

u\r) =\ - = =" (l--+5+= 10
(r) (d(b) D? ( FooF2 3 )7 (10)
rne D = L/E — upunenbHsiii napamerp. Besmunna
u = (df/d¢)? Beerja NoJoKUTETbHA, TTOITOMY JIBUYKE-
HI€ BO3MOXKHO JIMINb B OOJIACTSAX, IJe IpaBas dacTb

ypasHerus (10) mosoxkuresbHa.

Pamuyc doronnoit cepnr onpeensiercs ypaBHEHN-
SIMU

u(r) =0, =0. (11)

Cucrema (11) perieHa HaM¥ YHCJIEHHO, IIOJIyY€HHBIE
rpaduKu KPUTHIECKOTO IPHUIETBFHOTO IapaMeTpa IpHU-
BeJIEHbI Ha pHUC. 3.

Iyl HEKOTOPBIX 3HAYEHU IapaMeTPOB HCCJIEye-
Moit Merpukn cucrema (11) He nmeer permenusi. B mosi-
Hoit anajoruu ¢ Merpukoit Peiicnepa — Hopacrpema ot-
CYyTCTBHE DEIeHU!l yKa3blBaeT HA OTCYTCTBUE TEHU Y
TaKOro OO'bEKTA.

Koudurypamuu ¢ Tenbto u 6e3 Hee pa3ieieHbl KPu-
BOIi, OIIpe/ie/IsieMOil yPaBHEHUSIMU

_ _o Tulr) _

0.5 1.0 \LQLO
«

Puc. 4. Kputudyeckne KpnBble, COOTBETCTBYIOLLME KOHEYHOMY

CABWTY pajuyca ropusoHTa u pasmepa TeHu. BepxHss kpu-

Basi — CABUM pa3Mepa TeHU, HUXHSAS — CABWT pajuyca ropu-
30HTa

-0.51

Pemrenue s1oit cuctemMbl Tak2Ke OBLIO TOJTYI€HO TUCTIEH-
HO U IIPUBEJIEHO Ha puc. 4.

Crnenyst cranmapraoMy nogxomy [20], Mbl ycTanHO-
BWJIM KPUTUIECKOE 3HAYEHUE IPUIEJBHOTO Iapamer-
pa D. = D.(q,@). B caygae merpuku Isaprmmibia
(o = ¢ = 0) 9T0 KpUTHIECKOE 3HAYEHNE BBIUMCIISIETCS]
touno: D. = 3v/3 [20]. IIpu o = 0 3ama4a cBoaUTCS C
ciyuato Peticnepa—Hopacrpema [15].

Kak yke 0TMeYasI0Ch, METPUKA MOXKET CIIPOBOIH-
pOBaTh KOHEUHBIN CABHUT pajmyca ropusonTa. Cxoxkee
SIBJIEHUE TIPOUCXOJUT U C PA3MEPOM TEHH, KOTOPBIi
MOZKET UCIBITATh KOHEYHBIH CIABUT TIPU MAJOM H3Me-
HEHUM [apaMeTpPoB METpUKU. |'paduk MOBEIEHUS CO-
OTBETCTBYIOIINX KPUTHUUECKAX KPUBBIX IPUBEJIEH HA
puc. 4. OTmeruM, 9TO KpUBbIE Ha puc. 4 He mepeceka-
IOTCSl ¥ MOT'YT OBITH MPOJIOJIZKEHBI DECKOHEYHO JIAJIEKO
JIMIIL B OJIHOM HAIIPABJICHUU.

JIist OJIOXKUTENIbHBIX 3HAYEHUH (@ TEHb HCYE3aeT,
Korja 06bekT Tepsier ropu3oHT. [Ipu —0.296 < a < 0
pasMep TeHU UCHBITHIBAET KOHEUHBIA CJBUT, HO O0HEKT
coxpansier ropu3oHT. Koudurypamun ¢ o < —0.296
UMEIOT TOJIBKO OJIUH MOPUBOHT.

BazkHo MOJUEPKHYTH, YTO MEXKIY PasMepoM TEHU
U TIapaMeTpaMu METPUKM ¢ U (¢ HEeT B3AMMHO OJHO-
3HAMHOTO COOTBETCTBUSI. BCI€ICTBIE 3TOT0, HEBO3MOXK-
HO BBIYMCJIMTH 3HAYEHUSI ¢ U (¢ IPH MOMOIIA TOJBKO
OJIHOTO UCTOYHUKA, JAHHDBIX.

['paBuTAIIMOHHOE JIMH3UPOBAHUE AT JOIOJIHU-
TEJILHYI0 MHQPOPMAIMIO O IapaMeTpax METPUKHU, TaK
KAaK B 9TOM CJIydae JBe KOH(MDUTYPAIUU ¢ OJIMHAKOBBIM
pasMepoM TEH! I YIAJEHHOTO HABJIIONATENs] MOTYT
NPOSBJIATHCA  MMO-pasHoMy. JIjas omnmcanust JIMH3U-
poBanus HeobxomuMo pemuTh cucremy (10). Hamwm
YUCJIEHHO TIOJIy9IE€HBI 3aBUCHMMOCTH YIJIa OTKJIOHEHWS
CBETA ¥ TOJIOYKEHUsI YIAJCHHON 3BE3/bI HA ILIOCKOCTH
U300paskeHus OT IIAPAMETPOB METPUKH (¢, ). DTH pe-
3YJBTATHI TOKA3BIBAIOT, ITO JIBE IEPHBIE JIBIPHI C OJTHIM
U TeM 7K€ Pa3MepOM TEHU MOTYT UMETh Pas3jIMdHbIe Ia-

6*
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Puc. 5. Mapametp otknoHenus § = |D(a) — D(0)|/D
4epHOI Abipbl C TeHblo, cooTBeTCTBYOWEN Dsp

pamerpbl «. [loaTOMy M BO3MOXKHO ITApaMeTpPU30BATH
KOHMUI'YPAIUU C OJHUM U TEM K€ Pa3MepPOM TEeHH IIPU
oMoy mapamerpa «. Vlcmosmb3yem KOHMUTIYpAIUH C
« = 0 KaK HAYAJbHYI0 TOUKY OTYETa JJIs TOTO, 9TOOBI
NOKa3aTh, Kak mosoxkenne D (IpuIiesbHBIN apamerp)
yIaJeHHON 3Be3Ibl HA ILUIOCKOCTHA W300paKeHUs 3a-
BucuT or «. Ha puc. 5 MBI TPUBOJIUM 3aBUCHMOCTH
napamMeTrpa OTKJOHEHHS i 00beKTa, pazMep TeHH
KOTOPOI'O COOTBETCTBYET IIPUIIEJIHHOMY IapaMeTpy
Dy, = 3\/5, a YroJI OTKJIOHEHHSI CBETa OT MCTOYHUKA
npuHIMaeM pasHbIM ¢ = 7/2. [lapameTp OTKIIOHEHUST
OIIPEJIeJIEH CJIEIYIONIUM BBIPAXKEHUEM:

[D() = D(O)]

0= D(0)

(13)
Ha puc. 5 BujHO, 9T0 mOIpaBKa K KPUTUIECKOMY [TPHU-
[EJILHOMY TIapaMeTpy, CBsI3aHHAs C HEHYJIEBBIM 3HA4e-
HUEM (v, Ha, TPH MOPSIIKA MEHBIIE 3HAYEHUS CAMOTrO T1a-
pametpa. Takum 06pa3oM, /IJist TOTO ITOOBI OIIPEIE/TUTD
3HAYEHNE (v TIPU HOMOIIU TPABHUTAIMOHHOTO JINH3UPO-
BaHUsi, TPEOYETCS TPOBOIUTH TOYHBIE M3MEDPEHUSI.

4. TIOCJIEIHSISI YCTOMYNBASA OPBUTA

Pamgmyc mocnenmeit ycroitampoit opOuUTBHI 3a7aer
MIPOCTPAHCTBEHHBINT MacmTad OpOUTAILHOTO JIBUZKE-
oust. Tak Kak opOMTAJIbHOE JBUYKEHUE DU MEHBITUX
paJinycax HEBO3ZMOYKHO, OH OIpPEJIe/IsieT IPAHUILy BHYT-
PEHHEro pajimyca aKKPEIUOHHOTO JUCKA, BCJIEJICTBUE
9ero MOXKeT OBITh OrpAHWYEH P MOMOINUA HPSIMBIX
naburrogiennii. Ciy4ait « = 0 coOTBETCTBYeT MeTpUKE
Peiicuepa—Hopacrpema u 6bu1 usyden B pabore [21].
B pamkax OTO paauyc nocienmeil ycroirauBoit opou-
TBI B TPHU pas3a OoJIbIe pajinyca TOPU30HTA COOBITHIA,
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9TO JIAeT JIONOJIHUTEIbHOE OCHOBAHNE CUYUTATH IIPUMeE-
HeHne O0CYyXK/IaeMoii MeTPUKU KOpPPEKTHbIM. Kak oT-
MeYeHO BBIIEe, MBI PACCMATPUBAEM 3TO 000OIIEHNE KAaK
cTeneHHoil pan no Majomy napamerpy M/r. Ero 3ua-
genne B pamkax OTO papro 1/3 < 1, uro yKasbBaer
Ha TO, YTO METPUKA MMEET CXOIUMOCTb, JOCTATOYHYIO
JJIsT COTJIACOBAHHOTO OIHUCAHUSI OPOUTAJILHOTO JIBUKE-
Husi. XOTsI TONPABKU, CBSI3aHHBIE C HOBBIMH I'DABUTA-
IUOHHBIMEU (PdEeKTaMu, MOTYT HU3MEHUTH PAIUYC IIO-
cJIeIHeH yCTORINBOM OPOUTHI, HEOOXOINMO BBHIHUCIATD
JIAHHBIN pajuyc, YTOOBI CYIUTh O UX BJIUSTHIIN.

Wcnonb3yem craHZapTHBIA METON W3y4YeHUs I10-
ciepnueii ycroituusoit opbutst [20]. YpaBHeHus nBuke-
HUS I TPOOHOM YACTUIIBI C €IMHIIHON MaCCO NMEIoT
CJICAYIOUIUHI BUJI:

di\?
— U=E? 14
(&) +u- (14)
d¢
% _z |
ar (15)
vo(1-2+9,9) (1. E (16)
B PPz 3 72 )’

rme E — smepruga vactuipl, L — ee yryIOBOI MOMEHT,
a U — morennuaJibHast sHeprus. JBukeHnne BO3MOXKHO
B obmactu E? > U. Opbura Kpyrosas, ecium ee pa-
npuyc cratuder: dif/dr = 0, 94TO IKBUBAJEHTHO ypaB-
wennto U(Feire, Leire) = E?. Opbura ycroituusa, ecim
U(Fcirc, Leire) — TOUKA JIOKAJIBHOTO MUHEMYMa. Takum
00pa30oM, IOC/IeHSST YCTONIMBast OpOUTA HAXOIUTCS Ha,
TOYKe Iteperuda MOTeHINAIbHON SHEPIUN:

v
dr2

du

= = 1
=0, (a7)

111 HEKOTOPBIX 3HAYEHUI apaMeTPOB ¢ U v MET-
pPHUKa UMeeT HECKOJbKO pemienuii ypasaenus (17).
3TOM CJIy4ae Mbl CYHUTaeM IIOCTIeTHEel yCTONYNBON Op-
O6uTOil pereHre ¢ HAUOOIbLIIUM paarycoM. CBI3aHO 3TO
C TeM, UTO HCIOJb3yeMOe HaMU OOOOIEHNE METPUKU
Peiicuepa— Hopjcrpema TepsieT CBOWCTBaA CXOIUMOCTH
IpyU MaJIbIX T, U y HAC HET OCHOBAHUS IIOJIATATH, UTO
dopmasbubie perenns (17)
JIACTU TIPUMEHUMOCTH METPUKH.

Nmerorcst Takyke 9K30TUYIECKUE PEITEHUS:

C MaJIbIMU 7 JIEXKaT B 00-

dau

- _ 1
=0, (18)

D1y pemenus BuepBble ObLIM OnmcaHbl B pabore [21]
U COOTBETCTBYIOT YaCTHUIE, HEIIOBUZKHO HAXOIAIIEHCS
Ha HEKOTOPOM PACCTOSHUH OT YepHOil ABIPBL. B TouKe,
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Puc. 6. Paguyc nocnegHeii yctoiiunsoii opbutsl (g, «)

Puc. 7. Pagnyc nocnegeii yctoliumsoii opbuTbl (BepxHsis Kpu-

Basi) ans o = —0.4. HuxHsis Kpusas cooTBeTCTBYeT paguycy

ropusoHTa cobbiTuii. [NyHKTUpPHasi NUHUS COOTBETCTBYET Op-
6UTam C HyNEBbIM Yri0BbIM MOMEHTOM

IJle HAXOJUTCS TaKasd YacTUId, CyMMapHas IPDaBUTAIM-
OHHAsI CUJIA, IEWCTBYIOIIAas Ha Hee, paBHA HYJI0. Takue
TOYKU PABHOBECHUS BO3MOXKHBI M3-38 TOTO, 9TO B (DYHK-
o (4) BXOZAST WIeHBI ¢ Pa3HbIMHA 3HaKaMu. B paBore
[21] Takue TOYKHU ObLIN HA3BAHBI OPOUTAMU C HYJIEBBIM
YIJIOBBIM MOMeHTOM. HecMmoTps Ha TO 9TO Takme pemnre-
HUs CYIIECTBYIOT U B UCCJIEIyeMOIl METPUKE, MBI UX HE
paccMaTpuBaeM, TaK KaK OHU HE BJIAAIOT HA OPOUTAIIB-
HOe JIBI2KEHUE.

3aBUCUMOCTD PaJyca MOCJIETHeH yCTONINBON Op-
O6UTHI OT ¢ U « npuBeeHa Ha puc. 6. Yacrusiii cay4ait
3aBUCUMOCTH PaJINyCa MOCJEeTHel yCTOWINBONR OpOUTHI
oT q npu dbukcupopaHHoM 3HaudeHnn o = —(0.4 npuse-
JIeH Ha pHuc. 7.

5. BBIBO/IbI

B nammoit pabore usydeno ob60OIIEHWE METPUKH
Peiicuepa — HopacTpema, ocymecTBiIeHHOE BBeJIEHUEM

853

B dynkmmo A(r) WaeHa, TPONOPIHOHAILHOTO T °.
DTO MO3BOJISIET YIECTh BJIMSHUE HOBBIX I'DABUTAIHOH-
HBIX 3PDEKTOB, JIeXKAIUX 32 TPAHUIEH TPUMEHUMO-
ctu OTO, KoTOpBIE HE MOTYT OBITH ONMUCAHBI METPHUKOIA
Peiicuepa—Hopuacrpema [15,19,21]. Mbr paccmarpusa-
€M 9Ty METPUKY KaK (DEHOMEHOJIOTUYecKHuil aH3all, 103-
BOJISIONINI CBSA3aTh MapaMeTphbl IePHOM JIBIPhI ¢ HAO-
JIFOJIATEIbHBIMU JAHHBIMU. B TO 7Ke BpeMsi MbI paccMar-
pUBaeM ee U Kak CTEIEHHOe Pa3JIoXKeHue JIIoboil craTu-
9eCcKOil chepuIecKu-CUMMETPUIHON METPUKNA U3 IIPO-
M3BOJIBHOI MOJie/ i MOIUGUIIMPOBAHHON IDaBUATAINN.
Takoil 1m0/IX0/] MO3BOJISIET CBA3aTHh APAMETPBI MOJIU-
GbUIIPOBAHHOM IPABUTAIINN C METPUIECKUMEU (DYHKIIN-
AMU U IMIUPUIECKAME JTaHHBIMU.

Merpuka Peiicaepa—Hopacrpema (¢ oboumu 3ua-
YeHUsIMH 3HaKa TPH 4jIeHe 7 2) OblIa PacCMOTpeHa B
paborax [15,19,21], rue 6bLI0 TOKA3aHO, ITO TEHD Yep-
HOM JIBIPBI JIOCTUTAET CBOEI0 MUHUMAJIBHOIO 3HAUEHUS,
KOTJIa 3aPsiIOBBIN [TapaMeTp paBeH eauHuIle, ¢ = 1, 9o
COOTBETCTBYET MPUIETLHOMY TapaMeTpy (potomnoB D =
= 4. B T0 e BpeMs pajuyc mocaeueil yCTONInBoi op-
6uThl paBeH rysco = 4. PazoBasg quarpaMma sl TaH-
HOIl MeTPUKM IIpUBe/ieHa Bbille Ha puc. 1. Kpussle, co-
OTBETCTBYIOIINE KOHEYHOMY CIBUTY DaJINyca T'OPU30H-
Ta cOOBITUI B 3aBUCHMOCTH OT pa3Mepa YepHOIl IBIPHI,
IIPUBEJIEHBI Ha pHC. 4.

Anajiornuno merpuke Peiicaepa—Hopacrpema, uc-
cJieJlyeMasi HAMU METPHUKA, OIUCHIBAET KAK YEePHBIE JIbl-
PBI, TAK U TOJIbIE CUHTYJISIPHOCTH C PA3JIAIHBIMU Pa3Me-
pamu tereil. OTiMYaeT XKe MCCIeyeMyi0 METPUKY TO,
9TO OHA ONHUCHIBAET KOHEYHBIN CJBUT TOPU30HTA COOBI-
THI TPU MAJIOM U3MEHEHUU MapamMeTpoB meTpuku. Ta-
KO€ JKe SIBJIEHNe BO3MOYKHO U [JIsI padMepa TEHU, TaK
KaK OH MOXKET CKAYKOOOPA3HO U3MEHUTHCS TIPU MAJIOM
M3MEHEHUN [IapaMeTpOB MeTpUuKu. boJiee Toro, uepHbie
JIBIPBI, OIUCHIBAEMBIE TIPEJIJIOYKEHHON METPUKOMN, MOT'YT
UMeThb IPOM3BOJILHO MaJjyio TeHb (D < 4) u pamuyc
rocjieiHelt ycroianpoii opoutsl 7 < 4. Ilomobubrit 3¢d-
dexT orcyrcrByer B MeTpuke Peiicuepa—Hopmacrpema,
TaK Kak ee KOH(MUryPaIMOHHOE IIPOCTPAHCTBO MEHbIIIE.

PaccmaTrpusast mpeoxkenHoe 06001IeHIe METPUKHI
KaK CTEIleHHON psiji, BOSMOXKHO YCTAHOBUTH I'DAHUIIBI
ee MPUMEHMMOCTH. TaK KaK MeTPHUKa MMeeT TPU CBO-
6oaubix mapamerpa (M, ¢ u «), OHE BCe OKa3bIBAIOT
BJIMSTHYE HA IPAHUILY IPUMEHMMOCTH, HECMOTPS Ha TO,
YTO PA3JIOKEHHE OCYIIEeCTBIsIeTCs 110 mapamerpy M /r.
Paanyc ropuzonTa coOBITHIT SIBISIETCST TPOCTPAHCTBEH-
HBIM MacIITaboM, eCTECTBEHHO OIIPeIe/ISIONUM I'DaHNU-
Iy, TJie "PABUTAINS BXOJIUT B PEXKUM CHJIBHOTO IIOJIs,
a MEeTpHKa TepsieT CBOWCTBA CXOJUMOCTH W HE MOXKET
OBITH [IPUMEHEHA.
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[MoguepkreM, 9T0 yMeHbIIeHTE HABIIOIAEMOr0 pas-
Mepa YePHOI JBIPHI TAKKE MOXKET BBI3BIBATHCS IIPUCY T-
CTBMEM IUIA3Mbl, OKDPYKaIOIel YepHyIo I6Ipy [22, 23].
Hecymotpss ma 1o, 9T0 3TH 3D HEKTHI MOTYT TIPUCYT-
CTBOBATb COBMECTHO, IIa3MeHHBbIE 3(D@PEKThI 3aBUCIT
OT JIJTMHBI BOJTHBI HADJIIOJIAEMOTO CBETA, UTO TTO3BOJIUAT
OJIHO3HAYTHO WX WJIEHTUMUINPOBATH U OTJEIUTH IIPH
TOMOIIY HAOJIIOJEHNS B PA3JIMIHBIX YACTIX JIEKTPO-
MarHUTHOTO CIIEKTPA.

PdunancupoBauune. Pabora moamep:kama rpaHTOM
Poccuiickoro douna dyHmaMeHTAIBHBIX HCCIEI0BAHTI
Ne16-02-00682, a takxke IIporpammoit pazsutus Moc-
KOBCKOI'O T'OCYIapCTBEHHOrO yHHUBepcuTeTa «Bemymiue
nayqnbie mkoanl MIY (dbusuka 3Be3x, pensiTUBUCT-
CKUe KOMIIAKTHBIE OOBEKTHI M TAJIAKTUKN ).
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