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I3blt.IHcJieHHe B.JBHMOAeHcrsHH Gt.tCTphlx "'BCTHU c aTOMHbiMH HJlpaMH 

no KaCK{lJlHOtl: MOJJ,8JIH Tpe6yeT YMBHHH paCC'-IHTbiBBTb HeynpyrHe MB30H-HyK

J!OHHhW H HYKJlOH-HYKJIOHHbiB CTOJIKHOBCHHH. CnO)KHOCTb 38JJJP-IH COCTOHT J\ 

TOM, '-J.TO HC06XOJlliMO BOCCT8HOBHTb C yt.IeTOM 38KOHOB COXfH11IBHHH MHOI'O-

MC~OHOC pacitpeD,eJieHHC, X8paKTepH3YlOlllC:C peClyJihTBT :=:lJlCMf'I!TapHOI'O B38-

HMOr:tefiCTBlHI • .Qo llOCJietJ,HOI'O BpeMeHU pt>WCHHe 3TOfi 38f(a'UI OCHOBLIB8J10Cb 

x) 
ua novx nonxonax 

a) H8 MO.Q8J1HpOB8HHH 3J10M8HT8pHOI'O LJ.KTU COf'Jll.lCHO HCKOTOpO:fi Teo-

" /2-5/ 
PCTHqeCKOH MOJl81IH C TOt.{HbiM yqeTOM 38KOHOB COXp8H8HIHI 

6) Ha po3Llrpviwe xapnKrepuCTHK rr N H NN - B3BHMOAeAcruuH 

ITO 113BBCTHbiM 3KCnepHM8HT8JlbHb!M il8HHblM 1 HO 3UKOHbl COXpaHBHH.H TipH 

3TOM BJ,JnOJlHHJIHCb liHWb B CpeDHeM /6-9/. 

LlaHH<lH pa6oTa nocesnueHa BhHICHeHHJO xapaKTepa HapyweHIHI 38KOHOB 

coxpaHeHHH npH pacqere BHYTPHHnepHbiX KacKun;oe npH 3TOM BTopoM noa-

XOJ.te, 

llnH onpeneneHHH xapaKTepHCTHK 

11p11 B3<lHMOLieikTBHHX C p0}KJl8HH8M V 

oti: 'Y:8CTHUbl P, xx) 
(p,cosO,¢) 

'-t<JCTHU 1 ecm1 XllpOKTepHCTHKH 

'Y:8CTRUhl y}Ke H3BeCTHhl, He06XO,lJ,HMO 38ll8Tb MHOrOMepHbTe YCJ10BHbi8 TIJ10T-

x) /I I 
B paGore upeL\JlO}J<ell MeTOH p03hl!'phtJua 110 8KCH(~fHTMeHT<lJibHbJM nan-

Hh!M Xflp8KTepHCTHK B3LlHMO.ll8i1CTBH.H 

':C~llnpruu 11 l1MrryllbCEl. 
c TO'Y:Hb!M yqeTOM 3tl.KOIIOB COXp8H8Hl1H 

xx) 
3Jtt;Ch H /JJ.J}l()(~ 'HlCTHULl Ollf-K' J\C'Jl 'tlC'TC 5{ B(' I\ TOpOt-.-1 

p - n6C03IIOTH0(~ 3/IO'l.fCH!1e Hi\Jnynbca 'UlCTHUhl, fJ II 

Hrl,-1'1'0 :J:\!Iti.!~'T<lJlbJ!l,Jii 11 lll!ii',JflHhlil \ l'..'Jl,J. 

:l 

p ( p, 

¢ 
cos 0, c/J ) , f' /J.(} 

, COOTH8TCTb('!l-
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HOCTH pacnpe.oeneHHfi p y = p 11 (p J 1 P l, • · •, p J -l ) • CTpOf'Hfi TeopeTH 1·:IeCKHH 

pac~CT 8THX B€llH'-lHH B npHHUHITe B03MO~eH /2/, HO Tpe6yeT 3H8HHH ra

MHllbTOf:HI8H8 B38HMOJJ.8fiCTBH51 1 KOTOpblfi B H8CTOHW88 BpeM5l He H3BeCT8H 

.uocTaTo~mo TO'-lHO. B neKoropbiX '-IBCTHhiX cny'-laHx, uanpHMep, anSI om1ca

mrs:1 p01K.D.8HH9: O.OHOrO M€30H8 1 T8KOfi ITO.OXO.O MQ}K€T OK838TbC5l B€CbM8 ITO

m~Jllh!M 13 •41 • B KBCKB.O.HbiX pacqerax lllHpOKOe npHMeHeune Hamna ot.teHb 

ycnosuaH Mo.oerrb, rrpenno>KeHHBSI MeTpononHcoM H np. 151 • TaK, e cny'l!ae 

TpCX"-lDCTli'IHb!X peBKUHfi OHH npe.OTIOJIO>KHllH 1 '-ITO HMITYllbChi BCeX p0>KJJ.810-

lllUXC'il '-l<'lCTHU paBHbl 1 a HOpM8llb K ITJIOCKOCTH pellKUHH H30Tp0ITHO pacnpe

.oeneua e npocTpaucTee. TaKaR ynpomeHH85l Monenh noseonHeT TO'-lHO ynoe

neTHopHTb 38KOH8M COXpaHeHHH 3HeprHH H HMTiynbC8 1 HO ee COOTBeTCTBHe 

OllbiTy orpaHHlfeHO. no-BH,IlHMOMy, MQ)KHQ Q}KHJl8Tb TIOflY't{liTb cornacHe C 

'>KCITtJpHMeHTOM JIHUib B CpeAHHX 3H8lfeHHSIX p8CCM8TpHB8eMb!X X8p8KTepHC-

THK. EonbU.IOe 1.mcno pa6oT BbinOJIHeHo 

pblWa '-18CTHU 1 pomJleHHbiX B "N- H 

HB OCHOBe ApyroH. MeTO,IlHKll p03blr

NN- eaauMoneHcTeiHIX 
16-9 1• TipH 

~-\TOM 6hlliH HCITOJlb30B8Hbi nonyqeHHbie H3 OilbiT8 O,llHOMepHhle IIJI<H'HOCTH 

pacnpeneneHHSI P(p) , P(cosO) u p (f/J) 1 KOTOphle npe,llCTBBJISIJOT C06oi1: 

p V 1 npocyMMHpOB8HHbie ITO BCeM BTOpHI.iHbJM \i8CTHUBM H IIpOHHTePpHpOBBH-

Hhle ITO COOTBeTCTBYJOlllHM rrepeMeHHbiM. 

'-IHCJlOM .ll'8-nyCTHMblX Bbi60pOK H3 p (p) 1 

4ucno qaCTHU v orrpenenSinOcb 

COBMeCTHMbiM C 38KOHOM COXpa-

HeHH51 8HeprHH. l1MIIYJibCbi (v-1) '-l8CTHUhl pa3hirpbiB8JIHCb H€38BHCHMO, 

a HMnyJibC ITOCJieAHeii '-IBCTHUbi onpeAeJI51nCSI H3 38KOH8 COXpaHeHH51 8HeprHH. 

YrJtORhie xaoaKTeOHCTHKH ecex 11 \IBCTHU oaahirPhiBBJIHCb ueaaeHCHMO. Becb 

3TOT p03l::lrpbllll ocymeCTBJISIJICSI B HeKO'TOpoft "3KBHB8JieHTHOft" CHCTeMe X) 

x) 
3KcneoHMeHTanbHhte naHHbie o P(p) • P(cosfJ) H P(<f.,) o6bt\1Ho OTHo-

CHTCH K CHCTeMe UeHTp8 M8CC CT8JIKHB810UU:IXC51 qaCTHU, npH'-IeM B na6opa

TOPHOI1 CHCTeMe KOOPLlHH8T 0LlH8 H3 8THX \18CTHU TIOKOHTC51. 8 K8CK8,llHbiX 

pact~eTBX H H8JieT8IDLI.l8SI 6biCTP851 \18CTHU8 H ee napTHep - SIJlepHbiii HYK1IOH 

O.BHJKyTcst. 'LfT06bl HM8Tb Ilp8BO BOCII01lb30B8TbC51 8KCIIepHMeHT81lbHh1MH Ll8H

HblMH1 He06XOLlHMO paCCMaTpHB8Tb B38HMOAeiiCTBH51 B H8KOTOpoi\ "sKBHBa

neHTHO:ti" CHCTeMe. 3Ta CHCTeMa LlBH)KeTCSI CO CKOPOCTblO CHCT8Mbl UeHTpa 

Mace n ee ocb z coanaaaeT c uanpaaneHHeM, KOTopoe HMeeT HaneTaJO

mag \18CTHU8 B CHCTeMe U8HTpa M8CC CTaJIKHB8.JOlUHXC51 qaCTHU. 
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QqeBHJlHO, ~TO ll8>K9 B STOit CHCTeMe 38KOH COXp8HeHH51 lfMI1YllbC8 He Bhl 

noJIHSieTCH B K8>Kll0M 8KTe B38HMOLl8:tiCTBH51, ~TO LlOli*HO IIpHBOJlHTb K HE 

pyllleRHJO 38KOHOB COXpaHeHHSI SHeprHH H HMI1YllbC8 B na60p8TOpHOA CHCTE 

Me KOOpJlHHBT. ABTOpbl /B-O/ BbiCK83bteBJIH ripe.n.TI01IO>KeHHe, '<ITO 8TH 3BKC 

Hbl B na60paTOpHOR CHCTeMe 13binOJIHSI}()TC51 CTBTHCTH\ieCKH, B Cp9.ctH9Mo 

nnsr 8H81IH38 8TOrO npennonom_eHHSI H8MH 6binH P8CC'<IHT8Hbi X8p8KTE 

pHCTHKH aneMeHT8pHblX B38HMO.Il.eACTBHI1 COrnaCHO MeTOLlHKe /6/ Ll115l pa3JIH1 

HblX 8Hepra:it H THTIOB HaJieTalOlllHX '<I8CTHU. B KB*llOM BKTe B38UMO.[leitCTBI' 

Bhlt~Hcngnacb aenut~HHa AE -pa3HOCTb Me>K.ay nonHbiMu aHeprHSIMH cucTet.~. 

'4_8CTHU LlO U TIOCJie B38HMO,lleitCTBHSI B na6opaTOpHOit CHCTeMe KOOp,llHH8 

06Ul851 CXeMB Bbi\IHC118HHA TI08LlCT8BJI8H8 H8 OHc.J. 

ilnSI K8)KJlOrO p8CC'4_HT8HHOrO CJIY\1851 Ha6upaJI8Cb CT8THCTHK8 B 5-: 
x) 

TblCSI'<I C06biTHit • 

PeaynbTBTbi Bhit~HcneHuA npHaeneHhi ua pnc.2. lleAcTaaTeJibHO, OTKllt 

HeHHe cpeaaero 3H8'<19HHSI .AE OT HYJISI HeBeliHKO, no KpaAHeA Mepe, OJ 

MHOro MeHbUle KHHeTH~eCKOit SHPPrHH H81IeT8lOIUeA t18CTHllbi, '<ITO IlO.llTB8P> 

naeT npennono>t<:eune aaTopoa 16-9 I o cTaTHCTHqecKoM xapaKTepe ehmo, 

HeHHSI aaKoHOB coxpaaeHHSI. OnHaKo nncnepcug pacrrpeneneaHi1 no 6 E OK 

3biBaeTC51 H80:>KH.ll8HHO 60llbUIOA
1 

H "XBOCT" pacnpeaeneHHSI IIpOCTHpaeT< 

BilliOTb JlO 3HBqeHHSI SHeprHH H8118T810lll8A '-l8CTHUbi. 3TO rOBOpHT 0 TO 

\ITO Bbii1011HeHHe 38KOHOB COXp8H8HH5l B aneMeHT8pHOM BKTe IIPH K8CK8,llHl 

paCl.leTBX ,llB)Ke C 5% TO\IHOCTblO 51B1ISI8TCSI B9CbM8 pe.nKHM C06biTHeM. 

HeKoTopa.sr aCHMMeTpHSI pacnpeneneHuA OTHOCHTenbHo A E o6ycno 

neHa aHH30TponHeit yrnoBbiX pacnpeneneHuit BTOpH'-IHhiX qacTuu. B cny'll 

H30TpOIIHOrO pacnpeneneHH5l1 K8K BHJlHO H3 puc.2, KpHBble CT8HOB5ITCSI CH: 

MeTPH'-lHblMH H t.E-0. 

x) 
Bee pact~eTbl BhiTIOJIHeHbf ua aneKTpOHHO-Bhi\IHCJIHTellbHOrt MawuHe M

Jla6opaTOpHH Bbl\IHCllHTellbHOii TeXHHKH H 8BTOM8THKH QJ.1 fU1. 
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Q-qeBHJlH0 1 '"ITO .tl8>K€ B STOit CHCTeMe 38KOH COXp8H€HHH HMIIY1lbC8 He Bbl

II011HSI€TCSI B K8>KJl0M 8KTe B38HMOJ]eitCTBHSI, '-ITO JJ.01l)KH0 npHBO.c.tHTb K HB

pyrneHHID 38KOHOB COXpaHeHHSI aHeprHH H HMITY1lbC8 B na6opaTOpHOfi CHCTe

M€ KOOpJlHHBT. ABTOpbl / 6-B/ BbiCK83biB81lH TIP€JliT01lO>K€HHe, '-ITO 3TH 38KQ

Hbl B na6opaTopnoit CHCTeMe 13biiT01lHSilOTCSI CT8THCTH'-1€CKH, B cpe.oHeM. 

Dn.H ananH3a sTore npeAnonom:_eHH.H HBMH 6bl11H pacC'-IHTBHbi xapaKTe

pHCTHKH aneMeHTapHblX saauMo.nettcTBHtt cornacno MeTO.llHKe /8 I an.H paanuq

HhiX 3Hepruii H THTIOB H81l€T8IOIUHX '-IBCTHU. B KB>K.llOM 8KT€ B38HMO,lletiCTBHSI 

Bhi'-:IHCnstnacb senu>-IHHa AE -paanoCTb Mem:ny nonHhiMH sueprHSIMH CHCTeMhi 

qaCTHU ,llO H IIOCile B38HMOJl€iiCTBH51 B na6opaTOpHO~ CHCTeMe KOOpJlHHaT. 

06rnaH cxeMa shrqu.cneuuA nnencTasneua ua oHc.l. 

Dns:r K8)KJl0f'O paccqHTBHHOrO cnyqag H86HpanaCb CT8THCTHK8 B 5-10 
x) 

TbiCSit{ C06biTHit • 

PeaynhTBTbl BbPiHC1l€HHA npuseneHbl na puc.2. neACTBHT€1lbHO, OTKilO

HeHH€ cpeJJ.H€T'O 3H8'-I€HH.H .A E OT HyllSI H€B€11HKO, TIO Kp8itHe~ Mepe, OHO 

MHOf'O M€HbWe KHH€THt{€CKOit 3HP.Of'HH H81l€T8IOIU€it qaCTHUhl, t{'I'O TIOJlTB€P>K

Jl8€T npennono>KeHHe BBTOpOB /6-9/ 0 CTBTHCTHqecKOM xapaKTepe BhlTI01l

H€HHSI aaKonos coxpaueHHSI. OanaKo aucnepcHSI pacnpenenenuR no 6 E oKa-

3bmaeTcSI neo>KHJlBHHO 6onbwoit, u "xsocT" pacnpeneneHHSI: npoCTHpaeTCSI 

BII110Tb J],O 3H8t{€HHSI 9HeprHH H81l€T8lOW€it qSCTHUblo 3TO f'OBOpHT 0 TOM 1 

qTo BbHJOIIHeHHe 36KOHOB COXpaHeHHR B 31l€M€HT8pHOM 8KT€ npH K8CK8..0HblX 

pac-qeTBX JJ.B>Ke C 5% TO'iHOCTblO QBIISI€TCR B€CbM8 penKHM C06biTHeM. 

HeKoTopag acHMMeTPHSI pacnpe..oeneHuR OTHOCHTenbHO A E o6ycnoa-

neHa anuaoTponueH yrnoBhiX pacrrpeJ]elleHUA BTOpH\fHhiX 'iBCTHU. B cnyqae 

H30TpOIIHOf'O pacnpeneneHH51, KBK BHJlHO H3 pHc.2, KpHBble CTBHOBRTCR CHM

MeTPHt{HbiMH K 6. E • 0 . 

x) 
Bee pac'9:eTbl BhlTIOIIHeHbf ua sneKTpOHHO-Bbi"'HCilKTenbHOil MSWKHe M-20 

na6opaTOPHK Bbl'9:KC11HT€1lbHO:A TeXHKKR H 8BTOM8THKH OYl.HYI. 
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HapyweHHe 3aKOHOB coxpaHeHHH B 3JieMeHTapHOM aKTe rrpHBOAHT K 

HapyweHinO 3THX 38KOHOB ll B rrpn:MeHeHU:H K B310l.HMO.lleti:CTBH5IM 't!BCTHU C 

HnpaMH, npH~eM AHCIIepCllH COOTB8TCTBYJOWHX pacnpejl8Jl8HHiJ: 1 C0f'Jl8CHO Te

/10/ 
opeMe o caepTKe , .llOJl)KHa 6hiTb eme 6onhwe. Bee 9TO yKa3biBaeT Ha 

TO, ~ITO K8CK8JlHbl8 pac~eTbl, HCIIOJlb3YIOlUH8 TBKYIO M8TOAHKy, MOf'yT Ha

J-lCIKHO .QBBBTb JlHillb Cp8JlHHe 3H8~8HHH X8p8KT8pHCTHK B3lHIMOA8iJ:CTBHH ~8CTHU 

c aTOMHLIMH 5LlpaMH. Oo-BHAHMOMy, npaBHJihHbiM 6yneT H o6mee noaeneHHe 

yrJIOBbiX H 9HepreTH~eCKHX pacnpe.QeJleHHiJ:, llpOCYMMHpOBBHHhiX no BCeM pmK-

.llBJOlllHMCH '-IBCTHU8M 1 IIOCKOJlbKY 38KOHbi COXpaHeHHH cyweCTB8HHO BJIH5IIOT 

Jlll:Wb Ha HOCJle.llHIOIO p83blf'phlBBeMyiO '48CTHUY. 0JlHf.:IKO HapyWeHHe 38KOHOB 

COXp8H8HHH MO/K.8T 38M€THO CK838TbCH H8 TBKHX 6onee TOHKHX X8p8KT€pHC-

THKll'X, KBK ~HCJIO ~BCTHU B H8KOTOpOM 3HepreTH~€CKOM HHTCpBane, CII8KTp 

~acTn:U non onpeaeneHHhiM yrJIOM H T.n. Oco6eHHO CHJlbHhiM nontK.HO 6btTb 

BJlHHHH€ H8 9HeprHIO B036yM.ll8HHH H.llp8-0CT8TK8 1 KOTOp8H B OCHOBHOM OIIpe-

neJIHeT ~HC110 TBK H8.3b!B88Mh!X "'48PHh!X ny~eti:" B "3B83.ll8'?. 

Cne.nyeT IIOJl'-IepKHyTb, '-ITO OTMe'-IeHH8H Bb!We 60JlbWBH AHCIIepCHH pac-

npeneneHHti: no /\_ E nenaeT He06XO/lHMh!M Ha6op 6onhWOfi CTBTHCTHKH .O:JlH 

noJiyqeHHH H8.ll8MHbiX pe3yJibT8TOB 0 B38HMO.Oei-icTBHH Bh!COK09HepreTH'-I8CKllX 

'IBCTllU C 8TOMIIblMH H.llP8MH • . 
Aarophi npn3HaTenbHhi B.C.EapaweHKOBY H K.K.rynaMe 3a none3Hble 

o6cy)tUl8Hll H. 
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