
-

B /-- 3-(lf(O 

~EllOHMPOBAHHAHllYBRMKAQMH 

~y6aa 19 'f ff 



OII>UIIHI'JDIIR HBCTHT1T lf.ltEPitil HCCJIEJlOBABHI 
.la6opat'Opu: BHCOGIX aHeprd 

:p • .IEJJJIHllKH 

li03i CJt.liE'1'PHH H MHODCTBEBHOE OBPA3QBAHHE 

Tt~B 

Koscne.rr JJeKlUiii 



AHHOIAlHii 
Paocua.tpB:Bam'CJI ROppe.ISIUUI 'l'OIQlecftOlillli:x 7i -uesoHOB. 

ClltS131UIHKe 0 Iioae ClDIMHpll81 CWDDtty.lGI 0001'Be7C~l'O tJIIJ0110-

'ti~ ~ca. Kpamo BU38H u:ett'QJl Konwro:aa-llOJtl'OpellKOrO 

(K-11). IkmasaBo, 1f.l'O na.pa.uettpBaailUJI K-II. ua..yqeHHWl JipJI pao

OIIO'J.'.P8BIIB llpOCTIIX II)Jle.lelt. BEer MeCi'O B B o6JieM CJQ"1a8 - JtB8t'C11 

:aft~ OOO'l.B8trefillllaX Ul.pguetl'J)OB K B C( • ~ -OI(Blld ftJtX DapaiiM'p()B B IIpeJtUQIODHD• ..:0 BC~ ;i -

U830BOB ~ B8D8~ ue80.11HH8 peSOJiallCK. OfMe~ 
' 

HSQlH03Ba.UOCS Blft'epnpe'J.'&UD U13.Jil"I8BHKX H.a 81tcneptiii48B'.l'e uapa-

J48ti.POB f , 0[ ( S ·wcTHocnt, aBIIS)t'pODB.R Jiapai.!Je\'pa f. 
aa8Clft 0!' EllC!'pOeBHOCft ClQIHa :pesOHaHca) B lWIIHOC'1'lt BCC.Jr8~'MI:DIS 

S&BBCBIIOC'IJI 8'1'liX Dap81lfftp0B He 'l'O.IWW Ott yl'Jla BIUIM'a I} Dal& 

71 -ues~. a mae Ott CKOpo~m naps v (HaiJpJD~ep, B O'ID

•e 0!' ftaQINX t.IOKORIQIIXCSI BC'l011l:mKOB, AJU{ KC'roliHBKOB-pesoHaBCOB 

na~ f.. c,.e0fti8BHHI4 o6pa:JOM samtCKT o!' v ) • ~ 
II,PO(i.lell.l, cuammae 0 OJll.l&Jt8DHileM lla.paMeTPOB R II cr Jii8 

~ll'.t'aJIOBYX .UHHNX. 



I. BBe.neime 

B I960 ro.nyroJI,IOCa6ep x ;u:p.II/ npx aHa..ma:se peal\l.lRR 

pp~J.Ti+lr(n.n", i1- = 0, I, 2 B paMKax CTaTRCTlf'ieCKOH MO,IJ;eJIH 

rroxasa..ma:, ~To yqeT Bose-cHMMeTpRR npRBO.n;RT K B03HRKHOBeHHID 

nOJIODTeJil)HOH KOppe~ Mex.n:y ;f -Me30Ha.Mlil C O.n;RHB.KOBHM sap.R:-
_.,. ~ 

,Il;OM H 6Jm3KIDJIH HMIIyJI:&CaMH ~ x f'~ ; a MMeHHO 

(I) 

--
ce·treiDie o6paso:aaHIDI rrapu /. 

MesoHoB npn B~qeHHOH KHTePWepei~. I2 ~eT cnycTH Korr~oB 

H ITo.n;r.ope~E: 12 ' 3' 4/ KPRTHtiecKH pasBHJm pa6. /I/. OHH saMeTHJm, 

~TO B aH~38 ro~xa6epa H .n;p. 6HJC rrporrymeH BpeMe~ ~KTOp H 

~To, B o6meM c~qae,HMeeM 

(2) 

rrre ''7 ~ i_ I r ~ b '\ ifrtTU'ti'Tnxcr 
..... J f" 2 ~ /'-' I ! ~.fA / • ~.J .i..U.Io ...... .W.I. 

,l (" 

CBOMCTBa: (a) + lf'" 1 0 )'"' 1, ( G~) 
I ..... 

J ( f
1 
~~) HMeeT cJie.nyi'OlnHe o6J.IU:Ie 

f' (./ ' ,:, ) ·-7 t..i , KOr ,I.(a JII06a;r 113 
J I I 

KOMITOHeHT 4-BeKTOpa ·" v~ 
,Il;OCTHraE·T 60JIDIIIHX 3Ha~eHHii - CKOpOCT:O 

y6uBaHIDI 
" '""" 
\ ( ( -~~ ) , IIpH 3TOM, 3c.BHCHT OT IIpOCTpaHCTB8HHO-Epe~.!8H 

H1IX xapaKTepHCTlm 06JiaCTH, H3 KOTC,pOM H3.n:ytiaiOTCH "7(' -M830P.H. 

B acTpOHOMIDr aHaJior:a~hlli a@leKT Mc.l10JI:&syeTCH ,I.(JI.ii H3Mepemm p2.s

MepoB sBes,I.( (Tar~ ·HasuBaeMRfi a@leK'l' Xal!_jypH BpoyH-Tmrcca 151) . 
CJie;zy.rr 3TO:ti aHaJIOrim:' Korm~OB H rrc,,I(roperumii (K-IT) pa.CCMOT:pe.;'TII 

)L -Me30HOB T.IDKeJIUMli TOqe'tffillMJir 
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0 2rtt.H u uHHo~o o~~;.ett().. [ ~ke.Ko-.1 oforoct}t. put LAII lA ~llll{)ncoHj t<.) . HM?ru11c.p) ~Ax 

OCIJ;HJIJI.fiTOpOB, pacnpe.n;eJieHHI:.IX pa.B:t:OMepHO Ha IIOBepXHOCTH ,IUrCKa 

pa.Jteyca R , ~yHKinm f HMee'l· cJie.ztY'IOIItd ~ (np:a: Ha6JIIO.I(emm 
.'\ 

nap 7f -Me30HOB :s,noJI]) HOPMa.Jm ;n:cKa n ·) 

(3) 

~ ~ 

r.n;e i-r -KOMnOHeHTa BeKTOpa ~ , nepneH,D;Hey.rurpHa.a: K Hanpa.BJie-

HHIO Ha6.7IIO.n;eHH.f! H J1 ( x ) - qJymcr:;IDI BecceJIR: I-ro rropH.ICKa. 

E.7m3KHe IIO lJ:1X.Y pa.CCYJK,D:eHH.fi MOJKHC HaRTH Ta.IOKe B pa6oTax llly:psma./6/ 

H K~lorm /?/. B KatieCTBe. d?J.r l\-II npe,IJ;JioXrum HCIIOJID30BaT:& 

.n;H~epeHURaJI:&Hoe pacnpe.n;eJieHRe nap HeTo~eCTBeHHHX ~-Me30HO~ 
I 

t{ O.r _ ·, T. e. H3y-qa T:& OTHomeHRe ~ = do+-+ / cl 0:. _ , HOPMHP~ 
:saHHoe ycJIOBHeM ~ ( rj ~: ) = I IIpk:l ,IJ;OCTaTOtiHO 60JI:&IIIH.X crl"- . 
BcKope 6HJI o6Hap~eH s~eKT B p~e 3KcrrepHMeHTaJI:&H~x pa6oT. llpH 

3TOM 1 -pacnpe,n;eJieHHe napaMeTfH30BaJioc:o wopMyJIOH (3) HJIH ee 

llpH6JIHJB:eHHbtM ( llpH Ma.7IWC ·1 /' ) EH.n;OM: 

•7 l 

(
. ) , . ( A 1.. 2.. z. ) ( 4) ... d r!t} = .t/ r a_ e;..f -Y~T-<f '')" 

B 6oJI:&mHHCTBe pa6oT ,n;.IDI napaMeTPCB 1k:. H c "f no.nyqellli sHa'IeHIDr 

6JIHsKHe K I-2 wepMH. B KatieCTBe DpHr~epa, B Ta6JIMue I npHBO~M 

pe3yJI:&TaTH .n;Byx rpynn (eM. TaKXe pHc. I H 2). MMeHHo 6oJI:omoe 

Ta6.mrua I 

PeaKn;ru:r 
?LA!) ( l}6)c) 

pp /8/ 22.4 
·- r- /9/ 
'I p I6 

I{-p 16 -PP B IIOK0'6 

K ( ~)-.1) 

3.0±0.5 

I.84±0.0G 

I.84±0.09 
I .89;1;0. 0 G 

·1: (f'M/-) 

2.3±0.8 

r.os±o.rr 

I.oo±o.rs 

I.52±0.I4 

(t 

0.4-0.8 

0.49±0.0.~ 

o.4r±o.o; 

I.22±o.o.~ 
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sHa'tleHHe napa.MeTpa R , noJiy"tleu.Hoe Jt]IJl pp-Bsa.HMo.n;e~cTBIDi npH 

22.4 raB/c no6y~o Hac npn~e't!D Jt]IJl HHTepnpeTauHH .n;aHHHX 

.n;B:mtyiitHeCSI HCTO"''HHDDO, ~Mep, pE:SOHaHCli! /S/. 0'tleBH;tHO, liTO 

pa3Mep OOJiaCTH HCnyCKa.HHii /L -ME:30HOB onpe,n;eJI.ffeTCil B TaKOM 

CJiy'tlae rJiaBIWll 00pa30M paCCTOiiHHE:M, KOTOpOe npoJieTaeT HCTOtnnm 

L ,n;o pacna.n;a, T. e. ) R ,..., ~~ t i ct'z ( ·- 2 f rn ,n;Jif.[ HCTO'I:lliliKOB THIIa 

f -MesoHa, 't'f ·~ I.4 flM/c. ) • J.HaJiorwma.JI Mo.n;eJID paccMa.TPHBa

JiaCD .n;eTaJIDHO B pa6oTax Towca /J:O/H I'pa.cc6eprepa /II/ Ha OCHO-

BaHHH axcnepru~eHTaJIDHHX yxasaHHH Ha o6HJIDHoe o6pasoBaHHe peso

HaHcoB B ~pOHHHX B3aHMO,D;eHCTBHRJ: llpH Bli!COKHX 3HeprHRX /I2/. 

CJie,n;yeT OTMeTMT:O, 'iTO rrpOCTail MO)(eJID C ,lJ;B~C.ff HCTO'illliita.MH 

CTaTRCTH't!eCKOrO THIIa (qmrep60Jia.1m) 6wra npe,IPIOJKeHa H-IT B 

pa6. / 3/, H 'ITO HeKOTOpi:Ie acneKTI:I MO.n;eJm C pe30HaHCaMH B Ka'tieCTBe
1 

HCTOqHI.ffiOB OOCyJK.I(a.JmC:O B 3KCKJII03HBH0ll llOCTaHOBKe B pa6./I3/. 

Pa60Tlil K-IT H ,:n;p. BI:IS:aa.Jm 6oJr:omo:t1: HHTepec. KasaJIOCD, 't!TO 

H3MepeHRe 6Jm3IGIX rrap ft -Me3<>HOB ,n;aeT B03MOJKHOCTD H3ytra T:O 
'"' .-:' 

npOCTpaHCTBeHHO-BpeMeHHI:le xapaKTE:pHCTHKH 06JiaCTH B3a.HMO)le.i1CTB:rut 

B llOCJie,n;Hee BpeM.ff CTaJIO i!CHO, 'ITO HHTe~epeHUnOHHlle )laHHHe He 

HMeroT o,n;HosHa'tiHOH HHTepnpeTaunn. ~ 6o;ree r;ry6oKoro noHID~aHTiff 

STHX ,n;aHHIIX Tpe6yeTC.ff ,n;ono.mmTe.lll)HM HHWOPMa:o;wr. Ivllir Ha,n;eeMc.ff, 

't!TO HaCTO.ffiiU1e JieKI.Um He TOJIDKO llOMOryT tmTaTeJllO OCBOHTD rrpe,n;

MeT, HO R llO)lCKaJKYT OTBeT Ha HeKOTOpi:Ie H3 HMeiOIIU!XC.ff Ha cero,n

HHillHHH ,:n;eHD npo6JieM. 

2. CxeMa paccy?KJ(eHHH Korrl:i!JIOJ3a-IIo.n;roperusoro 

,llorryCTHM, liTO )J;Ba TO'tle't!HI:IX HCTO't!HHKa t j 11cnyc-

KaiOT -,\ -Me30Hl:il C SHepriDIMll sHeprllli 

HSMepmoTC.ff .n;eTeKTOparvm I H 2 (CH. p:ac. 3). 
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B COOTBeTCTmm C KB8.HTOBOH MHxamntoit H Bose-cMMMeTpHe}i, 

--+ 
a.MIIJmTy,n;a perHCTpamm }J;I3yx /l -MeaOHOB C aHeprHHMH W 1 H W L 

lime:e.T BH.n 

aHeprHe:£1 W R pa.n;:eyc-BeKTOpOM OTHOCRTe~HO nOHOXeHaff 
. 

RCTO~a B MOMeHT ero B~~eHBR. ~ TO~e~OI'O RCTO~ L , 
KOTOpa~ BKnro~CK B Ha~e KOOp,IJ;HaaT B MOMeHT t; , RMeeT 

I I 
umpHHy r ~ H aHeprmo ypOBIDI W . ( r: , W ~· - C06CTBeHH1Ie -umpRHa H aHepr:w:r ypOBH.R:) H ,ItBIDKeTCK CO CKOpOCTl>IO (> ~· Ha 

~~ 

6o~mOM paccTO.mmH "' r ( f 'l- -:::: f r ) OT ~eTeKTOpa, HMeeM 

ACiw) 
. ~~ . ) 
~ (r 2 +· wt~ 

-~ . L ~" _e_~---
,r:-:= ( _,A) I ... '; 

'Z.yZii w-fv~ -w~+~l~ z.. 

(6) 

• 
K-II noJiylmJIH iitcPMYlfY ( 6) IIPH paccMoTpemm ypaBHeHIDI K.71eima-

rop,n;oHa, ( v t_ r/!~t''"-r t.) Act, t) :c - Y7f d. (t, t) c TOKOM 

1Ci~>t) = dQ d(>)(?-$(i-t~)) exr[-i(W~-~1/Iz.) (t-t'-)J fJ(t-t~·) • 

3Ty fPoPMY)o/ Jiei'KO nOHSITl> B c~aE~, KOI',D;a nOKO.mnH:tiCK RCTOlllmK 
·-~ 

( ()~- = 0) B036YJK,IJ;aeTCK B Ha~e KOOp,nHHaT B MOMeHT BpeMeiDI f, =0 • 

.AMIIJm:Ty.na A ( '"i 1 w ) Tor.na .nomwa coBnaCT:b ( c To~ocT:blO .IJ:O 

HecymeCTBeHHI:DC qlaKTOpOB) C BOJIHOJ30H !Pyma:nteii )c -Me30Ha. B 
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-7 2 R ·1- 1 tf z 
cocTosunm pesmmHca, T.e. ) ·re i~ z {;..) -= - 7 ~ . fe { c.nO) · 

f; /2. 
tJ- wi· -r- ~ '~/'- • B oc;meM c.nyqae npoHsBOJil>Horo TOKa. 

, i ( i"~ i ) a.MIIJlliTy,n;a "/I (~, W) npC,IIOpu;HOHaJI:&H~ ~:&e-o6pasy TOKa., 

T: e. I ft (t' w) ~ fl (f) w) ('- j r; w) = f j (x) t) t- c/ X+ i w t d '7\ti . . .. 

ilnOTHOCT:& BepOHTHOCTH Ha6JE,ll;8HHH napH Iff -M830HOB 

IIO.nyqHTCH ycpe,ll;HeHHeM KBa.D:PaTa MO~~ aMllJlliTY.ll:N (5) IIO SHeprHHM 
r 

W · ; ypOBHeH OCIJ,:WIJI.R:TOpOB H I:pO't{liiM rrepeMeHH:lliM, xapaKTepH3yrD-
'Ju 

mKM OC~TOpH. B qacTHOCTH, ECJlli SHeprRH B036~eHHH pacrrpe-
' ~-~ . I 

w -p/5; in~ !z , 
i'l >> I, TO HCIIOJil)30BaHHe TeOpEMH 0 BH'tleTax ,ll;aeT 

) (7) 

(8) 

r,ll;e /1L· , k l- . - Macca H 4-ru.myJI:&C HCTO't!HHKa. L 

. _. -;-' 
( '\_ ;, - {~ i· - . ) ,_ ) . 

.... . h •. - 'J f-...J ... • 

i I . 

PaccMOTpHM HecKOJI:&Ko rrpoc'lhiX c.T.tytiaeB pacrrpe,ll;eJieHIDI HCTO"C.I

HHKOB H rrpO,ll;eJiaeM COOTB8TCTByx>U.ee ycpe,!(HeHHe B c]?oprzyJie (7) ;: 
-~ . 

I. 0,1U!HaKOBbl8 IIOKO.HII{M8CH HCTO't1F.l1KH ( i~: = 0 ,•;- - \ 
~. = ~ ) 

' pacrrpe,Zl;eJiemi paBHOMepHO Ha IJ OBepXHOCTiif ,IUICKa pa,Zl;HyCa ,<... 
...... 

OHH H83~~HC~ l1 BKJIIO'tiaiOTCH O,Zl;HOBpeMeHHO, T. e. f ( t: 't"l ,. t · ) = 

(,0\.1' r . i1 
( () i:' (~;) . CJie,ll;OBaT8JI:&HO, ,Zl;JIH nap t: t'-

v 

M830HOB, HCIIy11{8HHWC B,IJ;OJTh Ht;.IIpaBJiemm HOpMa.Jm ,ILHCKa, 
~.-a -I 

- ··' · ~ I I (. G,--:),1:1'-.i')\ 
I I,J- - ,; ~ ·- ·----· ; ·' f f. ·'. ' . ,"f. . ; .. •. 1 -~ ·--' ' . __ ___;_ i ) 

• , \ , ! '- " l ~ ._ V l ~ > 1 I "fl • ' • 
" - .. \ I f ~·' :· ', ~ .J "' .,. •) j j "' ' J 1 .,. (,~, l -:- _\ .:. 

'..,_ I \ J " 

OTI<y,Zl;a JierKo no.nyq:vrT:& fj;opNfYJY ( 3). Ec.llli JKe MOMeHT.bi BK.ffiv'Ie-

HHH pacnpe,Zl;e~eHH paBHOMepHO Ha HHTep~e ( 0, T), TO 3 



- s. -

,1 1 Lf l 
-~ 2K-~· e 1) { 0 ) 

cocTosmm pesoHaHca, T.e. ) "fe {: w) ·= - 7 z. e c.n · 

rL·/z. 
tv-wi·.,. z ~~Jz. • B o6meM c.nyqae npoHsBOJThHoro TOKa. 

,i ci"~i:) a.MIIJIHTy,n;a . A C~, w) nponopii,HOHaJI:&Ha Wyp:&e-o6pasy TOKa, 
~ ·;:x . t 

T. e. , !i. C t' w) ~ A (f> w) r-- j ( jl w) = J J ( x) t) t- Cf · + LW d 7., li . _ .. 

finOTHOCT:b BepOHTHOCTH Ha6~~eHRH napu /Tf -M830HOB 

liO~TCH ycpe~HeHHeM KB~aTa NO~~ aMnRHTY.D:H (5) liO 3HeprRHM 
r 

Wz)j ypOBH8H OC~TOpOB H DfO~ nepeMeHHHM, xapaKT8pH3ym-

mRM OC~TOpH. B qacTHOCTH, ec~ 3HeprRZ B036~eHHH pacnpe-
' ~-~ . I 

w-p~;:tnr~Jz ~eJielm IIpHM8pHO paBHOMepHO Ha IDi.TepBaJie 

Vl >> I, TO HC1IOJI:b30Balm8 Teope.twH 0 :OO'tieTax ,n;aeT 

-i.J. 
do--~ cl.f < -1 r- Re.. e. . . ) 

(J r L) (J_ - l) 
) 

r~e /1l· , k ~ - Macca H 4-u.myJI:&c HCTo-qmma L 
. _, -;) 

( . . '\ ' ' ) . 
~ 1. r'... = ,. J ~~ J - ") ·~ • 

I I . 

t 

(?) 

(8) 

PaccMoTpiiM HecKOJI:OKO rrpocTHX c;ryqaeB pacrrpe~eJieHIDI :.rcTO't!

ImKOB H npo,neJiaeM COOTBeTCTBYIOIUHe ycpe,!(He:cm:e B qJOpMy'Jie ( ?) ;: 
-~ . 

I. O~HaKOBHe rroKORmHeCH HCTo-qm£KH ( -~· = 0 ' .. '. = - \ 
/ 

"'\ 

pacnpe,neJieHhl paBHOMepHO Ha II<>BepXHOCTH ,IUICKa pa.znryca •"-
....) . _. 

oim HesaBncmvru H BKJIIO-qruoTCH o,nHOBpeMeHHo, T. e. f ( t: -c-, , ~-; c, ) = 

(,0\.1' [ . ~ ( +: ) i.; c--:J ) ' CJie,UOBa.TeJI:OHO' ,nJIH nap 1:-:- f"-

Me30HOB, llCIIyiUemmx B.ll;OJI:O HaJipaBJieillm HOpMa..IDI ,nllCKa, 
- ·' · I j (. (.v~ 7/ 7- !:' ) \ 

I.,·-) - ,; ~ - --- . : . . .' t . • I ' . _,. . ' • . ;f -~ ·--~-~ . . ) 
\ < .... ~ l - ... . .J l ' • ~ I~ I ; I ~-- - ....---

- ". I i ;, : ' ~ ,I ... ... .) ./ I "" I .. } 1 ... \ .... \ ' ::- ,l .:. . 
j \ J .... · 

OTI<y.na JierKO 110.rrytil1T:b fPOpMJJf.{ ( 3). ECJ!ll iK8 MOM8HTH BK.ffi0'l8-

HRH pacrrpe~eJieHH paBHOMepHO ~a HHTepBaJie ( 0, T), TO 3 
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<lJyHKURH ·f . ( {; ~) 113. (2) IIOSm~~C.ff ,D;OIIOJIHHTeJIDHHH fPaKTOp, 

saBHC.f.IliUiit OT Cl() , T.e.) [ ~g:}.~TI:.)Jl~ exp[-la r) 1!-l2J 1 

' 9 pI I L \.. ,~ . 

2. B aHa.JIOr¥rqH:oit MO,D;eJ.W, Kor.n;a 1{ -Me30HH HCIIYCKaiOTC.ff IIO 3aKO:ey 

Jia.M6epTa 113 BHJUIMOit "tffi.CT11 noBep:xHOCTH "CI>oTocCI>epa" pa.zucyca R 
T.e.,HHTeHCHBHOCT:O 113~eHER a~eMeHTa IIOBepXHOCTH C~ep:& npo-

A 

IIOPUKOH~Ha npoeKnH:H -3~eMeHTa Ea Haiipa~eHHe Ha6~eHRff h 

B03HHKaeT HHTerpa.JI 

I M C: ·:t -?'-) z ex {- R.zaz.- R·l._ r) 
~ \ JJt,. c~&; u,~G-w!e·t1+ I C ~)~ll [ 1+ P 'I 'li 1j1·L '7 
2Tllij ~ (j I, d \ ·1 ·j- ~ ,}"t') z_ I . 1 f ~~ 'f p. J ) 

_..., .... 

r.n;e Ci L = ~ It • 3TO B:&paJ.IteHHe MC!tHO CBeCTH K BH.IJ:Y ( 4) , ec.m.t 

' 

r ~ -7 
BBeCTH cKopocT:o napa 7t -MesoHCB v = f I f 0 • CooTHome-

rme ( {''1 ) = 0 ,D;aeT ~o = V 1 L , OTKy.n;a IIO.nycmM 

( 9) 

3aMeTHM, ~TO B C~ae, KOr,D;a HCTO~HHKH paBHOMepHO pacrrpe.n;e~eHll 

BHYTPH mapa pa.nnyca R 11 HHTeHCEBHOCT:& 11s~eHHR 3~eMeHTa 

ocheMa nporropr.uroHa.JlbHa n~o,THOCTli )) ( L) = L::J ( R - It I ) , 
, !..., l._, ~ . 

, ,: "' . ) c;o, ( - ":. "')'· ) f" r t l. '- C z - 7. : : 
rro;rytmM ·-l \.. 1 i ·t = J 5 ::::: e,-< r L - ·:.. "l _ - ( -r + _ v J .1 , : 

r 1t~jJr)' 1 • j I·· :- ;' .J 

3. EcJ.W He3aBHCHMHe O,D;HHaKOBHe HCTCqHHKH pacnpe.n;e~eHH ITO saKOHY 
) . 

raycca (I (t) ::: n t'Xf l ~ rt:. 
7
/::. '~ 2.) H HHTeHCHBHOCT:O H3.nycie:HIDI 

) Y-=1 

3~eMeHTa 06~eMa IlpOIIOPUHOHa.JI:&Ha 3TOit II~OTHOCTH, TO 

(IO) 

/-

l1pl1Be,D;eHHa.H Bhlme cxeMa paccyJF.n;eimif K-11 rrosBOJL'ieT crur3aT:::, 

CKOpOCT:O y6hlBaHIDI <lJym<UHH \ ( {'' , 'i ) C rrpOCTpaHCTBeHHO-Bper ... ~eilllli-



- ? ":'"' 

MH xapa.KTepHCTHKaMH HCTO"UmKOB 7L -Me30HOB. C .n;pyro:£1: CTOpOim, 

ec~ orpaHHq:HT~CH 3~a~e:f1: WeHOMeHO~Or~eCKOI'O OITHCaHHH S~eKTa 

HHTe~epeHURH, y~06Hee, KaK ~erKO B~~T~, pa6oTaT~ B KMITY~~CHOM 

npe~cTaMemm: C CM: p:Hc. 4) • AHa.Jror popMYJThl (?) no;ry-qaeTCH cpasy 

H3-3a H~~ B ~MIT~Ty~e 6UCTPO Me~CH rrporraraTOpOB HCTO~HH-
;_ . "t - '\ ·-1 I 

.'!, (1 .1') =: ( 10_15 - 11, '- t- ( /1,- I L ) • .IJ:eitCTBHTeJI:OHO ~ KOB r... ' ! :) 

rpyrrna ~acTHU X 
Tor,I(a 

-
(J"' (.~ii-i v~ v\o 

BBe,I(eM ,I(~eer4-HMTIY~C HCTO~a 

, J 

T e ;, = 0 t- )) 
' • • l "t I '_;· 

Torrra m: , ::o (f, .+ )",)~ =- (L'tf. !fl/d..: ·:::- k·"-t·,~/~t tlkJ,) . 
,... ' 1~, z_, ~ .. '· ~ o \ J J 1 , 1 , 

• 

• 

11CIT0~:03YH 3TO COOTHOmeHHe H Teope:MY 0 B~eTax, BI:rtmCJlliM B rrpH6Jm-· 

- " I t l ( ~ 'l7i{· ) [ I 4 7l M I ) c. I: I -1S' I 2 :<,' ~ -~ 
:; t- t 

(I2) 
,. 

' ' ' 

r,I(e j = (L~t) / fv1 ~- • CJie~oroTeJI:&H:>, HHTerpnpoBa.Ime rro 

B cJ?opMYJie (II) ,I(aeT l' ~ = T- A. A · d Pf :.- d Pf r ttl k -~ d ~ _: ) 
ljf.. _t l ) L f 

1"1 i. ~ I 'I -

• ·, '. lr ··~ 

f . , • " " ~ ~( '.•1 ) ~ 
;, .... _.I:_ '(JI'))'· .~/,,1~;- :•' ~~..·: .. /) -· I 

' I i _) l i _1, \.. ' - t' I ~ l ~ . . ' I . - l\ 2. J 
. ~ · n )(I - , ) 
v . :J :) 

( I3) 
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BBe~eM C8'tl8HH8 o6pa30BaHHH rrapu n- -M830HOB rrpR BH~'tl8H

HOi! RHTepcl)epemnru d~(1, Z) = 2 f JPS
1
[ }S(1Z))?.+js(21)/z] 

. Xtt 
R rreperrmneM ( I3) B ~e , aHaJIOrRtm OM <ix>PMYJI8 ( 7) : 

_,-.~.. .. 

~10.. (1, z) ~ ciC..· (1, z) < ·1 + F-· Rt . e "J > 
~J tj LJ Ot. ·ti)()J- i) ) (I4) 

r~e !=".. lA - .L- · rrpe.ncTaBJUieT MO.nyJI:n R <.Pasy BeJIRtmHH 
~J 'J 

2 I ~~!1 1(Xrt)S{t1J.)SYz1) /2 Jdri)JJi) {/I(12}}~+ jf(t1)/~J . 
ist Xrf . 

Hs HepaBeHCTBa IliBapo;a cJie.nyeT, 't!TO 0 < F~J: £ 1 ; KpoMe Toro 

F~J· :: ·1 npR "t = 0. PaccMoTp~ HeCKOJI:DKO npocT:wc rrpRMepoB: 

"" 
I. J) -: ~hS.f , T. e. RCTO'timiKR o6p3.3yiOTC.a: R pacrra,n;a.IOTCH B"TO"t1K8". 

IT pH aTOM FL J. = I, o!,·i = 0. 

r 1 r k " . 2) 1 . (J ~ k ~; ] 
2. r\i :- C0'vf , -\J ;;: CXf L- ~ b.i_L '.11-kJl- - ~ b,1 ~./! f i'' . 

T. e. > HCTO't!H::HKH oe5pa3yiOTCJI B ".ffiiLillie" c pasMepa.MH ! .-' h, < !:> .l. ~ )/ 

H pacn:-~rraroTCJI B TOtiKe. MMeeM F·. ";:;! f,..q, (- 1 ),.l :;· ~- i b J; ~ )\ v'-• 
........, lJ J ~ .J, 2 '· '· ! 'v' =-u . 

3. TO'tl8't!Hhi8 HCTO"t!H::HKH 
( ' ·' J 

( MO~eJI:b K-IT) • l1s tP)PMYJihi ( 7) noJiy'iliM 

~X·. = X. - .;<· 
' j' j t 

. _., / 

'. T ' / ' ' . 
:... I 

l. = , 

4. KacKa,n;Hhifi pacna,n; ~ ~ j ·t- · · ~aeT .;:-,· =: -1 / / ·: :- } ; , 
. •J ') ..; 

~ '-?l(·r· .. 

J'ir. dij ::. d.7 j) 1+ :J/ • 3TH Bbip81KeimJI JIBJimOTCR O'tl8Bl-UJ:HID/I OJI8,IJ;CT-
. :...tHilii~AT7·!JJ .. 

BH8M Ha.Jrn-cmFI c> l 1 S 'nponaraTopa HCTO~HHKa J . CpaBHHBM 

~~J C BhipruK8HM8~1, TIOJiy'tl8HHl1M B MO,U8JIH K-IT, BH.Il:HM, "t!TO Ill'.'IelOT 

M8CTO CJI8,UyiOIUH8 8CT8C'l'B8Hllli8 OOOTHOllleHHR: Jtj c. x "'t).; , 
-~ ·-~ ~IJXJ ~ :::: 'f/ff/' ( 0 - CHCTHMEl Ha6JTIO,U8IDIJI) • B CJiy'tlae, 

KOr.n;a o6a HCTO'tlFJma i,.. i ' ; J 
HBJimOTCJI npo.n;yKTru.m pacna.n;a 

6oJiee T~8~X HCTO~HHKOB I.J , II OJiyqJLVL 

I'· 
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IY. C~an s = t , I = 2 (I ~ 2) n I ~ 2 =~on dosoH 

( <J!epMROH) • 

IIpn paccMoTpemm ,nHarpa.MlVIbi Ha fmc. 4 w ctmTa.Jm, 'tlTO 'tiaCTHllCI 

( HJm rpymibi 't!aCTHD;) S H t He~OJl\,D;8CTB8HHbi R CKMMeTpH30:sa.Jm 

a:MIIJn'I.TYlJ.Y TOJI])KO no HMIIyJI])CaM TOJ!QJ;OCTB8HH1lX 7f -M830HOB I R 2 • 

.UonycTRM Tenep:o, 'tlTO .J' = t = ·" • HeTpy:n;Ho y6e,IUIT:&C.fi, 'tlTO 

·<JtopMYJia (I4) 
liOJiarasi s .. 

YJK8 He BMeeT MeCTa, llQHBJI.mOTC.fi ,ItOTIOJIHRT8JIDHble "tiJie:tru. 

•J 

B c.nyqae,Kor,n;a 

= i.,(\1\s-f , no.nytmM 

C1 ~ = it 11, }~ ~~ ~~ 
I fv' )- I.A ·- ) l. ) 
l ./ ·tn·J· 

• l t J d 

' = I ' () 
/). = 0, a = I, 

!IpOCTO y,nBrumaeTCR. -.EcJIH_ l :/= J , TO 

( I6) 

£{ · = '1- H d,0. H3 (I4) 
~.t .,1"' LJ 

KaK IIpaBHJIO /'J ~ >) I H 
.') .I 0 .i :2J:t v, ' u11, t-H'I VI. · 

COOTB8TCTByromHHl~eH RBJI.fi8TCR MaJIO~, TIO't!TH TIOCTORHHOll B8Jlli't!llHOll 

. ? £,\. t r) - ()) c ;:: -=-. ( '""-/ 0. I8 MR p r' • 3a.NJeTHM, 'ITO _~1 ( :i ~ 0) I 
-1 r!::. ~ ) 1 I"'-

~ ( ~ -) .,.o ) -~ ]. - E • 

EcJm .1Ke J' = t = 6030H (qep~moH) C H8HYJI8BHM CTIHHOM, TO 
! J: .. 

CJI8,I(y8T yl.I8CT:& 3aBHCHMOCT:& lJ OT CIDipa..JI:&HOCTeH 'tiaCTHU _,· -r , '- . 
llpll 8TOM npOCT08 COOTHOID8Illi8 THITa (I5)· YJK8 He HM88T MBCTa. 3aMe-

I 

THM TOJI:bKO, 'tiTO BCJI8,I(CTBH8 Cy-Mrvmi)CBaHHR ITO CIT:vrpa.JI:&HOCT.fiM, BKJia,TI; 

B (I5) OT CID\~JieTpll3au;I1ll no ... f ' ' .. 6y,n:eT M8H:&Ille, '18M B CJI"j'iae 
' 

8CJlli CTIHH ' I 
~ = ·r pa.BeH HYJIID· 

CJie,n;yeT OTM8TRT:b, 'ITO B CJIJY"t!c.e, KOr,n;a I f; 2 (Hanpm.~ej;), 
. J 

I = :r 1 11 2 ~ T[ ) , 11 _s· = f ( HailpHMep, 7: ) , CHMM8TpZ38.-

rnm no s· .... 
' l.. I ·_.,_ 
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· -r a 
Hanp:mvtep, ecJm i :::- l. r -~ Tr rc H II0.1Iy'mM 

aHa.Jior WOPMYJibl (IS), T.e. 

(I6) 

TaKKM o6pasoM, Tttff- -napa B 3TOM qacTHOM c~ae Be~T ce6H 

npH ~r ~ 0 IIO,IJ;06HO rrapa.M TOJK,IJ;eCTB€HHIDC 7f -Me30HOB. B CIIe~a-

JI:&HOH MO,IJ;eJm, B KOTOpOH o6:pa3yiOTCH TOJibKO 7r R f -Me30HH, K 

a.HaJIOI'H"tffiOMY BHBO,Uy npmr.reJI TOlV!aC /1 0/. 
06cy,rmM, HaKoHeu, c.rryqa:ti, Kor,r;a I = 2' = 6osoH C<PepMHOH) co 

crmHOM S > 0 ( Harrp:aMep, ( HJm f ) . ,UHarpaMMe Ha p:ac. 4 
v 

rro-rrpe~HeMY COOTBeTCTByeT ,IJ;H~epeHI~~HOe ceqeHHe (II) (.D:~ 

cpepMHOHOB ~ AeH (I ...-7 2) BXO,IJ;HT CO 3Ha.KOM -) , KOTOpoe CJie,IJ;yeT rrpo-

CYNJr<llliPOBa.T:& ITO CIIHpa.JI:&HOCT.FIM ;>.
1 

: Az. "tffi.CTHU I H 2. llpH 3TOM 

B c.n.M. 

CITHHOBOH IIJIOTHOCTH HCT0~08 
/ 

.... ;'\/"- j''r1 

(J < }! 
) l'"v' f'/ 

' ' 

= (CITHHa HCTO~HKOB HeB~CTpOeHU), T.e. 



II -

CJie,n;o:aaTeJIDHO, dG-.. ( .-1 ~ ) 
lJ J 

~aeTCR W~PMYJIO~ (I4) (~ ~PMHOHOB 

BTOPOH 'tJJieH BXO.Jn!T CO 3Ha.KOM -) > r~e 
·-v -
J-. . = r.. ( n = 0 ) ~ I. B 

I.J 'd ,! -1\ "" 
c~ae, Kor.n;a f ~ 1 , 

F"/: fi IAJ,v,>Ai(r.,>-i)lj J I 1 A;(,J.,r.,) Ap:il,> I' . 
il .\t;A~.X.s:A.t . si;\;.~)..s'~ 

(I8) 

EcJm B pacna,IJ;e t ~ -1 J ( j -) 2 t ) <~Oxpai-I.TieTC.ff 'tleTHOCT:D, TO 

I A-~ l J-1 f\.s) ) :: 1 A L (_-.A -1-i\s) I . Jier:to y6e,nMT:DC.ff, 't!TO B TaKOM 

CJiylme .n;.m:I. f -KBa.HTOB .HJm npoTI)HOB ypaBHemre ( I8) .n;aeT 

F- ~ = ~ • Ec;m aMIIJmTY.lUi A · · ' 
LJ . 2 L J d 

co 
OT CllR]?aJI:&HOCTeH, iA U.tH..tT MecTo • (I8) ) r~J· = 

B006me-He saBRC.ffT 

11/lls , r.n;e f1J, -

'UICJIO CimHOBii!X COCTO.ffHRH 'tlaCT~ I :: 2 ( n..f = 2 )J.M ~TOHa, 

itl - ?s 1 I 'S - '-- + . ,IJ;JI.TI 'tlaCTim C HeHyJreBO:t:i MaCCOM llOKO.ff). 

' Y. HHTeprrpeTaJ..ID.H rrapaMeTpoB · !, 11 '--! 

BociiOJI:&syeMCH ~P~WJIOH (I4), B KOTOpOM IIOJIO~ F = I; 
L) 

6y.n;eM napaMeTpMsOBa.T:& B BM.JJ:e (8). IIp11 

~ \ l : ( f· 
1 

:\. ) X 1 - / Ct _, ?J . . 
2'-t tL C1 : i- Ci - ~~ , ".1 ·r'' 

j "'d ' - " v ~~ I r' .. I '" r I 

(l -Y 0 II OJIY'iliM : 
f/ 

(I9) 

BHpa.JKeHMe rro,n; sHaKOM ycpe~HeHIDr .ffBJI.FieTcH rroJI0.1IWTeJibHO orrpe-

.n;eJieHHOH KBa.IJ;paTM't!HOH qJOpMOM B rrepeHeHHI:lX 1 0 11 ~ T , ee 

K08~MUHeHTH paBHH: 

0.- = 1"·:.+- r·:_ 'f.-'1.- + ~T-;: + c·C?-.-tz·)·r- · 
' v " J i. J 2 'J i. ~ 0 ~J 

.z. 'l .. -~ l. c· ~). ";":~ t~ /:\. o!~ f .F) 
LT {: f . j jT - ) , ri,i·; 1 ''i r ijl + ) ~~ -)t r~d T 

(20) 

!/ t ', • , I . . ) . . = /, .- w-> l v - v · . 
> - ., l'f. r 1 ( ·1 1 ' 

' l 

(2I) 

t - 1 cr :: JJ . - v ~>~ 
• t ~J \i 1.. 
J 

f ·. · __ = 4X · ·- C.C"'> ( ~,.- - ~' ) 
) lJ I lj I ( 'J l .1 
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3t..1.Mi"fiA.H J 'LTO 1~- = '( t-Jv- ftr'fT l1 v(_j" = -f,;j t}v -t fiiT CJT . 
B WOPMYJiax (2I) HCIIOJI:nsyroTc.H: npo,noJI:oHhle H nonepe"tilllie KOMIIOHeHThl 

--7' 

BeKTOpOB OTHOCHTe~HO HMIIYJI:OCa. f (eM. pHC. 5). 3,nec:o . ~ -

OC:b pea.KI.I;U, OC:b X 6es ymepOa 06InHOt~TH paCMOTpeHH.fi ( npe,I(IIOJiaraeTC.fi 

I~ 

a3HMyT~:bHaff CH~~eTpHR) BH6paHa . T<lli, ~TO ? Jie~T B IIJIOCKOCTH 
- ·-7 -? ·-7 

( ~ /) • }lJrH KOIV!IIOHeHT Jll060rO BeKTOpa i-{ ( k , •J , LIX , ••• ) MMeeM 
-'I 

CJie,nyromHe COOTHOilleHIDI ( y:"" - yroJI Ur C IIJIOCKOCT:OIO 2 , X ) : 

li,.Jm TOiK,Il;eCTBeHHhiX 't.IaCTim I H 2 4 -BeKTOp 1 O,D;H03Ha~HO 
- 1 

sa,na.H ~eTBepKOH ~HCeJI ( '}J ~tL l.~T i•J, ) r,D;e q~,?; 0, t}L = V }.; ~ 0, 

~1·1 ~ 0 H )'c, t ( 0, 2 JL). BBe,D;eM Tenep:o yroJI lf' f < J > .. rr) T8.K; 'ITO . 
~ 'l· = r :HJrn: fer = f ·-r 71 H 6y,D;eM paCCMaTpHBaT:O naphi . ;: -

~ -
Me30HOB C sa,naHHIL~ 'f ( T. e. El!iiD: r:apbl C :} r H - tj T rpyTIIIP.:py-

IOTC.ff BMeCTe) • IIocKOJI:bKY a cr ( Y1. ) +· Ct c T ( r•j I 5I ) = 0' TO npH 

paCCMOTpeHHH TaKHX nap ( T. e.) c( 0 ( f.-
1 

) + ({C""( J~ I 7l ) . ) 3aB1WH-

MOCT:b OT GlvT B.bliia,D;aeT H H3 (I9) IIC,~aeTC.ff napatvieTPH3aiU1ff (4) 

c rrapaMeTpa.MH 

< CL) 
I 

.., -7 

) '1 ( V) = .(. Clv > . 
) (23) 

'f -- saBHCMMOCT:O rraprut.eTpa 
;: --'-? 

R ( v; ~· ) saiiHChiBaeTc.ff .fiBHO 
' 

(24) 
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r.n;e napa.rvreTpU a e -::: R /) l. ) c1 ' H c z IDJieiOT CJie.nyiOIIUIH OOiaHH BH,D; 

a. 2 <(k~T )~h ( I SI)l' ( k·-k·-e::: "MJ~ e Y~-,~~) +l/'1,:(j· ne ~J·I~J)- 11-~-~-',. he(rz)rj) + 
q ~ L 4 J 

+ 1 ~XijT)\Ly.,y.l + I.IX;J,[ ~~~. hfl'(;, '(. )-:< h/ri,fd) J) 
~ ' J ld 

(25) 
ton ( Y'-1 -l(z ) } 

c WHKUHHMH h 7 ( y1 ' \f ,_ ) , paBHHMH GOOTBeTCTBeHHoY~'j ( r1 + f1 ) H 
. . c. I '2.. z 

Sln ( ~<1 + ~ t. ) • BBe.n;eM .n;aJiee napa.MeTpu 'f:. .l = .< R ( v; & = Oj _y) )y; 

PI R,~ :::-. R \ v) ~ = f i y' =- o) • HeTpy.n:H~) y6e,1UIIT.:&CH, 'tJTO Oim RBJI.mOTCR 

xapaKTepPICTHKar.m rr_9rrepe'tJHoro PI rrpo.n:~)JI:&Horo ( K ocK pea..KI.:(ID'r) pas Me-

pOB CHCTeMH, HCIIYCKaiD.meH /( - Me3t)H1I. IIpH aTOM, 

" l "'' ~ .. ) ,; =-K rv.~;=C 
J\1. ) \.. I . J (26) 

3a.MeTIDJI, tiTO .n;JI.ff oueHIGi J:.,, , Ha aKcnepiDJieHTe o6H'tlHO oT6n-
~ 

paroT rrapu c J cv ... ~ I > 11 . , . J Ld & / < 0. 5 • Onpe.n;eJieHHOe TaiDIM 
~ ~ ~ 

o6pa30M R 1,--.~~cn : :: < l<o- + ; (c1 r L'z.) >u,..,"e 
1 
~ o.>- MOiKeT cymecTBe-

HHO OTJIHtia T:OCH OT £II~ B ( 26) • 

B pas.n;eJie 2 MH o6c~aJIH H3JIY'tJ~HMe Ji -Me30HOB II3 IIOKO-

~FN«H .ffi!U!XCR MCTOtiHHKOB CO BpeMeH ~M Y.Ui3HK cf , paCIIOJIOiKeHHllX 

BHyTpM HeKOToporo "orpaim'tieHHOro" O:i'l>eMa: (I) Ha IIOBepXHOCTM ,IUWKa 

pa..rucyca R , (2) Ha rroBepxHOCTH <PoTocq_)epoz pa..rucyca R M (3) 

HCTO-criiMKH pacrrpe,n;eJieHB ITO 3aKOHy ray-cca C IIOJIJilrnPHHal'vm .f" .. ,._ 
~ . ....::;. 

k = ;. } y I ..;- • .I(JI.ff R ( v) r ) H cr ( v ) IIO;rytmM, COOTBeTCTBeH-

HO 
_, 

I) ,UHCK: ( (vI \;i I = ~ 

3) "rayccoBCKHi1 akrrcoM.n;", :-;:: = ~~ =· (l.L ·~ = ~~ 
., 1 / ·-.:: - ~j' 1"'- 2 ( .. - : - l -: : 

~ - -) ...._ - / j v ! ·.) - .. ! -. ) ' • , "" ; :: ( v· = ·~ f 11 · L !I 11 -
/~ ""' ! .. .....) ' 2 ( r- ") ) . ' "! ' . ~ 
-!',· (Vt•')-'l +-/.1 -_':-).:dr~bL..v-;;./·,, '-1 } 7 - 1.. l. ' \... ii . .:... 
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HO, 

) xapaxTepHsyeT cpe.n;Imt 
~ 

pa.sMep CHCTervm HQTOtnrn:KOB B;n;OJI& Han:~BJieHIDI BeKTOpa. ~ T H napa-
~ I 

MeTp tf ( V ) HeceT HHqJOpMaizy.£10 0 BpeMeiDI JKH3IDI HCTO'tlHHKOB, o: 

pas6poce MOMeHTOB HX BKJIIO'tleHIDI H 00 rrpo;n;O.JIBHOM (R HarrpaBJieHIDO 

HaOJIIO;n;eHIDI) pasMepe CHCTeMH ( CM. Ta«e ypaBHeiDI9. (20) H (2I). 

YllTeM ;n;B~eHHe HCTO'tliDIKOB t , 0 • CooTBeTCTByromyro 

CTpyRTypHyro WyHKUHIO f cJ .( k~) lJ ) = j' f I T,j A I 
2
d FJ ( ,<) C5y;n;eM 

rrapaMeTpH30BaT:S B BH,D;e 

{27) 

B rrpHOJIIDKeHHH MaJIOM nrnpinrn MOJKHO l107IOJKHT:S k~ z. ·x 11: L H ITOJiy'mT:S 

H3 COOTHOilleHH.R: ( /( f' ) = ko f'~· - kL. f -= /1 'f/" CJie,cyiOIUHe ;n;Ba pemeHIDI 

,IJ;JUI kL ( k0 ) rrpH sa;n;aHHOit ITOrrepe'tlH:OH MaCCe HCTO'tlliRRa /1 1 = 

I 1. . 1.. 
-=\N t-kr 

kf=M,09c~l(vrY1-M:1/MJl·)~) J k/=11~'0(~J(1±vV1-~r'/1'1.}(vz. )) c28 ) 

B -qacTHOCTU H3 ypaBHeimH (28) cJie;n;yeT paBeHcTBO 
/) l l'' .., ' 

'i · = f. -- ' 1 ' .:: 1 • k: ~I M · ~ • CJie;n;oBa TeJII>HO, noJiarM ,U.7lff 
(, i : r- v \, \.' . ' 

•v 

rrpoCTOTH F:_; =I, .::J· = 0, ITOJIY':IHN H3 ypaBHeiDIH (20- 23): 
J 'J 
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(29) 

3,nec:o (A> npe.ncTa.BJLfieT ycpe,IJ;Hemre c yqeTOM KHHeMa.TMl!ec:rmx 

OrpaHMlleHHK, CBff3aHHRX C TIOHBHeHHer~ napH 6~3KHX ~-M830HOB CO 
~ 

CKOpOCT:OIO V ¥13 pacna.n;OB i -~ li -'~ XI i ~ 2 t . HanpHMep, 

H3 ( 2Jl ) CJie.nyeT, "t!TO 0 ~ k~t: Mtco-(•J'_1): X ( X i';:t 4 craB/c)2 B 

pacna.n;e f _, 2!J ) • Ta.KIDJI o6pa30M, eeJIH X bJ.
1 

11 >> 1 , TO < k;) 
, 

6.IDI3KO K 06bl'!H01\1Y cpe,D;H8MY k~ . !3KcnepHMeHTaJI:OHO . .I(Jl8: pe30HaHCOB 
I ) 

Ha6JIID,IJ;aeTCfl YHHBepcaJibHOe 3Ha'!eH¥Ie /I2/ hl ~ 3(raB/c)-2 H 

cymecTB8HHO M8H:Olill1H Ha.KJIOH b11 

22.4 rsB/c b i! ~ .b.L /6 /I4/). 

- t-' . 

(.n.m npo:uecca p r- --.;. f + X rrpn 

ITo~ H3 (29) o:ueHKY nonepe'IHoro n npo,noJI:oHoro pasMepoB 

R .l H fZ 1/ : 
·- ' 2 . -) ._.,. 

.:. il ., A l . ;1 k. . 1 k k 
lj (!'-·) 1 ~~ c ·(·, K.-cv 6~-o- ) - ( . .:.!.._~ t:!... ...Jl - l.L Jl > ~ 
(; 1\.i ( V = ·;-: ;-_ ) v ~~ ' J - ) Y" - 2 1 )_ l·j·-.)L _: f/1·1-.)t -L J1--::--'f1~ 
"7 I .. 11 : t \ l l \ J I · J • J · 

v . .J ' I. .:! ,J 

( 

r1 -1 \/ 
~ ' M, r ) 'L +' M;-. J " -J ;:_ b_i. 

\~1. \J-:1 , 
{, '- ' .:;_ I !. 

. ., ' .., - I ,:.·I ~- (· 1.. I 
IJ R "( ) '· ~ ._, . - /l ) ' l I ·- _1:!. ~ - .l li ~ ) ~ 
t, JJ v = Cj J-: c '~,c:=?:jf-=-o -= (11\J~)'- lth-y· !1r·/'1·i-· 

JJ l'jJ 
,.,_,/.J_ +·J_ )/-,i 
"" UMr)z. if1 r)l. '-

0 it 
~ll ~J,J 

llpHMepHble paBeHCTBa B 3THX COOTHOill9HHRX BepHhl B C~ae, KOr,na 

TO'IHHI{a.MH L ! 

' rJ 

( ~ I/6 ;:J;M 
,.J 

I H CJla6H HMTIYJibCHHe KOppeJ:I.m.Ulli MejK));y TIC-

, B TaKOM cJiyqSte :viMeeM 

f t · .. · npii 22. 4 raB/ c) • 

t? .. / (J 
1 : I ' 

,\ ' ''J '::::: 0 ' ·" ' . .,. I . ~ 

:::>'-' 
( 11 TIO.ITBJimOTC.R: aHaJIOr¥Itffibi8 cpe,D;HI~ e, a IIM8HHO 
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X 't 

~ ., f -b l k.l. I. ·z. _, e· 
0:1. ....;. ( {L:) r- e J<l A 1 

0 -

r
- :.ii -(J. t<~~~- + b c.vlv.)k 2. X 1(1, .f.b )vl. · ·· 

d- ~ < k.?.. ) 1"- -1. ( :/. . 0 '1 r~ J ( ' T I. 2 J K 2."' fr l ~ II ....,., ~ J J/· 
L il ~ . L T 2il ) It y, ~;... . J(T It! T 0 -"T ~f "' • 

0 0 

0TCIO,I(a Im,IJ;HO, 'tlTO 3Ha.'tleHIDI 't..L H c.ti? IIOJiyqaiOTC.f.l: 6Jm3KID.m. IIpH 

b. h a-'- C"-z..t:.fJa-z T 6 
.l '? J1 HMeeM t. t' L l.l ,..., ,r.. /. 11 • aKHM 0 pa30M, Ka.K H CJie-

. I 

,1J;OBa.JIO llmQl;MTU OD,Ita T:b, napa.MeTpi:l fZ ( ·-:, 'f ) R't( V ) CynteCTBeH-

HI:lM o6pa30M 3aBHC.f.I:T OT ~HaMHKH .D:BE~eHH.R: HCTO'tlHHKOB. CJie~eT 

OTMeTHT:O o6paTHyx> 3aBHCHMOCT:O napruveTpoB R R c:t OT HanpaBJie-

HIDI Ha6mo.n;eiDUI ( T. e. J ecJIH K" > R.1 TO 111 .( 1'1 ) • 3To oomee 
I 

noJioxeirne .HBJlfieTc.fi cJie,n;cTBHeM HaJIH'3H.fl B WOPMYJiax ( 2I) .D:JI.H 1;_· H 

if,j xapaKTepHCTHK np0,1l;OJil>HOrO pasMepa ( k~·i../111·1~ H /.) .X.LjL ) 

o6JiaCTH, :as KOTopoH HsJiyqaroTc.fi Jr -Me30HI:l. 

YI. ITepeMeHHaH ·~ :. n rrapaMeT p ;; 

Bo MHOrHX 8KCIIepHMeHTaJil>HUX ll TeopeTH~8CKHX pa60Tax aq~eKTH, 

CBJI3aHHI:l8 C TOJK,IJ;8CTB8HHOCT:OIO )[. -:\l'f830HOB H3~aiOTC.fi B 3aBRCI1MOC-
~ .: -'12... l. ·"' 

TH OT rrepeMeHHOIT '} ~ tf ~' - "f =: 1,/" - Yh,;-z. • ITpeHMJIIleCTBOM TaKoro 

II0,1l;XO,ll;a .fiBJI.fi8TC.fi IIpOCTOTa O,ll;HOMepHO:C'O paCCMOTpeHY.L.R:, H8.IJ:OCTa TKqr-1 -

rroTepR HHWOPMa.IJ;TIH rrp:a HHTerpHpoBamn: no JIHIIIHe:ti rrepeMeHHoti. 06cy.n;m . .r 

aToT Borrpoc 6oJiee no.n:po6Ho. IIycT:o /C(112.) = {(1)2.) dl ('1, 2.) , r.n;e 

( (,., ') _ d >r-': d;F; 
(('I)" - ~ -
v u. 2 r.,J i 2 ~L ) ,. 

(30) 

~ 

r · ... -pacnpe.n;eJie: lliFI, (!)yHKIJ.HIO 
I ~ 

i~ 0 ( 1 , 7_ ) H :TpOHHTerpHpOBa T:b ITO rrepeM8HH0~1 

(' 

) Cr,·,L) ns (IS) 

CJie.n;yeT JMHO~T:b Ha 

t~j c: ( 0 '~t ), r.n;e [/. = rv r-q .... . C.Ie.n;yeT rro.n:~epKHyT:b, ~TO Mr.!eHHO 

cs~eHHe HHTepBa~a ~orrycT~mx sHa~eEIH II 

H3 ( 4) IIOJIJr>qRM 
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) (3I) 

CTporo rOBOp.ff, 3TO COOTHOmemre BepHO TOJIJ>KO l1,JIH. 1~ ~ 0, llOCKOJI:bKY 

MH xrcxo,nwm H3 ·npxr6JIIDKeHHOH WOPMYJm ( I9) H npxr HHTerpHpo:sa.mm 

Z.. It .., 
npeHe6perJIH B (30) ~t~ ~~ '1f/ , a TaiOKe noJia.I'a.Jm 

fCr+i!tJr-~Jz> ~ fCt)r) • 
HanoMimM, "tiTO .IJ;JI.ff TmKeJIWC llOK,).ffi!UDCC.ff HCTOlillliKOB HMeeM 

z z. 1J 2. -z z.. I I . 
1l.,il{ v) = r + 1~ T ftX y RJI).l ' :r.n;e ot = 0, /IS H /4 ,lt1I.fi 

,n;MCKa, cllOTOC4lepu H "rayCCOBCKOrO" 3.1IJIIDICOH,IJ;a, COOTB8TCTB8HHO. 

E ( ....) ' . - -1 . ' -z., ~ ) 1 't t l -:) 
CJie.n;oBaTeJIJ>HO, napa.MeTp ~ ~) :... r; J, 1.. v) 'f + ..il v '-t ( v)3aBHCHT OT HaiipaB-

JieHIDI Ha6.7IIO,I(eHID! c;ra6ee , "tleM R. "1 0 : B11 - Bl ~ C( R11 ~ - !(, z. ) , r.n;e 

C -- 4. ( 1- 2cJ.,r 7.) r). v 1 ; D MO~eT cymeCTB3HHO 3aBHC8Tl> OT OT CROpOCTH 

napu Tt -M830HOB. ,naJiee) yqeT l'DID£XDilOlt .IJ;BIDK8HIDI E:CTO"tiiDIKOB ( npii 

o!~ j = 0) llpH~O,n;MT R Bblpa.JK8HHIO 
. 11 ,... kl. . 1 

r; -= ~ < ~ :. It' l.l ~ -1 t .. i.T C\TJ 2 (~P. -y·-J]) f - .{ j ) -
--L 3 l l lu M . ~ / 11 ' 3 G 

'l 

ROTOpoe CJia6o 3aBHCMT RaK OT Harrpa:EJieHIDI Ha6JTIO;LJ;e:H:WI, Ta.K ll OT· ·· 

cKopocTH v ; J~ c::: C.vr'U f . llpH STOM 3HaqeHE:e B onpe;n;eJI.HeTc~q, 

paciia.;n;Hl:lX t: -M830HOB. ll:pOHJIJI!OCTpEpyeM 3TO Ha H8CKOJIDKHX IIpOCTHX 

npRMepax: 

r . /. ·-I) I' -..:- I . ) J j_.) 
L :! 

Ycpe;n;HeH:vre no 
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'ITO co:sna.n;aeT c pesynTaTa.ME: I'pa.cc63prepa III/. 

2) ~ = J , k~ = ki , T.e. B = B. 
} I. 

~ ~ k . t (-) k· 
- (t) 

3) L = J k~r =- kjr CL = kL = k L , T. e ;B=B =3B . , ~L • !YitM ~ 

4) " =j , L J J He CROppeJ.mpOBa.Hbi, ~~.e. ; 
4 < k/ 13 ~ E i + 3 

11 
~rl.) ')(. wMi . 

CJie.n;yeT no.n;qepRHyT:&, 'ITO o6bP!lme pesoHaHcu Tmia f , f , A.:? ••. 

B Ra'I8CTBe HCTOqHHKOB /L -MeSOHOB npHBO~T K BeC:&Ma 60JI:&mKM 

sHa'IeHRRM (4 - I2 f~2 ) napaMeTpa B, cM.Ta6~. 2-3. 

YIT. Bnr-mcJie HMe oueHOR rrapaMe TJ ;.;;lO;;.;;B;...._g_.z.._"_f--=.M=--B_. ....Q.UM~...:.M~C;:..;:T~O::..:'I:.:.;:F..ID~{~OB· 

-peSOHaHCOB 

3amnrreM ceqeHHe o6pasoBalll!.f.l: ITE.pu JC -MesoHOB rrpn nuKJIIOqeH-

HOi1 HHTe:WJepeHUIIM . ( B rrpM6JIIDK8ImM HyJ~eBOH IIrnpiiHII HCTO'llUlliOB l. , / ) 

B BH,IJ;e: 

J,f(J c ~, 1) = t: i j Cf,')) ;( ( 1, z) ~ f ~~ (k; kJ,"Jtt (?) J, UJ!Jft J tl6 {1, 2)) 

(33) 

r.n;e f~·J M P L,J - cTpyKTypHhie WYHF.IJ;I1H, orrn:cu:sa.IOI.UHe o6pasoBam-re 

M pacrra.n; MCTOqHMKOB 

~.(f~.st~-l.ij .- 2 J~ IA':"(~1, 5:-·~·Il-1)J<-,;n~_ 1 l/; 1 3:··j',_1)) cs4) 
~ 1=;~ d~ 

n C,HJ 
;Ju·J - ITOJIJipH1IM M asmvzyTaJibH1IH yrJihl 'IaCTHUII 1 =T(tb c.g.M. ( ~·; ), 

~ · . ) r 1 ,..., }(" 

s = )'i .. si1-'l • HarrpHMep, 1 t (;;_, :!_ ;<;) = wf ( ::,.../ c {f./ t 1
) I r,TI;e ;·,( ~ ~ ~ )-

H3B8CTH08 B1Ipa.JKeiDie .n;JLq yrJioBoro pacrrpe.n;eJieHllJI B pacrra.n;e f -">: ::--- . 
IIpM BH'mCJie:mmx Mhi paccMoTp:mvr RaK HE BIICTpOeHH1Ie, TaR :a BhiCTpoeH-
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l,, 1 3 . 'Ze(L> -1 zec~, 
.Ime RCTO'tffiHIGI, V ~ :::: l , ·it .S\~ · H z Wl ( COOTB8TCTByronufi1 

p t~o- 3JI8M8HT CimHOBOH Ma.TPRUbl IlJIOT>!OCTH )J.JIJl pacnt1.3ti. i..(J~1-)~ 27i 

paBeH I/3, I H 0~ B Ka~eCTBe OCH KBruiTOBaHKff B~6epeM OCD pe~, 
T.e.J 

(35) 

B~eHHe (33) IIO.Jiy'IaeTC.ff C IIOMOIIlDIO ItpOCTIDC rrpeo6paso:aa.mrli iJ?a,SOBOrO. 

o6'l>eMa d PS:::: dGUit;f't.) f6 (J1 2} d(l.~~--:.- . . ,) r.I(e 

d, ( iJ'flf't.) =: d3~ JS~ dt!;~cfp/' ~L ~·L > 

(36) 
() ,...., TJr K ) ) IIapa.NieTpbi a = '" , 't .u .ll onpe.n;E:JieH1I yp. (29 H (32 , r.n;e 

< tt t ; > Terrep:o MOiKHO sarrnca T:O B .fiBHC•M mme : 
0 

Ha aKcnepHMeHTe o61I~Ho onpe.n;eJIF.IDTca napaMeTphi, ycpe.n;HeHHHe 
-;> 

no V , f 
0 .t. . .f.-

- ~ I{ 

m.: 
, HJIH iKe napa.NieTphi yc:r; e.n;HeHH1Ie no v H·YnHTepBa.Jial'v~ 

,j 

I [vi t: J >, 0. 5 n I .:v.r tf: I > i~ ) c.:~· 6 I < 0. 5 • B 

Ka~ecTBe o:o;eHoK nocJie.n;Imx MOiKHO 6paT:t ycpe.n;Hemrue no V rraparv:eT-

phi C{l.. II • 3a.MeTHM, ~TO IIOCKOJI:OKY Jr ( 1J 2) ~ ~ V df dJ2 .f£t') );,: ; d ~ , " · 1 r (' · ., 
(.-t ''t ''- ·"' ~ v '!.. , TO npn ycpe.n;HeruJn~o v 

l't vm t~ 
BOSHHKaeT pacxo.n;.riiiUf:t1:C.ff HHTerpa.7I J J v / v DT sTotr 

,) 

rrpo6JieM1I MOJKHO M36aBHT:OC.ff rrepeXO.IJ;OM 
. , -,) ,_..:.. .......... 

' - \1 . 
1...!.... - ~ .. 

,- Q I' 
c l t~ ' rrepeMeHHOH 
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n ~~ 
PR :BRlmCJie~ · TeopeT](fqeCKIDC CUeHOK t. llpOCTO BBe;n;eM 

o6pesaime Pt-t ~·n = 5 - 50 MsB/ c ( llJiiPHHa cooTBeTCTByromero HHTepBa-

Jia. "sKcnepRMeHTaJrDHoro" q11 - pacnpe;n;eJieii:WI paBHa .~ 2 pM:n ) • 
PesyJII>TaT cJia6o saBncnT oT p rni"' , TaK KaK pacxo,IUrMocT:& .s:rBJIJieT

c.s:r JIOrapHcpMlilieCKOH. KpoMe TOrO·, npE KOHel!HOH SHepi'ltm B c •. n.M. Vs 
') 

Ma.JII:le 3HalieHID1 f MOryT 0Ka3a~:&CH sanpenteHHbiMR, ec;m ftt(~ 

;n;ocTaTol!Ho 6oJIDmoe. 3aMeTRM ~aJiee, liTO ycpe;n;HeHRe no V napaMeTpa 

B l1pHBO,IU1T K RHTe~paJiaM J O V 1.p1 f - · · B tm:CJmTeJie H 3Ha.MeHaTHJie 

WOPIVIyJru ( 37) ( BCI10MHRM, liTO s d 1: ·= rv Y-q: I ) • 

TailliM o6pa30M, Tpe6yeTC.H BH'lliCJmT:O 7-MepHHe HHTerpam 

j~ ~~f j k~-~ d~"~ :{~ .. -Jfj t'l//cf/'t . JVm .D;Byx"'aCTH"'HOrO 

pacrra.n;a HHTerpHpOBaiille no oiJv'.s ~ t y6:apaeTc.rr ~ cl 
WYHKUHeH. KpoMe Toro' B CJJ:y"'ae' KOT ,n;a !1: r~ .:.~ ~-fj OTrra.n;aeT llHTerpM-

pOBaiille ITO j ~~j ~ ~{ fj· vfr ~ , OHO. C BO;n;HTC.H K SaMe He fr-:"> j\ ,( 
B Ta6;muax 2 11.~ ITpflBe,IJ;eHH pesyJI:OT8TH COOTBeTCTByromHX Bhi"'llCJ:eHITH 

npR \rs = 6. 6~(P A L" = 22. 4{1!~ PP-B3aMMO,IJ;eHCTBHi1:). CTpyKTyp-'- ,, 
rrapaMeTpMsonaJiaci B Bn.n;e (27), hL = 3(raB/c) 2, Ha.H WyHltniDI \) . 

' I 
1 ') 

I . j., 
D11 = c .i. 

1 
T. e. 

1 
rrpe,n;noJiaraeTc.rr HeKcppe;mpoBaHHoe o6pasonaHMe 

HCTO'tiHllKOB. AHaJIOrlltiHOe BLrpa.JKe:tme ECI10JI:030BaJIOC:O ,n;JI.ff \1 
::.__ = pl f:~ 

C 1/ = b • ITpll HCITOJI:030Ba.HIDI HaKJICHOB b ~~ = ( , f. 
1
;· . ~ .. 

2 • 5 ( raB/ c) - 2 
t no;ryqemrn.x B peaKI.:U1E f r --4 ;r t X npll 22 • 4 

raB/ c /IS/' napaMeTpH Ta6JI. 3 MeH.ffl( TC.H CJia60. B pacrra,n;e A~_;, ;: f 
BKJia.rJ: 'A- -Me30H03 OT pacna;n;a f ~ .? 1: 

aJieMeHT pacrra,n;a w ·-> 3;: 6epeTc.s:r B In.n;e 
i " I '1 O,rr;HaKO' 11TO OTJil1tii1e I;-; w I OT c..,; n I i CKa3HBaeTC.ff Ha pesy.JI:bTd-

F- -I :::>: .. - 0 
~ - t - • J ~~ 

IT F· · ~ (·.,rt- ~ h :;·;.- i b ~~ ~ \ ( c~. pa3.n;eJI 2), TO HCTliHHHe 3Haqe::-l OCKOJI:OKY , 
1 

, ~ _., _. 2. " 1r. ) 

Tax He cymecTBeHHO. ITpH BH~c~eHM.ff].rro~araeM 

HHR rrapaMeTpoB IZ , ·t M F> 6y)JJT HeMHoro 6oJI:ome, qer.;: B TaO .. JTI:-
r.Z 

uax 2 ll 3. Harrpm.mp, MaKCI1MaJI:OHa.H ,I,06aBKa K IIapMeTpy 1\. COCT2.TI-



2I· -

JIJieT :..b.l = 0.24 fMz • Ta6.mu~ 2 :P.: 3 xoporuo RJIJIIOCTPHPYJOT mmo.nu 

pas,neJia y' Ka.CaiOJ1Ui8C.ff CB.ff3H rrapaMe'l'POB R ' cr 
,ll;B~8HHH HCTO~OB. 0TM8TID~ C~6yx1 saBHCHMOCTb napaMeTpa B 

' OT HarrpaBneHMH Ha6~eHHR, a T~e cymeCTB8HHyiD 3aBHCHMOCTb 

arrnsoTporun-I rrapaMeTpa R OT BHC'l'pOeHHOCTH CIIHHa peaoHaHca -

aHH30TpOITHH OC008HHO CHJibHa, KOr,na ~ -M830Hbi OT pacna,na HM8IDT 

T8H,n8HD;MIO BWieTaTb B,ll;OJTh OCH peaKizy.E: ( foo = I ;rviR. i {J~ 1)~ 2'1i) • 

3a.MeTHM ,naJiee, 'ITO napa.MeTpbi R. :E t:t CJia6o 3aBHC.ffT OT (.S • 

AHmL rrpH rrpM6~eHHH (S K rroporJ aHRsoTporrM.a rrapaMeTpoB R 
M Z cymecTBeHHO YM8HLIIIaeTc.a - cKasHBaeTc.a YM8HLmeHne ~~soBoro 

o6'beMa, a TaiOKe y-MeHLilleHHe OTHomeHY. .a b 1 I b i/ • 

B TaOJ.rnUaX 2 M 3 rrp:viB8,ll;8Hhi TaBiKe OTHOCHT8JILHbi8 BepOHTHOCTM 

BHJieTa B.UOJIL n rrorrepeK ocR peaKrurn \N,I I 'w' l H cooTBeTCTBYio-

IIUie cpe,nlllie CKOpOCTI1: 7f - M830F. OB TipH ycJIOBW.LI }v = 'J r = 0. 

B TIOCJie,nHeM CTpo~e TaOJIHUU 2 rrpHBC,ll;.ffTC.ff pesyJibTaTH OOpaOOTKH 

pp-BsaHMO,UeMCTBHM rrpM 22.4 rsBic lEI. B TO BpeMH, KaK 3KcrrepH-

M8HTaJibHbie 3Hatr8HH.ff rrapaMeTpOB J( Jti 'f' MOJKHO COrJiaCOBaT:O 

c oueHKarvrn:, sToro YJ3.e Hens.a cKasa'lL o rrapaMeTpe B - oco6eH-

HO B-_J.. cymecTBeHHO MeHLille O.iK.M,ncSelvioro sHatrerum. CJie.nyeT OTMe-

THTL TaiQKe CJIHillKOM OOJILrrm:e TeopeTH.:: eCI:llie 0I(8HKH CKOpOCTe:tf /t 

MesOHOB. HeTpy.n;Ho BH,neTL, trTo B o6cHX CJIJ'Ia.HX Mor;m Obi rroMO'I:S 

HCTO't!HHKH C MB..r.u.~M SHeprOBH,UeJieimeM B pacrra,ne - CM. CiJOPMYJIY ( 29) 

H COOTHOID8HH8 

_,.p-' - 1 '" - (J'" (. 
J c. 7 J ,,) 

BepHoe .IJ:.IDI H30Tpor:noro pacrra.ua 

(38) 
) 

J -X y ) 
( - ) I ) ~ 
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Yill. Tpu THITa HCTO~HHKOB. 
. ! 

B Ta6JIHu;ax 2 H 3 l'v1b1 npHBeJm Ol~eHIGI napaMeTpOB R . . . 
;n;m:I pasHIDC KOMOHHa.u;H.ti HCTOtnmKOB-p030HaHCOB. PeaJThHaJI ze CHTyaUIDI 1 ,, 

II 

COOTB8TCTBY8T cynepnOSHUKH B~~OB OT BC8B03MOltHBX KOM6HHaUHH 
. 
l , J , T.e.) 

~ o c ~) 2) ~ r ~ ~J- ( 1 ) '2. ) = f ~ LJ. (f 1 ) r 1 + f ~ ,· ( P 1 > J 1, ( 1, 2 ) c 3 9) 
~,· ~J ~ 
v '. "'' 

Hs COOTHOill8HHH (I5) H (I9) c~e~eT, qTQ rrpx 1r ~- 0 

f c/1' ~) ~ 1 + e,j-< a'i' > ~:- <~~•J•> 1/-{tr,i ,, > ~·?T ) (40) 

r.ne ·1 >? E:u" x Cvl't.d ~ 0 • TaKHM o6pa~.OM B l'I)J;ea.JI:DHOM c;ryqae IIO.lfiJ'!IIM 

.I(JI.ff napaMeTpoB [l == E, a.1 J - . 

) 

3a.MeTHM, "t!TO pasHarr G -saBHC:viMOC'l':b BecoBbiX C.i)a.RTopoB w "J. ( v 1 0 ) 

,I(Jlff pa3HbiX I<:oMOMHaiUIM MCTO~HKOB I 1 j MOJK8T npHBO.JniTb K aHM30-

TpOIIHH napaMeTp.oB R , cr M b rra.JKe ec.T.W caME: R · ''f .. 11 B · · ,._, . ~J t LJ J. .J 
OT e He 3aBHC.ffT·. B pea.JI:bHOM JK8 CUTyaiJ;IDI CJie~eT y~eCTb KOHe'tf~-

. <7;> 
HOe :mvmyJI:bCH0-3HepreTH~eCK08 paspen.eHHe\; He II03BOJI.AJOIU8e HaOJTIO.II;aT:O 

aqx:peKT OT .II;OJirOJK.viBYJill!X MCTO~llliKOB. KpOMe TOrO, IIOCKOJI:bKY BCe Haiii:VI 

paccyiK,Il;eJ:lliJI IDJieiOT cMbicJI ,I(JIJI J ~1r I ~ w..r, , TO aqxpeKTbi OT IWM6rma-

UHM CJIHIDKOM IIIHPOKHX HCTO~OB TOiKE "HeHa6mo.nam~". IIycT:o 
- ~ 

Lo h { f { ' ( ,- (.. .:/ ~ /j' ;:. ) 
::::; • I ' I') ' ' .,..; • • • .II;OJirOmJ BymH8 UCTO"tiHMKl1 I L ._ ~ ,·' ' 

l • 1_. ' ' I > .... k-,(' A ( 0 ~~ . ,-.... - ) 
,1..:. = f , . , 2 , • • • MCTO"t!HYIKM TllTI a ~e3 OH3.HCOB ,.. ;)' L.t.. 1 1 ~ ~ ; ) 'i: 

.- .· z.. 
l1 ,_c; - KOpOTI{0./YJ'IByTIU1e HCTO~MKH ( J S .... >> '1v;li ) • HeTpy,nHO B:u,r;:eT:O, 

'tlTO 3KCITepiDJI8HTaJibHO HaOJTIO,IJ;aer-.l!hlH 3cJqJeKT IIpH 'ft ~ 0 Oy.I(eT CB5i32..H 

TOJI:OKO c L j = i~ C HJIH RS . Hopr.mpyJI C.i)yHKrr;ruo J ns ( 4) Ha I 
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Ha "XBOCTe" HaOJIIO,IJ;aeMOrO aqxpe.KTa E ytmTII:sasi, 'ITO B OOJiaCTH 

HOpM:HpOBim f S·rR./~- = E.)'rl?. 
1 
R , H 't!TO f L = 0, f ss ~ I Ka.K 

B OOJiaCTH HOPMHPOBKM TaK H B 06JiaCTH a~eKTa, ITO~M 

(42) 

IX. 06pac5oTKa ::mcrrepMMeHTaJibHhiX gaHHHX 

06cy,IJ;MM I{pa.TKO rrpo6JieMY"cJ1oHOEoro" pa.crrpe,n;e;remur c! Cf (I, 2) . 

06u't!Ho aTo pacrrpe,n;eJieHHe arrrrpoKcHN.upyeTcR pacrrpe,n;eJieHHeM nap 

HeTOiK,IJ;eCTBeHHbiX lL -Me30HOB d 6~ _ • B pa3,u;e;re IY Mhi m1,n;eJIM, 

'tiTO B HeKOTOpbiX CJiy'tiaJIX "HHT8WJepeHl::,(I10HHbiH" aqxpeKT rrpi1 qt' -7 0 

t -
MM88T M8CTO Ta:K,E;e ,IJ;JIR Ti Tf nap, HaiipMep, B CJiy'lae, KOr,IJ;a 

~ J = ) ,.. \- ; aHaJIOrWIHhie, HO OOJiee IIIMpOKMe KOppeJim.Um: MOryT 

OhiTb CM3aHhi c Hep.esoHaHcHhiM o6pasoBam1eM 7l -Me30HOB. O.n;HaKo 

MOEHO O~,IJ;aTb, 'qTO 8TH ~~ M8XaHI13MH He ,IJ;aiDT cymeCTB8HHOro 

IIPH ~ r --7' 0, l<poMe TOrO 8TOT BOIIpOC MO.?KHO 

pellii1Tb aKcrrep:mAeHTaJibHO, pa3pymaR Koppe.JL<ITU"ili rreperryTHBaHHeM 

KOMIIOH8HT IDJillYJibCOB 7L -Me30HOB BHyTpH OT,IJ;eJibHhiX COOhiTHH. 

,nei1CTBHT8JibHO, B pp-B3aiDJI0,1l;8MCTB:v1HX .rrpM 22. 4 raB/ C, IIOJiy'leHHOe 

TaKID.1 06pa30M pacppe,n;eJiei:me rrpaKTli'tleCKH He OTJIHqaeTCR OT r( t;_ _ /S~ 
TaKMM o6pasoM, rrpe,n;cTaBJIReTcR pa3yr.m.biM I13BJieKaTI> napaMeTpH :t. . , 

f!. , Cl[ , l'!la.IW:HMII3MPYR WYHKIUIID rr};:aB.nono.no6:IDI 

(43) 

r,n;e /'. ( rvt) HyMepyeT BCe rraphi TOiK,Il;GCTBeHHhiX (H8T01K,IJ;eCTBeHHHX) ·~ -

Me30HOB. B COOTB8TCTBH:H C rrpe,D;IIOJIC1K8HHeM , cyMnTa B 
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sHaMeHaTeJie R~eTO.H npn6~

iKeimeM . '.,I:(.JI.F.r Hoprvmpo:sotiHoro HHTerpc:Jia J ~ (p~) 0f . KoHe'tiHO, 

Ma.7IOOT:b KOppe~H ;l{JIR if+ lf- -IIait eme He OsHatro.eT, '!TO 

o(. ~- -~ d ~ t • ITp~epOM MOryT OJiyJll!T:b · MO;ne;m . MJJI:bTmiepncpepH'tieO

KOro TJI.l:lla, B KOTOp:biX 06pasoBa.HHe ~'OJK,IJ;eOTBeHHIDC 7r -MesOHOB 0 

6JIHsKHMH IDvmyJI:&oruJIH ;nHBru.mtieoKH nc,;naBJieHo /IS' I? I. CorJiaoHo 

,II)KOBaiDIP n Bemu~aHo /I? I TaKOe r:o.ztaBJieHne HaH6oJiee ( HamvreHee) 

oymeOTB8HHO ;l{JIR e+e- (pp)-aHimr~~ki. 0IIRT:b-TaKR OJie;nyeT/ 

IIO;l{trepKHyT:&, liTO Bose-a<IxlJeKT OT pE:30HaHO~ 7( ·-Me30HOB IIO-BH-
I 

;II;IDif.OMY oymeoTBeHHO y;Ke Ta.Koro oop~'a ;nnHaMR'tieoKoro a~eKTa -

IIOOJI8;l{ImH rrpnBe;neT TOJI:&KO J:Imiil) K J'M8H:&W8ImiO rrapaMeTpa t{ B 
I 

ypaBHeHD (42). 

CJie,n;yeT OTMeTRTh, 'ITO napaMe'l'Phi tl , !( , '[ o6hitiHO onpe.n;e-
1.. 

JlffiOTOR no,n;roHKofi ·O,IJ;HOMepHHX ;.} o , 1..] ;- - paorrpe,n;eJieH:IDi ( OM. pMo. I R2 ~ 

MJ.rn, 80JIH OTaTHOTHKa ,IJ;OCTaTO"CJ:HO 6<:JioillM, no,n;rOHJ\OM ,IJ;BJ111epHOM 
.. 

or.; '}~ -rncTorpaMMhi. KpoMe Toro ,no cnx nop He nsy-qaJiao:& V -

' saBMOIDJIOCT:& aTnx rrapaMeTpoB, BaiKHf~ ,n;JIH pas,n;eJieHHR pasHoro copTa 

HOTO'IHJIKOB (OM. pas,IJ;eJihi Y H YI). J:a.Jiee, IIOCKOJI:OKY f -samrc:rr-
l ~ ~ . 

MOCT:& rrapaMeTpa R. ( v , f) (a Ta:rxe B ( V , f )).oorJiaoHo yp.04) 
·) -

8aiiHChiB8.8TO.H RBHO EXD;E; 0 IIOMOIUhiO rrapa.MeTpOB KtJ II (.; 1 J.:: , TO 

BMeOTO ( 43) y,n;o6HO paocMaTpHBa.Th (?yHKUHIO npaB,IJ;OIIO,IJ;0611.H 

P ,. n . ) ( ·v •• ~ . ~:t );,. e: c -r ,v-l olz." • I{oHetrHO, orpaHH'IeHHM OTa TiiiOTHKa 

HM8IOIUHXC.H Ha cero,IJ;H.HlliHIIll ,n;eH:& GKCHepiD1!8HTaJI:OHhiX ,n;aHHhiX BPM Jill 

IIOSBOJm:T ,IJ;eTaJihHOe HSytreHHe I , b' -saBHCllN:OOTeM IIapaMeTpOB 

tl , 1 ) . . . . B Ka'IeCTBe nepBoro np:vr6~~eHM.H cJie;nyeT pas6nT:o 

sHatreHne \1 XOT.H- Obi Ha ,IJ;Ba HH'repBaJia V ~· V 

HanoMHI1M, 'ITO aHaJIOrHtrHoe pas611ea-re sHatremri1 yrJia G (
•' - I .·i """ :_ ( ~ .-

\.. ' ..... ~,.. _J t,. : '/" 2. 
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oneHoK R.L, C['1 H R11 , cr;i. 

Ta.IGIM o6pasoM, Hs BmnecKasaHHoro cJie;zyeT, liTO npocTM 

aHaJIOrRff C a~eKTOM XaH_9ypH - Bpo~~ TBHCCa ~ CRJIDHOB3aHMO

;n;ei1:cTBYIOIUHX TL -MesoHOB He HMeeT HecTa. KoHeliHO, napaMeTpu R. 
H Cf H 3,1l;eCI> .ffBJIEeTC.ff npOCTpa.HCTBHHHO-BpeMeHllliMH xapaKTepHCTH

Kalvm: 06JiaCTH, H3 KOTOpOH HCTIYCKaiOTO.ff 7[" -Mesorrn. 0,nHa.KO 8TH 

IIap$MeTp11 IIO~BH;IJ;RMO~~ onpe;n;eJIHIDTC.ff B OCHOBHOM ;n;nHaMRKO~ o6paso

Balliffi 1{ -Me30HOB. CymecTBeHHyiO pQJII> npl'i aTOM HrpaeT o6pa30BaHimJ 
! 

pe30HaHcoB. Pa3Mepu H BpeMeHa, BCJI:3aHHHe c ncnycKaHHeM "rrpm.mx" .v 

7f -M830HOB. I1 pe30HaHCOB BHOCflT :38pOflTHO HeOOJI:OIIIOH BK.JICUJ; B 

napaMeTp11 ~ , ·'f I1 f3 - HX H3BJI 3't1eHHe flBJifleTC.ff HerrpoCTOH 

3a,7J;a'tlei1. 

HaM npe;n;cTaBRB:eTc.ff, 'ITO neHHO~T:o HsyqeHHH Koppe~~i1 

TO)KJ];eCTB8HHbiX Jt .,-Me30HOB npH Cjt' ~ 0 B TOM, liTO rrpe;IJ;JIOJKeHillie 

K-TI rrepeMGHH1Ie CJ f , C~ <1 ( 1 L.) ~ COOTB8TCTByiOITme napaMeTpbi 

5( ( V , 'f ) , 'f ( V ) HJIH iKe rrepeMeHHM t1 Z , BBe,IJ;eHHaJI . '· .. 
I 

roJI:o;n;xa6epoM H ;n;p. /I/, .ffBJIHIDTC.ff -qyBC)TBHTeJI:oHIDJIH xapaKTPMCTMKaNrn: 

,IU1Haiv'!IDGI MHOiKeCTBeHHoro o6pa30BaHEa 7( -Me30HOB. OHn MoryT 

CJiyJIWT:O ;IJ;Jlff TipOBepKH COOTB8TCTByiOliHX MO,IJ;eJiefi. 

ABTOp IIp1'I3HaTeJieH 6e3B03BpaTF.O yme;n;IIIeMY OT HaC r.11.K0111IJIOBy, 

a TaiOKe M.M.I'paMeiDIUKOMY, M.M.ITo.nr·opeUEOMY H B.11.Py;n;r-o 3a 

MHOrO'tiHCJieHHHe OOCyJKJJ;eHIDI, KOTOphlE CynteCTBeHlillM o6pa30M CTIOCOO

CTBOBa.Jlli TIOB:BJieHHIO Ha CBeT HaCTO.ffilleH pa60Thi. 

,/1 L /I ' 
v.. -' v :: l_.,(..( c 

I 
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