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B pR));e CJiyqaeBs, KOr.n;a ·HeJih3.R IlOJIY'l!~Tb nprIMI:le ·CBe.n;emrn 0 

xapaKTepe nponeccOB o6pa30BaHMR H"B3aMMO,IteHCIBHR qacT~U B~~.n;y 

Manoro :epe1,1eH:a HX '11:I43HMsi npnxo.n;wrcR orpamrtr11BaTl>CH HCcJie,n;oBa ... 

mrnM q1yHKI(MM pacnpe,IteJiemrn:. BTOpK'IHblX traCTvilh rrpo.n;yKTOB pacna

)ta, rr;opo~rno:an,mymHx rrepa~rtrnHx qacTlU\o 3To 1urneT Mecxo, HanpHMep, 

Dpl,I, ~ccl.ie;toBamnrn o6pasoBamtfi n° =MesoHoB si o cBovicTBax KOTO-= 

p~x MO~HO ysHa?» JIMillb perHCTpHpyH BTOpHqHae qacTHUbls, raJ.Wa=KBaHTblo 

I KaqecTBe ~pyroro npHMepa MOEHO yKasaTh Ha npouecc~ odpaso-

DaHMH rMnepOHOB H ~pyr¥.X THX8JiblX HeCTa6RJI»HblX qacTMUo. 

B yKasaHHHX cnyqaHX He06XO,D;HMO 3HaTb, KaK CBH3aHbl uex.n;y 

codoU yrnoable pacnpe,n;eneHHR rrepaaqHNX H BTOpHqH~X qacmHUsi T~eo 

pemMTi sa.naqy o BoccTaHOBJieHHH yrnonoro pacnpe.n;eneHHR nepBKq~ 

HHX ~aCTMUo HHJICes, B qacrH I HaCTOHmen pa60THi 3Ta sa.n;aqa pac

CMO'I'pe:aa .IVUI cnyqaSJs, Kor.n;a CKOpOCTb BTOplrl.JHblX qacTKU paBH8, 

CKOpOCXVl C:BeTa HJIH {)JlH3Ka K HeM O 06meMy pememno s~a"l1J1 Cfy,n;eT 

TIOCBRJ.Iiemt II \laCT:b o B OCHOBY qacTM I IlOJIOJICeH MaTepHaJis, CO,ztep= 
./ . 

: · III X8,lll111¾CSI. B pa6oTe o· 

IIycT:b B Cl10TeMe cqiepRqecKHX KOOp.n;.r,rnaT /I/ l1SB8CTHO yrJIOBee 

·pari'npe.n;eJiemrn VJ ( Xv, ,\f! 0 ) . n,epBW-rnhlX qacTWUsi 06Jia,1taIOI1lHX CKOpOCTI,10 

f3 /B e,D;MHaua,x CltOpOC'!J,1 CBeTa/ 0 3.n;ecb Xo ~. GOS lJ O " B 

.;itaJIJ»He~nteM Hae 6y,ner HHTepecoBaTI,p :r<:aKOBO B 3TOM JICe CHCTeMe 

lC(H!ip,IUHW.T /I/ yrJIOBOe pacnpe,IteJU~RHe F"' ( X) lf ) JTOplfllHblX 

qac·t'0:l.h odpasyBJ1I111IXCSi npM pacna,n;e nepBW-IHliX qae-THUo 4>YHKUHH 

.r ()f, l(>) paccMaTp1rnaercSI i!a. paCCTOSIIUUIX, 3Haq:vrTeJihHO 60Jihllmx, 

qeM CBOdOAHHR npo6er nepBHqH@X qacTaUo 
~ ... 

IlyCTh nepBM'I.IHlle qacT.KUb! .nertf B HarrpaB,JieHT1rn [ Jo l lpo] kl 

f // If) . (x, ~. ecrL yrnonoe pacnpe,1teneHKe BTOpKQHMX qacTHQ B cac-

TeMe KOOp~HHBT /II/~ CBR3aHHOI c· nepBHqHOI qacTHqeR /B dOJibillHH

CTBe cnyqaeB f , Ji30TpOITHO/ 0 OdosHatrnM qepes ~ I CKOpOCTb BTO-



pm:11un~x -qa:~:rnu B CW~TtH.!tf KOOp,ItMHat /II/ o 

CoBepmHM nepeXO.lt KS CWtTeMN /II/ B CHCTeMY /I/ C KOOp,1.tHi 
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HaTaMU / lf. I ~ lf 
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~. O<C;L K~'rOpOU :ara.npaBJJteHa B,,It(lJ:th, ( 1 
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ueHTP KOOp,lt:WHaT COBna..u;a.e'? C neHtpOM ciH'!teMU /I/ 0 IIpH 3TOM 

nepexo.zte tpyHKt(KSI yr.noBoro pacnpe;te.ixe1qra tpaHccpopiuirpye?tSig 
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a= ( 0 f-
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. IIp1 0.. < I B <p·opuyJiax (I~2) M (Io3) cne,n;ye:r 

. yqHThlBaT:b .. TOJibKO SHaK +o IlpH l\ ;-, I DJIIOC OTHOCHTca K qacTHn;aM9 

JieTRIJl'1M B.nepe,n;HIOX>-IlOJiyCqJepy B CHCTeMe /II/g MHHYC = B sa,D;HlOIOo 

IIpe,n;e.11:&HI:d! yr•11 ·J :na..,. : onpe.1te.1.u1etca us _ cootaomemrn 

~ 2 (XI) ;: 1 I a. a., 

HaKOHet(g COBeplliHM nepexoi H3 npouexyxoqHO~ .CHCT8MH KOOp= 

,IJ;HHaT /I 1 
/ B. OCHOBHYIO CHC-TeMy /I/ o,IlPH TpaR·CcpJlpYattHH f ~_,,-t 

. I I . 

iXO,D;HntHe B Hee cpyHKnHH X H lf· saMeHRIOTCSI aupaxeHHflMH qepes. 

X H tp· g 
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. ao:-' '-P') 
~KOdHaH a,x~ r] paBeH 6):tHHHUe9 H60 npeo6pasoBaHHe eCTb 

llllrn?I:d! TIOBOpO't O q;YHKltlUi f(x) f) npe,1tcxa1.1.aei co6oi.1 KOJIHll8CTBO 

. B'irnpHltltHhtX traCTlUh HCnycieaeMwc B HanpaBJU'1UU( [J! lf] nepBHq= 

H~MH qactHUaMH 9 KOTopue J.tB~JKYTCR B HanpaBneHHH [J-01 f0 l /BCID~Y 

Ha e.n:1,nrnrny i·eJiecHoro yr:n.a/ o JlJrn noJiy~Enuu1 cpymcniu-1 yrnoBoro 

pacnpe.u;e.neruui :sropllilHHX 'lla.CTHn F" ( x > lf ) npH ,ItaHHOM pacnpe,IteJie= 

HKH ltJ (XI() lfo ) oc,aet!CR nepeMHOJUIT.b It/ l( t MI npOHHTerpH= 
) 

poBatL no X0 K lf o i 
1 2'il 

F~ ( X) 'f ) ~- J I w ( Xo ) f O ) f { X 18 
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( >\ XO ~ lf1 - lf' 0)]. lf ( XI XO ) 1 - lp O } } .~ 

-1 0 

x Q[x 1
(X

1
X0 ) 4'-tp0 )

1 
f, p,-] dX9 d 4>0 , I 6 

B J.taJibHeMrueM Mb! 6y,1tell paccMa?pHB-aU, B 8Cb1la o6nu«tt CJiytta~ s, 

Ror.n:a nepBMqH~e qacTHI.tH pacrraAaDTC~ H30TpOnHO~ f =1 

IlyCTb W He 3a.BI&CHT OT lf o Tor.u;a_t1 HH-TerpHpys no lfo j 

no~y~aeMg 1 

,=- (X) - J J (,r I X o, ~ i p, ) \rJ ( Xo) d ~fl 
1 

' "1 

e.!'/J 

;J(x, x~) r; F,) ~ J Q (x) X()/f-1Po, f, ~1) dtfo" 
0 

Yr noBoe pacnpe,zteJEeHHe w (x0 ) npeo6pasye:rc.a: B F' ( X) 

HbJM onepa?opoM M " 

I,7 
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AHaJ:rnrs ypaBH8HHSI /lo9/ npK npOt13BOJil>HliX SHat!eHJUIX O M di 
3aTpy~HeH H3=3a rpOM03).tKOCT~ BXO.ztRmHX B /Io2i 3/.BHpa~eHHHo 

JI:mtrb B npe,,1teJU,HHX cl!ytiaS?x~ ! ) 'I di /tpHBHaJ!bHhtll cJiyt1ai1, M ~ 1 / 

H ~ t ::: i <pOpMyJia /Io 7/ ynpomae?CSio Iloc11e.ztHII cnytzati 6y.zteT 

pa.CCMOTpeH HHJ!Ceo 
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2o Yr~oBoe pacnpeJteneHHe B!OpKqH~X 

t:tacTK~ npH- -p
1 

= I" 

flpK ~ = I H.JtpO ypaBHeHHH /Io9/ lOLeet BH.lt& r~ . 
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COOTHOmetUUt /Io79 2oI/ Il0310JIUU>T onpe;te.tHfh l="'{i) npH npo= _ . 

H310Jt:bHOM paenpe.zteJieHHK V'I ( X o ) ,UJISI atoro ,ltOC'!'aTOl!HOp HanpH ... 

uep, pasJ10JKKt1, VJ l X ~) B psr;t typqe o Tor.:zta sa.Jtatla CSy;teT noJIHOCTid> 

pemeHap ec.1nt H3BeCTHli pemeaHa ypa1He1Hs:i F n (X )::-: t"'l l 'K:
1 
Y\:; ) ,t:·1 

HcKowe <i>YHKIUU.f Fn (.~) HMeIOt BH,lU ~=-n'i(I -

_ Fh 1If)= fn'f--~(xff, V
0

w gk ) · 2 2-
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1 nk' ,'ti1--M · n 
~~ onpe,tteJIJUOTCH HS ~e1typpe1n:uoro cootHo ... 

·meHJUU rS. :,. 7' + Al 8 
K i•Z 1 1~ J !tr k > 23 

r.ue 
, 3 kH . . J 1-(¼I i: A ~:;: ( 1 + fhq ( {3- x) --:ti - fJ xJ (:::JL~ x ) , - /.J := = 1-:- __ K.::...t ) a. 

k £.k{cf34t'i(x) · J< (c. H · 

i' p / 2 fl i .a)/ a ( . ) , "'· 1c .. ,; I a ,2 
() 0 :;;: 1 l O t '.cc: .x r ) 0 G :: d - X , r ~ o/ X K 1, rn r r r ' 

{ A1..thp = en ✓(1+~)/(t- ~)'L 
Ji3 BCeX HHTeJpaJtOB 8 II. JIHfilh b o CO)tepJC:«:r B tU(CJIHteJie ( ~ 

ll03TO:U:y npH~-?,1 )8 cyoe /202/ HeKclteaaJ)ll{iUl SIBJU!E!TCH fOJibKO 

nep»s~ qieH, qto odecneqHBaeT aNno.nHeHHe npelexi1oro cootaome= 
!Utsl: F n (x) ~- xh hpU f -·-~ 1 

Hs /202/ CJ!elyeT, 'ITO npu n Q tJeTHOM /HeqeTHOM/ F (X) ecu, . h 
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l~or:ct.rf:IHUWHTH <A ( r )n
1 
n- 2 ir flBJISHOTCH CYMMOH paI.{~?OllaJlbHOM qiymt= 
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Hecnoxeue, HO ~nurenfHMO npeo6pa3oonnns npmno~nT Ke~-
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/2e4 - 2e7/ rnpaBelnMBH ~BR nmOorc uencro ncno~KTfnhHorc n µ . 

n<:•11 HOOT.bi) pell.oJOI noc1:lH311(Hmy11:; 3~aqy 0 

B 3811:J!JOtH:?mrn OTME:'J'IO/i c;J,iH) lie!lKHO(? CBOtlCTBO ~-:yJB,i.Jr.[[WYf. F ( X)} 

BI:.JTe1;ar::mee· us /2~'Ve. Dyc'.ltlb Vv(x ... )·~ P ( x.) 
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~ l'',!l(,f 
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TaKJ:!M oCipa30U$\ 110Ji}WOMH JleJu::m;1;pa . .1-lBJlRJDT(:fi co6crIH.?H'.Jn:IM1t ·qiyHK= 

xuuu;rn onepa:ropa M (x
1 

X1,) /Hfa 3TO mie~urn CiiiJJIO yKa~aH<:i r:! pa601t/,]/ / e, 

11.3 q'JOJH,rynN /2,,4/ cne~yeT, tl'l'O C(H1CTfll..:iJrnlite ~Hiaq(HH'iH cnepaTClpR 

M ( X) ')( 0 ) C OB.!tf.t,11,a.r.rr C OfHJE.?,1(.(-;IJ €:!Hihl!fK HbIUJe }~C,"1rp¢Mtiite·I{Tmnt d. ( ~ )_ "'it1 
... • f f1\q::.,. 

o((p)
11

n P0 (X)=M(XJX0 )Pn (X0 ) 2 8 

3 I{o r!qJiJ)MtUteHThl · o{ ( f3 ) n. n.:.. 2 if · --•--r~~---~---~•=-~-=••---&=•=&=• 

:3.n,ec11 FJH OTMetU.M Hf!CitOJrbKO t,onuoc CBCtHCTB.0 cpymurntl c/.. ( ~) > 

I" c/... (fi)nln ... iH-t ~JiO. 3 I 
2., f!p;q ~ --o pacnpEt,ne11em1c~ F ( x.) c~:per.1JMTt f. K 1rnOT'pOnt110My i) nrpH= 

- , ; ,-, : r '. ~ :; ? , } (;, ·:•, ,.·· . , ·•) . ' . ' :-

q r:m Ci o,~e e 00 am! ~iot x: on mi ee.1 torn HH ;, cii {: 3a.i,r c;u c 11: EHn 
, ·'. ~".- '! 

cf ( B.) .· : .j.rl ( A ) :·, ' ·· · -;!fl- 0 · 
.. '· n,r1--::K - ·• r ~.n:-e,.~-2, ... 

.. . . 

A~O r . . 

3o TipHp~i onptt~e,.'.l1:mac~ cllpa,THQ~ .. yl'~-c:p~:,!l;tnie/ 
• '- ', •• ,:•, if, '., ', ,, 

3,2 

. t 

c;( < s > :; · ···;· o< ( A ) , . . ~ 0 . . A ➔_;_ i 3 3- : 1 

.·· F n n-~ k-2 , :f n n ·- 2 K ·, > r . • ... , .. : . . . ,, I .. ' 

I.~., ·UCOCit~!HHOC'tM) ¢ym{rHm c( (P)n, n-~k nB!{Re'It::fj v:x 6h!C!lp0t~ 111:~r •. te= 

f:CJrne E n(;:n~1_cpeigr1H!:Hnc,n 6~Yrnoc_~·i, mt 1 Ot;JKJrI · fl. ::: i o 1f~u J&.!ii.me «.:tt':/, 

naKL h ~ reu 3Ta ocoOeHPOCT& npOOBBBCTOS apqee 

...-



f7 "' , = 

rpocro€1 c:oorr1omeHnev nec:&Ma. no.r.esnoc n1rn · npoBepKe DbltrncJJemi~ * 
~\}r ~ r (tn:) 

r: d ( f )~ n-(! / n- 2. 11 + I ;; 1 / 2 
k~O '· k . · 

I{oncti<fHUUftH{Tli d. (B) - r n,n- c! !{ 

Fn ( X. ) . J: nx · rpe,tfiMKlt ,ItaHH B Ilp1urnx(e1rnw 0 Butnrc;renvw Bbln0J1Hen1i1 

;:t.nP. n f:: 6x/ C Cne~ye1 • saMetur~, qro EHtJuciten½e c{ ( f )n, n -2.K no 

110pAtyJ!aM /2.,5 = 2o7/ npe,ltCiaBJUI€T He::CCITOpNe '.tpy~llOC'l'M, BO~pac= 

Tannurn npM t3-/;c••O ., TaK 9 B · 0Ci11ac't1r1 f:3 < Oj 5 BHtnicJienv1n no yia:

samtMH <f10pMyJ1a.M npn>:'o,rtUTCR npoBO,IUfTb C TCit:HOCThKJ ....., ro=8" IlpR. 

{J y,n;oCinee tiOJibSOBaTI>C SI npeACTc:.BJIOHV!(?U cf1yrn<.= '. 

C nourouu.,.10 pni0D / CM O TaKne IlpMJIOlt0HHe/ f 

3.5 

r.n.e 

'• AHH3(1tpormu yr·f OEHX pacnpe,z::enemdt F n ( X) _ -~&-•=•=&•=~---~~-~--~--~~-E-=~----~---------=-= 

yr JHHrnro pacnpe)teJ1e1nrn nrop11irnux qacrin.l,/oruocnTem~Ho 
~ . I 

,ItenenvrnrE!pDV.tUIUX F(x, ·I ) / : F ( x, r) O 

pacnpE?= 

2.k:E'(n) 

rt=~~!~~.~~: Fn.( Oi /3 J ~ L c< ( ~ln, n -2K 
F 11 (f, 1) - f n ( 0, ·I} k :0 
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rpaqmK :3T0£1 cpyHKUliUt,1 npirne,neH na pHC O 7 0 Katt I!Pi,JUltO M3 3TOro 

pPlC O 9 cpa.KTOp .~ JlJ/lWb B MaJioit. oi~peC'l'HO~TH p :. ~. 6Jllf30lt ·K e,IU'1= 

n:nne PI 6acrpo yMem,.n1aeTC$t npn ~ -+,-. 09 npHtieLt9 a1rnso,r:ponv.rR /rt. / 

yueubrnaeTcn TeM 6~crpee 9 qeM nKme cTeneHL n o 

3TO YK8,3b1Bae'i Ha. onpe,IteJJeHHHe TPY.JUtOCTV.:s, B03HPHUUOIJ(l!e npli 

ripoBe.nem•rn :JKcnepv.tMeHTOBs, %otoph1X :0:ccne,n;yetcsr yr.nosoe pac 0 

npeAene1rne,» BTOpHttHLIX qa.c:r1nts, a ueJtbl! pa60T1>1 HBJISJetrcR. nony'¼le= 

HPie CBeAeHHti 06 yrJIOBOM pacnpe,nenemtH nepBH'iHbIX qacTHl! /Ha.np1r»t 

~ep~ Mccne.ztoBaH*e yrnoBoro pacnpe,neneHM~ n°-Me30HOB nyTeM HS= 

Mepe1nrn yr.rionorc, pa.cnpe,n;ene1urn rauMa=.&BaHTOB ot pacna,aa n°,..Me= 

SOHOB/,, ,IlaJK:e np:n Bel!Ma 6om,,u1mx sHa'-lemu1x ~ yrJ1oac1_e pa.m11pe= 

,i;;encmte BTOpl1tfHb1X tJaCTHU eme O.mf3I(O K l130TpOnHOMY? U Tpe(5yetrc sr.' 

60JILllian TOqHOCTL ~3Mep~Ruff, qioa~ MOXHO CHJIO BOCCTaHOllHTL yr= 

nonoe pacnpeAeneaHe nepnHqnHx qactRU /ocodenHo B cnyqae suco

KHX CTeneHeA n le 

ll 1ca1.JeCTBe np1uiepe, par.CMOTpilM 

pacnpe,n;enem,1 no 3a.KeiHy a.-.. .,r, cos 
2 ~ 

a(a+B) 

cnyirn.~ 9 Kor,11.a. n°=uescrn1:1 · 

/q-ro HMeeT Mecto B E,ec:u,a 

mHpOKOM HHTepaane 3Heprmn CTOJIKHODen~R HYKJIOEOB/o 

npe.neneuHe. ra1.JMa=KBa1n:on inieeT aaanor111tnn1~ Bl1.Jt8 
* q.#, 

0.,,.. + 3 & cosu · 
F :-: 2 Ca.}+ -t- B*) 

YrnoBoe pac= 

. Ta.K Kalt i;,accMaTpirnaeMHA npmAep HOCI{T JJRlllb HJIJI~CtpanrnHb!il xa= 

paKTep t noJIOJlV.M a = bo Tor ,lia 

~*I (a.ti-+ £/') '= o( 2 a 
Ha. pKC e 8, r,n,e l130Cipa);(eHa aTa cf>YHKI.1.I'ISI, nc, OCH. a6CUl'JCC HapH,n,y co 

CKOpOCTbJJ n° =Meso1,a ~ ·OT.m.meHa '!'aIUte :rneprHH npOJT(>Ha Epil 

-



C~pa:?yJOIQ0f'O npn COyAapen1rn. C HYKJIOHOU ITO =Me30H CO CKOpOC'l'b!O ~ 

lfa pimo 8 BH,ttHo,, ILJT<> y11.e npu aHeprirn Ep = 650 MsB yr11onoe 
. p_f./ t:, 11* I/ ) 

r;arin1pe,l\ene1rne rauM:a=RDaH'.):OB nanOJIOE_MitY. H30Tp0OH0 ( D ,<a ·"" D );:, IZ. • 
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