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B B E I1 EH~ E 

R 81leHlo1e 3aMeAJ1eHYIA pacnaAa HeCTa6Y1ll bHbl X CI-1 CTeM npH "1an biX 

06b14HO c BA 3b1eaeTCA C TeopeMOH Xafl4!HHa 11,21, COrnaCHQ KOTOPOH 

CKOPOCTb p acnaAa npYl t _ 0 AOn)l(Ha p aBHAT b c A HY I lII) I np..., HeKoTopOM 

npeAn01l0*eH Yl H 06 3HepreTH4ecKoM cneKTpe Hec Ta 5 HIlbHOH cIo1 CTeMbi / . 
OAHaKo 3Ta TeopeMa H/.I14erO He rOBO pYl T 0 TOM, B Ka KO~ KOH Kpe T H O~ 
06nacTH MallblX t pacnaA 3aMeAIlCH . BIS! OHa 6b1na o~eHeHa AnA OG~4-
HbiX HeCTa6HIlb HblX CIo1CTeM, o6cY~AaeMbix B Y4 e6HH Kax KBaHTOBOH Me 

XaHYlK'" /4.51 ICM . Aanee pa3Aen 1/ . OKa3b1BaeT c A. 4 TO pa3MepIH 3TOH 
05naCT\.1 He n p eBbtWalOT l!W. rAe W e CT b 3Hep r o BbiAen eHHe B pacnaAe . 
05b14HO 1/W CT OIlb Mano, 4TO r OBopHT b oG 1013Mepe H YI A X nplo1 t < l ! W ¢H... 

3 1014eCK).1 6eCCMblcneHHo, nocKOflbKY n po,-,ecc II n PHrOT OBIleHIo1R" HeCTa 

6lo1nbHo~ C~CTeM~ An~TcR Aonbwe, 4 eM l /W . 
S :HO~ pafioTe 06cY)KAaeTCR Knacc He c Ta6lo1n b H~x c~cTeM . pa c naA 

KOTOp~X 3aMeAneH B cy~ecTBeHHO 6onb~e~ 101 BnonHe HaGnnAa cMo~ 06
naCH1 Ma .n~x t. 3T~ C~CTC'o1 b1 l10rYT Ha xOA Io-1 Tb CR D AB YX C OCTORH~R X 

/ H::J Jls yx YPOBHRX/ a 101 b . MeY.<AY a ~ b eC Tb n e pexo Abi a ~ b . BHa 4aJ1e, 

np'" t :::: 0 , C~CTeMa HaxOAIo1TcR B COCTORHIoH1 a . Pa c n aA Mo>:<eT "'AT \.'! 
1013 o6olo1 x C OCTORH"'~, Ta K Y~ HeCTa6~nbHyn c~ CTeMY M~ Ha3~ BaeM 3 AeC b 

AByxypO B HeBO~ , 3aKOH ee pacn aAa He3KcnOHeH ~ lo1a .neH . n eHCTSIo1TenbHo , 

CIo1 CTe Ma nepeXOAIo1T 1013 a B b 101 06pn THO; e c nlo-1 e e pORTHOC Tb pac n aAa 

101 3 b 6 0nbWe, 4eM 10-13 a, TO pac n a A CIo-1 CTeMbI 60n ee Se pORTeH I Ko rAa 

OHa HaxOA Io1 TCR B COCTORH ItIJ.1 b. B 3 TO~ CTa Tb e C110Ba "Pac naA 3a '1e A

ne'-I n p lo1 t"'r •• 03Ha4ar.'lT . 4TO CKOp OCT b p a c n a Aa n p lo1 t < r MHoro 

MeHbwe. 4eM CKOPOCT b pacn aAa V..c npl-'! 60JlbWlo1X t , KorAa pacn a A 
OKa3~BaeTCR npIo16nl-'!*eHHo 3 K c noHeH ~ ~anbH~M. 3aMeAne HIo1 e pac n a AD 

n p'" t < r Io1MeeT MeCTO n plo1 YC J10 BIo1Io-1, 4TO pac n aA 10-13 a r o p a 3AO MeHee 

BepORTeH, 4eM 1013 b. npyro~ xa pa KTeDHO~ 4epTO~ H e K OTOp~X ABYX 

YPOBHeBbiX CII1CTeM RB!1ReTC R OC ,-, lo1nnRUIo1 R CKOPOC T II1 pac n a Aa n p lo1 t > T 

/CM , pa3Aen 2 101 3a lCn t'l4e HII1e/ , 
nplo1MepoM $10131o1 4 eCKHx ASyxYPoBHe Bbi x HecTa6101nbHblx CIo1CTeM Mo r yT 

CJlY~Io1Tb aTOM~ BO BHeWHIo1X nonRX , B 4aC T HOCTIo1, Ta Ko~ c lo1 c TeMo~ 
RBJ1ReTCR aTOM BOAo pOAa. Ha x oARut I1i:1CR B Me TacTa6111nbHoM 2S - COCTQJ:j 

HIo1Io1 101 nOMel1.leHHbI~ BO BI1eWHee 3 11eK Tpmo1ar HIo1T Hoe n o n e , 3a C4eT noc 

neAHero OCYl1.IeC T SnReTC R n e pexoA 101 3 2S -COCT ORHIo1R Ha OA Io1 H 1013 
5 n Io-13ne)f(aw,lo1x HeC Ta 6 101nbHbl X 2P - YPOBHel1 / o n biT .n3 M6a 101 PIo13e p¢JOPAa/. 

na p aMeTpbI n OAoGHbiX CIo1C TeM Mo r y T 6~Tb nOAo6paHbI, TaK , 4 TO 33 ,o1eA
n eHlo1e pacnaAa 6YAeT Io1Me Tb Me CTO B o 6naCH1 3Hall e HIo1~ t , AocTynHblx 

COBpeM eHHO~ TCXH I-'!K e Ha6n~Ae HIo1R. 
AKT yanbHo~ ceH~ac RBllR e T C~ n p06neMa pacn a Aa npOTOHa, ~ YMeC THO 

o nC YAIo1 Tb , 4Tf) MO)4(e T AcH b AB YX YPOBHe BbI,i'1 ,,,eX,JHIo1 3M AllA ee peWe HIo1f1, 

q ., t' 
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n po5neMa CQCTOloH B cIl e A ylOU\ e M : 3Kcnepl-1HeHT nOKa 3t:ISae T , 4 T O 

epeMA *i13Ht-t npOTOHa Tp 60Ilbwe I 4eM 2'10 32 n eT /pa cnaAOB npOTOH~ 
p

Hr. <3a erHCTPHP0l3aHO/. B TO epeM A Kat< paC4eTbi B Halli6oJ1ee npOCTOf.1 

",H1HHMallbHOM SU(5) BapHaHTe T e OPl.1i1 eem1Ko rQ 0 5be AIo1'1eHHR A aII')T 


1027 1031 
Tp B npeAenax OT AO neT/e,? /. nOA4e p KHeM , 4TO Hae IlIO-

AaeMbie npOTOHbJ BceneHHoiii npO>+<&.1IU1 ...,10 10 neT . 4 TO KpaHHe H a no 

no c paBHeHH~ c T .3TO 06C TOATeIlbCTBO nopOAHno nonblTKH peWI-1T b 

n p06neMy c nOMout~1O Tex 10111101 Io1Hbl X MeXaHH3MQB 3aMeAneH J.I1 R pacnaAa 

n pH t , MHor o MeHbW&.1X epe MeHH ~H3HH. Dee 3TH nOnbl TK&.1 OKa3a IlHC b 

He YA
a4H

bI",,,,,. no nblTKa n pHMeH HT b TeopeMY Xan¢H1Ha /8/ KpH nlKoBanacb, 
Ha/n pHMep,B /3~ 3aMeAIleHHe pac n aAa n pOTOHOB B AApax o6cymAan ocb G91 /10 1 . 
B H, 11•. B 3aKflK)lIe HJ.1 J.1 Mbi npJ.1XOAHM K BblBOAY 0 TOM, 4TO 

H ABYXYPOBHeSblH MexaHH3 ,,, He MO)KeT 3AeCb nOM04b . 


1 . PAC nAA II ECTA6HnbHblX CI1CTEM np~l MIIIlNX t 

B Ka4eCTBe aaeAeHHR B np06,neMY OOCYAJ.1M nOBeAeHHe 3aKOHB pac

naAa npH MaflblX t Y 06b1 4HblX HeCTa61-1flbHblX CI-'ICTeM, KOT opble o n HCbl 

Ba~TCA 0AHOH BonHoBoH ¢YHK~HeH ·h /OAJ.1H ypOe eHb / . AMnnHTYAY 
" 'I'

Bt"I)KHBaHHR
1

' J.1m1 I IHepacnaAa l l MO)KHO 3anHcaTb B BHAe 

A(t) =<101 I.-IH'I'" >~ j dE.-IE'p(E). 

Enop:>r /1/ 

p (E) = l.>. <!V I.pEA' <.pEAl'" >. 
 H.p EA~ E.pEA· 

IlnA pCE) 113BeCTHQ Bblpa)l(eHJ.1e / CM . , HanpJ.1Mep, 14 ,6 //: 

p (E) ~ -1.. reE) 
/2/

2rr [E -Eo - D(E)12 +f'2(E)/4 

KOTopoe OKa3b1BaeTCA n Ofle3HblM, ecnJ.1 nonb30B8TbCR TeOPHeH e03MY
UleHI-1H . B nepeOM Hel-1C4e3a~eM npJ.16mnKeHHYI 


reE) ="<101 IH ln , S(E -Ho) Hln.l.,; >. 
/3/ 

~~ / 1/ H 12/ npJ.1 H3eeCTHbiX n pe.qnonO}i(eHHRX MO)l(I-IO nonY4J.1Tb, 4 TO 

IA(t) 12;; .XP[-l(E 0) 11 npH He O" eHb Mafl~X HflH O"eHb 60flbWHX t 
/cp. , HanpHMe p , B~BOA <PoPMYll~ / 109/ §2 B lSI /. 

O~eHHM n OB"AeHHe /1/ npH Mall~X t« 1/", « I/r (E 0)' BellH"HHY 
napaMeTp~ w» r(E o) o6cYAJ.1M n03AHee. Pa306beM HHTer pan / 1 I Ha TPH : 

EO-w E O+w 00
A(t) ~ IE + ( +I "A +A + 'A. 

no p E O-w Eo +w 1 2 3 

2 

n HHTerpan e A 2 

A 2 ~ . - iE 0' JEO +"'dE . -I( E- E a'· p(E) 

EO"'" 

MO>KHO pa3IlO*HTb exp l-i(E - E o) t l B PRA . 6b1CTPO CXOAfnjIH~CA 1-13-3a 

teE _ E ) <tw « l . HcnoIlb3Yfl pe30H8HcHbI~ BII1A peE) ,CM . 121 npLlt 

M~~blX or(EO)~O*HO oueHHTb Bce K03~H~HeHTbI nOIlY4a~eroc~ pRAa 

An~ A 2' HanpHMe p, 

E +141 2 2 • 2J 0 (8 - E ) p(E) dE ... r (Eo) (p(E) dE =1' (E o) · 1. 
E O- w 0 

- iE O' \ ' 1, 22 )
nonY4aeM A 2 e (wI + ..i t l '" t + ... . [3L1tAHO , 4TO0:: 

lA212 = 1 + ...r 2 t 2 + •• , He COAepIK Io1 T f1I11 He~HblX no t 4 IleHOB /cp. 


C pa3Ilo>!<eHHe M exp(-rt) npl'I l ' t ,-< 1 I. TaKlo1e 4 neHbI B IA (t) 12 MoryT 


n !)OI-1C XOAI-1Tb TOnbKO OT A I 101 A3 111 TOIlb KO 3a HX C'-IeT CKOPOC Tb pac 

n~Aa n pl'l t = 0 MOIKeT HC 06pa14.aTbCR B HYIlb. Ta KItIM ofipa 30t" , n pH 


o()cymAaeMbix MaIlbiX t pe30Ha Hc H8A oGnacT b 3Hepru~ He AaeT rnae 


Horo BKIlaAa B A(t). 

B nOAblHTerpanbHblX BblPa)lo(CHJ.1RX A LIt As '''O)l(HO 1t1 3- 3a I ' «w an


npOKC"M" pOBa T b p (E) <l>YHK ~He~ I·(E» 2rr (E - E J~ ECll" I·(E) C" "TaeTcn 

nnc To RHHOH I Ka K B npHfinlo1IKCHlo1111 BaHCKOn$a -BHrHe pa/ , TO Al 101 As 


BH4I-1Cf1RIOTCR cBeAeHlI1eM K Io1HTerpnIlbHO~ nOKa3aTenbHoiil OYHK~II1:.1 ·' 37 .. 

LIt MO)t(HO n OKa3aTb I '-ITO A 1 1-1 A ~ BHOCRT B A(t) IlI-1He ~HblH no t Bl(naA 


IA(t) 12 ;; 1- 21·1 + "r2 t 2 I •••• 


Ecnll1 w:! Eo- E nop W. TO Llt HTerpan Al+ A 2 MO)t(HO OtteHIo1BaTb TaK 


>Ke. KaK Bblwe Otte HII1BanCR II1HTerpan A 2 ' 101 nLltHe~ H bliil no t 4neH B 

l A(t) \2 MQ)',eT npOVlcxoAIo1Tb n plo1 t « l / W TOf1b l<O 3<'1 C'-Ie T A 3· IlIo1 H.~iilH I .liiI 
4 J1eH fiYAeT OTCYTCTBoeaTb TOflb KO TorAa, KorAa 6pe ~7'IT-Blo1 rHepoBCKoe 
y6h1BaHHe l / (E -Eo)2 CMCHAeTcR B A3 Gonee 6b1CTpblM . 

TaKaf. CMCHa oGA3aTcnbHO AOJ1)t(Ha np0Il1 3011Tl-1, e, IlH Tpe60Ba T b KO

He'-lHOCTH CPCAHCYi 3Hcprll1H ( Ep(E) dE. (IleAyeT nOA4 e pKHYTb , '-I TO 3TO 

Tpefiosao;l-1e He AII1Kl yCTCA KnKI-1MII1- nlo1fio $1I131114eCKII1MII1 c oo6 par-ieHI-1R,.., II1 . 

13 QaCTHOCTII1, 3Heprl-1R /HIlI-1 Matcal HecTa6111IlbHoH CHCTeMbI MO)ICe T 

0b1Tb onpeAeneHa KaK ueHTp Eo p e:wHaHcHoH 4aCT..., p (E). K TOMY Me 

A3JleKJ.1e OT PC30H.)H(HO~ 06nac TII1 "XBOCTbllI peE) HeHaGnll'lAaeMbi IHa
np~1Mep, no np""'-1...,Hc HCOTllI-141;1."~OCTJ.1 OT $OHa B Clly4ae pe30HaHca/ . 

TeH He HeHce. Ae~CTBJ.1TenbHO B peanbHblX TeopHRX 06b14HO peE) 
y'5HBae T npll1 E .... E 0 GblcTpee. 4eM 1/ (E-E 0 ) 2 3a C4eT y 6b1SaHII1A r(E) 
c POCTOM 3Hepr...,H IHanp~Mepl TaK 6YAeT, ecnll1 paCXOAI-1MOCT~ Teop~H 

YCTpaHeHbI nyTeM SBeAeHHA $OPM$at: Topa/. 
i-1TaK , MO}!(HO O)l(HAaT b , 4To ' pacnaA B 06cY}I(A.)t;:MOM CIlY4ae eCIlJ.1 

1-1 3aMeAne H , TO npll1 e p eMeHax 0 < t< l / W. r OBOpl-1Tb 06 J.13Me p eHHII1 

p~cnaAa B TaKOM Llt HTepeane 3Ha 4eH~~ epeMeHII1 6 eccMblc IleHHo. nOCKonb 

l<y npOl!ec c Ilnplo1roTOa n eHI'IA" H ecTa6""Ilb Ho~ CII1CTeMbI 06b14HO Anll1TCs=I 

Aonbwe , 4 eM l / w.nns=l cy~ecTeeHHoro y eeIl J.1 4e HLlt A I'IHT e pean a t. r Ae 

p~cn a ;\ 3.:l ,,,e An eH , H8AO , 4T06b1 YUblsaHHe l!E - Eo) 2CMeHLltn OCb Gon ee 
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6blCTPblM BHe Io1HT epsaIla (Eo -Ctl .Eo+w). rAe Ctl rop.J 3t\O Ne HbL!!e , Ll C'.1 

3Hep rOBbiAeIleHIo1 e W*. T aK 6YAeT. Hanp\.1Mep, ecm1 3 HaMe HaTe Il b 0 121 
B(l38eCTIo1 B K saApaT , T. e. eCIl\.1 p (E) I1MeeT nOIlIOC He n epBo r o, 

a BToporo nopRAKa. OKa3b1BaeTCR , ~TO He4 TO n OA06Hoe Ae~CTB I1T enb HO 
ocy~eC T 8nRe T CR Y HeCTa6\.1IlbHO~ CI1CTeM~ , On\.1C bl8aeMO~ TaK Ha3b1

BZeM~M ABOI1HblM nOIlIQCOM ICM • • Hanp\.1Mep . / 121 I . jI13BecTHa TOIlbKO 

OAHS ee ¢11311~eCKaA pea.n113a~I1A: 3TO HeKOTopa R ABYXYPODHe BaR 

CI1C TeMa ICM. SseAeHlo1el , a nl1 CblBae MaR ABYMR B o nHOSbl M\.1 ¢YHK~ \.1 A MI1 
I a> \.1 Ib> . B 1 12 / S Ka4eCTBe np\.1Mepa paCCMOTpeHa MOA"10J.1 LtHpOD8 HHaR 

MOAeIlb nH Va. ... Vb ... N +O. B / 131 - o nVlcaH Hbli1 BO BseAe HIoH1 a TOM BO

AopoAa B 2S -COC TOR HI1I1 . KOIl\.1 4 eCTBO npoAYKTOB pacnaAa B MOMCHT 


nponOPLtl10HanbHO 


2Na(tl : 1- IA.£tl I - IAb.( tl I2 , /5/ 
- iHt I - IHt IA•• (tl :<ale ,a> , A bJ tl : <b e a > , 1 /6/ 

¢lOPMYIlbi AnA A aa. 11 A ba. ' 3a,,,e HA!0I1.II1e 1 1 I \01 121 , Bblnl1CaHbI , Hanpl1Mep. 

B / 12/ , 3aKoH pacnaAa o n peAeIlReTCA ABYMA nOIlI')CaML-1 IHa BTopm" 11I1C

Te KOMn.neKcHo~ 3Hepre T114eCKO~ nepeMeHHo~/ . a He OAHI1M , KaK 

B OAHOYPOBHeBOM cny~ae . J.1x C11lIIRHYle I cnY4aa:1 lIABo~Ho ro n 011l')ca"1 

"Me eT MeC TO np" 1. : 0 , E .: E b " <bl HinJa > :1b (E b ) /<t>o pMyna 
A.n:~ lb (E b) aHanOrYl4Ha 131 . napaMeTp < b [Hint Ia > Onl1CblSae T nepe XOA 
a~ b I . TorAa \.1MeeM 

I(t) ~ IA •• (tlI2 + IA ba(tlI 2 : (1 + 1bt + ! 1;t2)e-1bt , /7/ 

CKOPOCTb nORSIleHI1R npOAYK TOB pacnaAa B MOMeHT 

--2.. Nd (t)/I(t) : ..!. f:b ,(rb t) 2[ 1 + f' b t + ..!. r~ t 2J- 1 
dt 2 2 /8/ 

p-=!sHa -i f'b (f'b t )2np\.1 f'b t « 1 ~ r b npH lb t » 1. T. e. npYl .t « 1/lb OHa 

MHo r o MeHbwe . 4eH np\.1 t > I / f'b • 

B cDeAy~eM pa3Aene M~ nOKc~eM , 4TO CIlHRH l1e non~COB Y AByx

YPOBHe BO~ C\.1CTeM~ He ~BnReTCR He06xoAIo1M~M A11R 3aMeAIle H~R pacna

Aa np~ Ma nbiX t: 3aMeAneH~e \.1Mee T Me CTO B r opa3Ao 60nee 06~eM 
cnY4 ae . 

*I1nnlOcTpaQHR AJlR cnyqaR npOTOHa . 4T0 61» nHHet'i"Hbu1 T.IJ1eH OTCYTCT
10 10 ;.In8M npH t < 1<T20 T = neT, Ha.D.O, 1.J. To6bl w ~ 10 - 32 38 /AJIR 

cp Cl BHeHHR 1/ W ... J 0- 23 ct . XOTll TaKoe w B 10 20 pa3 50nbwe, 1.(eM 

f'p -a:: l iT p = 10-52 
38. BPRIl nH TaKYIO cMeny !10Be,lleHHR MOntHO ocy

IIteCTBHTb 3a Cl.JeT r (r~). Cy~eCTBYY.Jl!tHe TCOPHH pacna,lla npOTOHa He 

1-10r YT ,uaTb CTo nb pe3KO MeHRY.llt(YJQCR" $YHKlI,Hf') f'(E) , 

20 PACnAA ABYXYPOBHEBO~ CHCT EM~ 

T eOP\.1R ASYX Y POB HeBbiX CI1CTeM on~caHa B 1 13 ,14< B cnY4ae npO"'3

BOIl bHblX E a - E b a ll < b lHtnt I a > , l""'b, rio ~ B 06b14HOM np Vl6 IlI1):{e 1 

H\o1Io1 l lo1r Ho plo1PyeT c A 3aBHCI1MOCTb l : ,b (E) OT E 11 He Y4V1T~8aeTCR 
BkD3A. A alOUtlo1a:1 06 p aTHO-CTeneHHYIO a C\.1Mn ToTHKY npYl t ... 00 151/ AIlA 

IA (t) 12 nonY4eHO BblpalKeH" e 
ba 

IAb. (t) 12 : ,2 ;<r. + 1b) t /9/2(S 2 +y 2 ) [ ch ty - cos tll] 

/ 13 
/C M. p a 3AeIl /3.11 B / , CABJ.1rlo1 YPoB Hea:1 BKnlO~eHbI B E a lot Eb /.

/ 1310603Ha~eHIo1R B 19/ OTIlJ.14aIOTCR OT / V.X ynoTpe6neH ~1e y n p o 

llIaeT 3an"Cb 1!>0pMyn "paGoTY C H~M "/: ,2/4 c l< b lBlnt 1» 12 , T04
Hee, r2/4 ... RabRba /CM. / 131 / Mbi C4 11TaeM r Ae~ CTSHTe Il bHblM. 

S : __I[JA2 + a2 + A]I/ 2 sgnB, y _ ~[JA2 +B2 _ A]I/2 /11/
J2 >/2 

A: 11.2 +,2 _ 12; B 21'11., lI. a E. - E b, 10:1b -1. ' / 12/ 

r;. \.1 f'b 0603Ha4aoT ~ l~ (Ea) 101 ~ It, (Eb )cooTBe Tc TseHHo. J1 cXOAR Yl 3 

/ 131 n e pam1 ~OPMYJ1 b1 / 22/ \.13 , MO)f(HO a TOM lKe npl1finH>!<eHIo1\.1 B~~\.1CnIo1Tb 
Aaa( t) . npl1a eAeM cpaay HY)f( HYIO Ha M Be pOATHOCTb Toro , ~TO HeC Ta 

6111nbHa R C~C TeMa B MOMeHT t e~e He pacnanaCb I T. e . HaXOAJ.1TC~ 

Il~fio B COC TO RH\.11-1 a. n lo160 B COC T ORHVlI-1 b/: 

1 -{1 + r ) t 
l(t) : IA (t)1 2 +IA (t) 12_ . ' b x

b••• 2(8 2 + y2) 

x 1(11. 2 + r2 + , 2 ) [ ch ty _ cos tll] " (8 2 + Y2) [ch yt + castll] + 

+ 2(811. + 1Y) sh ty + 2 (I
O

S - yll.) sin tll\ " 

/ 13 /
1 -{r~ + rb l t 1 2 yt 

== e 1"2[(1) + S) + (f' + y )2 + ,2] a + 

2(S2 + y2) 


+ .!.. [(II. _ 8)2 + (1 _ y)2 + ,2Je- yl + (S 2 _ 11.2 + y2 _ 12 _ , 2) cos tO +2(18 - yll.)slntlll. 
2 

BTopoe Sblpa>Ke HHe AnA l(t) n OKa 3b1BaeT, 4TO npVl Aoc TaTo4Ho 60Db

nmx t Halo100Il bwVlM OKa 3blBaeTCR 4JleH , yfiblBaY.lutVlI1 co BpeMeHe M KaK 

exp[-{1. +1b -y)t], TaK 4TO np~ 3H1X t CKOPOCTb pac n a Aa pasHa 

/14/V~:1. + 1b - y z 21", + 1-Yo 
4 5 
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Bbl4I-1CIlI-IM. CKOPOCT b paCna,qd npl-I WUlb1 X t. nnI10 lt':I-IM , 4TO t CTon b 

MaIlO , 4TO to« 1 1-1 tr « l I To r Aa III ty« 1 , BBIIIAY Y~ lr l .CM . 
In .~1 npHnoH< eH HR I. Pa3IlOH<&.1M ch , cos , sh &.1 sin &.13 1131 B PAAb! 

Ma KnopeHa . OKa3b1B a e TCR He06xo,q~Mb!M 3 TO cAenaTb C T04 HOCTbn AO 


I .", BKIl104aAI 4IleHOB ..t 3. 3aMeQaTen bHo , 4 TO , &.1 CnOIlb3YR TOIlbKO BbI


TeKa~He 1113 11 11 npOCTble T04Hble COOT HoweHHR In. l 1 ICM . np&.1IlO 


}XeH&.1el MeH<AY Y 101 S .", &.1C XOAHblMIo1 n apaHeTpaMH ll, r 

MbI nOIlY4aeM 1013 /1 3/ Heml("'IAa HHO n poc T YIO I!lOPMY ny: 

-2r;. , -r, 2 2 3 2 2 
1(1);; e e 11 + rt + I' 1 / 2+ I f'(r - , )/ 61 ;; 

- 2I: , 
= e • [1_1',213/6]. 

3 
OHa BepHa C T014HOCTbll') AO 4 neHOB toA • OT clOAa AIlA 

V a npH pacc MaT pweaeMbix MallblX t nOIl),4 aeM 

Vo = : 1 [1 -1(1)1 / 1(1) =21~ + 1',212/ 2. r = 1;' - r. ' 

nOCK O.J1b KY 05 Y~!I' I /CM. np&.111oH<eHHe/, TO np'" 

HCPdBeHc T Bo Va <, Voo He B03MO)ol(HO. B cny 4 ae Ib > ~ 
H< HT B HHTepBdlle (2r~ • I ~ + J ~) H npH rb » ra Mo)t(eT 

ro 6 011 bwe Va • 

, r:: f b - ra . 

/15/ 

CKOPOCTH pacnaAa 

/16/ 

It, < r: )oI(Cflr1C"'Ioe 

CKOPOCTb Voo lle

OKa 3 a T bCR MHO

AnA BblBOA3 AOC TaT04HblX YC IlOB III~ Bbln OllHeHIo1A HepaBeHcTBd Vo «Voo 
pa:36epeM AB a Kpa ~H HX Bap &.1aHTa cnY4aR It,» f a • KorAa r~ l b • 

al Y MallO: y « r. TaK 4TQ I ' - y;;.r . Tor A d V_;:I~ +rb , Va =: 
= 21 ~ + Ib r 2 t 2/ 2. YCIlOBl-1e tJj « 1 ObinOIlHRe TCR T onbKO TorAa , KorAa 

Ofl, I-fOBpeMeHHO ttl« 1101 tr <...<. 1, CM. In. S/. n OcIleAHee HepaBe HCTOO 

BMeCTe C rh » ra !l PI-1BOAI.1T K V o « Voo' 0 npIo1Ilm:<e ..... 1.1101 n OKa3aHO, liTO 

Hen 6xOAHMblM yCll()Blo1eM AIl.R f' -y = I ' ABIl.R e TCR HepaBeHCT BO 6.« r . [CIlH 

H<'l PRAY C HIo1 M HMeeM III r ~ I ' B CMblCIle Ir 2 - r 2 1 « 1'2. TO nOIly41-1M oa

PIo1 ;'I HT, COAepH<alltlo1~ A BO~HO~ n onlOc KaK 4acTHbli1 cIlY4ati "'. OTMeTIo1t1 eute. 

UTO npJ.1 r < 6. ~epa BeHcTBo 6. ....<r RBIlAeTCR TaK)t(e 1.1 AocTaTO '-4 HbiM AIlR 

y « r/ COOTHoweH lo1 e 1" <6. 4(1 CTO p eaIlJ.13y e TC.R Ha npaKH1 Ke /. 

61 Ecmot y~ I'B CMblClle l-y«	 r.TO A llA Toro, 4TOGloI V oo = 21',.+ r -y 
26 .·./llo MHoro 60Ilbwe Va = 21~ + I'r t 2/ 2. HaAO n OTpe6oBa Tb Bbin OIllteHIo1f1 

.!l BYX YCIlO BI.1L1: r-y y,r 101 \ '_y"» l'r2t2. HepaBeHcT Bo r - y « T' 

lo1 ,",pe T MeCTO npH r « \I ll ~ + r 2 , 4TO CBOA J.1T CR K r..:.<6. nplo1 r <6 ICM . 

*33MeTHM, 'LITO ycnOBH e l~ .,.,,0 , npJIlI.RTO C B / 12/ /11 B pa3,1l,Cne 1 / 

liP flBI1 .R eTCR H eoGxO,ll,HNbJ!'o1 Ann CnJ1AIIHH n Ont,)COB. 06~l1e YCl JOHIiR CJII·1A

tiJ.fO' /5 7 / H3 / 13/ B c ny'Lia e n,enCTDHTenblio r o r 2 ",, 4R bRb Be.o.YT TOJ1b
. ., 2 	 a a. 

K'n K A B YM yCJ10BH.RM 1l=0. r ~ = r • B :)TOf'.l cny'Liac npl1 Rcex t I{ t ) m ·leeT 

BHA [(I) =exp [ -r. + r 'b)111 1 +rl + r 2 12 / 21, 1' = r;, - 1'., OTCl>A3 
:PII tr«l non Y4 aeTCR Va ~ 21~ + I't 2r2/ 2, a n p H t l" » 1 HMeeM 

VOtJ ;; l a + rh • npH I 'b » fa n o nY'I.laeM V « Voo ' o 

6 

IlpI.1Ilo)t(eHHe/ . B 

B lo1e f - y» ra 

r - y = rh r2 / 62 »
 

y CJ10BHR t2 fj.2« 


18 « I. 


nocneAHeM CIlY4rie HMeeH r 2 _ y2 : 1'212/112 . 1.1 ~/CI1'Q-
npVl06peTae T BVIA l"h' r2/112 >..... l"'a,. OTopoe ycno8 1.1e 

r h r2 t 2 BbinOIlHRCTCR aBTOMa n '1'-4 eCKIo1, B Ct.1 11y 

1 , HeoGxOAJ.1MOro . B eBon 04epCAb , AIlR To r o , '-4 TOGli 

1 

llIlA J.1IlI1t:lCTpa,-,VlIo1 MeXaHH3Ma 3aMeAlleHIo1.R pacnaAa npH la <...< r1, n plo1 -

BeAeM cIleAYIOIltH~1 Har Il.RAHbIl1 BbiBOA Bblpa)ol(eHIo1R V o _ 2f'a + rb r2 t 2 /2 . 
npe~Ae acero, Vo COCTOIo1T 1013 BCPORTHOCTIo1 2[.... HenocpCAC TB eHHo r o 

pacnaAa 1-13 COCTOAHI-1.R a. KPOMC Tor o , C Io1 CTet-1a B t"OMeHT t C MallO~ 
aepORTHOCTblO r 2 t 2 /11 /CM . 191 npl-1 ty. t8 « 11 l-taXOAIo1T C~ 0 COCTOR

HIo1Io1 b H pacnaAaeTCR C BepOfiTHOCTblO 2f'b ' nplo1 OOIlbW Io1X t CIo1C TeMa 

npl-1cyTcTsye T B COCTORHI.1I01 b C 3nMcTHo~ BepoflTHoCTb~, 1-1 CKOpOCTb 

pacnaAa onpeAel1ReTCR B OCHOBHOt-1 napaMe T pOM lb. eC11101 r AOCTaT04 HO 

BeIlI.1 KO 18 CMblCIle 6. <<. r . KaK nOKa3b1BoeT paC"l eT 8 cnY4ae 01 1-111t.1 

ropa3AO MeHbWI.1,,, napaMeTpOM It, r2/ 112. eCIIH r «6. . 

S cIly 4 ae pacnnAa npoToHa npl-1Hfl Tble Bblwe yCIlOBIo1f! tL\. u. tIb ,< 1 

10 10
npl.1 t.,. IleT 03Ha4al()T, 4TO 6. 101 r AOll)KHbI nblTb MeH bwc. 4 eM 

10-32 3B . TpYAHO ceGe npeAcTaBIo1Tb. KaK MOH<HO, ~ CXOAR 1013 101 3B ecT 

HblX MOAelle~ TpeXKSClpKOBoro npOTOHa. nony4101Tb CTOllb Mallce pac 

CTORHlIIe 10- 32 38 Me)t(AY ypOBHRUIo1. 

nOCMOTpIo1M. He 6YAeT mot 3aMeAIleH pacnaA H np~ 6011bW~X 3Ha14e 

HHA X 6.. TaK~x. 4TO 8 MOMeHT Ha6IlIOAeH~R t 8em14101Ha to He Mann 

/3a MeTIo1M , 4 TO 112 <8 2 <1\2 + r 2, CM. In.511 . n O-npe)l(HeMY 6YAeH C4t.1 

TaT b tr« 1, T.e . M;:; no~ar~eM, 4TO I ' ''''< !\ . /lIlR ynpOtJleH~R paC CMaTpH

saeM Aallee TOIlbKO CIlY4a~ I ~ = O. Ko r A3 3¢l¢leK T 3aMe AI1eHIo1R paCl1aACl 

nplo1 MaIlbiX t Bblpa)HeH HCllo16oIlee 4eTKO 18 4aCTHOCT Io1, n pl.1 I'a, = 0 CKO

POCT b pacnaAa ofipal.11aeTCR 8 HyIl b npH t = 01 , PaCKnaAblBa R B 1 13 1 
3ch ty 1.1 shty B PRAbI MaKIlopeH3 C T04HOCT b IQ Bn n OT b AO 4IleHOB ." t

H 110Ilb3Y.RCb TOf1bKO T04HblMIo1 COOTHowe HIo1RMIo1 Me)t(AY y • S 101 6 ,1 ~ r. BbI 

TeKalOlltlo1MH 1013 In. l1 ( KaK, HanpVlMe p. 1'2_y2 = r2{6 2 _ t\2 ) /6 2). t10)HHO 

n peo6pa30saTb 1131 K S~AY 

1(1) = e- I " II .[ ' I . 1,2 12/2 + 1'3 13/ 6 _ K( I) 1';;! 1 _ e-1' , K(' ) • 117/ 

2 2 	 2 2 2 
3 3 r 1' 2 

K(I) = ;-r-r[ 1'I • I ' t /2 , -----;:-v-- r I / 6 - ~ slntS - i"2(1 - costS) I, /IB/S +y 8 

S - 6 2 2 S + A + Y 

1 

nOCKOl1bKY I't /.1 " / S.no npeAnOnO)ol(eHHIO. Manbl. TO K{t) '-::< 1 . t10)H 

H() nOKa3aTb. 4TO K(t) npH w....< 1 npeBpaUl,aeTCR B rr 2 t 3/ 6 /cp , 


1151 np~ I'a. - 01. ~13 1171 MO}l(HO nOIly4t.1Tb CIleAY!OUtee He 014eHb r po" 


M03AKoe Bblpa>HCHVle AllR CKOpOCTH p acnaAa Ic T04HOCTb~ AO 4neHOB 

....(tI·) 2 I. nOIlb3YRCb onflT b TOIlbKO T04HblMIo1 COOTHOWeHIo1f!MI.1 In . 1/ : 

exp(-f't) '[ ,2 82 _/!,2 6 2+ y2 (rt)2 
V= 1 - - (1- costS ) +--0 ----1 /1 ,9/

1 -[ exp(-n)]K(I) 5 2 +l 8 2+ y 52 2 ' 
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2 2/ 
npl1 tB « l 3TO Bblp a)t(eH He npeB Po~~eTCR B Vo = f' t r 2 Icp , 

/1 6/ npH ra "" 0/ 1 ~13-3a tf' « 1 BTopo e cnaraeMoe B KsaApaTHbiX 
cK06 Kax / 19 / MHor o Me Hbwe, 4eM c peAHee no apeMe HH aT ncpao ro 
cnaraeMoro / C4HTa eTCR, 4TO cpeAHee no epeMeHH aT 6b1CTPO oC~ Hn -

nHPYlOO.\e '1 C!>YHK Lt HH costJ) pas HO Hyn ll)/ . Y4HTblBa fl , 4TO npH r « Il. 
AnR 8 H Y MO)t(HQ Hcnonb30 aaTb n pHfinH)t(eHHble B~pa)t(eHHA / n .6/ /rAe 
D~ A2 + r 2 / , nonY4aeM cl1eAylO~ee npaCT oe npHuIllo1lKeHHoe Bblpa)!{eHHe 
AnA V: 

_ r2 2 2 
V = r (1 - cos tJ/1 + [ ) . / 20/

/).2 +- r 2 

Ka K BHAHO, CKOPOC Tb pa cn aAa OC Lt J.1n Il Io1DyeT OKono cpeAHero 3Ha
4eH Io1R r r /(8 + r ) . c paBHHMor o no aeIlH4J.1He c Voo = r-y'='r(l
- AlJ£!.2 + [2) . Ho KorAa t8 = tJ£!.2 + [2 = 2>rn. n::::1l 1 , 2, . . " CKOPOCTb V 
YMe HbwaeTCR , HO He AD HYl1R, a AD eenJ.14 HHbI 

£!.2 r 2t2 ,2r [ 2 ____ =r __ ~ ft < r (l' t) 2 
"/1-:2:-+-,2=- &2+r2 2 ,6,2+r2 2 

Ie,,,. BTopoe CJ1araeMoe B KBaApaT HbiX c K06Kax B 1 191/ . TaKHM oO p a 

301~. p acn aA O Ka3b1BaeTC R p e 3KO 3aMeAlleHHblM efim 13V1 tn ::: 2rrnl ~ *. 
T aK o e nose AeHHe 06DRcHR eT c~ Te M, 4TO CVl CTeMa pacnaAaeTCR Ico 
C KOPOCTb~ 2r b I TorAa, KorAa OHa Ha x oAVITCR Ha y pOBHe b, s epORT

HOCTb >+< e e e HaX O>+<A e liViR Ha 3 TDM y po BHe IA baCt) 12 OC ~Hll.nHpyeT npJ.1 

t['«l n o 3 aK o HY 

2 2 -1' I ~ 2 2 
lAb (t)1 -;;, reb [(I-COStvt, 2 +r ) + Y t /2l. / 21 / 

• 2(t,2 + ,2) 

BbiTe KalOllleMY ~3 / 9/ n p~ y t « I ~ r. c O. 

3AKJ1K14EH~E 

nOKa3aHO , 4TO pa c naA A8yxypOBHe so~ HeCTa6HllbHO~ CHCTeMbi 


3aMerneH n pH Ma.nblX 3Ha4 e HHR X epe Me HVI 0 < t <T. eCllH s e p ORTHOCTb 


pacnaAa r a C ypOBHR a I Ha KOTOPOM CHCTe Ma Ha x OAHna Cb sHa 4anei 


MHoro Me Hb we, 4 e M s e pORT HOCTb pacnaAa rb C ypoeHR b. napaMe Tp 


* non p o 6YeH npeAITOnO*HTb , ~TO p a cnaA npOTQ HOB Ha6~AaeTeR 

B6 n H3 H oAHor o H3 Ta KHX MOMeHTOB / a n e pHoA OC~JmnHUHH V - n o pRAKa 
COTHH J1JlH TbICHl.{H n e T/ . Tor)la n onytlHTCH 'J Ha 1.feHHe 6 HflH t;. n o
pHAKa 10-24 3B, qTO BI OS p a3 Gonbllie , ~eM o6c~aBllieeCR Bb~e 
3Ha~eHHe A =- 10- 32 3B . HO Bee ~e KpaHHe Manoe . 

8 

r MH o ro f'1e HbW e , 4 e M 1/ rb • 1/6. , 1/ r , r Ae 6. 101 r Hf'1 e JI:I T COOTseT

CT s e HHO CMbl Cll pa 3 HOC T H 3He prH~ Me >+<AY ypOBHRMH a H b VI s e p ORT

HOCTI.1 n e pexoAa a !; b I s e AHHH ,-, y s p e Me HI.1 /. Pa3Hepbl HHTe psa .na T 

VI CTe neHb 3aMe Ane HHR HO)l(HO perynl.1pOSBTb nOA6oPoM r 101 6. ECIlVI 

t « 1/ rb . HO t l\ He Ma no, TO CKOPOC Tb pacn aAa o C'-'Hnnlo1pye T. B c p e A
He M OHa cpasHHMa co CKOPOC T blO pac naAa Voo npH 601lbWI.1 X t , HO n e p Vlo 

AH4eCKJ.1 n poxOAH T 4ep e 3 3Ha4 eH HR « Voo' 
~Byxypo BH e Sbie CHCTeM~ n peAcT3snR~T npHMep Hec Ta6H.nbHbl X CI.1CTCM 

C cy~ecTBe HHO He3KcnOHe H,-,J.1anbHbIM 3aKOHOt~ pa c na,Qa . 3aMe T\.1M, li TO 

Asa ypOBHR / CO CT ORHH fl l Mo r YT He paanl.14aTbCfl 3Kcne pHMe HTanbHo , 

Tal( 4TO Mbi MO)l(e M He 3HaTb 3 a p a He e , FlenR CTCR IlH AaHHaR HeC Taf) lo1J1b

Ha~ 4aCT\.1'-'~ laToM, RAPol A8y xypoBHeBo~ HIl\.1 OAHOypOSHeBo~ CI.1CT e 
'~0 11. 

KaK y~e OTMe4anOC b so Ba e Ae HH H , np\.1Me p OM ¢H3 J.1 4 e CKHX AByxy p o e

He s~x CVlCTeM C 3aMeAneHllbiM BHa 4a lle / 101 Bo06ute He3Kc noH e H,-,HanbHbI,.t/ 

pacnaAOM MoryT cnY)l( HTb HeKOT op~e aTOMbi BO BHe WHH X n o nR X. 

Xop owo HaB eCTH~MH np l.1Me p a MH AByxYPOBHeBblx CVlCT e M RDIlR~Tcn 
TalOKe CHCT e Mbi a = K 0' b = Ko 101 & ::: n I He~TpoH I I b = Ii la HTVlHe flT 
POH. 6 a p\.10 HHOe 4V1 c no He c oxp a HR e TcR I . OAHaKO AnR HH X y c .nOSHe 

ra « rbHe B~nOIlHR eT CR t 101 n 0 3TOMY HX pa c naA He 3 aMe Ane H n pH Mn Ilbi X 

t. 
4T O Ka c aeTCR pac naAa npOTOHa, TO MbI He fiYAe M 06cY~Aa T b s o 

npo c 0 TOM, npOTHS Op e 4\.1T nH rl.1nOTe3a 0 Asy xyposH e BOM CTpOe HI.1H 

npOTOHa KaKI.1M-IlH60 3Kc n e pHMeHTaIlbHblM ~aKTBM J.1Il\.1 TeOp e TJ.14eC KHM 

COOfipa)l(eHI.1F!M *. PewatDl14V1t~ npe ACT aSllR e TCR ClleAylI)l1\\.1~ Ao eOA. 3 a Aa4a 

aaKIl104 a eTCR s TOM, 4To6 b4 CAe n a Tb TeopeTH4eCKY~ CKOPOCT b pa c r.a,Qa 

10 10s "'DI'-1e HT Ha6.nIOAeH HF! t = n e T MeHbwe, 4eM 3Kcne pHMe HTaIlbHO 

YC TaHOsneHHht~ npe Aen , HO He s TO'~. 4To6b1 0 6ec n e 4HT b He paBe HCT BO 

Vo « Voo (Voo He Ha6nlO,Qa e Ma s c.nY4a e npOTOHa/. aIlR p e weHHR :HO~ 
3aAB4H AOCTaT0 4HO Bbin OIlHHTb TO.nbKO OAHO 1013 npeAnOnO)l(eHH~ ABY X

YPOBHeBO~ CIo1CTeMbi c 3aHe A11e HHblH pacnaAot<i, a HMe HHO - 0 6 eCne41.1Tb 

He06xo AHMYIO cTa6Hllb HOC Tb Hcxo AHo r o COCTOAHHF! npoTo Ha a. OCTaIlb

Hbl e npe AnOnO)!(e HHR 10 CYl1\e CTBOBaHJ.1H BToporo ypOSHR b 101 n e pexOAa 
a .... b I FlBIlRIOT CR S T a KQM cnY4ae H3nHWHHHVI. 

np~J10 Jl( EH~ E 

1. KOPHVI s 111 1 0603Ha 4a~T, Ka K 06b14HO, MOAynH l a p H¢Me T1.14eC KHe 

3Ha4eHHR I cooTBeTcTB Y~J.1X KopHe~. 3 HaK a OT HOCI.1T e .nbHO 3Ha Ka y 
I To.nbKO OH Cyt!.l e CTse H/ c osnaAa e T C sgnB = sgnf6.. 

Bbl41-1Ta F! H n e p e MHO)!( a F! B0 3Be ,Q e HHbl e B KBaA paT Sblpa )l(e HHR I II I , 
nnIlY4 a e M 

* J1 ona r o.o;a peH n . C.Ee p e3HHcKo MY , A.B.Pa,lJ.lOWKHHY H A .Jl. rOBOpKO BY 
s a :<OHcynbTal(HH J: oocyr...n.e Jl HJl, l~acaJ')m;Hee R 3Toro Ho npoca . 
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82_y2~1'.2 + r2 _ r2; 82 y2 ~ 1'.2 r 2. 
I~. 1I 

l: Y4e T OM sgnS Io1MeeM 8y = r.6.. 
2. HepaeeHcTBa AIlR 5 101 y. BblpaM<eHHe 

y 2~ 1.. [JA~ 
2 

-AI In .21 

MO~HO npeACTaBlltTb B B~e 

y2 ~ ~ [/02- - 4r2r2 _ 0 + 2[ '2). 0 e 1'. 2 + , 2 + r 2. 
In.31 

UTC IOAa cneA ye T. 4 TO 

2 2 I
I ' - y ~ '""2' [ 0 

. 
- yO 2 - 4r2 ,2J ~ O. 

/n .41 
2 2~3 8 ~ U r 2 2

/y • CM . /n. 1I . C Y4eTOM 
2 ~ 2 2 2

Y oS 1 CJleAyeT 8 ~ I'. . 
nepsoe 101 3 COOTHOWeH IIt.:1 In. 1/ "'OY.<HO nepen lo1ca Tb B BHA e (02 _ 1\2) ._.

2 2 
+ (r - r ) = r . n OCKOIl bKY TOIlbKO liT O fiblIlO nOKa 3 aHo , 4TO o5a './IleHa 
B lleBOH Lla cn1 HeOTplo1~ aTell b HbI. TO 02 _6. 2 $. r2,101 nonYLlaeM 

6
2 S 52 S6. 2 + r 2 . 

/n.5,' 

3. 3TO Hepa BeHC TB O BMec Te c O s. y .s II" Aa e T npeACT a onCHHe 0 
Bem1Ll lo1 Hax 0 101 Y nplfl Jl106blX COOTHowe HIo1 AX 3Ha4eHIo1~ 6., r , r. Een"" 
npeAnOllO>KIo1 Tb , "ITO I '«6. I""n"" r « 6 I, TO 4r 2r ~<D2 , 1-1 Io1MeY.lT MeCTO 
nplo16n lo1 lKeHHble Bblpa~e Hl1A 

8 2 ~ .1. [ Jo 2 _ 4r 2, 2 + 0 2 _ 21.2 J '"1\2 + , 2 _ 1, 2 , 2/ 0 • 
2 

y2 ::-r 2(1 _ r2/D) • 	 / n.U 

~. HccneAyeM, n plo1 Ka KIo1X 3Ha4eH:..1AX 6., r, I ' Io1M eeM y 2<<l '2.~ 1 3 /n . 21 
SIo1AHO, "I TO y2« f '2 s ASyx cnY4a Ax: 

1/ 	 Ha m>! ..., A 101 B: A « r 2, B « 1'2. H3 nocneAHe ro CneA{e T . "'l TO 
6. « r . To r Aa A '; r 2_1' 2. nOnY"'laeM ycnOBHR r\ « r . 6 « r. 11 _ r21« 1' 2. 

2/ A He Mano, Ho ecn lo1 OHO nono~HTenbHoe, 101 B«A,TO p33HOCTb 

..j A2 + S 2 _ A « f 2.ecnlfl B2 / A ....< r 2.HHeeM Tplo1 HepaBeHCTBa A ' O, 
B<<A . B2 « r 2A HJlH 

r2 <6,2+r 2. r A « 6 2 + r 2 _r 2. 6,2«62 . r 2_ r ~ /n . 71 

llocneAHee Hepase HCTBO 03Ha"'la eT . "I TO 6,2 «r 2_ 1'2. "I TO ynfo
~aeT"" BTopoe : r6.« r 2 _1"~ H3 6,2«r2 _ r2< r 2 ..., 1'I~ «r 2 _ r < r 2 

cneAyeT ) "ITO Heo6xOAIo1'"bIM ''' ycnoe lo1 ~ MIo1 BblnonHe HHA In. 7I ~Bn~nTcR 
He paee HCTBa 6,2« r 2", r 6.« r 2. B cnY"'lae 1'<6 HepaeeHC TBO A2 « r 2 Heoo
XOA Io1 MO '" AOC Tc1T04 HO All~ B~nOnHe H J.1 ~ In.71 . B 3TOM cnY4 ae y2 ;
;; B2/4A -:; [ ·2f!,. 2 / , 2. 
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5. AHanOrllt4HO Io1ccneAyeTcR t-tepa oeHC T BO r 2 _ Y 2 « r 2, HO Io1CXOA

HO~ <!>OPHYllO~ RBIlne TCR In. 3/. 3AeCb D=62 + r2 + r 2 He MO}f(eT 
6 biTb MeH bwe r 2, 101 yClloa"H~MH Man OCH1 r 2 _ y 2 RBIlRIOTC R 4r2 [" 2« 0 2 

2H r 2r2/D «r . nOcneAHlo1e ABa He paeeHcTBa 3KBitl Ba n eHTHbI 

r2 «1'.2 +r2; r r«1'.2+ r2 . 	 In . S/ 

BTopoe HepaBe HCTBO 1113 /n.8/ BblTeKae T !lt3 r«Ja2 + r 2 : 

r, 	« r Jf!,.2 + r 2<Jf!,.2 + r2,fi.2 +r 2. 

nplo1 r <6. Hepaee HCTBa In. 3/ 3KB~1BaJ1eHTHbi r« 6., eCJ1I.1 C'-I I·H a T b, 4TO 
1-1 3 r 2«L\2 cneAyeT r «fl. 
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C006~EH~A, KPAT KHE C006~EHHA , npEnpHHT~ H C60PH HKH TPYAOB 
KOH~EPEHUHA, H3AABAEM~E ODbEAHH EHH~M HHC THTYTOM AAEPH~X HCCnE 
AOBAHHA , ABnA~TCA O~HUHAnbH~MH nYEnHKAUHAMH. 

Cc~n KH Ha C006~E HHA H npEnpHHT~ OHAH AOn*H~ cOAep*aTb cne-
AY~~He 3neMeHT~ : 

- ~aMHnHH H HHH~Han~ aBTOpo s, 

- COKpa~eHHoe Ha3 saHHe HHCTHTYTa /OH~H / H HHAeKC ny6nH Ka ~HH, 

- HeCTa H3Aa HHA /~y6Ha/, 


- r OA H3AaHHR , 


- HO Mep cTpaHH~~ / npH Heo6xDAHM OCTH/. 


npHM e p; 

1 . 	 fle p8ywuH B.H. U op. OMRM, P2-84 -649, 
/ly6Ha, 198 4. 

Cc~nKH Ha KOHKp eTHy~ CTATb~, nOMe~eHHYO 8 CfiOPHHKe. Aon*H~ 
COAep>+CaTb: 

- ¢aMHflHH H HHH~Han~ aBTOpos, 

- 3arnaBMe C60PH HKa, nepe A KOTOP~M npHBOAATCR COKpa~eHH~e 
c noaa : liB KH.1t 

- COKpa~eHHoe Ha3BaHHe HHcTH TYTa /OHRH/ H HHA e KC H3A a HHR , 

- MeCTO H3AaHHR /~y6Ha/, 


- r CA l-'I3AaHHR, 


- HOMe p CTpaHH4~. 

npHMep; 

KOAnaK0 8 M.~. B KH. Xl MexoY HapoOH~u 
cUMno3uy~ no Roe pHou 3 AeKmpoHu Ke , OHRM, 
/113-84-53, /ly6Na , 1984, c.26 . 

Ca8U H M.A., C.MUP N0 8 r. M. B c6 . "KpamKue 
c oo6111eHuR OMRM", Ii 2- 8 4 , /ly6 Ha , 19 84 , c . 3. 

WHPOKOB M,H. 	 P4-84-812 
3aMe,rmeHMe pacnaAa ASYXYPOBHCBblX ClfCTCM npH Man!.IX 
3HatleHHRX BpeMeHH 

HccneAyeTCR lle3KCnOtlCHUlHlJIbHbOl 3 0lKOff paCn<1A3 ASyxypOBHeBhIX 

HeCTaC5HnbKbIX CHCTeM , pacna.o.aJOIIUfXCfI no c xer-IC a ,:-b ~ npO,Q,YXTbi 
pacnSAa IBH3l1ane CHC TCHa HaxOI\UTCR liB ypOBIiC &. CCT IJ B 3 aHHO

AeJicTBHe, n epeBOARl!(ee ee lin APyrofl YPOBeJlb b / . n OK asaHo, 

liTO CKOPOCTh p aCflClAa. npH ManhlX OpeMeltAX 0 < t <r B onpe,o.eneHHbIX 
ycn08HRX MHoro MeHbwe, tlCM CKOPOCTh pacna,o,3 n pH 6 0nbWHX 8pe
Mellax, KorAa pacna,c, npliOnU1KellJlO '))(CnOllem~lianeH. n apaMeTp r 
onpe.o.enReTCR. pa3110C't'blO 3Hepruf'l YPOBHcti a II b If BepOftTHOCTblO 
nepeXOAa a -:.. b. Ol5c~al!JTcn npm H'plJ $W3 Hl.lCCKH X AByxYP08HeBbIX 

CHCTeM, Y KOTOPhlX 3D.Me.QJ1elllll,tt\ pacnM HOlteT 6 t>I Tb ~aperHCTpHpO
BaH. 

Pa50Ta B bnIOflHeHa. B l laOop.:lTopmt TeopeTHlIecKoii 4lH3HXH OWlH. 

DpenPHHT O&beAHHeHHoro KHCTHTYTa ~nepKNX Hccn~o8aHKA. DYaRa 1984 

nepeBOA T.ro. ~YM5paHc 

Shirokov M. 1. P4-84-012 

Small-Times De l ay of the Two-Level System Decay 


The nonexpon en t i a l decay of a two-level unstable system 
is investigated. The sys tem decay can be sketched as a;!. b~ 
decay produc t s. Init ial ly , the system is on the level a. an 
interaction transfer s i t into another state b. It is shown 
that t he decay ra t e at small times 0 < t< r under some condi
tions is mu ch 1 eBS t han the decay rate at large times, when 
the decay is approx i mately exponential. The ~3rameter r is 
det e rmined by the di ffere nce of energies of levels a and b 
and by the probabi l i t y of the transition a-+b. lole discuss exam
pl e s o f the physic al two-level systems whi~h reveal the de t ec
table dela yed decay a t small times. 

The investigation has been performed at the Lahora tory
of Theoretical Physics, .1INR. 
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