
P2-97-411 

E.H.Ey1nrna 1, B .M.lly6oBHK, B .E.Ky3tteuos2 

BBEllEHHE COECTBEHHbIX CHCTEM OTCl.lETA 

TTEPEXOllHbIX TTPOUECCOB HA TTPHMEPE 

llBYXllACTHllHOro PACITAllA 

Hanpasnetto B )Kypmu, «Ycnex11 cjJ~u11'lec1rnx ttayK» • 

1E-mail:bukina@thsun1 .jinr.ru 
2E-mail:valya@nu.jinr.ru 

1997 



1. BBe,n:eHMe 

Ila.MJITH MOHX TOBapHmeii, 

r.H. KonLIJIOBa HA.A. tiewKOBa. 
B.Il. 

CoBepmeHeTBOBa.m1e TCXHilKil 3KenepllMCHTa Il qiopMaJibHOro annapaTa 

cjnnmrn 3JICMC!ITapHbIX <J:aeTilU II03BOJIHCT Bee 6onee TO'IHO eTaBilTb Il pe

maTI, 3ana<J:H B nonxonax, IleIIOJib3YIOIIU1X peJIHTilBileTeKoe on11eaH11e B Tep

Mmrax ey6<J:aeTHU, nanp11Mep, e IIOMOIIlblO eoeTaBHbIX MOJleJieH IlJIIl MHOrO'lll

eJieH!Ib!X ynporueHHbIX Bepenrr TO'lHbIX peJIHTHBileTeKilX IIOJICBhlX ypaBHeHilli 

nma EeTe - ConnnTepa. 

B TeopeTil<J:eeKOM HJiaHe IIOJl TO'lHOeTblO noeTaHOBKil 3ana<J:Il 6yneM IIOHil

MaTI, Taiwe on11ean11e npoueeea, nprr KOTOpOM XOTH 6bI <J:aeTb I13MepHeMbIX 

(KOHTpOJII1pyeMbIX) ero xapaKTep11eTI1K HMeeT MI1HI1MaJibHbie KilHeMaTil'lC

eKI1e BKJiaJlbI, B03HHKaIOIIIIIe, nanp11Mep, 3a e<J:eT peJIHTIIBI1eTeKoro L(BII:lKeHII5I 

<J:aeTI1U. B 3a.[(a'laX aTOMHOH 4JII3IIKH TaKOH npo6JieMbl MO:lKeT npaKTI1<J:eeKII 

ne B0311I1KaTL (IIJII1 OHa IIMCCT ynpoIIIeHHblli xapaKTep) no LlBYM npII'IHHaM. 

Bo-nepBbIX, B pe3JJibTaTe peaKUIIH He H3MeH5IeTe5I eoeTaB o6'beKTOB, npIIHH

MaIOIIIIIX B Hell y<IaeTIIe. Bo-BTOpbIX, :iqiqieKT 0TL(a'III aT0Ma o6bI'lHO Ma.JI n 

nerK0 Y<II1TbIBaeTeH. Ilo3TOMY, nanpHMep, npn II3JIY'leHHII TH:lKeJibIM aT0M0M 

raMMa-KBaHTa, :iueprHH noenennero MO:lKeT 6b!Tb nenoepeneTBeHHO eBH3aHa e 

rrapaMeTpaMrr aTOMHoro 110TeHUI1aJia. OnHaKo B qJH3IIKe aneMeHTapHLIX <J:a

eTHU TaKaH e11Tyau11H BeTpe<J:aeTeH peMe, 'ICM B a'i'OMHOH, Il yKa3annaH BbIIIIe 

rrpo6JieMa BeTaeT BO Beerr HOJIHOTe. Eonee Toro, B MHOro <J:aeTH'lHblX 3a.[(a<J:ax 

Kl111CMaTH'leeKile Il L(HHaMH<J:eeKHe :iqiqieKTbl B006IIIe Tpynno OTL(eJIHMhl, TaK 

J(aK eouyTeTBJIOII~Ile eneTeMbl OTe<J:eTa <J:aeTHU B peaKUHHX 1 ➔ 3, 2 ➔ 3 n 

6onee eJIO)KllbIX, Boo6me roBOpH, B3aHMHO HCHHepUHaJibHbl. Bee 3TO 3aeTa

BJIHCT neKaTb eueunaJibHbie erreTeMbl OTe<J:eTa, B KOTOpbIX Han6oJiee npoeTo 

pcmaJieH 6hr BOIIpoe epaBHeHH5I pe3yJILTaTOB o6pa60TKH 3KenepHMCHTaJibHblX 

naHHblX e pe3yJibTaTaMH TeopeTH<J:eeKHX pae<J:eToB, Korna BHyTpeHHHH L(IlHa

MI1Ka Ka:lKL(Oli <J:aeTilUbI paeeMaTpllBaeTeH B eneTeMe ee IIOKOH HJIH B eHeTeMe 

6eeKOIIC'lHO 6oJibIIIOro HMIIJJibea. 

8KeuepIIMCIITaJibHbie naHHble o6LI'IHO IIOJIJ'laIOT B Jia6opaTOpHOli eHC:TeMe 

( JI.e.), IIpHBH3aHHOH K eneTeMe 1IOK05I 0.[(HOH Il3 'laeTI1U ( <J:arue Beero MI1IIIeHil), 

y<IaeTBYIOIIIHX B peaKUHH HJIH B eHeTeMe uenTpa HHepUHH ( e.u.n.) eTaJIKHBa

IOIIIHXeH <J:aeTHU. OnHaKo B eHeTeMe OTe'!eTa, B KOTOpOH IIpOH3BOL(HTeH H3-

MepeHrre, KaKa5I-JIH6o Ba:lKHaH HeHHBapnaHTHaH xapaKTepHeTHKa H3y<J:aeMoro 

npoueeea MO)KCT B006IIIe 0Ka3aTbe5I HyJieBOH: TaK B e.u.11. upn ynpyroM pae

eeHHI1I1 He uepenaeTeH aneprHH. IIoaToMy L(JIH BeeeTopounero n3y<IeHHH rrpo

ueeea TeopeTill(aM upHXOL(HTeH nepeBOL(HTb 3KenepHMCHTaJibHbIC naHHbie B 

Te HJIIl IlHbie, IIOL(X0.[(5IIUHe, eneTCMhl OTe<J:eTa. PeJIHTHBHeTeKa5I KHHeMaTHKa 

HCKOTOpbIX, Ha1160Jiee ynoTpe6JIHCMbIX eHeTeM OTe<J:eTa e 60JiblIIHM uenarorH

<J:eeKHM MaeTepeTB0M 6bIJia npeneTaBJieHa B MoHorpaqinn r. IL KonLmoBa [1]; 
6onee KOHUCHTpHpOBaHHOe Il3JIO)KCHHe peJIHTHBIIeTeKOH KIIHeMaTIIKH MO)KHO 
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HaIITII TaK)Ke B MOHorpaq>II5!X [9] II (8]. 
EcTeCTBeHHOH MeTOJIIIKOH q>eHoMeHoJiorHqecKoro ormca1nrn BbICOKo311epre

TIIqecKIIX rrpouecCOB 5!BJI5!IOTC5! He5!BHO KOBapIIaHTHbie rrapaMeTp113aum1 pem1-

Tl!BHCTCKIIX MaTpIIqHbIX :meMeHTOB KBaHTOBO - MexamrqecIGIX onepaTopoB. 

IIocJie rrIIoHepcKo:ii pa6oTbI M. Jl,KaKo6a II r. Bmrn [2] ( cM. rrepeBo.n: B [10]) 
3Ta MeTOJIIIKa l!HTeHCIIBHO pa3Bl!BaJiacb OKOJIO 40 JieT TOMY 11a3a.n: II Harrma 

5!pKoe BOIIJIOIUeHire B pa6oTax 10.M. IIIIIpOKOBa H A.A. l.leIIIKOBa [3]. MeTo

.n:1ma OCHOBbIBaeTC5! Ha B03MO,KHOCTII BbI6opa JIJI5! Ka)K)];Oro TIIIIa peaKUHII crrc

UliaJibHOH Cl!CTeMbI OTcqeTa, B KOTOpbIX OIIl!CaHIIe BbirJI5!.D:IIT no q>OpMe Tpex

MepHO KOBapIIaHTHhlM, a no cymecTBY 60JibilllIHCTBO Kl!HeMaTHqecKIIX xapaK

TepIICTlIK OKa3bIBaeTC5! 3a;:i;aHHblM JiopeHU-l!HBaprrnHTHbIM o6pa30M [4]. Tarrne 

crreUllaJibHbie CIICTeMbI OTcqeTa 6bIJill Ha3BaHbI B (5] JIOpeHU-IIIIBapl!aIITHblMH 

Cl!CTeMaMII ( JI.II.C. ). CMbICJI 3Toro nerrpIIBbJqHo ;.rnyqamero TepMIIHa Mb! pa3b-

5!CHHM eme pa3 B CJieJIJIOIUeM pa3.n;eJie. 3.n:ecb )Ke OTMeTIIM TOJibKO TOT q>aKT' 

qTo B q>II3HKe 3JieMeHTapHb!X qacTHU IIHepUllaJibHa5! ClICTCMa ( TO'IHee, MIIO

)KCCTBO IIHepuIIaJibHbIX CHCTCM) onpe.n:eJI5!CTC5! KOHKpeTHb!MII JCJIOBII5!Mll .)KC

rrepIIMeHTa: Tl!ITOM ycKOplITCJI5!, CBOHCTBaMII MIIIIICHII II T.n. K0Heq110, JII06oe 

MHO)KCCTBO l!HepuIIaJibHbIX Cl!CTeM 6ecqHcJiemi:o, HO xapaKTep HX ABH)KCIIHll 

OTHOCIITeJibHO KOHKpeTHO:ii, HaMII BbI6paHHOH Cl!CTCMhI, r.n:e II3yqaeTC5! npo

uecc, O.D:l!HaKoB: HCJCKopeHHbIH, a IIOTOMY B 3TY BbI6paHHJIO CHCTCMY 1\10)1(110 

nepeIITH C)];HHCTBCHHbIM npeo6pa30BaHIIeM JlopeHua,. B. KOTOpOM II3MeirnIOTC51 

Jllllllb qncJieHHbIC 3HaqeHII5! -ero napaMeTpOB l. KoHeqno, B COOTBeTCTBIIll C 

IIOCJie.D:HIIM, Bee ClICTeMbI OTcqeTa B JiaHHOM MHO)KCCTBe a6coJIIOTHO paBHO

rrpaBHbl, HO HCKOTOphle ll3 Hl!X MoryT 6b!Tb BhlJICJICHbI 6Jiaro.n:ap5! ynpomen

no:ii ("CIIMMeTpIIqno:ii") KapTHHe ABH2KeHH5! qacTIIU, yqacTBJIOIUIIX B 11amm:ii 

peaKUllll; 

B 3TO:ii pa.6oTe, B CB5!3ll C B03pacTarome:ii aKTJaJib)IOCTbIO MeTO.D:HKII IIC-

5!BHO KOBapHaHTHbIX rrapaMe-rpH3aUHH II Bee 6oJiee IIIHpOKHM rrpIIMCHCHHeM 

peJI5!Tl!BlICTCKIIX MO.D:CJie:ii COCTaBHbIX qacTIIU, B pa3.D:CJie 2 npHBe.n;eHLI c ne

KOTOpbIMII II05!CHeHII5!Mll o6mHe peUCIITbI ITOIICKa JI.II.c., cq>opMJJIHpOBaHHblC 

B (5], r.n:e OHII JTOHJJIH B 60JibllIOM MaTepIIaJie CITCUIIaJibHOro xapaKTepa. B 
pa3JICJie 3 Mbl rro.n:po6Ho IICCJie.n:yeM BBC.D:CHHJIO B (5] co6cTBeIIHJIO Cl!CTCMY 

oTcqeTa ( c.c.) JIJI5! pacna.n:a qacTIIUhI Ha JIBe. B pa3;:i;eJie 4 npnBeneuo cpaB

HCHIIe c.c. C JipyrIIMll JI.l!.C., npHMeH5!eMbIMll JIJI5! OIIHCaHH51 /..lBYXqacTHq11oro 

pacna.n:a. B pa3JieJie 5 yKa3aHbI KHHeMaTIIqecKIIe orpaHHqemrn Ha nepe.n:a

BaeMbie IIMIIJJibCbl B pa3JIHqHhlX JI.II.C. JIJI5! rrpon:ecca pacna.n:a Ha JieTy. B 
pa3JICJ1e 6 .n:aHhI yKa3aHH5! K rrpaKTIIqecKHM rrpnMenemrnM pa3JIIIqHblX Jl.11.C. 

B 3aKmoqeHHII ccj:>opMJJIHpOBaH rrpIIHUIIII IIOCTpoeHII5! Jl.H.C. JIJ151 npoueccoB C 

npOII3BOJ1bHbIM ql!CJIOM qacTIIU. B rrpIIJIO)KeHHll npe.n:cTaBJICI!hl cpopMJJibI IIC-

1 YKa)l(eM, '!TO B HeKOTOpblX MOHOrpaqim1x, nanpnMep B [6], 1rnepunaJJhHhie ClICTCMhl 

OTC\leTa Ha3b!Ba!OT TaK)l(e nopenueBblMII. 
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pexo.n:a In CHCTeMbI IIOK05! pacna.n:aromei"IC5! qacTIIUhl B c.c. B HCKOBapII.aHTHOII 

3anncn. 

2. Orrpe.n;erreH:ue JI.:u.c. Ilp:uMep: co6cTBeHHruI 

c:ucTeMa 0TC'tJeTa .n;nyxqacT:U'tJHoro pacrra.n;a 

lITaK, corJiaCHO [5], JI.II.C. - 3TO CHCTeMa OTcqeTa, 3a;:i;aHHe KOTOpo:ii 

( C TOqHOCTbIO JIO TpexMepHbIX IIOBOp~;~B II TpaHcJI~UllH) OJlH03HaqHhlM ~-- e.n:H

Hb!M o6pa3oM orrpe.I!-~JI5!e'TC5! B n.c. n1060:ii qacTHUhl, y~aCTBJIOIIIeII B .n:aHHOM 

rrpouecce 
2

. IIepexoJI B nannyro JI.n.c. H3 KaKoII-irn6o n.c. 3a.uaeTc5! e.n:H

HhIM aJiropiiTMOM, YHHBCpCaJibHb!M JlJl5! BCCX JI.c., _ll3MeH5!IOTC5! JIIIIIIb napa~ 

MeTphr npeo6pa~oBaHH5!, 3a.n:annhle, nanpHMep, B TepMHHax reoMeTprrn Jlo-

6aqeBcKoro. Ilpn: nepexoJie II3 OJIHO:ii JI.c. B Jipyryro .n:aHHaJI n.ri:.c. B ueJioM 

o~Tae'.ic5! nerroJIBH2KHo:ii, a ee Tp~xMepHhl:ii penep B 6oJibIIIHHCTBe ~nyqaeB npn 

3TOM coBepIIIaeT "iipocTpaHCTBeHHbl:ii noBopoT. 0Tn:uqnT~JihHhlM CBOIICTBOM 
i . ' • •· ; I, . '; . :·; '. 'a : . 1-'i t : 

JI.H.C. 5!BJI51eTC5!, TO, qTo CKaJI~pHble KIIHeMaTH'ICCKHe xapaKTepHCTHKH H3yqa-

ei,..;oro npori~cca ( 3Hep~HH qacr:iru, CKaJI5!pHbIC npoH3Bd.n:emrn HX 3~ HMII}'JlbCOB 

II ·T.Jl.) B ne:iicTBHTCJibHoc~II OK~hlBaIOTC5! 4-cKaJI5!p~1•,rn. · 

JI.u.c: BhI)];eJieHbl H3 '~aHII()ro MH02KeCTBa HHepIIIIa.TlbHb!X CIICTCM ·oTcqeTa 
' :,• I . ",' ·,· • ) • . 

TeM, qTo cpeJIII HHX Bcer.n:a y.n:aeTC5! HaIITH. TaKHe,. r.n:e KIIHeMaTIIKa paccMa-
. • • ;-: . . ,,).,t :\ , ' ; ' 

TpHBaeM~~O rrpouecca· fIIM~e:rpH3Je;rc5! 
1 
reM IIJIII HH~~M o6pa3o~, HanpIIM~p, 

B0_3HIIKaIOT:. npo~:i:/'r: CO~TH~IIIeIJ~~ 
1 
M,e2K.n:y IIMIIJJI~ca~n, HaqaJibHhlX qacTIIu 

IIJIII naq,aJib!lhIX ,uKon~q~hlX. J!a.npn~~p1 ynpyr~i"I npo?ec~ JIBy~qacnrqnoro 

pacce~mrn y.n:o6II? 9rrII~~rna;ri. B CIIC;J~Me ue1~rpa IIHCfYIIIIII ( c.u.ir. ), IIOCKOJI;I,KY 

B TaKOH ClICTeMe. B pe3J.ITbTaTe 'pacce5i:Hirn II3MeH5!IOTC5I. Jllllllb HanpaBJICHII5! 

HMIIJJibcoB qacTIIu, .a He ~x· ;~r~p~TII'lecKIIe xapaKTepucTIIK~. IIoiiToMy na-
- . 'l .'', • , • ' . ' ' ' ·. , - • '- • , ' 

p~M.eTphl coy.n;apeHH5! perKo Bhlpa2KaIOTC5! qepe3 rrapaMeTphl .ruma1rnqecKo:ii 
' - ·, c. ,' ._ ,li 's ,, .. • ,,, , , ,_ ' ,J ' 

Mo.n:enH, orrucbrnarom~:ii, C1:19IIST:i::ifl- :ynpyrocTH pacce5!HHhlX q~c;i:~u:; 0JIHaKo, 

~<?:IIPIIMep, npouecc n~pe.n:aq:rr, 3HeprIIH BhICOK03HepreTuqecK,oII .q~cTIIUeII MO-
, . ,<i. , , , - ,,,, _ •. \• • ... , 1 i d. \ ' · 

JieKyJiaM XOJIOJIHOro ra3a B 3TOII, CHCTeMe OIIHCaTb HCJ!b35I,. :II B 3_TOM cnyqae 

HaJIO HCIIOJlb3~~aT'b KaKJI0-~~6~ .n;pyryIO ~~CT~My OTcqeT~· 3 •. If3 3TIIX:l ,Ke C0-

06pa2KeHHII n,~pe~~-.A~ ➔ .. /+ / paco1aTp~rna~TC,5I B 6pe:iiT~BCKO~ Cl~·cTeMe 
.. , 

· 
2
3aMeTIIM, · '!'to' cqiopMynn·poBaHnoe yTilep)l(,n;enne HOCIIT npn6m1)1(el!Hh!H xapaKTep n 

npn· OITJICaHlll! :npoueccoB C •6oJiblIIIIMH 3HeproBI,I.n;eJieHIIl!MH ·(.n;eqieKTbl Mace cpaBHI!Mhl C 

MaccaMI! \laCTHU) cnp_aBeJJ;JIIIBO .. B npe11e6pe)l(el!lll! TaKJIMII 3q>q>eKTaMH, KaK B3aJIMO.n;ei1:

CTBl!e qap;11u B Ha'laljhHhf;'(: II. KOl!e'!Hhl~ ~OCTOll/I,IlllX, II3-3a HaJill'll!J{ JJ;aJlhl!OJJ;eHcTBYIOlUIIX 

CIIJI, B CIICTeMaX noJie-\laCTI!Ua npl! ll3Mel!elll!ll 11anpaBJieH1Ill JJ;Bll)l(CHIIJI 'laCTI!Uhl II, KO

neqno, B' OTCJTCTBI!e BiieniHHX ITOTenunaJIOB, 38.MeTHO IICKpI!BJlll!OlUlfX TpaeKTOpHll qacTIIU 

· 'na· npeMeHax mi6JIJO.n;eHHJI. · 
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ABTOpb1 6naro.n;apnh1 <l>.M, IleHbKOBY 3a 3TO 3aMe'!aHne •. 
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oTeT.J:eTa (6.e.), a peaKUIHI A -+ ·B +b ·- B 6peii:ToBeKoii cneTeMe e1wpo

eTeii: (6.c.e.). IlmI eneTeMbl N-B3aIIMoneiieTBJIOIUIIX T.J:aeTHU JI.II.e., Hanpm,tcp, 

MO)KHO 3anaTb yeJIOBIIeM 

N 
R,"·n.c. = L d;p'tn:c. = 0, (2.1) 

i=l , :· 

rne P'tll.c._ TpexMepHbiii: IIMIIJJibe B n.n.e. i- T.J:aeTIIUbI, yqaeTBy101ueii B 

npoueeee.' 3neeb BeJIIIT.J:IIHhl a; ·_ IIpOII3BOJibHbie MHBapIIaHTbI, BbI6paHHb]C H3 

eoo6pa2KeHIIM yno6eTBa, HO TaK, T.J:T06bi: BeKiop Rµ: 6bIJI .' BpeMcmmono6HbIM, 

TaK KaK eK~poeTb npeo6pa30BaHII5! II3 °JI.e. B JI.u:e. i paBiia 

u = -R"·c·/r; Uo = Rg·c:jr; ' r 2 =;: R~ := R~ - R 2
• (2.2) 

CooTHOIIIemre (2.1) MHBapIIaHTHO npII nopemi:eBbIX npeci6pa3oBaHH5IX H3 O/l

HOM JI.e. B npyry10._ Bee JI.II.c., onpe;:ieJieHHbIC yem:i:s:i1~J\( (2.1 ), o6pa3JIOT 

eeMeMeTBo, napaMeTpaMII KOToporo 5IBJI~K>Te5! N ..:.1 He3aBHCllMbIX_ K03(}><jrnun

eHTOB a;. PaeeMOTpIIM IIpIIMepbI'. IlpH HaiIII~~J B npoCTp~HeTBe
0

JI1IIIIb oni1011 

T.J:aenruhl·HMeeTe5! ennHeTBCHH~ JI.II.e. ~ e;ic-re~a iioK05!
0 0

3TOII qaeTIIULI ( onpe

neneHH~; eeTeeTBeHHo, e TOT.J:HoeTbIO no TpexMepn1,1x no~opoToB). lln51 ;wyx 
T.J:aeTIIU B03HIIKaCT onHonapaMeTpII'ICCKOC eeMeMeTB6°n'.II.·c.: npH a1 = a2 = 1 
- 3TO e.u;.H. IIJIII 6.e.; npII 'a1. = rri2, a/= 1m1 -2. ~~o 6.c.c. H T.n. B.e.c. 

Ha3b!BaeTe5! cIIcTeMa, B KOTopoii na'!aJibHM v1 u· K~HeT.J:HaH v 2 c1mpocT11 pe-
• I u , . ,' '. < .', " .' , ', ~, ' ,r 1, '\ , . '' 

nepHOII T.J:aCTIIUhl paBHhl no BCJIIIT.J:IIHC II npOTIIBOIIOJIO)KHbl IIO HanpaBJieHIIIO. 

IlpII onIIHaKOBbIX Maccax m1 = m2 6.e .. J. 6.tc., 'ecTCCTBC~Ho, COBIIanaIOT.' 

. 0::rMeTHM, 'ITO B aHC~M6Jie II3 ,nByx 'qii.ci11u MO)KHO HHBapnaHTHbIM o6pa-

30M ·3aKpenIITb onny II3 npocTpaHCTBCHHbIX oceii: · cric-reMbI · oTeT.J:eTa. · · II pn 

HaJIIIT.J:IIII Tpex IIJIII 6onee T.J:aCTIIU ~O~IIO · B o6m;eM ·' CJIJ'!ae, IIHBapnaIITHblM 

o6pa30M <pIIKCIIpOBaTb Bee npocTpaHCTBeHHbie oen .rr:I-I.c: . 
lln51 peIIICHII5! 3a,naT.J:II peJI5ITIIBIIeTCKOM napaMe'ip'ina:unn Ma.TpIIT.J:HOro: 3JIC

MCIITa onep~Topa (M.3.0.) 3JieKTpOMarHIITHOro TOKa e IlOMOIUbIO MJJibTI1TIOJib

HhlX pa3JIO}KC~IIM B [5] 6bIJI IIeTIOJib30BaH neiBHO KOBajmaHTHbIM MCT<>n e Il0Jl

xon5IIUIIM BbI6opoM.JI.II.C. bbIJIO IlOKa3aHo, 'ITO napaMeTpII3aUHIO M.3.0. TOKa, 

nenIIaroHaJibHoro no MaceaM, yio6no npoII3Bo,nnTb · B n:.n;c.', rJie w = const 
npn 3aJlaHHbIX m 1 n m 2 ,nJI5! npoII3BOJibHhlX HMIIJJibCOB •p'1 H p2 . Ih cpn3w1e

cKHX coo6pa2KCHIIM Han6onee eeTeCTBCHHO HeTIOJib30BaTb eneTeMy OTe'ICTa, B 

KOTopoii w = 6.m, B [5] TaKa51 eneTeMa OTeT.J:eTa 6bJJia 'Ha3BaHa eo6CTBeIIIIOii 

cneTeMoii oTeT.J:eTa paenana ( e.c. ). B 3Toii eHcTeMe H3JIJT.J:CHHbIH q>OTOH HMeeT 

"co6eTBennyro" T.J:aCTOTY wc.c. = 6.m 3a, eT.J:eT ,nBII2KeHII5! paenaJlaIOlllCHe5! T.J:a

eTHUhl IIO HaIIpaBJieHIIIO II3JIJT.J:aeMOrO !pOTOHa,. T .e. .IIOJIO)KIITCJibHOrO JlOIIJIC

poBeKOro 3<p<peKTa nepnoro IIOp5!,nKa. TaKIIM o6pa3o~, HCTO'IHIIK II3JIJ'!CHl,U[ H 

3TOH CHeTCMC BCJlCT ee65J:. KaK 6eCKOHC'IHO T5l)KCJibIH 061,eK'r: Il3MCW151 Macey' 

HC Il3MCH5ICT eBoeii: KIIHeTH'!CeKOM 3HeprIIII, B 'ICM Mb! y6CJlHMC5! IUDKC. 

4 

ic .., 

"wall" 
... 
'm1 ➔ 

Pi 
I vi 
I 
I 

I -
~u 

I 
ic I( I Pi 

Pi 
k-- vi 

vi 
I 

J-! 
_ I Pi 
k 1< • 
< ~ P2 

I -1< v!_ 
I V2 

I 

~ 
I -- I Pl 

k 
( 1--+ PZ 

I ( vi 
I ) vi 
I 
I - -Isl J U=V; 
I 

ic 1..,m2 Pi 
< I 

vi 

PHc. 

Lab. system I 

Pi= -k, Pi= o 

· Breit (momentum) system 

Pt= -Pi= k/2 

Intrinsic system 

- - A P1 > P2, CD= Ll m = m1-m2 

Breit velocity system 

IPil > IPil, vi= -vi 

Lab. system 2 

- -k -Isl/ --Is2 O P1 = = m1P2 m2 > P2 = 

Lorentz-invariant systems for two-body decay 
7 '1 ') 

F(m1,m2,kµ>0) 

5 



Y'lHTbIBaH ycJIOBirn wc.c. = 6.m, TIOJJQ;Kl!l\l KO)(!Jc!muHeHThl <t1 II <l2 B (2.1) 
paBHhlMII 

a~·c· = 1- (m6.m/ki)(1 - 1'/m), 
a~·c. = 1 + (m6.m/k~) (1 - r/m). 

8ToT npocT0{1 BhI6op a 1 11 a 2 Ja.naeT Rµ II r 

R~·c. = Pµ - (m6.m/k2
) (1 - r/m)kµ, 

rc.c. = mJl - kif m2 

('.U) 

(2.4) 

(2.5) 

lI orrpe.neJIHeT TeM CaMbIM c._c. Bh16pa111Ia}I TaKHM o6pa30M c.c. CJIUCCTBYCT 
rrpn mo6hIX cooTHOllleHHHX Mace m 1_ 11 m 2. HMIIJJihCOB pl·c· 11 p~·c. H :rnepnrnx 
e: 1 11 €2, .norrycKaeMhIX 3a1wuaM11 coxpa11emrn. 

IloCMOTpHM, KaK c.c. C ee ycJIOBlICM W = m1 - m2 COOTHOCHTCH C JI.C. na 
npHMepe pacrra.na 1 ➔ 2 + 1 *. 3anHlllCM ycJIOBHe coxpanemrn :mepnrn B .usyx
qacTII'lHOM pacrra.ne B B11.ne 

2 A· 2 JJ1 · P2 
w = e:1 - €2 = m1 \ I 1 + - 2 - m2 1 + - 2. 

m1 . m2 
(2.6) 

B CHCTeMe IIOKOH pacrra.uaiomeii:cH qacTHUhl ( CM. pnc.) HMeeM 

A w = m 1 - m2 , 
2 

. P2 = k. (2.7) 

EcJin qJOTOH naxo.UIITCH Ha MaccoBon o6oJio'lKe, To w2 = k 2 = p~ ( c = I) n 

OTCJ~,Ua CJJe.nyeT, 'ITO 

M w = mi -m2 . 

2 7'ni - m2 
w= 2m1 

2 

m6.m 

2m1 
(2.8) 

B11.u11M, 'ITO nocKOJihKY Bcer.ua 2m1 > m 1 + m 2 =: m rro ycJIOBHIO 3a,Ua'IH, 
TO B .uammii: ClICTeMe 0TC'leTa rrpII JII060M m2 IIMeeM w < 6.m, a HMCHHO, 
cj}OTOII IIC ,UOIIOJIY'faeT lf3 BCJIII'llUibl .uecpcKTa MaCChl :iueprmo, pamiyro 6.m -
w = 6.m2 /2m 1 . CoBepIIIIIB TY ,Kc rrpolJCllYPY ( CM. pHc.) B CIICTeMe rroKoR 
pmK.na1omeii:cR qacTIIUhl 2, O'leBII.UHO, II0JIJ'IHM 

m6.m 
w= --> 6.m. 

2m2 

6 

(2.9) 

flocJ1e.nnee - eCTCCTBCHHO, TaK KaK B 3TOM CHCTeMe OTC'leTa q)OTOH YHOCHT 
'!aCTb Kl!HCTil'ICCKOM 3~epn~I1 pacrra.ua10mencH qaci;dut, paBHyio 6.'m2 /2rri~. 
CpaBiurnaH (2.8) 11 (2.9), BH.UHM,. 'ITO cc., orrpe,neJIHeM~ ycJIOBHeM w ~ 6.m, 
HBJIHeTc~ "npoMe,Ky'I'o~Hoii'; l\.~e~.uy .u~yMi pac2M~

1

TpeHHhIMII fr~ c. n rrepe
xo.u B nee H3 o6~nx JI.C. ocymecTBmieTCH 'lH~To•'h~pem1eBhIM 6ycTOM B,UiliJ.h 

, ' ' ,. ·' . ,,.1! ' __ l n_:,, ' , ··< ':,.·'.'1!; 1; · : -

e.u1rn~TBem~on OCH k co_ CKopo,cThIO u,. orrpe~eJI_HeMon "i:m qjopMyna1!. (2.4) II 
(
') ) • ' • • • • . • I • ' ~-5 . . 

Ilpn paCCMOTpeHIIII rrepeXO,Ua B C.C; II3 CIICTCMhl IIOKOH p~CIIaJ:IaIOil(eMCH 
qacTHUhl IIMIIYJihChl 'laCTlIU B c.c. orrpe,UCJIHIOTCH CJie.uy10muM o6pa30M: 

' ~.ii~,-~ •. \ ! '. ~- -,. ; \ ·, ' ' ',; { ,, 
p~·c. ~ 7,[1 tJm6.~/k;)(l - r(~)]p;·c:; 

p~·c. =·~mi [{ ~-;(m~~/k;)(l -;/~_)]P~.c., .. 
r ,- . '- ..... , ... • 

(2.10). 

3,UeCh p;·c· = -krs/2mi;·--:- IIMIIJJihC KOHC'IHOM 'laCTIIUhl;B JI~c., r.ue r = 

Jm 2 _; k;,'s' = j6.m2 •;.c_•k;; IIo.ucTaBJIHH ero B <PopMyny·(2.10), .IIOJIJ<JaeM 
CJie,nyiomue .Bbipa)KCHIIH:. li, 

pf~}:= [\;+-Jm~m/k;)(l - r/rn)J8;; 
pf~'.:=·\ [i~ (mt,.~/k;'j(l - rim)] s;•. 

, .. , ' ' 

B nepeJIHTIIBIICTCKOM rrpu6JIII)KCHIIII k2 << m 2 UMeeM 

c.c. r . k ( 6.m 6.mk2 , ) 
Pi,. = 2 1 + 2m + 16m3 +: · · ; 

c.c. k ( 6.m 6.mk2 
) 

p 2 =.~2 l - 2m - 16m3 - · · · · 

f'' ♦ 

'(2.11) 

OTKy.ua CJie.uyeT, 'ITO ecJiu B 6.c. IPil = IP21, TO B c.c. IPil > IP21, TaK 
'ITO IP11/lp2j = 1 + 6.m/m +.. .. HeTpy.uHo y6e.unThCR, uarrpuMep, B He
peJIHTIIBHCTCKoM rrpII6JIII)Kem1u, .'ITo,x:oTHjp1j·> IP21, JIO.lvd < lv2I-Jlen

cTBIITCJihuo, c~IIB. = m 1vrf2. = k2/2m ~ m2v~/2, oT~y.ua v1 = Jk~/rnmi, 

a: 'J;)::=:: i.✓k_2 (rrim_~,.' 1c~e.uoBaTeJI~Ho, lv1_1 ·::::: lv2I-. B (5] IIOKa3aHo, 'ITO c.c. 
HBJIHeTcH ymrnepcaiti.uon JI.II.c.',UJIH orr"pe.uerremrn co6cTBCHHhlX MJJihTIIIIOJih
Hh!X MOMCHTOB II cpe,UHIIX pa.unycoB pacrrpe,UeJieHIIM KaK CTaTII'leCKHX, TaK 
II rrepeXO,UHh!X. Ilpu 3TOM CTaTU'lecirne H .rrepeXO,UHh!e MYJihTlIIIOJihHhlC MO
MeHThI II cpe,UHHe 2n- CTeIIeH:a'i:i:~ pa,dnychl MJJihTIIIIOJ!hHhlX pacrrpe,UeJieHHM 

onpe,UeJIRIOT.CR KaK 3Hc1:'lCHirn C~OTBCTF~ByIOmI,I?S •·· cpop11<PaK;:r:?P~:8}I ux, ,7\-;-X 
rrpoH3BO.UHhIX,rro ki, rrpu ki = 6.111.,2'. ,.IlJI_R, MaTpII'IHhlx,,:i~el\!~H'~?ri 9pepaT~pa 

. . 

. '! 



T0Ka e,nIIHCTBeHHoiI qacTIIUhl (~m = 0) co6cTBeHuoiI·cucTeMoiI .lIBmreTc.lI 6.c., 

. 'IT,O BII,nH~ II3 (2.3) II (2.1 ). . ' 
OTMCTH~, 'ITO CIICTeMa OTC'ICTa, B KOTOpoiI Bcer.zia w = ~m - 'npocTei:"i

IUaJI no'KIIHCMa~IIKe CIICTeMa, b'.r~e<JaIOru;a.lI c4>~pMyJiIIp0Ba1iii:w,i Hal\rn Tpe6o

B~HII.lIM. Ifo~qepi~eM, 'ITO x6Tx ,nJI.lI KOIIKpeTHOCTII Mb! o6cy':,K:UaeM rrpouecc 

H3JIJ'ICHH.lI, c:~. MO~HO .HCri0~b30~aTI; . .n:irn' OIIHCamrn JII06oro rrepexo,nnoro 

npouecca A ➔ B + b. 
e ,,, I) ' 

3. CpaBHeH1:1e c.c. c ,n;pyr1:1M1:1 J1.1:1.c., 
1 ' ; '. -~·, ,, \ • ' ' 

np1:1MeH.SieMbIMl:I ,IJ;JUI Oill:ICaHl:I.H 

,n;ByxqacT1:1qHoro pacna,n;a 

'1bJIJ'ICHIIe q:>OTOHa ,nBH)Kyru:eiic.lI qacnrueiI o6bI'IHO paccMaTpHBaIOT B 

6peHTOBCKOH CHCTCMe OTC'ICTa (6.c;); EcJIH.:<IaCTHUa:cocTaBHa.lI II uaxo,nHTC.lI B 

COCTO.lIHlUI IlOKO.lI, TO IIcnycKaHIIe q:>OTOHa HCH36C)KH0 corrpoBO)K,naeTC.lI Jl\1CHb~ 

meHHCM ee IlOJIHOH MaCChl. CpaBHHM OilHCaHHe .ll.BJX'IaCTII'IIIOro pacna,na B 

6.c., B 6peHTOBCKOH CIICTCMC CKOpOCTCH (6.c.c.) C,OTIIICaHIIeM. :noro pacna.na 

B C.C. ( KIIHCMaTHKa BCeX o6~y)K_naeM.bIX 3,UeCb JI.u.'c. ::~Be,n~Ha B Ta6JI. 1.). 
Ha'!HeM C 6.c., B KOTOpOH 'IaCTIIUa ynpyro "oTCKaKIIBaeT OT CTCHirn", II3-

MCH.lI.lI npII 3TOM CBOIO Macey IlOK0.lI. CorJiaCHO 
1
3TIIM ycJIOBII.lIM, B ,naHHOll 

CIICTeMe OTC'ICTa Bbrpa)KeHII.lI ,nJI.lI 3HeP.rIIII Ha'IaJibHoro II KOHC'IHOro COCTO.lI

HIIH 'IaCTIIUbI IIMCIOT BH,n 

~· 
c1 = vmi + 4 

m~»k2, 

~ 
c2.= ym2 + 4 

m~»k2 

k2 .. ,. 
~ m1 +--+ · ... 

8m1 . 

k2 ~m2+--+ 
· · 8m2· 

lb cpop.1:1yJI cpa3y m1,nnM, 'ITO. · rroJIHa.K 3Heprn.lI miiiaJibHoro cocTO.lIHII.lI qa

CTIIUhi 6oJibille IlOJIHOH 3HeprIIII qacTIIUbI B KOHC'IHOM COCTO.lIHIIII 3a . cqeT 

6oJibilleiI MaCChl IIOKO.llj a COOTHOillCHIIe MC)K,ny IIX KIIHCTIIqecKIIM!I 3Hepr1I

.lIMII - o6paTHOe .. 8HeprIIIO q:>OTOHa.MO)KHO 3aIIIICaTb B BII.n~,Pa3JIO)KCH!f.lI .. · 

( 
· k2 ··. · ) 

w = c1 - c2 = ~_m 1- + . . . . 
8m1m2 

' , : ' . . 

TaKIIM o6pa3oM, B 6.c. cpoiou He,nonoJiyqaeT qacTb ·BnyTpenneiI, 3Hepnm, 

BbI,neJI.lIIOru;eHCj{ npn pacna.rie, no cpaBHCHIIio c TeM, 'ITO Mhl ua6JIIOJ.(aJIH B cc. 
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Paccl\IOTpHM Terreph 6.c.c. B JTOI1: c11cTeMe HJJIY'!a1ouu1ii 061,eKT II'll\lC!ll!CT 

CBOIO JHepnIIO H HMIIYJihC, HO coxpaHl!CT c1mpocTb. ToqHee, '!aCTllllcl, ''oT

cKaKHBal! OT CTCHKH", H3MeHl!eT CBOIO JHepn110, lll\IIIYJihC II Macey, a c1mpoCTh 

- Ha CTporo rrpOTHBOIIOJIO)KHYIO 6e3 1!31\ICIICHl!l! ee a6comOTIIOil BC.'III'IIIJibl. 

Ilnll peJIJITHBHCTCIWll KHHeMaTIIKII JTO ycJIOBHC II.MeCT BH.U COOTIIOllIC!llll! 

P1 P2 
V1 := - = -- =: -V2. 

€1 €2 

BKyrre C 3aKOHaMH COXpaHeHHll ::rneprnH H IIMITYJibCa, JTO COOTHOIUeIII!C II()IIBO

.UHT· K cne.uy10meii KOBapHaHTHOII 3aIIIICif KIUieMaTH'IeCKIIX napaMeTpOB pac

na.ua: 

1 
€1 = 2 m1 ( 2 _ k2) - m µ 

m2 

p 1 = 1✓:: (6m
2 

- k?,) 

BnmrM, qTo 
€1 

€2 

Pl 

P2 

m1 

m2 

1 
€2 = 2 

-k 
P2 = 2 

€1 -m1 

€2 - m2 

m2 (m2 _ k?,) ; 
1n1 · 

m2 (" 2 _ k2) _ um 
1
, 

m1 

C:KHH/;, 
l 

cKHH 
c2· 

8TH COOTHOIUeHIIl! ecTeCTBeHHhI C TOqKn 3peHIIl! reoMeTpirn. J1o6a,reRCKoro, 

,, ITOCKOJihKY qacTIIUa B 6.c.c. npH lI3JiyqeHIIH, XOTl! 11 MerrneT CBOH BIIYTPCHHHe \ 

napaMeTphI (Macey, nanpnMep), Ho B 3Toii cncTeMe He yxonnT c r11rrep6ono-

11.ua e.uumrqnoii MaCChI, oTnaBal! '!aCTh KIIHeTWieCI(Oll 3HeprHH cpoTony. 11_3 

npHBC,UCHHhIX COOTHOilICHHll BH.UHO, qTo B 6.c.c. H ITOJIHal! 3Hepnrn, H KHHC

THqecKal! 3Hepr1rn pacuana10meiicJI qacTHlJhl npCBhIIllaIOT COOTBCTCTBYIOllJHC 

3Hepnrn pOiK,Ua10meiior qacTHlJhl llJlll JII06oii k;. 8neprmr <pOTOHa B 3TOfI 

CHCTeMe p~BHa 

w = 6m✓m2 -k?, 
2 m1m2 

m6m ( · k2 ) 
2Jm1m2 

1 
- 2~2 + · · · · 

k2-+0 . 

IIocKOJihKY o6nacTh pa3peIUeHHhIX 3naqeH11ii nepenaBaeMhIX HMITYJihCOB k; E 

[O, 6m2], TO II3 ITOCJIC,UHero Bblpa)KCHIIll HenocpencTBeHHO cne.uyeT, 'ITO B 6.c.c. 

' q>OTOH 3a6HpacT ue TOJibKO BCIO BHyTpeHHIOIO 3Heprmo, BhI,UeJil!IOllJYIOCl! npII 

pacna.ue, HO II '!aCTb KIIHeTII'ICCKOH 3HeprIIII. pacnana10meii:Cl1 qacTII.lJhI. B 
TOqKe k; = 6m

2 
6.c.c. COBrranaeT C c.c., TaK KaK 3HeprIIll q>OTOHa CTaHOBHTCl! 

paBHoii: w = 6m. B ToqKe k; = 0 :rneprIIll q>OTOHa w = m6m/2Jm1m 2, 

T.e. o6paTHhie 3HaqenIIJI ero 3Heprnn II IIMITYJihca naxonJITCll KaK cpenHe

reoMeTpIIqecKoe OT 3Ha'IeHIIH COOTBeTCTBYIOIUIIX BeJIIIqlIH B CIICTeMax ITOKOl! 

pacnana1omeii:cll n po)K,UaIOmeii:cl! '!aCTIIlJ. 

10 

,t. 

\ 

J 

,t 
.I 
II ., 

;.l 

4 . 0 KllHeMa Tll'tJeCKllX orpaHn1'.leHH.HX Ha 

rrepe.z:i;aBaeMble llMIIYJihChl B pa3Jill1'.JHhIX JI.n.c. 

O6cy)Knem1e HaqneM C CHCTeMbI ITOKOll pacnana~me1rcl! '!aCTIIlJhI, B KOTO

poii ycnoBne coxpanemrn JHeprIIII IIMeeT BIIn m 1 = t:2 + w, a ycnoBne coxpa

nennJI 4-IIMIIJJihCa rrpIIBOllIIT K COO,THOIIIeHIIIO 

( ) 2 _ 2 • 2 2 . k2 Pi - P2 = m1E2 + m1 + m2 =. µ-

lb nocnenHero paBeHCTBa cne.uyeT 

1/2 (m
2 + 6m2) - k; 

€2 = . 
2m1 

EcTeCTBe1rnoe ycnoBne t:2 2:: m 2 rrpnBO.UHT K HepaBeHcTBY 

2 2 2 m2 - 6m2 
1/2 ( m + 6m ) - kµ 2:: 2m1m2 = 

2 
, 

na10meMy cne.uy10mee orpaHnqeHne CBepxy na o6nacTh 3Ha'!eHnii nepe.uaBa

CMhIX HMIIYJihCOB:. k; ::; D,.m
2

' qTo lI HeynIIBHTCJihHO. 8TOT rropor COOT

BCTCTByeT, no o6pa3noMy Bhlpa)KeHIIIO r:M. KorrhIJioBa [7], "ne pacrrany, a 

pa3BaJIY qacTIIlJhI 1"' Kor,na 3HeprHll pacrrana ne T,paTIITCll ,na 3HeprIIIO llBH

)KeHIIll po.UIIBIIIHXCJI qacTHlJ. Ilnll Toro, 'ITO~hl ITOH.l!Th, qeMy cooTBeTCTByeT 

3TO. orpaHnqeHIIe, rrpoaHaJIII3IIpyeM OCTaJihHbie KIIHeMaTII'ICCKHe rrepeMeHHhie 

B n.c. IIpnBeneM KOBapnaHTHoe Bhlpa)KeHne .UJI.l! IIMrrynhca pO)K,UaIOmeii:cJI 'Ia-

CTII1Jhl 

Jm2 - k2 /6m2 - k2 
IP~I = P2 = µ µ 

2m1 

BnnnM, '!To Jp2J o6pamaeTcll B HJJih B .UBYX TO'!Kax: k; = D,.m2 n k; = m 2, 

T.e. KpoMe CCTCCTBCHHOro rropora pacrra.ua 1 ➔ 2 + ,* o6Hapy)KHBaCTCl! 

TaK)KC IICCB,UOITOpor B 3TOM KaHane, KOTOpbIH COOTBCTCTBJCT nopory 3TOH 

peaKUHH B KaHaJie pacrra.ua "qioTOHa" Ha ,UBC '!aCTHlJhI C MaccaMH m1 H m2: 

k2 > m2 = (m. + m )2
• - µ- ,1.' 2 ' ' 

B CHCTCMC IIOKOll ponnBIIICHC.l! '!aCTHlJhI, 3HeprII.l! IIOCJIC,UHCH paBHa €2 = 
m2, a 3HCprHll lI, HMIIJJII;ChI pacrranaIOillf!HC.l! '!aCTHlJhI Bblpa2KaIOTCll '!Cpe3 

KOBapIIaHTbI CJIC,UJIOIUHM o6pa3oM: 

(m2 + D,.m2) - k2 
€1 = µ; 

2m2 

IP1l = p
2 

= Jm
2 

- k"f./D,.m
2 

- k2 µ 

2m2 

11 

rs 

2m2 



OTcro.na ~II.D:HO, 'ITO Mbl IIOJIY'IIIM' B :noii: CIICTeMe Te )Ke rroporOBbie 3lJ~qemrn 
2 I .nm~. . - -

IloCMOTpIIM KaKIIe orpaHnqeHII.K B03HIIKaIOT II3 amiJIII3a KIIHeMaTIIqeCKHX 

rrepeMeHHhIX B c.c. Ilpe)K,ne Bcero, II3 cooTuomeHirn /.),.m
2 

- k; = k2 > 0 cpa3y 

Bn,neu TOT )Ke rropor .nmr rrpouecca · pacrra.na: k; ::; /.),.m
2

• HeTpy.llno y6e

.D:HTbc.11, 'ITO Te )Ke orpaHII'leHII.11 CJie,llyIOT II3 HepaBeHCTB etc. 2: m1, E~-C- 2: 771-2, 

Jp1 J 2': 0 n Jp2 J 2': 0. Y CJIOBIIe IIOJIO)KIITeJibHOCTII rro,n1mpHeBoro Bhipa:iKemrn 

B r orrpe.nen.11eT Haii:,lleHHoe Bh1me IIOJIO)KeHIIe nceB.norropora. TaKIIM o6pa-

30M, c.c. He nMeeT HHKaKnX .npyrnx KHHeMaTn'leCKIIX orpaHH'leHJ-IH, KpOMC 

ecTeCTBeHHOro rropora peaKUIIII. 3aMeTHM, 'ITO B 6.c. KIIHCMaTnKa pacrrn,lla 

,llorrycKaeT rrpo,noJI)KCHne B. o6JiaCTh k; E [m2, m 2 + /.),.m2]. 

Ilpn 3a,naHHOll Ha'laJibHOll TO'!Ke OTC'leTa KHHeMaTHKa ,nByxqaCTll'IHOro 

pacrra.na OilllCbIBaCTC.K TpeM.11 3Ha'leHH.IIMH :rneprnii: H ,llCB.l!Th!O rrpOCKUII.l!Mll 

3-nMIIYJibCOB. Bnaro.uap.a 3aKoHaM coxpaHeHH.11 M KHHeMaTH'ICCKllM CHMJ\1C

TpH.11M, xapaKTCpll3YIOIIlllM Ka)K.uy10 ll3 HaH,llCHHhIX JI.H.c., 'IHCJIO HC3aBHCH

MhIX rrapaMeTpOB, OIIHthIBaIOIUHX KHHeMaTHKY pacrra.ua, yMeHblllaCTC.11. TaK, 

B 6.c. _ MhI- Ja,llaeM rrpoeKUHH HMIIYJibca "q>oToHa" k, MaccbI 'lacTHU Pi = 
mi, p~ = m~, T.e. II.l!Tb CKaJI.llpHbIX BCJill'IIIH, H3 KOTOpbIX .UBC HyJieBbIC, ,llBa 

llHBapna:iITa M O.D:HH qriIKcHpoBaHHhlll HeKOBapnaHTHhlll napaMeTp (rrpoeKUll.11 

k'Ha OCb z). OcTaBmnec.11 CCMb napaMCTpOB Bblp~)KaIOTC.11 qepe3 HllX C IIO

,MOIUbIO 3aKOHa c~xpaHeHII.11 :meprnn - llMIIYJibCa H
0

I'COMeTpH'IeCKoro ycJIOBll.11 

p 1 = k /2, Bxo.n.11mero B orrpeb:eneHHe ,n:aHHoii: cncTCMhI oTc'IeTa. B c.c. KH

HCMaTHKa ,ll;BYX'laCTll'IHO!'O pacrra,na Ja,naeTC.11 (ecJIH HC C'IHTaTb BbI6opa pe

rrepa, ·B TOM qncne HarrpaBJICHH.11 k), TpeM.11 HHBapnaHTaMn k;,w = /.),.m,pf = 

mf. Y cnoBne cnMMeTpnn ,llJI.11 c.c. HMeeT BH.U p 1 x k = 0. 
Mo)KHO pacCMOTpCTb peaKuIIro, B KOTopoii: o6e pO)K,llaromnec.11 qaCTHUhI HC 

HaXO.U.IITC.11 Ha MaCCOBOll o6oJIO'IKC, narrpIIMep pacrra.u, 1 ➔ ,· + ,·. Tor.ua 

lIHBapHaHT p~ = m~ ll KOBapnaHT k; Ha.uo 3aMCHHTb Ha .UBa CB060,llHbIX KO

BapnaHTHhIX rrapaMeTpa peaKunH, CKa)KeM kr,. II kL, .un.11 KOTOpbIX HCTPY.llHO 

Haii:Tn o6nacTn .uorrycTHMhIX 3HaqeHnii:. 

5. Ilepexo.n II3 cIIcTeMbI rroKo.R pacrra.n~10meiic.R 
qacTII:Qbl B c.c. B HeKoBapIIaHTHOH 3aIIIICII 

Terrepb, Kor.ua Mbl 3HaeM, KaK B c.c. Bhlpa)KaJOTC.11 3Heprnn H HMIIYJihCbI 'la

CTHU B peaKUllll 1 ➔ 2 + ,· qepe3 llHBapnaHTHhIC rrapaMeTphl B c.c., IIOJIY'IHM 

HX eme pa3 C IIOMOIUbIO nopeHueBa rrpeo6pa3oBaHH.II ll3 ClICTCMhI IIOK0.11 pacna

.uaromeii:c.11 'laCTHUhI S B c;c. S'. B o6meM BH,ne nopenueBo npeo6pa3oBaHne 

KHHeMaTH'ICCKHX rrepeMeHHbIX H3 s B S' BbirJI.11.UllT TaK [8]: 

E1 = 1 (E - up), 1 = (1 - {32
)-

1
, {3 = Jui/c, 
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p =p+- ---E . 
I \, :,u ( ,up ·_\)·. 

c2 
1 + l 

13 IIaIIIel\! cny•1ae )Tl! COOTIIOIIICHJUI rrp11n11111a1o_T BII,ll 

Ere.·= ,c.c1111, E~-c. = ,c-~'(E2 - {3c.cP2), '( 5.1) 
,) ;.-

c.c. c.c ,3c.c · 
Jl1 =-,. I 1n1, 

, -( 'Vc._c /Jc.c , ) 
p;·c. = P2 't ,c.c /Jc.c , ~-+ 1 Pz - E2_ (5;2) 

Bee _Ul\lfIYJII,Chl ,B Bhl6pam11,1x CHCTCMax, uarrpaBJICIIbl B.UOJ!b l!JIII npo'nrn n:--1-

rrym,ca. "c!)OTOIIa''' a rro;o~1y Y'ITCIJ~ Jlllllll~ TO, ~-TO qat~H~a '1 ir1
p1io6p~T~e·T 

, > ' ' ' , ' • ' l ' . / , ' ' ' , ' , ~' ·:' ·.; ~ , ' , .• 1 • '. 

CKOj)OCTh -U. B C.C., IIOCK0JILK_y ·cc. JJ:BJI)KeTC.11 CO CKOJ)OCTLIO +u OTHOCH-
•• ,.•' ,. ., ' . 

Tl'JILHO JI.C. 

IlpnBCJlCl\l Bbl[)cl)KCHI(.11 KHHCM~Tll'ICCKIIX nepCMCHHLJX JJ:JI~ ' .ZJ:!)yx<raCTIIq

noro pacIIa,lla B CIICTCl\1C 11~{~.II ,pacna_uaJOIUCI°IOI 'IaCTIIUbl '1Cpe3 ·;..:OBapnaHT-
IlblC IIaJ>1!-MCTJ>hI4: . , ·- . . , . '· " 

E1 =•1n1• , - 1/2(m2+ /.),.1112)-' kz 
',. c2 = . . µ 

',[,.,, ' ,--__ 2;111 

P1, = 0, iv'~1 d P2 = ,J,1~2-~ k;. ✓r/.),.:---n-1-"_2 ___ "'_?. 
· ' · · · · 2m1 

! l 

(5.3) 

II pcmcpr..:a car-mcornacoBaHnocTn BLipa)Kenuii: _ .ri:n.11 :meprnfi H l!MrryJILcoH 
' < ,, .:. • -' L; ·-,. , . 

H c.c., naHJlCl!Ilh!X Bb!IIIC, CBO,llHTC.11 K TOMY, '!TO, C'IHTa51 3a.ri:am1I,Il\!H ')c;c 
t:f"c-/m1 11 ,c.c {3~-C ~ -p~·c-f m1' MLI MO)KCM nai'.inI E~-C- II Pt-C-' a n1remro: 

. , ' -! . 

1 ... ;.', ' \" . ,'. '" 
E~-C- = ._ (c~·c·E2 + p~·c,JJ2) = ,f"c(] + /Jf"Cfi2)€2j 

m1 l ' 

c.c. (E~.c. 111"c·c2) c.~·. c.c ( 1 1 ) 
P2 = Pz -. - m·.

1
- = 11 /31 /Jc.c. -

1 
-J J>z .. 

1n1 ·I )2 I lz 

lloJicTaBJI.11.11 c10,lla na11..uenH1,1c Bhiille c:~-c., p~-c., E2 H p2 , HCTJ>YJlHO y6e.ui1T1,c51, 

'ITO Mhl TIOJIY'IIIM Bh!J)a)KCIIH.11 .UJI.11 E~.c. H p~-c., IlJ)IIBC.UCIIIIl,IC B IIJ)('JU,UlYUlCI\I 

naparpa.cjic OCHOBHOro T(':KCTa. 

_ 
4
Jlm, Jl3111IO}I MO,llhl pa~I!a}l,~ :m~pnm II a6comOTIIble, 3113'1CIIIUI IIMllJJll,COB tj>11KC11po

na111,1 n_ m,IpalKaKlTCll •1epc3 Macc1,1 'laCTllll, npIIHHMaKllllllX Y'laCTIIC II :noM npouecet', TO 

ccr1, •1epc3 mmapnai1r11i..1~ 1;e~w11mi,1. ITapaiierpal\i1i iiu i1x i1a3·1,111,H'M, y•111T1,mal!, •1To 

paccMaTpnnacMall '-laCTl!lla MOlKCT;pacnaJlliThCJI no_'necKOJlhKIIM MOJ(.tM. 
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6. IIpaKTI-PieCKIIe 3aMeqaHIIH 

bOJiblllalI <JaCTb pa6oTbl <pll3IIKOB ll TeopenIKOB, H 3KCIIepHMeHTaTOJ)OB 

npoTeKaeT B pycne YT~~~eu{ui yiKe CYillCCTBYJOIUfrX ~10.ueneii. O.u11a1w 11\>CJl

CTaBIIM nepBoHa'laJibHYIO CTa,UHIO, 1wr.ua IICH3BCCTHbl HI! CUJlbl (noTCIIUlla!ILI, 

~OH~;am·hl CBlI31I), 3a C'Ie.T ,~OT~pblX o6pa30B~l~~I COCTaB!lbie CHCTCMbl, 1111 

M~CCbI l!X KOHCTHTY3HTOB, HH l13MeHeHIIe rrocne.um1x B pe3y.TJbTaTe peaKUlll°I. 

B TaK,m1. CHTyamrn o6pa6oTKY :iKcrrepnMeHTaJibHbIX .uam11,1x cne.uyeT rrpo113BO

.UI1Th B HCCI(OJibKHX CHCTeMax OTC'IeTa. Ka:iK,UaJI 113 HHX ur-1eeT CBOII rrpeH11y

Ill~CT,Ba. Tar<, e~JIH rrpf1 H~~Jie,UoBamrn p'acrra,ria 1rnm:1e1Iee ll3BeCTHa ripnpo.ua 

pacrra,lla~ili~iicJI ~1a'.ci-11'u~1, T~, O'!eBI1.zino, iiau6onee Bb!r0)lHO 113)''IaTL rrpouecc 

B CllC~eMe; rio~~JI '3Toii qacTHULI, TaK KaK ee BHyTpeHHlilI JlHIIaMHKa B Ta1wi"1 

CHCTeMe OTC'IeTa BbffJllIJll1T na116onee npocTO. Ecnn HCH3BeCTHa crpy1nypa 

po;r<.ua10rueiiCJI ~IaCTlIUbI,· 'to ua116onee no.zixo,rfarueii 6y.rr,eT CHCTeMa; B' K(YI'Opor, 

IIO~OHTCJI y~'e' o'n~, a. HC pac1rn:Ua1ouiaJIClI <JaCTIIUa: , 1E~JIH xopOIIIO H3BCCTCII 

IIOTenunan,. CBlI3bIBaJOIUI1ll KOIICTI1TY3HTLI B OO'beKTe, IIO HC,D,OCTOBC])Ilbl 3!la-
'' I ' ; ' ' • 

'!emrn HX Mace, TO cne.uyeT Ha<JaTb pac'!CT B 6.c.c Ecnn :iKe MhI 3HaeM, 'ITO B 

rrp_ouecce rrepexo.ua 1 -+ 2 He H3MeI-iJIIOTClI MaCCbI J(OHCTHTY3HTOB COCTaBIIOro 

06'beKra, TO ~bffO,rUiee Beer~' pa~C'IHTbIBaTb IIp(?Uecc, B c:c., TaK J(aK 3Hepnrn 

"cpOTOHa" B 3TOH CHCTeMe OT'c-qeTa paBHa,H3MCIICHHIO ,BHyTpeHIICII IIOTCHUH

aJib~Oli ~HeprnH o6'beKTa. HarroM~~~M, 'ITO "~· c~2Te~e ~9KOJI pacrra.uaroll{CllClI 

'!aCTHUbI ,(0 -+ 1 + 2) H3 JlBYX po;K}laIOIUHXCJI 'laCTHU 6onee MaCCHBHaJI o6na-
~, . : ' ... ' ... , , , r ' : . .' - ! . , , .. ; . • , , , ' . • 

.uaeT l1 60.JibIIIen 3Heprne11, XOTJI' HMIIYJibCbI y HHX paBHblj 3TO rrpeBOCXOJlCTBO 

B 3Heprmr ueJIHKOM o6JI3aH~ CBOHM rrpoIICXO,K,D,~HHCM ee 60JibIIIeH Macce IIOKOJI, 

II OTO MY 'ITO Kll~!eTH'ICCKalI 3,Hepnii y"60.11eei TJI)Ke~oii \.racTHULI Melibllle". [1 l. 
Ile:rrcTBHTeJibHO, B o603~ia'IeHHlIX (1] nMeeM 

\ , , ,i 

* mo ml:im 
w1 = 2+ 2mo' 

* mo rri'6.m w ------, 2 - 2 . 2m0 ' 

3JlCCb mo = mJ + m2, , !:im'= ffiJ - m2. OTKy.ua .. 

w; - m1 _ mo - !:im· 
w; - m2 - mo+ l:im:,,,,;;, 

Cn~MeTpHlI .rro 3Ha'!eHHJIM 31iepr11ii B 'ciibfi,, ~·11cT~Me,~ci3ri~IKaei· JIHIIIh B 

To~i cny'!ae, 'ecJiii o6e J)0)K,Ua1orunecJI <JaCTHilhl HMeIOT ~.uny H Ty' )Ke Macey. 

,.; I' B c.~.;, KaK' M~I, BHJll~M,' 'p~Bnhi. KHHe;H'IC~~Je' 3J~prIIH, pacria.riaiomeiicJI H 

oii:iwii H3 ])OJllIBIIIHXClI 'Ia~TH,U ( 3i~~h~~c{11M~i6ri\~l}~ :P,~~Hble M~CChl)' !1 .13ec~ .u,e; 

cpeKT Maccbl ynocHT TpeTblI '!aCTHUa, "cpoTon''.- TaKIIM 06pa10M, aK,T H3JIY'Ie

HHJI B '.JTOII CHCTCMC BblrJilIJllIT KaK l13Jiy'IeHn~ 6ec,~one~uo TJI)KeJil,iM aTOMOM, 

T.e. 6e3 OT}la'IH. Ecnu '!aCTHUbI 1 H 2 paccMaTpIIBaIOTCJI KaK COCTaBI!bie, II HX 

KOHCTHTY3HTbI rrpn rrepexo.ue l -+ 2 + ,* ne H3MCHJIIOT CBOHX Mace rroKoJI, TO 
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BCCb ".uecpeKT MaCCbI" B 3Toii peaKUHH IIOJIHOCTbIO orrpe.uenJieTCJI B c.c. 113MeHe

HIICM (m,yTpeHueii) IIOTenu11aJibHOii 3Heprnn B CHCTeMe KOHCTIITY3HTOB. IIpn 

YMCHbIIIemm Mace KOHCTHTJ3HTOB B COCT~JIHHI1 2 (KaK, HarrpHMep, npn pac

rra.ue A -+ n + 1 ) nan6oJihIIIaJI '!aCTh ocB06o)K.ua10rueiic}'I 3nepr11n OTHocnTcJI 

3a C'IeT rrepexo.ua S -+ d, H cne.uoBaTeJibHO OTHOCHTeJibHbie CKOpOCTII KOHCTI1-

TY3HTOB B COCTOlIHHJIX 1 l1 2 6y.uyT 3aMeTHO OTJII1'IaTbCJI. B c.c. 3aBHCHMOCTb 

'.3Heprm1 n HMTIYJibCOB '!aCTHU OT k2 y.u~6no BblpaiKaTb B CJlHHHUax, KpaTHbIX 

ml:im. Ecnn "cpoTon" C'IHTaTb " 'Iacn1u:erro.uo6nh!M", TO HHTepBan B03MOiK

HLIX 3Ha'!emr:u: k2 
.uomKeH ueJIHKOM naXOJlHTbCJI BO BpeMennno.uo6noM IIHTep

BaJie [O, l:im2
]. Ecmr paccMaTp11BaeMy10 BepIIInny C'IHTaTb '!aCThJO KaKoro-To 

CJIO:iKHoro npouecca, TO k2 MOiKHO npOJlOJliKHTb B o6JiaCTb OTpHUaTeJibHbIX 

3Ha'Iemn1 BIIJIOTb JlO 6ecKOHe'IHO 60Jibllll1X H TIOJIO)KHTb k 2 = -(m!:im. 
IIepemrIIIeM 3Ha'IeHirn 3Heprnn II HMIIYJibCOB '!aCTHU B Bb16pami;bIX ,e.unnn

uax 

w = E'J - c:2 = l:im; 

k = k = ✓(m!:im(l + ~;::) ~ kJ(m!:im(l + ~: + ... ); 

p =--- 1+- 1--+- 1+(- ~ k✓(m!:imF¥!:im ( 1 1~m) 
J 2 (m ( ( m 

A ~( l:im ) ~ kmJ V (--:;;;- 1 + 
2

( m + ... (6.1) 

(f);m/m«J 

k✓(m!:im ~ ( 1 1 ~) 
P2 = - 2 v 1 + ~ 1 + , - ,v 1 + , -:;;;: ~· 

A r:;;;;;( l:im ) ~ -km2v (-:;;;: 1 + 
2
(m +, ... (6.2) 

(f);m/m¢:,1 

PJ + P2 = k ~ 1 + - 1 + (- - 1 ~ -om (-·; •ff!:im~m (~m ) k [s¥m 
( (m m 2 , m (6.3) 

· !:im ( 1 (1 m )•~ 
cJ = -2- 1 - ( + ( + l:im V 1 + (-:;;;:} ~ 

l:im ( ( () l:im · ) ~ mJ + 4 ( + 1 - 2 -:;;;: + ... (6.4) 

(f);m/m«J 
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6,.m ( 1 (1 m ). ~m 
£2 = - -1- - + -+ - 1 + (- ~ 

2 ( ( D.m . m 

6.m ( ( · () 6.m ) ~ m2 + -
4
- ( + 1 - 2 ~ + ... (6.5) 

(Am/m«l 

B TO<J:Kax rroporoBhIX 3Ha'leHHH k; H rrpu Bhl6ope ( = 1, 2, 3 Bhipa;Kemrn 

.D.JUI IIMIIYJihCOB II 3Hepruii: qaCTilU, yqaCTBYIOIUilX B pacrra.D.e, CBe.D.CHhl B Ta6JI. 

2 Ta6rruua HarmI.D.HO BocrrpoH3BO.D.IIT Bce oco6eHHOCTil 1rnneMannrn pacrrana 

B C.C. 

7 . 3aK.r:noqeHHe 

B 3TOH pa6oTe Mhl paCCMOTpeJIIl B c.c. BepIIIHHHYIO qiyHKUHIO, B KOTopoii: 

KBa.n:paThl 4-HMIIYJihCOB .UBYX BXO.UHIUIIX B nee '!aCTilU ne paBHhI, HO q>IlK

CilpOBaHbl. TaKyIO BepIIIIIHHYIO q>yHKUillO rrpHHHTO Ha3hIBaTh rrepeXO,UHhIM 

qJOpMq>aKTopoM, a cooTBeTcTBy10muii: eii: rrpouecc - pacrra,n:oM. Boo6me ro

BOpH, B c.c. IIOJie3HO pa3o6paTh KHHeMaTHKY Il 6orree CJIO)KHhIX BepIIIHHHbIX 

q>yHKUIIH. Mbl rrpecJie,UOBaJIII ueJih rrpo,n:eMOHCTpHpo:imTh, KaK naxo.UHTb JI.II.C. 

,n:rra rrpocTeii:IIIero "acIIMMeTpH<Inoro" rrpouecca, B ,n:annoM cnyqae no MaccaM 

mi> m~, k;. PaccMoTpeHHe KaKoro-rru6o· cJio~noro npouecca c cocTaBHhIMH 

qacTHUaMH neu~6eMHO rroTpe6yeT ero pac<IJieneHIIH ua 6orree rrpocThie rro.n:-

rrpouecchl. 
lfa rrpoBe,UeHHOro aHaJIH3a CJie,n:yeT, 'ITO rrpn: IIOHCKaX JI.Il.C . .D.JIH JII06oro 

rrpouecca Mhl MO)KeM pJKOBO.UCTBOBaThCH TpeMH 6a3HCHhlMil CilMMeTpHHMH: 

paBeHCTBOM CKOpocTeii: KaKIIX-JIH60 qacTHU IlJIII rpyrrrr qacTHU, yqacTBYIO-

IUIIX B ,n:aHHOM rrpouecce, paBeHCTBOM IIX IlMIIYJihCOB II paBeHCTBOM IIX KHHC

TII'leCKilX 3HeprIIii:. IIo,n:qepKHeM, 'ITO B TOM crryqae, 1wr.n:a IlHBapIIallTHhlC 

Macchi "cttMMeTpII3yeMhIX" qaCTilU IIJIIl rpyrrrr <J:aCTIIU ne paBHhI, paCCMOTpe

HIIe u3yqaeMoro rrpouecca B 6.c.c. rrpe,n:cTaBJIHeT orrpe.n:errennhie y,n:o6cTBa, 

TIOCKOJlhKY ero KHHeMaTHKa MO:lKeT ,n:ocTaTO'lHO rrpocTO OllilChIBaTbCH qiopMy

JiaMil rurrep6oJIII'l_ecKoii: reoMeTpttn: Jlo6a<J:eBcKoro. EcJIH qacTIIUhI, rrpIIHnMa-

IOIUIIe yqacTHe B ,n:aHHOH peaKUIIIl, cocTaBHhie, Il Bee pe3YJibTaTe rrpOIICXO.D.IlT 

nepecTpoi'IKa IlJIIl B036yM.D.CHIIe 3TIIX qacTHU, a uaIIIa 3a,n:aqa BOCCTaHOBilTL 

BHyTpeHHIOIO ,n:unaMilKY rrpouecca, TO, ·KaK Mhl noKa3aJIIl, y.D.o6nee IlCIIOJIL-

30BaTb c.c. E.c. y.n:o6na T~JihKO rrpu paccl\mTpe1rnn:'. ynpynrx npoueccoB. B 
npIIHUHIIe, ,UJIH rrocTpOeHIIH "y.n:o6HhIX" CilCTeM OTC'leTa MO)KH0 11CIIOJII,30BaTh 

Il .D.pyrue KHHeMaTII'leCKile CilMMeTpnu, paccMaTp1rnaH 6orree CJIO)I(Hhle BCJ111-

'llUihl, CBH3aHHhie c yrnoBLIMH M0MenTaMn urru BeKTopaMn Pynre - Jlcnna. 

O.n:naKO BBe,UeHHbie C IlCilOJlb30BaHUeM TaKIIX CilMMeTpnii: CHCTCMl,I OTC'ICTcl 
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6y.uyT HeJincpunaJihHhlMJI. IlpocTeiirne(1 113 IIIIX l!BJU!CTCl! CIICTCMa Bpama10-

IUHXCl! KOOp.UIIHaT, B KOTOpOII l!C'le3aCT IlOJIIIhlll MOMCIIT 113)".'!ael\lOJ'O COCTclB

Horo o6beKTa. 

8. · IlpIIJJO)KeHIIe. KIIHeMaTIIqecKIIe 

COOTHOIIIeHIIH B co6cTBeHHOM ClICTeMe 

TaK KaK c.c. no onpe.ueneIIIIIO OTIIOCHTCl! K JJ.H.C., TO ::mcprm1 '!aCTilll B 

pacna.ue 1 -+ 2+~( Bhlpa;irnIOTCl! B Hell qcpe3 KOBapHaHTHl,IC KIUICI\HtTll'ICCI\IIC 

napaMeTphl peaKUHII 11 HHBapHaHThI, a BCC 3-HMTIYJihCa JJeiKaT Ha e,UIIIICTBCII

HOII OCH, orrpC.UCJJl!CMOII HanpaBJICIIlfCM .UBHiKCIIHl! pacna.n,a1ome(1cl! 'JaCTIIIU,l 

1. 
Ilp11 Bht6opc ,al H a2 B Bil.UC (2.3) 3-HMIIYJJLCLI Ha'!aJJLHOII II KOUe 11Hof1 

'!aCTIIU Bh!paiKaIOTCl! CJIC.UYIOIUI1M o6pa30M: 

k [ m/lm r ] P1 = - 1 + --(1- -) , 
·· 2 · k 2 m 

· \k [ m/lm r ] · p = -- 1 - --(1 - -) . 
2 ., 2 k2 . m . 

(8.1) 

lb 'npHBC.UCHllbIX BhJpaiKCHI11! c.qc.nycT, 'ITO rrpII /lm -~ 0 c.c. IICJ)CXO.l]JIT B 

6.c. lb BLrpaiKCHHII (8.1) TaKiKC B11.nno, 'ITO B c,c. pacria.ua101nal!cl! •racTm~a 

.UBHil<CTCl! "Brrepc.n Ha CTCHKY" rrpH 3a.naHHOM k 2 C 60JihllllIM HMII.)'JJbCOM, 'ICM 

B 6.c., a poi1<.n,a10ma~_Cl! oTcKaKnBacT c MC_HhIIIHM, HMTIYJihCOM. M:MeHHO ::n-a 

pa3fIOC1'h KbMIICHCI1pJCT .norrncp~rnCKHII C.UBlll' 3HCprHII cpoTOHa. 

HeTpy.nHo Ha~Tn :rncp:rim pacrra.nar01uc1Icl! 11 pmK~a10mefrca qacTHll 

c1 -~ 
2

~
2 

[Llm(mllm + k2) + (k2 
- flm

2)r], 

c2 = 
2
~

2 
[6m{m6m-k2) + (k2 

- flm
2
)~]- (8.2) 

3aMCTI1M, '!TO IIpH k~ · = Q CHHrynapIIOCTH B 3THX Bhipa)KeHIUIX (KaK lI B 

npC.UhI.UYIUlIX) UC B03Hl!KaIOT, T.K;:'IIX KOMIICHCHpyeT cpaKTOp 1 _; r/m, ,06pa-

maIOIIlHHCl! B uynh B '3Tofr'. To'!~~- Ecnu 113 rroJIHhIX ;1:1cpr11fr '!acTm~ c1 u c2 

Bbl'ICCTh, COOTBCTCTBCHHO, IIX Macchi IIOKOl!, TO Mhl 06napyi1<11M, 'ITO KHIIC-

Tll'ICCKHC 3Heprnn y pacrra,UaIOIUCIIC>I H poi1<.na10mciicf ,'laCTHU OJlHIIaKOBbl lI 

;\. CJ)OAJ!f' l!OJ!Oi!..:IITf'JIJ,IIOCTII KIIIICTJlllCCKOli ::rnepr1111 cpa3y onpe.UCJ!l!CT no

[)01' II !ICf'BJlOIIOpor pacna;ia 

vi?~ ~m := 111 1 - 1112 II v'k2 ~ m := 1111 + m~. (8.:3) 

B Ka11a,1c 1 ~ -+ 1 + 2 o6nacn, pa.3pPWCHHhIX 3Ha '!CHIii! k2
• ecrecTBe11110. 

Ilcl'lllll<IC'TCll C KBclJlj)clTa CYl\11\lhl 1\lclCC 1IaCTIIU, a nopor IIJ)C.UhJJiymero KaHaJJa 

peaKIUIII llBJlllCTCll ITCf'BJlOIIO])Ol'Ol\l [8]. 
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