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[1pu n3yueHnH IBETOBBIX T10JIl, BOBHUKAIOUINX B CTOJKHOBEHHSIX PEJIITUBUCTCKHUX TSXKEJbIX HOHOB, OGHA-
py2KeHO, UTO U3-3a HaJIMuMsi B HeabesleBOM CJlyuyae JOTOJNHUTENBLHOrO uleHa, 06yCJIOBJIeHHOTO H3MeHEHHEM
IBETOBOTO 3apsijia, B XPOMOIJEKTPUUECKOM M XPOMOMATHUTHOM TIOJISIX BO3HHKAET CYLIECTBEHHBIH BKJAJ,
“11BeTOBOTO CBeueHus1” Takux 3apsiioB. O6CyKIaeTcsi BO3MOXKHOCTh MOSIBJIEHHS LIBETOBOTO “3X0” B CJydae
paccesiHus COCTaBHBIX 1IBETOBBIX UACTHIL THUTA JAUTOJSA. [IpUBOAATCS apryMeHThl B M0JIb3y Ba’KHOCTH TAKHX
3 QeKTOB MpH MOAEJUPOBAHHM HAUAJLHOTO MOMEHTA YJbTPAPEJSTUBHUCTCKUX CTOJKHOBEHHH TsSKeJbIX
MOHOB, TJIe HCXOJIHOE MAapPTOHHOE COCTOSIHUE OTPEe/IIeTCsl BbICOKOH (HEPABHOBECHOH ) MAPTOHHOM MJIOTHO-

CTbIO U CHJIbHBIMH JIOKaJIbHbIMHU Cl)JIy'KTyaLLI/IHMI/I LBEeTa.
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1. BBEAEHUE

Hacrosuas pabota u obcyknaemble B Hel
npoGJieMbl B 3HAUUTEJBHOH CTENEHH MOTUBMUPOBAHBI
HEeJIaBHUMH  JKCIEPUMEHTAbHbIMA  HCCJIEIOBAHUS -
MU YJBTPAPENSITUBUCTCKUX CTOJKHOBEHUH TSKeJbIX
noHoB Ha koJuaiaepax RHIC u LHC. Ipu sinepbix
CTOJIKHOBEHHUSIX, OJIM3KUX K LIeHTPaJIbHbIM, peasu3y-
I0TCS KoJloccasibHble TMJIOTHOCTH 3HEPTHM, NMPH KO-
TOpbIX KBaHTOBasi xpomoauHamuka (KXJ1)— teopus
CHJIbHBIX B3aWMOJIEUCTBUH — MpejcKa3biBaeT ¢ha3o-
BbII MepexoJl U3 HOPMaJIbHOH aAPOHHOH MaTepuu B
JIeKOH(aHUPOBAHHOE COCTOSTHUE MOUTH HECBSI3aHHBIX
KBapKOB W TJIIOOHOB, HA3bIBA€MOE KBAapPK-TJIIOOHHOH
nnasmort (KI'TI). K HacTosiilieMy BpemeHH MoJiyueH
O60JbLIOH  0ObeM 3KCMEpPUMEHTaJbHBIX JaHHBIX O
CBOHCTBAX 00pasyloLLerocs CHJILHO HArPeTOro U cxxa-
TOrO BelleCcTBa, UTO M03BOJIsIET H3BJeUb HH(OPMALIHIO
006 ypaBHEHHH COCTOSIHMS Tako# marepuu. OjaHako
CBOMCTBA 3TOH HOBOW MAapTOHHOW MaTepPUH TOHSATHI
ellle 1aJ1eKo He J10 KOHLLA.

B HelleHTpasibHBIX ~ CTOJIKHOBEHHSIX OTKPBITH-
eM sBuiock oOHapyxeHue Ha RHIC 6Gosbuioro
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JUIMNITUYECKOTO TIOTOKA 2 POXKJEHHBIX YaCTHII,
CBHUJIETEJILCTBYIOLIETO O KOJIIEKTUBHOM Xapakrepe
B3aUMOJIEHCTBHSI TIPH CTOJIb BLICOKHUX PEJIITHBUCTCKUX
sHeprusix. Kak mnokasan ananus, o6pasyiouiasics
aHU30TPONHAs BO30OYXKJeHHAsi MaTepusi BejleT cebst
CKOpee KaK LIBETOBasi WJeasbHasi XKUJIKOCTb, a He
raz [1]. 3a npouenmmii Gojiee ueM JIECATUJIETHHN
Nepuojl PasjiMUHbIMU Tpynnamd OblIO  BbIMOJHEHO
OrPOMHOE KOJIMUECTBO 3IKCIEPUMEHTAJbHBIX H3Me-
peHUHl 3JUIMIITHYECKUX TOTOKOB, aHU30TPOMHbLIX B
MoMepeyHor TJIOCKOCTH TpH  3Heprusx ot SPS
no LHC, wusmepenbl 6oJjiee BBICOKHE TapMOHWKH
vp(n > 2), oOGHapy»KeHbl CKEHJHHIOBbIE CBOKCTBA
MOTOKOBBLIX TapMOHMK, H3yueHa WX 3aBHCHUMOCTb
OT UEHTPAJbHOCTH B3aUMOJIEHCTBUS, BbIOPAHHOTO
UHTepBaJia ObICTPOT, TUMA PEFUCTPUPYEMbIX aJpPOHOB
M Jla’ke MeTOJIOB aHaju3a mnoTokoB. KccnenoBa-
HHE a3UMyTaJbHOH ACHMMETPHH OKa3ajoch OJIH3KO
CBSI3aHHBIM C H3yuYeHHeM >KECTKHX M MOJIyXKECTKHUX
NpPOLECCOB, MPUBOJSIIIMX K TMOAABJEHHIO B Cpeje
CTPYH, POXK/AIOIIUXCS B TApTOHHOH (ase [2].

CyliiecTBeHHbIM (DaKTOPOM MPH 3TOM SIBUJIOCH MO-
HUMaHHe TOro, UTO JBHMXKYLIMHCS C BBICOKOH CKO-
pocTbio GOJILLION 3JEKTPUUECKUI 3apsii Z CTaJKu-
BAIOLIUXCS §I/Iep MOXKET IeHepUPOBaTh MHTEHCHBHbIE
3JIeKTPUUECKHEe W MarHUTHbIE M0JIs1 Ha HeTPUBHAJbHON
uikase (Kotopasi onpesessieTcsi He TOJbKO OO0JbUIOH
IHepruell B cUCTeMe 1IeHTpa Macc M MaJoCTblO KOH-
CTaHTbl CBSI3U), XapaKTEpPHOH ISl CHJIbHBIX B3aUMO-
JIEHCTBUH, KaK TMokaszaHo B [3]. Hasuuuwe cunbHoTO
3J1EKTPOMArHUTHOTO M0JIsl B COYETAHUH C KUpaJbHOH
aHoMaJsiiel cpeibl OyleT NMPUBOJAUTL K Pa3AeseHHI0
Ha0J110/1aeMbIX 3aP51/10B OTHOCUTENBHO MJIOCKOCTH pe-
AKLMM, YTO MOXKET CJYKHUTb CHTHAJIOM KHPaJbHOTO

339



340

maruutHoro sdekra (KMD), cBumeresbeTBytolero
0 BO3MOKHOM HapyllleHUH YETHOCTH B CHJIbHBIX B3a-
umojieiicTeusix [4]. B nocsennne rojnl [5] Bhicokasi
IKCrepuMeHTasbHash akTUBHOCThL u3yueHnss KM pa-
3yMHO GaslaHCHpyeTCsl TUIATebHbIM aHAJU30M COOT-
BetcTBytolmx aanubix RHIC u LHC no 3apsinosoii
3aBUCHMOCTH a3WMYTaJIbHOH aHHU30TPOIUH KOJJIEK-
TUBHBIX TOMEPEUHbIX MOTOKOB H KOPPEJSILMHA Mo OT-
HOLLUEHHIO K MJIOCKOCTH peaklnu. B uacTHoCTH, H3Me-
peHHsI COOTBETCTBYIOLLMX KOPPEJISILIMi, BbIMOJHEHHbIE
na LHC Kosna6opauueit ALICE [6], kazanoch Obl,
COTVIACYIOTCSl ¢ OXKHJIAHHUSIMH BO3MOXKHOTO TpOsIBJIe-
Husgt KM, ofiHako 3TH pe3yJibTaThl HAXOMSITCSl B Ka-
YeCTBEHHOM COTIJIACHH TaKKe U C MPe/roNoKeHHeM o
HaJIMUMH JIOKAJIbHOTO COXPaHEHHs1 3apsijia B KOMOMHA -
[IMH CO 3HAUUTEJBHBIM JUTUIITHUECKUM MOTOKOM [7].

Eute onHum noOy»KAaoLIMM MOMEHTOM /ISl Hallle-
ro pacCMOTPEHUs! SIBJISIETCSI CTPEMJIEHHE TMPOSICHUTD
(HACKOJIBKO 3TO BO3MOKHO) JIPYroH JI0 CHUX TOp OT-
KPBITBIH PUHLMIIMAJbHBIA BOIPOC, KPUTHUECCKUH 111
MOCTPOEHHUST KapTHHBI (MeXaHU3Ma) PesSITUBUCTCKUX
CTOJIKHOBEHHH Ts2KesbIX HOHOB. Mbl HMeeM B BHJy
BOIMPOC O HayasbHbIX YCJOBHUSIX TAKUX CTOJKHOBEHHH
U, KaK pe3yJ/ibTaT, O MPUPOJIe CPejibl, TOPOXKIAEMOH
umu [8]. Miamepenusi, kotopble mianupyer Kossabo-
paunsi ALICE na 6snmxatiiuve rojpl, 06eniaior ObiTh
0co6GeHHO HH(OPMATHUBHBIMU B OTBETAX Ha 3TH BOTIPO-
Cbl M, BO3MOXKHO, CYLIECTBEHHO YCHJIAT CTaHAapTHOE
npubJiKeHue K Gu3rke MexaHuama Hacblilenus [9],
KOTOPBIH TPAKTyeT TJIIOOHHbIE MOJISI U COOTBETCTBY-
I0llIMe CEUeHHsl paccesiHusi KJacCHUecKd (He 3aBH-
CSLIMMH OT OBICTPOTHI), UTO KaK pa3 U HeoOXOIMMO
JUISl TIOCTPOEHHST aJeKBAaTHOTO TPAHCIOPTHOrO Koja
JUIS1 TIPOLLECCOB PEJIITUBUCTCKUX CTOJKHOBEHUH sifiep.
Bo3MoKHOCTB TaKOTO MoX0/1a 00yC/I0BJE€Ha BEICOKON
MJIOTHOCTbIO IVIIOOHOB B 06J1aCTH HACBILLIEHHS 1 MAJIbIM
ceueHHeM UX B3aUMoJielcTBUs [9].

Kazasnoch 6b1, MO2KHO BepUTb, UTO poGJieMa onpe-
JleJIeHus] HaJuiexKallx HeaOesieBbIX MOoJIeBbIX KOH(pH-
rypauui JIerko peliaeTcsi B poliecce yCpeaHeHHsl 1o
MX LBETOBbIM HCTOUHMKAM M B rocJeytollell pabore
B pamkax JuHeitHoro BFKL-npubawkenust [10] na
s13bike neprypbatuBHoi KX/ (Bkjiouaioulero naxke
KBaHTOBbIE MTOMPABKH ), @ TAKXKe B KBA3HKJIaCCHUECKOM
npenese [11] WM ¢ HeJWHEHHBIMU 3SBOJIIOLMOHHbI-
mu ypaBHenusmu [12] u [13, 14] nna CGC (Color
Glass Condensate)-koHueniuu, BrepBbie BBEIEHHOH
B [15]. OnHaKo oMnbIT TEOPETHKOB, 3aHHTEPECOBAHHBIX
B pellieHMH KOHKPETHbIX 3a/lau aHa/u3a JaHHbIX, YUHT,
UTO Ha CETrojiHs 3TOT MyTb BPSI/L JIH SIBJSETCS CaMbIM
sthdexTHBHBIM. CylllecTBYyIOllee Ha TEOPETHUECKOM
pbIHKE 3JIeraHTHOEe W JI0CTAaTOYHO MPO3pauHoe MpH-
OJ>KeHHe Ha sI3blKe (DYHKLMOHAJBLHOTO MHTerpala,
MO3BOJIUBIIIEE TIPOBECTH BaKHble S-MaTpUUHbIE Bbl-
YUCJIEHHS], TPOCJEKUBAIOLIME BHYTPHSIAEPHYIO 3BO-
JIIOLMIO HeaGesIeBbIX 1BETOBBIX M IIBETOCHHIJIETHBIX
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aunoJiert [16], He MOXKeT paccMaTpUBATHCS KaK afib-
TepHaTHBHOe. [IpH MasbX MJIOTHOCTSX MAapPTOHOB B
CTAJKUBAIOUIUXCS paX COOTBETCTBYIOLUE AMIIUTY-
JIbl SIBJISIIOTCS MaJIbIMH, H HEOOXOIMMble OrpaHUUeHHS
U3 YCJIOBHUSI YHUTAPHOCTH MOTYT ObITb OMNpPaBIaHHO
onyuieHbl. JIyisl 2KeCTKUX MPOLECCOB B sIpax 3TH aM-
MJIATY/Ibl CTAHOBSITCS MPONOPLHUOHANBHBIMU TOJLIMHE
s1pa, U JJIs IOCTATOUHO TSKEJIbIX silep YHUTapu3a-
Msl JIeJ1aeT 3TH aMIIMTYIbl CHUJIbHO HeJUHEHHBIMU
hyHKIMOHAJMAaMU CBOOOJIHBIX HYKJOHHBIX aMIIUTYy1. B
caydae ke nepTypOaTHBHBIX BbluncjeHnit B CGC-
CUEHApPUH OrpaHUdYeHre YHUTAPHOCTH MPUBOJUT K Cy-
LIECTBOBAHUIO OTMEUEHHOH Bbillle HOBOH pasMepHOH
1IKaJibl, TaK Ha3bIBA€MOH 1lIKaJIbl HacbIllleHus. B noj-
xozie [16] cooTHOIlIeHHe YHUTapHOCTH yCTaHaBJMBa-
€T BaXKHYI0 CBSI3b MeXJy CBOOOJHOH HYKJIOHHOH H
SIEPHOH aMIJIMTYIaMH, 4TO, B CBOIO Oouepejib, BeJeT
K Ofpe/ie/ieHUI0 MJOTHOCTH TJIIOOHOB B siipe€ B BH-
Jle HeJIMHEeHHOTO (DYHKIMOHAA TJIIOOHHOH MJIOTHOCTH
cBOGOHOTO HYKJOHA. OJHAKO 3TO ellle He pellaer
npo6JieMy onpejiesieHust [IOOHHbIX MOJIeH.

Takum oOGpasom, ckJaabiBaeTcsi J0BOJBHO Mapa-
JloKcaJibHast cutyauust. Ecan renepupyemble Ha Ha-
YaJIbHOU CTalMU SAPO-SIIEPHBIX COYJAPEHHH [VII0-
OHHBIE TIOJISI OKA3bIBAIOTCS MaJIbIMH, TO JIOCTATOU-
HO OyJeT OrpaHUUMTbCS MaJiod MOMPaBKOU MO HUM.
Ec/an ke, HanmpoTWB, OHM BEJHUKH, TO HUX JEeHCTBHE
HeoOXOJMMO YUMTbIBATh MPH OMUCAHWUM TPaHCMoOpTa
9HEPruu CUCTEMBI (a TakkKe ee duyktyatnii). [Togpo6-
Hee Mbl pa3bUpeM HHKE COOTBETCTBYIOIIHE BOMPOCHI
BKJIIOUEHHS] 1IBETOBOTO B3aMMOJIEHCTBUS Ha MpHUMe-
pe HEKOTOPBIX 3JIeMEHTapHbIX IIBETOBBbIX KOH(HUIY-
pauuii. JlonoJHUTeNbHBIA ujleH (YHCTO HeabesieBoro
MPOUCXOXK/IEHHST) B HANPSKEHHOCTH TVIOOHHOTO T10-
Jis1, 00yCJIOBJIEHHbIH H3MEeHeHHeM LBETOBOrO 3apsija,
reHepupyeT cBoeoOpasHylo BOJIHY LIBETOBOTO MOJIsI —
cusinve 1BeroBoro 3apspa. (Kaxk cniencrtsue, mnepe-
XOJl K MepeMeHHbIM CBETOBOTO KOHYCa M MapTOHHbIE
(yHKUMH pacrpeseseHusi TPeOyloT 00MnpeeseHus.
OnHako paccMOTpeHHE STHX BOMPOCOB BBIXOAMT Ja-
JIEKO 32 paMKH paccMaTpUBaeMoil HaMM 3ajaud U
OKAa3bIBAETCS U3JHULIHUM, MOCKOJIbKY HAC HHTepecyeT
TOJIbKO OlleHKA HarpsizKeHHOCTH XpomoroJiei. ) Kpome
TOTO, MHTEPECHO TaK¥Ke OTMETHTh, UTO aHaJM3 rapMo-
HUK TTIOTOKA YaCTHIL, KOTOPBIH UyBCTBUTENEH K paHHEH
CTaMU peakluM, TMPOBOJMJICS VISl ABYX HauyasbHbIX
yenoBuii: CGC u rymaybepoBckoro. O6a BapuaHTa
MOJIEJTH, KOTOPbIe aKTUBHO 3KCTyaTupytores [17, 18],
JlaJl B OCHOBHOM JIOCTaTOYHO OJIM3KHE Pe3yJbTaThl
(npennouteHrue TOH WM JIPYrod MoJesd KoJebJercs
ot pabotbl K pabote). [lepsbie pedyasratel LHC o
poxjiennu uactuil B Pb + Pb-cronkHoBenusx Haxo-
JIITCS B XOpOIIeM coryiacuu ¢ npoasuHyThiMu CGC-
BapHaHTaMH, HO OHH TaKKe BIOJIHE COMJIACylTCs H
C MOHTe-KapJIOBCKUM MOJIeJIMPOBAHUEM, KOTOPOE SIB-
HbIM 00pa3oM He BKJIIOUAET 1[BETOBLIX CTEMeHel CBO-
60161. UToObBI H0J1€€ OTIpeiesleHHO THCKPUMUHUPOBATh
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5TH NOJAXOJbI, B OyayllleM HeoOXOAUM BCECTOPOHHUMN
aHaJsiM3 JeTajbHbIX TH(hepeHIaNbHbIX XapakTepu-
ctuk (cp. [17, 19]).

[Tono6Hoe cocTosiHve npobJeMbl 3acTaBJsieT 3a-
JIaTbCsl BIIOJIHE MPAKTHUECKUM BOTPOCOM O TOM, B Ka-
KOH CTereHW UMEIOLLMeCs Ha CErojHsl TPaHCIOPTHbIE
KOJIbl NTPUCHIOCOOJIeHbl JI/Is1 OMUCAaHUsl TMHAMHMKH Kak
TJIIOOHHBIX MOJel, ckaxeM, B ciieHapuun CGC, Tak u
aHcam6Jisi yactu. YTo6bl MoJyuuTh XOTs1 Obl HCXOJI-
HYI0 OpPHEHTALMIO, HaM MPeACTaBJIseTCs J10CTaTOYHO
MH(pOPMATUBHBIM MPOKUTH CHAaYasa Mo NyTH YNpoLleH-
HOTO (KBa3HKJIACCHUECKOT0 ) OMUCAHUsT KBAPKOB, pac-
CMaTpPHUBAsi UX MO AHAJOTHH C 3JEKTPOJMHAMUKOH B
BUJE TOUYEUHbIX OOBEKTOB C KOOPAMHATOH M MacCCOH,
HeCyIIMX KJacCHUeCKU LBETOBOH 3apsj. B kauecTBe
MOJrOTOBUTE/IBHOIO 3Tana B HacTosiled paboTe Mbl
paccMmaTpuBaeM KOH(MUrypalyu JABYX [IBETOBBIX 3apsi-
JIOB, LIBETOBOI'0 3apsi/ia U LIBETOBOTO JAUIOJIs, a TaKxkKe
JIBYX 1IBETOBBIX JIUIIOJIEH, KOTOPbIE IBHXKYTCS BJOJb
NpsIMOH JIMHWW HABCTpeuy JApYr Jpyry. Mbl orpaHu-
yMBaeM Halle paccMOTpeHHe HeabeJseBbIMH MOJISIMU
st ugetoBoit rpynnbl SU(2). [TousitHo, uTo H3yuae-
Mble HaMH [IBETOBbIEe KOH(DUTYPALIMH MOTYT BBICTYMATh
B KAuecTBe MPOCTEHIINX OA3UCHBIX 3JEMEHTOB IPU
OINMUCAaHUU MPOLLECCOB PeNATUBUCTCKHUX CTOJKHOBEHHH
TSDKEJIBIX HOHOB JIIST CYIIECTBYIOIIMX (heHOMEHOJIO-
ruueckux monenei [20]. Kak o6buHO, KaaccHUecKuH
xapakrep HeabeJieBbIX M0JIell 03HAaUaeT, uTo 10JeBble
OrepaTopbl 3aMeHSIIOTCS MX CPEIHUMH 3HAUEHHSIMU
JUIsl KBAHTOBOTIO COCTOSIHHS1, 4 HEIUArOHAJIbHBIMH 3J1e-
MeHTaMH MpocTo npeHebperaiot. B Takol noctanoBke
BOIPOCA Mbl COCPEAOTOUYEHbl HA MOJYyYEHUH OLIEHKH
XapaKTePHbIX HHTEHCUBHOCTEN KJIaCCHUECKHUX TJIIOOH-
HBIX T0JIeH, a He MapPTOHHBIX (TJIIOOHHBIX) (YHKIHH
pacripenesieHusi. 3/1eCb Mbl MbITAEMCSI TaKXKe BblJle-
JIUThb crielidruecKre uepThl HeaGesleBbIX MoJel, KO-
TOpble YCJIOXKHSIIOT — HHOTJIA OY€Hb CYLIECTBEHHO —
OLIEHKHM M MOTYT KaueCTBEHHO U3MeHHUTb OOlILyl0 Kap-
THHY B CPaBHEHHH C MOJISIMH, FeHePUPYEMbIMH KJ1acCH-
YeCKUMH HCTOUHHKAMH B 3JIEKTPOJUHAMHUKE (CM. TaK-
JKe TIOCJIeIHUH pasjies HacTosiilel padboThsl). [Tonpo6-
HOMY MCCJIeIOBAHHUIO IMHAMUKH MOJIEH, TeHePUPYEMbIX
aHcambJieM KJaccuueckux HeabesieBbIX 3apsiioB, Oy-
JIET MOCBSILIEHA OT/e/bHAsT MyOJIUKALMS.

2. TTOJIE IBVMD)KYUIETOCS 3APSIA.
AJIEKTPOIMHAMUKA

Jl1si Hauasa HaNMOMHHUM HEKOTOpble MMOJIOXKEHHS
3J1eKTpoiiHaMuKH. [losie ToueuHoro 3apsina ¢ Tpaek-
TopHeli r(t) B TOuKe HaGJIIOIEHHST X OTIPE/IeIIeTCs PH
nomoliu noreHuyana JIrenapa—Buxepra:

1 e
S0_E|:.R—V:R.:|t/7 (l)

1 ev
A_E |:R—VR:|t/'
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B Hacrosiieli pa6oTte Mbl GyleM TPHAEPKUBATHCS
©CTeCTBEHHOH CHCTeMbl €IMHHUL, B KOTOPOH CKOPOCTb
CBETA ¢ PaBHA eIMHULIE, 3aPsi/L 3JeKTPOAHHAMHUECKHH
e W 3apsil g B HeabGeseBOH TeopHu OGe3pa3mMepHbl,
T.€. BXOJSIT C HY»KHbIMH MHOXKHTEJISIMU Ac, THTIHUHbIE
paccrosinust B 3anade nopsiaka 1 ®dwm, norenuuasb
M HanpsKeHHOCTH ToJiell M3MepSIIoTCsl B My M m2
COOTBETCTBEHHO, I'JI€ M., €CTh Macca m-Me30Ha. 3/1eCh
cKaJsisipHasi (HyJieBast) U BEKTOPHAsi KOMIOHEHThI MO-
TeHIMajsa 0603HaUeHbl yepe3 @ U A, a € U V eCTh
3apsi/l YaCTHLBI H €e CKOPOCTb B HEKOTOPBIH 3anas/ibl-
BAIOIME MOMEHT BpeMeHH t’, KOTOPBIH OMpe/IesisieTcst
paccTosiHUeM OT TOUKH HaOJIIOAeHUs 10 YacTHlbl R =
= |R|, re pamuyc-BeKTOp HarpaBJjeH OT 3apsijia B
Touky HabuoneHnsi R = x — r(t'). [1puuem nmeercst
BaXKHOE COOTHOIIIEHHE, CBs3bIBatollee JabopaTopHoe
BpeMsl ¢ ¥ BpeMsi 3amas ibiBatust ¢,

R=t—-t. (2)

HaHpH}KeHHOCTI/I 9JIEKTPHUECKOI0 U MarHuTHOI'O Io-
Jell 1arTest BbIpa>K€HHUSIMHU

E=—-"—
8t V(p)

[IpumeHsisi ocHOBHOE cOOTHOILIeHHUE (2), MOXKHO MOoKa-
3aTb, UTO HMEIOT MECTO PABEHCTBA!

H=VxA. (3)

OA  OA Ot
E:WE, VXA:VXQOV, (4)
ot 1 n
- - - = ———
ot 1—wvn’ v 1—vn’
VR=_——
1—vwvn
I S
V(VR) =v 1_Vn(vR v7)
ov n
_oy Y __n .
VXV—Vtxat/ 1_Vn><v,

n = R/R, u yckopeHHe yacTHIbl B 3anas/ibIBaOLIHI
MOMEHT BpeMeHH orpejiesieHo Kak v = dv/ot’, cm.,
Hanpumep, [21]. Mcnoabayst nosyueHHble cOOTHOLIIE-
HHS$1, C TTOMOILbIO MOTEHMAJOB (1) MOXKHO OMpeeuTh
BEKTOPbI HATPSXKEHHOCTH 3JIEKTPUUECKOTO U MarHUT-
HOTO MOJIeH:

e (1-v)@n-v) )
C4n|R?2 (1—wvn)3
+En><(n—v)><\'f
R (1-vwvn)? y
1 e nxv 9 .
—%nxV]t,:an.

[IpuBenem Tak:ke opMyJibl, B KOTOPbIX MOTEHLHAJbI
W HaNps>KEHHOCTH TOJIEH BbIpakeHbl yepe3 TeKyllne
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KOOPAMHATBI YacCTHIl I' = rg — Vi, TJe Iy — COOTBeT-
CTBYIOLIlee PACCTOSIHHE B HAUaJIbHbI MOMEHT BPEMEHH
(KOOpAMHATY TOUKHM HAOJIIOJIEHHST X HE BBIUCLIBAEM ).
DJIeKTpUUECKOe U MAaTHUTHOE T10J151 HMEIOT BT

1 er(1 — v?)
AT [(rv)2 4 (1 — V2P ©
H=v xE.

Hanomuum TaK»Ke, KaK BbITVIAAAT 2JIEKTPOMAariuTHbIE
NMOoTEeHLHAaJbI:

1 e
a0
_ 1 ev
T 4rm [(rv)2 +1r2(1 — v)|1/2’

KoTOpble OYIyT MCIOJb30BAThbCS HUXKE J/IsI CpaBHe-
HHUSI.

3. ITOJIE IBMDKYIIETOCS 3APSAIA.
HEABEJIEB CJIYUHAU

Tenepb o6paTumcst K cjaydato HeabeseBa MoJisl.
Mb1 paccMoTpUM MHTepecylolle Hac 3aauk TOJbKO
st caydast rpynnel SU(2). Baxnasi aisi dhusuue-
CKHMX npuJoxKeHni rpynna SU(3) HaMHOro CJ0¥K-
Hee B TEXHMYECKOM OTHOLIEHHM, HO BO3HHKAlOLIHe
MPUHLMIHAJbHBIE BOMPOCHI, KAK HAM KaKeTCsl, MOXKHO
ySICHUTb M Ha GoJiee mpoctom npumepe SU(2). B
KBa3HKJIACCHUECKOM MPUOJHAKEHUH HeabeJsieBbl MoJIst
NPEJICTABJSIOT COO0H c-UMCJIOBble (DYHKIIMH, KOTO-
pble OIpenessiioTesl OCPEACTBOM pelleHUid ypaBHe-
Huil fiHra—Mugica. [TnoTHOCTb UHTEpeCyIOLIEero Hac
JlarpaH;KhaHa uMeeT BU]L

L= —iéﬂ”éw —jrA,, (8)

A (AL A2 43

rie A, = (A4,,A;, A;) o0603HauaeT TPHUIJIET sIHI-
MUJIICOBCKUX TIOJIEH pa3/iMuHOro LBeta (H30CmnuHa),
j" ecTb MJIOTHOCTb TOKAa BHEIIHHX LBETOBbIX MC-
TOUHHKOB, 4 TEH30p HATPSKEHHOCTH FIIOOHHOTO M0~
Jisl onpesielieH Kak G,u, =0, A -0, A + gA X A,,,
MpH 5TOM KOBapHAHTHAs nponssozmaﬂ JIEACTBYET MO
npaBuJy, Dﬂf 8“f + gA“ X f ¥ 3HAK YMHOXKeHHUs
(X) COOTBETCTBYET BEKTOPHOMY MPOU3BEIEHUIO BEK-
TOPOB 1IBETOBOTO (M30TOMHUECKOT0) MPOCTPAHCTBA.
[TosieBble ypaBHeHHS] HMEIOT BUL

DG, = J. (9)

Haubousee cyliecTBeHHOE OTIHUKE 3TUX YPABHEHUH OT
ypPaBHEHHH 3JEeKTPOAHHAMHUKH 3aKJI04aeTcsi B yCJ0-
BHUU COBMECTHOCTH CUCTEMbI ypaBHeHHUH (9)

Dij, =0, (10)

BOPOHIOK u ap.

KOTOpoe B 001LIeM cJlyuae 03HAuaeT, UTo 3apsii-BeKTOp
MOKET He COXPaHSATbCS B TOM CMbIC/€E, KaK 3TO 10-
HUMaeTcsl B aJeKTpoiMHaMuKe. B KauecTBe npuemiie-
MOro pellieHusi ypaBHeHuit flura—Muiiica J71st ofHON
YaCTHLIbl MOXKHO MPUHSITH MOTEHLHMAJbl BUJA

1 C
G-~ | Y 11
7T |[R-vR| (th
~ 1 6’v
A= _— |—"

47 | R —vR

t/

C MOCTOSIHHBIM LIBETOBbIM 3apsiioM dacTtuupl C. B
3JIEKTPOJIMHAMUKE MOXKHO YOEIUTbCS B €IMHCTBEHHO-
cTu peluenusi Buaa (1) nast Toueunoro 3apsina (npu-
HUMasi BO BHUMaHHe U3BECTHYIO poOJieMy CHHIYJsp-
HOCTH, CBSI3aHHYIO C camojielcTBHeM [22]), MOCKOJIb-
Ky CIpaBeLIMB NMPUHLUMIT CYNEpro3ULUMK pelleHHH, 1
uMeeTcsl oOlIMI BUJ 3amna3/biBatolllero pelieHus. B
HeabeJieBOU TEOPUH Y HAC HET BO3MOXKHOCTH aHAJIU3HU-
poBaTh pellieHde ypaBHenuil Slnra—Muiiica B uesom
(Her obllero Buaa 3anasfblBalOLIEro pelleHHs ), HO
MOXKHO MOHTH MO TYTH NOCTPOeHUsT (TPUOJIHIKEHHBIX )
pelleHu#, GJIU3KUX 10 CBOUM CBOUCTBAM K 3JIEKTPOIU-
HamMuueckuM. B uacTHocTH, B HacTosillel paboTe, Kak
OblI0 CKa3aHO BO BBeleHUH, Mbl COCPELOTOUMMCS Ha
aHaJIM3e HECKOJIbKUX BaXKHbBIX JIJIs1 TPAKTHKH TIPOCThIX
3aj1a4 JIJ1s1 4aCTHL, CTaJIKUBAIOLIMXCS HA MTPSIMOH.

[Ipu nocTpoeHUH MPUOIUKEHHBIX pelleHUi Ham
MoHano6ATCs HEKOTOPbIE CBeJeHHS, TTOJydeHHbIe MTPH
pacCMOTPeHHH 3ajlaud O JBYX IIBETOBBIX 3apsiiax
JUISt calyuast MeJIJIeHHO JIBUXKYLLMXCST uacTull [23, 24].

[lyctb mepBasi wactuua Hecer 3apsin P, Bropas —
Q. B ycaoBusix coBmectHoctd (10) asist ToyeuHbIX

HUCTOYHHWKOB LBETOBOI'0 3apsila MpaBOMEPHO B 3TOM
cJiyuae OCTaBUTb

P = g3(t,x1) x P,
@ = g&(t7x2) X éﬂ

rjie Touka o603Hauaer nucdepeHIpoBaHue 10 Bpe-
MEHH; X1, X9 — TeKYIIIHe MOJI0XKEHHsT TOUEUHbIX 3apsi-
JIOB B MOMEHT BpeMeHH t; o(t,X;) — 3HaueHHe CKa-
JISPHOTO TOTEHIMAJa B TOUKE PacroJioXKeHus 3apsija.
Henocpencteenno us (12) cienyer coxpaHeHue Moy -

(12)

JIsl [IBETOBOTO 3apsiia yacTHiibl, P2 = 0, Q? = 0. Ana-
JIU3 PSIJIOB TEOPHH BO3MYILEHHE 110 KOHCTAaHTe CBSI3H
g ¥ 0 CKOPOCTH YaCTHIL v/¢ MOKAa3biBAeT, UTO eCJi

CKaJISIpHbIH MOTeHIMaN @ “HATAHYT Ha YMOMSIHYThble
BbIllIE JIBA LBETOBBIX BEKTOPA!

o= 901?+<P2QV

(B UaCTHOCTH, Tak BBINJISAMT TEPBbIH UJieH UTepa-
LMOHHOTO psiJia), TO T'eHEPUPYeMblH WM BEKTOPHbIH

(13)
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noteHuyans A 6yner “HaTsHYT  TOJbKO Ha BEKTOPHOE
NPOU3Be/IeHHE BEKTOPOB 3aP5I10B YACTHLL:

A =aP xQ, (14)

npUUeM BCJIEJICTBHE TIPABUJ BEKTOPHOH ajreGpbl oH
B CBOIO ouepelb OyjleT MPUBOJAUTH B CKAJSIPHOM TO-
TeHIIMaJie TOJbKO K ujieHaM, “HaTsaHyTbIM  Ha JBa

BekTopa 3apsiioB dactul, P u ). B pesysbrare 3a-
naya (pakTopusyeTcsi, W JIJIsi BBEIEHHBIX KOMIOHEHT
MOTEHLMAJNOB ©1, (P2, & MOXKHO MOJYUHTb 3aMKHYTYIO
CUCTEMY YpaBHEHHUH:

DD® =4,
VxVxa—gj=0,

(15)
j=®JD®.

%
3necb & = — @ ecthb croJibell, rae 3HAUEHHs TO-
TEHIMAJIOB 3aJlaHbl B TOUKAX PAaCMOJOXKEHHUS] YaCTH-

«T * * *
wt o = leneall, © =11PnLe2ll, 1= wi(x2),
452 = o(x1); KOBapHaHTHAsi TPOU3BOJIHAS OTIpeJiesie-
Ha Kak 67 = ||6(x — x1),6(x — X2)||; D = Vi +
+ gaCly, k, 0l =1,2; C'u J ecTb MaTpPHUIIbL:

—(PQ) ~(QQ)
(PP) (PQ)
31ech Kpyryble CKOOKH 0003HAYAIOT CKaJISiPHOE MPO-
U3BeJleHHEe BEKTOPOB, JIebTa-(QyHKIIHS § OTBEUAET UC-

TOUHHMKY eIMHUYHOH MHTeHCUBHOCTH. [IpH 5TOM ypaB-
Henus (12) npuoGperaroT cJeyolui BUL;

0 1
-10

C: J:

P=gy QxP, (16)

5 . o~
Q=gp2 PxQ.

HOJIyLIeHHaH CHUCTeEMAa OIIUChIBAEeT Ban_LeHHe 3a-
pﬂ[[OB OTHOCHUTEJIbHO TIOCTOAHHOI'O BeKTOpa Q:

~ % o~ ~
élP—l- Y9 @ ¢ uactotoit ¢|€)|, mMpu 3TOM MaTpulia
C' coxpansiercsi, dC/dt =0, Tak uTO MOTEHILMAJbI
© M BEKTOPHOE TI0Jie & SIBJSIOTCS C TOUHOCTBIO v/c
KBa3MCTaTHUECKUMH.

Cucrema (15) umeer sicHbIH (DU3HUECKHI CMBbICII.
[TopoxKeHHoe 1ByMSI TOUEUHBIMH HCTOYHMKAMH LiBE-
TOBOE TIOJIE CaMO CJIY?KHT MCTOUHMKOM 3apsiia, Mo-
CKOJIbKY TJIIOOHBbI He HeHTpajbHbl. B mpocTtpaHcTBe
MeXJly 3apsilaMi YCTaHABJIUBAETCS CAMOCOTIacOBaH-
Hasi KapTHUHA 3apsiloB U COOTBETCTBYIOLMX TOKOB.
Pelienus: 3To# cucteMbl OblJIM MOAPOOHO UCCIEN0BA-
Hbl KaK aHaJIMTHUECKH, TaK U uucjaenHo [24]. Okasa-
JIOCh, YTO YACTHULbI B3aUMOJEHCTBYIOT KYJOHOMOA00-
HbIM 00pa3oM, W ecJ/ii KOHCTaHTa CBSI3H He BeJsMKa,
g/(4m) < /2, To pellenne XopolIo aNNPOKCHMUPY-
eTcsl TPH MOMOLLM KyJIOHOBCKHX TOTEHLHAJIOB (1 9 =
= 1/(4m|x — X1 ,2|) ¢ BEKTOPHBLIM MOJIEM &, KOTOPOe
reHepupyeTcsl THMHU TOTeHLUHMaJaMd B CJeylollel
UTepalyu 1o g. B 11eJ0M BeKTOpHOE ToJie BBITJISIIUT
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TOTJla KakK cBoeoGpasHoe 00J1aKo WJIM Kak ToJie Mo-
CTOSIHHOTO MarHuTa ¢ MoJII0CaMHU, PACMOJIOKEHHBIMU B
TOuKax X1, Xo. Ha oTpeske, coelHsIIOIIEM HCTOUHH-
KH, BEKTOPHOE T10JIe HMEET TOJIbKO TPOJIOJbHYI0 KOM-
TOHEHTY MOCTOSIHHON BesMunHbl: |ay| = 1/(47|x; —
— X3|). [pu ynanenuu ot ocH, Ha KOTOPO# pacroJio-
XKeHbl 3apsijibl, M0JIe Pe3Ko najaer. XpoMOMarHuTHOe
nosiec H COCTOUT U3 €IMHCTBEHHOH BUXPEBOU KOMIIO-
HEHTbI U, HATIPUMEP, JUIsl 3aPsII0B, PACIOJIOKEHHDIX B
Touykax 0 M 1 Ha OCH z, UMeeT BUJ,

~ g 1

N 1/2
» 1_u 1 1+4+r y
1+ p (1 —2ru+r2)1/2

xﬁxQVEH¢ﬁXQV,

(17)

IJle UCIOJIb30BaHbl Cepuueckue KOOPAMHATBL: pac-
CTOSIHME OT Hauaja KOOpJAMHAT T M KOCHHYC yrjia 6,
OTCUMTBIBAEMOT0O OT ocH z, p = cosf. (Ilpu npyrom
pacrnosioxKeHuu 3apsaoB GopmyJa 6oJiee rPOMO3JIKA. )
[Tosnasi sHeprusi, cocpeoToueHHast B IBETOBOM I10JI€,
OLIeHHBaeTCst KaK

E2 + H?
E = /dxi—g ~

(PQ) (P x Q)

~
]x1 — %o |x1 — xa|’

(18)

+ agl

rie ag = g%/ (4m); I = 3/2 — % /8 (unennl camoseii-
CTBMSI HCTOUHUKOB He npuBenensl). [IpencraBnennas
OLleHKA HEPTUH XPOMO3JNEKTPUUECKOTO U XpoMoMar-
HUTHOTO TOJIeHd $ICHO JIEMOHCTPHPYET COOTHOULIEHHE
BKJIAJI0B MePBOH U MOCJEAYIOIUX UTePALUI U JOMU-
HUPYIOLLLYIO POJib MEPBON UTepallM MPH KOHCTAHTaX
CB$I3U, UHTEPECHBIX JJ151 TPUJIOKEHHUH.

DoJsiee BHUMATeNbHBIA aHAJIU3 [MoKa3bIBaeT, 4YTO B

TeX TOUKaX, [Jie HaxXoAsATCA 3apsibl, MOTEHIHANB ©;
*
UMetoT 0cob6eHHOCTh. [IpenesibHble 3HaUeHHs1 P;, TIPH

MOMOLIM KOTOPBIX OTIPEIeJIieTCst CKOPOCTh BpallleH s
3apsiioB (cM. (16)), 3aBUCAT OT MyTH, MO KOTOPOMY
OHU TIPUXOJAT B UCTOUHUK. Hanpumep, n71s onxHoro us
3apsiJloB B HauaJsle KOOpJAUHAT UMeeM

11 ¢ ==
—— — — L qu(P
®1 Inix  dr w(PQ) + ...,
1 1 3 ~~
P2 = + L ap(PP) + ...,

A |x — x9| 4w
rjle a — BeJHYHHA BEKTOPHOTO M0JIsl &) Ha MCTOUHH-
ke. dopmasbHO HasMuMe OCOOEHHOCTH MPUBOJUT K
NPOTHBOPEUHIO C UCXOJHBIMH MPENOChIIKAMH BbIBO-
Ja (16), mocKo/ibKy Ternepb BO3MOXKHO paccorjacoBa-
HUe BpallleHHsl IBETOBOrO BEKTOPA HA caMOM 3apsiJie.
[IpuurHa Takoro MOBEJEHUS 3aKJIIOUAETCS B TOM, UTO
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paccMaTpuBaeMasl 3ajaua CPoAHH 3ajauam audpak-
MM, U Tpedyetcs 6oJiee akKypaTHasi MOCTAHOBKA Kpa-
eBbIX yCJIOBHH Ha 3apsizie. B wactHocTH, ecsn chopmy-
JIUPOBATh UX TaKUM 00pa3oM, UToObl BEKTOPHOE M0Je
a He MPOHHUKAJO0 B HCTOUHHKH, TO MOXKHO M30eKaTb
yKaszaHHo# oco6eHHOCTH [25]. OiHaKo B cydasix KOH-
CTAHT CBSI3W, UHTEPECHBIX /ISl NIPUJIOXKEHHUH, BIOJIHE
NOAXOAAT U NpubJMKeHHble pelienust. Jlasee MoKHO
NoKasaTh, YTO JUIsi KPAeBOrO YCJOBHS, MPH KOTOPOM
BEKTOPHOE T10Jie BbITAJKHBAETCS U3 3apsijia, pelleHus
cucteMbl (15) m0/KHBI KaueCTBEHHBIM 00pa30M nepe-
CTPauBaThCsl MPH JOCTHKEHUH HEKOTOPbIX OPOrOBbIX
3HAaYeHHH KOHCTAHT CBSI3H
g2

= Gy

SPE<I(+1), (19)
rie [ =0,1,2,... —1eble udcsaa (yraoBble MOMeH-
Thl), IpuueM [ = () OTBeUaeT KaK pa3 cjayuaro ¢ NpoHHU-
KalolMM BEKTOPHBIM MoJsieM. [ToMUMO 3TUX KpUTHUe-
CKHX 3HAUEHHH MMeeTCsl ellle OJIHO YCJIOBHE, BbITeKa-
101llee U3 TOTO XK€ XapaKTepPUCTHUECKOro ypaBHEHHUS,
C TMOMOIIbI0 KOTOPOTO TMOoJydeHO orpaHuuenue (19).
OTMeTHM, UTO XapaKTePUCTHUECKOE ypaBHEHHE OTpe-
JIeJIieT cTerneHb 0COOEHHOCTH PellleHHi chucTeMbl (15)
B OKPECTHOCTH HauaJia KOOPJMHAT, TJie pacroJiaraercst

MCTOUYHHK (Hanpumep, ﬁ), (pi— 421», a) ~rou
1 (20 +1)2 —am)"?

Ycsi0B1e BelleCTBEHHOCTH PellleHHH
IM<(1+1/2)? (20)

MPHUBOJIUT K OTPaHUUEHHI0, KOTOPOMY B CBOE€ BpeMs
ObIIO yJleleHO MHOrO BHHUMaHusi [26]. ¥YTBepxkia-
JIOCh, UTO MPH JIOCTHAKEHUH TOTO Mopora B HeabeJie-
BOM CJlyyae BO3HHKAET HEYCTOHUMBOCTb, B pe3yJ/bTaTe
KOTOPOH UBETOBOM 3apsi[i MOJIHOCTbIO KPAHUPYeET-
cs1. MOXKHO BHJIETH, UTO KpUTHUecKHe 3HauyeHus (19)
BCerja JIOCTUTAIOTCS paHbllle, YeM BCTYMaeT B CHJY
ycJioBre (20), U MO3TOMY BEKTOPHOE MoJie MepecTpa-
MBaeTCsl MpexJe, ueM MPOU30HIET SKpaHUpPOBaHHE
3apsiia. BbIMOMHUTL COOTBETCTBYIOLIHE TPYAOEMKHE
YUCJIeHHbIE PACUYeThl BO3MOXKHO TOJILKO MyTeM MpUMe-
HeHUsi Oe3/MBEepPreHTHbIX YucJ/eHHbIX cxeM. [lo cua-
CTbIO, yKa3aHHble UHTepecHble 3(D(EKThl 0:KUAAI0TCS
MpHU TeX KOHCTAHTAX CBSI3H, KOTOPbIE, MO-BUAUMOMY,
MPENICTABJSAIOT MaJIbIil HHTEPEC /IS TPUIIOYKEHNH.

O6patumest Ternepb K OMUCAHUIO TaK Ha3bIBAEMOTO
JII0OHHOTO 06J1aKa. CKaJssipHylo KOMIOHEHTY CHCTe-
Mbl (15) MOXKHO TIPE/ICTABUTD B CJIEYIOIIEM BHJIE:

VE = 6 — aCE,

rie BBejleH cTojbell JBYX KOMIOHEHT XPOMO3JieK-
Tpuueckoro nosiss E = D®. [locnennee cnaraemoe,

BOPOHIOK u ap.

coJepzKalllee BEKTOPHOE 110J1€ a, MO2XKHO MHTEPIIPETH-
poBaThb KakK IJIOTHOCTbL 3apsiida, NEPEHOCUMOTro IJItOOH-
HBIM I10JIEM

G = —aCE

(cronber; s3apsnoB G, Go). VIHTyUTHBHO KaxkeTcsi
NpaBJIONOJA06HBIM, UTO €CJIH I1BETOBble HCTOYHUKH
aHTHIapaJlJie]bHbl, TO 3apsi [JIIOOHHOTO MOJIsI J10JI-

»KeH ObITb paBHbIM HyJ110. [leficTBUTENBHO, ecin P =

= —(, TO, MOJICUUTHIBAsT KOMIIOHEHTbI MJIOTHOCTH 3a-
psana G1 = Gy = aV(®y — 1), MOXKHO BUJETh, UTO
3apsi/l [VIFOOHHOTO MOJIst HAa caMoM Jiesie obpallaeTcsi B
HYJIb! G =GP +GyQ=0. Hanporus, Mbl 0xknia-
€M, UTO 3apsijl IJIIOOHHOTO NoJist OY/IeT MAKCHMaJIbHBIM,

€CJIM LIBETOBbIE 3aPsijibl YACTHIL MTapaJiesIbHbI: P=qQ.
B stom cayuae G; = —Gy = aV(®y + 9), oTKya,
BOMIPEKH OXKHI@HHUSAM, V1A 3apsfa FII0OHHOTO Mosist
CHOBA TOJIy4aeM HYJIb: G =0. s JIPYTUX CJTyuaeB
3apsiJi IVIIOOHHOTO TM0Jist OY/IeT HETPUBHAJbHBIM.

BaxkHo OTMeTHTb, UTO SHEPTUsl CHCTEMbI TJIIOOH-
HOTO MOJISI M YacCTHUI, MOXKeT ObiTb TpHBe/leHa (Ha
peliienusix cuctemsbl (15)) K BUay

2 | 172
Ez/dx#z

1 .
rie, aHasoruyto (13), § = 51 P + 92Q), T.e. popmanb-
HO XPOMOMArHHTHasl KOMIOHEHTa Kak Obl BbIMajaer.
3anucaHHasi B TaKoi popMe SHeprHsi HAMOMHUHAET U3-

BECTHOE M3 3JICKTPOJAHUHAMHKH BbIpaKeHHUE AJIsd 3J1eK-
TpOCTaTI/I’-IeCKOﬁ SHEPruu CUCTEMbI 3apsaa0B:

E= —% Z%‘ez‘,
A

rie ; — 3HaueHwe MoTeHUMasa (KOTOPbIH, KCTaTH
CKa3aTb, MOXKHO y>Ke paccMaTpHBaTh Kak HabJto1ae-
MYIO BEJIMUMHY) B TOH TOUKE, IJle PacroJsiozKeH 3apsijl
e;. Cornocrapjienye 3THX BbIpa)KeHUH JaeT sIcCHOe
npeJcTaBjieHe o poJu 3apsiia TJIlooHHOro o0Jaka,
a C yueToM 3HaKa, C KOTOPbIM 3TOT BKJAJ BXOJHUT B
sHepruio (cM. (18)), MOXKHO BHJIETb, UTO B CHCTEMe
HeaOeJeBbIX 3apsi/lOB TPOSIBJSETCS JOMOJHUTENbHOE
OTTaJIKMBaHHe.

(21)

Ecusin ocraBaTbes B paMKax K/1acCHUECKOro onuca-
HHUS1, TO BbipakeHue (21) 1Mo CyTH CJIY2KUT TeM eIHH-
CTBEHHBIM MCTOUHHKOM, U3 KOTOPOTO MOXKHO MOJYUHTh
MH(pOpPMaIMIO O IEHCTBYIONINX B cUcTeMe cumax. MH-
TepecHO OTMETHTb, UTo cusa Boura [27] (npusBaHHas
OMMCHIBATH MOBEJIEHUE 1IBETOBOT0 3apsijia BO BHEILIHEM
rnoJie), Harpumep, CBsI3aHa TOJLKO C TepBbIM cJjara-

eMbIM § BbipaxkeHusi (21), Kak ¥ JO/DKHO ObITh B
cJlyuae XpOMOCTATHKH, OCKOJIbKY 3TO €JIMHCTBEHHAS
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KOMOMHALMSI, TIPH MTOMOLLIKM KOTOPOH MOXKHO TIOCTPO-
UTb KOBApPUAHTHBIH HMIYJbC YACTHLbI, YIJIHHHUB €ro
JIOJI2KHBIM 06pa3oM. B 3ToM MOKHO Takxke YyOeIuThCsl,
MOJICUMTBIBAsl CUJy BoHra mjsi nepBoro M BTOPOro
3apsiIoB SIBHO (M0JIb3ysICh ONpeJlesieHheM HamnpsizKeH-

HOCTH XPOMO3JIeKTpUyecKoro moJisi E):
Fp = PE(x1) = Vi |x, P2 + Vol (PQ),
Fo = QE(x2) = V1|x, (PQ) + Voo x, Q.

CuHTysISipHbIe BKJIAJIbl OTHUCHIBAIOT CaMOJEHCTBHE U
JIOJIKHBI ObITh PEryJisipU30BaHbl aHAJOTHUHO 3JIEKTPO-
JuHamuKe. Boipaxkenue (21) neMOHCTpUPYeT $IBHBIM
06pa3oM HeNPUMEHUMOCTb MPHUHIMMA CYTEePro3ULHH
JUIsT 3apsiIoB OOLLEro MOJIOXKEHUsT U HeOOXOUMOCTb
AKKYPaTHOTO yueTa SHEeprHH IVII0OHHOTo obJsaka. Bun
»Ke TJIIOOHHOTO OKPYXKEHHsl, a TeM CaMbIM U SHEpPrus
CHCTEMBI, 3aBUCUT, BOOOIIle TOBOPSI, OT BbiGOpa Kpa-
€BOT0 YCJIOBUS ISl 3apsijia.

[Tosie3HbiM OyjieT TakxKe OTMETHTh, UTO HTepa-
LMOHHBIE pPSifibl TEOPHH BO3MYLUEHMH MOXKHO aHa-
JIM3UPOBATh, OMHUPAsICh TOJNBKO HA CHUCTEMY ypaBHe-
it flura—Muaica (9), T.e. Kak Obl He HCMOJb3YS
yesioBue coBMmecTHocTH cuctembl (10). TIpaBusbHoe
MOCTPOEHHE UTEPALIMOHHOIO psiia ¢ HeM36eXKHOCThIO
MPUBOJIUT K BBIBOLY O HECOXpPaHEHUH 3apsijia, U 3TO
CBOHCTBO KaueCTBEHHO HHOTO COpTa (MposiBJsiIolLeecs
r106a7bHO B MOPSIAKE ¢p), YeEM HAUBHO OXKHJAeMble
HeOOoJIbLIHe MONPAaBKH K abeJIeBOMY PeLIEHHUIO 3a CUeT
HEJIMHEHHOCTH CUCTeMbI ypaBHenuil SlHra—Muiiica.

B onpesesieHHOM CMbIC/IE 3TOT BBIBOJ MOXHO HC-
NoJIb30BaTh H B 0OpATHOM HamnpaBJjeHuH. Pelllenns
OyJlyT aBTOMaTHUECKH NPABUJIbHBIMH C TOUHOCTBIO JIO
g (B neficTBuTeNILHOCTH 10 g3, M. (18)), ec/in yuTeHbl
YCJIOBHSI COBMECTHOCTH. VIMEHHO 3TMM Mbl W BOC-
NOJIb3yeMCsl HHXKE TIPH TMOCTPOEHUH TMPHUOJIHMKEHHBIX
pelleHui B PeJIITUBUCTCKON CUTYalMH.

B HeaGeseBOM cJ/lyuae TeXHUUYECKH 3aTPYJAHHUTE/b-
HO MepexoJiUTh K pa3uuHbIM KajJuOpOBKaM, H, Kpome
TOro, Habop pU3MUYeCKH ONpaBAAHHBIX HAOJI0AAEMbIX
yKe, ueM B 3JeKTpoJuHaMuke. K 3Tomy kijaccy Ha-
6J110/1a€MbIX He OTHOCSITCSI TAKHe BaxKHble XapaKTepH-
CTHKH, KaK HaMpPS?>KEHHOCTH XPOMO3JIEKTPUUECKOTO U
XpOMOMArHuTHoro rnoJieil. [Tostomy Beraer npotGiema
MHTeprpeTaluu peluenuil. B pago6panHom Hamu npu-
Mepe (hUKcalusl KaJHOPOBKH OCYILIECTBJISIETCS HesIB-
HbIM 00pa3oM, myTeM BbiGopa Buaa petenusi. MoxHo,
Harpumep, BbIOpaTh Apyroe npejacTaBjieHue peleHus
1 MepelTH B CUCTEMY MOKOs1 BpallalolIMXCsl 3apsiI0B.
[Tpu sTOM MoOTeHUMANBl 12 HAa NPOCTPAHCTBEHHON
6eCKOHEUHOCTH OYIyT BbIXOJWTb HA HEKOTOpPbIE MO-
cTosiHHble. Takue KaJuOpPOBKH HEyJL0OHO MPUMEHSITh
B UMCJIEHHBIX pacuerax, M OMbIT MMOKa3bIBAET, UTO T10
CYLLECTBY CaMbIMH HH(OPMATHBHBIMH OCTAlOTCS Ky-
JIOHOBCKHE peLLeHHs.
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JloGaBsienre xotsi Obl OJHOTO I[BETOBOTO 3apsija
WK BbIXOJ Ha GoJiee wnpokyto rpynny SU(3), Ha-
NpUMep, He MO3BOJISIET UCCJIEN0BATh 3aj1auy C TOH ke
CTEeMeHbIO MOJIHOTHI, KaK 3TO UMEJIO MECTO ISt CJIyuast
JIBYX YacTHLl. YpaBHEHHs] COBMECTHOCTH B 3TOM CJly-
yae He MHTETPUPYIOTCS, TEM He MeHee MPeJICTaBIseTCs
NpaBJONOA0OHbBIM, UTO SHEPTHST CHCTEMbI JAETCs Bbl-
paxkeHHeM, aHaJOTMUHBIM (21), ¢ KyJJOHOBCKUM 3aK0-
HOM B3aMMOJIEHCTBH ST KOMITOHEHT.

OTMeTHM ellle 0JIHO BaXKHOE CJIEJICTBHE, BhITEKAIO-
iee u3 npeacrasyenns (21). Ha ero ocHoBe MOXkHO
CTPOUTb CTaTHCTHUECKOE OTMCaHue aHcamOJisl YacTHIL
C UBETOBBIMHU 3apsilaMM B BaKHOM il TIPAKTHKH
napHom npubankenud. [ToTeHuuanbHasi SHeprus cu-
CTEeMbl BbIpAXKaeTcsl uepe3 CKaJsipHOe MPOU3BeJieHHe
LBETOBbIX 3apsijloB, KoTopoe B cuay (16) ¢ xopo-
lIefl TOUHOCTbIO He 3aBUCUT OT BpeMeHH. [losTomy
orpaBjlaHo MosiBJeHHe PYHKUMH pacrpejieseHus ua-
CTHL 110 3TOH MepeMeHHOH ¢ MOCJeyIOLIUM Orpyo-
JICHHBbIM OINUCAHUEM 3JIEMEHTOB aHCaMOJIsl B KaxK/0H
NPOCTPAHCTBEHHON TouKe. KuHeTHUecKoe omnucaHue
aHcamO6Jisi JIOJDKHO BKJIIOUATh BO3MOXKHbBIE TI€PEXO/Ibl
nap 4acTull, CBsI3aHHble C M3MeHEeHHeM CKaJsipHO-
ro Mpou3BeJieHus1 3apsioB. K coxasnenuio, ocraercs
HesICHbIM, BO3MOXKEH JIH BbIXOJ| 32 PaMKH [apHOTO
NpUOJIXKEHHS, TOCKOJIbKY OTCYTCTBYET COOTBETCTBY-
I0LMH aHaJior npejcTabyenus (21) B ciyuae Tpex u
6oJiee 11BETOBBIX 3apsinoB. B ciyuae Gosiee o6iei
rpynmbl, yem paccmatpuBaemasi SU(2), saTpynHu-
TeJIbHO Jiaxke chopMyJIUPOBATh MapHOE MPUOJHKEHHE.

Kak Ham KaxkeTcsi, Mbl IPUBEJIH 3/1eCh YOeIUTENb-
Hble JIOBOJIbI, UTO MOMbBITKH MOCTPOEHHUS] CTAaTUCTHUE-
CKOTO ONHUCaHMsl aHcamOJiell ¢ LBETOBBIMU 3apsilaMu
(DYHKUHMSIMH pacripe/iesieHusi o COOCTBEHHO 3apsijiaM
yacTuil (noJarasicb Ha aHaJIOTHIO C 3JIEKTPOJMHAMM-
KOH) 1yt aHcamOJiell HeaOesieBbIX 3apsijioB OO1ET0
MOJIOXKEHHUSI B 1IBETOBOM [POCTPAHCTBE HECOCTOSITEN b -
Hbl. BoJsiee Toro, Ha Haw B3NS4, U B COBPEMEHHOM
NoToKe paboT MPUCYTCTBYET HeONpaBlaHHAsi CaMo-
YBEPEHHOCTb B TPAKTOBKe HeabeJs1eBbIX KJ1acCHYeCKUX
noJiel, B YaCTHOCTH, HTHOPUPYETCS TOT MPOCTOM (haKT,
YTO B OTJIMUHE OT 3JIEKTPOJIMHAMHKH MHOXKECTBO MH-
TeprpeTHPyEeMbIX pelleHul HeabesNeBbIX YpaBHEHUH ¢
MCTOYHHUKAMM MOYTH NMycTo. B03MOXKHO, He nocJes-
HIOIO POJIb B 3TOM Chirpajia npo6Jema KoHdaiHMeHTa
KBapKOB, KOTJIa OCHOBHOE BHUMaHHe OblJI0 TPUKOBAHO
K K30THYECKHM CBOKMCTBaM HeabeJieBbIX IOJIEH, Mbl,
0JIHaKO, HE CTaBUM CBOEH 1esblo 06CyKaTh paboThbl
3TOTO HalpaBJeHHS.

O6partumcest Terepb COOCTBEHHO K MPeJIMETY Hallle-
ro MCCJIeI0BAaHNSl — OMUCAHUIO PEJIITUBUCTCKUX Hea-
6esieBbIX 3apsnoB. Kak 6bl10 MoKa3aHo Bblllle, B UHTE-
PECHOM /ISl IPUJIOYKEHHUH Marna3oHe KOHCTAHT CBS3H
MOXKHO 0XKMJaTh, UTO BKJIAJ, 3apsijia TJIIOOHHOTO T0JIs
(pa3MbITOTO LIBETOBOTO 06J1aKa ) 10CTATOUHO MaJl. DTO
0COOEHHO BaXKHO JIJIs1 TIPAKTHKH, MOCKOJbKY B peJisi-
TUBUCTCKOH CHTyallMd HEBO3MOXKHO (DaKTOPH30BATh
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ypaBHeHusi B obuleM Buje aHasoruuHo (13), (14), u
BO3HUKAET HACTOSITe/bHAsT HEOOXOAUMOCTb ToJyue-
HUs NpUOJMKEHHOTO pellieHusi. B kauecTBe TakoBOro
Mbl OyJIeM MPUAEPKUBATLCS CYNePNO3ULMH MOTEHIH-
anoB JIbenapa—Buxepra Buna (11), B KoTopbiX Bek-
TOp 3apsijia YacTHLbl MOXKET Ternepb, BooOlle roBops,
M3MEeHSITbCS, MpUUYeM ero cjeayer OpaTb B 3anas-
JIbIBAIOIIMH MOMEHT BpPEMEHM, UTO HENOCPeCTBEHHO
BBITEKAET U3 00111er0 BUJIA pellleH s

~ 1
Blrt) = — x (22)
~(d 4! _ 4 _ o/
% / p( ) )5(t t |r r |)d1‘/dt/,
r—r|
oo L=t = —=v))
A(r,t) = E/ — dr'dt’.

Mbl nprMeM /151 TOUEUHOH YaCTHIIBI TIPOCTYIO anMpoK-
CHMalMI0 KOBAPUAHTHOTO TOKA TPH MOMOLLHU JIe/1bTa-
hyHKIMH:

Ju = [Co(x —x(1),Cv(t)d(x —x(t)],  (23)

rie v(t) = 1(t) ectb cKopocTh yacTHllbl. Kak cuen-
CTBME, YCJIOBHE COBMECTHOCTH J/Is1 TOUEUHOTO 3apsiia
nprobpeTaeT BUL

C=gl|atr) - VA(t,r)] xC.  (24)
M3 3TUX ypaBHEHHil JIeTKO BHJIETb, UTO MOJyJb 3a-
psiia ocTaeTcsi MocTosiHHbIM. [To3ToMy B a/ibHellem
MMOJIO2ZKUM BeKTOpr SHPﬂHOB €AUHUYHbIMH, a BEJIMUHUHY
3apsijia NpUMeM, Jist ONpeieIeHHOCTH, PaBHOM 110 T10-
pSIKY BeJMUYMHbBI KOHCTaHTe B3aUMOJCHCTBUS g (g =

= ¢?/(4m) = 0.3), KoTopyio Gy/IeM BCIO/ly BLIHOCHTb B
BUJIE OTJIEJILHOTO MHOYKHTEISI.

[TockoJibKy B HeaGesieBOM CJjydae 3apsii MOXKET
M3MEHSITBCSI CO BDEMEHEM, TO B HATPSIPKEHHOCTSIX XPO-
MO3JIEKTPUUECKOTO M XPOMOMATHHUTHOTO TOJIeH BO3-
HUKHYT JIOMOJIHUTEJIbHbIE UJIeHbI, CBSI3aHHbIE C TPOK3-
BOJIHO# BEKTOpA 3apsijia M0 BPeMeHHU 3arias/iblBaHusI:

59 9 _pot
o’ ot ot’
vC = DVY,
~ o , =0V
VxCv=Vt xDv+Vi XC%.

B pesy.sibTare a1 HeabGeseBbIX HANPsKEHHOCTEH 1M0-
JIell MOKHO TTOJTyYHTh
1 C (1-v)n-v)
C4n|R?2 (1—wvn)3
D n-v

R(1—wvn)?],’

+ (25)

gnx(n—v)xv
R (1—-vwvn)?

~ 1 C nxv 9 .

BOPOHIOK u ap.

dopmanbHO HOBble UJieHbl OTBEYAIOT H3JyUYeHHIO,
HO 4TOOBl yTBEp:KAaTh 3TO, pasymeercs, Tpedyercs
JIOMOJIHUTE/IbHOE PACCMOTPEHHE, MOCKOJbKY H3Me-
HeHUe BEKTOpa 3apsila He CBSI3aHO HU C KaKHMH
nepemMenleHUsIMA 4acTullbl. Kak Mbl y»Ke yrnoMHHAJM
BblILLI€, HAMPS2KEHHOCTH XPOMO3JIEKTPHUECKOTO H XPO-
MOMAarHWTHOIO NoJiel HelMOCPEACTBEHHO He SIBJISIIOTCS
HabJI0/Ia€MbIMH, T0TOMY MOKET BO3HHKHYTb HEKOTO-
pasi HeonpeeJeHHOCTb MPH COMOCTaBJIEHHH C pe3yJib-
TaTaMu, MoJydyeHHbIMU 1151 abesieBa cJhaydas. bosee
nocJ/1e10BaTe/IbHbIM Obl10 Obl ONUPaThCsl, HAIPUMeEP,
Ha TaKyl CKaJIsSIpHYIO MepeMeHHYyl0, KakK IJIOTHOCTb
SHEPTUU XPOMO3IJIEKTPHUECKOTO M XPOMOMArHUTHOTO
noneit: E2, H?, takke (E1 x Eo P x Q)2, nan cuaty
Boura, koTopast iBJisleTCsl aHaJOrOM 3JIEKTPOMArHUT-
HOH cuJibl JIopeHla U CJy»KUT MepOi H3MEHEHHsT HM-
MyJIbCa YaCTHLbI C LIBETOBBIM 3apsiIOM MOJL ACHCTBHEM
BHELLHEro 1IBeTOBOro MoJisl. Tak:kKe MOXKHO MpeaJo-
KUTb HabOp KOBAapUAHTHBIX (DYHKIIHH, XapaKTepu-
3YIOLUMX HAamMps)KEHHOCTH XPOMO3JIEKTPUUECKOTO U
XPOMOMAarHMTHOTO NoJIed B pa3HbIX NPOCTPAHCTBEHHO-
BpeMEeHHbIX TOUKaX (B MPUHLMIE, UCXOJS U3 ITOH HUH-
thopmalyii, MOXKHO Gbl10 Gbl OMPENIEUTh KOBAaPHAHT-
Hble TJIIOOHHBIE MAPTOHHBbIE PYHKIMH pacripeeseHus
B iyxe nojxoja Batituzekkepa—Busbsamca).

4. TTOJIE IBYX LBETOBDBIX 3APSI10B

paCCMOTpHM Terepb MnoJie ABYX UBETOBLIX 3aps/10B

P 1 @, KoTopble IBHXKYTCS M0 OCH z HaBCTpPeuy Apyr
JPYTy CO CKOpOCTSIMH v W w. sl onpeneseHHOCTH
nycTh “CTOJIKHOBEHHE” TMPOUCXOJUT B HYJEBOH MO-
MEHT BpEMeHH, T.e. KOOpPAMHAThl 4acTull B Jabopa-
TOPHOU CUCTeMe 3aJaloTcsl Kak z1 = vt, 29 = —wt. B
3TOM OOUIMPHOM pasjiesie Mbl JJOCTAaTOYHO MOJAPOOHO
OTHIIIEM AJITOPUTM MOJTyUeHHs PUOJNHAKEHHBIX pelie-
HUH, KOTOPBIH 3aKJIOUYAETCS [10 CYTH B MPOCTON CLIMB-
Ke (parMeHTOB peLleHHH, MOJYUeHHbIX B Pa3JHUHbIX
annpoxkcumauusx. Korna yacTuipl HaxoasaTest 1ajgeko
JIpyr OT Jipyra, TO B3aUMOJAEHCTBHE MOKHO TMOJia-
ratb c/jabbIM, W, N0 aHAJIOTHH C JEKTPOJMHAMMKOM,
3apsiibl MApTHEPOB C XOPOLLUEH CTENeHbI0 TOYHOCTH
MOXKHO CUMTaTh MOCTOSIHHbIMM. Kak Mbl 3HaeM u3
OMbITA, €CTeCTBEHHbIA MACILTA0, HA KOTOPOM JIOJI2KHBbI
nposiBAsiThCS 3(hPekThl HeabesieBa (CUILHOTO) B3au-
MoJieHcTBHUS, cocTaBJsieT nopsiaka 1 dm. [Tpumem anis
OTIpe/IeJIeHHOCTH, He BJaBasich B JeTa/jiM MoJ00HOTO
MeXaHH3Ma, UTO B3aUMOJICHCTBHE BKJIIOUAETCS UMEHHO
Ha 3TOM paCCTOSIHUM, KOTOpPOoe Mbl 00603HAUMM Kak
D. Kak ciaenctBue, B 3ajiaue BO3HUKAET XapaKTepHast
uikasia BpemeH. [lepasi oTmeTka — 3TO TO Bpewms,
KOT/la YaCTHLbI [TOMaJatoT B 30HY B3aUMOICHCTBHSI:

D

T=— .
v+ w

(26)
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KJIACCUYECKHE IVIFOOHHDBIE TTOJIA

CJietyer OTMETUTB BpeMsl ), KOT/ia K TIepBO# YacTuiie
(¢ 3apsiiom P) MPUXOJUT CUTHAJ O MOSIBJEHUH 3apsijia

QT Ha paccrosHuu 1 ®wm, aHaJOrHUHO JAJS1 BTOPOH
YacTHLLI 0003HAYUM MOMEHT BPEMEHH, KOT/Ia MOSABJIS-

ercst 3apsil Pr Ha TaKOM »Ke PacCTOSIHUM, KaK th, rjie

Pr v Qr — 370 3apsifibl, KOTOPbIMHU 00J1aaJH YaCTHLbI
JI0 BXOJa B 30HY B3aUMOJEHCTBUS, T.e. IO MOMEHTa
BpeMeHu 1

l-w ,  1—w
T 140 2T 14w

OTH BbIpayKeHUs! JIETKO TOJYYHTb, PYKOBOJACTBYSICh
npeacCTaBIeHHON Ha puc. 1 cxeMoll W BbIMHCHIBAS
COOTHOLLEHHsI O TPUXOJIe CBETOBBIX CUTHAJIOB M YaCTHLY
B UHTepecylollMe Hac Touku. Ha cxeme 3TH cobbiTus
NPUHUMAIOT BHJ COOTBETCTBYIOIMX TPEYroJbHUKOB.
CrapTysi ¢ MOMEHTOB BpeMeHH t;, th, 3apsii Kaxao#
M3 YaCTHULL HAUMHAET BPALAThCsl OTHOCHTENLHO CBOETO
MOCTOSIHHOTO LIBETOBOTO BEKTOPA, KOTOPLIM MPOTHBO-
noJioxKHasi yactuila obJsagana 10 BXOjAa B 30HY B3a-
umoseicTBUs. Takol pexKuM MpojoJKaeTesi BIJOTh
JI0O MOMEHTa BpeMeHH (MpHueM HHTEPEeCHO OTMETHTb —
OJIMHAKOBOTO /151 00€UX YaCTHIL)

t

T. (27)

p _l—wl—-w
14 vl4w

KOTJZla K MapTHEPY MPUXOAUT CUTHAJ, COOOIIAIOIMH O
TOM, UTO MPOTHUBOIOJIOKHBIN 3apsi/L CTaJs BpallaThCes,

T, (28)

CTapTysd CO CBOETro aCHUMIITOTHYECKOI0 3HAUY€HHUs PT,

(Qr). OT™MeTHM, UTO B TAKOM XKe JyXe CjeayeT JeH-
CTBOBaTh, UTOObI KOPPEKTHO CHOPMYJIHPOBAThL 3aja-
uy Koun mjisi ypaBHeHHH, cojiepKallux 3arasjblBa-
Hue [28].

CKOpOCTb UacTHlbl OIpeeJsieTcsl PesTHBUCT-
CKHM COOTHOIIIEHHEM

_ (4 m2 1/2N1 m2
v=\l-m) =l

rie m u € ecTb Macca uacTulibl U ee sHeprus. OTcroa
MOYKHO 3aKJIIOUUTh, UTO XapaKTepHble BpeMeHa HMEIOT
CJIeYIOLLUE MOPSI0K BEJUUYMH:

(29)

2 4
LU N
&2 &t
Ouepruun jedictBytonx ycraHook RHIC u LHC
TaKOBBI, UTO /151 HHTEPECYIOLLEro HaC (hakTopa MOKHO
MoJlyunTh OlleHKy nopsiaka €/m ~ 102,103 u Bbiiue.
Eute onHum MaciitaGHbIM (haKTOPOM BBICTYMAET pac-
CTOSIHHE MEXKJLy 3apsiIaMHU AU 0, KOTOPOE Mbl PH-
MeM TMOopsAKa MEKKBAPKOBOTO PACCTOSIHUS B HYKJIOHE,
U JI/Is1 ONpe/leIeHHOCTH BO3bMeEM €ro paBHbiM 1 ®wm.
Buiaronaps siopeHLeBCKOMyY C2KaTHIO pa3Mmep JUIOJIS B
JnabopaTtopHoil cucteMe OyJIeT BOCTIPUHUMATBLCS KaK

A=5(1 -2~ 5%.

t' ~
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Puc. 1. Cxema BeTpeur JIBYyX 11BETOBBIX yacTHil. Crijiol-
Hble JIMHUK — TPAaeKTOPHH YaCTHLL, TOUEUHble — CBETOBbIE

curnasel. t; — Bpemsi npuxosia K nepBoi yacTulie CHrHasa
0 HaJIMUMK LBETOBOTO 3apsifa Qr Ha paccTossHuU B 1 Owm;
t — aHaJIOTHUHOE BPEMSI JUTst BTOPOH YaCTHIIBI (T.€. MOsIB-

JieHue 3apsiaa Pr Ha TaKOM »Ke pacCTOSIHUK ). YKa3aHHble
3HAUEHHs1 3apsiIOB OTHOCATCS K MOMeHTy T — BpeMeHH
“HayaJjia” B3aUMOJEHCTBHS, KOTJA YaCTHLbl COJU3UIUCH
J10 paccrostuust D (1 ®m). JTo momenTa Bpemen t” nepsas
M BTOpAsi UACTHLbl BPALLAIOTCS OTHOCHTEBLHO MOCTOSIH-

HbIX IIBETOBbBIX BEKTOPOB QT H PT, KOTOPbIMH YaCTHILbI
o6J1a1aJ J10 BXoJ1a B 30HY B3aUMOJIEUCTBHUSI.

CoorBeTcTByIOllee 3TOMY MaciuTaby BpeMsi Mbl 060-
3HauUM Kak t3 ~m/E, cMm. HKe. Takum obGpasom,
JIUIS1 MHTEPECYIOILIMX HAC B HacToslled paboTe pensi-
THBUCTCKHUX 3aJlau BBICTPAUBAETCS CJlelytolliast 1lKaJa
BpeMeH:

"<t <tz < T.
B cuny BbiOpaHHOH HaMH TeOMETPUHU 3aJauM
npubJnKeHHOe pelleHde ypaBHeHHH SHra—Muiica

MOXKHO MPEJICTAaBUTb B BUJIE CJEyIOLLeH Cyrneprosn-
MM, cM. Takxke (11):

& = [p1Ply + [p2Qly,
gz = U[@lﬁ]t’ - w[@@]tu

KOHKPETI/ISprEM BUI CKaJIsAipHbIX TMMOTEHLUHAJOB 1
U Qo

(30)

1 g
S . A 31
®1 47TR1—’UR1’ ( )
19
P2 T Ry — wRy

Mbl BbIHEC/IH MHOXKHTEJIb ¢, TOCKOJbKY BbIGpasu
€/IMHUYHOK HOPMHUPOBKY BEKTOPOB 3apsiloB YaCTHIL.
B ycnoBusi coBmecTHOCTH (24) BXOAAT MOTEHLMAJbI
B MecTax pacroJioxeHust yactuil. [lyctb 23 U 2o —
KOOPJMHATBI UaCTHIL B HEKOTOPBIH MOMEHT BpEMEHH,
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1'!,' 2u'

Puc. 2. Cxema ns onpenenenust BpeMeH 3anas/blBaHHusl.
Touku 21 U z2 — TeKyllUe M0JI0KEHUs YACTULL B HEKOTO-
pbIl MOMEHT BpeMeHH. 3apsi]l epBOi YaCTHLbl XapaKTe-
puayeTcsi BpeMeHeM 3arasJibIBaHus t**, a Tak:Ke 0TPe3KOM
D, ¢ noMo1bI0 KOTOPOTO ONPEEJeTCsl PACCTOSTHHE MeXK-
Jly 4aCTHLAMH JI51 5TOFO MOMEHTA BpeMeHH. AHAIOTHUHBIH
CMBICJI IMEIOT MTapaMeTpsl ¢ U d 711 BTOPOH YaCTHIIBI (CM.
TaKXKe TeKCT).

CM. pHc. 2. VI3 pucyHKa MOXKHO 3aKJ/IOUMTh, YTO HHTE-
pecyollie Hac 3HaUeHHs TOTEHLINAJIOB ONIPeIeAI0TCS
[IPY NOMOLLM PACCTOSIHUM

Rlzd—l—ZQ—Zl:t*, RQZD—I—ZQ—Zl:t**,
rie d = vt*, D = wt™. [Ipumensist 3TH COOTHOLIEHUS,
MOYKHO TOJTYyUHTh

1 g 1 g

Y1 = - y P2 = o s

4 29 — 21 Am 29 — 21
T.€. JIOpeHleBCKHe (DAaKTOPbl KOMIEHCHPYIOTCS] TAKUM
06pasoMm, UToO cKaJsipHble MOTEHIHAJbl B TEX MECTax,
TJIe PaCIoJIOXKeHbI 3aPsi/ibl, BIPAXKAIOTCS TIPOCTO Ue-
pe3 pacCcTosiHie MeXJ1y YaCTHIIAMH B TEKYIIHH MOMEHT
BpeMeHH. [IpuHuUMasi Takke BO BHUMAaHWE BHUJI BEK-
TOPHOTO TOTeHIMAA, MTPUXOJUM K cJiefytoliiel hopme
YCJIOBUH COBMECTHOCTH:

Pea, M B — < B, (32)
|21 — 2|

~ 14+ vw " ~

Q= P(t —t5) x Q.

J171s1 BpeMeH 3anas/pIBaH|si MOXKHO TOJYUHUTh (TT0JIb-
3ysiCh PUC. 2, HATIPUMED)

v+ w
to1 =T, b 12=-

v <o
1—w

(v,w — —v,—w, t > 0). [1o onpenenenuto Bpems 3a-
nasjblBaHUs SIBJSETCS TMOJOXKHUTENbHON BEJTUUHHOM.
s t > 0 B npuBeeHHbIX (hopMysiax CJelyeT Mpo-
M3BECTH 3aMeHbl v, w — —v, —w. B nasbHelieM Mbl
6y/1eM MPUMEHSITh COKpallleHHylo (hopMy 3arucu Jiis

BOPOHIOK u ap.

BpeMeH 3amnasjpiBaHusi 6e3 JOMOJHUTE/bHbIX MOsIC-
HeHUH. YI0OHO BBeCTH TepeMeHHyl0 ¢ = —In|t], ¢
MOMOLIIbIO KOTOPOH cucTeMa (32) NPUBOAUTCS K BUILY

P =wQ(p—A")x P (t<0), (33)
Q' =wP(p—A") xQ
JJIs1 OTPULLATEJbHOI'O BpEMEHH U
P = —wQ(p+ A™)x P(t>0), (34)

Q= —wP(p+A7)xQ

— Ui TIOJIOXKHUTENBbHOTO. 31ech 1TPUX 0603HAYaeT
JuddepeHIHpoBaHte Mo epeMeHHOH ¢,

1 1
w:agi—i_vw’ A*:ln +U,
v+ w 1—w
1
A* =1In —i—w.
1—w

Huxke npu o6CyKaeHUH 3a1aUd O LIBETOBOM 3apsijie U
LIBETOBOM JIMTIOJI€, & TAKIKE O JIBYX JIMIIOJISIX HAM MTOHA-
JOOUTCS COMOCTABJISITh OMMCAHHE HA PA3JIHUHbIX LIKA-
Jlax JJisl BceX paccMaTpuBaeMblx 3aaau. s yno6¢cTa
CpaBHEHHsI Mbl OTMETHM 3TH BPEMEHHbIE Talbl B TEK-
cre. B npuHumne, netanu nocTpoeHust npuOIHKeH-
HOrO HeNpepbIBHONO pelleHusi CHCTeMbl ypaBHEHHH
JUIsl 3apsiIoB OueHb MPOCTble, UX MOXKHO OIMYCTHUTb
(cm. pasn. 4.1—4.3) 1 06paTUTbCS HEMOCPEACTBEHHO
K pe3yJibTaTaMm, NPUBEIEHHbIM B KOHLE ITOTO pasjesa.

4.1. Bpemennoii stant < T, T <t <t" (t" <0)

Brillie MbI y2Ke oroBapuBaJii BHUI pelIeHUd OJ1d

OTpHLIATe/IbHBIX BpeMeH. Tak, 10 1iKajbl t' BEKTOPbI
3apsiI0B MOCTOSTHHBI:

P = PT7

Q = QT?
JaJgiee, BrioTh 10 MoMmeHnTa t”, 3apsiabl BpalaioTcs,
NpUUYeM KaxK[blfl U3 HHUX BpallLaeTcsl OTHOCUTEJBHO
MOCTOSIHHOTO BEKTOpA 3apsijia MPOTHBOIOJIOXKHON Ua-
cTulbl. BBeniem 6asucHble BEKTOPbI B LIBETOBOM (1M30-
TOMHUYECKOM) TPOCTPAHCTBE, yepe3 KoTopble Oyaer
y10OHO BbIPa3uTh peliieHust ypapHenuh. C Bektopom P
CBsI3aHa TPOKKa OPTOrOHAJIbHbIX €IMHUUHBIX BEKTOPOB
BUJA (cM. cuctemy (33))

ﬁT X @T ~ ~ ~
————, mp,=Qr Xnp
sinf ’ T B

t <ty (35)

t < th.

QT7 npr =
rie cosf = (PpQr). Ananornunbiii 6asuc, CBsi3aH-
HBIF C BEKTOPOM (), 3a71aeTCsl Kak

PT, nNQr = —Npp, MQy = PT X NQrp-

Peluenue (33) nst paccMaTpuBaeMblX MOMEHTOB Bpe-
MeHH MOKET ObITh MPEICTaBIEHO B (hopMe

P. = cos Q7 + (36)

SINEPHASI PU3MKA Tom78 Ne3-4 2015



KJIACCUYECKHE IVIFOOHHDBIE TTOJIA

+ sin f{cos[w(yp — ¢1)]mp, —
—sinfw(p — e}, <t <t
Q< = cos Py + sin O{cos[w(p — oh) Mo, —
—sinfw(e — y)lniQr}, ty<t<t’,

rJle MCIOJIb30BaHbl CJejylole 0003HaueHus:: ¢} =
_ /. !/ /
= —In|t}]; 5 = —In|t5].

4.2. Bpemenrnosi srant” <t < —t"

Tenepr paccMoTpyM acUMNTOTHKY pelleHHH MpH
60JIbIINX ¢ (B OKPECTHOCTH TOUKH BCTPEUH YACTHIL).
B stom cayuae B (33), (34) MoxkHO mnpeHeGpeub
tdaxropamu 3anasapiBanus A*, A**. Torna kak agis
MOJIO’KUTEBHOTO, TaK U OTPUIIATEJIbHOTO BPEMEH 3TH
ypaBHEHHS OMHUCHIBAIOT BpallleHHe BEKTOPOB 3apsijloB

OTHOCHTEJIbHO BeKTopa P + (), nmpuyeM 5TOT BEKTOP
coxpaHnsercs. [Ipencrap/sieTcs pa3yMHbIM aNMpoKCH-
MHPOBaTh pelleHHs1 CUCTeMbl (32) Ha BCell MOJyocH
OTPHLIATENHHOTO BpeMeHH ( BIJIOTh 10 MOMEHTA BCTpe-
UM YaCTHIL) MyTeM CLIMBKM pelieHusi Ha wiKaje t' ¢
pelienreM Ha 1ikase t”, B KOTOpOM npeHeGperaercst
3anasjpiBaHneM. YucjeHHble HCC/IEIOBAHUS CHCTe-
Mbl (32), nosiyueHHble JJisi psiaa NpoOHbIX BAPHAHTOB,
BIOJIHE OTIPaB/bIBAIOT TAKYIO anmpokcumariio. Mrak,
B MOMEHT BpeMeHH t” Haxo UM 3HaueHHsi BEKTOPOB

BI=P(), @'=G)

Tem cambim 3aan BeKTOp P + Q, OTHOCHTEJILHO KO-
TOPOTO MPOUCXOUT BPAILIEHHE BEKTOPOB 3apsiIoB Ya-
cruil Ha wkaJge t” <t < 0. Beemem oproroHasbHyo
TPOWNKY €IMHHYHBIX BEKTOPOB (aHAJOTHUHO TOMY, KaK
MbI TIOCTYTAJIH ¢ pelleHusiMU 15 (6OJIbIIEro) Bpeme-
Hu t')
/! " /!

L+ g, X2 gy
‘P// + Q//‘ |P// X Q|

T?Lp// =0 x ﬁp//,

Q=

C MOMOLIBI0 KOTOPOH BbIPA3HUM pellieHre cHcTeMbl (33)
Kak

P = cQ + s{cos|w” (¢ — ") |mpr —
—sinfw” (¢ — ¢")]ipr},
Q< = cQ — s{cos|w" (p — ©")]mpr —
—sinfw” (¢ — ¢")]npr},

(38)

_ _ PO
O :w|P”—|—Q"|, c—= COS( QQ )’
P"O"
SZSiH%, o' =—Inlt"|.

DTo pellleHHe OMUChLIBAeT GECKOHEUHO ObICTPOE Bpa-
lleHHE 3apPSIIOB B OKPECTHOCTH TOUKH BCTPEUH, €CJIU

11 SOEPHAS PU3MKA Tom78 Ne3-4 2015

349

paccmaTpuBaTh €ro kKak (QyHKuMio BpemeHd. Torna
KakK B JIOTapU(MHUECKHUX TIePEMEHHBIX (¢ Mbl MMeeM
BpallleHHe ¢ MOCTOSTHHON yacToTol w”. UToGhl mpo-
JIOJDKUTh pellieHre yepe3 CHHIYJSIPHOCTb JUIsl T0JI0-
JKUTEJIbHBIX MOMEHTOB BpEMEHH, MOJIOXKHUM, YTO Ha
OTpe3Ke —Tmin < ¢ < €min BEKTOPbI 3apsaA0B UYaCTHLL
He uamensitorcst. llIkana BpemeHu tpin HOCHT HCKYC-
CTBEHHBIH XapaKTep U MOXKeT ObITb BbIOpaHa, B MPHH-
1yre, MPou3BoJbHO Masiol. [lpu t > ty;, peleHue
cucreMbl (34 ) (6e3 yueTa 3anas/ibiBaHusi ) MOXKeT ObITh
NpeJICTABJIEHO B BUJIE

P, = o + s{coslw (¢ — " )ipn +  (39)
+ sinfw” (¢ — ¢")]7pr },
Q> = e — s{cosw” (¢ — ¢™)]Mpr +
+ sinfw” (¢ — ¢™)]npr},
rie p = —1Int, ¢* u ™ ecTb NpousBoJbHbIE (Dasbl,

KOTOpbI€ OMPEIETUM 10 U3BECTHBIM 3HAUEHHUAM BEKTO-
POB 3apsAa0B WA —Tmin:

ﬁ<(_tmin) = ﬁ>(tmin)7
@<(_tmin) - @> (tmir1)~

CpaBnuBasi BbipaxkeHust (38) u (39), MoxKHO MoJIy-
YUTb COOTHOILIEHHUSI, CBsi3biBatole (ady ¢’ u dasbl
©*, ©**. M0XHO TaK)Ke BHUETb, UTO OMNpeJeseHHOoe
yJ10OCTBO BO3HUKAET, €CJId BbIOpaTh MOMEHT BPEMEHH
tmin TaKUM 06pasom, utoObl sinfw” (¢min — ¢”)] = 0,
e Ymin = — I tmin, T.€. @min = 27n/w"” 4+ ", rae
n eCTb 1le/ble uncsa. Torua MoXKHO MOJOXKHUTD @ =
= ™ = ¢". B pesyabrate MOXKHO He Teperpyxarb
BbIPayKeHHU s U151 OJI0?KUTENbHOTO BpeMeHH! (hopMaJib-
HbIMM C/BUTAMH (a3 W OJHOBPEMEHHO Ha3HAUMTD
MPOM3BOJILHO MAaJyIo IIKaly BpeMeHH tpin. Takum
o6pasoM, MoJiyueHO pellieHHe JJIsi OTpe3Ka BpeMeHH
tmin < t < [t"]. Kak cyiecTBre, MOKHO BHIETh, UTO

D (4l D " 154

P (t") = Ps(t"]) = P,

A " A " A1

Q<(t") = Q>(|t"]) = Q",
T.€. B pacCMaTpUBAeMO#l anmnpoKcumallii cipura das
He HaOJll0JlaeTcsi U BEKTOp 3apsijia MpU BbIXOJE CO
1KaJibl t” coBnaaaer ¢ BEKTOPOM 3apsijia PH BXOJIe Ha
Hee.

4.3. Bpemenrto#i sram —t" < t < tous, tou < t

Mbl 6bl XOTeiM MOCTPOUTh TPOJOJKeHHe (MpH-
OJIM2KEHHOr0) pelleHusi /st 6OJblIEro BpeMeHH Ta-
KUM 00pa3oM, uToObl, BO-MEPBbIX, HA LIKAJE to,4 ~
~ |t'| npoucxomuia cMeHa pekuMa BpallleHHsl |, BO-
BTOPbIX, OHO MPeKpallanoch Obl MPH BLIXOJIE HA 1LIKAJY
t ~ |T'| (CHMMETPHUHO MO OTHOILIEHHIO K OTPULIATE -
Homy BpeMmeHH ). Takoe pellieHne /st OJI0KUTENBHOTO
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BpeMeHH MOKHO TPEeICTaBUTh B BUJE (06paTHM BHH-
MaHHe Ha CMeHy 3HaKa B opMyJie 10 CPaBHEHHIO CO
cJlydaeM OTpHLIATENLHOTO BpeMeHH, cM. (33))

f’> = cos «90@0 +
+ sin f,{coslw(yp — ¢g)lmp, +
+sinfw(e —¢p)lnp,}, <t <[],
Q> = cos 0,P, + sin f,{cos|w(yp — wr)me, —
—sinfw(y — ¥;")Ing, }

C HEW3BECTHBLIMHU MOKa 6a3UCHBIMU BEKTOpaMHu

(40)

~ ~ ﬁo X Qvo ~ ~ ~
Qos Np,=——F—, mp,=Qo X Np,
sin 6,
P,, nQ, = —np,, MmMQ,= P, x nQ,»

Ha KOTOpPbI€ HATSATUBAE€TCs pelleHue, i COOTBETCTBY -

IOLMMH  asaMu @), @i, 3nech cosb, = (PoQo).
Aty UHOOPMALIMIO CJIelyeT BOCCTAHOBHTb MO HMe-

ommvest Ps (|t7]) = P”, Qs ([t"]) = Q”. Bekropuoe

npoussesenne P’ x Q" naer ele 0jHO yCJOBHE IS
pa3bICKHBaeMbIX 6A3HCHBIX BEKTOPOB B JIONIOJIHEHHE K
cootHotuenusim (40). T1pumensis npaBuia BeKTOpHOH
anre6pbl, MOXKHO MPEJICTaBUTb 3TH COOTHOLIEHHS B
MaTpUuHOi popme:

011150 + 012@0 + aiznp, = 13//7 (41)

a1 Py + azQo + agsnp, = Q"
az1 Py + azQo + assnp, = P"x Q"
Koadduumentsl MaTpuibl A UMEIOT BUL
aig = c(1 —¢y),
a1 = c(1 —c2), ax =cy, a3 = —s2,
ag1 = (o — pc)/s, ase = (8 —ac)/s, az3="rs,

rae uCroJib30BaHbl CJeAyolune 0003HauUeHHs:

all = 1, a13 = 51,

a=—c981 — (1 —c1)$9,

B =ci182 + (1l — ca)s1,
v=creo — A1 =) (1 — e3),
¢ =cos b, = (PoQo),

s=sinf,, ¢ =cosb},
0; = w(@" —¢y),
sy =sinf}*, 0 =w(’ — ).

s1 =sin@},
cy = cos 0",

Tenepb ecsiu noJiarath Bce (hasbl H3BECTHLIMH, TO
¢ nomolblo 06paTHON MaTpulbl A~ MoxKHO HaiiTH

P,, Q.. Ilns onpenenenus pa3 uMeeTcs BazKHOE COOT-
HOLLIEHHE, CBSI3aHHOE CO CKaJIsIPHBIM TPOU3BEIeHUEM

Bekropos P, Q"

(1—c))(1—c)+(c14+ca—crep)e—  (42)

BOPOHIOK u ap.

518y = (ﬁ//@//)‘

YucsieHHbI aHa/IM3 C HHTEPECHBIMH /IS TIPUJIOKEHHH
3HaYeHUsIMH KO3(DPUUMEHTOB 1, ¢o (81, S2) MOKa-
3bIBAeT, UTO MOJIyueHHOe KyOuuecKoe ypaBHeHHe JiIsi

KOCHHYCa yrja Mexay BekTopamu P,, (), UMeeT oJi1H
JIEHCTBUTE/IbHBIH M JIBA KOMIJIEKCHO-COTPSI2KEHHbBIX
KOpHSI, TPUUEM BellleCTBEHHBIH KOPEHb He BCer/a y10-
BJIETBOpsieT TpeGoBaHuIo |c| < 1, T.e. B obliieM ciydae
BCe KO3 DUIMEHTBI ¢1, ¢2 (S1, S2) U € JIOJLKHBI ObITh
corJiacoBaHbl. [paHuliibl 10MyCTUMON 06J1aCTH onpee-
JISTIOTCS1, €CJIM MOJIOXKUTb ¢ = +1, Toraa

1-— 5189 = (ﬁ”@”), -1 - 5189 = (ﬁlléll).

B HYAaCTHOCTH, IJIs MapaJ/ijie/IbHbIX U aHTUIapaJljiesb-

HbiX BekTopoB P, Q" umeem s; = so = 0. B o61iem
cJyyae Jyisi IpUG/IHIKEHHOTO PellieHHst MOXKHO OrpaHk-
UUTHCS TEMH 2K YCJOBHSIMU S1 = So = 0, aHAJOTHUHO
TOMY KakK Mbl TOCTyMaJi NpH BbIGOpe (hasbl Omin.
Torna n/ist pasbicKuBaeMbIx (a3 MOYKHO MOJYUHTD

w(" — k) =0+ 2mn,
w(” — k) =+ 2mn,

IJie 7 eCThb LeJoe Yucs10. AHaJMOTHUHbIE COOTHOLLIEHHSI
MMeIOT MecTo U sl dasbl @), llkana Bpemenu, rie
npekpataercs BpalieH1e OTHOCUTENbHO MOCTOSIHHOTO
BeKTOpa 3apsila uacTUlbI-NapTHepa, ornpeessercs
MpPH TIOMOLIM PaBEHCTBA oy = e~ Po. AHaius npu-
MepOB TOKa3bIBAET, UTO C WMHTEPECHBIMM JIJISI TMpPH-
JIOXKEHUH CKOPOCTSIMH YaCTHULL Mbl TOMAieM C TpH-
eMJIEMOH TOUYHOCTbIO Ha ILiKajy |t'|, eciu BbiGepeM
dasbl B BHIE @) = @i* =" —1/w. DTOT pemxum
CrpaBeUIMBO NTPUMeHsITL Npu m,/E < 10715 npuuem
yBeJIMUeHHe 3SHEpPruu CrocoOCTBYeT MonajaHuio Ha
Tpebyemylo 1Kasy. B npuHuune, HUYTO He MellaeT
yCTaHABJAUBATh MOJOOHBIM 00pa30M BpeMsl toyt U IS
YMEpEHHBIX PeNSITUBUCTCKHX CKOPOCTEH, TMOCKOJbKY
Ha 1Kajse ~t', KaK MOKa3blBaeT aHaJU3 MPUMEpPOB,
M3MeHeHHe 3apsil0B M0 CPABHEHHUIO C TEM, UTO UMEETCsI
Ha wikaje t”, okasbiBaeTcsl HecylleCTBeHHbIM. [Ipu
TakoM BbiOOpe a3 (42) npuHUMaeT BUJL

4% — 3¢ = (P"Q").

YpaBHeHME UMeeT OJIMH IeHCTBUTE/IbHBIH KOPEHb, KO-
TOPBIH BCErja yI0BJAETBOPSIET YCJOBHIO |¢| < 1, U 1Ba
COMpsKEHHBbIX MHUMBIX KOpHS1. Terepb Mp1 H3BECTHBIX
K03 DUIMEHTAX ¢1, C2 (81, S2) M ¢ MOXKHO OTPEJIE/UTh
6a3ucHble TPOHKH BEKTOPOB, Ha KOTOPble “HATSHYThI”
pelleHust ISl TI0JIOXKUTEJBHOTO BPEMEHH Ha 1lIKaJsax
tout ¥ |T|. J1oist MHTEpECYIOLIEro HAC YaCTHOrO CJyuast
cucrema (41) cBoauTes K caenytoled:

_-F)O + 20@0 = ﬁ/lu
2P, —Q, = Q".
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CAIm,
6

e

- - ]

— - L™

0:_. -:-_—-_..---—-ua_...__ _._..Jnun-.t_._.n
- -

- -

L 1,‘ q1:9=1t/1‘95,¢=1t/20 I . ql:e:nll.gs’q):n/zo
-4y q»: 0 =-1/1.95, ¢ = -7/20 I 4y 0= —1/1.95, ¢ = /20
N N AN TN N TN N [N N TN Y SN NS SN TN SN TR NN TN NN SN B | _2 [T N AN T Y S NN Y Y SN TN NN N TN NN SN SN NN SN SR N S |
-1 0 1 2 3 -1 0 1 2 3
t, dDm/c

Puc. 3. @ — Tpu npocTpaHcTBeHHbIe KOMITOHEHTHI  (LUTPUXOBAs!, IUTPUXITYHKTUPHAS U TOUEUHAs! KPUBbIE) KaK (DYHKLMH Bpe-
menu. CruloliHasi KpuBasi NOKasblBaeT aGCOJIIOTHOE 3HAUeHHe H30BeKTopa noreHnuana |p|. Toukn — noTeHLMas, OTBeUaOLIHIT
3JIEKTPOIMHAMMUECKOH 3ajiaue ¢ 3apsilaMi +e M KOHCTaHTe CBA3H e = 0.3. 6 — AHajoruuHble KOMIOHEHTbl BEKTOPHOTO

noreHumana A,.

Otcrona [noJiyuaem

~ 1 ~ 2¢c ~
P — P// 1
° T 42 -1 + 42 —17° 7

- 2 ~ -
— P// //'

@o 4¢2 — 1 +4c2—1Q

Cob6upasi Temepb BCe HMEIOLIHECS Pe3yJbTaThl
BMeCTe, [0JlyyaeM HerpepbiBHOE MPUOJIHKEHHOE
pellienre cucTeMbl (32) Ha Bcell ocu Bpemenu. Jlis
HAXO0K/1eHHUs HANPS2KEHHOCTEH XPOMO3JIEKTPHUECKOTO
U XPOMOMArHUTHOTO MoJiel TpebyeTcsl TakKe 3HaTb
BEKTOPbI MPOM3BOHBIX 3apsijia MO 3anasibiBalolieMy
Bpemenn dP(t')/dt', dQ(t")/dt'. Ouun BbluKCIsIOTCS
Mo sIBHBIM (hopmyJiam (32).

B kauecTBe mnpumepa peasiu3aluu HM3J10:KEHHOM
CXeMbl MOCTPOEHHS pellleHUH pacCMOTPHUM MoJie, COo-
3/1aBaeMoe JIByMsl YaCTHLLAMH CO CKOPOCTSIMH v = 1 —
—2x 1072, Jw| = 1 —1 x 1072, OTHOUIeHHE SHEPTHH
4aCTHLBI K ee Macce cocTabisieT £/m =~ 16 s nep-
BOH uyacTHlbl U €/m ~ 22 — s BTOpoi. Bhibepem
TOuky HaOsoaeHus ro(z,0,z) ¢ KoopauHATAMH T =
=2 ®Om, z=1 Owm. [ns cpaBHeHUs] pPaCCMOTPUM
rnoJie, CO3/1aBaeMoe YaCTHIIAMHU C 3JIEKTPUUECKUMH 3a-
psiiamMu te (TOM »Ke HHTEHCHBHOCTH, UTO U 1IBETOBbIE
sapsbl, €2/(47) = g2 /(47) = 0.3), ABHKYLMMUCS C
TemMH ke ckopocTsimd. Ha puc. 3 mnpuBeneHbl cka-
JISIPHBIA @ M BEKTOPHbIH A, MOTeHLMasbl 1IBETOBbIX
YACTHLL C 3apsilaMH, KOTOPbIE ONPEAEJISIIOTCS MPH Mo-
MOLLH CJIEYIOLIHUX YIVIOB B LIBETOBOM MPOCTPAHCTBE:
0 =m/1.95, ¢ =m/20— n1g nepBoil yacTuibl, O =
= —m/1.95, ¢ = —7/20— nn1a Bropoi. Ilpu sTOM
LBETOBOK 3apsij], HalpuMmep, NMepBOH 4acTHLbl OyaeT
P = (P, Py, P;), Pp =sinfcos¢, P, =sinflsing ¢

SINEPHASI ®M3MKA Tom78 Ne3-4 2015

P3; = cosf, T.e. 3Ta KOHpUrypallsi BeKTopoB P H

() oTBeuaeT MOUTH MPOTHUBOIMOJIOKHO HAMPABIEHHBIM
IBETOBBIM 3apsiiaM B HauaJbHbIi MOMEHT BpeMEHH.
Toukamn Ha puc. 3 ykaszaHa 3BOJIIOLMS TOTEHIHANA
COOTBETCTBYIOLLEH 3JIEKTPOJMHAMHYECKON 3a/1auH, a
CTIJIOLLIHON KPUBOH MOKa3aH MOJYyJb CKaJsipHOTO ||

(puc. 3a) u BektopHoro |A,| (puc. 36) NoTeHIHAOB.
Hanomuum, 4to 3TH nepeMeHHble He UMEIOT Hermocpes-
CTBEHHOTO OTHOLLEeHUs K HalJjonaembiM. CoryacHo
BbIOOPY reOMETPHH 3a/1auH MOHSTHO, UTO CHavaJsa Mbl
BUJIUM MPOXOXKAeHUe OJnKailleld K Touke HabJto/ie-
HH$1 YaCTHIIbl, a 3aTeM MPOX0KJEeHHe BTOPOro 3apsija.
O6a nuKa pacrnoJioyKeHbl CHMMETPUYHO [0 OTHOILIIEe-
Huto K Touke t = 0. Jlnisi BbIOpaHHO# KoHpHUTYypaLuu
LBETOBbBIX 3aPSII0B OJIHA U3 KOMITOHEHT MOTEHIHAJIOB,
NnoKasaHHasi LITPUXOBOH KPUBOH, JOMHHUPYET W MO-
YTH COBIMAJAET C COOTBETCTBYIOLIUM MOJIyJleM BEKTO-
pa B LIBETOBOM MPOCTPAHCTBE (CIJIOLIHAST KPUBAs).
Kak mbl 06cyxxKia/u Bblllle, B TOUKE BCTPEUM LIBETO-
Bble 3apsijibl Bpaulatotes: 6eckoHeuHo 6bictpo. Touka
BCTPEUH pacriosiozkeHa NpuMepHo Ha paccTosiHul R =

= (2% + 22)1/2 = /5 ~2.24 0OT TOUKH HaBJIOJeHHSI.
Ha puc. 3 BuaHO, 4TO B COOTBETCTBYIOLUIMH MOMEHT
NPUX0Ja CHTHAJA O BCTpeue YacTHLL HabJloaeTcs 3a-
MeTHOe OTJIHUME CKaJISIPHOIO M BEKTOPHOTIO LIBETOBBIX
NOTEHUMAJIOB OT IOTEHLHA/Ia JIeKTPOIUHAMUUECKOH
3a/laum.

BpemeHHasi 3aBUCUMOCTb KOMIOHEHT HaMpsizKeH-

HOCTH XPOMO3JIeKTpUUecKoro noJisi F, (1uTpuxoas,
LWITPUXMYHKTHPHAS M TOueuHasi KPUBbI€) W €ro Mo-

nyast |Ey| (cruioniHasi KpuBasi) ¥ aHaJloTHUHble Xa-
PaKTEePUCTHKHU /Il XpOMOMArHuTHoro noasisi, Hy, |Hy|,

1*
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BOPOHIOK u ap.

EI:Iy/mi
4

(=)

|'- !' Y
R 1:0=1/1.95, 0 = /20 Y oo _ oo W
L ‘J q,: 0 =m/1.95, ¢ = 1/20
L q,: 0 =-m/1.95, ¢ =-1/20 G2 0 =-m/1.95, ¢ =-m/20
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-1 0 1 2 3 -1 0 1
t, dPm/c

Puc. 4. a — Bpemennasi 3aBUCUMOCTb KOMIIOHEHT HAMPSKEHHOCTH XPOMO3JIEKTPHUECKOro noJist £ (WUTpUXoBast, IUTPUXIYHK-

THpHast U ToueuHast Kpusble). CrUIOLIHAS KPUBasi MOKa3bIBAET aGCO/IOTHOE 3HAUeHHe H30BeKTopa noreHunana |E|. Touku —
BEKTOpHOE [oJle, OTBeyatollee 3/1eKTPOJIMHAMUUECKOH 3anaue ¢ 3apsilaMu te M KOHCTaHTe CBsi3H ae = 0.3. 6 — Bpemennas

3aBUCHUMOCTb KOMITOHEHT HAMPAKEHHOCTH XPOMOMATrHUTHOTI'O 1OJIs1 H.

npejicTapjenbl Ha puc. 4. Jlis BesMuMH Ha PUCYH-
Ke TPUMEHEHO HEKOTOpPOe MCKYCCTBeHHOe oOpe3aHue
CHHTYJISIPHOCTEH, MO3TOMY MHKH BbITVISAAT HECKOJb-
KO HeperyJsipHo. BuiHo, 4To XpoMosJieKTpuueckue u
XPOMOMarHuTHbIE MOJsT (U1 paccMaTpUBAaeMOH KOH-
(hurypaunu 1BETOBbIX 3apsII0B) U MOJIs1 COOTBETCTBY-
IOLIeH 3a/1auk U3 3J1EKTPOJMHAMHUKH B 11€JI0M MOXO0KH
apyr Ha japyra. CylllecTBeHHOe pasJjuune 06yCJOoB-
JIEHO TPUXOJIOM CHTHaJla OT MeCTa BCTPEUM UYacCTHIl,
rJle 3aMeTHbIM 00Pa3oM HAUMHAIOT MPOSIBAATHCS J10-
MOJIHUTEJIbHBIE CJlaraeMble XPOMO3JIEKTPHUECKOro H
XPOMOMArHUTHOTO MOJIeH, CBsI3aHHbIE C H3MEHEHHEM
[IBETOBOTO 3apsijia YacCTHIbl. IDTOT 3PQPEKT CUSIHUS
LIBETOBBIX 3apsi/I0B OyJeT BUJEH U B PYrHX paccMaT-
pUBaeMbIX HaMM KOH(UTypalHusx naxke sipye. DTOT
CHUTHAJl CHSIHMS LIBETOBOTO 3apsijla He MpUBsI3aH K 3a-
psiiaM, KaK COOTBETCTBYIOIIME MUKH Ha pUC. 4, a IBU-
)eTcst (oTpbiBaeTcst oT 60J1ee MeJIEHHbIX 3aPSiI0B) CO
CKOpOCTbIO CBeTa B BHje (POHTA, HAOMHMHAIOLLErO
yIapHYIO BOJIHY (M MOXKeT ObITb Kak pa3 HaeasbHOH
YKHJIKOCTBIO, TAK HA3bIBAEMOH T1a3MOi ).

Ha puc. 5 npuBeneHbl 3HaueHus MopyJed Mo-
nepeyHoil |E,| (cruioliHasi KpuBasi) M MPOJOJbHON

|E,| (uTpuxoBasi) KOMIOHEHT HaNpsKEHHOCTH XPO-
MO3JieKTprUuecKoro mouisi. [1pojo/ibHasi KOMIOHEHTa
CUJILHO MOJIABJIEHA, KAK 3TO M JIOJKHO ObITh BCJIE-
CTBHE PEJIITHBUCTCKUX 3(D(HEKTOB, HO CUTHAJ OT TOUKH
BCTPEUH YACTHLL TPUBOJIUT K MOUTH OJIMHAKOBBIM BKJ1a-
naMm. BaxkHo TakyKe OTMETUTD, UTO KarKJ10€ CTOJIKHOBE-
HUEe 3aMeTHbIM 00PA30M CKa3bIBAETCS Ha MOJIOKEHHH
IBETOBBIX 3apsi/IOB B LIBETOBOM MPOCTPAHCTBE, HO Mbl
He MPUBOJIUM COOTBETCTBYIOLIMX TaHHBIX PaCCesTHHUSI.

Ha puc. 6, 7 npuBeieHbl pe3yJibTaThl, MOJyUeHHble
JUIsl 4ACTHLL C LIBETOBBIMH 3apsilaMH, KOTOpble oTpe-

JIeJISTIIOTCS TTPU TOMOLIM CJIELYIOIIUX YTJIOB B LIBETOBOM
npoctpaHctie: § = 0, ¢ = /20 — /151 I€PBOM UaCTH-
upl, § = —m/1.95, ¢ = —m/20 — st BTOpoi, T.€. st
MOYTH OPTOTOHAJILHBIX BEKTOPOB 3apPsiIOB B LIBETOBOM
NPOCTPAaHCTBE B HAuaJibHbI MOMEHT BpeMeHH. Mbl
OyZeM B JaJibHEHLIEM CChLIaTbCsl HA 3TOT BAPUAHT KaK
HeaGesneB. OG03HAUEHHUST HA MPEJICTABJIEHHBIX PUCYH-
Kax MOJIHOCTbIO aHAJIOTHUHbBI 0603HAUEHHSIM Ha pUC. 3
u 4. B sTOM BapuaHTe HeT NOMHHHPYIOLIEH KOMIO-
HeHTbl, Kak B cJlyyae B3aUMHO MPOTHBOIOJIOKHBIX
B 1IBETOBOM MPOCTPAHCTBE 3apsiioB, a CYILLECTBEH-
HBIMH OKAa3bIBAalOTCsl /1BA BbIJJEHHBIX HaNpaBJeHHUs
B 1IBETOBOM IPOCTPAHCTBE, O UEM CBHJETENbLCTBYIOT
NpeJiCTaBJeHHbIE COOTBETCTBYIOLLIME KPHBBIE.

Cusinne uBeroBoro 3apsiia 06yCJIOBJEHO YHUCTO

HeabesieBO KOMMOHeHTOH D B (25). ITOT schheKT He
Obl1 0OHapy»KeH B paboTax [29] no To# npuunHe, 4TO
CKOPOCTH HCTOUYHMKOB TOJIaraJiuch paBHbIMH CKOPO-
ctu cBera. [Ipu 3TOM Hcrosb3oBasach MOJACTaHOBKA
u3 pa6or [30], KoTopasi o cyTH oTGpachiBaeT CUrHaJ
OJTHOTO W3 TOJIIOCOB (PyHKIMK I[puHa, U mojyuaro-
IIMACS pe3ysibTaT He COBMAjaeT C TpeaeyioMm v —
— 1. Kak yBuIeTh B TeXHHKe MepeMeHHbIX CBETOBOTO
KOHycCa OTPbIB CUI'HAJIa CHSIHUS LIBETOBOTO 3apsijia (ec-
JIM 9TO BO3MOXKHO BOOOIIe) — HAM MOKa HEU3BECTHO.
B nameii mocraHoBKe 3anauM, KOrja pedb HIET O
MOJyUeHHUH OLLeHKH XPOMO3JEKTPHUECKHX U XPOMO-
MarHUTHBIX MOJIEH, BOMPOC aKKypaTHOTO MpeaeabHOro
nepexojia K repeMeHHbIM CBETOBOIO KOHyca B Hea-
6esieBOM CcJlyuae MpocTo U3JulleH. B To ke Bpewms,
€C/IM He MpeTeH/I0BaTh Ha TOUHOCTb BhILIE (ag),

Halllh pe3yJibTaThl U pe3yJsbTaThl padot [29], ¢ oro-
BOPKOH Ha 3(PeKT CHsiHUS 1IBETOBOTO 3apsija, B 06-
em cosnazator. O6 3TOM, B YACTHOCTH, CBUETEJb-
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- 2
¢ |momel|/m;,
103
q1: 0 =1/1.95, ¢ = /20

@2 8= —1/1.95, ¢ = —1/20

10! — IE|

4

103 L

7:0=0,0=m/20
42 0 =—T/1.95, ¢ = —1/20

t, dm/c

Puc. 5. DBosounst MonyJell ABYX KOMIIOHEHT HarpsiKeHHOCTH XPOMO3JieKTpHuecKoro noJs |Ey| (crulourHasi Kpusasi)
|E.| (uTpuxoBasi KpuBasi) Uil JABYX LBETOBBLIX 3apsiOB, OPHEHTHPOBAHHLIX B LIBETOBOM MPOCTPAHCTBE MapasiyiesbHO (a) U

OpTOTOHAJLHO (O) APYT IPYTY.

(%!
S

~

3
a

0 ‘_”::"'M"TZ,-' bl LIL LT DI foidgai) )
B a1
s
2f 9’?
Y e
4- \} q,:9=0,¢=m/20 [ % q1:0=0, 6 =m/20
I g2 0 =—1/1.95, ¢ = —1/20 s 42 0=—1/1.95, ¢ = —7/20
||I||||I||||I||||I||||I_2||I||||I||||I||||I||||I
-1 0 1 2 3 -1 0 1 2 3
t, dDm/c

Puc. 6. Hea6eneBa koHgurypauus 3apsiioB (CM. TEKCT). DBOJIIOLMS TPEX KOMIIOHEHT @ (@) U TpeX KOMIOHEHT A. (6) naist IBYX

1IBETOBBIX 3apsi10B. OG03HAUEHHUS, KaK Ha pHUC. 3.

CTBYeT COBMaJieHHe, B 11€JI0M, HAIlIMX pPe3yJbTaToB C
KapTHHOH 3/1eKTpoMHAMUKH. [103BOINM yTBEPKAATD
naxke 06O0Jbllle, UYTO MOXXHO W BOBCE HMTHOPHPOBATh
(na>ke neprypOGaTHBHOE) BpallleHHe 3apsiioB. DTHM
JIOCTHraeTcsl BreuaTssiiollee yrnpolleHHe 3ajlaun, H
NpaKkTHUeCKasi BbIroJa 3aKJIOUaeTcsi B TOM, UTO MPH
OlleHKe HeabesieBbIX MOJIeH MOXKHO MPUMEHSTh YyXKe
uMerolecss TpaHcnoptHele Koapl. ([Ipu stom mnogs
Baiiizekkepa—BusbsiMca “sjieMeHTapHo” moJydaior-
cs nyteM Qypbe-npeoGpa3oBatusi.) 3aMeTHM TaKKe,
YTO PACCMOTPEHHYI0 HAMM KOH(HUTYPALHIO JBYX MOKO-
AUIMXCS HeabeseBbIX 3apPsiZIOB MOXKHO pacCcMaTpUBaTh
KaK Xxopollee MpUOIHKEHHE TTOJIST PEJSITHBUCTCKOTO
JIATIOJISA, €CJIH 3aTeM TIepPeNTH K JIBUXKYILEHCS CHCTeMe
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orcueta. [Ipu 3TOM BUAHO, UTO UMeETCS MPOTSKEHHOE
IJIIOOHHOE 00J1aKO, KOTOPOe HMKaK He yXBaTblBAaeTCsl
0OBIUHO TPUMEHSIEMON TayCCOBCKOH annpoKcuMaLumen
TOUYEUHBIX HCTOYHHKOB [29)].

5. TTOJIE LIBETOBOT' O 3APSIA
U UBETOBOI'O IMITOJIA

Kak u B paccMoTpeHHOM B MpeblayllieM pasje-
Je cJjydae, OyaeM noJaratb, uTo umeercst (repsasi)

yacTula, obJiajarmulas UBEeTOBbIM 3apsaoM P, Ko-
TOpasi IBUXKETCS MO OCH z CcO CKOopocThio v. [lycTh
ell HaBCTpeuy CO CKOPOCTbIO w MO OCH Z JIBUXKETCS



354

BOPOHIOK u ap.

EI:Iy/m,Zt

i ]
SRy ] _
- oW 98=0.0=m20 I I q1:0=0,6=m/20
W ge=-miose=-m20 | L 4 0=—n/1.95, ¢ =20
_4||"||||I||||I||||I|l||||_2||I||||I||||I||||I||||I
-1 0 1 2 3 -1 0 1 2 3
t, dDm/c

Puc. 7. HeaGeneBa xoHdurypaimst 3apsiioB (cM. TeKCT). KomrnoHneHnTsl Xxpomoasiektpuueckoro E (a) u xpomomaruutHoro H (6)

noJsieil. O603HaueHNs, KaK Ha puc. 4.

JIUII0JIb, COCTABJICHHBIH BTOPOH U TPEThel YacTHLLAMU

¢ 3apsngamu o, Q3. O603HaUMM paCCTOSTHHE MEXTY
3apsilaMl B JIMIIOJE B €ro CHCTEMe MOKOSI KakK Jy,
COoCTaBJisAiollee O MOPSAKY BeJHUHHBI 0KoJio 1 Pm.
B na6opaTopHo#i cucTeMe oTcueTa 3apsi/ibl BOCIPUHU-
MaloTcsi H3-3a JIOPEHIIEBCKOTO COKPAIIEHHs PacnoJio-
JKEeHHBIMH Gaike Apyr K apyry: & = (1 — w?)/26,.
Ianee Ham moHano6utest Bpemsi tg = 0., /(v + w), B
KOTOpOe MPOUCXOJUT BTOPasi BCTpeua MepBoH U Tpe-
Thel uactuil (cM. HuxKe puc. 8). [TycThb BeTpeua neppoii
¥ BTOPOH YACTUIL TIPOMCXOIUT B MOMEHT BPEMEHH HYJTb.

Torna TpaekTopuu ABHKeHUS 3apsiioB P, Q2 U Q3

1‘!,' 2u' 3 w

Puc. 8. Cxema BcTpeud 1IBETOBOH uacTHUbl H JMIO-
Jisi. CIJIOLIHbIE JIMHUK — TPAEKTOPHH YACTHLL, TOUEUHbIE —
CBETOBbIE JIMHHM IPUXOAA CHUTHAJA OT TOUYKH BCTPEUU
yacthi. OTMeUeHbl TaKxKe TOUKH NprUxoja 3Xo 12 1 13 (cm.
TEKCT) U t3 — BpPeMsl BCTPEUH NepBOH 1 TPeTbel YacTHLL

ONPENENAIOTCA KaK 21 = vt, 20 = —wt U 23 = —wt +
+ 4/,. Ananoruutno cdopmyJe (30) Bo3bMeM MpUGIH-
JKeHHOe pelleHde ypaBHeHUH fIura—Muiiica B Buje

& = [p1Ply + [p2Qo)y + [03Qs]yr,  (43)
le = U[@lﬁ]t/ - w[902é2]t’ - w[903©3]t“

Hatinem noteHumasbl B TOUKaX pacroioKeHns 3apsi-
JIOB U, IEFCTBYSI TaK 2Ke, KaK U B CJ1yuae JIByX LBETOBbIX
3apsiJloB, MPUJIEM K YCJIOBUSM COBMECTHOCTH, CM. (24):

A 14+vw ~
P =aq Q2(t — 173) X (44)
|21 — 22|
~ 1+ vw ~
x Pt ag et Ot — £157) x P,
|21 — 23]
~ 1 + vw ~ 1— u)2
Q =« P(t t X Q2 + « X
2 g|21—Z2| ( 21) g|z2_z3‘
X Q3(t —1337) X Q2
~ 1 + vw ~ ~ ]_ — w2
Q:a 7Pt—t* XQ3—|—047><
X Qa(t — t33) x Q3,
thy = =L (t —tg), 75 = —LEU(t —t3) nput3 <t
(v,w — —v,—w npu t <t3), t35 = ﬁ_gt& 5 =
= ’ff—gtg. Bpemena 3anasapiBaHusi omnpeensitorces

aHAJIOTUYHO TOMY, KaK 3TO MMeJO MeCTO B cJydae
JIBYX LIBETOBBIX 3aPsIJI0B, I/le, B UaCTHOCTH, IPUBEJIEHbI
BpeMeHa 3arnasjiblBaHus t5,, t15, CM. COOTBETCTBYIO-
uyto cxemy Ha puc. 2. MHrepecHoit 0c06€HHOCTbIO
TMOJIyUeHHO CHCTEMbl YpaBHEHHH SIBJISETCS CHJbHOE

nojiaBjieHne BKAaJA0B 3apsifioB (2 ¥ (J3) B MOMYTHOM
HarpaBJieHHH, KOTOPO€E BXOJHUT C JIOPEHIIEBCKMM MHO-

xuteneM 1 —w?. Baaropapsi sToMy B yJbTpapelsi-
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TUBUCTCKOU CUTyallMM MOXKHO TpeHeGpeub B3aHMHbBIM
BJMSIHUEM JIETSILLMX B TOMYTHOM HamnpaBJeHHH LBe-
TOBBIX 3aPSII0B U pacCMaTPUBATh CUCTEMY KaK CBOEr0O
poja “3aMOpOXKeHHYH0”, TPHUEM 3TO CITPaBEJIMBO Aa-
e JUIsl TeX cJlydaeB, KOrja OHa UMeeT pa3Mepsbl sijpa.
Hac 6yner unrepecoBath ciyuai, Koraa B HauaJibHOM
COCTOSIHMM 3apsijibl IMIOJIST TIPOTUBOMOJIOKHBL: (3 =
= —(Q2. byleM no-npexxHemy noJiarath, UTo YaCTHIIbI
HaYMHAIOT UYyBCTBOBATb TPUCYTCTBHE CTOPOHHETO
LIBETOBOrO 3apsiia Mpu cOJMKEHUH Ha PacCTosiHue
D, xortopoe Mbl olleHuBaeM kak 1 ®dwm. Curnan o

HaJIMUMK 3apsiia P NpuXomuT KO BTOPOH 4acTule B
MOMEHT BpeMeHH th, K TPeTbell — B MOMEHT BpeMeHH
ty = t5 + t3. [IpeneGpexkem pas/inuueM BpeMeH th U th
(6maronapsi adekTy JOPEHIEBCKOrO COKpallleHHst),
T.e. MyCTb 3apsiibl BTOPOH M TpeTbel 4YacTHl, He
M3MEHSIIOTCSl BIVIOTh 10 MOMeHTa BpeMeH th. C Toi

»Ke CTereHbl0 TOUHOCTH CUTHAJBI OT 3apsiioB Q2 U QY3
NPUIYT K MePBOH yacTHlle B MOMeHT BpeMenu t}. Jlo

9TOTO MOMEHTA BPEeMEeHH 3apsijl MepBOK YacTHibl P He
M3MeHsieTcsl. 3aTeM 3apsi/ibl BpalllaloTCsl OTHOCHTE/b-
HO TIOCTOSTHHBIX BEKTOPOB 3apsijia, KOTOPbIMU YaCTHIIbI
o6Jslalaii Ha BXOJle B 30HY B3aUMOJAEHCTBHUS, W ISl
3THX MOMEHTOB BPeMeHH ycJyloBUst coBMecTHOCTH (40)
npuoOpeTatoT BUIL

~ 1 1
P:w[——

S 45
1 =t (45)

]QVTXﬁv
@zw

1~  ~ 1~ =~
HPT X Q2_WHt_QT X Q2

—  _Prx X
Qs = TR Qs — w”t Qr x Qs,
rae w) = % N3 cucrembl ypaBHeHuit (45)

MOXXHO 3aKJIIOYUTb, YTO 6JIaI‘OILap${ IMPUCYTCTBHIO

daxropa w)| 3apspl Q2 1 (3 MOXKHO CUMTATH B3AHMHO
NPOTUBOIMOJIO?KHBIMHA HA JOCTaTOYHOM PACCTOSIHUM OT
TOUeK BCTpeuM (Kak M JI0 BXoJia B 30Hy B3aUMOJei-
CTBHST), B YaCTHOCTH, BILJIOTh JIO IKAJIbI ¢, IPHUEM JH-
HaMHUKa 3aps110B OMUCBIBACTCS YIIPOLLEHHOH CUCTEMON
JIBYX YpaBHEHHH

S 1 1 ~ ~
= LA
< 1~
Q |t|PTXQ7

Q2 =0Q, Q3 = —Q. CpaBHHBasi 3Ty CUCTEMY YpaBHe-
HUH ¢ cucTeMoli (32), mosiyuaeM pellieHre B BUJlE

P = cos 0Q + sin 8{cos|w(n — )| ip, —
— sinfw(n — nll)]ﬁPT}v t/l <t<t”

Q< = cos Py + sin f{cos[w(p — oh)mo, —
—sinfw(p — h)|Ing,}, th<t<t’
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n:¢_¢7 ¢:

C HauaJIbHbIMHU JIaHHbIMHU Ha 1iKaJse t'. B paccmarpuBa-
eMOM CJlydae 3apsijibl JUNO0Js1 JeHCTBYIOT Ha LIBETOBON
3apsijl TepBOU UacTHIIBI cjabee, UeM B CJydae OJHOTO
LIBETOBOTO 3apsiJia, MOCKOJbKY KOMIEHCHPYIOT BKJa/1bl
JIPYT Jipyra. DTa cXxemMa 5KBHBaJIeHTHAa PACCMOTPEHHOH
B pasn. 4.1 W omuchiBaeT TOBeAeHHE 3apsiOB JJIs
MoMeHTOB Bpemenn t < T, T <t < t”.

o =—Inlt, —In|t — t3],

Kak u Juisi JIByX LBETOBBIX 3apsiloB, MPHUMEM B
KAuecTBe TMPUEMJIEMOH aNMPOKCUMAIIUH TOYHOTO pe-
IIEHUsT CIIMBKY pelieHusi Ha wikajie t’, B KOTOPOM
npereGperaercst 3anasjibiBaHkeM, U TOJyYeHHOTO Bbl-
1e perienust st mKaJbl 6oJbiioro spemen t'. Tlpu
ITOM B 30HE BCTPEUH 3apPsi/ibl IEPBOI K BTOPOK YaCTHIL
OTHUCBIBAIOTCST 3HAKOMBIMU HAM yPaBHEHHSIMHU

P = ||Q2><P

Ha cdone cunrynspHoro noseenust, KOTOpoe IHKTyeT-
Cs1 3TOH CUCTEMOHU, 3apsill TPETheH YaCTHLbl TOAYHHS -
€TCSl YpPaBHEHHIO

(47)

szw P x Q.

- 1~ ~
Q3 ~ w—PT X Qg.
t3
B CUTyalusiX, HHTEPECHbIX JJ1A HpHJIO)KeHI/Iﬁ, mKa-

Jia BpeMeHHd t” HacToONbKO MaJjia, uTo BEKTOp (Q3 Ha
ITOM OTpe3Ke MOXKHO CUMTATh MOCTOSTHHBIM. Kak Mbl
oTMeuYasii B pasi. 4, mocjie TOYKH CHHTYJISIPHOCTH
IS TIOJIOXKUTEILHOTO BpeMenu t = |t”| 3apsiabl 3a-
HUMAIOT Te YK€ TMOJIOXKEHHUSsI, YTO U MPU BXOJE B 30HY
cunryssipioctu. [lostomy mpoteaypa mpoaosiKeHust
Ha GOJIbIINE TMOJIOXKHUTEJIbHBIE BPEMEHa, KOTOPYIO Mbl
MPUMEHSIIH JI/Is JIByX LIBETOBBIX 3apsiOB, OCTAETCSI
CrpaBe/UIMBOI U B PACCMATPHBAEMOM CJlyuae, mpuyem
JIMHAMUKA 3aPSiI0B OMUCHIBAETCS YITPOIIEHHON CHCTe-
Mol (46). HauasbHble naHHble onpenensitoTcsi ode-
BUJIHBIM YCJIOBHEM CLIHBKH C CHHTYJISIPHBIM pellieHreM
B MOMeHT BpeMenu t = [t”| (KoTOpble Mbl He BbIMH-
coiBaeM). [ToHsiTHO, UTO aHaJlOrHUHbIE COOOPAXKEHHUS
0 TOBEJIEHHH 3aPSIOB MOXKHO MPHUMEHHTh M K TOUKE
BCTpEUH MepBOro 3apsiia C TPeThel uYacTHUIeH Jyisi
kasibl t” B OKPeCTHOCTH BPEMeHH t3:

e 1 ~ ~
P=w——Q3 x P,
|t — 3

~ 1
Q3 =w——
3 |t —ts]

(48)
ﬁ X @3.

B ¢BoI0 ouepeb, BEKTOP 3apsiia BTOPOH YaCTHLbI (Qo
MOKHO CUMTAThb Ha 3TOM OTpe3Ke MocTosiHHbIM. Kak
v B pasi. 4.2 miast MmomenToB Bpemenu t” <t < —t”,



356

31ech st MOMeHTOB Bpemenn t/ <t — t3 < —t” cie-
JIyeT MOCTPOUTH COOTBETCTBYIOLLYI0 GA3HCHYIO TPOHKY

BEKTOPOB Ha OCHOBE IMOCTOSIHHOTO Bektopa P(ts +

+t") + Qs3(t3 + t") v BBECTH IOMONHUTENBHYIO LIKAJY
BpPeMEHH tpin, KOTOpasi ONpeessieTcsl COOTHOLLEHH-
eM Pmin = 271 /Wi + ¢, Wi = |P(ts +17) +
+ Q3(ts +t")|. Tem cambiM Mbl MOJYYHJIH aHAJOTH
pellleHnil BepCUM, PacCMOTPEHHOH B pasi. 4.2, ajs
MECT BCTpeuYM MepBOH W BTOPOH, MEPBOH M TpeTbed
YaCTHILL

[Iponoskenue peliieHusi Ha OOJbIIME MOMEHTHI
BpeMeHH cJie/1oBasio Obl MPOBOAUTb MO AHAJIOTHH C
pasn. 4.3, T.e. cHauaja CTpOsl OoNUcaHhe 3apsi/ioB Ha
wkasne —t', 3aTeM Ha wwKage t3 -+t W T, BIVIOTb
JI0 WKaJbl t3 + t”, Tie NPOMCXOMUT BCTpeua MepBok
1 TPeTbeH YacTHLL, U MOBeJeHHe 3apsiI0B CHHTYJISIPHO.
Ho crosb ckpymny/iesHoe onucanue, Mo-BHIMMOMY,
U3JIMILIHE, €CJIM TIPUHATh BO BHUMaHHe MPHOJMIKEH-
HbIH XapaKkTep paccmaTpuBaembix penieHui. [Tosto-
My MPOCTO MPHUMEM, UYTO Mepexoji Ha PeKUM Bpa-
[11eHUS] OTHOCHTEJIbHO MOCTOSTHHBIX BEKTOPOB 3ap5iIOB
yacTHIL-NAPTHEPOB, KOTOPLIMH OHM OyayT obJanaTb
Ha BbIXOJIE M3 30HbI B3aUMOJEHCTBHUS, TPOMCXOIHUT
rie-To Ha wikage ts. Takoe pellienue cuctembl (46)
TMPECTABJSETCS B CJIEYIOIEM BUJIE:

P = co0s 0,Q, + sin O,{cos[w(n — n)|mp, +
. *\1~ /!
+ Sln[w(n - Uo)]”Po}7 |t ‘ <t <touts
Q> = cos 0,P, + sin §,{cos|w(p — ¢ )mq, —
: kK \
—sinfw(p — 5")]ng, },

B KOTOPOM, KaK M B IpeblIylLleM pasjese, cleayeT
onpeniesiuTb 6a3ucHble TPOHKH BEKTOPOB M (hasbl 10
umerolieiicst uudopmaimu Ha wikage t”, P”, Q". Co-
OTBETCTBYIOIIIHE CHCTEMbI ypaBHEHHH UMeloT B (41),
(42), B KOTOpBIX CJielyeT MPOU3BECTH 3aMeHy @ —
— 1) /151 IepEeMEHHbIX, CBSI3aHHBIX C BEKTOPOM 3apsiia
nepBoii yactuupl P. Kak Mbl 0OTMeuaJ/Iv B peiblylieM
pasneJse, HauboJiee MpocTol BapuaHT oOpaTHOH 3a1a-
UM BOCCTAHOBJIEHHS] 6A3UCHBIX TPOEK BEKTOPOB U (a3
noJiyuaercsi, ecJii npuemseMbiM OyJeT Takoi BbIGOp
nepeMeHHbIX, IPH KOTOPOM BbITIOJIHSIIOTCS] COOTHOLLIe-
HUs 51 = s9 = 0. AHAJIM3 BapHAHTOB C UHTEPECHBIMH

JJIA HpHJIO)KQHI/Iﬁ CKOPOCTSIIMH YaCTHL[ TOKa3bIBaeT,
4YTO JJIs1 3aadl O HaCTHULE KU JUIIOJIE MO2KHO MPHUHSATH

win" —=n)=2m, wp — ) =m.

[1pu Takom BeiGOpE a3 BBIXOJ Ha GOJIbIIHE TTONOKH-
TeJIbHbIE BpeMeHa JJIsl TIepBOH YaCTHLBI MPOUCXOIUT
rJe-TO Ha LKaJe t3, 1Jisi BTOPOKM — Ha LKaJle t’2:

t3 2w "
tol:1_67x017 $01:U_777
T
—T /!
tog =€ 792, Lo = @ _;-

BOPOHIOK u ap.

Kak mMbl oTMeua/u Bblllle, HE UMEET CMbIC/A YCJI0XK-
HATb 3ajiauy JyuyllMM COIVIACOBaHHEM pexxuMma Ie-
pexoja Ha acUMITOTHUYECKH OOJbliMe BpemeHa. Te-
nepb (42) npuo6peraer Bua (cp = 1, co = —1)

= (ﬁ//@//).

YpaBuenust (41) nas MHTepecylolIero Hac 4acTHOTO
cJlyuasi CBOJATCS K CHCTEMe

B— P
26150 - @o = ©,/~

Tem cambIM Mbl 3aKOHUHJIH OMHMCAHHWE, COOTBETCTBY-
folllee BapuaHTy 3aaud O JBYX LIBETOBbIX 3apsijiax
u3 pasn. 4.3. IloabiToXKKBasi, MOXKHO CKasdaTh, UTO
BCSl Mpoueaypa MocTpoeHHst NpUOIHAKEHHOrO pellie-
HHSl CUCTEMbl ypaBHEHHH COBMeCTHOCTH (44 ) cBOIMUT-
csl K TOMY, UTO CJIeJlyeT OMHUChIBATb MOBEJIEHHE JIBYX
OTMOPHBIX 3apsiIoB, TOCKOJbKY 3apsii-KOMINaHbOH B
JIMMOJIHON Mape MOXKHO paccMaTpHBaTh Kak MOJ-
CTPauBAIOLIMHACS. YXOJI K€ HA KOPOTKHH MPOMEXYTOK
BpeMeHH Ha 1iKaJje t” B CHHIYJISIPHBIH PEXKUM Bpalile-
HHUS He COMPOBOXKIAeTCsl U3MeHeHHeM (hasbl.

Jlo cux nop Mbl co3HaTeNbHO yMycKaju M3 BHIY
UHTepeCHbIH 3PQeKT Nprxoia CUTHa/a 5Xa K 4acTHlle-
napTHepy B JIMIIOJIE OT TOUKH BCTPEUM JABYX JPYrHX
yactu. O6partumest K puc. 8. Ha Hem oTmeueHa Tou-
ka 12 npuxoaa CBeTOBOIO CHI'HAJa K TPETbeMy 3apsiy
0 BCTpeue MepBOro M BTOPOro 3apsiioB (aHAJOTHUHO
Touka, o0o3HaueHHasi 13). 3apsii TpeTbell YacTHIIbI
OMHCHIBAETCST B 9TH MOMEHThI BpeMeHH Ha iikase t”
ypaBHeHHEM

~ 1~ =~

Qs ~ w—P x Qs, (49)

t3

B KOTOPOM 3apsijl IepBOH YacTHLbl ObICTPO MeHSIeTCs
CUHTYJISIpHBIM 00OpasoMm. K coxkasenuio, 3aTpyaHu-
TEJILHO TIOJYUUTh aHaJUTHUECKHE (POPMYJIbI, OMUCHI-
BalolllMe TIOBeJleHHe 3apsijia TPEThel YaCTHILbl, U Mbl B
HacTosIeH paboTe MPOCTO HTHOPUPYEM 3TOT BAaXKHBIH,
HO KOPOTKHMH 311301, BaxxHo, 0/1HaKO, OTMETHTb, UTO
B CBOIO ouepe/b K NMepBOH YacTHLE YCIMeeT MPHUTH
CUrHaJl 0 COOBbITHH, MPOU3OLLE/IIEM C TPETbUM 3apsi-
JIOM, ellle JI0 CTOJIKHOBEHHSI ePBOTO 3apsijia ¢ TpeThek
yactuiled. Torna 10 TpeTbell YacTHilbl BHOBb ycCIeeT
JIOUTH CHUTHaJ 3Xa elle JI0 TOro, KakK IMPOU30HIET
BCTpeua NnepBoi U TPETbel YacTullbl, U T.1. Bo3HuKaeT
OMacHOCTb, YTO Mbl HE B COCTOSIHUM KOHTPOJIMPOBATD
noBeJieHHe 3apsioB BO BTOPOH TOUKe BCTpeuH, Mo-
CKOJIbKY MPUJIETCS MPOCJEUTh BCIO JIECTHHUILY COObI-
TUI BMJIOTH 0 TOUKM BCTpeud (Mbl He M300pasu/u
Ha pHC. 8 COOTBETCTBYIOLLYIO MOCJEI0BATENbHOCTD
CUrHAJIOB, aHAJOTHUHBIX TeM, UTO M300pakeHbl Ha
cxeme puc. 1). Ho moxHO, oHAKO, 3aMeTHTb, UTO
9TH TMPOLLECCH He JOJ/LKHBI CJUIIKOM H3MEHUThb (hady
3apsiJloB, MOCKOJIbKY TIepBO€E 3X0 MPUXOJUT HA LIKaJe

SINEPHASI PU3MKA Tom78 Ne3-4 2015



KJIACCUYECKHE IVIFOOHHDBIE TTOJIA

Ef?x/m,zc

q: 0 =m/1.95, ¢ = /20
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EI:I)./m,Zt
15

10

! L[]
P i
L @:0=m/1950=m/20 i
d:0=0,0=-m/20 :
i

9=0,0=m1/20
[ S S S

t, dm/c

Puc. 9. Komnonentsl xpomossekrpuueckoro £ (a) u xpomomaruutHoro Hy, (6) nosieil, HaBeleHHbIX paccesiHieM 3apsiia Ha

LIBETOBOM JHIIOJIE. O603Ha‘{€HI/IH, KaK Ha puc. 4.

ts ~m/E, BTOpOe 3X0 BO3HUKAET Ha LiKase tg -t ~
~mb/E, Torna Kak ClIMBKA pelleHHil TPOU3BOAUTCS
Ha wkaJje t”.

Ha puc. 9 npoaemoHCTpUpOBaHbl HAMPSKEHHO-
CTH XPOMO3JIEKTPUUECKOT0 W XPOMOMArHUTHOTO T0-
JIed, KOTOPble TeHEPUPYIOTCS YACTULLEH CO CKOPOCTbIO
v=1-2x10"2 u gunoseM co cKOpocTblo |w| =
=1 —1 x 1072, LpeToBble 3apsi/ibl YaCTHLL B HAUAJIb-
HbIi MOMEHT BpeMeHH OMNpeaessitoTCsl MPH MOMOLIH
CJelylolMX YIJIOB B 1LIBETOBOM TNpocCTpaHcTBe: 6 =
= m/1.95, ¢ = /20 — nas nepBoi yacTuibl, 6 = 0,
¢ = —m /20 — U151 BTOPOH, C MPOTHBOTOJIOKHBIMH YT~
JaMd JUisl TpeTbel YacTHubl. IDTO KaK pa3 U ecThb
HeabesieB BapHaHT, KaK Mbl YCJOBUJUCH Ha3bIBaThb
noo6Hyto KoHpurypauuo. Mbl He MPUBOIUM JaHHbIX
U151 TOTEHIIHAJIOB, TOCKOJIbKY OHH MaJio HH(hOPMaTHB-
Hbl. O6paTHM BHUMaHKe Ha TO, UTO MePBbIH MAKCHMYM,
oOpa3yeMblii MpH TPOXOXKIEHUH JUMOJS, He TJaj-
KWH, a uMeeT 3uraarooGpasnyio gopmy. dta CTpyK-
Typa 00yCJIOBJIeHa M0C/e10BaTeNbHBIM TPOXOKIEHH -
eM JIByX o6paTHbBIX 3aps0B, POPMUPYIOIIUX JHUITONb.
Touky HabGJI0/IeHUST Mbl TOMECTHJIM B JIPyroe MecCTO
M0 CpaBHEHHIO CO CJyyaeM BCTpeud JBYX uyacTull. Ee
KoopauHaThl: x = 1 ®m, z = 1 Owm, mo3ToMy curHas
0 BCTpeye 3apsiia W JUMOJST TPUXOIUT TPUMEPHO
B MoMeHT BpeMenn 7 = (22 + 22)1/2/c = /2 ~ 1.41.
O603HaueHus HA MPeCTaBAEHHbIX PUC. 9 aHAJOTHUHbBI
o003HaueHUsiM Ha puc. 4. 37ech B TOUKE BCTpeEUM
(7 = 1.41) kysioHOMONO6HOE pellieHre NPeACKa3bIBaeT
3HauuTeJIbHO GoJiee y3Koe pacnpesieleHHe U3-3a Tak
Ha3bIBAEMOTO CHUSIHUS LIBETOBOTO 3apsijia (color charge
glow), Kotopoe cienyer W3 B3aUMOJEHCTBHUS 1Be-
TOBBIX 3apsiloB GJarojapsi BpeMeHHOH 3aBHCHMMOCTH

L[BETOBBIX BEKTOPOB D (TMOCeHHI ujieH B (25)).
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6. TIOJIE IBYX LIBETOBbBIX IUITOJIEN

Paccmotpum nodie, co3naBaemoe IBYMS LIBETOBbI-
MU AunodisMu. [lepBblil nunoJb o6pa3oBaH nepBoi u
YeTBEPTOM YacTULAMH C 3apsijiamMu P, Py. Bropo#
JIATIONIb COCTABJIEH W3 BTOPOH W TPeTbel uYacTHll C
3apsnamu QQ, Qg B nayanbHbIE MOMEHT BpemerH
LBETOBOK 3apsifi KaxJA0Oro W3 JAuMoJiedl HelTpaJseH:
P =—P;, @2 =—Q3. Yactuupl mnepBoro IUnoJs
JIBU2KYTCSI 110 OCH Z CO CKOPOCTbIO ¥, UM HABCTPeuy Co
CKOPOCTbIO W JIBUXKETCS BTOPOU AUIIOJb CO BTOPOH U
TpeThel yactuiaMi. O603HAUMM PACCTOSTHUE MEXy
3apsilaMy B TTIEPBOM JIUIIOJIE B €70 CUCTEME MOKOS Kak
d,, BTOPOTO — d,,,. B n1aGopaTtopHoli cucreme oTcue-
Ta TH PACCTOSIHUSI BOCMPUHUMAIOTCS Kak o) = (1 —

v2)1/25,, 8, = (1 — w?)'/25,. Kak u B npeabiay-
uiem paszedse, Oyaer y1o0HO BBECTH BpeMeHa

iy 4
v4w’

fa = vt w’ fa=
B KOTOpbl€ MPOUCXOJIUT BCTPeua MEePBOH U TPETbeH,
BTOPOH M UYETBEPTOH YAaCTHULL COOTBETCTBEHHO, CM.
puc. 10. B moment Bpemenu t3+ t4 BCTpeuaioTcs
TpeThsl M ueTBepTasi yacTuilbl. [lycTh, asist onpenenen-
HOCTH, BCTpeya NMepBOd U BTOPOH YaCTHL TPOUCXOJUT
B MOMEHT BpeMeHH HYJIb. Torna Tpaekropun 3apsiioB

P1, QQ, Qg H P4 onpeNeiiloTCsl KaK 21 = vt, 29 =
= —wt, z3 = —wt + 9., 24 = vt — d,. Cyneprnosniu-
OHHBIH aH3all MPUOJHKEHHOTO PellIeHHs] UMEET B 3TOM
cJiyuae BUJ

7 =lp1Pily + [p2Qalv + (50)
+ [903@3]t/ + [804ﬁ4]t’7
gz = U[Sﬁﬁl]t/ - w[802@2]t' -
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- w[¢3@3]t’ + U[g@4ﬁ4]t/,

AHaJIOTMYHO TOMY Kak Mbl JIEHCTBOBA/IM B MPEJbILy-
LLIMX pasjiesax, MOxKHO MOJyYHThb yCJOBHSI COBMECTHO-
CTH, CM. (24):

14+vw <
P1 =O0gy—— QQ( )X (51)
|21 — 29|
D 1+ow Kkok
XP1+Oég| |XQ3( tl?))
~ 1—v% < ~
XP1+Oéng4(t—t{X)XP1,
~ 1+vw ~
=aq,—Py(t —t5) X
Q@ g‘zl — 2| 1(t = t31)
)
1—i—vw ~ ~
x Q2 —l—agﬁﬂ(t — 1) X Q2,
1+ovw ~ N
Qs —agmpl( —t31) ¥
— w2
><Q3+ag‘ ‘XQQ( t55) X
1+ovw ~ ~
x Q3+agﬁp4<t—télf> X Qs,
P L= 5 (t —th) x
= o, — —
4 g|z _Z4| 1 41
1+ ok
X P4+Oégﬁ QQ( t42) X
1+ ***
XP4—|—Oég| —Z4|Q3( )><P4,
rie iy = —YEL(t —ty), b =-¥2(t —t4) npn
t<ty(v,w— —v,—wnpnty <t), 5" =42t -
—tg—tq), Y = —EU(t—tg—t4) npun t<t3+
+ty(v,w — —v,—wnputs +t4 <t),t) = —”+wt4,
tHY = %M- [To-BuanmMoMy, HeT HEOOXOIUMOCTH

OMHUCHIBATL MPOUELYPy MOJy4eHHs] MPUOJIHAKEHHOTO
pelleHusi CToJb Ke MoJAPOoOHO, KaK 3TO ObLIO Mpo-
JleJlaHo B TIpelblIylnX pasnenax. [lpuBenem cpasy
YIPOLIEHHYIO CUCTEMY YPaBHEHHH, C MOMOIIbLIO KO-
TOPOH ONMChIBAETCs NMOBEACHHE 3apsiioB Ha OOJbLIMX
BpeMeHax:

kS 1 1 ~ ~
P=w|—— QT X P, 52
[m |t—t3|] (52)

kS 1 1 ~ ~

Q = w |:_ - :| P X Q7

il Je—ta]| "

PL=P;, Py=-P; Q:=Q; Q3=—Q. Cuaenyer
JINIIb OI‘OBOpHTb, yToO HpH HOCTpoeHI/II/I HpI/I6JII/I—

BOPOHIOK u ap.

ty+ 1ty

Puc. 10. Cxema BcTpeun [ByX LBETOBBIX AMMOJIEL.
CriouIHble  JIMHUM — TPAEKTOPHHM  YaCTHLL. — Touka
BCTpPEeUd MEpBOH M TpeTbed uacTHll, t4 — UETBEPTOH U
BTOPOH UacTULL, t3 + t4 — YeTBEPTOM U TPETbEel UaCTHLL.

YKEHHOTO  pellieHHsl TIOSIBJSIIOTCS  JIOMOJHUTEbHbIE
6asucHble TPOMKH BEKTOPOB, TPH MOMOILH KOTOPBIX
CTPOSTCS pellieHus B TOYKAaX BCTPEUM yacTHil. TakxkKe
cJlelyeT BBECTH COOTBETCTBYIOLIMH Habop BpemeH
tmin, POPMaILHO CILIMBAIOTCS] CHHTYJISIPHbIE PELIEHHS.
Ha wikase Bpemenu t' peiienne cucremsl (52) umeer
BHJL

P = cos 0Q + sin O{cos|w(n — )| imp, —
- Sin[w(n - nll)]ﬁPT}v t/l <t< t//v
Q< = cos O P + sin f{cos[w(¢ — )mo, —
—sinfw(¢ — )ngrt,  th<t<t’,
men=¢—9;(=¢—&p=—ltj¢y=—Inft-
—t3]; € = —In |t — t4], ¢ HAUAJBHBIMH JAHHBIMH TIPH
t’. Boixos npubJinzKeHHOro peliienust co tkasbl |t | Ha

60JIbIIIME TTOJIOXKUTENbHbIE MOMEHTbI BpeMEHH OIUChI-
BaeTCsl pelieHneEM BU1a

P, = cos 0,0, + sin f,{cos[w(n — n,)mp, +
+ Sin[w(n - nZ)]ﬁPo}7 |t”‘ <t <touts
Q> = cos 0,P, + sin 0,{cos[w(¢ — ¢M)mg, —
—sinfw(¢ = ¢)Ing, }
B KOTOPOM 6a3ucHble TPOHKH BEKTOPOB U (hasbl onpe-
JIeJISIIOTCS TIPH MOMOLLM 0OCYKIaBLUMXCS BbILLIE YCJ10-
BUI 51 = So = 0, IPH BbINOJHEHHH KOTOPBIX JIerye pe-
maercs oOpaTHas 3alaya BOCCTAHOBJICHUs] OA3HCHBIX

TPOEK BEKTOPOB MO HayaJbHbIM JaHHbIM Ha 1iKaJe t”.
JList 3a1auH O JIBYX JIUMOJISIX MOMKHO MPUHSIT

wn”" —n)=2n, w("-{F) =2
[1pu Takom BbIGOpe (ha3 BbIXOJA Ha OOJbILIKE MOJO-

2KHTeJIbHbIE BpeEMeHa J1J/1s1 HepBOﬁ H I-IeTBepTOI/UI qaCTHLL
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Ef?x/m,zc
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|
dy: 0 =1/1.95, ¢ = /20 l|

=5 ';;, 0=-m/1.95,¢=-m/20 §
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EI:I)./m,Zt
10

I
)
L e L

i dy:0=0,0=-1/20
0=0,0=m/20
—-10 b— M
0
t, dm/c

Puc. 11. Bpemennasi sBoJitolnst KOMIIOHEHT 3J1eKTpuueckoro F; (a) u maruutHoro Hy (6) XpomorioJiell pH paccesiH|u JIBYX

nunoJiedt. O6o3HaueHust, Kak Ha puc. 4.

MPOUCXOJIUT TJle-TO Ha LIKaJe tq, JJIs BTOPOH U Tpe-
Tbel — B palioHe t3:

t3 2w "
t01:m7 Lol = —— =1,
t4 27 ”
t02—m7 3302—3—5-

Takum oOpasdom, B cjyuae AByX AUIOJIEH BBIXOJA Ha
OoJibLIME MOJOXKHTEJNbHbIE BpEMeHa COrJIacoBaH rap-
MOHHUHee, YeM 3TO UMeJIO MeCTO B 3a/laue O YyacTHLe U
JunoJie B npefblayieM paszene. Teneps (42) npunu-
maeT BUJ (c1 = 1, co = 1)

c= (ﬁ//@//)‘

Cucrema (41) 17151 HHTEpPECYIOLIETO HAC YACTHOTO CJTy-
yast MPUBOJMUT K PABEHCTBAM

PO:P//7 QO:QH'
Takum ke myTeM MOXKHO MOCTPOUTHb MPUOJHKEHHOE
peliieHMe JIJIs1 BCeH OCH BpEMEHH.

Ha puc. 11 npoaemMoHcTprpoBaHbl HaMpsKEHHO-
CTH XPOMO3JIEKTPHUECKOTO MU XPOMOMArHUTHOTO MO-
Jiel, KOTOpble FeHepUPYIOTCs AUIOJEM CO CKOPOCThIO
v=1-2x10"2 u gunoseM co cKOpocTblo |w| =
=1—1 x 1072, LIgeToBble 3apsiibl YaCTHL B HaUaJ/Ib-
HbIH MOMEHT BpPEMEHH OIpelessIioTCs C MOMOLLbIO
CJelylolMX YIJIOB B 1LIBETOBOM NpoCTpaHcTBe: 6 =
=7/1.95, ¢ = m/20 — nast nepBoil yacTuibl, 6 = 0,
¢ = —m /20 — U151 BTOPOH, C MPOTHBOTOJIOKHBIMH YT~
JaMu JUIsSl TpeTbell W ueTBepToll yacTull. Touka Ha-
OJ110/1eHHsT UMeeT KOOpjHHaThl = 2 Pm, z =1 Owm,
MO3TOMY CUIHAJI 0 BCTpeue 3apsijia v IMIOJIst IPUXOAUT
MPUMEPHO B MOMeHT BpeMenu 7 = (22 + 22)1/2 /c =
= /5 ~ 2.24. O603HaUeHNs HA NPEICTABICHHBIX PH-
CYHKax aHaJoruyHbl 0603HaueHusiM Ha puc. 4. Buano,

SINEPHASI ®M3MKA Tom78 Ne3-4 2015

4yTo (paKTUUECKM BCS 30HA A0 TOYKH HAOJIOJEHHS
3aroJiHeHa, U BOJM3H 7 = 1.41 3TO BBITJISIUT KakK T0O-
Joca. UToObl NPOSICHUTD CTPYKTYPY MOJIOCHI, Mbl [TpeJi-
CTaBWJIM Ha puc. 12 obyiacTb BOIM3H TOUKH BCTPEUU B
6oJiee netasbHOM Macuitade. BuiHo, 4to peasibHO 3Ta
00J1aCTb COCTOUT U3 YeThIPeX MAKCUMYMOB I'POMaIHON
MHTEHCHBHOCTH, KOTOpbIE B AMHAMHYECKHX CHCTEMax
MOTYT 06Pa30BbIBATHCS B Pe3yJibTaTe CUIbHBIX (hTyK-
Tyauui. DTo cBeueHHe obJiaka 1IBETOBOTO 3apsiia B
OCHOBHOM 00YCJIOBJIEHO B3aMMOIEHCTBHEM LIBETOBBIX
3apsiloB uepe3 BPEMEHHYIO 3aBUCHMOCTb LBETOBBIX

BekTOpoB D (rocjienHui usieH B (25)), uto onpeeneH-
HO He BOCIPOU3BOJMUTCSI KYJOHOBCKMM pelleHHeM C
YCUJIEHHOH KOHCTAHTOW cBsidu. MHTepecHO OTMETUTB,
uTo 3(h(eKT CUSHUS 1IBETOBOTO 3apsijla YCHJIMBAETCS
115t 6oJiee CJ0XKHBIX CHCTEM.

7. XPOMOIIOJIA B ANPO-SAJEPHBIX
CTOJIKHOBEHHWAX

Jlu1s1 Toro 4ToGbl MPOJAEMOHCTPUPOBATH BO3MOXKHO-
CTH Pa3BUBAEMOTO MOJX0/1a, PACCMOTPHM 37iech Au +
+ Au-cTosiKHOBeHHs TIpH 3HepruH /sy = 200 [5B
C MpuleabHbIM napamerpoM b =6 ®m. B nosnon
AHAJIOTHH C 3JIEKTPOJAMHAMUKON PUHUMAETCS BO BHU-
MaHHe TOJIbKO TIepBbIH ujieH BbIpaxkeHus (25), uto
OTBeuaeT “mapToHy”’, JABHXKYLIEMYCS C MOCTOSIHHOH
cKopocTbhlo. PaceMoTpum o6JacTh B BUjE LMJIUHAPA
pamuycoM Rey = 3 ®Mm n gmnoit 2D/, pacnoio-
JKEHHOTO BJI0JIb OCH CTOJIKHOBEHHSI C LIEHTPOM B TOUKE
MaKCHMaJIbHOTO MePEeKPbITHS CTaNKUBAIOLIUXCS siIEp,
npuueM = (1 — v2)~1/2. TTocKo/IbKy HanpsizKeHHO-
CTH XPOMO3JIEKTPHUECKOT0 U XPOMOMArHUTHOTO MoJiel
SIBJSIIOTCS (DJIYKTYMPYIOLIMMH B LIBETOBOM MPOCTPaH-
CTBE BeJMUMHAMH, UX YI0OHO XapaKTepH30BaTb MO-

JlyJIeM COOTBETCTBYIOIILETO BEKTOPA, <|E|> u (|B|). Ha
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Efly/mi
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Puc. 12. Te xxe 3aBUCHMOCTH, uTO Ha puc. 11, HO 06/1aCTh BOJIM3HM TOUKHM BCTPEUH TPEJICTaB/eHa B yBeJHUEHHOM MacluTade.

puc. 13 nokasana 3BoJIOLHMS NTOJIel epUdepHuecKoro
Au + Au (200 I[3B)-cronkHOBeHUs], 1JIs1 CpaBHEHHUSI
TMPECTaBAEHO 3JIEKTPOMArHUTHOE TI0JIe, MOJyueHHOe
C MCMOJIb30BAHMEM HALLMX MPEAbLAYIIMX pe3yJ/bTa-
ToB [3]. BuaHo, uTo ycpenHeHHble HaMpsiKEHHOCTH
LIBETOBOTO M0JIs1 CYLIECTBEHHO MPEBOCXOJSIT COOTBET-
CTBYIOLIHE 3/IEKTPOMArHUTHBIE 110J1s1. B ocHoBHOM 3TO
00yCJIOBJIEHO PAa3/IMudeM KOHCTAHT CBSA3H a5/qre =
= 0.3/(1/137) ~ 40. OGe 3aBUCHMOCTH HMEIOT SIPKO

¢ |H0ne|/mi

10

100

107!

I
I
I
|
v
U
|
I

102

t, dDm/c

Puc. 13. BpemenHas sBoJitolnsi abesieBa (JiBe HHXKHHE
KpuBble) U HeaGejieBa (1Be BepXHHWE KpHBLIE) MOJEM.

Ykasanbl xpomoaJjiekrpuueckast (| E|) u xpoMoMarHutHast

(| B|) KOMITOHEHTBI B LIEHTPe 006/1aCTH CTOJIKHOBeHUsT Au +
-+ Au (200 IB) ¢ npuuenbHbiM napamerpom b = 6 Owm.
JInst cpaBHEeHHUs! MPE/ICTaBJIEHbI TAKXKE COOTBETCTBYIOIIHE
KOMIOHEHTbI 3JIEKTPOMArHUTHOTO M0J1s1. YCPeHEHHE MPo-
BeJleHo 110 70 CoObITHSIM.

BbIpAKEHHbIH MAKCUMYM B 04eHb PAHHUH MOMEHT Bpe-
MenH t ~ 0.4 ®m/c. Bonee 6hicTpoe yobiBanue abele-
BBIX M10JIEH M0 CPABHEHHIO C LIBETOBLIMH MOJISIMH 00b-
SICHSIETCSl PA3JIMUHOM NMPUPOJNOH MOPOKIAALIMX 3TH
MoJisl UCTOUHUKOB. JIOMUHHUPYIOLIUMHA UCTOUHHKAMHU B
cJlyuae 3JIeKTPOMArHUTHBIX MOJIed SIBJSIOTCS OBLICTPO

JABHUXKYIIUECS CIIEKTAaTOPHbIE MPOTOHLI. B touke noJ-
HOIr'o NeEpPEKpbITHST CTaJIKUBAIOLUXCA siAep 3TH TO0JIs

MaKkcuMaJibHbl. Ho mocJ/ie npoXxoKaeHHst 30Hbl CTOJIK-
HOBEHHSI B MOMeHT BpeMenu ~0.4 ®m/c crekraTophl
MHLIEHH M CHapsiia pPasae/sitoTcsi B MPOCTPAHCTBE M
NoJisl TeHepUPYITCsl, B OCHOBHOM, MOYTH CBOOOJHO

pacrnpocTpaHsolMUMHCs NPOTOHaMU. B npotusomno-
JIOKHOCTb 3TOMY LIBETOBBIE 10JIs1 TeHEPUPYIOTCS POXK-
JIeHHbIMH KBapKaMH, 3aHUMAaIOLIUMH CPaBHUTEJIbHO

MeJUIEHHO paclIMpsiiolLyocsi 30Hy peakinu. Cylile-
CTBEHHOE€ TMpeBAJMPOBAHHUE [BETOBBIX MOJEH Tpes-
CTaBJISIETCSl HECKOJIbKO HeoxKMJaHHbIM. B pacuerax
TaK)Ke MPUHUMAJIUCh BO BHUMaHHe 3hdeKThl 1ebaeB-
CKOTO 3KpaHUpoBaHUs HeabOesieBbix moJied. [Tomumo

5TOrO0, Ha MO3[JHUX CTAJUAX 3BOJIIOLUHM HAOJMIONAETCA
NpeBaJMPOBaHHE XPOMO3JIEKTPHUECKOH KOMIIOHEHTHI

HaJl XPOMOMArHHTHOH. ITOT (aKT HMeeT MpocToe
oObsicHeHWe. B oT/iuMe OT MpeabiaylX HCCJIeN0-

BaHI/Iﬁ, rae LOBETOBOE I10Ji€ pacCMaTpUBaJiOCh Kak
BHelIHee, Mbl U3ydaeM JHUHaMHUYECKYI0 KapTHHY I10J1s,
co3aBaeMoro ABMXKYLIUMHUCS HCTOUYHHKAMH, H, KakK

3TO cyieiyeT U3 Ghopmydibl (5), XpOMOMAarHUTHOE TI0Jie
MPOMOPLUHOHATBHO CKOPOCTH IBETOBOTO HCTOYHHMKA

H=vxE, te. XPOMOMAarHMTHoe MoJie B rpolecce
3BOJIIOLIMH COOTBETCTBYIOLLIMM 00OpPa3oM MOJABJSIETCS
B XOJIe f1Ip0-51/IepHOTO CTOJIKHOBeHHUs1. BoJiee passep-
HYTBIH aHaJIM3 Mbl TIJTAaHHPYEM TTPOBECTH B CJIeIYIOILINX
nMyOJIMKALHUSIX.
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8. BAKJIIOUEHHE

Mbl paccMOTpeJ/IH HeCKOJIbKO 3J1IeMeHTapHbIX KOH-
(hurypaimi pesiSTUBUCTCKUX YaCTHIL (Ha KOTOpbIe, KaK
NPEJCTABJSACTCS, PA3yMHO Pa3JIOKUTh JIOOOH Mpo-
ecc CTOJIKHOBEHHUS siiep Ha KBApKOBOM YPOBHE) ¢
HeaGesieBbIMH 3apsiiamMu Juist Tpynnbel SU(2). Beuio
NPOJEMOHCTPUPOBAHO, UTO, KaK M B cjyuyae HepeJsi-
TUBHUCTCKHUX yacTHull [31], cucTema B 11eJ10M MPOSIBJSIET
KYyJIOHOMOI0GHbBIE UEPThI, ¥ 3TA aHAJIOTHS yOeIUTENbHO
MOJTBEPKAAeTCsl CPABHEHHEM CO CJlydaeM JIeKTPOIU -
HaMHKH. HeoObIUHbIM NpeACTaB/ISeTCs 1OMOJNHUTEI b -
HBIH POCT XPOMO3JIEKTPUUECKOrO U XPOMOMArHUTHOTO
noJiell, KOTOPbIM CONPOBOXKAAETCS BCTpeua 4acTHL,
00yCJIOBJIEHHBII BKJaJIOM, CBfI3aHHBIM C M3MEHEHH-
eM uBeroBoro 3apspa. IlponosbHast u nonepeunas
KOMITOHEHTBI MOJISI TAKOro CHrHaja OJMHAKOBbI MO
MOPSIIKY BEJHUMHBI, B OTJHYHE OT CXKATOrO B TPO-
JI0JIbHOM HanpasJ/IeHHH 1104151, 00yCJIOBJICHHOTO JIOPEH-
ueBcKol npuponoi. [lepemeras Touky HabJtoneHus,
MOXKHO BHJIETh MPEJICKA3bIBAEMOE CMellleHHe CHUTHaJla
0 BcTpeue yacThll. PakTHUeCKH OKA3bIBAETCS, UTO BCSI
30Ha HaOJIIOJIEHHsT C PAa3yMHBIMH pa3MepaMH MopsiiKa
HeCKOJIbKUX (pepMH OKa3bIBaeTcsl 3aroJHeHHOH 3THM
CUTHaJIOM CHSIHMSI 1IBETOBOTO 3apsiia 3aMeTHOH HH-
TEHCHUBHOCTH (Ha LIKaJie, XapaKTepHOH I CHUJIbHBIX
B3aUMOJIEHCTBH ). B TO 2Kke Bpemsi B HabJ01aeMbIX Xa-
paKTepucTHKaX MOAOOHBIH CHTHAJ MOXKET MPOSIBUTh-
Csl He CTOJIb HEeMOCPEACTBEHHO, KaK 3TO MOXKET Mo-
Kasartbcsl NpU OeryioM B3MJIsiAe Ha [pelcTaBJeHHbIe
puUcyHKH. XOTSI Mbl PacCMOTPEJH MPOCTeHlIne KOH-
¢urypaimu, KauecTBeHHasi KapTHHA TPENCTaBJISETCS
BIOJIHE PA3yMHOU M0 PU3HUeCKOMY CMbIC/Ty. BaxkHbIi
»Ke JJ1s1 TPAKTHKH BbIBOJL COCTOUT B TOM, UTO TIPABHJIb-
Hasl OlleHKa HaNpsRKEHHOCTEH XPOMOMOJIeN MoJyunT-
Csl, €CJIM JaxKe MPOCTO OTPAHUUYHUTHCS MPUOJIHKEHH-
eM “3JIeKTPOJIMHAMUKH” ¢ (PUKCHPOBAHHBIM 3apsiIOM
(1.e. g°).

Mbl cMOIJIM NOJIyUHTb MHTEPECYIOLLYI0 Hac OLEeH-
Ky XPOMO3JIEKTPHUECKHX W XPOMOMATHHUTHBIX MoJieH
TOJIbKO GJ1arofiapsi HaJMUHKIO SIBHBIX (hOPMYJI, PUTOJI-
HbIX Ha BCEH OCH BPEMEHH, YTO ObLIO JOCTUTHYTO, Oe3-
YCJIOBHO, LIEHOH YNPOLIEHUH, B psiie C/yvyaeB cylle-
CTBeHHbIX. B npuHiMne, npocMaTpruBaeTcst HEKOTOPbIH
pe3epB yJyullleHHs TPUOJIMKEHHOTO pelleHHsT yTeM
BbIPAOOTKM COOTBETCTBYIOUIMX TOMPABOK MO TEOPHU
BO3MyLLIeHHH. Ho B 11e/10M Mbl OKa3blBaeMcsl B 1I0BOJIb-
HO TpyAHOH cuTyauuu. [IpakTuuecku a060# uucaeH-
HbIH aJITOPUTM H3-3a 3(PPeKTOB 3anasapiBaHuss OyaeT
NpH Nepexojie Ha LKaJdy MaJjiblX BpeMeH MPUBOANTDL K
notepe UHGOPMALMH H, CKOpee BCero, K HeKOHTPOJIH-
pyemomy orpy6Jenuio. [IprmMeHeHne MeJKUX CETOK Ha
MaJlblX BpeMeHax HelpueMJIeMO B PUJIOKEHHUSIX H3-3a
HeornpaBaaHo 60JbIIOro 06'beMa BbluucaeHr . Tak uto
NpocToTa MpUOJMAKEHHST KJIaCCHUECKOro HeabeseBa
noJisi M0 CPaBHEHHIO C KBAHTOBOH (POPMYJHPOBKOH
OKa3bIBAETCS, M0-BUUMOMY, HJJIIO30PHOH.
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YiKe onbIT HEpeJIITHBUCTCKOK 3aj1aun ¢ Heabelie-
BbIMH 3apsilaMK MoKasadl, UTo /1l OMUCAHUS KOJJIeK-
TUBHBIX 3((HEKTOB 3aTPyHUTENLHO BBOJUTH TTOHSATHE
Cpe/iHero 3apsiia, KoTopoe siBJisieTcst 0CHOBoMoJIara-
IOLIUM B (DU3HKeE 3JIeKTPOMArHUTHON nyia3mel. B pesisi-
TUBUCTCKON CUTYallMH TaK:Ke 3aTPYHUTENbHO UCKATh
yrnpolleHue B 3TOM HarpaBJeHHH, MTOCKOJbKY Kax10e
CTOJIKHOBEHHE 3aMeTHbIM 00pa3oM MeHseT OpHeHTa-
LMI0 BEKTOPOB 3apsiloB B 1IBETOBOM TMPOCTPAHCTBE,
M 32 HECKOJIbKO CTOJIKHOBEHHH OHA CTaHOBHUTCS, M0-
BUJMMOMY, XaoTHueckol. OHaKo cBsi3aHHasi ¢ Mar-
pHlleH paccesiHUsl CTOXaCTHUHOCTb MMeEET HECKOJIbKO
VHYIO TIPUPOJLY, UeM XaOTHUHOCTb, MPHUCylasi Heabe-
JIEBLIM M0JIsSIM, oOHapy»KeHHast B paboTax [32], xoTs
B TOCJIe/iHee BPeMsi 3TO HarpaBsJieHHe TPUBJIEKAET K
cebe npucTasbLHOE BHUMaHKe [33].

Hawm npencrapasiercss 6oJiee mepcrieKTHBHBIM HC-
KaTb 3(deKTHBHbIE YIPOIIEHUS HA TyTH aHAJIOTHH C
3ajauamu 3anblieHHoi (dusty or complex) masmbl.
Takasi nnasma CofepKUT XKUJKHE UK TBepble 00b-
eKTbl (MblJb), KOTOpPblEe 3apsiKeHbl H BIIOJHE COOT-
BETCTBYET KOH(HUIypalusiM, BO3HUKAIOIIUM B CTOJIK-
HOBEHHSX (B UACTHOCTH, Nepudepuueckux) siuep [34].
[IpucyrcTBre MaCCHBHBIX 3apsiKEHHbIX UACTHIL B 3a-
TMbIJIEHHOH TIJIa3Me OKa3bIBAeTCsl BeChbMa CYIIECTBEH-
HbIM U151 KOJIJIEKTUBHBIX MPOLLECCOB U MO3BOJISIET HUC-
CJIefloBaTh Takue siBJIeHUsT Ha (DyHTaMEHTAJbHOM KH-
HetrueckoM ypoBHe [35]. Takue maccuBHble 00beK-
Thbl TOMUMO BJIMSIHUSI HA 3aPSIIOBBIH COCTAB CHCTEMbI
BBOJISIT B CHCTEMY HOBbI€ (DH3HUECKHE TTPOIIECCHI, KO-
TOpPble aCCOLUMUPYIOTCS C IUCCHNaLMel U peKoMO1Ha-
LMel Ha MOBEPXHOCTH YaCTHLL, U3MEHEHHEM 3apsiloB
vactul ¥ T.. Ha camom nese 3ambljieHHble T1a3Mbl
MPeJCTaBSAIOT COOOH HOBBIH THI HEraMHJBTOHOBbIX
CHCTEM CO CBOHCTBAMH, KOTOPbIE MOTYT CYIIECTBEHHO
OTJIMYATLCS OT CBOHCTB OOBIYHBIX MHOTOKOMITOHEHT-
HbIX MJIa3M. DJIeKTPOCTaTHYeCKasi SHEPrusl B3aUMO-
JIeACTBHS X 0OBEKTOB MOKeT ObITh BECbMa BbICOKOH,
4TO MO3BOJIsIET HAOJIOAATH MEePeX0ibl U3 Pa3ynopsiio-
YeHHOM ra3onoo6Hol (asbl B XKUAKOMOJA0OHYI0 (hasdy
¥ J1ayKe MOYKET BECTH K 00pa30BaHUIO YIOPSIIOUEHHBIX
CTPYKTYpP — MJ1a3MeHHbIX KPUCTAJIOB.

B 3TOM KoHTeKCTe HHTEpecHO paccMOTpeTh BO3-
MOKHOCTb 00pa3oBaHUsl OOBEKTOB THMA LIBETHON
TPyOKH, T.€. (hOPMHUPOBAHHE CHCTEM GOJIbIIIETO pa3Me-
pa, KoTopble 00pa3yloTCsi B CTOJKHOBEHUSIX YJbTpape-
JIITUBUCTCKHUX TS2KeJIbIX MOHOB. 3/1eCh JIOMOJHUTEb-
HO BCTYMalOT B UIPYy HOBBIE KOJIIEKTHBHbIE 3(h(DEKThI
THna ne6aeBCKOW 3KPaHHPOBKH, B aHAJUTHUECKOM
M3YUE€HHH KOTOPbIX JOCTHUTHYT OINpeleseHHbIl Mpo-
rpecc [35]. OnHako 3TH BOMPOCH! BHIXOJAAT 32 paMKH
Haulel paboThl U CTAHYT MPEIMETOM HalllUX OYAyLINX
uccaenoBaHuil. BaxKHbI MpaKTUUeCKUH BBIBOJ, IO
CYLIECTBY 3aKJ/IOUaeTcsi B TOM, 4YTO KOpPpPEKTHasi
OLIEHKAa HanpsiKeHHOCTeH XPOMO3JEKTPHUECKOTro |
XPOMOMArHMTHBIX TOJIEHl TOJyYaeTcsl yxKe B IpH-
OJIM2KEHUH “UMCTON” 3JIeKTPOJMHAMHKH C YCHJEHHOH
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KoHcTanToil cpsasn ¢. B neficTBUTEIbHOCTH MBI He
BUJIUM MPSMBIX TPOSIBJEHUH KyJOHOBCKOIO 3aKOHa
B3aUMOJIEHCTBUS KBApKOB. PykoBojslllell TUIOTE30H,
MPHU3BAHHOH OOBACHUTL HabJI0JaeMoe TOBeJleHHe
KBapKOB, sIBJISIETCS MJiesl BAaKYYMHbIX TJIIOOHHBIX MO-
Jell. B HacTosiliell paGoTe Mbl He KacaJuch 3TOH TEMbI,
HO OTMETHM, 4TO OlIeHKH, OCHOBAHHbIE Ha HHCTAHTOH-
HOM MOJE/JM BaKyyma, Harpumep, CBHIETEJbCTBYIOT,
YTO BaKyyMHble TOJISi MOTYT OKasaThCsi HaMHOTO
CUJIbHee ToJiedl, reHepupyeMbIX MPH CTOJKHOBEHHH
KkBapkoB [36]. IlpuueM KaxkJblii OTKPLITHIH 1BET B
MHCTAHTOHHOH Cpejle IKPaHHUPYeTCsl, UTO CBUJETE/b-
CTBYET O HEBO3MOXKHOCTH (hOPMHPOBAHUS TJIFOOHHBIX
noJiell 3aMeTHOH WHTEHCHBHOCTH U MO (PU3HUECKOMY
CMbICJTy, O-BUMMOMY, OTBeUaeT MpeBpalleH o (TyH-
HeJIMPOBAHHIO ) KBAHTOB TVIIOOHHOTO MOJISI B SHEPreTH-
yecku 6oJiee BbIroiHble KOH(UTypatrn. Mbl oxxuaem,
YTO CHTHAJbl JIOMOJHHUTENBHOTO  OTTAJKHBAIOLLLETO
HeabesieBa B3aUMOJIEHCTBUS MOTJIH Obl TIPOSIBUTHLCS HA
paHHell CcTaauu Pa3BUTHS IJUIMIITHUECKOTO MOTOKA B
PeJIITUBUCTCKUX SIAPO-sIIEPHBIX CTOJKHOBEHHUSIX eLlle
JI0 yCTAHOBJIEHUS] TEPMOJIMHAMHUECKOTO PABHOBECHS B
MAPTOHHOK MATEPHH.

ABTOpBI  BBIpaXKaloT TJyOOKYI0 6J1arolapHoCThb
A.T. 3aroponnemy, M.3. Unbrendpuriy u C.H. He-
JIeJIbKO 32 MHOTOUHCJ/IEHHbIE 0J1e3Hble 00CYKAeHHUS, a
TaK)Ke peLeH3eHTy 3a pa3dyMHble 3aMeuaHus. Pabora
'M.3. u C.B.M. nomnepxana locynapctBeHHoi
1eJ1eBOH HAy4YHO-TEXHUYECKOH MPOrpaMMoil YKpauHbl
no passututo [ PU]I TexHosorus.
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CLASSICAL GLUON FIELDS AND COLLECTIVE DYNAMICS
OF A COLOR CHARGE SYSTEM

V. Voronyuk, V. V. Goloviznin, G. M. Zinovjev, W. Cassing, S. V. Molodtsov,
A. M. Snigirev, V. D. Toneev

In studying color fields created in relativistic heavy-ion collisions, it was observed that the presence of
an additional term in the non-Abelian case due to changing the color charge results in a noticeable
contribution of “color charge glow” in chromomagnetic and chrmoelectric fields. A possible appearance
of the “echo” in scattering of composite color particles like a color dipole is discussed. Arguments are given
in favor of importance of such effects at modelling an initial time volution of ultrarelativistic heavy-ion
collisions, where the initial partonic state is defined by highly nonequilibrium partonic density and strong

local color fluctuations.
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