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J.Bae()euue 

KorruqecTBeHHoe npou.eccoB H,[(epHblX 

B3allMO,[\eHCTBllH B perr»TllBllCTCKOH o6rraCTH Haqarroch OKOJIO 25 rreT TOMY Ha3a,[\ 

rrocrre nonyqeHHH B ~6He u EepKJIH nyqKOB ».L(ep, ,[\Bll)KYIIJ.HXCH c OKOJIO CBeTOBhIMH 

CKOpOCTHMH [ 1]. ,[Ip :noro perr»THBIICTCKHe ».[(pa II3yqarrucb KaK COCTaBHM qacTb 

uccrre,[(OBaHHH KOCMuqecKHX rryqett. 

Bo3HIIKJia perr»THBIICTCKa» H,[(epna» <pll3HKa o6rraCTh IICCJie,[\OBaHHH 

rrpou.eccoB, B KOTOpblX qacTHIJ.hl, COCTaBJIHIOIIJ.He H,[(epHyIO MaTepHIO, ,[\BH)KYTCH C 

OTHOCHTeJibHhIMII CKOpOCTHMH 6JIH3KHMH K CKOpOCTH CBeTa. l(n» OIIHCaHHH TaKIIX 

rrpou.eccoB Heo6XO,[\HM yqeT HeHyKJIOHHhIX CTeneHeH CB060.L(hl, ,[\a H caMO IlOHHTIIe 

"HYKJIOH" CTaHOBHTCH Hea,[(eKBaTHhIM 3a,[\aqe, Oco6oe BHHMaHHe rrpuBrreKna 

rrpo6neMa rrepexo,[(a npoTOH HeHTpOHHOH MaTepuu B KBapK-rITIOOHHYIO, 

B KOHIJ.e 80-bIX rO,[\OB IlOHBIIJIHCh ,[\aHHbie, norryqeHHbie npu :mepru»x BhIUie 

10 A :('3B na cyIIJ.eCTBYIOIIJ.HX ycKopuTerr»x (EpyKxettBeH u [(EPH). IIporpaMMhI 

uccrre,[\OBaHIIH no pen»THBHCTCKOH ».L(epHOH <pll3HKe noTpe6oBaJIH C03,[(aHHH HOBhIX 

KpynHhIX 3KcrrepHMeHTaJihHhlX ycTaHOBOK H ycKOpHTenett. B ~6He 6bIJI IIOCTpoeH 

CBepxrrpoBO,[(HIIJ.HH ycKopuTeJih perr»THBHCTCKHX H,[(ep - HyKJioTpOH (1992r.), Ha 

KOTOpOM npOBO,[\HTCH 3KCnepuMeHThl no HCCJie,[\OBaHHIO nepeXO,[\HOrO pe)KHMa OT 

HYKJIOHHhlK K IJ.BeTOBhIM CTeneHHM CB060.L(hl B H,L\pax. y cneUIHO H,[\eT coopy)KeHue 

perr»THBHCTCKoro Korrrratt,L\epa rn)KeJihIX HOHOB (RHIC) B ClllA. B HacTO»rIIee Bpel\rn 
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noHaMH npn 3HeprHH 159 Ar3B B QEPHe H pa1pa6aThrnaeTe.si nporpaMMa .si.uepHbIX 

neerre.uoBaHHH Ha 6orrhllIOM a.upoHHOM Korrrrail..uepe (LHC). 

EorrbllIOH H Bee B03paeTaIOIUHH HHTepee K perrHTHBHeTeKOH .si.uepHOH cpH3HKe 

MOTHBHpOBaH Ha.ue)K.!laMH Ha yeTaHOBJieHHe 3aKOHOB, onttebIBaIOll(HX 

pemITHBHeTeKHe MHOroqaCTHqHbie CHCTeMbl. J,fayqeHHe 3THX 3aKOHOB HMeeT 

6oJibllIOe 3HaqeHne ,L(JIH acTpocpH3HKH, KOCMorrornH, .!lJlH IlOHHMaHHH HBJieHHH 

npoTeKaBllIHX B MOMeHT EorrhllIOrO B1pb1Ba. Y eTaHOBJieHHe TaKHX 3aKOHOB Ba)KHO 

TaK)Ke ,L(JIH C03.!laHHH eHCTeM 3JieKTpo.si,nepHOH 3HepreTHKH, KOTopa.si B rrocrre,nHHe 

rO.!lbl npHBJieKJia 60JibllIOe BHHMaHHe 3HepreTHKOB, crrerrttarrHCTOB B 06rracn1 

peaKTOpocTpoeHHH, 3KOJioroB. ,a.rm npHKJia,L(HbIX rreneil. TaK)Ke Ba)KHO HaKOITJieHHe 

3KCnepnMeHTaJibHbIX ,naHHbIX ITO B3aHMO,neHCTBHIO perrHTHBHCTeKHX HOHOB C 

Bell(eCTBOM. 

TeopHH perrHTHBHeTeKHX pa3pe)KeHHbIX MHoroqaCTHqHbIX CHCTeM*) rrpHBJieKaJia 

BHHMaHHe crreIIHaJIHCTOB Ha eaMOH 3ape eo1,naHHH TeopHH OTHOeHTeJihHOCTH. 

PacCMOTPem1e perr.siTHBHeTeKoro BapnaHTa ypaBHeHl!H rrepeHOCa IT03BOJIHJIO 

rrpoBeCTH Han6oJiee o6mee OITHCaHne TepMO,L(HHaMnqeeKHX eBoil.eTB pa3pe)KeHHb!X 

CHCTeM [2]. ITpttMeHeHHIO TepMO.!lHHaMHKH n rH.!lPO.UHHaMHKH [3] K OITHCaHHIO 

MHOroqacTnqHbIX KOHeqHbIX COCTOHHHH B eTOJIKHOBeHHHX a.!lpOHOB H .si,nep rrptt 

BbICOKHX 3HeprHHX ITOCBHIIIeHO 6oJibIIJOe qncrro 

TeMarnqecKHX Me)K.!lyHapO.!lHbIX KOHcpepeHIIHH* *). 

TeopeTHqeeKHX pa6oT tt 

3TH IlO,L(XO,L(bI IIIHpOKO 

3KerrrryaTttpy10TeH .!lJlH o6oeHOBaIIHH eo1,naHHH KpyrrHhIX 3KenepHMeHTaJibHb!X 

ycTaH0BOK H ycKopHTeneil. [4]. Oco6hre Ha,L(e)K,L(bl B03JiarmoTCH Ha B03MO)KHOCTb 

Ha6rr10,nemrn KBapK-rJIIOOHHOH IlJla3MbI, eymeeTBOBaHHe KOTopoil. B n~11po,ne crre.uyeT 

113 paCCM0TpeHHH .si.uepHOH MaTepHH KaK enJIOIIIHOH cpe,nhI npH npe.!leJlbHO BhieOKHX 

,naBJieHHHX H TeMrrepaTypax. ITo onpe,nerreHHIO ypaBHeHHe coeTOHHHH .si.uepHOH 

*) Pa:ipeJKeHHb!Mll Ha3b!BaJOTC51 TaKne Cl!CTeMbl, B KOTOpbIX npeo6na,uaIOll!llM /:\llllaMn'leCKllM 

MeXaH!l3MOM 51BJI51eTC51 ):\Byx'laCTll'IHbJH. 

* *) lb uan6onee l\l!TllpyeMbIX B nocnem1ee BpeM51 pa6oT no npnMeHeHllIO fllAPOLll!HaMn'!ecKnx 

MeTO.z:tOB B pen51Tl!BHCTCKOH 51,nepHon <pll3l!Ke OTMeTHM J.D Bjorken Phys.Rev., I 983,D27 ,N l ,p.140. 
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MaTepHH paeeMaTpttBaeTe.si .!lJlH MaKp0CK0TIHqeeKH npOTH)l(eHHOH cpe.!lhl • .51,nepHoe 

ypaBHeHHe e0CT0HHHH - oqeHb Ba)KHM HHcpopMaIIHH, Heo6XO.!lHMM .!lJlH 

K0JIHqeCTBeHH0ro ontteaHHH TaKHX aeTPOcpH3HqecKHX HBJieHHH KaK B3pb!Bbl 

CBepXH0BbIX 3Be3,n, o6pa30BaHHe H eBOH.eTBa HeHTPOHHbIX 3Be3,n ••• O,n:HaKO, Bonpoc 0 

TOM, HaCK0JlbKO ,na)Ke eaMbie TH)KeJibie .si,npa npH HaHBbieIIJHX nrraHnpyeMbIX 

:rneprn.six eMoryT HMHTttpoBaTb CilJI0IIIHYIO epe,ny, 0CTaeTCH 0TKpbITbIM. KpoMe 

TOro, He .sieHO, HaeKOJlbK0 H3yqaeMM Ha yeKopnTen.six .!lHHaMHKa MYJibTHa.!lpOHHbIX 

CHeTeM 0ITHCbIBaeTeH TeMH )Ke 3aKoHaMH qTo H a.!lpOHHM TepM0.!lHHaMttKa, KOT0paH 

rrpHMeHHeTCH .!lJlH onneaHHH BHYTPH3Be3,L(HbIX nporreeeoB, paHHeH BeeneHHOH H 

T.IT. 

CTPeMrreHHe Hail.TH npoeThie cpyH.!laMeHTaJibHbie 3aKOHbl npnpO.!lhI, Ha 0CHOBe 

K0T0pbIX MO)KH0 060.sieHHTb MaKCHMaJibHO B03MO)KHOe qneJI0 HBJieHHH, ebrrparro 

BeebMa nporpeeCHBHYIO porrb PYKOB0.!lHIIIero npHHIIHTia cpyH,naMeHTaJibHOH HayKn. 

B pe1ynhTaTe HeBepOHTH0ro yenexa npnMeHeHHH H.!leil. Karrn6poBoqHoil. 

CHMMeTpHH, orrpe,neJIHIOIIIeH rrarpaH)KllaHbI B3aHMO.!letteTBHH, B03HHKJIO 

BrreqaTJieHne, qTo CTaH,napTHaH Mo.!leJih M0)KeT npeTeH.!l0BaTb Ha p0Jib TaKHX 

3aKOHOB. B 19:70-x ro,nax Ka3aJI0Cb, qTQ Bee oeH0BHbie 3JieMeHTbl MHp03.!laHHH 

' (KBapKH, rJIIO0HbI, KarrH6poBoqHbie TI0JIH H B3aHMO,neil.eTBHH Me)K.!ly HHMH) Bb!HCHeHbI 

H Bee cptt3HqeeKHe HBJieHHH MO)KH0 paeeqnTaTb nyTeM qneTOH .!le.D;yKIIHH, 

HCITOJib3YH Il0,!lX0.!lHIIIHe narpaH)KllaHbI. KBaHTOBM xpoMO.!lHHaMHKa (QCD), 

6a1npy10ma.sie.si Ha npHHIIHTiax eoBpeMeHHOH TeOpHH IlOJIH KaK eocTaBHM qaeTb 

CrnH,napTHOH Mo.!leJin, HBJIHeTCH OCHOBOH TeopHH CHJlbHbIX B3aHMO.!leH.CTBHH. 

QCD, TPaKryIOIIIM a,npOHbl KaK C0CTaBHbie o6oeKTbI, eo.!lep)Kamne 6onee 

cpyH.UaMeHTaJibHbie C0CTaBJIHIOIIIHe - KBapKH H rJIIO0HbI, .!lOJI)l(Ha, B rrpHHIIHile, 

0ilHCbIBaTb KaK acHMilT0THqecKHe COCT0HHHH, TaK H C00TBeTCTBYIQIIIHe cpa30Bble 

nepeX0.!lbl (HanpHMep, nepexo,n OT npOTOH-HeHTPOHHOH K KBapK-rJIIOOHHOH MO.!leJIH 

.si,npa). C 3KCnepnMeHTaJibHOH TOqKH 3peHHH, 0.!lHHM H3 0CHOBHbIX ofo,eKTOB 
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HJytJ:eHIUI QCD .HBJUUOTC.H KBapK-rmoOHHhie CTPYKTypHbie cpyHKIJl111 a.upoHOB 11 

.H,uep. 0,uHaKO, np11MeHeH11e QCD K .H,!l;pO-.H,UepHhIM CTOJIKHOBeHl1.HM oco6eHHO B 

o6naCTl1, r.ue KaK KBapK-rmOOHHhie TaK 11 HYKJIOHHhie CTerreH11 CB060.Uhl 11rpa!OT 

cymecTBeHHYIO pOJih, 3aTpy,umneJihHO, a np11po.ua .ueKoHcpattHMettrn 11, 

COOTBeTCTBeHHO, 

xpoMOIIJia3MY IIOKa 

nepexo.ua 06b1tJ:HOH (HyKJioHHott) .H,uepHott MaTep1111 B 

He .HCHa.' · PeJI.HTl1B11CTCKa.H .H,uepHa.H !pl1311Ka OKa3aJiaCh 

IIp11HIJHIIHaJihHO HOBOH o6naCTh!O 11ccne,uoBaHHH. He TOJihKO B Teop1111 .H,Upa, HO H B 

KBaHTOBOll TeOpH11 IIOJI.H. 

I1CIIOJih30BaHHe MeTO,UOB KaK CTaTHCTHtJ:eCKOH !pH311KH TaK 11 KBaHTOBOH Teop11H 

IIOJI.H He BHeCJIO .HCHOCTh B BOIIpoc O npHMeHHMOCTH MaKpOCKOIIl1tJ:eCKOro orr11caH11.H 

.H,uepHOll cpe,Uhl K CBOllCTBaM CTOJIKHOBeHl1H peJI.HTl1BHCTCKHX .H,Uep. 

' 
3TH BOIIpOChl OTHOC.HTC.H K rrp11HIJHIIaM IIOCTpOeHl1.H MaTeMaT11tJ:eCKl1X MO,UeJieH 

(3aKOHOB np11pO,UhI), COOTBeTCTBYIOIIJl1X !pH3HtJ:eCKHM npoIJeccaM 11 COCTO.HHHllM. 

ABTOphl HaCTO.H]IJeH CTaThl1 ClJHTaIOT, 'ITO on11caH11e MHOrOtJ:aCTl1lJHhlX COCTOllHl1H 

peJI.HTHBl1CTCKOH .H,UepHOll <pl13HKH B TepM11HaX MaKpOCKOIIHtJ:eCK11X nepeMeHHhlX 

(TeMnepaTypa, ,uaBJ1ett11e, IIJIOTHOCTh, JHTpOIIl1.H H T.II.), nponmopetJ11T BmKHOMY 

rrpHHIJl1IIY, KOTOphIH oco6eHHO IIO,UtJ:epKHBaJI rett3ett6epr: pU3U'leCKUe 3llKOllbl ll 

ymeep:HcOellUJl OOJlJ/Cllbl 6blpllJIClllnbCJl nlOJlbKO 'tepe3 11a6mooae.11thte 6eJlll'lllllbl, 

Tip11 H3ytJ:eHl111 CTOJIKHOBeHHll peJI.HTHBl1CTCKl1X .H,uep 60JihlIIl1HCTBO H3. yrroMllHYThIX 

MaKpOCKOII11tJ:eCKl1X nepeMeHHhIX Ile Jl6JIRIOnlCJl 11a6J1100ae.11tblMU. 

. HacTO.H]IJaK CTaTh.H IIOCB.H]IJeHa • Cl1CTeMaTl1tJ:eCKOMY 113JIO)l(eHl1IO OCHOBHhIX 

pe3yJihTaTOB no.uxo.ua, OCHOBaHHOro Ha rrp11MeHeHHH B .peJI.HTl1B11CTCKOH .H,UepHOH 

!pl1311Ke 3aKOHOB CHMMeTpH11, no.uo611.H 11 .upyrttx MeTO,UOB, He orr11pa!O]IJl1XC.H Ha 

narpaH)l(eB MeTO.U, HO II03B0JI.HIO]IJHX KOHCTpyHpOBaTh MO,UemI (peIIIeHl1.H, 3aKOHbl 

·np11po,Ubl), HCXO.U.H 113 nepBhIX rrpHHIJHIIOB._ 

.· HaIII rro,uxo.u rro3Bon11n: 

.1) ycTaHOBl1Th o6JiaCTh .H,UepHhIX CTOJIKHOBeHHH, B KOTOpOH HYKJIOHhl yTpatJ:HBa!OT 

CBOIO TO)l(,UeCTBeHHOCTb, 11 HacTyrraIOT ac11MIITOTHtJ:eCKHe ITO JHeprHH pe)l(HMbI; 

2) rrpe,UCKa3aTh 11 o6Hapy)l(HTb KYMYJI.HTl1BHhie rrpoIJeCChl, .ueMOHCTpttpy!O]IJHe 
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1rn6mo.uaeMOCTb MHorotJaCTl1lJHhIX B3al1MO,UeHcTB11H; 

3) .uaTh e,Ul1HOe OIIHCaH11e rny6oKorro.urroporoBhIX, OKOJIOIIOporoBhIX 11 

KYMYJI.HTl1BHhIX rrpoueccoB; 

4) .uaTb KOJIHtJeCTBeHHOe OIIHCaH11e KOHetJHhlX COCTO.HHl1H .H.uepHhIX CTOJIKHOBeHHH 

(MHO)l(eCTBeHHb!X rrpoueccoB) Ha OCHOBe IIOH.HTl1H -
npoMe)l(yTotJttall 

aCHMIITOTHKa 11 IIp11HU11II ocna6JieHl1.H KoppeJI.HU11H B npoCTpattcrne 

OTHOCl1TeJibHhlX 4-CKOpOCTett; 

5) o6ttapy)l(HTb JIOKaJibHYIO aBTOMO,UeJihHOCTh 

COCTO.HHHH ll,Ueptth!X CTOJIKHOBeHtttt; 

( caMono.uo611e) KOHetJHbIX 

6) ,!l;aTh KOJIHtJeCTBeHHOe OIIHCaHHe o6paJOBaHH.H aHTHMaTepH11 B 

peJJ.HTHBHCTCKHX .H,Ueptth!X CTOJIKHOBeHH.HX. 

TioJJO)l(eHHll .uaHHOro rro.uxo.ua HJIJIIOCTpHpy!OTC.H HaH6onee xapaKTepHblMJI 

JKcnepttMeHTaJihHhlM11 .uattHhlMJI, o60CHOBhIBa!O]IJHMl1 

yrnep)l(.ueH11tt. 

crrpaBe,UJJHBOCTb 

2. 011peoe11e11ue Atame.uamu'tec«ur: AtoOeJieii. CWltMempua e coepe,ite111101i 

pU3llKe. 

Haw11x 

PeJJl!TIIBJICTCK!'e .H,UepHhie CTOJIKHOBemrn, KaK 11 Bee .upyn1e <pH3HlJeCKl!e 

' npouecCbl OIIIICbIBa!OTC.H 
B TepMl1Hax onepaUHH ( Ha6n10.ueHHH, JKCIIepHMeHTOB), 

CBll3bIBa!O]IJJIX H3Mep.HeMhie <pH3HtJeCKHe rrapaMeTphI. CJJO)l(HOCTb IIO,UJIHHHb!X 

<pH3HlJeCKHX CHTyaIIHH Tpe6yeT ynpo]IJeHHhIX OIIl1CaHHH C IIOMOIIJblO CJIOBeCHblX, 

CHMBOJ111lJeCKHX II .ua)l(e !pl13HlJeCKJIX MO,UeJJeH. Ynpome1rne no.upa3yMeBaer 

onpe.ueneHHe o6JJaCTl1 rrpHMeHHMOCTH BBO.UHMb!X IIOH.HTl1H. 

TipHBe,UeM Ba)l(Hh!H ,UJI.H npe,uMeTa JTOH CTaThl1 npHMep: onpe.ueJ111M o6nacn, 

npHMeHHMOCTH IIOH.HTl1.H "JJleMeHraptta.H tJaCTl1Ua". Tpa.U11UHOHHO JJ1eMe1napHblMH 

1

-!aCTHUaMH Ha3bIBalOT ttepa3JJO)l(JIMhie .uanee CTPYKTypHhie COCTaBJJlllOIIJHe Marep1111. 

3ro flOWITHe ccpopM11poBanoch B TeCHOH CB.H3H C npe.ucraBJJeHHeM O JUICKpen10~1 

CTpoettHH BeIIJeCTBa Ha M11Kp0CKOIIJilJeCKOM YPOBHe. TTpH nocrpoettl!H MO.UeJJeii 

JJJeMeHTaptthte tJaCTHUbl paccMarpttBa!OTC.H KaK a6COJIIOTHO TO)l(.UeCTBeHJJbte u IIX 

attcaM6JUJM COIIOCTaBJI.HCTCll KBaHTOBOe flOJJe, KOTopoe 11 COOTBeTCTByer Mo.uem,. 
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O}:lHaKO, KBaHTOBaH TeopIIH nOJrn ycneurno npIIMeHHeTCH ll K YaCTIIUaM, 

0611a}:la10W:IIM BHyTpeHHeH CTPYKTypoil:, HanpIIMep, K aTOMaM reJIIIH npll Hll3KllX 

TeMnepaTypax. B aTOMHOH Q)II3IIKe KpIITepIIeM, orpaHII'IIIBa!OW:IIM npIIMeHIIMOCTh 

TaKoro pacCMOTpeHIIH, HBJIHeTCH KIIHeTwiecKaH :rnepnrn OTHOCHTeJihHOro J:lBH)KeHHH 

YaCTHU. KoJIH'!eCTBeHHO '.HO 03HaYaeT, '!TO KIIHeTIIYeCKaH :rneprIIH OTHOCIITeJibHOrO 

}:lBII)KeHIIH }:lOJI)KHa 6hITh MHOrO MeHbllie 3HeprHII nepBoro B036~}:leHHOro ypoBHH 

aTOMa. B npOTIIBHOM cJiyYae B pe3yJihTaTe B3aHMO}:leHCTBHH aTOMOB J:lpyr C J:lpyroM 

MO)KeT 6hITb HapyllieHa IIX TO)K}:leCTBeHHOCTb. 

PeJIHTHBHCTCKOe o6o6meHIIe KpIITepHH npIIMeHHMOCTH TTOHHTHH 

·"3neMeHTapHaH YaCTIIUa" Mb)KHO nonyYIITb Ha OCHOBe 3aKOHa coxpatteHIIH 

4-HMnynhCa J; + Pz = ~ + p' 

(Fi +P2)2 =(P3 +P').2 

PaccMoTpIIM nopor o6pa30BaHIIH B036y)K}:leHHOrO COCTOHHIIH 

CTaJIKHBa!OW:IIXCH YaCTIIU . 

(P3 + p' )2 ""'(m + m • )2. 

OTCIO}:la 

2 
(m' -m ) (m' -m ) 

b,2 =-(UI -U2) _;___~ ·[4+---]«1 
m m 

0}:lHOH H3 

(]) 

3}:leCb m II m • - Macchi TO)K}:leCTBeHHhlX YaCTIIU 11 Macca BOJ6y)K}:leHHOro 

COCTOHHIIH, a Pi, P2, P3 11 p' II 11X 4-IIMTTYJihChl COOTBeTCTBeHHO. 

U; = P; Im; 

- BeKTopa 4-cKopocTett • 

IlpoCTpaHCTBO 4-cKopocTeil: HBJIHeTCH OCHOBHhlM 

peJlHTIIBIICTCKIIX i,niciroYaCTII'!HhlX npoueccoB (cM. Pa.3}:leJI 3). 

}:lJIH onIICaHIIH 

OTMeTIIM, '!TO KpIITepIIH (I) ccpopMyJIIIpOBaH qepe3 mrnapnaHTHhie, 

6e3pa3MepHhie 11 HJMepHMhie BeJIII'IHHhl ( B Hero He BXOJ:lHT TaKIIe napaMeTphl KaK 

pa3Mepbl YaCTHU, CTeneHh IIX TO'!e'!HOCTl1, paCCTOHHl1H 11 T.n.) 

vh KpnTepirn (1) cJie}:lyeT KJiaccmp11KaUl1H H):{epHhlX CHCTeM: 

.. 
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O6JiaCTH 0~ bik ~10·2 
COOTBeTcTByeT HepeJIHTl1B11CTCKaJI H,LlepHaH Q)II311Ka. 

HyKnOHbl C a.[leKBaTHOll 3a,[la'!e TO'IHOCThlO MO)KHO paccMaTp11BaTh KaK 

3JieMeHTapHble YaCT11Uhl. O6JiaCTl1 bik ~ COOTBeTCTByeT B036y)K,[leHHe 

BHyTpeHHl1X CTeneHett CB060.[lhl a.r1poHOB (mo6aph1, pe30HaHChI). Heo6XO,[IHMO 

BBe,[leHIIe HeHyKJIOHHhIX cTeneHeil: CB060J:lh! ' 3cpcpeKTl1BHhIX narpaH)K11aHOB. 

O6naCTl1 b ik > > I COOTBeTCTByeT npeo611a.r1aH11e UBeTOBhIX CTeneHett CB060.[lhl. 

83al1MO,[leHCTBHe ,[IOJI)KHO Oill1Ch!BaThCH KBaHTOBOH xpoMOJ:ll1HaMl1KOH . 

.ll:nH aTOMHOll q>l1311Kl1 xapaKTepHhie b ik~ 10·9_ Ilp11 3TOM, Hanp11Mep aTOMhl 

reJil1H TepHIOT 3JieKTpOHhl 11 npespamaIOTCH 113 6o30HOB B cpepM110Hhl. 

Ba)KHO IlO,[IYepKHYTh, '!TO ,[IJIH IlOCTPOeHl1H MO,[leJiett B Ka)K,[IOH 113 o6o3HaYeHHh!X 

o6nacTett narpaH)KeB MeTOJ:l ,[IOJI)KeH 6hITh J:lOilOJIHeH r11noTe3aM11 OTHOCl1TeJihHO 

Ha'laJihHhIX 11 KpaeBhIX ycnOBl1H. 3Tl1 r11n0Te3hl, KaK 11 r11n0Te3hl O CTPYKrype 

JiarpaH)KHaHa (Hanp11Mep, MaCChI, KOHCTaHThl CBH311, rpynnoBaJI CTPYKTYPa 11 T.n.), 

,[IOJI)KHhl 6h!Th nposepHeMhl 3KCnep11MeHTaJihHO • 

.ll:JIH MH0fl1X cnyqaeB IlOCTPOeHl1H MO,[leJieil: OKa3hIBaeTCH ,[IOCTaTO'!HhIM 

IICTTOJih30BaTh TOJihKO J:lOilOJIHl1TeJihHhie r11n0Te3hl 6e3 np11BJieYeHl1H narpaH)KeBa 

MeTO,[la. B 3TOH i!BH311 4 ,[(JIH IlOCTPOeHl1H MO,[leneil: B peJIHTl1B11CTCKOH H,LlepHOH 

q>Il3IIKe xopOllil1M np11MepoM IlOCJIY)Kl1Jil1 MeTOJ:lhl, pa3pa6oTaHHh!e s 

r11.r1po.r111HaM11Ke. 

JI106aH MaTeMaT11YeCKaH MO,[leJih, npeTeHJ:lYIOW:illI Ha OilHCaHHe q>Il3Il'leCKOro 

HBJieHl1H, ,[IOJI)KHa 6h!Th OI:.(eHeHa C TO'IKil 3peHHH HenpOTHBOpe'111BOCTil Ha6opa 

onpe.r1enH10m11x aKCl10M (rnnoTe3). Ilp11 3TOM -HenpOTHBopeYHBOCTh 

aKCl10MaT11'1eCKOro onpe.r1eneHl1H ,[IOJI)KHa 6hITh J:lOKa3aHa. IlepBhIM ycn0B11eM 

npttMeHl1MOCTl1 MO,L1eJI11 HBJIHeTCH OJ:lH03HaYHOe COOTBeTCTBl1e Q)113Il'leCKOro 

(H3Mep11Moro) 11 MaTeMaT11'1eCKOro o6'beKTOB. 

}bBeCTHa TaKaH llIYTKa:" ••. r11.r1po,L1HHaMl1Kil pa3,LleJil1JIIlCh Ha l1H)KeHepoB

rtt.r1paBJil1KOB, KOTOphie Ha6JIIO,[laJIIl TO, 'ITO HeJih3H 6hIJIO o6'hHCH11Th, Il MaTeMaTHKOB, 
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KOTOpbie ofrMICH.HnII TO, '!TO HeJlb3.H Ha6JJJO,[laTb". AHanortt'IHbie TeH,[leHUHH 

rrpocMaTPIIBaJOTC.H ll B COBpeMeHHOll !pll3llKe. 

lhBeCTHblll CBOllMll pa6oTaMH B o6naCTll anre6pbl ll TOIIOJ10rm1 MaTeMaTJ1K 

r.EttpKrocp II0Ka3an, KaK MHOrO'lllCJJeHHbie rrpOTllBOpe'IHll Me)K,[ly 

)KCrrepttMeHTanbHO Ha6JJJO,[laeMbIMll cpaKTaMll H 3aKJJJO'leHHllMH TeopeTH1.JeCKOii 

rtt,[lpO,[lHHaMHKll (TaK Ha3bIBaeMbie rrapa,[lOKCbI) o6ycnOBJleHbI TeM, 1.JTO l!BHO He 

BbI,[leJJeHbI BCe aKCHOMbl (rHIIOTe3bI) II He Y'!TeH TOT ymep6 B CTpOroCTH, KOTOpbIH 

o6ycnOBJJeH llX rrpIIMeHeHHeM. OTHOCIITeJJbHO rn,[lpO,[lllHaMHKH, r.EHpKrocp [5] 

rrpmIIeJJ K 3aKJIIO'leHHIO, 'ITO CTPOra.H MaTeMaTJIKa, Ha KOTOpoii OCHOBaHa 

TeopeTH'leCKa.H rtt,[lpO,[lllHaMHKa, ,[lOJl)KHa 6hITb ,[lOIIOJJHeHa npaeoonooo61tblJltll 

uumyumue11b111tu zunome1a.J1tu: 

(1) Orrpe,[leJJ.H.H, KaKtte !pll3H'leCKIIe rrepeMeHHbie Heo6XO,[lHMO paccMaTpHBaTb, 

MO)KHO rronaraTbC.H Ha HHTYIIUHIO. 

(2) 3cpcpeKT ManbIX B03,[leHCTBllH Man, a 3cpcpeKT 6ecKoHe'IHO ManbIX B03,[leHCTBHH 

6eCKOHe'IHO Man. 

(3) CHMMeTpH.H B3aHMO,[lellCTBH.H o6ycnaBJIHBaeT CllMMeTpll!O 3cpcpeKTa. 

(4) TorronorttJO Te'!eHH.H MO)KHO ynoBHTb HHTYHTHBHO. 

(5) Orrepa!Jllll aHanma rrpttMeHHMbI 6e3 orpaHH'leHttii: cpyHKUHll, paccMaTpHBaeMbie 

B TeopeTH'leCKOii rtt,[lpO,[lHHaM11Ke, MO)KHO CB060,[lHO HHTerpttpoBaTh, 

,[lll<pcpepeHuttpOBaTb, rrpe,[lCTaBJI.HTb B Bll,[le p.H,[lOB ( Teiinopa, <l>ypbe) l!Jlll 

HHTerpanoB ( Jlarrnaca, <l>yphe ). 

(6) MaTeMaTtt'leCKHe 3a,[la1.Jll,, IIOCTa.BJJeHHbie Ha OCHOBe llHTYllTllBHblX !pll3111.JCCKHX 

rrpe,[lCTaBJICHHll, C'IHTaJOTC.H KOppeKTHblMH. 

T eopeTH':(eCKa.H r11,[lpO,[lHHaMHKa CTpeMllTC.H rrp116J1tt)KeHHO 

,[lBH)KeH11e peanbHOll )Kll,[lKOCTll IIYTeM . perneHH.H KpaeBblX 

rrpe,[lcKa3aTb 

3a,[la1.J ,[lJJll 

COOTBeTCTBYJOIUHX ,[lll<pcpepeHUllanbHbIX ypaBHeHllll B '!aCTHbIX rrpOH3B0,[lHblX. 

O,[lHaKo, ,[la)Ke B cny'lae ycrrernHoro perneHtt.H raKttX ypasHeHHii He scer,[la ITOHl!THO, 

KaK COITOCTaBl!Tb rrony'leHHble peIIIeHll.H c Ha6JJJO,[laeMb!MH MaKpOCKOllH'ICCKHMH 

xapaKTepttCTHKaMll .HBJJeHtt.H. 
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I1H)KeHepbI-rn,[lpaBJJHKH IIJHpOKO HCIIOJlh3YJOT MeTO,[lbl TeOpHH pa3MepHOCTII H 

rro,no6ttll. flo cyTH, onpe,neJJl!IOTC.H HHBapHaHTHble COOTHOWeHHll Me)K,ny 

H3MepHMbIMH rrapaMeTpaMH 3a,Ua1.JH. 8 TeopeTH'leCKOH rn,npo,nHHaMHKe TaK)Ke 

WHpOKO IICllOJlb3YIOTCll MeTO,[lbl no,no6Hl!, KOTOpbie 1.JaCTO llBJI.HIOTCll C,UHHCTBCHHb!M 

cpe,ncrnoM aHanma ypaBHeHttii. 

YHHBepcaJJbHOCTb MeTO,[lOB no,no611l1 ,[lJlll TeopHH H ,[lJlll )KcnepHMeHTa ,[laJJeKo 

HecJJy<rniiHa . .l],eJJo 3aKJ1101.JaeTcl! B TOM, 1.JTO npeo6pa3oBaHHll no,no6Hll onpe,neJJl!IOT 

IIHBap1rnHTHbie OTHOIIICHHll, KOTOpbie xapaKTepHbl ,[lJI.H CTPYKTypbl Bcex 3aKOHOB 

rrpHpO,Ubl, B TOM 1.JHCJJe H ,[lJlll 3aKOHOMepHOCTeii peJJl!THBHCTCKOii l!,nepHoii !pH311KH. 

06o6meHHblH npHHUHll OTHOCHTeJJbHOCTH MO)KHO ccpopMyJJHPOBaTb TaK: 3aKOHbl 

np11p6,nb1 ,[lOJl)KHbl rrpe,ncTaBJJl!Tb co6oii COOTHOWeHHll MC)K,ny HHBapHaHTaMH rpyrrrr. 

<l>H3H1.JeCKOe no,no6ue llBJlllCTC.H o6o6ll(eHHCM reoMeTpH1.JeCKOro no,no6Hl!. 

reoMeTpH'ICCKHe cpurypbl no,no6Hbl, ecnu rrpOCTblM YMHO)KeHHeM Bcex pa3MepoB 

0,UHOii reoMeTpH'leCKOH cpurypbl Ha 0,[lHH H TOT )Ke KO)!p!pHUHeHT rro,noforn 

(Macwrn6) 
noJ1y1.Ja10TCll Bee pa3Mepbi ,npyroii cpurypb!. AHaJJOrI11.JHO 

reoMeTpH'leCKOMy rro,no6mo, ,[lJlll !pH3H1.JeCKHX llBJJeHHH HCll0Jlb3YIOTCl! 

HHBapHaHTHbie 6e3pa3~epHbie KOM6HHaUHH (rrapaMeTpbl rro,no6Hll), COCTaBJleHHble H3 

" orrpe,neJJ.HIOll(HX 3a,na1.Jy pa3MepHblX BCJlH1.JHH. 

PaccMoTpHM npoCTble llOl!CH.HIOll(He npHMepb!. 

I) flptt llJl3HHpoBaHHH 60JJbillHX, ,noporocTOllIUHX coopy)KeHHii ( C3MOJleTb!, 

Kopa6JJH, llJlOTHHbl H T.,n.) HH)KeHepbI-rn,npaBJlHKH WHpOKO HCllOJlb3YIOT qJH3111.JeCKOe 

MO,[leJ1HpOBaH11e. I1cnoJJb30BaHHe MO,[leJJupoBaHHll npe,nrroJJaraeT 3H3HHe 33KOHOB, 

ITO KOTOpb!M MO)KHO nepeC'IHTaTb pe3yJlhTaTbl OllblTOB, c,neJJaHHb!X C MO,UeJlllMH Ha 

peaJJbHbie o6beKTbl. reoMeTpH1.JeCKH TeJJo-MO,[leJJb ,neJJaeTCll rro,no6HOH TeJJy-HaType. 

PaCCMOTpHM MO,[leJJHposarme ycTaHOBHBWerocl! ,[lBH)KeHHll B.H3KOH HeC)KHMaeMo/:i 

)1(11,[lKOCTH, 06TeKa10me11 TBep,noe TeJJO. HarrpaBJJeHHll CKOpOCTeii B MO,UeJJH H HaType 

O,[lllHaKOBbl. B Ka1.JeCTBe 
onpe,neJJl!IOIUHX 3a,naqy rrapaMeTpoB 6epyTc.H: l -

xapaKTepHb!H pa3Mep TeJJa MO,[leJJH, lo - pa3Mep TeJJa HaTypb!. lo i / l i - KO)<p<pl!UHCIIT 
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reoMeTptt'1ecKoro rro.no6m1, u - CKOpOCTb HaTeKaIOll{ero ITOTOKa, µ- BH3KOCTb 

,KH,UKOCTH, p - ITJIOTHOCTb ,KH,UKOCTH. YKa33HHbie orrpe,neJIHIOll{He 33,Ua'-ly rrapaMeTpbl 

B CHCTeMe e,nHHHU L - ,UJIHHa, M - Macca, T - speMH HMelOT CJie,ny101UHe 

pa3MepHOCTH: 

[l]=L; [U]=L·T1; [µ]=M·L· 1·T; [p]=M•L:
3 

l13 orrpe,neJIJIIOll{HX rrapaMeTPOB MO,KHO COCT3BHTb TOJibKO O,UHH ,UHHaMH'-leCKHH 

rrapaMeTp rro.no6Hll ( 6e3pa3MepHylO KOM6HH3UHIO, He3aBHCH1UYIO OT BbJ6opa 

e_1\HHHU H3MepeHHll): 

I11=pUl / µ=Re. 

3TOT HHBapHaHT Ha3bJBaeTCJI '-IHCJIOM Peil:HOJib,UCa. ,UJill o6ecrreLJeHHJI rro.no6HH 

Heo6xo,nHMO paBeHCTBO ,naHHOro rrapaMeTpa ,UJIJI MO,UeJIH tt HaTypb!. EcnH 

➔ 
➔ 

pacCTOJIHHe r H3Mepl!Tb B e,nHHHU3X 1, a CKOpOCTb V B e,nHHHUaX u, TO 

perneHHll rH,npo,nHHaMH'-leCKHX ypaBHeHHH ,UJIJI pacrrpe,neJieHHll CKOpOCTeH HMelOT 

BH,U: 

➔ ➔ 

V ➔ r 
-=J(- Re) U I' . 

l13 :noro Bbipa,KeHHll CJie,nyeT, '-ITO ITOJIJI CKOpocTeil: o6TeKaHHJI reoMeTpH'-IeCKH 

➔ 

rro.no6HbIX TeJI orrHCbIBalOTCll o,nHoil: H TOH ,Ke q>yHKUHeil:, JaBHCllll{eil: TO r I 1, 

ecJIH LJHCJia Peil:HOJib,UCa ,n:Jill 3THX Te'-leHHH o,n:HH3K0Bbl. 

EcJIH ITOTOK ,KH,n:KOCTH HJIH raJa o6na,naeT HeKOTOpbIM rroJieM CKopocTeH 

(HarrpHMep, B Tpy6e CKOpOCTb B6JIH3H cTeHOK MeHbIIIe '-leM B ue1npe Tpy6b1 H T.rr.), 

TO BBO,UHT JlOK(l)lbltOe 'IUCJlO PeiiHOJlbOCa. 

2) PaccMoTpHM 3a,na'-ly O TO'-le'-IHOM B3pbIBe. 

ITpHMeM CJ1e,ny10ll{He yrrpomaIOll{He 3a,na'-ly ITOJIO,KeHHJI: 

I . B HeKoTopoM MaJIOM o6'beMe Bh1,neJIJ1eTCll 6oJihIIIall 3Heprnll E ( aTOMHhIH 

B3pbIB). 
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2. OT ueHTpa B3pbIBa B B03,nyxe B03HHKaeT 6hICTpo pacrnHplllOll{al!Cll cqiepH'-leCKH 

CHMMeTpH'-IHall o6JiaCTb, ,naBJieHHe 33 KOTopoil: B Ha'-laJie COCT3BJIJleT COTHH Tb!Cll'-1 

aTMocqiep. 

,Unll orrpe,neneHHll pacrrpocTPaHeHHll rro pa,n:uycy Bcex xapaKTepucTHK TaKoro 

COCTOJIHHJI H CKOpOCTll ,n:BH,KeHHJI '-13CTHU raJa Heo6xo,nHMO peIIIHTb 3a,na'-ly C 

HHTerpHp0B3HHeM HeJIHHeHHbIX ypaBHeHHH B '-13CTHblX rrpOH3BO,n:HbIX *). 

ITpHMeHHM K ,naHHOH 3a,na'-1e aHaJIH3 pa3MepHOCTeil:. Pa,nuyc q>pOHTa y,napHOH BOJIHbl 

r f '-1epe3 rrpoMe)l(yToK speMeHH t rrocne B3phrna c 3Heprueil: E u HaqaJibHoil: 

ITJIOTHOCTblO B03,nyxa Po eCTb q>yHKUHll: 

rf=rf (E, t, p0). 

Pa3MepHOCTll orrpe,neJIJIIOll{llX 3a,naqy ~apaMeTPOB 

[rt)=L; [t]=T; [E]=M·L2·T·2; [p0]=M·L·3
• 

I-fa YKa33HHbIX orrpe,n:eJilllOll{HX 3a,n:a'-ly rrapaMeTPOB MO)l(HO CKOHCTpyupoBaTb 

6e3pa3MepHbIH llHBapHaHT (rrapaMeTP rro,no6Hll): 

I1=rt(Et2/PoY1;s 

ITocKOJihKY IT- HHBapuattT, To: 

' rt= C • (Et2 / p0)
115 

be3pa3MepHall KOHCTaHTa C B 3TOM 3aKOHe, rroJiyqeHHOM TOJibKO ll3 KpaeBh!X ll 

HaqaJibHb!X YCJIOBHH, KaK ITOKa3aJIH ,n:eTaJibHbie pac'-leTbl, rrop.ll,n:Ka e,nHHHUbl. 

I1crrOJib3Yll 3TOT 3aKOH, ~.I1.Teil:nop rrpoaHaJill3HpOBaJI KHHOq>HJibM, CHllTblH 

BO BpeMJI rrepBb!X aMepHKaHCKHX ll,n:epHbIX HCilhITaHHH, H C xoporneil: TOqHOCTblO 

orrpe,nenun coseprneHHO ceKpeTHoe qttcno: 3HeprnIO B3pbrna E. <l>HJihM 6brn He 

*) I1oJIHOe pellleHI!e 3TOll 3a,J:13'III )1aHO B KHilre JI.H.Ce.noBa "MeT0)1hl rro.no6m1 II pa3MepHOCTII B 

MeXaHIIKe"(8-e Il3)1aHile. M.,HayKa 1981. ).I1pI1B0)1IIMhlll HIIJKe pe3ynhTaT, rronyqeHHhlll Ha OCHOBe 

aHanll3a pa3MepHOCTeii, II 3aKOH rf ex: 1¾ 6hIDII rronyqeHhl JI.H.Ce.noBhIM . I1pI1Kna,/\HaH 

MaTeMamKa H MexaHHKa, 1946.T. l O,NQ 2,c.241-250. 
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ceKpeTHblli II umpOKO ,neMOHCTpIIpOBaJICH. CooTBeTCTBy10111a» rryfomKaIIHH 

rrpOII3Bena ceHcaumo B BOeHHbIX II rrpaBIITenbCTBeHHbIX Kpyrax CWA. 

B KHIIre f.I1.EapeH6narn *) pmo6paHo 6onbIIIOe qIIcno rn,npo,nHttaMIIqecKHX 3a,naq 

II IIOKa3aHa y,nIIBIITenbHaH YHIIBepcaJibHOCTb MeTO)lOB TeOpIIII rro.no6H51 )lnH caMbIX 

pa3H006pa3HbIX pm,nenoB cpII3IIKII, MexaHIIKII II MaTeMaTIIKII. 

KoHeqHO, TeopIIH pmMepHOCTII He ,naeT B03MO)KHOCTII ycTaHOBHTb CB513H 

Me)K)ly 6e3pa3MepHbIMII BenIIqIIHaMII. O,nHaKo, HeCOMHeHHbIM )lOCTOHHCTBOM TeOpIIH 

pmMepHOCTII II IIO)l06IIH 51Bn»eTC51 MeTO)lIIKa II3yqeHII51 cpH3HqecKHX 

3aKOHOMepHOCTett B 6e3pa3MepHOM BII)le, qTo cyIIIeCTBeHHO COKpaIIIaeT KOnHqecTBO 

3KCIIepIIMeHTOB, He06XO)lIIMblX )lll51 OIIIICaHII51 51BneHII51. <l>yHKllIIOHaJlbHaH 

3aBHCIIMOCTb OT napaMeTpOB rro,no6II51 rro,nqHH51eTC51 6onee rrpOCTbIM ypaBHeHIIHM 11 

MO)KeT 6bITb Hatt)leHa rryTeM qIIcneHHblX pacqeTOB II BBe)leHHeM )lOIIOnHHTenbHblX 

HaqaJibHbIX II KpaeBbIX ycnoBIIli. .[{n» ycTaHOBneHIIH TaKIIX 3aBHCIIMOCTett 

)lOCTaToqHo orpaHIIqeHHoro qIIcna pacqeTOB IInH 3KCIIepIIMeHTOB npH KOHKpeTHbIX 

ycnOBHHX. TaK, ecnII rrpoBeCTII pacqeT (HnH 3KCrrepIIMeHT) )lll51 cnyqa51 HCKpOBOro 

pa3p51)la B B03)lyxe, TO pe3ynhTaT II03BOllIIT orrpe,nenHTb pa3MepHble BenttqHHbl )lll51 

aTOMHoro B3pbIBa. 

Cne,nyeT oco6o OTMeTIITb, qTo aHaJIII3 pa3MepHOCTeii C TOqKH 3peHH51 

MaTeMaTttqecKoro arrrrapaTa HMeeT rpyrrrroByIO CTpyKTYPY, a K03q>cpHUHeHTbl 

rrepecqern (rrapaMeTpbI no,noforn) »Bn»IOTCH HHBapIIaHTaMII rpyrrrr. Ha rpynnoBoM 

513b!Ke aHaJIH3 pmMepHOCTeii MO)KHO npe)lCT~BIITb cne,nyIOIIIHM o6pa30M. Orrpe,nenHM 

orrepa11tt10 rrpeo6pmoBaHIIH Ta Ha,n orrpe,nen»IOIIIIIMII rrapaMeTPaMH Qj KaK: 

T (Q ) - n11 n1,Q 
a j - al ... am J (2) 

*) f.l1.Eapett6naT "TI0.nofa1e, aBT0M0,nenhH0CTb, IIp0MelK)'T0'-IHruI acl!MIITOTl!Ka" (JleHl!Hrpa.n, 

ftt.npoMeTeOH3,naT, 1982). He,naBno ony6nttKOBana cymecTBenno ycoBepweucTB0Bamiall 

aHrn!!HCKruI Bepcm1 3TOH YHl!KanbHOH KHl!m [6]. 
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B paccMoTpettttbix rrpttMepax a 1=M, a 2= L, a 3=T. TioKa3aTentt nik -

Ha3bIBalOTC51 IIOKa1aTen»MH pa3MepttOCTH Benw-mH Qj B .nattHOli CHCTeMe 0CHOBHhlX 

e,nHHHU H3MepettHH. HanpHMep: T(E)=M 1 
• L 2 • T -2 • E . 

npeo6pa3oBaHHIO T B3aHMHO O)lH03Haqtto COOTBeTCTBYIOT BeKTOpbia = {a, ..... a,,J -

Onpe,neJJHM 

- - -~ 
(a·/J>={a,-/J, ..... a,,·/J,,}, a ={a/ ..... a,;1

} 

vl3 1T11x onpe,neJ1ett1111 cJJe,nyeT: 

Ta(Tp(Qj)) = T/l(Ta(Qj )) = Tap(Qj) 

T,, I (T,,(Qj )) = Qj 

Ha MaTeMaTHqecKoM 513bIKe q>opMyna (2) orrpe)lem1eT 

(3) 

npe,ncTaBJ1em1e 

MYJJbTHIIJIHKaTHBHOH rpynrrhI IIOll0)KHTeJJbHblX n-BeKTOpOB. CoOTHOWemrn (3) 

011pe,neJ151IOT rpynrry n11ttettttbIX npeo6pa10BaHHH npocTpattcrna BeKTopoB Qj .Ecm1 

Bee n i k paBHbI tty mo, Benw-mtta Qj 6e1pa1Meptta 11 51Bn51eTcH 111rnap11attTOM 

rpyIIIIbl (napaMeTpOM IIO)l06H51). 

Kom1e11111151 rpy11rrq,1 51BJIHeTC51 MaTeMaTHqeCKHM 11pe)lcTaBJ1em1eM K0HUemurn 
;I 

CHMMeTpHH - O)lHOH 113 Hatt6oJJee q>ytt,naMeHTaJihHbIX Kottuerru1111 COBpeMeHHOII 

qJH3HKH. 

"HacKOJlbKO 51 Mory cy,nHTh,- 111-!CaJI BettJJh, - see anpttopttble cy)K,ne111rn cpH311KII 

HMeIOT CBOHM HCTO'IHHKOM CHMMeTpHIO". 1HIIOTe3bl O CHMMeTpHII, K0Topo11 

o6JJa)laCT CIICTeMa, 51BJl51IOTC51 aKCH0MaMH, 011pe)leJ151IOlllllMH ee C0CT051HHC 11 

IIOBe)leHHe. l-1cxo)l51 ll3 npHHUHIIOB CHMMeTpl-111, MO)KHO Bb!BO)lllTb II0Bb!C 3UK0l!bl 

11p11po)lbl )le)lyKTIIBHO, a He TOJlbKO B pe1yJ1hTaTe Ha6J110)lettm1 Ha)l cpH311YecKIIMII 

06beKTaMH HJIII B pe3ynhTaTe peIIIeHH51 ypaBHeHHH. 

MHorHe ll3 nonyYaeMblX TaKHM o6pa30M 3aKOH0Meptt0CTei1 I\IH0ro lllllpC 

3aKOHOB, Bb!TeKalOlllllX 113 CHMMeTp1111 raMHJlbTOHllaHOB. bh!JIO )l3)KC Bpe11rn. Kor:1a 

f3MIIJlbTOHOB MeTO)l npe.nJJaraJIOCb 11oxopoH11Tb, HaCTOJlhK0 IICfaMl!JlbT0HOBbl 
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MeTO,llbl Ka3a.JIHCb 6onee 3cpcpeKTHBHb!MH B cpyH,llaMeHTa.JibHOH HayKe. B 70-80-bie 

rD,llbl cpH3HKH BITa.JIH a rrpoTHBOITOJ!Oll<HYIO KpaHHOCTb: Ka.JIH6poBOl.!Hb!e TeopHH H, s 

oco6eHHOCTH, CTaH.uapTHYIO Mo.uenh o6bJIBHJIH "Teoptteil acero". CrnH.uapTHaJI 

MO,lleJib O,llHaKO co.ueplKHT TOJ!bKO Te orrpe.ueJIJI!OIUHe aKCHOMbl, KOTOpbie Kaca!OTCJI 

CHMMeTpHH narpaHJKHaHOB, a 3T0[0 He,llOCTaT0l.!HO ,llJIJI OITHCaHHJI !pl13Ht.ieCKHX 

rrpoueccoa. Heo6XO,llHMbl ,llOITOJIHHTeJibHb!e 3KCrrepttMeHTa.JlbHO rrposepJieMb!e 

rttrroTe3hI: Hat.Ia.JibHbie H KpaeBbie ycnOBHJI, rrpe.urroJIOJKeHHJI O KOHCTaHTax, 

BXO,llJIIUHX B narpaHJKHaHbl H T.IT. Heo6xo,llHMbl rHITOTe3bl 0 CHMMeTpHJIX, KOTOpblM 

3TH ycnoa11JI y.uoaneTBOpJI!OT. HarrpttMep, rrpe.urronoJKeHtte o cymeCTsosaHHH 

peHOpMrpyrrrrhI JIBJIJieTCJI rHITOTe30H 0 CHMMeTpHH perueHHH, a He narpaHJKHaHa. 

TioHJITHe peHopMrpyrrrrhI B03HHKJIO B ~BaHTOBOH TeopHH ITOJIJI rrp11 aHa.JIH3e 

KJiaCCHt.ieCKOH rrpo6neMbl ycTpaHeHHJI YJib TPacpttoneTOBbIX pacXO,llHMOCTeH. 

Tipoue.uypa rrepeHopMttpoBKH - 3TO HeKoTopoe rrpe.urrttcaHtte, rrpttMeHJieMoe K 

perueHHJIM KBaHTOBhIX ypaaHeHHH. Tipe.urrncaHtte yTot.iHJieT CTPYKTYPY 3aKoHoB tt 

ycTpaHJieT 6eccMbICJieHHbie 6eCKOHel.!Hbie Bb!paJKeHml. B OCHOBHOM pet.ib runa 0 

rrepeorrpe.ueneHHH Macchi H 3apH.ua ::ineKTpoHa. 

Tio aHa.JIO[HH C ITOWITHeM "::icpcpeKTHBHOro 3apJI,lla" B cpe.ue B 3JieKTp0,llHHaMHKe 

BBO,llJITCJI 11 0,lleTbie 3apJI,llbl 11
, 3KpaHttpoaaHHbie ITOJIJiptt3aUHeH BaKyyMa, KOTOpblH 

ttrpaeT ponh rronHpmyeMOH cpe.llbl. B KBaHTOBOH ::ineKTPO.llHHaMHKe ponh 

ITOJIJipH3yeMhIX MOJieKyn ttrpa!OT BHPTYa.JibHbJe 3JieKTp0H-I103HTpOHHbJe rrapb!. 

3cpcpeKTHBHhlH 3apJI.ll 3aBHCHT OT paccTOJIHHJI MelK.llY t.iaCTHUeH, Hecymell 3apJI,ll, H 

rrpo6Hh!M TeJIOM. TipH CTPeMJieHHH paCCT0JIHIIJI K HYJIIO BeJIHl.!IIHa 3apJI,lla B03pacTaeT 

H CTpeMHTCJI K ero 3aTpaBOl.!HOH, 
11

HCTHHHOH
11 

BeJIHl.!IIHe, KOTOpaJI B 

)JieKTpO,lllIHaMHKe OKaJa.JiaCb 6ecKOHet.IHO 6oJiblllOH. PeHOpMrpyrrrra HaCTOJ!bKO 

cpyH.uaMeHTa.JlbHOe II rrpocToe IT0HJITIIe, l.!TO ,llJIJI ero orrpe.ueneHHJI He Tpe6yeTCJI 

BHHKaTb B t.ipe3Bbit.IaHHO CJIOJKHb!H MaTeMaTIIt.IeCKHH arrrrapaT KBaHTOBOH TeopHH 

ITOJIJI. BMeCTO paCCT0JIHIIJI paccMaTplIBaeTCJI 3KCrrep1IMeHTa.JlbHO H3MepHMaJI 

peJIJITHBHCTCKH IIHBapliaHTHaJI rrepe.uat.ia IIMITYJibCa Q2/µ2 
t.iaCTIIUe, Hecymeii 3apJI,ll. 

Benttt.IHHa µ - o6e3pa3MepttBa!Olll,IIH MHOJKHTeJib, IIMe!OJ.UIIH pa3MepHOCTb MaCCbl. 
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B pea.Jib HO H3MepHMb!e BeJIIIl.!IIHbl ( cet.ieHIIJI, Kaa.upaTbI MaTPIIl.!HbIX 3JieMeHTOB II 

T.rr.) BXO,llHT KBa.upaT ::icpcpeKTIIBHOro 3apJI,lla a( Q2/µ2,a), 3aBIICJIIll,HH OT Q2/µ2 H 

3aTpaBOl.!HOro 3apJI,lla a (Harrp1IMep, K0HCTaHTbl, BXO,llJIIll,eH B narpaHJKIIaH). 

O6HapyJKeHHaJI CIIMMeTplIJI 3aKJI!Ot.iaeTCJI B TOM, l.!T0 0,llHOBpeMemme BblITOJIHeHIIe 

.uayx orrepaulIH -- H3MeHeHIIJI Macrurn6HOH rrepeMeHHOH µ2 ➔ µ2t II crreUIIa.JibHOro 

BH,lla rrpeo6pa30BaHIIJI BeJIIIl.!IIHbI KBa.upaTa 3apJI,lla a➔a(t,a), He rrplIBO,lllIT K 

KaK1IM-JI1I60 tta6JIIO,llaeMbIM CJie,llCTBHJIM. 

l1HbIMH CJIOBaMH, KBa,llpaT ::icpcpeKTHBHOro 3ap11.ua a ,llOJIJKeH 6hITb 

HHBapttaHTOM rrpeo6pa30BaHIIH: 

T,={ Q2/µ2➔ Q2/µ2t; a➔ a(t,a)} 

Benttt.iHHa 

_(Q2 ) -( Q2 -( )) a ~,a =a - 2 ,a t,a 
µ µt 

(4) 

6bIJia BBe,lleHa H.H.Eoron1060BbIM H ,ll;.B.lll:ttpKOBbIM H HaJBaHa IIMH HHBapttaHTHblM 

3apJI,llOM [7]. Otta HBJIJieTCH ueHTpa.JibHbIM o6beKTOM arrrraparn KBaHTOBOIIOJieBOH 

pettopMrpyrrrrhI. nerno rrpo13epHTJ>, t.iTO rrpeo6paJoBaHHH Y'i o6pa3YIQT rpyrrrry, T.K. 

cpyHKUHJI a y.uoaneTBop11eT TPe6oaaHHIO Y'i T,=Y'i,: 

a(t, a(t,a))= a(tt,a) (5) 

CooTHOilleHIIe (5) rrpe,llCTaBJIHeT co6oil cpyHKUHOHa.JlbHOe ypaBHeHHe ,llJIH a tt 

CJIYJKHT OCHOBOH ,llJIH Bbll.!IICJieHIIH BeJIIIl.!IIH, II3MepHeMhIX 3KCIIep1IMeHTa.JlbHO. 

Hatt6onee BalKHblH pe3yJibTaT KBaHTOBOH TeOplIII II0JIH, IIOJiyt.ieHHbIH C IIOMOJ.Ub!O 

MeTo.ua pettopMrpyrrrrhr, -- 3mo R8JleHue acUMnmomu11ec«ou cao6oob1 a KBaHToaoii 

XpOM0,lllIHaMIIKe. KaK IIOKa3a.JIII 0THOCIITeJibH0 rrpoCTbie BblqlicJieHIIH, ::icpcpeKTHBHblll 

3ap11.u xpOMO,lllIHaMIIKII (g
2/47t - aHa.JIOr IIOCTOHHHOH TOHKOH CTPYKTypbI a), He 

pacTeT KaK B 3JieKTPO.llHHaMIIKe ,ll0 6eCKOHeqHQCTII IIplI Q2➔ oo, a y6hrnaeT. TiplI 

Q2➔oo rrpOIICX0,L\IIT "caMOBbIKJI!OqeHIIe" B3alIMO.[\eHCTBIIH. I1Haap1IaHTHbIH 3apH.ll, 
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I 
3aBHCHillJIH OT Q2, IIOJI)"IHJI BHyTpeHHee nponrnope'IHBOe Ha3BaHHe "6eryma» 

KOHCTaHTa CBH3H
11

• 

ManOCTb B3aHMO,L\ellCTBHH B o6naCTH 60JihIIIHX Q2 
II03BOJIHJia IIpHMeHHTh Teopmo 

B03Mylll,eHHH, C,[\eJiaTh B :noil. o6nacTH xpOMO,[\HHaMHKY KOJIH'leCTBeHHOH Teop11eil., 

npoBepttTh ee SU(3) rpynnoByIO cTpyKTypy. HanpnMep, 0Ka3anocb B03MO)KHhIM 

H3MepHTb UBeTOBbie 3apH.!lbl KBapKOB H fJIIOOHOB, H3MepHTb 3Ha'leHHH TaK11x 

HHBapHaHTOB KaK onepaTOpbl Ka3HMHpa *). J,lHa'le rosop», 6brna 3KCnepttMeHTaJihHO 

peaJIH30BaHa npoBepKa CHMMerpHH narpaH)KHaHa KBaHTOBOll xpOMO.!lHHaMHKH . 

CxeMaTH'leCKaH ,[\HarpaMMa pttc. l HJIJIIOCrpHpyeT pOJib Cl1MMeTp1111 B 

<pyH,LlaMeHTaJihHOll <pH3HKe, B onpe,LleJieHHH MaTeMaTH'leCKHX MO,[\eneil. H CTPYKTYPhI 

3aKOHOB npttpO,Llbl. IlpaBaH CTOpOHa ,L\HarpaMMbl IIOKa3hIBaeT cymecTBeHHO HOBYIO 

pOJib CHMMeTpttn: CHMMeTpHIO H HHBapttaHTHOCTh, orrpe,L1eJIHIOill,He raMHJibTOHHaH 

B3aHMO,[\ettcTBHH. qeH HttHr 51Hr - 0.!lHH H3 OTKpbIBaTeJieii KaJIH6pOBO'IHOH 

CHMMeTpHH - orrpe,LleJIHeT 3TY poJib TaK: 
11
CHMMeTpHH .!lHKTyeT B3aHMO,[leiicTBHe". 

3TOT rrpHHUHII ner B OCHOBY IIOCTpOeHHH 3aKOHOB .!lJIH scex 1.JeTbipex 

<pyH,LlaMeHTaJihHblX B3aHMO,[\eHCTBHll. Cpe,LIHHH 1.JaCTb ,[\HarpaMMbl BKJIIO'-!aeT TO, '-!TO 

Ha3bJBaeTCH KHHeMaTHKOll H He Hy)K,L1aeTCH B KOMMeHTapHHX. JleBaH '-laCTh, KOTopyIO 

eCTeCTBeHHO Ha3BaTb CHMMeTpHeil. peIIIeHHH, CO.!lep)KHT rrpHHUHIIhl CHMMeTp1111, 

.!lOIIOJIHHIOill,He CHMMerpHIO narpaH)KHaHOB. 3TOT THII CHMMeTpHH, KaK 6bIJIO 

IIOKa3aHO BbIIIIe, ,[\aBHO HCIIOJih3YeTCH HH)KeHepaMH, <pH3HKaMH, MexaHHKaMH 11 

Ha'IHHaeT HCIIOJib30BaTbCH MaTeMaTHKaMH. 

BttrHep HeO,[\HOKpaTHO BhlCKa3bIBaJI HHTepecHbie MeTO.!lOJIOfH'leCKl1e H,[\el1 0 

COOTHOIIIeHHH Me)K.!lY rpeMH KaTeropHHMH: HBJieHHHMH, cJiy)Kalll,HMH CblpbeM .!lJIH 

BTOpoil. KaTeropHH - .!lJIH 3aKOHOB rrpttpO.!lhl, H rrpHHUHIIaMH CHMMeTpHH (TpeTheH 

KaTeroptteil.). OH oco6eHHO IIO.!l'-lepKHBaJI, 'ITO ,[\JIH rrpHHUHIIOB CHMMeTpHH CblpbeM 

CJiy)KaT 3aKOHhl npttpO.!lhl. IlpHHUHIIbl CHMMeTpHH o6Hapy)KHBaIOTCH B pe3yJihTaTe 

aHaJI113a CTPYKTYPhl yHHBepcaJibHblX COOTHOIIIeHHll (3aKOHOB rrpttpO.!lbl) Me)K.!lY 

3KcrrepHMeHTaJibHO Ha6JIIO,[\aeMhIMH BeJIH'IHHaMH H o6paTHO: HCXO.!lH 113 np11HU11IIOB. 

*)DELPHI Collaboration, Z.Phys.C59 (1993), p.357-368. 
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Cl1MMeTpHl1, MO)KHO BbIBeCTH HOBbie 3aKOHhl npttp0.!lhl .!le.!ly_KTHBHO, a He TOJihK0 Ha 

0CH0Be Ha6JIIO,!\eHl1H Ha,!\ <pl13111.JeCKHMH o6beKTaMH. IlpHHU111Ihl CHMMeTpHH B )TOH 

CBH3H 1rnorna Ha3hIBalOT CBepx3aKoHaMH IIpHp0.!lhl, <pYH.!laMeHTOM HayKH. 

HeKOTOphle 113 np11HUHIIOB CHMMeTpHH pellleHHH HMeIOT <pYH.!laMeHTaJihHhIH 

xapaKTep II Hrpa!OT pewa10my10 poJib B IIOCTpoeH1111 HOBhIX 3aK0H0B rrpHp0.!lhl. 8 

Ka'-leCTBe rrpHMepa M0)KHO rrpHBeCTH penopMrpyrrrry. Omrn 113 aBT0pos )TOH 

OIIHCaHHOH BhIWe CHMMeTpHH )],.8.WttpKOB OTHec peHopMrpyrrrry K CHMMeTpH11 

caMOIIO.!l06HH, BBe,!\H TepMHH <pyHKUHOHaJihHaH aBTOMO,!leJibHOCTb [8] B OTJ111'-1He OT 

CTeneHHOH aBTOMO,!\eJibHOCTH, K KOTopott np11BO,!\HT aHaJil13 pa3MepHOCTeH H 

npHHUHIIbl nono6HH (<pOpMyna(2)). TepM11H aBTOMO,!\eJibHOCTb 3aH!',1CTBOBaH 113 

rnnpoa3pO.!lIIHaMl1KH H o6o6maeT WHpOKHH KJiacc 3aKOHOMepnoCTeH B pa3JIH'-1Hb!X 

o6naCTHX <pll3HKH. "ABTOMO,L\eJibHblM11 Ha3bIBaIOT TaK11e peIIIeHHH, B KOTOpbIX 

yMeHbWeHHe '-IHCJia apryMeHTOB HCKOMblX <pyHKUHH .!lOCTHraeTCH 3a C'-leT 

cymecTBeHHOCTH TOJibKO HeKOTOpblX KOM6HHaUHH 113 He3aBHCHMblX nepeMeHHbIX" 

(J1.l1.Cenos). 

TaKHM o6pa30M, aBTOMO,!leJibHOCTb - 3TO oco6a» CHMMeTpHH <pH3H1.JeCKOH 

CHCTeMbl, COCTOHill,aH B TOM, '-!TO H3MeHeHHe MacwTa6oB He3aBHCHMblX nepeMeHHblX . 
MO)KeT 6b!Th CKOMIIeHcHpoSaHO rrpeo6pa30BaHHeM rro.uo611H .!lpyrnx .!ll1HaM111.JeCKHX 

nepeMeHHblX. 

ABTOMO,[\eJibHbie peIIIeHHH scerna IIOJiy'-laIOTCH ,!lJIH TaK Ha3bJBaeMbIX 

BblpO)K,Lle11HbIX 3a,[\a'-I, B KOTOpbIX napaMerpbl 3a,!la'-IH, HMe1om11e pa3MepHOCTll 

He3aBHCHMhIX rrepeMeHHhlX (xapaKTepnaH ,!\JIHHa, xapaKTepHoe speMH 11 T.,!\. ), 

CTpeMHTCH K HYJIIO HJIH 6ecKOHe1.JHOCTH. B rrp0THBHOM cny'-lae cpe.u11 apryMeHTOB 

<puryp11posan11 6bi OTHOIIIeHl1H He3aBHCHMhIX rrepeMeHHblX K 3THM napaMeTpaM. 3To 

3Ha1.JHT, '!TO rrpu rrepexone OT HeBblpO)K,!\eHHbIX IIOCTaHOBOK Ja,!la'-1, OTBeLJalOill,HX 

KOHe4HblM 3Ha1.JeHHHM napaMeTpOB (6e3pa3MepHbIM KOM611nau11»M n1,n~,··· 1n 

He3aBHCHMblX, pa3MepHblX nepeMeHHblX (a1, a2,--·), K BhlpO)K,!leHHbIM asTOl\10,!\CJil,H0C 

pewen11e II=<D(I11,fl2, ••• ) MO)KeT: 
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I 
1) CTpeMHTOI K K0He'IH0MY npenerry , 0TJIH'laIOIUeMyc» OT Hyrr»; 

2) CTpeMHThCH K HYJIIO, K 6ecKOHe'IH0CTH HJIH soo6me He CTpeMHThCH HH K KaKOMY 

npenerry, HO HMeTh npH MaJihlX ,(6orrhIIIHX) TI1,TI2,··· CTeneHHYIO acHMnTOTHKy: 

TI=<I>=TI1 a <I> 1(TI2 I n/1 , ... ) 

3) He CTpeMHThC» K K0He'IH0MY npenerry H He HMeTh npH MaJihlX (6oJihllIHX) TI1,TI2,··· 

CTeneHHOH acuMnT0THKH. 

B crryqae ( 1) q>yHKUHlO <I> M0)l(H0 npoCTO 3aMeHHTb ee npeneJibHblM 

Bhipa)l(eHHeM, 0TBe'lalOIUHM 3Ha'!eHHHM napaMeTp0B TI1,TI2,···, paBHblM HYJIIO 

(6eCKOHe'IHOCTH). Tipn 3T0M 'IHCJI0 apryMeHT0B <I> yMeHbIIIaeTCH, a 

CO0TBeTCTBYIOIUHe pa3MepHbie napaMeTpbl 0Ka3hIBalOTCH HecymecTBeHHhlMH II 

sbmana10T H3 paCCM0TpeHHH. 3TOT crryqafi Ha3hIBaeTC» nomwii 

aamoJ1t00eJlbllOCfflblO . 

B crryqae (2) peIIIeHne <I> nptt MaJihIX (6orrbIIIHX) TI1,TI2, ... npencrnBrrHeTrn B 

snne: 

n'=<I>
1
(TI",TI3, ... ), rne TI'=TITI1-a; TI"=TI2TIJ

3
. 

TaKHM o6pa30M, 'IHCJI0 apryMeHT0B <I> yMeHbIIIaeTCH. fl' H fl" aHaJIOrH'IHbl 

napaMeTpaM nono611». OnHaKO HX HeJib351 norry'IHTb np11 TIOMO!UH aHaJIH3a 

pa3MepHOCTeH. BeJIH'IHHhl a 11 /3 Heo6xonHMO onpenerrHTb 113 Teop1111 HJIH 

3KCnepHMeHTaJihH0. 3TOT crryqafi Ha3hrnaeTc» 11enomwii aamo.MOOeJlbllOCfflb/0 no 

napaMeTpaM TI
1
,TI

2
• CooTBeTCTBYIOIUee peIIIeHne Ha3bIBaIOT aamo11wiJe.nb1tbtJ11 

pe1ue11ue.M amopozo poi)a [6], B 0TJIH'!He OT crrytJaH nOJIHOH aBTOMonerrhHOCTH, 

KOTOpblll C00TBeTcTByeT peIIIeHHHM nepaozo poiJa. TpynHOCTb KJiaCCH!pHKaUHH 

C0CT0HT B TOM, '!TO MeTonhr nono6n» np11MeHHlOTC», Karna nOJIHOe peIIIeHHe 3ana'IH 

HeH3BeCTII0. TipaKTH'leCKH nocrynaIOT TaK: CHatJarra npo6yIOT nocTpOHTh 

aBTOMonerrhH0e peIIIeHHe nepsoro pona. B crryqae Heyna'IH (npoT11BopetJ11») 

B03BpamaIOTCH K 11cxonHOH HeBblpO)l(neHHOH 3anatJe, npennorraraIOT HenOJIHYIO 

aBT0MonerrbH0CTb 11 CTp0HT aBT0MoneJibH0e peIIIeHHe BT0poro pona. 3TOT nonxon 
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npHMe1rneTC» HH)l(e nrrH ycTaH0BJieHHH 3aKOHOMepHOCTeH perr»THBHCTCKOH · HnepHOH 

qJH3HKH. 

<I>yHKUH» <I> npH y6hIBaHHii HJIH B03paCTaHHH napaMerpa nono611H ni He 

o6»3aTeJihHO CTpeMHThC» K npenerry 11 npHT0M KOHe'IH0MY, OTJIH'IHOMY OT Hyrr». 

TiycTb np11 Tii➔0 <I> CTpeMHTC» K Hymo HJIH 6ecKOHe'IHOCTH. B 3T0M crryqae 

BeJIH'IHHa ni 0CTaeTCH cymeCTBeHHOH KaK 6b! Marra HJIH BeJIHKa OHa HH 6bma: 3aMeHa 

cpyHKUHH <I> ee npenerrhHbIM 3HatJeHHeM TI=0 11rr11 TI=oo 6ecconep)l(aTeJibHa. TeM He 

Me Hee, BB0nH nepeMeHHhie n· H n", KaK 3TO cnerraHO BbIIIIe, MO)l(H0 yMeHhllIHTb 

'IHCJI0 apryMeHT0B. BBeneHHe n" Heo6xonHMO B TOM CJiytJae, Korna nBa 

6e3pa3MepHbIX napaMeTpa nono611» H~JIHIOTC» MaJihIMH HJIH 6oJihllIHMH. O6o6meHHe 

3TOro crrytJa» Ha 60JihIIIee 'IHCJI0 nepeMeHHhIX O'leBHnHo. 

W11p0Ko pacnpocTpatteHo npencTasrreH11e 0 TOM, '!TO norry'leHHe 

aBTOMonerrhHhIX peIIIeHHH CB»3aH0 T0JibKO C aHaJIH30M pa3MepHOCTeH H 

CBOHCTBaMH nono6HH. KaK BHnHo 113 113JIO)l(eHH0ro, noH»THe aBTOMonerrhHOCTH 

BKJIIOtJaeT eme 

aCHMTITOTH'leCK0M 

11 r11n0Te3bl 06 aHaJIHTH'leCKHX CBOHCTBax peIIIeHllH, HX 

TIOBe)],eHllll. 3TOT aHaJIH3 Heo6XO,ll,llM 11 np11 BbI6ope CHCTeMbl 

onpenerr»IOIUHX napaM~Tp0B. O6bI'IHO C'IHTaeTCH '!TO, ecrr11 3HatJeHHe HeKOTOporo 

' 60Jibllle HJIH MH0ro MeHbllle napaMerpa MHoro enHHHUbl, TO HM MO)l(H0 

npette6pe'lh. OnttaKo TaKoe npeHe6pe)l(eH11e MO)l(eT 0Ka3aTbc» HecpH3H'IHhIM 11 Torna 

Heo6xon11Mo paccMaTpHBaTb HenorrHy10 aBTOMonerrbHOCTb ( crryqafi 2) - cTeneHHoe 

y6bIBaHHe (B03paCTaHHe) peIIIeHHH <I>. PeIIIeHHe, 06rrana10mee TaKHM 

aHaJIHTH'leCKHM CBOHCTBOM, Ha3hIBaeTC» "npo.Me:m:ymo•mou acwmmomu«oii"[6]. 

TipoMe)KyTO'IHYIO aCHMilT0THKY onpenerr»IOT crreny10ru11M o6pa30M. TiycTb B 3anaqe 

HMeIOTC» nse xapaKTepHbie noCTO»HHhie BeJIH'IHHhl pa3MepH0CTH He3aBHCHMOH 

nepeMeHHOH ai: A/1> 11 A/2>. IlpoMe)KyTO'IHOH ac11MnToT11Kofi Ha3hIBaeTC» 

npe)],CTaBJieHlle peIIIeHllH npH rr/
1
>= a/ A/1l➔oc;, HO rrp>= a/ A/2) ➔ 0. I1HTepBarr 

fli(2)<<Tii<<fii(t), B K0TOp0M cnpaBe)],JIHBa 3aK0H0MepH0CTb TI=(l/Tii a )<I>1, 

onpenerr»eTc» Tpe6yeMOH T0'IH0CThlO 113MepeHllH BeJIH'IHHhl IT. 
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B KBaHTOBOH TeopIIII rromr ITO.II aBTOMO,UeJihHh!MII aCIIMIITOTIIKaMII IIOHIIMaeTCH 

He3aBIICIIMOCTh aCIIMIITOTIIqeCKOH qiopMhl aMIIJIIITY.U II ceqeHHH npH 6oJihWHX 

:meprm1x II 6oJihIIIHX rrepe,uaqax IIMIIYJI&ca OT pa3MepHhlX 1lHHaMH1-IeCKl1X 

napaMeTpOB, BKJIIOqa» MaCChl qacTIIIJ. 3aBIICHMOCTh OT 6e3pa3MepHh!X OTHOIIIeHl1H 

IIMIIYJihCHh!X rrepeMeHHh!X rroJiyqHJIO Ha3BaHHe J1tactuma611oii Ull8apua11n111ocmu 

IIJIII c«e Ull UllZll. 

, IlpHHIJIIII aBTOMO,UeJihHOCTII B qJII3HKe :meMeHTapHh!X qacTHIJ BrrepB&Ie 6&1Jl 

cqiopMyJittpoBaH B.A.MaTBeeB&IM, P.M.Mypa,UHHOM H A.H.TaBxeJIH,ll3e (9] nn» 

rrpo11ecc0B rny6oKO Heyrrpyroro B3aHMO,UeHCTBHH JleIITOHOB C anpoHaMl1 B 

E&epKIIHOBCKOM rrpe,uene q
2
asv=2pq>>p

2
=m

2 
(m - Macca a,upoHa, p - ero IIMrryn&c, q

2 

- KBanpaT rrepenaBaeMoro HMIIYJihCa OT JleIITOHa K a,upotty). 

CTpyKTyptta» qiyHKIJHH a,upoHa F(q
2
,v) (KBa,upaT aMIIJlHTY.UhI pacce»tt11») B 

COOTBeTCTBHH C npHHIJHilOM aBTOMO,UeJihHOCTH HMeeT 06II.1HH BH,u: 

F(q2,v)=(l/(q
2
)a )f(v/q

2
). 

ITapaMeTp a onpe,uenHeTcH qJH3HqecKoH pa3MepHOCThIO CTPYKTYPHOH qiyHKIJl1H. 

<l>yHKIJHH f, OCTaIOII.la5IC5I Heonpe,ueJieHHOH, HaXO,UHTCH H3 MO,UeJihHh!X 

coo6pa)KeHHH. B CHJIY CHMMeTPHH, onpe,ueJI»eMoH pettopMrpynnoi1, f 3aBHCl1T OT 

"6eryll.lHX KOHCTaHT CBH3H"' a He OT 3ap»,UOB, BXO.UHII.IIIX B JiarpaH)KHaH, qTo 

npHBO,UHT K HapyIIIeHHIO CKeii:JlHHra : B ,UOilOJIHeHHe K 3aBHCHMOCTH OT v/q2 

IIOHBJlHeTCH JiaropHqJMHqecKM 3aBHCHMOCTh OT Q
2/µ2

• B qacTHOCTH, 3KCnepHMeHThl 

Ha LEP noKa3aJIH, qTo HHBapttaHTHhiii: 3JieKTPOMarHHTHhiii: 3apH,u (rrocToHHHa» 

TOHKoii: cTpyKTyp&1) npH Q
2
=(9Qf3B)2 B03pacrner 11pm,1epHo Ha 7% 11 oKa3hrnaeTc» 

paBHh!M a=l/128 BMeCTO a=l/137 IIpH Q
2
=0. Eeryll.la5I KOHCTaHTa CB5!3H QCD rrpH 

60JihIIIHX Q
2 

y6&rnaeT II CTaHOBHTCH BeJIHqHHOH nopH,uKa 0.1, qro ,uaeT B03MO)KHOCTh 

rrpoBeCTH pacqeThl no TeopHH B03Myll.leHHH, T.e. BOCilOJlh30BaThCH aCHMIITOTHqecKOH 

cBo6o,uoii:. 

,l]pKa3aHHOe TeopeTHqeCKH HBJieHHe aCHMIITOTHqecKOH CB060,u&1 Il03BOJIHJ10 

KaqecTBeHHO IIOHHTh TaK Ha3hIBaeMyIO rrapTOHHYIO MO,UeJlh CTpyKTypHh!X qiyHKIJHH. 
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CornacHO 3TOH MOll.CJll1 crpyKTYPHYIO qiyHKUH!O HYKJlOHa MO)KHO rrpe.UCTaBHTh KaK 

cyMMY KBanpaTOB aMIIJlHTY.U pacce»HHH Ha HCB3aHMO,UeHCTBYIOII.1HX TO'-IC'-!Hh!X 

'Jacn1uax - rraproHax (KsapKax). 

3 .. llp,1111(1111 ocJrn6ne11m1 «oppe.rmi(uii. llpocmpaucmao om11ocume1b11bIx 

C1wpocmeii •• 

CHMMeTpHH IIOHHMaJiaCh 11.peBHerpe'-!eCKHMH qJHJlOCOqJaMH KaK qacTHhIH CJlyYa!I 

rapMOill1H, T.e. cornacoBaHirn '-!aCTCH BHYTPH uenoro. CpenH rrpHHU11110B, KOTOpb1e 

II03B0JlHIOT HCCJlell.OBaTh 11 cpaBHHBaTh '-!aCTH 60JihWHX CHCTeM, oco6oe 3HaYeHHC 

HMCCT npHHUHII ocna6JICHl1H KOppeJIHIJHH, IIOMe'-!eHHhlH 6yKBaMH CDP Ha 

n11arpaMMe P11c: I. (The Correlation Depletion Principle). 

B crarncrnqecKoi1 qJH3HKe CDP 6brn npell.JIO)KCH H.H.Eoronio6oB&IM (9]. 

TTpHHUHII OCHOBaH Ha HHTYl1THBHOH Hl(ee O TOM, '-!TO Koppen»UHH MelKny 

npocTpaHCTBeHHO OT,UaJICHHhlMH rpyrrrraMH qaCTHU MaKpOCKOIIH'-ICCKOH CHCTCl\lbl 

rrpaKTH'-ICCKH HC'-IC3aeT. AcHMIITOTH'-ICCKa» cjiopMa cjiyHKUHH fpHHa KaK 

ymrnepcaJlbllbIX (He 3aBHCHII.IHX OT cneu11qi11KH CHCTeMbl) JlHHCHllbIX cjiopM 113 

cpen1mx 311a'-!eH11H THIii,\; 
I' 

F(t1, x 1; ••• ; t11 , x11 ) =< ... , f//+ (ti ,x1 ), ... f//(t, ,s, ) ... >, 

rne X = (r. u) - TpexMepHblC Koop11.1111aTbl 11 CIIHHbl 'l3CTHU, /- MOMCHTbl 

speMeHH, paccMaTpHBaCTCH EoroJ11060BhlM B npe,uene, Kor,ua BCC MOMeHTbl 

speMCHH 'p••·,!11 cjiHKCHpOBaHbl, a paccTOHHHH Me)Kll.Y TOYKa~m 113 

pa3Jll1'1HbIX rpynrr { ... ,t,,x,,, ... } H { •.. ,,/IX/I'"""} CTpCMHTCH K 6eCKOIIC'IHOCTl1. 

8 KB3HTOBOH TeOpHH IIOJlH Bee IIOJleBhie cjiyHKUHH If/( t,, x, ), If/( f k, X, ) , KaK 

113BeCTHO, ,l\OJl)KHbl TO'-IHO KOMMYTHpoBaTb 11Jll1 aHTHKOMMyn1poBaTb, ecm1 

-• ➔ 

1111repsan ' ) 2 - U, - r, )- + <r, - r , npocrpaHCTBCIIHO rro11.06eH. flp11 

cjJHKCHpoBaHHblX l;, tk II r ;- r k ➔oo llJlH HaXOlKll.CHHH 3CIIMrITOTll'-ICCKllfl 
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cpopMhl F MO)KHO ITepecrnBnllTh noneBbie cpyHKUHH H3 pa3Jlll'lUblX rpynn H 

TeM caMhIM )l06HThCll TaKOfO nono)KeHHll, KOf)la ITOneBhle cpyHKUHH )lnll 

Ka)K)lOH rpynnhI apryMeHTOB OKa3h!Ba!OTCll B O)lHOM KOMITneKce ( KnacTepe ). 

TaKHM o6pa30M, nonytJ:aeTCll: 

F(t, ,x, ; .. ;tn,xn)- T/ < ul ( ... ,ta,xa , ... ),U2( ... ,t p,Xp,···) ... >➔ 0 

T/ = ±1, 

r)le U1( ••• ,ta,xa,···> - ITpOH3Be)leHne noneBhIX cpyHKUHH c apryMeHTaMH 

TOnhKO tt3 ITepBOH rpyITIThI , U2 ( ••• ,tµ,xp,···> coorneTCTBy10mee npon3Be)leHtte 

C apryMeHTaMn TOnhKO H3 BTOpOH rpyITIThl H T.)l. 

TaK KaK KoppeJil!UHll Me)K)ly )lHHaMntJ:eCKHMH BentttJ:HHaMn u,,U1 )lOn)KHa 

ocna6eBaTh n npaKTHtJ:eCKII IICtJ:e3aTh )lnll )lOCTaTOtJ:HO 6onhllIIIX paCCTOllHIIH, 

acIIMITTOTIItJ:eCKall cpopMa Bhipa)KeHIIll: 

< U,( ... ,ta,xa,···)·Ui( ... ,t/J,X/J, ... ) > 

pacITa)laeTCll Ha ITpOII3Be)leHIIll BII)la: 

< ul ( ... ,ta ,xa, ... ) > · < U2 ( ... ,t p,Xp,···) > ... 

B 3TOH cpopMynIIpOBKe CDP H.H.Eoron1060B o6pamaeT BHIIMaHIIe Ha 

cpyH)laMe1nanhHYIO ponh BhlpO)K)leHIIll COCTOllHIIH, ITO KOTOphIM npoH3BO)lHTCll 

ycpe)lHeHIIe. PacCMOTpHM, HaITpIIMep, KpttcTanJitttJ:eCKOe COCTOllHHe. TipttMeHllll 

npe)lhl)lYll.\ee paccy)K)leHIIe K 3TOMY cnytJ:aIO, MhI, ecTeCTBeHHO, ITO)lpa3yMeBaeM, tJ:TO 

KpttcTanJitttJ:ecKall pellleTKa KaK uenoe cpttKcttpoBaHa B ITpocTpaHCTBe xorn tt 

npOH3BOnhHO, HO O)lIIHaKOBO ITPII BhltJ:IICJieHim <U1>,<U;;> H T.)l. I1HatJ:e fOBOpll, 

CtJ:HTaeTCll, tJ:TO BCe paccMaTpirnaeMbie B 3TOM cnyqae cpe)lHHe OTHOCl!TCll K O)lHOMy H 

TOMY )Ke !pHKCttpoBaHHOMY pacITOJIO)KeHHIO pellleTKH, T.e. Mb! IIMeeM )leno C 

KBa3ttcpe)lHIIMH, a He C o6hitJ:HhIMH cpe)lHHMII, KOTOpbie ITOJiytJ:aIOTCll H3 

KBa3ttcpe)lHHX )lOITOnHIITenhHbIM ycpe)lHeHtteM ITO BCeM B03MO)KHbIM ITOnO)KeHttllM H 

optteHTalJHllM KpHCTanJintJ:eCKOll pellleTKII. MHO)KttTeJIH <U1>,<U;;> ... OKa3bIBaIOTCll 

He BITOJIHe He3aBHCl!MhIMll - OHH 3aBHC:llT OT rrapaMerpoB, ITO KOTOphIM Heo6xo)ll!MO 
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npoBeCTll )lOIIOJIHHTeJibHOe ycpe)lHeHIIe. B KatJ:eCTBe rrpttMepoB ITapaMeTpOB, 

OCTa!Oll.(HXCll O)lUHaKOBO q>UKCHpOBaHHhlMH )lJlll Bcex qacTell MaKpOCKOITUtJ:eCKOH 

CHCTeMhl, Eoron1060B ITpIIBO)lHT MafHHTHhIH MOMe1n (cnyqau cpeppoMarneTH3Ma), 

cjia30Bhlll yron ( csepxTeKytJ:eCTh HJIII CBepxITpOBO)lHMOCTh) II )lp. 

I1HTepeCHO OTMeTHTh, tJ:TO II3BeCTHal! ITOIIhITKa ,ll;upaKa ccpopMynIIpOBaTh 

penllTHBUCTCKYIO TeopuIO )lHHaMtttJ:eCKIIX CUCTeM [ 11] rrpttBeJia ero K ITpmHaHIIIO, 

'-!TO y)lanOCh ccpopMynttpOBaTh Jllllllb Heo6xo)lHMbie, HO He )lOCTaTOtJ:Hhie ycJIOBHll 

cymecTBOBaHHll TaKOll TeopuII. B KOHIJe CBOett 3HaMeHIITOll CTaThll [11] ,ll;IIpaK 

nmueT: "Some further condition is needed to ensure that the interaction between two 

physical objects becomes small when .the objects become far apart. It is not clear how 

this condition can be formulated mathematically». 

KaK BH)lHM, rrpUHIJHIT ocna6nemrn KOppeilllIJHH Eoron1060Ba pelllaeT II 3TY 

KnacctttJ:eCKYIO ITp06JieMy !pll3IIKH, ITOCTaBJieHHYIO ,ll;ttpaKOM B 1949 ro)ly. 

TipuMeHeHue MeTo)la KBa3ttcpe)lHIIX B HepeJillTIIBIICTCKOll TeoprrII ll)lpa xopOllIO 

H3JIO)KeHO B l\WHOrpacpIIII B.r.CoJIOBbeBa [12] . Htt)Ke II3JiaraeTCll cpopMynttpOBKa 

ITpHHIJHITa ocna6neHttll KOppeJillUHII B rrpocTpaHCTBe OTHOCIITeJihHbIX 4-CKOpOCTeH 

[13]. Oco6eHHO ITpO)lj'KTHBHbIM 0Ka3anOCh ITPHMeHeHtte 3T0fO ITpHHIJHITa B 
,I 

KBaHTOBOll xp0M0)lIIHaMUKe 6oJihllIHX pacCTOllHHll (mrn, T0tJ:Hee, ManhIX 

OTH0CHTeJihHhIX CKOpOCTett), ITPII OITIICaHIIH MH0)KeCTBeHHhIX ITpoueccoB II oco6eHHO 

B peJillTUBHCTCKOll ll)lepHOll !pH3HKe. B 3TIIX o6nacrnx q>II3IIKH Heo6XO)lIIMhl 

fHITOTe3hI cpyH)laMeHTanbHOfO xapaKTepa, He BbITeKa!OIUIIe II3 narpaH)KeBa MeTO)la II 

IT0)lJie)Kamue 3KCITepIIMeHTanhHoi1 ITpoBepKe. 

B pe3yJihTaTe CTOJIKHOBemrn pemITIIBCTCKHX ll)lep 06pa3yeTCll MHOro tJ:aCTHIJ 

II KapTIIHa B3aIIMO)leHCTBllll HOCIIT CJIO)KHhIH xapaKTep. B O)lHOM CTOJIKHOBeHIIII 

yqacTBYIOT KaK HYKJIOHHhle, TaK II KBapK-fJIIOOHHhJe CTeITeHH CB060)lbl. lJncno 

ITapaMeTp0B 3a)latJ:II qpe3BbltJ:aHHO BeJIIIK0 ll BbI)leJieHIIe ITapaMeTpOB ITO)l06IIll 

(ttHBapnaHTOB) oco6eHHO aKTYanhHO. 

MHO)KeCTBeHHOe p0)K)leHne qacTIIU OCJIO)KHeHO crreumprrtJ:eCKIIMII ll)lepHblMH 

ITpoueccaMII II OITHCaHIIe IIX B IT0)laBJillIOIUeM 6oJihllIIIHCTBe pa6oT 0CHOBaHO Ha 
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HHKJU03l:IBH0M II0.[1.XO.[l.e. B 3TOH CBll3H .n.aneKo He BCer.n.a y.n.aeTCll pa3.D.eJJHTb 

pa3JJHqHbie MexaHH3MbI, onpe.n.eJJHTh, B KaKHX crryqMx npeo6rra.n.a10T HYKJJ0HHhie, a B 

KaKI:IX - KBapK-rJIIO0HHbie CTeIIeHH CB060.[l.bl. ITocTaHOBKa 3a.n.aq 06 u3yqeHHil 

HHKJII03HBHhIX cneKTp0B 61,rna cqiopMyrrttpoBaHHa A.A.JloryHoBhIM C 

C0TPYAHHKaMH [14], HMI:l )Ke 6hIJIH norryqeHbI CJie.[I.CTBHll, BhITeKa!Ollll:le Il3 o6mttx 

IIpHHUilII0B KBaHTOBOH Te0pHil II0Jlll .[1.Jlll TaKilX cneKTp0B. ITpttHUilIIHaJJbHall 

HeII0JJH0Ta HHKJII03HBH0fO II0.[1.X0.[1.a .[I.Jlll 0IIHCaHttll orp0MH0fO 061,eMa IlHq>OpMaUHil, 

K0Topy10 norryqa!OT Ha C0BpeMeHHblX 3KCIIepuMeHTaJibHhIX ycTaH0BKaX, Tpe6yeT 

pa3pa6oTKH 6orree o6lllttX no.n.xo.n.oB. 

B .n.aHHOH rnaBe 0IIIlCbIBaeTCll MeTO.[I., B K0TOp0M HCII0Jih3yeTCll Hatt60JibWall 

qacTh .[1.0CTyIIHOH 3KCIIepHMeHTaJibHOH HHq>OpMaUHil 0 MH0)KeCTBeHHhIX npoueccax. 

OnucaHHall BhIIIIe perrl!TilBHCTCKil HHBapuaHTHM KJJaCCHq>HKaUHll ll.[1.epHb!X 

npoueccoB B npocTpaHCTBe OTH0CHTeJJbHhIX qeTbipexMepHbIX cKopocTeii 6hrna 

npe.n.JJo)KeHa B pa60Tax [13,15]. ToqKaMH TaKoro IIp0CTpaHCTBa llBJilllOTCll 

qeTb!pexMepHb!e CK0p0CTH. ITpe.n.noJJaraeTCll, qTo OCH0BHhlMH BeJJttqttHaMH, OT 

K0T0pb!X 3aBIICllT pacnpe.n.eneHIIll BepOl!THOCTeH ( ceqeHIIH ), llBJlllIOTCll BeJJttqilHbl 

bik=-(ui-uk)2, r.n.e ui=Pi/m i, ui- BeKTopa 4-cKopocTII, mi - Macchi, a Pi-4-

11Mrryn1,c1,1'. l1H.[l.eKChl i,k rrpttHHMalOT 3HaqeHilll 1,2,3,4, .•.. , a caMII Berr11q11Hbl bik 

IIMelOT CMb!CJI 0TH0CHTeJlbHh!X pacCTOllHilH B npocTpaHCTBe 4-CKOpOCTeii. QqeBII.[I.HO, 

qTo onpe.n.eneHHe Bcex bik .[1.Jlll Bcex qacTHU npouecca MH0)KeCTBeHHoro 

o6pa30BaHilll qaCTIIU co.n.ep)KHT natt6onee II0JJHYIO l:IHq>OpMaUHIO 06 3T0M rrpouecce. 

l1cIIOJlh30BaH11e KHHeMaTnqecKHX KOM611Haunii BH.[l.a r!i = uiuj = P;½ I M; ~ 

(JlopeHU qiaKTOpbl 0TH0CHTeJJbH0ro .[I.Bil)KeHHll qacTHU) .[I.0CTaToqno ecTeCTBeHH0 rrptt 

paccM0TpeHIIII peJJllTilBIICTCKilX ll.[1.epHbIX coy.n.apeHIIH. TaK, HarrpttMep JiopeHu 

q>aKTOp 0TH0CHTeJlhH0ro .[I.Bil)KeHilll BX0.[I.IlT Herrocpe.n.cTBeHH0 B orrpe.n.erreHtte 

HHBapttaHTHoro ceqemrn, a IIMeHH0 B orrpe.n.enemre noToKa, 3ar111ca1rnoro B 

mmap11aHTHOM BII.[l.e. 110 orrpe.n.erreHIIIO ceqeHHe 3aIII1Ch1BaeTCll B BII.[l.e: 

~N=cr·j0 , ·n02·~ Y.~t, 
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' rne ~N -tJ11crro BJam,10ne11CTBiltt paccr..rnTp1maeMoro nma, npottcwenwttx B 

'JJleMeHTe o6beMa Mll;lleHtt ~ V 3a BpeMl! ~t, jo,-IIJJOTHOCTh ITOT0Ka HaJieTaJOllJHX 

'!aCTllU, no2-ITJlOTl!0CTb 'laCTHU Milll!eHH, cr-cetJeHHe. )l.rrn Toro qTo6bI cetJeHHe 6bIJIO 

BbtpmKCHO B IIHBapHaHTHOI\I BH.[l.e, cne.n.yeT 3am1caTb B HHBapH3HTH0M Bll)le IT0TOK: 

Jot"noz= no, ·no2·Yo1·~01= no, ·11oz•✓yot"-l. 

P3CCMaTpHB3ll MH0)KCCTBeHH0e pO)K.[l.el!He 'IaCTHU B nepeMeIH!bIX bik, nerKo 

)'BIJ)leTb, '-!TO o6mee lJHCJJO BCex bi k npeB0CX0.[I.HT lJilCJJ0 CTeIIeHett CB06011b1. 

Pile( 2.) nol!CHlleT nam1oe yTsep)KJleH11e. Bb16epeM 6331lC 113 Tpex T0lJeK B 

npocTpaHCTBe OTH0CHTeJibHbIX CK0pOCTeH, HanpHMep TO'-!Kll 1,2.3. MmKHO JlJlll 

onpene.~eHH0CTH C'lllTaTb, 'ITO T0qKH 
11 2 C00TBCTCTB)'IOT CK0pocnII\I 

CT3JIKllBaJOm11ecl1 o6beKTOB, a 3,4,5,... C00TBeTCTBYJOT lJaCTJIUaM. o6p330B31lHbIM B 

pe3yJ1bT3Te MH0)KeCTBem1oro po)Knemrn. 
TTocKoJJhKY ll3HJIOe p3ccM0Tpem1e 

pCJJl!TIIBllCTCKll HHB3p11aHTHO, TO He llMeeT 3Ha1IeH1Ill, KaK11e 11MCHH0 T0'-!Kll B3l!Tbl 3a 

6a3HC. CocTOl!HHe Ka)K,[{011 113 lJ3CT11U IT0JlH0CTblO 3a]l3eTCll Tper..rn 'lHCJlaMll. . 
H3IIpHMep, Pix, Piy, piz· 4HCJJO CTeneHett CB06011b1 JlJlll BCeH CHCTeMbl 113 N 

'!aCI'Hl.l onpeneJll!CTCll C00TBeTCTBem10 (3N-6) BCJ111'-!111l3MII. 1 WecTb 'HICCJJ 

onpcnerrl!IOT IIOJlO)KCHlle 11 0pllCHTat~HJO CllCTeMbl K3K uenoro (1rnnp11Mep. 3 

KOOpJlHHaTbl 11 3 yrna). lfHcno )KC nepeMeHHbIX bik, 1{31{ B11]lHO, paBH0 N(N-1 )/2. T.e. 

MO)KCT 3Ha'IHTeJlbHO npeBbIW3Tb lJHCJlO CTeneHett CB06011b1. JTO 03Ha'IaCT, lJTO 

IIOJJHblll Ha6op nepeMCHHbIX bik nepeorrpeneneH 11 ero Heo6XO]lllMO p33J\CJ111Tb Ha 

JlBC rpynnhI, B 0JlHY Il3 KOT0pb!X BOllJlYT (3N-6) BCJJH'IIIH, 110JlH0CTbIO 

onpe]lCJlll!OlllllX Komjrnryp3UilJO CilCTCMhl, a B npyry10 - 0CTaBWIICCll N(N - I )/2 -

(3N - 6) BeJJ11tJttH. TTocrre.n.H11e ( Ha Pttc.2 3TO b 45 ) M0)Imo Bbip33HTb '1epc3 nepBbie 

(3N - 6) BeJllilJilH. B CIIJJY Cl1MMeTpHil 33.[1.3'111 p336HCH11C Ha rpylIIIbl l\l())KIJ0 

11pOBCCTl1 npott3B0JlbHO. TTp11 '.HOM, Ka)K]lOC p336HCHHC 011peueJil!CT Htrnyto 
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KOH<pHrypaumo, '-!TO pe3K0 yBeJlH'-IHBaeT K0JlH'-leCTB0 HH<popMaUHH 0 co6bITHH . .llm1 

ycTaH0BJleHHH CBH3eH Me)l(.LlY pa3J1H'-1Hb!MH Ha6opaMH bik Jl0rH'-IHO rrpttMeHHTb 

TpnaHrym1umo B rrpocTpaHCTBe 0TH0CHTeJlbHblX cKopocTeH. TepMHH 

"TpttaHryJlHUirn" B reo.[le3HH 11 MaTeMaTHKe o6o3Ha'-!aeT MeT0.Ll C03.[laHml ceTeH, 

C0CT0HIIIIIX 113 rrpttMbIKaIOW:HX npyr K npyry TpeyroJlbHHK0B 11 B orrpeneneHHH Ha 

)TOH 0CH0Be IT0Jl0)KeHHH HX BepumH. .llnH o6w:ero cny'-laH ITOBepXHOCTeH 

Tpeyr0JlbHHKH .[l0Jl)l(Hbl 6bITb KpHBOJlHHeHHblMH. TTpoCTpaHCTBO, B KOTOpOM 

rrpoB0.[lHTCH )KCrrepttMeHTaJlbHb!e H3MepeHHH, TpexMepH0. TTp11 )TOM rrpocTpaHCTBO 

CKOpOcTeH C00TBeTCTByeT TpexMepH0MY rrpocTpaHCTBY Jlo6a'-leBcKoro. 

TTpocTeHlllHM )JleMeHT0M ( CHMITJleKCOM) TpexMepHoro rrp0CTpaHCTBa CKOpOCTeH 

HBJlHIOTCH TeTpa:3.[lpb!. BeplllI-!HaM TeTpa:3.Llp0B C00TBeTCTBYIOT T0'-IKH co CKopocrnMH 

ui, uj, uk, ... , a cTopoHaM - coorneTCTBYIOIIIHe BeJlH'-IHHbI bij, bikr bjk···· TTp11 

)TOM, KaK yJKe 0TMe'-laJl0Cb Bblllle, (3N - 6) BeJlH'-IHH IT0JlH0CTb!O onpenenmoT 

KOH<p11rypau1110 CHCTeMbl, a 0CTaJlbHbie paccT0HHHH Me)l(.[ly BepumHaMH MoryT 6b!Tb 

Bbl'-IHCJleHbl (OTMeTHM, '-!TO B )KCrrep11MeHTe Bee ·bik H3MepHIOTC51 ). 

TTepeorrpeneneHH0CTb paccMaTpHBaeMblX CHCTeM - 60J1blUOe rrpenMyw:ecTB0 .[laHH0ro 

MeT0.[la aHaJ1H3a MH0)l(eCTBeHHb!X npoueccoB. 

OrrucaHHe peJlHTHBHCTCKHX MH0ro'-laCTH'-IHb!X CHCTeM Ha 0CH0Be HHBapnaHT0B 

bik 110JB0J1HeT cqiopMynupoBaTb rrpHHUHII ocna6neHHH KoppenHUHH (CDP) KaK 

CTporoe peJlHTHBHCTCKH HHBapnaHTH0e YTBep)l(.[leHHe, II03B0J1HIOW:ee rrony'-IHTb 

l\1H0ro Ba)l(Hb!X )KCIIepnMeHTaJlbH0 Ha6monaeMbIX CJle.[lCTBHH, K0T0pb!e nenaIOT 

MH0rtte IT0CTaH0BKH Ja.[la'-1 H3J1Hll1HHMH. CDP HaJlaraeT CTporne orpaHH'-leHHH Ha 

60JlblllHHCTBO 06cy)l(.[laeMb!X B JlHTepaType Monenei1, II0Ka3b!BaH 

6ecrrepcrreKTHBH0CTb HeK0T0pbIX 113 HHX. Heo6XO.[\HMO, 0.[lHaK0, 0TMeTHTb, '-IT0 

o6cylK.[laTb cnenyeT T0JlbK0 Te M0.[leJlH, K0T0pbie cqiopMynrrpoBaHbl B BH.[le 

COOTHOllleHHH Me)l(.LlY HHBapnaHTHb!MH rr Ha6J1IO.[laeMb!MH BeJlH'-IHHaMH. 

.llnH orrpeneneHH0CTH 6yneM paccMaTpHBaTb KaK <pyHKUHIO 0TH0CHTeJlbHb!X 

CKOpocTeH bik IIJl0TH0CTb Bep0HTH0CTH '-IHCJla '-laCTHU: 
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dW,, I-d,, =P,,,cx =W( ... b,k ... ), 
nZ.m r (6) 

K0Topy10 M0)l(H0 IT0JlY'-IHTb B pe3yJlhTaTe H3MepeHHH Ce'-leHHH, 3-HMIIYJlhCOB 'crncTHI..\ 

11 llX Mace. l13 )TllX BeJlH'-IHH 06pa1yeM HHBapnaHThI: 

[
E;Ek - ;; ;k - I] 

b =2 · 
;k m;mk 

AHanorn'-IHo qiopMynHpOBKe npn:uun:rra ocna6nemrn KoppenHun:u: 

H.H.Eoron1060Ba pa3o6beM coBoKyrrHoCTh BeJlH'-IHH bik Ha rpy1111h1 { ... b'\k---} H 

{ ... bPje··-}- B )TO pa36HeHHe BX0.[IHT KaK '-laCTHl..\bI K0He'-IH0ro C0CT0HHmI TaK If 

'-laCTHl..\bl Ha'-laJlbH0ro C0CT0.HHWI. PacCMOTpHM aCHMITT0TH'-leCKHH cny'-laH, Korna 

b0p=-(V0-Vp)2➔ oo. V0 - cpe.[IH.HH T0'-IKa B rpyrrrre a, Vp- cpe.[IHH.H T0'-IKa B rpyrrrre 

p. l1Ha'-le roBopH, 

(U0 ;Va)"" (UPjVp) << (Ua;Vp) ""(UPjVa)"" (Va Vp)➔ 00. 

T.e., cpe.[lHHe HHTepBaJlbl BHYTPH rpyrrn '-laCTHI..\ MaJlbl, a HHTepBan 

rpyrrnaMH '-laCTIII..\ CTpeMHTCH K 6eCKOHe'-IHOCTH. 

(7) 

MelK.LlY 

Hallla IICX0.[\HaH rljII0Te3a C0CT0IIT B TOM, '-IT0 K0ppeJlHI..\IIH Me)l(.[ly ,, 
OT.[leJlbHb!MII 110 bik (HJlH no Pik) '-laCT.HMH CIICTeMbl '-18CTHI..\ llC'-leJaeT. 

PaccMaTprrBaeMoe rrpocTpaHCTB0 0TH0CHTeJlbHb!X CKOpocTeH .HBJlHeTC.H 

.[l0H0JlHIITeJlbHblM (B KBaHT0B0-MexaHII'-leCK0M CMb!CJle). Man&Ie pacCT0.HHHH 

I;,- ;k I 2 coorneTcrnyeT 6onhll1IIM bik, H Hao6opoT. CBou:cTBO y6brnaHIIH 

pacnpe.L(eneHHH (MaTpH'-IHhIX 3JleMeHT0B, ce'-!eHHH) c pocTOM bik orpa)l(aeT 

aCllMIIT0TH'-leCKYIO cBo6ony, T.e. HC'-le3H0BeHn:e B38HMO.[leil.cTBII.H Ha 

aCIIMIIT0TII'-leCKII MaJlbIX paCCT0HHIIHX npn: bik➔ 00. B 3T0M CMblCJle Harna 

rHII0Te3a np0TIIB0II0Jl0)l(Ha rrpHHI..\HfIY ocna6neHIIH KoppeKI..\Hlf Eoron1060Ba. 

CoBOKYIIHOCTb T0'-leK B npocrpaHCTBe CKopocTeil. 06pa1y10T KJ18CTepbl. Ilon 

KJ18CTepaMII Mb! II0HIIMaeM C0B0KYIIH0CTb T0'-leK Uk B npocTpaHCTBe CKopocTeil., 
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cpe,UHIIH HHTepBan Me)K,uy KOTOphIMH bak= -(Va-Uk)2 MHoro MCHhllle cpenm1x 

HHTCpBaJIOB Me)K,uy ueHTpaMH KnacTepoB bap= -(Va-V 13)
2

• 3,uech rr B ,uanhHettllleM: 

Iu: IuP, 
Va= -J<Iun2 , VP= -J<IUP,)2 ,... (8) 

TaK KaK cornacHo rHIIOTe3e Koppemrumr Me)Kny n1rnaMH'!CCKHMH 

BCJlH'IHHaMH, OTH0C51IUHMHC51 K pa3JJH'!Hh!M KJJaCTepaM, ,UOJJ)!(Ha HC'!e3aTh, TO rrpH 

bik➔ 00 aCHMIITOTH'!CCKa51 qiopMa pacrrpeneneHHll (KBanpaTOB MaTpH'!HhIX 

3JJeMeHTOB, HHKJ1103HBHhIX pacrrpeneneHrrtt, ce11eHHll) pacrranaeTC51 Ha 

rrpOH3Be,UeHH51 BH,Ua 

W(bu1<,bap,b/Jk, ... ) ➔ Wa -WP· ... 

TaK )KC KaK H B cny11ae pacCMOTpeHHoro BhllllC orrrrcaHH51 KpHCTaJIJJH'!eCKOro 

COCT051HH51 MHO)KHTeJJH Wa, W p JV r,... OKa3h!BaIOTC51 He BIIOJJHe He3aBHCHMh!MH. 

BenH'IHHhI bap,bpk,bak 51BJJ51JOTC51 cTopoHaMH TpeyroJJhHHKa B 

➔ 

rrpocTpaHCTBe. ITprr bap➔ oo B crrcTeMe Va= 0 rrMeeM: 

hap =2(V;-I) ➔ oo 

box = 2(U; -1) 

b/Jk ➔ 2v;cu:-u;)=bap ·Xk ➔ oo, 

HeCBKJJH,UOBOM 

(9) 

rne Xk H3BeCTHa51 nepeMeHHa51 CBeTOBOrO KOHyca: 

xk = uz -u:, = uz -,J(Uz )2 -1 cos Bk. TaKHM o6pa30M, B qiaKTOpH3aUHH pacrrpeneneHHH 

rrpH bap➔ 00 OCTaeTC51 3aBHCHMOCTh Wa OT HarrpaBJJCHH51 Ha 6eCKOHC4HO 

ynaneHHYIO TO'!Ky. '.:ha aHH30TpOIIH51 pacrrana KJJacTepa B co6CTBCHHOll CHCTeMe 

➔ 

( V a = 0 ) HOCHT '!HCTO reoMeTpn11ecKHll xapaKTep. ITpn rrepexone K 

HepeJJ51THBHCTCKOMY nprr6JJH)KeHHJO, T.e. OT reoMeTPHH Jio6a11eBCKOro K 

reOMCTPHH EBKJJH,Ua, 3aBHCHMOCTh wa OT yrna 0 rrporranaeT (Bhlp0)K,UaeTC51 B 

H30TpOIIHIO ). 3aBHCHMOCTh wa OT nepeMeHHOll X k ncqe3aeT, T.K. X k ➔ 1. 3To 
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1aMe'lam1e IIOKa3hJBaeT HCCOCT051TCJlhHOCTh IIOIIb!TOK o6Hapy)KHTh 

KBa3HCTaWIOHapHhie o6beKThl, 06pa3yiom11ec51 B MHO)KCCTBCHHOM pO)K)lCHHH 

qacn1u ITO rrpH3HaKy H30TpOIIHH pacna)lOB B HX CIJCTeMe IIOK051. B 

pem!THBHCTCKOH ,UHHaMHKe TaKHC pacrra)lhl acezi)a llHUJOmpo111tbl. 

Cne)lCTBHH np11Hu11na OCJ1a6J1emrn KoppeJJHUHH )lJl51 OIIHCaHH51 MHO)KCCTBCHHhIX 

npoueccoB He06hI'!aHHO IlJIO)lOTBOpHhl rr MHOrO'IHCJICHHbl. O6be)lHHCHHe 

np1111u1111a ocna6JJeHHH KoppeJJHUHH C rrpHHUHilOM aBTOMO)lCJlbHOCTH BToporo pona 

[ I 5] 1103BOJIHJIO npe)lJJ0)!(11Th MCTO)l aHaJIH3a, C IIOMOIUbJO KOTOporo 6hIJIH 

o6Hapy)KeHbl npoCTb!e H YHHBepcanbHbie 3aKOHOMepHOCTH MHO)KCCTBCHHOro 

p0)1()lCHH51 qacTHU, ycTaHOBJICHa HX CBH3h C QCD, nponeMOHCTpttpoBaHa 

Ha6monaeMOCTb UBCTHhIX 3ap51)l0B [ 16]. 

TTpHHUHil aBTOMO)leJJbHOCTH BTOporo pona (BCTpe11aeTCH TaK )KC non 

11a1BaH11eM 
11

HCIIOJ!Ha51 aBTOMO)lCJlhHOCTb
11

) HalllCJI w11p0Koe npHMeHeHHe B MeXaHHKe 

CIIJJOWHbIX cpen, rnnpo)lHHaMHKe, TeopHH ropeHHH H T.11. [6]. C MaTeMaTH'ICCKOtt 

TO'IKH 3pCHHH 3TOT rrpHHUHII COCTOHT B )lOilOJIHCHHH npHHUHilOB Teop1rn 

pa3MCpHOCTH 11 HHBap11aHTHOCTH onpe)lCJICHHhIMH CBOHCTBaMIJ ac11MI1TOTH'!CCKOro 

110BC)lCHH51 peweHH~ MaTeMaTH'!CCKOH qJH3HKH, pacnpeneJ1eH11fi. 

" paccMaTpHBaeMOM cnyqae np11 b.,,1➔ 00 OH qiopMyJ111pyeTCH TaK: 

, I a h1, 
IT(h,,k,ha/i'h!•) ➔ ,;;;-W (haflb) 

h1• ➔ x, 
ha/I 

ap afl 
( I 0) 

B 

KaK noKa3aHO Bh!We ' xk - nepeMCHHa51 CBCTOBOro KOHyca. 3aKOH cnp:rnenmrn C 

onpeneneHHOH TO'IHOCTbJO H B onpeneneHHbIX npenenax H3MeHeHIIH b«JI· B 

MeXaHHKC CIIJIOWHhlX cpen OH HOCHT Ha3BaH11e "11po.ite.J19•1110'111an 

(ICll.lltlll110fflUKa" [6]. BeJJH'l!Hia wa=b'\,p·W np11 qJHKCHpoBaHHblX b.,, II x, 

(napaMeTpax nono61151) OCTaeTCH He!13MCHHOH np11 H3MCHCHllll Bcex 0CTaJJbllblX 

napaMeTpOB, BKJIIO'!aH b"Jl' nono6Hott caMott ce6e (aBTOMO)leJJbHOII). 
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l1T3K, HCITOJ!b3Y.H Teopmo ITO)l06H.H, ITpHHUHIT ocna6nemrn KOppeJI.!11.\HH )lJl.!I 

.nsyx KnacTepos s anpoHHOH !pH3HKe q>opMynupyeTC.!I B su.ne cneny101Uett 

3aKOHOMepHOCTH: 

I a h/Jc P ha; 
W(hbaj]•hak,ha;,h/Jc,h/JJ) = ---;;;-•W (hak b)• W (h/JJ-) 

afJ ap hap 
( 11) 

ApryMeHTbl WU , W p co.nep)l(aT 3aBHCHMOCTb OT npoeKUHH CKOpOCTett Ha OCb, 

coe.nHH.!l!OlUYIO ueHTpbl KJiacTepoB ( q>opMyna (9) ). 

<l>opMyna (11) H aHanOrttlfHbie eii:, ITOJiylfeHHbie Ha OCHOBe CHMMeTpHttHOro 

ITO)lXO)la, onpe.nen.HIOT CTpyKTYPY JaKOHOB MHO)l(eCTBeHHOro pO)l()leHH.!I lfaCTHI.\. 

CHJibHO orpaHHlfHBa.H MO.lleJibHbie npe.ncTaBnemrn, OHH Il03B0JI.HIOT yrrop.!!.llOlfHTb 

orpOMHblH 3KCITepttMeHTanbHblH MaTepHan ITO MHO)l(eCTBeHHblM npoueccaM. 

AHanH3 3KCITepuMeHTanbHblX )laHHblX ITO MHO)l(eCTBeHHbIM rrpoueccaM B 

pa3Hb!X peaKUH.!IX Ha pa3Hb!X ycKOpHTeJI.HX [ 16] o6Hapy)l(HJI YHHBepcanbHblH 

xapaKTep !pYHKI.\HH WU , WP ... , OITHCbIBa!Oll.(HX pacnpe)leJieHH.H qacTHI.\ ITO .llBYM 

HHBapuaHTHbIM ITepeMeHHbIM bk= -(Va-U,)2 II xk: 

F(b,) = f W"dQ, dQ, = sin0,d0,drp, 

I 2 d 3N I 2 d 3N 
W" - -------;====-----------

- N,, m; ✓ b, + bi I 4 . db,dQ, - N,, m; db, · dx, · drp, 

B OCHOBHOM H3ylfanHCb O)lHOMepHbie pacnpe)leneHH.H: 

I fdN F(b,) = - --dQ, 
Na d,, 

I fdN m; F(x) = - -----db dm 
k Na d,k 2 k -n 

(12) 

(13) 

3KCITOHeHuHanbHO cna)la!Oll.(He <PYHKUHH ( 12) tt ( 13) OITHCbIBa!OT peJI.HTHBHCTCKH 

HHsapttaHTHbJe pacITpe)leneHH.H qacTHU B KJiacTepax. 

Ilp.!!MOH ITposepKe Hatt6onee o6mux JaKoHoMepHocTeii CDP H aBTOMO)leJibHOCTH 

B BH)le ipopMyJibl (11) 6b!JIO ITOCB.Hll.(eHO MHOfO pa6oT. TiepBbie pa60TbI, B KOTOpb!X 

6b!JIO ITOJIO)l(eHO HalfanO H3ylfeHHIO KJiaCTepoB B npocTPaHCTBe OTHOCHTeJibHblX 
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CKOpocTeH, OTpa)l(eHbl B ofoope [I 6] Puc.3 HJIJIIOCTpHpyeT o6Hapy)l(eHHyiO B 3THX 

pa6ornx YHHBepcanbHOCTb ITHOHHbIX KJiaCTepos. KaK BH)lHO II3 Pttc.3, 

pacnpe)leJieHH.H no bk= -(Va-U J2 
He JaBHC.HT HH OT 3HeprHII CTOJIKHOBeHII.H, HH oT 

THna peaKUHII. 3TOH YHHBepcanbHOCTH MO)l(HO ITpH)laTb eme 6onee y6e)lHTeJibHblH 

I dN 
BH.ll, eCJIII BMeCTO -.- BOCITOJib30BaTbC.H <PYHKUH.HMH F(b,J H F(x,J cornacHo 

N db, 

ipopMynaM (11) tt (12), T.e. yqecTb HeeBKJIH)lOBOCTb ITpOCTPaHCTBa CKOpOcTeii II 

COOTBeTCTBY!OIUHe .HK06HaHbl. 3TH 3aBHCIIMOCTII ITpe)lCTaBJieHbI Ha Puc.4 II 5. 

TiocKOJlbKY a KalfeCTBe ueHTpOB KJiaCTepoa Va MO)l(eT 6b!Tb JII06a.H TOlfKa 

rrpocTpaHCTBa CKOpOCTeH, a He TOJibKO U1 H U II , KaK B cnyqae npe)leJibHOH 

q>parMeHTaUHH, TO Mb! roaopHM O JlOl<ll.!lbHOU aomo.1110iJe.nbHOCmu . TIO)llfepKHeM, 

lfTO paCCTO.HHIIe Me)l()ly KJiaCTepaMII hap )lOJI)l(HO 6bITb MHOfO 6oJibIIIe pa3Mepa 

KJiaCTepa <hk>=2<Tk>/mk. 3)leCb <Tk> - cpe)lH.H.H KIIHeTIIlfeCKa.H 3HeprII.H nIIOHOB B 

➔ 

CHCTeMe noKO.H KJiaCTepa ( Va = 0 ). AttanII3 pacITpe)leJieHII.H KJiaCTepoa no hap 

IT03BOJIHJI npHMeHHTb nOH.HTHe npo.11teJ1cymo'IH«R acUMnmomu«a K 

3KCnepIIMeHTanbHblM )laHHb!M ITO MHO)l(eCTBeHHOMY pO)l()leHHIO lfaCTHI.( ITPH Bb!COKHX . 
3Heprtt.HX ( HJIH hllfz hap;?JO ).

1
TionylfeHHbie pacnpe)leJieHH.H d~ )lJI.H 7t-p, n-c, H 

db a/J 

pp CTOJIKHOBeHHH ITpHBe)leHbI Ha Pnc.6. TaKHM o6pa30M, acHMITTOTHlfeCKHe CBOHCTBa 

pacITpe)leJieHHH (celfeHHH), Bbipa)l(aeMbie ipopMynoii: (11), 6hIJIH nO)lTBep)l()leHbl 

3KCITepHMeHTanbHO. BeJIHlfHHa napaMeTPa n 0Ka3anacb He3aBHCHMOH B ITpe)leJiax 

OIIIH6oK 3KCnepHMeHTa OT THITa B3aHMO)leHCTBH.H H 3HeprnH B )lHaITaJOHe 40-205r3B. 

ConocTaBJieHHe )laHHoro MeTo)la Bbl)leneHH.H CTPYH KaK KJiacTepos a 

ITpOCTpaHCTBe CKOpOCTeH C cymecTBYfOlUHMH paHee HeHHBapHaHTHbIMH MeTO)laMH 

n03BOJIHJIO Ha3bIBaTb 3TH KJiacTepb! CTPY.HMH. 11CXO)l.H H3 3TOfO OTO)l()leCTBJieHH.!I 

0Ka3anOCb B03MO)l(Hb!M ITpoaepHTb npoMe)l(JTOlfHYfO acHMnTOTHKY B BH)le q>opMyJibl 

( 11) a Konnaii:)lepHOH o6nacTH 3Heprnii:. Pacnpe)lerreHHe no Macce )lByxcTpyii:Hoii: 

CIICTeMbI M' = (p" +pp )2 H3MepeHHOe He)laBHO 3KCITepHMeHTanbHO [28] ITOKa3aHo 
)Cf JC/ 
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Ha PHc. 7. 3.n:ech p~,, H r/j,,- 4-HMrrynhChI cTpyii a H /3, M - Macca CTPYH - KnacTepa. 

yqHThIBalI CBH3h M2=m2bap, H, cne.n:oBaTenhHO, dN/MdM=constlM2
" H3 

pacrrpe.n:eneHHlI ITO M HeTpy.n:Ho rronyqHTh II0Ka3aTenh n. Ha TOM )Ke PHc. 7 

H306pa)KeHa KpHBalI, COOTBeTCTBYIOIQalI IIOKa3aTemo n=3. 

TaKHM o6pa30M, IIHOHHhie KnaCTephl B o6naCTH bap>50 OKa3anHCh HHTeHCHBHO 

myqaeMhIMH CTPY51MH. Orrpe.n:eneHHe CTpyii KaK KnacTepoB B rrpoCTpaHCTBe 

CKOpOCTeH [17] .n:ano B03MO)KH0CTh OTKa3aThClI OT TaKHX HeHHBapttaHTHhIX IIOHl!THH 

KaK «ccpepHCHTH», «TpacT». B HarneM OIIHCaHHH CTPYH lIBnlIIOTClI qeThipexMepHhIMH 

HHBapHaHTHhIMH 061,eKTaMH, aHanornqHhlMH a.n:poHaM. Bo3MO)KHOCTh TaKoro 

OIIHCaHHlI CTpyii 6h!na rrpoBepeHa Ha 6onhlIIOM 3KCrrepHMeHTanbHOM MaTep11ane 

[16,17]. 

TpeKOBhie CHHMKH MHO)KeCTBeHHhIX rrpoQeCCOB penlITHBHCTCKOH ,:i,nepHOH 

q>II3HKH Bhl3hIBaIOT 
11
HOqHhie KOlIIMaphl

11 
y q>H3HKOB, rrnaH11py10m11x 3KCrrep11MeHTbl 

Ha ,:i,nepHhIX Konnaii.n:epax. O.n:HaKO, HeT Heo6XOJJ:HMOCTH H3y<IaTh 6Ce rrapaMeTpbl 

MHO)KeCTBeHoro pO)KJJ:eHHlI. l(ocTaTOqHO rrpoBepIITh, qTo noKanhHbie CBOHCTBa 

3THX pacrrpe.n:eneHHH He 3aBIIClIT OT 3HeprHH CTOnKHOBeHIIlI ,:i.n:ep ll COBrra.n:aIOT C 

myqeHHh!Mll paHee Ha ITY3hlphKOBhIX KaMepax [17]. YHHBepcan&H0CTh cpyHKQHH W" 

, WP___ BO BCeM q>a30BOM rrpOCTpaHCTBe IJ03BOnlieT fOBOpHTb 0 JlOKlUlb/lOlt 

aamo . .uoi)e.nb1tocmu pacrrpe.n:eneHHH qacTHQ B rrpocTpaHCTBe CKOpOCTeH. ITpHHQHIJbl 

CHMMeTpIIII perneHIIH, Bhipa)KeHHhie cpopMyJIOH ( 11 ), rrpe.n:en&HO yrrpomaIOT KapTHHY 

yn&TpapeAATHBHCTCKHX ,:i.n:epHhIX CTOnKHOBeHHH: BCe rrpocTpaHCTBO IIOKpbITO 

YHHBepcanhHhlMH KnacTepaMH, paCCTOlIHlllI Me)K.n:y KOTOpbIMH bafl y.n:oBneTBOplIIOT 

rrpoMe)KyToqHoH acHMIJT0THKe: 

dN A 

dba/J b" afl 

ITapaMeTp n, H3MepeHHhIH B lIIHpoKoii o6naCTH H3MeHeHHl! 20< b011 < I 0 5
, 

OKa3anCl! paBHhIM n=3 C TOqHOCTblO nyqrneii I 0%. 
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l 
I 

CcpopMyn11poBaHHalI B BH.n:e cpopMyn&I (11) rHIJOTe3a o noKanbHoii 

ce11eHJIH MHO)KeCTBeHHh!X rrpoQeccoB rrony 1111na CB0e aBTOMo.n:enbHOCTH 

no)lTBep)K.n:eHHe tt .n:n,:i 6apHOHHhIX KnaCTepoB. EapHOHH&Ie KnacTepbl 

( ttccne.n:oBanttc& B OCHOBHOM rrpOTOHHble KnaCTepbl) TO)KC l!BJilIIOTCl! 

ymrnepcanbHblMH penlITHBHCTCKH lIHBapttaHTHblMH o6beKTaMH, pacrronO)KCHI!blMH B 

Manoii OKpeCTHOCTH TO'!eK u, tt Urr. 3To HaXOJJ:HTCl! B xopoweM cornacmt c 

H3Becrnoil rnnoTe3ott npe.n:enbHOtt cpparMeHTaQ1111 lJ..H.51Hra H ero Konner [ 18], 

KOTOpal! l!BnlICTCl! 43CTHblM cny11aeM 3aKOHa ( 11) npH a=I, (3=II H n=0. 

l(n,:i aHanH3a 6ap1toHHblX KnacTepoB lICII0nh30BanlICb 3KCnepHMCHTanbHble 

)laHHble B o6naCTl1 7< b(l(l < 20. l(aHHble 6&1m1 nony11eHbl C nOMOlllblO rrporraHOBOH 

ny3blpbKOBOH KaMep&l, 06ny11eHHOH B ny11Kax rrpOTOHOB H l!JJ:ep Ha 

Cmixpocpa3oTpoHe J1B3 O115U1. KpoMe Toro ttcrronhJOBan11cb KaMepHhre naHHhie Ha 

ny11Ke nttoHOB npu b, 11=570 Ha ycKop11Tene 11<1>B3 (ITpornttHo ). l(nll 11ccne.n:0BaHHl! 

B3311MO)leHCTBHH npoTOHOB H ,:i.n:ep c 51,npaM11 Ta B rrporraHoBoil KaMepe 

ycTaHaBJJHBaJJHCb TaHTanOBble nnaCTHHKH. Ha Pttc.8 noKa3al!O co6&1n1e np11 

B3alIMOJJ:eHCTBHlf l!JJ:pa yrnepona C TaHTanOM B ny3bipbKOBOH KaMepe. MeTOJll!'leCKHe 

oco6eHHOCTlf 3THX ,;JKCrrepHMCIITOB on11caHbl B pa6ornx [24.25.26]. P11c.9 
A 

11nmocTp11pyeT YHHBepcan&HOCTb 6apHOHHhIX KnacTepoB, BbIJJ:eJiel!HbIX no BblWe 

on11caHHOH MeTOJJ:HKe, H crrpaBe)lnHBOCTb cpopMynhI (11) .n:n,:i TaKl1X co6bm1i1 [23]. 

M11oro1rncneHH1,le pe3yn&TUThl, OTHOCl!ll{HeC51 K 6apHOHHblM KJJUCTepaM: IIX 

napaMeTpbl, pacrrpe.n:eneHHl! B rrpocTpaHCTBe CKOpOCTeii H .up., lf3nO>KCHbl B ofoope 

[ I 6]. Y1111Bepcan&HOCTb 6ap110HHblX KnaCTepoB cnenyeT paccMaTpllBaTb KUK 

np0l!BneHHe aBTOMO}],enbHOCTH lI o6o6meHHe l!BneHHll, 113BeCTHoro non HU3B3Hl!CM 

<<llt(epHbIH CKettnHHr» [27]. 51.n:epHb!H CKettnHHr - 3TO 11HBapttaHTHOCTb ce11em1ii np11 

113MeHeHH11 3Heprtt11 CTOnKHOBCHl151 (b, 11), UBTOMo.n:en&HOCTb )KC no}],pa3yMeBaeT 

HeJaBHCHMOCTb ce11e1111ii 11 OT rrepeMeHHbIX b""' bp 1, bap 11 npyr11x 6onbw11x h
1
l. 

Pa3n111111e pa3MepoB 6apHOHHhlX KnacTepoB < bk > no OTHOWeHltlO K nHOHllbl~I 

KJlaCTepaM COCTaBnlieT rroplI}],OK BenH'll!Hbl. YHHBepcanbHOCTb 6apHOHHbIX 

KnaCTepoB cnpaBe}],nlIBa KaK B 06nacn1 KJ1acc1111ecKOH l!.UepHOH q>l13IIKH, TaK II B 
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rrepeXO)lHOH o6nacTH, rne y)l(e rrpol!BJIJIIOTCJI KBapK-rJIIOOHHbie CTerreHH CB060Jlbl. 

KHHeT!I'IeCKaJI :meprHJI OTHOCHTeJibHOro )lBH)l(eHHJI HYKJIOHOB B KJiacTepe 

<Tk>=<bk>m/2 Ha rropll)lOK BeJIHqHHbl 6oJibllle :rneprnH <l>epMH-)lBH)l(eHHJI. B )TOM 

CMb!CJie 0 KJiacTepax MO)l(HO nyMaTb KaK O rrpeneJibHOM B036y)l(JleHl1H JIJlepHOH 

MaTepHH, ITb!TaTbCJI orrpeneJIHTb !IX apeMJI )l(H3HH [23], H30TOI1HqecKHH CITHH H 

npyr11e KBaHTOBbie q11cna. 

4.Hu«moJuaubte npoi<eccbt a pe.nRmuaucmc«oii Rdepuoii <fmJu«e 

B 1971 rony 6bIJia Bb!)lBHHYTa I,[JleJI [21] o TOM, qTO HaqmrnJI c HeKOTOpOH 

KpHTHqecKOH 3HeprHH l!JlpO MO)l(HO paccMaTpHBaTb KaK CITJIOIIIHYIO cpeny B KOTOpOH 

KBapKH OTHOCJIIUHeCJI K pa3JIJ1qHblM HYKJIOHaM 0606ma10TCJI. B )TOH )Ke pa6oTe 

6hIJIH cnenaHbl oueHKH aepOJITHOCTeH o6o6mecTBJieHHJI KBapKOB rpyrrrroi1 

HYKJIOHOB H rrpencKa38Hbl 3q>cpeKTbl Jie)l(am11e 38 rrpenenaMH rrpoTOH-HeHTpOHHOH 

MO)leJIH ll)lpa. 3Kcrrep11MeHTaJibHble HCCJie)lOBaHHJI Ha )],y6HHHCKOM 

CHHXpoq>a30TpOHe, ycKOpHTeJie l1T3<1>, a TaK)l(e Ha CeprryxoBCKOM ycKop11TeJie 

aBTOMO)leJibHbIX CBOHCTB crreKTpOB BTOpHqHb!X qaCTHU ITO)lTBep)],HJIH yKa3aHHbJe 

38KOHOMepHOCTH H rrpe)],CKa38HHJI. fpyrrrroH B.C.CrnBHHCKOro (CM. ofoop [19]) 

6bIJIO o6Hapy)l(eHO KYMYJIJITHBHOe pO)l()],eHHe Me30HOB - rrepaoe rrpol!BJieHHe 

KBapKOBblX CTerreHeH CB060Jlbl aTOMHb!X Jl)],ep. Oco6oc 3HaqeH11e rrpuo6peno 

o6Hapy)l(eHHe paHHero Bb!XO)],a ceqeHHH peJIJITHBHCTCKIIX Jl)],epHb!X CTOJIKHOBeHHH 

Ha aCHMITTOTH'IeCKHH pe)l(HM rrp11 bl 1125, qTO COOTBeTCTByeT 3Hepr11H 

peJIJITHBHCTCKIIX Jl)],ep 3,5 A [38. TiepeXO)],Hb!H pe)l(HM H paHHHH Bb!XOJl Ha 

aCHMIITOTHKY 6bm rronyqeH rpyrrrroi1 Jlu lllpeJlepa [20] (EepKJIH, ClllA). 3rn 

pe3yJibTaTbl HMeJIH orrpe)],eJIJIIOIUee 3HaqeHHe )],JIJI OKOHqaTeJibHOro Bb16opa 

rrapaMeTpOB HyKJIOTPOHa, )],JIJI pa3pa6oTKH rrporpaMMbl HCCJie)],OBaHHH a o6nacrn 

peJIJITHBHCTCKOH Jl)],epHOH q>H3IIKH H orrpe)],eJieHHJI rrpe)],eJIOB rrp11MeHHMOCTH 

rrpOTOH-HeHTpOHHOH MO)],eJIH l!Jlpa. 
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bb!Jl BBe)],eH rrapaMeTp «KYMYJIJITHBHOe qJ,[CJIO» X HCXO)],JI H3 . 3aKOHOB 

coxpaHeHHJI 3HeprHII-IIMIIYJibCa 3aIIHCaHHb!X B BH)],e: 

(X,P, +P,1 -1;) 2 
= (LP,)2 

= (Lnd + Lm,mA; (14) 
,,, 

EJlHHCTBeHHOH rHIIOTe30H JIBJIJleTCJI B03MO)l(HOCTb rrpeHe6pe)l(eHUJI IIOCJie)],HHM 

qJieHOM B npaBOH qacTH q>OPMYJibl (14). 3TO 03HaqaeT, qTQ IlpH o6pa3oBaHHH 

HHKJII03!1BHOH qaCTIIUbl 1, OT)],aqy BOCilpHHHMaeT 6apnoHHblll KJiaCTep, )],JIJI 

KOToporo <bif><<l. 

KyMyJIJITIIBHblll 3q>q>eKT orrpe)],eJIJIJICJI KaK o6pa3oBaHHe qaCTHU B 

KHHeMaTrrqecKOll o6JiaCTH: 

(U1U11)> ([fi[fi,)»l 

X123. (UPu) =3.·X1 ;:--: J 
"lo (U,Uu) "lo 

Xi- orrpe)],eJieHHaJI Bb!Ille rrepeMeHHaJI CBeTOBOro KOHyca. 

(15) 

X1 -- HMeeT CMb!CJI 3q>q>eKTHBHoro qrrcna HYKJIOHOB Jl)],pa I, yqacTBYJOIUHX B 

peaKUHH. 

TiepBb!e 3KCrrepHMeHTbl IIO o6Hapy)l(eHHIO KYMYJIJITHBHb!X IIHOHOB 6bIJIH 

Bb!IIOJIHeHbI B 1971 ro)],yr B peaKU:HH d+Cu➔rC +... ITHOH, rrcrrymeHHbill ITOJl o0 ., 
YHOCHJI 3HeprHIO B 1.5 pa3a 60JibIIIYIO qeM 3HeprHJI KOTOPM rrpHXOJlHTCJI Ha OJlHH 

HYKJIOH peJIJITHBHCTCKOro )],ettTPOHa. 

KaK IIOKa3aJia 60JibIIl8JI cepHJI 3KcrrepHMeHTOB, rrpoaeneHHb!X B Jla6opaTopHH 

BhICOKHX 3Hepmil: Ol15111 [I 9], rrpe)],eJibHaJI qiparneHTaU:HJI JIJlep c xopoII1eil: 

TQqHOCTblO peanrr3yeTCJI y)l(e rrpH b1 n25, H ceqeHHJI qiaKTOpH3YIOTCJI Ha )],Ba 

peJIJITHBHCTCKH HHBapHaHTHbIX MHO)l(HTCJIJI W' H W''. 3To 03HaqaeT, qTo ycJIOBHJI 

Ha6JIIO)leHHJI KYMYJIJITIIBHOro 3q>q>eKTa (15) )],JIJI yrna 0° B Jia6oparnpHOll CHCTeMe 

COBila)laIOT C ycJIOBHJIMH Ha6JIIO)],eHHJI B aHTHJia6oparnpHOll CHCTeMe )lJIJI yrna 180°. 

11Haqe roaopJ1, )],JIJI myqeHHJI q>yHKU:HH W 1 (bu, x1) HeT Heo6xo)],HMOCTH ycKopl!Tb 

Jl)lpa I JlO 3Hepmil: BbIIlle ::::5 A f3B. B cooTBeTCTBHH c CDP 3TII q>yHKU:HH 

npaKTHqecKH He 3aBHCJIT OT CBOllCTB H 3HepmH Jl)lpa II. CoBOKYIIHOCTb 
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3KCnepnMeHTaJibHbIX ,naHHblX no KYMYJUITl:IBHOMY polK,neHl:IIO ,nm, 

reJiml ,no ypaHa y,noBJieTBOplleT cne,ny10111ett 3aKOHOMepHOCTl1 [22]: 

scex ll,nep oT 

JV' oc Am(X,) exp[~] 
<X> 

(] 6) 

KyMyJillTl:IBHblll 3cpcpeKT 6hlJI l:I3y'leH B o6JiaCTl:I 0.5<X<3.5 11 B W11pOKOM 

,nnanaJoHe b1,11· 3To 6bIJIO nepBbIM y6e,nnTeJibHbIM no,nTBeplK,nett11eM 

aBTOMO,neJihHOCTl:I ll,nepHblX CTOJI_KHOBeHIIll 11 np11H1111na ocna6JieHl1ll KOppeJilllll1H B 

npocTpaHCTBe OTHOCl:ITeJibHbIX CKOpOCTett. 

C noMOillblO OJJ:HOro 'll1CJIOBOro napaMeTpa <X> =0.65 y,narroch on11caTb 

CJIOlKHOe MHOronapaMeTp11qecKoe llBJieHl:Ie. Heo6xo,n11MO no,nqepKHYTb, 'ITO 3aKOH 

( 16) onl1CbIBaeT l:I3MeHeHl:Ie ce'!eHl:Ill l:IHKJII03l:IBHOro o6pa30BaHl1ll a,npOHOB Ha 

,neBllTb nopllllKOB BeJil:I'll:IHbl. Ha Pnc. l 0 npe,ncTaBJieHbl 3KCrrep11MeHTaJibHb!e 

,naHHhre rpyrrrrhI B.C.CTaBHHCKoro no KYMYJillTl:IBHOMY polK,neH1110 n±,K± Me30HOB B 

B11,ne JaBHCl1MOCTl:I ce'!eHntt OT nepeMeHHOtt X 

IlepBbIM npnMeHeH11eM rrpoMelKyTO'lHOll aCl:IMIITOTl1Kl:I B rrpocTpaHCTBe 

CKopoCTett B HYKJIOHHOll lpl:I3l:IKe 6bIJIO 11CIIOJib30BaHl:Ie noJIIOCHOro npl:I6Jil:IlKeHl1ll 

[29] llJlll onncaHl:Ill cpparMeHTalll:IOHHb!X npo11ecc0B. Ilo,n cpparMeHTalll10HHblM11 

IIOH11MaJOTCll TaK11e npo11ecCbl, Kor,na pernCTPHpyeTCll OCKOJIOK ll,npa ] rrp11 

CTOJIKHOBeHl111 ll,nep I l:I II npn ycJIOBl:IllX: b1 II~ 1, 0.3~bl I ~o, 0.3~b II I ~0. 

Ceqemrn TaKl:IX rrpo11ecc0B OIIl1Cb!BaIOTCll aBTOl\fOJJ:eJibHb!M peweHl1eM: 

da l 

b b21ti dbu 1 = (b + )' -C, 
//1+

4 
//I al/I 

(17) 

2li" 1(m11 -m,) .+. 
r,ne a,11 = ~~~-~,mil, m, - MaCCbl ll,nep, Sm-3Heprl:Ill CBll3l:I 'l'parMeHTa 1 B ll,npe II, 

~~ . 

C - KOHCTaHTa. )],.rm BCex cpparMeHTalll:IOHHb!X ll,nepHbIX npo11ecc0B BeJI11'!11Ha 

a111""10-2
. Ee MaJIOCTb o6ycJIOBJieHa MaJIOCTbIO 3Heprl:Il1 CBll3l:I, rrp11XOllllIIIeHCll Ha 

HYKJIOH, ITO cpaBHeHl1IO c Maccoll caMoro HYKJIOHa: 3aKOHOMepHOCTl1 (17) MOlKHO 

rrp11,naTb llBHblll BHJJ: rrpoMelKyTO'lHOll aCHIITOT11Kl1: 
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) 

da 
b b~ Ill . db- (n) 

//1 + Ill 

4 
da = l 

. db-- (I1 = 0) (I1 + I)' ; 
//1 

(18) 

3aBl1CIIMOCTb OT b111, OT aTOMHblX HOMepoB A1,A11 11 OT 3Hepr1111 CBll311 '411 CBeJiaCb K 

ymrnepCaJibHOH 3aBl1Cl1MOCTII OT OJJ:Horo rrapaMeTpa I1 = h,,,~ . 
/a,11 

B 11HTepsane I~ b111~0 OTIIOWeH11e ( 18) MeHl!eTCll Ha '!eTbipe IIOpll,nKa BeJifflJHHbl, 

H B ttecjrn3HlJecKOH 06nacn1 TT= -1 06pa111aeTCll B 6eCKOHe4HOCTb. 

06o6meHHe orrucaHHbIX BbIWe 3aKOHOMepHOCTeH CBll3aHo co CHllTHeM 

orpaHH'JeHHH Ha o6JiaCTb 11X rrpHMeHl1MOCTH. DOJiee Bcero :no KacaeTCll 

KYMYJillTHBttoro 3cpcpeKrn. Bse,neH11e o6o6meHHoro napaMeTpa nono611ll [30] BMecrn 

X fl03BOJilleT paccl\iaTpHBaTb KYMYJillT11BHbIH 3cpcpeKT KaK 'laCTHbIH cny1.ia11 

rrpo11ecc0B MHOroqaCTl1'!Hb!X B3al1MOlleHCTBHH, BKJIIO'lall rny6oKo nonrroporoBble, 

oKono noporoBbie 11 HeKOTOphie Han noporosh1e ll,nepHhie npo11eccb1. 3To :>Ke 

0606iueH11e no3BOJilleT ,naTh KOJil14eCTBeHHoe on11catt11e 06pa3osamrn aHT11MaTep1111 

B peJillTHBHCTCKHX ll,nepHbJX CTOJIKHOBemrnx. 

' 06mui1 B1111 aBTOMO,lleJibHoro peweHHll ,llJill 11HKJII03HBHhlX npoueccos 

a.npoHoo6pa30BaHHll 3aflHChIBaeTCll 4epe3 H3Mep11Mh!e napaMeTpbl B BHlle [30]: 

3,nech c, 

d 3 cr 
E d 3 p CI At (x I) A 2a (x') f (n ) 

KOHCTaHTa onpe,lleJillIO!Uall pa3MepHOCTh 

( 19) 

HHBap11aHTHOro 

JJ:HcpcpepeHII11aJihHOro Ce'leHHll, A - aTOMHhie HOMepa CTaJIKHBaIOIU11XCll ll,llep, a II f -

cpyHKUHH, onpe.neJillCMhie 113 3Kcnep11MCHTa. 06o6meHHh!H napaMeTp flO,llo611l1 HMeeT 

B11,n: 

I ( ' ' )'~ n = - x 1- + x,- + 2x1x,r
1
, - • 

2 - - - (~O) 
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3nech y
9 

= uiui = P; ~ I M; Mi JiopeHu cpaKTop OTHOCHTeJJhHoro JlBH)KeHm1 

CTaJJKHBaIOIUHXCH Hnep. x, H X2 HMeIOT q>H3H'leCKHH CMhICJI JlOJleH 4-HMTIYJlbCOB, 

He06XOJlHMhIX JlJIH o6pa30BaHHH perncTpttpyeMOH 'laCTlIUhl, a TaK)Ke 3cpcpeKTHBHOro 

l{HCJJa HYKJIOHOB, y'laCTBYIOIUlIX B peaKUlIH. B 0611aCTll peJJHTHBHCTCKHX 

CTOJIKHOBeHlIH OTHOClITeJJbHhie CKOpOCTll CTaJJKHBaIOIUHXCH HYKJJOHOB MHOfO 

6oJJbille OTHOClITeJJbHhIX CKopocTeH HYKJJOHOB BHYTPH HJlpa, T.e. MO)KHO npeue6pe'lb 

pa3Jlll'llleM B OTHOClITeJJhHhlX CKOpOCTHX OT]leJJhHhIX HYKJJOHOB B HJlpe. I1MTIYJlhC 

3cpcpeKTlIBHOro •-mc11a HYKJJOHOB B H]lpe I, npHHlIMaIOIUHX y'laCTHe B peaKUHH, HMeeT 

BlIJl Xi -m a ·U j, rne u I - CKOpOCTb HJlpa I KaK ue11oro, m O - Mac ca OJlHOfO HYKJlOHa. 

BeJJH'lHHhI X1 H X2 CTaHOBHTCH H3MepHMhIMH, eCJJH npttHHTb fHITOTe3y 0 

MHHlIMaJJhHOCTll MaCChI m \·(U1 X1 + u2 X2)2 H y'leCTh JaKoH coxpaHeHHll 4-

HMTIYJJhca, JanttcaHHhIH B sttne: m 0 -(u1 X1 + u2 X;J=J:Pi. TaKHM o6pa3oM, 

npouenypa onpene11eHttH X, H X2, a, c11enosaTeJ1hHO, H TI cocTOHT B onpene11emrn 

MHHHMyMa TI Ha OCHOBe 3aKOHOB coxpaHeHlIH 3Hepnrn-HMITYJJhCa, JanttcaHHOfO B 

BH]le: 

2 ' ' " 2 (X1m0u1 +X2m0u2 -M3u3 ) =(X1m0u1 +X2m0u2 +L,Mkuk) (21) 
k=4 

EJlHHCTBeHHaH fHI10Te3a - B03MO)KHOCTh rrpeHe6peqh OTHOClITeJJhHh!M JlBH)KeHtteM 

Bcex OCTaJJhHhlX ue pezucmpupyeJUblX 'laCTlIU, a lIMeHHO 'lJJeHOM 2~::(r., - I}M,M, B 
bl 

rrpaBOH 'laCTll ypaBHeHHH (21 ) . .D:aHHaH rnrroTe3a xopoIIIO cornacyeTCH C CDP H 

3KCrrepHMeHTaJJhHO ITOJlTBep)l(JleHHhlMH CBOHCTBaMH pacrrpene11eHHll BTOpll'lHh!X 

qacn1u,, OITHCaHHhlX B pa.3ne11e 3. 

CBH3h Me)l(JlY x, lI X2 yno6Ho 3arrttcaTh B peJJHTHBlICTCKll lIHBapttaHTHOM H 

6e,pa3MepHOM BH]le: 

(
M, M4 ) (M3 M4 ) MJ-M; X,Xi(r,2-l)-X, -y13+- - -r2,+- =-2 2 
mo mo mo mo mo 

(22) 
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I· 

I 
I 
·) 

I ,, 

l 
I 

AHaJJH3 3KcrrepttMeHTaJJhHhIX naHHhIX ITOKa.JaJJ [31 ], 'lTO cpyHKUHH a xoporno 

napaMeTpH3yeTCH B BH]le: a= 1/3+ X /3, rne X paBeH x; H X2 COOTBeTCTBeHHO. 

C11enyeT OTMeTHTh, 'lTO B rrpaByIO qacTh ypaBHeHHH (22) BXOJlHT MaCChl qacTHU,, 

06ecne'lHBa10mue coxpaHeHue 6apttoHHoro 'lttc11a, crpaHHOCTU tt npyrttx 

«BHyTpeHHlIX» KBaHTOBhlX l{lICeJJ. B c11yqae lIHKJII03HBHOfO o6pa.30aHHH 

aHTHMaTepHll rrpaBaH 'laCTh (22) paBHa HYJJIO. Tion TepMHHOM aHTHMaTepHH 

ITOHHMaIOTCH qacTHUhI H H]lpa, COCTOHIUlle rrpeuMyIUeCTBeHHO II3 aHTlIKBapKOB. 

Ha Pttc.11 rroKa.JaHa JaBHCHMOCTh ce'leHtttt KYMYJJHTlIBHoro o6pa.JoBaHHH 

TIHOHOB OT rrapaMeTpa rrono6ttH TI. 3KcrrepuMeHTaJJhHhie naHHhie [32,37] 

HOpMHpOBaHhl Ha Bhl'llICJJeHHhie B COOTBeTCTBHH C BhIIIIe YKa.JaHHOH rrpouenypoH 

A-3aBlIClIMOCTll. TaKHM o6pa.30M, 3aBHClIMOCTh OT 3HeprttII CTOJIKHOBeHlIH, 

0

HMITYJ1hCa U yrna BhIJieTa perttcrpttpyeMOH qacTlIUhl CBOJlUTCH K 3aBlIClIMOCTll OT 

OJlHOtt nepeMeHHoii - rrapaMeTpa rrono6ttH TI. Ha Pttc.12, 13 rroKa.JaHhI 3asncuMOCTll 

o6pa.30BaHlIH qacTHU aHTlIMaTeputt B rny6oKOITOJlITOporoBhIX u OKOJIOITOpOroBhIX 

peaKUllllX [32,33,35,36,39,40,41] B 3aBlICUMOCTll OT rrapaMeTpa TI. AHaJJll3 

3KcrrepttMeHTaJJhHh!X ]laHHhIX, rro11yqeHHh!X Ha pa.3Hh!X ycKopttTeJJHX, B pa.311ll'lHhIX 

KlIHeMaTH'leCKlIX ITOCTaHOB~ax 3KCrrepHMeHTOB I103BOJIHeT 

KOJ!ll'leCTBeHHhlH BUJl aBTOMO]leJJhHOfO peIIIeHHH: 

d3CJ I x, I X2 ( TI ) E - C A 3 + 3 A 3 + 3 exp -
d 3 - I I 2 C p 2 

u orrpene11HTh yHusepcanhHhie KOHCTaHThI C 1 H C 2• 

Cl=l 9000[M6aptt faB-2 
c

3 
cTpan-

1 
]. 

JarrttcaTh HBHhIH, 

(23) 

C2=0.125+-0.002 tt 

B pa6oTax no lICCJJe]lOBaHlllO KYMYJJHTHBHOro 3cpcpeKTa [19] OTMe'laJJaCh He 

ClIMMerptt'lHaH A-3aBUClIMOCTh OT HaJJeTaIOiuero HJlpa U H,npa MHIIIeHH. 

3KcrrepHMeHTaJJhHO 61,ma ITOKa.JaHa c11a6aH (rrepecpeptt'leCKM) 3aBlICHMOCTh OT 

HaJJeTaIOmero x,npa lI pe3KO ycttJJeHHM OT H,npa MlIIIIeHll B c11yqae lICCJJe,noBaHHH 

0611aCTH cpparMeHTaUllll MHIIIeHH- .D:JJH rrpttMepa Ha Puc_ 14 ITOKa.JaHhl 3aBlICUMOCTU 
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rrapaMeTpa orrpe,n:eJieHH0ro cpopMynofi (20), KaK <pyHKUHH X, H X, iurn cny1.JaJI 

KYMYJIRTHBI!Oro (180° B na6opaTOpHofi cttcTeMe) po)K,n:eHHJI K- c HMnyJihC0M Ir::iB/c 

rrpH 3HeprHH HaJieTaIOIUHX rrpoT0H0B 60 r::iB. 113 PHc.14 BH}].H0, '-!TO MHHHMYM 

rrapaMerpa rro,n:o6HJI TI peaJimyeTCJI Kor.n:a X, << X,. B cny1.Jae no.n:noporoBhIX 

peaKUHll, rrpe}].CTaBJieHHhIX Ha Pttc.12,13 x, ~ x, ' rrpH 3T0M o6a X >I. '-!TO H 

o6ecrretJ:HBaeT pe3K0 ycHJieHHhie A-3aBHCHMOCTH KaK OT HaJieTaIOmero R,n:pa TaK H OT 

R,n:pa MHIIIeHH. TiepBbie 3KCrrepHMeHThI B K0T0pb!X 6bIJIO o6Hapy)KeHo, '-!TO Ce'-!eHtte 

o6pa30BaHHJI aHnmp0T0H0B B JI,n:po-JI,n:epHb!X B3attMo,n:eficTBHJIX Ha nopJI}].KH 

BeJIH'-1:HH 60JihIIIe tJ:eM B rrp0T0H-JI,n:epHhIX (B ycJI0BHJIX 0}].HHaKOBOll KHHeMaTHKH), 

fihrnH BhIII0JIHeHhI Ha IIY'-1:Kax ,n:y6HHHCKOro CHHxpocpa30TpoHa [35]. 

TiapaMeTp TI 3aBHCHT TaK)Ke OT JiopeHU cpaKTopa 0TH0CHTeJihH0ro }].Btt)KeHttJI 

CTaJIKHBaIOIUHXCJI JI}].ep. CJie}].OBaTeJihHO, Hafimo}],eHHe YCHJieHHh!X JI}].epHhIX 

::icpcpeKTOB npH Bh!C0KHX 3Hepnrnx MaJI0Bep0JITH0, T.e. C00TBeTCTByeT MaJihIM 

cetJ:eHttJIM cornarno cpopMyne (23). 

Ha Pnc.15 II0Ka3aHbi 3KCrrepHMeHTaJihHhie ,n:aHHhie [3 8] no o6pa30BaHHIO 

p,d,t,p·,d·,r B npoT0H-JI,n:epHbIX peaK[(HJIX npH 3HeprnRX 200 H 240 r::iB B 

3aBHCHM0CTH OT napaMerpa no.n:o6HJI TI. Pa3JIH'-!He B BhI'-1:HCJieHHJIX IT }],JIJI JI,n:ep H 

aHTHJI,n:ep 3aKJIIOtJ:aeTCJI B 3HaKe M4 (cpopMyJia(22)). B CJiy'-lae o6pa3oBaHttJI aHTHJI,n:ep 

3HaK y M4 Il0JIO)KHTeJihHhIH, noCK0JlhKY }],JIJI p0)K)];eHHJI R,n:pa Heo6XO,[IHMO no KpaiiHeii 

Mepe po)K_n:eHHe TaKoro )Ke aHTHR,Llpa. 51.n:epHhlll cpparMeHT M0)KeT o6pa30BaThCJI B 

pe3yJihTaTe nepepacnpe.n:eneHHJI HMTIYJihC0B (Heo6xo,n:HMOe K0JIH'-leCTB0 HYKJI0H0B 

HMeeTCJI B Ha'-!aJihH0M COCTOJIHHH), Il03T0MY B cpopMyny (22) M4 BX0)];HT C 

OTpHUaTeJibHhIM 3HaK0M. I1HTepecHo 0TMeTHTh 3KcnepHMeHTaJihH0 Ha6mo.n:aeMyJO H 

KOJIH'-!eCTBeHH0 onHChIBaeMyJO cpopMyJIOH (23) oco6eHHOCTh - ce'-!eHHe o6pa30BaHHJI 

aHTH}].ettTpOHa (aHTHnpOTOHa) Ha HeCK0JihK0 nopJI.D:K0B BeJIH'-1:HHhi 60JihIIIe ce'-!eHHJI 

o6pa30BaHHJI o6bI'-l:HOro JI.Lipa TPHTHJI (.n:eiiTepHR). 

Ha pHc.16 npe}].CTaBJieHhl 3KcnepHMeHTaJihHh!e ,n:aHHh!e no po)K}],eHHJO 

aHTHilp0T0H0B npH B3aHMO}].eiicTBHH peJIJITHBHCTCKHX JI}].ep C KHHeTH'-!eCKOll 

:rneprttefi 13.7 r::iB/HyKnon [39] tt pac'-!eT no cpopMyne (23). B ::iTofi )Ke pa6oTe [39] 

6hIJIO H3MepeH0 ce'-!eHHe o6pa30BaHHll aHTH}].ettTpOHOB B peaKUHH Si+Au, K0T0poe 

cornacyeTcll c pac'-leTOM no cpopMyne (23). 

ITpttHHMall BO BHHMaHtte 3KcnepHMeHTaJihHhie HCCJie)l0BaHHll, Bhin0JIHeHHhie 

He}].aBH0 B CERN C ny'-!KaMH peJillTHBHCTCKHX ll}].ep CBHHUa npH 3HeprttllX 160 

r::iB/HyKnoH, M0)KH0 }],aTh npe.n:cKa3aHHll 06 yrnoBhIX H ::inepreTH'-!eCKHX 

3aBHCHM0CTllX Ce'-!eHHH o6pa30BaHttll aHTttnp0T0H0B H aHTH}],ettTpOHOB puc.17, 18. 

3a1uuo 11e11 ue 

'"I'wmuni 11e.'tb10 ucc.?ec)oaa11mi a11eume,0 0 .1111pa 1w:1J1emcR 0611apy.J1ce1111e ?ap.110111111 11 

Jilll/llOl/(L'/bll()?() nopJIOl{G, 1{0n10J)blli Bceab/Ulllllli 1111cnoc.1a·1 .1111py 11 (}/lll{J}bt:l 11(1.\1 11(1 }l]b/h"(' 

.l/Glll<'.llllf/1111{11. (Kemep) 

O6napy)KeHtte 3aK0H0B peJillTHBHCTCKOH ll}].epHOH cpH3HKH llBJilleTCll ,,acThl0 

o6mefi uem1 noHCKa 3aK0H0B, onttChIBaJOIUHX peJillTHBHCTCKtte MH0f0'-IUCTll'-!Hbie 

CHCTeMbl, BKJIJO'-!all MaKp0CK0nH'-!eCKtte. 3TH npo6neMhl H3Y'-laJIHCb KpynHefiwm,rn 

cpH3HK3MH xx BeKa. ITepBhle pa60Thl 6bIJIH noCBllIUeHbl ypaBHeHHllM nepenoca. 'ITO 
I 

Il03B0JIHJI0 ccpopMyJIHpOBaTb TepM0}].HHaMtttleCKtte CBOHCTBa peJillTHBHCTCKllX 

MH0r04aCTH'-!HblX pa3pe)KeHHhIX CHCTeM. Pa3pa60TKa KBaHT0B0MeXa!lll'leCK0ro 

onHCaHHll peJillTHBHCTCKHX MH0f0'-!aCTH'-!HblX CHCTeM - KBaHTOBOH Teop,m n0Jill II. 

oco6eHHO, CrnH.n:apTHOH Mo.n:entt, C03}].aJio sne1.Jarnen11e o 3asepwenHocn1 

cpyn.n:aMeHTaJihHOH nayKH B 3TOH o6nacTtt. OrpoMHhIH ycnex KBaHTOBofi Teop1rn nonll 

B onHCaHHH llBJieHHH MHKp0MHpa o6ycJIOBJieH 0C03Ham1eM cpyH.n:aMeHTaJibHOH p0JIII 

npttHUHna KaJitt6pOBO'-IHOH HHBapnaHTH0CTH npH noJIH0M onpe.n:eneHIHI 

raMHJlbT0HHaH0B B3attMO}],eHCTBYJOIUHX noneii. 

8 HaCTOllIUett CTaTbe Mb! n0}].'-lepKHBaeM, '-!TO B 0CH0Be .n:e.n:yKTHBH0ro nony'-!emrn 

3aK0H0B npttp0}].bl Jie)KaT ne mOJlbKO CUJ1t.111empuu Z(UIWlbl1101lllllll06. 'TapMOHl!ll 11 

paUHOHaJibHhlH nopll}].OK" Mttpa B 3Ha'-!ttTeJibHOH CTene,rn o6ycJIOBJICllbl CIIMMeTpttefi 
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perneHHH, T.e. CHMMeTpHeH caMHX 3aK0H0B npHp0.[(bl. MHorHe H3 H11X He 51BJHIIOTC51 

cne.[(CTBl151MH raMHllbTOHOBa MeT0.[(a, a 06Hapyi1orna10TC51 B pe3yJibTaTe 

3KcnepHMeHTMbHOH npoBepKH .[(0il0llHHTenbHbIX CBOHCTB CHMMeTpHH, He 

BbITeKa!OWHX H3 CHMMeTpHH raMHllbT0HHaH0B. 

B pa3.ri:ene 2 npo.[(eM0HCTpupoBaHbl HeK0T0pbie 3aK0Hbl MeXaHHKH CIIJl0ilIHblX 

cpe.ri:, K0T0pbie nonyqeHbl 6e3 HCil0llb30BaHH51 raMHllbT0H0Ba MeT0.[(a, H IIpHMeHeHbl 

MeT0.[(bl CHMMeTpHH perneHHH .[(ll51 o6Hapy)!(eHJrn 3aK0H0B pen51THBHCTCKOH <pl13HKH. 

MeTO.[(bl CHMMeTpHH perneHHH C0CT051T B cne.ri:y10meM: 

I. Bb1.[(ell51IOTC51 napaMeTpbI, 0ilHCbIBa!Omue npo6neMy npocTpaHCTB0 

onpe.ri:en5110mux napaMeTpoB. 

2. YcMaTpHBaeTC51, yra.[(bIBaeTC51 CHMMeTpHH 3T0ro npocTpaHcTBa H onpe.[(CJl51IOTC51 

C00TBCTCTBYIOWHe HHBapHaHTbl. 

3. 3aKOHbl npHp0.[(bl paCCMaTpHBa!OTCH KaK C00TH0ilICHHH MC)!(.[(y mrnapuaHTaMH. 

MaTeMaTuqeCKHH H3blK CHMMeTpHH - Te0pHH rpynn nptt 3T0M He06b1qaiJHO 

3cpcpeKTI!BeH. 

4. I1crronb3YIOTC51 .ri:ononHHTCJlbHbie rrpttHUHIIhI: CDP (Pa3.[(en 3), npoMe)!(yTOqHa51 

acm,IIlT0THKa, rHil0Te3a 06 aHanHTHqHQCTH <pHJHqecKHX 3aK0H0B, noKanbHa51 

aBTOM0.[(CJlbH0CTb (Pa1.ri:en 4). 

B cnyqae penHTHBHCTCKOH H.[(epHOH <pH3HKH onpe.ri:en51IOWHMH napaMeTpaMH 

51BllHIOTCH ceqeHHH, npOH3B0.[(Hbie OT HUX BenHqHHbl H HHBapuaHTHbIC 6e3pa3MepHbie 

HHTepBMbl (paCCT051HHH) B npocTpaHCTBe OTH0CHTenbHbIX 4-CKOpOCTeH: 

b,k = -(U, -Uk )2 = 2-[(U;Uk )-1] = 2-[E; ·E, - P, ~;, 
m, ·mk 

}2-[chp, -1] 

lfaCTHl\bl i tt k, BXO.[(Hil(He B aHCaM6nb, paccMaTpHBa!OTCH KaK ::ineMeHTapHbie B 

coorneTCTBHH c KpHTeptteM (I). qucno napaMeTpoB bik paBH0 N(N-1 )/2. TaKoe 

6onbwoe qucno H3MepHMbIX napaMeTpOB Tpe6yeT .[(MbHCHilIHX IlOHCKOB "rapMOHHH" 

H IIpOCT0TbI. Hatt6onee nonHoe onucaHHe KOHeqHblX C0CT0HHHH 51.[(epHblX 

CTOJlKHOBCHHH CBH3aHO C TpHaHrynHUHett H II0CTpOCHHeM MHororpaHHHKOB 
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(nonH3.[(p0B) B rrpocTpaHCTBe CKOpOCTett (CM. [15]). O.[(HaKO .[(aHHbIH IlO.[(X0.[( K 

II0HCKY HOBblX 3aKOHOMepHOCTett y penHTHBHCTCKHX MHoroqaCTHqHbIX CHCTeM Il0Ka 

He Harnerr cBoero npuMeHeHHH nptt o6pa6oTKe norryqeHHbIX 3Kcnepm,teHTMbHbIX 

)laHHblX. 

KpyIIHbIM waroM B o6Hapy)!(eHHH 3aKOH0MepHOCTett penHTHBHCTCKOH H.[(epHOH 

cpH3HKH cTana cpopMyrrupoBKa npttHuuna ocrra6rreHHH KopperrHUHH CDP B 

npoCTpaHcTBe cKopocTeH (Pa1.ri:err 3). Hatt6onee cymecTBeHHbIM 6brno o6Hapy)!(eHue. 

aCHMIITOTHqecKoro xapaKTepa 3aKOHOMepHOCTCH nptt bik➔oo. '.:ho Il03B0JIHJIO BBCCTH 

II0H51THe KJiacTepoB, Il0Ka3aTb, qTo npH 60JibilIHX bik KJiacTepbl nepeX0.[(HT B CTpyH. 

YHHBepcanbHOCTb CBOHCTB KJiaCTepoB Il03B0JIHJia, B CB0IO oqepe.[(b, BBeCTH Il0HHTHe 

JIOKMbHOH aBTOM0.[(eJibH0CTH, a HJyqeHHe pacCTOHHHH (HHTepBanoB) MC)!(.[(y 

KJlaCTepaMH bap .[(MO B03M0)!(HOCTb CBH3aTb o6Hapy)!(eHHble 3aKOH0MepH0CTH C 

KBaHTOBOH xpoMO.[(HHaMHKOH (H3MepHMOCTb UBeTHOro 3apH.[(a, 3KCnepttMCHTMbH0e 

)l0Ka3aTeJibCTB0 SUc(3), pa3.[(CJlbHOe HJyqeHHe KBapK0BbIX tt rJIIO0HHblX CTpytt w .ri:p.). 

QqeHb IlJI0.[(0TBOpHbIM 0Ka3M0Cb HCIIOJib30BaHue 3aHMCTBOBaHH0ro H3 

MCXaHHKH CilJIOilIHbIX cpe.[( IlOHHTHH npoMe)!(YTOqHQH aCHMilTOTHKH (pa3.[(eJI 3). 

Oco6eHHO 3T0 KacaeT~H ynopH.[(oqeHHH HHcpopMaUHH O 6apHOHHbIX KJiaCTepax, 

'6 ~ K0T0pbIC cocpe.[(oToqeHbl B 0 rraCTHX npocTpaHCTBa CKOpOCTeH r.ri:e pacn0JI0)!(eHbl 

CK0pOCTH CTMKHBaIOIUHXCH H.[(ep. BbIHCHeHO, qTO 6apttOHHbie KJiaCTepbI (cTpyu) 

rrpe.[(CTaBJIHIOT co6ott MaKCHMMbHO .[(OCTH)!(HMbie B H.[(epHbIX CTOJIKH0BCHH51X 

B036y)!(.[(CHHH H.[(epHOH MaTepHH. Pa3Mepbl KJiaCTepoB <bk> H HX pacnpe.ri:erremrn B 

npocTpaHcTBe CKopocTett no bap aCHMilTOTUqecKu He 3aBHCHT OT 3HeprHH 

CT0JIKHOBeHHH. I·fa o6Hapy)!(eHHOrO acHMilTOTUqecKoro xapaKTepa 3aBHCHM0CTH 

ceqeHHH OT HHBapIIaHTOB bik M0)!(HO H3Bneqb MHOro npe.[(CKa3aHHH .[(JIH 

nrraHupyeMblX 3KCnepHMeHTOB no H.[(epHblM CTOJIKH0BeHHHM BIIJI0Tb .[(0 

KOJIJiaH.[(CpHblX 3Heprutt. 

AnanH3 3KCIIepttMeHTMbHblX .[(aHHbIX II0Ka3an, qTo KJiaCTepbI pacnorraraIOTCH B 

MMOH OKpecTHOCTH CTMKHBaIOIUHXCH H.[(ep b1a <5, bna <5. TaKHM o6pa30M, .[(JIH 

3KCIIepHMeHTMbH0rO H3yqeHHH CHllbH0 B036y)!(.[(eHHOH H.[(epnott MaTepHH 
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JJ:OCTaTO'IHO rrpoBe,n:emie HCCJie,n:oBaHIIH C Il)"IKaMH si,n:ep npH KHlleTH'IeCKOH 

:meprHH ,:j 5-A 13B. TTptt 6onee Bb!COKHX JHeprHHX, BKJIIO'IaH KOJIJiaii,n:epHbie, 

peamByeTCH aCHMIITOTH'IeCKHH peJKHM - KapTHHa CHJihHO B036yJK,n:eHHOH si.n:epHOH 

MaTepHH He 3aBHCHT OT JHeprHH CTOJIKHOBeHHH. 

HecMOTPH Ha · TO, 'ITO nepe'IHCJieHHbie Bb!BOJJ:I,I OCHOBaHbl Ha TaKHX o6mttx 

npHHUHnax KaK npHHUHil ocna6JieHHH KoppeJIHUHH tt aBTOMO,n:eJibHOCTh BToporo 

po,n:a, JKCnepHMeHTaJibHaH npoBepKa HX BaJKHa. CorrocTaBJieHHe KapTHH si.n:po

si.n:epHbIX CTOJIKHOBeHHH nptt b 1 11 ,:j 10 H nptt b 1 11 ,:j I 04- 106 ,n:oJIJKHo BhrnBHTh 

JiaropmpMH'IeCKHe OTKJIOHeHHH OT npOCTI,IX aCHMilTOTH'IeCKHX 3aKOHOMepHOCTeH. 

AHaJIH3 JKcnepHMeHTaJibHhIX ,n:aHHI,IX npH cymecTBYIOlllHX Ha cero,n:HHillHHH 

.n:em, JHeprHHX CTaJIKHBaIOll(HXCH 'IaCTHU IlOKa3aJI, 'ITO 3aBHCHMOCTI, Ce'IeHHH OT 

cpe.n:Hero HHTepBana MeJK.n:y ueHTPaMH KJiacTepoB-cTpyii HMeeT cTeneHuy10 

3aBHCHMOCTb: 

dN A 
db = ,;;-- , KOHCTaHTa n=3 C 10% TO'IHOCTbIO. 

af) af) 

BeCbMa rrpo.n:yKTHBHhIM OKa3aJIOCb BBe,n:eHHe rrepeMeHHbIX, xapaKTepH3YIOlllHX 

3cpcpeKTHBHOe 'IHCJIO HYKJIOHOB x; H Xii , rrpHHHMaIOll(HX y'IaCTHe B peaKUHH 

CTOJIKHOBeHHH si.n:ep. HyKJIOHI,I B IIOKOHll(eMCH si,n:pe JJ:BHJKYTCH C OTHOCHTeJibHhIMH 

CKopocrnMH biks10-
2

, T.e. cornacHO KpHTepHIO (1) coxpaHHIOT CBOIO 

HHJJ:HBHJJ:YaJihHOCTh, 'ITO H ofo,HCHHeT ycrrex npOTOH-HeHTpOHHOH MO,QeJIH si.n:pa. 

B o6JiaCTH peJIHTHBHCTCKHX CTOJIKHOBeimii: bl n>> bik> T.e. MOJKHO npeHe6pe4b 

pa3JIHl.fHeM B OTHOCHTeJibHbIX CKopocrnx OT,n:eJibHbIX HYKJIOHOB B si.n:pe. I1MIIYJihC 

3cpcpeKTHBHOro 'IHCJia HYKJIOHOB B si.n:pe I, rrpHHHMaIOll(HX y'IaCTHe B peaKUHH, HMeeT 

BH.Q XI°m O ·U1, r.n:e u1 - cKopocTb si.n:pa I KaK uenoro, m 
O 

- Macca o.n:uoro uyKnoua. 

BeJIHl.fHHhl X1 H X2 CTaHOBHTCH H3MepHMbIMH, eCJIH rrpHHHTh rHIIOTe3y 0 

MHHHMaJihHOCTH Macchi m \·(U1 X1 + u11 X1.Jl H yYecT1, 1aKoH coxpaHeHHH 4-

HMnynhca 1arrncauuuii: B Bn.n:e: m 0 -(u1X1+ uuXIJ)=IP;. 
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3cpcpeKTHBHOe l.fHCJIO HYKJIOHOB 6bIJIO HCilOJih30BaHO Ha pa11HeM JTane 

npe.n:cKa33HHH H o6HapyJKemrn KYMYJIHTHBHOro 3cpcpeKTa. B JJ:aJibHettilleM BBe.n:eHHe 

l ( , , )I/ 
e,n:ttHoro HHBapnaurnoro rrapaMeTpa rro,n:o6nsi TT= 2 x 1- + X:;_ + 2X 1X 2y12 •

2 

H 11CilOJih30BaH11e Bhl'Il1CJrneMhlX x, 11 X2 .n:nsi e.n:11uoii napaMeTp111au11n A-

33B11Cl1MOCTeH Il03BOJil1JIO KOJIHl.feCTBeHHO 0Ill1C3Th, KpOMe KYMYJJHTl1BHOro 

J<pcpeKTa, rny60Kono,n:noporoBhie, OKOJIOIIOporoBhie HBJleHHH H o6pa30BaH11e 

3HTl1MaTep1111 B si,n:po-si,n:epHblX CTOJIKHOBeHl1HX (Pa3,n:eJI 4). 

ABTOMO,QeJJhHOe pe111eH11e 3an11caHHOe B B11.n:e: 

E d3a- = C Aa (.r1)Aa (.r,)/(TT) 
d 3 p I I 2 

OIIHCbJBaeT pa3HOo6pa3Hbie si,n:epHbie peaKU11ll npn 113MeHeHl111 cel.feHl1H Ha BOCeMb 

nopsi,n:KoB seJJH'IHHhI. 0.n:uaKo onpe.n:ene1me rpa1mu ero cnpase.n:n11socT11 uyJK,n:aeTcll 

B 11CCJJe.n:oBaHl111. 3aBl1CHMOCTl1 OT aTOMHhlX HOMepoB CTaJIKHBa!Oll(l1XCll ll,n:ep, OT 

MHOJKeCTBeHHOCTeH BTOp114HhIX l.faCT11U 11 OT apoMaTOB per11cTp11pyeMbIX 4acn1u 

TaKlKe Tpe6y10T H3y'IeHirn, B oco6eHHOCTl1 ,QJlll peaKUHH C nonepeYHhll\111 

11MIIYJJhC3Ml1 6oJihille 2.5 ['38/c. 

KaK Bl1JJ:HO ii'1 H3J)OlKeHHOro, no.n:xo.n: K peJil!Tl1BHCTCKOH ll,nepHOH cpl1311Ke. 
I 

OCHOBaHHhlH Ha reoMeTpHH npocTpaHCTBa CKOpOCTeH If fl1110Te3ax 06 

aCl1MIITOTHl.feCKOM xapaKTepe 33KOHOMepHOCTeH B )TOM rrpocTpaHCTBe, II03BOJll!eT 

yrropll.QOl.fl1Th orpoMHhIH JKCIIep11MeHTaJihHhIH MaTepHaJI H c,n:eJiaTb KOJIIIl.feCTBeHHble 

npe.n:cKa3aHHH. 

MeTO,Qhl CHMMeTpHH peilleHHH BrrepBble 6bIJIH npttMeHeHbl KennepoM np11 

IIOCTpOeHHl1 ero 3HaMeHl1ThlX 3aKOHOB JJ:BHlKeHHll IIJlaHeT. 3To xopomo Il3BeCTHO. 

0.n:HaKO MeHee H3BeCTeH ero TpaKTaT "O 111eCTHYfOJlhHblX CHeJKHHKax", f)le BnepBble 

ccpopMyJJHpOBaHa tt.n:esi O CBH3H CBOHCTB KpHCTaJIJIOB C reoMeTp11eH. 3m BeJJHKUll 

H,Qell JJelKHT TaKlKe B OCHOBe 110.n:xo.n:a E.C.ct>e.n:opoBa, IlOJIOJKHBillero 113l(UJ10 

KJl3CCHcpHKaU11H KpHCTaJIJIOB H MHHepaJIOB 3a,n:onro .n:o C03)lamrn pe11Tre110-

CTPYKTypuoro auan111a. YcrnHOBJJeHHhie eme np11 JKH3HH E.C.ct>e.n:opoBa npn 
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ITOMOLUH · 3TOfO 3KCITepHMeHTaJ1bHOro MeTO,lla aTOMHb!e CTPYKTYPbl CTporo 

ITO,ll'IHHJUOTCH <l>e,llOpOBCKHM rpyITITaM CIIMMeTplIH. 

Jio6aqeBCKHH, OTKpbIB HeeBKJIH,llOBY reoMeTplIIO, ITOCTaBIIJI ITpo6JieMy OIIIICaHnH 

Ha ee OCHOBe KapTIIHbl Mnpa. rnITOTe3a O TOM, 'ITO Ha 6oJibllIHX paCCTOHHIIHX 

COOTHOll!eHHH MelK.llY CTOpOHaMn H yrnaMII TpeyroJibHIIKOB MOryT Y.llOBJieTBOpHTb 

HOBOH reoMeTpHH, He ITO,llTBep,lllIJll!Cb B pe3yJJbTaTe aHaJIII3a JI06a'1eBCKIIM 

acTpOHOMH'leCKHX ,llaHHb!X. O.llHaKO ,llJJH OITHCaHIIH CJJOlKHb!X Cl!CTeM s npoCTpaHCTBe 

peJIHTIIBIICTCKHX CKOpOCTeH reoMeTPHH Jlo6aqescKoro OKa3aJiaCb ycneWHO 

npnMeHHMOH. 

IlpnMeHeHne reoMeTPHH lI MeTO,llOB CHMMeTpHn pell!eHIIH CO,lleplKIIT 60JJbllIOH 

noTeHQHaJI OTKpbITHH HOBb!X 3aKOHOB ITPHPO.llbl KaK KJiaCCH'leCKOH TaK H B 

KBaHTOBOH <pH3HKe, KOTOpbie B 3TOM CMb!CJJe HBJIHIOTCH CTOJlb lKe 

<pyH,llaMeHTaJibHbIMH HayKaMH KaK KBaHTOBaH TeopHH ITOJJH H <plI3HKa 3JleMeHTapHbIX 

qacTnu. 

Ilpww:»eeuue 

3TOT pa3,lleJJ CO,lleplKIIT CBO.llKY H KpaTKOe OITHCaHHe COOTHOWeHHH 

.l\felK.llY HHBapHaHTaMH H II3MepHMb!MII ITapaMeTpaMII peJJHTHBHCTCKOH H,llepHOH 

qJH3HKH. 

CooTHOWeHHH MOryT 6b!Tb HCITOJlb30BaHbl ITPH o6pa6oTKe ,llaHHbIX H 

HJJaHHpOBaHHH 3KCITepHMeHTOB. 

B CTOJJKHOBeHHHX peJJHTHBHCTCKHX H,llep yqacTBYIOT KaK HYKJIOHHbie, TaK 

KBapK-rJIIOOHHb!e CTeITeHH CB060,llbl. 1IHcno ITapaMeTpOB 3a,lla'IH qpe3BbI'laHHO 

BeJIHKO IT03TOMY Bb!,lleJJeHHe ITapaMeTpOB ITO.D,06HH (HHBapHaHTOB) oco6eHHO 

aKTYaJibHO. OITpe.D,eJJHIOLUHMH ITapaMeTpaMH 3a.D,a'IH .ll,JIH ITpoueccoB : 

I+II ➔ n1 C1 +n2C2+ ... +n1C1 (IT.I) 

P,~m, 4-HMITYJJbCaMH H MaccaMH qacTHU yqacTBYIOLUHX B peaKQHH 

(i = 1,II,1,2, ... ). KaHan peaKQHH 3a.D,aeTCH Ha6opoM 'lHCeJJ n = {n,, n2, ... , n
1 

}, r,lle 

n, - 4HCJ10 TOlK.ll,eCTBeHHbIX qacTHU copTa C,. 
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OcHOBHb!Mll OITpe,lleJIHIOLUHMH ITapaMeTpaMH 3a,lla'IH HBJIHIOTCH Ce'leHHH · j,j 

npoH3B0,llHble OT HHX BeJIH'lHHbl . 

CeqeHHe ocymecTBJieHHH KaHaJia Il HMeeT , KaK ll3BeCTHO , BH,ll : 

de,= 41r2 
.j(p,. Pn )2 - m2m2 · O(pf - P, - Pn )IT"l2 dr" 

I II 

• dp •1 

dr" = Q E, Pr= BP z 1c1 

r,lle r• - aMITJIHTy.lla ( S - MaTpttua) . 

Ilonnoe ceqeHHe HeyITpyrnx ITpoueccos 

CY. = L f d<Y drn 
m n drn 

(TI.2) 

(TI.3) 

BepOHTHOCTb ocymeCTBJieJ!HH KaHaJia Il ITO OTHOIIIeHIIIO KO BCeM OTKpbITbIM 

KaHaJiaM: 

W = _I_ J da dr" 
n ain d-rn 

LW. =l 

CooTBeTCTBYIOLUM ITJIOTHOCTb BepOHTHOCTII paBHa: 

dW. _J_ da 
dr. - a,. dr" 

IlnoTHOCTb sepOHTHOCTII ITO OTHOIIIeHIIIO K KaHaJIY n 

__ dW. 
W" dr" 

47 

(TI.4) 

(TI.5) 

(TI.6) 



Bennq1rnb1 (TT.3), (TT.4), (TT.5) II03B0JJ»IOT orrpe,nenHTb cpe,nttee 3HaqeHtte 

orrpe,nen»IOIIIHX rrapaMerpoB , OT KOTOpbIX 3aBHCHT ceqeHHe (m,mynbChl, 

qHCJlO qacTHII , KBaHTOBbie qttcna , xapaKTepH3YIOIIIHe C; - copT qacTHII) . 

HarrpttMep , cpe,nttee qttcno qacTHII BH,na C; 

< n, >= I n/Vn 

Hcxo.n» H3 
du" 
dr" ' MO)KHO orrpe,nenttTh .nmpcpepeH11ttanhHh1e 

MeHhIIIeMy qttcny rrepeMeHHhIX: 

du" f n-m du" 
dr"' = dr dr" 

r,ne m=(m,, ... ,m
1

) H o<m
1 

5,n. 

(TT. 7) 

ceqentt» no 

(TT.8) 

A.A. JioryttoBhIM 11 COTPYJlHHKaMH (cM.ofoop [14] H 11ttrnpyeMy10 TaM 

JlHTepaTypy) 6hmo BBe,neHO IIOHHTHe HHKJll03HBHh!X 11po11ecc0B . Ec1m 

cne,nHTb 3a HeKOTOpb!M !pHKCHpoBaHHh!M Ha6opoM qacTHII mC = m,C, + ... +m/', 

B KOHeqnoM COCTORHHH peaKIIHH 

I+II ➔ mC+X, (TT.9) 

TO JlHcpcpepeHIIHaIThHOe ceqeHHe HMeeT BHJl : 

dumCX ~ du" 

-----;;;;;- = """' dr" . 
(TT. I 0) 

HttTerpttpy» , rronyqttM rronttoe ceqentte HHKnI03HBHoro 11po11ecca: 

O'mCX =La-"• 
1laCTHhlll cnyqau m=(0,0, ... ,0) COOTBeTcTByeT IIOJJHOMY ceqeHHIO 

n 

O'tot = L O'n 

BenttqHHa 
""'dWm 
L.., ----;;;;,= Pmcx HBJJ»eTC» IIJlOTHOCThlO Bepo»THOCTH 
n"2m 

pacnpe,neneHH» HMilYJJbCOB '!aCTHII CHCTeMhl mC, ,neTeKTHpyeMOH B 

HHKJll03HBHOM 11po11ecce (TT.9) 
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f dr"'Pmc.r = I . 

Cpe,nnee 3Ha'leHHe KOMilOHeHThl HMilYJJhCa ,neTeKTHpyeMOH qacTHIIhl Bl!Jla C 

,. fd ,. <Pc>= •cPcPmcx · (TT. I I) 

MmKHO onpe.nem!Th cpe,nHIOIO IlJJOTHOCTh qacTHII BHJla C B HMilYJJhCHOM 

dnc 
npocTpattcTBe ~ (cM [14]): 

O611111u cnyqau: 

fdnc 
-drc =nc. 
drc 

d[(;,~;,i,] = _n_!_ fdr"-"' _ __!__ dW,, 
dr"' (n-m)! W,, dr" 

fdrm. d[t~~~;t,,ii1 ;;::: __ n!_ 
dr"' (n - m)! 

onpe,nen»eTC» KaK HHKJll03HBHhlll cneKTp JlJlH npo11ecca (TT.9) 

C HOpMHpOBKOH • 

n ! du" 
fmcx = ~(n-m)!. dr"' 

" 
f "'f' -dr. mc·x - < 

n! 

(n-m)! 
> CY,,,c·.r 

(TT.12) 

(TT.13) 

OnttcaHHbie Bh!IIIe H3MepHMhie HHBapttaHTHbie BeJJH'IHHhl W,,.p.f,,n 11 

npOH3B0JlHhie OT HHX 3aBHCRT OT TpexMepHhIX HMilYJJhCOB P, 11 3HepntH E,, 

KOTOpq!e CB»3aHhl H3BeCTHhIM COOTHOIIIeHHeM 

➔' 
E,2 - P, = n1,2 (TT.14) 

HJJH BBOJlH 4-CKOpOCTH : 

cu:·i2-cu,)2 =I (TT.15) 

➔ ➔ 

KoMilOHeHThl u;• = E, I m,;U, = p,I m, paccMaTpHBaIOTC» KaK neKapTOBhl 

KOOpJlHHaThl B '!eTh!pexMepHOM npocTpaHCTBe (KOHe'!Hhie TO'IKH 4-BeKTOpOB) 

. 3a Ha'laJihHYIO TOqKy MO)KeT 6h!Th npHH»Ta mo6aR fflO'll<a npocmpaucmBa 
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c«opocmeii . B JIHTepaType 3a HalJaJibHYIO TOlJKY o6bilJHO npHHHMaeTCSJ u, 

"HJIH ull H, COOTBeTCTBeHHO, HCIIOJih3YIOTCSJ TaKHe Koop.nHHaTbl : 

➔ ➔ 

dp dp .·dr> dr = _, = _,_, rt1. 

' E, E, 
d(P,p, 1dp,1dP,r = P,1dp,

1
d(P,d_v, 

E, 

Pr - npoeKUHSJ HMIIYJihCa Ha OCb peaKUHH ; 

➔ 

(TI.16) 

Pr- npoeKUHSJ HMIIYJibCa Ha IIJIOCKOCTb rreprreH,nHKYJISJPHYIO OCH peaKwm; 

I I E+p, 6 " y = 2 · II E-p, rrpo,nOJibHml blCTpoTa , lJaCTO BblBO,nHTCSJ TaK)Ke rrorrepetJHaSJ 

Macca" 

~ 
mr = vm -t- Pr (TI.17) 

dm:=dp:; eY 
E + PL 

mT 

E- PL e-y = -
mT 

E = mrchy; p L = m1 shy 

,[{y6HeHCKHe 4)H3HKH y)Ke 6onee 20 JieT HCIIOJib3YIOT HHBapJ;laHTHbie 

6e3pa3MepHbie ' IIOJIO)KHTeJibHbie rrepeMeHHble : 

b,k = -(U, -Uk )2 = 2[(U,Uk )-1] = 2-[£,. E, - P, ~;; 1] (TI. IS) 
m1 ·m1.: 

3TH HHBapHaHTbl SJBJIHIOTCSJ OCHOBHOH ,nJISJ paCCMOTpeHHSJ CHMMeTpHH 

KOHelJHbIX COCTOHHHH peJISJTHBHCTCKOH H,nepHOH 4)H3HKH. 

y CJIOBHe (TI.15) I103BOJISJeT BMeCTO 4-x MepHoro rrpocTpaHCTBa 

MHHbKOBCKoro BBeCTH 3-x MepHoe, Bblpa3HB 4-IO Koop,nHHaTy tJepe3 TPH .npyrHX 

U,, = ±✓1 + u; + U} + u; . 3TO ypaBHeHHe .nsyxrrOJIOCTHOro rnrrep6onoH,na. 

J1cnoJib3yeTcSJ sepxHHH tJaCTh rHrrep6onoH,na cetJeHHe KOTopon rrpH UY=Uz=O 

mo6pa)l{eHo Ha pHc.TII. TipH 60JibIIIHX CKopocrnx OTHOCHTeJibHOro .!lBH)KeHHSJ 

rnnep6oJIOH,n COBrra.naeT c KOHYCOM U,, = ±✓u; + u~ + U; , KOTOpb!H HaJbJBaeTCSJ 

CBeTOBblM KOHYCOM (puc.TII ). B11,nHO, lJTO aCHMIITOTHlJeCKHe pe)l{HMbl HacTyrraIOT 

np11 Pim 25. 
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U,, =chp;; 
£+1;1 

1 ➔ 1 . _ _!_ln-1➔1 U =shp,p- 2 E- p 

reoMerpHS! Ha IIOBepXHOCTH rHrrep6oJIOH,na - reoMeTpHSJ TpexMepHoro 

npocTpaHCTBa Jlo6atJeBCKOro, aHaJIOrHlJHa reoMerpHH Ha IIOBepxHOCTH ccpepbl 

. J1HTepBaJI Me)l{,ny TOlJKaMH Ha IIOBepXHOCTH ccpepbl 3a,naH Koc1rnycoM yrna 

6oJibIIIOro Kpyra, HHTepBaJI Ha IIOBepXHOCTH r»nep6onoH,na -

rnrrep60JIHlJeCKHM KOCHHYCOM 6hlCTPOTbl p. ITpHMeHen»HM reoMerpHH 

Jio6atJeBCKOro B 4)H3HKe, MexaHHKe H TeopHH rpaBHTaU:lJH IIOCBSJIUeHbl 

MHOroJieTHHe HCCJie,noBaHHH H.A.llepHHKOBa (cM. HarrpHMep [42]). 3TH 

HCCJie,noBaHHSJ OKaJaJIH cyIUeCTBeHHOe BJIHHHHe Ha HaytJHbie rrporpaMMbl OI151I1. 

CBSJ3b 3Toro HHTepsana c (IT.IS) HMeeT BH.!l : 

b,k = 2[(U,Uk )- 1] = 2[chp,k -1] 

B mo6on CHCTeMe KOOp,nHHaT CBH3b 3THX HHBapHaHTOB paBHa 

➔ ➔ 

(U,Uk) = chp,k = u;-u; - U, Uk= chp,chPk - shp,shPk cos0,k 

CB513b C rrepeMeHHbIMH 

' 
(IT.I7) HeTpy.nHo 

(IT.I9) 

II OJI)"Ill.Tb 

~ ~ ➔ 
chp1k = -;;;ch(y1 - yk), chp11k = -;;; ch(y11 - yk), HarrpHMep, B CHCTeMe noKoH u 1 = o: 

mT 
chp

1
k = chyk __ k. 

mk 

BBo,nH nepeMeHHYIO 
mT 

-!,- = ch;, rronytJaeM TeopeMy Iltt<Paropa B 

npocTpaHCTBe JI06a11eBCKoro ' KOTOpaH B o6JiaCTH p << 1 rrepexo,nHT B 

p' = y 2 + c;2 
- TeopeMy ITHcporopa B npocrpaHCTBe EBKJIH,na. MeTPHKa 3Toro 

rrpocTpaHCTBa - rpexMepnoro rrpocrpaHCTBa JI06a11eBcKoro, B ccpepHtJeCKHX 

KOOp,nHHaTaX HMeeT BH,n: 

"-1 22 __ 1 __ 33 ___ 1 
g- g-h2,g-h2 •20 s p s psm • 

g" = 1; K22 = sh
2 p; g33 = sh

2 
psin2 

0 (IT.20) 
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D.f[[g,,[[ = sh 2psin0 

mm g,, = 0 npII i etc k 

db=-(dU 0
)
2 +(dU)2 =dp' +sh'p(sin0d<f!' +d0 2

). 

3;:i;ecb 0 II <f! - nom1pHbie yrnb1 . 

l1HBapIIaHTHble ::meMeHTbl qJa30BOI'O 061,eMa IIMeIOT BII)J;: 

➔ ➔ 2g dp 2 dU 2 m b . 
d,=-=m ~=m D·dp·d0d<f!=- b+-·dbsm0d0d<f! 

E U 0 2 4 . 

(TT.2 I) 

(TT.22) 

B HepemITIIBIICTCK0M npe;:i;ene p<<l qiopMyJibl reoMeTpml JI06a1.JeBCKOI'O 

nepeX0)J;HT B lI3BeCTHbie qiopMyJibI reoMeTpIIII EBKJIIJ)J;a: 

D= sh 2p-sin0 ➔ p 2 sin0 

CoBOKYilHOCTlI T0l.JeK B npocrpaHCTBe CKOpocreii: o6pa3yIOT KJiacrepbl. 

IJ,eHTpbI KJiacrepoB onpe;:i;enmorcH TaK: 

I,u: I,u; 
Va= ✓(L.U:)2' VP= ✓(L.U;)2 , ... (TT.23) 

Knacrepb! M0)!(H0 Bbl)J;eJilITb, ecm1 cpe;:i;HIIH IIHTepBaJI Me)!(;:i;y IIeHTpaMH 

KJiaCTepoB bap = -(V,, -Up )2 MH0I'O 6oJibllle IIHTepBM0B Me)!(;:i;y 1.JaCTHIIal\rn 

BHYTPII KJiacrep0B b, = -(Va -U;)2 ,bl= -(Vp-U,)2, 

CornaCHo npHHIIHIIY ocna6neHIIH KoppeJIHIIIItt (CDP) np11 bc(/J ➔ oo 

aClIMIIT0Tlil.JeCKaH qiopMa pacnpe;:i;es1eHlIH (KBa;:i;paTOB MaTpH'!HbIX 3JieMeHT0B, 

HHKJII03lIBHbIX pacnpe;:i;enemiii:, ce1.Je1rnii:) pacrra;:i;aercH 11a npoH3Be)J;eHHH BlI;:i;a 

W(ba,,bap,bf-'<, ... ) ➔ Wa ,WP• ... . 

MHO)!(lITeJIII Wa, W p, W r,... He BII0JIHe He3aBIICIIMbl. BeJIHl.JIIHbl HBJIHIOTCH 

CT0p0HaMII rpeyroJibHIIKa B HeeBKJIIl)J;0B0M npocrpaHCTBe. Tip11 h,,p ➔ 00 B 

➔ 

CHCTeMe Va= 0 HMeeM: 

hap= 2(V;-I) ➔ oo 

h°' = 2cu: -1) 

ht'< ➔ 2v;cu:-u;)=bap ·X; -➔ oo 

52 

(TT.24) 

rne x, - rrepeMeHHaH CBeT0B0I'O K0Hyca: x, = u; -u t = u; - ✓( u; )2 -1 cos 0, . 

TTplI HCIT0J!b30BaHlilI npocTpaHCTBa CKopocreii: Heo6xo;:i;HMO Y'IIITb!BaTb rpaHH!Ibl 

113MeHeHlIH IIHTepBaJI0B, cne;:i;y10m11e lI3 CBOHCTB caMOH reoMeTplilI. l1nrepBaJibl 

Me)!(;:i;y n106h1M11 H3 rpex T0'!eK npocrpaHCTBa chp12,chp13 H chp23 

CBH3aHbl C00TH0llleHHHMH: 

chp23= chp12 -chp1;- shp12 -shp13 -cos023 

[ cos023 I::{/ 

OTCIO)J;a cne;:i;y10T rpaHHUbl H3MeHeHHH HHTepBana chp23: 

(chp!} :::~: = chp12 ·chp13± shp12 ·shp13=ch(p12± P1}. 

O6be)J;HHHH ycnoBHH I cos012 [ ~1; [ cos013 I ~1; [ cos023 I ~l, nonyqaeM ycnomie 

)J;JIH rpaHHU 113MeHeHHH rrepeMeHHbIX: 

ch2p 12 + c!i2p13 + ch2p23 - 2 ·chp12 ·chp13 ·chp!3 = I, 

HJIH B nepeMeHHbIX b;k: 

b2
12 + b2

13 + b\r b12 b 13 b23 - 2(b 12 b 13 + b12 b23 + b 13b23)=0. 

3ro ypaBHenue reoMerp111.JeCKH npe;:i;craBJIHeT co6oii: rnrrep6onou;:i; B c11cTeMe 

Koopa1rnar b12 _b 13_ b23_ rroBepxuocrb Koroporo KacaercH KoopmrnaTHbIX 

' nnocKocreii: B)J;0Jib JIHHHH b12 =b 13_ b 12 = b23_ b13 =b23. 

B pa;:i;ttanbHbIX 6ucTporax rpam1ua Bbipa)!(aercH oco6eHHO npocro: 

max I [ (p2_J min= P12 ± PIJ ; max I I (P1} min= P12± P23 ; max [ I 
(P1)min = p23±p13 · 

TTpIIHUilll aBT0M0)J;eJibH0CTII BT0porn po;:i;a qiopMyJIIIpyeTCH TaK: 

' I ht'< 
W(ha,,hap,hf-'< ) ➔-,-, W"(hap-) 

ha/I hap 

bpk 
b➔ X;, 

ap 

(TT.25) 

xk - nepeMeHHaH CBeT0B0I'O K0Hyca. fpaHIIUbl rrpIIMeHIIM0CTH 3aK0Ha (TT.25) 

H noKa3aTeJib CTerreHII II orrpe;:i;eJIHIOTCH 3KCnepIIMeHTaJibHO. 8 MexaHIIKe 

CilJI0!llHb!X cpe;:i; (TT.25) H0CIIT Ha3BaHIIe "npoMe)!(yTOl.JHaH acIIMilTOTIIKa". 
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BeJIH'-mHa W = b;/J -W npH qiHKCHpOBaHHbIX box H x, (napaMeTpax no,[{o6I-rn) 

OCTaeTC.SI HeH3MeHHOH npH H3MeHeHHH Bcex OCTaJibHbIX napaMeTpOB, 

BKmoqa.11 ba/J' II0,[{06HOH caMOH ce6e (aBTOMO,[{eJibHOH). 

O6be,[{HHeHHe rrpHHUHIIa OCJia6JieHH.SI KoppeJI.SIUHH H (Il.25) npttBO,[{HT K 

o6mett 3aKOHOMepHOCTH ,[{JI.SI LIBYX KJiaCTepoB: 

I a bµ fl beg 
W(bb,,µ,ba1c,bcg,bµ,bfJJ) = -n-• W (ba1c -)-W (b/JJ -) 

bap ba/J ba/J 
(fl.26) 

<l>opMyJla (TT.26) II aHaJIOfliqHbie ett, IIOJIY4eHHbie Ha OCHOBe CHMMeTpHHHOfO 

IIOLIXO,[{a, orrpe,[{eJI.SIIOT cTpyKTYPY 3aKottoB MHOJKecTBeHttoro polK,[{ettH.11 

4aCTHU, ClIJibHO orpaHlfqlfBa.SI MO,[{eJibHbie rrpe,[{CTaBJieHH.SI. 

B pa3,[{eJie 4 rrpHBO)l.SITC.SI xapaKTepHbie 3KcrrepHMeHT3JlbHbie ,[{aHHbie no 

pacrrpeL{eJieHHIO 4aCTHU B 3aBHCHMOCTH OT nepeMeHHOH b, = -(Va - u, )' BHYTPH 

KJiaCTepoB. 

F(b,) = fwadQ, F(x,)= fwadb,drp, 

m,h, 
T, - -- dQ - sin0 d0 drp ,- 2 k- k k 

1 2 d'N 1 2 d 3N 
wa = - . - . -.===~--- = -.-.---

N,, m; .jb, + b; I 4. db,dQ
1 

N,, m; db,· dx, · drp, 

HopMHpOBKa: 

1 fdN N -d, dr, =l 
o k 

YHHBepcanbHOCTh qiyHKUHH wa.,wP ... B umpoKOH o6JiaCTH bik fl03BOJI.SieT 

fOBOpHTb O JIOKaJibHOH aBTOMO)leJihHOCTH pacrrpe)leJieHHH B rrpocTpaHCTBe 

CKOpocTeH. O)lHaKO napaMeTpH3aUH.SI 3KCrrepHMeHT3JlbHbIX )laHHbIX Ha OCHOBe 

qiopMyJibI (TT.26) B o6Jiacrn b, 11::;15 HYJK)laeTc.11 B )laJihHettrneM 113y4eHHH, T.K. B 

3TOH o6JiaCTH napaMeTpbl KJiaCTepoB OTJIH4a!OTC.SI OT aCHMilTOTH4eCKHX 3Ha4eHHH 

npu b, 11 :2:20. 
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IloMHMO HHBapHaHTOB, BbipaJKaeMbIX qepe3 CKaJI.S!pHhie rrpOH3Be)leHH.SI 

BeKTOpOB CKOpOCTII (U;Uk), MOlKHO BBeCTH aHTHCHMMeTpHqHhie TeH30pbl 

KOM6HHaUHH BeKTOpOB CKOpOCTH, B qacTHOCTH BeKTOpHbie rrpOH3Be,[{eHH.SI: 

A;:= u;-[h-U,·U: 
BeKTOpHa.SI anre6pa B rrpocTpaHC!Be CKOpOCTeH *) IIOKa He noJiyqHJia 

llIHpOKOro rrpHMeHeHH.SI ,[{JI.SI aHaJIH3a 3KCnepHMeHTaJihHhIX ,[{aHHbIX. O)lHaKO y 

3THX rrpHMeHeHHH xoporna.11 nepcneKTHBa KaK ,[{JI.SI C03)laHH.SI reoMerp11qecKHX 

o6pa30B (HaIIpHMep, OTHOCHTeJihHbie opHeHTaUHH JIHHHH, IIJIOCKOCTeH, 

TeTpa3,[{poB), TaK H ,[{JI.SI o6HapylKeHH.SI HOBblX 3aKOHOMepHOCTeH, oco6eHHO B 

o6JiaCTH IIOJI.S!pH3aUHOHHhIX .SIBJieHHH Ha KBapK-rJIIOOHHOM ypOBHe. 

JlaHHa.SI pa6orn )lOIIOJIHHTeJibHO 6hma nomi;ep)KaHa OTJ(eJIOM QJH3HKH pen.SITH

BHCTCKHX MHoroqacrnqHb1x cucTeM <l>HAH u rpaHTOM P<l><l>H N~ 96-02-18728. 

*) l11nolKem1e rrpttMeHe1111ii rpaccMaIIOBOii anre6pb1 ):(Jill BeKTopoe B rrpoc111a11cTBe cKopocTeii, 

optteHTllpOBamme Ha qlll3llKOB, rrpe,ICTaBJieHO B rrperrpllHTe: 

G.C.Wick "Visual aids to relativistic kinematics" CERN73-3 (1973) Geneva. 
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