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.lloCTHlKeHHSI nocneAHHX neT B SKCnepnMeHTanbHOM nayqeHHH B3aHMOAeliCTBHli 

aapoHOB npn Bb!COKHX SHeprnnx He aceraa co,npOBOll{Aanncb CTOnb lKe ycneWHblM 

Ill 
pa3BHTHeM Teop1m cnnbHb!X B3aHMOaeliCTBHli • B HaCTOIDl.{ee BpeMSI no-npelKHe-

MY cywecTayeT Mano HaAelKA, qTo B 6nHJKaliweM 6yaymeM 6yaeT nocTpoeHa yaoaneT­

aopHTenbJia.111 OCHOBaHHa.11 Ha 'PYHAaMeHTanbHblX npnmumax KonnqecTBeHHaSI Teopn.11 

Heynpyrnx B3aHMOAeliCTBHli aapOHOB npn Bb!COKHX SHepI'BSIX, IToaTOMY eanHCTBeH­

HOli OCHOBOli an.11 BHTepnpeTaunn 9KCnepnMeHT8nbHblX AaHHb!X no MHOlKeCTBeHHOMy 

poJKAeHnIO qacTnu npn BblCOKHX SHepra.llX noKa OCTaIOTCSI paannqHble MoaenB, CMbICn· 

KOTOpbIX, KaK ll3BeC_THO, COCTOBT B TOM, qTo OTAenbHhle qePTbl B3aHMOAeliCTBHSI 

cqnTaIOTcsi Hrp_aIOWHMH rnaaHyro ponb, ace JKe ocTanhHble cqnTaIOTCS! HecywecTaeH­

HhIMH, 

HacTOSIWaSI AHCCepTaUHS! nOCBIDl.{eHa H3yqeHHIO H aanbHeliweMy pa3BHTHIO CTa­

THCTnqeCKOl! TeopnH MHOlKeCTBeHHOI'O pOlKAeHHS! qaCTHU H llHTepnpeTaunH Ha ee OCHO­

B8 H3BeCTHblX aKcnepHMeHTanbHblX AaHHhlX no neynpyrnM B3aHMoaelicTBHHM aapoHOB 

npH BblCOKHX aneprHS!X, 3Ty .MOAenb, KOTopasz OCHOBaHa Ha naee, BhlCKa3aHHOli 

121 
3.4>epMH a 1950 roay , OT BCeX APYI'HX cymeCTBYIOWHX Moaenell MHOlKeCTBeHHOI'O 

13 4 51 
pOlKAeHHS! , , BbII'OAHO OTnHqaroT npell(Ae acero TpH MOMeHTa: 

1) Moaenb S1Bn.11eTCSI AOCTaToqHo o6meli, nOCKOnbKY CTaTHCTHqeCKoe npH6nHJKe-

HHe MOlKHO ccpopMynHpOBaTb C TOqKH 3peHHH S -MaTpnqHoli TeopHH paccestHHS!, npea-

nonara.11, qTo OCHOBHble qepTbl B3aHMOAeliCTBHli npH Bb!COKHX aHepI'HSIX, onpeaenmoT­

CSI nnOTHOCTbIO KOHeqHb!X COCTOHHHil (aonyCTHMblX BCeMH 3aKOHaMH coxpanennsi) B 

q>a30BOM npocTpaHCTBe; 
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2) aTa M0Aellb M0lKeT 0blTb .IICII0llb30BaHa AnSI 0!leH0K pa3nll'lHblX xapaKTepn­

CTllK Hey!'lpyr.11x B38HM0Aeik.TBHli B A0B0llbH0 m.11p0Koli o6naCTH aaeprnli, OT 1-2 faB 

AO M8KCllM8llbHbIX aaeprnli, A0CTHlKllMbIX Ha C0BpeMeHH~IX yt:KopnTenlIX .II Bbime; 

3) M0Aenb M0lKeT 0b!Tb 11p.11MeHeHa K .113y'leHnro pa3flH'lHblX 11po11eccoB aey11py­

r.11x · B3SHMOAelicTB.llli BAP0H0B; 6ea llpHHIIHll.llallbHblX H3MeHeHnli B ¢opMynnpOBKe M0-

Aen.11 C ee II0M0WbIO M0lKH0 HHTep11peTnpoBaTb SKCllepnMeHTanbHble A8HHbie KaK 110 

aeynpyr.11M rr N - .11 N N -B3a.llMOAelicTBlllIM, TaK ll 110 N N -aHHHrllJJIS!ll.llH. 

B CMb1cne o6mero C0AeplK8HlllI 3aTp0HYTbIX B paooTe B0llp0C0B ee M0lKHo· 

C'lHT8Tb COCTOSIWeli ll3 ABYX 'l8CTeli. OAH8 'l8CTb, BKnIO'taromalI rnaBy 1, II0CBSIWeaa 

pac'teTaM pasn.ll'lHblX xapaKTep.llCT.IIK aey11pyr.11x CTOnKHOBeHali B paMKaX CTaTHCT.11-

'leCK0li M0Aen.11, Y'lHTb!Baromeli B38.IIM0,tteliCTB.lle BTOp.ll'lHbi°X 'laCT.1111 B K0He'lH0M co­

CT0lIH.11.11, 11yTeM BBeAe.ll.llSI KaaanoB C ll306apoli N* ( I"' 3/2 ' J "'3/2' M"' 1236 MaB ). 

BT0palI JKe 'l8CTb, BKnroqaromalI rnaBbl II .II III , II0CBSIWeHa H3nQlKeHHIO ya.11-

TapHO-C.IIMMeTp.ll'lHOH CTaT.IICT.ll'teCKOll M0Aen.11 MH0lKeCTBeHHoro poJKAeH.lllI 'l8CT.llll .II 

+ -
paCCM0TpeH.11!0 Ha 0CH0Be STOH M0)len.11 aey11pyr.11x rr - p -B3a.llMO)leliCTB.llli II N N -

aaa.11r.11nSII1Hll B II0K0e. 

OAH.IIM _H3 0CH0BHblX A.IIHaM.ll'teCK.IIX 11pe.ct11onoJKeH.11li np.11 aaan.113e CTaT.IICT.ll'te­

CK0li M0Aen.11 C II0M0WbIO S -MaTp.ll'lH0I'O ¢opMal!.113M8 .SIBnlieTClI 11peA11onolKeHiie 0 

CTaT.IICT.ll'leCKOli He38B.IIC.IIM0CT.II BT0p.ll'lHblX 'l8CTHll, K0Topoe C0CTO.IIT B TOM, 'ITO 

B BblpaJKeH.11.11 AnlI KB8JlpaTa S - MaTp.llllbl HeT · H.IIK8K.IIX .IIHTep¢epeHU.IIOHHb!X 'tneH0B. 

I1 A8lKe 6onee Toro, K8lKAbIH M8Tp.11'1Hblli aneMeHT s . -MaTp.ll!lbl, llp.llBOASIW.llli K o6-

pa30BaH.IIIO n -'laCT.1111 B K0He'tH0M C0CT0lIH.11.11, ¢aKTOp.11ayeTClI Ha PlIA C0MH0lK.IITeneli, 

cpeJl.11 K0T0pb!X Bbl)lellSIIOTClI ¢aKTOpbl, y'l.llTbIBBIOW.lle pa3n.ll'lHbie 3aK0Hbl, coxpaae.11.11SI. 

l13BeCTHO, 'ITO y'leT pA3nH'lHblX 38K0H0B coxpaaeani CB0AHTClI K Tpe60B8H.lllIM .IIHBap.11-

aHTH0CT.II aM11n.11TyA npo11eccoB OTHOC.l!Teffi,HO pa3n.ll'tHblX rpy111111peo6pa30BaH.lllI. 

TaK, aanpnMep, nocneAOBaTenbHbili y'leT SU ( 2 )-C.IIMMeTp.11.11 aneMeHTapHblX .'{8CT.llll 

.II Bbillley110MlIHYT0ro npeJlll0n0lKeH.lllI 0 CTaT.IICT.ll'leCK0li He3aB.IIC.IIM0CT.II 11p.llB0A.IIT K 

T0MY, 'l,TO BepolITH0CTb aey11pyroro B38.IIMOJleliCTBHlI C o6pa30B8H.lleM ff -'laCT.1111 

6yAeT paBHa CyMMe Bep0lITHQCTeli pSIAa KasanoB, BKnaA K0TOpb!X onpe,ttenSieTClI He 

T0nbKO ¢a30Bb!M o6'beMOM, HO .11 '.1130TOll.ll'leCK.IIM 5ecoM' ,P n (I) • ilpyr.llM.11 cno­

BaM.11, KB8JlpaT MaTp.ll'lH0I'0 aneM9HT8 11p.116n.11JKaeM CB0.IIM BBC0BblJ-1 cpeAH.IIM, B3lI­

TblM 110 BCeMy ¢a30B0My npocTpaHCTBy. A ST0 cpeAHee 38B.IIC.IIT T0llbK0 OT 'l.llCna 

'l8CT.llll B KOHe'lHOM· COCTOlIH.11.11 .11 OT xapaKTep.11CT.IIK Ha'tallbH0rO, C0CT0lIH.lllI (KOTOpoe 
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¢.11Kc.11p0Ba.110), T.e. )leTan.11 B3a.llMOAeliCTB.lllI He 0K83blB8IOT 

H.lllI. 

Ha aero C.llllbHoro Bl 

C STOli T0'lK.11 3peH.lllI Bep0lITH0CTb Toro, 'ITO KaKaSI-n.1160 .113 BT0p.ll'lHblX 'tac­

T.llll aeynpyroro B38.IIMO)leliCTB.lllI 6y)leT .IIMeTb B c.11=eMe ueHTpa Mace .IIMIIYnbC 

➔ ➔ ➔ 

B HHTepBane q , q + d q , B CTBT.IICTH'teCKOli M0.cten.11 0llpeAenSieTCSI y cpeAHeH.lleM. 

➔ 

BeC0B0li ¢YHK!l.11.II eme a no BCeM HanpaBneH.lllIM q • TaK.IIM o6pa30M,- C'l.llTaeTClI, 1 

Bn.llSIH.lle A.IIH8M.ll'leCK.IIX acl'leKT0B nponecca Ha MH0lKeCTBeHH0e p0lKAeH.11e 'taCT.11 =aHQJ: 

CS>'. TeM Megee B8lKHb!M1 'teM oonbllle oonaCTh .IIHTerp.11p0BaH.lllI B ¢a30B?M npoCTpSHCTB 

B nepB0li rnaae Ha 0CH0Be CTaT.IICT.ll'teCKOli Teop.11.11 MH0lKeCTBeHH0I'0 pOlK,tteHn: 

'laCT.1111, Y'l.llTb!BaIOmeli B Ka'teCTBe npoMeJKyT0'lH0ro C0CT0lIH.lllI HyKn0HHYIO .11306apy 

N* , nony'leHbl .IIMllynbCHbie .11 yrnoBbie pacnpeAeneH.lllI BT0p.ll'lHbIX 'lBCT.1111 Heynpy-

roro npOT0H-llp0T0HH0ro B3a.llMOAeliCTB.lllI llp.11 aHepr.lllIX T =40 faB, T =-60 faa E 

T = 80 faB, r:.ne T - K.11HeT.11'leCKalI a11epr1rn .11aneTaromeli ·qacTHllbI, Cpaaliea.11e 

nony'leHHblX pacnpeAenea.11li C cymeCTBYIOW.IIM.11 SMll.llp.ll'leCK.IIM.11 ·38B.IIC.IIMOCTlIM.II, oc:".' 

H0BBHHblM.11 Ha SKCTpanonS!ll.11.11 SKCnep.11MeHTallbHb!X AaHHbIX np.11 aaepr1m T .,30 raa 

B o6naCTh Bb!C0K.IIX aaepr.11li, 1103B0nSieT 3SKnIO'l.llTb, 'ITO CTaT.IICT.ll'teCl{yIO Teop.1110 

anonae M0lKH0 HCilOllb30BaTb AnlI oneH0K yrnoBblX .II aaepreT.ll'leCK.IIX pacnpe.cteneH.llli 

'lBCT.IIU B na6opaT0pHoli C.IICTeMe K00p.ctaHaT. XOTlI CTBT.IICT.ll'teCK8lI Teopag AaeT He-

11paB.11nbHbili xapaKTep yrnoBbIX pacnpeAeneaali a ·c.11cTeMe neaTpa Mace, 0AHaKo 

BCneACTB.119 a¢¢eKTa penlIT.IIB.IICTCK0I'0 ClKBT.lllI yrnoB 11p.11 nepexo.cte K na6opaTQpllOli 

c.11cTeMe KoopA.11HaT cpeAH.lle yrnoBble .11 aaepreT.11~ecll:.11e pacnpeAeneH.lllI B nocneA-. 

Hell: 0K83},lB8IOTClI A0B0llbH0 6n.113K.IIM.II K SKCnepaMeHTanbHbIM . .II M0l'YT acnollb30BaTE 

Cl! AnlI pa3n.ll'lHbiX oneH0K (ecn.11 T0llbK0 He .IIHTepeC0B8ThClI o6naCTbIO AaneK.IIX 

'XBOCTOB'), 

no)lpo6aoe .113y'leH.11e cymeCTBYIOW.IIX SKCnep.11Me.11TanbHblX Jl8HHb!X no. aeynpyru 

B38.IIM0AeliCTB.lllIM 'l8CT.llll K8K B o6naCT.II ycKop.11TenbHblX 8Hepr.11li, TaK H B oonaCT.11 

K0CM.ll'leCK.IIX ny'leli, no<l'B0lllieT ycTaHOB.IITb PlIJl ¢aKTOB, CBSI38HHblX C II0BBAeHBeM 

cpeAHBX xapaKTep.llCTBK Heynpyr.11x npoueccoB, c ll:0TQpb!MB i;iony'teHHble B pa60Te. 

pe3ynhTaTbl TaKJKe- HaX0,ttlITClI B xopollleM cornac.11n. 

B aToli lKe rnaBe CAenaaa nonhITKa .113yqe.11.11SI aey11pyroro rr + p -B381IMO-

AeliCTB.lllI B 06nacT.11 SHepr.11li T .. 1-4 faB B paMKax CTBT.IICT.ll'leCKOli M0Aenn, Y'll! 

TbIB8IOWeli B Ka'teCTBe npoMeJKyTO'lHblX· COCTOlIHBli B3BeCTHbie 6apnOHHbl9 .II Me3oH-. 

n1 X -Hbie pe30H8HCbl • 0TlI Henb3lI OlK.IIABTb, 'ITO aeynpyr.11.11 npouecc B uenoM M0lKe, 
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<pl!KCl!pOBaHo) 1 T.e. 11eTan11 B3al!MOAel!cTBl!lI He OKa3b!BaIOT 

Hl!SI, 

Ha Hero Cl!JlbHOro DJIHSI-

C STOl! TOqKl! 3peHl!lI nepOSITHOCTb Toro, qTO KaKalI-Jll!6o 113 DTOpl!qHJ,IX qac­

Tllll Heynpyroro D38l!MOAel!cTDl!SI 6y11eT HMeTb B Cl!CTeMe ueHTpa Mace l!MnyJibC 

o llHTepnane q, q + d q , D CTaTllCTJlqecKoii MOlleJil! onpe11enneTClI y cpe1111eHlleM 
➔ 

necoaoii qiyHKUl!l! eme II no aceM nanpanneHl!llM q • TaK~M o6pa30M,· Cql!TaeTCll, qTq 

DJllllIIIHe /ll!HaMl!'!eCKl!X acrteKTOl;l npouecca Ha l'.(l!OlKeCTDeHHOe pOlKlleHne qacTn CTaHQBHT­

csr TeM MeHee DalKHbIM, qeM 60/lbllle o6naCTb lll!TerpnponaHHSI B <p830BOM npocTpaHCTDe, 

8 nepnol! rnaoe Ha OCHOBe CTaTl!CTl!qecKol! TeOpl!ll MHOlKeCTDeHHoro pOlKlleHHSI 

qaCTl!U, yq11Tb1B8IOl!lel! B KaqeCTBe npoMe)KyToqHoro COCTOlIHHll HYKJIOHHyIO ll306apy 

N* , nonyqeHbl nMnYJibCHbie H yrJIOD!,Je pacnpe11eneHl!ll BTOpl!qHJ,JX 'IaCTllll Heynpy­

roro npOTOH-npOTOIIHoro B38l!MOAel!cTDl!ll npH sHeprlllIX T =40 rsn, T .. 50 rso II 

T,. 80 rsa, r:µe T - Kl!HST!I'IeCKall s11epr1rn HaJieTaIOl!lel! ·'IaCTHUbl, CpaolieH!Ie 

nonyqeHHblX pacnpe11eneH11l! C cymecTBY!Ollll!MH sMnl!pl!'leCKHMl! ·38Bl!Cl!MOCTlIMll, oc­

HODaHHb!Ml! Ha SKCTpanOlllIUIIl! SKCnepnMSHTallbH!,IX ll8HHbIX npn SHeprua T .,30 rsa 

B o6naCTb DbICOKl!X SHeprnl!, no3DOJilleT 3aKJIIOql!Tb, qTo CTaT1ICT1I'1eCKYIO TeopH!O 

nnonHe MOlKHO l!Cll0llb30Da_Tb nnn oueHOK yrnOBb!X l! SHepreT11qeCKHX pacnpeneneHHil 

qacTHU a na6opaTOpHol! CHCTeMe KoopnHHaT. XoTll CTaTHCTl!qecKall TeOpl!lI naeT He­

npaBHJlbH!,ll! xapaKTep yrnoa1,1x pacnpeneneHal! B CHCTeMe ueHTpa Mace, onHaKo 

ncne11cTBHe sqiqieKTa pennTHDHCTCKoro ClKaTHll yrnon np11 ·nepexone K na6opa".ropHOii 

cncTeMe KoopnnHaT cpenHne yrnoa1,1e H sHepreTn~ecKne pacnpeneneHnn B nocnen­

Hel! OKa3,l,IB8IOTCll ):IOBOllbHO 6JIH3KHMII K SKC:nepaMeHTaJlbHhlM H MoryT HCnOJlb30BaTb­

Cll llllll pa3JlllqHhlX oueHOK (ecnn TOJlbKO He HHTepecoaaTbCll o6naCTb!O 11aneKHX 

'XBOCT(>B,.), 

no11po6Hoe 113yqeHne c;:yl!leCTBY!OlllllX SKCnepHMSHTa.llbHbIX naHHblX no, HeynpyrnM 

B3aHMO/lel!CTBHlIM qaCTHU KaK B o6naCTH ycKop11TeJibH!,IX sHeprnl!, TaK ll B o6naCTH 

KOCMnqeCKHX Jiyqel!, llCx'l'BO.lllleT ycTaHOBllTb Pllll <paKTOB, CBll38f!HblX C noneneHHeM 

cpe11H11x xapaKTepncTHK Heynpyrnx npoueccon, c KOTqp1,1Mn nonyqeHHbie B pa60Te_ 

peayJibTaTbl T8KlK8- HaXO/lHTCSI B xopomeM cornacHH, 

B sTol! lKe rnaae cnenana non1,1TKa asyqeHHll miynpyroro 11 + p -B38HMO-

11el!CTBllll B o6naCTH SHeprnl! T .. 1-4 rsa B paMKax CTaTHCTHqecKol! MO/leJIH, yqn-

Tb!B8IOl!lel! B KaqecTBe npoMelKyTOqHl,I·x, COCTOlIHHll l!3BeCTHbl9 6apnoHHb18 ll Me3oH-. 

/7/ 
Hble pe30HaHC!,1 , XoTn HeJib3ll OlKH):18Tb, qTO Heynpyral! npouecc B ueJIOM MOlKeT 
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·obITb YAOBneTBOpllTeJlbHO paCC'illTaH B CTBTllCTH'ieCKOl!: MO)lenn, noKaaaao, 'iTO )lnlI 

OT)lellbHblX napuaallbHblX KaHanoB MOlKHO, O)lHarto,, nony'illTb 3aBHCllMOCTll Ce'ieHl!li 

aTHX Kaaanoa OT nMnym,ca nanaromel!: 'iaCTHllbI, nennoxo cornacyrournecSI c aKcnepn­

MeaTallbRblMI! )laHHblMH. C ncnOllb30BaHHeM ll3BeCTHblX aKcnepl!MeHTanbHO aepOlITHO­

CTel!: paann'iHblX Kaeanoa pacnana. peaoeaHCOB, KOTOpble Y'iHTbIBannCb B Bbl'il!CneHl!lIX, 

nony'ieHa ll cpaBRHBaeTClI C 3KCnepaMeHTOM T8KlKe 38Bl!CllMOCTb 'il!Cna MROrony'ie­

BblX peaKUHli OT llMnym,ca naJJaromel!: 'iaCTl!llbl. Ho nonooaoe paCCMOTpeane eeynpy-

roro 11 +p -B381!MO)lel!:cTBllSI npllBOJll!T K 3Ha'ieRl!lO cpennel!: MHOlKeCTBeHHOCTll 

pOlK)lalO!IlllXClI 'iaCTllU n 1 3aMeTHO npeBbllll8IOllleMy 3KCnepl!MeHTanbHOe 3Ha'ienne. 

TaK, aanpnMep, npn KIIHeTH'iecKoli aneprnn naneTaromero 11 + -Meaona T .. 3 raa, • 

Y'illTblBalI B Ka'ieCTBe npoMelKyTO'iHb!X COCTOlIHllli TOnbKO T/ 1 p I Cu - Me30HHbJe 

peaoaaHCbl I! N* - 6apllOHHb!l!: peaonanc, nony'iaeM ;;- "' 4,6, 'iTO 3aMeTHO Bblllle 

R = 3,6, nony'iaeMoro ll3 3KCnepllMeHTOB. 3TOT peaynbTaT npllBOJlHT, Ka3anOCb Obl 1 

K 3aKnIO'i0Hl!IO, 'iTO y'ieT OOllblllOrO 'illCna pe30HaHCOB COBCeM He SIBnlieTClI OOlI3a­

TenbHblM )lnlI Toro, 'iTOObl npl!BeCTH B cornacne C aKcnepl!MeHTOM paeC'illTaHHbJe 

xapaKTepl!CTl!Kll eeynpyrl!X 11N - ll N N -B3al!MOJlelicTBl!.li B paMKaX ·cTaTl!CTll-

'ieCKOli TeOplll! MHOlKeeTaeRHoro pOlK)leHlllI 'UlCTllll. OnaaKO y'ieT OOllblllOro 'il!ena 

Me30HHblX pe30H8HCOB OKa3bIBaeTelI coaepmeHHO ·aeooxoJlHMblM JlnlI eornacoaaHlllI C 

SKCnepl!MeHTanbHblMI! peayllbTaTaMI'l pac'ieTOB pa3nH'iHblX xapaKTepllCTHK NN -aHHH­

rHnSIIIHll B paMKax CTaTHCTH'ieeKol!: TeopnH. H npeJK)le acero, y'ieT Me30HHblX peao­

HaHCOB aeooxo)ll!M JlnlI Toro, 'iTOObl eornacoBaTb paCC'iHT8HHyIO epe)lHIOIO MHOlKe­

CTBeHHOCTb C aKcnepaMeHTanbHO.li, KOTopag )lng aHHl!rHnSIIJHH B nOKOe I! npl! ManbIX 

aHeprHSIX SIBnSieTClI O'ieHb BblCOKOli n .. 5. 3aMeTHM, TaKJKe, 'iTO aHHHrIWSIIJHlI B 

nOKOe H npH HH3KOli KHHeTH'ieeKoli aaeprHH SIBnHeTClI npoueceoM,.O'ieHb nOJlXO)llI­

lllHM JlnlI npoaepKI! OCHOBRblX npennonOJKeHHli CTaTHCTH'ieCKOl!: TeopHH MHOJKeCTBeH­

HOro pOlK)leHHlI 'iaCTHU, B nepByIO O'iepe)lb, no ABYM npH'iHHaM: 

a) B nponecce Bbl)lenHeTClI TaKoe KOnH'ieeTBO aeepran, KOTOporo )lOeTaTO'iHO 

)lng o6pa30BaHl!lI.JlOBOllbHO OOllblllOro 'incna 'iaCTHllj 

, 6) npoueec lIBnSieTClI nonHOCTblO aeynpyrnM, TaK KaK MOryT polKAaTbClI B HeM 

TOnbKo· 0030Hbl, 

Y'ieT a K8'ieCTBe npOMeJKyTO'iHblX COCTO!IHH.li OOllblllOro 'iHCna 6apnOHHblX n Me-

30HHblX pe30HaHCOB eBlI38H co 3H8'iHTenbHblMH Bbl'iHCnHTenbHblMH TPYAHOCTHMH, KOTO­

pbie B03HHKaIOT H3-3a HeOOXOAHMOCTH paCCMOTpeHHSI OQllblllOro 'iHCna B03MOlKHblX 

6 

KaHanoB Heynpyro.li peaKUlln: ecTeCTBeHHO, 3TH TPYJlHOCTH ellllbHO B03pacTyT, ecna 

nonb1TaTbClI y'ieeTb B paCCMOTpeHnl! TaKJKe pOlK)leHlle CTpSHHblX 'iaCTHll, 

Bee 8TH ·llpOTHBOpe'i.HlI B 3aTpyAHeHlllI MOlKHO, B 3Ha'illT8llbHOl!: CTenenn ocna-

OHTb, ecnn npn anannae cymecTayiomnx aKcnepnMeHTanbHblX .AaHHbIX no ireynpyrnM 

B3aBMOAelicTBHSIM IIpll BblCOKllX aneprngx ncnonb30BaTb YHllTapHO-CllMMeTpH'iHyro 

/8 9 10/ CTaTHCTH'ieeB;ylO Teopnro MHOlKeCTBeanoro polK)leHHlI 'iaCTllll ' 1 , nanolKeHHlO KO-

TOpO.li llOCBSIIIleHa rnaaa II 
. . 

CoxpanSISI ocnoaaoe npeAnonoJKeane Teopnn cl>epMH 06 ycTaHoanea~n_cTaTn-

cTH'iecKoro paBHOBeeng B nopeHlloBeKn ClK8TOl!: o6naCTH Cllnbaoro B38HMOAelieTBRlI, 

6yAeM paCCMaTpnBaTb pOJlHBIIlHeCSI 'iaCTHilbl KaK 'ineHbl MYllbTllnneTOB rpynnbl SU(3). 

Tor)la Tpeooaaane SU(3) -naaapnaHTHOCTll. )lnSI aMnnllTYJl peaJ{UllH npnBOJlHT K To­

My, 'ITO CTaHOBlITCSI B03MOlKHb!Mll nnlllb ·Te nepeXO)lbl MeJK)ly Ha'ianbHb!Mll H KOHe'i­

HblMI! COCTOSIHlllIMR, KOTOPbie. COOTB9TCTBYlOT OAHHaKOBblM HenpJ!IBO)lHMblM SU ( 3) 

npeACTaaneHlllIM (p, q) • .Ecnn 'iBCnO pa3JIH'iHblX B03MOlKHOCTe.li nony'illTb onpe-

Aenemroe nenpHBOJlHMoe npeACTaaneane ( p, 1l) R3 IIplIMoro npOH3Be)leHlllI D 

COOTBeTCTBYlOlll!{X ( p, q) -npe)lCTaBneHJtli Ha3BaTb 'yHnTapHblM BeCOM' 

U ( p, q; D IO D 8 D ) , r)le D D I! n - COOT.BeTeTBeHHO, 'incno JleKynneTIIblX, n · I , 10 8 I · . 

OKTeTHblX H enarneTHblX ''iaCTnn' (n=n + n + D ) I TO.BblpalKeHHe JlnlI•BepolITH0-
10 8 I 

CTR nepexoJJa na Ha'ianhnoro coeTOlIHHlI, OTBe'iaromero npeJJcTaaneanro (p,q), B 

'KOHe'iHOe 'coeTOHHRe, .. CO)lepJKamee D MyllbTnnneToB, 6yJJeT llM9Tb BHJl: 

Sn . 
W (T;p,q) .. v (T)'17 (T)--U (p,q;n ,n,n ), 

n n n G n 10 8 I ,. 
r)le V (T), ffi (T), S - H3BeCTHble BblpaJKeHRlI JlnlI npOCTpaHCTBeHHQro, aHepreTn-n D D · 

'ieCKOr.o ll cnnHoaoro Becoa, G n - MHOJKHTellb, Y'illTblBaIOIUHl!: ·TOlK)leCTB9H)IOCTh 

SU (3) -MyllbTHIIneTOB B KOHe'iHOM COCT()lIHllH, a. T - KHHeTn'ieeKalI aaeprag Hane­

Taromel!: 'iaCTHllbl (a naoopaTopaoli ·CHeTel'vie KOOPJlllHaT). nocKOllbKy !J:Pll ;Bbl'illcne­

HHH 'aaep~eTn~eCKOro aeca' (T) ( •. e. ~aaoao-npocTpaHCTBeHHQro ~aKTOpa) B 

Ka'ieCTBe Mace 'iaCTHll 6epyTCSI cpensne Mace~ MYJlbTnnneTOB,. TO, eeTeeTBeHHO, 

npe.tinaraeM,ag MoJJeJlb 6yJJeT ny'ime acero npnMee11Ma a o6nacTn, rJJe, non.sag aaep­

r;rn, KOTopasr 38Tpa'illBaeTClI Ha o6paaoaaatte HOBblX 'UlCTHll, 3Ha'iHTeJlbHO npeaocxo­

JlHT 8KCnepHM9HT8JlbHble pa3HOCTH Mace 'iaCTHll B MYJibTHnJieTax. Hcao, 'iTO llO'iTII 

JlnSI Bcex MYllbTHnJieTOB 8TO ycnoane npaKTH'ieCKH JlOCTaTO'iHO xopomo BblnonHSieTCSI 

yJKe npn aneprnSIX T> 3 faa • .. 
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TaK KaK peam,HaSI JlHHaMHKa nponeccoB Heynpyroro saaHMOJiefiCTBHSI aHa'lH­

TenbHO cnolKHee TOfi, KOTOpasi cne.nyeT Ha 'lHCTO CTaTHCTH'leCKIIX coo6palKeHHfi II 

CBOfiCTB C!IMMeTpllH Clllll,Hb!X Baa11Mo)lefiCTB11fi, IlOIIbITaeMCSI y'leCTb aasecTHOe aa 

nt ~. . K 
npeJib!JlYlllllX pac'leTOB paanH'lHe a'l"!'eKTHBHblX IIOCTOHHHblX CBHall TT• H -Me-

aoHOB, T.e. Y'lTeM B ¢eHOM0HOnorH'leCKOfi CTaTHCTH'l0CKOfi Teopan aaBHCHMOCTb 

IIOCTOSIHHbIX, annpOKCHMHpyromnx HenaBeCTHylO HaM 'l8CTb B MaTpH'lHblX ~neMeHTax, 

OT COpTa 'laCTHII, .!lnsi 8TOrO, KaK H B npelKHefi CTaTnCTH'l0CKOfi·MO)lenn, BBOJIHM 

.nnsi KaHanqB C y'laCTHeM CTpaHHblX 'laCTHII MHO>J<HTem, A nk 

K -MeaOHOB, pOlKJlaIOlllHXCSI B )laHHOM KaHane, a Benn'lHHa A 

, r.ne n It - 'lHcno 

IIOJI6HpaeTCSI Ha 

,cpaBH0HHSI C 8KCnepHMeHTOM paCC'lHTaHHOfi senH'lHHbl IIOnHoro Ce'leHHSI pOlKJl0HHSI 

CTpaHHblX 'laCTHII, TaK KaK Y'lHTbIBaBWHficg B Bbl'lHCneHH!IX <p. -MeaoH pacna.naeT-

CS! B OCHQBHOM Ha napy KK 1 TO ero p0lKJl9HHe TaKJKe xapaKTepHayeM IIOCTOSIHHOfi 

A • To, 'ITO KaHanbI co CTpaHHblMH 'laCTHIIaMn Y'lllTblBaIOTCSI cnenn¢11qeCKilM o6pa-
I 

SOM, aacTasnsieT Hae paCCMOTpeTb BOnpoc 06 y'leTe ·B Bbl'lllCneHH!!X. <p-(I) 

BSHHSI, BnH!IHHe aToro a¢¢eKTa Ha paccMaTpHBaBWH0CSI 

B3aHMO)lefiCTBilfi OKaaanocb H93Ha'lHT9nbHblM, 

-cMewn- l 
xapaKTepncTHKH·Heynpyrnx 

Bo BTOpofi rnaae IIOAp06Ho paCCMOTp9Hbl •TaIClKe HeICOTOpble BOIIpOCbl, CBSI3aH­

Hble C TeXHHICQfi Bbl'lHCneHHfi B paMICaX YHHTap!U)-CHMMSTPH'lHOlt, CTaTHCTH'leCKOfi MO-

.nenn. IloKa3aHo, KaIC C IIOMOlllblO T9XHHKH ,seCOBblX AHarpaMM H CX9Mbl lllnafiaepa 

nnn c IIOMOlllbIO i:1narpaMM K>Hra, Haxoi:1si P!lll Kne6wa-rop,naaa .nnsi npsiMoro .npoaa-

BeAeHHSI npe.ncTaBneHnfi SU(3) , Bbl'lHCnHTb 'yHHTapHbllt Bee' Un (p,q) AnSI mo-

6oro. npeACTasneHHSI (p, q) • 3,necb lKe IIpHB9,[19Hbl T&6nHIIbl aHa'leH.e:il: q YHHTapHblX 

secoa• i:1nsi npaKTH'leCKH Han6onee HHTepecHblX nponeccos Heynpyrnx saanMoi:1elt-

CTBHfi 'laCTHU BIInOTb JlO n = 10, npn n l'o = 0,1,2. 

KpaTKO o6cyJKJiaeTCSI TaKJKe BOIIpoc O BbitincneHHH Kos¢¢ HIIH9HTOB pacnpe,nene­

HH!! KOH9'lHblX 'laCTHII no aaOTOIIH'l9CKOMY CIIHHy H rnnepaap!!Jly ( KBa.npaTbl COOTB9T­

CTBYIOlllllX naocKangpHblX ¢aKT0pos). Ha np11Mepe IIPSIMOfO npoaase.neHH!I Tpex OKTeTOB 

IIOKaaaHo, KaK MOlKHO paana'laTb nonyqaromaecg, B :a)TO!yl cny'lae. B peAyKIIHH HenpH­

BO,[IHMble npeJICTasneHHSI O)lHHaKOBOfi paaMepHOCTH ( 'ITO O'l9Hb BalKHO npa. Bbl'lilCne-. 

Hl!H HaocKangpHblX ¢aKTopoB). 06cylKJiaeTC51 TaKJKe BOIIpoc .o BOaMOlKHQCTH IIpilMeHe­

HHSI TexHHKH npoeKIIHOHHblX onepaTOpOB .nnsi Bbl'lHCneHH51 KOa¢¢HIIll.eHTOB Kne6wa­

ropi:1aHa, 
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Ha IIPHB9Jl9HHblX B 8TOfi rnase peaym,TaTQB HeTpyJIHO BHJleTb, 'ITO sepOSITHOCTH 

Ka11anos; B KOTOpbIX pOlKJlaIOTCSI 'laCTHIIbl, npnHaJln9lKalllll9· K SU (3) -Mylll,TllIIn9TaM 

. OJlHHaKOBOfi paaMepHOCTH, paana'laIOTC51 nHWb KBaApaTaMH COOTBeTCTBYIOlllHX KOS~ 

¢nnneHTOB Kne6wa-fopi:1aHa, 'ITO no' cpaBH9HHIO C o6m.enpBHSITOfi CTaTHCTil'l0CKOi!. 

MO,[lem,ro aH8'lHT9nbHO ynpomaeT 'lBCneHHble pac'leTbl, 

B. rnase III .nnccepTannn nanaraIOTCSI peaynbTaTbl IIpHM9H0Hll51 HOBQlt MO)le-. 

nn K nay'leHBIO MHOlK9CTB9HHOro polK)l9HllSI 'l8CTHII B Heynpyrux + r; - p -BSaHMO,[lefi-

CTBH!IX B o6naCTB 8Heprun T = 2- 10 ras H B nponeccax- pp - u np · - aHHHrn-

n!IUHB B noKoe. Bee He06XOJlllMble 'lBCneHHbie pac'leTbl IIpOBOJIHnBCb Ha aneKTPOHHO­

C'l9THblX M8WHHaX BU OHHH. 

ITpose.neHH09 paCCMOTp9HHe Heynpyrux 
+ rr-p -Ba8HMOJl9fiCTBBfi IIOK8ab!B89T, 

· 'ITO Haunyqwee cornacae paC'l9THbIX xapaKTepHCTBK C 8KCII9pBM9HTalll,HblMH. 11a6mo-, 

Jl88TC51 ,nng cpe,nHefi MHOlK9CTB9HHOCTH ·aap51lK9IIIIblX 'l8CTHII 
-+ n- JlnSI BepOS!TlIOCTH 

o6paaoaaHH51 asea.[l c paana'lHblM qncnoM nyqefi n npn A -= 0,06 .nnsi nonHoro ceqe-

HHS! pOlK)l9HBSI CTpaHHb!X 'lac:;rnn Il no1moro ceqeHHSI POlKJl9HHSI nap KK· B, o6nacTu. 

aHepruu T > 4 ras. 1iTO xacaeTC!I Ce'leHHfi OTAenbHblX KaHaJIOB, .TO -B cnyqae 6om,-

woro qncna polKJlaromuxcg 'laCTHII H B o6nacTH aHepruil 6om,wux HecKom,xux .raa· 

OTMe'laeTCSI xopowee· cornacne C OIIblTOM. 3aMeTHOe paCXOlKJ:18Hll9 Ha6nro)laeTCSI nHWb 

)lng KaHanoB . C ManblM 'lBCnOM BTOpH'lHb!X 'laCTHII / ll / . . 

.!lnsi cnyqag pp - ll n p - aHHBrHn!lllHfi B IIQKOe Ilpll A = 0,034 .nnsi 6om,-

WHHCTBa xapaKTepHCTHK cornacne pac'leTOB C 8KCII9pHM0HTQM xopotiJe'e, HCKnIO'laSI 

OilS!Tb-TaKH KaHanbI C ManbIM 'iHCnQM BTOPJl'lHblX• 'laCTHII.· IlpOBe.neHO TaKlKe cpaB-

H9HHe )lng cny'laSI pp -aHHHrHn!lllBil HaWHX pac'leTOB C aHanorn'lHblMH peayJ!bTaTa~ 

MH , nonyqeHHbIMH B paMKax wupoKo o6cylK,naeMofi B • HacToS!lllee .apeM!I s nnTepa-rype 

/12/ 6 · ,.: 
MO,[lenn KBapKOB , Ha npHB9,[19HHblX B ,[IHC~epTaIIHII Ta n11n peaym,TaTOB BBJIHO, 

'ITO Hamu peaynbTaTbl aaMeTHO nyqwe cornacyIOTC51 C aKcnepnMeHTOM. 

.!111ccepTAIIB!I co.neplKHT TaJOKe. - 3aKnIO'l9Hlle,. r)le IIOJIB9J:ll;lll'.bl Kp8TKHe .nTorn · 

pacCMOTpemi:lt, npose.neHHbtX B • pa60Te; Si IlpunolKeHHe, co.neplKalllee. KBBJipaTi,t, uaocKa­

ngpHbIX ¢aKTOPOB /In.\! P!!Jla COCT051HHfi (I,\') . ,_. B OTJl9nbHbIX npe.[lCTasneHH!IX (p, q) 

.ttn51 cnyqaes npSIMoro npo.11aBe.tteHH!I HecKom.xux npeAcTaaneHBfi rpynIIbI SU(3). 
. . · · --17-11/ . . 

0CHOBHble peaym,TaTbl ,tlHCCepTaIIHH ony6nHKOBaHbl B pa60TaX . ll JlOKna-

AblBan11Cb Ha BceC.OI03RQM .CQB9IllaHBH no .¢HaHK9 -~QCMH'leC1{BX1 nyqe~ .(Af!Ma-ATa, 

1966 ro.n.) n Ha ceccHB OTAene11nS1 !!JlepHofi ¢nauK11 AH. ,CCCP _(Moc::::3a, !IHBSpb 

1967 r.). 
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