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Te~peTH~eCKOH .l11311~H 06)eA11HeHHOro 11HCTHTYTa R1epHWX 11ccne100a

~HH, ,lly6Ha; MoCKOBCKOA o6naCTH. 

C IHCCepTauHiA_MO■HO 03HaKOMHTbCR•B 6H6n~oTeKe 06)eAHHeHHOro 

HHCTHTyTa·R1epHwx' 11ccneioaaHHA. 

Y4eHWH ceKpeTapb CoaeTa 

KaHAHAaT IH3HKO-MaTeMaTH4eCKHX HayK 

P.A.AcaH9B 
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06JAH XAPAKTEP11CTl1KA PA60TW 

~KTyanbHQCTb TeMW 

npo6neMa•TeopeTH4eCKoro Hccne100aHHR npouecca MHomecTBeHHoro 

pom1eHl1R - 01Ha H3 ueHTpanbHWX B -~3HKe 3neMeHTapHWX 4aCTHU, ,llon

roe apeMR 3KcnepHMeHTanbHOe H3y4eHHe TaKHX npoueccoa 6blno B03Mo■-

Ho TOnbKO B KOCMH4eCKHX ny4ax. HecMOTpR Ha 60nbWHe MeTOIH4eCKHe 

TPYAHOCTH, CBR3aHHWe co 3Ha4HTenbHWMH norpeWHOCTRMH H3MepeHHA, IH-

3HK_a_ KOCMH4·ecKHX ny4eH 3ano■Hna __ OCHOBbl npe1cTaaneHHH O AHHal-1HKe 

MHO ■ecTBeHHoro pom1eH11R. HoaeAw11~ nporpecc·a 3TO~ o6nacTH 1ocTHr

HyT 6naro1apR coapeMeHHblM YCKOpHTenRM /011Hl1, 11<1>B3, UEPij, <l>HAJ H 

IP,/, KOTOpwe n03BOnHnl1 flPOBeCTH 1eTanbHOe HCCne10BaHHe MHO ■ecT

BeHHWX npoueccOB B WHPQKOM HHTepaane 3HeprH~ OT 1eCRTKOB AO COTeH 

r3B. Oco6yw aKTyanbHOCTb 3Ta npo6neM~ npHo6peTaeT B CBR3H c C03Aa

HHeM B Te4eH11e 6nH ■ aHW11X 1ecRTH-nRTHa1ua.TH neT HOBblX ycKOPHTenb

HWX KOMnneKCOB Ha caepxBWCOK~e 3HeprHH /ycKOPHTenbHO-HaKOnHTenb

HW~ KOMnneKc B 11<1>B3, TeBaTpOH BO <!>HAJ ~ 1p./. 

Ba ■HOCTb H3y4eHl1R -~HaMHKH npoueccoB MHO■eCTBeHHOrO pom1eHHR 

/KOTOpble cocTaBnRIDT 6onee 80¾ C06WTHA np11 BWCOK11X 3HeprHRX/ o6yc

naanHBaeTCR eme 11 TeM laKTOM, 4TO H~H eaKTH4eCKH onpe1enRIDTCR H 

ynpyrHe npoueCCbl, KaK 3TO cne1yeT H3 ycnOBHR yH11TapHOCTl1, T,e. 

ynpyrHe CTOAKHOBeHHR, no-BHAHMOMY, npoRBnRW~CR KaK "TeHb" Henpy

rHx KaHanoa. 

npH aHanH3e MHO ■eCTBeHHOrO o6pa3oBaHHR 3AeMeHTapHWX 4acTHU 

6b1no pa3BHTO 3Ha4HTenbHOe 4Hcno Mo1eneA H leHOMeHonor114eCKHX cxeM, 

nocne100aTenbHblH no1xo1 6a311pyeTCR Ha OCHOBHblX npHHU11nax H BblB0-

1ax KBaHTOBO~ TeOp11H nonR /KTn/, Ha npoTR■eHHl1 Tpex 1ecRT11neTHA 

OcTamme~CR OCHOBHWM TeopeTH4eCKHM MeTOAOM AnR Hjy4eHHR B3a11Mo1e~

CTBl1R 3neMeHTaphWX 4acTl1U, Ha4ano 11HTeHCHBHoro pa3BHT11R KTn 1nR 

11ccne1oaaH11R IH3H4eCK11x npoueccoa aocxo1HT K pa6oTaM H.H.6oronm-

6oa/11. KOTOPblM,6blnO npe1nomeH,o H pa3B11TO npe1cT~BneH11e 06 aMnnH

Ty1e pacceRHl1R KaK O e111HOH aHan11Tl14eCKO~ WYHKU11H CBOl1X nepeMeH

HWX. 3TO n03B0A11nO C e1HHO~ n0311UH11 no10ATH K COBOKynHOCTl1 WH311-

4eCKHX npoueccoB, npottCXOIRWHX B pa3Al14HWX KaHanax.<l>yH1aMeHTanb

HwA nporpecc a noH11MaHnn ltt311Kn MHO■ecTaeHHwx npoueccoa 6bln 10-

cT11rHyT B pa6oTax :A.A._~oryHoaa121 , KO_TO_pblA, HCXOAR H3 np11HUHnOB 

Teop11n nonR,CTporo,10Ka3an PRA ac~MnTOTtt4eCK11X CBO~CTB 11 orpaHH-

Oo'iJ.':_ri 1, .1. :.;O .mcnrryr. 
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4eHttA Ha 3HepreTtt4eCKOe noae1eHtte xapaKTepttCTttK MHOmecTBeHHhlX peaK

UttA. Onpe1eRRromee BRttRHtte KaK Ha TeopeTtt4eCKtte ttccRe1oaaHttR, TaK tt 

Ha 1eH0MeHORortt4ecKtte nocTpoeHttR oKa3aR npe1RomeHHWA tt pa3BttTwA a 

pa6oTax' 2 •3' ttHKRID3ttBHhlA no1xp1 B TeOptttt MHOmecTBeHHOro pom1eHttR 

4aCTttU, n03B0RttBWttA BCKPhlTb PRI HOBWX 3aKOHOMepHOCTeA, cymecTBeH

HWX lhR noHttMaHttR MexaHtt3MOB o6pa3oBaHttR BT0ptt4HWX 4aCTttU. Ha oc

HOBe o6mttx npttHUttnoa KTn B pa6oTax141 ~WR BWIBHHYT tt ttccRe1osaH 

npttHUttn aBTOMOleRbHOCTtt B rRy60KOHeynpyrttx tt HHKRID3HBHblX npoueccax. 

no1TBepm1eHHaR 3KcnepttMeHTaRbHO aBTOMOAeRbHOCTb HRH MacrnTaOHaR HH

aapttaHTHOCTb, swpamaromaRcR B no106tttt 3HepreTtt4eCKHX 3aBHCHMOCTeA 

tt IOPMW cneKTpOB a1poH-a1poHHWX, RenTOH-alpOHHWX tt IOTOH-a1poHHhlX 

peaKuttA, CBHAeTeRbCTByeT B nORb3Y samHoro CBOACTBa YHttBepcaRbHOCTH 

npoueccos o6pa30BaHttR 4acTttU. 8 paMKax HHKAID3ttBHOro pacCMOTpeHttR 

6wRa BWIBHHyTa tt1eR o Heo6XOIHMOCTH sw1eReHHR pa3RH4HWX 06RacTeA 

la3osoro npocTpaHcTaa, cooTaeTcTayromttx, aoo6me roeopR, o6pa3oBaHttro 

pa3RH4HWX no npttpo1e rpynn BTOptt4HWX 4aCTttU, nttwb B COBOKynHOCTH 

1aromttx Ha6Rro1aeMyID MHomecTBeHHOCTb/S/_ 3Ta ttAeR ecTeCTBeHHblM o6pa-

30M npttBOIHT K rttnOTe3e cyweCTBOBaHHR B OIHOM aKTe B3attM01eACTBHR 

HeCKORbKHX /ABYX HRH 6onee/ MexaHtt3MOB o6pa3oBaHHR BTOptt4HWX 4ac

TttU, RemameA B OCHOBe MHOfOKOMnOHeHTHOro no1xo1a K onttcaHttID npo

ueccoB MHomecTBeHHoro ,o6pa3oaaHttR aapottoa/
6/. 

Heo6XOIHMOCTb B03HHKHOBeHHR TaKoro no1xo1a o6ycnaanttaaeTCR 

PRIOM 3KcnepttMeHTaRbHWX laKTOB H TPYIHOCTeA, CBR3aHHWX C HX Teope

Ttt4eCKHM onttcaHtteM. YCROBHO, no1xo1w K MHOmeCTBeHHOMY pom1eHttID nptt 

BWCOKHX 3HeprttRX MOryT 6wTb pa36ttTW Ha Tptt 60Rbwtte rpynnw. nepBaR, 

ttCXOIHT H3 npe1noRomeHttR, 4TO B npouecce coy1apeHHR IBYX a1poHOB 

06p~3yeTCR e1ttHaR B036ym1eHHaR CHCTeMa, pacna1 KOTopoA 1aeT Ha6RID-

1aeMwe BTOPH4HWe 4aCTHUW. K 3TOA rpynne OTHOCRTCR rtt1po1ttHaMtt~ec

Ktte tt CTaTHCTtt4eCKtte MOleRtt 171 • 
BTopaR rpynna npe1noRaraeT, 4TO nptt coy1apeHtttt B03HttKaIDT 1se 

CHCTeMw, CBR3aHHWe C nepBtt4HWMH a1poHaMtt, notRe1yromttA pacna1 KOTO

pwx 1aeT Ha6Rro1aeMyID MHOmeCTBettHOCTb. Cro1a OTHOCRTCR MOAeRtt TOP

M03Horo tt3Ry4eHttR, eparMeHTautttt, HeynpyroA AttlpaKUtttt 181 . 
Mo1eRtt MYRbTttnepttleptt4ecKoro tt MYRbTttpe1mescKoro Tttna, KRac

TepHwe tt CTPY~Hwe no1xo1w OTHOCRTCR K TpeTbeA, ttatt60Ree HHTeHcttBHO 

pa3BttsaromeAcR s nocRe1Hee speMR rpynne Mo1eReA, aneRRttpyromttx K pac

CMOTpeHttro CttCTeM c MHOrttMH B036ym1eHHWMH ueHTpaMtt 191 . 
0TMen1M, 4TO nptt BblCOKttx 3HeprttRX l PL ~ IOO f38/c / MOleRtt, 
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OCHOBaHHwe Hp npe1cTaBReHttRX TORbKO O cTaTttCTtt4eCKOM, lttlpaKUHOH

HOM Rtt6o nepttleptt4eCKOM MexaHtt3MaX MHomecTBeHHOro pom1eHttR, BOT-

1eRbHOCTH He 1aroT xopowero onttcaHHR HHKRID3HBHWX pacnpe1eReHttA H HX 

xapaKTepttcTttK. TaKttM o6pa30M, K pa3Rtt4Hb1M no npttpo1e rpynnaM BTO

ptt4Hwx 4aCTHU /Rttlttpyromtte a1pOHW, ,4aCTttUW tt3 06RaCTtt nttOHtt3aUtttt, 

CTpytt a1poHOB nptt 60RbWttX nonepe4HWX ttMnyRbCax tt T.1./ IORmHW 6WTb 

npttMeHeHw tt pa3Rtt4HWe npe1cTaBReHttR o MexaHtt3Me ttx o6pa3osaHttR, 

4TO H RBRReTCR OCHOBHblM noRomeHtteM MHOrOKOMnoHeHTHoro no1xo1a. 

KOHKpeTHOe onttcaHtte MexaHtt3MOB o6pa30BaHttR 4aCTHU y1aeTCR nORY4HTb 

B paMKax pa3RH4HWX MOAeReA KBaHTOBOA Teop~tt nORR. 

MHOrOKOMOOHeHTHOMY no1xo1y tt TeopeTHKO-noReBOMY onttcaHHID Me

xaHtt3MOB MHOmeCTBeHHOro pom1eHttR 4aCTHU nptt BWCOKHX 3HeprttRX tt 

nocsRmeHa HacTORmaR IHCCepTaUttR. 

UeRb pa60TW COCTOHT B IOPMYRHPOBKe MHOrOKOMOOHeHTHOro no1xo1a 

B Teoptttt MHomeCTBeHHOro pom1eHttR a1poHOB, pa3BttTtttt Ha 6a3e KTn Me

TOIOB onttcaHttR MexaHtt3MOB MHomeCTBeHHOrb o6pa30BaHttR 4aCTttU, 00380-

RRIDmttx 3lleKTttBHO HHTepnpeTttpoBaTb 3KCnepttMeHTaRbHWe 1aHHwe no 

a1poH-a1poHHWM CTORKHOBeHttRM nptt BWCOKHX 3HeprttRX. 

Hay4HaR HOBH3Ha tt npaKTH4eCK3R ueHHOCTb 

B 1ttccep1autttt ttccRe1oaaHa npo6ReMa TeopeTtt4ecKoro onttcaHttR tt 

leHoMeHOROrtt4eCKoro aHaRtt3a MHOmeCTBeHHWX H noRyttHKRID3HBHWX pacnpe-

1eReHttA tt HX KOppeRRUttOHHWX MOMeHTOB. noKa3aHo,, 4TO cospeMeHHWe 

cae1eHttR o ltt3ttKe MHomecTBeHHwx a1poH-a1poHHwx npoueccos cstt1eTeRb

CTByroT O HaRtt4HH PRla MexaHtt3MOB o6pa3osaHttR BT0ptt4HWX 4aCTHU, co

OTBeTCTBYIDmttx pa3Rtt4HWM 06RaCTRM 1a3osoro npocTpaHCTBa. Pa3BHTW 

TeopeTtt4eCKtte MOAeRtt ARR onttcaHttR 3TttX MexaHtt3MOB, OCHOBaHHble Ha 

MeT01ax KBaHTOBOA TeOptttt noRR. B03HttKaromaR nptt 3TOM IH3tt4ecKaR Kap

TttHa 1aeT 803MOmHOCTb c1eRaTb BWBOI O npettMymecTBeHHOM pom1eHtttt 

BT0ptt4HWX 4aCTHU nptt BWCOKHX 3HeprttRX 4epe3 a1pOHHwe accouttaUHH 

/KRacTepw, pe30HaHcw/. CpaaHeHtte MOAeReA c 3KcnepttMeHTOM 1aeT xo

powee cornactte KaK s cRy4ae pom1eHttR 4acTttU c orpaHtt4eHHWMtt none

pe4HWMtt ttMnyRbCaMtt, TaK tt ARR npoueccos c 60RbWttMtt P1 . 
B IHCCepTaUttH pa3pa6oTaHw OCHOBhl MHOfOKOMnOHeHTHOro no1xo1a 

K onttcaHttID a1poH-a1pOHHWX CTORKHOBeHttA, pacKpwaaromero PORb OCHOB

HWX MexaHtt3MOB o6pa30BaHttR BTOPH4HWX 4aCTHU nptt BWCOKHX tt caepxsw

COKHX 3HeprttRX. TeopeTtt4eCKtte MeTOIW, pa3BHThle B 1ttccepTaUttH,MOry1 

6WTb npttMeHeHw IRR pa3pa60TKH HOBhlX MOAeReA tt leHOMeHOROrtt4eCKHX 
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cxeM B TeOpHH MHomecTBeHHOrO pomaeHHR 3JeMeHTapHWX 4aCTHU, 

Hcc1eaosaHHe, nposeaeHHoe B aHccep1aUHH, npHo6peTaeT oco6yID 

npaKTH4eCKYID ueHHOCTb B CBR3H C npeacTORWHM BBOAOM B CTpOA HOBoro 

noKOJeHHR ycKOPHTeJeA Ha CBepXBWCOKHe 3HeprHH, 

Pe3yJbTaTw IHCCepTaUHH MoryT 6WTb HCnOJb30BaHw npH nJaHHposa

HHH H HHTepnpeTaUHH pe3yJbTaTOB 3KCnepHMeHTOB, KOTopwe OyayT nocTaB

JeHW Ha 3T~X yCKOpHTeJRi, a TaKme AJR 061RcHeHHR pRaa 3aKOHOMepHOC

TeA, Ha61roaaeMWX B KOCMH4eCKHX Jy4ax/lO/ 

f•eayrowHe OCHOBHwe pe3yJbTaTW BWABHraroTCR AJR 3aWHTW: 

I, npeaJomeH H pa3pa6oTaH MHOrOKOMnOHeHTHWA noaxoa B TeOpHH 

MHOmeCTBeHHOro pomaeHHR 4aCTHU npH BWCOKHX 3HeprHRX, aarowHA nocJe

aoBaTeJbHYID OCHOBY AJR aHaJH3a 3KcnepHMeHTaJbHWX aaHHWX, noJy4eH

HWX Ha COBpeMeHHWX yCKOpHTeJRX B WHpbKOM HHTepBaJe 3HeprHA, 

'2. Pa3~a60TaH MeToa npH6JHmeHHR npRMOJHHeAHWX nyTeA B KBaHTO

BOA TeOpHH noJR AJR HeynpyrHX npoueccoB - aaeKBaTHWA MexaHH3MY 

MHomecTBeHHOrO pomaeHHR 4aCTH~ C orpaHH4eHHWMH nonepe4HWMH HMnyJb

caMH, 
3. B paMKax npeacTaBJeHHA, noJy4eHHWX B KBa3HnoTeHuHaJbHOM 

~OpMaJH3Me B nepeMeHHWX CBeTOBoro ~pOHTa, C~OPMYJHpoBaHw npaBHJa 

KBapKOBOro C4eTa AJR HHKJID3HBHWX npoueccoB C 60JbWHMH nonepe4HWMH 

HMnyJbCaMH, HaAaeHw BwpameHHR AJR OCHOBHWX xapaKTepHCTHK noJyHHKJID-

3HBHblX peaKUHA, 

4, npea1omeH HOBWil 3aKOH noao6HR AJR noJyHHKJID3HBHWX npoueccos\ 

yaoBJeTBOpRIDWHA Tpe6oBaHHRM KBaHTOBOA TeOpHH noJR H 3KcnepHMeHTaJb

HO noaTBepmaeHHWA B onwTax Ha YCKOpHTeJRX /UEPH, H~B3,-0HHH/. 

5, npea1omeHa H pa3BHTa Moae~b aayx MexaHH3MOB AJR onHcaHHR 

npoueccOB C OOJbWOM MHOmeCTBeHHOCTbID, 

6, B paMKaX npea1omeHHOA B AHCCepTaUHH MHOrOKOMnOHeHTHOA MO

aeJH AJR noJy~HKJID3HBHWX npoueccOB ycTaHOBJeH H H3y4eH KOppeJRUH

OHHWA xapaKTep accouHaTHBHOA MHOmeCTBeHHOCTH H BWCWHX MOMeHTOB no

JY~HKJID3HBHWX ce4eHHA, 
7, B paMKax MOaeJH aayx MexaHH3MOB AOCTHrHyTo xopowee KOJH4ec

TBeHHOe onHcaHHe 3KCnepHMeHTaJbHWX aaHHWX no TOnOJOrH4eCKHM ce4e

HHRM H KOppeJRUHOHHblM MOMeHTaM B WHPOKOM HHTepBaJe 3HeprHA AJR pp, 

PP , Kp , rrN -B3aHMoaeACTBHil. 
H3y4eHa 3aBHCHMOCTb TOnOJOrH4eCKHX xapaKTepHCTHK OT KBaHTOBWX 

4HCeJ CTaJKHBarowHXCR aapOHOB. 
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8. Bnepawe npeacKa3aHo HaJH4He npH BWCOKHX 3HeprHRX 3~~eKTa 

nOJOmHTeJbH~X 3apRAOBO-HeATpaJbHblX KOppeJRUHA H KOppeJRUHA MHomecT

BeHHOCTeA 4aCTHU, pomaeHHWX Bnepea H Ha3aa,-3KCnepHMeHTaJbHO 06Ha

pymeHHwx B onwTax Ha YCKOPHTeARX /H~B3-0HHH, CERN, FNAL/. 

9. Pa3BHTa KOHUenUHR cy■eCTBOBaHHR aapoHHWX accounaunA BTOpH4-

HWX 4aCTHU /KJacTepoe/, He npOTHBOpe4awaR COBpeMeHHWM 3KcnepHMeH

TaJbHWM aaHHWM ~ aarowaR npeac~a3aHHR KaK IAR YCKOpHTeJ~HOA ~H3HKH 
BWCOKHX 3HeprHA, TaK H IJR ~H3HKH KOCMH4eCKHX •y~eA, 

~npo6auHR nnccepyaunn 

DcHOBHWe MaTepHaJw AHCcepTaUHH AOKJan~BaJHCb Ha ceMHHapax Ja-

6opaTOpHH TeopeTH4eCKOA ~H3HKH 06ieaHHeHHOro HHCTHTyTa RaepHwx HC

CJenoBaHHA, HHCTHTyTa 'H3HKH BWCOKHX 3HeprnA, EpeBaHcKoro ~H3H4ec

Koro HHCTHTyTa, HP6 /3arpe0/, XeJbCHHCKOro YHHBepCHTeTa, Hay4HWX 

cecCHRX OH~ AH CCCP /1977-80 rr./, ceKUHRX Y4eHoro coeeya OHHH no 

TeopeTH4eCKOil ~H3HKe /1978 r./ H no ~H3HKe BblCOKHX 3HeprHA /1979 r./, 

MemnyHaponHwx WKOJax OHHH H UEPH-OHHH no ~H3HKe BWCOKHX 3HeprHA 

/C04H -"1974 r., A1ywTa - 1975 r., 6aKy - 1976 r., foMeJb - 1977 r., 

npHMOPCKO - 1978 r./;- MemnyHaponHwx KOH~epeHUHRX no ~H3HKe BWCOKHX 

3HeprnA /KHeB - 1970 r., T6HJHCH - 1976 r,/; MemnyHapoaHwx CHMn03H

yMax H ceMHHapax /6aKy - 1973 r., 0Kc~opn - 1975 r., CyxyMH - 1975 

r., Jly6Ha - 1976,1978 rr,, 3arpe6 - 1977 r., Cepnyxoii - 1977,1979 
rr./ H np. 

ny<iJHK_aUHH 

no pe3yJbTaTaM AHCCepTaUHH ony6JHKOBaHo 27 CTaTeA, 

06ieM pa60Tbl 

JlHccepTaUHR COCTOHT H3 nRTH rJaB OCHOBHoro conepmaHHR, 3aKJID-

4eHHR H 6H6JHOrpa~H4ecKoro CnHCKa JHTepaTypbl, conepmHT 210 CTpaHHU 
MaWHHOnHcHoro TeKCTa •. 

COEEPmAHHt PA6~TM 

nepeaR rJaBa AHccepTaunn HOCHT BBOAHWil xapaKTep. B Heil naeTCR 

KpaTKHA 063op OCHOBHblX 3MnHpH4eCKHX 3aKO~OMepHOCTeA H TeopeTH4eCKHX 

nonxonos, ~BR3aHHwx c onHcaHHeM Heynpyroro coynapeHHR'~apoHOB npn 

BblCOKHX 3HeprHRX, PacCMOTpeH Kpyr -TeopeTl'!4eCKHX HAeA H 3KcnepnMeH

TaJbHWX ~aKTOB, npHBOARWHX K rHnOTe3e cywecTBOBaHHR B OIHOM ·aKTe 

B3aHMOAeilcTBHR HeCKOJbKHX MexaHH3MOB oOpa3oBaHHR BTOPH4Hb1X 4aCTHU, 
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3Ta rnnoTe3a nemnT B ocHoBe MHoroKoMnoHeHTHoro no1xo1a B Teopnn 
MHomeCTBeHHOro pom1eHnR a1poHOB. TaKO~ no1xo1 BOCXOlnT K n1ee? 
Heo6xo1nMOCTn 0w1eneHnR pa3nn4HWX o6nacTeH Da3osoro npocTpaHCTBa, 
COOTBeTCTByIDmnx o6pa3oBaHnID pa3Rn4HWX no npnpo1e rpynn BTOpn4HWX 
4aCTnu, B COBOKynHOCTn 1aIDmnx Ha6nID1aeMyID MHOme~TBeHHOCTb. 

B cny4ae pom1eHnR 4acTnu c orpaHn4eHHWMn nonepe4HWMn nMnynb

caMn, 4TO COCTaBnReT OKOAO 80% Bcex co6wTnH, OCHOBHOH BKna1 1aIDT: 
- 1nccounaunR nn1npyIDmnx a1poH0B, npn 3TOM BTOpn4Hwe 4acTnuw 

HecyT nHDOpMaunID O KBaHTOBWX 4ncnax CTanKnBaIDmnxcR 06beKTOB; 
- He3aBncnMoe ncnycKaHne a1poHHWX accounaunH /KnacTepos/. 
Pom1eHne YacTnu c 6onbwnMn nonepe4HWMn nMnynbcaMn MomeT 6WTb 

3DDeKTnBHO onncaHo c yYeToM MexaHn3Ma mecTKOro coy1apeHnR; npnso
lRmero K B03HnKHOBeHnID KOHyca BTOpn4HblX 4acTnU Bnepe1-Ha3a1 no OT

HOWeHnID K Bb11eneHHoH 4acTnue c 6onbwnM PJ. • 
BTopaR rnasa nocBRmeHa n3y4eHnID MexaHn3Ma pom1eHnR 4acTnu c 

orpaHn4eHHWMn nonepe4HWMn nMnynbcaMn B paMKax Mo1eneH KBaHTOBOH 

Teopnn nonR B npn6nnmeHnn npRMonnHeHHwx nyTeH /nnn/. Hcxo1R n3 
DeHHMaHOBCKOH nHTepnpeTaunn aMnnnTYIW pacceRHnR KaK cyMMW no nyTRM, 
MomHo cKa3aTb, 4TO ncnonb3yeMoe npn6nn>KeHne 3KBnsaneHTHO yYeTy ny
TeH, Han6onee 6nn3KO npn6nnmaIDmnxcR K Knaccn4ecKnM TpaeKTOpnRM 
4acTnu. ~n3n4ecKn TaKoe npn6nnmeHne a1eKBaTHO n1ee nn1npyIDmnx 4ac
Tnu, Hawe1weH wnpoKoe pacnpocTpaHeHne npn onncaHnn a1poHHwx npo

ueccoB npn swcoKnx aHeprnRx. 
B nepBOM naparpaDe C ncnOAb30BaHneM MeT01a KbHTnHyanbHOro nH

TerpnpoBaHnR pacCMOTpeHw npoueccw pacceRHnR IBYX HYKAOHOB c o6pa- . 
30BaHneM Me30HOB B CKanRpHOH Mo1enn cl& ~ l/1 21 lleTaAbHO nccne10-

• J 
BaH cny4aH pom1eHnR OIHOH 4acTnuw. noKa3aHo, 4TO B HeKOTOpoH 06-

nacTn nMnynbcOB pom1eHHWX Me3oHOB /"MRrKne" 4acTnuw/ HeynpyryID 
aMnnnTYIY MOmHo awpa3nTb 4epe3 ynpyryID, npn4eM nocne1HRR npe1cTa

BnMa B 3HKOHaAbHOH DOpMe. 
Bo BTOpoM naparpaDe no1po6Ho nccne1yIDTCR aMnnnTYlbl ynpyroro 

n Heynpyroro pacceRHnR B Mo1enn C o6MeHOM BeKTOpHWM Me30HOM. HaH-
1eHbl 3aMKHY.Tble aHannTn4ecKne Bb1pameHnR 1nR aMnnnTyA ynpyroro pac
ceRHnR 1ayx HyKnoHoa, a TaKme aMnnnTyl Heynpyrnx npoueccoa pom1e
HnR Me30HOB B CTOAKHOBeHnRX IBYX HYKROHOB. 

AcnMnTOTn4eCKOe noae1eHne HaH1eHHWX aMnRnTyl B npe1ene BWCO
KnX aHeprnH n3y4aeTc~ a paMKax pa3anToro a 3TOH rnaae nnn. noKa3a
Ho, 4TO npn 5-o-o n DnKcnpoaaHHOM t nponcxo1RT coK,_PameHnR nora-
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pnDMn4ecKnx 4neH0B B acnMnTOTnKe aMnnnTy1 npoueccoa. npn 3TOM aMnnn

Ty1a ynpyroro pacceRHnR MOmeT 6WTb npe1cTaBneHa B 3HKOHaAbHOH Dop
Me. BKna1w pa1naunoHHwx nonpaaoK a 1aHHOM npn6nnmeHnn DaKTOpn3y~T
CR B an1e yHnaepcanbHoro MHomnTenR H (tl , 3aancRmero nnwb OT KBa1-
paTa nepe1aHHoro nMnynbca. B o6nacTn nepe1aHHblX nMnynbcoa, orpaHn-

YeHHblX ycnoaneM I ti<< m2 , r 1e m - Macca HyKnoHa, aenn4nHa 

HI t I nMeeT 3KCnOHeHunanbHY~ 3aBnCnMOCTb OT I , 4TO npnao1nT K 
noRaneHnID 1nDpaKunoHHoro nnKa B pacceRHnn 4acTnu Ha Manwe yrnw B 
cooTBeTCTBnn c rnnoTe3oH rna1KocTn noKanbHoro KBa3nnoTeHunana. no-
106Hoe noae1eHne aMnnnTy1w pacceRHnR COOTBeTCTByeT, B HeKOTOpOM 
CMwcne, KorepeHTHOMY B3anM01eHcTBnID BnpTyanbHWX Me30HOB, o6pa3yID

mnx "wy6yll HYKAOHa. 
llaH 1eTaRbHWH BWBPI KOHTnHyanbHOro npe1cTaBneHnR IAR aMnnnTy1w 

pom1eHnR n Me30HOB. 00Ka3aHO CBOHCTBO DaKTOpn:iyeMOCTn HeynpyroH 
aMnnnTy1w s paMKax nnn. 

B TpeTbeM naparpaDe c noMOmbID nnn_nony4eHo pacnpe1eneHne no 
Yncny BTopn4HWX 4acTnu, nMeIDmee nyaccoHoBcKnH xapaKTep. ~ccne1osa
Ha 3a0ncnMOCTb cpe1Hero 4ncna 4acTnu·oT aw6opa napaMeTpOB o6pe3a
HnR nHTerpanoa B pa3nn4HblX acnMnToTnYecKnx o6nacTRx, T.e. OT orpa
Hn4eHnH Ha nMnynbcw po1nswnxcR 4acTnu. 

llnDDepeHunanbHoe ce4eHne pom1eHnR N=n 1 +n 2 Me30HOB B nnn 
nMeeT an1: ( :1 )ti ~ H (t), ,::; 1

2 
Wn, (S,t) Wn2 (s,t), 

/ I / 

r 1e n, n nz - BTOpn4Hble Me30Hbl, CBR3aHHble C OIHnM n3 CTanKnBa1omnx

CR HYKAOHOB, a Wn1 (nz) - pacnpe1eneHne 3Tnx Me3oHoB, nMeIDmee B cny-
4ae pom1eHnR "MRrKnx" YacTnu nyaccoHoBcKnH sn1. 

4eTBepTb1H naparpaD noCBRmeH n3y4eHnID CBR3n cpe1HeH MHOmeCTBeH
HOCTn C HaKnOHOM 1nDpaKunOHHoro nnKa n nonHWM ce4eHneM, KOTOpwe 
B03HnKaIDT B npoueccax pom1eHnR BTopn4Hwx 4acTnU c orpaHn4eHHwMn 
nMnynbcaMn, 

B nRTOM naparpaDe B paMKax nnn pa3anaaeTcR TeopeTnKo-nonesaR 
M01enb Ha OCHOBe TaK Ha3wsaeMoH KTn C HenpepwBHWM cneKTpOM Mace. 
no106Hoe paccMOTpeHne, no-an1nMOMY, RBnReTcR a1eKBaTHWM npoueccaM, 
B KOTopwx nponcxo1nT He3aancnMoe pom1eHne a1poHHwx accounaunH c 
y4eTOM aDDeKTa nn1npoaaHnR. 

TpeTbR rnaaa noCBRmeHa nOCTpOeHnID KOHKpeTHOH DeHOMeHonorn4ec
KOH cxeMbl IAR on~caHnR npoueccOB c 6onbWOH MHOmeCTBeHHOCTbID n orpa
Hn4eHHWMn nonepe4HWMn nMnynbcaMn BTOpn4HWX 4acTnU. Ha OCHOBe Teo-
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peTH4eCKHX pe3ynbTdTOB, nony4eHHMX B npeAMAymeA rnaae, nocTpOeHa 

TaK Hd3MBaeMaR MOAenb ABYX MexaHH3MOB, no3BOnRromaR 3lleKTHBHO ~nH

caTb 3KcnepHMeHTaRbHMe aaHHhle no MHomeCTBeHHhlM pacnpeAeReHHRM H HX 

KoppeRRUHOHHhlM MOMeHTaM B aApOH-aApOHHMX coyaapeHHRX. 

B weCTOM naparpa1e AaHa IOpMynHpOBKa MoaenH. Ee OTnpaBHMM MO

MeHTOM RBnReTCR npeAnonomeHHe, 4TO B Ha6RIDAaeMyro MHOmecTBeHHOCTb 

OCHOBHOA BKnaA BHOCRT o6naCTH la30Boro npOCTpaHCTBa, BM,llenReMMe 

cneAyromHM o6pa30M: 

- o6naCTb, COOTBeTCTByromaR BTOPH4HMM 4aCTHUaM, o6pa3oBaHHWM 

6naro.napR ,llHCCOUHaUHH CTaRKHBaromHXCR /RHAHPYIDmHx/ 4aCTHUi 

- o6naCTb, OTBe4aromaR He3aBHCHMOMY HcnycKaHHID pa3HOro COpTa 

HeATpanbHhlX a.npOHHhlX accouHaUHA C HyneBMM H30CnHHOM /KnacTepOB/. 

npH 3TOM aepoRTHOCTb pacnpeAeneHHR no 4Hcny KnacTepoa HMeeT 

BHA: 
t.J 

Wn,.,nz·· = rd.i/3j Pn, (< n,>)Pn
2
(<n2 ">)---, / 2 / 

rne "'-i ,./3j - aepoRTHOCTH i -Tor_o H) -Toro KaHaROB AHCCOUHaUHH Hane

TaiomeA 4aCTHUbl H 4aCTHl1,bl MHWeHl-1 COOTBeTCTBeHHO, ne ( < ne)) - MHO

mecTBeHHOCTb /cpeAHRR MHomecTBeHHOCTb/ KnacTepoa T1<1na t , Pn(<n>) 
- nyaccoHoacKoe pacnpeAeneHHe. 

~eHOMeHonorH4eCKHA aHaRH3 noKa3MBaeT, 4TO CTaRK1<1BaromHeCR aA

pOHM Al-1CCOUHHPY~T B cpeAHeM He oonee, 4eM' Ha TPH 4aCTHUM, H 4TO 

,llHCCOU1<1au1-1R paBHOBepORTHa ARR HaneTaromeA 4aCTHUhl 1-1 MHWeH~. EcnH 

npH 3TOM orpaHH4HBaTbCR, HanpHMep, pacCMOTpeHHeM KnacTepoB C Mo.na

MH pacnaAa He 6onee, 4eM B 4eTwpe 3apRmeHHMe 4aCTHUM, TO pacnpe.ne

neH1-1e no MHomecTBeHHOCTl-1 3apRmeHHblX 4aCTl-1U B npoueccax ap-nc1,+X0 

(a=p,p, K:!, 7[:! ) 6yneT HMeTb B1-1A 

[.nc·Z] 
2 • 

Wn = cl L Pn ( 6) Pn _2 _4' (a)+ 2cl. ( hi) 
c n=o =--.z.!1 

['f51 
t r1-c1..l L 

2 

PnrB) Pnc-S-4n (a) • 
2 

[nt"4] 
L Pn r&) ~c-4·4~a}t 
fl=O z 

I 3 I 

fAe ol. - aepORTHOCTb npOAHCCOUHHpOBaTb He 6ojee, 4eM Ha 0,llHY 3a

pRmeHHyro 4aCTHUY, a H 6 - cpe.nHHe 4Hcna KnacTepoa, pacnaAaromHecR 

Ha ABe 1-1 4eTMPe 3dpRmeHHMe.4aCTHUM COOTBeTCTBeHHO. 

B ceAbMOM naparpa1e Monenb ABYX MeXaHl-13MOB i,,cnonb3yeTCR AnR 

COBMeCTHOro onHcaHHR pacnpeAeneHHA no MHomeCTBeHHOCTH H 3apRAOBO-
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~
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1,,1 
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HeATpanbHhlX KOppenRu1-1A B aApOH-aApOHHhlX CTOnKHOBeHHRX. npH 3TOM 

OMRd npeACKa31Ha cymeCTBeHHaR 3aBHCHMOCTb npH BhlCOKl-1X 3HeprHRX 

cpeAHero 4Hcna HeATpanbHhlX 4aCTHU OT 4HCRa 3apRmeHHMX TpeKOB, non

TBepmAeHHdR anocne.ncTBl-11-1 3KcnepHMeHTanbHO B aApOH-d,llpOHHMX B3a1-1-

MO,lleACTBHRX Ha yCKOp1-1TenRX H~B3, ~HA~. UEPHa. POCT HaKnoHa 3~0A 

KOppenRUHOHHOA IYHKUHH C 3Hepri,,eA B COOTBeTCTBl-1H C npeAcKa3aHHRMH 

MOAenH 0Ka3ancR CBR3aHHMM c yaenH4eHHeM noni,, 6onee TRmenMx /MHoro-

4acTH4HMX/ a.npoHHMX accouHaUHA. 

lanee /§ 8/ MOAenb npHMeHReTCR ARR Bhl4HCneHl-1R 3aBHCl-1MOCTH 

cpeAHero 41-1cna 4aCTHU, pOAHBWHXCR BnepeA, OT 4HCna 4aCTl-1U, neTR

mHX Ha3aA. Pe3ynbTaTM TeopeTH4eCKHX paC4eTOB HaXOARTCR B cornacHH 

C nony4eHHWMH HeAaBHO 3KCnep1-1MeHTanbHMMl-1 .naHHhlMl-1. 

B .neBRTOM naparpale- a paMKdX MHOrOKOMnoHeHTHoro nO,llXOAa /3/ 

paccMOTpeHa npo6neMa e.nHHOro oni,,caHHR Tononor1-14ecKHX xapaKTep1-1c

THK MHOm~CTBeHHMX pacnpeAeneHHA, cpe,llHHX MHOmecTBeHHOCTeA, APYr1<1x 

KOppenRUHfHHhlX napaMeTpOB H HX 3HepreTH42CKOA 3aBl-1CHMOCTH AnR pa3-

nH4HMX Tl-1nOB CTanK1<1Barom1-1xcR npi,, BMCOKHX 3Heprl-1RX a.npOHOB. Mo.nenb 

AaeT xopoweecornac1-1e C HMelOmHMHCR 3KCn~pl-1MeHTanbHMMl-1 .naHHhlMH no 

PP, pp, K±p, ,r:!:p COYAapeHHRX B wi,,poKOM HH;epaane 3HeprHA. lenaroTCR 

BMBO,llhl O caoACTBaX anpOHHMX accouHaUHA /KnacTepoB, pe3oHaHCOB/ H 

MexaHH3MOB o6pa3oBaHHR BT0pH4HhlX 4acT1<1U, B 4aCTHOCTH, noKa3aHO 

B03pacTaH1<1e npH BhlCOKl-1X 3Heprl-1RX BKna.na MHOr04aCTl-14HMX a.npoHHhlX 

KnacTepoa. 

4eTBepTaR rnaaa_nocaRmeHa H3y4eHHID HHKnl031-1BHhlX peaKUHA C 6onb

WHMH nonepe4HMMH HMnynbCaMH - 0,llHOro H3 aamHMX MexaHH3MOB, npHBO

ARm1-1x K o6pa30BaHl-110 60RbWOA MHOmecTBeHHOCTH BTOPW4HhlX 4aCTl-1U. 

C 3TOA uenblO B AeCRTOM naparpale nony4eHbl npe.ncTaaneHHR ARR 

HHKRID3HBHhlX ce4eH1<1A o6pa3oBaHHR 4aCTHU C 60RbWl-1MH nonepe4HhlMH HM

nynbCaMH. npi,, 3TOM 60RbWOe BHHMaHHe ynenReTCR aHaRH3Y npH6RHme

HHA, npHBOAR~HX K KBapK-napTOHHOA KapT1<1He B3a1<1MO,lleAcTBl-1~ a.npoHOB. 

HcnORb3yeTCR TpexMepHaR IOPMYRHpOBKa KBaHTOBOA Teopi,,H nonR, B KO

TopoA BORHOBMe IYHKUHH aApOHOB HMelOT CMMCR aMnR1<1TYA aepoRTHOCTH. 

B o.n1-1HHanuaTOM naparpale nonpo6Ho paccMOTpeHo np1-16n1-1meHHe, 

KOrAd B npouecce coynapeHHR OAHH H3 Ha4aRbHMX aApOHOB RBRReTCR 

RHAl-1PYIOmHM. Janee/§ 12 f H3y4eHM 1-1HKRID3HBHMe pacnpeAeneHHR 1-1 ac

cou1-1aTHBHaR MHOmeCTBeHHOCTb B cny4ae o6pa3oBaHHR CHCTeM aApOHOB C 

60RbWHMH nonepe4HMMH HMnynbcaMH /MeXdHH3M "CTpyA"/. 8 4aCTHOCTl-1, 

KaK OAHO H3 cne.ncTBHA 3Toro MexaHH3Md MOmHO OTMeTHTb yHHBepcanb-
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HOCTb onncaHnR rny6oKoHeynpyrnx npoueccoB c yyacTneM nenTOHOB ~ 
a1poH0B, OcHOBHOe MecTo B TpnHa1uaToM naparpawe 3aHnMaeT nccne10-
BaHne cTeneHHoro nose1eHnR ce4eHn~ nHKnffi3HBHblX npoueccoB B o6nacTn 

6onbWHX nonepe4Hb1X nMnyJbCOB, 06cym1aeTCR CTeneHHOn 3aKOH, KOTOPbl~ 

cne1yeT n3 nonyYeHHblX B 3TO~ rnase npe1cTaBneHn~ AnR nHKnffi3HBHblX 

ce4eHnn, ecnn npe1nono■ HTb, 4TO AnR aneKTPDMarHHTHblX IOpMlaKTOpOB 
a1poH0B n 1nwwepeHunanbHblX ceYeHnn 6nHapHb1X npoueccos cnpase1nnsu 

npasnna KBapKoBoro cYeTa, B 3TOM cnyyae ceYeHne nHKnffi3naHoro po■-

1eHnR 4aCTHUbl C 6onbWHM nonepe4Hb1M nMnynbCOM nMeeT cneAYffiUH~ BHA: 

da, -N 
d 3P/E ( A B ~ [ + X) ~ pl T ( X l ) ; I 4 I 

" npn4eM aBTOM01enbHaR IYHKUHR Y (xl) n 3Ha4eHnR noKa3aTenR CTeneHn 

N xapaKTepn3yffiTCR CTPYKTypon a1p0Ha /KBapKOBblMn "cocTaBnR1omnMn" / 
n Bb14HCnRffiTCR no npaBnnaM KBapKOBOro C4eTa. 

B 4eTblpHa1uaTOM naparpawe o6cy■ AaffiTCR paCCMOTpeHHble BblWe npn-
6nn ■eHHR C T04KH 3peHnR pe3ynbTaTOB 3KCnepnMeHTanbHOro n3y4eHnR 

HHKnffi3HBHblX npoueccos c 6onbWHMH pl 
n3y4eHn~ MHoroKoMnoHeHTHoro xapaKTepa nonynHKnffi3HBHblX npouec

cos c 6onbWHMH nonepe4HblMH HMnynbcaMn n KOppenRUHOHHOro xapaKTepa 
accounaTnBHOH MHO ■eCTBeHHOCTH noCBRmeHa nRTaR rnaBa, 

B nRTHa1uaToM naparpawe Ha ocHoBe BblBDAa o cnnbHOn KoppenRun

OHHon 3aBHCHMOCTH < fl ( ~) > OT Pi. nony4eH 3aKOH no106nR AnR 
nonynHKnffi3HBHux npoueccoB 

tiO'n I d6 -
<n(P;_)) d~ dR = lf(n/<ll(F{J>).I s / 

naHHaR 3aKOHOMepHOCTb MO ■ eT paccMaTpnBaTbCR KaK 4acTHOe npORB

neHne CBOHCTBa aBTOMOAenbHOCTn, xapaKTepHoro AnR wnpoKoro Kpyra RB
neHnn B npoueccax B3aHMOAeHCTBHR a1poHOB npn BblCOKHX 3HeprnRX, 

B wecTHa1uaTOM naparpawe H3y4aeTCR B03MO ■ HOCTb BblAeneHnR pa3-
nn4Hb1X o6nacTen /KOMnOHeHT/ B ea30BOM npocTpaHCTBe KOHe4HOro MHO
ro4aCTH4HOro COCTORHHR nonyMHKnffi3HBHblX peaKunn, AHann3 yKa3b1BaeT 
Ha Hann4ne B TaKOM npouecce HeCKOnbKHX KOMnOHeHT, B 4acTHOCTn, Me

xaHn3Ma noRsneHnR cneunlnYecKoro 1nR npouecca mecTKoro coy1apeHnR 
KOHyca 4aCTHU Bnepe1-Ha3aA no OTHOWeHnID K BblAeneHHO~ 4aCTnue /Tpnr
repy/ c 6onbWHM P1 • 
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Mccne10BaH BKnaA pa3nH4HblX KOMnoHeHT B nonynHKn~3HBHOe pac

npe1eneHne, YAOBneTBOpRIDU1ee COOTHoweHHID no106nR /5/. 
B ceMHa1~aTOM naparpawe aTo cooTHoweHne npoaHann3nposaHo B 

paMKax ~eT01a peHopMann3aunoHHon rpynnu.· B YaCTHOCTn, nonyYeHo as

ToM01enbHOe peweHne 1nR lfl(ll/<n{Pi_)>) n oueHeHbl nonpasrn, CBR3aHHble 
C B03MO ■ HblM OTKnOHeHneM OT aBTOMOAenbHOro pemnMa B onpe1eneHHblX 
KHHeMaTn4eCKHX o6naCTRX, nccne100aH aHanor COOTHOWeHHR Bpo6neBc

KOro ~ rp}/;( n ( p )>=I( p) 1nR nonyhHKU3HBHblX npoueccoB n era CBR3b 

c COOTHOWeHneM no106nR /5/, 
no1po6HOMY paCCMOTpeHHID 3KCnepnMeHTanbHblX nOATBep■AeHnn 3aKO

Ha no106nR AnR nonynHKnID3HBHblX peaKunn /5/ Ha OCHOBe 1aHHblX, nony-

4eHHblX Ha YCKOphTenRX neB3 n UEPHa, nocBRmeH BOCeMHa1uaTbln napar

pal, 
8 3aKnID4eHnn cwopMy_JlnpoBaHbl OCHOBHble pe3ynbTan1, nony4eHHb1e 
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