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• 1 Sa nocJie;itB:He ro;it:1,1 l308J)~C HHTepec · K .B08MYJ!l8HIUIM. 3JI8M8HTap-

HlDC .llaCTHit npH acmmTOTHll8CKH 60JI1>mHX 3HeprHl'IXS>>m7(1n;_ -uacc:1,1 

3JI8JleHTapH!DC.llaCTJ.n{).IloMHMO llHC'?O '?eOp8THllecKoro HHTepeca ,Hay

ll8HH8 TaKHX Ba.a1n104eAC'?Brut CTHJLYJIHpyeTCll ycnexaMH 3KC:nepHlleHTa 

Ha HOl31ilX ~OJllHl,IX yCKPPHT8JillX H l3 KOCMHlleCKmC Jiyllax.Cpe;itH MHOrHX 

paaJIHtJH~.~OpJLYJIHPOl30K·P8JIHTHllHOTCKOtt KBaHTOllOB TeopHH.nOJIH,no

l3H;!tHll:OJlY, TOJU,KO l3 peHopJLHpyewott TeopHH l308MYJ!l8HHR.(T.B.) MOXHO 

peryJillPH.~ o6pa~oK no'AOliTH K nayqeHHD llBJieHHtt. npH oBepXBuooKHX 

3HeprHllX.(Mo.zteJIH,THIIa 11pe.ztEHCTHKH11 ,HJIH nep111wepHll8CKOli M0.1{8JIH,ca

MH HYJE,ZtSDTCll l3 o6ooHol3aHHH HX o TOllKH apeHHH Teopim IlOJIH). · 

,HaOTOHll{aH ]{HccepTa~Hll IlOCllllll{eHa HCOJI8,l{Ol3aHHIO H8KOTOPWC pe

ayJU,TtlTOll,~OTOpHe MOlKllOlnOJiytlHTL ltJIH BllCOR03HeprHTHll8CKHX B8!l -

HllO,l{ettc~Brut C IlOMOJllLll T. ]3 •. ' •. · 

,M8l38CTHO,llTO ;ltSJICe B,peHopMKpyewx TeOpHllX co .cJia6ott Cl3H -

8Lll 92. « I i .B •.. B. cTaH]{apTHO~ BH]{e npm,e1nwa JIHIIIL B o6JiaCTH He 

CJIHmKO~ .60.n::&IIHX 8H8.lleHHli. Hl41IY.n::&COB p ll80Tmt.B , aCHllilTO'?Hll80itOli 

YJII,Tpa~HOJieTOBOI 06Jia.C'?H ,pJl1t:l,I T.B. 01taa:1,113a1>TCH pacnOJIOJIC8HH!lMI{ 

He TOJU,RO no CTene~H KOHCTSHT!l ,Cl3H8H. 9 tHO ~ no CTeneHH npo

H8l38,l{~HHH 9~!n £ 'TO< eCTL C Yl38JIHll8HH8Jl ' ~2. ' IlOCJie;ityllJllHe 

llJI8H:l,l'Y6lll31UlT Bce.Me.ztJI8HHee. noaTOMy,ecTeCTl38HHO,' l308HHK81lT aa

;itaqa yJiyqmeaxa aToro pn;ita. Hepe·.nxo TaKoo.yJiyllmeHJle y1taeTcH npo

HaBectH c nollOll!Lll KeT01ta peaop11aJIHa·a~HOHHoi( rpynnu. ( p. r. ) r I ' ' 2 · .. ' 3] .Mcno,maya' 3TOT JleTO~,KOXHO .nepepaaJIOJICHT:d>ll

)lll T.ll. l3 npoctue. ~YH~HH OT PH.ztOB no HH:eapHaHTHOJLY aapH.ztY _p.,. 
TaKOKY, qro o6ullffo ·. pcp~J<9~h./!A · . · , . · · 

· · Ha ocH0BaH.1tH ypaBsemdt p.r. [ i, 2 • 3 J ·· .· H HX 06-
nua: p;.-,meHd [ ~ J ll nepBol rJiaBe ;ltHOOepT~HH H3ytl81lTCH H8KOTO

PH8 8C1DlIITOTHlleOKll8 Ol30ffCTll8 ~JHKI{Htt I'p:ima'H a~nJIHTY]{ B. yJILTpa-
~110:JlHOllOff 06JISCTH. ' , . .. 
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llpH H8KOT0pb1X YCJIOBHIIX Ha CBOitCTDa ll.ll8HOB pff;!ta T.B. C no -
llOIIU'>JO MeTo.zta_ p.r. uouo ynyllmHTr. cxo.ztm.ocu pR;Zton T.11 •• AHanHa 
3THX YC.lIODHii llOKS88JI,llTO OHa no.cyniecTBy COBna,qaeT C YC.l!OBHRMH, 
B KOTOPllX JlaH.ztay' 'A6p1rnoco:a H Xa.7I8THHKOB [ 5] HaimCaJIH · npH6.7IH -
llC8HIIUe HHTerpanr.Hlle ypanHeHHll ,lt.llll ~CHOBRHX !lJYHitI.tHH rpHHa B BJie
KTpO.ztHH8MHKe .rroaTOJ.IY H8,Y.ztHBHT8.7II,HO, llTO peaynr.TaT pemeHHll BTHX 
ypanHeHun COBil8,lt88T C peaym,TaTaMH,noJiylleHHHMH MeTO,ltOM p.r.[:r;J. 
TOllHO T8K llCe C0Bll8,lt8IOT llOJiyqeHHlile O,ltHO:apeMeHHO H H888BHCID.r0 pe
meHHH HHTerpam,Hmc YP8BH8HHit [6,7] H YP8BH8HHff p.r. [3,8] B Me
BOHHOit TeopHH. Peay.1Ir.T8Tll 8BTopa [BJ B .ztByxaapR.ztHOH MeSOHHOit 
T80PHH COBM8CTHO C 8H8.7IOrHllHNMH peay.lir.T8T8MH B 8.ll8KTp0.ztHH8MHKe 
[1,2] H :a .ztpyrmc peHop1mpyeL1blX TeOpHIIX [9] llpHBO,ll;flT K BllBO.zty 

o HeaauKHyToCTH npH6.1IHJ1teHHlt c.1Ia6on cn11aH Bo:acex paSYMHl,IX peHo
PMHpyeMblX -reop1rnx. 8To · cn11aaHo c TeM, llTO HHBapHaHTiiiin aap11.zt-' 
.f T8K xe,KaK H B6.7IH'lllrna9 2 &~! npH '.ztOCT8TO'lHO 6om,mmc ::..: ' 
nepecTaeT 61,1Tr. MaJihlll. · · · 

nanee'HaytJaeTc11 nonpoc,npH KaKH:ic ycJIOBHRX BOBMOlltHO c·nouo
JllI,J> M8TO.zta p.r~ Y.lIY'lfilHTr. CXO.ztHMOCTI, pll.zta T.ll • .zt.llff BNCmHX 4JYHK.;. 
lllfi.t rp1rna.T.aime yHy'll!leHHe peanr.Ho y,iiaeTc11 nunoHHHTr. TOJIJ,KO , :a 
H8KCTOpux • 'c.llytrnruc- .lt.llff CHMMeTpH'lHblX aCHMllTOTHK Biicmmc' ' 4lYHKI.tHit 
rp1rna (xor.zta nee HX crrrurnpm,1e apr]MeHTH ycTpeuneHlil K O.ztHOJ.IY 
60.lIJ,lllOMy 8H8ll8HHJO f') H .lt.llff 0.ltHOM8pHl:DC cneKTpaJIJ,HiiX ', !lJYHKI.tHit 
IO; II • B noc.1Ie;nHe11 naparpaqie nepnoii rJianu Ha 6aae· npe.zt.1IOllCeHu11· 

0 TOM, llTO 8Mll.7IHTY.lt8 ynpyroro pacce11HHff llPH 60.1Ir.mHx . aiieprHHX 
ne.zteT ce611 pe;nxencKHU o6paaoM, (JlopuynHpyeTcH HeK0Topa11 rHnoTe
aa o cnolfoTnax 8MMHTY;n noJIR ( cnpane;nnuBocTr. ai-on rHnoTeau ;nns 
aMil.1IHTy;n1,1 ynpyroro pacceRHHH..:. Heo6xo;nIDLoe ycJio:aife Toro ,'lTo6s• 
aMMHTy.zta ·ne.1Ia ce611 pe;nJEeBCKHM o6paaoM) .Ko1o161rnBJ)yH STY · rHnoTe
ay C MeTo;noH p.r. MOllCHO llOK838Tr.,llTO nee (B TOM llHCJie Heynpy
rHe) awJIHTy;nu npH '60.1Ir.mmc 'SHeprHsx. • s · ;ztOJIJIHI:l oeTJ, xnaaHpi,
.ztxencxoe none.zteHHe: 

· ll rs,aoe.;9J~ -'t(a.{.;,Jexp[ vca.t,.fltns] i [I] 
3.zteC:J,Qd_' :.. hapa11~~ps, KOH,e'ClHlle npu.f-=, 9 - aapR.zt (HJIH aapa
;n1,1) Teopr,m. liacT~m,1 cJiyllaeM [ I J RBJIRJOTCR 1tan'ecTHlle . peayJIJ.TaTH 
Tep-MapTHpoc11Ha [12J ;nn11 acaMIITOTHK H3ynpyrl4X_npo1tecco:a Ji pe
BYJibTaTN 'ApeMHHa l!I liepHaBCKoro [I3] ;nJIR 8MIIJIHTY.ztl:l Rax 4lYRKI.tHH 
BHP'l'Y8JIJ,HOCTH. . , .· ' , . . . ' 

. 3a llOCJie.ztHHe ro}Ul IlOIIBHJIOCJ, MHOI'O pa6oT, llOCBffll!eHHblX OilH-: 
• > j ' • . ; .. ' • " . : .; ,, ,' '· ' . ' 

C8HlfID ueynpyrHX B88HMO.zteilcTBHtt'npH 60.lIJ,mHX SHeprHRX { B nocne.zt-
HeM o6aope [I4] ].l8Ha 06!l1Hp}.aff 6H6.1IHOrpaqim1) • .l!JIH OnHCaHJfa STHX 
npoueccoB ll8CTO HCilO.lll,8YJOT nepH(JlepHlleCKYJO MO,lt8JIJ,,corJiaCHO KOTO-
pon H8H60.llee CYJl{8CTB8HHllit BKJia.zt B M8TPH'lH1,It1 SJielleHT BHOCHTCII 
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,ltHarpa~aMH c o6KeHOK MlfHID.!a.lIJ,Hl:UI llHCJIOK,llBCTHI.t [I4, IS, I6]. 
9xenepHKeHTaJir.HHe JtaHHSe,nonl4.ltH140MY,He npOTHBOpellaT 'l'aKott Mo.ztemi 
·(HanpHMep,[I4, I7]:e: .ztp.) 0.ztHaKo 11 IlB.lIOK pliJ.le CJiytJae:a_noaHHlt81>'? 
COKHeHJilll B cnpane].l.lIHl!OCTl!I STOit MO,lt8JlH H 06.llaCTK ee npHM8HHUOCTH • 

' , ' . . . . , 

.STO CBRSaHO C 'l'8M, llTO TeopeTHtJ8CKl!le 060CHOB8HHH, o6NllHO KJiwty ~ 
lllHeC!l Bee OCHOBY,,He O'llBHI> y(ie,ItHTeJt&Hl:l, 8 SKCnepHMeHT II~Ka 8111~ 
He C.l!HmKOM·'l'OlleH. : ·, . 

Bo BTOpott rna:ae:.ztHCCep~SI.tHll npe].l.llaraeTCliK8TO,lt 8H8JIH8a CW
HHX 11aaID1o;nettcTBHff npH :aucoKHX BHepr11sx, pe3yJI&T8TH ·KoToporo B p11-
,Ite CJIY'llae:a .zt8DT o6ocHO:aaHHe nep11q,epHllecKoA _1o1oie.1IH, pacmHp1111 ·06 -

JiaCTJ,. ee npHMeHHMOCTll. ' : . ' . 
Cuaqana p8CCM8Tpl!IB88TCff 4JYHKI.tHll rpH!18BHe MSCCOBO!t rio:aep:ic -

HOCTH, KOr,lla mmym,cu llaCTHil, YllBCTBY!Jl!lIDC B npo1tecce' MOlltHO paa .-
6KTJ, Ha .ztne rpynIW : 6acTpue { cxarui:pHlle npoHa:se.zieHH11 BTW( n:llliyJIJ,
co:a ;npyr C .ztpyro11, , BIUIID'llBff KBa.ztPBTH HWIY.7IJ,COB, • B8mIKH. I![ O.ztHoro 
nopR;ZtK8 · f 2.. · , ) H M8;!1JI8HH!l8 ( CK8JlllpHNe. npOH8B6.zt8HHft 8TH.X: HJ.Uiym,coB. 
,Itpyr C ;ztpyroM HeneJIHKH). Alts SToro CJiyllaH .ztOK88I:lB86TCH (I8,I9] ), 
OTO acH1mToTHqecx11 HaH6onee CY!llecTBeHHI:ltt BKJia.zt :a 4lYHKI.tHX> rpHHa ·· nuo
CH!l' .ztHarpawm, · :a KOTopwc rpynIW <5acTpwc 11 ue.ztJieHHb!X _llaCTHI.t o6ueHH
:aamTcff O.ztHHll M880HQM HJIH HyKJIOHOM, HJl:H .ztBYJ,lli 1(880H8lW C qJHKCHPOB8H
HIDIH HWIYJIJ,CBMH {:a aanucHMocTH_OT cocTana rpynn 6ucTpwc H Me;nHeH -

• , lWX tJaCTHI.t). HHaqe ro:aop11, :a;naiIH OT ilacqonolt nonepXHocTH l3 T .:a • .zta
HO CTporoe 060CHOBBHH8 nepHq>epHll8CKOH MQJ.18.lIH. IlpH _8TOM l3Ce ;npyrHe 
.ztHarpamm nopR;Ztxa O ( ~) OT .r.lIBBHblX, COOTBP.TCTBYJOll!HX nep11qiepK -
qecxoi 1,10.zten11. · 

nanee HsyqaeTcR allllJIHTY.ztB Heynpyroro pacceRHHH Ha Macconon 
~o:aepXHOCTH, KOr.zta HMDyJIJ,CH.llaCTHI.t, YllBCTBYIDJllHX n·nPOil8CCe, paa6K
BBIOTCff'Ha rpynIW TBK, 'llTO CKaJiffpHl:le ripOHBl38].l6HHff rumym,co:a llBCTHI.l 
paaHWC rpynn Mellt.ltY. co6oit nopR;ZtKa s (s (p,-t-k 1 )~ p 1 H Kt 
HMIIYJII,CN CTaJIKHBSlllllllCff tJBCTHil) ; .. B . TO xe npe1,111 CKaJillpHlle Il!)OH3B8 -
].l811Rff WllIY.7IJ,COB ll8CTHI.t 0):;HOtt rpynIW ~ o ( S) .lt.llff BC8X rpynn, KpOMe 
MOllteT 6I:lTJ,, O].lHOtt HB.HHX. B BTOM cnyqae 8~8JIH3 .ztHarpaw T~B. npHBO-
.ztHT K nocTpoea;m MO;neJIH, KOTOPYJO MI:l H83HBS8M 060611!8HHOtt nep11(JlepH -

, ll8CKOit !10.zteJil>ll ( Oilll 20 ) • B I.t8.7IOM pR;Zte C.lIYllaen BHBO;!II:l 0rIM conna
.ztaIDT C peay.1IJ,'?aTaMll 06HllHO.ff nepK(JleplltJ8CKOt1 M0,1t8.7IH. Tamum ffBJifilOTCfft 
HanpH11ep, cnyqaH nponeccon ( ;r-)Z + n -2, fl:"+ n , Kor.zta HYKJIOHI:l H. 60 -
s OHH . npHHa.ztJiellta'? paaHWt rpynna11, n + ii -, I<~ .. Ji 1 JC,. n +· n- fi.~ + n + n 
:a T • .zt. OxaaHBaeTca, llTO no MHOrl'IX C.llyqallX .ztOCTaTotlllIDI yCJionHeM·npH-
11eHH11ocTH 06I:lllHOff nep11~epHll8CKOtt 11o;ne.1IH·liBJiffeTCff OTCYTCTBHe.pollt,1te -
HHll eyRJioao:a :a npol.lecce. Pe.ztKOCTJ. npol.lecco:a. c ·poX.zteHHe:u HYK,lIOHOB H 
2~uac1, ocaonoit ycnexa nep11Wep11qecxot Mo;zteJIH np11 ycKopaTeJII>Hl:lX 
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( 2 -t ,30 raB) H yxepeHHO B&COKHX KOCJIHqecKHX 8HeprHHX (IO +•tOO0, 
raB) ~OilM IIJliDlCHHM:a Truate 11 K TaKD ;ztByxtteHTPOBWI BSaHKO;zteltCTBIUUI'., 
KOTOpae CBHSaHH . C l!WCO;!tOI( · ;ztaJieKO sa npe]temi i:IplllleH~Oc'-rH oCSawolt 
nepx1pepHt1ec1tol ·uo;zteJI11 [I] ·• 06JiaCTI, npDCHHJIOC'fH OIIM ·onpe;zteJIHeT-

. ' . .' . , ,. \ . ' 2.· " ', ' 
CH KaJIOCTI>ll BeJIHlfflHI:l'.' THJia P- ,T.e. pacTeT C ·aaepr:ael H SHaqaTeJI:r,;,. 
HO npeBOCXO;ztHT. o6XSCT:r. 'npHKCHHJIOC,TH. 06&lfflOI nepxipepHl!eCKOI KO;zte
JIH.8TO o6CTOHTCJI:&CTBO IlOSBOJIHeT 06'IiRCHJIITI, H Ha6JID;ztae1toe yBeJIHqe,
HBC poJIH · :ztBYXUeHTPOB!,IX · :ssaDo;ztei!cTBHI · c pocTOK · ,meprHH. · ... 

J{airnae :ilKcnepoeHTa np11 · cBepXBHCOKHX aneprHmc ( ~. IOOO .· raB) 
roBop.aT o TOil, qTo -·noB~11IKoliy'nepe;zt1to - qacT~a,o6pasoBaEuecn 
npH'BsaHUo;ztei!CTl3HHX Moryor 6&TI, pa36HTH He Ha';ztl3e, a Ha 6oJii,mee 
qHCJIO rpynn CKOJIJimu.mpoEaHHWC ;ztpyr c ;ztpyroK TaK, KaK 06 STOil ro
BOPHJIOCI, Bame (cp. [22] )~ B p8.l1Kax OIDd TaKoe o6paso:eami:e 60JII>moro 
KOJIHt1ecTEa ~pynn KoxeT 6aT:& 067,ncaeHo Jia60'1taK nponecc,cony-?cTBY
llD!Hl polt,7.lemm CiOJil,moro qp,:cJia nyKJIOHOB (Taitoe OCiliCHCHIIC .;ztO Cl/IX 
nopHe B~BHraJioc1,),miCio Kalt IIYJIHxnepHipepHtiecm nponecc(l4;16 , 
2 )~B, HaCTOHntee l3P8KH 1,13· - sa Toro' 'ZTO 8KCnepneHT CJillllIKOK rpy6' 

:eaCiop Melt,7.ly aTHKH :eosuoeocTHira c;zteJiaT:r.HemaeTcn.Bec1,11a BepoHT
Ho,qTo peaJI:r.Ho OCYDteCTBJIHJlTCH o6e 8TH cxew. 

B ca11oe IlOCJIC;ztHee :BpeM!l 6oJII,i\iol HHTepec l3&3HB8CT' nepeHece -
HHe'. l!X ~ett Pe;ztll:e B . KB8HTOBYJl TeOpH!l IlOJIH . ;ztl!H '8H8JIHS8 ynpyrHX · 
:esauo;ztelc!BHi! npH BllCOKHX eHeprHroc~J{JIH Toro qToCiu noHnn,,, nacHo
JI:r.Ito S8KOHeH TaKOI nepeHOC Cyw,lHpym·HeKOTOpae•KJiaCC& 11 JICCTHH~ -
H!,IX11 ,Zl;HarpaD TeopH noJIH ([!6 , 23 , 24,.25] H T.,Zl;.).XoTH apry -

'· MCHT& :e IlOJII,Sy :eu6opa TOJII,KO STHX ,Zl;HarpaJIM He oqeHI, Hcna,eCTI, Ha~ 
,Zl;eJt;zta t qTo. 8H8JIH3 8THX ,Zl;HarpaKM, ,Zl;ei!CTBHTCJII,HO '• IlOSl30JIHeT COC'faBHTI, 
npe;ztcTaBJieHHe o CHTyanm1,peaJiiao miem11teM 1,1ecTo B TeopHH noJIH. B 
padoTax STOI'O nanpaBJieHHH o6aqao cywxpyeTCH K8KOI-Hl'ICiy;zt:& onpe;zte
:11e1rn.~lt THil ,Zl;Harpaw H y,Zl;SCTCH noJiyqHTI, , 8KilJIHTmY 'P(s, t) (t~(p-P,/ft.:ea
,Zl;paT mmyJI1,ca nepe,Zl;a'IH · :e CHCTeue. neHTpa llacc) TOJI:r.Ito ·B rJiaBHOK 

npH6muteHHl4 <fJ(s, t) "1se{J(sJ. 

B TP8T:&ei! rJia:ee ,Zl;HCCepTanRH npe,Zl;JiaraeTCH HOB&!! M8TO,ZI; . CYJlllffl

P?BBHHH mHpoKoro Kriacca · JieCTHHqawc ,Zl;HarpaMM. )lJIH 60JII>moro · KJiacca 
llOTeHnHaJIOl3'88,Zl;aqa CBO,Zl;HTCH K pem~HHJl npOCToro ,Zl;H/pqiepeHnHaJII,HOro 

· ypa:e11eHHH.B o6JiaCTH s >> t » m~ aunJIHTy,Zl;a cp(s, t>naxo,Zl;HTCH c TOt1Hoc-
T1>10 ,Zl;O CJiarae1,1oro, saBHCHIItero TOJI:&KO OT t,:. • . 

· OcHo:eHoe co,Z1;ep:iia.Hii:e ,lJ;14c~epTan1,rn ony6JIHKOBaHo :e :pa6oTax[8,lP, 
·u , I8 , 19 , 20 J. PesyJII,TaTa,:esJiollteHHue :e · ,Z1;HccepTanHH,,Zl;OKJia,Z1;H

EaJIHc:r. Ha ceMHHapax B MOCKBe,J{yCiHe H HOl30CHCiMpCK8, 
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