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The nistoric review of investinations on transition raliation physics 

is ~iven. The Introduction c1ives a~ ac.count of the transition radiatiun, 

ti1e a ate it ;1as theoretically predictc.! end tile stete of affairs at present 

is t.riefly discusseu. In Section II the reasons of the develc;prnent of the 

sui . .,ject in ,irmenia, as 11el l as tri> 1-1~ys of the theoretic cl discovery of a 

i-r1::· tr0rsition raiiation, are argued. Section III deals with the forma­

tion of tf.!s ra:tiaticn ir. n stnck of r>lates. In Section IV some experimen­

t.;:] i""Psti"~tions or transition ri\.i~tivr r.re discussect, and in SPction V 

the Cll'''!"r?nt: on t:;e theoretic rl i nves ti 1J <tions of transiti or. radiation in 

t;·,l· SPV"r1r.ies are riiven. The Conclusion deals ~dt~ the needs of the hi(1h­

e11~rnv n;,ysic> and thl" 11ays to satisfy the11; usin(l Cl X-ray transition radi­

r.tion. 
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'I P.revrn 1~7? 

I .BB8,ll,8Hli!8 

Kor,D,a paBHoMepHo Ji! npRMOJili!HeHHO ,D,BMJKyll\a.RCH sapR*eHHa.R qac­

TM~a nepeceKaeT rpa.Hli!l\Y pas,D,ena ,D,Byx cpe,D,, o6na,n,arolljHX pasnJi!q­

HblMli! 3JI8KTpO,D,li!Ha.MMqecKll!Mli! CBOHCTBa.MM, B03HHKaeT li!3Jiyq'.8HHe.8TO 

CBH3aHo c 'ltlM, qTo B • ... aKMX cpe,JJ,ax 3JI8KTpOMarHHTHble TIOJIR qacTH­

~ pasnJi!qHbJ, nosToMy npli! nponeTe qepes rpaHli!l\Y pas,JJ,ena cpe,Il, 

OHH ,Il,OJilKHbl nepecTpOHTbCH. B XO,Il,8 3TOH nepecTpOi1KH 11H3Jilfil!HHe" 

qacTH nonn aapn,n,a npeo6paayroTCR a cao6o,II,Hoe HSJiyqeHHe Ji! Mcnyc­

Ka.JOTCH Ha 6ecKOHeqHQCTb B o6e CTOpOHbl OTHOCli!T8JibHO rpa.HM~ 

pa3,Il,8Jia cpe,n,. 0K0.3b!BaeTCR, qTo li!HT8HCHBHOCTb 3TOro li!3Jlyq'.8HHH, 

Ha3b!BaeMoro nepeXO,Il,Hb!M, saBli!CHT OT. JIOpeH~-¢aKTopa sapH,D,a r 
ITosToMy, li!SMepeHHe 3TOi1 HHTeHCli!BHOCTH, B npHHqMne, ,D,aeT Ha.M 

HOBbii1 cnoco6 onpe,n,eneHHR l' -¢aKTopa qacTHq Bb!COKMX sHeprHH. 

Ha BOSMOlKHOCTh Ta.Karo HSJiyqeHHH anepBb!e yKasB.JIH B.].rMHs-

6ypr li!.M.M.@pa.HK e~e B 1945-46 r.r.0,II,HOBpeMeHHO OHH ,Il,8.Jili! Ji! nep­

BYJO TeOpli!ID 3Toro HBJI8Hli!H (I]*). c 3TOro apeMeHH Ji! ,n,o 1957 r. 

B JIHTepaType 6b!JiH ony6JIHKOBB.Hbl e~e TPH pa6oTb1[2-4] no TeopHH 

* CcblJIKli! Ha JIHTepaTypy ,Il,a.IOTCH no "BM6JIHorprupHqecKoMY yKa.a.a.Te-
JIID JIHTepaTypbI no nepexo,II,HOMV li!3JIVQ:eHHID 11 li!3,Il,a.HHH E~M-1979. · 
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rrepexo,II,Horo Jtl3JiytJ:eHHH, He BH8Cillltle, O,D,HaKo, Cyn\8CTBeHHOro BKJia­

,n,a B ITOHJllMaHJtle 3TOro HBJieHJt!H. 

C 1957 r.1t1 no ceti ,n,eHb B ApMeH1t1J11 se,u,yTcH pa60Tbl no Teop1t1J11 

rrepexo,n,Hcro 1t1snyqemrn B EpesaHCKOM.rp1t1sJ11qecKoM 1t1HCTJ11TyTe,( ,n,o 

1962 r. ~J11SJ11~ecKOM 1t1HCTJ11TyTe AH ApM.CCP~, a sa~~M c cepe,n,J11Hbl 

60-bJX ro,n,oB 1t1 ~o Haqana ?0-b!X ro,n,os TaK*e B EpeaaHCKOM rocy­

,n,apcTBeHHOM yHJllB.epcviTeTe, 11HcTviTyTe rp1t1sviqecKJ11X JllCCJie,n,oBaHJllM JI! 

11HCTJllTyTe pa,n,1t1orpJ113JtlKJll JI! 3JieKTpOHJllKJll AH Ap.v,. CCP. 3TJll pa60Tbl 

rrp1t1BeJIJ11 K TOMy, qTQ B 60-b!X ro,n,ax B JtlCCJI8,D,OBaHJtlH BKJiroqJllJIJtlCb JI! 

rpJ113JtlKJtl-3KCrrepJ11MeHTaTOpbl. 

Ilpvi 3TOM Ha,D,O Jt!M8Tb B BJll)J,y ,D,Ba TJtlITa 3KCrrepJllM8HTaJibHb!X JllC­

CJie,D,OBaHJt!M c rrepeXO,II,Hb!M Jll3Jiyt!8HJtleM. IlepBblli TJtlIT - JtlCCJie,D,OBaHJtle 

caMoro HBJieHJtlH rrepexo,II,Horo 1t13JiytJ:eHJt1H, nposepKa Bb!BO,D,OB Teop1t11t1. 

BTopoLi Tltln J11ccne,n,0BaH1t1M - 3TO 1t1cnoJib30BaHJ11e nepexo,II,Horo 1t1s­

JiytJ:eHJt1H B rpJ1131t1Ke qacTTtll.\ BbICOKTtlX sHepr1t1Li. Mo*Ho cKaaaTb, "tlTO 

KOHeqHoLi l.\eJibro 1t1ccne,n,0Ba.H1t1M nepexo,n,Horo J113JiytJ:eHJ11H, Ha cero,n,­

H.fl!IIHJllH ,D,8Hb, HBJIHIDTCH, Jt!MeHHO, 3KCnep1t1MeHTbl BToporo Tltlna. 

B HaCTOH~ee speMH B CCCP 1t1, B qacTHOCTTtl, B ApMeH1t11t1, a TaK­

*e B HeKOTOpb!X ,n,pyr1t1x CTpaHax M1t1pa (CillA, B Me*)J,yHapo,D,HOM H,D,ep­

HOM l.\8HTpe (UEPH) B lllB8Hl.\ap1t11t1 JI! ,n,p.) npoBO,D,HTCH 3KCnepltlM8HTaJib­

Hbie JllCCJI8,D,OBaHJllH qacTll!l\ Bb!COKJt!X 3Hepr1t1M B KOCMJtl"tleCKJllX nyqax Jtl 

Ha ycKOpll!TeJIHX, B KOTOpb!X ,D,JIH pacnoaHaBaHJt!H 3TJt!X qacTJlll\ Y*e 

JllCITOJib3Y8TCH peHTreHOBCKOe nepexo,II,Hoe Jtl3JiytJ:eHJtle (Pllli). 

K HaCTOH~eMy BpeMeHJtl BO BCeM Mltlpe BblllOJIHeHO OKOJIO 250 pa-

6 oT rro Teop1t11t1 nepexo,n,Horo J11sJiyqeH1t1H. HecKOJibKo MeHhme JllMeeTCH 

3KCnep1t1MeHTaJibHb!X JtlCCJie,D,OBaHJtl~. 

H1t1~e 6y,n,eT c,n,eJiaHa nonb!TKa ,n,aTb KpaTKJllM 1t1cTop1t1qecK1t1iii-06-

sop rryTeH pa3Bll!TJt!H H8ll!Jt!X rrpe,n,cTaBJICHJtl~ 06 Pilli, rrpJ11qeM, B OCHOB-
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HOM, Mb! orpattJtlqJt!MCH pa60TaMJtl COBeTCKJt!X rpltl3Jt!KOB, yc1t1JIHHMll! KOTO­

pb!X TeOpltlH 3Toro HB~eHJt!H pa3BJt!BaJiaCb Jtl 6b!JIJtl BblllOJIH8Hbl Jt!HTepec-

• Hble sKcnep1t1MeHTaJibHble 1t1CcJie,n,OBa.HHH nepBoro T1t1na c Pilli. 

2. IlpocTble cJiyqaH 06paaosaH1t1H Pilli 

TaKHM o6pasoM, 1t1ccne,n,osaH1t1H no nepexo~HOMY 1t13JiyqeH1t1ro yseH­

qaJIJllCh ,D,JIH qlltl3Jt!KOB lj.pMeHJt!Jtl HeCOMHeHHbIM ycnexoM.!{To *6 HBJtlJIOCh, 

Ha HaqaJibHblX CTa,D,JllHX, onpe,n,eJIHID~Jt!M ,D,JIH ero ,D,OCT1t1meHJ11H? 

Bo-rrepBb!X, Ca.Ma TeMaTJt!Ka Jt!CCJie,D,OBa.Hll!H - ITOJt!CK TRKHX 3JieK-_ 

TpO,D,Jt!Ha.MJtlqecKJt!X npOI.\6CCOB, KOTOpb!e He HaCblll\aIDTCH ·c poCTOM ~ Jtl 

MoryT 6b!Tb JllCITOJib30BaHbl ,IJ.JIH ll!,IJ.6HTHrp1t1K~Jt!Jtl qacTJtll.\ BblCOKJt!X 3Hep­

rltlH - 6b!Jia nepcneKTJt!BHOH Ill rrpltlTHraTeJibHOH TeM, qTo coqeTaJia B 

ce6e TBep,n,o ycTaHOBJISHHyID TeopHro - SJieKTpO,D,ltlHaMJllKY MaKcBeJIJia -

Jtl BITOJIHe HCHyIO l\8Jib. 

HeMaJIOB~O 3,IJ.6Cb TaK~e Jtl TO, "tlTO ee paspa60TKY MOJKHO 6bl­

JIO B6CTll!, Ha Ha"tlaJibHbJX CTa,D,JllHX, He60JibillltlMJtl CJllJiaMll!. 3TO o6CTOH­

T6JibCTBO CTaBJt!JIO MOJIO)J,yID TeopeTH1l6CKyIO rp1t131t1Ky ApMeHJllJll B ycJIOBJt!H, 

KOr,IJ.a OHa MOrJia 6b!Tb KOHKypeHTOcnoco6HOH 60JibillltlM Hayqttb!M KO~JieK­

TJllBaM. 

HaKoHel.\, sTa TeMaT1t1Ka nepeKJI1t1Kanacb c pa60Ta.M1t1, Be,D,yn\J11M1t1CR 

TOr,IJ.a Ha Apar~CKOH CTa.Hl\Ttlltl no Jt!CCne,n,oBa.HJt!ID KOCMJtlqecKJt!X JiyqeH 

~111s1t1qecKoro 1t1HCT1t1TyTa AH ApM.CCP. 0,n,HoH Ttl3 Tpy,D,HocTeLi,KoTopyro 

Jt!Cilb!Tb!BaJIJtl qlltl3ll!KJll-3KCnep1t1M6HTaTOpb!, pa60TaBW1t1e TaM, 6b!JIO OTCyT­

CTBJtle M6TO,D,OB Jt!CCJie,D,OBa.HJt!H Jtl pacnosHaBa.HJt!H qacTTtll.1 csepXBbICOKJt!X 

3Hepr1t1A. Il03TOMY ~e c Ca.Moro Haqana 3Ta TeMaTJt!Ka JllMeJia KOH­

KpeTHyIO 3KCnepltlM8HTaJibHyIO HanpaBJI8HHOCTb, a ee 1t1CnOJIH1t1TeJI1t1-yBe· 

peHHOCTb B TOM, qTo Jt!X pa6oTa HYJKHa. 

~Ba ,n,pyr1t1x, Hltl*8CJI8,D,yIO~Jt!X, qiaKTOpa He HOCHT TaKoro o6~ero 
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xapaKTepa, a CBH38.Hhl c KOHKpeTHOH MeTO,I\HKOH l1 TaKTHKOH Teope­

THqecKoro HCCJie,JJ,OBaHHR ITepeXOAttOro l13Jiyti:eHl1R Ha Haq8.JI.bHOH 

CTB;IJ.>111. 

A l1M8HHO, CJieAYIDI11HM ~aKTOpOM HBHJIOCb, TO qTQ .~e B ITepBb!X 

pa6oTax, Bb!ITOJIHeHHb!X B ApMeHHH[?,BJ, 6b!Jll1 ITpeAUpHHHThl ITOIThlTKl1 

HaHTH HOByID l1 6onee ITpOCTyro, qeM B pa6oTe [I], M8TO,I\HKY pemeHHR 

3TOH rpaHH~OH 3aAaq11 3JieKTpO,I\HHaMl1Kl1. 0Atta 113 Hl1X - M8TOAMKa 

perneHl1H, ITp8,lJ,JI0*8HHaR fapH6RHOM [BJ, OKa38.JI.aCb oqeHb y,JJ,a~OH. 
Otta rrosaon11Jia ITpocTb!M l1 cTpor11M CIToco6oM pew11Tb saAaq11 KaK 

ITponeTa 3apa,JJ,a HJIH ,JJ,pyr11x l1CToqH11KoB ITOJIH qepes OAHY rpattHQy 

pa3,D,ena cpe,JJ,, TaK l1 Te 3aAa~, .Kor,JJ,a 3Tl1X rpattHQ l1MeeTCR npo­

l13BOJibHOe l<HCJIO. (cM.Ha.:rp11Mep [I2-I4, I6,I9,22,25,30-32,84,85, 

I06, IO?, I08, II6, I27, I35, I47, I60, I67, I68, I?O, I94, I95,2I5] ) • 

B pa6oTax, BbIITOJIHeHHb!X ,JJ,O I959 r., 6b!Jlo ITOJiyti:eHo, ,D,JIH pa3-

JI11qHbJX rpatt11qHbJX 3aAaq, HeM8.JI.Oe KOJI11qecTBO ITpaBH~bHblX ~opMyJI, 

OTil19hlBa.IO~l1X COOTB8TCTBYID~He HHTeHCl1BHOCTl1 H3Jiytl8Hl1H.0,JJ,HaKO l1X 

qaCTOTHbie CITeKTPhl He 6hlJil1 ,JJ,OCTaToqHo ITOJIHO ITp0aH8.JI.l13l1pOBaHhl. 

Aeno B TOM, qTo, KaK 6b!Jlo OTMeqeHo B caMOH nepaoH pa6oTe f11Hs-

6ypra H ~pa.HKa[I] l1 cKasatto e~e 6onee oITpe,JJ,eJieHHO B Ho6eneB -

CKOH JieKQl1l1 ~pa.HKa [r7] ' rrepeXO,JJ,HOe l13Jiytl8Hl18 ,JJ,OJI*HO l1MeTb 

MeCTO, "TOJibKO B onT11qecKOH 06nacT11 qacTOT~ HHKTO 113 !l>·l13HKOB 

He IThlT8.JI.CH paso6paTbCR AO KOHQa B 3TOM BOITpoce l1Jil1 ITOCTaBl1Tb 

ero ITO,JJ, COMHeHHe. 

B 1958 r. BbRUJia B cBeT KHHra A.A.]att,JJ,ay 11 E.M.]HqmHQa 

" 3JieriTpO,JJ,HHaMHKa crrJIOllIHb!X cpe,D,". B Heil 6NJI H3JIO*eH, rrpHHaAJie­

*~M ].A.]att,JJ,ay, HOBbill MeTOA BbNHCJieHHH 5JieKTPOAMHaMl1qecKHX 

TIOTepb 3Heprl1H 3apH*eHHOH qacTHQhl B cpe,D,e. 

·6-

~eJio B TOM, qTo KaK 6hlJIO ITOKasatto e~e B I9I5 r. H.BopoM, a 

saTeM H ,JJ,pyrHMH TeopeTHKaMH, TIOTepH 3Hepr1111 6NCTphlX qacTHQ Ha 

l10Hl13aQHID l1 ITO KJiaCcHqecKoH, l1 ITO KBaHTOBOH Teop1111, JIOrap11¢MH­

qecK11 pacTyT c pocTOM a · .. 0,JJ,HaKo B I940 rOAY 3.~epMH TeopeTH­

qecKH ,JJ,OKa38.JI., qTo yqeT ITOJIRpl138.Ql1l1 6esrpa.HHqHoH cpe,Il,bl ITpl1BO­

,I\HT K ToMy, qTo ITOCJie He6onbrnoro norap11~M11qecKoro pocTa 3Tl1 

TIOTepH Bb!XO,D,HT Ha ITJI~TO (~eKT ITJI?THOCTl1). ]aH,JJ,ay ITpe,D,JIO*HJI B 

3TO~ KHHre oqeHb l13~NH MeTO,JJ, B~CJieHl1H 3THX ITOTepb,KOTOphlH 

l1CTIOJib3yeT aH8.JI.l1Tl1qecK1te CBOHCTBa TIOJIHpHsyeMOCTH cpe,Il,bl B KOM­

TIJieKCHOH TIJIOCKOCTl1 qacTOTbl. 

HecKOJ!bKO o6o6~HB 3TOT MeTO,JJ,, rap116aHf21Jnp11MeHl1JI ero K 

3aAaqaM 0 nepeXOAHOM l13Jiyti:eHl1l1 H 06 l10Hl13aQHOHHb!X ITOTepax 3Hep­

r1111 sapR,D,a B orpatt11qeHHOM cnoe Be~ecTBa, T.e. B nnacTHHe. Ilp11 

3TOM rrp11MeHeH11e HOBoro MeTO,JJ,a K nepeXO,JJ,HOMY l13Jiyti:eHMID He AHKTO­

BaJIOCb HHKaRHMH ~l13HqecKHMH coo6p~eHHRMH, CBR3aHHblMH c HCCJie­

,JJ,OBaHHeM cneKTpa ITepeXOAHOPO l13Jiyti:eHHH, a 6hlJIO Bhl3BaHO npHBJie­

KaTeJibHOCTbID CaMoro MaTeMaT11qecKoro ITOAXO,JJ,a ]aHAay. qTO *8 Ka­

caeTCH l10Hl13aQHOHHhlX ITOTepb, TO 3,D,8Cb 6hlJIH onpeAeJieHHhle AOraAKH, 

OTHOCR~l18CR K ITOHCKY TaKHX YCJIOBHM, rrpH KOTOpb!X OTCyTCTBOBaJI 6hl 

~eKT .ITJIOTHOCTH ~epMH. 

Il03TOMy,TpeTbl1M ~aKTOpOM, onpe,JJ,eJIHBllIHM ycrrex HCCJieAOBaHMH, 

6b!JIO l1CTIOJib30BaHl18 5TOPO HOBOPO MeTO,JJ,a. qTO *e AaJI pacqeT? 

Bo-rrepBb!X, OKa38JI.OCb [21]' qTo ITOJIHhle ITOTepH 3Heprl1l1 sapa­

Aa Ha rpattHQe JIHHeMHo pacTyT c pocToM ero JiopeHQ-\flaKTopa 0 
B pa6oTe[

1
JrroTep11 aHeprHH, o6H3aHHNe rrepexoAttoMy H3Jiyti:eHHID,o6-

JiaAaJIH Mettee pe3KOH 3aBHCl1MOCTbID OT l ' a HMeHHO, JIOrapH~MH­

qecKOM. B paMKax HCITOJib30BaHHoro aI2 IJ MeTOAa pacqeTa ITOTepb 
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OCTaBaJICR OTKpb!TblM BOnpoc 0 KOHKpeTHOH np1.1po,D,e 3Tl.1X noTepb. 

AHaJil.13, npoBe,D,eHH~ BapcyKOBblM [23] 1.1 rap1.16RHOM [2I]' noKasan, 

llTO 3Tl.1 rr0Tep1.1 o6R3aHbl 1.1cnycKaHl.1ID yJioTpapeJIRTHBHCTCKOH qacTl.1-

~eH B HanpaBJieH1.11.1 cBoero ,D,BH*eHHR rrepexo,IJ.Horo HsnyqeHHR He 

TOJihKO B OilTHlleCKOH, HO TaK*e 1.1 B peHTreHOBCKOH o6JiaCTl.1 qaCTOT. 

CneKTp sToro 1.1snyqeHHR 1.1MeeT BepxHIDID rpaHHI.zy, rrponopQHOHaJihHYID 

BeJIHllHHe 0 
To, llTO ,D,JIR yJibTpapeJIRT!tl:Bl.1CTCKl.1X qacTHQ rJiaBHYID poJih a· 1.1sJiy­

qeH1.11.1, 1.1crrycKaeMOM Brrepe,D,, Halll.1HaIDT 1.1rpaTb peHTreHOBCKHe, a He 

OITT!t11l€CKl.1e qacTOTbl, RBVIJIOCh OlleHh BaJKHblM iI>aKTOpOM, TaK KaK ;rr,JI!tl:­

Hbl BOJIH, a CJie,D,OB~TeJibH0,1.1 30Hbl ipopM1.1pOBaHl.1R H3JiyqeHl.1R, ;rr,JIR 

HHX Ha Tpi.1 rropR,D,Ka MeHhwe, qeM ,ll,JIR OITTl.11leCKl.1X qacTOT, He MeHee 

BaJKHO OTCYTCTBHe B 3TOH o6JiaCTl.1 qacTOT qepeHKOBCKOro l.13JiyqeHHE, 

KOTOpoe, He c5y,D,yql.1 SaBHC~M OT Q , c5b!JIO c5bl TOJihKO 11 Bpe,IJ,HblM 11 

¢oHoM. HaKoHe~. KaK c5hlJio noKasaHo BITOCJie,D,CTBl.11.1, B peHTreHOBCKOH 

Oc5JiaCTl.1 tlaCTOT, rrpi.1 6 ~ 103 B JierKVIX Be~eCTBax C TO~HHOH 
~ I MM, HHTeHCHBHOCTh TOpM03HOro l.13JiyqeHHR MHOro MeHhWe HH-

TeHCHBHOCTl.1 PITM. 

Bo-BTOpbIX , 0Kasanoch[2rJ, llTO 1.10H1.1saQ1.10HHble rroTepH yJioTpa­

peJ!RTHBHCTCKOH qacTV!Qbl B TOHKOH ITJ!aCTHHe c pocTOM ~ He HaCbl­

~aIDTCR, a rrpO,D,OJI*aIDT Jiorap1.11PMH1leCKl.1 paCTl.1. 3TO 03HaqaeT, llTO 

B TOHKVIX ITJiaCTVIHKax B 1.10HH3a~l.10HHblX noTepRX OTCYTCTByeT sqxpeKT 

ITJ!OTHOCTl.1 mepMH. *) 

*) BrrocJie,D,CTBHH 3TOT sqxpeKT 6bJJI aKcnep1.1MeHTaJihHO Ha6JIID,D,eH 

M.Il.]op1.1KRHOM H ,D,pyr1.1MH: ~3T~ 44, II22(I963);46,I2I2(I964). 
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Ilocne ycTaHOBJieHHR qiaKTa cyniecTBOBaHHR PIIM c TaK1.1M1.1 HHTe­

pecHblMH, ;rr,JIR qacTl.1~ Bb!COKHX 3Hepr1.1H, CBOHCTBaMH, Haqanocb ero 

HHTeHCHBHOe 1.1 BCecTopoHHee TeopeTHlleCKOe HCCJie,D,OBaHHe .• 

lfa 3THX pac5oT · OTMeTHM cJie,IJ,y!O!l\l1.e. TaK KaK ,D,JIHHa BOJIHbI PIIM 

rropR,D,Ka pasMepoB aTOMOB 1.1 Me*aTOMHblX paccTORHHH, TO AMaTyHH. 1t1 

.KopXMa~R:i . [39) l'!CCJie,D,OBaJIH Borrpoc 0 TOM, KaKHe ,ll,OJilKHbl c5b!Th 

npe,D,oRBJieHbl Tpe6oBaH~R K llHCTOTe ITOBepXHOCTeH, 1lTOc5B Ha HHX 

o6pasoBb!BaJioch PIIM. EcJI1.1 6bl oKasanocb, llTO pesKOCTb 1.1sMeHeH1t1R 

ITJIOTHOCTH Be~eCTBa y rpaHHQbl IlOBepXHOCTl.1 HJil.1 wepoxoBaTOCTb 

Sl'HX IlOBepXHOCTeH ,ll,OJIJKHa 6HTb MeHhWe ;rr,JIHHbl BOJIHbl l.13JiyqeHH~,TO 

3TO Tpec50BaH1.1e 6HJio 6bl oqeHb ~ecTKHM H ry6HTeJibHbIM ;rr,JIR PIIM. 

K cqacThID, cTporoe paccMoTpeHHe noKasano (39] , llTO pasMmocTh 

ltl:JIH wepoxoBaTOCTh IlOBepXHOCTl.1 ,ll,OJIJKHa 6b!Th MeHbWe 30H ipopMHpo­

BaHHR H3JiyqeHHH' KOTOpble npH 6oJibWHX d MoryT ,ll,OCT!tl:raTb MaK­

pocKon1.1qecKHX sHaqeHHH. 

B pac5oTe [
241 rapH6RHOM Ii IloMepaHqyKOM 6hlJI paccMOTpeH BOIT­

poc 0 TOM,KaK MO*eTrrOBJIHRTh MHOroKpaTHOe pacceRHHe llaCTHQbl Ha 

oc5pasoBaHHe PIIM. ~eJio B TOM, llTO SOHbl ipopMHpOBaHHR PIIM B Be~e­

CTBe MoryT ,ll,OCTHllb HeMaJiblX pasMepoB. EcJIH Ha 3TOH ;rr,JIHHe llaCTH­

~a Hallltl:HaeT HCITb!Tb!BaTb pacceRHHe, TO oc5hltlH~ MeXaH!t13M o6paso­

BaHl.1R PIIM 6y,D,eT paccTpoeH. B pa6oTe [24] 6b!Jil.1 HaH,IJ,eHbl rrpe,D,eJibl 

rrp1.1MeHl.1MOCT1.1 o6b!tiHOH Teop1.11.1 o6pasoBaHHR PIIM B cJiyqae O,IJ.HOH rpa­

HV!~bl pas,D,eJia cpe,D,. 

ECJil.1 ITOCTpOV!Tb Teop1.1ro, KOTOpa..A: yqHTb!BaeT He TOJibKO pa3Hl.1Lzy 

B 3JieKTp0,IJ,1.1HaMl.11lecKHX CBOHCTBax cpe,D,, HO 1.1 MHoroKpaTNOe pacceR­

HV!e 3apR,D,a B cpe,IJ,e,TO ee q>opMyJibl ,D,OJilKHbl OTp~aTb,ITOMVIMO Oc:'paso­

BaHHR PIIM y rpa.tt1.1~ pas,IJ,eJia cpe,IJ,,TaK*e 1.1 06pas0Ba.tt1.1e TopMosHoro 
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Jll3JiyqeHJllR rrp111 ABlll*8HJllJll 3ap~a Ha TeX yqacTKax TpaeKTOp111111~ rAe 

111MeeT MecTo MHoroKpaTHoe pacceRHllle. TaKaR Teop111R ,II.JIR cnyqaR, 

KOrAa AByMR rpaHJllqall.\JllMJll rrony6eCKOHeqHbJMJll cpeAaMJll RBJlRIDTCR Ba­

KyyM Ill 
0

B8IJ18CTEO, 6bina ITOCTpoeHa rap1116RHOM [34] • Ilp111. C03AaHJllJll 

3TOM Teopllllll 6bina JllCITOJlb30BaHa pa3BJllTaR fom,,IJ.MaHOM (33] op111r111 -

H8.JlbHaR MeTO)J,Jl!Ka pacqeTa ,II.JIR aH8.J!OrMt!HblX 3aAaq, B KOTOpbIX yq111-

ThlEaeTCR MHoroKpaTHOe pacceRH111e. B 3TOM 3aAaqe rnaBHOM TPYA -

HOCTbID RBJ1R8TCR BbIA8Jl8HJlle 1113 6e"CltoHeqHo 60J1bWOM BeJrnqJllHhl TOP -

M03HOro 1113nyqeHJllfl E B8IJ18CTBe HeKOM KOHeqHoM qaCTJll, o6R3aHHOM 

rpaH111qe. B OTMeqeHHb!X pa6oTax 3TO 6hlJ10 CA8JlaHO cornaCHO BITOJl­

He orrpeAeneHHOM rrpoqe,nype. 113 3TlllX pa6oT 111 pa6oTbI 1Ia¢oMoBa [
37

] 

CJ18AOB8.JIO, qTO BJlJllHHJ/18 MHoroKpaTHOro pacceRHJllR Ha rrepeXOAHOe 

Jll3JiyqeHJlle rrplllEOAJllT K TOMy, qTO o6naCTb Jll3JiyqaeMb!X qacTOT pac­

WlllpReTCR B 6onee *8CTKyID CTOpoHy *) ,HO JllX AJ11qxpepeHqJ118.JlbHaR 

JllHTeHCJllBHOCTb OCTaeTCR, rrp111MepHO, TOM *e· 

Borrpoc yqeTa MHoroKpaTttoro pacceRHlllR rrp111 rrponeTe 3apRAa 

qepe3 rrnacT111Hy 111 CTOITKY rrnacT11H oKa38.JICR oqeHb cno*HhlM 11 TPYAO·· 

eMKJllM. B qacTHOCTl1, AJIR CTOITKJll rrnaCTJllH rrp111HqJ11ITJlla.JlbHaR paspa6oT­

Ka Teoplllli! 6bina 3aEepweHa TOJlbKO B 1977 ro,ny ( 06 3TOM 6yAeT CKa­

saHO ITOAp06Hee B rr.5). 

KBaHTOBaR Teopli!R PITJtl, yqli!ThlBaIDIJ1aR a cnyqae AByx cpeA anli!R­

Hli!e OTAaqJll 3apRAa. 6hlJ1a ITOCTpOeHa B pa6oTe (4o] .KaK Ill CJ18AOB8.JIO 

O*li!AaTb, ecn11 3Hepr111R Ii!CITYIJ18HHOro KBaHTa MHOrO MeHbille 3Hepr111111 

3apRAa, 3TO BJlli!RHii!e H8CYIJ18CTB8HHO. 

*) Ha CaMOM Aene 3TOT BOrrpoc 6onee TOHKii!M 11 KOrAa pasroBOp 3a­
XO)J,Jl!T 06 "111snyqeHJ11Ii1 11 ,B03Hli!KaIDII18M Ha rpaHi1qe pa3Aena c yqeTOM 
MHor.oKpaTHoro pacceRHlllR, rrpaBii!JlbHee r0Bop111Tb o KpaeaoM sqxpeKTe 
B ITOJlHOM Jll3JiyqeHl1Jll (cMJ44o1 ) .Mhl 6yAeM 6paTb CJlOBO "IiI3JiyqeHJlle" 

E KaBbft!KJll. TaK KaK JllHOrAa OHO MO*eT oKa3aTbCfl OTp111qaTeJlbHbIM. 

-IO-

M3BeCTHo, qTo qacTJllQhl MoryT o6naAaTb aneKTp111qecKii!MJ11 111 Mar­

HJllTHbIMiiI MOM8HTB.Ml1. KpoMe Toro, B ycKop111TeJ1RX sap~ pasrOHRIOT­

CR AO 60JlbillJllX 3Hepr111ti B BJllAe crycTKOB. Il03TOMy 6blJIO JllHTepecHO 

JllCCJ18AOBaTb nepeXOAHOe Jll3JiyqeHJlle AJ/lllOJlbHblX MOMeHTOB Ill rreplllOAJll­

qecKJll cnepyrolI1JllX ,n.pyr sa ,n.pyroM crycTKOB sapH*eHHblX qacT111Q.oT111 

cnyqa111 111 6hlJ1111 A8T8.JlbHO paccMOTpeHhl B pa6oTaxT AMaTyHJ/1(25,67] • 

YqeT Tennoaoro ABlll*eHJllR sneKTpoHOB cpeAhl, rip111BOARI11ero K npo -

CTpaHCTBeHHO~ AJ11Cnepc111111 AJ/13Jl8KTp111qecKOM npOHJllqaeMOCTiiI, 6hlJI 

Ta~e 111ccneAOBaH AMaTyH111 [ro5J 111 ,n.pyr111M111 B rasoao-K111HeT111qecKoM 

np1116Jllll*8HJllJll. 

Bb!Jilll pacCMOTpeHhl TaK*e BOllpOChl, CBR3aHHhle c HaKJIOHHblM npo­

neTOM 3ap~a qepe3 rpa.HlllQY paaAena cpeA, c HepaaHoMepttocTbID 

ABiil*eHJllR 3apRAa, c nepeMeHHOCTbID ero aeJ1J11q111HH, no~Rp1113aq111eti 1113-

nyqeHlllR Ill T-A· 

B !965 r.~pa.HK [I2oJ npeAJIO*HJI 111cnOJib30BaTb J113MepeH111e lllH­

TeHClllBHOCTJll nepeXOAHOro Iil3~yqeHJllR B KaqecTBe HOBoro crroco6a 

onpeAeneHJllR onT111qecK111x caoticTB ae111ecTBa. B AaJibHeMilleM aTa IiIAeR 

6HJia pa3BJllTa B pa6oTax [r56,223] • 

Ha OAHO~ rpatt111qe 06pa3yeTcR, np111MepHo I/!37 nepexoAHoro 

KBaHTa. QqeBlllAHO, ecn111 Mhl XOTJllM yBHAeTb PIIM OTAenhttoti ynbTpa­

penRTlllBJllCTCKOM qacTJllqhl, Heo6XOAJllMO, qTo6H OHa Jll3J1yqana B CTOITKe, 

COCTO.flli\8M 1113 60JlbWOro q111cna ITJlaCTJllH. Il03TOMy 3HaqJllT8JlbHaR rpyn­

na pa6oT rro Teop111111 PIIM CBR3a.Ha c 111anyqeH111eM 3apRAa B cTorrie 

nnacT111H. 

3. 06pasoarurne PIIM a cTonKe rrnacTlllH 

~opMyna ,II.JIR 111snyqeHJ11R sapRAa B rrnacT111He, 6bLJia rronyqetta 

Ila¢oMOBbIM [91 (CM.TaKJKe [!4,!6] ) • 
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IlepBBR pa6oTa no TIOTep.f!M SHepr1111 B CJIOl1CTOM ~SJieKTp11Ke 6bl­

Jia ony6Jil1KOBa B I957 r. meMHOeproM 11 X111KH.f!KOM [5). CJIOl1CT~ 
cpeAa nonaranaco oecKOHeqHoM 11 pemanacb s~aqa o npo~eTe qepes 

Hee sap.HAa. CooTBeTCTBYIOll\He pemeHl1.f! 6b!Jil1 TIOJiyqeHbl oes BC.f!Kl1X 

np110JIHJKeHl1M * ~ 
B CJie,II,yID~eM ro,oy rap116.f!HOM [I2J OblJia pemeHa s~aqa 0 npoJie 

Te sap.f!Aa qepes CTOTIKY c np0113BOJ!bHb!M q11cJIOM TIJiaCTl1H. 3A8Cb no 

JI.fl TaK*e 6b!JI11 nonyqeHbl 6es np116nH*8Hl1M. B saKmoq11TeJibHOM pasAe­

Jie STOM pa6oTbl 6bIJia CAeJJaHa nonb!TKa npoaHan11s11poBaTb noJJyqeH­

Hbie CJIOlKHble ipopMyJibl ( c TO'IlCll! speH11.f! yseJJ11qeH11.f! 11HTeHc11BHOCTH ne­

pexo~oro 113JiyqeHH.f!) B CJiyqae H3JiyqeHl1.f! JIIDOb!X qacTOT. 0AHaKO 

Ta.KBR nonb!TKa, KaK STO 811~0 ceMqac, 6Hna npelK,ll;espeMeHHOM 11 

Ha TOM sTane oKasanaco oqeHo TPY~b!M ASJIOM. PesyJioTaTbl sToro 

aHaJil13a He BCerAa npaBl1JibHbl.~8JIO B TOM,qTo pa60TH[5,r2{6bln11 Bbl­

IlOJIHeHbl AO Toro, KaK Ob!JIO ycTaHOBJieHo CYil\eCTBOBaHHe PIB1 11 nosTo-

MY peHTreHOBCKBR o6nacTo qacTOT B Hl1X cneQHaJibHO He 11ccJI8AOBaJJaco. 

IlocJie ony6JIHKOBaR .fl pa6o·. [ 2r '23] 6b!JIO BTIOJIHe ecTeCTB8HHO 

HCCJieAOBaTo sonpoc 06 o6pasoBa.HHl1 PIB1 B cTonKe TIJiaCTl1H. B ApMe­

H1111 3THM BOTipOCOM saH.f!JIHCb Tp11 rpyrrnbl TeopeTl1KOB. 

AMaTyH11 11 KopXMaS.f!H [43] -paccM0TpeJI11 cpe,oy c nep11o~qecK11 
MeH.F!IO~eMC.f! B rrpocTpaHCTBe nJIOTHOCTbID B np116Jil1*8Hl111 MaJIOro 113M8-

HeHl1.f! nJIOTHOCTl1 cpeAbl. B cJiyqae peH·rreHOBCKl1X qacTOT 6b!JI11 noJiy­

qeHbl ~Ba nepBb!X qJieHa pasJio*eHH.f! B p.HA noJI.f! 11sJiyqeH11.f!. 

*)3aM8Tl1M,qTo B 3TOM pa6oTe 6blJIO BnepBb!e CTporo TIOJiyqeHO ycJio-
Bl1e,KOTOpoMy AOJI*HO YAOBJieTBOpRTh 11sJiyqett11e, qTo6bl OHO o6pa­
sosanoco 11 pacnpocTpaH.f!JIOCh B CJIOl1CTOM cpe~e. oTo ycJJos11e 6bl­
JIO B(5.J Ha3BaHO ~cnepc110HHb!M ypasHeH118M AJI.f! CJIOl1CTOro ~s­
JieK'l'p11Ka. EcJ111 B HeM orpatt11~ThC.f! peHTreHOBCKOM o6nacThID qac­
TOT' TO ; OHO COBTI~aeT c ycJIOBl1eM "pe30HaHca" TIOJiyqeHHblM i:r.e­
pes 3 roAa B pa6oTel42~ 

-I2r 
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Beeb P.f!A nOJIR: PIB1 6w noJiyqeH B pa6oTax [42] 11 [44] 

Tep-M11KaeJI.f!H 11 rasas.f!H (42] pem11JI~ s~aqy 11sJiyqeH11.f! cpasy B 

np116Jil1*6Hl111 6Jil13KOM K e~H11qe ~sJieKTp~eCKOM npoH11qaeMOCTl1 

nJiaCTliH. rap116.f!H 11 roJib,Il,MaH [44] CAeJiaJil1 aHaJIOr11qHoe np116J111*e­

Hl18 B TQqHbJX pemeHl1.f!X pa60Tb1~2J. 
B AaJioHeMmeM B pa6oTe (224] 6b!Jil1 HaMAeHbl npeAeJibl np11MeH11-

MOCTl1 WOPMYJ!bl AJI.f! P,[IM, nOJJyqeHHOM B yKasaHHb!X pa6oTax. 

. B pa6oTe [42], a TaK*e B KH11re [I82] , PIB1, o6pasosa.HHoe 

B CTOTIKe nJiaCTl1H, 6blJIO Ha3BaHO pesoHaHCHblM 113Jiyq8Hl1eM. BnocJieA­

CTBl111 sa Hl1M OCTaJIOCb npelKHee Ha3BaHl1e PIB1. 

OTl1 11CCJie~OBaHl1.f! CTporo TIOKa3aJil1, qTo AJIR: TIOJiyqeHl1.f! B CJI0-

11CTOM cpe~e 3a.M8THOrO 113JiyqeHl1R:, TOJ!ll\HHbl nJiaCTl1H 11 paCCTOR:Hl1.f! 

Me*,Dy H11M11 AOJIJKHH 6HTh BS.f!Tbl 6~Jiom11M11 soH !l>opM11posaH11.f! Pilli B 

se~ecTBe 11 B .BaKyyMe, cooTBeTCTB8HHO. Ms CASJiaHHoro B n.2 sa.Me­

qaH11R: 06 ST~x seJ111q11Hax npo.HCH.f!eTC.f! npe11MYil\8CTBO nepexo~oro 

113JiyqeHl1.f! B peHTreHOBCKOM o6JiaCTl1 no cpaBHeHl1ID c nepeXOAHblM 113-

JiyqeH11eM B OTIT11qecKOM o6JiaCTl1 qacTOT, a 11MeHHO, :y;MeHbllieH11e Ha 

3 TIOP.f!AKa pasMepoB CTOTIKl1 nJiaCTl1H, reHep11pyio~eM 113JiyqeH11e. 

CJIOl1CTOM cpeAe, KpoMe HasBaHHhlX cTaTeM , nocs.f!ll\eHH 11 APvr11e 

6 ( 
[I5,35,4I,5I,60,I94,I95,226,346,386,40I,407,4IFil pa OTbl CM. Hanp11Mep . . . . . . . . . -., • 

Ilp11MepHo K I965 r. nepsb!M sTan TeopeT11qecK11x 11ccJieAOBaHl1M 

Pilli sasepm11JIC.F!. ,Il,JIR ,ii;,anoHeMill11x pa6oT TeopeT11KaM HyiKHO 6b!JIO 

sHaTb pesyJioTaTbl 3Kcnep11MeHTOB, sosH11Ka10~11e np11 STOM TPYAHOCTl1 

11 HOBHe 11Ae11. Yc11JI11.f! TeopeTl1KOB, saTpaqeHHble Ha sToM sTane, He 

nponan11 AapoM, TaK KaK K ero KOHqy OTHOCl1TC.f!, np11MepHo, 11 Haqa­

JIO sKcnep11MeHTaJihHb!X 11ccJieAOBaHl1M Pilli. 
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4. oKcnepHMeHTaJibHfile pa60Thl 

B Bonpoce sKcnepHMeHTaJibHblX HccneAOBaHHM nepexo.n,Horo Hsny­

qeHHR, Aa.JKe B HAeMHOM OTHOllleHHH, He Bee 6b!JIO npocTO H RCHO. 

Bo-nepBb!X, e~e B 1919 r. HeMeQKHM ~H3HK ]HxHeH~enbA Ha6nro­

AaJI HeKoe H3XyqeHHe npH 6oM6apAHPOBKe MeTaJinHqecKOM IlOBepXHOCTH 

s~eKTpOHBMH c 3HeprH.RMH B HeCKOnbKO K3B. ~o 1930 r, 6b!JIO BhlITOX­

HeHO OKOXO ~eCRTH pa6oT B I'epMaHHH M QJJA, B KOTOpb!X HCCneAOBa­

nOCb 3TO .HsxyqeHHe. 0.n,HaKO npHpOAa ero TaK H OCTaJiaCb HeBMHCHeH­

HOM. B 3TOM, no-BH,11,HMOMy, IlOBHHHa HeBNCOKaR TeXHHKa ~H3HqecKoro 

3KCnepYIMeHTa TOil"O BpeMeHH. TOXbKO B 1960 r. rpynnoM HeMeQKHX 

~H3MKOB 6b!JIO noKa3aHO [62), qTo ]MXHeH~enbA Ha6XW'AaJI lr1MeHHO 

onTMqecKoe nepexo'AHOe HsnyqeHHe. 

Bo-BTOpbIX , B KOHQe 50-bJX ro'AOB BMepHKaHCKHM ~YI3HK-Teope­

THK ~eppexn[Il] npe'ACKasaJI, qTo sneKTpOHhl AOJIJKHhl o6pasOBfilBaTb 

B MeTaJinHqecKHX ~Onbrax npOAOXbHhle BOnHhl (HnH nnasMOHhl), KOTO· 

phle saTeM, B BaKyyMe, TpaHc~opMll!pyIDTCR B norrepeqHhle sneKTpoMar­

HHTHhle BOXHhl. 4epe3 2 'OAa 3TO H3xyqeHHe 6b!JIO 3KcnepHMeHTaJibHO 

o6HapYJKeHo B ClllA (46 •"' 7] •. 0.n,HaKo cnycTR HeMHoro BpeMeHH CHXH­

Hh!M H IPeTHcOBhlM [53 ' 92] B CCCP H PliqH H oXAPH'AJKeM [74 J B QIIA 

6b!JIO YCTaHOBXeHO, qTo TeOpY!R IPeppeJIJI.a RBXReTcR HeKOTOphlM qacT­

HhlM cnyqaeM o6blt,!HOM TeopHH nepexo.n,Horo HsxyqeHHR. Pa6oThl B 

3TOM HanpaBXeHHH npOAOJDKaJIHCb e~e HeCKOXbKO xeT (BITXOTb AO 

1965 r.) YI B HHX 6b!JIO 'AeTaJibHO HCCXeAOBaHO, o6pa30BaHHOe B Me­

T1aJIXHqecKHX nxeHKax, OTITHqecxoe nepexo.n,Hoe YisxyqeHHe OT sxeK­

TpoHOB c 3HeprHRMH, npHMepHO, 'AO 100 KSB. 

0c03HaHHO OITTHqecKoe nepeXOAHOe H3XyqeHHe 6b!JIO o6HapYJKeHO 

B AHrXHH I'OXbACMHTOM H ,Il,7KexxH[20l B 1959 r., KOTOphle Ha6XWAaJIH 
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nepexo.n,Hoe H3XyqeHHe, o6pasOBaHHOe Me'AXeHHhlMH npOTOHBMH B Me­

TaxHHqecKHX ~OXbrax. 

Bee 3TH pa60Thl OTHOCRTCR K nepeXO,ll,HOMy H3xyqeHHro, o6paso­

BaHHOMy Me'AXeHHNMH qacTHQBMH. BnepBhle nepexo.n,Hoe HsxyqeHHe OT 

YXbTpapexRTHBHCTCKHX qacTHQ B OTITHqecKOM o6xacTH qacTOT 6b!JIO 

HCCXe'AOBaHO ].J..\.IOa.HeM c COTpy.n,HHKa.Mll! B 1967-I968r.r. [163,175]. 

BosMOJKHOCTb sxcrrep1r1MeH.TaJibHoro o6HapYJKeHHR PIIB 6blJia o6cYJK­

'AeHa AxHXaHRHOM, ApyTIDHRHOM, McrrHpRHOM H Tep-MHxaeiRHOM B 196lr. 

H ony6XHKOBaHa B pa6oTe [64] • 

BnepBhle PIIB, reHepHpoBaHHoe xocMHqecKHMH MrooHBMH, 6blJio 

Ha6xroAeHo B 1964 r. ApYTIDHRHoM, McnHpRHOM H OrattecRHoM, a no­

xyqeHHhle pesyXbTaThl ony6xHKOBaHhl B pa60Ter105J, B KOTOpOM 6blJia 

peaXHsoBaHa HAeR sKcnepHMeHTa, npe'AXo*eHHoro B[64J, 

B 1967 r. B pa6oTe [l59] HccxeAOBaJIOcb PI1YI, o6pasoBaHHoe 

peXRTHBHCTCKHMH sxeKTpoHBMH c sHeprHRMH 'AO 600 MsB, ycKopeHHhl­

Mlll Ha CHHxpoTpoHe ~lr1AH CCCP. YIHTeHcHBHOCTb PIIB B STHX nocxeA­

HHX sxcnepHMeHTax 6blJia noxyqeHa Ha I-l,5 nopRAKa BbUlle, qeM STO 

CXe'AOBaJIO H3 TeopHH. OTO e'AHHCTBeHHhlH sxcnepHMeHT, BKxroqaR H 

sKcnepHMeHThl, BhllloxHeHHbie rros*e (CM.HanpHMep (289,374,486,531]) 
1 

He corxacoBaBWHMCR c o6~HOM TeopHeM PIIB H He Haxo,llYIBll!HM npaBHXb 

Horo o6~RCHeHHR B TeqeHHe HeCKOXbKHX xeT nocxe ero Bb!IIOXHeHHH. 

IloBTopeHHe ero B 1973 r. , T.e. qepes 6 xeT, Ha sxexTpoH­

HOM ycxopHTexe EpeBaHcxoro ~HsHqec!xoro HHCTHTyTa noxas.a.rro (328], 

qTo, K CO*aJ!eHHW, B TIOCTalioBKe 3KCnepHMeHTa~59] HMexacb HeKop­

peKTHOCTb. ~exo B TOM, qTo B 3TOM sxcneplr1MeHTe Ha 3aBepwaro~eM 

yqaCTKe TpaeKTOpHH sapfiAa He 6blJI TIOCTaBxeH KOHTpOXbHblH cqeTtmK 

sxeKTpOHOB, KOTopb!H rapaHTHpOBaJI 6N, qTo B CXOHCTOM cpeAe reHe· 

pHpoBaxocb TOXbKo PIIB, a He HMexH MecTo e~e H APYPHe npoQecchl 

-Tfi. 



(Hanp11Mep 3JI6RTpOHHo-4JoTOHHble ~BHl1 (358) ). 

E,!I.HHCTB6HHhlM ¢11311qecKl1M ¢axTopoM, ROTOpi>IH, B I1pl1Hrzytne,Mor 

noBJIH.fl:Tb Ha 06pasoaaH11e Pill1, ocTaBaJIOCb e111e MHoroxpaTHoe pacce­

HHl1e sapH,n,a. ,il,ru! npoBepRH STOH B03MOlKHOCTl1 ApyTIDHRH npo11sBeJI 

q11cJieHHble pacqeTbl [l83] 'BOCIIOJib30BaBilll1Cb ¢opMyJiaMl1 pa60Tb1 f173J, 
orry6Jil1ROBaHHOH B 1968 ·r., B ROTopo« Tep-Mtl!xaeJIRH C03,D,aJI TeopHID, 

yqHTblBaIDlllYID BJIHHHHe MHoroxpaTHoro pacceRH11a Ha o6pasoBaHHe PITH 

B cTpnxe nJiaCTHH (cM.no STOMY noao,n,y n.5). PesyJibTaTbl q11cJieHHb!X 

pacqeTOB . [l83] COBIIaJI11 co BC6Ml1 3RCnepHMeHTa.JibHhlM11 TOqRaMH 

CTaTbl1 [l59] • 0AHa.KO, B 3TH qHcJieHHble pacqeTbl, no-B11AHMOMy, 

BRpa.JiaCb OillH6Ra, TaR RaR noBTOpeH11e HX~(cM. [471]) B l975-l977r.r. 

He rrp~rneJio R Rp11Bb!M pa6oTbl (l83] • Tor,n,a JKe 6blno noKasaHo ( 48~, 
qTo B006111e BJil1HHl1e MHOroxpaTHOrO pacce~Hl1ff B CTOnKe nnaCTl1H He 

MOJKeT yBeJIHql1Tb 11HTeHCHBHOCTb PIIl1, a np11BOAHT JIHillb R paCI1111pe­

Hl1ID, B CTOpOHY 6oJibllll1X qacTOT, o6JiaCTH 11H3JiyqeHl1ff11
, o6.R:38HHOro 

CB011M B03HHRHOB6Hl16M rp8H11QaM, HO c 11HTeHCl1BHOCTbID npHMepHb 

·paBHOM 11HTeHCHBHOCT11 o6~Horo rrepexo,D.Horo 11sJiyqeH11H y ero aepx­

Hero RPM (CM. rr. 5) • ST.o aecbMa noxoJKe, c cooTBeTCTByIDlllHMH oro­

BopRaMH, Ha TO, qTo 11MeeT MeCTO B CJiyqae OAHOH rpa.H11Qbl pas,n,ena 

cpe,n,. 

B 1969-72 r.r. B QIIA BblXOAfiT HeCROJibKO sxcnep11MeHTa.JibHhlX 

pa6oT no 11ccne,n,0Ba.Hl1ID Pill1, BbJIIOJIHeHHblX no.n. pyRoBO,D,CTBOM 
,JI .• U.Jl.Kla.HH (cM. (I93,l97,209,2I0,220,248,252,253,28l,282J ). B 

3Tl1X pa6oTax PIIl1 ,n,eTeRT11poBaJIOCb c noMOlllbID repMa.H11eBoro cqeT­

qHRa, xp11cTaJI,Jia Cs! , a B pa6oTax 71-72 ro,n.oB - c rroMOii\bID 

MHOrOHl1T6BOM rrporroprzytOHa.JibHOH RaMepbl. 

3anycx snexTpoHHoro ycxop11Tena EpeaaHcxoro ¢11s11qecxoro 11H­

cT11TyTa BHec HOBYID CTPYID B sKcrrep11MeHTaJibHoe 11ccne,n.oaaH11e PIIl1. 
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Ha HeM ClbIHO BbJIIOnHeHO OROJIO 20 pa6oT IIO nepeXOAHOMy H3JI~.~c:;alii: 

Cpe,n,11 sT11x :11:ccJie,n,oBBHHM Ba.JKHyID ponb cblrpa.Jia pa6oT~ [2I8J ·=>· , \ 

(CM. TaRJKe (207 ' 231] ) • BbJIIOJIH6HHM B 1969 r. AJIHXaHffHOM' Jl~­
p11KHHOM 11 .n.pyr11M11. B 3TOH pa6oTe, AJ!.fi ,n,eTeKT11poBa.HH.fi Pill1 coa­

MecTHO c sapa,n.oM, 6blna 11cnoJib30BBHa, no npe,n,JioJKeHl1ID M.IT.JlopH­

R.R:Ha, CTp11MepHM RaMepa, YCTaHOBJISHHM nocne CJIOHCTOH cpe,ll.bl. 

Ha CHl1MRax B 3TOH KaMepe ~H3HRH MOrJIH aooq11ID y6eAHTbC.fi B CYJi\e­

CTBOB8Hl111 KBaHTOB PIIl1, TaK KaR 3TH noCJie,n.HHe B o6~eMe RaMepbl, 

B KOTOpblli 6blna cneQl1a.JibHO ,n.o6aBJieHa np11MeCb T.fDKeJiblX ra~OB ' 

ROHBepT11pOBa.Jil1Cb B ~OT03JI6RTpOHbl, BHAHM:b!6 B Bl1,D,e 3anffTblX HJIH 

6JIRM6 BORpyr TpeRa sapH,n.a ("JioXMaTble Tpe:KH"). 

B sToii pa6oTe 6b1JI c,n.eJia.H e111e OAHH BaJKHblii, c Toqx:11: speHH.fi 

¢:11:s:11:x11 nepexoAHoro HSJiyqeHHH H ero npaRTHqecxoro np:11:MeHeH11H, 

111ar - B xaqecTBe paAHaT0pa M.IT.Jlop11RHHOM 6blno npeAJ!oJKeHo BS.fl:Tb 

rreHOIIJiaCT H ClblJIO o6HapYJK6HO, qTo PIIYi reHep11pyeTCH TaRJKe H B 

HeperyJIHpHblX CJI011CTb1X cpe,n.ax, THIIa neHOIIJiacTa, npHMepHO c TOM 

JKe HHT6HC11BHOCTbID, qTo 11 B peryJIHpHb!X cpe,n.ax c TeM JKe qHCJIOM 

rpa.H11Q. 3TOT 3RCIIepHMeHTaJibHblii ~aKT oqeHb y6eAHTeJibHO CBH,D,e­

TeJibCTBOBaJI 0 rrepexo,n.HOM rrpHpo,n.e 11snyqeHHH B CJIOHCTOH cpe,n,e, 

a He KaROM-HH6y,n.b HHOH. 

OTMeqeHHM Bblllle pa6oTa pacTon11Jia Jie,n.ox He,n.oBepHH R PITM H 

cT11MyJI11poaa.Jia Bb!IloJIHeHHe HOBb1X sxcrrep11MeHTa.JibHbIX pa6oT B CCCP 

H QIIA. 

B rrepBoM HOMepe JKYPHa.Jia Adventures in Exp.Phys. [291,292], 

Bbme,llP!ero B 1972 r., cpeAH 8 HaH6oJiee HHTepecHhIX HarrpasJieH11ii 

no ~H3HRe, B03HHRillHX B 3TH rO,D.bl, 11MeJIC.fi 11 pas,n,eJI, IIOCB.fl:llleHHblM 

PIIl1. 
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B paCloTe CJiaBaTHHCKoro, lllayJioBA. H .n.p. f 289] Pill1 ClblJio 

HCCJie,ll;OBa.HO CTpHMepHoR KBMepoR, HO noMe~eliHoR BITJIOTHyio 

HCTOR cpe,n;e. 

TaKJKe 

K CJIO-

B nocJie,D.ylOllzyle ro,D,bl B EpeBa.HCKOM ~11311qecKoM HHCTHTYTe 

A.H.AJIHXaH.HHOM, K.A.Hcm1p.HH0M, M.Il.JlopHK.HHoM, A.r.Ora.Hec.HHoM 11 

HX COTpy,n;HHKa.MH ClblJIH ~b!IlOJIHeHDI CHCTeMaTHqecKHe HCCJie,ll;OBaHH.fi 

nepexo,n;HOI'O H3JiytleHH.fi B pasJIHqHbJX ycJIOBH.FlX (CM.HanpHMep [2? 4,• 
2?6,286,304,306,322,325,328,330,340,35?,409]). 

B 1973-?4 r.r. B aJIA HaqHHaroT 3a.HHMaTbC.Fl HCCJie,n;osaHHeM Pill1 

HecKo~bKO rpynn ~H3HKOB. B °4HKarcKoM yHHBepcHTeTe 3THM 3a.HHMa-

eTc.FI rpynna ,n;-pa~.MloJIJiepa [349 , 3? 4 , 39l, 422] , KOTOpa.H B 

1976 r. yr&.e nepemJia K HCITOJih30Ba.HHID PIIPI B 3KcnepHMeHTax Ha ma­

pax-3oH,n;ax. fpynna ,n;-pa Ho,n;Ta TaKJKe CTaBHJia CBOeR QeJibID HCITOJib• 

30BaTb Pill! B 3KCnepHM9HTS.X: c KOCMHqecKHMH JiytlaMH [3l4] • . ~.:-P 
- ~Hmep c COTpy,n;HHRa.MH CTaJIH HCilOJib30BaTb CJIOHCThle cpe,D,bl 

H3 JIHTH.Fl [368• •412] • OcClopH H MaK H3I'OTOBHJIH CHCTeMy, B KOTO­

poR Pill! OT,n;eJI.FieTC.Fl OT sap.FI,n;a sa cqeT KOMilTOH-a~eKTa[3??,423] 
c Haqana ?0-hlX I'O,ll;OB B EpeB8.HCKOM ~H3HqecKOM MHCTMTyTe 

JlasMeB c COTpy,n;HMKBMH HaqaJIM HHTSHCMBHOe 3KCnepHMeHTaJibHOe M 

TeopeT~ecKoe. MCCJie,ll;OBa.HMe BOnpocoB reHepaQHM MHKpOpa,n;HOBOJIH c 

ITOMO~bID nepeXO,ll;HOI'O M3Jlytl6HMH ,[Il7,24l,245,257,260,470] • 

5. BTopoR 3Tan TeopeTHqecKHX MCCJie,n;OBa.HMM 

B Haqane ?0-hlX ro,n;oB B ApMeHMH ClblJia nocTaBJieHa, a saTeM H 

perneHa sa,n;aqa cos,n;a.HH.fi MMKpocxon11qecxoR TeopMM Pll1. ~eJio B 

TOM, qTo ,n;JIM~hl BOJIH PITH ,n;ocTMI'aJOT BeJIMqMH nop.H,n;Ka M MeHbme 

aTOMHi:.JX pasMepoB. Il03TOMY ClhIJIO He.HCHO, MOlKHO Jll1 OilMChlBaTb cpe­

,n;y npM 3THX YCJIOBM.HX He3aBHC.flll1eH OT KOOp,IJ,MHaT ,ll,M3JI9KTp~eCKOM 
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npoHMQaeMOCTbID MJIM HeT. c .n.pyroR CTOpOHhl, OCHOBHOH ,n;JIMHOH, Ha 

KOTOpOM o6pasyeTC.fi Pill!, .fiBJI.HeTC.fi 30Ha cpopMMpOB8.HM.H, KOTOpa.H 

o6t>NHO, MHoro 6oJihme 3TMX BeJIMqMH, noaToMy OT yqeTa CTPYKTyphl 

Be~eCTBa pa,n;HKaJibHhlX M3MeHeHHM B TeOpMH He,Ha,n;o 6bJJIO OJKlil,IJ;aTb. 

lt!Me.H Bee 3TO B BM,n;y, C03,IJ;aHHe MMKpOCKOTIMqecKOM TeopMH, KOTOpa.H 

,n;ana Clhl HC~epnhlBaIO~He OTBeThl Ha 3TH Bonpochl, CTaJIO B CBOe Bpe­

M.fi aKTYaJibHOH sa,n;aqeM. 

BHaqaJie, B pa6oTe [236], 6b!Jla TIOCTpOeHa oqeHb rpy6a.H TeopMR, 

M3 KOTOpOM 6NJIO BH,ll;HO, qTQ B npHHQHne, 3Ta TeopM.Fl Ha HeKOTOphlX 

qacTOTax, B KpMCTaJIJie, MOmeT ,n;aTb ycHJieHMe M3Jlytl8HM.fi. 

3aTeM B pa6oTe fapM6.HHa M flH lliM(239] 6hlJIM 3aJIOmeHhl OCHOBhl 

cTporoi.1 MHKpocKon11qecxoi.1 Teopm.1 PITH. OcHOBHOe ypaBHeHMe 3TOM 

TeopHH 6HJIO pemeHO TeMM me aBTOpaMM, B pa6oTe (
278

], B ,n;ByxBoJI­

HOBOM npM6JIHmeHHH, xopomo H3B8CTHOM B TeopMM pacce.HHM.FlpeHTI'eHOBC 

cKHX ;ryqeR B KpHCTaJIJie, M noKasaHo, qTo ycMJieHMe PITH B KpMCTaJI­

;rax Ha oT,n;eJihHhlX qacToTax, sa cqeT .HBJieHH.Fl 6parroBcKoro oTpame­

HH.H, ,n;eHCTBHT8JibHO HMeeTC.fi. 0,n;HaKO lliHpMHa 3TMX IlMKOB, MJIM ,n;M­

HaMMqecKMX MaKCHMYMOB, oKa3hlBaeTC.fi CTOJib MaJIOM, qTQ o6~rur MH­

T9HCMBHOCTb Pill! npH aToM ocTaeTc.H npaKTwqecKH HewsMeHHOi.1 (
354

, 

388,389,398,402]. 

Bonpoc cos,n;a.ttM.fi MMKpocxonHqecxoi.1 Teopww Pill! paccMaTpMBaJIC.fi 

M B pa6oTax BaphlllieBcKoro H ~epaHqyKa, BbITIOJIHeHHbIX B MMHCKe[
24o, 

348] • BHaqane aBTOpbI 3THX pa6oT cMJibHO nepeoQeHMJIM BJii1HHMe 

CTpyKTyphl Ha o6pa30Ba.HMe PITH, HO TIOTOM Bee 6bmO paccqMTaHO Toq­

HO M pesyJibTaThl oelewx rpynn coBITaJIM. 

Cp~sy me nocJie BhlilOJIHeHHH nepBOM, He~ocTaToqHo cTporoi.1 

TeopeTHqecKOH pa60Tbl (23~]. B EpeBaHCKOM cpH3MqecKOM HHCTMTyT"e 

HaqaJIMCb axcnepMMeHTaJibHhle nowcKH TaKoro ycMJieHHOPO PHH, i1JIM 
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KaK TOI',IJ,a HB.3b1Ba.JIM ' 11,IJ.MHaMMtleCKOI'O M3JlyqeHH.fi 11 • He OtlElHb o6CTO.fi· 

TeJlbHOe HCCJle,IJ.OBaBMe[238] 'KaK 6y,IJ.TO, noKa38JIO HaJIHtJMe TaKOI'O 

M3JlyqeHM.fi. 0,D,HaKo B ,ll.aJlbHel;jrueM OHO He IlO,IJ.TBep,IJ.MJIOCh. 

Ka.IC Y'JK9 OTMeqeHO Bblllle, B pa6oTef218] 6b!JIO 3Kcnep11MeHT8JlbHO 

o6HapY'JKeHo PIIl1, reHep11pyeMoe a neHonJ1acTe. qTo KacaeTc.fi Teop1111 

sonpoca, TO 06pasoaaB11e onT11qecKoro 11sJ1yqeH11.fi a cpe.n.e co cJ1yqrui­

Hb!MM Heo,D,Hopo,D,HoCT.RMM anepBhle 6b!Jlo 11ccJ1e,IJ.OBaBo C.Kan11~ea~5J. 
Bonpoc 06 06pasosaB1111 PIIl1 a cJ1a60HeperyJ1.fipHoli cTonKe HenorJ1o~a­

ro~11x nJ1acT11H paccMaTpMBa.JIC.fi Tep-MHKaeJl.fiHOM[r82]. 0,D,HaKO ,ll.Jl.fi 

on11caBM.fi o6pasoBaBM.fi PIIl1 B neHonJ1acTe Heo6XO,IJ.MMO 6b!Jlo nocTpOHTr 

Teop11ro ,ll.Jl.fi o6~ero cJ1yqa.H HeperyJ1.fipHoli norJio~aro~eli cTonKM c npo-
~ . 

l13BOJlhHb!M pacnpe,IJ.eJleHMeM TO~HH nJiaCTHH l1 paCCTO.fiHl1H MelK,ll,y Hl1Ml1. 

TaKa.H ~eopH.fi 6b!Jla nocTpoeHa B pa6oTax (309,352,369,401] • B pa-

6oTax [486 •493] aTa Teop11.fi noJ1yq11J1a 3Kcnep11MeHTaJ1bHOe no,IJ.TBep-

JK,JJ,em'le. 

KpoMe Toro, B xo.n.e cos,IJ.aHHR 3TOH Teop1111 6b!Jlo noKasaHo 

<. CM.TaKllte [224] ) ' tlTO Hanp11Mep, np11 tPHKCMpOBaHHOH qacToTe,yrJIO­

B'OH cneKTP l13JiyqeHHR B CTpOI'O peryJISipHOH cpe.n.e l1MeeT pe3Kl10 n11-

KH Ha snoJIHe onpe,IJ.eJleHHb!X sHaqeHH.fiX yrJioB. ECJ111 *e BBeCTH He-

6oJibWJID HeperyJ1.fipHOCTh, HJIH ycpe,D,HHTb no He60JibWOMY HHTepBaJIY 

qacTOT, TO 3Tl1 pe3Kl1e MaKCJ1MYMli CMB.3hlBaIDTC.fi (cM.[3521 ).06~~ *0 

Jl1HTeHCl1BHOCTb Ha 3TOH qacToTe' noqT11 He MeH.fieTcR. HeHo, qTo cp11-

aHt<ecKoH npl1tll1HOH TaKOI'O noBe,IJ.eHH.fi .fiBJl.fiSTC.fi o6bNHaJI l1HTepcpepeH-. 

~.fi Me'1t,Il,y nepeXO,IJ.Hb!MH l13JIYtl9Hl1.RMl1, o6pa30BaHHNMH Ha pa3Hb!X rpa­

HHQax B CTOITKe nJiaCTHH. Ilo3TOMY MO~O I'OBOPHTb, B CJiyqae CTporo­

peryJI.fipHOH CTOITKH, Hanp11Mep, 0 "pe30HaHCl-!b!X11 sHalleHM.fiX yrJIOB, 

B HanpaBJISHHH KOTOpb!X l1M0IDTC.fi MaKCHMJ'Mhl l1HTeHCl1BHOCTl1 B YI'JIOBOM 

pacnpe,IJ.eJieHHH 11sJ1yqeHMR np11 cpl1Kc11poBaHHOH llacToTe. Ho ifiiisHqec-
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Ka.H npHpo.n.a npoQecca BO Bcex cJ1yqa.Hx 06ycJ10BJ1eHa o6pasoBaBHeM 

nepeXO,D,HOI'O H3Jlyt.~eHH.fi H ero HHTepcpepeHQHeH. 

flpHMepHo B 3TO *e BpeM.fi r11Hs6yproM H ll;b!TOBHlleM [32r] 6b!Jla 

pa3Bl1Ta TeOpHSi B03HHKHOBeHH.fi HSJiyqeHHR npH l13MeHeHMH ,ll.M3JieKTpH­

lleCKOH npOHHQaeMOCTH BO BpeMeHH. 

B cepe,IJ.MHe ?0-bIX ro.n.oa HameJI caoe noJIHOe pemeHMe aonpoc, 

OCTaBaBWHHCR OTKpb!TblM c cepe,IJ.MHhl 60-b!X I'O,ll.OB, 0 BJIHRHHH MHOI'O­

KpaTHOI'O pacceRHH.fi Ha o6pasoBaHHe nepexo.n.Horo HsJiyqeHH.fi. KaK 

6b!JIO OTMelleHo B n. 2. 3TO BJIHRHHe. B CJiyqae. O,D,HOH rpaHHQhl pas.U:e· 

Jia cpe.n., 6b!JIO Hrui,IJ.eHO B pa6oTe [341, B KOTOpOH 6NJI~ "l1CilOJib30Ba­

Ha MeTO,Il,HKa (33] • 0,D,HaKO B I964 I'. Ila¢oMOB B pa6oTe . [98] no.n.­

BepP KpHTHKe 3TH CTaTbH, npe,ll.JIOJKl1JI HOBNH MeTO,IJ. Bbl,ll,eJieH~R Kpae­

BOI'O aqxpeKTa B TOpM03HOM H3JlyqeHHH H ,IJ.a.JI, ,ll.Jl.fi paCCMOTpeHHOI'O 

c~yqa.fi, CBOH cpopMyJihl. 0;D,H03HallHbr.i1 OTBeT Ha Bonpoc 0 TOM, KaKa.H 

as 3Tl1X ,IJ.Byx MeTO,ll.MK Bb!;,eJieHH.fi KpaeBOI'O aqxpeKTa B TOpM03HOM H3-

JiyqeHHH, l13JIO*eHHblX B pa6oTax [33) l1 [98] • npaBHJlbHa MOI'JID 

,IJ.aTb TOJibKO paccM0TpeH11e TOJICTOH HenOI'JIO~aro~eli nJiaCTHHhl. ~eH­

CTBHTeJibHO, l13JiyqeHHe B Hett MO*HO paccMaTpHBaTb KaK CyMMy 11 H3JIY­

-qeHHH11Ha 2~x rpaHHQa:x pas,IJ.eJla cpe.n. H TOpM03HOI'O 1'!3JlyqeHH.fi Ha 

BCeH TOJl!J1MHe nJiaCTHHhl. STOT CJiyqrui 6b!JI pacCMOTpeH B CBOe BpeM.fi 

TepHos·cKHM [35] 11 Ila¢oMOBbIM ·'[195) .0,D,HaKo HMKaKoro saKJ1rot,1eHHR 

113 qiopMyJI 3Tl1X pa6oT He 6b!JIO C,IJ.eJlaHO. 

rapH6.fiH l1 .RH lfil1 B [44o] noKa3aJIM, llTO B cpopMyJlax [196] 

l1MeIDTCR OWH6KH. ECJIH 11cnpaBHTb HX l1 B3RTb TOJI!J1MHY IlJiaCTHHhl 

60JlbWOH, TO noJiyqeHHa.fi cpopMyJia ,ll.Jl.fi llaCTOTH~I'O cneKTpa ,IJ.eHCTBH­

TeJlbHO .o.aeT TO, 0 lleM 6b!JIO CKa3aHO Bbillle. A HMeHHO, H3 ee KOH­

KpeTHOI'O BH,IJ.a CJie,IJ.yeT qiopMyJia ,ll.Jl.fi 11 l13JlyqeHH.fi 11 Ha O,IJ.HOR rpaHHQe 

paa,IJ.eJla cpe.n. c yqeTOM BJIH.fiHH.fi MHOI'OKpaTHOI'O pacce.fiHH.fi sapH,IJ.a. 
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H3 3TOM ~OPMJJihl, B CBOIO oqepeAb, Bh!TeKaeT, qTo MeTO,IJ,ll!Ka BHAe­

JieHJ/IR KpaeBoro sqxpexTa B TOpMo3HoM lll3JiytreHllllll, npe,n..n:oJKeHHaR 

fOJib,IJ,MaHOM (33] ' npaBJ/IJibHa. 

Bhma noJiytreHa TaKJKe ¢opMyna, AaIOil.\aR qacToTHhili cnexTp nontto­

ro lll3JiytreHHR, 06pa3yeMoro B HenorJIOil.\~eM nJiaCT!llHe npolll3BOJib­

HOM TO~lllHhl !II COCTORil.\ero l/13 TOpM03HOro lll3JiytreHlllR !II KpaeBoro 

sqxpeKTa. Ilplll 3TOM OKa3anOCb oqeHb BaJKHHM, qTo6h! TpaeKTOPllllll 3a­

PRAa B nJiaCTlllHe ytllllTh!Bana 6hl MHoroxpaTHOe pacceRHllle, a BHe ee, 

T.e. B BaKYYMe , TpaeKTOplllR cqHTanach 6hl npRMOJil!IHeMHOH. Taxoe 

paCCMOTpeHJ/le nplllBO,IJ,lllT B onpeAeJI~HHOH o6JiaCTlll qacTOT K o6ora­

Il.\6Hllll0 cneKTpa 11 lll3JiytreHJ/IR 11 
' o6R3aHHOro J'paH!llQaM, HOBhlMJ/I qacTO­

TaMlll. 3TO npO!llCXO,IJ,lllT lll3-3a Toro, qTo TOpM03HOe lll3Jiytr6Hlll6 no 

pa3HOMY 06pa3yeTCR y rpaHlll~hl nnaCTll!Hhl lll B ee rJiy6111He. 

B pa6oTe [45o) ;hln 111ccneAOBaH TaKJKe cnytraM norJIOil.\a.IOil.\eH 

nJiaCTlllHhl npo1113BOJibHOH TOlill.\lllHhl. PeweHllle 3TOM 3aAaqJ/I 6Hno lllHTe­

pecHo TaKJKe !II c Toqxlll speH!llR Teopllllll TopMosHoro lll3JiytreHlllRL Aeno 

B TOM, qTo Bonpoc yt:ieTa BJilllRHlllR norJIOil.\~6H cnocoOHOCTlll B6Il.\6CT· 

Ba Ha o6pa30BaHllle TOpM03Horo lll3Jiyt:ieHHR 6h!JI BnepBh!e nocTaBJieH 

]aHAay 111 IloMepaHqyKoM ell.\e B I953 r. 0AttaKO B nocJieAYIOil.\6M STOT 

Bonpoc He HaweJI B Hayt:iHoM JIHTepaType cBoero OAH03HaqHoro pewe­

HHR. PR3aHOBHM B 063ope [375], ony6JI!llKOBaHHOM B I974 r~, 6Hno 

OTMeqeHO, qTo perneHJ/16 3TOH 3aAaqJ/I MOJKeT 6h!Tb npoBe'AeHO CTporo, 

ecJilll pacCMOTpeTb o6pa30BaHJ/18 lll3Jiyt:l6HlllR, 3apRAOM B nJiaCTJ/IHe Be­

Il.\6CTBa, c ycieTOM ee norJIOil.\~eH cnoco6HocTlll. 

AHanorlllqHHM Bonpoc 6Hn paccMoTpeH Taxme BaphlWeBCKlllM !II 

,n,p. [4531 . Pe3yJibTaTh! pa60T" [45o] ' [453] COBnanl!I. 

HaKOHe~. rap!116RHOM !II .fur illl/1[477] 6Hno lllCCJI8AOBaHO BJIJ/IRHJ/16 

MHOroKpaTHOro pacceRHJ/IR Ha o6pa30BaHllle lll3Jiyt:I6HlllR B CTOnKe 
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pa6oTe [I?3] nnacTlllH. Ao sToro 3TOT BOnpoc·Cih!JI paccMoTpeH B 

(CM.n.4), B TaKOH MOA6JIJ/I CTOilKlll, B KOTOpOH, ,ll.JIR npOCTOTh!,CqJ/1-

Tanocb, qTo paccelllBa.IOil.\llle R,D,pa pasHoMepHo pacnpeAeJieHh! no BceH 

,lJ.JIJ/IHe CTOilKlll, a 3JI8KTp0Hh! o6JiaAa.IOT COOTB6TCTBYIQil.\6H neplllOAlllqec­

KOH IlJIOTHOCTbIOI• 

B pa6oTe [477] Cih!JIO noKa3aHO, qTo TahaR MOA8Jib CTOTIKlll npa­

BlllJibHO OillllCh!BaeT Oelll.\86 TOpM03HOe lll3Jlyt:I8Hllle, o6pasyeMoe B CTOIT­

Ke. 0AttaKo l/13 paCCMOTpeHHOro Bhlille CnytraR nJiaCTJ/IHhl,, CJieAYeT qTo 

MOA8Jib He MOJKeT Oill/ICaTb KpaeBoro sqxpeKTa B TOpM03HOM lll3Jiyt:18Hllllll, 

nplllBO,Il,Ril.\ero K 060I'a.Il.\6Hlll10 cneKTpa 11lll3Jiyt:ieHlllR 11 
'· CB.HsaHHoro c 

rpaH~eH' HOBblMlll qacTOTaM!ll. ,!l.JIR 3TOro Heo6xO,IJ,lllMO yt:llllTh!BaTb., qTo 

qaCT!llQa no pasHoMy ABlll:JKeTC.fl BHYTPlll nJiaCTlllH !II B BaKYYMHbIX 

Kax M6JKAY HlllMlll • 

OTC8· 

BMecTe c TeM, 6b!JIO rroxasaHo, qTO KOrAa Haql!IHaeT Cl/IJibHO CKa-

3h!BaTbCR BJilll.fIHllle MHoroxpaTHoro pacceRHlll.fl, ,ll.JIR OTA8JI6Hl/IR 11 lll3JIY-

qeH!llR" , o6R3aHHoro rpaH!llQe, OT o6Il.\ero TOpM03Horo lllSJiyt:ieHHR, 

Heo6XO,IJ,ll!MO CA8JiaTb, no Kpru!HeH Mepe, ABa lll3MepeHl!IR. 

B XOAe BhlllOJIH6HlllR 3Tl/IX pa6oT rap!116RHOM !II .fur illlll Cih!JIO o6Ha­

pyJKeHo, qTo norJIOil.\a.IOil.\aR crroco6HOCTb B8Il.\8CTBa B o6JiaCTlll KBaHTOB 

c 3HeprlllRMlll B M3B 11 hl !II Bh!We MOJKeT OKa3aTb CYil.\8CTB8HHOe BJIJ/IRHl/18 

Ha o6pa30BaHllle 3Tl/IX JKeCTKlllX KBaHTOB [46I, 519,522] 

6. 3aKJIIOqeHJ/18 

H nepexoAttoe 111 qepeHKOBCKoe lll3Jiyt:ieH!lle RBJIRIOTCR sqxpeKTaMlll 

~JiaCC!llqecKOH MaKpOCKOnJ/lqecKOH 3JI6KTPOAlllHaM~Klll. 0AttaKo l/IX T80pllllll 

CYil.\8CTB8HHO OTJIJ/lqaIOTCR ,n,pyr OT Apyra CBOeH CJIOJKHOCTblO, KaK. 

l!ls-sa pa3JilllqHo~ reoMeTpllllll yciacTBYIQil.\lllX B npoQeccax cpeA, TaK 111 
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Toro, qTO • B OTJIHqHe OT qepeHKOBCKOrO H3JiyqeHH.FI, Ha o6pa30Ba-

HHe PIIVI oKa3blBa!OT BJIHHHHe MHoroKpaTHoe pacce.FIHHe sap.FI,n,a 

CTpyKTypa Be~eCTBa. 

H 

~eJIO B TOM, qTo o6~HO H3YQ:a!OT qepeHKOBCKOe H3JiyqeHHe,o6-

pasyeMoe B nJiaCTHHe se~ecTBa. Ho ecJIH 6paTb nJiaCTHHY He oqeHh 

TOHKOM, TO rpa.HHqHble sqxpeKTbl B qepeHKOBCKOM H3JiyqeHHH CTa.HO­

B.F!TC.F! npeHe6pel!rnMO MaJihlMH no cpaBHeHHID c H3JiyqeHHeM, wcnycKae­

MhlM Ha BCeM TOJiniJ.iHe nJiaCTHHbl. ll03TOMy, o6~HO, 'AA.Fl HJhK,D. 3Kcne­

pHMeHTa B 3TOM CJiyqae ,ll,OCTaToqHo 3HaTb H3 TeopHH npocTyD ~op­

MYJIY 'AA.Fl HHTeHCHBHOCTH H3JiyqeHH.F! H ero yrJIOBOrO pacnpe,n,eJieHH.FI 

c eAHHHL\hl 'AAHHhl nyTH sap.FI,n,a B 6esrpaHHtHlOM cpe,n,e. 

C'APyroM CTOpOHbl, nepexo,D.Hoe H3JiyqeHHe Ha O,D.HOM rpaHHQe B 

noJiy6eCKOHeqHOH cpe,IJ,e Ta.IOKe Bb!pruKaeTC.F! ,ll,OCTaToqHO npoCTOM ~op­

MYJIOM .0,D.HaKO npocTeifiliHM npaKTHqecKH peaJIHsyeMHM cJiyqaeM .FIBJI.F!­

eTc.FI O,D.Ha nJiaCTHHa, ~opMyJia 'AA.Fl KOTOpOH 'J*e CJIOJKHee ' qeM 'AA.Fl 

o,n,Hoa rpaHHL\hl. ~JI.FI ycHJieHH.FI *e nepexo,D.Horo HsJiyqeHH.FI Heo6xOAM­

MO paCCMOTpeTh CTOllKY nJiaCTHH. mopMyJia B 3TOM CJiyqae OKa3hlBaeT­

C.F! 'J*e BeCbMa CJIOlKHOH Mb! He MO*eM CeMqac llOJiyqHTb HH O,D.HOH 

KpHBOH 'AA.FI PIIVI B nJiacTHHe HJIH B cTonKe nJiaCTHH 6es 11cnoJih30Ba-

HM.Fl oBM. 
KpoMe Toro, B OTJIHqHe OT qepeHKOBCKoro H3AyqeHH.F!, Ha o6pa-

30BaHRe PIIVI BJIH.FieT MHoroKpaTHoe pacceRHHe sapRAa, npHBo,ll,.F!ll1ee K 

nO.FIBJieHHID TOpM03Horo 113JiyqeHH.F!. ~.Fl CTpororo paCCMOTpeHH.F! 3Toro 

BAH.F!HH.F! Tpe6yDTC.F! BeCbMa CROJKHhle pacqeTbl, B KOTOphlX yqHTblBaJIHCb 

6hl, c COOTBeTCTByD~M BeCOM, BCe B03MOJKHhle TpaeKTOpHH sapRAa. 

B peayJibTaTe oKa3hlBaeTC.F!, qTo npH oqeHb 6oJiblllHX a HHTeHCHB­

HOCTH PIIVI, Ha 60JibillHX qacTOTax, H TOpM03HOro H3JiyqeHHR CMeillH­

Ba!OTC.F!. OTO MOlKHO nOH.F!Tb HCXOAfl H3 Toro. qTo B pacCMaTpHBaeMhlX 
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CJIYQ:aRX yrJibl HCnycKaHH.F! 3THX H3JiyqeHHM CTaHOB.F!TC.F! oqeHb 6JIH3-

KHMH. 

Oxasanacb TaKJKe HyJKHOM 11 BeCbMa CJIOJKHaR MHKpOCKOnHqecKaR 

TeopH.F! o6pasoBa.HH.F! PIIVI. B KpHCTaJIJie aTa Teop11.FI ,n,aeT aqxpeKT 

6parroBcKoro OTpalKeHH.F! noJI.FI sap.FI,n,a Ha onpe,n,eJieHHbIX qacToTax O'I· 

KpHcTarrJI11qecKoH peweTKH. oTo oTpa.JKeHHe npo11cxoAHT Tor,n,a,Kor,n,a 

'AAHHa BOJIHhl 113JiyqeHH.F! CTaHOBHTC.F! nop.FI,n,Ka nep110,n,a peweTKH. 

Ma npHse,n,eHHoro Bblllle o6sopa ocHOBHhlX pa6oT no Teop11H PllH 

BHAHO, qTo ee paapa6oTKa He BCer,n,a npOXO,D,HJia rJia,D,KO. !1oqTH Bee 

ee yqacTHHKH r,n,e-H116y,n,o. ,n,a OllIH6aJIHCb. AHaJIH3 3THX OWH60K no­

Ka3blBaeT, qTo, o6~HO ' OHM B03Hl1KaJIH TOr,n,a, Kor,n,a KTO-HH6y,n,r 

llblTaJIC.F! HeonpaB,Il,aHHO YCKOpMTb ecTeCTBeHH~ XO,!!, paaBHTH.F! Teo­

pHH, He ,ll,BHraRCb OT npocToro K CJIOlKHOMy. 

Tpy,D.Ho par'3HBBJIHCb H aKcnepwMeHTaJibHble pa6oTbl no Pl1M, KaK 

H3-3a MBJIOCTH 3qxpeKTa, TaK H conyTCTByD~X H ~OHOBbIX npo~eccoB. 

B HaCTO.F!Il\ee speMR, HanpHMep, c,n,eJiaHa nonblTKa peanHsosaTb oqeHb 

xopowyD 11,n,em: Ha6mo,n,aTb PIIVI B TOM *e MecTe, r,n,e OHO o6paayeTc.FI • 

.fl,JI.FI 3TO B pa6oTax [42o. 5oi,5o2J HCnOJib3yeTC.F! 3MYJibCH.F! H3 

CBepxnpoBO,ll,.F!ll1HX rpaHyJI OJIOBa. O,n,HBKO pesyJibTaThl ee llOKa Tpy,ll,HG 

nOH.F!Tb. BH,ll,HO, qTo B 3TOM OllblTe, eCJIH OH npaBHJibHHM, noMHMO o6-

pa30BaHH.F! PPJ1 HMeeTc.FI e~e H PRA APYrHx He MeHee Ba.JKHhlX KOHKYPH· 

pyD~Hx npo11eccoB. CJie,n,yeT OTMeTHTh, qTo B pa6oTe [453] ,n,eJiaeT­

c.FI TeopeTwqecKaR nom1TKa o6'D.FICHeHH.FI aToro sKcnep11MeTa aa cqeT 

MHOrOKpaTHOro pacce.FIH11.F!, HO OHa He KOppeKTHa [447,503] • 

ViccJie,n,oBaHH.FI PIIVI HMeJI11 B s11,n,y HY*,ll,bl ~11311KH qacTHL\ BblCOKHX 

aHeprwa. Pa6oTbl no 3TOMy wsJiyqeHHID CTBJIH nocTeneHHO o6cY*,ll,aTbC.FI 

Ha KOH~epeHL\H.F!X. Tax Ha Me*,Il,yttapo,n,HhlX KOH~epeHL\HRX no annapaTy-
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pe B ~11311Ke qacTl1I.J; BhlCOK11X 3Hepr11A B 1970 r. 11 1973 r. (cooT­

BeTCTBeHHO, B ,!ly6He (CCCP) 11 BO ~pacKaTK (HTaJIK.R)\ 6bJJIH sacny· 

maHhl y-iKe o6sopHhle ,n,01ma,u,hl no Pffi'l. 
B 1977 r. B EpesaHCKOM ~113111qecKoM 11HCTRTyTe cocTo~c.R Me*-

,nyHapo,D,H~ Cl1Mn0311lyM no nepeXO,lJ.HOMY l13JiyqeHHID qaCTlllI.J; Bb!COKlllX 

3Hepr11A. B np11BeTCTBeHHOM CJIOBe K yqacTHl1KaM Cl1Mil03HyMa BKI.J;e­

-npes11,D,eHT AH ApM CCP s.r.MHpsa6eKRH ' B qacTHOCTH, cKasaJI: 

11B 3TOM ro.ny 11cnoJIH.ReTCH 20 JieT c TeX nop,KaK Bbll!IJIH nepBhle 

neqaTHbie pa6oTbI no Teop1111 nepexo,D,Horo 11snyqeH111H, BhIUOJIHeHHbie B 

ApMeH11111. H )JYMa.IO, qTo MHor11e, B TOM llHCJie 111 aBTOphl sTRX pa6oT,· 

He oJKH,D,aJil1, qTo cnycT.a. 20 neT s,n,ecb *e~- B ApMeH11111 no 3TRM 

BonpocaM 6y,n,eT npose,n,eH MelK,IJYHapo,D,H~ c111Mnos11yM. KoHeqso, pema­

ronzyro pOJib B 3TOM chlrpaJIH pa60Thl, BblllOJIHeHHHe B 1959 r., B KOTO· 

pbIX 6b1Jlo ,n,oKasarro, qTo nepexo,D,Hoe 11snyqeH11e co,n,ep*HT B ce6e 

TaK*e 11 peHTreHoBCKyIO qacTb cneKTpa 11 K TOMY *e cMbHO sas111cw1· 

OT nopeHu;~aKTopa qacTH~. liro,IJ,HM, saH11MaB1JJHMCH Teop11e~ nepexo,n,­

.Horo l13JiyqeHH.ff., B HeKOTOpOM CMb!CJI6 noBe3JIO, qTO OHO OKa38JIOCb 

o6Jia,JJ,a.IOil\l1M TaKHMR 11HTepecHHMK CBO~CTBBMR· 0,D,HaKO nocne)JYIDil\66 

pass11T111e ~111s11K111 nepexo,D,Horo 11snyqeHM.ff. noRasaJio, qTO sTo seseH111e 

6b!JIO He COBC6M CJIJ'tl~HblM 11 ,D,8JI6KO He,n,ocTaTOqffbJM ,D,nH ycnexa,TaK 

RaK ,n,aJibHe~ee pass11T11e STO~ o6nacTH HayKK noTpe6osaJio Henpoc­

TOA Ill ,D,OBOJlbHO HanpH*6HHO~ pa6oThl, ROTOpaH H 6b1Jla npo,n,enaHa B 

cTeHax RHCTKTyTa, r,n,e MH cero,D,HH co6pan11cb. CaM ~aKT opratt11sa~ 
IJ,HH MelK,IJYHapo,D,Horo cHMI103HyMa B EpesaHe .a.sn.a.eTCH np111sHaii11eM 

B6CQMOrO sima,u,a apMRHCKHX ~l1311KOB B pemeHHH paccMaTpHBaeMO~ 

npo6neMhl"· 
Ha cRMn03HyMe 6b1Jlo sacnymaHo oRono 40. ,n,oKJia,Jl,OB, nocs~eH-

HhIX KaK 11ccne,D,OBaHl1ID,TaK H npRMeHeHHID pffi1.. 
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IlepBhlMH 111cnoJib30Ban111 Pill1 ,D,JIH ca·o111x u;ene~ 11ccJie,n,0BaTen11 Koc­

MHqecKRX nyqe~. B 1973 r. 6bJJIH ony6JIHROBaHhl ,n,se cTaTbH o pa6o­

Tax, BblllOJIHeHHhlX B CCCP (Aparau;cKaJI CTaHIJ,H.R no· 11ccJie,n,0BaHHro 

ROCMHqecRHX nyqe~) H C!IIA. B 06e11x pa6oTax ROCMHqecRHe nHOHb! 

oT,n,eJIHJIHCb OT npoTOHOB c noMOil\bID Pill1. B CoseTcRyro rpynny BX0-

,11.HJIR AJI111xaH.a.H, OrattecRH, MaMH,ll,JKaHflH H ,n,p. (342 • 363] • 

AMep111RaHCKO~ rpynno~ pyROB0,11.HJI 110,n,T [314• 421]. 3aTeM 6b1Jla BhI­

noJIHeHa pa6oTa, no,n, pyKoBo,n,cTBOM Mronnepa no 111ccJie,D,OBaHHID cneK­

Tpa nepBHqHbIX KOCMHqecKl/IX 3Jl6KTpOHOB [513] • 

HaKoHeu;, B 1975 r. BHJIJIHCOM Pill1 6b1Jlo 111cnoJib30BaHO ,D,JIH 111,n,eH­

T11¢11RaIJ,HH sneKTpOHOB Ha BCTpeqHhlX npoTOHHhIX nyqKax B UEPtt-6'492~ 
Bo ~paHIJ,Hl1 no,n, pyKOBO,D,CTBOM BapTcKoro c 1973 r. c ycnexoM 

Be,D,yTCH pa60Tb! no ,JJ.HarHOCTRKe ycKopeHHOPO nyqRa qacTlllI.J; c no­

MOil\bID onTHqecKoro nepexo,11,Horo 11snyqeHHH (334, 406, 415, 517] 

He6esbIHTepecHo, qTo c !97! r. no 1974 r. B acTpoHoM111qecKo~ 

Jil/ITepaType Ol!WBJ16HHO ,JJ.HCKyTHpOBaJil1Cb BOnpOCb! nepexo,11,Horo 1/13JIY­

qeHHH KOCMHqecKoro npo11CXO*,D,6Hl1H • fyp3a,n,HHOM[385] HCCJI6,D,OBaJI­

CH Bonpoc o6pasoBaHHH onT111qecKoro nepexo,11,Horo 111snyqeH11H B HeKo­

TOpbIX TyMaHHOCT.ff.X. 06Cy*,Il,8JIC.ff. TaK*e Bonpoc 0 TOM, MOlKHO Jil1 c 

nOM0Il\bID M6XaHl13Ma o6pa30BaHl1H Pill1 Ha M6*3B63,D,HO~ Ub!Jilll 06~.a.c -

Hl1Tb HaJI11q11e ,JJ.H~Y3110HHOro CBeqeHHH He6a. 

HcnoJib30Ba.Hl!e Pill1 B ~11s11Ke qacT11u; Bb!COKHX sHepr11~ nosson.R­

eT B HaCTOHil\66 BpeMH OT,D,eJIHTb 3ReKTpOHb! OT TH*eJibIX qacTMI.J; l/IJilll 

TIHOHbl OT npoTOHOB. IloRa 6Il\6 He CTaBl1Jll/ICb Oilb!Tb! c I.J;6JlbID HaxO*,D,6· 

):!,R.R. • 1nopuHq-¢aKTopa sapH,D,a c noMoiqbro Pill1. BosMOlKHO 3TO 111J1111 HeT, 

noK8llteT 6y,ey1~00, TaK KaK K 111cnonbsosaHHro Pi:™ qms11K111 np111cTyn111n111 

Bcero Jii.tWb n 1IocJ1e,11,H11e 3-4 ro,n,a. HaM npe,n,cTasn.a.eTc.a., t<To ne­

p11op, np..iMu11n11111H PllH TOJibKO Hat1111HaeTC.R. 
l'y1w11111c1> nocTyn11J1a 2-ro OKTH6pH 1978 r. 
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